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NOVEL SUBSTI TUTED | M DAZOLE COMPOUNDS This invention relates to a novel
group of i m dazol e conpounds, processes for the preparation thereof, the
use t hereof woemasessi ng cyt oki ne nedi ated di seases and 5 POBUSOEsPSi cal
conpositions for use in such therapy. BACKGROUND OF THE | NVENTI ON
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Dinarello, J. Clinical Immunology, 5 (5), 287-297 (1985), reviews the biological

25  activities which have been attributed to IL-1. It should be noted that some of these effects
have been described by others as indirect effects of IL-1.

Excessive or unregulated TNF production has been implicated in mediating or
exacerbating a number of diseases including rheumatoid arthritis, rheumatoid spondylitis,
osteoarthritis, gouty arthritis and other arthritic conditions; sepsis, septic shock, endotoxic

30  shock, gram negative sepsis, toxic shock syndrome, adult respiratory distress syndrome,
cerebral malaria, chronic pulmonary inflammatory disease, silicosis, pulmonary sarcoisosis,
bone resorption diseases, reperfasion injury, graft vs. host reaction, allograft rejections,
fever and myalgias due to infection, such as influenza, cachexia secondary to infection or
malignancy, cachexia, secondary to acquired immune deficiency syndrome (AIDS), AIDS,

35 ARC (AIDS related complex), keloid formation, scar tissue formation, Crohn's disease,
ulcerative colitis, or pyresis.
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production or activity aids in limiting HIV progression as stated above for T-cells.
TNF has also been implicated in various roles with other viral infections, such as the
cytomegalia virus (CMYV), influenza virus, and the herpes virus for similar reasons as those
25 noted.
Interleukin-8 (IL-8) is a chemotactic factor first identified and characterized in
1987. IL-8 is produced by several cell types including mononuclear cells, fibroblasts,
endothelial cells, and keratinocytes. Its production from endothelial cells is induced by IL-
1, TNF, or lipopolysachharide (LPS). Human IL-8 has been shown to act on Mouse,
30  Guinea Pig, Rat, and Rabbit Neutrophils. Many different names have been applied to IL-8,
such as neutrophil attractant/activation protein-1 (NAP-1), monocyte derived neutrophil
chemotactic factor (MDNCF), neutrophil activating factor (NAF), and T-cell lymphocyte
chemotactic factor.
IL-8 stimulates a number of functions in vitro. It has been shown to have
35 chemoattractant properties for neutrophils, T-lymphocytes, and basophils. In addition it
induces histamine release from basophils from both normal and atopic individuals as well
as lysozomal enzyme release and respiratory burst from neutrophils. IL-8 has also been
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Interleukin-8 (1L-8) is a chenpotactic factor first identified and
characterized in 1987. IL-8 is produced by several cell types including
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20 disease, in a mammal in need thereof, which comprises administering to said mmammal an
‘effective amount of a compound of Formula (I).

This invention also relates to 2 method of inhibiting cytokines and the treatment of a
cytokine mediated disease, in a mammal in need thereof, which comprises administering to
said marmnmal an effective amount of a compound of Formula (I).

25 This invention more specifically relates to a method of inhibiting the production of
IL-1 in a mammal in need thereof which comprises administering to said mammal an
effective amount of a compound of Formula ().

This invention more specifically relates to a method of inhibiting the production of
IL-8 in a mamumal in need thereof which comprises administering to said mammal an

30 effective amount of a compound of Formula (1).

This invention more specifically relates to a method of inhibiting the production of
TNF in a tnammal in need thereof which comprises administering to said mammal an
effective amount of a compound of Formula (I).



_conpositions conprising a conpound of Fornula (1) and a pharnmaceutically
acceptable diluent or carrier. This invention relates to a nethod of
treating a CSBP/ RK/ p38 ki nase nedi ated 20 di sease, in a manmal in need

thereof, whyghyseapri ses adninistering to said mammal an efcegdshees2anount
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PCT/ US97/ OOSZEomamirdd-l (hlgs wiky! substituted emino, N(R10)C(0)Rg o0 4 Hdmtaomlyﬂmugd of
Forrmula (I1): re L rel [ m di r|n WhIChIS
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addi ti onal | y SSi5cte8 &9 e §1 I5hdependently by Jerr] al kyl , 5

hal[ ogen, hydriophyenyl, Ghphtte-} -yabkmpjlth—’Eny or 3 hetbdogsyl, which 1€bptldn]all§kﬁbﬁhﬁteklﬂiynyl :
CHerr err EX I T ut 1 no,

N(R[er C(O) e"?&gf%“r"s%%g‘?‘ s %ﬁf“"]‘%‘“‘){vﬁh c‘*ﬁ“‘?"h e s d’s o 7
menbers and Hinaphtbricdi 5@3121#\’ |6maahth+2ey éﬂbﬁéﬂ@m s&ahaé‘lgeacbmtbm
oxygen, sul ftmtro,r-Cl‘BM')'R]w. R(Z)0R 16, s(cumnm}»conmwns.--sbm: -ORghhilo2-yl , or

Subst! tvents. eae%@dﬁm%ﬂh'%pe%kﬁ? AR o i ch for a
CR10R20)vNR10R20 and for other posmons of substitution, is halogen,

15 cyano, -C(Z)NR13R14, -C(Z}0R3, -(CR10R20)m"COR3, -S(O)mR3, -OR3, halo-
substituted-C1-4 alkyl, -C1-4 alkyl, -(CR10R20)m"NR10C(Z)R3, -NR10S(O)m'R8,
-NR10S(0)m’NR7R17, -ZC(Z)R3 or (CR10R20)m"NR13R 14;

v is 0, or an integer having a value of 1 or 2;
m is O, or the integer 1 or 2;
20 m'is an integer having a value of 1 or 2,
m" is 0, or an integer having a value of 1 to 5;
R2 is an optionally substituted heterocyclyl, or an optionally substituted heterocyclylC1-10
alkyl moiety ;
n is an integer having a value of 1 to 10;

25  Zis oxygen or sulfur;

R is hydrogen, Cj-6 alkyl, C3-7 cycloalkyl, aryl, arylCy.4 alkyl, heteroaryl,
heteroarylCj_4alkyl, heterocyclyl, or heterocyclylCi.4alkyl C1-4 alkyl;

R3 is heterocyclyl, heterocyclylC1-10 alkyl or Rg;

Rs5 is hydrogen, C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl or NR7R]7, excluding the moeities

30 -SR5 being -SNR7R]7 and -SOR35 being -SOH;

R7 and R}7 is each independently selected from hydrogen or Cj-4 alkyl or R7 and R17
together with the nitrogen to which they are attached form a heterocyclic ring of Sto 7




.4-phenyl, 4-naphth-1-yl, 5-naphth-2-yl or 6-naphth-2-yl substituent, is
hal ogen, cyano, nitro, -C(Z)NRerr]Rerr], -C(Z)OR[err],
-(CRlerr]Rerr])vCOR[err], -SRerr], -SOR err], CR[err] hal o-

subst it ut ed-@wpesesesal kyl, Jerr] alkyl, -ZC(Z)Rerr], -NR[éTCr’lT‘&’Z?W%rr]
or -(CR[err]R[err])[err]NR[err]R[err] and which, for other positions of

bstituti al ] v )
“(CRl et 1] R o r TFBFe sy s qptionatf P ains e ol hdndsbh daepigr ol €1 1
subst i t ut ed- O] ex¥geomlfyr or NR{Ssr 1| al kyl
- (CR er r'] R exg is)tieig dtkyiRbas-sdustiaied(Cy 1d alkylNE3.80 ﬂlkséﬁ)) Czn0 pRyayls €3-7

-NR[err]S(O)[errg1 eégig &m}my &4, SEL 1D RIS, beteroaryl, heteroarylCy 19 alkyl,
he f 1
e e s i R oo S R 1 8RR izvx'z{%ﬂv?néaa“ﬁafue
of 1 or 2, nt @bekzgy NI 3R idreit thel digl, frylalilyl) herfoatyl] etéroariy alkylmaybean

optlonally substltute het erocyclyl, or an optionally substituted
het er ocycl yl C[@P'i“}“ag R'WnWety nis an integer having a value of 1 to 10,
25 Zis ox&gsﬂ:ydrogsml-C(Z)RlR{leionﬂb Wsrmg@ 1-107aBeyl, | S(@)2R 18, optjosally

cycl oal kyl , ar)g,ll ﬁ,w;l Im subsgibfed & leroaryl C[err] al kyl,
het er ocyg yI tero cl e i's
het er ocyd yIR1 M ‘Q’%@%‘? @%ﬁde&%&% ké:;lT"J‘] hydro&
Clerr] al kyIqusélD'ﬁ]Ogm Eanwalksd:[@—vpydomwemmm ely} €3-1090ky) dvhg
the noeities 3 lCl 10 Ehé L] ] and -SOR[err] being

-SOH, RY ang‘i a a ndependent|y sel ect from hydr ogen or Cerr]
al kyl or F é‘?f ther with the nltrogento whi ch they are

attached f or m:aaﬂﬂmlscguhlmdppcﬂdwgﬂy)selwmm hytirogen oy\Cptiohally substituted C1.4

PCT/ US9746€0529 &'“E? bpHicH et bPidgéthe
het er oat é)% sel ec ggﬁ? 's&’cg:g:nteﬂggﬁﬁur olrajl Is?[ er réa lerr dllﬁis'It C[ er rt? raI kyl ,

hal o- subst i t ut &dthahenifrpgen ¥ mahﬁrewqmap&gmro
cycl oal kyl , (] evhidh ringcdptiohdigrephtaing iy hddiienal Kiterostbmakleyted fxbﬁicﬁnygar waifur or
heteroaryIC[errh}R kyl, 5 (CRlerr]Rerr])[err]OR[err],
(CRlerr] R[er{{]‘g ﬁ{lr %%E ]:ﬂy?;”] , (CRlerr]Rerr])[err]NHS(O[err]Rerr],
20 Rjy6 is Ci-4 alkyl, halo-substituted-C]-4 alkyl, or C3.7 cycloalkyl;
Rjg is C1-10 alkyl, C3-7 cycloalkyl, heterocyclyl, aryl, aryl]-10alkyl, heterocyclyl,
heterocyclyl-Cj.10alkyl, heteroaryl or heteroaryli-10alkyl;
or a pharmaceutically acceptable salt thereof.

25 DETAILED DESCRIPTION OF THE INVENTION
The novel compounds of Formula (I) may also be used in association with the

veterinary treatment of mammals, other than humans, in need of inhibition of cytokine
inhibition or production. In particular, cytokine mediated diseases for treatment,
therapeutically or prophylactically, in animals include disease states such as those noted

30  herein in the Methods of Treatment section, but in particular viral infections. Examples of
such viruses include, but are not limited to, lentivirus infections such as, equine infectious
anaemia virus, caprine arthritis virus, visna virus, or maedi virus or retrovirus infections,
such as but not limited to feline immunodeficiency virus (FIV), bovine immunodeficiency
virus, or canine immunodeficiency virus or other retroviral infections.

35 In Formula (1), suitable R] moieties include a 4-pyridyl or a 4-pyrimidiny! ring.
The R 1 moieties are substituted at least one time by a C1-4 alkoxy or Cj-galkylthio moiety.
Preferably the R1 moiety is 2 C]-4 alkoxy group, such as n-butyl, isoproxy, ethoxy or
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_(CRerr]Rerr])[err]NRlerr]Rerr]; wherein the aryl, arylalkyl, heteroaryl,
het eroaryl al kyl may be optionally substituted; R err] is hydrogen,
-C(2)Rerr] or optionally substituted CJerr] alkyl, S(Oferr]Rerr],

optional |y wblaghdeh¢'t ed aryl or optionally substituted arylpcinssobossd kyl ; 10
Rlerr] and Rerr] is each independently selected from hydrogen or Cerr]
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I mmunodefi ¢l Vir r ' ' efici.en VI ot .0
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i ncl ude a aaghth-29Y br Gnaphtht21yy mckety amm phe o twy. suliitisucRfsarach of rwhich anes ar e
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Pref er ably (e ook R aha'sSr Gin?lpSbiibns e SGBKtiRioh R ekl il el '

' Substitution is halogen, -S(O)mR3, -OR3, CF3, (CR10R20)m™NR13R 14, -NR10CZ)R3
and -NR10S(O)m'R8. Preferred substituents for the 4-position in phenyl and naphth-1-yl
and on the 5-position in naphth-2-y} include halogen, especially fluoro and chloro and -SR§

25 and -SORj5 wherein R5 is preferably a C1.2 alkyl, more preferably methyl; of which the
fluoro and chloro is more preferred, and most especially preferred is fluoro. Preferred
substituents for the 3-position in phenyl and naphth-1-yl rings include: halogen, especially
fluoro and chloro; -OR3, especially C1-4 alkoxy; CF3, NR10R20, such as amino; -
NR10C(Z)R3, especially -NHCO(C}-10 alkyl); -NR10S(O)m'R8, especially -

30 NHSO2(Cj.10 alky}), and -SR3 and ~-SOR3 wherein R3 is preferably a C}.2 alkyl, more
preferably methyl. When the phenyl ring is disubstituted preferably it is two independent
halogen moieties, such as fluoro and chloro, preferably di-chloro and more preferably in the
3,4-position. 1t is also preferred that for the 3-position of both the -OR3 and -ZC(Z)R3
moietites, R3 may also include hydrogen.

35 Preferably, the R4 moiety is an unsubstituted or substituted phenyl moiety. More
preferably, R4 is phenyl or phenyl substituted at the 4-position with fluoro and/or
substituted at the 3-position with fluoro, chloro, C-4 alkoxy, methane-sulfonamido or .
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nmet hoxy. A preferred ring placenent of the Rl err] substituent on the

4-pyridyl derivative is in the 2-position, such as 2-net hoxy-4-£?yri d;/l . A

preferred riwopwhsm@enent on the 4-pyrinmidinyl ring is al so EETH 52

2-position, such as in 2-nethoxy-pyrimdinyl. Sui tabl e additional

albsti t ;Jﬁnt %c@ﬁhd$6rﬁki¥i%heﬂﬁ@rsﬂ%hﬁteddtm ﬂddﬁﬂ avad[hébhﬁimw 5
err] al koxy, err err rr err

ami no, nono O'Efﬁf#blﬁlcwp %B%thﬁf?ég ‘341*5 MW ¥I)C(ORerr], or

an N heterocycl yllnﬁongxlm/(m),cmsraxngpxﬂmsulfmopneferabdyaxygembers and opti onal I y

contains an addi t3uparly, Reiseh QplioHAIS ShiRGiutsh Kelpbayely yg,eahetswciyaﬂcqud\ﬂﬁrr]

The al kyl_ group in the nmono- and di-Cferr] al kylsubstltut ed noiety may be
hal 0 substi t®P¥®: such as in trifluoro- i.e., trifluoronethyl or
trifluroethyl. 10WhenR2 isadfoptionally sﬂ&m@dhqmmmw theuingtis preferably

N

05532{@9%9“4%@‘%5&'%%‘“%? r%@“h‘“% FilouPatlt nptbiih
het er ocycl yl the sibstiwents gay be direqtly theffree mitrogen guch asjin the ]PlHe§d1Mﬁf erably
Clerr] al ky|gro@;$61f it MingRbE6H the idhg h&élfomefuaw)tmesm hsSepipEridIgk o Iehat the

Cubsti tulSa éﬁ%@% 5 aiglgﬁr@g‘éijﬁéé °5§¥%a?1§ ;g};ttw‘*f‘ﬁ i

such as 15 ' Ipesd ndfagym halpgan; taﬁpbqnal»a& 1, sughy Pi
Rlerr] is phﬁﬂefém pmoiaﬁmh&n&st ma9'be dpticafly Sabstituted /Rl mhes

e phenyl Sor s *F‘ﬁﬂ’f‘% BC@I}PP% %‘*‘%E@@%m Q'&;@ ighed 7L
is a 4-pheny® alky hydrexy substia O)inCirgi ey} are

one or typ SMﬁfdm uﬁIOSI mahmxomomﬁaﬁﬁkaaanandsaeﬁﬂkﬁepéﬂdenﬁyehﬁﬁé@d der om
hal ogen, - SRk SOR[err], -ORlerr], CFlerr], or
-(CR err] R[erfl'ﬂ%r)r] NR[err]Rerr], and for other positions of substitution

on these rings prReeferabbyif thesingiis apiperidine, ﬂmﬁ!gi@machsi t())t[leixm"}i%at]tbe 4-
and <NR]or 1] B P By “ﬁm‘?ﬁ?%’?red“;ﬁt.t P L basit pn i n
ESﬂenyl and n & W%é’?‘%ﬁ i"“?‘%&"f gﬁnel i §/ 8\° qpaaﬁ’é‘ 14
hal ogen, 2@ s ppipéridine; If theaing zan@smhwdlbm ap alkyl Bﬁ{lpmqtheﬁng Brattact@diy ther |
Wi ch T ho 11 (5 S 113 peReitly Aunkieicin G or 6Tk ﬁ°“%§"‘?ﬁ§“‘=%§2? e o
preferred i s%‘ﬁg ~4- O‘i‘??‘egs&mg%bs HO‘%‘%EH& é‘ arpgrm{]ehgxegis &?‘&F henyl
and napht h- fmigazole at ghe 3-pasiticdcandribé substitnerds e @ll dirbgtlyfdnuhe man\ne aifogem;
-OR[err], especi @Whsn Rb & dn|optibladysisbstitfted hieterodydly O] 5laBity) kroup 6B g isani NO;
i 25  preferably a morpholino, pyrrolidinyl, or a piperidiny] group. Preferably the alkyl moiety

is from 1 to 4 carbons, more preferably 3 or 4, and most preferably 3, such as in a propyl

group. Preferred heterocyclic alkyl groups include but are not limited to, morpholino ethyl,

morpholino propyl, pyrrolidiny] propyl, and piperidinyl propyl moieties. The heterocyclic

ring herein is also optionally substituted in a similar manner to that indicated above for the

30  direct attachment of the heterocyclyl.
In all instances herein where there is an alkenyl or alkynyl mojety as a substituent

group, the unsaturated linkage, i.c., the vinylene or acetylene linkage is preferably not
directly attached to the nitrogen, oxygen or sulfur moieties, for instance in OR3, or for

certain R2 moieties.

35 As used herein, "optionally substituted” unless specifically defined shall mean such
groups as halogen, such as fluorine, chlorine, bromine or iodine; hydroxy; hydroxy
substituted C}.10akkyl; Cj-10 alkoxy, such as methoxy or ethoxy; S(O)py, alkyl, wherein m
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.NR[err]C(Z2)Rerr], especially -NHCO(C[err] al kyl);
-NR[err]S(Oferr]"Rerr], especially - 30 NHSOerr](Cerr] alkyl), and
-SR[err] and -SOR[err] wherein R err] is preferably a (Jerr] alkyl, nore
pref erably wglohydese VWen the phenyl ring is disubstituted pcahsonbisysit is
two i ndependent hal ogen noi eties, such as quoro and chloro, preferably

that for t 803 80l e oA g “l?&'lzlj’%f‘g‘lrso BT o,

Rlerr] may sbstijute emweswyemgtbﬁmssngmp,orw@ﬁ Wmn@mrmﬂt ety

is an unsu 16 Whith (&0 E&%lfm‘?ﬁ’hgttdf?nm% oty S
o e i e OB PL lFndlaL

substitute

net hane-5 ul éyalvalkyblaikyirgroup, -such as\ifietRyl, éﬂiﬁé‘rﬁmpyl, xsopropyl, t-butyl, etc. or cyclopropyl
PCT/ US97/ 00&2@ @ﬁﬂbmuiewd Q3. ﬂﬂbﬂl sukls CBy Faldbabstituted) Ab alkiery,

2o Pl o BCREBNL. ol uor%%ﬁ 048%?*‘5&9‘“9(’?‘}%@%%‘”oxygen or .

sul fur, pr eérﬂa&i?l.}u%@eﬁtyl &Jpneaé:hyl. wﬂéxemlxese Stydimoﬁ:ﬁbs mag hlsy be substitutedt ed
heterocycl Yéne 18 twé'tiines 6 ],% dtbtyYdubstitn is an

oyrrol i i yyﬁ%ms;ﬁ%@ 4 C%&éﬁnﬁgﬁé%%ﬁsﬁybﬁ »&x%r pg@ e
substituted the hu@feﬂa&sﬁgmpfbmpbunémﬁﬂﬁomhh@fﬂﬂmﬁaﬂk@q#-pmﬁbﬂ ogen,
h g‘*ﬁ‘“ﬁ | .

Iilrjgf e?Zb:; % -Q- Pgﬁ(ﬂxlﬂ%r ﬁolﬂ? ?E %ﬁrNSr%?ie}npre era ,g;ls&
pi peri di ne. 'FPFé£ %‘Pﬂ&‘g’éﬁy‘f" P B¥l| ted QneREAWe Hmes by Aoy  our
tinmes i ndepﬂﬂderﬂiqaﬁgoxh&SC@hmﬂkﬂme&hn@hkgﬂam&rgﬂmmﬂo as phenyl;

| al kyd , h | K
Lhemsel s may 5003 .Pﬁﬁ’ﬁﬁ‘%é‘@'s%ﬁé ' afl el Koow st ond P8 By,
bel ow) ; C( @&@dﬂﬁqbﬁs@dﬁ anm@lq@@gﬂwi}m@ sugh amhydman)mqm eties:;

AOH O pfdRétrdmit! déiﬂ snl ﬂkﬂ&ﬁﬁdﬂc% nﬁhﬁﬁé gulghokit lacid EtBdrelsufphbn Y .

%SZEF;LS[%] egbi oR é%‘%} Th 7 e wﬁtr%m%e”%ﬁ%ﬁné%é%?;ew
the ring i sfumagic penm malais Mﬁhmﬁgcﬁssﬁﬂm&lpmqu aqidcm@na@dehc acke 4-
pos i tiopy apfaddfidnSpHifhidebt@dally addeftabiesa¥s dfcoRiPorlds ofFotmubrPmby Alk®BEN, 1. €.
formed with a pharmaceutically acceptable cation, for instance, if a substituent group
comprises a carboxy moiety. Suitable pharmaceutically acceptable cations are well known to
those skilled in the art and include alkaline, alkaline earth, ammonium and quaternary
ammonium cations,
25 The following terms, as used herein, refer to:
+ "halo” or "halogens”, include the halogens: chloro, fluoro, bromo and iodo.
» "Cjy.-10alkyl” or "alkyl" - both straight and branched chain radicals of 1 to 10
carbon atoms, unless the chain length is otherwise limited, including, but not limited to,
methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, fert-butyl, n-pentyl and the
30 like.
« The term "cycloalkyl” is used herein to mean cyclic radicals, preferably of 310 8
carbons, including but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the like.
+ The term "cycloalkenyl" is used herein to mean cyclic radicals, preferably of 5 to
8 carbons, which have at least one bond including but not limited to cyclopentenyl,
35 cyclohexenyl, and the like.
+ The term "alkenyl" is used herein at all occurrences to mean straight or branched
chain radical of 2-10 carbon atoms, unless the chain length is limited thereto, including, but
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_1-Fornyl - 4- pi peridi ne, 1-benzyl-4-piperidine, 1-nethyl-4-piperidine,

1- et hoxycar bonyl -4- 20 pi peridine. If the ring is substituted by an al kyl
group and the ring is attached in the 4-position, it is preferably
substituted wodimseds- or 6- position or both, such as 2, 2, 6PET/USYIN0529

t et ranet hyl - 4- piperidine Simlarly, if the ring Is a pyrrole, thering is

Gi ooty on (RCUYE foaipeeyh el Digesntl PSR R, 3ol

substituted had@mddﬁyclyl C[err] al kyl group, the ring is'25 preferably a

nor phol i no, pyrr ol wl hegg,l@dmaﬂﬁwldl nyl group. Preferably the alkyl
noiety is from1 to,4 car

[ prefera o nost _preferably
3, such as in a prop¥ %pﬁog’“ tﬁPMR'étf‘YrFé’Pg’t%B%ﬁFihﬁ %}Fm i s Fnel ude
but are ndt |'hetetoaryl nlicyl"yroz $110memberedraydmaticoingtspétemin whish phe opyporeaingsli ny |
propyl, and Rlofitai ¢he ¥ Inoké BRRatbarbihS SIS frokh) el He0u) fYitrlgCor N, Wor' X5 sty s! S

al so optlonal sypstituted a si.m ner to hat, |nd| t ed. abov e for
the 30" i r e ookl rmsmmgle, pasale furat, p olipc. isaqiingfiie, GUmradnR

where there |gmmeawfmn;bhe,mxazdl¢gyhﬂolmamgzoks trazelahnndazubmr hgnnnndazolbe

unsat urated |inkagey, geoc?, rgbl
not directly attagheg t e mi{%%ﬁﬂﬁa%cﬁtﬁ%érﬁogu ﬁh{‘*iﬁ et élgﬁ[@ ey
i nstance 10" ajugated or Hﬁfmp&‘m@é’t"?‘ﬁﬁ?ﬁ {Sygem “33'5’ choneormg&eqygéd

herei n, "opt iconalid gnesmhmte hmresfbmusélami fsqie diefgroupl do;tsmtin‘gl of & OG5 baB) suubas;
such groups fd: ' .
hydr oxy; hyd(ribc'i)gt(H su gétalt? 1‘@%’%@%1 & EE{ éfr?ﬂ{* @&gwﬁﬁ"ﬁ net hoxy or

et hoxy; S(O [ vvherel nm-7- WO 97/ 25046
PCT/ US97/ 00529 i s Orhe]temt"a?alkﬂUGh"he&rdﬁylﬂkyl"bhmtemblﬁgalbjmiﬁhge,dlhefuintmt hyl
sul fonyl ;158M Hown CRAKH £ defitedlbovd attaBkkbdrb R Gryl, Hefetbai\l of BettrdeyNR ki EI err]

group; or Wnere the r] Rl er may together wth the nitrogen to
they are att Al R{“’i’&‘ QSJ‘ andicte7 nenbered ring which optlonally

i ncl udes an addit l-otsalﬁnbet-elimﬁm ea)l of ahesdriespoiniing blifide, Ghe terin "ﬂhk‘yﬂefe:sto

cycl oal kyl, %e&ﬂﬁd&!ﬂ&é'té&ﬂ"sﬁl’f i"ﬁfe&wmﬁuﬁﬁ ofidizE®S * 2> mbikRY prOpY'
| sopropyl, t-butyl, etc. or_cyclopropyl net hal osubsti t ut d C[err
al kyl , such CF[er r"] @®} rpGO a%mwnsmé@ubgmmﬂ.émop wey

such OCF[m r ] subkh &y deffinkd mbve,rﬁxclﬂgt@hﬂhcmdbﬁﬁﬂdwh&ﬁnﬁfeﬂkob&ﬂylfhna%h&hﬂm| or
an optional Iy subst «jghee aﬁﬁ@jdﬁyto?lﬁ*l%ﬁn@ﬁwi isQE dERAGHOVE wher ei n

t hese aryl noi etlePs an al so euegm pynmldmylmowtyforRIOI'RZISfefemdto
N

7
as the formula:

The compounds of the present invention may contain one or more asymmetric
25  carbon atoms and may exist in racemic and optically active forms. All of these compounds
are included within the scope of the present invention.

Exemplified compounds of Fermula (I) include:

1-(4-Piperidinyl)-4-(4-Flourophenyl)-5-(2-isopropoxy-4-pyrimidinyl) imidazole

30  1-(4-Piperidinyl)-4-(4-Fluorophenyl)-5-(2-methoxy-4-pyrimidinyl) imidazole
5~(2-Hydroxy-4-pyrimidinyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imidazole
5~(2-Methoxy-4-pyridinyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imidazole
3-(2-iso-Propoxy-4-pyridinyl)-4-(4-fluorophenyl) -1-(4-piperidinyl)imidazole
5-(2-Methylthio-4-pyrimidinyl)-4-(4-fluorophenyl)- 1-(4-piperidinyl)imidazole
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one to two tinmes by hal ogen; hydroxy; hydroxy substituted alkyl; Cerr]

al koxy; S(OfJferr] 10 alkyl; am no, nono & di-substituted am no, such as in
the NRlerr]Rlerr] group; alkyl, or CFlerr]. In a preferred subgenus of
conpounds of WeoY'@3sidé (1), R[err] is 2-al koxy-4-pyridyl or

2-al koxy-4-pyrimdinyl; Rerr] is norpholinyl propyl, pi pen'(’:fTvrr’\?ﬁg?ms”

N- benzyl - 4- picpemidi or N | -4-piperidinyl; and R err] is phenyl or
phenyl subst Fﬁgt“é%“@%‘%"%.{’Y?-Nbgﬁ‘%&*ﬁyowm&l-émwuq err] al koxy,
-S(O[err] al kyl, Piperidiailimidatadeani do or acetamido. 15 Sui t abl e
phar maceut i c&(2EHRR9SHPRiRkiGin . known t.o those skilled in the
art and inclﬁglgl gﬁ%'eﬂ.‘sal.&g g é_ﬁﬁl{ﬁ’aﬁl c""}%ﬁ%ﬁ’g’&ﬂ&eﬂa’eve@,olesh@h as

hydr ochl ori ¢ acld, ﬁ’g‘mPB’B -3 thiomethylphenyd)-2{3-tthiopetyhhor i ¢ aci d,

met hane sl phoni cPysiidin-4eyliimidazalé phoni ¢ acid, acetic acid, malic acid,

tartaric aci t{i1-Ethylidafboadli idiashl | oxald c acid, _succinic acid,
fumaric acid, maltﬁylgl C . &gﬁ_gg""ﬁe zoi’g}%@?’gfethggfddé‘ymﬁﬁnﬂk?ﬁ?‘mﬁmmfmbt ic acid
and mandel i c aci d. Y % on, pharnmaceutically acceptable salts of
conpounds of For nﬁpwfmégmmbﬁanhﬁuﬁ&fmmﬁﬁﬁ@ﬁam}ﬁg%cth‘i cally
acceptabl'e cation, for instance, if a substituent group cOnprises a carboxy
noi ety. Suitable pharnmaceutically accept%l e cations are well known to

those skilled in the art and i nclude al kafd ne, al kaline earth, anmpni um and

guat er nary anmoni um cati ons. 25 R, e followng terns, as used

herein, refer to: [err] "halo" or "hal er>s", I ncl ude the hal ogens: chloro,
fluoro, bronp and iodo. [err] "C[erga ﬂ' or "alkyl" - both straight and
branchedOchain radicals of 1 to 10 rbon® at , unless the chain length is

ot her wi se | ivgigkeggl, i ncluding, but not |imtedPo, methyl, ethyl, n-propyl,
i 50- propyl , Wi .sec-butyl, iso-butyl, tert-butyl, n-pentyl and the 30
like. [err] “?ﬁé’“i’fé#'ﬁfﬂviwwﬁm 3 G1-49BexyandiisadditionEi oo hosubafiued! S
preferably of 13depsndenty phmersmore tisdes By €Y _Jalk lﬂﬂiloéehnﬂ)d?&gi Q}]%% & r&?}% ’
cycl opentyl , laRkecy! . it Tben bog . (V€ o ;
used hepgin t gﬂ@ 9%8%%‘;;?%%’5%’ %F@ Fpng pndsdir €18 alleylisubmtitutethi ch
e ag Ipon Canlh 2 PRe g Nrheteregyclyliringtveldcl minghs HRRES e emba3
cycl ohexeny! , #@A@ptionally cénsaing ar additiohel ﬁeﬁ*&t&!ﬁk&@&%f}#%xygsed Eﬁlr eilﬁgat' ol
occur r encesRb@s dsptioRdllyshBstituted h&&?&feﬂtﬁd Ghard ra@ uteatitu L Lok Dow:
atonms, unl ess a‘k@?m&he@n l'ength i s |Pmted PRENMYY substitateg; hetproayalylC 10
R4 is phenyl, which is optionally substituted by halogen;
20 Rjpis independently selected from hydrogen or C1.4 alkyl;
Re 1: hydrogen, C1.g alkyl, C3.7 cycloalkyl, aryl, arylC;_4 alky, heteroaryl,
eteroarylC]-4alkyl, heterocyclyl, or heterocyclylCj 4alkyl Cj4 alkyl, ail of which
may be optionally substituted;
R12 is hydrogen or R1¢;
R16 is C1-4 alkyl, halo-substituted-C} .4 alkyl, or C3-7 cycloalkyl;
R15 is hydrogen, C1.4 alkyl or C(Z)-Ci-4 alkyl;
Z is oxygen or sulfur:;
or 2 pharmaceutically acceptabie salt thereof.
" ‘ Preferably, R2 is piperidine, 1-Formyl-4-piperidine, 1-benzyl-4-piperidine, 1-methy}-
4-piperidine, lrcthoxycarbonyl-4-pipcridine, 2,2,6,6-tetrameﬂ1yl-4-pipexidine, morpholino
ethyl, morpholino propyl, pyrrolidinyl propyl, or piperidiny! propyl.
Another prefered grouping of compounds of Formula (I) have the structure:
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not limted to ethenyl, 1-propenyl, 2-propenyl, 2-nethyl-1-propenyl,

1-butenyl, 2-butenyl and the like. [err] "aryl" - phenyl and naphoosgl
[err] "heterwemyksssgon its own or in any conbination, such PEI/USIT00529
"het eroaryl oxy", or 5 “heteroaryl alkyl") - a 5-10 nenbered aromatic ring

systemin which one or nore rings contai ®Bpone or nore heteroatons sel ected
fromthe group consisting of N, O 0ok S, sich as, but not limted, to
pyrrol e, pyrazole, furan, thiophene, | i ne, isoquinoline, quinazolinyl,
pyridi ne, pyrimdine, oxazole t hi azol l thi adi azol e, triazole; imdazole,
or benzim dazole. [err] heterocycl¢$ M its own or in any conbination,
such as "heterocyclylalkyl") - a 10 4sat ur at ed®or partially unsaturated
4-10 menber eghdreing systemin which one or nore rings contain one or nore

het 'er.oa.toms ﬁﬂg Fﬁ%ﬁl&d‘@xﬂ&@#&ﬁﬂéﬁi | 2d i9 dadifiodiny E%n&m subieﬁb-,das but
not limted yr I ne, plpe I N rahydro
pyran, or imid ndently. onp OF T iiRes; é‘kgf;b%ge ogy 14

"het er ocys| i callkylthio] G1-4alk§istlfmel, CHIORYS, ammaanoxﬁ[mircﬁ- -Kylkylasxbstaﬁncded

b ttached
ge?:/ﬁeg hg(r:e?n un ésmﬁr)%ctgg%c}ﬂ% thgi ?/ﬁ}(: ESttahe g)?éése S
(O of the cor radppiivaalixcontainsiagaddip MW%?W%M%XW,SH@%% Rige

and the terngrj &,Lunf bally isEstituted HetcrRyciylilok yin OptichialtshbSiitGil hewsokytyiCat 1o
[err] "aroyl" OAr wherein Ar is as phenyl, naphthyl, or aryl alkyl
derivative 20 alkg s? defl ned above, such group include but are not
linmted 1® bsmmhemdwb\nbmyn ally subsityted-ly halogeny (O derr] alkyl wherein
the al kyl isg ,sqmepam mtcd%hﬁog&w@ﬁﬁalhﬁf ei n the ‘core"

4-pyrimdiny [ ] er the fornula:

The corrpoundé‘”éﬁ y?ﬁ% Qfels%lrb% ﬁﬁyr%’a?hzmﬁﬁéﬁ |’e asymetric

25 carbon at® m@kﬁxmmwdmazrmmmjmﬂl@aﬂm allexl; aflofphiely . A |

g( th|e$]=6' corrpo lggmggwthl n tlhedscope of the present invention.
enpl i mul a i ncl ude:

1-(4-Pi p(i,f F‘ ophen I& aik | sopr opoxy-4-pyrimdinyl)

i m dazol e 30R16is C1.4 alkyl halo-substttuted 1-4 alkyl, or C3.7 cycloakkyl;

1- (4- Pi peri drRpy ks)hydrdgén, 'ct hR Q(EZ)-Cp4(aliyret hoxy- 4- pyrim di nyl) im dazole
5- (2- Hydr oxy: Sy&g’rggnodl nfgrupflgﬂ(}%(l )t]ori-c?phenyl )-1-(4-piperidinyl)imdazol e

or a pharmaceutically acceptable salt thereof.

20 Preferably, R2 is piperidine, 1-Formyl-4-piperidine, 1-benzyl-4-piperidine, 1-methyl-
4-piperidine, 1-ethoxycarbony}-4-piperidine, 2,2,6,6-tetramethyl-4-piperidine, morpholino
ethyl, morpholino propyi, pyrrolidinyl propyl, or piperidinyl propyl.

The compounds of Formula (I) may be obtained by applying synthetic procedures,
some of which are illustrated in Schemes I to XI herein. The synthesis provided for in

25  these Schemes is applicable for the producing compounds of Formula (I) having a variety
of different R, R2, and R4 groups which are reacted, employing optional substituents
which are suitably protected, to achieve compatibility with the reactions outlined herein.
Subsequent deprotection, in those cases, then affords compounds of the nature generally
disclosed. Once the imidazole nucleus has been established, further compounds of Formula

30 (1) may be prepared by applying standard techniques for functional group interconversion,
well known in the art.

For instance: -C(O)NR13R 14 from -CO2CH3 by heating with or without catalytic
metal cyanide, e.g. NaCN, and HNR13R 14 in CH30H; -OC(O)R3 from -OH with e.g.,
CIC(O)R3 in pyridine; -NR10-C(S)NR13R 14 from -NHR 10 with an alkylisothiocyante or
-11-



~ 5-(2-Met hoxy-4-pyridinyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imdazole
5-(2-iso0-Propoxy-4-pyridinyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imdazole
5- (2- Met hyl t hi 0- 4-pyri m di nyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imdazol
e -9 - WE9975046046 PCT/US97/00529

PCT/ US97/ 00529

5- (2- Net hy | il dk NG ABOYORs ok NHPH ARG ol 1Y -+

pi peri di nyl

5- ( 2- Et hoxy g?ﬁq NRAB3R14 from -NER1p by trspment, with an seeyangess.gi HNAGFPriazol e
1-(1- R} ON=C=0; -NR10-C(O)Rg from -NHR1 treatment with CI-C(O)R3 in yndme

gtyplv'mcg[ 00X A RABEINEL IR e iS5 A HBRRIHOA: S itabdg o aiEhY ) - 0

1- Et hyl car 6B 18R14)SRS ﬁmndcgswkns&mm Rﬁ-llslualimm}lstpimw g--aBetpge; net hyl sul fi |
nyl - pyrim g N9k, wampounds of Formul a

Nﬁl 14
(1) nove Tt e aﬁwwmg“ SRR T

substi t ut edanhydmpea\delmﬂ | ajtexmativedy fmmr—@(--tNH)aNRlngq oy trdatmérit with Br&iNoapdn,

hydroxyl, Gigbil mq'itbﬁmefH-@(Jh} fiﬁ‘g lreaﬂgka&'vﬁm gs{ﬂsc.ncn _
CNJ(_|[RFre;]r}C(J;[C?ﬁ{ g?mnﬁ%ﬁg?' V’{ yc*ﬁag‘;ﬂl?tg‘l#ﬂfg?@f om 5 to 7

menbers an dNRmoC((SIm frstmc-NRmC((S)erbyadﬂnnunowﬁh Ihwbssbmaieagem dedised from

oxygen, sul Qn@t: b ?ﬂh&&yl or
an opti onal E’Hb S%HY%%E‘F(% hetero err MFEZ;NN?;?%“ 1té’rﬁg
phenyl, whi Qy pedipg

[ ndependent#mﬁ Theéinf r om hydr ogen or err] al kyI Rlerr] is hydrogen,

Clerr] gdkyl, C[l%édrs&ysd:a@ boibs R rRQandWéagb‘é @%ﬂ‘{‘g‘f%"ﬁﬁ%}‘e”]

heteroaryl C(ferr]al kyl, heterocycl or het erocyc
al kyl, al| s betinteteonveyted by emlymuauam}ar@m«eatfmfpncuonal group interconversion.
For example a compound of the formula (I) wherein R is halo -substituted C;_jg alky! can

be converted to the corresponding Cy_1¢ alkylN3 derivative by reacting with a suitable
azide salt, and thereafter if desired can be reduced to the corresponding Cj.1galkyINHy
20 compound, which in turn can be reacted with R18S(0)2X wherein X is halo (e.g., chloro) to
yield the corresponding C1_10alkyINHS(0)2R1g8 compound.
Alternatively a compound of the formula (I) where R is halo-substituted
C1-10-alkyl can be reacted with an amine R13R4NH to yield the corresponding
C1-10-8lkyINR13R 14 compound, or can be reacted with an alkali metal salt of RjgSH to
25  yield the corresponding Cj.j0alkylSR}g compound.
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-Rlerr] is hydrogen or Rerr]; 25 Rlerr] is (Jerr] alkyl,

hal o-substituted-Clerr] alkyl, or (Qerr] cycloalkyl; R err] is hydrogen,

Cerr] alkyl or C(2)-C[err] alkyl; Z is oxygen or sulfur; or a

phar naceut i ogbloyzsscept abl e salt thereof Preferably, R err[PCGTUSIMSS di ne,

1- For nyl - 4- pi peri di ne, 1-benzyl-4-piperidine, |I-methyl- 30 4- pi peri di ne,

1- et hoxycarbo ~4-pLperidine .2, 2,6, 6-tetranet hyl - R;CHPpEL | ¢V, nor phol i no

et hyl , mrpho%kgépfggy{ér%@??%l i di nyl propyl, or piR?)eri di QY goRiyRERY hgent

Anot her prefered groupijng of conpounds of Formul @ (1) have e structure: -

10- WO 97/ 25046 H,NCHO CHCl, N\

PCT/ US97/ 00129 [err] erein Rlerr] is pyN.onl ubstitutqggﬁjﬁ Cerr]
ently

al koxy, and is additiorally optionally sueﬁt(%‘g ufed i ndepe one or

nore tinmes by Cferr] alkyl, hal ogen, hydrox err] al kbOxy, Clerr] 5
alkylthio, err] al kyléulfinyl, Cl-l[err]Cﬂ[z%-(PrTF, ani no, ﬁ%"’&%‘ﬁ? Cerr]
al kyl substituted amino, N(Rerr])C(ORerr] or am N-heferocyclyl ring
whi ch ring has from%"tsép)i nmenbers and optionally ceBiNe @p additional
het er oat om sel ected frdm oxygdM) sulfur or NRlerr]; I's an optionally
substituted heterocycly , or an opti onﬁlé%(&z}ub i\t wfed heterocyclyl ([err]
al kyl noiety; 10 r (s)(g%lrg‘? yl, whi'cY ? o nal ly substituted by
hal ogen; R err] is Fndepen sel ect ederdrpen Mydr ogen or Cferr] al kyl;
Rlerr] is hydrogen, Cefr] alkyl, (err] cyclgal kyl, aryl, aryl([err]
al kyl, heteroaryl, hetefoaryl(err]al kyl, hgter ocycl%tﬂoq,rk

f which y be oﬁlﬁlzonal |y

het erocycl yl [ err] al kyl | C[dchydrptingdeen/|  al |
err]; Rerr]/is Cerr] alkyl,
cycl oal kyl; /Rl err] is hydrogen,

substituted; 15 Rferr]]is hydrogen or
hal o-substituted-Cerr]¥al kyl, or der

Cerr] alkyl or C(2)-Clerr] alkyl; Z i's oxygen or sp fur;
Ar—s(0)
’ an R’YNRL’
H 1))
Rs NC

Referring to Scheme I the compounds of Formula (I) are suitably prepared by

5 reacting a compound of the Formula (II) with a compound of the Formula (HI) wherein p is
0 or 2, Ry, Ry and R4 are as defined herein, for Formula (I), or are precursors of the groups

R, R and R4, and Ar is an optionally substituted phenyl group, and thereafter if necessary
converting a precursor of R1, R2 and R4 to a group Ry, Rp and Ry.
Suitably, the reaction is performed at ambient temperature or with cooling (e.g. -50°
10  to 10°) or heating in an inert solvent such as methylene chloride, DMF, tetrahydrofuran,
toluene, acetonitrile, or dimethoxyethane in the presence of an appropriate base such as 1,8-
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or a pharmaceutically acceptable salt thereof. 20 Preferably,
Rlerr] is piperidine, 1-Fornyl-4-piperidine, 1-benzyl-4-piperidine,

1- net hyl - 4-pi peridi ne, 1-ethoxycarbonyl -4-pi peridine,

2,2,6, 6-tetwonehdeds - 4- pi peridi ne, norpholino ethyl, norphadomsspeespy! ,
pyrrolidinyl propyl, or piperidinyl propyl. The conpounds of Formula (I)
may be obtained by nt heti c procedures, sonme of _which are

i |lustrat edd’P’h"bSEﬁMg ({ ‘l”g"%?;"’%@\% °’“H%m§‘§"d‘ﬁﬁ’é%€|s§db?so\;$ drtdazedicyclo 25

th hese Scherrwo]sdeam@énemf D9. The inteamediatesiof forrgula (M iawe Beendburddo e vary( | )
aving a va h . e are
react ed, g%‘ﬁg%‘%‘g&gg%ﬁoﬂw{%ﬁg%? ilédfetﬁ s'eé/\rr/ﬁ%ﬂé%ﬁn?e&suﬁra ?y protaxe\%k’ﬁ%

achi eve conﬁ%ﬁs %FF‘P’LY?LV\A th the reactions outlined herein. Subsequent

deprotecsi on, i nComipamds at@e Foinaa(IBHao¢ the seasrmeunds of the nature

general ly disclosed. Once the im dazol e nucl eus has been established,

further conpounds of Formula 30 é be prepared by applying standard

techni ques for functional group int F—§ ersion, well known in the art. For

instance: -C(ONRerr]Rerr] from-COdrr]CH €l}] by heating with or

wi thout catalytic netal cyanide, e.qg. CN, and HNRerr]Rlerr] in

CHerr]OH -OC(ORerr] from-0OH wt , AC(OQRerr] in pyridine;

-NR[err]-C(S)NR[err]R err] from - err] WNCh an al kyl i sot hi ocyante or -

11 - WD 97/ 25046

PCT/ US97/ 00529 tWﬁ?ﬁ?fﬁFg’%&;ﬁﬁim‘?ﬁPmﬂ?ﬁ%%WPPNPPQ‘E\“H with the
al kyl chl or sfvetimted;aryl ablBfinedheieiz). \Fufitably ] A¥ 18 phényl omivnallyHibstiated by t r eat nent

Wi th an1@ socy saiyE Cies Skoty\ordiald. FrefHablyr AfNs phéayl ofRethyIphédyl)ilel £fdsy1 from
-NHR[ err] bqtreatrrent with d- C(O)R[eryr] in pyridine; i sir

C(=NR[ err]) f&@HVS-R err] from-C(NRlerr]Rlerr])SRlerr] with
H[ er r ] NR[ er r ] +OARedctiba obyc&mundlgflhaf"ahﬂﬂh(ﬂ) wilerein W&Qﬂﬂ’a]dﬁh@bﬁddcﬁ%@r r]

a9 chéfi?’%er‘“‘}%ere e*r’f .ﬂ%“r%?*%‘%ﬁ %%Wfﬁf .

C(S)NH[err]h‘W“tm PR 1y adrrtjos. P =2is more
=NR[ ¢5 1 | BjvironinenGiy endéconorhi& feﬁeaﬁdlwi:tmlﬁl cohol ,

:""nt R mﬁm e Fp #%‘?nﬁ%ﬁ’“?ﬁ@% g el gy d 2
(Rerr]s)[efe i3 lsQ eXpeRY Yg, ARdprofiuces WQWHFQWP“%WRW&%»WEM
wi th O SO ettiah Rbes biing theltonimendallynatpactivel synthesiigh=<2) bd fipdhRiescrited héein.
-NREerr] (O Rier bl nBia 'SchahB® Bzt i 1. 2NESRP Y cFoabBAGR Vs ah anidh BE £ (4
20  substituted aryl thiomethylisocyanide (when p=0) to an imine. More specifically, this
reaction requires a strong base, such as an amine base, to be used for the deprotonation step.
The comrmercially available TBD is preferred although t-butoxide, Li+ or Na+, or K+
bexamethyldisilazide may also be used. While methylene chloride is the prefered solvent,
other halogenated solvents, such as chloroform or carbon tetrachloride; ethers, such as
25 THF, DME, DMF, diethylether, t-butyl methyl ether; as well as acetonitrile, toluene or
mixtures thereof can be utiltized. The reaction may take place from about -20°C to about;
40°C, preferably from about 0°C to about 23°C, more preferably from about 0°C to about
10°C, and most preferably about 40C for reactions involving an R{ group of pyrimidine.
For compounds wherein R} is pyridine, it is recognized that varying the reations conditions

30  of both temperature and solvent may be necessary, such as decreasing temperatures to about
-50°C or changing the solvent to THF.
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met hoxyphenyl ) -1, 3, 2, 4-di t hi adi phosphet ane- 2, 4-di sul fide];
-NR[err]SOerr]CFerr] from-NHR err] with triflic anhydride and base
wherein R err], Rerr], Rerr], Rerr] and Rerr] are as defined in Formula
(1) herein. We9msess6 Precursors of the groups R err], R erRqUUSe0eperr]
can be other Rerr], Rerr] and R err] groups which can be interconverted

by appl yi ng Standygf&ﬁﬁ%ﬁ#ﬁm&%ﬁd&%@m&m& &p@éﬁé&&%’&i@ﬁh §. For

exanpl e a conpoun wh Is halo -substituted C
[err] al kyl cHitablk %ﬁm?r?féd“’ \“Hj(e"f) F‘P@g Huli ng C[err] al kyl N err]
derivative by reacting with a suitable a2|de salt, and thereafter if
desired can be reduced to the corresponcﬂ"ng C[err]al kyl NH err] 20 conpound,
which in turn can be reacted V\nthﬁ[errﬂ,S(O)[err]X wherein X is halo (e.qg.,

chloro) to yield the corresponding mr KY! NHS(O) [err] Rlerr] conpound.

Al ternatively a conpound of the for where Rerr] is

hal o-substituted Cferr]al kyl can b&; rea@ted amne Rlerr]Rlerr]NHto
yield the corresponding C[err]-al kyI NR[ err]R[erIr’lﬁIﬂ onpound, or can be
reacted wixh an alkali nmetal salt of Rlerr]SHto 25 vyield the

cor r espondi ngwkeréie My lishydydgeirand 'il’h xmmmmltehmnveml is Rj\ind X7/ i Hist Gvhich R1,
(PIC;” grsgwsg?fglg? p‘%‘par Eﬁ{,%& react‘l n W'ﬁ&?gf&?p&ﬁﬂgég@fﬁu v
with a conpoutf mﬁ%ﬂ’buﬂ ‘3“8\&9 pditiQusetogtest copp ﬁ‘h‘R[err]
and Rlerr] arm grmpkohmmmzormﬁmmbﬁu@s (ipwher By ismgdmg&qras of the
Shenyi o Sp, sl Pﬁéreaﬁd?%@‘f?iﬂ'éﬁﬁééﬁi"“@%ﬁ}’&?’“ﬁ% bt WPl Ubllpe,
Rlerr] and R[@MWH"ES%#W menmi?qpoaﬁan err] Sui tably, t he
'[ eaﬁ)l) O(r)]r entit Orslyﬁﬂa I ner t P&o su h gg%ll}“r?b?g&g@%w{’a ngthe 20 10
tgt r ahydr of u?’t& @?%WG“%%YP&W C (OB, ECTRRPREPkis B?‘l?g%ince
of an appr oprwmﬁ ardaetie derigdtivaof theBecond tsmponent in the presence of a suitable catalyst.
15  The anion equivalent may be formed from either the imidazole of Formula (IX}, in which
case the aryl/heteroaryl compound provides the reactive derivative, or the aryl/heteroaryl
compound in which case the imidazole provides the reactive derivative. Accordingly,
" sunitable derivatives of the compound of Formuia (IX) or the aryl/heteroaryl rings include
organometallic derivatives such as organomagnesium, organozinc, organostannane and
20  boronic acid derivatives and suitable reactive derivatives include the bromo, iodo,
fluorosulfonate and trifluoromethanesulphonate derivatives. Suitable procedures are
described in WO 91/19497, the disclosure of which is incorporated by reference herein.
Suitable organomagnesium and organozinc derivatives of a compound of Formula
(IX) may be reacted with a halogen, fluorosulfonate or triflate derivative of the heteroaryl
25  or aryl ring, in the presence of a ring coupling catalyst, such as a palladium (O) or
palladiuin (II) catalyst, following the procedure of Kumada et al., Tetrabedron Letters, 22,
5319 (1981). Suitable such catalysts include retrakis-(triphenylphosphine)palladium and
PdClq[1,4-bis-(diphenylphosphino)-butane}, optionally in the presence of lithium chloride
and a base, such as triethylamine. In addition, a nickel (II) catalyst, such as Ni(II)Cl2(1,2-
30 biphenylphosphino)ethane, may also be used for coupling an aryl ring, following the
procedure of Pridgen et al., J. Org. Chem, 1982, 47, 4319. Suitable reaction solvents
include hexamethylphosphor-amide. When the heteroaryl ring is 4-pyridyl, snitable
derivatives include 4-bromo- and 4-iodo-pyridine and the fluorosulfonate and triflate esters
of 4-hydroxy pyridine. Similarly, suitable derivatives for when the aryl ring is phenyl
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"WO 97/ 25046 PCT/ US97/ 00529
di azabicyclo [5.4.0.] undec-7-ene (DBU) or a guanidi ne base such as
1,5,7-triaza-bicyclo [4.4.0] dec-5-ene (TBD). The internedi ates of fornula
(I'l) have hgewrisowd to be very stable and capabl e of st orregaisbwees® | ong
time. Preferably, pis 2. PTC is defined as a phase transfer catalyst 5

Conmpounds of e . For nul have struc y wher.ei n

2; Rerr] i%®® éfg‘ﬁ‘&??%?j %—16 fF‘? ali)Fys “%ﬁ"%fl FTOARYSSy 5515‘8’3? i t ut ed
aryl as def ongambokagnesivm msimgamlzmc dﬁnvmeqﬂnmw olpginédinoiréaging abempdmﬂ@ﬁ by 10
3] et Gy et ol et
Formula (I1¥ m"ﬁl@“ Zgﬁﬁl’%m t&““?’?f@&ﬁlﬂ’ qq}')ﬂr“ﬁ Schene
| gives ionmmmmdmemagmytbnﬂmamﬂmmmmso&mmha@ﬂ;otbm vvhe_n
p=0. In addhmdgﬁg%n ? gfor% bl ntcorrpounds V\,herel np=2is

nore 15 environ rac When t he

a
preferred sol ve ‘i‘geff?éfl?‘ﬁ/‘l’ °WP?B€‘E°‘W‘?W}§‘%W mél ly
unat t r act i virofnide, flasrgmulfonate arifiaecars picfegably fallidederivatifecofandrfl as Beterd@H| | s

|
3s.sﬁgetxﬁgn§or§e o if o B8R SSRER SQMPlolS ‘?é‘z‘“ﬂ% ittty cBmminlg) e[ OF
her ei n. s hesemgth M@fm dp In the presence ofa i WWV@W&'@I&PP%F\S of an
ani on of a Madmmb(m cﬁtﬂﬁﬁo&ﬁyﬁn&d&mﬁ&hﬁiﬁ@ﬂpﬁﬁp&)—@hﬂﬁm 9 thel riethed

i mne. Mre 'f-' h as an
:am ne base, def%&?%d gghyor thhér epr or’ia |(5nM %i7§‘%1§£&gsnf’é?%|2l$#ﬁ

avai | abl e TBO02.84% p'ébsew stdmfepmcn of fithipm chipridg +

hexamet hyl dopudnauy With amydcna sasetsacxumﬁem , iiinliydresobventidueh sl Ginlethyt he

f b
Petr achior; Rpaaide, TRl heongas %ﬁ%ﬁ%ﬁf&i b et P 551 00"
met hyl et hegorresponging) coawomfmwm@() with & lithiating agent. Suctiess sthwsAdithivos be
utiltized. AbaryliBio, Wﬂkﬁvﬁtmeh 4y tomatiyBeifiran, o0 kredtineni 6th@$i6hlb

40 C, bl
frE)(r?r ;]bout pﬁﬁvgﬁ?%’yo abou erMﬁrg&?wr)%gég% lh&%\nﬁ @P& ?: fgr
reactions i iesFhFase, byiroamasnt Withadtiglkyitin halideniAd 'Fﬁ@“"qibvrth% ﬁ%"%

Rlerr] 26 pxeérfipdimd of Fornsuld axwﬁybe&eitb@muarsmm licbeRodrgipdriady] risliyl dint | ons

Cerper at ur c PR Y| Eﬁﬁ?g Siak hﬁ%ﬂsng BEEAR proH Rl a2 "0
under conditions simi se described
Boronic acid derivatives are also useful. Hence, a suitable derivative of a

compound of Formula (IX), such as the bromo, iodo, triflate or fluorosulphonate derivative,

25 may be reacted with a heteroaryl- or aryl-boronic acid, in the presence of a palladium
catalyst such as retrakis-(triphenylphosphine)-palladium or PdCll,4-bis-(diphenyl-
phosphino)-butane] in the presence of a base such as sodium bicarbonate, under reflux
conditions, in a solvent such as dimethoxyethane (see Fischer and Haviniga, Rec. Trav.
Chim. Pays Bas, 84, 439, 1965, Snieckus, V., Tetrahedron Lett., 29, 2135, 1988 and

30  Terashimia, M., Chem. Pharm. Bull., 11, 4755, 1985). Non-agueous conditions, for
instance, a solvent such as DMF, at a temperature of about 100°C, in the presence of a
Pd(II) catalyst may also be employed (see Thompson W J et al, J Org Chem, 49, 5237,
1984). Suitable boronic acid derivatives may be prepared by treating the magnesium or
lithium derivative with a trialkylborate ester, such as triethyl, tri-iso-propyl or

35 tributylborate, according to standard procedures.
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- 14- WD 97/ 25046

PCT/ US97/ 00529 In a further process, conpounds of Formula (1) may be
prepared by coupling a suitable derivative of a conmpound of Formul a § X) :
[err] 5 wherwioe7Bbmsr] is hydrogen and T[err] is R err], orPGAY¥AERY vely
Tlerr] is Rlerr] and Tlerr] is H in which Rerr], R[err] and R[err] are as

herei nbefore defi riﬁg.feroaéhg\g 2 ng leS {'Jadi wmat&e%ga}@ﬂhﬁbe

derivative of t he err coupl

hggw(i tions,
to effect couppicigd Wi W‘H&@F‘ gTpy fends,of 2| eus
at position 5rhdsJm)gexvﬁﬁnaliﬁhemdsﬂﬁrh;bdﬁmgﬁmahoalmmnmﬂﬁedodprmMLve of

the aryl ring R er %&é&%&ﬁﬁﬂﬁ@%ﬁﬁ&&@%&%ﬂ& tyShly el 1 N9

of the aryl ring nucl eus at’ position’4

aryl / het erSoarBrpcedursp herais before desgrbed forpreparing camppinds of Ferawla (). |1Pé’aﬁﬁcﬂla{ 'he
art. In general q-hdn—kelnganmthﬁrahitably afivated ketones RUCOTHHal (for compowndsiofof one

component i s ggiihtxythiwhich 188 ar\sgeq ROCYBHA (S BniBRARbERRARENY, | N
t he. presence SUItab e ca e anlon ul i or med
from either t‘ﬁé"h"iﬁ%‘f@V@“&?ﬂ 2i'd X’j‘i @S\g%‘"l“f?gﬁzﬁﬁ Cﬂ\?ﬂ

aryl / heter oar\yheraﬁmaslmhqﬁnm/mdbﬂnmﬂ)rmmltmerdﬁ,rmminmplwm subleas a

aryl /hete oa whi ch e the | pr s th eactive

derivativ %#ngmg{rh(’f'é?)l Mrg@np@a&%gge rmJI a

(IX) or t he mwmmmammnwmwmmmamagmwby such

35 or 9?“0”39@33&: U’I’Taet ﬁ% 'oﬂ?xnaﬁk%mk?&ibﬁﬂﬁde@&fbeg@n W@Qg‘ﬂwa%ﬁﬁble
erivatives and suita activ erivatives,inclu e . bro i odo

f 1 uor osul fonafféct‘é’ﬁGStffﬁcll‘ffg Pﬁi‘ﬁoﬁ B Aclds s B‘@%Wﬁ?ﬁ“%@k %gﬂp%\“’em’

procedur es arayluiphonibacidi ﬂormammme onhtelutne sulphonicacid. Thei apridine is

i ncor por ajsed @x &ﬁﬁﬁ@ﬁ@m@@ﬂ@gﬁm@% SctiSR AR te BGEBASY | NC
derivatives o or.nu

b t.ed W hal
f1 uor osul fona’PE’tB? &gfﬂWéﬂR’é" gﬁ%"‘?‘i‘%ﬁé’?‘%ﬁ‘re hzgxtpxe 3y ;)ﬁg i ng,
in the pr esemmuﬁxnmnrgagxcmmtusv@a@&hwgm,asédnsalslsanpahqlwnmaéqo or
pal I adi um (1 | yhieRbabhifién off ! &wuaeas& esIW 19 @B, fh ainotsymd@ns,em@hgoms

Tet r ahedr on L%tt.ers Zéﬁ 53&7"5;\‘ °Bfﬁ§%lﬁ ?rbslta%darﬂmeﬂxo%t, g?orms&a.nd ude

tetrakis-(tri

PdCl [ er r 291, 4GhiigipdtoR Tetnalrdodoroesteisn 490,381 1988] | optionally in the presence
of T'ithium chlori d€ompounds of Formula (I) may also be prepared by a process which comprises
reacting a compound of Formula (IX), wherein T is hydrogen, with an N-acyl heteroaryl
salt, according to the method disclosed in US patent 4,803,279, US patent 4,719,218 and
US patent 5,002,942, to give an intermediate in which the heteroary! ring is attached to the
25 imidazole nucleus and is present as a 1,4-dihydro derivative thereof, which intermediate
may then be subjected to oxidative-deacylation conditions (Scheme II). The heteroaryl salt,
for instance a pyridinium salt, may be either preformed or, more preferably, prepared in
situ by adding a substituted carbonyl halide (such as an acyl halide, an aroyl halide, an
arylalkyl haloformate ester, or, preferably, an alkyl haloformate ester, such as acetyl

30 bromide, benzoylchloride, benzyl chloroformate, or, preferably, ethyl chloroformate) to a
solution of the compound of Formula (IX) in the heteroaryl compound R1H or in an inert

solvent such as methylene chloride to which the heteroaryl compound has been added.
Suitable deacylating and oxidising conditions are described in U.S. Patent Nos. 4,803,279,
4,719,218 and 5,002,942, which references are hereby incorporated by reference in their

" 35 entirety. Suitable oxidizing systems include sulfur in an inert solvent or solvent mixture,
such as decalin, decalin and diglyme, p-cymene, xylene or mesitylene, under reflux
conditions, or, preferably, potassium #-butoxide in #-butanol with dry air or oxygen.
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and a base, such as triethylamne. In addition, a nickel (I1) catalyst,
such as Ni(lIl)d[err](1,2- 30 bi phenyl phosphi no) et hane, may al so be used
for coupling an aryl ring, followi ng the procedure of Pridgen et al., J.
O g. Chem wW887zs46 4319. Suitable reaction sol vents incl udeTwssroesze
hexanet hyl phosphor -am de. Wen the heteroazyl ring is 4-pyridyl, suitable
derivatives include 4-bronpo- and 4-iodo-pyridine and the fluorosul fonate
and triflate esters of 4-hydroxy pyridine. Simlarly, suitable derivatives
for when the aryl ri NGy, i s phenyl - 15 - 97/ 25046

PCT/ US97/ 00529 i ncl udas t he brono, gl uorosuk , kyiflate and,
preferably, the iodo- d%‘l vatives Ui g iinodes ine nd or gan Q,zi nc
derivatives be —otrtarmed by ;Eét |'rTg"a‘t:'0'er'oun '%%mm%rmo rot he
bromo derivaffve thereof with ¥n al kyliithium c&'rpound to yield tHh
corresponding |lithiumreagent by deprgignatign or transnetallation,
respectively. This 5 [lithiuminterneth then be treated with an
excess of a nmagnesium halide or zinc hal ide to yi el d the correspondi ng

(155 Ty "he L1 cat e e p o eTn o] Mol colpOuf @ SuAfet FOr T 2
prefera%ly fwgﬁed’ée&i%‘véﬁaw%@% f “b?e@@w Wshﬁ’ﬁ fad, in an
i nert sol vemyclxsuzgmgamsueh:seﬂhpshhofnsmynhlqndefoep&sbhomspﬂnﬁachlmgc {s8&Edgrl and
hexanet hyl p Eﬂrﬁéﬂx Anﬂﬁhér}?el99§eﬁ?@§ﬁd§ﬁzy%n§w&la§’b?g€ﬁ&ﬂ, 1928, BB ST,

such as a pal I'ad for .instance

Cetrakis.(t stpﬂ(f CrTA DX BaY b heained. 55 Tsmch vt st e FomespoRding,
Stille, 1. Wo-aﬂmmxth&nmpnﬁmpnﬂﬁederﬁﬁﬁﬁg sudh aéthe eatrespdndin®anhi@riden d
5,002, 942 ohpfler swi.uﬂa mlg &ﬂ&i&lﬂh&fohbw@@ﬁ}afdé&udrﬂbfttﬁﬁnﬁmk 5, Thd hi um

chlori de optignally wt ad ed base such as triefhylamne, 1,n an |nert
Sol vent s uc HEROKgioe iy be derived Sro e areatiketone by |oxamination aadTpnction s e
conveni ent | yeqiidireikatotie may iretusd beopreparediby decarboxylationod ik beta-losroaster obtainéd
For mul a (1 X)grofh 18 cBndenbdtiod 'of Aary g@vent oapyifdteAS esterwitthe RiEOiK bnent.

n-butyllithium in an ethereal such as tetrahydrofura or
treat nerd of the brom) derivative of the correspondi ng conpound of Fornul a
(I'X) with an® lithium followed, in each case, by treatnment with a

trialkyltin haklde Mntlvely, the pro el vati ve of 20 aconpound
of Formula (IX)t rray.ﬂéﬁl.r..e%? P ‘g& mﬁﬁwgf QL eyl t r]ﬁ; kyl
tin conpound rrMyt®Re presen oT”"%'l"”cat al N“Su(":’ﬁ"z'as‘w LY J\H

tetraki s-(tri ph&nyl - phosphi ne) - pal | adi um formala ()

SCHEME Il

In Scheme IV illustrated below, two (2) different routes which use ketone (formula
20 XI) for preparing a compound of Formula (I). A heterocyclic ketone (XI) is prepared by
adding the anion of the alkyl heterocycle such as 4-methyl-quinoline (prepared by treatment
thereof with an alkyl lithium, such as n-butyl lithium) to an N-alky}-O-alkoxybenzamide,
ester, or any other suitably activated derivative of the same oxidation state. Alternatively,
the anjon may be condensed with a benzaldehyde, to give an alcohol which is then oxidised
25  to the ketone (XI).
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. under conditions simlar to those descri bed above. Boronic acid derivatives

are al so useful. Hence, a suitable derivative of a conpound of Fornmul a
(1'X), such as the brono, iodo, triflate or fluorosul phonate derivative, 25
may be reactwoonséa heteroaryl - or aryl-boronic acid, inRCRASIH@SBhce of
a pall adi um catal yst such as tetrakis-(triphenyl phosphi ne) - pal | adi um or
PdC [err][1, 4- bi s- (di phenyl - phosphi no) - but ane] | n the presence o'fza base
such as sodi um bi carbonate, under reflux co }I s, in a sol V¥ soth as
di met hoxyet hane (see Fi scher and Havi ni ga, olrav. Chim Pa cBas
84,439, 1965, Sni eckus, V., Tetrahedron Lett . 429, 2135, 1988 &hq 30

Terashima, M, Chem Pharm Bull., 11, 4755, {1985). Non-aqueou

conditions, for instance, a solvent such as , at a errperature of about
100[err]C, in the presence of a P&II) catalysf may al, o be enplioyed (see
Thonpson WJ et al, J Og Chem g9, 5237, 1984) B,Swtab‘he bor @nic CI d
derivatives may be pre?imw by treqti neet he ma nesi_um o | it hiu r| vative
with a trial rate ester, Such, Trrethyg Xai-i so- propyl

tributyl borate, according to standard procedures. - 16 7/ 25046

PCT/ US97/ 00529 In such coupling react iSCHEMEIVW | | be read| I y appreci ated
that due regard nust be exercised wth respect to functional groups present

in the conpounds of Fornula (1X). .Thus,. in o_and sul fu
substituents shou%aMf'ﬁé‘B’dﬁ'B%dﬁ%’Pgﬁ%&%@m%@ﬂ n‘t’)ef M‘?Ya (X
are i m dasol esatimgtheaniohef mdmideotFdmuk(XIDf the 5 procedures herein
before described for preparing CoygHNRIECOK Fornula (1) .xfy particular, an
[err]-hal o- ketone g %ﬁgr t?,w tably activated ketones Rl err] COCHf err] Hal
(for corrpoun ) in which T[err] is hydrogen) or

Rlerr] COCH err] Hal(a)(immleofqhelfndmmt)mr)r mula (1 X) in which T4 is hydrogen)
may be reacted with an am di ne qi4c1~he formul a Rl erriddty C-NH, wherein R2 is
as defin i n.For r t hereof, in an inert solvent such as a
10 hal oé@nat ng‘f‘(‘)s%rb)ggﬁ‘% gﬁ’/ ed %Br instance chl or of orm at a
noderately el evat €b) arcenpessaf an a;ylhaldie fot immnesapacy] chloride)ef the Boramuta(XdV):a
sui tabl e condensation agent suclrfsoRatbase. The preparatgxpy of suitable

a- hal o- ket ones, i s scri.bed,i itable reactive e
i ncl ude ester g‘g o‘ﬁd’eﬁ'&g I%/p%%ﬂ ‘ﬁﬁe‘ﬁ g OgT %@'ﬁfﬁ?gﬁﬂggﬁ@ﬁ%ﬁtﬁ or
give a bis-acylated intermediate which is then treated with a source of ammonia, such as
15 ammonium acetate.

RHN_ base B Ol R, 1L Ni-Pry
p—H ———» RiCN )
o J—H
1% R4
(X
SCHEME V
20 One variation of this approach is illustrated in Scheme V above. A primary amine

{R2NH?2) is treated with a halomethyl heterocycle of Formula RjCH2X to give the

secondary amine which is then converted to the amide by standard techniques.

Alternatively the amide may be prepared as illustrated in scheme V by alkylation of the
formamide with R{CH2X. Deprotonation of this amide with 2 strong amide base, such as

25  lithium di-iso-propyl amide or sodium bis-(trimethylsilyl)amide, followed by addition of an
excess of an aroyl chloride yields the bis-acylated compound which is then closed to an
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aryl sul phonic acid, for instance, nethane or p-toluene sul phonic acid. The
amdine is 15 preferably used as the salt, suitably the hydrochl oride
salt, which nay then be converted into the free amdine in situ , by
enpl oyi ng aglhWeniigse systemin which the reactive ester igcyaisseseer t
organi ¢ solvent such as chloroform and the salt is in an aqueous phase to
whi ch a sol ution of an agueous base is slowy added, in_dinolar anmount,
wi th vi gor otridazelecompgundgfFogmpla (Byhydieatding inagetisaciinoataining ampmenigmdar d
rllrgt8 Sf;od?:,o S eftefat Almr;ﬁaﬁﬂely, the @nion GPthe ginjde mhayBe r&’ﬁddghgﬂk Substkiaiet afyl mﬁ&g, 31,
: npo, prepared by a process iC
conpri ses rfé}gﬁuﬁémgqé%%g%g%gﬂﬁh@nﬁﬁg@%39, wherein T[err] is hydrogen,
with an N-acyl Fehedplyipg dessriptionand sehemes ate memm&ammtjnb%msnaus
o o o 2L R R o a0l
intermedi ate jn. whi.c e roar ring.i.s che e i azol e
nic cus anc P8 penE VIR Bl st i R alenof oo
i nt er medi at Brederpck ¢tah (Ghens Jsr- 96497 3405% Wheseidisslasug dy/ingerporated hiydefeteness
(Scheme |1)perdiReTh&k pyR@idihe Addhydesiafs theilHeE 8 MtcPMbdibteinthe SkHlesisaRY be
ei t her prefgruoed, or re preferably, prepared in situ by adding a
substitute ?‘tﬁ?ﬁ?ﬂ 'al i de (such as an acyl halide, an aroyl halide, an
aryl al ki hal of ormate ester, or, preferably, an alkyl hal ofornmate ester,

such as acetyl 30 bronidg, berf‘%c_hh@ride, benzyl chl orofornmate, or,
preferably, ethyl chlorof gtnmate) a sorution of th conmpound of Formul a
(I1X) in the heteroarM o%qund err]Hor in M?eryt such as
nmet hyl ene chloride to ch the heteroaryl compou ha eeNkadded.

Sui t abl e deacyl ati ng Me@ oxi di sing conditions described ™Mn U. S. Patent
Nos. 4,803,279, 4,719,218 and 5,002,942, fch references are hereby

i ncor porated by reference 1.rhibdved r 35 entirety. Suitable oxidizing
systens include sul fur in aNGQRMEO vlg'nt or solvent m xture, such as
decal in, decalin and diglyne, nené: xyl ene or nesityle under refl ux
condi tions, or, prﬁ?m , tassiumt-butoxide in t- with dry air

or oxygen. - 17- 97125046
PCT/ US97/ 00529 [ &rr] N ) cﬂ(") | n aNaoR! ROR 0] igl ustrat ed
in Scheme 111 bel ow, cofpouQd3XGNE Fgw 1) /
MeO OM:\ ] MeG” OMe
a N
4
MeO OMe
HCI HCI
THF / H0 n=1o0r2 THF / HO
¥
SR RO
7 e
™ 1y
6 7N
H o H "o
Scheme V1

The reaction of imines with tosylmethyl isonitriles was first reported by van Lensen
15  (vanLeusen,etal., J. Org. Chem. 1977, 42, 1153.) Reported were the following
conditions: tert butyl amine(¢tBuNH?>) in dimethoxyethane (DME), K2CO3 in MeOH, and
NaH in DME. Upon re-examination of these conditions each was found produce low
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‘may be prepared by treating a conpound of Formula (X) thermally or with the
aid of a cyclising agent such as phosphorus oxychloride or phosphorus
pentachl ori de (see Engel and Steglich, Liebigs Ann Chem 1978, 1916 and
Strzybny et wb.972%46x g Chem 1963, 28, 3381) Conpounds of FWS&”’(’W” may be
obt ai ned, for instance, by acylating the correspondl ng 10 a-keto-am ne

with an act 'ﬁ&&@dAfséHoHE S8Y invelvingGnd h@&cﬁﬁx ﬁaﬁaeqs@mﬁ*mmrfbn&»we

under stand rydreac '%ﬁ@&%ﬁ%ﬁ'@d l_B%OI I W@é’d M nmat i %P@W‘é‘{égt W th
e NH e Frgﬂ/l’

0R£< a;n'r ]nat |[ o:lrlﬂmly coeiucsinigany prichatyhamine gsia basteTkemumiarmmncs, wihile ndxqm:fmqahr ed

by decar boxyﬁlé,tt,%?fbum% Qﬁ&ﬁe&&%{pgﬁ‘é&xé’isoﬁ'&hé%@ﬂ’y fri%&d&%ﬁm&??éq% rkon of

an aryl (heteroar c ester ‘wt err X co ent ‘%ﬁu
i ch

SCHEME |13 130 15 of e 19 €840 ff@?ﬂ’a&‘% ?YPB%H
use ketone ()fxéiﬂfwlﬁidéi@d séébhdzﬁ-pammeeaﬂxso ﬁamammndxsaﬁle mervery stow hgd A

het er ocycl i c r | I
heteroczcl e & g’%ﬂgﬁm&&éq%ﬁl quipeﬂ%fﬁ%# (nﬂrepar eggﬁ“ﬂ%? sga?%e"r#‘%?rn?gf W th
an al kyl i ttﬁﬁ!}mmwvagorﬁaﬁfeﬂmn Fﬁqeﬁ#'arwstm mbaﬁwm@’&lmmﬁiam de,
ester, or armBmM¢ma1@anapyﬁaﬁﬂ)MAﬂwuaés}w did piddBcessdine yisldshkdi on

st at e. q ﬂ%&éﬁ'&hmﬁaﬁlt hen ox be condensed with a benzal dehyde to

give an a | Sed 25 to the ketone (Xl
97/ 25046 As depicted in Schemes VlI and VIII below, the pyrimidine al 5 p@hp@g&g

[err] IS g VI, chrebe donAeRed withla prilfaiy i  ihibe do mmﬁmﬁél ﬁﬁ&)l(mlmrl&;asdthmylﬁay be
repare a
%[efr] CH e?/r‘%\‘lé{%g ﬁegéf—éﬂ'emﬁ%ﬁpmgde&&d%n ‘3{, %‘ru'ne“& a%? og‘ﬂ’&aﬂferr]

with: (a) a beses andesobpntsmdﬁsabﬁﬂ hereinco affiord mnudmyl)-subsmuted
(XI11) 115  indidazeles, wiesein R2iasd R3 atecasalefifiei letain flafHonmdla () torpgunds) excess of

an acyl halide, f(%e ;lrent%:trgfﬁxgth%ﬂ for%paﬁng & ' dehds f ns F?f) is sh%wgnxbel\ézv in
Scheme VI The imines, prepared and isolated in a separate step were often tars, which
were hard to handle. The black color was also often carried over into the final product.
The yield for making the imines varied, and environmentally less-acceptable solvents, such
20  as CH2CI2 were often used in their preparation.

This reaction, wherein p=2, requires a suitable base for the reaction to proceed. The
reaction requires a base strong enough to deprotonate the isonitrile. Suitable bases include
an amine, a carbonate, a hydride, or an alky! or aryl lithium reagent; or mixtures thereof.
Bases include, but are not limited to, potassium carbonate, sodium carbonate, primary and

25  secondary amines, such as morpholine, piperidine, pyrrolidine, and other non-nucleophilic
bases.

Suitable solvents for use herein, include but are not limited to N,N-dimethyl-
formamide (DMF), MeCN, halogenated solvents, such as methyiene chioride or
chloroform, tetrahydrofuran (THF), dimethylsulfoxide (DMSO), alcohols, such as methanol

30  or ethanol, benzene, or toluene, or DME. Preferably the solvent is DMF, DME, THF, or
MeCN, more preferably DMF. Product isolation may generally be accomplished by adding
water and filtering the product as a clean compound.
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Rl err] COHal (XI'V) wherein Rerr] is as hereinbefore
defined and Hal is halogen, or a correspondi ng anhydride, to give a

bi s-acylated internediate which is then treated with a source of ammoni a,
such as 15 w@mmiie.m acetate. [err] 20 One vari at iramusH7/00829
approach is illustrated in Scheme V above. A primary amine (Rlerr]NHerr])
is treated with a halonethyl heterqgycle of Formula Rlerr]CHeme] X to give
t he secondary am ne which is themwconverted to the am de t andard
techni ques. Alterngtively thﬁde may be prepak ﬁstrated in
schenme V by al kyl §¥8h of thd formamide with R e ] X. Deprotonation

of this amd = W de base, such a 2 hipm di -i so- propyl
am de or sodi is-(tri | silyl)amde;f ol | oned by ition of an
excess of cH orli del yi el ds the bis-acyl at ed npound which is then
closed to an -19- WONe# 85046

PCT/ US97/ 00529 i mi dazol e ¢gnmpound &=%%rmula (1), b ating in acetic acid
cont ai ni ng anmoni um acetate. Alternatively, the anigpon of the am de nay be
reacted with a substituted aryl nitrd oduce the i m dazole of Formula

(1) directly. The follow ng description and schemes are further
exenpl i fi cati on Vhilenpt convsBisnifontargs scalp ek, 6dditign ofNaH toibelisanitrile, porhape hene

| . Various m&mpéiaﬂﬂesﬂbd%ﬂﬁzm i THFY 8% lfkelHideded2 AJdRIVnaNE Bul PhssChene VI

al . ( Cnoim 40yueeq BRRREPbe Ty P E{led%ﬁf"% i

r ef erence K@rl%qnmﬂ?he@w}pﬁom% A% RIcIIdes are then ut| I i zed as
i nternedi ates i Warid@s Gxipelifift Sorditions faf 85 vERRA depGiding Hpo fm VI The

Leasen 15 T bl Soomyag: ”%Z?Wc%‘ébbﬁig%z* {e%fgé B e e
the fol |l ow ‘1&3 thegrielils ey droptte aboub20% IbuehttInd\ffe&lempc}c)edl betwken®P0ang @86 hane
(DVE), ff erdd. @dnBtdubntly) td¥Rdrhurd Rshges below 0 °C , and above 80 °C are contemplated as
also being within the scope of this invention. Preferably, the temperature ranges are from
about 0 °C to about 25 OC,
As shown in Scheme VIII below, the imine is preferably formed in situ in a solvent.
_This preferred synthesis, is a process which occurs as a one-pot synthesis. Suitably, when
15 the primary amine is utilized as a salt, the reaction may further include a base, such as
potassium carbonate prior to the addition of the isonitrile. Alternatively, the piperidine
nitrogen may be required to be protected as shown below. Reaction conditions, such as
solvents, bases, temperatures, etc. are similar to those illustrated and discussed above for
the isolated imine as shown in Scheme VII. One skilled in the art wounld readily recognize
20 that under some circumstances, the in situ formation of the imine may require dehydrating
conditions, or may require acid catalysis.
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NaH in DME. Upon re-exam nation of these conditions each was found produce
|l ow - 20 - WD 97/ 25046

PCT/ US97/ 00529 yi el ds. A second pathway invol vi ng am ne exchange to_ produce
the t-butyl woimesdsel | oned by reaction with the isocyanide W"%W E’g a

1-tBu i m dazol e was al so operating. This wll |ikely occur u5| ng any

primary am ne as a base. The secondary am nes,f whil e not drred may be
used, but may al so deconpose theghsonitrile sljowy. ?g ons will likely
require 5 about 3 equ vak:enﬂts gf amne to gq to cornpl etion, resulting in

(dii sopropyl am ne) whiNgeslsab e vergh sl owjan erally ngt too
effective. Use of tertigry and ar'" mati ¢ am neg, as pyridilne, and
triethylam ne gave no reaction under certain tiesheetdnditions, jbut nore
basi ¢ types such as DBU, and 4-di net hyl anmi no ri gjxne ( DVAP) .\./]hi | e sl ow,

appr oxi mat el y 50% i sol teg i Hnd¥ed sdcondar ¥ ani nes
gucLE

did produce sone yields and 10 hence may be sluitable for useldherein. As
depicted in Schemes VII and VIII below, the pyrimdine al dehydes of Scheme
VI, can be condensed with a primary am ne, to generate an i m ne, Hch may

suitably be isolated or reacted in situ, wWwt®%he desire |sonP:G e in the
presence of a variety of SU|tabI, base, nd sol vents a¥ d§scrilf bed herein
to afford the 5-(4- pmgmdlnyl) sufjstittuted 15 im'da§ ‘ ein Rerr]
and Rlerr] are as defineg her "‘F A0y nul a_ @EN¥Ciconpounds. @ eNpreferred
ounds of FoRmfa (17 15 Shown bel gw/i n Schene VI I .
¥ sol at ed =il a separate step werefof \en tars, which
| ack color ywas al so often carri egddver into the
final product. Th§ el d tor maki he imnes varied, ang environmentally
| ess-accept abl e Fents, such 20F as CHerr]C[err] were often used in
their preparatlon Thi s reaction, ? @Ireqw res a suitable base for
the reaction to proceed. The reactio (ﬁ'm a base strong enough to
deprotonate the isonitrile. Suitable bases include an am ne, a car bonate a

hydride, or an al §flemeixadestritlel b bt Fhdtiv8 PRISEss 1O miMing &6 uh&%ﬁehu@a

o gy ahel B gaBinias i g b Gh Rt “mm‘i%{a%aﬂatn e%ﬁﬁaﬁﬁﬁr e sy
pyrrolidi ne, nwiedy which is neantedwith 2 syitableiatkolsy swiety.

RS /N R(O,)S
1/\ I R U Ra J Rz
) N OXONE NaOR/ROH Ny
' >
0 pe ) a ()

R
4 ; . Re
n=12
Scheme IX

met hod for preparing cQ
The i m nes, prepared af
were hard to handlLe

3

10
Another embodiment of the present invention is the novel hydrolysis of 2-

thiomethylpyrimidine acetal to 2-thiomethylpyrimidine aldehyde, as shown in Scheme X
below. Hydrolysis of the acetal to aldehyde using various known reaction conditions, such
as formic acid, did not produce a satisfactory yield of the aldehyde, <13%) was obtained.

15  The preferred synthesis involves the use of AcOH (fresh) as solvent and con-centrated
H2S04 under heating conditions, preferably a catalytic amount of sulfuric acid. Heating
conditions include temperatures from about 60 to 85°C, preferably from about 70 to about
800°C as higher temperatures show a darkening of the reaction mixture. After the reaction
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Sui tabl e sol vents for use herein, include but are not limted to

N, N-di net hyl - formam de (DMF, MeCN, hal ogenated sol vents, such as nethyl ene
chloride or chloroform tetrahydrofuran (THF), dinethyl sul foxi de (DVSO,

al cohol s, w{%@,,ﬁmrret hanol 30 or ethanol, benzene, or tetweseresw DVE.
Preferably the solvent is DV, DME, THF, or MeCN, nore preferably DW.
Product isolation may .generally. be acconplished by addi ng water and
filtering i&fompledkithe mistureis coeled toabayranem teruperature and (heaceticagidigremoved.

PCT/ US97/ 0Qbmbre[pieférkediieidafive procddirtd 10 tliid involveybeatingithe fabétall in BYH IR € wor K,

addi tion of | [ Lk 1 B t han 25
[err]C (i n‘“?'dlzl!lali)ar é&g& F‘?E&éﬁ%&d@eﬁfi %ﬁ‘?‘? g ?ﬁy‘%%?&%ﬁ&m{% s‘(;)mbeen
reported tBPBC-an effective base for deprotonating tosyl benzylisonitriles
at -50[grr]C. (D Santo,et al., Synth. Conmmun. 1995, 25, 795). Various
tenperature conditions nmayome utilized dependi ng upon the preferred base.
For instance, tBuNH[W , Klerr]CJerr]/MeOH, Klerr] err] in DV, at
t enper at ures above 4 the yields may drop to_ab 20% but little
difference is expectdd b t wedHe O[AsPirec.d8P25 10 | nsequent |y,
tenmperature ranges bBihg@™0 [errte—ar—above—90 [ r

J, are contenpl ated as
al so being within the dcope of t hi%"G nvention. Prefe bly, the tenperature
ranges are from about ®err]C to about 25 [err]C. hown in Schenme VIII
below, the imne is preferably formed, in situ in a solvent. This preferred
synthesis, is a process which occur s Sghemge X0 pot synthesis. Suitably, when
15 the prinmary Whileehesesdheinks Hezeinafe preseaied, fof MSaniceawith @k opmaliy!r t her

i

incl ude a mm@ﬁeﬂaﬁrm %M%ﬁgﬁm oaﬁ&erorfa%&bgo i foP R4 Ofnyt D€
isonitrile. AF r lve taﬁ,e | peri me,ﬁl,trogen.rr,ay e‘re wrgﬁ’ gbe
pr ot ectlfd aglta?ifg‘%wnawo%&%ﬁ!e beoded inghis mapnenif 1 sansbn prepared onghig es

t enper at ur psimast aminar Sindlarly] sy stitabld R4 ean bd added ik éeb isonitrith reaessed above for

Foadi 1y recogni TEE oPdy Sk Rbmiti 185 Shiema s Bal S brBied By iR Gpelp 4P
of the im anheysen elpli supral JFpF gxarmpin g cempennd; of the FosmulagIl) may) be prepared by
cat al ysi s. dehydrating a compound of the Formula (IV)-Scheme I, wherein Az, R4 and p are as

15  defined herein.

Suitable dehydrating agents include phosphorus oxychloride, oxalyl chloride,
thionyl chloride, phosgene, or tosyl chloride in the presence of a suitable base such as
triethylamine or diisopropylethylamine, or similar bases, etc. such as pyridine. Suitable
solvents are dimethoxy ether, tetrahydrofuran, or halogenated solvents, preferably THF.

20  The reaction is most efficent when the reaction temperatures are kept between -10°C and
0°C. Atlower temperatures incomplete reaction occurs and at higher temperatures, the
solution turas dark and the product yield drops.

The compounds of formula (IV)-Scheme I may be prepared by reacting a compound
of the formula (V)-Scheme 1, RgCHO where Ry is as defined herein, with ArS(0)pH and

25 formamide with or without water removal, preferably under dehydrating conditions, at
ambient or elevated temperature ¢.g. 30° to 150°, conveniently at reflux, optionally in the
presence of an acid catalyst. Alternatively trimethysilylchloride can be used in place of the
acid catalyst. Examples of acid catalysts include camphor-10-sulphonic acid, formic acid,
p-toluenesulphonic acid, hydrogen chloride or sulphuric acid.
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-22 - WD 97/ 25046

PCT/ US97/ 00529 [err] SCHEME VIII| Schenme | X, describes an alternative
process for maki ng conpounds of formula (l1). 5 In this particul ar

i nst ance, thwoet7R§MENIi 0 noi ety is oxidized to the al kyl sul fPEEPSHBOY| f onl y
noi ety which is reacted with a suitable al koxy noiety. [err] Schenme | X 10
Anot her. enbodi nen i &ﬁﬁﬂ‘t‘aﬁl{k Vb deRRie 3 ' f 2-

t hi onet hyl pygim d{m g{)tg%g!%?ﬁt o 2-thi O%'gt hyl py?i%ﬁgﬁﬂﬁgygsé%uﬁgg%?mgg§éﬁom in
Scheme X bel 8% olysis of the acetal to al dghyde using various known

reaction conditions, such as forfjmc acid, did ngt produce a sati tory

yi el d of the al dehyde, <I1@ftami&q obt ai nedHcHD The preferred syyitnesi s

i nvol ves the use”B{ACOH (MB@sh){ as t andlc gnt r at esi be l’;'_ilmﬁg[err]
under heating c i ons, “@ ¥erlabl Cat MHGHQ ¢ * of | uric acid.
Heati ng condi £t#Ow& | ncl udeydoRnpqr a from abgut 988 t o 35ke#T | C

preferably from about 70 tod:taboytF80[err]C as hijgher tenperatures show a
darkening of the reaction ssi*gturfe. Aftez the redqction - 23 -3 WD 97/ 25046
PCT/ US97/ 00529 is conplete the ixture is cooled to about roomtenperature
and the acetic acid is renoved. A nore preferred alternative procedure to
this involves heating the acetal in 3N HO at 40[err]C for about 18 hours,
cooling and extracting the bicarbonate nggh[rﬁl.i zed solution into EtQAc. 5
[err] $0;Tol _ SG,Tol
POCI3
NHCHO EtaN - NC

-1010 °C
30 min
70% yield 4
SCHEME X1
5 The conversion of the substituted aldehyde to the tosylbenzyl formamide may be

accomplished by heating the aldehyde, 1-Scheme X1, with an acid, such as p-toluene-
sulfonic acid, formic acid or camphorsulfonic acid; with formamide and p-toluene-sulfinic
acid [under reaction conditions of about 60°C for about 24 hours]. Preferably, no solvent is
nsed. The reaction, may give poor yields (< 30%) when solvents, such as DMF, DMSO,

10 toluene, acetonitrile, or excess formamide are used. Temperatures less than 60°C are
generally poor at producing the desired product, and temperatures in excess of 60°C may
produce a product which decomposes, or obtain a benzylic bis-formamide, 2-Scheme XI.

Another embodiment of the present invention is the synthesis of the tosyl benzyl

formamide compound, achieved by reacting the bisformamide intermediate, 2-Scheme X1

15  with p-toluenesulfinic acid. In this preferred route, preparation of the bis-formamide from
the aldehyde is accomplished by heating the aldehyde with formamide, in a suitable solvent
with acid catalysis. Suitable solvents are toluene, acetonitrile, DMF, and DMSO or
mixtures thereof. Acid catalysts, are those well known in the art, and include but are not
limited to hydrogen chloride, p-toluenesulfonic acid, camphorsulfonic acid, and other

20  anhydrous acids. The reaction can be conducted at temperatures ranging from about 250C
to 1109C, preferably about S00C, suitably for about 4 to about 5 hours, longer reaction
times are also acceptable. Product decomposition and lower yields may be observed at
higher temperatures (>70°C) at prolonged reactions times. Complete conversion of the
product generally requires water removal from the reaction mixture.
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Schenme X Wil e these schenes herein are presented, for instance, with an
optionally substituted piperidine noiety for the resultant R err] position,
or a 4-fluoro phenyl for R4, any 10 suitable R err] noiety or Rerr] noiety

may be addegoiofnédaé s manner if it can be prepared on the prdTnEsyyoeses ne.
Simlarly, any suitable R[err] can be added via the isonitrile route The

conpounds of Fo la (I Sche be ared by, the ds of
van Leusen et a%%" &m m%@ M%‘Pﬂ% ?&PWF‘-&? may be
prepar ed byordamider ae angmhsh;d;bmhnatingfthet bisfoFpamidt in { suitablSsdlwens With antaeidei n
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triet hylSamsd&emsmhmﬂﬁ;m@usommorwmmbmmlmltmmyﬂd& such as

pyri di ne. h%?ﬂ %éf’@‘E 1Y) %Lmb W

hal ogenat e?é ng s refera Iy&i‘f EB(;%DE reaction Ls nost e#?ocent
when the r &8¢ Pﬁgbﬂ' @Tﬁ@% F’é‘lj;@ﬁg FF“’Q‘B’[@F‘?“] Ereferablythe sange A
| ower tenpesmmrabmtmwsm(}:mstmabw\ammm afh@ optimhl tiyheis abourpias 3t ur es,

th | ut
fo?mif’a”(: %?“é”%ﬂﬁufﬂ?* 3%81‘“8 Pl il oS ldbiize nihee STRRANS O
("5t R0\ tuemepiomic s, FEpo BRI Bokloane hyaEeh dhiotié, i Athenpatyrous

ArS(Oferr ]abidﬁnMoEEpreferanyrtBabisﬁﬁnﬁmidb istieawidif ikien¥iatetonitiiB i \aall: 1 ratioef er abl y

under dehy ﬁgg el evated tenperature e.g.
30[err] %@d{' "P con)\:/%?erﬁy hr@'@%’?ux optionally in the presence of

an acid cat al yst‘\ﬂoﬁaﬁt@'ﬂ M"?ﬂl"rﬁthWW@MW symthstic geseiforn pl ace
of tﬂe agb ﬁﬁés?ddf&heto@lﬁém ﬁsnﬁ:mﬁsc%n Sobnd MhschSs hde6: usmgsaone-p%

ca or. r 0 acCl rogen
chi ori d2 p&uﬁﬁﬁu?ﬁ@% S Gl th Yo BLES AR ackiVadve i ©0
PCT/ u397/ ooslzssqmﬂnmaic bis-formamide deginativg with tpluenasulfipicacigs Thisproceduse | ) s

i |1 ust r at edolBine¥theioptimidea donditions b b ksinPlel Efiftiend process. High yields, >90% of
the aryl benzylformamide may be obtained in such a manner.
Preferred reaction conditions employ a catalyst, such as trimethylsilyl chloride
20 (TMSCQ]), in a preferred solvent, toluene:acetonitrile, preferably in a 1:1 ratio. A reagent,
such as TMSC] , is preferred which reacts with water produced therein and at the same time
produces hydrogen chloride to catalyze the reaction. Also preferred is use of hydrogen
chloride and p-toluenesulfonic acid. Therefore, three suitable reaction conditions for use
herein include 1) use of a dehydrating agent which also provides hydrogen chloride, such as
25 TMSCI; or by 2) use of a suitable dehydrating agent and a suitable source of acid source,
such as but not limited to, camphorsulforic acid, hydrogen chloride or toluenesulfonic acid;
and 3) alternative dehydrating conditions, such as the azeotropic removal of water, and
using an acid catalyst and p-toluene sulfinic acid.
Compounds of the formula (II) where p is 2 may also be prepared by reacting in the
30  presence of a strong base a compound of the formula (VI) -Scheme 1, R4CHyNC with a
compound of the formula (VH)-Scheme I, ArSO7L1 wherein R4 and Ar are as defined
berein and L is a leaving group such as halo, e.g. fluoro. Suitable strong bases include,

but are not limited to, alky! lithinms such as butyl lithium or lithium diisopropylamide (Van

Leusen et al., Tetrahedron Letters, No. 23, 2367-68 (1972)).

35 The compounds of formula (VI)-Scheme I may be prepared by reacting a compound
of the formula (VII)-Scheme I, R4CHyNH9 with an atkyl formate (e.g. ethylformate) to

yield an intermediate amide which can be converted to the desired isonitrile by reacting
-26-



‘5 The conversion of the substituted al dehyde to the tosyl benzyl
formam de may be acconplished by heating the al dehyde, 1-Schene XI, with an
acid, such as p-toluene- sulfonic acid, form c acid or canphorsulfonic
acid; with fwowamsede and p-tol uene-sulfinic acid [under re®EXUSAT/RASI ti ons
of about 60[err]C for about 24 hours]. Preferably, no solvent is used. The
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p-tol uenesul fini Cl‘tﬁ(i:bﬂxpoﬁd?lsbhﬂxéf%ﬁiﬂmﬁﬁbdh%EQma?'bGB?e?MB?r&Eﬁﬁé@

bi s-f or mam ﬁmﬁ ﬁ?&f I ng the al dehyde

wi th formam éﬁﬁogmsﬂgﬁl ta F (\%gﬁgg %ﬁ% hé inzy5| s. Suitable

sol vents are tol lﬁlqmmmmdf@ewmmrmlmhmm@eof Aci d

catal ysts, R dor§jRnMling Richitls, dkimes 3P SmideSdsitiiestdhdhrddhfctioght | i mited
to hydrOﬁ)en chl oride, p-toluenesulfonic acid, canphorsul fonic acid, and
ot her BS- The reaction can be conducted at t enper at ures

rangi ng from abOLﬁm@Equte}c'ﬁnx grobpOiop nye] with ydedxyi givips anldohﬁmﬁdh{zelerxii@gcn
ccept abl e. T o o L Tl o e
hi gher terrpe‘Paq gee {'@% gfm¥§{a%ﬂﬁ‘f’§ﬁ?j§‘ﬁz J‘?‘l 3?%§““@8ﬁpl ete
conver si on oefxampl;s pf bx&wtyl gmmnng grpupssigclindeesilyhethers, sndtmaiut)ﬂdlmhyher t-
react i omaqn x4 16&15&41@111 yl connected by 1 chain of variable link,
PCT/ US97/ 005 offe R R
derivative t Egh §P‘q‘?)bg %“ﬂ%?ﬁ%aﬁ‘é’fﬁ?%&@&ﬁﬁ%gﬁ@a T)ﬁ’{rﬁ'g‘ﬁt ing the
bi sf or mam detetrd:yarapgrmmbl e solvent with an acid catal yst and

t ol uenesul fini @m&,,&gﬂ qare
Ir[:ot limted tQ toluene, an &tﬁ%érllﬁnr eogér&ﬁrg%'?dusrogggﬁ‘g?@?‘@gggb%nal
m xtures of PHOGWN Manger éﬁ’f’é“ ]P%“'Wm To¢150th 28 APRIORGA, Ao 9f Agid ifpy
resul t 120 | cthepregénet dfa sulahlesolsenir es may range from about 30[err] C to about

100[err] C. Tenperatures lower than 40[err]C and higher than 60[err]C are
not preferrelg 0%]Se0¥|ﬁ d.a rate decreases. Preferably the range

The compounds of Formula (I) or a pharmaceutically acceptable salt thereof can be
used in the manufacture of a medicament for the prophylactic or therapeutic treatment of
25  any disease state in a human, or other mammal, which is exacerbated or caused by
excessive or unregulated cytokine production by such mammal's cell, such as but not
limited to monocytes and/or macrophages.
Compounds of Formula (I) are capable of inhibiting proinflammatory cytokines,
such as IL-1, IL~6, IL-8 and TNF and are therefore of use in therapy. IL~1, IL-6, IL-8 and
30  TNF affect a wide variety of cells and tissues and these cytokines, as well as other
leukocyte-derived cytokines, are important and critical inflammatory mediators of a wide
variety of disease states and conditions. The inhibition of these pro-inflammatory cytokines
is of benefit in controlling, reducing and alleviating many of these disease states.
Accordingly, the present invention provides a method of treating a cytokine-
35  mediated disease which comprises administering an effective cytokine-interfering amount
of a compound of Formula (I) or a pharmaceutically acceptable salt thereof.
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Is fromabout 40 to 60[err]C, nost preferably about 50[err]C. The opti nal
time is about 4 to 5 hours, although it may be | onger. Preferably, acids
used include but are not limted to, 10 toluenesulfonic acid,

canphor sul {yyémsegi d, and hydrogen chloride and ot her anhygrmsseasieds. Most
preferably the bisformam de is heated in toluene:acetonitrile in a 1:1
ratio, with p-toluenesulfinic_ acid and hydrogen chl oride. Another
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1) use of N%%tgﬂ%)@ﬁ?ééff&tsa%ﬁ mmtfdﬂ #’ﬁ\ Brsciphpl;e'ngﬁv ipSuch
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source of 8‘8‘?‘-@“&’%?‘%‘8" Eﬁ'tq?“&g‘a h@’gﬂl"ﬁh t'—‘(: aci d,

hydr ogen ¢ Iixlﬂammkmrgm&dﬁtmsmmpuhﬁrﬂm prosnglahdxxsnhhva):eai implicaa¢d inq;aﬂeh;cdraat i ng

condi ti ons; a ?H?
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is 2 my afElpdstEAtEETof geyspmpse eﬁ%%"’"ﬂ?&é AREKNGS PAID-St ¢ ong base
a corrpoundObinpbimisfotﬁanhﬂa(I)/bx)aplﬁuhmndanyﬁd@bﬁbﬁsukﬂhr&fwmmdxthé t he
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Sui t abl e sGB¥deBE®s i ncl ude, but are not limted to, alkyl I i thiuns such
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f or mul 2’6 Vlgdagcherre ‘l[}pn ggb epar ﬁye%%léé%ctl r?(f:;‘)facom Iﬂ&g@ﬁ(?ﬂﬂ formul a
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In particular, compounds of Formula (I) or a pharmaceutically acceptable salt
25  thereof are of use in the prophylaxis or therapy of any disease state in a human, or other
mammal, which is exacerbated by or caused by excessive or unregulated IL-1, IL-8 or TNF
production by such mammal’s cell, such as, but not limited to, monocytes and/or
macrophages.
Accordingly, in another aspect, this invention relates to a method of inhibiting the
30 production of IL-1 in a mammal in need thereof which comprises administering to said
mammal an effective amount of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof.
There are many disease states in which excessive or unregulated IL-1 production is
implicated in exacerbating and/or causing the disease. These include rheumatoid arthritis,
35 osteoarthritis, stroke, endotoxemia and/or toxic shock syndrome, other acute or chronic
inflammatory disease states such as the inflammatory reaction induced by endotoxin or
inflammatory bowel disease, tuberculosis, atherosclerosis, muscle degeneration, multiple
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with well known dehydrating agent, such as but not |imted to oxalyl

chl ori de, phosphorus oxychloride or tosyl chloride in the presence of a
sui t abl e baswoweso4ss triethyl amine. Alternatively a conpouffel/B$97002
formula (M11) - Scherme |I may be converted to a conpound of the fornula

VI Sch dr‘illn::’x :
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groups and t Bffedtive dmaitdf BicbhHEMA of Femuld () mgum&eﬁwﬁmepﬂmedascr i bed

in many references, for instance, Protecting G oups in Oganic Synthesis,
Geene T W -Interscience, New York, 1981. Suitable exanpl es of
hydr oxyl prot ect|WW§WWPMMNB@C%MQ@dmde@%t hyl or

t- 15 butyl Qk&@ﬁamk% ﬁﬂﬁb&\bk&ikea@éshﬁéi&dmé%ﬁma&d rREUBNESA %nb?/ﬁtﬁf‘

al kyI chaln of vari.able |i rr%r?@% . Sui t apl of

i mi dazol d0ni CFtERREHNS @P’é‘é’@%“ﬁg‘?{?&‘ EP oFPRGSpFK. en otonic
Phar naceut i cahdck, gramdleyjdie sepsis, waictsbookfsyndrogpe,aduls rcsplritoryrdmass( Sypdmome, be
obtained in %a]%ﬁ W fiSRh

appropri ate anount ,of aci |f:1hr%ﬁ then%eﬁs.ence d‘iwtgg%?ﬁe* g%hlx\i‘?gn?
METHODS OF TF@EMIBJ‘:? 8 %P"(?sfs- ALY AL Esah?%?
accept abl e saéabud»d;allmiﬁmnbns Mmﬁ@asrdunﬁmﬁmomsuéhanﬂ:hnmrrent for

the prophyl a%&eneme Moﬁaﬁmwam aé ireld ¥hfuhd) 2
human, or ot he or caused- b cessive or
unregul ated & ‘BR'FHé ?ﬂ‘?}ﬂ‘ﬁ@ 8%?‘?""13, efgmb‘ﬁ’fmrﬁ?ﬁr
limted to nmmfbmmuamdlmhnsﬁmasqohhgmvc@npmdmesm‘ For rrul a (1) are

capable of inhib WW
ang TNF andI arI Itb&g?%bg J)use I n t?}lg Eé}ﬂl'ﬁ?ﬁm Bﬁ'é’ anlc:ingo TNF
affect a wi déu%wuémmeerwwm%ﬁ%%ﬂa%m ARON ¥ | | as

ot her 20  The viruses contemplated for treatment herein are those that produce TNF as a result of
infection, or those which are sensitive to inhibition, such as by decreased replication,
directly or indirectly, by the TNF inhibiting-compounds of Formula (1). Such viruses
include, but are not limited to HIV-1, HIV-2 and HIV-3, Cytomegalovirus (CMV),
Influenza, adenovirus and the Herpes group of viruses, such as but not limited to, Herpes
25  Zoster and Herpes Simplex. Accordingly, in a further aspect, this invention relates to a
method of treating a mammal afflicted with a human immunodeficiency virus (HIV) which
comprises administering to such mammal an effective TNF inhibiting amount of a
compound of Formula (I) or a pharmaceutically acceptable salt thereof,
Compounds of Formula (I) may aiso be used in association with the veterinary
30  tweatment of mammats, other than in humans, in need of inhibition of TNF production.
TNF mediated diseases for treatment, therapeutically or prophylactically, in animals include
disease states such as those noted above, but in particular viral infections. Examples of
such viruses include, but are not limited to, lentivirus infections such as, equine infectious
anaemnia virus, caprine arthritis virus, visna virus, or maedi virus or retrovirus infections,
35  such as but not limited to feline immunodeficiency virus (FIV), bovine immunodeficiency
virus, or canine immunodeficiency virus or other retroviral infections.
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‘| eukocyte-derived cytokines, are inportant and critical inflanmatory
medi ators of a wide variety of disease states and conditions. The

i nhibition of these pro-inflammatory cytokines is of benefit in
control | i ngvowetkags ng and al | evi ati ng many of these di seayeraiset/m@s2o
Accordingly, the present invention provides a nethod of treating a

cyt oki ne- 35 | at ed di,sease I eh conprises_adm pistering an effective
cyt oki ne-i nt er f ePF mﬂﬁf’{a%?’m\im‘(;&fﬁg birused, 3’{’1';"3? ent or
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Regul at i on, r ef X- %ES\I,EF‘%% 'S resgggg%fmﬁlpﬂgwhﬁh%% oduct s
deri ved frcﬁﬂ c? ACFRpdinglye In afurther pspect; this invention relates toa methed ofir i et y .
of cells aridtubmgm@maommmtamnﬂm:nhmmaﬁrﬁmwﬂmeﬂedl ators of a
w de vari ety of es of X-1 i s not
effected by co %%%ﬁﬂ@ﬁf@%h&}é e?{"ﬁe‘é ds‘f{%%gf“flf‘gﬁ %t cox-2

may al 13yi M%ﬂb%@%gﬂ@?@fr ability 10 associated with inhibition
of COX-1 ther ebyrhesfardrnhiydl smmw@nmmc@sﬁe@kuﬁb gulfted NY-B pRIGAERAMLL Ve

effects. | rredl at ors is of benefit
in control Iq#l Il&ﬂ@egﬁé%ag%wcﬁg@%%g ﬁ;% ‘E& Most
not abl y thé@*@sﬁ"ﬁﬂm mﬁ}vmusmbc#spsonm wbpwgbtxagmm;; have

been i npl i Coa&ﬁﬁanaraﬁlﬁpexmfdm , adillhRs ﬁtb‘iyhis&a&s's%ur&‘ﬁc REdothbb&6 &Rf Or s, or

edena. nt theret ine I nc eat ment of
neurorru-sgculgd pal n eadAgl g&'&g@ﬁgﬁa °°éa(f)'ﬁi’e ?I*g%sm%ounds of
Formul a (| ywhieb i resnomsible fox M@épmmmth@hﬂnmomsm dh use in
the prophylcoiirsst ' othd?Gkflinymatorycytukifitd (ILOT, TNE) @hd TREYAL.-8 hhy thi Bhiq hétlon of

brovi tes o MR gr Bniothe éef**‘oi"ﬁ‘?% G Pl B35 B i Tpri ses
admi ni st er |MERMP@WPW%GM ctiomissheneutiophibinfiitratiop) ) or a
phar magut i cal | haesmpéudial 6f Fetrula (e Aiminibifedih 45 SRiondt WUAHRIcnOR iMkibR
provides fqf toime, in particular IL-1, IL-6, IL-8 or TNF, production such that it is regulated down to
normal levels, or in some case to subnormal levels, so as to ameliorate or prevent the
disease state. Abnormal levels of IL-1, IL-6, IL-8 or TNF, for instance in the context of the
present invention, constitute: (i) levels of free (not cell bound) IL-1, IL-6, IL-8 or TNF
25  greater than or equal to 1 picogram per ml; (ii) any cell associated IL-1, IL-6, IL-8 or
TNF; or (iii) the presence of IL-1, IL-6, IL-8 or TNF mRNA above basal levels in cells or
tissues in which IL-1, IL-6, IL-8 or TNF, respectively, is produced.
The discovery that the compounds of Formula (I) are inhibitors of cytokines,
specifically IL-1, IL-6, IL-8 and TNF is based upon the effects of the compounds of
30  Formulas (I) on the production of the IL-1, IL-8 and TNF in in vitro assays which are
described herein.
As used herein, the term “inhibiting the production of IL-1 (IL-6, IL-8 or TNF)"
refers to:
a) a decrease of excessive in vivo levels of the cytokine (IL-1, IL-6, IL-8 or TNF)
35  ina human to normal or sub-normal levels by inhibition of the in vivo release of the
cytokine by all cells, including but not limited to monocytes or macrophages;
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met hod of prophylaxis treatnment in a human, or other manmmal, by inhibition
of the synthesis of the COX-2 enzyne. In particular, conpounds of Formula
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20  brain astrocytes, bone marrow stromal cells, epideral keratinocytes and B-lymphocytes.
Lymphokines are gencrally referred to as being produced by lymphocyte cells. Examples
of cytokines include, but are not limited to, Interleukin-1 (IL-1), Interleukin-6 (IL-6),
Interleukin-8 (IL-8), Tumor Necrosis Factor-alpha (TNF-¢) and Tumor Necrosis Factor
beta (TNF-8).

25 As used herein, the term “cytokine interfering” or "cytokine suppressive amount”
refers to an effective amount of a compound of Formula (I) which will cause a decrease in
the in vivo levels of the cytokine to normal or sub-normal levels, when given to a patient
for the prophylaxis or treatment of a disease state which is exacerbated by, or caused by,
excessive or unregulated cytokine production.

30 As used herein, the cytokine referred to in the phrase "inhibition of a cytokine, for
use in the treatment of a HIV-infected human" is a cytokine which is implicated in (a) the
initiation and/or maintenance of T cell activation and/or activated T cell-mediated HIV
gene expression and/or replication and/or (b) any cytokine-mediated disease associated
problem such as cachexia or muscle degeneration.

35 As TNF-8 (also known as lymphotoxin) has close structural homology with TNF-o.
(also known as cachectin) and since each induces similar biologic responses and binds to
the same cellular receptor, both TNF-a and TNF-8 are inhibited by the compounds of the
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prophyl axi s ?W%cal .dise se.rﬁet.aﬁi%lst rredtlﬂgit‘ %d .by. or exacer bat ed
excessive cHi pressive agents, inhibitors exhibited significant activity in many suc
in vivo studies. Most notable are its effectiveness in the collagen-induced arthritis model
and inhibition of TNF production in the endotoxic shock model. In the latter study, the
reduction in plasma level of TNF correlated with survival and protection from endotoxic

25  shock related mortality. Also of great importance are the compounds effectiveness in
inhibiting bone resorption in a rat fetal long bone organ culture system. Griswold et al.,
(1988) Arthritis Rheum. 31:1406-1412; Badger, et al., (1989) Circ. Shock 27, 51-61;

Votta et al., (1994)in vitro. Bone 15, 533-538; Lee etal., (1993). BAnn. N. Y. Acad.
Sci. 696, 149-170,

30 In order to use a compound of Formula (I) or a pharmaceuticaily acceptable salt
thereof in therapy, it will normalty be Formulated into a pharmaceutical composition in
accordance with standard pharmaceutical practice. This invention, therefore, also relates to
a pharmaceutical composition comprising an effective, non-toxic amount of a compound of
Formula (I) and a pharmaceutically acceptable carrier or diluent,

35 Compounds of Formula (I), pharmaceutically acceptable salts thereof and
pharmaceutical compositions incorporating such may conveniently be administered by any
of the routes conventionally used for drug administration, for instance, orally, topically,
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Compounds of Formula (I) may be administered topically, that is by non-systemic

25 administration. This includes the application of a compound of Formula (I) externally to
the epidermis or the buccal cavity and the instillation of such a compound into the ear, eye
and nose, such that the compound does not significantly enter the blood stream. In contrast,
systemic administration refers to oral, intravenous, intraperitoneal and intramuscular
administration.

30 Formulations suitable for topical administration include liquid or semi-liquid
preparations suitable for penetration through the skin to the site of inflammation such as
liniments, lotions, creams, ointments or pastes, and drops suitable for administration to the
eye, ear or nose. The active ingredient may comprise, for topical administration, from
0.001% to 10% w/w, for instance from 1% to 2% by weight of the Formulation. It may

35  bowever comprise as much as 10% w/w but preferably will comprise less than 5% w/w,
more preferably from 0.1% to 1% w/w of the Formulation.
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20  solutions or suspensions and may be prepared by dissolving the active ingredient in 2
suitable agueous solution of a bactericidal and/or fungicidal agent and/or any other suitable
preservative, and preferably including a surface active agent. The resulting solution may

then be clarified by filtration, transferred to a suitable container which is then sealed and
sterilized by autoclaving or maintaining at 98-100° C. for half an hour. Alternatively, the

25  solution may be sterilized by filtration and transferred to the container by an aseptic
technique. Examples of bactericidal and fungicidal agents suitable for inclusion in the
drops are phenylmercuric nitrate or acetate (0.002%), benzalkonium chloride (0.01%) and
chlorhexidine acetate (0.01%). Suitable solvents for the preparation of an oily solution
include glycerol, diluted alcohol and propylene glycol.

30 Compounds of formula (I) may be administered parenterally, that is by intravenous,
intramuscular, subcutaneous intranasal, intrarectal, intravaginal or intraperitoneal
administration. The subcutaneous and intramuscular forms of parenteral administration are
generally preferred. Appropriate dosage forms for such administration may be prepared by
conventional techniques. Compounds of Formula (I) may also be administered by

35  inhalation, that is by intranasal and oral inhalation administration. Appropriate dosage
forms for such administration, such as an aerosol Formulation or a metered dose inhaler,
may be prepared by conventional techniques.
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i nvol venent dotrse of treatisdit déterniifaion ESHS . In partlcul ar, for the first time a

et i1 e 54 12V il BB o S 5 U 0", O
those di seadEierpary &saneRnisprmmals, athes than bumans, Ukmdn‘éuﬂ‘&mmmme cardi ac
and rend0 r dndbitios boprodutivt.yin paRticRbib, QS tokinethediRed diSsaSa Tor trdafmerdi abet es and
therapeutically or prophylactically, in animals include disease states such as those noted
herein in the Methods of Treatment section, but in particular viral infections. Examples of
such viruses include, but are not limited to, lentivirus infections such as, equine infectious
anacmia virus, caprine arthritis virus, visna virus, or maedi virus or retrovirus infections,
25  such as but not limited to feline immunodeficiency virus (FIV), bovine immunodeficiency
virus, or canine immunodeficiency virus or other retroviral infections.
The invention will now be described by reference to the following biological
examples which are merely illustrative and are not to be construed as a limitation of the
scope of the present invention.
30
BIOLOGICAL EXAMPLES
The cytokine-inhibiting effects of compounds of the present invention were
determined by the following in vitro assays:
Interleukin - 1 (fL-1)
35 Human peripheral blood monocytes are isolated and purified from either fresh blood
preparations from volunteer donors, or from blood bank buffy coats, according to the
procedure of Colotta ez al, J Immunol, 132, 936 (1984). These monocytes (1x106) are
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di | uent. i‘“‘“’ M#ﬁgﬁ &'w Formula (1), pharmaceutically acceptable
sal ts thereof aHMWMIo@mommm:sdmdmmq&dﬁbmﬂmgmbodm
conveni ent hyfrPeoars b phirelbepheachid e sidig, &Eorhﬂ%wp?&e \s?&éif&mi_' ed for

E R i ekl el T
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second t hesmpmmyonaqmymnﬂml)\ﬂd@ nthawaﬂs aré freabatel for 4§l nivatesia yhel pivsehoecor
M XI'NGY30  absence of a test compound at InM-10mM dose ranges (componnds are solubilized in
dimethy] sulfoxide/ethanol, such that the final solvent concentration in the cuiture medinm
is 0.5% dimethyl sulfoxide/0.5% ethanol). Bacterial lipopoly-saccharide (E. coli 055:B5
{LPS] from Sigma Chemicals Co.) is then added (100 ng/ml in 10 ml phosphate buffered
saline) and cultures incubated for 16-18 hours at 37°C in a 5% CO5 incubator. At the end
25  of the incubation period, culture supernatants are removed from the cells, centrifuged at
3000 rpm to remove cell debris. The supernatant is then assayed for TNF activity using
either a radio-immuno or an ELISA assay, as described in WO 92/10190 and by Becker et
al., J Immunol, 1991, 147, 4307.
IL-1 and TNF inhibitory activity does not seem to correlate with the property of the
30 compounds of Formula (I) in mediating arachidonic acid metabolism inhibition. Further
the ability to inhibit production of prostaglandin and/or leukotriene synthesis, by
nonsteroidal anti-inflammatory drugs with potent cyclooxygenase and/or lipoxygenase
inhibitory activity does not mean that the compound will necessarily also inhibit TNF or

IL-1 production, at non-toxic doses.
35 In vivo TNF assay:
' While the above indicated assay in an in vitro assay, the compounds of
Formula (I) may also be tested in an in viveo system such as described in :
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granul ati ng and conpressing or dissolving the ingredients as appropriate to
the desired preparation. It wll be appreciated that the formand character
of the pharmaceutically acceptable character or diluent is dictated by the
anount of acWOW®250gredi ent with which it is to be conbi nedCTUNRAB] e of
adn1n|strat|on and ot her wel | - known varlables The 10 carrier(s) nust be

"acceptabl e" in S8RS: . O EPS tah @ CRnithl RS )hm-uw(mls)e&t s of
t he Fornulatlonés ot de|e
phar maceutical c¢ Efgﬁmvéﬁﬁ

ecJ o
il %cmeﬁc@g%bfﬂ e g o
l'i qui d. Exe&tsbhsm&nﬁremc&xpﬁaedbymmmmmwra al ba, sucrose, talc,
gel atin, g@{l CI a, magnesium stearate, stearic acid and the
like. Exerrp ary of |1

ST A el ard epdomigalspu TR (o) Symemotia

del ay nat er iwad) awe:hhniamm ¢uuute|‘mecﬁum suppleientexl witly 5% fetalibovine sérenvantid %or
gl yceryl di E‘sen% zgéxﬁil opkq#%&gm(; T 1§ fre Viikh! B %d%fBi&%{‘Hi&ﬁéi Ca'

forms can b€ enp carrier 1s use he "prepara

can be tabl plated (2 @ gelting eonted 99well plates.aBronte use, coltirpimedigm ase.| | ot 20

formor i n (ﬁfeslﬂm&dnﬁﬁ Iweﬁesﬁbﬁpmt(msmo{: cﬁﬁﬂehdaﬁbﬁﬁrl er

will vany ﬁg‘%‘?thl‘%é 1g. WWen
a liqui & g ‘t e} 3 gﬁgs syrup,
enul si on, g F@D ﬁ\! Bﬂ E’c%‘tﬂ"@"’fﬁ‘ﬁﬁ@ 2a§t§’ﬁ anpul e
or nonaqueouﬁd bmélméuwﬁs@ fiﬁ@idﬁéiﬁo&ﬁ aﬁwawea férl IL-8'60hckifration

epi dernis OM%WV@QVWM muifiple tandard quryeo 650 d i nt o
the ear j5eyqps flate 21Zendritad by Hen-HRACHP RIRCsiR L significantly enter

t he bl ood SW%% Mt mc admnistration refers to oral,

i nt ravenous 2 Yuscul ar admini stration. 30

Formul ati ons sui Aabdiccqmpetitivedtinding sssay wasdavalopetoipaestideckehighly gemodiicible

sem -1iquid Hﬁﬁi%ﬁic?éeh%t%trﬁéth&ﬂlbﬁﬁ d&idl&e"ﬂﬁsra%&d Ws% a&%ta?;%é@ve&o t he

oo o T b PR Sl s oLl bt 1
active Rfgr gmobmes and E1dS Aqassaysto q[uemnfydpncanesa!mbansa mach ume fariteas€ay001% t o
10% W w, f Okpel tﬂﬁdxﬂg‘ﬁ@af Bae %ééhéxidﬂs@e‘fy%wtm Ma@&fﬁ’hﬁtﬂ:&ﬁs of the MY 35
however conprise a a 10% conpyise l.ess than
5% w w, nor &PFRY W %%}R\M <{e oped 33
using soluble cystosolic fracnon from THP.1 cells and a radiolabeled oompound Patent
Application USSN 08/123175 Lee et al,, filed September 1993, USSN; Lee et al., PCT
25  94/10529 filed 16 September 1994 and Lee et al., Nature 300, n(72), 739-746 (Dec. 1994}
whose disclosures are incorporated by reference herein in its entirety describes the above
noted method for screening drugs to identify compounds which interact with and bind to
the cytokine specific binding protein (hereinafter CSBP). However, for purposes herein
the binding protein may be in isolated form in solution, or in immobilized form, or may be
30 genetically engineered to be expressed on the surface of recombinant host cells such as in
phage display system or as fusion proteins. Alternatively, whole cells or cytosolic
fractions comprising the CSBP may be employed in the screening protocol. Regardless of
the form of the binding protein, a plurality of compounds are contacted with the binding
protein under conditions sufficient to form a compound/ binding protein complex and
35 compound capable of forming, enhancing or interfering with said complexes are detected.

Representative final compounds of Formula (I), Examples 1 to 4, and 6 have all
demonstrated positive inhibitory activity of an IC50 of < 50uM in this binding assay.

"hc udes-+ hgpgs FEEELISA R o %ﬁmﬁ%&@y YSHsfes (Mt g@mhgﬁl 3 he
saeples based o
Efalyhidl
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WO 97/ 25046 PCT/ US97/ 00529
Lotions according to the present invention include those suitable for
application to the skin or eye. An eye lotion may conprise a sterile
aqueous sohy d@m304ept i onal |y contai ning a bactericide and reyubse/esepar ed by
met hods simlar to those for the preparation of drops. Lotions or |ininents

for appli caE i EB to iEhe sti n may al so include an 5 agent to hasten drying
and to coo PR :as an al cohol or acetone, and/or a noisturizer
such as gl ycer oThipassayimeasures sl CSBP-catalyzed teinkfenof FPaadm fp-PH)ATEr@ans,

oi ntnments %e&?&i LiBSmtaf | ' . ) -solid
Formul ati ons 0 ?ﬁ%@%%,%’?ngregfogﬁ%%?%%r a Q%P?%:dgﬁ’gaf? They nmay be
made by ni ﬂ%)W%%PnW@ﬁ%%mmmggﬁLBﬂ red form

al one of i 8666811 (See Gullaghtr esdls PRegulabion of S@¢ss Miduecd Cytakiné Pidastsaous f 1 ui d,

with the aj . oS ) | ik B asy or. - gr.easy base. The
base may c%%‘%ﬂﬁ%‘g‘g%éﬁgﬁéﬂcgﬁsé #é'%ﬁgr gb‘ﬁ(' °$‘ﬁ‘3ﬂ‘ﬁﬂ“§ar affin,

gl ycerol , Sbemighy, to be peblished ¥996bap; a nucilage; an oil of natural origin
3uch ats_ al nvnd,mmtemroag(w@ vd}]ﬁﬁé%uﬂbpﬂﬁhyesﬂMHeWuffeﬁtp}m.S;i ts o
erivative ; e e | Q er w an
al cohol suz%&édsﬁécg%’yﬂ”gﬁy g'l?}(‘:% lman%%%oééﬁtﬁhgﬁgﬁéggﬁ#m I on may
i ncor pdd at endi20/8Gng ofychst-expressed punificd USBRLsed Leeet lal aName 200, n(M2);, cationic
Or non-i ONk4q. t S ' Sth&(2 | vl ene
derivati vel7t Zﬂ@' %geﬁ?ﬂﬁ;ﬁ%‘%g?isﬂg%?ﬁxgs nat@?%ﬁ’f%&cnw ul ose

deri vat i ve eERZYmGANGReP f &0 ik en icg prionte startingthe regctions Withcas,  and ot her
i ngr edi ent 32B/MPATPS Reattivn's Are ifitubatel 20300 fon ¢0 utie and ibppes bpeddinglig to the

present in ' 1:S@ySh el L utions or
B lopens; ontt 070t SHpHORERED 3P L Blch Bed 36 thbnudlea ShipkompRocetiBls’ 017 O,
sui t abl® afWVadman, p Flﬁl%hblbm&lﬂsé%t‘ﬁﬂaé‘i'm/ Bﬂtelfsl}mgw@ﬁgis B§&nt and/ or
any ot her w®ith{75isM pbesphoric aaid {allowed By Brvesshesavith HpQgind ¢oungedfos 82R.ace acti ve

agent The resul g (':.§§‘P yﬁhg @SL Il £ § filiration,
transferred to 92&?%& cong)giAner g\%‘?&c |sdtt{’1i§eﬁ?7sea eghéarﬁ Sterilized by
aut ocl avi ngompoungs sereened adheKogmuef[AFE-] C. for half an hour.

Al ternatively, (2 eomipoundsaraiisuslly dibsolved isDMSO mitde Bifntéd int25ahMon and

transfgipre ﬂér?ﬁ ] t ?ﬂ ' i que. Exanpl es of

bacterlﬂéi dgeb%n ﬁn%%ﬁ%gﬁa%%}én Sngogﬁig% é’%ﬁ'g?%r nclusion in the drops are
phenyl nercuri c Representative final cempeunds ofBorgmla () Examples il 8, epd B haveeall 0. 01%)
and chl or hdsanoistrated positiveciniiibitory @otivityfian JC 5 o550 5 insthischindikgoaspaye par at i on

of an oil yﬁi%b’lgle ‘demonstrated an IC50 of > 50uM in this assay.

25 Prostoglandin endoperoxide synthase-2 (PGHS-2) assay:

The following assay describes a method for determining the inhibitory effects of
compounds of Formula (I) on human PGHS-2 protein expression in LPS stimulated human
monocytes.

Method: Human peripheal blood monocytes were isolated from buffy coats by

30  centrifugation through Ficoll and Percoll gradients. Cells were seeded at 2 X 106/well in
24 well plates and allowed to adhere for 1 hour in RPMI supplemented with 1% human AB
serum, 20mM L-glutamine, Penicillin-Streptomycin and 10mM HEPES. Compounds were
added at various concentrations and incubated at 37°C for 10 minutes. LPS was added at
50 ng/well (to induce enzyme expression) and incubated overnight at 37°C. The

35  supemnatant was removed and cells washed once in cold PBS. The cells were lysed in
100l of cold lysis buffer(S0mM Tris/HC pH 7.5, 150mM NaCl, 1% NP40, 0.5% sodium
deoxycholate, 0.1% SDS, 300ug/ml DNAse, 0.1% TRITON X-100, 1mM PMSF, ImM
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‘include glycerol, diluted al cohol and propyl ene glycol. 30

Conmpounds of fornmula (I) nmay be adm nistered parenterally, that is by

i ntravenous, intranuscul ar, subcutaneous intranasal, intrarectal,

i ntravagi nal war9W23e46aperi t oneal adm ni stration. The subcut aPEHUSI7RHES

I ntramuscul ar fornms of parenteral adm nistration are generally preferred

égﬁ\r/gﬁ{: gh:l te ﬁﬁlla%?p%fnﬁiu %ﬁ&%o%ﬁﬁém ﬁ%ﬂﬁg gm n| sl?ered
by 35 i nhalt§me¥sdebyis and the Aractionwag subiected) Bxgﬁaﬂabﬁls
admi ni stratlmwm%pmdwmma@mﬁmdmmwmaﬁmmﬁmb on, such as
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conventi onal q eché&&tﬁes s%?ﬁo M&%%&MMS%‘&&?&OMQXN-

PCT/ US97/50052FBSA).1% Twesn 20 3th 53¢ nonsfat diymills sAftertwashing 3itimes inBBSEwsennds of
gorl rr;JIOaaE) L)Ltb\iﬂ%ﬁ Mx&ﬁbﬁﬁ@haﬁmﬁﬁ&dr\?g 4TEDOOV ditution efﬂhaﬁ ped Mﬂamaﬂhﬁtlg 20
ng/ kg, nore %‘?‘2?% y@og’%wno&o énﬁﬁg?gi%fl "I'ggé% F@/Wﬂgﬁg’%%gi?r
dosage regi nine bepowith continpeps shajing. Sth wasmhedﬁayx EBSll‘mrgm then
Ay ylé‘“&‘”“ﬁ“‘r%ﬁd?@m?‘%z‘f&”m MW RS UGIEY alfisch B D00
0.1 g+ 1OPbiEHE airneR) I RSk with 35S A font how it dmpcion shabing: e
daily. The dﬂlﬂmemmlemtbmUwa@éXﬂmgBﬁﬁ‘mdetchCbanpOMmaysﬁmut
0.01 ng/ kg tmaﬁm%agraéehqoaaéctmvéxbfapumaﬁappﬂs&aglmm&ﬁ&ogxe one of

skill in the art that the optimal quantity and spacing of 10 I vi dual
dosages of E o hd of Formula (1) or a pharmaceutically acceptable salt

t hereof wi | | ResulisieThe followingivpmpiands anens wstedahdcfotnt b befactivedn disiaisay G.,bei ng
treat ed, 15 henkigfisn LPS’iﬁhﬁceﬂ%HS-ﬁ%r&&n@ b3l Aok Qfter g&ény&?mﬁ%&% Wb "
eterm ne y

pati ent bein r.eate hat Such nmus,. can. be

conventlonal ﬁg‘é‘epﬂd"?&@l”&f’% %‘sﬁ'ﬁmw by one of skill in the

art that thé—@amqmphwm}@-Mykdﬁnytphﬁnyms—@-pyrﬁybmm of doses of a 15

conmpound of &@j’pﬂb‘% ﬁén)mqg, ﬁ:h?&%ﬁ T 2@&5@ tq]mtﬁ%r P?I ven
ascert I ne 0se s

per day for a def ne nunber of d% G'Pda é{M
in the art using 5 pgpngs ted P%Pr?éﬁ?“ﬂ&@i’ﬁ?ﬁ Bn tests. The
novel cofoudriiseMsthylsolfimylpheryil)-3-(drpyridyd)es, Beihydrmd(SH)-pgarelofi, 2t i on with the
ajimidazole;rolipram ; phenidone and NDGA.
None of the compounds tested was found to inhibit PGHS-1 or cPLA2 protein
levels in similar experiments.

25
INF-0.in T, ic Brain Injury A

The present assay provides for examination of the expression of tumor
necrosis factor mRINA in specific brain regions which follow experimentally induced
lateral fluid-percussion traumatic brain injury (TBI) in rats. Adult Sprague-Dawley

30 rats (n=42) are anesthetized with sodium pentobarbital (60 mg/kg, i.p.) and subjected
to lateral fluid-percussion brain injury of moderate severity (2.4 atm.) centered over
the left temporaparietal cortex (n=18), or "sham" treatment (anesthesia and surgery
without injury, n=18). Animals are sacrificed by decapitation at 1, 6 and 24 hr. post
injury, brains removed, and tissue samples of left (injured) parietal cortex (1.C),

35 corresponding area in the contralateral right cortex (RC), cortex adjacent to injured
parietal cortex (LA), corresponding adjacent area in the right cortex (RA), left
hippocampus (LH) and right hippocampus (RH) are prepared. Total RNA is isolated
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v ————— T

veterinary treatnment of mammals, other than humans, in need of inhibition
of cytokine 20 inhibition or production. In particular, cytokine nediated
di seases for treatnent, therapeutically or prophylactically, in animals

i ncl ude digg3s@sess at €s such as those noted herein in the dédgiossessy
Treatment section, but in particular viral infections. Exanples of such
viruses include, but are not |inited to, lentivirus.infections such as,
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(1984)0 T nrontas olowtiog injury) Iresham- (s@Fery withofl QiD= aGive

PCT/ US97/Q9§&%,BB%&&9§;¢:\@ %F %f@'NFa(ﬁRﬁﬂﬁri&Mnﬁin y.OF 2

hi ch 1 el A #&%3&%@9 g€ revlls ogiche P Test compound
which ti . es conpounds
are then d’d&tnvdng pamsagxttabﬂmd-pbmnssiﬁn Mm;erytﬁmtaﬂpbrﬂleupresﬁon of TNF- ™

| i popol'ys @d@k&k&mﬁmg igcildinl B8seEh é 37ferr]C
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are r § + T i wgm&ﬁansﬂvss&mﬁ?@mr

h?‘!éi supernatants are
t hen immmwame&mmmmmamamspsmmMy t he met hod

'L to soyeiion e ?ﬁ%**é?%“"“&‘?'ﬁ“?d&?’ <6l Ropdehtivf i BOGTEe gl Vot

IL-2, in dﬁﬁ?ﬂﬁﬁaf’v%"?ﬂ?nﬂ@ hore)

20

This assay characterizes the regional expression of interleukin-18 (IL-18)
mRNA in specific brain regions following experimental lateral fluid-percussion
traumatic brain injury (TBI) in rats. Adult Sprague-Dawley rats (n=42) are
anesthetized with sodium pentobarbital (60 mg/kg, i.p.) and subjected to lateral

25 fluid-percussion brain injury of moderate severity (2.4 atm.) centered over the left
temporaparietal cortex (n=18), or "sham" treatment (anesthesia and surgery without
injury). Animals are sacrificed at 1, 6 and 24 hr. post injury, brains removed, and
tissue samples of left (injured) parietal cortex (LC), corresponding area in the
contralateral right cortex (RC), cortex adjacent to injured parietal cortex (LA),

30  corresponding adjacent area in the right cortex (RA), left hippocampus (LH) and
right hippocampus (RH) were prepared. Total RNA is isolated and Northern blot
hybridization is performed and the quantity of brain tissue IL-18 mRNA is
presented as percent relative radioactivity of IL-18 positive macrophage RNA
which is loaded on same gel. At 1 hr. following brain injury, a marked and

35 significant increase in expression of IL-18 mRNA is observed in LC (20.020.7% of
positive control, n=6, p < 0.05 compared with sham animal), LH (24.5+0.9%,

p <0.05) and LA (21.5+3.1%, p < 0.05) in the injured hemisphere, which remained

-40-



or the method of Lee et al., J. ImunoTherapy, 6 (1), 1-12 (1990) (ELISA
assay). 10 A representative conpound of Fornula (1), Exanple 1,
denonstrated positive inhibition in this assay. Tunmour Necrosis Factor
(TNF) : Humaw@em250#er al bl ood nonocytes are isol ated and pRETASYRSIPom
ei ther bl ood bank buffy coats or platel etpheresis residues according to
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ile the above in an..n ro cogpounds o
Formula_ (1) may %@W‘é@%’%ﬂ)‘ﬁ‘ﬁm% ¥§ lcgélts@:# %%a’?‘sggscri bed in:
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Pymvu: aldehyde dunethyl acetal (60 mL, 459 mmol) and N N—dxmethyl formamide
dimethyl acetal (60 mL, 459 mmol) were stirred together at 100° for 18 h. The mixture
25  was cooled.
Methanol (300 mL), thiourea (69.6 g) and sodium methoxide (231 mL, 25 wt% in
MeOH) were added to the above mixture and stirred at 70° for 2 h. After cooling,

iodomethane (144 mL) was added dropwise and the mixture was stirred 3 h. at room temp,
After diluting with EtOAc and H,O, the organic phase was separated, dried (NapS0y),and

30 concentrated to yield the title compound as a brown oil (75.5 g, 82% yield). IH NMR
{CDCl3): d8.17 (d, IH) 6.77 (4, 1H), 5.15 (s, IH), 3.40 (s, 6H).

The product of the precedmg example (5 Og, 25 mmol) was dissolved in methanol
(100 mL), cooled to 4%and a solution of oxone {9.21g), in H20 (100 mL) was added

35 dropwise (T < 15°). Warmed to 23°, stirred 2h, poured into 10 % aq NaOH (250 mL) and
extracted with EtOAc. The extracts were washed with 10% aq NaOH, dried (Na2S04),
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- WO 97/ 25046 PCT/ US97/ 00529
(1) Giswold et al., Drugs Under Exp. and dinical Res., Xl X (6), 243-248
(1993); or (2) Boehm et al., Journal O Medicinal Chem stry 39, 3929-3937
(1996) whoggy fiikssdkosures are incorporated by reference hepeirrossmes2hrei r
entirety. Interleukin -8 (IL-8): 5 Primary human unbilical cord

cul tur e e SR i ehyolsgpbe UDaUFRimeliibAR i ord ) 8eF Py

consi st nq:,@%)aﬁﬂfummaal Bsp.ﬂ'magggp&g ﬁ}zelgsmu‘dj | uted 20-fold before
50

bei ng pl at d ( ‘ 1 SEl g coated 96-wel | plates Prior to use,
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To a suspension of p-toluenestﬂﬁmc acid sodium salt (30 g) in H20 (100 mL) was added

methyl t-butyl ether (50 mL) followed by dropwise addition of conc HCI (15 mL). After
25  stirring S min, the organic phase was removed and the aqueous phase was extracted with
methy] t-butyl ether. The organic phase was dried (Na2S04) and concentrated to near
dryness. Hexane was added and the resulting precipitate collected 1o afford p-
toluenesulfinic acid; yield 22 g.
p-Toluenesulfinic acid (22 g, 140.6 mmol), p-fluorobenzaldehyde (22 mL, 206 mmol),
30 formamide (20 mL, 503 mmol) and camphor sulphonic acid (4 g, 17.3 mmol) were combined
and stirred at 60 © 18 h. The resulting solid was broken up and stirred with a mixture of
MeOH (35 mL) and hexane (82 mL) then filtered. The solid was resuspended in MeOH /
hexanes (1:3, 200 mL) and stirred vigorously to break up the remaining chunks, Filtration
afforded the title compound (27 g, 62 % yield): 1H NMR (400 MHz, CDCl3) d 8.13 (s, 1H),
35 7.71(d,2H), 7.43 (dd, 2H), 7.32 (d, 2H), 7.08 (1, 2H), 6.34 (d, 1H), 2.45 (s, 3H).
f) 4-Fi enyl-tolylsu i i
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-phage di splay systemor as fusion proteins. Aternatively, whole cells or
cytosolic fractions conprising the CSBP nmay be enployed in the screening
protocol. Regardl ess of the formof the binding protein, a plurality of
conpounds arwooenssdeted with the binding protein under condQIVEH%00529
sufficient to forma corrpound/ bi ndi ng protein conplex and 35 conpound

bl f
det ect ed. Re%?%@s@%%mﬁ @5‘%‘ &ffﬁ’é hpou%%ﬁ%?g’p%”ﬁ%ﬁ%ﬁf?ﬁ@ﬁ%@ﬁ (o 4,
and 6 have &P9lediomd s ROLS op was afded-foflgwed by the dpopMiseer 1| of <
g(c)#}\/l UISSr;?} Bbggcgh&ﬂ%fgﬂetﬁ%?% e%?% 3'I“?h6| S as) % nmeas r)el?@t;;;més%%{nggt al yzed
t f f Prigw S AP AN LtempeIfie.of Yehd: el
g: 23? he; égt m@&@mm@wa} | WRHEGHS: iThe szpe@@}mw Y washed with mém

sequence: KREHOMBRUARRNaABOR ahdidntaniatbde Thb resultifg rébfilp wak Eﬁ&aﬁahhﬁg her et
al., "Regulatiaon of Stress |Induced t oki ne Production by an,

| ni dazol es: Petrelewn etherandiliersdro aff titleampoyad (1c7 8 3% yie i stry,
0 be publ | §ERCIS ST (41T 83 (medH). 019 ( OBDA 60, L 2 (sF)contai n: 25 1M

Hepes buffe pbﬁ@%@“‘ 141YE M. err]; _ng uM Na ortho

vanadat e; rified
CSBP2 (sl@e I.m_et al , Nat ur e 300 n(72), 739 746 (Dec. 1994)). Compounds (5

][errlzl) from[6X] Tﬁéﬂ%&&&bﬂ:ﬁmﬁﬂt fl(ﬂ;arsoscgmasﬁdn taﬂd tHeSr6diiey Hffexa ﬁggdgtigﬁs
or m n | Q startin i
are incubat (34‘%%&38;4[ {)(‘Yefeo?onitﬁ 'ﬁ%{&ﬁgﬁdﬁg Qa}zﬁ WQEE} of 0.3 M
phosphoric &ncbmﬁﬁ@dfﬁdnﬁdaﬂep@tamhwn&asﬂi@tarmgem HNMRCED(OI)ode 15
Wat t b ' ' re. are
\(Nashecrjmg PR G DnERenl) SR I 0 et w30 B B A R LS
Herr]ol and‘@dﬁn@ed for 32P. (1) The Km of CSBP f or ATP was determined to
be 170 uM Ther e592-MetlcRVRIh i uobphieh¥] bistExyRhrbody)-4( 2)

Conpounds arﬁ ﬁ?ﬂ%ﬂ%!ﬁéso ved I n DI\/SO an
buffer to g Entration of DVBO of 0.17%
The product of the preceding example, DMF (5 mL), the product of example 1(f)

(0.708 g, 2.23 mmol) and X,CO, (0.308 g, 2.23 mmol) were combined and stirred for 2
20  days, diluted with EtyO and filtered. The filtrate was concentrated under high vacuomto a

brown solid. Trituration witb Et,O and hexane (1:1, 200 mL) afforded the title compound
as a tan solid. Crystallization from acetone/hexane afforded 0.505g (64% from the product
of example 4(c) ESP+ (Mass Spec) miz 453 MHY.

25 The pxoduct of the precedmg example (0 SOSg, 1.43 mmol) was added to ice cold
TFA, under Ar. The resulting solution was warmed to 23 and stirred 1.5 h. The TFA was
removed in vacuo the residue was dissolved in EtOAc and extracted into H2O (2 x 20 mL).

The combined aqueous phases were layered with EtOAc and cooled to 4%, made basic by
the addition of 10% aqueous NaOH and the aqueous was extracted with EtOAc (4 x 25

30 mlL). The combined extracts were dried (Na2SO4) and concentrated to a white crystalline
solid. Trituration of the solid with hexane afforded 165 mg of white solid. Evaporation of
the above filtrate afforded an additional 133mg of slightly yellow crystals. Total yield 298
mg (59%). For the first crop of crystals: mp 159-160°.

35




Representative final conpounds of Fornmula (1), Exanples 1,5 8, and 9 have
all denonstrated positive inhibitory activity of an 1CJerr] of < 50uMin
this binding assay. Exanple 10 denonstrated an 1C50 of > 50uMin this
assay. 25 wévmsiseg! andi n endoper oxi de synt hase-2 ( PCHS- 2pcaassysesibhe
foll owi ng assay describes a method for determning the inhibitory effects
of conpounds o g -2 proteln expression in LPS

sti mul at ed” hundd iRieiore M€ peri pheral bl ood nonocytes were
i solated from buffyTbaatosluﬁ)onthmiﬂ@éﬁa)(ﬂ-ﬁﬁgéﬂmmn,lamba@iﬂgi @2ihLand Per col |

ar ?S:N:Stts 12661y Wedr€ c&ﬂﬁﬂaﬂmﬂku&e&cﬂ&bwﬂeh%iedwzémcmbmme; 22?um
20mM L- gl ElEttg% n%&m@m Ci | l Bagét re CI n %%@m% 1ggrrpou ids wer e
added &t @Pl%ﬁ%"“&ﬂ?ﬁ;‘é%ﬁ’!‘ﬁ?ﬁg“é ‘%L%étléﬁnﬁ-t dried Q¥aaPO4).0or 10 ni nut es.
LPS was a@@ﬁ&g&f@ém&w&k@gwmﬁ@u@ﬁo‘%@mo?méﬁga'xﬁ@)m.g%' ncubat ed

over ni ght at super nat-ant 8@3 renoved and cel |l s washed

once in cdHGIp affqré 74914 @7%%11103}6@9601@?9"11@ (CBCIzn B Q3.96(s.i 19,

buf f er (50 i 7o B (1B0MM Nadl, 1% NP40, 0. 5% sodi um deoxychol at e,
0. 1% SDS, rgé\ﬁc?o@ ﬂmﬁgﬁm&?% 252? RITON X- 100, LM PNBF, 1mM - 38 - WO

97/ 25046 %.Msthxl midin boxalde 4PCT/ US97/ 00529
| eupepoi u. wddineididedting) . The Iysate was centri fuged (10,000 X g for 10
mn. at 4] err] GrelpfodubioeR 1ep (.81 223 5.9 skt £ M. ggm‘t Qg yvqgesubj ected to

onto ni Lt SRRELP ?ééﬁm '<§31 %ﬁg{e‘ﬁﬁ%ﬁﬁfﬂe hBES <ot 60

s at 60

voIt }1 sS(yThQnaemwaf es\ﬂafarl km n;]g Fiftadtiog aﬁweonaemtaheubfﬁe ﬁlti'age/ mT %S/f fﬁwee nt ﬁO

W % non- f at 1ter wa ween buf fer e
nmenbr ane FRYPP étwa °W|°Flh M@& glsrggn&o'f)*%tz &)sﬂé (€} anti serum
to PGHS- 2 405 (m,R), mmmumomm,fzmsam ISﬂ(mm)t D.4PG-l9) 1 in PBS/ Tween with
1% BSA for c) ONe S8 hed 3X in

A 14Dy 0 el
PBSS/ Tween” and WY 3000 ST 1Ot Serddrsh
per oxi dasPReHdinyiimidazale nkey ant | serumto 10 rabb| t Ig (Arrershan) in
PBS/ Tween wi t h Th¥phiddct eitheoprevibusiexainpleland dittproduorsf example 196 (T hpg, BT ane

was then VRaBEIow (64 ol ind K36033493 b8 Hirtmoly WeHd RAGES b M procedlie B
20  example 1(h) to afford 9.07 g of product (62% from the product of example 1(2). MS ES+
m/z = 470 (MH*).

The product of the previous example (4.69g, 10 mmol) was dissolved in THF,

25  cooled to -10° and oxone (6.14g, 10 mmol) in H2O (50 mL) was added dropwise (T < 59).
The resulting mixture was warmed to 200 over ca 50 min, poured into a vigorously stirred
mixture of 10% aq NaOH (300 mL), ice (100 mL), and EtOAc (300 mL). The EtOAc was
separated, dried (Na2S04), and concentrated to a yellow oil. Flash chromatography (0-2%
MeOH in CHzClz) afforded 3. 58g (74%) ESP+ (Mass Spec) m/z 486 ot ).

30 ¢
piperidinyllimidazole NaH (60% in mineral oil) was washed with dry THF and layered
with more THF (5 mL) and anhydrous iso-propanol (1.15 mL) was added. When the
bubbling subsided the resulting soln was recooled to 23° and the product of the previous

example (0.58 g, 1.19 mmol) in THF (5 mL) was added dropwise. After 5 min the reaction
35  was shaken with EtOAc (ca 100 mL) and H70 (50 mL) and the phases were separated and




(Amrersham was used to detect the | evel of expression of prostaglandin

" endoper oxi de synthases-2. Results: The foll ow ng conpounds were tested and

found to be active in this assay (i.e., 15 inhibited LPS i nduced PGHS-2
protei n exprwsss7as46n rank order potency simlar to that fJACHYHIRY ng
cyt oki ne production as noted |n assays i ndicated):

g Ej E: ﬂS;Sp ﬁ § %lﬁﬁ%dzg& %I%I azoI e; and
Dexanet hasorf@ ImE:B'Jn‘Bﬁﬂ %0‘9%“8 f ‘Eed>f ﬁ"' 'B& rnactlve (up to

| QUM : i idip ¢
2-(4- et hy' Sulf' npﬂc Pa‘ﬁ:s J‘(S »E@@@ 55 %’sqmﬁétg%vapxé ‘Qiuh—f-‘
%‘f’mB

alimdazql e;ro was
f ound toog nhl?’b evel $ | S| nﬁgﬁex%erl ments. 25

TNF-[err] lnaffdr&-ﬂﬂﬁhg@ﬂﬁ)aofmﬂmjcwsmm;e 1Thel1ptesent assay provides for
exam nation of the expression of tunor necrosis factor nRNA in specific
brain regions which follow experinental |y induced |ateral fluid-percussion
traumatic brain Il’lj ury (TBI) in rats. m%prague Dawl ey 30 rats (n=42)
ar e anest het $72Hvilo} ek AT -. (B ‘ and subjected
to |ater f 0e
centered over-tre
(anesthesia@)nd 2i(2Methylsuifonyi:f luorophenys: 11bULO
decapi t ati ony; 4 hr. post I nj ury, bra| ns rermved and tlssue

corwles of 1EFE D M o éki)?ﬁéts?l@‘#@émcéﬁto i AP ot S o)

cortex (LA), -I%n@@mﬁéﬁ&ﬁs a@ﬂmmAiz@a(%%ntlawaaradgmd@msexT{lmyulnneft
hi ppocanpyis &Hftmwsﬁ&ém 250 {3 941 EBMbineMWith 3106 SR Faff CHIEHLAnd FilbheddS

i sol at ed - 39-

PCT/ US97/ 005%ih Qﬂﬂc\/ﬁg&ﬂ‘rﬁ ‘ﬁ" Sl(HPZS?%r%F%eBﬁm# driedinvacuoln affard 827581t i t at ed

relative to @%]ngg.“n/ppgmtmpontrol RNA (nmacrophage = 100% . A marked
i ncrease of TNF- \ 4 1-[(1-1-but "

<dinv limidazol

20 The product of the previous example (141 mg, 0.28 mmol) was dissolved in THF (5
mL) to which was added 50% aq NaOH (150 uL, ca 1.8 mmol). The soln was stirred for 3
days and a precipitate formed. The solid was filtered off, washed with THF, and dried in
vacuo to afford the tttle compound MS ES+ m/z = 440 (MH"‘)

25 ¢ The product of thc previous examplc and TFA (3 mL) were combmed and stirred
for 30 min, concentrated and the residue was triturated with Et>0 and filtered and the white

solid was washed with Et70, dried in vacuo to afford 114 mg (90% of monoTFA salt from
the product of exampie 3(a). mp = 80 - 1100 (dec).

30

2~CMoropyndme—4—carboxaldehyde was prepared as descnbed in the patent
literature (WPI Acc. No. 88-258820/37) whose disclosure is incorporated by reference in
35  itsentirety herein. This aldehyde was reacted with the product of example 1(d) by the

procedure of example 1(g) to afford the title compound as a yellow oil, apparently a
mixture of imine isomers based on NMR. .1H NMR (CD3Cl): 5 8.49, 8.35 (24, 1H),
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-expression is observed in LH (10417% of positive control, p < 0.05 conpared
with sham, LC (10521% p< 0.05) and LA (698% p < 0.01) in the traumatized
5 hem sphere 1 hr. following injury. An increased TNF- [err] nRNA

expr essi on we sfksess observed in LH (468% p < 0.05), LC (3@censshidssag <
0.01) and LA (32[err]3% p < 0.01) at 6 hr. which resol ves by 24 hr.

TENA TS BB oDl T eB A e A e BB RERI 0BG 1l 1 b
and in RH (2831342, m«zw)@lamnm (26[err]6% p < 0. 05) at 10 6 hr. but
not at 24 By. f el eniceais 4l 2dPhé Nlla Biddi) Or naive

ani mal s, g ionél shent C anges [ n expreSS| on of er: RNA Ts observed
in any of n areas in either hem sphere at any tines. These

resul t sSi ndi cat'Eh&praduﬁofd:nwﬂplag%phwmagidd\aﬁhmbpfoduqnejfempleﬂ(fpr ain injury,

theterrpora, e&gﬁ ‘]?gi?}@j qlgeg;ﬁm ghfic brain
i ;o | t t Si TNF-
oot one! 1 b et o el A e

of other cydliakiM8ESHmnon=-s457, 4399&!H&)strocyt es, th| S post- traumatlc
alteration i n gel ”1)4‘[})&] MR-l Dl 3 ) nt role in both
the acute and r onse 10 CN S'Injury nodel
for IL“P MMLMW characterl zes the regl onal expressi on of

i nterl euki n- 1] eThd pr()&:lct&fthépie):edﬂ%xhﬂp&ﬂﬁogflmml)'w&%sm&ﬁm | owi ng

%
iéﬁf['gﬁﬁ“a%ﬂg ﬂﬁg %c*‘ga"edm Tgﬁftzle@ra'”' “rr%g# Font obarbi o

(60 ng/ kg, éR%brain injury
of noder at mmmd%&ﬁd@twmnaﬂem&hadggy&a(ohso%ﬁ@&m ha“ et al )
cortexy nesihesia and surgery without injury).
Ani mal sg ar é;&s'rggér)lgqq%ggﬂ%)mn “&%“ﬁf JgW“Fﬂ‘]%Ury brai ns renoved, and
tissue sanﬁi@@méﬁm{m@!%éﬂsﬁﬁﬁwlalﬁ M’é’){ (LC) correspondl ng area
in the congy al a§-€2-Metliox§atpeididyt4-(FRforoplis _‘ ’ ., bl €d pari et al

cortex (LA), 3 |.acent are N ortex (RA),
| eft hippoca OTh %ﬁ%ﬁiﬁ‘% Elll ) lg A d. Total |
i s isolatef® i Ymhsl quantlty

of brapm tﬂﬁedJﬂvhbu&tbefb}dmRﬁﬁet&nﬁtﬂﬁeﬂiﬁﬁnt@&lﬁeiﬂi&ﬂ%f g3ative
radi oactivity of IL-1[err] positive macrophage RNA which is | oaded on sane

gel. At 1 hr. following brain injury, a marked and 35 significant increase
in expression of IL-1ferr] rTRNA |smed in LC (20 00 7% of

The product was prepared by the procedme of Example 4 subsmunng sodium
25  isopropoxide and isopropanol for sodinm methoxide and methanol. MS ES+ m/z =
381 (MHH).

30 The product of example 2(c) was mac&:d by the procedure of example 1G) to
afford the title compound. mp = 182 - 1839,

35 iperidinyllimidazol




"positive control, n=6, p < 0.05 conpared with shamanimal), LH (24.50.9% p
< 0.05) and LA (21.53.1% p < 0.05) in the injured hem sphere, which

remai ned - 40- WD 97/ 25046

PCT/ US97/ 00520 98R3d&t ed up to 6 hr. post injury in the LC PETESHM2N=6, p
< 0.05) and LH (5. O[err]l 3% p < 0.05). In shamor naive aninmals, no

expression of | L | §1q,§.-&t I n areas.
These results indic sz’ikﬁ% EI ora x%g&s&gxlgegn of IL-
m;% e»ar%mhe ¢ m”a-

‘FFSP wgm%ﬁp

1[err] nmRNA Fom: brai n regions. These

regi onal chh)nges K Mettivithi , crDp! JHalmethvidde i n t he

post - traummhﬁ%&% or regenerat i ve sequel ae of brain injury.
SYNTHETI C E vention will now be described reference to the
f ol | owi n§ exarrplE‘Emﬂ%%‘bePW@“ﬁﬁ@P}eWM@%W‘h@%’mﬁ;ﬁ?%f not to be
construed agxangié IS B the Prodédurd'6r SEAPR 101 1S AFord ERIARIcompPUsHE iBp= Al |
tenperat ureggar fgo@l ven in degrees centigrade, all solvents are highest
avai l abl e purlty and all reactions run under anydrous conditions in an
argon at rmsphere unl ess ot herw se |Wd Mass spectra were perfornmed
Upon a VG Z 10103 ’.9.4;"!4 DINBLIG (4R tu”-ﬁ,\.. {4 -9iver 5;’).,\.11 q"uA Unl €ss

?tezg; \é\ﬂezgat I58a ::: 'h‘. -4]' [] '!*‘L ’.ﬂ .i : .i I i ft r _h“h@l n‘. -u y ﬂer €

Mul tiplici tmnﬂuﬂmmaihenﬂsem@némspmmwmmemodqﬂeaamplq:am)ar tet,
memul ti pl et eﬁaﬁmtmﬂmﬁ@g}mgrwn%&g@h pﬁfﬁan ji ndi cates a saturated
solution, eg, ind | E 5rogo_ ‘-o vI ent . of reagent
relatlveto)t % A APEMHOYINRUGAZRIC 5\ o Mer ck
Silica gel 60 (2 prommgm)weegoxgexamplewastreatedthhTFAbytheprooedureof

5- ( 2- Mt 5IOX ¥xingil/ 15y ¥ ditoidl the ditid donipouid SPRIRYIysials (#pRi PELIdbNY! ) i mi dazol e
a) 2- N- Met hyl t hqllopyrl m di ne- 4- car boxal dehé;%e di rrgt hyl acetal Pyruvic

al dehyde di net hyl acetal (60 nL, 459 mmol) and N, N-di met hyl formam de

di net hyl acetal (60 n1_ 459 mml) vveremxﬂp_éd toget her at 100[err] f or 18
h. The m xture 2§ YieaBRVIberidiblanaN gl 443 s
sodi um et hgg

20 a) 4-’[’hxomethylphenyl-tolymlfonomethyhsocyamde
The titled compound was prepared using the proceedures 1 (e) & (f) substituting 4-
thiomethylbenzaldhyde for 4-fluorobenzaldehyde.
b) 2-Thiomethylpyrimidine-4-carboxaldehyde[ 1 -ethoxycarbonyl-4-aminopiperidine}imine
The titled compound was prepared vsing the proccedure of example 2 (b) substituting the

25  commercially available 1-ethoxycarbonyl-4-aminopiperidine for 1-t-butoxycarbony}-4-
aminopiperidine
c) 1-(1-Ethylcarboxylpiperidin-4-yl)-3-(4-thiomethylphenyl)-S-[2-(thiomethyl)pyrimidin-

4-yl}-imidazole4-thiomethylphenyl-tolysulfonomethylisocyanide (9.0g, 29.2 mmol)

and 2-thiomethylpyrimidine-4-carboxaldehydef 1-ethoxycarbonyi-4-aminopiperidine} imine

30 (7.0g, 22.1 mmo}) aliowed to react according to the proceedure of example 1 (h). Upon
completion of the reaction most of the DMF was evaporated in high vacuo, the remaining
solution poured into water and extracted with EtOAc. The extracts were washed with water,
brine, dried (NaS0y), filtered, concentrated, and flash chromatographed (60%

EtOAc/hexane) to yield the titled compound (4.0g, 38.5% yield). ESP+ (Mass Spec) m/z 471
35  (MH+).
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MeOH) were added to the above m xture and stirred at 70[err] for 2 h. After

" cool ing, iodonethane (144 nL) was added dropw se and the m xture was

stirred 3 h, at roomtenp. After diluting with EtOAc and Herr] O the

organi ¢ phaggemissscseparated, dried (Na[err]SJerr]), and 3@crusonesst r at ed
to yield the title conpound as a brown oil (75.5 g, 82%yield). [err]H NWR

(ChC[err]): d 8.17 (d, 1H), 6.77 (d, 1H, 5.15 (s, 1H), 3.40 (s, 6H). b)
2- Met hoxypyri m di ne- 4- car bozal dehfé@@hﬁét hyI acet aI The product of the
precedi ng &XbiEthvicatta : : : g ;

fHen@ipiperidinedny yise givisu ),
cooled to 4l er : t|on of oxone (9 Zlg) in H[err]O(lOO m.) was
added 35 7 Mﬁ‘%‘g Warned to 23[errl] stirred 2h, poured
into 10 % 2B peadygt pd PFﬁ_")°"aﬁH“%93§ (%e - 26mmoDrvasdissplvedingl Bl eqoled te wer e
washed $i t H02@Hd OXONEX3. 35 8i 2 thnidiein avater $10 iy v4s, addddl dropwise {10« 3%), 15046

PCT/ US97/ 0 70%
hexane/ Et &?ﬁ%ﬁb{!ﬁ%?&s Iﬁ%@?f@g@%%@%fsoﬁﬁ@ ’td(’?fela 1@%&%@%}@%&9( ﬁ/ass Spec)
m z 185 ( Meixtwre)of IO%PQN@% Aty iaer (100 B andEQAwacprsitodidritde product of .
t he preced(NaSOyhapd concentfated o ayeBow selisl. Recrivtalliziid feomh BeOAd/exBarel 5  HCl

B R LB ARl S,

Na[errf@®J err]. Extraction with EtOAc (5 x 40 nlL) afforded 0.309 g (76% of

t8 h$8tl( fj ! i)corrpo m&aﬁoﬁshmbmdﬁxglwdnothaﬁ&mﬁw\dm&eﬂ{@ﬂm&n@caéd(s 1),

10
1-t - But oxy 15 ﬂmmmﬁig} reference as f each indiviqual pyhligatian
pi peri di newdresperificaliynand indavidually indidatedite bé¢ ingorporatesd-byt refereBbeigrein39. 9 g, 0. 20
nol ) THFﬁ{0 et f6ltgr r1 O (300 nL), and Herr]NOH HCO (55.2, 0.80 nol)

wer e di solved t her and. L. e 2 53 nmol) was added in
snal | B rtions. .}%’H‘? %‘ﬁ #%ﬁ%t““%? P‘?‘WW nmost of the
THF was ev eapboediments therepficModifigations mdjimpnomemsmﬂw eibodiméntscpbizfibally
extract ed msa&eﬁm%ﬁéem&ax ﬁbkc@edfﬁ@m&%ﬁ %hst (vvﬁnokﬁfunwm;&a:ﬁam
Triturated, wttﬂfhﬁxtgne t and the Sgﬁl ried.in \zﬁgulﬁcto afford
40.31 g of ¥ é’Bﬁﬁ‘I&E} e S yaing essription. gz the £ o
(absol ut e, presdn} inyemtioRAn ity ftlllest(diﬂanThﬂ'efa'e the Examples herein are to be construed as
20  merely illustrative and not a limitation of the scope of the present invention in any way.
The embodiments of the invention in which an exclusive property or privilege is claimed
are defined as follows.
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“slurry in EtOH) was added and the mixture was reduced underlﬂﬂuqugm’ﬂsﬂlm
for 3.5 h. The catalyst was filtered off and washed wth Et

Concentration afforde 38.44g 20 (96%overall) of the title conpound as a

col orl ess oiwowhiss sol i dified to a white solid upon standifg M5 err] .

e) 4- Fl uorophenyl -tol ysul fononet hyl formam de To a suspensi on of
p-tol uenesu ﬁﬂ% %Odl umsalt (30 g) in Herr]O (100 nL) was added
met hyl t-buty % m.) foI | owed by dropwi se addition of conc HO (15

n). After 215 Amwmdgem by the forgaldi ¢ phase was renpved and the
aqueous phase was extracted W|th met hyl t-butyl ether. The organi c phase
was dried (Na[err]SCerr]) and concentrat@j to near dryness. Hexane was
added and the resulting precipitate égl ledted to afford p- toluenesulfinic
acid; yield 22 g. p-Toluenesulfinic N2 g, 140.6 mmol),

p- fl uor obenzal dehyde (22 ni, 206 mmmol), [30) formam de (20 nL, 503 nmol) and

canphor sul phonic acid (4 g, 17.3 e conbi ned and stlrred at 60 18
h. The resulting solid was broken up™dnd sti@ed with a mxture of MeOH (35
n) and X%%Q&Zpyﬁe}: g Aflg whith i éﬂbk&hteawhempeamé of /CMROH /
hexanes (1:3, %}\% and I I.1el orou a5 I&; r?ga Q

chunks. Filtrafkgmie, ‘%‘ﬂé‘ qggd% 0¥ Cdy4 Hérr]H

70 ?80 2”3)2 s "“m’u -4 8kexy, Cl“)alkﬁﬁ“" Clﬂﬂkﬂwlﬁmcﬂfonsz,@umo 2H),
Ofa‘fdts‘}lfl %l_% ali§Ttbstirdied hino M@é&m& fgq)?llxeéero?clyl ring

4-Fl uor ophenyl -t met hyl i socyani d

PCT/ US97/ 0052 9Whlch rigg hﬁpff@h?lm [ e}embsﬁlapé aptianally ronsaing#n @éﬂmﬂdlf&mm 5
nol ) i NODVE ( SZecred)fronnexygem|sedurtor NRu@; C. POCl [err] (1.52 ni, 16.3 nmol)

ol ) i n DV SRR batiE ngq{‘%‘é‘“!’?s‘?‘e?ﬂ‘%“ﬁ&“% Y oAy plbslta gy 2 ©

m xture was ngIW?SmmS Wdanﬂ}f@lesméranﬂ@nch for adsour ed
into Herr] O apibngi it nagtitRd -y 3-RaphtiOA§1 orl BRaphithi2 1@&&1&&&:\&@5@ h&dnai t h
a2y R L Mﬁa R A o «wﬁ&“ SR S bt o
resi due was trlturate W t pgtroleu et ? 1tee g the
title cotpounds 1-dyalk BA6{r-d 7.63 (d, 2H),

7.33 (m 4H), mm)vmmzémmsh, fdﬂ-ﬁther&oﬁﬁox(smf sn’ﬂbdhtuhon, is halogen, cyano,
-C(Z)NR13R14, -C(Z)OR3, -(CR10R20)m"COR3, -S(O)mR3, -OR3, halo-substituted-
C1-4 alky], -C1-4 alkyl, -(CR10R20)m"NR10C(Z)R3, -NR10S(O)m'R8, -
NR10S(0)m'NR7R17, -ZC(Z)R3 or -(CR10R20)m"NR13R14;
20 vis O, or an integer having a value of 1 or 2;
m is O, or the integer 1 or 2;
m' is an integer having a value of 1 or 2,
m" is 0, or an integer having a value of 1 t0 5;
R2 is an optionally substituted heterocyclyl, or an optionally substituted heterocyclylC)]-10
25 alkyl moiety ;
Z is oxygen or sulfur;
Re is hydrogen, C1-6 alkyl, C3.7 cycloalkyl, aryl, arylCj_4 alkyl, heteroaryl,
heteroarylC} -4alkyl, heterocyclyl, or heterocyclylCi-galkyl C1-4 alkyl;
R3 is heterocyclyl, heterocyclylC1-10 alky! or Rg;
30 Rs is hydrogen, C1-4 alkyl, C24 alkenyl, C2-4 alkynyl or NR7R17, excluding the moieties
-SR5 being -SNR7R17 and -SOR5 being -SOH;
R7 and R}7 is each independently selected from hydrogen or C}.4 alkyl or R7 and R}7
together with the nitrogen to which they are attached form a heterocyclic ring of 5 to 7
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) 2- Met hoxypyri mi di ne- 4- car boxal dehyde lmluuluj Mll" lm
[ 1-t - but oxycar bonyl - 4- am nopi peridine] 10 imne The produ
1(d) (0.308 g, 2.23 nmol), and the product of exanple 1(c) (0 £68 g, 2. 34

mmol ) were wewhdnggl in CH err]C[err] (50 nmL) and stirred patrnsimsnszy for
16h. Concentratlon afforded the title conpound as a |ight orange foam

[err]H NI\/R(CDCI r d 1 7.57 , 4.05 (s
and m 4), 3‘3‘3‘{' Wé%mméxw‘ﬂx‘wh(”ﬁa‘ %?ﬂhfém %é%‘ . h)

5- (2- Met hoxy- 0455!&51195 @Ph%ﬂRﬂSA (4-fl uor ophenyl) 1- [1 t - but oxycar bonyl) 4-
pi peri di ny|R]3'1§TC‘1'ifiéQl 1msabamtsdc I

duct of 7
D s ol ) wevEa, S ehkeath 8, 5%32@” éﬁf@ %a ﬁa%rf ert]0
and fil Ser ed. (CRHGRN)hORal.éCMSRwﬂSiQ}mRas.éﬂfRGOM)nN%(O)QB&&um to a brown
solid. TriturgRigR m = whbfeirfthel alyg) ﬁkﬁlh&m&gph%)oa@ﬁmgﬁﬁ@w

title conpound . as i d. Crystallization from acet one/ hexane aff orded
0.505g (64% fopgapal éubﬁ%‘ﬂ%t of exanple 4(c). ESP+ (Mass Spec) miz 453

(Mierr]). nlxaanmtegahm a value of 1 to 10;
5- (2-Met ho gemdizyi@ ot opflordaly Qmﬁﬁswd z&ﬂ ﬁesd)sk gxwan dazol e

2dded 19 i ce ses? k309 e rsg"ed't?&rmif@mgﬁ@ "3

Iutlon was vvarmad to 23
and stirr eRyp.ahd R0 Breachiindependentlyveleeteld from\hydrogerd dreCy-g alkgllye was di ssol ved

i/\grgt ngeﬁg‘gl%’?{]&g‘%@ %g‘klg% Isé‘]gciél gzerr‘rJMe%@b@dem?ga of

10% aqueous Faeellivi th Bt OAc (4 x 25 30
The conbi nmzes(hydmgeaomms; dri ed (Na[err] SO4) and concentrated to a whi te

it 4211 G333 %H‘%“‘n %*‘““E““%ﬁ%@é‘@ﬂﬁnzt%?'%&?"? ‘é‘??“ ok a3

of slightly yad HO‘W"@ Iy sybstituted, ary] ox optippal crop
Of crystals: mih&é%&ﬁ%ﬂf\‘lﬂnchﬂ:réyamattachedfonnaheterocychcnngOfSto7memb5ﬁ§a”p| e

5 (2- 1 so- Pr opBish #ng gptiqnally Foptains an additiona) hetsroatam selepted from oxyeen, spfps 97 4470

le -43 - VBR97/ 25046
PCT/ US20/ 0®339s R0 or C(Z)-C1-4 alkyl;

R1g is C1-4 alkyl, halo-substituted-C1-4 alkyl, or C3-7 cycloalkyl;

Rj1g is C1-10 alkyl, C3-7 cycloalkyl, heterocyclyl, aryl, arylalkyl, heterocyclyl,
heterocyclyl-C1.-10alkyl, heteroaryl or heteroarylalkyl;

or a pharmaceutically acceptable salt thereof.

25
2. The compound according to Claim 1 wherein R1 is a 4-pyridyl or 4-pyrimindyl

substituted with an isopropoxy, ethoxy, methoxy, or methylthio group.

3. The compound according to Claim 1 or 2 wherein R4 is an optionally substituted
30 phenyl

4, The compound according to Claim 3 wherein the phenyl is substituted one or more

times independently by hatogen,-SRs5, -S(O)RS, -OR]2, halo-substituted-C14 alkyl, or

Ci-4 alkyl.
35
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a) 2- Met hyl t hi opyri ni di ne- 4- car boxal dehyde The product of M" mul l“|
" (9.96 g, 50 mmol), and 3 N HO (42 nL, 126 mmol) were conbi
at 48[err] for 16h, cooled to 23[err], conbined with EtQAc (200rr1_) “and rrade

basi ¢ by t hewaxwizséson of solid Na[err]COerr] (12.6 g, 150 PGRIVSSTNE529 The
aqueous phase was extracted with EtOAc (4 x 150 nlL, dried (Na[err]SOerr]),

concentr at eqd andrhd& idL 4 Whéreig IR Holing (ca 150
m.) with CH?err d err toh%?%dtggiﬁp& 97% of é%gﬁﬁt e g*gwlgund [err]H
NMR (CDCl [ ePi e,E)bene'werdene-m;Z» ; ’AW ylpipepdige. (5 3)°

b) 2- Met hyl t hi opyrr m dr ne- 4- car boxal dehyde 1-t-butoxycar bonyl 4- 10

t 4.84 31.4 mmol ),

MSOLerr ] ( ;Sepgi"‘” Rl BESKE oLt CulE £ O 2 31 °F (32 6 i) and :

CH err] CF[ edr(f- n@ldmb)ﬁoeeﬂeu@MHeﬁd(Zamww Diimidarole or " 16 h.

Filtration and. t4-Fldo &)t;&dyg-s‘-(ﬁ-xhétﬁ& 34;-% v ) xhﬁdézbtel e conpound as
iny

e 1 S g i °, 1 1

4), 1.48 (s,5—(9)Mctngy—ti—pyndmyl)—&(—‘t-ﬂuoropheny]) 1-(4—p1pendmyl)mn azole

5-(2- Met hyl ts QS:APM)M%’# h}l)ﬁlﬂuﬁidpﬂé:@l)hw ﬂidih&r}mhdbmeoxycar bonyl ) -4
of PexamiPe ﬁ;@t&%&oﬁwﬁm R R e e T

mol ) wer e Se(@eMettiylthjo-tpyripridisyidr(é-flupropbenylelc H(ikhathyl 4h) t o afford 9.07 g

of product (62% beRaihPfindaaect of exanple 1(a). M5 ES+ miz = 470

VH

( 5- ( [2elr\/|re]r %yl gﬁfﬁ‘h@”f’ Pyt (4 Soprephepyly i (4 pinspidinyhimidazole Lk~ v car bonyl )
- 4- pi per i diBtydarixylpiperidintrgl)3r@dhiometiylphimyl)p5-§2-(thiometwdepl e (4. 69g, 10

mmol ) wag di ssol imadazoleC00l €d to -10 and oxone (6. 14g, 10 mol)

I n H[err]O(5 dr T < err re m xture
was war ned tlﬁ(qﬁi%o M"S@%ﬂ%‘“ﬁ%@ﬂ%@* 49)‘3) gqgﬁ?%@f Trred

m xture of 10% agyifiaidié-¢-3{Jdmidakole; ce (100 nl), and Et QAc (300 ni). The

Et OAc was S%E g uﬁEﬂWb & Galvgidr&dr 1) and concentrated to a yell ow
oil. Flash c mat ogr ap 2% MeOH 1'n CH[err]CI[err]) af forded 3.58g
(74% . ESP+ (Mass Spec) mz 486 (MHerr]). 30 e)

5- (2- i sS@OPr Gpoxy Adplpymaceutitahgdmpo§idioh cemprigiigoagdmpoiind dctotdinp tbany ofClabms/| ) - 4-

pi peri di nyl 1y 56434 9 pRartAkbuiARP dcBegliniEtattier A biuehipS Washed with dry THF and
| ayered with nore Thlﬁ: (5 M)Qfé)nd anhydrouesr | So- propanol (1.15 nL) was

added. Wen the
8. A method of treating a cytokine mediated disease, in a mammal in need thereof,

which comprises administering to said mammal an effective amount of a compound of
25 Formula (I) according to any of Claims 1 to 6.

9. The method according to claim 14 wherein the mammal is afflicted with a cytokine
mediated disease selected from psoriatic arthritis, Reiter's syndrome, rheumatoid arthritis,
gout, traumatic arthritis, rubella arthritis and acute synovitis, rhenmatoid arthritis,

30  rheumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic condition, sepsis,
septic shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, Alzheimer's
disease, stroke, neurotrauma, asthma, adult respiratory distress syndrome, cerebral malaria,
chronic pulmonary inflammatory disease, silicosis, pulmonary sarcososis, bone resorption
disease, osteoporosis, restenosis, cardiac and renal reperfusion injury, thrombosis,

35 glomerularonephritis, diabetes, graft vs. host reaction, allograft rejection, inflammatory
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.bul;)bl ing subsided the resulting soln was recooled to 23| err](ll!lM)qu,!Isl.!l;ﬂ!J!!!!Il

product of the previous exanple (0.58 g, 1.19 nmol) in THF

dropwi se. After 5 min the reaction 35 was shaken with EtOAc (ca 100 mi)
and H err] Qd&stds) and the phases were separated and - 44prerTuseiifx297/ 25046
PCT/ US97/ 00529 the Et OAc was dried and concentrated. The residue was

crystallized Ir,om acet.one/ hexan to af tho,rd 33 of, t he I | e conmpound
le s¢lerosis, muscle degeneration
(589 . Mo howel discase, piesratiys co , g ,
5- ( 2- i s0- Repgma gontaqy denmitink, pydriasid-spdburh, and opdjemoyivitis1 - (4- pi peri di nyl )i m dazo

| e The product of the preceeding exanple (325 ng, 0.68 nmmol) was treated
with TFA 5 by the procedure of exanple 1(i).._ The crude product_was

crystal i 2 T ridgmethodiacarding fo,Qlaim § wherein 9“9@6‘%‘?{5‘ s mediged iy el cr yst al s.
= 131 -D-$2W 8 6 TNExanpl e 3
5 (2- Hydr oxy-4-pyrim di nyl)-4-(4-fl uorophenyl)-1-(4-piperidinyl-imdazole
10 trifl uoroacetate a)
5- ( 2- Met hyllsu| fihsmethedaseording te,Clajm 10 wherein the syrrking mediated diseaseistatedty car bony
|) - 4- pi pedsthaianydt¢dpoiodinzaristhfiie product of exanple 2(c) (9.07 g, 19.3
mol ), dissolved in THF was cooled to -10[err] and oxone (28.5g, 46.4
mml)in Herr]O (250 nmi)was added dropw se. The resulting 15 m xture was
stirre® atl23] ampfmm@mnmmmmmdmw&mmmm@ [err]
and washehdihibteRihg fdRaid mmgéﬂa]csgpsﬁﬁd&mﬂﬂm tabér&iflg and
dried in vacua aff 8. 27 g (85%. M5 ES+ m z 502 (M—l[err]) b
5-(2- Hydrot? {)@ 'I)-4 (4 fl uorophenyl)-1-(1-t-butoxycarbonyl)-4-
pi peridinyl]imdazole 20 The product of the previous exanple (141
ng, 0.28 rrnvl) M&%ﬂﬁﬂ%ﬁ&éﬁtﬂﬂo&t@o s(i’éarﬂﬁm&nam/ﬁeéafw@& aﬁﬂﬁ@oﬁ §eddq NaOH

(150 .,Jhe saln stirred reC| itate

f or rred T i“%\g W@&nﬁm %T P‘aég '&Héuo to
afford thetOtanybéChlmpbmﬁ;I MS ES+ mz = 440 (M+).

5- (2- Hvdr oxy- 4- pyri m di nyI) 4- (4-11 uorophenyl) 1- (4 pi peri dinyl)i m dazol e

gﬁd g%l ”e)dJ‘e %O%Hmao?mm gpt;xev' esxs%pggmg nen oper(o } (ﬁ‘f}e% conbi ned
(PGHS-2) in 2 mammal in need thereof, which comprises administering to said mamma!l an
20  effective amount of a compound of Formula (I) according to any of Claims 1 to 6.

15.  The method according to Claim14 wherein inhibition of PGHS-2 is used in the
prophylaxis or therapeutic treatment of edema, fever, algesia, neuromuscular pain,
headache, cancer pain, or arthritic pain.

25
16. A method of treating a CSBP/RK/p38 kinase mediated disease, in a mammal in
need thereof, which comprises administering to said mammal an effective amount of a
compound of Formula (I) according to any of Claims 1 to 6.

30 17. The method according to claim 16 wherein the mammal is afflicted with a
CSBP/RK/p38 kinase mediated disease which is psoriatic arthritis, Reiter's syndrome,
rheumatoid arthritis, gout, gouty arthritis, traumatic arthritis, rabella arthritis and acute
synovitis, rhenmatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and
other arthritic condition, sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic

35 shock syndrome, Alzheimer’s disease, stroke, neurotrauma, asthma, adult respiratory
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis,
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.for 30 nin, concentrated and the residue was triturated V\ntﬁlmlw lﬂ"ﬂm“l“l
filtered and the white solid was washed with Et[err] O, dried
afford 114 nmg (90% of nonoTFA salt fromthe product of exagé‘e 3§ a&”

80 - 110[ er rWo(@2¥#6 30
5- (2- Met hoxy4- pyridi nyl) - 4- (4 fl uorophenyl )-1-(4-piperidi nyI )i mdazol e a)

2- Chl or opyr Job-Td] §ad &1 ne
i mne 2- Chl%dry(l)laﬁmﬁcsll ne Q cgr xa se vvas re aréeéé(e escrl bedirélﬂkr‘ll t he
patent i te?eaf’g‘g - Bagt Feaction,

i ncor por at ealldgyafr ejeetimnmﬂauma%ﬁy botvel disense; éto}m‘n diseasa, uldanatsrea:bﬂm yahdtiple S

reacted wt a/er_ﬁ.gﬁ rrple 1(9)
to afford t e t|t eug%gg&gg% Sggesxgﬁoﬂw ol s'%rfei%ﬁegﬁ% ure of imne
i saner s bastBKRURNR [err]H NVR (CD[err]d): [err] 8.49, 8.35 (2d, 1H),
-45 - WD 97/ 5046

119, 2,53 (. 1) PO prisfine pkambyilopfotefus G s difpeg i [l “
2). b) comprises reacting a compound of the Formula

5-(2-Chl oro-4-pyridinyl)4-(4-fluorophenyl)-1-(1-t-butoxycarbonyl pi peridi n-
4-yl)imdazole 5 The producg r‘g( xanple 4(a) was reacted with the
product of exanple 1(f) by the proceduge E@gple 1(h). The crude product
was filtered through silica eluting with 0 - MeOH in CH[err]CI[err] to
afford the title conpound as a |ight y | low solid. M5 ES+ nmlz 457, 459
(MHerr]). c) 5- (2- Met hoxy- 4- piL

4- (4-f | wprophenyl ) - 1-(1-t-butoxyc bonyI 16«5iperidin-4-y|)inidazo|e The
product of the preceeding exanple (1.0g, 2.19 nml) was dissolved in 25%
NaOwve in MeOH %20 m.) ang& eated to reflux for 1 h, cooled and conbi ned
with H err]¥H &n@R?WQGF KBac (2x). The extracts were dried

(Na[err] S err]) and concentrat etﬁ1\ofm2due was flash chromat ographed (0
3
e

- 30% Et OAc in hexane) 15 afforded (32% of the title conpound as a
brown solid. Crystals from acetone/ hexgne. MSE®» miz = 453 (MHerr]).

15  wherein p is O or 2; and a base strong enough to deprotonate the isonitrile moiety of
Formula (II); and R}, R and R4 are as defined in Claim 1 or are precursors of the groups

Ry, R) and R4 and Ar is an optionally substituted phenyl group, and thereafter if necessary,
converting a precursor of Ry, R and R4 to a group Ry, R and Ry.

20 19.  The process according to Claim 18 wherein the reaction, when p=0, utilizes TBD as
a base.

20.  The process according to Claim 18 wherein the reaction, when p=2, the base is an
amine, a carbonates, a hydride, or an alkyl or aryl lithium reagent.
25

21.  The process according to Claim 18 wherein the imine of Formula (HI), is isolated
prior to reaction with Formuia (II).

22.  The process according to Claim 21 wherein the imine of Formula (IIX), is formed in
30  situ prior to reaction with Formula (II).
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d)  5-(2-Methoxy-4-pyridinyl)-4-(4-f) THIS SHEET HAS BEEN
"-1-(4-piperidinyl)imdazol e The prod muﬂimﬂmﬂﬂu\mm examREELAGED r eactled
by the procedure of exanple 1(i). The trude 'preduet mas tritarated won
1: 10 Et 20 haxpwasdss! t ered and 20 dried in vacuo to afforgcii®rieshs €
conmpound as a white solid. np=136 - 137.
5-(2-iso0-Propxy-4-pyridinyl)-4-(4-fluorophenyl)-1-(4-pi perr di nyl )i m dazol e
The product was epared by the procedure of Exanple 4 substituting sodium
25 i sopr opdé de @rchssm@msrog lgim 23 ahareimtbe froine icformed insith by sdactingS ES+
mz = 381 (duHldehyde of theformphle R CHO, wherein R is as defined for Formula (I), with a

o g0 - oy o e RO e RO B it PRSI ) ) o

exanpleSl(i) to afford the title conpound, np = 182 - 183[err]. Exanple 7

5- (2- Met hyl 44hi Oﬂe%cbrpa%&m uf‘CfaﬂﬁfZl} WheRB Rt onof tife lﬁunérﬁtsnx Lﬁirfes 35
pi peri di nyl‘_]gkW dazol e Met hyl t hi opyri m di ne-4-car boxal dehyde
1- met hyl %tm i m ne -46 - WO 97/ 25046

PCT/ US97/ 00529 The pr oduct of exanple 2(a) was reacted with 1-nethyl

4-ani no pi par i dife pheedsiecdibing R fafin 24 WRERIPIE scibdhk 119 NaAEREH1 E S habdide ©

conpound. b . .

5- ( 2- Mekbhy | (OMI). halpgenated solyspts, tefrahydrofuman (THEY, fimethylsylfoxided DMIP. 4-

pi peri di nyldi¢odoldpenzeneSor toluene, ofDMEBNr oduct of the previous exanpl e was
reacted with the product of exanple 1(f) by the procedure of exanple 1(i)

to afford 41 e corrpoun 182. ~EX

5- (2- Et hox 57&\6 RIS “?@’Ff“tfﬁ%c’& TR e fﬁgﬁydglﬁ}m%fsrﬁﬂm“ﬂfhdﬁzol e 10
a) atdehyde of the formula:

5- (2- Et hoxy-4-pyrimdinyl)-4-(4-fl uomepheny))-1-[1-t-butoxycarbonyl)-4-

pi peridinyl]imdazole. The title corrp?@"nd’ was prepared by the nethod of
exanpl e 2(e) N\rN

15

wherein
X is Cy.4 alkoxy or Cy._4 alky!l thio, and X is defined as the optional substituent group on

the R1 moiety in Formula (I) according to Claim 1, to yield a compound of Formula (I) or a
pharmaceutically acceptable salt thereof.

20
27.  The process according to Claim 23 wherein the aldehyde R }CHO is a pyridine
aldehyde of the formula:
~ o
X; |
N
X
wherein

25 Xis Cj.4 alkoxy or Cj.4 alkyl thio, X] is defined as the optional substituent group on the
R] moiety in Formula () according to Claim 1, to yield a compound of Formnla (I) or a
pharmaceutically acceptable salt thereof.

28.  The process according to Claim 23 wherein the primary amine R2NH?2 is R2 is

30 piperidine, 1-Formyl-4-piperidine, 1-benzyl-4-piperidine, 1-methyl-4-piperidine,
I-ethoxycarbonyl-4-piperidine, 2,2,6,6-tetramethy}-4-piperidine, morpholino ethyl,
morpholino propyl, pyrrolidiny! propyl, or piperidinyl propyl.
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. except that anhydrous Et OH was used in place of 2-pr opano wmmwuluguwum
5-(2- Et hoxy-4-pyrimdinyl)-4-(4-fl uorophenyl)-1-(4-piperi
The product of the preceeding exanple was treated with TFA by the rocedure
of 15 exanPY@9%ISP46 to afford the title conpound as white Eﬁ}y
128 - 129. Exanple 9 4-yl]-im dazole 20 a)
4-Thi onet hyl phenyl - t ol ysul f-ononet hyl i socyani de The titled conpound was

d ubst t t 4-
Ph bt nyl cehsal T ERRE ot o Elaid I8 ighie” 1) '
2- Thi onet hylwhmn@imMﬂfﬂwmméﬁ;@ﬂ{waamb irgidagalenopi peri di ne]j
l( 81) ngugge tid4- Pq’efﬁe nd FiGSopeR 3?—’5&@-&1163@-4—{55&1:&&&99&&5&&0@ exanpl e 2
at hoxyba %&%@ﬁ%’% B RET el Gk Bipsridipyhimitasale
ami nopi per i 3AhMethoxy-4-pyridinyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imidazole
1-(1-Ethyl cg@wﬁr@mm@mm&@ﬁu ﬁelﬂy nf-w YipBiampthisidabié- (t hi omet hyl ) p
T e e T AL BB oo e
2-t hi omet hyﬁ-@-Mqﬂl}dﬂlm-pymmde-ﬂ%ﬂyd’e{)lhnpnﬂdxymﬁinyI - 4- am nopi peri di ne]

imne 3¢y (7.0g, , dhzold | owed to react accordl ng to the proceedure of

exarrplel() on co f_the reac t of e DVE was
evapor at ed %ﬂ&h‘gﬂr‘grﬁmﬂh@ F‘ “PipFT Bﬂ?‘%‘sﬁzﬁl"o“%t er and
extract ed mEﬂ:brlcEtbO@yiplpEﬂmhn@w)-Mwmmethylphaiybeﬁ [2-@iiomethel). brine, dried
(Na[err]SQerr]) r{‘ﬂl{,h g{)ﬂ entrated, and flash chromat ographed (60%
Et OAc/ hexane) t YI e e titlhe corrpound % 38. 5% vyi el d}ﬁ ESP+ (Mass
Spec) nfz a3 cemqﬂylplpcgf}mwt-y Wh(&methyisn mylp enyl)—S-[2-methylsu

PCT/ US9T3 00529 Epyainyidia-4§1] imidazole;

1-(1-Ethyl cgy ab@{ay‘h I met hyl sul fi nyl phenyl)-5-[2-met hyl su
| finyl- pyrimdi n-4- yii g]hﬂ&gé?%sﬂ@ %?oduct of the previous exanple (2g,
4.26mmol ) was dissolved in THF cooled to 5 -10[err] and OXONE (3. 3g,
8.52mmol ) in water (10 m) was added dropwise (T < 5[err]). The

nyl-
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resulting mxture was warmed to 20[err] over 50 nins, pourgmm‘ Iﬂ"! " Mlll
vigorously stirred mxture of 10% aq NaOH (150 m ), ice (1
was separated, dried (Na[err]SJerr]), and concentrated to a yeIIow sol 1 d.

Recri st al | | wo72604n Et OAc/ hexhane (1: 10) to afford the ti tPERUPHAYBUNI
(80ny). ESP+ (Mass Spec) niz 502 0 All publ i cat ions, including

but not limt dto ents IS
speci fication 5?%91?4 gqt Pz'éa(} %16% f° éﬁ?@y dc‘}’h i di vi dual
publication were sp 8 ﬁig é/ge%gﬁ ca e 0 be incorporated
by reference herein as thoug u ort The above

description,f S& ke “Qh@1hpﬁﬁﬁhhon i ncl udi ng preferred enbodi nents
t her eof Nbdlf?gg%F%hs nprovenents of the enbodi ments specifically

di scl osed herein are mnthln the scope of the follow ng clainms. Wthout
further elaboration, it is believed that e skilled in the are can, using

t he preceding description utilize t present invention to its fuIIest
extent. Therefore the Exanpl es hereln o0 be construed as 20 merely

illustrative and not a limtation of t ope of the present invention in
any way. The enbodi nents of the inv |o V\:hl ch an excl usive property or
privilege is clained,are deflndas |0.WS WO 97/ 25046

PCT/ US0 73 00826 SkRKpish EA "o';‘?s'ﬁlﬁémﬁﬁ’t%‘t:lﬁﬁ&wmma@nén 26

May 1997 (26. GSadditjonally oxglondly subaimsd mﬁexgpdeﬁttlafw QY slkypnhapen/ leydedxyl,ng
cl ai s unchangﬁggﬁoga Q&kﬂm&\cq {fgmmé\@gﬂ diVeRs

(err]2 5 | S -3 %“B@ :%équ{yh&iw ﬁﬁ‘rfé?'?y

substi t ut ed WI

substituted i rﬁiepeﬂdﬂMA gtxdhqmﬁaﬂw t:i:nmhkgd addhaineu&fmdmtd Ecdecydd, frézch ©Xygen,
al koxy, 4 gerr] ufbhd O NRY $9 . C[err] al kyl sul fi nyl, CH[err]CR[err] am no, nono
and di -

N- het er ocycﬁzﬁ] ﬁlr él m‘l‘:@h o edg@%ﬂb%a%g%l] L&h sF\;[p onJlly subsumzedby

one or two subsnmen:s. cach of which is independently sciected, and which, fora 4-
phenyl, 4-naphth-1-yl, 5-naphth-2-yl or 6-naphth-2-yl substitivent, is halogen, cyano,
nitro, -C(Z)NR7R17, -C(Z)OR16, {(CR10R20)vCOR]2, -SR3, -SORS, -OR 12, halo-
15 substituted-C .4 alkyl, C1-4 alkyl, -ZC(Z)R 12, -NR}10C(Z)R 6, or
-(CR10R20)vNR10R20 and which, for other positions of substirution, is halogen,
cyano, -C(Z)NR}3R14, -C(Z)OR3, -(CR10R20)m"COR3, -S(0)mR 3, -OR3, halo-
substituted-C)-4 alkyl, -C-4 alkyl, -(CR10R20)m"NR10C(Z)R3, -NR10S(O)m'R8.
-NR10S(0O)m'NR7R17, -ZC(ZDR3 or -(CR10R20)m"NR13R14;
20 vis 0, or an integer having a value of 1 or 2;
m is 0, or the integer 1 or 2;
m' is an integer having a value of 1 or 2,
m" i 0, or an integer having a valueof 1 t0 §;
R2 is an optionally substituted heterocyclyl, or an optionally substituted heterocyclylC1.10
25 alkyl moiety ;
Z is oxygen or sulfur;
Re is hydrogen, C)-6 alkyl, Cs.7 cycloalkyl, aryl, arylC ;.4 alkyl, heteroaryl,
heteroarylC}.4alkyl, heterocyclyl, or heterocyclylCy.4alkyl C1-4 alkyl;
R3 is heterocyclyl, heterocyclylC1-10 alkyl or Rg;
30 Rsis hydrogen, C).4 alkyl, C2-4 alkenyl, C2.4 alkynyl or NR7R17, excluding the moieties
-SR5 being -SNR7R17 and -SOR5 being -SOH;
R7 and R17 is each independently selected from hydrogen or C1.4 alkyl or R7 and R17
together with the nitrogen to which they are attached form a heterocyclic ring of 510 7
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5.t0 7 menbers and optionally contains an additional heterﬂ!‘lﬂh“‘“e!”“ ml‘““l
n

from oxygen. 10 sul fur or NRerr]; Rerr] is phenyl

napht h-2-yl, or a heteroaryl, which is optionally substituted b?‘/f (%?e or two
substi t uent S;vomb“Of whi ch is independently sel ected, and SIS or a 4-
phenyl, 4-naphth-1-yl, 5-naphth-2-yl or 6-naphth-2-yl sub5|t|uent IS
halogen cyano, nitro, -C(Z2)NRerr]Rerr], -C(Z2)ORerr],

- (CR[ er r] R er tokjnbers MbEBRingropiionall SRInnS an adSi0RR heferoatapiRfebicred, fram| o- 15
substi t ut ed- Chgygeh, salftiydr NK3lserr] al kyl, -ZC(Z) Rlerr], -NRerr]C(2)Rerr],

- it f
Subst i {ut] o8 - Ma%ﬁrm“%@é 1? flteny ol b Tard O ©
-(CRlerr] R er qglqa@ml] lr ?eterom é?tpx]owléq- alkyl,
s?gsétu ut ]fg[ C ecrioRoOR 1 15 @l?nkho)aSC@ians. (CRmRzo)nNHS(O)les
- err er 'y . , e ;
NRLer ] 500 [ SRR AR Eph e el bbohey R hay e
- (CR[ er r] R er optignaHy $ubsiRpedr | Rl err]; 20 v is 0, or an integer having a
val ue of 1 msagm d,ga‘gngpvammluaue;ger 1 or 2, M is an integer having a

I f 1 I [
\z;ﬁ ggt |Oonal Fé/ SSahSel tucgakﬁ{a te o’gm Q%sugféﬂ:in @#%ngﬁ)gk%%bg??rtéﬁ{,me”] -
het er ocy@! yl CF@?SF‘}““’Z‘B"YIOWP%“ é‘f’?/ & Bg%*gen or sulfur; Rerr] is
Ey?rogen lOkmsddR:id«ybachﬁiﬁdwﬂdemwﬁbmmdmmm@imﬂ al kyl , Ll kyl
et er oar Ay a
Cerr] akaFTi;Eg'gmggdlnglete XQF ri tg%}&%’l yfqerr’]%[}g%% gg’ (ia'rr];y
30 Rl err] f {‘fﬁ é} Pﬁ | kenyl, Clerr] al kynyl or
NR[ err] R[erthséwdtogdtmgltshe noi eties -SR err] bei ng SNR[ err] R[err] and

: SCR] er 41 ggf ,5?1 ,@dzgexﬁéxuy stieBRE ?fom%&%
ydr ogein or err

(3 h t he n| .rmogen to
whi ch t hey ar @& %?@ﬁyf@?mﬁ& H@%‘&M@E’éu t‘r‘l‘&g‘g i'ﬂ“sikyl or {REedSY 25046

ECT / US97/ 0052%,{]1&5@6&:‘5@&1&)%:@&%}/ mpit:aelmlfbm £ harkrotyttic aing afisitd 7 mambers kvl
t t
he " Subr o LY ey Bl ol

20 Risis R;o or C{Z)-C1-4 alkyl;
R16 is C1-4 alkyl, halo-substituted-C1-4 alkyl, or C3.7 cycloalkyl;
R18 is C1-10 alkyl, C3.7 cycloalkyl, heterocyclyl, aryl, arylalkyl, heterocyclyl,
heterocyclyl-Ci-10alkyl, heteroaryl or heteroarylalkyl;
or a pharmaceutically acceptable salt thereof.

25
2. . The compound according to Claim 1 wherein R} is a 4-pyridyl or 4-pyrimindyl

substituted with an isopropoxy, ethoxy, or methoxy group.

3. The compound according to Claim 1 or 2 wherein R4 is an optionally substituted
30 phenyl

4. The compound according to Claim 3 wherein the phenyl is substituted one or more
times independently by halogen,-SR35, -S(O)R5, -OR12, halo-substituted-Cj.4 alkyl, or
Ci1-4 alkyl.

35
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el ol Bt e Y et er s fer oo 1 I HHEY TR T
(CRerr]Rerr])[err]S(O[err]Rerr], (CRerr]Rerr])[err] NH§(O)[err] Fi[err].

(CRlerr] R ewobjtseae | NR[err] Rl err]; wherein the aryl, aryl ptiwyserobsd er oaryl ,
het eroaryl al kyl may be optionally substituted; n is an integer having a

value of 1 to 10; Rlerr] is hydrogen, -C(Z2)R err] or optionally substituted
Cerr] abkyl T@(@r{pewud]:&c&dmk;o@]ahﬂx dral wherkth R7 is metphdlinb prapgh, ar yl  or

b tepencReRREN-beb fhsathe N Gbhafkiithe, £oord i dmelfbiu?, T ogen,

Cerr] alkyl, (Jerr] cycloal kyI het erocycl yl, heterocyclyl Cerr]alkyl,
aryl, arﬁ]C[eTHe]coﬁipkMid,achﬁ'ﬂﬁE@@CMmG)IWhhfhtxﬁrOary|qe”] alkyl; Rlerr] is

hydro en : _ang eac i ndependent | y sel ected
from I Eﬂq{hﬁ ](5'}:!%';%&65 I)? ttljst %5@[ i g &Snal |y

subst it uﬂ Piperidin piRtesnsephegyl L-énﬁ%—metlmm wnwdm:y rmi]da@ﬂ«yl or toget her
Wi th t hesq-Metigap-atpy DMWrwhenﬁH%b@ﬁn&aﬂmﬁskerocycl ic ring of 5

to 7 me I | nal_het er oat om

sel ect e f ﬁw%**z“r“%ﬁ%“?@aﬁ AR R o

C(2) - ] ePr¥ %w-p ipyD)-f{4-Evasop nal)k1y44—p1md@n)élm&aquqma Cerr] alkyl,
or C[lerrbh@mﬁdeﬁﬁidnylacccﬁ[abkrs}kuﬁreﬁi err] alkyl, C[err] cycloal kyl,
heterocyclyl, aryl, arylal kyl, heterocyclyl, heterocyclyl- C[err] al kyl,
het er oaryl or heteroaryl al kyl ; .or a phar maceutlcal |y acceptable salt

t her eof . 725 2APp %@%ﬁ@@ﬂﬁ?‘%&@%ﬂﬂ@g # sorapeunghaccording wiany Rf Glaiths i s a

4- pyri dyli 196 arkt Pptiarihcestydallg aérepiable caeevdridiluafl. | Sopr opoxy, ethoxy, or

met hoxy group. 3. The conpound according to Caiml or 2 wherein R err]

Is an_optionally substituted 3 phenyl . 4. The conpound according to
O ai 173 &her eftiathnd 9f trasting 5 cytak; é’?‘idfa&déhseé??e"kﬂfmmhﬂlnﬁ@s‘h?fmfependent ly

by hal ogehichSBnerises. admifi{s@yring ¢o said matiaka difectivel ancitbsfta dortipeshd@fer r] al kyl ,
or ( err kohiy{r) acdording 46 any of Claims 1 to 6.

9. The method according to claim 14 wherein the mammal is afflicted with a cytokine

20 mediared disease selected from psoriatic arthritis, Reiter's syndrome, rheumatoid arthritis,
gout, traumatic arthritis, rubella arthritis and acute synovitis, theumatoid arthritis,
rheumatoid spondylitis, osteoarthritis, gouty arthritis and other arthritic condition, sepsis,
septic shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, Alzheimer's
disease, stroke, neurotrauma, asthma, adult respiratory distress syndrome, cerebral malaria,

25  chronic pulmonary inflammatory disease, silicosis, pulmonary sarcososis, bone resorption
disease, osteoporosis, restenosis, cardiac and renal reperfusion injury, thrombosis,
glomerularonephritis, diabetes, graft vs. host reaction, allografi rejection, inflammatory
bowel disease, Crohn's disease, ulcerative colitis, multiple sclerosis, muscle degeneration,
eczema, contact dermititis, psoriasis, sunburn, and conjunctivitis.

30
10.  The method according to Claim 9 wherein the disease state is mediated by IL-1,
II-6, IL-8, or TNF.

11, The method according to Claim 10 wherein the cytokine mediated disease state is
35  asthma. osteoporosis, or arthritis.
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%?6&5??38529 5. The conpound according to Claim1 or llmuuuul,}ulllj llll

i s norpholino propyl, piperidine, N-methylpiperidine, N-benzylpiperidine,
or 2,2,6, 6-t&t025ﬂ§!4lﬁyl pi peridi ne. 6. The conpound accor FICAFSEH0§2%i m 1
which is: 5 1

-(4-Pi peridinyl)-4-(4-Fl uorophenyl)-5-(2-isopropoxy-4-pyrimdinyl)

i m dazol e 1L12( 4- Bi pehbdlofMythlingdin{ldmmhtirorio pmemmythgl ibnded t wapddionyickleqyprises di nyl )
I m dazol e £

5- ( 2- Mot hox Tapis e fo S e e ey S A PRop e of g D ihsh
5-(2-iso- Pr‘@ﬁb&?ﬁl@“ﬁyrl 19 nyI) 4- (4-f1 uorophenyl)

-1 (4-pi peridinyl)imdazol e 5-(2-Ethoxy-4-pyrimdinyl)-4-(4-fluorophenyl) -

LA piperid nyﬁl tobilbd 6 Rafing Qicoforblls in PRARKEOR LI ALY IRRERbARIR, Sl {
thereof xe) rma,geut | c? %{? MEOsSI t1on q; ri s| ng gpﬁ r%CCOI’dI ng
to any of GdéP‘Hﬁ‘c ng 19 SyC IREm AhEISFHERHPPHLPY 3© Pjagso

di l uent. 150 angBof Clairdk Iet6hod of treating a cytoki ne rredl ated disease, in a
mammal in need thereof, which conprises adm nistering to said mamual an

effective armunt of a,c und ,of Frrrula ing to any of Clains 1
To 6 oS ahe ABehaUSTERBIER HE YOI R RrorElRG SPiprERBI AR

af flict el WPGHSa2)dy b adamneal Bhend theredt ovhiihsomprises atimiisetinprio naip saminal ac
arthritis, JRlEG anfoudVStd BfBoudd? FERAA d) aécbmgttban%%&mstfmmt ic

arthritis, rubella arthritis and acute synovitrs, eumatoid arthritis,

r heumat oi d spondylitis, osteoarthritis, gouty arthritis and ot her arthrl tic
condi tion, Hepsilhe Mpniaemtﬁmo Claimidtwherein mhivition of PElSA2: iasséd/ie tieepsi s,

toxi ¢ shock prd ,meﬂpémwrfaafm@zdmﬁaserev&td}g&ﬁmea%ﬁ&wm asthma,

adul t f pl#? OF% di stress % qlc cerebral malaria, 25 chronic

pul nmona '6‘?‘91’865’ lg ?ai icosis, pulnonary sarcososis, bone
resorption disease, osteoporosis, restenosis, cardiac and renal reperfusion
injury, throgrboss ﬁxetlﬁh efidatih@s CSBP/RI/p3Skinake aﬁaiaa:a,msgasaf i a\BamiBSSA

reaction, all %{ , Wil c%kpﬁses pﬂ&d.&éﬁﬁ%té?rsé{d%%wem&{ 3.8 ive amouni‘ £ di sease,

ul cerative X6 erosrs,” misc I on,
cont act der?ﬁ@ﬂ@ﬂ%“r&’@]ﬂhé@ﬁ@“@%mﬂﬂﬁ of Glme bt Gncti vi ti s. 30 10 The
net hod agcording to Caim9 wherein the disease state is nediated by IL-1,

L6, 1 L8, 11 THE meb accobig IFRAERAM AAGARk i Pilelchd wifiey e 1 T he

cyt oki ne rredl at
BP/RK/p38 kinase medlated dxscase which is psoriatic arthritis, Reiter's syndrome,

rheumatoxd arthritis, gout, gouty arthritis, traumatic arthritis, rubella arthritis and acute
synovitis, rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and

25  other arthritic condition, sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic
shock syndrome, Alzheimer's disease, stroke, neurotrauma, asthma, adult respiratory
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis,
pulmonary sarcososis, bone resorption disease, osteoporosis, restenosis, cardiac and renal
reperfusion injury, thrombosis, glomerularonephritis, diabetes, graft vs. host reaction,

30  allograft rejection, inflammatory bowel disease, Crohn's disease, ulcerative colitis, multiple
sclerosis, muscle degeneration, eczema, contact dermititis, psoriasis, sunburn, and

conjunctivitis.

18. A process for preparing a compound of Formula (I) as defined in Claim 1 which
35  comprises reacting a compound of the Formula (II) :
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35 asthma. osteoporosis. or arthritis. -58- WO 97/ 250 mmul
" PCT/ US97/ 00529 12. A nmethod of treating inflammtion in 1“ ““lmmlem“l
t hereof , which conprises adnministering to said manmal an ef f'ecfi vé afount *
of a conpoupdenisodsor nul a (1) according to any of C ai ns lp¢Busrebse 13- A
met hod of treating osteoporosis in a manmmal in need thereof, which
conprises adm nistering to said manmal an effective anount of a conpound of
Formula (1) according to any of flas 1 to 6. 14. A nmet hod of inhibiting
the synthesis of prostaglandin endoperfoxi dﬁ{ synthase-2 10 (PGHS-2) in a
mammal in need thereof, which conprjses ad hi steri ng to said mamual an
ef fective anount of a conpound of EQrmula (1) according to any of Clains |
to 6. 15. The met hod accor di 0 R 14 wherein inhibition of PGHS-2
is used in the prophylaxis or erapeutic treatnment of edema, fever,
al gesi a, neuronuscul ar pain, 15 headache, cancer pain, or arthritic pain.
16. A nethod of tregti P/ RK/ p38 ki nase nedi ated di sease, in a
mammal i ne ééﬂmf’ﬁ‘&dé’gﬁeg\k%f‘%@hpri ses adm nistering to said mammal an
effective anmount of a corrpounéq? FopMika (1) according to any of Clains |
to 6. 20 17. The met hod accordinff to claim16 wherein the mamal is
afflicted with a CSBP/ RK/ p38 ki nasggnedi at #4i sease which is psoriatic
arthritis, Reiter's syndronme, rheumatoid arthritis, gout, gouty arthritis,
traunftic arthritis, rubella arthritis and acute synovitis, rheumatoid
ar t hri t i wheselnepiy@top 2arsacrastysdtiohg snough tedupedtbiiatd thé isofierilé oty & i tis and 25
ot her ar Foinild D¢ IR {, RGAnd RY AL £, defifddl ih CLEMOICAT arcRERUe X &F tmaﬁkﬂf gram

oke

negat i ve oSepsi toxic . ﬁ}{ﬁl}j PRue ier's disease,..str ,

neur ot r atl}r’:hel?z g‘i%ﬁ%ﬂ%ﬂg?‘?%&espl T a%ory Qké{ﬁglegrgu% aﬂ‘gp‘gﬁéﬁcfé@ sBYRP” nal ari a,
chroni c peAvEBingPrecrspLef il 82y20d RadR 3 groug R RpasdRa.pul nonary sar cososi s,
bone lPesorpti on di sease, osteoporosis, restenosis, cardiac and renal
reperfusion ipjury, thronbosi .glQnerul aronephritis, diahetes raft vs.
host r eaé&i onj,iq‘% eSS PO P e@t‘?’*ﬁﬁ’,‘“ s Feastion POeR P RENzZE e,

Crohn's dibsease, ulcerative colitis, nultiple

D™

20. The process according to Claim 18 wherein the reaction, when p=2, the base is an
15  amine, a carbonates, a hydride, or an alkyl or aryl lithium reagent.

21.  The process according to Claim 18 wherein the imine of Formula (II), is isolated
prior to reaction with Formula (I1).

20 22, The process according to Claim 21 wherein the imine of Formula (IIT), is formed in
situ prior to reaction with Formula (II).

23.  The process according to Claim 22 wherein the imine is formed in situ by reacting
an aldehyde of the formula R} CHO, wherein R} is as defined for Formula (I), with a

25  primary amine of the formula R2NH2, wherein R3 is as defined for Formula (I).

24.  The process according to Claim 23 wherein formation of the imine in situ utilizes
dehydrating conditions.
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| Sc.l orosi s muscl e degenerat i on, eczemn, contact dermti t S U‘Mﬂfuﬁ”u l”“l

sunburn, and conjunctivitis. 18. A process for preparing
Formula (I) as defined in Claiml which 35 conpri ses react |lr'}g a corrpound
of the For muwe 915046 - 59- WD 97/ 25046

PCT/ US97/ 00529 [err] with a conpound of the Formula (I11): [err] 5 wherein
pis 0 or 2; and a base strong enough to deprotonate the isonitrile noiety
of For mul a2%.l | ) ThegmokeRy] arorfling R} €laith 24 miletejnathe jolvemeisad Neliifhethgldformartildai m | or
are precur m cntrogéta;carsauaﬁs Et{:ahydmfuatn HF), ditdedh 1801 fokid IBMY0) S an
optronallyal Qj t ut ed PR ? , thereafter I f necessary,
converting ﬁlﬁb o e © ‘P"ﬁ%/éf’ {)%elg[err] and Rlerr] to a group Rerr],
Rlerr] and Rlerr]. 10 19. The process according to Cl aim 18 wherein the

reactiof, @hen Phelproeess dccarding TB0Iaim 22 wharein the Bldehydd RECHONS @ pgrimr di ng to
Claim 18 V\:h re|n H}le rea tron when p=2, the base is an 15 anmne, a

carbonates - an aI Kyl @ aryI lithiumreagent. 21. The
process accordrngto Cla|m18 wher ei h pm ne of Fornula (111), is

i solated prior to reaction with For al(ll1). 20 22. The process
according to Claim21 wherein the i Nof Formula (I11), is fornmed in situ
prior to reaction with Formula (11). . The process according to Claim

22 vvherern“thh{ i m ne |s formed in situ by reacting an al dehyde of the

f I f F I , th 25
T e VA AR B AR G ! bt e
for Fon@ul the(Rj)moi2y.in Forfinda (Iy mcerdingas Chuimli 10 yield @lcainpdudd ofFemaila(1f &famat i on
of the i m pg 10 libihy'hicplabR I BNGE 2L 1 NG condi tions. - 60-

27.  The process according to Claim 23 wherein the aldehyde R jCHO is a pyridine
aldehyde of the formula:
d o
X; |
- N \
15 X
wherein
X is Cyj.4 alkoxy or C1_4 alkyl thio, X is defined as the optional substituent group on the
R| moiety in Formuia (I) according to Ciaim 1, to yield a compound of Formula (I) or a

pharmaceutically acceptable salt thereof.

20
28.  The process according to Claim 23 wherein the primary amine R2NH2 is R2 is
piperidine, 1-Formyl-4-piperidine, 1-benzyl-4-piperidine, 1-methyl-4-piperidine,
I-ethoxycarbonyl-4-piperidine, 2,2,6,6-tetramethyl-4-piperidine, morpholino ethyl,
morpholino propyl, pyrrolidinyl propyl, or piperidiny! propyl.

25

29.  The compound according to Claim 18 which is:
1-(4-Piperidinyl)-4-(4-Fluorophenyl)-5-(2-isopropoxy-4-pyrimidinyl) imidazole
1-(4-Piperidinyl)-4-(4-Fluoropheny!)-5-(2-methoxy-4-pyrimidiny!) imidazole
5-(2-Methoxy-4-pyridinyl)-4-(4-fluoropheny{)- 1-(4-piperidinyt)imidazole

30 5-(2-iso-Propoxy-4-pyridinyl)-4-(4-fluorophenyl) -1-(4-piperidinyl)imnidazole
5-(2-Ethoxy-4-pyrimidinyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imidazole; or a
pharmaceutically acceptable salt thereof.
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V\D o7 %ﬁgEG?Q?,@s according to Claim 24 wherein the sol ventlmﬁm]“ﬂmmm
yl-To

N N- di met rmam de (DMF), hal ogenated sol vents, tetrahydtofturéan {THF),*
di et hyl sul f oxi de (DMSO), al cohols, benzene, or toI uene, or DME. 5 26.
The process according to Caim23 wherein the al dehyde Rl err a

pyri mi'di né3al dgﬁﬁtﬂé"cﬁs jeperdng tmiflaim %‘bWF‘F%@FéPWe% is N, &f@?ﬂelh}’é‘ﬁ%@}n@?
Clerr] al kmMR)hmﬂog@addemm]; :e@ar@efomﬁa (THE) NinefHylsalfekideDMSOYent group
on 10 the ng—'@‘ri“e ety, urégo m (I') according to Claiml, toyield a
conpound SIF fi"4 n(el') 8 a 'pcﬁ teutically acceptable salt thereof. 27.
The process according to Caim23 wherein the aldehyde Rerr]CHO is a

pyri dise abdehyde pedceisRchdinpith Tlaikb23 wherein the aldch%de R1CHO is a pyrimidine

[err] wherein err al koxy or Cferr] alKkyl X[err] is defined as
the opti oAkl ﬂ?d%ftpgk@'ﬂ‘é“’group on the Rlerr] noiety in Forml a (1)

according to Claiml, to yield a compbundcppb Formula (I) or a
pharmaceutical ly acceptable salt therg o 20 28. The process according to
Claim 23 wherein the primry am ne Rj NH[err] is Rerr] is piperidine,

1- For nyl - 4- pi peri di ne, 1-benzyl -4-pipetkidine, 1-nethyl-4-piperidine,

1- et hoxycar bonyl - 4- pi peri di ne, 2,2,6, 6% tetranethyl 4- pi peridine, norpholino
et hyl , nmomheedia no propyl, pyrroli di nyl propyl, or piperidinyl propyl. 25
29. The xcigmpok! a&wyaec@m@mm@l ﬁmx}& &Hﬂn‘ébakﬁhe o tional substituent group on

1- (4-Piper.i danyl) 4- (é oroghennﬁél ‘%‘h@l SO -4- pyr| di ng

i mi da?®l ethe-Rumengse iy fpoRi's (L aqeprding i Giasary f Ylsd(az A’oary iy )
ingrdazol e pharmaceutically acce table salt thereof and thereafter if necessary, converting

5-(2- I\/Et hBX%LA pXUfb’g n%lg n I 1 ié‘ﬁf*ﬁ@grﬁ%@n I(4 pi peridinyl)im dazole 30

-5 (2- ro
-( £1 pi per 2di ﬁy E mcgordmg to Claim 23 wherem the a}dehyde R1CHO is a pyridine
" aldehyde of the formula:
/ =0
X; |
N
15 X

wherein '

X is Cy.4 alkoxy or Cj_4 alkyl thio, X is defined as the optional substituent group on the
R1 moiety in Formula (I) according to Claim 1, to yield a compound of Formula (I) ora

pharmaceutically acceptable salt thereof and thereafter if necessary, conyerﬁ ng

X to Ct-4atkoxy from a Ci1-4alkylthio mo1et
20 y y R2 %n the -

28.  The process according to Claim 23 wherein the/primary amine RoNH? is

N piperidine, 1-Formy!-4-piperidine, l-benzy1-4-p1pendme, 1-methyl-4-piperidine,
1-ethoxyéarbony1-4-piperidinc, 2,2,6,6-tetramethyl-4-piperidine, morpholino ethyl,
morpholino propyl, pyrmrolidinyl propyl, or piperidinyl propyl.

25 '
29.  The compound according to Claim 18 which is:
1-(4-Piperidinyl)-4-(4-Fluorophenyl)-5-(2-isopropoxy-4-pyrimidinyl) imidazole
1-(4-Piperidinyl)-4-(4-Fluorophenyl)-5-(2-methoxy-4-pyrimidinyl) imidazole
5-(2-Methoxy-4-pyridinyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imidazole

30 5-(2-iso-Propoxy-4-pyridinyl)-4-(4-fluorophenyl) -1-(4-piperidinyl)imidazole
5-(2-Ethoxy-4-pyrimidinyl)-4-(4-fluorophenyl)-1-(4-piperidinyl)imidazole; or a
pharmaceutically acceptable salt thereof.
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5-(2-Ethoxy-4-pyrimdinyl)-4-(4-fluorophenyl)- 1-(4-piperidinyl)imdazole;
or a pharmaceutically acceptable salt thereof. -61-
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