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(57) ABSTRACT 
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formula(I) Wherein Arl, Ar2, L, Q and X are described 
herein. The compounds are useful in pharmaceutic compo 
sitions for treating diseases or pathological conditions 
involving in?ammation such as chronic in?ammatory dis 
eases. Also disclosed are processes of making such com 
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AROMATIC HETEROCYCLIC COMPOUNDS AS 
ANTIINFLAMMATORY AGENTS 

RELATED APPLICATION DATA 

[0001] This application is a divisional of US. application 
Ser. No. 09/484,638 ?led Jan. 18, 2000. 

TECHNICAL FIELD OF THE INVENTION 

[0002] This invention relates to novel aromatic heterocy 
clic compounds of formula (I): 

(I) 
X 

A i A Q “T T’ If“ 
H H 

[0003] Wherein Arl, Ar2, X, L and Q are de?ned beloW, 
Which inhibit production of cytokines involved in in?am 
matory processes and are thus usefuil for treating diseases 
and pathological conditions involving in?ammation such as 
chronic in?ammatory disease. This invention also relates to 
processes for preparing these compounds and to pharma 
ceutical compositions comprising these compounds. 

BACKGROUND OF THE INVENTION 

[0004] Tumor necrosis factor (TNF) and interleukin-1 
(IL-1) are important biological entities collectively referred 
to as proin?ammatory cytokines. These, along With several 
other related molecules, mediate the in?ammatory response 
associated With the immunological recognition of infectious 
agents. The in?ammatory response plays an important role 
in limiting and controlling pathogenic infections. 

[0005] Elevated levels of proin?ammatory cytokines are 
also associated With a number of diseases of autoimmunity 
such as toxic shock syndrome, rheumatoid arthritis, osteoar 
thritis, diabetes and in?ammatory boWel disease (Dinarello, 
C. A., et al., 1984, Rev. Infect. Disease 6:51). In these 
diseases, chronic elevation of in?ammation exacerbates or 
causes much of the pathophysiology observed. For example, 
rheumatoid synovial tissue becomes invaded With in?am 
matory cells that result in destruction to cartilage and bone 
(Koch, A. E., et al., 1995, J. Invest. Med. 43: 28-38). An 
important and accepted therapeutic approach for potential 
drug intervention in these diseases is the reduction of 
proin?ammatory cytokines such as TNF (also referred to in 
its secreted cell-free form termed TNFO.) and IL-1[3. A 
number of anti-cytokine therapies are currently in clinical 
trials. Ef?cacy has been demonstrated With a monoclonal 
antibody directed against TNFO. in a number of autoimmune 
diseases (Heath, P., “CDP571: An Engineered Human IgG4 
Anti-TNFot Antibody” IBC Meeting on Cytokine Antago 
nists, Philadelphia, Pa., Apr. 24-5, 1997). These include the 
treatment of rheumatoid arthritis, Crohn’s disease and ulcer 
ative colitis (Rankin, E. C. C., et al., 1997, British J. Rheum. 
35: 334-342 and Stack, W. A., et al., 1997, Lancet 349: 
521-524). The monoclonal antibody is thought to function 
by binding to both soluble TNFO. and to membrane bound 
TNF. 
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[0006] A soluble TNFO. receptor has been engineered that 
interacts With TNFot. The approach is similar to that 
described above for the monoclonal antibodies directed 
against TNFot; both agents bind to soluble TNFot, thus 
reducing its concentration. One version of this construct, 
called Enbrel (Immunex, Seattle, Wash.) recently demon 
strated efficacy in a Phase III clinical trial for the treatment 
of rheumatoid arthritis (BroWer et al., 1997, Nature Biotech 
nology 15: 1240). Another version of the TNFO. receptor, Ro 
45-2081 (Hofftnan-LaRoche Inc., Nutley, N.] has demon 
strated efficacy in various animal models of allergic lung 
in?ammation and acute lung injury. Ro 45-2081 is a recom 
binant chimeric molecule constructed from the soluble 55 
kDa human TNF receptor fused to the hinge region of the 
heavy chain IgG1 gene and expressed in eukaryotic cells 
(RenZetti, et al., 1997, In?amm. Res. 46: S143). IL-1 has 
been implicated as an immunological effector molecule in a 
large number of disease processes. IL-1 receptor antagonist 
(IL-1ra) had been examined in human clinical trials. E?icacy 
has been demonstrated for the treatment of rheumatoid 
arthritis (Antril, Amgen). In a phase III human clinical trial 
IL-1ra reduced the mortality rate in patients With septic 
shock syndrome (Dinarello, 1995, Nutrution 11, 492). 
Osteoarthritis is a sloW progressive disease characteriZed by 
destruction of the articular cartilage. IL-1 is detected in 
synovial ?uid and in the cartilage matrix of osteoarthritic 
joints. Antagonists of IL-1 have been shoWn to diminish the 
degradation of cartilage matrix components in a variety of 
experimental models of arthritis (Chevalier, 1997, Biomea' 
Pharmacother 51, 58). Nitric oxide (NO) is a mediator of 
cardiovascular homeostasis, neurotransmission and immune 
function; recently it has been shoWn to have important 
effects in the modulation of bone remodeling. Cytokines 
such as IL-1 and TNF are potent stimulators of NO produc 
tion. NO is an important regulatory molecule in bone With 
effects on cells of the osteoblast and osteoclast lineage 
(Evans, et al., 1996, J Bone Miner Res. 11, 300). The 
promotion of beta-cell destruction leading to insulin depen 
dent diabetes mellitis shoWs dependence on IL-1. Some of 
this damage may be mediated through other effectors such as 
prostaglandins and thromboxanes. IL-1 can effect this pro 
cess by controlling the level of both cyclooxygenase II and 
inducible nitric oxide synthetase expression (McDaniel et 
al., 1996, Proc Soc Exp Biol Med. 211, 24). 
[0007] Inhibitors of cytokine production are expected to 
block inducible cyclooxygenase (COX-2) expression. 
COX-2 expression has been shoWn to be increased by 
cytokines and it is believed to be the isoform of cyclooxy 
genase responsible for in?ammation (M. K. O’Banion et al., 
Proc. Natl. Acad. Sci. USA, 1992, 89, 4888.) Accordingly, 
inhibitors of cytokines such as IL-1 Would be expected to 
exhibit e?icacy against those disorders currently treated With 
COX inhibitors such as the familiar NSAIDs. These disor 
ders include acute and chronic pain as Well as symptoms of 
in?ammation and cardiovascular disease. 

[0008] Elevation of several cytokines have been demon 
strated during active in?ammatory boWel disease (IBD). A 
mucosal imbalance of intestinal IL-1 and IL-1ra is present in 
patients With IBD. Insu?icient production of endogenous 
IL-1ra may contribute to the pathogenesis of IBD (Com 
inelli, et al., 1996,Aliment Pharmacol Ther 10, 49). AlZhe 
imer disease is characteriZed by the presence of beta 
amyloid protein deposits, neuro?brillary tangles and 
cholinergic dysfunction throughout the hippocampal region. 
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The structural and metabolic damage found in Alzheimer 
disease is possibly due to a sustained elevation of IL-1 
(Holden, et al., 1995, Med Hypootheses 45, 559). Arole for 
IL-1 in the pathogenesis of human immunode?ciency virus 
(HIV) has been identi?ed. IL-1ra shoWed a clear relationship 
to acute in?ammatory events as Well as to the different 
disease stages in the pathophysiology of HIV infection 
(KreuZer, et al., 1997, Clin Exp Immunol. 109, 54). IL-1 and 
TNF are both involved in periodontal disease. The destruc 
tive process associated With periodontal disease may be due 
to a disregulation of both IL-1 and TNF (HoWells, 1995, 
Oral Dis. 1, 266). 

[0009] Proin?ammatory cytokines such as TNFO. and 
IL-1[3 are also important mediators of septic shock and 
associated cardiopulmonary dysfunction, acute respiratory 
distress syndrome (ARDS) and multiple organ failure. 
TNFO. has also been implicated in cacheXia and muscle 
degradation, associated With HIV infection (Lahdiverta et 
al., 1988,Amer. J. Med., 85, 289). Obesity is associated With 
an increase incidence of infection, diabetes and cardiovas 
cular disease. Abnormalities in TNFO. expression have been 
noted for each of the above conditions (Loffreda, et al., 
1998, FASEB J. 12, 57). It has been proposed that elevated 
levels of TNFO. are involved in other eating related disorders 
such as anoreXia and bulimia nervosa. Pathophysiological 
parallels are draWn betWeen anorexia nervosa and cancer 

cacheXia (Holden, et al., 1996, Med Hypotheses 47, 423). An 
inhibitor of TNFO. production, HU-211, Was shoWn to 
improve the outcome of closed brain injury in an experi 
mental model (Shohami, et al., 1997, J Neuroimmunol. 72, 
169). Atherosclerosis is knoWn to have an in?ammatory 
component and cytokines such as IL-1 and TNF have been 
suggested to promote the disease. In an animal model an 
IL-1 receptor antagonist Was shoWn to inhibit fatty streak 
formation (Elhage et al., 1998, Circulation, 97, 242). 

[0010] The abnormal eXpression of inducible nitric oXide 
synthetase (iNOS) has been associated With hypertension in 
the spontaneously hypertensive rat (Chou et al., 1998, 
Hypertension, 31, 643). IL-1 has a role in the eXpression of 
iNOS and therefore may also have a role in the pathogenesis 
of hypertension (Singh et al., 1996, Amer J. Hypertension, 
9, 867). 
[0011] IL-1 has also been shoWn to induce uveitis in rats 
Which could be inhibited With IL-1 blockers. (Xuan et al., 
1998, J. Ocular Pharmacol. and Ther., 14, 31). Cytokines 
including IL-1, TNF and GM-CSF have been shoWn to 
stimulate proliferation of acute myelogenous leukemia 
blasts (Bruserud, 1996, Leukemia Res. 20, 65). IL-1 Was 
shoWn to be essential for the development of both irritant 
and allergic contact dermatitis. Epicutaneous sensitiZation 
can be prevented by the administration of an anti- IL-1 
monoclonal antibody before epicutaneous application of an 
allergen (Muller, et al., 1996,AmJ Contact Dermat. 7, 177). 
Data obtained from IL-1 knock out mice indicates the 
critical involvement in fever for this cytokine (Kluger et al., 
1998, Clin Exp Pharmacol Physiol. 25, 141). A variety of 
cytokines including TNF, IL-1, IL-6 and IL-8 initiate the 
acute-phase reaction Which is stereotyped in fever, malaise, 
myalgia, headaches, cellular hypermetabolism and multiple 
endocrine and enZyme responses (Beisel, 1995, Am J Clin 
Nutr. 62, 813). The production of these in?ammatory cytok 
ines rapidly folloWs trauma or pathogenic organism inva 
s1on. 
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[0012] Other proin?ammatory cytokines have been corre 
lated With a variety of disease states. IL-8 correlates With 
in?uX of neutrophils into sites of in?ammation or injury. 
Blocking antibodies against IL-8 have demonstrated a role 
for IL-8 in the neutrophil associated tissue injury in acute 
in?ammation (Harada et al., 1996, Molecular Medicine 
Today 2, 482). Therefore, an inhibitor of IL-8 production 
may be useful in the treatment of diseases mediated pre 
dominantly by neutrophils such as stroke and myocardial 
infarction, alone or folloWing thrombolytic therapy, thermal 
injury, adult respiratory distress syndrome (ARDS), multiple 
organ injury secondary to trauma, acute glomerulonephritis, 
dermatoses With acute in?ammatory components, acute 
purulent meningitis or other central nervous system disor 
ders, hemodialysis, leukopherisis, granulocyte transfusion 
associated syndromes, and necrotiZing entrerocolitis. Rhi 
novirus triggers the production of various proin?ammatory 
cytokines, predominantly IL-8, Which results in symptom 
atic illnesses such as acute rhinitis (Winther et al., 1998,Am 
JRhinol. 12, 17). 

[0013] Other diseases that are effected by IL-8 include 
myocardial ischemia and reperfusion, in?ammatory boWel 
disease and many others. 

[0014] The proin?ammatory cytokine IL-6 has been 
implicated With the acute phase response. IL-6 is a groWth 
factor in a number in oncological diseases including mul 
tiple myeloma and related plasma cell dyscrasias (Treon, et 
al., 1998, Current Opinion in Hematology 5: 42). It has also 
been shoWn to be an important mediator of in?ammation 
Within the central nervous system. Elevated levels of IL-6 
are found in several neurological disorders including AIDS 
dememtia compleX, AlZheimer’s disease, multiple sclerosis, 
systemic lupus erythematosus, CNS trauma and viral and 
bacterial meningitis (Gruol, et al., 1997, Molecular Neuro 
biology 15: 307). IL-6 also plays a signi?cant role in 
osteoporosis. In murine models it has been shoWn to effect 
bone resorption and to induce osteoclast activity (Ershler et 
al., 1997, Development and Comparative Immunol. 21: 
487). Marked cytokine differences, such as IL-6 levels, eXist 
in vivo betWeen osteoclasts of normal bone and bone from 
patients With Paget’s disease (Mills, et al., 1997, Calcif 
Tissue Int. 61, 16). A number of cytokines have been shoWn 
to be involved in cancer cacheXia. The severity of key 
parameters of cacheXia can be reduced by treatment With 
anti IL-6 antibodies or With IL-6 receptor antagonists 
(Strassmann, et al., 1995, Cytokins Mol Ther 1, 107). 
Several infectious diseases, such as in?uenZa, indicate IL-6 
and IFN alpha as key factors in both symptom formation and 
in host defense (Hayden, et al., 1998, J Clin Invest. 101, 
643). OvereXpression of IL-6 has been implicated in the 
pathology of a number of diseases including multiple 
myeloma, rheumatoid arthritis, Castleman’s disease, psoria 
sis and post-menopausal osteoporosis (Simpson, et al., 1997, 
Protein Sci. 6, 929). Compounds that interfered With the 
production of cytokines including IL-6, and TNF Were 
effective in blocking a passive cutaneous anaphylaXis in 
mice (ScholZ et al., 1998, J. Med. Chem., 41, 1050). 

[0015] GM-CSF is another proin?ammatory cytokine With 
relevance to a number of therapeutic diseases. It in?uences 
not only proliferation and differentiation of stem cells but 
also regulates several other cells involved in acute and 
chronic in?ammation. Treatment With GM-CSF has been 
attempted in a number of disease states including burn 
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Wound healing, skin-graft resolution as Well as cytostatic 
and radiotherapy induced mucositis (Masucci, 1996, Medi 
cal Oncology 13: 149). GM-CSF also appears to play a role 
in the replication of human immunode?ciency virus (HIV) 
in cells of macrophage lineage With relevance to AIDS 
therapy (CroWe et al., 1997, Journal of Leukocyte Biology 
62, 41). Bronchial asthma is characterised by an in?amma 
tory process in lungs. Involved cytokines include GM-CSF 
amongst others (Lee, 1998, J R Coll Physicians Lond 32, 
56). 
[0016] Interferon y (IFN y) has been implicated in a 
number of diseases. It has been associated With increased 
collagen deposition that is a central histopathological feature 
of graft-versus-host disease (Parkman, 1998, Curr Opin 
Hematol. 5, 22). FolloWing kidney transplantation, a patient 
Was diagnosed With acute myelogenous leukemia. Retro 
spective analysis of peripheral blood cytokines revealed 
elevated levels of GM-CSF and IFN y. These elevated levels 
coincided With a rise in peripheral blood White cell count 

(Burke, et al., 1995, Leak Lymphoma. 19, 173). The devel 
opment of insulin-dependent diabetes (Type 1) can be cor 
related With the accumulation in pancreatic islet cells of 
T-cells producing IFN y (Ablumunits, et al., 1998,JAutoim 
man. 11, 73). IFN y along With TNF, IL-2 and IL-6 lead to 
the activation of most peripheral T-cells prior to the devel 
opment of lesions in the central nervous system for diseases 
such as multiple sclerosis (MS) and AIDS dementia complex 
(Martino et al., 1998,Ann Neurol. 43, 340). Atherosclerotic 
lesions result in arterial disease that can lead to cardiac and 
cerebral infarction. 

[0017] Many activated immune cells are present in these 
lesions, mainly T-cells and macrophages. These cells pro 
duce large amounts of proin?ammatory cytokines such as 
TNF, IL-1 and IFN y. These cytokines are thought to be 
involved in promoting apoptosis or programmed cell death 
of the surrounding vascular smooth muscle cells resulting in 
the atherosclerotic lesions (Geng, 1997, Heart Vessels Suppl 
12, 76). Allergic subjects produce mRNA speci?c for IFN y 
folloWing challenge With Vespula venom (Bonay, et al., 
1997, Clin Exp Immunol. 109, 342). The expression of a 
number of cytokines, including IFN y has been shoWn to 
increase folloWing a delayed type hypersensitivity reaction 
thus indicating a role for IFN y in atopic dermatitis (SZepi 
etoWski, et al., 1997, BrJDermatol. 137, 195). Histopatho 
logic and immunohistologic studies Were performed in cases 
of fatal cerebral malaria. Evidence for elevated IFN y 
amongst other cytokines Was observed indicating a role in 
this disease (Udomsangpetch et al., 1997, Am J Trop Med 
Hyg. 57, 501). The importance of free radical species in the 
pathogenesis of various infectious diseases has been estab 
lished. The nitric oxide synthesis pathWay is activated in 
response to infection With certain viruses via the induction 
of proin?ammatory cytokines such as IFN y (Akaike, et al., 
1998,Proc Soc Exp Biol Med. 217, 64). Patients, chronically 
infected With hepatitis B virus (HBV) can develop cirrhosis 
and hepatocellular carcinoma. Viral gene expression and 
replication in HBV transgenic mice can be suppressed by a 
post-transcriptional mechanism mediated by IFN y, TNF and 
IL-2 (Chisari, et al., 1995, Springer Semin Immunopathol. 
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17, 261). IFN y can selectively inhibit cytokine induced bone 
resorption. It appears to do this via the intermediacy of nitric 
oxide (NO) Which is an important regulatory molecule in 
bone remodeling. NO may be involved as a mediator of bone 
disease for such diseases as: the rheumatoid arthritis, tumor 
associated osteolysis and postmenopausal osteoporosis 
(Evans, et al., 1996, J Bone Miner Res. 11, 300). Studies 
With gene de?cient mice have demonstrated that the IL-12 
dependent production of IFN y is critical in the control of 
early parasitic groWth. Although this process is independent 
of nitric oxide the control of chronic infection does appear 
to be NO dependent (Alexander et al., 1997, Philos Trans R 
Soc Lond B Biol Sci 352, 1355). NO is an important 
vasodilator and convincing evidence exists for its role in 
cardiovascular shock (Kilbourn, et al., 1997, Dis Mon. 43, 
277). IFN y is required for progression of chronic intestinal 
in?ammation in such diseases as Crohn’s disease and 

in?ammatory boWel disease (IBD) presumably through the 
intermediacy of CD4 + lymphocytes probably of the TH1 
phenotype (Sartor 1996,Aliment Pharmacol T her 10 Suppl 
2, 43). An elevated level of serum IgE is associated With 
various atopic diseases such as bronchial asthma and atopic 
dermatitis. The level of IFN y Was negatively correlated With 
serum IgE suggesting a role for IFN y in atopic patients 
(Teramoto et al., 1998, Clin Exp Allergy 28, 74). 

[0018] Compounds Which modulate release of one or more 
of the aforementioned in?ammatory cytokines can be useful 
in treating diseases associated With release of these cytok 
ines. For example, WO 98/52558 discloses heteroaryl urea 
compounds Which are indicated to be useful in treating 
cytokine mediated diseases. 

[0019] US. Pat. No. 5,162,360 discloses N-substituted 
aryl-N‘-heterocyclic substituted urea compounds Which are 
described as being useful for treating hypercholesterolemia 
and atheroclerosis. 

[0020] The Work cited above supports the principle that 
inhibition of cytokine production Will be bene?cial in the 
treatment of various disease states. Some protein therapeu 
tics are in late development or have been approved for use 
in particular diseases. Protein therapeutics are costly to 
produce and have bioavailability and stability problems. 
Therefore a need exists for neW small molecule inhibitors of 

cytokine production With optimiZed ef?cacy, pharmacoki 
netic and safety pro?les. 

BRIEF SUMMARYOF THE INVENTION 

[0021] The Work cited above supports the principle that 
inhibition of cytokine production Will be bene?cial in the 
treatment of various disease states. 

[0022] It is therefore an object of the invention to provide 
novel compounds Which inhibit the release of in?ammatory 
cytokines such as interleukin-1 and tumor necrosis factor. 

[0023] It is a further object of the invention to provide 
methods for treating diseases and pathological conditions 
involving in?ammation such as chronic in?ammatory dis 
ease. 
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[0024] It is yet a further object of the invention to provide 
processes of preparation of the above-mentioned novel 
compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The present invention is directed to compounds of 
the formula (I): 

(I) 
X 

Ar 1\ i / Ar2—L—Q 

T T 
H H 

[0026] Wherein 

[0027] Ar1 is a heterocyclic group selected from the 
group consisting of pyrrole, pyrrolidine, pyraZole, 
imidaZole, oXaZole, thiaZole, furan and thiophene; 

[0028] and Wherein Ar1 may be substituted by one or 
more R1, R2 or R3; 

[0029] Ar2 is: 

[0030] phenyl, naphthyl, quinoline, isoquinoline, 
tetrahydronaphthyl, tetrahydroquinoline, tetrahy 
droisoquinoline, benZimidaZole, benZofuran, 
indanyl, indenyl or indole each being optionally 
substituted With one to three R2 groups; 

[0031] L, a linking group, is a: 

[0032] CL1O saturated or unsaturated branched or 
unbranched carbon chain; 

[0033] Wherein one or more methylene groups are 
optionally independently replaced by O, N or S; 
and 

[0034] Wherein said linking group is optionally 
substituted With 0-2 OX0 groups and one or more 

C1_ 4 branched or unbranched alkyl Which may be 
substituted by one or more halogen atoms; 

[0035] Q is selected from the group consisting of: 

[0036] a) phenyl, naphthyl, pyridine, pyrimidine, 
pyridaZine, imidaZole, benZimidaZole, furan, 
thiophene, pyran, naphthyridine, oXaZo[4,5-b]py 
ridine and imidaZo[4,5-b]pyridine, Which are 
optionally substituted With one to three groups 
selected from the group consisting of halogen, 
C176 alkyl, CL6 alkoXy, hydroXy, mono- or di-(C1_3 
alkyl)amino, C1_6 alkyl-S(O)rn and phenylamino 
Wherein the phenyl ring is optionally substituted 
With one to tWo groups consisting of halogen, CL6 
alkyl and C1_6 alkoXy; 

[0037] b) tetrahydropyran, tetrahydrofuran, 1,3-di 
oXolanone, 1,3-dioXanone, 1,4-dioXane, morpho 
line, thiomorpholine, thiomorpholine sulfoXide, 
thiomorpholine sulfone, piperidine, piperidinone, 
tetrahydropyrimidone, cycloheXanone, cycloheX 
anol, pentamethylene sul?de, pentamethylene sul 
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foXide, pentamethylene sulfone, tetramethylene 
sul?de, tetramethylene sulfoXide and tetramethyl 
ene sulfone Which are optionally substituted With 
one to three groups selected from the group con 
sisting of CL6 alkyl, C1_6 alkoXy, hydroXy, mono 
or di-(C1_3 alkyl)amino-C1_3 alkyl, phenylamino 
C1_3 alkyl and C1_3 alkoXy-C1_3 alkyl; 

[0038] c) CL6 alkoXy, secondary or tertiary amine 
Wherein the amino nitrogen is covalently bonded 
to groups selected from the group consisting of 
C alkyl and C1_5 alkoxyalkyl and phenyl Wherein 

173 

the phenyl ring is optionally substituted With one 
to tWo groups consisting of halogen, CL6 alkoXy, 
hydroXy or mono- or di-(C1_3 alkyl)amino, CL6 
alkyl-S(O)r, phenyl-S(O)t, Wherein the phenyl 
ring is optionally substituted With one to tWo 
groups consisting of halogen, C1_6 alkoXy, 
hydroXy or mono- or di-(C1_3 alkyl)amino; 

[0039] R1 is selected from the group consisting of: 

[0040] (a) C3_1O branched or unbranched alkyl, 
Which may optionally be partially or fully halo 
genated, and optionally substituted With one to 
three phenyl, naphthyl or heterocyclic groups 
selected from the group consisting of pyridinyl, 
pyrimidinyl, pyraZinyl, pyridaZinyl, pyrrolyl, imi 
daZolyl, pyraZolyl, thienyl, furyl, isoXaZolyl and 
isothiaZolyl; each such phenyl, naphthyl or het 
erocycle selected from the group hereinabove 
described, being substituted With 0 to 5 groups 
selected from the group consisting of halogen, 
C176 branched or unbranched alkyl Which is option 
ally partially or fully halogenated, C3_8 cycloalkyl, 
C5_8 cycloalkenyl, hydroXy, cyano, CL3 alkyloXy 
Which is optionally partially or fully halogenated, 
NH2C(O) and di(C1_3)alkylaminocarbonyl; 

[0041] (b) C3_7 cycloalkyl selected from the group 
consisting of cyclopropyl, cyclobutyl, cyclopen 
tanyl, cycloheXanyl, cycloheptanyl, bicyclopenta 
nyl, bicycloheXanyl and bicycloheptanyl, Which 
may optionally be partially or fully halogenated 
and Which may optionally be substituted With one 
to three CL3 alkyl groups, or an analog of such 
cycloalkyl group Wherein one to three ring meth 
ylene groups are replaced by groups indepen 
dently selected from O, S, CHOH, >C=O, >C=S 
and NH; 

[0042] (c) C3_1O branched alkenyl Which may 
optionally be partially or fully halogenated, and 
Which is optionally substituted With one to three 
C175 branched or unbranched alkyl, phenyl, naph 
thyl or heterocyclic groups, With each such het 
erocyclic group being independently selected 
from the group consisting of pyridinyl, pyrimidi 
nyl, pyraZinyl, pyridaZinyl, pyrrolyl, imidaZolyl, 
pyraZolyl, thienyl, furyl, isoXaZolyl and isothiaZ 
olyl, and each such phenyl, naphthyl or heterocy 
clic group being substituted With 0 to 5 groups 
selected from halogen, CL6 branched or 
unbranched alkyl Which is optionally partially or 
fully halogenated, cyclopropyl, cyclobutyl, cyclo 
pentanyl, cycloheXanyl, cycloheptanyl, bicyclo 
pentanyl, bicycloheXanyl and bicycloheptanyl, 
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hydroXy, cyano, CL3 alkyloXy Which is optionally 
partially or fully halogenated, NH2C(O), rnono- or 
di(C1_3)alkylarninocarbonyl; 

[0043] (d) C5_7 cycloalkenyl selected from the 
group consisting of cyclopentenyl, cycloheXenyl, 
cycloheXadienyl, cycloheptenyl, cycloheptadi 
enyl, bicycloheXenyl and bicycloheptenyl, 
Wherein such cycloalkenyl group may optionally 
be substituted With one to three CL3 alkyl groups; 

[0044] (e) cyano; and, 

[0045] rnethoXycarbonyl, ethoXycarbonyl and 
propoXycarbonyl; 

[0046] R2 is selected from the group consisting of: 

[0047] a CL6 branched or unbranched alkyl Which 
may optionally be partially or fully halogenated, 
acetyl, aroyl, C1_4 branched or unbranched alkoXy, 
Which may optionally be partially or fully halo 
genated, halogen, rnethoXycarbonyl and phenyl 
sulfonyl; 

[0048] R3 is selected from the group consisting of: 

[0049] a) a phenyl, naphthyl or heterocyclic group 
selected from the group consisting of pyridinyl, 
pyrirnidinyl, pyraZinyl, pyridaZinyl, pyrrolyl, irni 
daZolyl, pyraZolyl, thienyl, furyl, tetrahydrofuryl, 
isoXaZolyl, isothiaZolyl, quinolinyl, isoquinolinyl, 
indolyl, benZirnidaZolyl, benZofuranyl, benZoX 
aZolyl, benZisoXaZolyl, benZpyraZolyl, benZothio 
furanyl, cinnolinyl, pterindinyl, phthalaZinyl, 
naphthypyridinyl, quinoXalinyl, quinaZolinyl, 
purinyl and indaZolyl; Wherein such phenyl, naph 
thyl or heterocyclic group is optionally substituted 
With one to ?ve groups selected from the group 
consisting of a CL6 branched or unbranched alkyl, 
phenyl, naphthyl, heterocycle selected from the 
group hereinabove described, CL6 branched or 
unbranched alkyl Which is optionally partially or 
fully halogenated, cyclopropyl, cyclobutyl, cyclo 
pentanyl, cycloheXanyl, cycloheptanyl, bicyclo 
pentanyl, bicycloheXanyl, bicycloheptanyl, phe 
nyl CL5 alkyl, naphthyl CL5 alkyl, halo, hydroXy, 
cyano, C1_3 alkyloXy Which may optionally be 
partially or fully halogenated, phenyloXy, naph 
thyloXy, heteraryloXy Wherein the heterocyclic 
moiety is selected from the group hereinabove 
described, nitro, arnino, rnono- or di-(C1_3)alky 
larnino, phenylarnino, naphthylarnino, heterocy 
clylarnino Wherein the heterocyclyl moiety is 
selected from the group hereinabove described, 
NH2C(O), a rnono- or di-(C1_3)alkyl arninocarbo 
nyl, C1_5 alkyl-C(O)—C1_4 alkyl, arnino-C1_ 
salkyl, rnono- or di-(Cl_3)alkylarnino-C1_5alkyl, 
arnino-S(O)2, di-(C1_3)alkylarnino-S(O)2, R4-C1_5 
alkyl, R5 -C1_5 alkoXy, R6-C(O)—C1_5 alkyl and 
R7 ‘Ci-5 a1ky1(R8)N; 

[0050] b) a fused aryl selected from the group 
consisting of benZocyclobutanyl, indanyl, indenyl, 
dihydronaphthyl, tetrahydronaphthyl, benZocy 
cloheptanyl and benZocycloheptenyl, or a fused 
heterocyclyl selected from the group consisting of 
cyclopentenopyridine, cycloheXanopyridine, 

May 16, 2002 

cyclopentanopyrirnidine, cycloheXanopyrirnidine, 
cyclopentanopyraZine, cycloheXanopyraZine, 
cyclopentanopyridaZine, cycloheXanopyridaZine, 
cyclopentanoquinoline, cycloheXanoquinoline, 
cyclopentanoisoquinoline, cycloheXanoisoquino 
line, cyclopentanoindole, cycloheXanoindole, 
cyclopentanobenZirnidaZole, cycloheXanobenZ 
irnidaZole, cyclopentanobenZoXaZole, cycloheX 
anobenZoXaZole, cyclopentanoirnidaZole, cyclo 
heXanoirnidaZole, cyclopentanothiophene and 
cycloheXanothiophene; Wherein the fused aryl or 
fused heterocyclyl ring is substituted With 0 to 3 
groups independently selected from phenyl, naph 
thyl and heterocyclyl selected from the group 
consisting of pyridinyl, pyrirnidinyl, pyraZinyl, 
pyridaZinyl, pyrrolyl, irnidaZolyl, pyraZolyl, thie 
nyl, furyl, isoXaZolyl, and isothiaZolyl, CL6 
branched or unbranched alkyl Which is optionally 
partially or fully halogenated, halo, cyano, CL3 
alkyloXy Which is optionally partially or fully 
halogenated, phenyloXy, naphthyloXy, heterocy 
clyloXy Wherein the heterocyclyl moiety is 
selected from the group hereinabove described, 
nitro, arnino, rnono- or di-(C1_3)alkylarnino, phe 
nylarnino, naphthylarnino, heterocyclylarnino 
Wherein the heterocyclyl moiety is selected from 
the group hereinabove described, NH2C(O), a 
rnono- or di-(C1_3)alkyl arninocarbonyl, CL4 
alkyl-OC(O), C1_5 alkyl-C(O)—C1_4 branched or 
unbranched alkyl, an amino-CL5 alkyl, rnono- or 
di-(C1_3)all<ylarnino-C1_5 alkyl, R9-C1_5 alkyl, R10 
CL5 alkoXy, RM-C(O)—C1_5 alkyl, and RM-C15 
a1ky1(R13)N; 

[0051] c) cycloalkyl selected from the group con 
sisting of cyclopentanyl, cycloheXanyl, cyclohep 
tanyl, bicyclopentanyl, bicycloheXanyl and bicy 
cloheptanyl, Which the cycloalkyl may optionally 
be partially or fully halogenated and Which may 
optionally be substituted With one to three CL3 
alkyl groups; 

[0052] d) C5_7 cycloalkenyl, selected from the 
group consisting of cyclopentenyl, cycloheXenyl, 
cycloheXadienyl, cycloheptenyl, cycloheptadi 
enyl, bicycloheXenyl and bicycloheptenyl, 
Wherein such cycloalkenyl group may optionally 
be substituted With one to three CL3 alkyl groups; 
and 

[0053] e) acetyl, aroyl, alkoXycarbonylalkyl or 
phenylsulfonyl; 

[0054] f) C1_6 branched or unbranched alkyl Which 
may optionally be partially or fully halogenated; 
Wherein 

[0055] or R1 and R2 taken together may optionally 
form a fused phenyl or pyridinyl ring, 

[0056] each R8, R13 is independently selected from 
the group consisting of: 

[0057] hydrogen and CL4 branched or unbranched 
alkyl Which may optionally be partially or fully 
halogenated; 

[0058] each R4, R5, R6, R7, R9, R10, R11, and R12 is 
independently selected from the group consisting of: 
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[0059] morpholine, piperidine, piperaZine, imida 
Zo1e and tetraZo1e; 

[0060] m=0, 1, 2; 

[0061] r=0, 1, 2; 

[0062] t=0, 1, 2; 

[0063] X=O or S and 

[0064] physiologically acceptable acids or salts 
thereof. 

[0065] A preferred subgeneric aspect of the invention 
comprises compounds of the formula(I) Wherein Ar2 is 
naphthyl, tetrahydronaphthyl, indanyl or indenyl. 

[0066] A more preferred subgeneric aspect of the inven 
tion comprises compounds of the formula(I) Wherein Ar2 is 
naphthyl. 
[0067] A yet more preferred subgeneric aspect of the 
invention comprises compounds of the formula (I), as 
described in the immediate previous paragraph, Wherein: 

[0068] Ar1 is thiophene or pyraZo1e; 

[0069] Ar2 is 1-naphthyl; 

[0070] L is C1_6 saturated or unsaturated branched or 
unbranched carbon chain Wherein 

[0071] one or more methylene groups are option 
ally independently replaced by O, N or S; and 

[0072] Wherein said linking group is optionally 
substituted With 0-2 OX0 groups and one or more 
C1_4 branched or unbranched alkyl Which may be 
substituted by one or more halogen atoms; 

[0073] R1 is selected from the group consisting of 
C1_4a1ky1 branched or unbranched, cyclopropyl and 
cyc1oheXy1Which may optionally be partially or fully 
halogenated and Which may optionally be substituted 
With one to three C1_3 alkyl groups; 

[0074] R3 is selected from the group consisting of 
C1_4a1ky1 branched or unbranched, cyclopropyl, phe 
nyl, pyridinyl each being optionally substituted as 
described above, alkoxycarbonylalkyl; C1_6a1ky1 
branched or unbranched; cyclopropyl or cyclopentyl 
optionally substituted as described above. 

[0075] A yet further preferred subgeneric aspect of the 
invention comprises compounds of the formula (I), as 
described in the immediate previous paragraph, Wherein Ar1 
is pyraZo1e. 

[0076] A still yet further preferred subgeneric aspect of 
previous the invention comprises compounds of the formula 
(I), as described in the immediate paragraph, Wherein L is 
C175 saturated carbon chain Wherein one or more methylene 
groups are optionally independently replaced by O, N or S; 
and 

[0077] Wherein said linking group is optionally sub 
stituted With 0-2 OX0 groups and one or more CL4 
branched or unbranched alkyl Which may be substi 
tuted by one or more halogen atoms; 

[0078] Particularly preferred embodiments of L are pro 
poXy, ethoXy, methoXy, methyl, propyl, C3_5 acetylene or 
methylamino each being optionally substituted are described 
herein. 
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[0079] A more particularly preferred embodiment of L is 
ethoXy optionally substituted. 

[0080] The following compounds are representative of the 
compounds of formula(I): 
[0081] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-morpholin-4-y1-ethoXy)naphtha1en- 1-y1]-ure a; 

[0082] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(cis-2,6-dimethylmorpholin-4-y1)ethoXy)naphtha1en-1 - 

yl] -ure a; 

[0083] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(trans-2,6-dimethylmorpholin-4-y1)ethoXy)naphtha1en- 1 
yl] -ure a; 

[0084] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(2-(methoXymethy1)morpholin-4-y1)ethoXy)naphtha1en 
1 -yl] -urea; 

[0085] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(morpholin-4-yl)-2-oXoethoXy)naphtha1en- 1 -yl] -ure a; 

[0086] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(morpholin-4-yl)-2-methy1ethoXy)naphtha1en- 1-y1]-ure a; 

[0087] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(morpholin-4-yl)- 1-methy1ethoXy)naphtha1en- 1-y1]-ure a; 

[0088] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-thiomorpholin-4-y1-ethoXy)naphtha1en- 1 -yl] -ure a; 

[0089] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(1 -oXothiomorpholin-4-y1)ethoXy)naphtha1en- 1-y1]-ure a; 

[0090] 1-[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-yl]-3-[4 
(2-morpho1in-4-y1-ethoXy)-3-methylnaphthalen-1 -yl]-urea; 
[0091] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-piperidin-4-y1-ethoXy)naphtha1en- 1 -yl] -ure a; 

[0092] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(1 -acetylpiperidin-4-y1)ethoXy)naphtha1en- 1 -yl] -ure a; 

[0093] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-thiaZo1idin-3 -y1-ethoXy)naphtha1en- 1 -yl] -ure a; 

[0094] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(morpholin-4-yl-carbonyloXo)ethoXy)naphtha1en- 1-y1] 
urea; 

[0095] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(tetrahydropyran-4-y1)ethoXy)naphtha1en-1 -yl] -urea; 

[0096] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(N-methyl-2-methoXyethylamino)ethoXy)naphtha1en- 1 - 

yl] -ure a; 

[0097] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-(1 -oXo-tetrahydrothiophen-3 -y1)ethoXy)naphtha1en- 1 
yl] -ure a; 

[0098] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(3-morpholin-4-yl-propyl)naphthalen-1 -yl]-urea; 
[0099] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(morpholin-4-yl-methyl)naphthalen- 1-y1]-ure a; 

[0100] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(3-thiaZo1idin-3 -yl-propyl)naphthalen- 1-y1]-ure a; 

[0101] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(3-(tetrahydopyran-2-y1-oXy)propyl)naphthalen-1 -yl] -urea; 

[0102] 1 -[5-tert-Butyl-2-p-to1y1-2H-pyraZo1-3-y1]-3-[4 
(2-pyridin-4-yl-ethyl)naphthalen- 1 -yl] -ure a; 
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[0235] Particularly preferred compounds of the formula(I) 
are: 

[0236] 1 -[5 -tert-Butyl-2-p -tolyl-2H-pyraZol-3 -yl]-3-[4 
(2-morpholin-4-yl-ethoXy)naphthalen- 1 -yl] -ure a; 

[0237] 1 -[5 -tert-Butyl-2-p -tolyl-2H-pyraZol-3 -yl]-3-[4 
(2-(1 -oXothiomorpholin-4-yl)ethoXy)naphthalen-1 -yl] 
urea; 

[0238] 1 -[5 -tert-butyl-2-(2-methylpyridin-5 -yl) -2H-pyra 
Zol-3 -yl]-3-[4-(2-pyridin-4-yl-ethoXy)naphthalen-1 -yl] 
urea; 

[0239] 1 -[5 -tert-butyl-2-(2-methoXypyridin-5 -yl) -2H 
pyraZol-3-yl] -3 -[4-(2-morpholin-4-yl-ethoXy)naphthalen-1 - 
yl] -urea or 

[0240] 1 -[5 -tert-butyl-2-methyl-2H-pyraZol-3 -yl]-3-[4-(2 
morpholin-4-yl-ethoXy)naphthalen-1 -yl] -urea. 

[0241] Any compounds of this invention containing one or 
more asymmetric carbon atoms may occur as racemates and 
racemic mixtures, single enantiomers, diastereomeric miX 
tures and individual diastereomers. All such isomeric forms 
of these compounds are expressly included in the present 
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invention. Each stereogenic carbon may be in the R or S 
con?guration, or a combination of con?gurations. 

[0242] Some of the compounds of formula (I) can eXist in 
more than one tautomeric form. The invention includes all 
such tautomers. 

[0243] The term “aroyl” as used in the present speci?ca 
tion shall be understood to mean “benZoyl” or “naphthoyl”. 

[0244] The invention includes pharmaceutically accept 
able derivatives of compounds of formula A “pharma 
ceutically acceptable derivative” refers to any pharmaceu 
tically acceptable salt or ester of a compound of this 
invention, or any other compound Which, upon administra 
tion to a patient, is capable of providing (directly or indi 
rectly) a compound of this invention, a pharmacologically 
active metabolite or pharmacologically active residue 
thereof. 

[0245] The term “metabolite” shall be understood to mean 
any of the compounds of the formula (I) Which are capable 
of being hydroXylated or oXidiZed, enZymatically or chemi 
cally, as Will be appreciated by those skilled in the art. 
Nonlimiting eXamples of metabolites of the formula (I) are 
shoWn in the table beloW: 

Structure Name 

0 H 

H 

ON/€5)\/\UO 
WOO urea 
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NU ilig Q» 
[0246] Pharmaceutically acceptable salts of the com 
pounds of this invention include those derived from phar 
maceutically acceptable inorganic and organic acids and 
bases. Examples of suitable acids include hydrochloric, 

hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic, 
phosphoric, glycolic, lactic, salicylic, succinic, toluene-p 
sulfuric, tartaric, acetic, citric, methanesulfonic, formic, 
benZoic, malonic, naphthalene-2-sulfuric and benZene 
sulfonic acids. Other acids, such as oxalic acid, While not 
themselves pharmaceutically acceptable, may be employed 
in the preparation of salts useful as intermediates in obtain 

ing the compounds of this invention and their pharmaceu 
tically acceptable acid addition salts. Salts derived from 
appropriate bases include alkali metal (e.g., sodium), alka 
line earth metal (e.g., magnesium), ammonium and N-(C1 
C4 alkyl)4+salts. 

[0247] 
include prodrugs of compounds of the formula Prodrugs 

In addition, the compounds of this invention 

include those compounds that, upon simple chemical trans 
formation, are modi?ed to produce a compound of formula 

(I). Simple chemical transformations include hydrolysis, 
oxidation and reduction. Speci?cally, When a prodrug of this 
invention is administered to a patient, the prodrug may be 

transformed into a compound of formula (I), thereby impart 
ing the desired pharmacological effect. 

General Synthetic Methods 

[0248] The compounds of the invention may be prepared 
by Method A, B, or C as illustrated in Scheme I, preferably 
method C. 

Scheme I 

Method A 

An G—NCO 0 
III 

NHZ —> Arl G 
\ / 

I T 
H H 

II G = Ar2—L—Q (I) 
or a precursor 

Method B 
O 

Afl \ 1 phosgene i NH —> A G 
2 2. G—NHZ r1\ N N/ 

H H 

II IV G : Ar2—L—Q (I) 
or a precursor 

Method C 

Ark CICOZPh 
H2 —’ 

II 

0 G—NHZ 
IV Ar1\ i Ph —> 

I 0/ 
H 

V 

o 

i G 
I T/ 
H H 

Ar2—L—Q (I) 
Of a precursor 
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[0249] In Method A, a mixture of an aminoheterocycle of 
formula II and an arylisocyanate of formula III is dissolved 
in a non-protic, anhydrous solvent such as THF, ether, 
toluene, dioxane or ethyl acetate. The preferred solvent is 
THF. The mixture is stirred at betWeen 0-45° C., preferably 
at 25° C., for 2-24 hr, and the volatiles are removed. 
Puri?cation of the residue by recrystalliZation from an 
appropriate solvent such as ethyl acetate/hexanes, ethyl 
acetate/methanol, THF/petroleum ether, ethanol/Water, or by 
silica gel chromatography, using for example, hexanes and 
ethyl acetate as eluents, provides the product of formula I. 

[0250] In Method B, an aminoheterocycle of formula II is 
dissolved in a halogenated solvent, such as methylene chlo 
ride, chloroform or dichloroethane. The preferred solvent is 
methylene chloride. The mixture is diluted With aqueous 
alkali, such as sodium bicarbonate or potassium carbonate, 
cooled in an ice bath and phosgene is added. 

[0251] The mixture is vigorously stirred for 5-30 min, 
With 10 min being preferable. The organic layer is dried, 
With agents such as MgSO4 or Na2SO4, and the volatiles 
removed to provide the corresponding isocyanate of formula 
II. The isocyanate and arylamine IV are mixed in a non 
protic, anhydrous solvent such as THF, ether, toluene, diox 
ane, methylene chloride or ethyl acetate. The preferred 
solvent is THF. The mixture is stirred at betWeen 0-45° C., 
preferably at 25° C., for 2-24 hr, and the volatiles are 
removed. Puri?cation of the residue by recrystalliZation or 
by silica gel chromatography, as above, provides the product 
of formula I. 

[0252] In Method C, an aminoheterocycle of formula II is 
dissolved in a halogenated solvent, such as methylene chlo 
ride, chloroform or dichloroethane. The preferred solvent is 
methylene chloride. A suitable base such as triethylamine 
may be added, folloWed by phenyl chloroformate. The 
mixture is stirred at betWeen 0-85° C., preferably at re?ux 
temperature, for 2-24 hr, and the volatiles are removed 
providing carbamate V. The carbamate and arylamine IV are 
mixed in a non-protic, anhydrous solvent such as THF, ether, 
toluene, dioxane, methylene chloride or ethyl acetate. The 
preferred solvent is THF. The mixture is stirred at betWeen 
0-110 C., preferably at re?ux temperature, for 2-24 hr, and 
the volatiles are removed. Puri?cation of the residue as 
above provides the product of formula I. 

[0253] The method used to produce an aminoheterocycle 
of formula II Will depend on the nature of the desired 
heterocycle. In general, intermediates of formula II can be 
made by methods knoWn to those skilled in the art. Some 
general methods are illustrated in the schemes beloW. Com 
pounds G—NCO or G—NH2 in Scheme I may be commer 
cially available, or may be prepared by methods knoWn to 
those skilled in the art. If G is a precursor of Ar2—L—Q ,the 
desired ?nal product of formula (I) may be constructed by 
methods knoWn to those skilled in the art. Illustrative 
examples are contained in the Synthetic Examples section 
beloW. 

[0254] Desired aminopyraZoles of formula XIII can be 
prepared as described in Scheme II. A hydraZine of formula 
VIII, bearing substituent R3, may be prepared by Method D 
or E. In Method D, an aryl bromide of formula VI is 
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dissolved in a non-protic, inert solvent, such as THF, 1,4 
dioxane or diethyl ether, and cooled to loW temperature 
under an inert atmosphere. The preferred temperature for the 
solution is —77° C. A strong base dissolved in a non-protic, 

inert solvent, such as hexanes, THF or ether, is added 
dropWise While maintaing a reaction temperature beloW 0° 
C. and preferrably beloW —60° C. The preferred bases are 
alkyl lithium reagents and the most preferred is sec-butyl 
lithium. After the addition of the base, the reaction mixture 
is stirred for a period of time betWeen thirty and ninety 
minutes or until all the starting aryl bromide has been 
consumed. An excess of dialkyl aZodicarboxylate is added 
While maintaining a reaction temperature beloW 0° C. and 
preferrably beloW —60° C. The preferred dialkyl aZodicar 
boxylate is di-tert-butyl aZodicarboxylate. The reaction is 
stirred at cold temperatures and Warmed to room tempera 
ture after 0.5 hr to 2 hr. The reaction is quenched With the 
addition of Water and the product extracted into a non-protic 
solvent, such as ethyl acetate, diethyl ether or chloroform. 
The organic layers are dried With agents such as MgSO4 or 
NaZSO4 and the volatiles removed. The residue is dissolved 
in protic solvents, such as methanol or iso-propanol, cooled, 
preferably to 0-5° C. and treated With acid. Preferred acids 
are hydrochloric, hydrobromic, sulfuric and tri?uoroacetic. 
The most preferred is hydrochloric in gaseous form. After 
the addition of excess acid the mixture is heated at the re?ux 
temperature of the solvent until all starting material has been 
consumed. After cooling the product aryl-hydrazine of for 
mula VIII salt is ?ltered and dried. 

Scheme II 

Method D 

R3_Br 1. base 

VI yt-BuO2CN=NCO2t-Bu 
R3_NHNH2 

VIII 

Method E 

1. NaNO2 

R3—NH2 2. reduce 

VII 

Method F 

CH3CN 1. base 

YiMCOzMe IX 

0 

1V... R1 
XII 

Method G 

R1C(O)Cl 
HOZCVCN XI 

X 
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-continued 
R1 

Method H / \ 
—> N 
Method I \ 

N 

| 
Rs XIII 

VIII + xn 

NH2 

[0255] In Method E, an aryl amine bearing R3 of formula 
VII is dissolved in a concentrated aqueous acid such as 
hydrochloric, hydrobromic or sulfuric and cooled to ice bath 
temperatures. The most preferred acid is hydrochloric with 
concentrations between 3-8N with the most preferred con 
centration of 6N. A nitrosating reagent in water is added 
dropwise while maintaining a cold temperature. The pre 
ferred temperature is 0-5° C. The preferred reagent is 
sodium nitrite. The reaction is stirred between 10-90 min 
and a reducing agent is added while maintaing cold tem 
peratures. The preferred temperature is 0-5° C. Reducing 
agents include Zinc, iron, samarium iodide and tin(II) chlo 
ride. The most preferred agent is tin(II) chlroride dissolved 
in aqueous hydrochloride with a concentration of 3-8 N with 
a most preferred concentration of 6N. The reaction is stirred 
between 0.5-3 hr and quenched with alkali to a pH between 
12-14. Alkali reagents include sodium hydroxide, potassium 
hydroxide, lithium hydroxide and calcium hydroxide. The 
most preferred alkali reagent is potassium hydroxide. The 
aqueous solution is extracted with a non-protic organic 
solvent, such as diethyl ether, chloroform, ethyl acetate and 
methylene chloride. The organic layers are dried with agents 
such as MgSO4 and NaZSO4 and the volatiles removed to 
provide the aryl-hydrazine (VIII) which can be carried 
forward without further puri?cation. 

[0256] A [3-ketonitrile bearing R1 (XII) may be prepared 
by Method F or G. In Method F, a metal hydride, such as 
sodium hydride, potassium hydride or lithium hydride, is 
suspended in an anhydrous, inert, non-protic solvent, such as 
diethyl ether, THF and dioxane, at temperatures between 
35-85° C. The most preferred metal hydride is sodium 
hydride and the most preferred solvent is THF at a tempera 
ture of 75° C. An alkyl ester, preferably a methyl ester (IX), 
and acetonitrile is dissolved in an anhydrous, inert, non 
protic solvent, such as diethyl ether, THF or dioxane and 
added dropwise to the metal hydride suspension. The pre 
ferred solvent is THF. The mixture is kept at elevated 
temperatures between 3-24 hours, cooled to room tempera 
ture and diluted with a non-protic solvent and aqueous acid. 
The organic layer is washed with water and brine, dried, 
with agents such as MgSO4 and Na2SO4, and the volatiles 
removed to provide the [3-ketonitrile (XII) which could be 
used without further puri?cation. 

[0257] Alternatively, following Method G, a solution of a 
strong base, such as alkyl lithium reagents and metal amide 
reagents, such as n-butyl lithium, sec-butyl lithium, methyl 
lithium and lithium diisopropylamide, in an anhydrous, 
inert, non-protic solvent, such as diethyl ether, THF and 
dioxane, is cooled below 0° C. The preferred base is n-butyl 
lithium, the preferred solvent is THF and the preferred 
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temperature is —77° C. Asolution of cyanoacetic acid in 
an anhydrous, inert, non-protic solvent, such as diethyl ether, 
THF and dioxane, and most preferrably THF, is added 
dropwise while maintaining a reaction temperature below 0° 
C. and preferrably at —77° C. The reaction is stirred between 
10-45 min while warming to 0° C. The solution of the 
dianion of cyanoacetic is cooled to temperatures below —25° 
C. and preferrably at —77° C. An alkyl acid chloride (XI) 
dissolved in an anhydrous, inert, non-protic solvent, such as 
diethyl ether, THF and dioxane, and most preferrably THF, 
is added. The reaction mixture is warmed to 0° C. betweeen 
10-30 min. and quenched with aqueous acid. The product is 
extracted with an organic solvent, such as chloroform, ethyl 
acetate, ether and methylene chloride. The combined 
organic extracts are dried, with agents such as MgSO4 and 
Na2SO4, and the volatiles removed to provide the [3-keto 
nitrile (XII) which could be used without further puri?ca 
tion. 

[0258] The desired aminopyraZole (XIII) may then be 
prepared by Method H or I. In Method H, aryl hydrazine 
VIII and [3-ketonitrile XII are mixed in an organic solvent, 
such as toluene, ethanol, iso-propanol or t-butanol. The 
preferred solvent is ethanol. An acid, such as hydrochloric 
acid, p-toluene sulfonic acid or sulfuric acid, is added, The 
preferred acid is concentrated hydrochloric acid. The mix 
ture is heated to temperatures between 50-100° C., prefer 
rably at 80° C., for 10-24 hr and cooled to room temperature. 
The mixture is diluted with non-protic organic solvent, such 
as ethyl acetate, ether, chloroform and methylene chloride, 
and washed with aqueous alkali, such as sodium bicarbonate 
and potassium carbonate. The organic layer is dried, with 
agents such as MgSO4 and Na2SO4, and the volatiles 
removed to provide a residue which is puri?ed by recrys 
talliZation or silica gel chromatography using hexanes and 
ethyl acetate as eluents. The product-rich fractions are 
collected and the volatiles removed to provide the desired 
amonopyraZole (XIII). 

[0259] Alternatively, using Method I, aryl hydrazine VIII 
and [3-ketonitrile XII are mixed in an organic solvent, such 
as toluene, ethanol, iso-propanol or t-butanol. The preferred 
solvent is toluene. The mixture is heated at re?ux tempera 
tures for 3-24 hrs with aZeotropic removal of water and 
worked up as described above providing the aminopyraZole 
XIII. 

[0260] A general synthesis for desired aminothiophenes is 
illustrated in Scheme III, Method J. 
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[0261] A mixture of 1-aryl-5-alkyl-butane-1,4-dione 
(XIV) and a sulfating reagent, such as LaWesson’s reagent 
or phosphorous (V) sul?de, and preferrably LaWesson’s 
reagent, is dissolved in a non-protic, anhydrous solvent, 
such as toluene, THF and dioxane. The preferred solvent is 
toluene. The mixture is heated at elevated temperatures and 
preferably at a solvent-re?uxing temperature for 1-10 hr. 
The volatiles are removed and the residue is puri?ed by 
silica gel chromatography using hexanes and ethyl acetate as 
eluent. The product-rich fractions are collected and the 
volatiles removed to provide the substituted thiophene XV. 

[0262] A mixture of substituted thiophene XV is dissolved 
in a solvent such as acetic anhydride or acetic acid. The 
preferred solvent is acetic anhydride. The mixture is cooled 
to 0-30° C. and preferrably to —10° C. A solution of 
concentrated nitric acid in a solvent such as acetic anhydride 
or acetic acid, With the preferred solvent being acetic anhy 
dride is added While cooling 0-30° C. and preferrably to 
—10° C. The mixture is stirred betWeen 10-120 min, poured 
onto ice and extracted With a non-protic solvent such as 
diethyl ether, chloroform, ethyl acetate or methylene chlo 
ride. The organic extracts are Washed With aqueous alkali, 
dried With agents such as MgSO4 and NaZSO4 and the 
volatiles removed. The residue is puri?ed by silica gel 
chromatography using hexanes and ethyl acetate as eluents. 
The product-rich fractions are collected and the volatiles 
removed to provide the 2-aryl-5-alkyl-3-nitrothiophene. The 
2-aryl-5-alkyl-3-nitrothiophene is reduced by metals, such 
as iron, tin and Zinc or catalytic hydrogenation. The pre 
ferred reduction occurs With iron in acetic acid at tempera 
tures betWeen 50-110° C. and preferrably at 100° C. for 5-30 
min. After cooling to room temperature the reaction is 
diluted With Water, neutraliZed With alkali, such as sodium 
hydroxide, potassium hydroxide, potassium carbonate or 
sodium bicarbonate, and extracted With a non-protic solvent 
such as diethyl ether, ethyl acetate or methylene chloride. 
The organic extracts are dried With agents such as MgSO4 
and NAZSO4 and the volatiles removed to provide the 
desired aminothiophene XVI. 

[0263] Other desired aminoheterocycles can be prepared 
by methods knoWn in the art and described in the literature. 
The examples that folloW are illustrative and, as recogniZed 
by one skilled in the art, particular reagents or conditions 
could be modi?ed as needed for individual compounds. 
Intermediates used in the schemes beloW are either com 
mercially available or easily prepared from commercially 
available materials by those skilled in the art. 

[0264] Scheme IV outlines a general scheme for desired 
aminofurans as described by Stevenson et al. (J. Am. Chem. 

Soc., 1937, 59, 2525). An ethyl aroylacetate (XVII) is 
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dissolved in a non-protic solvent, such as ether or THF, and 

treated With a strong base, such as sodium, sodium ethoxide 
or sodium hydride, and the anion is reacted With a bromom 

ethyl alkylketone (XVIII) at loW temperatures, such as 0° C. 
After stirring the reaction until no starting material remains, 
it is poured onto cold Water and extracted With a non-protic 

solvent. The combined extracts are dried With agents such as 

MgSO4 or Na2SO4. The diketo-ester (XIX) may be carried 
forWard Without further puri?cation or puri?ed by distilla 
tion or silica gel chromatography. The diketo-ester in a 

protic solvent, such as ethanol, is heated in the presence of 
a mineral acid, such as sulfuric or hydrochloric, for 5-10 hr. 

and extracted With a non-protic solvent. The combined 

extracts are dried With agents such as MgSO4 or Na2SO4. 

The furan-ester may be carried forWard Without further 

puri?cation or puri?ed by distillation or silica gel chroma 
tography. The furan-ester in a protic solvent, such as ethanol, 
is treated With hydraZine hydrate and the mixture heated for 
2-5 days. The hydraZide is isloated as above and treated With 
hot formic acid and the resulting furan-amine (XXI) puri?ed 
by distillation or silica gel chromatography. 

Scheme IV 
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[0265] The synthesis of substituted 4-aminooxaZoles may 
be achieved analogous to a procedure described by Lakhan 
et al. (J. Het. Chem, 1988, 25, 1413) and illustrated in 
Scheme V A mixture of aroyl cyanide (XXII), aldeyde 
(XXIII) and anhydrous ammonium acetate in acetic acid is 
heated at 100-110° C. for 3-6 hr, cooled to room temperature 
and quenched With Water. Extraction by a non-protic solvent 
provides the product XXIV Which can be carried forWard 
Without further puri?cation or puri?ed by recrystalliZation or 
silica gel chromatography. 
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Scheme V 
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[0266] The synthesis of substituted 3-aminopyrroles 
(XXVIII) may be achieved in a manner analogous to Aiello 
et al., J. Chem. Soc. Perkins Trans. 1, 1981, 1. This is 
outlined in Scheme VI. AmiXture of aryldioXoalkane (XXV) 
and amine (XXVI) in acetic acid is heated at 100-110° C. for 
3-6 hr and Worked up in the usual manner. The product 
(XXVII) in acetic acid is treated With a nitrating agent, such 
as nitric acid and potassium nitrate in concentrated sulfuric 
acid. The miXture is poured onto cold Water and eXtracted 
With a non-protic solvent. The combined eXtracts are dried 
With agents such as MgSO4 and Na2SO4. Removal of the 
volatiles provides the nitro-pyrrole Which Which may be 
carried forWard Without further puri?cation or puri?ed by 
recrystallization or silica gel chromatography. The nitro 
pyrrole is reduced to the amine With iron in acetic acid or by 
catalytic hydrogenation using palladium on activated car 
bon. The aminopyrrole (XXVIII) may be carried forWard 
Without further puri?cation or puri?ed by recrystallization or 
silica gel chromatography. 

Scheme VI 
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[0267] In an analogous fashion, a miXture of amine XXIX 
and 3-aryl-2,5-dioXoalkane in acetic acid is heated 
betWeen 80-110° C. for 2-24 hr. The reaction is diluted With 
Water and eXtracted With an organic solvent. The combined 
eXtracts are dried With agents such as MgSO4 or NaZSO4 and 
the Volatiles removed. The resulting pyrrole is treated With 
a nitrating agent and subsequently reduced to XXXI as 
described above. The product may be carried forWard With 
out further puri?cation or puri?ed by recrystallization or 
silica gel chromatography. This process is illustrated in 
Scheme VII. 
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Scheme VII 
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[0268] Substituted S-aminothiazoles (XXXV) may be pre 
pared in a manner analogous to GerWald et al., J. Prakt. 
Chem. 1973, 315, 539. As illustrated in Scheme VIII, to a 
miXture of aminocyanide XXXII, aldehyde XXXIII and 
sulfur in an anhydrous solvent, such as ethanol and metha 
nol, is added dropWise a base, such as triethylamine. The 
miXture is heated at 50° C. for 1-3 hr. The miXture is cooled 
and the eXcess sulfur removed. Acetic acid is added to 
neutralize the miXture and the solid collected. The imine 
XXXIV is treated With acid, such as hydrchloric and tolu 
enesulfonic acid, in Water and an organic solvent. After the 
starting material is consumed the reaction is Worked up and 
the product XXXV may be carried forWard Without further 
puri?cation or puri?ed by recrystallization or silica gel 
chromatography. 

Scheme VIII 
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[0269] A synthesis of substituted 2-aminothiophenes 
(XXXVII), analogous to a procedure described by GeWald 
et al. (J. Prakt. Chem., 1973, 315, 539) is illustrated in 
Scheme IX. AmiXture of disubstituted thiophene-3-carboXy 
lic acid (XXXVI) in a protic solvent, such as acetic acid, at 
a temperature of 0-50° C. is treated With a nitrating agent, 
such as nitric acid or potassium nitrate in concentrated 
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sulfuric acid. After the starting material has been consumed 
the reaction is poured onto ice and the product extracted With 
a non-protic solvent. The combined extracts are dried With 
agents such as MgSO4 and NaZSO4 and the volatiles 
removed. The nitrothiophene is reduced to the amine With 
iron in acetic acid or by catalytic hydrogenation using 
palladium on activated carbon. The amino-thiophene may be 
carried forWard Without further puri?cation or puri?ed by 
recrystalliZation or silica gel chromatography. 

Scheme IX 
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[0270] 1,5-Disubstituted-3-aminopyraZoles (XL) may be 
prepared as shoWn in Scheme X, in a fashion analogous to 
the procedure described by Ege et al. (J. Het. Chem., 1982, 
19, 1267). Potassium is added to anhydrous t-butanol and 
the mixture cooled to 5° C. HydraZine XXXVIII is added, 
folloWed by cyanodibromoalkane XXXIX. The mixture is 
heated at re?uxing temperatures for 3-10 hr. The mixture is 
cooled to room temperature and poured onto ice Water. The 
product is extracted With an organic solvent. The combined 
extracts are dried With agents such as MgSO4 or NaZSO4 and 
the volatiles removed. The product XL may be carried 
forWard Without further puri?cation or puri?ed by recrys 
talliZation or silica gel chromatography. 

Scheme X 
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[0271] The synthesis of 2-amino-3,5-disubstituted 
thiophenes shoWn in Scheme XI, is done in a fashion 
analogous to Knoll et al., J. Prakt. Chem, 1985, 327, 463. 
A mixture of substituted N-(3-aminothioacryloyl)-formami 
dine (XLI) and substituted bromide (XLII) in a protic 
solvent, such as methanol or ethanol, is heated, preferably at 
a re?ux temperature, for 5-30 min and cooled beloW room 
temperature. The product thiophene-imine is ?ltered and 
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dried. The thiophene-imine XLIII is converted to the 
thiophene-amine (XLIV) by treatment With aqueous acid. 

Scheme XI 
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[0272] The synthesis of 1,4-disubstituted-2-aminopyrroles 
(XLVIII) may be accomplished in a manner analogous to 
Brodrick et al. (J. Chem. Soc. Perkin Trans. 1, 1975, 1910), 
and as illustrated in Scheme XII. The potassium salt of 
formylnitrile XLV in Water is treated With amine XLVI and 
acetic acid and the mixture heated at 50-90° C. for 5-30 min. 
The aminonitrile XLVII is collected by ?ltration upon cool 
ing and then is stirred at room temperature With a base such 
as ethanolic potassium ethoxide for 2-5 hr and the volatiles 
removed. The residue is diluted With Water and extracted 
With an organic solvent. The combined extracts are dried 
With agents such as MgSO4 and NaZSO4 and the volatiles 
removed. The product (XLVIII) may be carried forWard 
Without further puri?cation or puri?ed by recrystalliZation or 
silica gel chromatography. 

Scheme XII 
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[0273] The preparation of 1,2-disubstituted-4-aminoimi 
daZoles (L) by reduction of the corresponding nitro com 
pound (XLIX), for example With iron in acetic acid or 
catalytic hydrogenation may be accomplished as described 
by Al-Shaar et al. (J. 

[0274] Chem. Soc. Perkin Trans. I, 1992, 2779) and illus 
trated in Scheme XIII. 




































