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mulriple mediators are responsible for the development of the disease. Thus, it seems

unlikely that eliminating the effects of a single mediator will have a substantal effect on all

three components of chronic asthma, An altemnative to the “mediator approach” is to regulate

the activity of the cclls responsible Yor the pathophysiology of the disease. '

Onc such way is by elevating levels of cAMP (adenosine cyclic 35"
monophosphatc) Cyclic AMP has been shown to be a second messenger mediating the C
biologic responses to & wide range of hormones, newrotransmitters and drugs; [Krebs ‘
Endocrinology Proceedings of the 4th Intemationat Congress Excerpta Medica, 17-29, 1973].
When the appropriate agonist binds to specific cell surface receptors, adenylate cyclase is’

20  activared, which converts Mg+2-ATP to CAMP 2t an accelerated rate: | _

Cyclic AMP modulates the. activuy of most, if not all, of the cells that conmbu:c o
the pathophysiology of extrinsic (allergic) asthma. As such, an elevation of cAMP would
produce beneficial effects in‘clnding: 1) &irvbay smooth muscle relaxation, 2) inhibition of
mast-cell mediator release, 3) suppression of neutrophil degranulation, 4) inhibition of

25  basophil degranulation, and 5) inhibition of monocyte and macrophage activation. Hence,
compounds that acrvate adenylate cyclase or inhibit phosphodiesterase should be effective in
suppressing the inappropriate activation of airway smooth muscle and a wide variety of
inflamymatory cells. The principal cellular mechanism for the inactivation of cAMP is
hydrolysis of the 3-phosphodiester band by one or more of a family of isozymes referred to

30  as cyclic nucleotide phosphodiesterases (PDEs). ' .

I has now been shown that a distinct eyclic nucleotide phosphadiesterese (FDE) -
isozyme, PDE IV, is responsibig for cAMP breakdown in sirway smooth muscle and ‘
inflammarory cells. [Torphy, "Phosphod:eszcmse Isozymes: Potential Targets for Novel And-
asthmaric Agents” in New Drugs for Asthma, Bamnes, ed. IBC Technical Services L.,

35 © .1989). Rescarch indicates thar inhibidon of this enzyme not only produces zirway smoo_th

“fnuscle relaxation, but also suppresses degranulaton of mast cells, basophils and neutrophils
along with inhiditing the activation of monocyies and neutrophils. Mareover, the beneficxal
effects of PDE IV inhibitors are markedly potentiatedwhen adenvlate cyclasc activity of i
target cells is elcvated by appropriate hormones or autocoﬁs as would be the case in vivo.
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the case iguinénéy sarcoidosis, bone resorption diseases, reperfusion injury, grafit vs. host reaction, :
allograft rejections, fever and myalgias due to infection, such as influenza, cachexia
secondary to infection or malignancy, cachexia secondary to human acquired immune
deficiency syndrome (AIDS), AIDS, ARC (AIDS related complex), keldid formation, scar
15 tissue formation, Crobn's disease. wicerative colitis, or pyresis, in addition 1o a numberof-- - oo
autoirnmune diseases, such as multiple sclerosis, dutoimmune dxabc:es and systemnic, lupus '
erythemarosis,
~ AIDS results from the infection of T lymphocytes with Human Immunodeﬁmancy
Virus (HIV).. At least three types or strzins of HIV have been idenfied, i.e; HIV-1, HIV-2
20. and HIV-3. As a ¢consequence of HIV infecuon, T-pell-mcdxated umnumtv is impzﬁrad and’
" infected individuals manifest severs opportunistic infections and/or unusual ncoplasnu HIV
entry into the T lymphocyte requires T lymphocyte activation., Viruses such as HIV-1or
HIV-2 infect T lymphocytes after T cell activation and such virus protein expression and/or
replication is mediated or maintained by such. T cell activation. Once an‘activated T
25  lymphocyte is infected with HIV, the T lymphocyte must continne to be maintained in an
activated state to permit HIV gene expression and/or HIV replication.
Cytokines, specifically TNF, are implicated in activated T-cell-mediated HIV protein
expression and/or virus replication by playing a role in maintining T iymphocyte activacon.
Therefore, intetference with cytokine acrivity such as by inhibition of cytokine production,
30 notably TNF, in an HIV-mfected individual aids in limiting the maintenance of T cell
acdvation, thercby reducmg: the progression of HIV infectivity to previonsly uninfected cells
which results in a slowing ar.elimination of the progression of immune dysfunction caused
by HIV infection. Monocytes, macrophages, and related cells, such as kopffer and glial cells.
have also been implicated in maintenance of the HIV infection. These cells, like T cells, are
35  targets for viral replication and the level of viral replication is dependentupon the activation
state of the cells, [See Rosenberg erf al., The Iimmunopathogenesis of HIV Infection,
Advances in Immunology, Vol. 57, 1989]. Monokines, such as TNF, have been shown to
activate HIV replication in monocytes and/or macrophages [See Poli ef al., Proc. Natl. Acad.
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2 Thus PDE IV inhibitors would be effective in the asthmaticTung, where
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The ability to control the adverse effects of TNF is furthered by the use of the
compounds which inhibit TNF in mammals who are in need of such use. There remains a
need for compounds which are useful in treating TNF-mediated disease states which are
15 exac:rhatqgt or caused by.the excessive and/or unreguiated production of TNF.

- Summary of the Invention .
This invention refates to the novel compounds of the Farmula (I), 25 shown below,
useful in the mediation or inhibition of the enzymaric activity (or catalytic activity) of
20 phosphdeesterasc IV (PDE1V). The novcl compaunds of the Fonnula (I) also havc Tumor
Necrosis Factor ('I'NF) mhxb:to:;v activity.
This inventian also relates to the pharmacetutical r:ompcmunns comprising a
campound of the Formula (I) and a pharmaceutically-acceprable carrier or diluent.
The invention also relates to a method of mediarion or inhibition of the enzymatic
25  acdvity (or caialytic activity) of PDE IV in mammals, including hurnans, which comprises
administering to 2 mammal in need thereof an effective amount of & compound of the
Formula (I}, as shown below.
‘The invention further provides a method for the treatment of allergic and
inflammatary disease which compzises'adminisming to 2 marnmal, including humans, in
30  need thereof, an effective amount of & compound of the Formmla (1).

" The invention also provides a method for the rearment of asthma which comprises
administering 10 2 mammal, including humans, in need thereof, an effective amount of 2
compound of the Formula (I). '

This invention also relates 1o a method of inhibiting TNF production in & mammal,
35  including humans, which method comprises ad_mihisteﬁng to a-mammal in need of such
treatment, an effective TNF inhibiring amount of 2 corripoﬁnd of the Formula (I). This
method may be used for the prophylactic wearment or prevention of certain TNF mediated
disease states amenable thereto. |



\/ rus (H'V). At least three types orstrains of H. M have been iden-tified,
i.e., HV-1, HV-2 and HV-3. As a consequence of HV infecti
T-cell-nediated i munity is inpaired and infectedTh ¢ est
severe opportuni stic infections and/ or unusual- neop ry into
the T | ynphocyte requires T | ynphocyte activati on. s HV-1 or
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Riis -(CR4Rs)nC(o>O(CR4R5}mR6, -tCR4R5)nC(O)NR4(CR4Rs)mR6

13 -(CR4R5)nO(CR4R5)mR6 or -(CR4R5)R¢ wherein the alkyl moieties may be opiionally

. substituted with oneor more halogens;
mis Oto2:
- nist 10 4

tislwo 6

20 " R4 and R§ are independently selected from hydrogen or a C]-2 alkyh;

Ré is hydragen, methyl, hydroxyl, ary!, halo substituted aryl, aryloxyCj.3 alkyl, halo
substituted aryloxyCy.3 alkyl, indayl, indenyl, ©7-1] polyeycioalkyl, tetrahydrofuranyl,
furanyl, tetrahydropyranyl, pyranyl, terahydrothienyl, thicnyl, tetrahydrothiopsranyl,
thiopyranyl. C3.6 cycloalkyl, or a C4.6 cveloalkyl containing one or two unsaturated bonds,

25  wherein the cycloalkyl and heterocyclic moieties may be opucnally subsritured by 1 10 3
methyl groups or one ethy! group;

provided that:

2) when Rg is hydroxyl, then mis 2; or

b) when Rg is hydroxyl, then ris 2 10 6; or :

30 ¢) when Rg is 2-tetrahydropyranyl, z-teu'ahydm:hmpyranyl 2-remahydrofuranyl, or
2-tetrahydrothienyl, then mis ] or 2 or

d) when Rg is 2-iemahydropyranyl, 2~:eu'ahydrmh1apyrmyl z-w:rahydmﬁmnyl or
2-rerrahydrothienyl, then ris 1 to 6; _

e) whennis1andm is 0, then Rg is other than H in {CR4R5)nO(CRARS)mRS:

35 X is YR2, halogen, nitro, NR4R 5, or formyl amine:

Y is O or $(O)m;

m is .0, l,or2; .



Sci ., 87:782-784, 1990] therefore, inhibition of nonokine production or
activity aids in limting HYV progression as stated above for T cells. _TNF
has al so been inplicated in various roles with other viral infections, such
as the cytonegal ovirus (CW), influenza virus, adenovrrrnlslsy,eetandséehae epes
virus for simlar reasons as those noted. TNF is al so yeast
and fungal infections. Specifically Cahdi da al bi cans hzgm

I nduce. . TNF - produc%aﬁ -1 r-otn_ humen - nonecy:t es - and n er ceI ls.-
[ Sée ‘Ri-i'pi- et Al 'llﬁﬁn and Im‘rurhty, 58(-9) '2750- 54, 1990; and Jafari-
et al., Journal o’r?{?.llnhsairozmws}ﬂa seases, 164:389-95, 1991. See al so Wasan et
al., Antimcrobi algsAgent s and Chenot herapy 35, (10):2046-48, .1991; and Luke

et al., Journal of Infectious Di seaszgs 162:211-214,1990] . The ability to
control the adverse effects of TNE s furthered e use of the’ conmpounds

whi ch inhibit TNF in mammal s ale in need o h“use. There remains.a
need for conpounds whi‘ch are uskf % i'n treatin -nedi at ed di sease states
whi ch are exacerbated or causédlby ¥R# excessT e an@ler unregul at ed
production of TNF. Summary of t I nvent i%n Thi

i nventfon rel ates to the
novel confounds of the Formula (1) {a)as shown bel of) o

X5 is H, Rg, ORg, CN, C(O)Rg, C(O)ORS, C(O)NRgRE, or NRgRS;
! Rj is independemtly selected fromi the group consisting of -CH3 and -CH2CH3
optionally substituted by 1 or more halogens;
sis0to 4 ' :
10 R3 is hydrogen, halogen, C1-4 alkyl, CHzNHC(O)C(O)NHz hato-substitmred C1-4
_alkyl, -CH=CRg§'Rg', cyclopropyl optionally substruted by Rg‘, CN, ORg, CH20Rg,

— NRng. CHzNRng. CZHH, C(O)ORg, C(O)NRgR 1. or C=CRg,

.....

- ; " Z'i$ 0, NRg, NORg, NCN, C(-CN)z, CRgCN, CRgNO2, CRsC(OiDR&
== CRgC(O)NRgRg, C(-CN)NO3, C(-CN)C(O)ORg, or C(-CN)C(OINRERS ;
15w Zis C(YOR14, C(O)OR 14, C(YINR10R14, C(NR10)NR10R 14, CN. C(NORg)R 14,

C(O)NRENREC(O)Rg, C(O)NRgNR [0R14, C(NOR14)Rg, CINRE)NR10R 14,
_CNR14)NRgRg, CNCN)NR 10R 14, C(NCN)SRS, (2-, 4- or 5-imidazolyl), (3-, 4-or
‘ s-pyrazolyl). (4- or 5-triazolyl[1,2,3]), (3- or S-triazolyl[1,2.41), (5-tetrazolyl), @, 4 or
5-oxazolyl), (3-, 4~ or 5-isoxazolyl), (3- or 5-oxadiazolyl[1,2.4]}, (2-oxadiazolyl{]1,34]),
20  (2-thiadiazolyl[1,3,4]), (2-, 4-, or 5-thiazoly}), (2-, 4-, or 5-oxazolidinyl), (2-, 4-, or
5-thiazolidinyl), or (2-, 4-, or S-imidazolidinyl); wherein all of the heterocylic ring systems
may be optionally substituted one or more times by R14;
the dotted line in formula (a) represents a single or double bond:
Y'is Qor§;
25 R7 is -(CR4R5)qR12 or C}.g alkyl wherein the R12 or Cy.g alkyl group is optionally
substituted one, or more times by Cy.2 alkyl optionally substituted by one to three fluorines,
-F, -Br, -Cl, -NO3, -NRgR11, -C(O)R8, -C(O)ORg, -ORg, -CN, ~-C(O)NR10R .
-OC(O)NR10R 11, -OC(OIRg, -NR19C(OINR 1R 1. -NR1QC(OIR1], -NR10C(OIORS,
-NR10C(O)R13, -CONRI0INR 10R1 1, -C(NCN)NR10R 1 1, -CONCN)SR9,
30 -NRjQC(NCN)SR9, -NRigCINCN)NR]0R11, -NR10S(0)2Rg, -S{O)mR9,
-NR 10C(O)C(O)NR 10R 11, -NR10C(0)YC(O)R 10, thiazolyl, imidazolyl, oxazolyl pyrazolyl,
miazolyl, or tetrazolyl;
qis0,1,or
R12 15 C3.7 cycloalkyl, (2-, 3-or 4-pyndyl). pyrimidyl, pmzalyl {(l-or2-
35  imidazolyl), thiazolyl, miazolyl, pyrrolyl, piperazinyl, piperidinyl, morpholinyl, furanyl, (2-
or 3-thienyl), (4- or 5-thiazolyl), quinolinyl, naphthyl, or pheayl;
Rg is independently selected from hydrogen or Ro;



usefudl in the nmediation or inhibition of the enzymatic activity (or
catalytic activity) of phosphodi esterase IV (PDE IV). The novel conpounds
of the Fornula (1) also have Tunor Necrosis Factor (TNF) |nhkb4tory
activity. This invention also relates to the pharnaceuti ¢al osi tions
conprising a conmpound of the Fornmula (I% and a pharnaceu?? et 2 fde
carrier or diluent. The invention also Pelates to a netho# | or
inhibition of -the. enzynatlo activity (or catalytic activit n
nannaL S, InCIUdi mﬁﬁdCh conprjses adﬁ?nlsterlng to a mamal in a¢5
need t her eof' an a. co ound %% e Formula (F), as shown

bel ow. The inve e?puﬁ?% |SHE§“‘§= e ¥ 8% F eat ment  of
allergic and i nmemﬂR&qumsease whi ch corrprl ses adm nistering to a
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(1). Thi s |§|vent|on also-relates to a nethod of inhibiting TNF produ
in a mammal™* i ncl udi ng- humans, whi ch method conprises admnistering to a
manmal in need &lyaommhéarlnmlah thitdodsdt pryrazolyliRriazolyl ewizotyl dmidaolyhf a

conmpound Ofji EQh S ﬁﬁ r I actic

treat t olr %‘rigvenﬁulggué#au&yel'ri?% I'n EQ ?dl% tejogtﬁﬁﬁ&o an%i'l?: i %abl e

t her et @ heterocyclic rings is connected through a carbon arom and each may be unSubsumtad or
substituted by one or two Cy.3 alkyl groups;

R4 is hydrogen or R7; or when RQ and R14 are as NR]0R 14 they may together

with the nitrogen form 2 5 to 7 membered ring optionally containing one or more additional
heteroatoms selected from Q, N, or §; X
15 provided tha: - - - ;- - - I
f) when Ryois N—pyrazolyl N—xmldazolyl N-mazolyl N-pyn-olyl N—pipcrazmyl, N-
piperidinyl, or N-morpholinyl, then q is not 1; or '
£) when XJR1 is OCFzH or QCF3, X is F, OCFoH or OCF3, X3 is H, s is zero, X5
is H, Z is C(0)OR14 and-R14 is C1.7 unsubstituted alkyl, then R3 is otherthan H;
20 of the pharmaceutically acceprable saits thereof.

This invention relates to the novel compounds of Formula {I), and 1o pharmacentical’
compositions comprising a compound of Formula (I) and a pharmaceurically acceptable
25  carier ordiluent. This invention also relates 10 2 method of mediating or inhibiting the
enzymatic activity (or catalytic activity) of PDE IV in 2 mammal in need thereof and to
inhibiting the praduction of TNF in a mammal in need thereof, which comprises
.administering to said mammal an effective amount of 2 compaund of the Formula (I).
Phosphodiesterase IV inhibitors are uscful in the treatment of a variety of aliergic and
30 . inflammatory diseases including: asthma, chronic bronchitis, atopic dermatitis, urticaria,
allergic thinitis, allergic conjunctivits, vernal conjunctivitis, cosinophilic granuloma,
psoriasis, rheumaroid arthritis, septic shock, uicerative colitis, Crobn's dissase, reperfusion
injury of the myocardium and brain, chronic glomerulonephritis, endotoxic shock and adult
: respiratory distress syndrome. In addition, PDE IV inhibitors are useful in the weatment of —_—
35  diabetes insipidus, [Kidney Inv, 37:362, 1990; Kidney Int., 35:494, 1989] and central
nervous system disorders such as depression and multi-infarct dementia.
The compounds of the Formula (1) are also useful in the weatment of viral infections,
where such viruses are sensitive to upregulation by TNF or will elicit TNF produetion in
vivo. The viruses contemnplated for trgazment herein are those that produce TNF zs aresult of

@



4 This invention also relates to a method of treating_a human affTTct ed

with a human i mmunodeficiency virus (H V), which conprises a Sleeddi Ng to
such human an effective TNF inhibiting anmount of a c \&\éﬁ\ ormul a

(1'). The conpounds of the Forrmula (1) are al so useful nt of
additional viral infections, where such,viruses are s

upregul ation by TNF or will elicit TNF production in VIVO The conpounds of
the [Forrul a-(¢l)..are;al so..useful..in.t-he: t.reatsent of .yeast., and.fungat.-

i.nf.ect onsnfcm&wwrmmtwmdam smﬂwéwmmﬁaum m&sby uecremalﬁpagaﬂaatdmmbi/ TNF o

orW|IIeI| i'on” are
r epr esent ed %fil%l\%%%%@fa@?er Wri:se?élpcf}(?ﬂc.r ltil;t[err] or
[err] mherlmmdtméﬂumwvfiar@t Pmega pﬂlﬁm y inflvgoza, mneunmnﬂ thene or
nor e hal ogdifics gitndp df virised, such as, bur not limited to, Herpes zoster and Herpes simplex.

5 This invention more specifically relates to 2. method of weating 2 mammal, afflicted .. . .. ...
with 2 human immunodeficiency virus (HIV), which comprises administering to such
mammal an effective TNF inhibiting amount of & compound of the Formula (I).

The compounds of the Farmula (T) may also be used in association with the vewerinary

trearment of anjmals, other than in humans, in need of inhibition of TNF production. TNF

10 mediated diseases for reatment, therapeutically or prophylacrically, in animals include
disease states such as those noted above, but in particular viral infecrions. Examples of such
viruses include, but are not Kmited to feline immunodeficiency virus (FIV) or other retroviral
infection such as equine infectious anemia vxms, caprine arthritis virus, visna virus, maedi
virus and other lentiviruses.

13 The compounds of the Formula (I)-are also useful in-the rreatment of yeast and fungal  ...—ooeee.
infections, where such yeast and fungi are sensitive to upregularion by TNF or will elicit -
TNF producrion in vive, A prefemed disease state for reamment is fungal meningitis.
Additionally, the compounds of the Formula (I} may be administered in conjunction with
other drugs of choice for systemic yeast and fungal infections. Drugs of.choice for fungal

20 mfectmns. include but are pot limited to-the class of compounds- called the pnlymmns. such -
&s Polymycin B, the class of compounds called the imidazoles, such as cloeimazole,
econakole, tmiconazole, and ketoconzzole; the class of compounds called the wiareles, such
as fluconazole, and itranazole, and the class of compound called the Amphotcncms, in
particular Amphotericin B and Jiposomal Amphotericin B.

a5 The co-administration of the anti-fungal agent with a compound of the Formnla (I)
may be in any preferred composition for that compond such as is well known to those
skilled in the art, for instance the various Amphotericin B formulations. Co-adminismration of
an anti-fungal agent with 2 compound of the Formula (I} may mean simultaneous
administration br in practice, sgparare administration of the agents 10 the mammal but in a

30 consecutive manner. In paricular, the compounds of the Formula (I) may be co-administered
with a formulation of Amphotericin B, notably for systemic fungal infections. The preferred
erganism for treatment is the Candida organism. The compounds of the Formula (I) may be
co-administered in a similar manner with ani-viral or anti-bactetial agents. _

The compounds of the Formuia {I) may also be used for inhibiring and/or reducing

35  he toxicity of an anti-fimpal, and-bacterial or anti-viral agent by administering-dn effective
amount of a compound of the Formmla (I) to 8 mammal in need of such treatment. Preférably.
2 compound of the Formula (I} is administered for inhibiting or reducing the toxicity of the
Amphotericin class of compounds, in paricular Amphatericin B.

»



nis'lto4, ris1lto 6; Rlerr] and Rl err] are independentry—sel -ected from

hydrogen or a CJerr] alkyl; R err] is hydrogen, h drox |, aryl,
hHal o substituted aryl, aryloxy(err] alkyl, halo s @sin[ err]
al kyl', indanyl, indenyl, C[err] polycycl oal kyl ,- tet furanyl,
t et rahydr opyranyl, pyranyl, tetrahydrotrﬁenyl th|e

t et r ahydr ot hi opyranyl t hi opyranyl derr] cycl oal kyl , or a C[ err]

. cygl ﬁal kyl colnt ai ni ng one .or two unsaturated -bonds. y\/ner ein the. cycl Oﬁl JKyl .
"‘_ggoupgt gﬁogﬁg efﬁ rou Fov l%’ogﬁﬂw ﬁy\ﬁ Ewltes(r?{‘rg tﬁiy%& 993 Y, {hen"i'
mis 2; orb %ézﬁ Wfa‘ieM% I‘!M"ﬂ@-@@é’f#ﬁ ye 1-‘%“5)4 R6 i s
g : g: r Zﬂy ggr,%te%lfxgﬁ 1 "?ﬁ’l&& narlsvgﬁé& om g& hklo-s@bdtidirPdliod cRAiH LR is oft or
2-tetr ahzd}“@p 1“‘52“958{”?% P‘Ut"h'i" 5"8%%5%3# 3\,\9&?7?;?%% SF2EER . or
2-tetrdhy d@‘hﬁ&a ghd -GHa(HE?2. | Befered RE ﬁnhs)mmmfonthr: sompaungs.of ths F@mniﬂﬁh
gir err ]e ' 2 ?45 )1-&% vl ft‘!&fsttg ci'é .6 HRIRESN C7 tgolyeybiBkikyt; (306 f O nyl
’ 4-cyi opem:en gcn)r,? tcn'ahydmfuran yl benzyl or Cy.2 alky! optionally substituted

by 1 or more fluorines, -(CH2)1-3C(0YO(CH2)0-2CH3, —(CH2)1.30(CH2)0 2CH3, and

~(CH2)2.40H. ,

10 When the R term contains the molety (CR4R5), the R4 and Rg werms are
independently hydrogen or alkyl. This allows for branching of the individual methylene
units as (CR4R5)n or (CR4R5)y each repearing methylene unit is independent of the other,
e.g. (CR4R5), wherein n is 2 can be -CH2CH(-CH3)-, for instance. The individual
hydrogen aroms of the repeating methylene unit or the branching hydrocarbon can optionally |

15 be substjuned by ﬂuunnundependent of each uther to yield, for instance, the preferred R.
substitutions, as noted abiove. . - :

When R; is 2 C7.]1 polycycloalkyl, examples are blcyclo[z.z 1}-heptyl,
bicyclof2.2:2Joctyl, bieyclo[3.2.1Joctyl, tricyelo[$.2.1.026)decyl, ete. additional examples of
which are described ini Saccamano e al., WO 87/06576, publish:d 5 November 1987, whose

20  disclosure is incorporated herein by, rcferencc in jts-endirety: ° :

Z zsprcfcrabiy C(D)Rg CO)ORg, C(O)NRng C(NRa)NRgRs, €N, CINORg)RS.
C(O)NRgNREC(O)Rg, C(NRg)NRgRg, C(NCN)NRgR8, C(NCN)SR9, (1-, 4~ or 3-
[Rg)-2-imidazolyl), (1-, 4- or 5-[R§) -3-pyraiolyl). {1-, 2- or 5-{Rg}~4-miazolyl{1,2,3D), (1-,
2-, 4- or 5-{Rg)-3-trinzolyl[1:2,4]), (1- or 2-{Rg)-5-tetrazolyl), (4- ar 5-[Rg}-2-oxazolyl),

25 (3- or 4-{Rg}-5-isoxazoly), (3-{Rg}+S-oxadiazolyl[1.2 4]}, {5-{Rg}-3-oxadiazolyl{1.2,4]).
(5-{Rg)-2-oxadiazolyl[1.3,4]), (5-{Rg}-2-thiadiazolyl{1,3.4]), (4- or 5-{Rg}-2-thiazolyl), (4-
or 5-{Rg}-2-oxazolidinyl), (4- or 5-{Rg }-2-thiazalidinyl).{1-, 4- or '
5-{Rg)-2-imidazolidinyl); most preferred are those compounds wherein the Rg group of Z is

30 X5is preferably hydrogen, C1-2 alkyl optionally substituted by cmc 10 three fluorines,
ORg. CN, C(O)Rg, C(O)ORg, C(OINRERS, or NKgRS.

Preferred X groups for Farmula (f) are those wherein X is YR2 and Y is oxygen. ‘I‘he
preferred X2 group for Formula (I} is that wherein X2 is oxygen. The preferred X3 group for
Formula (]} is that wherein X3 is hydrogen. Preferred Rv groups, where applicable, are C1.2

35  alkyl optionally substituted by 1 or more halogens. The halogen atoms are preferably '
fiuorine and chlorine, more preferably fluorine. More preferred R groups are those wherein
R is methyl, or the fluoro-substituted alkyls, specifically 2 C1.2 alkyl, such as & -CFa,
-CHF?3, or -CH2CHF muiety. Most preferred are the -CHF7 and -CH3 moieres.




5 X3°'is hydrogen or X; X4 is [err] (a) (b) Xerr] is H__.
Rerr], [err], CN, [err], [err], [err] or [err]; R2-s mdependently
selected fromthe group consisting of [err] and [err] TFQ héénReplaced
substituted by I or nore hal ogens; sis 0 to 4; Rerr] Iogen,
Cerr] alkyl, [err]«halo-substituted (Jerr] alkyl, [err m
optionally substituted by Rlerr], CN, @Rerr], [err],

[ert], [err] -Or [er'r] erC) [err], [err], NCN [err] [err], err]err]’

[erc) .. [err],. [err], - [err] - OF. [err] L 218 C( Rlerr].,. [errl.’ [err]_’, .
[rer 'r[ VN, Téf Picfct['eﬁrkﬂ Pofsesak c;@mﬂz, =Ry CN, &Tjﬂ,qmoﬂv,cﬂiﬂ? qFzH,err],
(3-, 4- Obnd CF3. More preferred are C=CH and CN. Z'is preferably O or NORg.

Preferred R7 moieties include optionally substituted -(CH2}1.2(cyclopropyl),
~(CH2)0-2(cysiobutyl), (CH2)0-2(cyclopentyl), (CH2)0-2(cyclohexyl), -(CH2)0.2(2-, 3- or
. 3 4-pyridyl); -(CH2)1-2(2-imidazolyl), ~(CH2)2(4-morphelinyl), -(CH2)2(4-piperazinyl),
-(CH2)1-2(2-thienyl), -(CH2)1-2(4-thiazolyl), and ~(CH2)0-2phenyl;
Preferred rings when R10 and R11 in the moiery -NR10R11 together with the
nitrogen o which they are auached form a 5 to 7 membered ring optionally containing ar
least ona additional heteroatom selected from O/N/ or S include, but are nior limited to 1-

10 imidazolyl, 2-(Rg)-1-imidazolyl, 1-pyrazolyl, 3-(Rg)-1-pyrazolyl, 1-triazolyl, 2-triazolyl,
5-(Rg)-1-triazoly], 5-(R§)-2-triazolyl, 5-(Rg)-1-tetrazolyl, 5-(Rg)-2-terrazolyl, 1-tetrazolyl,
2-tetrazloyl, morpholinyl, piperazinyl, 4-(Rg)-~1-piperazinyl, or pyrroly! ring.

" Preferred rings when R10 and R14 in the moisty -NR1pR14 together with the
.*_. nitrogen to which they are amached may forma 5 to 7 membered ring optionally containing
15-—'- at leasy one additional heteroatom selected from O, N, or S include, but are not limited to 1-
1m1daza1yl 14 pyrazolyl 1-riazolyl, 2-triazoly1, 1-tetrazolyl, 2-tatrazolyl, morpholinyl,
 piperazinyl, and pyrrolyl. The respective rings may be additionally substituted, where
applicable, on an available nitrogen or carbon by the moiety R7 as described herein for
‘Formula (I). Hustrations of such carbon substitutions includes, bur are not limited 1o,
20 2-(R7)-1-imidasolyl, 4-(R7)1-imidazolyl, 5-(R7)-1-imidazolyl, 3-(R7)-1-pyrazolyl.
4-(R7)-1-pyrazolyl, 5-(R7)-1-pyrazolyl, 4-(R7)-2-miazolyl, 5-(R7)-2~wiszolyl,
4-(R75-1-niazolyh 5-(R7)-1-triazolyl, 5-(R7)-1-tetrazolyl, and 5-(R7)-2-tetrazalyl.
Applicable nitrogen sub;titutioh by R7 includes, but is not limited to, 1-(R7}-2-tetrazolyl,
'2-(R7)~1-terrazolyl, 4-(R7)-1-piperazinyl. Where applicable, the ring may be substituted one
25  ormore times by R7.
Preferred groups for NR10R 14 which contain a heteroeyclic ring are 5-(R14)-1-
tetrazolyl, 2-(R14)-1-imidazolyl, 5-(R14)-2-tetrazolyl, ar 4-(R14)-1-piperazinyl.
Preferred rings for R13 include {2-, 4- or 5-imidazolyl), (3-, 4- or 5-pyrazolyl), (4- or
5-miazolyl{1 ,2,5]). (3- or 5-triazolyl[1,2.4]), (5-terazolyl), {2-, 4- or S-oxazolyl), (3-, 4- or 5-
30 isoxazolyl), (3- or 5-oxadiazolyl{1,2,4]), (2-oxadiazolyl{1,3.4]), (2-thiadiazolyl[1,3.4]), (2-,
* 4-, or S5-thiazolyl), (2-, 4, or 5-oxazolidinyl), (2-, 4-, or S-thxuohdinyl), or (2-, 4, or
S-imidazolidinyl). '
When the R7 group is optionally substiruted by a heterocyclic ring such as
irnidazolyl, pyrazolyl, wriazolyl, terazolyl, or thiazolyl, the heteroeyclic ring itself may be
35  optionally substivited by R either on &n available nirogen or carbon asom, such as
I- (Rg)-z-mndazolyl 1- (Rs)-4»im1dmlyl l-mg)-s-xm:dazolyl. 1-(Rg)-3-pyrazolyl,
-(Rg)-mpymolyl. 1-(R§)-5-pyrazolyl, 1-(Rg)}-4-triezolyl, or 1-(Rg§)-S-triazolyl. Where
applicable, the ring may be substituted ong or more tirmnes by Rg-

-
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5-pyrazolyl), (4- or 5-triazolyl[1,2,3]), (3- or 5-triazolyl[1,2,4]),
(5-terrazolyl), (2-, 4- or 5-oxazolyl), (3-, 4- or 5-isoxazolyl), (3- or
5-oxadi azol yl [ 1,2,4]), (2-oxadiazolyl[1,3,4]), (2-thigdiraehybdn Rephedd ),

(2-, 4-, or 5-thiazolyl), (2-, 4-, or 5-oxazolidinyl), '

S-thiazolidinyl), or (2-, 4-, or 5-imdazolidinyl); wﬁjmaﬂ !ﬂ”mﬁili

heterocylic ring systens may be opti ond¥ y substitute I mes by

- R14;"the dotted line-in formula (a) represents asmgle .or double bond -

.Yis: OOr S+ R7. ig fF tre[err [-er-r:]. aIkyI '

“grQup T st opti ona%‘[%ﬁb%?&?ﬂ{cgﬂm%ﬂ?“&“%% %hir%’

E)pt i i)nal[ |y ifl?ﬂ&fgﬂbdﬂ%%&&ayctfﬁkybtmm?mﬁz S-yli:cs Fﬂ-cvcl ;mteh by ]:£ .

Lerr err benzyPor &kylloprio sulfdfi re Alibrin ey pI;R &'

[err], [err rr err err g‘ﬁ' :Pl P cf&fi CI? '[4er 1

t hi azol yI , Hﬁdg b ’551?5}1’9’6‘ 15“62 tetrazolyl; qis

0,. 1, f)rf 2; ﬁi[ er Mosi preﬁhedmie :mceb dtinkis wh&cmtlﬁ is cmaﬁ:ww:ﬂyggcﬁ\sémyp dyl,
razo 0

B?/per a2|ynyl jahvggl}l ;&éjﬁrmr phéT=aIri1 ?sszianiflgx&%? kérﬁ%’&lgﬁ? s ydrpgen: o

5-t hi azol yl $o ﬁm&@h Hgrmethdpht hyl , or phenyl: R8 is independently selected

from hydrogen or ARbGtidd subgenus of the compounds of the Formula (I is the compounds of the
Formula (Ia)

10

X {Ia)
wherein:
Riis CH2-cyclopropyl, CHz-Cs 6 cycloalkyl C4.6 cycloalkyl, C7.11
palycvcloal.kvl (3-or 4-cyc10penrenyl), phenyl, tetrahydrofuran-3-yl, benzy] or C1.3 alkyl
15 optonally substituted by 1 or more fluorines, (CH2)1.3C(O)0(CH2)0.2C‘1-13,
~(CH2)1-30(CH2)0-2CH3, and -(CH2)2 40H;
X is YR, halogen, nitro, NR4R3, or funnyl amine;

X4 is

20 (a)
X5 is H, Rg, ORg, CN, C(O)Rg, C(O)ORS, C(CJ}NRSRB. or NRgRg;
Y is O or S(O)mys

m'is 0, 1,02
Rz is-CH3or —CHZCH_;; optionally substituted by 1 or more halogens;
25 R3 is hydrogei, Cy-4 aikyl, CHYNHC(O)C(O)NH3, halo-substituted Cy-4 alkyl, CN,
CHzORs. C(ZHH. C(Q)ORg, C(O)NRgR 10, or C=CRg:
Z'is O or NORS;
Z is C(O)R14, C(O)OR 14, C(O)NR10R 14, C(NR10)NR10R 14, ON, C(N0R8>R14,
C(O)NRgNRgC(O)Rg, C(O)NRgNR10R 14, C(NOR14)Rg, CONREINR10R 14,

30 C(NR14)NRgR§, C(NCN)NR10R14, C(NCN)SRY, (1-, 4- or 5-[R14}-2-imidazelyl), (1-, 4-
or 5-[R14}-3-pyrazolyl), (1-, 2- or 5-[R14)}-4~miazolyl[1.2.3]), (1-, 2, 4'- or
5-{R14}-3-wizzolyl[1,2,4]), (1- or 2-{R14}-5-tewrazolyl), (4- or 5-{R14)-2-oxazolv]), (3- or
4-{R14)-5-isoxazolyl), (3-{R14}-5-0xadiazolyl{1,2,4]), (5-{R14}-3-oxadiazolyl(1.2,4]),
(5-{R14)-2-oxadiazolyl[1,3.4]), (5-[R} ﬁl-z-thia:diazolylt 1.3,4]), (4 or 5-{R14}-2-thiazolyl),



REPLACEMENT SHEET 6 ) _lerr] is-ferr]-of fluorine;
[err] is [err] alkyl optionally substituted by one to three quorlnes

Jerr] is [err] or [err]; [err] is hydrogen, -or C[err]
substituted by one to three fluorines; or when R err]

[err] they may together with the nitrogen forma 5 to-
optionally containing at | east one addi % onal het er oat om sel ect ed from
O Nor S;-Rerr] is oxazol-idinyl.:oxazolyl, .thiazolyl, pyrazol yl ; -

triazokyl . :@ekinre Mtz-okﬁbﬂaa XLor'SgP!';/fﬂOi*{Mﬁbmyﬂ)p &1 nyl )

t soxazol. yf ai zQl o1 hi‘adi.a *igndy:€ach’ of 't hese: heterocfyc}l—c '
rings is cosn%@ce% H%Hd Q carbon at dm and each may be unhsubstituted or

substituted by dpds (CRaR3I(H mrmp;asmixympd;c R2cord;- slkyhareusjenpiianally
Rierrl; or sbfl Gidd ﬁgﬁgﬂsy £ rﬂga skmyuée?&mﬂmna%&,t he

2&%??335 oy Tk B PORE oLt SolobrciitRiaRt,
‘ : -OC{O)NR10R 11, -OC(OIRS, -NR mC(O)NRmR; 1, -NR10C(O)R1 1, -NR10COVORg,
-NR10C{O)R]3, -C(NR10)NR [0R ], -C(NCN)NR10R 1], -C(NCN)SRg,
~NR10C(NCN)SRg , -NR10CINCN)NR10R11. -NR1gS(O)2R9, -S(()m'Rg,
-NR 10C(0)C(O)NR 1R 1 1, -NR 1C(Q)C(QIR 10, thinzotyl, imidazolyl, oxazolyl, pyrazolyl,
10 wiazolyl, or tetrazolyl; '
qis 0,1, 0r;
R12 is C3-C7 cycloalkyl, (2- 3. or 4-pyridyl), (1- or 2-imidazolyl), piperazinyl,
morpholinyl, (2- or 3-thienyl), (4- or 5-thiazolyl), or phenyl;
the doted Tine formula (a) represents 2 single or double bond:
15 Rg is independently selected from hydrogen or Ry;

it e o dmt e

' Ry is Cy.4 alkyl optionally snbstituted by one to t.hree fluorines;

R1pis ORg orRiJ;

Ryyis  hydrogen or C1.4 alkyl optionally substituted by one to three ﬂnonnes,
when Rip and R11are as NR1oR)1 they oay tﬁgether with the pitrogen foma Sto 7 -

20 membered ring optionally containing at east ong additional heteroatom selected Erom O/Wor
S; -

. R13 is oxazolidinyl, oxazolyl, thiaxolyl, pyrazolyl, triazolyl, terrazolyl, imidazolyl,
imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, or thiadiazolyl, and each of these
heterocyclic rings is connected through a catbon atom and each may be unsubstituted or

25 substituted by one or two C|.7 alkyl groups;

R4 is hydrogen or R7; or when R)¢ and R14 are as NR10R14 they may together
with the nitrogen form 2 5 to 7 membered ring optionally containing one or more additional
heteroatorns selected from O/MN/or S; '

provided that:

30 &) when R12 is N-imidazolyl, N-ttiazolyl, N-pyrrolyl, N-pxpe.razinyl, or N-
morpholinyl, then q is not ;5 or

by when Ry is CFoH or CF3, X is F, QCF2H, or OCF3, X5 i5 H, Z is C(OYOR 14 and
R14 is C}.7 unsubstituted alkyl, then R3 is other than H;

or the pharmaceutically acceptable salts thereof.

35 Exemplified compounds of Formula () are:

methyl 4-cyano4- (3-cyclOpentyloxy#mcthoxyphcnyl)cyclahnx-l-ene-l-
carboxylate;

4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohex-1-ene~ i -carboxylic acid;

»



f) when Rlerr] is Npyrazolyl, Nimdazolyl, Ntriazolyl, Npyrrolyl,

N- pi perazinyl, N piperidinyl, or N-norpholinyl, then q is not 1; or g)
when [err] is [err] or [err], Xis F, [err] or [err],Mh[seﬁéeinds%eéﬂkeﬁladeé
zero, Xlerr] isH Zis [err] and [err] is [err] unsub t hen
Rlerr] is other than H, or the pharnmaceutically acceptgum#imgjm mj!llreof
Det ai | ed Description of°the Invention Ths invention r novel

conmpounds of - Formul a- (:t)5. and to pharmaceutical conposi.tions conprising a
corrpound of ‘For rrul a (J) emd a phar rraceutlcal I'y dccept abl e carri er. or

. di yent ;- . This [ | c?ﬁzﬁﬁd . (3311:’@ : mhr b1 t:,| ng
t he - enzymat I,C. ﬁ&tehw ty (GT cat al yt 1C ct Vi t%@%ﬂ%ﬁ@?éﬁﬁ% e -

need t her &3ft° ‘0 inhibiting the production of TNF in a mammal in need

thereof , whi ch mmingl resef-adnb-4i(3coclopmitloxsdntbrinmyptnyeyckbbaatiive anount

of a conp x@iﬁm he Formula (1). Phosphodi esterase IV inhibitors are
useful _in the tredtment of a variety of aller 2 c and inflammtory di seases

i ncl. udPng ast FRYLEHT n3d-wisbRearpmedoxynhemily:-qpnepylohesanegheasbonyipiel.
al | ergi ¢ rhini ighethyt wahe[@(mﬁ%ﬂmmmbkmmﬂpm?&n Wentaral Mbdrbee lm]

hi | | SR
P oerat Ve ol R SERARS SradRad oy RABY Feymcrﬂ?wfofe%@c a?iﬁfd. um
and brain, chr m&[é—qW&bxﬂmﬁwlaxyé-demhwﬁ)ayﬁMmH-cabwtmatcj,

respirat OI}MS(Q ﬁ’*!ﬁﬁﬁh m ion, -PDE IV inhibitors are useful in
t he tr@at rrentyof bﬁ I NSI pI O aﬁéigihlIi<| dney | ng 37:.362, 1990; Kidhey

[
I nt . 5: 494, fHdéy m%mWWQ@WWWWrmEW%]depreSS| on
and mul ti-inf altm:s{lﬁepnm‘ta(a-cyciopemyloxy-4-methoxyphenyl)cyc1ahexanc— 1-carboxylic

acid];
cis-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohexane-1-carboxylic
ccidl: L . T : . .
15 i rrans-[4-cyano-4 _@-cycioprcpylmethoxy-d-methoxyphcnvl}cyduhcxme-1; e e
ca:boxyhc acid]; o
methyl cxs-[4-cyano-4 ~(3- cyclc;propylmethova-mcmoxyphenyl)cyclohcxane—1-
carboxylare};
methyl rrans-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyljcyclohexane-1-
20  carboxylate]; . o L
' methyl cts-[4~cyano-4-(3-cyclopropylmethox;M- ' ' .
diﬂuowmethoxyphcnyl)cyclohexane-I-Carboxylatc]
methyl rans-{4-cyano-4-(3- cyclopmpyhmrhoxy-tl-dlﬂuorome:hoxyphenvl)-
. cyclohexane-1-carboxylate]; :
25 c:s-[4-cvano—4~(3-cyclopropylmethoxy#d;ﬂuoromclnoxvphcnyl)cyclohcxane-1-
carboxylic acid]; '

) traas-[4-cyano-4-(3-cyclopropylmcmoxy-4~diﬂuoromethoxypheny1)cvclahexanc-I-

. carboxylic acid);
cis-{4-eyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane- 1 carboxamide):
30 cis-[4~cyano-4-(3 4-bisdifluoromethoxyphenyl)cyclohexane-1-carboxamidel:

' rmn$-[4-cyano-4—(3.Lbisdiﬂuommeﬂtoxyphenyljcyclnheme-l-carbbxamidel:
cis+[d-cyano-4.(3,4-bisdifluoramethoxyphenyl)eyclohexane-1-carbohydrazide]:
cis-[4-cyano-4-(3,4-bisdiflucromethoxyphenyl)eyclohexane-1-(2-

acetylcarbohydrazide)];
35 cis-{4-(3 4-b15d1ﬂuoromcth0xyphenyl)—4—cymo-l-(3-1'!13!1‘!}’1[1.2.4]01{!615201-5-
vheyelohexane );
cis-{4-(3 4-blsd1ﬂuoromeu;oxyphenyl)-#cyano-I-(2-m=thyl[1.3 4]0::3{1:&:01—5—
ylcyclohexane };

-



The. conpounds of the Formula (l) are also useful in the treatnent-ofvira

I nfections, where such viruses are sensitive to upr u at i r-will
.elicit TNF production in vivo. The viruses contenpl }BQ%QXR BFCP
herein are those that produce TNF as a result of ET 7

i nfection, or those which are sensitive to |nh|b|t|o ecr eased
replication, directly or indirectly, bysthe TNF |nh|b|tors of the For mul a
(1), Buch.viruses.inchkude, .but-are pot.limted to«H V-1,. HV-2 and 4V-3,

éyLomegakovi rus ﬁ%@g@%%ﬂﬁm Wy-&%@ﬂim Ty\gwmﬁm-p‘f“

Vi ruses, sug eil not" limted rpes zoster a rpes snpl ex This
I nvention é‘&éﬂ"ftcally relates to a nethod of treating a manmal ,

aL flicted with dsﬂﬂm&%ﬂﬁﬁb@lﬂyrﬂ#ﬁﬁhdﬂjﬁh&gyﬂ%ﬁhmﬁprl fses
admi ni steri ective TNF inhibiting anount of a
corrpound ofﬂgﬁﬁ&g&mﬁ&’m' isg Oh? e

orrpounds of the Fornul a (l may al so be
used i n%associ ameéwiwIlﬁch&ﬂqlmgv Wféazsmeﬂwmﬁén divdgiyer- t han' in
hunans, |ncnaeﬁbxaﬁe.[.a&bb*3tia@p of TNF producti on. TNF nmedi at ed di seases for

Staes such o ERAevARTSL-SlnRoRe Ao abedoyblir ol SplyPia g5

Exanpl es ofcubatﬁlc\m‘-tdﬂsses I nclude, but are not limted to feline
' mrunodef i Ci encyeMigleysnold k%y&épr@ﬁﬁﬁ&th&@-ﬂ%étﬁ&&phmﬂ)- 1-hydroxyeyclohexane-1-
10 carboxamide); _
- methyl cis-[4-cyano-4-(3-cyclopropyimethoxy-4-methoxyphenyl)-1-methoxy-
cyclohexane-1-carboxylare];
cfs—[4-cyano-4-(3—cyclopmpylmsthoxyA-methoxyphenle- -methoxycyclohexane-~1-
carboxylic acid];
1= cx,s-[4-cvano—4—(3-cycloprnpylmcthony-mcthoxyphenvi)- -methoxvcyclohexane-l-
carboxamide];
trans-{4-cyano-4-(3-cyclopropylmethoxy-4-methoXyphenyl)- I-hvdroxyvcyclofxaxane-
l-carboxaldehyde);
methyl trans-[ 4-cyano-4-(3- cyclopmpylme:hoxy-d-methaxyphenyl)-1-
20 hydroxycyclohexane-] -¢arboxylate]; o '
tmns-[4-cyano-4-G—cyclopropylmetho::y-4-mc:hoxyphmyl)-l-hydroxycyclohcxme
1-carboxylic acidl;
methyl rrans-{4-cyano-4-(3-cyclopmpylme:hoxy-tt-memnxyph:nyl}-1-
methoxycyclohexane-1-carboxylate]; :
- 25 trans-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-methoxycyclohexane-
1-carboxylic acid);
rrans~[4-cyano-4-(3-cyclopropylmethnxy-d@-memoxyphcnyl) I-methoxycyclohexane-
1-carboxamide];
¢is-[4-Cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-carboxamic

~

30 acidl .
N-methyl-cis-[4-cvano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane- 1 -
carboxamic acid};
cxs-[d-cvano—4—(3—cvclopentyloxv-4-m::hoxypheuyl)cyclnhexane— 1-N-(2-
cyanmthy!)carboxamxde],
a5 c:s—[I—(z-cyanuemyl)-s-{4-cyanu-4-(3-cyclepemyloxy~4- '
methoxyphenyl)eyelohexyi }terrazole]; and :
cis-{4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)- l-(ten'azol-S-yl)cyclohcxane}
Some compounds of Formula (J) may exist in both racemic and optically active
forms: some may also exist in distinct diastereomeric forms possessing distinet physical and



I nfection such as equine infectious anem a virus, caprine arthritis-virus,

-visna virus, maedi virus and other lentiviruses. The co eg%a ﬁe R I
Formula (1) are also useful in-the treatnment of yeast an ﬁ T "aced
TNF

i nfections, where such yeast and fungi are sensitive to
or will elicit TNF production in vivo: A preferred disea

‘treatnment is fungal neningitis. Additionglly, the conpounds of the Forrml a
(1) - may 'be adnini stered in conjunction with other drugs. of chojce for.

- system-c. yeast: and f.ur f ecti. ohs s. of.i choi ce .f.or” f'ungal

A her o BioBRALP Rt ol Hibe? Rosedodgae qantesaso bF PR RIPS L .
the pol yii xipresentimyentionaThétefoyerymittier Bspehﬂ’txf tied m&nﬁﬁvmﬁﬁﬁﬁuﬁﬂﬁdzﬁﬁhhﬁ&tﬂe :

e ol ass.of-chs ARy, siHle Afio BRILAER, Sandl FRRGRSHE, A8, SRR, ©

I tranazol e, UHa% he cl ass of compound cal |l ed the Arrphoterl cins, in

particul &r Anphot'ﬁwmmaﬁﬁﬂdrdﬂﬂﬁﬁﬁmémﬁﬁmsbﬁm ok - Bposiii of the cyclohexan

co- admi ni’st rﬁgﬂﬂﬂ%‘ﬂt‘ngkgg‘[‘dugaw!gﬁdigﬁse a conpound ‘of thé Fornula’
C

(I') may be in anﬁ_}f)re e Jor that conmpound such as is wel|
known to those s °I‘%‘6‘5|¢|1—BHE‘YEF tC1-8 8¥ky, ns@hﬁnd&ylt"lwe"albxlUﬂbldhhglhamghmm B

I ﬁé”‘éé?hhf’él*{)t’fﬁﬁgmmﬁm’f Pﬁaﬁégﬁ‘él*?‘ﬁm*%’?% IR Mk, e bR O
separate admiChPEp ISIF et n-PIRAY SSOPERYh B- by Fas- bWl o), snbeyliand o
mann Sr 10nt phe like u1ﬁak¢nyi"liﬁclﬁ¢u§]bawsd‘ixfgﬁf oﬂﬂﬂﬁcﬁﬂfdﬁﬂn&a&bﬂs ?ﬁb’td@cf&rbm len EL gths, |
fungal 1nf ei{"."%fa*s“““’?ﬁﬂ SRl el MBI o i el g
“organi sm THEOREGHbS LHW"MIF of hrncthyi-Aprepenyl) “Rysloalleyl” or "cycloalkyl alkyl” includes
groups of 3-7 carbon atoms, such as eycloprapyl, cyclopropyimethyl, eyelopentyl, or
cyclohexyl, "Aryl” or “aralkyl”, unless specified otherwise, means an aromatic ring or ring
15 system 9t 6-10 carbon atoms, such as phenyl, benzyl, phenethyl, or naphthyl. Preferably the
ary] is monocvchc i.e, phenyl. The atkyl chain includes both straight or branched chain
radicals of 1 to 4 carbon atoms. "Heteroaryl” as used herein, is meant an aromatic ring
system containing one or more heternatoms, such &s imidazolyl, wiazolyl, oxaznlyl, pyridyl,
pyrimidyl, pyrazolyl, pyrrolyl, furanyl, or thienyl. "Halo" a5 used herein is meant all
?0 halogeqs. e, chlqro fluoro, bromo, or xodo . ' :
" Thephrase “inhibiting the prodncuon of IL:1" or “inhibiting the producuon of TNF"

means:
a) a decrease of excessive in vivo IL-1 or TNF levels, respectively, in a human to
normal levels or below normal levels by inhibition of the in vivo release of T-1 by all cells,
25 including but not limited 1o monocytes or macrophages;
b} a down reguladon, at the translational or transcriptional level, of excessive in vivo
IL-1 or TNF levels, respectively, in a human 1o normal levels or below normal levels; or
¢) a down regulation, by inhibition of the direct synthes:s of IL-1 or TNF levels as a
postranslational event,
30 " "TNF mediated disease or disease srates” means any and all disease states in which
. TNF plays d role. cither by production of TNF itself, or by TNF causing another cytoking to
. be released, such a5 but not limited t IL-1 or IL-6. A discase state in which IL-1, for
instance is a major component, and whose production or action, is sxacerbated or secrated in
response to TNF, would therefore be considered a disease state mediated by TNF. As TNF-8
35 (also known as iymphotoxin). has closc structirel homology with TNF-c: (also known as
cachectin), and since each induces similar biologic responses and binds to the same celtalar
receptor, both TNF-t and TNF-B are inhibited by the componnds of the present invention
and thus are herein referred to collectively as "TNF" unless specifically delineared otherwise.
' Preferably TNF- is inhibited,



co-admnistered in a simlar manner with anti-viral or anti-bacterial

agents. The conpounds of the Fornmula (1) may al so berhﬁiﬁgtﬁgrménmﬁg&gl ng

and/ or reducing the toxi city of an anti-fungal, anti-

anti-viral agent by admnistering an effective -anount of the
Formula (1) to a mammal in need of sucjg treatnent. rrpound
of the Fornula (1) is admnistered for Inhibiting or reducmgthetoxicity
of the.Ambat erJ ci-n_cl ass of .conmpounds, |n partlcul ar Anphoteri<in..B.,, 8

- wh £. “Hﬁﬁfﬂﬁ | d.by "

1 g? E[D?(r: ]hal gr t?%kﬂﬁ a ogggésw%?%p‘g BH(B lq?c?f&s?ﬂ%cg% °zﬁ$i%f?ﬂqmermrg
preferably 'ﬁc'@gﬁﬁ"ﬁm %W?Wébewclcﬁlﬁ lmumamﬁd. irdlammeatory;fire pref err ed
hal o- subst lltcuin&qlwm;kvdsp&hes na bRBEROincRdes) Sutic nbVSinfid] BOMSnokaidd ahPSt

Pt orr cd AEPREE i e e [t b Bope b
CHI[ err]-" I gé ﬂ:s u}EF n{oaocb:{ng rprqdusglbandabmd bk emononugledr ad: Jsudh as@[tﬂidtdphage S
Dol M A e S AL
[err], [er #’y‘ﬂ °P « $gderhel “t"é l?nb&émmxw&rb@nmv sgoml] |t he
R err ] ‘and cBlls r:pi}iem kexatirioeytes, and B-lymphocytes. Lymphokines are generally referred 1o as
being produced by lymphacyte cells. Examples of cytokines for the prcsént invention
10  include, but are not limited 1o, Interieukin-1 {IL-1), Interieukin-6 (TL-6), Interleukin-8 (1L-8),
Tumor Necrosis Factor-alpha (TNF-t) and Tumor Necrosis Factor-beta (TNF-8),

The cytakine inhibited by the present invention for use in the weatment of 2 HIV-
infected human must be & cytokine which is implicated in (a) the initiation and/or
maintenance of T cell activation and/or activated T cell-mediated HIV gene expression and/or

- 15 replication, and/or (b) any cytokine-mediated disease associated problem such as cachexia.ar- ... -
muscle degenefation. Preferrably this cytokiné is TNF-c,

All of the compounds of Formula (I) are useful in the method of inhibidng the
production of TNF, preferably by macrophages, monocytes or macrophages and monocyies,

- in 2 mammal, including humans, in need thereof, Al of the compounds of Formula (I) are
. _,%0'_ . usc.ful in the method of inhibiting or mediating the enzymatic or catalytic activity of PDE IV
and m ‘treatment of dlsease states mediared thereby.

METHODS OF PREPARATION:

Preparing compounds of the Formuta (T) can be carried out by one of skill in the ar
35 according 10 the procedures outlined in the Examples, infra. The preparation of any
remaining compounds of the Formula (1) not described therein may be prepared by the
analogous processes dtsclosed herein which comprise:
a) for compounds of the Formula (I) wherein R3 is H, CN, ORp, C1.4 alkyl or C1.4
halosubstitutéd alkyl, wherein X or X4 is other than Br, I, NO3. amino, formyl amine or
30  S(O)m’ whenm'is 1 or 2, wherein Z is CHO and the double bond is present, reacting a
compound of the Formuia (2)
‘ O
R,0
Ra
. : X 2)
wherein R} represents R as defined in relation to Formula (I) or a group convertable to R}
and X and X3 represent X and X3 as defined in relation o Formula (I} ora group convertable
35 10X or X3 and R3 represents R3 as defined in refation to Formula (Ij or a group convertable -
to R3. with niromethane in 2 suitable non-reacting solvent in the presence of a base (catalyst)



i ndependently hydrogen or alkyl. This allows for branching of the

i ndi vi dual nethylene units as [err] or [err]; each ré&p t e unit

. is independent of the other, e.g., [err] wherein nis [ , for :
i nstance. The individual hydrogen atons of the repeati nit or

t he branchi ng hydrocarbon can optionally be substituted by fluorine

i ndependent of each other to yield, fd I nstance, the preferred RI.

) substltutlpns as-noted above. \Wen. R[err] is a Cerr] polycyoloalky} T
. éXanpl s " 4rie privideciouipaumls of thiedintmbla (DiviheotioRSCH XTRE0RS, O1:4 ﬂkmrciu T

5% SO L e o i
ot ch o B e S Ry

| ts-enti retsyich corbuRdekith bisy, fuek &4 sodih frkthokidk,ih xhc[ﬁ?és&imc g | Biffeted [€77],
L i B et el chpd o o
4- or 5- é? 4 alkyl 9rG g éﬂ?#l{b&mmﬂdpﬂﬁ}ﬂ X3aws dthershandin NPy injna 4- or
- rr] - !
?er L ]e 5]_ OX%{%}H? %méﬁfle:gn Eﬁg‘z{iﬂﬁ%iél ay o énézhed zblu bopdis oy
- 2-oxadi az uhi bond gt ﬂf PRHT Zﬁ%“ﬁ vigestheor 5 [err]
-2-thi a2(2)l )tb!)x‘gsp@ddmg:satﬁ'a[eé ting Farmuia a4 bordpauntds; oxidétionnst t}lﬂ igdehyd: ﬁm;:rtli)mi of
;5)r Eafe; ]r ed m&%%gét%k&& %’é“‘éﬂ%‘f‘é‘f"ﬁ’%“h@ ﬂé‘? W%O I gesygg R4. ?([ err] is
pr ef er abl y CRtyespoRding FM# (1) earboxylagss {Z oD OH), oviieh ey beebnieradrhy staodardr ee -
fluorines, procedures with proper manipulation of any chemically sensitive functional groups 1o the
corresponding ester, amide, nitrile, oxazolidinone, e1c., Z groups of the Formula ().
Alrernatively, reaction of a compound of the Formula (2) with, ¢.g., tosylmethyl
15 isocyanide and potassium t-butoxide (followed by hydrolysis) or lithinm . Coe .
'mcthoxyphenvlthmmmcthyls:lylmethane (foliowed by hydrolysxs) provides componnds of-
the Formula (T) wherein R3is H, CN, ORg , C}.4 alkyl or C1-4 halosubstivuted alkyl, -
wherein X and X3 are other than Br, 1, NO3, antino, formy! amine or S{O)m" when m' is 1 or.
2, wherein Z ig CO2R 1 5, the double bond is present, and R15 is H or simple alkyl; these then
20  may be converted by standard proccdnres with proper: mampulzunn (pmtac.non/depmtecnon) "
-of any chemically sensitive fuhctional groups 10 the conespondmg ester, amide, nitrile,
oxazolidinone, etc., Z groups of the Formuta ().
Alternatively, reaction of 2 compound of the Formuila (2) with, e.g., miflic anhydride
in the presence of an appropriate tertiary amine base, or wnh an alkyl lithium at a reduced
.25 temperature followed by treatment with N-phenyl trifluorosulfonimide, provides the
corresponding enol wiflate. which is then reacted with carbon monoxide in the presence of an
alcohol or amine and an appropriate palladium catalyst to provide au;npounds of the Formula
(I) wherein R3 is H, CN, ORg , C1-4 alkyl or C}.4 halosubstituted alkyl, wherein X and X3
are other than Br, I, NO3, amino, formy}i amine or ${0)m' when m" is 1 or 2, wherein Z is
© 30 CO2Rjs5or CONR10R14. the double bond.is present, and R} 5 is H or simple alkyl; these
then may be converted by standard procedures with proper manipulation
{protecrion/deprotection) of any chemically sensitive functional groups 1o the. corrcsponding
ester, amide, nitrile, oxazolidinone, ex., Z groups of theé Formula (1),
Alternatively, reaction of 2 compound of the Formula (2) with, e.g, lithium
35  wis{methylthio)methane at reduced temperature, followed by mercury salt hydrolysis and
alcohol reatment provides compounds of the Formula (I) wherein R3 is H, ON, ORg , C1.4
alkyl or Cy.4 halosubstituted alkyl, wherein X and X3 are other than Br, 1, NO2, amino,
formyl amine or 5(O)m’ when m' is 1 or 2, wherein Z is CO2R 1 5 and X5 is OH, the double
bond is absent, and Rj5is H or simple alkyl. Such compounds may also be obtained by



[ervr], CN, [err], [err], [], or [err]. Preferred X groups_for—Fornuta (I)
are those wherein Xis YR err] and Y is oxygen. The preferred X2 Tﬁo Yp for

‘Formula (1) is that wherein Xferr] is oxygen. The prefissheetgas roup
for Formula (lI) is that wherein X err] .i s hydreogen. P E
groups, where applicable, are (Jerr] al IZyI optionally 1 or
nore hal ogens. The hal ogen atons are preferably fluorine and chlorine, nore
-'_preferably quorlne l\/bre preferred Rlerr]. groups .are thosg wherein. R[eFr]
.18 methyl ; e i sefiab o 1+ &l kyl'es
~such as a [err Jﬁl pﬂuﬁ}l er%quafE)wk@méﬁ?ﬁur are t%\’e - CHF2 and
_CH3 i et | ggmethyl @fvml@md @npeaﬁyprﬁmmbea.sa%as[sedwphmde[temw e[tha r ]
[err], [e”kxowuﬁffﬁlldwedwtﬁsaﬁﬁ@ﬁ%ﬂﬁéuﬁue Sadstuna RelréAite i4, £.8.. preferably O

o Lerrl. r ¥ hbeyiih B¥ 5 3P4 5Ll e RS0k 8 i SR 'arégﬁqr?o &&'gﬁ%ﬂpgévpr}us
[err], [&rr FoEpREngEef e FW@%W whereinRisgh R /T1-4 BYRIRGE T | ot he -
noi ety [ er r halbubsiitiea alMyl, WwHehn Xidnti 00ERe b&errmhr.u 11002, Anfingl by Ashidedr M 2 5
to 7 menber g&) [ Wﬂbl? R1t qnalzl &n&%&t 215”(58%115 and X5 is OH, the double bond is absent,
and R15 is H or simple alkyl; the R5 hydroxyl may be alkylared and these compounds then
may be converted by standard procedures with proper manipulation (protection/deprotection)
10 of any chemically sensitive functional groups to the corresponding ester, amide, nitrile,
oxazolidinone, etc., Z groups of the Forrula (I).

Alrematively, reaction of a compbund of the Formulza (2) with, ¢.g., 2-lithio-2-
(trimethylsiiyl)-1,3-dithiane followed by acidic hydrolysis with 8 mercury salt, such as
mercury (II) chioride, or reaction of 2 compound of the Formulz (2) with, e.g.,' sodio-[diethy]

13. r-butoxy(cvano)methy! phosphonate] followed by treatment with acstic anhydride and 3 zine
“ halide and then followed by treatment with an alkoxide provides cmpounds of the Formnla
(I) wherein R3 is H, CN, OR9, C].4 alkyl or C}-4 halosubstituted alkyl, wherein X and X3 -
are otfier than Br, I, NO2, amino, formy] amine or S(O)m' when ' is 1 or 2, wherein Z is
CO2R135, the double bond is not present, and R1% is H or simple atkyl and R5 is H; these .
20 then may be converted- by standard procedures with proper mampuiauon .
(pmlecnonidcpmmcnon) of any chemxcally sensirive funcrional groups to the corrcspondmg ‘
ester, amide, nitrile, oxazolidinone, etc., Z groups of the Formula (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
25  protecting group, such s a dimethylacetal or a dioxolane, followed by aldehyde deprotection
and subsequent manipulation by standard procedures known to those of skill in the art to the
remaining compounds of the Formula (I) wherein Z' is other than O or R3 is other than H,
CN, ORg , C[-4 alkyl or C}-4 halosubstituted alkyl.
With proper manipulation (protection/deprotection) of any chemically sensirive
30 functional groups:
2) Compounds of the Formuia () whet:m XorX3are formyl amine may he formed
.at the Iast step, by formylaring a compound wherein X or X3 is NH2, obrained by removal of
2 protecting group from the amine functionality; such protective groups are well known to_
those skilled in the art, See Greene, T. and Wats, P.G.M., Prorecting Groups in Orgamc
35  Synthesis, 2nd Ed.. John Wiley and Sons, New, York (1991).
' ¢} Compounds of the Formula (I} wherein X or X3 are BrorI may be prepared from
a similarly deprotected amine by diazotization of the amine and diszonium displaccmént.
d) Compounds of the Formula (I) wherein X or X3 are NO2 may be prepared from a
similarly deprotected amine by oxidatién of the.amine to the nitro group. '
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| east one additional heteroatom sel ected fromO’N/ or |ncI ude but are

not limted to 1- imdazolyl, 2-(Rerr])-1- |mdazonIThIS
3-(Rerr])-1-pyrazol yl, 1-triazo|y| 2-triazolyl, 5( .

5-(Rlerr])-2-triazolyl, 5-(Rerr])- 1l-tetrazolyl, 5-( u}, onI

1 -tetrazolyl, 2-tetrazloyl, norpholinyl: plpera2|nyl

- pi perazinyl, or pyrrolyl ring. Preferrelc?rlngs when R[err] and Rerr] in-
the noiety [err] together with the nitrogen to vvhlch t,hey are .attached may. -

Loima ? £.0.7 mendyeCaapdubdigofals Fahald o ek Bt whedsd: isong: : #idsl) bd onal

. het é¥ patrem. E:eﬂuf:

i mi dazol yI , S@L razo “f%"%”’t" %dg‘z?;g Iﬁoptghggﬁav hg\%sﬂ? ‘fﬁ%%’?‘&‘@ﬁf%&z

2-tetrazol yImOWr‘pﬁswﬂnﬁmﬂﬂwlﬁbkmn@mesb)ﬁddwmmityl The respective rings

may be additi onalgh Qﬁdm% [,)pg Aarilbd f0OEN
b by th t R7 F

11 et r o orfe BRdEgaRpllaion i, §§§§Hum3=b% &waﬁ@sz gﬁnﬂw linited

to, 2-([err ]c)arreﬂpondindamln)nhtionéhﬂ(pﬁhepplldan&n ﬁmi daeodrdate herewith.

5- 1- |,
S (R Cr 1) 5, pr SR e Bl b R o o0
4-(Rlerr])- @%wlfmmmg gistiney phm apy bi prapties:-such isamersy | |
el udes, eéﬁ?éﬁ%;‘ig““%*’?‘“"m ﬁﬁ@“ﬁ%:étgw;%t -
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2- 1 t et rES frgt. RAVIFE ¢ by dheomtheand gk
ri g]gR[ ﬁ;; be thmiis';mimt éﬁieannm:malmmmnmmdhq ﬁﬂmﬂnﬁmnwggfmmﬁpbmi err]
whi ch., t

1) RS e Ol A e
4- (R[err])- 2 a2|nyl Preferred rings for Rerr] include (2-, 4- or
5-im

dazolyl), (3-, 4- or 5-pyrazolyl), (4- or

15 SYNTHETIC EXAMPLES
t .EXAMPLE |
Methyl 4-cyano-4-(3-cvclopentvioxy-4-methoxypben -1-gne-1-carboxyla
4-Lyvano-4-(3-cych . v-4-methoxyphenyl)-1-cycl

miflupromethylsulfonate Toa soli.uion of diisopropylamine [1.95 miltiliters (hereinafier mL),

20  13.9 mitlimoles (hereinafter mmol)] in :ezrahyd:ofurm (12 mL) a1 0°.C under an argan
aumosphere was added n-butyihthmm (5.8 mL of 2.5M solition, 14,15 mumol), the msulting
solution was stirred for 25 minutes (hereinafter min) and then was cooled to -789C. To this
was added a solution of d-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)eyclohexan-1-one [2
grams (hereinafier g), 6.64 mmol] in tewrahydrofuran.(9 mL). The resulting mixture was

25 stirred at -78° C for 2 hours (hereinafier hj, at which time N-phenyl-
trifluoromethylsulfonimide (4.98 g. 13.9 mmol) was added. The mixvare was allowed 10
warm slowly 10 room temperature and afier Sh, the mixture was poured into warer and
extracted with methylene chioride. The organic extract was dried (potassinm carbonate) ang
concentrated onder reduced pressure, The residue was purified by flash chrétimagmphy,

30  eluring with 4:1 hexanes/ethyl acetate, to afford an oil (1.09 g, 37%).

hyi 4-cyanp-4- lo; loxy-4-m enyl ex-1-

carboxviate To a solution of 4-cyano—4-(3-cyclopentyloxy-4-mthoxyph=nyl)-1-
cyclohexenyl tiflucromethylsulfonate (1.0 g, 2.24 mmol) in 1:1 methanol/N,N-
dxmethylfonmmﬁe {8 mL) were added tricthylamine {0.66 mL., 4.72 mmol) and

35 teu'ahs(mphenylphasphmc)palladmm (0.13 g,0.11 mmol). The resulting mixtute was
stirred at room temperature in the dark under a carbon mornoxide ammosphess for 3h. The
mixmuse was partitioned between water and ethyl acetate, the organic extract was washed
three times with water, once with brine, was dried (potassium carbonate) and was evaporated.



5-triazolyl [1 2,3]), (3- or 5-triazolyl[1,2,4]), (5 tetra LgnRelm 4- or
5- oxazol yl ), (3- 4- or 5- isoxazolyl), (3- or 5-oxd#i
. (2-oxadiazolyl[ 1,3,4]), (2-thiadiazolyl[1,3,4]), (ZL Blﬁ zonI)
(2-, 4-, or 5-oxazolidinyl), (2-, 4-, or 5-thiazolidi 4-, or
S5-imdazolidinyl). Wen the R7 ‘'group is gptlonal |y substltuted by a
heterocyclic ring such as imdazolyl, pyrazolyl, triazolyl, tetrazolyl, or
thiazolyl,. 4, he heteroc cliic ring-d: tsel f may..be.-optional.ly- subst Lt Ut eg. by»
R err} et hdurifisacicn llmmmmehmgmﬁﬁbhmmﬁMmmwdcdam -"‘
i Eg[[err%g %ff.ﬁhﬁ@guﬁh:(ﬂ)@é gda[,)eh]rl])l 28460 gazol yl , - 1- (Rlerr])-5-ini dazolyt ;-
err])-
1-(Rferr])- } | az cykdr %%5@4%?’?&%%?&&@\5 %g‘“ﬁép&%@&ﬁl%ﬁ %he

ring may" bef‘ﬁbﬁ'é-tltuted one or nore tines by Rg. 10 Preferred are those
conmpounds of the Fornmula (1) wherein Rerr] is [err], [err] cycloal kyl,

[err] cycloal kyl,  tetrahydiofuran- 3-yI?~§3i'br 4-cycl opentenyt), benzyl “or ~ -
[err] alkyl optlonally substltuted by e fluorines, and [err]
- o >

Rlerr] is methyd:Ca xyuf. 96 , e Vel
oty orwaérf’ie r&*ﬁﬂ égfcﬁvﬁre C°”$i v»%@ R TRHEY wco?-er[r-ﬂ i8
oxygen; [er Bfe- gy &7 g, 0.18 nunol} in methanol (0.5 mL comammg just enough
10 tetrahydrofuran to solubilize the ester) under an argon aunosphers was added 2 solution of
potassium hydroxide (0.03 g, 0.55 mmol} in warer (0.4 mL). The resulting mixture was
stirred at room temperature for 4h, then poured into water and extracted with ethyl acetate,
The aqueous phase was acidified with 3N hydrochlotic acid and extracted twice with ethy)
acetate. The organic phase from the acid extraction was dried (sodium sulfate) and
15 conccntrated under reduced pressure t6 provide & viscous oil, which solidified upon standmg S —
The solid was recrystallized from hexanes/methylene chloride (0.05 g, 82%): m.p. 161- '
1639C, '
Analysis Calc. for C20H23N04 1/2H20 C 68.55, H 6.90, N 4.00; found: C 68.65, H6.55, N
3.82. :

20

To 2 solution of methy! 4-cyano-4«(3-cyclopentyloxy-4-methoxyphenyl)eyciohex-1-

25 ene-1-carboxylate (0.26 g, 0.73 mmol) in methano] (12 mil) was added 10% palladium on

activated carbon (0.15 g) and the resulting mixrure was hydrogenated at 50 psi for 5k, The

mixmre was filtered through a pad of Celite and concentrated under reduced pressure, The

residue was pardtioned between methylene chloride and warer, the extract was dried

(potassium catbonate) and evaporated 1o a solid which was primarily the cis-ester (0.14 g,
30 54%). m.p. 94-950C,

Analvsis Cale. for C21H27NO4:1/8 Hz(} C70.32, H7.38,N3. 90 found: C 70.33, H 7.59,

N381.

35 2-04-Cyano-4-(3-cyolopentyloxy-4-methoxyphenvicyclohexylidene}- 1, 3-dithiane To
a soluzion af-i-nimethylsilyl-l.3-dithiane (9.25 ml., 48.7 mmol} in dry tetrahydrmfuran (80
mlL) at 09 C under an argon atmosphere was added rapidly n-butyllithium (2.5M in hexanes,
19.2 ml.. 48 mmol). After 10 min, the mixture was ¢ooled to -789C and a salution of 4-
cyano-4~(3—cyqlopemyloxy~#-mcmoxyph_cnyl)cyclohexaﬁ- l-one (7.53 g, 23 muwl) in



and-[err] is [err] or nmethyl. A preferred subgenus of -t he-conpounds of the
Formula (1) is the conpounds of the Fornula (Ia) wherein: Rerr] is
‘CH err]-cyclopropyl, [err] cycloalkyl, [err] cycl oal’-ﬁ heet e“Re 1a°ed

pol ycycl oal kyl, (3- or 4-cyclopentenyl), phenyt, tetr yl,
benzyl or Cerr] alkyl optionally substituted by lo0 s
[err], [err],-and [err]; Xis YR[err] hal ogen, nitro, [err] or forrryl

an ne; X[err] ds [err] (a) S :20p) X[err] |s H R[err] CR[err
SON-feryl.ferr],. fert [err.- LY is:OoF [eri]im- or2 R[wer‘{]
ieSy b er s} ortep'dmd;ﬂf@ﬂtl ‘iﬂ’@-} wasadifert | Afrerdd.mip, mmmmﬁmﬂlqygeﬁ@s aggd le

hydrogen,” | @isire ak Mliowddeh bhrm RA¥oBmiRBérhiord @M w8 diihied WithlwateNT s @iikdie
[err], [ler rlvasocronlb‘f ]Wxth%h m%ct of mestanually similar reactions conducted on ketone
(3.04, 6,01 and 6.1 g, 48.3 mmo! total), the combined mixture was extracted three dmes with
.. 5 methylene chloride, the extract was dried (tnagnesium sulfate). and evaporated. Purification .
by flash chromatography. eluting with 10% ethyl aceare/hexanes, provided a white solid (26
&, 87%): m.p. 115-1169C. :
" Methyl cix-[4- 4-{3-cvel loxy-4-metho i ]

QML;@ Perchloric acid (70%, 13.8 mL, 160 mmol) and mercuric chloride (34.1 g, 126

10 mmol) were added 1o a solution of 2-[4-cyano-4-(3-cyclopentyloxy-4-
methoxyphenyl)cyclohexylidene]-1,3-dithiane (13 g, 31.3 mmol) in methanél (0.5L) under
an argon atmosphere and the mixtire was 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
through Celite and the filtrate was combined with that of a similar reacyion conducted

15 concurrently on the samg scale. The mixture was neutralized with aqueous sodium v oo
b:carbonatc. was extracted thrae times with methylene chloride, the organic.exwact was
washed thres times with agueous sodium sulfite, was dried (magnesinm sulfate) and was
evaporated. Purification by flash chromatography, eluting with 15% ethyl acetate/hexanes,

_ provided the cis-ester as a white solid (12.4 g, 56%): m.p. 119-120°C, along with an '

20, addmonal quanm_y of shghtly 1mpurc pmdm:t 2.6 & 12%) _
g_m;ylml The trans-ester was also isolared fmm this mixtare as a solid (1.04 g, 5%) m. p
50-519C.
Analysis Calc. for C21H27NO4-3/4 H20: € 67.99, H 7.74, N 3.78; found: C 67.98, H 7.35,

25 N3.65.

30 Procodure 4A: . - .
2-]4—@,4—&5;11:]ugmmethoxyphmgl1—4~g{anmgjghexxljdeﬁel-‘;— rr-
gectonimile Sodium hydride (80% dispersion, 035 g, 11.7 mmol) was washed three times
with pentane, was suspended in tetrahydrofuran (15 L) at room temperature under an argon
aimosphere and diethyl serr-butyl(cyano)methylphosphonate (2.66 g, 10.7 mmol) was added.
35  After 0.5h, a solution of 4-(3 4-bxsd:ﬂuommeihoxyphenyl)A—cyanocyclohexan-l-ane {1.77
g. 5.34 mmol) in 1etrahydrofuran (5 mlL) wasadded and the mixture was heated at reflux for
0.5h. The mixture was cooled, aqueons sodium chloride and water were added, the mixture
was extracted thres times with ether, the exiract was dried (magnesinm snifare) and



s (ORerr], qOORerr], [err],
;

Z i [err], CN, [err [err], [err] [err]
[err], [err], [err], [err], (1-, 4- or 5-{Rerr]}-2- dazonI - or
5-{Rlerr]}-3-pyrazolyl), (1-, 2- or5-{Rerr]}-4- trra i

2-.4- or 5- {Rlerr]} -3-triazolyl[ 1,2,4]), (1- or lﬁiﬂ‘
2-{Rerr]}-5-tetrazolyl), (4- or 5- [err] - -oxazolyl) rr]}
-5-isoxazolyl), (3-[err]-5-oxadiazo|y|[13214 , (5- {Rerr]}

- 3- oxadi azotyl 1, 2; 4]) ,- (5 [err] - 2- oxadi.azol yI[1 3, g]) :

5-[ err]-.2-t.hi-adi azl L 4]) 43 r - 5- err}}:-<2-t hi azolyl ',‘3-',"., ﬂ» ~or
SR SRR e ARRR o B e AL e

P Wﬂerfprdﬂna&a&héﬁﬂi&om}rouheuéwnitksﬂhdqms@.smpptIOnal |y substituted ons
or nore tines by, : t tue b

fluorines. -F, +BI
] 4-brﬁtﬂq°wm@homhmm4rmmm’rv&ﬂcq=1-2~

'
[err], [er carboreae], A ;
[err], Fer rrlr;-b{lﬁldx]y :ac&:@x'iiﬁ'hc b g 10,55 3indB &hd kinc cALAEZO!1E, 0.70n@eD i hoetic o - . ..
pyraz ol o g {z d%zdo ( YE mlsrunrag_tarn argon altmospherc was heated at reflux for 10 min, was cooled,
was diluted with water and was extracted three times with ether, The organic exwract was
washed with water, dried (magnesium sulfate) and evaparated. A solution of this acetare in
metlianol (6 mL) was meated with a solution of sodium methoxide {25% in methanal, 0.17
10 mL, 0.71 mmol) and the mixture was stirred under an argon atmosphere for 2h. The mixture
was acidified with hydrochloric acid (1N), water was added and the mixture was extracted
three times with methylene chloride. The organic éxtract was dried (magnesium sulfate) and
evaporated. Purification by flash chromatography and eluting with 20% cthyl
.- acetate/hexanes provided the trans-isomer as a colorless oil (0.07 g, 30%).
R == Analysxs Calc. for C)7H17F4NO4: C 54.40, H 457, N-3, 73; found: C 54.57,. H 4, 51 N 3.58.
&= The cis-isomer was also isolated as a ycllow oil (0.1 g, 47%).
“- Procedurc 4B:
gthyl cis-14-(3.4-bisdi omethoxyphenvl)-4-cvanocyelohexane-1-carboxylate] A
solution of cis-[4~(3 4-bisdiﬂuummdthoxyphenyl}#-cyanocyclohaxane-I-c:rboxylic acid
20 (EXAMPLE 10,0.07¢,0.19 mmol) and mmeﬂtyisxlyl chloride (0.12 mlL, 0. 95 mmol). in
" mithanol (5 mL) was stirred 21 Toom temperature under an argon atmosphere for 24h. The
solvent was evaporated and the residue was parified by flash chmmatography. cluting with
15% ethyl acetate/hexanes, provided 2 colorless il (0.05 g, 63%).
Analysis Cale. for C17H17F4NQ4: C 54.40, H4.57, N 3.73; found: C 5445, H 449, N 3.42.

4-(3 4.bisdiflucromethoxyph -4 ne-1-¢

To a soturtion of methyl cis-[4-cyano-4-(3-cyclopentyloxy-4-

30 methoxyphenyl)cyclohexane-1-carboxylate] (0.12 g, 0.34 mmol) in methanol (0.9 mL.
comwining just enough rerahydrofuran to solubilize the ester) under &n argon amosphere
was added 2 solution of potassium hydroxide (0.06 g, .9 mmol) in water (0.7 ml.). The
resulting mixture was stirred at voom temperature for 1.5h, then poured into water and
extracted with ethyl acetate, The agueous phase was acidified with 10% hydrochlaric acid

35  and extracted twice with ethyl acetate. The organic phase fron: the &cid extraction was dried
(sodium sulfute) and concentrated under reduced pressure 10 provide a solid. The solid was
purified by flash chromatography, eluting with 4% methanol/chloroform, 1o provide a white
solid (0.05 g, 44%): m.p. 157°C. ' |



qis 0, 1,0r2; [err] is C3-C7 cycloalkyl, (2-, 3- or 4-pyridyl), (1- - OF
-2-imdazolyl), piperazinyl, morpholinyl, (2- or 3- thrrﬁfmiée}ﬂas(a%en
5-t hi azol.yl ), or phenyl; the dotted line formula (a) ?eﬂgl e or
doubl e bond: R[err]. is independently selected from hy 'mgm I’
“Rlerr] is [err] aI Kyl" optionally substitu&ad by one t nes
[err] 1§ [err]’ [.err]; [err] is hydrogen or [err] alkyl optionally
“subst.i tuted by one 1.0 three fluerines; .or when, [err] and [err] are.as [err]

Poa tﬂ?&é&*@%ﬁ%ﬁﬁ%ﬁwg@%#@ﬁ AR LR Ry -

I s oxazoli drm oxazol yl, thiazol yI pyrazolyl, tri azol yl, tet razol yl

i m dazolyl, im df!iﬁlsinﬁlaf'ﬂann&m wgﬁw i soxazol yl, oxadi azol yI or
%

thradrazolyl and ese ilc rings . is cC nnecte ough a
carbon at om and Qggﬁ'(gﬂ% 'EFHE‘BHQ? q'hf-'ﬁ"é g"

[err] al Byl. sghd:ump.l{BeFM?CJs hy.dr ogen or [err] or when [err] and [err] .ar.e -
as lerr] thoaliay CAAIRRGEHILEINGAT 84.19,20878,10 5 Balropnd: & A SRIDLOLS § 560

optionally-containing o e ad |ona eroa ons sel écted from
O Nor S; provided that: a) when [err] is N—rmc_iazolyl N-triazolyl,

N-pyrrolyl, N-piperazinyl, or N EXAMPLEG - .
' js-f4-Cvano-4- e ighexane-1-carboxvl
10 i

To a solution of cis-{4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyleyciohexane-1-
carboxylic acid] (0.17 g, 0.5 mmol) in methanol {2 mL}) was added an aqueous solution of
tris(hydroxymethyl)aminomethane (1,.0M, 0.5 mL). After 10 min, the solveny was
evaporated, wluene and methano! were added and the liquids were removed in vacuo.

15  Trituratipn with ether provided a white solid ¢0.18 g, 79%) mp. 191-1949C.°
Analysis Cale. for C24H36N207-2.5H20: C 56.57, H 8.11, N 5.50; found: C 56.44, H 7.75.
N 5.62. :

20
T a solurion of methyl zrans-[4-cyano-4-(3-cyclopemyloxy-4-

merhioxyphenyl)cyclohexane-1-carboxylare] (0.68 g, 1.9 mmal) in methanol (8 L,
comaining just cnough tetrahydrofuran to solubilize the estér) under an argon aanpsphere

. wis added water (4 mL) and potassium hydroxide (0.32 g, 5.7 mmol). The resulting mixwre =

25 was stirred at room temperatre for 24h, was acidified with 10% hydrochloric acid and was
extracted three times with 10% methanol/methylene chloride. The organic extract was dried
{magnesinm sulfare) and concentrated under reduced prassure. Purification by flash
chromatography, eluting with 4% methanol/methylene chloride, provided a white semi-solid
(0.52 g, 80%), which was triturated with ether to yield a white solid (0.43 g): m.p. 157-

30 1580C.
Analysis. Calc for CagH25NO4: C 69.95 H7.34,N4. 08 found: C 69, 69 H 7 30, N4.07.

35

butyloxy aceronirrile This compound, prepared substantially as descﬁbad above for 2-[4-
(3 4-b:sdzﬂuoromemoxyphenylH-cmocYClo-hexyﬁdenc]-z-mn-buzylnxv acetoniwile in
Procedure A of EXAMPLE 4, was isolated as a white solid: m.p. 109-110°C,



notpholinyl, then q is not 1; or b) when [err] is [err]-—or- fTerr]7 XT1s F,

[err], or [err], [err] is H Zis [err] and [err] is [err ﬁ&pﬁﬂlgcu{ed
.alkyl, then [err] is other than H, or the pharrraceutl e salts.
t hereof .. Exenplified compounds of Formula (1) -are: ﬂmgm

4- cyano- 4 (.3-cycl opent yl oxy- 4- nethoxyphenyl)cyclohex 1 yl ate;

4- cyano 4 ( 3-‘cycl opent yl oxy 4 met hoxypheﬂ?l )cycl ohex I ene- I car boxyl | c
aci d; - --12wefhyle e L cee 4 TR I S T
" Ci s[=4 Gyarro 4*(333ycl byl , , i finifi ipgthoscphicny
' tC?;EgX)[’ '43{: ;B/lg r '(; & Thcscoo unds. rei sul(:)s:annall y as desmbeg ﬁb?<v§ for mc:hyl i~
car boxyl at aﬂg m ﬁf%%gaﬂﬁlﬂm&ﬁ&ox gc)&g LgxﬂXE"ll ca!%ﬂx;]

[ 4- (3, 4-bi ﬁn@d&xmbnﬁﬁﬁd&ﬁmbﬁw:)enehﬂmsgidsdh&mmmﬁg BG%})‘Impd]Oﬁ met hyI

trans-|[ 4- (qogu gs?mgr%ggﬁﬁqymr}g#eié? wRocyclphexane 1- carboxyl at e] ;

. cis-[4-cyano-4- -cy . yl ytycl ohexane: 1- carboxylic
acid]; cis-[4- c 45X ; H SYEREhy| ) cycl ohexane- 1
- car boxyl a en ey ane-1-ca Asuspenswu of methyl cis-{4-cyano-4~(3-

hyd:oxy-v#amedmxyphenyl)cyclohexanc-I-csrbuxylatc] (0.35 g, 1.20 mmo}), powdered
potassium carbonate (0.5 g, 3.6 mmol) and bromomethy] cyclopropane (0.35 ml. 3.6 mmol)
10 indry dimethylformamide (15 mL) under an argon atmosphere was heated at 85°C for 44,
The mixtore was cooled, was diluted with water and was extracted three times with ether,
The organic extract was washed four times with water, once with brine, was dried (potassium
carbonate) and was evaporated. Punﬁc:mon by flash chromatography, clutmg with 20%
ethyl acetatcﬂ:exancs. provided an oil (0.34 g, 82%,).
15 8D. OF thoxv-4-methoxyphenyleveioh
garboxvli¢ acidl m title compound, prepared substasitially as described above for cis-{4-
cyaﬂo-4—(3—cyclcpcntyloxyAvmethuxyphenyl)cyclahexane-l-carboxyiic acid] in EXAMPLE
- 7, was isolated as a solid: m.p. 165-167°C,
Analysis Cale. for C19H23N04 -1/5 H20: C 68.53, H7.08, N 4. 21 found: C 68. 7& H7.07,
20 N 4.16 .

‘Q-‘!Anﬁ;‘ &S ekt

gE.
Mumw The title compound, pn‘-pmd subsmnmﬂy as
described above for methyl cis-{4-cyano-4-(3-cyclopropyimethoxy-4-
' methoxyphenyl)oyclohexane-1-carboxyate] in EXAMPLE 8C was ‘isotated as & salid: m, 2
25 127.5-1280C,
Analysis Calc. for C20H25N04:3/8 H20: C 68 60, H 7.41, N4.00; fmmd C68.50,H 7.28,
N 3.88. _ , _
- §F. m@wmmmw-
carboxvlic acid} The title compound, prepared substantially as described abave for cis-[4-
30 cyano-4-(3—cychpentyloxy—&meﬂwxyphenyl)cyclohexme-1 carboxylic acid] mEXAMPLE
7. was isolated as a solid: m.p. 1489C .
Analysis Cale. for C19H23N04 C69.28.H7.04, N4 25 found: C 68. 97 H7.03, N 4.25.

EXAMPLE

.35  gis-and {4 ano-d-'B:- cl thoxv-4-difiu Iy , xane-1-
’ .' . . : ! !i - dd] : ’ . ’ [T -
9A.  2:04:Cyano-4-G-cycloprogyimethoxy-4-
difluorpmerhoxyphenylicyolohexylidenel- 1,3-dithiane This compound, prepmd

substantjally as destribed above for ”-[4-cyano-4-(3-cyclnpcntvioxv-4- :



tri s( hydr oxymet hyl )arrrmnl um net hane salt; —— T T
‘i s-[4-(3, 4-bi sdi fl uoronet hoxyphenyl ) - 4- cyanocycl ohex ne- eenﬁg
acid]; trans-[4-cyano-4-(3- cycl opentyl oxy4 met hoxyphe?:l &% 1
-carboxyllc acid];

Cci s-[4-cyano-4-(3-cycl opropyl met hoxy 4- rret%xyphenyl )C

- carboxyllc aci d] ;.
trans-[ 4- cyano 4( 3- Cyclopropylnethoxy 4 nBthoxyphenyI)cycIohexane 1-.

, car Boxyt i cpag] ﬂg éﬁ%&%hhexyl dege]-1, ~dxthmn in Prodedtire 8 of EXAMPLE 3, was-isolated . .~

ci -4~ Cyano- met h Xy 2 et hoxyphenyl ycycl ohexane 1-
car boxyl at Bjas
trans-[4- cyano EB(S Motiub aisognd a2 yans -423r¢

car boxyl at ane-1- X te] These compounds prepax@&tsﬁ%'tanually as descnbed

4-
g: fS I Lor %ﬁ; ‘3‘5’ EI‘T%. M%%r@ﬁi@‘f’%&ﬂ&]kmﬁt hyl- -
trans-[ 4- cmﬁmﬂpﬂeag wmxml-mgmﬂﬁmmwmmamwm uolated
(0]

cyclohexang car boxyl at e] ;
cis-[4- cyano- 3 cyclopropylnethoxy 4- d|f|uoronethoxyphenyl)cyclohexane 1-

car boxyl'i ¢ aci -cyok imetho 4=

trans-[ 4- cydme ] L hdigoTRIS BéBRouna s8R E Y C| ohexane-

1- carpp Xysxlxbcsm%tculxl és descnbad abcve for ClS‘[MMM(3-C}’ClOpBﬂIYlOKY-4-
memcxyphcnyl)cyclohexane- 1-carboxylic acid] in EXAMPLE 7, was isolated as a solid:
m.p. 134-1350C .

Analysxs Cale. for C19H21F2NO4: C 62.46. H 5.79, N 3.83; found: C 62.15, H 5.83, N 3.88.

. 9D. trgns-14- 0-4-(3-c hoxy-4-difiy thox -
15 Mgw&ﬂ The title campound pmpared substantially as described

above for r:is-{4-cyano-4-(3-cyclopcmyioxy-d—-mcthuxyphenyl)cyclahe.xane— -carboxyhc :
acid] in EXAMPLE 7, was 1solat=d BS 8 solid‘ m.p. 128-129°C.,

To a soluuon of miechyl cls-[4'cyan¢:-4-(3-cyclapcntyloxy-4-

meﬁxoxyphenyl)cyclahexane-l-qrhoxylawl (0.22 g, 0.62 mmol) and fonnannde (0 08 mi.,
208 mm0l) ar 100°C in dimethylformamide (2 mL) under an argon atmosphere was added
portionwise over.20 min sodium methoxide (25%-sohtion in methanol, 0.1 ml,, 0.43 mmol).

23 After an additional 1.25h at 100°C, the mixture was cooled, was poured into isapropanol,
was filtered and the filaate cvaporated. The residue was dissolved in ethyl éccta:e., the
organic phase was washed thres times with water, was dried (magnesiom sulfate) and was
concenwated under reduced pressure. Parification by flash chromatography, eluting with 3%
methanol/methylene chloride, provided a white foam (0.06 g, 28%).

30 Ana!yszs Cale. for 020H26N203 3!8!'110 C 68.79, H7.72, N 8.0Z; found: C 68.86. H 749,
N793.

as

carboxamide] These cmnpounds pmpared substantially as described above for ru-[4~cyano-
4-(3-cyclopemyloxy-@memoxyphmyncyclohexme-1-ca:bomde] in EXAMPLE 14, were
isolated as a solid (¢is isomer: m.p. 109-110°C } and &5 an oil (trans isomer). "



ci s-[ 4- eyano- 4- (3-cvcl opent yl oxy- 4- net hoxyphenyl ) cycl-ehexane-1— - —
- car boxam de]; cis-[4-cyano-4- (3 4- bi sdi f | uor onet hox%phen | )cBycI ohexane-
1- car boxani de] heet Has Been Replaced
trans-[ 4-cyano- 4- (3, 4- bi sdi fI uor omet hoxyphenyl ) cycl ohgwﬂﬁlﬂﬂ“mgﬂam de];
ci s-[4-cyano-4-(3, 4- blsdlfluoronethoxyphenyl)cyclohex ra2|de]
ci.s-[4-cyano- 4- (3, 4-bi sdi f 1 uor omret hoxyphe®@ ) cycl ohexane- 1- ( 2-
acet yl cat bohydra2| de) -Cis- (4- (3 4- b1sd| fI uoromet hoxyphenyl) 4 cyano-
A-{3-methyl: 1,2, 4loxgdbazdt o n- -~y ) &y
cis- {4(34bisd| Ev R e Bt
- (2-net hyl [ mmmm wlsnow)cam(amebmﬁpmmemmm@)-{mmmohmc- :
bi sdi | uor omgtaayRBRE){0l06%, 019! gﬁﬂﬁ ?gﬁbmﬁ
yl)cycl ohexa ﬁr@%‘ﬁ %%I-’IO 4- ﬂ}ﬁ%ﬁ% yp??enm{"
1- hydr oxy- "i"éq%'( Al %E‘EF’S g‘rﬂéﬂ the solvedtwas
ci s-[.4- cﬁanoeﬁp@ﬁmﬂyd}mmmﬂmwwﬂc@mﬁnhﬁwbiﬂmﬂumhy&bMHndc 0.0z,
cycl ohexane- glg 26 2inkdyehi308) aqiecus sodium hydroxide (0.09 mL, 0,26 mmol) were added and
the mixture was heated at 95°C under an argon atmosphere for 2.5h. The mixtore was
cooled, warter was added, the mixture was extracted three times with methylene chioride, the
- organic extract was dried (magnesium sulfate) and was evapora:cd. Purificarion by flash
10 chromatography, eluting with 4% methanol/methylene chloride, provided a solid (0.03 g,
37%). This product was combined with that (0.04 g) from a similar reaction sequence and
was triturated with hexane to yield 8 tan solid: mp. 83-849C.
Analysxs Cale. for C1gH 17F4N303: C 54.14, H 4.29, N 10.52; fnund‘CitLll H435 N

= 10,13,
RE=-3 ; .
;—T i5-14-(3,4-Bisdifluoromethoxyphenyl)-4-cyano- {-(2:meths adiazol-3-
- Yhcyclohexane}
MMMMMWA

.20 soluuon of methyl c:.f-[4-(3 4-bxsd:ﬂuoromeﬂxoxyphenyl)Myanocydnhexanc—1-
' carboxylate] (0.2'g, 0.53 mmol) and hydrazine hydrate (0,28 mL; 9.0 mmoi) in ethanol (2. 5
mL) was heated at reflux for 6h and then stirred at room temperature for 16h. Water was
added, the mixture was extracred three times with methylene chioride, the extract was dried
{magnesium sulfate) and evaporated. Purification by flash chromatography. eluting with 4%
25 mcthancl!methylena chloride, provided & solid (0.12 g, 58%). mp. §0-810C.
-{4-(3 4-Bisdifluo th he -1- rho-
hydrazide)l A solution of methyl cis-[4-(3,4-bisdifluoromethoxyphenyl)-4- ,
cyanccyclohexane-1-carbohydrazide)  0.11 g, 0.29 mmol), tiethylamine (0.09 mL, 0.65
mmol) and acétic anhydride (0.05 mL., 0.54 mmol) in-ethano} (7.5 ml.) was heated at reflux
30 for Ih, was cooled and the solvent was evaporated. Water was added, the mixwre was
. exuacted three times with methylene chloride, the extract was dried (magnesivm sulfate) and
evapomod o provxdc a whne solid (0.11 g, 85%) m.p. 144-145"{3. '

vlicyclohexanet A solution of cw-{#@,&bxsdxﬂuommeﬂmtypheﬂﬂ}-d&ymocvclohexane-
© 35 1-(2-aceryl-cathohydrazide)] (0.1 g, 0.24 minol) and phusphnrpus oxycmnde .25 mL,
268 mimol) in toluene (3 mL) was heated at teflux under an argon msphm for I.Sh The
mixture was cooled, water was added, the mixture was exmadted thiee times with 5%
methanol/methylene chloride, the Organic extract was dried (mnpnesinm sulfate) and was

-



ci s-[ 4-cyano- 4- (3-cycl opr opyl met hoxy- 4- met hoxyphenyl ) - 1
- hydroxycycl ohexane- 1 - carboxylic acid];

ci s-[4-cyano- 4- (3-cycl opr opyl net hoxy- 4- nethoxyphenyl)
-hydroxycycl ohexane- 1- carboxani de]; nethyl ‘

Thleheet Has Been Reilaced
Ci s-[ 4= -gyano- 4- (3-cycl opropyl met hoxy- 4- nef oxyphenyl)-
,cyclohexane- 1 -carboxyl ate]; .

-ci s-[ 4- -cyano- 4- (3-cyc| opropyl met hoxy- 4~ mat hoxyphenyl ). s

LR hoXveuel gt @a@@hﬁg%@gfgg’m rg@ggm Wi 2 sty atie - .-

- met hoxycyBr aAell. 1. carboxani dej ;

trans- [ 4- chanlysié Calts ﬁaya;smmwgmgtmmmermtmmwmm found: C 52,00, H
1- hydr oxy- 3&3'1@? ane- 1-carboxal dehyde]; nethyl

trans- [ 4- cyano- 4-°("3- cycl opr opyl net hoxy- 4- net hoxyphenyl )-1-
hydr oxy&ycl ohexane- 1- car boxyl at e] ;

trans-[4-cyano- 4-(3-cycl opropyl met hm E tmoxyphenyl) 1- hydroxycycl ohexan
e- 1- carboxyllc aci d1,; et hyl

t rans- [ 4- cyano ke i Ly QL T R Ry S X AN A IRy Althiadiazol-5-

nmet hoxycycl ohexane- 1- car boxyl at e] ;

:ngumz_.l
LA e C?P(;%W@Q@Wﬂﬁ%%w@my&omm-x o

hydrazide)] (0.1 g, 0.24 mmol) and Lawesson's Reagent (0.13 g, 0.32 ramol) in

toluene (3 mL) was heated at reflux under an argon atmosphere for 0.5h. The mixmre was

cooled, saturated aqueous sodium bicarbonate was added, the mixture was exmacted three

times with methylene chloride, the organic extract was dried (magnesium sulfate) and was

evaporated. Purificarion by flash Chrumatogmphy. elutmg with 1:1 hexanes/ethyl acetate,
1S  provided a solid: m.p. 66-67°C. '
Analysis Calc, for C1gH17F4N303 5: C 52,04, H 4 13, N 10.12; found: C 51.67, H4.06, N

9.92.
| PLE 14 :
20 is-[4- ano-4- ~¢ycl methox thoxyphenyl)-1- droxy-1-
' mﬂ_quJmmﬂmmme_l

n-Butyllithium (1.9M in hexanes, 0.4 mL., 0.76 mmol) was added dropwise over 5
min 1o a solution of tris(methylthio)methane (0.11 mL., 0.83 mmel) in dry tetrahydrofuran (3
mL) at -789C under an argon atmosphere. After 15 min, a solution of 4-cyana-4-(3-

25  cyclopropylmethoxy-4-methoxyphenylcyclohexane (0.2 g, 0.67 mmol} in dry
temrahydrofuran (3 mL) was added dropwise over 10 min. After 0.5h, agueous ammonium
chloride was added and the mixture was allowed to warm t room temperature. The mixrurs
was extracted three times with methylene chloride, the organic extract was dried (magnesiom
sulfate) and evaparated. Purification by fiash chromatography, cluting with 25% ethyl

30  acetare/hexanes, provided a white solid (0.25 g, 84%): m.p. 123-1240C.

Analysis Calc. for C22H31NO353: C 58.24, H 6.89, N 3.09; found: C 58.57, H 6.81, N 2.92,

- 35

Mercuric chioride (0.23 g, 0.85 mmol) and miercuric oxide (0.08. g, 0.37 mmo}) were
added 1o 2 solution of cis-{4-cyano-4-(3-cyclopropylmethoxy-4-methaxypheny!)-1-hydroxy-
I-tris(methylthio)methylcyclohexane] (0.1 g, 0.22 mmol) in 12:1 methanol/water (2 mL)
under an argon atmosphere and the mixpure was allowed to stir at room temperature for 4h.



t rans- [ 4- cyano- 4- (3- cycl opr opyl met hoxy- 4- net hoxyphenyt-) = I=rret-hoxycycl ohexan

. e- 1-carboxam de];

ti s-[ 4-cyano- 4- (3-cycl opentyl oXy- 4- et hoz)yphenyl )cy Jﬂmmﬁw’ l]Q ¢ boxani ¢

acid]; ’

N- net hyI ci &- [4- cyano- 4- (3 cycl opentyl oxy 4 rret hoxy ane 1-

~carboxatri ¢ aci d] ;

cis:[4- cyano- 4- (3chcl opentyl oxy 4 met hoxyphenyl )cycl ohexane :L N-(2- .

_cyanoet hy.l: )‘Bh% i&?éﬂvﬁf@ﬁhcred thmu =the t'l te wasdx{uteﬂ with waterand WAs'c:;mtca
*26%»

Ci S=['1-(2- ¢yanget'h ent yl OXy-
rrlet hE)xy|(ohe ﬁ'ﬁé *§Y enrg e)P asd)gédltlmagnmum sulfate) and

cis-[4- cyamsﬂmwz I qu@na@dnmyﬂuh clerotnatography eluking with 35% ethyl
- (tetrazol aSekhexdi0 la u%m% Wﬂfﬁx&fwﬁ%tpﬂltﬁ Wit %tﬁ@%egﬁimseﬁ et

act SO exls

bot h do
dloast(ra(ra1 gm@w d[5 3%85@37??9“’6!? ngﬂ@d%hyy cal- and ... 14 bi.ol ogi cal -

proper t i es Analysis@@ald. ferGapHosNOg 1ASHHOLC 68)20] quIQQNtSQmﬁ)uﬁd't@@SI )3 8 SEFJOIOe Of
t he preseni\pg ention. Therefore another aspect of the pr esent i'nvention is
S

t he admini sttation of either-a racemate, a single enantioneric form a
singl e diastereoneric form or mxtures .
EXAMPLE 1§ :
10 =[4-Cyano-4-(3-cyclo; hoxy-4-ny h -1-hydroxyeyciohexane-1-
garboxylic acid]

The title compound, prepared substantally as deseribed above for gis-[4-cyano-4-(3-
cyclopentyloxy-4-methoxyphenylicyclohexane-1- wboxyhc acid] in EXAMPLE 5, was
isolated as a solid: m.p. 168-169°C . :
15 Analysis Ca.lc for Ci9H23NOs5:1/4 HzO C65.22. H 6 77 N 4.00; found C64.94 H6.62, .

. N 3.80.
|  EXAMPLE17
i5-{4-Cyano-4-(3-cyclo hoxy-4-mer henyi)-1- xycyclohexane-1-
20 _ ‘ ca mide

A solution of cis-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxy-phenyl)-1-
hydroxycyclohcxane-l-carboxyhc acid} (0.15 g, 042 mmot) and a 1race of sodium cyanide in
methanol (1.5 mL) contained in a pressure vessel was cooled 1o -78 and anhydrous ammonia
(2mL) was condensed into the wbe. The tube was sezled, was allowed to come to rootn
temperature and the reaction was surrcd for 2 days. The ammonia was allowed to evaporate
and the reaction was partitioned between water and methylene chioride. The organic extract
was dried (magnesium sulfate) and the solvem was evaporared. Purificarion by flash
chromatography, eluting with 3% methanol/chloroform, pmvxded a solid (0.054 g, 38%):
m.p. 144-1450C.

30  Analysis Cale. for C19H24N204 1/4 H20: C 65. 41 H7.08,N&. 03 found: Cﬁs 16, H 6.96,
- N7.86. '

35

Silver (1) oxide (0.62 g, 2.7 mmol) was added to a salution of methyl cis-{4-cyanc-4-
(3-cyclopropyimethoxy-4-methoxyphenyl)- 1-hydroxycyciohexane- 1-carboxylate] (0.62 g,
1.7 mmol) and jodomethane (5'mL) in‘aceronitdle (5 ml.) under an argon atmosphere and the
mixwure was heated at reflux in the dark for 18h.. The mixmure was cooled, was filtered



t hereof. The terns cis and trans denote stereochemn stry- at- the—&-+-position
.of the cycl ohexane rlng relative to the R3 group at the C4 p05|t|o The

terns"Cerr] alkyl", "C{err] alkyl" C[err] aIkyI‘[11 ”‘ de both
straight or branched chain radlcals of to 10,. unle ength is .
limted thereto, including, ‘but not - Ilntted to nethy opyl,
fjsopropyl n- butyl, sec-butyl, ;|sobutyl bgrt-butyl, and the I|ke '
"Akenyl " i ncl udes -both stratght or - br-anched chaln radlcals of I to 6
‘carbon - Iengt 4

Hot' bi 't ed l?g’"gﬂ&ﬁ %T&gﬁo B %epe#ﬁ & ﬂg’:{' mitﬂéjafﬂ-@ ﬁ&n?éi
3-tret hyl - 2- p¥dh I"'th prevldmt:%qliééﬂﬁ;g, ﬂk)ym-l? |7ﬁt'ﬂ58@es gr oups of
3-7 carbon aAmiysis emrfoaemmmymﬂ EC290 DY 3078 Keunhg? 167 46y HI R0 N3R0. or
cycl ohexyl. "Aryl" or "aral kyl", unless specified otherw se, neans an
aromatic ring or ring systemof 6-10 carbon atons, such as phenyl, benzyl,
phenethyﬁ or napht hyl . Preferably th nnnocycllg J...e, phenyl. The.
al kyl chain |n*s alq Al e : ; oy }

carbon atons. Fbteroary " ,”‘an AR ar ONetl C ring system
contai ning one or nore heteroatons, "‘"dazolyl triazolyl,

oxazol yl', pyri dyThepigie comnpyind, mpaaiiub‘-‘mnthﬂy mﬂgsbzibﬁmbwforcb#[4-bmnﬂ3n

"Hal 0" as u Ofﬁ{ fyl

or iodo. .The Eih tﬁ ﬂ( nﬁ? Wh&}hgj}w}:g%ﬁg“ b&yﬁﬁ{éﬁf%wg’l% ng the
product i*8n dsel "nﬁé&‘ﬁsm!’a)“%r EPé’@r'ease of excessive in vivo IL-1 or TNF
llevel s, respoulysisalale. finCAHISNDS: C66.84, H 7.01, N 3.90; found: C 66.64, H7.29, N 3.95.

EXAMPLE 20 -

</4-Cyzno-4-(3.cyclopropylmethoxy-4-methoxvphenyl)-1-methoxve .
15 ' carhoxamide]
A solution of czs-{4-cymm-d-(s-cyclcpropylmeﬂlaxy#meﬂmxyphenyl)-1- )
methoxycyclohexane- 1-carboxylic acid} (0.13 g, .36 mmol) and N-methylmorpholine (0.05
mlL., .45 mmol} in 1,2-ditmethoxyethane (2.5 mL) ar room rémperature under an argon
. ammosphere was treated with isobuty! ehloroformate (0.05 ml, 0.39 mmol). After 10 mia,
20  concenmated ammoninm hydroxide (6 drops) was added and the mixure was suned foran
additional 0.5h. Water was added, the mixture was éxiractid thiee times with 5%
methanol/methylene chloride, the organic extract was dried {nugnesium sulfate) and the
solvent was evaporated. Purification by flash chromatography, eluting with 3%
methanol/chloroform, provided a solid (0.13 g.-100%): m.p. 165:1669C.
25 Analysis Cale. for CogH26N2043/8. HzO C65 '78 H7.35N 7.67. found: C 65.65, H 7.23,

N 747,
EXAMPLE 21
s-{4-cyano-4.(3.cycl imethoxy-4- _ -]= =
30 : lcaboxvise] I
zrs- 4 -(3-cyclopropylmpthoxy-4- ' clohexane-

divlJoxirane] To a mixmrc of 80% sodivsm hydride in mmml oil (0 33 g, 11 mmol) and
trimethylsulfoxonium iodide (1.69 g, 7.67 mmol) a1 room tcmpemm:e under an wgom
' atmosphere was added dropwise dimethylsulfoxide (12 mL) and the reaction mixture was
35  stirred for 30 min. A solution of Munwﬂﬂyclopmpyimeﬁmxy-a-mzhoxyphenyi)
-cyclohexanone (2.00 g, 6.68 mmot) in dimeshylsulfoxide (5 mL)’ was added and snmng was
continued for 30 min. The reaction mixture was quenched with sammed ammomum '
chloride, was partitioned between ethyl acerate and water; was‘dried (magn;smm sulfate) and |

*
.



norrmal | evels or below normal |evels by inhibition of- the s n vi vo-tel ease
of IL-1 by all cells, including but not limted to

aci ophages; b) a down regul ation, at tEﬁ transl ati cﬁ‘fl onal
tevel , of excessive in vivo-'IL- 1 or TN ?evel S; resp hurran
to normal |evels or bel ow nornmal |evels; or” c) a down '
i nhi: b4't"l enof the direct synthesis: of- IL L or TNF | evel s as a

-"-postransl 4t+onal event *TNE nedi af qd-di seéase oy di sease states” means, any.. ..

'?'rl‘llg ?ltlsadil‘gga gy tes@g&%gw ﬁ%&kﬁﬁo%ﬁmbﬁ J?'e SassC sﬁc‘tnlgg”gf}t :
not” | i it eliting Wllbr 13mmwlecwta/bsm@emﬁéawlpw 6% for inst ance is
a Iaj or CTRRART Al S6C WHISNOHIOT 6H186,H 730N 643; fomdeﬁbﬁge’l%&'btﬂ o

e at cd H&#@Bﬁﬁé&%@q@w 5 dé%ﬁ%&ﬁ"i@%fi nﬁﬁBfLS?L)ethsdtfﬁiée sate
struct firal honplongyd-Glyarv- "r Ki-cYoloprdpylmbts frmcthon yphenid hd-Bvanox Vgt | .
oot o ESEpAIT A Haflng ?'?h%t 2332}‘* B “ﬁ?ﬁﬁ%ﬁe““"‘d? of
the pres eﬁYCIPbﬁ?‘ém'llﬂP‘@ﬂGwP% (b3 op) @P@P?‘éﬁ‘“f‘bhyéﬁ‘?"l &t@o@ y‘r%as " TNF"
unl ess speshdl) e83:¥5 dmdﬂyegmﬁdemhmﬁmmﬂnd&mnm aithissphere was heated ar
| nhi bi ted 100.1196C for 1h, was cooled, was diluted with water and was extrarted three times with
- 10 ethy! acerate. The organic extract was washed five times with water, was dried (magnesium

sulfate) and was evaporated, Purification by flash chromatography, eluting with 3.5:96.5
methanol/dichloromethane, provided the frans-isomer as a sticky white solid: m.p. 38-42°C

(0.96 g, 69%).

Analysxs Calc. for C19H25N04 C 68.86, H 7.60, N 4.23: found: C 68.96, H 7.62, N 4.03.

=[4- -cyel Imethoxy-4-methoxyphenyl)-1-hydroxy: .

Jgo_lxml_-mmm To a solution of oxaiyl chioride (C.28 mL, 321 mmol) in
dichloromethane (3.5 mL) at -780C under an argon atmosphere was added dropwise
solution of dimethylsutfoxide (0.46 L., 6.48 mmol} in dichloromethane (3.5 mL} such that

the internal temperature did not exceed -609C. A solution of rans-4-cyano-4-(3-
cyclopropylmethoxy-s-memoxyphcnrll-l-hydx;oxymeﬁwl-l-cyclohsxanol (0.89 g, 2.68
mmol) in d1éhloromctham (7 mL) was added dropmse and sdfing was eununued for 30
min. Tncthylamme (1.80mL, 129 mmol ) was addcd over 10 min, then § mm larer, the
reaction mixture was allowed to warm to room temperature over 1h. The reaction mixture
was quenched with water and was extracted with three portions of dichioromethane. The
25  combined organic'laycrs were washed with 1% hydrochloric acid, 5% sodium carbonate end

- . water, dried (magnesium sulfate) and the solvent was removed in vacuo to provide crude

]

—t
L%, ]
[y

t

R RERea

. W
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aldehyde (0.85 g, 97 %). _
ethyl trans-[4-cya 4 imethoxy-4-meth - .
cyclohexane-1.carboxylae] Yo a solution of mns—[bcymwﬂ-cyclopmpylmemoxw-

30  methoxyphenyl)-1-hydroxycyclohexane-1-carboxaldehyde (0.79 g, 2.4 mmOl) in methanol
(25 mL) ar 0°C tinder an argon atmosphere was rapidly added a solution of pomssinm
hydroxide (0.36 g, 6.43 mmol) in methano! (5 mL), followed bya soiunen of :odme {0.80 g. :
3.15 rmmol) in methanol (5 mL). Afier 15 viin the veaction was amdxf'md with 11\_7 -
hydrochleric acid and extracted with three portions of d:chlommeﬂmne The eombmed

35  orgamic layers were washed with aquieous socium biswlfite untl color was d:scharged then
with water, dried (magnesium sulfate), and the solvent was removed fu vama.. Punﬁcanun
by flash chromatography, cluted with 35:65 ethyl acctate.fhexanes R prov:ded a whue solid .
(0.82 g. 94 %): m.p.148-149°C, ’ o



"Cytoki ne" neans any secreted pol ypeptide that affects the functions of
cells and is a nolecule which nodul ates interactions__between cells-in
i mune, inflammatory, or hematopoietic responses. A cytoklne |ncludes but
is not limted to, nonokines and Iynphoklnes regardlé@es

produce them- For instance, a nonokine is ‘generally re e|ng
“produced and secreted by.a mononucl ear ceBP, such as a d/ or

monocyve:™ Bt any ‘ot her cells produece- monoki nes, such as natural Killer
cetts; ftbroblasts, basophl I,s, neut roph| | s, endot helial] cells,. . brain -

R I R TR R s 1,

| ynphocyt eNggis S. Exanpl es of cytoki nes for the present invention include,
but are not |inited to, Interleukin-I (IL-1), Interleukin-6 (IL-6),
Interleukin-8 (I'L-8), Tunor Necrosis Factor-al pha (TNF-[err]) and Tunor
Necrosi s Factor-beta (TNF-B). The cﬁmmhl b| ted by the present

i nvent ison fwn%m Y-l byl 4lthohoxivihidf IR bvdletekafeel-a. - -
‘cytokine which 1s Inplrtcat K LN rral ntenance of T
cell activation and/or activated T e aoe.

%t ed Hl V gene expression and/ or
repli.cation, arfietic(compaund, prepared subsuntillytas destribebabovefs gisil4cstnopt-Ghl em

h
SuCh 25 Sy ey RS S HRUSEIAeRe FEECHRR WML OB 1>
i nhi bi t i ngiselated s a@olisk peth 167-1439€. pr eferably by nmacrophages, nonocytes or

macronlmageamsaﬂsmmvcw:ymﬁcmmnevnm&mﬁguﬂmw Hi6. He Xk 8her eof .-
Al'l of the conpounds of Formula (lI) are useful in the nethod of inhibiting:
or ‘medi ating the enzymatic or catalytic act|’V|ty of PDE IV

raNs~ no-4-(3- ot o] X =meth 1 jeXang-
l-curboxylate] -
153 . The title compound, prepared substantially as described above for methyl cis-[4- -

. Cyano-4-(3-cyclopropyimethoxy-4-methoxyphenyl)-1 —mcrhoxvcyclohcxﬁne—l-carboxvlam]
in EXAMPLE 18, was isolated as a solid: m.p. 84-85°C.
Analysis Calc. for C21H27NOs: C 67.54, H 7.29, N 3.75; found: C 67.34,H7.25, N 3.77.

The title compound, prepared substantially as described above for cis-[4-cyano-4-(3-
cvtlopentyloxy-4-methoxyphenyljcyclohoxane-1-carboxylic acid] in EXAMPLE 5, was
25  isolated as & solid: mp. 158-1599C,
Analysis Cale, for C20H25N035-1/4 H20: C 66.01, H 7.06, N 3.85; found: C 65.98. H6.91,

N 3.7s.
' EXAMPLE 25 .
30 T, - . B xyph 1}~1+ 1 =
_ . .

The title compound; prepared substamialiy &5 described above for ms-[A—cyano-d-—G-
cyclopentyloxy-4-methoxyphenyi)- l~meﬁxoxycyciohexaae-l-carbumnde] in EXAMPLE .
20, was isolared as a sofid: m.p. 168-1699C.,
35  Analysis Cale. for Co0H26N204-1/8 HzO C 66 60, H7.34, N7 m immd C £6.60. H 7 30,

N7.74.



and"in treatnent of disease states nediated thereby.. METHODS OF -

- PREPARATI ON: Preparing conpounds of the Formla (I) can be carrled out by
one of skill in the art according to the procedures

Exanples infra.” The preparati on of any remaining co ﬂ Fornula
(') not ‘described therein may be preparegiby the anal

di scl osed ‘herei.n- which conprise: a) for conpounds of the Fornul a (I)

.Wherej.n, Rferr] is H _CN_ {ervr], [errliakkyl -or. [err] .hal, osubstltuted al. kyI
“wher.éi nXxior X[err] i-s other Ihan Br gxAMPEERE.. ami:No,. foi“rryl ani ne. or ;
S(O mwhen mi. is L or “wherein 7S -CHO and- 5_'.1t,;¥_41 1 |%r Sent”

reacting a cot Haldiorage-d-GLvelopentyioxy drmathoxyy Lsent s

Rerr] as defi ne'ﬂmmﬂermh‘mbul[dapmpa:&bsuhstaauﬂmmscﬂbgdwe (il Mi’e4-(33

d gcrbhraide
(Rl[)er{)]r gngrg)upico veﬁ%.ﬁ&%’h@]g %&ang J% represent§ m%ﬁﬁgﬁupﬁ
rel at i enS-t oPWt@Sing bydroxylagine insirad oh aamegiay wabisalaled ase solid; ""RMIB% WGromet hane

.lg a sui t abhealgeinCalefor CpgH 20 C 67003, B, BI, 86R62fonfd: € 6625 HICSH, N7y2.)

10

The title compound, prepared substantially as described above for cis-[4-cyano-4-(3-
cyclapentyloxy-4-methoxyphenyl)-1-methoxycyclohexane-1-carboxamide] in EXAMPLE 20
but using N-methylhydroxylamine instead of ammoma, was isolated as a solid: m.p, 75-
76°C.

15 Analysis Calc. for C21H28N204:1/4 H20: C 66.91, H 7 62 N 7.43; found C66.95,H7.54. -
- N735. : -

EXAMPLE 28 |
is-[4-Cvan -cvelopentyloxy-4-mer henylicyclohexane-1-N.{2-
20 cyanoethvl amide] . a
~ To a soludon of czs-[4-cyano-4-Geyclwtyloxy—&meﬂmxyphcnyl)cyclohemc-i-
ca:boxyhc acid] (0.55 g, 1.6 mmol), 1-hydroxybenzotiazole (0.24 g, 1.76 mmol) and 3-
. aminopropionitrile (0.11 g, 1.6 mmo) in dichloromethane (10 mL) at 09C under an argon
amhosphere was added 1-(3-disthylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.34 g,
25  1.76 mmol) and the mixture was allowed to wann to room temperature. After 6h, the
mixture was diluted with dichloromethane, was washed 1wice with 10% aqueous potassimn
carbonate, twice with 10 % hydrochloric acid and was dried (magnesium sulfate). The
solvent was evaporated and the residue was crystallized from hexanes/eﬁxyl acetate 1o
provide a solid (0.54 g, 85%):m.p. 146-147°C.
30  Analysis Calc, for C23H29N303: C 69.85, H7.39, N 10.62, found: C 69.49 H741,N 1046,

35 To a solution of cu'-[4-cvano-4-(S-Gyclopentyloxy-&m=ﬂiaxyph=nyl)¢vclohexane-1-
~ N-(2-cyanoethyl)carboxamide] (0.15 g, 0.37 mmol), triphenylphdsphine (0.19g,0. 73 mmol)
and wiméthylsilylazide (0.097 mL, 0.73 mmol) in dry tetrahydrofuran (2 mL) at room
temperature under an argon atmosphere was added dropwise diethy] azodicarboxylate (0.12
mL., 0.73 mmal) and the mixture was sirred in the dark for 24h. Ceric ammoniim nitrate



to provide conpounds of the Fornmula (1) wherein [err]"'rs H [err] ., [err]
al kyI or [err] halosubstituted al kyl, wherein X ag are ot her t han
Br, |, [err], anmino, fornyl amine or S(O)m vvhenm e|nZ|s
[err] and the doubl e bond. i:s present; t r it ment of with a )
. base,” such-as. sodi um net hoxi-de, in.the presence of, d titani um
trrchl orrde . pr.ovi: des conpounds* ‘of* ‘thew E rmJIa () vr/nerern [err] Is H CN,
[err] [err] al'kyl”: [err]"-haci esubﬁHtut ed al kyl’, wherein X ar; [err] are

SN hanos g el %ﬂ“ gﬁgmewmﬁw P

of such cdﬁ‘fﬁrﬂ@% Wéﬁ% %ﬁ'&sﬁ{g}e@a‘f'ﬁrated

ri ng For mapc(m):dm;fmmby &sﬁdhbmgﬂphy lebating dﬂh?d@ﬁfyﬂr mtmememem ther

- these sat %ﬂéﬁé&w ke cﬂ‘i'vﬂn&.'sbhd)gm}ﬁgies the
corres Forgru% car boxyl ates whi ¢ convert ed

by st.a da t BRAEPLS th proper mani pul ati-on of amny - cherﬁ cal I'y" sénsi'tive

funct i onalAs L&ﬁalccfotﬁzslizsNMGrﬁLﬁgHéﬂleN 1988; foaund: A1 6545 8 6.72. N 19.91.
oxazol i di none etc., Z groups of the Fornmula (1). Alternatively, reaction

of a conpound of the Formula (2) wth, tosyl met hyl i socyani de and
pot assi um t - but oxi de (fol I owed by hﬁKAMEL&.@ or lithium
met hoxypheny| gjirgictys i 15’ Yenty {' methok n -uha' DatriablAicwsioRdxapeloVvi des

conpoypds of the Fornu erer e " ﬂ g err aIkyI or
[err]lfﬁal osubs W‘B{?"?{I"l'@' @n - P &V S TRED r“? é?’r'Br , [err],

aming, fo mqlhowhnwllcyci&@@)r‘r}temmq (amz B: 0123011!!121) amdmdiiﬁmhﬂrmdd@ 6}01]8 gt he
gglri\tzleft 23@?& aﬂﬁ Qtl gicbggior es WI ro)per rranr g mfd@?ﬁ?arﬁ&?n ey be .
(protecti & F!atv&stsp overnight. The mixmrc was acidified wzth bfhygmchlonc acid, was
extracted three titnes wnh cthyl acetate, the extract was dried (magnesiom siifate) and the -
15 solvent was evaporated. Purification by flash chmmatogxaphy, eluting with 80:20:2
chiomfomllmethanol/watcr. followed by trituration with hexanes/ethyl aceme. provided a
white solid (0.038 g, 45%) m.p. 190-191°C.
Analysis Cale. for CooH25Ns02-1/2 H20: C 63.81,H6. 96 N 18.60; found. C64.07H6.79,
N 18.54. R — . .
20 . | y ‘
Inordertousc a oompound of Formula @ora pharmacenticaity accepmble sall:
thereof for the treatment of humans and omcr mammals, it is normally formulated in
accordance with standard phanmaceutical practice as a pharmaceutical composmon The ~
25  compounds of Formula (f) or # pharmaceusically acceptable salt thereof can beusedinthe
manufacture of 2 medicament for the prophylatic or thu-apeum treatment of any discase state
in 2 human or other mammal which is mediated by inhibition of PDETV, such as but not
'lirmited t0 asthma, allergic, or inflammatary diseases. The compounds of Formuls (f) are.
administered in an amount sufficient to treat such adxsusemahummnroﬂ:crmammal.
30 The method of uum:entandmnnitonng for an HIV-infetted human mamfesung
- immune dysfuncnon orcytokine-mediated dxsease associated problems is mugh: in Hanna,
WO 90/15534, December 27, 1990. In gem:tal an initial weatment regimen cm‘bc mpted
from that known to be effecuvcmmterfenngmthm activity for o:herTNF mediated :
disease states by the compounds of Formuia (D). Treated mdwiﬁua%s wﬂl_»be 'fegularlv checked -
35  forT cell numbers and'r4fl'8 mnosmdlormsmes ofvin:m:uuch as 1é}elsofreve:se IR
"ranscriptase or viral proteins, and/or for progression of mnuhne—mediated digease

associated problems such as cachexia or muscle degeneraton. Ifnoe&'ecusseenfoﬂowmg o
the normal treatment fegimen, then the amount of the monokine actmty mterfmng ngem '
adnums:crcd is increased, e.g.. by fifty y percent per week. -



of .any chem cally sensitive functional groups to the corresponding ester,
am de, nitrile, oxazolidinone, étc., Z groups of the Fornula (I)

. Alternatively, reaction of a corrpound of the For nmligshea aypeetnRe .

~triiflic.anhydride in the presence of an appropriat ﬁm‘ base or
with an-alkyl lithiumat a reduced tenpefature foI nt W th
N-phenyl - trifluorosul foni mde, provides. the corres | ng enoI triflate,

~Whl ch.is then reacted with-carbon npnoxide in the presence of an al cohol-
ami e ‘and’ am apprqpriate pal | adi um. cat.al yst.to proyi.de oompounds Of = I«he

Foryul & ([)’ mermpwm¢Mo nﬁﬂxépm{;cm hﬂvcr&inhyﬂinamﬂs«ﬂneffeégye,,

hal o}
f gr(r)rysltJ :Enl El(eﬁ%gr M%g%ﬁ%@%fr&%@i&ﬁ&@ﬁ@@sﬁﬁqﬁug b err m’t he
doubl e bond dikEes, L&gFmponds of ﬁrl}mla iarepdministered in cogumen B“Vﬁﬁ'ﬂﬁay be
converted byrepanddycdmbirigacsingo FRGHRRIEST) HiRik iaRistoi{skfftient 1o prod :

(ﬁéozgfﬁgggé’ﬁ@%‘b’g@@%&ﬁ?‘a n chﬁ%&?‘%g seEsttlve funcaél onal é&&ﬁgs to
t he For nul atgaven mallprmedmeﬂhsequwrdmm:wmu@dgmmmﬁr@ BEud nul a (2)

:‘Molt Ihow(eapdgbildrarer%kg@ salt W g‘dg} GA}W tﬁﬁaigtarmnt gﬁ?ixél %(ras

compounds of the %Fﬁﬂ‘s&‘éf‘ﬂmﬂféi‘ Fan be\ableted, placed 45 3 hard pelagin
[err] hal osuigstlctinpoeiderio yéllet formy mﬁmmasa mﬁe@ﬂ%&g& Hﬂmﬂnunmﬂbﬁdr]

?(Trp]o |292}| t he ouﬁ‘&%?%g P%% , kgﬁ{e” or m%ﬁ%&@d

Such conpoulguidieatrics issised; shepsepsration will be in the fonm of 2 symp. emulsion, soft gelaun
capsule, sterile injecrable liquid such as an ampule or nonaqueous liquid suspension, Where
the compaosition is in the form of a capsule, any routine encapsulation is suitable, for exninple .
using the aforementioned carriers in & hard gelatin capsule shell. ‘Where the composition is in

A3 the fom} of a soft gelatin shell capsule any pharmacentical carrier routinely used for preparing
E dispersions or suspensions may be considered, for example aquecous gums, celluloses,
T silicates, or oils and are incorporated in a soft gelatin capsule shell. A syrup formulation will

generally consist of a suspension or solution of the compound or salt in a hquzd carrier for
example, cthanol, glycerine, or water wnh a flavoring or coloring apent.
200 - . The : daily dosage regimen for om!_admzmmuon is spitably about .001 mglkg to
' IOOmykg preferably 0.01 mg/Kg 10 40 mg/Kg, of 2 compoiind of Eormula (1) ora
pharmaccnncany acceptable sah therof calentated as the free base. The active ingredient
may be administered from 1 1o 6 times 2 day, sufficient to exhibit activiry.
While it is possible for an active ingredient to be administered ficar, it is preferable 1o
25  present it as a pharmaceutical formulation. The active ingredient may comprise, far topical
adminiswation, frot 0.001% to 10% wiw, &.g., from 1% w 2% by weight of formulation,
aithough it may comprise as much 25 10% w/w but preferably not In excess of 5% w/w and
more preferably from 0.1% 10 1% wfw of Formulation.
. Formulations of the present invention comprise an active ingredient mgether with one
30  ormore acceprable carrier(s) thereof and optionally any other therapeutic ingredient(s). The
- catrier(s) must be ‘scceptable’ in the sense of being compatible with the other ingredients of
;Formulauon and not deleterious to the recipient thereof.
Twill berecognizedbyoncofshnmthcmmmcfammdchmmufmc
_ pharmaceudcally acceptable cartier or d;luem is dictated by the amount of active ingredient
35  with which it is 10 be combined, the route of adiministration, and other well-known variables.
No toxic effects are expected when these compounds sre admuns:ered in a:nordmce
“with the present invention.



17 .reaction of a conmpound of the Formula (2) with trinmethysulfoxoni um
i odide or trimethylsul foniumiodide and an appropriate base, such_as sodi um

+hydride, to provide the exo-epoxide followed by treatnment w th aqueous .
pot assi um hydroxide in, e.g.:, :di methyl sul foxide and oxi d&fthisSheetifiasBha R leaced

resul ting prlnary alcohol t-o the carboxyl,-provides conpoun | a
(1) wherein‘[err] is H CN, [err], [err]3e]ky| or [err] h ,
~alkyl, wherein X.and [err] are .ot her t han Br,. L, [err], an1no orny am ne -
.. or S(C»n1 when i :i-s 1 Ore-2..:wher.ejnZ.i.s [err] and. [err] is OH the double"-
bond-i-§ absents: -and: [erri rs-H o7 > Sk pl e aPk |t he . [ err] “hydroxyl -y be - -
al kyl at'ed and fhese conpounds’ t hiel ‘ed by standard procedures
with proper manipulation (protectlon i on) of any chenlcally

oxazol | df none. %‘*@%ﬁ%ﬁ?ﬁé&éﬁﬁ%%?% o e TR s o on
of a corﬁpodnﬂnm‘mmmylﬁbrrmla (2) with, e.g., 2-lithio-2- (tr| methylsHy])
1, 3-di t hi ane f ol

ey b@&%& S R e
-e.g., sodi s Ehak

t r eat ment vytdblisl&ﬁﬁkppﬁcﬁbhﬂdﬂldﬂﬁﬂﬁ&hﬂmﬁﬁ 1994 £ iRHEnAa0WO H0/L5534pd by

t r eat ment Vb& de provi des conpounds of the ‘Fornula (1) wherein R3
is H, , [err er‘r aI kyl or [err] hatosubstituted al kyl, whereirn X and

X3
EXAMPLE B

Two models of endotoxic shock have been wtilized to determine in vivo TNF activity
for the ¢ompounds of the Formula (I). The prowcol nsed in these models is described in -
Badget et al., EPO published Application 0 411 754 A2, February 6, 1991, and in Hanna,

15 WO 90715534, December 27, 1990.

The exemplified compounds herein dcmonsmd a positive in vive response in

reducing serum levels of TNF induced by the injection of endotoxin.

The phosphodiesterase inhibitary activity dnd seléctivity of the compounds of the

Formula (T) can be determined using a battery of five distinct PDE isozymes. ‘The tissues
used as sources of the different isozymes are as follows: 1) PDE 1b, porcine aons; 2) PDE k.,
guinea-pig hearr, 3) PDE 11, guinea-pig heart;.4) PDE IV, human monocyte; and 5) FDE V

25 (also called "1a"), canine tracheaolis. FDEs Ia, Ib, Ic and I sre panially purified using
standard chromatographic technigues [Torphy and Cieslinski, Mol. Pharmacol., 37:206-214,
1990]. PDEIV is purified ro kineric homogeneity by the sequential use of anion-exchange
followed by heparin-Sepharose chromarography [Torphy er al., J. Biol. Chem., 267:1798-
1804, 1992]. |

30 Phosphodiesterase activity is assayed as desmbud in the protocol of Torphy and
Cieslinski, Mol. Pharthacol., 37:206-214, 1990. Positive IC50's in the nanomolar 1o uM
'mnge for componnds of the workings axamplcs described hercm for Fonnula (1) bave becn
demonstrated. - :

s . EXAMPLED S .
' The ebility of slected PDE IV inhibitors to incresse cAMP accurulstion in intact
 tissues is assessed using U-937 cells, » human manocyse cell line that has been shows to
contain a large amount of PDE IV, To assess the activity of PDE IV inhibition in intact celis,
nondifferentiated U-937 cells (approximprely 103 cellsreaction tube) were incubaied with



are other than Br, |, [err], amno, fornyl amne or S(OmM when mis 1 or
2, wherein Zis [err], the double bond is not present, and [err] is H or
sinple-alkyl and [err] is.H these then may be converted by standard

procedures wi th proper manipulation (protecti-on/deprotection) of any

chemically sensitive funetional groups 10 the corresponding ester, am de,
nitrile, oxazolidinone, etc., Z groups of .the Forrmula (I). Preparatlon of
such corrpounds of. the FormJIa (I')-wherein R3 is C(=2)H procged in. an.. °;
~anal-egous fashl on fTomthe cbrrpound of the Fornui a (2) whereirn, 5Z' s ari :

: ?l ?legydg gxr/ it d I ot egt d sub Iime %tfa%ﬂmau@aﬁmme d g
: fdl l'owed: -by. i j ol and Subsegdent man ara iy

procedur es K8 ﬁ%“#ﬁ%’mﬂgwﬂ O PYIIes. Five Wﬁ‘ﬁ@f&%@’ﬁ’ﬁg"mﬁ%’ nds o

t he For nul aceils)wenhivsed by tie addition ofc7.5% prrcblodic agidithd pH yaemmahm:ahy

I
ok Ty e el ke i

formed at tdrgehbmmhw Cyetic NERMids R, 18: C33M919 dThdwieronnds of the workingi S

Fanct | onal | PP R pelun Tt &) Wy BBt O} pORIAROR i e |

the art, Seanﬂmetheabw:amﬂ. Wits, P.GM, Protecting Goups in Organic
Synt heS| s.” 2nd Ed., John Wl ey and Sons, New York (1991). c) Conpounds of .
the Fornmula (1) wherein X or [err] are Br or | may be prepared froma
simlarly deprotected am he by diazotization of the am ne and di azoni um

di spl acenent . ) . .

placed

“‘\S\iii\ii\\\\\\\\\\\\\\\\\
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d), Conpounds of the Fornula (1) wherein X or X3 are NO2 nmay be prepared

froma simlarly deprotected am ne by oxidation of the amne.to the nitro

. group. 18 e) Conpounds of the Fornula(l) wherein Y.is S(O mwhenni is 1
or 2 may be prepared frontthe conpounds of the Fornula where| n Y is

by oxi-dation of the [err] noi ety under cgnditions ﬂm{m "lg} k|IIed

~in the art Conpounds of the Fér.nul a (2) may be pre

. sprocesses; descyi bed .in. co- pendlng application U S. Séri al er 07/ 8@2 083

- filled, 2. Aprﬂlhatmﬂiimdds.t he - cor respondi-ng continuati on-Th-art appl [cat,} en.,

_fil'ed on even date hgr&m %‘n é]ft hktdge recogni zed' “that” ‘conpounds- of t.he
pol ol

Formula (1) may exist 1n di astereoneric forns possessing

di stinct physical and blologlcal properties; such isoners may be separated
by standard chromat ogr aphi ¢ net hodBiwX:JThg.f ¢&l owi ng exanpl es and net hods are
provided to illustrate how the nake anfl uge the invention. These materials

are not -intended to limt the inventi any manner; .pl ease refer to.the .

cl ai ns appended hereto for determ ni %g vvh h:(\ﬁ been reserved to the
I nvent I her. eunger .SYNTHETI C EXAMPLES

Ryis ~(CR4R5IC(O)O(CR4R5)mRS, -(CR4RS)nC(0)NR4(CR4R5)mR6
; -(CR4R5)I,O(CR4R5ImR6, or -(CR4R5)R6 wherein the alkyl moicties may be optionally
substituted with one or more halogens;
mis Qo2
10 nislwd;
ris 1 w.6;
R4 and R5 are mdepcndemly selected from hydmgcn ora C1.2 alkyl;
R¢ is hydrogen, methyl, hydroxyl, aryl, halo substituted aryl, aryloxyC1-3 alkyl, halo
substituted aryloxyC1.3 alkyl, indany}, indenyl, C7-11 polycycloalkyl, tetrahydrofuranyl,
15 furanyl, wetrahydropyranyl, pyranyl, tetahydrothienyl, thienyl, tetrahydrothiopyranyl,
thiopyranyl, C3.¢ cycloalkyl, or a C4-g cycioalkyl comaining one or two unsaturared bonds,
wherein the cycloatky! and hetemcyclic moicties may be opucmally substituted by l1to3 .
methyl groups or one ethyl group;
provxded thac:
20 a) when Rg is hydroxyl, then mis 2: or
b) when Rg is hydroxyl, theatis 2 10 6: o
¢) when Rg is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl, Z-wuahydmfuranyl or
2-1etrahydrothienyl, then mis 1 ar 2; or
, d) when Rg is 2-terrahydropyranyl, 2-tetrahydrothiopyranyl, 2—:etrahydrofurany!. or
25  2-temahydrothienyl, thettris 1 10 6;
) when nis 1 and m is 0, then R is other than H in -(CR4R5)RO(CR4R5}mR5,
X is YR, halogen, nitro, NR4RS, or formyl amine;

-

Y is O or S(O)m" P

mis 0,1,or2:
30 X2 is O or NRg:

X41is
. -,
,Qz ' -
X X
‘RZ,S or R! (RZ)‘ "

® . ®)

jaced

X3 is bydrogen or X; | | | SR \\\\\\\\\\\\\\\\\\\\



EXAMPLE | Met hyl
4- cyano- 4- ( 3-cycl opent yl oxy- 4- net hoxyphenyl ) cycl ohex- 1-.ene- 1- car-boxyl-at-e-
4- Cvano- 4- ( 3- cycl opent yl oxy- 4- met hoxyphenyl ) - 1- cycl ohex

~trifluoromethylsul fonate -In-10. ;;1.1 sol ution of diisopropyla w llﬂﬂﬁ Illll_]“l

mlliliters (hereinafter 13.9 mlllrmles(hereln
tetrahydrofuran (12 nL) at O[err] C under 3 argon at m)sphere was added
n- butylllthlum(S 8 nL.of 2.5Msolutipn, .14.15 nmol), the resulti.ng..

‘sol ut t r d
fg 97 ;3 ?gr \rf\?é Sti.IR gg Bﬁizoﬁ&ngiegﬁzﬁs X ftﬁﬁi&ﬂ”ﬁ%ﬂﬁﬁyi%ﬁ%lﬁhﬂuﬂ%ﬁ. xms% r

4- cyano- 4- (32 K%%ﬁ? ‘El’lrrEP ﬁrﬁ%ﬂ@‘w&’dh‘é*miﬂvlméﬁéﬂ[?‘b%ns
(her ei naf t er hepprocyli6 dinpsie kdnricored dirowghyatrachonrasid anma):h mia &e ppsuibktdtied ofi Xt ure
was stirred aibsnﬁiféﬁ ohé&orf 1o ? ei nafter at which tine

m

T Kt are vhs al | orbls ﬁih%a??lﬂ% ?’ﬁ@m R ﬂ"w"%%&%mﬂ‘ﬁe
m xture was pnhmdm f fona £5 :Wﬁeﬂbexea% dpiidnially B&itdivihe Bfe Grithére ad@ripddie
organic extrg&ém%ﬁgd?%%éﬁ ml ug}car bonat e) and concentrat ed under

reduced pressure i fied by flash chromatography, eluting
with 4:1 hexanes/moYiged thatet ate, to afford an oil (1 09 g, 37% . Methyl

4- cyano- 4( 3-cycl oapamailm ¥s N-pyBizB mﬂx&o\ﬁyﬂl gﬁol} @ba%mane
| - (3-cyel | R

Tyt ohadhy I Ppfid aﬂ%ﬁw«‘%ﬁ#@eﬁ?@ﬁé’?{% 1 ey noxysnenyt) -1

met hanol / NN- d| weg)mmmrmsmmo Xis ) OCE2Hror 0P| Xois e, §(i6 z&6, )ﬁ?

1. 72 mol) . 2008 CREIOR 4B RTINS €19 TRMIUENRE' AR R K DihePepal BT )

The resulting mXx
or the pharmaceutically acceprable salts thereof.

2. A compound of claim 1 which is ¢
15  methyl 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohex-1-ene-1-
carboxylate
4-cyano—4~(3-cyclopcntyloxyA—mcthoxyphenyl)cyclohex— -ene-1-carboxylic acid;
methyl czs-{4-cyano-4-(3‘cyclt;pentyioxy-4-m=thoxypheny1)cycluhmne-1-
carboxylate];
?0 micthyl :ram'-[4—cyano-4-(3-cvclopcmylcxy-4—methoxyphcnyl)cyclohcxane*I-
carboxylate};
© methyl cis- [4-(3 4-bisdifinoromethoxyphenyl)-4-cyanocyclohexane-1-carboxylatel;
methyl mans-[4-(3 4-bisdifluoromethoxyphenyl)-4-cyanoeyelohexane-1-carboxylate]:
cis~{4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane- 1-carboxylic acid);
25 cis-[d-cyano—4-(3-cyclopenzyloxyA-me:hoxyphcnyl)cyclohcxme-I-carbogcylate],
m's(hydroxymethyl)ammonjum methane salt,
cis-[4-(3.4-bisdiﬂuoromezhoxyphcnyl)-4-éyanocyclohexme-1-ca:boxy1ic acid]:
trans-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)eyclohexane- 1 -carboxylic
acid]; ' :
30 cis—[4~cygno—4-(3-cyclopmpylmethoxy#methmyphenyl)cyclohexane— 1-carboxylic
. acid];
trans-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohexane-1-
carboxylic acid];
methyl cis-[4-cyano-4-(3-cyclupropylmethoxyA-mexhoxyphenyl)cvclohexane-1-
35  carboxylate);
mcthyl trans- [4-::yano-4-(3-cyclopmpy1mcthoxy-4-mcth0xyphcnyl)cyclohuxane—1-
carboxylate]; —
methyl cis-{4-cyano-4-(3-cyclopropylmethoxy-4- This Sheet Has B

stz ] HIMII Imﬂ Wi



stirred at roomtenperature in the dark under a carbon nonoxi de atnosphere
.for 3h. The mxture was partitioned between water_and ethyl acetate, the
‘organi c extract was washed three tines with water, once w th brife, " was
dried (potassium carbonate) and was evaporat ed.. umm by flash
chromat ography, eluting wth 3.1 hexanes/ethyl ac mﬂm‘ﬂ/mwﬂ
off-white solid (0.64 g, 80%: mp. 128-389[err] C* Anhallysi*s €a for

lerr]:.C:70.52, H712 N 3.92; foupd; .C.70.45, H 6.93,. N 3.87. EXAVPLE. 2 L

‘4-0vang- 4: (3-cyg Qbﬂz@m afl; Gﬁ&mﬁm%‘dm' Mﬁ@&@%@%ﬁ%&%xﬂyi“

aciid To a saly *
4- cyano- 4- (é“ﬁéaéf’g‘ﬁ t?f%@ﬁ?%bmmw@mmmwmw ate
(0.07 g, 0. temmyclc nngsrimmaaéd tPouEha Yarbof QiinRand dath inklf be GfsAbSuted or

t et rahydr of Lyhggm;@d 5%@,3@ under an argon at nosphere was
added a oI ution H? SSl um 03 g, 0.55 mol) in water (OA
m). The. resul ti. H§4 @n\%gk?’i‘f’!’@cﬂmﬂqddﬂmw&ﬂlﬁ ayoRaymegetheten .. ...,

Bl i éﬁtﬁm%‘mﬁ?ﬁﬁm“ Ser ) g oA bty B8 i SRS T

The organic p action was dried (sodium sul fat e) .and
provided thar: .

f) when R132 is N-pyrazolyl, N-imidazolyl, N-triazolyl, N-pyrrolyl, N-piperazinyl, N-
10  piperidinyl, or N-morpholinyl, then q is not 1; or .
£ when XR1 is OCF2H or OCF3, X is F, OCFoH or OCF3, X3 is H, 5 is zero, X5
is H, Z 15 C(O)OR 14 and R} 4 is C].7 nnsubstituted alkyl, then R3 is other than H:
or the pharmaceutically accsptable salts thereof.
2. A compound of claim 1 whichis:
15 mcthyl 4+cyano-4-(S-cyclnpeutvhxyAmemOxyphcnyl)cyclohexﬁl-ene-l-
carboxylate.,
4-cyano—4~(3¢ycinpcntyloxy-4-mcﬂxaxyphenyl)cyclnhzx-l-cnc- 1-carboxylic acid;
methyl czs-{4-cyano-4-('3acyclopentyloxy-me:huxyphenyl)cyclohexane-1-
carboxylate];
_20 methyi xrans~[4-cyano-4-(3-cvclopcmyloxy-d—mcthoxyphsnyl)cyclohcmed-
carboxylate];

+ methyl ¢is- [4-(3,.4-bisdifluoromethoxyphenyl)-4-cyanocyclohexane-1-carboxylate]:
methyl mans-{4-(3 4-bisdifluoromethoxyphenyl)-4-cyanoeyelohexane-1-carboxylate]:
555'[4-0yano-4—(3~cyclopcmyioxydmmethoxyphenyl)cyclohcxanc-l-carbbxyhc acid};

25 czs-[4-cyano-4-(3-cyclopcn:yloxyo4-me:hoxyphcnyl)uwiohexnne-l-carboxylate], '
trzs(hydraxymethyl)ammomum methane saly;
cis-[4-(3 4-b:sd1ﬂuoromethoxyphenyl)-d-cyanocyclahexane-l-ca:rboxyhc acid];
trans-{4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)eyciohexane- 1 carboxylic
acid]; d : .
30 cis-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohexane-1-carboxylic
. acid]; '
trans- [4-cyano-4-(3-;:y:lopropylmethoxy-#me:huxyphepyl)cyclohexane-1-
carboxylic acid];
methyl czs-[4-cyano-4-(3~cycloprqpylmethoxy-&mathoxyphenyl)wduhexana-1-
'35  carboxylate): :
methyl trans-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)eyclohexane-1-
carhoxylate);
methyl cis-[4-cyano-4-(3-cyclopropylmethoxy-4- This Sheet Has B een R
difluoromethoxyphenyl)cyclohexane-1-carboxylate); l IIII" ‘III"

laced




concentrated under reduced pressure to provide a viscous oil, which
solidified upon standing. The solid was recrystallized- -f—F—in__ .
. hexanes/ net hyl ene chloride (0.05 g, 82%: mp. 161- a%err]c AnaT‘ers

Calc. for [err]: C 68.55 H6.90, N 4.00; found: C#6 ]mﬁmﬁ i'

EXAMPLE 3 Methyl cis- and
trans-[ 4-cyano-4- ( 3-cycl opent yl oxy- 4- netﬁgxyphenyl)cyclohexéne"l
carboxyl atel, . Procedure 3A:. Ta-a .sal-ution.of nethyl - .

.+ 4- Cyamo- 4- ( 3° cympeﬁbmwmma~mwm:m4m:mezmhcwr box‘yt a’:e
(0 26 g, Oeyeﬁomg;):.m dgnol (12 m.) was added 10% pal | adi um on -

Sg;t | }/g'ﬁ eghca_rrﬁgr}ﬁ“g 8g%_\gand theIY%%%ul ti Eg m xt ure vv? h‘a/ enat ed at 50

concent r at eabaxyliegcidkduced pressure. The resi due was partltloned bet ween

met hyl ene chl orgy, r,y@g_ . ate)
and evgs;orat d ii'fﬁﬂf;ﬁg% I d %%W%%@ Y 'g# @ga@b @{%@54%
mp. 94- 95?’5&?*])' lysis Calc. for [err]: C 70. 32 H 7.38, N 3.90; found:
C 70.33, H7. 59:3:-[%;&::8-14..(3 lopetitylax BB methoxy henyncyciohcxane—l-carbaxanu c |

2-14-Cyano- 4- (3L YR AREILY &é&aiﬁnes&hﬁxx,%ﬁmﬁie}axﬂxg&%ﬁé figigey} 3 i thian
"ﬂm-[4~cymo4(3,4~bisdxﬂuommethaxypheny;)cyclohcxanc-l-carboxa:md:].
10 cis-{4-cyano-4-(3 4-bisdifluoromethoxyphenyl)eyclohexane- 1 -carbohydrazide];
cis-[4-cyano-4-(3,4-bisdiflnoromethoxyphenyDeyclohexane-1-(2-
acetylcarbohydrazide)];
cis-{4-(3 w4-bisdifluoromethoxyphenyl)-4-cyano-1-(3-methyl[1.2,4Joxadiazol-5-
yhcyelohexane]:
15 cz's-{d-(s. -bxsd:ﬂuomme:hcxyphnnyl)-ﬁt—cymm1-(2-mcthyl[1.3 4]oxad:azol—5
yl)cyclohcxanc}, .
tis-[4-(3 4-bisdiflucromethoxyphenyl)-4-cyano-1- (2-methyl[1 3 41thiadiazol-5-
yl)cyclohexane);
cis-[4-cyano-4-(3-cycloptopylmethoxy-4-methoxyphenyl)-1-hydroxy-1-
20  wis(methylthio)methylcyclohexane];
methyl cis-[4-cyana-4-(3- cyclopropylmc:hnxy—&mc:huxyphcnyl) -1 hydroxy-
eyclohexane- 1-carboxylate]:
cis-{4-cyanu-4-(3-eyclopmpylmcthoxy«l-muhoxyphenyl) l—hydmxycycluhexane-l-
carboxylic acid];
25 cas—[4-cyano-4-(3—cyclopropylnmmoxy-d—methoxyphenyl)-1-hydroxycyclohexan:-I- :
carboxamide];
methyl cu-[4-cyano-4-(3-cycloprupylmethoxy-4~methoxyphenyl) I-methoxy-
* cyclohexane- 1-carboxylate];
ms-{4-cyano—4—G—cyclapmpylmthoxy—4-meﬂmxyphenyl)-l-mexhoxycyclohexanc-l-
30  carboxylic acid]; '
cis-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1 -mc:hnxycyclohcxane—l-
carboxamide];
rrans-{4-cyano#{a-eyclapropylm:muxy-é—methoxyphcnyl)- -hydroxy-cyclohexane-
l-carbaxaldahyda],
35 - methyl trans-| Mymmmlopmpglmemoxy-d-mcmoxyphenyl)-1- :
hydroxycyclohexane-1-carboxylate];
trans-{4-eyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-hydroxycyclohexane-
1-carboxylic acid);
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a selution of 2-trimethylsilyl-1,3-dithiane (9.25 n:—~48.7 mml) in dry

~tetrahydrofuran (80 nL) at O[err]C under an argon S here ‘Was—added
fapidly n-butyllithium (2. 5Min hexanes, 19.2 ) 10 mn,
the m xture was cooledto-78[err]Candasolutlo ”/7 I!
cyano- 4- ( 3-cycl opent yl oxy- 4- met hoxyphenyl4) cycl ohexan- i- ohe 23

nmmol ) in 20 tetrahydrofuran (40 nlL) wds added. After 10 m n, aqueou3°
sodi um chl ori de was added,.the m xture was allowed. to warmto room
‘tenperdture and m@yéfmwmﬂ%%”mm&mﬁwm@mh%%ned with the
“or oduct "ef- hmm mi‘ellaéakbbx?lata];l ar reactions conduéted on ketone (3.04,

i mes i th rlre?hy 4 s Syl e B R RS e °°

and evapor aﬂ@ﬂfbﬂmhﬂ ation by fl ash chromat ography, eluting with 10%

(itl gylllgfgﬁ ?t el he h cﬁﬂ@.m@Q?clapfbﬁylhﬂﬂmj{-ld%&ﬁ&yﬂhm@ﬁfﬁ-m:iﬁbﬁycyclnhexa.ne-

ci s-[4-cyano- b(’ Jopentyl oxy- 4- met hoxyphenyl ) cycl ohexane- 1-
car boxyl at el Per cx‘m-l[@cymoaﬁz-(3@Icy(clb§l%tyMy&mﬂhnz@ﬁﬁcmydommmMammhI ori de
(34.1 g, 12 ) were added to a solution of

2-[ 4- cyano- 4- Erycl opent \é,eoxy 4-
met hoxypheny| ) cyeroRBYyei-tfemano-f- G-cyriopsnayienyrémphoxypheniigycioheringndt hanol
(0.5 L) landearbowantt geid); at nmosphere and the mixture was heated at reflux for

2h and then was %{&%&&ﬂ(f&f&mﬂtyloxy-4~meﬂloxyphe:nyl)cyclnhexane- 1-N-(2-
cyanoethyl)carboxamide];
cis-{1-(2-cyanoethyl)-5-(4-cyano-4-(3-cyclopentyloxy-4-
methoxyphenyl)cyclohexyl tewazole]; and
15 . cis-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)-1-(tetrazal-5-yl)cyclohexane].
37" A pharmacentical composition compriging a compound of Formula (1)
according to claim 1 and 2 pharmacenrically acceptable excipient.
4. A method for weating an allergic or inflammatory state which method
comprises administering to a subject in need thereof an effective amount of a compound of
<20 Formula (T) aocordmg fo claim ! alone or in combination wx:h a phanmacenically acceptable
excipient.
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at roomtenperature for 42h. The m xture was diluted with methyl ene

chloride, was filtered through Celite and the filtrate was conbined with

that of a simlar reaction conducted concurrently on the sane scale. The

m xture was neutralized with-agueous sodi um bi carbonate, was extracted

- three times with nethylene chloride, fe organi ¢ extract was washed three
times wth aqueous sodiumsulfite, was dried (nmagnesi um sul fate) and was

evaporated. Purification by flash chronmat ography. eluting with 15% et hyl

acet at e/ hexanes, provided the cis-ester as a white solid (12.4 g, 56%:

mp. 119-120[err]C, along with an additional quantity of slightly inpure

product (2.6 g, 12% .- Met hyl ) .

trans- [ 4- cyano- 4- ( 3- cycl opent®PSERRCEA- et hoxyphenyl ) cycl ohexane- 1- .

car boxyl atel The trans-ester was also isolated fromthis mxture as a solid

(1.04 g, 5%9:mp. 50-51[err] C Analysis Calc. for [err]: C 67.99, H7.74,

N 3.78; found: C 67.98, H 7.35, N 3.65. EXAMPLE 4 Methyl cis- and .

t rans- [ 4- ( SOMAGUNDS USKRULRORMTREATING X L) ERGIC \ANTONFC AMMATORY-TISEASES boxy| at e]

Procedure 4A ' . h

2-[4- (3, 4-Bi sdi fl uor onet hoxyphenyl ) - 4- cyanocycl ohexyl i dene] - 2-tert - but yl oxy

acetonitrile Sodi um hydride (80% dispersion, 0.35 g, 11.7 mml) was washed

three tines with pentane, was suspended in tetrahydrofuran (15 nL) at room

tenper at yL&y &Qgg,r,,d@,;} 16HnA2{) are described herein. These compounds inhibit the production of Tumor Necrosis Factor
and are usclul in the treatment of disease states mediated or exacerbated by TNF production. The compounds of the present in-
vention arc glso useful in the mediation or inhibition of enzymatic or catalytic activity of phosphodiesterase [V and are therefore
useful in the treatment of disease states in need of mediation ar inhibition thereof.
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‘ REPLAGEMENT SHEET
atyrosphere and diethyl tert-butyl (cyano)net hyl phosphonate (3. G8 g@}ﬁ 7}
nmol ) was added. After 0.5h, a solution of 5 1997
4- (3, 4-bi sdi fl uor omet hoxyphenyl ) - 4- cyanocycl ohexan- 1-one (1.}771 g2 SF%Q
mol) in tetrahydrofuran (5 nL) was added.and the m xture wgds iheat.edabewa—t
reflux for 0.5h. The mixture was cool’eéd, -:aqueous sodi um chl dride-and water -

were added, .t heCompeynds Useful mrmeaﬂngdAﬂengaeaﬁd IfRmihtoryeDiserses ttre—ext TaCt

was dried ggﬁgnﬁm um suT fate) and 21"-evaporated. Purification by flash

chr omat ogr g with 20% et hyI acet at e/ hexanes. provided the title
conpound as awhiThe pestnt ihvediichGelgtes E2dvel dddigayhdss plerrmasdtical Composmons

A mxiure of §°‘*§;§L‘%‘“§“&§P‘“§ﬁ$ﬁﬁ%ﬁ%ﬁe% sﬁ%&é‘?ﬁ%@iﬁ%@%&% SRRENG) 2.
e

tert-butyl mcmrwl@nwfz'@@rb@cmxmgmm zi-nc chl ori de (019, "
0.7 mmol) in acetlc anhydride (1.5 nmL) under an argon atnosphere was heated
at reflux gog the'f@Serg0! €d, was diluted with water and was extracted
three tines w rgani ¢ extract was washed with water, dried
(magnesi um sul f&f@?hwﬂmp@cmgdx miul§facwtinbdisaase tharastesizut bytreversibleet hanol
(6 nl) wasnirr@dhgef Lrectal t hanol ,
0.17 m, 0.71 m £ e %’3%3 v{gé St rrﬁ%{&z)&a&%& ar {)sﬁn{g?nns here

for 2h. The ni x][@f‘%ﬁ%éfg“a %F#‘P@H’WF REGRIS PR RHE? 1sdnade f‘f‘?l Y“‘%\&F@Pa'\/vas
added and wbiphi medinersmes respansiblzifecithe development of the dx_scasc Thus, it seems

unlikely that eliminating the effects of a single mediator will have a substantial effect on all
three components of chronic asthma. An alternative to the “mediator approach” is to rcgulatc
the activi ty of the cells responsible for the pathophysiology of the disease.

One such way is by elevating levels of cAMP (adenosine cyclic 3',5" T e

monophosphatc) Cyclic AMP has been shown to be a second messenger mediating thc

- biologic responses to a wide fange of hormones, ncurotransmxttcrs and drugs; [Krebs.
Endocrinology Procccdmgs of the 4th Intenational Congress Excczpta Mcdxca, 17-29, 1973].
When the appropriate agonist binds to specific cell surface receptors, adenylatc cyclasc is’
activated, which convers Mg*2-ATP to cAMP at an accelerated rate: ST

Cyclic AMP ‘modulates the acuvuy of most, if not all, of the cells that contnbmc to
the pathophysiology of extrinsic (allergic) asthma. As such, an elevation of cCAMP would
produce beneficial effects including: 1) airway smooth muscle relaxation, 2) inhibition of
mast cell mediator release, 3) suppression of neutrophil degranulation, 4) inhibition of
basophil degranulation, and 5) inhibition of monocyte and macrophage activation. Hence,
compounds that activate adenviate cyclase or inhibit phosphodiesterase should be effective in
suppressing the inappropriate activation of airway smooth muscle and 2 wide variety of
inflammatory cells. The principal cellular mechanism for the inactivation of cAMP is
hydrolysis of the 3'-phosphodiester bond by one or more of a family of isozymes referred to
as cyclic nucleotide phosphodiesterases (PDEs).

It has now been shown that a distinct cvclic nucleotide phosphodiesterase (PDE)
isozvme, PDE IV, is responsible for cAMP breakdown in airway smooth muscle and
inflammatory cells. [Torphy, “"Phosphodiesterase Isozymies: Potential Targets for Novcl' Anti-
asthmatic Agents” in New Drugs for Asthma, Bames, ed. IBC Technical Services Ltd.,
1989). Research indicates that inhibition of this enzyme not only produces airwzij stHooth
muscle relaxation, but also suppresses degranulation of mast cells, basophils and neutrophils
along with inhibiting the activation of monocytes and neutrophils. Moreover. the beneficial
effects of PDE IV inhibitors are markedly potentiated when adenylate cyclase activity of
target cells is elevated by appropriate hormones or autocoids, as would be the case in vivo.
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three tinmes with nethylene chloride. The organic extract was dried
(magnesi um sul fate) and evaporated. Purification by flash chromatography
and eluting with 20% et hyl acetat e/ hexanes provided the trans-isoner as a
cotorless oil (0.07 g;, 309 .. Analysis Calc..for [err]: C 54.40, H 4 57

3. 73; founwiu@mlﬁinhxﬁﬂoés%&umruchféc?m e as:sma@qrmg whRfe 1avedoofl ‘Sol at ed’ as a .
yel I ow oi | é@ﬁ&dgﬁﬂ F&o d. Such
cis-[4-(3. g %aél “|‘ ugrong e( EISM?;Q%A %:aw‘fychasgzan chiva(t:‘far b3>c<yl ate] A
sol uti on ofompounds would offer a unique approach toward the pharmacotherapy of bronchial asthma

Ci s-[4- (3, Ardposstsd digd ﬁ@ﬁﬂﬂ% Mkﬁmﬁs% Eﬁf?&ﬁ%&% Bﬁt}ﬂ:rﬁﬁk&oxw ic acid

ol ) 1 et hantie P 3L e e IePF%ié‘F‘é%‘? R pon
at mospher eFdcgr (24F), ahmmsglycapndteina Exesssipoorineeputand TIRE prodactibmechasbeenpuri fi ed
by flash Clmﬁi’iﬁm:@ﬂlrrﬂ%%mﬁr‘&i QTaWhé gnﬂcfg?@r%tfpﬁasascﬁEﬁﬂﬁﬁél?54 4&‘?&01 aﬂ?ﬂrﬁ%’ dEd a

col orl ess (0,0 err
3.73: fourdcurpagid sggndquug, oggoarp&:rgxs,qgout pndsother arthritic conditions; sepsis,

Ci Sd][ 4- qd/ascpaeﬂfsl(oak,mnab@mmhgdkomnﬁwgmwmmw shepic §yakionae) edul: respifacoty | i C
aci an

[4-(3, 4-Dbi sgé?f L?glrdf)orrné ﬁcmb ré’hdﬁ‘?‘c}fmcma% %‘%%W&an atTyg(;isr okss}lllﬁoélshm d) To
a sol ut i onPWmonasy hWOldOQS&%mwmquJ&awmtoylxmu% graft vs. host reaction,

et hoxyphegidgee] cemas%ecﬂanaa@%'&h?dmf&ua@ sfich & inthucR CActiefia Tet hanol

(0.9 nL, cont ust en tetrahydrofuran to sol u |zethe ester)
under an arg ‘Hg%iﬁw weilgnmuéac%ﬁxsacﬂcquaw g human %FWW%M de
(0.06 g, Odeﬂ"xctmq! $ynidrome(AdDSY,AAIDSTARC (RIPS related complex), kel6id formation, scar

tissue formation, Crohn's disease, ulcerative colitis, or pyresis, in addition fo a number of- - -~ ~---

=

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

. AIDS results from the infection of T lymphocytes with Human Immunodeficiency
erus (HIV). Atleast three types or strains of HIV have been identified, i.e.; HIV-1, HIV-2
and HIV-3.- As a consequence of HIV mfccnon. T-cell-mediated immunity is nnpaxred and.

infected individuals manifest severe opponumsnc infections and/or unusual ncoplasms HIV

entry into the T lymphocyte requires T lymphocyte activation. Viruses such as HIV-1 or
HIV-2 infect T lymphocytes after T cell activation and such virus protein cxprcssidn and/or
replication is mediated or maintained by such T cell activation. Once an'activated T
lvmphocyte is infected with HIV, the T lymphocyte must continue to be maintained in an
activated state to permit HIV gene expression and/or HIV replication.

Cytokines, specifically TNF, are implicated in activated T-cell-mediated HIV protein
expression and/or virus replication by playing a role in maintaining T lymphocyte activation.
Therefore, interference with cytokine activity such as by inhibition of cytokine production,
notably TNF, in an HIV-infected individual aids in limiting the maintenance of T cell
_acdvation, thercb.y reducing the progression of HIV infectivity to previously uninfected cells
which results in a slowing or.climination of the progression of immune dysfunction caused

“by HIV infection. Monocytes, macrophages, and related cells, such as kupffer and glial cells,
have also been implicated in maintenance of the HIV infection. These cells, like T cells, are
targets for viral replication and the level of viral replication is dependent upon the activation
state of the cells. [See Rosenberg er al., The Iinmunopathogenesis of HIV Infection,
Advances in Immunology, Vol. 57, 1989]. Monokines, such as TNF, have been shown to
activate HIV replication in monocytes and/or macrophages {See Poli et al., Proc. Natl. Acad.
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resulting mxture was stirred at roomtenperature for I &E,PLBW“HO%
into water and extracted with ethyl acetate. The aqueo hase was

acidified with 10% hydrochloric acid and extracted tw c Idt, FEBYW97
acetate. The organic phase fromthe acid extraction was}dfie (SOdI um
sul fate) and concentrated under reduc®d pressure to proyite=a-sotToThe
solid was purlfled by flash chromatography eluting-with 4% '

t hanol / chy.or venceanrall
T larey SR ’W’ Tod, TR ML oMb G f’ ‘J"éf%%f?&“%@%%ﬁ@ﬁ%s { outid:
C 68.74; H ‘?’ngg Tession s staied phevefamhesllsi here was prepar ed:

Ci s-[4- (3, 4-Bi sdmhmrammhommma&in)vaﬁoﬁymwmam»menfbcms,tm&yﬁ e aci d]

%5 3382 ol :c gu H@K&Ea%%’@g %cnyﬁn\g E}Cﬁ‘lfvgfﬁd glr }Ic?prcg ViruFoP Sinhr reblons 18

ci s-[ 4- Cyadd hos¢ motedic| opent yl oxy- 4- met hoxyphenyl ) cycl ohexane- I:- car boxyl-at €]
tris(hydr OXynHNBﬁk)aBWMﬁH RBhRRRG aﬁ@fdngg_lQnﬁc&f?xls USb&fﬁcﬁﬁv Candida

cis-[4- Cyagﬂncang %asC gcccln% oe»rv]}l () xgc)l(l}éc I\HP progt)i( 1gn in n%"% x}/ humanet%l(c%l%g)}tcsland natural
killer cells. [See Riipi ez al., Infection and Immunity, 58(9):2750-54, 1990; and Jafari er al.,
Joumal of Infectious Discases, 164:389-95, 1991. See also Wasan er al., Antimicrobial
Agents and Chemotherapy, 35,(10):2046-48, 1991; and Luke ¢ al., Journal of Infectious
Diseases, 162:211-214,1990].

The ability to control the adverse effects of TNF is furthered by the use of the

compounds which inhibit TNF in mammals who are in need of such use. There remains a
need for compounds which are useful in treating TNF-mediated disease states which are
cxaccrbate,c_'i or caused by the excessive.and/or unregulated production of TNF.

. Summary of the Invention

This invention relates to the novel compounds of the Formula (I), as shown below,
useful in the mediation or inhibition of the enzymatic activity (or catalytic activity) of
phosphodxeszcrase IV (PDEIV). The novel compounds of thc Formula (I) also havc Tumor
Necrosis Factor (TNF) inhibitory activity.

- This invention also relates to the pharmaceutical compositions comprising a
compound of the Formula (I} and a pharmaceutically acceptable carrier or diluent.

Thei invention also relates to a method of mediation or inhibition of the enzymatic
actvity (or catalync activity) of PDE IV in mammals, including humans, which comprises
administering to a mammal i in nccd thereof an effective amount of a compound of the
Formula (I), as shown below.

.The invention further provides a method for the treatment of allergic and
inflammatory disease which comprises 'administcﬁng to 2 mammal, including humans, in
need thereof, an effective amount of a compound of the Formula (I).

. The invention also provides a method for the reatment of asthma which comprises
administering to a mammal, including humans, in need thereof, an effective amount of a
compound of the Formula (I). '

This invention also relates to a method of inhibiting TNF production in 2 mammal,
including humns, which method comprises admihistcring to a mammal in need of such
treatment. an cffective TNF inhibiting amount of a compound of the Formula (I). This
method may be used for the prophylactic treatment or prevention of certain TNF mediated
disease states amenable thereto.



cactboxylic acid](0.17 g, 0.5 mmol) in methanol (2 rnL) was¥addé®¥NInSagdedus
sol ution of tris(hydroxynethyl)am nomethane (1.0M 0.5 mj). After 10 min
t he sol vent was evaporat ed, toluene and net hanol were gd ed2? h|997|

were renoved in vacuo. Trituration wi jh ether providedjajwhite sol :
g, 79%: mp. 191,194[err]C Analysis Calc. for [err]: |C'56~5% : , N
5.50; found: C 56.44, H 7.75, N 5.62. EXAWMPLE 7
trans-[4- Cyano- 4-( 3- cycl opentyl oxy- 4- met hoxyphenyl ) cycl ohexane-T- Car boxyl iC

acid] To a-solwu -
met h!)xyphenyl )G?/ﬂlé’? (‘Lflg{r Z’lng'lh X?B“@ég Q%‘X%l’lﬁﬁ)&%%&?&%‘ﬁ (8 .
nL, cont ai inEynedes Fle@ydl!@ﬁ (Itné‘f)r F@ﬂmb‘&ﬁa@!@mﬁﬂn@sm such huan s @FBW"Under
an_argon atrmma!ﬁenia mumwedompcmaomcmehnm@)pot assi um hydroxide:t0 32 g,

5.7 mmol ). The t|n stirred e or_,24h,
was acidified W&F ﬁ?ﬁﬁ"&?’mﬁigﬁ%ﬂ%‘ﬁﬁé“ @c m'll R f?ﬁ‘?lag"aﬁ Vs wit h
10% net hanmf¢mnwhemudhv1mcmt sﬂ'ﬂsmvorogamgnlmmmsﬂlﬂ elidtTFagnesi um

sul fate) aplq,dgé}%q;;lt,ﬁgt ed under reduced pressure. Purification by flash
chromat ography, el utin t h 4% nef hanol / net hyl ene chl ori d rovi ded a
white seni-solid E %Q‘W%@%FOWMH afAlsq ysetul f 'S’éWWW gtyffg a’tdcdeaél d a
white soli 'dxﬂ(cﬂods% ugp):rc stelpyeadtand fikfgBire sedsitive An aprggilaticiclycINF arwilledicik :  C
69.95, H 7Tﬁf"pr&hu%ti9x§invfi\%l.‘,nd: C 69.69, H7.30, N 4.07. EXAWPLE 8

-

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

RyXp

.- wherein;

Riis -(CR4R5)nC(0)0(CR4RS)mR6 -(CR4R5)nC(O)NR4(CR4R5)mRS,
-(CR4R5)nO(CR4R5)mR6, or -(CR4R5)Rg wherein the alkyl moieties may be optionally
substituted with one or more halogens;

mis Oto2;

nmlm4~“

ris lto 6

" R4 and R5 are independently selected from hydrogen or a Cj.2 alkyl;

R¢ is hydrogen, methyl, hydroxyl, aryl, halo substituted aryl, aryloxyC|.3 alkyl, halo
substituted aiyldxyC1'-3 alkyl, indanyl, indenyl, C7;1 1 polycycloalkyl, tetrahydrofuranyl,
furanyl, tetrahydropyranyl, pyranyl, tetrahydrothienyl, thienyl, tetrahydrothiopyranyl,
thiopyranyl, C3.6 cycloalkyl, or 2 C4.¢ cycloalkyl containing one or two unsaturated bonds.
wherein the cycloalkyl and heterocyclic moieties may be optionally substituted by 1 to 3
methyl groups or one ethyl group;

providéd that:

- a) when R¢ is hydroxyl, then mis 2; or

b) when Rg is hydroxyl, thenris 210 6; or

c) when Rg is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl, 2-tetrahydrofuranyl, or
2-tetrahydrothienyl, then mis 1 or 2; or

d) when Rg is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl, 2-tetrahydrofuranyl, or
2-tetrahydrothienyl, thenris 1 to 6; _ .

¢) when nis 1 and mis O, then Rg is other than H in -(CR4R5)nO(CR4RS)mR6:

X is YR32, halogen, nitro, NR4R§s, or formyl amine;

Y is O or S(O)m;

m'is 0,1,0r2;



cis- and

trans-[ 4- Cyano- 4- ( 3- cycl opr opyl nmet hoxy- 4- net hoxyphenyl ) cy

carboxylic acid] 8A

2- | 4- Cyano- 4- ( 3- cycl opent yl oxy- 4- metdhoxyphenyl ) cycl ohexyl
butyl oxy acetonitrile This conpound, prepared substantial
above for 2-[4-

(3, 4-bi sdi.fl yor dfmﬂstﬁbmylﬁhgnyl ) - 4-cyanocycl o- hexyl i dene] - Z

nghexa e- 1-

as descrlbed

25 FEB %97
4-tlert -butyl oxy |

acetonitrilé i n;@r@@@@g%gn ®f EXAMPLE 4, was isolated ag§ a white SoOTTe"
m p. 109- 110[er§g 3 8B. Methyl cis- and

trans-[ 4-cyano- 4('§ hydr oxy- 4- met hoxyphenyl ) cycl ohexane- 1-carboxyl at e]
These conpounds, prepared substantzally as descr b)?d above for nethyl cis-
and :

trans-[ 4- (3, 4- bi sdi f1 uor-onet hgxwghenyl) -4-cy no
in Procedure A of EXAVPLE 4, eholated % [cis-isomer (0.35 g,
33%: mp. 105- 106[err]C, tr &s- i'soherof 0. 5Ky, 4995 : :m p. 103-104[err]C].
8C. Methyl cis-[4-cyano-4- (3 cyq opr opyl met hox

met hoxyphenyl)c cI ohexane- -car oxyate] A sus gn5| on of et hyl

ci s-[4-cyano-4 %&909%4@??9@@3?&@9 69(9) RER&ar NR8Rgar boxyl at e]

cl ohexane- 1- car boxyl at e]

(0.35 g, 1.20 nﬁqh};ndppwdeu@ckcmtcdmmgﬁmb@mmngﬁf £Hyp and -GHyTHK) and
br ononet hyl cir%lopr épg 35 ni, 6 mol ) in dry dinethylformam de (15
mL) under SRUGRYSKS m’%&@lﬁé’ﬁf% at 85[err]C for 4h.

sisOto4

R3 is hydrogen, halogen, C1-4 alkyl, CHzNHC(O)C(O)NHz, halo-substtuted Cl_ -4
_ alkyl, -CH=CRg'R§g", cyclopropy! optionally substituted by Rg‘, CN, ORg, CH20R3,
NR3R10, CHzNRng. C(Z)H. C(O)ORg, C(O)NRgR10, or C=CRg"; o

- zZido, NRg. NORS, NCN, C(-CN)2, CRgCN, CRgNO2, CRgC(O)ORS,
CR8C(O)NRgRg, C(-CN)NO32, C(-CN)C(O)OR9, or C(-CN)YC(O)NRSRS ;

Zis C(Y)R14, C(0)OR14, C(Y)NR10R14, C(NR10)NR]10R 14, CN, C(NORg)R 14,
C(O)NRENREC(O)R8, C(O)NRgNR19R 14, C(NOR14)R8, C(NR§)NR10R 14,
.C(NRI4)NR8R8. C(NCN)NR10R14, C(NCN)SR9, (2-, 4- or 5-imidazolyl), (3~ 4-or
' 5-pyrazolyl), (4- or 5-triazolyl(1,2,3}]), (3- or 5- mazolyl[l,2,4]), (S-tctrazolyl) (2- 4- or

S-oxazolyl), (3-, 4- or 5-isoxazolyl), (3- or 5-oxadiazolyl[1,2,4]), (2-oxadiazolyl[1,3,4]),
(2-thiadiazolyl[1,3,4]), (2-, 4-, or 5-thiazolyl), (2-, 4-, or 5-oxazolidinyl), (2-, 4-, or
5-thiazolidinyl), or (2-, 4-, or 5-imidazolidinyl); wherein all of the heterocylic ring systems
may be optionally substituted one or more times bj Ri4;

=
-
—

the dotted line in formula (a) rcpres;ems a single or double bond:

Y'isOorS; '

R7is -(CR4R5)qR12 or Cy.¢ alkyl wherein the R12 or Cj_g alkyl group is optionally
substituted one, or more times by C}-2 alkyl optionally substituted by one to three fluorines,
-F, -Br, -Cl, -NO3, -NR1gR11. -C(O)Rg, -C(O)ORS, ;OR& -CN, -C(O)NR10R11,

~-OC(O)NR10R11, -OC(O)Rg, -NR10C(OINR10R1}, -NR10C(O)R11, -NR10C(O)OR9,
-NR10C(O)R13, -C(NR10)NR10R 11, -C(NCN)NR}0R11, -C(NCN)SRy,
-NR10C(NCN)SR9 , -NR1gC(NCN)NR1QR11. -NR10S(0)2R9, -S(O)m'R9.
-NR10C(O)C(O)NR10R 11, -NR10C(O)C(O)R 10, thiazolyl, imidazolyl, oxazolyl, pyrazolyl,
triazolyl, or tetrazolyl; -
qis0,1,0r2;

R12 is C3-7 cycloalkyl, (2-, 3- or 4-pyndyl) pyrimidyl, pvrazolyl (1- or 2-
imidazolyl), thiazolyl, miazolyl, pyrrolyl, piperazinyl, piperidinyl, morpholinyl, furanyl, (2-
or 3-thienyl), (4- or 5-thiazolyl), quinolinyl, naphthyl, or phenyl;

Rg is independently selected from hydrogen or Rg;



The. m xture was cool ed, was diluted with water and was extr

times with ether. The organic extract was washed four tings g E@mf '

once with brine, was dried (potassium c‘ﬁar bonat e) and was %E&Qw SHEET

Purification by flash chromat ography, eluting with 20% et

acet at e/ hexanes, provided an oil (0.34 g, 82%. 8D. 25 FEB 997
exane- 1- . . . K
-as descrl bed i

cis-[4- Cyano-.4: (. 3- cycl.opr opyl-met hoxy- 4- met hoxyphenyl )eycl.
car boxyl i ¢’ aci.d} nghelequﬂeormmrpound PEepar. ed Subst ant i al'l

above for cis-| 4R lS C é 4 alkyl opuonally substituted. bg one to three fluorines; !

cyano-4-( 3- cyclo é met hoxyphenyl ) Cycl ohexane- 1- carboxyllc acid] in
EXAMPLE 7, was i 89%RBlisolid: mp. 165-167[err]C. Analysis Calc. for
[err]: C 68.53, RJI Yls(]ﬁfdrd‘gcd. 0?_121_4‘ ﬂhy‘ldzpuéhaﬂi& sifktindted/byOahe td\thdee ftuori8E&s; or Met hy|

trans-[4-cy

nmet hoxypheny 3§ %g@}g@ k’yé%%fm*ﬁ%gcfhc{ Iwéthgg mmtﬁ? G fo“pnr ae?)‘étor ed’
subst ant i al Mg rcdemgrqpnemﬂlalgomemfngrat lvastiopt additional hctcroalom selected from O/N/or
ci s-[4-cyang- 4- (3-cycl opropyl net hoxy- 4-

h h | | oh b EXA| 8
ol 10 mp. 127 813 R arnieyt Rksiopds Lk pyegnvt Byl Bt o
4. 00; foundimid‘aﬁ:&dﬁ@l thiazolidfhy!, Moﬁaz%&l dXadiazolyl, or thiadiazolyl, and each of these
Lrans- | 4~ O/ RO fvdt e L R TRy cn LR SR DR SIS AT o

carboxvlic repare 'y~ as &5ST i bed
above for cF‘g’S‘ ‘°d Y°"°°”"’°C1-281 yl ETOUPS-

cyano- 4- ( 3- cycl oRepisHydioged onke; o0 xR RDY kaC REL xiax MRqOR 14 thepmiay kogethaci d] i n
EXAMPLE

with the nitrogen form a 5 to 7 membered ring optionally containing one or more additional
heteroatoms selected from O, N, or S;

provided that: e - : o

f) when Ry2 is N-pyrazolyl, N-imidazolyi, N—tnazolyl N—pyrrolyl N-plpcrazmyl N-
piperidinyl, or N—morpholmyl thenqisnot 1; or

g) when X2R] is OCF2H or OCF3, X is F, OCF2H or OCF3, X3 is H, s is zero, X5
is H, Z is C(O)OR 14 and R14 is C}.7 unsubstitated alkyl, then R3 is other than H;

or the pharmaceurically acceptablé salts thereof..

i iption of vention
This invention relates to the novel compounds of Formula (I), and to pharmaceutical’
compositions comprising a compound of Formula (I) and a pharmaceutically acceptable
carrier or diluent. This invention also relates to 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 2 mammal in need thereof, which comprises
administering to said mammal an effective amount of a compound of the Formula (I).

) Phosphodiesterase IV inhibitors arc useful in the treatment of a variety of allergic and

- inflammatory diseases including: asthma, chronic bronchitis, atopic dermatitis, uricaria,

. allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, eosinophilic granuloma,
psoriasis, theumnatoid arthritis, septic shock, ulcerative colitis, Crohn's disease, reperfusion
injury of the myocardium and brain, chronic glomerulonephritis, endotoxic shock and adult
respiratory distress syndrome. In addition, PDE IV inhibitors are useful in the treatment of
diabetes insipidus, [Kidney Int., 37:362, 1990; Kidney Int., 35:494, 1989] and central
nervous system disorders such as depression and multi-infarct dementia.

The compounds of the Formula (I) are also useful in the treatment of viral infections,
where such viruses are sensitive to upregulation by TNF or will elicit TNF production in
vivo. The viruses contemplated for reatment herein are those that produce TNF as a result of



7, was isolated as a solid: mp. 148[err]C. Analysis Cal
69.28, H 7.04, N 4.25; found: C 68.97, H 7.03, N 4.25.

trans-[ 4- Cyano- 4- ( 3-cycl opr opyl met hoxv- 4-di f| uor omret hox
1- -carboxylic acid] 9A. 2-[4-Cyano-4-(3-cycl opropyl net
d|f|uoronethoxyphenyl)cyclohexyl|denei 1. 3-dithiane Thi s| cnpou red
substantially as descri bed above for 2-[4-cyano-4-(3-cyc opentyloxy 4-
24 nethoxyphenyl)cyclohexyl1dene] 1, 3-di .t hiane i.n Proced4 A
was i sol at enfcawnaoxstbbsodyh;m p'c s@uitb [t(el’nhitﬂlongﬁxch ‘alvby Hydrcaswrephmion mrecny

trans-[ 4- Clb?ﬂﬁﬂe 5 r b
phenyl) cycl ohexa g’ xy at %j! es%bnglg{a (&Iﬁnsg{mrvg%%é?c&?c' umsm{canr?{l ally
as descri bé@lgg&,g Yblr’ %’t HiIVs3, cawgpcgalovxrus (CMV), mﬂucnza, adenovirus and the
trans-[4- CW@“(@'@WWMEU h$) ¥t rbt limited to, Herpes zoster and Herpes simplex.

B e e R
with a human immunodeficiency virus (HIV), which c0mpnscs admxmstcnng to such
mammal an effective TNF inhibiting amount of a2 compound of the Formula (I).
The compounds of the Formula (I) may also be used in association with the vcterihary
treatnent of animals, other than in humans, in need of inhibition.of TNF production. TNF
mediated diseases for treatment, therapeutically or prophylactically, in animals include
disease states such as those noted above, but in particular viral infections. Examples of such
viruses include, but are not limited to feline immunodeficiency virus (FIV) or other retroviral

RFPQACEMENT] SHEET

ne-

infection such as equine infectious anemia virus, caprine arthritis virus, visna virus, maedi
virus and other lentiviruses.
~ The compounds of the Formula.(I) are also useful in-the treatment of. veast and fungal ....—-.-
infections, where such yeast and fungi are sensitive to uprégh_l_ation by TNF or will elicit '
TNF production in vivo. A preferred disease state for treatment is fungal meningitis.
Additionally, the compounds of the Formula (I) may be administered in conjunction with
other drugs of choice for systemic yeast and fungal infections. Drugs of. choice for fungal
infections, include but are not limited to.the class of compounds calicd the polvmxxms, such
as Polymycm B, the class of compounds called thc imidazoles, such as clotnmazolc.
econazole, miconazole, and ketoconazole; the class of compounds called the wriazoles, such
as fluconazole, and itranazole, and the class of compound called the Amphotericins, in
particular Amphotericin B and liposomal Amphotericin B. o

The co-administration of the anti-fungal agent with a compound of the Formula (1)
may be in any preferred composition for that compound such as is well known to those
skilled in the art, for instance the various Amphotericin B formulations. Co-administration of
an anti-fungal agent with a compound of the Formula (I) may mean simultaneous
adminismration br in practice, separate administration of the agents to the mammal but in a
consecutive manner. In particular, the compounds of the Formula (I) may be co-administered

“with a formulation of Amphotericin B, notably for systemic fungal infections. The preferred
organism for treatment is the Candida organism. The compounds of the Formula (I) may be
co-administered in a similar manner with anti-viral or anti-bacterial agents.

The compounds of the Formula (I} may also be used for inhibiting and/or reducing
the toxicity of an’ anti-fungal, anti-bacterial or anti-viral agent by administering an effective
amount of a compound of the Formula (I) to 2 mammal in hced of such treatment, Preferably,
a compound of the Formula (I) is administered for inhibiting or reducing the toxicity of the
Amphotericin class of compounds, in particular Amphotericin B. '



di f1 uor omet hoxyphenyl ) cycl ohexane- 1- car boxyl i ¢ aci d] Thj REPOADEMANT,
prepared substantially as descri bed above for
ci s-[4-cyano- 4- (3-cycl opentyl oxy-4- net hoxyphenyl)cycl o

K a Xy i§c
acid] in EXAMPLE 7, was isolated as a solid: mp. 134-1 ?ﬁ EEEa‘b?ZaI’y IS
Calc. for [err]: C62.46, H5.79, N 3.83; found: C 62.1 4.
9D. trans-[4-Cyano-4-(3-cycl ogropyl met hoxy-4-difluoro thoxyphenyl ) -
cvcl ohexane- 1- car.boxyl.i c _aci. d] The title conpound pr.eparet

glssd[ez CLIyQEd aboveheh®y fore ]t’]htc compounds of- tthc g)cgnnula @ s an alk 1 ug;)s(tgzrx]téd :tivé a?rr lx)nct)))x(-c 1. r:.c;
acid] in Exﬁﬂféﬁ‘éé‘?&g&%lg %ra:?.kyn@ WW‘B‘C ’1‘2‘84’1"59‘?@? A1 - E%&MDLE 10

Ci s- [ 4- Cyaneubsttufed- ln'ylccbrcpmtfmonnqs- %apfclfmeﬁmhbreﬂbbtﬁmm Qk6B4I8 fenkth is one or
ot hoxy phen ey Sraaihe? féc?%réabo%éx H“ fé‘f%”‘i‘?aﬁ@%“ éﬁfﬁnﬁi"?‘ﬁﬁifyt?ﬁ%m“ae
(0.08 ?lrE 2%‘%?{5{90 ?de );‘?‘91 y W%%W%Pwdmf)thgﬁmmaﬂ)
argon at nosge vmpaﬁb}éﬁbwﬂst@dw n&ra ARIdHKH, £ Wyﬁélbﬂl&yldﬁi 625%
olution ing I t ona

iool[Jelrr] ¢ "R pttalh ey itol R %&é@aﬁﬁ% Sy opfitiy Sitgmodt

filtered an®¥ f REmPre ﬂwes.e@mnamo(m)o E@Hﬂuécﬂﬂfmﬂl(@ﬁmmzﬂi}.mnét hyl
acetate, the&CohipayOH, phase was washed three tinmes wi-th water, was dried

e Wk i O See Seb ten Bk St FameRB et nyl cne
chl oride, pindepedéehtly hytitdgen boslkyl( Thi@llgws £ Wanching of the individual methylene
units as (CR4R 5) or (CR4R5)m; each repeating mcthylcpc unit is independent of the other,
¢.8 (CR4R5), wherein n is 2 can be -CH2CH(-CH3)-, for instance. The individual
hydrogen atoms of the repeating methylene unit or the branching hydrocarbon can optionally
be substituted by fluorine.independent of each other to yield, for instance, the preferred R .
substitutions, as noted abovc : ' -

When R isa C7.)1 polycycloalkyl examples are bicyclo[2.2. 1] -heptyl,
bicyclo[2.2:2]octyl, bicyclo[3.2.1)octyl, tricyclo[5.2.1.02 6]dcr:yl, etc. additional examples of
which are described in Saccamano et al, WO 87/06576, publishcd 5 November 1987, whose
disclosure is incorporated herein by reference.i in its'entirety. - :

Z is preferably C(O)Rg, C(O)ORs. C(O)NRgRg C(NRg)NRgRg, CN, C(NORg)Rg,
C(O)NRgNRZC(O)Rg, C(NRg)NRgRg, C(NCN)NRgRg, C(NCN)SR9, (1-, 4- or 5-
{Rg}-2-imidazolyl), (1-, 4- or 5-{Rg}- 3-pyrazolyl) (1-,2-or 5-{Rg ]-4—mazolyl[l 30, (-,
2-, 4- or 5-(Rg}-3-triazolyl[1;2,4]), (1- or 2—[R3}-5-tctrazolyl) (4- or 5-{Rg}-2-oxazolyl),

(3- or 4-(Rg }-5-isoxazolyl), (3- {Rg}-S-oxadiazolyl[1,2,4)), (5-{Rg}-3-oxadiazolyl[1,2,4]),
(5-{Rg}-2-oxadiazolyl[1.3,4]), (5-{Rg}- 2—th1ad1azolyl[1,3,4]), (4- or 5-{Rg}-2-thiazolyl), (4-
or 5-{Rg)-2-oxazolidinyl), (4- or 5-{Rg}-2-thiazolidinyl),(1-, 4- or
5-{Rg}-2-imidazolidinyl); most preferred are those compounds wherein the Rg groupof Z is
R4. ' : '

- Xs5is preferably hydrogen, Cj-2 alkyl optionally substituted by one to three fluorines,
ORg, CN, C(O)Rg, C(O)ORg, C(O)NRgRg, or NRgRS.

Preferred X groups. for Formula (I) are those wherein X is YR2 and Y is oxygen. Thc
preferred X3 group for Formula (I) is that wherein X3 is oxygen. The preferred X3 group for
Formula (1) is that wherein X3 is hydrogcn Preferred R2 groups, where applicable, are C1-2

alkyl optionally substituted by 1 or more halogens. The halogen atoms are preferably
fluorine and chlorine, more preferably fluorine. More prcfcrrcd R2 groups are those wherein

R2 is methyl, or the fluoro-substituted alkyls, specifically aCl.2 alkyl, such as a -CF3,
-CHF?2, or -CH2CHF2 moiety. Most preferred are the -CHF) and -CH3 moieties.

U'I(‘D




1

REPLACEMENT SHEET
Analysis Calc. for [err]: C68.79, H7.72, N 8.02; found: 3.380, H 7.4
N 7.93. EXAMPLE 1 1 cis- 8 T”g
[ 4- (3, 4- Bi sdi f| uor omet hoxyphenyl ) - 4-cyano- 1- (3-net hyl [ 1, 2| 4} ogz?drgzo -5-
yl )}cycl ohexanel ci s-and
trans-[4- (3. 4-Bi sdifl uoromnet hoxyphenylg) 4- cyanocycl ohexang- 1- car- boxam de,J
These conpounds, prepar ed. substantlal | y as descri bed above—for

o A ORRRL SCEBL R RRSSY é@?)%%?v@?’%ﬁem% 0.
109- 110 er r 3rd)CEgl Mercqmcfcmtd z(rt Cx=QH drgddher I is prefétably O or NORS.
251 vt onexanayc e RGeS HAGIAL obiat) 3obbishintd CRJauidprdpi ! (2201
cis-[4-(3, 418&211-2@&%?%1 hGHD0 ety riepantyya S0 2 reciehsayD, 1((EHN03lnd 8]
g 0. ?gd g ” 0. 14-§y1ﬁﬂm1 )(GHI) No(s-itiaEbiy) Wﬁmﬁhﬁﬂyﬁyl(mqgkﬁ«gﬂféﬁ;ﬂt) t \rl;lgs
sg?vent was evgbo% ‘}éla“ﬁim %E%?%t HB@;) and gg%%o %pn{c VY?O 35 ),
hydr oxyl ani ne hyRiefsohd dngsoehenR @2nd R 1100 B8 moiety) WGRID%Q‘QGre@ﬁBIhS odi um
T
east one addmonal hctcmatom selected from O/N/ or S include, but are not limited to 1-
imidazolyl, 2-(Rg)-1-imidazolyl, 1-pyrazolyl, 3-(Rg8)-1-pyrazolyl, 1-triazolyl, 2-triazolyl,
5-(Rg)-1-triazolyl, 5-(Rg)-2-triazolyl, 5-(Rg)-1-tetrazolyl, 5-(Rg)-2-tetrazolyl, 1-terrazolyl,
2-tetrazloyl, morpholinyl, piperazinyl, 4-(Rg)-1-piperazinyl, or pyrrolyl ring.
" Preferred rings when R10 and R4 in the moiety -NR10R 14 together with the
: nitrogen to which they are attached may form a 5 to 7 membered ring optionally containing
~~~at least one additional heteroatom sélectéd from O, N, or S include, but are not limited to 1-
'—“5 imidazolyl, 1-pyrazolyl, 1-triazoly], Z—mazolyl 1-tetrazolyl, 2-tetrazolyl, morpholinyl,
- - piperazinyl, and pyrrolyl. The respective rings may be additionally substituted, where
- applicable, on an available nitrogen or carbon by the moiety R7 as described herein for
Formula (I). IHustrations of such carbon substimtions includes, but are not limited to,
2-__(R7)'-:1 -imidazolyl, 4-(R7)-1 -imidazolyi, 5-(R'7)-l-.imidﬁzoiy1,.3-(R7)—17pyrazolyl,
4-(R7)-1-pyrazolyl, 5-(R7)-1-pyrazolyl, 4-(R7)-2-triazolyl, 5-(R7)-2-triazolyl,
4-(R7)-1-uiazolyL 5-(R7)-1-triazolyl, 5-(R7)-1-tetrazolyl, and 5-(R7)-2-tetrazolyl.
Appli;ablc nitrogen substitution by R7 includes, but is not limited to, 1-(R7)-2-tetrazolyl,
2-(R7)-1-tetrazolyl, 4-(R7)-1-piperazinyl. Where applicable, the ring may be substituted one
or more times by R7.
Preferred groups for NR10R 14 which contain a heterocyclic ring are 5-(R14)-1-
tetrazolyl, 2-(R14)-1-imidazolyl, 5-(R14)-2-tetrazolyl, or 4-(R14)-1-piperazinyl.
Preferred rings for R13 include (2-, 4- or 5-imidazolyl), (3, 4- or 5-pyrazolyl), (4- or
5—mazolyl[1,..,3]), (3- or 5-triazolyl{1,2,4]), (5-tetrazolyl), (2-, 4- or 5-oxazolyl), (3-, 4- or 5-
isoxazolyl), (3- or S-oxadiazolyl(1,2,4]), (2-oxadiazolyl{1,3 4]), (2-thiadiazolyi[1,3,4]), (2-,
* 4-, or 5-thiazolyl), (2-, 4-, or 5-oxazolidinyl), (2-, 4-, or 5-thiazolidinyl), or (2-, 4-, or
5-imidazolidinyl). ' |
thn the R7 group is optionally substituted by a heterocyclic ring such as

i

imidazolyl, pyrazolyl, triazolyl, tetrazolyl, or thiazolyl, the heterocyclic ring itself may be
optionally substituted by Rg cnher on an available nitrogen or carbon atom, such as
1-(Rg)-2- mndazolvl 1-(R8)-4-:m1dazoly1 1 (Rs) -5-imidazolyl, 1-(Rg)-3-pyrazolyl,

1-(Rg)-4-pyrazoly], 1-(Rg)-5-pyrazolyl, 1-(Rg)-4-triazolyl, or 1-(R§)-5-triazolyl. Where
applicable, the ring may be substituted one or more times by Rg.



cool ed, water was added, the m xture was extracted three tinmes with

nmet hyl ene chl oride, the organic extract was dried (nagnesium sul fate) and
was evaporated. Purification by flash chromatography, eluting with 4%
met hanol / net hyl ene chl oride, provided a solid (0.03 g, 37% . This product
was conbined with that (0.04 g) fromeg simlar reaction sequence and was
triturated wiith hexane to yield a tan solid: mp, 83-84[err]C..Analysis .

Cal c.  for {®rr] el idst hordbindl FhPormhH iRy L CH-AcBropdh, 10. 3.

Ci s- [ 4- ( 3. 2CH2G5-SIcHePEkEh 1Fieg BYrasi. sctabudraturan By héd-1oy forclepantedtiidi azol - 5-
yl)cycl ohexene)l or -C1.7 alkyl optionally substituted by 1 or more fluorines, and -(CH2)2.4 OH; Ry is

N vol it o Tt b ABRIGRNURIERY b Cfr PRI GhPRINFRG: 1- car bofydrazi de]

A sol ution

ci s-[4-(3, 4-bi séﬁ?ﬂtumfmpétM9mwpynd4Wm%m -6Hexarpleprepylcexdaprytyht e] - (- - -

0.2 g, 0. S%mmwr@HdRQyﬁmz;r UECHYW@YRz(Q iPSxyEkn; 39 19 oRkVERR) X3 I Itfvees)!
(2.5 m_) eatg:gg Btk: for 6h and then stirred at roomtenperature
for 16h. AGFEFWhe nixture was extracted three tinmes with

met hyl ene chI or mdﬁr;cfdnl&e s@bﬁcﬁﬂ?df iNEDmPonid of ik Foeikd 1) $44hé 8éBpouadshof the
evapor at edg F at ion by flash chromatography, eluting with 4%

met hanol / rret chI oride, provided a solid (0.12-g, 58%: mnp.
80-81[err]C

ci s-[4- (3. 4-Bi sdi fl uor onet hoxypheny9
hydr azi de)] A solution of nethyl cis- B, 4- bi sdi f1 uor onet hoxyphenyl ) - 4-
cyanocycl ohexane- 1- car bohydr azi de] ( g, 0.29 mmol ), triethylamne
(0.09 m., 0.65 (Ia)

wherein:

R1 is CH2-cyclopropyl, CHz-Cs 6 cycloalkyl, C4-¢ cycloalkyl, C7-11
polycvcloalkyl 3-or 4-cyclopentcny1) phenyl, temrahydrofuran-3-yl, benzyl or Ci-2 alkyl
optionally substituted by 1 qr more fluorines, -(CH2)1- 3C(O)O(CH2)0-2CH3
-(CH2)1-30(CH2)0-2CH3, and -(CH2)2-40H;

/]

AMocycl ohexane-1-(2- acetyl - car bo-

X is YR2, halogen, nitro, NR4R3, or formyl amine; REPLACEMENT SHEET
X4 is %
2 T | 25 FEB 997,
i *
Ry or Ry : '
(2) T (®)

X5 is H, Rg, ORg, CN, C{O)Rg, C(O)ORg, C(O)NR8RS. or NRgRS;
Y is O or S(O)m;

m'is 0, L,or2;

R3 is -CH3 or -CH>CHj3 optionally substituted by 1 or more halogens;

R3 is hydrogen, C1-4 aikyl, CHNHC(O)C(O)NH2, halo-substituted C-4 atkyl, CN,

. CH20Rg, C(Z)H, C(O)ORg, C(O)NR8R1(, or C=CRg;

Z'is O or NORS;

Z is C(O)R14, C(O)OR14, C(O)NR10R 14, C(NR10)NR10R 14, CN, C(NORS)R 14,
C(O)NRBNRSC(O)Rg, C(O)NRgNR10R14, C(NOR14)R8. C(NRg)NR10R 14,
C(NR 14)NRgRg, CINCN)NR 10R 14, CINCN)SRg, (1-, 4- or 5-{R14}-2-imidazolyl), (1-, 4-
or 5-{R14}-3-pyrazolyl), (1-, 2- or 5-{R14}-4-triazolyl{1,2,3}), (1-, 2-, 4-or
5-{R14)-3-triazolyl[1,2,4]), (1- or 2-{R}4]}-5-tetrazolyl), (4- or 5-{R14}-2-oxazolyl), (3- or
4-{R14)-5-isoxazolyl), (3-{R14}-5-oxadiazolyl[1,2,4]), (5-{R14}-3-oxadiazolyl[1,2,4)),
(5-{R14}-2-oxadiazolyl[1,3,4]), (5-(R14}-2-thiadiazolyl[1,3,4]), (4- or 5-{R14)}-2-thiazolyl),



mol ) and acetic anhydride (0.05 ni, 0.54 mmol) in ethanol ﬁE?LNGQMWSSHEET
heated at reflux for 1h, was cool ed and the sol vent was ev at-eeh—\at-er
was added, the mixture was extracted three tinmes with methy e %tgﬁﬁ
the extract was dried (magnesi um sul fate) and evaporated to proz' 7te
solid (0.11 g, 85%: mp. 144-145[erapC.

ci s-(4-(3,4-Bisdifl uoromet hoxyphenyl)-4-cyano-" 1

- (3-met hyl [ §- 3r54{®1a§142mkolﬁmy‘y)|,Wpcﬁdk@xﬁmm}mﬁl{ﬂm&lﬁ(ﬂoﬁ-

gl ?z[gcé?yl 3 ﬁg’ )f,ld1 &a%fg% yyphenél) cyaﬁocycl ohexane-

(0 0.24 mol)_and 8 S us. oxy.chl r|de

(0.25 L, 2.68 n%%l's) (‘Fﬁcﬂﬁﬁh ther Coomliyy! whereindhe Bz 9 Cy ﬁﬂiﬁ@%ﬁ&é‘r P}o/% alB¥gon
at nospher e §uktithtedione bhfhore t&hé&ﬂﬁ aps am@Db;ﬁﬁmall/}GéuBfmmﬁ b doksw, thieb Buorinesur e
was extractgd ghree. ﬁbﬁre%,ytmk%h ﬁ a@(gj)bﬁgt R er@qc@(@m@ﬂmlt}he or gam c
nma I SR

extract was drieéd ( or at ed

Purificati OTQCEKP)NRaQRIthQ@H@' R IGC(OINBaoR bt VWqu(Othbx%méQ¢@)Q§~9

acetate, brOWRGRIOIR HLCNKYINK R (FCNCIINR OR] {1-COTEMIERY,C 52.00, H 4.25,

[4-(3,4-Bis RI%NMRBX%WMN&Q%&)LINB@WW rBmB% hi adi azol - 5-

-NR10C(Q)C(O)NR10R 11, -NR 10C(O)C(O)R 10, thiazolyl, imidazolyl, oxazolyl, pyrazolyl,
triazolyl, or tetrazolyl; "

qis 0,1, 0r2;

R12 is C3-C7 cycloalkyl, (2-, 3- or 4-pyridyl), (1- or 2-imidazolyl), piperazinyl,
morpholinyl, (2- or 3-thienyl), (4- or 5-thiazolyl), or phenyl;

the dotted line formula (a) represents a single or double bond:

Rg is independently selected from hydrogen or R9.

' Ry is C)_4 alkyl optionally substituted by one 10 threc fluorines;

R1pis ORg orRi1; '

R11 is hydrogen or (51_4 alkyl optionally subsntutcd by one to three ﬂuormcs, or
when R10 and R 11 are as NRjgR1] they may together with the mtrogcn formaSto7
membered ring optionally contamxng at least one additional heteroatom selected from OIN/or
S: - '

. Rj3is oxazolidinyl, oxazolyl, thiazolyl, pyrazolyl, wiazolyl, tetrazolyl, imidazolyl,
imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, or thiadiazolyl, and each of these

heterocyclic rings is connected through a carbon atom and each may be unsubstituted or
substituted by one or two C.3 alkyl groups;

R14 is hvdrogen or R7; or when R1( and R4 are as NR1QR 14 they may together
with the nitrogen form a 5 to 7 membered ring optionally containing one or more additional
heteroatoms selected from O/N/or S;

provided that:

a) when R}2 is N-imidazolyl, N-triazolyl, N-pyrrolyl, N-pipqaﬁnyl, or N-

.morpholinyl, then q is not I; or )

b) when R} is CF2H or CF3, X is F, OCF2H, or OCF3, X5 is H, Z is C(O)OR 14 and
R14 is C1-7 unsubstituted alkyl, then R13 is other than H;

or the pharmaceutically acceptable salts thereof.

Exemplified compounds of Formula (B are:

methyl 4-cyano-4- (3-cyclopcntyloxyA-mcthoxyphcnyl)cyclohcx—loenc-l-
carboxylate;

4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohex-1-ene-1-carboxylic acid;



yl)cycl ohexanel A sol ution of EET
ci s-[4- (3, 4-bi sdi fl uor onet hoxypheny!l ) - 4- cyanocycl ohexane 1RERLACEMENT SH

acetyl -carbohydrazide)] (0.1 g, 0.24 mml) and Lawesson’ gent (0.13
0.32 mol ) in toluene (3 nL) was heated at reflux under gn ar« gr% nPePh
for 0.5h. The m xture was cool ed, satip ated aqueous sodi ym}bic onat e

added, the m xture was extracted three tines with nethyl dn
organi c extract was drled (magnesi um sul fate) and was evdpor at ed.

P fication'b . 1" y&eta) [h.l.
agglt alte :orow éé‘gé a soh %5 m E%'ggd%i?f'g %é %ﬁ%‘nf’wh?’éﬂ'c °h°fxg'?,{gér)r/]
52.04, H 4. -aoxylate§ 12:- found: C 51.67, H 4.06, N 9.92. EXAVPLE 14

ci s-[ 4- Cyano- 4- (na:rmm*awwayﬂnam@ mo utyI by tﬁnﬁ}ﬁ%ﬂmm‘ﬁcwfbﬁé{a‘ﬂ&i- 1-

tris(methyl, hylcyclohexane] hexanes, 0.4 i,
0.76 nmmol) %ﬂ%?%g%&d dropwi se over 5 mn to a solution of

tri s(methyl t hi oymeehivhgisel 0,4.’:blsdxﬂuorﬁmsthompbtr)yl)-h—cgiagocydbhahpdlr -cdrbogintg)3 )
at -78[err]C Unﬂﬁ%’ihﬂﬁaﬁf-?@@ @B@ﬁg&%&gﬁog 9-5 c?kﬂﬁcgﬂoﬁ:%dé- -85}59{ Iatﬂ 67

4- cyano- 4- ( 3- \élg ‘%E hoxy- exane

mol) in dry teFFafTarsre 'ﬁyfé@cﬁ&’}m%ésm%f ‘él’@ﬂ’ Gﬁ')dm@@"é%‘e}'c ¥hilig 3°¥ﬂ'ter

0. 5h, aqueous amnimcymoemmcyal@cmsoxgddﬁdhmhem)osvtnstmxmc-m&bai)lmqed to

warmto rogm ﬁﬂ%é’ w e h} ea\tﬂas extracted three tines with

net hyl ene chI or | t Ire ort? nicoextract’ was dried (nagnesi um H
cis-[4-(3,4-bisdi toromethoxyphenyl)-4-cyanocyclohexane-1-carboxylic acid};

trans-[{4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane- 1 -carboxylic

acid];
cis-[fl-cyano-«i-(3-cyglgpropylmcthoxy-«t;mcthoxyphcnyl)cyclohcxanc- 1-carboxylic
acid); ' '
1rans-[4—cvano-4 __(3—cyclopr0pylmcthoxv-4-mcthoxvphcnvl)cyclohexane—I-. .
carboxvhc acid]; _ a
methyl c:s-[4-cyano—4 (3-cyclopropylmcthoxv-4omcthoxyphcnyl)cyclohcxanc-l-
carboxylate]; :
methyl trans-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohexane-1-
carboxylate]; )
methy! cis-[4-cyano-4-(3-cyclopropylmethoxy-4-
difluoromethoxyphenyl)cyclohexane-1-carboxylate);
methyl trans-[4-cyano—4-G—cyclopmpylmcthoxy-4—dxﬂuoromcthoxyphcnvl)
cyclohexane-1 l-carboxylate];
cis-{4-cyano-4-(3 -cyclopropylmethoxy-4-difluoromethoxyphenyl)cyclohexane-1-
carboxylic acid];
. trans-{4-cyano-4- (3-cyclopropylmcthoxy-4—d1ﬂuoromethoxyphenyl)cvclohcxanc-1-
. carboxylic acid];
cis-{4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-carboxamide];
ci_s—[4-cyano-4-(3,4-b_isdiﬂuoromcthoxyphcnyl)cyclohcxane-l-carboxamide];
trans-[4-cyano-4-(3 /4-bisdifluoromethoxyphenyl)cyclohexane-1 -carbdxamidc] ;
cis-[4-cyano-4-(3,4-bisdifluoromethoxyphenyl)cyclohexane-1-carbohydrazide]; .
cis-[4-cyano-4-(3,4-bisdifluoromethoxyphenyl)cyclohexane-1-(2-
acetylcarbohydrazide));
cis-(4- (3 4-bisdifluoromcthoxyphenyl)-4-cyano-l-(3-mcthyl[1,2,4]o>£adiazol-5-
vl)cyclohcxanc} :
cis-{4-(3,4- bxsdlﬂuoromcthoxyphenyl)-4-cyano-1 -(2-methyl(1, 3 4]oxad1azol 5-
yl)cyclohexane};

»?



REPLAGEMENT SHEET |
sul fate) and evaporated. Purification by flash chromatogr ppbys——etett+mg W} h

25% et hyl acet at e/ hexanes, provided a white solid (0.25 g 34% '_Jgg

123-124[err]C. Analysis Calc. for [err]: C 58.24. H 6.89, |N{3 J??J
58.57, H 6.81, N 2.92. EXAMPLE 15 Met hyl
ci s-[ 4-cyano- 4-( 3- cvcl opropyl net hoxy-¥3 net hoxyphenyl ) - 1- hjydr oxycycl ohexane-
1- carboxyl atel .Mercuric. chl-ori de (0..23; 9, - 0.-85.nmml)- and-inBketr-i- \,‘u}\rue s

(0.08 g, ‘0. 37 0| 4-(IebRAIA GO EheiBxFhERI T P00 (2-metiyI[1.3 4)thiadiazol-5 "

cis-[4- cya %éB c%/}cl opr opyl met hoxy- 4- rrethoxyphenyl) 1- hydroxy- |
-trls(rreth IYHP Ayl cycl ohexane] (0.1 g, 0.22 mmol) in 12:1

met hanol / wat er C(Q[%ﬂxﬁmﬁd&@dwmﬂn&ax%mﬁm&p*mndhtlthdW?Wthr e was al |l owed

to stir at gggmyqtﬁm&ﬁ;.]ég,ﬁoﬁc% éfl 27 The mi xture was filtered through
Celite, thefl trate 'with wat r three tines
wi th met hyl ene R4St '° kl @&Fﬂpé"f’&&’?‘g‘&’iy'&‘&?v%?‘?é&" ﬁé gﬁ"é’m sul fate)
and was evagiohaxdaaell- cEthbxf'lmeat i on by flash chromat ography, cI uting with 35%
ethyl acetate/ 19\ O ydrdlcb o sne-1-
ritur at ed it Eeana Bt AR oA RS Sty e fclotie
102- 103[ ercrybexylgasidlsi s Calc. for [err]: c 65.20, H 7.11, N 3.80; found: C
65.31, H 6.83, cxs—[4—cyano-4-(3-cyclopropylmcthoxy-4-mcthoxyphcnyl)-I-hyd:oxycyclohcxane—l-
carboxamide];
methyl cis-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-methoxy-
cyclohexane-I-carboxylate];
cxs-{4-cyano-4-(3-cyclcpropylmthoxy-drmcthoxyphenyl) 1-methoxycyclohexane-1-

I~

carboxylic acid);
cis-{4-cyano-4-( 3~cyclopfo;iylmcthoxy'—4—mcthoxyphcnyl)— 1-methoxycyclohexane- 1-
carboxamide]; ) ’

trans-{4-cyano-4- G-cyclopropylmcthoxy-ti-mcthoxyphcnyl) -1- hvdroxy-cyclohcxanc- '
I-carboxaldehyde];
methyl trans-[ 4-cyano-4- (3-cyclopropylmcthoxy-4-mcthoxyphcnyl) -1-
hydroxycyclohexane-1-carboxylate}; -
trans-{4-cyano-4- (3-cyclopropylmcthoxy-4-mcthoxyphcnyl)- —hydroxycyclohcxanc—
1-carboxylic acid};
methyl trans—[4-cyano-4—(3-cyclopmpylmcthoxy—4—mcthoxyphcnyl)-l—
methoxycyclohexane-1-carboxylate];
trans~[4—cvano—4-B-cvclopropylmcthoxv-4-mcthoxvphcnyl) -1-methoxycyclohexane-
I-carboxylic acid];
trans-[4-cyano-4-(3-cyclopropylmcthoxy—4-mcthoxyphcnyl)-l methoxycyclohexane-
1-carboxamide];
cis-[4-éyano-4-'(3-cyclopcntyloxy-4-mcthoxyphcnyl)cyclohexanc-1—carboxamic
acid);
- N-mcthvl-czs— [4-cvano-4—(3-cyclopcntyloxy-4—mcthoxyphcn yl)c yclohcxanc»l -
carboxamic acid];
cis-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-N-(2-
cyanocthyl)carboxaﬁxidc];
cis-{1-(2-cyanoethyl)-5-{4-cyano-4-(3-cyclopentyloxy-4-
methoxyphenyl)cyclohexyl]tetrazole]; and '
cis-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)-1-(tetrazol-5-yl)cyclohexane].
Some compounds of Formula (I} may exist in both racemic and optically active
forms; some may also exist in distinct diastercomeric forms possessing distinct physical and



N 3.54. EXAMPLE 16 NT SHEET
ci s-[4- Cyano-4- (3-cycl opropyl net hoxy- 4- met hoxyphenyl}) REP%AG,EME\,\ eyetgh¢xane-
1- carboxylic acid] The title conpound, prepared subs ant | al | é %de sdri bed
abeve for cis-[4-cyano-4-(3-

—

14
cycl opent yl oxy- 4- nethoxyphenyl)cyclohexane | - car boxy
was isolated as a solid: mp. -168-169[err] C. Anal ysi lc. for [err] C
65.22, H 6:77.. N 4.00; found:-C 64: 94, ~H 6. 62; - N-3.80D..: :

ci s-[ 4- Q/arEB°Iﬂg’€§‘ REQRATYASr Adyof Hhesa eszsypqmﬁsmsszwﬁqﬁlyp rﬂhw%weyei féﬁ eXane-
1- C? El boxangreeht ilvamion! Therefore anort]hcr aspect of tthc: present invention is the administration of

cis cya Q QX e

hydr oxycgclnc grxé%e&%ﬁl: ;P{)@X A““%rgf%‘.] ém 31{': %gd‘ga%ﬁg 12“‘1]50“ o XS e of

sodi um cyarfthereofi n net hanol (1 5 nm) contained in a pressure vessel was

cooled to -78 armheadtiCing r%ﬁéﬁo&&&e&éh): Yﬁ?apﬁadenp@ﬂxdnr&f%ctdwloh%ﬁe The
t ube was Sg—ﬂ*g%gla %atsé @l kg 1 m‘ﬁ%gg t'0.room f'enperature and the reaction
was stirre Akt )} R RESUY | oved to evaﬁorate and the

reacti on was par tthlfFfmﬁe@l-B@ika' Cva byl "a @ -gelknl)los rrdkyd hinglude both sraighirQfani ¢

I%)lﬁ |r ? icfzar?(?rﬁg‘cwdj? ﬂﬁqa‘:ﬁfsléﬂ 1 6%@8 tﬂPth’ﬁ]Eng\ﬁﬂ k%ﬁgfg; et hanﬁﬂe%aﬁ‘ltgor of orm

provi ded a "&b !ﬁn&tq > mehylyethzl %propyl 1sopropy1 n-butyl sec-butyl, isobutyl, rerr-butyl, and
the like. "Alkenyl" includes both straight or branched chain radicals of 1 to 6 carbon lengths,
unless the chain length is limited ihcrcto, including but not limited to vinyl, 1-propenyl, 2-
propenyl, 2-propynyl, or 3-methyl-2-propenyl. "Cycloalkyl” or “cycloalkyl alkyl" includes
groups of 3-7 carbon atoms, such as cyclopropyl, cyclopropylmethyl, cyclopentyl, or
cyclohexyl. "Aryl" or “aralkyl”, . unless specified otherwise, means an aromatic ring or ring
system of 6-10 carbon atoms, such as phenyl, benzyl, phenethyl, or naphthyl. Preferably the
arvlis monocvchc i.c, phenyl. The alkyl chain includes both straxght or branched chain’
radicals of 1 to 4 carbon atoins. “Heteroaryl" as used herein, is meant an aromatic ring
system containing one or more heteroatoms, such as imidazolyl, triazolyl, oxazblyl. pyridyl,
pyrimidyl, pyrazolyl, pyrrolyl, furanyl, or thienyl. “Halo" as used herein is meant all
halogcns i.e., chloro, fluoro, bromo, or iodo. '

The phrasé "mhlbxnng the producuon of IL-l“ or "1nh1bmng the production of TNF"
means:

aC|d] in EXAVRLE 5,

v)

-q

a) a decrease of excessive in vivo IL-1 or TNF levels, respectively, in a human to
normal levels or below normal levels by inhibition of the ir vivo release of IL-1 by all cells,
including but not limited to monocytes or macrophages;

b) a down regulation, at the translational or transcriptional level, of excessive in vivo
IL-1 or TNF levels, respectively, in a human to normal levels or below normal levels; or

¢) a down regulation, by inhibition of the direct synthcsxs of IL-1 or TNF levels as a
postranslational event.

“TNF mediated disease or disease states” means any and all disease states in which

~ TNF plays a role, either by production of TNF itself, or by TNF causing another cytokine to
be released, such as but not limited to IL-1 or IL-6. A disease state in which IL-1, for
instance is a major component, and whose production or action, is exacerbated or secreted in
response to TNF, would therefore be considered a disease state mediated by TNF. As TNF-8
(also known as lymphotoxin) has close structural homology with TNF-o. (aléo known as
cachectin), ar;d since each induces similar biologic responses and binds to the same cellular
receptor, both TNF-o and TNF-8 are inhibited by the compounds of the present invention
and thus are herein referred to coliectively as “TNF" unless specifically delineated otherwise.
Preferably TNF-a is inhibited.



m p. 144-145[err]C Analysis Calc. for [err]: C 65.41, H 7.i08
found: C 65.16, H 6.96, N 7.86. EXAMPLE 18 Met hyl
ci s-[4-cvano- 4-(3-cycl opropyl met hoxy- 4- nethoxyphenyl) 1
- met hoxycycl ohexane- 1- carboxvlatel 1§ lver (1) oxide (0.63.9. 2.7 mopl
was added to a solution of nmethyl cis-[4-cyano-4-
(3-cycl opropyl et hoxy - 4- met hoxyphenyd.j --1- hydr oxycycl ohexane- 1- rboxyLat e] .
(0.62 g, 1.7 mmolOYtRKiee” imrdBnanyisarieted pokypgptida that affests the fyngtiqns "Frﬁ‘)? StAfdd? 2 an
argon at nosgpbiede aﬂﬁt:ht:h@dwlﬂtestxmeﬁcﬁ@ﬁ HaRake R delBtin iftfnlbe inflanintmeorgdasrk f or  18h.
The m xt ur red ﬁﬂg filtrate
was evapor :’f\‘\%% Eailcf |s(?a§\§%gn 1“8??‘?1‘@?? g’r"f&{s g?%ﬁﬁ%éoé{n&txl ngs\%m 20%
et hyl acet ayephekiassassardiesal d@@h@cﬁbpnoduqeah% iBgance. ampno wasm[netaﬂyc
Qn? )égl S Ca’cfcrrcﬂ@di ai&!izi m@c@@a@sem'gtcﬁ l%m%o%uc?l@ar cf:ll)lrkﬂéh as@ iakcrdphagd 7| ?0
¢l opro eny
1- et hoxy cff‘fj}% g;(omtc,l t@%%%tggflqcé B‘Pﬁ rgonoE}Incs. sucql as natur 1{?: e}ﬁo
fibroblasts, basophils; neutrophils, cndothchal cells, brain astrocytes, bone marrow stromal .
cells, epidermal keratinocytes, and B-lymphocytes. Lymphokines are generally referred to as
being produced by lymphocyte cells. Examples of cytokines for the present invention
include, but are not limited to, Interleukin-1 (IL-1), Interleukin-6 (IL-6), Interleukin-8 (IL-8),
Tumor Necrosis Factor-alpha (TNF-a) and Tumor Necrosis Factor-beta (TNF-8).
The cytokine inhibited by the present invention for use in the reatment of a HIV-
infected human must be a cytokine which is implicated in (a) the initiation and/or
maintenance of T cell activation and/or activated T cell-mediated HIV gene expression and/or

replication, and/or (b) any cvtokine-mediated disease associated problem such as cachexia-er- . -

muscle degeneration. Preferrably this ::ytokine is TNF-a

All of the compoundé of Formula (I) are useful in the method of inhibiting the
production of TNF, prcfcrat;ly by macrophages, monocytes or macrophages and monocytes,
in 2 mammal, including humans, in need thereof. All of the compounds of Formula (I) are
useful in the method of inhibiting or mediating the enzymatic or .catalyli_c activity of PDE IV
and in treatment of aiseasc states mediated thcfcby.

METHODS OF PREPARATION:

Preparing compounds of the Formula (I) cah be carried out by one of skill in the arnt
according to the procedures outlined in the Examples, infra. The preparation of any
remaining compounds of the Formula (I) 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, ORg, Ci-4 alkyl or C1'-4
halosubstitutéd alkyl, wherein X or X3 is other than Br, I, NO2, amino, formyl amine or
S(O)m’ when m'is 1 or 2, wherein Z is CHO and the double bond is present, reacting a
compound of the Formula (2) o

R,O
RS H
) X 2)
wherein R| represents R as defined in reiation to Formula (I) or a group convertable to R}
and X and X3 represent X and X3 as defined in relation to Formula (I) or a group convertable
1o X or X3 and R3 represents R3 as defined in relation to Formula (Ij or a group convertable
to R3. with nitromethane in a suitable non-reacting solvent in the presence of a base (catalyst)



The title conmpound, prepared substantially as described jaB&FACEMENT SHEET
ci s-[4-cyano-4-(3- cycl opentyl oxy-4-nmet hoxyphenyl ) cycl oljexamne=—1
-carboxylic acid] in EXAMPLE 5, was isolated as a solid:}

110-120[err]C. Analysis Calc. for [err]: C 66.84, H 7.01, %59F0E8f18??nd

AP

66.64, H 7.29, N 3.95. EXAMPLE 20 6
cis-[4- Oyano 4- (3-cycl opropyl met hoxy 4- rrethoxyphenyl)

1
- met hoxyc =1k -
cis-[4 Zyén c{gﬂ:gd&&'rtp e{l)vﬁh 1.9ﬁ Ef;g) 9 (i1.4 alkyl-or C1-4 N
met hoxycyclracmkg w@wm%ae&mmq&hemhag roI ZnABInP. foFmYyl amine or
N- net Pyl nos(ahal when mGsQEDrﬂLwh&c:ﬂ&t @mﬂﬁmomﬁ tRe &Buﬁ&tﬂ@gﬁ)ﬁﬁt B’éﬂleu'ga'%mémrﬂf) at
room t enper at ure_under ar gon_ at nosphe ated w is
chl or of or nsé’?}té “ﬁé‘ b3sr. Srpas so ‘F’Fé‘?”e}f’(\g@% E%Qfﬁ?f’@?ﬁ? at §d“ méj‘n um
hydr oxi de f(‘@‘ém@p@)bm peatitiesl camploride ofithe Forrsuladl whetein Ralisftb CNuORgddi £.i onak..
0.5h. Wt ery -wancya&d@ﬁ.4 htaﬂﬁutfﬁxﬁﬁédr efeth Xadr! Eth@ﬁhhx& BE$, NO3 unpni§,

met hanol /ge )%il ene ¢ the organi ¢ extra magnesi um
sul fate) dATOY REMRGPRAS mvoaécr@vaf)bpa% and whereingg @é%ﬂ%ﬁn%bc P ond is
chr omat ogrmesen, Drjulbld mdmd&:1&9/oﬁﬁatmw1ﬁ;bduﬁdiﬂ ¢fithd Porulan(@)prowiéed the sol i d (0. 13

9. 100% - hobepolfiie LAGHELI e FeNR B cDefillie, kbt by afiche Fheabh & 35 N

trans- [ 4- cyuerdhese satumaed ernsaytated compgunds némagwmaﬁg/prpmﬁcwgr oxycycl ohexan
e- corresponding Formula (I) carboxylates (Z = COOH), which may be converted by standard

procedures with proper manipulation of any chemically sensitive functional groups to the
corresponding ester, amide, nitrile, oxazolidinone, etc., Z groups of the Formula (I).

Alternatively, reaction of a compound of the Formula (2) with, e.g., tosylmethyi
isocyanide and potassmm t-butoxide (followed by hydrolysis) or lithium . Coe i
'mcrhoxyphcnvlthxommcthylsxlylmcthanc (followed by hydrolysis) provides compounds of -
the Formula (I) wherein R3 is H, CN, ORg , Cj.4 alky! or C}-4 halosubstituted alkyl,"
wherein X and X3 are other than Br, 1, NO3, amino, formyl amine or S(O)m’ whenm'is 1 or
2, wherein Z is CO2R 15, the double bond is present, and R}5 is H or simple alky!; these then
may be converted by standard procedures with proper manipulation (protection/deprotection) -

“of any chemically sensitive functional groups to the corresponding ester, amide, nitrile,

oxazolidinone, etc., Z groups of the Formula (1).

Alternatively, reaction of a compound of the Formula (2) with, e.g., triflic anhydride
in the presence of an appropriate tertiary amine base, or with an alkyl lithium at a reduced
temperature followed by treatment with N-phenyl trifluorosuifonimide, provides the
corresponding 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
(I) wherein R3 is H, CN, ORg, C}.4 alkyl or C1.4 halosubstituted alkyl, wherein X and X3
are other than Br, 1, NO2, amino, formyl amine or S(O)m' when m' is 1 or 2, wherein Z is
CO2R15 or CONR10R 14, the double bond.is present, and Ry5 is H or simple alkyl; these
then may be converted by standard procedures with proper manipulation .
(protection/deprotection) of any chemically sensitive functional groups to the corresponding
ester, amide, nitrile, oxazolidinone, etc., Z groups of thé Formula (I).

Alternatively, reaction of a compound of the Formula (2) with, e.g., lithium
ris(methylthio)methane at reduced temperature, followed by mercury salt hydrolysis and
alcohol treatment provides compounds of the Formula (I) wherein R3 is H, CN, ORg, C1-4
alkyl or C1.4 halosubstituted alkyl, wherein X and X3 are other than Br, I, NO2, amino,
formyl amine or S(O)m’ when m'is 1 or 2, wherein Z is CO2R15 and X5 is OH, the double
bond is absent, and R} 5 is H or simple alkyl. Such compounds may also be obtained by
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trans-[4- Cyano- 4- (3-cycl opropyl met hoxy- 4- met hoxyphenyl ) - ;chl ohexane- i
n

1- diyl]oxirane] To a mixture of 80% sodi um hydride in m al 265 FEBOYS
11- mmol) and trinethyl sul foxoniumiqdide (1.69 g, 7.67 pl ) at ‘room
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-

4-cyano- 4-( 3- hen clohe e (:2.00:g:7 )
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( 0.14 g, 2.%any chczmcally sensitive functional gmups to the corresponding ester, amide, nitrile,
oxazolidinone, etc., Z groups of the Formula (I).

Alternatively, reaction of a compound of the Formula (2) with, e.g., 2-lithio-2-
(trimethylsilyl)- 1,3-dithiane followed by acidic hydrolysis with a2 mercury salt, such as
mercury (II) chloride, or reaction of a compound of the Formula (2) with, e.g., sodio-[diethyl
i-butoxy(cyano)methyi phosphonate] followed by treatment with acetic anhydride and a zinc
halide and then followed by treatment with an alkoxide provides compounds of the Eénnu_la
(I) wherein R3 is H, CN, ORg , C1-4 alkyl or Cj-4 halosubstituted alkyl, wherein X and X3
are other than Br, 1, NO32, amino, formyl amine or S(O)m' when m' is 1 or 2, wherein Z is
CO2R1s5, the double bond is not present, and R15is Hor simple alkyl and R5 is H; these
then may be converted-by standard procedures with proper mampulanon
(protccnon/dcprotccnon) of any chemically sensitive functional groups to the corrcspondmg
ester, amide, nitrile, oxazolidinone, etc., Z groups of the Formula ().

Preparation of such cornpounds of the Formula (I) wherein R is C(=Z"}H proceed in
an ~analogous fashion from the compound of the Formula (2) wherein =Z' is an al'dch'ydé
protecting group, such as a dimethylacetal or a dioxolane, followed by aldehyde deprotection
and subsequent manipulation by standard procedures known to those of skill in the art to the
remaining compounds of the Formula (I) wherein Z' is other than O or R3 is other than H,
CN, ORg, Cj.4 alkyl or Cj.4 halosubstituted alkyl.

With proper manipulation (protection/deprotection) of any chemically sensitive
functional groups:

- a) Compounds of the Formula (I) wherein X or X3 are formyl amine may be formed
.at the last step, by formylating a compound wherein X or X3 is NH2, obtained by removal of
a protecting group from the amine functionality; such protective groups are well known to
those skilled in the art, See Greene, T. and Wuts, P.G.M., Protecting Groups in Orgamc
Synthesis. 2nd Ed., John Wiley and Sons, New York (1991). :
¢) Compounds of the Formula (I) wherein X or X3 are Bror! may be prepared from

a similarly deprotected amine by diazotization of the amine and diazonium displacement.
d) Compounds of the Formula (I) wherein X or X3 are NO2 may be prepared from a

similarly deprotected amine by oxidation of the amine to the nitro group.
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YNTHETIC.EXAMPLES
' : EXAMPLE 1 ; s .
Methyl -4—c3¢ano—4—{"~,= -cyclogemyloxy-‘t-mc:hoxyphcngl Jeyclohex-1-ene-1-carboxylate
-Cvano-A-(3-cyclogcntxloxy-A-mcthoxyghenxl) 1-cyclohexenyl

trifluoromethylsulfonate Toa solunon of diisopropylamine [1.95 milliliters (hereinafier mL),
13.9 millimoles (hcrcmaftcr mmol)] in tetrahydrofuran (12 ml) at 00.C under an argon
atmosphere was addcd n-butylhtmum (5.8 mLof 25M soluuon 14.15 rnmol) the resuluug
solution was stirred for 25 minutes (hereinafter min) and then was cooled to -789C. To this
was added a solution of 4-cyano-4-(3-cycIopcntylbxy-ti-methoxyphenyl)cyclohexan-1 -one [2
grams (hereinafter g), 6.64 mmol] in t_cu'ahydrofurdh-@ mL). The resulting mixture was
stirred at -780 C for 2 hours (hereinafter h), at which time N-phenyl-
rifluoromethylisulfonimide (4.98 g, 13.9 mmol) was added. The mixture was allowed to
warm slowly to room temperature and after 5h, the mixture was poured into water and
extracted with methylene chloride. The organic extract was dried (potassium carbonate) and
concentrated upder reduced pressure. The residue was purified by flash chromatography,
eluting with 4:1 hexanes/ethyl acetate, to afford an cil (1.09 g, 37%).

Methyl 4‘-c’xano-4-(3—cyclogcntonxy-4—methg'xgphenxl )cvclohex-1-ene-1-
carboxviate To a solution of 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)-1-
éyclohcxcn)"l uiﬂuoromcth)rlsulfonatc (1.0 g, 2.24 mmol) in 1:1 methanol/N,N-
dimethylformamide (8 mL) were added triethylamine (0.66 mL., 4.72 mmol) and
tetrakis(triphenylphosphine)palladium (0.13 g, 0.11 mmol). The resulting mixture was
stirred at room temperature in the dark under a carbon morioxide atmosphere for 3h. The

L

mixture was partitioned between water and ethyl acetate, the organic extract was washed
three times with water, once with brine, was dried {potassium carbonate) and was evaporated.
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Met.hyl trans-[4-cyano-4-(3-cycl opropyl net hoxy- 4- met hoxyplten
cvcl ohexane- 1 -carboxylate] To a solution of
trans- 14- cyano- 4- ( 3-cycl opr opyl nmet hoxy- 4- 25 FEB W97

met-hoxyphenyl ) - 1- hydr oxycycl ohexane- 1- car boxal dehyde (0. 49 . |
nmet hanol (25 ni.) at O[err]C under pg argon atnosphere wds rapidly added a
sol ution of potassi.um hydroxide (0.36 g, 6.43.mpl) in ne :

folloved by, pustlativh 69, ctlh ésebiitsglh iﬂaugng 31 B Rk LB PlovkiBa ) -

After 15 mn iN hydrochloric acid and & ™.
ext ract ed w?ﬁ%{cggﬁa?&g@@fm@r g%wn(ét hane. The combi ned organic

| ayers were Calet fﬁ’r&jﬁ&ﬁﬁoééﬁlfdaﬁ)tﬁ%@ﬁz iH 812N B192cfound: G4, H 6.93,

di schar ged, NUEBT W|th wat er, dried (magnesium sulfate), and the sol vent was
removed in vacuo. . Purification by flash chromat ography, eluted with 35 65

et hyl acetate/ hexanes ,. provided a white solid (0.82 g, 94 %9:--mp-

| 48-149[err] C 30 AnaIyS|s Calc. foEXAMAIE2 C 66.01, H 7. 06, N384

found: C 65. 86, 4 @ng?é- \

trans-[4- Cyano- Z- hexane
-1- carboxylic acie® solution of methyl 4—cyano-4-(3—cyclopcmyloxy-4-mcthoxyphcnyl)cyclohex—1-

ene-1-carboxylate (0.07 g, 0.18 mmol) in methanol (0.5 mL, containing just enough
tetrahydrofuran to solubilize the ester) under an argon aunosphcrc was added a solution of
potassinm hydroxide (0.03 g, 0.55 mmol) in water (0.4 mL). The resulting mixture was
stirred at room temperature for 4h, then poured into water and extracted with ethyl acetate.
The aqueous phase was acidified with 3N hydrochloric acid and extracted twice with cthyl
acetate. The organic phase from the acid extraction was dried (sodium sulfate) and
concentrated under reduced pressure 16 provide a viscous oil, which solidified upon sta;lding. R
The sohd was recrystallized from hcxancs/mcthylcnc chlondc (0. 05 g, 82%): m.p. 161-

163°C,
Analysis Calc. for C20H23NO4 1/2H20 C 68.55, H 6.90, N 4.00; found: C 68.65, H 6.55, N
3.82.
o S XAMPLE
Methyl ¢is- and fran is-[4-cva ho—4—(3-cgclogcmyloxg-4-mcthoxyghenxl)gclohciang- 1-
: carboxylate]
Procedure 3A:

To a solution of methyl 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohex-1-
ene-1-carboxylate (0.26 g, 0.73 mmol) in mctha_nd_l (12 mL) was added 10% palladium on
activated carbon (0.15 g) and the resulting mixture was hydrogenated at SO psi for Sh. The
mixture was filtered through a pad of Celite and concentrated under reduced pressure. The
residue was partitioned between methylene chloride and water, the extract was dried
(potassium carbonate) and evaporated 1o a solid which was primarily the cis-ester (0.14 g,
54%): m.p. 94-950C.

~ Analysis Calec. for C21H27NO4-1/8 H20 C70.32, H 7.38, N 3.90; found: C 70.33, H 7.59,
N 3.81.

Procedure 3B:

2-[14-Cyano-4-(3-cyclopentyloxy-4-methoxyphenyl )cyclohcxxligcncl.- 1,.3-dithiane To
a solution of 2-trimethylisilyl-1,3-dithiane (9.25 mL, 48.7 mmol) in dry tetrahydrofuran (80

mL) at 0° C under an argon atmosphere was added rapidly n-butyllithium (2.5M in hexanes,
19.2ml., 48 mmol). After 10 min, the mixture was cooled to -789C and a solution of 4-
cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-1-one (7.53 g, 23 mmol) in



The title conpound, prepared substantially as descri
ci s-[4-cyano-4-(3- cycl opentyl oxy-4-nmet hoxyphenyl ) cyao
acid) in EXAMPLE 5, was isolated as a solid: mp. 147
Calc. for [err]: C66.07, H6.71, N 4.06; found: C 686
EXAMPLE 23 Met hyl 20

trans [ 4- cyano- 4- (3 cyclopropylnethoxy 4- met hoxypheny
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mg totaf)_| th combmcd mixture was extracted three tirnes with

trans-|[ 4- Q/méwltn( ghlozidd, @muxp‘ydctmt biied) ¢ora grvesim syl rapd ¢ vaboraeddh Pasifigationhexan
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YhsHiacy & Fhhe'sdi 26
ic acid] in EXAMPLE 5,

xyslicsyiidicbhefme-iterr]: C

O s hear A G321 g, 126

mmol) were added to a solution of _2-{4-cyano—4—(3-cyciopcntyloxy—4-

methoxyphenyl)cyclohexylidene]-1,3-dithiane (13 g, 31.3 mmol)

in methanol (0.5 L) under

an argon atmosphere and the mixture was heated at reflux for 2h and then was allowed to stir
. atroom temperature for 42h. The mixture was diluted with methylene chloride, was filtered
thmugh Celite and the filtrate was combined with that of a similar reaction conducted
concurrc‘mly on the same scale. The mixtwre was neutralized with aqueous sodium - ...« ...
bicarbonate, was extracted three times with methylene chloride, the organic.extract was

washed three times with aqueous sodium sulfite, was dried (magnesium sulfate) and was
evaporated. Purification by flash chromatography, eluting with 15% ethyl acetate/hexanes,
provided the cis-ester as a white solid (12.4 g, 56%): m.p. 119-1200C, along with an

additional quanmy of slightly impure product (2.6 g, 12%).

Mcthyl [rgg;—l4-cxano-4-(3-cxclogcntxloxxA—mcthoxyphenyI )gclohexanc-l;

carboxylate] The trans-ester was also isolated from this mixture as-a solid (1.04 g, 5%): m.p.

50-S1e C.

Analysis Calc. for C21H27N04-3/4 H20: C 67.99, H 7.74, N 3.78; found: C 67.98, H 7.35,

N 3.65.

EXAMPLE 4

Mcthxl cis- and frans-[4-(3 4-bisdifluoromethoxyphenyl)-4-cyanocvclohexane-1-

carboxylate]
Procedure 4A:

- 2-[4-( 3,4~Bisdiﬂ uoromethoxyphenyl}-4-cvanocyclohex xlidcde 1-2-terr-butyloxyv .

-acetonitrile Sodium hydride (80% dispersion, 0.35 g, 11.7 mmol) was washed three times

with pentane, was suspended in tetrahydrofuran (15 mL) at room

temperature under an argon

atmosphere and diethy! terz-butyl(cyano)methylphosphonate (2.66 g, 10.7 mmol) was added.
After 0.5h, a solution of 4-(3,4-bisdifluoromethoxyphenyl)-4-cyanocyclohexan-1-one (1.77
g£. 5.34 mmol} in tetrahydrofuran (5 mL) was added and the mixture was heated at reflux for
0.5h. The mixture was cooled, aqueous sodium chloride and water were added, the mixture

was extracted three times with ether, the extract was dried (magnesium sulfate) and



trans-[4- Cyano- 4- (3- cycl opr opyl et hoxy- 4- met hoxyphenyl ) - 1- met hoxycycl ohexan
e-1- carboxam de] The title conpound prepared substa

above for cis-[4-cyano-4-(3-
cycl opent yl oxy- 4- nmet hoxyphenyl ) - 1- net hoxycycl ohekaps

- car boxam ¢ aC|d] The t|tIe conpound prepared S bstantlally as deqgcri bed
above for. ci:s-[4-cyan

p
cycl opent y|C¥3RPI3EG WBW%SQEWHEFWHXAQW%W ‘é‘é}‘lﬁﬁ%éﬁp’&é’}"cf m-.
EXAMPLE 20 pbmbdddshmgtlhmmmydlmwme sodit ¢ ndig g.fsmmm a, was isolated as a

4L 1., AN M b o' Sodcin).

N- Met hy| - cEarbpxviatel A mixrurg of -(4- é?p@ﬁwfbgmmmﬂmym%%hwbs@ﬁbz-

- car boxam ?erﬁ_ﬁ!:@quy acetonitrile (0.25 g, 0.59 mmol) and zinc. chloride (0.1 g, 0.7 mmol) in acetic -
anhydride (1.5 mL) under an argon atmosphere was heated at reflux for 10 min, was cooled,
was diluted with water and was extracted three times with ether. The organic extract was
washed with water, dried (magnesium sulfate) and evaporated. A solution of this acetate in
methanol (6 mL) was treated with a solution of sodium methoxide (25% in methanol, 0.17
mL, 0.71 mmol) and the mixture was stirred under an argon atmosphere for 2h. The mixture
was acidified with hydrochloric acid (1N), water was added and the mixture was extracted
three times with methylene chloride. The organic extract was dried (magnesium suifate) and
evaporated. Purification by flash chromatography and eluting with 20% ethyl
acetate/hexanes provided the trans-isomer as a colorless oil (0.07 g, 30%).

_ Analysis Cale. for Cy7H17F4NO4: C 54.40, H 4.57, N 3.73; found: C 54.57, H 4.51, N 3.58.
The cis-isomer was also isolated as a yellow oil (0.1 g, 47%).
Procedure 4B:

Methyl cis-[4-(3 4-bisdifluoromethoxyphenyl )—4-exanocvclohcxagc- 1-carboxylate] A

solution of cis-[4-(3.4- bisdiﬂuoromcthoxyphcnyl)-4-cyanocyclohcxanc—l-carboxylic acid
(EXAMPLE 10, 0.07 g, 0.19 mmol) and tnmcthylsnlyl chlondc (0.12mL, 0.95 mmol) in
methanol (5 mL) was stirred at room temperature under an argon amosphere for 24h. The
solvent was evaporated and the residue was purified by flash chromatogmphy, eluting with
15% ethyl acetate/hexancs, provided a colorless oil 0.05 g, 63%).

Analysis Calc. for C{7H17F4NO4: C 54.40, H 4.57, N 3.73; found: C 54.45, H 4.49, N 3.42.

EXAMPLE 5
5-[4-Cyano-4-(3-cyclopentyloxy-4-methoxyphenylleyclohexane-1-carboxylic acid] and ¢is-
4-bisdifluoromethoxyphenyl)-4-cyanocyclohexane-1-carboxylic acid
To a solution of methyl cis-{4-cyano-4-(3-cyclopentyloxy-4-
‘mclhoxyphcnyl)cyclohcxanc-I-carboxylatc] (0.12 g, 0.34 mmol) in methanol (0.9 mL,
containing just enough tetrahydrofuran 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 mixture was stirred at room temperature for 1.5h, then poured into water and
extracted with ethyl acetate. The aqueous phase was acidified with 10% hydrochloric acid
and extracted twice with ethyl acetate. The organic phase from the acid extraction was dried
(sodium sulfate) and concentrated under reduced pressure to provide a solid. The solid was
purified by flash chromatography, eluting with 4% methanol/chloroform, to provide a white
solid (0.05 g, 44%): m.p. 157°C. '



The title conpound, prepared substantially as descr i
ci s-[4-cyano-4-(3- cycl opentyl oxy-4-net hoxyphenyl) - V1-& cycl ohgxdne-
1- car boxam de] in EXAMPLE 20 but using N nethyl hydrgx I

ammonia, was isolated as a solid: mp. 75- 76[err]C.
[err]: C66.91, H7.62, N 7.43; found,,C 66.95, H 7.p4
ci s-[4-Cyano-4-(3-cycl openyl oXy- 4- met ﬁoxyphenyl )cycl hexane 1- N— 2--
cyanoet hyl ) car boxam de] .To_a: sol;uti-on of . - -
Ci s- [ 4- cyanoadalysis Cle. fopEsiEY shOy mmfmwslqmyhhqyalomhmwemﬂ ewtmwlw'
acid] (0. 55n:? 1.6 nmmol), 1- hydroxybenzotrlazole (0.24 g, 1.76 nmol) and 3-
an nopropi o M’lle (0.11 g, 1.6 mmol) in dichloronmethane (10 nL) at O[err]C
under an argon atlnﬁ§mubrmammddmispmpamd

1- (3-diet hyl am nepL@Ry |4)Bx§dx?ﬁx&¥ g@:&?ﬁﬁlbﬁm -4e m&&a&nkwctﬂ&rs&yﬂéaama% a76
mol ) and the,.m xtu allowed to warmtoroomterrperature After .

t he mxture\?ﬂg B8Pt {ﬁae% Wt h di chl or omet hane, "was washed twice W th” 10%
aqueous pot asaalysin Cale. forQreH 1 SF4NOg: (\1\53.!119,10451’(8W6r&8cfdu0d:i(2:51hﬂ.dll 20U NAS9.
dried (magnesium sul fate). The solvent was evaporated and the residue was
crystallized from hexanes/ethyl acetate to provide a solid (0.54 g, 85%:
mp. 146- 147[err]CAnaIyS|s Calc forwfﬁ.ﬁ 69.85, H 7.39, N 10.62;
found: C 69.49 I 2 ¢ A . 3 : :

To a solution of cis-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-
carboxylic acid] (0.17 g, 0.5 mmol) in methanol (2 mL) was added an aqueous solution of
tris(hydroxymethyl)aminomethane (1.0M, 0.5 mL). After 10 min, the solvent was
evaporated, toluene and methanol were added and the liquids were removed in vacuo.
Trituratipn with ether provided a white solid ¢0.18 g, 79%): m.p. 191-194°C. T
Analysis Cale. for C24H36N207-2.5H20: C 56.57, H 8.1, N 5.50; found: C 56.44, H7.75,
N 5.62.

To a solution of methyl trans-[4-cyano-4-(3-cyclopentyloxy-4- .
methoxyphenyl)cyclohexane-1-carboxylate] (0.68 g, 1.9 mmol) in methanol (8 mL,
containing just enough terrahydrofuran to solubilize the estér) under an argon aun_osphe'r; _
was added water (4 mL) and potassium hydroxide'(0.32 g, 5.7 mmol). The resulting'mixwire =~ -
was stirred at room temperature for 24h, was acidified with 10% hydrochloric acid and was
extracted three times with 10% methanol/methylene chloride. The organic extract was dried
(magnesium sulfate) and concentrated under reduced pressure. Purification by flash
chromatography, eluting with 4% methanol/methylene chloride, provided a white semi-solid
(0.52 g, 80%). which was triturated with ether to yield a white solid (0.43 g): m.p. 157-
1580C. |
Analysis Calc. for CogH25NO4: C 69.95, H 7.34, N 4.08; found: C 69.69, H 7.30, N 4.07.

EXAMPLE 8§
is- and frans-[4-Cyang-4-(3- hoxy-4- xyph cyclohexane-1-
) xylic aci )
8A. 2-[4-Cyano-4-(3- ntyloxy-4-meth hen lohexvylidine]-2-ters-

butyloxy acetonitrile This compound, prepared substantially as described above for 2-[4-
(3.4-bisdifluoromethoxyphenyl)-4-cyanocyclo-hexylidene]-2-terr-butyloxy acetonitrile in
Procedure A of EXAMPLE 4, was isolated as a white solid: m.p. 109-110°C.
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ci s-[1-(2-Cyanoet hyl)-5-[4-cyano-4-(3-cycl opentyl okyt 4
meét hoxyphenyl ) cycl ohexyl Jtetrazole] To a sol ution ¢f
ci s-[ 4-cyano- 4- (3-cycl opent yl oxy- 4- met hoxyphenyl ) cyckohexane- 1-

N (2-cyanoet hyl ) car boxami de] (0.15 g, 0.37 nmol), dri'ptenyT phosphi ne{(0. 19
g, 0.73 mmol) and trinethylsilylazigg (0.097.n, 0.173 mmol) in—ey
tetrahydrofuran (2 nL) at room.terrperature under an argon at m)sphere was
added dr opwi se ,@Bet hiMcthis : phexpme: "

mxLre sy S umwrawuhdsf Fop b ki TR B Tty 35

ext ract ed taﬂflé(@"*f Xﬁs&xﬂué@m%‘ H\f@flﬂg }%%%c&err%‘f-cﬁ%g ﬂ?lfﬁlaure was

(magnesi umBsodefiore ) o AMPLESA Iweemisolard as valjsi{als-ésbmeP(0.35 g, 33%):an.pbl0S | ash

chr omat ogr £ d?’gﬁ y f@o@]e/ hexanes, followed by
recrystall ?gg?ﬁ:cfnd#t& Q%é@@%g 103a at-e prow ded a white sofid (0.03"
g, 19%: mp. 136.15Meshylicdapnanod y cyeionzopyimetoy #3: C65.69, H6.71, N -

19.99; fou rmt-,mggx@ n¢Bcidl Q;gza’&w- 1%&&:&&@ L:Exapof mcthyl cis-[4-cyano-4-(3-
O3 L AL REIN A o IRSSRIERY 05 ¢ 120 o, powis
cis-[1-(2- cp;amwn legibpnBe (045 L) FHhmmbl) Bddyohomethyl ¢ yslopropane (0.35 mL, 3.6 mmol)
in dry dimethylformamide (15 mL) under an argon atmosphere was heated at 85°C for 4h.
The mixture was cooled, was diluted with water and was extracted three times with ether.
The organic extract was washed four times with water, once with brine, was dried (potassium
carbonate) and was evaporated. Purification by flash chromatography, eluting with 20%
ethyl acetate/hexanes, provided an oil (0.34 g, 82%). ‘
8D. s-{4-Cyano-4-(3-cyclopropylmethox —4-' thox: nyl)eyclohexane-i-
C_Z*Méa_cid] The title compound, p;cparcd substantially as described above for cis-[4-
cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane- 1-carboxylic acid] in EXAMPLE
.7, was isolated as a solid: m.p. 165-1679C .
Analysis Calc. for Cj9H23NO4-1/5 H20: C 68.53, H 7.08, N 4.21; found: C 68.70, H 7.07,

N 4.16.
SE.
methoxyphenylcyclohexane-1-carboxyate] The title compound, prcpared subsxanually as

described above for methyl cis-[4-cyano-4-(3-cyclopropylmethoxy-4-
methoxyphenyl)cyclohexane-1-carboxyate] in EXAMPLE 8C was isolated as a solid: m. P.
127.5-128°C.

Analysis Calc. for C20H25N04-3/8 H20: C 68.60. H 7.41, N 4.00: found: C 68.50, H 7.28,
N 3.88. ]

- 8F.  prans-f4-Cvano-4-(3-cvclopropylmethoxv-4-methoxyphenyi)cyclohexane-1-
carboxylic acid] The title compound, prepared substantially as described above for cis-{4-
cvano—4-(3 -cyclopentyloxy-4-methoxyphenyl)cyclohexane- 1-carboxylic acid] in EXAMPLE
7, was isolated as a solid: m.p. 1480C.

Analvsxs Calc. for C19H23NO4 C69.28,H 7.04, N 4.25; found: C 68.97, H7.03, N 4-25

EXAMPLE 9
cis- and trans-[4-Cyano-4-(3-cyclopropylmethoxv-4-diflnoromethoxyphenvl ).cgclohcxanc-l;
' carboxylic acid]
9A.  2-[4-Cyano-4-(3-cyclopropylmethoxy-4-

difluoromethoxyphenyl)cyclohexvlidenel-1,3-dithiane This compound, prepared -
substantially as described above for 2-[4-cyano-4-(3-cyclopentyloxy-4-



met.hoxyphenyl ) cycl ohexyl )tetrazole] (0.098 g, 0.23
hydr oxi de (0.018 g, 0.46 mmol) in 10:1 tetrahydrofurk

tenperature under an argon atnosphere was stirred ovgrfrght. Eﬁgm
was acidified with 3N hydrochloric acid, was extractd4d \{t h geFE

ethyl acetate, the extract was drledz(magnesmm sulfate and the-se
was evaporated. Purification by flash chromatography, '
chl or of or ml. pet-hanol /-wat er, -f-ol.l.owed. by .trituration w-tih .---
acetate, prdUEHRRYPRERAICYROELVlidene o] ddghigne intypoedpre of "" B -
Anal ysi s Cal43:a sblid: thpt 84-85%C 63. 81, H 6.96, N 18.60; found: C 64 07 H 6. 79,

N 18.54. METHODS g T%{IQE}}{' aJ.d“gon_ﬁﬁr ¢ -chLrPo,J;‘??c&x&p%W b4 E‘ﬁb&%h@m& or
a pharmaceutical I'y ‘ac at nent_ of and
ot her namm@,_ﬂmlgnWLﬂapwmoatQqummww Mfa?!bbcd

phar naceutlca@bv@foaﬁidug@casa@; em kg-#on. The conpounds, of

{he manuf abOFASHPRE: ﬁ%aﬁé’*&k&?%l L =1§$ %fmsf? P?Eﬁ@&%ﬁﬁeﬁ% pofled "

treat nent ofasaily. di sease state in a human or other mamal which is nediated
by inhibition of g2DE 13 148 p A3 RuhionBhbyldefok$d. t0 asthma, allergic, or

| nflammtory,dl seases. T 1—ar’rm .a |) are adm ni st red in an
anmount suf f [SEREgEem el ‘ baxylig ag (FOBIPORRTNBIEP . The
met hod of trsﬁbdtmﬁllyaﬂdcsﬁﬁwdta@wdﬁr é@![4.ayhnbﬂ4\-(swyfcbp&rﬂﬂohwan mani festl ng
f[gm;ﬂf %SLEE‘% X hcnyl)cyclgllx(éxgr?c- c ac1dfm%3&l@[§i€cl' \%s gol?te&’ QJ ae.ggixdl S

m.p. 134-1350C .

Analysis Calc. for C19H21F2NO4: C 62.46, H 5.79, N 3.83; found: C 62.15, H 5.83, N 3.88.
.9D. aas-l4—§xano—4—(3-cxélgm pylmethoxy-4-difluoromethoxyphenyl)-

-CY@MMMXLICM The title compound, prepared substantially as described

above for czs-[4-cvano—4-(3-cyclopcmyloxy-4-mcthoxyphcnyl)cyclohcxane-l -carboxylic

acid] in EXAMPLE 7, was isolated as a solid: m.p. 128-129°C.

 EXAMPLE 10

To a sohmon of methyl czs~[4—cyano-4-(3-cyclopcntyloxy-4-
mcthoxyphcnyl)cyclohcxanc-1-carboxy1atc] ©0.22g,0. 62 mmol) and formamide (0.08 mL.,
2.08 mmQl) at 100°C in dimethylformamide (2 mL) under an argon atmosphere was added
portionwise over.20 min sodium methoxide (25%:solution in methanol, 0.1 mL, 0.43 mmol).
After an additional 1.25h at 100°C, the mixture was cooled, was pourcd into isopropanol,
was filtered and the filtrate evaporated. The residue was dissolved in ethyl acetate, the
organic phase was washed three times with water, was dried (magnesium sulfate) and was
concentrated under reduced pressure. Purification by flash chromatography, eluting with 3%
methanol/methylene chloride, provided a white foam (0.06 g, 28%).

Analysis Calc. for C2oH26N203: 3!8H20. C 68.79,H 7.72, N 8.02; found: C 68.86, H 7.49,
* N793. '

ylcyclohexane] . :
g’x-and trans-14-(3 4-Bisdifluoromethoxyphenyl)-4-cyanocyclohexane-1-
carboxamide] These compounds, prepared substantially as described above for cis-[4-cyano-
4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane- 1-carboxamide] in EXAMPLE 14, were
isolated as a solid (cis isomer: m.p. 109-110°C ) and as an oil (frans isomer).
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37%). This product was combined with that (0.04 g) from a similar reaction sequence and
was triturated with hexane to yield a tan solid: m.p. 83-84°C.
Analy51§ Calc. for C18H17F4N303: C 54.14, H 4.29, N 10.52; found: C 54.11, H4.35, N
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o EXAMPLE 12 -

cis-{4-(3.4-Bisdifluoromethoxyphenyl)-4-cyano-1-(2-methyl{ 1.3 4Joxadiazol-5-

ylicyclohexane )
i5-{4-(3.4-Bisdifluoromethoxyphenyl)-4-cyanocyclohexane-1-carbohydrazide] A

solution of mcthyl cis-[4-(3,4- blsdlfluoromcthoxyphcnyl) -4-cyanocyclohexane-1- - - ..
carboxylatc] (0.2 g, 0.53 mmol) and hydrazmc hydratc (0.28 mL, 9.0 mmol) in ethanol (2 5
mL) was heated at reflux for 6h and then stirred at room temperature for 16h. Water was
added, the mixture was extracted three times with.methylene chloride, the extract was dried
(magnesium sulfate) and evaporated. Purification by flash chromatography, eluting with 4%
methanol/methylene chloride, provided a solid (0.12 g, 58%): m.p. 80-810C.

cis-{4-(3,4-Bisdifluoromethoxyphenyl)-4-cyanocyclohexane-1-(2-acetyl-carbo-
hydrazide)] A solution of methyl cis-[4-(3,4-bisdifluoromethoxyphenyl)-4-
cyanocyclohexane-1-carbohydrazide] ( 0.11 g, 0.29 mmol), triethylamine (0.09 mL, 0.65
mmol) and acétic anhydride (0.05 mL., 0.54 mmol) in ethanol (7.5 mL) was heated at reflux
for 1h, was cooled and the solvent was evaporated. Water was added, the mixture was
extracted three times with methylene chloride, the extract was dried (magnesium sulfate) and
cvaporatcd to prov1dc a white solid (0.11 g, 85%): m.p. 144-1450C,

]

vilcyclohexane}l A solution of cxs-[4-(3,4-blsdxﬂuoromcthoxyphcnyl)A-cyanocyclohcxanc-
1-(2-acetyi-carbohydrazide)] (0.1 g, 0.24 mmol) and phosphorpus oxychloriac (025 mL,
2.68 mmol) in toluene (3 mL) was heated at reflux under an argon atmosphere for 1.5h. The
mixture was cooled, water was added, the mixture was extracted three times with 5%
methanol/methylene chloride, the organic extract was dried (magnesium sulfate) and was
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evaporated. Purification by flash chromarography, eluting with 1:1 hexanes/ethyl acetate, _
provided a solid: m.p. 66-67°C. -
Analysis Calc. for C1gH17F4N302 S: C 52. 04 H 4 13,N 10 12; found: C 51.67, H4.06, N

- 9.92. . .

EXAMPLE 14

5-[4- ano-4- -cyclopropylmethoxy-4-methoxyphenyl)-1-hydroxy-
s mcthylthlgmghi lcyclohexane]
n-Butyllithium (1.9M in hexanes, 0.4 mL, 0.76 mmol) was added dropwise over 5

min to a solution of mis(methylthio)methane (0.11 mL, 0.83 mmol) in dry tetrahydrofuran (3
mL) at -78°C under an argon atmosphere. After 15 min, a solution of 4-cyano-4-(3-
cyc1opropyImcthoxy-4-mcthoxyphenyl)cyclohcxaﬁc (0.2 g, 0.67 mmol) indry
terahydrofuran (3 ml) was added dropwise over 10 min. After 0.5h, aqueous ammonium
chloride was added and the mixture was allowed to warm to room temperature. The mixture
was extracted three times with methylene chloride, the organic extract was dried (magnesium
sulfate) and evaporated. Purification by flash chromatography, eluting with 25% ethyl
acetate/hexanes, provided a white solid .(0.-25 g, 84%): m.p. 123-1240C,

~ Analysis Calc. for C22H31NO3S3: C 58.24, H 6.89, N 3.09; found: C 58.57, H 6.81, N 2.92.

EXAMPLE 15
Methyl cis-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyh)-1-hydroxycyclohexane-1-
_ carboxylate] '

Mercuric chloride (0.23 g, 0.85 mmo!) and mercuric oxide (0.08. g, 0.37 mmol) were
added to a solution of cis-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-hydroxy-
1-uis(methylthio)methylcyclohexane] (0.1 g, 0.22 mmol) in 12:1 methanol/water (2 mL)
under an argon atmosphere and the mixiure was allowed to stir a1 room temperature for 4h.



For.mul ati ons of the present invention conprise an
together with one or nore acceptable carrier(s) thar
ot her therapeutic ingredient(s). The carrier(s) nugt jbe ' g pg?
sense of being conpatible with the other ingredientls. f2Po ﬁ@ I on
del eterious to the recipient thereof. It wi |l be refopniz of} ski l
in the art ‘that the form-and charaeter2®df the pharnhceutically accepthble
carrier -diluent .is dictated by the amount. of. actt s ' :
whi ch it r SThombaure ovils ifivesdd irbsghl CHlite tRffilestEwak ailied With wath dnd)tvhwaxn'acmd

wel | - known f{fe o nds
are adnini s%gécégﬁgsﬁﬁglcryg? g)géé 8‘1&“{ 'ﬁ% ﬁﬁ" l‘iifésenc?v}ag %@&ﬁh&%ﬁgﬁpﬁgﬂ
EXAMPLES EXXAPTVEPRIcAH PRifigstion éyﬂé@tchmnmmndgnm with35%6thyll a (1) on | n
vitro TNF moodt&ﬁdxmﬁbsbpfohidmimdmyl 961 (057 g), which was triturated with ether/hexane 10

The i nhi ng%ﬁgag&dﬁ@tﬂ%ég@ lét %e Formula (I) on in V|tro:'l_'_|\_|F_ .

producti on Tm ned by the protocol as

descri bed Aﬂ%ﬁ%@k@r &oﬂzﬁm yabizmﬁ.‘eﬁﬁ 20B 7. thi 380:Courkht CAASB1AH, 6.83,
February 6,N3341, and in Hanna, WO 90/ 15534,

EXAMPLE 16
[5-[4-Cyano-4-(3-cyclo imethoxy-4-methoxyphenyl)-1-hydroxycyclohexane-1-
carboxylic acidl
The title compound, prepared substantially as described above for cis-[4-cyano-4-(3-

cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-carboxylic acid} in EXAMPLE S, was

isolated as a solid: m.p. 168-169°C .

Analysis Calc. for C19H23N051/4 H20: C 65.22, H 6.77. N 4.00; found C 64.94, H 6.62,

. N 3.80.

EXAMPLE 17

(5-[4-Cyano-4-(3-cyclo Imethoxy-4-methoxyphenyl)-1-hydroxycyclohexane-1-
: carboxamide oo -

A solution of czs-[4-cyano-4-(3-cyclopropylmcthoxy-4~mcthoxy-phcnyl)-l-
hydroxycyclohexane-1-carboxylic acid] (0.15 g, 0.42 mmol) and a wrace of sodinm cyanide in
‘methanol (1.5 mL) contained in a pressure vessel was cooled to -78 and anhydrous ammonia
(2mL) was condensed into the tube. The tube was sealed, was allowed to come to rooin
temperature and the reaction was stirred for 2 days. The ammonia was allowed to evaporate
and the reaction was partitioned between water and methylene chioride. The organic extract
was dried (magnesium sulfate) and the solvent was evaporated. Purification by flash
chromatography, eluting with 3% methanol/chloroform, provided a solid (0.054 g, 38%):

m.p. 144-1450C. :
Analysis Calc. for C19H24N204-1/4 H20: C 65.41, H 7.08, N 8.03; found: C 65.16, H 6.96,
"N 7.86.
EXAMPLE 18
Methyl cis-{4-cvano-4-(3-cyclopropylmethoxyv-4-methoxyphenyl)-1-methoxycyclohexane-1-
carboxylate] : '

Silver (1) oxide (0.62 g, 2.7 mmol) was added to a solution of methyl cis-{4-cvano-4-
(3-cyclopropylmethoxy-4-methoxyphenyl)-1-hydroxycyclohexane- 1-carboxylate] (0.62 g,
1.7 mmol) and iodomethane (S mL) in acetonitrile (5 mL) under an ugon atmosphere and the
mixture was heated at reflux in the dark for 18h.. The mixture was cooled, was filtered
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EXAMPLE 20

£-[4-Cyano-4-(3-cyclo Imethoxy-4-methoxyphenyl)-1-methoxyc ciohcxan -1-
carboxamide]

A solution of czs-[4-cyano-4-(3-cyclopropyimcthoxy—4—mcthoxyphcnyl)—l- i
methoxycyclohexane-1-carboxylic acid] (Q.13 g, 0.36 mmol) and N-methylmorpholine (0.05
mL, 0.45 mmol) in 1,2-dimethoxyethane (2.5 mL) at room temperature under an argon
atmosphere was treated with isobutyl chioroformate (0.05 mL, 0. 39 mmol). After 10 min,
concentrated ammonium h ydroxlde (6 drops) was added and the mmurc was surrcd foran
additional 0,5h. Water was added, the mixture was éxiracted thrée imes with 5%
mcthanol/mcthylenc chloride, the organic extract was dried (magnesium sulfate) and the
solvent was evaporated. Purification by flash chromatography, eluting with 3%
methanol/chloroform, provided z solid (0.13 g,-100%): m.p. 165-166°C.-

Analysis Calc. for C2gH26N204-3/8 H20: C 65 78 H 7.35,N 7.67; found: C 65.65, H 7.23,
N 7.47.

EXAMPLE 21
ethyl rrans-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-hydroxvcyclohexane-
1-carboxylate]
-[4-Cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-cyclohexane-1.1-
.divlloxirane] To a mixture of 80% sodium hydride in mineral oil (0.33 g, 11 mmol) and
trimethylsulfoxonium iodide (1.69 g, 7.67 mmol) at room temperawre under an argon
atmosphere was added dropwise dimethylsulfoxide (12 mL) and the reaction mixture was
stirred for 30 min. A solution of 4~cyano—4-(3-cyclopropylmethox’y-,3-meth6xyphcnyl)
-cyclohcxanohc (2.00 g, 6.68 mmol) in dimethylsulfoxide (5 mL) was added and stirring was
continued for 30 min. The reaction mixture was quenched with saturated ammonium
chloride, was partitioned between ethyl acetate and water, was dried (magnesium sulfate) and
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nanonol ar to [err].Mrange for conpounds of the workihgf %%Wescr
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cyclic GWw. QLQ!QBS&QQ}(A P%le@lf m—ﬂ@yw (3 q:@lwlmi a4+ W%Wﬂhds of
t he wor ki n@yelherahes -mhﬂa&sixub@ﬂsf@ 488 mne!) ah8 gauésfmrﬁ hydrbade (lpnpnss r at ed
a positive rﬁ%ﬁ i &5 i§1 dim ?hygsu fE)JnM:/ amg 84b rxlrﬂt.)hu%dgr a%va?g&sathsphcrc was heated at
100-110°C for 1h, was cooled, was diluted with water and was extracted three times with
ethyl acetate. The organic extract was washed five times with water, was dried (magnesium
sulfate) and was evaporated. Purification by flash chromatography, elutng with 3.5:96.5
methanol/dichloromethane, provided the trans-isomer as a sticky white solid: m.p. 38-420C
(0.96 g, 69%).
Analysis Calc. for C19H25NO4: C 68.86, H 7.60, N 4.23; found: C 68.96, H 7.62, N 4.03.
-{4-Cyano-4-(3-cyclopropyimethoxv-4-methoxyphenyl)-1-hydroxy-
cxclohcxinc-l-carboxaldchygc] -To a solution of oxaly! chloride (0.28 mL., 3.21 mmol) in
dichloromethane (3.5 mL) at -780C under an argon atmosphere was added dropwise a
solution of dimethylsulfoxide (0.46 mL, 6.48 mmol) in dichloromethane (3.5 mL) such that
the internal temperature did not exceed -60°C. A solution of trans-4-cyano-4-(3-
cyclopropylmcthoxy—3-mcthoxyphcnyl)— -hydroxymcthyl- -cyclohexanol (0.89 g,2.68
mmol) in’ dxchloromcthanc a mL) was added d:opwxsc and snmng was continued for 30
min. 'I‘nclhylammc (1.80 mL, 12.9 mmol ) was added over 10 min, then 5 min later, the
reaction mixture was allowed to warm to room temperature over 1h. The reaction mixture
was quenched with water and was extracted with three portions of dichloromethane. The
combined organic layers were washed with 1% hydrochloric acid, 5% sodium carbonate and
water, dried (magnesium sulfate) and the solvent was removed in vacuo to provide crude
aldehyde (0.85 g, 97 %).
ethyl trans-[4-cyano-4-(3-cycl Imethoxy-4-methoxyphenyl)-1-hydroxy-
cyclohexane-1-carboxylate] To'a solution of trans-[4-cyano-4-(3-cyclopropylmethoxy-4-
methoxyphenyl)-1-hydroxycyclohexane-1-carboxaldehyde (0.79 g, 2.4 mm0l) in methanol
*(25 mL) at 0°C tinder an argon atmosphere was rapidly added a solution of potassium
hydroxide (0.36 g, 6.43 mmol) in methanol (5 mL), followed by a solution of iodine (0.80 g,
3.15 mmol) in methanol (5 mL). After 15 min the reaction was acidified with IN
hydrochloric acid and extracted with three portions of dichloromethane. The combined

organic layers were washed with aqueous sodium bisulfite until color was discharged, then
with water, dried (magnesium sulfate), and the solvent was removed in vacuo.. Purification
by flash chromatography, eluted with 35:65 ethyl acetate/hexanes , provided a white solid
(0.82 g, 94 %): m.p.148-149°C.



36 CLAIMS What is clained is: 1. A conpound of For a. (1) Jerr
wherein: Rerr] is [err], [err], [err], or [err] wherg |ngpmggg§fﬁ|5}fg§7etles
may be optionally substituted with one or nore hal ogepsp—ft-i-s-8 s 1
to4; r is 1 to 6; [err] and [err] are independently sglég ;egl from d7r0;g

or a [err] alkyl; [err] is hydrogen, nethyl, hydroxyl} #r W ;
substituted aryl, aryloxy[err] alkyl, hglo substitutefl Aryl oxy| err]_gl

i ndanyl, .indenyl, [err] polycycloal kyl, tetrahydrofurhnyl, furanyl
t et rahydr opyr anyl pyranyl, tetr ahydrot hi.enyl . thieny :
t et rahydnt hiARWEARHLo. th AR /4 h%rt 6605 2 106VR 3.5 fcRnd 63 asmsggl.kyl ,

cont ai ni ng %gggr t wo unsat ur at éd bond

The ti_tlc compound, prepared substantially as described above for cis-[4-cyano-4-(3-
cyclopentyloxy-4-methoxyphenyl)cyclohexane- 1-carboxylic acid] in EXAMPLE 5, was
isolated as a golid: m.p. 147-148°C.

Analysis Calc. for C19H23NO5: C 66.07, H 6.71, N 4.06; found: C 66.02, H 6.71, N 4.04.

The title compound, prepared substantially as described above for methyl cis-[4- -
cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)- 1-methoxycyclohexane- 1 -carboxvlatc]
in EXAMPLE 18, was isolated as a solid: m.p. 84-850C. _

Analysis Calc. for C21H27NOs: C 67.54, H 7.29, N 3.75; found: C 67.34, H 7.25, N 3.77.

carboxylic acid]

The title compound, prepared substantially:as described above for cis-[4-cyano-4-(3-
cyclopentyloxy-4-methoxyphenyl)cvclohexane- 1-carboxylic acid} in EXAMPLE 5, was
isolated as a solid: m.p. 158-159°C.

Analysis Calc. for C20H25NOs-1/4 H20: C 66.01. H 7.06, N 3.85; found: C 65.98, H6.91,
N 3.75.

The title compound; prepared substantially as described above for cis-[4-cyano-4-(3-
cyclopentyloxy-4-methoxyphenyl)-1-methoxycyclohexane-1-carboxamide} in EXAMPLE
20, was isolated as a solid: m.p. 168-169°C,

Analysis Calc. for C2oH26N204-1/8 HzO C 66.60, H 7.34, N 7.70; found: C 66.60, H 7.30,
N 7.74.



* wherein the cycl oal kyl and heterocyclic noietig
substituted by 1 to 3 nethyl groups or one ethyl !
when R6 is hydroxyl, then mis 2; or_b) when R6 ifshydroxyl,

6: -or c) when R6 is 2-tetrahydropyrad¥l, 2-tetralydrd5ifEsraew
2-tetrahydrofuranyl, or 2-tetrahydrothi enyI thed fnis 1 or 2; o

o »

R6 is 2- tetrahydropyranyl - 2- tetrahydrothl opyrany

i s other thanHln[err] XIS YR[eerA nltro [err}

amne;, Yis O

, 2-tetr.ahydrof u anyl
2-tetrahydf othi enyl, thenr s 1lto’ 6i E Wheg N liSeedaBdbm is 0.~

hydrogen or X X‘;ﬂhé txac E@rﬁﬁ&und prcpared substannally as descnbcd above for cis-[4-cyano-4-(3-
cyclopentyloxy-4-methoxyphenyl)-1-methoxycyclohexane-1-carboxamide] in EXAMPLE 20

* but using hydroxylamine instead of ammonia, was isolated-as a solid: m.p. 100-102°C. . ... . .-.....

Analysis Calc. for C2oH26N204: C 67.02, H7.31, N 7.82; found: C 66.75, H 7.58, N 7.42.

EXAMPLE 27

The title compound, prepared substantially as described above for cis-[4-cyano-4-(3-
cyclopentyloxy-4-methoxyphenyl)-1-methoxycyclohexane-1-carboxamide] in EXAMPLE 20
but using N-methylhydroxylamine instead of ammonia, was isolated as a solid: m.p. 75-

760C.
Analysis Calc. for C21H28N204-1/4 H20: C 66.91, H 7 62 N 7.43; found: C66.95,H7.54.: --- - -
" N735.

EXAMPLE 28

is-f4-Cyano-4-{3-cyclopentyloxy-4-methoxvphenylcyclohexane-1-N-(2-

cyanoethyl)carboxamidel

To a solution of cis- [4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-
carboxylic acid] (0.55 g, 1.6 mmol), l-hydmxybénzouiazolc (0.24 g, 1.76 mmol) and 3-

. aminopropionitrile (0.11 g, 1.6 mmol) in dichlorométhane (10 mL) at 0°C under an argon
atmosphere was added 1-(3-dicthylaminopmpyl)-3-cthylcarbodiimidc hydrochloride (0.34 g,
1.76 mmol) and the mixture was allowed to warm to room temperature. After 6h. the
mixture was diluted with dichloromethane, was washed twice with 10% aqueous potassium
carbonate, twice with 10 % hydrochloric acid and was dried (magnesium sulfate). The
solvent was evaporated and the residue was crystallized from hexanes/ethyl acetare 10

provide a solid (0.54 g, 85%): m.p. 146-147°C.

~ Analysis Calc. for C23H29N303: C 69.85, H 7.39, N 10.62; found: C 69.49 H 7.41, N 10.46.

EXAMPLE 29

is-[1-(2-Cvanoethyl}-5-{4-cyan 3-cyclopentvioxv-4-

methoxyphenvlicvclohexyl } tetrazolel

To a solution of cis-[4-cyano—4-(3-cyélopcntyloxy~4-mcth0xyphcnyl)cyblohcxanc-l-
N-(2-cyanoethyl)carboxamide] (0.15 g, 0.37 mmol), triphenylphosphine (0.19 g, 0.73 mmol)
and trimethylsilylazide (0.097 mL, 0.73 mmol) in dry tetrahydrofuran (2 mL) at room
temperature under an argon atmosphere was added dropwise diethyl é.zodicarboxylatc (0.12

mL., 0.73 mmo!) and the mixture was strred in the dark for 24h. Ceric ammonium nitrate



37 [err]

I ndependently selected fromthe group consisting of [erni
optionally substituted by 1 or nore halogens; s is Oto4;

hydr ogen,

cycl opropyl optionally substltuted by3%err] CN, [err],
[err], C(Z)H T[err], [err], or [err] Z ISO [err],

is H [err], [err], CN, [err], [err], [err], Of

hal ogen, [err] alkyl, [err], halo-substituted{

err err -
Lerrd e o hosl g Hha il bk 0 i%dgfcﬁ #&Ferrfmx?rg 4 c&}; *3‘3
or 5-im daz@h;ﬂp)vxth(dschlommcmangxlgmxn@lm )1nc d @nagoesiin sylfase) gnd/the so xcrg]vyas (3_

or 5-tiazol )éb&pha%e&llplmﬁé{ndn% éluu with 9 &ai ¥éetatefikanest- Or
(52| ts ﬁf:é?;gg%ﬂﬁ !:g/r&tfrvét x%gt{o% %lm 468 ;39%(0%(%58%1% teL%l d'3 (OAd3)g

5- oxazol i di 1§%): mp2149-35¢°Cor 5- t hi azol | d| nyl), or. (2-, 4=, or ..

5-1m dazol | Ak Canh e ArBloN0Y: éhﬁs@q&grzwlw 99 eofil: SIS erray\*h@ 91.

optional ly substituted oné or

t1nmes err the dotted line in

formula (a) represents a single or double bond;

A mixture of cis-[1-(2-cyanoethyl)-5-{4-Cyano-4-(3-cyclopentyloxy-4-
methoxyphenyl)cyclohexyl Jtetrazole] (0.098 g, 0.23 mmol) and sodium hydroxide (0.018 g,
0.46 mmol) in 10:1 tetrahydrofuran/water (5 mL) at room temperature under an argon
atmosphere was stirred overnight. The mixture was acidified with 3N hydrochloric acid, was
extracted three times with ethyl acetate, the extract was dried (magnesium sulfate) and the
solvent was evaporated. Purification by fash chromatography, eluting with 80:20:2.
chioroform/methanol/water, followed by trituration with hcxancs/cthyl acetate, provxdcd a
white solid (0.038 g, 45%): m.p. 190-191°C
Analysis Calc. for C20H25N502-1/2 HpO: C 63.81, H 6.96, N 18.60; found: C 64.07 H 6.79,
N 18.54.

METHODS OF TREATMENT
In order to use a compound of Formula (I) or a pharmaceutically acceptable salt
thereof for the weatment of humans and other mammals it is normally formulaxcd in
accordance with standard pharmaceutical practice as a pharmaceutical composition. The
compounds of Formula (I) or a pharmaceutically acceptable salt thereof can be used in the
manufacwure of a medicament for the prophylatic or therapeutic treatment of any discase state
in a human or other mammal which is mediated by inhibition of PDE IV, such as but not
limited to asthma, allergic, or inflammatory diseases. The compounds of Formula (I) are
administered in an amount sufficient to treat such a disease in a human or other mammal.
The method of treatment and monitoring for an HIV-infected human manifesting
~ immune dysfuncuon or cytokine-mediated disease associated problems is ta.ught in Hanna,
WO 90/15534, December 27, 1990. In general an initial treatment regimen can' be copied
from that known to be effective in interfering with TNF activity for other TNF mediated
disease states by the compounds of Formula (I). Treated individuals will be regularly checked
for T cell numbers and T4/T8 ratios and/or measures of viremia such as levels of reverse
‘ranscriptase or viral proteins, and/or for progression of monokine-mediated disecase
associated problems such as cachexia or muscle degeneration. If no effect is seen following
the normal treatment regimen, then the amount of the monokine activity interfering agent
administered is increased, e.g., by fifty percent per week.
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conventional procedures. These procedures may involve mixing, granulating, and
compressing or dissolving the ingredients as appropriate to the 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 1ozenge. lee amount of solid
carrier will vary widely but preferably will be from about 25 mg to about 1 gram. When a
liquid carrier is used, the preparation will be in the form of a syrup, emulsion, soft gelatin
capsule, sterile injectable liquid such as an ampule or nonaqueous liquid suspension. Where
the composition is in the form of a capsule, any routine encapsulation is suitable, for example
using the aforementioned carriers in a hard gelartin capsule shell. Where the composition is in
the form of a soft gelatin shell capsule any pharmaccuncal carrier routinely used for prcpann g
dzspersmns or suspensions may be considered, for cxamplc aqueous gums, celluloses, -
silicates, or oils and are incorporated in a soft gelatin capsule shell. A syrup formularion will
generally consist of a suspension or solution of the compound or salt in a liquid carrier for
example, ethanol, glycerine, or water with a flavoring or colormg agent.

The daily dosage rcglmcn for oral administrationis suxtably about .001 mg/kg to
lOOmg/kg, preferably 0.01 mg/Kg 10 40 mg/Kg, of a compound of Formula Mora
phannaccuncaliy acceptable salt thereof calculated as the free base. The active ingredient
may be administered from 1 to 6 times a day, sufficient to exhibit activity.

While it is possible for an active ingr,cdicnt' to be administered neat, it is preferable to
present it as a pharmaceutical formulation. The active ingredient may comprise, for topical
administration, from 0.001% to 10% w/w, e.g., from 1% to 2% by weight of formulation,
although it may comprise as much as 10% w/w but preferably not in excess of 5% w/w and
more preferably from 0.1% to 1% w/w of Formulation.

...~ Formulations of the present invention comprise an active ingredient together with one
or more acceptable carrier(s) thereof and optionally any other therapeutic ingredient(s). The
carrier(s) must be ‘acceptable’ in the sense of being compatible with the other ingredients of
Formulation and not deleterious to the recipient thereof.

Tt will be recognized by one of skill in the art that the form and character of the
phannacéutically acceptable carrier or diluent is dictated by the amount of active ingredient
with which it is to be combined, the route of administration, and other well-known variables,

No toxic effects are expected when these compounds are administered in accordance
with the present invention.
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[err] is oxazolidinyl, oxazolyl, thiazol, pyrazolyl,triazolyl, te yl,
i m dazol yl; imdazolidinyl, thiazolidinyl, isoxazolyl k?@@lﬂ&’%ﬂEEﬁ

t i adi azolyl, and each of these heterocyclic rings isjc

carbon atom and each may be unsubstituted or substituged by one o

[err] alkyl groups; [err] is hydrogen or [err]; or whégn [ezs]Fmd‘??‘}er ] are

as [err] they may together wth the |$|4trogenforma5t menber e
optionally containing one or nore additional heteroat cted from ,
N, or S; prow ded that f) when [err] _|s N-pyrazo[yl N i'm: daz

N-triazol ykE; N pyriolyl, N piper aﬁ di nyI or N rmrphol [ nyI
then q is not 1; or Q) Wnen[err] r], XISF [err] or
[err], [err] is H s is zero, [err] [err] and [err] is [err]
unsubst i tut ed alyibitory estBciop EsthpdyhdObf Fbm {8 orPin VRSTRE Brdmemitycal |y
accept abl e ,salts thereof : A conpound aim1 which is: methyl

4- cyano- 4- (BTEY BIBREHEY | 0Xy- 4- met hoxypheny| )cycl ohex-1-ene-.1- carboxyl at e;
4- Céano 4h( 3- cymheﬁlﬁﬂhx;drpxmcéoﬁw:ﬁwa)whmﬁé rmlmm-mem prodadtioby! i C
aci met

ci s-[ 4- cyanomin W nocﬂ:tfs m%yn?e ?mxi/mréfdné’t'ﬁc? ‘élnaﬁldf%:? i Badger efal. EPO

car boxyl at @}1 lished thcauon 0411 754 A2 Fcbruaryé 1991 and in Hanna. WO 90/15534,
trans- [ 4- cyDroemBer(23; 1990 opent yl oxy- 4- mt hoxyphenyl ) cycl ohexane- | -

EXAMPLEB
Two models of endotoxic shock have been utilized to determine in vivo TNF activity
for the éompound§ of the Formula (I). The protocol used in these models is described in
Badger et al., EPO published Application 0 411 754 A2, February 6, 1991, and in Hanna,
WO 90/15534, December 27, 1990.
The exemplified compounds herein demonstrated a positive in vivo respouse in
reducing serum levels of TNF induced by the injection of endotoxin.

XAMPLE
lgglauon gf PDE Isozymes

The phosphodxcstcrase mhlbnory acnvny dnd Selectivity of the compounds of the
Formula {I) can be determined using a battery of five distinct PDE isozymes. The tissues -
used as sources of the different isozymes are as follows: 1) PDE Ib, porcine aorta; 2) PDE Ic,
guinea-pig heart; 3) PDE 111, guinea-pig heart; 4) PDE IV, human monocyte; and 5) PDEV
(also called "Ia"), canine tracheaolis. PDEs ﬁ, Ib, Ic and I are partially purified using
standard chromatographic techniques [Torphy and Cieslinski, Mol. Pharmacol., 37:206-214,
1990]. PDE 1V is purified to kinetic homogeneity by the sequential use of anion-exchange
followed by heparin-Sepharose chromatography [Torphy et al., J. Biol. Chem., 267:1798-
1804, 1992]. .

Phosphodiesterase activity is assayed as described in the protocol of Torphy and
Tieslinski, Mol. Pharmacol., 37:206-214, 1990. Positive IC50's in the nanomolar to pM
range for compounds of the workmgs examples described herein for Formula (1) have bccn
demonstrated.

XA ED
The ability of selected PDE IV inhibitors to increase CAMP accumulation in intact
tissues is assessed using U-937 cells, a human monocyte cell line that has been shown to
contain a large amount of PDE IV. To assess the activity of PDE IV inhibition in intact cells,
nondiffqrcmiatcd U-937 cells (ai;proximatcly 103 cells/reaction tube) were incubated with



carboxylate] met hyl ci s-

trans- [4 (3, 4- blsdlfluoronethoxyphenyl) 4- cyanocy
ci.s-[ 4- cyano- 4- ( 3-cycl opent yl oxy- 4- nethoxyphenyl);
acid] ;

ci s- [4 cyano- 4- ( 3-cycl opent yl oxy- 4- nethoxyphenyl)
, tris(hydroxymet hyl)ammoni um net hane salt;

ci s-[4-(3, 4-bi sdi fl uoronet hoxyphenyl) - 4- cyanocyclu-“-w ,
acid]; trans-[4-cyano-4-(3-cycl opentyl oxy-4- nethoxyphenyl)cyclohexane-
1- carboxyllc acid];

cis-[4- cyarwnéus(c%nseﬁgaﬂexs%ﬁbh DRbO RNy o‘?Pﬁ%tzﬁi%X&??&%Lé ﬁm@ww - Caf .59”‘

ic acid];
trans- [ 4- c\PESNREkAndin B2 £97 an pdditienal fovs wn%esn&mwm AerjiEisiating g a??&naﬂ
car boxyl i c calls ei¢re lyset Ibylthe addition of 17.5% perchloric acid, the pH was neutralized by the

Cis-[4- Cyag?a%oﬁ 3%%;10?&%&1%8%’&%%&8)&{& AT BRUPIE L b 0d By FIR A Benetal

car boxyl at

trans-[ 4- cmecoifmh:@wamps dsqriibed tin Bropker-aral.rRadjgimaapessay of eyelix AME and. |
car boxyl at €yl @MPY,| Adu. E&NN&%‘d@R@@ R/ RBIPoRpY TR chsvurts of the workmg

difluoro ”Et xﬁﬁ’lgp n&’csgr%%lh%pc?ﬁ( for %ormu(ig flsjfx)é%ld%}ne Lstratcd a positive EC50s in the yM
range in the above assay.




39 .net hyl trans-[4-cyano-4-(3-cycl opropyl net hoxy-4-difl uoronet hoxyphenyl) -
cycl ohexane- 1 -carboxyl ate]; ' ST T e :

E:i §a£ gfo)(g?lng gm( 3] ?ycl opr opyl met hoxy- 4-di fl uor onﬂ'“mmﬂm'mmﬂm'{o-.hexane- 1

trans- [ 4-cyano- 4- (3-cycl opropyl net ho>§§5- 4-di f | uor omet hoxypltenyl ) eycl ohexane-
1- carboxyl i cragmg] ; _
ci s-[4-cyano-4-(3-cycl opent yl oxy- 4- met.hoxyphenyl ) cycl oh,eX-gge- 1

- car boxam dé¥hatis claimed is:

ci s-[4-cyano- 4- (3, 4-bissdigldind oFediphenyl ) cycl ohexa (=2 B IRET; 1
trans-[ 4-cyano- 4§'( 3, 4%&&#&#%% ometgﬁ%)@yphenyl ) cycl ohe arﬁm ex;
ci s-[4-cyano-4- (3, 4- bi sdi f1 uor omet hoxyphenyl ),cycl ohexange-§ - car bohy%wzi dg] ;
ci s-[4- cyano- 4- (3, 4- bi sdi f | uor omet h& Lfeycl ohexank-| | 260 FEB

acet yl car bohydrazi de)];

ci s-(4-(3, 4-Dbisdifluomret hoxyphenyl) -4 -1-(3-net hy{{

1, 2, 4] oxadi azol -5-_ yl ) cycl ohexane); ci‘s- Xs (D

(4-(3,4-bisdifl uQh gmlat,hoxyphenyl )-4-cyano-1 -(2-nethyl [1,3, 4] oxadi azol - 5-
yl ) cycl ohexane) ; gl,gc- " 4-(3,4-bisdifluoronet hoxyphenNIR)‘t- 4- clilano- 1
- (2-methyl [1, 3, 4Rals R5InGEO)O(CR4R5)mRE, -(CRAR 5InCO)NR4(CR4R 5)mR6,

-(CR4R5)nO(CR4R5)mRe, or -(CR4R5)rR6 wherein the alkyl moieties may be optionally
substituted with one or more halogens;
mis Oto2;
nislt4;
risl to6;
R4 and R§ are independently selected from hydrogen or a C1-2 alkyl;
Rg is hydrogen, methyl, hydroxyl, aryl, halo substituted aryl, aryloxyC]-3 alkyl, halo
- substituted aryloxyCj-3 alkyl, indanyl, indenyl, C7.11 polycycloalkyl, tetrahydrofuranyl,
furanyl, tcuahydropyranyl,spyranyl, tetrahydrothienyl, thienyl, tetrahydrothiopyranyl,
thiopyranyl, C3.6 cycloalkyl, or a C4-¢ cycloalkyl containing one or two unsaturated bonds,
" wherein the cycloalkyl and heterocyclic moieties may be optionally substituted by 1to 3
methyl groups or one ethyl group; : S -
| prévidcd that:
a) when Rg is hydroxyl, then mis 2; or
b) when Rg is hydroxyl, thenris 2 to 6; or
¢) when Rg is 2-temrahydropyranyl, 2—tcu§hydrothiopyranyl, 2-tetrahydrofuranyl, or
2-tetrahydrothienyl, then mis 1 or 2; or
d) when Rg is 2-tetrahydropyranyl, 2-tetrahydrothiopyranyl, 2-tetrahydrofuranyl, or
2-tetrahydrothienyl, thenris 1 to 6;
e} when nis 1 and m is Q, then Rg is other than H in -(CR4R5)nO(CR4R5)mR6;
X is YR2, halogen, nitro, NR4R§, or formyl amine;
Y 1s O or S(O)m
m'is 0, 1, 0r2;
X2 is O or NR§;
X3 is hydrogen or X;
X4 is

)

Ra or R

T O



yl ) eycl ohexane); cis-[4-cyano-4-(3-cycl opropyl net hoxy4 met hoxyphenyl )~

| - hydroxy- 1- tris(nethylthio)methylcyclohexane];

ci s-[4-cyano-4-(3-cycl opropyl nt hoxy- 4- et hoxyphenyl) 'mnmn "uumn“",

cycl ohexane- 1-carboxyl ate];

ci s-[4-cyano-4-(3- cycl opropyl met hoxy-3¥- net hoxyphenyl) - 1- hydr oxycycl ohexane-
1- carboxylic acid]; cis (£4 cyano- 4- ( 3-cycl opropyl net hoxyl 4- met hoxyphenyl ) -
1- hydr oxycycl oheX(EurtSef:I Ro, %amm)ae]qm@myp(mmsils or NRgKg;

ci s-[4-cyano- 4 (887 B)BdaRREPYIY RElehR Yrofhr tHE pitapephsingiy) of LCHE inbyGH, CH3

cycl ohexane- @r boxyl at g;d
ci s-[ 4- eyar?@“&“’( 6 YisddinA PRerPRS-Iplogenset hoxyphenyl ) - 1- met hoxycycl ohexane-

1- carboxylic aciid]0to 4;

ci - [ 4- Cyano- 4- (5 EiG)PR AP Y-y TRAANHRRENEION RS srosd DO

1- carboxam de];

t rans- [ 4- cyad 'ACI‘(I3C%&‘8I8bSV@W‘DMNWQWW—S#&M@%M&M@N ORgy GH28R& y cl ohexa

Ze-cy;nz)cir ?gKC§C .QpL.Oo o, @gﬁm o ng or C=CRg:
hydr oxycycl ohoxafids O R g?d}wa ELARY RGN ErtaN0,, CREC(O)ORS,
trans-[4- Cy@ﬂ@cﬁ;mm|G(fﬁmmm(m(@)m9mb@@mqm&h&droxycycl ohexan

e- Zis C(Y")R14, C(O)OR14, C(Y)NR10R 14, CANR10)NR10R 14, CN, C(NORg)R 14,
C(O)NRgNR8C(O)Rg, C(O)NRgNR 1gR14, CONOR14)R8, C(INRg)NR1QR 14,
C(@NR14)NRgRg C(NCN)NR 10R 14, C(NCN)SR9, (2-, 4- or 5-imidazolyl), (3-, 4- or
5-pyrazolyl), (4- or 5-triazolyl[1,2,3]), (3- or 5-triazolyl[1,2,4]), (5-tetrazoly}), (2-, 4- or
5-oxazolyl), (3-, 4- or 5-isoxazolyl), (3- or S-oxadiazolyl[1,2,4]), (2-oxadiazolyl{1,3,4)),
(2-thiadiazolyl(1,3,4)), (2-, 4-, or S-thiazolyl), (2-, 4-, or 5-oxazolidinyl), (2-, 4-, or
5-thiazolidinyl), or (2-, 4-, or 5-imidazolidinyl); wherein all of the hetcrocyhc ring systems
may be optionally substitu;ed one or more times by Ridg; -

the dotted line in formula (a) represents a single or double bond;

Y'isOorS;
R7 is -(CR4R5)qR12 or Cy_g alky} wherein the R12 0r Cj¢ alkyl group is Optlonally

substituted one or more times by C-2 alkyl optionally substituted by one to three fluorines,
-F, -Br, -Cl, -NO», -NR10R1 1, -C(O)R8, -C(O)ORg, -ORs, -CN, -C(O)NR10R11,
-OC(O)NR1QR ] 1, -OC(O)Rg, -NR10C(O)NR10R1 1, -NR10C(O)R11, -NR19C(O)ORg,
-NR10C(O)R13, -C(NR10)NR 1R 11, -CINCN)NR 10R11, -CNCN)SR,
-NR10C(NCN)SR9 , -NR1gCANCN)NR10R1 1, -NR1oS(O)2R9, -S(O)m'R9,
-NR10C(O)C(O)NR10R 11, -NR10C(O)C(O)R 10, thiazolyl, imidazolyl, oxazolyl, pyrazolyl,
triazolyl, or tetrazolyl;
" qisQ,1,0r2;

R12 is C3-C7-cycloalkyl, (2-, 3- or 4-pyridy!l), pyrimidyl, pyrazolyl, (1- or 2-
imidazolyl), thiazolyl, triazolyl, pyrrolyl, piperazinyl, piperidinyl, morpholinyl, furanyl,2-
or 3-thienyl), (4- or 5-thiazolyl), quinolinyl, naphthyl, or phenyl; i -

Rg is independently selected from hydrogen or R9;

Rg'is Rg or fluorine;

Rg is Cj.4 alkyl optionally substituted by one to three fluorines;

Rigis ORg orR1y;

R11 is hydrogen, or Cy._4 alkyl optionally substituted by one to three fluorines; or
when R1Q and Rj{ are as NRjgR1] they may together with the niuogén formaSto7
membered ring optionally containing at least one additional heteroatom selected from O/N/o

S;

™
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1-carboxylic acid]; 40 net hyl —

uﬁﬁﬁxaﬁﬁmmﬁﬂm4mmmwwwmm

trans- [ 4-cyano- 4- (3-cycl opropyl net hagy- 4- net hoxy
- met hoxycycl ohexane- 1-carboxylic acid);
trans-[4-cyano-4-(3-cycl opropyl met hoxy- 4- met hoxyphenyl ) -1

- met hoxycyecl ohex am de '
ci s-[ 4- cyano-4- (33 %ifc‘i‘éﬁ’zr 835?;‘%*1%%%&9}?‘)‘89@%%@%5’1 "I“daé%ﬁ' Box am-c*
acid] ; imidazolidinyl, thlazohdmyl isoxazolyl, oxadiazolyl, or thiadiazolyl, and each of these

N- met hyl - ci RekrdefolR ¢ is CBndettel QRGP Qbon hidtk LAPLYR BEP YL disibidliexgne- 1-

car boxam c

cis-[4- cyanf)"’cbﬁn ted by Ang SERQF b2 ¢kl BeERSoxy pheny! ) cycl ohexane- 1- N-( 2-

cyanoet hyl )car bonsdg}'lxogcn or R7; or when R10 and R14 are as NR1QR14 they may together ... .. ..

cis-[1-(2- CY %g}/a‘?&eggb&egc'éd Ot?(?nah}/ c&f@fnﬁg one or more additional

nethoxyphen cyc
ci s-[ 4-cyan t@ﬂ@gmgygl from|Qy Ny oniSinet hoxyphenyl ) - 1
- (tetrazol - 5-yl ) grpeidedngsane] -
f) when R}2 is N-pyrazolyl, N-imidazolyl, N-triazolyl, N-pyrrolyl, N-piperazinyl, N-
piperidinyl, or N-morpholinyl, then q is not 1; or
g) when X9R1 is OCF2H or OCF3, X is F, OCF2H or OCF3, X3 is H, s is zero, X5
is H, Z is C(O)OR 14 and R14 is C1-7 unsubstituted alkyl, then R3 is other than H;
or the pharmaceutically acceptable salts thereof.
2. A compound of claim 1 whichis :
_methyl 4-cyano-4-(3-cyclopentvloxy-4~mcthoxyphcnyl)cyclohcx- -ene-1-
carboxylatc

4'6)'31\0-4-(3 cyclopcmyloxy-4-mcthoxyphcnyl)cyclohcx- -ene-1-carboxylic acid;
methy! cis-[4-cyano-4- (3-cyclopcntyloxy-4-mcthoxyphcnyl)cyclohcxanc-1-
carboxylate]; _
methyl trans-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1- -~ -
carboxylatc} A RS A P
- methyl cis- [4-3 4-bxsd1ﬂuoromcthoxyphcnyi)-4-cyanocyclohcxanc-l-carboxylatc]
methyl trans-[4-(3 4-blsdxﬂuoromcthoxyphcnyl)—4—cyanocyclohcxanc-l-carboxylatc]
czs—[4-cyano-4-(3-cyc10pcntyloxy—4—mcﬂxoxyphcnyl)cyclohcxanc-l-carboxyhc acid};
cis-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-carboxylate],
rris(hydroxymethyl)ammonium methane salt; .
cis-[4-(3,&bisdiﬂuoromcmoxyphcnyl)-4-éyanocyclohcxanc-1-carboxylic acid];
trans-{4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-carboxylic
acid]; :
- cis-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohexane- 1 -carboxylic
> acid]; ' :
trans-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohexane-1-
carboxylic acid};
methyl cxs—{4-cyano-4—(3-cyclopropylmethoxy-4—mcthoxyphcnvl)cyclohcxanc-1-
carboxylate];
mcthyl trans-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cyclohexane-1-
carboxylate]; |
methyl cis-[4-cyano-4-(3-cyclopropylmethoxy-4- -
diﬂuoroxr_xcthoxyphcnyl)cyclohcxanc-1-carboxylatc]; 25 FEB 997
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GEPLACEMENTOSHEETI %I on conpri sing a conpound of Formul a (I)
t pharmaceutical |y acceptabl e excipient.
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ic or inflammatory s '
' subj ect in need the ﬁ| mﬂ@ﬂ anount of
fl Formula (1) dcdording t3(90Iaim1a ation with

m

a

a pharmaceugically acceptabl g excipi ent.

mcthyl 'Tans-[4-cyano-4-(3-cyclOpmpy1mcthoxyA-dtﬁuommcthoxyphcnyl)- : e

cyclohexane-1-carboxylate];

cis-[4-cyano-4-(3-cyclopropylmethoxy-4-difluoromethoxyphenyl)cyclohexane-1-
carboxylic acid];

trans-[4-cyano—4-(3-cyclopropyimcthoxy#dxﬂuommcthoxyphcnyl)cyclohcxanc-1—
carboxylic acid];

cis-f4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane- 1-carboxamide];

cis-[4-cyano-4-(3,4-bisdifluoromethoxyphenyl)cyclohexane-1-carboxamide];

trans-[4-cyano—4—(3,4-bisdiﬂuoromcthoxyphcny_'l)cyclohi':xanc-I-carboxamidc];

cis-[4-cyano-4-(3,4-bisdifluoromethoxyphenyl)cyclohexane- 1-carbohydrazide];

cis-[4-cyano-4~(3,4-bisdifluoromethoxyphenyl)cyclohexane- 1-(2-
acetylcarbohydrazide)];

cis-{4-(3,4-bisdifluoromethoxyphenyl)-4-cyano-1-(3-methyl[ 1,2,4Joxadiazol-5-
yl)cyclohexane}; ' .

czs-[4 -(3.4- bxsdxﬂuommcmoxyphcnyl)-4-cyano-l (2-methy1[1 3.4]Joxadiazol-5-
yl)cyclohcxanc] :

cis-{4-(3, 4-b1sd1ﬂuoromcthoxyphcnyl) -4-cyano-1- (Z-methyl[l 3,4)thiadiazol-5-
yhcyclohexane);

cis-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)- 1-hydroxy-1-
tns(mcthylthxo)mcthylcyclohcxanc], ) i

mcthyl cts-[4-cyano—4-(3-cyclopropyimethoxy-4-mcthoxyphcnyl)- -hydxoxy-
cyclohexane-I-carboxylate];

czs-[4-cyano-4-(3-cyclopropy1mcthoxy—4-mcthoxvphcnyl) l-hydroxycyclohcxanc-l-
carboxylic acid];

cis-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-hydroxycyclohexane-1-
carboxamide}];

methyl c:s-[4-cyano—4-(3-cyclopropylmcthoxy#mcthoxyphcnyl) 1-methoxy-
cyclohexane-1-carboxylate);

cts—[4-cyano-4-(3-cyclopropylmcthoxy-4-mcthoxyphcnyI)- -methoxycyclohexane-1-
-<carboxylic acid];

czs-[4-cyano-4-(3-cyclopropylmcthoxy—4-mcthoxyphcnyl)- -methoxycyclohcxanc-l-
carboxamide];

trans-[4—cyano-4-(3-cyclopropylmcthoxy—4-memoxyphcnyl) -1-hydroxy-cyclohexane-
1-carboxaldehyde]; _

methyl srans-[ 4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1- -
hydroxycyclohexane-1-carboxylate];

trans-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1- hydroxycvclohcxanc-
1-carboxylic acid];



(I
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methyl trans-[4-cyano-4-(‘3-cyclopmpylmcthoxy-4—mcthoxyphcn)’l)' 1-
mcthoxycyclohcxane-l-carboxylatc]
trans-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-methoxycyclohexane-
1-carboxylic acid}; .
trans-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-methoxycyclohexane-
l-carboxamide};” -
cis-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-carboxamic
acid}; .
N-mcthyl-cis-[4?cyano~4-(3-cyclopemyloxy-4—mcthoxyphcnyl)cyc1ohcxanc-1-
carboxamic acid}; " ) '
cis-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-N-(2-
cyanoethyl)carboxamide];
cis-[1-(2-cyanoethyl)-5-{4-cyano-4-(3-cyclopentyloxy-4-
methoxyphenyl)cyclohexyl)tetrazole]; and o
cis-[4-cyano-4-(3-cytlopentyloxy-4-methoxyphenyl)-1-(tetrazol-5-yl)cyclohexane].

3.7 A pharmaceutical composition comprising a compound of Formula (I)
according to claim 1 and a pharmaceutically acceptable excipient.
4. A method for treating an allergic or inflammatory state which method

comprises administering to a subject in need thereof an effective amount of a compound of
Formula (I) according to claim 1 alone or in combination with a pharmaceatically acceptable
excipient. '
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ABSTRACT

COMPOUNDS USEFUL FOR TREATING ALLERGIC
AND INFLAMMATORY DISEASES

Novel compounds of formula (1) are described herein.
compounds inhibit the production
and are useful in the treatment of disease states
mediated or exacerbated by INF production. The compounds
of the present invention are also useful in the mediation or
inhibition of enzymatic or <catalytic activity of
phosphodiesterase IV and are therefore useful in the

These
of Tumor Necrosis Factor

treatment of disease states in need of mediation or
inhibition thereof. It
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