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Field of lnvcnrion · 

The present invention relates to novel compound.$, pharmaceutical compositions 
containing these compounds, and their ~se in treating allergic and inflammatory diseases and 
f?r in~ibiting ~.production. of Tumor.Necrosis Factor {!NF).· · · ····· · ·~ ~· ····:·· · · · · · 

Background of the Invention 

Bronchial asthma is a complex, multifactoiial dis~e charactcri~ by rever$ible 
nam>wing of the aiiway and hyperreactivity of the respiratory tract to external stimuli. 

Identification of novel theiapeutic agents for asthma is made difficult by the fac:t that 

multiple mediators are responsible for the development of the di$ea!e. Thus. it seems 
unlikely that eliminating the effects of a single mediator will have a substantial effect on all 
three components of chronic: a$thma. An alternative to the 1'mediator approach'.' is to regulate 
the' activity of the e~lls responsible for the pathophy~lology of the disease. . . 

One such way is by elevating levels of cAMP {adenosine cyclic 3'S:- · · ····:.. - .......... - ····· .. 
t -

-:::··· monophosphate). Cyclic AMP has been shown to be a second messenger mediating the 
·r··· ?iologic responses to a wide range of hormones. nc:~transmitters and drugs; [Krebs · · 
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EndoerinolQgy Proceedings of the 4th International Congress Excerpta Medica, 11.29. 1973]. 

When the appropriate agonist binds to specific cell surface receptors. adenylate cyclase is· ·· 
activated, wbiCh converts .:f.4g+2.A. TP tc;> cAMP . .at an ac~eleratcd rate:·; . . . . . ··: '. 

~lie AMP modulAtes the.activity of most. if not all, of the cells that conaibuce ro 
the pai:hophysiology of extrinsic (allergic} asthma. As such. an elevation of cAMP would 

produce beneficial effects including: I) ii~ay smooth muscle relaxation, 2) inhibition of 

mast.cell mediator release, 3) suppression of ncutrophil dc:granuladon, 4) inhibition of 

basophil degranulation, and 5) inhibition ofn_ionocyte and macrophage activation. Hence, 
compounds that aetivate adenylme cyclase or inhibit phosphodiesterase should be effective in 
suppressing the inappropriate activation of airway smooth muscle and a wide variety of 
inflammatory cells. The principal cellular mechanism for the inactivation of cAMP is 

hydrolysis of the 3'-phosphodiestcr bond by one or more of a family of iso:z:ymes referred to 

30 as cyclic nucleotide phosphodiesterases (PDEs). 
It has now been shown that a distinct cyclic nucleotide phosphodiesterase (PDE} · 

isozyme. PDE IV .. is rcsponsib~for cAMP breakdown in airway tmooth muscle and 
infiammatoiy ceJls. [Toiphy, .tpJ:ioiphodiesterase lsozymes: Potential TargetS for Novel Anti· 
asihma.tic AgcnES" in· New Drugs for·Asthma. Barnes.., ed. !BC Technical Services Ltd .• 

35 .· .1989}. Rescuch indicates that inhlbitfon of this enzyme not only produees airway smooth 
•. . 

·.muscle relaxation. but also suppresses dcgranuli.tion of mast cells. basophils and neutrophils 

:Uong with inhibiting the activation of monocytes and neutmphils. Moreover. the benefi~al ·· 

effects of PDE IV inhibitors are markedly potentiated..wpen ildenylate cyclase actjvity ~f =· • :-, '-­

target cells is elevated by ~ppropriatc hormones or. auioco~, as would be the case in vivo. 
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.. · pro~iaglan'c;lin Ei'and.prosuicyciin (~ti"Varors of adenylate cyei.a"se) are elevated. Such · ·· · 

compounds would offer a unique approach toward the phannacothcrapy of bronchial asthma 

and p05sess significant therapeutic .advantages over agents currently on the market. 

5 The c9111pounds. of this invention also inhibit. the pmducti.cn.of. Tumor- Necrosis · . " ·· · .······ 

· Factor (TNF). a scmm glycoprotein. Excessive or unregulated T1'"F production has been 

implicated in mediatina or exacerbating a number of diseases including rheumatoid ~ritis, .. 

rheumatoid spondylitis, o.steoarthri~ gouty arthritis and.other anhritie conditions; scp~s. 

septic shock. endotoxic shock, gram negative sepsis. toxic shock syndrome, adulJ respll;itory 
l 0 distress syndrome. cerebral malaria. chronic pulmonary inflammatoiy disease, .silicosis, 

pulmonary sarcoidosis. bone resorption diseases, reperl'usion injury, graft vs. host reaction, 

allog.raft n:jei:tions, fever and myalpas due to infection. such as influem:a. cachexia 

secondary to infection or malignancy, cachexia. secondary to human acquired immune 
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deficiency syndrome (AIDS). AIDS, ARC (AIDS related complex), keldi~ formation. scar 

tissue fonpation. Crohn's diseaic. \J.lcerative colids. orpyresis. in addition io a numbe~_of.· 

autoimmune diseases, such as multiple sclerosis, autoimmiine diabetes and systemic. lupus 

erythcmatosis. 

AIDS results from the infection of T lymphocytes with Human Immunodeficiency 

Vims (HIV) .. At least three types or Strains of HIV have been identified. i.e.; HIV· 1. HIV-2 

and mv-3.· As a· con.sequence of HIV infection, T-f:dl·mediared i~uniiV·is impaired.. and·· 
I I 
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infected ~ndividoals manifest severe opponunistic infections a.nd/or unusual neoplasms. HIV 

entry into rhe T lymphocyte requires T lymphocyte.acti.vation. Viruses such as HIV -1 or 

HIV·2 infect T lymphocyteS afterT cell activation and such virus protein e~pression and/or 

replication is m~ted or maintained by such. T cell activatlon. Once ari· aCtivatCd T 

lymphocyte is infected with HIV, the T lymphocyte must continue to be maintained in an 

activated state to petmit HIV gene expression and/or Hlv replication. 

Cymkinest specifically TNF. uc implica~ in s.cUvated T-cell-mediated IIlV protein 

expression and/or virus replication by playing a role in maintaining T lymphocyte activad.on. 

Therefore, intetfe~ce with cytokine activity 5uch as by inhibition of cytokine prcducdon. 

30 notably TNF, in an HIV ·infected indivic).ual aids in limiting the maintenance of T cell . . 
activation, thereby reducing- the progression of HIV infectivity to previously uninfeeted cells 

which results in a slowing or.elimination of lhe progression of immune dysfunction caused 

by HIV infection. -Monocytes. ma.crophages,.and rcla.ted cells. such as kopffer and glial cells. 

have also been implicated in maintenance of the HIV infection. These cells, likc."r cells, are 

35 targets for vira~ rcpliQ.tiOn and the level of viral replication is de.pendcnt·upon the activa~on 
state of the cells. [See Rosenberg et cil., The linmunopathogenesiS of mv Infection, · 

Advances in Jmmunology. Vol. 57, 1989]. Monolcines1 such as TNF, have been shown to . . 

activate HIV replication in monocytes and/or m~phagcs "[See Poli et czl. •• Pree. Natl. Acid. 
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TNF has also been implicated in various roles with other viral infections. such as the 
cytomegalovirus (CMV). influenza virus, ad.enovirus, and the herpes virus for similar reasons 
as those noted.· ... . ~ . .... .. .. . . . . . ' . ' . . .. ....... . . ·.· 

TNF is also associated with yeast and fungal infections. Specifically Candida 
albicans has been shown 10 induce TNF production in vilro in humin monoeyies and narur"J 
killer cells. lSee Riipi er al., Infection and Immunity. SS(9)~2750·S4, 1990; aad.Jaf'ari et al., 

Journal of Infectious Piseases, 164:389-95. 1991. See ~So Wasan et al., Antimicrobial 
IO Agents and Chemotherapy. 35,(10):2046-48. 1991; and Luke 'r al •• Joumal of Infectious 

Diseases. 162:211·214.1990J, 
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The ability to c:onr:rol the adverse effects of TNF is funhered by lhe use of the 
compounds which inhibit TNF in mammals who are in need of 5UCh use. There remains a 
need fot" compounds which are useful in treating TNF-mediat=i disease states which ~ 
exacerbat~ or caused byJhe excessive.and/or unregulat~d produe,P.on of TNF. 

Summaiy of the Invention 

This invention relates to the novel compounds of the Formula (I). as shown below, 
usef~l in the mediation or inhibition of the en~tic activity (or catalytic activity) of 

phosphoc;iiesteras~ I°V (PDE IV). The novel c~unds of the Fonnuia· (~. alm ·have Tumor 
Necrosis.Factor rfNF> inhibitory acdvi~. · ·. · · .· .. · · ··. · ... ,· · : ' · 

This iiivention also relates to the pbannaceutical composidons comprising a 

compound of the Formula (l) and a p~ceutically· acceptable c:anier or diluent. 
The invention also relate5 to a method of mediation or inhibition of the enzymati~ 

activity (or catalytic activity) of PDE IV in ~als, including humans. which comprises 
Cldministering to a mammal in nf;ed thereof an effective amount of a compound of the . . 
Formula (1), as shown below . 

. The invention further provides ~ method for the nuo.nent of allergic and 

inflammatory disease which comprises administering to a mammal .. including humans, in 
need thereof, an effective amount of a c:oinpound of the Formula. (I). 

The invention also provides a method for the treamtent of asthma which comprises 

administering to a mammal. including humans, in need then::Of. an effective amount of a 
compound of the Fonnula (1). 

This invention also relates to .a mexhod of inhibiting 'INF produi::tion i1\ a mammal. 

including hu~s. which method comprises aqminiitering ~o a·ntammal in need Of such 

treatment. an effective TNF inhibiting amount of a compound of the Formula (I). This 

method may be used for the prophylactic treatinent or prevention of cenain TNF mediated 

disease states amenable mereto. 

... · . 
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. ": ·. : .• •• :1 ... ; . : . : .. .:". · ... ~ ·:.x11~,:i~jientio.n·.a1so: reJates ~ ~.·mcf:h:cid. 9f .treating a ht:iCnut ilfflktcd with ar'.btu.lii.n :.~ ··~~. ": .' r ~ l; 

··· .. .. . ·· im~~nt.deficie~ey virils CHIV)~ which· ~~rises administering 10 such human ~ ef£~cd~c · . · · .. · · 
TNF inhibitin~ amount of a compound of rhe Fonnula 0). 

The compounds of the Fonnula (I) are also useful in the treatment of additional viral 
5 ~nfe~~f:?n~ ~~~. ~uch vi~ses ~ ~~n~ti.y~ to upregulation by TN'F. or will elici1 TNF . . ... , 

production in vivo. 

The compounds of the Formula (I) are also useful in the treatment of yeast and fungal 
infections, where such yeasr and fungi are sensitive to upregulation by TNF or will elicit 
TNF production in vivo. i 

10 The compounds of this invention are represented by Fonnula (I): 

15 

twhercin: .. "'1 ~ ...... 

R 1 is -(CR4.Rs)nCCO)OCCR4Rs>mR6. ·(CR4Rs>nCCO)NR.4(CR4R5)mR6, 
·(CR.4Rs)n0(CR4Rs)mR6, or -(CR4RS)rR6 wherein the alkyl moieties may be opdonally 
substituted with oneor more halogens; 

mis O to2;· 
· · . n is ·l to-4;·~ · .... \ . ' 

r:islto6; 
20 R4 and Rs are independently selected from hydrogc~ or a CI-2 alkyl; 

R6 i~ hydrogen, methyl. hydroxyl. aryl, halo substituted aryl. aryloxyCI-3 alkyl, halo 
substitUted acyloxyci·.3 alkyl. indaityl. indenyl, C7-I l polyr:::ycloalkyl. tetrahydrofuranyl, 
furanyl~ tettahydropyranyl, pyianyl. terrahydrothienyl. thicnyl, tetrahydmthiOP!'fanyl. 
thiopyranyl. C3-6 cycloalkyl. or a. C4-6 cycloalkyl containing one or two unsaturated bonds. 

25 wherein the cycloalkyl and hcterocyclic moieties may be optionally &ubstitutcd by 1 to 3 
methyl groups or one ethyl group; 

provided that: 
a) when R6 is hydroxyl, then m is 2; or 
b) when R6 is hydroxyl, then r is 2 to 6~ or 

30 .c) when R6 is 2·tctrahymvpyrariyl, 2-tctrahydrothiopyranyl, 2·tenahydrofuranyl, or 
2-tetrahydrothienyl. then m js l or 2: or 

d) when R6 is 2-tea'ahydropyranyl. 2·tetrahydrothiopyranyl, 2-tea"abydrofutanyl. or 
2 ... rctra.hydtothienyl,.·then r is I to 6; · . 

e) when n is 1 and m is 0, then R6 is ether than Hin ·(CR4RS)nO(CR.4RS)mR6: 
35 X is YR2. halogen, nitro. NR4Rs. or fonnyl amine~ 

Y is 0 or S(O)m'; 

·m· is 0, 1. or 2; 
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. ·· · · · ··· · X3 is hy~i~ o~X; ... : : 

X4is 

5 · (a) Cb) 

10 

X5 is H. R9, ORg, CN. C(O}Rg, C(0)0Rg, <2(0)NR8R8, or NRsR.g; 
R1 is independently selected from the group consisting of -CH3 and ·CH2CH3 

optionally substituted by 1 or more halogens; 
s ls Oto 4; 

R3 is hydrogen, halogen. Ct ·4 alkyl, CH2NHC(O)C(O)NH2, halo-sub~titutcd C~ -4 

· ·-alkyl, ·CH=CRg•Rg•, cyclopropyl optionally substituted by RS,.1 CN, ORg, CH20Rg, 

.:~ .. NRgR10. CH2NRgR10, C('Z')H .. C(O)ORs. C(O)NRBRIO· or C=CRg•; . . .. 
~.... . . z•'ii o. NR9; NORs. NCN~ cc-c:M2~ CRsCN. CRgN02, CRgC{O)ORs. 
~ CRgCCO)NRgRg, CC·CN)N02, C(·CN)C(O)OR9, or CC-CN)C(O)NagRs; . 

15 ... ;,,. Zis C(Y')R14, C(O)OR14, C(Y')NRtORI4. C(NR10)NR!OR14, CN;CCNORg)R14, 

C(O)NRgNRgC(O)Rg, C(O)NR8.NR10R14, C{NOR14)Rg, C(NRg)NRtoR14, 

~CNR14)~g~, ccNCN)NRJOR14.. C(NCN)SR9, {2·, 4- !'Jr 5-imidazolyl), Q-, 4· or 

: 5-p~miyt). {4--~r s.~azo1y1[1.z.s1); <3-w s-~azo1y1[1,2.4J>, c.5-tctrazol}•t), ci~. 4- or 
5-oxazolyl), (3-, 4- or S-isoxazolyl). (3- or S-oxadiazolyl[l.2.4J). (~azolyl[l,3..4]} •. 

20 (2.;thiadiazolyl[l,3,4]). (2-, 4-, or S-thiuolyl)t (2·, 4-, or 5-oxamlidinyl), .(2·. 4-. or 

5-thiazo.lidinyl), or (2-, 4·. or S-imidazolidinyl); wherein all of the heteroeylic ring systems 
may be optionally substituted one or more limes by R 14; 

the dotted line in formula (a.) represents a single or double bond~ 
Y' is OorS; 

25 R7 is-(CR4R5)qR12 orC1-6 allcyl wherein the R12 or C1-6 alkyl ~up is optionally 

substituted one. or more times by C1 .. 2 alkyl optionally substituted by one.10 thn:e fluorine$, 
-F, -Br. -Cl. -N02. -NR10R11. -C(O)Rg, -(;(O)ORg. -ORg, -CN. -C(O)NRtoRn. 

-OC(O)NRtoRU. -OC(O)Rg, ·NR10C(O}NRtOR11. -NR1QC(OJR11. ·NR.1QC(O}OR9,. 

-NR1occd>R13, -C(NR10)NR1oRUt ·C(NCN)NR10R11.-C(NCN)SR9f 
30 -NR1QC(NCN)SR9. -NR1oCCNCN)NR10R1 J, ·NR10S{0)2R9, ·S(O)m"R.9. 

-NRtOC(O)C(O)NR10Rt 1, -NRtoC(O)C(O)Rto. thiamlyl:, imidazolyl. oxazolyl, p~lyl, 

ll'i~lyl, or teatzolyl; 
q is 0, i.or2; 
R 12 is CJ. 7 cycloalkyl. (2-, 3· or 4-pyridyI), pyrim.idyl, pyrazolyl, Cl~ or 2· 

35 imiduolyl), thiazolyl. triazolyl. pyttolyl. piperazinyl. piperidinyl, morpholinyl, furanyl, (2· 

or 3-thienyl), (4-- or 5-tbiawlyl), quinolinyl. nap~thyl. or phenyl; 
Rs is independently selected.from hydrogen or R9; 
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R9 is c 1-4 allc:yl optionally subsdtuti:d' by one to three fluorines; 

"R.10 is ORg or R11; 
Rt 1 is hydrogen. or C1-4 alkyl optionally substituted by one to three fluorines; or 

S when R10 and R11 ar.e as NR.10R1 J. they may together With the nitmgen fonn a S 10.1 : ~- .. ~ 
membci:ed ring optionally containing at least one additional heteroatom selected from OIN/or 
S; 

R 13 is oxazolidinyl. oxa.zolyl, thiazolyl, pyrazol~l, triW>lyl, tetrazolyl, imidazt;>ly!, 
imida7.0lidinyl, lhiuolidinyl, isoxazolyl, oxadiazolyl. or tbiadiazolyl. and each of these 

l 0 heteroeyclic rings is connected through a carbon atom and each may be unsubstituted or 
substituted by one or tWo C1.2 alkyl groups; 

Rt4 is hydrogen or R1; or when Rio and Rl4 areas NR10R14 they may together 
with the nitrogen fo~ a 5 to 7 membered ting optionally containing one or more adaitional 
hetc:roatoms selected from Q, N~ or S; 

... 

IS provided that: · · · : · ·· ·· · · ·· .· ··-~-..-'··-·-···--····-· 
f) when R 12 is N-py!uolyl, N-imidazolyl, N-ttiazolyl, N•pynolyl, N-piperazinyl, N, · 

piperidinyl, or N-mmpholiny!, then q is not ~; or 

g) when X2R1 is OCF2H or OCF3, Xis F. OCF2H or OCF3, X3 is H, sis zerot Xs 
is Ht Z is C(O)OR14 and·R14 is C1.7 unsubstituted alkyl, then R3 is other-·than H; 

20 or ~he phannaceutic~~Y accep!-8-ble salts ·thereof. 

~tailed Pescrimfon pf the Inv~nsion 
This invention relates to the novel compounds of Formula (I), and 10 pharmaceutical· 

compositions comprising a compound of Formula (I) and a phannaceutically acceptable 
15 carrier or diluent. This invention also relates r.o a. method of mediating or inhibiting the 

·enzymatic activity (or catalytic activity) of PDE IV in a mammal in need thereof and to 

inhibiting the production of TNF in a mammal lg. ~eed thereoft which comprises 
.administerin& to said mammal an effective amount of a compound of the Formula (I). 

Phosphodiesterase IV inhibitors are useful in the treatment of a vari~ty of ·allergic and 
30 . inflammatory diseases including: asthma," chronic bronchitis. aiopic dermatitis, urtlcari~ 

allergic rhinids. allergic conjunetivitis, vernal conjunctivitis, cosinophilic grannlorna, 
psoriasis. rheumatoid arthritis. septic shoek,. ulcerative colitis, Crohn's disme, repcri"usion 
injury of the myocardium and brain, chronic glomcnilonephritis. endotoxic shock and adult 
respiratory distress syndrome. In addition. PDE IV inhibitors are useful in the treatment of 

35 diabetes insipidUJ. [Kidney In~. 37;362. 1990;·Kidney Int .• 35:494. 19891 and central 
neTVous system disorders suc::h as depression :and muln .. infarct dementia. 

The cornpounos of the Formula (I) are a!So useful in the treatment of viral infections, 
wh1:-rc such viruses are sensitive to upxegulation by TNF or will elicit TNF production in. 
vivo. The viruses contemplated for ~amient herein are those that prc;duce TNF as a result of 
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. < irifc«;~p··~ th~s~~h,j~lr ircscnsiti,Ye.t~·l~~\lii~i.tfn. ~lic~;'A!\'b)' d'e~~~pli~don. ~ir~y:·!~:\ :: ·~.:~·.:·· 
. _ or indirectly: by the TNF inhibitors of th~ Foromla (l). Such viru~s includ~. but·ate not. . . . .. . 

limited to .HIV·l, IDV-2 and mv .. J, cy1omegaloviru5 (CMV), influenza. acienovims and the 

Hctpcs lfOUp of viruses, such as, but not limited to, Herpes zoster and Herpes simplex. 
5 .This invention mo~e $pecificall;y teliiteS to a.m<;th~ Qf ~ating a n;;i~mmal. afflicted .• ., . .. . . . .. 

with a human immunodeficiep.cy virus (HIV), which comprises administering to such 
mammal an effective TNF inhibiting amount of a compound of the Formula (I). 

The compounds of the Fonnula (I) may also be usc:d in association with the ve~a.rY 
rreannent of animals, other than in humans. in need of inhibition of TNF production. TNf 

10 mediated diseases for rreannent. therapeurically or prophylactic:ally, in animals include 
.disease states such as those noted above, but in partieulu viral infections. Examples of such 
viruses include, but are not limited to feline immunodeficiency virus (FIV) or other retr0viral 

infection.such as equ;nc infec~ous anemia. virus. caprine arthritis virus. visna virus, maed,i 

virus and other lentiviruses. 
lS 
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:rhe
1 
compounds of .the Fcnm.da (I).are also useful ~n-the treatment of. yea.st and .fun1a1 

infections, where such yeast and funli are sensid:ve to uJ:>regularloti by TNP or will elicit · 
TNF production in vivo. A prdarcd di,ease state for ircatment is fungal meningitis. · · 

Addidonally, the compounds of the Formula. CO may be administered in conjunction with 

other drugs. of choic~ for sys~emic ~cast and fungal ~nfcctions. .Drugs of.c~oice for fu~gal 
infections. ~nclude .but. are not limited to.the class of ~ompounds ·call¢ *e:?,>lymi~ins, ~uch · 
as Polymycin B,, the class of compoun~· ~l~ the imi~les.' s~h ·.s ~iotri~i~. -
ecohatole, miconazole, and ketoconazole; the class of eompounds ea.lied the a'iuoles, such 

as fluconazolc, and itranuolc, and the .:;lass of compound called the Amphotericinst in 
particular Amph~t~cin B and lipo$0mal Amphoterlcin B. 

The co-administration of the anti-fungal a,gent with a compound of the Fonnula (I) 
may be in any preferred composition for that compound such as is well known to those 

skilled in the art. for insumce the various Amphotericin B formulations. Co-adminisaa.tion of 
an anti-fungal agent with a compound of the Fonnula (I) may mean simultaneous 
administration 9r in practice, separate i.dminisuation af the agents to the mammal but in a 

30 consecutive manner. ln particular. the compounds or me Formula. (I) may be co-administered . . 
with a fmmulation of Amphotericin.B. notably for systemic fungal infections. The preferred 

organism for treatment is the Candida organism. The compounds of dte Fonnula: (I) may be 

co-administered in a similar manner with anti-viral or anti-bacterial agents. 
The compounds of the Fannula (I) may also be used for inhibiting and/or reducing 

35 the toxicity of~ anti·fungalt and.·bactmal or anti ... viral agent by administerlng·in effective 
amount of a compound of the Fonnula (I) to a mammal in need of such treatment. Preferably. 
a compound of the Fonnula Cl) is adminiStered for inhibiting or reducing the toxicity of the 

Amphotcricin class of compounds. in particular Amphotericin B. . 
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10 

halogenst r.lle .halogens are preferably tluOrine and chlorine, more preferably a. C1.4 alkyi : . 

subitltuted ·by 1 or more fluorines. The preferred halo-substituted alkyl chain length is one or 

two carbons, and most preferred are the moieties ·Cf3, -CH2F, ... CHfl, ·CF2CHF2. 

-CH2CF3, Q,r\d.:-~2~Hl'.2-. ~f~.i.-1 sul?stituten~s for the compQugsls.of t~c F.qm;t.p.l!l.(l) ........• 

are CH2-~yclopropyl. CH2-Cs.6 cycloalkyl. C4-6 cycloalkyl, C7 -11 poLycycloalkyl, (3- or 

4-cyclopemenyl), phenyl, tetrahydrofuran·S·yl, benz.yl or c1.2 alkyl optionally substituted 

by 1 or more fluorines. ·{CH2)1.3CCO)O(CH2)0.2Ca3,;-(CH2)1-30<CH2)0-2CH3. and 

.. (Cff2)240H. 

When lhc R 1 tenn contains the moiety CCR4R5), the R4 and Rs ienns are 

independently hydrogen or alkyl. This allows for branching of the individual methylene 

units as (CR.4Rs)n or CCR4Rs)m; each repeating methylene unit is independent of the other. 

e.g •• CCR4Rs)n ~1'erein n is 2.can be-CH2CH(-Oi3)-. ~or instance. The individual 

hydrogen atoms of the repeating methylene unit or the branching hydrocarbon ca.n optionally . 

1~ be substj.tutc:d.by fluorine.independent.of each other to yield, for instance. the preferred R 1. 

substitutions. as noted a&ve. . 
When R1 is a C,.J 1 polycyeloalkyl, examples are bicyclo[2.2.l]·hepcyl, 

bicyclo(2.2:l}octyl, bicyclo[3.2. l Jocty11 nicydo[S.2. I.02.6Jdecyt. etc. additional examples of 

which are descri~ id. Saccamano et a.f ., WO 87/06576, published 5 November 1987, whose 
20 disclosure is inco~raled herein by. rc(erencc:in_iu·enciretr: ·\ · · · 

,o o « • 11 
• •o o •• • 0 o I o • .... • •• ~ • 

1 
' ' • 1 11 .. x .• ·• "o o •' O. o I • I • 

~is: preferably C(O)Rg. G(O)ORg, C(OjNRsR8, C(NRS)NRSR81 CN. C(NORs>Rs. 

C(O)NRsNRsC{O)RS. C(NRg}NRStts. C(NCN>NRsRs. C(NCN)SR9. (1-, 4- or 5-
{ RS )·2-imidazolyl), (1 ... 4-or 5-{Rg)-3-pyrazolyl)t (l·, 2· or 5·{Rg}-4·uiazolyl{l.,2,3}), (1-. · 

2·~ 4- or S-(Rg}·3-triazolylft2.4])t Cl- or l·{Rg}-5-tetiazolyl), (4.: or 5-fRsJ-2-oxaiolyl). 

25 (3~ or 4-{Rs}·S-isox.azolyl). 0·{Rg)·5-oxadi~oly1[1.2,4)}, (S·(Rg}-3-oxadiuolyl[l.2.4]). 

(S-{R8l-2·oxadiazoly1[1.3,4]). (5·{Rsl·2-thiadiuolyl[1,_3.4]). (4 .. or 5-{Rg}-2-thiazolyl)1.C4-

or S·{Rg}-2-oxazolidinyl), (4- or 5-(Rg)-2-thlaiolidinyl).(1-, 4- or · 

5-{ Rs )-2-imidazolidinyl); moSt prefeired are those compounds wherein the Rs group of Z is 

R.4. 
30 XS is preferably hydrogen, C1-l alkyl optionally substituccd by one 10 three fluorines, 

ORg. CN, C(O)Rg, C(O)ORg, C(O)NRgRgt or NR3Rg. 
Preferred X groups for Formula (l) are those wherein X is Yll2 and Y is oxygen. The 

prefcm:d X2 group for Fonnu18: (I) is that wherein X2 is oxygen. Th~ ptcfcrred X3 group for 

Formula (I) is that wherein X3 is hydropit.. Preferred R? groups. where applicable. are C 1·2 

35 alkyl optiona.lly substituted by 1 ~more halogct1$.· Th~ halogen &.toms are ~Id'erably 
fluorine and chlorine. mgrc preferably fluorine. Morepreferred-Rl groups are rhose wherein 

R2 is methyl~ or the fluoro-subsritutcd alkyls, specifically a CJ-2 alkyl, such as a ·cF3 • 

• cm=2. or -at2CHF2 moiety. Most pre.ferred are the ·CHF2 and ·CH3 moieties • 

.. 
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and CF3. More prefencd are OeCH and CN. Z' is preferably 0 or NOR.g • 
.Preferred R.7 moieties include optionally substitute.cl -(CH2)1-2(cyc:lopropyl), 

-(CH2}0-2(cyclobutyl), ·(CH2)0-2(cyclopcntyl), ·(CH2)0-2(Cyclohexyl), -(CH2)0.2(2 ... 3- or · 

5 4-piYridyl); -(Oli2~1-2(2-imidazolyl). ·(Cff2)2(4-'morpholinyl). -(CH2)2(4-piperi.ziny1), 

·<CH2lt-2(2-thienyl), -(CH2)1-2(4-thiazolyl), and-(CH2Jo-2phenyi; 

P!eferred rings wbe~ RlO and Rt l in the moiety .. NRtORI 1 1ogether with rhe 
nitrogen to which they are attaehcd form a 5 to 7 membered rint optionally containing a.r. 

least one additional hcteroaiom selected from O/N/ or S include. bu~ are nor Iimi?ed to 1 • 
10 _imid:azolyl, 2-(RS}l-i,midazolyl. 1-pyrazolyl, 3-(Rg)-1-pyrazolyl, l·triazolyl, 2·lriazolyl, 

5-(Rg)~ 1-triazolyl. 5·CR8)-2-triazolyl. 5-(R&)-l-tei:ra.zolylt 5-(RS)·l·teuaiolyl. l·tetraz0lyl, 

2·tetrazloyl, morpholinyl. piperuinyl. 4-<Rs)-l ·piperazinyl, or p)'Il'Olyl ring. 
· Preferred rings.when RJO and R14 in themoiety-NRtoRl4 together with the 

·::,:: nitrogen to which they are ani.ched may fonn a 3 to 7 mcm~d ring optionally containing 
15~ at least orre·mditional heteroa.tOtn selected fmm 0, N. or S include, but are not limited. to 1· 
~·... . . ··. . 
~ imidazolyl, l·pya.zolyl1 l·triazolyl, 2·triazolyl, l·tetrazolyl, 2-tettazolyL mot?,holinyl. 

~~~ pipcrazinyl, and pyrrolyl. The xe~pecdvc rings may be additionally substituted. where 
applicable. on an available nitmgen or c:arl:lon by the moiety R7 as described herein for 

·Fonnula (1). Illustrations of such carbon substirotions includes. but are not limited to. 

20 2-.<R7)~·l~i~olyl •. ~(~7)..: 1-ittiiquolyt ·s-<a7r 1-:imidazoiyl, 3-(R.7)-i -:-pyrazolyl •. 
4-(R7)~ I-pyiaiolyly S-(R7)-l ·pyrazolyl, 4-(R7)·2-niazolyl, 5-(R7)·2-uiazolyl. 
4·(R7)-l-triazolyl. 5-(R7}-l-triazolyl, S-(R7)-l•tetrazolyl, and 5-(R.7)-~tctrazolyl. 
Applicable nitrogen substitution by R1 includes. but is not limited to, l·(R7}·2~tetrazolyl. 
· 2~(1t 7)-l ·teruolyl. 4-ot7):1 ;pipcraiinyl. Where applicable, the rin1 may be substituted one 

25 or more ti.mu by R7. 

Prcfc~ groups for NR 10R 14 which contain a hetcrtJCyclic ring axe 5-(R t4>- l· 
tetrazolyl. 2-(R 14)-l-itnidazolyl. S-(R.14)-2-n:trazolyl. or 4-(tt14)-l-piperazinyl. 

~cm:d rings for R 13 include (2-, 4- or 5-imidazolyl). (3-. 4· or S-pyrazolyl). (4· or 
' 5-ttiuolyl[l,2,3]). (3- or 5-tria2:olyl[l,2.4D, {5-tctramlyl)t (2-. 4- or S-oxuolyl), (3·. 4- or 5-

30 isoxaiolyl), (3· or 5-oxadiazo.lyl[l.2,41). (2-oxadiazolyl[l,.3.4]}, (2-thiadiazolyl[l,3.4]), (2-, 

· 4-. ar .5-thiazolyi). {2·, 4·, or 5-oxazolidinyl). (2-, 4-t or 5-th.iuolidlnyl), or (2-, 4~. or 

5-imiduolidinyl). 

When the R7 gmup is optionally substimted by a hetemcyclic ring such as 

imidazolyl. pyrazolyl, nia:zolyl, tei:molyt, or ll)iazolyl, the heterocyclic rinJ its~lf ~Y be 

35 optionally substituted by Rs eitner on an available nitrogen or carbon aton'J. such as 
1-(Rg)-2-iroidazolyl, l-{Rg)-4·i~iduoly1; 1-cRg)-S~imidaiolylt · l {R8)·3-pyrazolyl, 

l-CRs)4-pyrazolyl, 1-(R8)·5·pyrazolyl. 1-(Rg)-4·tri.uolyl~ or 1-(Rg)-S~triazolyl. Where 

applicable, the ring may be su.bstitured one or more th'nes by Rg. 
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. . ·::CH2-C5.6 cycl~l, :..46 cycloalkyl, tetrahydnifuTIUi~J .. yl, (3-·cr 4-.cycloj>ente~yl)t 

.s 

. 
IO 

benzyl or -C1 ·2 alkyl optionally substiruteeS by 1 or more fluorines, and ·(CH.2)2-4 OH; Riis 
methyl or fluoro-substimterl alkyl, R3 is CN or ~CRg; and Xis YR2. 

'Most preferred are those compo~ds. wherein. Ri il ·CH2·cyclopropyl, qclopcntyl • 
. methyi' or i:F2:H; R 3 is 'c:iN ~ C--=CH; x is YR2; y is oxygen~ X2 is oxygen~ X3 is hydrogen: 
and Ri is CF2H or methyl. 

A preferred subgenus of the compounds of the Formula (I) is the compounds of the 
Fonnula (la) 

wherein:· 

R 1 is CH2-cyclopropylt CH2-CS-6 cycloalkyl. '4.6 cycloalkyl, C7-l 1 .... . i .. . . . . .. . 
polycycloalkyl, (3- or 4-cyclopenrenyl}, phenyl, tenhydrofuran-3-yl, benzyJ or Ct-2 alkyl 

15 optionally substituted by l or more fluorines, ·(CH2)1.3C(O)O(CH2)0-2CH3, 
·{CH2)1.30(CH2)0-2CH3t and ·(CH2)2-40H; 

X is YRz, halogen, nitro, NR4R5, or fonnyl amine; 
"4 is 

-02 
R2 or 

w 00 M 
X5 is ~. R9, ORg, CN. C(0)R8, C(O)ORg. C(O)NRSRS. or NRSRS; 
Y is 0 or S(O)m'; 

m' is 0, 1. or 2: 
R2 is -<;=H3 or ·CH2~3 optionally substituted by l or more halogens; 

25 R3 is hydrogeilt C1·4 alkyl. CH2NHCCO)C(O)NH2, halo-substituted C1"'4 alkyl, CN. 
CH20Rs, C(Z')H. C(0)0Rg, C(O)NRgR 1 o. or C!CR&; 

Z' is 0 or NOR&; 
z is C(O)R14, C(0)0Rt4. C{O)NRtoR14, qNR1o)NR10R14, CN, C(NORg)R14. 

C(O)NRgN'RgC(O)Rg, C(O)NRgNR10R14. C(NOR 14)Rg, C(NRS)NRIORI4. 
30 C(NR.14)NRgRg, C(NCN)NR10R14. C(NCN)SR9, 0·,.:4- or S-(.R14J-2.·imidazelyl), {1-, 4-

ot 5·1R14}-3-pyrazolyl). Cl·. 2.- or S·{Rt4}-4-lliazolyl[l.2,3]). 0-t 2 .. , 4~ or 
S·{R14}-3·uiazoly1[1,2,4)), (l- or 2·{Rt4}·5-tenuolyl), (+or S-{Rt4J-2-oxuolyl), (3- or 
4-( k14 J-5·isoxazolyl}. (3-{ RJ 4 }-S-oxadiazolyl[ l,2A)). {5-{R 14}-3·oxadiazolyl[l.2,4}), 
(5-{R 14 )·:Z-oxadiazolyl[l ,3.4]). (5-(R 14 )-2-thiadiuolyl(l.3,4J), {4- or 5-{R 14 }-2-ihiazolyl). . . 

' . , 



--------~~----------------------- --

11 

,·.:: .. · ·:···:(4- ~.'s-.(R14}-~~o~~lidib~IJ~·(~·o~ s-.-lRi~j~l~hi~~UdinylMI·; 4- or."·:.··: .. ··~··:'·~·.·-;·.:.:·.~·:.:.:"°"."· .• ;-· 
~ ··.-.. ···· .s~<Rl~J~:l~irriidai~lidiriy°i)~ .-· ~ :·.·:.-_·· ... ·::·:~·.;..~-:·:·~·· .... ·· .. ~·· .. · .. ··.·~.·~·:· ,· 

R1 is -(~R5)qRl2 or C1-6 alkyl wherein the R12 or CJ-6 alkyl gioup is optionally 

su_bsdtuted one or niqre times by C1-2 alkyl optionally substituted. by one ro tbz:ce fluorines. 
5 .• f. ·Br. -Cl, -N02. -NR10R1 h -C(O)Rg. -C(O)ORs, -ORg, -CN, ,-C(O)NR10R11, 

·-OC(O)NR(oRil, -OC(O}Rg.-NR10C(O}NRioR11, -NR10C(O)Rri.:.miocc6)0R.9, •... 
-NR10C(O)R13. -CCNR10)NR10R11, -C(NCN)NR10Rllt -C(NCN)SR9. 

-NR10C(NCN)SR9. -NR10C(NCN)NR10R11, ... Nft10S(0)2R9, ·S(0)m'R9t 
·NR1QC(O)C(O)NR10R11, ·NR10C(O)C(O)R10, thiazolyl. imidazolyl, oxazolyl, pyra.zolyl, 

10 aiazolyl, or tetrazolyli 

q is O. l. orl; 
R 1l is C3-C, cycloalkyl, (2·, 36 or 4-pyridyl). (l- or 2-imidazolyl), pipctazinyl. 

morpholinyl. (2- or 3-thienyl), (4· or 5-thiazolyl), or phenyl; 

the doued line formula (a) represenu a single ·or double bond: 
1.5 Rs is independently ~elected from hydrogep or.~9; 

' ' • I ' I n ·L:-- ' • • '"' ',.,,,. ... ,_, ... _., -•-

• R~ is C1.4 alkyl optionally substituted by one to three fluorines; 

Rio is ORS orRJ J; 
R 11 is_ hydrogen or C 14 alkyl optionally subs~tuted by one to three fluorines; or _ 

when R 10 and R 11 are as NR 10R 11 they may tOgether with the nitrogen form a S to 7 · 

lO membered ring optionally containing ~t 1~st o~~ addiuona1 heteroatom selected from. O/N/or S; . . . . . . . .. . . .: . 

. Rt3 ii oxuolidinyl, oxazolyl, drla.zolyl. pyrazolyl, uiazolyl, telluolyl, imidazolylt 

imidazolidinyl, thia.zolidinyl, isoxa7.0lyl, ox.adiazolyl, or thiadiazolyl. and each of these 
het~rocyc:lie rings is connected: thrc?ugh a carbon atom and each may be unsubstituted or . 

25 substituted b)" one or two C1.2 alkyl groupi.;° 

30 

Ri4 is hydrogen or R7; or when RIO and R.14 are as NRtOR14 they may together 

with the nitro,1en fonn a 5 to 1 membered ring optionally containing one or more additional 
heteroatoms selected from O!N/or S; 

provid~d that; 

a) when R12 is N·imidazolyl, N-~lyl. N-pyrrolyl. N-pipcruinyl. or N-

morpholinyl. then q is not l; or 
. 

b) wnen Rl is CF2H or CF3, Xis F, OCF2H, or OCF3. X5 is Ii. Z. is C(O)OR.14.and 

~14 is CJ-7 \lnSUbstituted aitcyl, then R3 is other man H; 

or the pharmaceutically aceeptable salts thereof. 
35 Exemplified compounds of Fonnula (~ ~: 

methyl 4-cyano-4-(3-cycl0pentyloxy-4-methoxyphenyl)cyclohe~-l-ene-l­

carboxylate; 
4-cyano-4-{3-cyclopentyloxy-4-methoxyphenyl)cyclohex.-l-ene-l ·carboxylic acid; 
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• c:atbcixylate]; · · · · · : · 

methyl trans·( 46Cyano4-(3-cyclopcntyloxy-4-methoxyphenyl)cyclohexane·l • 
carbo:iGylatc]; 

~ethyl. c_is- I 4-:(3t~:·bis~ifluor~~~!'~~~t:~Y.l~~c;Yf:Il~~!o1J~~~~ 1 ~~~y,l~}t;~; ...... . 
methyl rr.a.ns-{4-(3,4-bisdifluoromethoxyphenyl).4·c:yanoeyclobexanc-1-carboxylate); 
ci.f..[4-cyano-4-(3-cyctopentyloxy·4·mcthoxyphenyl)cyclohexane· l-c:arboxylic acid};· 
cis-[4-cyano-4-(3-cyclopcntyloxy-4-methoxyphcnyl)cyclohexane·l-catboxylatc], 

rris(hydroxymethyl)ammonium methane 5alt; 

I 0 cis·(4·(3,4-bisdifluoromethoxyphenyl)4-C)'U1ocyclohexane· l ·carboxylic acid)t 
1rans-(4-cya.no-4-{3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-l-carboxylic 

15 

20 

25 

acid]; 

cls·[4-cyano--4·C3·cyclopropylmethoxy-4-methoxyphanyl)cyclohcxane-1-carboxylic ... . .. . . . . . . 
acid}; 

. . trr!IJ'·J4:cyano~.~:cyctopropyl1)1ethoxy-4-meiQ0xyp1JenyU~.Y.cl~~ne-:.l- .. . . .. . .. . . . . .. . . _ ·-· 
carboxylic acid); :. .. . · 

methyl cis-[4·cy~no-4-C3-cyelopropyl~ethox3".-4·methoxyphenyl)cyclohexane· l • 
carboxylare}; · 

methyl .rrans-[ 4-cyano-4·(3..cyclopropylmethoxy+merhoxyptienyl)cyclohcxane-1-
carboxylatel; . . . . . . 

~ethyl ci.r·[4-cyano4-(3..cyclopr0pylmctbox:y.-4-
diflll0romethoxyphcnyl)cyclohexane· 1-carboxylatc]; 

methyl rrans·[4-cyano-4-(3-cyclopt0pylmethoxy-4-dif1uoromcthoxyphenyl}· 
cyclohcxane-l-c:arboxylate]; 

cls·[4-cyano-4-(3-cyclopropylmethoxy-4-ditluoromcthoxyphcnyl)cyclohcxane-1-

carboxylic acid]; 

trans-[4-cyano-4·(3-cyclopropylmethoxy-4-difluorom.ethoxyphenyl)cYClohcxanc· 1 • 
., c:arboxylic acid]; . 

Ci.!'·[ 4-eyano-4.(3-cyc:1opentyloxy4-methoxyphenyl)cyclohex1ne· l-catboxamide}; 
30 cis-[4-cyano-4-(3.4·bisdifluoromethoxyphenyl}cyclohexane-l-carbo.umide}~ . . 

rrans-[4-cyano-4-(3.4-bisdifluorometh.oxyphenyl)cyclohexane.-1..carboxamide]; 

cit•( 4+cyano--4·(3A·pisdifluoromethoxyphenyl)eyelohexane-1-carbohydmide]~ 

cu-[ 4-cyano-4-(3,4-bisdifluoromethoxyphenyl)cyclohexane· 1·(2-
acetylcarbohydrazide)]; 

35 cis-{ 4-(3.4-bisdifluoromcthoxyphenyl)-4-cyano-1-(3¥methyl[l.2.4loxadiazol·S· 

yl)cyclohexane); 

cis-{ 4-(3,4-bisdifluoromethoxyphenyl)-4-cyano--l-(2-methyl[1.3,4Joxadiaiol-S-
yJ)cyclohexane}; 
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• c.:11 ... { 4-c;;:4· t>i~fluoi'Pm~tlioxypb.eiiyl)-4.:.ey.ni>-'i.:c2~m-emyu 1 ;3~~1 miiiWU:Ot;sr ~ . .-·-·:· . · .. ,. : . . . . . . . . . 
yl)cycloheXanc}; 

c:/.r .. [4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1 .. hydroxy-1-
tris{methylthio)mechylcyclohexane); 

.5 methyl .cis-(4wcyano-4-(3~opropylmerhoxy-4-methoxJPhcnyl)-l-hydroxy- : · · 
eyelohexane· l ·carboxylate]; 

elf-( 4-cyano-4-(3-cyclopropylme.thoxy-4-methoxyph~yl)· l-hydroxycyclohexanc· ~-· 
carboxylic acid); 

cis·[46cyano-4-(3-cyclopropylme:ihoxy-4-m~oxyphenyl)-l·hydroxycyclohexane- l-
1 O carboxamide]; 

, . 

i~-

· methyl els-[ 4·cyano-4-(3-cyclopropylmctho:iy-4-melhoxyphenyl)· l ·methoxy­
cyclohexane-l .-carboxylatc]; 

ci.r-[ +cyano-4-(3-cy~loprgpybncthoxy-.4-methoxyphenyl)· l-mcthoxycyc:lohcxane· l • 
carboxylic acid); 

c4s-( 4-cyano-4-(3-cyclopmpyJmethoxy-4-mcthoxyphenyt)· l.·methoxycyclohexane· l: 
!~~ .carboxamidc];· · ·· 

2.5 

rranr-{4-c:yano-4-(3-cyclopropylmethoxy-4-niethoxyphcnyl)· l ·hydroxy.cyclohcxan.e­
l-carbo:Jtaldehyde}; 

methyl rro~-[ 4~o-4-(3-cyclopropylmethoxy-4-methoxyphcnyl)-1~ 

hydro~ycyclohexane·l·~~~la~J; : .: . .- . . . . . . . 
rrans-[4-cyano-4-(3-cyclcpropylmethoxy-4·mcihoxyphcny1)·1 ·hydroxycyc1ohcxane­

l-carboxylic acid]; 

methyl 1rans-{4-cyano-4·(3-cyclopzgpylmethoxy-4-methoxyphcnyl)-1 • 
methoxycyclohckane-1-ca.rboxylare]; · · .. · · 

iran.s-[4-cyano-4-(3-cyclopropylmethoxy-4 .. memoxyphenyl)· l·me1hoxycyclohexanc· 
1-carbo::itylic acid); 

rro.ns·[~cyano-4-(3-cycloproPYlmmhoxy-4-methoxYPhcnyl)-l-mcthoxycyclohexane-

1·carboxamide); 

cis·[4.:C,ano-+(3·cyclopentyloxy-4-methoxyphenyl)cyclohexane-l-carboxamic 
30 acid]; 

N·methj'l·ci's·f 4-cyano-4-(3-cyclopcntyloxy+mcthoxyphenyl)cyclohex.ane .. 1-
carboxamic acid}; 

ci.s .. [4-cyano-4-C3·cyclopentyloxy-4-mcthoxyphenyl)cyclohexane-1-N-(2-
cyanoethyl)earboxamidc]; 

35 ci.t-[1·(2-eyan<>ethyl}-s.:..t 4-cyano-4-(3.:.Cyclopentyloxy-4- · 

methoxYJ>hcnyl)cyclohexyl }tetrazole]i and· · . 

cls-[4...eyano-4-(3-cyclopentyloxy..4-mc1box.yphenyl)· l ·{tetraz?l-S·yl)cyclohcxane}. 

Some compounds of Fonnula (I) may exist in both racemic and optically active 

fonns: ·some may also exist in distinct ~astereome.ri~ fonns possessing distinct physical and 

... 
: ·.: ... 
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0 
\'o O .::~: •' ~t 0 ,•: I : O :- ,: o 0 .... :: ·.;:. ·, • .. • :; :::;O o ,;' ~O .. · .. · ; .. ,.,-· ... ·::, bfol~~ propc~~· All of~~~polinciS"are:·cansidcrcd·to be.VibhiJi.thescop~Pfthe ... ."{>.·· :·- ;·.:· · OoO o• •• I : I ,o ' o ' o o •o 0 ••o o O 1 I 0 "O o I · present invention.' Therefore another aspect ·of the piesent in~entioil is the administration ·of· · · 

either a racemuc, a single enantiomeric (ormt a single diastereomcric fonu, or mixtures 
thereof. 

5 . . . ~C:: ~m1S. ~f!. !n9 .. 1r,.~n.~sy~~~o~. ste,re~_he~ at .ftle. C .. l PC?$itiqz, of the cyclohexane 
ring relative to the R3 group at the C.-.4 position. 

'the tenns"Ct-3 alkyl"T "C14 alkyl", "C166 alkyl" or "alkyl" include bolh sttai,1ht or 
branched chain radicals of 1 10' 10, unless the chain length is limited ·there.to. including, but 
not limited to methyl, ethyl, n-propyl, isopmpyl, n-butyl, sec·butylT isobutyl. tert-butyl. and 

10 the like. "Alkenyl'' includes both straight or branched chain radicals of 1 to 6 carbon lengths, 
unless the chain len&t}l is limited thereto, including but no~ limited to vinyl, l·pmpenyl, 2-
propenyl, 2-propynyl, or 3-rnethyl-2-propenyl. 11Cycloallcyl" or "cyeloalkyl alkyl" incb1des 
groups of 3-7 c~n atoms. su.ch as c:yclopropyl, cyclopiopylmethyl, cycl0pcntyl. or 
cyclohcxyl. "Aryl" er "m.lkyl", unless specified otherwise, means an, aromatic rit!g or ring 

15 s:y:s~ yf Q· \ 0 c;J.rbon ~tt~ms. such ~ phenyl,. ben%)'1,. phencthyl. or naphthyl. Preferably the 
aryl is nionocyclic. i.e. phenyl. .The alkyl chain includes both straight or branchecl chain 
radicals of 1 to 4 carbon atoms. "Heteroaryl" as used perein, is meant an aromatic ring 
system containing one or more heteroatoms, such as lmidazolyl. triazolyl, oxazolyl, pyridyl, 
J>Y.rlmidyl. pyrazolyl. p)'Jl'Olyl. furanyl, or thicnyl. "Halo" as used herein is meant all 

20 ~a101egs. i.e., tjll9t:0. ~.uo~ .. p~omo, or iodo. . · 
• • • .J • ;,.. • ••• • • .. ' • : • • • •• • • • ' : • ' • • ~ ". • • • • • The phrase ''inliibiting the production of n.,.:.1 •• or «inhibiting the production of TNF' 
means: 

a) a decrease or excessive in vivo ll.r 1 or TNF levels, rcspec:tively. in a human to 
normal levels or below not'mal levels b"y inhibitlon of-the in vivo release of D..-1 by all cells • 

. 25 including but not limited to monocytos or macswhagcs; 
b} a down regulation. a~ the translational or transcriptional level, of excessiye in vivo 

lL-1 or 1NF levels, respectively, in a human to nonnal levels or below nonnal levels~ or 
c} a down regulation.. by inhibition of the direct synthesis of IL· 1 or Th'F levels as a 

postmnslational event. 
30 "TNF mediated disease or disease srates" mans any and all disease swes in which 

TNF plays a roie.. either by prodac:aon of TNP itself. or by TNF causing another c:ytoldnc to . . 
. be relcasod. sud! as but not limited to IL· l or IL·6. A disease itate in which IL ... l. for· 
instance is a major componc:nt. and whose production or action, is exacerbated or secreted in 
response to TNF. would therefonr: be considered a disease $tate mediated by TNF. As TNF-G 

35 (also kno~ as lymphotoxin).has close Sb'UCtUral homology with TNFaa. (also known as 
cachectin). i~d since each induces similar biologic ~sponses and bands.to the same cellular 
receptor,. both TNF-a and TNF-B arc inhibited by the compounds ·of the pre.sent invention 
and thus are herein rcfcmxl to collectively as "'TNF' unless specificaily delineated ozhmwise. 
Preferably "INF-a is inhibited. 
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.... -~ .. ·. ···.:·. ":. ·::. ,;; ·~cytoki~erJ·.means'any secreted po1yPe.ptide that'atfects the function?; of c:.el~ .. aatriS'a . 
moiecule which moduhttes interaction~ between cells in iI~un~net 

0

inflarmnatmy, or . . .. 
hcmatopoietic responses. A cytokine includes. but is not limited to, monokines and 
lymphokines regardless of which cells produce them. For instance, a monokinc is generally 

. . . .5 refe~c:d to as being produced and secreted.by a mononuclear ccll,.such IS a macrophage 
and/or monocyte. but many other cells produce monokines. such as aatural killer.t:elb. 
fi.bmblastS, basophils; neutrophils. endochelial cells. brain astrocytes, bone man:ow stroma! 
cells. epidennal keratinocyt.es1 and B-Jymphocytr;s. Lymphokines are gen,erally referred to as 
bping produced by lymphocyte cells. Examples of cytokincs for the present invention 

I 0 includ~ but are not limited to. Imcrleukin-l (JL.. l)t Interlcukin-6 (ll.-6). Interleukin-8 (U.-8). 
Tumor Necrosis Factor·alpha (TNF-a) and Tumor Necrosis Factor-beta (TNF-B). 

The cyrokine inhibited by the present invention for use in the treatn_lent or a HIV­
i~fected human must be a cytokine which is implicated in (a) the initiation and/or 
maintenance of T cell activation and/or activated T t:cll·mediated IDV gene expression and/or 

. 15 replica~io~, and/or (b) any cytolcine·tnediated disease •~sociated problem such as eachexia·er ............ ·· 
muscle: degeneration. Preferrably this cytok.inc is 'INF-a. 

All of the compounds of Fonnula (I) are useful in the method of inhibiti~ the 
production of TNF, preferably by macrophages, monocytes or macrophages and monocyte5, 

. in a mammal, inclu~ng huJIJans. in need thereof. All of the com:pounds of Fonnula 0) are 
.fO: · useful ip .th~ method of inhibiting or mediating the en?.:ymatie or catalytic activity of PDE IV . ... . . .. . . •' . . . . . 

and in ueahltcmt of disease states mediated thereby. 

METIJODS OF P&EPARA TIQN: 
Preparing compounds of the fonnula (I) can be carried out by one of skill in the an 

25 a.ccordina to the procedures outlined in the Examples, infra. The prcpararion of a:ny 
remaining compounds of _the Formula (l) not described therein may be prepared by the 
analogous processes disclosed herein which comprise: 

a} for compounds of the Formula (I) wherein R3 is H. CN. OR9. Ct .4 alkyl or ei-4 
halosubstitutCd alkyL wherein X or X3 is other than Br, 1. N02. amino. formyl amine or 

30 S(O)m' when m' is 1 or 2, wherein Z is CHO and the double bond is present, reacting a 
compound of the Fonnuia (2) 

0 

(2) 

wherein Rt represents Rt as defined in reiation to Fonnula (I) or a group C:onvertable to R1 
and X and X3 represent X and X3 as defined in relation to Formula(~) or a aroup convtrtable 

35 to X or X3 and R3 represents R3 as defined in :relation to Fonnula (l} or a group convtrtable · 
to R3~ with nirromethane in a suitable non-reacting solvent in the presence of a base (catalyst) 
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. :~ · .. · · . ."·. ::::~-·. ·:. ·: !<? .pmy;ide ·PO~pqU:nd~ .df. di~ fprmµla.. (l). ~h~in -~~:is,l:l.~CN~OR.9~ G 1.~4 ~kyl1lf"~l~: :· :.::~7.: ::::·.::· ··:·":: 
. . . . .... · .·· halosubsdtuted dkyl~ y.;herei~ x and x3 ~e other than Br, I~ N02. amino. "tonnyl ~i~e 0~1 

/:•· • : •· .. ; 

5· 

S{O)m' when m' i$ 1 or 2, wherein Z is: CH2N02 and the double bond is present: treatment of 
such compounds with a basct suc::h as sodium mcthoxidc, in the presence or. e.g •• buffered 
titanium aiehloride, provi?es compoun~ of the Ponnula (I) wherein R3 iJ H. CN, PR9, ...... ~· ..... "~ ... , .... 
c i-4 alkyi or c·I-4 h~osubstltuted alkyl, wherein x Dr X3 ate other than Br. I+ N02. amino, 
formyl amine or S(O)m' when m' is l or 2 and wherein Z is CHO and the double bc!nd is . 
present. Double bond reduction of such compounds of the Fonnula (I) provides the . 
corresponding saturated ring Fonnula (I) compounds; oxidation of the aldehyde function of 

l 0 either these saturated or unsaturated compounds of the Fonnula (I) provides the 
cotresponding Formula (I) catboxylates (Z = COOH), which may be converted by standard 
procedures with proper manipulaEio~ of any chemically sensitive functional groups to the 
cotrespondbtg ester. ami.de. niuilet oxazolidinone. cte., Z groups of the Fonnula. (!). 

Alternatively. reaction of a compound of the Formula (2) with. e.g., tosylmethyl 
15 isocyanide 1:nd powsium.::~-:l?utoxide {fol)o~ed by hydrolysis) or lithium . · · · · ···--·~· ·· 

· m~~hoxypbenylthionimct~ylsilylmethane (followed by _.hydrolysis) provides compounds of· 
the Formula (I) wherein R3 is Ii. CN. OR9, Ct-4 a1kyl or Ct-4 ·halosubstiiuted alkyl.· · 
wherein X and X3 are ocher than Br, 1. NOi. amino. fonnyl amine or S(O)m" when m' is l or. 
2, wherein Z i~ C02R 15, the doub~e bond js p~t. and R 15 is H or simple alkyl; tJie!e .then 

20 may be converted by standard procedures with proper·m~ip_ulati.on (proteetton/dep11>tection} ·· 
·of any chemically sensitive functionai gio~ps 10.lhe com:spondinJ ester, BnJidc, ninile. ·. 
oxuolidinone, etc., Z sroups of the Formula (I). 

Alternatively, reaction of a compound of the Formula (2) with, e.g .• ttiflic anhydride 
in the presence of an appzopriatc lertiary amipe base. or with an alkyl lil'.hium at a reduced 

25 temperature followed by treatment with N·phenY.l trifluorosulfonimide, provides the 
correspondin1 enol triflate. which is then reacted with carbon monoxide in the presence of an 

• alcohol or amine and an appropriate palladium catalyst to provide: compounds of the Formula 
(l} wherein R.3 is H, CN, OR9, C1-4 alkyl or C1.4 halosubstituted alkyl, wherein X and X3 
are other chan Br. I. N02. amino. fonnyl amine or S(O}m' when m' is l or 2. wherein Z is 

· 30 C02R15 or CONR10R14. the double bond.is present. and Rts is Hor simple alkyl; these 
then may be co~verted by standard procedures with proper manipulation · 
(protecdon/deprotection) of.any chemically sensitive functional groups io rhe corresponding 
estert amide, nitrite, oxazolidinone. CIC., z groups of me Formula (1) •• 

Alternatively. reaction of a compound of the Formula (2) wifh, e.g .• lithium 
35 trl${methylthio)methane at reduced tempcn.run:., followed b)l mercury salt hydrolysis and 

alcohol treattnent provides compounds of the Fonnula (I) wherein R3 is ti. CN, OR9 , C1-4 
alkyl or C1.4 ha.losubstituted alkyl, wherein X and X3 are-other than Br. I. N02. amino. 
fonnyl amine or S(O)m' when m' is l or 2, wherein Z is C02R1s and Xs is OH. the double 
bond is abscn?t and RJS is H 0r simple alkyl. Such compounds may also be obtained by . 
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. trimelliyl$ulfciniutri iodide arid an appropriate base~ such as sodium hydnde, to provide the 
exo-epoxide followed bY treatment wirh aqueous potassium hydroxide in, e.g •• 
dimetbylsulfoxide and oxidation of the resulting primacy alcohol to the c.arboxyl provides 

5 compo~n4s o~ the F1;Jnnu1-. (I) wherein R3.is H, CN. OR9 •. G.t.-4 al~l(>r CI-4 , .. }·· . '··· . •. 
halosubstituted alkyl, wherein X and X3 are other than Br, I, N02. amino. fonnyJ amine or 
S(O)m' when m' is 1or2, wherein Z is C02R15 and XS is OH, the double bond is absent,~ 

10 

and RlS is Hor simple alkyl; the Rs hydroxyl may be alkylarcd and these compounds then 

may be convened by standard pmcedures with proper manipulation (protection/deprotection) 
of any chemieally sensitive funcdonal groups to the corresponding ester. amide. nitrilc, 
oxazolidinone, etc., Z groups of the Fonnula 0). 

Alternatively, reaction of a compound of the Fonnula. (2) with, e.g., 2·1ithio-2· 
(trimethylsityl)·I,3-dithiane followed by acidic hydrolysis with a mercury salt. such as 

mercury (II) chlorjde. or reaction of a compound of the Fonnula (2) with, e.g.; sodio--[diethyl 
r·butoxy(fYa.no)medtyl phosphonate] followed by treatment with acetic anhydride· a~(f~ zinc-

'i..'.:';. halide and lhen followed by treatment with an alkoxidc: provides cOinpounds oi rhe ~imu.la 
(I} wherein R! is H, CNt OR9. CJ-4 alkyl or CJ-4 halosubstituted alkyl, wherein X and X3 
are otlier than Br., I, N0.2, aminot fonnyl amine or S(O)m1 when m' is 1 or 2, wherein Z is 
C02R15, the double bond is not present, and RtS is Hor s~mplc alkyl and Rs is H; these . 

20 

25 

then .may be convened-by .st~dai:d procedures with,prOF. man~pu~ation · . · : · . : · 
(pro~onid~protectiOn) of any che~ly se~sirl~ funcri~n~1 ·iroups to the ~p~Cllng 
ester~ amide. nittilc, ox:12:olidinone, etc., Z groups of the Fonnula (I). 

Preparation of such compounds of the Formula (I} wherein R3 is C(=Z')H proceed in 
an analogous fashion from the compound of the Formula (2) wherein -..z· is an aldehyde 

protectini group, such as a dimethylacctal or a dioxolane.. followed by aldehyde·deprotection 
and subsequent manipulation by standard procedures known to those of skill in rhe an io the 
remaining compounds of the Formula (I) wherein· Z' is other than 0 or R3 is other than H, 
CN. OR9 • CI-4 alkyl or Cl-4 halosubstituted ~lcyl. 

With Jjroper manipulation {proteetion/deproteclion} of any chemically sensitive 
30 functional groups: 

a) Comj,ounds of the Fonnula (I) wherein X or .X3 are formyl amine may be f0%11lcd 
.at the las1 step. by formylating a compound wherein X or X3 is NH2., obtained by removal of 

a protecting aroup from the amine functionality; such protective aroups arc well known to. 
those skilled in the an, See Greene, T. and WutS, P.G.M., Proteeting Groups_ in Organic 

35 Synthesis. 2n~ Ed.. John Wiley and Sons. New, York (1991). 
c) Compounds of the Fotmula (I) wflerein X or X3 are Br or l ~y be prepired fi'om· 

a similarly deprotected. amine by diaiotization of the amine and diazonium displacement. 
d) Compounds of the Fonnula (I) wherein X or X3 are N02 may be p~ared from a 

similarly dcprotected amine by oxidati~n of the. amine to the nitro group. 
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-.· .. :: ... ·.-.-:.: .. _;.:'..~ .~;: O?~~Q~¥~~fiif~.~~~ta~~~~~f~be~n ~~~.~i9>~:·:~~~~:1; i.«.~·~~-·-.:; -· · =· . : ·:·· .. '< ·: ·. prepared 'from the cempounds of the" Formlila.(I) wherein Y is S by oxidatio~ of the SR2 
moiety under conditions well known those skilled in the an 

Compounds of me Fonnula (2) ma.y be. prepared in tum by the processes de5cribed in 
5 co-pendina application U.S. Serial Number 07/~62.~8~ r*~ 2 A¢.l Hl~2 ~d t4c . . . . . _ 

eorresponding conrinuado~~in:p~ ~ppiiCatio~ fll~d ~~ ~ven date h~with. . 
lt will be rec'?gnized that compounds of the Formula (I) may exist in two distinct , 

diastercomcric forms possessing distinct physical and.biological pmpenic:s; such is~mers 
may be separated by standard chromatographic methods. : 

10 Tire following examples and meirhods arc provided tO ilb.tSttate how .the make and USC 
the invention. These materials are not intended to limit the invention in any manner. please 
refer to the. claims appended hereto for derennining what has been reserved to me inventors 
hereunder. 

15 svr;mwnc EXAMPLES 
... EXAMPLE l 

Methyl 4-qyano:4-C~-cyclopen1yloxy..4-methoxyphenyllcyclphex- l .. ene-1-carboxylare 
4-Cyano .. 4-C3·cyclopeniyloxv-4:JJJethox;mhenyll .. J-cyclohexenY1 

trlfluommethylsulfonate To a solution of diisopropylamine [ 1.95 milliliters (hereinafter mL). 
I ... I ' 

20 13.9 milUmoles (hereinafter mmol)J in tettah)'dr9!uran 02. ~) at 00 .c under an argon 
' 0 0 ... o I IJ I I o ,o o o •'I 0 o .. o I I 6 I I 

atniosphere was added n-butyllithium (5.8 mL n~2.S~ solution, 14:1.s·mmol). lhe resulting 
solu~on was ~tirred ror 25 minutes (hereinafter min) and then was cooled to .. 7soc. To this 
was added a solution of 4-cyano-4-(3-cyciopentyloxy-4-methoxyphenyl)eycloheun-1-cne r2 
gra.µis (ha:einaftcr g). 6.64 mmol) in ~trahy<;frofuran.(9 mL). The resulting nrlxture was 

25 stirred at -780 C tor 2 hours (hereinafter h), at which time N·phenyJ .. 
trifluoromethylsulfonimide (4..98 g. 13.9 mmol) was added. The m~turc was allowed to 
w:ann slowly to room temperature ~ after Sh. the rni.xture was poured into water and 
exrra.cted with methylene chlo~c. The organic extract was dric~ (pm:assium carbonate) and 

- -
concentrated ut1der red.need ~sure. The residue was purified by flash chromatography. 

30 eluting with 4:1 bexanes/ethyl acetate, to afford an oil (1.09 i· 379&). 
Meihyl ~·gyano-4-C3;;yclopcmtyloxy-4-nlemoxyphenyl')eyclohex-1 .. ene-1:. 

carb9xvlare To a solution of 4-cyanQ-4 .. (3-cydopentyloxy-4-methoxyphenyl)·l· 
cyclohexenyl trifiuoromethylsulf'Ol\atc (1.0 g, 2.24 mmol) in l: 1 methanol/.NyN• 
dimethyl£ormamide (8 ml..) were added tricthylamine (0.66 ~ 4. 72 mmol) and . . 

35 tetrakis(aiphenylphosphine)palladium (0.13 g,O.l l mmol). The resulting mixtUtC was 
stirred at room temperate.re in the dark under a carbon monoxide atmosp~cre for 3h. The 
mixture was partitioned be.tween water and ethyl acetate, the organic extract was washed 
three times with water, once with brine. was dried (powsium carbonate) and_ was evaporated. 
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• '" o o •. ( if ;,. • "' .. ; F •• o : ., • jl 0,• • •, • .: ,'•: '. ; •"' '•"' ,• :"'r ' ~' •:' ': :' ' ,: • o • o ' • • ;- • ":, • ',, f = .. , ;:.: ..... ~:.':; :}' !' .. -,:~!: ',: . . · · · .. ~" . .:- :-.: : .,.~ · ·. ":Pufffi~-by..~h·:cpm~tp8rapli,Y.-.,1q~g wtth 1·:·1'hexanc:s/ethyl «cerate; ·:PfoVidCQ.·an:·:~ :~ ~'· ·.:.-~~ ;·: 
0 O o o .. ,, ,. ,o 4 I " O ,' 

0
0 I I 0 : 00 O o O 0 •:, of .. '•I\. . . off-white solid.(0~64 g. SO%): m.p. 128~i290 c. . ... . ... ·· .. 

5 

Analysis Cale. for Czl H25N04· l/8 H20~ C 70.5~ li 7 .12, N 3.92: found! C 70.45. H 6.93. 
N3.87. . 

. . . . •, . . . . ~· . ; ·. . . : .... ·.· 

4-Cyano-4 ... .Q-cyclqpentyloxy=;4·methoxXPhenyllcyclohex-1-ene-l ·~vlic acid 
To a solution of methyl 4-cymo.+-(3--cyclopcn~loxy4-methoxyphcnyl)cyclohex· l­

ene-l~carboxylate (0.07 g, 0.18 nunql) in methanol {0.5 ml.. conrainingjusr enough 
10 tetrahydrofuran to solubilize the ester) under an irgon aunosphere was added a solution of 

potassium hydroxide (0.03 g. O.SS mmol) in water (0.4 mL). The resulting tDixture was 
stirred at room temperature for 4h, then poured into water and extracted wirh ethyl acetate. 
The aqueous phase ~ ~~idi~ed wi~ 3N hydrochloric acid and extracted twice with ethyl 
acetate.. The m;Pnic ph.Ue from the acid extraction was dried (sodium sulfate) and .. 

15 conccnrn.t~~ I;1nd~ reducca pressure t0 _ptevide a viscous oil. which solidified upon standing. -· r . • 
The IOlid WaS rcctystallized from hex~nes/methylene chloride (0,05 g, 821J&}: m.p. 161- . 
1630C. 

Analysis Cale. for CzoH23N04· I/2H20: c 68.ss. H 6.90. N 4.00; found: C 68.65. H 6.S5. N 
3.82. 

20 . . .. . .. · . . . . · . EXAMPLE l . 
· · M~t~yr cis- ilnd ttaiit-(~cyi~-C·-~natoiy-4~methoxxvhmvllgycloheXane-J: 

grboxylatt] 
Prj>cedu" 3A: 

To a solution of methyl 4-cyano·4·(3-cyclopentyloxy-4-methoxyphenyl)cyclohex-l-
25 ene-1-carboxylatc C0.26 g. 0.73 mmol) in mcthanoJ (12 mL) was added 10% palladium on 

acdvated carbon (0.15 g) and ~c resulting mix.tun: was hydrogenated at SO psi for 5h. The 
mixture was ftltercd through a pad of C'.elite and concentrated under reduced pressure. The 
residue was pardEioned between methylene cftloride and water, the ex.tract was dried 
(potUsium carbonate) ~d evaporated to a solid which was primarily the ci1..estcr (0.14 g, 

30 54"1}: r.n.p. 94-9SoC. 
Analysis Cale. for Cz1H27N04·1/8 HzO; C 70.32, H 7.38, N 3.90; found: C 70.33, H 7.,9 • 
. N 3.81. 

Procedure 38.i 
35 2-C4-Cnno-4-(3-s;yclopentyloU-4 .. methox"Q>h;nyl)cyclohex:ylidmJel· l.)-dithiane To 

a solution of·i-mmethylsilyl-1.3-dithiane (9.25 mL, 48.7 mmol} in dry tetmhydrofura.n {80 
mL) at oo C under an argon atmosphere was added'rapidly n-butyllithium {2.SM in hex:anes, 
19.2 mL.. 48 mmol). After 10 min, the mixture WU cooled to • 78°C and a solution of 4-
cyano-4-{3-cyc;lopentylo)ty·4-mcthoxyp~enyl)cyclohewt-1-one a .~3 g, 23 mmnl) in 



.... · .... ~·~ .. : ........... : ... ;. :···:·.'.:~·::·:;·>.·,.·~~·: . . ··. ·:.}.~:: . .. : .. : ..... · .. ··· :/.">> ··. : . ..: ·,-,:~:;·"~ 
: ... · ,·" .. : ~ ... t · · · :. ·ic~ydr0fur3:n (40 ·~) :w.'~ .~dcrL: After ·~O. ~n9aquco~ ·sodif.!zp:Chlori~~ was a.dd.c;d .. .pi~"··: ~: 

0 0 , I t 0 0 0 I 0 • 0 I • I 0 I 

mixture Wa$ allowed to warin to room iemperal\11'e and was diluted With water. This mixiure 

5· 
•o I 0 

10 

was combined with the product o( three substantially similar reactions conducted on ketone 

(3.04t 6.0 I and 6.1 g. 48.3 mmol total}, the combined mixture was extracted three times with 

me.thY~C%JC ch.lm¥e, ~e. ~p:a9t ~~ d1:ied (Q.'lagp~sium sulfate). and evaporated. PUrification .. 
by flash chromatography, eluting with 10% ethyl aceuue/hexanes. provided a white solid (26 
g, 87%): m.p. 115-1160C. 

· · Methyl cf,s-J4-eyan0:,4.(3-cyclgperttyloxy-4-methoxyphenvil;yclohexaned.: 

carb9xvlatel Perchloric acid (70%, 13.8 mL, 160 mmol) and mercuric chloride (34.1 gt 126 
mmol) were added to a solution of Z-[4-cyano-4-(3-cyclopenryloxy..4. 
methoxyphenyl)cyclohcxylidene]-1,3-dithiane (13 g, 31.3 mmol) in methanol (0.5 L) under 

an argon atmosphere and the mixture wu heated at reflux for 2h and then was allowed to stir 

at room temperature for 42h. The mixture was diluted with methylene chloride, was filtered 

througJl Celite and the filtrate was co~bined with that or a similar reacnon ~onducted 
15 concu.rrently on the same.scale. The mixture was neaallliz.cd with aqueous sodium 

.1 . . 

bicarbon~tc, was extracted three time$ with methylene chloride. the organic.exU"act was 
washed thtce times with aqueous sodium sulfite. was dried (magnesium sulfate) and was 
evaporated. Purification by flash chromatQgn.phy, eluting with 1"5% ethyl acetate/hexanest 
provided the cis-ester as a white solid (12.4 g. 56'1): m.p. 119-llOOC. along with an 

20 ~dditio.naJ quantity of slightly impure product (2.6 g, 12%). 
I• • •1• o o o 

" · ~ijhyl i:tam-.{4:.cyano-4=<1·eyclOpe~IYloX.Y.4.methox!Plie11yl}cy,;10hexan~1: . 
carbqxylateJ The trans-ester was also isolated from this mixture as a solid (l.04 g, 5%): m.p. 
50-SlOC. 

Analysis Cale.for C;z1H27N04·3{4 H20: C 67.99. H 7.74. N 3.78; found: C 67.98. H7.35, 

2S N 3.65. 

'.EX6MPLE4 

Methyl dJ. and rram:~r4-(3,4-RiJdifloorometlloxypbeny1>-4:eyanocxclghexane-I:. 
carboulatel 

30 Procedure 4A: • 
2-f 4-(3.4-Bisdlfluorometho,!lPhenyll-4-cyanocyclohexylidtnc1-'2·rcrt·blliy1ga:v · 

accronilrile Sodiur.n hydride (80% dis~ion. 0:35 g. 11.7 mmol} was washed three limes 

with pentane, was suspended in cettahydrof\Dll (15 ml.) at ~tn temperature under in argon 
atmosphere and diethyl 1er1-batyl(cyano)methylphosphonate (2.66 11 10.7 ~) was .&led. . 

35 After 0.5h. a ~elution of 4.(3,4-bisdifluo~mcfhaxyphen.yl)-4-cyanocyclohexan.:l--one (1.77 

i-· S.34 mmol) in tetra.hydrofuran "mL) wuadded and the mixture_was heated atreilux for 
0.5h. The mixture was cooled, aqueous sodium chloride and water were added. till: mixture 
was extracted three· times with ether. the extract was dried (magnesium sulfate) and 
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provided the title compound as a'white solht'(l.18 g, S2~}. · · " 

Methyl ci.s- and tr4n.r·l 4-C3A-bisdiflupromethox)!phenvl)+;yanpe)'Clohexane: 1: 

AArboXylarcl A mixture of2-[4-{3,4-bisdifluoromethoxyphenyl)-4-cyanoeyclohexyli4enel-2· 
S rerr-butyloxy acctonimle. (0.25. g. 0.59 JIU)lol) and zinc chloride (0.1 g. 0. 7 mmol) in.aceiic ..... , ... , · . . . 

0 • o •• .. • o I I 0 

10 

anhydride (1.5 mL) under an argon annospherc was heated at reflux for 10 min, was cool=d • 
.was diluted with water and was extraeted three times with ether. The organic exuact wa& · 

wqhc:d with water, dried (magnesium sulfate) and eva.pon.ted. A solution of this acetate in 

mcU\anol (6 mL) was treated with • solution of sodium merho:dde (25., in methanol, 0.17 
mL, 0.71 mmol) and the mixture was stirred under an argon atmosphere for 2h. The mixture 
was acidified widt hydrochloric acid (lN)t water was added and the mixture was extracted 

thiu times wi1h methylene chloride. The organic exnact was dried (magnesium sulfate) and 

evaporated. Purification by flash chromatopaphy and eluting with 20% ethyl 

acetate/hexancs provided the tram-·isomsr as a colorless oil (0.07 g. 30%). 
Analysis Cale. for C17H17F4N04: C 54.40. H 4.57. N·3.73; found: C S4.S7. H 4.St N 3.58. 

I • . 

~:: The cis·isomer wa& also isolated as ~yellow oil (0.1 g, 47% ). 

20 

25 

Procedure 48: . . 
Meth\ll '!~-0.4-bisdiflupromethoxxp;beny1l-4-cyanocvclohexane-1-carboxylate) A 

solution of ci.s-[ 4-(3,4-bisdifluoro~thoxyphenyl)-4-cyanocyclohcxane-1.cari>oxylic acid· 

(EXAMPLE IO. 0.07 g, 0.19 mmol) snd trimet!iyJsilyl chl~~e (0.12 mL. o.95 mmol). in 
methano~ (5 mL) was atim:d at mom temperature under an arl~n al!nosphere for 

0

24h. The 
solvent was evaporated ;md the residue was purified by flash chromatography. cluriag.with 

15% e~yl acetatelhexancs. provided a colorless oil (O.OS g. 63%). 
Analysis Cale. for C17H17:F4N04: C 54.40, H4.S7. N 3.73; found: C S4.4.5. H 4A9, N 3.42.. 

EXAM?LE5 
ds-f 4-Cvano-4-C3-gyclopentyloxy-4-mj;thoxJPhenxncyelohexane-1.qrbgxy1ic acidl.&Dd dt­

£4-C3.4-bjsdifluoromethoxJPhenyD..4..qanoc;yclphexane= 1-carboxyli~ gidl 

To a solution of methyl cis-[4-cyano-4-(3-cyclopentylo;.;.y-4-

30 methoxyphenyl)cyclohcxane· l-cmboxylatc] (0.12 g.. 0.34 mmol) in methanol (09 ml.. 

containing just enough tenhydrofmut to solubilize the ester) under an argon atmosphere 
was added a solution of potaSSium hydroxide {0.06 g, 0.9 mmol) in water (0. 7 ml.). The 
resulting m,,ix1urc was siirred at toa~ tempera.tun: for I.Sh, then poured into water and 
extracted with ethyl acetate. The aqueou$ phase was acidified with 109& hydJ:'ochloric acid 

3.5 and extracted ~~ with ethyl acetate. The orianic phase from· the aeid extraetion was dried 

(sodium sulfate) and concentrated under reduced pressure to provide a· solid. The solid was 
purified by flash chromatography, eludng with 490 inethanol/chlo~fOnn, to pmvide·a white 

solid co.os g. 44%): m.p. 1s1oc. 
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·In a similar manner there was prepared: 
cis-(4-{3A·Blstiifluoromethoxyphenyl)-4-cy'!flocyelohexane-l-carboxylic acid} as a 

S . solid: m.p •. J43-1449C.. . . . .. ·, · · .. · · · · · · ··· 
Analysis Cale. for Ct6H15F4N04: C 53.19~ H 4.18, N 3.88; found; C 53.57, H 3.91. N 3.S.9. 

EXAMPLB6 . 

gs~f 4·Cvanp-4-(3-cyclOpentyloxy-4-metboxYPbenyllgyclphexane• l •CarhoxylgtcJ. 

I 0 ms(bydmxymCJhyllammonivm rned!ane salt · 

To a solution of cls·[4-cya.no4-(3..cyclopentyloxy+merhoxyphcnyl)cyelohcxane-l • 
carboxylic acid] (0.17 g, 0.5 mmol) in methanol (2 ml..) was added an aqueous solution of 
tris(hydroxymethyl)aminomethanc (I.OM. 0.5 mL). After 10 min, the solvent was­
evaporated. toluene and methanol ·were added and me _liquids were tcmoved in vacl'O. 

15 Trituratipn wbh ethcrpravid.ed a white solid «J.18 g, 'i.99'): m.p.: 191:-1940C. · 
Analysis Cale. for C24H35N20,·2:SH20= C 56.51, H 8.11. N S.SOi found: C 56.44. H i.75. 
N 5.62. 

.. . 

20 tranx-£4-Cyano-4-(3·<;\rclOpentyloxy+methoxmheeyJlCyclohox~M:l-q.rboxylic gcia!J ·: ~· '.···": <. . . . .. . .. . .. . .. .... ... . . ..... 
To a solution of methyl ~an.f-[4-~-cyclopemtyl~xy-4- .. 

metlioxyphcnyl)cyclohexane· l-carboxylaicJ (0.68 g. 1.9 mmol) in methanol (8 mL, 
containing just c!'°ugh tetrahydrofuran to solubilize lhe ester) under an. argon &anp~Cre. 
wu addc.d water (4 mL) and' powsium hydroxide (0.32 g. S.7 mm0l). Tlic tciutting'iniimre · ,. · · 

25 was stixTed at mom temperature for 24h, was acidified with 10~ hydmchloric acid and was 
extraeted thtcc times with 10% methanoVmethylcne chloride. "Ibe organic exn:act was dried 

{magnesium sulf~) and concenttmd undc:r teduced pre5sure. Pl.11ifi.tation by fiuh 

chromatography, eluting with 4% methanol/lliethylene chloride, provided a white semi-solid 
(0.52 g. 80%): which was trituratcd with emerto yield a white '°lid (OA3 I}: m.p. 157-

30 tssoc. 
Analysis. Cale. for C20H2sN04; C 69 .95. H 7 .34 .. N 4.08; foand: C 69.69, H 7 .30. N 4.07. 

EXAMPl.EB· 

cis· and rrans.f4-Cxan<>·4...C3-cyc1gpmpylmethpxyflelbQDidtctj,yJmtohexane-:l;; 
35 ~lie lchll :: .·· . : ·. · · . . .. • . 

BA. 2-f4.Cnno-4-C3·cycloucntylOxy-4·metbOXYJ1benz1)c;yrj51hegyliditiel-2-recr .. 

bJ,ltylOX)' apnonirri1e This compound. prepared substantially as dc:scdbed above fOr 2-[4· 

(3.4·bisdiflumomethoxyphenyl}4~~ocyc:lo-bexy1idenc)-2-im~bl.nyh:)xy ~tonltrile in 
Procedure A of EXAMPLE 4, wa.s isolated as a wllite SOiid~ m.p. 1()9.;1 tOOC. 

'* · .. 
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· ~ . · · · ~··: .l~smomtc] These eompoimd.$, prepared substandally as described a.0ove for methyl cJS-
and tf'41Lf-'(4-(3,4"'.bisdifiu~methox.ypheny1)-4·cy&Qacyclohexane· 1-carboxylam] in ·. 
~~A of EXAMPLE 4, were isolated as solids (ci,s-isomer (0.35 g, 33%): m.p. 105-

S I060C; :rans-is9mer (0.S2g. 49%-): m.p. l03-1040C]. . . ~ ... . . . . .. . . , 
.. • • • • • • ••• • • .......... ~ f/• •• ,,. ~ .. '·':. - • • t. .. .. 

SC. Methyl cls-f 4-cyano-4-C3-czycloptO;RYlmethoxy·~ . . 
methOXVJ2ftCnyllcyc!ohexane-l-carbogyate) A suspension of methyl cis-(4-cyano-4-(3· 
hydroxy-4•methoxrphenyl)cyclohexanc-l-carboxylate] (0.35 g, 1.20 mmol), powdered 
potassium carbonate (0.5 g, 3.6 mmol) and bromomechyl cyclopropanp {0.3S mL. 3.6 mmol) 

l 0 in dry dimerhylformamide (15 ml.) under a.n argon almosphere was heated at 8SoC for 4h. 

~e mi:icturc was cooled, was diluted with water and was cxttacted thxcc times with ether. 
The organic extract was washed·four times with water, onee with briM.t was dried (po~sium 
carbonate) _and was evaporated. Plllifi~on by flash chromatography~ eluting with 20% 

15 

20 

25 

ethyl acetatelhexanes, provided an oil {0.34 g, 821/&). 
8D_ gs-f+c;yao_o+C3-cvclapro:gyJmethoxy..4-methoxyphenyllgyclohexanc-1.! 

carboxvU¢ acid] The title compound7 jJepa:n:d substantialiy u d.escribed a~ve for cfs-{ 4-

cyano-4-{3-cyclopcntyloxy..4·methoxyphenyl)cyelohexane-l-carboxylic acid} in EXAMPLE 
7. was isolated as a solid: m.p. 16S# 1670.C • · . 
Analysis Cale. forC19H23N04·l/S H20: C 68.53_,_~.7:08, N 4-21; found: C 68.76, H 7.07. 
N 4.16~-- . . .. .. . · · · · . · · 

~ • • • • • "•• • •• •• • .•s 

SE. Methyl rcan1.f 4-i;ya"n0i4~(3..cyclopiOPV1me!boxx:.4; . . • . . 
methpXyphenyllcyclohscane .. 1-carbqx.yaw The dtle compouni1. prepared subsbmtiaU.y as 
described above for methyl cu-[4-cyano-4-{3-cyclopropylmethoxy-4-
m~oxyphenyl)cyelohexane-l-carboxyate] i~ EXAMPLE 8C was isolated 8s a 10lid: m.p. 
121 .s .. 12soc . · · 
Analysis Cale. for C20H25~04·3/8 H20: C 68.60. H 7 .41., N 4.00; found! C 68.SO. H 7.:?8, 
N 3.88. 

- 8F. trans-£4-C.,vano-4-.(3-.cycJppropylmetbo'lV-4.methaxypJumvllcyclghaane-I:. 

carboxYtic acidl The title compound, prepared sub$tantially as de$cribed above for ds-{4-· 
30 cyano.4'(3.cyclopentyloxy-4-melhoxyphenyl)cyclohex.ane-l·carboxylic acid] in EXAMPLE . . . 

7. was isolated~ a solid: m.p. 1480C '. 
Analysis ~c. for C19H2]N~4= C 69.28. H 7.04't N 4.~; found: C 68.97t H 7.03. ~ 4.25 . 

. EXAMPLE. 9 . . . 
35 cis- 'nd JtQIIs-f 4.Cyano-4-(3-cyclopmpylmctboxv-4:difluofOJDCthoxygbenyDgolohenne .. t,; 

_ 'carb9gylic i.cjdJ · . 

. 9A.. 2·l4-Cyanp..4-C3:cycJomn00.methoxy-4· 

difluommerhogy;phenyDcyglohexylidenel· 1 .3 .. dithiaur; This comp0uncl. prepared ; ' . 
subs?ntj.aUy as d=ribed aboVc for 2-[ 4-cyano-4:-(3--cyclopcntyloxy-4-

-> 
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. ::· . ::·:~~~· .· ·· .. :;~ · ·m:etq~;pn~;))c:~~oiic~tird~~i·~:S~~~ii~ ~~:~~-~~~ 3, ;vas:imiaie~f .. : ... . . . - ..... ,, ... .. . . . . . ,. . . . . . 
· · asi solid: m.p. ·g4.g5oc • 

9B. _ MmhJll els- and myt.t-r+;eyan~(J-cyclonrQpylmerhpxy-4-difluomrtiethoxy; 

phen::d)cwiQ.b;xane-l·camoxxJatel. These c9mp0unds, prepared substantially as descrl~ 
5 above for methyl els- and tr(l11$·[4-cyan(!-4-(3-cycl<?P~ty~o.~y:4:- . . 

rrieihoxyph~yi)cyel~h~x~~1:~~;1~~} fu ~edure B of EXAMPLE 3, were isolated 

10 

15 

20 

lS 

30 

as oils. _ 

9C. cis~[ 4-Cvano+C3-cyclgprcmylmethoxy...4:, 
difh.iommethox)!pbenyllqyclohexane-l:e;m:Poxylic ·acid] ·This compound, prepared . 
substantially as described above for cis-[4-cyano-4-(3-cyclopentyloxy-4-
melhoxyphe:nyl)cyclohexane-1-carboxylic acidJ in EXAMPLE 7, was isolated as a solid: 

m.p. 134·1350C. 
Analysis Cale. for C19H21F2N04: C 62.46, H 5.79, N 3.83; found: C 62.15. H S.83, N 3.88. 

9D. t,aw·f4-Cyano-4-(3 .. cyCIQptqpylmeihoxy-4-diflumpmethoxyphcnxf>.: 
cycl~hcrane.1-cariz9xx.1ic. f¢.dl The uuc;: compound,.pn:pared substantially u described 
above fQr·cl.s-~4--cyano-4-(3..cyclopcntyloxy+.mcthoxYJ>henyl)cyclohexane-l ·carboxylic 
acid) in .EXAMPLE 7, was isolated as a solid: m.p. ·128-1290C . 

. -· ·· EXAMPLE JD 

cls-i4..c;yan0=4 .. (3-c.yclgp_;nryiW0"-4-mcthm;mhcnyllcycloh;xane:·1 .. C8£boxami*1 ... ·+~ a soiution ot tiiethyi cii·[~o-4-'(3:.C~ioPcntYloxy-4- . . .. 
memoxYIJhenyl)cyclohcxanc-+·~ylatel (0.22 g, 0.62 mmoll and fom:Wiude (0.08 tnL. 
2.08 ~m01) ar lCJOOC in climemylformamidc (2 mt.) .under an a:JOD atmosphere was added 
ponionwise ov¢r.2Q min sodium methoxlde (25%·solution in methanol. 0.1 ~. 0.43 mmol). 

After an additional· l.25h at lOQOC. the mixture ~as cooled. was poured into isopropanol, 
was filtered and the filaate evaporated. lb~ n;sidue was dissolved in ethyl acetate •. the 
organic phase was washed three Wries with water, was dried {magnesium sulfate) and was 
coneentrated under reduced pressure. Purification by flash chrouiatograp~y •. clUting with '3% · 
methanoVmetb.ylcne chloride, pzovided a white foam (0.06 g, 281J>). 
Analysis Cale. for C2oH26N203·3/8H20~ C 68.79, H 7 J2, N 8.02; found~ C 68.86. H 7.49t . . . . . 
N 7.93. 

ExAMPLEll ·'"· .. ."··. 
'. . . 

cir- l4:C3.4-'Disdifluon)med1oxypJumyll-4--cyano-J .. g .. me1hytt 1,2,4Joxadi81o1-5: . . 
35 . . · · yJ)cyelohegnel · _, · · · .:'. :/--:::~ ._. . 

• . . . . . . • . ·.· s, ..... ' . . 

cj.r-and ves-I4-f1.4-BjsdifluqrometbpUpheny1}4-cva11QCycl~J!;: .. := 
~arboxamide] These compounds .. pxcparcd substandally as described above for: ~Lr-(4-eyano .. 
4-(3-cyclopenty1oxy-4-m<'fhoxyphenyJ)cyclohexane-l~axboxamide] iO EXA~~ 14. were 
isolated as a solid (els isomez::; m.p. 109-1 IOOC) and as an oil (trans is(Jlller).' · ··• · ,, 
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: : .. ~. : :· . · /·: :;. · .. = ~- ·, .. , :~ · :· ·_.it£.t~f fH~A-Bimiflu0r0tn0!Jio,n;bcnY,n±a;am)-'1-6-~~JT~~~AiQx'di1mi~~f ~)~: ;;:::.~r~ · 
· yl)cyclobaabeJ A s0lution of ci.r·[4.(3,~bi$difluoromethoxyp~cny1)-4.:cyenoeyclobe.xalle~ '::·. 

1-carboxamide] (0.06 gt 0.17 mmol} inN,N-dimcthylaoetamidedimethylacetal (0.S mL) was 
heated a~ 1 lOOC under an argon annospherc for lh, was cooled.Gtd rhc solvent was 

5 _cya.poratt;d~. O~~x~~ (0.3, !°DL)., atetk: acid (Q.3S. ¢.), hydroxylamine by~lorlde (0.02 .. 
g. 0.29 mi.not) and 10% aqueous sOdium hydroxide (0.09 mL, 0.2& mrnol) were added and 
the mixture was heated at 95oc under an argon atmosphere for 2.Sh. The mixture wu 
cooled, water waS added. Ute mixture was exttactcd dir= times wi~ methylene chloride, the 

· arpnic 'fXtr&Ct was dried {magnesium sulfate) and was evaporated. Purification by flash 
10 ~hromatography, eluting with 4% methanol/methylene chloride, prOvided a solid (0.03 i 

37% ). This product was combined with rhat (0.04 g) from a similar ruction sequence and 

was ttitura.ted with hexane to yield a tan solid: m.p. 83-840C. 
Analysis Cale. forC1gH17F4N303: C54.14, H4.29tN 10..52;found: C 54.Ii,H4.35, N 

;.-;::..: 10.13. 
l~ -~. 
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cis-f 4-!3.4-BisditluoromethoxxghcnYll-4-cyano- I .. (2-metbyl[l J.4}oxadigol:S: 

. yllcxcJohcxanel 
. ds·[4:(3.4-Bil<fifJuommethoxyphenyD4-cyanocyclohc;une·l1iJrhohy<ir&Zidel A 

solution ~f me*yl cis-£4·<3,4-bisdifluoro~thoxyphcnyl)-4-cyanocyclohexane-t· · . · 
~xy~ate] ( o:l' ,; 0.53 m~l) i.nd h1mumc hydrate (0.28·tnLt 9 .. 0 ~l) in cthmol ci.s 
mL) was )teated at reflux for 6h and th.=i szim:d at mom temperature for 16b. Water was 
added. the mixture was extracted thICC ~with methylene chloride, the extract was dried 
(magnesium sulfate) and evaporakd. Purifwation by flash cbro~togzaphy .. eluting with 4~ 
methanol/methylene chloride, provided a solid (0.12. g, 58~): ~p .. 80-810C 

gs-[4·C3,4-BisdiflooromsrthoxyphegyJl+cyanocy@a1ne-t ~C£aceJYl-garbo .. 
bydrgide}] A solution of methyl ci.f-(4-(3.4·bisdifluoromedtoxypbcnyl)-4- . 
eyanocyclohexane-1-ca.rbohydtazidc] ( 0.11 g. 0.29 nimot), tricthylamhte (0.09 mL, 0.65 · 
mmol) and acttic anhy~ (O.OS mL 0.54 mmol) in· ethanol (7.S mi>. wu heated at renax 
for 1 h. was cooled and the solvent was evaporated. Watr:r WIS added .. the mUc'QUC was 
exU2ClCd three times with methylene chloride. the cxa'8.ct ~ dried (magnesium sulfate). and 
evaporated to provide a white solid (0.11 &. 859' ): m..p. l~i4SOC. · 

ds-f+Q.4-Bi~difluorometboxy:pSnyll-4:cDno-l;fl .. mcth!JUJAloxldjao~ 
xt)cyclobexanel A solution of cis-(4.(3,4-bisdifluoromctho~'h~~~ocyclohexane~ 
I-(2-aeetyl~bydrazidc)] (0.1 g. 0.24 mtnol) and phosp~rpus oxfc:liloride (0.2S ml:.., · 
l.68 nimol) in toluene (3 tnL) was heated at ~flux under a':lfg<)n atiiaasPhCIC for'l.sti. The 
miltture was cooled. water was added, the mixtute ~ exiractecl ~tunes with 59& 
methanol/methylene chloride. the organic cxiract was dried {111apcslurn sulfate) .8lld was 

~ . . . 

• • u •• 
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~provided an oil. · 
. Analysis Cale. forC1SH17F4N303·1.0H20: CSI.80, H4.59,N 10.07; found: CS2.00. H 

4.25. N 9. 76. 

EXAMPLE 13 
cis-f 4-(3.4-Bisdifluoromcthox)!phenyll-4-c.yano-1·(2-methylf1.3Althiadiazol-5.: 

I 
• < 

yllcyclohezanej 

A solution of cfa··[4-(3.4-bisdifluoromethoxyphcnyl)"4-cyanocyclohexincr 1-(2-

.... 

10 acctyl~hydrazide)l (0.1 g. 0.24 mmol) and Lawesson•s Reagent (0.13 g, 0.32 mmol) in 
toluene (3 ml..} was heaicd at reflux under an argon aunosphere for O.Sh. 1be mixmre was 
cooled. saturated aqueous sodium bicarbonate was added. the mixture was CX'lr'aCted three 
times with methylene chloride. the organic extra.ct was dried (magnesium 1ulfatc) and was 
evaporated. Purification by flash chromatography, eluting with 1:1 hcuncs/cthyl acetate, 

15 pro"id¢ a solid! m.p. 66-670C. 

20 

25 

30 

Analysis Cale. forC1SH17F4N302 S: C S2.o4. H 4.13.·N 10.12; found: C Si.67. H4.06, N 
9.92. 

EXAMPLE14 

ci1-.[!-CyanQ4.(3-c_yclgpmgylmedJoxx;4·methox?Phenyn-l-byproxy-1=. 
.. nisCmetb.YlthiolmQlliylc;yclohexaneJ 

n-B1.uyllitblum (l .9M in hcxanes, 0.4 ml., 0.76 mmol) was added dropwisc over S 
min to a solution of nis(mcthylthio)methanc (0.11 ~ 0.83 mmol) in diy tctrahydtofuran (3 
ml..) at -1soc under an argon atmosphere. After 15 min. a solUtion of 4-cyano-4-(3-
cyclopropylmethoxy-4-methoxyphenyl)cyclohc~e (0.2 g. 0.67 mmo1) in dry 
teirahydrofuran (3 ml.) was cW.dc:d d:ropwise ·over 10 min. Afrt:.r 0.5h, aqueous ammonium 
chloride was added and the mixture was "allowed to warm t0 room tempCrature.. The niixmre 
was extracted three times with methylene chloride, the organic extract was drie.d (magne.siiim 
$ulfate) and etaporated. Purification by flash chromatography. elu1ing with 259' ethyl 
acctate/hcx.ancs, provided. a white solid co~25 g, 84~): m.p. 123-12.4oC. 
Analysis Cale. for Cz2H31 N03S3: C SS.24, H 6.89. N 3.09; found: C 5857, H 6.81, N ;92. 

JnCAMpU15 
Methyl ds-f4-cyano-4-C3·cycloprq;ylrnethOXY-4-metboliYPhenyll· t-bydtw\)'CV$lobexane-l:. 

: 35 . caripyJatel : ·. · 

Mercu.ric chloride (0.23 gt 0.85 mmol) and mercuric oxide (0.08. g, 0.37 mmol) were 
added to a solution of cir-[ 4-cyano-4·(3..cyclopropylrnethoxy-4-methoxyphenyl)-1 .. hydroxy· 
1-tris(methylthio)methyl~~lohcxane) (0.1 g. 0.22 mmol) in 12:1 methanol/water (2 mL) 

under an argon atmosphere and the miiture was allowed ta stir at room temperature for 4h.· 
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. ·.3 . . ~· ~. ~.: :.~~)~.fxtt;i~·w~s (~~.ll!~~gh~~i~·the fil~tQ ~·as"difur.eli wi~ 'Waicr:and '!;.!~trm:~a:/;1 ... ··:. :·: 
. three ihnes with methyl~ chfo.ride. the organic C:Xlla.Ct was dried (magn~um sulfate) ;md 

was evaporated. Purift~ation by flash chromatography. eluting.with 35% ethyl 
acet.atdhexane£, proYided a sticky solid (0.67 g). which was niturated with ethet/hexane to 

5 Pf9Vi4e a sou4 (0.47 g. 59%): m.p. I02-103oc. . . . . ... . .. . . , .· .......... , 
Analysis Cale. for'C20H25N05·ll2 H20: C 65.20T H 7..11. N 3.80; found: C 6S.3lt H 6.83~ 
N 3.54. 

EXAMPLEli 
10 ds-r4-Cyan0-4~0-cw;logT'OJ>.Ylrnethoxy-4-meth9xxPhenyD-1-hyd:roxycvcJohexane-1:; 

carbogylic acid) 

The title compound, prepared substandally as described above for cis·[4-cyano4-(3· 
cyclopentyloxy..,4.methoxyphenyl}cyclohexane-1-carboxylic acid] in EXAMPLE 5, was 
isolared as a solid: m.p. 168·1690C. · 

15 Analysis Cale. for Ct 9H23N05· 1/4 H20: C 65.22_. H 6.77. N 4.00; found: C 64.94. H-6.62; 
. N 3.80. 

IDc:AM~LE 17 
. cis.f 4-Cyano-4-(3-cyclopropylmethoxy-4-methoxxphenyll-1-bydroxycvclohexane-l.; 

20 carboxamidel . . 
A sol~tion of cis-[~ya.no-4-(3-cyclopropylmerhoxy+~ethoxy-phe~yl)-1-

hydroxycyclohexane-1-carboxyli~ acid) (0.15 g, 0A2 lDIDOI) and a mice of sodluni cyanide in 
methanol (1.5 mL) contain~ in.a pressure vessel was cooled to ·78 and anhydrous ammonia 
(2 ml..) was condensed into the tube. The tube was· sealed, was allowed to eomc to room . 

25 temperature and the reactlon was stirred for 2. days. The ammonia was allC?Wcd to evaporate 
and the reaction was partitioned between water and methylene chloride. T1ie organic extra.et 
was dried (magnesium sulfate) and the solvent was evaporated. Pmificatlon by flash 
chromatography. eluting with 3% methanol/c:hlOIOfonn. provided a solid (0.054 g, 38%)~ 
m.p. 144--14SoC. 

30 Analysis Cale. for C19H24N204· 1/4_ H20~ C 65.41, ~ 7.08, N 8.03; found: C 65.16T H 6.96, 

35 

N7.86. 

EXAMPI£18 
Methyl cis-14-c-vano-4-(3-cvclopropylmethqxy-4·methoxyphenyn-J:mtth<m:y;ycl0bexane-J= 

carb0Xyl1tel .. 
- . 

Silver {I) oxide (0.62 g, 2.7 mmol) wuadded to a solr.nion of methyl ds-[4-cyanQ--4· 
(3..cych?propylmethoxy-4-mcthoxyphenyl)· l-h>'dn?xycyclohexane-l·~te] (0.62 g. · 
1.7 mmol) and iodomethane. (51

mL) in ·acetonitiile CS ML) under an argon atmosphere end the 
mixwre was heated at reflux. in the dark for l Sh •. The mixture was cooled. was filtered . ~ . 
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• · · wiih 20% ethyl acetite/lu;xanes, provi~ a solid (0.SS g, ~%): ~p. 7.S... 76oC. . ' 
Analysis Cale~ for C21H27NOS: C 67.S4, H 7.29." N 3.75; f'oun~ ~ 67.46. H 7.30, N 3..80. 

S EXAMPLE: 19 
• • 11 " • .,t .... :., .. I o ) ' 1 •o .. • O •:.' t/ • O. ...... 1: • ' •o O 'o I ' o • ; 

cit-r+Cy11n0:4-C3-cxclmmmylmc.thpxy-4-methoxy_phenyll-1-m_ethoxyc;yclohexane· l • 
Parboulic addl ; 

The title compound. pre.pared substantially as descn"bed abovo·for'ci.s-[4-cyano-4-(3· 
cyclopentyloxy-4-methoxyphenyl)cyclohexane· l-carboXylic acid] in EXAMPLE S, was 

. • I 

l 0 isolated as a solid: m.p. l 10-l I20C • 
Analysis Cale. for CzoH25N05: C.66.84, H 7.01, N 3.90; fou~= C 66.64. H 7.29. N 3.9S. 

fiXAMP1£20 
ctr-I 4-Cvano-4-{3-cycloprop_ylmetho:icy+methoxwhenyll· l ·merhoxycyclohegane: l:. 

l S carboxamidel _ 
A solution of cis-[.4.cyano-4-(3-cyelopropyl~thoxy-4-mcthoxyphcnyl}· l· -

methoxycyclohcxane-1-carbox:ylic acid] (0.13 g. Q.36 mmol) 111d .N-methylmorpholinc (0.05 
mL. 0.45 mmol) in 1,2-dimcthoxycthane (2.S tnL) at room temperature under an argon 
atmosphere was treated with isobutyl chlo~onnate (0.pS m.L,;, 0.39 pimol). After-10 min. 

20 conccnnted am~onium hydroxide; (6.d1,.0p$) was added and iq~ mix1ure was.~tirred for an . 
additional o.sh. Water was added; iho ~t~ ~as ~tracttid ~riineS withs$ -· · · 
methanol/methylene chloride, the organic extract was dried (ma1itestum sulfate:) and the 

solvent ~as evaporated. Purificarlon by flash ehromatopphy. eluting with 3'1 
mcthanoVchlorofonri, provided a solid (0.13 g .. JOOW,): m.p. l6S.:16~C. 

2S Analysis Cale. for C20H26N204·3/8.H20: C 65.78, H 7.35. N 7.67; fouh~: C 65..651 H 7 .23. 

30 

35 

N7\47, 

· EXAMpt;e 21 
Methyl rrqni~4-;cyano-4 .. Q .. cyclOJ219,pylmethou+mexb91xgberlYD· l·b.Ydmx;ys;yc\Qh;xane.:: 

. . ~ . . . 

1.grboxylate] 
vans·C~Cnno-4 .. (;i .. gclopt09Ylmctbpxy-4-melhoxJPhen;rll-l-cvclohexane-l.l: 

divlloxinmel To a mixture of 8~ sodium h,dride in min~i oil. (0.33 g, 11 mmol) and. 
trimethylsulfoxonium iodide (1.69 & 7_.67 mmol) at rpom icmPCmtutc under en aria~ 
atmosphere was add¢ dropwise dlmcthyJ.sulfoxide (~2. mL) ~d-~ Je&Clion zn.jxlure was 

. • :·. ·• ·. ·'.r~. . ~ •~·. • . .. ~·: . ·. .· 

stirred for 30 min. A solution of 4-eyano-4--(3-.cyelapropyltilitbogy-:3·methoit)'phenyl) .. 
-cyc:lohexanonc (2.00 g. 6.68 mmol) .in dimethylsulfoxid~ (5 mt.)'~~ ~d $tixring Was 
continued for 30 min. The ~etion mi~. was quenched witli satuiited a.mmQnium 
chloride, was partitioned between erhyl acemte and ~ater, was"dried (magn~Qm. sulfate) .and 

. . . 
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.. . .. eluting ;iih '"ii3 ethyl .acCi~tc/h~eS.·tt; pmVld~ ~ ~olorless oil ci.42 g, 68%). . . .. . . 

5 

Analysis Cale~ for c19H23N03·Ii20: o 68.86, H 7.3o~ N 4.23; found; c 69.22. H 1.t 1~ N . . •. . . . . 

4. 17. Starting material was also reeo~efed (0.6 g, 30%) •. 

.. ~ns:r~~~~~<3:c~~~.o~~\rnetp·~y~~~tho?'jyp~enyll· t-hyrlroxvmcthvl-1;;. .... .. . 

eyclohexanoll A mixture of rrans-4-cyano-4-(3-cyctopropylmethoxy-4-methoxyphenyl)­

cyclohexane. l-mcthyleneoxide (1.31&t4.18 mmol) 1114 potassium. hydroxide; (0.14 g. 2.5 

mmol) in 85:15 dimethyl$ulfoxide/watci:(l40 mL) unde.rari argon atmo$JJhere was.heated at 

100-1 lOOC for 1 h. was cooled, was diluted :with water and was extracted three times with 

10 ethyl acetate. ·The organic extract was washed five times·wi~ water, was dried (magnesium 

sulfate) and was evaporated. Purification bytlash c:hrotll:'tography, eluting with 3.5:96.5 

methanol/dichlommcthane. provided the n:ans-isonicr as a sticky white solid: m.p. 38+42°C 

(0.96 ,a. 69Cli)_. 
Analysis Cale. for C19H25N04: C 68.86. H 7.60, N 4.23; found: C 68.96. H 7.62, N 4.03. 

~~- traas-r 4-Cy~mR;+'3~C$110J2£0J2vlmethpxy-4-mer~ogyphenyll-1·hydmx)'::. 
~-::· cyclobex.ane-1-carbm;aldehydel ~o a solution of oxalyi chloride (0.2.8 mL, 3.21 mmol) in 

'T:"' dichloromethane (3.S mL) at -780C under an argon aunosphere was added dropwise a . 

20 

solution of dimethyisutfoxide (0.46 mL. 6.48 mmol} in dichlommethane (3.5 mL) such that 

rhe internal tentpera.t11re. did nOt exceed ..6()0C. A solution of irans-4-cyano-4-(3-.. . .. . 
cyclopi-op~Im~~9~Y.-3;~~QXY.P,hc~yl): ~-hy~ymethyl-1-cyclohaxanol (0.89 g, 2.68 
mmol) in didhloromctmne cr· mL) WiS 'added ~se and smmii Was.continued for 30 . 

min. Tri~thylamine (1.80 mL, 12.9 mJJJOl) was added aver 1 o min. ·ihcn 5 ·allri. larer,, the 

reaction mix~rc was allowed to wamt to room rempcra.ture over lb. The n:aetion mixture 

was quenched ~ wa~ and ~extracted ·with rhn:e portion$ of dichloromethane. The 

25 combined organic layers were wasbed"with 19& hydrochloric aci~ 5% sodium carbOnate and . . 

. ~ater. dried (magnesium sulfate:> and me.solvent was removed in vacuo to provide crude 

aldehyde (0.SS g. 97 %). 

Methyl tra;u·.r 4-cyanttQ:eyclogrol)ylmethoxy-4-methoXmhcnytl-J-bydroxy.: 

£}'Clohcxane= 1 tcarlzoxylate] To· a solution of ttan~.l~o-4-(3~opn:>pylmethoxy-4-

30 methoxyphenyl)-1-hydroxycyclohcxane-1-carboxaldehydc (0.79 g, 2:.4 mmoi) in methanol 
. . . 

(2S mL) at OOCJindcr an argon atmosphere was rapidly added a solution of porassium . 

~ydroxidc (0.36 g. 6~43 mmol) iti methanol (S mL). followed by a ~luu0nof iodine (0.80 g·· · 

3.15 mmol) in ineth~l (5 ~). After 15 IDin lhe.reaCdon was ~dir=s ~idill:i . . . . 
hydrochloric acid and extracted with tluee portions or dichlmomcthane. The combined . : 

35 organic layers w~·washed with aqueous Sodmm.biSutntc until~ wai'.di~, dl~n -~: · ::·: 
. • .. . . . . .. . •.··.:a·.· ..• :·: • ·. . 

with water .. dried (magnesium sulfate), and the solvent was remo\l'Cd ~ l'jZCua~·- ~calion· . . ·. 
by flash chromat0graphy, eluted wilh. 35:65 ethyl a.cctitelhexanes .•. provided·~ white solid . · . ·· 
(0.82 g. 94 %): m.p.148-1490<: • . . . . : :· : ., ,··_:; ·..:-~:· . .. . 
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EXAMPLE22 

. 5 ... . tran.r-! 4-Cyano+ra~ydQW'Qu.xlmerhoxy+metbaxmh,nyll· J·hYdmucvclobeHne- I= . . 
Wfmyljc eqjdl 

The title compound, prepared substantially as desenbed above for ais·[ 4-cyano-4-(3- · 

cyclopentylo~y.+mcthoxyp~enyl)cyclohexanc-1-carboxylic acid] in EXAMPLE 5~ was . 

. isolated ~s a $Olid: m.p. 147-1480C. • 

10 Analysis Cale.. for C19H23N05: C 66.07. H 6.71, N 4.06i found: C 66.02, H 6.71. N 4.04. 

~EXAMfLE23 

Methyl rran~f4-c.,v.Jno-4-C3-cyc1QpTQgylmerhPXy-4-metbox~hcnY1}-J -methpxyeyclohexane:. 

1 :mhoxylate] · 

15 Tbe title compound, ~pared substantially as deScrtbed above for msthyl cis·{ 4· . 

, cyano-4-(3-cyciopropylmcthoxy-4-methoxyphcnyl)-l·methoJtycyclohexane-1-carbaxylate] 

in EXAMPLE 18. was isolated as a solid: m.p. 84-850C . 

Analysis Cale. for C21H27N05: C 67S4, H 7.29. N 3.75~ found: C 67.34 • .H 7..25~ N 3.77. 

20 . · . . . EXAMfLE 24 
.. • .. 4 ' .. .. • • • - .. 

lrtms·f 4-Cv.,anc>+Q·oy~oprzyJmerhoxy+motboxypbenyl>· l-meJbP1yc!ctohexane-1.: 

· s;mboxvlic acidl 

The tide compound, prepared substantially as described abo11c for cis-[ +.cyano-4·(3· 

cyelopent)'loxy-4·mcthoxyphenyl)cyclohcxane-I-carboxylic acid] in EXAMPLE s. was 

25 isolated as a solid: m.p. 158· 1S9oc. · 

Analysis Cale. for C20H25N05·1/4 H70! C 66.01. H 7.06, N 3.8.5; found: C 65 .. 98. H 6.91, 

N 3.75. 

EXAMPLE.lS 

30 eans-r~pp..4-C3-s;yclgpropyhnethgxy4mothpx):l2bpnyn .. 1-meth2ucxe1mune-I: 

arbaxamidcJ 
The~ compound,_ptepared. substanrially as described aboVe ~ cis-[4--cyano~(3· 

cyclopentyloxy-4-met~yphenyl)-l·znmhoicyeyclohexane-1-ca:rboxamide) ht EXAMPI..£ . 

20. was isolaled as a solid: m.p. 168~1690C. . .. . . , 

35 Analy&is Calq. for C2off2c>N204 .. l/8 H20: C 6~.60. H 7.34. N 7.70; fOWid: C 66.60. H 7 .30; · 

N7.74. 

.. 
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. · ~'s-f 4~no-4-Cl-cvclOJ)enJYlmy-4..metlioxmh~~yllc.Yciphsanc-1-carboxs.mU:·acidl · 

The title compound, prepared substannally as described above for cis-·{4-cyano-4-(3.­

c:yclopcnryloxy-4-methoxyphenyl)· l ·mcthoxycyclohexanc-l-carboxamide] in EXAMPLE 20 
s .. · but using hydroxylamine.inste:ad of amrnoni~ was isolated· as a solid: in.p. 100·102oC •. ·. ... · · · - . · 

Analysis Cale. for C20H26N204! C 67.02, H 7.31., N7.82; found: C 66.75., H 7.58, N7.42. 

EXAMPLE22 . . 
li·Methyl-cis-C 4-cyano-4-C3-cyclopenxxtoxy-4.-rnethoxYPhenyJlcyclohe;sane-1-camoxamjc 

10 acldl 

The tide compcund, prepared sUbstanlially as described above for cis·[4-cyano4-(3-

cyclopentyloxy-4-methoxyphcnyl)·l-mcthoxycyclohcx:ane· l-carboxamide] in EXAMPLE lO 
but usin& N-methylhydroxylamine initead of ammonia, was isolated as J. solid: m.p. 7S-
7GOC. 

15 Analysis.Cale. for C21H2sN204·1/4 H20~ C 66.91t~H 7.62. N7.43~ found; C 66.95. ~_7.S4. · 
· N7.35. : 

. J!XAMPLE 28. 

cis-14-(Jano-+Q·cyclopemyloxy-4-methoxXRhAA.Yl>eyclohexane-1-N .. (2:. 

20 . cyanoetby~}carb9xamidel 

To a solUtion of ci.r·[4.eyano-4-{3-cyclopentyloxy-4·m~thoxypheny1)cyclohcxanc-1 .. 
au:bOxylic acid] CO.SS g, 1.6 mmol), 1-hydmxybenzotriazol~ (0.24 ~ 1.76 nnnol) and 3· 

. aminopropionitrile (0.11 g, 1.6 nimol) in dichl~ane (10 ml.) at OOC under an argon 

atmosphere was added 1-(3"'1iethylaminopropy1)-3-cthylcarbodiimide hydrochloride C0.34 g. 
25 1.76 mmol) and the mixture was allowed to wann to room tcmpcratu~. After 6h. the 

mixture was diluted with di?loromerbanef was washed tWice with 109' aqueous potassium 

carbonate, iwice with 10 % hydrochloric acid and was dried (mag11e1ium. sulfate). nie 
solvent was evaporated and rhe residue was QyStaUiz.ed from hexanes/ethyl acetate w 
provide a solia (0.54 g, 85%):·m.p. t46-147oc. 

30 Anal)'iis Cale. ~or C23H29N303: C 69.85, H 7.39, N 10.62; found: C 69.49 H 7.41 •. N 10.46 . 

gxAMM29 
Ci!:[l-C2-Cyanqethyl)-S..f4-cyanQ:4..Q..cyclgpentf1gxy+. 

mcthoxvohenyl>cx;J.ohexyl lxemmlcl 

.. 

35 To a solution of cis-[4-cyano-4-(3-cydopenr:yloxy~merhoi'.yphCnyl)cyelohexane-l-
N-(2-cyanoethyl)caJbo~amidt] (0.lS gt 0.37 in;nol).1ripheny1phdsphine ~19 g, 0.73 .rnmol) 

and trimethylsilylazidc (0.097 mL. 0.73 nnnol) in dry terrahydrofm:an C1 mL) at room· 
. . . 

temperature-under an argon atmosphere was added dropwise ditlhylaz.oclicarboxy~• (0.12 
mt.. 0.73 mmol) and the mixrure was sdtted in the dark for 24h. Ctric.ammonitim zP,trate .. 
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. dinc:S wlch dichloromcthanc, lh.e'exnaerwas dried (magnesium sulfate) and the solvent was 
eva~~ted. Pui:iraiibn by ~h ~hromalography. eluting 'With 2:1 ethyl atjenne/hexanes, 

. follo~ed by recrysulli~tion ~-h~~ethyf acetate, pr(,~idcd a whim solid (0.03 g. 

5 .19%): m.p. 149-)SOOC._ ' - .. ... · ·.. · .. ·, " :• · · · .. 

10 

15 

20 
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35 

Analysis Cale. for C23Hi.8N602= C 65;69, H 6'71. N 19.99; found: C 65.45 H 6.72. S 19.91 • 

. ' 
BXAMPLE30 . 

ci.r-r 4-C.Vano-4-C3-cyclopentylQJ:y-4 .. mctbo~enyl}=l-CS-tetmqly1lcyelohexaneJ 

A mixture of cis-[1·(2-~octhyl)·S-{ 4-Cyano-4-(3-cyclopc~loxy-4-­
metboxyphenyl)cyctohexyl}tetramle] (0:.098 g, 0.23 mmol) and .sodium hydroxide (0.018 gt 
0.46 mmol) in 10:1 tetrahydrofuran/watcr (5 mL) at room temperamre under an argon 
atmosphere was stirred overnight. The mixture was acidified with 3Ii hydrochloric acid. was 
extracted three times with ethyl acetate. the extract was dried (magnesium sulfate) and me 
:Solvent ~as evaporated. Purification by flash chmni,.tographyt eluting with 80:20:2 
chloroformlmethanol/witer, followed by trituration wiih' hexanes/ethyi acetate, providea ~ 
white $Olid (0.038 g, 45%): tn.p.190.1!1loC. . . 
Analysis Cale. forC20H25NsOi·l/2 H20: C.63.81, H 6.96, N 18.60; found: C 64.07 H_ 6.79. 
N 18.54. . -,- ----:- ·c·.- ~·-· _ • - . . ... . . . . ~ -~. . ~ . ;.. . 

.. · .. .:· .. 
- .MJITHODSOFTREATMENT · .. -·_,, . 

In oi:der to use i. co.und of Formula (I) or a pharmiceu.tieally ~~table salt 

thereof for the treatment of humans and ~lhcr mammals, it is nonnally fonnuli.tcd in 
.aceordance with Standard phanna.ccutical pxacdcc as a pharmaceutical composition. The· · ·. 
compounds of.Fonni.tla (I) or a phannaceutically acceptable salt thereof can. be. used in ~ . 
manufacture ot a medJaunent for the pmphylatic orthcrapeulic treatment of any di~ smce 
in a human or other manuna1 which is mediated by inhibition of PDE.JV. such as but not 

· li~tcd to asthma, alleqie.. or inflammatory diseases. The compounds ofFormutl ro are . . .. . 
admini$tered fn an amount sufficient to treat such a disease in a human or other ma~ 

The method of treauncnt and monitoring for an BlV·~ human Jnlftifesung · 
. immune dysrundion on;ytokine-mediated disease associated problems i~ -~ i~ ~. 

' • • . .: ' '!' 

WO 90/15534, Dcecn_ibcr 2.7, 1990. ht genc:ral? an initial ueatment regb:n• ~be ~led _ 
from that known to be cf'fective in intededng with TNF acti~~ forodier.:~ ~ate~i _ . --

. . ~ <···:·:~··!'I ·,. . 

disease smtes by the compounds of Fonnula ([). Treated indi\llduals ~ ~ ~gul~ly checked 
. . . . ·:.. .. . . . .... ·"";, ... ~';"' =--~:· ·"' ·:~ • · .. ·· . . ~ 

for T cell numbers and T4/T8 ratios and/or tneasures of vln:mD. $uch as level$ Of revetse ~· . 
· ttanscriptase ~r v~ pn)1ciM, and/orfor~psion of~~~~:-~;::_~-.'~.: .. ·_,· ·· · 

associated problcnis such as cachexia or muscle dcgenr.radon. If no~~~ fonOwing . 
the nonnal tmltmcnt iegimc,4 then the amount of the monoldnc ..CUviiy in*q'qen~-
administcred is increased. e.g.~ by fif~ percent per week. · . ,;· ·: ·. · , .• : _._.. ·. --._ · · -



•• ,•.. : •t. : •• 

: ·.: '" •• ;.' • •": ;• • ,•. I• • •' • • •1,• •.'•::'.:., • ,'' ~ .,• : .~ ... !,.' •:• ,• .• :' ~.·• :·!··,:~~ ...... ::.:;•·,:····~ • '•' 
·: . . :-.:."'_ · .~· . .-: : ·: ">? :._,:.~ :.~?,e p~~~~~ti~~~-~ P.i' prese~i ~ventiOri yn~ ~olzip~:~~ tf.Ce~~Y~.:. ·. ~~:·· "· · 

· ·· · · non·toxlc amount of a'cornpoilrid ofFOnnula (1) and a phannaceutiCall~ acceptable camer or · . 
diluent. The compoun$ of Formilla © m; administered in conventional dosage fonns 
prepared by combining a compound of Fonnula (I) in an amount"sufftcient to produce~ . . .. . 

s prod~~~~ in~i~idng. a~vi!J, ~?.Y.9lY., wjtl\ ,&JaBW;mi pp~~r;al Cim:i~.~P.rqwg.to. 
conventional JJfDCC!lures. These procedures may involve mixing, granulating,, and · 
compressing or dissolving the ingredients as appxopriate to !he desired preparation. 

Thus. if a solid carrier is used, the preparation: can be tableted, plaCed in a hard gelatin 
capsule in powder or pellet form, or in the form of a troche or lozenge. nie amo1:1nt of solid 

10 carrier will vary widely but p~ferably will· be from about 25 mg to about I gram. _When a. 

liquid cmier is used. the preparation will be in the: fonn. of a symp, emulsion, soft gelatin 
capsule, srerile injecrable liquid such as an ampnle or nonaqueous liquid suspension.. Where 
the q>mposition is in the fonit of a capsule,. any routine encapsnladon. is suitable, for example • 

. 7 : using the aforementioned carriers in a ham gelatin capsule shell. Where the composition is in 
· ~ the form of a soft gelatin shell capsule any pharmaceutical canicr routinely used for preparing 

t . 

·~£ dispersions or suspensions may be ~demi. for exam.pl~ aq~cous &ums, celluloses, · 
•. - silicates. or oils and are incotpomed in a soft gelatin capsule shell A syrup formulation will 
......... generally consist c:>f a suspension or ~llJ.~O~ of the compound o~ salt in a liquid ·carrier for 

e~le, ethanol, glyccrinCt or water ~th a flavoring or coloring a.~ · 
20 · . · The daily .dosage icgimen tor oral »dministrati.on ·is sPitably about .. QOl ·mglkg to 

1 ocimg/.kg~ ·Prcreiably 0.01 mg/Kg'° 4tinii/Kg, of a ~Po~ of~a a) Or a .. 
pharmaceutically acceptable salt thcimf calculated as the ftee base. 1be active ingredient 
may be adnsinistered from 1 to 6 times a daY.. sufficient to exhibit activity. 

25 

30 

35 

While it ls possible for an active in~nt to be administCred nu.i. it is preferable lt> 

present it as a phumaceutica.I formulati0n. "Ibc active ingredient may comprise. for topical 
adminisaation.. tmm 0.00 l 90 to.'109& w/w., e.g •• from 19& m 2% by weight of foanulation, 
although it may comprise as much as loei w/w but pniczably not In excess of 5% w/w and . 
more preferably from 0.1 'I& t0 1 CJi w/w ofFonnulation. 

Formulations of the present lnVe11tion comprise an aciive ingredient qeiber with one 
or more acceprable cmner(s) thereat and optioaally any other thcrapcudr; ingmlic1u(s). The 

. canir:r(s) muSt be *acce.ptable' in Ille sense of being compatible. with lhe o~cr ingredients.of 
formulation and not deleterious tcJ"thc teeipicnt thereof. . . 

It will be recognized by one of skill in the art that the form and character of the 
phmnaccudcally a.cccprablc carrier or diluent is dictaied by the amount of IC?i-Ve ingredient 
with which it is to be combined, the route of Aabnnistta.tion. and otber-well-knoWn variables. 

No toxic effects are expected when th,cs com.pounds are administered in accordance 
with the present mvendon. 
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@AMJ>LEA 

Inhibitory effect of compounds of the Fonnula (I) on· in virro ~ producri°'1 by 

5 human monocyres . , . . ... 
• • o ~ • t • I •.. s • 0 e t + It I • • t • t •e • 

10 

The tnhibitor;i effect of compounds of the: Formula al on in vitro TNF produc::tion by 
human ~onocytcs may be dctennined by the protocol as deScribed in :Sadger et al., EPO , 
published Application 0 411 7'4 A2, February 6. 1991,,and in Ha:nna, WO 90/15534t 
December 27, 1990. · · 

BXAMPLEB 
two models of cndotoxic shock nave been utilized to determine in vivo TNF activiry . . . 

for the compounds of the Formula a). 'Ib.e protdcol used in these models is described in . . . 
Badger er al., EPO publish~ Application 0 4111.54 Al. February 6, 1991. and in Hanna, 

15 WO 90/15534. December 27, 1990. .. . ·"' 
The exemplified i;ompounds herein dcmonsnied a posi'dve in vtvo response in 

reducing senun levels of TNF induced by the. injection of endot<»cin. 

EXAMPLEc· . . 
20 . qolation of.PDEJsogymes . 

~e phos~hcdf~~~·inhl~toij=~iY crnci teiecdvity of the ~pounds of the 

Fonnq.la. (I) can be determined using a battery of fiw distinct PDE hOzymcs. The tissues 
used as sources of the different isoz;ymes are as follows: 1) PDE lb. porcine aona; 2) PDE le; 
gui~~apig bean; 3) ~!; m, guinea.;pig h~-4) PDE IV., human monoc:yte; and S) PDE V 

25 (also called t•za·), canine iraeheaolis. PDEs Ia, lb, le and m me panially purified using 
standard chrumamgtaphic teehniques [f Dtphy and Cieslinski, Mol. Pharma.col.. '37:206-:Zl 4, 
1990]. PDE IV is purified ro kinetic homogeneity by the sequential use of anion-exchan1e 
followed by hcparin-Sephat0se chromatography rrorphy etczl •• 1. Biol. Ci.em •• 267:1798-
1804, 1992]. t 

30 Phospbodicswase activity is assa7Cli as described in the protocol of Torphy and 
Cieslinski. Mol. ~harmacol., 37:206-214, 1990. Positive.IC,so's in the nanomolartoµM . 
'nmge for comp()unds of the workings examples described hemn for Formula 0) have been 
demonsnateci 

35 Q'.AMPLBD 
"fh.e ability of selected PDE IV inhlbim to incre.Qe cAMP accumulation in mta0t . . 

tissues is assessed using U-937 cells. a human ·monocyie cell line that has been shoYlft to 

contain a large amount of PI>£ IV. io assess the activitJ of PDE. IV i1lhibiti0ll in intact cell$, 

nondiff~liated U-937 cells {app~mpely 10~ ccll$/reaction tube) were inoubaied with 

. .. 
. .... 
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' : . ·' : . _. .. ;. .. ·'varioui c.oni:enzraiion't cO:J>J-·IOdO µM) .~(PDE inhfliitoxs for otti:imnur;o SUJd .J.}.lM ~ : ·<~·· .. : :·;;,; .; :. ~ ;· 
... ~ ····:····:, .. ··.:"~· .4· •.:. ,·."'· .... •· . .:--.... : .· ··:· .. ......... . : . .,·· .. · ': . . 1·· •.I : ... ·- ··:· ....... ~. ·~ =·.·.·:··;:::""~·,i.:: 

· · · · · prosiagbuidiri El for an additional four minutes. five minutes aft~ inlrlanng the ~acnon. . · · · 
cells' were lysed by the addition of 17 .5% perchloric acid. the pH was neµttalizcd by the 

addition of 1M potassiu~ carbonate and cAMP content was assessed by RIA. A genuai 

5 ptotocol for this Qsay_is described in Brooker.ei ~ ... R.adioimmu[l'5~Y of cycµc ~MP '4d . , . 
. cyclic GMP •• Adv. eydic Nucteotid~ Res.: "to:i-33, ·1979. The compounds of the ~orki~g 
examples as described herein for Fcmnula (I) have demonstrated a positive EC sos in the µM 

range in lhe above assay. 

.- --~--
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• • ••• • ·,!· ., - •• ·' • w.fzat 1s clmzhed iS! · . , . · .·. . . . . . .. . . . . ... .. . . . . . . . ·: . -~··~.,,~·r·:.·:. > 
1. A compound of formula (l): 

. ,• 

. . ..... 

S wherein: 
R 1 is ·CCR.4~)nC(O)O(CR4Rs}mR6t -(CR4R5)nC(O}NR4CCR4Rs)mR6, 

-(CR4RS)n0(CR4Rs)m'R6, or-(CR4Rs)rR.6 wbcrcin the alkyl moieties may be optionally. 
substituted with one or more halogensi 

mis Oto2.; 
10 n is i to 4; 

r is 1 t0-6; 

R4 and Rs arc independently si:lected from hydrogen or a Ct-2 alkyl: 
R6 is hydro~ methyl. hydroxyl, aryl, halo substituted aryl, aryl~yCt~3 alkyl. halo 

substituted myloxyC1 .3 alkyl, indanyl, indenyl. ·C'/-11 polycycloalkyl, tetrahydrofmanyl, 
15 furanyl. te.trahydropyranyl, pyranyl. tettahydrothicnyl, lhieny}y teuahydrothiopyranyl, 

thiopyranyl. C3 .. 6 cycloalkyl, or a C4-6 cycloalkyl containing one or two unsatumed bonds, 
~herein the cycloalkyl and hctenJCYclic moieties may be opdonally substituted by 1 to 3 
methyl groups or one ethyl sroup; . : . ~ . 

. provided that: 
20 a) when R6 is hydroxyl; tllCft m. i& 2; or 

b) when R6 is hydrox;~ then r is 2 to 6; or . 
c) when R6 is 2-tettahydiopyra.nyl. 2-tetrahydrotl'liopyranyt. 2-tettahydrofuranyl; or 

2-tetmhydrothienyl, then m is 1 or 2; or 
d) when R61s 2-tc:o:ahycbopyr.myl. 2·tetrahydrothiopyranyl, 2-tettahydrofun.nyl, or 

25 2-tem.hydrothicnyl, then r is l to 6: 

30 

e) when n is 1 and mis n, then R6 is other than Hin ·(CR.4R5)nOCCR.4Rs)mR6: · 
Xis YR2, halogen. ni1r0. NR4Rs. or formyl amine; 
Y is 0 or S(O)m'i 

m' is 0. 1, or 2~ 
X2 is o or NRg; 
X3 is hydrogen or X; 

X4is 
' z 

~(~. 
{a) .. 

z 

or ~:. . . t 

·~ . 

(b) 
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· ·: ~~3.~~~lidinyl.· f?~lylqJl~~lyl,,py.raioJyl:triazc;>lyl; te~lyl; imid~~llit -~·· :. :·-~ : :·;;.'·: 
imidaZolidiny!, thiazolidinyl, isox.12;oiyl, oxadiazolyl, or thiadiaz0lyl, and each of these · · 
heterocyclic rings is connected through a carbon atom and each may be unsubstituted or 
substitutec:J by one or two Ct-2 alkyl groups: 

s . R 14 i~ hydrogen ~r R7; ~ .w~~.RlO ~~ R14 ~.as .N~10°R:l4 ~y may tog~er . .. . ...... ,. 

with the nitrogen form a 5 to 7 membered ring optionally containing one or more additional 
heteroa1oms selected from o. Nt or S; 

provided that: 

t) when R12 is N-pyrazolyl, N-imiduofylt N-triazolyl, N-pyrrolyl. N-pip~nyl, N· 

10 piperidinyl, or N-morpholinyl, then q is not l; or 

&> when X2R1 is OCF2.H or OCP3, X is F, 0042H or OCF3., X3 is H. s is zeTI) .. X5 
is H. Zis C(O)OR14 and R14is C1.7 unsubstituted alkyl, thenR3 is otherthanH; 

or the }>harmaceucically accepm.ble salts thereof. 
2. A compound of claim 1 which is : 

15 \ methyl 4+eyano4-(3-cyclopentyloxy-4+methoxyphcnyl)cyclohex· l ·ene-1 • 
catbo:itylate; 

4-cyano-4-(3.cyclopcnty\oxy-4-mcthoxyphenyl)cy~lohex·l ·ene .. 1-carboxylic acid; 
me1hyl ds-(4-cyano-4·(3·cyclopentylox.y-4-mcthoxyphenyl)cyclohexane· l • 

carbo,xylatc]; 

20 1JJ.C1thyl trans~[4..cyano-4-(3-cyclopcntyloxy+methoxyphenyl)cyclohcuncH·~ : :·. 
carboxy~]; . . . . . ... . . . .. 

merhyl cis· (4-(3.4-bisdiftuaromcthoxyphenyl~yanocyclohcxanc-l-carbOxylatc]; 
methyl rrans-I4-(3,4-bisdifluoromethoxyphcnyl)-4·c:yanocyclohexane~ 1-carboxylate]: 

cis-[4--cyano-4·(3.cyelopcntyloxy-4-methoxyphenyl)cyclohcxane-1-cazbOxylic acid); 

25 els-[ 4-cyano-4-(3·cyclopentyloxy~·merhoxyphenyl)cyclohexane-l 9Cll'bo~ylate], 
rris(hydroxymethyl)ammonium methane salt; . . 

cis·[4·(3,4-bisditluoromcthoxyphenyl)-4..cyanocyclohexane-l·carboxylic acid]: 
trans-[4-cyano4-(3-.cyclapentyloxy-4-methaxyphen)'l)cyclohexane-1--carboxylic 

acid]: 

30 cis-[ 4-cyano-4·(3·cyclopropy1methoxy+methoxyphenyl)cyclohexane-l ·carboxylic . . 

acid]; 

trcw-[ 4-cyano-4-(3-.eyclopropylmethoxy4-methoxyphenyl)cyclohexane-1-
carboxy1ic acidJ: 

methyl c.fs-[4-cyano-4-(3 .. cy~propylmetho"y-4-methoxyphenyl)cyc~ohexane-1 • 
3·5 ea:rbox.ylate]; . . 

methyl trans-[4-cyano-4-(3.cyclopropyltncthoxy-4-mi;thoxyphcnyl)cyclohcxane-l-
carboxylate); 

methyl ct.r-[4-cyano-4-(3·cyclopropyhnethoxy-4- · 
difln~cthoxyphenyl)cyclohexane-1 :~arboxylate] i 

------ -------

~ .· 
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imi~lidi~~l, .thiuolidinyl: is~~~1: Q~azolyl, or thiadiuolyl? and each of these . . . 
heterocyclic rings is connected through a carbon atom and each may be unsubstituted or 
substinitec:I by one or two C 1-2 alkyl groups; 

. RJ4i~ hydrogen~R7; ~-w~~.n.Rto~~ Rt4~.asN~10R:14~eymay top~er . .. .. ..... ,. 
with the nitrogen form a 5 to 7 membered ring optionally containing one or more additional 
hetematoms selected from o. N. or S; 

provided that: 

t) when R12 is N-pyramlyl, N-imidazolyl, N~triazolyl, N-pyrrolyl. N-pip~nyl, N-
10 piperidinyl, or N·morpholinyl, then q is not 1; or 

&> when X2R1 is OCF:aH or OCP3, X is P, OCF2Ji or OCP3, X3 is H. s is zero. Xs 
is ~ Z is C(O)OR14 and R 14 is C1. 7 unsubstituted alkyl, then R3 is other than H; 

or the pharmaceutically acceptable salts thereof. 
2. A compound of claim l which is : 

1 S 
1 
mCthyl 4+eyano-4-(3-cyclopentyloxy4mc:tho~yph.cny1)cyclohex-l ·ene-1-

carboxylate; 

4-cyano-4...(3.cyclopcnty\oxy-4-mcthoxyphenyl)cyclohex-1 --enc-1-carboxylic aeid; . . 
methyl cis-[4-cyano-~(3·cyclopentyloxy-4-mc1haxyphenyl)cydohexane· l • 

carbo,xylate]; 

20 ~thyl tram·.£+cyano-4;.(3-cyclopcntyloxy+.rnethoxyphtnyl)cyclobeune;¥1-;- ,. :·. . . . .. ... . . . .. . .. 
earboxy~]; 

methyl cis· (.4-(3~4-bisdifluoromcthoxyphenyl)-4-cyanocyclohcxanc-l-carboxylate]; 
methyl zran.r-[4·(3,4-bisdlfluoromethoxyphcnyl)-4.cyanocyclohexane~l-catboxylate]: 
cls·[~ano-4(3-c:yelopcntyloxy-4-mcthoxyphenyl)cyclohcxane· l-carbbxylic acid); 

25 els-[ 4-cyano-4-(3-cyclopentyloxy~-methox~hcnyl)cyclohexane-l--carboxylate), 
rr.is(hydroxym.ethyl)ammoniurn methane salt; .. . 

cis-[ 4-(3.4-bisdifiuoromcthoxyphcnyl)-4.cyan.ocyclohexane-1 ·carboxylic acid]; 
trans-[ 4-cyano-4-(3--cyc.lopentyloJCy-4-methoxyphenyl)cyclohexane-l-carboxylic 

acid]; 

30 cis-{4--cyano4·(3·cyclopropy1methoxy-4-methoxyphenyl)cyclohcxane-l·c:arboxylic 
. acid]; 

trtZ1U-[4-cyano-4-(3-.cyclopropylmetho:xy4-methoxyph~yl)cyclohex.ane-l­

carboxylic add]; 

methyl cis-(4-cyano-4-{3·cyclopropylmethoxy-4-methoxyphenyl)cyc~ohexane·l· 
· 35 carboxylate.]; . 

methyl trans-( 4-cyano-4-CJ.·cyclopropylroethoxy-4•methox;yphcnyl)cyclohcxane-l­
carboxylate]; 

mcihyl cts-£4-eyano-4-(3·cyclopmpylmethoxy..4· · 
diflnon>n_lcthoxyphenyl)cyclohexane-:-1_-c,arboxylate); 
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. · . / .. in~y,lkait.t-(4-cya.nb4.a~~c10P+opyi~t~~y.4.dinuom~thPiyph~R,yi).' '. .-._.~~ ·:. ~t .. :':._ ·:· ·~:· 
cyclohe~C-t..Car~xyla.~]; : · . · . . . ·. . . . · · " .. ' 

ci&-{4-cyano-4-(3-.cycloprQpylmethoxy-4-difiuoromethoxyphenyl)cyclohexane-1. 
carboxylic acid]; 

rran.r-[:4-cyano:-4-C3·eyclo~ylm~~Q~Y-:4-~f11.1910mc:tho?C:yphenyl)cytjoh~ane·.l • .. 
I • o '6 ' • • ' ' 

carbOxylic; acid}: 
cis-[4-cyano-4--(3-cyclopentyloxy-4-methoxyphenyl)cyclohcxane-l ·carboxamidc]; 
ci1·(4-cyano-4-(3,,4·bisdifluoromethoxyphenyl)c;r.clohexane-1-carboxamide]; 
rra11S-[4-cyano-4-(3,4·btsdifluoromethoxypheny~)cyclohexane· 1-carbo:umidc]; 
cis-[ 4-cyano-4-(3,4-bisditluoromethox)'phcnyl)cyclobcxane·l-carbohydruide ); 
tis-[4-cyano-4-(3,4·bisdlfluarpDJcthoxyphe.nyl)cyclohexane-1-(2 .. 

acetylcarbohydxazidc)]; 
cis-{ 4-(3,4-bisdifluommethoxyphc:nyl)-4-Qy~1-(3 ... mcthyl£1.2~4]oxadiaml·S­

yl)cyclohexanc J; 
15 els-{ 4-C3A-bisdifluoromcthoxyphenyl)-4-cyano. l-(2·methyl[l .3,4Joxadiazol-S· 

I 
yl)eyclohcxane}; · ·· 

cis .. ( 4-(3,4-bisdifluoromethoxypheny1)·4..cyano-1·C2·methyl[1.3AJthiadiazol-S· 
yl)cyclohexane}; 

cis·[ 4-cyano-4-(3-cyclopropylmc.thoxy-4-~cthoxyphenyl )-1-hydroxy-l • 
20 tris(methylthio)methyl1;1elohexa.nc]; . . . .. 

methyl cis-{4-cyinci-4-(3-cycloinnPy1memox.y.+~ethoxyphcnyl)-i-~y-
cyclohexane- l..carboxylatc]; . 

els-[ 4-cyano-4-(3-cyclopmpylmethoxy-4-methoxyphenyl)-1 ·hydroxycyclchexane-t­
carbox.ylic acid]; 

25 cis-[4-cyano-4-(3 .. cyclopropylmethoxy+methoxyphenyl)· l-hydroxycyclohexane-l • 
carboxanlide]; 

methyl ctS-(4-c;:yano-4-(3-cyelopropylmethoxy-4-methoxYPhcnYI)- l ·metnoxy· 
' cyclohexane-1-carboxylate]; 

cis·{4~cylfl0-4-(3-eyclopn:tpylsncthoxy-4-•thOJtyphenyl)-l ·mcthoxycyclohcxane-I-
30 cuboxylic acid]; 

cis-£ 4-cyano-4 .. (3-cyclopropylmethoxy-4·merhoxyphenyJ) .. t .. mcthoxyeyclohcxane-l • 
carboxamidc}; 

tran.r-[4-cyano-4--{3-4yclopropylmethoxy-4-methoxyphenyl)· l-hydroxy-cyclohexane-
1-c:arboxalde.h.yde]; . . 

35 methyl_ aan.r-[ 4-cyano-4{3-cyclopropylmemoq-4-mcthoxyphenyl)-1 .. · 
hydroxycyclohexanc-1-catboxyla.teJ; 

1r.ans-[4·eyano-4·{3-cyclopropylmethoxy4methoxyphenyl}· l ·hydroxycyclohexane-
l-carbaxylic acid]; --- -- -- ---
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· ..... methyl 1r.ans.:r4-c~anb-41'(3..cjclopiopyl111ethoxy-4-methoxyp~yl)-1-
• I 10 I II 1' t '\o~ ... "; .;. 0 ... , •• 0 •• 1<' .. I I. 'f t 0 0 0 0 .. I • 

methoxyeyclohexanc-1-catboxylate); 
· rrans-[4 .. cyano-4-(.3-cyclopropylmethoxy-4-methoxyphenyl)-1-methoxycyclohexane-

1-carboxylic acid]; 

5 traM-[4-c:yano-4·(3-cyclopropylmethoxy-4~methoxyphenyl)-l-methox~clohe~ane-

l·carboxamide]; · 

cts-[4·cyano-4-(3-cyclopentyloxy-4-mcthoxyphcnyl)cyclohexane-1-cuboxamic 
acid]; 

N-methyl-ci.r-[4-cyano.4-(3-cyc:lopentyloxy-4-methoxyphenyl)cycloheltane-l ~ 
10 cuboxamic acid]; ' 

cif-[4-cyano-4-(3·cyclopentyloxy-4 .. methoxyphenyl)eyclohexane--l ·N·(2-
cyanoethyl)carboxamidc}; 

ci.r-[l ·(2--cyanocthyl)-5-( 4-cyano4(3·cyclopentyloxy-4-
methoxyphenyl)cyclohexyl} teuaz:olcJ; and 

15 cls-t4-cyano4(3-cyclopentyloxy-4-mcthoxyphcnyl)-J-(terrazol-5-yl)cyclohexanc ]. 
s:-····· A pharmaceutical composition comprising a compound of Fonnula. (I) 

accotding to ciaim 1 and a pharmaceuucally ~eptablc. excipic:nt. 

4. A method for treating an allcraic or inflammatory state, which method 

comprises administering to a subject in need thereof an effecdvc amount of a compound of 

· 20 Fonnula (l) according to claim l alone or in. combination wirh a phannacct.ttiCally acceptable 
excipient. ---- . ·------. 


