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4,4-(disubstltutecl)cyclohexan·l·ols monomers and related compounds 

Field of Invention 
The present invention relates to novel 4,4-(disubstituted)cyclohexan-l-ols 

monomerl and mated compounds, pharmaceutical compositions comaining these 

S compounds, and their use in nating allergic and infl""}'Datory diseases and for 

inhibiting the production of Tumor Necrosis Factor (TNF). 

Background of the Invention 
Bronchial asthma is a complex, mu1dfactoria1 disease cbaracteriml by reversible 

nanowing of the airway and hypenactivity·of the respiratory ttact to extcmal stimuli. 

10 Jdendfication of novel therapeutic agcms for asthma is made difticult by the fact 

that muldple mediators are responsible for the development of the disease. Thus, it 

seems unlikely that eliminating the effects of a single mediator will have a substantial 

effect on all three components of chronic asthma. An alternative to the "mediator 

approach" is to regulate the activity of the cells responsible for the pathophysiology of 

15 the disease. 

One such way is by elevating levels of cAMP (adenosine cyclic 3',s'­

monophosphate). Cyclic AMP bas been shown to be a second messenger mediating the 

biologic responses to a wide range of holmones, nemotransmiucrs and drugs; [Krebs 

Endocrinology Proceedings of the·4th International Congress Bxcerpta Medica, 17-29, 

20 1973]. When the appropriate agonist binds to specific cc1l smface rcceptOrS, adenylate 

cyclase is activated, which converts Mg+2-A TP to cAMP at an accelerated rate. 

Cyclic AMP modulates the activity of most, if not all, of the cells that conttibute 

to the pathophysiology of extrinsic (allergic) asthma As such, an elevation of cAMP 

would produce beneficial effects including: 1) airway smooth muscle relaxation, 2) 

25 inhibition of mast cell mecfiator release, 3) suppession of neutrophil degranulation, 4) 

inhibition of basophil degranulation, and S) inhibition of monocyte and macrophage 

acrivaDon. Hence, compounds that activate adenylate cyclase or inhibit 

pllosphodiesterase shouJd be effective in suppressing the inappropriate activation of 

airway smooth ·muscle and a wide Variety of mflanmJatory cells. 1be principal cellular 

30 mechanism for the inactivation of cAMP is hydrolysis of the 3'-phosphodiester bond by 

one or more of a family of isozymes merred to as cyclic nucleotide phosphodiesterases 

(PDEs). 

It has now been shown that a distinct cyclic nucleodde phosphodiesterase 

(PDE) isozyme, PDE IV, is ~sible for cAMP IRakdown jn_airway smooth muscle 

35 and inflammatory cells. [Torphy, "Phosphodiesterase Isozymes: Potential Targets for 

Novel And-asthmatic Agents" in New Dmgs for Asthma, Dames, ed. me Technical 

Services Ltd., 1989]. ·Research indicates that inhibition of this enzyme not only 
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pmduces airway smooth muscle relaxation, but also suppresses degranuladon of mast 

cells, basopbils and neuaopbils along with inhibiting the activation of monocytes and 
neutmphils. Mmeover, the beneficial effects of PDE IV inhibitors are markedly 
potendaced when adenylate cyc1- activity of target cells is elevated by appropriate 

5 hormones or autocoids, as would be die case in vivo. Thus PDE IV inhibitors would 

be effective in the asDnadc lung. where levels of ~Jadin E2 and pmssaeyclin 
(activaton of adenylate cyclase) are elevated. Such compounds would offer a unique 

approach towald the pharmacotherapy of bronchial Ufhma and possess sipificant 

thempeutic advantages over agents cunmdy on the maitet. 

10 The compounds of tbis invention also inhibit the pmduCtion mTumor N~is 
Factm (TNF), a serum glycoprotein. Excessive er unregulated TNF production_ has 
been implicarcd in mediating or exacerbating a_ number of diseases including rheumatoid 

anhrid'9 rheumatoid spondylids. ostcoarthri1is, gouty anbrids and other arthritic 

conditions; sepsis, septic shock, endotoxic shock, IJ'8ID negative sepsis,_toxic shock ( 

15 syndrome. adult iespiratory distress syndrome, cerdn1 malaria, chronic pulmonary 

inflammatory disease, silicosis, puJmomiry san:oidosis, bone n:soipd~ diseases, 

~ injmy, graft vs. host reaction, allopaft ~om, fever alid myalgias due to 

infection, such as intluema, cachcxia secondary to infection or malignancy, cachexia 

secondary to human acquiled immune deficiency syndrome (AIDS), AIDS, ARC 
20 (AIDS related complex), keloid formadon, scar tissue formation, Crohn's disease, 

ulcerative colitis, or pyresis. in addition to a number m autoimmune diseases. such as 
multiple sclerosis, autoinnn11ne diabetes and syS1rmic lupus aythematosis. 

AIDS results from die infection ofT lymphocytes with Human 

Immunodeficiency Virus (IDV) •. At. leasubree types or suains of HIV have been 
2S identified, i.e., HIV-1, HIV-2 and HIV-3. As a consequence of lllV infection, T-cell­

mediated immunity is impailed and infected individuals manifest~ opportunistic 

infc:ccions and/or unusual neoplasms. HIV enuy info die T lymphocyte ftlCIWres T 
lymphocyte activalion.. Viruses such as HIV-1 or HIV-2 infect T lymphocytes after T 

cdf lietivation and such virus protein expression and/or replicadon is mediated or 
30 mrintainecf by such T cell activatkn Once an acdvated T lymphocyte is infected with 

HIV, the T lymphocyte must eontinue to be maintained in an activated state to permit 

HIV gene expression and/al IDVreplicadoa. · 

Cytoldnes, specifically TNF, are implicated in activated T-cell-mediated mv 

protein expression and/or virus replica1ion by playinc a role in maintaining T 

35 I~ activadon. TherefCJre, interference with cyrokine activity such as by 

inhibition of cyrokine producdon, notably TNF, in an HIV-infected individual aids in 

limiting the maintenance ofT cell acti~ thezd>y reducing the progression of HIV 

infectivity to previously uninfected cells which results in a slowing~ elimination of the 

progression of immune dysfunction caused by mv infection. Monocytes, 
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macrophages, and ielated cells, such as kupffer and glial cells, have also been 
implicated in maintenance of the HIV infection. These cells, like T cells, arc targets for 

viral replication and the level of viral replication is dependent upon the activation state 
of the cells.· [See Rosenberg et al., The Immunopathogenesis of lnV Infection, 

5 Advances in Immunology, Vol YI, 1989]. Monokinn, such as TNF, have been shown 

to activate HIV replication in monocyteS and/OJ' macrophages [See Poli et al., Proc. 

Natl. Acad. Sci., 87:782-784, 1990], therefore, inhibition of monokine production or 
activity aids in J;mjting HIV progression as sllted above for T cells. 

'INF has also been implicated in various mies with other viral infections, such as 

10 the cytomegalovirus (CMV), influema virus, adenovirus, and the heipes virus for . 

similar reasons as those nOled. 
'INF is also associated with yeast and fungal infections. Specifically Candida 

albicans ha$ been ~to induce TNF production in vitro in human monocytes and 

natural killer cells. [See Riipi et al., Infection and Immunity, 58(9):2750-54, 1990; and 
15 Jafari ~t al., Journal of Infectious Diseaa, 164:389-95, 1991. See also Wasan et al., 

. . 
Antimicrobial Agents and Chemotherapy, 35,(10):20464& 1991; and Luke et al., 

Journal of Infectious Diseases, 162:211-214,1990]. 

The ability to conttol the adverse effects of TNF is furthered by the use of the 
compounds which inhibit TNF in mammaJs who are in need of such use. There mnains 

20 a need for compounds which are useful in treating TNF-mediated disease states which 
are exacerbated or caused by the excessive and/« unregulated production of TNF. 

Summary of the Invendoa 

Compounds of the Formula (I): 

2S - ---·- .. 

wherein: 

Rt is ·(CR4RS)nC(O)O(CR4Rs>mR&-CCR4Rs)nC(O)NR4(CR4RS)mR6, 
-(CR4RS)nOCCR4Rs>mR6, or -<CR4Rs>rR6.wherein the alkyl moieties unsubstituted 

30 or substituted with one or more halogens; 
mis0to2; 
n isO to4; 

ris 0 to 6; 

R4 and Rs are independently selected hydrogen or Cl-2 alkyl; 
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R6 is hydrogen, methyl, hydroxyl, aryl, halo substituted aryl, aryloxyC1-3 alkyl, 

halo substituted aryloxyCt-3 alkyl, indanyl, indenyl, C7-11 polycyeloallcyl, 
teaahydrofuranyl, fmanyl, tctrahydropyrany), pyranyJ, tearahydrothicmyl, tbienyJ, 
tctrahydrothiopynnyl, thiopyianyl, C3-6 cycloalkyl, or a C4-6 cycloalkyl containing 

5 one or two unsaturated bonds, wherein the cycloalkyl or hetaocyclic moiety is 

unsubstituted or substituted by 1 to 3 methyl PJllPS, ~ethyl gmup, or an hydroxyl 
group; 

provided that: 

a) when R6 is hydroxyl, then mis 2; or 
10 b) when R6 is hydmxyl, then r is 2 to 6; or 

c) when R6. is 2-tettahydropynnyl, 2-tettahydrothiopynnyl, 
2-teuahydrofuranyl, or 2-tetrahydmtmenyl, then m is 1 or 2; or 

d) when R6 is 2-tettahydropyranyl, 2-teuahydrothiopyranyl, 
2-tettahydrofunmyl,or 2-tearahydrotbienyl, then r is 1 to 6; 

lS e) when n is 1 and mis 0, then R6 is other than Hin 

-<CR4Rs>nO<CR4Rs>mR& 
x is YR2, fluorine, NR4Rs, or fonnyl amine; 

Y is 0 or S(O)m'; 
in' is 0, 1, or 2; 

20 X2 is 0 or NRs; 
X3 is hydrogen or X; 

X4 is ff, R9, ORg, CN, C(O)Rg, C(O)ORs, C(O)NRBR8, or NRBRs; 
R2 is independently selected from-CH3 or -CH2CH3 optionally substituted by 

1 or more halogens;. 
2S sis0to4; 

Wis alkyl of 2 to 6 carbons, alkenyl of 2 to 6 carbon atoms or alkynyl of 2 to 6 
carbon atoms; 

R3 is COOR14t C(O)NR4R14 or R7; 
Z is 0Rt4. OR15, SR14. S(O)m'R7, S(0)2NRtoR14. NR1oRt4. 

30 NR14C(O)R9, NRt()C(Y')Rt4. NR1()C(O)OR7, NR1()C(Y')NR1oR14' 
NR10S(0)2NRtoR14. NR1QC(NCN)NRtoRl4' NR1()S(0)2R7, 
NR1()C(CR4N02)NR1oR14. NRt()C(NCN)SR9, NRtoCCCR4N02)SR9, 
NRtoCCNRtO>NRloR14. NRJ()C(O)C(O)NR1oR14.ot NRtoCCO)C(O)ORt4; 

Y'isOorS; 
35 R7 is -(~5)qR12 or Ct-6 alkyl whcmn the Rt2 or Ct-6 alkyl group is 

unsubstituted or substituted one or more times by methyl or ethyl unsubstituted or 

substituted by 1-3 fluorines, -F, -Br, -a, -NQi, -NR1oR1i.-C(O)Rg, -C0:2R8, 
-O(CH2)240R3, -0(CH2}qR8; -CN, -C(O)NR1oR11, -O(CH:z)qC(O)NR1oR11, -
O(CH:z)qC(O)R9, -NRl~(O)NRloRl 1, -NRtoC(O)Rt 1, -NR1()C(O)OR9, 

4 



wo9c;1199as PCT/US95/16711 

-NR1()C(O)R13, -CCNR1o>NRtoR11, -C(NCN)NR1oR11, -C(NCN)SR9, 

-NR1()C(NCN)SR9 , -NR1()C(NCN)NR1()R11, -NRtOS(0)2R9, -S(O)m'R9, 

-NRt()C(O)C(O)NRtoRl t, -NR1QC(O)C(O)R10, or R 13; 

q is 0, 1, or 2; 

S R12isR13, C3-C7 .cycloaJkyl, er an unsubstituted or substituted aryl or 

heteroaryl group selected fmm the group consisting of (2-, 3- or 4-pyridyl), pyrimidyl, 

pyramlyl, (1- or 2-hnidamlyl), pym>lyl, pipmzinyl, piperidinyl, mpbolinyl, furanyl, 

(2- or 3-thienyl), quinolinyl, naphthyl, and phenyl; 

Rs is :independently selected fmm hydrogen or Rg; 

10 R9 is Ct-4 alkyl opdoDally subsdtutccl by one to three f1iaincs; 

Rtois ORg orRtt; 

· R 11 is hydrogen, er C1-4 alkyl unsubstituted or substituted by one to thn:e 

fluorines; or when Rto and Rl t are as NR1oR11 they may together with the nittogen 

form a S to 7 membered ring comprised of carbon or carbon and one or more 

lS additional heteroatoms selected from 0, N, or S; 

R13 is a substituted er unsubstituted heteroaryl group selected from the group 

consisting of oxazolidinyl, oxamlyl, thiazolyl, ~lyl, triazolyl, teuamlyl, 

imidazolyl, imidazolidinyl, thiazolidinyl, isoxazolyl, oxactiaznl.yl, and tbiacliazolyl, and 

where R1s is substituted on R12 or Ras the rings are connected thmugh a carbon atom 

20 and each second Ras ring may be unsubstituted or substituted by one or two Ct-2 alkyl 

groups unsubstituted or substituted on the methyl with 1 to 3 fluom atoms; 

R 14 is hydrogen or R1; or when Rs and Rt4 are as NRsR14 they may together. 

with the nitrogen form a S to 7 membemd ring comprised of carbon or carbon and one 

or more additional hetmoatoms selected from 0, N, or S; 

25 R1s is C(O)R14, C(O)NRaR14t S(0~14 or S(O>.R1 whele q is 0, 1 or 2; 

provided that: 

(f) R7 is not Ct-4 alkyl unsubstituted er substituted by one to three tlu<Bines; 

or the pharmaceutically acCeptable salts thereof: 

This.invention also mlates to the pharmaceutical compositions comprising a 

30 campound of Formula (I) and a pharmaceutically acceptable carrier or diluent. 

The invention also rehues to a method of mediadoner inhibition of the 

enzymatic activity (or catalytic activity) of PDE IV in mammals, including humans, 

which comprises administering 1o a mmmnal in need thereof an effecdve amount of a 

compound of Fcrmula (I) as shown below. 

3S The invention fmther provides a method for the uatment of allergic and . 

inflammatory disease which comprises administering to a mammal, including humans, in 

need thereof, an effective amount of a compound of Formula (I). 
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The invention also provides a method for the treabJJODt of asthma which 

comprises administering to a mammal, including humans, in need them>f, an effective 
amount of a compound of Formula (I). 

This invention also relates to a method of inhibiting TNF production in a 
S mammal, includiq bmnans, which method comprises adrni.Ustering to a mammal in 

need of such ueatmcnt, an effective TNF inhibiting ~t of a compound of Formula 

(I). 'Ibis method may be used for the prophylacdc treatment or prevention of certain 

TNF mediated disease states amenable thcnto. 

This invention also iaates to a method of treadng a human afflicted with a 
10 human immunodeficiency virus (HIV), which comprises stdministaing to such~ 

an effective TNF inhibiting amount of a compound of Fommla (I). 

Compounds of Fmmula (I) are also useful in the treatment of additional viral 

infections, w• such vhuses are ·sensitive to upregulation by TNF or will elicit TNF 
production in vivo. 

15 In addidon, compounds of Formula (I) are also useful in aating yeast and 

fungal infecdons, where such yeast and fungi are sensitive to upie~ by TNF or 
will elicit TNF production in vivo. 

Detailed Description of the Invention 
This invention also relates to a method of mediadng or inhibiting the enzymatic 

20 acdvity (or catalytic activity) of PDE IV in a mammal in need thereof and to inhibiting 

the production ofTNF in a mammal in need thereof, which comprises administering to 

said mammal an effective amount of a compound of Formula (I). 
Phosphodiesterase IV inhibitors are useful in the cn:atment of a variety of 

allergic and inflammatory diseases indudina: asthma, chronic lxmchitis, atopic 

2S dermatitis, urticaria. allergic rhinitis. allergic coqjunCtivids, vernal conjunctivitis, 

eosinophilic granuloma, psoriasis. rheumatoid arthritis. septic shock. ulcerative colitis, 

Crobn's disease, repafusion injmy of the myocatdium and brain, chronic 

glomaulonepbritis, endolmic shock and adult respiratmy·distress syndrome. In 

addhiCMI, PDB ·IV inhibitors are useful in the treatmeut of diabetes insipidus and central 
30 nervous system disorders such as depression and 1J1ulti-infarct demmtia. 

The vin:lses contemplated for ttearment helein me those that produce TNF as a 

result of infection, or those which am sensitive to inhibition. such as by decreased 

replication, directly or inctira:tly, by the TNF inhibitors of Formula (I). Such viruses 
include, but are not limited to IDV-1, IDV-2 and IDV-3, cytomegalovirus (CMV), 

35 intluema, adenovirus and the Herpes group of viruses, such as, but not limited to, 

Herpes zoster ancl Hopes simpla. 
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This invention more specifically Jelates to a method of treating a mammal, 

afflicted with a human immunodeficiency virus (HIV), which comprises administering 

to such mammal an effective TNF inhibiting amount of a compound of Formula (I). 

The compounds of this invention may also be used in associadon "'!ith the 

S veterinary treatment of anbnals, other than in humans, in need of inhibition of TNF 

production. TNF mediated diseases for treatment, therapeutically or prophylactically, 
' in animals include disease states such as those noted above, but in panicular viral 

infections. ~amples of such viruses include, but are not limited to feline 

immunodeficiency virus (FIV) or otherretroviral infection such as equine infectious 

10 anemia virus, caprine arthritis virus, visna virus, maedi vims and other lentiviruses. 

The compounds of this invention are also useful in treating yeast and fungal 

infections, where such yeast and fungi are sensitive to uprcgulation by TNF or will elicit 

TNF production in vivo. A preferred disease state for treatment is fungal meningitis. 

Additionally, the compounds of Formula (I) maybe administered in conjunction with 

15 other drugs of choice for systemic yeast and fungal infections. Drugs of choice for 

fungal infections, include but are not limited to the class of compounds called the 

polymixins, such as Polymycin B, the class of compounds called the bnidamles, such as 

clotrimamle, cconazole, miconazole, and ketoconazole; the class of compounds called 

the triazoles, such as fluconazole, and ittanazole, and the class of compound called the 

20 Amphotericins, in particular Amphotericin B and liposomal Amphotericin B. 

The compounds of Formula en may also be used for inhibiting and/or reducing 

the toxicity of an anti-fungal, anti-bacterial or anti-viral agent by administering an 

effective amount of~ compound of Formula (I) to a mammal in need of such treatment. 

Preferably, a compound of Formula (I) is administemd for inhibiting or reducing the 

2S toxicity of the Amphotericin class of compounds, in particular Amphotericin B. 

The term "Ct-3 alkyl", "Ct-4 alkyl", "C1-6 alkyl" or "alkyl" groups as used 

heiein is meant to include both sttaight or branched chain radicals of 1 to 10, unless the 

chain length is limited thereto, including, but not limited to methyl, ethyl, n-propyl, 

isopropyl, n-butyl, sec-butyl, isobutyl, ten-butyl, and the like. 

30 "Alkenyl" means.both straight or branched chain radicals of 1 to 6 carbon 

lengths, unless the chain length is limited thereto, including but not limited to vinyl, 1-

propenyl, 2-propenyl, or 3-methyl-2-propenyl 

The term "cycloalkyl" or "cyc1oalkyl alkyl" means groups of 3-7 carbon atoms, 

such as cyclopropyl, cyclopropylmethyl, cyclopentyl, or cyclohexyl 

35 · "Aryl" or "aralkyl", unless specified otherwise, means an aromatic ring or ring 

sys~ of 6-10 carbon ato?JS, such as phenyl, benzyl, phenethyl, or naphthyl. The alkyl 

chain is meant to inciudc both straight or branched chain radicals of 1 to 4 carbon 

atoms •. ''Heteroaryl" means an aromatic ring system containing one or more 

heteroatoms. 
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"Halo" means all halogens, i.e., chlom, fluoro, bromo, or iodo. 

"lnbibiting the production of IL-1" or "inhibiting the production of TNF' 

a) a decrease of excessive in vivo U..-1 or TNF levels, respectivoly, in a human 
S to normal levels or below nonml levels by inhibition of the in vivo mleue of IL-1 by all 

cells, including but not limited to monocyteS er ~aes; 

b) a down iegulation. at the 11'1Dsladonal or transcriptional level; of excessive in 

vivo JL-1 or TNF levels, respectively, in a bnman to normal levels or below normal 

levels; er 

10 ·c) a down iegulation, by iDbibidon of the direct synthesii of IL-1 or TNF I~ 

as a postranslalional event. 

1be phrase "TNF mediated disease or disease states" means any and all disease 

states in which TNF plays a role, either by poducdon of TNF itself, or by TNF causing 
another cytokine to be released, such as but not limited to IL-1 or IL-6. A disease state ( 

15 in which IL-1, for instance is a major component. and whose pioducdon or action, is 

exacerbated. or secreted in response to TNF, would ·th=fore be consic;lered a disease 
state med;ated. by TNF. As TNF-8 (also .known as lymphoroxin) has close structural 
homology with TNF-u (also~ as cachectin), and since each iDduces shnUar 

biologic mponses and binds to the same cellularreceptm, both TNF-u and TNF-8 are 
20 inhibited by the compounds of the present invention and thus am herein refmred to 

collectively as "TNF". unless specifically delineated otherwise. Preferably TNF-u is 

inhibited. 
"Cytoldne" means any secnted polypeptide that affects the functions of cells, 

and is a molecule which modulates inwtions.between cells in hnmune, inflammatory, 

25 or hematopoietic :responses. A cytokine inc1uc1es, but is not limited to, monoldnes and 

lymphokines regmdless of which cells plOduce them. 
The cytoJdne inhibited by the present iawntioli for use in the uaament of a 

IDV·infected human must be a cyioldne which is implicated in (a) the inkiatioa and/or 
~1maDCe ofT cell activalion and/or activated T cell-mediated HIV gene expiession 

30 and/or replication, and/at (b) any cytaldne-mediatal disease associated problem such as 

cachexia or muscle degeneradon. Prefarably, bis cytoJdne is TNF-a. 

All of the compounds of Formula (I) am useful in the method of inhibiting the 

produc1ion of TNF, prefaably by macmphages, monocytes or macrophages and 
monocytcs, in a mammal, including bnmans; in need thereof. All of the compounds of 

35 Formula (I) are useful in the method of inhibiting er mediaring the enzymatic or 
caralydc activity of PDE IV and in treatment of disease states mediated thereby. 

Pharmaceutically acceptable salts of the instant compounds, whete they 
can be prepared, are also intended to be covered by dUs invention. 1bese sales 
will be ones which are acceptable in their application ro a pharmaceutical use. 
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By that it is meant that the salt will mtain the biological aclivity of the pant 
compound and the salt will not have untoward or deleterious effects in its 

application and use in treating diseases. 
Prefeued coinpounds are as follows: 

S When Rt is an alkyl substituted .,Y 1 or more halogens, the halogens are 
preferably fluorine and chlorine, more preferably a Ct-4 alkyl substituted by 1 or more 

flucrines. 'Ibe pref med balo-substhuted alkyl chain length is one or two carbon'9 and 

most prefem:d are the moieties ..Ql3, -CH2F, -CHF2, -CF2CBF2t -CH2Q4'3, and -

CH2CHF2- Preferred Rl substitutents ·for the compounc:ls of Formula (I) are CH2-

10 cyclopopyl, CH2-Cu cycloalkyl, C4-6 cycloalkyl unsubstituied or substituted wi~ 
OHC7-11 polYC)'Cloalkyl, (3- er 4-cyclopen1enyl), phenyl, tetmhydmfuran-3-yl, benzyl 

or Ct-2 alkyl unsubstituted or substituted by 1 or more fluorin0'9 
-(CH2)t-3C(O)O(CH2){)..2CH3, -(CH2)1.30(CH2)0..2CH3, and -(CH2)2-40H. 

When Rt term contains the moiety (CR41t5), the R4 and Rs terms are 
15 independendy hydri:>gen or alkyl This allows for branching of the individual methylene 

units as (CR.4RS)n or (CR4RS)m; each repeating methylene unit is independent of the 
other, e.g., (CR4RS)n wherein n is 2 can be-CH2CH(-CH3)-, for instance. The 

individual hydrogen atoms ~the repeating methylene unit or the branching 

hydrocarbon can unsubstibJted or be substitutt:d by tlumine independent of each other 
20 to yield, for instance, the prefem:d Rt substitutions, as noted above. 

When Rt is a C7-l 1 polycycloalkyl, examples are bicyclo[2.2.1]-heptyl, 
bicyclo[2.2.2]octyl, bicyclo[3.2.l]octyl, tricyclo[S.2.t.oZ6]c1ccy1, etc. additional 
examples Of which are described in Samumno et al., WO 87/06576, published S 

November 1987. 
25 Wis preferably alkyl, alkenyl or alkynyl of 3 to S carbon atoms, and whelc it is 

alkenyl c:r alkynyl, that one or two double or ttiple bondS be present. It is most 
prefcri'ed that Wu ethynyl or 1,3-buladiynyl 

Z is preferably 0Rt4t OR15, SRt4t S(O)m•R7, S(O):zNRtoR14t NRtoR14t 
. NR14C(O)R9, NRt0C(O)Rt4t NRt()C(O)OR7, NRtoC<0>NRtoR14t 

30 NRt0S(0)2NRtoR14t NRtOCCNCN>NRtoR14t NRtOSC0)2R7, 
NRtoCCCR.4N02>NRtoR14t NR1()C(NCN)SR9, NRtoC<CR4NQz)SR9, 
NRtoCCNRtO)NRtoR14t NRtOCCO)C(O)NRtoR14t or NRtOCCO)C(0)0Rt4-

Pieferred X groups for Formula (I) are those wherein X is YR2 and Y is 

oxygen. The preferred X2 group for Fomiula (I) is that wherein X2 is oxygen; The 
35 . prefeired X3 group for Formula (I) is that whemin X3 is hydrogen. ~ferred R2 

groups, where applicable, is a Ct-2 alkyl unsubstituted or substituted by 1 or more 
halogens. The halogen atoms are preferably fluorine and chlorine, ll10IC preferably 

fluorine. More prefeired R2 groups are those wherein R2 is methyl, or the fluoro-
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substituted alkyls, specifically a C1-2 alkyl, such as a-CF3, -cHF2, or-cH2CHl'2 
moict;y~ Most pJd'erred are the -OIF2 and -CH3 moieties. 

Prefmed R7 moieties include unsubstituted or substituted -(CHl)().2(2-, 3- or 
4-pyridyl), (CH2)1.2(2-imictamlyl), (CH2)2(4-morpholinyl), (CH2)2(4-piperazinyl), 

S (CH2)1-2(2-tbienyl), (CH2l1-2(4-tbiazolyl), unsubstituted or substituted pyrimidinyl, 
and substituted or unsubstituted (CH2>o-2P1myl 

. ! 

Prefemd rinp when R10 and R11 in the moiety-NR1oR11 together with the 
nitrogen ID which they are attached form a S to 7 mrmbmm ring comprised of carbon 

or~ and at least one hetematom selected from 0, N, or S include, but are not 
10 limited to 1-imjduolyl, 2-(RS)-1-imidam\yl, 1-pymolyl, 3-(RS)-1-pyrazolyl, l-

1riamlyl, 2-uiamlyl, 5-(RS)-1-triazolyl, S-(Rg)-2-triazolyl, 5-(RS)-1-tetramlyl, 
.5-(Rg)-2-tetrazolyl, 1-tetrazolyl, 2-tetrazloyl, morpholinyl, piperazinyl, 4-(RS)-1-
piperazinyl, Cl' pyrrolyl ring. 

Preferred rinp when Rto and Rt4 in the moiety-NR1oR14 together with the 
lS nitrogen to which they are attached may form a S to 7 membered ring comprised of 

carbon or carbon and at least one heteroatom selected fmm 0, N, or S include, but are 

not limited to 1-umdamlyl, 1-pyrazolyl, 1-triuolyl, 2-.mzc,lyl, 1-tetruolyl, 
2-tetrazolyl, morpholinyl, piperazinyl, and pynolyL The respective rings may be 

additionally substituted, where applicable, on an available nitrogen or carbon by the 

20 moiet;y R7 as described herein fer Formula (I). IDustrations of such carbon 
substitutions includes, but is not limited to, 2-(R7)-l-imidamlyl, 4-(R7)-l-imidam1.yl, 
S-(R7)-l-inridamlyl, 3-(R7)-l-pyruolyl, 4-(R7)-l-pyramlyl, 5-(R7)-l-pyrazolyl, 

4-(R7)-2-ttiamlyl, S-(R7)-2-rriamlyl. 4-(R7)-l-rriamlyl, S-(R7)-l-uiamlyl, 
.5-(R7)-l-teU'IZOlyl, and .5-(R7)-2-teUUOlyL Applicable nitrogen substitution by R7 

2S includes, but is not limited to. l•(R7)-2-tetrazolyl, 2-(R7)-l-tetrazolyl, 4-(R7)-l­

piperazinyl Where applicable, the ring may be subsdtuted one or more times by R1. 

Pdcrrcd groups for NRtoR14 which contain a heterocyclic ring are S-(R14)­

. 1-tetmolyl, 2-(R14)-l-imid1mlyl, .5-(R14)-2-tetmolyl, 4-(R14)-l-piperazinyl, or 

4-0llS)-1-pipaazinyL 
30 Prefmed rinp for R13 include (2-, 4- or S-imidamlyl), (3-, 4- or S-~lyl), 

(4- or S-triamlyl(l,2,3)), (3- or 5-uiuolyl[l,2,4]), (S-tetrazolyl), (2-, 4- or 

5-o:uzolyl), (3-, 4- or S-isoxazolyl), (3- or .5-oxacfinolyl[l,2,4]), 

(2-oxadiamlyl[l,3,4]), (2-thiamamlyl[l,3,4]), (2-, 4-, or S-thiUolyl), (2-, 4-, or 

5-oxazolidinyl), (2-, 4-, or S-thiazolidinyl), or (2-, 4-, or S-imjdamlicfinyl). 

35 When the R7 group is unsubsdmted or substituted by a ~eterocyclic ring such 
as imid•mlyl, pyramlyl, ttiamlyl, teUaZOlyl, or tbiamlyl, lbe heterocyclic ring itself 

may be unsubstituted or substituted by Rs on an available nitrogen or carbon atom, 

such as 1-(Rs)-2-imjdamlyl, t-(Rg)-4-imictamlyl, 1".'(Rg)-S-imidamlyl, 

l-(RS)-3-pyrazolyl, l-(RS)-4-pyruolyl, 1-(Ra)-S-pyruolyl, l-(RS)-4-triamlyL or 

10 
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1-(Rg)-S-triazolyl. Where applicable, the ring may be substituted one or more times by 

Rg. 

Pref med are those compounds of Formula (I) wherein R 1 is -CH2-
cyclopropyl, -CH2-Cs-6 cycloalkyl, 46 cycloalkyl unsubstituted or substituted by 

S OH, tetrahydrofuran-3-yl, (3- er 4-cyclopcntenyl), benzyl or-Ct-2 alkyl unsubsdtuted 
or substituted by 1 or more fluorines. and -(CH2)2-4 OH; R2 is methyl or fluoro­
substitutcd alkyl, Wis ethynyl er 1,3-butadiynyl; R, is R1 where R7 is an unsubstituted 

or substituted aryl or hetcroaryl ring, Xis YR2, and Z is 0Rt4t OR1s, NRtoR14t or 

NR14C(O)R9. 

10 Most pmfemd arc those compounds wherein Rt is -CH2-cyclopmpyJ. 
cyclopentyl, 3-hydroxycyclopentyl, methyl or CF2H; Xis YR2; Y is oxygen; X2 is 

oxygen; X3 is hydrogen; and R2 is CF2ff or methyl, Wis ethynyl or 1,3-butadiynyl, 

and R 3 is a substituted or unsubstituted pyrimic:linyl ring. 

It will be recognized that some of the compounds of Formula (I) may exist in 
15 both racemic and optically active forms; some may also exist in distinct cliast.cRomaic 

forms possessing distinct physical and biological pzopenies. All of these compounds 

m considerm to be within the scope of the present invention. 
· Pharmaceutically acceptable salts arc prepared in a siandani manner. 

The parent compound, dissolved in a suitable solvent, is treated with an excess 

20 of an organic or inorganic acid, in the case of acid addition salts of a base, or an 
excess of organic or inorganic base.where the molecule contains a COOR for 
example. 

Pharmaceutical compositions of the present invention comprise a 
pharmaceutical cmier or diluent and some amount of a compound of the formula (I). 

25 The compound may be piesent in an amount to effect a physiological icsponsc, or it 
may be present in a lesser amount such that the user will need to take two or more units 

of the composition to effect the tteaUDCDt intended. These compositions may be made 

up as a solid, liquid or in a gaseous farm. Or one of these three forms may be 

transformed to another at the time.of being administered such as when a solid is 

30 delivered by aerosol means, or when a liquid is delivered as a spray or aerosol 
The nature of the composition and the phannaccutical carrier or diluent will, of 

course, depend upon the intended route of adminisuation, for example parmterally, 

topically, orally or by inhalation. . 

For topical administration the pharmaceutical composition will be in the form of 
3S a cream. ointment, liniment, lotion, pastes, aerosols, and drops s~tablc for 

administration to the skin, eye, ear, or nose. 

For parenteral administration the pharmaceutical composition will be in the fonn 

of a sterile injectable liquid such as an ampule or an aqueous or non-aqueous liquid 
suspension. 

11 
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For oral_ administration the pharmaceutical composition will be in the form of a 
tablet, capsule, powder, pellet, atroche, lozenge, syrup, liquid, or emulsion. 

When the pharmaceutical composition is employed in the form of a solution or 

suspension, examples of appropriate pharmaceutical carriers er diluents include: for 

S aqueous systems, water; far non-aqueous systems,.ctbanol, gl:ycain, propylene glycol, 

com oil, couonseed oil, peanut oil, sesame oil, liquid paratins and mixtma thermf with 
water; for solid systems, Jactosc, kaolin and mannitol; and for acmsol systems, 

dichlcxodifluommetbane, chlmolrif1uomet and compiascd carbon dioxide. Also, 

in addition to the pbarmaceudcal canier or diluent, the instant composidons may 
10 include.other inp'edienli ·such as stabiHzers, antioxidants, pieservadves. lubricants, . 

suspending agems, viscosity modifiers and the like, provided that the additicnal . 

ingredients do not have a deuimental effect on the therapeutic action of the instant 

compositions. 

IS 
The pharmaceutical ~tions thus described are made.following the 

conv~tional techniques of the p~tical chemist as appropriate to the desired end 

product 
In these compositions,.the amount of cmier or diluent will var; but peferably 

will be the major p1oponion of a suspension or solution of the active ingredient. When 
the diluent is a solid it may be present in lesser, equal or peater. amounts than the solid 

20 active ingmlient. 

Usually a compound of fonnuJa I is admjnistcnd to a subject in a composition 

comprising a nontoxic amount sufficient to pmduce an inhibition of the symptoms of a 
disease in which leukotrienes are a factor. Topical fonnuladons will contain between 
about 0.01 to S.K by weight of the active inpedient and will be applied as requbed as 

2S a preventative or curative agent to the affected areL When employed as an oral, or 
other ingested Or injected regimen, the dosage of the composidon is selectcd from the 

ranae of from 50 mg to 1000 ~of active ingmlient for each administration. For 

c:mvmience. equal closes will be admimsraed 1·ro5 times daily with the daily dosage 

iolmm bein1 selected rmn about so IDJ to about sooo ma. 
30 No unacceptable toxicolop:al effects• expected when these compounds are 

administeled in accordance with the present invendon. 

Methods Of Preparation 
Synthetic Seheme(s) With Textual 0.ription 
Compounds of Formula (I) may be prepmd by the processes disclosed herein 

35 which comprise reacting _a terminal acetylene, wherein Z represents Z as defined in 

relation to Formula (I) or a group convertible to Z, as, •.g., compound 1-Scbeme 1, 
with an appropriate halide, R3X, wherein R3 rcprcscnis R3 as defined in IClation to 

Fonnula (I) or a group convertible to R3, in the presence of a suitable catalyst, such as 
a copper 0) halide and a bivalent or 7.CIOValent palladium compound in the presence 

12 
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of, e.g., triphenylphosphine, in a suitable solvent, such as an amine, as in the pl'° 

Cedum of Branclsma et al. (Syn. Qxnm , 1990, 20, 1889), provides a compound of the 

Formula 2•Scheme 1. Compounds of me Formula 1-Schmnc 1 may be piepared by pl'° 

Cedures analoaous to those described in copendin1 U.S. application 07/862111, 

S 071968761 and PCr application number PCr/US93A>2516 published under WlPO 
publication number·W093/19751. 

M•nw' 

z 

• ..... 
HsCO 

H Rs 

l. 2..· 

a) Pd(PPh s )4, PPh S• Cul, R s X, piplridlne 

10 Alternatively, compounds of the Formula (I), whmein Zand R3 represent Z 

15 

and R3 as defined in relation to Formula (I) or a group convertible to Z or R3, may be 

prepared from the corresponc:lin1 ketones as, e.g., compound 1-Scheme 2, by the 

synthetic Pf° Cedures described in PCT applicalion number PCTJUS93/'01990 and 

PCT/US93/0232S published as WJPO publicadon number W093n97so • 

As 

l. 

§gh1gZ 

/"y'o 
..... \_J 

HsCO 

Alternatively, oxidative carbonylation of a terminal acetylene as, e.g., 
compound 1-Scbeme 3, using an appropriate metal salt, such as a copper salt with a 

z 

20 catalytic amount of a palladium salt, in the presence of a suitable base as an acid trap, 

such as sodium acetate, in a suitable alcohol, such as methanol, as in the method of 

13 
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Tsuji st al. (Tet. Leu.. 1980. ll. 849). then provides the compound of the Formula~ 
$chm¥; 3; such compounds may then be convened to other compounds of the 

Formula (I) by manipulation of the ketone as described above and by independent 

manipulation of the carboxylic ester moiety using standard transestaificaton or 
5 amjdadon conditions. Syntheses of such btone scaning materials m described in 

published PCT applicadon PCI'/US93A>2045 (WIPO pµblicatim number WO 
93/19748) or published PCT applicadon PCTJUS93/02325 (WlPO publicadon number 
W0/93/19750). 

0 

HsCO 

H 

. l. 

¥1••1 

~o 
a,b • \_J 

HsCO 

' 
COOCH s 

Likewise, oxidative carbonyladon of a taminal acetylene as, e.g., compound .1: 
ScJJeme 4, whmein Z represents Z as defined in Jdation to Formula (I) or a group 
convertible to z. using an appvpriate metal salt, such as a copper salt with a catalytic 

1S amount of a palladium salt. in the presence of a suitable base as an acid trap. such as 
sodium acetate, in a suitable alcohol, such as methanol, as in the method of Tsuji et al. 
(Tet._Lett., 1980, 21, 849), then provides the compound of the Formula 2-Scheme 4; 

such compounds may then be converted to other compounds of the Formula (I) by 

manipulation of the carboxylic ester moiety usin1 standard 11'8Dsesterifkasion or 
20 

14 

--



W096/19988 PCT/US95/16711 ..... 
z 

a.b ... (J 
! H1CO 

H COOCH s 

a) PdCI 2• CuCI 2• Nao 2CCH a' co. CH a OH 

Compounds where Z is a group other than -OH can be prepared by methods 
known in the art and in panicular by manipulation of the -OH. Such methods are 

z 

S described in co-pending U.S. application -CTI 1968153 and PCT application serial number . 

PCT/US93/0232S (WJPO publication number W0/93/19750). 

Preparation of the remainmg compounds of the Formula (I) may be 

accomplished by procedures analogous to those described above and in the Examples, 
infra. 

10 It will be rccogni7.ed that some compounds of the Formula (I) may exist in 

distinct diasteieOmeric forms possessing distinct physical and biological pmpenies; 

such isomers may be separated by standatd chromatographic methods. 

The following examples arc given to further illusuare the described invention. 

These examples arc intentcd solely for illustraling the inveDtion and should not be mid 

IS to limit the invention in any manner. Reference is made to the claims for what is 
reserved to the inventors hereunder. 
Experimentals 

Example 1 

Pmpamion of cLt-£4-(3-cyclgpenl)'Iox,y+mctbm.pbenyD+C+P.JridylethynyD-
20 cycloheun-1-ol] 

la) tran.r-{4-(3-cyclopentyloxy-4-methoxyphenyl)-4-edlynylcydohexan-1-ol] and cis­
[4-(3-cydopentyloxy-4-methoxyphenyl)-4-ethynylcyclohexan-l-ol] 

To a solution of 4-(3-cyclopentyloxy-4-mcthoxyphenyl)-4-ethynylcyclohexan-1-

one (0.34 g, 1.1 mmol, prepared as described in published PCT application 

2S PCT/US93J001990 (WIPO publication number ~o 93n9748) or PCT/US93/0232S 
·(WIPO publication number W0/93/197~) in 1,2-dimedloxyetbane (S mL) under an 
argon atmosphere was added sodium borohydride (0.08 g, 2.2 mmol) and the mixture 

was stirred at room temperature for 0.S h. Water was added, the mixture was extracted 
three times with dichloromethane, was dried (magnesium sulfate) and was evaporated. 

15 
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Purificadon by Oash chromatography, eluting with 3:7 ethyl acetate:hexanes, provided 

ll'ans-[4-(3-cyclopentyloxy-4-mcthoxyphenyl}-4-ethynylcyclohexan-1-ol] (described in 

U.S. Patentapplication in"PC.Tapplication numberPCr/US93/02S16published Under 
WlPO publication number W093/1975l_as cLr-(4-(3-cyclopentyloxy-4-

5 metboxyphmyl~ynylcyclohexan-1-ol]) u a wax. lff-NMR (400 MHz. CDQ3) 8 

7.14(d,1=2.3 Hz, lH), 7.<>4 (dd, J-8.S, 2.3 Hz, lH), 6~ (d, J-S.S. Hz, lH), 4.79 (m, 

lH), 3.83 (s, 3H), 3.68 (m, lH), 2.46 (s, lH), 1.7 - 2.1(m,14H), 1.6 (m, 2H). 

cLr-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-ethynylcyclohexan-1-ol]-also 

was isolated from this pl'° Cedme as a colcr.less oil. 1 H-NMR (400 MHz, CDQ3) 8 

10 7.17(d,1=1.9 Hz. lH), 7.10(cl,1=8.4 Hz, lH), 6.84(cl,1-S.4 Hz, lH), 4.80 (m, lH), 

4.13 (br s, lH), 3.84 (s, 3H). 2.38 (s, lH), 2.15 (m, 4H). 1.7 - 2.0 (m, lOH), 1.75 (m, 

.2H). 

1 b) cLr-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(4-pyridylethynyl)cyclohexan-1-ol] 

To a solution of uan.r-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-

lS ethynylcy_clohexan-1-ol] (0.15 g, 0.48 mmol) and 4-bromopyridine (0.7Sg, 5 mmol) in 

piperidine (2 mt.) under an argon aunospheie were added letl'akis(tripbenylphosphine)­

palladium(O) (0.022 g, 49' ), copper (I) iodide (0.005 g, 6Cf>) and a small crystal of 

triphenylphosphine, and the mixtme was healed at 80-85° C for 0.S h. Ammonium 

chloride was added and the mixture was extracted thme times with dichlommethane, 

20 the exttact was dried (DJ&gnesium sulfate) and was evaporated. Purification by flash 

chromatography, eluting with 3: 1 ethyl acetate/hexanes provided dr-[ 4-(3-

cyclopcntyloxy-4-methoxyphenyl)-4-(4-pyriclylcthynyl~ohexan-1-ol]· as a pale 

yellow solid, which was ttiturated from ether-hexanes. mp 183 - 184~ lH-NMR 

(400 MHz, COC13) 8 8~6 {bf, 2H), 7.35 (m, 2H), 7.14(cl,1=2 Hz, lH), 7.06 (dd, 

25 1=8.S, 2Hz, lH), 6.85 (cl, J=8.SHz, lH), 4.79 (m. lH), 3.85 (s, 3H), 3.7 (m, lH), 1.8 -

2.1 (m, 14H), 1.6 (m, 2H). 

Emgp)c2 

d.t-[4-C3-c;yclopemyfox.v+metboX)!Rhenyl)+fmid-2-yletbynyllcyclohqan-1-oU 

To a solution of ll'ans-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-ethynyl-

30 cyclohexan-1-ol] (0.14 g, 0.43 ·mmol) and 2-bromopyridine (0.40 mL, 4.3 mmol) in 

piperidine (2 mL) under an argon atmosphae wae added telrakis(aipbenyl­

phosphine)palladium(O) (0.020 g, 4Cf>), copper(I) iodide (0.005 g, 6Cf>) and a small 

crystal of triphenylphosphine, and the mixtme was heated at ~85° C for O.S h. 

Ammonium chloride wu added .and the mixtUre was extnctecl three times with 

35 dicblommethane, was dried (magnesium sulfate) and was evaporated. Purification by 

flash chromatography; eluting with 75:25 ethyl acetate:hexanes. provided cis-[4-(3-

cyclopentyloxy-4-methoxyphenyl)-4-(pJri(l-2-ylethynyl)cyclohexan-1-ol] as a white 

solid (0.14 g, 84.,), mp 49-51° C. Anal. (C25ff29N<>3·0.S H20) calcd: C, 74.97; H, 

1.55; N, 3.50; found: C, 74~90; H, 7.52; N, 3.33~ 
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E!ampte3 

Resollltion of C +!-).3-C3-cyclopentYloU+metboXYJlhenyl).3-etbynyl­

cyclOhexan-1-one 

The compound fmm Bx•mple lb was resolved in the following manner to give 

5 cnantiommic oils: HPLC Rt = 15.S min (cnantiomer 1 =El), 23.2 min (enantiomer 2 

=El) (Diace1 cmalpak AS~; 21.2 x 2SO mm; Jlexan~isopmpanol, 4:1; 10 ml.Jmin; 

UV clctection at 295 nm). 

Ex•mglc4 

PrcJmntim of(+/-) 3-<3=cyclQpen1floxy-4-metboughenyD-3-phenylethynyl-

10 CJClohm10:t-one 

To a solutian of the compound ofEx•mple lb (0.12S g, 0.4 mmol) and 

iodobenzcnc (0.4 mL, 2.0 mmol) in piperidine (6 ml.) under an argon atmosphere was 

added tiace tetrakis(triphcnylphosphine)palla&Uum(O), coppcr(I) iodide and 

triphenylphosphine. The mixture was ICfluxed for S b, then concentrated in vacuo. 

15 The resjduc was diluted with ethyl acelatC (100 mL), was washed with brine, was dried 

CMgS04) and was evaporated. Purification by flash chromatography, eluting with 2:1 

hcxancslcthyl acetate, followed by trituration fmm etber/hcxanes. provided the title 

compound as white. solid (0.09 g, 58CI), m.p. 90-91 o C. 

ExempJeS 

20 Preparation of (+/-l 3-C3-cyclqp;mylogy-4-me1baupbenyD-3-C3-

qpbomethoxJPben)'lletbyny1cJclnhgao-1-one · 

Sa) methyl 3-iodobenzoate 

Methyl 3-iodobenzoatc was prepared by standard chcmisuy well known to 

those versed in the an and is a white solid, m.p. 40-41 o C. 

25 Sb) ( +/-) 3-(3-cyclopcntyloxy-4-methoxyphenyl)-3-(3-carbamethoxyphenyl)ethynyl­

cyclohexan-1-one 

To a solution of the compound from Example lb (0.30 g, 0.96 mnol) and 

methyl 3-iodobenzoate (0.30 g, i.15 mmol) in tricthylaminc (10 mL) under an argon 

allDOSphae was added nce tetralds(ttipbenylpbospbine)palladium(O), coppa(I) iodide 

30 and triphenylphosphine. 1bc mixture was miuxed for O.S hand was then concentrated 

in vacuo. The residue was partitioned between water and ethyl acetate. The organic 

phase was dried (Na2S04) and was evaporated. Purification by flash chromatography, 

eluting with 2: 1 hcxancs/cthyl acetate, proridcd the title compound as a pale yellow oil 

(0.35 g, 80CI ). Anal CC2sH3QOs· t.o H20> calcd:. C. 72.39; H, 6.94; found: c. 72.47; 

35 H, 6.80. 
Exgmple6 

Preparation of ( +/-) 3-(3-carboxy_phenyletbynyll-3-l3-cyclo,pentylogy-4-

metbogyphenyDcyclohexan-t-one 

17 
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To a solution of the compound from Example S(b) in 5:5:2 
111F/methanol/water (10 mL) under an argon atmosphere was added sodium 
hydroxide (0.60 g, 1.S mmol). The mixture was heated at 60° C for 2 hand was then 

concentrated in vacuo. The residue Wis exuacted fmm 3li HQ wi1h ethyl acetate, 

S was washed with brine, was dried (MgS04) and was evaporated. Purificadon by flash 
cbmmatognpby, eluting with 98:2:0.3 cblomform/metJuml/acedc acid, pmvidcd a 
white solid, m.p. 71-730 C. 

Exingplo7 

Pnpradon of 3-C3-c;yclgpenttlov-4-metlmJJlhenyU-3[3-<S-metbyl-rt.3,4]thjadi•ml-

10 2-yl)pbmyleth.vnYllc;,Jclohcxan-t-me 
7a) 1-iodo-3-(5-mcthyl-[1,3,4]fbjactiazoi-2-yl)hen:nme 

1-Iodo-3-(5-metbyl-[1,3,4]thiadiazol-2-yl)benr.ene was· piepartd by sumdard 
chemistry well known to those versed in the art and is white solid, m.p. 86-890 C. 
7b) 3-(3-cyclopentyloxy-4-methoxyphenyl)-3-[3-(5-metb.yl-[1,3,4]tbiadiazol-2-

15 yl)phenyledlyn~l]cyclohexan-1-one 

To· a solution of the compound from &•mple 3 (Bl) ( 0.10 g, 0.32 mmol) and 

l-iCJdc>.3-(5-metbyl[l,3,4]tMactiam(-2-yl)hcn2e!IO (0.10 g, 0.32 mmol) in triethylamine 

(S mL) under an argon atmo_SPheze was added trace 

tetralds(triphenylphosphine)palldium(O), copper(l) iodide and triphenylphosphine. The 

20. mixture -was refluxed for 0.20 b, was cooled to room temperature and was 
concentrated in vacuo. The residue was pard.tionecl between ethyl acetate and water. 
The organic phase was washed with brine, was dried CM.S04) and was evaporated. 

Purificati~ by t1asb chromatography, cludng with 1:1 hcxanesfetbyl acetate provided 

the tide compound as a white solid.(0.135 g, 87'1J), m.p. 97-990 C.. 
25 The enandomer was pzepmd in a similar manner, staning with the compound 

from Example 3 (E2), as a white solid, m.p. 97-990 C. 
Eimp)cl 

.PtQlllJdon of 3-<3-c;yclcPmJJoxy~yl)-3-C3-lS-metbyl­
Cl.3.4]madiemJ-2-yl)pbenyleth.vnYDc;yclgbmn-1-cme 

30 8a) t-Iodo-3-(5-metbyl[l,3,4]oxadiml-2-yl)benmao 
1-Iodo-3-(5-methyl(l,3,4]oxadiamt-2-yl)benzene was pzepmd by standard 

chemistry well known to those versed in the art and is a white solid, m.p. 104-105° C. 
8b) 3-(3-cyclopentyloxy-4-methoxyphenyl)-3-[3-(5-metbyl[l,3,4]oxadiaml-2-

yl)phenylethynyl]cyclohexan-l-one 
35 To a solution of the compound from Example 3 (0.125 g. 0.4 mmol) and l-

iodo-3-(S-metbyl-[1,3,4]oxadiaml-2-yl)bemene (0.09 g. 0.32 i;mnol) in triethylamine 
(3 mL) under an argon atmosphere was added trace tetrakis(triphenylphosphine)­
palladium(O), copper(l) iodide and lriphenylphosphine. 1be mix1111e was heated at 80° 

C for 0.2 h , was eooled to room temperature and was concenttated in vacuo. The 
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rcsidUc was partitioned between ethyl acetate and water. The organic pbaSe was 

washed with brine, was dried (MgS04) and was evaporated. Purification by flash 

chromatography, eluting with 2: 1 ethyl acetatelhexanes, followed by recrystalli7.ation 

from ethyl acetatelhexanes, provided the title compound as a white solid (0.11 g, 

s 61 'I>), m.p. 117-119° c 
The enantiomer was pmpared in a similar ~er, starting with the compound 

from Example 3 (E2), as a white solid, m.p. 117-119° C 
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Example9 

Preparation of 3-C3-cyclopemyloxy+methoxwhenyl)-3-f3-(3-metbyl­

Cl.2.41madiaml-.5-yl)phenyletbynyllcyclohexan-1-one 

9a) 1-iodo-3-(3-methyl-[1,2,4]oxacfiaml-5-yl)benr.ene 

S 1-Iodo-3-(3-methyl-[1,2.4)oxadiazol-S-yl)bemene was prepamd by standanl 

chemistry well known to those vened in the l1't and is ' white solid, m.p. 101.5-103° 
c. 
9b) 3-(3-cyclopentyloxy-4-methoxyphenyl)-3-[3-(3-methyl-[1,2,4]oxadiazol-S­

yl)phenylcthynyl]cyclohexan-1-one 

10 To a solution of the compound &om Example 3 (0.125 a. 0.4DDDOl)and1-: 

iodo-3-(3-merhyl-[1,2.4]oxadi•ml-S-yl)benmie (0.09 g, 0.32 mmol) in uiethylamine 

(3mL) under an argon atmosphere was added uace tetralds(triphenylphosphine)­

palladium(O), copper(I) iodide and triphenylphosphine. The mixture was heated at 80° 
C for 0.2 b, was cooled to room temperature ·anc1 was concentrated in YaCUO. The 

IS n:sidue was partitioned between ethyl acecare and water. The organic phase was 
washed with brine, was dried (MgS04) and was evapcratcd. The iesldue was pUrified 
by flash cbmmatography, eluting with 2:1 hexanes/etbyl acetate, followed by 

tritmalion from hexaneslethyl acetate, to provide the tide compoWld as a white solid, 
m.p. 122 123° c. 

20 The enandomer was prepared in a similar ID8DDG', starting with the compound 

from Example 3 (E2~ as awbite solid, m.p. 122-123° C. 
Example 10 

Preparation of 3-C3-cyclgpent)'lou-4-metboXYJ>henyll-3-C3-C5-methyl­

rt.2,4JoggdigmJ-3-yl)phenylethynyllcyclohexan-l-one 

2S lOa) 1-iodo-3-(5-merbyl-[1,2,4]oxdazol-3-yl)benr.ene 

l-i~3-(S-metbyl-[1,2.4]oxadi•ml-3-yl)benzene was prepaml by standard 

chemistry well known to those versed in the art and is a white solid, m.p. 86-87° C. 
lOb). 3-(3-cyclopemyloxy-4-methoxyphenyl)-3-[3-(S-medlyl-[1,2,4]oxadiazol-3-

yl)PhenyJethynyl]cyc1ohexan-1-one 
30 To a solulion of the compound from Example 3 (0.125 a. 0.4 mmol) and l-

iodo-3-(S-methyl-[1,2,4]oxacfiazot-3-yl)benzene (0.09 g. 0.32 mmol) in triethylamine 

(3 mL) under an argon atmosphere was added trace tetralds(triphenylphosphine)­

palladium(O), Copper(J.) iodide and triphenylphosphine. The mixture was heated at 80° 

C for 0.2 h, was cooled to room temperature and was concentrated in vacuo. The 

35 residue was partitioned between ethyl acetate and water. The organic phase was 
washed with brine, was dried (MgS04) and was evapcratcd. Purification by t1ash 

chromatography, eluting with 2:1 bexaneslethyl acetate~ followed by trituration from 

hcxaneslethyl acetate, provided the tide compound as colorless crystals (0.12 g, 67'1), 

m.p. 116-118° c. 

20 
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The enamiomer was prepared in a similar manner, starting with the compound 
from Example ·3 (E2), as colorless crystals, m.p.116-118° C. 

Example 11 

Prcparadoo of 3-C3-cyclQp;niylo1y-4-motbogy.pheoJl)-:H3-

5 cyanQJ1henyletbynyllcJGlnbmn-l-me 
To a solution ofthecompoundfromExample 3 (El) (0.125 g, 0.4 mmol) and 

3-iodobcnzonitrile (Transworld, 0.09 g, 0.4 mmol) in triethylaminc (3mL) under an 
argon atmospheie was added m tctrakiS(triphenylphosphine)pa11•cfium(0), copper(I) 

iodide and triphenylphosphine. 1be mixture was heated at 80° C for 0.2 h, was cooled 

10 to room temperature and was concenuatcd in vacuo. 1be residue was partitioned . 
between ethyl acetate and water. The organic phase was washed with brine, was dried 

(MgS04) and was evaporated. 1be residue was purified by flash chromatography, 

eluting with .2: 1 hexanes/ethyl acetate; to provide the tide compound as a clear yellow 
glass (0.12 g, 73,.). MS(EI) m/e 414 [M+HJ+. 

15 1be enantiomer was prepared in similar manner, starling with the compound 

from Example 3 (E2), as a clear yellow glass. 

EgampJe 12 

Preparadon of 3-<3-cyclgpeniylogy-4-metlJox)!plnl>-3..(3-

niljgphenyletbynyllcyclohexan-l:CIJe 

20 To a solution of the compound from Example 3 (El) (0.2 g, 0.64 mmol) and 3-

iodoniuobenzene (Aldrich, 0.16 g, 0.64 mmol) in triethylamine (4 mL) under an argon 

atmosph~ was added trace tetrakis(triphenylphosphine)palladimn(O), copper(I) iodide 

and triphenylphosphine. The mixtme was heated at 80° C for 0.2 h, was ~led to 

room temperature and was concentrated.in vacuo. The residue was partitioned 
2S between ethyl acetate and water. The cqanic phase was washed· with brine, was dried 

(MgS04) and was evaporau:d. Pmificadon by flash chromatography, eluting with 3:1 

h~yl acetate, provided the tide compound as yellow solid (0.2S g, ~), m.p. 
46-410C. 

. ' 1be enantiomer was prepared in a similar manner, starting with the compound 

30 from b•mple 3 (E2), as a yellow solid. m.p. 46-48° C. 
. Evmpte13 

Preparation of 3-C3-cyclOJ1CDlYlogy~)-3-C2-

bydmgyetbolYJlhenyletbynyllcyclohexan-1:C1Je 

13a) 2-hydroxyethoxy-1-iodobem.ene 
35 2-hydroxyethoxy-1-iodobem.ene was piq>ared by standani chemistry well 

known to those versed ui the an and is a colorless oil. lff NMR.(400 MHz, CDC13) 3 
7.77(dd,1=1.9, 1.3 Hz. lH), 7.3 (t, J=7H. lH), 6.84(d,1=1.9 Hz, lH), 6.74(t,1=1.9 

Hz, lH), 4.13(t,1=4.3 Hz. 2H), 3.99(t,1=4.3 Hz, 2H), 2.2 (br s, lH). 
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13b) 3-(3-cydopentyloxy-4-mcthoxyphenyl)-3-(2-hydroxyethoxyphenyletbynyl)­
cyclohexan-1-one 

To a solution of the compound from Example 3 (El) (0.2S g, 0.8 mmol) and 2-
hydroxyetboxy-1-iodobenzcne (0.21 g, 0.8 mmol) in uicthylaminc (5 mL) under'. an 

s argon atmosphere w~ added arace telrllds(mphenylphospbine)palladium(O), coppa(I) 

iodide and triphenylphosphine. The mixtme was~ at 80° C for 1 b, was cooled 
to room temperature and was conccnU'lted ln Wicuo. 1be n=sidue was partitioned 

between ethyl acetate and water. The ~pnic phase was washed with brine, was dried 

(MgS04) and was evaporated. Purification by tlasb chromaqraphy, eluting with 1: 1 
10 hexanes/ethyl acetate, provided the litle compound as a white Solid (0.0S g, 14~), _m.p. 

93-94°C. 

ExamRle 14 
J>rrpprinn of 3-C3-aceramidopbenyletbynyl).3-C3-cyc}Qpentylou+ 

methpUphenyDc;yclohexan-1-one 
15 14a) 3-acetamido-1-iodobemene 

3-acetamido-1-iodobemene WaS prepared by standald chcloistry well known .to 

-those veawd in the an and is a white solid, m.p. _117-118° C. 
14b) 3-(3-acetamidophenyletbynyl)-3-(3<)'clopentyloxy-4-
metboxyphenyl)cyclohexan-l-one 

20 To a solution of the compound from Exa.mple 3 (Bl) (0.2 g, 0.64 mmol) and 3-

acetamido-1-iodobemene (0.17 g, 0.64 mmol) in uiethylamine (5 mL) under an argon 

atmosphel_'e was added trace tetralcis(triphenylphosphine)palladium(O), coppa(I) iodide 

and uiphenylpbospbine. 1be mixture was heated at 800 C for 0.3 h, was cooled to 

100m temperature and was concentrated in vacuo. The n=sidue was pmified by flash 

2S chromatography, elutin1 with 1:1 hexanesletb.yl acewc, to provide the lide compound 

as tan solid (0.17 g, 6QCI,), m.p. 58-60° C. . 

EumplelS_ 
Prcpmrim of 3-G.c;yclqpentytou-+metbogy.phenyl)-3-Q­

metbamauJfnnamjdgphCDJletbynyl)c;yclobexan-1-one 

30 lSa) 1-iocfo.3-·metlhancllullODalDidc:tbenzene 
l-iodo-3- was prepared by standard chemistry well 

k;nown to those versed in the art and is light-pink solid, m.p. 102-103° C. 

lSb) 3-(3-cyclopentyloxy-4-methoxyphenyl)-3-(3-
metbanesulfonamidophenyletbynyl)cyclohexan-1-one 

35 To a solution of the compound from Example 3 (El) (0.2 g, 0.64 mmol) and 1-

. iocfo.3-methanesuJfonamidobemene (0.19 g, ~.64 mmol) in triethylamine (5 mL) under 
· an argon atmosphere was added uace tet:rakis(triphenylphospbinc)palladium(O), 

coppa(I) iodide and ttiphenylphosphine. The mixtun: was heated at 80° C for 0.3 h, 

was cooled to room tempcranue and was concentrated in vacuo. The ~sidue was 
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purified by f1aSh chiomatography, eluting with 1: 1 hexanes/ethyl acetate, to provide 

the tide compound as a tan solid (0.18 g, 58'1>), m.p. 59-62° C. 

Example 16 

Preparation of 3-<3-amjngpbenylctbYnyl)-3-C3-cyclgpemylogy+ 

s mothoxJRhcgyllc;yclghcgan-1-one 

16a) t-i~3-trifluoroacetamidobenzene 

1-iodo-3-ttifluomacenmidobemene was )RPll'Cd by standmd chemistry well 

known to those versed in the art and is a white solid, m.p. 120-121° C. 

16b) 3-(3-cyclopentyloxy-4-metboxyphenyl)-3-(3-uifluoroatttamidophenylethynyl)-

10 cyclohexan-1-one 

To a solution of the~ from EY•mpte 3 (El) (0.S g. 1.6 mmol) and l­

iodo-3-ttitluoroacetamidobenzene (0.S g, 1.6 nmol) in triethylamine (10 mL) under an 

argon atmosphere was added a small amount of 

tetrakis(triphenylphosphine)palladmm(O), copper(I) iodide and triphenylphosphine. 

IS The ~ture was heated at 80° C for 0.2 h, was cooled to mom temperature and was 
. . 

concentrated in vacuo. The residue was purified by flash chromatography, eluting with 

3:1 hexanes/ethyl acetate, to give the tide compound· as a pale yellow solid (0.62 g, 

78'1> ), m.p. 63-65° c. 
16c) 3-(3-aminophenylethynyl)-3-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-1-

20 one 

To a solution of 3-(3-cyclopentyloxy-4-methoxyphenyl)-3-(3-

trifluoroacetamidophenylethynyl)cyclohexan-1-one (0.62 g, 1.24 nmol) in 9S:S 

methanoVwater (10 ml.) under In argon atmosphele was added potassium carbonate 

(0.86 g, 6.2 mmol). The mixture was refluxed for 6 hand was stirred for 18 hat room 

2S temperature. The solid precipitate was collected and purified by trituration from ethyl 

acetatelhexanes to provide the title compound as a white solid (0.39 g, 77'1> ), m.p. 

100-102° c. 
Example 17 

cit-£4-(4-cyanotbien-2-ylethYnyll-4.(3-c;yclomuylox.v-4-methoxypbeoyl)-

30 cyclohexan=t-oU. 

17a) 2-bromo-4-cyanothiophene 

. 2-Bromo-S-cyanotbiophenc was prcpara1 by standard chemistry well known to 

those versed in the art and is a colorless oil. lH-NMR (400 MHz, CD03) 8 7.85 (d, 

J=2.2Hz, 1 H), 7.25 (d, J=2.2 Hz, lH) ppm. 

35 17b) cu-[4-(4-cyanothicn-2-ylethynyl)-4-(3-cyclopentyloxy-4-methoxyphenyl)­

cyclohexan-1-ol] 

To a solution of trans-(4-(3-cyclopcntyloxy-4-methoxyphenyl)-4-ethynyl­

cyclohcxan-l-ol] (0.20 g, 0.64 mmol) and 2-bromo-4-cyanothiophenc (0.12 g, 0.64 

mmol) in uicthylamine (~ mL) under an argon atmosphere were added 
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tetrakis(uiphenyl-phosphinc)palladium(O) (0.030 g, 4'1»), coppa(I) iodide (0.008 g, 

6'11), and a small crystal of uiphenylphosphine, and the mixture was heated at 80-85° C 

for O.S h. Hydr° Chloric acid (S If>) was added and· the mixture was extracted duce 

1imcs wilh dichlmometbane, was dried (magnesium sulfate) and was evaporated. 

S Purificad.m by flash chromatoll'&Phy, eludng with 1: 1 ethyl acetate:hexanes, followed 

by trituration from dichlommetbane-hcxancs, ~ cis-[ 4-( 4-cyanotbicn-2-
! . 

yletbynyl)-4-(3-cyclopentyloxy-4-methoxypbenyl)cyclohexan-l-ol] as a pale yellow 

solid (0.12 g, 4S'I>), mp 70-71° C. Anal. (C251127N03S) ca1cd: C. 71.23; ~ 6.46; N, 

3.30; found: C, 71.24; H, 6.72; N, 3.14. 

10 ExanmJc 18 

cit-[4-C3-c;yclopemylogy+mmbo1Dbcn!IH-f4-(5-mctbyl-[l.2.41opdiamJ.2-

YDthien-2-yletbynyU c;yclohexan-l-oU 
18a) 2-bromo-4-{S-methyl-[l,2,4]oxadiaml-2-yl)thiopbene 

2-Bromo-4-{S-methyl-[1,2,4Joxadiamt-2-yl)tbiophene was prepared by f 
15 standard chemistry well known to those versed in the an and is a white solid, mp 72-

730 C . 

18b) cLf-[4-(3-cyclopentyloxy-4-methoxyphenyl~[4-(5-methyl-[l,2,4]oxadi•mJ-2-

yl)thien-2-yletbynyl] cyclohexan-1-ol] 

To a solution of tran.r-[4-(3-cyclopemyloxy-4-methoxyphenyl)-4-etbynyl-

20 cyclohexan-1-ol] (0.2S g, 0.8 mmol) and 2-bromo-4-{5-methyl-[1,2,4]oxadiazol-2-

yl)thiopbcne (0.20 g. 0.8 mmol) in triethylamine (5 ml.) under an argon ~here 

were added tetrakis(triphenylphosp~)pa11adium(O) (0.038 g, 4'11), copper(I) iodide 

(0.009 g, 6'11) and a small crystal of uiphenylphosphine, and the mixtme was heared at 

70-75° C for o.s h. Hydrchlorlc acid (5'1>) was added and the mixture was extracted 

2S three limes with dichlorometbane was dried (magnesium sulfate) and was evaporated. 
Purification by flash chromatography, elutinJ with 1: 1 edlyl acetate:hexanes, provided 
cu [4-(3-cyclopentyloxy-4-methoxyphenyl)-4-[4-(S-methyl-[l,2,4]0xadiaml-2-

yl)thien-2-ylethynyl]cyclo~l-ol], which was further tritmated from 

dicblommethane-bexanes to give a white solid (0.20 g, 53'1>), mp 142-143° C Anal. 

30 (C27H30N204S • 0. 75 H20) calcd: C, 65.90; H, 6.45; N, 5.69; found: C, 66.06; H, 

6.42; N, S.SO 
E.xaDJJM 19 

cLt-[4-(2-amjnqmimidin+Jlctbmvll+(3-cyclopenUimy-4-D>CthemJPhenyl)­

c,yclohexan-l-oU. 
3S 19a) 4-iodo-2-tbiomethylpyrimidine 

4-Iodo-2-thiomethylpyrimidine was ppared following a literature pmcedure 

(AJ. Majeed, 0. Antonsen, T. Benneche, IC. Undheim. Tetrahedron 1989, 45, 993-

1006)~ 
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19b) cis-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-methylthiopyrimidin-4-

ylethynyl) cyclohcxan-1-ol] 

To a solution of trans-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-ethynyl­

cyclohexan-l-ol] (0.301. 0.95 mmol) and and 4-iodo-2-thiomethylpyrimidine(O.SO g, 

S 2.5 mmol, as a mixture of 4-~2-~ylpyrimidine and 4-chloro-2-

thiomethylpyrimidine) in ttiethylanrine (2 mL) under~ argon allllOSphere were added 

tetrakis(triphenylphosphine)pa11actium(O) (0.044 a. 4%) and copper(I) iodide (0.010 g, 

6%), and the mixture was heated at 80-85° C for 0.5 h. Ammonium chloride was 

added and the mixture was extractecl three times with dichlorometbane, was dried 

10 (magnesium sulfate) and was evapcrated. Purification by flash chromarog:raphy, . 

eluting with 1:1 ethyl acetate~s, provided cLr-[4-(3-cyclopentyloxy-4-

methoxypbenyl)-4-(2-methylthiopyrimidin-4-ylethynyl)cyclohexan-1-ol] as a yellow oil 

(0.36 g, 87%). _lH-NMR (400 MHz, CD03) 3 8.45(cl,1=5.0 Hz, 1 H), 7.lS (cl, 

J=2.3 Hz, 1 H), 7.03(dd,1=8.S, 2.3 Hz, 1 H), 7.01 (cl, J=S.O Hz, 1H),6.84(d,1=8.S 

15 Hz, 1H),4.81 (m, 1H),3.84 (s, 3 H), 3.72 (m, 1H),2.57 (s, 3 H), 2.14 (br cl, J=12. . 

Hz, 2 H)~ 2.0S (m, 2 H), 1.8 - 2.0 (m, 10 H), 1.6 (m, 2 H) ppm. 

19c) ci.r-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-methylsulfonylpyrimicfjn-4-

ylethynyl)cyclohexan-1-ol] 

To a solution of ci.f-[4-(3-cyclopentyloxy-4-medloxyphenyl)-4-(2-

20 methyltbiopyrimidin-4-ylethynyl)cyclohexan-1-ol] (0.36 a. 0.82 mmol) in chloroform 

(SmL) at -100 C under an argon atmosphere was dropwise added over 20 min. a 
solution of 3-cbloroperoxybenzoic acid (0.34 g, 1.97 mmol) in chloroform (3 mL). 

The reaclion was stirred 3h at -100 C, then 3 h at mom temperature. A second portion 

of 3-chloroperoxybenzoic acid (0.11 g, 0.62 mmol) in cblomfarm (1 ml..) was added 

25 and stirring was contin~ far 1.S h. 1be lUClion was quenched with sodium 

carbonate (S'I> ), was extracted tbree times with dichlolOlncthan was dried (potassium 

carbonate) and was evaporated. Purification by flash chmmarography, eluting with 

2.5:97.5 metbanol:dichlommetblne, provided cLr-[4-(3-cyclopentyloxy-4-

methoxypbenyl)-4-(2-methylsulfonylpyrimidin-4-ylethynyl)cyclohexan-l-ol] as a white 

30 foam (0.31g,81%), mp 75-77° C. lff-NMR (400 MHz, CDC3) 3 8.84 (d, J=S.3 Hz, 

1 H), 7.S4 (d, J=5.3 Hz, lH), 7.10(d,1=2.3 Hz, 1 H), 7.04 (dd, J=8.S, 2.3 Hz, 1 H), 

6.85 (d, J=8.5 Hz, 1H),4.81(m,1H),3.85 (s, 3 H), 3.73 (m, 1H),3.38 (s, 3 H), 

2.20 (br d, J=12 Hz, 2 H), 2.06 (m, 2 H);.1.8 - 2.0 (m, 10 H), 1.6 (m, 2 H) ppm. 

1~) cis- [4-(2-aminopyrimidin-4-ylethynyl)-4-(3-cyclopentyloxy-4-methoxyphenyl)-

35 cyclohexan-1-ol] 

Into a sqlution of ci.f-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-

methylsulfonylpyrimidin-4-ylethynyl) cyclohcxan-1-ol] (0.31 g, 0.66mmol) in methanol 

(5 mL) at -78° C was condensed liquid ammonia (5 ml..). The pressure tube was 

sealed and the reaction was stim:d at room temperature for 2 h. After cooling, the 
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solvents were evapmated. Purification by flash chromatography, eluting with 4:96 
metbanol:dichlommethane, followed by trituration from dichlorometbane-ether­
hexanes, provided cLr-[4-(2-aminopyrimidin-4-ylethynyl)-4-(3-cyclopentyloxy-4-

methoxyphenyl)cyclohexan· l-ol] as a white solid (0.19 g, 74'1>), mp 173-174° C. 

S Anal. (C24H29N30] • 6.25 H20) ca1cd: C, 69.96; H, 7.22; N, 10.20; found: C, 69.66; 
H, 7.10; N, 10.11 •. 

.&nmpJc20 
ci.t-[4-<2-'D'inomimidjp-S-yletlmxll+C~Joxy+mc;tlyqWmyll­

c;,ys;1gbmn-l-olJ 
10 To a solution of trans-[4-(3-cyclopenty-4-metboxyphenyl)-4-ethynyl- . 

cyclohexan-1-ol) (0.20 J, 0.64 mmol) and and 2-amino-S-bromopyrimidine (0.55 g, 

3.2 mmol) in pipcridiDe (2 mL) under an argon aamsphere ~added 
tetrakis(triphenyl-phosphine)palladium(O) (0.030 g, 4'1>), copper(I) iodide (0.006 g, 
6'11) and a small ciystal of triphenylphosphine, and the mixtun: was heated at 80-85° C 

15 for 0.5 h. Water was added and the mixtme was eX1l'ICtCd dnee limes with 

dichloromethane, was dried (potassium carbonate) and wu ev~ Purificadon 
by two successive t1ash cluomatograpbies, eluting fint with 5:95 . 
mcthanol:dichloromctbane, then ·with 3:97 methanol:dichlorometbane, provided cLr-[4-

(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-aminopyrimidin-S-ylethynyl) cydobexan-1-

20 ol] as a tan-brown solid (0.f116g, 29'17)~mp 136-137° C Anal. (C24H29N303 • 0.15 
H20) calcd: C, 68.47; H, 7.30; N, 9.98; found: C, 68.25; H, 7.09; N, 9.78 • 

. Evmdo21 

cil:r+<tNem1-2-yletbynyll+(3-cycl~tyloxy+mmbomhenyllcyclobexan-l-oll 

To a solution of tran.r-(4-(3-cyclopentymy-4-mcthoxyphenyl)-4-etbynyl-

25 cyclohexan-1-ol] (0.15 g, 0.48 mmol) and and 2-bromothiazole (0.20 mL, 2.4 mmol) 
in tricthylanrine (1.5 ml.) under an argon aamosphere were added tetrakis(ttiphenyl 

pbospbine)pallactium(O) co.cm" 4'1>), copper(I) iodide (0.006 "6'1>) and a small 
crYSf:81 of triphellyJphoiphine, ·and the mixun was heated at 80-85° C for 1 h. 

Alilmonium. cbloride was added and the mixtuns w~ extracred tluee times with 

30 diChla'cmedvme. dried (mapesium sulfate~ and evaporated. Pmification by two 

successive flash cbmmalopapbies, elutina first with 6:4 ethyl aceta~hexanes, then 

with 2:98 methanol:dichJorometbane, provided cb-[4-(>cydopentyloxy-4-
methoxyphenyl)-4-(2-aminopyrimidin-S-ylethynyl)cyclohexan-1-ol] as an off-white 
foam (0.13 g, 68'A), mp 45-48° C Anal. (C23ff27N03S • 0.5 H20) calcd: C, 67 .9S; . 

35 H. 6.94; N, 3.4S; found: C, 67.91; H, 6.76; N, 3.39. 
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Example22 

Van.t-C4-C3-cyc1Qpentylogy+metl>mo!phenyl).4-<pyrid-2-yletbynyllc;yclohexyl-1-

aminel 
22a) cis-(4-(3-eyclopcntyloxy-4-methoxyphenyl)-4-eth)'nylcyclohexyl .. 1-amine) 

5 To a soludon of trans-(4-(3-cyclopentyloxy-4-mcthoxypbenyl)-4-ethynyl-

cyclohexan-l-ol] (1.0 g, 3.18 mmol), pbthalinide (0. 70 g, 4. 77 mmol) and 

ttiphenylphosphine (1.25 g, 4. 77 mmol) in tenb.ydrofuran (32 mL) was dropwise 

added diethyl azodicarboxylate (0. 75 mL, 4.77 mmol), and the solution was s1irred 

under an argon atmosphere at room temperature for 2 h. Evaporation and purification 

10 by flash chromatography t clu1ing with 2:8 ethyl acetate hexancs, provided the 

intermediate phtbalimide (1.43 g) as a waxy white solid, mp 45-52° C. 1bis was 

dissolved in 2:1 etbanol:tettahydrofman (30mL), was ttated with hydrazine hydrate 

(1.55 mL, 32 mmol) and was stirred under an argon atmosphere at room temperature 

for 4 days. Water was added and the mixture was exuacted tbn=e times with 10:90 

15 methanol:dichloromethane, was dried (potassium carbonate) and was evaporated. 

Purification by flash chromatography, cluling with 0.5:5:95 ammonium 

hydroxide:methanol:dichlorometbane, provided ds-(4-(3-cyclopentyloxy-4-

methoxyphenyl)-4-etbynyl-cYclohexyl-l-amine] as a colorless oil (0.71 g, 72%). lff. 

NMR (400 MHz, CD03) 8 7.17(cl,1=2.2 Hz, lH), 7.09(dd,1=8.S, 2.2 Hz, lH), 

20 6.82 (d, 1=8.S Hz, lH), 4.81 (m, lH), 3.82 (s, 3 H), 3.26 (br s, lH), 2.36 (s, lH), 2.1-

2.2 (m, 4 H), 1.8 - 2.0 (m, 10 H), 1.6, (m, 2H) ppm. 

22b) cir-[l-tert-butoxycarbonylamino-4-(3-cyclopentyloxy-4-methoxyphenyl)-4-

ethynylcyclohexane] 

A mixtun= of cis-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-ethynyJcyclohexyl-

25 1-amine] (0.SS g, 1.75 mmol) and di-tert-butyJdicmPonate (0.42 g, l.93mmol) in 

dichlorometbane (8mL) was stirred 20 hand was evaporated. Pmification by flash 

chromatography, eluting with 2:8 ethyl acetate:hexanes provided, cir-[l-tm­

~Jamino.4-(3-cycloPentYloxy-4-mcthoxyphenyl)-4-etbynylcyclohexane] 

uacolorlessoil (0.70 g, 97%). lH-NMR (400MHz, CDa3) 87.13(cl,1=2.2 Hz, 

30 1H), 7.02(dd, 1=8.S, 2.2 Hz, lH), 6.84 (d, J=8.S Hz, lH), 4.81 (m, lH), 4.64 (m, 1 

H),3.84 (s, 3 H), 2.36 (s, lH), 2.05 (m, 2 H), 1.6 - 2.0 (m, 14 H), 1.45, (s, 9 H) ppm. 

22c) O'llll.f·[l-tm-butoxycarbonyJamino-4-(3-cycJopentyloxy-4-methoxyphenyl)-4-

(p.yrid-2-ylethynyl-cyclohexane] 

To a soludon of cu -[1-ren-butoxycarbonylamino-4-(3-cydopentyloxy-4--

35 methoxyphenyl)-4-ethynylcyclohexane] (0.35 g, 0.85 mmol) and 2-bmmopyridine 

(0.80 mL, 8.5 mmol) in piperidine (2.S mL) under an argon atmosphere were added 

tetralcis(ttiphenylphosphine)paJladium(O) (0.039 g, 4%), coppei(I) iodide (0.010 g, 

6%) and a small crystal of uiphenylphosphine, and the. mixtmc was heated at 80-85° C 

for 0.5 h in the dark. Wa~ was added and the mixture was extracted three times with 
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dichloromethane, was dried (magnesium sulfate) and was evaporated. Purification by 

flash chromatography, eluting with 25:75 ethyl aceme:hexanes ,provided trans-[l-ten­
butoxycarbonylamino-4-(3-cyclopentyloxy-4-metboxyphenyl}4-(Ryrid-2-ylethynyl­

cyclohexaneJ as a light yellow solid (0.30 g. 72.,), mp 69-7~ C. lH-NMR (400 

s MHz, CDQ3) 8 8.S7 (d, J-4 Hz, 1 H), 7.66 (cit, J=I, 4 Hz, 1 H), 7.42 (d, J=I Hz, 1 
H), 7.26 (br, 1 H), 7 .17 (d, J-2.2 Hz, 111), 7.09 Cdd. J-S.S, 2.2 Hz. lH), 6.8S (d, 

! 

1=8.S Hz, lH), 4.82 (m, lH), 4.64 (Ir s, 1 H), 3.85 (s, 3 H), 2.2 (m, 2H), 1.8 - 2.1 (m, 

12 H), 1.6 (m, 2 H),1.45, (s, 9 H) ppm. 
22d) tran.t-[4-(3-cyclopentylox-4-mctboxyphenyl}4-(pyrid-2-ylethynyl)cyclohexyl-l-

10 amine] 

To a solution of rrans-[1-tert-bu1oxycarbQnylamino-4-(3-cyclopentyloxy+ 

methoxyphenyl)-4-(pyrid-2-ylethynylcyclohexane] (0.30 g, 0.61mmol) in 

dichloromethane (S ml.) at 0° C under an arp atmosphere was added trifluoroacetic 
acid (0.EiO ml., 7 .89 mmol). The reaction was stilred at room temperature for 6 h, was f 

IS cooled to 0° C, quenched with sodium bi~ was diluted with water, was 
exttacted with duee times dichloromethane, was dried (magnesium ~ate) and was 
evapmatal. Purification by flash cbmmatogtapiy, eluting with 0.7:7:93 ammonium . 
hydmxide:methanol:dichlarometbane provided irans-(4-(3-cyclopcntylox.y-4-

methoxyphenyl)-4-(pyrid-2-ylethynyl)cyclohexyl-1-amine] u a Vfll'/ viscous oil (0.19 
20 g, 82'!,). lff.NMR (400 MHz, CDC3) 8 8.S9 (d, J-4 Hz, 1 H), 7.63(dt,1•7.8, 4 Hz, 

l"H), 7.41(d,J=7.8Hz,1H),7.26(m, lH), 7.22(m,2H),6.81 (d,J=8.5Hz, lH), 

4.84 (m, lH), 3.81 (s, 3 H), 3.4 (Ir s, 1 H), 2.31 (m, 4H), 1.8 - 2.0 (m, 10 H), 1.6 (m, 

2 H) ppm. Anal (C2Sff3oN2<>2 • O.S H20) calcd: C, 75.16; H, 7.82; N, 7.01; found: 

C, 75.42; H, 7.77; N, 6.91 •. 

25 . Example 23 

tran.t·C4-Gk.Jclcpnl)'logy+~l+Ca,vrid-2~ylethynyUcyclohegyl-t­

fmnmridel. 
To a pn:paracion of acecic formic anhydride {0.035 mL, 0.38 mmol) at 00 C 

under an· argon aanosphere was added a soludon of ll'rllU'-[~loxy-4-
30 · methoxyphenyl)+(pyrid-2-yledlynyl)c)'ClobmtJl-l·amine] (0.096 g, 0.24 mmol) in 

tctrahydrofuran (1.S mL). The mixun was stirred for 3 hat mom temperature, was 
diluced with dichlorometbane, was washed with sodium bicarbonate and water, was 
dried (magnesium sulfate) and was eVaporated. Purification by flash chn>matograhy, 

eluting with 5:9S methanol:dichloiomethane, ~ ll'rllU'·[4-(3-cyclopentyloxy-4-

3S medtoxyphenyl)+(pyrid-2-yledlynyl)cyclohexyl~ 1-~] (which contains a arace 
of aceramjde) as a w~te foam (0.08 g, 79.,), mp 75-76° C. Anal. 
(C26H3()N203·0.375 H20) calcd: C, 73.43; H, 7.26; N, 6.S9; found: C, 73.46; H, 

7.29; N, 6.25~ 
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. . Example 24 
rran.t-r+a-c;yclsimtylogy+metboXYJ)henyll-4+fS:•C5-methyl-f l.2.41m;ndiaml-2-

yllthien~2-yleth.vnY1Jc;yclohex.vI-1-•Urine], cyclohexyJspJfivm• salt 

24a) 2-bromo-S-{S-methyl-[1,2,4]oxacfiamt-2-yl)thiophene 

S 2-Bromo-S-{S-methyl-[1,2,4]oxadiaml-2-yl)thiopbene was prepared by 

standard chemistry-well known to those vmed in the an and WIS a white solid, mp 48-

490 C. 
24b) trans·[l-tert-butoxycarbonyJammo..4-(3-cyclopcntyloxy-4-methoxyphenyl)+[S­

(S-methyl-[1,2,4]oxadiazol-2-yl)thien-2-ylethynyl]cyclohcxane] 

10 To a solution of ci.t-[l-ren-butoxyearbonylamino-4-(3-cycopcntyloxy-4- . 

methoxyphenyl)-4-ethynylcyclohexane] (0.30 g, 0.73 mmol) and 2-bromo-5-(S-methyl­

[l,2,4]oxadiazol-2-yl)thiophenc (0.18 g, 0.73 mmol) in ttiethylamine (S mL) under an 

argon atmosphere were added tcttakis(ttiphenylphosphine)pallacfinm(O) (0.033 g, 4'1>) 

and coppcr(I) iodide (0.008 g, 6'1>) and a small crystal of ttiphenylphosphine, and the 

15 mixture WIS heated at 80-85° C for 1 h. Water was added and the mixture was 

extracted three times with dichloromcthanc, was dried (magnesium sulfate) and WIS 

evaporated. Purification by flash chromatography, eluting with 2:8 ethyl 

acetatc:hexancs, followed by ttituration from dichloromethane-hcxancs, provided 

trans-[1-ten-butoxycarbonylamino-4-(3-cyclopentyloxy-4-metboxyphenyl)-4-[S-(S-

20 methyl-[1,2,4]oxattiaml-2-yl)thien-2-ylethynyl]cyclohexanc] IS a yellow foam (0.38 g), 

containing • 40 'I> of 1,4-bis-( [t-4-(3-cyclopentyloxy+methoxyphenyl)-r-1-

cyclohexyl-1-amine]-4-yl}buta-1~3-diyne by lH-NMR. 

24c) trans-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-[S-(S-methyl-[1,2,4]oxadiaml-

2-yl)thien-2-ylethynyl]cyclohexyl-1-amine], cyclohexylsulfama~ salt 

2S A solution of trans-[1-tert-butoxycarbonyJamin0.4-{3-cyclopentyloxy-4-

methoxyphenyl)-4-[S-(S-methyl-[1,2,4]oumazol-2-yl)thien-2-ylethynyl] cyclohexane] 

(0.38 i, containing 40 'I> of the dimer) in dicbloromethane (10 ml.) at 00 C under an 

aqon ~here· was treated with trifluoroacetic acid (O.SO ml., 6.S mmol) and the 

miUme was slirred for 24 hat room tcmperatme. 1be solution WIS quenched with 

30 sodium bicarbonate at 0° C, was diluted with water, was extracted three times with 

10:90 methanol:dichloromethane, WIS dried (potassium carbonate) and was 

evaporated. Pmification by flash chromatogaphy, eluting with O.S:S:9S ammonium 

hydroxide:mctbanol:dichloromethane, provided tranr-[4-(3-cyclOpentyloxy-4-

methoxyphcnyl)+[S-(S-methyl-[1,2,4)oxadi•mt-2-yl)tbicn-2-ylcthynyl]cyclohexyl-l • 

35 amine] IS a glassy solid (0.18 g, S9 'I>). This was dissolved in acetone (0.S mL) and 

added to a solution of cyclohexylsulfamic acid (0.066 g, 0~37 mmol) in acetone (0.S 

ml.). The salt was isolated and the free amine WIS mcovered. A second 

chromatography using the same solvent system provided free amine (0.048 g), which 

was treated with cyclohexylsulfamic acid (0.018 g, 0~10 mmol) in acetone (1 mL). 
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Aftr.z the addidoa of ether (20 mL), the pn:cipitate was filtered off to provide trans-[ 4-
(3-cyclopcntyloxy-4-methoxyphenyl)-4-[5-(S-methyl-[1,2,4]oxactiaml-2-yl)tbien-2-
ylcchynyl]cyclohcxyl-1-amine], cyclohexylsulfamate salt (0.043 g, 18'11) as a white 

solid, mp 134-135° C. Anal. (C331144N4~2-0.S H20) calcd: C, 59.52; H, 6.81; N, 
S 8.41; found: C, 59.37; H, 6.71; N, 8.46. · 

. Eumplc 2S ·~ 

cLt-f4=C3-c.Jclcpntylol)'+lllGlhoxJPbenYn+(p,yrld-2-ylethxnJDcsJnhcql-1-amine] 

2Sa) cis-[1-tm-butoxycarbonyJamino..4..(3-cyclopentyloxy-4-methoxyphenyl)-4-

10 erhynyl~laane] 

A solution of 4-(3-cyclopentyloxy-4-metboxyphenyl)-4-ethynyl-qclohexan-l­
one (0.82g, 2.63 mmol), ammonium~ (2.03 g, 26 mmol), sodium 
cyanoboroh~ (0.17 g, 2.63 mmol) and several 4A moleQUlar sieves in methanol 
(10 mL) was sthred .under an argon atmosphere at room.temperature for~ days. ( 

15 Several crystals of methyl orange were added. then hydrogen chloride-saturated 

methanol to- pH 3. The reaction was made basic with sodium h~Xide (10 If,), was 
exttacted with 10:90 methanol:dichlmomethane, was dried (potassium carbonate) and 
was evaporated to provide crude trans-[4-(3-cyclopentyloxy-4-mcthoxyphenyl)-4-

ethynylcyclohexyl-1-amine] as a yellow oil (0.88 a. .100 'II). A solution of the 
20 intermediate in dichlorometbane (15 mL) was created with di-tert.-butyldicarbonare 

(0.63g, 2.89 mmol), was sdrred Sh and was evaporated. Purification by flash 

chromatography, eluting with 15: 85 ethyl acetate:hexanes, provided trans-[1-ten­

butoxycarbonyJamino..4..(3-cyclopentyloxy-4-methoxyphenyl)-4-ethynylcyclohexane] 
as a white foam (0.S7 g. 53'11, lH-NMR shows - 20 'II els isomer), mp.39-43° C. lff. 

25 NMR (400 MHz, CDC13) 3 7.U C~ J-2.2 Hz, lH), 7.04 (~ J=l.S, 2.2 Hz, lH), 6.82 

(d, J=8.5 Hz, IH), 4.80 Cm. lH), 4.6 (m. 0.2 H), 4.S Cm. 0.8 H), 4.0 (m. 0.2 H), 3.84 
(s, 0.6 H), 3.83 (s, 2.4 H), 2.43 Cs, 0.8 H), 2.36 (s, 0.2 H), 1.6 - 2.1 (m, 16 H), 1.46, 

Cs.9H)pplL 
· 25b)· · cis-[1-tert-buU>XycarbonyJamino..4..(3-cyclopentyloxy-4-mcthoxyphenyl)-4-

30 (pyrid-2-yJerhynylc)dohex 
To a solution of trans-[l-tert-butoxycarbonyJamino..4..(3-cyclopentyloxy-4-

methoxyphmyl)-4-ethynylcyclobexane] (0.45 g, _ 1.09 mmol) and 2-bromopyric:line (1.0 

mL, 11 mmol) in piperidine (3 ml.) under an argon atmosphere were added 
teU'Bkis(triphenylphosphine)paJJacHum(O} (0.050 g, 4'11), copper(l} iodide (0.012 g, 

3S 6,.,) and a small crystal of uiphenylphosphine, and the_mixaure was heated at 80-85° C 

for O.S h in the dart. Water was added and the mixture was ex1l'8CtCd tbRe times with 

dichlorometbane, was dried (magnesium sulfate) and was evaporated. Pmification by 

flaSh chromatography, eluting with 2:8 ethyl acerare:bexanes, provided cis-[1-ten· 

butoxycarbonylamino-4-(3-cyclopentyloxy-4-mcthoxyphenyl)-4-(pyrid-2-
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ylethynylcyclohexane] u a yellow foam (0.41 g, 78'11, contains - 3S If, trans isomer by 
lH-NMR), mp 4(M3o C. lff•NMR (400 MHz, crJa3) 8 8.4 (m, 1 H), 7.6S (m, 1 

H), 7.4 (d, 1 H), 7.1(m,3 H), 6.8S (m, 1H),4.8 (m, lH), 4.6 (m, 0.65 H), 3.85 (s, 1 

H), 3.84 (s, 2 H), 3.SS (m. 0.6S H), 1.S - 2.2 (m, 16 H), 1.45, (s, 9 H} ppm. 
S 2Sc) cLr-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(pyrid-2-

ylethynyl)cyclohexyl-1-aminc] 
To a solution of ci.r-[1-tert-butoxycarbonyJamino..4-(3-cyclopentyloxy-4-

mcthoxyphenyl)-4-(pyrid-2-yletbynylcyclobexane] (0.41 g, 0.84 mmol) in 

dichloromethane (5 mL) at 00 C under an argon lllDOSphere was added trifluoroacetic 
10 acid (0.6S mL, 8.4 mmol). 1be reaction was stirred at room temperature for 20 h, :was 

cooled to 0° C, was quenched with sodium bicarbonate, was diluted with water, ~as· 
extracted twice with 10:90 methanol:dichloromethane, was dried (potassium 

carbonate) ~was evaporated. Purification by flash chromatography, eluting with 

O.S:S:9S ammonium hydroxide:methanol:dicblommethane, followed by ttitmation from 
15 ether, provided cLr-(4-(3-cyclopentyloxy-4-mcthoxyp~yl)-4-(pyrid-2-

yletbynyl)cyclohexyl-1-amine] as a white solid (0.23 g, 69'11, containing - 20 '11 of the 
trans isomer), mp 78-80° C. Anal. CC2sH3oN202) calcd: C, 66~06; H. 6.65; N, 6.16; 
found: C, 65. 73; H, 6.96; N, S.98. 

ExampJe26 
20 cis-r+c3-cyclo.ven1Yloxy+metbomhenyll+CJm'id-2-ylethynyllcyclohegyl-l-

formamjdel 

To a pieparation of acetic formic anhydride (0.057 mL, 0.64 mmol) at 0° C 
under an argon atmosphere was added a solution of ci.r-(4-(3-cyclopentyloxy+ 
methoxyphenyl)-4-(pyrid-2-yletbynyl)cyclobexyl-l-amine] (0.16 g, 0.40 mmol) in 

2S tetrahydrofuran (1.S ml.). The mixtum was stirred for 3 hat room temperatme, was 

diluted with dicbloromethane, was wasbed with sodium bicarbonate and water, was 
dried (magnesium sulfate) and was evaporated. Purification by flash chromarograhy, 

eluting with 5:95 metbanol:dicblOrometbane, provided ci.r-(4-(3-cyclopentyloxy+ 
mltboxyphenyl)-4-(pyrid-2-ylethynyl)cyclohexyl-1-fonmmide] (which contains a trace 

30 of acetamide) as a white foam (0.08 g, 79'*'), mp 80-81° C. Anal. 

(C26H3QN203·0.37S H20) calcd: C, 73.43; IL 7.26; N, 6.59; found: C, 73.46; H, 

7 .29; N, 6.25. 
Example27 

cis-r+c3-cyclqpentylogy+mc;tbolJPhenyll+"-C5-mctbyl-[1,2,41oractiaml-2-

35 yllthieo-2-yletbynyllc;yclohe&)'l-1-mnjnel. cyclolaylmJfamare salt 

27a) 2-bromo-5-!S-mediyl-[1,2,&1]oxadiaml-2-yl)tbiophene 
2-Bromo-S-!S-methyl-[l,2,4]<.'xaiHaml-2-yl)thiophene was prepaml by 

standard chemistty well known to those versed in the an and is a white solid, mp 48-

490 C. 
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27b) cis-[l·tm-butoxycarbonylamin'*C3-cyclopentyloxy-4-methoxyphenyl)-4-[S­
(S-methyl-[1,2,4]oxadiaml-2-yl)tbien-2-ylethynyl]cyc1ohexane] 

To a solution of trans-[4-(3-cyclopentyJoxy-4-methoxyphenyl)-4-ethynyl­

cyclohexyl-l-amine] (0.21 g. 0.52 mmol) and 2-bromo-S.;.!S-methyl-[1,2A)oxadi~ml-

S 2-yl)thiophene (0.13 a, 0.S2 mmol) in lliethyJamine (S mL) under an argon aamosphere 

were added tettakis(triphenylphospbine)pa)Jamum(O) ~0.024 a. 4Cfl), copper(I) iodide 
(0.006 a. 6111) and a small crystal of lliphenylphosphine, and the mixun was heated at 

80-85° c for 1 b. Ammonium chloride WU added and the mixture was extncted three 

times with dichlommediane, wu dried (mapesium sulfate) and was evaporated. 

10 PurificaDon by two successive flash chromaqrapbies, elutiJia first with 2:8 ethyl 

acewe:hexanes, then with 2:8 acetone:bexanes. povided cis-U-ren­
bucoxycarbonylamino-4-(3-cyclopentyloxy-4-methoxyphenyl)-4-[S-(S-methyl­

[1,2,4)oxadjaml-2-yl)tbien-2-ylethynyl]cyclohexane] as a white foam (0.20 g, 69CJ,, 
contains-20 CJ, dimerimpmity by lff-NMR), mp 60-68° C. 

IS 27c) ds-[4-(3-cyclopentyloxy-4-merhoxypbenyl)-4-[S-(S-methyl-[1,2,4]oxadiaml-2-
yl)thieii-2-ylethynyl]cyclohexyl-1-amine], cyclobexylsulfamate-salt · 

A solution of ci.r-[l-ten-butmycarbonylamin~opentyloxy-4-

methoxyphenyl}-4-[S-(S-methyl-[1.2,4)0xadiamJ-2-yl)tbim-2-ylethynyl]cyclohexane] 

(0.21 g, containing 20 Cl> of the dimer) in dicbloromethane (S mL) at 00 C under an 

20 argon atmosphere was tleated with llitluoroacedc acid (0.28 mL, 3.6 mmol) and was 
stirred 24 h at room temperalme. 1be solution was quenched with sodium bicarbonate 

at 00 C, was diluted with water, was extracted direc times with 10:90 

metbanol:dichlorometbane,.was dried (potassium~) and was evaporated. 
Purification by flash cbromatogaphy, eluting with 0.3:3:97 ammonium 

25 hydroxkle:mctbanol:dichlommctbane. pnMded ci.r-[4-(3-cyclopentyloxy-4-
metboxyphenyl)-4-[S-(S-methyl-(1,2,4]oxacti•ml-2-yl)thien-2-ylethynyl]cyclohexyl-1-

amine] as a co1orlcss glass (0.11 a. 0.24 mmot, 6",). This intermediate was dissolved 
m,acerone (O.S mL) and was added 10 a soludon of cyclohexylsulfamic acid (0.045 g, 

. 0.24·mmol) in acetone (1 ml..). After the addition of ether, die pn=cipiwc was filtered 
30 otf'to pmvide ci.r-[4-(3-C)'Clopentyloxy-4-methoxyphenyl)-4-[S-(S-mcrhyl­

[1,2.4]oxadiaol-2-yl)thien-2-yletbynyl]cycl~yl-1-amine}, cyclohexylsulfamate salt 

(Q.14 g, SB,.) as a white solid, mp 1S2-1S4° C. Anal. CC33ff44N4<>6S2) calcd: C, 

60.34; H, 6.75; N, 8.53; found: C, 60.01; H, 6.63; N, 8.32. 
BxamJJ.e28·. 

35 cit-[+<3-c;yclopauylogy-+metboxubenyD-4-C2-f.1~<3-metbyl[l.2.4l<>gadiazo1-5-

yl)pheny11etbynyUc.YcJphc;xan-1-oll, 

28a) S-(3-iodophenyl)-3-methyl[l,2,4]oxadiaz0le 
S-(3-lodophenyl)-3-methyl[l,2,4]oxidiazole was prcpmd by standard 

chemistry well known to those versed in the an anct was a white solid, mp 102-103° C. 
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28b) cis-[4-(3-cyclopentyJoxy-4-medloxypbenyl)-4-(2-[3-(3-methyl[l,2,4)oxadiaml-S-
yl)phenyl]cthyn11~ l-ol]. . .·.·.' 

To a solution of 11'tUU·[4-(kyclopentyJoxy-4-metboxyphcnyl)-4«bynyl­

cyclohcxan-1-ol] (O.ll 1, 0.35 mmol) and S-(3-iodophenyl)-3-methyl[l,2,4]ox:adiamle 

S (0.15 g, 0.52 mmol) in trietbylamjne (4 mL) under an argon atmosphere were added 

tetrakis(1riphenylphosphine)pal1acffum (0.017 a. O.OlS mmol), copper(I) ~ (0.004 

a. 0.021 mmol) and a small crystal of triphenylpbosplllne. Aft« beating the mixture at 

700 C for 1.5 h., the mctioa WU quenched by addition of aqueous arnmonjum 

chloride solution, and the so1w:ac wu concemratecL The mixture was extracted_duee 

10 times with.methylene chloride, and the arpnic phase was washed with wata', was. 

dried (sodium sulfate) and WU evaporated. Purification by flash chromatography, 

eluting with 4S:SS ethyl acetate:hcxanes and crystallizing from ethyl ether, provkfed 

cis-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-[3-(3-methyl[l,2,4]oxacfiazol-S­

yl)phenyl]ethynyl)eyclobexan-l-ol] as a white solid (0.1441, 87'11), mp 71.S-73.S 0 C. 

15 Anal. _(C29H32N204) calcd: C. 73.71; H, 6.83, N, S.93 found: C, 73.60; H, 6.91, N, . . 

S.16. 

Ex•g1c29_ 

ci.t-£4-C3-cycloJ?emyJ.ou~hmlyl)..4-C2-[3-CS-mmbylf1.3Alogadi170J-2-

yl}pben,yllClbYAYllcJclnhmn-1-oQ. 

20 29a) 2-(3-iodophenyl)-S-methyl[l,3,4]oxacfiamle 

2-(3-lodophenyl)-S-methyl[l,3,4]oxacfi•mle was prepared by standard 

chemistry well .known to those versed in the art and is a white solid, mp 112-113.S ° C. 

29b) cis-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-[3-(S-methyl[l,3,4]oxamaml-

2-yl)phenyl]ethynyl)cyclobexan-1-ol] 

25 · To a solution of ll'tUU-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-ethynyl-

cyclohexan-1-ol] (0.125 g, 0.40 mmol) and 2-(3-iodophenyl)-S­

methyl[l,3,4]cmutiamle (0.171 g, 0.60 mmol) in triedlylamine (7 ml.) under an argon 

almOSphere wens added tetrakis(triphenylpbosphine)pa11acfium (0.020 g, 0.017 mmol), 

coppa(I) iodide (0.0042 g, 0.022 mmol) and a small crystal of triphenylphosphine. 

30 After heating the mixtme at 75° C far 1. 75 h, the teaetion was quenched by addition of 

aqueous ammonium chloride Solution, and the solwnt wu concenttatcd. The mixture 

was extracted three times with methylene chloride, and the organic phase was washed 

with water, was dried (sodium sulfate) and was evaporaaed. Purification by flash 

chromatography, eluting with 40 to S<J'1, ethyl acctale in methylene chloride and 

35 crystallizing from ethyl ether, provided cis-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-

(2-[3-(5-methyl[l,3,4]oxacfiaml-2-yl)phenyl]ethynyl)cyclohcxan-1-ol] as a white solid 

(0.119 g, 63'11), mp 117.5-119 °-c. Anal. (C29H32N2<>4·l/8H20) calcd: C. 73.36; 

H, 6.85, N, 5.90 found: C, 73.25; H, 6.94, N, 5.75. lH-NMR (400 MHz, CD03) 3 

8.12 (s, lH), 7.98 (d-d, J~l.4 Hz;J=7.9 Hz, lH), 7.60 (d-d, J=l.3Hz,1=7.8 Hz, lH), 
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7.46 {t, J=7.8 Hz, lH), 7.19 (d, J=2.2, lH), 7.10 (d-d. J=2.1 Hz, J=8.S Hz, lH), 6.85 
(d, J=8 • .S Hz, lH), 4.81 (p, J=4.3 Hz, lH)~ 3.85 (s, 3H), 3.73 (m, lH), 2.63 (s, 3H), 

2.2-1.8 (m, 14H), 1.7-1 • .S (m, 7H with H20). 

Eu11J11Je30 
5 ci.t-C+(3-eyc)Qpemyloq+ntetbogmbCgyJ}4-C2-[3-C.5-methylC1.2..4JmMjamJ-3-

yl}pbcalYUetb.,vnyl~l-oll. 

To a solution of 4-(3-cyclopentyloxy-4-methoxypbcnyl)-4-(2-[3-(5-
methyl[l,2,4]cmcH•10l-3-yl)pllenyl]edlynyl)cyclohcxan· l-one (0.0841, 0.18 mmol, 

prepaml as described in co-pending application PS0283 filed m even date herewith) in 
10 1,2-dimethoxyetban (3 mL) under an argon a1mOSphere was added dlOpwise a . 

solution of sodium borohydridc (O.OlS g, 0.40 mmol) in 1,2-ctimetboxyetbane (5 ml.). 

After 2 h stirring at mom temperature, the reac:tion was quenched by addition of 
aqueous anmon,ium chloride solution. 1be solvent was concentrated and the residue 
was extracted in10 methylene cblmide, was washed with water, was dried (sodium ( 

15 sulfate) and was evaporated. Pmification by flash cbromatopaphy, eluting with 3SCJ, 

ethyl acetate in hexanes and crysumzing from ethyl edler, provided cff-[4-(3-

cyclopentyloxy-4-methoxyphenyl)-4-(2-[3-(5-methyl[l,2,4]oxacfiamt-3-
yl)phenyl]ethynyl)cyclohexan-1-ol] as a white solid (0.0SO g, 58'1>), mp 101-103 ° C. 

Anal. (C29H32N204.115H20) calcd: C, 73.15; H, 6.86, N, S.88 found: C, 73.11; H, 

20 6.85, N, S.85. lH-NMR (400 MHz, CDCb) 3 8.18 (s ,. lH), 8.00 (d, J=7.9 Hz, lH), 
7.58 (d, J=7.8 Hz, lH), 7.43 (t, J=7.8 Hz, lH), 7.19 (d, J=2.2, lH), 7.10 (d-d. J=2.l 

Hz, 1=8.S Hz, lH), 6.8S (d, J=8.5 Hz, lH), 4.82 (p, J-4.3 Hz, lH), 3.85 (s, 3H), 3. 72 

(m, lH), 2.67 (s, 3H), 2.2-1.8 (m, 13H), 1.7-1.5 (m, 6H with H20). 

The other compounds of this invention may J>e prepazed by proceeding in a 
2S similar manner, but substitu1ing the appmpriare sall'ling marerials and intermediates for 

those recited in this Ex•mple. Ex•mples me: 
cu-[4-(3-cyclopentyloxy-4-methoxypbcnyl)-4-(2-(3-(5-

triffilomnedlyl[l,2,4Joxactiaml-3-yl)phenyl)eth~y1)cyclohexan-1-011, 

. . . ci.t-[4-(3-cycJopentyloxy-4-·methOxyphenyl)-4-(2-(l-(3-

30 1rifluommedlyl[1,2,4]oxadiaml-S-yl)phcnyl]edlynyl)cyclohcxan-1-ol], 

cu-[4-(3-cyclopentyloxy+methoxyphenyl)-4-(2-[3-{5-

trifluorometbyl[l,3,4]ox•cti•ml·2-yl)pheny1Jetb.ynyl)cyclobexan~ 1-ol], and 
cis-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-[3-(5-

ttitluoromethyl[l,3,4]thiacliaml-2-yl)phenyl]etbynyl)cyclohcxan-1-ol]. 

35 Examole 31 
. Pn;paration o( ci.t+(3=Cyclopemtogy+ntetbogmhenyll+f3-CS-trifluoromethyl­

C1.2.4Joxpdj•ml-3-yl}phenylethyny1lc;yclobexan· l-ol 

3la) 3-(3-iodophenyl)-S-trifluoromethyl-[1,2,4]oxadiazole 
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3-(3-lodophenyl)-S-trifluaromethyl-[l,2,4]oxadiamle was prepared by 

standard chemiSflY ·well known to those versed in &;.an and was a white solid, mp 36-

370 C. 

3 lb) cu-4-(3-Cyclopentyloxy-4-methoxyphenyl)-4-[3-(S-uifluoromethyl-

5 [1,2,4]oxacHam1-3-yl)phenylethynyl)cyclOhexan-l-ol 

A stined mixture of trans-[4-(3-cycl~JoX¥-4-methoxyphenyl)-4-ethynyl­

cyclohexan-1-ol] (0.22 g, 0.7 mmol) and 3-(3-iodophenyl)-S-trifluoromethyl­

[1,2,4]oxacfiamte (0.24 g, 0.7 mmol) in dry triethylamine (5 mL) was treated under an 

argon aunosphere ttace _tetralds(triphenylphosphine)palladium and copper(I) iodide. 

10 The mixture was refluxed for 0.2· h, was cooled to RT and was evaporated. The ~ue 

was adsorbed onto silica gel and was purified by flash chromatography eluting with 1: 1 

hexanes/ethyl acetate and tritmation from hexanes/ ethyl acetate provided the tide 

compound as a .white solid (0.26g, 71 CJ,), mp 85-86° C 
Example32 

15 Pn;pamtion of ci.t-4-C3-cyclopenttk>u-4-methoxy_plu;nyD-4-f3-CS-metbyl-

f l.3.4]thiactieml-2-yl)pbenyletbynyllcyclohexan-1-ol 

32a) 1-iodo-3-(S-methyl-[l,3,4]thiattiaml-2-yl)benmne 

l-Iodo-3-(S-methyl-[1,3,4]tbiadiamt-2-yl)bemene was prepared by standard 

chemistry well known to those versed in the art and was white solid, m.p. 86-89° C. 

20 32b) 4-(3-cyclopentyloxy-4-methox.yphenyl)-4-[3-(5-methyl-[l,3,4]thiacfiaml-2-

yl)phenylethynyl]cyclohexan-l-ol . 

To a solution of trans-[4-(3-cyclopentyloxy-4-methox.yphenyl)-4-ethynyl­

cyclohexan-l-ol] (0.15 g, 0.48 mmol) and l-iodo-3-(S-metbyl-[1,3,4]thiadiaml-2-

yl)bemene (0.15 g, 0.48 mmol) in triethylamine (5 mL) under an argon attnosphere 

25 was added trace tetralds(triphenylphospbine)palldium(O) and copper(I) iodide. The 

mixture was refluxed for 0.20 h, was cooled to room temperature and was 

concentrated in vacuo. Purification by flash chromatography, eluting with 1: 1 

hexanes/ethyl acetate and ttituradon from hexanes/ethyl acetate provided the tide 

compound as a white solid (0.17g, 74,.;), m.p. 129-130° C. 

30 Example33 

Prcpamtjon of 1ran.t-£+<2-•qgmidQJ1Yrimidjn-S-ylctbynyU+(3-cycl0JX3UYloy-4-

lllGllmxPhenyllcyclohqan-l-olJ 

To a suspension of cu-[4-(3-cyclopentylox.y-4-methoxyphenyl)-4-ethynyl­

cyclohexan-l-ol] (0.50 g, 1.59 mmol) and 2-acetamido-S-bromopyrimidine (0.35 g, 

35 1.59 mmol) in ttiethylamine (7 ml.) under an argon aunosphere was added 

u:trakis(triphenylphosphine)pallidium(O) (0.073 g, 4CJ,) and copper(I) iodide (0.019 g, 

6%) and the mixtme was heated at 80-85° C for 0~1s b. Water was added and the 

mixture was extracted three times with dichlommethane, was dried (magnesium sulfate) 

and was evaporated. The_residue was pre-adsorbed onto silica and purified by 
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chromatmaphy on silica gel, eluting the nonpolarimpuriJies with 30:70 to SO:~ ethyl 

acetate:dichlortmetbane, and eluting the desiled product in 60:40:1 ethyl 
acetate:dicblorometbane:methanol. This was crysiamzed from ethyl acetate:hexanes to 

provide tl'GM•(40(2·acetanridopyrimidin-5-yl-etbynyl}4-(3-cyc1opentyloxy-4-
S metboxyphenyl)cyclobexan-1-ol) as a white solid (0.47g, 6K). mp 163-164° C. Anal 

(C26H31N304 0.25 H20) calcd:VC, 69.47; H, 6.9S; n, 9.35; found: C, 69.27; H, 6.98; . ~ 

N, 8.97. 

EurgpJc34 
Pspmrinn of Van.t·[4-Q-amiDOJPYrimidin.S-yl-etbynyl).4.(3-c;ycl.QPCD1Ylogy-4-

10 motbomJienylkyclglnan-1-ol 

To a solution of sodium methoxide (0.137 g. 2.S mmol) in dry methanol (3.8 

mL) was added via cannula a solution of trans-[4-(2-BCCh'rnidopyrimi<tin-5-ylethynyl)-

4-(3-cyclopentyioxy-4-methoxyphenyl}c)iclohexan-1-ol] .C0.32 g, 0.71 mmol) in dry 

methanol (7.6 mL including rinses). After stirring for 3 h at 25°C, the zaction was f 
lS quenched into cold water, extracted with methylene c:hloride, filtered, dried 

(magnesium sulfate) and concentrated ;,. WlCUO. 1be resulting solid ':"IS recrystalliml 

fJ'Om ethyl acetate:hexandes and dried in vacuo at 80° C to afford the desired product 
as a white solid (0.154 g, 53~), mp 170.5-172.00C. Anal. (C24H29N303 0.125 H20) 

calcd: C, 70.35; H, 7.20; N, 10.25; found: C, 70.34; H, 7.18; N, 10.14. 
20 EtlUQldc3.5 

PRparation of cit-f4-C2-m;thyJaminomrimi<Jin-S-ylethynylH-(3-c.yclgpemylou+ 

mcthol)'JlhcmlQclohoun-1-oJJ 

3S(a) S-bromo-2-medlylacmmidopyrimidine, 

A mixtme of 2-&Mllnrido-S-bJOmopyJimidine.(022&. 1 mmol,) potassium 

25 carbonate (0.21& 1.S mmol) and iodomethane (0.lOmL, 1.6 mmol) in tdrahydmfuran 

was sdm:d at room temperature fer three days. The mixture was filtered. was 

evaporated and was purified by flash chmmatography, eluted with 2:8 ethyl 
accme:hexanes, to provide the desired product as a white solid (0.03g, 13~) 1H-NMR 

(CDCli, 400 Mhz)8 8.SS (s, 2H), 3.39 (s, 3H), 2.39 Cs. 3H) ppm. 
30 37b) els ·[4-(2-medlylaceaunidopyrlm-S-yl-ethynyl)-4-(3-cyclopentyloxy-4-

mctboxyphenyl)-cyclohexan-l-ol], 
To a suspension of tran.r-(4-(3-cyclopem:ytoXy-4-methoxyphenyl)-4-etbynyl­

cyclohexan· l-ol) (0.20 g, 0.64 mmol) and a mixan (-6:4) of 2-acetamido-S­
lmmopyrimidine and S-lK'amo-2-methylacetamidopyrim (0.14 g, -0.32 mmol of 

35 each component) in ttiethyJaminc (S mL) under an araon aanosphere was added 
tctrakis(triphenylphosphiinc)palladium(O) (0.03 g, 4~) and coppcz(I) iodide (0.008 g, 

6'1>) and the mixture. was heated at 80-85.° C forO.S h. The n:action WSJ cooled, water 

was added and the mixture was exuactcd three times with dichlommcthane. was dried 

(magnesium. sulfate) and WaS evapomted. 'J'he residue WIS pmified by Chromatography 
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on silica gel with 1:1and1:3 ethyl acewe:hcxancs, to provide the desired compound as 

a colorJess oil (which contains a uace amount of 2-iieetamido-S-bmmopyrimidine). 1H­

NMR (CDCIJ, 400 Mhz) 3 8.65 (s, 2H), 7.12 (d, J=2.0 Hz, lH), 7.07 (dd, 1=8.3, 2.0 

Hz, lH), 6.85, d, J=8.3Hz, lH), 4.80 (m, lH), 3.85 (s, 3H), 3.83 (m,. lH), 3.49 (s, 3H), 

5 2.48 (s, 3H), 1.8 - 2.2 (m, 1411, 1.65 (m, 2H) ppm. 
37c) cLr-[4-(2-methylaminopyrimicfin-S-ylethynyl)-4-(3-cyclopenloxy-4-

methoxYJ>henyl)-cyclohexan-1-ol] 

To a stimcl mixtme of sodium metboxide (0.025 g, 0.43 mmol) in dry methanol 

(2 mL) under an argon atmospbem was added a solution of cis-4-(2-

10 methyOO:bnnidopyrimicfin-S-ylethynyl)-4-~lox.y-4-

methoxyphenyl)cyclohexan-1-ol (O.at g, 0.15 mmol). 1be mixtme was tefluxed for O.S 

h, was cooled to room temperature, wa diluted with water, was exttacttd three times 

with dicblcromethane, was dried (magnesium sulfate) and was evaporated. Purification 

by flash chromatography, eluting with 3:1 ethyl acetate:hexalies, followed by ttituration 

15 from ~yl acetatelhexancs, provided the title compound as a white solid (0.032 g,. 

619'), m.p. 118-119°C. Anal. (C2SH31N303 0.75 H20) calcd:C, 69.02; H, 7.52; N, 

9.66; found: C, 68.84; H, 7.11; N, 9.S3. 

Example36 

Preparation of tnw-C4-C2-anrinQmhnidin.S-yldl.YnJIH-l3-cyclQIP1lYlaxy+ 

20 metbogygbenyllcyclohqyl-1-amjne]. CJClobqylsulfamarc salt 

34a) S-bromo-2-propionamidopyrdine 

S-Bromo-2-propionamidopyrimidie was prepared by standard chemistry well 

known to those versed in the an and was a white solid, mp 161-164° C. 

34b) rran.r-[1-t.rn-butoxycarbonylamino-4-(3-cydopentyloxy-4-methoxyphenyl)-4-(2-

25 propionamidopyrS-ylethynyl-cyclohexane] 

To a solution of cLf-[l-ten-bu10XyCmbonylamino-4-(3-cycopentyloxy-4-

methoxyphenyl)-4-ethynylcyclohcmne] (0.29 g, 0.69 mmol) and S-blvmo-2-

popkmamidopyrime (0.16 g, ·o.69 mmol) in tricthylamine (5 mL) under an argon 

atmosphere wen: added tetrakis(triphenylphospbine)paDadium(O) (0.032 g, 4~), and 

30 copper(I) iodide (0.008 g, 69') and the mixmre was heated at 80-85° C for O.S b. 

Water was added and the mixture was extracted three times with dichlommethane, was 

dried (magnesium. sulfate) and was evaporated. Purification by flash chromatography, 

eluting with 35:65 ethyl acetate:hexanes, pre>vided ll'lllLf-[1-tert-butoxycarbonylamino-

4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-~S-ylcthynyl)-

35 cyclohexane] as a white solid (0.21 g, 54'6), mp 87-89° C. lH-NMR (400 MHz, 

CDC13) 3 8.S7 (s, 2H), 8.17 (m, lH), 7.11 (d, J=2.2 Hz, lH), 7.03 (dd, J=8.5, 2.2 Hz, 

lH), 6.86 (d, J=8.S Hz, 1H), 4.81 (m, lH), 4.63 (m, lH), 3.85 (s, 3H), 2.75 (q, J=7.4 

Hz, 2H), 1.8 - 2.1 (m, 14H), 1.62 (m, 2H), 1.46, (s, 9H), 1.24 (t, J=7.4 Hz, 3H) ppm. 
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34c) 0'111U-[4-(l-aminopyrimidin-S-y1etbynyl)-l-rm-butoxycarbooyJamino..4-(3-
cyclopentyloxy-4-methoxyphenyl) cyclohexane] 

A mixun of ll'01U·[l-rm-butoxycarbooylamino-4-{3-cycopentyloxy-4-

methoxyphenyl)-4-(2-popioaamidopydm5-yledlynyl)cyclobexane) (0.21 g, 0.37 
S mnol) and sodium medmide (0.07g. 1.29 mmol) in methanol (5 mL) was tefluxed 

under an argon llmOSphcre forO.S b. then Cooled. Water WIS added and the reaction 
' 

was exUacted tine times with ctich1CJrometba was dried (magnesium sulfate) and 

was evaporated to provide pme·tn11U·[4-(2-aminopylim5-ylerhynyl)-l-rm­
butoxycarbonyla=im 4 (3-cydqmtyloxy-4-metboxyphenyl) cycloheune] (0.18 g, 

10 97CI) as a white solid. mp 183-185° C. 1H-NMR (400 MHz, <Das) a 8.34 (s, 2H), 

7.13 (cl, J=2.3 Hz, lH), 7.03 (dd, J-U, 2.3 Hz, lH), 6.86 (cl, J=8.5 Hz, 111), 5.27 {cl, 

. 1=2.2 Hz, 2H), 4.81 (m, lH), 4.64-(m, lH), 3.85 (s, 3H), 1.8-2.1(m,14H), 1.61 (m, 

2H), 1.46 {s, 9H) ppm. 

34d) O'an.r-[4-(2-aminopyrimidin-5-yJethynyl)-4-(3-cyclopentyloxy-4- c 
15 methoxyphenyl)cyclohexyl-1-amine],cyclohexylsuJfamate"salt 

.To a solution of tran.r-(4-(2-aminopyrimidia-5-ylelbynyl)-1-~­

butoxycarbooyJamino..4-(3-cyclopentyloxy-4-methoxyphenyl) cycloheune] (0.18 g, 
0.3Smmol)·m dicblorometbane (5 ml.) at 00 C under an argon atmosphere was added 
trifluoroacetic acid (0.27 mL, 3.Sl mmol). 1be reaction WIS stirred at room . 

20 temperature for 24 h, was cooled to 00 C, was quenched with sodium bicarbonate, was 
diluted with water, was extracted with tine times 10/90 mctbanol/dichloromethane, 

was dried (magnesium sulfate)"and wu evapcrated. Purification by flash 

chromatography, eluting with 0.5:10:90 arnn!CJftimn 

bydroxidc:metbanol:dichlcromethanc provided ll'OIU•(4-(2-aminopyiimidin-S-
25 ylerbynyl)-4-(3-cyclopentyloxy-4-mcdmyphmyl)cyclohexyl-l-amine) as a wry 

viscous, colorless oil (0.13 g, 0.33 !DD10l, 95,.). This in1amediate was dissolved in 

acetone (0.S mL) and treated_wilh a solution of cyclohexylsulfamic acid (0.0S9 g, 0.33 

mmol) in acetone (1.0 mt.). Dilution with ether and filtratian, followed by tritmation 

fft1ln dicbkxometbanelhexanes provided the tide compound as a white solid, mp >230° 

30 c (dee.). 

Ex•mple37 
cit-f4.C2-"DimJ1Jrimictio-S-ylotbynyJH-Q:c;yctgpemyloxy-4-

metbogyJ>hmyllc;yclobex.vl-1-amjnel. cycloltcglspff'armte Salt cu-[ 4-(2-

aminopyrimidin-5-yletbynyl)-4-(3-cyclopcntyloxy-4-methoxyphenyl)cyclobexyl-1-

35 amine], cyclohcxylsulfamate salt is prepan:d in the same mann~ as trans-[ 4-(2-
aminopyrimidin-5-yletbynyl)-4-(3-cyclopentyloxy-4-~xyphenyl)cyclobexyl-1-

amine], except starting from els -[1-tert-butoxycarbonylamino-4-(3-cyclopentyloxy-4-

methoxyphenyl)-4-ethynyl-cyclohexane]. 
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tJTJLITY EXAMPLES 
_ _ EXAMPLE A,.,_. 

Inhibitory effect of compounds of Formula (I) on in vitro TNF production by human 
monocytes 

5 The inhibitory effect of compounds of Formula (I) on in vitro TNF production 

by human monocytes may be detamined by the protocol as described in Badger et al., 

EPO published Application 0 411 754 A2, Felnary 6~ 1991, and in Hanna, WO 

90/15534, December 27' 1990. 
EXAMPLED 

10 Two models of endotoxic shock have been utilized to determine in vivo TNF 

activity for the compounds of Fonnula (I). The prototocol used in these models is. 

described in Badger et al., EPO published Application 0 411 754 A2, February 6, 

1991, and in Hanna, WO 90/15534, December 27, 1990. 

The compound of Example 1 herein demonstrated a positive in vivo response in 

15 reducing serum levels of TNF induced by the injection of endotmin. 

EXAMPLEC 
Isolation of PDE Isozymes 

The phosphodiesterase inhibitory activity and selectivity of the compounds of 

20 Formula (I) can be determined using a baucry of five distinct PDE isozymes. The 

tissues used as somces of the different isozymes are as follows: 1) PDE lb, pmcine 

aorta; 2) PDE le, guinea-pig heart; 3) PDE DI. guinea-pig heart; 4) PDE IV, human 

monocyte; and S) PDE V (also called ''Ia"), canine ttachealis. PDEs la, ~ le and m 
are partially purified using standard chromatographic techniques [Torphy and 

2S Oeslinski, MoL PharmacoL, 37:206-214, 1990). PDE IV is purified to .kinetic 

homogeneity by the sequenlial use of anion-exchange followed by heparin-Sepharose 

chromatography [Torphy et al., J. Biol Chem., 267:1798-1804, 1992). 

Phosphodiestera activity is assayed as described in the protocol ofTorphy and 

Cieslinski, Mol. Pharmacol., 37~206-214, 1990. Positive ICso's in the nanomolar to 

30 .. pMrange for compounds of the wodcings examples described haein for Formula (I) 

have been demonstrated. 
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5 

10 

What is claimed is: 

1. A compound of Formula I I If El~ 1111~ 11~1 lllll II If II 

whnm: 
Rt is ·(CR4Rs)nC(O)O(C14Rs)mR6. -(CR.4RS)nC(O)NR.4(CR4Rs)mR6, 

-(CR4RS)n0<CR4Rs>mR6, or -CCR4Rs>rR6 wherein the alkyl moieties unsubstituted 
or substituted with one or more halogens; 

miSOto2; 

nis0to4; 

ris Oto6; 

R4 and Rs m independently selected hydrogen or C1-2 alkyl; 
·R6 is hydrogen, methyl, hydroxyl, aryl, halo subsdmted myl, myloxyC1-3 alkyl. 

15 halo substituted aryloxyC1.3 alkyl, indanyl, hldmyl. C7-u polycycloalkyl, 
tettahydrofuranyl, furanyl, =ahydropyranyl, pyranyl, tetrahydrothienyl, thienyl, 

tettahydrothiopyranyl, tbiopyranyl, C3-6 cydoallcyl, or a C4-6 cycloalkyl containing 

one ar tWo unsatmaied .bonds, wherein the cycloalkyl or heterocyclic moiety is 
unsubstimted ar substimted by 1 to 3 methyl groups, one ethyl poup, or an hydroxyl 

20 group; 
provided that: 
a) when R6 is hydroxyl, then mis 2; or 

b) when R6 is hydroxyl, then r is 2 to 6; or 

c) when R6 is 2-tcttahydtopyranyl, 2-1elllhydrotbiopyranyl, 

25 . 2-teaahydrofuranyl, or 2-tecrahydrothienyl, then mis 1 or 2; or 

d) when R6 is 2-tettahydropyranyl, 2-1elllhydmtbiopyranyl, 

2-tettahydrofuranyl,or 2-tetrahydrothienyl, then r is 1 to 6; 

e) when n ·is 1 and mis 0, then R6 is other than Hin 

-<CR.4Rs>nO<CR.4Rs)mR6; 
30 xis YR2, fluorine, NR4Rs, ar folmyl amine; 

Y is 0 or S(O)m'; 

m' is 0, 1, or 2; · 
X2 is o or NRs; 

X3 is hydrogen or X; 
3.5 X4 is H, R9, ORS, CN, C(O)Rg, C(O)ORs, C(O)NR8Rs, or NRsRs; 
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R2 is independently selected from -CH3 or -CH2CH3 optionally substituted by 

1 or more halogens; 

sis0to4; 

Wis alkyl of 2 to 6 carbons, alkenyl of 2 to 6 carbon atoms or alkynyl of 2 to 6 

5 carbon atoms; 

R3 is COOR14. C(O)NR4R14 or R1; 

. Z is OR14. OR15, SRt4. S(O)m1R7, S(0)2NRtoR14. NRloR14. 

NR14C(O)R9, NRloccY'>R14. NRt()C(O)OR7, NRtoccY'>NRloR14. 

NRt0S(0)2NRtoR14. NR1()C(NCN)NR1oRt4. NR10S(0)2R7, 

10 NRtoCCCR4N02)NRtoR14. NR1()C(NCN)SR9, NRtoCCCR4N02)SR9, 

NR10CCNR1o>NR1oR14. NR1()C(O)C(O)NR1oR14.or NR1()C(O)C(O)OR14; 

Y'isOorS; 

R,7 is-(CR4R5)qR12 or Ct-6 alkyl wherein the Rt2 or Ct-6 alkyl group is 

unsubstituted or substituted one or more times by methyl or ethyl unsubstituted or 

15 substituted by 1-3 fluorines,-F, -Br, -Cl,-N<>l, -NR1oR1 l• -C(O)Rg, -C02Rs, 
-O(CH2)2-40Rg, -O(CHl}qRs, -CN, -C(O)NR1oR11, -O(CH2)qCCO)NR1oR11. -

O(CH2>qC(O)R9, -NR1()C(O)NR1oR11, -NRtoCCO)Rt 1, -NR1()C(O)OR9, 

-NR1()C(O)R13, -CCNR1o>NR1oR11, -C(NCN)NR1oR1 J, -C(NCN)SR9, 

-NR1QCCNCN)SR9 , -NR1()C(NCN)NRtoRl 1, -NRt0S(0)2R9, -S(O)mR9, 

20 -NR1()C(O)C(O)NR1oR11, -NRJ()C(O)C(O)RJO, or R 13; 

q is 0, 1, or 2; 

R12isR13• C3..C, cycloaJkyl, ar an unsubstitum or substituted uyl or 

heteroaryl group selected from the group consisting of (2-, 3- or 4-pyridyl), pyrimidyl, 

pyrazolyl, (1- or 2-imjctamtyl), pynolyl, pipaazinyl, pipcridinyl, mcrphc>linyl, fmanyl, 

25 (2- QI' 3-tbienyl), quinolinyl, naphtbyl, and phenyl; 

Rg is independently selected from hydrogen or R9; 

. R9 is Ct-4 alkyl optionally subsdluted by one to three fluorines; 

Rtois ORg orR1i; 
R 11 is hydrogen, ar Ct-4 alkyl unsubstituted. or substituted by one to tluee 

30 fluorines; or when RIO and RU BM as NRtoRll they may together with the nittogen 

form -..s to 7 membered ring comprised of carbon or carbon and one or more 

additional heteroatoms selected from 0, N, or S; 

R 13 is a substituted or unsubstituted heteroaryl group selected from the group 

consisting of oxamlidinyl, oxazolyl, tbiamlyl, pyrazolyl, triamlyl, tetrazolyl, 

35 imidamtyl. imjdamUdinyl. tbiamlidinyl. isoxamlyl, oxadi•m1yl, and thiadiamlyL and 

when: R13 is substituted on R12 or R1s the rings BM connected through a carbon atom 

and each second Ras ring may be unsubstituted or substituted by one or two Ct-2 alkyl 

groups unsubstituted or substituted on the inetbyl with 1 to 3 fluoro atoms; 
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R 14 is hydrogen or R7; or when Rs and R14 are as NRsR14 they may together 

with the nitrogen form a 5 to 7 membered ring comprised of carbon or carbon and one 
or men additional hetcroatoms selected from 0, N, or S; 

R1s is C(O)R14t C(O)N'ReR14, S(O}qNRaR.14 or S(O}.R1 wbem q is 0, 1 or 2; 

s provided that 

(t) R7 is not Ct-4 alkyl unsubsdtmecl er ~ted by one to tine fluorines; 
or the pharmaceudcally acceptable salts thc:leof. 
2. A compound acconting to claim 1 wbelein Rt is -CJ12-c,clopropyl, 

-CH2-Cs-c; cycloalkyl, 46 cycJoallcy1 uosubsdmted or substituted by OH, . 

10 tearahydmfuran-3-yl, (3- or 4-cyclopcntmyl), benzyl or-C1-2 alkyl umubslituted ~ 
substituted by 1 or more fluorines, and -(Cll2>2-4 OH; R2 is methyl or fluom­
substituted alkyl, W is ethynyl or 1,3-butadiynyl, R, is R1 whc= R1 is an unsubstituted 

or substituted aryl or heteroaryl heteroaryl ring, Xis YR2, and Z is 0Rt4. OR1s, 

NRtoR14t or NR14C(O)R9. f 
15 3. A compound acconting to claim 2 wherem R1 is unsubstituted or 

subslituted-(CH2)0.2(2-, 3- or4-pyridyl), (CH2)1.2(2-hnid•zolyl),_(CH2)2(4-
mmpholinyl), (CH2)2(4-piperazinyl), (CH2) 1 .. 2(2~yl), (a12)t-2(4-thi•mlyl), 

substituted or unsubstituted pyrimidinyl, or unsubstituted or substituted 

(CH2)0..2phenyL 
20 4. A compound according to claim 3 wherein R1 is substituted or 

unsubstituted pyrimidin-5-yL 
S. A compound according to claim 4 wherein Z is OH and which is 
cis-[4-(2-amioopyrimidin-5-ylcthynyl)-4-(3-cyclopentyloxy-4-

methoxypheilyl)cyclobexan·l-ol], 
2S cis-[4-(2-aminopyrimidinylethynyl)-4-(3-qdopentyloxy-4-metboxyphenyl)-

cyclohcun-1-ol], 

tran.r-E • • • 5-ylethynyl)-4-(3-cyclopentyloy-4-

medJoxyphenyl)cyclohexan-1-olJ, 
tran.r-[4-(2-amioopyrimidin-S-yl-ethynyl)-4-(3-cyclopentyloxy-4-

30 methoxyphenyl)-cyclohexan-1-ol, or-
cis-[4-(2-methylaminopyrimicfin..S-ylethynyl)-4-(3-cyclopentyloxy-4-

methoxypbenyl)cyclohexan-1-olJ. 

35 ol], 

ol], 

6. A compound accmting to claim 1~ 2 or 3 wherein Z is OH and which is 
cis-(4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(pyrid-4-yletbynyl)cyclohexan-1-

d.r-[4-{3-cyclopentyloxy-4-methoxyphenyl)-4-(pyricl-2-ylethynyl)cyclohexan-l-

cis-[4-(4-cyanothien-2-yleth1nyl)-4-(3-cyclopentyloxy-4-methoxyphenyl)­

cyclohexan-1-ol], 
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cis-[4-(thiaol-2-yle1hynyl)-4-(3-cyclopentyJoxY-4-methoxypbenyl)cyclohexan-
1-ol], 

. cis-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-[4-(S-methyl-[l,2,4]oxacfiazol-2-

yl)tbien-2-ylethynyl] cyclohexan-1-ol], 

S cif-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-[3-(3-methyl[l,2,4]oxacfiazol-

S-yl)phenyl]ethynyl)cyclohexan-1-ol], 

cis-[4-{3-cyclopentyloxy-4-methoxyphenyl)-4-(2-[3-(S-methyl[l,3,4]0xadiazol-

2-yl)phenyl]ethynyl)cydobeDn-l-ol], 

cis-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(2-[3-(S-methyl(l,2,4]ox~iazot-

10 3-yl)phenyl]ethynyl)cyclobexan-1-ol], 

cLf-4-(3-cyclopentyloxy-4-methoxyphcnyl)-4-[3-(S-trifluoromethyl­

[1,2,4]0xacHarol-3-yl)phenylethynyl)cyclohexan-l-ol, or 

cis-4-(3-cyclopentyloxy-4-methoxyphenyl)-4-[3-(5-methyl-[l,3,4]thiacUazol-2-

yl)phenylethynyl]cyclohexan-1-ol. 

IS . 7. A compound according to claim 1, 2 or 3 wherein Z is NRtoR14t or 
NR14C{O)R9 which is 

trans-[4-(3-cyclopentyloxy-4-methoxypheD:yl)-4-(pyrid-2-yle1hynyl)cyclohexyl-

1-amine], 

trans-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(pyrid-2-ylethynyl)cyclohexyl-

20 1-fonmmide], 
trans-[4-(3-cyclopentyloxy-4-metboxyphenyl)-4-[S-(S-methyl­

[1,2,4]oxacfiazol-2-yl)thien-2-ylethynyl]cyclohcxyl-1-amine], cyclohexylsulfamatc salt 

cis-[4-(3-cyclopentyloxy-4-mcthoxyphenyl)-4-(pyrid-2-ylethynyl)cyclohexyl-l­

amine], 

2S cLf-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-(pyrid-2-ylethynyl)cyclohexyl-1-

formamide], 
cis-[4-(3-cyclopentyloxy-4-methoxyphenyl)-4-[5-(S-methyl-[l,2,4]0xacfiazol-2-

yl)thien-2-ylethynyl)cyclobexyl-l-amine], cyclohexylsulfiunarc salt, 

11'1111.f-[4-(2-aminopyrimidin-5-ylethynyl)-4-(3-cyclopemyloxy-4-

30 metboxypbmyl)cyclohexyl-1-amineJ, cyclohexyJsulfamale salt, or 

cis-[ 4-(2-aminopyrimidin-S-ylethynyl)-4-(3-cyclopentyloxy-4-

methoxyphenyl)cyclohexyl-1-amineJ, cyclohexylsulfamatc salL 

8. A phannaceu~cal composition comprising a compound of Fonnula I 

according to any one of claims 1 to 7 and a phannaceutically acceptable excipient. 

35 9. A method for treating asthma which comprises administering to a 

mammaJ in need thereof a compound of formuJa (I) according to any one of claims 1 to 

7 alone or admixed with a pharmaceutically acceptable excipient. 
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