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to extracelhular |igands and induce adhesion (the expression of integrins
on a cell surface alone is inadequate for adhesion - they nust be
activated to becone adhesive). Field of the Invention

The present invention relates to spiro-hydantoin compounds, pharmaceutical
compositions containing them, and methods of using such compounds in treating

inflammatory or immune disease.

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
() subunit non-covalently bound to a beta () 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 is
endowed with the ability to rapidly adhere to various cell surfaces and matrices and to

migrate among cells and tissue.



The integrin activation state is transient, such that there is a rapid flux
bet ween 30 adhesi ve and non-adhesive states which is inportant for cel
novenent, e.g., a cell is endowed with the ability to rapidly adhere to
various cell surfaces and matrices and to mgrate anong cells and tissue.
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Ki ndr eds, " Fed Proc., Vol. 44 (1985), at
[CAMSs mediates antigen presentation, T-cell prollferatlon and adhesion between the

15  endothelium and activated leukocytes which is necessary for leukocytes to migrate
from the circulatory system into tissue. A condition termed “Leukocyte Adhesion |
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, pl150,95 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 [CAMs 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 LLFA-] and/or Mac-1 and their ICAMSs 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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2677. While sufficient levels of CD18 integrins interacting with | CAMs are
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kidney, and heart, and blocking ICAM-1 would be expected to have similar effects.

15 Also, present therapies for many inflammatory and immune diseases have drawbacks.
For example, current treatments for asthma include B,-agonists, inhaled
corticostercids, and LTD, antagonists. However, By-agonists have limited efficacy
and inhaled corticosteroids raise safety concems. 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,” 1. 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/CDI18 Adhesion Receptor
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corticosteroids, and LTD4 antagoni sts. However, (32-agonists have limted
efficacy and inhaled corticosteroids raise safety concerns. To treat
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Laboratories). kiphsby araamqmﬁ%pﬁ@rmPW@ma@madfaa,sﬁmdﬁe% in WO 02/059114
(to Genentech), WO 2294 (to Celltech) /51508 (to Sci ence and

Technol ogy corpﬁlﬁiJﬁn&nwmﬂﬁﬂﬂﬁﬂmégﬁﬂﬁddsﬁ@ﬂ@ﬂ%@@@&@?@b@ﬂ%"ﬂ@mﬂ@ﬁ$Wﬁnn 10
LaRoche) , WR 9911258, W DL AA9E0: B LRI R8832 (al | to Novartis).

As may be appreciated, those in the field of pharmacentical research continue

to develop new compounds and compositions for treating 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 heteroary! substituted spiro-hydantoin
compounds that are effective as antagonists of Leukointegrins andfor ICAMs.

25  Diazaspiroheplane compounds are disclosed in Park ef 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 et al, “Glucofuranose Analogs of Hydantocidin,” Tetrahedron, Vol. 52(32) (1996), at
pp- 10721-10736; Brandstetter ef al., “Spirohydantoins of Glucofuranose: Analogs of
Hydantocidin,” Tetrahedron Lett., Vol. 36(12) (1995) at pp. 2149-52; in US Pats.
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Hydant oi n conpounds are disclosed in Intern. Pub. No. WO 01/30781 A2
(published May 3, 2001) to Tanabe Seiyaku Co. Ltd, "Inhibitors of atf32
Medi ated Cell Adhesion,” and in Intern. Pub. No. WD 02/44181 (published
June 6, 2002), "Hydantoin Conpounds Useful as Ariti-Inflammatory Agents",
to the present 15 assignee and having common inventors herewith. As may be
appreciated, those in the field of pharmaceutical researchédantiamy200a o
devel op new conpounds and conpositions for treating inflamatory and i mmune

di sease such as_i nhihi integrins and/or | CAMs, Particularly in
the area of i qn@ﬁ%éﬁ%%é?'zhi?fg)%ﬁgﬂg\%f‘ﬂlaéﬁé’?‘r“éé%ﬁ@rﬂ?"foﬁé‘ﬁéﬁmy to
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Leukoi ntegrins and/or | CAMs. 25 Di azaspi roheptane conmpounds are discl osed
in Park et at., "Preparation of a 990 Menber Chem cal Conpound Library of
Hydant oi n and | soxazol i ne-Containing Heterocycles Using Miultipin

Technol ogy," J. Conmb. Chem , Vol .S@hgiary olibeInventiopp. 171-76. Spiro
het erocycl es are al so disclosed in Couture et al., "Chemstry of Cyclic

Am nooxycar benes, " Taptesen! in@pion provides c@Bp@indg 4@0if n Gitatipp inflhBBIMArF D4 ;

Brandstetter 3 cconce Tk Anal ogs of Hydantocidin, "

Tet r ahedr on, Vgl?j&h%é;?l\%%%%@%{'?Fﬂgﬁgﬁggi 10721-10736; Brandstetter et al.,
" Spi rohydangoi ns of d ucofuranose: Anal ogs of Hydantocidin, " Tetrahedron
Lett., Vol. 36(12) (1995) at pp. 2149-52; in US Pats. -4 16 January 2006
Nos. 6,022,875, 4,241,208, 4,066, 615,gand 3,941, 744, and | nternati onal
patent application WO 01/45704. WD 0L/ 94346 di scl oses
1,3,8-triaza-spiro4, 5decan-4-one dériVvatiyes,as neurokinin receptor

ant agoni sts. Each of the patents Ihrqtii ons and publications

R A
ref erenced above and 4 d Ar
)\N T\\G/

Ry (D,

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 Nor CRy;
Ar 1s aryl or heteroaryl;

Gis rattachcd 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-, C;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,.;alkylene, C,4substituted alkylene, and bivalent acyl
or alkoxycarbonyl, or bivalent alkoxy, alkylthio, aminoalkyl, sulfonyl, or
sulfonamidyl wherein in (it), each of said G groups have at least one carbon

atom directly attached to ring A;

25 1}is~0-, -§8-, -NRj-, -N=, -§(=0)-, -SOy-, -NHSO:-, a substituted or unsubstituted C,.

salkylene a substituted or unsubstituted Cy.;alkenylene, an unsubstituted C;.

-5-




5 hereinafter is incorporated herein by reference. Summary of the Invention
The present invention provides conpounds useful in treating inflammtory or
i mmune di sease having the fornmula (1): 10 R2 their enantioners,

di astereomers, and pharnaceutical |l y-acceptable salts, hydrates, solvates,
and prodrugs thereof, in which: L and K, taken independently, are 0 or S
15 Zis N or CR4b; Ar is aryl or heteroaryl; Gis attacheggtanuamyeobet T

") e SRR T g e 1o

a bond, -0-, -N, - I'ene, ubstitute yl ene, or bival ent
al koxy, al kylthio, cmwmoialthybetergalkflenmydiraigbtittfaonand dybsenhgoythat ringdA &0a
al koxycar bonyl ; or ((]ti]rie%invé%qﬂréf(%ttaphed to a nitrogen atomof ring A, Gis

; . 4a

sel ected froma bon cylnenﬁe, Cy4substituted al kyl ene, and bi val ent

acyl or al koxygcarponyl .. qr.bival ent al y,..alkyl thio ] ppal kyl ,

sul fonyl, or sﬁfsf'gn%%%r\’/\shaétﬁ%leﬁ 98 ‘tnllél Z,th_ﬁccﬁ'xﬁfs aétg?hc?%_@gﬁoups have at
R, e Y (s R RGPl RERF B B S AR K P e 6 -

3al kyl ene_ a supstituted or ubstitute . 3al kenyl ene, an unsubsti tuted
Cl_ -5 16 Januug‘rfi?d 'O%es“g‘ﬁré%ég?%%r y?‘lé#‘e(?mé%z_substitut ed heteroal kyl ene

havi ng from one _to two carbo ato .n the hetergal kyl ene | ght  .chai n,
or J is absent Lapnddlp arg Feﬁ"gfteﬁ from égst' P é@aﬁé‘n%’é =ﬂ)'ng§8?_r’ ‘M%Z'\mgﬁ GA
is attached to T, angRIR)WpRNided Mat ¥ Madddachedelé®ed\o thatMnigA Mfinshethrée Ar i s
attached to M and M2 when G Ar is attached to T; )
to six membered saturated or partially unsaturated cycloalkyl or heterocyclic
10 ring having 1 to 4 heteroatoms, wherein no two adjacent heteroatoms of said

heterocyclic ring A are simultancously selected from —O- and —5-;

R; is selected from hydrogen, alkyl, substituted alkyl, OR 2, NR 2R3, C(=O)R )32,
COR 2, C(=0)NR ;2R 13, NR 2C(=0)R 3, NR12C(=0)OR 3, S(O)R3,,
NR2SO2R |3, SO2NR 3R 3, cycloalkyl, heterocyclo, aryl, and heteroaryl;

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

R; and Rg are independently selected from hydrogen, alkyl, substituted alkyl, hydroxy,
20 alkoxy, alkenyl, substituted alkenyl, aminoalkyl, alkylthio, C(=0)H, acyl,
amide, alkoxycarbonyl, sulfonyl, sulfonamidyl, cycloalkyl, heterocyclo, aryl,

and heteroaryl;

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

25 aminoalkyl, alkylthio, C(=0)H, acyl, CO»H, amide, alkoxycarbonyl, sulfonyl,
sulfonamidyl, cycloalkyl, heterocyclo, aryl, and heteroaryl; or (i) R7 with Rg
may form a cycloalkyl or heterocyclic ring or a double bond to an oxygen
atom to define a keto (=0O) group; or (iii) one of Rs or Rgmay 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;
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T, and M are selected from-N and -C(R5)-; T2 and M2 are sel ected from
-0-, -S, -N(R6)-, -N=, -S(=0-, -S2-, -NHS®2-, and - C(R7R8)-, provided
that J, M and T are selected so that ring A defines a three to six
menbered saturated or partially unsaturated cycloal kyl or heterocyclic to
ring having 1 to 4 heteroatons, wherein no two adjacent heteroatons of said
heterocyclic ring A are simltaneously selected from-0- #®danbary 26 S

sel ected from hydrogen, al kyl, substituted al kyl, OR12, NR 2R 3, C(=OR, 2,
QO2R, 2, C(=O NR12R, 3, NR12C(=O R, 3, NR12C(=O) OR13, S(O pR 3a, NRL2SO2Ri 3a,
SO2NR, 2R, 3, cycl Ba Ryt Risiaadl Brsdyaed sslected yndependentheafeadeathdr fronbhyddegenRob and
R4, are independentl hal ogen | kyl , subst.jtuted
al kyl, al kenyl , subs%ﬂi(ytﬁ%{ugg&lggigel%glr%ﬁxog{k&g%B’(I:yhaeg%?ggﬂﬁﬁleggcfbhﬁl(ﬁ i 5, NR
14C(=O R, 5, CO2R, 4, KeipRngogeti@f wih R 4iR)/6x, R @listbkenhegeaicd eyt lRys, to form a

cycl oal kyl , and het ; nd.R6 _are independently selected from

hydr ogen, al kyl, sugg?ﬁ?'(g%jl{lé)aﬁgﬂ%ﬂflo H%roxy, 20 al koxy, al kenyl,

substi tut ed al kenyl ] K I t.hi,0 =Q H, acyl, arnide,
al koxycar bon@l ,ﬁ's}%:]ls{‘s %‘%@@ﬁ?%’né“ Sg%'}e,d al%lcgéff’%ﬁ; arﬁ'eﬁ%‘?@&?’glaliﬁ? aryl, and
heteroaryl; R5, R7, tmrdocdR8omind (i) i ndependently sel ected from hydrogen,

al kyl, substituted al kyl, halogen, nitro, cyano, hydroxy, alkoxy, alkenyl,
substituted al keisylor225 am noal kyl, al kylthio, C(=OH, acyl, CO2H, am de,
al koxycarbonyl, sulfonyl, sulfonam dyl, cycloal kyl, heterocyclo, aryl, and

heteroaryl; or (ii) TRE prdstth iiRBntiotBly alk®titecteday phaalakenticQlcoMpbRiRE ¥&dhiC i ng
or a double bond.to.an ox%gen. atomto,define a keto (=O group; or (iii)
one of R5 or R3™¥SeH VY5 ALindgmmaient diseqssscomprigingiempaundipidomaiadeer T and

M or betwesn Mhafshcduticaly-E@SRE8E isan@Ithéreoif,ChnH?ﬁhn{aba&cﬁn(jua%caﬁéﬂlé Srbidks or
unsaturated; -6_.16 Japuary 2006 R12, R13, R14 and R15 (i) are selected
i ndependent | y Shiluenis. BRI YR el pteyermethods of treating immune or inflammatory

diseases comprising administering to a patient in need of such treatment a

therapeutically-effective amount of a compound according to formula (I).

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, arc 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,.¢alkyl" 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, y)alkyl or (C,,
»)hydroxyalkyl includes hydroxy, hydroxymethyl and hydroxyethyi.
The ferm “substituted alkyl” refers to an alky! group as defined above having
one, two, or three substituents sclected from the group consisting of halo {e.g.,

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

-7-



al kyl, substituted al kyl, cycloal kyl, aryl, heteroaryl, and heterocycle; or
(i1) R12 is taken together with R13, and/or R14 is taken together with
R15, to forma heteroaryl or heterocyclo ring; 5 R13, is selected from

al kyl, substituted al kyl, cycloal kyl, aryl, heteroaryl, and heterocyclo;
and pislor2. The present invention is also directed to pharmaceutical
conposi tions useful in treatlng i mmune or inflamatory di§9apgsrycBugy i sing

conmpounds of formula (1), har maceuti cal | y-acceptabl e salts thereof,

or
and phar maceut i ¥ (5B Bé aB(aéW ar rNRSO20NR GO RreHIBR: FHENRaBent i on
further relat essdQurpihogs .4 lﬁ}?(td}ﬂg Cfa&ﬁe _@bzknfdé(a q{by_c(dtﬁ@ses

conpri si ng admnlsterln t0 a patient t'f eat ment
t her apeuti cal | yﬁbdyfeec)ﬂ‘{RABb,aﬁ@lﬂ)NRdS(h)RsoﬁﬁhGhdalaEbm)HRr& tTﬁ)RsziF@ina- (1).

torms used i n TARC SR GO E0MSp et T Al SvqlBlbity ' o ©f
definition proviet@ccythy al/@rheiepoadyl, wiherain Rﬁ:{rﬁllm, aapgldces ftom byvbzegr gk, or
term t hroughout the e e n.and  cl al di vi dyal | art of
anot her  group, l’ﬁ‘?ﬁ'%i@&ﬁ@?ﬁ@ﬁ ?Wﬁ?’%‘éﬁ”@ﬁ  REOEYL P W@éﬁm”[l" 5%t o
strai ght or br atﬂﬁh@de@éﬂahan&y@rr@m@mmgﬁ AUPS saomaaueretghdterbmyn,ar whebon

atons, preferably Ito carbon atons. Lower al kyl groups, that i I kyl
groups of 1 to #fa %?ﬂtS%H‘eéﬁlaﬁﬁ“mé?‘bat%ﬁ%?‘éf‘%F‘F@d‘ h%%“h&?ﬁ'&??a&gﬂ‘g in a

subscript aft erg tiie.18¥H@bm séme grbfiR 2 WG RPbutdShdiMG&ropbd. BadPEBuSRE&Id i City
the nunber of carbon atons th % a artlcul ar group may contain. For

exanpl e, " OO0 | dfuoyhen atler ghag hydrogasy ﬁfa-’l @ﬁh Ragigup ppirnaByhastmi t thipsdarthes oups
with one to si &uﬁf’(fu}i’&&bﬁtﬁf&ﬁ ‘at a?-lé/caga tJPmtr Ig@ﬁ E't}ﬂn’of'?{aﬂi RYd/er Re,

I sopropyl, n-bu entyl, so fo subscript "0"
refers to a bo radld SFhuguent(h)d)emgrsmehydl fzowbwgﬁy a¢ﬂ655tmgmf (@Ee)alkYZ)(ﬁ:ydr oxyal kyl

el s byt ora OIS BB Sop L 05 GeRTLIpEL f e,
substituents sett(@a)(@:d 6mkyjmamel, @O@@p.ﬁﬂbmsll\ﬁ{@@gCOiamyh)L 6(ceeatycyl) -NH,,
15  NH(Cjsalkyl), N(C)salkyl)s, N(CH3)s"*, SO(Cisalkyl), C(=0)(C;4alkylene)NH,,
C(=0){C;4alkylene)NH(alkyl), C(=0)(C|.salkylene)N(C,;.4alkyl})», Cascycloalkyl,
phenyl, benzyl, phenylethyl, phenyloxy, benzyloxy, napthyl, a four to seven
membered heterocylo, or a five to six membered heteroaryl. When a substituted alkyl
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

1l
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(Co4)alky! includes a substituted lower alkyl
having at least one ary! substituent and also includes an aryl directly bonded to

30 another group, i.e., aryl(Cpalkyl.



30 trifluoronethyl), alkenyl, substituted al kenyl, alkynyl, nitro, cyano,

oxo (=0, ORa, -7 16 January 2006 SRa, (=S), -NRaRb, -N(alkyl)3", -NRaSQ2,

-NRaSO2R,, -SO2R, -SO2NR, Rb, - S2NRaC(=0) Rb, S@3H, -PQ(OH)2, -C(=0) Ra,

-02Ra, -C(=0O NRaRb, -C(=0 (Cl1_ 4al kyl ene) NRaRb, -C(=0) NRa(SO2) Rb,

-Q02(C -4al kyl ene) NR, Rb, -NR C(=0O)Rb, - NRaCO2Rb, -NRa(C _4al kyl ene) CO2Rb,

=N-OH, =N-O-alkyl, aryl, cycloalkyl, 5 heterocyclo, and/ong january 2006

het eroaryl ,wherein R and Rb are selected from hydrogen, alkyl, Tal kenyl,

CO2H, C02(al kyl'), C3.7cycl oal kyl, phenyl, benzyl, phenylethyl, napthyl, a

four to seven nenber8g st Glleoyl”o¢fesno sirdight or bxﬁnc&kﬂcmnbﬁi’r@ﬁrﬂaﬁtcﬁ{u@@r yI or
t om nmay het er ocycl o or

when attached .t he nltro a

het er oar yl , andﬁa%ﬁgril tgﬁgef”gg "%raa?lrf“slaarﬂao'ﬁ hyggggdoﬁlkegﬁbgrgﬁ)s%g 98 not
hydrogen. Each grismuptdis amﬁdxamﬁgﬁbemmbn: hb ek mdieprelyda.ogen, and each R
group optionally has up to three further substituents attached at any

avai | abl e carbon or Tﬂbﬂirﬂg‘aﬂcy&ylﬂm&tﬁlfs tdRetrai g0 or BHAkHed cifdin hyd$:§:'aﬂ)on éroqu 5
y

subst it uent (53) hbe| n% jé ed fromthe group consisting of
(C2_  6)al kehyl "™V dr'Bxy AR YGws andydenst Oﬂﬁutftu?l%bowélkywtgromo@tg6 QOCF3,

C(=OH (=0 (dathofatdnslahd hiHRon %&@oa@@r‘e'fﬂ/clsépr fHCE2( G 6al kyl ),
-S(d _Balkyl), -NH2, 15 NH(G bal kyl), N(Cl eal kyl)2, N(CH3)3',

S02( C1. 6al kyl Ohé ehdhada ivate
oty (oo aal Ky ent) N%‘a gelslaned b v e dalch epEIBE bl

phenyl et hyl , pHERHPs §xyine bé—‘n%a@w atwaqamwablal fof carben stever.g. rfe(aﬁemd
heterocyl o, or \heldiV g ist CroSt2Xp RIS B9, P&Le(?'éﬂ(g eft Fli?\llpeﬁ'la?ls LiF%ft:r{et Lrl(gtiepg al kyl

is substituted with an aryl, heterocyclo group,
sai d ri nged?20 o§y4e ¢awrben goms, ad@mpn@dsfb’eddoiﬁheamdns h!lenytaxge hadéa]kﬁfyhme’one

two, or three SLRShibEH ﬁg&&d‘c 91%‘%@’!%6‘““ ped ?%Hl%‘ Eiﬁli‘“‘g"“zy e in the

field will understand eS| d herei n,
this is intendaboto refer to the group - C—O When the term"al kyl" is used

t oget her with another group, such as in
" When reference is made to a substituted alkenyl, alkynyl, alkylene,

alkenylene, or alkynylene group, these groups are substituted with one to three

15 substitutents as defined above for substituted 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—, -5(=0)~, -50,—, -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
“beteroalkylene” herein may comprise groups such as —S-(CHz),.sNH-CH,-, —O-
(CH2)1.s8(=0)-CHy~, -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, ¢.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 C2heteroalkylene may include groups
such as -NH-CH,-, -CH-NH-CH,-, -CH;-CH,-NH-, -S-CH;-, -CH>»-S-CHj-, -O-CH,-

30 NH-CH,-, CH»-O-CH;and so forth.



25 "arylal kyl", this conjunction defines with nore specificity at |east one
of the substituents that the substituted alkyl will contain. For exanple,
"arylal kyl" refers to a substituted al kyl group as defined above where at

| east one of the substituents is an aryl, such as benzyl. Thus, the term
aryl (Co_4)al kyl includes a substituted |lower al kyl having at |east one
aryl substituent and al so includes an aryl directly bondedGUgnaanpn@m$er
group, i.e., aryI(Cb al k 06_The term kenyl" refers to

u - 8.
strai ght or branched %/“?1 Wﬂf%t&gg'ﬁ %ylﬁﬁ%sﬁfeﬁ’d\‘?laﬂ‘@teﬂ)dpﬁkeﬂ?g PBdn at ons

and at | east ongefrieybbdclaiebin Al IKROYle FiRURGoRN of cArBoatofdiP@p at oms and
havi ng one doubl e bond are nmost preferred. The term"al kynyl" refers to

strai ght or br abfétredikseg ‘FhaHvaP%déF‘lﬁQ)Wr@lﬁ@Ufh‘?d it agreip ozhetréhami'yéragﬁbn
atoms and at | eé&%o%t%nﬁs i &E‘Eeé&%ﬁcyle%le Eya?e/ lua%@kmﬁumed?wﬁtpa érou&&'ie@% at onms

and having one triple bond are nost preferred term "al'kyl'ene" refers
to bival ent %tr&olghhoserecmfémworcﬁhhatwtwakﬂcgmummrvgﬂmqgghﬁawthgr 1to 12

carbon at ons, P u%gtﬁgﬁ%g la%yggl%ﬁ%%hﬁg%ﬁ%%??ﬁ;t 'lRe he?ergalk}/l%ne%m ma’g’ q(yWher einn

is 1to 12, pre era €ne groups | ene groups
ioof 1to 4 casubanuaﬂmago@ schsted[ﬁn'oef zﬂkylealken‘yhelkyeylnsyaha,ld(elnﬂaaé{i,, and

"al kynyl ene" refer. to .bi |cals of . al | k gr oups,
respectively, agi;%‘f‘lpf‘iéﬁagool%je%za“ﬁﬂ ¥erep iR, erﬁe r’r?a%l 0 ad é%hbst i tuted

al kenylb, al kyn;d/d:.;:(atrxllml, em(es)N%l -y, %Nb Ry, _ajdgy@yngngQu@z,isﬁ b@ﬁie(:?r oups
are su stitute ' one to three 15 substitutents as I.ne ove for
subst i t ut ed "4l KBl rsatkemdenceinealkdens YBirky ﬂgylei‘%N (ﬁerg'l nto refer

to saturated anﬂmylb%arsur@qm wuexm:bzer&-@umwm mrwmraﬂgm@%@m@leﬂe
hydr ocar bon groups having 2 to 12 carbon atons, preferably 2 to 8 carbon

at ors, - wher ei n FAEPscre biaprhed PpEFRigh shain and QHﬁ’émﬁb’rS&P%‘t‘tﬂ‘é efinedsheseip &) aced
by het er oat on{( Ss)ub§ﬁht%@5ﬁ(916fné ®)is lgfdrogu?‘ alkyl, Sa(!ﬁ@[lltﬁd alﬁ@zdlkeny’l\l@hbstlﬂﬂéh 20

-NHSC2-. Thus, the term "het'eroal’kylene" “i'ncl udes bival ent” "al koxy,
t hi oal kyl , " and alkenyl, ary}, heteroaryl, heterocyclo, or cycloalkyl; and Ry is selected from hydrogen,

15 alkyl, and substituted alkyl, as defined herein, provided, however, that for a
substituted heteralkylene Ry, is not hydrogen when A, Q and A; are each bonds.
When Ry is aryl, heteroaryl, cycloalkyl, or heterocyclo, these rings are, in turn,
optionally substituted with one to three groups as defined below in the definitions 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 qalkyl, —(C,.
salkylene-O-C_alkylene)-O-C, ,alkyl, and so forth.

The term “thioalkyl” or “alkylthio” refers to an alkyl or substituted aikyl group
25  as defined having one or two sulfur atoms in the alkyl chain. For example, the term
“thioalkyl” or “alkylthio” includes the groups -5-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, (he term “aminoalkyl” includes the groups -NR-C, ,alkyl, -NR-C,_

salkylene-NR-C,| .alkyl, etc. (Where R is preferably hydrogen but may include alkyl or
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am noal kyl groups, as defined below, as well as al kyl ene and al kenyl ene
groups having a conbination of heteroatons in the alkyl chain. As an
illustration, a "heteroal kyl ene" herein may conprise groups such as
-S-(CH2)1 5NH CHz-, -0- (CH2)i _5S(=0 -CH2-, -NHSQ2-CHz-, -CH2-NH, and so
forth. Preferably, a 25 heteroal kyl ene does not have two adj acent atons

si mul t aneously selected from-0- and -S-. \Wen a subscripygijanuagdeong h the
term heteroal kyl ene, e.g., as in C2_ 3heteroal kyl ene, the subscript refers
to the nunber of carbon atons in the group in addition to heteroatons.
Thus, for exanpfubstitaiedplkylpsidetiond 4bpyeh®Whemy sibsoriny dheused wilh sefersuchio as

-NH CHZ-, - CH2- Meb GHiioali - al = - - S - ¢ - 0O CH2- 30

NH CH>-, CH2- O GHB and 'so planiinb Mg"ﬂ%“ﬁ’éﬁf&?f“ﬁ%‘e b o Aol ifEs L ot e
het er oal kyl ene"thatghegroup map cérsaie inalditydndn betgrostoms abhud bt aachpid) e wikak ei n
at | east one of~the.ni r, carbon i te I chain
i's bonded to (o(r:"zlsaﬁlg!s% fk%ﬁg glgd%\,it?%gm'épsgjpg%% ﬂ@i’ﬂﬁarﬁeﬁﬁ)éf?‘@geﬁ\}ﬁ%gf bon

atoms in the hetky,calkNHEHE Aad IN-(EN ;DA 1§M93a§rh£dﬂlﬁﬁcaﬁlﬁrﬂe§m9£r%§9al§)?| ect ed
5 fromthose recited above for substituted al kyl groups, or wth a Turther

al kyl or substia¥i78&8° ¥ iy caghonapman” A minge mefers derhe gfoupRlhet er oal kyl ene
chain may be substituted with a group selected fromal kyl, alkenyl,

al kynyl , cyano, or Abe@kayy. gioalkylneramipoaikyl groups manbe menovakehkyrbévadsnt.or
Cz_3al kenyl ene;ByRhoRalB@" fis mEAatthat the erddhT cney (4 3 J\Eﬂ; B wi

- SC2NRd-, - C02- ,}c?r- NRACOR- -+ A2 1S aathﬁgﬁog?’ﬁ% ‘Jf\la%"cé‘é’%iyal%grﬁ 10 combIne with

C2. 3al kenyl ene,anotter grawmydfone-anRlty ‘bivaentd sl ik peamn ehaNRd EfouPhas a valgncy of

4al kyl ene- Sy, & - 502- (o1 4al kyl ene- O- . wher ejn. said A2

al kyl ene gr ouﬁsoﬁgk’ﬁgﬁgﬁlg?%ﬁ% ‘Faé‘?“gﬁ % '3¥1H§e§'r%°"(§’f3ts'i'c5'r?§l'¢3:fslfﬂ)@tl‘i’t ut ed
as defined her ﬂ,galfcjﬂéne-@&(t]§ilk§lu£©94aﬂc|yléﬁé—@3@wambleh§-d3&q{a ERvheRhkY! |

substituted al kyl, al kenyl, substituted alkenyl, ary\ , heteroaryl,
heterocycl o, obl'@lrat Pkereincludss @rargs pushoet @€Y eaikyteoen Hydabiglene-016, al kyl , and

substi-tuted al k S f her.gi rovi de however, that for a
substi tut ed hetﬁ%ir(%{?ﬁe&’l%ﬁéﬁlgﬁgqeégh%ﬁﬁﬁvg‘?cdéé(ﬂ48%%”% andep forth- o> are each
bonds. It should be understood that the selections for alkoxy, thioalkyl, and

15 aminoalkyl will be made by one skilled in the field to provide stable compounds.
Thus, for example, in compounds of formula (I), when G is attached to a nitrogen
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 suifur 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(=0)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-



When Rh is aryl, heteroaryl, cycloal kyl, or heterocyclo, 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 an

al kyl or substituted al kyl group as defined above having one or two oxygen
atons (-0-) in the alkyl chain. For exanple, the term "al koxy" includes
the groups -0-Cl1_12al kyl, -(Cl_bal kylene)-OC, , al kyl, (%_Januaryzoos
4alkyl ene- O C, _4al kyl ene) O Cl1_4al kyl, and so forth. The erm "t hi oal kyl "

or "al kylthio" refer al k stitut K 25 as defined
havi ng one or two s ﬁed?rmat (Blf“?é‘y%/aﬁb(fﬂ% Fﬁltf)aé:ﬁf Oﬁyg’ii%?(exarrpl e¥ the term
“thioal kyl" or "al Kl thio" includes the groups -S-Cl_12al kyl, -(S-C

al kyl ene) - S- C, _—@dlky)llinked@ ap@rianictiadicAliEOLRY), B eﬂrﬁislﬂibaiikald:nt gfdups

"al kyl am no" ref er to_an al kyl or substituted alk group. as defined above

havi ng one or tweCH? t‘fJQQ%ﬂn vehigdrars ligkeshte Ong‘“tcﬁéd'caﬁ‘]%VICOEﬁ’ﬁ}"?ﬁs ogfpreyiz Ecanpl e,

the term "am noghdyih R, i\l déflfsi 4006 ﬂﬁ%@%&&%&i‘c_mdﬁw hwhichYis &rboxy
6al kyl ene- NR- C1_6al ky , etc. ﬁ) ere I's preferably drogen but may
y

i ncl ude al kyl ogroupl @ aggchgdmas I@@@‘@@@b@&lﬂﬂz@dk)&bk @E&M)n@dﬂm\ve )
When a subscri ) h~tef |
p{ $gJu 2 CEyS g }%é Og @éﬁ(&ﬁe@e L. Rcco?c# K@gyig CBIIH (S)lﬂ"ndls(x{‘ foﬁ[{mla

am noal kyl, the ibscFi p refe nu tom; at the
group nmay cont aflp wihen dddietitedrthdt &3 ¢ratber e&bm:boﬁﬁd’sblsﬁsmteadaimleﬂ¢ompm9vaI ent’

R e e

am noal kyl haVllnﬂQndén@eE@ufJRURwEBé R 1t FRUB bivallnid d10ups! &F.ehlkylefe,t he group
NH2. The al koxy, t hi oal ,or ami noal kyl groups may be nonoval ent or

bi val ent. By "#snglieas é‘H’{Y“Y'F{‘e Psval%ewnwlaﬁ %“H%‘"@%G&SYW% swbsfifiethey (i.e.,

ability to conmbjingyht or s@RelR@rangngiend.. of one, and by "bivalent” it is
meant that the group has a val ency of 10 two. Thus, for exanple, a

nonoval ent al KoxXy i rglewdas afi@etRs “SHiRhr q'.e?fers%@re% I (Lo NRR wherein the
Cl_6al kyl ene- O C, - 6al kyl , - Cl4al kyl ené- O Cl4al kyl ene- O hal kyl , whereas a
groups R, and Ry, are defined as recited above in thc definition for ‘substituted alkyl

groups.

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},.2-R,, or
the bivaient group -5(0),.z- 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

26 groups —5(=0)R—, —-R.S(=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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bi val ent al koxy i ncludes groups such as -O Cl 12al kyl ene-,

-Cl_6al kyl ene-O- C1_ 5al kyl ene-,

- Cl. 4al kyl ene- O Cl4al kyl ene- O Cl4al kyl ene-, and so forth. It should be
understood that the selections for al koxy, thioal kyl, and 15 am noal kyl
will be made by one skilled in the field to provide stable conpounds.

Thus, for exanple, in conpounds of formula (1), when G is1giJapobRd20a6 a
nitrogen atom (N*) of ring A and is selected froman al koxy or alkylthio
group, the al koxy and al kylthio groups will have at |east one carbon atom
bonded direct | yBPYP §ansiging qfdalogen, triffugremethHetrifiugmporsthoxy skl sobsitweds bei ng

at L east one atarcuuny CaaTBRhRLY A5 30:EL0M, TRERTR SRYICo ef ers

to a carbonyl group IinRed+to an organit radr ca ﬁ%’?oe(z cuf
group C(=OR,, MB.RaeiN(alkg)it hBR$QaHERISURoUPQ:R CFODIR.RoS-SO.NRAD-RR,, Whi ch

are linked to L i cal_Sy\ar F Al oynds. of fornu (). The
group Re can b?%g?e@(gﬂf’rg{ﬁ%ggky{ng%’ @éﬂﬁwﬁﬁﬁkgﬁyﬁg?(gafﬁ“?%ﬁ\cbgl?a,Rb’ -

3u ]E)_st i Ei u':] ed 25 (é(hWNRa(SObRB,i-CO)tz(Qﬂ.f;ailkykamry]NRaRM —mdﬁ%)kg,t.m%a@bilgybpmga(@,s

efined herein, gr appropriate, the correspondi ng bjval ent group,
e.g., alkyl ene,“a%?”‘l?ﬁéﬁ?pé’ﬁferﬁé(? =N RE W |°¥°,1°ff‘gylc'&tﬁsﬁ‘uﬁ@sala¥0ff ormula (1),
when it is recileetharylakhdeit ®), Reand RC e as defihed abbv%ﬂo%tﬁ@tqgfédta&y?% pass a
sel ection for Ggf 3%202 and al so the groups --C(=O R, - or - @EEO)-,
wherein in thi $°f AGERRR R pRiggalhy sibpsituigd ps regiedsabpee ingbe ddinitianfobi val ent
groups, e.g., abkyitearalkdlskapy ! BtGernd YIS ' | ingd ;
substituted al kyl elne_, su%sgti Put ed %rl keér?yl eirlfzv%gpqgé{u’gdgg?%cgﬁgéggﬁkﬁéI ene.
-11 16 Janu@ry soe9nd ring fuppdthersiaiegalinabdiesbanaonheterqegélerar heerarrd ampOxy  gr oup

-G 0- O - Gafing abi/ | £cdrBSl] S. a ¢yelo ol | h
0Pt (S PSS BRI gl (GHER bl 2

bi val ent groups - ) ' are to org C radicals in
conpounds of f &vbstitued(with a futherrsigroRmsiascamd diaf ifused thelxov)esal dring@yhirn iThe

organi ¢ radi Calopl?itﬂlaﬂ@ bfRRE WA R two of (Ci.4)alkyl, (Cy.4)alkenyl, halogen, hydroxy,

cyano, nitro, CF3, O(C) 4alkyl), OCF;, C(=0)H, C(=0)(C.4alkyl), CO.H, CO5(C,.

15 salkyl), NHCOx(C,.qalkyl), -S(Cqalkyl), -NH,, NH(C\.salkyl), N(C,_salkyl);, N(C;.
aalkyl)s*, SO2(C.qalkyl), C(=0O)(C\4alkylene)NH,, C(=0)C,4alkylene)NH(alkyl),
and/or C(=O)XCi_qalkylene)N(C, 4alkyl),.

Accordingly, in compounds of formula (1), the term “cycloalkyl” includes
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, etc., as well
20 as the following ring systems,

oo €0 D
b » 3
=, and the like, which optionally may be substituted at

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

SIED
25  cyclobutyl, cyclopentyl, cyclohexyl, A and .
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5 group is attached may be nonoval ent (e.g., -CO2-al kyl or -0OC(=0) al kyl),
or bivalent (e.g., -QC02-al kylene, -0OC(=0) al kyl ene, etc.) Accordingly, in
conpounds of formula (1), when it is recited that G can be

"al koxycarbonyl,"” this is intended to enconpass a selection for C of -C02-
and al so the groups -CO2R, - or -RC02-, wherein in this instance, the group
Rc will be selected from bival ent groups, e.g., alkylene, 16Qaaukgn¥t@he,

al kynyl ene, bival ent_am noal ky substituted al kyl ene, substituted

al kenyl ene, or substTheUe®y’ fhill%ﬂﬁyl“éﬁ@" TS faghleroghipme: flenro aadhiodg) » ref er s
to the group C(=0O) NRaRb, wherein the groups R and Rb are defined as
recited above in t hel gepimnihalagkyl dpe%l§15§‘t‘l?st‘lj’ﬁeé’cﬁﬂé)ﬂlby‘fmg grcotgEore haloThe term

"sul fonyl" ref e&%sﬂtgerﬁs %ulmegued%%a na@h&%&% 8 o GRbfonte ﬁg)xca' in

conpounds of fornula partlc arl'y, the nonovalent gro

S(0)1-2-& or the bfﬁé%%{“*haﬂia%w a‘?)s'a.n%ﬂcol( ”g.lgaggmn AR réﬂ%};ca' s in

conmpounds of fornula (1) Accord y, In co forrm when
it is recited thast@naiiobexanple ’r‘hﬁmﬂllkdxy” inbludes @CFnt ended t o enconpass a
selection for Gof -S(=0- or -S2- as well as the 20 groups -S(=0) RO-,
-RS(=0) -, -SO2Re-, ofheferg80ryl” whes & phenpl, biphenyl.ristaphibgl andiYenaphtholThR. Wi | |
be selected fro h . i yl LOuUpS.
The term "sul fot%}ar%ln %3{%"56?@%? @&% ﬁa‘f"gé“? %h%?%%g‘ﬁ%%%&ngﬁ Sr?l dand Rb
are as defined fatrovie dgroup mnhxstingtafmeld)gai k:yﬂluogasmmpﬁl irifitdicmedaly) alkylt he

sul fonam dyl 25 _gr.ou be bi val ent V\:? se one o gro s R
and Rowi |l be a g%‘Haﬁgd g&%’u §ﬁe'?yﬁ SEBTHY ﬁ%ige"d aﬁ%’r“ﬁﬁ PUroe 'f’)anovx(ﬂ%hg 'St at ed
t hat G may L’ﬂe srukmnaqrmiyll)g, ANR 862 -NRLM@dsommaNkm S@gNRa@(-_-@)')RHp
-S(O 2NRa . e m" ¢l o refers to fully saturated and rtially
unsat urated  hy oty RO R B S0u8n dcl PRk TN Gty EapBkar oms.
The term” CyC| 0l=KWNR a(@@-ﬁﬁﬂ cloedes. éllé?]@nd%l\lﬂ&l& haNAYoRE! NR OTER,, LR, (CQF
three substituents selected fromthe - 16 January 2006
salkylene)CORy, aryl, cycloalkyl, heterocyclo, and/or heteroaryl, wherein R,, Ry and~
R are as defined above for substituted alkyl groups, and are also in turn optionally
15 substituted as recited above. Additionally, two substituents attached to an aryl,
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 js optionally substituted with one to two of (Cj.4)alkyl, (Cz4)alkenyl, halogen,
20 hydroxy, cyano, nitro, CF3, O(C,.salkyl), OCF;, C(=0)H, C(=0)(C,4alkyl), CO,H,
CO2(Cy4alkyl), NHCO»(C.4alkyl), -S(C,.salkyl), -NH,, NH(C,_4alkyl), N(C).salkyl)s,
N(C.qalkyD)s*, SO(Cyalkyl), C(=0)(C;4alkylene)NH,, C(=OXC;.
salkylene)NH(alkyl), and/or C(=0)(C, salkylene)N(C, salkyl),.

Thus, examples of aryl groups include:

Q0D €0 LD
]
25 Z & ,!/O,I/ ,I/”/,l/“l




group consi sting of hal ogen, trifluoronethyl, trifluoromethoxy, alkyl,
substituted alkyl, alkenyl, substituted al kenyl, alkynyl, nitro, cyano,
oxo (=0), ORa, SRa, (=S), - NR Rb, -N(alkyl)3 , -NRaS®2, -NRaSQ2Rc, - S02R-~
- S2NR. Rb, -SO2NRaC(=0) Rb, SO3H, -PQ(CH)2, -C(=0)Ra, -CO2Ra, -C(=0)NRaRb,
-C(=0) (G _4al kyl ene) NRaRb, 5 C(=0) NRa(SQ2)Rb, -C02(C _4al kyl ene) NR Rb,
-NR3C(=O) Rb, -NRaCQ2Rb, -NRa(Cl _ 4al kyl ene) CO2Rb, =N- CH, 1&6Nafbiahk3006 ary! ,
cycl oal kyl, heterocyclo, and/or heteroaryl, wherein Ra, Rb and R, are as
defined above for substituted al kyl groups, and are also in turn

optionally substj t d S recited above in the definition for substituted
al kyl groups. Thig m "lcycl oal kyl " al so i ncl udes such rings having a 10
second ring fused herNetoaiQCbthglike iwmdleinngalllyeﬁta@dzesbsitﬁrtaﬁmchhgaava(mable

on bridge of 3 to 4 carbon atons.

heteroaryl rin r a car

en a cycl oal ky su Pl rOPHPRY Y (SYPSTHYEC BC8¥cond ri ng
When a cy oo iR ol SEPRRRRT 3 BPER SroPR oYy ubs et Bl
fused thereto), saldr tturnl tion substjtuted with one to
two of (Gi.4)alkyl, h&éef%a BRIy g%“e‘ﬂcycﬁﬁ}dé&ﬁ/‘osuwé‘ﬁ%d“}ﬂtro CF3,

G 4al kyl OGH3ybs ridn- e rEdtlc (3G _ 740 dekdd mEadR hc
S(Hooz(o'm;g ‘%“1 ﬁgﬁﬁ) ﬂ&@c( NH2, dl@ﬁ(ag dal g %o 4al ky|)2°lco N(Cl_
4al kyl ) 3' hg P an@ 6 @elalaar p@yfélj:@[:cpzlps m Whlch af least one of the
(=0 (G . 4al kylxﬁfgehwtaéakwn)a,hetewadfnp(o Q(WQ)(Qch%H% fiﬁ Nfcgaﬁﬁmélﬂ

‘cyclo

Accordingly, in compounds of fornula (l), the ter cl udes
cycl opropyl , cyé’{“éb"tﬂ%ﬁl heter JEPBFEMEIANAIn eRITdHe RFY g1 OY @ﬂlﬁhemlapd/oyﬁ’bmoct yI
etc., as wel | oAl t&fout ﬂ?roéé” Jt&%‘é ﬂgwﬁg&‘ﬂéa Mé{omu berdf Reteradtoms,in TCh rmlgoms of

and the |ike, which optionall ?l/ ustltute at any avall a
the ring(s). Prefasf P@GSSCW for d()Pi‘OVgi i therroigedataing ai qumt opytarbon2fom.

Crcl QDU Y HBARA: Mo, YRSt AR SR 95 a1
atoms and may be saturated, parually saturated, or unsaturated. The nitrogen and
sulfur atoms may optionally be oxidized and the nitrogen atoms may optionally be
quaternized. The heterocyclo group may be attached at any available nitrogen or
carbon atom. The heterocyclo ring may contain zero, one, two or three substituents

15 selected from the group consisting of halogen, trifluoromethyl, trifluporomethoxy,
alkyl, substituted alkyl, alkeny!, substituted alkenyl, alkyayl, nitro, cyano, oxo (=0},
OR,. SR,, (=5), -NR, Ry, -N(alkyl);", -NR,SO,, -NR,SO,R,, -SO,R. -SO,NR,Ry,, -
SONRC(=0)Rp, SO3H, -PO(OH),, -C(=0)R,, -CO3R,, -C(=0)NR,Rs, -C(=0)(C,.
salkylene)NR.Ry, -C(=O)NR,(SO3)Rs, -CO(Cy.qalkylene)NR Ry, -NR,C(=0)Ry, -

20 NR;CO;Ry, -NRy(C)42alkylene)CO:Ry,, =N-OH, =N-O-alkyl, aryl, cycloalkyl,
hete;ocyclo, and/or heteroaryl, wherein R,, Ry, 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 (Ci4)alkyl, (Cy4)alkenyl, halogen, hydroxy, cyano,

25 nitro, CF, O(Cialkyl), OCF3, C(=0)H, C(=0)(C.salkyl), CO.H, COACsalkyl),
NHCO(Cy.qalkyl), -S(C\.qalkyl), -NH,, NH(C_salkyl), N(C,4alkyl})z, N(C|4alkyl)s",
SO2(Crqalkyl), C(=0)(C;.4alkylene)NH,, C(=0XC,.qalkylene)NH(alkyl), and/or
C(=0)C,salkylene)N(C,_salkyl),. |

Exemplary monocyclic groups include azetidiny!, pyrrolidinyl, oxetanyl,

30 imidazolinyl, oxazolidinyl, isoxazolinyl, thiazolidinyl, isothiazolidinyl,

-}5-




The term "hal oal kyl " nmeans a substituted al kyl having one or nore halo
substituents. For exanple, "hal oal kyl" includes nono, bi, and
trifluoronmethyl. The term "hal oal koxy" neans an al koxy group having one or
nore halo 5 substituents. For exanple, "hal oal koxy" includes OCF3. The
term"aryl" refers to phenyl, biphenyl, 1-naphthyl and 2-naphthyl. The
term”aryl™ includes such rings having zero, one, two or ﬂ@ugﬁugqhanmiuents

selected fromthe grou nsi sting of halogen, trjf]uyorometh
trifluoromnet hoxS‘f“a}é)% B‘“)’ s RSl RTREEAZH My A %‘H?E’ﬁy’lyl lﬂs‘li‘BE‘PFli“é’lle?d al kenyl ,

al kynyl, nitro, o£3f3#18i0diake 2-oxB@epinyiShz Ml?ﬁe%ao INeahHat L, NR, SO2,
“NR SOPRc, - SCPRe - SOSNnggﬁb s DIty Iﬂf' HSM [)Pgmﬂy =

NRaC( =0 Rb, ;éfcxﬁa,

_CO2Ra, -C(=0) mam@ohnxb(th@)rpmbohw'ktinaewa)hqhnrk@ulfoméq ﬂ@w?a:%@mz) one,

- CQ2( CL. 4al kyl e[@d‘ﬁ%ﬁ% amNgﬁ'Q( afd- Rl?idm)&l B{d’ the [iNRRGEH lary bicyclic _
4al kyl ene) CO2Rb, aryl, cycl oal kyI het erocycl o, and/ or Feroary , Wherein
Ra, Rb and-;5 Reeterpeyciosgrdessi indedeatvonsslidioy!. subst i t ut ed aIkyI groups, and are
also in turn optionally 15 substituted as recited above. Additionally, two
substituents att acheRteferedhetenogyclo gnompstin conpeungs af forrawig (I ¢gnednds, may join to
forma further ring such as a fused or spiro- ring, e.g., gyclopentyl or
cycl ohexyl, or fused heterocyclo.or heteroaryl. n a aryh is

substituted w txa\further~ing M\ has co ring fys thereto), said
ring in turn i opﬁionally(%ubstit ed Wt one_to mowq%ﬂ 1. 4) al kyl ,
(C2-4)al kenyl , gen, hydroxy, cyano, nitro, NCF3, OQ(CR.4al kyl), OCF3,

C(=OH 0)(0 4ad kyI) CCR(ClAal kyl ), NHCOR( Cldal kyl ),

-S(C1. 4al kyl ), = ;:F Ik Ly\\N(Cl 4 \2. N(C1.4al kyl)3',
SQ2( C1. 4al kyl), o[C1 ark NH2, C(_%§§§§é 4al kyl ene) NH( al kyl ),
and/ or - C( O)(Cl 4 | ene 1 4 “I’fzandTh x,a,nm&%pt;@,ila]grmhygg oups

I ncl ude: NN N - 14 16 January 2006
subst:tuted

e

10 The term “heteroaryl” refers to substituted and unsubstituted aromatic 5 or 6
membered monocyclic groups, 9 or 10 membered bicyclic groups, and 11 10 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 Jess 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 heteroary! 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 alky!, alkenyl, substituted

25 alkenyl, alkynyl, nitro, cyano, OR,, SR,, (=S), -NR, Ry, -N(alkyl);*, -NR,502, -
NRSQ:R., -SO:R; -SO:NR, Ry, -SO;NR,C(=0)R}, SO3H, -PO(OH);, -C(=0)R,, -
CO2R,, -C(=0)NR Ry, -C(=0)(Cj.salkylene)NR,Ry, -C(=0)NR,(SO2)Ry, -CO(C,.
salkylene)NR Ry, -NR,C(=0)Rp, -NR,CO;Ry,, -NR{(C/ salkylene)CO2R,, aryl,

-16-




, and the like, which optionally may be substituted at any avail abl e carbon
or nitrogen atom A preferred aryl group is optionally-substituted phenyl.
The ternms "heterocyclo" or "heterocyclic" refers to substituted and
unsubstituted non-aromatic 3 to 7 nmenbered nonocyclic groups, 7 to 11
menbered 5 bicyclic groups, and 10 to 15 nenbered tricyclic groups, in
which at |east one of the rings has at |east one heteroai®@@uaRary2006 N) .
Each ring of the heterocyclo group containing a heteroatom can contain one
or two oxygen or sul fur atons and/or from one to four nitrogen atons

provi ded that tf&laabihhegipsde. aag/onbetepaat. aiereimRe Re hnd Rnaye as deffnedinboe

| ess, and furth { i ont ai ns I t _one carbon atom
10 The fused ri ﬁ’éé%gﬁr@%ﬁqgﬁyﬁmg’%{%ﬁ’ig@ ;Iir%[(}]g%? T %P%’Ff‘?fésaﬁ%ﬁ%%g?ﬁafﬁc‘aﬁé}nt ain
only carbon at fhese.dMbenrehetdvenrglds subatimetd withra fuahdrying pdaid diggid turfilis

Cheoni trogen at SRSl 9B ABE R dhe g OIS L AE: wREE L helGeg b romtoup
may be att achedcyabo,aityo, EFaid(@hlatkyd), OOFRYET=05H, CERONT)_ akancdrec icgr ocyclo
ring may containg,zer ng, t o three substituents 15 selected fromthe
group consi sti rﬂﬁlké's’ ‘ﬁ'&F@g@x—ﬁ‘W*r#%—%ﬁ& A2 NHEChpalioth MEE ralyDz: NCey | |

substituted al kylkyhél K(ijl4all@l),b§{=i(j)((§,g@kg]k{f@nﬁllﬁé%%zm%lk Slggg'zegﬁg(al%ggo, 0X0

=0, ORa, SRa, (=S), -NRaRb, -N(alkyl

ESO)ZNRaRb, - sdz&&éé%i%}%,ﬂlkmﬁ!“(@p@{l@i)p-z, -C(=O Ra, -C2Ra, -C(=0) NRaRb,
~O(=0) (Cl_ 4al kyl ene) NR Rb, - C(=0) NRa( SC2) Rb, - C02(Cl _4al kyl ene) NRaRb,
_NR3C(=0) Rb, 20 NREGEPRBY megecyeichsiersard gegupninchide pxray, pymedylal kyl , aryl

cycl oal kyl ;10 h 8 i hi 1, b are as
Gori nod above Tar omE QiR SLabEh TERE I BN RadBo i M.
optional |y subdtfapyjs bignyls oxasidazelal patiditenyrazitpybpysmidingr paidetioyli siasiupist i t ut ed
with a further gingjeaid ring in turnis optionally substituted with one
to two of (Cl4)al kyl, (C2.4)al kenyl, hal ogen, hydroxy, cyano, 25 nitro,

CF3, C, 4al kyl ), = ; = i 4al-kyl ). Ci,. dal kyl ),

NHCOZ(qCI_'ZlaI k§| § og(g %”?lé%(gﬁ%ﬁ“f %ﬁ%?%ﬂ%‘&%‘é‘%‘ﬁ?x&i@%%‘%@%ﬁ‘lﬂkh )2?/ :

N( G 4al kyl ) 3", begpgio®lyl Abdepk)zolyG(be@)oftGinydhajuknpliayiefetdd®/droisoquinolinyl,

(=0 (G 481'5kylis%ﬂ@i)nmﬁﬁlbiéﬂi)nidagagj{, %nzogr;rp))l,(ir?&olizidﬁ%l,%XAZ%%?%M,%%O@)'J;K' )2.
coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl,

furopyridyl, dilydroisoindolyl, tetrahydroguinolinyl 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 0 N S
(2 { =~ N
&J’/\ R \ f\\ s \ ™ s \ N , N\(J
Va ﬁ N< P N N
N N N Ty N7 SN SN >
a LS N e S

,and =~ .and the like, which

optionally may be substituted at any available carbon or nitrogen atom.

-17-




Exenpl ary nonocyclic groups include azetidinyl, pyrrolidinyl, oxetanyl, 30
I m dazol i nyl, oxazolidinyl, isoxazolinyl, thiazolidinyl, isothiazolidinyl,
-15 16 January 2006 tetrahydrofuranyl, piperidyl, piperazinyl,

2- oxopi perazi nyl, 2-oxopiperidyl, 2- oxopyrrolodinyl, 2-oxoazepinyl,
azepinyl, 4-piperidonyl, tetrahydropyranyl, norpholinyl, thianorpholinyl,

t hi anor phol i nyl sul foxide, thianorpholinyl sulfone, 1,31@Uaxohgzocend

tetranydro.| .1~ ! oxQsailerlSich ficn [EERIR RLhably Gk iy Rl o0yl o

groups |nclude qui nuc red heterocyclo groups in conpounds of
formula (1) i nciryide gL Nhéayd), sycasdlit mganbycmhbxyl)l,\hetcmmlo (eghipyrrobginylopal |y may

be 10 The term l;ert]ggae 02 (? J yllmlda%lglél ; css ot gévgs!ctsgéc?ﬁca 8%&1’%%:%@& regeren%g 1S ¢

aromatic 5 or nonoc C

groups, and 11 .h[cnddﬁ to fimeoiiate rring s hmmg/@;lol % pglfmtpg Ovih stmhtldnmeseaﬁctddqm one
het er oat om (O, or N) .ipn at |east e r

ot o1 oar vl o ouBoRurR A APaE et BERuh s BHRY e og Rt st doen or
sul fur atons anﬁ@ﬁfnﬁkon1one to four nitrogen atons 15 provided that the

total nunber of heteroatqns in each ring is four or |less and each ring
has at |east one cartrerat dicroptans GB@H‘“F'P%%X%B‘H}?)P‘@{‘@H& n{trgehi cycl i ¢ and

tricyclic groups nepheGQRt @bbolytiy” MAARARaAFAHoranthuTRkd RRnSALHE &t ed,
partially saturated, or unsaturated. The nitrogen and sul fur atoms may

optional Iy be ohgwiedag mwhichall alems obalringsasnearbany Thys fherienm) clpdes
quat em zed. oH‘at 1%911&4 E’)H §¥“¥h8?arﬁ{;§:é:ﬁ.lb glnhfbggﬁ%mgeﬁ'l& filch Caddiisd

i ncl ude at eas one matic ri use rong or
substituents are selecled from those recited above for cycloalkyl and aryl groups.

When the term “unsaturated” is used herein to refer to a ring or group, the ring
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 Re. 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):

Ry Rac
fi I DN
Ry 7N A Mo Ryg Z N A ?’II\G A
K)\N\ T) AT K)\ N, T,
Ry G (Ia) or Rz (Tb)

J1R-




rings may be aromatic or non-aromatic. The heteroaryl group nay be attached
at any available nitrogen or carbon atomof any ring. The heteroaryl ring
system may contain zero, one, two or three substituents selected fromthe
group consi sting of hal ogen, trifluoronmethyl, trifluoronethoxy, alkyl,
substituted al kyl, al kenyl, substituted 25 al kenyl, al kynyl, nitro, cyano,
ORa, SRa, (=S5), -NRaRb, -N(alkyl)3', -NR SO2, - NRaSOZRc, 18 J6Rary ZOB\NRaRb,
- S2NROC(=0O) Rb, SBH, -PQ(OH)2, -C(=O Ra, - CQ2Ra, -C(=0O NR, Rb,

-C(=0) (d _4al kyl ene) NR, Rb, -C(=0) NRa(SQ2)Rb, -CQ2(Cl. 4alkylene)NR, Rb,
-NR3C(=O) Rb, - NEAeseirrle 2rowm ArCE. LalKi&s Tond), Go0Mb, R-aRy) and Rk§ afkbes Jafnedr y 2006
cycl oal kyl , het g4 h Foaryl rein and RO are as
defi ned above fo?ﬁgﬁllgg]ﬁ ?rg@!eg%g %/{elegggﬁlggfaaﬁg]eaorréﬁgﬁ‘ogﬁcgleﬂcg{ﬂ’ﬂs’

optional | y substFludingdwighout bmitated, tha lidicevingMpecifiactmiptdsoaryl is substituted
with a further ring, said ring in turnis optionally substituted with one
to two of (§.4)al kyl, (C2-4)al kenyl, hal ogen, hydroxy, 5 cyano, nitro,

CF3, O C 4alkyl), OCF3, C(=OH, C(=0(C, .4alkyl), CO2H, C02(Cl_ 4alkyl),
NHCO2( G _4al kyl), -S(CG _4al kyl), -NH2, NH(G _4alkyl), N(Cl -4al lﬁll )2, N(C1.
4al kyl ) 3", S02(C | kyl), C(:Wal kyl ene)&lH2,

C(=0 (G . 4al kyl ene) NH( al kyl ), nd’"or C(=0O (Cl1.4 yl ene) N éf‘j4a\'l"kyl ) 2.
Exenpl ary nonocyclic heteroaryl groups include pyrrolyl, pyrazolyl, 10
pyrazolinyl, imdazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl,

i sothiazolyl, furanyl, thienyl, oxadiazolyl, pyrigdl, pyrazinyl,
pyrimdinyl, pyridazi %I , triazinyl and the I|i ke.rrpl ary tﬁ)cy
het eroaryl groups ipctddé i ndol yl /—B8#2 ot hi azol yT, Aenzodi oxol ¥T,
benzoxazol yl, begzdthienyl, quimdlinyl, tetr dr,0i soqui nol jyN, 15

i soqui nol i nyl , benzi'm dazolyl, "benzopyranyl, #i ndol i zi nyl, bénzofuranyl,
chronmonyl, coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl,
pyrrol opyridyl, furopyridyl, dihydroisoindolyl, tetrahydroquinolinyl and
the like. Exenplary tricyclic heteroaryl groups include carbazolyl,
benzi dol ylI ,

EI0,C

1) ;b 4LV o
N/,.b-':& 0 . {\N/\«o 4 , {\N/\ﬁo \N ’
A S
R
s g
N | i
£ N/\&o (\@0 COH
N=y h\]// “\
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phenant hrol I i nyl, acridinyl, phenanthridinyl, xanthenyl and the like. 20 In
conpounds of formula (1), preferred heteroaryl groups include So \ NN-d
, and '"and the like, which optionally nay be substituted at any avail abl e
carbon or nitrogen atom -17 16 January 2006 Unless otherw se indicated,
when reference is nmade to a specifically-naned aryl (e.g., phenyl),

cycloal kyl (e.g., cyclohexyl), heterocyclo (e.g., pyrroli¢oghdagr2006
heteroaryl (e.g., imdazolyl), unless ptherw se specifically indicated the
reference is intended to include nhn@é*paving 0to 3, preferthy($%2,
substituents selected frgm5 those reégidved above foopHt he aryl, /scyeloal kyl ,
het erocycl o and/ or rgaryl grou
"het eroat ons" shal | fi ngf'ud® oxygen]| swlfur and Ini ogen. }h. term
"carbocyclic" neaiis aturat ed of Twhsat urated nonocyclic/ or icyclic ring
in which all at of all ringsnare carbonkf,%ps, t he %eNggincludes 10
cycl oal kyl and aryt rings. Th cé{bocyclic rinig may be'subStituted in which
case the substituents are selected fromthose recited above for cycl oal kyl
and aryl groups. Wen the term"unsaturated” is used herein to refer to a
ring or group, the ring or group may be fully unsaturated or partially
unsat urated. Throughout the specification, groups and substituents thereof
may be chosen 15 by one skilled in the field to provide stable noieties
and conpounds and compounds useful as pharnmaceutical |l y-acceptabl e
conpounds and/or intermnmedi ate conpounds useful in making

phar maceuti cal | y-accept abl e conpounds. For exanple, in conpounds of formnula
(1), below, the groups J, M and T are selected so that no two adjacent
menbers of the ring A (defined by J, Mand T) are simultaneously sel ected

as appr ate. The fer
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20 fromS and O As a further exanple, J is defined as being selected from
groups including heteroal kyl ene optionally substituted by RO. One skilled
inthe field may nake the appropriate selections for RO as substituents
for the heteroal kylene to provide stable conpounds. According to the
foregoing definitions, the instant invention provides 25 conpounds having
the formula (la) or (1b): | 4C R4c RR Tim/Ar (la) or -18148ad 20062006
wherein the groups Ar, G L, K Z Ti, M, T2, M, R2, Rda, and R4., are as
defined herein, and the group J may be sel ected from al kyl ene or

het er oal kyl ene grou i ncluding, witfut limtation, the fallow ng

speci fi c exanpl es: HC®N- 5 f t - NN t C@H ¢"0NCH3 16
January 2006 OH ﬁ S 0}-C< / o h-th, }{’;}
:__N N

. ;’Q/M o e

% N g Ny O._COM

0. _-COH O N CcoH
07 CoH rU

Sy ‘ Sy ng_hgwh

[.-Me
[__Q/\COIMC r@/\ COH O N

Me
Me Me
e - e
e o N N N
, PO Y S AN
Mi?,Me P Q
RIS o SN AL
/JJ ) -
Me Me
- N[_’(Me w5 N N
, pr RN
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16 January 2006 M N, Me CO2H +-N \m OCO H CO2H Mc CO2Me N >+ %N Me OvCO2H
p M -_N-Me cO2H CO2H -21 16 January 2006 HO2C NH2 CO2H H2 CH3 N, CH3
N. CH3

16 January 2006
Hoc ~ PH HO,C HOC, HO,C.
D D O
N N N N
WA . e e
CO,Me NH, HJN\‘<0 .
9 NH, 0)\,,0/ o N yND‘COJH
N
N N TS
A N
“[3‘»‘« \'(— “h/_ . , “‘4/_
NH

o N % N o Ny IR AN
HO.C
: N M= N N= =N /~=N
o = o /AN N o /AN Ny ) o) N
}’@N \_/ NI W Va%
e Ny AN A RN
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CH3 Br 5 NONNNLON/-N-225ONN NCR2ZHCR2HCcS --Nr-I \' -NvzZn S

CO2H e -N 16 January 2006 16 January 2006 NH2 CO2ZH O H C,N-CH3 .Jn CO2H
CO2H 5 CO2H 010J

16 January 2006
N= EG,C, CO,Et
0O N~ny 2 2
CO,H bas N
‘\/- ) N N N
¥ _Dﬁ ' ,«:\N , “(_ _,}l\

HOG HOLC
v

coH HO,C .

7 f,zfj\ 4
f’_<;j s ! /—‘(Sj\ /’@\WN\S,ME
b , St o i
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C®H ON\ S5100 _/ \-.- vOCOHS5 -41 1 ~-NOC®REt ,H J N-IC
-)a. -25 CRH 16 January 2006 CO2H COzEt cOH N- N ,CRH C2H 5 M S
ch_Me C 3

16 January 2006
NH,
NH, COH
O)I// 0 /”/// /-_/'_' COH
N N N N
. g e e
CH,
HHC\!-}
COH HC, N-CH;
o }I/ o N-CH, o }’/J
N N
™ oo~ wyaw
H,N,
O;ICOZH o )\J—COZH o SOCH,
N
!, AN et
HO,C, HO,C, HOC, o
0 D w D Ot
. BRART
CO,CH; H,
O}ﬁ NH, o
/—N
Wl N
5 1{\ v}/\n !
CH, JCOZH COH
O}JO 0 >‘J0 OWS
N N N
W e e ' wy
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10 (N CC2MC dO)w's NN CO7H 16 January 2006 F -26 5 N N ~CO H O r CCREl

~--N 16 January 2006 CO2H CO2H CQ2I1Bu C2IBu ~N) N -1i -27 5 10 0
16 January 2006
CO.H
Q QCOZH O HO,C
0 CO,H 0 © ND
N?'N : >N O)\—N ;\?f
Y . ‘w/_il% N n
M

S
S HOE CO, By
HOZC}"@ rQN —QN]\/CO:” N@ N 2(‘ }——OH
o N © ’ﬂ\(o NAO
f ‘[—Qﬁ R ‘[& , \/_”}*
5
%N — I <1 I ¢ ]
NN NN NN —N_ 07 cop
7 o g o : T M
N= COE CO,H
N (= N/'d f‘4
S 0 CO,H CO,H
‘[NA N"Co,E N/’@ N\ \ NN
N N
10 > - ™
- O Me
4 o =N
ol 0w A
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OZH
N

10

U

ONH N 16 January 2006 CO2H CH3 CO2Et ONH ~CO2CH3 O
aoll <-NSCH3 K, 0 CAS NCH3 N~ O11

16 January 2006

Me

=N N < >r-o r_QNj
S ey ST e
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& 7 N ﬂ
=N N =N
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OS4~,,,N<-NCO2H CH3 -28 16 January 2006 5 O O CZH .t COZCH3 H C02tBu
M N-M HM NH'hi'N M M NM NM NI OH O HNHCO2tBu N N_/CO2H
O HCOZH N r' N _/CO2tBu

16 January 2006
/__5 e CO,H Ony—-COZEI Q—COzH . s\n
f <:§,N
O N
o i e CO o
O == 0 4 A O
B N \ N N " CO,H
N 2
o N M
N(CH,), HOG
0
O
Y A S
‘:{\JLM A Z™~CoH
CO,(Bu
0 = 0]
i O
2 \ 4 N
>N N I
Aoy e N
AN
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O O
" co NQ @
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et ©
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OH Z N NO -29 16 January 2006 Hj-CQ2tBu HOQBu N /--i CQ2tBu /

-\~ and 1 n4 O The conpounds of fornula (1) can formsalts which are

al so mnthln the scope 5 of this invention. Unless otherw se indicated,
reference to an inventive conmpound is understood to include reference to
salts thereof. The term"salt(s)" denotes acidic and/or basic salts forned

mﬁth i norgani c and/or organic acids and bases. In additiofg Jahb&rtZ006
"salt(s) may include zwitterions (inner salts), e.g., when a conpound of

formula (1) contains both a |c nnlety, such ax-gn amine or a pyr i ne or

i mdazole to ring, Qg___@m 1@ noi ety,abg:arboxyl ¢ a

Phar maceutically accept ., hon-tox physi ol ogi cal Pabl e)
salts are prefer‘(ﬁe’d—‘ﬁuch as, for exqtﬁﬁ[b_ém acceptabl e rr%t{a-FNandS am ]‘Qg
salts in which the cation does not cohtribute significcantdy t he
toxicity or biological activity of the salt. However, other salts may be
useful, e.g., inisolation or purification steps which my be enpl oyed
during preparation, and 15 thus, are contenplated within the scope of the
invention. Salts of the conmpounds of the formula (1) may be forned, for
exanpl e, by reacting a conpound of the formula (1) with an anount of acid

or base, such as an equival ent anount, in medi um such as one i

the salt precipitates org [ n aqueous grediiy £0l | owed by | yoph#l i 2 bn.
Exenpl ary acid addi t a5 @NI ncl ude adeta uch as thos& foNmed Wt h
20 acetic acid &N hal oatefic ackg~for exahpye, CHsif H‘L cetic acid),

adi pates, al gi nat es/" et T e
5
N CO.H CO,Et
g ) o ~ 0
0 = NH Y—NH
}\\/N W N N
YN 0 i >
e
CO-H CO,CH
0 /__/ o /j 2-H3
N»*NH P—NH
< TN
CO,H
ol o CO,H
g ] o<y
oS Ry N
N N
{ N N s
CO,H SCH,
H;CN7X
0 3 N
0<% =N O N= CHs
'S N o O=§—4 ! J N-cH,
N ~r
e
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ascor bates, aspartates, benzoates, benzenesul fonates, bisulfates, borates,
butyrates, citrates, canphorates, canphorsulfonates,
cycl opent anepr opi onat es, di gl uconates, dodecyl sulfates,
et hanesul f onat es, f umar at es, gl ucohept anoat es, gl ycer ophosphat es,
hem sul f at es, hept anoates, hexanoates, hydrochlorides (fornmed with
hydrochloric 25 acid), hydrobrom des (formed w th hydrogemngRQaaoadel(06
hydr oi odi des, 2- hydroxyet hanesul fonates, |actates, nmaleates (forned with
mal ei ¢ acid), nethanesulfonates (fornmed with nethanesul fonic acid),
2- napht hal enesul fonates, nicoti nates, al@s,cugxal ates, pectinates,
persul f ates, 3-phenplp tB nat es, ? phe es plcrat s plvalates

S, i na

propi onates, salicy sticci O su fat es (such ~~ anuary 2006
those formed wt NI furic acid), $ul fonates (s t‘ﬂ ned
herein), tartrafes,»fhiocyanatgs, }6iuenesulfonate§;5uch as tos
undecanoates, and the |ike. Exenplary basi ¢ salts include annnnlun1salts,

al kali metal salts such as sodium |ithium and potassiumsalts; alkaline
earth nmetal salts such as calciumand 5 nagnesiunlsalts; barium zinc, and
al um num salts; salts w th~\organi c base Q§__exanpl e, organic am es) such
as trial kyl am nes such as{f_z}lethylarﬁne,N dt &PABY di benzyl a#ni ne;

N- benzyl - P- phenet yIaaFQ%, I-ephena N, N - dlbenzylethyyeﬁg{ di am ne,
dehydr oabi et yl am ,;$#ﬁ hylplpeE’HN obenzylanlne decy exyl am ne or
simlar pharmaceutic y accept abl m nes and salts mnth no aci ds.such
as 10 arginine, lysine and the |Iike. Basic nitrogen-containing groups nay
be quaternized wth ageMes such as | ower al kyl halides (e.g., nethyl,

et hyl, propyl, and buty _J%ﬂ%nrides, brom desMand i odi des), di al kyl

sul f at es (e.g., dine , diethyl, dibut 'ﬁ%d di anyl sulfAfes), long
chai n halides (é%"N yl, Iauryl,iﬁ??gg?%l Mhd st earmyNchiNgri des,

brom des and i odi desy, aral kyl halides 'g., benzyl and)bﬁbnethyL

brom des), and 15 others. Preferred salts include nonohydrochl ori de,

hydr ogensul fate, nethanesul fonat e, phos&hate or nitrate salts. Prodrugs
and sol vates of the |nveq}|ve conpounds ﬁe al so contenpl ated. The

N-Me
AT
; H CO,tBu
N_/—OH N0 "
o
%5"N/55§) YN WON Y
o
SCH,
Bu102C H.3C
OH
2tBu B CO,H
N 0 N COytBu N 2
W\ “fﬁﬁam O a{”‘xh 0
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 conpound of the formula (1), and/or a salt and/or solvate thereof. For
exanpl e, conpounds contai ning a carboxy group can form physiol ogically
hydrol yzabl e esters which serve as prodrugs by being hydrolyzed in the

body to yield formula (1) conpounds per se. Such prodrug$saafuanei@iabl y
adm nistered orally since hydrolysis in many instances occurs principally

under the influence of the di estlve enzynes. 25 Mirenteral adm nistration
may be used where the es R is active, orﬁ fik¥%e i nstances where

hydr ol ysis occurs in od Exanples of ph 0 oglcally hydrolyzable
esters of conpound gf_ﬁgrnula (1) include

met hoxybenzyl , i#ﬁﬁ; ht hal yl,_ thoxyﬁgqﬁw , Cl 6a|kanoy|oxy-C1.6aIkyI,
e.g. acetoxynethyl, | valoyloxynethyl or propionyl oxymet hyl ,
C1_6alkoxycarbonyloxy 30 Cl 6al kyl, e.g. nethoxycarbonyl -oxynet hyl or

et hoxycar bonyl oxynet hyl , glycyloxynethyl, phenyl gl ycyl oxymnet hyl ,

(5- net hyl - 2- oxo- 1, 3-di oxol en-4-yl) -31 16 January 2006 nethyl and ot her
wel | known physi ol OgFiEAl ol o koraaR! @ c%ﬁff&ﬁﬁsa@@gmhwans%wmﬁﬁ,esca,ga the

penicillin and ceEhans porin arts. Such esters may be prepared b
conventionals telchisiirjsagork holass pthendtize indicatedomfgronneds anfnvelieefcompoynd i¢ 1) and

sal ts thereof ”@I}'degsﬁio‘ﬁtto |n@httip?éf£rc1§c%% ?:HF Thefeof 5I‘l-feq "sgﬁé%ﬁ&e{: yag09en

atons are transpos to ot he nDIecu es enlcal bonds
bet ween the at omslfalﬂaaiihealnsnﬁcblemdlvem 1amrgamomsiﬁqlmegmllcwcrdeamﬁ basgedn additiosshoul d

be understood that the t aut.oRer i i nsof ar the may, exi st, are
el e v ohi i ek S s ARREER Rt Tner sATS i et obubite £55, b o
trans and cis ﬁmmnmmscamdnnamhammﬁanmmmnemmnmmﬁmmnmhﬁﬁ¢Wn¢mabemm¢uom

t herefore exjstin 10.enantionmeric ang di.aster onerlc f
i nvention i Hel uﬁ’é 3%41?“ @fﬁﬁ“’l"?&hﬁ?‘g’ as gcarbxylic agid. Wﬁ‘f‘eéaé‘c"’g#y a&??“’&%‘d trans

i somners, M Xt ur @s., Gbn-xas pIBROSECHy a&&pfaaﬁﬁﬁlt@ are/Proferddde Suchfas SRR PR S
(optical isoners). \Wen no specific nention is nmade of the
acceptable metal and amine salts in which the cation does not contnbutc significantly
to the toxicity or biological activity of the salt. However, other salts may be useful,
€.g., in isolation or purification steps which may be employed during preparation, and
15  thus, are contemplated within the scope of the 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 agueous medium followed by Iyophilization.

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),
methanesuifonates (formed with methanesuifonic acid), 2-naphthalenesulfonates,
nicotinates, nitrates, oxalates, pectinates, persuifates, 3-phenylpropionates,

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

-30-




configuration (cis, trans or Ror S) of a conpound (or of an asymmetric
carbon), then any one of the isoners or a mxture of nore than one isoner
is intended. The 15 processes for preparation can use racemates, _
enantionmers or diastereoners as starting materials. Wen enantioneric or
di astereoneric products are prepared, they can be separated by
conventional nethods for exanple, chromat ographlp or fractsQaduary 2006
crystallization. The inventive conpounds may be in the free or hydrate
form Conpounds of the Formula (1) may also have prodr ug forms. Any
conpound 20 t h&pssfprmedgiithoyhivee peid), syifopates(sch prtbese deentibiedtiesshnl | ve agent

(i.e., the compgupghsf tﬂfocyefng{em&lﬂelieguﬁ‘cﬁm@f Purpcg% chél\é\éeg mn %F?at%ﬁ%&ﬁh?‘ Hf'et he

spirit of the invention.” Various forns of prodru afre)m _ '

art. For exanpl es of Py PR : yatives, see: sign of
Prodrugs, edited by Eﬁﬁgﬁﬁ%ggagg'f& ¢ E’Iﬁgéeéﬁ}él??m%@égsy ag(ﬁ@ E%S%gtsﬁ%ﬁ in
Enzynol ogy, Volsodm, lifjum.380 p88Siume diltsedkdipe KarthihehdPealts eichak ca(lepiﬁpﬁdchagl?dl C
Press, 1985), t book_ of Drug i gn and Devel opment, edited by

Kr osgaar d- ?_jar ;b%?@gsngﬁsﬁ@%Bﬁan“ Juars: ar@i‘ﬁ&@?’m%‘f 0S5 RIS R oLgrnicabstsi (B4t i on of

" ¢ ghninpy) sudnl3-+A8Ly14h 94 Juch a8 Gied 1 Mmlinl prBYpdgaar d,
B Odr UGS, oy OiPanegRas Smined suctl ol ek iMid e (199 dilin e |

Advanced Dru livery. Reviews, Vol. 8, pp. 1-38 ( |

i ncor por at edghe%%ﬁ"ﬁﬁﬁ‘%mfea'gf’%k@?th'@f’éhﬂ%m}}&rlu%h?"%% N, &iéfh@u—?@tﬁytﬁﬂtﬂlﬁer : Ib)e
under st ood t hatdisihy,eBfdréBicdylamin¥ 3G 3} Hink 6eng Ungdls, . Hexiighiula (1)
are also with ttlle, scop?ﬁjcr)f ,%&ﬁ%anﬁresentr@ﬁ%\%egnltni on.n‘ t hods %cf1 SOVATFSh are
general | y knowfiMifar pharmgesutical yacespigblectiniGsmpd saltisvittPamsihe acidsiscbapounds  ar e

those having f Qrimhe Hfdide ank e lfkg. BAG Mﬂbé&-c%ﬂémidgoé}%ﬂ;%mz@ baésc}ugtrs:ren?ze rs, and
phar maceuti cal | y-acceptabl e salts,
with agents such as lower alkyl halides (e.g., methyl, ethyl, propyl, and butyl
chlorides, bromides and iodides), dialky! sulfates (e.g., dimethyl, diethyl, dibutyl, and
diamy] 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 (1), 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 (1)
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 1.galkylbenzyl, 4-

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

acetoxymethyl, pivaloyloxymethyl or propionyloxymethyl, C, «alkoxycarbonylox y-
30 C, calkyl, e.g. methoxycarbonyl-ox ymethyl or ethoxycarbonyloxymethyl,

glycyloxymethyl, phenylglycylox ymethyl, (5-methyi-2-oxo0-1,3-dioxolen-4-yl)-
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hydrates, sol vates, and prodrugs thereof, in which: L and K, taken

I ndependently, are O or S; Zis Nor CR4b; Gis a bond; 15 Ar is directly
attached to T or Mand is Jis -0-, -S, -NH, -S(=0-, -S2-, -NHSX2-, a
C -s alkylene optionally substituted wth one to two R9, or a CZ;

al kenyl ene or C, -2heteroal kyl ene optionally substituted wwth one to two
RO; Tis T, when Ar is attached to T and T2 when Ar is ati@ghadatyedde 20 M

is M when Ar is attached to and when Ar. is attached to T; T, and M
are sel ected fr &t —yilg“‘g‘r‘fg”-“@i\ﬂ,m&’ﬁ@%‘%ﬂﬂa@ﬁ’y&’ﬁﬁy@éle@&e@d’sﬂ’5%"’-"6@‘?£= S,
-NH, -S(=0) -, iHe peniciiA-ceplrafesgdAir arBNSuchhiers maY QVirented Biadondentithaland T
are selected to define a four [t)o si x nmenbered saturated or partially

unsat ur at ed cycleBPRYSs kspwAst ®eatycl o ring having fromlito 2 -33 16 January

2006 heteroatons wherein no two adjacent heteroatons of said heterocyclo
ring are simul t aneotr@myows ebthe formubl) ad salfsthergof mayexis idthRi ppuigreeric

I ndependently s : I I

hal oal Kyl | hal oﬁfﬁ&@‘?h‘%@gﬁé@ﬁﬁg’?’% a’g‘é“c’)’gsg&&& ‘:’%ﬁs"?‘%é&‘ﬁ% fltes and the
(=0 al kyl, - C( elByhri(] Cpds hetRien theQterd) MHOHRIccdER {ralchnseguendn dearrdigdii 2Bl ky ;
or. from phenyl . RERFd wndBRERK LK the AENFIHIorrANTHARE &1 B! Wy exitfigrei n each
group R a and RRbinturni1s op |onaITy substituted a an)ﬁ/ Vart abl e

carbon or nitrogeiudad eichini thdineeion oA dditomally Glvehtivk yémpduatogen haveliyas and/
al koxy, hal oal kyl ,. hal oal.kox 10 CQ2al kyl ,

oal ,_cyano, nitro, -COR2H, -C( =0 .
and/ or - C(=0) al Ky aﬁ'l‘it"éary\r/fgf"ia Sty O G %’rﬁl “gef'%ijéhe%f“ﬁ 3?‘55% Wer with
each other 00 oBgnRbBefiCirdsdids@g@intteic fvnishTIR iavéioh Gidmdas hused iRz ag | Ng;
well as mixtures of cis and trans isomers, mixtures of diastereomers and racemic
mixtures of enantiomers (optical isomers). When no specific mention is made of the
configuration (cis, trans or R or S) of a compound (or of an asymmetric carbon), then
any one of the 1somers 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, “Deéign and Application of Prodrugs,” by H.
Bundgaard, pp. 113-191 (1991}); and

30 c) H. Bundgaard, Advanced Drug Delivery Reviews, Vol. 8, pp. 1-38

(1992), each of which is incorporated herein by reference.
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R2 is selected from hydrogen, al kyl, substituted al kyl, OR12, NR12R 3,
C(=O0R 2, CX®2R 2, C(=ONRL2R, 3, NR12C(=O R 3, NR12C(=0) OR13, SR12,

S(O "Rl13a, NR12S02R, 31, SO02NR, 2R13, cycl oal kyl, heterocycle, aryl, and
heteroaryl; 15 R4a and R4. are hal ogen, alkyl, cyano, hal oal kyl,

hal oal koxy, or nitro; Rob is hydrogen, hal ogen, alkyl, substituted al kyl,
nitro, cyano, hydroxy, al koxy, hal oal koxy, phenyl oxy, -C{Uanusi~2008

NH( al kyl ), N(al kyl)2, C02al kyl, C(=0O alkyl, alkylthio, -C(=0 NH(CH2)r CO2H,
-C(=0)NH(CH2) rCX2(al kyl ), aryl, heteroaryl, or heterocycle, wherein each
of the aryl, heter oalt shopldefndhe? Be hadestomitbhtasolynes frsg. Anyerag) bHmatdmpounds
substituted wt al ogen, C, 4al kyl , . CE3, . CN, OCF3,
COPH, -C(=O) H, 19??[} afen"&?“o‘?ntf‘%gjo&t? Rﬁh?Pﬁée’}té’YVP&?%%’-dﬁzoﬁ sopvatian g 4
bond, C, 2al kyl;R@g@nemlly@ﬂoﬁﬁHQﬁélthEHE; Qis a bond, -C(=0)-, -C(=O NR17-,
-C(=S)NR17-, -SO2-, -SO02NR, 7-, -CO2-, or - 25 NR17C2-; A2 is a bond,

C, _3al kyl ene, C2-3al kenyl ene, -C _4al kyl ene-NR, 7-, -C, . 4al kyl ene-

NRL7C(=0) -, -C, aal kyl ene-S-, -0 -4al kyl ene-S2-, or -G _4al kyl ene-0O,
wherein sai & A2 al kyl ene groups ar %&Wr ai ght chain and
optionally substit e Mhp@uﬂis%@thﬁs%'kﬁ@fn% ofhfu@ary, CO2H, - Q02( Cl - 4al kyl ),
-S(C 4al kyl), 30 NH2, -NH(C, 4al kyl), or-N(C, 4al kyl)2; -34 16 January 2006
R12 and R13 (i) are sel ect ed i ndependent |y of each other from hydrogen,

al kyl, substituted al kyl, cycloal kyRq. aryl, heteroaryl, and heterocycl o;
or (ii) taken together forma het ryI 19r heterocyclo Ri 3a is al kyl,

substituted al kyl, cycl oal kyl, aryl i ary or heterocyclo; 5 RI6is
sel ected from (i) hydrogen or SRZ aalrkenyl optionally

substituted wth up to three of OR23, -S02(al kyl), and/or
NR23aR23b, or from (ii) phenyl, napt hlfl Niﬁ ve to ten menber ed nonocyclic
or bicyclic M

10 including enantiomers, diastereomers, and pharmaceutically-acceptable salts,

hydrates, solvates, and prodrugs thereof, in which:
L. and K, taken independently, are O or §;
Zis NorCRy,;

G is a bond;

(R

\/ Ib)n

Ar is directly attached to T or M and is ‘ p R.. °
1a

Jis -O-, -S-, -NH-, -S(=0)-, -SO;-, -NHSO;-, a C; 3 alkylene optionally substituted
with one to two Rg or a Cy.zalkenylene or C)_jheteroalkylene optionally

substituted with one to two Rg;
T is Tt when Ar is attached to T and T, when Ar is attached to M;
20 Mis 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-, -5(=0)-, -S0,-, -NHS0;-, -C(=0)}- and -CHa»-;

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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heteroaryl, four to el even nenbered nonocyclic or bicyclic heterocyclo, and
three to nine nenbered nonocyclic or bicyclic cycloal kyl, wherein each of
10 said R16 cyclic groups in turn is optionally substituted with up to
three R18; R' is selected from hydrogen, |ower al kyl, and substituted

| ower al kyl; R18 is selected from-(CH2)ghal ogen, -(CH2)gnitro,

- (CH2) gcyano, -(CH2)ghanaIkyI - (CH2)ghanaIkoxy - ( CH2) @ J&Rdary 2006

C3. 7cycl oal kyl , -S02R24, - CI2R24 - (CH2) gNR24R25,

- (CH2) gNHCD2R24, qhé@fﬂﬁtpfswh?&m "015’063 bSterPRiRIS 2 het%ﬁe@fqﬁ) TiNgRIA RO,

-(=Q R24, -(CH2) gmﬁmﬂﬁﬁcoﬂsiy se‘f&leﬁﬁonpro agg gal kenyl Opt ional |y
substi t ut ed wth CO2R2 R23,” R23,, and R23b are i ndependentely sel ected

from hydr ogen apg aah byb are Baépehéen%@ Isas&aﬂfr&mmoga/rﬂ Cogay, @dk&' ;alegny |,

benzyl, C3_7cycl oal kyl, five or six nbered Ret'er oaryl four to seven
menber ed het er ocycl chaldatyl.drateatkpgy, gparioonsiol ﬁ%ﬁbs@(Fpmltle@QMﬂiiW one to two

CLytal kyl  nal 09er. AR ALLRISTPIM c LoLbi SPBERNY ya0

%rz ZVI ded thﬁt dwhen I:H%%aﬂcyhtotaohqdienﬂ(glmnzﬂﬁ[blgeoylyky,@emyﬁpxﬁm}dmeteﬁmmd Zg t_hen
i's not hydrogen; F is sele %om r%%?na?ln l?s'tXe' an nis

0, 1, or 2; pislor2:VIFPLGIE BouP Ry god, Ry in ¥ SPPECAA Y January

3\306 _ (RlRib) n In c?m@gzlmisca@?onfcﬁmmugan (1t|0)n,T}iﬂF@elgb&u@oﬁ(E;JaB(yEmelbgérabl y Ria

opt1 onal 1y subet | t dBREPHARG: BRONEH arRPTY. AP s (ORbSoOBr sel ect ed

from hal ogeqy G _4al&$lalkyl, and/or -C(=0)alkyl; or alternatively, two R, groups join together

with each other or one R, joins together with Ry, to form a fused-benzo ring;

R; is selected from hydrogen, alkyl, substituted alkyl, ORy2, NRj2R 3, C(=0)R 3,
CO2R 3, C(=0)NR 2R3, NRj2C(=0)R 3, NR12C(=0)OR 3, SRz, S(O)pR13a,
NR|2SO3R 3., SO:NR ;R 3 cycloalkyl, heterocycle, aryl, and heteroaryl;

15 Ry, and Ry are halogen, alkyl, cyano, haloalkyl, haloalkoxy, or nitro;

Ray is hydrogen, halogen, alkyl, substituted alkyl, nitro, cyano, hydroxy, alkoxy,
haloalkoxy, phenyloxy, -CO,H, -C(=O)H, NH(alkyl), N{(alkyl),, COqalkyl,
C(=0)alkyl, alkylthio, -C(=O)NH(CH>),CO;H, -C(=0)NH(CH,),COx(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,.
satkyl, OMe, CF;, CN, OCF;, COH, -C(=0)H, COalkyl, and/or C(=0)alkyl;

Rg is -A1-Q-Ax-Rig;
A, is a bond, C,.;alkyiene, or Caaalkenylene;

Qs a bond, -C(=0)-, -C(=0)NR,7-, -C(=S)NR;7-, -50,-, -S§O2NR7-, -CO2-, or —
25 NR Oy~

Az 1is a bond, Calkylene, Cy.aalkenylene, -Cj.salkylene-NR7-, -Cy.qalkylene-
NR,;C(=0}-, -C,alkylene-S-, -C| salkylene-SOs-, or -Cy_qalkylene-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(Caalkyl},

30 NHaj, -NH(C, _4alkyl), or -N(C, _salkyl),;
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hydr oxy, al koxy, hal oal kyl, hal oal koxy, cyano, nitro, -CO2H, -C(=O H,
-CQ2al kyl, 5 C(=0al kyl, -C(=0O NH(CH2)1.4C>2H, and

-C(=O NH(CH2) 1-4Cx2(al kyl). Alternatively, two R b groups may join
together with each other or one Rb may join together with R, to forma
fused benzo ring. In conpounds of formula (1), the groups R4, and R4, are
preferably selected 10 from hal ogen, al kyl, cyan, nitro,1édaheaai\2006

hal oal kyl, aryloxy, and arylthio, and nore preferably, R4, and R4. are
both chlorine. In conpounds of forrmula (1), the group Gis preferably a

bond; the groupg,,lnd RR) KreRERcRd RUEFABNIyOf ¥8Sbihed B ndhydfodh &g abl y CH. 15
I n conpounds of fornmula (1), the group T'is preferably Tl and i's CH, Mis

preferably M2 and i $uiegiptedalyl ryrigallyle praot. disteipagyl, andtheisraglely: erdibstekanut ed

Clhet er oal kyl ene so,&é&a{er%r{ngﬁtc%ayﬁ-oﬁg@,%ﬁ? ring, nore preferably J is a
group CH2-NRr . 20 I'n conpounds of” formul a ?’), the group R2 is preferably

=0 | | k . t')(,y]@ah bst i ] H
CC:(OZ(;I (Iz;\lle;,am?%'%g%ael]]‘(%%lg?{&h%d? 'l:mlet W’.ﬁgsﬁiﬁ%&g?’e etérrrgc ar eOE:orrpounds

according to fog Ml @lelitfdrom hg%}gg%g%f a%g%m%}g Ccﬁf.}é}&&@?@#} i,,%;ﬁg; %ug-itﬁgtgg pt abl e

salts, hydrates, and prodrugs aken
i ndependent |y, are Ovidrup3p thied of ORds, SRaS-COsR\--SO2(@lkyD,) and/or SB35, Rz, NHSO2-,  an

tionall bstit ' , ti anal bstituted C2.3
a kenyi ent, “or - an oferbPRAvENRTRR il AR BB BRSST S L o

-CH; 10 R a is hal bgemarytfeurae elovenaptmimed ingaaybist drtbityellc phebyslclo knd
heteroaryl; three to nine membered monocyclic or bicyclic cycloalkyl, wherein each of

(¢ said Ry cyclic groups in turn is optionally substituted with up to three R g;
R,7is selected from hydrogen, lower alkyl, and substituted lower alkyl;

Rig is selected from -(CHz)qhalogen, -(CHa)gnitro, -(CHs) cyano, -(CHy)shaloalkyl, -
(CHz)haloalkoxy, -(CH3)qSR24, Cy7cycloalkyl, -SO2R24, -OR 24, - '
{CH2)qCO2R 4, -(CH2){NR24R25, -(CH)qNHCO2R 24, -C(=0)NH-SO;R o4, -

15 C(=0OX}CH2)qNR24R 25, -O(CH2),NR24R 35, -C(=0)R 4, -(CH;)qR24 and -C;.
salkyl or -C; salkenyl optionally substituted with CO3R24;

R23. Ry3., and Ry, are independentely selected from hydrogen and alkyl;

R4 15 selected from hydrogen, alkyl, phenyl, benzyl, Cs scycloalkyl, five or six
membered heteroaryl, and four to seven membered heterocyclo, in turn
20 optionally substituted with one to two C;_salkyl, 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 -SO;R 4, then Ry is not hydrogen;
R2;5 is selected from hydrogen and alkyl; and
25 nis0,1,o0r2;
pislor2;
gisQ,1,2, 3, 0r 4; and

ris 1,2, 3, ord.
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Rib is selected from hal ogen, C, 4al kyl, hydroxy, alkoxy, hal oal kyl,
hal oal koxy, cyano, nitro, -CO2H, -C(=0)H, -CQal kyl, -C(=0 al kyl,
-C(=O NH(CH2)1. 4CO2H, and -C(=0) NH(CH2) 14C2(al kyl); or from phenyl,
benzyl, phenyl oxy, benzyl oxy, and heteroaryl in turn optionally
substituted wth one 15 to two of C, Qal kyl, hal ogen, hydroxy, al koxy,

hal oal kyl , hal oal koxy, cyano, nitro, -C02H, -C(=OH, -CoOERliyhary@naEor
-C(=0alkyl; R2 is selected from hydrogen, alkyl, substituted rz

QO Ci 4al kyl), am no, NH(C1l 4al kyl ), N(al kyl)2, C(=0)H, ng)h

Co2(al kyl'), SQral ky1, C3. 60ycloal kyl, heterocycle, aryl, a d et eroaryl; 20

Rda and R4. are halo I i 1gand ni sO,
Hl%@{pg'gunu of o?éﬁ)ﬁm gé&m Poug%grﬁ JePa\‘i

1,0r2. In conpounds of ely de ned above or e
preferably J i wher@ﬂmmzﬁﬂﬂ%ﬂﬂlﬁ(h%gen c@ano; HE2A NI RB)oalkowkerreptionaBy R9i s

_CA 33 ﬁ\gnﬁlgne Ué Xr he : arlelaagi% nd ?Psei'qzc%‘g;‘ilclm(?ﬂ%@e?{ bea_lkyl,
NRL7CO2-; A2 i Shﬁir@@ndlkoﬁil. hRiahlkyll, RA1631k 52, Sahkaiyd, e H; -C,(Aa}}kyd:esmkm 7-,

i gl Agglk)lgllegﬁ% CE%@WQ%P?@E(@ kylﬁ%?%@g%ﬁg@% 'e*ré%)r éﬁﬂbed or

strai ght chain Angn@plety? R@&k}{, cﬁiﬁlbﬁiaﬂdlﬁ cmemn@ea:hmrse&&%gﬂlaﬁ;rj&m
JCRH, - Q02(C, . . alkyl), -S(C 4a CNH(C, 4al kyl ), or
“N(C, _4al kyl ) 2: togathewﬂs%nh fO@aaf %be%aormzdr ogen and C,_6al kyl or

C2- 6al kenyl optionally substituted with one to two of OH QUG _4al kyl),
-C2H, -Q02(C, .4alkyl), NH2, -NH(C, . 10 4al kyl), and/or N(C, 4al kyl)2, or
from (b) furanyl, indsPyppoundspbierionig|(D), thegroapoRyland Bygarepryferabishictasied,

pyridyl, py'f(; m m)rﬁiﬁlal’og&?gﬁt%f, E{r:ﬂlgyljlitro,i t?a?@gﬂép lhwoalkyl, aryloxy, and arylthio, and

more preferably, R4, and Ry are both chlorine.

In compounds of formula (), 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 (1), the group T is preferably T, and is CH, M is
preferably M, and is CH, and J is preferably an optionally-substituted

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

CH»-NRgy- .
20
In compounds of formula (1), the group R; is preferably C(=0)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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i mdazolyl, triazolyl, tetrazolyl, phenyl, piperidyl, pyrrolidinyl,
pyridazinyl, C3.7cycloal kyl, piperazinyl, thiazolyl, norpholinyl,

1,2,5, 6-tetrahydropyridyl, quinoxalinyl, benzothiazolyl, benzotriazolyl,
benzodi oxanyl, 15 benzooxadi azol yl, thienopyrazolyl,

t et rahydroqui nol i nyl, -and qui nolinyl, wherein each of said cyclic R 6
groups in turn is optionally substituted with up to threm BafiarRR006S
sel ected from hydrogen, |ower alkyl, and substituted | ower alkyl: R18 is
selected from-C, 4al kyl, -S(C _4al kyl), C3.7cycloal kyl, -S02(C,.4al kyl),
-Q(C, _ 20 4al kyl), -S02-phenyl, halegen, hydroxy, nitro, cyano,

-(CH2) 4CO2H, (CH2) gC2C, . 4al kyl , 2) gNH2, - Q CH2) gCO2H, - CH=CH CQO2H,
-CH=CH Q02(al kyl), -(CH2)gNH(al k NHCO2al kyl , - (C=0) NH SQ2al kyl ,

- (CH2) gNH(benzyl ), - (CH2) gN( aRkyl ) N(al kyl )2, -Ooenzyl, -
C(=0) (CH2) gNH2, ~ - X 0)(CHZ)gNH(aI kyl ) /,k q.N(al kyl)2, 25
Q[ CH2) INH2, - O(CH2), NH(al kyl), -o(cHS, =0 pyridyl, --
(CH2) gphenyl, -(CH2)q pyridyl, (CH2)qtr|aioI (CH2)gtetrazonI -

(CH2) gi m dazol yl, -(CH2)gpyrazolyl, (CH2)gth|anD$phdkﬁnyl -
(CH2) gnor phol i nyl, -(CH2)qt hi enyl, -(CH2)qgpyrazinyl, mhereln each al kyl or
cyclic group of each R18 in turn is optionally substituted wth one to two

C 1. 30 4al kyl, hal egépharmgchutsally-aedpfablecsasridiples, ahd pfdduigs @wedonagxy, - CO2H,
CO, C, 4al kyl , o Gldal koxy, -S(Cl_Qal kyl), am no, and/or -am noC, _4al kyl; -38
16 January 2006 gis 0, 1, 2, 3, or 4, andr is 1, 2, 3 or 4. Further

P aal kyl ore- %%W%ee»a%e'g%%‘ AR LQFﬂy?EﬁZeRY‘éer Tore preferably
-CH2Ri 6, and R i§ as | ef above referably t hi enyl,
phenyl , or pyr| é aSS ?I oh §Q§fl$]3§(§a %‘tﬂﬁ'o SP titted Ry-g!Kylene,

an opttonal]y sub‘;ututed Cz.; alkenylene, or an optionally-substituted C,.

sheteroalkylene;
Ty is -N- or -CH-;
10 Ry, is halogen, cyano, or optionally-substituted phenyl or heteroaryl;

Ris 15 selected from halogen, C;alkyl, hydroxy, alkoxy, haloalkyl, haloalkoxy,
cyano, nitro, -CO,H, -C(=0)H, -COsalkyl, -C(=0)alkyl, -C{(=0)NH(CHa),.
4CO,H, and -C(=O)NH(CH,),; .4CO1(alkyl); or from phenyl, benzyl,
phenyloxy, benzyloxy, and heteroaryl in turn optionally substituted with one

15 to two of Cy4alkyl, halogen, hydroxy, alkoxy, haloalkyl, haloalkoxy, cyano,
nitro, -CO;H, -C(=0)H, -CO»alky}, and/or -C(=0)alkyl;

R is selected from hydrogen, alkyl, substituted alkyl, O(C, 4alkyl), amino, NH(C,.
salkyl), N(alkyl),;, C(=O)H, C(=0)alkyl, COx(alkyl), SO;alkyl Cs4cycloalkyl

heterocycle, aryl, and heteroaryl;

’

20 Ry, and Ry, are halogen, alkyl, cyano, trifluoromethyl, or nitro; and

nisQ, 1, or2.

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

T'is -CHy-, -CH>-CH(Rg)-, or -CH>-N(Ro)-, wherein:

25 Ryis -A-Q-A»-Ris;
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10 Al so preferred are conpounds according to formula (1d), Cd CY N and

phar maceuti cal | y-acceptabl e salts, hydrates, and prodrugs thereof, in which
Jis -(CR9,R96); or-(CR9, ROb)y-NR9c (CROaR9b,),-, wherein xis 1, 2 or 3, y
is O, 1o 152, and z is O, 1 or 2, provided that y and z together are
not greater than 2; T, is-N or -CH; R a is halogen, cyano, nitro,
trifluororrethyl OCR,, heterocyclo, or heteroaryl; R b is{yahaegm006

hal C 4al kyl =0 H, -Q02 Ik |, -
nalgen, C 42l Wl ST MO O RO L el o

NH( C, _4al kyl 1)2 O O 4 4al kyl

SO(ZC 4aF1kyIy )CaHécy(@{ CPQJ %(/T%) hélp Q)ﬁ)éréﬁa aryt?; Oéng%i(&g’r Dgr yIy )or

C, 4al kyl bsti,t ut t f N( al kyl) 2,
q;o)aH, yc( iuo)sé A3 E’QFMVI%&'E&"%%%GQ‘Z‘%%S@?) & I\géﬂ'ky *-4%&%?!& gﬁd/gr)
PO(OH) 2; -39 16 JanusRy,CRO0S, -c&,lkmﬁﬁ%: amkyaaﬁaqs@&catr -Cepig/ 1 O-,

| ndependently selected from hy d[ﬂ? hal ogen, Cl4al kyl, supstituted al kyl,
hydroxy, al kdxy, hal B3R saidpgp B%EP“P%VﬁﬁH‘“Cheﬁilctrrsﬁa'gf“@fﬂlﬂa“ epuqopily

- @02al kyl, - C(=0) al kybstitatel w@).lhl 221 AER G -CRNH! @F0,(C, qalkyl), -S(Cy.qalkyl

- (=0 NH( CH2) 1. 4C02( al kyly Eggﬁand e oo har FaCiloh. Sy alktpg_
sel ected from hydr og8Hz I«%&WU Yubéeialybd al kyl , hydroxy, aI koxy,

hal oal kyl , hal oal koxy, SO02R 6 O) R, 6, SO02NR, 6R17 CO2R, 6,

_C(=S) NR16R, -, , Rusdy setgpted r@yq;(agﬁyd@ RIYCosDy] onEapikeny! optionally substituted

- O =0) NH(CH2) 14002( aldybo 10 u%'@mjh oE“é A%y, 28,1y lco AR alkyhent) -Rite,.
menber ed heteroaryl or heterocycl o; &

10 salkyD), andfor N(C, 4alkyl)2, or from (b) furanyl, indoiyl, carbazolyl,
pyrazolyl, pyrrolyl, thienyl, pyridyl, pyrimidinyl, benzofuranyl, isoxazolyl,
imidazolyl, triazolyl, tetrazolyl, phenyl, piperidyl, pyrrolidinyl, pyridazinyl,
Cs.scycloalkyl, piperazinyl, thiazolyl, morpholinyl, 1,2,5,6-tetrahydropyridyl,
quinoxalinyl, benzothiazolyl, benzotriazolyl, benzodioxanyl,

15 benzooxadiazolyl, thienopyrazolyl, tetrahydroquinolinyl, and quinolinyl,
wherein each of said cyclic R;s groups in turn is optionally substituted with up

to three R 3;
R71s selected from hydrogen, lower alkyl, and substituted lower alkyl;

Ris 1s selected from -Cy4alkyl, -S(Cj.4alkyl), Cscycloalkyl, -SO2(Ci.qalkyl), -O(C,

20 aalkyl), -SOy-phenyl, halogen, hydroxy, nitro, cyano, -(CH»)yCO,H, -
(CH»)qCO:C}.aalkyl, ~(CH1)qNH,, -O(CH;){CO,H, -CH=CH-CO,H, -CH=CH-
COq(alkyl), -(CH2)oNH(alkyl), -(CH2)NHCO:alkyl, -(C=0)NH-SO»alkyl, -
(CH»)NH(benzyl), -(CH»)N(alkyl}),, -O(CH2)N(alkyl),, -Obenzyl, -
C(=0)(CH:)NH,, -C(=0)(CHz);NH(alkyl), -C(=O)}(CH,)qN(alkyl),, -

25 O(CH32)NH,, -O(CHz),NH(alkyl), -O(CH;)N(alkyl},, -C(=O)pyridyl, --
(CHa)gphenyl, (CHz)q pyridyl, -(CHz)qtriazolyl, -(CHa)qtetrazolyl, -
(CHz)qimidazolyl, -(CHa)qpyrazolyl, -(CHaz)sthiamorpholinyl, -
(CHp)qmorpholinyl, -(CHz)qthienyl, -(CH,)gpyrazinyl, wherein each alkyl or
cyclic group of each Ryg in turn is optionally substituted with one to two C,.

30 aalkyl, halogen, hydroxy, trifluoromethyl, trifluoromethoxy, -CO,H, CO,C,.
aalkyl, Cy.qalkoxy, ~-S(C;4alkyl), amino, and/or aminoC)_4alkyl,

18-



10 R16 and R17 are selected from hydrogen, |ower al kyl, substituted al kyl,
phenyl, C3_ 7cycloal kyl, five to six nenbered heteroaryl, five to six
menbered heterocyclo, or nine to ten nenbered aryl or heteroaryl, in turn
optionally substituted with one to two of C _4al kyl, hal ogen, nitro,
cyano, amno, C 4am noal kyl, C, .rthioal kyl, hydroxy, Cl4al koxy, -CO2H,
-002(alkyl), 15 GQ(=OH, -C(=0al kyl, -C(=0) (CH2) INH2, phEanuary 2006
C3_7cycloal kyl, five to six menber ed heteroaryl, and/or five to six
menber ed heterocyclo, provi ded that when R16 is attached to a sul fonyl
group as in -SO2R, 6, 7tskh 2R3.@rftsandot  hydrogen; and gi s0O, lor2. 20 In
conpounds of formula (1d) as defined above, preferably y is 1 or 2 and z is
0. T, is preferably &2, 3R24i s preferably hydrogen or Cl.4 alkyl, and RO,
and ROb are preferably hydrogen. 25 Also preferred are conpounds of
formula (1d), as defined above, where RO, is -A -QA2-R 6, and A, Q A,
and R16 areas defined above for conpounds of fornmula (Ic). According to
anot her aspect of tH@Hﬁﬂﬂ@h&h@h&epompmmdeﬁiﬁmwﬁﬁmﬂﬂSdakea&h@&ﬂmn&ORbBVing

il ast or comer oAt PeiR BERHEERE B Gy ik Bho Rl B8 PreS Rl Gy,
trifluoromet hyl andBGHS as evetiaey Ytfinedrbhiel MoRAYEEAblyThighf1, p}@nhy&r 980,

o 2l =OH -CX2 | k , R
C(a %?;nky? a ﬁ;oﬁalgysggsgﬁutgiwﬁ()%[m{vf) st C(=0 al kyl or

Also preferred are compounds according to formula (Id),

10
Cl
O
J
Cl N 7
O)\N\ T /\Rlb
R2 / _—
Ria (1a)
and pharmaceutically-acceptable salts, hydrates, and prodrugs thereof, in

which

Jis —(CRgaRgb)x~ or —(CRgaRgb)y-NRgc-(CRgaRgb)z—, wherein x is ], 2or 3, ¥ 1s 0, 1or
15 2,and zis 0, 1 or 2, provided that y and z together are not greater than 2;

Ty is-N- or -CH-;
Ria is halogen, cyano, nitro, trifluoromethyl, OCF, heterocyclo, or heteroaryl;

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

20 Rais selected from hydrogen, C _salkyl, amino, NH(C 1qalkyl), N(alkyl),, C{(=0)H
C(=0)C4alkyl, COx(Cqalkyl), SO,Cy 4alkyl, Cigcycloalkyl, heterocycle,
aryl, and heteroaryl, or C,.qalky! substituted with one to three of amino,
NH(Cialkyt), N(alkyl),, C(=0)H, C(=0)C_4aikyl, CO.H, COxC 1-aalkyl},
S0,C, 4alkyl, SOsH, and/or PO(OH);;

L3
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RO is selected from hydrogen, C _ioal kyl, C2.ioal kenyl, hydroxy, al koxy,
al kyl thi o, hal oal kyl, hal oal koxy, phenyl, Cs.6cycloal kyl, phenyl, pyridyl,
pyridazinyl, 10 pyrimdinyl, -(CH2), phenyl, -(CH2),tetrazolyl,

-(CH2), pyridyl, (CH2),thienyl, -(CH2),carbazolyl, -(CH2),indolyl,

-(CH2), furyl, - (CH2),quinolyl, -(CH2), C3-6cycloal kyl, -(CH2)cthiazolyl,
-(CH2), pyrrolyl, - (CHZ) i m dazol yl, -(CH2), i soxazol yl, (@ﬂ)ué@m’suryl
(CHZ) pyrazol yI - -C(=0) ( . 1oal Ky C(=0) phenyl

=0) pi peridyl ] 9a-3ﬂi§~9b@\te@hrﬁ§|zwp¢ ﬁgpndﬁp@e%y@g e§ éqoghlpmgen halogen,

O pyrrolidinyl | Il I,
og% azo: y: yl, C((:C(él)'k%?l?]ﬂg)[(]gllﬁ%ﬂnalky‘l qyd@%)d}c?cﬁzﬂld@kyl -HalGafRoRY. 3R, Y

ST 5o Ll et v igon-EhuH SO, -0 oDtk HOINH(CH:), 4COH,
benzot r i azol yl, g@%ﬁ%ﬁ@%@ﬂb%&@dlg oPkga%Qﬁnzthé&ﬁQ 872k (=0,

234tetrahy I enopyr

0

0) 1,

5%%3 o S5 RARICAE Bl SN S B i
0

0

) CH=CH(pyri dyl )baloﬂﬂ(m@miﬂﬁl( SIFG IRy, SOzf@Rm@)mmm AGEFINR 16R 17,

9 Pyt oA HE A RGBT .
O) CH2NHC( =O) pyT i ighyl, €, Y GQIBHPNIE @) fik @myibered(EleBar 302 betbioyyJlo;
(CHZ) S02(phenyl), -41 16 January 2006 (CH2), S02(thienyl),

- (CH2), S02(i mi dazol YA, - (CH2), S02(furyl), (CH2), S02(pyrrolyl),

SO2NH( phenyl ), -C(=S)NH2, - :NHaIkI,- =S) NH( phenyl ),
-( CHZ§ 8( :03/ b‘i/r r%ﬁi(aaﬂ i)}y’l are Se(lfg-?f %@3 foygy @ a%yl’ %‘@ﬁ%ﬁ@%éﬁiyg?%}y&ﬁ*nyl ,
-Q02(al kyl), -CC2(phe J)a)lkyl f@% B&Qﬂé{ﬁﬁered hetel Pfied th¥%1x) membered
-(CH2) , C(=0O) NH( phenyl (CHZ C(=O) NH( pi peri di}l’ )h’ - . )
(CH2) , O( =O) NH( t hi enyliejerocyglorpnniay tledympgmbired a5vLenhetereary) in¢eraOpNpRs
Scycloal kyl), - (CH2)sybdumi dNWER SR M 1o of CEERM, HaiR MR, Ci Mol shiny! &, -
saminoalkyl, Cy4thiocalkyl, hydroxy, Ci4alkoxy, -CO.H, -CO(alkyl), -

15 C(=O)H, -C(=0)alky}, -C(=0)(CH,)NHa, phenyl, C;.scycloalkyl, five to six

QQ,QQQQ,QQQQQQ

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

when R is attached to a sulfonyl group as in -SO3R 6, then Rysis not

hydrogen; and
gis0, 1 or2.
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 Re, and Ro, are
preferably hydrogen.
25 Also preferred are compounds of formula (Id), as defined above, where Ry 18

~A1-Q-Ax-Rys, and A Q, As, and R g are as defined above for compounds of formula

dc).

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

30 having the formula (Ie),
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(CH2), C(=0O) NH( pi perazinyl), -(CH2)1C(=O NH2, -(CH2),C(=O NH(al kyl), -
(CH2), C(=O) N(al kyl)2, -(CH2),C(=0 N(C, Aal kyl) (phenyl), 10
(CH2)tC(=O) N(C, . 4al kyl)(thienyl), -(CH2),C(=O N(C, _4al kyl) (thiazolyl), -
(CH2), C(=O) N(C, _4al kyl)(benzyl), or -(CH2),C(=O N(C i-4al kyl)C2(al kyl);
wherein each al kyl, al keny], or cyclic group of each RO in turn is
optionally substituted with up to three Rig; R13 is sel efg gghdargr2006
-C, 4al kyl, -S(C,.Qalkyl), C3.7cycloal kyl, -S@(C, .4alkyl), -OC . 15
4al kyl ), -S02-phenyl, hal ogen, hydroxy, nitro, cyano, -(CH2)gCO2H,

(CH2) gCx2Ci 4al kyl, -(CH2)gNH2, -Q(CH2)gCO2H, -CH -CH CO2H, -CH=CH
Co2(al kyl), -(CH2)gNH(al kyl), -(CH2)gNHCQ2al kyl, -(C=0 NH SQ2al kyl, -

(CH2) gNH( benzyl ), -(CH2)gN(al kyl) 2,7 -Q(CH2), N(al kyl )2, -Cbenzyl, -
EEZ

C(=0 (CH2) gNH2, -C(=0) (CH2) gNH( al , -@(=0R¢CH2) gN(al kyl)2, 20

Q(CH2) rNH2, -Q(CH2), NH(al kyl), - , -C(=0 pyridyl, -

(CH2) gphenyl , -(CH2)g pyridyl, CI'( CF2) -(CH2) gtetrazol yl, -
(CH2) gi m dazolyl, -(CH2)gpyrazolyl, 2 L amr[phol i nyl, -

(CH2) gnor phol i nyl, -(CH2) gt hi enyl, -?CHZ (2 nyl, wherein each al kyl or
cyclic group of each R18 in turn is optional ubstituted with one to two
C,. 25 4al kyl, hal ogen, hydroxy, trifluoronet hyIR,latri(]‘eb uor onet hoxy, -CO2H,
C02C . 4dal kyl, C, _4al koxy, -S(Cl1 al kyl), am no, and/or am noC _4al kyl ;
nisO, 1 or 2; g is O iy em@nti@nerpdiagtereomersdr, salt ke, in 3Bick: is 1, 2, 3 or 4,
and tisO, |,or2. -42 16 January 2006 Methods of Preparation The conpounds
of the inventi dh. seylogen, pyaspanied, thfludromeriyk O@FaMeteroaryl, or heterocyclo;

5  Rypis hydrogen, halogen, C,_salkyl, cyano, nitro, -CO,H, -C(=0O)H, -COqalkyl, or -
C(=0)alkyl;

R; is hydrogen or C_4alkyl,

Ry is selected from hydrogen, C 1-1walkyl, C.jpalkenyl, hydroxy, alkoxy, alkyithio,
haloalkyl, haloalkoxy, phenyl, C.ccycloalkyl, phenyl, pyridyl, pyridazinyl,

10 pyrimidinyl, —(CHa);phenyl, (CHj)gtetrazolyl, —(CH;)spytidyl, -

(CHz)¢thienyl, (CHs)carbazolyl, —(CH;)sindolyl, (CHs)sfuryl, -
(CHz)qquinolyl, ~(CH;);Cs scycloalkyl, —(CHa)sthiazolyl, -(CHa),pyrrolyl, —
(CHa)simidazolyl, -(CH,)sisoxazolyl, ~(CHa)sbenzofuryl, (CH;)pyrazolyl, -
C(=0)H, -C(=0)(alky!), -C(=0)C;.jpalkyl, -C(=0)phenyl, -C(=O)piperidyl, -

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

20 C(=O)thienopyrazolyl, —C(=0)(CHy)stetrazolyl, —C(=0)(CHy)spyridyl, —
C(=0)(CHz)sphenyl, —C(=O)CHa)spyrrolidinyl, ~C(=0)CHa),piperidyl, —
C(=0YCH=CH(phenyl), ~C(=0)CH=CH(pyridy!), -C(=0)CH,O(alkyl), —
C(=0)CHS(alkyl), -C(=0)CH,S(pyridy!), ~C(=0)CH»SO,(alkyl), —
C(=0)CHaSOx(phenyl), —-C(=0)CHNH(phenyl), -C(=0)CH,;NH(benzyl), —

25 C(=0)CHaNH(thiazolyl), —-C(=0)CH,NHC(=0)pyridyl, —
C(=0)CHNHC(=0)phenyl, -(CH2)SO,(alkyl), ~(CH2)80:(phenyl),
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processes described in the follow ng reaction Schenmes A-K. Exenplary
reagents and 5 procedures for these reactions appear hereinafter. Starting
materials are comrercially available or can be readily prepared by one of
ordinary skill in the art. For all of the schenes, the groups Z, K L, Ar,
J, T, M R, R, R3, R4a, Rob, and R4,, are as described herein for a
conpound of formul a (I) unl ess ot herw se indi cated. G oupsJariiesy @oabed
generally as R, R, we pressures,
10 starting materi al gh(gh’ W 6@5 Fi%lj Lﬁ) mgﬁg}“w@act i on

condi tions, may be (r(:&@qlsoxpﬁedlgen,tsmmgpmpm oatigmgbf(%wmﬁlkpndl nary
skill |nthe art. Schene A HOz ?-T G A HN Rz 15 2a; K=0_ 2b: K=S (I1f):K=0
(19) : K=S 3a:K=0 3b: W=SNRHRbgY %1BFQ{#)GW)PHF%di‘%éd‘(gﬁi)ﬁ&-%fﬂf’rnljylrs r eact ed
wi th an isocyanate Z@mﬁc@@'&%ml ]O.w%{]&%ﬁh @%H@t)etoz(gmm presence of

a base (such as NaOH yield

after acidification IFHQ%@NYH@a&@éz)@é—%}NH(ﬁ@ﬂYi)hT@bb@G@NMPIBUldYU -

respectively. This i 3 ( A (IC?I
January 2006 or ganldcafg? aq Jg%ﬁg&g’gﬁ 'R {aﬁg’}g@égﬁ@ Z&%ata tic
anount of acid (sucfbcafsloalhxlhFfﬁih:l)@(*@)l\&ﬁbd;zyléuKﬂth@:@éhNH(PmeﬂlﬂmméwI fonic

acid, or toluenesulf dapt.oi p._havi t he
formula (1f) or spi r%ygﬁ%ﬁhéélﬁ? lﬁﬁhaw nﬁﬁg ﬁmz’ _{EP?ZI)‘E(“%W}%I‘YB"
(CH)C(= O)N(alkyl)z, —(CH2)1C(-O)N(C1_4alkyl)(phenyl), -
10 (CH ) C(=O)N(C;aalkyl)(thienyl), -(CH,)C(=O)N(C,_salkyl) (thiazolyl), —

(CH2)C(=0)N(C)qatkyl)(benzyl), or (CH2)(C(=0)N(C.qalkyl)COy(alkyl);

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

substituted with up to three R;g;

Rg is selected from -Cysalkyl, -S(C,4alkyl), C35cycloalkyl, -SO2(C 4alkyl}, -O(C;.

15 aalkyl), -SO,-phenyl, halogen, hydroxy, nitro, cyano, -(CH2),CO,H, -
(CH2){CO,C, 4alkyl, -(CH3))NH>, -O(CH;)CO-H, -CH=CH-CO.H, -CH=CH-
COs(alkyl), -(CHz)NH(alkyl), -(CH;){NHCOaalkyl, (C=0)NH-SO;alkyl, -
(CH»),NH(benzyl), -(CH2){N(alkyl);, -O(CHy)N(alkyl),, -Obenzyl, -
C(=O)CH)NH;, -C(=0)}CH2)NH(alkyl), -C(=0)(CH;)qN(alkyl)s, -

20 O(CH,)NH,, -O(CHz)NH(alkyl), -O(CHy),N(alkyl),, -C{(=O)pyridyl, -
(CHz)gphenyl, -(CHa)q pyridyl, -(CHa)qtriazolyl, -(CHz)qtetrazolyl, -
{CHz)qimidazolyl, -(CHz)qpyrazolyl, -(CHy)sthiamorpholinyl, -
(CH3)qmorpholinyl, -(CH»)gthienyl, -(CH»),pyrazinyl, wherein each alkyl og
cyclic group of each R g in turn is optionally substituted with one to two C,.

25 salkyl, halogen, hydroxy, trifluoromethyl, trifluoromethoxy, -CO-.H, CO,C,.
aalkyl, C4alkoxy, -S(C;4alkyl), amino, and/or aminoC,_salkyl;

nis(, ] or2;
gis0,1,2,3,0r4;
risl,2,3or4.

30 s5i181,2, 3 or4; and
tis 0, 1, or 2.
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formula (1g). See, e.g., Espada et al., Farmaco, Vol. 45 (1990), at pp.
1237-1243, or 5 Nicole et al., Can. J. Chem, Vol. 40 (1962), at pp.
353-366. Alternatively, the ureido or thioureido acid can be cyclized in
an organi c solvent (such as DWF, THF, DCM using a dehydrating agent (such
as DCC or EDCl) in the presence of an activating agent (such as HOBT or
1-hydroxy- 7- azabenzotriazol e) and a non-nucl eophilic basejg §sHfdty @2906EA or
Dl PEA). 10 Schene B: J-M ROC~T GAr z HNR2 4 Roc N\ CK 2a: K=0 2h: K=S
(If): K=0 (lg): K=S Conpounds having the formula (If) or (lg) can also be
obtained in one step as depicted in Schene B. Reaction of a suitably
functionalized amno ester 4 with an 15 i socyanate 2a or isothiocyanate 2b
in an organic solvent (such as THFMeréd3\of Eaeparstidror i de or DVF) in the
presence of a base (such as TEA, K2CO3 or KOH), yields the desired
conpound havi ng t he fBreolhpoGids)of mbi;(dcgt)orf:ﬁsplﬁwﬁrémeéc%y theExenl gy , Park et
al. J. Og. 1lff8 . 113-117; Johnson et al. . Am
Chem Soc., Volpmccis(fsgisﬁli%d' ate lo‘%‘&sredﬁ?ﬂi‘ SsbeBey AdpExempiary reaﬂff‘@tﬁpés Ann.

Chem, ( 198 k), prbceired B8R 18 14:5&10% appear hereinafter. Starting materials are commercially

available or can be readily prepared by one of ordinary skill in the art. For all of the
schemes, the groups Z, K, L, Ar, J, T, M, R;, Ry, R3, Raa, Rap, and Ry, are as
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:
Raa G-Ar
_—l—GAr _— HO C—}—T
HO,C——T . N
HN * N - 2\ / H\\( ‘g,
R, 0
R,. K A,
2a:K=0 3a:K=0
1 2b:K=8S db:K=5
R
N 0 y—m
zj_ )\\Iﬁ——l—G-Ar
N/ N
R IZF "R,
dc
(H:K=0

A suitably functionalized amino acid 1 is reacted with an isocyanate 2a or an
1sothiocyanate 2b in water in the presence of a base (such as NaOH, KOH, K,COs,
20 KHCO;, Na,CO; or NaHCOs), to vield after acidification the ureidoacid 3a or the

thioureidoacid 3b, respectively. This intermediate product is then cyclized in an
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Schene C Roe Rao T GAr N r 2N~ O R2ZR4da Roc TGAr / NNR2 KR J
-MGAr N;N SR (If) (Ih) -44 16 January 2006 Treatnent of hydantoins
(I'f) with a reagent such as P2S5 or 2, 4-bis(4- nethoxyphenyl) -

1, 3-dithi a-2, 4-di phosphet ane- 2, 4-di sul fi de (Lawesson's reagent) in an
organi c sol vent such as toluene or dioxane, yields the corresponding

di t hi o- 16 January 2006

organic or aqueous solvent in the presence of a catalytic amount of acid (such as
hydrochloric acid, sulfuric acid, methanesulfonic acid, or toluenesulfonic acid) (o give
the spirohydantoin having the formula (If) or spiro-2-thichydantoin having the
formula (Ig). See, e.g., Espada et al., Farmaco, Vol. 45 (1990), at pp. 1237-1243, or

5  Nicole et al., Can. J. Chem., Vol. 40 (1962), at pp. 353-366. Altematively, the ureido

or thioureido acid can be cyclized in an organic solvent (such as DMF, THF, DCM)
using a dehydrating agent (such as DCC or EDCI} in the presence of an activating
agent (such as HOBT or 1-hydroxy-7-azabenzotriazole} and a non-nucleophilic base

(such as TEA or DIPEA).

10 Scheme B:

R,, Ra,
J—M Q y-m
| F—G-Ar — - )\\|_+—T G-Ar
ROC T + ¥4 / N _— z N
HN N DY N/ YN
g X . . J R,
2 Hac K 4
4 2a:K=0 H:K=0
2 2h:K=$S (lg): 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
chioride or DMF}) in the presence of a base (such as TEA, K,CO4 or KOH), vields the
destred compound having the formula (If) or (Ig) respectively. See, e.g., Park er 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 Scholikopf et al., Liebigs Ann. Chem., (1981), at pp 439-

20 458
Scheme C:
R
4 0 J"' R4a S J_
- »\‘If—‘—a-m — )\\{7—'— G-Ar
Z N —_ Zz N
\N / 7f- 3] - \Y / r N\

R R, R,

4c 4c
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hydantoi ns having the formula (l1h). See, e.g., Carrington et al., J. Chem
Sgc., (1950), a'? p. 354. Scheme Db RU5J -MGAr _j] TGA SRK-S
JI.-NH 5\ / Hv i 09 5 4i) Dithio-hydantoins (li) can be converted into
4-thio-hydantoins by S-alkylating conmpounds (Ii) with a reagent such as
methyl iodide to give internmediate 5 which is 10 hydrolyzed under mnild
acidic conditions to the 4-thio-hydantoins having the forralanudryj2006See,
e.g., Carrington et al., J. Chem Soc., (1950), at p. 354. Schene E. Rda
Roc R O0J-M4. O, J- M ~J-TGAr MT G Ar N 7NH O(lkk) R R=0R R NR
N-acyl ati on of hydanTmiatmnha“\hiyd@tcﬁﬁna({ﬂ)@mﬁiulraag(eﬂdﬁshcmmzb_eo@bal.e]s(xed by

methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide (Lawesson’s reagent) in
an organic solvent such as toluene or dioxane, yields the corresponding dithio-

hydantoins having the formula (Ih). See, e.g., Carringlon ez al., J. Chem. Soc., (1950),

5 atp. 354
Scheme D:
Ry By,
5 - s _
= e = MEFer >LF~G~~
N g N}f.nn N s N)zn ),NH
Ry 5 R‘c ~5 R4c

len

() ]

Dithio-hydantoins (li) 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

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

Scheme E:
R R,

= 0 J-m 0 Jy-m

— )\\F‘F G-Ar _ H_-HT G-Ar
Z Y/ N —— Z Y/ N

N 7],_N|-| N rN R’
H4c 0 Hdc 0 0

(k) ) R’ = 0R, 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 (II). See, e.g., Link et al., Eur. J. Med. Chen., Vol. 19 {1984), at

PP- 261-266, and Ortin e al., An. R. Soc. Esp. Fis, Quim, Ser.B, (1958), at p. 69.
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15 treatnment with an acyl ating agent (such as an acyl chloride, an
anhydride, a chloroformate or an isocyanate) in an organi c sol vent (such
as THE or acetonitrile) in the presence of a base (such as TEA, DI PEA, DVAP
or NaH) to give hydantoins having the formula (11). See, e.g., Link et
al., Eur. J. Med. Chem, Vol. 19 (1984), at pp. 261-266, and Ortin et al.,
An. R Soc. Esp. Fis Quim Ser B, (1958), at p. 69. 16 JargiaanuaY@@oschene
F Raa Roc J~4-T GAr TGAr ORaa J-MOJ-MZ Nh-N, \ / NHSR(1k) O
00/ /\ \ (Im SBehemeM:ation of hydantoins having the formula (1k) is
obtained by treatnment wth a sulfonyl chloride in the presence of a base
(such as such afi«TEA Q}PE@M 5 pyridine or in ag grgani c solvent such
as toluene to giveg_the Ye$Heed-arconpounds havin he r &A1 m. See,
e.g., Takayamm ety al)..NyAelTE. Biol.Chem, VolZ 531987), at pp.
1547-1552. Scheme}a/  y-NH N. R

R, O Ry O d’/\"b

{Ik) (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 er al., Agric. Biol. Chem,,

Vol. 51 (1987), at pp. 1547-1552.

Scheme G:
R R
3 O J-m 3 Q J-m
_ )\\I_—.;—G-Ar — )L}_-;-G-Ar
Z\ Y N NH —_— Z\ Y N?,"N
r “R,
Rdc o R4C o
{Ik) {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 chioride, a
tosylate or a mesylate) to yield hydantoins having the formula (In). See, e.g., Parmee

I5 eral, Bioorg. Med. Chem. Lett., Vol. 9 (1999), at pp. 749-754.

Scheme H:
X
R,, L ~J-M R,,
—+G-Ar L Jg—m
= % T — }LIJT—G-Ar
z N X
\_ N_ T W /NN
R, —_— \\FI2
Fltk: R4C
[}
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Rda NH )rN Roc 0 RAC NRz 10 Hydantoins having the fornmula (1k) can be

N-al kyl ated in an aprotic solvent (such as DVF, THE or DMBO) by treat nent

with one equivalent of a base (such as NaH NaHMDS, LDA, LiHMDS, KH, KHVDS
or tBuOK) followed by addition of a suitable alkylating agent (such as an

al kyl 1odide, alkyl brom de, alkyl chloride, a tosylate or a nesylate) to

yi el d hydantoi ns having the fornmula (In). See, e.g., ParnmeJifusmi 2006,

Bi oorg. Med. Chem Lett., Vol. 9 (1999), at pp. 749-754. Schene H Raa a T
GAr LIJ+A G7r XjjTTR RA~nRaab6~F-TGA ../ ~TGA OJ-M_
O J-M X, J-M Ra NRz Spiro hydantoins can also be prepared as depicted in Scheme H. Hydantoin 6

is treated either sequentially or directly with two equivalents of a base (such as NaH,
KH, LiHMDS, KHMDS, LDA, tBuOK, KOH, methylmagnesium carbonate or DBU)
in an organic solvent (such as THF, DMF, DMSO) and reacted with compound 7

5 bearing two leaving groups X (such as CI, Br, I, OMs or OTs) to yield the desired
hydantoin having the formula (). See, e.g., Collado et 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 ef al., J. Org. Chem., Vol. 45 (1980), at pp. 2215-2217.

Scheme I:
R Hls
- h Ry, L X< -m L g-m
- }\\I +G-Ar . +£G-Ar
Z N - )\\I T z N T
w4 NH ZoN 7 X v N
f R 7}, . z’ p
Rdc R K Hdc
e
8 8 (10}
H4a
Loy
_ )\\"}'_—?-G-Ar
LN
Rdc
10 ap)

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, ¢.g., Nilsson et al., ]. 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 (Yo). Deprotection gives

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

Scheme J:

R R

[ U Py o NEREE R \
e NH—-T ArB{OH)}, 7 NH—T r
i '?,N\ 10 \ .?,N\

R, Ra R, R,

(ta) {In)
20
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-46 16 January 2006 Spiro hydantoi ns can
Schene H Hydantoin 6 is treated either
equi val ents of a base (such as NaH, KH,
met hyl magnesi um carbonate or DBU) in an
DMSO) and reacted with conmpound 7 5 beari

al so be prepared as depicted in
sequentially or directly with two
Li HVMDS, KHMDS, LDA, tBuOK, KOH,
organi ¢ sol vent (such as THF, DMF
ng two | eaving groups X (such as

a, Br, 1, O or OTs) to yield the desired hydantoin hava pgant memmla
(1). See, e.g., Coll Tet rahedron_ Lett

6193-6196; Fuj i wara By spird g Va0 o Role G cae tﬁmsfeﬁf@@dy?o bé%%
1573-1577; and &ﬁhﬁdﬁﬁ&! ha@ing&he ﬁomlula@’r?by @H@T&l,mmn m&ﬁat(cl@&@t)aroaﬂﬁnalﬁb
2215-2217. Schene |: 10 "41 -MP

NN, P R P (10) %oruﬁgaséﬂﬂft the @t‘fswa&ﬁti Bﬁiﬁél%wﬁww&h %l?c}fﬁl’laﬂa() Prpﬁ a E%Sﬁ be
prepared using {hi& a0, NaidD) & alppfpHiule R oRent +9rch§@tbm% e M DI fie
addition of a protectlon/deprotectlon sequence. dantoin 8 is

prot ect ed ond t heatant ynsgespnyprtienaldugnls cevnling gordivens- $2e %mcﬁuzal!ﬂ |ak v,
e.g., Nlsson e R ,<i¥ol . 35 15 (1992), at pp. 3270-3279)
to give the intg?liun ¢blg?g%ﬁ?2% 1 ialkylated as previously with 7 to
yi el d the conpound having the fornula (lo). Deprotection gives the desired
N-unsubsti tut ed spirohydantoin having the fornula (Ip).

Scheme K:
Rda L Raa L Ar
_ )\\l ArCHO = )\\%
Z N
P ————— P
R K Ry
dc
2 n
R
RQ R4a L / *
| ~N
RO.__N._ TMS =
Zz N
12 W N, Ar
N — P
Rdc

10 Hydantoins 2 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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Schene : Rae 20 RL _ae J-M \, | ~I-T GBr Ar6(OH) T-f 2 Z NN 10 N Rz
Rac Rz -47 16 January 2006 Bronop spiro hydantoins having the formula (1Q)
can be transformed into biaryl compounds having the formula (lIr) by
reaction with an aromatic or heteroaromatic boronic acid 10 in the
presence of a palladiumcatalyst (such as Pd(PPh3)4) and a base (such as
K2CO3 or Na2CO8) in an appropriate solvent (such as tol ueng,Jabiary 2086 or 5
wat er), under conventional Suzuki coupling conditions. See, e.g., Suzuki et
al., Synth. Commun., Vol. 11 (1981), at p. 513. Scheme K ArCHO 10 9 11
10 Hydantoins 9 can be submtted to a Knoevenagel condensation with an
aromati ¢ al dehyde 10 under classical conditions (e.g., sodiumacetate in
refluxing acet3dhemeudride) to obtain 11, which is reacted with amine 12
under acidic catalysis (such as trifluoroacetic acid) to yield

spi ropyrrol o hydant oi ns havi ni@f ormula (Is).
R
4a L N R4a L H_I'h-‘l
)= N)Ll\{ CICO,(1-CI-EY) — )\T\(
W N\ Ar z\ y N),_N Ar
~
R“ R?. R4c K Rz
(it) (lu)
Hda L !“
:;-_N
RX or RCHO z_/ N)\\f\(
——————— \
)'-N\ Ar
(2 ) K R,
{v)

Hydantoins (It) can be debenzylated using, for example, 1-chlorcethyl
5  chloroformate in a solvent such as DCM or DCE, to yield the NH derivatives having
the formula (Tu). Compounds of formula (Tu) 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
16 sodium triacetoxy borohydride or sodium cyanoborohydride in a solvent such as

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

Scheme M:

)

a R R
L 4o ?’

Z ) RCOX or RCO,H Z ) N»\T\(

R,

N A —_— yN A
R4c K R2 R4c K R2
{fu) ()
w



16 January 2006 Schene L: (1u) RX or RCHO r Hydantoins (It) can be

debenzyl ated using, for exanple, 1-chloroethyl 5 chlorofornmate in a sol vent
such as DCM or DCE, to yield the NH derivatives having the formula (lu).
Compounds of fornula (lu) can be al kylated by reaction with an al kyl
halide RX (e.g., an alkyl iodide), in a solvent such as acetonitrile or
acetone at tenperature ranging fromroomtenperature to neflamary 2006

Al ternatively, alkyl ation action Wt dehyde in
the presence of a redd&Fay éﬁgpr?fmg@gﬂ’l)ﬁ@ a?f?h%d‘(ﬁ [r?fltwr'ﬁhaagé“f:%{]%e Fhydri de
or sodi um cyanobgdn@ily,diiackd chllanae SICHCYEER)IM“] tﬁ&preacﬁ:e& ofdnt drdrec Wise Gk 0

yi el d conpounds of formula gf) or RC2HR Z R4. (lu)
-49 16 January 3549 a'@&ﬁﬁb@lﬁa OBEI’IC‘F‘BIPH%‘F&"’(‘EL‘U)’O@QWCQ??(S‘“’GE as8HuBed with an
acyl halide (fOEarﬁéﬁ?aEH?hﬁa sVenSth as DM LdLieRberdfiyd rahglﬁgmdﬁ]) 1I5ﬁth%oﬁlr esence
of an organic base (such as triethylanne or dijisopropyl et am ne) or an
i norgani c bade [eSpERtHE “%Xiélid@Fﬂla‘é‘éfiﬁ@ﬁ’&t’@)‘?’fﬁfﬂb}l%ﬂ/éfﬁtl?})@ﬂftqﬁ (é’@ EChlsat a
tenperature ran r

der | vati ves of PorearcPceasaul G GIPRAL poterk Lol Eupicighl e
reacti on with assdicyadpheRdcrbpdimiddhia apobseisweh afDE@Mcoupl i ng agent such

Scheme N:
R, R of‘,\s—R
a L ;—H 4a L 3—‘;{
Ry K R, Base Re. K R,
10 W) (ix)

Sulfonamides of formula (Ix) can be obtained from compounds of formula (I}
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.



as di cycl ohexyl carbodiimde in a solvent such as DCM Schene N. 10
Sul fonam des of fornula (Ix) can be obtai ned from conpounds of formula (1In)
by reaction with a sulfonyl halide in the presence fo a base (such as
triethylamne or sodiumcarbonate) in a solvent such as DCM or THE at
tenperature ranging from- 15C to roomtenperature. 16 Jang?]rﬁ ZOOEOO%Cherre
0: r 1) CD 2) Mel 13 (1z) Conpounds of fornmula (lu) can
transforned into the activated 5 internmedi ates 13 by sequenti al reactl on
wi th carbonyl diimdazole and nethyl iodide. See R A Batey et al.
Tetrahedron Lett., Vol. 39 (1998), at p. 6267. Conmpounds 13 can then be
reacted with either an al cohol or an amne to give carbamates of formula
(ly) or ureas dicheme@il a (1z), respectively. 16 January 2006 Scheme P: R4a
Rda BOC (tu) NalO4, RuO2 15 Roc 14 Rda

R,. o /=N
D »\T\{ " % —r?’ "
1) DI = »j\(
Z N
_ .
R,. 2) Mel IZ’” N, Ar
dc 2
(tu) 13
R

O
Rda L —;?b—
Z NH\(
ROH ;} ?r—N - Ar
R K R,
4¢

(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 (1z), respectively.
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Rier BOC L NNO~N,, Ar KR2 16 NR2 R4da 0 (laa) Ran N ~-N Ar K R2
(lab) 5 Conpounds of formula (lu) can be transforned into internedi ates 14
by reaction with di tert-butyl dicarbonate in a solvent such as THE or
DCM Oxidation of 14 with, for exanple, sodium periodate in the presence
of ruthenium oxide then gives a mxture of |actones 15 ang 16 V\:h'(? can
be transfornmed under standard conditions into conpounds ;) JPBPﬁW%&Iaa)
and (lab). to Uility The conpounds and conpositions of this invention are
ant agoni st s and/ or

Scheme P:
Rda L ‘_n Rda L _‘_ﬁBoc
o N)\\f‘{ Z >N
w; 77.—N\ Ar - \_7 7]"”.\ Ar
R K R Re. R
(lu) 14
R, o BoC R BOC
TN L N
NalQ,, RuO, )\\T\( _ )\\N:o
— +
z\ / N}/-IN\ Ar
Rec R, K R
15 16
Rda o H Rqa R
% N <N
> Z N)\\f‘\( + 7z »\T\(zo
R
W/ YN CAr W/ 77’”
Rao K Rz R-tc
(laa) {lab}
5 Compounds of formula (Ju) 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 15 and 16, which can be transformed under standard conditions

into compounds of formula (Iaa) and (Iab).

Utility
The compounds and compositions of this invention are antagonists and/or
inhibitors of LFA-1, Mac-1, and/or ICAMSs. They are useful in treating varicus
inflammatory diseases and disorders assoctated with the action of LFA-1, Mac-1,
15 andf/or ICAMS, particularly LLFA-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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i nhibitors of LFA-1, Mac-1, and/or | CAMs. They are useful in treating
various inflanmmtory di seases and di sorders associated with the action of
LFA-1, Mac-1, 15 and/or | CAMs, particularly LFA-1:1CAM 1. The term

"Leukoi ntegrin/|I CAM associated condition” is used herein for ease of

reference to refer to those di seases or -52 16 January 20 i t hat
are associated with the action or levels of LFA- 1, nxam@ﬁ%)‘@&f@&‘iﬁ 1,

| CAM 2, or ICAM 3. As used herein, the term"treating" includes
prophylactic and therapeutic uses and thus includes the alleviation of
synpt ons of a LeiskdemthagpicnssoCiavk xddobe attien oclemels of Idm-il nMacpatd/entCAMhe

i nprovenent of CAMSC hpabl, e surepent associ ated with such a

condi tion, or t%’g pre\?éﬁ{llk%rll\}?nggﬂc %mglnct({)r'%g? |§rr?at(')" it §§/R{?Pﬁﬁ§‘ftlcfﬂ‘é term
"patient" refer thetapewicnaeranb thipiedekatbe plleviativnrof gympomy bfav of their

i nhi bition actiyit t he ounds may be used to treat conditions

i nvol vi ng t he a’é‘?‘f%@fﬁ%’ﬂ{leg‘ggg?%f’%‘f‘%@H',O“d? 2 paften): (e MPEYCBEPI @R | s and/ or
10 | eukocytes, hswehdistibRondisib@eit asiotiatedtviduePNEbdditRRASor thy SeVdnfign bgich Nf | ux
of Il eukocytes in the skin, peritoneum synovjum |ung, kidney, and heart.
The inventive cHRPEHRGST thaxmniemssERf tegn thabiert” edeeiiad Bagmebk gufaratiyaf rom a
response of thenspgcific or non- specific i mune systemin a patient.

Leukoi ntegri n/ | CAM associ ated conditions that naybe treated with the 15

i nventive conpounds thREMWUSRKACHEBItRA aINIQMINE cShpdilndy Hal 88 bscig@fLions (e. 9.,
pancreatic islet allograft); and acute or chronic transplant rejection

(e.qg., kidney, $angiiens pglving the agiyation, peplanelatine peinfiiretiompf Botlbaad/os nal |
bovel , ski nm@l | QIRYES inchldify wREPhRAG Ui AhS B r?tﬂg{ {
derived from such o%érllns)_ . lI%d“éli tiona %@(ﬁ] Ctoﬁtﬁem%%r;pﬂ‘g%n eﬁay ogi%ugggt‘%o
treat inflanmat®rie kongentpesus, syrovivdi, hag, Bdteynatd Heamd Thalinventivernbmpaguings 20
sclerosis, rhe ' thriti S Latle arthritis. . osteoarthritis,
ost eopor osi s, &?%[)%!tlgeig&l{o(tgéi’a{géqﬂﬁftiﬁgiﬁlgdr{é%%%%rﬁ er?lslpo%ﬁeé)gte}ieesgecrl’r%l i%0s or
juvenil e onset speabetresine sgytemiica patienosi s, inflammatory bowel disease,
irritabl e bowel syndrone, Crohn's disease, ulcerative

Leukointegrin/IC AM-associated conditions that may be treated with the

15 inventive compounds include acute or chronic graft vs host reactions {e.g., pancreatic
islet allograft); and acute or chronic transplant rejection (e.g., kidney, liver, heart,
lung, pancreas, bone marrow, cornea, small bowel, skin allografts, skin homografls,
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, theumatoid arthritis, psoriatic arthritis, osteoarthritis, osteoporosis, diabetes
(e.g., insulin dependent diabetes mellitus or juvenile onset diabetes), cystic fibrosis,
inflammatory bowel disease, imritable 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  scpticemia 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 skinincluding eczema, atopic dermatitis, contact dermatitis, urticaria, schleroderma,

psoriasis, and dermatosis with acute inflammatory components.
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colitis, Alzheiner's disease, shock, ankylosing spondylitis, gastritis,
conjunctivitis, pancreatic (acute or chronic), nmultiple organ injury
syndronme (e.g., secondary to 25 septicem a or traum), myocardia

i nfarction, atherosclerosis, stroke, reperfusion injury (e.g., due to
cardi opul nonary bypass or kidney dialysis), acute gloner %one hr|%¢@?
vasculitis, thermal injury (i.e., sunburn) necroti zi ng e éPB

granul ocyte transfusion assocjated syndrone, and/or, Sjogren's. syndrone. The
Tvont Lve. commounds. TP BBOREs AP ST oo ] QA W SO MPEAL 0t t he 30

skin including esaamas, idd@RhEastifhdPhiddngsy fRRcHsAeNergie rhmBis ! dx§gedhbkicGar i a,
schl eroderma, psoriasis, and dermatosis with acute inflammatory

conponent s. - 53¢MBIYIERRENPNEGIBICIHE. AcHiRFBPHAC RIS HEsFaNdENIG a%aw@af)%

treat allergi eso@s@qctreﬁnrrﬁé}mr arseagéwjﬁn)o A%e cbrﬂﬁédﬁgh Ry 88 L1080 rPHICARAR Y
fibrosis, allergic rhinitis, ‘oxygen toxicity, enph ysena chronic

bronchitis, ﬁicuh@arie‘isiﬂche't’fbmﬂl ingt hepatgfisdy arkhep@titisdpd any chronic
obstructi ve pul ronary di sease (COPD). The conpounds may be used to treat
chronic 5 hepatitis Addigenallprihe canopoyndsnf threipzgntion snag bamdedie et tis C.

Addi ti onal 1y, _t g 6RO OLnd) % A Sl Aol AR HIRE Aot RBkes sych

aut oi nmune di seases an 'on assocl at e aut ol nmune di seases
such as organ- s ggaetisaw mt«mrmedtssaeas(eg .(Faygaud sRaydramd) suteimdurene) ,

aut oi mune thy o d vel ti et osi s, Addi son's
di sease, aut oi 1&% “B%‘Fyér’ Sé??&'ﬁl ﬁﬁyérp?g’é‘Losgaﬁg%S{ frcass UG ine

pol ygl andul g sydlsﬂglmrm)a,r daede ((Fokmowa adhﬁtﬁﬂﬁﬁune'ﬁ@@g@@ﬁ@]@ﬂ@dﬂm@fe),tahds

i nvention al so be used to treat netastases or as an adjunct to

m ni ni ze toxi cigﬂg/%ﬁnstdﬁeaséytokl ne therapy in the treatnent of cancers The

conpounds of this inyention fdu have uti I|t¥) In treati ncTJ
hypogonadi sm frai |ty “OERHH! S(ﬂ’%/ ‘UHFt"“BH alsqugay {op yseddp FRALE %ﬁ&é?si Hgs an

syndromes  ass oa‘d[.\mced; Minichiz€ BRERK Wi ykS thedilf ia MR freatmehin 6f €@bROUNdS
further have utility in treating cancers, including but not limted to

cancers of the breasrhe Bpbiihds SKihik in@4&bY further have utility in treating

15  hypogonadism, frailty, sexual dysfunction, wasting, such as wasting syndromes
associated with cancer and AIDS, and anemia. The compounds further have utility in
treating cancers, including but not limited to cancers of the breast, brain, skin, ovary,
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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endonetrium bl adder, prostate, lung, colon, |ynphatic system liver and

ki dney. The inventive conpounds are useful for conditions such as
hirsuti sm acne, seborrhea, 20 al opecia, fibroids, hyperpilosity, cachexia,
pol ycystic ovarian syndrone, anorexia, contraception, drug w thdrawal

syndronme, pregnancy term nation, and benign prostate hyp étJrOQhQ. q‘é‘be
conpounds are further useful as antiangi ogenic agents. Al el ? .~ the

conpounds may be useful as inhibitors of protein prenyltransferases,
particularly farnesyltransferase and the prenylation of the oncogene
protei n Ras. Aso2m @gaiyr tisdue triasplant buten 6DRREWTASY SRYpteAs 8drpal dejécim).usef ul
for treating and/or . %E.evefnéi nqﬂ;t he di seases and disorders referred to in
WO 01/ 45704, i nOPHUsttiay oy eqmpoupds pay RipsaE eF atippuaty m8ammatry responses or
anti -i nfl ammat osynp@@aiNt s, the conpounds may be admi nistered prior to the
onset of, at, or after the initiation of inflammuation. Wen used 30

prophylactically, the mRFRHIGNeAIE BELEHBIBR MetRbRordR AN RE¥ANG RO Es any
i nfl ammatory response or synptom (for exanple, prior to, at, or shortly
after the tifre U8 lisEd phenFarsmpBmg agmitiseringa s patient insigad therephaptfastivout i n

advance of any sysmiong 1kt gém,txru%h%f%drmﬁa-( AT NS EEADHRR th%r‘ay%r%g:om

conpounds nmay prevent or attenuate Inflanmatory responses or S . The
present i nvent i Wsnts ieeh a5 thegs drseriredtbrlotismanbe ¢rmpotedngcavkimtivovdibtthons as 5
those listed ab [ S agmi nj ' t at | ent | ed t her eof
an effective an%ﬁouo#rgg?drﬁ'g%gp' %ﬁg@lggﬁ&ggéuérﬁh%ﬁeggr1%%:1310%,'319110&%%; salt

t hereof. O her thérepeapie aganys) et singnisthred pribhosemdiesesusheditih ek Gilowiyge be
enpl oyed i n, conpination with the onpounds . of forrmula (I). In the nethods
of the pr es'e(flt m?%@%ﬁlﬂ%ﬁt,lmsoggﬁ 'B‘feﬁ@?fgp"["flpé)ruﬁ%seutic agent (s) may be

adm ni stered prior to,r_hgi nmul t anequsl

ol t anequs }é W tvrild Oéarf ol | ow nﬁ 10.t he
admi nistration of the IMUSHTT Ve COMEoIREL detREABIAGTERY SPRPIInS fanzbleo
provi des phar nafewtigahe stonpatérticed diseapaiidalisopderd. rBRtiavRgLtd@mpositions
above-referenced disease a}pd di sorders. The inventive corrpo?l | ons
may contarn other therapeutic agents and may be formulated, for example, by
employing conventional solid or liquid vehicles or diluents, as well as pharmaceutical
15 additives of a type appropriate to the mode of desired administration (for example,
excipients, binders, preservatives, stabilizers, flavors, etc.), according to techniques

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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may contain other therapeutic agents and may be fornul ated, for exanple, by
enpl oyi ng conventional solid or liquid vehicles or diluents, as well as
pharmaceutical 15 additives of a type appropriate to the node of desired
adm nistration (for exanple, excipients, binders, preservatives,
stabilizers, flavors, etc.), according to techniques such_ as thos

ihdanteor v a

known in the art of pharmaceutical formulation. The conpotfid@NHan%
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vehi cl es or d"%@P nqg be adn1n|stered The conpounds
adni ni st er ed® i n@REFSIHHFIETRY SERiUn-HBT exapplegmigrecry gl %&@"B’r‘”‘eﬁf‘éﬁd’é‘@j rel ease.
| medi ate -55 1&&&%@"8%&%5@&&‘1%%@6 arfrdr eReRd aﬁ@bﬁ'@cﬁ& eﬂ@i}ﬁe% Bedureved
wi th suitabl e pharmaceuti cal npositions or particularly in the case of

extended rel eas®CFBhdigaletEas: %‘l}{?ﬁtségd 1@[]%&&%%6%@%%%@&'!1#%*@ﬁﬂo'glﬁbt i C
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carrier 5 such as PLASTIBASE(r) (m neral oil pol yet ene).
Exenpl ary conpodimipiswaiones.2- owsth rradﬁﬁdnmmnf@sm Ar frmzbuided shbtre ﬁsq:mwisryvmu ch

15 compositions may include fast-dissolving diluents such as mannitol, Jactose, sucrose,
and/or cyclodextrins. Also included in such formulations may be high molecular
weight excipients such as celluloses (AVICEL®) or polyethylene glycols (PEG); an
excipient fo aid mucosal adhesion such as hydroxypropyl cellulose (HPC),
hydroxypropyl methyl cellulose (HPMC), sodium carboxymethy] 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

usc.

Exemplary compositions for nasal administration via aerosol or inhalation
25 1include 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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may contain, for exanple, mcrocrystalline cellulose for inparting bulk,
alginic acid or sodiumalginate as a suspending agent, nethylcellul ose as
a viscosity enhancer, and sweeteners or flavoring agents such as those
known in the art; and i medi ate rel ease 10 tablets ﬁhlch may Cﬁntaln for
exanple, mcrocrystalline cellulose, dicalcium phosphate tarc esi um
stegPate and/ or Yactose and/ or other excipients, binders, éﬂpﬁ E@ﬂ@ﬂp

di sintegrants, diluents and |ubricants such as those knomm in the art. The
inventive conpounds nmay also be orally delivered by sublingual and/or
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adm nistration via aerosol or Inhalation Incl tde sol ttihons whi ch may
contain, for exgkpnied b?éﬁmftmdlc«qh@hllom tlmtaktezundsmluablemqmlaye!bm@b hresyts
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ot her solubilizin I Spersi ng agen
Exenpl ary ci@rrpciisy twloﬁsmambe :pmmxmﬂlte&ﬂah aanlgieniosetcﬁraﬁ tharfoinnéfl indi®iduflj deatiabl e

solutions or s n ns h,may con r npl.e, suitable
non-toxic, 30 g%?egh (gfr?aﬁ flr?/méq%éf)fféﬁpﬁr V1 GQH[%GWX@B}’IOGQH‘E e speriife dpase
mannitol, 1, 3- butehmﬂ&rdqhe;ncw@f&dssage1Brangjelﬁarﬁcumlshﬁjb@ﬂaaywvhr%até?lﬂluﬁuSOdl um
chl oride solution, or other sgfjtabl e di spersing or -56 16 January 2006

wetting and suSPERARYY AyHtsor fasieisyasiigng Wtaﬁ'é‘fliy@fﬁ'i?r?ﬁec‘@? cemrfuPeeri des,
and fatty employed, the metabolic stability and length of action of that compound, the species,

15 age, body weight, general health, sex and diet of the subject, the mode and time of
administration, rate of excretion, drug combination, and the particular condition
sought to be treated and its severity. Preferred subjects for treatment include animals,

most preferably mammalian species such as humans, and domestic animals such as
dogs, cats, horses, and the like, subject 10 Leukointegrin/ICAM associated conditions

20 and/or subject to any of the above-referenced diseascs 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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acids, including oleic acid. Exenplary conpositions for rectal

adm ni stration include suppositories which may contain, for exanple,
suitable non-irritating excipients, such as cocoa 5 butter, synthetic

gl yceride esters or polyethylene glycols, which are solid at ordinary
tenperatures but |iquefy and/or dissolve in the rectal XéJéHto rf ase

the drug. The effective amount of a conpound of the prese vamt

be determ ned by one of ordinary skill in the art, and includes exenplary
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pref erably mamukiar), &mlednesmsm{s%$ g sntagdnitsdope alphs 4 BBlaMakiphSYCh as
dogs, cats, horses, and the ik subj ect to Leukolntegrin/lCAM associ at ed

condi tions 20 aPf##db C‘%’h?ﬂ“@%‘?“ ’t“B‘b&HV @fefﬁeFfé‘ ERPEAAfagPRiPE e dlidiihses and

di sorders. jdie jnurat inteiGANRRINSIA RS AIRO TN 203, @maﬁl@ S @yed al one
or in conbination wth each other and/or other suitable t%lera eutl Cc agents

useful in treatPHEima)sEBSa0gsAECENakdmiees kinaseinbibied, en@@wetyrqswﬁ kinasgpl e,
where the secongyehuhiklass, hb mlﬁﬁg}? g@egiésff&ft% Ere RS R | on than

the present conpounds. Exénpl ary erapeutlc agent s
i nclude anti-i m‘yhamt(@gyzaigan*@szelmnﬂhlaoﬂ M- K@lbpenwsrsadh asabmatiselosed

and asthma, - Exail SO i 6 BTG B P e o en ES AP i ch

the inventiwe @EAFTRALNESs 88)oRE iMESPat. N, HDE0 25MI dikfRsockdid@iryias; nedocromi |,

t heophyl | i ne,
chemokine receptor modulators (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 fi-
adrenergic agonists (such as albuterol, terbutaline, formoterol, salbutamol, saimeterol,
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), andfor Clarinex®

{desloratidine).
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30 zileuton, zafirlukast, nontelukast, pranlukast, indonmethacin, and

| i poxygenase inhibitors; non-steroidal antiinflammatory drugs (NSAI Ds)
(such as ibuprofen and -57 16 January 2006 naproxin); TNF-a inhibitors
(such as tenidap and rapanycin or derivatives thereof), or TNF-a
antagoni sts (e.g., intlixinmb, Enbrel (D, D2E7, OR1384), %gklne 2006
nodul ators (e.g. TNF-al pha converting enzyne [ TACE] i nhi bi pguary
Interleukin-1 converting enzyne (I CE) inhibitors, Interleukin-1 receptor
ant agoni sts), predni sone, 5 dexanet hasone, cyclooxygenase inhibitors (i.e.,
COX-1 and/or COX-2 |mmpnds©|fmxammnuasm &@@tmemr@mﬁﬁé RRERXE Ldmp&Inds
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prostaglandin to syrtaples. ofﬂmaB!etaﬁﬁ%ste A€ for @ OfnaB Bl daGon ¢ mE493,
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Zel norm{ D, and Maxi - K(r) openers such as those at ent
No. 6,184,231 BDJagowstsNIRAE Bhiiterthsalentise ¢xtuogen wmmdumtomﬁml andnd 15
qui noxal i nes asyghsgligsgd in US Pat. No. 4,200, 750); disassociated
steroids; chenokine receptor nodul ators (|nclud|ng CCR1, CCR2, CCR3, CCR4,

and CXCR2 _ recept o g BARBA0GE Shh RERLBAAL Yor B m%x&gﬁlgdl{sncwmgsehow se A2

i nhibitors, glucocorti ates
i Munosuppr Bssanties presedt invaitiem include dxpsll peoxfdaton inhtbitorstsoclsas solmbolaBO-

deoxysper gual i he i i unds y be used in

combi nat i on mﬁgﬁgg§h%?m F@“BEeEEﬁﬁé ?@%@ WB@&?ggtory condi tions such as
asthma, COPD, and al |c rhinitis puc Eﬁ éS adrenergi c._agoni.sts (such
as al buterol, terbut §‘F|’ "“‘fe(ﬁ”%’?‘é'fdﬁ [so é‘%ﬂy 3P combBnARANSYigh anti-gpkee ¢ er of |

pi | buterol, andlgf:[ﬁﬂ QL& RIbiguakiaks ﬂeGgO&Teﬂ’dSIﬂhdﬁ gm&mdhs@fnhmﬁsﬂsqagtala%@d&?
trlannlnolone budesoni de, fluticasone, flunisolide, dexanethasone,
pr edni sone, andnsulms (including insulin secretagogues or insulin sensitizers), meglitinides (e.g.

15  repaglinide), sulfonylureas (e.g., glimepiride, glyburide and glipizide),
biguanide/glyburide combinations (e.g., glucovance), thiozolidinediones (e.g.
troglitazone, rosiglitazone and pioglitazone), PPAR-alpha agonists, PPAR-gamma
agonists, PPAR alpha/gamma dual agonists, SGLT2 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 PDEI inhibitors (such as those described in
Journal of Medicinal Chemistry, Vol. 40, pp. 2196-2210 [1997]), PDE2 inhibitors,
PDE3 inhibitors (such as revizinone, pimobendan, or olprinone), PDE4 inhibitors
(referenced above), PDE7 inhibitors, or other PDE inhibitors such as dipyridamole,
cilostazol, sildenafil, denbutyline, theophyliine (1,2-dimethylxanthine), ARIFLO™

30 (e, cis-4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]cyclohexane-1 -carboxylic
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25 dexanet hasone); |eukotriene antagonists (e.g., Accol ate
[Zafirlukast(r)], and Singulair [Mntelukast(r)]); Miscarinic M
cholinergic antagonists (e.g., Spiriva(r)), PDE 4 inhibitors (e.g.
rolipram cilomlast [Ariflo(r)], piclamlast, or roflumlast), histamne
H, antagonists, Allegra(r) (fexofenadine), Caritin(r) (I tidin nd/ or
Clarinex(r) (desloratidine). -58 16 January 2006 Exanpl e@égpng%ﬁyf%%@
antiviral agents for use with the inventive co

ounds _incl ude
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i nhi bi tors. Exaipi-6%, ®D-psbcs&Bh&ipR, pRRLLRRRAE ASHE-939 8L 4s! Aid 1WRe4490.
combi nation with the 5 conpounds of the present i1nvention include
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combi nat i ong ( €arfiiasrh GthEOMBMS Ricludi I@mlllagén@@u@mqn&pafegone)t CRY Il hgpone,
rosiglitazone and pi ogl itazone), PPAR-al oni. sts, PPAR-ganma  agoni sts,
PPAR al pha/ ganm&@ 1o %@&W%!%ages@&whuaﬁmtﬁpk pletiligen pmigdargpe, agimikida 40d aci d

bi ndi ng prot ei @R @vaas@c&t@eﬁ& £ £6d-0896a w&afg&nﬁn RektizahelNMbdul@r519, 079
filed 20 March 6, 2000 and assigned to the present assignee, glucagon-|ike

peptide-1 (GLP- 511)th as bkniobibisers pirbishiherslofithe Kvéﬁ@bfdmﬂlepf Kdyhanpé préntasach v

(DP4) i nhi bit org: Ikur inhibitors (e.g., compounds disclosed in U.S. Application Serial No.

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 GPHb/GPIIIa 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,
flurnethiazide, 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, adnnamycin, 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
98722461, WO 98/25929, WO 98/38192, WO 99/01124, WO 99/02224, WO
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In addition, the conpounds nmay be used with agents that increase the |evels
of CcAMP or cGW in cells for a therapeutic benefit. For exanple, the
conpounds of the invention may have advant ageous effects when used in
conbi nation with 25 phosphodi esterase inhibitors, including PDEl inhibitors
(such as those described in Journal of Medicinal Chenistig, Vol . pp.
2196-2210 [1997]), PDE2 inhibitors, PDE3 inhibitors (such®28Halid %ne.
pi nrobendan, or ol prinone), PDE4 inhibitors (referenced above), PDE7

i nhibitors, or other PDE inhibitors such as dipyridanole, cilostazol,
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verapaml); K .ch_g%%ﬂguq%)o%fdﬁa@gr&gé Mgﬁgﬁﬂ’alga)lﬂtﬁ'ﬁ@?’? ieg%élgrsﬁﬁogggﬁ]ﬁ?ﬁtors
of the K1 subf dnagicafedoin the Phstsigiane]Deslp Befercacs®ER) cass dthérwisendaichnined By e g. |,
conpounds di scl j b $ | i i.al .15 09/729 73 1, filed
Decenber 5, 2006(%)%@%%%5%%31 ﬁhg\%g't ?rgl?i’ur}]% Sﬁg§%§%p rslélgeé]ﬁmﬁ%'gmgb%jﬁg%%%s;

anti coagul ant dherapeufic hgeottbiobaycheageritisteied pliorcb regmalsqpisiisty, witk lof fdlioving

xi el agtrans | qu Rk SRH AR oPHedRlenlFPRHRadSUCh as | ovenox, enoxaparain,

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 Hl-Hela 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: RPM]
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 5x107/mi. 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

-61-



dalteparin), anti-platelet agents such as GPIIb/CGPlIla blockers, (e.g.,
abci xi mab, eptifibatide, and tirofiban), thronboxane receptor antagonists
(e.qg., ifetroban), P2Y1l 20 and P2Y12 antagonists (e.g., clopidogrel,
ticlopidine, CS-747, and aspirin/clopidogrel conbinations), and Factor Xa
inhibitors (e.g., fondaprinux); and diuretics such as so |un} dr.ogen
exchange inhibitors, chlorothiazide, hydrochl orothiazi de, 16 #POHEV

hydr of | umet hi azi de, bendrof | umet hi azi de, net hyl chl or ot hi azi de,

trichl or onet hi agétiationsix Fallewing mcubasion ph} B fge30 winytess tpming oBHBES was

tr I crynaf en, antﬁﬁh (? Hn@'ok e nfni#d%é %F(]vgel" he%ﬁgaeh«g] Wi ’thel?) O&E}hgﬁ and

triantrenene, ori nventi1 ve conpou euseful in
conbi nati on w t boungadt i angi ogeni c agents, such as corrpounds that are

i nhibitors of VEG-F receptors, or in conjunction with antitunor agents such
as paclitaxel, adri amhde the 5B ﬂhblﬂmas}abemigmeahédmmmdaqﬁm&dﬁioattiham-

Exanpl es of ant o he toxi ¢ hat, . 30 ma sed in
conannatl on W th' ﬁ?‘l‘ée ﬁe‘gﬁﬁpsﬂé "(fﬁ%‘ﬁﬁ‘?ﬂ‘}%w‘tﬁm%‘?% efi(S’P’I”Eﬁ/\ﬁ 6*0“ OgB%f‘hi | one
derivatives as HoyRdsiAh SRiuiHRE FRLGHHENS: coﬂt%ﬁ@l%dgo\y\%oum&ﬂojng% 0,%P

98/ 22461, WD 98/ 25929, WO 98/38192, WD 99/0112 99/ 02224, WD -'60 1

January 2006 99?‘@2@@48 apighodp pestas admt@%CDMZTO We HbHaL 8k s waAR 89E28324,

001 67255, i oor SArRdSH G el bRl el b ai B R R R or

as found in V\Dna&ke24melambr¢amemwasmﬁmﬁre¢ ﬁmtamrrsﬁne\vaaaeunmwbémm as
found in WO 5 97/30992 nd 98/ 85966 The conbi nati on of the_inventive
conpounds wi't h BYHEFIH& aé‘b@ TR GERtEed ReprYe dhergmban e daged BPPe and

synergi stic ef f @ik SThe Begefdnlibitiah A0t MRY cdifpovad WAREALRALS udifk ihBCEgAse the
efficacy of the administration or decrease the dosage to reduce possible

si de-eff ect s. t%P“ﬁfﬁbasa?gbv%“%‘ﬂ%éiﬂdﬁ'l‘fe?@%‘mlﬂ@c“&ﬂéﬁ'ﬂ%‘on\%éﬂo%r‘r‘ﬁl@y@ﬁ in

conbination with the corrpounds of the present invention, may be used, for
exanple, in th Of 4583

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) dituted in 0.1 M acetic acid. Foliowing 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 pl of HBSS was added to the wells. An additional
50 I containing compound solution, DMSO or blocking anti-CD18 was then added

1o 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
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i ndicated in the Physicians' Desk Reference (PDR) or as otherw se
determ ned by one of ordinary skill in the art. In the nethods of the
present invention, such other therapeutic agent(s) may be adm nistered
prior to, simultaneously with, or followi ng 15 the adm nistration of the

i nventive conpounds. Conpounds of formula (I), including
described in the exanples hereof, have been tested in asigf“)? g}é‘mmd

bel ow and have shown a neasurable |evel of activity as inhibi tors of LFA-
| and/or | CAM 1. Assays 20 Hl-HelLa Adhesi on assay Hl-Hela cells were
rel eased from t {f&beo) gitevibliowihggdy, Usicails wae senefugéd 1G04xG Brandinbeb,and, NY) .

Fol | trif ded wt h d
DVEM (G boo) . 1898 Paef Rsupriet S Be kgL pURGmL L55aveksn 31 AR caEinep.
(G bco), and 1%, gb me@&:u(a@PﬁfUéé ERBchePORY St fﬂ@rnl\@b%a AristtdQrate

cells/well ina 25 96-well plate. The next day, HSB-2 cells were divided
to 2x105/m in Gt Rt fedisdviD) Rei addadsand tl@@elieuycubam%th fol 38 Rem:St 1 ep,

and 1% L-gl ut a ( cel re.centrifuged at
534xG f or 8 mupyink e Rlordle LR KR g P Pt T6pappace?

Cal cei n-AM 10MnfNblresiul ar Probes, Eugene, OR) and 100 nM 30 phor bol
nyristate acetate (SIGVA, St. Louis, MJ) were added to the | abeling and -61
16 January 2006 act iTwahé HOVIBCkcellf-okleQidtiaiP200/000 Davklcd Bndictiddied H3B-B0 ni nut es,

ten mM of HBSS nd . the cells centrifuged as above. The cell
pel | et was thenwﬁgg’ﬁlz @g > Iglieped by iReubation i thedapinfor pRminntese Tp semygyiee

| abel i ng, the m@bﬁﬂﬂﬂc\é% tl@%ll@%@wisﬁ@&ﬁh?&%nﬁ% wr&m-saﬁpﬁudréscérp:g pi:if'ce plates
washed once with HBSS, followed by the addition of 50 Id of HBSS.

addi tional %o [measfer HEssed orfictarming dhecmmbs uolH B 2ieel pbpuniivEie, pegent antl - CD18
antibody wes t hgmbeslesk bOhERAoMRI Yas hRuRNE Wik EVAuGE L Rro1B: & GRded

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

AICl; = aluminum chloride
Acy0 = acetic anhydride
AcONa = sodium acetate
bp = boiling point
25  CHaCN = acetonitrile
DCC = dicyclohexylcarbodiimide
DCE = dichloroethane
DCM = dichloromethane
DMAP = 4-dimethylaminopyridine
30 DIPEA or DIEA = N,N-diisopropylethylamine
DME = 1,2-dimethoxyethane

DMF = dimethy] formamide
EDCI = 1-3-dimethylaminopropyl)-3-ethylcarbodiimide
Et;0 = diethyl ether

35 HOBT = I-hydroxybenzotriazole

EtOAc = ethyl acetate
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200, 000 HSB-2 cells/well in 100 |, followed by incubation in the dark for
30 mnutes. The wells were then washed three tinmes to renove the unbound
cells. Ato fluorescence plate reader was then used to determ ne the nunber
of bound HSB-2 cells. The percent inhibition due to the conpound was

cal cul ated using the vehicle control as 0% i nhibition anﬁj t.he anté'&ﬁﬂy

bl ocked adhesi on as 100% i nhi bi ti on. HUVEC adhesi on assay ?)"’aﬂ‘a@ryl, man
unbi lical vein endothelial cells (HUVEC) (passage 3, 15 Conetics, San

Di ego, CA) wereEfPHeethanpt o a T-75 flask containing EGM bul letkit media
(Conetics) for ggrmhfs) Wien the HUVEC were 90% confluent (typically day
4), 96-well tisﬂdﬁ:hgkﬁl&: LS Rligt es were coated with 100 |/well of 2.5 g/ni

nouse Type IV c géen (Trevige diluted in 0.1 Macetic acid. Follow ng
i ncubation for gtdkféﬁglf’s He %‘irgﬁig%s, 20 the collagen was renoved and the

pl at e washedst hKe€Ot £ preigssivint prB88 (G bco). The HUVEC fl ask was
trypsini zed, and=HWVYEC were plated on the collagen coated wells at 1250

cel Il s/ 200 pl/we L f . .ater. Twenty hours prior to use, the
medi um was rem)\k/JA né@g?la%%@?ljf%ul ated with 200 | of | OnM phor bol

nyristate aceta TRCCO8i e, St. Louis, MO in EGM Wen the cells were
90% 25 confl uenMeQOHpimetiahgl day 8), the PMA-cont ai ni ng nedi um was renoved,
the wells weremigshegnhésudikifae and 50 }tl of HESS was added to the

wel I's. An addi t'hlggq__ls R l%ﬂdriﬁé)”t ai ni ng conmpound sol uti on, DVSO or bl ocking
anti-CD18 was then a 8e_ to each well. On day 7, HSB-2 cells were then

di vided to 2x 1085« =isadipmoplfaig40 (G bco), 30 10% FCS (Hycl one, Logan,
UT), 1% Pen- St r 8pOHG fodon hyadnakids% L- gl ut am ne -62 16 January 2006 (G bco).

The foll ow ng dNMPJ:hl@anl%Jlle? li@in6gntri fuged at 534xG for 8 m nutes,
[ L{é% 8. 5x10/ m . For activation and | abeling,
A7 Prob

washed, and,res el i
cal cei n- AMlg 10%8!\7!np hggﬁ es, Eugene, OR;) and 100 nM phor bol

nyristate acet a{PE\}Pﬁ d = tetrakis(triphenylphosphine)paltadium(0

PS = polystyrene
SOClI; = 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

0
Br

AlICH (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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(Sigma, St. Louis, MO were added and the cells incubated at 37C for 30
mnutes. 5 Following the addition of ten m of HBSS, the cells were
centrifuged, resuspended, and counted. To the HUVEC cells were added

200, 000 | abel ed and activated HSB-2 cells/well in 100 N1, followed by

i ncubation in the dark for 30 m nutes. To renove unbound gﬁl s, ¢ S
were washed three tinmes with HBSS. A fluorescence plate 13) ey @r used
to determ ne the nunber of HSB-2 cells bound. The percent inhibition due
to the conpound was calculated with the vehicle control set at 0%

i nhi bition and mineat iy tﬁg@dwﬁdzﬂ woited wag reflakahfos 2h. Aa‘ter&&ﬂﬁigj th@dattidnon. 15

EXAMPLES The f les,.illustrate. .e of the_inventive

conpounds and s'?‘lgir? wagsﬁ%? e intg 2 fhixpure of jpe ”Bn‘f 'Iéﬁﬁ‘gEP”F‘Eiml“FeﬁliHClt(h@ scope

of the clains. mEOTheQﬂemapxmfe waHvesRaaicetwith wakd, Qvh i Kﬁ%@ﬁ(ﬁvdnatﬁngﬂbswﬁ%edusgd
= acetic anhydride

herein: 20 Abbr e_V| at'f@n %g = al umi num chl ori de

AcONa = sodi um¥EBI% erﬂﬁ"% ST RIPRGPisEY I -xgbeivneasid was ehtgined sianeDCC =
di cycl ohexylscar\blﬂtilsbﬁmckﬁ4é3%——l4ii°€ I'aneakriene GVl ah) 0 hpge D'VAP
4 di et hyl am noEérl di ne_30 DI PEA orbDI EA —QN N-dii so( rop Jlet%%;/rrztz;m ne

, 2- di met hoxyethEng /BVES Ezyi3A8t@H { 516Pak R BB, t= = D65 HZ)
1- 3-di net hyl am nopr opyl ) - 3- et hyl carbodi i m de

Preparation 2
4-(4-Bromophenyl)-d-oxobutyric acid methyl ester
10

0

Br :

4-(4-Bromophenyl)-4-oxobutyric acid (86.4 g, 0.336 mol) (Preparation 1) in
MeOH (1.7 1) containing H,SO,4 (86 ml) was refluxed for 21 h. Afier 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 EtOQAc. The organic layer
was washed with diluted NaOH and twice with brine, dried over Na;S0, 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 (CDClLs): 7.85 (2H, d, /= 8.5
20 Hz),7.60 (2H, d, J=8.5Hz),3.71 (3H, 5), 3.28 (QH, t, J= 6.5 Hz), 2.76 (2H, t, J =
6.5 Hz).

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

OH

oy
Br
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Et 20 = diethyl ether 35 HOBT = 1-hydroxybenzotriazole EtOAc = ethyl
acetate -63 16 January 2006 EtOH = ethanol g = gran(s) HCl = hydrochloric
acid KOH = potassium hydroxide 5 K2CO3 = potassium carbonate 1=liter
LiAlH4 = lithium al um num hydride MeCN = acetonitrile MeOH = net hanol 10
MySO4 = magnesi um sul fate NaH = sodi um hydride Na2SO4 = Lum te
NaCH = sodi um hydr oxi de NWP = 1-nethyl -2-pyrrolidi none 1%@3%;\@_%66&

phosehor s, 11 bront o (EUERAFR = LAl SArLROENY hosEpLe gl
mlligram(s) mMnmol)iPrdpatatib®r) ihAnkydiduso@dihyll ether (TOD nlFw#8 dddeddopwise to a
suspension of LiAlH, (5.3 g, 140 mmot) in ether (100 ml), while the temperature was
kept below 5°C with an ice bath. After 2h at RT, the reaction mixture was refluxed for
5  4h. It was then cooled to 5°C and hydrolyzed with a saturated Na;SOy4 solution with
the temperature kept below 15°C. The suspension was filtered over celite and
concentrated to yield a yellow oil (16.1 g) which was chromatographed over silica gel
(eluent : DCM/MeOH 90/10) to yield 1-(4-bromophenyl)-butane-1,4-diol as an oil (15
g). '"H NMR (CDCly): 7.40 (2H, d, J = 8.4 Hz), 7.12 (2H, d, J = 8.4 Hz), 4.65 (1H, br
10 s), 4.50-4.60 (1H, m), 3.97 (1H, brs), 3.4-3.65 (2H, m), 1.6-1.85 (2H, m), 1.45-1.6
(2H, m).

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

15
Br

/@*/MBI'
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 ethy! (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 agueous layer was extracted twice
with ether. The combined organic layers were washed with a diluted aqueons Na,COs
solution then three times with water until neutrality, dried over magnesium sulfate and
concentrated {o yield 1-bromo-4-(1,4-dibromobutyl)benzene (13 g) as a yellow oil. 'H

25 NMR (CDClz): 7.47 (2H, d, J =8.5 Hz), 7.26 (2H, d, J = 8.5 Hz), 4.8-5.0 (1H, m),
342(2H,t,J=06.4 Hz), 2.2-2.45 (2H, m), 1.8-2.2 (2H, m).

Preparation 5
3-Bromo-1-(4-bromophenyl)propan-1-one




prmol = micronole 25 nol = nole np = nelting point RT = roomtenperature
Preparation 1 30 4-(4-Bronophenyl)-4-oxobutyric acid CO2H Al C13 (128.8 g,
0.97 nol) was added by portions within 20 mn to a 35 suspension of
succinic anhydride (44.3 g, 0.44 nol) and bronobenzene (100 m , 0 99 nol)
in DCM (500 m) while the reaction flask was cooled in a ter ugté fter
| h30 -64 16 January 2006 mn at RT, the reaction m xture éapg for
2h. After cooling, the reaction mediumwas slowy poured into a m xture of
ice (1.5 1) and concentrated HCl (100 m). The precipitate was washed
twice with water, with isopropanol, and firlly with pentane. After drying
4- (4- bronophenyl ) - 4- oxobutyric acid wa hiped,as an off 5 white solid
(86.4 g, np = 148C). "H NWR (CDC13): 7 d' J = 8.5 Hz), 7.62 (2H
d, J =8.5Hz), 3.28 (2H, t, J = 6. BrHA 2. 82 (2H t, J =6.5 Hz).
Preparation 2 4-(4-Bronophenyl)4-oxobutyric acid nmethyl ester 10 CO2Me

4- (4- Bronophenyl ) - 4- oxobutyric acid (86.4 g, 0.336 nol) (Preparation 1) in
MeOH (1.7 1) contai A fi f copl i ng,
the 11 gnt 15 proci pryate vee 1T RuruhwATRIdl iy batok 36 plebdbendthd flzsofE
concentrated t d-4ryekgs0°Crhdrompprapineyd Cbbhdd(%gsl%l remel)l wianaddat eropsvin to
extracted twce Thew Y, hed ith diluted NaOH
and twice V\nwt h b érl\lltctr?gg Oﬁ%ﬁe\e pto@?re@%mgﬁdf ﬂeéol\rﬁngrﬁAfa 3 Efa‘f PSS e

desi red 4-(4- brheatodhedPrG fdr- tix obidryaooling ahel nitethkey wvae pbertd aSer ice/water and

extracted with DCM. The organic layer was dried over Na,SO, and concentrated to

yield 3-bromo-1-(4-bromophenyl)propan-1-one (36g) which was crystallized from
petroleum ether (mp = 66°C). '"H NMR (CDCly): 7.82 (2H, d, J = 8.5 Hz), 7.62 (2H,
10 d,/=8.5Hz),3.73 (2H,t,J=6.5Hz),3.55 2H, 1, J = 6.5 Hz).

Preparation 6
3-Bromo-1-(4-bromophenyl)propan-1-ol

OH

@*”Bf
Br

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, IN 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,SO, and concentrated to yield 3-bromo-1-(4-bromophenyl)propan-1-ol

as a yellow oil (11.1 g). '"H NMR (CDCl;): 747 (2H, d, J=8.3 Hz), 722 (2H,d, J =

8.3 Hz), 4.87 (1H, brs), 3.50-3.62 (1H, m), 3.31-3.42 (1H, m), 2.35 (1H, OH, br ), 2-
25 231 (2H, m).

Preparation 7
1-Bromo-4-(3-bromo-1-chloropropyljbenzene
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a lownelting point solid (87.5 g, np = 500 ."H NWMR (CDC13): 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, ./ 6.5 Hz). Preparation 3 1-(4-B

romophenyl ) - but ane-1,4-d iol 25 OH OH 16 January 2006 A sol ution of

4- (4- bronophenyl ) - 4- oxobutyric acid nmethyl ester (19g, 70

(Preparation 2) in anhydrous diethyl ether (100 n) was a&Ge’ﬁnHil"Wp%Q%Be to a
suspension of LiAIH4 (5.3 g, 140 mmol) 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 Na2SO4 sol utioniw the tenperature kept
bel ow 15C. The suspension was filtered gr ceéliPe and concentrated to
yield a yellow oil (16.1 g) which wgg-Chegnat ographed over silica gel

(eluent : DCM MeOH 90/10) to yield 1-(4-brormpheny|)-butane-1,4-di ol as an
oil (15 g). 1 HNWR (CDA3): 7.40 (2H, d, J =8.4 Hz), 7.12 (2H, d, J =

8.4 Hz), 4.65 (1H, b 5 0 , 7 (1 , 3.4-3.65
(2H, n% 1. 6- 1.(85 (z‘ﬁ)&‘ﬁ{f g@i%*fgmemg gad‘iﬁd@w@&a‘Pa&'éhd&2ﬁ§3é solution
ronmo-4- (1, 4-4li @f_r:pbﬂasaﬁm-w B:bﬁﬁpmgl)érépﬂBl%l (4.1 37. slﬁmmlf)qip)epmso@dﬂm
dropwise in 10 mn to_a sol ut (4- rom) henyl ) - but ane- -diol (15

g, 61 mol) (Pr%‘ﬁ%&‘l‘rﬁlofcgﬁ:%sllpﬁmHF'&W’Id”@t(ﬁW ﬁftyr %Bﬂtn?%l(hé‘tf at
-10C. After 20 ﬁa&fon%xtutr@@asrﬁﬁ%d'&grMl&i’é%ﬂﬁ@%n&ﬁ%@ﬂﬂ“’l‘ﬁekbr dhic 1ag@r bat h

and water (100 m) was added rapidly. The aqueous | ayer was extracted tw ce
Wi th ether. Thewaowshedwith wmgteni deiell ayerNa§es sndwentratiated tchyielddiveliewdilagueous

Na2CO3 (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 (CDCl3): 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

age

Ci
3,5-Dichlorophenylisothiocyanate {Sg, 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;O to yield 3-(3,5-dichlorophenyl)-
25 2-thioxoimidazolidin-4-one as an orange solid (5.3 g). '"H NMR (CDCls): 7.45 (1H,

m}, 7.25 (2H, m), 4.44 (2H, s).

Preparation 9
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solution then three tines wwth water until neutrality, dried over magnesium
sul fate and concentrated to yield 1-brono-4-(1, 4-di bronobutyl)benzene (13
g) as a yellowoil. 1H 25 NWR (CDCl,): 7.47 (2H, d, J = 8.5 Hz), 7.26 (2H,
d J =8.5Hz), 4850 (1H mM, 3.42 (2H, t, J =6.4 Hz), 2.2-2.45 (2H,
m, 1.8-2.2 (2H, m. Preparation 5 3-BronD-I-(4-bronDpheQ§;p roBfgﬁéﬁ-one
30 -66 16 January 2006 AICI3 (23.8 g, 178 mmol) was added aﬁHF‘ | to
br onobenzene (155 m, 1.47 not) at OC. 3-Bronopropionyl chloride (25g, 146
mmol ) was added dropwi se to 5 the red solution kept at 0OC over 30 mn.
After | h at RT, 3H5-Dichderiophenylyd-oxe2-thioxoimidizelidine 15afhdxglic héid toN-betyl
cooling, the m xture was poured over ice/gﬁter and extracted with DCM The
organic | ayer was dried over Na2SO4 and cBh@entrated to vyield
3- brono-1| - (4- bronophenyl ) propan-1-one (36g) which was crystallized from
petrol eumether (np = 66C). 'H NNQN(CDCIQQ: 7.82 (2H, d, J =8.5 Hz), 7.62
(2H, 10 d, J = 8.5 Hz), 3.73 (2H, J =\6.5 Hz), 3.55 (2H, t, J =6.5
Hz). Preparation 6 3-Brono-I|-(4-br h ) propan-1-ol OH 15 NaBH4 (1. 5g,
39.7 mmol ) was added by portions to ol'ytNongof ,3-brono- 1-
(4-bronmophenyl ) propan-1-one (1 1.7%g, 40 | ) (Pfgggration 5) in MeOH whil e
keepi ng the tenperature bel ow 10C. After 1h & me | N aqueous hydrochloric
acid 20 was added at 5Cto pH =1 and the m xture was concentrated in
vacuum The Tesidue was dissolved in water and extracted three tinmes with
DCM  The organi ¢ | aygeoit@sm of di-teecbayigicadmad (and 4.%%661?&{ Rl (§ ﬁﬁ@s‘s' d
3-bronD-I-(4-br§£F§henyl)pnopan-l-oI_ as a yellowoil (11.1 g). 'H NWR
(CDCI 3): 7.47 (49 tpa %JSE:ngpg0{.&-53,,5-¢{cg}grquﬂ}y]h@—tlyoxglmldazohdm—df—one (1.04 g,

4 mmol) (Preparation 8) and DMAP (73 mg, 0.6 mmol) in MeCN (5 mi). After 2h at

RT, the mixture was evaporated, taken into EtOAc, washed twice with aqueous

10 KHSO,4 and once with water, and finally concentrated to yield 3-(3,5-dichlorophenyl)-
4-0xo0-2-thioxoimidazolidine-1-carboxylic acid fert-butyl ester (1.04 g) as a brown

solid. 'H NMR (CDCls): 7.46 {IH, m), 7.18 (2H, m), 4.54 (2H, s), 1.57 (9H, s).

Preparation 10
15 (SR*,65%)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-4-oxo0-2-thioxo-1,3-

diazaspiro[4.4]nonane-1-carboxylic acid tert-butyl ester

c

Cl
S Br

07<«Me
Me 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 zerr-butyl ester (361
mg, 1 mmol) (Preparation 9), (5R* 65 *)-6-(4-bromophenyl)-3-(3,5-dichlorophenyl)-
4-ox0-2-thioxo-1,3-diazaspiro{4.4]nonane- | -carboxylic acid fert-butyl ester was

obtained (54 mg) as a white solid. 'H NMR {(CDCls): 749 (2H, d, J=8.4 Hz), 7.33




8.3 Hz), 4.87 (1H, br s), 3.50-3.62 (IH, nm, 3.31-3.42 (IH, nm, 2.35 (1H,

OH, br s), 2- 25 2.31 (2H, m. Preparation 7 1-B rono-4-(3-brono-1|-ch

| or opropyl )benzene -67 16 January 2006 C SOC12 (2.8 m, 38.6 mmol) was

added dropwi se to a cooled (-20C) solution 5 of

3- brono-1| - (4- bronophenyl ) propan-1-ol (1 1.1g, 37.8 mmol) Ere araté@é'b in
20C,

a mixture of DCM (110 m) and pyridine(3n1 37.6 mol ). pa%
the reaction m xture was poured over m xture of ice and 10% HCl. The

organic |ayer WHd "adARE2Hid: =%t dz ). 5&3@5 e | NI Hsdh Jarid3_diedit Sdt ed to
yield a yellow g} 5 351k2% @_:,Pg)m) 0o3kickiiahi Qroyages. reduced pressure gave

1- br ono- 4- (3-brond-1~ 10 chl oropropyl)berizene as a colorless oil (5.1 g, bp
= 128-130C¢ 0.5 nmmHg). "H NWR (CDCI3): 7.4-7.55 (21-1, m, 7.15-7.3 (2H,
m, 5.07 (1H, m, 3.45-3.6 (1H m, %I% graﬁgn(ﬁ H m, 2.35-2.65 (2H, m.
Preparation 8 15 3-(3,5-D chl or ophenyl m dazol i di n-4-one

3, 5- Di chl or opherd+3,5bidhilaropbenet )2 4-Bipxoidvidszolidide} 1 -vabosyd dtadiduyrigontyliester t 0 a
20 suspension of the HCl salt of ethyl glycinate (3.4 g, 24.5 nmol) 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 @ RT, @he solution was concentrated to
dryness and partitioned between Et@Ag an queous HCl. The organic | ayer
was washed with water and concentr & NT talm_.ed anor phous solid was
washed with Et20 to yield 3-(3,5-dieghforo g(%;

2-t hi oxoi m dazol i di n-4-one as an o‘?ange g) "H NMR (CDC13): 7.45
(1H, m, 7.25 (2H, m, 4.44 (21-1, s). Preparatlon -68

A solution of di-tert-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 er al.. cited above) and DMAP (560 ing,
4.6 mmol) in THF (150 ml). After 3h at RT, the mixture was evaporated, taken into
DCM, washed twice with IN 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 (CDCLy): 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
0O

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 (CDCly): 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, 1, 7= 7.1 Hz), 2.06 (2H, m).

Preparation 13

-70-



16 January 2006
3-(3,5-D chl orophenyl ) - 4- oxo- 2-t hi oxoi m dazol i di ne-1-carboxylic acid
tert-butyl ester CI C 5 eNOM SO0 <M Asolution of

di-tert-butyl dicarbonate (1.04 g, 4.6 nmml) in MCN (I m) was added to a
suspensi on of 3-(3,5-dichlorophenyl)-2-thi oxoi m dazol i di n1§ %ne 84
nmml ) (Preparation 8) and DVAP (73 ng, 0.6 mml) in MCN (

at RT, the m xture was evaporated, taken into Et OAc, washed twice with
aqueous 10 KHSO4 and once with water, and finally concentrated to yield
3-(3,5-di chl orophenyl ) - 4-oxo- 2-(#{Bromophérgfzentatierics-diot ar boxyl i c acid
tert-butyl ester (1.04 g) as a browmm solid. 1H NWR (CDC13): 7.46 (1H m,
7.18 (2H, m, 4.54 (2H, s), 1.57 (9H, s). Preparation 10 15

(5R*, 6S*) - 6- (4- Bronophenyl ) - 3- (3, 5-di chl Itbphenyl) 4- oxo0- 2-t hi oxo-1, 3-

di azaspi ro[ 4. 4] nonane- | - car boxyli c aci4g_i8 L ester Using the sarre
procedure as in Exanple 1 starting f I-brom)4(*14 20

di bronobut yl ) benzene (423 ng, 1.1g (Preparation 4) and 3-(3,5

di chl or ophenyl ) - 4- oxo- 2-t hi oxoi m dazol i di ne-1-carboxylic acid tert-butyl
ester (361 ny, 1 rrrm]) (Preparation 9),

(5R*, 6S*) - 6-4 4- br orpl

4- 0X0- 2-t hi o§<o-l 3- d| Mé rPo dg%q%%%]r?%leoﬁ%@%%g%x%ﬂ%bléoclzllmd)h?"evpts butyl ester
was obt ai ned (@@Pﬁganoasacai withylesso{1Z@.g, 15-mivR (PEPREYn 17). Wi rédikckd dlith ) =
8.4 Hz), 7.33 J r

(1 H, rr) 7.09( 2H, ’g‘%iﬁ 4@?68%?%%‘&4 epmophey ) pentpae- odighdd gl as gy

2.35-2.6 (3H, melloR-od. IENVRHCIG,): LABRH, IV =%)3 Hz), 7.15 (2H, d, J = 8.3 Hz), 4.56
(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

@’Wm
Br

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 PBr; (3.4 ml, 36.2
mmiol} to yield 1-bromo-4-(1,5-dibromopentylbenzene (6.1 g) as a yellow oil. 'H
NMR (CDCl3): 747 (2H,d, J=8.5Hz), 7.26 (2H, d, J = 8.5 Hz), 4.88 (1H, t, /= 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]-

benzonitrile



Preparation 11 5 3-(3,5-D chl orophenyl) -2, 4-di oxoi m dazol i di ne-|-carboxylic
acid tert-butyl ester d Cl 0 11 tMe O Me A solution of

di -tert-butyl di carbonate (7.72 g, 35.4 mmol) in THE (100 m) 10 was added
to a suspension of 3-(3,5-dichlorophenyl)-imdazolidin-2,4-dione (7.5 g,
30.6 mml, prepared according to Fujinam et al.. cited aﬁvg*{% and

(560 ng, 4.6 mmol) in THE (150 mM ). After 3h at RT, the

evaporated, taken into DCM washed twice with I N aqueous HC and once vvlth
brine, and finally concentrated to yield NI
3- (3, 5-di chl orophenyl ) - 2, 4- di oxoi m dazol i di ne-\ -carboxylic 15 acid
tert-butyl ester (10.17 g) as a white solid. MR (CDC13): 7.40 (IH, m,
7.37 (2H, m, 4.40 (214, s), 1.58 (9H, s). ratlon 12

5- (4- Bronophenyl ) - 5- oxopent anoi ¢ aci?l met hyd € fer 20 CO2Me Usi ng the
procedure described in Preparations d 2y the above above-titled

conpound was obtained fromglutaric i e and br onobenzene. | H NWR 25
(CbCl3): 7.83 (2H, d, J =8.5 Hz), 7. e—85Hz) 3.68 (3H, s),
3.03 (2H, t, J =7.1 Hz), 2.45 (2Hcit, ?P 2.06 (2H, m.
Preparation 13 -70 16 January 2006 1-(4- Br ormp enyl )-pent ane-1,5-diol OH OH

A mixture of 3-(3,5-dichlorophenyl)-2,4-dioxoimidazolidine-1-carboxylic acid

tert-butyl ester (3.45 g, 10 mmol}) (Preparation 11), 4-cyanobenzaldehyde (1.31 g, 10

5  mmol) and NaOAc (0.82 g, 10 mmol) 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
organic layer was dried and concentrated to yield a solid (4.4 g) which was
chromatographed over silica gel (eluent: DCM) to vield 4-[3-acetyl-1-(3,5-
dichlorophenyl)-2,5-dioxoimidazolidin-4-ylidenemethyl]-benzonitrile as a white solid

10 (1.25g). mp=212°C. '"H NMR (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
C1 o :
e

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 (IH, s}, 7.79 (1H, m), 7.55-7.75 (6H, m), 2.65 (3H, s).
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5 Using the procedure described in Preparation 3, 5-(4-bronophenyl)-5-
oxopentanoi ¢ acid nethyl ester (12.8 g, 45 mmol) (Preparation 12) was
reduced with LiAIH4 (3.4 g, 90mmol) to yield

1- (4- bromophenyl ) - pentane-1,5-diol (9.4 g0 as a yellowoil. 1H NW
(CDC13): 7.42 (2H, d, J =8.3 Hz), 7.15 (2H, d, J = 8.3 m,
3.63 (1H, br s), 3.45-3.6 (2H, m, 2.96 (IH, br s), 1. 25%239’3(‘8%3%@6410
Preparation 14 1-Brono-4-(1,5-di bronmopentyl)benzene 15 Using the procedure
described in Preparation 4, 1-(4-bronophenyl)-pentane- 1,5-diol (9.4 g,
36.3 mmol ) (Preparation 13) was treated vvith PBr3 (3.4 m, 36.2 mol) to
yield |-brono-4-(1, 5-di brom)pentyl ) be ene g) as a yellowoil. ITH NWR
(CDC13): 7.47 (2H, d, J 8.5 Hz), 7. J =8.5 Hz), 4.88 (1H, t, J
= 7.5 20 Hz), 3. (3'8'4([11’33:5@10[1]6!‘05!1@13'% meﬂryfaz;S dlaﬂ)mfﬁazoﬂd:g Ryifienéflethf)-

1 55-1.8 (IH m, 1.4- 1.55 (1H mn). 25 Preparation 15

(E)-4-[3-Acetyl -1 - (3, 5-di chl or ophenyl ) -Psnepnifrile oi ni dazol i di n- 4-yl i denenet hy
] benzonitsile 16 January 2006 A m xture of

3- (3, 5-di chl orophenyl ) - 2, 4-di oxoi m dazol i di ne-| -carboxylic acid tert-butyl
ester (3.45 g, 10 mmol) (Preparation 11), 4-cygnobenzal dehyde (1.31 g, 10 5
nmol ) and NaOAc (0.82 g, 10 mmol) was refluxedjfor 3 hin Ac20 (50 m). The
solid obtained after concentration was taken-4Rfo a m xture of ice/water
and DCM The organic |ayer was dried and co @ rated to yield a solid
(4.4 g) which was chromatographed qger sildcaygel (eluent: DCM to yield
4-[ 3-acetyl -1-(3,5- dichlorophenyl)-235-di o%oig dazol

i di n-4-ylidenenethyl]-benzonitrile @A- gtelsolid 10 (1.25 g). np = 212C.
"H NMR (CDC13) : 8.52 (IH, s), 767 (4|—pf'ﬂhe743(lH

Preparation 17 was obtained via three alternative methods:
(1). A solution of 3-(3,5-dichlorophenyl)- | -methyl-imidazole-2,4-dione 70g,

10 0.27 mol), 4-cyanobenzaldehyde (53 g, 0.404 mol), and B-alanine (16.1 g, 0.181 mol)
1n 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 10 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, 1.5¢q), pyrrolidine (0.3 mi),
anhydrous MgS80, (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. Yicld: 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), pytrolidine (0.3 ml) and
EtOH (35 ml) was heated at 78 °C for eighteen hours. The reaction mixtore 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

-73-



m, 7.37 (2H, m, 2.78 (3H, s). 15 Preparation 16 (E)-1-Acetyl-5-(4-b
ronobenzyl i dene) - 3- (3, 5-di chl or ophenyl ) -i m dazol i di ne-2, 4- dione Using the
same 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), the
above-titled conpound was obtained as a white solid (16'8ﬂ6h' m ﬁgg%%c. "H
NVR (DVBO-d6) : 8.23 (1H, s), 7.79 (IH, n), 7.55-7.75 (6t @Y 3H,
S). -72 16 January 2006 Preparation 17 . .

(E) - 4- | - (3, 5- di Eroridpresinpenzylidep)iy(3,Sdichigrephsnyh)-d meshyhimidazolidingehdmnet hy
'] benzonitrile 5 Preparation 17 was obtgjagd via three alternative

met hods: (1). A solution of

3- (3, 5-di chl orophenyl ) - 1- net hyl -i mi dazol e-2, 4-dione (70 g, 10 0.27 nol),

4- cyanobenzal dehyde (53 g, 0.404 nol), and O-alggnine (16.1 g, 0.181 nol)

in acetic acid (1 1) was heated for 32 h at ref)ux. The solution was cool ed
and kept at 50C for one hour. It was then allkowgd to cool to 35C, and the
insoluble material was recovered by filtratida#o yield 35.5 g (0.095 nol)
of the above-titled conmpound. Yield€ B = 236C ; 15 (2). A mxture of
3- (3, 5-di chl orophenyl ) -1 -nethyl -im da 4-dione (1.3 g, 5 mol),

4- cyanobenzal dehyde (0.98 g, 7.5 mol, Q) .y Pyrrolidine (0.3 m),
anhydrous MgS™4 (0.9 g, 1.5 eq), and T OH (35 nMe was heated at 78 C for

ei ghteen hours. The reaction m xtur & was fPltered while hot, and the solid
obt ai ned wasswashed with hot EtOH (2x20 nl), water (2x20 nl), EtOH (2x20

m.) and dried. Yield: 1.58 20 g;
The same procedures as for Preparation 17 were followed, using 4-

bromobenzaldehyde in place of 4-cyanobenzaldehyde. 'H NMR (DMSO-dq) : 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 O
ava
%;;Jy_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 MgSQOy4 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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(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) and EtOH (35 m) was heated at 78 C for eighteen hours. The
reaction mxture was filtered while hot and the solid obtai ned was washed
with hot EtOH (2x20 mL), water 25 (2x20 niL), EtOH (2x20 : ied.
Yield: 2.78 g. Preparation 18 -73 16 January 2006 mré Jaﬁﬂgn}jéd(%d

(E) - 5- (4- Bronpbenzyl i dene) - 3- (3, 5-di chl or ophenyl ) - 1- et hyl -i m dazol i di ne- 2,
4- dione 5 The sane procedures as for Preparation 17 were foll owed, using
4- bronpbenzal déieypbevejtitlep compounfl ag a ewhiin e EINZ &l glehy dd 34°CGH' NIMMR DVBOL)6)
7.90 (2H, d), , 7.5 , 6.65 (1H, s), 3.24 (3H, s). ]0
enar atron 16 {74 WadPen/2816 Hit, )
3-(2,6-Dichloropyridin-4-yl)-1-nmethyl-imdazolidine-2,4-dione CI Cl1 15 TEA

(7.2 M, 51 mmol) was added to a susp«i)nsi_on,of he HCI salt of sarcosine
ethyl ester (3.4 g, 24.5 mmol) in dry—%—?—@-@‘—ﬁé‘” ). The forned

triethylam ng hydr@gateq2deicmsrdgyridai-291)F.-neaiA 2 5LAisaHinahIb1iAG( 20 M ).
The filtrate was transferred into a 3-necked round bottom flask and cool ed
to 5C. A solution of 2,6 20 di chl ¥lidspemetyH-bengenifrilecyanate (10 g, 53 mol)
in DCM (25 m ) was added dropwi se over 10 min while keeping the inner
tenperature below 10 C. After 96h at RT, the reaction mxture was refluxed
for 10 h. After cooling to RT, the solution wa$¥washed with brine, dried

over MgSO4 and concentrated. The obtai ned ano us solid was
cl o}
Z

7N\

N

QNYN.

Me
ci o
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 vield the above-
titled compound as a white solid (5.6 g). mp = 230°C. '"H NMR (CDCl3) : 7.91 (2H, d,
J =8.1Hz), 7.65-7.75 (4H, m), 6.40 (1H, s), 3.37 (3H, s).

15 _ Preparation 21
2-Hydroxymethyl-thiazole-5-carboxylic acid

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, 5), 4.77 (Z2H, s).

Preparation 22
25 Ethyl 2-hydroxymethyl-thiazole-5-carboxylate

-75-




chromat ogr aphed over silica gel (eluent : cycl ohexane/ Et OAc 80/20 to 50/ 50)

to yield -74 16 January 2006 the above titled conpound as a white solid

(9.9 9g). np = 134C. "HNWR (CDCI3): 7.75 (2H, s), 4.07 (2H, s), 3.10 (3H,

s). Preparation 20 5

(BE)-4-[1-(2,6-Dichloropyridin-4-yl)-3-nmethyl-2,5-di oxo-imndazol idi

yl i denenet hyl ] -benzonitrile CNto Using the third nethodnhgg@PPBEkébqk

Preparation 17, Preparation 19 (5g, 19.2 nmol).was reacted with

4- cyanobenzal dehyde (3.78 g, 28.8 nmol) t | e t he above- titled conpound

as a white solid (5.6 g). np = 230C. ( 3) : 7.91 (2H, d, J= 8.1

Hz), 7.65-7.75 (4H, m, 6.40 (1H, s), 3.37 (3H¢ s). 15 Preparation 21

2- Hydr oxynet hyl -t hi azol e-5- carboxylic acid HO @HThe above-titled conmpound

was synt hesi zed according to the procedure described in DE 2548505 to

Roussel - Ucl af (1975) and Chem Abstr., Vol. 85, #46650. 'H NVR (DVSO d6)

8.27 (1H, s), 4.77 (2H, s). Preparatlon 22 25

2- hydroxynethyl-thlaﬁdﬁ@“@“@é@ﬁ@%?F&F@“mﬁg(i@]Gﬁnﬁ%ﬂ?mibﬁécﬂﬁxA“ﬁﬁﬂut|on of

crude Preparati QRfgk 4300 iBin Ero% (¥0Bh) w@@n@ﬂﬁ%ﬁhé@%@% "P‘Hé'sfaHEhthﬁC' d (2

m) in EtOH (30 m) was refluxed during 5 hours. The sol vent was

evapor at ed uAdecvaperetiahder wduase eregsvge alskthe eesidue wanpastiprped b@wme@nusew/een

S‘ﬂ‘ﬁ"ﬁi gi ﬁzmbﬁg@oﬁ%oﬁhﬁh@&%ﬁé Faydr VAR walfd WRPDSE, WildwhRbSfiumdr i ed
sulfate, and evaporated under reduced pressure to yield a brown oil (320 mg, 1.7

mimol). 'H NMR (CDCl) : 8.28 (1H, s); 4.94 (2H, s); 4.33 (2H, q); 1.35 (3H, 1).

10 Preparation 23

Ethyl 2-bromomethylthiazole 4-carboxylate
o
SN
Br\/l;l‘}—q O

CH

3

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
mi) was added and washed with water (3 times). The organic layer was dried over
Na;50, 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, t}.

Preparation 24

25 Ethyl 5-bromomethylisoxazole-3-carboxylate
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sul fate, and evaporated under reduced pressure to yield a brown oil (320
mg, 1.7 nmmol). "HNW (CDC1l3) : 8.28 (1H, s); 4.94 (2H, s); 4.33 (2H, q);
1.35 (3H, t). 10 Preparation 23 Ethyl 2-brononethylthiazol e 4-carboxyl ate
Bra Np C15 A mxture of ethyl-2-nethylthiazole 4- carboxylate (500 ny,
2.9 mol ), N bronosuccinimde (877 ng, 4.9 nmol), and bené % g g&ﬂéi
(5-10 my) in 1,2-DCE (3 nL) was heated at 70 C for 85 h. 'AFPBPAW gto
roomtenperature, DCM (10 m ) was added and washed with water (3 tines).
The organic |ayer was dried over Na2SO4 and evaporated in vacuo. The
residue was purified by preparative 20 chronathgnaphy to yield the

above-titled conpound (58 ng). 'H NWR ( I3)0 8.23 (1H, s), 4.77 (2H,
s), 4.43 (2H, q), 1.42 (3H, t). Pre ara.L_ 4 25 Et hyl
5- br onmonet hyl i soxazol e- 3- car boxyl at 8 6 JAnuary 2006 CH3 ONO' Br O

5 The above-titled conpound was synthe5|zed according to the procedure
described in Heterocycles, Vol. 23,3 (1985), at pp. 571-585. 'H NVR (CDC13)
6.74 (1 H s), 4.50 (2H q) 1.42 (3H, t). Preparation 25 10 4-[(5S*,
OR*) - 7-( 2- BronD acety 5-di chl or o- phenyl) - 1- net hyl - 2, 4- di oxo-
1,3,7-triaza spiro[ 4 h&]"ﬁ%‘f‘? tglefi'IC]’mB%‘H@dYﬁStSY'?tF@‘ZC‘BPCCdeg to the procedure

described in Hererocycles, Vol. 23, 3 (1985), at pp. 571-585. '"H NMR (CDCls) 6.74
(1H, s), 4.50 (2H, q), 1.42 (3H, 1).

Preparation 25
10 4-[{58%, 9R*)-7-(2-Bromo-acetyl)-3-(3,5-dichloro-phenyl)-1-methyl-2,4-dioxo-
1,3,7-triaza-spiro[4.4]non-9-yI]-benzonitrile

15 To a solution of Example 15 (373.5 mg, 0.9 mmol) in 7 ml THF, were added
TEA (175 ul, 1.26 mmol) and bromoacetyl bromide (94 ul, 1.08 mmol). After 15 min.
at RT, the reaction mixture was evaporated to dryncss. The residue was partitioned
between DCM (20 ml) and 1N HClI solution (10 ml). The DCM layer was washed
with brine, dried over sodium sulfate and concentrated to yicld 441.3 mg of crude

20 compound. 'HNMR (CDCls): 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 tert-butyl ester

25
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OMM\J N C. OCNC 15 To a solution of Exanple 15 (373.5 ng, 0.9 muol) in
7 mM THF, were added TEA (175 z1, 1.26 nmmol) and bronoacetyl brom de (94
|, 1.08 mmol ). After 15 min. at RT, the reaction m xture was evaporated to
dryness. The residue was partitioned between DCM (20 m) and I N HC
solution (10 m ). The DCM | ayer was washed wth brine, dried over_sodi um
sulfate and concentrated to yield 441.3 ng of crude 20 cotpdandary 294qR
(ebc13): 7.75 (2H, d), 7.45-7.55 (3H, m, 6.7-6.9 (2H m, 4.55-3.65 (7H
m, 3.25 (311, m. Preparation 26 4-Trifl BﬁBHethanesulfonyloxy-benzoic
acid tert-butyl ester 25 -77 16 January Zf Trifl uoronet hanesul fonic
anhydride (1.04 m, 6.2 mmol) was added ti cool ed (5C) solution of
tert-butyl 4-hydroxybenzoate (1 g, 5.1 qggz inamxture of 5 DCM (25 nil)

and TEA (1.1 m, 7.8 mmol). After 4h at O wat er was added. The organic

| ayer was separated, dried over MgSHA d%gkponcentrated in vacuo. The

resi due was chromat ographed over silicargel (eluent : cycl ohexane/i Pr20
95/5) to vyield the above-titled conmpound as a colorless oil (1.45 g)."'H
NVR (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-[ (5S*, 9R*) - 9- ( 4- Cybnibwnemsthanegul{ogiccantiydride 6.0 hdfy? mmpl)meastadiledto4- di oxo- 1

3,7 triazaspirofdH By bribh oPEPARIS 4Kl EALoRYTYL L8hEH) 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 -
organic layer was separated, dried over MgSO, 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 (CDC1s): 8.09
(2H, d, J = 8.6 Hz), 7.32 (2H, d, J = 8.6 Hz), 1.60 (9H, s).

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

cl o 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 (CDCls): 7.94 (2H, d, /= 8.5
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15 A m xture of Exanple 15 (300 ng, 0.72 mmol ), Cs2CO3 (330 ng, | mmol),
racem c BINAP (33.7 ng, 0.05 mmol), Pd(OAc)2 (8.1 ng, 0.036 nmol) and
Preparation 26 (283 ng, 0.87 mml) was heated at 80 C in dioxane (5 nl) for
24h. 20 After cooling to roomtenperature, the insoluble salts were
renoved. The filtrate was concentrated in vacuo and purifjed usin

chromat ography on silica gel (eluent : DCM to yield the1%580%aﬁyiﬁqc@d
conmpound (139 ng). 'H NWR (CDC13): 7.94 (2H, d, J = 8.5 -78 16 January 2006
Hz), 7.69 (2H, d, J = 8.1 Hz), 7.40 (2H, d, J =8.1 Hz), 6.63 (2H, d, J =
8.5 Hz), 3.7- 4H2),(786,2H)d, /3= OHERR402H, d 735 ( B, 6%8-(2IT £DRr 9% 9N 328 5
S-o-Tolyl-1-tri t)ﬁl -%H—tetrazol e A solution of triphenylnethyl chloride (348
ng, 1.25 mol, 324p ’Wzm-s)’ilosga@geﬂ)-dropm se to a mxture of

5-(2-net hyl phenyl )-1Htetrazole (200.5 ng, 1.25 mml) and TEA (174 1, 1.25
mmol) in 8 M DCM The reaction mxture was strirred overnight at RT, then
washed with water (10 m ). The organi &reparatiom@$ dried over sodiumsulfate
and evaporated in vacuo. The resizdu. 1S i by preparative

chr omat ogr apﬁy (Cycl ohexane / Et 51‘?8@?3)‘“?5{% 13‘/% gefﬁ'z%/lﬁe above-titled
compound (159 15 ng). 'H NWR (CDC13): 8.1 (1H, d), 7.45-7.1 (184 m, 2.5
(3H, s). Preparation 29 5-(2-B rononet hyl -phenyl)-1-trityl-iHtetrazole 20
A mxture of preparation 28 (96.9 ny, 0. 24 g N- br onosucci ni m de (42.7
ng, 0.24 mmol) and benzoyl peroxide ; 4 mol) in5mM 1,2-

di chl oronet hane was refl uxed under 7h. The crude titled
conpound was -79 16 January 2006

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 pi, 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

O
A ey

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 mi 1,2-

dichloromethane was refluxed under nitrogen for 7h. The crude titled compound was
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obt ai ned after evaporation in vacuo and used w thout purification. 'H NWR
(cbcl3): 8.15 (IH m, 7.45-7.1 (18H m, 4.9 (2H, s). Preparation 30 5

6- Hydr oxynet hyl -ni cotinic acid nethyl ester OH 10 The above-titled conpound
was synt hesi zed according to procedures described in the literature (see,
Y. Langlois and P. Potier, Tetrahedron, Vol. 31 (1975),‘§?. 419-%ﬁﬁ¥3 "H
NVR (DVBO-d6) : 8.98 (1H, s), 8.30 (2H d), 7.63 (2H d), & 8anYdM <906 4 64
(2H, d), 3.88 (3H, 1H). 15 Preparation 31 6-Brononethyl-nijcotinic acid

met hyl ester Br oblaied afiermyapasiionue vaqup Bpé psed qdtheat pugficationn HABYIR (GRS ddded

slowy to a coolge@ (;FOLYH B (1Y WL L5 (HEd) um chloride bath) of
1 g, 5.¥ mol) in’ I ’ %

Preparation 30 ( n’ 't ol uene 100 mM). The reaction m xture
was allowed to warmto RT overnight and then refluxed for one hour. The

reaction m xture was cooled to RT and E&g: S égded. 25 The organic | ayer
: reparation . .
was washed with a saturated aqueous s sodi um bi carbonate, then

with water, dried over sodi uisHsdidxginethydnicotoireaeit methgdestexder reduced
pressure to yield an oil (m= 0.99g, yield 76 96) which was used wi thout
further purification. "HNWR (CDCI3) :9.18 (IH, s); 8.35 (1H, d); 7.56 (IH,
d; 4.62 (2H, s); 4.00 (3H,s) -80 16 ganuary 2006 Preparation 32 4-(1

H Tetrazol - 5-yi ) -t hi ophene- 2- car boxal d fe 5

10 The above-titled compound was synthesized according to procedures
described in the literature (see, Y. Langlois and P. Potier, Tetrahedron, Vol. 31
(1975), pp. 419-422). 'H NMR (DMSO-d¢) : 8.98 (1H, s), 8.30 (2H,d), 7.63 (2H,d), -
5.64 (1H, t), 4.64 (2H, d), 3.88 (3H, 1H).

15 Preparation 31

6-Bromomethyl-nicotinic acid methyl ester

20
Phosphorus tribromide (1.4g; 5.32 mmol) was added slowly to a cooled

solution (icefwater/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 sedium sulfate, and concentrated under
reduced pressure to yield an oil (m = 0.99g, yield 76 %) which was used without
further purification. 'H NMR (CDCl3) : 9.18 (1H, s); 8.35 (1H, d); 7.56 (1H, d); 4.62
(2H, s); 4.00 (3H,s)
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Sodi um azide (2.9 g, 44.6 mol) and TEA hydrochloride (4.13 g, 30 mmol)
were added to a solution of 5-fornyl-thiophene-3-carbonitrile (2 g, 15
nmmol , prepared according to Intern. application WD 02/26718) in DVF (50
mL). The to solution was refluxed for 12h. After cooling to RT, water was
added and the solution was carefully acidified with HC 835 solg#j n was
extracted 3 tines with Et QAc. The conbi ned organic Iayerg ?%ﬁ@"@ over
Na2SO4 and concentrated under reduced pressure to yield the desired product
as a brown solid (540 ng) which was used w thout further purification. 15
EXAMPLE | (5R *, 6S*)-6-(4-Bronmophenyl)-3-(3, 5-di chl orophenyl)-1-nethyl -1, 3-
di azaspiro[ 4. 4] nonane- 2, 4-di one 20 KOH flakes (1.3 g, 23.2 nmmol) were added
at RT to a solution of I-brono-4- (1, 4-dibronobutyl)benzene (4.08 g, 10.6
mol ) (Preparation 4) and 3-(3, 5- Preparation 32

di chl orophenyl ) - 1-net hyl i m | i di ne-2,4-dione (2.5 mol , prepared
25 according to Fujinam eqﬂgﬁﬂm@é-y&owenﬁ GPW@R@@W‘#’O m). After 30
h at RT, thes reaction mxture was poured into water and extracted with

Et OAc. The organic |l ayer was dried over Na-.B804 and concentrated to yield
an orange oil (4.98 g) which was -81 16 January 2006 chromat ographed over
silica gel (DCM pentane 50/50) to give 6- onophenyl ) - 3-

(3, 5-di chl orophenyl)- 1-methyl-I, 3-di azasgi Qo[ 4. 4] nonane-2, 4-dione (2.1 Q)
as a white solid having the relativeD%Qe g6chem stry depicted above. 1H
NVMR (CDC13): 7.45 (2H,, d, J =8.4 Hz), 7.25 (1 H m, 7.03 (2H, d, J 8.4
Hz), 6.65 (2H n), §°@Bm(a¥1dlﬁl(286 4416 mmol Fang TEA hizdrochBoride §4.23 k30, mBol) 3 (3H

2 4 2 65 TC i g n [ - -3
L a3 e Bded fo Bechuutbatod Sofflyr i bseNE L enoniwite 2 ¢, 15 mmal,

prepared accordmg 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 HCI. The solution was extracted 3 times with EtOAc. The
combincd organic layers were dried over Na,SO, and concentrated under reduced
pressure to yield the desired product as a brown solid (540 mg) which was used

without further purification.

EXAMPLE1
(3R*,65*)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-1-methyl-1,3-

diazaspiro[4.4]nonane-2,4-dione

ClI

Ci

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;SOy and concentrated to yield an orange oil (4.98 g) which was
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di azaspi ro[ 3. 4] oct ane- 6, 8-di one 10 Using the sane procedure as in Exanple 1

starting from 1-brono-4-(3-brono- 1-chloropropyl)benzene (Preparation 7)

and 3-(3,5-dichlorophenyl)-1 15 nethylim dazolidine-2,4-dione, the above

titled conmpound was obtained after reverse phase HPLC purification

(gr adient from CH3CN H2O TFA: 5/95/0.05 to CH3CN H2O/ TféJ 80/ 2%9% 05) .
"H NVR (CDC1l3): 7.44 (2H, d, J =8.4 Hz), 7.25 (1H m

fr) 052( iHZ g’ ( 1Hcl]1'r8fna®gr22p§ﬁi3 'SH’eé?l_))CNape%?ang 58/50)( t]c'p'_glwebg 8& bromophcnyl) %5 ( 2H

(5R*, 65*)-6- (4- BJQﬂmhﬁmbzﬂﬁm&t@mIxalhghrsﬂmwamoharﬂe mm (i] )asawhlte

di azaspiro[ 4. 5] decane- 2 i one 16 Januaré gD
procedure as i nSEILIAYING the wsiaye f‘FF@O‘ThPB’Fﬁ“I’ dspisted 2Rovey , %NMR( Cl?») 743 (2H

di br onopent yl ) bgnzega }ﬁf} ?25](1}!1%)97 AR, d Pﬁ%mtls@@(ﬁf)m)aﬁ‘@s?nﬁ 3ad5 ;=
di chl or ophenyl ) - 1- met hyl'i m dazol i'di ne-'2,’4-di one . the
above titleds codBdlmd wag HehthaleH. e24- Z/\ﬁﬁ(tlél sd,li&2(435111 lg) : 118C). 'H
NVR (CDCI3): 7.41 5 (2H, d, J = 8.4 Hz), 7.30 (1H m, 700(2H d J =28.4
Hz), 6.90 (2H, m, 3.03 (3H, s), 2.91 (1H, dd, Jt = 12.9 Hz, J2 = 3.6 Hz),
2.55 (1H, dq), 2.1-2.3 (111, m, 1.8-2EXAMBHE2m, 1.3-1.6 (1H, n).
EXAMPLE 4 10
(5R, 6S*) - 6- ( 4- Br omofiterfi I 7 43 Bowephenlot GhtidishloreghenyliSsathy!-5:7
di azaspi ro[ 4. 4] nonane-| - car boxy| diazaspi{3.efottabers)8-diéaé er Usi ng the sane
procedure as in Exanple | starting from 1-brono-4-(1,4- 15
di brom)butylgbenzene (153 ng, 0.4 mmol ) (Preparation 4) and 3-(3,5

cl o

\
Ci 0O Me
Br

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 CH;CN/H-O/TFA: 5/95/0.05 to
CH;CN/H;O/TFA : 80/20/0.05). 'H NMR (CDCl): 7.44 (2H, d, J = 8.4 Hz), 7.25
(1H, m), 6.95-7 (4H, m), 4.05 (1H, t, J = 10.} Hz), 3.22 (3H, s5), 2.65-2.85 (1H, br q),
2.4-2.65 (2H, m), 2.1-2.3 (1H, br q).

20

EXAMPLE 3
(5R*,65%)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-1-methyl-1,3-

diazaspiro[4.5]decane-2,4-dione

CI

Ci

25

-B2.



di chl or ophenyl ) - 2, 4- di oxoi m dazol i di ne-|-carboxylic acid tert-butyl ester
(113 ng, 0.33 mmol) (Preparation 11), the above-titled conpound was
obtained (33 ng) as a white solid. 1H NWR (CDC13): 7.48 (2H, d, J = 8.3
Hz), 7.30 (IN, m, 7.07 (2H, d, J =8.3 Hz ), 6.52 (2H, m, 4.06 (1 H dd,
J, = 13.1 Hz, J2 = 5.5 Hz), 2.35-2.6 (3H, , 20 2-2.35 H 6 (9H,
(5R*, 6S*) - 6- (4- Bronophenyl ) - 3- (3, 5-di chl orophenyl ) - 2-t hi oxo-1, 3-

di azaspi ro[ 4. 4] nonan-4-one 25 16 January 2006

6- (4- Br onophenyl ) - 3-¥ansthaisang prioegsivearngliy) Exarope 1 Rtartvigdion 1-bBemo-4-(1,5-

(Preparat i on 100 namraniepdr X2, A Bl rlition 55 Bt %on (1 o)

RT. After 5 30 #ihlotopkenybalcinkplimidataidmeviasdivaa (e §d0eambdld, (i MRvaubei ge

solid which was ed w.ith pentane to.yield opm |

o~ (4 Br omophenyT TRUEE s UralnRER iy 651 firgps 1 18°9). VMR (coC1y: 7.4

di azaspi r o[ 43 4] @biant48.drez)(230 (19, mhei.@e2snl) A 8.4 kN (FDEH3I.03 (38{,%5 (1H,
s), 7.51 (21-1,.d é{]d:JB._Afl 51121 7.%5@1&IH n} 7.19 (2H, d, J =8.4 Hz),
6.44 (21-1, m,>30 9L ddyy= 188 Ha2 = 3615, 255 (17D @), 3. 112 e H, m), 48-20%(E H; 2H,

, 1.8-2.25 (4, 3,3-1m% 1H,n)EXAMPLE 6 (SR *, 6S
*)-6-(4-Bronmophenyl ) -3- (3, 5-di chl orophenyl ) -1, 3-di azaspi ro[ 4. 4] nonan-
2,4-dione 15 Using the sane procedure as in Exanple 5,

(5R*, 6S*) - 6- (4- bronophenyl ) - 3- ;
(3,5-dichIorophenyl)-2,4-dioxo-|,3-dié%%%%##g%%.4]nonane-l-carboxylic aci d
tert- butylllester ($RHeS*}S-EBremopheibciihs dichioraphenybrkédiea-1i,3t o

(5R*, 6S*)-6-(4- . . 1. o

br onophenyl ) - 3- (3, 5- di cr‘lillag?sd)ﬁﬁogr‘fglhopfi'f%! 5?‘3’2"5@& ] rfslestero . 4- di one (58
ng). 20 "H NWR (CDCI3): 7.48 (2H, d, J = 8.3 Hz), 7.32 (1H, m, 7.18 (2H,
d, J = 8.3 Hz),

Cl O / wH
pR e
o &
KM&
Me Me

Using the same procedure as in Example 1 starting from 1-bromo-4-(1,4-

Br

15  dibromobutyl)benzene (153 mg, 0.4 mmol) (Preparation 4) and 3-(3,5-
dichlorophenyl)-2,4-dioxoimidazolidine- 1-carboxylic acid fert-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, / = 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-thioxe-1,3-

diazaspiro[4.4]nonan-4-one




6.68 (2H, m, 6.54 (1H br s), 3.22 (1H dd, Jj = 12.7 Hz, J2 = 6.2 Hz),
2.45-2.65 (2H, n), 1.9-2.25 (4H, m. EXAWPLE 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]benzonitrile -84 16 January 2006 CN A m xture of

6- (4- bronmophenyl ) - 3- (3, 5-di chl oropheny] ) -1-nmethyl -1,3 5

di azaspi r o 4. 4] nonane- 2, 4-di one (1g, 2.1 nmol) (Exanple 1)6 dARuaRY@0%&. 45
g, 5 mmol) in NWP was heated to 180C for 6 h. After cooling, the reaction
m xture was poured on a mxture @l ice and- el ‘é_llrene di am ne and extracted

twice with DCM The brown residue c hig aphed over silica gel to
yield 4-[ (5R*, 6S*)-3- (3, 5- N

di chl orophenyl ) - 1- met hyl - 2, 4- di oxo-A7;73- dl)fZNA%pi . 4] non- 6-yl ] benzonitrile
as a to beige solid. 1H NVR (CDC18): 7.68 (2H, d, g7 8.1 Hz), 7.25-7.3
(3H m, 6.67 (2H, br s), 3.45 (1H dd, J, = 12.8 Hz, J2 = 6.4 Hz), 3.16
(3H, s), 2.4-2.7 (1H-(4Pronopheyl®3-(3,5HdichidropleX@l/Rioko&-thoxo-1,3-

(5R*, 6S*)-6-Bip -3-(3,5-dichl oraphenyl )-1- hyl -1, 3-

di azaspi r o[ 4. 4] 5 %gﬁ%[étflqﬁnﬁéed GRS 1%{:{%‘;{*@%)’1 ester (13 m, 741””‘01)

(5R*, 6S*) - 6- (4- rropwalarny) waéac(dsd Erdrmmmm@rmme nysﬁﬁmbul(tmﬁet RT After

1, 3- dlazasplro[g gﬁnggane 4-di one , 0.17 mmol

phenyl bor oni ¢ act BUY 4§ reAgtioymgxtyrrayas CO'(CWSEFSMP@’W%&& S"bd B’flws)w%l?f’d'
K2003 (8O Iy, Ot pBAIRAS Lo yIdRE--Bh iAoy PAES, Slh&ld?&ﬂheﬁ?@-ﬂtﬁb%- 1350 1) was

heated at 80C for he i nsol ubl'e materi al ., was ered off and the
filtrate concenfiazasgigoldAlnogan-4one EHamsdreigshglid)- 'H NMR (CDCly) : 8.39 (1H, s),

(5R*, 6S*) - 6- bi pheny}4 dyj—%'4ﬁzﬁ7@58m{ﬁgqglfaggra%%)d ?H@& iy émﬁ(ﬁ? m), 3.36,

di azaspi r o[ 4. 4] nonane- 2 di one tained as‘a I'te
NMVR - 85 (1H, dd, J; = 12.9 Hz, J; = 6.1 Hz), 2.45-2.65 (2H, m), 1 8 2.25 (4H, m).
10
EXAMPLE 6
(SR*,65*)-6-(4-Bromophenyl)-3-(3,5-dichlorophenyl)-1,3-diazaspiro[4.4]nonan-
2,4-dione

Using the same procedure as in Example 5, (SR*,GS*)—6-(4-br0mophenyl)—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 (5R*,65%)-6-(4-
bromophenyl)-3-(3,5-dichlorophenyl)-1,3-diazaspiro[4.4]nonan-2 ,4-dione (58 mg).

20 'HNMR (CDCl3): 7.48 (2H, d, J = 8.3 Hz), 7.32 (1H, m), 7.18 (2H, d, /= 8.3 Hz ),
6.68 (2ZH, m), 6.54 (1H, br 5), 3.22 (14, 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-yllbenzonitrile
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16 January 2006 (CDCL3) : 7.5-7.6 (4H, n), 7.3-7.5 (3H, n), 7.15-7.3 (3H,
2 = 6.

m, 6.64 (2H, m, 3.45 (1H, dd, J1= 12.4 Hz, J
m, 1.8-2.45 (5H, m. EXAMPLE 9 5
(5R*, 6S*)-3-(3,5-Di chl orophenyl)-6-(4"'-fl uorobi phenyl -4-yl)-1-nethyl-1, 3-
di azaspi ro[ 4. 4] nonane- 2, 4-dione F Using the procedure de
8 (5R*,6S*)-6-(4-bronophenyl)-3 to

(3, 5-di chl orophenyl)-1-nethyl -1, 3-di azaspi ro[ 4. 4] nonane- 2, 4-di one (80 ng,
0.17 mmol) (Exanple 1) was reacted with 4-fl uorophenyl boronic acid (71.4

2.5-2.75 (I H,

1 Hz), 3.18 (3H,

ng, 0.51 mmol) to yield the above-titled conpound (12 ng) as a white

solid. 1H NWR (CDCI3) : 7.45-7.55 (4H, m, 7.05-7.25 (5H m, 6.62 (2H,
m, 3.46 (1H, dd, J1 = 12.9 Hz, JXIz 6.3
m, 1.85-2.45 (5H, n). 15 20 EXAMPL

4-[ (5R*, 6S*)-3-(3, 5-Di chl or ophenyl) N
ec-6 yl]-benzonitrile CN Using thq” ane c;oif' as in Exanple 7 starting
from (5R*, 6S*) - 6- ( 4- ©

br omophenyl ) - 3- (3, 5-di chl or ophenyl ) - 1- met hyl - |
2.3 mol) (Exanple 3) and CuCN (0.38 g, 4.2 mmol ), the
above-titled -86 16
(0.8 g, mp = 192C).
(3H, m, 6.89 (&aikkaspiyo[43]ddane3A-didhe (13, 0.2 m{moli(Exdfhplelt) ard CAEN!

dione (1 g,

.nl\H

IOk AR SSREAS S BR ARLIE S 2,20,

Hz), 2.6 (1H, d 2.1-2. 3 (1H . 8-2.05 (5H, , . 1.3-1.6
) ( gzﬂol) 1n }VI\Z'P was( heafedqg 18OJ°C for 6 h. After coolir;?g, the reaction mixture was

15

20

25

poured on a mixture of ice and ethylene diamine and extracted twice with DCM. The
brown residue was chromatographed over silica gel to yield 4-[(5R*,65%)-3-(3,5-
dichlorophenyl)-1-methyl-2,4-dioxo-1,3-diazaspiro[4.4]non-6-yl]benzonitrile as a
beige solid. 'H NMR (CDCls): 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, 5), 2.4-2.7 (1H, m), 1.8-2.4
(5H, m).

EXAMPLE 8
(5R*,65%)-6-Biphenyl-4-y1-3-(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-
1,3-diazaspiro{4.4]nonane-2,4-dione (80 mg, 0.17 mmol) (Example 1), phenylboronic
acid (73 mg, 0.6 mmol), (Ph;P)sPd (20 mg, 0.02 mmol) and K,CO5 (80 mg, 0.6
mmol) in a mixture of DME (1.5 ml) and water (50 pl) was heated at 80°C for 12 h.
The insoluble maierial was filtered off and the filtrate concentrated. After
chromatography, (5R*,65%)-6-biphenyl-4-y]-3 -(3,5-dichlorophenyl)-1-methyl-1,3-
diazaspiro[4.4]nonane-2,4-dione (20 mg) was obtained as a white solid. 'H NMR

-85-
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3.18 (3H, s), 2.5-2.75 (1H,

i oxo-1|, 3-di azaspiro[4.5]d

N
,3-é€azaspiro[4.5]decane-2,4-

2 = 3.5
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. 5 10 EXAWMPLE 11
4-[ (5S*,9R*) - 1- Acetyl - 7- benzyl - 3- (3, 5-di chl or ophenyl ) - 2, 4-di oxo-1, 3,7
triazaspiro[4.4]non-9-yl]-benzonitrile TFA (721, 0.9 mml) was added to a
cool ed solution (5C of Preparation 15 (4.15 g, 10.4 mml) and

N- (et hoxymet hyl ) - N- (tri met hyl silyl net hyl ) benzyl am ne 1]69«)8 1)
in DCM (200 nl). After 20hat RT, the solutlon was washe 'E‘ ut ed
anmoni um hydroxi de and water. The organic |a was dried over Na2804 and

concentrated to GD&lQ: 3557(3@ (4. 1, B3g)5 G ans 7@!@%@1 grddHed).cvSr(1H; | i ca
gel (el uent ce ORL | t SRR as a
white solid (3Dq¥!ﬂ f?r{‘ﬁz.g %)I.HQ) Xlﬁ/&%é&%ﬁa%?yﬁt{é ?%Hfgd rl]]%8 3 Hz),
7.45 (2H, d, J=6.9 Hz) 7257.40(6Hn)653(2HdJ:15Hz)462
(1H, dd, JZ = 10.3 Hz, J2 = 7 Hz), J =13.1 Hz), 3.79 (IH,
d, J=1 Hz), 3.70 (1H, d, J =1osz)A‘l’§§3A@f—% (2H, m, 3.02 (1H, d, J=
10.2 Hz), 2.31 (3H51§‘)65*25—(EXANHHE|-okﬂtenyl)-6 (4’ -fluorobiphenyl-4-y})-1-methyl-1,3-
4-1(5S*, 9R*) - 7- Benzyl - 3- (3, 5-di ch) or |oxo 1,3,7

triazaspiro[4. 4] non-9-yl]- benzonp pg"’i‘ng‘aﬂmﬁ SH98 A nmixture of Exanple
11 (8.9 g, 16.7 mml), TEA (3.8 nl) and pyrroI|d| ne (2.2 m) in THE (270
m) was refluxed for 2 h 30 mn. The m xture was concentrated 5 in vacuo

and taken into DCM then washed v&lf h vvatr e organic |ayer was dried
over MgSO4 and concentrated. The r t| 4

d} "r"bl was chromat ogr aphed over
silica gel (eluent : DCM MeCH 95/ @ Re above-titled conpound
(9.3 g as a white solid (np = %I' MR |> 50-d6) : 9.32 (1H, br s),
7.84 (2H, d, J =8.2 Hz), 7.60 (CJ!H O 7252 777" H m, 6.74 (2H, d, J =
1.9 Hz), 3.65-3.9 (3H, m, 3-3.3

F
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-titted compound (12 mg) as a while solid. 'H NMR (CDC(Cl13)
: 7.45-7.55 (4H, m}, 7.05-7.25 (5H, m), 6.62 (2H, m), 3.46 (IH, dd, J; =129 Hz, J; =
6.3 Hz), 3.18 (3H, 5), 2.5-2.75 (1H, m), 1.85-2.45 (5H, m).

EXAMPLE 10

4-[(SR*,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-titied
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10 (4H, m. EXAMPLE 13

(5S*, 9R*) - 7- Benzyl - 9- (4- br onmophenyl ) - 3- (3, 5-di chl orophenyl )-1, 3,7
triazaspiro[ 4. 4] nonane-2, 4-dione 15 Using the sane procedure as in Exanpl es
11 and 12, but using Preparation 16 instead of Preparation 15, the
above-titled conpound was obtained as a white solid. 20 1 aJQNRa& de) :
10.3 (1 H, br s), 7.79 (2H, d), 7.62 (3H, m, 7.35-7.55 (!’, , : . (2H,
d J =8.4Hz), 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. -88 16 January 2006 EXAMPLE 1.4

4-[(5S*, 9R*) - 7- &%%Mﬁd@a&&tén&ﬂﬁfd'»ﬂﬁt@@&w@g,%ﬁm&wb} ZH‘}\IMRQZS‘?)G;) 7.59

1,3,7-triazaspiro[4. 4] non-9 ‘2/ benzonitrile 5 2 (6 12. 7
mol ) was addedZHedd/ s&3Fkmsi 763 (%W)(@@ﬁ/ﬁfh m)o3 04(%1 353@2(118 tBi frvol ) in

dry DMF (60 m )uﬁﬁ{&% =3 981 %(1ﬁeéq23@129q119§8f]t82263 i, % h) @

added. After 48 hé mxture was concentrat i n vacuo 10 into
DCM and wat er. mhe organic | ayer was dried over MgSO4 and concentrat ed to
dryness. The residue was chromat ographed over silica gel (DCM acetone 95/5)
to vyield the above-titled corrpound (5.1 g as a white solid (nmp = 164C).
1H NMR (CDC13) : 7.61 (2H, d, J 8. EXAMNIPLE.115- 7. 4 (8H, n) 6.65 (2H, d,

EIL.b69HZH)Zj 31; Eﬂ%ﬂ)ﬁ(fg *@,—qucetyl-J7-benzyl-é—&-dﬁlorophenyé-z 4-d,0x0_1 3, 7?8 (2H d,

J =
J =

4-[(5S*, 9R*) - 3- (3, 5- Di chl or oplipiaydspirddBadhd-yB-Henshierfle
1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile

cl o N
ci o J)T_ e

TEA (72ul, 0.9 mmol) was added to a cooled sotution (5°C) of Preparation 15

(4.15 g, 10.4 mmol) and N-(methoxymethyl}-N-(trimethylsilyimethyl)benzylamine
(2.9 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,SOy
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 (CDCls) : 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, J = 1.5 Hz), 4.62 (1H, dd, J) = 10.3 Hez, J; = 7 Hz),

20 4.04(1H,d,J=13.1 Hz}),3.79 (1H,d, /=1 Hz), 3.70 (1H, d, J = 10.2 Hz), 3.40-3.50
(ZH, m), 3.02 (1H, d, J = 10.2 Hz), 2.71 (3H, s).

EXAMPLE 12

4-[(55*,9r*)-7-Benzyl-3-(3,5-dichloropheny})-2,4-dioxo-1,3,7-

25 triazaspiro[4.4]non-9-yl]-benzonitrile
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20 1-Chl oroethyl chloroformate (4.4 m, 40.3 mmol) was added to a cool ed
(5C) solution of Exanple 14 (5.1 g, 10.1 mmol) in DCM (250 m ). After 1
hat 5C, the reaction mxture was stirred at RT for 20 h. The sol ution was
concentrated to dryness 25 and then refluxed in MeOH (350 m) for 3 h.
After concentration in vacuo, the oily -89 16 January 200& JrESIdEﬁ
triturated in Et20to give the hydrochloride of the desir 9 4 9
g). After basification, the product was chromat ographed over S|I|ca gel
(DCM MeOH 90/10) to yield the above-titled c und (3.35 g) as an

anor phous solid. "HNWR (CDO3) : 7.64 (2H, =84 Hz), 7.25-7.32 (3H,
m, 6.72 (2H, d, J = 2 Hz), 3.6-3.75 5 (2H, 3.35-3.55 (3H, m, 3.20
(3H, s), 2.16 (1H, br s). EXAWPL 15A ;ND B Cowpound 15 was resol ved
into its enantiomers Exanpl es 15A\and 158, ¢ C using HPLC, a

Chi r al pak- AD col um, and sol vent ey oty to MeOH Et OH or
carbondi oxide : MeOH There are n ou H erhafi vEEmays of resol ving
conpounds of the present inventigp intogtheir enantionmers. 15 20 Exanple
15a 4-[(5S,9R)-3-(3,5-Di chl orophenyl)-1-methyl -2, 4-di oxo

1,3, 7-triazaspiro[4.4]non-9-yl]-benzonitrile Retention tinme on a

ghi rDaI_pi.kgéDZCE)ICUT RSI n%gﬁo Iﬁ%ﬁgl g)il(g% g, I}/g%moi) T%I. &rg m_ll) angpyrroh lrrlleUt es.
4-1(5R 9S9)-3-(3(h2 BIIPlWTQ{lUGIh@ﬂ'N'ﬂ waskefiBded ¥br-2h 30 S ABe mixture was concentrated

1,3,7- trlazasp|r0[4 41 non-9-yl ] -benzonitrile 25 . .
in vacuo and taken into' DCM, then washed with water. The organic layer was dried

over MgS0, 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
(55*,9R*)-7-Benzyl-9-(4-bromophenyl)-3-(3,5-dichlorophenyl)-1,3,7-

triazaspiro[4.4Inonane-2,4-dione

. :
Q NH Br
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-ds) : 10.3 (1H, br ), 7.79 (24, 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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-90 16 January 2006 Retention tinme on a Chiral pak- AD col utm usi ng

car bondi oxi de: MeOH as eluent is 13.31 mnutes. [ a ]Jo =- 96.5 (¢ = 1,
MeOH) 5 EXAMPLES 16-21 C C Me 0 CN 1) RCOCI or RSO2CI PS-DIEA resin 2)
PS-trisamne resin (lac) R9=COR or SO2R 10 A solution of Exanple 15 (12.4
ng, 0.03 mmol) in |l mM THE was added to the acid or sulf&gyhlél chl og{'}&gs
(0.045 mml ). After addition of the supported base PS- DI RNUEHHAYYC 3.56
mol /g, 15 ng, 0.05 nmol), the suspensions were agitated overnight at RT.
The scavenger PS-trisam ne (Argonaut, 3.65 nmmollg, 36 ng, 0.13 nmol) was
t hen added and the m xtures were filtaresvaireig overnight agitation. Wen
15 necessary, the resul i*&%*sol utions were treated with PS-1socyanate
(Argonaut, 1.44 mml4f[é5 g Bepzylgd-udslichlopephenyhitl - methihadrtiexohavi ng t he
above formila (lac), wherei naRarfiaspldrsHabdios 1l bbbl Tabl e 1, were
obtai ned after filtration and evaporation to dryness. For each conpound
the purity and the LC Mass results are reported (LCMS conditions : LC

M cromass platform (APCI +, DAD (210-400 nm)), 20 Columm : TSK gel Super
DS 4.6 MmIDx 5 cm Flowrate : 2.75 nL / G adient : from 100%
eluent Ato 100%eluent Bin 2 mn., with a au with 100% eluent B
during 1 mn. Eluent A: H20 (0.05% TFA), uent B: CH3CN/ H20O/ TFA

N
Q N, =N
I

Me
5 Ci

Example 12 (6.25 g, 12.7 mmol) was added to a suspension of NaH (60% in
0il, 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

16 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
(CDCls): 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).

EXAMPLE 15
4-[(55%,9R*)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-

1,3,7-triazaspiro[4.4]non-9-yl]-benzonitrile

I

O

N —

N‘ ==

}/ Me N
8]

20 Cl

1-Chloroethy] 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 mi). 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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(80/20/0.05)). 25 TABLE | CN -91 16 January 2006 Quan.PurityRet. Ex.ROQt her
(ng) (Wtime 16Y S N N 4.3902.09688 (Mrl) S| AN~ S-CH3 H3C 'H NWVR

(cDA 3): 7.9 (2H,d), 7.7- 7.5 (5H, ), 17S~13.71002.247.3-7.1 (3H, m), 6.6
(2H, s), 4.0-3.65 (5H, m, 3.15 (3H, s) 0 1819.9872.07

16 January 2006

residue 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, 5), 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
4-1(58,9R)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-
15 1,3,7-triazaspiro[4.4Jnon-9-yl]-benzonitrile

D;Nr“kl\fle =N
(o] O

Retention time on a Chiralpak-AD column using carbondioxide: MeOH as

cluent is 5.74 minutes. { o }lp=+95.2 (¢ =1, MeOH)

20

Example 15b
4-[(5R,95)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-

1,3, 7-triazaspir0[4.4]n0n-9—yl]-benzonitrile

DHC-




0 191 ~ 11.7742.08 Ni 0 20Br1.8952.1 O- O 21jrSN~YCH 11.31001. 96573 ( M+1)
3 N CH3 EXAMPLES 22-24 -92 16 January 2006 d O CN1) 'S~ ~~~ O ~~S R ||
-l 1/ \ ieo CI PS-DEA resin 2) PS-isocyanate resin CN (lad) A solution of
Exanple 15 (18.7 nmg, 0.045 mmol) in 1 mM THE was added to 5 the sulfonyl
chlorides (0.03 nmml). After addition of the supported ba?@éPSGDI- 6
(Argonaut, 3.56 nmmoUg, 15 ng, 0.05 mmol), the suspensions & aai ed
over ni ght

Retention time on a Chiralpak-AD column using carbondioxide: MeOH as

eluent is 13.31 minutes. [ & Jp=—96.5 (c = 1, MeOH)

5 EXAMPLES 16-21

R
N 1) RCOCI or RSO,CI 1

CI o s = Ct N
i /—CN I 2 4
t \ ¥/ = ~=
N N PS-DIEA resin N \
¥ Me N. /CN
cl 0»’ Me

2) PS-trisamine resin

{lac})

R,=COR or SO,R

10 A solution of Example 15 (12.4 mg, 0.03 mmol) in 1 ml 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, .13 mmol) overnight. Compounds having the above formula (lac),
wherein Rg has the values listed in Table 1, wére 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;0 (0.05% TFA), Eluent B : CH:CN / H,O/TFA
(80/20/0.05)).

25 TABLE 1

9]-




at RT. The scavenger

nmol )
desired

PS-i socyanante (Argonaut,
was then added and the m xtures were agitated overnight at RT. The
conpounds having formula (lad),

1.44 mol /g,

90 ng,

0.13

wherein Ri se and R Bb have the

values listed in to Table 2, were obtained after filtration and evaporation

to dryness. For each conpound, the purity and the LC Mas 6Uesult%®'
reported (LCMS conditions : LC M cromass pl atform (APCI ; 400
rim), Colum : TFSKk—gel—Super—EBS—4—6—nm oW f-aie— Z#U._
mn, Gadient : fr fp 100% el ueny A to 100%@%%?‘“5% Lmiln. le h a
pl ateau with 100%0 e uent B during 1 mn. E U(ﬁ-!%§ Aéx%)lﬂ) EHaf (0. 05% TFA) ,
El uent B : CHI CNi. 1 TEA(80/.20/0.05)) A 2
Ex.Rt|.R stJan Puri tyRet O her (m) (Nting 22- Q2H Of7. 3801. 72
23- H CO2H15- 180215 ' H NyR CDClB) 8.6 (1H, s), 8 36{(1H, d) } 8.1 (1 f
d), 7.7 24-COrH H10.8882.\ t) 76(2H d)| 3712( 2142 I
(2H, s), 4.1-3.5{(3f |mk~ 28(3 - 93 f164Januald >o@@9aarﬁ8f5 AR
3-[(5S, 9R) - 9- (4- Cyanophenyl éga rophenyl ) - 1{met hyli- 2 4- di oxo
triazaspiro[ 4. 4] ponang- 7- sul fo J: béﬁ acid
'H NMR
(CDCI3): 7.9
(2H,d), 7.7-
7.5 (5H, m),
17 \\/ 137 | 100 | 224 |73-7.1CH,
2/ m), 6.6 (2H,
s), 4.0-3.65
(5H, m), 3.15
(3H, s)
O
18 (b 9.9 37 2.07
O
19 11.7 74 2.08
7
N.__=
Q
Br
20 | = 1.8 95 2.1
, =
Q\\/O
21 22/ X_‘ch 113 | 100 | 1.96 573 (M+1)
CH,

EXAMPLES 22-24
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OHdA CN 5 To a m xture of

4-[(5S,9R) - 3- (3, 5-Di chl orophenyl ) - 1- net hyl - 2, 4-di oxo-1, 3,7
triazaspiro[4.4]non-9-yl]-benzonitrile (Exanple 15a) (0.11 g, 0.26 mmol)
and (3- (Chlorosul fonyl)benzoic acid (0.058 g, 0.26 mml) in acetone and
water (1 : 1 nL) was added sodi um bi carbonate at roomte ratur e
reaction mxture was stirred at roomtenperature for for?@ﬁﬁﬁﬂﬁqyg?sqow
guenched by the slow addition of IN 10 hydrochloric acid (I nL) and
partitioned between DCM (2x20 nL) and brine (25 nl). The DCM | ayer was
dried over sodium sylfate, concentratgdgand col um pg{i fied using Bl ica

gel chromat ography lusi ng DCM and MeOH W6 yi el gl the titl] ed c(p\rﬁpo (0.12
g). Retention ti gﬁS mg. YMC B5¢Co Creen ODSfj4.16 5078 s Ut
gradient). Solve OH, 90% wat | 0. O Qf 1§ 15 aci d.

Sol vent B = 90% M OH, ter and_0.2% phasphoric acid 3
3-[(5R, 99) - 9- (4- Cyanbphpe - 3- (3 5-rdibEAIrsophenyl ) - 1- nBt W 2 4-dioxo-1 3
7 triazaspiro[4.41nonane- ul f onyb)eshanztGesci d 20 OH Cl January 2006
Exanpl e 24b was made in a Bimlar fashion to what is descri bgl i n Exanpl e
24a starting from N
4-[ (5R, 9S) - 3- (3, 5-di chl orophenyl ) - 1- net hyl - 2, 4- di oxo- 1, 3, 7-{iad)
triazaspiro[4.4]non-9-yl]-benzonitrile (0.404 g, 0.97 mmol) (Exanple 15b)
to yield 5 0.331 g of the titled conpound. Retention tinme: 3.36 mn. YMC S5
ODS 4.6 x 50 mMm (4 mnute gradient). Solvent A = 10% MeOH, 90% wat er and
0. 2% phosphori ¢ aci dA sol@inueEixaBple 19Q98. MagH).04DAmvBtie N ndlMHOw24dgbdsphori ¢

acid. to EXAMPLES 25-3 :
t'I:Te suzl?onyl(schlondes (0.03 mmol). After addition of the supported base PS-DIEA

Cl

(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 Ryg, and R4 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 H;0(0.05% TFA), Eluent B : CH2CN / H,O / TEA (80/20/0.05)).

TABLE 2
Ex. R R Quan. Purity Ret.
X 18a 18h (mg) (%) time Other
22 —CO.H —OH 7.3 80 1.72
23 -H —CO;H 15.1 80 2.15
'"H NMR
(CDCl;): 8.6 (1H,
s), 8.36 (1H, d},
8.1 (1H, d), 7.7
24 | —coH | - 108 (IH, 1), 7.6 (21,
2 H 0.8 88 2.07 d), 7.3-7.12 GH,
m), 6.7 (2H, s),
4.1-3.5 (5H, m),
3.2 (3H, s)
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C PS-carbodiimde resin CN 2) PS-trisamne resin (lae) 15 To a suspensi on
of PS-carbodiimde (Argonaut, 0.96 mmol/g, 74 ng, 0.071 nunol) in 0.33 m
of hydroxyazabenzotriazole solution (150 nM DCM (25% DVMF), 0.05 nmol),
were added 0.5 nml of the acid solutions (66 mM DCM {20% DMF), 0.033 nmol)
and 0.25 nil of a solution of Exanple 15 (120 mM DCJ\/I(ZOOW %83%
nmmol ). After 24 h at RT, the mxtures were treated with P PE%W\
(Argonaut, 20 3.65 mmol /g, 65 ng, 0.24 mmol) overnight. After evaporation
to dryness of the filtered off sol utloﬁﬁf_ﬂﬂ&%ﬁ)unds having the fornul a
(lae), wherein Rho $.64.¥3 3 . bl € E]&b‘{_%;}g_ iny SCX
cartridge purificatron. '

conpounds were first treateﬁliﬂﬁfi&lﬁﬂm_fiﬁﬁéﬂﬂﬁﬂ!t__ﬂm_uti_mcfcbr 2 h at RT. 25

TABLE 3 Quantity Purity | Retention Ex. Rib M5 (Mgl) (m) (%9 tine CN

Ct O OH
o o,:._: éf
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 reaclion mixture was stirred
. atroom temperature for forty minutes, quenched by the slow addition of 1N

10 hydrochloric acid (1 mL) and partitioned between DCM (2x20 mL) and brine (235
mL). The DCM layer was dried over sodium sulfate, concentrated and column
purified using silica gel chromatography using DCM and MeOH to vield the titled
compound (0.12 g). Reteniion 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-[(SR,95)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2.4-dioxo-1,3.7-

triazaspiro{4.4]nonane-7-sulfonyl]-benzoic acid

20

Ci e OH

S



-95 16 January 2006 NHZ 2514.3951.83534 NH 26Z 15.7951.88534 \ O 273
14.8951. 73528 ~ N HZN 2815. 6961. 76548 29\ NHZ15951. 75548 HZNO
30N16901. 75569 CH3 31~-0 N15.5971. 76540 ~CH 323 14.4971. 73540 N

33PM0. 7811. 75538 CH3

10

20

5

16 January 2006

Example 24b was made in a similar fashion to what is described in Example
24a starting from 4-[(5R,95)-3-(3,5-dichiorophenyl)-1-methyl-2,4-dioxo-1,3,7-
triazaspiro[4.4]non-9-yt]-benzonitrile (0.404 g, 0.97 mmol) (Example 15b) to yield
0.331 g of the titled compound. Retention time: 3.36 min. YMC $5 ODS 4.6 x 50 mm
(4 minute gradient). Solvent A = 10% MecOH, 90% water and 0.2% phosphoric acid.
Solvent B = 90% MeOH, 10% water and 0.2% phosphoric acid.

EXAMPLES 25.36
HTG
0
Cl
1) R,;CO.H
PS-carbodiimide resin
2} PS-trisamine resin cl

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 m! 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,
3.65 mmol/g, 65 mg, 0.24 mmol) overnight. After evaporation to dryness of the
filtered off solutions, compounds having the formula (lae), wherein R;¢ has the values
listed in Table 3, were obtained by SCX cartridge purification. For the N-Boc and/or
CO2tBu protected acids, the compounds were first treated with DCM/TFA (1:1)

solution for 2 b at RT.

TABLE 3
Quantity | Purity | Retention
Ex. Ris (mg) (%) time MS (M+1)

-O5.




3414.1951.87570 \ / 35N-CH321901. 97562 H3C 36i

EXAMPLE 37 5-[(5St, 9R

X) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl or ophenyl ) - 1- et hyl

19.4942. 11562 ,CH3 N CH3

-2,4-d ioxo-1, 3, 7-

triazaspiro[4.4]non-7- ylnethyl) t hi ophene- 3-carboxylic acid 5 -96 16
-t hi ophenecar boxylic acid (45 ng

January 2006 5-Fornyl -3
added to a

suspensi on of sodiumsulfate (100 ng) and Exa

9 mmol

6 g A oy

0.24 mm|) in 125%!-_:/_4 ) After 20h at room-tem I"Qflll"v sodium-
triacet oxybor ohydrilde (| ) was [added, and the Jeaction
m xture was stirred 2zt e fors 24h.9sMat pr mes tihensadded, and
the reaction m xtute wgs aci bubbl i ngf SC2 through it. The orjgani c
| ayer was separ at e@—ang—the eots—tayer—extracted—t tHh—bEM—The
conbi ned organic | ayg 9 i L h wmgfer, dgd edl o sddl uRy40
sul fate, and concentr at Y 0 solidwas cryst f?lzed in MOH to
yield the desired conround as; Ite cfystals {(120 ng). 188C. Exanpl e
37a 27 14.8 95 1 73 528
S-[(SS, 9R) - 9- (4- Q/énnphpnvl ,-’%- 5-dichl oraphenyl) - 1t net hyl -2, 4- di axad- 1, 3,
7 15 triazaspiro[4j4] non-7- yI yI] t hi opheng- 3- car bpxylic &gcid

28 15.6 96 1.76 548

29 @/\NHz s 95 1.75 548

QO
H,N
30 \'JEPD 16 90 1.75 569
CH;

31 E/CN) 15.5 97 1.76 540

32 %CN’C% 14.4 97 1.73 540

33 %@ 9.7 81 1.75 538

34 &@j 14.1 95 1.87 570

35 @N’CH3 21 90 1.97 562

36 /h 194 94 2.11 562

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

-06-



G A To a solution of

4-[(5S, 9R) - 3- (3, 5-Di chl orophenyl ) - 1- net hyl - 2, 4- di oxo-1, 3, 7-
triazaspiro[4.4]non-9-y]j-benzonitrile (0.1 g, 0.24 nmmol) (Exanple 15a) in
1,2-DCE 20 (4 m-) were sequentially added 5-Fornyl-3-thi ophenecarboxylic
acid (0.045 g, 0.29 mmol) and sodium sulfate (150 nys) unéigr a mnéd en

at mosphere at room tenperature. The contents were stirredP d8nNH@ym®00
tenperature for twenty hours and -97 16 January 2006 sodi um

triacet oxyborohydride (0.075 g, 0.336 mmol) was added. The reaction was
allowed to continue at roomtenperature for six d@drs and quenched by the
addition of water (15 nL). DCM (15 nL) was a d, and sul furdi oxi de gas
was bubbled through the reaction m xture forlt m nutes and the contents
transferred into a 5 separating funnel. The orj"ani c layer was separated,
washed with brine (2 x 20 nL), @ried ayer Modiumsulfate, concentrated
under reduced pressure and purifi&d. by 8ili¢a ~gel colum chromat ography
using DCM and McOH to yield 0.1 I t1g anpound. Retention tine:
3.09 mn. YMC S5 Conbi screen 4.6 n}fr{‘% i T ‘“‘ngr adient). Solvent A =
10% MeCOH, 90% wat er and 0. 2% phadphori @acid. Solvent B 10 = 90% MeOH, 10%
wat er and 0. 2% phosphoric acid. Exanple 37b

5-1(5R, 9S) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl orophenyl ) - 1- net hyl -2, 4-d
ioxo-1,3,7 triazaspig. shér = hi -3 i acid CO2H
15 1 d Exanple 37bsr%@yﬁ}ﬂgagh%nagag%wréa%c@Jgg%ﬁﬂg gﬁn \,\,ﬂg{" Qélj‘)}s&\ﬁlaae%cari bed for
Exanpl e 37a, Sstugpqnpiﬁgofsc@mm sulfate (100 mg) and Example 15 (100 mg, 0.24 minol) in 1,2-

4-[(5R 99) - 35 (3pepeh G, RHAPRRW L dointieBLedke, Sodlal 1 2% Rodyidrdhiydride (75 ma,

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 McOH to yield the

desired compound as white crystals {120 mg). mp = 188°C.

Example 37a
5-[(58,9R)-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

Cl
To a solution of 4-((55,9R)-3-(3,5-Dichlorophenyl)-1-methyl-2 4-diox0-1,3,7-
triazaspiro[4.4]non-9-ylJ-benzonitrile (0.1 g, 0.24 mmol) (Example 15a)in 1,2-DCE
20 (4 mL) were sequentially added 5-Formyl-3-thiophenecarbox ylic 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

-97-



triazaspiro[4.4]non-9-yl]-benzonitrile (0.1 g, 0.24 mmol) (Exanple 15b).
Yield = 20 0.091 g. Retention tine: 3.68 mn. YMC S5 ODS 4.6 x 50 mm (4

m nute gradient). Solvent A = 10% MeOH, 90% water and 0. 2% phosphoric
acid. Solvent B = 90% MOH, 10% wat er and 0. 2% phosphoric acid. EXAMPLES
38-48 25 -98 16 January 2006 5 CN (lac) Conmpounds havi ng ;lae f or my b(nl ac)
were prepared, wherein R9 has the values |isted in Tabl e'@AaNHay, e
same procedure as_for mpl e 37, starting from Exanple 15 and the

appropriate al dé%%ér“’(‘i?‘okﬂioméﬂdcr@éﬂﬁm 335@@@9@5%@%&%%@&%8
02-[(5S*, 9R¥) - 931@&«»@{@@&%@8)@ rbom"gg’pe(‘:ﬁué 16k s%llx(g{r@m ¥Ill&] %bﬁhm%\b' te

solid. nmp 2, 4-dioxo-1, 3, 7- nmet hyl - |op ene carboxylic
acid Q2-[(5S*, gRE\)Iatg:((lﬂ,.rr@aHSMq@ ﬁyrpl_)).was added and sulfurdioxide gas was bubbled

HCB- (3, 5- di chi th%l% é.%aém Fmte %@ggﬁgﬁﬁlgﬁ tﬁ@cog%ms‘%%ﬁﬂgd et -

trlazasp|r0[4 4 -yl et op ene- oxyI c acid
separating funnel. The organic layer was separated, washed with brine (2 x 20 mL)),

dried over sodium sulfate, concentrated under reduced pressure and purified 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,95)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyi-2,4-dioxo-1,3,7-
triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carboxylic acid

COH

cl Q

15 Ct

Example 37b was made in a similar fashion to what is described for Example
37a, starting from 4-[(5R,95)-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

-08§-




O-")4-[(55*,9R*)-3-(3,5- Dichlorophenyl)-I-methyl-7-(2-Wite solid. np
nmor phol i n-4-yl - benzyl ) -2, 4-di oxo- 40011, 3,7-triazaspiro[4.4] non-9-yl]-=
207C fbenzonitrile CH34-[(5S*,9R*)-3-(3,5- Dich | orophenyl)- |
-met hyl - 7- (6- Nnet hyl - pyridin-2-ylnethyl)-2,4-Beige solid. np

41di oxo-1, 3, 7-tri azaspiro[ 4. 4] non-9-= 80-84C yl]-benzonitril

OB- [ (5S*, 9R*) - 9- (4- Cyanophenyl ) - Of f-white sol i d. 3-(3,5-di@hf%\“@ﬂh8ﬂ9@)- |
-nmet hyl - 42S 2,4-dioxo-1,3,7-np = 270C OH triazaspiro[4. 4] non-7-yl methyl |-
thi o hene-2-carbox lic ¢ acid [4-[(5S*,9R*)-9-(4-Cyanophenyl)-Of-white
solid. 433-(3,5-dichlorophenyl)-I-nethyl- 2gr4-dioxo-1,3,7-np = 246C tri azas
iro[4.4]non-7- (nmeth I]- -99 16 January 2006 Ophenoxy }-acetic acid QI CH
f-whte i d.

@B-[ (5S*, 9R*) - 9- (4- Cyanophenyl)
44CB- (3, 5-di chl or ophenyl ) -1 -net hy

Cl

CN ac)

Compounds having the formula (Jac) were prepared, wherein Rghas the values

listed in Table 4A, using the same procedure as for Example 37, starting from

Example 15 and the appropriate aldehydes or ketones.

TABLE 4A

Ex. #

Compound Name

Data

38

2-[(55*,9R*)-9-(4-Cyanophenyl)-
3-(3,5-dichlorophenyl)-1-methyl-
2.4-dioxo-1,3,7-
triazaspiro[4.4]non-7-ylmethyl]-5-
methy!-thiophene-3-carboxylic
acid

White solid. mp
=150°C

39

2-1(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

White solid. mp
= 160°C

40

4-[(55*9R*)-3-(3,5-
Dichlorophenyl}-1-methyl-7-(2-
morpholin-4-yl-benzyl)-2 4-dioxo-
[,3,7-triazaspiro[4.4]non-9-y1]-
benzonitrile

White solid. mp
=207°C

41

4-[(55*,9R*)-3-(3,5-
Dichlorophenyl)- 1-methyl-7-(6-
methyl-pyridin-2-ylmethyl)-2,4-
dioxo-1,3,7-triazaspiro[4.4]non-G-
yl}-benzonitrile

Beige solid. mp
= 80-84°C

42

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-2-carboxylic acid

Off-white sohid.
mp = 270°C

43

{4-[(55* 98 *)-9-(4-Cyanophenyl)-
3-(3,5-dichlorophenyl)-1-methyl-
2. 4-dioxo-1,3,7-
triazaspiro{4.4]non-7-ylmethyl]-

Off-white solid.
mp = 246°C

-0G.




OH2, 4-di oxo-1,3,7-np 179-182 C triazaspiro[4.4]non-7-yl nmethyl ]-
furan-2carbox lic acid 4-[(5S*,9R*)-3-(3, 5-

45SDi chl or ophenyl ) - 1- net hyl - 2, 4-Bei ge solid. np

di oxo- 7-t hi ophen-3-yl methyl - 1,3, 7-triazaspiro[4.4]non-9-yl]-= 206C

benzonitrile B-[(5S *,9R *)-9-(4-Cyanopheny 1) - O‘f whlle
46N3- ( 3, 5-di chl orophenyl) 1- rret hyI OH2, 4- di oxo- 1, J%Tt?@uéq?ﬁ)gﬁaspl

ro[4.4] non-7-y }—methy | J- rrnlc\ 2-carbox ||(‘ a(‘ld
04-[ (5S*, 9R*) - 9-|( 4- Qanophenyg) - (BPhsnay baredt sishenyl ) - | - ret hyl - Wi te
solid. nmp 47-2, 4-di oxo- 1,3

H\I ri azaspiro[ 4. 4] non-7-yl net hyl] -
[(5

1H pyrrol e- 2- carfboxyl{i c 9R*) - 7- Cycl obutyl -3- (3, b-Wiite solid.

np 48di chl or ophgnyl ) I - yl -2 4- d| oxo-1, 3, 7-triazaspiro[4f{4]non-9-C =
194 yl]-benzonit|ril e|5“EXAVPLE 49 4-[(|5S*, 9R
* e - i } i = } } 2 A=—1h =
) - 7- Benzyl - 3- (3, 5-difchioro nylg-1 e‘f(@gﬁg’?ﬁ)#{s‘-{fy;inophe?l}- Off-white solid.
-(3,5-dichlorophenyl)-1-methyl-

44 C  bu 2,4—diox0-},3,7[-) g g mp = 179-182°C
triazaspiro[4.4]non-7-yImethyl]-
furan-2-carboxylic acid

= 4-[(55* 9R*)-3-(3,5-

45 KQS Dichlorophenyl)-1-methyl-2,4- Beige solid. mp
dioxo-7-thiophen-3-ylmethyl- o
1,3,7-triazaspiro{4.4]non-9-yl]- =206°C
benzonitrile

T\ 0 3-[(55*9R*)-9-(4-Cyanophenyl)- | Off-white solid.
3-(3,5-dichlorophenyl)-1-methyl-

46 N bH 2 4-dioxo-1,3,7- mp = 166°C
triazaspiro{4.4]non-7-ylmethyl]-
1H-pyrrole-2-carboxylic acid

O 4-[(55*9R*)-9-(4-Cyanophenyl)- . .
OH 3-(3,5-dichlorophenyl)-1-methyl- | White solid. mp
a7 pm— 2,.4-d10x_0~1,3,7- = |80°C
.. NH tnazaspiro[4.4]non-7-ylmethyl}-
1H-pyrrole-2-carboxylic acid
4-[(55%9R*)-7-Cyclobutyl-3-(3,5- | White solid. mp

48 SE? dichlorophenyl)-1-methyl-2,4- o
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-
1,3,7-triazaspiro{4.4]non-9-yl]-benzonitrile

Cl Q :/N
QN N =N
o I
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1,3,7-triazaspiro[4.4] non-9-yl]-benzonitrile -100 16 January 2006 Using the
sane procedure as in Exanple 14, by reaction of Exanple 12 (100 ny, 0.2
mmol) with ethyl iodide (251, 0.31 mml), the above-titled conpound was
obtained (70 ng) as a white solid (np = 216C after crystallization from

i sopropyl ether). "HNWR (CDCI3) : 7.61 (2H, d, J = 8.3 7 ? (8H
M, 6.67 (2H, d, J =5 1.5 Hz), 3.5-4 (5H, ), 3.25-3.35 ( H!a%aﬁf.agé-s.z
(2H, m, 1.48 (3H, t, J = 7.2 Hz). EXAMPLE 50

4-[(5S*,9R*)-3-(3,5-D chl orophenyl ) - 1-et hyl -2, 4-di oxo

1, 3, 7-tri azaspi r o[ 4.Usireghe anyd frodsdmz @mitt Exdneplel D1, big irdagtidred BXampRARI(€00

SO onl orcat yl SRER Eebibn Il Sodide (34T P Bl B Shdhe VBT e ves,
(b 04 CORgU R 0] e o STt fral kO (OBl 703
G m 1T i gk fenys ey B o053 p 55 s B e @ & T~

4-[(5S*, 9R *9 - 3% Bz 3PS HOPHENYSS (M, 40129532 (2H, m), 1.48 (3H, 1, J = 7.2 Hz).
1,3,7-triazaspiro[4. 4] non-9-yl]-benzonitrile 25 ing the procedure

described in Exanple 15, Exanple 12 (5 g, 10.17 mmol) was reacted with
1-chloroethyl chloroformate (11.1 m, g§Qhprpg!) to yield the -101 16
January 2006 above-titled conmpound ( Tite crystals, np = 198 C. 'H
NVR (DMBO d6) : 9.08 (|144(%%928%)-3-(3,58RichRisoplenyl)- I=8h@-2itjoxs- 61 (1H, n),

7.45 (2H, d, J = 8.2 M), 6.7 ybobdspiforadinonle- i iedzontrite - 82 (OH M.
10
Ci O {H
aTen v
o,

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-

I 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 (7H, m), 1.17 (1H,
brs), 1.45 (3H, t, / =7.1 Hz).

EXAMPLE 51
20 4-[(55*,9R*)-3-(3,5-Dichlorophenyl}-2,4-dioxo-

1,3,7-triazaspiro[4.4]non-9-y1]-benzonitrile

Cl O 7
N»\T,zz(::)\ﬁt
Q )N =N
o

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-



5 10 15 EXAMPLE 52 5-[(5S*, 9R

*)-9-(4- Cyanophenyl ) -3-(3, 5-di chl orophenyl ) - 1-ethyl -2, 4-di oxo-1, 3, 7-
triazaspiro[4.4]non-7-yl methyl]-thiophene-3-carboxylic acid Using the
procedure described for Exanple 37 by reaction of 5-Fornyl-3-

t hi ophenecar boxylic acid (40 ng, 0.26 mmol) with Exanple qgtfl Q ngoﬂg.ZS
nmol ), the above-titled conpound was obtained as a white o4 aﬁé )

after crystallization . from . rap. = 182C. E )

5[ (55, OR) - - DAV ArrbHERYRY G (3 SBiraraRAlGr BBRAN 1% 3 NME GRS9-46) 7
triazaspiro[ 4. 44 goqul vy HreshyiH, ot hiophener - qar hoxy4s @raal o= 80 Hz) 2746
January 2006 5 Using the procedure described for Exanple 37 by reaction of
5- For nyl - 3- thi@Hhésn’e‘cé-%g@l»ﬁ-l'é-gé&ﬂﬂ»f(1)43 ng, 0.27 mml) with Exanple 51
(100 nmg, 0.25 mmol ), the above-titled conmpound was obtained as a white
solid (92 ng), np = 260C. EXAMPLE 54

3-[ (5S*, 9R*)5- 9- (4- Cyanophenyl ) - 3- ( 3, 5EXAMPAFoFhenyl ) - 1- et hyl - 2, 4-di oxo- 1, 3

R e e e L T

triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carboxylic acid

2
Ja
S
cl o M
S d O
Cl O Me
10
Using the procedure described for Example 37 by reaction of 5-Formyl-3-
thiophenecarboxylic acid (40 mg, 0.26 mol) with Example 50 (100 mg, 0.23 mmol),
the above-titled compound was obtained as a white solid (93 ing) after crystallization
from MeOH. mp = 182°C.
15

EXAMPLE 53
5.[(55* 9R*)-9-(d-Cyanophenyl)-3-(3,5-dichlorophenyl)-2,4-dioxo-1,3,7-

triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carboxylic acid

20 Ci o

-102-



benzoic acid (57 ng, 0.26 mml) in THE (5 mM) was added D EA (45 |, 0.26
nmmol) at roomtenperature. The reaction m xture was stirred at room
tenperature for 24 hours then concentrated under vacuum The residue was
partitioned between Et OAc and water. The pH was adjusted to pH=2. The
aqueous | ayer was extracted twice with 15 Et OAc. The conbipe I j
Igyers merg washed with brine, dried over Na2SO4 and coné§~gV§¥€ﬁqu%e
obt ai ned solid was chronat of raphed over silica gel using DCM MeCH (80/20)
to yield the above-titled conpound (63 ng), nmp = 145 C. 1H NWR (CDCl,,) :
8.63 (I H s), 8.41 WingHhe grocadure JesErithdd for Bxample( 371by r@acn@m of T-Férld 3 7. 77

(1H, t, J=7.7 7.6 H 4, J=7.7 Hz), 7.18-7.26 m, 60 (2H,
S), 3.4-4.2 205‘%3?%"%??0’%?1%“3%] mg, 0-%4_&“_181 of wigh Exaj L@O%slgso ?@ BB’OS)QR

*) - 9- (4- Cyanophenybyve 3itked cEmghiuab Mok oBARBY hy 7 whife: Q"“Qé %
triazaspiro[4.4] nonane-7-sul fonyl]-benzoic acid -103 16 Ja uary 2006 OH d
CN Using the procedure of Exanple 54, Exanple 51 (100 ng, 0.25 mmol) was
reacted withs 3-(chl orosul fonyl) benzoi pfl p(H1 ng, 0.27 mml) in THE (5
m) in the 5 presence of DIEA (48 | roomtenperature to
yiel d the above-¥i(%§ *e?ﬁ*)x?dﬁﬁamapl(-ewl)rdw 5- dphlorms&nﬂ)-mhﬂm -QiNBD,6)

9.14 (1H, by s), 8.35 (1H % ¥ [ 18 (1H, d, J =
77 ), 7,83 (3H . 7. 61 zfﬁ?‘g‘%[jz A1dghie qﬁ%ﬁf’"y&} bepabltlgei”, 17 (P (2H,
d J =15 Hz), 3.65-4. 05 (4H, , 3.5-3.6 (IH nPR 10 EXANPLE 56
4-1(5S*, 9R*) - 7- Benzyl - 9- (4- cyanoph hyl ) - 3- (3,&- di cht®Hophenyl ) - 2, 4- di oxo
1,3,7-triazaspiro[4.4]non-1-yl]- rlccgomdjbt ester hydrochloride
o}
Me
CN
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 mi) was added DIEA (45 pl, 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/MeGH (80/20) to yield the above-titled compound (63 mg), mp = 145 °C. 'H
NMR (CDCh) : 8.63 (1H, 5), 8.41 (1H, d,J = 7.5 Hz), 8.17 (1H, d, J/ = 7.4 Hz), 7.77
(1H,t,J=77Hz), 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)-S-(.'i,S-dichlorophenyl}-2,4-dioxo-l,3,7-

triazaspiro{4.4]nonane-7-sulfonyl]-benzoic acid

-103-




HCI COP 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
DMF (I m) and reacted with ethyl 4-bronobutyrate (44 |, 0.3 nmol) to
yield the above-titled conpound which was converted into its hydrochl oride
by precipitation in Et,JHC 20 gas (86 ng). LC Mass : retg‘flon tb@@?

2.27 min, Mb, = 604 (M1) (LOVS -104 16 January 2006 condPriagiary

M cromass platform (APCI +, DAD (210-400 nnm)), Colum : TSK gel Super ODS
4.6 nmIDx 5 cm Flowrate : 2.75 gL / min, Gadi8t_: from100% eluent A
to 100% eluent Bin 2 mn., wth a olateau W 100»6%Wuent B during I mn.
El uent A : H20 (0.05% TFA), Fl uent~By: zhw TFA (80/20/0.05)). 5
EXAMPLES 57-58 Using the procedurd ddscrgbedyfor anpl e 56, the follow ng
two Exanples were prepared by ¢éacti o of sanpl e 12 (100 ng) with ethyl

5- brono-val erate and 10 ethyl 6- bronn)e bat e, respectively. EXAMPLE 57
5-1(5S*, 9R *)-7-Benzyl - 9- (4- cyanopheﬁ@l) 3-4~3, 5- di chl or ophenyl ) - 2, 4- di oxo-
1,3,7-triazaspiro[ 4. 4] non-1-yl]-pentanoic d et hyl ester hydrochloride 15
Cl G , HC COPEt Yield : 55 ng. LC Mass : Yetention time = 2.40 m n, Mbs
= 618 (M1) (LCMB CN

Using the procedure of Example 54, Example 51 (100 mg, 0.25 mmol) was
reacted with 3-(chlorosulfonyl) benzoic acid (61 mg, 0.27 mmol) in THF (5 ml) in the
5 presence of DIEA (48 pl, 0.27 mumol) at room temperature to yield the above-titled
compound {84 mg}, mp = 150 °C. 'H NMR (DMS0-dg) : 9.14 (1H, br s), 8.35 (1H, s),
8.29(1H,d, J=7.7 Hz), 8.18 (1H, d, /= 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-triazaspirol{4.4]non-1-yl]-butyric acid ethyl ester hydrochloride

is

N

N =
g::>u yN =N
Cl o)
, 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 (I 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 Et2O/HCI
20 gas (86 mg). LC Mass : retention time = 2.27 min, My, = 604 (M-1) (LCMS
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conditions : LC Mcromass platform (APCI +, DAD (210-400 nm), Columm : TSK
gel Super ODS 4.6 M ID x 5 cm Flowrate : 2.75 nL / mn, Gadient : from
100% 20 eluent Ato 100% eluent Bin 2 mn., with a plateau with 100%
eluent B during I mn. Fluent A: H20 (0.05% TFA), Eluent B : CH3CN / H20
/ TFA (80/20/0.05)). EXAMPLE 58

6-[ (5S*, 9R*) - 7- Benzyl - 9- (4- cyanophenyl )-3- (3, 5-d i ch | or opRel@upry 2898 oxo
25 1,3,7-triazaspiro[4.4] non-|-yl]-hexanoic acid ethyl ester hydrochloride
-105 16 January 2006 , HCI COPEt Yield : 54 ng. LC Mass : retention tinme =
2.29 min, Mfi comd@Rn{MAMi¢hENS dafdint(APTS +; DA@ (Mmmg @6!%5011‘31{( APCl

+, DAD (210 400 Super Dx 5 cm Flow
rate : 2.75 nL ﬁ‘gﬁ]}‘ﬁef C%gahdjgnmﬂ ércdi‘?gnl:i e ?eﬁj@hl’ Wi@“‘@@'@%@ﬁh@@% Bin 2
mn., w t h a pI dheaw twm@%m@%mdmmin Buighix gf@ﬁadtwm; P00% EluE@H dfdin E@

(0. 05% TFA) TFA (80/ 20/ 0.05)). to EXA 59- 61

W[ (5S%, 9R *) - 7’3188?4}2‘\/1 H@@@Sc‘?%ﬁébﬁéuww 8N HDCHIFd GPREMYS)- 2, 4- di oxo-
1,3, 7-triazaspiro[4.4] non-1-yi]-al kanoic acids CI Cl (laf) To prepare
Exanpl e 59 [the conpound of fornula (laf) wherein e is 1], LiOHd 15 (IN,
60011) was added to a suspension of Exanple 56 (60.3 ng, 0.1 mmol) in THE

(2.5 m). The solution was heated atgﬁgh&f}gsf,& After concentration in

vacuo, the resulting product was t r which was acidified by
bubbl i ng gaseous SOXsingEheaprptedutsQiepribed furtEahmple 361 thefollolvéngol Hxh@ples Was

coll'ected by fi vl/érg. %}clpaorgd b§jl %gctgornlo?%'xample 12 (100 mg) with ethyl 5-bromo-valerate and

10 ethyl 6-bromo-caproate, respectively.
EXAMPLE 57

5-[(58*,9R*)-7-Benzyl-9-(4-cyanophenyl)-3-(3,5-dichlorophenyl)-2 4-dioxo-
1,3,7-triazaspirof4.4}non-1-yl]-pentanoic acid ethyl ester hydrochloride

0

Cl O /N

QN : =
N =N
Ci 0>r

» HCI

15

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 cluent A to 100% eluent B in 2 min., with a plateau with 100% eluent B during 1 min.
Eluent A : H20 (0.05% TFA), Eluent B : CH;CN / H,0O / 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-yl]-hexanoic acid ethyl ester hydrochloride

-105-



Yield : 17 ng, np = 148 C. Exanple 60 (e=2), and Exanple 61 (e=3), were
prepared -106 16 January 2006 using the sanme nethod, starting from Exanpl es
57 and 58, respectively. For Exanple 60: (35.4 ng). Yield : 22 ng, white
crystals, np = 250 C.; for Exanple 61: (32.5 np). Yield o 17. 4 nmg. "H NWR
(CbCl3) : 7.61 (2H, d, J = 8 Hz), 7.25-7.40 (8H, m, 4 ( @) @g 8-4.0
(3H ), 3.5-3.8 (2H, n), 3.3-3.5 (2H, 1), 3-3.3 (2H 5 2908 o4

m, 1.7-1.9 (4H, m, 1.45-1.55 (2H, m. EXAMPLE 62 [(5S * , 9R

*)-9-(4- Cyanophenyl ) - 3- (3, 5-di chl or ophenyl) ‘-thyl-2,4-d i 0OXO-
1,3,7-triazaspiro[4.4]non-7-yl]-acetic acid yI ester 10 A m xture of
Exanpl e 15 (100 ng, 0.24 mmol), ethyl brofo acetate (29 |, 0.26 mmol) and
K2C03 (36.6 ng, 0.26 nmol) in gpl ueneg(?2

After cooling to roomtenperatune. thé pj
material) 15 was renoved by fi
purified by chromat ography over
yield the above-titled conpoupd as a
(2H, d, J = 8.3 Hz), 7.25-7.30 (3H, m,
(2H, g, J =7.1 Hz), 3.89 (1 H dd, J, = . , =, 6.3 Hz),
3.55-3.65 (2H, m, 3 3-3.5 (3H, m, 3.26 (38 s), 3.05 (1H, d, J = 10.8 20
Hz), 1.31 (3H, t, = 7.1 Hz). EXAWVPLE 63 [ ((BgEt

* 9R*)-9-(4- Cyanophen h& 3-(3,5-dichlorophenyl)-1-nethyl -2, 4-d

1,3,7-tri azaspiro[ 4. X{ ird7mg ILC Meest: |f@te'§lﬁﬂdmtlfé??-28m194M®sfé?’2% lﬂéLgﬁ'ﬁ'uary

2006 C Co2t Bu 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%

~was heated to 100 C for 5h.
ate (unreacted starting
rate was concentrated and
(etent™N DCM then acetone) to
(47.2 ng) 1H NVR (CDCI3) : 7.63
368 (2H, H};,_ 1.5 Hz), 4.23

Hz

5 ecluent 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 / H20 / TFA (80/20/0.05)).

EXAMPLES 59-61
®-[(55%,9R*)-7-Benzyl-9-(4-cyanophenyl)-3-(3,5-dichlorophenyl)-2,4-dioxo-

10 1,3,7-triazaspiro[4.4]non-1-yI]-alkanoic acids

Cl

(Taf)

To prepare Example 59 (the compound of formula (Iaf) wherein e is 1], LIOH
15 (1N, 600ul) 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. Exampie 60 (¢=2), and Example 61 (e=3), were prepared
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IN\p,N'" M Cl p A mxture of Exanple 15 (2 g, 4.81 mol ), tert-butyl
bronmo acetate (2.4 m, 16.3 mmol) and K2CO3 (2.4 g, 17.4 nmmol) in di oxane
(40 m) was refluxed for 24h. After cooling to roomtenperature, the

sol ution was concentrated and partitioned 5 between DCMwat er The aqueous
| ayer was extracted twice with DCM The conbi ned organi c ers

washed with brine, dried over Na2SO»4, and concentrated t HPW%‘?% was
purified by chronmatography over silica gel (eluent DCMacetone 95/5) to
yield the above-titled conmpound as an anorphous solid (1.56 g). 1H NWR
(CDA 3) : 7. 62 ushigtheckamd mett@d3stiting frﬁ’mI&aﬁ‘npﬁﬁ)S’QBMSmcsp&tiﬁgly(ﬁiﬂExdmglé =to

5. 502 (1 & o5 b Pl e e ol b st (5 6T bR
Z) 397(:1 Cyanopheg)yVietd3- 173, rﬁgdﬂcwl] Rr(?m”ybﬁ* %2}!1',?1,&1@3@ H2), ?2517'4@¥9H(m) "

ri azaspir acetic acid Tri roacetic acid
59 mml) was g o‘g'céﬁo )afg&l({fgﬁoﬁ‘) Sr-ER47Hhi). 83-3.5 2 en)g3-33 @H, vt} in DCM

(40 m). The solastieanmyass-1.otdmxed1.hen s3hey) hy was then 20 concentrated in
vacuo and partitioned between Et QAc/aqueous OH . The aqueous |ayer was

acidified to pH=2 with SO2. The white precipitate was separated by

filtration. The aqueous | ayer was eXtEﬂﬁé%..ﬁ‘f‘_’Fih DCM and concentrated to
give white crystals which where co the precipitated solid to
give, after dryi ndSSuM")-%aldeVmnophénat)-E(3ipdichwréghedsi) dymetinpl-2,4-A260C. 25

-108 1,3,7-triazaspiro[4.4]non-7-yl]-acetic acid ethyl ester

CO Et

DO

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 (CDCls): 7.63 (2H, d, J = 8.3 Hz), 7.25-7.30

(3H, m), 6.68 (2H, d, J = 1.5 Hz), 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, 5), 3.05 (1H, d, J = 10.8
20 Hz), 1.31 (3H, 1, J = 7.1 Hz).

EXAMPLE 63
[(535*,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




16 January 2006 EXAMPLE 65 (5S*, 9R

*)-7-Benzyl - 9- (4- bronophenyl ) - 3- (3, 5-di chl orophenyl ) -1-nethyl -1, 3, 7-
triazaspiro[ 4. 4] nonane-2,4-dione 5 Using the procedure described for
Exanpl e 14, Exanple 13 (5.45 g, 10 nmol) was reacted with nmethyl i odide
(0.93 mM, 14.9 mol) to yield the above-titled conpound whi lid
(4.15 g), np = 204 C. 10 EXAMPLE 66 (5S*, 9R 18 Janliah Zo0e
*)-7-Benzy|-3-(3,5-dich|orophenyl)-l-nethyl-iﬁiéﬁpyrinidin-5-y|-pheny|)-
1,3,7-triazaspi ro [4.4]nonane-2, 4-dione 15 M Xt ure of Exanple 65 (2g,
3.58 mmol ), 5-trinethy|stanny|-p’rinid%pe .3 g, 5.35 mv], prepared
according to patent WO 95/06636) and E
tetraki s(tri phenyl phosphi ne) pal | ( : 0.54 mml) in toluene (50
m) was 20 refluxed for I Oh unde niyregen -3 pSpHere. After cooling to
roomtenperature, the insolublgjmaterigal wes filtered off and washed tw ce
with toluene. The toluene | ayers were concentrated in vacuo. The resulting

?r ?nge oil ( %A 1) 9) \Aamix}nhe oﬁﬁxangbplapﬁ(a:g,rtmgnrﬂ;&),&amtyybﬂﬂ%m cemer(zllsinhii, ca]c gel
eluent : Et OAc 0 Vi.e t ve-titled.conpound as a Lte sol] after
crystallizati or}6#’81‘?%”@@&&&@0%%,”#&"“—103?Bg‘ggmﬁg‘%@i)é”@#%"“d for b,

(5S*, 9R*) - 3- ( 3, AftdDc6d1in 6 PG mpe rhkd® kHRYdotuBioh draP ¥orcBhrhitdd Ralandtidgay! ) -1, 3, 7

- triazaspiro[4. 4] nonane-2, 4-dione H 10 Usi ng the procedure described for
Exanpl e 15, SExdKkpTeen E5-MN/sster e aguepys layer was extracted twice with DCM. The

combined organic layers were washed with brine, dried over Na,SO,, 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 (CDCl3) : 7.62 (2H, d, J = 8 3 Hz), 7.25-7.30 (3H, m), 6.67 (2H, d, J =

t0 1.5 Hz), 3.80-3.95 (1H, dd), 3.55-3.65 (2H, m), 3.3-3.5 (3H, m), 3.26 (3H, 5), 3.02
(1H,d,/=10.9 Hz), 1.50 (9H, 5).

EXAMPLE 64
[(55%,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-
15 1,3,7-triazaspiro{4.4]non-7-yl]-acetic acid
I/cozH
QNYN\ =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 NH,OH . The aqueous
layer was acidified to pH=2 with SO,. The white precipitate was scparated 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.




mmol ) was reacted with 1-chloroethyl chloroformate (0.28 ml, 2.6 mo n
DCM (3 m) to yield the above-titled conpound as an anor phous soild

ng). "HNWR (CDC1l3) : 9.22 (1 H s), 8.94 (2H, s), 7.58 (2H, d, J =
Hz), 7.35 (2H, d, J =8.2 Hz), 7.21 (1 H m, 6.66 (2H d, J = 1.6 Hz)
3.3-3.9 (5H, m, 3.23 (3H, s), 2.63 (1 H br s). 15 EXAW =

* 9R*)-3-(3,5-D chl orophenyl) - 1-net hyl - 2, 4- di oxo- 9- (4- pyr :r%,'ngﬁHég’[éﬁb%
phenyl)-1, 3, 7-tri azaspi ro[ 4. 4] non-7-yl net hyl ] -t hi ophene- 3-carboxylic acid O
20 Using the procedure described for Exanple 37, Exanple 67 (37.3 ng, 0.08
mml ) was reacted with 5-fornyl-3-thi grwwPeHE exylic acid (15 ng, 0.096

mmol) in DCE (3,4, j el above-titled conpound as an anor phous
soild (43 ng). ' B n?{‘tt)’?'ﬁ@ﬁeféﬂt?ta{‘]@’f?ﬂtﬁ’&"@’!ﬂb&mﬁd(%%mw)mﬂ)gl-wstl(ym,&?s),
8.96 (2H, s), 8.16 (1H s), 7.4%rid2a8piré(3dIndhane-2,LBoheH d, J = 8.1 Hz),
7.20 (1H, m, 6.65 (2H, d, J = 1.4 Hz), 3.9-4.2 (3H m, 3.2-3.5 (3H m,
3.23 (3H, s), 3.10 (1 H d, J = 11.1 Hz). EXAMPLE 69

(5S*, 9R*) - 3- (3, 5-Di chl orophenyl ) - 1- met hyl - 7- (| - qet hyl et hyl ) - 9- (4- pyri m di n-
5 yl-phenyl)-1,3,7-triazaspiro[ 4. 4] nonane-2, 4 one A m xture of Exanple
67 (49.7 ng, 0.11 nmmol), 2-iodo propane (26 l;x0-26 mmol) and K2CO3 (36

ng, 0.26 nmml) was heated at 80C for 25h ingacetonitrile (2 nl). After
cooling to roomtenperature, the€.nsol ugl essalts were removed and the

filtrate concentrated to dryness@ ANEN W partitioned between

1) |
(88
8. 2
Hz

DCM wat er. The 15 organic | ayer orﬂf)g \. rvacuo and
chromat ogr aphed over silica gel &l uento: “Me
5

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.,

1))
EXAMPLE 66
(55*,9R*)-7-Benzyl-3-(3,5-dichlorophenyl)-1-meth yl-2-(4-pyrimidin-5-yl-phenyl)-
1,3,7-triazaspiro{4.4lnonane-2,4-dione
Cl
15 Cl

A mixture of Example 65 (2g, 3.58 mmol), 5-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




DCM MeOH 95/5) to yield the above-titled conmpound as an anor phous white

solid (38.1 np). 'HNI\/R(CDCI3) : 9.21 (1H, s), 8.92 (2H, s), 7.56 (2H, d,
J =80Hz), 7.33 (2H, d, J =8.0 Hz), 7.20 (1H, m, 6.61 (2H, d, J = 1.5
Hz), 3.90 (1H, dd, Jr = 12 Hz, J2 =6 Hz), 3.4-3.5 (2H, m), 3.2-3.4 (111,

m, 3.28 (3H s), 3.09 (1 H d, J =11 20 Hz), 2.79 (1H, ’Jaf\ug&_é&d_é( M.
EXAMPLES 70-74 16 January 2006 CN (lac) Conpounds having t or a (lac)

wer e prepared, wher listed in Table 4B, usin the
sane procedure 3&'# Fglfa @Rzﬂb‘?"é %gﬁéf‘é fdntbe hoyeritled campound &s 2 whitg

appropri at e i odafiet @fyR@URGtonIARh M3 B3Bmg) 9 Conpegnd NameDat a
4-[(5S*,9R*)-3-(3,5-Wite solid (180 H3C Di chl or ophenyl ) -1- net hyl - 7- ( 1-
70met hyl et hyl ) - 2, 4-di oxo-ng), np = 208 1,3, 7-triazaspiro[4.4]non-9-yll-C
benzonitrile 4- [(58* 9R*) 7- Q/clopent)f_l; Mlﬂﬂﬁ;lg-p solid (132

(3,5-Di chl or ophenyl) - -nmet hyl - 712, np = 178

1,3, 7-tri aza55p|r Sd“:%ﬂ*ﬂrér{lé @lrl}lﬂwpﬂgeﬂi-drrntth)’ll-%(wmBICbU-ISrJd~phenyl) 1,3,7-

CH34-[ (55", 9R*) - 3- (3, 5-recryst aItl:ﬁﬁﬁﬁliro{4.4]nonane-2,4-d|one

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, 5), 7.58 (2H, d, /= 8.2 Hz), 7.35 (2H, d, = 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).

EXAMPLE 68
5-[(55%,9R*)-3-(3,5-Dichloropheny!)-1-methyl-2,4-dioxo-9-(4-pyrimidin-5-yI-
phenylj-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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Di chl or ophenyl ) -1-nmethyl -7-(2-fromveOH(|I 05 72H3net hyl propyl ) -2, 4- di oxo-ng),
np = 170 1,3, 7-triazaspiro[4.4]non-9-yl]- benzonitrileC

04-1(5S*, 9R*) - 9- (4- Cyanophenyl ) -yel l ow oi |l (199

73CH2di chl or ophenyl ) - 1-net hyl - 3 2, 4-di oxo-ng). | ~~

1,3,7-triazaspiro[4.4] non-7-yl]- AN but ric acid nmethyl e

05-[ (5S*, 9R*) - 9- ( 4- Cyanophenyl ) - 16 %fanuary 2006
01CH33- (3, 5-di chl or ophenyl )-1-nmethyl -Yel l ow oi | (192 742, 4- di oxo-
1,3,7-triazaspiro[4.4l non-7-yl]-ng). pentanoic acid nmethyl ester EXAMPLE 75
4-((5S *,9R *)- IQMWE‘JO@@WH)S)?’S é@qﬁr ) @hk@f@&b%?s&zﬁ%ﬁ z&@d' 0X0
112 16 January 2006 triazaspir Lli Z}]non- -yl T-butyric acid

NaOH (2mt, |N) M?%Hé"éb7t2(9(éHs'BP &tﬁi5dﬁ of, /exhfrblzb 37934%1339 mig 3.268. % 6Hmo| )

in THE (2m). %S,@mgbﬂaé) 3. BO(MH, Qnﬁequ{  the solution was acidified with
S and concentrated in'vacuo. The res ing solid was partitioned between
wat er and Et OAc. The organic | ayer was dried over Na2SO4 and concentrat ed

to yield the above-titled EXAMPLE 69
(SS*,9R*)-3-(3,5—Dich]omphenyl)-l-methyl-’f"-(l-methylethyl)-9-(4-pyrimidin-5-
yl-phenyh)-1,3,7-triazaspiro{4.4]nonane-2,4-dione

Me

Cl

Ci

10
A mixture of Example 67 (49.7 mg, 0.11 mmol), 2-iodo propane (26 ul, 0.26

mmol) and K,CO; (36 mg, 0.26 mmol) was heated at 80°C for 25h in acetonitrile (2
mil). 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). ' NMR (CDCls) : 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




conmpound which was crystallized from MeOH (23 ng),
76 5-[(5S*, 9R *)-9-(4- Cyanophenyl)-3-(3, 5-di chl or ophenyl ) - 1- net hyl
1,3,7-triazaspiro[4.4] non-7-yl]-pentanoic acid 15 Using the sane
Exanpl e 75, Exanple 74 (190 ny,

I oXo-
procedure as for

into the above-titled conpound (152 np).

EXAMPLE 77

[ (5S*, 9R*) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl or ophenyl ) - 1- et hyl -

mp = 228 C

0.36 mol) was converted

Wite solid, np = 240 C
'te solid, m 35 2105 2605

20

2, 4-di oxo

1,3,7-triazaspiro[4.4] non-7-yi]-acetanide -Bd3 16 January 2006 d Cl

Isobutyl
0.2 nmmol)

chloroformate (27 I,
suspensi on of Exanple 64 (90 ng®.0. 19 ' D
in DCM (4 nil). i
mml ) was 5 added. After
The organic | ayer was
The conbi ned organic | ayers

Af ter
1 h at
separate

and

t
e COHCEH'[

and N-net hyl
(420 I,

ed

0.21 mml) wgs added to a cooled (5 C)
nor phol ine (23 RI,
0.5 Min dioxane,
RI, water (2 ml) was added.
| ayer extracted with DCM
I"gyvacuo and the resulting
DCM MeCH

material was purified by chronatography over S|I|cgm@el (el uent :
95/5) to yield the Q@fm&uﬁdstﬂaﬂq tlﬁ:QBf%lﬂzDHa %vé?c dr&jd %%reﬁl ﬁ%)as tHeH VR
(CDC13) : 7.64 (2H Ig-lz . 1H, br s),
6.65 (2H, d, J listed ﬂsTPEy 436081@ tbqﬁmemm@ﬂureas 831 Ee«mnpletéﬁ, staxangtfrgm5 (5H,
3.24 (3H, 5) %xjaﬁlp(ell"fj anfl ’theJapproi‘JQalg 1(!?%%011153%‘%? LES 78-79
5 TABLE 4B
Ex. # R, Compound Name Data
4-1(55*.9R*)-3~(3.5- White solid (180
HyC._CH; Dichlorophenyl)-1-methyl-7-(1-
70 1 methylethyl)-2,4-dioxo- mg), mp = 208
1,3,7-triazaspiro[4.4]non-9-yl}- oC,
benzonitrile
4-{(55*,9R*)-7-Cyclopentyl-3- White solid (132
{3.5-Dichlorophenyl)-1-methyl-
71 2,4-dioxo- mg), mp = 178
1,3,7-triazaspiro[4 4]non-9-yi]- oC.
benzonitrile
White solid
stailized
CH, 4-((55%9R*)-3-(3,5- recrystatlize |
7 f\ Dichlorophenyl)-1-methyl-7-(2- from MeOH (105
CH methylpropyl)-2,4-dioxo- _
3 1.3 7-triazaspiro[4 4Jnon-9-yl]- | ™8 mp =170
benzonitrile °C.
0 4—[(55*,?R*)-9—(4—Cyan0pheny])- Yellow oil (199
CH 3-(3,5-dichlorophenyl)-1-methyl-
73 o3 | 2,4-dioxo- mg).
1,3,7-triazaspiro[4.4}non-7-yl]-
butyric acid methyl ester
0 5-[(55* 9R*)-9-(4-Cyanopheny])-
o CH3 | 3-(3,5-dichlorophenyl)-1-methyl- | Yellow oil (192
74 2,4-dioxo-
1,3,7-triazaspiro[4.4]non-7-yl]- mg).
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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Usi ng the experinental procedure described in Exanple 77, the following 15
Exanpl es were prepared. EXAMPLE 78 [(5S*, 9R

A)-9- (4- Cyanophenyl ) - 3- (3, 5-di chl or ophenyl ) - 1- net hyl - 2, 4- di oxo-
1,3,7-triazaspiro[4.4] non-7-yl]-Nnethyl -acetam de 20 0 Usi ng Exanpl e 64
(90 ng, 0.19 mml) and nethylam ne (105 R, 2 Min THF, 3 21 nnnl% é
above-titled conpound was obtained as a solid (47.1 ng). ﬁ Qo
January 2006 5 N, M N M CI9 0 d 10 Using Exanple 64 (90 ng, 0.19 mol)
and di nethylamne (1051, 2 Mn THF, 0.21 mmol), the above-titled conpound
was obtained as a solid (78. (2H, d, J =8
Hz), 7.15-7.3 (3H, ), 6.68 l%ém'msﬁm[wﬁ'&'iw%)’?rbczac(ﬁ?m dd, J, = 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 (IH m. 2@ QQD013) : 7.64 (2H, d, J =
8.1 Hz), 7.27-7.31 (3H , 6.95 (1H, br s) 765°(2H, d, J 1.3 Ft),
3.87 (1H, t), 3.35-3.5 (5H n) 3 25 (3H, 3 16 (1H, d, 10.9 Hz),

2.89 (3H d, J = 49Hz 79PSS*
*)-9-(4- Cyanophenyl ) - 3- (3 5- dICh| 0 -nv hyI 2, 4- di oxo-

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.

EXAMPLE 76
5-{(55*,9R *)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo-
1,3,7-triazaspiro[4.4]Jnon-7-yl]-pentanoic acid

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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1,3,7-triazaspiro[4.4]non-7-yl]-N, N-di met hyl - acet am de EXAVMPLE 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-7-yl met hyl ] -t hi ophene- 3- car bonyl } -
met hanesul fonam de 0 16 January 2006 EDCI (84 ny, 0.44 nmmol) was added to a
solution of Exanple 37 (100 ng, 0,18 mmol), nethanesulfo ] ,
0.38 mmol ), triethylamne (62 I1d, 0.43 5 nmol) and a tracgg?PﬂWQ(z@DCM
(5 M) at roomtenperature. After 48h, water was added and the m xture was
aci difi ed by bubbling SO2. The organic |ayer ¥ separated and the aqueous
| ayer extracted twice with DEM The conbi neq{or ganic |ayers were washed
e yedulting product was
fre~gboWe-titl ed conpound (38.9

with brine and concentrated i n v&kuo.
chromat ogr aphed over silica gel tg
ng) as an 10 anorphous solid al ong Efy eacted starting
material. "H NWVR (CDC13) : 8.04 |(1H, sY, Tb2 (2H, d, J = 8 Hz), 7.40 (1H,
s), 7.25-7.3 (3H, m, 6.65 (2H, 8 J =71.5 Hz), 3.8-4.1 (3H, nm, 3.86 (3H,
s), 3.3-3.4 (2H m 7Iséat@yi%ﬁlo(&bbma?&GZ']%-I,@ZI%%o()IvHS addgi’to§09c;llec((% thy d J =
11 Hz). 15 20 EXAMPLE 81 N-{4-[&58*,9 )
*) - 9- ( 4- Cyanoph&rpension.of Exgnpie 6H (Y opHe Hynmol ang Nappthpl morgheling(23 pl, 0.2
1,3, 7-triazaspi [Ql# 41094+ - - nes. N&H] 16
January 2006 Us?lngozhtlﬂe sargin%if gg‘régﬁljé’]é‘m%@% faﬁxg%lg.ﬁg\ﬂ grg&%gnrg’eggl ﬁ%}?'l)(])\% &
Exanpl e 185 §20&dded)fied. 136at mf6) anddh ahRifevsien(@sal) Wenaddicdielhe 38gabicrigyer §/ad
gnglﬁ) ’( 2}_{]6 d,abgvgéptgl{a&:lda%l fh%%ﬁ@%‘d? gly\é\raesﬁ(trggw{vﬂﬁE)C(i\?.ll"['ﬂygdmbirll—lcd'\(l)'\r/gingc aya:ll"s3 )

were concentrated in vacuo and the resulting material was purified by

chromatography over silica gel (eluent : DCM/MeOH 95/5) to yield the above-titied
compound as a solid (49.6 mg). 'H NMR (CDCls) : 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

(u\';l,l\ﬂe
Cl O :/N H
N»\'/)ﬂ\-
Q yN =N
A
o Me

Cl

20

Using Example 64 (90 mg, 0.19 mmol} and methylamine (105 pl, 2 M in THF,
0.21 mmol), the above-titled compound was obtained as a solid (47.1 mg). 'HNMR
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(2H, d, J = 8 Hz), 7.55 (2H, d, J =
= 1.3 Hz), 5 3.85-4.05 (3H, m, 3.2-
s), 3.05 (1H, J=11.1 Hz). 10 EXAMPLE 82

4-1(5S*, 9R*)-3- (3, 5-Di chl orophenyl )-1-nmethyl -2, 4-d i oxo-7-pyrimd
in-2-yl-1,3,7 triazaspiro[4.4]non-9-yl]-benzonitrile A m éure of

15 (100 ng, 0.24 mml), K208 (37 ny, 0.27 mmwl) 15 and 2-BraREaR d| ne
(42 mg, 0.27 mmol) was heated at 100 Cin DW (1 m) for 20h. After
cooling to roomtenperature, the insoluble salts were renoved and the

filtrate was pa(ctmctlg)orveaﬁ (DHt &\/@%3 ‘mtzﬁlv 2armd3 15639%) 6%%1?%&9%65 (%ﬁﬁ d)“ﬁst "

extracted twice with EtQA %%nlc ayers were
brine, concent rh?é{i)’@nw\)(é@u‘é’ 3a}ﬁj3 B&?Hﬁﬂi‘)ea 2563hg) @Hrﬁdrlrﬁt ddrapfhyHeon28Pl i ca
gel (eluent 20 BgVhiacelhong,)95/5) to yield the above-titled conpound (36.1

. White crystals from I%/EO—l np = 234 C. 25 EXAMPLE 83
4-[(5S*,9R*) - 7-(6- Chl oropyri dazi n-3-yl)-3-(3, 5-di chl orophenyl)-1-nethyl -2, 4
di oxo-1, 3, 7-4 ri azaspiro[ 4. 4] non- 9- yI] tyile 16 January 2006 C N
Usi ng the sane experi nent al rocedure?w%-gﬂgé |l e 82, Exanple 15 (100
mg, 0.24 mmol) V\/ai(sﬁ'é,ﬁﬁt"bﬁ-(mmtﬁyh@aﬂ]-ah]i E-Fcﬁxflﬂdnoﬂﬁﬂiylbel mathyd34-dloxf nmol )
to yield 5 the above-ti = 125 C.. EXAMPLE 84
4-[(5S*, 9R*) - 3- (3, 5-di cH iofgﬁb %81'#9?] f7h§H @i"&?‘&%bﬂcf‘“wﬂf*m n-2-yl-1,3,7

triazaspi ro[4.4]non-9-yi]-benzonitrile

8 Hz), 7.25-7.3 (3H, m), 6.65 (2H, d, J
3.45 (3H, m), 3.44 (3H, s), 3.24 (3H,

0
‘)'L'?I,Me
cl o 4/N Me
N —
%N\ =N
cl o Me

Using Example 64 (90 mg, 0.19 mmol) and dimethylamine (105 pl, 2 M in
THF, 0.21 mmol), the above-titied compound was obtained as a solid (78.8 mg). 'H
NMR (CDCls): 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;= 114 Hz, J> = 6.2 Hz), 3.6-3.75 (2H, m), 3.35-3.5 (3H, m), 3.26
15 (3H,s),3.05 (3H, 5), 2.99 (3H, s), 2.95-3.0 (1H, m).

EXAMPLE 80
N-{5-[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophen y1)-1-methyl-2,4-dioxo-
1,3,7-triazaspiro[4.4]non-7-ylmethyl]-thiophene-3-carbonyl}-

20 methanesulfonamide
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10 Using the sanme experinental procedure as in Exanple 82, Exanple 15 (100
ng, 0.24 nmmol) was reacted with 2-bronopyridine (251, 0.26 nmol) to yield
the 15 above-titled conmpound (30 nmg). ITHNWR (CDA3) : 8.22 (1H m, 7.7
(2H, m, 7.55 (1H mM, 7.39 (2H mM, 7.1 (1H, m, 6.79 (2H, d), 6.70 (1H,
in), 6.5 (IH d), 3.95-4.3 (5H, m, 3.24 (3H, s). EXAMPLE.85 2

4-[ (5S*,9R*) - 1- Acet yl - 3- (3, 5-di chl orophenyl ) - 2, 4- di oxo- 1, 567’53{‘}‘%9/2%%%(? rof 4.
4] non- 9-yl]-benzonitrile -118 16 January 2006 Usi ng the sane experinmental
procedure as in Exanple 15, Exanple 11 (533 rrg,ol‘.?mml) was reacted with
1-chl oroethyl chloroformate to yield the aboveotr't$e¥ 5 compound (76 ng),
np = 125 C. "HNWR (CDCI3) : 7.66 (2H d, J = 8y3NHz), 7.2.5- 7.35 (3H, m),
6.52 (2H, d, J = 1.5 Hz), 4.10 (1 H, dd, Jj .3 Hz, J2 =7.1 Hz), 3.74
(IH, d, J =13.1 Hz), 3.45-3.60 (3H, m, 2.7 ’g H br s), 2.73 (3H, s).
EXAMPLE 86 10

4-[(5S*, 9R*) - 9- (4- Cyanophenyl ) - 3{ (3, 5-¢ ch)
3,7- triazaspiro[4.4] non-7-yl]-4-9x0- bub yFEi
Exanple 15 (100 ng, 0.24 ninol) 4 s rJ\de (24.1 ng, 0.24
mol) in DCM (2 nl) was stirred af=roomtgneratur&Mor 24h. After
concentration to dryness the abave-titled conpound was obtained as an
anor phous solid (128 ng). LC Mass : retention tinme = 1.87 mn, Mbs = 514 -
(M1) (LCvs conditions : LC Mcromass platform (APCl +, DAD (210-400 nn)),

Colum : TSK 20 gel ﬁg@ﬁ , : : [/ mn,
G adient : from 100% e E%&@S?A&? 6) OVCL%Re‘%&Sgdn@rHBSOﬁﬁlggloﬂlg%ﬁ?ph\a/\ng? Eﬁg “at eau
with 100% el uenf. LBmdhed), mgthhnaslfionamidel(@8mgA0.38 HMIf, ricdindartiva) 62 Hl 0dht B
CH3CN / HZOJ Trﬁ'r%o()%gc/i %Qr/aga' OQ@B)iAP in DCM (5 ml) at room temperature. After 48h, water

was added and the mixture was acidified by bubbling SO,. The organic layer was

br ophenyl ) - 1- net hyl - 2, 4- di oxo- 1,
lB O C02H 15 A sol ution of

separated and the agueous 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 (CDCl3)
: 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 (IH,
m), 3.01 (1H, d, J = 11 Hz).

15 EXAMPLE 81
N-{4-[(55*,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-}-methyl-2,4-dioxo-

1,3,7-triazaspiro[4.4]non-7-ylmethyl]-benzoyl}-methanesulfonamide

@90
N’S‘Me
cl o N
N)fN N
~
cl g Me

20
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EXAMPLE 87 -119 16 January 2006 5-[(5S*, 9R
*)-9-(4- Cyanophenyl ) -3-(3, 5-di chl orophenyl) - 1- net hyl - 2, 4-di oxo-1, 3, 7-
triazaspiro[4.4]non-7-yl]-5-0xo0-pentanoic acid ~lr~ COZH A O'N d 5 Using
t he sane experinental conditions as in Exanple 86, Exanple 15 (100 ny,
0.24 mmol) was reacted with glutaric anhydride (41.5 nyg, g %6 m'%o%
yield the above-titled conpound as an anorphous solid (1 § ﬁﬂ?a Ss
retention time = 1.89 mn, Mh, =528 (M1) (LCM5 conditions :
M cromass platform (APCI +, 10 DAD (210-400 nm), Columm : TSK gel Super
CDS 4.6 M I D x 5 cOkinfkiRWama ﬁ)cedur@a7 Eth %

3 E’ Snri {:depl ;b?rrgcﬁgﬂ %XfB}?E/() 8 &é&p

eluent A to 100% el uent B in ) eau wth ent B
during 1 min. B850 mmel) Hﬁbﬂ‘("é‘aﬂ%‘@fmide BBJeng, 08 mmolHBCKbveitll /| TFA

80/ 20/-0. 05 ¢ =
El [ (5S*, 9R*g)7 gcﬁgrlwgbaﬁﬁmgﬂ m%i)l cffg or og%e(r:\]ﬁ z‘ﬁﬁ-%{f ﬁﬁfﬁ‘,lﬂZ&T&% 1,3,7

triazaspi ro[44doh=8K§1). T-5peikd. h=i8 H2)i1.25- E&I(dehhmééyahghdrzomlﬂm de (202

ng,SZSnan)%Q(%d@d n %g |t i (

1-ethoxy-Il-trineth Fl T?)%yf%gg}(%%’r 9;’)21%%( fi% ﬁ hﬁ %ﬁrf)p)a JExla{r#pI e 15
(300 ny, 0.72 Hﬁbl) and acetic acid (4131, 7.2 rrrml) The solution was
refluxed for 2.5h, concentrated in vacuo and partitioned between DCM and

brine. The aqueous | ayer was extracted twice with DCM The conbi ned
organic layers were dried over Na2SdxamnmPiapgeentrated. The resulting

product vas cryptst 5£5%.1 Bichtorophenyl)-1-methyl-2,4-dioxo-7-pyrimidin-2-y1-1.3.7-

10 triazaspiro[4.4]non-9-yl]-benzonitrile

B

e
ci o N
Q“mn
cl (Zr \Me

A mixture of Example 15 (100 mg, 0.24 mmol), K;CO; (37 mg, 0.27 mmol)
t5  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 EtQAc. The agueous 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*)-T7 -(6-Chloropyridazin-3-yl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-

25 dioxo-1,3,7-triazaspiro{4.4]non-9-yl}-benzonitrile

-117-




25 McOH to yield the above-titled conpound as a white solid (107 ng), np =
216 C. -120 16 January 2006 EXAMPLE 89

4-((5S*, 9R*) - 3- (3, 5-Di chl orophenyl ) -1, 7-di net hyl - 2, 4-di oxo-1, 3,7
triazaspiro[4.4]non-9-yl]-benzonitrile Me 5 ClI CN Formal dehyde (80 I, 37%
in water, 1.1 mml) was added to a solution of Exanple 15,.( 72
mml) in formc acid (1 nm). After 4h at 90C, the sol utioﬁa‘%ggagp%q)@%

0C, basified with NaOH 2N, and extracted with Et OAc. After concentratlon
t he conpound was purified by crystalllzatloﬁ of its TFA salt in ether. io0
After basification, the above-titled conpo was obtained as a white solid
(123 nmg). IH NI\/R(CDCI3) : 7.63 (2H, d, J|—,§ 0 Hz), 7.25-7.35 (3H, m,
6.67 (2H, m, 3.83 (1H dd, J, = 11.7 Hz, 6.0 Hz), 3.2-3.4 (2H, m,

3.24 (314, s), 3.09 (IH m, 29é1| (| d,NJ = 10.9 Hz), 2.52 (3H, s). 15
CN1 O i N EXAMPLES 90-101 RCOCI RSO; CI/P- resin RO CN Cl 6 CH3
N =N
~
gil Me

Using the same experimental procedure as in Example 82, Example 15 (160
mg, 0.24 mmol) was reacted with 3,6-dichloropyridazine (39 mg, 0.26 mmol) to yield
5  the above-titled compound (27.1 mg), mp = 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

10
I =
_N
cl o M
Nm
Q- YN\ =N
cl o Me

Using the same experimental procedure as in Example 82, Example 15 (1060
mg, 0.24 mmol) was reacted with 2-bromopyridine (25 ul, 0.26 mmol)} to yield the
15  above-titled compound (30 mg). 'H NMR (CDCl) : 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-[(55%,9R*)-1-Acetyl-3-(3,5-dichlorophenyl)-2,4-dioxo-1,3,7-triazaspiro[4.4]non-

9-yl]-benzonitrile
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(lac) RO =COR or SO R 20 Using the same procedure as described for Exanpl es
16-21 (Method A) or Exanples 22-24 (Method B), the conpounds having the
above formula (lac), listed in Table 5 were obtained after filtration and
evaporation to dryness. Sone conmpounds were further purified by reverse

phase HPLC (gradient from CH3CN H20/ TFA: 5/95/0.05 to CN H :
80/ 20/ 0. 05). Exanpl es 99 and 100 were obtained -121 16 Ja%ﬁg ”E%C%J‘gﬁﬁer

hydrol ysis of their corresponding esters follow ng the general Method C
(0.06 mmol in 3 mM THF, with a 2N solution of LiOH (240 |, 0.48 nmol)).
These conpounds were then purified by reverse phase HPLC (grad| ent from
CH3CN H2O' TFA: 5/95/0.05 to CH3 H2O A N 80/ 20/0 05). For each conpound
5 LC Mass results are reported ( CO dEtI LC M cromass platform
(APCI +, DAD (210-400 nm), Caol S ge r S 4.6 mID x 5 cm
Flowrate : 2.75 nL / mn, Gadi A)e nt Ato 100% el uent
Bin 2 mn., with a plateau V\:ith:llOO% eB during 1 mn. Eluent A: H20
(0.05% TFA), Eluent B CH3CN / H20/ TFA 0/ 20/0.05)). 16 January 2006
TABLE 5 Ex. StructureMethodQuantity (ng)Retention tineAnatysis .S o 0=7 |

90 A23.92. 31649
) {Jsmg the same experimental procedure as in Example 15, Example 11 (533

mg, I mmol) was reacted with 1-chloroethyl chloroformate to yield the above-titled

5  compound (76 mg), mp = 125 °C. 'H NMR (CDCl;) : 7.66 (2H, d, J = 8.3 Hz), 7.25-
7.35(3H, m), 6,52 (2H,d, J= 1.5 Hz), 410 (1H, dd, J; = 11.3 Hz, J, = 7.1 Hz), 3.74
(1H, d, /= 13.1 Hz), 3.45-3.60 (3H, m), 2.78 (1H, br 5), 2.73 (3H, s).

EXAMPLE 86
10 4-[(55*9R*)-9-(4-Cyanophenyl)-3-(3,5-dichiorophenyl)-1-methyl-2,4-dioxo-1,3,7-

triazaspiro[4.4]Jnon-7-yl]-4-oxo-butyric acid

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), Etuent B : CH;CN / H,O / TFA (80/20/0.05)).

EXAMPLE 87
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a 0.0 0 91A20.32.28619 (M1) xs 92~~"xw xAd.22.4644 (M-1) ~A o 1H NMR
(CDCI3): 7.69-7.58 , F( 93cx A4.72.483 G ~x 6.62 2H,s), 4.17-3.69 (8H,
m. 3.20 (31-1, s), 2.58 (3H, s) O 94A4.72.47631 (Mrl) a ~x cx1 H NVR
(CDC13): 7.67 (2H d), 95A322,437.41 (1H, s),7.29-7.18 (3H, m), ,~6.69

(21-1,s), 4.11-3.9 (7H, m, 16 January 2006

5-1(55%,91*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxe-1,3,7-

triazaspiro{4.4]non-7-yl}-5-oxo-pentanoic acid

DN)’N\ =N
o Me

Ct

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 | min. Eluent A : H,O (0.05% TFA), Eluent B :
CH3CN / H,0 / TFA (80/20/0.05)).

15 EXAMPLE 88
4-[(55*,9R*)-7-Cyclopropyl-3-(3,5-dichlorophenyl)-1-methyl-2,4-dioxo0-1,3,7-

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 ul, 4.33 mmol),
Example 15 (300 mg, 0.72 mmol) and acetic acid (413 pul, 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,SOy4 and concentrated. The resulting product was crystaltized from

25 MeOH to yield the above-titled compound as a white solid (107 mg), mp = 216 °C.
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Cl 3.19 (3H, s), 2.65 (3H, s) HM8r, s O ' LI O/NH CH
96A3. 82.%4616 (MF1) O O CH N KSH- H, cr G O 97-ryA3.81.71500 (M+l) n  x

-123 16 January 2006
16 January 2006

EXAMPLE 89
4-[(55*,98*)-3-(3,5-Dichlorophen yI)-1,7-dimethyl-2,4-dioxe-1,3,7-

triazaspiro[4.4inon-9-yl]-benzonitrile

yle
ci o _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.

10 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, s5), 3.09 (1H, m), 2.94
(1H, d, J=10.9 Hz), 2.52 (3H, s).

15
EXAMPLES 90-101
R9
o o /H RCOCI or RSO,CI o '\q
T oAl
NN PS-DIEA resin " 3
~ N CN
cl gi/ CH, cl gf \(:HJ
(tac)
A8 =COR or SO,R
20 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 1o CH3;CN/H,O/TFA : 80/20/0.05). Examples 99 and 100 were obtained

-121-




Tabl e 5 (continued) Ex.StructureMethodQuantity (ng)Retention tineAnalysis N
a Xs ~ 98F d-v+ A5.2all618 (M) C ND CVMS a S-il oN O0'S
99A&C2. 42. 11650( M+1) o cN, 10005 ~A & C5.91.45*562 (M1) r

16 January 2006

after hydrolysis of their corresponding esters following the general Method C (0.06
mmol in 3 ml THF, with a 2N solution of LiOH (240 pul, 0.48 mmol)). These
compounds were then 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

5 LC Mass results are reported (LCMS conditions : LC Micromass platform (APCY +,
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 7/ H,O / TFA (80/20/0.05)).
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\ a 0 !N 101No632.33'651 (M1)' a o \a+tCN ' (APCI -) as in Exanple 152 5
EXAMPLE 102 4-[(5S*,

9R*) - 3- (3, 5-Di chl or o- phenyl ) - 1- net hyl - 2, 4- di oxo- 7- (qui noxal i ne-6- ca
rbonyl)-1,3,7-triaza-spi ro[4.4]non-9-y I]-b enzon itri le CN 10 -124 16
January 2006 To a sol ution of qgui noxal i ne- 6- car boxylic a(ékgl é56.2 0. 318
nmmol) in 7 mM DW were added EDCI (62 ng, 0.32 nmol), (Jgugyl, :
mmol ) and HOBt (49.3 ng, 0.36 nmol ). After 30 min, a solution of Exanple
15 (103.4 ng, 0.249 mml) in 1 mM DW was added. The reaction m xture was
then stirred overnight at 5 RT before e¥aBd/Fsi on to dryness. The residue
was partitioned between DCM (50 m) and IN solution of HCI (20 m). The
DCM | ayer was washed with 10% sol uti on of sodium carbonate (2 x 20 m),

dried over sodiumsulfate concentrated and purified by reverse phase HPLC
(gradi ent fromeH3CN HO Gbrdcols. 5/ 95/| Rletid dum.tyw]@we.klzﬂlmﬂ'k 804ndifMis0. 05) [t o
yield the titlgd ¢35 no) . [Reteption tijme: 10 ZJI6 mn., 57T (1)
(LCVB conditiops {: Rmss platform (APCl [+, DAD (210-400 nm)),

Col um @ TSK ggl, |Supeg D 4.6 mm D x b cm Flowrate j 2.75 nL / mn,

Gradient : from 10 Mrddnp—A to 100% e] uefit® Blin 2%'minl, wi ™%l at equ
with 100% el upnt| B dyting 1 min. K uent A : HZO (0.05%9 TFA), Eluent Bj:
CH3CN / H2O /LTHA (80/20/0 058))

9N A 20.3 2.28 613 (M+1)

A 42 2.4 644 (M+1)

iH NMR (CDCI3): 7.69-7.58
{3H,m), 7.29-7.19 (3H, m),

A 47 4
248 6.62 (2H,5), 4.17-3.69 (8H, m),
3.20 (3H, 5), 2.58 (3H, 5)
A 47 247 631 (M+1)
1H NMR (CDCI3): 7.67 (2H.4).
A a2 23 7.41 (1H, §).7.29-7.18 (3H, m),
6.69 (2H.5), 4.11-3.9 (7H, m),
3.19 (3H, 5), 2.65 (3M, s)
o
o=l 7
o Q rj 4 °.
§/ H,C o CH,
96 DN)FN A 38 234 616 (M+1)
cl oy \CH:
\\\N
[

5]
[+ o M
97 QN»\Y_ZO\ A 38 171 500 (M+1)
oH,
a
S




15 EXAMPLES 103-134 C \ /N C 1) RCARZH),._. tl I \ ~N PS-carbodiinide
resini Cl OCH3 CN 2) PS-trisamne resin CI OCHCN 3 (lae) Using the
sanme procedure as described for Exanples 25-36 (Method D), the conpounds
havi ng the above fornula (lae), listed in Table 6, were obtained after 20
filtration and evaporation to dryness. For the N Boc and/ COrt B
protected R, the conpounds were treated with DCM TFA (11%)‘J ggﬂefor
hat RT, and the resulting basic or acidic conpounds were further purifi ed
by SCX or SAX cartridge, respectivelpblendeoptinued) Sone conpounds were
further purified by reverse phase HPLC (gradient from 25 CH3CN H O TFA:
5/95/0.05 to CH3CN H2O' TFA : 80/ 20/0.05). For each conmpound, the LC Mass
results are reported (LCMS conditions : LC Mcromass platform (APCI +, DAD

(210' 400 I'IIT_)), @Q' um . -E%tugeel SupE hetmq}uénti@(m F‘e@n%ntlrﬁe cm F %Wsig ate :
2.75 nL / mn, thi enL H,cl romt06%tetutent—Ato 1008 et udnt—B+1m—=125-16
January 2006 2 m . @t eau (Wi th| 100% el bent B ddyring I mn. El yent
A : HO (0.05%| TH «u nt CH3CN /| H2O / TFA (80/2Q/0.05)). TABLE |6
Ex. Struct ur eMet hq¢ )Ret enti‘on| ti M8Ana] ysi2g? 618 (M+1)

a9 A&C 2.4 211 650 (M+1)

100 A&C 59 1.45" 562 (M-1)"

101 B 3 2.33¢ 851 (M-1)

*{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

- CN
é >—N
N
g// CH

-124-




103D14. 910. 802' 586 (M+1)' o~x 1040 txD9.69.768 588 (Mrl)' , H 548 (M1);

1H NVR (CDCI 3):8.6-8.4 (2H, m), 7.75-7.55 (3H, m, 7.4-7.15
105D16. 11. 77(4H, m, 6.85-6.7 (2H, m, 4.45-4.15 (1 H m, 4. 1.5_3' '6'35 (4'I'-I,
m, 3.2 (3H, s), 3.15-3.0 (2H, m, 2.8-2.55 (2H, M -~y \y-{ \ "t v

106\ D & L15. 11. 76554 ( M+l) YYYYr 16 January 2006

To a solation of quinoxaline-6-carboxylic acid (56.2 mg, 0.318 mmol) in 7 ml
DMF were added EDCI (62 mg, 0.32 mmol), TEA (53.9 !, 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
5  RT before evaporation Lo dryness. The residue was partitioned between DCM (50 ml)
and IN solution of HCI (20 mi). The DCM layer was washed with 10% solution of
sodium carbonate (2 x 20 m}), dried over sodium sulfate, concentrated and purified by
reverse phase HPLC (gradient from CH;CN/H,O/TFA: 5/95/0.05 to
CH;CN/H20/TFA : 80/20/0.05) to yield the titled compound (35 mg). Retention time:
10 2.16 min., 571 (M+1) (LCMS conditions : LC Micromass platform (APCI +, DAD
(210-400 nmy}), 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,0O
/ 'TFA (80/20/0.05)).
15 EXAMPLES 103-134

Ccl Cl
1) RCOH
PS-carbodiimide resin

cl 2) PS-trisamine resin

(1ae)

Using the same procedure as described for Examples 25-36 (Methoed D), the

compounds having the above formula (Iae), listed in Table 6, were obtained after

20 filtration and evaporation to dryness. For the N-Boc and/or CO,tBu protected R, the
compounds were treated with DCM/TFA (I: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

25 CH3;CN/HO/TFA: 5/95/0.05 to CH;CN/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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~ co0 0 C%107aD & L14.61.74558 (Mtl) cw QS 108\0&L15.41. 74558 (M+l)
~1 1 \J ot 109D & L151.76526 Cl1 -126 16 January 2006 Table 6 (conti nued)

Ex. StructureMet hodQuantity (ng)Retention tinmeAnalysis C 110GD &

L14.71. 76526 (M+l) O

16 January 2006

2 min., with a platean 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)).

TABLE 6
Ex. Structure Method Quantity (mg) | Retention time Analysis
. 2
[+]
i
103 @““ D 14.9 10.802* 586 (M+1)*
a GM.:“, ( }
T, DYO' e
{-0F
104 D 9.6 9.768" 588 (M+1)"
N
\\N
E 548 (M+1); 1H NMR
: ] N {CDCI3):8.6-8.4 (2H, m),
Q : 7.75.7.55 {3H, m), 7.4-7.15
105 - O - D 16.1 177 {4H, m), 6.85-6.7 (2H, m),
o ? 4.45-4.15 (1H, m), 4.15-3.65
(4H, m), 3.2 (3H, ), 3.15-3.0
{2H, m), 2.8-2.55 (2H, m)
[2]
HOn
N N,
106 ' D&L 15.1 176 554 (M+1)
7oy
ol 0
107 D&L 146 1.74 558 (M+1}
108 D&L 154 1.74 558 (M+1)
OW'S
0 =
109 b~ : D&L 15 1.76 526
el i

~126-




111a rrd D&L13.4172514( Mrl1)

113D&L171. 93598( M)

a a

~ +~

G- ogggg , 114,, DI13.21.75534 (M+l) /1 Gyl

05 i

a

o 112- 1 gD & L151.8556 (M+1)

c r+ 115D14.51. 73534 (M1l) - Yx. |
16 January 2006
Table 6 (continued)
Ex. Structure Method Quantity {mg) | Retention time Analysis
o ira}

14.7 1.76 526 (M+1)

134 1.72 514 (M+1}

15 1.8 556 (M+1)

17 1.93 598 (M+1)

13.2 1.75 534 (M+1)

14.5 173 534 (M+1)

1.7 1.74 534 (M+1)
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G2 S G/u 116D11. 71. 74534 ( Mtl)

Ex. StructureMet hodQuantity (ng)Retention tinmeAnalysis ggq

117pppDLl. 71. 81546( Mr1)

119~aD11. 61. 77577 (M+1) t

-127 16 January 2006 Table 6 (continued)
0 a 118/ \D5.21.79566 (M+l) Icl O 00 CIN

16 January 2006
Table 6 {continued)
Ex. Structure Method Quantity (mg) | Retention time Analysis
D 1.7 1.81 546 (M+1)
D 52 1.79 566 (M+1)
D 11.6 1.77 577 (M+1)
a, s
120 i : : 4
Q f"‘w, D 12.7 1.79 546 (M+1)
[+]
o]
? ™
121 Q 9. O D 16.9 1.79 554 (M+1)
of Is) o -
“Rﬂ%
122 }}j D 214 1.82 576 (M+1)
jaSestol
o?_/o—/c“’
c o _{«N
123 @ ; D 155 1.99 501 (M+1)
o 2”"\“*‘ “
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a cN ao\ 120p oi D12.71.79546 (Mtl) G 6 1211 D16. 91. 79554 (M+1l) o ~y
w4 122D21. 41.82576 (M+l) g 05 o. ~OS ~ o O /N 123a 4 aSD15.51. 99501 (M+1)
-128 16 January 2006 Table 6 (continued) EXx.StructureMethodQuantity

(ng) Retention tineAnal ysis
16 January 2006

Table 6 (continued)

Ex. Structure Method Quantity (mg)| Retention time Analysis
0}—\
i ) @o‘
124 D 12 2,17 611 (M+1)
I
]
O
. _ .
125 3}}%\7‘ D 46 1.75 542 (M+1)
o}js";
a g 'H NMR (CDCI3): 7.59 (2H,
126 £ o 108 193 d}, 7.38-7.24 (3H, m), 6.78
Q ?,N\‘“‘ O o (2H, d), 4.6-3.78 (7H, m),
G 3.27-3.15 (6H, m)
=
. o L5
-
127 C.D}"‘ D 127 1.87 586 (M+1)
o CH,
\‘\N
!
=)
-3
128 }ﬂj D 10.3 2086 578 (M+1)
by,
™
N
-
ot o}"d/“
a
H
129 D 9.5 1.92 560 (M+1}
o ‘1:%
N
A
[+ rN Dj
130 N)’”‘ 8] 17.1 213 577 (M+1)
C.H,




124- gD122.17611 (Mrl) O 125D4.61.75542 (Mrl) o O ' bS 0 0 ~H NMR
(CDC13): 7.69 (2H, 126/ \ .D10.81.93d), 7.39-7.24 (3H n), 6.78 (2H. d),
4.6-3.78 (7H, m), 3.27-3.15 (6H, m) 0 0 1270 cx, D12.71. 87586 (M#1)

128D10. 32. 06578 (M+1) ~~ 0 1293} D9.51.92560 (M¥l) IwyJd'\/ o
16 January 2006
Table 6 (continued)
Ex. Structure Method Quantity (mg) | Retention time Analysis

°7»©’®‘
L]
N

)
131
a2l
o N
132 Q% D 19.6 2.13 593 (M+1)
o ‘)""l
¢ oM,

(o]
r—N
133 u@*% D 16.2 2.03 574 (M+1)

D
.
134 a@‘% D’ 4 2.1 587 (M+1)

°: {APCI -) as in Exampla 152

D 10.7 2 586 (M+1)

D' : Method D without PS-Trisamine ireatmeant




CH~ 130 \~N\

a c~ D17.12.13577 (M+l) CN -129 16 January 2006 Table 6

(continued) Ex.StructureMethodQuantity (ng)Retention tineAnalysis o ~X
131cxD1072586 (M+l) a o x 132D19.62.13593 (M+l) o cx, € X ~~ X~ (

10

16 January 2006

EXAMPLES 135-140

Ct
1} RCO,H / EDCI / HOBt

—

Ci

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 mi 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
residues were purified by reverse phase HPLC (gradient from CH3CN/H,O/TFA-
5/95/0.05 1o CH3CN/H,O/TFA : 80/20/0.05), to provide compounds having the above
formula (lae), listed in Table 7. LC Mass results are reporied (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 I min. Eluent A :
H0 (0.05% TFA), Eluent B : CH;CN / H,O / TFA (80/20/0.05)).
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o ~JJJ 133c o ~ D16.22.03574 (M+l) ar 134D 42.1587 (M+l) ': (APCl -) as
in Exanple 152 D : Method D without PS-Trisam ne treatnent -130 16 January
2006 EXAMPLES 135-140 1) RCO2H / EDCl / HOBt -r. CNCI (lae) CN 5 To

di -carboxylic acid reagents (0.24 nmol) were added I m of a m xture of
EDCI (95.9 ng, 0.5 nmol) and TEA (84 |, 0.6 mmol) in DIVF 7 mlezqyaagGO 1 m
of HOBt solution (78 ng, 0.57 mmol in 0.7 m DMW). After!

of Exanple 15 solution (174.5 ng, 0.42 mmol, in 2.1 mM DW), was added.
The reaction mixtures were then stirredAdldtR Ai ght at RT before evaporation
to dryness (Method E). The 10 residues were purified by reverse phase HPLC
(gradient from CHSCI\V H?O TFA:  5/95/0.05 to CH3CN H20[ FFA 80/ 20/0.05), to

provi de conpoundshay+ng—the—above—roriwt-g—{+aer—+Hhsted—+nr—Fable—F—+C
Mass results are [rBxpprt ed StduGidire condi Methad | Qubsktity (mg) | Retention time |  Analysis
0,
Q :/N
135 QN ; £ 8.1 1.489 562 (M-1)*
N,
Pl S
O
QN OH
136/ E 13.8 2.06 591 (M+1)
Q\N
H
—N
¢ \\ OH
ci o _/N o
137 Qu } E 20.1 1.89 553 (M+1)
Gi 0)——"{c:|-|3
\}N
Ct
138 E 135 1.95 564 (M+1)
[«
o L
139 a E 8.4 2.03 641 (M+1)
of L
OoH
o N
& >
N
< g _n_ "
140 E 10 2.15 583 (M+1)
N
o I,
Q\N

“: (APC! -} as in Example 152
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M cromass platform (APCl+, DAD (210-400 nm)), Colum : TSK gel Super ODS

4.6 MmID x 5 cm Flowrate : 2.75 nL / mn, Gadient : from 100% el uent A

to 15 100% eluent Bin 2 mn., with a plateau with 100% eluent B during 1

mn. Eluent A: H20 (0.05% TFA), Eluent B : CH3CN {\/E{-IﬁO/ TF;A_t
80/20/0.05)). 16 January 2006 TABLE 7 Ex. Structure o] nt i

Errg) Retentiz_uz] ti meAnal ysiys 0 0,N 135/ E8.11.489562 (M%)%J?Q“UE%QBOGQ /N

\ / 136p E13.82.06591 (Mtl) p CNNH O) OHCO O/NO

EXAMPLES 141-151

0920
ci an Cl
C? cli
(lag)
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 CH3CN/H,O/TFA : 80/20/0.05), to provide compounds having the above formula
(Iag), listed in Table 8. 1.C Mass results are reported (I.CMS 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 HyO (0.05% TFA), Eluent B : CH;CN / HO / TFA (80/20/0.05)).
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137E20. 11. 89553 (M+1l) 1H, NOH C ~, N 11 O 138E13.51.95564 (M+l) O CH N
N oM 139E8.42.03641 (Mtl) OH ON o | H 140c o E102.15553 (M+1) \ / N
Cl C (APCl -) as in Exanple 152 -132

16 January 2006
TABLE 8
Ex. Structure Method | Quantity {(mq) | Retention time Analysis

[n}

0

141{ ¢ m F 4.9 2.01 579 (M+1)

G,S‘ & o,

O; 5:

A

142 F 3.1 2.01 563 (M+1)
o >
]

F 0.6 1.85 607 (M+1)
F 1 1.89 607 (M+1)
F 1.2 2.1 569 (M+1)
F 2 2.04 567 (M+1)
F 2.8 2.03 567 (M+1)
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16 January 2006 EXAMPLES 141-151 CN (lag) CN 5 To sol utions of anhydride
carboxylic acid reagents (0.072 mmol) in 1.5 nil THE, was added 0.5 nil of
a solution of Exanple 15 (448.5 ng, 1.08 nmmol, in 9 mM THF). The reaction
m xtures were stirred overnight at RT before evaporation to dryness
(Method F). The conpounds were then purified by SAX cartr,idge and
further purified by reverse phase HPLC (gradient from O—léé\%—ﬁ’i@%giage
5195/0.05 to to CH3CN H, O TFA : 80/20/0.05), to provide conpounds havi ng
the above formula (lag), listed in Table 8. LC Mass results are reported
(LCV5 conditions : LC M cronass pl alalde $h{¢ofidued) DAD (210-400 nm)), Col umm
TSK gel Super ODS 4.6 mmID x 5 cm Flowrate : 2.75 nL / mn, G adient
. from100% eluent Ato 100%eluent Bin 2 mn., with a plateau with 100%
el uent B during€k. ) n. shiwteidt A | mebSodiHaGarit) (Ba ionts tided€NT B palvdig SCN
H20O / TFA (80/20/0i 05)). i%anuary 2006 TABLE|8 Ex. StrugtureMet I%oa@an
[

ity

mRetention ti m?Ana{l ysis ¢ yen\ 1p1qC i F4.92.03579(M+l) ¢ o \ ~ 142a/
NF3.12. 01563 (Nt1)} yx== ~

/" F 8.2 1.84 564 (M+1)
m
Pl et

1491{ © o r F 7.6 1.98 553 (M+1)
N
a e

150 /" F 8.7 2.09 581 (M-18)
N\
§: Pt
1514 @ /" F 4.5 2.06 551 (M-18)
jaSen ol
ml
[=]
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143F0. 61. 85607(M+1) o \ i ~N 144// F11.89607 (M+l) a NY ~*, r 145/ v
F1.22.1569 (M¥l) g/ \ > 1 ail p o// ~[Q\N 146C1F22.04567 (M+l)

147aF2. 82. 03567 (M+1l) g of boy / -134 16 January 2006 Table 8 (continued)
Ex. StructureMet hodQuantity nmRetention tineAnal ysis

10

20

16 January 2006

EXAMPLE 152
4-[(55%, 9R*)-7-(2-Benzylamino-acetyl)-3-(3,5-dichloro-phenyl}-1-methyl-2,4-

dioxo-1,3,7-triaza-spiro[4.4]non-9-yl]-benzonitrile

HN
oﬁ)
ci 0 (N
CN
N
ct

N
gl/ CH

3

To a solution of Example 15 (41.5 mg, 0.1 mmol) in I ml THF, were added
TEA (0.0194 ml, 0.14 mmol) and chloroacetyl chloride (0.0095 m!, 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
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);
(LCMS conditions : HP 1100 MSD platform (APCI -, DAD (210-400 nm)), Column :
TSK gel Super ODS 4.6 mm ID x 10 ¢m, Flow rate : I mL / min, Gradient : from 5%
to 95% eluent B in 15 min., with a plateau with 95% eluent B during 5 min. Eluent
A : H;0 (0.1% ammonium formate), Eluent B : CH:CN). "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,

m},




148" AF8.21.84564 (M+l) \~ 1/ w 149CDiN _F7.61.98553 (Mrl) 1/ w ~ p
/1 d5 D 150F8, 72.09581 (M 18) ON 151F4.52.06551 (M 18) -135 16 January

2006 EXAMPLE 152 4-[ (5S*, _
9R*) - 7- ( 2- Benzyl ami no- 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]-benzonitrile HN Ch,65January 2006

EXAMPLES 153-162

Cl
RR'CHBr ‘
——— N
J—N
Cl 0

({lah)

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 I ml dioxane. The reaction mixtures were stirred ovemight at RT before
cvaporation 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 CI—L,CN/HZO/T FA: 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
CH3CN/H;0/TFA: 5/95/0.05 to CH;CN/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 S cm,
Flow rate : 2.75 mL / min, Gradient : from 100% eluent A to 100% cluent B in 2 min.,
with a platean with 100% eluent B during 1 min. Eluent A : H,0 (0.05% TFA),
Elvent B : CH3CN / H,0O / TFA (80/20/0.05)).
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To a solution of Exanple 15 (41.5 ng, 0.1 mmol) in 1 m THF, were added
TEA (0.0194 m, 0.14 mmol) and chloroacetyl chloride (0.0095 m, 0.12
mmol ). After 15 min. at RT, the reaction m xture was evaporated to dryness
to yield 47.8 ng of crude internmediate. To this internediate (37.7 ng,
0.077 mml) in 1 mM THF, were 10 added PS-DI EA ( Argonaut 15@%% goﬂg
nmol ), benzyl am ne (4. 9 |, 0.045 nmmmol) and PS-DVAP (Arg ) 0. 06
mol ). The reaction mxture was stirred for 24h at RT before evapor ati on
to dryness. The residue was purified by TABIE 8¢ phase HPLC (gradient from
CH3CN/ H20/ TFA: 5/95/0.05 to CH3CNIH2O TFA : 80/20/0.05) to yield the
titled compound (4.2 ng). Retention tine: 10.65 mn., 563 (M+l); 15 (LCMS
condi tions @ HP VU VE[Euukat T OF ThkeRdlhuansity (iaN) Rbtentidn aidy_N1J ) , Addhytiim - TPK
gel Super ODS 4.4 mpID x 10 cm |Flowjrate : X nL / mn, Gadient : from5%%
to 95% eluent B ijn 35 mn{ gpth|a pl ateau wi tth 95% el yent B during 5 mn.
Eluent A : H20 (Q. 1% Wum fornmate), Eluentl B : CH3EN). 'H NMR ()CDC13):
7.75-7.6  (2H, d)] %M o MRkt SYETTR (X P
(7H, M, 3.3-3.05 [(3HK,=20 . Januafy 2006 EXAMPLES 153-162 CI \ Rl Cl
RRCHBr CIS OCHR ?|3 CNC' C MCH 3]CN (fah) Conpounds having the abové
formula (lah), lijsted in Tahle 9] wer¢ obtaingd 5 by adding Exanple 15
(10.9 ny, 0.045 nnolf) a #6{74 R, 0.048mmol) to &U‘NEHP@R‘% 7(9’?(4“")741
K S;ﬁ:h

appropriate al kyl|, .a etergaryl |bropj de [reagents é ‘2 Gr’n)’q 431
mol ) in | m didxan gactifon mixtures were Stirif esrsng tH,gt
before evaporatifjon|to dryness (Methofl G. The conpounds vvere p:kl-l’d)fl ed by
SCX cartridge and BS-|socyanate|(Argonaut, 006 mmol)

conpounds were al|so |10 purjified by reverse phase HPLC gradient from

CH3CN H2QY TFA: 5/|954 0. 05M

155 G 12.8 203 641 (M+1)

156 G 3.3 1.82 563

157 “; < G 9.9 211 594 (M+1)
[+ n}’\‘”. -
=

¢

3¢

Ea

158 "C { G 7.3 2.14 584 (M+1)
o d}”tc“.
N
- o
M 1H NMR (CDCI3): 7.6 (2H.d), 7.3

(2H,d), 7.2 (1H.5), 6.8 (1H,s). 6.7

° M ). /. 54, 0. ,8). 0.

¢ (2H,5), 6.2 (1H,s), 4.45 (2H,q), 4.2

158 a% G 17 (2H,s), 3.93-4.03 (1H,m), 3.5-3.7
N (3H,m), 3.3 (1H,d), 3.2 (31,5}, 1.4

(3H.1)
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CH3CN HzA rpA : 80/20/0.05). Exanples 162-164 were obtained after

hydrol ysis of their corresponding esters follow ng the general Method C as
i n Exanpl es 90-101. These conpounds were then purified by reverse phase
HPLC (gradient from CH3CN H2O TFA: 5/95/0.05 to CH3CN H2O TFA

80/20/0.05). 15 LC Mass results are reported (LCMS condit) s : g@

M cromass platform (APCI +, DAD (210-400 nm), Columm : Bér CDS
4.6 M 1D x 5 cm Flowrate : 2.75 nL / mn, Gadient : from 100% el uent A
to 100% eluent Bin 2 min., wth a plateau with 100% el uent B during I

mn. Eluent A: H20 (0.05% TFA), EI'Dsb1é 9Gontihi&ZN / H20 / TFA
(80/20/0.05)). 16 January 2006 TABLE 9 Ex. StructureMethodQuantity
nRetention tineAnalysis 153:--qG3.21.98549 (M1l) 1H NWR (CDCI 3) 7.62

(4H d), 7.41- 7el T( SHsWicwrb. 62| fiethdaFduantfly (Ra] Reteptiontida (7 41~ OGGakE >
4.10-3.75 (3H 1, 3. 62- 3. 38.(5H, n') 3.51-3.88 (1IH m] “3—371—(‘31@1é‘)—‘—,s
155G12. 92. 03641 (I#1) P ©.156 "G3.31.82563 0 0 |i

U

160 “i 3 {" G&C 8.5 1.71 543 (M+1)
=) dk—’t':“:

161 b_}” G&C 16 1.86 613 (M+1)
-] \u‘!. =3

r'd
162 Q G&C 6 1.83 556 {M+1)
bW
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157(9. 92. 11594(M+1) (P,, 158G7.32.14 584 (M+l) 0-JO7H NMR (CDC13): 7.6
(2H,d), 7.3 (2H,d), 7.2 (1 HS), 6.8 (1 H's). 6.7 159Gl1.7(2H,s), 6.2
(11H,s), 4.45 (2H,q), 4.2 (21-1,s), 3.93-4.03 (1H M, 3.5-3.7 .,,(31H M,
3.3 (1 Hd), 3.2 (31H,s), 1.4 (3Ht) -138 16 January 2006 Table 9
(continued) Ex. StructureMethodQuantity (ng)Retention ti rrem% &é@ ZQ)?§$:
160N} h" G & C8.51.71543 (M+l) ¢ ~uS ~ 161G&Cl1. 61.86613 S 2G &

C61. 83556 ( M+l
( ) EXAMPLES 163-181

0 /R
y 'Y

cl % 1) COL/ TEA ol Q

£ 2) M A

3 3; HE:-HTEA %

N N

N N

Cl 0 CHa CN Ci (o] CHJ CN
{1ai)
X=NorQ
5 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 mi) and
brine (20 ml). The DCM layer was dried over sodium sulfate and concentrated. This.

10 residue was stirred at 60°C overnight with methyl iodide (523 pul, 8.4 mmol) in 20 ml
ACN, and the reaction mixture was evaporated to dryness, furmishing 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

15 reactive intermediate (1.62 mmol), with TEA (0.5 ml, 3.56 mmol), in 13 m} DCM.
The reactton mixtures were stirred overnight at RT before evaporation to dryness
(Method H). The compounds were purified by reverse phase HPLC (gradient from
CHCN/HO/TFA: 5/95/0.05 to CH3;CN/H>O/TFA : 80/20/0.05), to provide
compounds having the above formula (Iai), listed in Table 10. Examples 174-179

20  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,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

25 5cm, 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 : CH;CN / H,0 / TFA (80/20/0.05)).
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-139 16 January 2006 EXAMPLES 163-181 1) CDI /TEA 2) Mel 3) RXH TEA CN X =
Nor 05 To a solution of Exanple 15 (873.1 ng, 2.1 mmol) and TEA (408 |,
2.94 mol) in 5 mM THE was added dropwi se a sol ution of

1,1 -carbonyldiimdazole (479.3 ng, 2.94 mol, in 6 M THF). The reaction
m xture was stirred at RT for 24h before evaporation to ness

resi due was partitioned between DCM (50 nil) and brine (d6?4ﬂ an*é§BBCM

| ayer was dried over sodium sulfate and concentrated. This 10 residue was
stirred at 60C overnight with nmethyl iodide (523 1, 8.4 mmol) in 20 m

ACN, and the reaction m xture was evaporgBeg (90 dryness, furnishing the
crude reactive internediate. To sol utions of approprlately substltuted

am ne or al cohol [egdgent sydeizan) Omdiea S olity () FRGentibn oV D“’"%? Iﬁosrlsé)l j’ nas

added 0.5 m of & solutiopn of the redctive infernedratg

with TEA (0.5 m | 3456 rg’r@l'Mn 13 m The reaction mjixtures were
stirred overni ght al ¥ ore"‘gyaporati n to dryhess (Method H). The
compounds were ptS3fi ersg phhasejHPLE2 (grpdi ezt frgm  558(M+1)
CH3CN H20/ TFA: 5495{0.05 to CH3CNI H, O TFA : 80/20{0.05), t@ provide
conpounds havi ng|the above formulp (lai)| listed jn Table 10. Exanples

174-179 20 were obt@ned afte ‘u“y lotysts—of—thetr—correspondinrg—esters-
foll owi ng the geperfl I\/E';ﬂo#ia‘@ as in Exanples 90f 101. Thege conpounds wgre
then purified by|reyerse P ase HPLC (grpdient frjom CH3CN IH20/ TFA:

5/95/0.05 to CH3[MA 80/20/ ®. 05) . Lfs Masjs regdltsjare gagag}ed
(LCMS conditions|: L T s platform (APCI 4+ DAD (210-400 nm),

Col um : TSK gel | Super €DS 4.6 mm I D x

222 598 (M+1)
1.89 586 (M+1)
1.86 586 (M+1)
2.19 598 (M+1)

2,07 570 (M+1)




25 5cm Flowrate :
eluent Bin 2 mn.,
A : H20 (0.05% TFA)

January 2006 TABLE 10 Ex. StructureMet hodQuani ty( nmal
164t1Y ~~H2.51. 95558 (M+1

2.75 nL / mn,
with a plateau with 100% el uent B during 1 mn.
CH3CN / H20O / TFA (80/20/0.05)).

El uent B :

0 o 163( Y'" SH2.22.01558 (M1)

H4.52. 22598 (MF1) / \ a

167H2. 71. 66586 ( Mt1)

a o

G adi ent

166ao0H1. 71. 89586 (Mr1) / \

Table 10 {continued)

from 100% el uent A to 100%

El uent
-140 16

Retention tineAnal ysis

oi " s, January 2006

Ex. Structure Method | Quantity (mq)] Retention time Analysis
s als
o
170 % H 17 218 622 (M+1)
[+) (4]
o~
D,
171 ] H 4 1.87 534 (M-44)
Dol i
. %" 1H NMR (CDCI3): 7.71
Y (2H,d), 7.57-7.25 (4H.m),
172 °‘ e H 7.2 1.89 7.14 (2H,d), 7.00 (1H,4),
¢ 6.75 (2H.d), 4.6-3.88
. e O o (5H,m), 3.24 (3H,s)
a
°Ytb
173] g H 6.9 2.05 534 (M-44)
O )’"‘w,
of [+]
OYN °
N A
174 i H&C 8.2 1.83 530 (M+1)
Sadn el
cl [}
Q
°Yf}“
175 -Q 1 %4 M&C 48 1.85 544 (M+1)
o c;rhkm;m
%Y(EL
176 £y H&C 1.1 2.04 570 (M+1)




168H2. 92. 19598 (Mtl) o y 769" H3.72.07570 (Mtl) :-E ; -141 16 January 2006
Tabl e 10 (continued) Ex. StructureMethodQuantity nmRetention tineAnal ysis
170H1. 72. 18622 (M+1) 171a oH41.87534 (M44) 1H NWMR (CDCI3): 7.71
(21-1,d), 7.57-7.25 (4H m, 172H7.21.897.14 ), 7.00 - 6.75 6.75 5 (2H
(2H,d), 4.6-3.88 3.88 a(5H, M, 3.24 (3H,s) "CCCC~JI%II% 173

a
~uH6. 92. 05534 (M 44) G 16" January 2006

Table 10 (continued)
Ex. Structure Method | Quantity (mgq) | Retention time Analysis

177 e § WO H&C 3.2 1.81 572 (M+1)
b r\m’.‘w
o s

178 )~ % H&C 38 1.98 570 (M+1)

OH
o
]
179]| o ‘'Y H&C 2.4 1.94 556 (M+1)
%
o
o o 'H NMR (CDCI3): 7.7

(2H,d), 7.5-7.3 (3H,m},

180 ‘% H 3.8 1.95 6.8 (2H,d), 4.8 (1H,0),
%’}*y\n 457 (1H,d), 4.1-3.89
(5H,m), 3.24 (3H,s)
'H NMR (CDCI3): 8.05
o ¢ (2H.d), 7.7 (2H,d), 7.45
181 g o H s 208 (2H,d), 7.4-7.2 (3H,m),
g})\rbw 6.8 (2H,d), 5.3 (2H.d), 4.5
i Zr“‘os 4.2 (1H,m), 4.2-3.75

(BH,m), 3.2 (3H,s)
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aO u plyal G OM- 174/ \H&C8.21.83530 (Mtl) 4yl i a GO

175H&CA. 81. 85544 (M+l) q a5l ~ au a o 176H&CL. 12. 04570 (M+1l) Cl -142 16
January 2006 Table 10 (continued) Ex.StructureMethodQuantity nRetention
ti meAnal sis 177aw~ OH&C3.21.81572 (Mr1)

16 January 2006

EXAMPLE 182
{[(55%, 9R*)-9-(4-Cyano-phenyl)-3-(3,5-dichlore-phenyl)-1-methyl-2 4-dioxo-

1,3,7-triaza-spiro{4.4]nenane-7-carbonyl]-amino}-acetic acid ethyl ester

5
0" e,
o
NH
0§{
N
Cl 0 z
CN
N &
T en
cl o 3

To a solution of Example 15 (24.9 mg, 0.06 mmol) in 1 ml THF/DMF (9/1),

was added ethy} 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 : CH;CN / H,0 / TFA (80/20/0.05)).

EXAMPLES 183-216

R
\ [
RCHO
cl 0 / cl N
a 1 )on avory
N
N N
“~ N CN
¢ gf CH, al gf “CH,
(1aj)

20

Compounds having the above formula (laj), 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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178a/ \ of H&C3.81. 98570 (M¢l) H J, O 179a oH&C2. 41. 94556 (M¢l) o ' o~H
NMR (CDCI3): 7.7 180H(2H, d). 7.5-7.3 (3H,m), 3.81.956.8 (2H d), 4.8 (1H d),
4.57 (1 H d), 4.1-3.89 a o(SH, M, 3.24 (3Hs) 'HNWR )5 (2H d). 7.7 7 (2H
(2H, d), 7.45 181 /' H2.52.28(2H,d), 7.4-7.2 (3H ), 6.8 (2H d). 5 3 (2H,d),
4.54.2 (1 Hm, 4.2-3.75 (8Hm, 3.2 (3Hs) 16 January 2406 DXANPLE 182
{[(5S*, 9R*)-9-(4-Cyano-phenyl)-3-(3,5-dichloro-phenyl ) - 1-'Pet3HAY 24YRi oxo-

1,3,7-triaza-spiro[ 4. 4] nonane- 7- car bonyl ] -am no] -acetic acid ethyl ester 5
N

CH3CN/H,O/TFA: 5/95/0.05 to CH;CN/H,0/TFA : 80/20/0.05). Example 207 was
obtained after hydrolysis of its corresponding ethyl ester following the general
Method C as in Examples 90-101, and purified by reverse phase HPLC (gradient
from CH;CN/HO/TFA: 5/95/0.05 to CH;CN/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 mmo!). 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 mmot) in 1.5 ml of 1,2-DCE, were added 0.4 ml
of a mixture trimethyl orthoformate / acetic acid: (10.5 m! / 0.225 mi) and 0.5 ml of
Example 15 solution (0.486 mg, 1.17 mmol, in 75 mi 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 em, Flow rate : 2.75 mL / min, Gradient : from 100%
eluent A to 100% cluent B in 2 min., with a plateau with 100% elvent B during I min.

20 Eluent A : Hy0 (0.05% TFA), Eluent B : CH;CN / H,O / TFA (80/20/0.05)).
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N To a solution of Exanple 15 (24.9 ng,
i socyanat oacetate (11.6 ng, 0.089 nmmol),

was added et hyl

0. 06 mmol )

in |

m THF/ DMF (9/1),
and the reaction

m xture 10 was stirred overnight at RT. The titled conpound was obt ai ned
treatment with PS-Trisam ne (Argonaut,

(33.3 ng) after
and PS-1socyanate
mn., 544 (Mtl);

(210-400 nm),
2.75 nL / mn,

TFA), Eluent B :

(

(LCvB
Col um :
G adi ent
with a plateau with 100% el uent B during 1 mn.

Argonaut, 85 ng,
conditions :

TSK gel Super

Lo /. TEA

0.122 mol ).
LC M cromass platfor

Ret ent i

73 nyg,

%%(%@:%;O@QD

ODS 4.6 MmIDx 5 cm Flowrate :

20 Q0O

El uent

AWAY ENCAN

DL G 1090 91

from 100% 15 dIAFAE 1A to 100% eluent B in 2 nmin.

A : H2O (0.05%

f‘f‘f\l

0. 267 nmol )

\J 7

1 1o
Structure et
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-144 16 January 2
80/ 20/ 0. 05) . Exan
correspondi ng eth

Q%%h?p%%

above a (1
thh

bel oV
'fled

or

3 ai neg
ester foII\ ijng tHh

. after
by rever
95/1©705

after |
e genera

. 7\ \IV
}R ention [

SCX cartn
se phase
to EH43CN,
ydr ol ysi {
il Met hog

CLoO IOV, £

OIN
Ana rs

i dge burification.
HPLC (gradient from

H20I1 TF/&48 (M+1)
of its
C as in Exanpl es

d

90-101, and purif
5/95/0.05 to CH3Q
al dehyde reagents
(12.8 ng) and 0.5
1,2-DCE). The re
addi tion of sodiu

N H

Dy Teversg phase
20/TFA %@O/0.0E
1.2 n

5:}_ Ie 145 sol
m%idunes vfere t
ri acet oxybor dhydri

HPCC (T
). 5 Met
1 1, 2- DG
utien (0.

adient
hod 1: Tg
CE, were
79787y,

hen stifqred 24 hdt RT
de (20 Ay,

0. 084

'r0n1LrbLnVH4u/|rA.

solutlons

é?% gLthQ4

beftomne
nmol ) .

The reacti of

1(1:

hs

were allowed to c
al dehyde reagents
mmol) in 1.5 mM o

(d.
Fq:

inue at RT fdr 24
135 nd tr

f E&ga%%fre added
J

n. 10 W™

i acet ox)

0.4 nm
4

T hod J7
bor ohydri

1.85

0 solutions of
de (19 ng, 0.09

549 (M+1)

186

jaSe='sl

45

1.01

579 (M+1)

187

45

1.88

575 {M+1)

188

2.8

1.72

606 (M+1)

189

36

1.89

a71 (M+1)




of a mxture trimethyl orthoformate / acetic acid: (10.5 m / 0.225 m) and
0.5 mM of Exanple 15 solution (0.486 ng, 1.17 mol, in 75 mM 1,2-DCE). The
reaction mxtures were then stirred 24 h at RT, before treatnment by

PS- TSNHNH2 ( Argonaut, 15 159 ng, 0.405 mml). For each conpound, LC Mass
results are reported in Table 11 (LCMS conditions : LC Mgr%r%ass 26@ form
(APCI +, DAD (210-400 nm)), Column : TSK gel Super ODS 4. Uty cm
Flowrate : 2.75 nL / mn, Gadient : from100% eluent A to 100% el uent B
in 2 mn., with a plateau with 100% eluent B during I mn. 20 Eluent A :
H20O (0. 05% TFA), Eluent B : CH3CN /ﬁg@ﬂ%@%ﬁg@/ 20/ 0.05)). 16 January
2006 TABLE 11 Ex. StructureMet hodQuantity etenti'on tineAnalysis i arw
183112. 7224545 (Mtl) f" x548 (M+l); 1H NMR (CDCl 3): 7.6 184J6 1 (2H, d),
7.4-7.15 (SH. m ,|[Ef]85- GirGetB7 NI metnbiousri Re@atbbtihedH, M) . Rnsflsis 2. 35 €V
~ ry(13H M c G g )

- N s
180 W] J 3.2 2.32
OQ mel 512 (M+1)

191 b—%&@m d 3.2 2.16 611 (M+1)
a

J 3 1.98 580 (M+41); 540 (M+1)

192 Q IN\% ‘

D :
198| « J 25 1.84 549 (M+1); 590 (M+41)

J 6.4 1.69 568 (M+41)

195| ¢ Y r,

J 9.5 175 485 (M+1
e o

N

196 ; J 1.3 1.82 579 (M+1)




185ym J41. 85549 (M+1l) J ~  1860J4.51.91579 (M1) 187: J4.51.88575 (M+l)
0 a0, 188J2.81.72606 (Mrl) G O 189SJ3.61.89471 (M+l) IX, <c o -146 16
January 2006 Table 11 (continued) Ex.StructureMethodQuantity nRetention

ti meAnal ysi s 1903. 22. 32512 (M+l) a o

16 January 2006

Table 11 {continued)
Ex. Structure Method | Quantity (mg) Retention time Analysis
] G \
197 @_«H\%@\ J 13.6 1.84 555 (M+1)
. '
o o ":‘n

el (40
198, ;’&D\ J 7.4 1.97 556 (M+1)
B

J 1.9 1.83 471 (M+1)
J 3.3 10.734* 650 (M-1)*
J 146 202 560 (M+1)
J 16.8 1.92 541 {M+1}
J 20.1 1.2 485 (M+1)
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191J3.22. 16611 (M+1)

J2.51.84549 (M#l);

(M+41) P1'

192J31. 99580 (Mt41); 540 (M+l) ~~gs 0 G 193q w,
500 (M+41) p/ CM g IN~- '"i 194/ ~N ~ J6.41. 69568
g g5 N1 Co C 1957 \ N |
16 January 2006
Table 11 (continued)
Ex. Structure Method |Quantity (mqg)| Retention time Analysis
204 GQZ% J 18.3 179 457 (M+1)
205| = 3T J 9.6 2.02 519 (M+1)
mg;i%a\
206 o J 3
: 7 175 513 (M+1)
PO
207{ @ { J&C 125 1.75 513 (M+1)
e
208 = e J 12.6 2.147 533 (M+1)
Rl s
209| f& J 7.4 2.34 622 (M+1)
i—)‘NH
210 a% . J 7.8 1.9 571 (M+1)
s e o™
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J9.51. 75495 (M+l) h Cl

c 197J13. 61. 84555 (M+1)

(M+1)

o \N

6 w 196J1.31.82579 (M+l)
Tabl e 11 (continued) Ex. StructureMethodQuantity nmRetention tineAnal ysis
198pJ7.41.97556 (M+l) N o

-147 16 January 2006

cl

cN, 199~ J1.91.83471

16 January 2006
Table 11 (continued)
EX. Structure Method | Quantity {mgq)| Retention time Analysis
r«\/\/uk
* g
211 e J 5.8 2.09 499 (M+1)
a
L] { .
212 & J 7 2.1 544 (M+1)
l/\/\c"’
) o =/"
218 D")r.\ J 6.5 212 485 (M+1)
& e
\N
214 “; M/‘_%z J 4 1.69 571 (M+1)
o
A3
<l _/N
215 QM T J 9 2.01 495 {M+1)
o o)/é“a
\:\N
A0y
o, o M =
E
216 Qw i J 20 1.85 556 (M+1)
\N

*(APCI -) as in Example 152
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200J3. 310734'650 (M1)" i 0 N 2011 ~J14.62.02560 (M+1) LI p CN, 202mi | -
o"y,, N16.61.92541 (Mrl) MA | j -cN ) -N 203~J20.11.92485 (Mrl) CI O
-148 16 January 2006 Table 11 (continued) Ex. StructureMethodQuantit
nRetention tinmeAnal sis S N, a 0 ---N 204NJ18. 31. 79457 (M1)

16 January 2006

EXAMPLES 217-250

7
N-R'
COH
o 1/40
c N ci o (N
3 RR'NH %
N ., N
Cl o CH, CN ci o CH, CN
Example 64 (lak)
5 To a suspension of PS-carbodiimide (Argonaut, 0.96 mmol/g, 74 mg, 0.071

mmel) 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

10 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
(lak), listed in Table 12, were obtained. For N-Boc and/or COstBu 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).

15  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 CHsCN/H.O/TEA: 5/95/0.05 to
CH;CN/H,O/TFA : 80/20/0.05).

20 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 I min.
Eluent A : H;0 (0.05% TFA), Eluent B : CH;CN / H,O / TFA (80/20/0.05)).
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2059. 62. 02519 (Mtl) o 206/J3.71.75513 (M+l) G O No O 207J & Cl12.51. 75513
(M+l) 208J12.62.17533 (M) 2092J7. 42. 34622 (M+1l) ~NN 210r"J7.81.9571
(MH1) -149 16 January 2006 Table 11 (conti nued)

Ex.-Structure. Met hodQuantity nmRetention tineAnal ysis 211n y", -

" J5. 82. 09499( M+1) 16 January 2006
TABLE 12
Ex. Structure Method [Quantity (mg)] Retention time Analysis

ot

ﬁ e K 2 225 620 (M+1)

2171 4 :
JaSen ol

fu?}
218} . g,.l’{b K 16 1.97 572 (M+1)

s oW
219 “'C ;iz K 1.9 2.26 €20 (M+1)

220 K 1.3 2.59 610 (M+1)

221 //{D e K 2.1 1.83 624 (M+1}

#E,

222 K 1.9 2.05 612 (M+1)

rgu
223 : ; ) 521,' K 1.9 2.07 612 (M+1)
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212J72.11544 (M+1) C o0 213r r( 1 iJ6.52.12485 (Mrl) a o O % 2140
J41.69571 (Mrl) P_ ' N 215J92.01495 (M+l) CA CA O CA O " 216J201. 85556
(Mr1) ' (APCI -) as in Exanple 152 -150 16 January 2006 EXAMPLES 217- 250

rCoZH A 1\ 'N\ d C Exanple 64 CN RR NH (I ak)
16 January 2006

Table 12 (continued)
Ex. Structure Method [Quantity (mg)| Retentign time Analysis
227 646 (M+1)
2.14 585 (M+1)
2.16 626 (M+1)
24 676 {M+1)
2.47 686 (M+1)
2.15 600 (M+1)
2.23 692 (M+1)




5 To a suspension of PS-carbodiimde (Argonaut, 0.96 mmol/g, 74 ng, 0.071
nmml) in 0.33 m of hydroxyazabenzotriazole solution (153 mM DCM (25% DMF},
0.05 nmml), were added 0.5 m of a solution of Exanple 64 (60 nM DCM (20%
DMF), 0.03 nmmol) and 0.5 m of solution having the desired am ne reagent
RR NH (54 nM DCM (20% DWVF), 0.027 nmmol ). After 24 hat RT"I y%g}%ﬁgggs
were 10 treated with PS-trisam ne (Argonaut, 3.65 mol/g, g , 0. nmol )
overnight. After evaporation to dryness of the filtered sol utions,
conpounds having the formula (I ak), Tablel2fgontipuedh| e 12, were obtai ned. For
N-Boc and/or CO2tBu protected acids (Exanples 245-250), the conmpounds were
treated w th DCM[EFA(T)—sgtutpo-—for—2—h—at—RF—foltown i )
by SCX or SAX car £ dge %fjuﬁtl?'?i cart on: e wa% : Y
obtai ned after hydrqlysis o thei | cor espondifng esterg follow ng the
general Method Cjastin Exan%ﬁ:gng 9D- 101} These {conpounds were then purifi¢d
by SAX cartridge.|?8g ) unds eKe pbt &f ned af £& puri fi catédr+1by
reverse phase HPUC (g ey fron CH3 H20/ TKA: 5/95/¢.05 to

CH3CN H20/ TFA : §0/ 207 0.°05). 20 Fpr ealch compgund, LC lMass results are
reported in Tablg 12 ~condifronsf - LT M Cromass prattorm (APCT ¥, DAD
(210-400 nm), Coalum : K gel [Super] ODS 4.6 mmID x{5 cm Flowrate :
2.75 mL / mn, Gjadi . feRQm 100% €l uent A[to 100% ¢luent Bin 2 mn.,
with a plateau wi|f¥|100%édent H dbrijng 15min.  Feuenf A : HIOYO 05%
TFA), Eluent B : |CHBO-A T (¥ / THA (8G/20/0.09)). 16 Jgnuary 2006 TABLE 1
Ex. Struct ur eMet hedQuant irt"?/" nRet ention fti mreAnallysis 21YK22.25620 (Mrl) X
218K1. 61. 97572 (Ww1) r .y

233 j K 1.7 2.13 641 (M+1)

NI

' i
234 Q—u;‘":z@@‘{iﬂ K 18 2.1 629 (M+1)
I " oH

235 . K 1.9 2.09 641 (M+1)
Q ; ‘m&,
236 b% K 55 2.08 528 (M+1)
I

2a7 Q% K 7 1.77 528 (M+1)
Gi r\m’ N
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219K1.92. 26620 (M+-1)  220K1.32.59610 (M+1) 221-aK2.11.83624 (M-1)
222K1.92. 05612 (M+1) ~--,- ) d A~ 223K1.92.07612 (M+1) -152 16 January

2006 Table 12 (continued) Ex. StructureMethodQuantit nmRetention tinmeAnalysis
224K1.72.27646 (M+l) x a CS 225/ ~ K1.22.14586 (M+l) T 1 a5 ~

16 January 2006
Table 12 (continued)

Ex. Structure Method | Guantity {mq)| Retention time Analysis
AL
Q N o,

238 K 12.2 1.97 514 (M+1)
Rl S

]

N o r(N’\,cu

' 18 516 (M+1)

239 O )/im, . K 16.7

Wy O
240 Q% K 14.8 1.94 526 (M+1)
I A

TR
241 : K’ (SCX} 136 2.12 562 (M+1)

242 : ° K&C 11 2.13 582 (M+1)
e f@»

243

A K&C 1.3 18 584 (M+1)




O 226/" K1.72.16626(M+rl) a ~ oy i 227a r sKI1.92.4676( Mtl) we

2281 K1.72. 47686 (M+l) ~a "0 6 229K1.82.15600 (Mt1) 230K1. 62. 23692 (M+1)
-153 16 January 2006 Table 12 (continued) Ex.StructureMethodQuantity

nmRet ention tinmeAnal ysis 231~Yn aKl.72. 29660 (M+r1l) 232K1.52.46700 (M+l)

233PK1. 72. 13641 ( M+l
( ) 16 January 2006
Table 12 (continued)
Ex. Structure Method [Quantity (mq)| Retention time Analysis
K&L 15 1.71 574 (M+1)
K&4L 4.7 1.7 544 (M+1)
K&L 4.5 1.91 636 (M+1)
K&L 16.7 1.57 541 (M+1)
K&L 17.7 1.59 529 (M+1)
K&L 17.5 1.57 541 (M+1}
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1 629 234cK8anM 1 ( YYYY ~cco~~'~N. + ) 235K1. 92. 09641 (M+1l) 236ay i
K5.52.08528 (Mrl) a o 2 ~N K71.77528 (M+l) 371 a o/ aS -154 16 January
2006 Table 12 (continued) Ex. StructureMethodQuantit nRetention tinmeAnalysis

0

16 January 2006

EXAMPLES 251-268

I/FI

H
N
cl 0 / cl N
%—CN - AL
N N
- CN
¥ eH N,
o 0)’ CH,

? Cl

(1af)

5 Compounds having the formula (Iaj), listed in Table 13, were obtained using
Methed G or I, as described for Examples 153-162 and 183-216, after SCX cartridge
purification. Some compounds were further purified by reverse phase HPLC (gradient
from CH;CN/H,O/TFA: 5/95/0.05 10 CH;CN/H,O/TFA : 80/20/0.05). Example 268
was obtained after hydrolysis of its corresponding ethyl ester (exampie 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
(216-400 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 : HyO (0.05% TFA), Eluent B : CH;CN / H,O

15 /TFA (80/20/0.05)).
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~ |

242K & C1.12.13592 (M1)
-155 16 January 2006

(M) u o,

238K12.21. 97514 (Mtl) a O ~ 1~rv-\.

239K16. 71. 8516 (M+1) as
240K14.81. 94526 (Mr1) 5/ w a o ~rv 241K (SCX)13.62.12562 (M1 ) & O

243a ~wK & Cl1. 31.8584 (M+l)

244K & C1.51. 81584

16 January 2006

TABLE 13
Ex. Structure Method | Quantity (mg) | Retention Time | Andysis
o,
rrm
251 % l 45 1.0 523 (M+1)
252 ; | 9.6 2.04 503 (M+1)
MA’ L]
253 b‘g | 7.6 1.97 557 (M+1)
254 I 8.5 1.92 577 (M+1)
255 3} ’ra:(q [ 10.3 1.82 566 (M+1)
o,
&
256 b_‘;\“ﬁ | 11.2 1.81 543 (M+1)
o by
e
257 % ! 18.1 1.72 523 (V1)
el
258 m | 9.3 1.74 523 (M+1)
o
2
259 ”t% ! 16.5 1.7 509 (M+1)
el AN O\
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Tabl e 12 (continued) Ex.StructureMethodQuantity nRetention tineAnal ysis
245K & L1.51.71574 (M+1)
(M) ~a P 248Pia,K & L16.71.57541 (M)
A

G 250\ \ K & L17.51.57541 (M+1) ~

Table 13 (continued)

246K& L4.71. 71544 (M+l)

247K & L4.51. 81636
249K & L17.71.59529 (Ml)

16 January 2006

Ex. Structure Method | Quantity (mg) | Retention Time Andlysis
260 p«%%i“ | 115 1.9 523 (M+1)
261 i 14.8 1.85 509 (M+1)
262 ! 8 1.82 508 (M+1)
I 6.1 1.89 525 Ml )
! 12.8 1.77 494 (M+1)
| 3.9 1.85 511 (M+1)
i 7.6 2 591 (M+1)

584 (M+1)

0




-/l d1i w G-156 16 January 2006 EXAMPLES 251-268 N CN 5 Conpounds
having the formula (laj), listed in Table 13, were obtained using Method
Gor |, as described for Exanples 153-162 and 183-216, after SCX cartridge
purification. Sone conmpounds were further purified by reverse phase HPLC
(gradient from CH3CN H20/ TFA: 5/95/0.05 to CH3CN H20/ TE ﬁ 80/ 2298605).
Exanpl e 268 was obtai ned after hydrolysis of its correspél d1 ester
(exanmpl e 267) following 10 the general Method C as in Exanpl es 90 101. For
each conpound, LC Mass results ar e BEXeAMPLES 268-278bl e 13 (LCVS conditions :
LC Mcromass platform (APCl +, DAD (210-400 nm), Columm : TSK gel Super
ODS 4.6 M IDx 5cm Flowrate : 2.75 nL / mn, Gadient : from 100%
eluent A to 100% el uent BEann V\nthaplateau with 100% el t B
during | min. Eluent Aﬁ/_ O (0.05% TFA), Eluent B : CH3CN / Hi\?jﬂ?;/ TFA
(80/20/0.05)). 16 Janua 2006 TABLE 13 Ex. StructureNEt honJant hty

(ng) Retention ¢! 2511 4. 51. 95234,MH ) 4

R N [
N N
] B}
7f h CN ) 4
ci a cl czr Me N
Preparation 25 {1al)

Compounds having the above formula (Ial), listed in Table 14, were obtained
by adding 0.1 mi of TEA solution (720 mM in THF, 0.072 mmol), 0.1 ml of DMAP
solution (60 mM in THF, 0.006 mmol) and | 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 CH3;CN/H,O/TFA: 5/95/0.05 to CH,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 (210400 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 : CH;CN / H,0 / TFA (80/20/0.05)).




254t 18.51. 92577 (M)

2551 10. 31. 82566 (M+l) 256111.21.81543 (M+l) 257118.11.72523 (M+l)
2581 9. 31. 74523 (M+1) 259116.51. 7509 (M+1l) -158 16 January 2006 Table 13

(continued) Ex. StructureMethodQuantity (ng)Retention Ti neAndysis

2521 9. 62. 04593 (M+1)  25317.61. 97557 (M+1)

2601 11. 51. 9523 (Mm+1l) 261pl 14. 81. 85509( M+1) 16 January 2006
TABLE 14
Ex. _ Structure Method | Quantity {mg) | R etention time | | Andysis |
?’\
¢ Qr,
269 % e M 5.3 1.86 572 (M 1)
NS
270 ﬂ ‘h M 3.5 1.86 612 (M+-1)
o jx\‘ﬁ
271 % M 7.8 1.89 612 (M+1)
DW
272 % M 9.1 1.86 528 (M 1)
. O
273 p—-;izq M 112 17 516 (M+1)
. ?fuﬂwi;
274 % M 8.8 1.78 526 (M 1)
LQ
275 bﬁ?&q@\ M+ L 13.2 1.64 541 (Mi+1)
o OY\N’\/\N“,
276 D z M+ L 6.8 1.59 529 (M 1)
o o, “
O
277 ),;% M+L 10.7 1.58 541 (M+1)
278 bﬁ;\ M 3.7 1.86 572 (M 1)
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2621 81. 82508 (M+1) 263n ~ql 6.11.89525 (M+1) 264112.81. 77494 (Mr1)

2651 3. 91. 85511 2661 7.62591 (MH) 267_&.51.97584 (M+l) 268G + C21. 76557
(Mt ) 16 January 2006 EXAMPLES 269-278 NRR Preparation 25 CN RR NH 0_\J
Cl__0/ (tat) CN 5 Conmpounds having the above fornula (lal), listed in
Tabl e 14, were obtained by adding 0.1 ml of TEA sol ution1g7 0 mvl'bb‘noél'HF,

0.072 mmol ), 0.1 nm of DVAP anuary

EXAMPLE 279
4-[(55*,9R*)-7-Benzyl-3-(2,6-dichloro-pyridin-4-yl)-1-methyl-2,4-dioxo-1,3,7-

triazaspiro{4.4lnon-9-yl}-benzonitrile

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 (CDCly) : 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, 5), 2.97 (1H, d, J = 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
CO,H
cl o N
N
e
cl c 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 NH,;OH. SO, was then bubbled into the

solution until pH=6. The organic layer was separated. The aqueous layer was
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solution (60 mMMin THF, 0.006 mml) and I m of Preparation 25 solution (60
mMMin THF, 0.06 mmpbl), to a solution of an appropriately-substituted am ne
RRNH (0.5 m, 10 18 mMin THF, 0.09 mmol ). The reaction m xtures were
stirred at RT overnight and concentrated to dryness (Method M. The

resi dues were purified by reverse phase HPLC (gradi ent fcg)g Cl\% TFA
5/95/0.05 to CH3CN HZO TFA : 80/20/0.05). N-Boc and/ or +BIUARo

conmpounds were treated with DCM TFA (1:1) solution for 2 hat RT, foIIovved
respectively by SCX or SAX 15 cartridge purification for the resulting

basic or aci di &x&@ﬁt&bmiétﬁw(t%t?wd"hb):ombi@ed Maasic !ag&'d feSe &{elﬁ gv@mgS@ﬂar{gAPC'
mn 1D x 5 cm Fl ow

+, DAD (210 400 n%}%{ 6%) . TSK gel Super
rate : 2.75 nL OMRTHA 'éi‘ﬁcé‘htT e Igsp wgfe@%@ﬂd@wrmamedmmwmm Bin 2

mn., w t h a plateaiwiti: sARPYekiaBE with Sei 1 denidhdo YRINERL Ho% e-titled2 O
(0.05% TFA), El'uent B : CH3CN / H2O/ TFA (80/20/0.05)). 16 January 2006

TABLE 14 Ex. St reegpgredvistaneffcubirsolig (h9 7gd Regngon 8@57&1 (xm;ma (M-1); LCMS
270MB, 51 86612 bbb 17 100 XM BB 1APEM ap BT840 nhl: QRRRD M heio™

273ML1. 21. 7516 (Mm+l
Super ODS 4.6 mm 1D x 10 cm, Flow rate : 1 mL / min, Gradient : from 5% to 95%

eluent B in 15 min., with a plateau with 95% eluent B during 5 min. Eluent A : H,0
(0.1% ammonium formate), Eluent B : CH3CN.
EXAMPLE 281
10 4-[(55%,9R*)-3-(3,5-Dichlorophenyl)-1-methyl-2,4-dioxo-7-(2-1H-tetrazol-
5-yl-acetyl)-1,3,7-triazaspirof4.4]non-9-yl}-benzonitrile

ci

[+ ]

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 CH;CN/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)-
ethyi]-1,3,7-triazaspiro[4.4]non-9-yl}-benzonitrile
25
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274MB. 81. 78526 (M+1) 275M + L13. 21. 64541 (Mrl) 276M + L6.81.59529 (Ml)
277M + L10.71.58541 (Mm+1l) 278MB.71.86572 (Mrl) -161 16 January 2006 5
EXAMPLE 279

4-[(5S*, 9R*) - 7- Benzyl - 3- (2, 6-di chl or o- pyri di n-4-yl)-1-net hyl - 2, 4- di oxo- 1, 3,
7 triazaspiro[4.4]non-9-yl]-benzonitrile Using the experige ta 8£é§$ dure
descri bed for Exanple 11, Preparation 20 (5.6 g, 15 nnnlf ug ed
into the above-titled conpound as a white solid (7.5 g), nmp = 174-176C. 'H
NVR (CDCl.,) : 7.60 (2H, d, J= 8 Hz), 7.25¥""35 (7H, m), to 7.11 (2H, m,
3.65-4.0 (4H, m), 3.0-3.4 (2H, nm), 3.23 (3M~s), 2.97 (1 H d, J =10.9
Hz). 15 EXAMPLE 280

4-[ (5S*, 9R*) - 9- (4- Cyanophenyl ) - 3- (3cp- di cfl

3,7 triazaspiro[4.4]non-7-yl]-benzoiyqac
1.6 mol) was added to a cool ed (5C)§f§*ﬂ Ixon of Preparation 27 (97 ng,
0.16 mol) in DCM (3n]). After 24 h.at RIY wa was added and the pH was
brought to 10 with NH4AOH. SO was then bubbl ed i Mo the

ophenyl ) - 1- et hyl - 2, 4- di oxo. 1,
rifluoroacetic acid (122 1|,

To Example 15 (24.9 mg, 0.06 mmol) in 1 ml CH;CN, 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 cm, Flow rate :
10 275 mL / mun, Gradient : from 100% eluent A to 100% eluent B in 2 min., with a
plateau with 100% eluent B during 1 min. Eluent A : HO (0.05% TFA), Eluent B :
CH;3;CN / H.0/ TFA (80/20/0.05)).
EXAMPLE 283
4-{(55*,9R*)-3-(3,5-Dichlorophenyl)-1-methyi-2,4-dioxo-7-[2-(1H-tetrazol-5-yl)-
15 benzyl]-1,3,7-triazaspiro[4.4]non-9-yl}-benzonitrile

I
.N)D
Cl 0 /
Q‘"%
Cl (Z}/ h

N :
e
oN
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 1o
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solution until pH=6. The organic |ayer was separated. The aqueous |ayer was
-162 16 January 2006 extracted twice with DCM The conbi ned organic | ayers
were dried over MgpSO4 and concentrated in vacuo. The resulting conpound
was crystallized by addition of acetonitrile. The solid was washed with
ether and pentane to yield the above-titled conpound as 3kaff-mh£é§bsolid
(7.5 ny). Retention time: 8.1 min., 533 (M1); LCVMS 5 condPtieHHa™¥ 1100
MSD pl atform (APCI -, DAD (210-400 nm, Columm : TSK gel Super ODS 4.6 mm
IDx 10 cm Flowrate : | nL/ mn, Gadient : from5%to 95% eluent B in
15 min., with a:rmca«uaaunmt h WCE@S)GRE&BH&WHHH:Q B49Tinfin EWG(IM+16\ (LCNS

(0. 1@6annnn|un1fornatg) CN. EXAMPLE 281

4-[ (5S*, 9R*) - 3-9B4iKoI %M‘B&S’ﬁ@ﬁwlﬂffifﬂhﬁmﬂ*?aDd?b@céﬂﬂinw Cpiume ( ESH| -
5-yl -acetyl) - 1,031 Endef ARSI BIMA[ b I sane
procedure as |§§Ex§%ble 102rﬁ?#§JgEE§QT?T¥h£% %2%%gﬂﬁg*CQmﬁégt?gﬁﬁé %33 3
my) after puri fucat Mm% elacnsBe phase HPLC (gradient from CH3CN H20/ TFA:
5/95/0.05 t@ CH3CN H2O' TFA : 80/20/0.05) from Example 15 (41.3ng, 0.1
mmol ) and tetrazol e-5-acetic acid (22 ng, 0.17 mol ). '"H NVR (CDCl13):

7.65-7.5 (2H, n), 7.35-7.1 (3H, m), EXEAMPIE28%, 4.5-3.7 (7H, nm), 3.1 (3H,
20 d). EXAMPLE 282

TR SR IR 4. .
%)-3-(3,5-Di chl or opﬁg%’/;l ’? Ry ypnophgnyh-3-3.SAichjovophenyly-1-meghyi2. Ay, .
ethyl]-1, 3, 7- t dicedsh¥ 1azhsgifolddfony?-yhahyPhicofinicacidmdfiylnwar y 2006 CN
To Exanple 15 (24.9 ng, 0.06 mml) in | m CH3CN, were added sodi um i odide
(8.4 ng, 0.084 mmol ), potassiumcarbonate (5.5 ng, 0.06 mml) and 5-(2

O

N | O.Me

el o N
N
C N\
Cci 0 Me
CN

The above titled compound was obtained using the procedure described for

10

Example 283 from Example 15 and Preparation 31. Retention time: 1.47 min., Mgps =

15 564/566 (M and M+2) (LCMS conditions : LC Micromass platform (APCI +, DAD
(210400 nm)), Column : TSK gel Super ODS 4.6 mm ID x 5 cm, Flow rate ; 2.75
mi/min, Gradient : from 100% cluent A to 100% cluent B).

EXAMPLE 285
20 6-[(55%,9R*)-9-(4-Cyanophenyl)-3-(3,5-dichlorophenyl)-1-methyi-2,4-

dioxo-1,3,7-triazaspiro[4.4]non-7-ylmethyl]-nicotinic acid




5 chloroethyl)-1Htetrazole (5.3 ng, 0.04 mmol ). The reaction m xture was
stirred at 70C overnight. The above titled conpound was obtained (1.3 ng)
after SCX cartridge purification and PS-i socyanat e treat nent (Argonaut 83
ng). Retention time: 1.36 mn., Mb., =511 (Ml1l) (LCMS condltl ons :

M cromass platform (APCl +, DAD (210-400 nm), Colum :

4.6 mMmIDx 5 cm Flowrate : 10 2.75 nL / mn, G adient Tgflﬁrag rﬁ%@?@luent
Ato 100%eluent Bin 2 mn., with a plateau with 100% el uent B dur i ng 1
mn. Eluent A : H20Thg. @8ys Titey, campeund Bis OMBENI /frasp GExampleA 288 QUsRRLEhe05) ) .

EXAMPLE 283 4-
*)-3-(3, 5 Di chﬂ%?%%gﬁl%n%ﬁﬁ“t’f‘? fonRamPl 3 (Retention droe: 138 min, Moy 7 580553 M, 5
benzyl) -1, 3, 7- tanda¥ag8p{l@GH18 . ebhditinnO: YIC) Mi@nmassi pladfdren GQP(ZO+ADmD<t21|0@400f

Exanmpl e 15 (33 . Rre ion 29

(10 b 0. 15 i Colftio PR bt S RARASEE mir IRX deket et Fily: 3¢5 e,
over ni ght. PBhe Gradiest :tfidoh €ED% eldpownd 8% oidhaBned (4.1 ng) after
purification by reverse phase HPLC (gradient from CH CN H20/ TFA: 5/95/0. 05
to -164 16 January 2006 CH3CN H2O' TFA : 80/20/0.05). Retention tine: 1.49
mn., 573 (M+l) (LCM5 conditions : LExNwverowwags pl atform (APCl +, DAD
(210 400 nm), Colu ; per OOS 2.6 nMmID x 5 cm Flowrate :
2.75 nlInin, G adi eﬂt[(ss*igﬂﬁh?%@)é%‘dﬁpﬂbh!”dlﬂt@'l'@ﬂ%tbﬂc%‘i‘rﬂl@)) -LET-EXAVPLE
284 6- [(SS* 9R*) - 9- (4- Wanophﬁgﬁsb,r{;}mﬁn r{ﬁme%mn%gyl) 1-nethyl-2,4

di oxo-1, 3, 7 trlazasp|r0[4 4] non- I'cotinic acid nethyl ester O

a o M
N N T

__ )ru\
Ci 0 Me CN

The above titled compound was obtained from Example 279 using the

procedure described for Example 15. White solid, mp = 202 °C.

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

N
\ J‘
H
7\
s
cl o _N
N
N
20 ci 9 Me N

Example 287 was prepared from Example 15 and Preparation 32 by the

reductive amination procedure described for Example 37. Retention time: 8.40 min.,

Mbs = 580 (M+1); (LCMS conditions : HP 1100 MSD platform (APCI +, DAD (210-

25 400 nmy)), Column : TSK gel Super ODS 4.6 mm ID x 10 cm, Flow rate : | mL / min,
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10 CN e The above titled conpound was obtai ned using the procedure

descri bed for Exanple 283 from Exanple 15 and Preparation 31. Retention
time: 1.47 min., Ma,s = 15 564/566 (M and Mt2) (LCMS conditions : LC

M cromass platform (APCI +, DAD (210-400 nm), Columm : TSK gel Super ODS
4.6 mMmIDx 5cm Flowrate : 2.75 nmn, Gadient : fro % Ato
100% el uent B). EXAMPLE 285 20 %%QRU%SJ%

6-[ (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-7-ylnmethyl]-nicotinic acid O CN OH -165 16
January 2006 TH&adibuvdron Sizes ISehphends Wess elihawi@ch haem Emmsl%eera&ﬂ BIsi ng

the procedure desc |be for E 59. Retention t|ne: mn., My, s =
550/ 552 (M ané’d § “&65@%&0 @ﬁgf’ am@@‘lwéf"@?ﬁé@sﬂﬁ?lﬁtﬁf derhC(Ne\Pq +, DAD
(210-400 nm), Colurm . TSK gel Super ODS 4.6 mmID x 5 cm Flowrate :
2.75 nmn, 5 Gadient : from 100% eluent A to 100% el uent B). EXAMPLE 286
4-[(5S*, 9R*) - 3- (2, 6- Di chl or o- pyri di n-EX4MPIE 288 ny| - 2, 4- di oxo- 1, 3, 7

triazaspi re[4. 4]5f[9?$*@ﬁbb‘(bﬂf}%ﬁﬂbl{eﬁ1ﬂ)% G- HhIbRs ?B?ﬁ%&w;ﬂ l%%ilgpgﬁound was

obt ai ned from Exanple 279 using procedure de e 15.
Wiite solid, np = ]@3,7-trlaza5plro[4 4]non-7 -ylmethyl]-thiophene-3-carboxylic acld

10

Example 288 was prepared as described for Example 287, using the
appropriate aldehyde. White solid, mp = 230-232 °C.

EXAMPLE 289
15 5-[(55*,9R*)-9-(4-Cyanophen ¥1)-3-(2,6-Dichloro-pyridin-4-yl)-1-methyl-2,4-
diox0-1,3,7-triazaspir0{4.4]n0n-7-ylmethyl]-thiOphene-Z-carboxylic acid

//(/;g\cozﬂ

cl o _N
7\ -
N
_ Nrn\
cl 0 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-[(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 methyl ester
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15 EXAMPLE 287
4-((5S*,9R*)-3-(3.5-Di chl orophenyl)-1-net hyl -2, 4-di oxo-7-[4- (1 Htetrazol - 5y
1) thiophen-2-ylnmethyl]-1,3,7-triazaspiro[4.4]non-9-yl}.benzonijtrile 20 S
Exanpl e 287 was prepared from Exanpl e 15 and Preparation 32 by the
reductive am nation procedure described for Exanple 37. Rﬁéegb@&%écﬁa:
8.40 mn,, Mbs =580 (Mtl); (LCMS conditions : HP 1100 d f (APCI
+, DAD (210 25 400 nm), Columm : ¢ISK geIoS pey ODS 4.6 nm ID x 10 cm Fl ow
rate : | nL/ mn, -166 16 January 26 agdl e from5%to 95% eluent B
in 15 mn., with a plateau with 95¢ mn. Eluent A: H20
(0. 1% ammnl um formate), Eluent B : ;T WmsA 2§§ 5
5-1(5S*, 9R*) - 9- (4- Cyanophenyl ) - 3- (C2 6- Di &hl or o- pyridin-4-yl)-1-nethyl -2, 4-
di oxo-1, 3, 7-triazaspiro[ 4. 4] non-7-yl net hyl ] -t hi ophene- 3- car boxyl i c acid
CQzH CN Jo Exanpl e 288 was prepared as described for Exanple 287, using the
appropriate al dehyde. Wiite solid, np = 230-232 C. EXAMPLE 289 t5
5-[(5S*,9R*) - 9- (4- Q'mwmarbwdfﬁ?{(i@ @*@qh@ﬁwﬁymsm émelh)araphewlhyl 2, 4-
di oxo-1, 3, 7-triazaspiro[ 4. 4] non-7-yl net hyl]-thi oglene- 2-carboxylic acid

Y

Exanpl e 289 wasMpPupaf-dipxas ﬁ%gﬁzﬁﬁi’g&[“fﬁi‘mﬂé’ﬁﬁ?‘ bYnophgag- }fgarpﬁ@yhc acid
appropri ate sl defyfige 39 0:1%0'5t €27 Rnddl) in TEM/MBFH -1 28) was added

trimethylsilyldiazomethane (2.0 M solution in hexane, 0.33 mL., 0.67 mmol) over a

period of three minutes at RT. The reaction mixture was stirred at RT for twenty
minutes, quenched by the slow addition of acetic acid (approximatly ten drops) and
partitioned between DCM (20 mL}) and saturated aqueous sodium bicarbonate (15

10 mL). The DCM layer was washed with 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, %0%
H>0 and 0.2% H;POy; solvent B = 90% MeOH, 10% H,0, 0.2% H3PO,.

15
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EXAMPLE 290 5-[(5S*,9R*)-9-(4-Cyanophenyl)-3-(3,5-d ichlorophenyl)-I

-met hyl - 2, 4-di oxo-1, 3,7

triazaspiro[4.4]non-7-yl methyl]-thiophene-3-carboxylic acid nmethyl ester
-167 16 January 2006 To a sol ution of

5-1(5S*, 9R*) - 9- (4- Cyanophenyl ) - 3- (3, 5-di chl or ophenyl ) - 1-

met hyl - 2, 4- di ox0- 1, 3, 7-t ri azaspi r o[ 4. 4] non- 7- y| net hyi | - t hil ®pRBHEY2Q0G hoxy!
ic acid 5 (exanple 37) (0.150 g, 0.27 mmol) in DCM MeOH (5:1 nL) was added
trimethytsilyldiazonet hane (2.0 Msolution in hexane, 0.33 niL, 0.67 nmmol)
over a period of three mnutes at RT. The reaction m xture was stirred at
RT for twenty @LAIMSS, quenched by the slow addition of acetic acid
(approximatly ten drops) and partitioned between DCM (20 nlL) and saturated
aqueous sodi umWwkeaponate (15 10 nlL). The DCM | ayer was washed with brine
(20 mL), dried over sodiumsulfate and concentrated to yield a thick oil.
LC retention tijre = ] “wYMC S5 conbi screen ODS 4.6 x 50
mm (4 min. gradient )'?C%O\%ﬂ?ccggkz%m%@’ 90% H2O and 0. 2% H3PO4:
solvent B = 90% MeOH, 10% H20, 0.2% H3PO4. 15 16 January 2006 CLAIMS: W
claim 1. A conpound according to fornula (1), 5 its enantioners,

di astereoners, or a pharnmaceutically- eptabl e salt, hydrate, solvate, or
prodrug thereof, in which: L and K, 4 n imdependently, are O or S; Zis N
or CR4b; 10 Ar is aryl or heteroaryl i sffatgfached to ring Aat T or M

and (i) when attached to a carbo®sdt om of¥r go.A,l‘,’IG

- Ar
K)\N\ TG

5 Ry M,

its enantiomers, diastereomers, or a pharmaceutically-acceptable salt, hydrate, solvate

’

or prodrug thereof, in which:
L and K, taken independently, are O or S;
Zis N or CRy;
10 Aris aryl or heteroaryl;

G is attached to ring A at T or M; and (i) when atiached to a carbon atom of ring A, G
18 selected from a bond, -O-, -N-, -§-, Cysalkylene, C4substituted alkylene, or
bivalent alkoxy, alkylthio, aminoalkyl, suifonyl, sulfonamidyl, acyl, or
alkoxycarbonyl; or (ii) when attached to a nitrogen atom of ring A, G is
I35 selected from a bond, C,4alkylene, C).ssubstituted 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-, -§-, -NRj-, -N=, -8(=0)-, -§O;-, -NHSO;-, a substituted or unsubstituted C,.
20 salkylene, a substituted or unsubstituted C; jalkenylene, an unsubstituted C;.
zheteroalkylene, a substituted heleroalkylene having from one to two carbon
atoms in the heteroalkylene straight chain, or J is absent so that ring A is a

threc-membered ring;
T 1s T) 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 M5 when G-Ar is attached to T:
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is selected froma bond, -0-, -N, -S-, C 4alkylene, Cl4 substituted

al kyl ene, or bival ent al koxy, alkylthio, am noalkyl, sulfonyl,

sul fonam dyl, acyl, or al koxycarbonyl; or (ii) when attached to a nitrogen
atomof ring A, Gis 15 selected froma bond, C, 4al kyl ene,

substituted al kyl ene, and bival ent acyl or al koxycar bony ﬁ/ﬂ# 631I ent
al koxy, al kyl thi o am noal kyl, sul fonyl, or suI fonatm dyI 3 n (i),
each of said G s have at eas on& 8{ at om di rectIy attached to

ring A, Jis - 'a“ %’I' are ted TRE - d; s 802 -NHSM2-, a substituted

or unsubstitut ed a 20 3al k Iene a_substituted or un

C, 3al kenyl ene, aﬁldMsﬁfﬁé‘th‘t“ﬂ{%ﬂ“OO' ”SZh@E%ﬁea?%yF%ﬂ@ 58 6\5‘5#"%‘@8—

het er oal kyl ene havi ngg,RMANGILIAnd WOMS AP Bre sALQEBsd Mat Al Aatmie9akicyd ene
straight chain, or J Is absent so that ring Alis a three-menbered ring; T

is T, when G Ar is detsionetbare sprurgipdiormar lewneluxﬁteiigyféwtﬂaﬁWéaeltr@cmhc 25 M
s Mi when G A is AFRENEY b3 HMerdfindbnthifilho djag(r%%tefoa&,%sto@sid -169
e

16 January 2006 T, an re se ect from and M? are
sel ected from -0-, -l&erocyb\léd?aﬁl)gexdrd\hmultﬁe&l@)y*}elecg@ﬁom-ﬂl—@@é and -
C(R7R8) -, provi ded t hat J, M and T are selected so that ring A defines a
three to six rrlénlaecleded;&tmrhadlegerolalkplalsmtistitdtqd aﬂq&.@&rzaMBdRuy&kazjl or

het erocyclic 5 ring t@ﬁgs RO dj acent
het er oat ons of said éﬁ\i{ WR i ng' 2%‘are EY nﬂﬁ ?r y@%]?e“bt ed from
-0- and -S-; R2is ST@RQS@ﬂdg,af SO RyE D egenalkall k@térpcy&:tlﬂ)ﬂt}ll tant detemaky] , OR12,
NR12R13, C(=OR, 2, C02R 2, C(=O NR12R 3, NR12C(=O) R13, NR12C(=0) OR13,

S(O pRI 3a, 1N\NRIRGARRABAR 4 S&Zhlﬂépﬂlﬂiba;lgyﬂd:ami fkyth hydreger, baygdnpalk gl stibstitated

het eroaryl; 10 R4a, 4 are endentl e hydr ogen,
hal ogen, yaI kyl , subsatlﬁfy?ﬂd’?leeﬁy - SYRU uwd'a?ﬂ??@ k/f”tms%g? sstq{lt ?ﬁ&l%?&s ynl t?o
cyano, SR14, OR14, NRIASEHD)R,NBOUC,TCD-BIR,,CAZRINR (R =QriR] Heterobcis) NR14R15,

aryl, heterocycl o,
cycloalkyl, and heteroaryl;

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

and heteroaryl;

Rs, Ry, and Rgare (i) independently selected from hydrogen, atkyl, substituted alkyl,
hatogen, 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 (i1} Ry with Rg
may form a cycloalkyl or heterocyclic ring or a double bond 10 an oxygen
atomn to define a keto (=O) group; or (iii) one of R5 or Rymay be a bond so
that there is a double bond between T and M, or between M and I,

25 respectively, so that ring A is partially unsaturated;

Ria, Ri3, Ris and Rs (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 Ry4 is taken together with Rys to form a

heteroaryl or heterocyclo ring;
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cycl oal kyl, and heteroaryl; R3 and R6 are independently selected from

hydr ogen, al kyl, substituted al kyl, hydroxy, 15 al koxy, al kenyl,
substituted al kenyl, am noal kyl, alkylthio, C(=OH, acyl, am de,

al koxycar bonyl, sulfonyl, sulfonam dyl, cycloal kyl, heterocyclo, aryl, and
heteroaryl; R5, R7, and R8 are (i) independently selected, fromh n,

al kyl, substituted al kyl, halogen, nitro, cyano, hydroxyjész’%?i&?{é@ﬁenyl ,
substituted al kenyl, 20 am noal kyl, alkylthio, C(=OH, acyl, CO2H, am de,

al koxycar bonyl ,_sul f onyl sul fonam dyl, cycloal kyl, heterocyclo, aryl, and
heteroaryl ; or Rl selected from iyl mubstinindmlle] cyelpalisy ik giyl, detetrensdrandycl i ¢ ri ng
or a doubl e bond tor@{br&w]ga‘g,d atomto define a keto (=0 group; or (iii)
one of R5 or R8 may be a"bond so that there is a double bond between T and
M or between M andy$, 25 respectively, so that ring Ais partially
unsaturated; R12, R13, R14 and R15 (i) are selected independently of each
ot her from hydrogen, alkyl, substituted al kyl, cycloal kyl, aryl,

het eroaryl , and, het e Or L] R12 is taken together wth R13,

and/ or R14 i5§ ?2 éken%{gogxeﬂ]g? a?f\:nmfdé“gii&glafn(ﬁf%rrarﬁhﬁrmarfgt‘téfggﬁf‘gﬁepgq’leﬁ@lf*er ocycl o
ring; -170 16 Januamhyda@0groRugeorieaamelee thetbof, mhgread: Kyl , substituted al kyl
cycl oal kyl, ary iSakti%tng_roaryl, and heterocyclo; and pis 1 or 2. 5 2. A
conpound according to claim1l1, or a pharmaceutically-acceptable salt,

hydrate, prodr uy,is er agh@iticiearm®yl sithaneef withbRl8ikiee 1G:i S @ bond; Ar is an
aryl or heteroaryl substituted with one to three RI; R is selected from

al k)c/)l 2 subst |2}? lRlédseﬂ?dclgdlf%)nhﬂkﬂgﬁnﬁls\ﬁg@tﬁaﬁmg, BRﬁlbgéhN%%, i%&'@qﬂ@NRS.&RIIP
= ] 01 ] 01 = ] ) O = ) 3, O = 7 1 ] 01
<=9 B %(=<5)'§w,%%zkm, C(=d)N%(10R||), NE;0C(= )Rgcl:,(NRl)oC(::O)OR“,SR,o,

S(O)oRma, NR:QSOnga, NHCH(alkyl)COZRm, SOgNRmRn,Cycloalkyl,

heterocyclo, aryl, and heteroaryl;

Rio and Ry, (i) are selected independently of each other from hydrogen, alkyl,
substituted alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclo; or (ii) Ry is

15 taken together with Ry to form a heteroaryl or heterocyclo;

Ri0a 1s alkyl, substituted alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclo; and

oislor?2.

3. A compound according to claim 1, or a pharmaceutically-acceptable salt,

hydrate, prodrug, or enantiomer thereof, in which:
20

1 is selected from —O-, -S-, -S(=0)-, -SO,-, or -NHSO;-; or I is Ci.zalkylene, Ca.

salkenylene, or Cy.zheteroalkylene optionally substituted with one to two R:
Rgis -A)-Q-A2-Riq;
Aqis a bond, Cyalkylene, or Cs.salkenylene;

25 Q is a bond, -C(=0)-, -C(=O)NR, -, -C(=S)NR7-, -SO;-, -SO:NR 7-, -CO»-, or —
NR7COp-;

A»is a bond, Cyalkylene, C;.zalkenylene, -C.4alkylene-NR j7-, -C) salkylene-
NR7C(=0)-, -C;4alkylene-S-, -Cjqalkylene-SO,-, or -C;.jalkylene-O-,

wherein said A, alkylene groups are branched or sirai ght chain and optionally
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S(O ORi oa, NR, 0SO2R, oa, NHCH(al kyl ) CO2R, 0, SO, NR, oR,,, cycl oal kyl

het erocycl o, aryl, and heteroaryl; R o and R t (i) are selected

i ndependent|y of each other from hydrogen, alkyl, substituted alkyl,

cycl oal kyl, aryl, heteroaryl, and heterocyclo; or (ii) Riois 15 taken
together wwth R'" to forma heteroaryl or heterocyclo; R,o |s alr%ya%
substituted al kyl, cycl oal kyl, aryl, heteroaryl or heter S)Epﬂa on s |

or 2. 3. A corrpound ag d to cl al r | tabl e
salt, hydrate, pr od';r”u t8‘ill Wghéﬁf?u(?rfﬁ gPE‘o?:ODPa %&g ik?'g @%‘Bect ed
from - 0-, -S, -4 O)IHE, —Na@ﬁ@al@n, orNNECRalkyDy; J is C _3a| kyl ene, C2.

3al kenyl ene, or C _2heteroal kyl ene optionally substituted with one to two

R9; R9 is -Al- R}ﬁésrdaieﬁted&oni zﬂkﬁ mgtdute@alkaahkyhﬁr@b31Mte&32|ka@11 keytyl ene; 25 Q
is a bond, -C(=0) - O N =S)NR17-, -SO2-, -SO NR, 7-, -CO2-, or-

NR17C02 ; A is a bd}‘?&"oa@‘ %I‘%&’W&r‘i‘@d h@?“’ﬁ)ﬂ'%éﬁ?l ene, -Cl.4al kyI ene- NR17-,

- C, 4al kyl ene- N&LTCHyafdgen orﬁkleal kyl ene-S-, -C, 4al kyl ene- SQ2-, or
-Cl _aal kylene-O, wherein said A, al kyl ene groups are branched or strai ght

chai n and optlonally -171 16 January 2006 substituted with a group sel ected
from-CO2H, -C2(G . 4alkyl), -S(G.4al kylg NH2, -NH(Cl _4al kyl),
CN(C, 4al kyl )2; Ri6 i compeindaerordipaiogiai 3 Ogasgarmwwlarq@wpfabéq $@é‘ny|

substituted al kenyl | het r al Kk and heterocycl o; and
R17 is hydrogen or £1y§§/f’|¥ pg’dilg’ﬁ%ngrr‘r%%naer{ eerl%ocbr rll'jgh toclaim3, or a

phar maceut i cal | ¥ &CeRPleaBloth S@lohlkyl, heterocyclo, aryl or heteroaryl optionally substituted

with one to three R g;
10

Rz is selected from Cealkyl, substituted C,alkyl, halogen, cyano, nitro, ORg,
NR20R21, C(=0)Rz20, COzR20, C(=0)NR20R2;, C(=0)NR2050,R 26s,
NR2C(=0)R2;, NR20C(=0}OR21, SR29, S(0}uR204, NR205O3R 202,
NHCH(alkylYCO2R 29, SO2NR30R2;, Cs5cycloalkyl, phenyl, four to seven

15 membered heterocyclo, or five or six membered heteroaryl, said Cs.
7cycloalkyl, phenyl, four to seven membered heterocyclo, or five or six
membered heteroaryl groups in turn being optionally substituted with one to
two Rja; '

R3¢ and Ry, are selected from hydrogen, alkyl, alkenyl, Cg,.-,.cycloalkyl, 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 cach of Ry and Ry in turn is
optionally substituted with one to two Raa;

R20a 1s 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 Ryg, in turn is optionally
substituted with one to two Ras; and

R2z is selected from the group consisting of (C|_4)alkyl, (Ca.4)alkenyl, hydroxy, cyano,
CF;, O(Calkyl), OCF;, C(=0)H, C(=0)(C,_salkyl), CO:H, COx(C;.qalkyl),

30 NHCO3(C.qalkyl), -8(C, salkyl), -NH;, NH(C,.4alkyl), N(C,.4alkyl),,

-172-




hydrate, prodrug, or enantioner thereof, in which: Ribis selected from
cycl oal kyl, heterocyclo, aryl or heteroaryl optionally substituted wth
one to three Rg; 10 Rib is selected fromCl 6al kyl, substituted Cp.oal kyl,
hal ogen, cyano, nitro, OR20, NR2oR2i, C(=0 R2o, C02R20, C( =0) NR2oR21,
C(=0) NR20OSO2R20a, NR20oC(=0) R21, NR20C(=0 OR21, SR2o0, S(q JR20a 00
NR20SO2R20a, NHCH( al kyl ) CO2R20, SO2NR20R21, C3- 7cycl oal kP J2BHam4006 o
to seven 15 nenbered heterocyclo, or five or six menbered heteroaryl, said
C3_ 7cycloal kyl, phenyl, four to seven nmenbered heterocyclo, or five or

six menbered heter d‘é(ﬁi‘la)agrsmmmamym tﬂ(aokralmmtcym@t@oﬁgpstu tuted with
ydr ogen, al kyl, al kenyl,

one to two R22; R20 ?n] Rﬁg@{q selected fromh

C3. 7cycl oal kyl , phed{fYena yh). apd Sh‘é??ﬁ*eﬁllwlle“e)h’é%@tﬁ‘wl)’ a four to seven
menber ed het erocylo or a five to six nenbered heteroaryl, or when
attached to the same nitrogen atomnmay join to forma heterocyclo or

het eroaryl ; wherein Peqwtrpooﬁd Roordamgio RRAm Mnorta pharm@eutivpll y-actaplayle sathst i t ut ed
with one to two R22; a is selected from hydroge al kyl, al kenyl, CO2H,
coe(al kyl), C3 7cyclh5‘$rla$?ypr°dr2‘5 %W@Wl"meb@ﬁ@yr in ng’é‘hyl ethyl, napthyl, a four
to seven menbered het e%cl o, or a five to six nmenbered het eroaryl

wherei n each R20a i nlénoptlonally substituted with one to two R ,;
and R22 is sel ect.ed the group consisting of (G _4)alkyl,

(C2. 4) al kenyl , Hy¥r oy tyano: CF3, Q O _4al kyl), OCF3, C(=O)H,

C(=0 (G - 4al kyI ), C2H, CO ?Cl 4al kyl), 30 NHCO2(Gi.4al kyl), -S(C, 4al kyl),

“NH2, NH(Gi_4al g 72..1 2006
SOZ(Cl4aI( Kyl )a MhaM Ny(%é%h F’é Nﬁﬂ&%f[ %ﬁ%gg‘%%éf“ SFIS%S?E%%%? Y1), and
O(=0) (G _4al kyl ene) N(PES(}Q\)L &O4, M‘IS{)z, -C(=0)- and -CHy:

J is a -Cyaalkylene optionally substituted with one to two Ry, «(CH3),-NH-, or -
10 (CH;)y-NRo-;

Ry, and Ry are independently selected from halogen, C 1-aalkyl, hydroxy, alkoxy,
haloalkyl, haloalkoxy, cyano, nitro, -CO,H, -C(=O)H, -COsalkyl, -
C(=0)alkyl, -C(=0)NH(CH,}, 4CO,H, -C(=0)NH(CH,) 1-4CO(alkyl), and
5(OMalkyl; or from phenyl, benzyl, phenyloxy, benzyloxy and heteroaryl in
15 turn optionally substituted with halogen, Ci.aalkyl, hydroxy, alkoxy, haloalkyl,
haloalkoxy, cyano, nitro, -CO,H, -C(=0)H, -COqalky!, andfor -C(=0)alkyl; or
alternatively, two Ry, groups join together with each other or one R, joins

together with Ry, to form a fused benzo ring;

Ra, and Ry, are selected from halogen, alkyl, cyano, haloalkyl, haloalkoxy, nitro,

20 aryloxy, and arylthio;

Ryp 18 hydrogen, halogen, alkyl, substituted alkyl, nitro, cyano, hydroxy, alkoxy,
haloalkoxy, phenyloxy, -CO;H, -C(=O)H, -NH(alkyl), -N(alkyl),, -CO,alkyl, -
C(=0}alkyl, alkylthio, -C(=0)NH(CHa);.4CO;H, -C(=O)NH(CH,),.
4COx(alkyl), aryl, heteroaryl, or heterocyclo, wherein each of the aryl,
25 heteroaryl, and heterocyclo groups are optionally substituted with one to two
halogen, Cy4alkyl, OMe, CF;, CN, OCF,, CO.H, C(=0)H, COaalkyl, andfor
C(=0)alkyl;

nisQ, I, or 2; and
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5. A compound according to claim4, or a pharnmaceutically-acceptable salt,
hydrate, prodrug, or enantioner thereof, in which: 5 Ar is T, and M are
selected from-N and -CH, and T2 and M2 are selected fromO, S, NH,
S(=0), S2, NHS®2, -C(=0)- and -CH2-; J is a -(C2-3al kyl ene optionally
substituted wwth one to two R9,-(CH2)y-NH, or - 10 (CH2) % y 5

Rib are independently sel ected from hal ogen, Cl4al kyl, P 99“ 2
hal oal kyl , hal oal koxy, cyano, nitro, -CO2H, -C(=O H, -CDZaIkyI -
C(=0 al kyl , - C9 Q) NHEGH2) 1_4C0O2H, - C(=0) NH(CH2) 1_4C02(al kyl'), and

S(0) 2al kyl ; rdn1pheny| benzyl, phenyl oxy, benzyl oxy and heteroaryl in
15 turn optionally substltuted mnth hal ogen, Cl4al kyl, hydroxy, al koxy,
hal oal kyl , hal oal koxy, cyano, nitro, -CQ2H, -C(=OH, -CQ2al kyl, and/or
-C(=O)alkyl; or alternatively, two Rib groups join together with each
other or one R b joins together wwth R, to forma fused benzo ring; Rda

and 7, are sekect eg LM nkodshe ShioH s, S4RSmbal sl leplial 0l koxy.

nitro, 20 aryloxy, en

substituted al kyl, mjdrite,p rwa%%remqaﬂwme@b«ﬁmﬂgmé@drﬁ@la}mxy, phenyl oxy,
-C2H, -C(=9 H, -NH(aIkyI) (al kyl)2, -Cal kyl, - C(=0 al kyl, alkylthio,
-C(=O NH(CHz), _4CO2H, -C(=O NH(CH2)1- 4CQ2(al kyl), aryl, heter oaryl or

het er ocycl o, wherein each of the aryl, 25 heteroaryl, and heterocyclo
groups are optionally substituted with one to two hal ogen, C, Aal kyl, Ow,
CF3, CN, OCF3, CO2H, C(=OH, CQal kpl, and/or C(=Qalkyl; nis 0, 1, or 2;

and -173 16 January 2006 /l:tj\
l&\ (RTb)n

/

nd

R1a

0 7. A compound according to claim 6, or a pharmaceutically-acceptable salt,
hydrate, prodrug, or enantiomer thereof, in which R, is halogen or cyano, and R4, and

R are independently selected from halogen, alkyl, cyano, trifluoromethyl, and nitro.

8. A compound according to claim 3, having the formula (le),
15

or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof, in

which:
20
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5y is 0,1or 2. 6. A conpound according to claim5, or a

phar maceuti cal | y-acceptabl e salt, hydrate, prodrug, or enantioner thereof,
having the forrmula: 10 7. A conmpound according to claim®6, or a
pharmaceutical | y-acceptable salt, hydrate, prodrug, or enantioner thereof,

in which R13 is hal ogen or cyano, and R4. and R4~ are inﬁjﬁaendent%‘y
sel ected from hal ogen, al kyl, cyano, trifluoronethyl, and grgaryy Cgi A
conpound according to claim3, having the fornula (le), d 0 d or a

phar maceuti cal | y;ac tabl e salt, hydrate, prodrug, or enantioner thereof,
in which: 20 - 1"§ Tg% 'a%{wf*spcz%éy F&I%Ftegrfwﬂﬁ'%oﬁﬁéflr4ﬂﬂé‘pbxﬁd@m dyoxye| ect ed

from hal ogen, G . 4al ky;lloalm%mmox)al:y&zsymtm h@bg@l ko &Hh?ﬁ@gilk oXy, cyano,

nitro, -Co02H, -C(=OH ﬁ/ I - 0CO2H,
- O( =0) NH( CH2) 1. 4002( aFkﬁ)ﬁlkylen% ORI )kﬁ}@z oE OO éngﬂoz(d!i@ﬁziyid
phenyl oxy, benzyl oxy gw@g,algt;eF Bemphedyl bénztyv r@ﬂ)txkodlﬁ%;,l{ ﬁubﬁééﬁo%ﬁ% Wi th

hal ogen, G .4al kyl, hydroxy, alkoxy, hal oal k I cya nitro,
_CO2H, -C(=O) B, -0024 prtloaarﬁ'd/swstmﬂdw@fd}ampﬂ %ﬂﬂlkﬁdlwér%atalkpelywalcrdﬂwl Ri b

groups join together middkoRac &th% @bﬁ”%fﬂ) L fato
forma fused benzo ring; a?n% 2?80 2 é )i{c(g(bzqﬁ(y hgaccgfcf?)#é(& 8 claim
8, or a pharnmaceuti Caqlqegnag_ﬁéyepwg&bgr@m _[om tooether w1theach other or one Ry, joins

together with Ry, to form a fused benzo ring; and

nis(, 1 or2.

9. A compound according to claim 8, or a pharmaceutically-acceptable salt,

hydrate, prodrug, or enantiomer thereof, in which:
Ria is halogen, cyano, nitro, trifluoromethyl, OCF;, aryl or heteroaryl;
Ry is halogen, Cy 4alkyl, cyano, nitro, -CO;H, -C(=0)H, -COQ,alkyl, or -C(=0jalkyl;

R» is hydrogen, Cygalkyl, or C,salkyl substituted with CO,H or CO,(C)4alkyl),

Ro is selected from hydrogen, C r-10alkyl, substituted Cy.jpalkyl, C; palkenyl,
substituted Cs.jpalkenyl, Cy.scycloalkyl, phenyl, pyridyl, pyridazinyl,
pyrimidinyl, —(CHy)sphenyl, -(CH,)dtetrazolyl, (CHy)spyridyl, —
(CHz)sthienyl, ~(CH;)carbazolyl, ~(CH;)indolyl, —(CHa)furyl, ~

20 (CHa)quinolyl, ~(CH;)Cs.4cycloalkyl, —(CHz)sthiazolyl; —(CHas);pyrrolyl, -

' (CHy)simidazolyl, -(CH,); isoxazolyl, ~(CH;)sbenzofuryl, ~(CH,).pyrazolyl, -
C(=0)H, -C(=0)alkyl), -C(=0)C,_1palkyl, -C(=0)phenyl, -C(=0)piperidyl, -
C(=0)morpholinyl, -C(=0)Cj;_scycloalkyl, -C(=O)pyrrolidinyl, -
C(=0)quinolyl, -C(=0)imidazoiyl, -C(=0)pyrazolyl, -C(=O)thiazolyl, -

25 C(=0)quinoxaliny!, -C(=0)pyridyl, -C(=0)-1,2,5,6-tetrahydropyridyl, -
C(=O)benzothiazolyl, -C(=0)benzotriazolyl, -C(=0)benzodioxanyl, -
C(=0)benzooxadiazolyl, -C(=0)1,2,3 4-tetrahydrogquinolyl, -
C(=O)thienopyrazolyl, -C(=O)(CHa) tetrazoly!, —C(=O)CH3)spyridyl, —
C(=0)(CH;);phenyl, —C(=O)(CH2)Spyrroiidinyl, —C(=0)(CH,)piperidyl, —

30 C{(=0)CH=CH(phenyl), -C(=0)CH=CH(pyridyl), ~C(=0)CH,O(alkyl}, ~
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hydrate, prodrug, or enantiomer thereof, in which: RL3 is hal ogen, cyano,
nitro, trifluoronethyl, OCF3, aryl or heteroaryl; R b is hal ogen, G 4alkyl,
cyano, nitro, -CQ2H, -C(=OH, -C02alkyl, or -C(=Oalkyl; R2 is hydrogen,
G _bal kyl, or C _bal kyl substituted with CO2H or CO02( G _4al kyI ); 15 RO is

sel ected from hydrogen, C, _ioal kyl, substituted G _i oal ky 6 a#éf@{uyl
substituted C2_iOal kenyl, C3_6cycl oaI kyl , phenyl pyridyl, pl?PFﬂ

di nyl CH2 -
PrE L o (RO SR nstho (el
(CH2) | qui nol yi (mzqc@crazgﬁb(mmy|~C(-@mm(mcazw—ﬂ( omeﬁmwwyla ol yl,

CH2)simd |yl CH2 |yl
(5T ULl ok LRl R - L P

C(=0) nor phol i nyl , C(E(@XD()BHMG(@PMM —(@:Wqﬁa}lkylbk{@ﬂﬂ§0;®h@(&' O qui nol yI ,

=0 d I I linyl,
D szl TP SO e crdBiflst) vt noxal Ty
3 Eenzot hi g_zol y: [(C(lh@(bﬁmmﬂyl) , SOOI (pherG )= € (58 ikl H (= QNH (alkyD), -

enzooxadi azo r i.n _
Ot hi enopyr azol y?/ S gém%% ‘¢}{ ﬁgigy%?mﬁ&&l %bﬁd%)of?ﬁﬁ“ﬂv
O (CH2), phenyl, QC*Q)C((%)QIWMH}QI-C%(WW -COPRIOHE) R repexil.dyl , - 30

A e D T D A

(=0 CH2SC2( phenyl ), (Cﬂz)?@)ﬂiﬂﬂﬁbﬁhﬂmw{ﬁmh@%@mmwjmﬁzy| ). -
Lok sz alkyl ), - (EHBY EEhTHRRPyon Syl = P
(CH2), S02(i m dazol yl )(CIh{CEHD)NBE2OiY, )‘{OHz)(C(mﬂ(@@ﬂ’dlﬁWDm yl),
SO2NH(phenyl ), - &(=S) My o SRR 2EaN LiCH, ) C(=0)NH,, ~CH)C(=0)NH(alkyl), -
(CH2)(C(=0)N(alkyl);, {(CH21C(=0)N(C,) salkyl)(phenyl), -
15 (CH)C(=0)N(Cqalkyl)(thienyl), ~(CH2)C(=0)N(C,.salkyl) (thiazolyl), —
(CH3)C(=0)N(Cy.4alkyl)(benzyl), (CH2¥C(=0)N(C, alkylYCOx(alkyl),

wherein each Rgis optionally substituted with one to two R)g;

QQQQQ
TSI

[

Ry; is selected from -(CHj)ghalogen, -(CHa)qnitro, -(CHa)qcyano, -(CHz)ghaloalkyl, -
{CHz)ghaloalkoxy, -(CHz)qSR24, C35cycloalkyl, -SO:R 24, -OR 74, -
20 (CH3)qCO:R 24, -(CHz)gNR24R25, -(CH2))NHCO:R 4, -C(=0)NH-502R24, -
C(=0)}CH2)qNR24R 25, “O(CH2)NR24R 35, -C(=0)R 24, -(CH2)qR24 and -Cy.
aalkyl or -Cs_salkenyl optionally substituted with CO2R24;

Ras is selected from hydrogen, alkyl, phenyl, benzyl, Cs scycloalkyl, five or six
membered heteroaryl, and four to seven membered heterocyclo, in tum
25 optionally substituted with one to two C;_4alkyl, halogen, hydroxy,
trifluoromethyl, trifluoromethoxy, -CO,H, CO.C)4alkyl, C,salkoxy, -S(C,.
4alkyl), amino, and/or aminoC, salkyl, provided that when Raq is attached to a

sulfonyl group as in -SO;R.4, then Ra4is not hydrogen;
Ras is selected from hydrogen and alkyl; and

30 nis0,1,o0r2;

pislor2;




C(=S) NH( phenyl ), -(CH2)C(=O pyrrolidinyl, -(CH2)C(=0O) piperidyl, -
(CH2) C(=0O) pi perazinyl, -CQ2(al kyl), -0C02(phenyl), -C02(benzyl),
NHCO2( al kyl ), -(CH2), C(=O NH(phenyl), -(CH2), C(=O NH(pi peridyl), 10
(CH2), C(=O) NH(t hienyl), -(CH2),C(=O) NH(thiazolyl), -
(CH2), C(=O) NH(cycl opentyl), -(C}Q),CX:C»NWKcycIopentenyl)1auanua 2006
(CH2), C(=O) NH( benzyl), -(CH2),C(=O NH( pyrrolidinyl), - ry
(CH2), C(=O) NH( pi perazinyl), -(CH2)1C(=O NH2, -(CH2), C(=O NH(al kyl),
(CH2), C(=O N(al kyl)2, - (CH2),C(=O N(C1. 4al kyl) (phenyl), 15

(CH2), (=O N(C, . d kyl2) §tdauenyl ), -(CH2),C(=O N(GC . 4al kyl)(thiazolyl), -
(CH2), C(=0) N(CL. 4al kyl ) (benzyl), -(CH2), C(=0O) N(C1-4al kyl)C2(al kyl),
wherein each RO & optd,enal |y substituted with one to two 1118, Rig is
selected from - (CH2) ghal ogen, -(CH2)gnitro, -(CH2)gcyano, -(CH2)ghal oal kyl,
- (CH2) ghal oal kox,0,t,CGH2) 4924, C3. 7cycl oal kyl, -S02R24, -OR24, 20

(CH2) gCO R24, -(CH2)gNR24R25, - (CH2)gNHCO2R24, -C(=0) NH SC2R24, -

C(=0) (CH2) gNR24ReB 1, 2, &) , NR24R25, -C(=O)R24, -(CH2)gR24 and -C,. 4al kyl
or -C2.4al kenyl optionally substituted with CO2R24; R24 is selected from
hydr ogen, al kyl, phenyl, benzyl, C3.7cycloal kyl, five or six menbered
heteroaryl, and four to seven nenbered heterocyclo, in turn 25 optionally
substituted with one to two C', aIkyI halogen hydr oxy, trifl uoromethyl
trifluoromethoxy 4a|k -S am no,
and/ or aninoCl 441 kyI C%?pé’umgi 6%‘8593 PF%"‘B‘E"P&‘E?#@&"T"(?”&E <‘§')Erl f onyl

group as in -sozazﬂam bhan, %‘Enhxﬁnoﬁﬁ? RO QgErin Ry RkeC ed from
hydrogen and al kyl ; and Onis 0, 1, or 2; pis 1 012; -176 16 January

2006 g is 0,1, 2, 3 or 4, O,(R,S)f
.
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risi1, 2, 3,or 4, * is 0,1, 2, 3, or 4, and t is 1, 2, 3, or 4. 5 10. A
conpound according to claim1l, or a pharmaceutically-acceptable salt,
hydrate, prodrug, or enantioner thereof, wherein J is selected from 10 $ °

SNi QACRISRIO A2i IQAz ~ (Ri8)f NQAM NSA (R8)f RIBFf N (R8I i
N~.... AFQA2 rNy rNH 2 (Rig)f AAQN- is)f " (RIQ /g5l ah 406 <N

(Rygke
FAK N=_ (R} N
. = (Ryg)r

A/ A2 /l 2 A] Q AZ

0 N—a
2-(Ryg)t - (Ryg)k ;2 (Ryg)k
LY L N, 3
/A]/Q\Af’\) /AI/Q\A/Z A]/Q\Af’\‘)
N\,.m W, TS N\,m»
5
I N
2-Righ W N
\\ ,'\
]/Q\ ~ ‘) A l/Q\A/2 Ryg)r AI/Q\ (R] D
e

Ajis a bond, Cjalkylene, or Ca3alkenylene;
Qis abond, -C(=0)-, -C(=0)NR s, -SOs-, =CO;-, or ~ NR7CO»-;

A,1is a bond, C satkylene, Ca.aalkenylene, -C4alkylene-NR;4-, -Cj4alkylene-

10 NR;7C(=0)-, -C4alkylene-5-, -C;.4alkylene-SO;-, or -Cy.jalkylene-O-,
wherein said A; alkylene groups are branched or straight chain and optionaily
substituted with a group selected from -CO;H, -CO»(C, 4alkyl), -5(C,_salkyl)},
NH;, -NH(C, .4alkyl), or -N(C;_qalkyl);

Riy71s hydrogen or atkyl;

15 Rig and R are selecied from hydrogen, (C).¢) alkyl, (Cas) alkenyl, CO;H, CO2(C,;.
salkyl), C(=0)H, C(=0)(C,salkyl), halogen, cyano, hydroxy, (C,..)alkoxy,
(Cy.4)haloalkyl, (C;4)haloalkoxy, NH,, NH(C,.4alkyl), N(C)._salkyl),, N(C,.
aalkyl)s*, -C(=0)(CH2)NH;, -NHCO4(C; salkyl), -C(=O)NHSO(C_salkyl),
SO3(Cy4alkyl), phenyl, Ciscycloalkyl, five to six membered heteroaryl, and

20 four to seven membered heterocyclo, wherein each group R g and R)o in turn

is optionally substituted with one to two of (C,.4) alkyl, (Cs4) alkenyl, CO-H,

-178-




(R8)f NAQA2 S (R18)f ,Q A-2 cN-177 16 January 2006 (R 18)f O
(Rs)r N>(R18)1 Al~ A2 Al -A2 cNC5 %R 8f .NNy(Rs)f NA" QA2 cN
1 -(Rs)r JNA 42 A A2 NAl < and A is a bond, C, _2al kylene, or
C2_3al kenylene; Qis a bond, -C(=0-, -C(=O NR17-, -S2-, -C02-, or -
NR'CO2-; A2 is a bond, G _3al kyl ene, C2.3al kenyl ene, -G . 4al kyl ene; -,
-C, gal kyl ene- 48 \}(ﬂ¥luary 2%

CO(Ci4alkyl), C(=0)H, C(=0)(C;.salkyl), halogen, cyano, hydroxy, (C,.
s)alkoxy, trifluoromethyl, trifluoromethoxy, NH;, NH(C;salkyl), N(C,.
salkyl)z, N(C|qalkyl)s*, -C(=0)CH3)NH;, -NHCO:(C salkyl), and/or SOx(C,.
salkyl);

fis@®, 1,2 0r3; and

gis—1,0,1,0r 2.

11. A compound according to claim 1, or a pharmaceutically-acceptable salt,

hydrate, prodrug, or enantiomer thereof, wherein Z is CRyp.

12. A compound according to claim 3, having the formula,

or a pharmaceutically-acceptable sailt, hydrate, prodrug, or enantiomer thereof,

wherein J is selected from one of:
15

AV S 42 N

’ 1

O
COH ~CO,E ﬁ© @
N N N
Sl { Sah

RN R
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lo NR17C(=0O) -, -(.gal kylene-S-, -C, .4al kyl ene-SQ2-, or -Cl _4al kyl ene-0O,
wherein said A2 al kyl ene groups are branched or straight chain and
optionally substituted with a group selected from-C>2H, -C02(Cdal kyl),
-S(C, -4al kyl), NH2, -NH(C, .4alkyl), or -N(C, _gal kyl)2; R17 is hydrogen or
al kyl; 15 Rl and Rig are selected from hydrogen, (C, .6) alKky

al kenyl, COPH, C02(Gi_ 6alkyl), C(=OH, C(=0O (G _6al ky|)1ng§‘F‘8§@’n2&i%no
hydr oxy, (C, . 4)a|koxy, % 4) hal oal kyl , (C, 4) hal oal koxy, NH2,

NH( C, 4al kyl ), N(C, . 4a|ky g N(C 4a|kyp) ( C»(CHZ)N

- NHC02( C, _4al kyl), -C(=0 (o “4al kyl) U}gﬁ(c 4al kyl an l co
C3. 2cycl oal kyl, five mbered h t , and 20

menber ed heterocﬁfra§;§EBreln each YR 18 and:Ri NﬁL§§$

optional Iy substitut® with one t mﬁwﬁf (CL. 4) al Ryl ~'C2. 4) alkenyl
C2H, -178 16 January 2006 5 Q02(C1l.4alkyl), C(=OH, C»(Cﬂ 4a|ky|)
hal ogen, cyano, hydroxy, (ClL_  4)al koxy, yw trifluoronethyl,
trifluoromethoxy, NH2, NH \I-Oalkyl), fl_ 4al kyl )2, NG . 4al kyl)3',
-C(= O (CH2) NH2, - NHCO2(

(aa)kyl), and/ oN\NSO2(C1_ 4alkyl); f is 0, 1, 2
2. 11. A conpdund according to claim1, or a
e salt, hydrdi prodrug, or enantioner

or 3; and g is -1, O

phar maceutical |y accquéE

t her eof , mhereinng%%m 4b. 10 N a /apha opceutical ly-acceptabl e salt,
hydrate, prodrug, or

of .

anti omer ﬁmﬁ‘) wherein J is selected from one

il p
HN o
N=— O/CH::,
i ) N
Ny , iy
N
{ O CO,CH;
B B
[ [ F
Ny 1\/”>/
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15 12. A conpound according to claim3, having the formula, Roc /-C02H
rCO2Et N-N ~ah <N aM <N N 16 January 2006 CO2Et U N CO2H 5 L-NY OH N \\
t'--N\\ r °Sr S1-N , ~N, / 0 OCH3 16 January 2006 -CH3 ~i ,-N CO2H
Me

16 January 2006

N o cH
A %Q 3O 30

Ny N

% N g AN %, > O COH

O._COH ON._~ -COH
0" COH N =

?

¢ -
r—Mc
CO,Me CO,H N
Neg NN e
{_ Ny ’ N { Noo
Me
’ Me Me
Me /I/
o Ny , 7N i Ny AN 1
hde)p—hde E;:S
v Mo wy N i Ny LN
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- NN

CO2H -181 16
NOONNJ

CO Me N <N vCO2H

2 N COZH ON N N,

Me COZ2H
5 N NH

-NMe r-~

January 2006 -N Br

<-N

)- Me

16 January 2006

COH

HO,C

O

0.C 05 H HO,C
N

N
M

H
0

S

T

V2R

o
%_N}m
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-182 16 January 2006 5 ONN | N CO2Z2H ~NN NCOHcS N <- N 16 January
2006 H O2H HC, O jNCH OCO2H ~cN COlH 5 J-H3 OP OP N 0-1 CO2H
SJ-C02H Q4

16 January 2006

N N= £10,C CO,Et
e, w0t D %0
N
N COH ' TN

N N
. " NS
HO,C HO,C
= = s
o My i Ny i N : i My
COH HO,G
2 s
r‘@ ] f'@ N N Me
N s N 5 TMe N s7TcoH N Y
T et RN e AR o 6% |
5
COH
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N 184 16 January 2006 CO2H CO2ZH N N yH 5 COEt cO2H 10 ON p -N COzH -N
N COHHXRC OrNCO2H -185 5 CO Me. JJn M N

16 January 2006
NH,
NH, CO,H
7_‘/ rF/ /J—(.OZH
o} o}
N N N N
CH,
HC, [,
CO,H HC N=CH,
O}JJ O}JN-CHJ O},/’/
N N N
HN,
o | oM o }J——COIH o SOCH,
N
N N
~ ow S e S
HO,G, HO,G, HO,C, —
0 0 o o, f N ot
s =N N
N N

CO,CH, NH,
O NH,
/N N
S wW w S '
CH CO,H COH
Q 0 3 0] OJ > O S'J
w , v wd ;
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M Cl 10 s COH Z 16 January 2006 NFo -186 16 January 2006 1 CO2H O f-cGQO Et
/"N OCORZHN CRH CRtBu 5 0 -187 C2tBu NJ N 16 January 2006 5 10

16 January 2006

COH

2
o e o
O
O 8] N,
ol o e
N Y

N
s HOLC £0O,Bu
HOC N—‘<\N1 COH N@ N OH
*/_'ih N[’QO o Nr-\{o
5
7
- \9 9 L
NN N NN N N Nevte ‘-/— Mo oM
N ’ gt ' \1{_. e ,

CO,Et CO,H
C /“<f /’d
\_/ N N

s 0 N_COH - COMH
NANEL OB N/’@ r@ %N
S 0 o N



CH3 Me COzH CO2Et O f-j ~--NHO-NH/N/COZH O/ } -NH ~C2CH3 O "H CH3
O/N S~\,N. CO2H CH3 -188 16 January 2006 5 o O CO2H .7, J~ CO2CH3
-CO2tBu M H)--Me H Me N

16 January 2006

0
Cl N &:} s
Nﬁ@ N v N/’_O'O\f\ N/_—<\Nj
“4/h-2m s . R Mé s -
N

" o e Mo TN M
5
Me Me
Q. coMe M?l)lolc 0 ) COoMH 0 i o
Oxgﬁ O=g e Oe:g 4 \ 0::.8
S L I S e
1
& / N ﬂ
o o N T
NN
COMe
ﬂ N ) eoE el FQQ
N J o 5 N o CO,Er
‘4/—_3“ \4/— ‘ \4/_ﬁ5“ Héf—
10
(,N y CO,E
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N M OHM NMNMWM OOHCEZ NHN HButO®2C HN CR2tBu x, 1, 0 H
NHCO2tBu C 02H N--1~ o0 0 -189 NHz O CO2H N~COZLBu -)""' OO0 C2H O
NH2 O

16 January 2006

CO,H (}-C S
I - O, EtL 02”
N O N["C 2 N 0 }—OJQ

Y-
e Pl'g{\o g o H(_{:&o Mo
0 == o ’: N\ 0
SN \_/ . "{\I}m COH
N(CH,), HO,
Q 0
Ny
5N ‘]{\IL'”‘ J-:A\Q\/\COZH
CO,tBu
0 = Q
7\ 4 N QA N
T T (T
OB
S I O S
\J{\N COQtBU E{\N N/\«
M M ‘l{\ M O
N‘n JI’\J -0 P
0 N 0 =N 0 \ 0 \
3*@ %Cf L) 3
s ~ " ~y
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16 January 2006 11 /-c02tBu N-- B,.,-NO0O O N -aw and 5 CO2tBu 13. A
conpound according to claim1, having the fornmula, Rla 10 or a
pharmaceutical | y-acceptabl e salt, hydrate, prodrug, or enantioner thereof,
in which: R a is halogen, cyano, nitro, trifluoronet hyI OCF3, aryl or

heteroaryl; Rib is halogen, G 4alkyl, cyano, nitro, -
ol 16 Jabiah g

-C02al kyl, or -C(=Oyalkyl; 15 R2 is hydrogen, C _6al kyl,
substituted with CO2H or CDZ(ClaaI kyl); R18 is selected from (C A) ,al kyl,

CO2H, C02(Ci-Qal kyl), l@é\—O)(Ct agl ky aljogen, cyano, hydroxy,
(Cla) al koxy, (Cl- a) ha(f 4) hal oa N NH(C14 k N
N(Gi . 4al kyi )2, N(C, -akkyl )(3;2) “NHO02(CL_ 20 4 N

- C(=0) NHS02( G $al k¢l ) ~3N‘802( o Aa] kyI ) ényl tetrazolyl /_-rli:,azol yI Me
pyrazolyl, and imdazolyl; f is O, 1, 2 or 3; and ni sOor\‘f -190 16 January
2006 14. A conmpound accordi ng to cl ai m 1, having the formula, O 5 or a
phar maceuti cal | y-acceptabl e salt, hydrate, prodrug, or enantioner thereof,
in

O
O == O Y H\Q
S O
o N
N
" NN @C,% ™
AV e
5
CO,Et
CO,H 2
Cik/ N ﬁN}—NH S—NH
'7’7,/\1:[5@ © - W
COH CO,CH
0 /_/‘ z 3
0
N>‘NH »—NH
CO,H CO.H
OH 0 2
TSI
O:'-.‘ = s
ﬁs hf ~<fmﬁq}f
¥y N
CO,H SCH;,
N
(R H3CN-N CH
=3
I O S O-._

10
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whi ch: R1, is halogen, cyan, nitro, trifluoronethyl,
heteroaryl; Ri b is hal ogen, Cl.4alkyl, cyano, nitro,
-Cal kyl, or -C(=0O al kyl; R2 is hydrogen, C 6al kyl,

substituted with CO2H or

Co2(Gi . 4al kyl ) :

OCF3, aryl or
-C2H, -C(=0 H,
or G -6al kyl

|0 R13 is selected from (C, _4)

al kyl, CO2H, Q@02(GC _4dalkyl), C(=OH C(=0O(d 4alkyl), ,_hal oge 5 ano,
hydroxy, (G -4)al koxy, (G _4)haloal kyl, (G .4)hal oal koxy, 16naBUaTY 20
NH(C _4al kyl), NG .4alkyl)2, N Claal kyl)3', -C(= O (CH2) NH2 - NHCO2( C1
4al kyl ), -C(=O) NHSC2(C, 4al kyl), SO2(C _4al kyl), thienyl, tetrazolyl,
triazolyl, 15 pyrazolyl, and im dazolyl @OQ}H 1, 2 or 3; and nisOorl.
15. A corrpound having th CfOOﬁm.H a,. 2 anuary 20 R or a
pharmaceutical | y-acc ble? ate, prodrug, o r thereof,
in which: 5Lan_/+€Ntaken|ndepe Qe ly, are 0xr~g§ f?@\ b; Jis
selected from-( 3R9c), and ,)Y NR9c (CRQaRQb) erelr?X|s 1, 2
or 3, yisO 1or 2 and zis 0, 1 or 2, provided that y and z together
are not greater than 2; 10 T, is -N or -CH; Raand R b are
i ndependently selected from al kyl, substituted al kyl, hal ogen, cyano,
nitro, ORlo, NROR ,, C(= o, CQO2R, o, = %Rl NR, 0C(=0) R11 Me
NR, 0C(=O) OR, 1, SR o, S(O) oa, NR, osozm ?al kyl ) CO2Ro, }} R, OR, 1,

cycl oal kyl , hetero.%yck aryI and hete(oaryl or alte%pgtr\f@y, t wo
55/\ ‘ MO

Me
ﬁ Me ﬁ_(hdc NH
2
‘k;/\N \%\NW Me \A{\N/\‘
? Ao o ©
H Me\
N-Me N-Me
0% S
H  coH N/ 0atBe
n_/~OH N/ 2 N N
TN
YN Y 2‘/\’?’;N‘Mo ©
SCH;
BUIOzC ch
OH
/\NPI%N COytBu /—%N CO,tBu f—P%N COH
0
NHCO,tB
E OytBu H\/\/cozu H NH;
N N
Nt
b e
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15 Rib groups join together with each other or one Rib, joins together with
R, to forma fused benzo ring; R2 is selected from hydrogen, alkyl,
substituted al kyl, cycloal kyl, aryl, heterocyclo, and heteraryl; Rd4a, R4b,
and Rk are selected from hal ogen, al kyl, cyano, hal oal kyl, hal oal koxy, 20
aryloxy, arylthio, and nitro; R9a and R9b at each occurreqﬁe ar e 6
i ndependentiy sel ected from hydrogen, hal ogen, C, Aal kyl, 1Ry@Pyggy 200
C, 4al koxy, Cl. 4hal oal kyl, C1.4hal oal koxy, or cyan®e or R9. and R9b
t oget her formketo (=0); Rg/—ﬂsom ected from hydy ogemBand A - Q A2-Ri 6; 25
A is a bond, C _2al kyl eng, or (2. 3al kenyl ene; - 16 January 2006 Qis a
bond, -C(=0-, -C(=0 MRH{7-, -SC2-, -C02-, or ,~N\RL¥OFBu; A2 is a bond,
C, 3al kyl ene, CZ.@{T‘R nyl@ne, -C, -4al kyl eh% 70, -G . 4al kyl ene-
NR17C(=0) -, -CldalkyleMe-S-, -C, Adtkyl ene?SO2 or -G .aal kyl ene- 0O,
wherein said A2 al kyl ene groups are branched or straight chain and
optionally 5 substituted with a group selected from-CQ2H, -CX2(C, aal kyl),
-S(C, 4al kyl), NH2, -NH(G .4alkyl), or -N(Ci-4alkyl)2; Roand R, (i) are
sel ected i ndependently of each other from hydrogen, al kyl, substituted
al kyl, cycloafkyl, aryl, heteroaryl, and heterocyclo; or (ii) Rois taken
together with R12 to forma heteroaryl or heterocyclo; 10 R o, is alkyl,
substituted al kyl, cycloal kyl, aryl, heteroaryl, or heterocycle; Rl6 is
sel ected from al kyl I r al kyl, or heterocycl o,
wherei n each R16K'?'SA%Gg]{ldggﬂ%{’ﬁcgﬁg%ﬁosﬂgﬁf’gg@i&mg%hﬁfg%gh‘?o three R's; RL7 is
hydrogen or alkyl; R 8 is selected fromC, -6al kyl, substituted C, bal kyl,
hal ogen, cyano, nitro, OR20, 15 NR20R21, C(=0 R20,(RC§)2R20, C(=0) NR2oR2i ,
18}

C(=0) NR20SO2R20a, 2
) ‘ Cl \ /7
@ O S
ci N

10

or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof, in

which:
Ry, is halogen, cyano, nitro, trifluoromethyl, OCF;, aryl or heteroaryl;

Ry is halogen, Cj4alkyl, cyano, nitro, -CO,H, -C(=0)H, -COzalkyl, or -C(=0)alkyl;
15

R; is hydrogen, Cy.galkyl, or C,salkyl substituted with COzH or CO2(C,salkyl);

R s is selected from (C,.4) alkyl, CO.H, CO(C4alkyl}, C(=0)H, C(=0)(Cralkyl),
halogen, cyano, hydroxy, (Ci.4)alkoxy, (C,_s)haloalkyl, {C4)haloalkoxy, NHz,
NH(C_alkyl), N(C)alkyl), N(Cyalkyl)s", -C(=0)(CH2)NH,, -NHCO,(C,.

20 salkyl), -C(=O)NHSOx{C 4alkyl), SO»{C 4alkyl), thienyl, tetrazolyl, triazolyl,
pyrazolyl, and imidazolyl;

fis0,1,20r3; and

risOorl.
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NR20C(=0) R2i , NR20C(=0) OR2i, SR20, S(O uR20a, NR20SO2R2w,

NHCH( al kyl ) CO2R20, NH (CH2) 1. 4- CO2RZo, SO02NR20R21, C3. 7cycl oal kyl, phenyl,
four to seven nmenbered heterocyclo, or five or six nmenbered heteroaryl,
said C3. 7cycl oal kyl, phenyl, four to seven nenbered heterocyclo, 20 or five
or six menbered heteroaryl groups in turn being optional li SJUbStIt

with one to two R22; R20 and R21 are sel ected from hydrog ﬁ aQI"ﬂV

al kenyl, C3_7cycl oal kyl, phenyl, benzyl, phenylethyl, napthyl a four to
seven nenbered heterocylo, or a five to six nenbered het eroaryl, or when
attached to the sane nitrogen atom may join to 25 forma heterocyclo or
het er oaryl ; V\her%g each of R2q and in.turn is optionally substituted
with one to two COQQBWq%C%@P%Eﬂ%mfIP bawing the formglekeny| |, CORH,

Co02(al kyl), C3_7cycl oal kyl, phenyl, benzyl, phenylethyl, napthyl, a four
to seven nenbered het erocyl o, or a five to six nenbered heteroaryl;
wherein each R2o, in turn is optionally substituteiguth 30 one to two
R22; -193 16 January 2006 R22 is selgcted from group consi sting of
(C1-6)al kyl, (C2b)al kenyl, hydroxy, ano, CF3 _6al kyl), OCF3, C(=O H,
C(=0 (C, . 6al kyl), CO>H, COZ(Cl 6al ky C@ﬂg‘iéal kyl), -S(G.6al kyl),
-NH2, NH(C . 6al kyl), N(Clbal kyl) '«NSO>( C1. &al kyl ),

C(=0) (G 4al kyl ene) NH2, C(=0O (C . 4a|k41\ (rﬁj(ky]) and

C(=0) (G 4al kyl ene) N(Ci 4al kyl )2; o and wane i }-.- dently | or 2; and

ni sO, 1lor2. 16. A conmpound according to cl aiRy 4§ or a

pharmaceuti cal'l y-acceptabl e salt, hydrate, prodrRg, or enantioner thereof,
wherein R4a and R4c are chloro. to 17. A conmpound according to claim15, or
a phar maceut iscal | y-acceptabl e salt,

or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof, in

which:
R1a is halogen, cyano, nitro, trifluoromethyl, OCF;, aryl or heteroaryl;
Ryuis halogen, C;.4alkyl, cyano, nitro, -CO,H, -C(=O)H, -CQOgalkyl, or -C(=0)alkyl;

R is hydrogen, C).6alkyl, or C;salky! substituted with CO,H or CO(C;.qalkyl);

Rz 1s selected from (C).4) alkyl, CO;H, CO,(C)salkyl), C(=OMH, C(=0)(C,4alkyl),
halogen, cyano, hydroxy, (C)4)alkoxy, (C).s)haloalkyl, (Cy.q)haloalkoxy, NH,,
NH(C,).salkyl), N(Ci.salkyl)2, N(C)4alkyl)s*, -C(=0)(CH2)NH,, -NHCO,(C;.
aalkyl), -C(=0)NHSO,(C.qalkyl), SO»(C}_qalkyl), thienyl, tetrazolyl, triazolyl,

15 pyrazolyl, and imidazolyl;
fis0, 1,2 0r 3; and

nisQor 1.

15. A compound having the formula,

20
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hydrate, prodrug, or enantiomer thereof, wherein R. is cyano or hal ogen.
15 18. A conpound according to claim15, having the forrmula, or a
pharmaceutical | y-acceptabl e salt, hydrate, prodrug, or enantioner thereof.
20 19. A conpound according to claim 18, or a pharmaceutically-acceptable
salt, hydrate, prodrug, or enantioner thereof, in which: &H IS Sﬁ#@ed
from hydrogen, Co-5al kyl, and G _6al kyl substituted with 3 >ABYAR ~

4al kyl'), N(alkyl)2, C(=OH, C(=0) G 4alkyl, CO2H, C02(C 4al kyl), S02C .

4al kyl , SGBH, and/or PQ(OH)2; -194 16| %anuary 2006 R4" and R46 are sel ected
from hal ogen, G _4al kyl, cyano, hal g"834al and hal oCl1 4al koxy; J is
-(CHR9,)x or -(CH2)y-NRg.-; Rgr _islAi - . 5 Ri6is selected from (a)
hydrogen and G _6al kyl or C2.6al Renyl~ optlio y SHstituted with one to
two of OH OC, 4al kyl), -CO2H, -C(C bl )N PRH(CL_ 4al kyl ),
and/or N(C _4al kyl)2, or from (b) furanyl,'h@dotgfcharbazolyl, pyrazol yl .
pyrrolyl, thienyl, pyridyl, pyrimdinyl, benzofurahy,, isoxazolyl,

i mdazolyl, triazolyl, tetrazolyl, phenyl, piperidyl, pyrrolidinyl,
pyridazinyl, 10 C3_7cycl oal kyl, piperazinyl, thiazolyl, norpholinyl,

1,2,5,6-tetrahydropyrid ui.ngxal i n benzaqt hi azql yl L] yl,
benzodi oxanyl , benz66%§h?5?%wb?§é?ﬁ?@%%BV?§3%ﬁV$?P?@?%&%fﬁ%ﬁ@ﬁ%ﬁ%@%ﬁ§|,
and qui nolinyl, jawhgdei n each of said cyclic RL6 groups in turn is
optionally substjtuted with u to three Rig; RL7 is hydrogen or alkyl; and
15 Rg is selbotbind KopiyRieBgRnty o Bykyl . ( C246) al kenyl . ocehy
Cco2(C'al kyl ), =Q) H, =0 (Ct. 6al kyl), hal ogen, cyano, hydroxy,

(G - 4) al koxy, (%1_5% or O

Jis selected from <(CRg,Rgc)x- and —(CRgzRop)y-NRoe-(CRoaRop),-, wherein x is 1, 2 or
3,yis0,lor2,and zis 0, 1 or 2, provided that y and z together are not greater
than 2;
10 T,is-N-or—CH-;
R, and Ry are independently selected from alkyl, substituted alkyl, halogen, cyano,
nitro, ORm, NRoR11, C(=O)R[o, C02R|(}, C(?—‘O)NR]ORI 1s NRIOC(=O)Rih
NR ,C(=0)OR,1, SRyg, S(O)oR 10z, NR1gSO2R 145, NHCH(alkyl)COzR 1o,
SO,;NRgR |, cycloalkyl, heterocyclo, aryl, and heteroaryl; or alternatively, two
i5 R 3, groups join together with each other or one R, joins together with Ry, to

form a fused benzo ring;

R;is selected from hydrogen, alkyl, substituted alkyl, cycloalkyl, aryl, heterocyclo,
and heteraryl;
Ru4a, Rap, and Ry are selected from halogen, alkyl, cyano, haloalkyl, haloalkoxy,
20 aryloxy, arylthio, and nitro;
R and Ry, at each occurrence are independently selected from hydrogen, halogen,
C,salkyl, hydroxy, C,.salkoxy, Cshaloalkyl, C;_shaloalkoxy, or cyano, or Ro,

and Rgy, together form keto (=0);
Rg, is selected from hydrogen and A-Q-Az-R¢;

25  Ajisabond, Cjalkylene, or Casalkenylene;
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4) hal oal kyl , (G _4)hal oal koxy, NH2, NH(C, 4al kyl), N(G _4al kyl)2, NC1_

4al kyl ) 3', -C(=0 (CH2) NH2, - NHCOZ(C1_4aI kyl), S02(Cl4al kyl), phenyl, C3 20
7cycl oal kyl, five to six menber ed het eroaryl, and four to seven menber ed
het er ocycl o, wherein each group Rig in turn is optionally substituted W th

one to two of (Cl-4) alkyl, (C2.4) alkenyl, CO2H, CI)Z(O?é h%}yz&i O)H
C(=0O (G _4al kyl), hal ogen, cyano, hydroxy, (C| _4) al koxy, A q;
trifluoromethoxy, NH2, NH(O' 4a1ky1) N(Cl1_4al kyl )2, N(Cl1 _4al kyl)3',

C(=0) (CH2) NH2, -NHcoz(CI 4al and/ or ‘S02(Cl 4alkyl). 20. A corrpound
according to cl alf ibon%a(?(ﬂ%} tﬁ%q)Herl ﬁoz-alﬂnamsiaﬂ%l{ﬂ@@ﬁ d or a

pharmaceutical | y-acceptabl e salt, drate, prodrug, enanti oner thereof,
in which: 5 R af¢¥ Waﬁ&n@tlksﬂ%neo‘amqlkewlwet € h@ihdg@rNR@ -Qaplkylkne-cyano,

it - CO2H, O | ené- o- Sch
g ng| kyl, or OC( 6al) E;llzl g%}gt F?Jﬁttag@rw g-%ikw,h % d >Cl %ﬁ{g%ﬁ?& R18 is

sel ected from (Cr-4) Whasip saidipplkylewraraups ae bkgﬂc)wd C(t(stf@;ltﬂl chgif 26 ¢@onil kyl ),
hal , hydr oy ) ,
hat ogen, mags) 4a|yk; Os;sx t ;(g;awmwgs 1&%%)051? cgﬁkx';%ozté C%lk@ ggg “@y

-NHC2(C1_  4al kyl ), N t@:@ﬂm(mozt-a\myta)kyl)soz( Cldal kyl), ), th| enyl ,
tetrazol yl, trlazolag yrazolyl, and i mdazolyl; f is O, 1 2 or 3; and
nis 0 or 1. 15 Bpan RodHﬁWﬁ’@Cfa@:tﬂd?mM@ﬂF@f@ﬁlctamhﬁll@qm hedrpgey, alked, f or nul a,

A -196 16 January 2QQftituted alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclo; or (i) Ryq is

taken together with R;; to form a heteroaryl or heterocyclo;

10 Riga is alkyl, substituted alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclo;
Risis selected from alkyl, alkenyl, aryl, heteroaryl, cycloalkyl, or heterocyclo,

wherein each Ry is optionally substituted with one to three Rg;

Ry7is hydrogen or alkyl; -

Rs 1s selected from Cy_galkyl, substituted Ciealkyl, halogen, cyano, nitro, OR g,

15 NR20R21, C(=0)R20, CO2R20, C(=0)NR20R2;, C(=0)NR20SO:R 204,
NR20C(=0)R21, NR2C(=0)OR21, SRag, ${0)uRa0s, NR20SO;R 205,
NHCH(alkyl)COzR 25, NH-(CH3);.4-CO2R 20, SO;NRR2;, Ca.7cycloalkyl,
phenyl, four to seven membered heterocyclo, or five or six membered
heteroaryl, said Cy.scycloalkyl, phenyl, four to seven membered heterocyclo,

20 or five or six membered heteroary! groups in turn being optionally substituted
with one to two Roy;

Rao and Ry are selected from hydrogen, alkyl, alkenyl, Cs scycloalkyl, phenyi, 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 R» in turn is
optionally substituted with one to two Raa;

Ra0a is selected from alkyl, alkenyl, CO;H, COx(alkyl), Ciscycloalkyl, phenyl, benzyl,
phenylethyl, napthyl, a four to seven membered heterocylo, or a five to six
membered heteroaryl; wherein each Rag, in turn is optionally substituted with

30 one to two Rys;
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or a pharmaceutical |y-acceptable salt, hydrate, prodrug, or enantioner
thereof, in which: R, is halogen, cyano, nitro, trifluoronethyl, OCF3,
aryl or heteroaryl; R b is halogen, G .4alkyl, cyano, nitro, -CO2H,
-C(=OH, -CRal kyl, or -C(=0 al kyl; R2 is hydrogen, Cl.6alkyl, or C _6al kyl
substituted wwth CO2H or CO2(Ci .4alkyl); 5 R b is sel ect gdfrom - 4)

al kyl , CO2H, C02(Cl.4alkyl), C(=OH, C(=0 (Ci 4alkyl), haldgaRuamy

hydroxy, (C _4)a kox 4hal oal k I yl),
N( G 4al kyl) 2, N C24a1%7 %“’ma"““c&mb? ‘Eﬂﬁ%: Wé %ﬁk@ﬁ%ﬁyaﬁéﬁg ",% b

- C(=0) NHSQ2( C1 4a| kyI ¢E1 O («Bkyld ad®hsl C(=HH] @M)(Cﬂsdkylhmaﬂ COtzﬂGmaikw),ll 10
pyrazolyl, and i m daz

phar naceut i cal corrposﬂl&?’(d:ﬁﬁ%%rl %@‘?Q‘Saé?ﬁre st e'*‘éo?’r@ é;:dﬁﬁ%yl)é’r ding to
15 claim1 and a pharmmaygt|scc:atd:[y,alamm&ahbmau@ranewmo@(ﬁ)(ment 23. A
phar maceut i cal conposi tion it d according to
claim 15 and & phar M&FF@&?@LHE %FQ‘Q)L 3%}“ SN@H%??LA ent. 20 24. A
met hod of |nh|b|t|n ngl Fﬁa ssoci ated condition in a manmal

conpri si ng adm nf’§? ’ff“ﬁén el ?ﬁ%&af’ t her apeutical | y-ef fective anount
of a conpound according to claim11l. 25. The nethod of claim24 in which
LFA- 1/ I CAM assocl§t%®d %éndition is 25 selected fromacute or chronic graft
vs host reactions, acute or chronic transplant rejection, nultiple

scl erosi s, rheunatoid arthriti S, psoriatic arthritis, osteoarthritis,

ost eoporosi s, di &bet e'%COIERﬁE‘Pf‘ acoprdipesgickum l fior aMf@FV“B@W&CC‘Eﬂ@?&%’B
irritable b | d Al zhei '
Irritable bowe k%c%ﬁ polin ig. ot %? li%n tﬁert%?%tf%b%ﬁ %biﬁ ya?@%lﬂ& S, Al Zzheimer: s

di sease, shogk, SI n Januar gastritis,
conj unctl vitis, pancreatis, nultiple organ injury syndr one,

17. A compound according to claim 15, or a pharmaceutically-acceptable salt,

hydrate, prodrug, or enantiomer thereof, wherein R, 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,.
aalkyl), N(alkyl),, C(=0)H, C(=0)C;.qalkyl, CO;H, CO2(Cj4alkyl), SOC;.
salkyl, SOsH, and/or PO(OH);
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nyocardi al infarction, atherosclerosis, stroke, reperfusion injury, acute
gl onerul onephritis, vasculitis, thermal injury, necrotizing enterocolitis,
granul ocyte transfusion associated syndronme, Sjogren's syndrone, eczenm,
atopic dermatitis, 5 contact dermatitis, urticaria, schleroderna

psoriasis, asthma, pulnonary fibrosis, allergic rhinitis xygen jcity,
enphysena, chronic bronchitis, acute respiratory distres%639ﬁg?ﬁﬁéﬂﬁg
chroni c obstructive pul nonary di sease (COPD), hepatitis B, hepatitis C,
organ-tissue autoi mmune di sease, autoimrune thyroiditis, uveitis,

system c | upus egy SL:S di sgn' s di sease ut oJ n andul ar
di sease, 10 and%g‘gg&é% Fl‘s:%%dsbg?mig’?g% gﬁaﬁgg Cﬁnoﬁai%{:lﬁgwgﬁg‘?h‘)fi‘?é\'mmt ory
or inmmune di sease in  akemammal ani mal  conprising admnistering to the
manmal in need of. s t.reat therapeutical ly- effective amount of a
phar nmaceut i cal c%ﬁﬁggg%?%ﬁxégﬁghdgﬁﬁ“to claim22. 15 27. The nethod of
claim 26 in whicR ishe-Qaflgmat ory or i nmune disease is selected from
acute or chronic transplant rejection, rheumatoid arthritis,

osteoarthritis, Redisablettebiromsd)hpavogdnninki @ypmKkd oy Chanehyl @p6RRAE sutdideghr oni c

obstructive pul nonary .. di sease. An internedi ate useful for preparin
a conpound hgving thé?@ﬁ@ﬁFV@mé%E&bEﬁ9&mm¥ﬂ€(¥hﬁefﬁkﬁ%aﬂﬁﬂh£thd“ﬁﬁb P °

formula: Rda v N K- Ozalky, Ba/aaCeidy! 2% krodi @) forAWE ifdoBA, citbazolf}8 16 January
2006 Z is N or CR4b; : . .

pyrazolyl, pyrrolyl, thienyl, pyridyl, pyrimidinyl, benzofuranyl, isoxazolyl,

imidazolyl, triazolyl, tetrazolyl, phenyl, piperidyl, pyrrolidinyl, pyridazinyl,

10 Ciscycloalkyl, 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 Rg;

Ry71is hydrogen or alkyl; and
15
Ris is selected from hydrogen, (C;_g)alkyl, {Cag)alkenyl, CO;H, CO2(C,salkyl),

C(=0)H, C(=0OXC,¢alkyl), halogen, cyano, hydroxy, (C4)alkoxy, (C,.
4)haloalkyl, (C)_g)haloalkoxy, NH,, NH(C_jalkyl), N(C_salkyl),, N(C;.
aalkyl)y", -C(=O}CH;)NH,, -NHCO(C, _qalkyl), SO,(C)_alkyl), phenyl, Cs.

20 7¢ycloalkyl, five to six membered heteroaryl, and four to seven membered
heterocyclo, wherein each group Ryg in tumn is optionally substituted with one
to two of (C,.4) alkyl, (C;.4) alkenyl, CO.H, COxC, 4alkyl), C(=0)H,
C(=0)(Ci4alkyl), halogen, cyano, hydroxy, (Cy.4)alkoxy, trifluoromethyl,
trifluoromethoxy, NH,, NH(C|_salkyl), N (Crsalkyl)s, N(Cysalkyl)s", -

25 C(=O)CH2)NH;z, -NHCO(C, qalkyl), and/or SO»(C4alkyl).

20. A compound according to claim 19, having the formula,
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Ria is selected fromhal ogen and cyano; R b is selected from al kyl,
substituted al kyl, hal ogen, cyano, nitro, OR o, NRIORI, C(=ORio,
CO2Ri 0, C(=ONR, oR, i, NR oC(=OR1,, NR oC(=OOR,,, SRo, 5 S(OOR oa,
NR, 0OSO2R, oa, NHCH( al kyl ) CO2R, 0, SO2NR, oR,,, cycl oal kyl, heterocycl o, aryl,
and heteroaryl; R2 is selected fromC, _6al kyl and -C(=0) ( 4al kyl ) 6R4a,
Rob and R4o0 are independently selected from hydrogen, hal g%&'ﬁ””%%k%ﬂo

substituted al kyl, alkenyl, substituted al kenyl, 'g)go, cyano, SR14, OR14,
NR14R, 5, to NR14C(=O R S, CX2R 4, C(gPR 4, -jﬁl‘«‘ 4R, 5, aryl,
heteroaryl, cycloal kyl, and heteroafyl; R o an " (i) are selected

i ndependently of each other fromh en? al , Substituted al kyl,

cycl oal kyl, aryl, heteroaryl, an{gl clr’o]}I or (ii) Rois taken
together with R" to forma heteroaryl o/trl\h' ocgglyo; 15 RO is alkyl,
substituted al kyl, cycloal kyl, aryl, heteNparyl3 or heterocyclo; and R14
and R15 (i) are selected independently of &ac her from hydrogen, al kyl,
substituted al kyl, cycloal kyl, aryl, heteroaryl, Fapd heterocyclo; or (ii)
or Rl4 is taken together with R 5 to forma heteroaryl or heterocyclo
ring; nis O, 1 or 2; and 20 o is | or 2. 29. The internediate according to
claim 28, selected fromone of. 16 January 2006 CN CN 201 16 Janyary 2006
30. A conpound a¥cdhdimpgeutisalbrascentale i aptea PASEEy DY e(?é‘l‘tﬂmeé&??ﬁgé‘bl e salt,
hydrate, salt, h idrate, prodrug, or enantioner thereof, wherein RO is
selected from (

Nt QA XRISRO " ~
5  Rjais cyano or halogen;

R is halogen, Cj_salkyl, cyano, nitro, -CO;H, -C(=0)H, -COsalkyl, or -C(=0)alkyl,;

R; is hydrogen, Cy.salkyl, or C.salkyl substituted with CO,H or CO4(Cy.salkyl);
Rz is selected from (Cr) alkyl, CO;H, CO2(C).aalkyl), C(=0)H, C(=0)C.aalkyl),
halogen, cyano, hydroxy, (Cj.s)alkoxy, (C;4)haloalkyl, (C;4)haloalkoxy, NH-,
10 NH(C _qalkyl), N(C_salkyl}z, N(Cj.ealkyl)s*, -C(=0)(CH2)NHz, -NHCO,(C;.
salkyl), -C(=OINHSO(C,qalkyl), SO:(C;.qalkyl), ), thienyl, tetrazolyl,
triazolyl, pyrazolyl, and imidazolyl;
fis 0, 1,2 or 3; and

nisOorl.

[5

21. A compound according to claim 19, having the formula,

(Rigd
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4, A-Q(/ | (RsS)f Q-A2 AzJ N“ I, AL AA2 "SAQ2J(Rs)f | (RB)f

N-_(Ris)f i ~A2 AL QAZ (RI8)f A~ Q Az 202 O1.(R18)f (k18)f N~(RL8)f ~
A A A~-~A . 1 A24<18f N Q.lI~ (Rlalf Ai Z A Aand | 1< Al is a
bond, C1.2al kyl ene, or C2-3al kenyl ene; 16 January 2006 Qis a bond,

-C(-0)-, -C(=ONRi 7-, -SO2-, -COr, or-NRL7C02 16 January 2006

or a pharmaceutically-acceptable salt, hydrate, prodrug, or enantiomer thereof, in

which:
Ri, is halogen, cyano, nitro, trifluoromethyl, OCFs, aryl or heteroaryl;
Rypis halogen, Cjalkyl, cyano, nitro, -CO;H, -C(=O)H, -COqalkyl, or -C(=0)alkyl;

Rz is hydrogen, Cgalkyl, or C,salkyl substituted with CO;H or CO(C.4alkyl);

> Ris 1s selected from (C.4) alkyl, CO:H, CO»(C)salkyl), C(=O)H, C(=O)C,4alkyl),
halogen, cyane, hydroxy, (C;_)alkoxy, (C;4)haloalkyl, (C4)haloalkoxy, NH,,
NH(C_qalkyl), N(C\_salkyl),, N(Cy.4alkyl);", -C(=O)(CH,)NH,, -NHCO(C;.
aalkyl), -C(=0)NHSO(C)_salkyl), SOx(C).qalkyl), thienyl, tetrazolyl, triazolyl,
10 pyrazolyl, and imidazolyl,

fis0,1,2o0r3; and

nisQorl.

22. A pharmaceutical composition comprising at least one compound according to

15 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.

20 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

25  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
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A2 is a bond, Cl.3al kyl ene, Cz.3al kenyl ene, -C 4al kyl ene- NR33-,

- G 4al kyl ene-NR17C(=0) -, -C . 4al kylene-S-, -0 4al kyl ene-SQ2-, or

--C -0al kyl ene-O, wherein said A2 al kyl ene groups are branched or
straight chain and optionally substituted with a group selected from - CO2H,
- C02(Cl4al kyl), -S(G 4al kyl), NH2, -NH(Cl4al kyl), or-N( M ﬁ%%(ﬁ%7 is
hydrogen or alkyl; Ris and Rig are sel ected fron1hydrogen q

(C24) al kenyl, %ﬁdyh@ Zabhda lclfdjﬁl)ctwltlg(paﬁérﬁtls Gﬁ&l@bl@ Gt'ghﬁhtkgydy)syndialhﬂ,g en,
cyano, hydroxy, al kox 4) hal oal ky hal oal koxy, NHZ2,

I |
NH( Gi 4al kyl), N ew%aﬁwfyfzy Owe@faéﬂlq{%ﬁ) 3&“"@ fePcf SWWH%C“‘C
NHC02( Cl4al kyl ), %lbﬁém@lmg (Vad ik Yilekmal SRy Gl ad tisilgJentePIREING, granulocyte

C3-7cycloal kyl, five to six nenbered heteroaryl, and four tqQ seven
menber ed het er ocyeIsBisionasPERtad BREIPME SETERS §YNdIMe: B M anatpRiF ﬁerF‘é‘“%t ional |y

substituted wit hcd?iﬂi%t Jeﬁnﬁtm% &tnca(r&ls@lleﬁ:'dgﬂ‘({ag psfoggﬁa a@thifg rbﬁhmonamﬂosm
C02(Cl4al kyl ), C(=OH, C(0)( al kyl'), hal ogen, cyan, m%droxy ((C14) al koxy,

trifl uoromnethyl ,alterdi¢ thumasoﬁﬂaq@wmwphmr@ PG PYonCINiERoE Tesiinasory
N(Cl . 4al kyl ) 3", c'_llstgss Qnﬁxgﬁ% Nfgmc O@Mg&ﬁ@ngﬁﬁl&ma@rﬁtﬁb) %git@s‘ﬁm kyl);

fis 0, 1, 2 or 3; s -1, A conpound according to
cl ai m 20 havi ng hdpetltiSd? mﬁaa-tlsﬂ@aulPMMWCZWmﬂt@eéhi’&‘?\‘f’ﬁ“é»r‘#’fé’ﬁ@

di astereomers, of. %g.m%ﬁ%% oun (ﬁ'ksl Xad&rephiaile faﬁt@inhnu&%[yﬁfaﬁdul%@éﬂ&e or

prodrug thereof according to ¢laim 16 having the formul a,
its enantiom® s, andiGravedsdismaer s, or a pharnmceutical |l y-acceptable salt,
hydr at e, solvate, or prodrug thereof

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.
15

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.
20

28.  An intermediate useful for preparing a compound having therapeutic activity,

the intermediate having the formula:

R
R4c \]a
7N Ll R,
P
Ry, N
KN

wherein:
25 LandKareOorS;

-198-



15

20

16 January 2006

Zis N or CRy,;
Ria is selected from halogen and cyano;

Ry is selected from alkyl, substituted alkyl, halogen, cyano, nitro, OR g, NR oR [,
C(=0)R 0, COR 19, C(=0)NR;0R ), NR1¢C(=O)R |, NR;(C(=0)YOR}, SR0,
S(0)oR 100, NR19SO2R 16, NHCH(alkyl)COzR 16, SO;NR gR ;. cycloalkyl,
heterocyclo, aryl, and heteroaryl,

R is selected from C,.alkyl and -C(=0)(C,qalkyl);

Raa, Rap and Ry are independently selected from hydrogen, halogen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, nitro, cyano, SR, OR 4, NR,4R;s,
NR14C(=0)R 5, CO2R 14, C(=0)R14, -C(=0)NR14R 5. aryl, heteroaryl,
cycloalkyl, and heteroaryl;

Rio 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 Ry to form a heteroaryl or heterocyclo;
R0 is alkyl, substituted alkyl, cycloalkyl, aryl, heteroaryl, or heterocyclo; and

Rya and Rys (i) are selected independently of each other from hydrogen, alkyl,
substituted alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclo; or (ii) or R4 is

taken together with Rys to form a heteroaryl or heterocyclo ring;
nis0, 1 or 2; and

ois 1 or?2.

29.  The intermediate according to claim 28, selected from one of:
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CN
Cl O
pae
N
N
Cl (J)/ h
CN
ct O
Rt
N
N
o U

16 January 2006

Br
Cl O
O~
N
N
Br
Ci o]
T,
N
N
o IU
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30. A compound according to claim 8, or a pharmaceutically-acceptable salt, hydrate, salt,
hydrate, prodrug, or enantiomer thereof, wherein Ry is selected from:

@/(Rls)f

_A’z

-~ Q
A7TQ,, CRygRyg o L -Risk /
/ A3 1-2?‘1 Q:AQ Q{AI

If:/\j(Rl 2t r. /(Rm)f |

A /Q\A/ X HN\,IJ\(R o)
k4 L t(x Az
A]’Q
v
(Ryg)s
((LT‘\ NH o
é j(Rls)f é:_‘/\([{w)f 0 1?1
/Q“A A/Q\Az Q- /\/
Al 2 1 A{ Ajy
W w ol
2-(Ryg) N"\ i Repr
/\) o o S R \A/\)
\Az Af/ A, / 2
“/A e ¥
(R13) —
r/ 18 N: _E(Rls}r ;q\i}iq‘m]g]f
Q.
A/Q AZ Al/ A, AIIQ\AZ
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O (Ry) N7 R, 7 2-Rigd
£y R L,y T N
AI/Q\ /z\) Al “A/;Q) A7 Q\A)\

— _N
Iéo—%(Rls)f § \ & N_
AI/Q\AZ& A/Q\Aé Ry AC Q‘j{z “Rig)e

Ay is a bond, Cyalkylene, or Cy jalkenylene;
Q isa bond, -C(=O)-, -C(=0)NR17-, -SOz-, —COz-, or— NRnCOz-;

A;is a bond, Cy jalkylene, C; aalkenylene, -Cialkylene-NRy7-, -Cy4alkylene-NR7C(=0)-, -C;.
salkylene-S-, -Cy_qalkylene-SO;-, or -Cy4alkylene-O-, wherein said A, alkylene groups are
branched or straight chain and optionally substituted with a group selected from -CO5H, -
COx(Cyealkyl), -$(Cysalkyl), NEL, -NH(C4alkyl), or -N(Cruialkyl)e;

Ry7is hydrogen or alkyl;

Ris and Ry are selected from hydrogen, (Cy.¢) alkyl, (Cs-s) alkenyl, CO.H, CO3(C;_salkyl),
C(=O)H, C(=0)(C1galkyl), halogen, cyano, hydroxy, (Ci4)alkoxy, (C4)haloalkyl, (Cy.
Hhaloalkoxy, NHz, NH(C)4alkyl), N(Cy.salkyl),, N(C)alkyl);”, -C(=0)(CHz)NH;, -
NHCO,(C\4alkyl), -C(=0)NHSO,(Ci4alkyl), SO5(Cy_4alkyl), phenyl, C; seycloalkyl, five to
six membered heteroaryl, and four to seven membered heterocyclo, wherein each group Rig
and Ry in tum is optionally substituted with one to two of (Ci4) alkyl, (Cz.4) alkenyl,
CO;H, COy(Ci4alkyl), C(=0)H, C(=0)(C).4alkyl), halogen, cyano, hydroxy, (Ci4)alkoxy,
triffuoromethyl, trifflucromethoxy, NH;, NH(C)alkyl), N(Cy.qalkyl),, N(Cygalkyls”, -
C(=0)(CHy)NH;, -NHCOC1.4alky1), and/or SO2(C;.salkyl);

fis0,1,20r3; and
gis—1,0,1,0r2,

31. A compound according to claim 20 having the formula,
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2
T\
S
) %\
N —
OO
Ccl 0

its enantiomers, diastercomers, or a pharmacentically-acceptable salt, hydrate, solvate, or prodrug

¥

thereof.

32. A compound according to claim 16 having the formula,

N
<; >—N o
N. =N
r Me
cl 0]

its enantiomets, diastereometrs, or a pharmaceutically-acceptable salt, hydrate, solvate, or prodrg
thereof.




