4- HETERO Bl ARYL DERI VATI VES AS MATRI X METALLOPROTEI NASE | NHI BI TORS FI ELD
OF THE I NVENTION This invention relates to hetero biaryl derivatives which
inhibit matrix 5 metal |l oproteinase enzynes and thus are useful for treating
di seases resulting from MMnediated tissue breakdown such as heart
di sease, cardiac insufficiency, inflaratory bowel disease, multiple
sclerosis, osteo- and ¢ | thriti hritis other than osteo- or
rheumatoid arthritis, ﬂggﬁﬁﬁigpﬁ%ﬁiﬂ§§%§bggﬁﬁﬁéé3ﬁﬁéﬁ?&& degenerati on
chroni ¢ obstructive pul nongrpAKLOPROTEIRALRTREIBEFHRLdont al 10 di seases,
psoriasis, atherosclerosis, and osteoporosis. BA ND OF THE | NVENTI ON
Matrix nmetall oproteinases (sonetines referred to as MWs) are naturally
occurring enzynes found in nost nmanmal s. Over-expression.and activation of
MWPs, or an inbal ance betmequkmfﬁopqqﬂgﬁﬁyg' § of MWs, have been 15
suggested as factors in the pathogenesis o | seases characterized by the
breakdown of extracellular matrix or connective tissues. Stronelysin-1 and
gel ati nase A ar e 1@MNhesSsiont %%*$y O her nbers, i ncl ude
fibrobl ast coIIagenasg&?ﬁﬁég%?suﬁ%%%?op 'Hd%ﬁﬁﬁgﬁg% ‘HEFNV@§?? gel ati nase
B (92 kDa gehieliopssteipaseMupyogs, andtthasat peiful-far (v RtiskAdes redltRle iR YSin-3
(MM 11), matrd bysi ?%ggP-7i;%&§llagenas 3 (MvlP-13), TNF-alpha
converting énz ﬁ@ﬂ% FSUCREH<gr TR mﬁ%ﬁﬁ?m@ﬂ@@ﬁ@éﬁé@a%ﬁﬁﬁﬁ@ﬁmcxassociated
mat ri x net alihfankie intalakd (ao, 7... Shi nagawa
dlsgae ol 10T P 0 Befnecqiflif,

A., Yamanoto E., and Seiki M, Nature, 1 ynmes have
been i npl i cattbdtinwther thamesidse or dieudiated setlitish hedt faitane] sgc febeRBakgakdown of

connective t4 . . ngl udi such di.seases.as rheumatoid arthritis,
osteoarthri tdké&%%gio}é’oc&oﬂgés%fmﬁ%‘ﬁ BHERRIY diseas shpr. pegedandsi s,

gi NGiMi ti s, disensesaloriBR, ABEMRICRBHE, Aastdbfordkiser at i on, atherosclerosis,
neoi ntimal proliferation which I|eads to restenosis and i schem c heart

failure, and tunor netastasis. A nethod for -2-

BACKGROUND OF THE INVENTION
\

Matrix metalloproteinases (sometimes referred to as MMPs}) are naturatly
occurring enzymes found in most mammals. Over-expression and activation of
MMPs, or an imbalance between MMPs and inhibitors of MMPs, have been

15 suggested as factors in the pathogenesis of diseases characterized by the
breakdown of extracellular matrix or connective tissues.

Stromelysin-1 and gelatinase A are members of the MMP family. Other
members include fibroblast collagenase (MMP-1), neutrophil collagenase
(MMP-B), gelatinase B (92 kDa gelatinase) (MMP-9), stromelysin-2 (MMP-10),

20 | stromelysin-3 (MMP-11), matrilysin (MMP-7), collagenase 3 (MMP-13),

. TNF-alpha converting enzyme (TACE), and other newly discovered membrane-
associated matrix metalloproteinases (Sato H., Takino T.,Okada Y., Cao J.,
~ Shinagawa A., Yamamoto E., and Seiki M., Nature, 1994;370:61-65). These

enzymes have been implicated with a number of diseases which result from

25 breakdown of connective tissue, including such diseases as theumatoid aﬂﬁﬂﬁs,
osteoarthritis, osteoporosis, periodontitis, multiple sclerosis, gingivitis, corneal
epidermal and gastric ulceration, atherosclerosis, neointimal proliferation which

leads to restenosis and ischemic heart failure, and tumor metastasis. A method for



preventing and treating these and other diseases is now recogni zed to be by
inhibiting matrix netall oprotei nase enzynes, thereby curtailing and/or
elimnating the breakdown of connective tissues that results in the

di sease states. There is a catalytic zinc domain in matriXx :

met al | oproteinases that is 5 typically 4he focal point for inhibitor

desi gn. The nodification of substrates by introducing zinc-chelating
groups has geeendhgdndnéing thaabahd bibesdisdasds ianoweqivigtized tyshtoxamat es and

t hi ol - contai nj ng. peptides. Peptide hydroxamates and .t he natural . endogenous
i nhi bi tor's GRIE reafyif pyaliopinicinrse Figg Rk YEEEDY SurRtling apdfor ghgnipatingn g
nodel s of ¢ 2B ﬂﬂé@i” el TR oY so been used 10 to
pr event andq?‘?g{:t conﬂg(gffsétol ve Tvggr ue%fterg&ensghtt o‘tﬁ%%?yggt?%ﬁ ovascul ar

di seases, Unit edIStesisasafigterind\iomdbn 848atri@Gnetdlopegteinades hdt & | on on t he

use of _current] kno > i nhi bitors i.s eir . Jack o peci fjcity for an
parti cl ar R .tﬂﬁw&a@%l toégf‘%{%?'it@ﬁé’?:?dﬂfil‘@ﬁon E@@S‘F@tesm gnzymes g
are associ at;goct ﬁ%&cﬁ%tﬁgg&gﬁ, hﬂ%%éhefh@e Jtéiﬁfinlﬂﬁit&ésﬂih%:pé tideghe MwPs

s b v

are general ly catedorized ba I'r substrate specifici and i ndeed
the col | ageriydexemiafeaand thiclicouiitg pEpaideg Pepinde IdFoxBBIatesehd the naginyl cl eave

native interstitial collagens, are associ at ed I i th diseases

Thked to suerorpe SRmRROLMEA LIS s8Eb SRl AetaoRBinie ittty (he

recent  di ScRyRilnddess of' et an@inPRsinatiof VIMS B EAthv AlsBIbB@SEscdar Ci nona,

while 20 MWP-1 alone is over expressed in papillary carcinoma (see Chen et

al ., 10 Am to@revent a8ddreat @ngestive keatiglugstu)othepehdinviasauldrgigepies.or s of

MWP- 13 i ncl yde n a Y- 170523, which has been reported by
G153 RSP G R

Chen et al. T conpounds are reported in PCT
| nternational PatgfiajoNdihitgioh iof T iielof 6aid @Iy kowh WINEY iahBofdid 44, WO
00/ 09485; WO 01/12611; WD 02/34726; and WO 02/34753, and European Patent
Appl i cat i on larkefspecifiityofos amsparien]amsmzyme. Rygentgiita imgepigblishedithat ed St at es
Pat ent nunbey, Rﬁ@ | SCl L NARI Rt VNP er, no
sel ective o%p%(gﬁge ect%ﬁz\)gn ?%naﬁé)gsgﬁc&?@gw %ﬁg&%éﬁ {?gss be%ljﬁﬁogfggéﬁgéed and

mar ket®d f orotlidie The ddMPs ate ghenlly clicg@ded basedamytheinsntatrate 3fecidiyt di ngl v,

t he need continues_to find new | ow nol ecul ar wei ght c%unéjs
and indeed the collagenase subfamily of MMP-1, -8, and -1

selectively cleave native interstitial collagens, and thus are associated only with
diseases linked to such interstitial collagen tissue. This is evidenced by the reeent
discovery that MMP-13 alone is over expressed in breast carcinoma, while
20 MMP-1 alone is over expressed in papillary carcinoma (sce Chen et al., J. Am.
Chem. Soc., 2000;122:9648-9654).
Selective inhibitors of MMP-13 include a compound named
- WAY-170523, which has been reported by Chen et al., supra., 2000, and other
compounds are reported in PCT International Patent Application Publication
25 - numbers WO 01/63244; WO 00/09485; WO 01/12611; WO 02/34726; and WO
02/34753, and European Patent Application numbers EP 935,963 and EP
1,138,680. Further, United States Patent number 6,008,243 discloses inhibitors of
MMP-13. However, no selective or nonselective inhibitor of MMP-13 has been
- approved and marketed for the treatment of any disease in any mammal.
30 Accordingly, the need continues to find new low molecular weight compounds
that are potent and selective MMP inhibitors, and that have an acceptable
therapeutic index of toxicity/potency to make them amenable for use clinically in

* the prevention and treatment of the associated disease states. An object of this



that are potent and selective MW inhibitors, and that have an acceptable
t herapeutic index of toxicity/potency to nake them anenabl e for use
clinically in the prevention and treatnment of the associ ated di sease
states. An object of this -3- invention is to provide a group of selective
MWP- 13 i nhi bi tor conmpounds characteri %d as being hetero biaryl
derivatives. SUMWARY OF THE I NVENTI ON This invention provides an hetero

bi aryl deri Mnnmnmupm\d@fagmdpbhel&ﬁemlﬂ mhfh@i@ﬁéﬂhﬁtﬁinﬁs enbodi nent s

of the invention i e; corrpound of Fornul a | r,;J @y va
+1 3 9 . {3 characken “39{5’3% m&ﬂ?ﬁ@ﬁ@ derigghivesy 5 phar maceut i cal |y acceptable

salt thereof, 10 wherein: R and R2 independently are selected from H;
Cl-C6 al kyl; Substituted Cl-C6 al kyl; 15 C2-C6 al kenyl; Substituted C2-C6

al kenyl; C2-C6 al kynyl; W - | kynyl; C3-C6 cycl oal kyl'; 20
Substituted C3-C6 cycl oal ky? I Eﬁﬁ(ﬁ\'m -6 al kyl enyl )

This invention provides an hetero biaryl derived compound defined by

5 Formula I.
Accordingly, embodiments of the invention include:

1. A compound of Formula I

or a pharmaceutically acceptable salt thereof !

10 wherein:

R1 and R? independently are selected from:
. H
C1-Cg alkyl;
Substituted C;-Cg alkyl;
15 Co-Cg alkenyl;
Substituted C,-C; alkenyl;
C2-Ce alkynyl;
Substituted C,-Cg alkynyl;
C3-Cs cycloatkyl;
20 Substituted Cs-Cs cycloalkyl;
| C3-Cs cycloalkyl-(C1-Cs alkylenyl);
Substituted Cs-Cg cycloalkyl-(Cy-Cg alkylenyl);
3- to 6-membered heterocycloalkyl;
Substituted 3- to 6-membered heterocycloalkyl;
25 3~ to 6-membered heterocycloalkyl-(C;-Cs alkylenyl);



Substituted C3-C6 cycl oal kyl -(C1-C6 al kylenyl); 3- to 6-nenbered

het erocycl oal kyl; Substituted 3- to 6-nenbered heterocycl oal kyl; 25 3- to
6- menber ed het erocycl oal kyl - (C1-C6 al kyl enyl); -4- Substituted 3- to

6- menber ed heterocycl oal kyl - (C1-C6 al kyl enyl); Phenyl-(C -C6 al kyl enyl);
Substi tuted phenyl-(GC -C6 al kyl enyl); _‘{\lapht hyl - (d -C6 al kylenyl); 5
Substituted naphthyl-(Cl-C6 al kyl enyl);"5-, 6-, 9-, and 10-nenber ed

het eroaryl - (O - Cosuktintc@y kg 6-meptRsdd ReirBeyctoalky=(C,-Tq alldiishyh- menber ed
heteroaryl - (Cl-C6 al kyl enyl);. Phenyl; Substituted phenyl; 10 Naphthyl;
Substi t ut ed naphtm!ﬁnyl-@lyge@lky, lenyDiand 10- menbered heteroaryl; Substituted

5-, 6-, 9-, and < e r et-er w30 (Cl-C6 al kylenyl); 15
Substituted R3O 2%"98%% |H§gﬁfg§§f) ;6%%}#%3{{)?; Substituted phenyl; Naphthyl;
Substi t ut ed naphtmaﬂhmymcﬁcsgn{yﬁnpgﬁber ed heteroaryl; Substituted 5- or

6- menbered heteroaryl; 8- to 10-nmenbered heterobiaryl; Substituted 8- to
10- mender ed het ersiyptpiad napphEn (- alkylewd)al kyl enyl ); 25 Substit ut ed

phenyl -O (G -Cs aﬂ_’l%/_l’ 61,‘%}1& 10-membered heteroaryl-(C;-Cs alkylenyl);

Substituted 5-, 6+, 9-, and 10-membered heteroaryl-(C;-Cg alkylenyl);
Phenyl; '
Substituted phenyl;

10 Naphthyl;
Substituted naphthyl;
5:; 6-, 9-, and 10-membered heteroaryl;
Substituted 5-, 6-, 9-, and 10-membered heteroaryl;
R?*0~(C;-Cs alkylenyl);

15 Substituted R*0-(C;-Cs alkylenyl);

| Phenyt;

Substituted phenyl;
Naphthyl;
Substituted naphthyi;

20 5- or 6-membered heteroaryl;
Substituted 5- or 6-membered heteroaryl;
8- to 10-membered heterobiaryl;
Substituted 8- to 10-membered heterobiaryl;
Phenyl-O-(C;-Cg alkylenyl); -

25 | Substituted phenyl-O-(C;-Cg alkylenyl);

- Phenyl-S-(Cy-Cg alkylenyl);
Substituted phenyl-S-(C;-Cs alkylenyl);
Phenyl-S(0)-(C,-Cs alkylenyl);
. Substituted phenyl-S(0)-(C;-C; alkylenyl);

30 Phenyl-S(0).-(C1-Cy alkylenyl); and

Substituted phenyl-S(0),-(C1-Cs alkylenyl);
wherein R' and R? are not both selected from:

H:



Phenyl -S-(C -C$ allcylenyl); Substituted phenyl-S-(d-Cs al kyl enyl);
Phenyl -S(O -(d -Cs al kylenyl); Substituted phenyl-S(O-(C -Cs al kyl enyl);
30 Phenyl -S(0O 2-(GC -Cs alkylenyl); and Substituted phenyl-S(0O 2-(GCi -Cs
al kylenyl); wherein R and RZ are not both selected from H -5- Cl-C6
al kyl; C2-C6 al kenyl; C2-C6 al kynyl ; a{nd C3-C6 cycloal kyl; 5 Each R3
I ndependently is selected from H Cl C6 al kyl; Substituted Cl-C6 al kyl;
C3- C6 cycl oal kyl ;{10 gtituted C3-C6 cycl oal kyI ; Phenyl - (Cl-C6
al kyl enyl ) ; Subst [ tut phenyl - (Cl -C6 al kyl enyl); Naphthyl-(Cl-C6
al kyl enyl); Sub<iji-Cytignylapht hyl - (Cl - C6 al kyl enyl); 15 5-, 6-, 9-, and
10- menbered heteroaryl-YCl-C6 al kylenyl); Substituted 5-, 6-, 9-, and
10- menber ed het egabyllkyayl; @8l al kyl enyl );  Phenyl; Substituted phenyl;
Napht hyl ; 20 Substituted naphthyl; 5-, 6-, 9-, and | O-nenbered heteroaryl;
C3-Cs cycloalkyl;
5 Each R? independently is selected from:
H;
C1-Cg alkyl;
Substitated C;-Cq alkyl;
C5-Cs cycloalkyl;
10 Substituted Cs-Cg cycloalkyl;
Phenyl-(C;-Cs alkylenyl);
Substituted phenyl-(C;-Cs alkylenyl); -t
Naphthyl-(C;-Cg alkylenyl);
Substituted naphthyl-(C;-Cg alkylenyl);
i5 5-, 6-, 9-, and 10-membered heteroaryl-(Cy-Cs alkylenyl);
Substituted 5-, 6-, 9-, and 10-membered heteroaryl-(C,-C; alkylenyl);
Phenyl;
Substituted phenyl;
Naphthyl;
20 Substituted naphthyl;
5-, 6-, 9-, and 10-membered heteroaryl;
Substituted 5-, 6-, 9-, and 10-membered heteroaryl;
S, T, U, and W each are C-R*; or
One of S, T, U, and W is N and the other three of S, T, U, and W are C-R* or
25 Two of S, T, U, and W are N and the other two of S, T, U, and W-are C-R*; or
Tis C-R*and S, U, and W are each N; or
Uis C-R? and S, T, and W are each N; or
- Sis CR*and T, U, and W are each N;
Each R* independently is selected from:

30 ' H;



Substituted 5-, 6-, 9-, and 10-nenbered heteroaryl; S, T, U and Weach
are CR4; or Oneof S, T, U and Wis N and the other three of S, T, U, and
Ware GR4; or 25 Two of S, T, U and Ware N and the other two of S, T,
U and Ware CGR4; or Tis CGR4A and S, U and Ware each N, or Uis CGR4
and S, T, and Ware each N, or Sis CGCR4 and T, U, and Ware each N, Each
R4 i ndependently is selected from 309+, F; CH3; -6- CF3; C(OH CN

HO, 5 CH3QO C(FQ:'F-QO C(H)F20, and CF30Q V is a 5-nenbered

het er oaryl enyl ; amd 10-Qis selected from OCHZ; N(R6) CH2; OC(O;

CH(R6) C(O; 15 GQOO¥EB); CH(R6) C(NR6); N(R6) C(O); N(R6)C(S);

CN;
HO;
5 CH30;
C(HH,0;
CH)F,0; and
CE;O;
V is a 5-membered heteroarylenyl; and
10 Q is selected from:
OCHjy;
NR9CHz;
OC(O);
CHR%)C(0);
15 OC(NR®);
CHER®CQNR®);
NR)C(0);
- NROCES);
NRCER®);
20 NRSCH,;
SC(0);
CHR®)C(S);
SCONR®);
trans-(H)C=C(H);
25 - cis-(H)C=C(H);
C=C;
CH,C=C;
. C=CCHy;
CE,.C=C;
30 : C=CCFEs;



N(R6) C(NR6) ; 20 N(R6)CH2; SC(O; CH(R6)C(S); SC(NR6); trans-(H CC(H);
25 cis-(HCC(H; CC CHzC=C, CeCCH2; CF2C=C, 30 C=CCF2; -7- VI-VI VI
X X~)Z( REBO ORGON and N, / R6 R6 or Vis C(OO C(S)O
C(ONRS), or C(SYN(RS); and 5 Qis selected from OCH2; N(R6)CH2;
CH(R6) C(O); .

vi-y! vi-x
/<X)\ : /KVI/)\

O 6 0 ,
R
N Ny |
RS ; ;
)

- or
V is C(0)0, C(S)0, COIN(R’), or C(S)N(R®); and
5 Q is selected from:
OCHy;
N(R*)CHp;
CHR®)C(O);
OCQNR®;
10 QEH(Rﬁ)C(NR(’);
NR")CINR®);
NR*)CH;
CHR)C(S);
SCNR®;
15 'traﬁs~(H)C=C(E);
cis-(H)YC=C(H);
C=CCHy;
C=CCE,;
Vit vi—x

3



OC(NR6) ; 10 CH(R6) C(NR6); N(R6) C(NR6); N(R6)CH2; CH(R6)C(S); SCINRG);
15 trans- (H)C=C(H); cis-(RGCG-C(H; C=CCH2; C=CCF2; 1~V1 1-VIVI x ~ O R~
O NNR6; O RBOand /N R6 6 R5is Hor CI-C6 alkyl; Reis H Cl-Cb6
al kyl, C3-C6 cycloal kyl; 3- to 6-nenbered heterocycl oal kyl; phenyl;

benzyl; or 5- or 6-nenbered heteroaryl; 5 Xis O S, N(H), or N(C-C6

al kyl); Each VI is independently C(H)“Sb'r N, Each "substituted" group
contains from1l to 4 subst@tuents, g£ach igdependently on a carbon or
nitrogen atom inderhnde ly sel ecliéd fr Cl-C6 al kyl; 10 C2-C6 al kenyl ;
C2-06 al kynyl; C3-CeNeyd| oal kyl; N

RS ;
0
RS O

RS N— N > and - :
Ris Hor C1-Cg alkyl;
RéisH, C1-Cg alkyl, C3-Cs cycloalkyl; 3- to 6-membered heterocycloalkyl;
phenyl; benzyl; or 3- or 6-membered heteroaryl;
5  Xis0,8, NEH), or N(C;-Cg alkyl);
_ Fach V! is independently C(H) or N;
Each “substituted” group contains from 1 to 4 substituents, each independently on
a carbon or nifrogen atom, independently selected from:
- Cy-Cg alkyl;
10 ' Ca-Cq alkenyl;
C2-Ce alkynyl;
Cs-Cs cycloalkyl;
Cs-Cg cycloalkylmethyl;
Phenyl;
15 Phenylmethyl;
3- to 6-membered heterocycloalkyl;
3~ to 6-membered heterocycloalkylmethyl;
cyano;
CFs;
20 ~ (Cy-Ce alkyl)-OC(O);
"HOCH,;
(C1-Cs alkyl)-OCHp;
H,NCHy;
{Cy-Cs alkyl)-N(H)CHz;
25 (C1-Cy alkyl);-NCHy;



C3-C6 cycl oal kyl net hyl;  Phenyl; 15 Phenyl nethyl; 3- to 6-nenbered

het er ocycl oal kyl ;

(C-C6 alkyl)-OC(O; HOCH2; (CI-C6 alkyl)-0OCH2; H2NCH2; (Cl-Cs

al kyl ) -
al kyl')-N(H) C(O);

alkyl)-N(1-1 (O NH; NH 2O NC -

N( H) CH2;

25 (Cl-C6 alkyl)z-NCH2; -9- N(H2C(O; (C-C6

(Cl - CB aIkyI)2-NC(O)_;8é N(:—?(2|C§O)(N(C:-|);065 (Cl-C6
al kyl); -

al kyl ) - N(H)C(O) NN LROR kyl );  (Cl-C6 al kyl)2-NC(ON(H); (Ci-C8

al kyI ) 2-NC( O
al kyl') 2-N

(Cl- CB

10

i3

20

25

30

) N(

Ol - Ch al k 10 N(H) 2C(0) 0;  (C1-C6 al kyl ) - N(H) C(0) 0;
GoFoRPATDEEs ol kyl) G 15 CFa0; GFA(H O

(Cr-Cs alkyl)z-NC(O);
N(H):C(O)N(ED;

(C1-Cs alkyl)-NEDC(O)N(HD;
NE)C(O)N(C1-Cs alkyl);

(C1-Cs alkyl)-N(EDC(O)N(Cy-Cs alkyl);
(C1-Cs alkyl)NC(O)N(EHD);

(C1-Cs alkyD);-NC(O)N(C;-Cs alkyl);
N(H):C(0)0;

(C1-Cs alkyl)-NE)C(O)O;

(C1-Cs alkyDzNC(O)O;

HO;

(C1-Cs alkyl)-O,

CF0O;

CE(H)O;

CF(),0;

H2N;

(C1-Cs alkyl)-N(H);

(C1-Cs atkyl)-N;

O.N;

(C1-C alkyl)-S;

(C4-Cs alkyl)-S(O);

(C1-Cs alkyl)-S(0)z;

(C1-Ce alkyl)-NS(O)s;
(C1-Cé alkyl)-8(0),-N(H)-C(O)-(C1-Cs alkylenyl)e; and
(C1-Ce alkyl)-C(O)-N(H)-S(0)2(C1-Cs alkylenyln;

wherein each substituent on a carbon atom may further be independently selected

from:

‘Halo;

HO,C; and

‘OCH;0, wherein each O is bonded to adjacent carbon atoms to form a 3-

-membered ring;

3- to 6-nenbered heterocycl oal kyl net hyl; cyan; CF3;

20



CF(H 20 Hz2N, (Cl-GC6 alkyl)-N(H; 20 (Cl1-C6 al kyl)2-N, 02N, (Cl1-C6
alkyl)-S; (d-C6 alkyl)-S(O; (Cl-C6 alkyl)-S(O2; 25 (Cl-C6

al kyl)2-NS(O 2; (C-C6 alkyl)-S(O2-NH-C(O-(C1-C8 al kyl enyl)m and
(C-C6 alkyl)-C(O-NH-S(O 2-(Cl-Cs al kylenyl)m wherein each substituent
on a carbon atom may further be independently selected from 30 Hal o;
H®2C, and OCH2O, wherein each 0 is bonded to adjacent carbon atons to form

a 5- nmenber ¢f o fdin9 substifientiflyPbd takebidBSthid Wil k SarBBY higgether with
a carbon atomet(l) V\ﬁilbc%g%eﬁey a;ﬁg botrh%gonded to for ma{t&%]e{og‘?%t% cgo, wher ei n
two "adj acent, substhaih bedded tsfi2mcthe gompdi={ds may be taken together with a

diradi cal sulely L HENL oL ] QLMD G ik 5P ag B BSLE o iR a ©) D S

diradical substituent to form a cyclic diradical selected from:

0.0 0
PO RDSIP O
X0 ) X0

s R s

10 RisHor C;-Cs alkyl;
i m is an integer of 0 or 1;
wherein each 5-membered heteroarylenyl independently is a 5-membered ring
containing carbon atoms and from 1 to 4 heteroatoms selected from 1 O, 1
S, 1 NH, 1 N(Cy-Cg alkyl), and 4 N, wherein the O and S atoms are not

15 both present, and wherein the heteroarylenyl may optionally be
| unsubstituted or substituted with 1 substituent selected from fluoro,
methyl, hydroxy, trifluoromethyl, cyano, and acetyl;
wherein each heterocycloalkyl is a ring that contains carbon atoms and 1 or 2

 heteroatoms independently selected from 2 O, 1.5, 1 5(0), 1 S(O), I N, 2



) © Il N XN SNNRR; and 10 Ris Hor A-C6 alkyl; mis an integer of
0 or 1; wherein each 5-nenbered heteroaryl enyl independently is a
5-menbered ring containing carbon atons and from1l to 4 heteroatons
selected from10, 1 S, 1 NH, 1 N(CO-C6 alkyl), and 4 N, wherein the 0 and
S atonms are not 15 both present, and erein the heteroaryl enyl may
optionally be unsubstituted or substifufed with 1 substituent selected from

fluoro, methyl, Nidaeay NELCh a0 BRE WidreinGMRBRAQwoaN godEi Yhe OWher ei n each
het erocycl oal kyl s a ring that contains carbon atons and 1 or 2

het er oat ons i ndegendodohy Ssédm arecpresent thetwp, O atomis or oge § atom agd@pe, 1 N, 2

atom and one S o Biape o et to BRE ' SR e s SRty 0700

atom are not bongiibnhily EafiinObiesarb @k Whesr&atbohigtrogengloubleahdy at ed or
optionally contai'ns one carbon-carbon or carbon-nitrogen double bond; 5
wher ePn eacWhereineaphe paneplared bpterppryd epntinhearben ¥oms gndephit4rom 1 to 4

heter oatoms i ndependanll.y, BoLEhAd LEAM A0n 105 s11 Nt 1 A& - 08 alkyl),

and 4 N, and eac ere oaryl contarhs tar bo and 1 or
het er oat ons i ndegikylilant YN seldeatie-riontbardd heldrbry] comthiM Girbdbatomk kyl ), and

5- and 6-nenbered heteroaryl are nonocyclic ri ngs; lﬁr}g - a 0
10- menber ed het e¥al 912 bgterogtomsrindepgndently selpcted Tam N P’l‘{g( s6
respectively, whiﬂkyq' ~ 1 | icQf Plagayclgc ring is
aromatic, and wher e?’%n%ehmﬁ?%ﬂ%%%}%?%{tggﬁg&gg‘% dogg%cprn&g’ent , t%%e 0 and S
at onggar e not bolEmembercddeterarilesre 6 Mt mdd,-fusad hicfclic @igsal kyl ) 2- N
group, the Cl-C6 al kyl groups may be 15 optional l en together with the
nitrogen atom t Jwﬁwlgh TSPt featidbe 2 osed amgd of £ icyctic g i

aromatic, and wherein when the O and S atoins both are present, the O and

S atoms are not bonded to each other;

wherein with any (C;-Cy alkyl),-N group, the C;-Cg alkyl groups may be
15 optionally taken together with the nitrogen atom to which they are attached
v
to form a 5- or 6-membered heterocycloalkyl; and

wherein each group and each substituent recited above is independently selected.

2. The compound according to Embodiment 1, or a pharmaceutically -
20 acceptable salt thereof, wherein V is selected from the groups:



to forma 5- or 6-nenbered heterocycl oal kyl; and wherein each group and
each substituent recited above is independently selected. 2. The conpound
according to Enbodi nent 1, or a pharnaceutically 20 acceptable salt

t hereof, wherein Vis selected fromthe groups: -12- x x X x X x N and
wherein Xis 0, S. N(H), or N(Cl-C6 alkﬁh) and V may optionally be .

unsubstituted or substituted at C(H or“N(H) with 1 substituent selected

from fluoro, nethyl, roxy, triflugg t hyl , cyano, acetyl. 5 3. The
conmpound according t /E odiment 1, o) a \harnmaceuticglly\ acceptable salt
t hereof, wherein TS\S€ ed fro s: N - N iN) "~

/7 N\NR4 RAN-N IN Nomf X N1 » NX and Wherein Xis 0, S N(H),,or N(Cl-C6
alkyl), R4 is Hor C1-C6 alkyl, and V nquy optionally be unsubstituted or
0,

substituted at C(H) o (H with 1 s tuent select fromfluoro,
met hyl , hydroxy, tri§luosonethyl, cy / nd acetyl . X
/N& » QN\ »
Qo 1
N ,and : N,
/ \

wherein X is O, S, N(H), or N(C;-Cs alkyl) and V may optionally be
unsubstituted or substituted at C(F) or N(H) with 1 substituent selected from

fluoro, methyl, hydroxy, trifluoromethyl, cyano, and acetyl.

3. The compound according to Embodiment 1, or a pharmaceutically

acceptable salt thereof, wherein V is selected from the groups:

N—X

X—N S
Ao~ A LN
//${i::>K\a , ,,Jif::>‘- ’ ,fféz:f§¢~\ )

N—NR? R'N—N



4. The conpound according to Enbodi nent 1, or a pharnmaceutically
acceptable salt thereof, wherein Vis selected fromthe groups: X R4 N‘X
X\N NRA N -N YWY -Nand --- h wherein Xis 0, S, N(H, or N(C -C6
alkyl), Yis 0, S, or NN and R4 is Hor Cl-C6 10 alkyl, and V may
optionally be unsubstituted or substit %ed at C(H or N(H wth -14- 1
substituent selected fromfluoro, nethy!t, hydroxy, trifluoronethyl, cyano,
and acetyl. 5 \he conmpound cording to EpdQdiment 1, or a
pharmaceuticagly N acceptapﬂfé |t thereot? rein Vis selected fromthe
groups: N N~ nd// _ wherein X/is 0, S, NAH_ /or N(CI-C6 alkyl), and V nay
optionally b ungubst i t ut edN ubstituted at\C(H with | substituent
selected fromfluoto, net h)/l, hydr oxy, trifluoronethyl, cyano, and acetyl
10 6. The conpound according to Enbodi ment 1, or a pharmaceutically
acceptabl e salt txiereof, wherein Vis selegged fromthe groups: N=N N=N N f
N NNNX X NON Bnd N\whereig” Xix 0, S, N(HK” o®RyN(Cl -C6 al kyl), and V may
optionally be substifjut g or substityted/at C(H) with 1 substituent
selected fro ro,’

, and ’

wherein X is O, S, N(H), or N(Cy-Cg alkyl), R* is H or C;-Cg alkyl, and V may
optionally be unsubstituted or substituted at C(H ) or N(H) with 1 substituent
selected from fluoro, methyl, hydroxy, trifluoromethyl, cyano, and acetyl.

4, The compound according to Embodiment 1, or a phatmacentically

acceptable salt thereof, wherein V is selected from the groups:

R

4

O O
\Y§ @

N /N .
\ /

wherein X is O, S, N(H), or N(C;-Cg alkyl), Yis O, S, or N, and R*is H or C;-Cs
10 alkyl, and V may optionally be unsubstituted or substituted at C(H ) or N(H) with

, and

2



nmet hyl , hydroxy, trifluoronmethyl, cyano, and acetyl. 7. The conpound
according to Enbodinent 1, or a pharmaceutically acceptable salt thereof,
wherein V is selected fromthe groups: -15- NEN N==N/ k ~N N~ i NN/ NN
N:rINl. N -Nand h 8. The conpound according to Enbodiment 1, or a
pharmaceutically acceptable salt thergpf, wherein Vis C(ONRS). 5 9. The
conpound according to Enbodi nent 1, or a pharmaceutically acceptable salt
t her eof , wharsabstitdént sel€t€d fBomFord,hecthylnipalind, adfhetcnatiyl, 6yaoyane of

Enbodi rrents 1to 7, or a 10 pharmaceutically acceptable salt thereof,
wherein Qi §°@C, CHZC—C or CF2C=C. 11. The compound according to any one
of Enmbodinents 1 to 7, or a pharmaceutically acceptable salt thereof,
wherein Qis OC(O. 15 12. The conpound according to any one of Enbodi nents
1to 7, or a pha‘haammpﬁmmiadcbgrdi;@m[ﬁndiﬂdénmllt ot hpheembcentibgllyei n Q i s

N( R6) ccor e of Enbodinments 1 to 7, or
a 20 har nﬁ%@ﬂ{ag@éﬁfgﬁ ‘&(geb’ﬁ%rﬁneg c%‘i‘%&e%‘&sel n Qis N(HCO. 14.
The corrpound according to any one ppf Enbodi mantN 1to9, or a
pharmaceutical ly acc]ﬁpt—ﬁbl e sal N’t eof , inNQ i's N(H) CH2 or

N(CH3) CH2. 25 15 rrpound ccofding to mny fone of Enbodinents 1 to 9,
or_ a phar rraceutl abla}’N&nt hereoj{,NTw{%r el’n Qis C=CCH2 or
C=CCF2. -16- 16. The rrpound cord any one\s of’ Enbodi nents 1 to 15,
or a wherein X is O, S, N(H), or N(C;-Cs alkyl), and V may optionally be

unsubstituted or substituted at C(H ) with 1 substituent selected from fluoro,

methyl, hydroxy, trifluoromethyl, cyano, and acetyl.

10
6. The compound according to Embodiment 1, or a pharmaceutically
acceptable salt thereof, wherein V is selected from the groups:

N=N N==N //

/&/N\ /N\)\
N N
N — — .
\ 2 N aﬁd ]

wherein X is O, S, N(H), or N(C;-C; alkyl), and V may optionally be
15 unsubstituted or substituted at C(H ) with 1 substituent selected from fluoro,
- methyl, hydroxy, trifluoromethyl, cyano, and acetyl.

7. The compound according to Embodiment 1, or a pharmaceutically

acceptable salt thereof, wherein V is selected from the groups:



pharmaceutically acceptable salt thereof, wherein at |east one of R and R2
is independently selected from Phenyl-(C-C6 al kylenyl); and 5
Substi tuted phenyl-(G -C6 al kyl enyl); wherein each group and each
substituent is independently selected. 17. The compound according to any
one of Enbodinents 1 to 15, or a phargaceutically acceptable salt thereof,
wherein each of R and R2 are 10 indepéendently selected from
Phenyl - (A - C6 al kyl éfgE); and SubsNitNt ed phenyl - (C1- C6 al kyl enyl ) ;
wherein each group gnd e}%ch substi /uent> i s independently selected. 15 18.
The conpound acc I A0 any ome Ok iments 1 to 15, or a X
phar maceutical |y acceptabl e salt theNeof, wherein at | east one of Rl and R2
is independently selected from ab-, 6-, 9-, and 10-nenbered
het eroaryl - (C1l-C6 al kylhenyl); and Supstituted 5-, 6-, 9-, and 10-nenbered
heteroaryl - (d -C6 alM¥l Snyl); 20 wl’?eréNn- each heteroaryl contains carbon
atons and from 1 to 4\ heferoatonms inhdegendently selected from10,1 S, 1
N(H, 1 Nd-C6 al k%,‘ nd @Ay, Tgand 6- menbered heteroaryl are
nonocyclic rings and 9- and 10- ereds heteroaryl are 6,5-fused and
6, 6-fused bicyclic rings, respectively, wherein at least 1 of the 2 fused
rings of a bicyclic ring is 25 aromatic, and wherein when the 0 and S atons
both are pregsent.»the 0 and S atq re.not bonded to each. other, and
wher ei n each gr OEJ‘B‘E%‘?{BP%%’ ﬁcgﬂf}@ﬁmo el}tﬂd%rp%m@?‘i}m&g%ct ed. 19. The
conpound acacepiablg shie tRidofORRerein ERPO@)RRRYHS | to 15, or a 30 |
phar maceutically acceptable salt thereof, wherein each of R and R2 is
indepéndently selected from 5-, 6-, 9-, and 10-nenbered heteroaryl-(C -C6
g: t)}il gzz: g gand T}?é@o%ﬁ&u%h%gco%dfng% Em%odirggnq 1;‘L gr a”&rra%%%ge%ﬁgzﬁ{yer oaryl - (Cl1-C6
acceptable salt thereof, wherein V is C(0)O. '

10.  The compound according to any one of Embodiments 1 to 7, or a
10 pharmaceutically acceptable salt thereof, wheréin Q is C=C, CH,C=C, or
CF,C=C.,

11. The compound according to any one of Embodiments 1 to 7, or a

pharmaceutically acceptable salt thereof, wherein Q is OC(0).

15
12. The compound according to any one of Embodiments 110 7, ora
pharmaceutically acceptable salt thereof, wherein Q is N(Rﬁ)C(O).
13.  The compound according to any one of Embodiments 1 to 7, or a
20 pharmaceutically acceptable salt thereof, wherein Q is NG)C(O).
14.  The compound according to any one of Embodiments 1 to 9, or 2
pharmaceutically acceptable salt thereof, wherein Q is N(H)CH,; or N(CH3)CH,.
25 - 15, The compound according to any one of Embodiments 1 to 9,0ra

pharmacentically acceptable salt thereof, wherein Q is C=CCH), or C=CCF,.



-17- wherein each heteroaryl contains carbon atonms and from1l to 4

het eroat ons i ndependently selected from10, 1 S, 1 N(H), 1 N(Cl-C6 al kyl),
and 4 N, and 5- and 6-nenbered heteroaryl are nonocyclic rings and 9- and
10- nmenbered heteroaryl are 6,5-fused and 6, 6-fused bicyclic rings, 5
respectively, wherein at least 1 of the 2 fused rings of a bicyclic ring is
aromatic, and wherein when the 0 and Si@tonms both are present, the 0 and S

atoms are nqgg. bo gﬁdr@r' bBd d each
substituent is in gg(entrlll 8‘%?%3:05e ctPe ?gﬁ%g%ﬁbTﬁgﬁgl%n%%og%cor ding to any
one of Enboghamreuticatly addeptabR;, sahtlsbrddf, whereineat peaar ormadfR’iandR*yis accept abl e

sal t thereof.ﬂd whe ehn t I(g st one of R and R2 is independently selected
from 5-, 69H e@-)‘rﬁ%ﬁ%‘? OMet er oaryl - (C1- C6 al kyl enyl); and Substit uted

5-, 6-, 9-nenber eg.haler.eanwadGh: &8 al kyl enyl); 15 wherein each heteroaryl
cont ai ns carbon at gﬁrryg (alé\g'%frgm ?ll)fo 4 heteroatons independently selected

from$0, 1 S, 1 Nebbtjtuted ph@yd-06:-6% kikylenydnd 4 N, and 5- and 6- nenber ed
het | Y | j 9- menb d t | is 6,5-f d
oo YRR o S0 RS TR DGR 1285 e

is aromatic, and wherein when the O and S atons both 20 are present, the O
and S atons are not bonded to each other; and wherein each group and each
substituent s i ddegsemgernd secemdingcivady ond of Bmbodiseptuni® 12cev# di ng to any

one of Enbodinents .1 15 a har,maceutical | y,,accept abl e salt thereof,
wher ei n at ggéﬁ%{a"%‘ﬁg’a@?aﬁeﬂﬁﬁ% sﬁ’éﬂ?egmf@g ‘?rﬁ@eeﬁgiﬁagﬁt P@ﬁge% cted from 3- to
6- memiger ed helepéieual esibdtyd froft - C6 al kyl enyl ); and Substituted 3- to

6- menber ed het erocycl oal kyl - (C -C6 al kyl enyl); wherein each

het er ocycl oal kyl Phenyg-(Eig alieylanybo#dai ns carbon atonms and 1 or 2

het er oat ons i ndeRéj e&t pd .0, 1S 150, 15S50)2, 1N 2
30 N(H), and 2 N?ggg%g&gﬁk%%?éhﬁﬂ%%&ﬁn when two O atons or one 0.- atom
and one S atwherchi eadhrg@seNind dabiesibstin@nial ditRpaideatie séle@tdm and one

15 18.  The compound according to any one of Embodiments 1 to 15, or a
pharmaceutically acceptable salt thereof, Wherﬁ\ain at least one of R' and R? is
independently selected from: |

#5-, 6-, 9-, and 10-membered heteroaryl~(C;~Cs alkylenyl); and
Substituted 5-, 6, 9, and 10-membered heteroaryl-(C;-Cs alkylenyl);
20 - wherein each heteroaryl contains carbon atoms and from 1 to 4 heteroatoms
independently selected from 1 O, 1 S, 1 N(H), 1 N(Cy-Cs alkyl), and 4 N,
and 5- and 6-membered heteroaryl are monocyclic rings and 9- and 10-
membered heteroaryl are 6,5-fused and 6,6-fused bicyclic rings,
respectively, wherein at least 1 of the 2 fused rings of a bicyclic ring is.
25 aromatic, and wherein when the O and S atoms both are present, the O and
S atoms are not bonded to each other; and

wherein each group and each substituent is independently selected.

19.  The compound according to any one of Embodiments 1 to 15, ora
30 pharmaceutically acceptable salt thereof, wherein each of R' and R? is
independently selected from:
5-, 6-, 9-, and 10-membered heteroaryl-(C;-Cs alkylenyl); and
Substituted 5-, 6-, 9-, and 10-membered heteroaryl-(C,-Cg alkylenyl);



S atom are not bonded to each other, and wherein the ring is saturated or
-18- optionally contains one carbon-carbon or carbon-nitrogen doubl e bond,
and wherein each group and each substituent recited above is independently
selected. 5 22. The conpound according to any one of Enbodinents 1 to 15,
or a pharmaceutically acceptable salt fhereof, wherein one of R and R2 is
I ndependently selected from C2-C6 al kenyl; and Substituted C2-C6 al kenyl .

10 23. The cwppemcﬁﬁg@%%n &n@@éﬁ’b@ﬁ‘?to%s daaiFRih W@&%Ft%réaﬂ)rﬂé or a

pharmaceutically accepta t thereof, wherein one of R and R2 is
i ndependently sel mdeImildémtlz,mele@ﬂad@omllIQHlSalrié(fmlwﬁisﬂstalky@)dal@456 al kyI .

24. Th d di Enbodi i
phar maceut | cal 1y SEE AR BoRRR pREostH S RRM R AR 2 05 | o

i ndependent I'y_sel ﬁﬁh%emhmf&oa;ﬁas@s@ﬁfugadkﬂmwe_meaibm Retidsut ed C2- C6
al kynyl . 25. The conpound according to any one of odiments 1 to 15, or a

phar madeut i cal | y respsspivelyl wh@aimatﬂdaetrle@ﬁthewmedmgapfab@ychq:am 8f Rl and R2

is 25 |ndependentl el ect dfro oal k Cl - C6 | enyl); and
Substituted C3-C6M& ?"aﬁ"@ﬂ 1T ¥ nﬁ*k@%é‘ﬁé% %‘?‘%@I SS%%%%@CN di ng
to any one of Emgqtmgnbtﬁdﬁda@goeg&hatheﬁgnahar maceuti cal ly acceptable

salt thereof, wherein one of Rl and R2 is independently selected from
C3-C6 cycl oawkgx]em each group and each substituent is independently selected.

10 20.  The compound according to any one of Embodiments 1 to 15, 18, and 19,
or a pharmaceutically acceptable salt thereof, wherein at least one of R! and R?is
independ;ntly selected from:

5-, 6-, and 9-membered heteroaryl-(Ci-Cs alkylenyl); and
Substituted 5-, 6-, 9-membered heteroaryl-(C;-Cg alkylenyl);
- 15 wherein each heteroaryl contains carbon atoms and from 1 to 4 heteroatoms
‘ independently selected from 1 O, 1 S, }L1 NH), 1 N(C;-Cg alkyl), a_nd 4N,
and 5- and 6-membered heteroaryl are monocyclic rings and 9-membered
heteroaryl is 6,5-fused bicyclic ring, wherein at least 1 of the 2 fused rings
of a bicyclic ring is aromatic, and wherein when the O and S atoms both
20 are present, the O and S atoms are not bonded to each other; and

wherein each group and each substituent is independently selected.

21.  The compound according to any one of Embodiments 1 to 15, ora
-pharmacenticalty acceptable salt thereof, wherein at least one of R and R*is
25 independently selected from: ‘
3- to 6-membered heterocycloalkyl-(Cj-Cs alkylenyl); and
Substituted 3- to 6-membered heterocycloalkyl-(C1-Cs alkylenyl);
wherein each heterocycloalkyl is a ring that contains carbon atoms and 1 or 2
_ heteroatoms independently selected from 2 0, 1 S, 1 8(0), 1 S(O), 1 N, 2
30 N(H), and 2 N{C;-Cs alkyl), and wherein when two O atoms or one O
o atom and one S atom are present, the two O atoms or one O atom and one

S atom are not bonded to each other, and wherein the ring is saturated or



Substituted C3-C6 cycloal kyl -19- 3- to 6-nenbered heterocycl oal kyl ;
Substituted 3- to 6-nmenbered heterocycloal kyl; Phenyl; Substituted phenyl;
5 Napht hyl; Substituted naphthyl; 5-, 6-, 9-, and 10-nmenbered heteroaryl;
and Substituted 5-, 6-, 9-, and 10-nenbered heteroaryl; 10 27. The
conpound according to any one of Enbodﬁ) nts i to 15, or a

phar maceutically acceptable salt thereof, wherein one of Rl and R2 is H.
28. The conpound o8¢ icBftaing oﬁ@ﬁa&ﬂ@c%oﬁﬁf)&ﬁbmiﬂﬁf@gén teubla ok a
pharmaceutically accepfable salt thereof, wherein each Cl-C6 al kyI enyl is
CH2, 15 C(CH3)2ad(=0), or CF2. 29. The conpound according to any one of
Enbodl ment s cal a gof,

wherei n each “gf%%a%%‘f eny quﬂs \umte}“ztg&k%l a%EI:’&?i%éf;f}fPel Eﬂ%&'ﬁl&g@g‘?‘ I'ng to any
one of Enbodinents 1 to 29, or a pharmaceutically acceptable salt thereof,
wherein at | east one substituent is selected fromthe groups: CO2H,
ceCcHE 25 22H30Thecomppund sogprdingrtg-any oneeiigpbydiments ido 15y oygher ei n at | east

two substit Lb%%ﬁac%tﬁ:aﬂ' a@c@ﬂtaﬁle salt Fherdt, KR ondoeReLAdRaGh O is

independently selected from:
C2-Cg alkenyl; and

Substituted Cy-Cg alkenyl.
10
23.  The compound according to any one of Embodiments 1 to 15, ora
pharmace:ﬁtically acceptable salt thereof, wherein one of R! and R%is
independently selected from:
C;-Cs alkyl; and _
15 Substituted C;-Cs alkyl. \
24.  The compound according to any one of Embodiments 1 to 15, ora
pharmaceutically acceptable salt thereof, wherein one of R' and R?is
independently selected from:
20 Co-Cs alkynyl; and
Substituted Cy-Cs alkynyl.
25.  The compound according to any one of Embodiments 1 to 15, ora
pharmacentically acceptable salt thereof, wherein at least one of R' and R?is
25 independently selected from: ”
| C3-Cs cycloalkyl-(C1-Cs alkylenyl); and
Substituted Cs-Cs cycloalkyl-(C;-Cs alkylenyl).
26.  The compound according to any one of Embodiments 1 to 15, or a
30 pharmaceutically acceptable salt thereof, wherein one of R! and R? is

independently selected from:
Cs-Cg cycloalkyl;
Substituted C3-Cs cycloalkyl



bonded to adjacent carbon atons to forma 5-nenbered ring. -20- 31. The
conpound according to any one of Enbodinents 1 to 30, or a
pharmaceutically acceptable salt thereof, wherein S, T, U and Ware each
CH. 5 32. The conpound according to any one of Enbodinents 1 to 30, or a
pharmaceutical |y acceptable salt theregf, wherein Sis CGOCH3 and T, U, and

W are each CH 33. A conpound of Fornila Il ~ '~ "'4 ~rrt. 3i F 10 E' <M EEa
fit. Il y~~ 8-to amembeﬁdﬁetMCﬁlq@n@d -maceutically acceptable salt

t hereof, wherein: and R2 independently are selected from H, 15 Cl1-C6

al kyl ; Substl tulSé‘ESt@ite@:é # Gcgpembered hegsroyRloay  Substi tuted C2- C6

al kenyl ; C?h%n 20 Substituted C2-C6 ai kynyl; C3-C6 cycl oal kyl ;

Substi t ut ed C3- 1 oal kyl; C3-C6 cycl oal kyl - (C1-C6 al kyl enyl);

Substituted C3- CGubgtﬂhteépkgﬂyl,( Cl-C6 al kylenyl); 25 3- to 6-nenbered
het er gcycl oal kyl ; gﬁlﬂg tituted 3- to 6-nmenbered heterocycloal kyl; 3- to
6- menber ed het er@@? | kyl - (C1-C6 al kylenyl); Substituted 3- to

6- menber ed het er eeyglipRk kihmkyr | -6 al kylenyl); -21-

5-, 6-, 9-, and 10-membered heteroaryl; and
Substituted 5-, 6-, 9-, and 10-membered heteroaryl;

10 27.  The compound according to any one of Embodiments 1 to 15, ora
pharmaceutically acceptable salt thereof, wherein one of R! and R* is H.
28.  The compound according to any one of Embodiments 1 to 27, or a
pharmaceutically acceptable salt thereof, wherein each C1-Cg a]kylenyl 18 CHy,
15 C(CHa), C(=0), or CF,.
1
29, 'Ihe compound according to any one of Embodiments 1 to 28, or a
pharmacentically acceptable salt thereof, wherein each C;-Cs alkylenyl is CHy.

20 30.  The compound according to any one of Embodiments 1 to 29, or a
pharmaceutically acceptable salt thereof, wherein at least one substituent is
selected from the groups:

CO.H;

CO,CH;

25 CH:0;

K

ClL;

CN;

CFs;
30 ' CH;3S(0)a2;

CH;; or |

wherein at least two substituents are Cl and F, 2 F, or OCHO, wherein each O is

“bonded to ad_] acent carbon atoms to form a S-membered ring.



Phenyl - (Cl - C6 al kyl enyl); Substituted phenyl-(Cd -C6 al kyl enyl);

Napht hyl - (O -C6 al kyl enyl); Substituted naphthyl-(d-C6 al kylenyl); 5 5-,
6-, 9-, and 10-nenbered heteroaryl-(Cl-C6 al kylenyl); Substituted 5-, 6-,
9-, and 10-nmenbered heteroaryl-(Cl-C6 al kylenyl); Phenyl; Substituted
phenyl; Naphthyl; 10 Substituted naphthyl; 5-, 6-, 9-, and 10-nenbered
heteroaryl; Substituted 5-, 6-, 9-, arfd” 10-nenbered heteroaryl;

R30- (Cl -C6 al kylenyl); and Substituted R30-(Cl -C6 al kyl enyl); 15 Phenyl;
Substi t uted henyl Napht hyl ; Substituted naphthyl; 5- or 6-nenbered

het er oaryl ; qomnoeudacconhngtcrmms@ﬁm&ommw to3@oreo | 0- nenber ed

Q?tk?{gﬁ'yﬂy'vgaﬁ%&?%%@ét r A R T (go.(c"

al kyl enyl); Substituted phenyl S-(C-Cs al kylenyl); Phenyl-S(O-(Cl -
al kyl enyI ); Subst i tuted phenyl -S(O) - (Cl-Cs_al kyl eny IL
Phenyl= S( O) 2% cI -kt comppredigqcprding i @0 osgles Embegimeensnbindl gt ©) 2- (Cl - Cs

al kyl enyl); pharmaceutically acceptable salt thereof, wherein S is C-OCHj; and T, U, and W
are each CH.

33. A compound of Formula JI

10

or a pharmaceutically acceptable salt thereof,

wherein:

R and R? independently are selected from:
H;
15 C1-Cg alkyl;
Substituted C;-Cs alkyl;
Co-Cg alkenyl;
Substituted C3-Cq alkenyl;
C2-Cg alkynyl;
20 Substituted Cy-Cs alkynyl;
C3-Cs cycloatkyl;
Substituted Cs-Cs cycloalkyl;
* C5-Cs cycloalkyl-(Cy-Cs alkylenyl);
Substituted C3-Cq cycloalkyl-(C;-Cy alkylenyl);
25 - 3-to '6—mem5ered heterocycloalkyl,;
Substituted 3- to 6-membered heterocycloalkyl;
3- to 6-membered heterocycloatkyl-(C;~Cg alkylenyl);
Substituted 3- to 6-membered heterocycloaikyl—(cl—cs alkylenyl);



wherein RI and R2 are not both selected from H, -22- O-C6 al kyl; C2-C6

al kenyl; C2-C6 allcynyl; and C3-C6 cycloalkyl; 5 Each R3 independently is
selected from H, Cl1-C6 alkyl; Substituted Cl1-C6 alkyl; C3-C6

cycl oal kyl; 10 Substituted C3-C6 cycloal kyl; Phenyl-(C -C6 al kyl enyl);
Substi tuted phenyl-(Cl-C6 al kyl enyl); 21I§lapht hyI (C-C6 al kyl enyl);
Substituted naphthyl-(Cl-C6 al kyl enyl Y315 5-, 6-, 9-, and 10-nenbered

het er oaryl - (Cl -Cﬁhéﬁyl(l{'(tleﬂyb]kyleng bstltut ed 5- 6 9- and 10- menber ed
het eroaryl - (Cl - C6 al kyl enyl | ; Substi tut ed phenyl Napht hyl ; 20
Substi t ut ed naphSh@SFlmt@Phe@y -((Q-Cﬁfd emgdimenber ed heteroaryl; Substituted

o < g VRIS AR S T and U each are O or ne
of S, T, and U aggbshinasdnipheryd{OLC; alkglentl)S, T, and Uis CR4; Each R4
! ndependent 'y s S?il— %Sta%% lf()[rgembel_ried heteroaryl-(C;-Cs alkylenyl);
Substituted 5-, 6-, 9-, and 10-membered heteroaryl-(C;-Cs alkylenyl);
Phenyl; '
Substituted phenyl;
Naphthyl;
10 Substitnted naphthyl;
5-, 6-, 9-, and 10-membered heteroaryl;
Substituted 5-, 6-, 9-, and 10-membered heteroaryl;
R?0-(C;-Cs alkylenyl); and
Substituted R*0-(C;-Cs alkylenyl);
15 Phenyl;
Substituted phenyl;
Naphthyl;
Substituted naphthyl;
5-or ﬁ-ﬁembered heteroaryl;
20 Substitated 5- or 6-membered heteroaryl;
8- to 10-membered heterobiaryl;
Substituted 8- to 10-membered heterobiaryl;
~ Phenyl-O-(C;-Cg alkylenyl); |
Substituted phenyl-O-(C;-Cs alkylenyl); -
25 Phenyl-S-(C;-Cs alkylenyl);
' Substituted phenyl-S-(C;-Cs alkylenyl);
Phenyl-S(0)~(C;-Cs alkylenyl);
Substituted phenyl-S(0)-(C;-Cs alkylenyl);
Phenyl-8(0),-(C,-Cs alkylenyl); and
30 Substituted phenyl-S(0)2-(Cy-Cs alkylenyl);
wherein R" and R? are not both selected from:
H;



F, CH3; 30 CF3; C(OH CN -23- HO CH30; C(F)H20; C(HF20; and 5
CF30 Qis selected from OCH2; NR6)CH2; OC(O; 10 CH(R6)C(O;
OC, (NR6); CH(RG)C(NR6); N(R6)C(O; N(RG)C(NR); 15 N(R6)CH2; SC(O; -
CH(R6)C(S); SC(NRG); trans-(H C=C(H); 20 cis-(HCC(H); C=C, CHC=C
C=CCH2; CF2C=C; 22-
C1-Cg alkyl;
Cy-Cg alkenyl;

Cp-Cg alkynyl; and
C3-Cs cycloalkyl;
5 Bach R? independently is selected from:
B;
C1-Cg alkyl;
Substituted C1-Cg alkyl;
C3-Cs cycloalkyl;
10 Substitated C;3-Cq cycloalkyl;
Phenyl-(C;-Cs alkylenyl);
Substituted phenyl-(C;-Cg alkylenyl);
Naphthyl-(C;-Cg alkylenyl);
Substituted naphthyl-(C;-Cg alkylenyl);
15 5-, 6-, 9-, and 10-membered heteroaryl-(Cy-Cs alkylenyl);
Substituted 5-, 6-, 9-, and 10-membered heteroaryl-(C;-Cg alkylenyl);
Phenyl,;
Substituted phenyl;
Naphthyl;
20 Substituted naphthyl;
5-, 6~, 9-, and 10-membered heteroaryl;
Substituted 5-, 6-, 9-, and 10-membered heteroaryl;
S, T, and U each are C-R*; or
One of S, T, and U is N and the other two of S, T, and U are C-R*; or
25 Two of S, T, and U are N and the other one of S, T, and U is_C~R4;

Each R? independently is selected from:

30 - CHa;
C(O)H;
CN;



25 C=CCF2; 1~V-v 1~-V-X ~ OR O NR6 O OR6 ON and R/ 6 or R6 is H,
Cl-C6 al kyl, C3-C6 cycloal kyl; 3- to 6-nenbered heterocycl oal kyl; phenyl;
benzyl; or 5- or 6-nenbered heteroaryl; Xis 0, S, N(H), or NG -C6 al kyl);
5 Each V1 is independently C(H or N, Each "substituted" group contains
from1 to4 substituents, each independgntly on a carbon or nitrogen atom
i ndependently selected from d-C6 alkyl; C2-C6 alkenyl; 10 C2-C6
al kynyl; C3-C6 d§o©f oal kyl; C3-C6 cycl oal kyl net hyl; Phenyl; Phenyl net hyl ;
15 3- to 6-nmenbered heterocycloal kyl; 3- to 6-nenbered
het er ocycl oal kyl ?tQTyI ; cyan; CF3; (Cl-C6 alkyl)-0OC(O;

CE)H,0;

CE)F,0; and
5 CF30;
Q is selected from:

OCHy;
NR)CH;
OC(O);

10 CHR®)C(O);
OC(NR®);
CHR®CMR®);
NR*C(0);
NR)CER®;

15 NRHCH;
SC(0);
CHRMC(S);
SC(NR®;
trans~-(H)C=C{H);

20 cis-(H)C=C(H});

' C=C;

CH,C=C,;
C=CCH,;
CEC=(C;

25 C=CCF;;

V—y V—x

X Y 3



20 HOCH2; (Cl-C6 al kyl)-OCH2; H2NCH2; (Cl-C6 al kyl)-N(H) CH2; (Cl1-C6
al kyl )2-NCH2; 25 N(H)2C(O); -25- (CrC6 alkyl)-N(HC(O; (C1-Cs

al kyl ) 2-NC(O; N(H2C(ONH; (CL-C6 alkyl)-N(HHC(ON(H); 5

N(H) 2C(O N(C1-C6 al kyl); (Cl1-C6 al kyl)-N(H) C(O N(C1-C6 al kyl); (CrCe
al kyl )2-NC(O N(H); (C1-C6 alkyl)2-NC(OMCi-C6 alkyl); NH2C(OQ 10
(Cl-06 alkyl)-N(HC(O O (C-0C6 alkyl)2-NC(0)0; HO (Cl1-C6 al kyl)-0O
CF3Q 15 CF2(H)O (H) 2 H2N, p¢Cl-C6 @l kyl)-N(H); (G -06 al kyl)2-N;
20 02N, (C1-C6 al kyN:S: (ClCGa(k&I (O: (C-C6 alkYl)-S(0)2;

RO
O

; and ~N

R6 N\ ; N\ ’
: R® ; or
RSis H, C1-Cg alkyl, C3-Cs cycloalkyl; 3- to 6-membered heterocycloalkyl;

phenyl; benzyl; or 5- or 6-membered heteroaryl;
Xis O, 8, N(H), or N(C;-C alkyl);
5 Each V' is independently C(H) or N;
Each “substituted” group contains from 1 to-4 substituents, each independently on
a carbon or nitrogen atom, independently selected from:
| C-Ce alkyl;
C,-Cg alkenyl;
10 Cy-Cs atkynyl;
C3-Cs cycloalkyl;
C3-Cs cycloalkylmethyl;
Phenyl;
Phenylmethyl;
15 3- to 6-membered heterocycloalkyl;
3- to 6-membered beterocycloatkylmethyl;
cyano;
CFs;
(Cy-Cs alkyl)-OC(O);
20 HOCH,;
(C1-Cg alkyl)-OCH;
HoNCHy; |
(C1-Cs alkyl)-NH)CHy;
(C1-Cs alkyl)o-NCHy;
25 NEH),C(O);



(Cl-C6 alkyl)2-NS(O)2; 25 (Cl1-C6 alkyl)-S(O2-N(H-C(O-(C1-C8 al kyl enyl ) m
and (Cl-C6 alkyl)-C(O-NH-S(O 2-(C1-Cs al kylenyl)m wherein each
substituent on a carbon atom may further be independently selected from
Hal o; 30 HO2C, and OCH2O wherein each 0 is bonded to adjacent carbon
atonms to forma 5- nenbered ring; -26- wherein 2 substituents may be taken
together with a carbon atomto which t"ﬁéy are both bonded to formthe group

C=0 wherein two ' . ntially sp2 carbon atons may be taken
SR EETh

together with a diradical tuent to forma cyclic diradical selected
from R ONC :(X0sall5)hS@@):; DNRR 1 ONcCx) R~ N XN SN NRR and

R 10 Ris Hor Cll\_f(%g(?&()%ﬁ(ﬁ);
(C1-Cs alkyl)-N(E)C(O)N(ED;
5 NEDC(OWN(C;-Cy alkyl);

(C1-Cs alkyl)-NEDC(O)N(C-Cs alkyl);
(C1-Cs alkyl)-NC(O)N(ED;
(C1-Cs alkyl);-NC(O)N(C;-Css alkyl);
NH)C(0)0;

10 (C1-Cg alkyD)-NE)C(0)O;
(C1-Ce alkyl)-NC(O)O;
H6;
(C1-Cs alkyl)-O;

. CE0;

15 CF,(H)0;
CE(E),0;
HN;

“(C4-Cs alkyD)-N(H);

(C1-Cs alkyD),-N;

20 OzN;
(Cs-Ce alkyD)-S;
(Ci-Cs alkyl)-S(O);
(C1-Ce alkyl)-S(O);
(C1-Cs alkyl)-NS(O)y;

25 | {C1-Cs alkyl)-S(O)-N(H)-C(0)-(C;-Cy alkylenyl)y; and
 (CrCo alkyl)-C(O)-NE)-S(0);-(Cy-C alkylenylu;
wherein each substituent on a carbon atom may further be independently selected
from:

Hglo;
30 HO,C; and
o OCH;O, wherein each O is bonded to adjacent carbon atoms to form a 5~

membered ring;



wherei n each 5-nenbered heteroaryl enyl independently is a 5-nmenbered ring
containing carbon atons and from!| to 4 heteroatons selected from 10, 1
S,1 NH, 1 NC=C6 alkyl), and 4 N, wherein the 0 and S atons are not both
present, and wherein the heteroarylenyl may optionally be 15 unsubstituted
or substituted with 1 substituent selected fromfluoro, nethyl, hydroxy,
trifluoronethyl, cyano, and acetyl; wh&rein each heterocycloalkyl is a ring
t hat cont ai @% WP ALSHEn h endanthky sel ected
from2 O, 1%,61%%@ Sﬁaﬁﬁ% e]taEéntgéetH&‘: , and 2 ﬂN(H%@ C6 al k%l) and
wher ei n when tmaﬁmﬁlohmdedttmfmnﬂhsgﬂmpéf% and one S atom are present the

two O atons one 0 d,one 2at am at tQ t her, and
wher ei n thewﬁz‘r‘ WH@P@F*’&F‘MIW gﬁaﬁnlv%%yﬁ&ggﬁggﬂgﬁgoggﬁgﬁﬁhgar bon or
carbon-nitr ﬁﬁﬁtﬁcﬂ%@tﬁ;&%@ﬂﬂfonﬂh%@h@&@ﬁﬁ&hl Selsmebgom¢ heteroaryl contains
carbon atons and from1l to 4 5 heteroatons indepengently selected from 10,

1S 1N 1NOCG-C alkyl), and 4 N, and each 6- ered heteroaryl
contai ns carbon atoms _and 1 or hetgr oat ons Y ndently sel ected from
N, N(H, and N(Cl-G§~ al kyl), and B~ d 6- nenbe e eteroaryl are
nmonocyclic rings; aj

6, 6- f ed bicycli
fused rings of a blcycllc rlng i's aronatlc and mhereln when the 0 and S
atons both are presen the 0 and .tons are not bonded to each ot her;
wherein with any ( al kyl) 2-N éﬂe Cl-C6 al kyl groups may be
optionally taken to et W th the og atomto which they are attached
15 to forma 5- nber;ed het€rocycl oal kyl ; and wherein each group and
each substituent reC|ted above is independently selected 34. The conpound
according to Enbodinent 33, or a pharnaceutlcally, acceptable salt

thereof, wherein Qis OC(O. 20 35. {9e conpound a ordlng t o Enbodi nment

33, or a pharmace IJ IJ

5 ;and

10 RisHor C1-C6 alkyl;
wherein each 5-membered heteroarylenyl independently is a 5-membered ring
containing carbon atoms and from'1 to 4 heteroatoms selected from 1 O, 1

- 8, 1NH, 1 N(C3-Cg alkyl), and 4 N, wherein the O and S atoms are not

both present, and wherein the heteroarylenyl may optionally be
15 unsubstitated or substituted with 1 substituent selected from fluoro,
| methyl, hydroxy, trifluoromethyl, cyano, and acetyl;
wherein each heterocycloalkyl is a ring that contains carbon atoms and 1 or 2
~ heteroatoms independently selected from2 0, 1S, 1 S(0), 1 S(O), 1 N, 2
N(HD), and 2 N(C;-Cg alkyl), and wherein when two O atoms or one O



acceptabl e salt thereof, wherein Qis OCH2. 36. The conpound accordi ng

t oEnbodi nent 33, or a pharnaceutically 25 acceptable salt thereof, wherein
Qis N(Re)C(O . 37. The compound accordi ng to Enbodi nent 33, or a
pharmaceutically acceptable salt thereof, wherein Qis N(HC(O. 30 38.
The conpound accordi ng to Enbodi nent 3%7 or. a pharmaceutically acceptable
salt thereof, wherein Qis N(R)CH2. 39. The conpound according to
Enbodi ment 33, Ofatgin RREHHES Gidhi &8 Iphdéentate epb @htems ak bnd Dek@fbad vherein Qis
N(H) CH2. 40. The conpound accordi ng to Enmbodi nment 33 or a pharmaceutically
5 acceptabl e sal S Ettw@rae@nothmd@dafprﬁa@ pthenasHBhesein the Ting heatwaied 8tind

according to Enb r I : It thereof,
wherein Qis C E%,gh@%(; qen —&%ﬁmgﬁ%@@%ﬁ?%@&@%@ﬁ%@égmﬁe conpound
accordi ng t aviRmin 4% Rckbrd ItRRoEYIXdntainsdhrbopratams pibfomaeowi cal |y

accept abl e salt thereof, wherein at |east one of

R2_j
i ndependent | y selhgetesioms Beepamdariy 33{@?3‘31@3’3&I1®I19§|y1| ﬁ(nl%aﬁaq(ﬁfcsubst i tuted
h | - - |
phenyl -(Cl -6 a :éﬂér@géﬂaﬁgi"@%%cﬂéeﬁ%ﬁb e WBet I RRGRRURch ! 1S

i ndependently se e Cco oun accor t 0 any one
Enbodi nents 33 t and1,or @rheferoftuads nﬁepruidemby deﬂecmﬁe@haﬁlmaérﬂrﬁmmf

wherein each of Rl and R2 are 20 i ndependently selected from

Phenyl - (Cl - C6 al iNybngng >- apdp- mSH’bg’feFlthGﬁeE‘HIﬂﬁé%Wn?@fc 1egings: e angnd -

wherein each gro }(ﬁé}ﬂb H}gﬁgl a RoemElMicSRlegct ed. 25 44,
The conpound accgrB I ng Efq“g&g?\% ea%f%g égglai}reﬁéﬁgﬁ% toy4f c%r§

phar nikeuti cal | yrapetﬂpxeﬁbhxdlematlbimeﬁ@tﬁtheMmcbnngsaafdlaaMlc@mgmf R and R
i's

aromatic, and wherein when the O and S atoms both are present, the O and
S atoms are not bonded to each other;
wherein with any (C1-Cs alkyl),-N group, the C;-Cg alkyl groups may be
optionally taken together with the nitrogen atom to which they are attached
15 to form a 5- or 6-membered heterocycloalkyl; and

\
wherein each group and each substituent recited above is independently selected.

34.  The compound according to Embodiment 33, ora pharmaceutically.
acceptable salt thereof, wherein Q is OC(O).

20
35.  The compound according to Embodiment 33, or a pharmaceutically
acceptable salt thereof, wherein Q is OCHo.
36.  The compound according to Embodiment 33, or a pharmaceutically
25 acceptable salt thereof, wherein Q is N(RG)C(O).
37.  The compound according to Embodiment 33, or a pharmaceutically
acceptable salt thereof, wherein Q is N(H)C(O).
30 38.  The compound according to Embodiment 33, or a pharmaceutically

acceptable salt thereof, wherein Q is NR®)CH.



i ndependently selected from 5-, 6-, 9-, and 10-nenbered heteroaryl-(Cl -C6
al kyl enyl); and Substituted 5-, 6-, 9-, and 10-nenbered heteroaryl-(Cl-C6
al kyl enyl); 30 wherein each heteroaryl contains carbon atoms and from1l to
4 heteroatons independently selected from10, 1 S, 1 N(H), 1 N(Cl-C6

al kyl), and 4 N, and 5- and 6- nenbereg het eroaryl are nonocyclic rings and
9- and 10- nenbered heteroaryl are 6, 5- %used and 6, 6-fused bicyclic rings,

-29- respecBbvel Thewbeipsum mcoﬂdﬁﬁgSﬂoElnlﬂj‘duhhﬁ?»g dusthrmhfcaly a bicyclic
and wherei n when the and S atons both are present, the

ring is aromati

0 and S at &WP&%&@%“I%%@@G&G@@%N@%& and wherein each group and
each substituent is independently selected. 5 45. The conpound accordi ng
to any one of Enbodinents 33 to 41, or a pharmaceutically acceptable salt
t her eof , whdbei n’Iém«:hn@burﬂamaﬂiz@aoiﬁmbddndaneﬂﬂﬁrﬁﬂ)nanﬁ@é@g&gg, from 5-, 6-,

9- a 10- nenber ed heter | - ( al k IenyI) and 10 Substituted 5-
[)5,d and a’i‘f?ﬂ?é’f?ﬂ%‘ﬂé%erﬁ r%h*(c% Ioﬁlkyl enyl); wherein each

heteroaryl contains carbon atons and from1l to 4 heteroatons independently
selected from10, 1 S, 1 N(H, 1 N(G-C6 alkyl), and 4 N, and 5- and
6- menber ed Hét er daegbmpowendwmoning toEmbadgeen3d, @-a padniduticaiyber ed

wher oin ot Rerebn ol erelty e O Goc GG gl GRie of o omt | ¢,

and wher ei ncagrg,t he 0 and S atons both are present, the 0 and S atonms are
not bonded to each ot her; and wherein each group and each substituent is
i ndegéndent |y sel ect ed. 20 46 The corrpound according to any one of

ther cor whdtei n ikt pREapiedinedd il b S BRE g ante Al s el ect ea from
5-, 6-, andpRamRodeicedy H@fepifaﬁﬁrsﬂt tHekdof (Fherbiniat RAM ohe of RY and R2is
independently selected from:
Phenyl-(C;-Cs alkylenyl); and
15 Substituted phenyl-(C-Cgq alkylenyl);

\
wherein each group and each substituent is independenily selected.

43.  The compound according to any one of Embodiments 33 to-41, ora
pharmaceutically acceptable salt thereof, wherein each of R! and R? are
20 independently selected from:
Phenyl-(C;-Cg alkylenyl); and
Substituted phenyl-(C;-Cg alkylenyl);

wherein each group and each substituent is independently selected.

25 44.  The compound according to any one of Embodiments 33 to 41, or a
pharmaceutically acceptable salt thereof, wherein at least one of R and R? is
independently selected from:

5-, 6-, 9-, and 10-membered hetoroaryl-(C;-Cs alkylenyl); and

Substituted 5-, 6-, 9-, and 10-membered heteroaryl-(C;-Cs alkylenyl);
30 wherein each beteroaryl contains carbon atoms and from 1 to 4 heteroatoms

independently selected from 1 O, 1S, 1 N(H), I N(C;-C alkyl), and 4 N

and 5- and 6-membered heteroaryl are monocydic rings and 9- and 10-

membered heteroary! are 6,5-fused and 6,6-fused bicyclic rings,



Substituted 5-, 6-, 9-nmenbered heteroaryl-(GC -C6 al kyl enyl); 25 wherein
each heteroaryl contains carbon atons and from1l to 4 heteroatons

i ndependently selected from1 0, 1 S, 1 N(H, 1 N(C-C6 alkyl), and 4 N,
and 5- and 6-nenbered heteroaryl are nonocyclic rings and 9- nenbered
heteroaryl is 6,5-fused bicyclic ring, 5 erein at least 1 of the 2 fused
rings of a bicyclic ring is aromatic, “and wherein when the 0 and S atons
both 30 are presegfectivdlf whetdifl aSleadtanst tid Bfked rilgNsefhit RiRams 1ot her; and
wherei n each group and each substituent is independently selected. -30- 47.
The conpound acc einale, aed shgrebnwhert thethawl Fratems et are packentothe § and

phar maceutical |y t t. .t hepe Wherein at | east one of Rl and R2
is independentl y§§tgﬁ1§€?eg%&fb§§éﬁdté-egtg}b&éérnﬁ%ger ed heterocycl oal kyl -(Cl -C6
al kyl enyl ) ; windeid eSmIbgﬂohﬁBﬁ@éhcﬁsubéﬂiﬂfenﬁﬁﬁh@p@ﬂddﬂﬁ&@él@%@.' oal kyl - (C, -C6

al kyl epyl); ~wherein each heterocycloal kyl is a ring that contains carbon
atoms and 1 or 2 heteroat ons I ndependently selected-from2 0, 1 S, 1 SO,
1 S(0)2,1 N, . - | ep.two O atons or
one O atom4a52r'1d g@?%@?ﬁ#%&é%?@e@b’ﬁ% )ﬁgE@\R’gd@&gﬁ%’%ﬁ O\gﬁr‘i’@h&e 0 atom and
one 10 S at gheamarenitallyanckpthblcsaliahérest Maereimeudh WhR! ahdRERe ring is
saturated or, ,optionally contains one carbon-carbon or carbon-nitrogen
doubl e bond;lndeé%?ﬂé%ﬂé(rs ?Feggeﬁl’group and each substituent recited above is
i ndependent |y sel £4q. ¥ g as Cat-dLnGy- L,ogany one of

Enbodi nents 33 toﬁ’écli,’g.c’)?n% gﬁgb%e%ﬁ@w&lgsc%ﬁigﬁﬁ)é%%u t her eof ,

wher elth one of RISubstEuRE 5 35-, -naehHhaenibkiedbeteeeirdd Ghr@alky@nyD6 al kenyl ;
and Substitu*tgeed 20 49. The c ound cording to any one

C2- al kenyl . . C
of Enbodi ment¥ %3 e ?fow%n%%m?mé %&gg@c]c@ﬁa}%‘?rea@ t thereof,
wherein one of RinddpdndatlySelected from 1 0, 1S, 1 N(H), 1 N(Cy-Cg atkyl), and 4 N,

and 5- and 6-membered heteroaryl are monocyclic rings and 9- and 10-

PR

membered heteroaryl are 6,5-fused and 6,6-fused bicyclic rings,

15 : respectively, wherein at least 1 of the 2 fused rings of a bicyclic ring is
aromatic, and wherein when the O and 1“» afoms both are present, the O and
S atoms are not bonded to each other; and |

wherein each group and each substituent is independently selected. s

20 46.  The compound according to any one of Embodiments 33 to 41, 44, and 45,
or 2 pharmaceutically acceptable salt thereof, wherein at least one of Rland R?is
independently selected from:

3-, 6~-, and 9-membered heteroaryl-(C;-Cs alkylenyl); and
Substituted 5-, 6-, 9-membered heteroaryl-(Cy-Cs alkylenyl);

25 wherein each heteroaryl contains carbon atoms and from 1 to 4 heteroatoms
‘independently selected from 1 O, 1 S, 1 N(H), 1 N(C;-C; alkyl), and 4 N,
and 5- and 6-membered heteroaryl are monocyelic rings and 9-membered
heteroaryl is 6,5-fused bicyelic ring, wherein at least 1 of the 2 fused rings
of a bicyclic ring is aromatic, and wherein when the O and S atoms both

30 are present, the O and S atoms are not bonded to each other; and

wherein each group and each substituent is independently selected.



I ndependently selected from Cl-C6 alkyl; and 25 Substituted Cl-C6 al kyl .
50. The conpound according to any one of Enbodinents 33 to 41, or a
pharmaceutically acceptable salt thereof, wherein one of Rl and R2 is

i ndependently selected from 30 C2-C6 al kynyl; and Substituted Cz-C6

al kynyl . -31- 51. The conpound accordlﬂ)g to any one of Enbodinents 33 to
41, or a pharmaceutically acceptable™Salt thereof, wherein at Ieast one of

R and Rz igy, i ml"ﬁ@&ﬂﬂ?éﬁnﬁ)éc&ﬁhﬁ 146 6 6RVBE KrhcBmEMS | C'

al kylenyl); and 5 Substituted % c};cl oal kyl - (Cl Cg%(%%/il 3 52. The
conmpound acBeEaaskypticatlnesgepiakle galt El@tﬁ@ﬂlwmls aBiBastond of RO andaRz is

phar maceuti ¢al t thereof, wherein one of R and Rz is

i ndependent ﬁ]% ééd%g@?%ﬁ%?ég%r 0D C3-C6 cycl oal kyl; Substituted C3-C6

cycl oal kyl 3- t 03 Groreriibebedd heteficelsalkgR{Ct, alkﬁaxlgﬁj phgt ed 3- to 6-nembered
het er gcycl oal kyl ; Phe% 15 Substi tuted, t?h Napht hyl ;  Substituted
napht Ryl : 5-, 6-Sultitutehd to@- %‘ﬁh@’ﬁ@hﬂtﬁ@ﬂiwl@dkﬁﬂczéﬁmﬁlkwrl tuted 5-, 6-,

of Eﬁﬂﬁd?ﬁewﬁ%ﬁé&?h HERcaRb o i Sk o R PR PR Lt Ther cor
wherei n one of RhetaoatoRiz m&pbhdently selected from 2 0, 1 S, 1 S(0), 1 S(O), 1 N, 2
N(H), and 2 N(C;-Cg alkyl), and wherein when two O atoms or one O
atom and one S atom are present, the two O atoms or one O atom and one
10 S atom are not bonded to each other, and wherein the ring is saturated or
optionally contains one carbon-carbon or catbon-nitrogen double bond;
and

wherein each group and each substituent recited above is independently selected.

15 48, The compound according to any one of Embodiments 33 to 41, or a
pharmaceutically acceptable salt thereof, where\in one of R! and R?is
independently selected from: |

Cy-Cy alkenyl; and
Substituted C,-Cg alkenyl.

20
49.  The compound according to any one of Embodiments 33 to 41, or a
pharmaceutically acceptable salt thereof, wherein one of R? and R? js
independently selected from:
C1-Cs alkyl; and
25 Substituted Cy-Cy alkyl.

50.  The compound according fo any one of Embodiments 33 to 41, or a
pharmaceutically acceptable salt thereof, wherein one of R' and R%is
independently selected from:
30 | -+ Co-Cg alkynyl; and
Substituted C,-Cg alkynyl.



54. The conpound according to any one of Enbodinents 33 to 53, or a 25
phar maceutically acceptable salt thereof, wherein each Cl-C6 al kylenyl is
CHz, C(CH3)z, C(=0O, or CFz. 55. The conpound according to any one of
Enbodi ments 33 to 54, or a pharmaceutically acceptable salt thereof,
wherein each C -C6 al kyl enyl is CH2. ? 56. The conpound according to any
one of Enbodinents 33 to 55, or a phartaceutically acceptable salt

t hereof, whejein [ tashe groups:
ROSR sn m&c%géind%@or&%&b ahysmoﬂﬁmb&ﬁmeﬁ@@dmmr g p

or
wher ei n at pbmaccmaﬂjamwbbmﬂm@fmhqﬁa aFleaﬂomeoaB @@%s V\,herel n each
O0is bonded ‘%hﬁceg bI%n atons to forma 5-nenbered ring. 57. The
conmpound ac(l, Hf H5 2%f Enbodi ments 33 to 56, or a

phar maceuti cal | y (aq% &1@91&91 @Lcﬁﬁnﬁeﬁﬂj anherein S, T, and U are each CH.
15 58. The conpound accordi ng aﬂa(% one of Enbodinments 33 to 57, or a
phar m&ceut i cal | ysabﬂi@pﬁ@@b&éﬁ[ﬂp (Cacfs alkler® n S is cocH8 and T and U

are each CH . 20 59. The conpound according to Enbodi ment 33, sel ected
from 4-({ 3-[2-(4-Methoxy-benzyl)-2Htetrazol -5-yl]-benzoyl am no}-nethyl)-
benzoi c aci g2et Mk cempeind according to any one of Embodiments 33 to 41, ora

pharmaceutically acceptable salt thereof, whetein one of R!and R?is
independently selected from:
10 C5-Cg cycloalkyl;
Substituted Cs-Cg cycloalkyl
3- to 6-membered heterocycloalkyl;
Substituted 3- to 6-membered heterocycloalk;}l;
Phenyl;
15 ~ Substituted phenyl;
Naphthyl;
Substituted naphthyl;
5-, 6-, 9~, and 10-membered heteroaryl; and
Substituted 5-, 6-, 9-, and 10-membered heteroaryl;
20
53.  The compound according to any one of Embodiments 33 to 41, or a

pharmaceutically acceptable salt thereof, wherein one of R and R?is H.

54.  The compound according to any one of Embodiments 33 to 53, or a
25 pharmaceutically acceptable salt thereof, wherein each C;-Cs alkylenyl is CH,
C(CH3),, C(=0), ot CE. |

55.  The compound according to any one of Embodiments 33 to 54, or a

pharmaceutically acceptable salt thereof, wherein each C;-Cg alkylenyl is CHa.
20 | _

56.  The compound according to any one of Embodiments 33 to 55, or a

.phannaceutically acceptable sait thereof, wherein at least one substituent is

selected from the groups:



4-(.{ 3-[2-(4-Methoxy-benzyl)-2Htetrazol-5-yl]-benzoylam no } -nethyl)-
benzoi c acid; 25
4- ({3-[2-(3- Met hoxy- benzyl)-2Htetrazol -5-yl ] -benzoyl am no} - net hyl ) -
benzoic acid nmethyl ester; 4-({
3-[2-(3- Met hoxy- benzyl )-2Htetrazol - )Zg' ] - benzoyl am no }- net hyI} benzoi c
acid; 3-[2-(4- I\/bthoxy benzyl)-2H tetrazol - 5-yl ] - N-(4-nor phol i n-4-yl nmet hyl -
30 benzyl) benzamg@lgs
3-[2-(4- Met hoxy- be ;.iéi) 2H-tetrazol -5-yl]-N-(3-trifluoronethyl -benzyl)
benzam de; N BenX@P2L34 2- (4- et hoxy- benzyl ) -2H-tetrazol - 5-yl ] - benzam de;
-33-
3-[2- (4- Met hoxy- beHr?zyI) 2Htetrazol -5-yl]-N-(2-trifluoronethyl-benzyl) -
benzam de; and F;
N—(4 NEt hoxy- benz{qyl )-3-[2-(4-nmet hoxy-benzyl)-2Htetrazol -5-yl]- benzam de;
or phar maceutGleal | y acceptable salt thereof. 60. The conmpound accordi ng
to Errbodl nment 33,mgel ected from 4-({
3-[2-(4-Fl uoro-benzZyl)-2Htetrazol -5-yl]-benzoyl amno } -nethyl)- benzoic
acid nmet hyl esterCF;10
4- ({3-[2-(4-Fl uoro- bfznzyl) 2Htetrazol -5-yl]-benzoyl am no} - net hyl ) - benzoic
acid; 4-({ 3- [2- @1 o benzyl)-2Htetrazol -5-yl]-benzoyl am no }-nethyl)-
ben20|c aci d rrett@ﬁ gster; 4-({
3-[2-(3-Fl uoro- benzyl 2H-tetrazo| 5-yl]-benzoyl ami no }-nethyl)- 15 benzoic
aci d;10 wherein at least two substituents are Cl andF 2 F, or OCH,O, wherein each O is
N (3, O o0 LR RN B ol BB ) 2H et 20l 51
N- (2, 3-Di fl uoro-benzyl) - 3- [2 (4- met hoxy- benzyl )-2Htetrazol -5-yl]-
benzam de; and :

57.  The compound according to any one of Embodiments 33 to 56, or a

pharmacentically acceptable salt thereof, wherein S, T, and U are each CH.

15
: \
58.  The compound according to any one of Embodiments 33 to 57, ora
pharmaceutically acceptable salt thereof, wherein S is C-OCH; and T and U are
each CH. .
20 59.  The compound according to Embodiment 33, selected from:

4~({3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-yl}-benzoylamino }-methyl)-
benzoic acid methyl ester;
4-({3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-y1]-benzoylamino } -methyl)-
benzoic acid;
25 ' 4-({3-[2-(3-Methoxy-benzyl)-2H-tetrazol-5-yl]- benzoylammo}—methyl)-
benzoic acid methyl ester;
4-({3-12-(3-Meethoxy-benzyl)-2H-tetrazol-5-y1]-benzoylamino}-methyl)-
benzoic acid;
3~[2~k4-Methoxy—benzyl)—2H-tetrazol—5—yl]-N—(4-morpholin—4—yhnethyl—
30 benzyl)-benzamide;
3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-y1]-N-(3-trifluoromethyl-benzyl)-
benzamide;

‘N-Benzyl-3-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl]-benzamide;



20 N-(4-Fl uoro-benzyl)-2-net hoxy-5-[ 2- (4- met hoxy- benzyl ) -2H tetrazol - 5-
yl ]-benzam de; or a pharmaceutically acceptable salt thereof. 61. The
conmpound according to Enbodi nent 33, naned: 25

N- Benzyl - 3-[ 2- (4- cyano- benzyl ) - 2H-tetrazol -5-yl ] -benzanm de; or a
pharmaceutical ly acceptable salt theregf. 62. The conpound according to
Enbodi nent 33, naned: 4-{

[ 3- (2- Thi azol - 2- B-jre@hyikthdkl-betayiz2il-t&rarb)-s hEAN g tdfamoinetigl-bsdzyp- 30,
benzoic acid nmethyl ester; qor a_ pharnaceutically acceptable salt thereof.
63. The conpound accorb&PWg“fi‘%iaEﬁbodi ment 33, selected from -34- 4-{

[ 3-(2-But-2-enyl 4 Ef’e‘tl?cﬁ?% -1_[3)2%_% D41 5% a% engzgic acid

nmet hyl ester; I\I-Be?zﬂy - 3- Z-BSé'yZ-[en I-%@%}laglgl -5-y (?t?gﬁ?am' de; and

3- (2- But - 2-enyl - 2H-t ethepzandid&oyl ) - N- ( 3- met hoxy- benzyl ) - benzanide; or 5 a
Egggdi Eﬁtl ggl I géﬂagcegt %%Iie S%LéepEa%?ésea?Jtheﬁéf. The conpound according to
3-[2-(4- Met hoxy- benzyl )-2Htetrazol -5-yl]-N-thiazol -2-yl met hyl - benzam de;
10 N-2, 1, 3-Benzot hi adi azol - 5-yl met hyl - 3-[ 2- (4- net hoxy- benzyl ) - 2H

t et razol - 5- yi0] - bdesningoynd according to Embodiment 33, selected from:

e oy - AR Na FG S AR R et ol T SO kR by -

yl met hyl ) - benzam

3- [ 2- (4- Met hoxy- benzylhpnRlt 4kl fRARA efery! 1 - N-pyri di n-4-ylnethyl - 15

benzam de; k

N- 1, 3lBenzodi oxoM=H3Rtdiaro-bepzyix- Ziesrazok-yhlebengoylaminod enethyid! - 5-

yl]-benzam de; and o

"N- Fur an- 2-yl net hyl - BPF%OC%f@CrIr%’t hoxy- benzyl)-2H tetrazol -5-yl] -
4-({3-[2-(3-Fluoro-benzyl)-2H-tetrazol-5-y1]-benzoylamino } -methyl)-

benzoic acid methyl ester;
4-({3-[2-(3-Fluoro-benzyl)-2H-tetrazol-5-yl]-benzoylamino }-methyl)-
15 benzoic acid; |
N—(3«Chloro-4-ﬂuoro~benzyl)—3—[2~(4~n\16thoxy-benzyl)-2H—tetraz01—5—y1]—
benzamide;
N-(2,3-Difluoro-benzyl)-3-[2-(4-methoxy-benzyl)-2H-tetrazol-5-y1}-
benzamide; and
20 N-(4—Fluor0—benzyl);Z—mcthoxy-S—[2—(4-methoxy«benzyl)~2H~tetrazol—5 -
yl]-benzamide; or

a pharmaceutically acceptable salt thereof,

61.  The compound according to Embodiment 33, named:
25 N-Benzyl-3-[2-(4-cyano-benzyl)-2H-tetrazol-5-yl}-benzamide; or
a pharmacentically acceptable salt thereof.

62. - The compound according to Embodiment 33, named:
4-{[3-(2-Thiazol-2-ylmethyl-2H-tetrazol-5-yl)-benzoylamino}-methyl }-
30, benzoic acid methyl ester; or

a pharmaceutically acceptable salt thereof.

63.  The compound according to Embodiment 33, selected from:



benzam de;.or 20 a pharmaceutically acceptable salt thereof. 65. The
conpound according to Enbodi nent 33, selected from 4-(5-{
3-[(Pyridin-4-yl nmet hyl)-carbanoyl ] - phenyl } -tetrazol-2-ylnethyl)- benzoic
acid; 25 4-(5-{ 3-[(pyridin-3-ylnethyl)-carbanoyl]-phenyl

}-tetrazol -2-yl nethyl)- benzoic acid, ggg 4- (5-{

3-[ (2- Met hoxy-pyridi n-4-yl net hyl) - carb yl ]-phenyl }-tetrazol - 2-

yl met hyl) - benzoi a-g8i(gBue-chyPIBLERERISL bérmﬂﬁﬁﬂpﬂaﬁét@ﬂ%nkofbfaeiﬂeof 30

66. The conpound accordin to Enbodi msnt 33, naned
3-[ 2- (4- Met hoxy- benzy et eGrazol -5-yl]-N(2- pyr| di n-4-yl -ethyl) -

benzami de; or - 35y ﬁgﬂi}& [@33%95'6?'§£§ﬁt%&%%6ﬁ ﬁen%glllﬁdetgmf eof. 67. The

conpound accordi ng

N- I sopropyl - 3- [ 23(2-Bmthany-2beRrayiqgl-271) Ne(3-agtlox p-behdyl enzaniddeor or 5 a
phar eutically ceptable salt thereof. 68. The compound according to
Enbodl nment 33, ,pgarmaceutlcally acceptable salt thereof.

3-[2-(4- Met hoxy- benzyl) 2Htetrazol -5-yl]-N-(1-phenyl -ethyl)- benzam de; or
10 a pharnaceutically acceptable salt thereof. 69. The conpound according
t o Enbodi nett. 33 Thﬂaum{jounﬂ-z(c&rd{ng to Embodlment 33, selected from:

3-[ (Met hyl - pyri di r banoyl | -tetrazo] - 2-

yl met hyl ) - benzoi ¢ nt&(,(ﬂé\dn% Ji@zéil ﬁ%FWE@tﬁD :ﬁ(ﬂv 2opRshik salt t hereof.
70. The conpound acco%gﬁﬁgﬂ&é) Enbodi ment 33, sel ect ed from 4-({

2- Met hoxy- 5-[ 2- ( 4- net hoxy- benzyl ) -2Htetrazol -5-yl]--

benzold ami no} - meiNal)3-Benmthiadizol-6: ylmethyl-3-[2-(4-methoxy-benzyl)-2H-

tetrazol-5-yl]-benzamide;

3-{2~(4—Methoxy—benzyl)-2H~tetrazol-5-yl]—N—(Z-methoxy—pyﬂdin-4»

| - ylmethyl)-benzamide;
3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-y1}-N-pyridin-4-ylmethyl-
15 benzamide;

N-1 ,3—Benzodioxol—S—ylmethyl-3-[2—(4-\meﬂ10xy~benzyl)-ZH-tetrazol-S-

yl]-benzamide; and
~N-Furan-2-ylmethyl-3-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl}-

benzamide; or

20 a pharmaceutically acceptable salt thereof.

65.  The compound according to Embodiment 33, selected from:
4-(5-{3-[(Pyridin-4-ylmethyl)-carbamoyl}-phenyl }-tetrazol- 2—y1methyl)—
benzoic acid;
25 | 4-(5-{3-[(Pyridin-3-ylmethyl)-carbamoyl]-phenyl }-tetrazol-2-ylmethyl)-
benzoic acid; and
4-(5-{3-[(2-Methoxy-pyridin-4-ylmethyl)-carbamoyl]-phenyl} -tetrazol-2--
| ylmethyl)-benzoic acid; or
a pharmaceutically acceptable salt thereof,
30 |
66 The compound according to Embodiment 33, named:
3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-y1}-N-(2-pyridin-4-yl-ethyl)-

benzamide; or



20 4- ({2- Met hoxy-5-[ 2- (4- net hoxy- benzyl )-2Htetrazol -5-yl]-

benzoyl am no} - net hyl ) - benzoi ¢ aci d; and

2- Met hoxy- 5-[ 2- (4- net hoxy- benzyl)-2Htetrazol -5-yl]-N-(4
trifluoromethyl-benzyl)-benzam de; or a pharmaceutically acceptable salt

t hereof. 25 71. The conpound accordi ng %o Enbodi nent 33, nanmed: Benzyl ({

3-[ 2- (4- net hoxy- benzyl ) -2Htetrazol - 9] benzyl }-am ne hydrochloride; or

a pharmaceuti cal Iy ﬁ@&hgagégpgabqgﬁﬁg&eof 30 72. The conpound accordi ng
to Enmbodi ment 33, selected fiom Met hanesulfonyl benzyl) - {

3-[2-(4- et hoxy- benzyl) 2H—tetrazo| 5 yl]- benzyl }-am ne; and -36-
4-({3-[2-(4 benz 2H-tetr en m no}-net hyl)- benzoic
acid; or a ggﬁg ?ﬁngg °§8@€ﬁ@§‘§b@#&ﬁaﬁe?§§?£ 5 73. The conpound
according to Enbogl yB3[2-58R%EH -ﬁeh 24 tbtrazol-5-yl}-benzamide; or

3-[2- (4- Met hoxy- benzyl 2H—tetrazo| “benzyl oxynet hyl }-benzoic acid;

and 4-33-[2-(4- N@tﬂh@&%&s@tﬂf@y )‘ﬁC%iftbéft regf. y| ] - benzyl oxy} - benzoi ¢ aci d;
or 10 a pharnaceutically acceptable salt thereof. 74. The conpound
according to Enbodi nent 33, selected from

4-{5-[3-(3- Iﬂaenlethempéuncmcbaardmgemﬂrhbd@héﬁm | nadned: et hyl  }-benzoic acid;
and 15 4-(5-{ 3-[3-(4-Fl uoro-phenyl)-prop-1- ﬁrﬁ Bhen yl

}-tetrazol - 2-yl ﬂ%;ﬂ"f)MetBBWBi"Q?YBCZ CligolaSy TQL'@ el ety acceptabl e salt
ther eof . benzamide; or

10 a pharmaceutically acceptable salt thereof,

69. The compound according to Embodiment 33, named:
4-(5-{3-[(Methyl-pyridin-3-ylmethyl)-carbamoyl]-phenyl } -tetrazol-2-
ylmethyl)-benzoic acid; or
15 . a pharmaceutically acceptable salt therecif.
70.  The compound according to Embodiment 33, selected from:
4-({2-Methoxy-5-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl]-
benzoylamino }-methyl)-benzoic acid;
20 4-({2-Methoxy-5-[2-(4-methoxy-benzyl)-2H-teirazol-5-y1]-
benzoylamine }-methyl)-benzoic acid; and
2-Methoxy-5-[2-(4-methoxy-benzyl)-2H-tetrazol-5~yl]-N-(4-
trifluoromethyl-benzyl)-benzamide; or |

a pharmaceutically acceptéble salt thereof.

25
- 71, The compound according to Embodimen‘t 33, named:
Benzyl{3-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl]-benzyl }-amine
hydrochloride; or '
a pharmaceutically acceptable salt thereof.
30

72.  The compound according to Embodiment 33, selected from:
(4-Methanesulfonyl-benzyl)-{3-[2-(4-methoxy-benzyl)-2H-tetrazol-5-y13-

benzyl }-amine; and



75. The compound accordi ng to Enbodi nent 33, named: 20

4-{5-[3-(3-Met hyl - 3- phenyl - but - 1-ynyl ) - phenyl ] -tetrazol - 2-yl net hyl } -
benzoic acid; or a pharmaceutically acceptable salt thereof. 76. The
conpound accordi ng to Enbodi nent 33, naned: 25

4-{5-[3-(3-1mdazol -1-yl -prop-1- ynyl)éﬂgenyl]-terazol-2-y|nethyl}- benzoi c
acid;, or a pharnaceutically accept abl salt thereof. Another aspect of this

invention is a cg -R/fﬂl:d%fﬂéh 1)-28ekeslor I ve amdiho}-methyl)-
4-(5-{3-[3-(4-F u ﬁ4en37 -gropﬁyjyny -phe%]/l }ﬂ{%tragol 2 }g/)l met hyl ) -
benzoi ¢ aci d; benzom ac:d or

[4-(5-{3-[3-(4- Flaﬁgr ag?l%nﬁl%a&%gpapé Sgp&e]reoghenyl }-tetrazol - 2-yl net hyl) -

phenyl ] -acetic a

3-[3-(4-Fl uoro-phenyl)-prop-I-ynyl]-phenyl}-tetrazol -2

yl met hyl } phenyl ] - cycl opr opanecar boxylic acid; 4- fe é

3- [ 3- (G4- Fl uddo- pAbagemppmdmecardipg,ip dimant B3 sselected ot y| et h yl ) -
benzam de; 5 4-(

3-[3-(4-Fl uoro- pﬁe{éy[?)(zlr}\d%t}}o}fy'b%yi) %EGWF ?1"% gg?baez of Ioniquﬂlr%l% r?eﬁom

2- met hyl - benzoi ¢ aci dac1a%d4 (5-

3-[3-(4-Fl uoro-phenyl) - prop- henyl -tetrazol -2-yl net hyl)

cycl ohexanecar bo#yiBrig-(4dYlef! 0%)‘3?‘ aﬁﬁﬁ‘@@é‘?r%& Tlﬂff’n%)@‘??’é’ﬁtl%ﬁﬁ‘?‘é“’@‘élldt t her eof .
10 Anot her aspect of i's |nvent| on is a conmpound of Formula | selected
from 2-(5-{ 3-[3-(4-Fluoro-phenyl)-prop-I-ynyl]-phenyl

-tetri@ol - 2- yl nenpliinnacaxrally secéprblelzak Wekrenfaci d; and 2- (5-{3-[3-(4-Fluoro
phenyl ) -prop-1-ynyl]-phenyl }-tetrazol -2-yl nethyl)- 15 thiazol e-4-carboxylic
acid; or

74.  The compound according to Embodiment 33, selected from:
4-{5-[3-(3-Phenyl-prop-1-ynyl)-phenyl]-tetrazol-2-ylmethyl }-benzoic
acid; and
15 4-(5-{3-[3-(4-Fhuoro-phenyl)-prop-1-ynyl}-pheny}! }-tetrazol-2-ylmethyl)-
benzoic acid; or \

a pharmaceutically acceptable salt thereof.

75.  The compound according to Embodiment 33, named:
20 4-{5-[3-(3-Methyl-3-phenyl-but-1-ynyl)-phenyl]-tetrazol-2-yimethyl }-
benzoic acid; or

. a pharmaceutically acceptable salt thereof.

76.  The compound according to Embodiment 33, named:
25 4-{5-[3-(3-Imidazol-1-yl-prop-1-ynyl)-phenyl}-terazol-2-ylmethyl } -
benzoic acid; or
a pharmaceutically acceptable salt thereof.
Another aspect of this invention is a compound of Formula I selected
from: '
30 - 4-(5-{3-[3-(4-Fluoro-phenyl)-prop-1- ynyl]—phenyl}-tetrazol-znylmeﬂlyl)-
| | benzoic acid;
[4-(5-{3-[3-(4-Fluoro-phenyl)-prop-1-ynyll-phenyl }-tetrazol-2-ylmethyl)-
phenyl]-acetic acid; | |



a pharmaceutically acceptable salt thereof. Another aspect of this

I nvention is a conpound of Fornula | selected from 4- f

5-[2- (4- Fl uor o- benzyl car banoyl ) - 6- net hyl -pyridin-4-yl]-tetrazol -2- 20
yl met hyl } - benzoi c acid; 4-{

5-12-(3,4-Di fluoro-benzyl car banoyl ) - pygydi n-4-yl ] -tetrazol - 2-

yl net hyl } - benzoi cjd;._4- {

5-[2-(3,4-Difl uoﬁﬁ%n%ﬁt@rﬁ&ﬁ@ﬁbﬂﬂ@mﬂﬁﬁmpﬁm@yl}43&9&3])1-:!-et razol -

2-yl met hyl } - benzoic a

4- {5 {2- f/(}é 3- D|Z%rgﬁ‘gn@gﬁ’ﬁlgﬁ’%"’{ﬁkﬁPef’%ayFﬁaﬂa%t‘rYEfaﬁﬁw] pyridin-4-yl}-

t et | - 2-yl net Brella hok | | t
Lher cof . Aot her aspect of &%’??.ﬁiﬁﬁ’{‘?’oﬁly?ﬁwﬁ’?%oun LSRR o
selected from 30

4- (5-53-[5- (4- Ch 3] 97 Reh ] pheny] )

[ 1( 3, g] 0£<ad|( azol hgsg{ﬁqhg(gﬁg?%lpgg P@%%i_%ﬁ —pﬁeﬁ@li-te%ag&&%r]methyl)_
4(5-{3-[5-(4-Chl oro- pﬁengthyl-liehz&pé]:fdhhmﬁi azoI 2 yl ] - phenyl }

1,3,4 d I d: -
El (2- {]30?2 '(Zz‘éqf‘fﬁ*‘éb?ﬁéﬂ}ﬁ‘% Z%!!CB%%% alzid] plzmgyﬂ}] -teprheoly2-YlaeRapl - 5- yI)

benzoi ¢ aci d; cyc}ohexanecarbox lic 301(} :
4- (2-{3-[5- (4- Chl o 0- phenyl ~oxazof - ]~ phenyl } - oxazol - 5-yl ) - benzoi ¢
acid: 5 a pharmaceutic yacceptable salt thereof

4- (514§3-[5-(4-Ch | phenyl 3,4 d | - 2-
Igre"fl?]ylg b((anszéﬁétgllgﬁsg&(%ﬂ'{gx%ﬁ’gn 04‘ }"Bﬁnﬁgn ke O}mplal]sgl)t(aiteélazo

y
1, 3, 4] oxadi fxamt - 2- y| ] phenyl }- [1, 3, 4] t hi adi azoI -2-yl)-benzoic acid; 4-(5-{
3-[5-(4-Chloro-p 4] oxadi azol - 2-yl ] - phenyl }- 10

[1, 3, 4]t hi adi azo£ ?53}’ [%k‘i‘mﬂo}'o‘ﬂ -Pi‘opdl-y:hyl]-phenyl}-tetrazol—2~ yline thP(g.

4- (5-{3-[5- (4- Chl or o- BDEONLD AR B g Pheny! -1, 3 T4]thi adt dzol - 2« -

2—(5-{3—[3-(4-Fluoro-pheny1)—prop—1—ynyl]—phenyl}—ten'azol~2-ylmethyl)—
15 thiazole-4-carboxylic acid; or

a pharmaceutically acceptable salt thereof.

Another aspect of this invention is a compound of Formula [
selected from:
4-{ 5~[2—(4—F1u0ro-benzylcarbamoyl)—éamethyl-pyridin-ﬁl-yl]-tetrazol-2~
20 ylmethyl}-benzoic acid;

4-{5-[2-(3 ,4-Diﬂuoro—benzylcarbmnoyl)—pyridin-4~yl} -tetrazol-2-
ylmethyl }-benzoic acid:

4-{5-[2-(3 ,4-Diﬂuoro-benzylcarbamoyl)—ﬁ-methyl~pyﬂdjn~4~yl]
2-ylmethyl }-benzoic acid; and

-tetrazo}-

25 4-(5—{2—[(2,3~Dihydro—benzofuran—s-ylmethyl)-carbamoyl] -pyridin-4-yi}-
tetrazol-2-ylmethyl)-benzoic acid; or
a pharmaceutically acceptable salt thereof.
Another aspect of this invention is a compound of Formula I selected
from: _
30. 4-(5-{ 3—[5—(4—Chloro-pheny])-[1,3,4]0xadiazol—2—y1]—phenyl}—

[1,3,4]oxadiazol-2-yl)-benzoic acid;
4—(5«{3—[5—(4-Chloro—phenyl)-[1,3,4]thiadiazol—2—yl] ~phenyi}-
[1,3 ,4]oxadiazo]-2—ylmethyl)—benzoic acid;



yl)-benzoi c aci d;
4-(5-{3-[5-(4-Chl oro-phenyl)-[1, 3, 4]thiadi azol -2-yl]-phenyl }-

[1, 3, 4] thi adi azol - 2-yl)-benzoic acid; 15 .
4-(2-{3-[5-(4-Chloro-phenyl)-[1,3,4]thiadiazol -2-yl]-phenyl.}-oxazol -5-
yl )-benzoic acid; or a pharnaceuticalnggcceptable salt thereof. 77. A
phar maceuti cal conposition, conprising a conpound of Formnula I:

according to E”bGﬁ(MIS-M—CﬂIor@FﬂémmWaabid-zaﬂp@mm}-exz&al-f—'yt)her eof

20 adm xed with a pharrmaceutically acceptable carrier, excipient, or
di l uent. 78. The phar fig8&Ri€ reil conposition according to Enbodi nent 77,

conprising a conpeups o )a_gfag db g \ _Ofn | i ments 2
to 76, or a pha?&ggfiﬁﬁ%?%k@%d&a er:%:}tﬂ élﬁgﬁgo?%d‘pnﬁggﬁﬁ%h a
pharmaceutical ly 25 acaeghtable carrier, excipient, or diluent. 79. A nethod
for inhibiting an | VI P- enzy i.h an animal, c i sing. 1 ni stering
to thd' ani {ml Eﬁtr; dg?/fﬂ‘lgi‘f’kémoﬁ??H‘i@’ba??ﬁ'ﬁ%?ﬂﬁ?%’eﬁﬂz%é? ‘;’lff%]azlaﬁg? rrul38 I
according to odi me § -qaceutically acceptable sa

t hereof. -39- 80. Theryrlr%ltglgg bgg%%lr |1E!ga to Enbodi nent 79, wherein the

cgrrpound ?f rlor nth(Sa{3—[?»64-|éihkom—|;ih¢rtgrl)t-ﬁ1,?a?n]pxgﬁezféﬂ'&ﬁhphﬁnt h'y(ljr}e][\ts t2 tot_76, or a
pharmaceutically acceptahle sa ereof, 5. 81. met hod for treating a

di sease nedi ated by aﬁqﬁh@ﬂﬂa‘?ﬁ@ﬁi’% ,”661’@8?‘?15’1“? ing adninistering to a
patient sufferi ng;_(g_mﬁgpbhﬁrgb§m?3 PRRiA¥-2-Af-pRaline anmount of a

conmpound of Fornula [ according odi ment 1, or a pharmaceutically
accepl@bl e salt theredf,3dhiskazoFdeylmethyhebearwondidng t o Enbodi nent 81,

Yo 76, or 5 phar nbstrsdFED B RE o e 3 48Rk od for -
treating arthritis, coappémbiethegEM nistering to a patient 15 suffering

froman arthritis disease a nontoxic antiarthritic effective amount of a
4-(5-{3-]5-(4-Chloro-phenyl)-{1,3,4]thiadiazol-2-y1]-phenyl }-

[1,3.4]thiadiazol-2-yl)-benzoic acid,
15 4-(2-{3-[5-(4-Chloro-phenyD)-[1,3 4]thiadiazol-2-yl]-phenyl }-oxazol-5-
| yD)-benzoic acid; or \
a pharmaceutically acceptable salt thereof. _
77. A pharmaceutical composition, comprising a compound of Formula -
according to Embodiment 1, or a pharmaceutically acceptabfe salt thereof,

20 admixed with a pharmaceutically acceptable carrier, excipient, or diluent.

78.  The pharmaceutical composition according to Embodiment 77, comptising
a compound of Formula I according to any one of Embodiments 2 to 76, or a
pharmaceutically acceptable salt thereof, admixed with a pharmaceutically

25 acceptable carrier, excipient, or diluent.

79. A method for inhibiting an MMP-13 enzyme in an animal, comprising

administering to the animal an MMP-13 inhibiting amount of a compound of

Formula I according to Embodiment 1, or a pharmaceutically acceptable salt
30 thereof. |



compound of Fornula |I according to Enbodi nent 1, or a pharmaceutically
acceptable salt thereof. 84. The nethod accordi ng to Enbodi nent 83, wherein
t he conpound of 20 Forrmula | is according to any one of Enbodinents 2 to
76, or a pharmaceutically acceptable salt thereof. 85. A nethod for
treating osteoarthritis, conprising ad_lg'b_ni stering to a patient suffering
fromosteoarthritis a nontoxic effectivé amunt of a conmpound of 25

"Fornul a | &6cor ditiegndthodndzostingntEmbodimedt T9) aheREEHE 6ahbndGCept abl e sal t
t hereof. 86._ The t hod accordi ng to_Enbadi nent 85, wherein the conmpound of
Formula | i & 05’6'83&3? A ording i Anyrede of Erphodiamsning to 70, 0pa pharmacentically

phar maceut i cald v SOnansept abl e salt thereof. 87. A method for treating
rheumatoid arthritis, conprising admnistering to a patient suffering from
rheumatoid arthritis a nontoxic effective anmount of a -40- conmpound of

Formula | acggordin 0 odinment_1, or pharmaceutically acceptable salt
t her eot . ss.cg(iThe%&%&%@Wﬁﬁ&%@%ﬁ%@ﬁ@Wﬂ@@m& he compound of
5 Formula | dofy gﬁraamgst&ﬁnﬂay@aﬁpg 'Hﬁ% idefse i@ '

phar maceut i cal Ipsi gccept abl e saal tﬂerugggﬁg%. tc?naslt%hst(%gsef'fjlorrlont%xé%lti ng
psoriatic arctiectite anowbnhr canpyndddifoistle  aogrdiag to Epbbdigrint sudferi ng from
psoriatic arthritis.a,nontoxic effective anmount of a 10 conpound of Fornmnul a
| according p&’%‘é‘%ﬁaﬂgﬁfcefﬁb%rsa&%ﬁ?fnaceuti cally acceptable salt

thereof. 90. The nethod accordi ng to Enbodi nent 89, wherein the conpound of

Formula | is according to any one of Enbodinments 2 to 76, or a
phar nHteut i & | y Thesnetbedgsconding todimbadimend &, whdreinAhereddpotufduf treating a

cancer, co i Si . ini.stering to atien syffering froma cancer a
nont oxi ¢ ami:ir Hgl{éﬁgé?gcreyf)%@g%?@y H‘Bﬁﬂﬁ"@?@e@%@g}r@d%ﬁ‘ Pﬁ,ﬁfmaﬁ%“&ﬂﬂy accor di ng
t o Enbodi mentcebtably salk thétasfraceut i cal |y acceptable salt

83. A method for treating arthritis, comprising administering to a patient
15 suffering from an arthritis disease a nontoxic antiarthritic effective amount of a
: !

compound of Formula I according to Embodiment 1, or a pharmaceutically

acceptable salt thereof.

84.  The method according to Embodiment 83, wherein the compound of
20 Formula Iis according to any one of Embodiments 2 to 76, or a phatmaceutically
acceptable salt thereof.

85. A method for treating osteoarthritis, comprising administering to a patient
suffering from osteoarthritis a nontoxic effective amount of a compound of
25 ~'Formula I according to Embodiment 1, or a pharmaceutically acceptable salt
* thereof.

86.  The method according to Embodiment 85, wherein the compound of
Formula I is according to any one of Embodiments 2 to 76, or a pharmaceutically
30 acceptable sait thereof. '

- €7. A method for treating theumatoid arthritis, comprising administering to a

patient suffering from rheumatoid arthritis a nontoxic effective amount of a



20 thereof. 92. The nethod according to Enbodi ment 91, wherein the conpound
of Formula | is according to any one of Enbodinents 2 to 76, or a
pharmaceutically acceptable salt thereof. 25 93. A nmethod for treating
breast carcinoma, conprising admnistering to a patient suffering from
breast carcinoma a nontoxic effective unt of a conmpound of Fornula I
according to Enbodinent 1, or a pharmaceutically acceptable salt thereof.
30 94. The %ﬁ?&&m%&ﬁmqarceorﬁfﬂgqaﬂmwn% 1618 Sapmbigtiearpound of
Formula | is according to any one of Enbodi nents to 76, or "a

phar maceut i eetepiableaelidimreddl e salt thereof. 95. A nmethod for treating

at heroscl erosis, conprising admnistering to a patient suffering from

at heroscl erosis a nontoxic effective anount of a conpound of Formula I

accor di ng t @gEmbqds mRodlaccoidind tBRhBTGALISTaWhateimaRe pbaphmdeEl t 5 thereof.
96. The net hod accordi ng to Enbodi ment 95, wherein the conpound of  Fornul a

| i s dccor difeymelalizaccodingip ayiondohBmbediments 219 70ppr aphmemuticdly cal | y

accept abl e t ereof 97. A nmethod for treating inflammtion,
conpri sing ég‘%%pﬁ’%tsgﬁi egﬁe 0 a patient suffering frominflammuation a

nontoxic effective amount of a conpound of Fornula I according to
Enbodi nent 1, or a pharnmaceutically acceptable salt thereof. 15 98. The

net hod accos8i ngAwcthad &y traling pyoriajs arbits, CHBPEERS AUHEIYENgE8 Rl a | s
according t - Qf ' . . . cerdically
acceptabl e g’%ﬁ}xf er g%ﬁ%?@@ﬁ%ﬁ%ﬁo&%m?ﬁgﬁ@% eart failure,
conpritsi ng adimpoirel &Hongulad aacqrdinged Embodiment 1, or a pharmaceutically
acceptable salt thereof.
90. The method according to Embodiment 89, wherein the compound of
Formula I is according to any one of Embodiments 2 to 76, or a pharmaceutically
15 acceptable salt thereof.
\
91. A method for treatiﬁg a cancer, comptising administering to a patient
suffering from a cancer a nontoxic anti-cancer effective amount of a compound of
Formula I according to Embodiment 1, or a pharmaceutically acceptable salt

20 thereof.

92.  The method according to Embodiment 91, wherein the compound of

Formula 1 is according to any one of Embodiments 2 to 76, or a pharmaceutically

acceptable salt thereof.

25
93. A method for treating breast carcinoma, comprising administering to a
patient suffering from breast carcinoma a nontoxic effective amount of a
compouﬁd of Formula I according to Embodiment 1, or a pharmaceutically
acceptable salt thereof.

30.
| 94.  ‘The method according to Embodiment 93, wherein the compound of
Formula I is according to any one of Embodiments 2 to 76, or a pharmaceutically

acceptable salt thereof.



suffering fromheart failure a nontoxic effective anount of a conpound of
Formula | according to Enbodinent 1, or a pharmaceutically acceptable salt
t hereof. 25 100. The nethod according to Enbodi nent 99, wherein the
conmpound of Fornmula | is according to any one of Enbodinents 2 to 76, or a
pharmaceutically acceptable salt theregpf. 101. A nethod for treating
age-rel ated macul ar degeneration, conprising 30 adnministering to a patient
suffering fromage-rel ated nacul ar degeneration a nontoxic effective
amount of a conpound of Fornula | according to Enbodinment 1, or a

phar maceut i & | y oetpddpr eeatiap ethepselersis, compprisigpadiinisteragtiod according to

Enbodi nent X o el la. | i ding t
of eboa rerttdey LG rbn R dRS, Ehons bl ik aul & Cortbtund, cof . 5
103. A et hQﬁPbﬁﬁulhﬂ%@ddrcﬂiﬁg‘t@Eﬁ!bbdinﬁﬂﬁSl,mmf;ﬂhﬁﬁ:ﬁlﬁéﬁﬁ&dﬂ@raﬁcéﬂtﬁf@&ﬁ

conprising admnistering to a patient suffering fromchronic obstructive

pul m)nﬁary ditB&e’fe a nontoxic effective amount of a conpound of Fornul a |
according to Enbodinent 1, or a pharmaceutically acceptable salt thereof.
10 104. The nethod according to Enbodi nent 103, wherein the conpound of
Fornul a | i 96accdidinrghédacoydingne Bxhbdhinentiafewhsreih the cdbpo@id of

phar maceuti cal | acceptable salt thereof. 105 A nethod for treating heart
di sease, cof‘ﬁ?ﬂ?‘éaﬁds’ %‘Eﬂ:ﬁf‘ﬁﬁ‘%wyh’&epgﬂglbﬁ@ﬁe@ﬁ?tz tof 45, opa Pharmegerticatly hear t

di sease a ”%&é%i@b‘fe&fltftﬁ e amount of a conpound of | Fornula I according
to Enbodi nent I, or a pharmaceutically acceptable salt thereof. 106. The
met hotl) accordi ng to Enbodi nrent 105, wherein the conmpound of 20 Fornmula I is
according tq_any one _of, Enbodinents 2 to 76, or a pharmaceutically
acceptable 9Tt B O Gepting HATMBRH P Ot prasias g te agatientosi s,

conpri sing agftbiisEhiiilahRafion a nontoxic effective amount of a compound of
Formula I according to Embodiment 1, or a pharmaceutically acceptable salt
thereof.
15
98.  The method according to Embociiment 97, wherein the compound of
Formula I is according to any one of Embodiments 2 to 76, or e-_x pharmaceutically

acceptable salt thereof.

20 99. A method for treating heart failure, comprising admjnjstering to a patient
suffering from heart failure a nontoxic effective amount of a compound of
Formula T according to Embodiment 1, or a pharmaceutically acceptable salt

thereof.

25 - 100. The method according to Embodiment 99, wherein the compound of
' Formula I is according to any one of Embodiments 2 to 76, or a pharmaceutically

acceptable salt thereof.

101. A method for treating age-related macular degeneration, comprising
30 administering to a patient suffering from age-related macular degeneration a
nontoxic effective amount of a compound of Formula I according to Embodiment

1,ora pharmaceutically acceptable salt thereof.



patient suffering fromnmultiple sclerosis a nontoxic effective anount of a
25 conmpound of Formula | according to Enbodi nent 1, or a pharnaceutically
acceptabl e salt thereof. 108. The nethod according to Enbodi nent 107,
wherein the conpound of Formula | is according to any one of Enbodi nents 2
to 76, or a pharmaceutically 30 acceg%&ble salt thereof. -43- 109. A

nmet hod for treating psoriasis, conprisi'hg admnistering to a patient -

suffering f1om pI8eE kMol Rcd8iizay Banbdbifvat 108, viin thefonpotadpound of
Formula | according to Enbodiment 1, or a pharmaceutically aqce{)t abl e salt

t hereof . 5 Topnulahis aeending taeny pug elgEmbodimsa@iZie 76, aumphappageaticalivhe

conpound of I according to any one of Enbodinents 2 to 76, or a
phar maceut i g%%?{/ag}éasglé&%r%% e salt thereof. 111. A nethod for treating
asthma, conprising adm nistering to a patient 10 suffering fromasthma a
nont oxsi c eff&g:ti ve apount of _a conpound of Fornula |, according to

i“me y2-or

Enbodidment % Aqmethad fefdwating ehrpyic sbetasting PUmORary disfase SPIPASRE The

met hod accoggi, g g'-:tB? b 311133 ¥ g@‘w : la | is
accordi ng t(% any t%% 0 %%Egigtglh%fen frgpﬂt%o %,‘%%?ua phar nglcl:%&td}sggelr% 15
accept abl e sedtbxiclefcetdfe. andolidt offa cebjomtd bbFotnmdal havgrdiag th Bmbedisehf i ci ency,
conpri si ng idn‘i nisterin 0 a Pgﬂti ent suffering fromcardiac insufficiency
a nontoxi c &f fRhagpa Y agpepiablesalidbetsel- of Formula | according to

Enbodi ment 1, or a pharmaceutically 20 acceptable salt thereof. 114. The
met hod according to Enbodi nent 113, wherein the conmpound of Formula | is
accorld ng t #04ny ToemetifodEntmdingdo Esb2dinment 603, orhescip Herovapeusd ofil | y

acceptable salt .thereof..25 115. A met o[g for treating,infla ry bowel
O Sense. CoRprRut A ot e ay prot e e b TBe b diraga BRI ammat or y
bowel di seag&ggtagg%ﬁmeqeof_effecti ve amount of a conpound of Fornula I
according to Enbodinent 1, or a -

H

105. A method for treating heart disease, comprising administering to a patient
15 suffering from heart disease a nontoxic effective amount of a compound of
. v .
Formula I according to Embodiment 1, or a2 pharmaceutically acceptable salt

thereof.

106. The method according to Embodiment 105, wherein the compound of
20 Formula I is according to any one of Embodiments 2 to 76, or a pharmaceutically

acceptable salt thereof.

107. A method for treating multiple sclerosis, comprising administering to a
patient suffering from multiple sclerosis a nontoxic effective amount of a
25 compound of Formula T according to Embodiment 1, or a pharmaceutically

acceptable salt thereof.

108. The method according to Embodiment 107, whezein the compound of
Formula I is according to any one of Embodiments 2 to 76, or a pharmaceutically

30 acceptable salt thereof.



pharmaceutically acceptable salt thereof. 30 116. The nethod according to
Enbodi nent 115, wherein the conpound of Formula | is according to any one
of Enbodinments 2 to 76, or a pharmaceutically acceptable salt thereof.

-44- 117. A nethod for treating osteoporosis, conprising admnistering to a
patient suffering from osteoporosis a gontoxic effective anount of a
conpound of Fornmula |I according to Eﬁﬁ dinment 1, or a pharmaceutically
accept abl e S@0f 9 kle@icTbr trdatf: pl&%srgeb&ﬁﬁqﬁﬁg%ﬂiﬂ%rmgtga‘%ﬁéﬂmnt 117,
wherein the conpound of Fornu is according to any one of Enbodi nents 2
to 76, or a SpHarnpEempsedagiga n@ﬁ@@pﬁ&bﬁéfe@ammm%ampoum oifgr:mlﬁa ket hod for

Suffer .”%gpﬂ eeiells polRatag 1, GRS S APl PO 8B or o
conpound of Forrnula | according to Enbodinent 1, or a phar maceutically

acceptable salt thereof. 15 120. The nethod accordlratg to Enbodl ment 119,
wher eith t he [d8mpokhsanethod asprdingto Epbodiment Wonyhetsinthy compowid Enbodi nent s 2

hod
accor i ng 1 0 ARy e P e o SRR FlPRRls 2 IPTER x offubdelly 0701

Formul a | awcmpﬂhtrhgsaﬂﬁh&msbf)dl rrent 1, or a pharmaceutically acceptable salt
thereof, is adm nistered as a phar maceut I cal conposition according to
Enbodi ment 77 or 78. 25 122. The conpound according to Enbodi nent 1,

wherein S sl afl@M%fp@&@tﬁiﬁ%%u%@oq@%%ﬂ%ﬂ%@%%gﬁéﬁ to

Enbodi ment 1, wherein
10 suffenng from asthma a nontoxic effective amount of a compound of Formula I

according to Embodiment 1, or a pharmaceutically acceptable salt thereof.

112.  The method according to Embodiment 111, wherein the compound of

Formula I is according to any one of Embodiments 2 to 76, or a pharmaceutically
15 acceptable salt thereof.

113. A method for treating cardiac insufficiency, compr_isiﬁg administering to a
patient-suffering from cardiac insufficiency a nontoxic effective amount of a
compound of Formula I according to Embodiment 1, or a pharmaceutically

20 acceptable salt thereof, ‘

114.  The method according to Embodiment 113, wherein the compound of

Formula 1 is according:io any one of Embodiments 2 to 76, or a pharmaceutically

acceptable salt thereof.

25 _
115. A method for treating inflammatory bowel disease, cor.riprising
administering to a patient suffeting from inflammatory bowel disease a nontoxic
effective amount of a compound of Formula I according to Embodiment 1, or a
pharmaceutically acceptable salt thereof,

30

116. The method according to Embodiment 115, whetein the compound of
Formula I is according to any one of Embodiments 2 to 76, or a pharmaceutically

acceptable salt thereof.



30 Anot her aspect of this invention is a nethod of synthesizing a conpound
of Fornmula | according to the nethods described bel ow. Anot her aspect of
this invention is a conpound of Forrmula la -45 la or a pharmaceutically
acceptabl e salt thereof, wherein: R and R2 independently are sel ected
from Substituted Cl-C6 al kyl, Substitpjed 5 C2-C6 al kenyl, Substituted
C2-C6 al kynyl, Substituted C3-C6 cycl oal kyl, Substituted C3-C6

cycl oal kyl - (CI-C6 aIkernyI) Substituted 3- to 6- nenbered

heterocyclo 5£ t_g?éltuted 3- to 6-nenbered heterocycloal k I-(CI-

al kyl enyl ), “Phenyt WeRpd &5 epRyE efigonerosts, semprsing admimgenis oa

al kyl enyl ), kylenyl),
Substi t ut edS‘g:fﬂrﬁl ng9&@%m§95i%§%ﬁ%§i§e§%%ﬁeg%%{ﬂ%% &&Eéﬂl q%fkyl enyl),
Phenyl , Sub$tinula édcqalrhng(to Embodifrent B-or aghdridentoaigraeceptdtds eMoar yl ,

Subst i St ut edt5 P 9-, and 10-nenbered heteroaryl, R3O0 (Cl-C6 alkylenyl),
Substl tuted 1ﬁ%(Cl C6 al kyl enyl), Phenyl, Substituted phenyl, 5- or

6- menbered heteroaryl, Substituted 5- or 6-nmenbered heteroaryl, 8 15 to
10- menber ed het er obi aryl Substituted 8- to 10-nenbered het erobl aryl,
Phenyl - O ( Cli&s ahmeama):cor@nmso Mmm&m?,lwlﬁrélﬁlthmmdmﬂeﬂyl)

Phenyl - S- ( ky enyl Substi t hen I-S— Cl-Cs al kyle

Pheny! - S( c»cb?%f‘“ltg‘ aﬁcﬁ?ﬁk{@f’)‘my %‘[ﬁ%@ﬁ‘?ﬂ?‘gﬁmﬁ &r19|765pr§ Dhegpa a%ﬂ&@ enyl).
Phényl - S(O)gcc(gﬁhbg%amm@yé@nyl) and 20 Substituted phenyl-S(O 2-(Cl -Cs

al kyl enyl); Each R3 independently is selected from Substituted Cl-C6

al kyI10 Substituted C3- C6 cycl oal kyl , Phenyl (C-C6 al kyl enyl), Substl tuted

h | -(Cl- al 10- nenb d.het -(C1-Co
ey enyi) - T, o e R fok troiigg Seripddig) &56ads aoBHE0E AMPEISERADEG - o
al kyl enyl ) , pfenPhefeying foubpériddehelldRERBYA norﬁomc@ffectﬂre,arﬁfﬁtéﬂa rrenber ed

heteroaryl, Substituted 5-, 6-, 9-, and 10-nenbered heteroaryl; S, T, U,
and W each ggrgp@nﬂ& gqanulaIaccordmg to Embodiment 1, or a pharmaceutically

acceptable salt thereof.
15
120.  The method according to Embodiment i19, wherein the compound of
Formula I'is according to any one.of Embodiments 2 to 76, or a pharmaceutically
acceptable salt thereof.
20 121.  The method according to any one of Embodiments 79 to 120, wherein the
compound of Formula I according to Embodiment 1, or a pharmaceutically
acceptable salt thereof, is administered as 2 pharmaceutical composition
accdrding to Embodiment 77 or 78.
25 122.  The compound according to Embodiment 1, wherein S is N and Q is
NH)C(O).
123.  The compound according to Embodiment 1, wherein W is N and Q is
NEH)C(0).

30 Another aspect of this invention is a method of synthesizing a compound

of Formula I according to the methods described below.

- Another aspect of this invention is a compound of Formula Ia



One of S, T, U and Wis N and the other three of S, T, U and Ware C R4;
or Two of S, T, U and Ware N and the other two of S, T, U and Ware
CR4; or 30 Tis CGR4 and S, U and Ware each N, or -46- Uis GR4 and S,
T, and Ware each N, or Sis GR4 and T, U, and Ware each N, Each R4
I ndependently is selected from H, F, , CF3, C(OH CN HO CH3O
C(F)H20, C(H) F20, and CF30 5 V |s a 5- nbered heteroarylenyl; and Qis

- o 2 OC(NR6), CH( R6)C(NR)
X0,  CH(R6) O(S), HO(NRS),
2CCH2, CF2C=C, C= 2, V
zand R6 N6 or Vis C(OO0
2d from OCH2, N(R6)CHZ2,

N(R6) (O, N(RG)C(S)

trans-(H)C:C(H),
y~I VI X 10 X ; V

C(S)O, (O NR5), or
CH(e) (O, OC(NRG), N(R) CH2, CH(R6) C(S),

S%NRG) tr%?ﬁpﬁﬂ}n%_&(d:bl)ly agdeﬁtabfemwf C‘CCHZ CECCF2, -V v i"\i 1/t X

wherein:

R and R2 independently are selected from: Substituted C;-Cg alkyl, Substituted
5 C2-Cs alkenyl, Substituted C,-Cg alkynyl, Substituted Cs-Cs cycloalkyl,
Substituted Cs-Cs cycloalkyl-(C1-Cs alkylenyl), Substituted 3~ to 6-
membered heterocycloalkyl, Substituted 3~ to 6-membered
heterocycloalkyl-(C;-Cs alkylenyl), Phenyl-(C-Cs alkylenyl), Substituted
phenyl-(C;-Cs alkylenyl), 5-, 6~, 9~, and 10-membered heteroaryl-(C,-Ce
10- alkylenyl), Substituted 5-, 6-, 9-, and 10-membered heteroatyl-(Cy-Cg
atkylenyl), Phenyl, Substituted phenyl, 5-, 6-, 9-, and 10-membered
heteroaryl, Substituted 5-, 6-, 9-, and 10-membered heteroaryl, RBO-(Ci-Cs
alkylenyl), Substituted R30-(C;-Cs alkyl}anyl), Phenyl, Substituted phenyl,
5- or 6-membered heteroaryl, Substituted 5- or 6-membered heteroaryl, 8-
15 to 10-membered heterobiaryl, Substituted 8- to 10-membered heterobiaryl,.
Phenyl-O-(C;-Cy alkylenyi), Substitutéd phenyl-O-(C-Cs alkylenyl), -
Phenyl-S-(C;-Cs alkylenyl), Substituted phenyl-S-(C1-Cs alkylenyl),
Phenyl-8(0)~(C1-Cs alkylenyl), Substituted phenyl-S(0)-(C;-Cs
alkylenyl), Phenyl-S(0),-(C;-Cs alkylenyl), and
20 - Substituted phenyl-S${0),-(C;-Cs alkylenyl);
Each R® independently is selected from: Substituted Cy-Cs alkyl, Substituted Cs-
| Cs cycloalkyl, Phenyl-(C;-Cs alkylenyl), Substituted phenyl-(Cy-Ce
alkylenyl), 5-, 6-, 9-, and 10-membered heteroaryl-(C;-Cs alkylenyl),
Substituted 5-, 6-, 9-, and 10-membered heteroaryl-(Cy-Cg alkylenyl),
25 : Phenyl, Substituted phenyl, 5-, 6-, 9-, and 10-membered heteroaryl,
| Substituted 5-, 6-, 9-, and 10-membered heteroaryl;
S, T, U, and W each are C—R4; or
Oneof 8, T, U, and W is N and the other three of S, T, U, and W are C-RY or
Two of S, T, U, and W are N and the other two of S, T, U, and W are C-R*; or
30 Tis Cc-Rr? and S, U, and W are each N; or



~0B6 0 NRE; O 0OOR6 N-~; Nand 6 R5is Hor Cl1-C6 alkyl; R6 is H,
Cl-C6 al kyl, C3-C6 cycloal kyl; 3- to 6-nenbered heterocycl oal kyl; phenyl;
benzyl; or 5- or 6-nenbered heteroaryl; 5 Xis 0, S, N(H, or N(Cl-C6

al kyl); Each V1 is independently C(H) or N, Each "substituted" group
contains from1l to 4 substituents, each independently on a carbon or
nitrogen atom independently selected Ttom Cl-C6 al kyl, C2-C6 al kenyl,
C2-C6 al kynwlsc@mg:ypaﬁ@b\kﬂeea@ﬁp}c& 10 cycl oal kyl net hyl , Phenyl

Phenyl met hyl , 3- to 6- menbered heterocycloal kyl, 3- to 6- member ed

het er ocycl oSlis&Brendil, U,epdMbare@ach N; (Cl - 06 al kyl )-0C(0), HOCH2, (Cl -G8

N 20 85“2%@2‘%“%‘1%@%% e EAdL B B e 50 .

(Cl-06 al kyl) 15CEOHLC! CIFYEO, MaHdROLO N(Cl -6 al kyl ), (C-C6
| kyl O N(Cl | kyl CIC6IkI2N O N Cl-C6
Z| k§| %2 Nq%lmérm%beraqlﬁw)oazﬂ«réﬂ 0)?) {c? cecfsu Lyl(;_DN(I(—DC(O)O, (Cl-Co

o) e &% &*%&%LO@%W%O QISR R & al byt ) (0
(01,52 815 comment ey eSSl HE o a0
al k§|) (O - N(H)¢ &{5)22'(5(()%86@1“’34%18 oS- (H)Cey EDOC=C3CEEFCeny| ) ,

HO- C(=0) - (C3- C6 @¥ek |d§y®b‘—}ddl: Phenyl substituted with 1 or two
substituents selecte from éH, OcHs, C—N COON, COOCH3, C(=0 CH3,

and CF3, 5- or 6-nenberedyl—y

/ﬁ)\ /4)\

10 . 5

N . N
R6 s .
1

0
N
RS N~ I:(N\ and
6

or
V is C(0)0, C(8)0, CO)NR), or C(S)NR®); and
Q is selected from: OCH,, N(RG)CHZ, CH(Rﬁ)C(o), OC(NR®), CHR®CNRS),
15 NRYCINR®), NR)CH,, CHRHC(S), SCINR®), trans-(H)C=C(HD, cis-
(E)C=C(H), C=CCH,, C=CCF,, |

vieyt Viex



25 heteroaryl,

5- or 6-nenbered heteroaryl

substituted with 1 substituent

-48- selected fromF, d, OH OCH3, C=N, COON, COOCH3, C(=0O CH3, and CF3,

SBH, PG3HZ,

is N-C(=0);

and R7R7a-(J)m N(H) CH2, wherein mis an integer of O
and R7 and R7a are independently selected from hydrogen, Cl-C6

or 1; 1

alkyl, (C-C6 alkyl)-C(=0, C-C6 al kylysubstituted with 1 5 or 2 OH, C-C3
al kyl -0 (d -C3 al kyl enyl), 5- or 6-nenbered heteroaryl- C(=0, and

al kyl)-S(0O 2; or R7and
to which they are botfy

ded to for iY a 3- to 6- nenbered

het er ocycl oal kyl, optjonally substitgledy\with a CH3 or oxo (i.e., -

containing the nitg

(i) a 5- or 6-

addi ti onal

N atom and carbon atons; wherein each substituent on a

atons, and carbon atons

het er oaryl i ningsthe nitrogen atom O

(Cl- G

may bepd aken ogether with the nitrogen atom

:O),
10 or
or 1
car bon

atom may further be independently selected from H& o; 15 HOR2C, and
OCH2O, wherein each~\Q is nded to adj aggnt carbon aNonms to forma 5-

menbered ring; wherei substi t ts y be taken tggether with a carbon
atomto which they e Dbot h bonde formthe gr 20 wherein two
adj acent, subst antd lﬂﬁsca;r bon /at o maty;fﬁuliil t aken gether with a

di radi cal substit'tent to forma CNLe” diTadi cal sel ecRgzd from R 00 N

:)CO:):IDNRR ON 00
R’ is H or C1-Cg alkyl;

10

15

20

25

6.
R"is H, C1-Cg alkyl, C5-Cs cycloalkyl; 3- to 6-membered heterocycloalkyl;

phenyl; benzyl; or 5- or 6-membered heteroaryl;

Xis O, S, N(H), or N(C;-Cg alkyl);
Bach V!is independently C(H) or N;

Each “substituted” group contains from 1 to 4 substituents, each independently on

a carbon or nitrogen atom, independently selected from:

C1-Cs alkyl, C-Cg alkenyl, Co-Cs alkynyl, C5-C cycloalkyl, C;-Cg
cycloalkylmethyl, Phenyl, Phenylmethyl, 3- to 6-membered
heterocycloalkyl, 3- to 6-membered heterocycloalkylmethyl, cyano, 8“1’33,
(C1-Cs alkyl)-OC(0), HOCH;, (C1-Cs alkyl)-OCH,, H,NCH,, (C;-Cg
alkyl)-N(H)CHg, (C1-Cs alkyl);-NCH,, N(H),C(0), (C;-Cs alkyl)-
NE)C(0), (C1-Cs alkyl);-NC(0), N(E),C(O)N (H), (C-C; alkyl)-
NEYC(O)IN(ED, N(H),C(O)N(C}-Cs alkyl), (C1-Cs alkyl)-NEDCOIN(Cy-
Co ally), (C1-Cs alkeyl),-NC(O)N(H), (C1-Cs alkyl),-NC(O)N(C-Cs
alkyl), N(H),C(0)O, (C1-C alkyl)-N (E)C(O)O, (Cr-Cs alkyl);-NC(0)O,
HO, (Cy-Cs alkyl)-O, CF50, CF,(H)O, CE(H),0, HN, (C4-Cs alkyl)-N(H),

{Ci-Cs alkyl)2-N, O2N, (C1-Cs alky})-S, (C1-Cs alky)-S(0), (C;-Cs alkyl)-

S5(0)2, (C-Cs alkyl),-NS(0), (C1-Cs alkyl}-S(O)-NH)-C(0)~(Ci-Cy
alkylenyl)y, (C1-Cs alkyl)-C(O)-NH)-S(0)2-(C;-Cs alkylenyl)w, HO-
C(=0)-(C;-C; alkylenyl), HO-C(=0)-(C3-C; cycloalkylen-1-yl), Phenyl
substituted with 1 or two substituents selected from F, Cl, OH, OCHs,,
C=N, COOH, COOCH;, C(=0)CH;, and CF, 5- or 6-membered
heteroaryl, 5~ or 6-membered heteroaryl substituted with 1 substituent



rt i/1bul/ U -499 0; RXO1VS NNN RR;andR Ris Hor A-C6
alkyl; mis an integer of 0 or 1; 5 wherein each 5-nenbered heteroaryl enyl

i ndependently is a 5-nmenbered ring containing carbon atons and from1l to 4
het eroatons selected from10, 1 S, 1 NH, 1 N(C-C6 al kyl), and 4 N,
wherein the 0 and S atonms are not botjg present, and wherein the

het eroaryl enyl nmay optionally be unsubstituted or substituted with 1

substituent sel egtlesled from ¥,|GI00H, OCHR, CERNEOOHNCHOEH,, ¢EOhHDraaet hy!
cyano, and acetyl  wherein each heterocycloal kyl is a'ring 'that contains

carbon atoms and CFactOdH, PsHerandiRoRE - N dEnvbgreinaings prethtfgenoi® O, 1 S, 1
S(O, 1 S(0)2, 1 _N,. & . 2 a-, (0. I an rein when two O
a’E o?n; or (()n)e o % %mﬁgr%%@’@gﬁoh%% %@?gt{%‘d t esef%ﬂgmﬂ ons or one O

atom and one 15 Sylogen, @ C ikl (@)ABIe)-€aad, O TRtalkyd BehskiRlsi# | he i ng

is saturated or optionally contains one carbon-carbon or carbon-nitrogen

doubl @ bond:  whé&F &KL Lacks akyliierEa alkyleayat-yir 6cpembgred heterohiyh- at ons and
f 1 to 4 het iAd ; 5 S. 1N , 1
NG5 Cal k) © CROS TR (CLCR ARG SR W e ko ol it 2 o,

atons 20 and 1 e ilrbgenetan towhichnbispea behtboydakiodoined) A 3omdN, N(H), and

N(Cl-C6 al kyl), and,5- and 6- ered heteroaryl are nonocyclic rings; and
9- and 10- nenbei‘lﬁ’ﬂlhqﬁdgﬁ?é? el Leptoyallysybsiitued witha SRyoummeybei ¢ ri ngs,

romat i ¢, and wherdi T bunE ik ifodn il CFon KORE Sk ol ool Y6 %" nd 25
S atdfls are not bofijed-oobenahbatdbeteroaryl containing the nitrogen atom, 0 or 1
additional N atom, and carbon atoms;
wherein each substituent on a carbon atom may further be independently selected
from:
Halo;
15 , HO,C; and
OCH0, wherein each O is bonded to adiacent carbon atoms to form a 3-
membered ring;
wherein 2 substituents may be taken together with a catbon atom to which they
are both bonded to form the group C=0; *
20 wherein two adjacent, substantially s.p2 carbon atoms may be taken together with a
diradical substituent to form a cyclic diradical selected from:

Z-...w

e




-50- wherein wth any (Cl1-C6 al kyl)2-N group, the Cl-C6 al kyl groups may be
optionally taken together with the nitrogen atomto which they are attached
to forma 5- or 6-nenbered heterocycl oal kyl; and wherein &ach,a Qup, and, .

each substituent recited above is independently sel ected. Anot her aspect
of this invention is the conpound of Fgrnula la, or a pharmaceutically
acceptabl e salt thereof, wherein S, T, J, and Ware each CH or one of S,

T, U and Wis N and the other three of S,RT, and. Ware each CH, and V

is selected fromth Ogps: J-c, NN 1 N-SN NN N X X N==N

N==N N and N~ whe Is 0, S, N(H). 15 -5 Anagt her aspect of this

I nvention is the coan of . For I or .a utically acceptable
one of S, T, U and W

salt thereof, whefein™5 T, U, afd re each CH or
is Nand the other three of S, T, U w@nd Ware each CH, and Qis C=C or
N(R6) C(O). 5 Another aspect of this ipvention is the conpound of Formula

la, or a pharmaceyti | y acceptabl alt thereof,Syherein S, T, U, and W
-are each CHor oneflof S| T, U angi Wigd N and t otRer three of S, T, U,

and Ware each CH, is selectlied frlom N -X N

N N
| ) I
R is Hor C;-Cg alkyl;
mis an infeger of O or 1;
5 wherein each 5-membered heteroarylenyl independently is a 5-membered ring

containing carbon atoms and from 1 to 4 heteroatoms selected from 1 0,1 .. »
S, 1 NH, 1 N(C1-Cg alkyl), and 4 N, wherein the O and S atoms are not

both present, and wherein the heteroarylenyl may optionally be
unsubstituteéd or substituted with 1 substituent selected from fluoro,
10 methyl, hydroxy, trifluoromethyl, cyano, and acetyl;
wherein each heterocycloalkyl is a ring that contains carbon atoms and 1 or 2
heteroatorms independently selected from 2 0,1 S, 1 S(0), 1 S(O), 1 N, 2
N(H), and 2 N(C,-C; alkyl), and wherein when two O atoms or one O
atom and one S atom are present, the two O atoms or one O atom and one
15 _ S atom ate not bonded to each other, and wherein the ring is saturated or
optionally containé one carbon-carbon or carbon-nitrogen double bond;
wherein each 5-membered heteroaryl contains carbon atorns and from 1 to 4
heteroatoms independently selected from 1 O, 1 8, 1 N(H), 1 N(C;-Cs
alkyl), and 4 N, and each 6-membered heteroaryl contains carbon atoms
20 -and 1 or 2 heteroatoms independently selected from N, N(H), and N(C;-Cg
alkyl), and 5- and 6-membered heteroaryl are monocyclic rings; and 9- and
10-membered heteroaryl are 6,5-fused and 6,6-fused bicyclic rings,
respectively, wherein at least 1 of the 2 fused rings of a bicyclic ring is
- aromatic, and wherein when the O and S atoms both are present, the O and

25 S atoms are not bonded to each other;



N /-~ NN N,NXX NNN N N 10 N-NN-X N=N N==N and N4~
wherein Xis O S, or N(H. -52- Another aspect of this invention is the
conmpound of Forrmula Is, or a pharmaceutically acceptable salt thereof,
wherein S, T, U and Ware each CHor one of S, T, U and Wis N and the
other three of S, T, U and Ware each gH and each of Rl and R2 are

i ndependently selected from 5 Substlté d C3-C6 cycloal kyl-(Cl-C6

al kyl enyl Hehen e I 1 | -
al kzl en§|§ 5 GWIth( Y(@@C% M)g“an%?D lel%’sﬁg?ér%ﬁl@? #@Q&Y%ngyl enyl): and

Substituted 5-, @ptlogaﬂytalemltggeth@rmélvﬁvanﬂimmammwmh@&m«wmw) 10
wher ei n each het 8 nd.,from1l1l to 4 heteroatons
i ndependent |y seletégl?ﬁﬁ/ rom %ﬁﬂl%ifégh%%gj%%ﬁgﬁ(ﬁ%eﬂ -C6 alkyl), and 4 N,
and 5- and Gxinesiheachdobep aideich lsulﬁdh@;diﬁﬁfé@ﬁy@hbcﬁreﬁs ME8peatshiR seflfql10-

nmenbered heteroaryl are 6,5-fused and 6, 6-fused blqtyCHC rings,
respectively, wh ther gspecbelsthis inysmtion és @eFQ@B@lUIKi é‘sml‘ltllada,mr(aycl icringis

15 arorratic, re the 0 and
S atoms are Phards gagkrt oé’%gdghetﬂﬁﬁfe? WWﬁﬂ%ﬁﬁ?ﬁ{ﬁf’) QWGPP ﬁgﬁi each
substi t uent one of BJEPE el Wiy Nsamkieled eitler three of S, T, U, and W are each CH, and

V is selected from the groups:

/Q\ /&)\ I\ N~ ,
FoUNreW _ ,@\

-+ N== ==N
NG i &
[ ) »
A~ L)

?

N=N N==N

\ /
/&\ AN —N )\

N . and N H
wherein X is O, S, or N(H).

15



Anot her aspect of this invention is the conpound of Forrmula la of 20
Formulas Ila, IIIl, IV, V, VI, VIIl, or IIl v tl ~ayw~~ 13 ;'z1" g l-~a
111

lla 1y5t, ~C, iyt. (Yrv. F yFwlt,,}yyF ~~ ON RIB/ ~NN-R2 NI 11 H
T -53- N,NN=N'RI--{\NR2X/NIV TNN—-N R- 1/ NRZXNV T5 Ya
3tYi~7rvr }u,RM r? e~45~~%-'yo- i~ ~tdv ~ frt- ' k2 Cp -9

.k 5w .Zt. Z<fPy n ~t }r - N*451“vwr" .- .:r'3n"; N R >- R XX

VIT NN N R - (Llyphfer és%gct of this invention is the compound of Formula fa, or a
pharmacentically acceptable sait thereof, wherein S, T, U, and W are each CH or
one of S, T, U, and W is N and the other three of S, T, U, and W are each CH, and
Q is C=C or NR®)C(O).

5 Another aspect of this invention is the compound of Formula Ia, ora
pharmaceutically acceptable salt thereof, wherein S, T, U, and W are each CH or
one of S, T, U, and W is N and the other three of S, T, U, and W are each CH, and

Q is selected from:

N—X X—N
/k)\ /&)\ /4\__,\1\“\ ’
A e L
N N \
/Q)\ A

' N . =N '
10 N ’ 7
I/"‘“‘I\{ N—X
A A
N== \ Il\f:.:N
/&\ /N\“ - N\ /k
N ,and N ;

wherein X is O, S, or N(H).



X X VIH 10 or a pharmaceutically acceptable salt thereof, wherein T is CH
or NN Xis O S, or N(H, and and each of Rl and R2 are independently
selected from Substituted C3-C6 cycl oal kyl -(Cl-C6 al kyl enyl);

Phenyl - (Cl - C6 al kyl enyl); 15 Substituted phenyl-(Cl-C6 al kyl enyl);

5-,6-,9-, and 10-nenbered heteroaryl-((l-C6 al kylenyl); and Substituted
5-, 6-, 9-, and | O-nenbered het eroaryl“-%‘Cl -C6 al kyl enyl); -54- wherein each

het er oaryl cont aiansthephdes iR nvaltod SR dorkfbutd gﬁ@ﬁ Lndependent |y
selected from 10, 1 S, E?@N > IR)I), gﬁ %\I?djg)ﬁg 5- and

_ () 1NC- G alky
6- menber ed RBuEREsgall R pecepiablesely ticrfrwirgendhd, U, anhW &6-eacin@Hrord

wherein at PREghST. SRS dnd et o Tired b Y it oY B i I adat | o,
and wher ei neudheof R'hed RE aanidd&peatianly seRktd#og:pr esent, the 0 and S atons are

not bqgnded to each ot hgr; and wherei n each group and each substituent is
i ndepehdent |y sePB ed ¢y CagpelpdkyldEpdetalofenyly s i nvention is a conpound

of Fornula |a sebgghedc. .

4- (5-{3-[5-(4-Ch oérif(}.fgﬁle%?@{‘?ﬁ?%m| -2-yl]-phenyl }-[1, 3, 4] t hi adi azol - 2-

yl et hyl ) - benzoi Substitwted Fnyl-@MyECs alkylenyl); ‘

4- (5-{3-[5-(4- Ch%or O-9Dha%§y|0> -oxazol -2-yl | - phealéﬁ{égj, 3, 4j thi adi azol -2- 15
yl met hyl ) - benzoi & &ei%, 206 Oxmernberad Betptonedi(Cy ¥ adsal t t hereof .
DETAI LED DESCR! PE}bin (ki 3HE. o ( L $p ] r@an~pravi des. conpounds
defined by Formula | 207 T, ,P%ﬁiﬁb%}rg%é%éhét&‘é%@ﬁ ¢ CEaﬂieﬂ%,

10 wherein each heteroaryl contains carbon atoms and from 1 to 4 heteroatoms
independently selected from 1 0, 1 S, 1 N(ED, 1 N(C1-Cs alkyl), and 4 N,
and 5- and 6-membered heteroaryl are monocyclic rings and 9- and 10~
membered heteroaryl are 6,5-fused and 6,6-fused bicyclic rings,
respectively, wherein at least 1 of the 2 fused rings of a bicyclic ring is

15 aromatic, and wherein when the O and S atoms both are present, the O and
S atoms are not bonded to each other; 3.':1(1

wherein each group and each substituent is independently selected.
Another aspect of this invention is the compound of Formula Ia of
20 Formulas Ia, I, IV, V, VI, VII, or VIII

Ila




or a pharmaceutically acceptable salt thereof, wherein R, Q S, T, U V,
and R2 are as defined above. The invention al so provides pharnaceuti cal
conpositions conprising a conpound of Formula I, or a pharmaceutically
acceptabl e salt thereof, as defined 25 above, together with a
pharmaceutically acceptable carrier, qg_pent, or excipient. -55- The

i nvention al so provides nmethods of inhibiting an MW-13 enzyne in an

ani mal , conprising adm ni steringNtoyt he ani malyaMonpound of Fornula I, or
a pharmaceutically acceptabl e gal tythereof. e iyvention al so provides
met hods of treating a disedse i d -13®enzyne in a patient,
conprising admnistering to the ﬁﬁtien of Formul® 1, or a
pharmaceutically acceptable salt therepf, ther alone or in a
pharmaceutical conposition. The inventl so provi des nethods of treating
di seases such as heart disease, nmultiplée sclerosis, osteo- and rheumatoid
arthritis, arthritis other than 10 osteo- or rheumatoid arthritis, cardiac
i nsufficiency, inflammtory bowel disease, heart_failure, age-related
macul ar degeneration, chronic o Nctive pul Mdfalky disease, asthm,

peri odontal di seases, psor igs4 atflerosclerosfi s, Mrdpdsteoporosis in a
patient, conprising adm nisterin 0 ti conmpound o¥% Fornul a |

or a pharnaceutically acceptabl e salt theg of, either alone or in a

phar maceutical 15 conposition. The inv al so provi des conbi nati ons,
conprising a conmpound of Formula I, or “g“pharmaceutically acceptable salt
thereof, together with another pharmaceutically active conponent as

descri bed. As seen above, the groups ude "C1-C6 al kyl"
groups. 20 C1-C6 alkyl grg Y SRkt i R NS TS N chai ns
having from1 to 6 carbon &¥OR: i ncl ude

nmet hyls ethyl, 1-propyl, e Tol
| -pentyl, 2-pentyl, 2,2-dEmsts

10 : or a pharmaceutically acceptable salt thereof,
| wherein T is CH or N, X is O, S, or N(H), and and each of R' and R? are
independently selected from: |
Substituted Cs-Cg cycloalkyl-(C;-Cs alkylenyl);
Phenyl-(C;-Cs alkylenyl);
S Substituted phenyl-(C;-Cg alkylenyl);

5-, 6-,9-, and 10-membered heteroaryl-(C;-Cq alkylenyl); and
Substituted 5-, 6-, 9-, and iO-membere_d heteroaryl-{C;-Cs alkylenyl);



25 defined above that is substituted with from1 to 4 substituents

i ndependently selected fromthe |Iist above. Illustrative exanpl es of
substituted Cl1-C6 al kyl groups include CH20H, CF20H, CH2C(CH3)2CQ2CHS,
CF3, C(OCF3, C(O- CH3, (CH2)4-S-CH3, CH(CO2H) CH2CH2C(O) NMe2,
(CH2)5NH C(O - NH2, CH2-CH2-C(H)- (4-flwarophenyl), CH(OCH3) CH2CHS,
CH2SO2NH2, and 30 .CH(. %}%%CHZO C(OCH3. -56- The term"C2-C6 al kenyl "
means a straight TP LR emﬁﬁ%%%‘!lmwb@ Apus endifibonl wroup having from 2

to 6 carbon atons and and incl ude
al l enyl groups. Typi Caffeté@iaé%?%@@@%a@i Teﬂ‘%g‘ﬁwﬁ (goldgﬂs Nl dE1-et henyl ,
| - propen-1-yl, 1-propdrsatky), an&mf,@ﬂ@s Mﬁ-me&xb@tbﬁ%te@ozﬁ-yﬁ 2 Al kenvl ®

al keny

2-penten-2-yl, and 1-hexen- cﬁ}cy phrase "substitut
means a C2- C6 al kenyl "8¥°GE aigs a‘&%%v@ld Whmembered detosdarylure6ls\iided from 1

to 4 substituents i nd@g@g@ﬁgé&fh@f&lﬁﬁ.&g LP“"?'%EBHS’F}S" st flgoviﬁﬂly@ﬁrft' ve

exanpl es of substituted - | 'ceny

CH=CF2, CH2(( ( 1) C( H) %@Wbmbxcwlﬁﬂ%aaﬁamhm%'&h&(ﬁ& Cr3,
CH2- GH2- O(H) = b%ato%gpoﬂ%é_ym) SATES
(1) =C(H) - H) C(CHS) cegenty thy Bmd)Sarems Tireendt bomdel C2- 06

al kynyl " neans a straigéich@thepraagched, unsubstituted hydrocarbon group
having from 2 tongcar bon atons and 1 or 2 carbon-carbon 15 tri pl e bonds.

'{ypl cal e>?<)arr|pl ei Tegrpeach #Wlea@rmbwuequ imge%-eﬁﬁétﬁlwge]gcﬂelﬁpr _(I)_Eyn Ih yl,
prgpyn- 3-y n an ex yl. e phrase
"substituted C2- %%Uﬂjlgﬂasﬁy%ipfﬁgﬁﬁg Iét}/c@?séﬁo%‘PwafE@nﬁbﬂﬂﬁddctefhbove whi ch

is substitufrest:with from1 to 4 substituents independently selected from
the |list above. II ilﬁtratlve exanpl es of substituted C2-C6 al kynyl groups

2| e Coni S et o e £
- : e term -
0 R Rl o o

cycloal kyl " neans an unsu dr ocar bon _
4-(5-{ 3—[5~(4—Ch1oro—phenyl)-oxazol—z-yl]-phenyl }-[1,3,4%thiadiazol -2-
15 ylmethyl)-benzoic acid; or

a pharmaceutically acceptable salt thereo\f.

DETAILED DESCRIPTION OF THE INVENTION

This invention provides compounds defined by Formula I

20 I
or a pharmaceutically acceptable salt thereof,
wherein R}, Q, S, T, U, V, and R? are as defined above.
The invention also provides pharmacentical compositions comprising a
compound of Formula T, ora pharmaceutically acceptable salt thereof, as defined

| 25 aboye to gether with a pharmaceutically acceptable carrier, diluent, or excipient,



group having from3 to 6 carbon atons. C3-C6 cycloal kyl may optionally
contain 25 one carbon-carbon double bond. The group C3-C6 cycl oal kyl

i ncl udes cycl opropyl, cyclobutyl, cyclopentyl, cyclopenten-I|-yl,

cycl openten-4-yl, and cyclohexyl. The phrase "substituted C3-C6

cycl oal kyl " neans a C3-C6 cycl oal kyl asss.defi ned above, which is
substituted with t 0 substituents independently 30 selected from
the |ist above. | ﬁ“%g rn??WéSWQWF%@GWd§GMMMﬂhM3 kyl -57-
groups i ncl verariizial, domsiisiay aHRGQRY, t anon- 3-y1, 3- (3- phenyl - urei do) -
cycl opent - 1-¥I ._and 4-car boxy- cycl o%?e%"ﬁ% &Bﬂ’f‘ﬁ%"?}ﬂl’ of Formyla §-armber ed
het er ocycl oa Wﬂc‘?\’ﬁﬁfﬂb’%@m#ﬁﬂs&ﬂmﬁaﬁd saturated cyclic group having

S 1750 T S0y 2 S o A moiplls Ccisating s iseasaimosdina g Lo O
atons 9r oneMOIRddmmzmeb ianepaBet S5 .the two O atons or one O
atom and one are n(r)af[ip bonded %ﬁ%ﬁ@me&n.g%ﬂﬁﬂﬁﬁﬁﬂ%on@ouﬂd to

at o
6- menber ed h"é?é’FBE dt ¥ Byprmpseptioalivt amceptabie salehbRBE, GRHGU, r, Garbon-
ni trogen dOLﬂhlaﬁangﬂ&al&lrﬂ&@%Eﬁc@{[ive exanples of 3- to 6-ne erf &4
% .

het er ocycl oal kyl 3%; I nc s aziridin-1-yl, |-oxa-cyclobutan-2-yl,
t et r ahyr dof ur an- Fhglinvemtiowhied provides Yhethdds 7| hex- 1-yl ,
2- oxo0- 2- t hi geyel ohes 1-yl . 2, 2-di ox0- 2-t hisaclgg%%e‘ggeﬁiﬂs,ugh arhpart

4- et hyl - pi per azi pki §C1efﬁ%3:mﬁwas@d'@amaﬁoimtﬁ; arflRite ok ed

het erifcycl oakiksyd or iBERS0iA 1 . nenber.ed het erocycl oal kyl "as defi ned
above, which is substitute nh%ﬁaésd;%ﬁi%ﬁﬁ]ePW:lﬂlfbﬁﬂﬁmtDWeGdisé&@Pendent ly

sel ected fr Bfatt fdure, ege-mbnndemaduliiRbe g f Substituted 3- to
6- menber ed Hgg%%oa cl oal k I ncl udegz- hydr 62@%%%?"&%@ fy@ro,nary
3- 0x0- 1- oxacycl obut arn> QE”F;‘/‘%/ ontal disgsa trsgiiasise hihatpclembidl &1 odrebborosiy

( ; (v)3]
car boxy- nor phopdtiand cotprid: aém‘ﬁ?d | di.lEL Nyl - pi per azi n- pe yP' The. term
"HO- C(=0) - (C3-C6 cyc] oal k%en- S;E/E} ; i trgre Ty “#%#E%ﬂungpﬁﬁpmﬂal,_m formul a
(A) O(A) & pharmaceutically acceptable salt thereof, either alone or in a pharmaceutical
15 composition.
- .- - \
The invention also provides combinations, comprising a compound of
Formulal, or a pharmaceutically acceptable salt thereof, together with another
pharmaceutically active component as described,

As seen above, the groups of Formula I include “Cy-Cg alkyl” groups

20 C1-Cg alkyl groups are strai ght and branched carbon chains having from 1 to
6 carbon atoms, Examples of C1-Cg alkyl groups include methyl, ethyl, 1-propyl
2-propyl, 1-butyl, 2-butyl, 2,2-dimethylethyl, 1-pentyl, 2-pentyl
2,2-dimethylpropyl, and 1-hexyl. '
The phrase “substituted C1-Cg aiky!” means a C1-Ce alkyl group as
25 defin

ed above that is substituted with frqm 1 to 4 substituents independently
selected from the list above. Mlustrative examples of substituted C1-Cg alkyl
groups include CH,OH, CF,0H, CHC(CH3)9CO,CH3, CF3, C(0)CF3, C(0)-
CHg, (CH2)4-S—CH3, CH(COzI{)CH2CH2C(O)NM62, (CHg)sNH-C(O)-NHz,
CHy-CHy-C(H)-(4-fluorophenyl), CH(OCH3)CH,CH;, CHpSO7NH,, and

30 CH(CH3)CH,CHy0C(0)CH, |



HO (CH2) 1-4 The term "Cl-C6 al kyl enyl" means a saturated hydrocarbon
diradical that 1is straight or branched and has from1l to 6 carbon atons.
Cl-C6 al kylenyl having from2 to 6 carbon atons may optionally contain one
car bon- carbon doubl e bond. 25 Illustrative exanples of Cl-C6 al kyl enyl

I ncl ude CH2, CH2CH2, C(CH3)H, C(I—i)(CI—g%CJ—lZG—lZ and CH2C( H) =C( H) CH2.

Anal ogously, Cl1-C3 al kyl enyl neans a tur at ed. hydr ocarbon diradi cal that
is straight or bragehgdand E&ﬁnﬁf’%ansla&@a@u@b%eh@ AfFubstiiaedphr ase
"C3-C6 cycl oal kyl -(d -C6 "al ?<yl enyl )" _ means a C3-C6 30 cycl oal kyl, as

defi ned abohydrob&bdegrohbmﬂggfx@nﬂt&lﬁc@bk]yhtenwlandaSeref‘armctaﬁBnmve -58- The
phrase "Substi tuted, C3- cl oal kyl 6 al kylpie@yl ) - (Cl- C6 aII kyl enyl )"
means a sub€pyil ﬁp@éfis@d@ec}éé%?l@?&wﬁo‘@%;m@ﬂ SFE2-boakemw! t hrough a

Cl- C6 al kyl enyl, . ef.in d above. S -

et er ooy o] o B1Pb LRI EHIeR k) BORFF Vg aapotor- sl -prbgerl W Ao oL

het ergcycl Oglﬁé)ﬂen- Qﬂi_ﬁggna@?y bonded through a CI-C6 al kylenyl, as
defi ned above. The phrase "Substituted 3- to 6-nenbered

het er ocycl oal kyl Thephugse “sabstithted 1) Cq atkamd” alesnﬂoaﬂmﬁﬁ kel as defedenber ed
het erocycl oal kyl , as defined above, bonded through a C -C6 al kyl enyl, as

def i ned abovkove; Whithds substimiedafuiom | o4 substiments mﬁippqndenﬁ%%f%ﬁdphenw
a1 oup- bondegn i aualbcg GhaFygh EYSHM ol AR HEREM fbasD ol kvl eny!

is as defined above AT ve anpl e kyI enyl)
i ncl ude bengyh,g %(?12.9@ C @ cCHAEEopheny! - pentyl .
The phrase " Suubgtl %—b@?’i}?l}, (%_ ?%’@#i% @ I%I)L rre%%s g phenyl - (Cl-C6 15

al kyljgnyl ) @Hziqémgﬁz@gpﬂf C(‘M)EetH) €F§L@H§ egpCEha)-cag/ or Cl - C6

al kylenyl | wth fro t0 4 Substituénts”indépendently selected fromthe

| i st above. COH}FC(EFTMS- @ngtxaivﬁbﬁ)—OXH;‘:t(t(S]H WesMphmdyl - (Cl1-C6 al kyI enyI )
I ncl ude 4-fluoro- phenyl nethyl, 2-(4- carboxy phenyl) - et hyl,

1- (2, 4- di meC@)xCERPCIOEHx 0-
The term “Cp-Cg alkynyl” means a straight or branched, unsubstituted

hydrocarbon group having from 2 to 6 carbon atoms and 1 or 2 carbon-carbon
15 triple bonds. Typical examples of C9-Cg alkynyl groups include ethenyl,
1-propyn-1-yl, 1-propyn-3-yl, 1-butyn-3-yl, 2-pentyn-1-yl, and i-hexyn—ﬁ-yl._
The phrase “substituted Cy-Cg alkynyl” means a Co-Cg alkynyl as déﬁned

above, which is substituted with from 1 to 4 substituents independently selected
from the list above. Hlustrative examples of substituted Co-Cg alkynyl groups

20 include C=CCHyOH, C=CF, CHpC=C~CHy)oCFy0H, C=C-CHyCO»CHs,
CH,C=C-CF3, CHy-CHy-C=C-C(0)-CHz, C=C-S-CHz, and
C=C-C(0)OC(0)CH3. |

The term “C3-Cg cycloalkyl” means an unsubstituted cyclic hydrocarbon

group having from 3 fo 6 carhon atoms. Cs-Cg cycloalkyl may optionally contain
25 ~one carbon-carbon double bond. The group C3-Cg cycloalkyl includes
cyclopropyl, cyclobutyl, cyclopentyl, cyclopenten-1-yl, cyclopenten-4-yl, and
cyclohexyl.
The phrase “substituted C3-Cg cycloalkyl” means a C3-Cg cycloalkyl as

defined above, which is substituted with from 1 to 4 substituents independently
30 selected from the list above. TMustrative examples of substituted C3-Cg cycloalkyl



propyl, and 1-phenyl-5,5-difluoropentyl. 20 The term "naphthyl" incl udes
1-napht hyl and 2-napthyl. The phrase "Naphthyl-(C-C6 al kylenyl)" neans a
napht hyl @roup as defined above bonded through a Cl-C6 al kyl enyl
diradical, wherein CI-C6 alkylenyl is as defined above. Illustrative
exanpl es of naphthyl-(C-C6 al kyl enyl),, include naphth-1-ylnethyl,

2- (napht h-1-yl)ethyl, and 3-(naphth- 2-§/I )-1-pentyl. 25 The phrase

" Subst i t ut egroupphiichyle-10Gldré-Blclopraiy) 6)51&105@%"33&@@%?15{}@%’% lor Cl-C6

al kyl enyl ) as defined above, which is substituted on nap
al kyl enyl ~ weyYHonesrbkiyl, a0d 4acasbpyyayclpbasd. i ndependent |y sel ected fromthe

list above. I1I ' ' &l | -(Cl -. | kyl enyt
i ncl ude 4-fl uor ol-:m% R%%%%%"?&g“@én%@éhé@%ﬂ%@%’@og@gﬁ%ﬁ}%ﬁ%ﬁ"f) - gt hyl>/, )
i- E 2, 4;] d |h n‘fzakzit?m;ed?ogc]@mg]lohp haviny ba)r?)eﬁ a?ﬁﬁ amri] by B,he?ﬁﬁht%ms ingependeléﬂy

- (napht h-2-yl)-5, 5-dj ropent yl . e phrase "5-, 6-, 9-, an

10- ne%beredséi%‘%t%‘f%ﬁmgq (5’ ﬂgahg&g’ Y§(%Wb§r QMM(Q;CCE@M&)W yl, a

6- menber ed, nocyvel i c teroaryl, 9- nenbered, 6,5-fused bicyclic

het eroaryl , ngl‘ﬂgl ‘?/['B@Ih%‘fﬂr;@ragodfm %'?/0619?@‘?85‘ %ﬁ@%lsiagomﬁﬁpfﬁﬁ?%%‘?‘%ﬂy(? havi ng
car bon at ongroaRthrbhO M dtoh@nd oheS AR ERBL bAKRALHSRAkNEr. Gt 1§,da”°m 10,1
SS 1 NH,1 N(C-C6 alkyl), and 4 N, wherein at |east one o he 2 fused

rings is arén@b-membpagdhiierasyelopliphmeneomaiange Sarhownebbobhcaben- present ,

the 0 and S [ of nfded to each her, which are as defined 5

(e 0, 20 Sofh a0k aaS: O3ke BRRHRTLY SRl 25 bbbl e Erisairela

5- nenber ed, inelies ¥Aidia. 1-7 eRhic9clbbiten- ALy iBtafrdsthianen 19{9{6\/;5'*\}]“:.&1 vi.ng carbon

atons and from1 to 4 heteroatons selected from10, 1 % 1 N(H, 1 NC-C6

al kyl ), andyk2rbiagyqleherrlayh Joxexaiscueols 14,5, Indivner2ediacydomxy iyl c

het er oar yl i | le. thiaobhen-2-yl, furan-2-yl, pyrrol-3-yl, pyrrol-1-yl,

I m dazol -4-y 4?‘%(%?(1#3?&%9?3&] oxazol -2-yl, thiazol-4-yl, tetrazol-1-yl,

1, 2, 4- oxadi azol - Bhyphrase ‘Quistinitbdi2olo-6-eibered hetep)tyaio gy B nidans b 5L Jo The

phrase "6-nmenbered, nonocyclic heter oa;ﬂgl " means a _6-nenbered, nonocyclic,
PRy

aromatic ri AgnegRRsE hteraefclondiy] andeioed whighis gubstituted with from

15 1 to 4 substituents independently selected from the list above. Iustrative
examples of substituted 3- to 6-membered heterc;cycloalkyl include 2-hydroxy-
aziridin-1-yl, 3-oxo-1-oxacyclobutan-2-yl, 2,2:dimethy1—tetrahydrofuran-3~y1, 3-
carboxy-morpholin-4-yl, and 1-cyclopropyl-4-methyl-piperazin-2-yl.

The term “HO-C(=0)-(Cs-Cs cycloalkylen-1-y1)” means a radical group of

20 formmula {(A)

o

(A)
HO - | X(CHy)4

The term “C;-Cs alkylenyl” means a saturated hydrocarbon diradical that
is straight or branched and has from 1 to 6 carbon atoms. C,-Cg alkylenyl having
from 2 to 6 carbon atoms may optionally contain one carbon-carbon double bond.

25 ustrative examples of Ci-Cg alkyleny! include CHy, CHCH,, C(CH,)H,
C(H)(CH3)CH,CHy, and CHaC(H)=C(H)CHa. Analogously, C;-C; alkylenyl
means a saturated hydrocarbon diradical that is straight or branched and has from
1 to 3 carbon atoms.

The phrase “Cs-Cs cycloalkyl-(C1-Cs alkylenyl)” means a C3-Cs

30 cycloalkyl, as defined above, bonded through a C-Cg alkylenyl, as defined above.



15 atons and 1 or 2 N. Illustrative exanples of a 6-nenbered, nonocyclic
heteroaryl include pyridin-2-yl, pyridin-4-yl, pyrimdin-2-yl,
pyridazin-4-yl, and pyrazin- 2-yl; (iii) The phrase "9-nenbered, 6,5-fused
bicyclic heteroaryl™ nmeans a 9-nenbered aromatic, fused-bicyclic ring
group as defined above having carbon E%Q atons and from1 to 4 heteroatons
selected from1 0, 1 S 1 NH,1 NCl - alkyl), and 4 N. Illustrative

exanpl es of a 9- mﬁ&amd‘SubmﬂdbL@@iybma&m-@pﬁg Ykylehyi3(OFH€E; i ndol - 2-yl ,

i ndol - 6-yl, dol - benzi m dazo] nzi m dazol - 1-yl,
benztri azol 2 pyls]’ ra,sggg:;tu@dﬁg—cﬁw %ﬁé? d?tb‘}ﬁd abo}ﬁ“eﬁ?@‘ieﬁl ophen-5-yl |
benzof ur an- gud Qﬂ s %1 ng (iv) The phrase "10-nenbered,

6, 5-fused bi cy erglal;l [ rfcefglﬁgag&elo menbered aromati c,

f used- bi cyclic rThegpIgamI}S f50-deinbeed] oveyctmliiyh¢Co bl bﬂnylengl)’bmamnd from1

to 4 heteroatons, sel from 1. N and 4 N
|11 ustrat i v&IeRdembe g?‘ﬁ ei%yﬁéﬁ%ﬁéﬂd‘gﬁrl?égﬁbm P?ﬁ%@%@gﬂﬁgéﬁl i ncl ude
qU| nol i n- 2- ﬂkglchﬂoﬁkbﬂe@ﬁkdlﬁbgvew and benzopyrimdin-2-yl. 30 The phrase
"substituted 9-, and 10-nenbered heteroaryl" neans a 5-, 6-, 9-,

and 10- menber ed 'ﬁbﬁtﬂlrwr“)'ﬁlubﬂguﬁéﬂrnle@mhﬂ)e@dhmtﬂr@dyclf@ﬂ@lr%i{‘ﬁ uted on a

R R e P S S e I B

sel ect ed ffﬁliﬂvetﬁlﬁdédﬁﬁ'mighchvﬁr@éb]kyl%hj'rlaﬁdd@finﬁéﬁmﬂees of substituted
5- menber ed, nonocyclic heteroary roups incl ude

2- hydPoxy- oxoazol. %PWS@S‘PbMBdKSi-ﬂm ml)ﬁn;cans Sphenybgiopp bendédzol - 5-yl |

and 2% hexy! DrdiehE ey cedRERMARBHASRyh Sc MIRLI ap dorfied abeS ol 3yl
monocycl i c hﬁt&a&tﬁ&rexbmpm offpiseny P U0 ealkylaRe) iﬁlcluﬂb! bblivl)-Zphénylethyl,

3-fluoro-pyridin-4-y - car boxy- pyrlmdln- 2-yl, 6-tertiary
but yl - pyri db‘?h‘?PYA"PWP‘i"QI 39S PbeRAIYLpy r azi n-2-yl, and 111 10

PILLE I 00 1 Sl TR B e Ll i 2
15 alkylenyl) as defined above, which is substituted on phenyl and/or C;-Cg alkylenyl
with from 1 to 4 substituents independently sele::ted from the list above.
Mustrative examples of substituted phenyl-(Cy-Cs alkylenyl) include 4-fluoro-
phenylmethyl, 2-(4-carboxy-phenyl)-ethyl, 1+(2,4-dimethoxy-phenyl)-2-oxo-

propyl, and 1-phenyl-5,5-difluoropentyl.

20 The term “naphthyl” includes 1-naphihy! and 2-napthyl.

The phrase “Naphthyl-(C;-~Cs alkylenyl)” means a naphthyl group as
defined above bonded through a C;-Cg alkylenyl diradical, wherein Cy-Cg
alkylenyl is as defined above. Hlustrative examples of naphthyl-(C;-Cg alkylenyl)
include naphth-1-ylmethyl, 2-(naphth-1-yl)ethyl, and 3-(naphth-2-y1)-l-pentyl.

25 The phrase “Substituted naphthyl-(C;-Cs alkylenyl)” means a naphthyl-
(Cy-Cs alkylenyl) as defined above, which is substituted on naphthyl and/or C;-Cg
alkylenyl with from 1 to 4 substituents independently selected from the list above.
Hlustrative examples of substituted phenyl-(C;-Cs alkylenyl) include 4-fluoro-
(naphth-1-yDmethyl, 2-(4-carboxy-(naphth-1-yI))-ethyl, 1-(2,4-dimethoxy-

30 (naphth-1-yl))-2-oxo-propyl, and 1-(naphth-2-y1)-5,5-diflnoropentyl.

The phrase “5-, 6-, 9-, and 10-membered heteroaryl” means a
5-membered, monocyclic heteroaryl, a 6-membered, monocyclic heteroaryl, a

9-membered, 6,5-fused bicyclic heteroaryl, or a 10-membered, 6,6-fused bicyclic



I ncl ude 3-(2-am nonet hyl )-indol -2-yl, 2-carboxy-indol-6-yl,

1- (et hanesul fonyl)- iso-indol-2-yl,

5-trifluorometyl -6, 7-difl uoro-4-hydroxynet hyl - benzi m dazol - 2-yl,

4- ( 3-met hyl ur ei do) - 2- cyan- benzi m dazol - 1-yl, 1- nethylbenzinidazoI-G-yI, 15
1- acetyl benztri azol -7-yl, 1- nethanesulggnyl-lndpl -yl

1- cyano- 6-aza-indol -5-yl, and

1- (2, 6- di chl taponyhvins bazrbam bengpyd &oal t ﬁr‘yhateﬂobﬂoﬁﬁﬁﬁ@épbf{&nﬁi‘ anpl es of
substituted 10-nmenbered, fused-Dbi cg}cl ic het eroar% i ncl ude
o¥%

5, 7- di chl oro%éﬂqteﬁémnhlél41|8,|lsl\5@*h (- nCa alyD)y andoft Nowherein atsiast oneofy| ester,
d 3-b d. het | enyl "
and 2B o ReTaRGhiL s, wd Brdi PREARE O SIEIREL Beufet o 021! enY

carbon at orrSpreswt theo(maﬁd‘smtoms frener luated® ceh eﬂiegebv}ﬁdsmzifbhé)defiae& 1 NH, 1
N(C - % alkyl), and 4 N. Optionally, heteroarylenyl may be unsubstituted
or sub3titut®¥%n a carbon atom (CH) or nitrogen atom[N(H)] with 1

substituent sel e(‘(lbed}wﬁ : aU 4G5 Snb wdno?ﬁc%gg;%ép nﬁcfrah% uor omet hyl ,

cyano, and acetyl tive exa np es’ 0 eteroarylenyl

i ncl ude t h| cﬁamembe:;ea mbydcyclic) renmaicTing gryp asdefined aHQVEMVmgIcarbon

imd | t | | |,

l)Tad?;gol 3, %orag/@qd ‘(i?arﬁlrlgé%hetefoaif"a%/??le"te&#éméar%ﬂ)g Né)iilﬁ(clﬁﬁef erred
substi t uent s,y 5PN, Imﬁgu%av@&@d@#hs chlétﬁltnbl?t %3@ ﬁamgayé hegt%rﬁﬁg%j 30

substituted 1-naphthyl or substituted 2 ) pre
subst 1@ uent sineltide thinphem-2atl divsant yl, gwbelt&—yh pgﬂoBl-ryE ningtaeol-4-yi) ivog ¥l C

het er oar yl , stitute b- C| i ¢ het r and, substituted
0 or 30 eribdh Bt B BaE Y IR f a5 S A Ry hal 0

OH, O Cl- G4 phkyhd g@lg_ﬁO) 1, 2- et hyl ened| oxy, CN, NO2, N3, NH2

N(H) CH3, N( )2 O) CH3 oC(O-d-Cc4 alkyl, C(O-H CXR2H C02-(d-¢C4-:

al kyl ), () - N( H)(@H, Theqhgyse6-menpimyedsionocyoly Ketoe)zzyl” eaiG) CHS,

crotep. ) crokipiEst ep el P medad ety el 200 6p5ie o o 1 o

S(0) 2N CH3) Zatortf S ChiB2 NS 6HVR, exinples 678 6-raembindd, QiotfebiblicEsResf! | Y
preferred substituents are 1, 2-nethyl enedi oxy, nethoxy
include pyrdin-2-yl, pyridin-4-yl, pymmdm-z-yl pyndazm—4-yl and pyrazin-

2-yl;

(iii) The phrase “9-membered, 6,5-fused bicyclic heteroaryl” means a

9-membered aromatic, fused-bicyclic ring group as defined above having carbon

20 atoms and from 1 to 4 heteroatoms selected from 1 O, 1 8, 1 N(H), 1 N(C;-Cq
alkyl), and 4 N. Hiustrative examples of a 9-membered, fused-bicyclic heteroaryl
include indol-2-yl, indol-6-yl, i$o-indol-2-yl, benzimidazol-2-yl,
benzimidazol-1-yl, benztriazol-1-yl, benztriazol-5-yl, benzoxazol-2-yl,
benzothiophen-5-yl, benzofuran-3-yl, and indan-1-y1; and

25 (iv) The phrase “10-membered, 6,5-fused bicyclic heteroaryl” means a
10-membered aromatic, fused-bicyclic ring group as defined above having carbon
atoms and from 1 to 4 heteroatoms selected from 1 O, 1 S, 1 N(H), 1 N(C;-Cs
alkyl), and 4 N. Tlustrative examples of a 10-membered, fused-bicyclic heteroaryl |
include quinolin-2-yl, isoquinolin-7-yl, and benzopyrimidin-2-yl.

30 The phrase “substituted 5-, 6-, 9-, and 10-membered heteroaryl” means a

| 5-, 6-, 9-, and 10-membered heteroaryl as defined above, which is substituted on a -
carbon (CH) atom and/or nitrogen [N{(H)]} atom in the case of 5-, 9-, and 10-



et hoxy, -O C(O) CH3, carboxy, carbonethoxy, and carboethoxy. 10 The term
"1, 2-nmet hyl enedi oxy" neans the diradical group -O CH2-0-, wherein the
substituent 1, 2-nethyl enedioxy is bonded to adjacent carbon atons of the
group which is substituted to forma 5-nmenbered ring. Illustrative exanples
of groups substituted by 1, 2-nethyl en%gl oxy include 1, 3-benzoxazol -5-yl of
formula B %B 15 0 which is a phenyl “group substituted by

1, 2- met hy| engéthboryd hdedors dvili f¥6l 1 © Dudbitub@s tdepidBntiRlted ffore 1i ng
systens share tvvo and onIy two, atons. It should be appreciated that the
groups heteﬂb@h%lla BYc.het er ocycl oal kyl may 20 not contain two ring atons
bonded to each other which atons are oxygen and/or sulfur atons. The term
"oxo" neans =0. (lustiativettaglesiofaubstitomdSoncabend.undnesyclicdietezoarilse not ed.
Oxo, toget her Wlt

b t t hed f
carbonyl gr &l ‘guge %E@:o%g@% A %é’}’\;g]dﬂ 'ﬁ’b@?‘ ?lcleudegr (r)rs Sa S(0,
S(O2,5N, N(Hnet}@nml&é(z@i-s @ﬁ 1 ﬁbﬁyltﬁynoﬂzeylt f-raae zh@}r 1J4r5ql LgRsyll uoro,

chl oro, brono, and i odo. term™anm no’ -62- The phrase "two
adj acent , sdb%,ﬁénMOéBFxl @19122 hawbtmraao}ewl rreans car bon atons that conprise

a car bon-car bon uhl e bond t,hat | e o ed on each
ccarbon atom V\helcig}l rafiye eXApRIEH ol S&?ﬁ%ﬁ@%ﬁf’lg a%%ocycé%"i{%ge%é] in an
aromatic or MeRRiATEdd &acéiﬂcﬂy&ﬁhrﬂﬂ yacstﬁhd;@rp;@rdupmynowﬁbmy pyrimflin-

het erocycllc roup. The phrase "tertiary organic am ne" neans_a

trisubstitutl ﬁTt@Iﬁléij’éwtﬁrRym@aZlmﬁ%Yle51hdmmeﬁwbﬁﬁﬁ¥lﬂé41ﬂsa%ﬂf Hli ndependent I y
sel eciJ d frgyg\ﬂ(fﬂn_g%ﬁ ?‘a’ﬁ C3-C12 cycl oal kyl, benzyl, or wherein two of

the s stlt en toget her
Itustrative examples of substituted 9-membered, fused-bicyclic heteroaryl

r

include 3-(2-aminomethyl)-indol-2-yi, 2-carboxy-indol-6-yi, 1-(methanesulfonyl)-
iso-indol-2-yl, 5-trifluorometyl-6,7-difluoro-4-hydroxymethyl-benzimidazol-2-yl,
4-(3-methylureido)-2-cyano-benzimidazol-1-yl, 1-methylbenzimidazol-6-yl,

15 1-acetylbenztriazol-7-yl, 1-methanesulfonyi-indpl-3-yl, 1-cyano-6-aza-indol-5-yl,
and 1-(2,6-dichlorophenylmethyl)-benzpyrazol-3-yl. |

Mlustrative examples of substituted 10-membered, fused-bicyclic

heteroaryl include 5,7-dichloro-quinolin-2-y1, isoquinolin-7-yl-I-carboxylic acid
ethyl ester, and 3-bromo-benzopyrimidin-2-yl.

20 The phrase “5-membered heteroarylenyl” means a 5-membered,
monocyclic, aromatic ring diradical group having carbon atoms and from 1 to
4 heteroatoms selected from 1 O, 1 S, 1 N(H}, 1 N(C;-Cs alkyl), and 4 N.
Optionally, heteroarylenyl may be unsubstituted or substituted on a carbon atom
(CH) or nitrogen atom [N(E)] with 1 substituent sélectcd from fluoro, methyl,

25 hydroxy, trifluoromethyl, cyano, and acetyl Illustrative examples of a 5-membered
heteroarylenyl include thiophen-2,5-diyl, furan-2,3-di-yl, pyrrol-1,3-di-yl,
imidazol-1,4-diyl, tetrazol-2,5-diyl, tetrazol-1,5-dicyl, oxadiazol-3,5-diyl, thiazol-
2.4-diyl, and pyrazol-1,3-diyl.

Preferred substituents for substituted phenyl, substituted naphthyl (i.e.,

30 substituted 1-naphthyl or substituted 2-naphthyl), and preferred substituents at

carbon atoms for substituted 5-membered, monocyclic heteroaryl, substituted

6-membered, monocyclic heteroaryl, and substituted 9- or 10-membered, fused-



with the nitrogen atomto which they are bonded to forma 5- or 6-nenbered,
10 nonocyclic heterocycle containing one nitrogen atom and carbon atons,
and the third substituent is selected from Cl-Cl2 al kyl and benzyl, or
wherein the three substituents are taken together with the nitrogen atom
to which they are bonded to forma 7-_to 12-nmenbered bicyclic heterocycle
containing 1 or 2 nitrogen atons and-®ar bon at ons, and optionally a C=N

doubl e bondy; ‘K’t&ﬁpﬁ”@p&%f@??g?‘ﬁiolé}ﬂ@éwﬁ’.‘]js?%ﬂp&‘;ga@%e exanpl es of

tertiary organi cxam ne 1 nc yl am’ne, ropylet Ayl ami ne,
benzyl di et hyl.as i m% (L

1, 8- éi azabi g’gcxlﬁéeﬂ[lgq@ﬁe%d]’%ggg 7- ’w% , R@ﬁi?’d}iq%%%%)?é%?)ﬁ}lf’z. 2] oct ane
(TED), andot(6-di;azpkikely cXOj-Fr, @0&][1]@10%5((911@ ality®), PRORBRH)OHar maceut i cal
conposition” nmeans a conposition suitable 261 for admnistration in nedical
or vet er i naCyONIEy, (NONHMenClAN{Me)), NEIC{O)H T 3 INEREEO TN 28T %t ur e are
synonynous and nean in a state of being in a honbgeneous or heterogeneous
m xt uPe. Pr €€ dlyli €=CH, REASGERdHUS(=NOHCH, THeOlL CH)NF.i ent” neans a

manmal . Preferred patients are hunans, cats 25 dogs, cows, horses, pigs,

and sheep. EHeNEDGHS.LHMNCH N AEDF- GHRER-OB S @ NHa S ENEDTHant er r ed
i | i d ts, h i , k ,
e o b SRR S0 8ke, s s, SR ra or N NatRE: ool et humans.

conpani on ani mal s such as .cat 30. and d . primates such as nonkeys and
chi npanzees, andﬁ?ﬁe\‘? V@Eq{e%?ﬂswwﬂg%tﬁﬁmﬁ"’q? Y@ diogy, XY and” sheep.
-63- The phehsgy, -OLEEPTIBKcAPbIR LaboRRtheg f hndaMoBhbgy.er s to donesti cat ed
quadr upeds, which incl'udés those being raiséd for neat and vari ous

bypr aducts, e. gThe Rrd¥j2n@cthplei®diok yIThekdis Tige didddidat givag -Ot@Es-Ovenber s of

t he genus Bos, a porcine animal including donestic sw ne and other nenbers
of the genuwhS8ei thasubstinennt2-amitivdendédimdyisc bomdeslie edjacantl cabbyeatomsber s.. of

s T L R L TR N T

groups substituted by 1,2-methylenedioxy include 1,3-benzoxazol-5-yl of formula
B

l A
O
LD
15 " O

which is a phenyl group substituted by 1,2-methylenedioxy.

?

A fused-bicyclic group is a group wherein two ting systems share two, and
only two, atoms.
It shounld be appreciated that the groups heteroaryl or heterocycloalkyl may
20 not contain two ring atoms bonded to each other which atoms are oxygen and/or
sulfur atoms.
The term “ox0” means =O. Oxo is attached at a carbon atom unless
otherwise noted. Oxo, together with the carbon atom to which it is attached forms
a carbonyl group (i.e., C=0).
25 The term “heteroatom” includes O, S, S(0), S(0),, N, N(H), and N(C;-Cs
alkyl). |
The term “halo” includes fluoro, chloro, bromo, and iodo.

* The term “amino” means NHj.



rai sed for specialized tasks such as use as a beast of burden, e.g., an
equi ne ani mal including donestic horses and other nenbers of the famly
Equi dae, genus - Equus, or for searching and sentinel duty, e.g., a canine
ani mal including donestic 10 dogs and ot her nmenbers of the genus Canis; and
donesti cat ed quadrupeds being raised _gﬁ_i marily for recreational purposes,
e.g., nmenbers of Equus and Canis, as well as a feline animal including
donestic cats andhephese fisnbeljzent, subseantially $pf cafbeh iaflagy” BN SarbBA | S- The
phrase "ant ia?o?&ctﬁrt effective anmount' 'neans an anount of invention 15
conpound, of & pRarTHtLEe fCaPPy-caer dounlp boudibat isigapatis of baing: t aut oner
thereof, subbstiaitedén &RhicBiHol : GRARE [ f. the cancer
being treated in a  par %licgﬁogra%op%?iﬂ&e&n%mge pat ecr#ﬁ%%%%ﬂ%%ﬁ(’&ﬁ}s For exanpl e

i n humans ofCREREd imemarametic ormomaramatiencylic ef Aaclic e carbvdndliccan be

determ ned | |ly in a |laboratory or clinical setting, or may be

t he a?ount ?é%ﬁ{c&%n%@“?'he gui delines of the United 20 States Food and Drug
Adni ni stration, The phitdby/abeiaty §2hMt AMIRISHGY ' cancer
and pati en:’r&?}ei ng trpeat ed. The I%hr ase "antl _%ﬁ?ﬁ@%@@te&?ﬁ%%eﬁ%ﬁgmum "
means an andtiFieibihe Brppbsitpenis are srdspendgntly selectghlometedy b aliyl,y accept abl e

sal t thereog%é()r -a iaHtﬁ) r thereof, sufficient to inhibit, halt, or cause
regressi on 0P tRY% OEBZY Pigherein 4ve af the subsisuants are ¢akienfogetiier ent  or

tient L.atd E lLe.in h th | s,
i Sart hrr PRB S PuobdtaSTo e ey e t0nusttdvman sxpebmierd y i n o

| abonat ory menosiclid héBtocsat be’i’tﬂimjrg) oﬂ%%%&ta%l %g;?&ﬂﬁox{ gtg :s{)aﬁl% tﬁ%’ the

guidelines of the United  States ug mnrs

equi val ent Hérdsubituge issplected frann €'1-Qy dlkyl whd bewayl, forivhesein i theki ent  bei ng
treated. 30 _The phrase "MPVI P-13 inhibiting anmount” neans an anount of

i nvention ﬁ’%‘g‘?\tﬂfmd?k% tpgetheraiButhe oiiragen atoret wiick theyl are bineleded , oF a

t aut omer t hgrgof7. f£1 Gi . jRhibit an enzyne. natri X

met al | opr ot ei ng‘ls7e-t‘i%,§fr§ér%eu§% tﬁ%&(ya{h rQ tegéccé’f%d’ongﬂﬁﬂﬂ ﬂg%@g}:rqge}l AFdi ng a
catal yti c duwedarbanratores fand opticnafig i@ HesbleBostBihéd 2 AHd¥Bh atofifardOPUl at i on.
or exanple_in unan or ot her mammal, an MWV i nhibiting anount can be
F ¢X le_ i E fi I MW 13 i nhi bi b
det erni ned BXP8 -ifﬁ‘éﬁlﬁf‘&rfﬁf Fqmpples of{pibiant oregniopmineiingludg triséylamige, or

. diisopropylethylamine, benzyl diethylamino, dicyclohexylmethyl-amine,
1,8-diazabicycle[5.4.0Jundec-7-ene (DBU), 1, 4-diazabicyclo[2.2.2]octane (TED),
and 1,5-diazabicycle[4.3.0lnon-5-ene. ‘

The phrase “pharmaceutical composition” means a composition suitable
20 for administration in medical or veterinary use.

‘The term “admixed” and the phrase “in admixture” are synonymous and
mean in a state of being in a homogeneous or heterogeneous mixture. Preferred is
a homogeneous mixture. |

The term “patient” means a mammal. Preferred patients are humans, cats,

25 dogs, cows, horses, pigs, and sheep.

The term “animal” means a mammal, as defined above. Preferred animals
include humans, cats, dogs, horses, pigs, sheep, cows, monkeys, rats, mice, guinea
pigs, and rabbits.

The term “mammal” includes humans, companion animals such as cats

30 and dogs, primates such as monkeys and chimpanzees, and livestock animals such

as horses, cows, pigs, and sheep.



may be the anount required by the guidelines of the United States Food and
Drug Adm nistration, or equivalent foreign agency, for the particular

NW 13 enzyme 5 and patient being treated. It should be appreciated that
determ nati on of proper dosage forns, dosage anounts, and routes of

adm nistration, is wthin the |evel of grdi nary skill in the

phar maceuti cal and nedical arts, and i’g ‘descri bed bel ow. The phrases

"ef fective anountrhe git@aset HgFeaRek tangahiky asfdsed tevdn aRudtc dh@sticeted
synonynous and_ nmean ap_anount of a conpound of the present invention, a
phar maceut i GapdrypeslscWhichiineludes thosenkaingraised fon mest gad waniovs bygrodues f i ci ent

to effect i %ﬂ%_ o} cg_r&ﬂi ' i ng 1.ni st ered
to a patientg%"su ?gei}lllgng ?lo%cglhglgsease%(ﬁgfd%?s ne%%rgﬁ)gggebgg%ﬁq{;aand
optional |y porinelnimalliacladihistdoaatic Sdine and ythes meidbedshef the penus (Sastaner "
means a form of int niii)n_corrpound existing in a state of equilibriumwth

an i soneri c OVBFAYR t%.qdm%ﬂﬁbﬁnéﬂ%dﬁwb%ﬁé}féhﬁ geRpse Ovigy AREEIE conmpound
S able 10 LeaelanBRALIREER & 1BoLenlOCLRY donidstEn bdlfupddlideldsy Of the

fornms to interconvert by iIsomerizatTon in“srtu, 1ncluding a reaction
m Xt ure, i nrased for spetiadizdl hloguclabs @Ay beast of bundewoe.g. 28h dduinet animzl’ ( E) "

means ent gegen, ..and designates that the conforpatiqn ., ahout.the double bond
to which neaigin dgmERc horseh e Jothesr Hﬁ&m%sw Hﬁ%%ﬂ%%ﬁwa%iga%-ranki ng
substi t uent Eﬁﬁﬁ‘éﬂﬁ?for%éar@lﬁhghﬂa B6itiné ,glggrga éaﬂiﬁehﬁmﬁﬁhﬂc'}h%lggh medpice! 09

ranki ng system on opposité sides of t oubl e bond. An doubl e bond

i s il¥0ustrategs el eheraypervhers of pogamds éfanspamdidamésiitatéd Quidfiped? DeivgD

wherein the_t hi gher -r anki ng substituents are r s A D. The term
M2~ heans SHAHIEHY RS g ROPastiag &HBEhe Of HAPOHY GEBi Y he
doubl e bondyiesi Ahi feliné bRint iBIIBAL BSmbsticiAR £RINGREBEMBEs RaeEnfife two

hi gher -ranking substituent groups, as determ ned according to the

Cahn- | ngol d¥Felgdze, genus Felis.
The phrase “anticancer effective amount” means an amount of invention

15 compound, or a pharmaceutically acceptable sali thereof, or a tautomer thereof,
sufficient to inhibit, halt, or cause regreésion of‘ the cancer being treated in a
particular patient or patient population. For example in humané or other mammals,
an anticancer effective amount can be determined experimentally in a laboratory
or clinical setting, or may be the amount required by the guidelines of the United

20 States Food and Drug Administration, or equivalent foreign agency, for the
particular cancer and patient being treated.

The phrase “anti-arthritic effective amount™ means an amount of invention
compound, or a pharmaceutically acceptable salt thereof, or a tautomer thereof,
sufficient to inhibit, halt, or cause regression of the arthritis being treated in a

25 patticular patient or patient population. For example in humans or other mammals,
an anti-arthritic effective amount can be determined experimentally in a laboratory
or clinical setting, or may be the amount required by the guidelines of the United
States Food and Drug Administration, or equivalent foreign agency, for the
particular arthritis and patient being treated.

30 The phrase “MMP-13 inhibiting amount” means an amount of invention
compound, or a pharmaceutically acceptable salt thereof, or a tautomer thereof,
sufficient to inhibit an enzyme matrix metalloproteinase-13, including a truncated

form thereof, including a catalytic domain thereof, in a particular animal or animal



Prel og ranki ng system on the sane side of the double bond. A (Z) double
bond is illustrated below by the conmpound of Fornmula (X) A DCB, wherein
the two higher-ranking substituents are groups A and D. 5 It should be
appreciated that the SI' site of MW-13 was previously thought to be a
grossly linear channel which contained ?n opening at the top that allowed

an am no acid side chain froma subst r“g e nolecule to enter during

bi ndi ng, an%dﬁﬁﬁzﬁsﬁ.qaﬁ@xaﬁpmmeah@ﬁm@motﬁ&%hﬁﬁm,%nmmifﬁﬁ% that the
y con

Si' site is actually conposed of an Si' channel angul ar ected to a
new y di scoverant ¢ hrodsierpingd cxperiippitiliinta lebetpiory prclidical séttieg, ofhe Sl " site

IS open to s t 1.ch ) ..E. fupctjo roup of
Appl i cants' ﬁ%@%ﬁ%ﬁl@gﬁrﬁ%ﬁgﬁﬁ;&%%&m%%?&gﬁrﬁfq%l“%gtﬁ ?‘?‘i@%goses, t he
Si' site of AdainiafionerzyaiealeaTorgm fggléﬁc}t, eusbpatitulasvgbng eh't)lﬁge a sock
with a hole in the toes, wherein the Si' channe IS the region from

appr ox? mat el andpatiens pewigdgated- t he ankle, and the SI" site is the 15 foot

regi on bel ow t he ankl e, which foot region is angularly connected to the
ankl e region. Kit shasicbeanpréciaiedihatdetertninaion of heopeedosage formpatisigec part of

the Si' site and is forned.largely..by.Leugi Va . H $222 and by

resi dues froarwqflgffzﬁ?fiﬁog%g?W%S%HgXﬁ wﬂémﬁh? }?é'cléq]ifoéd’myéﬁﬁldﬁh%een new y
di scover ed iﬁlaﬁﬁi&ﬁg@]bﬂdmg@icm%%ﬂasﬁé@ﬂbmm_ to Pro255. The Si" site
contains at least two hydrogen bond donors and aromatic groups which

i nteract with an Thepbmsporeiestyoamerntiind dhatapdugpalieifestibveaounttatey any

ticular t ' bel i hat. the SI".sit Id b
Do it o SR b 1 NGB Py BB s it e o
MWP-13. |t ighapnashidalytabaiptibiesattaRdres et 4 lvadé theRdf Sufficiér: o bFecgd nodi fi ed

only when an appropriate conmpound binds to MA13, thereby interfering with
t he col | agerfiBPERysmentof the eendition beingstrapiss) when adanivistesad thatpatient of  bindi ng

offers the LDl ki Mw{% -gtm achievable with

the bindi n%ggg#ﬁétrhﬁ%af(ﬁ er?gév\n%%slg%c |t6\e/£fe%3% nni ‘ﬁ%’%ﬁ@oﬁﬁ ?’?m frein the

known bi ndi¥2mddaicnel MMRepgyres. | i gation of the catalytic zinc atomat the

acti v? site and “ " . . .

5 The term “tautomer” means a form of inyention compound existing in a
state of equilibrium with an isomeric form of the invention compound, wherein
the invention compound is able to react according to either form by virtue of the
ability of the forms to interconvert by isomerization in situ, including in a reaction
mixture, in an in vitro biological assay, or in vivo.

20 The term “(F)” means entgegen, and designates that the conformation
about the double bond to which the term refers is the conformation having the two
higher-ranking substituent groups, as determined according to the Cahn-Ingold-
Prelog ranking system, on opposite sides of the double bond. An (E) double bond

is illustrated below by the compound of Formula (W)
A B
— w
25 C D , wherein the two higher-ranking substituents are
groups A and D. |
| The term “(Z)” means zusammen, and designates that the conformation
about the double bond to which the term refers is the conformation having the two

higher-ranking substituent groups, as determined according to the Cahn-Ingold- .



30 occupation the Si' channel, but not the Si" site. The term "Thour 245"
means threoni ne 245 of an MM 13 enzyne. -66- The term "Thour247" means

t hreoni ne 247 of an MWP-13 enzyne. The term "Met 253" neans net hi oni ne 253
of an MAP-13 enzyne. The term "Hi s251" nmeans histidine 251 of an MAP-13
enzynme. It should be appreciated that _ége matri x netal | oprotei nases

include, but are 5 not limted to, the follow ng enzymes: MW-1, also

known as i ntRegis rdnkalg s§aknd6R fiRSAmeGle cEge dvaible bon@r A (£) duvbld tasid-is ype
col | agenase; MM 2, also known as gel ati nase_ A or 72 kDa Type |V

col | agenaseillustaeddeloy bpthgcompoard e Foasmela/dn or stronelysin-1; 10 MM 7,
al so known as matgilysip or PUMP-i; MWP-8, also known as col | agenase- 2,
neutrophi | col | agegase/or ol ynor phonucl ear-type ("PWN-type") coll agenase;
MWP-9, al so known #S | ati®dse B or 92 kDa Type |V col | agenase; AMP- 10,

al so known as strgnelysgn-2; 1 h%éém%giwgg%ﬁwegﬁysi n- 3;

MWP-12, al so known as met al | okl'ast ase; nown as

col | agenase-gdoupVW 4l Dal so known as nenbrane-type ("M™) 1-MVP or Ml - MVP,
MWP- 15, al so known as MI2- M\VP;, 20 MVP-16, al so known MI'3- MVP; _ VAP- 17,

al so Knhown as Mrdt ghmld bonsepresiated dhapythe oS1 S@tﬁr%‘iﬁ VRSV de MV 26

Farthri 1 TgEne (08 sty MAER R i) SonkMETH il R EKB R o
i ncl udes ostaHowed tani &rimp acid eideativiig feort hr kubistate dagleade dbi anderj damitg di sease,
spondyl oart %ru? t?gt,gin %v’as %ﬁ)%(te&l at the bottom. Applicants has discovered that the S1' site
is actually composed of an S1' channel angularly connected to a newly discovered
10 pocket which applicant calls the S1" site. The S1" site is open to solvent at the
bottom, which can expose a functional group of Applicants’ invention compounds
to solvent. For illustrative purposes, the S1' site of the MMP-13 enzyme can now
be thought of as being like a sock with a hole in the toes, wherein the S1' channel
is the region from approximately the opening to the ankle, and the S1" site is the
15 foot region below the ankle, which foot region is angularly connected to the ankle
region. : e

More particularly, the S1' channel is a specific part of the S1' sife and is
formed largely by Leu218, Val219, His222 and by residues from Leu239 to
Tyr244. The S1" binding site which has been newly discovered is defined by

20 residues from Tyr246 to Pro255. The S1" site contains at least two hydrogen bond
donors and aromatic groups which interact with an invention compound.

Wifhout wishing to be bound by any particular theory, the inventors
believe that the S1" site could be a recognition site for triple helix collagen, the
natural substrate for MMP-13. It is possible that the conformation of the S1" site is

25 modified only when an appropriate compound binds to MMP-13, thereby
interfering with the collagen recognition process. This newly discovered pattern of
binding offers the possibility of greater selectivity than what is achievable with the
binding pattern of known selective inhibitors of MMP-13, wherein the known
binding pattern requires ligation of the catalytic zinc atom at the active site and

30 occupation the S1' channel, but not the S1" site. '

The term “Thour245” means threonine 245 of an MMP-13 enzyme.



arthritis, systemc |upus erythematosus, juvenile arthritis, and psoriatic
arthritis. An allosteric inhibitor of MW-13 having an anti-arthritic
effect is a conpound as 30 defined above that inhibits the progress,
prevents further progress, or reverses progression, in part or in whole,
of any one or nore synptons of any one of the arthritic diseases and

di sorders listed above. -67- The term™I'C50" nmeans the concentration of a

conpound, usual | yTi@x@neSERMr2Y” MdhOftloaine 247 BRAONRMRI3 chafM. r ed to inhibit
an enzynme's catalytic activity by 50% The term"EDA0" neans the

concentration of HedgpoaRI3umans netieping 3326t aMMP-I3 enxymesl ar or
nanonol ar, requi rﬂgt&ﬁ%%%1’%%?%§&néﬁ?f@&twﬁgg a Eatl ent group.

The term "ED30" means 't he conce Ion Of a conpound, al ly expressed

as mcronol ar or Inhsraidbbasppréciaed thatitht ondtfie afetallopiotaRaes indlua®WuPhired Pati ent
group._ The phrase "(Rhar ceutical conposition” nmeans a conposition
suitabt e 10 BobHmHigAieytg WHE 9 YRERli cal or veterinary use. The term

"adm xed" and theyRps. Vﬁpﬁi' 8 Hﬁilﬁ nd _nean in a state
of being in a honngeng’gﬁi‘o}g{rb et éir{%iéggﬁglo%gﬁ%né%%?é raesggr’rc’léd is a
honogeneous fitirwblastaypeAsoliagethséier ei n, t he phrase "cartil age danage" neans a

fyper L ophy of -t PAMR 6 Bt Sres g of 74 6PaGADS BY SeIEeobch rmy of
ypertrophy of ti €s r , ch may or nay
not be acconpani egnpy3, gﬁﬂaﬁ{ﬁt%&eggi%&b&%ﬁq.i | age surface. The

the ter '

phrase "treating”, which is related t treat"” and "treated",
meansl@®dni ni st r atMdP-6f alsmkriomnegstihatrilysindyiflBPdn as defi ned above t hat

inhibits 20 the ess,, prevents further progress, or reverses

progressi on, in Wgﬁﬁ?‘ﬂq&mf’é,"“ ?geé‘ﬁ%?"gﬁ'éﬁ%?ma%%mﬁ?fns of any one of
the diseases and di sorg@jmorphériicRar-8RR\PMRIG PP cBRSenhdayent i on conpound”
means a conpound of Fornula |, or a pharmacéutically acteptable salt.. -

t hereof, as ful | YMYB-Pedsp Jowinas gelatinase B or 92 kDa Type IV collagenase;

MMP-10, also known as stromelysin-2;

15 MMP-11, also known as stromelysin-3;
| MMP-12, also known as metalloelastase;\

MMP-13, also known as collagenase-3;

MMP—14, also known as mermbrane-type (“MT”) 1-MMP or MT1-MMP;

MMP-15, also known as MT2-MMP; i
20 MMP-16, also known as MT3-MMP;

MMP-17, also known as MT4-MMP;

MMP-18; and

MMP-19.

Other known MMPs include MMP-26 (Matrilysin-2).

25 For the purposes of this invention, the term “arthritis”, which is
synonymous with the phrase “arthritic condition”, includes osteoarthritis, .
theumatoid arthritis, degenerative joint disease, spondyloarthropathies, gouty
arthxitis, systemic lupus erythematosus, juvenile arthritis, and psoriatic arthritis.
An allosteric inhibitor of MMP-13 having an anti-arthritic effect is a compound as

30 defined above that inhibits the progress, prevents further progress, or reverses
progression, in part or in whole, of any one or more symptoms of any one of the

arthritic diseases and disorders listed above.



25 The term "nontoxic" neans the efficacious dose is 10 tines or greater
than the dose at which a toxic effect is observed in 10%or nore of a
patient population. The term "cel ecoxi b" neans the conpound naned

4- (5- (4- et hyl phenyl) -

3-(trifluoronethyl)-1H pyrazol -1-yl)-bgpzenesul fonam de. Celecoxib is a 30
sel ective cycl ooxygenase-2 ("COX-2") inhibitor currently approved by the
FDA for the trealhermofiCes nsaay thercohdeiratidreofivatomsbuad dtally axpreased

Pol yposi s-fam l.i al — adenomat LiS. Cel ecoxib_i.s marketed under the tradenane
" Cel ebr ex" . SBIIGRYRIAP OF panqminlat saured fo MbIbIE & PiavRes catplatic AR Wat nent  of
bl adder cangg#, chenopreventative -68- lung cancer, and post-operative
pain, and is registered for the treatnment of dysnenorrhea. Cel ecoxib has
the structure dr dh#icosl Ty GotdnCHR cofte@tialidh ef3Coripremt arsmllyexipoasaxi b"
means . he compound naned 4-(5-net hyl - 3-phenyl.- 5 | .

4-i soRazol y P§ HERPRAE SL d’ée.q“%‘?;\q g’e@?ﬁiiatfhfe?seams@%%@%éﬁé@@t‘?mi nhi bi t or
that has begmugpproved by the FDA for treating osteoarthritis, rheumatoid
arthritis, “dysnenorrhea, and general pain, and is nmarketed under the
tradename " Bext r dhe tergsEfag oneans ke doncantiativrcel a comipdusdfustaliyhexptasssdlt nent  of

i grai ne. Vi i,b_has_th t bel C..10 NH2. It
Should b AP0 RO Rmprclas el I Gest Aliere i S0 LB B AHP syt hase- 2
and prost agl andi Thé s%gghéziﬁﬁ@euﬁﬁals_@é JsitieR” | EnR] 4 esmpdsitidXqudtapRans

conpounds that inhibit C . selectively versus COX-1 such that a ratio of
| 50 Wor a Esegeinisraiionin oegtical ornsiatingtydisd. by a ratio of 1C50 for the
conmpound with CO¥g | at ers t equal . 1 y Where the ratios are
determned in one_%%ér%%)?‘{edﬁiéeg%yasna% ng%aﬁ%t . %d@giaﬂ%r gy ypgonymous a%h

mean in a state of being in a homogeneous or heterogeneous mixture. Preferred is

.

a homogeneouts mixture.
As used herein, the phrase “cartilage damage” means a disorder of hyaline

15 cartilage and subchondral bone characterized by hypettrophy of tissues in and
around the involved joints, which may 'o\r may not be accompanied by
deterioration of hyaline cartilage surface. ‘

The phrase “treating”, which is related to the terms “treat” and “treated”,
means administration of an invention combination as defined above that inhibits

20 the progress, prevents further progress, or reverses progression, in part or in
whole, of any one or more symptoms of any one of the diseases and disorders
listed above.

The phrase “invention compound” means a compound of Formula 1, or a
pharmaceutically acceptable salt thereof, as fully defined above.

25 The term “nontoxic” means the efficacious dose is 10 times or greater than
the dose at which a toxic effect is observed in 10% or more of a patient
population.

. The term “celecoxib” means the compound named 4-(5-(4-methylphenyl)-

| 3-(trifluoromethyl)-1H-pyrazol-1-yl)-benzenesulfonamide. Celecoxib is a
30 selective cyclooxygenase-2 (“COX-2") inhibitor currently approved by the FDA

' for the treatment of osteoarthritis, rtheumatoid arthritis, and Polyposis-familial
adenomatus. Celecoxib is marketed under the tradename “Celebrex”. Celecoxib is

currently in clinical trials for the treatment of bladder cancer, chemopreventative-



determ ne whether a conmpound is a selective COX-2 inhibitor is to assay a
conpound in one of a nunber of well know assays in the art. -69- The term
"NSAID'" is an acronym for the phrase "nonsteroidal anti inflammatory drug"”,
whi ch neans any conpound whi ch inhibits cycl ooxygenase- 1 ("COX-1") and
cycl ooxygenase-2. Most NSAIDs fall w tg%n one of the followi ng five
structural cI asses: (1) propi onic acid rivatives, such as ibuprofen, 5

napr oxen, ; ¢ G

derlvatlves ép %ﬂmgs to% qﬁ%mgﬁgqgﬁﬁi%gg%{%ﬁg?&%hﬁgﬁﬁ%éé§%' %%rlvatlves
such as nefé@ammnmﬁcadlﬂdxnﬁkhmﬁhﬁsﬁuﬂm&nﬁmnmdkﬂnvx4) bi phenyl car boxylic
aci d derivatives, h as dlflunlsal and flufenisal; and (5) oxicans, such
as piroxim peroxi caiv cam mpd LEoxi cam Ot her useful NSAI Ds

i ncl ude aspirin, iidongt haci n, 10 and phenyl but azone.

Sel ect.ive inhibitor Jenasle- 2 as described above may be

consi dered to be | Ds a erm "drugs", which is synonynous with
the phrases "active conponents”,/"active conpounds”, and "active

i ngredi ents”, includes cel ecoyA or a pharmaceutically acceptable salt

t hereof , val decoxi b, or a pha tically 15 acceptable salt thereof, and
an allosteric inhibitor of and may further include one or two of
the other therapeutic agents d¢scribed above: It should be appreciated that
in the Sunmary of the | nvent above, the term "Enbodinent"” refers to an
aspect of this invention. The> nbodinents i'n the Summary of the Invention

are nunbered for $En (}lmg

phar maceuti cal | yrlgigcept glb (%E(Z;g ts %lﬁeregﬁ , au orr{ss &H?% ﬁl&%ﬂyll ncl ude
conpodnds wHiisdxaaolgl)ibewemiesulfonamideo Vialiiscoxdin is akdlmltveﬂ(}xmrihlubit@ﬂha@f MWP- 13
i nds aIIosterlcaIIylntothe S1' site

f"F
Iofs ?Rg (I\:A?/gp u Ff%/W%Y ﬁlﬁ(ﬁ‘%gﬂﬁhg’rﬁe& L HifrQprthritiss gh %lmil?é%ﬂya@%:oyereq
SI" site, g&lﬁéﬁorﬂhkﬂ,aédd E%lﬁl Eiﬁiisr}ﬂark%d%ﬂgﬂ E%ngﬂayt' C zinc

of the MwW-1 An |nvent|on cohpound that Is an al osterlc I nhi Bi t'or of
MVP- 13 may B@ldeﬁ@aull$}ll tlidealitfiale dobihe dreetnasint of diipaine. Staldeboxib habehe

phar maceut i C@ucture vgrllgealgwgrts by

S
0Z\
10 ' | NH;

It should be appreciated that COX-2 is also known as prostaglandin
synthase-2 and prostaglandin PGH; synthase.
A selective inhibitor of COX-2 means compounds that inhibit COX-2
selectively versus COX-1 such that a ratio of ICsg for a compound with COX-1
15 divided by a ratio of ICsq for the compound with COX-2 is greater than, or equal
t0, 5, where the ratios are determined in one or more assays. All that is required to
determine whether a compound is a selective COX-2 inhibitor is to assay a

compound in one of a number of well know assays in the art.



assayi ng an al kyne test conpound for inhibition of MW-13 as descri bed
below in Biological Methods 1 or 2, and for allosteric inhibition of

MWP- 13 by assaying-30 the test invention conmpound for inhibition of MW13
in the presence of an inhibitor to the catalytic zinc of MM13 as

descri bed bel ow i n Bi ol ogi cal thhod 3 or 4. -70- Further, an invention
compound having an anti-inflammatory, gn anal gesi c, antl-arthrltlc or a
cartilage damagethéteilFNSAIDES ACAcromin ARt ¥he SHRIHRI“ABAH&Didl atiDESE ef f ect s,
may be readlly identified by one of ordinary skill in the pharnaceutlcal
or nedi cal Wfrmmpjorsseri whichmeansewshearapouod wpinvighibits ayglodkygenmser of wel |

known assays$ . | co und's effects on
cartil age dg%ﬁ%@Xﬁaf%ﬁﬁ}{gﬁ)gx%eﬁ?g-ﬂ Mg ﬁ%@gwﬁﬂ% Ofref%?assays i ncl ude
in vitro askllysidgfade stluchurd @laRedst (1) pEHicadRlie Serantived) sidhvA iBgaafs, i N whol e
animals that neasure cartil age degradation, inhibition of inflammation, or
pai n &l | evi BAPFYH, NAPresyR, diglefanre anﬂkﬁtopréﬁ%(ﬂz)me%gca@/ﬂ%vw@&, sidge dammge
in vitro, enay be
i i ot er o Gy g 3, B Rl ifad SRS b b Renab O,

cartil age daniageclofeddnbic tatidg (4)bighehglcabobylichcid c&sivﬁnﬁdsuﬂicﬁds bi)ﬂugisass

exam nation aqr, hi st gpat h I ogi ¢ exam nation of the cartil age, or by
measur enent Akt 13 g gqné'a( FHFNES §u%#%d&wm§§@mgg Qtica#8d for 15

XAl e, PrigbOshUSAR: LBR RIATPE HNIHROLLAG AR o i UALGR! 10 Vi vo

assays to assay cartilage damage may an anount of
an i@venti zmd pdnnyibutazbmr Sfdmltvemﬂlhlbmdirs of eycieoxypenaseifian Hewceibatiabtiveh a

cartil age (gn_g nt t mal, and the effects of the invention
compound be‘?l?l}é ﬁ tBHe “in the animal may be eval uated by
gross exami nat i Opnetbrn? Oddib St mﬁgk% BESRIRR (il <ddigecart il age, by
observation of the effects in an acut on functional limtatiens of

the af f ect exbnjpsinenis’t, fiagtive esmippuridsiran dé‘atnti\rellag;edidmﬁ’é.gmludns chlgcomdbsur enent  of
R A M A AR A T g Sl
i nven§i on cRapRablelsaM thbre6fizhd h8Rosteric inhibitor of MMP-13, and may further
include one or two of the other therapeutic ageﬁts described above.
It should be appreciated that in the Summarj of the Invention above, the
term “Embodiment” refers to an aspect of this invention.The Embodiments in the
Summary of the Invention are numbered for ease of referral.
20 "The compounds of Formula I, or pharmaceutically acceptable salts thereof,
or tautomers thereof, include compounds which are invention compounds. An
allosteric inhibitor of MMP-13 is any compound of Formula I that binds
allosterically into the S1' site of the MMP-13 enzyme, including the S1' channel,
and a newly disc;overed S1" site, without ligating, coordinating, or binding the
. 25 catalytic zinc of the MMP-13.
An invention compound that is an allosteric inhibitor of MMP-13 may be
readily identified by one of ordinary skill in the pharmaceutical or medical arts by
assaying an alkyne test compound for inhibition of MMP-13 as described below in
Biological Methods 1 or 2, and for allosteric inhibition of MMP-13 by assaying
30 the test invention compound for inhibition of MMP-13 in the presence of an
inhibitor to the catalytic zinc of MMP-13 as described below in Biological
Methods 3 or 4.



25 damage i nhibiting properties are described bel ow. The anobunt to be

adm nistered in an assay is dependent upon the particular assay enpl oyed,
but in any event is not higher than the well known maxi mum anmount of a
conpound that the particular assay can effectively acconmpdate. Simlarly,
I nventi on conpounds having pain-alleviating properties may be 30

i dentified using any one of a number of%i n vivo aninal nodel s of pain.

Still simlarly, t u n rties
may be identifi eé s%ghgg?g%%owgnpﬁaﬂn%ega‘gﬁl n vivo ani rra# rﬁog‘ﬂﬂes of
[Jnt ijnf IS?rr{malgem; Etﬁﬂi—aﬁhn%ﬂiml gf ggr:amingexdmmh@ orﬂlhibrﬁrlgammb: onr nagel s, bsee
nite at es_pat.en er i ncor porate rein by
r ef er ence. aEP‘PTPf peeff q%w%w%b%mf&@fb& e %@Pa‘é’rﬁkﬂf}r’t ic
properties [ [ ani mal
nodel s of ar@% ?%}Iﬁ]gb&@ gl & ﬁgilg%p ﬁfxssggﬁ g&%%‘%@?%@?ﬂ?ﬂ ?ﬂs&%del S,
see also0 UninumbesSt et egellp dinewn rassniyerfoanﬁ:aQ;rmgg detétmmnngrdhﬂainvamm seases

and di sorders whic e treatafl e adm ni.stration of an invention
conbi nati on SPBH%“‘P%F fecih OB AEtage, dapagsy, aHhES, dRimipation, 05 pain. gﬁ“”% def i ned

bel ow, incl weys iRYRE ihivied HAbROmah GHIRL daetlale EAYSEs ﬁﬂ}jmf ﬁV@ hsA§SACI at ed

with influenza™and other viral”infections), comon col ysnenorr hea,
menst rual crehobs animals thammesnye Gotilake degradation, mhdiihomoﬂilﬁbmﬁtlone%hysena
acute respi rato dhstress syndr one, asthrra bronchitis, chronic
obstructive?} §™di sease, Al zheiner's disease, organ transplant
toxicigy, cache%aex% 18 MlihCrep A8 Gh 28AFing@altfh @ danepBliRltrd) ¥RALRAASI tiVity,
cancer (such as solid 15 tunor cancer |nclud|ng col on cancer, breast
cancer, |un® @amnh@n@prmmdmp@ntrdm@lemmhaﬂ@p@is&rﬂéwmfhla@ﬁdﬁgq es .

o v | TR SRR e R T B RR BE 2,

ul cers, gastitdid tedied by gﬁﬁﬁbxﬂﬁhaidﬂ drchistopARG18Hic ERamiatioi bBthcdamMg*e; culitis,
recurrent gastrointestinal |esion, gastrointestinal bleeding

coagul at i on oF apeAEsusTERly Pf |t§01°§’§@ilt m%kﬁi%/lesWﬁ@lagtTodhﬁkﬁgPtﬁ“g 4Se§91én05| s,
peri ogont al ?ﬁaélgteoﬁp)cgr? E%&ﬁi%r%y%x&ﬁﬁﬁ’ine CSHERPRERdrSin 400 98AYN9 Of

artificial jOI n
to assay cartilage damage may be performed as follows: an amount of an

invention compound or_control vehicle may be administered with a cartilage
damaging agent to an animal, and the effects of the invention compound being
assayed on cartilage in the animal may be evaluated by gross examination or
20 histopathologic examination of the cartilage, by observation of the effects in an
acute model on functional limitations of the affected joint that result from
cartilage damage, or by measurement of biological markers of cartilage damage
such as, for example, proteoglycan content or hydroxyproline content.
Several methods of identifying an invention compound with cartilage
25 damage inhibiting properties are described below. The amount to be administered
in an éssay is dependent upon the particular assay employed, but in any event is
not higher than the well known maximum amount of a compound that the
particular assay can effectively accommodate. |
Similarly, invention compounds having pain-alleviating properties may be
30 identified using any one of a number of in vivo animal models of pain.
Still similarly, invention compounds having anti-inflammatory properties

. may be identified using any one of a number of in vivo animal models of



at heroscl erosis (including atherosclerotic plaque rupture), aortic aneurysm
(i ncluding. abdom nal aortic aneurysm and brain aortic aneurysm,
periarteritis nodosa, congestive heart failure, nyocardi al |nfarct|on
stroke, cerebral ischem a, 25 head trauma, spinal cord injury, neuralgla,
neur o- degenerative di sorders (acute an chronic), aut oi nmune di sorders,
Huntington's disease, Parkinson's diséase, mgraine, depression,

peripheral [EpLARARY FoPal i, %tﬁﬂ'eﬁ&n RV ﬁﬁé&nﬁaﬂomﬁfoﬁels P@eynipgadache

and toothache), gingivitis, 'cerebral anyloid angi opat noot ropli c or

cogni tion eﬂmqatmhnumhmﬁgﬁﬁﬁ,ﬁm ovhiclt srizdorparited beted, bymefetrermbe scl erosi s,

ocul ar 30 angi og SLS orneal nj ur cul ar neration

conj unctivitis, Sﬁﬁ Xndﬂ‘ﬁ'?? Oﬂeé Pﬁlj“ e algjrg']%mt}ﬁp@ﬁ?r&%?aé’r
strains, tepgamitifisd usiki an bﬁ@éﬂ&ﬁ&nﬁé‘r‘lﬁhn o a%ﬁﬁﬂ'rﬁéde?s ofS PR, For

scl eroderma and der mat | nyast henia gravis, polynyositis, nyositis,
bursi i s, bexampleifepan e&ﬁr(lpln@fa:dhrﬁgﬁmyéfég see alsel UnitediStatsstpetent niimbest i ¢ - 72-
ret i nopat hy %@U@pat hy and nephropathy), tumor invasion, tunor growh,
tumor et ast corneal scarring, scleritis, i mTunodef i ci ency di seases
(such as Al DS i nOttitgmansniilihn"ldiscat®y lafid CaiseidersS 8AAGLIF , a" @RBabIEe blyabor,
hypopr ot hronbi nem a, henophilia, thyroiditis, sarcoidosis, Behcet's

syndr one, h?@@ﬁ%@fﬁﬁp@l @ft yfm RﬁYPﬁE?ﬂ 50@1111@1@&%@1 ﬂp@%etqrsucamamdeem éns (such

as:Lynme di S:ﬂﬁgf
gi ardi a, cotcl |a§{ repr olnvag ﬁlfs?or é?vg 1(lpr eraﬂg%;/ﬁgflﬁﬁgil | vygzingck)

epi | gpsy, coevetigi ons, asmchtaiemm mfﬁiéﬁbf&%nd@tﬂﬂ’QWn@Biﬁ%hﬁnS@fcohﬂﬁ)ﬁc@@em

i nvention are conpounds of Formul a har maceuti cal 'y acceptabl e
sal t t her eoflysmengfhes, dnenstrgal exgigps, >m§@nmgtom80wglr disgase0Crohy st diggase,nor e
potent vers 3 a o] zynme or
TACE. Still %P%gmé’sgg‘??gw 0@ E{tﬁz &iﬁsgésgn%d%ld\gg%t ]lésct)l?i‘ﬂ%fr Eehtoggﬁr%%oun S gf Formul a
|, or a phabstmcee puhﬂdmrp@mﬁeawghambﬁ’s tdieasep forgdoh atnsplamt stei:1e¢y,| ve

i nhibitors of I\/AP—EJ@ versuys 2 or 7.other

versus TACES3HEi4, allsreigreagtions, alhwc Tnigit by DRSPS e 29 008houl d be
appr ggi at edpfi@! capBbelclndidsy cAbn LA IPOAG &Bcéf‘o 'il.fﬂg &mber d Prostrate
pharmaceutically acceptabl e salt thereof, is t1 di mensi onhal

char act er i stanget; hdematopoietic malignancies mcludmg leukemzas and lymphomas;

Hodgkin’s disease; aplastic anemia, skin cancer and familiar adenomatous
polyposis), tissue ulceration, peptic ulcers, gastritis, regional enteritis, ulcerative
colitis, diverticulitis, recurrent gastrointestinal lesion, gastrointestinal bleeding,
20 coagulation, anemia, synovitis, gout, ankylosing spondylitis, restenosis, periodontal
disease, epidermolysis bullosa, osteoporosis, loosening of artificial joint implants,
atherosclerosis (including atherosclerotic plaque rupture), aortic aneurysm
(including abdominal aortic ancurysm and brain aortic ameurysmy), periarteritis
nodosa, congestive heart failure, myocardial infarction, stroke, cerebral ischemia,
25 head trauma, spinal cord injury, neuralgia, neuro-degenerative disorders (acute and
chronic), autoimmune disorders, Hunﬁngton’s disease, Parkinson’s disease,
migraine, depression, peripheral neuropathy, pain (including low back and neck
pain, headache and toothache), gingivitis, cerebral amyloid angiopathy, nootropic or
cognition enhancement, amyotrophic lateral sclerosis, multiple sclerosis, ocular.
30 - angiogenesis, corneal i'njury, macular degeneration, conjunctivitis, abnormal wound
healing, muscle or joint sprains or strains, tendonitis, skin disorders (such as
psoriasis, eczema, scleroderma and dermatitis), myasthenia gravis, polymyositis,

myosifis, bursitis, bums, diabetes (including types I and II diabetés, diabetic



I ncl udes the nunber of other MW enzynes and TACE over which selectivity
for MM13 inhibition is present and the degree of selectivity of

i nhibition of MW 20 13 over another particular MW or TACE, as neasured
by, for exanple, the 1C50 in mcronolar concentration of the conpound for
the inhibition of the other MW enzyrrg or TACE divided by the 1C50 in

m cronol ar concentration-of the conpoufid for the inhibition of MW-13. As
di scussed ah@uRpa@Pendrehy &hd b Niurhdd\ia Psicd) tlifio 9i6@kh, Abmeonpounds
that are sel ect Pveyiﬁﬁiﬁbl toyr_s of b?ﬁgéag%?yrre MNP-13. A sgl?bective_

i nhi bi t or ofmasAsis3coraenl geastng. rclerids, pmevandeficipen dissases (sich ag APDithd t hat
is > 5X nore |

L s iy

matrix metall
NR'-7, MVP- Ge 1i8, tl%foiMﬁE’; decoidsisy Behtd’st symdfonis Mypsisensiibatyokidatyha 30
convertase ("TACE"). preferred aspect of the present invention is novel
conmpouhds t Ifseassy Rigkatlstad jipfections (uehras bympasisesss, Eigiogigh- Hiotazoan  The

i nvention preyi 8 0 I (1 G ' :
aceopt abl " SR NP TGRS el LRy Rl L ORAREEIDLRBN Y ¢ | oo
than or equpbstbek)pébilepsy, comhasionsPaed eptieshaake conpounds of Fornula I, or a

phar maceutical ly acceptabl e salt thereof, which hﬁ%‘?&%’% | C50 with a human
full 5 |ength MyAtheraspaAlpORthEprosentAnVenEoRaTF OmPo torppied. Fdmi n

(" hMwP-13CD" ng kSt M, | referred
are corrpour%’s 0 E&%@%ﬁgéqubgépsagﬂﬁ%%ée%e%grT%/d :%?@’e’b Ogblll}%l?g t thereof,
whi chio have tieslisie potenhversibUvVP-18 kanlversgs b bt 130 Of Md\IthekVEMP) or a human
MWP- 13 catal ytic domain ("hMW-13CD') that is |ess than or equal to 10 10
nmi cronol ar. SEERHPEEAGE. bi ol ogi cal nethods useful for determning | C50s for
the invention cgﬁp" | 1 | [ | I cal
Methods 1 to 4. ny&g%%s%ctﬁ%oo ¢ Ormﬁﬁ?rgreﬂ’érgéﬂelaﬁﬁp gﬁﬁﬁ%\é&gﬁ?@gﬂﬁ -
accept abl e sgiharhdventadly acosptably sdlothenedf) diat afe skectied inhibitosdof MMPE1at  does

X

not have an 1C50 with _any MVP. enzyne that is |es an,. 0 ual_.to, 10
mi cronol ar i¥§TS8% &4 drded: ¢rBrh AthET RYBRS: {05 Hersus Tathita 5, £48s,
15 or 7 other MMP enzymes. :

It should be appreciated that seléctivity (;f a compound of Formula I, or a
pharmaceutically acceptable salt thereof, is a multidimensionai characteristic that
includes the number of other MMP enzymes and TACE over which selectivity for
MMP-13 inhibition is present and the degree of selectivity of inhibition of MMP-

20 13 over another particular MMP or TACE, as measured by, for example, the ICso
in micromolar concentration of the compound for the inhibition of the other MMP
enzyme or TACE divided by the ICsg in micromolar concentration of the
compound for the inhibition of MMP-13.

As discussed above, one aspect of the present invention is novel

25 compounds that are selective inhibitors of the enzyme MMP-13. A selective
inhibitor of MMP-13, as used in the present invention, is 2 compound that is >5X
more potent in vitro versus MMP-13 than versus at least one other matrix
metalloproteinase enzyme such as, for example, MMP-1, MMP-2, MMP-3,
MMP-7, MMP-8, MMP-9, or MMP-14, or versus tumor necrosis factor alpha

30 convertase (“TACE"). A preferred aspect of the present invention is novel
compounds that are selective inhibitors of MMP-13 versus MMP-1.



Some of the invention conmpounds are capable of further form ng nontoxic
phar maceutically acceptable salts, including, but not limted to, acid
addition and/or base salts. The acid addition salts are forned from basic
i nvention conmpounds, whereas the base addition salts are forned from
acidic invention 20 conpounds. Al of these forns are within the scope of
t he conpounds useful in the invention.””Pharmaceutically acceptable acid

addi tion salts ofTlidifvdioh @ravidesaldodtbous® BPPsHAfS I, 36 h ﬁ&n%&h%m’] salts
derived fromi nortgani c_aci 33 such as __hydrochlori c, n?t rrc, p os%hori c,

sul furic, hyFeBiasat theseat avhich kas apyJeorityan MM enzgymestbhids tass thannd t he

i ke, as wel hC: ; | | such as aliphatic
nono- and diéga E%&§??&%@F§@%%#§ﬁ%%ﬁd&ﬁugﬁgﬁm81' 4cids, hydroxy
al kanoi ¢ acipermadekisatigiaoteptabis it thareofywihich Reé 88 ICA vithahiRapfg. ar omat i ¢
sul fonic acids ug | t Dwus include sul fate, pyrosulfate,

bi sul fat e, éﬁ?ﬂm‘@i(sm%%ﬁgtqrét@mﬂ%ﬁ%‘C}talméml@mogenphosphate,
di hydr ogenphegpi . - , | ori de, brom de,

i odi de, acetate, ? ??fﬁﬂu%ggéégg{&g?ﬁg?%%?%%g@gé&%g’%?’yﬁdé{é ,re 'e%%afeyr ate,

oxal at e, nuleompoendssafdormalad, or spiematenticahacaitshle fdnheRbe wHigl eat e,

del at e, , _chl arob te, | b te, dinitrob te,
Thihal at e, BERGBRICy Mithsoamen g At Rare MBI CRVRSE ) St iechevt o it at e,
lactate, malvBR-13 8dthlyaé BomARIAIRANI 3ODA 1Bar i8RGs {HAF ok

| E«éﬂﬂt ﬁdso_
contenpl ated are saltsS of amno acids such as arginate nd the |ike and
gl ucolat e, guicemrelanHaamples ekbiologicabmatinpteyseBa foredeferMiniag 1@iys for the

"Phar maceuti.cal .. Salts." J. .of P . SCi .., 77:66:.1).. 5 An _acid addition
salt of a b g%@“?ﬁﬁ%’ﬁ??wg&vdmﬁm%éaﬁv m%&ﬁ%’%’&?ﬁ%@ﬁ%lfree base
form of the t6aMeyBenphind of Forhiladi &H prasmathieflyccatis 68 @6l t © produce

a nontoxic salt in the conv_entlona1 manner. The free "base formdf the :

co {rﬁo u ng mayPT BBy fagdherak @cﬁeﬁye?@}mvacﬂmr@}es het lai]gb tdn é@sﬂiwiﬂnmyamﬂ? f ﬁ 1; 8r med
with a base, | r e formo ound in the
convent i onal® n%g%?isﬁsg%égﬁ ugg%f 2@%%“8@0?6%%%§S§58b§‘?%d according to

a pritess afiventienpresent invention differ fromtheir respective acid

addition salt . . \
Some of the invention compounds are capable of further forming nontoxic

pharmaceutically acceptable salts, including, but not limited to, acid addition
and/or base salts. The acid addition salts are formed from basic invention
compounds, whereas the base addition salts are formed from acidic invention

20 compounds. All of these forms are within the scope of the compounds useful in
the invention.

Pharmaceutically acceptable acid addition salts of the basic invention
compounds include nontoxic salts derived from inorganic acids such as
hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydroiodic, hydrofluoric,

25 phosphorous, and the like, as well nontoxic salis derived from organic acids, such
‘as aliphatic mono- and diéarboxylic acids, phenyl-substituted alkanoic acids,
hydroxy alkanoic acids, alkanedioic acids, aromatic acids, aliphatic and arﬁmatic
sulfonic acids, etc. Such salts thus include sulfate, pyrosulfate, bisulfate, sulfite,
bisulfite, nitrate, phosphate, monohydrogenphosphate, dihydrogenphosphate,
30 metaphosphate, ~ pyrophosphate,  chloride, bromide, ijodide, acetate,
triflnoroacetate, propionate, caprylate, isobutyrate, oxalate, malonate, succinate,
suberate, sebacate, fumarate, maleate, mandelate, benzoate, chlorobenzoate,

methylbenzoatc, dinitrobenzoate, phthalate, benzenesulfonate, toluenesulfonate,



forms sonewhat in certain physical properties such as solubility, crystal
structure, hygroscopicity, and the like, but otherw se free base forns of
the invention "conpounds and their respective acid addition salt fornms are
equi val ent for 15 purposes of the present invention. A nontoxic
pharmaceutical |y acceptabl e base additign salt of an acidic invention
conpound rmay be prepared by contacting the free acid formof the conpound
with a net alphenylacatats,uciras latatay Kalate, anrteakds ahéthameedlfdratayeindl the dikeon, or

an am ne, especi all n organic am ne. Exanples of suitable netal cations
"ncl ude 20 S AntHRHER ERaSAtS Qormue; A HIch wRippte pady ettt i on
(My2+), cal ciiitiBnatealsl Hleee AP & | YA o ' am nes
are N, N -di enz?ll e?h%?tgﬁée%l aﬁeﬁ’e@cﬁ%éﬁﬁgﬁygﬁl’i %g%d%cg%cglnol am ne,
di cycl ohexy|Salisfid, ofdtHaymarBeii B9%75@6:1)N- net hyl gl ucami ne, and procai ne (see,
for exanple, Berge, supra., 1977 5 A base.addition salt of acidic

i nvent{ on conpou ME@B{’%ﬁﬁlﬁe% Bé’as@oﬂ’tva'&qq%ﬁo‘inﬁw éSeP’%’P’E?Sf mof the
conpound W tdanRcnd tHeCHEN ba@ RIHAL opiheacorﬂé%ﬁmﬂe\giﬂPﬁsﬁszQeﬂr 4Gk dee salt in
t he conventional nmanner. The free acid formof the conpound nay be

r egener at ed degiresoavidita produaerrenaddric isait in the choyamtidnalinodnnen Thadied, basnd

I solating t fr acid of .the .caonpound jn the conventional..manner. The 30
free acid f (I;{\S R °§§‘eﬁ%’éﬂﬁ°ﬁ%w & fgg‘?{ﬁ Ry 8‘?‘? cg'f‘g;gﬁ%?ﬁl‘?ﬁg‘ilhpo? é@g_ﬁ%t i ve
salt fornms feeEIVVEh 4 Ba®ehhdiisblRRESihe Hrecd AR Sok T Hb dnddus®linlthd 1 LY,

crystal structure, -75- hygzrhgscopl city, and the like, but "otherw se the
sal t sltre ed@pvastiontl mamehdihe fraedwse fring of cpmpownsds drémaredoancprsingstot  t he

present inv ' Lo, tio oppounds. can exi st. . n,unsol vat ed
Forms as. weiocdl ot M bitachr By ion RapC HBRY e aafe S dtigmfl o < e
sol vat ed f orfomas somewhat iienginPigsRbEstohfioFsuch € s@abilivg taRial kudtieo! vat ed
fornms and are enconpassed within the scope of the present invention.” ’

Certain of {WECSFREEA, GRACBAPHEnd pokeswiss e bete Fms ehilicainvestitters,  and
each center Jpy 8Xi:Shnd rfhéipGfe%ec%ve.saﬁﬁnjidcﬁﬁgnatshl? Torl! Ca& Ve‘aﬂNa%Ht[ F\fglm) ound

I ncl udes any drastereoneric, enantioneric, oOr epineri or'm o
conpolind, agpurposes of the present invention.

v

A nontoxic pharmaceutically acceptable base addition salt of an acidic
invention compound may be prepared by coutacting the free acid form of the
compound with a metal cation such as an alkali or alkaline earth metal cation, or

an amine, especially an organic amine. Examples of suitable metal cations include
20 sodium cation (Nat), potassium cation (K*+), magnesium cation (Mgz“"), calcinm

cation (Ca2*), and the like. Examples of suitable amines are
N,N’-dibenzylethylenediamine,  chloroprocaine, choline, diethanolamine,
dicycloheXyIamine, ethylenediamine, N-methylglucamine, and procaine {see, for
example, Berge, supra., 1977).

25 ‘ A base addition salt of an acidic invention compound may be prepared by
contacting the free acid form of the compound with a sufficient amount of a
desired base to produce the salt in the conventional manner. The free acid form of
the compound may be regenerated by contacting the salt form so formed with an
acid, and isolating the free acid of the compound in the conventional manner. The

30 free acid forms of the invention compounds differ from their respective salt forms

somewhat in certain physical properties such as solubility, crystal structure,



10 well as m xtures thereof. Additionally, certain invention conpounds may

exi st as geonetric isoners such as the entgegen (E) and zusanmen (2)

i somers of 1,2-disubstituted al kenyl groups or cis and trans isomers of

di substituted cyclic groups. An invention conpound includes any cis,

trans, syn, anti, entgegen (E), or ZUSﬂﬂﬂEn (2) 15 isoner of the compound,

as well as mixtures thereof. Certain invention conpounds can exist as two

or rmore taunga%%eidoﬁicft?,r Bhd thd AueD B2k | Gthdr@iseBthef sdliRCale NURINAIGR tBOfHRRUNS May

i nt erchange, for exanple, via enolization/de-enolization, 1,2-hydride,

1, 3- hydr i defespaciiye frep geidifepurnoses of the peesenfdnventiRe.  An i nvention conpound

I ncl udes any tau I i |l as m xtures
ERRh &gv%q%{oﬁ‘hée’émrﬁdﬁﬁdé: ?5938%9 in ﬁﬁsq}lx?a(?e orons

t hereof . Some corpoun resent | nventon have n§1 VGt dtips, whi ch

may exist gdveed Jogas) aichilisghydmtad b ali @oferal, nthehislbate@SRral |
geonetric forps. thereof, both entgegen and zusamen, cis and trans, and
m xt uPes t hEeBEing divdratog ¢ farms, e s egpgelent tp e upsaluaied fompenendnare25 Sone

conmpounds o -] ' ;ﬁsé yl groups, which may be
substi t ut edg%ctbhﬁg%&?ﬁg%ng{%\ég aelr(gglﬁ tgerlrl]@m%ﬂ\?é#ch case all geonetric
fornms thereof, bGefricicf theadntentios compdunts xiousess ohb ek eedre chfrsl snkdié,n t he

scope of the ga:? sent invention. T%g )%Nﬁven .l on_conpounds  al so include

i sot opi cal | 24 &A58) qerter TepLBRisdR, the BooqpicoRligation i mvantioncompriwdr eci t ed
above, but {iohdbd&ny @GbteldRleriO EnafioEHE oRbiRric b atom
havi ng an atom ¢ me?fss or mass ’nunbe?lﬂgff’foergnt chroﬁnn{i)ﬁg{ea%?%r%ﬁﬁd’%ss or
mass 18unber wel aahdixtufes timgedfn nat ure. Exanpl es of isotopes that -76- can be
i ncor porated int ' nds_af .the.invention include isotopes of hydrogen,
car bon, ni trogengdé‘gigggﬁf’ C%%EHHVSPB%?OIWQPS‘H? ey SHit ahgesm ¥ 15Q0eH as  2H
3H 13C. 14Couch S th8H:£0echl®) sAd Fuditsiner 86 130erd 91,2 BRARREILY By COMPOUNGS
of the present invention and pharmaceutically acceptable salts of” said -
conpounds 5gmipe lor cihead rivank dserhers erfedisibstibied sytlispgmuandAorinedrttion | sot opes
of other atom thin the s e of -thi.s _invent Certain

i sot opi cal I §° '§%%121Filei§‘\é\iug8§wﬁ8&n%§’ %&P’ syn, amtl,” entgegen dE?’nbf zusammen (Z)

15 isomer of the compound, as well as mixtures thereof.

5

Certain invention compounds can exist \as two or more tantomeric forms.
‘Tautomeric forms of the invention compounds may interchange, for example, via
enolization/de-enolization, 1,2-hydride, 1,3-hydride, or 1,4-hydride shifts, and the
like. An invention compound includes any tautomeric form of the compound, as
20 well as mixtures thereof.
Some compounds of the present inyention have alkenyl groups, which may
exist as entgegen or zusammen conformations, in which case all geometric forms
thereof, both entgegen and zusammen, cis and frans, and mixivres thereof, are

within the scope of the present invention.

25 Some compounds of the present invention have cycloalkyl groups, which
may be substituted at more than one carbon atom, in which case all geometric
forms thereof, both cis and frans, and mixtures thereof, are within the scope of the
present invention.

The invention compounds also include isotopically-labelled compounds,

30 which are identical to those recited above, but for the fact that one or more atoms
are replaced by an atom having an atomic mass or ﬁ%s number different from the

atomic mass or mass number usually found in nature. Examples of isotopes that



the present invention, for exanple those into which radi oactive isotopes
such as 3H and 14C are incorporated, are useful in drug and/or substrate
tissue distribution assays. Tritiated, i.e., 3H and carbon-14, i.e., 14C
| sotopes are particularly 10 preferred for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as
deuterium i.e., 2H can afford certaiT® therapeutic advantages resulting
from o eal et e habhbbpoRt @l kb YombAlnd® XSS hMIGHER ALY jsiibhes BRI T-111e
or reduced dosage requirements an en e, erred

ci rcunst ancelsydrogent cqxbmalﬂm‘ogeabekygd plmmp]mmuls fhrrbnhdnas@cﬂbﬁﬂe |sluelml aabove in

15 this inv 3} lyy. tg r e ut the pr,ocedures
i ncor por at e?ﬁ) 13?" g‘ﬂ Eaﬁl d| s?:jl% g‘&nﬁn ﬁ‘é PRGBS i n t he
Exanpl es an%ﬁh@gﬁsa{tu%n@ﬁ%ﬁ Ph@haéaﬁémw Bickpanid séﬁsaslf da1d BviRbdubl ©

I sotopically | ed reagent a non-i1sotopically labelled reagent. All

of theSabovewhiehcontain ﬁbraﬁmenienhmnednmmasmd@quﬂmnwtwee ofrmharc&olnby 20

t he phrase "invent ound" und of . Far ound of
Formal & 1. o S G e e vehgiobt e Setppicafh Brefpd corfousds ohaned

speci es t heme Phoscht tneSitio PRI dxhmplel ﬂio@xﬁiwﬁﬁﬁhtrbﬁbﬁfﬁv@ Mhot6pR sQkh ¢ di nary
skill in the art WCII appreci ate that the conmpounds of the  invention are

useful in tré’é@lidn arelingerpoeated, arg/useful di d@mglor@pi@tr@te tigsen diamJDHQRIII | in
25 the art pr.eci gte_that 7 usi he corrp unds,.of, the
Covention i st (RRRRRE R0 oF ekt e BRI B, 09 B GRETBYCBOIAE o e
i nventigon meptefored Wﬂdbl@@ﬁbﬂ%ftﬂi'epé?dﬂoﬂ%d%te&iabﬂﬁy mﬂ@tha@@umgnﬁ;tmaﬁm used
for that disease. For the treatnment of rheymatoid arthritis, the conpounds

of the inverlGAWisT ipRIgDasesuchnBY isttclibmy igehls caudifosd cpNping thempenii¢ or s such
ti-TNF tor | |
o N AR RO R B0 TR TP SRS g

hydr oxychl orgolihak; hfd-ornedmcedldoéigerl@qumﬂi@mﬁmd] ehce)aheynbe ipadfeved o al 90| d.
-77- The conpounds of the jnvention can also be used in conbjnation with

exi sting thelHSeHicTRsRgesst %SO‘PQﬁ’FcallﬁéﬁbFH%‘ﬁqmﬂuné? obthosdescHPsd 3b9ve 8l t abl e
agent §5t 0 bgsUSRRnksh &Hb LOMARP YN phdpdeds B?ngzﬂ{'ﬂnﬁ oSt Shie" PtdlBbures

anti-inflammtory agents
incorporated by reference above or dlSClOSE:d in the Schemes and/or in the

M=

Examples and Preparations below, by substituting a readily available isotopically
labelled reagent for a non-isotopically labelled reagent.
All of the above-describe forms of an invention compound are included by
20 the phrase “invention compound”, a “compound of Formula I”, a “compound of
Formula i, or a pharmaceutically acceptable salt thereof”, or any named species
thereof, unless specifically excluded therefrom.
One of ordinary skill in the art will appreciate that the compounds of the
mvention are useful in treating a diverse array of diseases. One of ordinary skill in
25 the art will also appreciate that when using the compounds of the invention in the
treatment of a specific disease that the compounds of the invention may be
combined with various existing therapeutic agents used for that disease.
For the treatment of theumatoid arthritis, the compounds of the invention
may be combined with agents such as TNF-o¢ inhibitors such as anti-TNF
30 monoclonal antibodies and TNF receptor immunoglobulin molecules (sﬁch as
“Enbrel®), low dose methotrexate, lefunimide, hydroxychloroquine, d-

penicillamine, auranofin or parenteral or oral gold.



(hereinafter NSAID s) such as piroxicam diclofenac, propionic acids such
as 5 naproxen, flurbiprofen, fenoprofen, ketoprofen and ibuprofen,
fenamat es such as nefenam c acid, indonethacin, sulindac, apazone,

pyrazol ones such as phenyl butazone, salicylates such as aspirin, COX-2

i nhibitors such as etoricoxib and rofecoxib, analgesics and intraarticul ar
t her api es such as corticosteroids and "hyal uronic acids such as hyal gan and

synvisc. 10 Thi s ThevenipoaidsebfStheriavaitRn d@ AsdmBé ek f GhvRaRhiRkaBceut i cal
conposition for treating inflammatory processes and di seases conpri sing

adm ni st er i FYSUNS EwFpewitdagants for $he Hodimentosf astcoartmitivrabuitdbie bgedisip a hurran,

cat, |ivest in 0980 £l ' f rocesses and dj seases
are defi nedgglis§1 Sabove anla%ﬁlgﬁdﬁ%d'%ré&%%%ﬁﬁ??%ww ¥R nat i on
wi th one or (hencipaftdr INBAILY'S) tshehr ap @irokizatl, Videfehate paeIRohis dé[tgeguc%.l%

foll ogi ng conditi OEISZ _A.% wher e c%%leoi nt has becone seriously iInflamed as
wel | ds i nf BETE¥E, dlurkiproten, denoprofen. fietopselen apd ibupuefgn,, feparpatey sachaasd/ or

virus, sai dgj-pbiaBiid Oh¥aC 5 S Bl S i i nation with one or
more anti bi ot c,aﬁgént ?%g’nggpéaﬁ&g%%ﬂll’pr%@glzi%él Egir%gﬂ%r q’é’ﬁ%“?i SiPerdpeut i ¢
agents; 20 Bhényliutazens salitylates sialh 4 sspicie MOXD iphibitoRNsdch A leAFBLHLON | S
desired, said inhibitory conpound is adnministered in conbination with

i nhi bitors ﬁgﬁ‘ffﬁ(@}‘%’ ﬁ&@éﬁ%ﬁ”@‘%@@%@%{%ﬁ skelps ceitispstereidsamndnor e
menbers i ndﬁgﬁﬂ@ﬁﬁtdc)ﬂs 8681 8%vatkah 8 %&q@s group consisting essentially of:
(1) NSAIDs; 25 (2 Hl-rseceptcﬁ%antagg |stc's; (3) kinin-B 1 - and B2
-recdft or ant agofhistisven(ian alse oslatey teemdiethoil ki bba pharmaseltieat @gngositiont he gr oup

consi sting PJ %%@GF I§012 - and PC?— .ecept or aptagoni sts; (5)

t hr onboxane" A2"HREY I BY « BPEssses; gn ésesﬂ, COMPTRIE admimisienazyenase

i nhi bi tors; cnfpoudndUiOhis iBPentieh @ a makdbX! InEfeding 2Bmbd Bée - iRk IR S:  (8)

PAF-recept or ant agoni sts; -78- R
dog, wherein said inflammatory processes and diseases are defined as above and

said inhibitory compound is used in combination with one or more other

15 therapeuticalty active agenis under the following conditions:

A)  where a joint has become seriouély inflamed as well as infected at
the same time by bacteria, fungi, protozoa and/for virus, said iﬁhibitory compound
is administered in combination with ope or more antibiotic, antifungal,
antiprotozoal and/or antiviral therapeutic agents;

20 B.)  where a mulﬁ~fold treatment of pain and inflasamation is desired,
said inhibitory compound is administered in combination with inhibitors of | other
mediators of inflammation, comprising one or more members independently
selected from the group consisting essentially of:

(1) NSAIDs;

25 (2) H; -receptor antagonists;

(3) kinin-B; - and B; -receptor antagonists;

(4) prostaglandin inhibitors selected from the group consisting of PGD-,
PGF- PGI; -~ and PGE-receptor antagonists;

(3) thromboxane Aj (TXA,-) inhibitors;

30 (6) 5-, 12- and 15-lipoxygenase inhibitors;

(7) leukotriene LTC, -, LTD/LTE, - and LTB, -inhibitors;

(8) PAF-receptor antagonists; -



(9) gold in the formof an aurothio group together with one or nore

hydr ophi li ¢ groups; (10) imunosuppressive agents selected fromthe group
consi sting of cyclosporine, azathioprine and nmethotrexate; 5 (11)
anti-inflammatory glueocorticoids; (12) penicillamne; (13)

hydr oxychl or oqui ne; (14) anti-gout ageg%s i ncl udi ng col chicine; xanthine
oxi dase inhibitors including allopuri and uricosuric agents sel ected
from probeneci d, (91@oRulxf ufbpfdrﬁlzemnamothﬁngbm NBEemer with sleeoenwreler
mammal s are being treated for disease condltlons syndronmes and synpt ons
found in gerivdtaphilicErewnst s, said inhibitory conpound is adm nistered in
conbi nation with . r yase he group
consi sting essené?gfpﬁﬁbﬂaﬁﬁgﬂ%gygE%ﬂ%?gﬁgé ?ﬁ@%% g%t?% q%m%%% e?act
memory Ioss(ath@mﬁmiamﬂﬂhnnﬁzmdamﬁmnhyaegtenS|ves and ot her cardiovascul ar
drugs intended to_ offset the con equences of atheroscl.erosis,

hyper t2nsi on, nydébratiznflagmatary glucarItieRids; congestive heart failure and
nyocar di al |nfarq Led fromthe group consisting of. 20 a.
diuretics; b. vaso tors C. (3-adrenergic receptor antagonists; d.
angi ot ensi n- 1| cdﬁﬁﬁnﬁhngmhhmxmmm:nh|b|tors (ACE-i nhi bitors), alone or

optionally together with neutral daopept | dase i nhihitors: 25 e .
angi otensin || Qg@pt'”@ﬁ‘ -89 AgH %13"3 do]ﬁﬁ co W’l’?ﬂqﬂﬁ’i“? SP‘@SPQ.IH@FQW um

channel bl OQK&ﬁ&n%CQllo thﬁl&/tﬁﬁcc@&?@tﬁgedts Sl enshl! proB&RBiaSt s; 30

j. a-adrenergic réceptor antagonists; and
10 sulfinpyrazone and benzbromarone;

C. where older mammals are being treated for disease conditions,
syndfome;s, and symptoms found in geriatric mammals, said inhibitory compound
is administered in combination with one or more members independently selected
from the group consisting essentially of:

15 (1) cognitive therapeutics to counteract memory loss and impairment;

(2) anti-hypertensives and other cardim}ascular drugs intended to offset the
consequences of atherosclerosis, hypertemsion, myocardial ischemia, angina,
congestive heart failure and myocardial infarction, selected from the group
consisting of: |

20 a. diuretics;

b. vasodilators;

c. §-adrenergic receptor antagonists;

d. angiotensin-II converting enzyme inhibitors (ACE-inhibitors), alone or
optionally together with neuiral endopeptidase inhibitors;

25 e. angiotensin I receptor antagonists;
| ~ f. renin inhibitors;

g. calcium channel blockets;

h. sympatholytic agents;

i. 0p-adrenergic agonists;

- 30 j- 0-adrenergic receptor antagonists; and
k. HMG-CoA-reductase inhibitors (anti-hypercholesterolemics);

(3) antineoplastic agents selecied from:



k. FLMZ CoA-reductase inhibitors (anti-hypercholesterolemcs); (3)
antineopl astic agents selected from -79- a. antimtotic drugs selected
from i. vi nca al kal oids selected from [1] vinblastine and [2]
vincristine; 5 (4) growh hornone secretagogues; (5) strong anal gesics;
(6) local and system c anesthetics; a (7) H2 -receptor antagonists,
proton punp inhibitors and other gasftOprotective agents. 10 The active

i ngredi ent of the @ﬁgﬁ@ﬁ&&%@%&t@@ﬁﬁﬁy be adm nistered in conbination

wi th inhibitors of other ators of inflammtion, conprising one or nore
nmembers sel ect edi- f‘fi%aﬂ@éol@&ﬂq&teddmstl ng essenti al | y of the classes of
such inhibitors t her eof which include, matrix

nmet al | opr ot ei nasgﬂ rﬁﬂ&gi}ﬂ?%?% aggrecanase i nhibitors, TACE inhibitors,

| eucot ri ene recef#]¢inckitiagt agoni sts, IL-1 processing and rel ease

I nhibi,tors, ILra, H -receptor antagonists; kinin-Bl - and B2 -receptor
ant aggnl sts; pro@&&? diormppmiesiefagogUesuch as PGD-, PGF- PGE 2 -- and

PGE- r ecept or ant Bﬁécsmaléég nboxane A2 ( TXA2-) i nhi bitors; 5- and

42-1i poxygenase | ors e’ukotrl ene LTC4 -, LTD4/LTE4 - and LTB4 -

i nhi bitors; PAF- (@&malamdmte&g@maﬂﬁuc@ahd in the formof an aurothio group
20 together with yarious hydrophilic groups; immnosuppressi ve agents,
e.g., cycl ospordé %zﬁ?%?%rﬁ%@g%ﬁs meERORr Xt nhrutory randy ory

gl ucocor ti cgiseey rotégg%gg,érj m ne; hydroxychl oroqui ne; anti-gout agents,

e.g., colch |C|ng xant Fne oxi dase inhibitors, e:g., allopurinol and
uricd8uric agent?he ective inpratien i e presehtf imeytiar ey boddhemiabrednar one. 25

The conpounds of the ese may al so_be used in conbination
with anti caft® %‘b"éh‘f"gt Hlt%ré %ﬁﬁ& ﬂﬁgrami igflgpmation CeMpHsREIWE oxi ¢

drugs such oamoRthbARYR sBleclAHRMIME dows boisihial cBitia®) SRS Efsest@*0! » -

t axotere and al kal oi ds
such inhibitors and examples thereof which include, matrix metalloproteinase

inhibitors, aggrecanase inhibitors, TACE inhibitors, leucotriene receptor

15 antagonists, IL-1 processing and release inhibitors, ILra, H; -receptor antagonists;
kinin-B, - and By -receptor antagonists; prost:;glandin inhibitors such as PGD-,
PGF- PGI; - and PGE-receptor antagonists; thromboxane A, (TXAZ-) inhibitors;
5- and~12-lipoxygenase inhibitors; leukotriene LTC; -, LTDJ/LTE, - and LTB, -
inhibitors; PAPF-receptor antagonists; gold in the form of an aurothio group

20 together with various hydrophilic groups; immunosuppressive agents, e.g.,
cyclosporine, azathioprine and methotrexate; anti-inflammatory glucocorticoids;
peniciliamine; hydroxychloroguine; anti-gout agents, e.g., colchicine, xanthine
oxidase inhibitors, e:g., allopurinol and ﬁn‘cosuric agents, e.g., probenecid, -
sulfinpyrazone and benzbromarone.

25 The compounds of the present invention may also be used in combination
with anticancer agents such as endostatin and angiostatin or cytotoxic drugs such
as adriamycin, daunomycin, cis-platinum, etoposide, taxol, taxotere and alkaloids,
such as vincristine and antimetabolites such as methotrexate.

The compounds of the present invention may also be used in combination

30 with anti-hypertensives and other cardiovascular drugs intended to offset the
consequences of atherosclerosis, including hypertension, myocardial ischemia

including angina, congestive heart failure and myocardial infarction, selected from



such as vincristine and anti nmetabolites such as nethotrexate. The conpounds
of the present invention nmay al so be used in conbination 30 with

anti - hypertensi ves and ot her cardi ovascul ar drugs intended to of fset the
consequences of atherosclerosis, including hypertension, nyocardi al

i schem a including angi na, congestive _heart failure and mnyocardi al
infarction, selected from-80- vasodi|I-80ors such as hydr al azi ne,

0- adr ener gi %aé&ﬁﬁﬁﬁﬂsa;@i?.ta%gﬁﬁ?&rg{aéi é,uﬁihacﬁ‘éneréfz 01%%{@ %tagﬁnﬁktﬁi channel

bl ockers such as ni I pi ne,” aZ2-adrenergl c Agoni sts su as clonrdine,

a- adr ener gi ‘E‘prélﬁﬁlﬁﬂ&lg) Ealafbadonhsl odke s 28 mirdpint, apaddidiersiCadniseduct ase
i nhibitors (anti-hyperchol esterol emcs) such as lovastatin or 5
at or vast at i ruciT heclopidpisu neaslrarfergih aeqepios entagomniste saclhoss pragosin sl HAG-

adm ni stered,ih_conbinatign w.th one or, nobre antjbiqgtic, ,antjfungal,
anti prot oz ogfo,A'ﬁ"r‘iiPFt\??er a’g]t“b OFSg i(qﬂtﬁ—%tpeﬁ%gkgtﬁgﬁql}ngs LGB <35 ISR Bunds of
t he present jdgvapfiinon may al so be used in conbination 10 with CNS agents
such as antidepressants (such as sertraline), anti-Parkinsonian drugs

(such as L-dopa, Theogeinppounils afdke puevem invhitbint orey alsw be aylgaisegichién and
rasagi line, copP i.nhibitors such as..lasmar...A- I%gi Llors, %8 ] ne
euptake 1 SRABELPE A BhE oh ticts RuPREET ity BloRibfel: SRR ke
ago_ni sts anqinﬂmhh@hﬁegﬁaagéntg}euronal nitri_c oxi de synt hase) _a_nd o
anti-Al zheinmer's drugs such as 15 donepezil, tacrine, COX-2 inhi.bitors,

propentof yl | i ne dimerempppisisaidhe presentdmysationimayfalsore wed 4o aembingden i on may

al so fg useduyn DA LR asMrkide AREGRR RS & A9CANLR) SHEPRARmiQigK! f ene,
drolo X an %ssan n

| asof Oxi f ene, €ne or fo0so I Tmunosuppr agents such as

FK- 506 and rdapgnigeéinas Ekmpa,nneqnfgi aiirapexyIANE inmbitdie sitest seleghteviidiat i on
with a COX-2 20 selective inhibitor, nore Xrefe[abl y celecoxib (e.qg.,
CELEBREX( D) Taspgitmecexph m'@éﬁ%‘ﬁﬁ“%lﬂ“@@ﬁ%a, ﬁamé%s@rs@,dommnﬁa@w@%e (e:d.,

Cramer cop). (BRGNP, fiafms, RS bl RRREELTHRS ST 20
(e.g., ARAVAfliipitorsrof metfvatl eixdd exidangnthine) ahd keti-Alzheimer’s drugs such as
15 donepezil, tacrine, COX-2 inhibitors, propento{ylline ot metryfonate.

The compounds of the present invention may also be used in combination
with osteoporosis agents such as roloxifene, lasofoxifene, droloxifene or fosomax
and immnunosuppressant agents such as FK-506 and rapamycin.

The invention compounds may be used in combination with a COX-2

20 selective inhibitor, more preferably celecoxib (e.g., CELEBREX®), valdecoxib
(c.g., BEXTRA®), parecoxib, lumiracoxib (e.g., PREXIGE®), or rofecoxib (e.g.,
VIOXX®), or with compounds such as etanercept (e.g., ENBREL®), infliximab
(e.g., REMICADE@), leflunomide, (e.g., ARAVA®) or methotrexate, and the
like.

25 The invention compounds may be used in combination with biological
therapeutics useful for treating arthsitic conditions, including CP-870, etanercept
(a tumor necrosis factor alpha (“TINF-alpha”) receptor immunogiobulin molecule;
trade names ENBREL® and ENBREL ENTANERCEPT® by Immunex
Corporation, Seattle, Washington), infliximab (an anti-TNF-alpha chimeric IgG

30 1K monoclonal antibody; tradename REMICADE® by Centocor, Inc., Malvern,
Pennsylvania), methotrexate (tradename RHEUMATREX® by American

Cyanamid Company, Wayne, New Jersey), and adalirnumab (a human



25 The invention conpounds nmay be used in conbination w th biol ogical

t herapeutics useful for treating arthritic conditions, including CP-870,
etanercept (a tunor necrosis factor al pha ("TNF-al pha") receptor

i mmunogl obul i n nol ecul e; trade names ENBREL(r) and ENBREL ENTANERCEPT(r)
by I mmunex Corporation, Seattle, vasnggton), infliximb (an
anti-TNF-al pha chineric 1gG 30 1K nondtional antibody; tradenane

REM CADE( 1) nidvoSiendl @8QTINF-Mpha adHon§! tadend?RE B ININBA®D), ABRRENOL I exat e
(tradename RHEUVATREX(r) by Anerican Cyanam d Conpany, Wayne, New Jersey),
and adal i mukabpraterips, ddbbott 8ark, Bineis).onal anti - TNF- al pha anti body; tradenane

HULV I RA(r) by ot t abor at orld es,, Abbo a Al 1ldnois). Th resent
invention also re %P%ger#émfeﬁ@%q %’P?iﬁ‘?%*?? %’nﬁ%ffﬁg{uﬁ QOJﬁcFOHI?OPﬂ%O_FB‘Besent
i nvention apmbent Mivestibalohe oP ithdng 0@ oltes ofhee RRPULICIRARWEcNAIAB are to
5 formthe | ntended combi nation, including wherein said different drugs

have varyi néPriatie fniguisd qombinadion; ipcluding twWaareiadsaid | ditferent drugs kavesai d
drugs with _different. release. td Gh e r ively upiform
dosi ng; or, Yi nlghéglgtggés’ OW cﬁ%%%ﬁ%%%é%&i‘%% < , illoa(jilﬁlrsreg]ll %éjl[degn%/gée?ﬁ%osage
formin whi diffesait gelelsel tignes shich athidves relativelynadifoon dasigPore et cheaft her in
adm xture in the feed conposition. There is 10 further provided in

accor dance WHRURARPHicasenmeicoied feadrdosagefarm i which 25 usgfhicthet he
conbi nati on . | ' aﬁdﬂﬁxtﬁi-sr}ﬂ' LNl St | Qn of
sai d drugs %%E%gﬁ%%aé%ﬁ%%ﬂcfﬁ%‘%ﬂ%ﬁxon; Inclu |%g&g@%%ggt rlfatht@#éol(rgl by means
of  dibf f er efitrthéo peayddedainnaccanidneccowithsthe fpradnt ivehtiat condmidigraiisn inf
conbi nati ons_j accordance wth different but, regular and .conti nuous
dosi ng. schellticdhsFRRRBgOPETAlrigS I8 actipiedhy Pesengipros RIFERRON Ghy 0| ved
are mai nt ai geg dhibstth He RSl cddiRGiont ' SUSRLiIRMER BNBedn@QsVvi dual
drugs maki ng ughgggi d g?ﬁ%iﬂnat? onlg%gnhg?m il %(g\églglnr%lgn@st erbé.’d %%ﬁggi d
patient si ndiffesené dosdgy forfire andhvoesetsi afnadmetistations thes afeibf combinatgonsand
veterinary nedigines.fol.. treating.m | s suffering from.one.or,nore of
the above- | fePisig SithaliforsnibutzsByre gndiginayy dosiy Sohediies, BHPEhY T o
practisce a g&sireSlRinatibicts bNYAN U thPoll& AdNhah&hRM A the patient being

treated, even though the individual drugs ma\king up said combination are not

being administered to said patient simultaneously.

The invention method is useful in human and veterinary medicines for
treating mammals suffering from one or more of the above-listed diseases and

20 disorders.

Al that is required to practice a method of this invention is to administer a
compound of Formula I, or a pharmacentically acceptable salt thereof, in an
amount that is therapeutically effective for preventing, inhibiting, or reversing the
condition being treated. The invention compound can be administered directly or

25 in a pharmaceutical composition as described below.

' A therapeutically effective amount, or, simply, effective amount, of an
invention compound will generally be from about 1 to about 300 mg/kg of subject
body weight of the compound of Formula I, or a pharmaceuticaily acceptable salt
thereof. Typical doses will be from about 10 to about 5000 mg/day for an adult

30 subject of normal weight for each component of the combination. In a clinical
setting, regulatory agencies such as, for example, the Food and Drug
Administration ("FDA”) in the U.S. may require a particular therapeutically

effective amount.,



conpound of Forrmula I, or a pharmaceutically acceptable salt thereof, in an
anount that is therapeutically effective for preventing, inhibiting, or
reversing the condition being treated. The invention conpound can be

adm nistered directly or 25 in a pharnmaceutical conposition as described

bel ow. A therapeutically effective a t, or, sinply, effective anmount, of
an invention conpound will generall y Bve fromabout 1 to about 300 ny/ kg of
subj ect body weifMete@fnidil ﬁﬁﬁp@aﬁgﬁms ROmHioRid efRbtive RRuIBGRUAI cal |y

acceptabl e salt thereof. pi cal doses will be fromabout 10 to about 5000
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a parti cul agjshiersaBedttibed | ablve Qﬁﬁteﬂ*’elbtﬁng'lmuﬁﬂ accBﬂ:hng ke Hetigvenitiohng what
constitutes a nontoxic effective anpunt or_a therapeutlcal I y effective

anount of amethodant| Bmbesnplbdastors owilk genpralhy be ¢amsiderndi By, thermedicadr si ng one
f. d ab
o (B B iy 5,5 A LA g e, o

that are be reated accor to [ er of

factors wil letgfingtanl Iiyxchamgomlse cﬁmﬂd ahy Dingz ndiniradtratipn aghidélir@peroror
veterinarian in view of the experience of the nedical (gractitioner or

vet eri nari aBudpkREs f@PHgat ﬁ@“‘F@%‘H 2508 Yor RHPLkAS Flnaee] Adics, dbe aeedtss, or
gui del i nes My I Smat he
subj ect's Eéegg , rra%’rrg\f/igés’%@% \gagféi‘é%({rd %&%t andﬁggﬁgﬁglaséiéﬁgjpt ion, as well
as the typeegtat dDihexdiesuke,odisdrier ali comditon ks trdated, Oandcthnd:iselotﬁmﬂi&ﬁl ng

treated, and the use of oth nedi cations, if.a t he ct. As
such, the amﬁdmag?@gf&na&%&ﬁaw% S WPt 2 %@ﬂg‘é%claﬁy ZWPr at i ons
reci t ed abom‘edmﬂg _”@rycdﬁ%éﬂrdﬁ%ﬂéiﬁe& b6V, bﬁma@u&aha%utsﬁﬁltﬂayn% giye those

ranges, dependi upon the requirements of thé individual ubject, the
severity of btloev aoatahive iticose raniges, dependinglppemthetthguisageniscef] the lltdn‘edaq:leut ic 15

o ot o T S LAt B cBhe R PG ey S
E LZ?" a@fgt | eg’gﬁh@ﬁldnnbélhgte%ﬂﬂé‘}&ﬁn@cﬁdiﬁiﬂaﬁbn dFsa@espepfdokdIgor BVRRAidPR conpound
situation is within the skill of the medical or vetennary arts. Generally, treatment
may be initiated using smaller dosages of the invention compound that are less
than optimurmn for a particular subject. Thereafter, the dosage can be increased by
small increments until the optimum effect under the circumstance is reached. For
20 convenience, the total daily dosage may be divided and administered in portions
during the day, if desired.
Pharmaceutical compositions, described briefly here and more fully below,
of an invention combination may be produced by formulating the invention
combination in dosage unit form with a pharmaceutical cartier. Some examples of
25 ~ dosage unit forms are tablets, capsules, pills, powders, aqueous and nonaqueous
~ oral solutions and suspénsions, and parenteral solutions packaged in confainers
containing either one or some larger number of dosage units and capable of being
subdivided into individual doses. Alternatively, the invention compounds may be
formulated separately.
30 Some examples of suitable pharmaceutical camiers, including
pharmaceutical diluents, are gelatin capsules; sugars such as lactose and sucrose;
starches such as corn starch and potato starch; cellulose derivatives such as

sodium carboxymethyl cellulose, ethyl cellulose, methyl cellulose, and cellulose



than optinmum for a particular subject. Thereafter, the dosage can be

I ncreased by snmall increnments until the optinum effect under the
circunstance i s reached. For 20 convenience, the total daily dosage may be
di vided and administered in portions during the day, if desired.

Phar maceuti cal conpositions, described g[iefly here and nore fully bel ow,

of an invention conbination may be prodiced by formulating the invention
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derivatives such as sodi um carboxy cell'ulose, ethyl cellulose,
met hyl cel | woowpenenis shicbalsicolarng ag88s, flaveting eggii, land/at presgedtives.Thesal c;

stearic acid; .magnesium stearate; getable oils ,such.as peanut.oil,
cot t onseed dﬁﬁéft‘?n*g%s B 81 \}léu%ﬁ'l ,useécgrlﬁ S?IF?Ve%dsn&?lf %‘FO She’tg% ong;
propyl ene gleygipositighy eh, #: desREd)! Q) coliny SthBy kigpsettiy @@bits \W@idonlypgar ;

al ginic acid; isotonic saline, and phosphate buffer solutions; as well as
ot her1& conpapleyed tg tsst ayed sherbonedistpd diseabes andiispndeiseut i cal formul ati ons.

Components such AdtaTePRs SR Advé M Guftdn i deif M R d Ot ves.
These mat efphahBacebficallyefesitabla salt Undtadfl Yn UBE forefoih @ |c@ﬁ1EMﬁﬁMasSm| be anount s.

The conpositions can, if desired, al'so contain other therapeutic agent's
conmonl y  -107agieeh vaihie wide Himitss bufor practicpd pameses. jtils peederably dsesent B

0 sorers i BAEMANE Ol e 0L S RS SR bay RO £
conposs t i bnq)rmmw Diéquid avorgdsitioh.hiihe wheke datisthttory bompésimiorﬁ,raet%oai npur poses
't Ts pref erin?ht:)i!:l%/a e %E]éheir Bro%ortion of the active i;lgrédients are present, for example,
up to about 95%. -
Preferred routes of administration of an invention compound are eral or
parenteral. However, another route of administration may be preferred depending
20 upon the condition being treated. For exampled, topical administration or
administration by injection may be preferred for treating conditions localized to
the skin or a joint. Administration by transdermal patch may be preferred where,
for example, it is desirable to effect sustained dosing.
It should be appreciated that the different routes of administration may
25 require different dosages. For example, a useful intravenous (“IV”) dose is
between 5 and 50 mg, and a useful oral dosage is between 20 and 800 mg, of a
compound of Formula I, or a pharmaceutically acceptable salt thereof. The dosage
is within the dosing range used in treatment of the above-listed diseases, or as
would be determined by the needs of the patient as described by the physician. -
30 The invention compounds may be administered in any form. Preferably,
administration is in unit dosage form. A unit dosage form of the invention
compound {0 be used in this invention may also comprise other compounds useful

in the therapy of diseases described above. A further description of



total concentration of at |least 10%in a solid conposition and at |east 2%
ina 15 primary liquid conposition. The nobst satisfactory conpositions are
those in which a nmuch higher proportion of the active ingredients are
present, for exanple, up to about 95% Preferred routes of adm nistration
of an invention conpound are oral or pgrenteral. However, another route of
adm ni stration may be preferred depending 20 upon the condition being
treated. Forplexaseiichl foopilatidnsasefilifor adiitistetig AHTinvVeatisAbbRPolids
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di seases described above. A further description of -84-- phar ceuti cal
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i nvention conhinatio ' ovided | ow. The active conponents of the
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be adm ni st ejfekk draget her or separately. The 5 particular formulation and
adm ni stration regi nens used may be tailored to the particular patient-and
condi ti on bei ng tAu0slicsdmpgrtant pdvantageiinihet thepreserti inganyioslcpmipounds t he medi cal
or phar maceuj.| AR ing. an._inventi.on conpound in a
met hod of thﬂé&l%%gf?%‘{eﬁrﬁ%g%?%n mgll(g% gfﬂ%a?%li“ﬁ%’n“%}’%"ﬂ’ﬁ‘ﬂﬁ%“%’f t he
conpolfds atMdRI13 with tfewntrivmkesirablecside effects than similar compounds that inhibit

MMP-13 that are not invention compounds. Thi;. is so because the instant
invention compounds of Formula I, or a pharmaceutically acceptable salt thereot",
do not directly, or indirectly via a bridging water molecule, ligate, coordinate to,
or bind to the catalytic zinc cation of MMP-13, but instead bind at a different
20 Jocation from where natural substrate binds to MMP-13, The binding
requirements of an allosteric MIMP-13 binding site are unique to MMP-13, and
account for the specificity of the invention compounds for inhibiting MMP-13
over any other MMP enzyme. This binding mode has not been reported in the art.
Indeed, prior art inhibitors of MMP-13 bind to the catalytic zinc cations of other
25 MMP enzymes as well as to the catalytic zinc cation of MMP-13, and are
consequently significantly less selective inhibitors of MMP-13 enzyme.

The invention compounds which are invention corapounds, and
pharmaceutically acceptable salts thereof, are thus therapeutically superior to
other inhibitors of MMP-13, or even tumor necrosis factor-alpha converting

30 enzyme (“TACE”), because of fewer undesirable side effects from inhibition of
| the other MMP enzymes or TACE. For example, virtually all prior art MMP
inhibitors tested clinically to date have exhibited an undesirable side effect known

as musco]oskeletal syndrome (“MSS”). MSS is associated with administering an



10 therapeutically effective doses, their ease of preparation, the fact
that the conpounds are well-tolerated, and the ease of topical, IV, or oral
adm nistration of the drugs. Another inportant advantage is that the
present invention conpounds nore effectively target a particular di sease
that is responsive to inhibition of 15, MAD- 13 with fewer undesirable side
effects than sim | ar conpounds that iﬁ%ﬁ"bit MAP-13 that are not inventiaon
conpounds. Hhilsitdrof SRS MIMP ch@ndsblad Mhibitd\of R iphAtulR WpRPRdeyaE For mul a
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chinical trials, which test drug in limited population groups, do not always uncover

safety problems with a drug{, and thus all other things being equal, the agencies
will favor the drug with the lowest odds of producing undesirable side effects.
Another important advantage is that the disease modifying properties of

20 the invention compounds provide patients suffering from cartilage damage,
arthritis, preferably osteoarthritis, inflammation and/or pain with both relief of
symptoms and prevention or inhibition of the underlying disease pathology such
as cartilage degradation. There is no currently approved dmug for disease
meodification of cartilage damage, including in ostecarthritis.

25 Any invention compound is readily available, either commercially, or by
synthetic methodology, well known to those skilled in the art of organic
chemistry. For specific syntheses, see the examples below and the preparations of
invention compound outlined in the Schemes below.

Intermediates for the synthesis of a compound of Formula I, or a

30 -pharmaceutically acceptable salt thereof, may be prepared by one of ordinary skill

in the art of orgamic chemistry by adapting various synthetic procedures
incorporated by reference above or that are well-known in the art of organic

chemistry. These synthetic procedures may be found in the literature in, for



MWP- 13 enzynme as di scussed above, even if simlar conmpounds show sone
selectivity for the MM 13. It is expected that nearly all, if not all,
conmpounds of Formula I, or pharmaceutically acceptable salts thereof, are
i nvention conpounds. 10 This advantage of the instant conmpounds will also
significantly increase the |ikelihood_that agencies which regul ate new
drug approvals, such as the United St"§ ‘es Food and Drug Administration,
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t he exanpl es bel ow and the preparations of invention conpoun ined in
t he Schenes Syeiewd. Cmbte (Fasaedy SBeilstain t Inforgation Ryistenst GmbdDFeaniduef For nul a
I, or a SOGJB%Enggceutically acceptabl e salt thereof, nmay be prepared by '
one of ordinmary SKill in the art of organic chem stry by adapting vari ous
synthetic procedPidarations WP aindentin EHLBHRAE EmAPANE RhrtihDAhatRfifls

wel | -known in the art of organic chenistry. These synthetfc procedures may

be found i n7¢agents; sobyeats, prd Faialysts thaggnay be purchased from commescial sources
15 or they may be readily prepared by adaptin1g procedures in the references or

resources cited above. Commercial sources of starting materials, reagents,
solvents, and catalysts useful in preparing invention compounds include, for
example, The Aldrich Chemical Company, and other subsidiaries of Sigma-
Aldrich Corporation, St. Louis, Missouri, BACHEM, BACHEM A.G.,
20 Switzerland, or Lancaster Synthesis Ltd, United Kingdom.
Syntheses of some invention compounds may utilize starting materials,
intermediates, or reaction products that contain a reactive functional group.
During chemical reactions, 2 reactive functional group may be protected from
reacting by a protecting group that renders the reactive functional group
25 substantially inert to the reaction conditions employed. A protecting group is
introduced onto a starting material prior io carrying out the reaction step for which
a protecting group is needed. Once the protecting group is no longer needed, the
protecting group can be removed. I is well within the ordinary skill in the art to
introduce protecting groups during a synthesis of a compound of Formula I, or a
30 pharmaceutically acceptable salt thereof, and then later remove them. Procedures

for introducing and removing protecting groups are known and referenced such as,

for example, in Protective Groups in Organic Synthesis, ond ed. Greene T.W. and



exanpl e, Reagents for Organic Synthesis, by Fieser and Fieser, John Wley &
Sons, Inc, New York, 2000; Conprehensive Organic Transformations, by
Richard C. Larock;” VCH Publishers, Inc, New York, 1989; the series

Conmpendi um of Organic Synthetic Methods, 1989, by W1 ey-Interscience; the
text Advanced 5 Organic Chem stry, 4t h_Sgglition, by Jerry March,

Wl ey-Interscience, New York,1992; or the Handbook of Heterocyclic

Chemi stry byWaitaR.(R, Jdtat Wiky k& SonBeNgarmrkPNews Yhik,1900n¢biah i B&sbyt 0 nane
a few Alternatively, a skilled artisan my find nethods useful for
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e | Gathed 352t 30p8 15 the presence of 'a Kyarogenation catalyst such B 100
palladium on carbon, acidolysis of BOC groups using, for example, hydrogen
chloride in dichloromethane, trifluoroacetic acid (TFA) in dichloromethane, and
the like, reaction of silyl groups with fluoride ions, and reductive cleavage of
20 TCEC groups with zinc metal.
Compounds of Formula I may be prepared according to the synthetic route
outlined in Scheme 1. In Scheme 1, commercially available 3-cyanobenzoic acid 1
undergoes a 3 + 2 cycloaddition reaction with azides selected from sodium azide,
tributyltin azide, or trimethylsilyl azide in a suitable solvent such as toluene or p-
25 dioxane and in the presence of triethylamine hydrochloride or ammonium chloride
‘to form the corresponding tetrazole derivative. The carboxylic acid functionality is
reacted with HC] in methanol at room temperature or under reflux conditions to
give the ester intermediate 2. Compound 2 in Scheme 1 is allowed to react with a
variety of alkyl halides or mesylates of commercially available alcohols in the
30 presence of a base such as triethylamine, cesium carbonate, or sodium carbonate
in a suitable solvent such as acetonitrile or dimethylformamide.
The resulting 1- and 2-substituted fegioisomers are separated analytically

- pure using purification methods known in the art such as silica gel



for introducing and renoving protecting groups are known and referenced
such as, for exanple, in Protective Goups in Oganic Synthesis, 2nd ed.,
Geene T.W and 87 Wits P.G, John Wley & Sons, New York: New York, 1991,
which is hereby incorporated by reference. Thus, for exanple, protecting
groups such as the follow ng may be utiJ,ized to protect am no, hydroxyl,
and ot her groups: carboxylic acyl grou'?"such as, for 5 exanple, fornyl,
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ethoxycarbo%g , .tert-butoxycarbonyl (BOC), P,(B,é]- trichloroet hoxycar bonyl
(TCEC), and Ksiolgsreetheridiethyirshsy Thestarifynatiopaltty bbinjérmediataibis such as, for
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Conmpounds of_ For a.l e epared accqrding to the nt hetic route
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acid 1 undepb@gams adew. + 2 cycloaddition reaction with azides selected from
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for intermediates 2,3, and 4 in Scheme 1. Inter:}nedjat_e 9 is carbonylated in the

presence of a suitable coupling reagent such as a palladium catalyst, including
bis(triphenylphosphinyl)chloride, palladium acetate, or palladium tetrakis
triphenylphosphine, in the presence of a base such as a fertiary organic amine,

20 including triethylamine or diisopropylethylamine, in a protic solvent such as
methanol and under an atmosphere of carbon monoxide whose pressure and
temperature may require as high as 500 psi and 100 °C. Compound 11 can then be
converted to a variety-of amides 13 utilizing the expeﬁmental conditions
previously described in Scheme 1.

25 Compound 7 in Scheme 2 can be replaced with commercially available
pyridine based nitriles 14 as shown in Scheme 3. These compounds are converted
to the corresponding tetrazole amides 20 utilizing the reaction conditions
described in Scheme 2 for compound 14.

_ Alternatively in Scheme 4, the acid chloride prepared in Scheme 1 can be

30 converted to the corresponding primary alcohol 22 in the presence of a suitable
reducing agent such as lithium aluminum hydride or sodivm borohydride in an

aprotic solvent such a dichloromethane or tetrahydrofuran at temperatures ranging



give the ester internediate 2. Conmpound 2 in Scheme 1 is allowed to react
with a variety of alkyl halides or nesylates of commercially avail abl e

al cohols in the 30 presence of a base such as triethylam ne, cesium
carbonate, or sodiumcarbonate in a suitable solvent such as acetonitrile
or di met hyl formam de. The resulting 1- @nd 2-substituted regi oi soners are
separated analytically pure using puri®ication nmethods known in the art
such as sil ikawe8l0 °@8nd 60°C B8 MBNY2 R cohb&iabSh ald d | 20;." om sol vent s
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These 10 reagtrbyB té e?étﬁﬁ!ibaéﬁﬁghadseeﬁlﬁyﬂalﬁ%%ﬁblé\aaﬁﬁaéizﬁmowﬁngr! mary and
secondary am ne nucl eophiles including benzyl am ne, isopropylam ne, and
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intermediates 2,3, and 4 in Schene 1. Internediate 9 is Carbonylated in the

presence of SQU&sRopgdwEdeteasalsictheg dedsyivg25such as a pal | adi um cat al yst,

el udi bi (1 riT . ort i oy
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tertiary or gabsitutadimermedihtd 28iswdupigd withednhippeopriaRldubstitated alkyne

di i sopropyl ethylampe, .in a protic sQlvent such as_ nethanol and under an
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triethylantine. The reaction is catalyzed by a palladium catalyst such as tetrakis
(triphenylphosphine) palladium(0) or bis(triphenylphosphine)palladium(II)
dichloride to yield the corresponding alkyne derivatives 30.

The synthesis of compounds of Formula I wherein Vis a

20 . 5-membered heteroaryleneyl such as an oxazolenyl or thiazolenyl is illustrated
below in Scheme 6. In Scheme 6, 3-iodo~benzoic acid (1) 1s allowed to react with
an alpha-amino ketone hydrochloride of formula (2) (prepared, for example, by
allowing ammonia to react with an alpha-(Cl, Br, or )-4-carboxymethyl-
acetophenone in a solvent such as tetrahydrofuran (“THF”) at a temperature of

25 from about -33 to room temperature) to give the keto-amide compound of formula
(3). The compound of formula (3} is cyclized under acidic dehydratiﬁ g conditions
such as with an acid catalyst selected from polyphosphoric acid, para-
toluenesulfonic acid, amberlyst-15 resin, methanesulfonic acid, trifluoroacetic
acid, triflnoromethanesulfonic acid, titanium tetrachloride, and the like in the

30 presence of a suitable dehydrating reagent selected from a Dean-Stark trap,
activated 3-angstrom molecular sieves, anhydrons magnesium sulfate,

phosphorous pentoxide, and the like in a suifable solvent such as toluene,



previ ously described in Schene 1. 25 Conpound 7 in Scheme 2 can be repl aced
with comrercially available pyridine based nitriles 14 as shown in Schene
3. These conpounds are converted to the corresponding tetrazole am des 20
utilizing the reaction conditions described in Scheme 2 for conpound 14.
Alternatively in Schenme 4, the acid c%ri de prepared in Schenme 1 can be
30 converted to the correspondi ng pri y al cohol 22 in the presence of a
suitable r I NEG um
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Another synthesis of compounds of Formula I wherein V is a 5-mnembered
heteroaryleneyl such as a oxadiazolenyllor thiad;azolenyl is illustrated below in
Scheme 7. In Scheme 7, 3-iodo-benzoic acid (1) is coupled Wit-h N-
tertbutyloxycarbonyl-hydrazine (“N-BOC-hydrazine™) in the presence of a
| sujtable coupling agent such as 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

20 hydrochloride ("EDC,” “EDCL” or “EDAC”), N,N'-carbonyldiimidazole (“CDI”)
or N,N"-dicyclohexylcarbodiimide (“DCC™) with 1-hydroxybenzotiiazole
(“HOBt”) in a suitable solvent such as THF, DCM, and the like at a suitable
teraperature such as from about -30°C to about 100°C, followed by acid catalyzed
cleavage of the BOC group (e.g., HCl gas in DCM or ethyl acetate) to give an

25 acyl-hydrazine, which is then coupled in a similar fashion with 4-
carbomethoxybenzoic acid (2) to give the bisacyl-hydrazine-ester of formula (3).
Following procedures analogous to those described above for Scheme 6, the
bisacyl-hydrazine-ester of formula (3) is then cyclized under acid dehydrating
conditions to give the oxadiaole-ester of formula (4), which is séponiﬁed, and the

- 30 * resulting oxadiazole-acid coupled with a 3-substituted propyne of formula (5) to

give an oxadjazole compound of formula (6).



bel ow in Schene 6. In Schenme 6, 3-iodo-benzoic acid (1) is allowed to react
with an al pha-am no ketone hydrochloride of fornmula (2) (prepared, for
exanple, by allowi ng anmonia to react with an al pha-(Cl, Br, or

|') - 4- car boxynet hyl - acet ophenone in a solvent such as tetrahydrofuran
("THF") at a tenperature of 25 from ab Tt -33 to roomtenperature) to give
t he keto-am de conpound of formul a (3’?."The conpound of formula (3) is
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correspondi ng ox&telsgathests of condpionhds & Rop@nladompireid QMst h a 3-substituted
propyl ene of formula (5) using 5 conditions described above in previous
exanpl es or pall dreim copper(1l) iodide, and Hinig s base or

1, 8-di azabi cycl #[ 5. }. O undec-7-ene to give an oxazole conpound of fornmula
(6). AlternatTvely- cheme 6, the keto-am de conpound of formula (3) is
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15 :tétrazole—xing-fomling conditions such as in the presence of a weak acid such as
triethylamine hydrochloride in a suitable solvent such as THF and the like at
temperatures from about 0°C to about 120°C to give the tetrazole-keto-amide of
formula (4). Tri-(n-butyDtin azide may be used also to synthesize the tetrazole-
keto-amide of formmula (4). Following the procedures described above for Scheme

20 6, the keto-amide of formula (4) is then cyclized under acid dehydrating

-conditions to give the oxazole-tetrazole of formula (5). The oxazole-tetrazole of
formula (3) is alkylated with a suitable alkylating agent such as the bromo-ester of
formula (6), and the resulting oxazole-tetrazole-ester is hydrolyzed under acidic
conditions to give an oxazole-acid compound of formula (7).

25 Altematively, following procedures analogous to those described above

' for Scheme 6, the keto-amide of formula (4) is sulfurated with P»Ss or the like,
and cyclized under acid dehydrating conditions to give the thiazole-tetrazole of
formula (8). The thiazole-tetrazole of formula (8) is then alkylated with a suitable
alkylating agent such as the bromo-ester of formula (6), and the resulting thiazole-

| 30_ tetrazole-ester is hydrolyzed under acidic conditions to give a thiazole-acid

compound of formula (9).
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15 saponified to give the oxazole-oxadiazole-ester of formula (8).

Alternatively, following the procedures ctesbribed above for Scheme 7, the
ester-bisacylhydrazine of formula (4) is sulfurated, and the intermediate is
cyclized under acidic dehydrating conditions to give a compound of formula:(9),
‘which is converted to the compound of formula (10) as described above, which is

20 converted to the compound of formula (11) as described above.,

- Alternatively, following the procedures described above for Scheme 6, the

compound of formula (7) is sulfurated, and the intermediate is cyclized under
acidic dehydrating conditions to give a compound of formula (12) as described .
above.

25 | Alternatively, following the procedures described above for Schemes 6
and 7, the compound of formula (10) is sulfurated, and the intermediate is
cyclized under acidic dehydrating conditions'to give a compound of formula (13)
as described above. N

Altematively in Scheme 9a, compounds of formulas (5) or (9) may be

30 converted to compounds of formulas (17), (18), (19), and (20) by substituting the

compound of Formula (14} in Scheme 9a for the compound of formula (6) in

Scheme 9, and converting the resulting compounds as described for Scheme 9.
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15 tetrazole-ring formng conditions such as in the presence of a weak acid
such as triethylam ne hydrochloride in a suitable solvent such as THE and
the like at tenperatures fromabout OC to about 120C to give the

tetrazol e-keto-amde of fornula (4). _Béi-(n-butyl)ti n azide may be used

al so to synthesize the tetrazol e- keto-am de of fornmula (4). Follow ng the

procedur es descrilagthaheye, ifsphthalibadd hotett: est&ﬁiﬁoﬁﬁﬂlﬁ'?l)%%&ﬂéﬁ”' a (4)

is then cyclized under acid dehydrating conditions to give the
oxazol e- t et rbf-ancshoxybenaylamipepl foppaladhusingconyentional eonditionf es nul a (5) i s

al kyl ated w I I LRg- r -ester of
formula (6), gcnrgaetﬁ'l]:% ressﬁitt%iéygétgég‘g%l%-gggéfr%% éligs'?ggei;b[gg%%iﬁ'ﬁﬁﬁl ed under
aci di ¢ condiftfomma (3) igstnetalyehral l-theésterddammpolindragine bOfoRMR @Y 25

Al ter nglti vely, fol I%vg n rocedur e;l anal ogous to those descri bed above for
Schene’ 6, tr%hﬁ £3: BA Sy ay Uipstratedsghopg impeheme & for bS5 or t he

li ke, and | & A6 = a1 | AN .ye the
t hi azol e-t ethr6 glzz%rﬁgﬂgfﬂﬂ? (%tF irarmsgcjj @g _ﬂﬁéﬁg{%@gfﬂ%%ﬁgﬁo&%@ ormul a (8)

i s then al kybenads (8).t1(h1)a(B)j anadh{ll3), ﬂmldoﬁpahﬁdngafﬁg@ﬁﬂaﬁ%@hﬁﬁ%ﬁ)ﬁmﬁj@?{orm- ester
of formul a %6%{) aré? %ltgc res bti ng)thi azol e 30 tetrazole-ester is hydrolyzed
under aci di ¢° SﬁIUf_X hf’li'}e_g VEYPAMTREY e- aci d  conpound of fornula (9).
-92- In Schene 9, AlsRRivelahiSehasd ﬂ)ﬁgw%%%%hﬁ%f foRhla (8) m&;%é‘vé@g& 'S

coupl ed with N-BOC-hydrazine and t group 1s cleaved as SCTi bed
abovel@or  Sekempounds of firmylas 68, €51 @0),avg (1 dyzebstitntinedt-oethogy de of
formula (2).. The,ester- acyl hydr.azi rochl ari de ) is coupled with

4- car boxy net%i}?%’é*&%%&‘“&&%ﬁ%ﬁ}ﬁéf’ ﬁ?ﬁqﬁ% g%’g?“a@fnofo]@rt?ﬂﬂ }g/%(‘i’?;lfqﬁ@fa 9
conventionalfoﬁmngi'éiiﬂssh@wmaﬁac&%ﬁidgﬁjméuiﬂ@c Dhd; 'gsécla}s mam de
("DME""), as descEi)bed above to give the ester- B]in?gcyls% ram%‘éa%%f f.ormul a
(4). The est¥heme8acyl hydrazine of formula (4) is cyclized under acidic
dehydrating conditions such as those described above for Schene 7 to give
t he ester-oxadi azole of formula (5). The ester-oxadi azole of 10 formula (5)

is then saponified to give the correspondi ng aci d-oxadi azole, which is
coupl ed with an al pha-am no ketone hydrochl oride of forrmula (6) under




conventional conditions as described above for Schenme 8 to give the

ket o- am de- oxadi azol e-ester of formula (7). The

ket o- am de- oxadi azol e-ester of forrmula (7) is cyclized under acidic
dehydrating conditions as described above, and the ester 15 saponified to
gi ve the oxazol e-oxadi azol e-ester of ﬂ@&nula (8). Alternatively, follow ng:
t he procedures descri bed above for Schéme 7, the ester-bisacyl hydrazine of
formul a (4) Schemullf urated, and the |nterned|ate is cyclized under acidic

dehydrating conditions to give a conpound of formula--(9), whichis
converted to the conpound of fornula (10) as described-ahgye, which is 20
converted toHOAL comodi of DN NEHHT) g0 above

Al ternatively, foI ng t hejproceduressdescri bed or Schene 6, the
conmpound of fornul 7) i s sullolyene.Refliind t he i nt pdi ate is cyclized

under acidic dehydratlng co give a conpound of formula (12) as
descri bed above. 2§ AIterna?fbt*gﬂi{hﬁlomnng t he ggocedures descri bed

above for Schenes 6 and 7, the conmpound of forrmul & (10) is sulfurated, and
the internediate is cycllzed under acidic dehydrating conditions to give a
conmpound-of forrmula (13) as described above. Alternatively in Schene 9a,
conpounds of fornul as (5) or (9) may be@% conwﬁrted t o conpounds of

formulas (17) Qégé% and (20) by Riting the conmpound of
Formul a (14) £n a f QHEO4C.C ornourr N For mil a (6) in Scheme 9, and
converting t conpounds

Schene 10, iZﬁﬁﬁéﬁﬁﬂ%@ﬁggL|d nonomnmet

descri bed for Sché#tu®r -93- In

ester of fornmula (1) is coupled with
4- met hoxybenzyl am ne of formula (2) using conventional conditions as
described previously to give the keteyam de of fornula (34. The
ester-keto-amde of fornmula (3) is sturcturally related to the
est er- bi sacyl hydrazine of formula (4) in 5 Schene 9. In a manner sinmtaf to

that illustrated above in Schene 9 for the conversion of t he
est er-bi sacyl hydrazine of fornmula (4) to the co ndspf formulas (8),
(11), (12), and (13), th ; npounds of égﬁnulas % (6), and (7),
respectively i% Sche ( repJ#
THF/H,0
5
N 2a
O N=% R
N
1) (COCl),, DMFr RL <X ~
H
2) R'R*NH, NEt,, CH,Cl, R’
6

wherein R* and R® are as defined above for Formula I and R®*CHa is a subset of

5 _1hsgumpFFobenmﬂaL '



Alternatively in Schene 10, a conpound of formula (3) nmay be converted 10
to conpounds of formulas (8), (9), (10), and (11) by substituting

4- met hoxy- benzoyl hydrazi ne hydrochl ori de for the al pha-am no.ketone
hydrochl ori de of fornmula (6) in Scheme 9, and converting the resulting
conmpounds as described for Schene 9. -94- Schene 1. NN HOyC/ | CN 1)
NaN3, NEt3 HCl HCO C- 3 2 Toluene, RefTux 1 2) HCl, CH3OH 2 NN R2a
R2aCH2X, NEtScheme€@ N~ 3 2C / + 1-isomer CH3CN, Reflux 3 4 NN N-IR2a

Li OH HORC THF/ H205 1) (COCI)2, DMF R O NNN--1R2a 2) RIR3NH, NEt3, CH2Cl2
R3 6 wherein RL and R3 are as defined above for FormNaNI and R2aCH2 is a

subset of 5pnihe growp R2 of DialNg INEH HBr 95- Sghe J\II\I NC Br 1) NaNg,
NEt 3 HBr Br-
OCH, Toluene, Reﬂux_ F,CO
7 8
NN R®
N
R*CH,X, NEt Br <
+ 1-isomer

CH3CN, Reflux H,CO

9 10
| N’N-N R® ‘
-
PA(OAc),, DPPP chochL\N-
CO, DIPEA, CH,0H
500 psi H3($O
11
N:N-N\/Rza
LiOH HOZCW
THFE,0  H,CO
12
N 22
1) (COCY),, DME L 1 P
25 R R \N \N

53
R
2) R'R°NH, NEt;, CH,Cl, H,CO

13
wherein R! and R® are as defined above for Formula I and Rz"*-CHg is a subset of
the group R? of Formula L



Tol uene,

Reflux OOCH3 H3CO 7 8 N N R 2a R2aCH2X, NEt3 Br '/

+ 1-isoner

CH3CN, Reflux H3CO 9 10 NN Rea Pd(OAc)2, DPPP H3C02C N 9 CO DI PEA,

CH3OH H CO 500 psi

3 11 N-NN R2a LiOH HO2C THF/ H20 H3CO 12

N--/R 1) (COCl)2, DVF RN ;3 2) R R3NH, NEt3, CH2Cl2 H3CO. \

R1 and R3 are as defined above for
group R2 of Formula I.

la |
N

For
-96- Schene 3.~

Scheme 3.

N,
N NEH
} =N
S.:-T..U

15

1) N3N3, NEt-_:, HBr Br >

Toluene, Reflu’x

S=N, T&U=CH
T=N, S&U=CH
U=N, S&T=CH

; N~
R*CH,X, NEt, Br\m/‘ﬁ\f .

l-isomer
S U

CH,CN, Reflux

16 17

N

\ N
H3cozcm

SeT,U

R2a
Pd(OAc),, DPPP

' CO, DIPEA, CH;0H
500 psi

LiOH

5
)
2
2

THF/H,0

1) (COC1),, DMF

2) R'R®NH, NEt,, CH,Cl, T

20

_wherein.R1 and R> are as defined above for Formula I and R*CH, is a subset of

the group _R2 of Formula L.

and RCH2 is a subset of

0 NN. R2a
13 wherein
t he



NCyc yBr 1) NaN3, NEt3 HBr Br S~T U Toluene, Reflex ST %.U 14 15 S=N,

T&U=CH T=N, S&U=CH W=N, S&T=CH N, N\--|R2a R2aCH2X, NEt3 Br ~J I' | +
1-isomer CH3CN, Reflex S T'U 16 17 N N.NIR2a 17 Pd(OAc)2, DPPP H3CO2Q\ ~r
- 1" 111 CO DIPEA CH3OH S;,1,.U 500 psi 18 NN N--1R2a LiOH HO2C* ~

1-14 TBF/H20 S;T,U 19 O NNNJR2a 1) ()gOCI)Z, DMV R NR3 S .U 2
RIR3NH, NEt3, CH2Cl2 T 20 wherein RI'ahd R3 are as defined above for
Forrmul a | argth&@aqH2 is a subset of 5 the group R2 of Fornula I.

N= 0 !
A 2a
Rza‘\/N‘N/ a LAH R \/N'N/ OH
THFE, 0 °C
22
21
% NN:, R'R’NH,, NEt
PBr, RN Br >3
e THF, reflux
CH,CL,
23
N= )
2a R
R? \
o 24
R'OH, NaH . NN“—‘ .
23 P R a - .
THF, reflux ~N O
25

wherein R' and R® are as defined above for Formula I and R CH, is a subset of

5. the group R? of Formula L.



-97- Scheme 4. ENON=NR,,,NNCO LAH Rz ~N N |

OH THF 0C 21 22 N=NT

3 PBr3,,, NNBr RRNH2, NR 3 -- CH202 THF, reflux 23 N=N Rea ",N N

RR\lI R a-~ 24 RROH, NaH N=N R2a NN OR 23 | ux THF,
and R3 are as defined above for Fornmula | and R2tCH2 is'a subset of

group R2 of Formula L -98- Schenme 5. NgdNH |CN NaN3, NEt3 HO |

Tol uene,

Reflux 26 27 R 2a N-N

Scheme 5.
N,
CN ' P
I\©/ NaN;, NEt; HCl I\©/L\N
Toluene, Reflux
26 27
N
N _R® NS
R¥CH,X, NEt, NN I W
T I N + \...MRza
CH,CN, Reflux
¥
A 28 29
. R
N'NN ;

R* ]

DIPEA, DMF \
30
wherein R} and R? are as defined above for Formula I and RzaCHz is a subset of

the group R? of Formula I.

\

reflux 25 wherein R

5. the
I1J~



R2a2X> NEt3 NN N~ 1 \ N CH3CN, Reflux 28 29 N+ RRa R N 28 + gi=-
Pd(Ph3P)2C12, CM DI PEA, DM 30 wherein R and R3 are as defined above for
Formula | and R2aCH2 is a subset of the group R2 of Formula I. 5 -99-
Scheme 6. | CO2Ho (1) / /I o HCLI'H2N (2) O.0 NHO(3) I N\ / z
CO2CH3 (4).X0 (7): X = S NaCH, THP, _Igg_(]—l, H20 ~Ph (5) Hunig's Base Pd,
Cul

Scheme 6.
O
(1)
HCIH,N

4 @ o
I
N . .
\©)LH o ©®

’ %Wcozcﬂz,
I X

4 X‘= O '
(72 X=S

NaOH, THF, MeOH,
H,0

/////\Ph ©

Hunig's Base
Pd, Cul

N
N |I>—@_—COEH

(6):

X=0
(8):X=8

nn



0 (8):X=S -100- Scheme 7. CO2H 1) NH22 O (1)
ONO\I HO(3) NWQ2CH3 / X (4): X =0 (7):
O - ~- Ph (5) Hunig's Base Pd, CuT N N Ph

Ph 1 \ 02H / | X (6): X =
2) / O HO' (2) Op OH
X =S NaOH, THF, MeOH, H
CO2H / | X (6):X=0

2

-100-
Scheme 7.
I\©/002H 1) NH;NH,
0
M 2)
o

HO

2
I N
0 H\(@'AO/
I N
N
@‘C02CH3
(7 X=8

NaOH, THF, MeOH,
H,0

%\Ph

Hunig's Base
Pd, Cul




(8)
CN
X
X

. X=S -101- Scheme 8. HOZC, CN/ OCH3 | (i) HOH2N\ (2) 0 CH30 O N/
H(3) CH30\ ON% / N OHH (4 NNNN CHBOXN (5:X=OH (8):
SBr | \ (6) / C02t-Bu, Cs2008 C02H 2) TFA, DM/ \ CH30 / N N --NN
\ N |

-101-

Scheme 8.

HOZCUCN |
OCH;

63

¥

HCIH,N
? 2)

N
(5: X =0 H
@):X=S$
Br
1) (©)
COptBu »CC0;  COH
2) TFA, DCM

N N=N
cro— )| =\
X N

(7): X
9):X

w o



(7):X=0 (9): X = S -102- Scheme 9. O \O COz HL.NHrOC OO / ED AC HCU- T

“NH2 \ | 2. HO (g)/ EtOAc / |
N i NCH2- Ph- ( 4- CO2Me)

>- - CH2- Ph- (4- C02Me) 0 Xi

H (1) 2) \ HC
4- (MeO2C) - PhCH2COR2H \ |

O O EDAC. HCl
HO (3) (4)

H HOST!
ON PPA I

DVF

(5):X10 (9): X S 1) NaOH, THE, MeOH, H20 2)

EDAC. HCI MeO ~N N HOST/ DMF / | O O | _)mp-- CH2- Ph-(4-CO2Me) X 0 (6) O\ \
1(7):X =0 NHy HO (10): X, =S 1. 2. NaOH, THE, MeOH CO2H H20 X2 X
Scheme 9.
0
~ O 1. NHZNHBO(E 0 o
EDAC.HCI/ HOBT _NH,
N
2. HCl (g)/ BtOAc B
) @ HCI
0 0
EDAC.HCl H |
HOBT/ DMF ~o N/NTCHZ-Ph-(chone)
H
4-(MeO,C)-PhCH,COH o
3) @
0 N”N
| —CHy Ph-(4-COMe)
PPA <
o Xy
e .
5): X =0
(M:¥; =8
1) NaOH, THF, MeOH, H,0
e ——————————
2) EDAC.HC] MeO N
0 N
\ HOBT/ DMF o . | \>~CH2-Ph-(4_c02Me)
o BN X
O (6
(N:X,=0
(10): X, =S
NH, HCl
1. PPA
2. NaOH, THF, MeOH COH
H,0
\ N

-0
. X5 .4

(8): Xy =

X,=0

(11):X;=8,%X,=0
(12)2 Xl =0, X2= S
13X, =X, =8



(8):X1=X2=0 (11):X1=S,X2=0 (12): X, = 0, X2 = S (13):Xl= X2 = S -103-
Scheme 9a. O NON 1) NaOH, THE, MeOH, H20 )-- CH2- Ph- (4- CC2Me) 2) EDAC. HCI
\O/ | X1 HOBT/ DMF (5) X1=0 O/ 0 (14) ~r MeO~NH2 HO p ON O\ 1 |-~
~CHPh-(4-CQ M) HN N/ | X1 H\ (15):Xl= O (16):Xl= S --y CRH O Xz
V~,, Xl (17):X, =X2=0 (18):X1=S,X2=0 (f8): X1=0, X2=S (20): X1=Xz=S - 104-
Scheme 10. O EDAC. HCI HOBT/ DMWF

Scheme 9a.
o N,}{\ 1) NaOH, THF, MeOH, H,0
N CHy-Ph-(4-CO,M -
~ l CHpPh-(+-COMe) o wpacHO
0 2:¢] \  HOBT/DMF
(5): %, =0 O
©):X; =8
O
HN._
MeO NH,HCl
| \>——CH2—Ph-(4—C02Me)
HN—N X3
H
(15): Xy =0
(16): X, =S
e COH .
S
- N
O
X3 Xy
(17):X; =X, =0

(8): X;=8,%,=0
(19): X, =0,X, =8
(20): X; =X, =S



\O/ CORH HO - H2N aC02CH3 (2) 0 0 0 a \

(3) ->CRH NN10 2/ | X
(6):X1=0,X2=S (7):XI=X2=S CRH 2 / | X
X1= O, X2 = S (11):X1=X2=S It shoul d be

trans-(H C=C(Fl'), cis-(HCCH), CC;
sp2 carbon atomin Fornmula I, a 5 pall adi
cor r espondi righemse dd.nal
R-(cis-(HHC=CH2), R-C-=CH, R
as defined abov with a brono-

formul a: Br --\Oo CO,H

(1)

3)

()X, =X;=0
(5):X;=S,X,=0
(6) X1 =0, X2 =3
(M: X=X, =8

8): Xy = /j\©)\
9): XI—S X2

(10): X; = 0, X, = s
(11): X; =X, =S

(4): X1=X2=.0 (5):

ol efin or al kyne of

EDACTHCT it
H%jg%subst i tuted
O
2 CO,CH;

O
N WCHZ—Ph-(¢C02Me)
H o

| N~'" YCH2- Ph- (4-C02Me) \O/ HO
X1=S, X2 =0

(8): X, =X2=0 (9):X1=S, X2=0 (10):
appreciated that when Qis

H2C=C, or CF2C=C and is bonded to a
um cat al yzed coupling of the
formulas R -(trans-(H) C=CH2),
-105- R -CFZC=CH, wherein Rl is
sp2 carbon at om of

or

CO,H

CO,H

It should be appreciated that when Q is trans-(H)C=C(H), cis-(H)C=C(ED),
C=C, CH,C=C, or CF,C=C and is bonded to a sp” carbon atom in Formula I, a

5 ‘palladium catalyzed coupling of the corresponding terminal olefin or alkyne of

formulas R'-(trans-(H)C=CHy),

R'-(cis-(H)C=CHp),

R'-C=CH, R'-CH,C=CH, or



in the presence of a suitable base will yield a conmpound of Formula I
wherein Qis 5 trans-(HCCH, cis-(HCCH, C=C CH2C=C, or CFZC=C and
Dis a group that is bonded to Q at a sp2 carbon atom and R, V, and R2
are as defined above for Formula I. Illustrative exanples of the coupling
reagents and catal ysts include paIIad#gp1tetrakis(triphenylphosphine) or
pal ladiun(11) acetate as catal yst rtiary organi c am ne base such as
triethylam g @Fzﬂ*‘@fioaﬂie@&ﬁ Re Gy @IFnB@ abve 1Rith HibteH-SorSSdoLQibktitatedh as

di et hyl f or magi de (" %) or tetrahydrofuran and optionally a co-catal yst
such as copper tabendpecof fasmyaisui t abl e tenperature such as fromOC to
100C, for a suitable time such as from,30 mnutes to 2 days, and under an
i nert atnosphere such n at nosphere nitrogen or argon gas.

Al ternatively, a corregpondi ng al dehy of formula HC(O 15 prepared as
descri bed bel ow, e coupled wif phosphoni um yl i de under Wttig

ol efination, or Horner ns ol efinati conditions to give a conpound
of Formula I wherein nggn?raﬁ%-(FDC: The bronmo or iodo internmedi ates
descri bed above nmay be converted by 20 conventional neans to the

correspondi ng ieAfre@xyd 6iCa fktable hasd WIMHER a ddMonn@HORdRRICERRGSYIQ & aci d

converted by conventional neans to conpounds of Fornmula | wherein Qis

OC( O, CH( Reys- GLCeSENRE)- (HM%DCXJR@G%C%@@I @th%ﬁ@@é)‘? iSN(EREYIC( S) |,

N( R6) C( NR6) , I Es | ncl ude
coupl i ng of %%%%I} e%ﬁ? ?CC?I%I}%% 5‘?&1{ nXJ gﬁ%ﬁg%grrpound of
Formul a | wier Boru@ 1. SR8y o@mpliad tendduphiag ieﬁgerﬁsuﬂdttrawuymnbme resul ting
am de with, for exanpl e P2S5 to rowdeaco ound of 5 Formula I wherein Q

i s N(Re6)C(S)pal mht!@rtﬁtaqlil&ﬂmp}wnstln@sgbmﬁbwaﬂ@d%@ apgiptans ca@éﬁmaed with an
| cohol
A Sornati vorSteodafl IRl BeR il ibeRoidbdhe s g -

hydr oMy met hyshitatdepaue sodh ifscmzmiﬂﬂhgﬂfoxmamde (“DMF”) or tetrahydrofuran (“THE"),

and optiohally a co-catalyst such as copper(I}iodide, at a suitable temperature such

as from 0°C to 100°C, for a suitable time such as from 30 minutes to 2 days, and
\
under an inext atmosphere such as an atmosphere of nitrogen or argon gas.

Alternatively, a corresponding aldehyde of formula

a,

HC(O)%

JS.G"

15 s
prepared as described below, may be coupled with 2 phosphoniuzm ylide under
Wittig olefination, or Horner-Emmons olefination, conditions to give a compound
of Formula I wherein Q is trans-(H)C=C(t).
The bromo or iodo intermediates described above may be converted by

20 conventional means to the corresponding carboxylic acid of formula

s

HOZC—<

a

£

and the carboxylic acid converted by conventional means to compounds of
Formula I wherein Q is OC(0), CHR®C(0), OCINR®), CHR®)C(NR),



HOCH2~ 10 and the hydroxynmet hyl converted to a conmpound of Formula |
wherein Qis OCH2 or N(R6)CH2 by conventional neans. Alternatively, the
hydr oxynet hyl conpound rmay be oxidized to the i correspondi ng al dehyde of
formula HC(O)--- 15 and the al dehyde coupled with hydroxylam ne to give a
correspondi ng oxinme. The oxime may b ghlorinated, and the chl orooxi ne
cyclized with an olefin or al kyne tdﬁg ve a conpound of-Formula | wherein
Qis a S MeRRRHS)NERIRISY ARROCHRFLETML, CHARNABE 2 sdplude my be .
prepared fromthe corresponding carboxylic acid by coupling the carboxylic
acid with hﬂhﬁdﬁh@ﬁﬁ@ﬁ@&ﬁdmﬂymaﬂmpémgQ@%Qn@bﬂﬁﬂknmhbwthanamkmhbing

di met hyl hydr oxam ith,a.suitable, hydrid Ln agent such as sodi um

bor ohy)(;r i )(;ep]iﬂy lqé}at%ﬁfﬂ&gr%ﬁlﬁﬁl ﬁﬁfwﬁ?ﬁtgpf%gQﬁ%@éﬁkg’?@?&lwi‘ébove- descri bed

car boxyl i ¢ affudatingliké regitagenii@ywhk, fof ’%é%gig“ EREEId dtﬂﬁans to the
me

correspondi ng nethyl ketone of fornula -107- O _and the yl ket one
may bé hal ojematiebwbereieQiy NRng(Dodpraatively.iheearbeudic agidimashe al cohol s, or

ot her hal og Q. qiye f or mul a. . ein Qis
G Re) L0 CABERAPRNER o Brhdeth uigRE P Forta PR is 00
internedi ate or Aktemetively, thedabbxylRracRihat BsredBoedad tidbrREpddi
conventional neans tq the corresponding nitrile of formula '4t” NC_ and
the nitril ehydpaendby spmpeuadobformelaor al cohol under non-nucl eophilic basic
10 conditions (e.g., 1,8-¢gjazaundecane) to give a conmpound of Formula I
wherein Q is N(R6)C(NR6) OC(NR6), respectively. Aternatively,
conpounds of For%&ll rein Qis a |actam diradical

2

B

10 and the hydroxymethyl converted to a compound of Formula I whersin Q is OCH,

3

or N(R®CH, by conventional means.
Alternatively, the hydroxymethyl compound may be oxidized to the
v
corresponding aldehyde of formula

2

"HC(O)——<

s

H

15 and the aldehyde coupled with hydroxylamine to give a corresponding oxime. The
‘oxime may be chlorinated, and the chlorooxime cyclized with an olefin or alkyne
to give a compound of Formula I wherein Q is a 5-membered heteroarylene.
Alternatively, the aldehyde may be prepared from the corresponding
carboxylic acid by coupling the carboxylic acid with N,O-dimethylhydroxylamine
20 and reducing the resulting dimethylhydroxamide with a suitablé hydride reducing
_agent such as sodium borohydride or lithium aluminum hydride.
Altemnatively, the above-described carboxylic acid intermediate may be

converted by conventional means to the corresponding methyl ketone of formula



may be prepared by conventional neans by cyclizing the correspondi ng gamma-
am no acids. 15 The synthesis of certain internedi ates are described bel ow
in the Preparations. PREPARATION 1 Synthesis of isophthalic acid

nononet hyl ester OO O OH 20 The followi ng were introduced into a vessel:
10.0g (40.3 mml) of nethyl 3- bronoggwate, 2.59 (mmol) of

1, 3- bi s(di phenyl phosphi no) propane (" ™), 14 nL of triethylamnm ne, 0.905
g of palladium acetate, an 40 m of methanol. The vessel was seal ed and
pressurized with carbon nongxtde to a pressure of 500 -108- psi. The vessel
was heated to 10%ﬁ¢§5 1 ours. The m xture was then cooled and
concentrated on a’r® r)y ewxapaor at or before partitioning between Et OAc and
2M HC1. The | ayers were sep ted, and the aqueous |ayer was extracted with
Et OAc (I x). The organic extrfacts were conbined and washed with saturated 5

aqueous Nad solution and dried (MySO4). Concentration provided a solid,
which is slanftheaehyl kisnoreanbeihslpganated on methylradeorpled withdatiews i n a

vacuum oven af. - 7 - viel . 829 : IHS (ppm
3.54 (3H, s)a:'ﬂgl s, GHOGTOY 0?%3%?1‘%’,%‘;/“?%‘9%9%?%%’6&(%%‘,’3 %g;&?%‘ﬁgf 7.49 (111 m);
7.87- 7.89 (Foldmlawhetéin BRERARKRIICID)2 Synt hesi s of
N-[ 2- (4- Met hoxy- phenyl ) - 2- oxo-et hyl ] -i sopht hal am c acid _nmethylester O O
O~ & el ~~H O 1Rlternatively, the above-described carboxylic acid intermediate or bromo-

or iodo-intermediates may be converted I:;y conventional means to the

corresponding nitrile of formula

o
NC—{f

¥

and the nitrile condensed with an amine or alcohol under non-nucleophilic basic
10 - conditions (e.g., 1,8-diazaundecane) to give a compound of Formula I wherein Q
is N(RHCINR®) or OC(NR®), respectively. '
Altermatively, compounds of Formula I wherein Q is a lactam diradical
may be prepared by conventional means by cyclizing the corresponding gamma-
amino acids.
15 The synthesis of certain intermediates are described below in the
Preparations.
PREPARATION 1

Synthesis of isophthalic acid monomethyl ester
) O

\OJ©/‘LOH

The following were introduced into a vessel: 10.0g (40.3 mmol) of methyl

20

3-bromobenzoate, 2.5g (mmol) of 1,3-bis(diphenylphosphino)propane (“DPPP™),
" 14 mL of triethylamine, 0.905 g of palladium acetate, and 140 ml of methanol.

The vessel was sealed and pressurized with carbon monoxide to a pressure of 500



1.8 g (5.5 nmol ) of isophthalic acid nononmethyl ester from Preparation 1,
3.59g (18.5 mml) of EDACHCI, 2.5¢g (18.5 mmol) of HOBt, and 3.1 g (15.4
mol ) of 2-am no-I| - (4- et hoxy-phenyl)-ethanone hydrochl ori de were

di ssolved in 20 mL of dinethylformam de. 1.99g .(15.4 nmo 1) of di-isopropyl
ethyl am ne was then 20 added. Stirring;gpas continued overnight at room
tenperature. Water (60 ml) was added, and the product was filtered, washed

with water. pkherheesisklvwathealite 108SC forf 13 huad. Gle mixhed wiihRaeedled fi | tered
and dried in a vacuum oven overnight at 70 C to provide 3.5 g (69%

desired prodiidcongesiratad gn @Aptary evapetat befgrapjtiitivEng bevisen BtGACppdy) 3. 84

311, s): 3. -4 73 -5 7.04- 7.08 25 (211 m);
555 7 bs (éﬁ@%@}%geﬁﬁﬁe&%@zg‘ﬁ’.%ﬁ%‘%ﬁ'&?@f‘?‘”@?ﬁ@‘ﬁ?@?‘% 2H,E’r); "
8.47-8. 48 ( IBIOAC;(19). The Brgdniclekirdots werelcombinddl drid)washdd@ith BRERARATI ON 3

Synt hesi s of 3-[5-(4-Mthoxy-phenyl)-oxazol -2-yl]-benzoic acid nethyl ester
OyO N5"OV, aq@0[u5 1\&03 s@uﬁplg%ﬂ?@ﬁgg @?ﬁgSO@. Concent‘%‘lau]on provided a solid, which Y

NS : ute 250). Conentration prov which
Pr bpar at i no 5 e tgn Segnd s FElelY g PR P8 ETInks Pl SRR *E" i i e

was stirred @nn3Ag & TOYC;3id1eG80% (B2%Hre allowing it to cool to room
tenperature. Water GQ nt) was added, and the@goduct preci pi tated upon
agi tation. & (ppm) 8r5dd3Hns); Wd SHetl m)n&Bér 7481k mEd solid

THERs
product in t 10/ filtered. Dried in vacuum oven overnight to
obtain 0. 3817?58%%49@33323§729$8LQ#£%EPARATI ON 4 15 Synthesis of
3- [ 5-{¢t- Met hoxy- phenyl ) - oxazol - 2-yl ] -benzoic acid O ON\ | H,
| PREPARATION 2

Synthesis of N-[2-(4-Methoxy-phenyl)-2-oxo-ethyl]-isophthalamic acid

methylester

15
1.8 g (5.5 mmol) of isophthalic acid monomethyl ester from Preparation 1, 3.5g
(18.5 mmol) of EDAC-HCI, 2.5g (18.5 mmol) of HOBt, and 3.1 g (15.4 mmol) of
2-amino-1-(4-methoxy-phenyl)-ethanone hydrochloride were dissolved in 20 mL

| of dimethylformamide. 1.9g (15.4 mmo I) of di-isopropyl ethylamine was then

20 added. Stirring was continued overnight at room temperature. Water (60 ml) was
added, and the product was filtered, washed with water. The resulting solid was
triturated in hot methanol, filtered and dried in a vacuum oven overnight at 70 °C
to provide 3.5 g (69%) desired product. MS: m/z (APCI, AP+) 328 [M]"NMR:
DMSO 'H & (ppm) 3.84 (3H, s); 3.88 (3H, s); 4.73 (2H, d, J = 5.6 Hz ); 7.04-7.08

25 (2H m); 7.63-7.66 (1H, t, J = 7.8 Hz);7.99- 8.027 (2H, m); 8.097-8.16 (2H,m);
8.47-8.48 (1H,m); 9.00-9.03 (1H, t, J = 5.8 Hz).



O O A solution of 1.7g (5.5mml) N-[2-(4-nethoxy-phenyl)-2-o0oxo0-ethyl]-

i sophthalam c acid nethylester fromPreparation 3 in a 3:1:1 m xture of

THF/ et hanol / water was added 10nL (10 nmol) 1IN NaOH The m xture was
stirred 20 4 hours at roomtenperature before concentrating on a rotary
evaporator. The residue was treated \#0[\ 6M HCO then filtered, washed with
water (1X) and dried 1in a vacuum ove vernight at 70 Cto provide 1.5 g
(91% desired product. M mz (AHEPARAPIONZ296 [M]+ NVMR DVSOiH S (ppm
3.79 (3H, s); 7.03-7.07 (2H, m; 7.65- 7.79 (4H, m; 25 8.03- 8.06 (111
n; 8.26- 8.28 (1H n); 8.54- 8.55 (1H, m. S -110- PREPARATION 5 Synthesis

of N -{ 3-] - - | -2~y ) |15

hydr azi neca?%@?%%@I%&ﬁﬁ%wé%ﬁﬁggg %zro\ilglygbﬁ%fzg?éﬁqd {netihyl ¥ ONNO L5
g (5.0 mol ) of 3-[5-(4-Mthoxy-phenyl)-oxazol -2-yl]-benzoic acid from
Preparation 4, 1.3g (6.6 F) NEBACHCI, 0.89g (6.6 nmmol) HOBT, and 0.87 ¢
(6.6 mmol) hydr@zi necagtiByy acid tert-butyl ester was dissolved in 20 10
mL of di met hyl f idée, /Stirring was continued 48 hours at room
tenperature. Gnat 60%L) was added, and the product was extracted with
1:1 THF/ EtQCAc ( ? Conbi ned the organic extracts and washed with
saturated aqueous NaC solution (3x), dried (MgSO4). Dried in a vacuum
oven overnight at 70 Cto provide 1.6 g (82% of desired product. M5 niz
(APCl 5 AP+) 04191 Bivhthbl) bBNNYRA- 1Mok pfed xd-cth811iS6phtBalamid 28/ (3H m;
6.93-6.96 (2H, m; 7. %5- 7.29 (211 yi’; . 36-7. 5%% 2?6}? m; 7.60-7.63 (111,
n; 7.69- 7. owthydestry fom Brepapting 2 yeis dgssalged k- 15l obpelyarhasnhoric geid.

The mixture was stirred at 80 °C for 2 hours before allowing it to cool to room

temperature. Water (60 mL) was added, and the product precipitated upon

agitation. The solid was filtered and washed with water. Shurried solid product in

10 hot methanol and filtered. Dried in vacuum oven overnight to obtain 0.38 (80%)
desired product.
\
PREPARATION 4
15 Synthesis of 3-[5-(4-Methoxy-phenyl)-oxazol-2-yl]-benzoic acid
/

A solution of 1.7g (5.5mmol) N-[2-(4-methoxy-phenyl)-2-oxo-ethyll-
isophthalamic acid methylester from Preparation 3 in a 3:1:1 mixture of THE/
methanol/ water was added 10mL. (10 mmol) IN NaOH. The mixture was stirred

20 4 hours at room temperature before concentrating on a rotary evaporator. The
residue was treated with 6M HCI then filtered, washed with water (1X) and dried
in a vacuumm oven overnight at 70 °C to provide 1.5 g (91%) desired product.
MS: m/z (APCIL, AP+) 296 [MT*
NMR: DMSO *H 8 (ppm) 3.79 (3H, s); 7.03-7.07 (2H, m); 7.65-7.79 (4H, m);
25 8.03- 8.06 (1H m); 8.26- 8.28 (1H m); 8.54- 8.55 (1H, m). |



20 Synthesis of 3-[5-(4-Methoxy-phenyl)-oxazol -2-yl]-benzoic acid hydrazi de
0 ON\ NN O HTo a O C suspension of 2.0y (5.0 mmol) N -{

3-[5- (4- Met hoxy- phenyl ) - oxazol -2-yl]-benzoyl }-hydrazi necarboxylic acid
tert-butyl ester fromPreparation 25 5 in 30 nL Et CAC was bubbl ed HCl gas
for 3 mnutes. Gas flow was stopped apg, -111- the m xture was stirred 2
hours. The solid product was filtered f and washed wth EtOAc. Dried in
a vacuum oven at 70 C overnight to obtain 1.5 g (96% desired white solid.
MS: mz (APCI, AP+) Pfl+ NVR DWVMSO 1H S 18}”%;(911’ s); (3H, m; (211, m;
(2H ) ; (21L m; (111, |j ; MH&RAT&S REPARATI ON 7 Synt hesi s of

4- Car boxynet hyl - benzoic acid nethyl ester 10 0 H3C Ol~ OH 30.0g (139
nmol ) of (4-Brono-phenyl)-acetic acid 5.7g (14 mmol) DPPP, 32.4 nL of

tri et hyl am $ynthedisOB N-{B5l (adetivaE phealy-oxagol 0P Hkngdyl }-met hanol  wer e
introduced into_a vessel. The vessel was sealed and pressurized wth

car bod nonoxydgezinesahopylicsagid BridrutgEeiEi . The vessel was heated at 100 C 15
for 15 hours. The mi xture was then cool ed and concentrated on a rotary
evaporator before partitioning between Et OAc_and 2M HClI . Separated and
extracted the aqueous layer with Et QAc (i x e organi ¢ extracts were
conbi ned and washed wi th satufated als’ ;.

(MgS™M). Concent ratg)(no%rr(NLiN S
0]

filtered. The

1.5 g (5.0 mmol) of 3-[5-(4-Methoxy-phenyl)-oxazol-2-yl]-benzoic acid
from Preparation 4, 1.3g (6.6 mmol) EDAC-HCY, 0.89g (6.6 mmol) HOBT, and
0.87 g (6.6 mmol) hydrazinecarboxylic acid tert-butyl ester was dissolved in 20

10 mL of dimethylformamide. Stirring was continued 48 hours at room temperature.

Water (60 mL) was added, and the product was extracted with 1:1 THF/ EtOAc
(2%). Combined the organic extracts and washeél with saturated aqueous NaCl
solution (3x), dried (MgSO,). Dried in a vacuam oven overnight at 70 °C fo
provide 1.6 g (82%) of desired product. MS: m/z (APCI, AP+) 410 T

15 NMR: DMSO *H § (ppm) 1.48 (9H, 5); 3.84 (3HL, m); 6.93-6.96 (2H, m); 7.25-
7.29 (2H m); 7.36-7.53 (2H, m); 7.60-7.63 (1H, m); 7.69-7.92; 8.00 (1H, s); 8.16-
8.48 (1H, m).
PREPARATION 6
20

Synthesis of 3-[5-(4-Methoxy-phenyl)-oxazol-2-yl]-benzoic acid hydrazide

/
O
Q W/O
H2N"N)‘\(>/‘\O
H

To a 0 °C suspension of 2.0g (5.0 mmol) N'-{3-[5-(4-Methoxy-phenyl)-
oxazol-2-yl1-benzoyl }-hydrazinecarboxylic acid tert-butyl ester from Preparation
25 5 in 30 mL FtOAC was bubbled HC! gas for 3 minutes. Gas flow was stopped and



20 material was dried in a vacuumoven at -10mHg at 70 C, yield 24 g (88%
MS: mz (APCI, AP) 179 [M] NWVR DMSO 'HS (ppm 3.86 (311, s); 7.63-7.67
(111, m; 8.15---8:-18 (211, m; 8.45-8.46 (1H m). 25 PREPARATION 8~
Synthesis of 4-[2-(N -{ 3-[5-(4-Methoxy-phenyl)-oxazol -2-yl]-benzoyl }-

hydr azi no) - 2- oxo- ethyl]-benzoic acid pethyl ester -112- E/ NOONNO O
0.7 g (2.0 mmol ) of 3-[5-(4-Met hoxy- phé]fﬂfl ) - oxazol - 2-yl]-benzoic acid

hydr azi de hy hary f i _ : CHC1, 0. 35¢g
(2.6 mmol) H%%‘%ﬁ andﬁ#%#e%@@u%ﬁ%? mﬁp@glrl ﬁg%ﬁﬁgﬁfg@rﬁz@s@ci d net hyl
5 ester fronwihERAatied it avesmth ssed acfd Choenipht tolobeli k5 by mani de.

0.33g (2.6 mmpl) Di-isopropyl ethyl am ne was then added. Stirring was
conti nued 1@333W%W@t%§01£3ﬁ§t@ﬁﬁé¥g=&%ﬁ)wer (60 M) was added and the

product was .F o SV : . 1 ; ganic
extracts anﬁf@r@@g%w%@gbuﬁgéﬁ%é%@%?%@’ gz?)?%?’i E%E{@Q)%ﬁélrl ed
(MyS™43. Themyes8(@ll,ishg solid 10 was triturated in EtOAc and filtered. Dried
in a vacuum oven overnight at 70 Cto provide 0.48 g (49% desired
product. Ms: mz (APCl, AP+) 486 [M+ NVR DVMSOH S (ppm 3.66 (211, s);
3.79 (3H, s); 3.83 (3H, s); 7.04-§ N9 7.48-7.50 (2H m); 7.53-7.98
(911, m; 7.99-8.24 (1H, n); 8.52-8. , M. 15 PREPARATION 9
Synthesis of 4-(N -{ 3-[5-(4-Mthoxy-phenyl)-oxazol -2-yl]-benzoyl }-

hydr azi nocar$giiydsis- a2 abex ety Behidit adi8 bethyPester :

10
H,C. OJ}@&
OH

30.0g (139 mmol) of (4-Bromo-phenyl)-acetic acid 5.7g (14 mumnol)
DPPP, 32.4 mL of triethylamine, 2.08 g palladium acetate and 300 mL of

methanol were introduced into a vessel. The vr%ssel was sealed and pressurized

with carbon monoxide to a pressure of 500psi. The vessel was heated at 100 °C

15 for 15 hours. The mixture was then cooled and concentrated on a rotary
evaporator before partitioning between EtOAc and 2M HCL. Separated and
extracted the aqueous layer with EtOAc (1x). The organic extracts were combined
and washed with saturated aqueous NaCl solution and dried (MgSO4).
Concentration provided a solid which was slurried in hexane and filtered. The

20 material was dried in a vacuum oven at ~ 10mmHg at 70 °C; yield 24 g (88%)
MS: m/z (APCL AP) 179 (MY
NMR: DMSO "H § (ppm) 3.86 (3H, s); 7.63-7.67 (1H, m); 8.15- 8.18 (2H, m);
8.45-8.46 (1H m).

25 : PREPARATION 8

Synthesis of 4-[2-(N'-{3-[5-(4-Methoxy-phenyl)-oxazol-2-yl]-benzoyl }-

- hydrazino)-2-oxo- ethylj-benzoic acid'me-thyl ester



ONOHiI I p OVl HNO 20 -113- Using the procedure from Preparation 8
and terephthalic acid nononethyl ester in place of 4-carboxynethyl-benzoic
acid nethyl ester from Preparation 7 was obtained 0.48g (50% of desired
white solid. Ms: niz (APCl, AP+) 472 [M]} NVR DMSOIH S (ppm 3.77
(31-1, s); 3.85 (311, S); 7.03-7.05 (244, d); 7.66- 7.78 5 (411, m;
8.00-8.07 (5H, m; 8.23- 8.25 (1H, d);"8.56 (1H, s); 10.77-10.81 (2H,

broad m). PREPARATION 10 Synt hesis of

3-[5- (4- Met hoxy- phenyl) -t hi azol - 2-yl ] - benzoi ¢ acid nethyl ester OO SO

10 To a suspens 1.4 g (4.3 mol ) N-[2-(4-Met hoxy-phenyl) - 2-o0xo-

et hyl ] -i sopht hal a ig~pethyl egter fromPreparation 2 in 30 nl, of dry
di oxane was added T7 | g X5il2 nuol }i_of,, P2S5 in one portion. The resulting
mxture was warmed to 5@ C H&’ubt‘ pr & cooling to roomtenperature

and addi ng about 15 60 m wakg Stirreg 2 rs and then filtered off
solid product. Triturated in hot MOH and enyed. Dissolved in THE and
filtered through a plug of flash silica gel Wth™THE el uent. Concentration
gave 1.4g (100% of desired product. Used directly in the procedure of
Preparation 11 w thout characterization. 20 PREPARATI ON 11 Synt hesis of

3-[5- (4- Met hoxy-Ppg Ry bbb 3 8115 22 Wil th §6 G511 Ry Al bShzoic acid
hydrazide hydrochloride from Preparation 6, 0.49g (2.6 mmol) EDAC-HCI, 0.35¢
(2.6 mmol) HOBT, and 0.50 g (2.6 mmol) 4-cartboxymethyl-benzoic acid methyl
5 ester from Preparation 7 was dissolved in 20 mL of dimethylformamide. 0.33g
| (2.6 mmol}) Di-isopropylethylamine was then added. Stirring was continued 14
hours at room temperature. Water (60 ml) was added and the product was
extracted with 1:1 Et,O/ EtOAc (2x). Combined the organic extracts and washed
with saturated aqueous NaCl solution (4x), dried (MgSO4). The resulting solid
10 was triturated in BtOAc and filtered. Dried in a Vacuum oven overni ght at 70 °C to
provide 0.48 g (49%) desired product. MS: m/z (APCI, AP+) 486 [M‘]‘*'
NMR: DMSO 'H § (ppm) 3.66 (2H, s); 3.79 (3H, s); 3.83 (3H, s); 7.04-7.08
(2H, m); 7.48-7.50 (2H,m); 7.53-7.98 (9H, m); 7.99-8.24 (1H, m); 8.52-8.53 (1H,
m).
15
PREPARATION 9
Synthesis of 4-(N'-{3-[5-(4-Methoxy-phenyl)-oxazol-2-yl}-benzoyl }-

hydrazinocarbonyl)-benzoic acid methyl ester
\0 0
\Q\{\N O H o
' N
O&QAN;
e

20



S OH -114- A solution of 1.4g (4.3mmol)

3-[ 5- (4- Met hoxy- phenyl ) -thi azol -2-yl] benzoic acid nethyl ester from
Preparation 10 in a 3:1:1 mxture of THF/ methanol/ water was added | OnL
(10 mml) IN NaCH. The m xture was stirred 14 hours at roomtenperature
before concentrating on a rotary evapoyjgf or . The 5 residue was treated with
6M HCl then filtered, washed with water ™ (1X) and dried in a vacuum oven

overni ght at 70 QJdige degyodaurdt fdng Ptdpaidion B adé séregstdhicofutinonoddhylr n/ z
(APCl, AP+) 312 [M]+ NVR_DMSO 1H. S (ppm. 3.79 (3H s); 7.00- 7.07 (2H,
m; 7.61- 7.9 {piaceyt4-carberymetylbepgoigpcid grethyl gsterfromiPrepgration ho-  (1H,

s); 8.44-8. : P t{yQs] -, s
32[5-(4- Met ﬁ‘?%-p %%93‘%@?58?8%%3%% %ﬁ?ﬁ%ﬂ?*’%@%‘ﬁ apy AR ¢ acid
tert-butyl &SMER: DVMSOIEH @pht)BI77QBE, s) 3.854BHOS); 1e0307.08 exiard: .66 Bxanpl e B2
and 1.29 (3.8 nmgl%t 3- [03 éﬁ met hoxy- ﬁohenylﬁ) -t hi azo| - 2-_)/I - benzoi c acid
from Pt epar df-Hem)1%00:8.0 (aH; myP- 283 G, di:1fe56 débis):d@-Tir 2Haas

obt ai ned. 2 RATI ON 13 Synt hesi s of

3-[5-(4- Met ﬁ)g%:/ﬁg ienyl ) - t hi azgl -2-yl]-benzoic acid hydrazide hydrochloride
O'~k/ i NOSV HNHZ -115- Using the procedure from Preparation 6 and
0.859g (2.0 nmol) N -{3-[5-(4 PREPARATION 10

Synthesis of 3-[5-(4-Methoxy-phenyl)-thiazol-2-yl]-benzoic acid methyl ester

10
To a suspension of 1.4 g (4.3 mmol) N-[2-(4-Methoxy-pheny})-2-oxo-
ethylj-isophthalamic acid methylester from Pre\paration 2 in 30 mL of dry dioxane
was added 1.1g (5.2 mmol) of PS5 in one portion. The resulting mixture was
warmed to 50 °C for 1 hour before cooling to room temperature and adding abont
15 60 mal water. Stirred 2 hours and then filtered off solid product. Triturated in hot
MeOH and filtered. Dissolved in THF and filtered through a plug of flash silica
gel with THF eluent. Concentration gave 1.4g (100%) of desired product. Used

directly in the procedure of Preparation 11 without characterization.

20 PREPARATION 11
Synthesis of 3-[5-(4-Methoxy-phenyl)-thiazol-2-yl]-benzoic acid



met hoxy- phenyl ) -t hi azol - 2-yl ] - benzoyl } - hydr azi necarboxylic acid tert-butyl
ester from Preparation 12, 0.68g (45% desired product was obtained. Ms:

mz (APCl, AP+) 326 [M+ NVR DMSO 1H S (ppm 3.79 (3H, s); 7.01- 5 7.05

(211, m; 7.64- 7.74 (3H, m; 8.00-8.01 (1H, m; 8.03-8.18 (111, m; 8.24-
(1H, s); 8.45-8.46 (111, nm). PREPARAT{{GN 14 Synthesis of 4[2-(N -{

3-[5- (4- Met hoxy- phenyl ) - t hi azol - 2- yl] 1benzoyl - 10

hydr azi no) - 2- ox ok séltitidy] oftedy @i.3mmol) G- [ﬁe(tlkathesy-@he@I}l}hﬁzol 2yIS NN Fi OO

O Using the procedure from Preparation and 0.67 (2.1 mmol)

3- [ 5- (4- MetbsBagic a9d smpphufl eotar fiog Prepapationd Qs §i3:1 &@iﬂatuﬁgxaﬂﬂﬂde hydr ochl ori de

R L s T s e S S TR

3.83 (311, Id)houdk A @edin Gekneiture hefare Fomt@atratingon(SidfaryeyapdrAoe. Th95 (311 m;

8 15 ki e B e e e ARy 2

Exanpl es. tqr cid net hyl
ester To a%sol uti ong‘{ﬁ"]n %‘é g}lt(gngr)lz%}(g&ggl 1%%%8@%&6%%?%%% n tol uene
(300 25 mMsvmrze(palm«gﬂmmhmmﬁzmmﬂS@ Iwaﬁplﬂm Y9 e3H, &h;7.00-hy| ani ne
hydr ochl ori de 34 g, 0.25 nol) respectively e reaction mxture was

refl uxed fok0%C m)s7 61667 EHiim); 7 RI8- 02 iEb ik 8rid-8. khd Himk88d- wi t h wat er

(300 niL). r%qﬂt 116- was separated and the aqueous portion was
aci d| f| ed Eﬁﬁt% usi ng ?ﬁ;rifce%t rat ed

PREPARATION 12
Synthesis of N'-{3-[5-(4-Methoxy-phenyl)-thiazol-2-yl]-benzoyl }-
hydrazinecarboxylic acid tert-butyl ester

15
Using the procedure from Example B2 and 1.2g (3.8 mmol) 3-[5-(4-methoxy-
phenyl)-thiazol-2-yl]-benzoic acid from Preparation 11 as starting material, the

desired product was obtained.

20 PREPARATION 13
Synthesis of 3-[5-(4-Methoxy-phenyl)-thiazol-2-yl]-benzoic acid hydrazide
hydrochloride



HCl. The precipitate was collected by filtration and oven-dried to give 14
g (89% of the tetrazole as a white solid. C-Ms: CBH6N4A02 [ M+l] 191.0.
The product obtained (14 g, 0.074 nol) was suspended in anhydrous net hanol
followed by the j 5 addition of gaseous HCl over a period of 20 m nutes.
The warm sol ution was stirred at roonirléerrperature for overnight, then
concentrated in vacuo. The resulting sidue was triturated wth diethyl
ether and col | ectiagh dcbiit i@ P@paniish @ ahd 0858 (£ 5@t hyl
ester internediate Zé)mcipkl\/s Cal 38N482 }‘I\/Hrl] 205% gohﬁé?lgiq ﬁm A

3- [ 2- ( 4- Met hesthomyephepy)-tipgal - yiirbenzoyl i ydragpccorhox siie @l:nﬂrmbtttyleesteer The

nmet hyl ester ) was diluted wth
acetonitri I %ggg’%%gﬂ% (??%@ﬁ%f)?ﬁqs%eéizp(réd%tw%sgg%@gﬁ Di ssol ution
occurred af tygs: xﬁlzi(fAIFGIQABii-)SZHJEMFEMQDMSE)fIQB Iﬂ)@uwﬁq s_j—h)e0§-0| ution was
treated wth 4-methoxybenzyl chloride (6.6 65 nol) and refluxed for

over nifht . 108G iopt 7 &tk ‘674 60E.un); 8H0ch bbﬁi[,lthhsm& 1®6dinpn8Mxture to
room t enper was concentrated and the residue was
triturated %&ﬁhgétgh‘{z}ﬁeggﬁg Ii’trgia filtered. The filtrate was, washed with
aqueous HCL(1M 50 ni), dried (NgSO4) and concentrated in vacuo. The

2-isonmer was isol ated analytlcall¥ Eure ut|I|Z| ng silica gel
chrorratography (el ution with dichH 4to give the title 20 conpound

(10.5 g, 559 8.3 (d 1H),
8.1 (d, 1H) @Wﬁ’%s‘?t%fm?o@ 48 ?*MBW)&%%%@"%%] éér‘i“’(llj) oH), 3.9 (s,
3H), 88 (Syddkinb)Rrmo-diylbnzditacd mEhgPede) :

3-[2-(4- Met hoxy-benzyl )-2Htetrazol -5-yl]-benzoic acid The.ester prepared
in Step (b) (10.4 g, 0.032 nmol) was suspended in 25 aqueous

t et r ahydr of O O“m_ 1:1) followed by the addition of lithium hydroxide
nonohydr at e {) in one portion. Dissolution occurred after -

stirring at room erlture fijipr B0 minute. The solution was stirred for an
additional 16 hours. & sy -tlon 3 ed in vacuo and the aqueous
solution was acidified t 1 Husi : ted HO. The resulting
precipitate was 30 col |l ect®d by fil recrystallized from

hexane/ et hyl acetate to give the title com@)und (10 g, 10099 as a white
solid. IHNVR (DVSO-d6) 6 8.6 (s, 11D, 8.3

Using the procedure from Preparation 8 and 0.67 (2.1 mmol) 3-[5-(4-Methoxy-
phenyl)’i'thiazol—Z—yl]—benzoic acid hydrazide hydrochloride from Preparation 13
0.35 (33%) of desired product was obtained. MS: m/z (APCL, AP+) 502 [MT

15 NMR: DMSO "H 8 (ppm) 3.65 (2H, S); 3.79 (3H, 5); 3.83 (3H, s); 7.00-7.04 (2,
m); 7.48- 7.67 (5H, m); 7.90-7.95 (3H, m); 8.11-8.13 (1H, m); 8.24 (1H, s); 8.40-
8.41 (1H, m).

Tlustrative examples of the synthcsis of compounds of Formula I are

described below in the Examples.

20

EXAMPLE 1

Step (a): 3-(2H-Tetrazol-5-yl)benzoic acid methyl ester
To a solution of 3-cyanobenzoic acid (12.3 g, 0.083 mol) in toluene (300
25 ~ mL) were added sodium azide (16 g, 0.25 mol) and triethylamine hydrochloride
| (34 g, 0.25 mol) respectively. The reaction mixture was refluxed for 4 hours,

cooled to room temperature, and diluted with water (300 mL). The organic phase



-117- (d, 1H), 8.1 (d, 111), 7.7 (t, 1H, 7.4 (d, 211), 6.9 (d, 2H), 6.9
(s, 2H), 3.7 (s, 31-1) PPM Step (d):

3-[2-(4- Met hoxy-benzyl)-2Htetrazol -5-yl }-benzoyl chloride. The carboxylic
acid internediate (10 g, 0.032 nol) from Step (c) was 5 suspended in

di chl oronet hane foll owed by the additigon of oxalyl chloride (20.4 g, 0.16
nol ) and catalytic DMF. The reaction Tﬁlgt ure was stirred at room

t enperature | i pST=T sl Vs npl ete. The
reaction m )ﬂaﬁ%%&rmggwﬁt%lg%%%gﬁgmggﬁg%tﬁ ég?igg % %/acudg.n&% Eéeﬂ&rafeésili due was
triturated HAlWTheprciaatawas bellectddydiltheot sl dgnfddedtapiveidgd88¥ye t he

11610 o S Rt A KB I T Bt 0 s 1
3H) ppm M oﬂn%gﬁadj(% %,Q.O’ﬁ o 13 (b suspended in anhydrous methanol foliowed by the |

4- ({3-[ 2- (4- Met hoxy- benzyl H-tetrazol -5-yl} -benzoyl am no} - met hyl ) -
benzoix aci ddditiohyf gassousrHC ovena periodspf 2 utgs. Rhe wnosohation wad ut i on of

met hyl 4-(anj.nopet hyl ) benzoat e. hydr oc ride (0Q,.2 1. ) and

[T1 o hyl an A s00 EPa Ao b oL AR SReoRaRa ™ sin Tias. added ¢ he
acid chlori deufihg3Ssi@ue aOitiraRl )Jviﬁhrcﬁ’eﬁﬂﬂ%%dr@n& ellecddyfaagionad m xture
was stirred at réomtenperature for 16 hour, then diluted with aqueous HC

(1M 20 20 pigjd 17heg @1 Hanaf depiraled eplasingepadiateed CIASHeHANIG2 BYlrAk, dri ed
(MsS™) , an;ij_o oncentrated in vacuo. The residue was recrystallized from
hexane/ et hy %1 etate to give a white solid (0.38 g, 83%.1HNVR (DVMSO d6) S
9.4 (10 1H) Stép (B):( S-[2-Methckydehdyl)-2EetrSrol-5(y]-berdbic abidmeétlyl sdldp, 7.8 (t,
11-1),7.5 (d, 211), 7.4 (d, 211),. 6._9%d, 2111, 5.9 (s, 2H), 4.5 (d, 2H),
3.8 (s, 3H), 3. 71%'1§,mem)1 esipnayniitssizedimSep (@) (b1 g, 0.059 mol) was diluted

with acetonitrile (300 mL) and triethylamine (6.6 g, 0.060 mol). Dissolution

occurred after stirring at room temperature for 5 minutes. The solution was treated
with 4-methoxybenzyl chloride (6.6 g, 0.065 mol) and refluxed for overnight.

15 Precipitation occurred on cooling the reaction mixture to room temperature. The
solvent was concentrated and the residue was t:t:'.turated with ethyl acetate and
filtered. The filtrate was washed with aqueous HCI (IM, 50 mL), dried (MgSO4),
and concentrated in vacuo. The 2-isomer was isolated analytically pure utilizing
silica gel chromatography (elution with dichloromethane) to give the title

20 compound (10.5 g, 55%) as a white solid. "INMR (CDC13) 6 8.8 (s, 1H), 8.3 (d,
1H), 8.1 (d, 1¥), 7.5 (t, 1H), 7.2 (d, 2H), 6.9 (d, 2H), 5.7 (s, 2H), 3.9 (5, 3H), 3.8
(s, 3H) ppm. Mp 105-106 °C.

Step (c): 3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-yl]-benzoic acid
The ester prepared in Step (b) (10.4 g, 0.032 mol) was suspended in

25 aqueous tetralrydrofuran (20 mL, 1:1} followed by the addition of lithium
hydroxide monohydrate (4 g, 0.096 mol) in one portion. Dissolution occurred after
stirting at room temperature for 30 minute. The solution was stirred for an
additional 16 hours. The THF was concentrated in vacuo and the aqueous solution
was acidified to pH=1 using concentrated HC]. The resulting precipitate was

30 collected by filtration and recrystallized from hexane/ethyl acetate to give the title
compound (10 g, 100%) as a white solid. "HNMR (DMSO-d6) § 8.6 (s, 1H), 8.3



EXAMPLE 2 4-({ 3-[2-(4-Methoxy-benzyl)-2Htetrazol -5-yl}-benzoyl am no
}-methyl)-benzoic acid 418- O N-NNO ~ H | NHOO The ester (0.065
g, 0.14 nnnol) prepared in Exanple 1, Step (e) was diluted with aqueous
tetrahydrofuran followed by the addition of lithium5 hydroxi de nonohydrate
(0.018 g, 0.4 mmol). Follow ng the ex i mental conditions described in
(d) yielded the free acid (0.045 g, 71%as a white solid. 'HNVR (DVBO d6)

? 32(3 (Sil)(&]i@) 8?(& 1@671%@1}12875((&%1)1@6)@ 2@3269%,2113137(§3ﬁ)(d 411H?3

(ﬂl 2_13) 3ppm.s, 3H) ppm M 202-205 C. 10 Repl acenent of El net hoxgbelniy:
hal i de and S e@&(ﬁgz-fﬁﬁﬁw”&meﬁéﬂ&%s SRRy Tor Example 1
and Exanpl e 2 yi qghgestbbigicield Mrmedlﬁfer(wgrm@sz ﬁlﬁﬁ%ﬁs&p (@Pwdk ({

3-[2-(3- Met hoxy- benzyl%l 2Htetrazol - % -benzoyl am no met hyl ) - benzoi c
aci d det hy| sespeeded ingi Bgomgha@fm addmonrof ormlmhlcm}i E 4 -119-

0.16 mol) and catalytic DMF. The reaction mixture was stirred at room
temperature for 3 hours, at which time dissolution was nearly complete. The
reaction mixture was filtered and concentrated in vacuo. The residue was
triturated with petroleum ether and collected by filtration to give the title

10 compound (9.5 g, 90%) as a white solid. THNMR (CDCI3) § 8.9 (s, 1H), 8.5 (d,
1H), 8.2 (d, 1H), 8.6 (t, 1H), 7.4 (d, 2H), 6.9 (d, 2H), 3.8 (s, 3H) ppm. Mp 122-
124°C.
Step {e): 4-({3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-yl}-benzoylamino }-methyl)-

benzoic acid methyl ester

N~N

A

0O \
[ N
N N
H
o)
/o

To a solution of methyl 4-(aminomethyl)benzoate hydrochloride (0.22 g,

15

1.1 mmol) and triethylamine (0.22 g, 2.2 mmol) in dichloromethane (20 mL) was
added the acid chloride (0.33 g, 1.01 mmol) prepared in (¢). The reaction mixture
was stirred at room temperature for 16 hour, then diluted with aqueous HCI (1M,
20 20 mkL). Thé organic phase was separated, washed with brine, dried (MgSO4), and
concentrated in vacuo. The residue was recrystallized from hexane/ethyl acetate to
give a white solid (0.38 g, 83%). "HNMR (DMSO-d6) § 9.4 tt, 1H), 8.5 (s, 1H),
8.2 (d, 1H), 8.1 (¢, 1H), 7.9 (d, 2H), 7.8 (t, 1H),7.5 (d, 2H), 7.4 (d, 2H), 6.9 (4,
2H), 5.9 (s, 2H), 4.5 (d, 2H), 3.8 (s, 3H), 3.7 (s, 3H) ppm. Mp 167-168 °C.
25
EXAMPLE 2

- 4-({3-[2-(4-Methoxy-benzyi)-2H-tetrazol-5-yl]-benzoylamino }-methyl)-benzoic

acid



Y

Ihv-'

QJOOQJOO
O

¢

—— —p—

335

ananQo

gw

300

4- Fl uor o- benzyl )-2Htetrazol -

-(
(3- Fl uor o- benzyl ) -2Htetrazol -

met hyl

10

15

20

) - benzoi c
EXANPLE 6 15 4-({
Mp

-[ 2- (3- Met hoxy- benzyl )-2Htetrazol -5-yl]-beuzuyi suno
I )-oenzoic acid. M 204-206 C. OCH3 ONNHI N HO O EXAMPLE 5
-[ 2- (4- Fl uor o- benzyl)-2Htetrazol - 5-yl ] -benzoyl am no

yl 10 acid nmethyl ester. M 179-178 C ONNI / F NN

]{benzoylr&m!no

H N -
N

ester. M 157-155 C. E o

N-
N
H

HO
O

The ester (0.065 g, 0.14 mmol) prepared in Example 1, Step (e) was
diluted with aqueous tetrahydrofuran followed by the addition of lithium
hydroxide monohydrate (0.018 g, 0.4 mmol). Following the experimental
conditions described in (d) yielded the free acid (0.045 g, 71%)as a white solid.
"HNMR (DMSO-d6) § 12.8 (bs, 1), 9.4 (¢, 1H), 8.5 (s, 1H), 8.2 (d, 1H), 8.0 (d,
1H), 7.9 {d, 2H), 7.7 (&, 1¥), 7.4 (dd, 4¥D), 6.9 (d, 2H), 5.9 (s, 2H), 4.5 {d, 2H),37
s, 3H) ppm. Mp 202-205 °C.

Replacement of 4-methoxybenzyl chloride in Step (b) of Example 1 with
an appropﬂately substituted alkyl halide and utilizing the experimental conditions
described for Example 1 and Example 2 yielded the following compounds:

EXAMPLE 3

4-({3-[2-(3-Methoxy-benzyl)-2H-tetrazol-5-y1]-benzoylamino }-methyl)-benzoic
acid methy! ester. Mip 153-154 °C.

OCHg
P eiel
N N
H

EXAMPLE 4

5- y]r]] “benzoyl ani no }-nethyl)-benzoic
222-224 C. | NF ON—NNJ~H\NHO 20 EXAMPRE 7 -120- 4-({
@- hyl ) - benzoi c

H



O 5 EXAWMPLE 8 4-({ 3-[2-(3-Fluoro-benzyl)-2Htetrazol-5-yl]-benzoylam no }

-nmet hyl)-benzoic 10 acid. M 217-219 C. F ONN "~ H\ I NN HO O 15
EXAMPLE 9 4-{ '

[ 3- (2- Thi azol - 2-yl net hyl - 2Ht et razol - 5-yl ) - benzoyl am no] - net hyl {- benzoi c
acid nethyl ester. M 158-160 C. S O_1 , N/ N H20 EXAMPLE 10 -121-
4-{[3-(2-But-2-enyl -2Htetrazol - 5-yl)-bénzoyl am no] - net hyl } benzoi ¢ acid
nethyl  est g3 ﬂMMﬁ&m DiNetrazol 5-411-BbhcoltabmiRePhe s fehz@QE et hyl
4- (am nonet h)/(f{)%aelgzoate ydrochloride in %% ep l{‘) iOR?’IQExarrpl e 1 with an
appr opri at eRsidsMpgP#-206€€. ani ne and utilizing the 10 experinental

condi tions described for Exanple 1 yielded the follow ng conpounds:

OCH,

I N

0
N N
S
HO
O

5
EXAMPLE 5
4-({3-[2-(4-Fluoro-benzyl)-2H-tetrazol-5-yl}-benzoylamino }-methyl)-benzoic -
10 acid methyl ester. Mp 179-178 °C.
v
~N .
N e F
H .
)
/0 .
EXAMPLE 6
15

4-({3-12-(4-Fluoro-benzyl)-2H-tetrazol-5-yl]-benzoylamino }-methyi}-benzoic
acid. Mp 222-224 °C. |

L *@f”

20 | ' EXAMPLE 7



EXAMPLE 11 15

3-[2-(4- Met hoxy- benzyl) -2H-tetrazol - 5-yl] - N-thi azol - 2-yl met hyl - benzani de M
143-145 C. ONN S -NNNOCH3 INH 20 EXAMPLE 12

3-[2-(4- Met hoxy- benzyl)-2Htetrazol -5-yl]-N-(4-norpholin-4-yl net hyl - benzyl)
- benzam de Mp 161-162 C. 25 -122- ONNOCH3 H\' N O EXAMPLE 13 5

N- (3- Chl oro-4-fl uoro-benzyl)-3-[2-(4-7 oxy- benzyl)-2Htetrazol -5-yl]-
benzam de b%i\}% F315K i

3-[ 2- (4- Ne{vﬁo@qﬁﬁg Oppnay i o 53)5”3,]1]_(%'\?115 Aain @I}ullé}ég#igjﬁgzlo-lcbenzyl )- 15
benzam de MacillGaethi@®stEr. Mp NST-155 OCH3

F
0 N”N‘f\©/
[ N
N N
H
0
/o

5
EXAMPIE 8
4-({3-[2-(3-Fluoro-benzyl)-2H-tetrazol-5-yl]-benzoylamino }-methyl)-benzoic

10 acid. Mp 217-219 °C.

F
0 N-N
. ! N
N N
H
HO
5 _

15 _ EXAMPLE 9
4-{[3-(2-Thiazol-2-ylmethyl-2Htetrazol-5-yl)-benzoylamino]-methy}{ -benzoic
acid methyl ester. Mp 158-160 °C.

' S
Y
. | N

' ' N N

7 H
0
| 7o .
20

EXAMPLE 10



H ~~. CF3 EXAMPLE 15 20 -123-

N- 2, 1, 3- Benzot hi adi azol - 5-yl net hyl - 3-[ 2- (4- net hoxy- benzyl )-2Htetrazol - 5-yl
]- benzam de Mp 207-208 C ONNNOCH3 H\ N{ N/ ~S N 5 EXAWPLE 16
3-[2-(4- Met hoxy- benzyl)-2Htetrazol -5-yl]-N-(2-nmethoxy-pyridin-4-yl nethyl)-
benzam de Mp 166-169 C. 10 ON—NNOO&B /[ NH~I N N OCH3 EXAMPLE 17 15
N- Benzyl - 3-[ 2- (4- et hoxy- benzyl ) -2Ht azol -5-yl]-benzam de M 169-170 C
ONNN-~NOCH3 ~{ N '

4-{[3-(2-But-2-enyl-2H-tetrazol-5-yl)-benzoylamino]-methyl }benzoic acid methyl
ester. Mp 107-108 °C.

=z
Za
=

Replacement of methyl 4-(aminomethyl)benzoate hydrochloride in Step
(e) of Example 1 with an appropriately substituted amine and utilizing the

10 experimental conditions described for Example 1 yielded the following
compounds:
1
EXAMPLE 11
15 3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-yl]-N-thiazol-2-ylmethyl-benzamide Mp
143-145 °C.

o T
S N N OCHj
e aen

EXAMPLE 12

20

3—[2—(4-Methoxy-benzyl)-ZH-tetrazol-5—yl]-N~_(4-morpholin-4—ylmethyl-benzyl)-
benzamide Mp 161-162 °C..
25 '



N cf~~ H 20 EXAMPLE 18 -124-

3-[2-(4- Met hoxy- benzyl)-2Htetrazol -5-ylj-N-pyridin-4-yl net hyl -benzam de M
163-164 C. ONNNOCH 3 Hry 5 EXAMPLE 19 N-1,

3- Benzodi oxol - 5-yl net hyl - 3-[ 2- (4- met hoxy- benzyl )-2H-tetrazol -5-yl]- 10

benzamide. HBCON=N O Ni NI i H O-ﬁch M5: MW 443.46, 94.69% purity 15
EXAMPLE 20

3-[2-(4- Met hoxy- benzyl)-2Htetrazol -5-yl]- N (2pysrdi n-4-yl -et hyl ) - benzam d
e. H3CON=N Oy NNH 20 LGV MN@E14. 46,N1Q0% ty EXAMPLE 21 -125-
3-[2- (4- Met hoxy- benzyl ) - 2Ht et r azgl -'5- - ‘\IZNtrl et hyl - benzyl) -
benzam de. _ ﬁ

Y

0O

EXAMPLE 13
5
N~(3-Chlorb~4-ﬂu0ro~benzyl)-3—[2—(4~meﬂ10xy-benzy1)-2H~tetrazol—5«y1]—
benzamide Mp 150-151 °C
. L,
: /N
N)J\Q/LN' QCHs
H 1
F Cl
10
EXAMPLE 14
3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-yI]-N-(3-trifluoromethyl-benzyl)-
15 benzamide Mp 162-163 °C.

CF3

20



HBCONNOCF3 NNIV H 5 LGYS: MN467.45,94.93% purity EXAMPLE 22

N- |1 sopropyl - 3-[ 2- (4- met hoxy- benzyl )-2Htetrazol -5-yl]-benzam de. 10 H3CO /
NENONNIT NI( H LOM: MN351.41,96.37% purity EXAMPLE 23 15

N- (2, 3-Di fl uoro-benzyl)-3-[ 2- (4-met hoxy- benzyl)-2Htetrazol -5-yl ] -benzan
ide. H3CO/ NeENOF N4/ NHF LCGAM: MN435.43, 100% purity 20 EXAMPLE
24 N Furan-2-yl net hyl - 3-[ 2- (4- net hoxy-Denzyl ) - 2FI

tetrazol - 5- W-b1BBaawtidediazol 20yt Q2N hetho:Q-benbdyl)-2M-firazol-5-yi}-

benzamide Mp 207-208 °C.

|
N\S’N
5
EXAMPLE 16
3-[2-(4-Methoxy-benzyl}-2H-tetrazol-5-yl]-N-(2-methoxy-pyridin-4-ylmethyl)-
benzamide Mp 166-169 °C.
10
~N
- Nl@/LN, OGHs
Ny "
OCH;
EXAMPLE 17
15
N-Benzyl-3-[2-(4-methoxy-benzyl}-2H-tetrazol-5-yl}-benzamide Mp 169-170 °C.
PP RO
-, N
N N OCH,
H
20

EXAMPLE 18



H LCMS: MN389.41, 100% purity EXAMPLE 25 5

3-[2- (4- Met hoxy-benzyl )-2H-tetrazol -5-yl]-N-(1-phenyl -et hyl)-benzam de.
HBCON=N O N,NI IN\ LCOM: MN427.51, 100% purity 10 EXAMPLE 26

N- (4- Met hoxy- benzyl ) - 3-[ 2- (4- net hoxy- benzyl )-2Htetrazol -5-yl]-benzam de M
159-160C. 15 ONN3 HCOI HI NN O3 3 Repl acenent of 4-nmethoxybenyl
chloride and nethyl 4 20 (am nonet hyl )benzoate hydrochloride in Steps (b)
and (e) respgel-4Mcthosy-beizdnilildettazal-5iylEN-@mpidimpryiatelbaehaidevped al kyl
hal i de and amine,. .and utilizing the experinmental conditions described for
Exampl e 1, &%%&d@he foll owi ng conpounds: -127- EXAMPLE 27

N- Benzyl - 3- (2- but - 2-enyl-2H-tetrazol -5-yl1)-benzam de. Mo 100-101 C. O NN
Il / ti ~1 WN 5 EXAWPLE 28 10

3-(2-But-2-enyl-2Htetrazol -5-yl)- N-O( 3- et hoxhyl/ | ) - benzam de.
N..-
J’ A1
| H
N~
5
EXAMPLE 19

N—I,3—Benzodioxol—5—ylmeﬂ1yl—3—[2—(4-methoxy—benzy1)-2H—ten‘azol-5—y1]~

10 benzamide.

HaCO.,

Q N=N . O
N\N/ NN .
Roy
i O
LC/MS: MW 443.46, 94.69% purity
15 EXAMPLE 20
3-[2-(4-Methoxy-benzyl)-ZH-tetrazol-5-yl]-N-(2-pyridin-4-yl-ethyl)-benzamide.
HsCO
Q/ Pj:N O = ]N
N .
N N x

20 LC/MS: MW 414.46, 100% purity

EXAMPLE 21



ONN H3COHNEem Anal. Calcd. For C2o0H2j NsQ2: C, 66.10% H, 5.82% N,
19. 27% Found C, 66.00% H 5.78% N, 19.23% 15 EXAMPLE 29

N- Benzyl - [2 (4-cyano- benzyl )-2Htetrazol -5-yl]-benzam de. M 191-192 C.
ONN/ CNN 20 C HI N EXAWPLE 30 -128- 4-(5-{

3-[(Pyridin- 4 yl met hyl ) - car banmoyl | - phegpsl }-tetrazol - 2-yl net hyl ) - benzoi c

acid. TPA sg 222C dec. ONNNCOZH H\ | N5 EXAMPLE 31 4-(5-{
3-[(Pyri di n Jridethoxy-benzah2HrtsptarobhaHyN-(-trHfledro el I-Ber)ﬂgl}et hyl ) - benzoi ¢
aci d. TFA-s@lfzaMig253C dec. 10 O COZH Nj H\A I NNE 15 4-(5-{

3-[ (Met hyl - pyrldln 3-yl net hyl ) - car banoyl ] - phenyl }-tetrazol-2-yl nethyl)-
benzoic acid. TFA salt M 235C dec. O NN\ / CO2H 1 Ni \ NN

HsCO,

Q.\i :,'\L@/m ,©

EXAMPLE 22

5 LC/MS: MW 467.45, 94.93% purity

N—Isoprop?l—3-»[2—(4-methoxy—benzyl)-2H—tetrazol—S—yI]-benzamjde.

10
HaCO.
Q, ’N:N 0
N~ /k
H
LC/MS: MW 35141, 96.37% purity
EXAMPLE 23
15 _
N—(2,3-Diﬂuoro—benzyl)—3-[2~(4~methoxy—benzyl)—2H~tetrazol~5~y1]-benzamide.
HaCO
N //@/u\ /\@,
. LC/MS: MW 435.43, 100% purity
20

EXAMPLE 24

. N—Furan-Z-ylr_nethy]—S-[2-(4-methoxy—benzyl)-ZHwtetrazol-S-yl]—benzamide.



20 EXAMPLE 33 4-(5-{ 3-[(2-Methoxy-pyridin-4-yl nethyl)-carbanoyl]-phenyl
}-tetrazol -2- 25 ylnmethyl }benzoic acid. TFA salt M 228C dec. -129 O CO2H
H3CON N H N 5 EXAVPLE 34

N- (4- Fl uor o- benzyl ) - 2- net hoxy- 5-[ 2- (4- net hoxy- benzyl )-2Htetrazol -5-yl ] -
benzam de. 10 Step (a): 5-(3-Brono-4-nethoxy-phenyl)-2Htetrazole. The sane
procedure was used to formthe tetrazdf® as that which was described in
Step (a) of Exanple 1. Yiejgp9.9 g, 97% IHNWMR (DMSO-d6) S 7.8 (s, 1H),

7.6 (d, 111), 6.9 (d, 11-1), 3¥5s, 3H) ppm Step (b):

5- ( 3- Brono- 4- et hoxy- phenyl )-2rret ReMy- benzyl )-2Htetrazol e 15 The
tetrazol e synthesized in Step (3 u:';. L ed uskng 4 he experinental
conditions described in Step (b) of ExMnpl : Ylf:el .6 g, 59% 1HNWR
(cbc13) s 8.3 (s, 111), 8.0 (d, 1H, 7.4 H, 7. d,11), 6.9 (d, 2H,
5.7 (s, 211), 3.9 (s, 31-1), 3.7 (s, 3H ppm Step (c):

2- Met hoxy- 5L Qﬂ@m?’%ﬂ% T PUtY2H t et r azol - 5-yl [ -benzoic acid 20 nethyl
ester. The tetrazole (4 g, 0.011 nol) prepared in Step (b) was added to a
gl ass- lined reactor containing triethylamne (0.73 g, 0.03 nol),

di phenyl phosphi nyl propane (0.66 g, 1ERAMRIE 25palladium (I1) acetate (0.24
g, l.lmmol), and anhydrous nethanol (70 nl). The reaction m xture was
heated to 25 100 C under 500 psi carbon nonoxide for 12 hours. The reaction
m xt ure was [ - i bydroafdiran. The
filtrate 'wa%‘[%g#lcen rﬁghﬂ?%@%‘gﬁ%&t%ﬁﬁg frmgglpld%tgw\?\gs rec‘%st allized from
hexane/ et hyl acetate to give

O

HCO
”' QL |
-N_ N)\@)LNK/\ :

LC/MS: MW 427.51, 100% purity
\

10
EXAMPLE 26
N-(4-Methoxy-benzyl)-3-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl]-benzamide Mp
159-160 °C. '
15
| . L
B ”N -
\ \ OCH;
H
HaCO
Replacement of 4-methoxybenyl chloride and methyl 4-
20 7 (anﬁnomethyl)benzoafe hydrochloride in Steps (b) and (e) respectively of

Example 1 with an appropriately substituted alkyl halide and amine, and utilizing
the experimental conditions described for Example 1, yielded the following

~ compounds:



white crystalline needles (1.6 g, 43%. M 110-111 C. 1HNWMR (CDCI3) S 8.5
(s, 1H, 8.2 (d, 111), 7.8 (m 11-1), 7.3-7.5 (m 311), 7.1 (d, 1H), 6.9
(d, 2H, 5.7 (s, 30 213), 4.0 (s, 3H), 3.9 (s,3H), 3.8 (s, 3H ppm -130-
Step (d): 2-Methoxy-5-[2-(4-nmethoxy-benzyl)-2Htetrazol-5-yl]-benzoic acid.
The ester (0.91 g, 2.57 mml) obtai ne_qzj]_n Step (c) was converted to the
correspondi ng carboxylic acid utilizing reaction conditions described in
step ¢ of Exanple 1. Yield: 0.57 g, ERAMMEMER (CDC13) S 8.9 (s, 1H), 8.3
(d, 111), 7.4 5 (d, 211), 7.2 (d, 111), 6.9 (d, 211), 5.7 (s, 2H), 4.1 (s,
3H), 3.8 (s, 3H) ppm Step (e):
r

aci a onl or i NeSuEe B RS SN e My ORI C 1 "5 o

Step (d )) using reaction conditions previously described for step d of 10
Exanple 1. The crude product (0.57 g, tan solid) was used w thout further
characterization. Step (f): /\/\

N- (4- Fl uor o- benzyl ) - 2- net hoxy- 5- [ 2 4- met hexi- benzyl ) - 2H-t et razol - 5-

yl]-benzam de. OCH3 0 N=N LiO N_E_/ /N5 The crude acid chloride
(0.2 g, 0.56 mml) obtaine StEp ( asM aken up in dichloromethane (2
nm) agd added dropw se to | uti on “®f~4- fluorobenzylamne (0.07 g, 0.56

mol ) "and triethylamne (0.062 g, 0.61 mml) in dichloronethane (3 ni).
The reaction mxture was stirred at roomtenperature for 20 16 hours, then
diluted with agueous HO (1M 5 nlL). The organic phase was separated,
dried (MgS04), and concentrated in vacuo. The resulting solid was
triturated with petrol eum et her/di etBYAMPIRP8(1:1) to yield a pale yellow
solid

10 3-(2—But~2—eny1~2H—tetrazol—5-yl)-N~(3-methoxy—benzyl)-benzanﬁde.

S~

O N-N
Yo

N
HeCO "N N’
H

Elem. Anal. Caled. For C2oHuNsOz: C, 66.10%; ., 5.82%:; N, 15.27 %; Found: C,
66.00%; H, 5.78%; N, 19.23%.
15
EXAMPLE 29

N-Benzyl—_3-[2—(4—cyan6—benzy1)~2H—tetrazol—5-yl]-benzamide. Mp 191-192 °C.

Y N
H
20 .

EXAMPLE 30



(0.18 g, 72%. 'HNMR (CDC13) S 8.9 (s, 1H), 8.3 (d, 111), 8.1 (bs, 1H) 7.4
(d, 21-1), 7.3 (m 2H, 7.2 (m 31-1), 6.9 (d, 21-1), 5.7 (s, 2H, 4.7 (d,
2H), 4.0 (s, 3H), 3.8 25 (s, 31-1) ppm M 156-158C. Repl acenent of
4-fluorobenzyl amne in Step (f) of Exanple 27 with an appropriately
substituted am ne yiel ded the correspoggl ng tetrazole anide derivatives:
-131- EXAMPLE 35 4- ({

2- Met hoxy- 5z[B:g @W AR lohrRbhdyBlARAR) Ol

met hyl ) - ben20|c acl dﬁ?ﬁ/{)y 177 O@l—% g}téﬁl ﬁw%ﬂm HSCOS @]
EXAMPLE 36 4eil{TFA salt Mp 222°C dec

2- Met hoxy 5-[2-(4-met hoxy benzyl) 2Htetrazol - 5-yl -benzoyl anm no } 10

EXAMPLE 37 15
2- Met hoxy- 5-[ 2- (4- net hoxy-b
benzyl) - benzam de. M 188-

5
EXAMPIE 31
4-(5-{3-[(Pyridin-3-ylmethyl)-carbamoyll-phenyl } -tetrazol-2-ylmethyl)-benzoic
acid. TFArsalt Mp 253°C dec.
10
_ N CO.H
NN N
P H
EXAMPLE 32
15
4-(5-{3-[(Methyl-pyridin-3-ylmethyl)-catbamoyl]-phenyl }-tetrazol-2-ylmethyl)-
benzoic acid. TFA salt Mp 235°C dec.
| N COH
NN N’
| |
20

EXAMPLE 33

| 4~(5~{3—[(2—Methoxy~pyridin-4—ylmethyl)—carbamoy]]-phenyl}—tetrazol—Z—
25 ylmethyl)-benzoic acid. TFA salt Mp 228°C dec. |



N F3C H3CO 20 -132- EXAMPLE 38

Benzyl {3-[ 2- (4- net hoxy- benzyl )-2Htetrazol -5-yl]-benzyl }-am ne
hydrochloride. Step (a): {3-[2-(4-Methoxy-benzyl)-2H

tetrazol -5-yl]-phenyl}-nmethanol. 5 The acid chloride (2.5 g, 7.6 mmol)
prepared in Step (d) of Exanple 1 was , dded to a suspension of lithium

al um num hydride ("LAIR') (0.58 g, 25 fifol) in tetrahydrofuran (10 nl)
cooled to 0 C. The reaction m xture gradually warnmed to roomtenperature
over two hours. Aqueous HCI was added dropw se to quench excess LAIR The

m xture was diluted with ethyl acetate and filtered thr O Celite. The
filtrate was washed with brine, dried (MgSO4 and dgriten oHhe

resul ting viscous liquid was trHiODat ' ﬁé\thyl ether to yield
a pale vyellowsolid (1.9 g, 84%. - 79-72, C. ):

5- ( 3- Brononet hyl - phenyl ) - 2- (4- met hox: nzyl) etrazole. The al cohol (1
g, 3.37 mol) of Step (a) was dissolved in dichloronmethane 15 (25 nL) and
added dropwi se at roomtenperature to a solution of phosphorous tribrom de
(1 9, 3.7 mol ) in dichloronethane (75 nL). The solution was stirred for
16 hogrs, t hen concentrated in vacuo. The residue obtained was triturated
with “hexane and collected by filtration to yield a white solid (1.17 g, 92
%. 'HNVR (CDC13) S 8.2 (d, 111), 7EXAMPLEB2), 7.5 (m 1H), 7.4 (d, 211),
6.8 (d, 211), 5.8 (s, 20 211), 4.5 (s, 2H), 3.7 (s, 311) ppm Step (c):
Benzyl { 3-[ 2- (4- met hoxy- benzyl ) - 2H-tetrazol - 5-yl ] - benzyl } -am ne

hydrochl ori ﬂ?@-ﬁlﬁ&@ﬂﬁk\&l)@—dﬁh&g—&[3-“:(4-methoxy»benzyl)—2H—tetrazol—5~yl]-
‘benzaride.
10 Step (a): 5-(3-Bromo-4-methoxy-phenyl)-2H-tetrazole. o

The same procedure was used to form the tetrazole as that which was
described in Step (a) of Example 1. Yield: 9.9 g, 97%. "HNMR (DMSO-d6) § 7.8
(s, 1), 7.6 (d, 1H), 6.9 (4, 1H), 3.5 (s, 3H) ppm.

Step (b): 5-(3-Bromo-4-methoxy-phenyl)-2-(4-methoxy-benzyl)-2H-tetrazole

15 The tetrazole synthesized in Step (a) was alkylated using the experimental
conditions described in Step (b) of Example 1. Yield: 8.6 g, 59%. HNMR
(CDC13) 6 8.3 (s, 1H), 8.0 (d, 1H), 7.4 (d, 2H), 7.0 (d, 1H), 6.9 (d, 2H), 5.7 (s,
2H), 3.9 (s, 3H), 3.7 (s, 3H) ppm.
Step (¢): 2-Methoxy-5-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl]-benzoic acid

20 methyl ester.

The tetrazole (4 g, 0.011 mol) prepared in Step (b) was added to a glass-
lined reactor containing triethylamine (0.73 g, 0.03 mol),
diphenylphosphinylpropane (0.66 g, 1.6 mmol), palladium (II) acetate (0.24 g,
1.1mmol), and anhydrous methanol (70 mL). The reaction mixture was heated to

25 100 °C under 500 psi carbon monoxide for 12 hours. The reaction mixture was
filtered and thoroughly washed with tetrahydrofuran. The filtrate was concentrated
in vacuo and the residue was recrystallized from hexanefethyl acetate to give

 white crystalline needles (1.6 g, 43%). Mp 110-111 °C. "HNMR (CDCI3) § 8.5
(s, 1H), 8.2.(d, 1H), 7.8 {m, 1H), 7.3-7 3 (m, 3H), 7.1(d, 1H), 6.9 (d, 2H), 5.7 (s,
30 2H),4.0(s, 3H),3.9 (s,3H), 3.8 (s, 3H) ppm.



The al kyl halide (0.42 g, 1.06 mmvol) prepared in Step (b) was dissolved in
tetrahydrofuran (20 nL) followed by the addition of benzylam ne (0.24 g,
2.2 mol). The solution was refluxed for 16 hours, cooled to room
tenperature, and -133- concentrated in vacuo. The crude product was
triturated with ethyl acetate, filtered, and the filtrate concentrated.
The free base was isolated pure as a -13% orl ess liquid using silica gel

TS A R b L b s R e,

up in diethy
gaseous HCl . TheTlodsia (09125257 mbdDpbisareddnBlepdtraadgonivetied atthon. M

appr opr | at eFYTeSBIEAS PG E AU HR CoBEoRIP gD SEREtnds w | |
g_e[ (2)ED E ZI- ﬁ?ﬁ%@&lgﬁﬁ% 0;?_{ %’(eﬁ??%{%‘?@@?ﬁé? %@P%@}Qﬁ% eg'fi’ ll-}l? Cz)'4N:N N, N |
H 155EXAVPIAC2ED, 2 (d, 18D &9 (429D hoxy, - 2B ney (9, 320k 3.81(s, 82D |pphy 1] - benzyl am no
L ?gt Fgl % 4b gfgfz’E'I?bc(Q"Q%fgﬂg}%%“ﬁ%ﬁ?%ghﬁegygﬁﬂ%wg#§YﬁM%ﬁ} -benzoi c aci d.
H300 chloride,
The acid chloride was prepared from the carboxylic acid (0.52g, 1.54
mmol, Step (d }) using reaction conditions previously described for step d of
10 Example 1. The crude product (0.57 g, tan solid) was used without further

characterization.

Step (f): EI—(4—Fluoro—benzyl)—Z—methoxy—S—[2—(4—meﬂloxy—benzyl)—ﬁH—tetrazol—S—

yi]-benzamide.
OCHa

o
\ ~ ,N
N N
H . .
HaCO
F ® -

The crude acid chloride (0.2 g, 0.56 mmol) obtained in Step (¢) was taken

15

up in dichloromethane (2 mL) and added dropwise to a solution of 4-
fluorobenzylamine {0.07 g, 0.56 mmol) and triethylamine (0.062 g, 0.61 mmol) in
dichloromethane (3 mL). The reaction mixture was stirred at room temperature for
20 16 hours, then diluted with aqueous HCI (1M, 5 mL). The organic phase was
separated, dried (MgS04), and concentrated in vacuo. The resulting solid was
tritorated with petroleum ether/diethyl ether (1:1) to yield a pale yellow solid
-.(0.18 g, 72%). "HNMR (CDCI3) § 8.9 (s, 1H), 8.3 (d, 1H), 8.1 (bs, 1H), 7.4 (4,
2H), 7.3 (m, 2H), 7.1 (m, 3H), 6.9 (d, 2H), 5.7 (s, 2H), 4.7 (d, 2H), 4.0 (s, 3H), 3.8
25 (s, 3H) ppm. Mp 156-158°C. ‘
Replacement of 4-fluorobenzyl amine in Step (f) of Example 27 with an
appropriately substituted amine yielded the corresponding tetrazole amide

- derivatives:



NEN I N, i ~OOH 5 EXAMPLE 42

4-{3-[ 2- (4- Met hoxy- benzyl )-2Htetrazol -5-yl]-benzyl oxy}-benzoic acid. H3CO
0O NENOH NOQO / 10 EXAMPLE 43

4-{5-[ 3-(3-Phenyl - prop- 1-ynyl ) - phenyl ] -t et razol - 2-yl net hyl } - benzoi ¢ aci d.
OCH NNNN 1511 i Step (a): 5-(3-I§ﬁg-phenyl)-2H—tetrazo| e. The
3-iodobenzonitrile (3.6 g, 16.6 mmol) ~ converted to the corresponding
tetrazole (4.1 g, 91% utilizing reacﬁmtpgiﬁ;y tions previously described
in Step (a) of exanple 1. C-Ms: C/HSINZ [MH ] 273.0. 20 Step (b):

4-[5- (3-10do-phenyl)-tetrazol - 2-yl met hyI]-benzoi c acid tert- butyI ester.
-135- The t 4 r al kyl at ed
using the r é?aﬁﬁgg’gﬁhé% (%&eﬂbff’n‘&&?%ag' ?ﬁg@g I%eﬁ %E" ¥ of Exanpl e 1
to give anq,lléfﬁﬂ):ggdzy,ooé&(g prrgngjgsﬂ@*rer (3 9, 44% and the 1 regi oi somer
(0.54 g, 8% respectively. IHNVR (CDC13) 2-regioisonmer S 8.5 (s, |I|) 8.1

(d, 1H), 8.0 (d, 5 211), 78(d 111), 7.4 (d, 21- 1) 7.2 a2H), 5.8 (s,
2H), 1.6 (s, 9H) ppm 1HNMR (CDC13) 1-regqi oi soner ) , 21-1),7.9 (d,
2H), 7.5 (d, 11-1), 7.3-7.1 (m 311), 5 : , 9H) ppm Step
(c): 4-[5-(3-1o0do-phenyl)-tetrazal.2: ic acid.
: H
0 HsCO
5 0]
_ EXAMPLE 36
4-({2-Methoxy-5-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl]-benzoylamino } -
10 methyl)-benzoic acid. Mp 207-209 °C.
OCH3
N—N
ﬂU‘\\ /N
EXAMPLE 37
15 2-Methoxy-53-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl]-N-(4-trifluoromethyl-
benzyl)-benzamide. Mp 188-190 °C.
OCH3
N::.N

- 20



The ester (2.5 g, 5.41 mmol ) prepared in Step (b) was suspended in 10

di chl oronet hane (20 nlL) followed by the addition of trifluoroacetic acid (5
m.). The solution was stirred for 16 hours at 25 C, then concentrated in
vacuo. The resulting white solid was triturated w th hexane/diethyl ether
and the carboxylic acid (2.1 g, 1009@ was col.lected by filtration. M
241-242 C. Step (d): 4-{ -132-

5-[3- (3- Phenyl - prop- 1-ynyl) - phenyl ] - g-yl methyl }-benzoic 15 acid.
| The iodo derivative (1 g, 2.46 mmp prepared in Step (c¢) was dissol ved
in dinmethyl formam de (10 nL) followed by the addition of

oy 5 o B Gapibor Bonb At S awé}ﬁpé%é’h%ﬂéﬁw%mspﬁ. he)
pal | gggu;(g@@ E8214 S5kbhyontn) 29 Qi Dronfieionqib on m Xt ure Vs

ours under” an atnosphere o 2 The dark reaction
m xt ube was cool '@Heaa)dchiondd;@@gr’éﬁmolaprtpamdllmsw () efExeaupde 1 wobumes  of

oD bes o g a Bipeesien P b Ben B5E o ned
h 1o Sl hmingn SRR bl CEART o RER S Phficn i
was purifi eféwaﬁyd}sfﬁdﬂ 19%1g)%oofewte@at0%@fmn&ﬁmtﬁ&rgxmah %ann

di chl or onet hane/ t et r ahydrof'uran) to give a cream col ored soI I d (0 37 g,
38% . M 1ﬁ:a'oﬂ>ﬁﬁeﬁptﬂattk&o(dbm®hdﬁt)s 8qudnd HO svas hefled dopwide 30 quanciH) |

7.7-7.2 (m 6 s, 211),.3.9 , ppm | f | | - propyne in
Step (d) of & Iée 'gf%“P %?é%g“%‘%’ﬁh a‘ﬁw%ﬁﬁ%%dif&féé‘ ‘Qg'ég‘bg&bst i t ut ed
pr ODMF t hewfil Tﬁe/ﬁmtec@wme& with rinB R B mﬁQ:oﬁé(aMateE e - 136-
4-{5-[3-(3- I'm dazol - 1-yl - prop- 1- ynyl ) - phenyl erazol 2-yl met hyl } - benzoi ¢
acid. O OH rdsulNng chws Yquid whs triturated w1th hexaneldlethyl ether to yield a pale

yellow sohd (1.9 g, 84%). Mp 70-72 °C.

Step (b): 5-(3-Bromomethyl-phenyl)-2-(4-methoxy-benzyl)-2H-tetrazole.

The alcohol (1 g, 3.37 mmol) of Step (a) was dissolved in dichloromethane

15 (25 mL) and added dropwise at room temperatl{re to a solution of phosphorous
tribromide (1 g, 3.7 mmol) in dichloromethane (75 mL). The solution was stirred
for 16 hours, then concentrated in vacuo. The residue obtained was triturated with
hexane and collected by filtration to yield a white solid (1.17 g, 92 %). THNMR
(CDCI13) § 8.2 (d, 1H), 7.7 (m, 2H), 7.5 (m, 1H), 7.4 (d, 2H), 6.8 (d, 2H), 5.8 (s,

20 2H), 4.5 (s, 2H), 3.7 (s, 3H) ppm.

Step (¢): Benzyl{3-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl]-benzyl }-amine
hydrochloride.

25

The alkyl halide (0.42 g, 1.06 mmol) prepared in Step (b) was dissolved in
tetrahydrofuran (20 mL) followed by the addition of benzylamine (0.24 g, 2.2

“mmol). The solution was refluxed for 16 hours, cooled to room temperature, and



5 EXAMPLE 45 4-(5-{ 3-[3-(4-Fluoro-phenyl)-prop-1-ynyl] -phenyl }

-tetrazol -2-yl nethyl)-benzoic acid. OCH NN, N 10 EXAMPLE 46 15
4-{5-[3-(3-Methyl - 3- phenyl - but - 1-ynyl ) - phenyl ] -t etrazol - 2-yl met hyl } - benzoi ¢
acid. 0 OH NN N N -137- The conpounds of Exanple Table A beow were
prepared according to the nethods illgﬁérat ed above in Schenes 6 to 10.
Exanple Table A N..N R ~Q N N R22 72t Exanpl e Characterizing No. Rl Q

R21 R22 Dat ncgﬁ%edlml\;ac% Thc cme Iﬂi’)dhcf ﬁ%turﬁ{ed ﬁﬂéthgoac%\l H AP+) 439
[M]+ Phenyl N-N M5 (" Ph" AP+) 425 [M ]+
filtered, and the ﬁltrate concentrated The free ase was isolated pure as a
colorless liquid using silica gel chromatography (elution with
dichloromethane/THF). The compound was taken up in diethyl ether and
5 " precipitated as the HC] salt upon treatment with gaseous HCI. The solid (0.25 g,
57%) was collected by filtration. Mp 159-161 °C.
If benzylamine in Step {(c) of Example 38 is replaced with an appropriately

substituted amine or alcohol, the following compounds will be obtained.
10 EXAMPLE 39

(4~Methal;esulfonyl -benzyl)-{3-[2-(4-methoxy-benzyl)-2H-tetrazol-5-yl]-benzyl }-

amine.

HgCO.

v
N=N
N\N/ N
: H
. S/’O

15 _ 04. \CHs
EXAMPLE 40

4~({3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5yl]-benzylamino }-methyl)-benzoic
20 acid.

HsCO

Q,ﬁN;,)\]@/\

-

=z

OH

EXAMPLE 41



Ms: mz (APCI, A3 Ph O COOC(CH3)3 H AP+) 479 P&+ WMs: mz (APCI, A4 Ph O
COON H AP+) 424 [M']+ WMs: mz (APCI, AS Ph & F F AP+) 416 [M]+ 4-CH3O
_1C ~ Ms: mz (APCl, A6 Ph Cr COOC(CH3)3 H AP+) 510 [M-]=+—4=CH3O 'M5: niz
(APCI, A7 Ph O COOH H AP+) 454 [M]+ 4-CH3O- N MS: ni/z (APCl, A8 Ph OF
F AP+) 446 [M]+ 4-CH3O- N MS: mz (ARGL, A9 Ph COON H AP+) 470 [M]+ ME:
mz (APCI, AlO 4-d-Ph COOH H AP+) 496 Jf’l\/l ]+ 5 The conpounds of Exanple
Tabl e A have the followi ng chenmi cal names (Exanple No.):

4-{5-[3-(5-Benzyl -[1, 3, 4] oxadi azol - 2-yl -lphenyl ]-tetrazol -2-yl nethyl } -
benzoi ¢ aci 4-{BARY@-Methoxy-benzyl)-2H-tetrazol-5-yi}-benzyloxymethyl }-benzoic acid.
4-{5-[3-(5-Phenyl -1, 3, 4] oxgghazol - 2-yl) - phenyl ] -tetrazol - 2-yl met hyl } -
benzoic acid (A2); -138- ' °

4-{5-[ 3- (5- Phenyl - oxazol - 2-yl) nyI lq-:Net razol - 2-yl met hyl } - benzoi c acid

tertiary butyl ester (A3); N
4-{5-[ 3- (5- Phenyl - oxazol - 2-yl ) - phenyl |'Nt et Ol - Xy yl ¥-benzoic acid
(A4); 5
2-(3,4-Difluoro-benzyl)-5-[3-(5-phenyl -oxazol - 2-yl) - phenyLPpH2Ht et razol e
(AS); 0

5 EXAMPLE 42

4-{3-[2-(4-Methoxy-benzyl)-2H-tetrazol-5-yl]-benzyloxy}-benzoic acid.

HCO o .
!
N
\NWO

10
EXAMPLE 43

4-{5-[3-(3-Phenyl-prop-1-ynyl)-phenyl]-tetrazol-2-ylmethyl } -benzoic acid.

0
OH

_ N N
oo
15 '

Step (a): 5-(3-lodo-phenyl)-2H-tetrazole.
The 3-iodobenzonitrile (3.6 g, 16.6 mmol) was converted to the
corresponding tetrazole (4.1 g, 91%) utilizing reaction conditions previously
. described in Step (a) of example 1. CI-MS: CyH5IN, [M+1] 273.0.
20 Step (b): 4-[5-(3-Todo-phenyl)-tetrazol-2-ylmethyl]-benzoic acid tert-butyl ester.



4- (5-{ 3-[5-(4-Methoxy-phenyl)-oxazol -2-yl]-phenyl }-tetrazol-2-

yl met hyl )-benzoic acid tertiary butyl ester (A6);

4- (5-{3-[5-(4- Met hoxy- phenyl ) -oxazol -2-yl]-phenyl}-tetrazol -2 10

yl met hyl ) - benzoic acid (A7); 2-(3,4-D fluoro-benzyl)-5-{

3-[5- (4- net hoxy- phenyl ) - oxazol - 2-yl ] -, phenyl }-2Htetrazole (A8); 4-(5-{
3-[ 5- (4- Met hoxy- phenyl ) -t hi azol - 2- yI]‘ henyl }-tetrazol-2-

yl methyl) - be“ZO fdadole 1@@%&&? d in St d
4-(5-{3-[5-(4-Ch %ro p%e@?? oxazo )Bmgam-pher‘l3 I(‘}i)?aeste}uégac us'm%met hyl ) -

benzoi ¢ aciehc m&)ndltEmAmVEmBl)&dmcﬁl@edS;l Bitdpe®) of BRample 1 to give

4-(5-{3-[5- h h

[1(3 El] o&a&\("’i 1¥0§ i 8‘%‘8‘3 i %?M*“ggﬁgé‘%‘m@f\(‘)?‘*ﬁ NN O 5-01 1
0 Usi t hgeg

Met h|o>r<]3 phengﬁﬂﬁvg azol - 2- yI] y ﬂiyag?gg g’gglgfggir*ﬁiﬁ%enzm c acid

met hyl  252E3t%8 (4, 16k P4 ¢t 7 Qr(nﬂzm 58 & 2HhgL.6rc, BF) apmO0 HNIgLR( 48%
desired product was obtain 54 9 EXAMPLE
81 Synt hﬁsﬁebe;snuesw{sosner%%(m?@@ﬁﬁé&% (RE T Dol 3 b engy 1

[1, 3, 4] Oxa?d 9@2'162('? aﬁgﬂzmc acid 50 NN/ OH OO Using the procedure
fromExarrpIé 4-(5-{ 3-[5-(4-Met hoxy-

Step (c): 4—[5~(3—Iodo-phenyl)-tetrazol-z-ylmethyl]~benzmc acid.
The ester (2.5 g, 5.41 mmol) prepared in Step (b} was suspended in
10 dichloromethane (20 mL) followed by the addition of trifluoroacetic acid (5 mL}).
The sdlutign was stirred for 16 bours at 25 °C, then concentrated in vacuo. The
resulting white solid was triturated with hexane/diethyl ether and the carboxylic
acid (2.1 g, 100%) was collected by filtration. Mp 241-242 °C.
Step (d): 4-{5-[3-(3-Phenyl-prop-1-ynyl)-phenyl]-tetrazol-2-ylmethyl }-benzoic
15 acid. \ |
The iodo derivative (1 g, 2.46 mmol) prepared in Step (c) was dissolved in
dimethylformamide (10 mL) followed by the addition of diisopropylethylamine
(1.3 g, 9.8 mmol), copper (I) iodide (0.17 g, 0.89 mmol), 3-phenyl-1-propyne
(0.40 g, 3.4 mmol), and bis(triphenylphosphine) palladium (II) dichloride (0.34 g,
20 0.49 mmot). The reaction mixture was stirred at 50 °C for 4 hours under an
atmosphere of N,. The dark reaction mixture was cooled to room temperature and
diluted with equal volumes of ethyl acetate and aqueous HCI. The organic phase
was separated, washed with brine, dried (MgSO4) and concentrated in vacuo. The
liquid obtained was purified using silica gel chromatography (elution with
25 dichloromethane/tetrahydrofuran) to give a cream colored solid (0.37 g, 38%). Mp
195-198 °C. '"HNMR (DMS0-d6) § 13.0 (bs, 1H), 8.0-7.9 (m, 4H), 7.7-7.2 (m,
9H), 6.1 (s, 2H), 3.9 (s, 2H) ppm.
If 3-phenyl-1-propyne in Step (d) of Example 43 is replaced with an
appropriately 3-substituted propyne, the following compounds will be obtained.
30 '
| EXAMPLE 44



phenyl ) -oxazol - 2-yl ] - phenyl }-[ 1, 3, 4] oxadi azol - 2-yl ) - benzoi c acid net hyl
ester 10 from Exanple Bla as starting material 0.09g (45% desired product
was obtained. MsS: nmz (APCI, AP+) 440 [M]+. NVMR DMSO 1H S (ppm 3.81
(3H, s); 7.07- 7.09 (211, m,; 7. 68 7 83 (511, m; 8.15-8.17 (2H, m,; 8.25-
8.33 (4H, m; 8.71- 8.72 (1H, m. MPLE B2a Synt hesi s of

4- (5-{3-[5-(4- Met hoxy- phenyl) oxazol 7. I]-phenyl}-

[010322] oxadisg a{éoilm"é ]%,L ))21‘9?%&% “{3@9 )?ﬁ%ﬂyli’/gér Od)%_y hﬁ{hﬁfb%ﬁ)%gkzco Oylo] O \

benzoyl} hydra2| no) - 2- oxo- et hyl]-benzoic acid netRyl ester from
Preparation 8 25 was dissolved in about 10 nL of ppt¥Hphosphoric acid. The
m xture was stirred at -140- 90-100 C for 1 hour ore allowing to cool to
roomtenperature. Water was added and the product was extracted with 1:1:1
Et OAC/ THF/ Et20 (2x). The extracts were geMbi néd and washed with
saturated aqueous NaC solutio O4. Slurried solid product
in hot EtOAc and filtered. Ned 5Noven overnight at 70 C to
obtain 0.13 g (57% desired oduct . m-z (APCl, AP+) 468 [M]+ NWR
DVSOH S (ppm 3.80 (3H, s); 3.3.83 (3H, s); 7.04-7. 07 (211, n); 7.54-7.56
(2H, m; 7.57-7.79 (4H M ;7.91-7.96 (2H, m; 8.05-8.08 (1H, m; 8.25-8.27
(1H, m; 8.52-8.53 (111, M. 10 EXAMPLE B2 Synt hesis of

4- (5-{3-[5-(4- Mt hoxy- phenyl ) -oxazol - 2-yl ] - phenyl } -

[ 1,3, 4] oxadi azol - 2-yl met hyl ) - benzoi ¢ @BgAhpLE 45

4-(5-{3-[3-(4-Fluoro-phenyl)-prop-1-ynyl}-pheny! }-tetrazol-2-ylmethyl)-benzoic

acid.
0 .
-OH
\
N,
N N
oo
10 F
EXAMPLE 46
15 4-{5-{3-(3-Methyl-3-phenyl-but-1-ynyl)-phenyl}-tetrazol-2-ylmethyl }-benzoic
acid.
0O

OH




15 01/
4- (5-{
yl']
Exanpl e
(1.0 mmol)

before concentrating on a rotary evap

Separ at eghk QSR df Bgh lE"I%EIe% BEAW ek
| ayer, with 1:

with 25 sat meﬁ%oéaih&uéf@dgbmssmrmém Hnd dri ed (|vg504)
dry in a vacuum oven overni ght at
%9 desired product.
3.81 (3H,
. 88- 7}

wat er .
aqueous

from MOH.
to provide

3-[ 5-(4- Met hoxy- phenyl ) - oxazol
-2-yl met hyl ) - benzoi ¢ aci d net hyl
20 B2a in a 5:2:1 mxture of THF/ nethanol/ water was added 1. QOrL
room tenperature

-phenyl }-[ 1, 3, 4] oxadi azol

IN NaOH The m xture was

e

-141- NVMR DVMSO 'H S (pm
7.72- 7.79 (311 n)
(1IHM; 8.8
3-[5-(4- Met hoxy- p
[ 1, 3, 4] t hi adi azol
suspension of 0.25 ¢
phenyl ) - oxazol

(0.51

Et 20/ Et

-2-yl]-benzoyl }h raz no) - 2- 0X0-

o

(2x)

s);

in);

tor.

| ]1-phenyl) -

N oi c aci d net hyl
P2Z(N--{3-[5-(4- Mt hoxy 10
et hyl ] - benzoi c acid net hyl

N NNO OOCH A solution of 0.25g (0.53mmmol)
-2-

rred 14 hours at

M. nlz (APCl,
4.49 (2H, 9);
8.05- 8.08 (11-L m;

ester

conbi nég%rgéarg% et C!F\‘A’é%/_g

ester from

Partitioned bet ween et her and
Ext ract ed
and wash
(bt ained a solid
roomtenperature
AP+) 454 [M ]+

7.04-7.08 (211, m;

Oil

8.22 -

8. 28

SO O To a

ester fromPreparation 8 in 10 g¥ dry di oxane was added P285 in one
portion. ThExarhgleyl ting m Xture Was rmed 1o 50 bl 8 ﬂucure
cool i ng to| rags terrp@iat ufe a add ng apaut 2( ter % f¥fed 2 hours
and t hen ffttTeredfoff—sotid guet ...Lu.uth iltered.
Di ssol ved | n THE gndBdrizit ef e MS: m/z (APCI
Al (“Bn™) /k >~ COOH H | AP+)439 IMT'
N—N
P‘l‘lellgfl /k P MS: m/z (APCI,
A2 (“Ph’™) CO0OH H | AP+ 425 MT
/(_ 3 MS: m/z (APCI,
A3 Ph COOC(CH:); | H | AP+) 479 IMT
1 - MS: m/z (APCI,
A4 Ph /g)”\\ COOH H | AP+ 424 MT
, N
/ MS: m/z (APCI
As Ph /@\ F F_| AP+)416 MT"
N
4-CH;0- /[ 3 MS: m/z (APCY,
A6 Ph oN COOC(CH:); | H- | APy 510 [MT
4-CH;0- /[ B MS: m/z (APCI,
A7 Ph 0 COOH H | APp 454 MT*
N e
4-CH,0- f MS: m/z (APCI,
Ag vy /{;,)\ - g | AP+ 446 MT
N .
4-CH,0- fj MS: m/z (APCI,
A9 Ph /(s')\ COOH u | APD4TOMT
N MS: m/z (APCI
, / . A ( N
A0 | 4-Ciph /(;'»\ CooH | g | APDA90IMT
5
The compounds of Example Table A have the following chemical names
(Bxample No.):
4-{5-[3-(5-Benzyl-[1,3 ,4loxadiazol-2-yI)-phenyl]-tetrazol-2-ylmethyl } -
benzoic acui (AD);
10 4-{5-[3-(5-Phenyl-[1,3 4]oxad1azol-2~yl)~phenyl]-tetrazol—z-ylmethyl}~

benzoic acid (A2);



15 through a plug of flash silica gel with THE eluent. Concentration gave
0.189 (73% desired product. Used directly in the procedure of Exanple B3
wi t hout characterization. EXAMPLE B3 20 Synthesis of

4- (5-{3-[5-(4- Mt hoxy- phenyl ) -oxazol - 2-yl ] - phenyl } -

[ 1, 3, 4] t hi adi azol - 2-yl net hyl ) - benzoi Cgé%ld 0, NNNOSOH 0 -142- Using
the procedure from Exanple B2 and 0.1 (0.37 mol ) 4-(5-{3-[5

(4- Met hoxy- phenyl4){50|§3ae50ﬂ>heﬂ yéﬂuphwwph]enm-teuazol Z—yhneﬂlylgubenzmc acid

1, 3, 4]t hi adi azol - 2-yl net hyl ) - benzoic._ acid nmethyl ester from Exanpl e B3a as
starti ng material 0.0¥gHay 498%1 #estABd  product was obtained. MS: niz

705708 (211, 1yt G-eoPyy R D (R g cado %-Y‘H?%&l?%%enz@?%%ééléz >
(2H, m); 8.02-8.04 (2H(A®); 817819(111 rr) 8.20- 8.21 (111, m;

4-(5- (5] 5. (4 NeRHRADRNER P Do PRy oFehgiopphensl} 2 tetrasole

[1, 3, 4] t hi adi azol - 2-vylI hyl ) - benzoi c aC|d methyl ester ONNN | I S~ S
O O 15 Using the procédure from Exanpl e B3a and 0.33 (0.65 nmol)

4-[2- (N - {3 [ 5 (4-(EelBRSHg-Mbibogy- phemyi)angmvmpusama@&azol-z

|y asin0) 2 00 et L BEREDLE w8l O Preparation 14 as
4-(5-{ 3-[5-(4-Methoxy-phenyl)-oxazol-2-yl]-phenyl }~tetrazol-2—

10 ylmethyl)-benzoic acid (A’T);-
2-(3,4-Difluoro-benzyl)-5-{ 3-[5-(4-methoxy-phenyl}-0xazol-2-yl]-
) phenyl }-2H-tetrazole (A8);
4-(5-{3-[5-(4-Methoxy-phenyl)-thiazol-2-yl]-phenyl }-tetrazol-2-
ylmethyl)-benzoic acid (A9); and

15 4-(5-{3-[5-(4-Chloro-phenyl)-oxazol-2-yl]-phenyl }-tetrazol-2-ylmethyl)-
\
benzoic acid (A10).
EXAMPLE Bia
20 Synthesis of 4-(5-{3-[5-(4-Methoxy-pbenyl)-oxazol-2-yl]-phenyl }-

[1,3,4Joxadiazol-2-yl)-benzoic acid methyl ester

Using the procedure from Example B2a below and 4-(N'-{3-[5-(4~
Methoxy-phenyl)-oxazol-2-yll-benzoyl}-hydrazinocarbonyl)-benzoic acid methyl
'_ 25 ester from Preparation 9 as starting material 0.21g (48%) desired product was
obtained. MS: m/z (APCI, AP+) 454 IMT". '




product was obtained. Ms: mlz (APCI, AP+) 500 [M]+ NVR DMVSO '118 (ppm
3.79 (311, S); 3.83 (3H, s); 4.64 (211, s); 7.01-7.03 (2H, m; 7.37- 7.67
(5H, 20 m; 7.91-8.22 (4H, m; 8.23 (111, s); 8.43-8.44 (111, m. EXAWLE
B4 Synthesis of 4-(5-{ 3-[5-(4-Methoxy-phenyl)-thiazol-2-yl]-phenyl }- 25
[1, 3, 4] thi adi azol - 2-yl net hyl ) - benzoi c g&ld -143- '\ / i NNNS ~ OH O
Usi ng the procedure from Exanpl e B3 amer o 16g (0.32 mmol) 4-(5-{3-[5

(4- Met hoxy- phenyl) -t hi azol - 2-yl | - petyiPiE-H1 _

1, 3, 4]t hi adi azol - 2-yl net hyl ) -benzoic acid nmethyl ester from Exanpl e Boa
0.023g (16% desired product was obtained. 5 Ms: mz (APCI, AP-) 487 [M

e U0 U5 B 08 e ey ﬁ)vﬂsﬂhﬁ%li?’( (2 T

conmpounds  of) FxpARdifzcl 2 IPbEhRRMder e prepared according to the nethods
illustrated above in Schemes 6 to 10 and the preparations and procedures.

10 Ex&nple Table B. ° R21 R X Exanple Characterizing 23 No. R X V Rz Data
NN B 1 CH3QO 1-k O--\1/COON See above NN B2 CH3SO O'Al, O-CHZ / COCH

See above NON CH3O 0 &S)L -CH2 e above NN
| N NN OH

Using the procedure from Example B2 below and 4-(5-{3-[5-(4-Methoxy-
phenyl)-oxazol-2-ylj-phenyl }-[1,3,4}oxadiazol-2-y1)-benzoic acid methyl ester
10 from Example Bla as starting material 0.09g (45%) desired product was obtained.
MS: m/z (APCI, AP+) 440 [MT". NMR: DMSO *H 8 (ppm) 3.81 (3H, s); 7.07-
7.09 (2H, m); 7.68- 7.83 (5H, m); 8.15-8.17 (2f1, m); 8.25- 8.33 (44, m); 8.71-
8.72 (1H, m).

15 EXAMPLE B2a

Synthesis of 4-(5-{3-[5-(4-Methoxy-phenyl)-oxazol-2-yl]-phenyl }-
[1,3,4]oxadiazol-2-ylmethyl)-benzoic acid methyl ester

20
O{P’ l\{'N\
O)\Q/LOV\@kWO\
: O

0.24 g (0.49 mmol) of 4-[2-(N'-{3-[5-(4-Methoxy-phenyl)-oxazol-2-yi}-
‘benzoyl}-hydrazino)-2-oxo- ethyl]-benzoic acid methyl ester from Preparation 8

25 was dissolved in about 10 mL of poly phosphoric acid. The mixture was stirred at



B4 CH30 S SL -CHz / COOH See above The conpounds of Exanpl e Tabl e B have
the followi ng chem cal nanmes (Exanple No.): 15

4- (5-{3-[ 5-(4- Met hoxy- phenyl ) - oxazol - 2-yl ] - phenyl }-[ 1, 3, 4] oxadi azol -
yl)-benzoic acid (B 1);
4-(5-{3-[5-(4-N®thoxy-phenyl)-oxazol-%Adl]-phenyl}-[ 1, 3, 4] oxadi azol -2

yl met hyl ) - benzoic acid (B2); 144- 77

4- (5-{ 3- [ 5-dch10¢Pech por\t- %%%Bgffo}e ARARL 1Pcobl o RSB ¥nbedatus, Whithivagli azol -

yl met hyl ) - benzoi ¢ acid
4- ( 5-{ 3- [ 5- {dfled/etndte prodush wiay e}tﬁﬂCMﬁlQlﬁtl]E@MyﬂﬁEl[EtgG {24t Theadi azol - 2-

2 apa ol a GO GOEHECA fad WA SR GRS e SEFoolRaiad 6 t o 10 or
Schenes 1 t@ida Mgsgymnzalabﬁdo@ odn Ba: BRI Brita Ryigract e | 2ino

Data N-N COON MS H O AP+) 381 |+ M5 nlz
(APCI5 C2 éve o/VemEgh} atl’ZD"([! kd dbtaid-ONL3- W%)G&Hheb@roduq (APCI C3 H O/ AP+)
395 [M + / Mp 210-212C 10 The corrpounds of Exanpl e
Table C ha\ljgl f‘ﬁﬁ’é@\ﬁpﬁé‘%ﬁ nanes (Exanple No.):

?‘CI{ ;5 [3-(3- Phe“ylhlvﬂi.‘iﬂqﬂsov’wb)(pﬂ?ﬁbemé J3111s)33 488> @¢8, 8% 910427 ¥} Jopenzoi ¢ acid
m); 7.54°7.56 (2H, m); 7.57-7.79 (4H,m);7.91-7.96 (2H, m); 8.05-8.08 (1H, m);
8.25-8.27 (1H, m); 8.52-8.53 (LH, M.
10
EXAMPLE B2

—

Synthesis of 4-(5-{3-[5-(4-Methoxy-phenyl)-oxazol-2-yl]-phenyl }-
[1,3,4]oxadiazol-2-yimethyl)-benzoic acid
15

\O‘\{\}\‘ N—N\
OAG)\OY\Q\WOH
o)

A solution of 0.25g (0.53mmol) 4-(5-{3-[5-(4-Methoxy-phenyl)-oxazol-2-
yl}-phenyl}-{1,3,4]oxadiazol-2-ylmethyl)-benzoic acid methy! ester from Example
20 B2ainas :'2:1 mixture of THF/ methanol/ water was added 1.0mI. (1.0 mmol) 1N
NaOH. The mixture was stirred 14 hours at room temperatare before
“concenirating on a rotary evaporator. Partitioned between ether and water.
Separated layers and acidified aqueous layer with 6M HCI. Extracted aqueous
layer with 1:1 Et;0f EtOAc (2x), combined organic layers and wash with
25 saturated aqueous NaCl solution and dried (MgSOy). Obtained a solid from
MeOH. Filter and dry in a vacuum oven overnight at room temperature to provide
0.068 g (28%) desired product. |
MS: m/z (APCI, AP+) 454 [MT



4-(5-{ 3-[3-(4-Fluoro-phenyl)-prop-1-ynyl]-phenyl}-[1,3,4]thiadiazol-2- 15
yl met hyl ) -benzoic acid (C2); 4-{ 5-[3-(3-Phenyl-prop-1-ynyl)-phenyl]-]

1, 3, 4] oxadi azol - 2-yl net hyl }- benzoic acid (C3); and '

4- (5-{3-[3-(4-Fluoro-phenyl)-prop-1-ynyl]-phenyl}-tetrazol-2-yl nethyl)-
benzoic acid (C4). 20 -145- The conpounds of Exanple Table D were prepared
as described below. Exanple Table D.~ R23 N N 21 Exanple No. R 21

COroCoH See bel ST BITHCSEP R S TRl Gt RN EBREIEY 16 1

NVR (400 MHz.72- DIVSQGID)mY 7058+7.98 (F(1%); 8105- SOBI(LH, $)08.22 mB.283HIm)7. 56 (m

2H), 7.46 (s, 41-1 7.37 (m 4H, °7.25 (m 111), 6.00 (s, 2H), 4.01
(s, 2H), 3. é-’?@?- §)é4dlia42NH2 (s, 211)
EXAMPILE B3a
5
Synthesis of 4-(5-{3-[5-(4-Methoxy-phenyl)-oxazol-2-yl}-phenyl }-
[1,3,4]thiadiazol-2-ylmethyl)-benzoic acid methyl ester
\O
\OK/\}\I I\E-‘N\
. O/H@/LSV\@\WO\
O
To a suspension of 0.25 g (0.51 mmol) 4-[2-(N"-{3-[5-(4-Methoxy-
10 phenyl)-oxazol-2-yl}-benzoyl}-hydrazino)-2-oxo- ethyl]-benzoic acid methyl ester

from Preparation 8 in 10 mL dry dioxane was a‘dded P-Ss in one portion. The
resulting mixture was warmed to 50 °C for 1 hour before cooling to room
temperature and adding about 20 mL water. Stirred 2 hours and then filtered off
solid product. Triturated in hot MeOH and filtered. Dissolved in THF and filtered
15 through a plug of flash silica gel with THF eluent. Concentration gave 0.13g
(73%) desired product. Used directly in the procedure of Example B3 without

characierization.

EXAMPLE B3
20
Synthesis of 4-(5 —{3—[5~(4—Methoxy—phenyl)~oxaz01_-2—y1]—phenyl}—
[1,3,4]thiadiazol-2-ylmethyl)-benzoic acid

\

O,
O\-@u NN
O/ULSVQ\WOH _
| | 0



1H NWR (400 MHz, DWVWsO-D) d ppm8.25 (t, br, IM 8.00 (m 211), 7.55 (m
21-1),7.37 (m 6H, 7.24 (m 311), 5.94 (s, 211), 4.22 (d, 2H), 3.91 (s,
211), 2.07 (t, 2H, 1.50 (m 211), 0.82 D7 H CH2N(H) C(O (CH2) 2CH3 (t,
3H). Ili NWR (400 MHz, DWVWSO-D) d ppm8.29 (t, br, 1H), 8.00 (m 2H),
7.55 (m 2H), 7.37 (m 613), 7.24 ( %—B 5.94 (s, 213), 4.20 (d, 2H),
3.91 (s, 2H), 1.82 (s, D8 H CI%ZN(I—DO(HB 13M 5 EXAMPLE D1 Synt hesi s of
4-(5- { 3-[3- (4 P&%&Nﬂe)fnﬂﬁ Eﬁan’apwml slnd-mr@gw?ﬂ}m:ﬁo tngsz

yl met hyl ) - benzenesu I c aci e % 3- bronopheny H-tetrazol e
Y46 A i xﬁ@ﬂahoxy-ﬁhdmwbmmz%m]m%ﬁm B o R M A s

nd | sbal ALY s g Egark T St REGH A0 Re R et e 1 b
reflux over rodﬁcg%soﬁ%le@CMSOmVMPGIemytﬂWDﬂ} .NNIRE BAISO EH SWphe) (300rrL)

the | ayers were 5 separated, and the aqueous gortlon acidified to pH

usi ngs concenl9 @ik d); M3 (2Hhe); 7m5e’b®$)(2f£tne};i7§& G223, ol 7.66748 by

L AT b RS T ! R AL B A AR ( 22

(m 11'4],  m); 8.52-8.53 (1H, m).

EXAMPLE B4a

10 :
Synthesis of 4-(5-{3-[5-(4-Methoxy-phenyl)-thiazol-2-yl}-phenyl }-

[1,3,4]thiddiazol-2-ylmethyl)-benzoic acid methyl ester

\©\<’\N N'N\

| | .

S)\Q/]\S)‘/\@\NO\
O

15 Using the procedure from Example B3a and 0.33 (0.65 mmol) 4-[2-(N'-{3-
[5-(4-methoxy-phenyl)-thiazol-2-yl]-benzoyl }-hydrazino)-2-oxo-ethylj-benzoic
acid methyl ester from Preparation 14 as starting material 0.18g (55%) desired
product was obtained. MS: m/z (APCI, AP+) 500 [MT" NMR: DMSO 'H &
(ppm) 3.79 (3H, S); 3.83 (3H, s); 4.64 (2H, s); 7.01-7.03 (2H, m); 7.37-7.67 (5H,

20 m); 7.91-8.22 (4H, m); 8.23 (1H, 5); 8.43-8.44 (1H, m).

EXAMPLE B4

Synthesis of 4-(5-{3-[5-(4-Methoxy-phenyl)-thiazol-2-yl]-phenyl }-
25 [1,3,4]thiadiazol-2-ylmethyl)-benzoic acid



7.57-7.53 (t, 1H) 10 M5 (APCI) M+l = 224.9 M 151.0-152.0C Step (b):

4-[ 5- (3-bronophenyl )tetrazol - 2-yl net hyl ] benzenesul foni ¢ acid, sodium salt
A sol ution of 5-(3-bronmophenyl)-2Htetrazole (0.8g, 3.55mvl) in DV 15
(15nL) was treated with triethylamne (0.6nL, 4.25mvl) and the reaction i
m xture stirred at roomtenperature fofy330 minutes. To this was added

sodi um 4- brononet hyl benzenesul f onat eO]E f 179, 4.27mmol) and the reaction

m xture stiryed over night at roomtenperature. The reaction m xture was
evapor at ed t d>-d §ss, treated with acetic acid, and evaporated to dryness

again. The whit®@ dFwas 20 N with ethyl acetate/nethanol 4: 1,
the solid was col g‘ y K| shed with ethyl acetate/nethanol
4:1, and dried under hdus cuu OH. 10g of white solid (78.3%

yield). NMVR (DVBO-d6); 8. m 111), 8.04%48.01 (d, 111), 7.74-7.71 (m
111), 7.62-7.60 (d, 211), 7.51-7.48 (t, 1¥), 7.36-7.34 (d, 2H), 5.99 (s,
2H) 25 MB (APCI) M1 = 395.0 np. >250.0C Step (c):

4-(5-{3-[3-(4-fl | - | - ynyl | | - 2-
1 it byt § bens ene CHR R PlocABls P MR B M (ol 838 o Adsriar

t et | -2 i i ; ' ' K .. 27mol
D (LY e ﬁ‘ﬁ%?‘??&‘?égﬁ’%?L%?S‘?aﬁ”ﬁ%ﬁg%ﬁ%%ﬁ{?&%%%| ot
pal | adi um ﬁ@@@ﬁ&hﬂ@ﬁﬁ%@@ﬂ%ﬁﬁﬁﬁ@? £ (dderiesizgdiprodact »erg obBukEnmol ), Cul

i xt e deo AP At IVTE SRR RIS OLRL A e AR St e

the m cr owaysf0y 7,007 03 PHES);.45-TOSKISEE @9l 290180 @y hegpefiiuye, pour ed
into IN HCI‘,( exstqract ed \r/lvith %t OAc, vvashgjg W th brlané, )Hri e(g o’\ngg’r MySO4,

and evapor aBdd-bt G5k ca gel . The nesh
The compounds of Example Table B beow were prepared according to the

methods illustrated above in Schemes 6 to 10 and the preparations and procedures.

10 Example Table B.
/ I\\I V. v
~p2
R> X
Exarnple : Characterizing
No. | R® [X \4 R’ | Data

N-N
i\
—< >—COOH
B1 CH:0 | O /ko)\ See above
N-N
| 8 —CH @—coorx
B2 |CcH0|O0 /ko)\ 2 See above

N-N
' 1A —CH. @—COOH
B3 CH;O | O /kS)\ 2 See above
' N-N '
A3 | —cmg_)—coon

B4 'CHgO_ S See above

The compounds of Example Table B hﬁve the following chemical names
(Example No.):
15 _ 4-(5-{3-[5-(4-Methoxy-phenyl)-oxazol-2-yl]-phenyl }-[ 1,3.4]oxadiazol-2-
' yl)-benzoic acid (B1);
4-(5-{3-[5-(4-Methoxy-phenyl)-oxazol-2-yl]-phenyl }-[ 1,3,4]Joxadiazol-2-
o ylmethyl)-benzoic acid (B2);



was purified on a 3.5X15 cmsilica gel colum eluted with ethyl acetate 5
("Et QAc") - net hanol ("MeOH') 4:1 with 1% acetic acid ("AcOF ). Evaporation
and trituration with ether afforded 0.052g of orange solid (8.26% yield)
NVR (DMSO-d6); 8.03-7.99 (m 1H), 7.61-7.51 (m 6H), 7.46-7.42 (dd, 1H),
7.36-7.33 (d, 2H), 7.19-7.15 (t, 211), 5.98 (s, 2H), 3.90 (s, 2H) M (APC)
smal | M+1= 449.0 10 EXAI\/PLE D2 Synt At¥rs of '

A-(5-{3-[3-(4- . Bl Py
£/| RS h§/|)[ph(enyl] o En o ettioxd e )epﬁ%ﬁg 2%’{1']?1 oyl ﬁb:{@(;ﬂﬁg%%%z%z

tetrazol - 2-yl met hyl ] bémzt}lw})ﬁimsmh@nd@&);md 15 di rret hyl ester To a solution

of 5-(3-bronoph r,azol was added
cesi um car bonat e‘%g %ﬁg‘@f é’ﬁ'ﬁﬁﬁ%gg%c’iayﬂﬁ#p @é@ﬁ ‘ﬁl ‘T enperature
for 15 m nutes. To t mg b@ﬂﬁgga&l&(pqprm met hyl benzyl ) phosphoric acid
di met hyl ester 859, 3 and the reaction mxture stirred 20 over

ni ght3 at room t hiscogpapeds cftfe:amp&@cl‘al@mcrhemwere\mgpmd apcering torhet hy|

acet at e, d filtered, and the
evapor at ed Wﬁo@%ﬁ&a@ﬁ%&aﬁ%ﬁ%gfs t@&o $£Rﬁg4%§é%°§b| ved in chloroform
and evapor gheghpTsble €l lica gel . The silica gel nmesh was purified on a
3.5X15 cmsilica gel colum 25 eluted with ethyl acetate/nethanol 9: 1.
Evaporation of tlfe agpropriate fractions followed by drying, afforded 0.85g
of gumy oil (90 h hellght elllow oil was purified again on a
5X15 cm si IR g ( et Ryl acetate. Drying afforded 0. 64g
of colorless oil. .27 (m 1H), 8.07-8.05 (dd, 111),
7.58-7.56 (m 111), 611), 5.77 (s 2H), 3.68 (s, 3H),

(CDC13) <
7.38- 30 7.3

3.66 (s, ? Hﬁ\l-'u ) no WFIpPEak -128- Step (o)
[4-(5-{3-[]3- Z;%i ligizpgRenyl ) prppzl-ynyl ] phenyl }t @ha@a%%hzﬁlgData
N-N
iy COO MS: m/z (AP CI,
a |u |~ _@_ H AP+) 381 [M]*
N-N .
r N | —cH @-co o | MS:m/z (APCL
2 F /ks)\ 2 [£00 AP+) 429 M1
: N-N
r N | —cn @—co MS: m/z (APCI,
C3 H /k >~ L ~COOH AP+) 395 [MT
N*N
c | F | N CH"'@_ Q0B b 210-2120C
10 The compounds of Example Table C have the following chemical names
(Example No.):
4-{5-[3-(3-Phenyl-prop-1-ynyl)-phenyl]-[1,3,4Joxadiazol-2-yl }-benzoic
acid (C1);
4-(5-{ 3-[3-(4-Fluoro-phenyl)-prop-1-ynyl}-phenyl }-[1,3 4]thiadiazol-2-
15 ylmethyl)-benzoic acid (C2);

4-{5-[3-(3-Phenyl-prop- l-yziyl)-phenyl] -[1,3,4]oxadiazol-2-ylmethyl }-
benzoic acid (C3); and
4-(5-{3-[3-(4-Fluoro-phenyl)-prop-1-ynyl]-phenyl }-tetrazol-2-ylmethyl)-
benzoic acid (C4).
20 '
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(AMPLE D3

CH,NH,

1H NMR (400 MHz,
DMSO-D) d ppm
8.08(s, br, 2H), 8.00 (m,
2H), 7.56 (m, 2H), 7.46
(s, 41D, 7.37 (m, 4H),
V1.25 (m, 1H), 6.00 (s,
2H), 4.01 (s, 2H), 3.91
(s, 2H)

D7

CHNE)C(O)(CH,),CH;

1H NMR, (400 Mz,
DMSO-D) d ppm 8.25

(t, br, 1H), 8.00 (m, 2H),
7.55 (m, 2H), 7.37 (m,
6X), 7.24 (m, 3H), 5.94
(s, 2H), 4.22 (d, 2H),
3.91 (s, 2H), 2.07 (t,

2H), 1.50 (m, 2H), 0.82 -
(i, 3H).

1H NMR (400 Mz,
DMSO-D) d ppm 8.29
{t, br, 1H), 8.00 (m, 2H),
7.55 (m, 2H), 7.37 (m,
6H), 7.24 (m, 3H), 5.94
(s, 2H), 4.20 (d, 2,
3.91 (s, 2H), 1.82 (s,

D8

CENH)C(O)CH,

3H).

(d, 21-1) M

| EXAMPLE D1
Synthesis of 4-(5-{3-{3-(4-Fluoro-phenyl)-prop-1-ynyl]- phenyI}-—tetrazoI—Z—

ylmethyl)-benzenesulfonic acid

Step (2): 5-(3-bromophenyl)-2H-tetrazole




-149- Synt hesis of
[4-(5-(3-[3-(4-Fluoro-phenyl)-prop-1-ynyll-phenyl}-tetrazol - 2- )

yl met hyl ) - phenoxy] -acetic acid Step (a): {4-[5-(3-bronmophenyl) !
tetrazol - 2yl met hyl ] phenoxy}acetic acid tert- butyl ester 5 This reaction
was carried out as described in Exanple D2, Step (a) using

5- (3-bronophenyl)-2Htetrazol e (0.87gﬂ4§789nnnl) and (4- brononet hyl phenoxy)

acetic acid tert - € : ' e

( 4- br ono- et hy!| bﬁ‘ﬁméy "'%S g‘;sz @R‘?@g’gﬁa%%’ﬁﬁﬂ‘é%@fm%%e af for ded 0. 85g
of Iight oi (3008d.)8%s\ticated)witiNmeilyEDULS ydiBciBries (68109, 494 H¥m8)@hd (d, 114),
7.58-7.55 (d,,.1H)...7..38-7. 3 . 3H,, 6.90-6.88 (d, 2111), 5.72 (s,

211), 4.50 E%d}“‘?l—af?l,de£.§§é‘z%sf‘fb4g‘%m&%@%ﬁ%mmw%@e@ﬁ%fﬁ X over

[ 4- (5- { 3- [ 3night. iAdeRIAAB RS R @Rk, | -

yl met hyl )phgfr%iy] acet ?c aci dlﬂ% eft?gel’)ﬁitml&ggﬁgdtérﬁl(?gélrﬁfégg%%xﬁwgmcar ri ed out
as defcri beéparatek angthe agncowstpertiqocacidifi¢chiy pH b using concentrated HCL The
1-fluoro-4- = 2-ynyl. s benzene 230, .. 1. 7mol nd {4-[5-(3-braonmophenyl)
tetrazol - Zyﬁ%ﬁ)ﬁtﬁe}ﬁﬁﬁf&g)@f@%&eﬁ%y@ﬂatn?ne P‘fasw‘yﬂ%‘ @Q&é@g’g@gﬁl‘é&’, 1€ 67nmol )
in place 034_9%51-‘@3(1@5@@9%65&&4&)1 etrazol - 2-yl net hyl ] - benzenesul foni ¢ aci d,
sodium salt.’ I s afforded O. of the product (68.5%yield). NWMR

239 :
(CDC13) ; 8. MR DMSOr-vs); 8.108. B @8 1ID, 8.0M8.02 ®d, 11 9.70r1. 74 (m10H), 7. 42- 7. 35
(m 20 4113 sv% tGII%O (t, 211), 6.89-6.87 (d, 3H), 5.72 (s, 2H), 4.49 (s,
21T), 3.81 ?'s, Z%S 1.48 (s, 9H Ms (APCI) M+l (- t-Bu) = 443.1 Step 3:
[ 4=(306{ 3- [ SMSAcARCMpNengd Ypr op- 1-ynyl | phenyl }tetrazol - 2-
yl met hyl ) phenoxy] acetic acid 25 A sol ution of
[ 4- (5-{3- [ 3MPAL5Qrd?DBKeny | ) prop- 1- ynyl ] phenyl }t et razol - 2- yI met hyl)

phenoxy] - acgt.i A f fert - : 4 . dn..trifluoroacetic
acid (" TFA" %Pgbrifd* [lPblomdphely fkghis ]e“%rp‘?‘g’f'll eﬁ‘r%eg“@fg‘@%‘)%am%sﬂﬁ‘t“g’s, then
evapor at ed galt dryness. The residue was triturated with ether, evaporated,

triturated agai n ,w fh ether/hexanes, evaporated, then triturated with
gainy so{uuon of %~(’.’:-t]bromophenyﬁ—21£tetrazole (0.8g, 3.55mmol) in DMF

15 (15mL) was treated with triethylamine (0.6mL, 4.25mmol) and the reaction
A

mixture stirred at room temperature for 30 minutes. To this was added sodivm 4-
bromomethylbenzenesulfonate (1.17g, 4.27mmol) and the reaction mixture stirred
over night at room temperature. The reaction mixfure was evaporated to dryness,
treated with acetic acid, and evaporated to dryness again. The white solid was

20 triturated with ethyl acetate/methanol 4:1, the soiid was collected by filtration,
washed with ethyl acetate/methanol 4:1, and dried under house vacuum to afford
1.10g of white solid (78.3% yield).

NMR (DMSO-dg); 8.14 (m, 1H), 8.04-8.01 (4, 1H), 7.74-7.71 (m, 1H), 7.62-7.60
(d, 2H), 7.51-7.48 (t, 1H), 7.36-7.34 (d, 2H), 5.99 (s, 2H)

25 MS (APCID M-1 =395.0
mp. >250.0°C
Step {¢): 4-(5-{3-[3-(4-fluorophenyl)prop-1-ynyllphenyl }tetrazol-2-
ylmethyl)benzene-sulfonic acid

A suspension of 4-[5-(3-bromophenyl) tetrazol-2-

30 ylmethyl]benzenesulfonic acid, sodium salt (0.50g, 1.27mmol) in DMF (3ml.)
was treated with diisopropylethylamine (0.88mL, 5.1mmol), palladium
tetrakis(iriphenylphosphine) (“Pd(PPhs)s”, 0.29¢g, 0.25mmol}, Cul (cat), and 1-
fluoro-4-prop-2-ynyl-benzene (0.42g, 3.1mmol), and the mixture degassed with



30 hexanes/ethyl acetate 3:1. The solid was collected by filtration, washed
with hexanes/ethyl acetate 3:1 and dried to give 0.1047g of orange solid ‘
(59.11% vyield). -150- NWVR (DMSO d6) 12.99 (bs,1H), 8.02-7.98 (m 2H),
7.56-7.51 (m 2H), 7.46- 7.42 (m 2H), 7.37-7.36 (d, 2H), 7.19-7.17 (t,
2H), 6.92-6.90 (d, 2H), 5.89 (s, 2H), 144.64 (bs, 2Hy, 3.90 (s, 211) M5
(APCI) M1 = 441.0 5 np 158. 2-159. GC%ertai n conpounds of Exanple Table D
have the fohi 'mthmhoﬁlmxmas hdaxeaiiplthe Mdcrpivave for 15 minutes at

ﬁe% g e L 2 S t(JI3f g&é ?ﬁ%% I%O%J?)‘.ellnpérgtwgg )go]ufetde:utltroalzl\? II—IC21 g}gﬂacte(qglgh EiOAc,
5-{3-[3-(4-F | -
oo {30 (37 (- BlaiarpBR, hiied O Mg, k@ BRRptkieoded iR 3N IR LBy

5-[ 3- ( 3- Phewys pymifigal dn y ByXISphesilitd gdl ebhamodludd witledthyllacétateenzy| ami ne
SESZ\ z N f A 1@%5@?.9’6)25??@@11 15‘?1?[38%554%”%&%}1 hz?crf]: CLCIEI%‘t‘Ag(%ﬁJ’) ]%.v%l;loratgorrll o
5-[3- (3 Phe%&ﬁﬁﬁﬁﬁo&w‘i’tﬁ%@er&ﬁ &hbntsgge% Wg@s d@% abenzyl) -

acet am de ( The conpound o repar ed” by adapt| ng the
met hods deMlﬁ@MﬁKbdv)eS OZOTB(AMHIIB E61-7.51 (m, 6H),746-7 42 (dd, 1H),

et d 1t 11 udrhaen e 20 LS 6 AR 3632 odt WEOTHN 0L N N H (o ¢

MS (APCT) small Mi+1 =449.0

10

EXAMPLE D2

Synthesis_ of [4-(5-{3-[3-(4-Fluoro-phenyl)-prop-1-ynyl}-phenyl }-tetrazol-2-
ylmethyl)-phenyl]-phosphonic acid
Step (a): {4-[5-(3-bromophenyl) tetrazol-2-ylmethyl]benzyl }phosphonic acid

15 dimethyl ester

To a solution of 5-(3-bromophenyl)—ZH‘:tetrazole (0.5g, 2.22mmol) in

DMF (15mL) was added cesium carbonate (0.94g, 2.89) and the mixture stirred at
room temperature for 15 minutes. To this was added (4-bromo-methyibenzyl)-
phosphonic acid dimethyl ester (0.85g, 3.05mmol) and the reaction mixture stirred

20 over night at room temperature. The reaction mixture was diluted with ethy!
acetate, washed with water, brine, dried over MgSOy, filtered, and the evaporated

to dryness.

The light yellow oil was dissolved in chioroform and evaporated onto
silica gel. The silica gel mesh was purified on a 3.5X15 cm silica gel column

25 eluted with ethy! acetate/methanol 9:1. Evaporation of the appropriate fractions

followed by drying, afforded O.SSg of gummy oil (90.4% yield). The light yellow
oil was purified again on a 5X15 cm silica gel column eluted with ethyl acetate.
Drying afforded 0.64g of colorless oil.
NMR (CDClg); 8.28-8.27 (m, 1H), 8.07-8.05 (dd, 1H), 7.58-7.56 (m, 1H), 7.38-

30 7.30 (m, 6H), 5.77 (s, 2H), 3.68 (s, 3H}, 3.66 (s, 3H)
- MS (APCI) no M+1 peak




O 25 Additional compounds of this invention. were prepared by adapting the
nmet hods descri bed above and are shown bel ow i n Exanple Table F. -151-
Exanple Table F. O N, R23 Z NZL-NN S/ 21 Exanple No. R 23 S R21
Characterizing Data Fit ND. CH COON Mp 222C (dec) N F21 CH COON My 253C
(dec) F3 N ox/ N S(O 2CH3 M 143-144C N F4 NN S(O 2CH3 M 178-179C F5 N
/ N-C=-N M 178-179 F6 CH3ON S(O 2 Mp 145-146C N F7 N S(O 2CH3 M

1N 50 208 W Js0-1eac o PR RETBIRN TR "o N o
193- 194C  ylmethyl)benzyl]-phosphonic acid dimethyl ester
This reaction was carried out as described in Example D1, Step (¢) using
{4-[5-(3-bromophenyl) tetrazol-2-ylmethylJbenzyl } phosphonic acid dimethyl
5 ester (0.61g, 1.33mmol) in place of 4-[5-(3-bromophenyl)tetrazol-2-
ylmethylJbenzenesulfonic acid, sodium salt. This afforded 0.27g of yellow oil
(42.6% yield).

NMR (CDCls); 8.21 (s, 13), 8.07-8.04 (dd, 1), 7.67-7.64 (m, 1H), 7.42-7.29 (m,

8H), 7.05-7.00 (1, 1H), 5.77 (s, 2H), 3.80 (s, 2H), 3.68 (s, 3H), 3.65 (s, 3H)
i0 MS (APCI) no M+1 or M-1 peak
Step (¢): [4-(5-{3-[3-(4-fluorophenyl) prop-1-ynyllphenyl }tetrazol-2-
ylmethyl)benzyl}-phosphonic acid .
A solution of [4-(5-{3-[3-(4-fluorophenyl) prop-1-ynyi}phenyl } tetrazol-2-
ylmethyl)benzyl] phosphonic acid dimethyl ester (0.25g, 0.53mmol) in methylene

15 chloride (15ml.) was cooled to 0°C, then treated with trimethylsilyliodide
(0.23mL,, 1.33mmol). The reaction mixture was removed from the cooling bath
and stirred at room temperature for 1 hour. The reaction mixture was concentrated

| on the rotary evaporator without heat and the residue was treated with chloroforin.
The resulting solid was collected by filtration, washed with chloroform, niturate&
20 with hot ether, collected by filtration and dried. High performance liquid
| chromatography (“HPLC”) indicates that this solid is 65% pure.
The solid was heated in hexanes/ethyl acetate 1:1, cooled to room
ternperature, collected by filtration and dried. The impure solid was washed with a
small amount of methanol, collected, washed with methanol and dried. This

25 afforded 0.0766g of yellow solid.

NMR (DMSO-dg); 8.03-7.98 (m, 2H}, 7.59-7.51 (m, 2H), 7.46-7.42 (m, 2H),

7.33-7.31 (d, 2H), 7.26-7.24 (m, 250, 7.19-7.15 (m,2H), 5.93 (s, 25, 3.90 (s, 25),
2.96-2.90 (d, 2H)
MS (APCD M+1 = 463.1
30 |
'EXAMPLE D3




(1) trifluoroacetic acid salt 5 The conpounds of Exanple Table F have the
foll ow ng chem cal nanmes (Exanple No.): -152- 4-(5-{

3-[(Pyridin-4-yl nmet hyl)-carbanoyl ] - phenyl }-tetrazol-2-yl nmethyl) benzoic
acid; conpound with trifluoro-acetic acid (Fl);

4-(5-{3-[(Pyridin-3-yl methyl)-carbamoyl j,- phenyl } -t etrazol - 2-yl met hyl ) -
benzoi ¢ aci d; conpound vmth trifluoro-dcetic acid (142); 5

4- [2 24 ME‘ZI @@ﬂ%@ﬂ% Bp;{ayd& Brluaﬂ&]%&hy%%p&yﬁ&i]mﬂﬁ&&f‘az& -g.ar boxylic
pyridin-4-yl met hyl)-am

(4 Met ryém@tbﬂwbmﬂxy ¥idoH t et razol - 5-yl ] - pyri di ne- 2- car boxyl i c

4y8,2“ : ”%ﬁ'%@%ﬁ? P o 2gmetpipbenowipstigpiddenici d 10
|n 4- potypkdid ) - am de (F5);

- Met hanesul f onyl - benzyl ) - 2H-tetrazol - - pyri di ne- 2-car boxylic
n’et hoxy- bdHisyrantionavas eaied out as descnbedm xampeDZ Step (2) using

yr”F&. SOSYLEIRHD AT 21 £ 5k ) Hhd CPHERAEAS ARAGRT Y

- Met raam&aidtemtim;bemy@)sogmmmumph phecelof (pironsh-methitearyipxyl i c
- phenoxy- benzyl

(& v RS o digehstslerThie afforisdp %gﬁ}xgm 6% 3D boxy ! | ¢
ﬁ/tra]t #amnié @P@?o??yl %ge(%zlm)ggll-tet(rdazo -o- TSSE) 21?(’38 Z'-?’éa(lrnboxyl ic 20

4- di |
I(%4 Met %H% 9?? 3?%% 'QF((EZQJ 4?952%@ 145?1(5_%191% di ne- 2-car boxylic
4- pyr aM{AP@I)Mehzym&t)m de (FI. 1); and 4-{

2- 4FIu 0- n-4- azol | met hyl }-
ben20|(c aci ?Rgzl?f (%2@%6@’?@/5%%%%8&%&%? tgtrqzﬁ}/ n%/i on V\gre} prepar ed
by adapti ng vifighyliRichoaAaas atidkgelbalp¥gerand are shown bel ow in Exanple
Table G

Ci

'O
o

O O O
%‘/-\

o
/-\—A_b/-\
-h:)-b #U-b

O
Q.ND.I\)Q.ND.I\)Q.ND.I\)“ND.I\)Q.

O

g o -bQJ -bQJ -bm -bQJ -bm -h’“-bm -bQJ
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This reaction was catried out as described in Example D1, Step (c) using
15 1-fluoro-4-prop-2-ynyl-benzene (0.23g, 1.7mmol) and {4-[5-(3-bromophenyl)
tetrazol-2ylmethyl]phenoxy}acetic acid tert-butyl ester (0.30g, 0.67mmol) in
place of 4—[5—(3-bromophenyl)tetrazol—Z-yImethylj -benzenesulfonic acid, sodium
salt. This afforded 0.23g of the product (68.5% yield).
NMR (CDCl3); 8.21 (s, 1H), 8.07-8.05 (d, 1H) 7.52-7.49 (m, 1H), 7.42-7.35 (m,

20 4H), 7.05-6.90 (t, 2H), 6.89-6.87 (d, 3H), 5.72 (s, ZH), 4.49 (s, 2ZH), 3.81 (s, 2H),
1.48 (s, 9H)
MS (APCI) Mi+1 (- t-Bu) = 443.1
Step 3: [4-(5-{3-[3-(4-fluorophenyl)prop-1-ynyllphenyl } tetrazol-2-
yimethyl)phenoxyjacetic acid

25 A solution of [4-(5-{3-[3-(4-fluorophenyl)prop-1-ynyl]phenyl }tetrazol-2-
ylmethy!) phenoxyl-acetic acid tert-butyl ester (0.19g. 0.38mmol) in
trifluoroacetic acid (“TFA™) (6ml) was stirred at room temperature for 75
minutes, then evaporated to dryness. The residue was triturated with ether,
evaporated, triturated again with ether/hexanes, evaporated, then triturated with

30 hexanes/ethyl acetate 3:1. The solid was collected by filiration, washed with
hexanes/ethyl acetate 3:1 and dried to give 0.1047g of orange solid (59.11%

yield).



-153- Exanple Table G R 23 N =N ANN COOH Exanple No. R 23 Characterizing
Data Gl Ph MP 226-228C & Ph-CH2CH2- MP 198-199C G3 (CH3) 2CHCH2- MP
192-193C 1H NWVR (400 MHz, CHLOROFORM D) dppn#.8(s, 2H)5.8(s, 2H)6.9(m 4H)
G4 F/ OCH 7.4 (m 411) 8.0 (m 3 H 8.1 (s, 11-1) 1H NWVR (400 MHz,
DMSO-D6) d ppm 5.4 (s, 2H)61(s d—l)75(d J=8.5 H, 2 H . 7.6 (t,
J:77Hle)77(dt J=1.5 Hz, 79(slH)79(dJ83H22H)81 (€3

Lzt : ~eN- CH
dppnG. 0(S 2H)5 (s 2kgéla(9gqgs$}?)8@ﬁ7%5{’é% gt ;% (m5 4 H) 779 (dd,

J=7.9 Hz, 1 OROFORMD
. p i) (S %ﬁiﬁf]@?’ﬂfﬁ@l“%m@;?z{t bﬁ{) @m&ﬁ(&@g 5@9@@ AL )
H) 3 (m 464 s, 2 3(9@(821-97 8Hz, 2H) 7. 6( s, 21 1) 7. 9(dJ81Hz 2H)80
(, J=7.8

HastABorful: (o h D 85 &7/ (s, 11

5 mp 158.2-159.6°C
Certain compounds of Example Table D have the following chemical
names (Example No.):
4-{5-[3-(3-Phenyl-prop-1-ynyl)-phenyl]-tetrazol-2-ylmethyl }-
benzenesulfonamide (D4},
10 5-{3-[3-(4-Fluoro-phenyl)-prop-1-ynyl)-phenyl }-2-(4-methanesulfonyl-
~  benzyl)-2H-tefrazole (D5);
4-{5-[3-(3-Phenyl-prop-1-ynyl)-phenyl]-tetrazol-2-ylmethyl }-benzylamine
D6);
N-(4-{5-[3-(3-Phenyl-prop-1-ynyl}-phenyl]-tetrazol-2- ylmethyl}-benzyl)—
15 . butyramide (D7); and . \
N-(4-{5-[3-(3-Phenyl-prop-1-ynyl)-phenyl]-tetrazol-2-ylmethyl } -benzyl)-
acetamide (D8§).
The compound of Example El was prepared by adapting the methods

described above.
20
EXAMPLE E1
4-({3'—[2-(4—-Meth0xy—benzy1)—2H—tetrazol~5~y1] -benzoylamino}—methyl)»benzoic
acid trifluoroacetic acid salt {mp 202-205°C)
CHSZO\O\’ N=N O
H OH
0
25

Additional compounds of this invention. were prepared by adapting the

methods described above and are shown below in Example Table F,




& Ph-C(CH3)H 5 The conpounds of Exanple Table G have the foll ow ng

chem cal nanes (Exanple No.):

4-[ 5- ( 3- Phenyl et hynyl - phenyl )-tetrazol - 2-yl net hyl | -benzoic acid (d); 4-{
5-[ 3- (4- Phenyl -but - 1-ynyl ) - phenyl ] -tetrazol - 2-yl met hyl }-benzoic acid
(&); 10 4-{ 5-[3-(4-Methyl-pent-1-yny]).-phenyl]-tetrazol -2-yl net hyl
}-benzoic acid (03); -154- 4-(5-{ 3-[ -1(4- Fl uor o- phenoxy) - pr op- |

-ynyl | - phen aﬁnPIeefdb azpl - 2- yI nmet hyl )- benzoic acid (A); 4-{

5-[3-(3-Im prop -ynyl )-phenyl]-tetrazol -2-yl nethyl }- benzoic
acid (&b); 5 N=N

4- (5-{3-[3-(4- Xo- 4H— yr| di n 1~¥I )N op- 1-ynyl ] - phenyl }-tetrazol - 2-

yl met hyl)-b ol C AT

4- (5-{3-[3- ?‘g@PhemH i milldazd)l - 1- yI) -1-ynyl ] -phenyl }-tetrazol -2

yl met hyl ) - benzoi c acid (3 and

4-{5-[ 3- (3- Phenyl - but - 1- ynyl) phenyl trazol - 2-yl net hyl }-benzoic acid 10

(G8). Additional conpounds of this mvﬂ&ﬁi on were prepared by adapting the
met hods descri bed above and are shown ow in Exanple Table G Exanple
Table H 23 RN=N. N N N COOH 15 Exanpl e

Example
No. RS S Rm_ Characterizing Data
F1! NC/>_ CH COOH Mp 222°C (dec)
N
TR Y/ CH COOH Mp 253°C (dec)
F3 7 N S(O%CH; Mp 143-144°C
N
)~ :
¥4 N N S(O)CH; Mp 178-179°C

— 3 .
N |
F5 W N C=N Mp 178-179°
o) .
6 3 N S(0),CH, Mp 145-146°C

N .
F7 \_7 N S(O),CH, Mp 174-175°C

ps | 7O Q N S(0),CH, Mp 100-103°C

9 | E,j{) N S(0),CH, Mp 147-150°C

F10 cl C N S(0),CH; Mp 150-152°C
~ N—< >—

Fl11 N N S(0),CH; Mp 173-174°C

F12 F Q N COCH Mp 193-194°C

(1) trifluoroacetic acid salt

5 The compounds of Example Table F have the following chemical names
(Example No.): " |



No. Characterizing Data H Ph-CH2- MP 211-213C H2 4-fluoro-benzyl ill NWR
(400 MHz, DMBO-D6) d ppm 5.5 (s, 213) 6.1 (s, 2H) 7.5 (d,J=8.1Hz, 311) N
-CH2- 7.9 (d, J=7.6 Hz, 3 H 85 (s, 1 H 89 (s, 1 H311) 9.2 (s, 2 H 1H
NMR (400 MHz, CHLOROFORMD) d ppm 3.8 (s, 2H) 3. 8(s, 3H)5.8(s,2H 6.9 (d,
J=8.5 Hz, 211) 7.3 (s, 11-1) 7.3 (d, J=8.8 Hz, 211) 7.4 (d, J=8.1 Hz, 2 H)
8.1 (d, J=8.1 Hz, 2H)8.4(d,J=1.7Hz, 1H1827(s, 1H) H4 4- met hoxy- benzyl 9.2

2ol o) SRRSO ARG Rafbatiol iShehi hekzoRl el ol nanes

(
El- {5-[ 5- (3- Phenyl - pr opsnkoigragids compowlidwith irifluorebeaizakidFy);met hyl } - benzoi c
Cetravol 2! V7 b el R g b5 i
e
5- [ 3- §4- Met hoxy-pieffMethanepilionyhberzy DyH-thitvazdl-J-yl lipyridine sz cdrb@eylic
%/I4m(at5h%/I3) [ ge?ioizlcug?l)gcb‘ﬁu%d)%‘g?ygﬂxég/y%%ﬁ‘]ﬁe Ryl - tetrazol - 2-yl met hyl ) -
phenyl | -aceti ¢ agjZ({Mlethdnbbulfonyl-benzyl)-2H-tetrazol-5-yl]-pyridine-2-carboxylic
acid {pyrimidin-5-ylmethyl)-amide (F4);
4-[2~(4#Cyano-benzyl)—ZH—tetrazol—S—ylj—pyﬂdine~2—carboxylic acid
10 (pyridin-4-yimethy!)-amide (F5);
4-[2-(4-Methanesulfonyl-benzyl)-2H-tetrazol-5-yl|-pyridine-2-carboxylic
T acid 4-methoxy-benzylamide (F6);
4-2-(4-Methanesulfonyl-benzyl)-2H-tetrazol-5-y1}-pyridine-2-carboxylic
acid (pyridin-3-ylmethyl}-amide (F7);
15 4-[2-(4-Methanesulfonyl-benzyl)-2H-tetrazol-5-yi]-pyridine-2-carboxylic
acid 4-phenoxy-benzylamide (Ff;); —
4-[2~(4-Methanesulfonyl-benzy!)-2H-tetrazol-5-yl]-pyridine-2-carboxylic
v acid indan-1-ylamide (F9);
4- [2—(4—Meﬂ1ar_1esulfony1~benzy1)-2H~tetrazol—5—yl]-pyridine-Z—carboxyIic
20 acid 3,4-dichloro-benzylamide (F10);
4-]2-(4-Methanesulfonyl-benzyl)-2H-tetrazol-5-yl}-pyridine-2-carboxylic
acid 4-pyrazol-1-yl-benzylamide (F11); and
4-{5-[2-(A-Fluoro-benzylcarbamoyl)-pyridin-4-yl)-tetrazol-2-ylmethyl } -
benzoic acid (F12).
25 Additional compounds of this invention were prepared by adapting the

methods described above and are shown below in Example Table G.



/ ~1 N F 15 MP. EXAWPLE 12 4-(5-{

3-[3-(4-Fl uoro-phenyl)-prop-1-ynyl]-phenyl }-tetrazol-2-ylnethyl)-

cycl ohexanecarboxylic acid 0 OH WN,N 20 F MP 172-173C. The foll ow ng
conpounds of Exanples KI to K3 are conpounds of Forrmula | that will be
synt hesi zed according to the procedures described above. 25 -156- EXAMPLE
K1 1-[4-(5-{3-[3-(4-Fluoro-phenyl)-prekd3t-ynyl]-phenyl }-tetrazol - 2-

yl met hyl )-p%ea‘glpﬂeﬁ%l propanecar boxylic acid OH O W F 5 EXAMPLE K2
3-(5-{ 3-[37{a¢ ~phenyl ) -prop-1-ynyl]-phenyl }-tetrazol-2-ylnethyl)-
benzoi c a'ciq{mS \' OH NAN {\Izlﬁo FI t

W :N
N ?

CcOooH
Example
No. R*® Characterizing Data
Gl Ph MP 226-228°C
G2 Ph-CH,CH,- MP 198-199°C
G3 (CH3),CHCH,- | MP 192-193°C
4 1H NMR (400 MHz, CHLOROFORM-D)
F_Q.O__CHz_ dppm 4.8 (s, 2H) 5.8 (5, 2 H) 6.9 (m, 4 H)
G4 74 (m,4H)8.0{m,3H)8.1(s, 1 H)
1H NMR (400 MHz, DMSO-D6) d ppm 5.4
(s, 2H) 6.1 (s, 2 1) 7.5 (d, J=8.5 Hz, 2 ) .
= 7.6 (t, I=7.7 Hz, 1 H) 7.7 {dt, J=1.5 Hz, 2
N o ) 7.9 (5,1 H) 7.9 (d, J=8.3 Hz, 2 H) 8.1
GS AN (@, 2H) 9.2 (s, 1 H)
n 1H NMR (400 MHz, CHLOROFORM-D)
dppm 5.0 (s, 2H) 5.8 (s, 2 H) 6.9 (d, J=7.1
O=CN,CH2_ | Hz,2H)7.4 (m,4H) 7.9 (dd, }=7.9Hz, 6
G6 e H)8.0(d, J=7.6 Hz, 1 H) 8.1 (s, 1 H)
1H NMR (400 MHz, CHLOROFORM-D)
N dppm 5.1 (s,2H) 5.7 (s,2H) 7.2 (5, 1 H)
N”"N-CH,— | 7.2(d,¥=73Hz, 1 H) 7.3 (m, 4 H) 7.4 (d,
= I=78Hz,2H)7.6(s,2H)7.9(d, F=8.1 Hz,
2H)8.0(d,J=7.8Hz, 1 H)8.1(s, 1 H) 85
G7 (s, 1 H)
Gs | Ph-C(CH3z)H-
5 The compounds of Example Table G have the following chemical names
(Example No.):

4-[5-(3-Phenylethynyl-phenyl)-tetrazol-2-ylmethyl]l-benzoic acid (G1);
4-{5-[3(4-Phenyl-but-1-ynyl)-phenyl]-tetrazol-2-ylmethyl }-benzoic acid
G2); |
10 4-{5-[3-(4-Methyl-pent-1-ynyl)-phenyl]-tetrazol-2-ylmethyl }-benzoic acid
(G3); |



10 EXAMPLE K3

4-{5-[ 2- (4- Fl uoro-benzyl car banoyl ) - 6- net hyl - pyridi n-4-yl]-tetrazol - 2-

yl met hyl }-benzoic acid 0O OH O NA N, )!: N HN F 15 The conpounds of
Formula | can be evaluated in standard assays for their ability to inhibit
the catalytic activity of MW enzynes._.JThe assays used to evaluate the MW
bi ol ogi cal activity of the invention 36 ounds are wel |l -known and

routinely used by oee ekilohdhimxyiarobl bR IRl AI Fhagnd thei

use to 20 treat c condi Ti ons exanpl e, “conpounds” of rmul a |
may be readily identbebizeid abid (63ayi ng a test corrpound for inhi b|t|on of

test compound 1 oF (G berResClralBlodsiih MsrdrEiiie 25hdebafi ng 10

Bi ol ogi cal Met hods 3 Qdic agid d(@;crl bed below. The conpounds of Formula I,
as illustrated by the conpounds of Exanples 1 to 37, have been shown to be

pot enf i nhi bi tor"s—(ﬁ&ﬁw—motf&iﬂWﬁﬁHt:l“ﬂB pmhynyllmb@m&wt@@m’a% measur ed by
| C50's, with MW 13 cat.al in. f t he invention conmpounds typically
range from about O. os@‘%ﬁt bc'%eﬁ%%a%élﬁ@?or exanple, the 1C50 of the
conpound of Exanpl${Z{3sPhBasinedhzeal1-91)Q36p- m%@ncbhehﬁé}-th@ml pf the
conpound of Exanple 2 was neasured at 0.058 pM MWP-13 catal ytic domain

i nhi bition data for t¥YimeBubesmasis asid @%mddes 10 1 to 37 are shown bel ow
i Biological DajasTabh §pdnibul BSmGLgAERS ARG L imeh bR hGR0 (NM "
16 (G8).
Additional compounds of this invention were prepared by adapting the

methods described above and are shown below in Example Table G.

~ Example Table H.
R NN
% = rN
' 1
»
N .
COOH
15
Example
No. R? Characterizing Data
Hil Ph-CH,- MP 211-213°C
H2 4-fluoro-benzyl
1H NMR (400 MHz, DMSO-D6) d ppm 5.5
(s,2H)6.1(s,2H}7.5(d, J=8.1Hz, 3 H)
N=\ 79(d,J=7.6Hz,3H)85(s, 1 H)89¢(s, 1
H3 b ANTCH—  H)9.2(s,2H)
1H NMR (400 MHz, CHLOROFORM-D) d
ppm3.8(s,2H)3.8(s,3H)5.8(s,2H) 6.9
(d,J=8.5Hz,2H)7.3 (s, 1 H) 7.3(d, J=8.8
Hz,2H)74(d,)=8.1 Hz, 2 H) 8.1 (d, J=8.1
Hz,2H)84(d,J=1.7Hz, 1 H} 8.7 (s, 1 H)
H4 4-methoxy-benzyl 9.2 (s, 1 H)

The compounds of Example Table H have the following chemical names
(Example No.):



Bi ol ogi cal Data Table 1. Exanple MW-13CD Exanpl e MWP-13CD Exanpl e
MVIP-13CD No. IC50 (Ii.M No. I1C50 (PM No. IC50 (NM 123 456 78
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
32 33 34 35 36 37 15 MW-13 catal ytic domain inhibition for the conpounds
of Exarrple Table A are shown below in_Biological Table Al in the col ums

| abel led "I MP-13CD |1 C50 W" -158- Bi-blbgical Data Table Al. Exanple

1 100 P 9 RS e Ay R M 1 8 (P2 0
0.0036 AlGehkdic béid (agpns not available 5 MW-13 catal ytic donain

i nhibition for the cog:)ounds of Exanple Table B.are_shown below in
Bi ol ogi cal Tabl &-&-{3-F-{4Elvem-phamyDreeael ey ll-mwdin 3oy -tetrazol-2-

yimethyl)-benzoic acid (H2);
5 4-{5-[5-(3-Imidazol-1-yl-prop-1-ynyD)-pyridin-3-yl]-tetrazol-2-ylmethyl } -
benzoic acid (H3); and
4-(3-{ 5-[3<(4-Methoxy-phenyl)-prop-1-ynyl]-pyridin-3-yl }-tetrazol-2-
ylmethyl)-benzoic acid (H4).

10 EXAMPLE 11

[4-(5-{3-[3~(4-Fluoro-phenyl)-prop-1-ynyl]-phenyl }-tetrazol-2-ylmethyl)-

phenyl}-acetic acid
Q\g
Ny

15 M.P. 158-159°C.

EXAMPLE 2
4-(5 ~{3-13-(4-Fluoro-phenyl)-prop-1-ynyl]-phenyl }-tetrazol-2-yimethyl)-
cyclohexanecarboxylic acid

Q0
OH

N

N=5
: . C 2 'N
N

MP 172-173°C.

The following compounds of Examples X1 to K3 are compounds of
Formula I that will be synthesized according to the procedures described above.

25



|C50 (pM." Biological Data Table B 1. Exanple MWP-13CD Exanpl e MWP-13CD
Exanpl e MW-13CD No. 1C50 (pM No. 1C50 (pM No. 1C50 (pM Bl 49 B2 0.2
B3 0.014 B4 Na B5 Na B6 NNa 10 N a neans not avail able MW-13 catalytic
dormain inhibition for the conpounds of Exanple Table C are shown below in
Bi ol ogical Table C in the colums |abelled "MW-13CD 1C50 (NM.,, 15

Bi ol ogi cal Data Table O . Exanple MvP=1P8TD Exanpl e MVP-13CD Exanpl e
MWP-13CD No. I1C50 (PM No. 1C50 (%MK@SO (PM d 3.4 C2 0.0011 C3
Na C4 0.0015 Na neans not avail able -159- MWw-13 catal ytic domain

i nhi bition for tHel4eGrf3ei3rdstodrompbany)-propablysylDphenyl stemamold2| ow i n

Bi ol ogi cal Tabl | .in the colums ]abelled "MW-13CD 1C50 (I~ " 5

Bi ol ogi cal dZ‘P%‘ﬁh“g@PEH “‘.’YC@&HWEC%J’T‘%&B Exanpl e MM 13CD Exanpl e MVP- 13CD
No. 1C50 (NM No. 1C50 (M No. 1C50 (NM DI 0.004 0.013. D3 0.007 D4
0.15 D5 0.15 D6 2.8 D7 1.3 D38 0.33 MW-13 cat al y# omai n inhibition for
the conmpound of Exanple EIl is shown bel ow i 4 cal Table El in the
columm | abelled "MwP-13CD I C50Q 10 (JAMQ,,,N\N

N )
N N

EXAMPILE K2
3-(5-{3-[3-(4-Fluoro-phenyl)-prop-1-ynyl}-phenyl }-tetrazol-2-ylmethyl)-

N \QW(OH
N=5
. \ — lN
F ' ‘ 1

EXAMPLE K3
4-{5-[2-(4-Fluoro-benzylcarbamoyl)-6-methyl-pyridin-4-yl]-tetrazol-2-

benzoic acid

10

ylmethyl }-benzoic acid

| N,
0 Ny
NN
Ho g
F

The compounds of Formula I can be evaluated in standard assays for their
ability to inhibit the catalytic activity of MMP enzymes. The assays used to

0
OH

15

evaluate the MMP biological activity of the invention compounds are well-known
and routinely used by those skilled in the study of MMP inhibitors and their use to
20 treat clinical conditions. For example, compounds of Formula I may be readily
identified by assaying a test compound for inhibition of MMP-13 according to
Biological Methods 1 or 2, and further assaying the test compound for allosteric



Bi ol ogi cal Data Table El. Exanple MWP-13CD Exanpl e MVWP-13CD Exanpl e
MWP-13CD No. 1C50 (ice) No. 1C50 (NM No. 1C50 (NM El 0.058 MWM13

catal ytic domain inhibition for the conpounds of Exanple 'I_'a_bl,e 15 F are
shown bel ow in Biological Table F1 in the columms |abelled "MW-13CD |C50
(jiM." Biological Data Table FI Exa | e MWP-13CD Exanpl e MWP-13CD Exanpl e
MM 13CD No. I1C50 (aM No. 1Cbh0 /- 1 C50 (M) FI0099F2028F3

i 11 Ei‘zoiaﬁ%e{c?p%@%@é’gfisecgrféws:&%la%ﬁ#%ﬁ?ﬁh@%d%?.ogﬁ R Cpounds of

Exanpl e TabhegowG are shown bel ow I n Biological Table Gl in the col umms
| abel l ed "MWP-13CD | C50 N 5 Biolggical Data Table GL. Exanple
MVP- 13CD Exanpl eF: Iadvps 1ReERtcqBy theesmpoNs ¢fo. 1 G50 (M) No.

8 1.6 N o L BT, *%%% B B A

conpognds  oforiréa I RotenclabisemedsOred By I€s S fovith MM WS cataBiioldogiatiior thebl e H i n
the colu msmlvglgtfolnl c%%pou% t%qi%ly ganCSgg fromeout (F b% p%.gf to a&:ou.%%tia pl\)f_.alpl e H.
example, the ICsp of the compound of Example 4 was measured at 0.039 pM and
the ICsp of the compound of Example 2 was measured at 0.058 pM.
MMP-13 catalytic domain inhibition data for the compounds of Examples
10 1 to 37 are shown below in Biological Data Table 1 in the columns labelled
“MMP—I{CD 1Csp (UM).”

Biological Data Table 1.
Example | MMP-13CD | Example | MMP-13CD | Example | MMP-13CD
No. ICso (UM) No. ICso (UM) No. ICs (UM)
2 3
4
8 9
10 11 12
13 14 15
16 17 | 18
19 20 21
22 23 24
25 26 27
28 29 : 30
31 32 33
34 35 36
37
15 MMP-13 catalytic domain inhibition for the compounds of Example Table

A are shown below in Biological Table A1 in the columns labelled “MMP-13CD
ICso (UM).”



Exanpl e MM 13CD. Exanpl e MAP-13CD Exanple MW-13CD No. 1C50 (pM No. 1C50
H1. 0.010 H2 0.0083 H3 0.16 H4 0.0027 1) average of two
data 15 The 1C50 with MWP-13CD of the conpound of Exanple 11 was 0.0026
.tM The 1C50 with MW-13CD of the conpound of Exanple 12 was 0.0012 PM

I nventi on conpounds can be further screened wth full-length MW-2, 20
full-length MW-7, full-length MAP-9-1¥nd MW-14 catalytic domain to

(A) No.

determ ne selectivity of the inhibitors with MW-13 versus the other
Selectivities of the invention conpounds for

enzynes al

1 C50 (NM)

SO.

NV 13

VAP
catal ytic

-161- - dormbmggégrphtgﬁammla_r MWP enzyme (full-length or catal ytic domain),

as
MVP enzyng
expected t
have been
full-1lengt
domai n, M

D 1@5 cat

Elamplég
0 range
as sbi?fed

000
P

MYPHIED

ol e

determined by dividing.the 1Cs() for the inhibitor with a_con

Wity 13€D; hExampleb

WA 1 7

drple
tain co
3 cafaly

W—i‘i%@féc
ti ?‘g@ﬁ& §

par at or

mai n, are
Formul a |
., MM7

fulga4 engf h, ABRD-

alytic do

in. and

Fulg-Ten
MVP-17 ¢

gt hAS_
talvtic

-T2 gataly
donmaj_ n,. TH

tic
e |1 C50's

for the cd

nmpoA#hds

of Eddnple

T

No&5 ("

o 1 1

Ex. NG ")

h

2, AG4,

L ahal |

Q.

F12,1.and H

l'l 1n "I\I

4 are as

shown bel d

G50 (MW,

welin Bi
We—-O—t

"P- 1

| aalcal
T O T T

2cD? o (

Y

1 ool
TITC G, T arrT

p- 14CPF | C5(

| C50 (pM.
MWP- 8FL ¢

i ca'rN,haol €

FL A8

14CD 17CD

VIVIP-

VP WVP=—

T
Ex. 1G5

o
VP~ VIVA

b | C50 71 CH

l
arfﬁqqg’ré " Il\

- VIVP=VIVH

MP- 3CD
MP- 17CD
- 1FL 3CD

0 1C50 |

IC50 | C50 |

C50 1C50

No. (PM (M (pM (PM (p.M (PM (PM (pM G2 >30 100 7.9 >100 >30 N a 27
>100 N/a means not available

5 MMP-13 catalytic domain inhibition for the compounds of Exampie Table
B are shown below in Biological Table B1 in the columns labelled “MMP-13CD
ICs0 (UM).” ’
Biological Data Table B1.
Example | MMP-13CD | Example | MMP-13CD | Example | MMP-13CD
No. ICsp (M) No. ICsp (UM) No. ICsp (UM)
Bl 49 B2 0.2 B3 0.014
B4 Nfa B5 Na B6 Nia
10 N/a means not available
MMP-13 catalytic domain inhibition for the compounds of Example Table
C are shown below in Biological Table C1 in the columns labelled “MMP-13CD
ICs0 (UM).”
15
Biological Data Table C1. '
Example | MMP-13CD | Example | MMP-13CD | Example | MMP-13CD
No. | ICnGM) | No. | ICs@M) | No. | ICs(uM)
C1 34 c2 0.0011 C3 N/a
C4 0.0015

N/a means not available



C4 Na 4.7 Na >100 >100 18 >30 30 F12 >100 100 >100 >100 >100 Na >100

N a'
profiles,

enzymnes.

t he conpounds of Formula |
assays for their ability to inhibit the catalytic activity of
The assays used to evaluate the MW bi ol ogi cal

activity

vari

H4 >100 4.3 >30 >100 >30 NV a >30 >100 To determ ne the inhibitory
have 15 been evaluated in standard

ous MWP

of the

i nvention conpounds are wel | -known amd3?outinely used by those skilled in

t he study

iy BRI .
assays neasure the a“r%ﬁ%@i}%ﬁ

of MVR,j

el Rl 8ol ool 5RO TRl

hydr ol ysi s DfarésHovintieded &l Biltogict Thblatel mahabylasnis iabeHediviMB-13CD
nmet al | opr ot ei nase

al., in Bi
Met hod 1.

catal ytic

enzynme, MV

Johnson L.
activity a
i nhi bitor

Bl OLOd CAL
deconposi t
matri x nmet
comonly u

A 100 pL assay mxture w il
hydr oxyet hyl pi per azi ne- NM et hanesul fonic acid buffer ("HEPES," pH 7.0),
nmv CaCl2, 100 M thi opeptolide substrate,

benzoi ¢ ac
vari ed,

10

15

,enzyne. Such assays are described in detail
o¥he MY 1y,

herein by reference.

-162- Sone of the particular
catal ytic dBidgic?DatdBalWPI3 enzyne,

domain

(" MNLL' -13CD)

ratt

ons. The

by Ye et
1992; 31(45):11231-11235, which is incorporated
One such assay is described below in Biological

met hods descri bed bel ow use the
nanely matri x metall oproteinase-13

er_than-the

corres

onding fil

p Exgmplet
( rent
hai 'St a

M-k

IE £

APl 6
| em S
doharn d

WIS E5CBy

+ o (R

Yaagplez|
3: 4Q7- 41§
S p edi ct

MNEP- T34 d

) 3t inH
i g0 My d

| -1 engt h
D., and
i bitor

Act Dl Ty
METHQOD

aga.eel th
10 Thio

r ggpect
ptolide

Ivegoisll -
substrates

['engizh WP egagre.

show vi

tually no

onldk hy

AL onr .ot

ydr olyishi s

=2

@ bel

L RN

AT \vay

Dl QO QNS
LT TTAUAO, CIILy

il iZed {

or ays

L 2

L
S - Pr

ow tﬁ}elﬁtral
_Le _'% y_

pHDGn_ th

e abd&nce

of a

hi oest e

-Leu- Leu- a y- CEt .

contarn 50 mvof N2 15

10

and 1 mM 5,5 Cdithio-bis-(2-nitro-

hd) ( %—'132@?&%@ (E)B‘lea?l% glﬁbqgonsfé? %{erc%[ngpocﬁgg of ﬁ}tcéxﬁf)lle%i iy be
shown below in Biological Table E1 in the colnmn labelled “MMP-13CD ICs
(uM).” \
Biological Data Table E1. _
‘Example | MMP-13CD | Example | MMP-13CD | Example | MMP-13CD
No. ICs0 (UMD No. ICso (M) No. ICso (UM)
Eil 0.058

MMP-13 catalytic domain inhibition for the compounds of Example Table
F are shown below in Biological Table F1 in the cohmnns labelled “MMP-13CD

ICso (uM).”
Biological Data Table F1.

Example | MMP-13CD | Example | MMP-13CD | Example | MMP-13CD
No. ICsp (LMD | No. 1Cso (UM) No. ICsp (UM)
F1 0.099 P2 0.28 B3 0.022
T4 021 75 0.024 6 0.024
F7 0.11 F8 0.19 F9 i6



for exanple from10 to 800 ttMto obtain Kmand Keat values. The change in
absorbance at 405 nmis nonitored on a Therno Max m cropl ate reader 20
(ol ecul ar Devices, Menlo Park, CA) at roomtenperature (22C). The

cal cul ati on of the amount of hydrolysis of the thiopeptolide substrate is
based on E412 = 13600 M1 cm | for the DTNB-derived product 3-carboxy-
4-nitrothi ophenOX| de. Assays are carriey out with and without matrix

nmet al | opr gterpase—ni |7U| on MmadsT and; e 3 tyof ”yﬁb BIysSis is
conpared 25 f a [determ natijon of inhibitory agtivity of L est
conpounds. Test corrpounds wer e eval uated at various concentrations in order

to determne their respective | C50 val ues, the m cronpl ar e\fag tration of
conpound requi r ddMBy13 eaialstiedemeiniinbiioniferthe Fomapunds of Exarpph {f]’ of the

respective z 8¢ ffer used
R ST el iﬁ@r@&’%g{ ?%éggﬁéﬁ@%qi@niﬁgdﬁ atéwbH 6.0
rather thanch@MiEPES buffer at pH 7.0 described above. -163- The test
descri bed above for the inhibition of Ma-13 may al so be adapted and used to
deterfine the ability of the conpounds of Fornula Ito inhibit the matrix

met al | opr ot es MWP-3, MAP-7, MM9, AC P-12 and MW-14. 5
Bl OLOG CAL 1‘g"@?‘ﬁtﬁf}wﬁi"J:;é’IF%MD%%esent ative corrpounds of Formula | have been
eval uat ed Ekamf)l@e VIRIpL 130Ty tg,duﬁmebl VM 13ED || nBkdthbler | MNIPVI3OD yer sus
other MWPsl wth th 10 conmpqunds nay |be determ|ned using, for exanple,

MM 117L, whi cNor ef H E:dn(ﬁuMDJI Il | elNgth i ni[@mﬂlM)l al 8o ag=nH~§e(MWV 2FL,

(D

whi ch ref eFs—tg—+Fu t+-h—Cetattrase WP=—-3ED; vhit,l re s—t9 the
catal ytic dongi\in of stpés I ysi n;, ~“MVP- 7FL0 ich reféers hﬁ | emgt h
mat ri | ysi nf—VEF- 9F Vg gfergist 0 tullgooggnatlh Gehat i 1asgo&54MN 13CD,

which refefs to the cata vt|c domain of 15 coll dgenase 3| and MVP-14CD,
which refefs & thg cdl@@%tiq dokin ¢f M8 14,

N/a means not available

MMP-13 catalytic domain inhibition fox, the compounds of Example Table
10 H are shown below in Biological Table H1 in the columns labelled “MMP-13CD

ICso (UM).”

Biological Data Table HI.
Example | MMP-13CD. | Example | MMP-13CD | Example | MMP-13CD

No. ICso (UMD No. ICso (UMD No. ICso (M)

H1 0.010" H2 0.0083 H3 0.16
a4 0.0027

1) average of two 'data
15 '
The ICsp with MMP-13CD of the compound of Example I1 was 0.0026
BM. The ICsp with MMP-13CD of the compound of Example 12 was 0.0012 uM.

Invention compounds can be further screened with full-length MIMP-2,
20 . full-length MMIP-7, full-length MIMP-9, and MMP-14 catalytic domain to
determine selectivity of the inhibitors with MMP-13 versus the other MMP
enzymes also. Selectivities of the invention compounds for MMP-13 catalytic



Test conpounds can be evaluated at various concentrations in order to
determ ne their respective |IC50 values, the mcronolar concentration of
conmpound required to cause a 50%inhibition of the hydrolytic activity of
the respective enzyne. The results of the above assays with other MWs w ||
establish that the 20 conpounds of Fornula | are potent inhibitors of MW
enzynes, and are especially useful ddélto their selective inhibition of

MM 13. Beca Of | t Ctl. L.nhl i tj.vity, the
vompounds. aparaBiyshlls Ape PR ARSBRAECERYS o BRNE Atpealifidsy | (Y, t IR
enzymes. Al desinginedby dividing thedCaf foMhe Idhibitorohitiaa eomparpion MMPehzyios nul a |
may 25 be readil I dentified by as aﬁ)g% a .test conpound for inhibition of
MM 13 accoPytisdCsuelithe inkkites 44 i alytie GAPAR. BeSEBYRRLe ¥hods 3 and

4. BIOLCG md\ﬁg]—ggg) origenic peptide-1 substrate based assay for
I denti fyi ngﬁ‘gorrpoun 50%0@&Forrrul al as allosteric inhibitors of MW-13: 30

Fi nal 5assay cond{CeitainsompOumdylofifBESula I hier baepidssayed with®MPLDfuiM. CaCl2 10 pM

CAenHOD) s IR, DTRtstatiie dormn MM Il T M SO BBITRA 50, §
MVP- 13CD en%mng&wh@qb%iagﬁérdoﬁ%ajﬂ %@Gﬁﬁé’aﬂk‘ﬁé 86maiR ORdWMEEPES buf f er
(pH 7.0) plus 100 mM CaCl2 2)° 10 nmM FP1 substr at e:

(Mca) - Pr o- Leatal@iy domain( ThplCstis dortha campounds of ERampledyosM E8o80.”) B2novel
coumari n- | abgl peptide for sensitive,. 10.continyaus assa e matrix
ot a1 | opr ot GiniCs B8 Eace i eV belay 1o el TabiS LRSS RocllelC
Lett.qg 1992:¢R%p 8 “JINGP. S FoBkPANCD nrg 5 ng FPI
in 0.1257 anDNBO%@?;b)ﬁgg?\/I ACNHOH: ?geg)rlg%g(rugjﬂ’by add_?ng 41@”#”&9% and 1 niL
10X assay bupd/or “MMP-17CD ICsp (WM).”

Biological Table 1.
MMP- | MMP- MMP- | MMP- | MMP- | MMP- | MMP-
1FL 3CD | MMP-| SFL OFL | 12CD | 14CD | 17CD

Ex.| ICso | ICso | 7ICs0 | ICsp IGso | ICso ICso ICso

No.| (WM | M) | (M) | (M) | (M) | (M) | M) | (uM)
C2| >30 | 100 | 79 | >100 | >30 | Na | 27 | >100

C4 N/é 4.7 N/a { >100 | >100 18 >30 30
Fi2 | >100 100 | >100 | >100 | >160 N/a >100 Nfa’
H4 | >100 4.3 >30 | >100 >30 N/a >30 >100

To determine the inhibitory profiles, the compounds of Formula I have
15 been evaluated in standatd assays for their ability to inhibit the catalyﬁc activity of
varions MMP enzymes. The assays used to evaluate the MMP biological activity
of the invention compounds are well-known and routinely used by those skilled in
the study of MMP inhibitors and their use to treat clinical conditions.
The assays measure the amount by which a test compound reduces the
- 20 hydrolysis of a thiopeptolide substrate catalyzed by a matxix metalloproteinase
enzyme. Such assays are described in detail by Ye et al., in Biochemistry,
1992;31¢(45):11231-11235, which is incorporated herein by reference. One such

* assay is described below in Biological Method 1.



to 2.25 g AcNHOH (Al drich 15,903-4). Adjusting pHto 7.0 with NaCH 1 15
Diluting volume to 10 nmL with H2O Final solution will contain 3 M AcNHOH,
50 nmM HEPES buffer (pH 7.0), and 10 nM CaCl2. 4) AcNHCH dilution buffer: 50
nmM HEPES buffer (pH 7.0) plus 10 nM CaCl2 5) MWP-13CD enzyne: Stock
concentration = 250 nM 6) Enzyne dilution buffer: 50 mM BEPES buffer (pH
7.0), 10 mM CaCl2, and 20 0.005% BRI% 635 det ergent (Cal bi ochem 203728;

Protein Gade, 1Q9 : I repar ed
assay m xture: %%8 oEfﬁ% as@%&ﬁ ﬁ?‘%%&%&%ﬁoﬁ%@a 50 (150%1%1_53 R/IACNHO—I

or 55 L AcNdOHediMP-1Denzyufef ammelﬁﬁﬂﬁximmo&ot@lasmléwamcxbmn o5 nM

Ki t ock [ |
Ran ki net S‘Emylséqjéf;”faﬂaer%eﬁgﬁ%e 48 Fp-BREh Prpag. MARRIRY | o 000
DVBO) i nt 0 teen show gfkv%s thy 26 DAV hiTing, ¥lupe Bl Rshivdh L. (@érsi N9

bubbl es. nltlate r actlo swth 10 tLof ' 5 nM MWP-13CD;, m x well, avoid
bubbl &s. 4 Mdderinali (Hteedlxyméﬁ%fﬂ S0T-#&SKhatd nhibondctiviig againg ricgiglyligt r oom

PRO. ver si ofomte dapalRce erans oL s pac el aPRe ek SB i al o, on

94089) . Pr oty flnofIENMP a@ation: 320 nm em ssion: 405 inn 10 run tinme:
15 min interval: 29 sec Umn: -10 RFU nmax: 200

BIOLOGICAL METHOD 1
10
Thiopeptolide substrates show virtually no decomposition or hydrolysis at
or below neutral pH in the absence of a matrix metalloproteinase enzyme. A
typical thiopeptolide substrate commonly utilized for assays is Ac-Pro-Leu-Gly-
thioester-Leu-Leu-Gly-OEt. A 100 pl. assay mixture will contain 50 mM of N-2-
15 hydroxyethylpiperazine-NiR-ethanesulfonic acid buffer (“HEPES,” pH 7.0),
10 mM CaCly, 100 pM thiopeptolide substrate: and 1 mM 5,5Edithio-bis-(2-nitro-
benzoic acid) (DTNB). The thiopeptolide substrate concentration may be varied,
for example from 10 to 800 M to obtain Ky, and K4t values. The change in

absorbance at 405 nm is monitored on a Thermo Max microplate reader
20 (molecular Devices, Menlo Park, CA) at room temperature (22°C). The
~ caleulation of the amount of hydrolysis of the thiopeptolide substrate is based on

Eq12 = 13600 M-1 em! for the DTNB-derived product 3-carboxy-

4—nitroﬂ1io§henoxide. Assays are cartied out with and without matrix
metalloproteinase inhibitor compounds, and the amount of hydrolysis is compared
25 for a determination of inhibitory activity of the test compounds.
Test compounds wete evaluated at various concentrations in order to-

determine their respective ICsq values, the micromolar concentration of

compound required to cause a 50% inhibition of catalytic activity of the respective
enzyme.

30 It should be appreciated that the assay buffer used with MMP-3CD was .
50 mM N-morpholinoethane sulfonate (“MES”) at pH 6.0 rather than the HEPES
buffer at pH 7.0 described above. o :



Vmax points: 32/32 D. Conpared % of control activity and/or 1C50 with

i nhi bitor test conmpound AcNHOH 15 Hydrolysis of the fluorigenic peptide-1
Substrate, [(Ma)Pro-Leu-dy-Leu- Dpa-Al a-Arg-NH2; Bachem catal og nunber
M 1895], wherein "Ma" is (7-nmethoxy-counarin-4-yl)acetyl and "Dpa" is
(3-[2, 4-dini trophenyl ]-L- 2,3-diam nopropionyl), is used to screen for

MM 13 catal ytic donmain (CD) i nhi bit orl€3- (Dpa may al so be abbreV| ated as

"Dnp".) Reaction 00, L fer 0.01 M
cal cium chl ori de?h%tleéto‘?:e@} 0 PO yg J]{(%Ql? Hg%‘r"?@%ﬁ@%’bﬁ H%BE% Brlj 35"), O
or 15 mM acgdpldn@xesd ® c&wrﬁh;ncltﬁe aMhFﬁif thé ng_)&m@ls Bl\’Féx‘ﬁn@a Pronbhibiahi bi t or
in DMSO (2% final). After recombinant human 13CD (0.5 nMfinal) is

added to i niheimatdx metallopeteassoMME-eMMIP2, MMUS, UEVIP';” MMFFQ_L hydrol ysis is
det erm ned Mg&ﬁm fie 25 increase in fluorescence at 405 nm (upon

excitation conti'nuously for up to 30 mnutes on a mcroplate
readep at roomtenperature. Alternatively, an endpoint read can al so be

used to determ ne reaction ve étéﬁ méh%g%the initial fluorescence of
the solution, as recorded bef ?yrre, is subtracted from
the final fluorescence of the reaction m xture. The inhibitor is assayed at

30 different concentration values, such as, for exanple, 100 M 10 pM 1 M
100 nM 10 nM afcmé¢ mpeschibaivet doanponkddiof dﬁonno]lacbhaveabéamnev'ﬁlapéd)fdred on the

7156~ oxper MRS aE YR ?« DU aigs AP HeN ey ower VEYEE Guth Bevi t h
| nhi ot o) ioxbelfls B 6o/ BieAbikd WeinBOKl: xBRR NP 1L OQRic g0 Y- X1 S 1O

determ ne | alués.” This determ nation done for experinents done in
t he presenciuil dmgtleanmumht@ﬂagmaem MMREFELL swhick, redérs atetfolhylngihani c

100} 1 (11 PrPeasphOMVP-Sta bt o F5 e, G pmaifctineielsssn, 1 cso

is the Concmmommﬁhﬂemmﬁmrlem&@mmﬁnr RAADIOND., KMich fofors ROMII Nhi bi t ed

relative to the control, and slope Is the slope of the 1C50 curve at the
curve's inf leagth ielasivesa B; MMPyLHIA! iwhich refers tto sthe avasalyde rdosnafi tafi ng
equatllson collagenase 3; and MMP-14CD, which refers to the catalytic domain of MMP-14.

k!

Test compounds can be evaluated at vatious concentrations in order to determine

their respective IC5q values, the micromolar concentration of compound required

to canse-a 50% inhibition of the hydrolytic activity of the respective enzyme.
The results of the above assays with other MMPs will establish that the
20 compounds of Formula I are potent inhibitors of MMP enzymes, and are
especially useful due to their selective inhibition of MMP-13. Because of this
potent and selective inhibitory activity, the compounds are especially useful to
treat discases mediated by the MMP enzymes.
Allosteric inhibitors of MMP-13 which are compounds of Formula I may
25 be readily identified by assaying a test compound for inhibition of MMP-13
according to the methods described below in Biological Methods 3 and 4.

BIOLOGICAL METHOD 3
Fluorigenic peptide-1 substrate based assay for identifying compounds of
Formula I as allosteric inhibitors of MMP-13:

30 Final assay conditions:
50 mM HEPES buffer (pH 7.0)



regression. 10 Results may be expressed as an 1C50 Ratio (+/-) ratio, which
means a ratio of the IC50 of the inhibitor with MMW-13 and an inhibitor to
the catal ytic-zinc of MW-13, divided by the 1C50 of the inhibitor with
MWP-13 wi thout the inhibitor to the catalytic zinc of MM13. Conpounds of
Formula | which are allosteric inhibitors of MM13 are expected to have an
| 1C50 Ratio (+/-) ratio of |ess than-164-15. and are expected to be

synergi sticm' e inhibitor to the catalytic zinc of MW- 13 such as,
for exanpl e, "AC 2 Conpounds of Fornula | which are not allosteric

inhibitors I@Q*Mu%ﬁgéfﬂiék)e L NeTPi ¥ebiirdihie assay or will have an | C50

Ratio (+/-) greater n 1, unless otherw se indicated. Results can be
confirmed (byr 6 mbt dcemhyspapmimadid (AdNHOR el Kgl | known in the bi ocheni cal
art. 20 BIOLOG CAL METHOD 4 Fl uorigenic peptide-1 based assay for

i dent i fyi n2%DNS® éwith or miithont iphibiter testagmiorndet al | opr ot ei nase- 13 catal ytic

domain (" = 1 * o I nner simlar to Biological Method 3, an
assay is r SM"Iﬁplﬁﬁgﬁant houroline is substituted for

acet ohydr oxgrri c acid to identify conmpounds of Forrmula |I. Aninal nodels nay
be used to VeFKANHUNS: hat the instant conpounds of Formula |, or a

phar maceut i gahby 2866 $atfeR 560 SAUIHEPES Beffer (pgtgﬂﬂé@ (}g@s Hahvt chor, 30

preventing, “treating, and inhibiting carti mage, and thus for _
treating - 15710 asvied@lt heubbtrste: f cA)Fasdke-GlilauRiDeg)-D a&%ﬁm@ﬂ% | nodel s
are described below in Biological Methods 5 and 6. BI &OGI CAL HOD 5 5
Monosodi um | o{Rahemat M-188fi)c éd Qedvebacddmarin-abelad Raeptided dior ofenhivei | age

Damage ("M A Rat!'): One end rgesylt of the induction of oste artc(t; itisin
t hi si®rodel , aSOnHUPRY nFBY LY hﬂ%"t aEE: BAEHORIPENases. t pg el émsnt of an

osteoarth iti gyneRngil FoandMdtbRy, iheFRBEaGSd dointk 268266138 prepiichized by
the | oss of Tol uidine blue -
10 mM stock by dissolving 5 mg FP1 in 0.457 mL DMSO.
3) 3 M AcNHOH: Is prepared by adding 4 mL HyO and 1 ml. 10X assay buffer
to 2.25 g AcNHOH (Aldrich 15,903-4). {deusting pH to 7.0 with NaOH. -
15 Diluting volume to 10ml with HpO. Final solution will contain 3 M
AcNHOH, 50 mM HEPES buffer (pH 7.0), and 10 oM CaCly.
4) AcNHOH dilution buffer: 50 mM HEPES buffer (pH 7.0) plus 10 mM CaCly

5) MMP-13CD enzyme: Stock concentration = 250 nM. |
6) Enzyme dilution buffer: 50 mM HEPES buffer (pH 7.0), 10 mM CaCly, and

20 0.005% BRI 35 detergent {Calbiochem 203728; Protein Grade, 10%)

Procedure (for one 96-well microplate):
A. Prepared assay mixture:
1100 pL 10X assay buffer
11 pL 10 mM FP1
25 55 uL 3 M AcNHOH or 55 pL. AcNHOH dilution buffer
8500 pL. HyO
B. Dbiluted MMP-13CD to 5 nM working stock:
22 pL. MMP-13CD (250 nM)
1078 plL. enzyme dilution buffer
30 C. Ran kinetic assay:



10 staining and formation of osteophytes. Associated with the histol ogic
changes is a concentration-dependent degradation of joint cartil age, as
evi denced by affects on hind-paw weight distribution of the linb
containing the affected joint, the presence of .increased anounts of

prot eogl ycan or hydroxyproline in the jgint upon biochem cal analysis, or
hi st opat hol ogi cal anal ysis of the ost arthritic 15 |esions. Cenerally, In

the M A Rat rrqglig# Vi i j 3 ntial between the
right arthrll'ti C %n?ﬁtzl?&;'nlaﬁrtbggp%ﬁ%&ﬁ@%g@’%ﬁsoﬂ&é& 621- Wstar rats (150
g) are det em Addi8&\uissy mintapand hanwell taveiding bubbltel 2KG (Linton

I nstrumentatiqn,. Norfolk, Unite I i ncapaci t an tester has 20
a chanber oh' %ﬁ‘%?ﬁcwsﬁﬂm&‘&gﬂ%;i?g%%ﬂe& ﬁ‘é‘tlggﬁlﬁg?ﬁts arat's
front 1inbg, wpicediNBy it REKRLRS HAEreadi¥fs bfoosfEhpBltepaw that
facilitates this detgrm nation. Then the rats are aneslp1et| zed with

i sof | dori ne, andFluseimeiteghFahildoresaegek MierophitsmReader i & SQFBEMAM PROL. 0 ng of
mono-i odoacetate ("M A"') thorough the infrapatellar |igament. Injection of
MA into the joi Nersiasbiltsoftware HMdlemilasi Pedgeso Coprations odwmiysalan@Aevent ual
deat h of surroun?jug@ chondrocytes. The rats are further adm nistered

ei ther an invent g'orrpound or vehicle (in the instant case, water) daily
for 14 days or 28 day®Protddemepnenti on conpound is typically adm nistered at
a dose of 30 ng per kilogramof rat per day (30 ng/kg/day), but the

i nvention conpound niyctigEondA0mat PSRN TR doses such as, for
example, 30 10 ny/ kg/ : g/d 0 glday, or 100 ng/ kg/ day
accgﬂgi ng to the rqullﬂ%/%mng:gltsgm{)r';( thgf}f%rg%lﬁ%%édybei ng studied. It is well
within the | evel of oR#fUhaiwy-16kil| RIFX#ex: @@ maceuti cal arts to determ ne
a proper dosage of an_jnvention_.conpound in this nodel. Adm nistration of
the invention conmpound niax ROMtE 325el - 168- is optionally by oral o
adm ni stration.,or _intravenou dmnistrati Vi g, an osnoti unp., After 7
2 14" days Dt GrOPH T OSRRgI andor o it 3BREF st colPElid ek
study, the hi nﬁ-mﬁgi ght distribution is again determ ned. Typically, the
ani mal s adm ni‘s'} vehi cl e al one place greater weight on their unaffected

left 55 hind paw pRarmipis 6f8é Flubdiginic péptide Nabstidi, [eVMBRPIRLsu-Blyd Bhst ered an
i nvention
Dpa-Ala-Arg-NH,; Bachem, catalog number M-1895], wherein “Mca” is
(7-methoxy-coumarin-4-ylacetyl and ‘“Dpa” is (3-[2,4-dinitrophenyl]-L-

2,3-diaminopropionyl), is used to screen for MMP-13 catalytic domain (CD)
inhibitors. (Dpa may also be abbreviated as “Dnp”.) Reactions (100 uL) contain
20 0.05 M Hepes buffer (pH 7), 0.01 M caicium chloride, 0.005% polyoxyethylene
(23) lauryl ether (“Brij 35”), O or 15 mM acetohydroxamic acid, 10 uM FP1, and

0.1 mM to 0.5 nM inhibitor in DMSO (2% final).
Afier recombinant human MMP-13CD (0.5 nM final) is added to initiate
the reaction, the initial velocity of FP1 hydrolysis is determined by monitoring the
25 increase in fluorescence at 405 nm (upon excitation at 320 nm} continuously for
up to 30 minutes on a microplate reader at room temperature. Alternatively, an
endpoint read can also be used to determine reaction velocity provided the initial
fluorescence of the solution, as recorded before addition of enzyme, is subtracted
_ from the final fluorescence of the reaction mixture. The inhibitor is assayed at
30 different concentration values, such as, for example, 100 uM, 10 uM, 1 pM,
100 nM, 10nM, and 1 nM. Then the inhibitor concentration is plotted on the

-X-axis against the percentage of control activity observed for inhibited



conmpound show a nore normal (i.e., nmore like a healthy animl) weight

di stribution between their hind paws. This change in weight distribution
was proportional to the degree of joint cartilage damage. Percent

i nhibition of a change in hind paw joint function is calculated as the
percent change in hind-paw wei ght 10 distribution for treated animals
versus control animals. For exanple, -¥fr a two week study, Percent

Ry S G B R SR A 2
heal thy | efdy ¢velseitpreitidae iﬂﬁbilfﬁrg(il@{}) ofitthefY-hukie 16 QRtciincATC ypvatachri ni st er ed
vehicle al one, as neasured on y 14; and DW is the hind-paw wei ght

di f f er ent i &fhihddtoveenaticnes dord fongxperfhents dore ianke plesenae,tdandiekperimentd of t he
ed on Day 14, 20 In

ani mal adm ni stered, an i nyenti on conpound,..as asu

order to meRE® f%%i%ﬁ%%%@%‘?%%ﬁﬁ&f*ﬂ&aaiaegﬁt @nthe BOIAOT FHCehe M A
Rat del, so of ..t he ani ' e st ud .be sacrifi.ced, and

t he unt scoﬁgglf rEEV Yotzeow&a"m}r@@@téﬁﬁ%ﬁ’e ‘Bﬁ? ogﬁ%/hl?i e Mﬁorknee
joint and th ter I L Ok Aly: i,

Jbi Ioc hem c_a!Cog%eéll&%g%’é’:ak%ﬁelsqg%;glfrl\‘%en%?g cfnr Qg“g@% e)c/)wg e?/-%gﬁé ?%a@}lﬁ:gq%tgﬁ% ral at er al
left knee |{gofiq it Ef v@}:@ﬁéeéo'ngkﬁl, %ﬁd‘éﬂglﬂ?s rs1d %ﬁﬁ@@@g%gﬁrvya?e
proteoglycan 1n a healthy joirnt. The anount o prot eogl yc In the

ost eoar t hrigh eufe@aflkARA p&thi)tusing wMliABrJeAE Ry Rrdst Qreslfifting édiedsh i on
conpound, and the anount of protedglycan in the osteoarthritic right knee
joint in anmeg@étomadm ni stered vehicle al one, are independently conpared to

t he unt of prptepglycan in the contralgteral \left knee jqint, . .The
oroulle 0f 90 prSaBTmT ER chdieisBE 2 BRIC RN AYn il bR Nraid 00
expressed en o tlpﬂtﬂﬁ’f- L.y G :
contral at e?(gfltﬂﬁe(%eﬂ ifnt}eigérﬁjg%?lko?%@on ro %%ﬁg ﬁg@%ﬁ%@ﬁfﬁ?ﬁ%ﬁﬁgfﬁ
prot eogl ycampiiRgs, difia¥d B tACsH or iRMinabitor WitANMIMEOH WaBeut! (RS Mhibitor
to the catalytic zinc of MMP-13. Compounds of Formula I which are allosteric

inhibitors of MMP-13 are expected to have an ICsq Ratio (+/-) ratio of less than i,

15. and are expected to be synergis;tic with the inhibitor to the catalytic zinc of MMP-
13 such as, for example, AcNHOH. Compounds of Formula I which are not

allosteric inhibitors of MMP-13 will be inactive in the assay or will have an ICsq

Ratio (+/-) of greater than 1, unless otherwise indicated. Results can be confirmed

by kinetics experiments which are well known in the biochemical art.

20
BIOLOGICAL METHOD 4
Fluorigenic peptide-1 based assay for identifying allosteric inhibitors of
matrix metalloproteinase-13 catalytic domain (“MMP-13CD”):
25 In a manner similar to Biological Method 3, an assay is run wherein

1,10-phenanthouroline is substituted - for acetohydroxamic acid to identify
compounds of Formula L.

Animal models may be used to establish that the instant compounds of
Formula I, or a pharmaceutically acceptable salt thereof, would be useful for

30 preventing, treating, and inhibiting cartilage damage, and thus for treating



fromjoint (%9 with vehicle) - (proteoglycan loss fromjoint with an

I nvention conpound)] = (proteoglycan loss fromjoint (%9 wth vehicle)} x
100. 5 The M A Rat data that are expected fromthe anal ysis of proteoglycan
|l oss would establish that an invention conpound is effective for
inhibiting cartilage damage and inflammtion and/or alleviating pain in
manmmal i an patients, including human. *Me results of these studies with

or al dosing r abel | ed
or oL 405, 19 By R SR, Pkt o uch QAT DBt

Li mi tati on, in BiXl&gGcal Métbodsi harf¥ES means Significant Decrease In Cartil age
Er osi on Sev.eri ty, and "SIJWH E", wherein SIJWHLE neans Significant
Increase in Joints Wthout Hi nd Linb Erosion. The proportion of subjects

wi thout hind Iinb erosions magibg cRAZREETHED 515 an Exact Sequenti al
Cochour an- Anni t age Trend test SAS(r) Instltute 1999) The
Cochouf an- Aivfornasgdivif ledehcetatet-indycadifpdtenatt artiagedet er m ne

whet her the proporti of,, p03|t|ve or Yes responders i ncreases or

decr eases \%ﬂ&ﬁq‘é@&%‘ | evel s of treatnment. For the particul ar study,
it is expected tR§fe chbQesult WYRRS inBhctRRAioTBbBoMHERHS i tHiPnblele#s0Si ons i ncreased
Wi th increasing dose. 20 The ridit analysis may be used to determ ne

di f f er ences determined ay histologic enalysisie thetdpyelypiment s ep ppteedrthdikes i nt o account
both the er03| 0| tothe
superficial © (%H,P%&’atglq tég gﬁg&e%} 336% ac Sm?fégﬁeg&osgfo ,4119981 ug

(smal{p medi swimﬁg gnd ﬂ)&ﬁ%orﬂbmtdobhﬁés byesetimedlivi thdlsis@icac chahgdste al ar gest
erosion in each Score _into thirds)_ sinultanegusly. The analysis 25

recogni zes tdoacenéa@mdwepd@ﬁ dgm@aqwfg@nmamlgg@ i e“ﬂ?ﬂ"eéé‘é §ffﬁ6t§ ®3ssume a
th t | f
mat hemat | caam %»tm%:]@%ﬁu{%%gﬁgfqth‘é@ﬁﬁﬁc gg cfamage Anig?,?%l or measuring

ef fects of n-conpoun anmat i on
and/ or pai n gr&sef@ssfindiesied einownitis of ﬁmdocgg:cmbr hydet:typolfe iR GheGoik OG CAL

METHOD 6 | nducti on of Experinental eoarthritis in Rabbit ("EOA in
Rabbit"): - Mpon biochemical analysis, or h1stopat ological analysis of the osteo tic
15 lesions. ‘
Generally, In the MIA Rat model on Day 0, the hind-paw weight
differential between the right arthritic joint and the left healthy joint of male
Wistar rats (1507g)' are determined with an incapacitance tester, model 2KG ..
(Linton Instrumentation, Norfolk, United Kingdom). The incapacitance tester has
20 a chamber on top with an outwardly sloping front wall that supports a rat’s front
liznbs, and two weight sensing pads, one for each hind paw, that facilitates this
determination. Then the rats are anesthetized with isofluorine, and the right, hind
leg knee joint is injected with 1.0 mg of mono-iodoacetate (“MIA”) thorough the
infrapatellar ligament. Injection of MIA inio the joint resulis in the inhibition of
25 glycolysis and eventual death of surrounding chondrocytes. The rats are further
| administered either an invention compound or vehicle (in the instant case, water)
daily for 14 days or 28 days. The invention compound is typicaily administered at
a dose of 30 mg per kilogram of rat per day (30 mg/kg/day), but the invention
compound may be administered at other doses such as, for example,
30 10 mg/kg/day, 60 mg/kg/day, 90-mg/kg/day, or 100 mg/kg/day according to the
' requirements of the compound being studied. It is well within the level of ordinary
skill in the pharmaceutical arts to determine a proper dosage of an invention

compound in this model. Administration of the invention compound in this model



Normal rabbits are anaesthetized and anteronedi al incisions of the right
knees perforned. The anterior cruciate |iganents are visualized and
sectioned. The wounds are closed and the animals are housed in individual
cages, exercised, and fed ad libitum Rabbits are given either vehicle
(water) or an invention 5 conmpound dosed three tines per day with

30- ng/ kg/ dose or 10-ny/ kg/ dose. The -l6fvent i on conpound rmay be adm ni stered
at other d . %ﬂ:ﬁinﬁﬁ% : [ - ol Rfmoic L1 mes 60
ny/ kg/ day i%g@roéﬁ%bfém% e requ%sn%lﬁltégv%‘w%aﬁe Q’f%ﬁﬁ??@%ﬁcongound bei ng
studi ed. Thenpalbitp asd bt daptsifans wadweelveedy oalf Bt, and 08 deysfoantburhe proxi nal
end of the tibia and g;jgdgi st al e{}gtrigf_the femur are & rerg@vetﬁjl from each
ani mal . Mvgek sy the Ay Weight PHoRyE 28918 GgleEldy WSl condyl es
and ti bi al amxgﬁ] adie d (A AR PRESkRhiér WRHSE o tiiiiRaftiEWIeN Cr oscope
(St ereozoom aﬁsc H%Eél?%nb, Rogﬁe ter,éI%N\(g. %ﬁeodepth of erosion is graded
on a 5cal e hifd ghwt thad oashefiodighehind 57, grhild ennals arbmindsterediarf myentiolr ade 1 =
mnimal fibrillatjgon or a slight,yellow.sh . discoloration of the surface;
Grade 2 = é’PBg’PB‘Hi IRt (lguwﬁl%f %Pe%'?’y aﬂ”ﬂ%*‘_ge’iggéj)ers only; Gade
3 = erosi Orhiﬁ%iﬁlﬁﬂﬂ'ﬂéﬂvéeﬁttﬁ’eiﬂﬁﬁﬂ phRY.aMhSs chiah @R Weightifib@sonexdsendi ng to
subchondral bone. The surface area changes are neasured and expressed in
nun2. Repr geepiradtalto thp degmenbjoiniyartilage dowages Fercepy inhibition dfaghargec gr adi ng

bel ow),. , Hi st ol ogi. ¢ G.adi ng, Hi st ol ogi | pation, i d
Sagi ttal  sdpbigRevaRt PR et Pl e ub R RSl OB 2
condyd e anQudriihitih 1Bt AéRaLaniBelsivatsus 66itio? Bsindals. BO) exadiple, Borepavoed and

stained with safranin-O The severity of OA lesions is graded on 25 a scale
of 0 - 14 byeekwbdyndependent observers using the histol ogi c-histocheni cal

I f Mar ki T ar. . Thi |, Ly of OA | esi
baced on the | decegtnbibtidh AR Faf ARl baRne Bt 0 1 1P R e

(scale 0 - 3), invasion of tidemark by ood. vessel s, (jscale 0 - 1) and
structural changes (scale 0 - 6). On thi | gt t@dWgcafg, O indicates nornal
cartilage structure and 6 indicates er oskoh- df —the—30}' c&db® | age down to
t he subchondral bone. The scoring systeml|is Has@®Woh {He nost

A

wherein: [IW is the hind-paw weight differential between the
15 healthy left limb and the arthritic limb of the control animal administered vehicle
alone, as measured on Day 14£ and i
W is the hind-paw weight differential between the healthy left
Jimb and the arthritic limb of the animal administered an invention compound, as
measured on Day 14.

20 ' In order to measure biochemical or histopathological end points in the
MIA Rat model, some of the animals in the above study may be sacrificed, and
the amounts of free proteoglycan in both the osteoarthritic right knee joint and the

~ contralateral left knee joint may be determined by biochemical analysis. The
amount of free proteoglycan in the contralateral left knee joint provides a baseline

25 value for the amount of free proteoglycan in a healthy joint. The amount of
proteoglycan in the osteoarthritic right knee joint in animals administered an
invention compound, and the amount of proteoglycan in the osteoarthritic right
knee joint in animals administered vehicle alone, are independently compared to
the amount of proteoglycan in the contralateral left knee joint. The amounts of

30 proteoglycan lost in the osteoarthritic right knee joints are expressed as percent



severe histologic changes in the nultiple sections. -171- Representative
speci nens of synovi.al nmenbrane fromthe nedial and | ateral knee _
conpartnments are dissected fromunderlying tissues. The specinens are
fi xed, enbedded, and sectioned (5 um as above, and stained with
henatoxylln eosin. For each conpartnent two synovi al nenbrane speci nens
are 5 examned for scoring purposes aﬂé he hi ghest score from each

conpart nent r t n onsi dered as
2 Unit for IoRoEHB Rl hip Y G A0CoREREfal el A Blisdn I o0 20 ol &
of 0 to 10 patcémmmdepeﬂﬂmmOglwbﬁmmey beachimﬂged hsa{[gpmteeglyodn 18sshi st ol ogi ¢
criteria: novi al lining % Z%per asi vi |l ous

o .
hyper pl asi afP@dalné(% Wlth)"ehléf feaglygsn ]@éaffr pmt T’éfhlaﬂf‘ﬁ“fem‘%% on by

nononucl ear L ndi cates nor nal
structure. g@ﬁ“@ﬁ g&’%ﬁ@ym S b/%? @gs)qgndgfg&%a}s g%q cul ated and
statistical analygé Mat@mhmagxpeme fidanthe\dhilysie wf proteglycad s he
results of these studies would be exp ec@id to show thﬁ% an i nvention

conpound wol?:’l0 aldrestablish thakansinyention copwopptissifetive fosmbibsting cpiligeaus, and
per haps I n concl usion,
t hese resul ?ﬁtﬂ%%?éh%’\% ?ﬁa@%ﬁuﬁﬁgﬁéé]gnﬁggﬁ{p%ﬁ% '}lﬁﬁsﬁave significant
i nhi bition glch@éigshuneam. t he damage to cartilage. 20 The foregoi ng studies
woul d establish that an in entlo conpou S ectlve r the inhibition
of cartilage dandBercsals ¢ ggﬂ‘@ygqsm%ﬁpﬁlé ?ijcﬁﬂ’ée‘{)’é‘ tPulatng ¢ hus
usef yp, for @aimﬂém ﬁmgfl ﬁ&@gﬁﬂer Ml Y, WRSKIPDRL Sheatf thritis in

human, and - sor Such a freatnent offers a distinct
advant age ohfhiibmom ef]anglfmleaﬁmhlmmuoha‘tsmsj’ woetiefity SPEIES weans nf | ammat i on 25

or and ot her The effectivenes ,,| vention conpound
in this m)§¥ﬂm \‘/ﬁ?ﬂgﬁ %ﬁ%h%ﬁgﬁgrﬁﬁ%ﬁ Fram |Sﬁvf'ém’1@ﬁ ?63 ET?I have - °
clinically Bﬁ%ﬂ&@@ﬁ ﬁ&npﬁ@yeﬁgﬁin%nﬁwl%uimmmmmﬂl age danmage,
pai n and/or In tion.” Admnistration according to the invention nethod

of an invention The proportion of SllbjCCtS without hind limb erosions may be analyzed via
15 an Exact Sequential Cochouran-Anmtage Trenfi test (SAS® Institute, 1999). The

Cochouran-Armitage Trend test is employed when one wishes to determine
whether the proportion of positive or “Yes” responders increases or decreases
with increasing levels of treatment. For the particular study, it is expected that the
pumber of animals without joint erosions increased with increasing dose.

20 ' The ridit analysis may be used to determine differences in overall erosion
severity. This parameter takes into account both the erosion grade (0 = no
erosion, I = erosion extending into the superficial or middle layers, or Il = deep
layer erosion), and area (small, medium and large, quantified by dividing the area
of the largest erosion in each score into thirds) simultaneously. The analysis

25 - recognizes that each unit of severity is different, but does n_ot assume a
mathematical relationship between units.

Another animal mode! for measuring effects of an invention compound on
cartilage damage and inflammation and/or pain is described below in Biological

Method 6.
30 ' BIOLOGICAL METHOD 6

Induction of Experimental Osteoarthritis in Rabbit (“EOA in Rabbit™):



conpound to a manmal to treat the diseases |listed above is preferably,

al though 30 not necessarily, acconplished by adm ni stering the conpound,
or a salt thereof, in a pharmaceutical dosage form -172- The conpounds of
Formula I, or a pharnmaceutically acceptable salt thereof, can be prepared
and adm ni stered according to the mvg lon method in a wde variety of
oral and parenteral phar maceuti cal ﬂge forms. Thus, the conpounds of
Formula |, or ' GG e 5

adm ni stered by | nj eag?ﬁ%ﬁ !ﬂt%% éél %ﬁéﬁ%%uﬁd@%ﬁg%g%?égﬂ Yy,

i nt r acut andémesd perfcﬁmbdtmﬂrmmmlrymmam hgjnmnl@amlvhgpahmd andtsectioeed-t oneal | y.

Al so, the _conpounds of Fqr har Il acce t abl e salt
t her eof , caHepEoUNdy grel %ch,agg i ﬁ'ﬁlaﬁf‘t}? H’é&gﬂﬁ%es’leﬁ? Bhasal 1y.

Addi ti onal | d e hlélé @ PR eshiienl |y acceptabl e
salt there a}ﬁ %aﬁdggﬂiﬁg a mﬁ%?{stggred trfam‘?sderr(natfl 9651, It wll be obvious to

t hoseS ski | | epionnd desedrthree tiates peredaytwith dhimaikgldewmge 10aongke/dese- Ebopri se as

t he active .conponent an jnve i nyentd on unds
et | SRR Dmp o 4 B, R SRR Rt Bifer 36 105 P iR 3ot oy

wei ght  of tt‘ﬂﬁesfmﬁ%h@dawara'ﬁﬂﬂes@mﬂgkgmﬁya&@wﬁ £ edfhcaduiARPESI theons from
t he conpounds of Formula I, or phar naceutlcal!%(i/ accept abl e salt

t her eof , (iinventionivempowmid/eeing srgiodcFhe rabbity arpcuthanised  Wealscist abl e carriers

Ca b o e e it 34 B AGPTERRFg gL  o”o0

cacheps, s%ﬁﬁ,%a%me@chgﬁﬁlagl spersi bl e granul es. A solid carrier can be
one or nore substances which may al so act as diluents, flavoring 20 agents,

sol ubi l'i zers, lubricants, suspending agents, binders, preservatives, tablet
di si nt egr at Magroacppid &Grading an encapsul ating material. In powders t he

carrier is a finely divided soli I C S in.,a mxtu ' the finel
di vi ded active CFSIH% %ﬁﬁ%‘?“s Wgt?:p%r@.l %Oﬂfdéﬂresﬁﬁﬁﬁviﬁ%& U i ni st rat?/on

or 20T 1 st bl Qaatewm%}msmg%cﬁ@m (SickGshooR5Bhikch @bleinb, t he

active co nent s mxed wth the carrier having the necessary binding
properties chlmsmer 36Y e The desh of enosioansigradedor o achls of @ et atigpews:
15 grade 0 = normal surface; Grade 1 = minimal fibrillation or a slight yellowish

discoloration of the surface; Grade 2 = erosion extending into superficial or
middle layers only; Grade 3 = erosion extending into deep layers; Grade

4 = erosion extending to subchondral bone. The surface area changes are

measured and expressed in mmZ2, Representative specimens may also be used for

20 histologic grading (see below).

Histologic Grading
Hisblogic evaluation is performed on sagittal sections of cartilage from
the lesional areas of the femoral condyle and tibial plateau. Serial sections (5 um)
are prepared and stained with safranin-O. The severity of OA. lesions is graded on
25 a scale of O - 14 by two independent observers using the histologic-histochemical
scale of Mankin et al. This scale evaluates the severity of OA lesions based on the
loss of safranin-O staining (scale 0 - 4), cellular changes (scale 0 - 3), invasion of
tidemark by blood vessels (scale 0 - 1) and structural changes (scale 0 - 6). On this
latter scale, O indicates normal cartilage structure and 6 indicates erosion of the
30 cartilage down to the subchondral bone. The scoring system is based on the most

severe histologic changes in the multiple sections.



and size desired. The powders and tablets preferably contain from about 5%
to about 70% total, of the active conponent. Suitable carriers are
-magnesi um car bonate, 30 rmagnesi um stearate, talc, sugar, |actose, pectin,
dextrin, starch, gelatin, tragacanth, methylcellul ose, sodium

car boxymet hyl cel l ul ose, a low nelting X, cocoa butter, and the like. The
term"preparation” is intended to i ncrﬁge the formulation of the active

conponent with %ﬁ}?j% | RLen Sy | Vi hn@ - 173-

capsul e in which e gﬂg |A(/ 8orrpgr?£n ,oavmlﬁ??%ﬁdv?ﬁt}%%rﬂl%%t er ncarri ers, is
surrounded ibjer# ke cangpartndntscite dissdcladdram uadabiigtissoes. Whe bpacimenBi mi | ar | y,
cachets and | ozenges _are inclyded., .Tahl et owders, .capsules, pills,
cachets, arfdefiy ﬁg@@&%aﬂ({;@%@&g(ﬁé‘ @F?ﬁéwgglﬁ%%tmpsq%atﬁsuitable for oral
adm ni st r aty Q8 Q1:EQocRr k gorﬁblﬁgﬂé-jt;[tw’oi ovidl TnOMbiRE thddnMidare Such as a
m xture of 46%%}®h§ci gmgfei%r?des or cocoa %ﬁtter, s fi r%t mel ted and the
acti ve@ conpoamitedfor scorinp pngpeseshadtipeinghast sgpre fremetanh corwpdymentiy ri ng. The
nol t en honbgenous_m xture is.then. poured int onveni.ent . si nol ds,

al | oved 1 o ERERS. ThRAYREEspgre b e rad conhersd i gPH g B8 ati ons

i ncl ude SOl ek O seSetHR DR SirVvfis 1R BFHBIA & 606 of 0 tOT0 BXBiPhdependéar or wat er
propyl ene glycol solutions. For parenteral injection, |iquid preparations

can be for nelisatven, addingihestaes ¢fS bigiokegiccipetigsynagviadaing ¢dbl  sol uti on.

Aqueous solutions.suitaple.for oral use.can:b .epar | | ving the
15 active H%i%gﬁﬂé??ﬁe%?&rVI %‘H@&?ﬁiag@?%‘%grg’i%g?é‘?%ﬁ? }sﬁ,}gelf@ga\?ors,

st abigi i NGinfifffion by nsdiRRbelCrage @b@nﬁgplﬂﬁﬁhlfe&dceﬂé\mu& 5U0 PRHGIENS
suitable for oral uSe can be nade by dispersing the finely divided active
conponent imprwal gruclite.h vi scous material, such as natural or synthetic
guns, resins, nethylcellul ose, sodium carboxynethylcellul ose, and 20 other
wel | -known suspendi ng agents. Also included are solid form preparations

whi ch are iWeBHIFGOAREYSBE converted, shortly before use, to liquid form

preparations forypeal. @i sHN & ¢ftlated and statistical analysis was done using
the Mann-Whitney U-test,

15 The results of these studies would bé ex\pected to show that an invention
compound would reduce the size of the lesion on the tibial plateaus, and perhaps
the damage in the tibia or on the femoral condyles. In conclusion, these results
would show that an invention compound would have significant inhibition effects
on the damage to cartilage.

20 The foregoing studies wouid establish that an invention compound is
effective for the inhibition of cartilage damage and inflammation and/or
alieviating pain, and thus useful for the treatment of osteoarthritis or theumatoid
arthritis in human, and other mammalian disorders. Such a treatment offers a
distinct advantage over existing treatments that only modify pain or inflammation

25 or and other secondary symptoms. The effectiveness of an invention compound in
this mode! would indicate that the invention compound will have clinically useful
effects in preventing and/or treating cartilage damage, pain and/or inflammation.

Administration according to the invention method of an invention
compound to a mammal to treat the diseases listed above is preferably, although

.:30 ' not necessarily, accomplished by administering the compound, or a salt thereof, in

~ a pharmaceutical dosage form.



Such liquid formnms include solutions, suspensions, and enul sions. These
preparations may contain, in addition to the active conponent, colorants,
flavors, 25 stabilizers, buffers, artificial and natural sweeteners,

di spersants, thickeners, solubilizing agents, and the |ike. The

phar maceuti cal preparation is preferabI% in unit dosage form In such
form the preparation is subdivided iH% unit doses containi ng an
appropriate qu |t e Jr61:C MBPNE ' fQym can be
a packaged 30 pr %%rcé#fgﬁ%l&t ﬁgcffoacﬁlggg’ cont g’?’ﬁﬁ% |scl&e%g %uaﬁtﬁtl es of
pr epalr ati o/r&lmem,rbﬁas)e grqugiaaﬂacm}dhistmd mgﬁﬁnhgs), thali?hepﬁmgileﬂwﬂrin\aj ﬁl s or
anpoul es. so, the unjt osage for an be a capsul e, tablet, cachet, or
| ozenge it sBide vapiety (ol gl j7m ﬂaéent Wg‘ﬁﬂl%ﬁe}éu‘??irfg’é?geo@%y@fls’t se in
packaged f opm .08 of FaemEkan) o oY pighm@Cdulit A1 QEBRBRABIY sal therebf] i can 45 €

pr epar ation&%go@éé\%ri gg or adj WSt ed from O_}.COI ?o 1000 ng,e |5re?erabl y 1to
500 n accoadtingstéred t hby pinjedtion) arthatpplis.c atipisaveamasly,he igoeiscylady, t he
active conmponents. The c osition, c i f . .desired | so..cont ain ot her
conpat i bl e VRBFEBRAIFY: & {ag‘?m%?yl’ r\ntfara‘?glpg?}'@l}m & {ngep%f?"%“g%lﬁt éisf’oﬁler eat the
above-1i st e%rﬁ?&ﬁﬂ§%?,lzohlﬂﬁla £ GFROpREmaduticalyat@plableOtalthBRAF, eag et i cal |y
acceptabl e salt thereof, are admnistered at a dose that is effective for
treating at afhminddterothe byy iphadationf fdve exainpleas értonaspilyor feditiprdllyy theeat ed.

The initial d f _ab / k 10 k ily of .th i
T onent -wepnbadsdf Ftifls 1 ST PfhrtfedRiRly ol 8RB K 80} B Bt 201 Ve
abouty(75 MyLkgiffierbl fraBSdeiSlLy: TORAN 88 obiioup te tirss eRilled e thet@s BBEthe hovever

may be varied depending upon the requirements of the patient, the severity
of the condifellosringalopaget fasmscmay PP 2H Ahe 61T COMBIRIAE jAInINYBRFBUNd

bei ng enpl oyed in L NV, ' C i ' ' [ e proper
dosage for \éﬁmB%‘Fﬁ' @ﬁ? é?veglﬁé%g{;&flgn Ig%\%ﬁ%rﬁflf% aﬁ%r@ée{gflt ﬂ?ﬁgﬁﬁc[eﬂ%aﬁa% Ofgs -
descri bed alpyg 599 anibeat 9555 byl emige of el forrhslafiorom about 0.1 ng/ kg to about
500 ny/ kg, and ideally about 25 &gllolgg to about 250 ngy/ kg, such that it
wi |l be an anpunfor H¥ePringe phargiap coppegitions, d1o3a  thec GPmpouRds e@ke or
di sorder belpgulibeRt 66l o ArRfflehGHyCABRERbI Q! BercBRIHLOMY 186F AN
i ngest bl e |qU|8r5eroraI v

component) pharmacentically acceptable carriers can be either solid or liquid.

Solid form preparations are preferred. Solid form preparations include powders,
tablets, pills, capsules, (;achets, suppositories, and dispersible granules. A solid
carrier can be one or more substances which may also act as diluents, flavoring

20 agents, solubilizers, lubricants, suspending agents, binders, preservatives, tablet
disintegrating agents, or an encapsulating material.

In powders, the carrier is a finely divided solid which is in a mixture with
the finely divided active component. Powders suitable for intravenous
administration or administration by injection may be lyophilized.

25 In tablets, the active component is mixed with the cartier having the
necessary binding properties in suitable proportions and compacted in the shape
and size desired. '

The powders and tablets preferably contain from about 5% to about 70%,
total, of the active component. Suitable carriers are magnesium carbonate,

30 magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose, a low melting wax, cocoa

| butter, and the like. The term “preparation” is intended to include the formulation

of the active component with encapsulating material as a carrier providing a



dosage form selected fromthe group consisting of a solution, suspension,
20 emul sion, inverse emulsion, elixir, extract, tincture and concentrate,
optionally to be added to the drinking water of the dog being treated. Any
of these liquid dosage forns, when fornul ated in accordance wth nethods
well known in the art, can either be ggpinistered directly to the dog
being treated, or nmay be added to t hd I nki ng water of the dog being

treated The;SORCANWIRLE the Gtk IiPonall, With %9 QIthGl BARF! calierd Ofgmul at ed

to be added Tirst to a given anount "of water, from whi an al I'quot anount
may be wi t hsiireomndédby adarcier, sthich is dhusdi mssotiafion withtie Singdarby, cachdth anidon to t he

drinking water of the eferred conpositjon provides del ayed-,
SUst af ned- e st aR dib Bfse PEYAGE SADSOS Rl acBe i desaecs e
preferred CRORQRiLkORPdddass el Shitabl ol orad AdERS@LEichor ™5 Whi ch produce >_
40% i nhibition of cartilage degradation, and result in a plasm

concefitrati on of Fohpeparingsuppestiodes atlowfmelting sasi sugh fap ladnixhee af fattye

conponent's E for, at | east hours. preferabl,y.for .at |east hours;
pref erably ?Cfﬂggﬁqyﬁ‘e 50T P4} b§ttﬁrodfs hirs eitegraé‘fieﬂ‘ﬁb‘l‘%'}“’f’ ORI 12
hours; nor edﬂF&E&I lﬁbhd%]eﬁéddsly therein, at b&@mﬁlg.l'ﬁh&ﬁhbﬁéﬂ héMEsEneRs MiRuef er abl y
still for at Teast 20 hours; and nost prefrerably for at | east 24 hours.

Pref erabl y, ist henepaused HEP @BYEWEHE heized meldsh ellewedds mopbetddthseeys ®or ns
t hose whi chS rcg uce >_ 40% inhibition of cartilage 5 degradation, and
result in a %l fma concentration of the active conponent of at I|east 5

fol d fighe active TRERDARRAL p&FEBﬁ6n§ ichitle dobahs,Zsulpatisions ikt enaldiops,f or at
| east 2 hours, preferably tor at |l east 8 hours, nore preferably for at

| east 12 hofrexample, Waldrs JVaierapepyens ehysel splutions.kor mrenierakinigstonnst
ferably tor: | . t S ded th
P bove: desur kg ot ey Bt nylad@EE s Ol Rk ays WiictiiBnd BSuiIC] L

cartil age degudsiati on, and result in a plasma concentration of the active
conponent of at least 5 Io,l d the active_ conponent's D4o for .at | east 2

hours, pref er abl PAPERUSHP qt‘@ﬁ%?“‘ff‘b F gral preFt '&%PSPPPISE byt dipsokdng the noyr s,
mor e ff ef er %@Né doMpoRtnt! if 3pdter thd A% sufthibik ko ,BlaShEr ﬂ%ﬂizi‘hgrar@t 1 east

20 hours and most preferably for at 1east 124 hours. 15 The foflow ng
For nul at i on tiixkenpigegedts o d&ikedl ustrate the invention

Aqueous suspensions suitable for oral use can be made by dispersing the
finely divided active component in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and

20 other well-known suspending agents.

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for oral administration.
Such liquid forms include solutions, suspensions, and emulsions. These
preparations may contain, in addition to the active component, colorants, flavors,

25 stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners,
| solubilizing agents, and the like.

The pharmaceutical preparation is preferably in unit dosage form. In such
form, the preparation is subdivided into upit doses containing an appropriate
quantity of the active component. The unit dosage form can be a packaged

30 preparation, the package containing discrete quantities of preparation, such as
packeted tablets, capsules, and powders in vials or ampoules. Also, the unit
dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be the

appropriate number of any of these in packaged form.



pharmaceutical conpositions. Wen the fornulations conprise the invention
conpound and a pharnmaceutically acceptable carrier, diluent, or excipient,
they contain a cartilage damage treating effective anmount or a
therapeutically effective anount such as, for exanple, an
anti-osteoarthritic effective anmount of the 20 invention conpound. The
exanpl es are representative only, andldfe not to be construed as limting

the invention in t . I i on:
| ngr edi ent Armunﬁ%éﬁﬁrﬂ%&ﬁfﬁc&ygg%lﬁ&&%Eﬁg\%%r%pﬁ%@?eﬁé%g@%ﬁg :’:It‘)gh
(for mix) 1@r «3piseat #omho0nast HO0kRe, Mefmaity ulos 5eanmt ecdotdhg So et al 100

-176- The invention conpound, |actose, _ and gornstarch (for mx)_ are bl ended
to unifornmi P@ifncqlﬁ’éaRRbFﬁ&naﬁ‘I@HhFPB?en@égf@? APRVEFUTRONERIS: W%@P‘%ﬁ?o& wat er

and heat ed oth tfucid b9l QRO AuABLE eHifyBeaichud o used Lo oranulate

the m xed povv_ders. ranul es "are pas rough a No. 8 hand
screed and dri edImtheBp&utictize ab aghnys wrireatithe sbavedlisteddisastsethewi th the 1%

magnesi um st earate and pressed int tahl et. Such bl et b
adni ni ster eélomﬁc"H‘dﬁGfrﬁ?ﬁﬂ FOmBAL ?’gn’%S’EHCa V%%@Pglgﬁa‘?ft%%?e‘)fis#ﬁ:?lgi tieng
cartilage damRafadbd bt LAl M BURRANE Rirlhting AR bATHEMSHAMEEE 2 Coat ed

Tabl ets: ets of Formulation Exarrp%e 1 are Coated in a custonmary
manner wi t disaase@atisogieobeisg tcasd, Thednitinbdosage eftaboutal mg/kgriaghewint h, and

colorant. FORMUJLAT ' i ' : '
500 g of an lﬁmghfg w}l@g ﬁ@%g& g(ﬁlagéneeé% Jgﬁpbé/ é@écﬁire.w SaiPdeoos];: rgng%%lf ution of
10 about 25 mg/kg to about 75 mg/kg of the active component is preferred. The

dosages, however, may be varied depending upon the requirements of the patient,
the severi% of the condition being treated, and the particular invention compound
being employed in t‘m; invention combination. Determination of the proper dosage
for a particular situation is within the skill of the art as described above. Typical
15 = dosages will be from about 0.1 mg/kg' to about ;500 mg/kg, and ideally about
25 mg/kg to about 250 mg/kg, such that it will be an amount that is effective to
treat the particular disease or disorder being treated.
A preferred composition for dogs comprises an ingestible liquid peroral
dosage form selected from the group consisting of a solution, suspension,
20 emulsion, inverse emulsion, elixir, extract, tincture and concentrate, optionally to
be added to the drinking water of the dog being treated. Any of these liquid
dosage forms, when formulated in accordance with methods well known in the art,
can either be administered directly to the dog being treated, or may be added to
the drinking water of the dog being treated. The concentrate liquid form, on the
25 other hand, is formulated to be added first to a given amount of water, from which
an aliquot amount may be withdrawn for administration directly to the dog or
addition to the drinking water of the dog. '
A preferred composition provides delayed-, sustained- and/or controlled-
_ release of an invention compound. Such preferred compositions include all such
30 dosage forms which produce = 40% inhibition of cartilage degradation, and result
. " in a plasma concentration of the active component of at least 3 fold the active

component’s EDyp for at least 2 hours; preferably for at least 4 hours; preferably



15 di sodi um hydrogen phosphate is adjusted to pH 6.5 in 3 L of
double-distilled water using 2 Mhydrochloric acid. The solution is
sterile filtered, and the filtrate is filled into injection vials,

| yophi li zed under sterile conditions, and aseptically sealed. Each
injection vial contains 25 ng of the _ilr:}F_ention conmpound. FORMULATI ON
EXAMPLE 4 20 Sguositories: A mxture of 25 g of an invention conpound, 100
g of soya | foriat lvast, 8 havds; rid@Qrefemblycloe aplebi il doniss mods BbfersIy k8 fot O

nol ds, and al oweg6 o cool. Each sup%osit_or contains 25 ng of the

i nvention cBnf8tint® heesRivorerr et mealorably stil Aor g lepst @A honrss andt mest | s

prepared fr | ' @ﬁg&g d 8 . 20, 28.48
g of Na2HP 1%?4%%)(?5%?1@6%&?3& %g%za ontlﬂtr)} Fnthe?:% olrr'l?glé#ei&l1 Xk%géﬁ‘%béﬁy
doubl e- di st déscrbedvaberge fomms pitos vitich paddiice on 409 aghibaiodd of RartiMdeb. 8 usi ng

2 M hydrochloric acid. The solution is diluted to 1.0 L with double -177-
di sti Pl ed wigegadatignqangk wesylt iy a plaspg songenteation ol the agive companeet off att he

solution ¢ i | VARt ATl EXAMPLE 6
St ment . SRESS B 68 BB Lok ek Bl (B GAIPLHSs SreRbigbrath A
pet r ol eum j 2hbyrs, prafteably et il€ast ® hdis] Mo préfebablly Agrak lea8t OF hdhe saiint nent

contains 25 of .t I nventi on conpound. FORMULATI ON EXAMPLE 7 Capsul es:
10 2 kg of E‘ﬁnpq Pﬁ?@ﬁ‘qﬁﬁﬁ"%ﬁ‘n%%r@ hows and magt prefesably fac gleleastizd kassul es in a

custorery TRBIEDEIN WhaEeDoARRE AL BAREP dll O bR O

10 produce 2 50% inhibition of cartilage degradation, and result in a plasma
concentration of the active component of at least 5 fold the active component’s
EDy for at least 2 hours, preferably for at least 4 hours, preferably for at least 8 . .
hours, more preferably for at least 12 hours, still more preferably for at least 20
hours and most preferably for at least 24 hours.

15 The following Formulation Examples 1 to 8 illustrate the invention
pharmaceutical compositions. When the formulations comprise the invention
compound and a pharmaceutically acceptable carrier, diluent, or excipient, they
contain a cartilage damage treating effective amount or a therapeutically effective
amount such as, for example, an anti-osteoarthritic effective amount of the

20 invention compound. The examples are representative only, and are not to be

construed as limiting the invention in any respect.

FORMULATION EXAMPLE 1
Tablet Formulation: _

Ingredient Amount (mg)
An invention cdmpound 25
Lactose 50
Cornstarch (for mix) 10
Cornstarch (paste) ' 10
Magnesium stearate (1%) 5

Total : 100




A solution of 2.5 kg of an invention conmpound is dissolved in 60 L of
double-distilled water. The solution is sterile filtered, and the filtrate
is filled into anpoul es. The anpoul es are |yophilized under sterile
conditions and aseptically sealed. Each anmpoul e contains 25 ng of the

I nvention conpound. 20 The follow ng Formul ati on Exanples 9 to 16
illustrate the invention pharnaceuthEK? conpositions containing an

i nvention conbipati.on [.n_a sin iﬁ¥hﬂm : &R ksal |y
acceptable carri fnﬁ?bﬁ%ﬁPFmgg&gi%%%%én‘fg e eggﬁp eg%%re re%ﬁgsentative
only, and agSonfity. Thekenanst (foeshse) id suspdndad it 260 mlmferitéremdihnatedy
respect. -178- FORMULATI ON EXAMPLE 9 Tabl et For Ia&ion: l.ngr edi ent Anount
(mg) An iwﬁﬁhﬁﬂﬁﬁg@@ﬁWQMQdmﬁ@-I@QI&@?”%WW&HP&%@‘ s g ®Tcor nst ar ch

(for mx) rnstarch a | o tal 120
The i nvent ﬁﬂ’ﬁ‘g‘g@ﬁ a 35‘?%%5%9%0{%%%%%?, |a(r:§tc§gg?hgn eééfr)/%\qst&ég?:;ﬁ (for
m x) are blgpdeuled domiiidaiddywitl ige ¢% napeosiim ¢fearatpand pjesicsl imtespended i n

200 mL 5 of " water and heated with stirring to_forma p&)itée. Th@a?aste i's
used to gr dabletaSuch tbletheancbe pmiistered foha hipen Som, NGO IUEEMEE 883Y ¢ hr ough a

No. - 8 hand screen.and ..dri : H¥ngh@nul es are lubricated with
the 1% mgr@gnﬁfﬂq@?gec%%@%eggﬁ%epogg%g%%]&%to a tablet. Such tablets can be
adm nistered to a human fromone to four tinmes a day for treatnment of one
of the above-listed di sease %&3&}4@@ LE 10 Coated Tabl ets:
The tablets of Fornulation %pa%@fltﬁ‘ are coate ?E a customary nanner
Coated Tablets:
10 The tablets of Formulation Example 1 are coated in a customary manner

with a coating of sucrose, potato starch, talc, tragacanth, and colorant.

FORMULATION EXAMPLE 3
Injection vials: '
The pH of a solution of 500 g of ax\l invention compound and 5 g of
15 disodium hydrogen phosphate is adjusted to pH®6.5 in 3L of double-distilled
water using 2 M hydrochloric acid. The solution is sterile filtered, and the ﬁltrate
is filled into injection vials, lyophilized under sterile conditions, and aseptically

sealed. Each injection vial contains 25 mg of the invention compound.

FORMULATION EXAMPLE 4

20 Suppositozies:
A mixture of 25 g of an invention compound, 100 g of soya lecithin, and

1400 g of cocoa butter is fused, poured into molds, and allowed to cool. Each

suppository contains 25 mg of the invention compound.

FORMULATION EXAMPLE 5
25 Solution:

A solution is prepared from 1 g of an invention compound, 938 ¢g of
NaHyPO412Hp0, 2848 of NagHPO412HpO, and 0.1g benzalkoniuvm
chloride in 940 mL of double-distilled water. The pH of the solution is adjusted to

pH6.38 usihg 2 M hydrochloric acid. The solution is dilated to 1.0 L with double-



Wi th a coating of sucrose, potato starch, talc, tragacanth, and col orant.
FORMULATI ON EXAMPLE 11 15 Injection vials: The pH of a solution of 250 g of
a COX-2 inhibitor, 500 g of an invention compound, and 5 g of disodium
hydr ogen phosphate is adjusted to pH 6.5 in 3 L of double-distilled water
using 2 M hydrochloric acid. The soluté?n is sterile filtered, and the
filtrate is filled into injection vi alt .~ l'yophilized under sterile 20
condi ti ons, g; [ ; jrrad@iGtiod. N4 i ' IoNfioh2- 5 ng of
O 2 inhi BN oErdagﬁﬁ&’Z%ﬁirréﬁégfﬁgfihggi nvegﬁ?ﬂdgkg%trr%% Ivdflie GHE Moo, > X
EXAMPLE 12 cagipo2d tngraf g ingentiontcompowid. 50 g of a COX-2 inhibitor, 25 g of
an i nvention conpound, 100 g of soya lecithin, and 1400 g of cocoa butter
is fused, poured into nolds, and 5 allowed to cool. Each suppository
contains 50 ng of the COX-2 FORMU/RATIOMBXAMPHE 6of the invention conmpound.
FORMULATI ON_EXAMPLE 13 Solution: A solution is prepared fromO0.5 g of a
COX- 2 inhibgﬂﬁﬂﬂﬂi g of an invention 10 conpound, 9.38 g of NaH2P04. 12H2Q

28. 4859 of NaZHP%&g'rd%%iﬂMﬁQn éoﬁggﬂﬁ%ﬁhk&ﬁwﬂw. cﬁ?gfs oldimP @ty of

doubl e-di still ed wat The pH of t solutionis a edtotpﬂHIG.8 usi ng
2

2 M hydr ochiuater @septicdconditimns.oAud gaporfion df thet eigtmend conGiis &6 mig o

doubl e-distjlled water, and sterilized by irradiation. A 25 nL volune of
the sol uti offtVERHLHPOF5 ny of the COX-2 inhibitor and 25 ng of the 15
i nvention conmpound. FORMULATI ON EXAMPLE 14 G ntnent: 100 ng of a COX-2

i nhibitor, 500 ng of an invent] c i Lxed wth 99.4 g of
petroleum jelly under asept @E@ﬁ&@fﬁﬁgﬁw&ﬁm on of the 20 ointnent
contains 5 gg,Qfest he COX-2 inhibitor and 25 ng of the invention
10 2 kg of an invention compound are filled into hard gelatin capsules in a
customary manner such that each capsule contains 25mg of the invention

compound.

FORMULATION EXAMPLE 8

15 Ampoules: | 7 '

. A solution of 2.5kg of an invention compound is dissolved in 60 L of
double-distilled water. The solution is sterile filtered, and the filtrate is filled into
ampoules. The ampoules are lyophilized under sterile conditions and aseptically
sealed. Each ampoule contains 25 mg of the invention compound.

20 The following Formulation Examples 9 to 16 illustrate the invention
pharmaceutical compositions containing an invention combination in a single
formulation with a pharmaceutically acceptable carrier, diluent, or excipient. The
examples are representative only, and are not to be construed as limiting the

invention in any respect.



compound. FORMULATI ON EXAMPLE 15 Capsules: 2 kg of a COX-2 inhibitor and
20 kg of an invention conpound are filled 25 into hard gelatin capsules in
a customary nmanner such that each capsule contains 25 ng of the COX-2

i nhi bitor and 250 ng of the invention conpound. -180- FORMJLATI ON EXAMPLE
16 Anpoules: A solution of 2.5 kg of COX-2 inhibitor and 2.5 kg of an

i nvention conpound is dissolved in 6b of double-distilled water. The
solution is sterile 5 filt tﬁ@gUf L i is filled into anpoul es.
The ampoul es are Iyophilizeg un er%§Fg§ﬁ?e con |?ions and aseptically

seal ed. EachubirPorhdatient ai ns 25 ng each of the COX-2 inhibitor and the

i nvention pound- e v—be—desi+ab o—f-oF-m a—a COX- 2

i nhi bi tor afeEeEeRthvention conpound together in of@®RhdHe, tabl et,
anpoul e, sotgti : rhe- {7 Ke, Tor 10 Simul taneous mnistration, it is
not necessa#§¥lggm?ﬁgggﬁgg%%es of practicing the inveﬁ??on met hods. A COX- 2
i nhi bi tor andCeX-2imhésitoron conpound al ternatively can2@®ach be fornul at ed

i ndependently in-any form such as, for exanple, those é any one
Fornulationlﬁﬁgﬁbles 1 to 16, and admnistered to a pag ent either.
sinultaneouqﬂﬂnﬁ&dﬁgdghhberent tinmes. 15 The fol |l ow ngygxanples illustrate
the i nvention pharmaceuti'cal conpositions containing discrete formulations
of the acti \GomsmpoGestey of an invention conbination Hhd a
pharnaceutiﬁﬁlly_acce table carrier, diluent, or excig%ent. The exanpl es
are repr esent 3 ate £ B are not to be construed as limting the
invention iRy respect. 20 FORMULATI ON EXAMPLE 17 {awl et Fornul ation of
an invention_conmpound: lngredient Anount (ngy)

The invention compound or COX-2 inhibitor, lactose, and cornstarch (for

mix) are blended to uniformity. The cornstarch (for paste) is suspended in 200 mL

5 of water and heated with stirring to form a paste. The paste is used to granulate the
mixed powders. The wet granules are passed through a No. 8 hand screen and

dried at 80°C. The dry granules are lubﬁcate\d with the 1% magnesium stearate

and pressed into a tablet. Such tablets can be administered to a humaﬁ from one to

four times a day for treatment of one of the above-listed diseases.

10 FORMULATION EXAMPLE 10
Coated Tablets:

The tablets of Formulation Example 9 are coated in a customary manner

with a coating of sucrose, potato starch, talc, tragacanth, and colorant.

FORMULATION EXAMPLE 11
15 Injection vials:
| The pHof a solution of 250 g of a COX-2 inhibitor, 500 g of an invention
compound, and 5 g of disodium hydrogen phosphate is adjusted to pf 6.5 in 3 L
of double-distilled water using .2M hydrochloric acid. The solution is stexile
filtered, and the filtrate is filled into injection vials, lyophilized under sterile
20 conditions, and aseptically sealed. Each injection vial contains 12.5 mg of COX-2

inhibitor and 25 mg of the invention compound.



An invention conpound 25 Lactose 50 Cornstarch (for mx) 10 Cornstarch
(paste) 10 Magnesium stearate (1% 5 Total 100 An invention conpound,

| act ose, and cornstarch (for mx) are blended to uniformty. The cornstarch
(for paste) is suspended in 200 nL of water and heated -181- with stirring
to forma paste. The paste is used to.granul ate the m xed powders. The wet
granul es are passed through a No. 8 d screen and dried at 80C. The dry
granul es are |ubricated w tyn 1Ry RN MY Btjear at e and pressed into a
tablet. 5 Injection vial fornulation of a COX-2 inhibitor: The pH of a

sol uti on ofSupPsigres: a COX-2 inhibitor and 5 g of disodium hydrogen

phosphate is adjusted to 6.5 i L, of i still: using 2 M
hydr ochl ori ¢ aci“gm’?‘?fée %ﬁﬁgi(’gﬁ ¢(§ng g‘?’ﬁlté’g’%é g? g‘ﬁ?ﬁ‘}aené&?ﬁ%@#ﬁntdf ate is
filled intoopklofisahSECIIRN, #dBI4B0 glof@BEId BuRelis RS, gﬁﬁﬁdﬁﬂt@nﬁﬂdﬁdhﬂd ons, and
aseptically seal ed? Each injection vial contains 25 of . the COX-2

i nhi b5t or . “2owkd tialsioel Fach suppositpy eamEingm Y@ Mg 6f theo dinbibfor, an

adm ni ster%to g humaﬁ fromone to four tines a day for treatnment of the
above- | i st e B SEREARVENIRR COPRANL ot i on sol uti ons contai ning the COX-2

i nhibitor can be admnistered to a 15 human 1 or 2 tines per day, wherein

the adm nistration by injecti i i l,mul t aneous with
adm ni stration of the tabl i@ﬁ@{@?ﬁ]}Iﬁ&M@ﬁ’es for the treatnent of
one of the @fygyse! i sted di seases. FORMULATI ON EXAMPLE 18 Coated Tablets

containing an tnvention conpound: 20 The tablets of Formul ation Exanple 17
are coated in a Asshiiomisprepanedsiromi g obha COR2iphibitors § graf $8 MYsBHAR 0 st ar ch,

talcy tragacant ha s S U Ndfipo,- 128,0, 28.48 g of NagHPO-12Hp0, and 0.1 g

benzalkonium chloride in 940 mL of double-distilled water. The pH of the .
solution is adjusted to pH 6.8 using 2 M hydrochloric acid. The solution is diluted
to 1.0 L with double-distilled water, and sterilized by itradiation. A 25 mL volume
of the solution contains 12.5 mg of the CQX—2 inhibitor and 25 mg of the

15 invention compound.

FORMULATION EXAMPLE 14
Ointment:
100 mg of a COX-2 inhibitor, 500 mg of an invention compound is mixed

with 99.4 g of petroleum jelly under aseptic conditions. A 5g portion of the

20 ointment contains 5 mg of the COX-2 inhibitor and 25 mg of the invention
compound. '
FORMULATION EXAMPLE 15
Capsulés:

2 kg of a COX-2 inhibitor and 20 kg of an invention compound are filled
25 into hard gelatin capsules in a customary manner such that each capsule contains

25 mg of the COX-2 inhibitor and 250 mg of the invention compound.



Capsul es contai ni ng val decoxi b or celecoxib: 2 kg of a COX-2 inhibitor are
filled into hard gelatin capsules in a customary nmanner such that each
capsul e contains 25 ng of the COX-2 inhibitor. 25 Such coated tablets
contai ning the invention conpound can be adm nistered to a human from one

to four tines a day for treatnment of t above- |isted diseases, and the
capsul es containing the COX-2 inhi bit Can be admnistered to a human 1
or 2 times per day, wherein g f the capsules is

optionally sinultaneous vvlth adm ni stratlon 0 the tablets or at 30
di fferent tiAmespuldsor the treatnment of one of the above-listed diseases.

Still furth t | d ' | that th t t hod
compr i si ng adhi nfs SRR, ohr-{ et PG i oS B o peeion oo
di seases - 18¢gm &Endjisstﬁéééﬁfea ihi G &t %QﬁM@d'iE%‘Xle@E\'wa‘ﬂéeg‘ﬁE 3?558‘?;&9‘5 erent

di seases si nmul ?aneous ly. For exanple, adm nistrati ®nhi bi t or
i n ac&or dan&ilieigilt and flee ﬁlltmtens ﬂdinddmtvb%mmulcm Theyathpoubesr aneelgtopiuhzds

descri bed aho atr » i nf art tic in associated

with nenstr§3¥er535‘llr$? tions 4o aﬁ“‘ﬁ%ﬁ fﬁﬁ’ﬁ& vélﬁc Crﬁ%'ﬁ{l}sc%% und nay

be adni ni StefﬁzéG@)(Utﬁﬁibltﬁi“ﬂﬁthehﬁﬂahﬁ&ﬂc&@}ﬁuhhage damage- As shown above,

the i nvention nethods conprising adm ni st en@gX& i nventi on conpound of fer
i

a distinct advaniayle ibmay bedesimblajordoanlaent inhihitop arsban ipvertions OA t hat

th t 10 t i f
o Decondar oRbARR BRI WACEEIE S pRph . St Al Jfottr  why | o
t he ilgvent i ginniitasedve edmilgsesionen ianst ncl:égd rfaf 81d piirpdied 6f MaaNGR e certain

particul ar enbodi nments thereof those skilled in‘the art Wi ll appreciate
that vari olyeBiémpEEtodhs) A CO%rgiakibitep and e anvestien cgmp@mdtaltemnseply

deleti ons. o G AR uBLRRSHY PRy PRI LN ALk SRR i !

departlng fromthe spiri cop
t heref ore, &iabne Formplaton i Examtpdesdeftb N dag adnﬁiﬁtsﬁa@@p&) af pdrlagt eitlgdrns t hat

foll ow and gut[tn% taﬁgo%glycc!r%{:gt?fege%t{tgeser preted as broadly as is reasonabl e.
15 The following examples illustrate the invention pharmaceutical
compositions containing discrete formu]ation; of the active components of an
invention combination and a pharmaceutically acceptable carrier, diluent, or
excipient. The examples are representative only, and are not to be construed as

limiting the invention in any respect.

20
FORMULATION EXAMPLE 17

Tablet Formulation of an invention compound:

Ingredient Amount (mg)
An invention compound 25
Lactose | 50
Cornstarch (for mix) 10
Cornstarch (paste) 10
Magnesium stearate (1%) 5
Total 100

An invention compound, lactose, and corstarch (for mix) are blended to

uniformity. The commstarch (for paste) is suspended in 200 mL of water and heated



Al'l references cited above are hereby incorporated by reference herein. 20
Havi ng descri bed the invention nethod, various enbodi nents of the

i nvention are hereupon clainmed. 183 CLAIMS 5 1. A compound of Formula |
R RAWV S2 2 T/U or a pharmaceutically acceptable salt thereof,
wherein: R and R2 independently are gglected from 10 H, Cl1-C6 al kyl;
Substituted %ﬁ C6.al kyl; C2-C6_al kenyl; Substituted C2-C6 al kenyl; 15

C2- 6 al kynyHt “Wlf?méﬂa@%P&I‘%%‘}ﬂmmm@mmch@ﬁddmdwders%bst|tut ed

C3=C6 I K 1 - I I 20 Substituted C3-C6
oyl oal kyl - (24 Mekeaticrie SR TSty f . ERafl Sleatutbed e Bicgne

Subst i t ut ed ool 6 are hheic e

hgt Zr gc;cfogf grI - ( ClmCG aFky?mﬁ?@@y%ﬂJg%#% Setga:%&%?gp%?%@%t&aed

het er ocycl o#P¥}| - (C1-C6 al kyl enyl); 25 Phenyl - (C1-C6 al kyl enyl);
Subst ktuted phenyl-(Cl-C6 al kyl enyl); Naphthyl-(Cl-C6 al kyl enyl);

Injection vial formulation of a COX-2 inhibitor:
The pH of a solution of 500 g of a COX-2 inhibitor and 5 g of disodium

hydrogen phosphate is adjusted to pH 6.5 in 3 L of double-distilled water using

2 M hydrochloric acid. The solution is sterile filtered, and the filtrate is filled into
10 injection vials, Iyophilized under sterile conditions, and aseptically sealed. Each

injection vial contains 25 mg of the COX-2 inhibitor. ‘

Such tablets containing the invention compound can be administered to a

human from one to four times a day for treatment of the above-listed diseases, and

the injection solutions containing the COX-2 inhibitor can be administered to a
15 human 1 or 2 times per day, wherein the admir\ﬁs’tration. by injection is optionally

simultanecus with administration of the. tablets or at different times, for the

treatment of one of the above-listed diseases.

FORMULATION EXAMPLE 18
Coated Tablets containing an invention compound:
20 The tablets of Formulation Example 17 are coated in a customary manner
with a coating of sucrose, potato starch, talc, tragacanth, and colorant.
Capsules containing valdecoxib or celecoxib:
2 kg of a COX-2 inhibitor are filled into hard gelatin capsulesin a
customary manner such that each capsule contains 25 mg of the COX-2 ighibitor.
25 Such coated tablets containing the invention compound can be
administered to a human from one to four times a day for treatment of the above-
listed diseases, and the capsules containing the COX-2 inhibitor can be
adininistered to a human 1 or 2 times per day, wherein the administration of the
capsules is optionally simultaneous with administration of the tablets or at
30 -différent times, for the treatment of one of the above-listed diseases,
Still further, it should be appreciated that the invention methods

comprising administering an invention combination to a mammal to treat diseases



184 Substituted naphthyl-(Cl-C6 al kylenyl); 5-, 6-, 9-, and 10-nenbered
heteroaryl -(Cl-C6 al kylenyl); Substituted 5-, 6-, 9-, and 10-nenbered

het eroaryl - (Cl - C6 al kyl enyl); Phenyl; 5 Substituted phenyl; Napht hyl ;
Subst i tut ed naphthyl; 5-, 6-, 9-, and 10-nenbered heteroar yI Substi t ut ed

5-, 6-, 9-, and 10- menber ed heteroaryngz-lo R3O (C1-C6 al kyl enyl)
Substltut ed ‘gﬁﬂ?ﬁ 3' yl enyl Phenyl ; Substituted phenyl; Naphthyl;
15 Subst it uPe§H: yipd @ Qveo‘fﬂa}fi Aaled e eaadiffercat #ﬂseaseﬁmhﬁﬂﬂaﬁmﬂr 5- or

6- menber ed ; r.obi.ar Substituted 8- to
10- menber edmﬁiete?rag{)?éar y(}r&mzsgg?’%gnyl O?gz %I’%‘tﬁﬁllgn%c?ﬁan@u%m tthe ed

phenyl - O ( Cinvegtien k?"m‘ﬂvﬁﬁqn rivie riyd @fﬁcﬁi -6t aé Kydsembdd ab§U@S tgﬂ%

phenyl - S-( Gl a 031: enyl ghen yl-S Z&Cl C8 al kyl enyl); Stituted
phenyl - S(O) I{I% 6| pain, maun Assosiatyd wity msauﬂylcmnypn)g,

Subst i% ut ed nfifaiiek, wﬁﬂ@)a% ibhetieR: cAhpoth8 My be WIRESAR 1 {:}«3at‘%‘&a(rnSa not

both selected from H;
inhibit cartilage damage.

As shown above, the invention methods comprising administering an
invention compound offer a distinct advantage over existing treatments for
diseases such as QA that compnse cartilage damage, wherem the existing

10 treatments modify pain or secondary symptoms, but do not show a disease
modifying effect.

While the invention has been described and illustrated with reference to
certain particular embodiments thereof, those skilled in the art will appreciate that
various adaptations, qhanges, modifications, substitutions, deletions, or additions

15 of procedures and protocols may be made wi{:hout departing from the spirit and -
scope of the invention. It is intended, therefore, that the invention be defined by
the scope of the claims that follow and that such claims be interpreted as broadly
as is reasonable.

All references cited above are hereby incorporated by reference herein.

20 Having described the invention method, various embodiments of the

invention are hereupon claimed.



30 C1-C6 al kyl; 185 C2-C6 al kenyl; C2-C6 al kynyl; and C3-C6 cycl oal kyl ;
Each R3 i ndependently is selected from 5 H, Cl C6 al kyl; Substituted
Cl-C6 al kyl; C3-C6 cycloal kyl; Substituted C3-C6 cycloal kyl; 10

Phenyl - (Cl - C6 al kyl enyl); Substituted phenyl-(Cl-C6 al kyl enyl);

Napht hyl - (Cl - C6 al kyl enyl); Substituted naphthyl-(Cl-C6 al kylenyl); 5-,6-,
9-, and 10-nmenbered heteroaryl-(Cl -Casgd kyl enyl); 15 Substituted 5-, 6-,
'9-, and 10-nenbered. heteroaryl-(Cl-C6. aI kyI enyl); Phenyl; Substituted

phenyl ; - Napht hyl, Substitut ed Q%% 20 5-,6-,9-, and 10-nenbered
heteroaryl; Substituted 5-, dhd 10- nenber ed het eroaryl; SisN T,

U and Weach are CR4; or One of T, U and Wis N and the other two of T,
U and Ware CG14; or 25 Tis CGCR4 and U and Ware each N, or Uis CGR4

and T and Ware each N, _Each R4 independently is selected from H,
5 L A compound of Formula I

. - R?
Rl/Q\I/W\]/V I
Ssp U |

or a pharmaceutically acceptable salt thereof,

Whereiﬁ:

R1 and R2 independently are selected from:

R (U < ¢
" C1-Cg alkyl;
Substituted C;-Cs alkyl; -
Cy-Cg alkenyl;
Substituted C,-Cg alkenyl;
157 Cy-Cg alkynyl;
Substituted C»-Cg alkynyl;
C3-Cs cycloalkyl;
Substituted C5-Cy cycloalkyl;
_ C5-Cs cycloalkyl-(C-Cs alkyie‘ny'l);
20 © Substituted C3-Cs cycloalkyl—(Cl-Cs alkylenyl)
3- to 6-membered heterocycloalkyl
’ Substituted 3- to 6-membered- hcterocycloalkyl
3- to 6-membered heterocycloalkyl- (€1-Cs alkylenyl)'-
- Substituted 3- to ﬁ—membered heterocycloalkyl (C1-Ce alkylenyl);
25 Phenyl-(C1-Cs alkylenyl);

Substituted phenyl-(C,-Cs alkylenyl)
Naphthyl—(Cl—C6 alkylenyl)



F, 186 CH3; CF3; C(OH CN, 5 HO CH3O { C(F)H20; C(H)F20;and CF30
10 Vis a 5-nenbered heteroarylenyl; and Qis N(H C(O; Each "substituted"
group contains from1l to 4 substituents, each independently on a carbon or
nitrogen atom independently selected from Cd-C6 alkyl; 15 C2-C6 al kenyl;
C2-C6 al kynyl; C3-C6 cycloal kyl; C3-C6 cycl oal kyl nethyl; Phenyl; 20
Phenyl methyl; 3- to 6-nmenbered hét8 ocycl oal kyl; 3- to 6-nenbered
het er ocycl oal kyl met hyl ; cyano; CF3; 25 (Cl-C6 alkyl)-0OC(O; HOCH2;

(C1- 6 alkyl) Su Stltt,;lted 1‘?&121)'}'1%_3'{21—;@1—(36 alkylenyi);
5-, 6-,9-, and 10-membered heteroaryl-(Cy-Cs alkylenyl);
Substituted 5-, 6-, 9-, and 10-membered heteroaryl-(C;-Cg¢ alkylenyl);
Phenyl;
5 ‘Substituted phenyl;
Naphthyl;
Substituted naphthyl;
3-, 6-,9-, and 10-membered heteroaryl;
Substituted 5-, 6-, 9, and 10-membered hetcroaryl;
10 R0-(Cy-Cy alkylenyl);
Substituted R*0-(C;-Cs alkylenyl); |
Phenyl;
Substitnted phenyl;-
. Naphthyl;
15 Substituted naphthyl;
' 5- or 6-membered hcteroafyl;
Substituted 5- or 6-membered heterﬁaiyl;
" 8-to Iﬂamembf_:red hetcroﬁiaryl;'
- ~ Substituted 8- to 10-membered heterobiaryl;
20 - Phenyl-O-(C-Cs alkylenyl);
Substituted phenyl-O-(Cy-C; alkylenyl);
Phenyl-S-(Ci-Cs alkylenyl);
Substituted phenyl-S-(C;-Cs alkylenyl);
- Phenyl-S(0)-(C1-Cy alkylenyl)-; -
25°  Substituted phenyl-S(0)(C-C; alkylényl);
Phenyl-S(O)«C1-Cs alkylenyl); and
Substituted phenyl-S(0),-(C;-Cs alkylenyl);
‘wherein R and R” are not both selected from: -
0300 CpCealkyl;



(C-C6 alkyl)-N(H)CH2; 30 (C1-C6 al kyl)2-NCH2; 187 N 2C(O (d-Cs
alkyl)-N(HC(O); (C-C6 alkyl)2-NC(O; N(H)2C(O)N(H); 5 (C-C6
alkyl)-N(HHC(ON(H); NH2C(ONC -C6 alkyl); (C-C6
alkyl )-N(HHC(O N(CI -C6 alkyl); (C-C6 alkyl)2-NC(ONH); (Cl-C6
alkyl)2-NC(ON(C -C6 alkyl); 10 N(H2C(OGO (C-C6 alkyl)-N(HC(OG
(CI-C6 alkyl )2-NC(O O HO, (Cl-C6 algyl)-O 15 CF30, CF2(H) O  CF(H) 20;
H2N, (G- C6 al kyI) N(H; 20 (CI-06 alkyl)2-N, 02N, (ClI-06 alkyl)-S;
(C-C6 al kyl)-S(O (C-C6 al 71)'S(0)2; 25 (C-C6 al kyI)2 NS(O 2; (d -
al kyl ) -S(0)2- N @(1@15/1( Cl-C8 al kylenyl)m and (Cl-
“al kyl)-C(O) - N(CI_D-CS(alcl)c) 2y1( g:ld C8 al kyl enyl ) m :
C3-C5 cycloalkyl;
~ Each R? independently is selected from:
5 R
Ci-Cg alkyl;
Substituted C;-Cq alkyl;
C;-C cycloalkyl;
Substituted C3-Cg cycloalkyl;
16 . Phenyl-(Cy-Cs alkylenyl);
~ Substituted phenyl-(C;-Cs alkylenyl);
- Naphthyl-(C,-Cs alkylenyl);
Substituted naphthyl-(C;-Cg alkylenyl);
5-, 6-,9-, and 10-membered heteroaryl-(C;-Cs alkylenyl);
15 | Substituted 5-, 6-, 9— and 10-membered heteroaryl- (CI-C5 alkylenyl),
Phenyl
Substituted phenyl;
Naphthyl;,
Substituted naphthyl;
20 _ "5;, 6-,9-,and IOmembered' heteroaryl;
. Substituted 5-,6-,9-, and 10-mémbcfed heteroaryl;
SisN; '
o T, U, and‘Weach:m:C—R4 or
B One of T, U, andW1sNandﬂleothertwoofT U, am;iWare:C—R4 or
25  TisCR*and Uand W are each N; or

Uis C-R*and T and W are each N;

" Bach R* independently is selected from:

H;
B

C6



wherein each substitnent on a carbon atom may further be independently
selected from 30 Halo; 188 H®XC, and OCH20, wherein each 0 is bonded to
adj acent carbon atons to forma 5- nenbered ring; wherein 2 substituents
may be taken together with a carbon atomto which they 5 are both bonded
to formthe group C=O wherein two adjacent, substantially sp2 carbon atons
may be taken together with &&& a diradical substituent to forma cyclic
diradical selected from R O:)CO1PPCNNR R ON 10 Ol RXONS NN XN
RR;and R Ris Hor C-C6 alkyl; mis an integer of 0 or 1; 15 wherein

each 5-menber edHbet eroaryl enyl independently is a 5-nmenbered ring
cont ai ni ng ca[:?ﬁn atons and from1l to 4 heteroatons selected from 10, 1 189
S, 1 NH 1 N(CI-®6 alkyl), and 4 N, wherein the 0 and S atons are not both

present, and whg)E;n the heteroarylenyl may optionally be unsubstituted or
substituted with 1 substituent selected fromfluoro, nethyl, hydroxy,

trifl uoronet hy$d% cyano, and acetyl;
5 HO; ;
CH;0; |
CEH,0;
CH)F,0; and
CE0;
10  Vis a 5-membered heteroarylenyl; and
Q is NEDC(O);
‘Each “substituted” group contains from 1 to 4 substituents, each independently on
a carbon or nitrogen atom, independently selected from: |
C1-Cs alkyl;
15 C,-Cg alkenyl;
C2-Cs alkynyl;
C3-Cs cycloalkyl;
C3-Cs cycloéllkylmethyl; '
Phenyl;
20 Phenylmethyl;
3- to 6-membered heterocycloalkyl;
3- to 6-membered heterocycloalkylmethyl;
cyano; ' |
CFs;
25 (C1-C alky)-OC(O);
| " HOCHj;
(C~Cs alkyl)-OCHS;
HNCHy;
. | (C1-Cs alkyl)-NH)CH;;
30 (CrCoalkyly;-NCHy;



5 wherein each heterocycloal kyl is a ring that contains carbon atons and 1
or 2 heteroatons independently selected from2 0, 1 S, 1 SO, 1 S0)2, 1
N, 2 NH, and 2 N(Cl-C6 al kyl), and wherein when two 0 atonms or one O
atom and one S atomare present, the two O atons or one 0 atomand one S
atom are not bonded to each other, and wherein the ring is saturated or 10
optionally contains one carbon-carbon or carbon-nitrogen doubl e bond;
wherei n each 5-nenbered heteroaryl 189ntai ns carbon atons and from1l to 4
het er oat ons i ndependently selected from10, 1 S, 1 N(H), 1 N(CI-C6 alkyl),
and 4 N, and maghctonenbered heteroaryl contains carbon atonms and 1 or 2
het er oat ons i'ndependently selected fromN, N(H), and N(Cr-C6 15 al kyl), . and
5- and 6- nenb€r ﬁEﬂé@Hﬁﬁ?ﬂDBre nonocyclic rings; and 9- and 10- menber ed

het er oaryl ar g~ Gm5; 2 6, 6-fused bicyclic rings, respectively,
wherein at le s'tECﬁlalic{#%teﬁg{gﬂf used rings of a bicyclic ring is aromatic,

and wherei n WN&)CH@MNHInd S atons both are present, the O and S atons are
not bonded to each ot X ein with any (Cl-C6 al kyl)27N group, the
Cl -Cgal kyl g@t&dw"%é&l%@hl |y taken together with the nitrogen atom
to whi ch theynargc@iN@shedka).forma 5- or 6-nmenbered heterocycl oal kyl ;
~and wherein eaggﬁggoﬁp@gncf%é%%?f substituent recited above is independently

“selected. 2. (CiHés dbylpdURICEIN(CdiGhgikyd);cl ai m 1, or a pharnmaceutically
ceren e v g Qpigiap! e " ¥ 15 selected LromLhe aroupe, 190
oS g e ncopem g hercl, el et Lepat one o
al kylenyl ); aNGDS(BKTi t uted C3-C6 cycl oal kyl - (Ct-C6 al kyl enyl ).
(C1-C alkyl)-NH)YC(O)O;
(Cy-Cs alkyl),-NC(0)O;
ﬁO;
(C-Cs alkyl)-O;
15 CF;0;
CEH)O;
CRH),0;
HoN; K
- (C-Ge alkyl)-N(H);
20 (C1-Cs alkyl)-N;
. ON; ,- o
(C1-Cs alkyl)-S;
 (Cr-Co alkyD)-S(O);
(C1-Co aliyl)-S©);
25 - (Ci-CsalkyD, NS(O); |
(CCo alkyD)-S(O)-N(H)-C(0)-(Cr-C alkylenyl)y; and
 (Cr-C alky)-C(0)-N(H)-S(O)>-(C1-Cs alkylenyl)ny;
‘wherein each substit&enf on a carbon étom-,may. further be independently selected
. - from: | | ' | ‘ B



4. The conpound according to clainB, or a pharmaceutically acceptable salt
t hereof, wherein each CI-C6 al kylenyl is CH2. 10 5. The conpound accordi ng
to claim4, or a pharnaceutically acceptable salt thereof, wherein at

| east one substituent is selected fromthe groups: CORCH3; CH3O 15 F;
a; CN CF3; CH3S(O?2; 20 CH3; or wherein at |least two substituents are
ad and F, 2 F, or OCH20, wherein each O is bonded to adjacent carbon atons
to forma 5-nenbered ring. 191 6. A Far maceut i cal conposition, conprising
a conpound according to any 5 one of ‘clainms 1 to 5 or a pharnaceutically
accept abl e saHO,Chatdeof, adm xed with a pharnmaceutically acceptable
carrier, exci dilu Use of a conpound of Formula |
according to Q@ang’?‘ﬁ’iﬁ"b?“&mi‘Slbqngc@tqft‘fjdaqeﬁ'écaﬂ?%‘rﬂﬁ?%éf%@ém@f -a medi cament
-for treating pRLMERULRMNL tis or rheumatoid arthritis. 10 8. A conpound
selected from 4-{

- 5-[ 2- (4- Wheroino? fbatitpbeta nipyrimythienpppéttiemwith g ciboe ttoaz ol witicl thegt hyl } -
benz%l c acid;_and

5-[ 22 4- Fl uor ¥R mn%hﬁ%%@mﬁg@“ﬂgﬂl -pyridin-4-yl]-tetrazol - 2-
yl et hyl whéienaoictdprbst, sistuRINAETRGRIhIafhd %af 66 BREARIRRAKM! her eof .

a diradical substituent to form a cyclic diradical selected from:

R
/

16

30

?

R is H or C;-Cg alkyl;
. misaninteger of O or 1; |
. * 15 wherein each 5-membered heteroarylenyl independently is a S-m_émbered ring

containing carbon atoms and from 1 to 4 heteroatoms selected from 1 O, 1




5

10

15

20

35

189

S, 1 NH, 1 N(C;-Cg alkyl), and 4 N, wherein the O and S atoms are not

‘both present, and wherein the heteroarylenyl may optionally be
unsubstituted or sﬁbstituted with 1 substituent selected from fluoro,
methyl, hydroxy, trifluoromethyl, cyano, and acetyl; '
wherein each heterocycloalkyl is a ring that contains carbon atoms and 1 or 2
heteroatoms independently selected from 2 O, 1S, 1 S(0), 1 S(0O)2, 1N, 2
N(H), and 2 N(C-Cs alkyl), and wherein when two O atoms or one O
| atom and one S atom are present, the two O atoms or one O atom and one
S atom are not bonded to each other, and wherein the ring is saturated or
optionally contains one carbon-carbon or carbon-nitrogen double bond;
wherein each 5-membered heteroaryl contains carbon atoms and from 1 to 4
heteroatoms independently selected from 1 0,18, I N(H), 1 N(C;-Cg
alkyl), and 4 N, and each 6-membered heteroaryl contains carborl. atoms '
and 1 or 2 heteroatoms independently selected from N, N(H), and N(C;-C¢
" alkyl), and 5- and 6-niemberéd heteroaryl are monocyclic rings; and 9-
and.l()—m_embcred heteroaryl are 6,5-fused and 6,6-fused bicyclic rings,
respectively, wherein at least 1 of the 2 fused rings-of a bicyclic ring is
aromatic, and wherein when the O and'S atormns both are present, the O and
. S atoms are not bonded to each other; | - ‘
whereiit with any (Cy-Cs alkyl)z-N group, the C;-Cs alkyl groups may be
- optionally taken together with the nitrogen atom to -which. they are
attached to form a 5- or 6-membered heteracycloalkyl; and

- wher‘eih_ each group and each substituent recited above is indépéndently selected. _

2. The compound éccording to claim 1, or a pharmaceutically acceptable salt

_ theréof, wherein V is selected from the groups:-



10

15

20

- wherein at least two substituents are Cl and F, 2 F, or OCH,0, wheréin each O is _

190

N=—=N . N==
\ /
/& /N\ —N )\

N : N ’
N/N%N . _N¢N\N

\ 7 \ /<
_ N ,and N _

\ /.
3. The com‘pbuhd according to Claim 2, or a pharmaceutically acceptable salt

thereof, wherein at least one of R! and R? is independently selected from:
C3-Cs cycloalkyl-(Ci-Cs alkylenyl); and ‘
Substituted C3-Cs cycloalkyl-(C;-Cs alkylenyl).

4. The compound according to claim 3, or a pharmaceutically acceptable salt

thereof, wherein each C;-Cs alkylenyl is CHy!

5.  The compound according to claim 4-,- or a pharmaceutically accéptable salt
thereof, wherein at least one substituent is selected from the groups:
COAH;
CO,CH3;
CH30;
F;
Cl;-
CN;
CFs;
CHS(O);
o Cﬁ3; or

: o 'bqnd_ed to adjacent carbon atoms to form a 5-membered rng.



i91

6. A phamaceutical composition, comprising a compound according to any
5 oneofclaimsitos ora pharmaceutically acceptable salt thereof, admixed with a

pharmaceutically acceptable carrier, excipient, or diluent.

7.. Use of a compound of Formula I according to any one of claims 1 to 5 for the
manufacture of a medicament for ireating osteoarthritis or rheumatoid arthritis.
10

8. A compound selected from: .
| 4-{5-{2-(4-Fluoro-benzylcarbamoyl)-pyridin-4-yi]-tetrazol-2-ylmethyl } -
' benzoic acid; and '
4-{5-[2-(4-Fluoro-benzylcarbamoyl)-6-methyl-pyridin-4-yl}-tetrazol-2-
ylmethyl }-benzoic acid; or

a pharmaceutically acceptable salt thereof.




