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TRI-SUBSTITUTED IMIDAZOLES HAVING MULTIPLE THERAPEUTIC PROPERTIES 

This invention relates to a novel group of lln.idazole compounds, processes for 

the preparation thereof, the use thereof in treating cytoldne mediated diseases and 

10 phannaceutical compositions for use in such th:erapy. 

BACKGROUND OF TilE INVENTION 
Interle~:-1 (JI,,-1) and TUin.or Necrosis!Fac;:tor (fNF) are biological 

substa:nce5 produced by a val:iefy· of cells, such ¥ monocytes or macrophages: IL-i· tia.S 

15 been demonstrated to mediate a variety of biolob.cai ·activities thought to be ~P.-~.ft.<1Ilt 

in immunoregulation and other physiological co~ditions such as inflammation '[see_; 
e.g., Oinarello et al., Rev. Infect. Disease, 2., 51 (1984)]_. ·The myriad of known: 

biological activitieS ofµ;I .in9lud~. the-acti'."ati.O~.<.if:T:.:h~lpyr cells~ jrtdµ~tion of fever/ · 

, stimulation of pro~tagl~dfu ti~ c~ll~gen~~ p~odued~~. ~e~tr0phil,~h~~~.. . 

20 induction of acute phase proteins and the suppression of plamna iron levels. 

·There are many disease states in which excessive or unregulated IL-1 

production is implicated in'. exacerbatirig" and/or da~m.g tli~ "disea.Se:. These include 

rheumatoid arthritis, osteoarthritis, endocoxemia and/or toxic shock syndrome, other 

acute or chronic inflammatory disease states such as the inflammatory reaction induced 

25 by endotoxin or inflammatory bowel disease; tuberculosis, atherosclerosis. muscle 

degeneration. cachexia, psoriatic arthritis, Reiter's syndrome, rheumatoid arthritis, gout, 

traumatic arthritis, rubella arthritis, and acute synovitis. Recent evidence also links 

Il..· l activity to diabetes and pancreatic B cells. 

Dinarello, J. Clinical IrnmunolQf:Y, 5 (5), 287-297 (1985), reviews the 

30 biological activities which have been attributed. to Il.r 1. It should be noted that some of 

these effects have been describ~ by others as indirect effects of n....-1. 

Excessive or. unregulated 1NF produ~tic>n h~_~een, implicated in_ mediating or 

exacerbating a number of dis~es including rheumatoid arthritis, rheumatoid 

spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions; sepsis, septic 

35 shock, endotox.ic shock, gram negative sepsis, toxic shock syndrome, adult respiratory . 

distress syndrome, Cf"..rebral malaria. chro_nic pulmonary inflammatory disease,_ silicosis, 

pulmonary sarcoisosis, bone resorption diseases, reperfusion 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 
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formation, scar tissue formation, Crohn's disease, ulcerative colitis, or pyresis. 

AIDS results from the infection of T lymphocytes with Human 

Immunodeficiency, Virus (filV}. At-least three.types·or strains of.HIV·have--been--.. 

5 identified, i.e., IDV-1, IDV-2 and HIV-3. As a consequence of HIV infection, T.cell 

medi_ated immunity is impaired and infected individuals manifest severe opportunistic 

infections and/or unusual neoplasms. HIV entry into the T lymphocyte requires T 

lymphocyte activation. Other viruses, such as ffiV-1, HIV-2 infect T lymphocytes 

after T Cell activation and such virus protein expression and/or replication is mediated 

10 or maintained by such T cell activation. Once .an activated T lymphocyte is infected 

with mv. the T lymphocyte must continue to be maintained in an activated state to 

permit IIlV gene expression and/or IIlV~plication. Monokines, specifically 1NF,-are 

implicated in activated T-cell mediated H!V" protein e~pression and/or virus replication , ·· 
.. ~· . 

by playiilg .~role.in maintaining T lymp§.qcyte activa~on. Therefore, interference With 
. ....,.._ I . 

15 monokine activity such as by inhibition ~mono!Pne production, notably.1NF, in.an. 

IDV-infected individual aids "in limiting'ifie maintenan,be of T cell activation, thereby 
I 

reducing the progression of HIV infectivity to previously uninfected cells which results 

in a siowing or elimination of the-progression of~mimun.e· dysfunction caused by HIV 

.-iiif~tion. ·Monocyies, macrophages;·and r¢iated~-~lli~-~ticb.aS kupffer and gll~t611S, 

20 . have also been implicated in maintenance of the mv infection. These cells. like 

T -cells, are targets for viral replication and the level of viral replication is dependent 
. -

upon the activation state of the cells. [See Rosenberg u ... The Immunopathogenesis 

of HIV Infection, Advances in Immunology, Vol. 57, {1989)]. Monoldnes, such as 

1NF, have been shown to activate HIV replication in monocytes and/or macrophages 

25 [See Poli,~. Proc. Natl. Acad. Sci., 87:782-784 (1990)], therefore, inhibition of 

monokine production or activity aids in limiting IilV progression as stated above for 

T-cells. 

TNF has also been implicated in various roles with other viral infections, such 

as the cytomegalia virus (CMV), influenza virus, and the herpes virus for similar. 

30 reasons as those 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 fron:i endothelial cells is induced by 

IL- I, TNF, or lipopolysacbharide (LP$). Human IL-8 has been shown to act on 

35 Mouse, Guinea Pig, Rat, and Rabbit Neutrophils. Many different names have been 

applied to IL-8, such as neutrophil attractant/activation protein-1 (N~-1), monocyte 

derived neutrophil chemotactic factor (MDNCF), neutrophil activating factor (NAF), 

and T-cell lymphocyte chemotactic factor. 
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. ::.-.:_ .. ,_.-.;: · .. , rL~S ~thnulafus·-~,ri~rllberbffu~cti~~s ~-0itro~ ·Ith~ bci!n·~·ho~n-·to.ha~2~· 
cheinoattraCtant 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 neutrop~ .. IL-8-has· also. 

5 been shown to increase the sllrface expression of Mac-1 (CD 11b/CD18) on neutrophils 

without de novo protein synthesis, this may contribute to increased adhesion of the 

neutrophils to vascular endothelial cells. Many diseases are characterized by massive 

neutrophil infiltration. Conditions associated with an increased in U..-8 production 

(which is responsible for chemotaxis of neutrophil into the inflammatory site) would 

10 benefit by compounds which are suppressive o~ IL-8 production. 

IL-1 and TNF affect a wide variety of cells and tissues and these cytek:ines as 

well as other leukocyte derived cytokines are important and critical inflammatocy 

mediators of a wide variety of disease states and conditions. The inhibition of these 

cyt6kines is of benefif fu controlling, reducing arid all,eviating many of these disease 

15 states. 

There remains a need for treatment, in·this field, for compounds which are 

cyto~e_suppressive anti.-inflammatorydrugs, i.e. compounds which are capable of 

inhibiting cytrikines,-such.as Ik~. M. IL-8 an~i.TNF .. 
·. . . . . . . .. : . . . . . .. . . . . . .~ .. . . . . ·: .•· . . . .·' . . . . .. 

. · .. ·-

20 SUMMARY OF Tiffi INVENTION 

This invention relates to the novel compounds of Fo~ula 0) and 

pharmaceutical comp·ositions comprising-a .. co~pound of Fonnula (I) and a 

phannaceuti.cally acceptable diluent or carrier. 

This invention also relates to a method of inhibiting cytokines and the treatment 

25 of a cytokine mediated disease, in a mammal in need thereof, which comprises 

administering to said mammal an effective amount of a compound of Fonnula (I). 

This i.p.vention more specifically relates to··a method of inhibiting the production 

of IL-1 in a mamm~ in need thereof which comprises administering to said mammal 

an effective amount of a compound of Fonnula (I). 

30 This invention- more specifically relates to a method of inhibiting the production 

of IL-8 in a mammal in need thereof which comprises administering to said mammal 

an effective amount of a compound of Fonnula (I). 

This irlvention m:ore specifically·rehi.tes to· a method of inhibiting the production 

of TNF in a mainmal in need thereaf which comprises administering to said mammal 

35 an effective amount of a compound of Fonnula (I). 

Accordingly. the present invention provides a compound of Formula (I): 
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R,)~2 
I /) 

R N 
·. 4 . (IJ . . : ·...:· ... 

RI is 4-pyridyl, pyrimidinyl, quinolyl, isoquinolinyl, quinazolin~-yl, 1-imidazolyl or 
1-benzimidazolyl, which heteroaryl ring is optionally substituted with one or two 
substituents each of which is independently selected from Cl-4 alkyl, halogen, 

5 hydroxyl. Ct-4 alkoxy, Ct-4 alkylthio, CI-4 alkylsulfinyl, CH20R12. NR10R20. 

or an N-heterocyclyl ring which ring has from 5 to 7 members and optionally 

contains an additional heteroatom selected from oxygen, sulfur or NR15; _ 

R4 is phenyl, naphth-1-yl or naphth-2-yl, or a heteroaryl, which is optionally 

substituted by one or two substituents, each of.which is independently selected, and 

10 which, for a 4-phenyl, 4-naphth-1-yl, 5-naphth-+-yI or 6-naphth-2-yl substitiuent, 
is halogen, cyano, nitro, -C(Z)NR7Rrt;·-C(Z)OR16. -(CR10R2o)mCOR12. -SR5, 

-SOR5,·-0R12. halo-substituted.:C1-4 3.lkyl, Ct~ alkyl, -ZC(Z)R12: 

-NRioC{Z)RJ6, or -(CR10R20)mNR10R20 and which, for other positions of 
substitution, is halo, cyano, -C(Z)NR13R14, -C_(Z)OR3, -(CR10R20}mCOR3, 

15 . -S(O)mR3, -QR3, halo-substituted-CI-4 alkyl, -CI-4 alkyl, 

~(CR10R.2o)mNR1QC(Z)R3, -~NRIQS(O)mRs~ -NRioS(O)~·NR1Ri.7,"-zc(i)R3 . 
or -(CR10R20)mNR13R14; 

R2 is Cl-10 alkyl N3, -(CR10R20)n' OR9, heterocyclyl, heterocyclylCl-10 alkyl, 

C1-10alkyl, halo-substituted·C1-10 alkyl, C2~10 alkenyl, C2-l0 altjrnyl, C3-7 

"20 cycloalkyl. C3_7cycloalkylC1-10 alkyl, CS-7 cycloalkenyl, 

C5_7cycloalkenyl-C1-10-alkyl, aryl, acylCI-10 alkyl, heteroacyl, 

heteroaryl-Ct-10-alkyl, (CR10R20)nOR11, (CR10R20)nS(O)mR1g, 

(CR10R20)nNHS(0)2R1s.-(CR10R2o)nNR13R14, (CR10R2o)nN02. 

(CR10R20)nCN. (CR10R2o)n•S02R1s. (CR10R2o)nS(O)m•NR13R14, 

25 (CR10R2o)nC(Z)R11. (CR10R2o)nOC(Z)R11. (CR10R20)nC(Z)OR1 I. 

(CR10R20)nC(Z)NR13R14, (CR10R2Q)nC(Z)NR1 l OR9, 

(CR10R20)nNR10C(Z)R1 l. (CR10R2o)nNR10C(Z)NR13R14, 

(CR10R2o)nN(OR6)C(Z)NR13R14. (CR10R2o)nN(OR6)C(Z)R11, 

(CR10R2Q)nC(=NOR6)R1 }, (CR10R2o)nNR10C(=NR19)NR13R14. 

30 (CR10R2o)nOC(zjNR13R14. (CR10R.2o)~NR10C(Z)NR13R14, . 

(CR10R20)nNRJQC(Z)OR10, 5-(Rig)-l,2,4-oxadizaol-3-yl or 
4-(R12)-S-(R1sR19)-4,5-dihydro-l,2,4-oxadiazol-3-yl; wherein the aryl, arylalkyl, 

heteroaryl, heteroatyl alkyl, heterocyclic and heterocyclic alkyl groups may be 

optionally substituted; 

35 n is an integer having a value of 1 to 1 O; 
·I THIS SHEET HAS BEEN 

··REPLACED 
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m 1s 0, or the integer 1 or 2; 

Z is oxygen or sulfur; 

. m~is- Lon-2-, · "· ·. , . '"'.. . . .··. ·· · .· · 

R3 is heterocyclyl. heterocyclylCI-10 alkyl or Rg; 

Rs is hydrogen, C1-4 alkyl, C2-4 alkenyl, C2-4 alk:ynyl or NR1R17, excluding the 

moeities-SR5 being-SNR7R17 and-SOR5 being-SOB; 

R6 is hydrogen, a phannaceutically acceptable cation, Ci-:10 alkyl, C3.7 cycloalkyl, 

aryl, arylC1-4 alkyl, heteroaryl, heteroarylalkyl, heterocyclyl, aroyl, or C!-10 

10 alkanoyl; 

R7 and Rt7 is each independently selected from hydrogen or Ct-4alkyl or R7 and R17 

together with the nitrogen to which they are a~ched fonn a heterocyclic ring of 5 

to·? members which ring optionally contains an additional heteroatom ~lected 

from oxygen; slll.fui or NR15; l 
15 Rg is Ct-10 alkyl, halo-substituted Ct-10 alkyl, C2-10 al.kenyl, C2-to-alkynyl, C3.7 

cycloalkyl, CS-7 cycloalkenyl, aryl, arylCt-10 alkyl, heteroaryl, heteroarylC1;.10 
I 

alkyl, (CR10R2o)nORi1. (CR10R2o)nS(O)m_R1s. (CR10R2o)nNHS(0)2R1g. 

(CR! 0R2o)~NR13R14;_ w~e~in tne. aryl, :~Iaikyl. ·hetero.aryl, neteroazyl alkyl 
. . .. · . - . . . . - . -· . .. . -· -· . . . . . .. ·. . 

may be ciptionfilly·substiruied; ·.· .. · · · · ···'· ·' · · : · · 

20 R9 is hydrogen, -C(Z)R11 or optionally substituted Ci-10 alkyl, S(0)2R18. optionally 

substituted aryl or optionally substituted aryl-Cl-4 alkyl; 

RlO and R20 is ~ch independently selected from hydrogen or C 1-4 alkyl; 

Rt 1 is hydrogen. Ci-io alkyl, C3. 7 cycloalkyl, heterocyclyl, heterocyclyl C 1- lQalkyl, 

aryl, arylCt-10 alkyl, heteroaryl or heteroarylCt-10 alkyl; 

25 Ri2 is hydrogen or Rt6; 

Ri3 and Ri4 is each independently selected from hydrogen or optionally substituted 

Cl-4 alkyl, optionally substituted aryl or opticinally substituted aryl-C 1-4 alkyl. or 

togeth~r with the nitrogen which they are attached form a heterocyclic ring of 5 to 7 

members which ring optionally contains an additional heteroatom selected from 

30 oxygen, sulfur or NRg ; 

Ris is Rio or C(Z)-Ci-4 alkyl; 

Ri6 is Cl-4 alkyl, halo.:.substiruted-Ct-4 alkyl, or C3-7 cycloalkyl; 

Rig i.S Ct-10 ·ancy1, C3-7 cycloalkyl, heterocyclyl, aryl,-arylalkyl, heterocyclyl, 

heterocyclyl-Ct-1 ()alkyl, heteroacyl ot ~eteroarylalkyl; 

35 R19 is hydrogen. cyano, C1-4 alkyl, C3.7 cycloalkyl or aryl; 

or a pharmaceutically acceptable salt thereof. 
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The novel compounds of Formula (!) 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, cytakine mediated diseases -for treatment,---.. -· . , .. __ ·, .· ,, · 

5 therapeutically or prophylacti.cally,:in anhnals include disease state.s 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 anaemia virus, caprine arthritis virus, v~na virus, or maedi virus or 

retrovirus infections, such as but not limited to feline immunodeficiency virus (FIV). 

10 bovine immunodeficiency virus, or canine imn~.unodeficiency virus or other retroviral 

infections. 
In Fonnula (I), suitable Ri-moi@es includes 4-pyridyl, 4-pyririlidinyl, 4--=-

quinolyl, 6-isoquinolinyl, 4-quinazo~-i 1-imidazolyl and 1-benzimidazolyl, ofwhicli·-~:•.:(_, ·1_ .. · 

the 4-pyrl.dyl, ~pyrimidinyl and 4-q~iII91Yl are prefetred. · More: preferred is an . . : -: : :'; · -. , : . · 

15 optionally substituted 4-pyrimidinyl anDian optionally substituted 4•pyridyl, anq. most>,·"'?~ '.~ i. 

preferred is the an optionally substitut:eOil-pyrimidinyl ring. 

Suitable substituents for the R 1 heteroaryl rings are C l-4 alkyl, halo, OH, C 1-4 

alkoxy, C1-4 alkyltbio, CI-4 alk.ylsµJfn:iyl, Cff.2QR12. NRioRio: or an·N-hetero~yclyl--
. . . .. .•· ... : . . . ... .. . . . . . . · . 

. ring which ring has ftom s to :7 members': ahd opiionany contillrts an additlonal ·, 
20 heteroatom selected from oxygen, suJfur or NRis. · A preferred substituent for all RI 

moieties is CJ -4 alkyl. in particular methyl, and NRtoR20~ preferably where R 1 o .and 
. . 

R20 are hydrogen or methyl, more preferably R10 and R20 are hydrogen. A more 

preferred substituent is the NRtoR20 moiety. Preferred ring placement of the RI 
. . 

substituent for on the 4-pyridyl derivative is the 2-position, such as 2·methyl-4-pyridyl. 

25 Preferred ring placement on the 4-pyrimidinyl is also at the 2-position, such as 2-

methyl-pyrimidine or 2-amino pyrimidine. 

Suitably. R4 is phenyl, naphth-1-yl or naphth-2-yl, or a heteroaryl, which is 

optionally substituted by one or two· substituents. More preferably R4 is a phenyl or 

naphthyl ring. Suitable substitutions for R4 when this is a 4-phenyl, 4-naphth- l-yl, 5-

30 naphth-2-yl or 6-naphth-2-yl moiety are one or two substituents each of which are 
independently selected from halogen, -SR5, -SOR5, -OR6, CF3, or 

-(CR10R20)mNR10R20. and for other positions of substitution on these rings 

prefe~d subs.tituti.on is halogen, -S(O)mR3. -OR3·; CF3, ·-(CR10R2o)niNR13R14~ 

-NRt()C(Z)R3 and -NR10S(O)mR3. Preferred substi.tuents for the 4-position in phenyl 

35 and naphth-1-yl and on the 5-position in naphth-2-yl include halogen, especially fluoro 

and chloro and -SR5 and -SOR5 wherein Rs is preferably a Ct-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 Cl-4 
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:·-·:alk~~;·:.2F~.--NR10R20. such~ ~~o;·:~~-J°~cti)R3. ~~~i~i:y ~NHCO(C1-10 ·: ·: ........ ,.·-:·· 
~.. .:·· ·:· ._'. . :.-_:= 

a.1.k:YI); -NRIQS(O)mR8. especially -NHS02(Cl-10 alkyl), and -SR3 and -S0~3 
wherein R3 is preferably a C!-2 alkyl, more preferably-methyl. When the phenyl ring 

, is disubstituted··preferably,it is tw.o ·independent halogen- moieties, such as fluoro and----

5 chloro, preferably di-chloro and mor~ preferably in the 3,4-position. 
Preferably, the R4 moiety is~ 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 fluoto, chloro, C!-4 alko;ty, methane-sulfonamido or 

acetamido, or R4. is phenyl di-substituted at the 3,4-position with chloro or fiuoro, more 

10 preferably chloro. Most preferably R4 is a 4-fluorophenyl. 

In Fonnula {I), suitably Z is oxygen. 
. -Suitably, R2 is Cl-10 alkyl N3, -(CRJOR20)n' OR9, heterocyclyl, 

heterocyclylCl-10 allcyl, Ct-lQalkyl, halo-substithted C1-10 alkyl, C2-10 alkenyl, C2-

IO alkyilyl, C3-7 cycloaikyl, C3-7cycloalkylC1-1b alkyl, Cs-7 cycloalkenyl,Cs-7 

15 cycloalkenyl C1-10 alkyl, aryl, arylCI-10 alkyl, heteroaryl, heteroarylCJ-10 alkyl, 

(CR10R2o)nOR11 t {CR10R2o)nS(O)mR1 g, (CR~ oR2o)nNHS(0)2R1 g, 

(CR.10R20)nNR13R14. (CR10R2o)nN02, (CR10R2o)nCN, (CR10R2o>n•S02R1g. 

(CR10~2o)ri~co)m•?'&13~14.·(¢R10R2o>nC(Z).R11. (ql10R2o)nOC(Z)R11 • 
. (CRlbR:2o)Ht(i)oRri~-(cii16Ri6)fic(zjNi1:iRi4, :(cRidi2o)nC(Z)NR110R9, 

20 (CR10R20)nNR10C(Z)R11.·{CR10R20)11NR10C(Z)NR13R14, 

(CR10R2o)nN(OR6)C(Z)NR13R14; (CR10R2o)nN(OR6)C(Z)R11, 

(CR10R20)nC(:;:NOR6)Rit; {CR10R20)nNR1otC=NR19)NR13R14. 

(CR10R2o)nOC(Z)NR13R14, (CR10R2o)nNR10C(Z)NR13R14. 

(CR10R2o)nNR1QC(Z)OR10. 5-(R1s)-l,2,4--0xadizaol-3-yl or 

25 4-(R12)-S-(R.1sR19)-4,5-dihydro-l,2,4-oxadiazol-3-yl;wherein the aryl. arylalkyl, 

heteroaryl, heteroarylalkyl, heterocyclic, and heterocyclicaklyl moieties may be 

optionally substituted; wherein n is an integer having a value of 1 to 10, m is 0, or the 
integer 1 <?r 2; n' is 0, or an integer having a value of 1 to 10; and m' is I or 2. 

Preferably n is I to 4. 

30 
Preferably R2 is an optionally substituted heterocyclyl ring, and optionally 

substituted heterocyclylCI-10 alkyl, an optionally substituted Ct-IO alkyl. an 

optionally suhstitilted C3.7cyc1dalkyl, an optionally substituted C3.7cydoalkyl C1-10 

alkyl, (CR10R20)nC(Z)ORil group, (CR10R20)nNR13R14, · 

35 (CR10R20)nNHS(0)2R1g, (CR10R2o)nS(O)mR1g, an optionally substituted aryl; an 

optionally substi.tuted-arylCI-10 alkyl, (CR10R20)nOR11, (CR10R2o)nC(Z)R11. or 

(CRtOR20)nC(=NOR6)R11 group. 
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-~o~ ~~~j~~b-ly.R'2,is -~( ri~-~o~~IY':~~b~~~ted he~~;o~y~iyiHng·:::~~d.::·· .:·: ~·· · .. :.: .. __ . -· .... ·. 
optionally substituted heterocyclylCl-10 alkyl, optionally substitu'ted aryl, 

(CR10R20)nNR13R14, or (CR10R20)nC(Z)ORll group. 
. . . . \Vhen R2 is an optionally substituted heterocyclyLthe1ing.is pre:ferably a_, .. , - .. _ .. -· . 

morpholino, pyrrolidinyl, or a piperidinyl group. When the_ ring is optionally 

substituted the substituents may be directly attached to the free nitrogen, such as in the 

piperidinyl group or pyrrole ring. or on the ring itself. Preferably the ring is a 

pipericline or pyrrole, more preferably piperidine. The heterocyclyl ring may be 

optionally substituted one to four times independently by halogen; C!-4 alkyl; aryl, 

10 such as phenyl; aryl alkyl, such as.benzyl- wh~in the aryl or aryl alkyl moieties . 

themselves may be optionally substitued (as in the definition section below); 
C{O)OR11. such as the C(O)Ct-4alkyl orC(O)OH1moieities; C(O)H; C(O)Cl-4 aikyl, 

hydroxy substituted C1-4 alkyl, C1-4 a1koxy, S(O)mCl-4 alkyl (wherein m is·O, 1~ or ··· · 

2), NR10R2o (wherein RlO and R20 are in_depend~tly hydrogen or C1-4alk:yl). . 

15 Preferably if the ring ·is a piperidine, the ring: is attached to the imldazole at the 

4-position, and the substituents are directly on the ayailable nitrogen, i.e. a 1-.Fonnyl-4~ 
piperidine, 1-benzyl-4-piperidine. 1-methyl-4-piperidine. 1-ethoxycarbonyl-:4-

piperidine. If the ring is subs.tituted by an alkyl group and the.ring is attached:in'the.4- · 
. position: it is preferably s~bstltii~ frrth~ i 6r 6 'posftiori' (j~"bbth; such as 2~~6;6J .. --: .... : .... 

20 ·tetramethyl-4-piperidine. Simiarly, if the ring is a pyrrole~· the ring is attached to the 

imidazole at the 3-position, and the substituents are al.do ~tly on _the available 
nitrogen. 

When R2 is an optionally substituted heterocyclyl Ct-10 alkyl group, the ring is 
. . -

preferably a morpholino, pyrrolidinyl, or a piperidinyl·group. Preferably this alkyl. 

25 moiety is from I to 4, 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, pyrrollidinyl propyi and piperidinyl propyl 

moieties. The heterocyclic ring herein is also optionally substiuted in a similar manner 

to that indicated above for the direct attachement of the heterocycyl. 
30 When R2 is an optionally substituted C3_ 7cycloalkyl, or an optionally 

substituted C3-7cycloalkyl Cl-10 alkyl, the cycloalk:yl group is preferably a C5 to C6 

ring which ring may be optionally substituted 1 or more times independtly by halogen, 
such as fluorine, chlorine, bromine or iodine; hydroxy; C1-10 alkoxy, such as methoxy 
or ethoxy; S(O)m alkyl, wherein m: is 0, l, or 2, such as methyl thio, methylsulfirtyl or 

35 methyl sulfonyl; amino, mono & di-substituted amino, such as_in the NR1R17 group; 

or where the R7RI 7 may cyclize together with the nitrogen to which they are attached 

to form a 5 to 7 membered ring which optionally includes an additional heteroatom 
selected from O/N/S; C!-10 alkyl, such as methyl, ethyl. propyl, isopropyl, ort-butyl; 

halosubstitued alkyl, such as CF3; hydroxy substituted C1-1()alkyl; C(O)ORu. such as 
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·the:·f~· acid ~r ~eth;l ester derl~~ti~~;- ~ optionaliy stibstituted afyl, ;~~h-~i'phen~l; .. ·.·. 
an optionally substituted arylalkyl, such as benzyl of phenethyl; a.i.1d further where 
these aryl moieties may also be substituted one to two times by halogen; hydroxy; C 1-

. ·,, ._ Jp .. a,l,kqxy;}S(Q)m.ajkyl; arniJIO,JlWP..o_ & d~'."sµbs.ti..tuted amino, .such ~Jn.the NR1R17 

5 group; alkyl or halosubsti,tued alkyl. 

When R2 is (CR10R20)nNR.13R14. R13 and Rt4 are as defined in Fonnula 

{I), that is R13 and R14 are each independently selected from hydrogen, optionally 

substituted C1-4 alkyl, optionally substituted aryl or an optionally substituted aryl-CI-4 

alkyl, or together with the nitrogen which they are attached form a heterocyclic ring of 

10 5 to 7 members which ring optionally contains_ an additional heteroatom selected from 
oxygen, sulfur or NR9. It is recognized that in some instances this can yield the same 

moiety as a heterocyclic CI-10 alkyl moiety noted above which is also a suitable R2 

variable. Preferably RI3 and R14 are independently hydrogen, Cl-4 alkyl, preferably 

methyl, otbeneyL Then term is preferably 1to4,lmoie preferably 3 or 4, and most 

15 preferably 3, such as in a propyl group. Preferretj: groups include, but are not limited 

to, aminopropyl, (N-methyl-N-benzyl)aminopropyl, (N-Phenylmethyl)amino--1-propyl, 

or diethylamino propyl. 
· ·when Rz·is ~ (CR10R2o)nC(Z)OR11 group, Ru is suitably.hydrogen; C14 -

: ancy(especlany nietli~i . .-; :Tiie·rt··~::~ pteierably i-16- 4i·iriaie ·preferabiy-2--or 3, ~uch · 
20 as in an ethyl or propyl group. Preferred groups include, but are not limited to, 

carboxymethyl-1-butyl, carboxy-1..,propyl, or 2-acetoxyethyl. · 
When.-R2 is.a_ (CRioR2Q)nS(O)inRl8 group m ~ 0, i, or 2, and·R18 is 

preferably aryl, especially phenyl, or C 1-1 o alkyl, especially methyl. The n term is 

preferably 1 to 4, more preferably 2 or 3, such as in an ethyl or propyl group. 
25 When R2 is a (CR10R2o)nOR1 I group, Rl 1 is suitably hydrogen, aryl, 

especially phenyl, or Ct-10 alkyl, especially methyl or ethyl. Then term is preferably 

1 to 4, more preferably 2 or 3, such as in an ethyl ·or propyl group. 

When R2 is a (CR10R2o)nNHS(0)2R1g group, RI8 is suitably alkyl, 

especially methyl. The n term is preferably I to 4, more preferably 2 or 3, such as in an 

30 ethyl or propyl group. 

When R2 is a optionally substituted aryl, the aryl is preferably phenyl. The aryl 

ring may be optionally substituted one or more times, preferably by one or two 
· substitu~nts, independently selected from Ct-4 alkyl, halogen, especially fluoro or 

chloro, (CR10R20)tOR11. ~(CRioR2o)tNR10R20, especially amino or mono- or di-

35 alkylamino -(CR10R20)tS(O)mR1s. wherein m is 0, 1 or 2 ; - SH-, 

-(CR10R20)nNR13R14, -NR10C(Z)R3 (such-NHCO(Cl-10 alk.yl));-NR1QS(O)mR8 · 

(such as -NHS02(C1-10 alkyl)); tis 0, or an integer of 1to4. Preferably the phenyl is 

substituted in the 3 or 4- position by-(CR10R2o)tS(O)mR18. and Rig is preferably 

C1~10.alkyl, especially methyl. 
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When R2 is art optionally substituted heteroaryl or·heteroarjrlalkyl group the 

ring may b~ optionally substituted one or more times, preferably tiy one or two 
substituents; independently selected from one or more times, by C 1-4 alkyl, halogen, 

.-
~· -~: . . ··' 
· ... ··•·· . 

.. --.esp~iallyfluoro or cbloro, (CR10R10)tORH, ""(CR10R20)tNRrnR2o';:·especially,_,, .. _ '·' .. ,_ :. 

5 amino or mono- or di-alkylamino -(CR1QR20)tS(O)mR1g, wherein mis 0, I or 2; -

SH-, -(CRIOR2Q)n-NR13R14, -NR10C(Z)R3 (such -NHCO(C!-10 alkyl)); 

-NR10S(O)mR8 (such as -NHSC>i(Cl-10 alkyl)); tis 0, or an integer of 1to4. 

One skilfo.d in the art would readily recognize that when R2 is a 

(CRIQR2Q)n0C(Z)RI lt or (CR10R2Q)nOC(Z)NR13R14 moiety, or any similarly 

10 substituted group that n is preferably at least 2 :which will allow for the synthesis of 

15 

20 

stable compounds. 

~ 

Preferably R2 is a C1-4 apcy~ranched and unbranched), especially .methyl, -a 
..... . ........ ~. ... . 

methylthio propyl, a methylsulfinyl ~gpyl, an amino propyl. N-methyl-N-beneylamino 

propyl group, diethylamino propyl, cfj.opropyl methyl, morpliolinyl butyl, ·· - · · 

morpholinyl propyl, a morpholinyl emyi. a piperid~e or_a substituted pipericline. 
More preferably R2 is a methyl, isopropyl, butyl, t-~utyl, n-propyl, methylthiopropyl, 

or methylsulfinyl propyl, morpholino pr9pyl, morpholinyl butyl, phenyf substituted: by · 
-halogen, thioaJkyl ~rsulfmyl aikyi:such as a in~thylthld;-'methy~UIBnytor -. ·:· ·'· · - :_ · .. -... -

methylsulfonyl moiety; piperidinyl. l-Fonnyl-4-piperidine. l-benzyl-4-piperidine, 1-

methyl-4-piperidine, or a 1-ethoxycarbonyl-4-piperidine. 

In all instances herein where there is an alkenyl or alkynyl moiety .as a 

substituent group, the unsaturated linkage, i.e., the vinylene or acetylene linka~e is 

preferably not directly attached to the nitrogen, oxygen or sulfur moieties, for instance 

25 in OR3, or for certain R2 moieties· 

As used herein, "optionally substituted" unless specifically defined shall mean 

such groups as halogen, such as fluorine, chlorine~ bromine or iodine; hydroxy; 

hydroxy substituted C1-1()alkyl; Cl-10 alk:oxy, such as methoxy or ethoxy; S(O}m 

alkyl, wherein m is 0, 1 or 2, such aS methyl thio, methylsulfinyl or methyl sulf onyl; 
30 amino, mono & di-substituted amino, such as in the NR1R17 group; or where the 

R1R17 may together with the nitrogen to which they are attached cyclize to fonn a 5 to 

7 membered ring which optionally includes an additional heteroatom .selected from 
O/N/S; C 1-1 o· alkyl, ·cycloalkyl, or cycloalkyl alkyl- group, such as methyl, ethyl, 

propyl, isopropyl. t-butyl, etc. or cyclopropyl methyl; halosubstituted Cr-10 alkyl, such 

35 CF3; an option-ally substituted aryl, such as phenyl, or an optio.nally substituted 

arylalkyl, such as benzyl or phenethyl, wherein these aryl moieties may also be 
substituted one to two times by halogen; hydroxy; hydroxy substituted alkyl; Ct-10 

alkoxy; S(O)m alkyl; amino, mono & di-substituted amino. such as in the NR7R17 

group; alkyl, or CF3. 

. · .. :.·; 
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In a preferred subgenus of compound$ of Fonnula (I), Rt is 4-pyridyl; 2-alkyl-

4-pyridyl, 4-quinolyl, 4-pyrimidinyl, or 2-amino-4-pyrimidinyl; R2 is morpholinyl 

· · · .. ·· propyl; aminopropyk piperidinyl, N-benzyl-4-piperid-ine·, -or- a N'-methyl-:-4-piperidine; ·. 

5 and R4 is phenyl or phenyl substituted one or two times by fluoro, chloro, C1.4 alkoxy, 

-S(O)m alkyl, methanesulfonamido or acetamido. 

A preferred subgrouping of compounds of Formula (I) are those where R2 is 

other than methyl when RI is pyridyl, and R4 is an optionally substituted phenyl. 

IO Suitable phannaceutically acceptable salts are well known to those skilled in 

the art and include basic salts of inorganic and organic acids, such as hydrochloric acid, 

hydrobromic acid, sulphuric acid, phosphoric acid, methane sulphonic acid, ethane 

sulphonic acid, acetic acid, malic acid, tartaric acidJ citric acid, lactic acid, oxalic acid, 

.. succifilc acld ... fumaric- acid, maleic acid, benzoic acid, salicyli~ acid, phenylaceti~ acid 

15 and mandelic acid. In addition, pharmaceutically- a6ceptable salts of compounds of 

Formula (I) may also be formed with a phannaceu~y acceptable cati~n. for 

instance, if a substituent group comprises a carboxy· moiety. Suitable pharmaceutically 
. . . . . . . . 

. a~pta:ble cation~: arc~weJl~owzi _to ~~se_skill~d:in the art and include alkaline, 

. aikalliie· earth, amrtiolliuni and·qU-atemary'artirlioniuni cations. 

20 
The following tenn.s, as used herein, refer to: 

• 
11 halo~· or·"halogens\ inclucie -the halogens:- chloro, fluoro, bromo and iodo. 

• "C1-1oaikYl" or t•alkyl" - both straight and branched chain radicals o~ 1 t~ 10 

carbon atoms, unleSs the chain length is otherwise limited, including, but not limited to, 

25 methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl 

and the like . 

• The-ter:'m "cycloalkyl" is used herein to mean cyclic radicals, preferably of 3 

to 8 carbons, including but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the 

like. 

30 • Tue tenn "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, 
.• 

cyclohexenyl, and the like. 

• The tenn "alkenyl'' is used herein at all occurrences to mean straight or 

35 branched chain radical of 2-10 carbon atoms, unless the chain length is limited thereto, 

including, but not limited to ethenyl, 1-propenyl, 2-propenyl, 2-methyl-1-propenyl, 1-

butenyl, 2-butenyl and the like. 

• 
11aryl11 

- phenyl and naphthyl; 

..... 
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• ,;heter6a&i~· "(on.its -~wh ~r ~'.;fuy combination, sbch. as .. 'he~i6~1bxy.ii, bt . . . .· .- . -
"heteroaryl-alkyl")- a 5-10 membered aromatic ring system in which one or more rings 

contain one or more heteroatoms selected from the group consisting of N, O or S, such 

.. as, but_ not limited~_ to pyrrole,_ py~azo_le, f~ran, t:lllopQ.ene,_qumolin~)~9gui,nqUn;, 

5 quinazolinyl, pyridine, pyrimidine, oxazole; thiazole, thiadiazole, triazole, imidazole, 

or benzimidazole. 

• "heterocyclic" (on its own or in any combination, such as "heterocyclylalkyl") 

- a saturated or partially unsaturated 4-10 membered ring_ ~ystem in which one or more 

rings contain one or more heteroatoms selected from the group consisting of N, 0, or 

I 0 S; such as, but not limited to, pyrrolidine, pipe~cline, piperazine, morpholine, 
tetrahydro·pyran, or imidazolidine. 

• The tenn "aralkyl" or "heteroarylalkyl" or "heterocyclicalkyl" is used herein 
to mean CI-4 alkyl as defined above attachect to an aryl, heteroaryl or heterocyclic 

moiety·-as also def med herein unless otherwise indicate. 

15 • "sulfinyl" - the oxide S (0) of the corr~ponding sulfide, the tenn "thio1
' 

refers to the sulfide, and the tenn "sulfonyl" refers to the fully oxidized S (0)2 moiety. 

• "aroyl" - a C(O)Ar, wherein Ar is as phenyl, naphthyl, or aryl alkyl 

derivative such as defined above, such group include but are note limited to benzyl and· 

· phenethyl. 
20 • "alkanoyl" -.a C(O)CI-10 alkyl wherein the alkyl is as defined above. 

25 

The compounds of the present invention may contain one or more asymmetric 

carbon atoms and may exist in racemic and optically actj.ve fonns. All of these 

compounds are included within the scope of the present invention. 

Exemplified compounds of Formula (I) include: 
1-[3-( 4-Morpholinyl)propyl]-4-( 4-fluorophenyl)-5·( 4-pyridyl)imidazole; 

1-(3-Chloropropyl)-4-(4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-(3-Azidoj>ropyl)-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

30 1-(3-Aminopropyl)-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-(3-Methylsulfonamidopropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-[3-(N-Phenylmethyl)aminopropyl]-4-( 4-fluorophenyl)·5-( 4-pyridyl)imidazole; 

l-[3-(N-Phenyhnethyl-N-methyl)aminopropyl)-4-( 4-fluorophenyl)-5-( 4-

pyridyl)imidazole; 

35 l-[3-(l-Pyrrolidinyl)propyl]-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-(3-Diethylaminopropyl}-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-[3-( l-Piperidinyl)propyl]-4-( 4-fiuorophenyl)-5-.(4-pyridyl)imidazole; 

1-[3-(Methylthio )propyl]-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-[2-( 4-Morpholinyl)ethyl]-4-( 4-fluorophenyl)-5·(4-pyridyl)imidazole; 
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· ·: ·· -·· :\-r3-c4:Mtiit>ti~lirty1)proi;Y1J~4~0Liri~ili)ritiii6~ii~~~1)~5-(~pyridy1)iiti-idaioi6;- '.: .. ·. · · .-, ·~·. :·, 

1-[3:(4-Moq>holinyl)propyl]-4-{3-methylsulfinylphenyl)-5-(4-pyrldyl)imidazole; 

l-[3-(N-methyl-N-benzyl)aminopropyl]-4-(3-methy lthiop henyl)-5-( 4-

. ,pyridyl)imjdazoJe; ..... _ .·. --- " .. ·--·: .· .. _, ........ ·· -·•.- ...... • . ·... . ... . 

5 l-[3-(N-roethyl-N-benzyl)aro"inopropyl]-4-(3-methylsulfinylphenyl)-5-( 4-

pyridyl)imidazole; 

l-[4-(Methylthio)phenyl]-4-( 4-fluorophenyl)-5-(4-pyridyl)imidazole; 

1-[ 4-(Methylsulfinyl)phenyl]-4-( 4-fluorophenyl)-5-( 4-pYJidyl)imidazole; 

1-[3-(Methylthio )phenyl]-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

10 l-[3-(Methylsulfmyl)phenyl]-4-( 4.-fluorophenrl)-5-( 4-pyridyl}imidazole; 

1-[2-(Methylthio )phenyl]-4-( 4-fluorophenyl)-5-{ 4-pyridyl)imidazole; 

l-[2-{Methylsul.finyl)phenyl]-4--(4-fluorophenyl}-5-(4-pyridyl)imidazole; 

1-[ 4-(4-Morpholinyl)butyl]-4-( 4-fluorophenyl)-~-( 4-pyridyl)imidazole; 

1-Cyc1dpropyl+(4.:fluorophenyl)-5-(4-pyridyl)b.idazole; 

15 1-Isopropyl-4-(4-fluorophenyl)-5•( 4-pyridyl)im~azole; · · 

l-Cyclopropylmethyl-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-tert-Butyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

1-(2,2-Diethoxyethyi)-4-( 4-fluorophenyl)-5.-( 4-pyrldyl)imidazQle; 

. l-Fonnyiin:ethyl-4{ 4.;nuorophenyl)-S-( 4-~yriC!il)fuiici~6ie~ ·: _: '. · ·.:. · 
20 1-Hydroxyiminylmethyl-4-( 4-fluorophenyl):-5•( 4-pyrldyl)imidazole; 

1-Cyanomethyl-4-( 4-tluorophenyl)-5-( 4-pyridyl)imidazole; 

1-[3-(4-Morph~linyl)propyl)-4-(4-fluorophenyl)..:5-(2-:methylpyrtd..4-:yl)imi~ole.; 

4-( 4-Fluorophenyl)-1-[3-( 4-morpholinyl)propyl]-5-(2-chloropyridin-4-yl) imidazole; 
. . 

4-( 4-Fluorophenyl)-1-[3-( 4-morpholinyl)propyl]-5-(2-amino-4-pyridinyl) imidazole; 

25 1-( 4-Carboxymethyl)propyl-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-( 4-Carboxypropyl)-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

l-(3-Carboxymethyl)ethyl4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

1-(3-Carboxy)ethyl-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-( 1-Benzylpiperidin-4-yl)-4-(4-fluorophenyl)-5-( 4-pyridyl) imidazole; 

30 5-(2-Aminopyrimidin~4-yl)-4-{4-fluorophenyl)-l-[3-(4-Morpholinyl)propyJ] imidazole; 

5-(2-Aminopyrimidin-4-yl)-4-( 4-fluorophenyl)-1-( 1-benzylpiperidin-4-yl)imidazole; 

5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-1-(2-propyl)imidazol~; 

5-(2-Aminop:Yrlmidin-4-yl)-4-(4-fluorophenyl)-l·(~yclopropylmethyl)iniidazole; 

5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(1-carboxyethyl.;.4-

35 · piperidinyl)imidazole; 

5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-1-( 4-piperidinyl) imidazole; 

1.:.Methyl-4-phenyl-5-( 4-pyridyl)imidazole; 

1-Methyl-4-[3-~chlorophenyl)]-5-[4-pyridinyl]imidazole; 

1-Methyl-4-(3-methylthiophenyl)-5-( 4-pyridyl)imidazole; 

:: . 
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i~M~thy1~4-c3~m:~th)risuittiiy1p11eny1)-s·-(4~PYrtdyI)imict~61e;· · · · · · ·-
_. - . ~- .· 

< +/-}4-( 4-Fluorophenyl)- l-[3-(methylsulfmyl)propyl]-5-( 4-pyridinyl)imidazole; 

4-( 4-Fluorophenyl)-l-[(3-rnethylsulf onyl)propyl]-5-( 4-pyridinyl)imidazole; 

__ .... l-:-(3-:-Pb~~o~yp~pµyl}-4.:( 4~ Ou.qro.phepylhS.-(4~pyri.Ainyl)imi,dazole;, 

5 1-(3-(Phenylthlo )propyl]-4-( 4-fluorophenyl)-5-( 4-pyridinyl)imidazole; 

1-[3-( 4-Morpholinyl)propyl]-4-( 4-fluorophenyI)-5-( 4.quinolyl)imidazole; 

( +/-)-1-(3-Phenylsulfinylpropyl)-4-( 4-fluorophenyl)-5-( 4-pyridinyl)imidazole; 

1-(37Ethoxypropyl)-4-(4-fluorophenyl)-5-(4-pyridinyl)imidazole; 

1-(3-Phenylsulfonylpropyl-4-( 4-tluorophenyl)-5-(4-pyridinyl)imidazole; 

10 1-(3-( 4-Morpholinyl)propyl]-4-(3-cblorophenrI)-5-( 4-pyridyl)imidazole; 

1-[3-( 4-Morpholinyl)propyl]-4-(3,4-dichlorophenyl)-S-( 4-pyridyl)imidazole ; 

4-( 4-( 4-Fluorophenyl)-1-[3-( 4-morpholinyl)propyl]-~-(pyrimid-2-one-4-yl)imidazole; . 
.. .;;;;;~ I 

4-(4-Fluorophenyl)-5-(2-(methylthio)-ffPyrimidinyl]~l-[3-(4-morpholinyl)propyl]- · 

. -irnidazoJ.e.;··-~ ~- ·,. · · _· · ~- I = 

15 4-(4-Fluowphenyl)-S-[2-(methylsulfmi}-4-pyrin;lidthyl]-1-[3-{4-morpholinyl)-
-1.~-~-. 

propyl]imidazole; ~~: I 
(E}-1_:(1-Propenyl)-4-( 4-fluorophenyl)_:S-( 4-pyridinyl)imidazole; 

1-(2-Propenyl)-4-( 4-fluorophenyl)-5-( ~pyridinyl)iinidazole; 

· · = 5-[ (2-N;N~b"imethylailiino )pYrlmi~-4-yl]-4-( 4-fiuorophenyi)-I°~[3-( 4-morpholiny l)~ ·.· 
20 propyl]imidazole; 

1-[3-( 4-Morpholinyl)pJ;opyl)-5-( 4-pyridinyl)-4-( 4-(trifluoromethyl)phenyl]imidazole; 
. . . 

1_-[3-( 4-Morpholinyl)propyl]-5-( 4-pyridinyl)-4-[3-(trifluoromethyl)phenyl]imidazole ; 

1-(Cyclopropylmethyl)-4-(3,4-dichlorophenyl)-5-(4-pyridinyl)imidazole; 

l-(Cyclopropylmethyl)-4-(3-trifluoromethylphenyl)-5-( 4-pyridinyl)imidazole; 

25 1-(Cyclopropylmethyl)-4-(4-fluorophenyl)-5-(2-methylpyrid-4-yl)imidazole; 

1-[3-( 4-Motpholinyl)propyl]-5-( 4-pyridinyl)-4-(3 ,5-bistrifluoromethylphenyl)­

imidazole 

5-[ 4-(2-Aminopyrimidinyl)]-4-( 4-tluorophenyl)-1-(2-carboxy-2,2-

wmethylethyl)imidazole; 

30 1-(1-Fonnyl-4-piperidinyl)-4-( 4-fiuorophenyl)-5-(4-pyridinyl)imidazole; 

5-(2-Amino-4-pyrimidinyl)-4-( 4-fluorophenyl)-1-( 1-methyl-4-piperidinyl)imidazole; 

I-(2,2-Dimethyl-3-morpholin-4-yl)propyl-4-(4-fluorophenyl)·5-(2-Amino-4-

pyrimidinyl)imidazole; 

4-(4-Fluoropheilyl)-5-(4-pyridyl)-l-(2;.acetoxyethyl)imidazole .. 

35 5·(2-Aminopyrimidin-4-yl)-4-( 4-fluorophenyl)-1-( 1-benzylpyrrolin-3-yl)imidazole; 

5-{2-Aminopyrimidin-4-yl)-4-( 4-fluorophenyl)-1-(2.2,6,6-tetramethylpiperidin-4-

yl)imidazole. 

~. . . 

, . ~- ... 
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5-[4--(2-Am.ino)pyrimidinyl]-4-(4-fluorophenyl)-1-(4-N-morpholirio-l-

propyl)imidazole; 

.5:-.[4-:(2-Aminopyrit:oic:linyl)+(4-::flu.o_roph,~~yl)-:-i.,(l 7.ben.zyl_:fl:~pip.eridi,ny.t)im.id.a,zol~; 

5 5-(2-Amino-4-pyrimidinyl)-4-( 4-fluorophenyl)-1-( 4-piperidinyl)imidazole; 
. . 

5-(2-Amino-4-pyrimidinyl)-4-( 4-fluorophenyl)-1-(1-methyl-4-piperidinyl)-

imidazole. 

Another aspect of the present invention is the compound, 4-phenyl-5-[4-

l 0 pyridyl)iinidazole. Another a.Spect is of the pr~ent invention is a pharmaceutical 

composition comprising a carrier or diluent and effective amount of 4-phenyl-5-[ 4-

pyridyl)imidazole. · Yet another aspect of the present invention is the novel method of 

treating a cytokine mediated disease state, in a mammal in need thereof, with an 

effective:amtiunrof.~plienyl-5-[ 4-pyridyl)imidazole. 1 : . 

15 For purposes herein the dosage ranges. formulation details, .and methods of 

making are analogous to the compounds of Fonnula (1). 

~e compounds of Fonnula (I) may be obtained_ by applying sYt_lthetic 

· procedures; some of which are Illustrated· in :Schem~ I and V~ -The Synthesi.S :proVided · 

20 for in these Schemes is applicable for the producing compounds of Formula (1) hav4~g a 

variety of different Rt, R2. and R4 groups which are reacted, employing optional 
. . 

substituents which are suitably protected, to acmeve co~palibility with tlle·.reactions .. 

outlined herein. Subsequent deprotection, in those cases, th.en affords compounds of the 

nature generally disclosed. Once the imidazole nucleus has been established, further 

25 compounds of Formula (I) may be prepared by applying standard techniques for 

functional group interconversion, well known in the art. 

For instance: -C(O)NR13R14 from -C02CH3 by heating with or without 

catalytic metal cyanide, e.g. NaCN, and HNR13R14 in CH30H; -OC(O)R3 from -OH 

with e.g., ClC(O)R3 in pyridine; -NR10-C(S)NR13R14 from -NHRlO with an 

30 alkylisothiocyante or thiocyanic acid; NR6C(O)OR6 from -NHR6 with the alkyl 

chlorofonnate; -NR10C(O)NR13R14 from -NHR.10 by treatment with an isocyanate, 

e.g. HN=C;:;:Q or R10N=C=O;-NR10-C(O)Rg from -NHR.10 by treatment with Cl­

C(O)R3 in·pyridine; -C(=NR10)NR13R14 from -C(NR13R14)SR3 with H3NR3+QAc­

by heating in alcohol; -C(NR13R14)SR3 from ·C(S)NR13R14 with R6-lin art inert 

35 solvent, e.g. acetone; -C(S)NR13R14 (where R13 or R14 is not hydrogen) from 

-C(S)NH2 with HNR13R14-C(=NCN)-NR13R14 from -C(=NR13R14)-SR3 with 

NH2CN by heating in anhydrous alcohol, alternatively from -C(=NH)-NR13R14 by 

treatment with BrCN and NaOEt in EtOH; -NRtO-C(=NCN)SRg from -NHRIO by 

treatment with (RgS}2C=NCN; -NR10S02R3.from -NHRIO by treatment with 

-.: ·.· ·: 
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ClSOiR3 by heating in pyri.dine; -NR 1 QC(S)R3 from ;:NRIOC(O)Rg ·by treatri1erit with 

Lawesson 's reagent [2,4-bis( 4-methoxyphenyl)-1,3.2,4-dithiadiphosphetane-2,4-

disulfide]; -J\1RIQS02CF3 from -NHR6 with triflic anhydride and base wherein R3, 

.· .: . ~ 

5 

R6. RlQ. Ri3 .. and Rt 4 are ,as . .defmed.in Fonm1la (I) .. nerein. . . . ... . 

H2NCHO 

A*~S(O)P {IV) 

. . .... -·--· - . 
- .... -· 

R4 NH CHO 

CHCI3 
NaOH 

CHzC12 

HzO,PTC 

-~ Ar S(O)zL~ '(VIl) 

{I) 

SCHEME I 

~CH2NH2 (VIlI) 

~yl•ting agonl 

~CH2NHCHO 

; .ohydmling ..... 

R.$CH2NC (VI) 

R1CHO + R:tlli2 

. I 
(Ill) 

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

10 reacting a compound of the Formula (Il) with a compound of the Fonnula (Ill) wherein . 

pis 0, 1 or 2, R l • R2 and R4. are as define:d herein, or are precursors of the groups R l • 

R2 and }4. and Ar is an optionally substituted phenyl group, and thereafter if necessary 

converting a precursor of R 1, R2 and R4 to a group R l • R2 and R.4-
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. _.<_.··<··S~itably Ar.is phen;{optlori~y srib~tit~red by "c1-4~1kir1. C-1-~· aiko~y ~r Iia~;. 
- -· 

Preferably Ar is phenyl or 4-methylphenyl. Suitably the reaction is pezfonned at 

ambient temperature or with cooling (e.g. -50° to 10° ) in an inert solvent such as 

. -methylene chloride,-· tetrahydrof uran, -toluene· or-0.imethoxyethane· inthe·.presence· of an·· 

5 appropriate base such as 1,8-diazabicyclo [5.4.0.] undec-7-ene (DBU) or a guanidine 

base such as 1,5,7- triazabicyclo [4.4.0] dec-5-ene (TBD). Suitably pis O or 2, 

preferably p is 0 in which case the intermediates of fonnula (Il) are very stable and 

capable of storage for a long time. 

10 

15 

20 

Pr~ursors of the groups R1, R2 and R4 can be otherRi, R2 and R4. groups 

which can be interconverted by applying standard techniques for functional group 
interconversion. For example a compound of the fonnula (l) wherein Rz is halo 

-substituted Ct-10 alkyl can be converted to the cop-esponding C1~10 alky1N3 

derivative by reacting With a suitable azide salt, an~ thereafter if desired can be·reduced 
·10 :the coffesp;ona.mg· c1~i(>hlky1NH2 compound, ~hich ii1 tum can be reaeted With:- ~ ~. 
R1gS(0)2X wherein Xis halo (e.g., chloro) to yield the corresponding, : · :·. : ... · 

- I 
C1-10alkyINHS(0)2R1g compound. I 

Alternatively a compound of the formula (1) where R2 is halo-substituted 
. . . . 

Ci.,10-alkyl can be reacted with an amine R 13R14NH.to yi~~d the: corr~pop;~g · 
· · cJ.~10-alkYlNRf3R14 c'6mpottnd, or cah'b6·~~.1ed ~titari alk:itiimew::sait':Cir-·RfaSH 

to yield the corresponding C}-1()alkylSR1s compound. 

In a further aspect the present invention provides·co~pound$ of the Formula 
(Il) ·as defined herein with the proviso that when· ArS(Q)p is tosyl,. then -R4 is .not-an 

unsubstituted phenyl. 

The compounds of Fonnula (Il), in Scheme I, may be prepared by the methods 

25 of Van Leu.sen et al., JOC, 42., 1153 (1977). For example a compound of the Formula 
(Il) may be prepared by dehydrating a compound of the Formula (IV) wherein Ar, R4 
and p are as defined herein. 

Suitable dehydrating agents include phosphorus oxychloride, oxalyl chloride or 

tosyl chloride in the presence of a suitable base such as triethylamine. 

30 The compounds of fonnula (IV) may be prepared by reactiilg a compound of 
the formula (V) R4CHO where R4 is as defmed herein, with ArS(O)pH and fonnamide 

under dehydrating conditions at ambient or elevated temperature e.g. ·30° to 150°, 

coi:lveiliently at reflux, optionally in the presence of an aCid catalyst Alteina.tiveiy 

trimethysilylchloride can be used in place of the acid catalyst. Examples of acid 

35 catalysts include camphor-10-sulphonic acid, p-toluenesulphonic acid, hydrogen 

chloride or sulphuric acid. 
The compounds of the formula (II) where p is 2 may also be prepared by 

reacting in the presence of a strong base a compound of the formula (VI) R4.CH2NC 
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·: .... ' . ·_ . ~--· .· ', . • G~-~-~o~poun~d'.~~foLla~ Ars~2d~Lin ~and Ar l-d~~~lL:; 
herem and Li is a leaving group such as halo, e.g. fluciro. Suitable strong bases include 

alkyl lithiums such as butyl lithium or lithium diisopropylamide. 

' · ·, ·The.compounds"of, formula {VI) may, be-prepared· by reacting -a c-0mpound·-0f 

5 the formula (VIlI) R4CH2NH2 with an alkyl formate (e.g; ethylformate) to yield an 

in~rmediate amide which can be converted to the desired isonitrile by reacting with a 

dehydrating agent such as oxalylchloride, phosphorus oxychloride or tosyl chloride in 

the presence of a suitable base such as triethylamine. 

Alternatively a compound of the formula (VIlI) may be converted to a 

10 compound of the formula (VI) by ·reaction with chlorofonn and sodium hydroxide in 

· aqueous dichloromethane under phase transfer catalysis. 

The compounds of the form.ula (Ill) may be prepared by reacting a compound 

of the formula R i CHO with a p~ amine R2NH2. . .. \ 

:·-·:.:, ··Th~iiiimo· compounds of ~fonnula ~ are".known or can be preparetf .from-: .... ~····. 
-:.-.- I 

15 · the corresponding alcohols, oxim~':Or amides using standard.functional group· . 

20 

interconversions. 

In a furthe~ process, compounds of FonD:u}a (I) ~ay be prepB400 l?y poupling a 

· .. ·suft:able derivative'of a compound of Formula (IX): 

(IX) 

wherein Ti is hydrogen and T4 is R4., or alternatively Ti is RI and T4 is Hin which 

RJ, R2 and R4. are as hereinbefore defined; with: (1) when Ti is hydrogen, a suitable 

25 derivative of the heteroaryl ring R1H, under ring coupling conditions, to effect 

coupling of the heteroaryl ring RI to the imidazole nucleus at position 5; (ii) when T4 

is hydrogen, a suitable derivative of the aryl ring R4H, under ring coupling· conditions, 

to effect coupling of the aryl ring R4 to the imidazole nucleus at position 4. 

Such aryl/heteroaryl coupling reactions are well known to those skilled in the 

30 art. In general, an organometallic synthetic equivalent of an anion·of one component is 

coupled with a reactive derivative of the seeond component, in the presence of a 

suitable catalyst The anion equivalent may be formed from either the imidazole of 

Fonnula (IX), in which case the aryl/heteroaryl compound provides the reactive 

derivative, or the aryl/heteroaryl compound in which case the imidazole provides the 

35 reactive deriv~tive. Accordingly, suitable derivatives of the compound of Fonnula (IX) 
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. :-:·: ·-6~\h~· acyuhete~~~yl :rfu·gs"iriciude·:orgariomerai-{i·t «i6rtvatives suet(~ . ·... . >.'.. . . .. · 

organomagnesium, organozinc, organostannane and boronic acid.derivatives and 

suitable reactive derivatives include the bromo, iooo. fluorosulfonate and 

.. · trifluoromethanesulphonate.derj.v.ati:v.es. S.lJ,i~ble.,.p.rocvO.~ .. are descti~ed .in-,WO. · ...... , 

5 91/19497, the disclosure of which is incorporated by reference herein. 

Suitable organomagnesium and organozinc derivatives of a c~mpound of 

. Formula (JX) may be reacted with a halogen, fluorosulfonate or triflate derivative of 

the heteroaryl or aryl ring, in the presence of a ring coup~g catalyst.:such as a 

palladium (0) or palladium (Il) catalyst, following the procedure of Kumada et al., 

10 Tetrahedron Letters, 22, 5~ 19 (1981). Suitabl~ such catalysts include tetrakis­

(triphenylphosphine)palladium and PdCl2[l,4-bis-( diphenylphosphino )-butane]. 

optionally in the presence of lithium chloride and a base, such as ttiethylamine. In 

addition. a nickel ·(i:r) catalyst, such as Ni(II)Cl2(1,2tbiphenylphosphino)ethane, may.: : 

· ilia b·e··usett forcouplirig ·an aryl ring, following th¢jprocedure of Pridgen, J Org Chem,. - · .. · 

15 1982, 47, 4319. Suitable reaction solvents includ~ hexamethylphosphor-amicte .. When 

the heteroaryl ring is 4-pyridyl, suitable derivatives Include 4-bromo- and 4-iodo­

pyridine and the fluorosulfonate and triflate esters of ~hydroxy pyridine. Similarly, 

suitable derivative.S for when the aryl ririg"i.S.phenylinclqde the~ro-mo, fluorosulfonate,· 

: triflaie and, prefetably;thetodo~derivati.v~:. ;Sui~bi~·'.orgiUio~~~ium.:~ti; -~ · .:. · ·.. · · 

20 .organozinc derivatives may be obtained by treating a compound of Fonnula {IX) or the 

bromo derivative thereof with an alkyllithitlll1 compound to yield the corresponding 
. . 

lithium reagent by deprotonation·or transmet@auon,.respectively ... Tlµs lithium. 

intermediate may then be treated with an excess of a magnesium halide or zinc halide 

to yield the corresponding organometallic reagent 

25 A trialkyltin derivative of the compound of Fonnula (JX.) may be treated with a 

bromide, fluorosulfonate, triflate, or, preferably. iodide derivative of an aryl or 

heteroaryl ring compound, in an inert solvent sucli·as tetrahydrofuran, preferably 

containing 10% hexamethylphosphoramide, in the presence of a suitable coupling 

catalyst, such as a palladium (0) catalyst, for instance tetrakis-

30 (triphenylphosphine)palladium, by the method described in by Stille, J Amer Cheni 

Soc, 1987, 109, 5478, US Patents 4,719,218 and 5,002,942, or by using a palladium 

(Il) catalyst in the presence of lithium chloride optionally with an adc;led base such as 

triethylamine, "in an inert solvent such·as·dimethyl forinatnide. Trialkyltin derivatives 

may be conveniently obtained by metanatiori of the cortespondiilg compound of 

35 Formula (IX) with a lithiating agent, such as s-butyl-lithium o~ n-butyllithium, in an 

ethereal solvent, such·. as tetrahydrofuran, or .treatment of the bromo derivative of the 

corresponding compound of Fonnula (IX) with an alkyl lithium, followed,.in each 

case, by treatment with a trialkyltin halide. Alternatively, the bromo- derivative of a 

compound of Formula (IX) may be treated with a suitable heteroaryl or aryl trialkyl tin 
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~ornpoiind iii the preierice of a catalystsuch a5"tettabs;_(triphenyl~pho~phlne)-

palladiurn, under conditions similar to those described above. 

Boronicacid derivatives are also useful. Hence, a suitable derivative of a 

. compo.un.d,:ofHoonul~ (IX),. such.as the bromo, iodo,.trifla~ orfluoq>~ulphopate. 

5 derivative; may be reacted with a heteroaryl· or aryl-boronic acid, in the presence of a 

palladium catalyst such as tetrakis-(iriphenylphosphine)-palladium or PdCl2fl.4-bis-

(diphenyl-phosphino)-butane] in the presence of a base such as sodium bicarbonate, 

under reflux conditions, in a·solvent such as dimethoxye~ane (see Fischer and 

Haviniga, Rec. Trav: Chim. Pays Bas, 84, 439, 1965, Snieckus, V., Tetrahedron Lett, 

10 29, 2135, 1988 and Terashimia, M., Chem. Ph~. Bull., 11, 4755, 1985). Non- . 

aqueous conditions, for instance, a solvent such as DMF, at a temperature of about 

100°C, in the presence of a Pd(Il) 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 treallilg:"tlie magnesillin or lithium de~vative wiili ~ trialkylborate ester~ such as: · ·· · 

IS triethyl, trl-iso-propyl or tributylborate, according to standard procedures. 

In such coupling reactions, it will be readily apprec~ted that due regard must be 

exercised with respect to functional groups present in the compounds of Fonnula (IX). 

Thus, _in geperal, .ammo and sulfur substituents shoUld be rion-oxidtsed ~r:protected. 

· co·tnpt>t.Uid.5 of Foriritila (IX) :artdniidazoles .and--may·:;be-.6bt8irt~··t)y· any.: of the 

20 . procedures herein before described for preparing compounds of Fonnula (I). In 

particular, an ex-halo-ketone or other suitably activated ketones R4COCH2Hal (for 
. . . 

compounds of Fonnula (IX) in which TI is hydrogen) orR1 COCH2Hal (for 

compounds of Fonnula (IX) in which T4 is hydrogen) may be reacted With an amidine 

of the formula R2NH-C=N;H, wherein R2 is as defined in Formula (I), or a salt thereof, 

25 in an inert solvent such as a halogenated hydrocarbon solvent, for instance chlorofonn, 

at a moderately elevated temperature, and, if necessary. in the presence of a suitable 

condensation _agent such as a base, The prepaI'a;tion of suitable a~halo-ketones is 

described in WO 91/19497. Suitable reactive esters include esters of strong organic 

acids such as a lower alkane sulphonic or aryl sulphonic acid, for instance, methane or 

30 p-toluene sulphonic acid. The amidine is preferably used as the salt, suitably the 

hydrochloride salt, which may then be converted into the free amidine in situ , by 

employing a two phase system in which the reactive est.er is in an inert organic solvent 

such· as.chloroform, and the salt is in an aqueous phase to which a solution ·of an 

aqueous base is slowly added, in dimolar amount. with vigorous stilling. Suitable 

35 amidines may be obtained by standard methods, see for instance, Garigipati R, 

Tetrahedron Letters, 190, 31, 1989. 

Compounds of Formula (I) may also be prepared by a process which comprises 

reacting a compound of Formula (IX), wherein T1 is hydrogen, with an N-acyl 

heteroaryl salt, according to the method disclosed"in US patent 4,803,279, US patent 

··.·:. 
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·'-' ··:· ~4.719,218 ~d'DS ~3-~nt-5,obt~~4i.-~o1~iv~-~-interfue~i~~ i~-~iifcii the heteroary1 

rinfis attached to the imidazole nucleus and is present as a 1,4-dihydro deriv~tive 

thereof, which intennediate may then be subjected to oxidative-deacylation conditions 

(Scheme II). The.heteroaryl.salt. forinstance.a-pyridiniurn salt,,may-be_either . ., ... 

5 prefonned or, more preferably, prepared in situ by adding a substituted carbonyl halide 

(such as an acyl halide, an aroyl halide, an arylalkyl halofonna~ ester, or, preferably, 

an alkyl haloformate ester, such as acetyl bromide, benzoylchloride, benzyl 

chlorofonnate, or, preferably, ethyl chloroformate) to a solution: of the compound of 

Formula (IX) in the heteroaryl compound RtH or in an inert solvent such as methylene 

10 chloride to which the heteroacyl 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 entirety. 

· Suitable oxidizing systems include sulfur in aii in~rt solvent or solvent mi.X~~-~µct:i as 

. deciifu~·:aeca:un and diglyme, p-cyniene, xylene ot mesitylerie. under reflux cond~tlC?ns, 

15 or, preferably, potassium t-butoxide in t-butanol with dry air ot oxygen. 

20 

~2 
HN, 

II . 
. NH. 

SCHEME-II· 

In a further process, illustrated in Scheme ID below, compounds of Fonnula (I) 

may be prepared by treating a compound of Fonnula {X) thermally or with the aid of a 

cyclising agent such as phosphorus oxychlori.de or phosphorus pentachloride (see 

Engel and Steglich, Liebigs Ann Chem, 1978, 19l6 and Strzybny et al., J Org Chem. 

25 1963, 28, 3_381). Compounds ofFonnula (X) may be obtained, for instance, by 

acylating the corresponding a-keto-amine with an activated formate derivative such as 

the corresponding anhydride, under standard acylating conditions followed. by 

formation of the imine with R2NH2. The aminoketone may be derived from the parent 

ketone by examination and reduction and ·the requisite ketone may in tum be prepared 

30 by deearboxylation of the beta-ketOester obtained from· the' condensation of an aryl 

(heteroaryl) acetic ester witll the Ri COX component. 

._ :. ~- . · .. , 
'·' ( . ~ -. 
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1.)NaOMe R1JO 
--'2.)_H_CI__ 1.)NaN02, HC!, H20 

. R, 2.) ntduce 

SCHEME III 

5 In Scheme IV illustrated below, two (2) differennoutes which use ketone 

10 

15 

(fonnula 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 ap alkyl lithium, such as n-butyl lithium) to an N­

alkyl-0-alkoxybenzamide, ester, or aflJ: other suitaply activated derivative of the sanJ.e 

:::::~ :=~=~:w:t ==to:t~~ with a benuldehyde. io : __ --~ : .... __ 
~~-· . .·. : ·::- ·~-"· .•. ; . 

I : R · .. 

R,):NHR2 ______ R):NTH 
R, 0 R4 j .0 .· 

i;t2 
HNU R2 

R1yN' 
.NH. N> 

R.c 

(XI) 

SCHEME IV 

In a further process. N-substi.tuted compounds of Formula (I) may be prepared 

by treating the anion of an amide of Fonnula (XII): 

Rl CH2NR2COH (XII) 

20 wherein R 1 and R2 with: 

(a) a nitrile of the Formula (XIII): 

R4CN (XIII) 

wherein R4 is as hereinbefore defined, or 

(b) an excess of an acyl halide, for instance an acyl chloride, of the Formula 

25 (XIV): 

R4COHal (XIV) 
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5 

anhydride, to give a bis-acylated intermediate which is then treated with a source of 

ammonia, such as ammonium acetate. 

' · .. · .· .· . · .. .. -·.-· . 

1.) Li+ -N{l-Pr)2 

(XII) 

SCHEMEY 

One variation of this approach is illustrated in Scheme V aboye. A priplary 
10 amine (R2Nfl2) iSlreated with a halome~yl heterpcycle of Fonnula Ri CH2X: to g~ve 

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 

fonna.'llide with RtCHi)(. Deprotonation of this ainide with a strong amide base. such 

as lithium di-iso-propyl amide.or sodium bis-(trlrti~thy~Uyl)atni~e. follo~ed by. 
15 addttion of an' excess .or"an atoyfch16dde :Yields:.:·thibii~~j~~~tolllpduitd which 'is· 

then closed to an imidazole compound of Fonnula (I)~ by heating in acetic acid 

containing ammonium acetate. Alternatively, the anion·-of th~·amid~ may be reacted 

with a substituted aryl nitrile to produce .the imidazole of FonnUla.-(1) .directly. 

20 Suitable protecting groups for use with hydroxyl groups and the imidazole 

nitrogen are well known in the an and described in many references, for instance, 
Prot.ecting Groups in Organic Synthesis, Greene T W, Wiley-Interscience, New York, 

1981. Suitable examples of b.ydroxyl protecting groups include silyl ethers. such as t­

butyldi.r.11ethyl or t-butyldiphenyl. and alkyl ethers, such as methyl connected by an 
25 alkyl chain of variable-link, (CR10R2o)n. Suitable examples of imidazole nitrogen 

protecting groups include tetrahydropyranyl. 
Pharmaceutically acid addition salts of compounds of Fonnula (I) may be 

obtained in known manner, for example by· treatment thereof with an. appropriate 

amount of acid in the presence of a· suitable·solvent-

30 In the Examples, all temperatures ate in: degree8 Centigrade (°C). Mass spectra 

were perfonned upon a VG z.ab mass spectrometer using fast atom bombardment, 

unless otherwise indicated. lH-NMR (h~inafter "NMR") spectra were recorded at 

250 MHz using a Bruker AM 250 or Am-400 spectrometer. Multiplicities indicated 

are: s=singlet. _d=doublet. t=triplet. q=quartet, m=multiplet and br- indicates a broad 
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signal~·· sat iridicates a saturated. safoti6n, eq. iliaiCaies·:llie ·prc;p-C>rtidri or" a molar· ·, .. . · ..... 
-

equivalent of reagent relative to the principal reactant. 

Flash chromatography is run over Merck Silica ·gel 60 (230 • 400 mesh). 

--· ... ' ..... 

5 SYNTHETIC EXAMPJ,.,ES 

The invention will now be described by reference to the following examples 

which are merely illustrative and are not to be construed as a limitation of the scope of 

the present invention. All temperatures are given in degrees centigrade, all solvents are 

highest available purity and all reactions run under anydrous conditions in an argon 

10 atmosphere unless otherwise indicated. 

Example 1 

I-f3-C 4-MoqIDolinyllpropylJ-4-C 4-fluorophenyD-5-C 4·pyridyllimidazole 

a) · 4-tluorophenyl::tolylthiomethylfonriaroide: 

15 A solution of p-fluorobenzaldehyde{13. l. milliliters (hereinafter mL), 122 · 

millimoles (hereinafter mmol) thiocresol (16.64 grams (hereinafter g), 122.-mmol), .. 

formamide (15.0 mL, 445 mmol), and toluene (300 mL) were combined and heated to 

toluene reflux with aze.otropic removal of H20 for.18 h. The cooled reaction was · 

· dilrited~th EtOA~·(SoO mL)--and·washed witlf·satd·ati N~2co~c3 x'ioo··tiit.),'satd':aq 

20 NaCl (100 mL), dried (Na2S04), and concentrated. The residue was ttiturated with 

petroleum ether, filtered ~d dried in vacuo to afford 28.50 ~ of the µ.ue compound as a 

white solid {85 %). melting point (hereinafter mp)= 119 - 1200. 

b) 4-fluorophenyl ·tQlylthiomethylisocyanide 

The compound of example l(a) (25 g, 91 mmol) in CH2Cl2 (300 mL) was 

25 cooled to -300 and with mechanical stirring POCI3 (11 mL, 110 mmol) was added 

dropwise followed by the dropwise addition of Et3N ( 45 mL, 320 mmol) with the 

temperature maintained below -300. Stirred at-300 for 30 min and 50 for 2 h, diluted 

with CH2CI2 (300 mL) and washed -with 5% aq Na2C03 (3 x 100 mL), dried 

(Na2S04) and concentrated to 500 mL. Th.is solution was filtered through a 12 x 16 cm 

30 cylinder of silica in a large sintered glass funnel with CH2Cl2 to afford 12.5 g (53%) of 

purified isonitrile as a light brown, waxy solid. JR {CH2Cl2) 2130 cm· I. 

c) Pyridine-4-carbOxaldehyde f 4-Mor:pholinylpro~-3-yllimine 

Pyridme-4-carboxaldehyde (2.14 g, 20 nimoL), 4·(3-arninopropyl)morpholine 

(2.88 g, 20 mmol), toluene (SO mL) and MgS04 ·(2 ·g) were combined and stirred under 

35 argon for 18 h. The MgS04 was filtered off and the filtrate was concentrated and the 

residu~ was reconcentrated from CH2Cl2 to afford 4.52 g (97%) of the title compound 

a.Sa yellow oil containing less than 5% of aldehyde based on 1 H NMR. 1 H NMR 

(CD3Cl): d 8.69 (d, J = 4.5 Hz. 2H), 8.28 (s, lH), 7 .58 (d, J = 4.5 Hz, 2H), 3.84 (m, 

6H), 2.44 (m, 6H), 1.91 (m, 2H). 
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· : .-: ,. , ·.\\ d) .· ·--'i' ~r3·~c4~Motphol~~)1r~~y11·~4-c4-~flumd~be~yi)~-s-c d~v;,ndyrn~i<lii.61~··· , .. , 
The compound of example l(b) (1.41 g, 5.5 mmol), and tlie compound of 

example 1 (c) (1.17 g, 5.0 mmol) and CH2Cl2 (10 mL) were cooled to 5 oc. 1.5. 7-

. trjµab~cy.qlo[4.4;.0Jdep-:,S_,..en~. -,h~n~for,th;f~ferred. to .as.Tl3D,,(Q. 71 g 5.~lrnmol). was 

5 added and the reaction was kept at 5 -oc for 16 h, diluted with EtOAc (80 mL) and 

washed with satd aq Na2C03 (2 x 15 mL). The EtOAc was extracted with I N HCl (3 

x 15 mL), and the acid phases were washed with EtOAc (2 x 25 mL), layered with 

EtOAc (25 mL) and made basic by the addition of solid K2C03 til pH 8.0 and then 

10% NaOH til pH 10. The phases were separated and the aq was extracted with 

10 additional EtOAc (3 x 25 mL). The extracts w~re dried (K2C03) concentrated and the 

residue was crystaHzed from acetone/hexane to afford 0.94 g (51 % ) of the title 

compound. mp= 149 - 150 o. 

Example2 

15 1-0-Chloropropy]}-4-C 4-fluorophenyD-5-C 4-pyridyllimidazole· 

a) Pyridine+carboxaldehyde C3-ChloropropyUin)ine 

To 3-chloropropylamine HO (15.1 g, 0.120 moles (hereinafter mol)) and H20 

(100 inL) was added pyndirie-4~oxaldehyde (9~·5.5 mt., 0.100 mol), then KzC03 
. <s.2s g,:0.0601no1).tile11:dH2:tiL2:tioO:·mi:):~<fih~-.:rtiltrore.;w·~;stined'.. rot.-:4{).ni!h:, , 

20 The phases were separated and the aq phase was extracted with additional CH2Cl2 {2 x 

SO mL), dried (Na2S04) ~d concentrated to afford 17.l g (9_4~) 1~ NMR (CD3Cl): 

d 8.69 (d, J = 4.5 Hz, 2H, 8.3i (s, lH), 8.28·.($, lH), 7.58 (d, J .= 4.5 Hz, 2H), 3.7.1 {m, 

2H), 3.63 (t, J = 6Hz, 2H), 2.24 (t, J = 6Hz. 2H). The presence of 9% of the aldehyde 

was evident by 1 H NMR. · 

25 b) 1-C3-ChloropropyI>-4-C4-fluorophenyn-5-(4-pyridynimidazol~ 

The compound of example l(b) (6.85 g, 26.6 mmol). the compound of example 

2(a) (6.32g, 34.6 mmol), CH2Cl2 (70 mL), and TBD (4.07 g, 28.4 mmol) were reacted 

by the procedure of example l(d) to.afford 3.19 g (38%). mp= 139 - 1400. 

30 Example3 

1-C3-Azidopropyl)-4-( 4-fluorophenyI>-5-C 4-pyridyllimidazole 

To a solution of the compound of example 2(b) (250 milligram ·(hereinafter 

mg), 0.79 mmol) and O:MF (5 mL) was added NaN3 (256 mg, 3~95 mmol) and NaI (12 

mg, 0.08 mmol) and the mixture was heated to 90° till the· reaction was completed 

35 based on tlc analysis (19: 1 CH2Cl2/MeOH). The cooled reaction was added to 5% aq 

Na2C03 (20 mL) and extracted with EtOAc (3 x 25 mL). The combined extracts were 

washed with H20 (3 x 25 mL) and flash chromatographed (2.2 x 10 cm column) with 0 

- I% MeOH in CH2Cl2 to afford 254 mg (100%) of the title compound as a white 

solid. mp = 64 - 650. 
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Example4 

1-C3-AminopropyD-4-( 4-fluorophenyll-5-C 4-pyridyl)imidazole 

. The.com,poun~of ~xam.ple.3, desctj.b~q ~boveCi.5.4 mg,_0.7,9 mmol), was .. ·_ 
•' . . .. . . . . '• . . . . . .. 

5 dissolved in THF (2 mL) an added dropwise to a QO solution of 1 N LiAlli4 in THF 

10 

(1.2 mL, 1.2 mmol), stirred at oo for 15 min, EtOAc (4 mL) was carefully added and 

the mixture was added to ice cold 10% NaOH (15 mL) and the product was extracted 

with EtOAc (4 x 25 mL), dried (K2C03) and concentrate~ to a waxy solid, (175 mg, 

75%). mp= 81 - 820. 

Example 5 

1-(3-Methylsulf onamidopropyD-4-C 4-fluorophenyll+5-C 4-pyridy1limidazole ,:::-.;.·.,;-. i 
To the compourid ofExamplefidescribed above (79 mg, 0.26 mmol) in 

CH2CI2 (0.5 mL) was added Et3N <G~. 0.52 mn:jol), and then methanesulfonyl 
~· 

15 chloride (25 uL, 0.31 mmol). The r~1fon exoth~rrhed to CH2C12 reflux brlf?tly. The:. 

reaction was over within 1 min basedi~ tlc (19 : 1 CH2CI2 /MeOH) and was poure(f · 
•l/<7 .. ,... .. 

into 10% NaOH (5 mL) and extracted With EtOAc (3 x 20 mL). The extracts were 

washed with H2.0 (10 mL) and satd aq Nacl (10 mL)~ dried (Na2S04), coneentrated 

, , and.flash.drromatographed ( 1 x 10 cm silica) \vith o ~ 8·% ·M'.eOH 1n--CH;iC12 to 'afford:. 

20 63 mg (65%). mp= 186- 1870. 

Examp~e(j 

l-f3-CN-Phenylmethyllaminopropyll-4-{4-fluorophenyll-5-C4-gyridyllirnidazole 

Following the procedure of example 3 above, except using benzylamine as the 

25 nucleophile and purification of the erode product by ttituration with hot hexane, the 

title compound was prepared as a white solid (32% yield). mp = 125 - 1260. 

Example? 

l-f3-CN-Phenylmethyl-N-methyDaminopropyD-4-C4-fluoropheny])-5-C4-

30 pvridyDimidazole 

35 

Following the procedure of example 3 except using N-benzybnethylamine as 

the nucleophile and purification of the crude product by trituration w~th hot hexane, the 

title compound was prepared as a white solid (42%-yield). mp= 90 - 910. 

Example8 

1-£3-( 1-PvrrolidinyllpropylJ-4-(4-fluoropbenyn-5-C 4-pyridynimidazole 

Following the procedure of example 3 except using pyrrolidine as the 

nucleophile and purification of the crude product by tri.turation with hot hexane, the 

title compound was prepared as a white solid.(35% yield). mp= 105 - 107°. 

··:: 
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Exampfe9 

l-C3-DiethylarninopropyJl-4-C 4-fl uorophenyl l-5-( 4-pvridyllim idazole 

. .. _ . fQl.l_oWin..g l.h~ pi;o_c,e,dure. of exam.pl~.-3, ~xcepJ µsing .. oietlry.J~µi<:- .a~ the 
5 nucleophile and isolation of the product by extraction with diethyl ether, the title 

· compound was prepared as a white solid (21 % yield). mp= 94- 950. 

Examp.llUQ · 

1-f3-Cl-Piperidinyllpropy1l-4-(4-fluorophenyll-5-(4-pyridynimidazole 

10 Following the procedure of example 3 ~xcept using piperidine as the 

nucleophile and purification of the crude product by trituration with hot hex~e, the 

title compound was prepared a.s a white solid (63% yield). mp= 105 - 1080. 

Example 11~ 
15 1-(3-CMethyltbiolpropyl]-4-C 4-fluorophenyll-5-C 4!-pyridyllimidazole 

20 

Following the procedure of example 3 exdept using sodium thiomethane as the 

nucleophile and omitting the sodium iodide followed by purification of the crude 

product by trituration With hot hexane, the title compound was prepared:as a white 
solid ·(50% yteld)~ :mp.·= 85 - s6o. . . . . . . . . . . 

Example 12 
. . 

I-£2-C 4-Mowholinyllethyll-4-( 4-fluot?phenyl)-5-C 4-pytjdyDimidazole 

a) Pyridine-4-carboxaldehyde-[2-C 4-Mor:pholinyllethyllimine 

Following the procedure of example l(c) except using 4:-(2-

25 aminoethyl)morpholine as the amine, the title compound was prepared as a light yellow 

oil (100%) containing less than 10% of aldehyde based on lH NMR. lH NMR 

{CD3Cl): d 8.68 (d, J = 6 "Hz, '2H), 8.28 (s, lH), 7 .'58 (d, J = 6 Hz, 2H), 3.82 (m, 2H), 

3. 72 (m. 4H), 2.72 (m. 2H), 2.55 (m, 4H). 

b) 1-[2-(4=Mm:pholinyl)ethyll-4-C 4-fluorophenyll-5-C 4-pyridyllimidazole 

30. Following the.procedure of example l(d) except using the compound of 

example 20(a) as the imine, afforded the title compound as a white solid (21 %). mp== 

114 - 1150_ 

Example 13 

35 1-[3-{ 4-Momholinyllpropyl1-4-C3-methylthiophenyll-5-( 4-pyridyllimidazqle 

a) N-£3-methylthiQphenyl-Ctoly}thio)methyllformarnide · 

Following the procedure of example l(a) except using m­

methylthiobenzaldehyde as the aldehyde, the title compound was prepared as a white 

solid (73%). mp= 103 - 1040. 

. . . . ~ .. ;" - . 
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b) · · 3--mefhyI~io~heny1~Croi~1thiolrri:et1ly1is-~c~cinici~ · .... ·.·.-· ·,. 
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Following the procedure of example l(b) except using the compound c:>f the 

previous step as the fonnamide, the title compound was prepared as a light brown oil 
(77%). IR (CH2Cl2) 2120 cm -1. . . . . . . . . . 

5 c) 1-[3-C4-Morpholinyl>propyJJ-4-C3-methylthiophenyl)-5-C4-pyridyl)imidazQle 

Following the procedure of example l(d) except using the compound of the 

previous step as the isonitrile. afforded the title compound as a white solid (31 %). mp 
;::: 105 -1060. 

10 Exarnple.14 
1-£3-( 4-MorpbQlinyDpropyll-4-0-rnethylsulfinylphenyn-5-C 4-pyridyDirnidaZQle 

The compound of example 13(c) (200 mg. 0.49 mmol) was dissolved in HOAc 

(4 mL). K2S208 (151 mg, 0.56 mmol) dissolved in H20 was added and the solution 

was stirred for 16 h, poured into 10 % aq NaOH (50 mL) (the resulting solution was> 
15 pH 10) and extracted with EtOAc (3 x 25 mL). The extracts were dried (K2C03), 

concentrated and the residual oil crystalized from acetone/hexane to afford 87 mg 
(42%) of a white solid. mp= 117 - 11so. 

Example 15 

20 .1-[3-CN-methyl-N-benzyl)amino"ropyll-4-C3-methylthiophenyD-5-( 4-

pyridyllimidazole 

a) . Pyridine-4-carbo:xaldehyde 3-CN-methyl-N-benzyla.minopropyllimine 

Following the procedure of example l(c) except using 3(-N-Methyl-N­
benzylamino)propylamine as the amine (Ueda,T.; Is~K.; Chem. Phann. Bull. 

25 1967, 15, 228 - 237.). the title compound was obtained as a light yellow oil (100%) 
containing less than 10% of aldehyde based on lH NMR. lH NMR (CD3Cl): d 8.65 

(d, J = 7 Hz. 2H), 8.21 (s; lH), 7.54 (d, J = 4.5 Hi~ 2H). 7.52 (m, SH), 3.69 (t. J = 11 

Hz, 2H). 3.48(s. 2H), 2.44 (t. J = 11llz.2H). 2.18 (s, 3H), L91(m.2H). 

b) 1-f3-CN-methyl-N-benzyllarninoprouyll-4-C3-me1hylthiophenyll· 5-< 4-

30 pyridyllirnidazole 

35 

Following the procedure of example l(d) except using the compound of 
example 13(b) as the isonitrile, and the compound prepared in the previous step as the 

imine afforded the title compound as a white so!id (36%). mp·= 87 - sso. 

Example 16 

1-f3-CN-methyl-N-benzyl)aminopropyll-4-C3-methylsulfinylphenyll-5-{4-

pyridy1limidazQle 

Following the procedure of example 14 except using the compound of example 

15(b) as the sulfide afforded the title compound as a white solid (97%). mp= 84- 85°. 

··~-.. _;_ .. 

. . ~ . . . . . 
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Example 17 

1-f 4-CMethylthio)phenylJ-4-C 4-fluorophenyn-5-( 4-pyridyDimidazole 

. --·;,.· ... ·: .... :-·' ,,.; :·.:;··..,_· ... 

. ... .. ":.. : . ~ ... •. . ... . ..... ~ .. •.· 

. a). I_>xrjdi~e-4:-carboxaldehgye (4-metjlyltlliophenyl)imin~. .: ,. ,. .... .:.- ......... . 

5 Following the procedure of example 1 (c) except using 4-(methylthio)aniline as 

the amine afforded (100%) of a light yellow oil with no detectable amount of aldehyde 
based on lH NMR. lH NMR (CD3Cl): d 8.75 (d, J = 6 Hz, 2H), 8.47 (s, lH). 7.74 (d, 

J = 6 Hz, 2H), 7.30 (d, J::;; 8 Hz. 2H), 7.22 (d, J = 8 Hz, 2H), 2.52(s, 3H). 

b) 1-C 4-CMethylthiolphenyU-4-C 4-fluorophenyl)-5-C 4-pyridyllimidazole 

10 Following the procedure of example l(d) except using the compound of the.pre-

vious step as the imine afforded the title compound as a white solid (27%). mp= 172-
1730_ 

Example 18 ! 
15 .1-C4-CMethylsulfinyllphenyll-4-(4-fluorophenyD-5-(4-pyridyDimidazole 

Following the procedure of example 14 except using the compound of eiample 
17(b) as the sulfide afforded the title compound as a white solid (67%). mp= 202-
2030. 

. ·. : . ~ . . ._. .. 

20 Exaropl~ 12 
J-[3-CMetbylthiolphenyll-4-C+fluorophenyll-5-C 4-gyridylli~idazol~ 

a) . Pyridine-4-carboxaJd@dye (3-metbylthiopb~nyl)irnine ,· . _ 

Following the procedure of example l(c) except using 3-{methylthio)aniline as 

the amine afforded (98%) of a light yellow oil with ca 2.5% of aldehyde based.on ia 
25 NMR. lH NMR (CD3Cl): d 8.76 (d, J = 6 Hz, 2H), 8.44 (s, lH), 7.74 (d, J = 6 Hz, 

2H), 7.30 (d, J = 8 Hz. 2H), 7.34- 6.98 (m, 4H), 2.52(&, 3H). 

b) 1-[3-(rnethylthiolphenylJ-4-( 4-fluoropheuyI>-5-C 4--pyridyDimidazole 

Following the procedure of example l(d) except using the compound of the pre­

vious step as the imine.afforded the title compound as a white solid (42%). mp= 155-

30 1560. 

Example 20 

l-I3-CM~Ylaiilfinyllphenyll-4-C4-fluorophenyn-5-(4-pyridyDimidazQle 

Following the procedure of example 14 except using the compound of ·example 

35 19(b) as the sulfide afforded the title compound as a white solid (67%). mp= 233 -

2340. 

Example21 

l-C2-<Methylthio)phenyll-4-C4-fluorophenyll~5-C4-:pyridyllirnidazole 
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Following the procedure of example l(c) except using 2-(methylthio)aniline as 

the amine afforded {98 % ) of a light yellow oil with ca 8 % of aldehyde based on 1 H 
~R:. _l~-NM~ .CC::P3Cl):. ci &.75.(c;i,_J_= 6Jlz,. ZH) •. 8..4J. (s,J~). 7.~.79 (d. J::: 6.JJ.z, ·. •, - . :.· ,, .... •'. .. . . . . ... . . . . . . ·. . . .· . . . . . 

5 2H), 7.36 - 7.00 (m, 4H), 2.47(s, 3H). . . 

b) 1-f2-Cmethylthio}phenylJ-4-( 4-fluorophenyD-5-C 4-pyridynimidazole 

Following the procedure of example l(d) except using the compound of the 
previous step as the j.Jnine and purification by flash chromatography with O - I% 
MeOH in CH2CI2 affo~ded the title compound as a non-crystalline white foam (53% ). 

10 mp = 59 ·- 600. 

· ffExample 22 
· I ~[2-!MethylsulfinyllnhenyJJ-4-C 4-tl?rophenyll-5-C 4-pyrj.dyl)imidazole . 

15 Following the procedure of ~~ple 14 e;cept using tlie compound of example 

20 

.... ;· 
2l(b) as the.sulfide, and purlficatio~y flash chromatography with 0 - 4% MeOH in 
CH2CI2afforded the title compound as a non-crystalllile white foam (52%). mp= 60-

1650 ~ (fbe ill. 'defined mp .iS probably .the result of "a mixture of confomiational isomers· 
. whicil.is~cleariy'fucli&t~d-fu·the htan<l I3c:NMR, spectra-ot"this compound~)· .... · 

Example23 
. . 

. 1-Q-Chloi;opropyp+c ~flµprop_henyl)-5-f 4-pf9dyll~midazo_le 
(See also Example 2 above for alternative method of preparation) 
a) 4 -Fluorophenyl-tosylmethylfonnamide 

25 To a solution of toluene sulphlnic acid sodium salt hydrate (120g) in water (750 
ml) was added concentrated sulphuric acid (16ml). Dichloromethane (500f!J.1) was 
added and the. organic and aqueous layers were separated; the aqueous layers being 
extracted with dichloromethane (2x200ml). The combined organic extracts were dried 
(Na2S04) and evaporated to dryness to yield the solid sulphinic acid (71.79g, 0.4? 

30 mole). This was added to p-fluorobenzaldehyde (57.04g, 0.46 mole) and fonnamide 
(62.lg, 1.38 mole) and the re8ulting mixture was stirred with camphor-10-sulphonic 
acid (21.3g, 0.092 mole) at 60-65°, under nitrogen for 22 hours. A solution of sodium 
·bicarbo~ate (33.6"g, 0.40·mole) in water-(400ml) was added-to the ice-cooled solid·· 
product which was broken up atid stirred for 30 minutes. The crude product was 

35 ·collected and washed with acetone (220ml) and then ether (3x220ml) and dried to yield 
the desired product, 91.5g, 64.8%. 

b) 4-Fluorophenyl-tosylmethylisocvanid~ 

To a suspension of the compound of the previous step (3.22g, 10.5 mmole) in 
dimethoxyethane (2lml) stirring at-100 was addeCl phosphorus oxychloride (2.36ml, 
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addM drop\vise over 10 minutes and the reaction mixture was poured into saturated 
sodium "bicarbonate solution (lOOml) and the oily product was extracted into 

... dic_hlor9m~_th.ane (2x~Oml). 'IJ1e org~~~ ~xtl1lcJs .~ere .ey4p.or~~Q. ~o yi~J.9 .a, ~J.a~}\ .oil .......... . 
5 (3.5lg) which was eluted from Grade ill basic alumina (60g) using dichloromethane. 

The combined product fractions were evaporated and ether added to crystallize ihe 
desired product, l.735g. 57%. 

c) 1-C3-Ch1Qropropyl)-4-C 4-fluorophenyn-5-( 4-pyridyD-imidazole 
10 To· a solution of the compound of the previous step (l.183g, 4.09mmol) and the 

compound of example 2(a) (l.122g, 6.15mmole) in dimethoxyethane (lSml) at ambient 
temperature was added dropwise over 10 minutes a solution of DBU (0.67ml. 
4.5lmmole) in dimethoxyethane (lOml). The reaction mixture was stirred at ambient 
temperature for l-l/2hours and then evaporated to leave an oil which was elµted from 

15 ·Grade n:r bas_ic 8.Iuniina (IOOg) to yield the desired' product, l.096g, 85%. 

Example24. 

1-r 4-C 4-M0111holipyl)butyll-4-<4--fjuorophenyll-5-C 4-:Pm_dyniqiiQa,zole 
a) . +< 4-Mowholi~olbutyl"'-l-ptha1imide ., . , . .. . . 

20 · · '4-B.romob'ut).1-i~ptliilimide csX> g, 11.7·n{mo1f~cfn1otphoiine (io mt.Y~ere ,- . 

25 

30 

35 

combined and stirred for 3 h, diluted with Et20 (200 mL), and filtered~ The solid was 
washed with more Et20 an.d the combined filtrates were extracted with 3 N HCI ·(3 x 
25 inL). The combined ·acid phases were washed with Et20 (3- x 50 inL), .layered with·· 
EtOAc and made basic by the addition of solid K2C03 til the foaming stopped .and then 
10% aq NaOH was added til the pH was> 10. Extraction with EtOAc (3 x 100 mL). 
drying. (K2C03), concentration and flash filtration 1 L silica wash first with 0 - 4% 
MeOH in CH2Cl2 and then elute product with 4%_MeOH and 1 % Et:;N in CH2Cl2 to 
afford 5.52 g (54%) of the title compound as a white solid. 
b) 4-C 4-Mm;pholinolbutylamine 

The compound of example 24 (a) (1.0 g, 3.47 mmol), hydrazine monohydrate 
(190 µI, 3.82 mmol) and CH30H (20 mL) were combined and stirred at 23° overnight 
The CH30H was removed in vacuo and the resudue was concentrated to dryness from 
EtOH. The residue was combined with 2N HCl (20 mL) and stirred for 2h, filtered and 
the solid was ~ashed ·with :H2b. The combined filtrates-were concentrated in vacu·o 
and reconcentratedfrom EtOH twice to give a white foam which ·was dlSSolveci ill 3:1 
CH202'CH30H. and stirred with solid K2C03 for 5 min and filtered. The filtrate was 
concentrated to afford 0.535 g (80%) of a brown oil. la NMR (CD3Cl): 3.7 - 3.2 (m, · 
6H), 2.7 - 2.2 (m, 6), 1.6 - 1.3 (m, 6H). 
c) Pyridine-4-carboxaldehyde r 4-C 4-momholinyDbutyllimine 
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24(b) as the amine the title compound was prepared as a light yellow oil (100%) con­
taining 30% of aldehyde based on lH NMR. lH NMR.(CD3Cl): 8.60 (d, J = 6 Hz, 2H), 

,_. . .?}9j(s_,_p~.)~ _7_.51_ (_Q. J_~-~ ?f•.:fffk3·~ ,._. ~,_? (m,_6H!.1.2._5 -~_ 2_.2 (rn, 6), 1.7 - 1.4 (m, 4If). 
5 d) I 1-f 4-( 4-Morpholinyl)butyll-4-( 4-fluorophenyn-5-( 4-p:yridyl)imidazole 

10 

1_5 

Following the procedure of example l(d) except using the compound of 
ex~ple 24(c) as-the imine afforded the title compound (38%). mp= 103 - 1040. 

: 
i 
i i Exarople25 
I 

1-Cjcloprg~yl-4-C 4-fluorophenyll-5-C 4·pyridy~)imidazole 
a) Pyridine-4-carboxalgehyde cyclopropylimine 

i Following the procedure of example l(c) except using a 100% excess of the 
vola~e cyclopropylamine the title compound was prepared as a light y~llow oil 

· ClOOf&). _ lH NMR (CD3Cl): 8.65 (d, J =:6 Hz, 2H), 8j40 (s, IH), 7.51 (d, J = 6.Hz, 
I -. 2ij), ;3.07 (i:n,, IH), 1.01 (m, 4H) 

b} i I-Cyclopropyl-4-( 4-fluorophenyn-5-C 4-gyridyl)imidazole 
I ! 

i The compound of the previous step (20 mmol); the compound of example l(b) 
_ (~.6~~~ ~2 -~_mo9_, and_~H2Cl2 _(20 mL) \\'ere coole~"t~ 00 and T,BD (2.84g,_~? minol) 

, • _. wa.$ •dded;- Stirred-· at s0 .. fot,2h, 230_.for-48h ·and· refluxed for.-4 .h. The crude·reaction-1 - • - - . 

20 was ~ash filtered through a sintered glass funnel filled with silica ( 1 L of silica) eluting 

25 

30 

with b · 4% CH30H in CH2Cl2. Crystals from hexane/acetone to afford 839 mg (15%) 
mp .4 129~0- ~2~.so. 

' 
i Example26 

1-1sryJ+c 4-fluoronh!lllyl)-~-< 4-pnidyJ)jmjdazo1e 
a) Pyridine=4-carho0ajdehyde isopropylimine 

i Following the procedure of example l(c) except using isopropylamine as the 
amin~ the title compound was prepared as a light yellow oil (100%). lH NMR 

i 
(CD3Cl): 8.67 (d, J = 4.4 Hz, 2H), 8~27 (s, IH), 7.59 (d, J = 4.43 Hz, 2H), 3.59 (m, 

I -
lH), 1.27 (d, J = 6.3 Hz, 6H). 

b) 1-Isopropyl-4-<4-fluorophenyD-5-(4-pyridyDimidazole 
Following the procedure of example l(d) and substituting the imine of the 

I 
. pre~ous step the compound was prepared using a modified work -up of flash filtration 
-of th~ c~de reaction through silica (0 -· 4% CH30Hin CH2Cl2). _Two crystallizations 

35 - from!hexane /acetone afforded the title compound as tan needles (30 % ). mp= 179.0 -
179.5. 

Example27 
1-Cyclopropylinetb.yJ-4:!4:fluorophenyl}-5-C 4-pyridyDimidazole 



Following the procedure of example l(c) except using cyciopropylmethylamine 

as the amine the. title compound was prepared as a light yellow oil (100% ). I H NMR 

(~D3Cl).: 8 .. 6~ (d, J .= 4.~, a~. ifi), -~ .. 2,7.{$,Jtl)~J.q,~_{o.J:::; 4.,s,.:~~!,2.W1. ~.5.5 (d,).;; · .... 

5 6.7 Hz, 2H), 1.15 (m,lH), 0.57 (m, 2H), 0.27 (m, 2H). 

b) l-Cyclopropylroethyl-4-(4-fluorophenyD-5-(4-pyridyllimidazole 

Following the procedure of example l(d) substituting the imine of the previous 

step the compound was prepared using a modified work up of flash filtration of the 

crude reaction through silica (0- 4% CH30H in CH2Ch). Crystallization from hexane 

10 /acetone afforded the title compou.nd as white ~akes (62 %). mp= 162.0- 162.5. 

Exampl' 28 

1-tert-Butvl+( 4-fluorophenyll-5-( 4-pyridyll~idazole 

a) . · · Pyridine-4-carboxa}dehyde tert-butylit\line 

15 Following the procedure of example l(c) ~xcept using tert...butylamin~:as the. --·,· 

amine the title compound was prepared as a li~ht yellow oil (100%). lH NMR 

(CD3Cl): 8.67 (d, J = 4.4 Hz, 2H), 8.22 (s, lll), 7.61(d,J=4.4 Hz, 2H), 1.30 (s, 9H). 

b) 1-tei-t-Butyl-4-! 4-t1uorophenyll-5-C 4-pyrid)rllimidai6Ie 

Following·the procedure· of exainple:l { d) ·subst.lttitlri.g·:the'imine' of -tlie,-previo~·s 
20 step the compound was prepared using a modified work up of flash filtration of the 

crude reaction through silica {0 - 4% CH30H in CH2Ch) .to afford the title compound 
. . 

as tan powder (16 %). mp= 199.0 - 200.0. 

Example29 

25 l-{2.2-Diethoxyethyll±( 4-fluorophenyll-5-(4-pyridy}}imidazole 

a) Pyridine+carboxaldehyde 2.2-diethoxyetbylimine 

· Following the proCedure of example l(c) except using 2,2-diethoxyethylamine 

as the amine the title compound was prepared as a light yellow oil {100% ). 1 H NMR 

(CD3Cl): 8.69 (d, J = 4.4 Hz, 2H), 8.28 (s, lH), 7 .60 (d, J = 4.4 Hz, 2H), 4.82 (t. J = 

30 5.1 Hz, lHO, 3.82 (d, J = 5.1 Hz, IH), 3.72 (m, 2H), 3.57 (m, 2H), 1.21(t,]=7.3 Hz, 

6H). 

b) 1-(2.2-Diethoxyethyll-4-( 4-fluorophenyD-5-{ 4-pyridyDimidawie 

f'.olloWingthe·procedure of example l(d) substituting· the imine of the previous 

step, the compound was prepared using a modified work up of flash filtration of the· 

35 crude reaction through silica (0 -4% CH30H in CH2Cl2), followed by a flash 

chromatography through silica with 25 - 100% EtOAc in hexane) and trituration of the · 

resulting gum with hexane afforded the title compound as a white powder (47 %). mp 

= 69.5- 70.0. 
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1-FOrmylmethyl-4-( 4-fluorophenyl).,5-C 4-pyridyl)irnidazole 
The product of example 29(b) (400 mg, 1.13 mmol), H20 (10 mL), acetone (IO 

, . , , ·.- .:rn~) .~.4 c;9_n~d..~2S.04 .(l m.L))v~r~ cqmbi,n~q and retlux~d fqt.24: h .. Most of the 
5 acetone was removed in vacuo and the residue was combined with 5% aq Na2CO~ and 

10 

15 

. . 
extracted with EtOAc, dried (Na2S04), concentrated and crystallyzed from acetone to 
afford the title compound as a white powder (47 %). mp= 118.5 - 119.0. 

Example 31 
1-Hydroxyiminylmeth):'.l-4-C4-fluorophenyll-5-J4-pyridyllimidazole 

The product of example 30 (317 mg, 1.13 mmol). hydroxylamine hydrochloride 
(317 mg), pyridine (317 µL), and EtOH (3.8 mL) were combined and refluxed for 3h, 
poured into 5% aq Na2C03, and extrac~{with EtOAc, dried (Na2S04) and flash 
filtered·in·~.0.~·4% MeOH in CH2Cl2 to ai[dtct 261 mg (78%) of the title compoiJ.nd as a.· 

._ ___ : 
~f~ 

white powder. mp= 184.0- 185.0. 

Exatnp1e32 
l-Cyanomethyl4-c+fluoropbenyll-5-C 4-pyridyllimidazole 

: .) 

·. . . · ·,The prod~ct.:of example 31.(250 ·.~g; 0;84 mmol), and--CuS04_ were combined· 
20 and refluxed for 2h. The cooled reaction was flash filtered in O - 4% MeOH in CH2Cli 

to afford 129 mg (55%) of the title compound as a white powder. mp = 132.0 - 133.0. 

Example 33 
1-£3-C 4-MotpholinylhKOpyl)-4-( 4-fluorophenyl)-5-(2-methylpyrid-4-yl)imidazole 

25 a) f:Fonnyl-2-methylpyridine 
4-Cyano-2-methylpyridine was prepared from 2,6-lutid.ine asccording to the 

literature procedure (Yamanaka.H.; Abe,H.; Sakainoto,T.; Hidetoshi. Hiranuma,H.; 
Kamata,A. Chem. Phann. Bull. 25(1), 1821 - 1826.). A solution of 4-Cyano-2-
methylpyridine (0.367 g, 3.11 mmoL) and toluene {3.5 mL) was cooled to -78° and 1 

30 M DIBAL in hexanes (3.6 mL. 3.6 rnmoL) was added dropwise via syringe pump (T < 
-650). The reaction was wanned to 5° and stirred for 5 min, recooled to -78° and 
CH30H (3.5 mL) was added (T < -4QO), warmed to 50 and stirred for 5 min and then 

·. 25% aq Rochelle's salt was added, stirred for 3 min and then acidified to< pH 1.0 with 
10% aq H2S04.· The aqueous was made basic by the addition ·of solid KzC0:3 and 

35 extracted with EtOAc. The extracts were dried (Na2S04) concentrated ·and filtered 
through silica (2% MeOH in CH2Cl2) to afford 253 mg (84%) of aldehyde. Hl NMR 
(CD3Cl): d 10.05 (s, IH), 8.74 (d, J = 7Hz. 1 H). 7.51 (s, lH). 7.30 (d, J = 7Hz, IH), 
2.68 (s. 3H). 

b) Pyridine-4-carboxa]debyde (3-C 4-momholinyllproJ,lyllimine 
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reacted by ihe procedure of example l(c) to afford the title compound as a yellow oil 

containing no ~dehyde based on lH NMR. lH l\1MR (CD3Cl): d 8.57 (d, J == 5.0 Hz, 

_lH), ~-?5 .(~ •. I.fl), 7.46 .(s, lH;); 7-~9.(4., J=:::-~J;l, H~~JH)., 3,.71. (~ •. ,6Ji), 2,..90. (s~ 1H); ....... -._, 

5 2.35 (m, 6H}. 1.90 (m, 2H). 

c) 1-[3-C 4-Momholinyl)prop~D-4-( 4-fluqrophenyl}-5~<2-methylpyrid-4-

yl)imidazole 

The compound of the previous step, and the compqund of example l{b) were , 

reacted by the procedure of example l(d) to afford the title compound as a white solid 

10 (51% from 33 (a)]. mp= 116-1170 

Example;14 

4-C 4-Fluorophenyl)- l-f3-( 4-m0111holinyllpropyll-5-(2-chloropyridin-4-yU. imidazole 

a) 7-Chlompyridin~-4-carboxaldehyde f3-C4-morpholin}1lptopyjli.tn"ine-· 

15 2-Chloropyridine-4-carboxaldehyde was: P.repared as descnbCd m the patent 

literature (WPI Acc. No. 88-258820/37) whose disclosure is incorporated by reference 

in its entirety herein. This aldehyde was reacted with 4-(3-aminopropyl)morpholine by 

the proced'are of example l(c) to 'afford the tltl.e compound ~-a Yellow. oil}HNMR _ 
. ,_(CD3CJ.): B BAS (d,.J = 5~1Hij-H:l),:-8;-24(s,1H)~-7;6J.(s>tm:i·7:5L(d:~ y~:s:.iii~~:ilik: : .. ·. 

20 3.72 (m, 6H), 2.44 (m, 6H), l.91 (m, 2H). 

b) 4-C4-Fluorophenyl):'. 1-r3-C 4-morphqlinyl)propyll-5-{2-chloro-4-pyridinyl). 
. . . 

imidazple .. _-. 

Following the procedure of example 1 ( d) except using the compound of the pre­

vious step as the imine afforded the title compound as a white solid (93% ). mp = 97 .0-

25 97.50. 

6zample35·· 

4-C 4-Fluorophenyll- J-[3-c+moq>holinyDpropylJ-5-(2-aminQ-4-pyridinyll im idazole 

a) 4-C ~Fluorophenyll-1-[3-C 4-rnomholinyllprcwyIJ-5-C2-hydrazinyl-4-pyridinyn 
30 imidazqle 

The compound of example 34{b) (872 mg, 2.18 mmoL) and 98% hydrazine 

hydrate (9 mL} was heated to 1150 (bath temp} for 20 h. cooled to 230 combined with 

H20 (20-mL} and extracted with EtOAc · (3 x 25 m~). The combined extracts were 

washed with·H20 (2 x 20 mL) and dried (Na2S04). Flash chromatography with'O;. 8% 

35 CH30H in CH2Cl2 afforded 547 mg (63%} the title compound a8 a white solid. 
b) 4-C 4-Eiuorophenyn-1-[3-C 4-moq;iholinyl)propyll-5-C2-amino+pyridinyll 

imidazole 

The compound of the previous step (100 mg, 0.25 mmoL), absolute EtOH (15 

mL) and Raney Ni (0.4 mL) were shaken under Hi (45 psi) for 4 h. Flash 



. ~) ·:.·· ... 

. . . · . . ~. . : ·::' ~ ·:· . . . . .. 
-··: ... · ... ·· .. '· -. -.... . .· .. • . · ·' . . ' .. - . 

_·_:. :"·: .... ;: . . . . ··, ..... 
·: .... 

· .... 
'•' . ··. .... . -" -·. . . hbio~~t~~ci~ti~,~-i~··6-s%· ·~a:30H:·ii16~~c12 ariorct~ct 34 ru.g -(~?o/;;· ihe··~u~ · .. . ~-.. · . ·: .. :-: .. --:- . :. 

. · ... -

compound as a white solid. mp= 186 - 187°. 

. . . . ,,. , .. _ ... . _ ... _ .. , . _ E15!1fQple ~6, 
5 1-{4-Carboxymethyl)propyl-4-(4-fluorophenyn-5-{4-pyridyl)imidazole 

a) Pyridine-4-carboxaldehyde ( 4-carboxymethylbutyDimine 

Pyridine-4-carboxaldehyde was reacted with methyl-4-aminobutyrate by the 
procedure of example l(c) to afford the title compound ~.a yellow oil. lH NMR 
(CD3Cl): B 8.69 (d, J = 5.8 Hz, 2H), 8.27 (s, lH); 7.56 (d, J = 5.8 Hz, 2H), 3.70.(m, 

10 2H); 2.31 (t. J = 8.0 Hz, 2H), 2.08. (m, 2H). 

15 

b) 1-(4-Carboxyrm;thyl)propyl-4-( 4-fluorophenyn-5-C 4-pyridyllimidazQle 

Following the procedure of example 1 (d) excepi using the compound of the 
previous step as the imine afforded the title compound as a white solid (35% ). mp·= 
69.0 - 10.00. ' ... 

Example37 j 
l-C4-CarboxypropyD-4-C 4-fluorophenyl}5-( 4-pyridyDimidazole 

The compound of example 36 (100 mg, 0~29 minol), CH30H (3 inL), and THF. · 
(15mL):wereco~binechmd=the.resulting soln,Wrui treated-with a soln ofLiOH (62 . 

20 nig. 1.5 mmol) ill H20 (1.5 IilL) and the resulting soln was stirred for 4 h. Removal of 
the volatile compounents in vacuo, redisolving in H20 and chromatography through 

HP-20 witp lfiP:til th~ ~lu~ were neutral and ihen witµ 2S% aq MeOH afforded the 
title compound as the lithium salt; 65mg (68%). ES(+) MS m/e = 326 (MH+). 

25 Example 38 

1-C3-Camoxymethyll¢lyl-4-C4-fluoropbenyD-5-C4-pyridyllimidazole 

a) Pyridine-4-carboxa1dehyde (3-carbox;ymethyDeiliyl imine 

Pyridine-4-carboxaldehyde was reacted with fl-alanine methyl ester by the 
procedure of example l(c) to afford 'the title compound as a yellow oil. lH NMR 

I 

30 (CD3Cl): S ~.68 (d, J =4.5 Hz, 2H), 8.33 (s. lH); 7.57 (d. J = 4.5 Hz, 2H) •. 3.93 (t,. J = 
6.7 Hz, 2H),; 3.68 (s, 3H), 2.76 (t. J = 6.7 Hz, 2H), 

I 

b) 1-(31Carboxymethylletbyl-4-C 4-fluorophenyll-5-( 4-pyridyDimidazole SB-

219302. ; 

Foll~wing the procedure of example·l(d) except using the, compound of the 
35 previous s~ as the imine afforded the title compound as a white solid (40% from the 

amine). mp'= 119.0 - 120.oo. 

Exa.mple39 
1-(3-CarboXylethyl-4-( 4-fluorophenyl)-5-C 4-pyridyDimidazqle 

rl THTS SHl~J~l ·H.~S BEE~-ul 
REPLACED 
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37 fo afford the title compound as the lithium salt; (71 %). ES (+)MS m/e = 312 

(MH+). 
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5 Exarople40 

1-0-B enzylpiperidin-4-yll-4-C 4-fluorophenyn-5-(4-pyridyll imidazole 

a) Pyridine-4-carboxaldehyde O-benzylpiperidin-4-yDimine 

Pyridine-4-carboxaldehyde was reacted with 4-amino-N-benzylpiperidine by 

the procedure of example l(c) to afford the title compound as a yellow oil. 

10 b) l-Cl-Benzylpiperidin-4-yll+C4-fluoro~henyll-5-C4-pyridyll imidazole 

15 

Following the procedure of example l(d) except using the compound of 

example the previous step as the imine afforded the title compound as a white solid 
I 

(9% from the amine). ES (+)MS m/e = 413 (Mf.J+). 

Exarople41 

5-C2-Aminopyrimjdin+yD-4-C 4-fluoro_phenyD-l ~f3-C 4-MomholinyllpropyIJ 

imidazole 

a) 2-Aininopyrirnidine.:fcarboxa}dehyde·dirriethyl ·iicetal . . . 
-Dim~thyifomiairitde··dfuiethylaceiil ·(5$· mL/.6°:4i-·in:ai)·,; arid: p~~d-~; ., ·-.: ... 

20 aldehyde dimethyl acetal (50 mLt 0.41 mol) were combined and heated to 100° 

for 18 h. Methanol was removed in vacuo to afford an oil. 

A solution. ofNaOH (18 g, 0.45 mol) in H2Q.(SO. ~L).-·w~addecJ:to· 

guanidine HCl (43 g, 0.45 mol) in H20 (100 mL), and the resulting solution was 

added to the above described oil. The resulting mixture was stirred at 23° for 48 

25 h. Filtration afforded 25g (50%} of the title compound. 

b) 2·Aminopyrimidine-4-carboxalde1Jyde 

The compund of the previous step (1.69 g,"·10 mmol) and 3N HCl (1.3 

mL, 22 mmol) were combined and heated to 48° for 14h. cooled, layered with 

EtOAc (50 mL) and neutralized by the addition of NaHCD3 (2.lg, 25 mmol) in 

30 small portions. The aq. phase was extracted with EtOAc (5 x 50 mL) and the 

extracts were dried (Na2S04)and concentrated to afford 0.793 g (64%) of the title 

compound. 

c) · 2-AmiilQpyrimidine-4-carboxa]dehyde fJ-!4-M·owholinyDpropyllirnine · 

The compound of the previous step and 4·(3·aminopropyl)motpholine· 

35 · were reacted by the procedure of example l(c) to afford the titl~ compound as a 

yellow oil. 

d) · 5-C2-An1inopyrimidin-4-yll-4-C 4-fluorophenyll-l-[3-C 4-

Momholinyllpropyll irnidazole SB 216385 

.· ~ . -: . . . 



,. .·,·.~~ .. · •. · WO :95102591· . · · .. , ·. · ·, 
. . 

. ~- ,_ ....... - ·_·.:;:_-=- ... . ~ _:~ ·-:.:·:---. - : .. ' ·-. - - • . ,• 

• ! ' ." . : · . ." . ,' '.··". • • ... • .·' .., •,; • I • :_ • • of' • •• • • .; • ' • ": • .. . • •" • -:~ .; • • • •" • • • • • • 

.-.:·:: ·.· ... :· ... · 
. . . _:. . . . ~- ~-

:-· :-.-· -. 

. ~. 

- ":Fa1i6wiii.g the protedure cif ex~plri 1'( d) ~~cept us~ithe coinp·otind of 
the previou5 step as the imine afforded the title compound as a white solid. lH 

NMR (CD3Cl) o 8.15(d, J = 5A Hz, IH), 7.62(s,1H), 7.46 (dd, 2H), 7.00(t, J = 
_ ~-B~~.,7.~)~ .650.(d.~ 1 =:: .. ~.4 !Iz, JfD~ ~~09.(b.rq(s •. Z.Ji), 4.~4(t,J=.7.0 Hz. 2H;), 
'• .. '• ,• .. _ .. - ....... - .. . . .. . •' . . .. . . . 

5 3.69(m, 4H), 2.35(brd.s,4H), 2.24(t, J = 4.6 Hz, 2H), l.84(m, 2H). 

Exarople42 

5-(2-Amtno;ayrimidin-4-yl)-4-( 4-fluQrophenyD-1-( l-benzylpiperidin-4-yllimidazole 

a) 2-Aminbpyrimidine-4-carboxaldehyde O-benzylpiperidin-4-yllimine 

10 2-Aminopyrimidine+cart:>oxaldehyde and 4-aminobenzylpiperidine were . 

reacted by the procedure of example l(c) to afford the title compound as a yellow oil. 

b) 5-(2-Aminogyrimidin-4-yD+< 4-fluorophenyll+ J-(J-benzylpiperidin-4-

yllimidazole j:: 
· ·f~llowing the procedure of exaxifi!e l(d) except using the compound of the 

15 previous ·step as the imine afforded the ~e comp_ound as a white solid (3.1:% frQni . .:the 

amine). mp= 227 - 2290 (dee). ~, 

Exarnple43 

. 5-"C2-Ammop)'iimidm-4-yll4;£4,.:fluorophenyll:.l :'c2~pr6pyl)iirtidazo1e · 

20 a) 2-Amino:ayrirnidine-4-carboxaldehyde· C2-propynimine 

2-Aminopyrimidine-4-carboxaldehyde and 2-propyl amine were reacted by the 

pr~ur.e .of ex~ple l(c>°to ~ford the· title compound_ as.a yellow~-
b) 5-C2-Aminopyrimidin-4-yll-4-(4-fluorophenyn-t-C2-propyDiroidaT..Ole 

Following the procedure of example 1 ( d) except using the compound of the· 

25 previous step as the imine afforded the title compound as a white solid (32% from the 

2-aminopyrimidine aldehyde). mp= 201 - 202°. 

Exarnple44 

5-C2-Amin0l1yrimidin-4-yll-4-C4-fluorophenyD-l-Ccyclopropylmethyllimidgole 

30 a) 2-Aminopyrirnidine-4-carboxaldehyde (cyclopropylmethyDimine· 

2-Aminopyrimidine-4-carboxaldehyde and 2-cyclopropylmethyl amine were 

reacted by the procedure of example l(c) to afford the title compound as a yellow oil. 

b) , 5~(2-Aminopyrimidin-4-yl)-4-( 4-fluorophenyll- l ·Ccyclopropyl-u 

· methyllimigazole · 

35 Following the procedure of example l(d) except using the compound of the 

previous step as the imine afforded the title compound as a white solid (38% from the 

2;.aminopyrimidine aldehyde). mp= 187 - 1880. 

--·· ...... 
... -· 
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.. · Example45 

5-(Z.:An1inopyrimidin-4·yn-4-(4-fluorophenyll-1-0-carboxyethyl-4-

piperidinynimidazole 

. a) .... _ . 2-Am inS2Pyrimigine-4.,.carboxaldehyde .O.,.carbgxyethyJ .. 4-.piperi~inynimine 
5 2-Aminopyrimidine-4-carboxaldehyde and 1-carboxyethyl-4-aminopiperidine . . 

were reacted by the procedure of example l(c) to afford the title compound as _a yellow 
oil. 

b) 5-{2-Aminopyrimidin-4-yl)-4-(4-fluorophenyll-l-O ..carboxyethyl-4- : 
piperidinyDimidazole 

10 Following the procedure of example l(d) except using the compound of the. 
previous step as the imine afforded the title compound as a white solid (26% from the 
2-aminopyrimidine aldehyde). mp= 216- 2180 (dee); 

Example 46 , 1 
15 5-C2-Aminopyrirnidin-4-yll-4-C4:fluorophenyn-t-f 4-pjperidinyn imidatOle . : .: · · -

~) 2-Aminopyrimidine+carboxa1dehyde O-t-butpxycarbonyl-4-
aminopiperidinyllimine 

2-Aminopyririlidine-4-carboxaldehyde prepared in Exampl~ 41 !Uj:d ·1-t-
-butoxycamonyI+aminopiperidine· (Mach R. ·H:/etai~~- f Meii/cfi¢rii>a6·; ~3701 -· · .. 

20 3719, 1993) were reacted by:the procedure of example l(c) to afford the title 
compound as a yellow oil. . . 

. b). . 5-C4-C2-Amino)pyrimidinyll-4-C4-fluoropbenyl).:1 .. q-t-..... 
butoxycarbonylpiperidin+yD imidazole 

Following the procedure of example l(d) except using the compound of 
25 the previous step as the imine afforded the title compound as a White solid (27% 

from the 2-aminopyrimidine aldehyde). 
c) 5-f 4-C2-Arnina)pyrimidinyll-4-( 4-flyoroplienyl>-1-( 4-piperidinyl) 
imidazole SB-2200i5_ 

The compound of the previous step was combined with 4N HCI in 
30 dioxane (5 mL). stirred 10 min, diluted wilth EtOAc and the liquid phase was 

decanted. The solid was twice washed with Et20 (25 mL) and the liquid phase 
was decanted. Further trituration with EtOH {abs} and then Et20 and drying· in 
vacuo at ~()O for 16 h afforded the title compound as the trihydrochloride °(41%). 
mp = 265 - 275 (dee) 

35 

Example47 
1-Methyl-4-phenyl-5-C 4-pyridyllll11idazole 

Follo~g the procedure of example 48(b) except using benzonitrile the title 
compound as a white solid. mp= 161-1620. · 
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Example 48 ·. ··:· ··. 

1-Methyl-4~[3-(chlorophenyDl-5-f 4-pvridinyllimidazok 

a) N-< 4-Pyridinylmethyll-N'-methylfonnamid~ 
-.- . ·· ... _, Tq:a s_Wriµg,,~gqn-:pwg~d.sol~.tion. of4-:picqlyl.Ghloride.,HCl (-~5g, 91.4 

5 mmo9 and N-methylfonnarnide (53.4 ml, 914 mmol) in 300 ml of TI-IF at room 

temperature was added portionwise over a 20 minute period a suspension of 80% NaH 

(S.48g, 183mmol).- The reaction was quenched 18h later by the addition of ice, 

partitioned between methylene chloride and water, washeci with water and brine, dried 

over MgS04, and evaporated to dryness to afford a dark oil. Flash chromatography on 

10 silica gel provided 10.Sg (76%) of the titled co~pounds a pale yellow oil. TLC; silica 

gel (9: 1 CHCI/ MeOH) Rf= 0.54. 

b) 1-Methyl-4-f3-Ccblorophenyl)1-5-f4-pyridinyllimiciazole 

To a stirred, argon-<:overed, _7go·_solution of.lithium diisopropylamide · 

15 (hereinafter LDA), (prepared from 11.2 ml of d~opropylamine fu:itSO nil1of _ 

tetrahydrofuran (hereinafter TIIF) by the addition of 31.9 ml of 2.5M n-BuLi in 

hexanes) was added dropwise the product of the previous reaction (lOg, 66.5 mmol) in 

- 100 IilL of 1HF. Stirring of the resultant reddish-,brown soluticin:Was .continued at -780 · 

- '_ -r-Or 40 :min -:at,wbich i>oinf i~hlorobenzoiiitrue· (18.3g, 133-mmot) fu 100 mt' -fHF. was 
10 added dropwise over 20 min~ The reaction was allowed to warm to room temperature, 

stirred for lh and heated~ reflux for 12 h. The reaction was coole~ and worked up in 

_..,a manner similar to the Previous,.reaction~. Flash chromatography on silica gel provided 

2.15g of an oil which was crystallized by dissolution with heating in 10 mL of ethyl 

acetate. Following crystallization, the solid was collected, washed, and dried (0.4 mm 

25 Hg) to afford l.43g (8%) of the titled compound as a light tan solid. mp= 119-121 o. 

Example 49 ·. 

1-Methyl-4-C3-methylthiophenyl)-5-{4-pyridyDimidazQle 

Following the procedure of example 48(b) except using the compound of 

30 example 13(b) as the aryl nitrile the title compound was obtained as a white solid. ES 

(+)MS mle=281 (MH+) 

Example 50 

1-Methyl-4-C3-methylsulfinylphenyll-5-C 4-pyridyl)imidazole 

Following the procedure of example 14 except using the compound of example 

35 49 as the sulfide the title compound was obtained as a white solid. ES(+) MS m/e = 

297 (MH+) 

Example 51 

C+l-)±C4-Fluorophenyl)-1-f3-Cmethylsulfinynpmpyll-5-C4-pyridinyllimidazole 
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15 

example 11· as the sulfide and quenching with saturated aq NH40H afforded· the title 

compound as a white solid (0.87 g. 80%). mp= 122 - i230_ 

·.· ··. • • .•• : .... =. ~ • • :=··· •.··· : .. ·.··. ·: ; ... .; ;:-·.:-· .-·· 

Exiunple 52 

4-!4-FluorophenyD-l -[(3-methylsulfonyl)progyll-5-( 4-pyridinyDimidazole 

The compound of Example 51 (0.5087 g, 1.48 mmol) was dissolved in 

methanol (8 ml) and cooled to 0°C. The addition of trifluoroacetic acid (0.12 ml) was 

followed by the dropwise addition of meta-chloroperoxybenzoic acid (0.23 g. 2.22 

mmol) dissolved in CH2Cl2 (10 ml). After s~g for 1 h the solvents were 

evaporated. The residue was partitioned between H20 and EtOAc and the aqueous 

_phase was made basic by the addition of 2N NaOH. Th' organic phase was separated, 

dried (MgS04) and concentrated and the residue was ptjiliied by flash chromatography 

(silica gel, 5% MeOH/CH2CI2) to afford the title comptjund (0.37 g. 69%). mp= 146 - · 

1470 . j. . I 
I 

Example53 

l-C3-PhenOxypropylH:C4-fluorophenYll-5-{ ~pyridib.yDimidazole . 
. To a s~luticm-"ofthe~compoilndfrorri ex~p1~;2(bj,(o.22·g~:.7b·~rrici1y·in,. ·: .. · 

20 acetoititrile (10-ml) was added K2C03 (0.19g,1.40 mmol) and phenol (0.10 g. 1.05 

mmol). After stirring at 70°C for 24 h the reaction was dilu~d with_ H20. The organic 

phase was separated and concentrated and the resi4u,e was purified ·by.flash. ·. 

chromatography (silica gel, 5% MeOH/CH2Cl2) followed by recrystalization in hexane 

to afford the title compound {0.02 g, 8%) as a white solid. mp= 95 - 960. 

25 
Example54 

l-f3-(pbenylthiolprggyll-4-C4-flimropbenyll-5-C4~pyridinyllimidazole 

Following the procedure for example 3 except using thiophenol as the 

nucleophile, adding 2.2 eq K2C03 and omitting the Nal. The cooled reaction was 

30 diluted with 10% NaOH and the product was extracted with ether. Flash 

chromatography was followed by recxystaHndon from hexane to afford the title 

compound (0.13 g, 53%) as white needles. mp= 98 - 990_ 

Exampfo55 

35 1-[3-( 4-Momholinyl)propyll-4-( 4-fluoropheny1}5-(4-QuinolyUimidazole 

a) OuinoyJ-4-carboxaldehyde [3-C 4-MowholinyllpropylJirnine< 

Quinoyl-4-carboxaldehyde and 4-(3-aminopropyl)morpholine were reacted by 

the procedure of ex~ple l(c) to afford the title compound as a yellow oil. 

b) l-C3-C4-Momholinyllpropyll-4-C 4-fluorophenyn-5-<4-Quinolyl)imidazole 

·.·-.·· .. ,.. 
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preVious step as the imine afforded the title compound as a white.solid (48% ~ram the 

amine). mp= 139.5 - 140.0. 

. . . . . . . . . . ·, 

~ ExarnpJe 56 

10 

<+I-l-1-{3-Phenylsulfinylpropyn-4-C 4-fluOrophenyn-5-C 4-pyridinynimidazole 

Following the procedure of example 14 except using the compound from 
.example 54 as the sulfide and quenching with saturated aq NH40H afforded the title 

compound as a white s~lid. mp= 146.5 - 1480. 

Example 57 

1-(3-EthoxypropyD-4-C 4-fluorophenYl.l-5-C 4-pyridinyDimidazOle 

To a solution of the compouri'.if example t(b) (0.40 g, 1.26 mmol) in ethanol - -- . . 
25·ml)"was added sodium ethoxide <t¥lm1, 21 wt%1in ethanol)~ After refliixing 16·h · -··· 

15 the miXture was cooled, diluted with:F'I20 and extracted with EtOAc. Concentration of · 

the solvent and purification by flash @iomatogra~hy (silica gel. 5% MeOH/ CH2Cl~) 
afforded the title compound (0.05 g, f2 %). mp= 8S -860. 

'· · Example 58 

20 1-(3-Pheoylsglfonylpropyl-4-C 4-fluoropbenyll-5-C 4-pyridinyllimidazoJe 

Following the procedure for example 52 except using the compound from 
. - . 

example 5.6 8$ the sulfoxide and recrystalizing from hexane ~ollowing the 

chromatography afforded the title compound as white solid. nip·= 109 - 1100. 

~ ~~*n 
1-f3-C 4-Mon>holinyllpropyIJ-4-(3-cblorophenyD-5-C 4-pyridyDimidazole 

a) 3-chloropheoyl-tolylthiomethylisocyanide· 

Following the procedure of example l(a,b) except using 3--chlorobenzaldehyde 

as the aldehyde component the title compound was prepared. 

30 b) 1-£3-C 4-Mor:pholinyllpropyll-4-C3:ehlorophenyn-5-C4-pyridyDimidazole 

Following the procedure of example l(d) substituting the isocyanide prepared 
in the previous step the title compound was prepared. MS-DCI NH3 = 383 [M+H]. 

Example 60 

35 1-[3-C 4-Mor:pholinyUpropyll-4-0 .4-dichloro.phenvD-5-( 4-pyridyDimidazole 

Following the procedure of.example l(d) substituting the isocyanide prepared 

iii Example 67(a) the title compound was prepared. mp = 1060. 
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4-C 4-( 4-Auorophenyll-1-(3..:( 4-morpholinyDpropyll-5-Cpyrimi d-2-one-4-yllimidazole 

a) 2-Methylthiopvrimidine-4-carboxaldehyde £3-C4-

morpholinyl)prop~ll~min~.. . . . . . t.~ ...• : ... ·· .. · .. .. • • . ... :--·=·· .. J ~ 

5 Following the procedure of example l(c) except using 2-methylthiopyrimi-

dine-4-carboxaldehyde [Bredereck H. et al. Chem. Ber. 1964, 3407] afforded_ the 

title compound as a yellow oil. 

b) 4-C 4-FluorophenyD- l -[3-C 4-morpholinyllprogyll-5-<.pyrimid-2-one-4-

}dlirnidazole 

10 Concentrated aqueous ammonium hydr~xide (2 mL) was added to 4-(4-

fluorophenyl)-5-[2-(methylsulfinyl)-4-pyrimidinyl]-1-[3-(4-marpholinyl)propyl]­

imidazole (0.14g, 0.37 mmol) [prepared in Example 63]and the reaction mixture 

was heated to 150°C for 18 h. After cooling to ambient temperature, the. 

ammonium· hydroXide was decanted~ The residue was phrified by flash 

15 chromatography eluting successively with 4% an9 10% methanol in 

dichloromethane followed by suc_cessive elutions with mixtures of 90/10/1 and 

70/30/3 chloroformimethanol/concentrated ammonium hydroxide. Trituration 
with ether afforded the title compound as an off-white-solid ·co~03S ·g. ·24'%) . 

. ESMS (nifz): 38~f(M+·+H). . , . :. . .. : . . . . .·:-.· ·.· . :·. ·.· 

20 
Examplc62 

. . 
4-C4-Fluorophenyll-5-[2-Cmetbylthiol-4-gyrimidinyll-l~F3-C4-morpholinyllproID'l]-

imidarole 
. . 

Following the procedure of l(d) except using 2-methylthiopyrimidine-4-

25 carboxaldehyde [3-(4-morpholinyl)propyl)imine [prepared in Example 6l(a)] 
afforded the title compound as a yelow oil. lH NMR (CDCI3) o 8.3l(d, J = 7 Hz. 
lH), 7.64(s,1H), 7.46 (dd, 2H), 7.0S(t, J = 8 Hz. 2li), 6.81(d, J = 5 Hz, lH), 4.42(t. 

J = 7.5 Hz. 2H), 3.71(~ J = SHz, 4H), 2.58(s, 3H), 2.37(brd. s, 4H), 2.27(t, J = 6 

Hz, 2H), 1.8S(m, 2H). 

30 

Example63 

+< 4-Fl aorm>henyl)-5-[2-CmethylsulfinyJ l-4-11yrimidinyl1-1-f3-C 4-mombolinyD­

propyDimida.zOle 
A solution ofK2S20s (0.20 g, 0.73inmol) in water{5 rnL}was added to 

35 4-( 4-fluorophenyl)-5-[2-(methylthio )-4-pyrimidinyl]- l-[3-( 4-

morpholinyl)propyl]imidazole (0.20 g, 0.48 mmol) in glacial acetic acid (10 mL). 

After stirring at ambient t.emperature for 72 h, the reaction mixture was poured 
into water, neutralize.d with concentrated aqueous ammonium hydroxide and 

extracted four times with dicbloromethane. The organic phases were combined 

·THIS SHEET HAS BEEN 
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successively with 1 %, 2%, 4% and 10% methanol in dichlorometliane to afford 

the title compound as a clear oil (0.15 g, 73%). lH NMR (CDCI3) o 8.57(d. J = 7 

.. Hz~. I~}~ 7}7.(s'.~~.~). 7 '.4~ (cl~. 2~J •. 7)8(d,_J = 5 Hz, 1J1)7:.Q9(t, J:;: 9 Bz, 2H), 

5 4.56(m, 2H), 3.72(t, J = 5Hz, 4H), 3.00(s, 3H), 2.40(brd. s, 4H), 2.33(t, J = 8 Hz, 

2H), 1.94(m, 2H). 

Example64 

@-l-Cl-PropenyD-4-C4-fluorophepyD-5-{4-pyridinyDimidazole 

10 a) Pyridine+carboxa1qehyde C2-propenyl)imine 

Pyridine-4-carboxaldehyde and 2-propenyl amine were reacted by the 

procedure of example l(c) to afford the title compound as a yellow oil. 

b) <El- l-CJ-PropenyD-4-( 4-flugrophenyl)-5-C 4-pyridjnyl>imjdazole 

·Following the procedure of example l(d) except using the compound of the 

15 previous step as the imine afforded a mixture of $e title compound and 1-(2-

Propenyl)-4-(4-fluorophenyl)-5-( 4-pyridinyl)imidazole. Chromatography of the 

mixture with 0- 50% EtOAc in hexanes afforded the title compound (43%). mp= 

173.5 - 174.0 

20 

25 

Example65. 

1-(2.;PropenylK-C 4-fluorophenyll-S-C 4-pyridinyllimidazgle 

. Furthur chromatography of the mixture from example 64(b} afford;ed the title 

compound (54%). mp= 116.0- 117.0 

Bxample66 

5-IC2-N.N-Dimethylargino)pyrimidjn-4-yll-4-C 4-fluorophenyD-1-f3-C 4-moJllholinyD­

ru:opyllirnidazole 

Following the procedure of example 61 (b) except using aqueous 

dimethylamine afforded the title compound as a yellow glass. ESMS (m/z): 411 

30 (M+ +H). 

Example 67 

1-[3-( 4-Mm:pholinyl)propylJ-5.{4-pyridiilyU-4-C 4-(trifluororoethyDphenyllimidazol~ 

a) 4-trifluoromethylphenyl-tolylthiomethylisocyanide 

35 Following the procedure of example l(a,b) except using 4-trifluoromethyl-

benzaldehyde as the aldehyde component the title compound was prepared. 

b} 1-f3-C4-Mon>hQlinyl)propylJ-5-(4-pyridinylH=f 4-CtrifluQiomethyll­

phenyl]imjdazole 

.... - . 
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The ihifue·prepared'·in :Eiample l(c) wruireactect with the is~cy~de prepar~·tr · · 
in the prevfous step using the procedure of example l(d) to prepare the title compound 

was prepared. mp 1330. 

Example 68 

1-[3-(4-Moq>holinyllpropyl)-5-(4-pyridinyl).4-[3-Cttjfluoromethyl)phenyllimidazole 

a) 3-Uifluoromethylphenyl-tolylthiomethylisocyanide 

Following the procedure of example l(a,b) except using 3,trifluoromethyl­

benzaldehyde as the aldehyde component the title compound was prepared. 

10 b) 1-f3-C 4-Mm:pholinyl)prnpyll-5-(4-pyri~inyU-4-f 4-(trifluoromethyD­

phenylJimidazole 

15 

20 

25 

30 

The imine prepar¢ in Example l(c) was reacted with the isocyanide prepared 

in the previous step using the procedure of example l(d) to prepare the title compound 

was.prepared. ESMS =417 [M+H] 

Example 69 

I-CCyclopropylmethyl)-4-(3.4-dichlorophenyn-s-(4-pyridinyl)imidazole 

a) 3 .4-dichlorophenyl-tolylthiornethylisocyanide 

. Following the ,procedure of example -l(a,b) except usi.ftg;3·,~dichlorobenzalde~yd.e: as: 

the aldehyde component the title compound was prepared. 

b) 1-CCyclo:i;>ropylmetbyll-4-<3.4-dichlorophen,yl)-5-(4-pyridinyl)imidazole 

Following the pro~ure of example 1( d) ·s~?stituting. the imine. prepared in 

Example 27(a) and the isocyanide prepared in the previous step the title compound was 

prepar~. mp= 145.So. 

Exarople70 

1-CCyclopropylmethyD-4-C3-trifluoromethylphenyD-5-C 4-pyridinyllirnidazole 

Following the procedure of Example l(d) substituting the imine prepared in 

Example 27(a) and the isocyanide prepared Example 68(a) the title compound was 

prepared. mp = 105.50. 

Example 71 

1-(CyclopropylmethylH-f 4-fluorophenyll-5-(2-methylpyrid-4-yllimidazole 

a) 2-Metllylpyridine+carno:xaldehvde CcyclopropylmethyDimine 

Reaction of 4-fonnyl-2-methylpyridine [prepared in Example 33(a)] and 

35 cyclopropylmethyl amine by the procedure of example l(c) affords the title compound 

as a yellow oil. 

b) 1-CCyclopropylmethyD-4-C 4-tluorophenyD-5-(2-methylpyrid-4-yllimidazole 

Following the procedure of example l(d) except using the compound of the 
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5 1-£3-c+Morpholinyl}propyll-5-C 4-pyri dinyl}-4-(3.5-bismfluoromethylphenyD­

imidazole 

a) 3.5-bistrifluoromethylphenyl-tolylthiomethylisocyanide 

Following the procedure of example l(a,b) except using 3,5-bistrifluoromethyl­

benzaldehyde as the aldehyde component the title compound was prepared. 

10 b) l-f3-C4-MowholinyDpropy11-5-C4-gyriqinyll-4-C3.5-bistrifluoro-

15 

20 

fQetbylphenyllimidazoie 

. - . .-;Following the procedure of example l ( d) substituting the imine prepared, in · ., · · , .. · · = · · · .-

Example l(c) and the isocyanide_,p_~pared in th~ previous step the title eoinpound was 
::.;:;.;: 

pre.pared.- ·:mp== 136-S-137.50. ..:~: 
~ 
~-
-i;.;..:~ •. 

~~-~·:, 

~.-; Example T3 
5-£ 4-(2-AminQpyrimidinym-4-C 4-fluorophenyll- l-C2-carboxy-2.2-dimethylethyl)-

imidazole 
~ aJ · . '· .. ·. f?..;Artiinol)y[llnidihe4ca.ibo~aid~ilycte-<emy1 -3·witiw~ 2(-Z=<iimefuyl-

prOpionate)imine 

2-Aminopyrimidine-4-carboxaidehyde and ethyl 3-amino-2.2-dimethyl-
. . 

propionate, .··-. 

were reacted by the procedure of example l(c) to afford the title compound as a yellow 

oil. 

25 b) 5-[4-(2-AminopyrimidinyDJ..4-C4-fluorophenyll:l-C2-carnoxyethyl-2.2-

dimethylproPJll)imidazole 

Following the procedure of example l(d) except using the compound of the 

previous step as the imine afforded the title compound as a white solid (11 % from the 

amine). 

30 c) 5-C 4-(2-Aminogyrimidinyl)J-4-( 4-fluorophenyD-1-<2--carboxy-2.2·­

gimethylethyDimidazole lithium salt 

35 

The compound of example 73(c) was hydrolysed by the procedure of example 

37 to aff9rd the title compound as the lithium-salt; (67%)~ ES(+) MS m/e = 356. 

~ample74 

1-f 1-Fonnyl-4-pigeridinyll-4-( 4-fluorophenylr5-C4-pyridinyllimidazole 

l-(l-Benzylpiperidin-4-yl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole (100 

mg;prepared in Example 40) was dissolved in 10% fonnic acid/methanol under argon 

and palladium black (100 mg) mixed in 10% .fomiic acid/methanol was added. The 
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reictibrt~~ sti~eci-un·ct:;:-_~~~irat--~~~ ~ci-~~~itrii~ tor ~~tee~' h-o~s'. ·':'.fhk·fe~dtl~i--.. -- · -
mixture wa.S evaporated and the residue mixed in H20/ethyl acetate and the pH taken 

.to 10. The layers were separated and the aqueous phase extracted with ethyl acetate. 

_ The_cp~~iIJ.ed __ _prgiµUc_I_ay~r$. were.~vapo~re.d ~ct th~_re:sjduewasJlas.h: .. -.. -·- .. -- -~----.: - ,--, ·-- ._ . ,.--. 

5 chromatographed (silica gel/methylene chloride/methanol) to yield the title compound, 
- - . 

an off-white solid. ES(+) MS mle = 351 (MH+) 

6z;ample 75 

5-(2-Amino-4-:ayrimidinyn-4-(4-fluorophenyll-l-Cl-methyl+piperidinynimidazole 
10 a) 4-Amino-1-methylpiperidine 

l-Methylpiperidin-4-one (4.22 g, 37 mmol} and an ice cold soln of IN HCI in 

Et20 (37 mL, 37 mmol) were combined. Trituratio~ followed by evaporation of the __ _ 

Et20 at 23° under a stream of argon afforded the hy~rochloride. MeOH (114 mL), 
anhydrous Nli40Ac-(28.7; 373 mmol) and 3Amol~ular sieves were added. ~SiliTe:d::10·-~- ~ ~ __ _,_ · 

15 min and then NaCNBH3 (2.33 g, 37 mmol) was addM, and the mixture\vas stirred:--for- . 
I . 

1 h. Acidified to < pH 1. with concentrated HCI and jwashed with Et~O. The ~uiting 
mixture was made basic With 50% aq NaOH and extracted with EtOAc, dried (K2C03), 

and distilled (bp = 55 - 60°~ 15 mni) to afford 3.88 g (88%) of tlie title compound~ 
. . . . . .. . ~ 

. b) ·. - 2-Arninopyrimidine4caro6x-aldehyde'O.;.methylpiperidin4y11imhi~ - -\ -

20 2-Aminopyrimidine-4-carboxaldehyde and the compound of the previous step 

were reacted by the procedure of example l(c) to affotd the title compound as a yellow 
- . . 

oil. _ 

b) 5-CZ-Arninogyrimidin--4-y!>±C 4-flugrophenyn-I-Cl-benzylgiperidin± 

yDimidazgle Following the procedure of example l(d) ~cept using the compound of 

25 the previous step as the imine afforded the title compound after purification by 

chromatography on silica with 0 - 10% MeOH and 0 - 1 % Et3N in CH2Cl2 followed by 

fractional preciptation from MeOH with Et20; as a yellow solid (20% from the amine). 

mp::: 235 - 2370 (dee). 

30 Example 76 

l·C2.2-Dimethyl-3-m01:pholin-4-yl)propyl-4-(4-fluoropheriyn-S-£2-Amino-4-

pyrimidinyllimidazQ.le 

a) -N·Jl-Arnino-2.2-dimethylpropyDmorpholine 

2,2-dimethyl-3-N-morpholinyl ptopionaldehyde (Cheney,L.L. J. Amer. Chem. 

35 Soc. 1951, 73, p685 - 686; 855 mg, 5.0 mmol) was dissolved in ~t20 (2 mL) and 1 N 

HCI in Et20 (5 mL, 5 mmol) was added. Stirred 5 min and the Et20 was evaporated in 

a stream of Ar. The solid was dissolved in anhydrous MeOH (15 mL) followed by 

anhydrous Nl40Ac (3.85 g. 50 mmol), and 3A molecular sieves. Stirred 5 min and 

the~ NaCNBH3 (0.314 g, 4.0 mmoL) was added. Stirred 45 min and coned HCI was 
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residual mbcture was dissolved in H20 (15 mL) and extracted with Et20 (25 mL). The 

aq phase was layered with another portion of Et20 and .made basic by addition of 50% 

... _aq .N!3-95: µ_I,~. p!j_ lp,. .. -l?~Jr~tio..n, .. Y.4.tP. gi1,Q (3.~~.AP.Pl.q,. q~g..(~2~q3).B.AQ ... _ -

5 concentration afforded the title compound (86%). 

b) 2-Aminopyrirnidine-4-carbox~d_ehyde f3-( 4-Moq>holinyll-2.2-

dimethylpropyllimine 

2-Aminopyrimidine-4-carboxaldehyde and the pr~~uct of the previous step 

were reacted by the procedure of example l(c) to afford the title compou~d as a yellow 

IO oil. 

c) I-C2.2-Dimethyl-3-momholin-4-yl)propyl-4-C4-fluorophenyll-5-(2-Amino-4-

pyrimidinyl>imidazole. 

Following the procedure of example i(d) except using the compound of the 

previous step· as the imine afforded the .tftle::compound as a white solid (16%.:ftoi:n the 

15 amine). mp= 242 - 2450 (dee.). ··· ,: 

Example72 

4-C 4~FluorophenyU-5-C4-p:Yrldyll-l-(2-acetOXyethyDimidazo~ 

: 500 -nig "of 4-:.( 4,;Fiuorriplienyl~5.~(~pyrldyi)Iriiidazo1~ was,:drled;at scr c overmght in 

20 vacuo and added to a flask containing 20 ml of dried (sieve) dimethyl fonnamide . 

(hereinafter DMF) and treated with.NaH; (at 0 ·c), then stirred at ro~m tempei;ature, 

and.dropwise with .. ~-a~tqxy _eth,ylbr;omide.· After.three.days, th~ m~ture was poured . . . . . . ·. . 

into ice water, extracted into methyoene chloride, the organic phase washed with water, 

dried over sodium sulfate.and stripped in vacuo. Flashed the residue on silica using 
25 CH2Cl2-acetone (85:15) and eluting with increasing CH30H from 0 to 10%. Two 

major product fractions were obtained, the pure cuts combined to give a slower eluting 

fraction and a, faster eluting isomer. These isomers were stripped and recrystallized 

from EtOAc-hexane to give the minor isomer (slower moving) and the fast, major 
isomer (the titled compound). NMR (250mHz, CDCl3) shows CH2CH2 as singlet at (5 

30 4.1 ppm, very clean, tt-ortho to F, triplet at 6.9 ppm. Cal'd C:66.60, H:4.86, N:l2~92; 

Found C:67.10, 67.03 H:S.07, 4.94 N:l3.08, 13.09. IR (nujol mull) shows 1740 cm-I 

(sharp, ester). 

MEllJODS OF IREAIMENf 

35 The compounds of Fonnula (I) or a pharmaceutically acceptable salt thereof can 

be used in the manufacture of a medicament for the prophylactic or therapeutic 

treatment of 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. 

... :.. 
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· · Compounds' of Fotniula· (I)-are capabfo-6f inhibiting proinflammatoti -. 

cytoldnes. such as IL-I. IL-6. IL-8 and TNF and are therefore ofi1se in therapy. IL-1, 

IL-6, Il.r8 and TNF affect a wide variety of cells and tissues and these cytokines, as 

.· "well .8$.otber leukocyte,-:derived cytokines,-are-important.and critic~~amm-atoey · = -<, · ·· , ... 

5 mediat~rs of a wide variety of .disease states and conditions. The inhibition of L'fiese 
. . 

pro-inflammatory cytokines is of benefit in controlling, reducing and alleviating many 

of these disease states. 
Accordingly. the present invention provides a me~od of treating a cytokine­

mediated disease which comprises administering an effective cytoldne-interfering 

IO amount of a compound of Formula (I) or a ph~aceutically acceptable salt thereof. 

In particular, compounds of Formula (I) or a pharmaceutically acceptable salt 

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 JL.:.1, IL-8 or 
1NF ·production by such m"amnfal's cell, such as, but not limited to. monocytis an"d/6r -...•. :, ".,_ 

15 macrophages. 

Accordingly, in another aspect, this invention relates to a method of inhibiting 

the production ofIL-1 in a mammal in need thereof which comprises administering to 

said mammal an effective amount of a compqund of Formllla (I) or a phiumaceuticarty · 
.acceptablesalt'thereof.· ·· · . ·. ·~,_:·.·- . . ·. - ' -. :··,· ··::<::·· ··. 

20 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, osteoUthntis, endotoxemia and/or toxic. shock ~yndrome. other 

acute or chronic inflammatory disease states such as the inflammatory reaction induced 
by endotoxin or inflammatory bowel disease, tuberculosis, atherosclerosis, muscle 

25 degeneration, multiple sclerosis, cachexia. bone resorption, psoriatic arthritis, Reiter's 

syndrome, rheumatoid arthritis, gout, traumatic arthritis. rubella arthritis and acute 

synovitis. Rec::ent evidence also links Il...-1 activit)r to diabetes, pancreatic B cells and 

Alzheimer's disease. 

In a further aspect, this invention relates to a method of inhibiting the 

30 production of 1NF in a mammal in need thereof which comprises administering to said 

mammal an effective amount of a compound of Fonnula (I) or a pharmaceutically 
acceptable salt thereof. 

Excessive or unregulated TNF production has been implicated ·in ·mediating or 

exacerbating a number of diseases including rheumatoid arthritis; rheumatoid 
35 spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions, sepsis, septic 

shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory 

distress syndrome, cerebral malaria. chronic pulmonary inflammatory disease, silicosis, 

puhnonary sarcoisosis. bone resorption diseases, such as osteoporosis, reperfusion 

injury. graft vs. host reaction, allograft rejections. fever and myalgias due to infection, 
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to acquired immune deficiency syndrome (AIDS), AIDS, ARC (AIDS related. 

complex), k.eloid fonnation, scar tissue fonnation, Crohn's disease, ulcerative colitis 

... a~.~-1?.Y-~~j.s~.·-:, .- ... ·-:· .·. -~ .-.-· ... ·.......... _ ~ .... :.· .. - -:··._ ... . -.-:·.·-~-·· ., .... ·. 
5 Compounds of Fonnula (I) are also useful in the treatment of viral infections, 

where such viruses are sensitive to upregulation by TNF or will elicit TNF production 

in vivo. The viruses contemplated for treatment herein are those that produce TNF as a 

re.sult of infection, or those which are s~nsitive to inhibition, such as by decreased 

replication, directly or indirectly, by the TNF inhibiting.compounds of Fonnula (1). 

10 Such viruses include, but are not limited to :my-1, ffiV-2 and IDV-3, Cytomegalov.irus 

(CMV), Influenza, adenovirus and the Herpes group of viruses, such as but not limited 

to, Herpes Zoster and Herpe.s Simplex. <i'\ccordingly, Jin a further aspect, this invention 

relates to a method of treating a mam~~:atnict.ed wi~ a human immunodeficiency 

virus ·(HW} which -comprises· adminis~g to such ~ammal an effective TNF· · · ·· · · · · -

15 inhibiting amount ofa compound of Fo~ula (I) 9r a phannaceutically acceptable ·Salt 

thereof. ·~ i 
_,,,.... I 

Compounds of Formula (I) may also be used m association with the veterinary 

treatment of inanimals, other than in huma:ns, in need of inhibition of TNF production. 

. .·'fNF, mediated: CiiSWeS :for. treatri:ien·~ ttie~p~titically: or: pfuphyhctlcally, in ·animals . ' 

20 include disease states such as those noted above, but in particular viral infections ... 

Examples of such viruses include, but are not limi~d to, len~virus ~ections such as, 

equine infecti9us anaem.i_a yin.Is, ~-rin~ ~ti~·\:'iruS •. visna virus, ormaedivirus or 
. . - . . . . . . . . . . . 

retrovirus infections, such as butnot limited to feline immunodeficiency virus (FIV). 

bovine immunodeficiency virus, or canine immunodeficiency virus or·other retroviral 

25 infections. 
· The compounds _of Fonnula (I) may also be used topically in the treatment or 

prophylaxis of topical disease states mediated by or exacerbated by excessive cytokin~ 

production. such as by IL-1 or TNF re.spectively, such as inflamed joints, eczema, 

psoriasis and other inflammatory skin conditions such as sunburn; inflammatory eye 

3.0 conditions including conjunctivitis; ,,pyresis, pain and other conditions associated with 

inflammation. 

Compounds of Formula (I) have also been shown to inhibit the production of 

IL-8 (Interleukin·8, NAP). Accordingly, in.a further aspect; this invention relates to a 

method of inhibiting the production. of ll.r8 in a mammal in need·. thereof which 

35 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-8 

production is implicated in exacerbating and/or causing the disease. These diseases are 

characterized b.y massive neutrophil infiltration such as, psoriasis, inflammatory bowel 
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. .' . . · .. '. .-. ~ di~~e, aS·~:~. 6~dl~c ~d reti"ai ·re~-~d~tdkiliJury. adu1(r~~~t6~. -~istr~/ . .- . : . . .-~ .. :; : 
syndrome. thrombosis and glomerulonephritis. All of these diseaSes are associated 

with increased IL-8 production which is responsible for the chemotax:is of neutrophils 

in~o ~e ~~Il1~tory __ ~ite, ln cpnt:r~tJo qther mtlamm:a,tqry_._c~q};,h.l~, (l~J •. T:Nf •... _, .... 
. . ·' . . . .. • ·. . ·, . . 

5 and IL-6), Il...-8 has the unique property of promoting neutrophil chemotaxis and 

10 

activation. Therefore, the inhibition of JL-8 production would lead to a direct 

reduction in the neutrophil infiltration. 

The compounds of Formula (I) are administered ill an amount sufficient to 

inhibit cytokine, in particular IL-I, 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 ofIL-1, n.,..5, IL-8 or 'INF, 

for instance in the context of the present invention, 9onstitute; (i) l~~els of free (not.cell 

bound) IL-l, IL-6, IL-8or1NF greater than or equaj to 1 picogram per ml; (ii) any.tell 
I 

associated ~l. IL-6, li.-8 or TNF;··or (ill) the pr~nce ofIL-1, IL-6, IL-8 ··or·TNF· 

15 mRNA above basal levels in cells or tissues in w~c~ IL-1, n.,..·6, IL-8 or TNF,·. 

respectively, is produced. 

The discovery that the compounds of Formula (I) are inhibitors of cytokines, 

specifically IL-I, IL-6, IL-8 and TNF .iS based upon the effects of the oompounds cit 
. Formulas (I) on the production of the.lli-1,IL-8 andTNFfu invitro- assays•vihlch·are· 

20 described herein. 

As used herein. the term "inhibiting the production of ll.r 1 (IL-6, JL-8 or TNF)" 
. . 

refers to: 

a) a decrease of excessive in vivo levels of the cytokine (ll..-1. IL-6, IL-8 or 

TNF) in a human to normal or sub-normal.levels by inhibition of the in vivo release of 

25 the eytokine by all cells, including but not limited to monocytes or macrophages; 

b) a down regulation, at the genomic level, of excessive in vivo levels of the 

cytokine (IL-1, IL-6, IL-8 or TNF) in a human to normal or sub-nonnal levels; 

c) a down regulation, by inhibition of the direct synthesis of the eytokine (IL- I, 

-IL-6, IL-8 or TNF) as a postranslational event; or 

30 d) a down regulation, at the translational level, of excessive in vivo levels of the 

cytokine (IL-1. IL-6, ~8 or TNF) in a human to normal or sub-normal levels. 

~used herein, the term '!'fNFniediated disease or disease state" refers to any 

and all disease states in which TNF plays a role, either by production of TNF itself, or 

35 by TNF causing another monokine to be released. such as but not limited to IL-1, IL-6 

or Il..-8. A disease state in which, for instance, IL-1 is a major component, and whose 

production or action, is exacerbated or secreted in response to TNF, would therefore be 

considered a disease stated mediated by TNF. 

---:-- ~:~. : . 
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affects the functions of cells and is a mQlecule which modular.es interactions between 

cells in the immune, inflammatory or hematopoietic response. A cytokine includes, but 

.. J~ .. not l.Uni.~4 ~~. monoltjm~s. M4.Iyµip!"iok.U,1~ .• ~gardJes~ .. of w~cll cells_proQ,uce the.m, . 

5 For instance, a monokine is .generally referred to as being produced and secreted by a 

mononuclear cell, such as a 1!1acrophage and/or monocyte. Many other cells however 

also produce mono]dnes, such as natural killer cells, fibroblasts, basophils, neutrophils, 

endothelial cellS, brain astrocytes, pone marrow stromal cells, epideral keratinocytes 

and B-lymphocytes. Lytnphokines are generally referred to as being prpduced by 

10 lymphocyte cells. Examples of cy.tokines inch~de, but are not limited to, Interleukin-1 

(Ur 1), Interleukin-6 (IL-6), Interleukin-8 (Il.,-8), Tumor Necrosis Factor-alpha (TNF­

a:) and Twnor Necrosis Factor beta (I'NF-.6). 

As used herein, the term "cytokine interfering': or "cytokine suppressive 
I 

amount". ·referno-1ur effec.tive amount ota compound \Of Formula (I) which will' cause a · 

15 decrease in the in vivo levels of the cytokme to m;irrnal or sub-normal levels, when 

given to a patient for the prophylaxis or treatment of~ disease state which is 

exacerbated by, or caused by, ·exce8sive or unregulated cytokine production. · 

··As u$ed.hereiri.. the·cyiokine-referred to in the pI;rrase.,"inhibition·of a cytokine, 

.'tor uie· m 1he ti-eatriie~i:or:a,,arv:irifeefua' .. 11wlian~ ,iS· a.' CY-tokiiie\vhlch1s:impucateti itt: 

20 (a) the initiation and/or maintenance of T Cell activation and/or activated T cell-
' 

' 

mediated HIV gene expressioJ;t an4'o~ replication and/or (b) any cytokine-mediated 
.. . . . 

. disease ~socjated p~oblem. sµcn as c~h-~xia pr ~uscle degeneration .. 
. . . . . . . . . ., 

As TNF-B (also known as lymphotoxin) has close structural homology with 

TNF-a: (also known as cachectin) and since each induces similar biologic responses 

25 and binds to the same cellular receptor, both TNF-a and TNF-B are inhibited by the 

compounds of the present invention and thus are herein referred to collectively as 

"TNF" unless specifically delineated otherwise. ·. 

In order to use a compound of.Fonnula (I) or a phannaceutically acceptable salt 

thereof in thCrapy. it will normally be Formulated into a pharmaceutical composition in 

30 accordance with standard phannaceutical practice. This invention, therefore, also · 

relates to a pharmaceutical composition comprising an effective, non-toxic amount of a 

compound of Formula (I) and a phannaceutically acceptable carrier or diluent. 

C~mpounds·of Formula (I), pharmaceutically acceptable salts thereof and 

phannaceutical compositions iilcoxporating such may conveniently be administered-by 

35 any of the routes conventionally used for drug administration, for instance, orally, 

topically. parenterally or by inhalation. The compounds of Formula (I) may be 

administered in conventional dosage forms prepared by combining a compound of 

Formula (I) with standard pharmaceutical caniers according to conventional 

procedures. The compounds of Formula (I) may also be administered in conventional 
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procedures may involve mixing, granulating and· compressing or dissolving the 
ingredients as appropriate to the desired preparation. It· will be appreciated that the 

JolJll aqd. c~arac~r. of ~e. ph~_~ce,utic~ly acc.~p~bi~ _(;hiµ-ac;ter .. c;>.r ®.1.!~P.lJS«l~c~rep_. 

5 by the amount of active ingredient with which it is to be combined, the route of 
o• I' • I 

administration and other well-known variabl~. The canier(s) must be "acceptable" in 

the sense of being compatible with the other ingredients of the.Fonnulation and not 
deleterious to the recipient thereof. 

The phannaceutical carrier employed may be, for example, either a solid or 
10 . liquid. Exemplary of solid carriers are lactose •. terra alba, sucrose, talc, gelatin, agar, 

pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary of liquid 
carriers are syrup, peanut oil, olive oil, water and the like. Similarly, the carrier ot· 

diluent may include time delay material well known to the art, such as glyceryl-niono­
stearate or glyceryl"clistearate alone·or with a wax! 

15 A wide variety of phannaceutical f onns can be employed. Thus, if a solici · 
carrier is used, the preparation can be tableted, placed in a hard gelatin capsule in 
powder or pellet fonn or in ~e form of a troche or lozenge. The a.niount of solid 
carrier will varj·widely butpreterably will be from. about 25mg. to about lg. '-When a 
liquid-carrier is Qsed~ ihe:prepatatiori·-wm·i>~·ht""tlie-!aim. .. df.a-syiup~·eriiµhi6Ii{s~ii;.- ·:.: · 

20 gelatin capsule, sterile injectable liquid· such as an -ampule or nonaqueous liquid. 

suspension. 
Compounds·of Fonnula (I) may be ad,miriistered.topically, that is by~non~ 

systemic administration. This includes the application of a compound of Fonnula (I) 
externally to the epidermis or the buccal cavity and the instiUation of such a compound 

25 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, 
intraperitonea,1. and intramu8cular admirtistration. ·. 

Formulations suitable for topical administration include liquid or semi-liquid 
preparations suitable for penetration through the skin to the site of inflammation s_uch 

30 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 0.00 I% to I 0% w/w, for instance from 1 % to 2% by weight of the Fonnulation. 
It may however comprise as much as ·10% w/w but preferably will comprise less·than · 
5% w/wt more preferably from 0.1% to.1% w/w·ofthe Fonnulation. 

35 Lotions according to the present invention include those suitable for application 
to the skin or eye. An eye lotion may comprise a sterile aqueous solution optionally 
containing a bactericide and may be prepared by methods similar to those for the 
preparation of drops. Lotions or liniments for application to the skin may a1so include 
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•, ... · . ·.. ':in ageritto h8Sten drying arid to·cO-dlthe'skfn·~··suchas·a.n·aicohol or acetcfo.e>andlor'a'." 

moi.Sturizer such as glycerol or an oil such as castor oil or arachis ·an. 
Creams, ointments or pastes according to the present invention are semi-solid 

. ,. ·.: _. :fopµ~~-~~9~~-Qf,tl)~:a~tj~!f W.gr,~qJ~nt_f~r .~?'~~ffi.~.~ppUc.a~:t;i9n_. .. J'hey ,m~y_be m.a~e.by. _ 

5 mixing the active ingredient in finely-divided or powdered form, alone or in solution or 

suspension in an aqueous or non-aqueous fluid, with the aid of suitable machinery, 

with a greasy or non-greasy base. The base may comprise hydrocarbons such as hard, 

soft or liquid paraffin, glycerol, beeswax, a metallic soap; .a mucilage; an oil of natural 

origin such as almond, co~, arachis, castor or olive oil; wool fat or its derivatives or a 

1 O fatty acid such as steric or oleic acid together ~th an alcohol such as propylene gly.col 

or a macro gel. The Fonnulation may incorporate any suitable surface active agent such 

as an anionic, cationic. or non-ionic· swfactant such as a sorbitan ester or a . · 

polyoxyethylene derivative thereof. ~pending agents such as natural gums, cellulose. 

deriv.a.tiv.es or-inorganic.materials s~~ silicaceous silicas, and other ingredients such 
. ~· 

15 . as lanolin. may also be included. g; , ' · · 
. ~~-· 

Drops according to the preselJ;~'inve~tion m~y comprise sterile aqueous or oily 

solutions or suspensions and may be prepared by dboiving· the active ingredient in a 

sUi.table aqueo\lS soiutio~ ·of a bac_tericidal and/or.'flingiCidaI agent and/or any other 

.: .sW.iable preserv~tive~,~and ptefefabiy·fuei.udillg,a:sµdace;~active.agent The iesultlng · . 
. . . . . . . . 

20 ~olution .may then be clarified by ftltration, transferred tO a suitable container which is 

then sealed and steriliz.ed f)y autoclaving or maintaining at 98-100 • C. for half an hour. 

. Alteqiatively, qi~ ~olu.qo~~ay be:~~rilµ;ed l>y ftltra~<>µ anq. transf~q-ed -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%), 

25 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. 

Compounds of fonnula (I) may be administered parenterally, that is by 

intravenou8, intramuscular, subcutaneous intranasal, intrarectal, intravaginal or 

30 intraperitoneal aclm~tration. The subcutaneous and intramuscular fonns .of 

parenteral administration are generally preferred~ Appropriate dosage fonns for such 

administration may be prepared by conventional techniques. Compounds of Fonnula 

. (I) may ~o be administered by inhalation, that is ·by intranasal and oral· inhalation 

administration. Appropriate dosage· forms for such administration, such as an aerosol 

35 Fonnulation or a metered dose inhaler, may be prepared by conventional techniques. 

For all methods of use disclosed herein for the compounds of Formula (I), the 

daily oral dosage regimen will preferably be from about 0.1 to about 80 mg/kg of total 

body weight, preferably from about 0.2 to 30 mg/kg, more preferably from about 0.5 

mg to 15mg. The daily parenteral dosage regimen about 0.1 to about 80 mg/kg of total 
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body- ·weight, ·preferably 'fro_ni abouf 0;2·to about 3ff mg!kg~ arichnO'te.:pref erably· from · 
about 0.5 mg to 15mglkg. The daily topical dosage regimen wilfpreferably be from 
0.1 mg to 150 mg, administered one to four, preferably.two or three times daily. The 

_ ciaily inhalation.,do$.ag~. regimen. will preferably-.be from .. ab.out0.0 I, mg/kg. to -about, 1- · · · 
5 mg/kg per day .. I~ will also be recognfaed by one of skill in the art that the optimal 

quantity and spacjng of individual dosages of.a compound of Formula (I) or a 
phannaceutically acceptable salt thereof will be detennined by the nature and extent of 
the condition being treated, the form, route and site of ad~inistration, and the particular · 
patient being treated, and that such optimums can be determined by conventional 

10 techniques. It will also be appreciated by one ~f skill in the art that the optimal course 
of treatment. i.e., the number of doses of a compound of Formula (I) or a 
phannaceutically acceptable salt thereof given per day for a defined number otdS:ys~ ·· · · · ·: 
can be ascertained by tho8e skilled in the art using conventional course of treatment 

.: .. ~ .. J r:·.:.··:; ..... ··:'~- -:= .:· ... detennination testS. 
15 

I -

The invention will now be described by rt}ference to the followmg biolOgieal · ·_ · 
examples which are merely illustrative and are not tb be construed a,s a limitation of the 

i . . . 

scope of the present invention. 

. .. ·· ": .... 

20 The cytokine-inhibitihg effects of compounds of the present invention were 
detennined by the following in vitro assays: . 
Interleukin - 1 (IL-1) 

Human peripheral blood monocytes were isolated and purified from either fresh 
blood preparations from volunteer donors, or from blood bank huffy coats, accordmg to 

25 the procedure of Coletta et al. J Immunol, 132, 936 (1984). These monocytes (lxI06) 
were plated in 24-well plates at a concentration of 1-2 million/ml per well. The cells 
were allowed _to adhere for 2 hours, after which tiine non-adherent cells were removed 
by gentle washing. Test compounds were then added to the cells for lh before the 
addition of lipopolysaccharide (50 nglml). and the cultures were incubated at 37oc for 

30 an additional 24h. At .the end of this period, culture super-natants were removed and 
clarified of cells and all debris. Culture supematants were then immediately assayed 
for IL-I biological activity, either by the method of Simon et al., J. Immunol. Methods, 
84, 85~ (1985)" (based on ability of JL.1 to -stimulate a Ihterleukin 2 ptoducmg cell lihe 
(EL-4) to secrete IL-2, in concert with A23187 ionophore) or the· method of Lee.et ti.L, 

35 J. ImmunoTherapy, 6 (1), 1-12 (1990) (ELISA assay). The compounds of Formula(!), 
as evidenced by Examples 1 to 24 were shown to be inhibitors of in vitro IL- I 
produced by human monocytes. 

.. .:: . 

·.·· •. 
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'.". - Human peripheral blood monocytes wete isolated and purified from either 

blood bank buffy coats or plateletpheresis residues, according to the procedure of 

_ ,.CpJ9.~1 .. R."·:e~. ~-~·~}Jm .. IAq~wJ,, t~2(?), Q~6Jl9,8-.,4)._ .The ~011o~ytes._w~re. plated at a . 
5 density of lxl06 cells/ml metiium/weil in 24-wellmulti·dishes. The cells were 

allowed to adhere for 1 hour after which time the supernatant was aspirated and fresh 

medium (lml, RPMI-164_0, Whitaker Biomedical Products, Whitaker, CA) containing 

1 % fetal calf serum plus pei,tlcillin and streptomycin (10 units/ml) added. The cells 

were incubated for 45 minutes in the presence or absence of a test compound at lnM-

10 lOmM dose ranges (compounds were solub~ in dimethyl sulfoxide/ethanol, such 

that the final solvent concentration in the culture medium was 0.5% dimethyl 

sulfoxide/0.5% ethanol). Bacterial lipopoly·saccharide (E. coli 055:B5 [LPS] from : · 

Sigma Chemicals Co.) was then added (100 ng/ml in 10 ml pposphate buffered saline) 
and cultu~-es ·incubated for· 16-18 hours at 3_7~C in a 5% C02 lncubator. At the end of .. · 

15 the inc~bation period; culture sui)ematants.were ~moved frotn:the cells, centrifuged at 
3000 rpm to remove cell debris. The supematant was then ~ayed for TNF activity 

using either a radio-immuno or an ELISA assay, as described
1 
in WO 92/10190 and by 

Becker et.al.~.J ~Wiol,'1991, 147, 4307. The compounds of'Forinula· (I), ·as 

. .·· . . :. eVidencied · by':l~'xariipi&'l ia··;u~~ere- slio~: to:_:bt(mhlbitors ·of.in vitro TNF produced· · 

20 \)y human monocyteS. 

JL.1 and T.Nf inl)ib~tory activi~y. cloes not: seem to co~late with the_propeny of 
·.· . . . .- : .. · . . . . ·. . ·. . 

the compounds of Formula (I) in mediating arachidonic acid metabolism inhibition. 

Further the ability to inhibit production of prosta.glandin and/or leukotriene synthesis. 

25 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 dose5~ 

Interleuld.n -8 (Il.-8 ): 

30 Primary human, umbilical cord endothelial cells (HUVEC) (Cell Systems, 

Kirland, Wa) are maintained in culture medium supplemented with 15% fetal bovine 

serum and 1 % CS-HBGF-consisting of aFGF and· heparin. The cells are then diluted 

· 20-fold b~fore'being plated (250µ1)-intQ gelating coated 96-well plates. Prior to use, 

culture medium are: replaced with fresh medium (200µ1). · Buffer or test compound 

35 (25µ1, at concentrations between 1 and IOµM) is then added to each well in 

quadruplicate wells an~ the plates incubated for 6h in a humidified incubator at 37°C in · 

an atmosphere of 5% C02. At the end of the incubation period, supernatant is 

removed and .assayed for JL.8 concentration using an IL-8 EUSA kit obtaiiled from 

R&D Systems (Minneapolis, MN). All data is presented as mean value (ng/ml) of 
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5 A radiocompetitive binding may was developed to provide a highly 
. . 

r~producible primary screen for structure-activity studies. 'This assay provides many 
advantages over the conventional bioassays which utilize freshly isolate~ human 
monocytes as a source of cytokines and BUSA assays to_quantify them. Besides being 
a much more facile assay, the binding assay has been extensively validated to highly 

10 correlate with the results of the bioassay. A sp~c and reproducible CSAID'™ 
cytoldne inhibitor binding assay was developed using soluble cystosolic fraction from 
THP .1 cells and a radiolabeled compound. For instance, a suitable radiolabeled. : .. '-· -'. ' .. . · 
compound of this CSAID TM cytokine inhibitor class is 4-(Fluorophenyl}-2-( 4- · 
hydroxyphenyl-3,5-t2)-5-{4-pyridyl)imidazole. In brief,.the THP. l !Gytosol·was · 

15 routinely prepared from cell lysate obtained by nitrogen cavitiltion followed -by a·.10 g_-.. , . 
x glow speed and a 100 K x g high speed centrifugation, the supernatant of which was 
designated as the cytosolic fraction. 1HP.l cytosol was incubated with appropriately 
diluted radioligand at room temperature for a pre-deterinined ti.iii.e to an ow 'the bindbig .. 

, to achieve equilibrium.: The safupie ~--added.to a G~lOcoldkn;ahd·~Ifitelwilliii({: : . 
20 mm ·1RN, 50mMb - mercaptoethanol, NaN3. The fraction enco~passing the void 

volume was collected and the radioactivity was assessed by liquid scintillation 
counting. This .was" de~ined .to ren~t b_ound radiolig~d-~_il'lce_the r~ioactiye signal 
was abrogated by the presence of excess cold ligand in the incubation mixture or when 
there was no Cytosolic fraction present Compounds of Fonnula (I) at various doses 

25 were added to the binding assay to achieve inhibition of binding of the radiolabel. 
ICsos as well as Ki values were determined by regression analysis and scatchard plot 
analysis resp~tively. There is generally excellent correlation-between the ICso of 
compounds tested in both the binding assay and the bioassay and can be used 
interchangeably in many cases. 

30 Patent Application USSN 08/123175 Lee et al., ftled September 1993 whose 
disclosure is incorporated by reference herein in its entirey 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 purp·oses herein 
the binding protein may be in isolated fonn in solution, or in immobilized 'fon'll, or may · 

35 be 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 
fraetions comprising the CSBP may be employed in the creening protocol. Regardless 
of the fonn of the binding protein, a plurality of compounds are contacted with the 
binding protein under conditions sufficient to fonil a compound/ binding protein 
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5 

10 

15 

MATER!ALS: 
Incubation buffer: 20 mM Tris, 1 mM MgCl2. 20 mM Hepes, 0.02% NaN3, st~re at 
4°C. Elution buffer: 20· mM Tris, 50 mM 2-mercaptoethanol, NaN 3, store at 4°C. 
G-10 Sephadex: add 100 g Sephadex G-10 {Phannacia, Uppsala, Sweden) to 400 mL 
dd H20 and allow to swell at room temperature for 2 hours. Decant fines and wash 3 
times. Add NaN3 and qs with dd f120 to 500 mLs· and store at 4°C. 
Assemble Columns: Straw column. filter frit and tip (Kontes, SP .420160-000, 420162-
002). Lowsorb tubes (Nunc) used in bin9ing reaction. TIIP.1 cytOsol spun at 15000 .. ~:..... ~·- . ,•;·.--'.· ... 
rpm for 5 min to clarify. TIIP.l cytosQ!;Prepared by hypnotic treatment of cells and· 
Iysis by··_decompression in nitrogen. l'fw;j.ei and membrane fragments removed by····:.::·: -2 f). 

. .£m. 

differential centrifugation (10,000 g f~.hour an.d 100,000 g for I hour): 
1!T'•..;.· 

Compoun~: Non-radioactive Compaq@ I with co$ponding EtOH control (dilutions 
made in incubation buffer) and 3H-Corilpound I (dilutions in incubation buffer) 

.·.MEIHbo(·=.: .:,~_", ·.- :· ...... 

20 A. Column Preparation 

25 B. 

30 

C. 

35 

1. 

2. 
3. 

Begin 30 min before anticipated elution of re~tion ·~ixture. 
Add .3" niL of G:-1 o. sluny to coJunin for bed vol of 1.5 ml. . . . 

Rinse with 7 mL elution buffer (fill to top of column} 
4. Cut columns down to size. 

Sample Incubation 
1. 15 min incubation at 4°C. 
2. Binding reaction mixture; 100 µL cytosol. 10 uL cold Compound I or 

EtOH control, 10 µL 3H-Compound I (molar concentration depends 
on nature.of study). 

3. "Free" c.ontrol = 100 µL incubation buffer in lieu of cytosol. 
preparation. 

Sample Elution 
L : Elute at 4°C. 
2. · Add tC>tal reaction volume to ·G-10 column. 
3. Add 400 µL elution buffer to column and discard eluate. 
4. Add 500 µL elution buffer to column~ collecting eluted volume in 20 

ml scintillation vial. 

5. Add 15 mL Ready Safe scintillation fluid. 
6. Vortex and count in liquid scintillation counter for 5 minutes. 
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D. - Data Analysis 

1. Plot DPMS as o~ptut in graphic fonn and analyze· by regression analysis and 

-~Lun~on-.lig_cµid_bind,ing 11 _$Qftw¥~ for ttw-.ct~~rrp.inatioI.l-9f IC50.and.Kd!Ki .. -.- ,., . -·, 
~ . ~ . . 

respectively. . . 
2. Rank order the IC50s of the tested compounds in the bioassay and 

compare to that generated by the binding assay and establish a 
correlation curve. 

10 The binding assay was further validated by the_ following criteria: TiiP.l cytosol 
demonstrated saturable and specific binding of the radiolabeled compound. 

Preparation of 4-(Fluorophenyl)-2-( 4-hydrqxyphenyl-3,5-t2)-5-( 4-pyridyl)imidazole, 
~- . . 

(Compound I). ' --- .. ~ "'"' .. ·· 

15 A 2.9 mg (0.0059 mmol) portion of 2-(3,5.-Dibromo-4-hydroxyph~ny1)4(4- · 

fluorophenyl)-5-(4-pyridyl)imidazole,_Compound l(p), was dissolved in 0.95 mL of dry 

DMF and 0.05 mL of triethyhunine in a 2.4 mL round bottom flask equipped with a 
small magnetic stining Qar. A I. 7 mg. portion of 5.% Pd/C (&.lgeihfu.i lot 2ss4si·w~ ·. · -

. added, ·and the fiask·was a~ched to tbe.siainless.-steel inti.tirti'riiafilfo1(t --Th~-niii~--',: ·.-.:: · 
~O was· degassed through four free:ze..pump-thaw cycles, then tritium gas (5.3 Ci, 0.091 

mmol) was introduced. The reaction mixture was allowed to wann to room· temperature . . . 
and was stirred vigorously for 20h. The mixture- was· frozen in -~guid nitrogen, _the . 

remaining lriti.um gas (2.4 Ci) was removed, and the flask was removed from the 
manifold. The reaction mixture was transferred, using 3 x 1 mL of methanol as rinsings, 

25 into a 10 mL round bottom flask, and the solvents were removed by static vacuum 
transfer. A 1.5 mL portion of methanol was added to the residue, then removed by static 
vacuum transfer. The latter process was repeated."· Finally, the residue was suspended in 

1.5 mL of ethanol and filtered through a syringe-tip Millipore filter (0.45 micron), along 
with 3 x ca. ·1 mL ethanol rinsings. The total ftltrate volume was detennined to be.3.9 

30 mL, and the total radioactivity, 94.2 mCi. Solution was detennined to be 3.9 mL. and the 
total radioactivity, 94.2 mCi. HPLC analysis of filtrate (Partisil 5 ODS-3, 4.6 mm I.D. x 
25 cm, I mUmin of 70:30:0 I water/acetonitrile/trifluoroacetic acid, ~omatic Flo-One 
Beta radio detector with 3 mUmin of-Ecoscint-H ·cocktail through a· 0.75 inL cell) 
showed the presence of Compound I CRt = 60 min. ca. 37% of totalradioactivit)'), ·and a-

35 discrete intermediate presumed to be the monobromo derivative Compound Ia CRt = 11.8 

min, ca. 9%). 

The filtrate solution was evaporated to near dryness with a stream of nitrogen. 
and the residue was dissolved in about 1.2 mL of the HPLC mobile·phase. The solution 
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and Ia and SB collected separately . 

. . _ .. HP.L~ ~~~Q.P .. -.. 
Column 

Mobile Phase 

Flow Rate 

UV detection 

Injection Volumes 

Retention Ti.mes 

. . ·. ~ ':" 

Altex Ultrasphere 

IO mm I.D. x 25 cm 

70:30:0.1 

water/acetonitrile/trifluoroacetic acid 

5mUmin 

210nm 

0.05-0.4m: 

7.8 min Compound I! 

24 min Compound Ia 

The pooled Compound I fractions totaled 32 mL in volume and the radioactive· · ·- .. ~! 

5 concentration was 1.52 mCi/mL (total 48.6 m Ci). The pooled· SB Compound Ia [3H] 

fractions (totaling 10.1 mCi) were evaporated to dryness and the residue was transferred 

quantitatively into a glass vial using 3.8 mL of absolute ethanol for further analysis. 

An 8 m~ {12.2 mCi) portion of Compound I was evaporated to dryness in 
. . . . . . .... ···a: ~-· .· :.. ·. . .. · . . :. . . . . : . .· . . . . . . . . 

. : vacuo -at.<35 .C,- then ·.redissolved .. in O.S. niL ·or .mobile phase. The whole volume -was; 

10 ~jected into the HPLC systein described above, and the appropriate peak was 

collected. Evaporation of the collected eluate in vacuo at <3~°C an~ transfer of the 

yellow residue into .a.yial with absolute etllanol provided a solution (3.8 mL,_2.44 
. . . . . .· 

mCi/mL) of Compound l The portion of this solution used for NMR analyses was first 

evaporated to dryness using stream of nitrogen then taken up in CD30D. 

15 Analysis of 4-(4-Fluoropbenyl)-2-(4-hydroxyphenyl-3,5-t2)-5-(4-

pyridyl)imidazole, Compound I. 

RaciiochemicciI Purity by HPLC 
Method 

Column· 

Mobile Phase 

Flow Rate 
Mass detection 
RadioactiVity, detection . 

Scintillator 
·Flow rate 
Cell volume 

Retention time 
Result 

Ultrasphere Octyl, Smm, 4.6 mm 
I.D. x 25 cm, Beckman 
350: 150:0.S{v/v/v) 
water/acetonitrile/trifluoroacetic acid 
1.0mUmin 
UV at210run 
· Ramona.:.n radioactivity flow .detector 
Tru-Count{fru-Lab Supply Co.) 
5.0mllmin 
0.75mL 
7.7 min 
ill 
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Radioactive Concentration by Scintillation Counting 
Method · 

Scintillator 
Instrument. 
Efficiency 

Result 

Ready Safe (Beckman Instruments, Inc.) 
. TM Analytic·· model .-68,81" · · · ··· 
Automated DPM calculation from quench curve 
2.44mCi/mL 

Specific Activity by Mass Spectrometty 
Method CI-MS, NH3 reagent gas 
Result 20.0 Ci/mmol 

3ttNMR9 
Method 

Instrument 
Experiment 

Peak Referencing 
Solvent 

Result 

. Anal:ft:ical Summary 
Assay 

3H Distribution: 
Unlabeled 
Single Label 
Double Label 

Brunker AM 400 

44% 
43% 
13% 

Proton decoupled· 3H NMR 
Proton non-decoupled 3H NMR 
Proton non:..decoupled 3a NMR 
Solvent Peak of methanol o 3.3 
Methanol-<Lt 
Tritium is incorporated exclusively on the carbon 
at,oms ottho. to aromati<:: hydro;xyl group 

. . ; • ... 

·Radiochemical purity detennined by HPLC 
Radioactivity concentration detennined by scintillation 

Result 
98.7% 
2.44mCi/mL 

counting · 

Specific activity determined by mass spectrometry 
3HNMR. 

. . 

20.0 Ci/mmol 
agrees with. the 
proposed structure 

Representative compounds of Fonnula (I), Examples 1 to 77, but for the 
compound of example 2- not tested and compoun~ of Example 72, have all 

demonstrated a positive inhibitory activity in this binding assay. 

The· above description fully discloses the invention including preferred 

embodiments thereof. Modifications and improvements of the embodiments 
specifically disclosed herein are within the scope of the following claims. Without 
further elabo~on, it is believed that one skilled in the are can, using the l>receding 

... ·.· .. · . 

..... 

1 O description, uiilix.e the present invendon _to its fullest extent.. Therefore the· Exampie8 · · 
herein are to be construed as 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 
pr~perty or privilege is claimed are defined as follows. 
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1. A compound represented by the formula : //If /If ////l./'l filllf '/J 
R R2 w c I 1111 t/I /I /II/ 

. . .. .- . .. . . . . . ,;,:-.- :,., .)f t:J» .. <:. • l·. ·-: ·>.-'·. ·· .. •.· ,._. .... · .. · L .. · -~ .· -~.-~ ..... ,w ... 

R~N 
4 (I) 

RJ ~s 4-pyridyl, pyrimidmyl, quinolyl, isoquinolinyl, quinazolin-4-yl, 1-imidazolyl or 

5 1-benzimidazolyl, which heteroaryl ring is optionally substituted with one or two 
substituents each of which is independently selected from Ct-4 alkyl, halogen, 

hydroxyl, C14alkoxy, C1-4 alkylthio, C14 alkylsulfinyl, CH20R12. NR10R20. 

or an N-heterocyclyl ring which ring has from 5 to 7 members and optionally 
contains an additional heteroatom selec~ from oxygpn, sulfur or NRis; 

10 R4_ is ph~n~~' n~p~~-l?l ~r naph~-2-yl, ii heteroa:l, r~ch is optionally . . . 
substituted_by one or two substituents~~n of which ts independently selected, and 

which, for a 4-phenyl, 4-naphth-1-yl, si!phth-2-yl o~ 6-naphth-2-yl sutistl.tiuent. . 
is halogen, cyano, nitro, -C(Z)NR7R17~{Z)OR16. iCCR10R20)mCOR12. -SR5, · 
-SOR5, -OR12. halo~substituted-C1-4 alky~ C1-4 ancyl, -ZC(Z)R12, 

15 . -NRH)C(Z)R16. or -(CR10RiokNR10R26 an(fwhicll; for· other positions.of 
·. substitution, i$·baiogeii~· cyano; ,;;t(zj~~~;i·3R.1~4i·~c(zJQR3~ -qcil1oR.-2a>rricoil~. 
~S(O)mR3, -OR3, halo-substituted-C1-4 alkyl, -CI-4 alkyl, 

-(CR10R2o)mNR10C(Z)R3, -NR10S(O)mR~, -NRtoS(Q)m·~7R17' -ZC(Z)R3 

or -(CR10R2o)mNR13R14; _ .. · · .. · ... :.· ... 
20 R2 is C1-10 alkyl N3, -(CR10R2o}n' OR9, heterocyclyl, heterocyclylCl-10 alkyl, 

25 

30-

C I-toalkyl, bakrsubstituted C 1-1 o alkyl, C2-1 O alk:enyl, C2-10 alkynyl, CJ-7 
cycloalkyl, C3_7cycloalk:ylC1-10 alky~ Cs.7 cycloalkenyI. 
C5. 7cycloalkenyl-C1 ..:1 ()-alkyl, aryl, arylC 1-1 O alkyl, heteroaryl, 

heteroaryl-Ct-10-alkyl, (CR10R20)nOR11, (CR10R20)nS(O)mR18, 

(CR10R2o)nNHS(0)2R1g, (CR10R2o)nNR13R14, (CR10R2o)nN02, 

(CR10R.2o)nCN. (CR10R20)n1S"02R1s. (CR.10R2o)nS(O)m•NR13R14. 

(CR10R2o)nC(Z)R11, (CR10R2o)nOC(Z)R11, (CR10R20)nC(Z)OR11, 

(CR10R2o>nCCZ)NR13R14, (CR10R2o)nC(Z)NR11 OR9. 
(CR10R20)nNR10C(Z)R1 l· (CR10R20)nNR1QC(Z)NR13R14, 
(CR10R2o)nN(OR6)C(Z)NR13R14, (CR10R2o)nN(OR6)C(Z)R11~ . . 

(CR10R2o)nC(=NOR6)R11. (CR10R2o}riNR1()C(=NR19)NR13R14, 
(CR1()R.20)nOC{Z}1'1R13R14. (CR1oR2o)nNR10C(Z)NR13R14, 
(CR10R2o)nNR1oC(Z)OR10. S-(R1s)-l,2.4-oxadizaol-3-yl or 

· 4-(R12)-S-(R1sR19)-4,5-dihydro-l,2,4-0xadiazol-3-yl; wherein the aryl, arylalkyl, 

nus SHEET HAS BEEN 
REPLACED 
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· · · heteroatyl. heteroaryl alkyl, heterocyclic and heterocyclic alkyl groups may be · 

": ,) . . . . . ~ .. 

optionally substituted; 

n is an integer having a value of 1 to 10; 

... , . r(~s.O. oi:.an ini:eg~ having a v~ue . .Qf.1 to-10; 

5 m is 0, or the integer 1 or 2; 

Z is oxygen or sulfur; 

m' is 1or2, 
R3 is heterocyclyl, heterocyclylC 1-10 alkyl or Rg; 

Rs is hydrogen, Ct-4 alkyl, C2-4 alkenyl, C2-4 alkynyl or NR1R17, excluding the 

10 moeities-SR5 being-SNR.7R17 and-SORs being -SOH; 

R6 is hydrogen, a pharmaceutically acceptable cation;C1-10 alkyl, C3_7 cycloaJkyl, 

aryl, arylC1-4 alkyl, heteroar:yl, heteroarylalkyl, heterocyclyl, aroyl, or Ct-10 ~. 

alkanoyl; 
R 7 and R 17 is ea.ch independently selected from hydrogen or C 1-4 alkyl or R1. arid.RI 7 

15 'together with the nitrogen to which they are attached fonn a heterocyclicring of 5 

to 7 members which ring optionally contains an additional heteroatom selected 

from oxygen, sulfiir or NRis; 

Rs is C1-10 alql. halo-substituted C1-10.alkyi, C2-l0. at1cenyl,_C2-10 allcynyl, C3_7 · 

· · · cyCloaJkYli' Cs-1 cycloaJkenyl; aryl~· ariiG1 .:.1 Qalkyl; hetet6~1. ·heter~aii1ci .. id · 
20 alkyl, (CR10R2o)nOR1 {,(CR10R2o)nS(O)mR1s. (CR10R2o)nNHS(0)2R1s. 

(CR10R20)nNR13R14; wherein the aryl, ary~l, heter~aryl, beteroaryl alkyl 

may be optionally substitl.lted; 
R9 is hydrogen. -C(Z)R11 or optionally substituted Ct-10 alkyl. S(0)2R1s, optionally 

substituted aryl or optionally substituted aryl-Ct-4 alkyl; 

25 R10 and R20 is ea.ch independently selected from hydrogen orC14alkyl; 

R11 is hydrogen, C1-10 alkyl, C3-7 cycloalkyl, heterocyclyl, heterocyclyl C1-1()alkyl, 

aryl, aryIC1-10 alkyl, heteroaryl or heteroarylC1-10 alkyl; 

R12 is hydrogen or R16; 

R13 and R14 is each independently selected from hydrogen or optionally substituted 

30 C1-4 alkyl, optionally substituted aryl or optionally substituted aryl-C14 alkyl, or 

together with the nitrogen to which they are attached fonn a .heterocyclic ring of 5 

to 7 members which ring optionally contains an additional heteroatom selected 
from .oxygen~ sulfur or NRg ; · 

Ris is R10 or C(Z)-CI-4 alkyl; 
35 R16 is.Cl-4 alkyl, halo-substituted-Cl-4 alkyl, or C3 .. 7 cycloalk:yl; 

R1g is C1-10 alkyl. C3 .. 7 cycloalkyL heterocyclyl, aryl, arylalql, heterocyclyl, 

· heterocyclyl-C1-1oaJkyl, heteroaryl or heteroarylalkyl; 

R19 is hydrogen, cyano, C1-4 alkyl, C3_7 cycloalkyl or aryl; 



5 

2. Tue compound according to Claim 1 wherein Rt is an optionally substituted 4-

.pyridyl .or.4-pyriminindyL , .. , · ....... ,, .. " ·. . '·· -:.· ··- . ,, · 

3. The compound according to Claim 2 wherein the optional substituent is methyl or 

amino. 

4. The compound according to Claim 2 wherein R4 is an optionally substituted 

10 phenyl 

15 

5. The compouµd according to Claim 4 wherein the phenyl is substitu~ one or more 

times independently by halo,-SR$-S{O)R5, -OR12. halo-substituted-Cl-4 alkyl, or 

C1-4 alkyl. 

6. The compound according to Claim 1 wherein R2 is ~elected from C1-10 alkyl. 
' 

optionally substituted heterocylcyl, optionally subs.tiuted heterocyclylCt-10 alkyl, 

(CR10R2o)rtNS(0)2Ri8;-{CRiOR26)nS(O)~R1s.·aryIC1-10 alk:yi, . . 
· ccR:ioRiO>nNRi3Ri4~ op~o~any,-~ub~iitiitb"d'.c3~7oy~fudfyt" -.=or· optto~aiiy · 

20 substituted C3_7cycloalkyl C1-10 alkyl. 

7. The compound-accordiitg tQ q~ _I. wherem R2 ~- motpbolino· propyl,_ piperidine, 

N-methylpiperld.ine, or N-benzylpiperidine. 

25 8. The compound according to Claim 1 which is: 

l-[3-(~Morpholinyl)propyl]-4-(4-fluorophenyl)-~-(4-pyridyl)imidazole; 

l-(3-Chloropropyl)-4-(4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-{3-Azidopropyl)-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

l-{3-Aminopropyl)-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

30 1-(3-Methylsulfonamidopropyl)-4-( 4-flaorophenyl)-5-( 4-pyridyl)imidazole; 

1-[3-(N-Phenylmethyl)aminopropyl]-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

l-[3-(N-Phenylmethyl-N-meth.yl)aminopropyl)-4-(4-fluorophenyl)-5-(4-

pyridyl)imidazole; · 

I-[3-{1-Pyrrolidinyl)propyl]-4-( 4.:fluorophenyl)-S-C 4-pyndyl)imidazole; 

35 1-(3-Diethylaminopropyl)-4-{ 4-fluorophenyl)-5-( 4-pyridyl)im~le; 

1-(3-( l-Piperidinyl)pro.pyl]-4-( 4-fluorophenyl)-5-(4-pyridyl)imidazole; 

1.:[3-(Methylthio)propyl]-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-(2-{ 4-Morph~linyl)ethyl]-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 
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· I-[3~(4-Motj)holinyl)pr()pyl].:.4-(3-methyllliiophenyl)-5.:(4-pyridy~~-imidazole; ·· 

1-[3-( 4-Morpholinyl)propyl]-4-(3-methylsulfinylphenyl)-5-( 4-pyridyl)imidaz:ole; 

l-[3-(N-methyl-N-benzyl)aminopropyl]-4-{3-methylthiophenyl)-5-(4-

... · pyridyJ)imidazole.;-. . · ·.-,. - ·- -.--· ··. -··, 

5 1-[3-(N-methyl-N-benzyl)aminopropyl]-4-(3-methylsulfinylphenyl)-5-(4-

pyridyl)imidazole; 

1-[ 4-(Methylthio)phenyl]-4-( 4-fluorophenyl)-5-{ 4-pyridyl)imidazole; 

1-[ 4-{Methylsulfinyl)phenyl]-4-( 4-fluorophenyl)-5-{ 4-pyridyl)imidazole; 

1-[3-(Methylthio)phenyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

10 · 1-[3-(Methylsulfmyi)phenyl]-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

1-[2-(Methylthio )phenyl]-4-( 4-fluorophenyl)-5-( 4-pyridyl)imidazole; 

l-[2-(Methylsulfinyl)phenyl]-4-(4-fluorophenyl)~S-(4-pyridyl)iniidazole; 

1-[ 4-( 4-Morpholinyl)butyl]-4-( 4-fluorophenyl)-5-( 4-pyrldyl)imidazole; . . . 

1-Cy~lopropyl-4-( 4-fluorophenyl)-5-(4-pyndyl)imidazole; 

15 1-Isopropyl-4-( 4-fluorophenyl)-5-( 4-pyrldyl)imidazole; ... 

1-Cyclopropylmethyl4-( 4-fluorophenyl)-~-( 4-pyridyl)~idamle; 

·.-:· .. 

l-tert-Butyl-4-( 4-fluorophenyl)-5-{ 4-pyridyl)imid3:Z0le; 

1-(2~-Diethoxyethyl)-4-(4-fluorophenyl)•5-(4-pyrjdyt)imi~l~; 
··· · ·· 1~FomiylinetJiyl-4-{4-fluorophe~yl}-s·-(~pytldyl)ihiici~C;ie{ · · . 

··. · .. ·,·· : .. 

20 l·Hydroxyiminylmethyl-4-(4-fluorophenyl)-5-{4-pyridyl)imidazole; 

1-.Cyanomethyl-4-( 4-fluof9phenyl)-5-( 4-pyrldyl)imidazole; . 

1~[3-(4-Mo111holinyl)propyl)-4-(4-fluorophenyl)~-5-(2-:metb.ylpyrid-4-yl)imidaZole; 
4-{4-Fluorophenyl)-l-[3-{4-morpholinyl)propyl]-5-(2-chloropyridin-4-yl) imiqazol~; 

4-( 4-Fluorophenyl)-1-[3-( 4-morpholinyl)propyl]-5-(2-amino-4-pyridinyl) imidazole; 

25 1-( 4-Carboxymethyl)propyl-4-( 4-fluorophenyl)-5-{ 4-pyridyl)imidazole; 

1-{ 4-Carboxypropyl)-4-( 4-~uorophenyl)-5-( 4-p~dyl)imidazole; 

l-{3-Carboxymethyl)ethyl-4-( 4-fluorophenyl)-5:.( 4-pyridyl)iniidazole; 

1-{3-Carboxy)ethyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

1-(1-Benzylpiperidin-4-yl)-4-( 4-fluorophenyl)-5-( 4-pyridyl) imidazole; 

30 5-{2-Aminopyrimidin-4-yl)-4-( 4-fluorophenyl)-1-[3-( 4-Morpholinyl)propyl] imidazole; 

5-(2-Aminopyrimidin-4-yl)-4-{ 4-fluorophenyl)-1-(1-benzylpiperidin-4-yl)imidazole; 

5-{2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-1-(2-propyl)imi.dazole; 

5-(2-Aminopyrimidin-4-yl)-4-( 4-fluorophenyl)-l ~(cyclopropylmethyl)imidazole; · 

5-(2~Aminopyrimidin-4-yl)-4-(4-fiuorophenyl)-1-( l-carboxyethyl-4-

35 piperidinyl)imidazole; 

5-(2-Aminopyrimidin-4-yl)-4-( 4-fluoropnenyl)-1-( 4-piperidinyl) imidazole; 

1-Methyl-4-phenyl-5-( 4-pyridyl)imidazole; 

l-Methyl-4-[3-(~hlorophenyl)]-5-[ 4-pyridinyl]imidazole; THIS SHEET HAS BEEN 
REPLACED 



( +/-)-4-(4-Fluorophenyl)-1-[3-(methylsulfmyl)propyl]-5-( 4-pyridinyl)imidazole; 

. 4-(4 .. FJ.uorophenylrl .. [(3~meth.ylsulfonyl)propyl}·5~(4~pyridinyl)imidazole;- · .·, ·· · · · 

5 1-(3-Phenoxypropyl)-4-(4-fluoroph~nyl)-5-(4-pyridinyl)imidazole; 

l-[3-(Phenylthio)propyl]-4-{ 4-fluorophenyl)-5-( 4-pyri~inyl)imidazole; 

1-[3-{ 4-Morpholinyl)propyl]-4-(4-fluorophenyl)-5-( 4-quinolyl)imidazole; 

( +/-)-1-(3-Phenylsulfinylpropyl)-4-(4-fluorophenyl)-5.;(4-pyridinyl)imidazole; 

1-(3-Ethoxypropyl)-4-{ 4-fluorophenyl)-5-(4-pyridinyl)imidazole; 

10 1-(3-Phenylsulfonylpropyl-4-( 4-fluorophenyl) ... 5-( 4-pyrldinyl)imidazole; 

1-[3-(4-Morpholinyl)propyl]-4-(3-chlorophenyl)-5-( 4-pyridyl)imidazole; 

1-[3-{ 4-Morpholinyl)propyl]-4-(3,~chlorophen~l)-5-( 4-pyridyl)imidazole ; 

4-[ 4-( 4-Fluorophenyl)-1-[3-( 4-motCblinyl)propylJ-5-(pYrlmid-2-one-4-yl)imidazole; 

· 4-(~Fluorophenyl)-5•[2-(methyl~pyrimiduiyl]-1-[3-(4-morpholinyl)propyl]-
15 . . . . ··~ ' . 

imidazole, -~:.ii 

4-( 4-Fluorophenyl)-5-[2-(methylsulfihyl)-4-pyrimidinyl] ... 1-[3-( 4-morpholinylF 

propyl]imidazole; 

(E)-l-(l-Propenyl)4( 4-f1u~ropp~nyl)-57c fpyn(ijn.y~)ilpi~l~;. 
· 1-c2-Prope~y1~c4-ntt·t;~ph~ri~1>~s-<42l>Yrifiln1i>inrld~i~;--.,: · "; .·· 

20 5-[(2-N,N-Dimethylamino)pyrimidin-4-yl]-4-( 4-tluorophenyl)-1-[3-{ 4-morpholinyl)-

. propyl]imidazole; . 

. 1-[3;.( 4-Morpholiriyl)p~pyl].;.5•(4:-pyridinyl)-4-[ 4-(triflU9f9methyl)phenyl]imidazole; 

1-[3-( 4-Morpholinyl)propyl]-5-( 4-pyrldinyl)-4-[3-(trifluoromethyl)phenyl]imi(iazoJ.e ; 

l-(Cyclopropylmethyl)-4-(3.4-dichlorophenyl)-5-(4-pyridinyl)imidazole; 

25 l-(Cyclopropylmethyl)-4-(3-trifluoromethylphenyl)-5-( 4-pyrldinyl)imidazole; 

l-(Cyclopropyhnethyl)-4{4-fluorophenyl)-5-(2-n:iethylpyrid-4-yl)imidazole; 

1-[3-(4-Morpholinyl)propyl]~S-(4-pyridinyl)-4-(3j-bistritl.uotomethylphenyl)­

imidazole; 

5-[4-(2-Aminopyrimidinyl)l-4-(4-fluorophenyl)-l-(2-carboxy-2,2-dimethyl-

30 ethyl)imidazole; 

l-(l-Fonnyl-4-piperidinyl)-4-( 4-fluorophenyl)-S:-( 4-pyridinyl)imidazole; 

5-(2-Amino-4:-pyrimidinyl)-4-{ 4-fluorophenyl}-1-(1 :.methyl-4-piperidinyl)imidazole; 

1-(2,2-Dimethyl-3-morpholin-4-yl)propyl.4-(4-fluorophenyl)-5.::(2-Amino-4-

pyrimidinyl)iniidazole; 

35 4-( 4-Fluorophenyl)-5-( 4-pyridyl)-1-(2-acetoxyethyl)imidazole;. or pharmaceutically 

acceptable salts thereof. 

r .. ----··-········ 
,1 THIS SHEL J iL L· 

REPLACED 
.. /\ J 
·«.,..._ __ _ 



llf 111~ 1111~ 11~1111!1lllf11- "; ---; -__ -. - : ; - - -- . 

::;· ·_;,.~--.t _:~9 ~)~~; ,:; ... _'.:.\> ;{. -'.-. :.{./>·!:~?-.>_ ••• ;·- -<·;~.~~-;;-~~~ -Pct~~~::.:·'.'.;-··· 
9. _A phamiaceutica.1 cort1position comprising a compound ac-cording to any one of 
Claims 1. to 8 and a phannaceutically acceptable carrier or diluent. 

10: . · . A method of treating. a· cytokine mediated.disease, -in a-mammal in·need··thereof;'·> 

5 which comprises administering to s~~ mammal an effective amount of a compound of 
Fonnula (I) according to Claim 1. -

11. The method according to claim 10 wherein the mammal is afflicted with a 

cytoldne mediated disease selected from rheumatoid arthritis, rheumatoid spondylitis, 

10 osteoarthritis. gouty arthritis and other arthritic.conditions, sepsis, septic shock, . 

endotoxic shock, gram negative sepsis, toxic shock syndrome, asthma, adult respiratory 

distress syndrome, cereb~ malaria, chronic pulmonary inflammatory disease, silicosis, 

pulmonary sarcososis, bone resorption diseases, osteoporosis, reperfusion injury, gr8.ft 
. I 

vs. host reaction, allograft rejections, Crohn's disea.Se, ulcerative colitis o~ pyre.sis. 
15 

12. The method according to Claim 10 wherein the disease state is mediated by 

IL-1, Il-6, IL-8, orTNF. 

. . . .· ·. .. . 

· 13. · ·Tfie inethQd a.ce·ordihg to Clamitr~~erein'ihe .. tjtokirie·mediated d!Sease state· ·· 

20 is asthma or arthritis. 

25 

l4. A method of treating inflammatiOJJ.-in a mammal in need: thereof, which 

comprises administering to said mammal an effective amount of a compound o_f 

Fonnula (I) according to Claim 1. 

15. A method of treating ~thma in a mammal _in need thereof, which comprises 

administering .to said mammal an effective amount of a compound of Fonnula (1) 

according to Claim 1. 

30 16. A process for preparing a compound of Fonnula (I) as defined in Claim 1 which 

35 

comprises reacting a compound of the Fonnula (ll) : 

Ar--S(O)P 

R~NC (Il) 
with a compound of the Fonnula (Ill): 

.··::··· .. 
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wherein pis o. 1or2; and Ri, R2 and R4 are as defmed in.Oaim 1 or are precursors 

of the groups R l • R2 and R4 and Ar is an optionally substj.tuted phenyl group. and 

5 thereafter if necessary convening a precursor of R l • R1 and R4, to a group R l • R2 and 

R4-

17. A compound of the Fonnula (Il) according to Claim 16 with the prpviso that 

when ArS(O)p is tosyl, R4 is not unsubstituted phenyl 

10 l 
18. A compound of the Formula (Il) according to Claim ~ 6 wherein p is 0 or 2. . 

! 

19. A method of inhibiting cytokhtes. in a mammal in mJci thereof, which 

comprises administering to said mammal an effective amounl of 4-phenyl-5·[4-
' 15 pyridyl)imidazole. 

. ,.. :: ~: .. - ~ ... -. ·~·f ... ... -· .: - . -. . . 
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