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F;elg of invggnm

The present invention relates to novel compounds. pharmaceutical compositions
containing these compounds, and their use in treating allergic and inflammarory discases and
5 fgr inpibiting the production of Tumor Necrosis Factor (TNF). -« - - - - - wnrse wopew e oo

Backgropnd of the Invention - .
Bronchiat asthma is a complex, multifactorial disease characterized by reversible
narrowing of the airway and hyperreactivity of the respiratory tract to external stmuli.
10 Identification of novel therapeutic agents for asthma is made difficult by the fact that
muldple mediators are responsible for the development of the disease. Thus, it seems
unlikely that eliminating the effects of a single mediator will have a 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"
mOﬂUPhosPhatc) 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 Intemarional Congress Excerpta Medica, 17-29, 1973].
When the appropriate agonist binds to specific cell surface receptors, adenylate cyclase is’

20  activated, which converts Mg*Z-A'I‘P 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 bond 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 responsibie for cAMP breakdown in airway smooth muscleand
inflammarory cells. [Torphy, "Phosphod:eszcmse Isozymes: Potential Targets for Novel And-
asthmaric Agents” in New Drugs for Asthma, Bames, ed. IBC Technical Services Lid.,

35 * .1989). Rescarch indicates thas inhibiton of this enzyme not only produces airway siriob_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 powentiatedwhen adenylate cyclasc activity of il
target cells is elcvated by appropriate hormones or autocoﬁs as would be the case in vivo.

IS

‘.:f Blﬂ o

:?l
i1




o : ."Thus~PDE N mhxbxtom‘*would bc nffacuVe*m thc asthmant mng, whcre le.vels,of
’ pros:aglandm Eg ‘and pmsmcychn (acnvators of adenylate cyclase) are elevated. Such

10

15

20,

25

30

35

cet Has Been Re‘aced

\\Il\\\\ \\Il\\ L

compounds would offer a unique approach toward the pharmacotherapy of bronchial asthma
and possess significant therapeutic advantages over agents currently on the market.
The compounds of this invention alse inhibit the producrion.of Tumor Necrosis - . «

- Factor {TNF), a serum glycoprotein. Excessive or unregulated TNF production has been
implicated in mediating or exacerbating a number of diseases including rhewmatoid arthritis,

theurnatoid spondylitis, osteoarthritis, gonty arthritis and other arthritic conditions; sepsis,
septic shock, endotoxic shock, gram negarive sepsis, toxic shock syndrome, adult respiratory
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis,

* pulmonary sarcoidosis, bone resorprion diseases, reperfusion injury, graft vs. host reacrion,

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), keloid formation, scar
tissuc formation, Crohn's disease. uicerative colitis, or pyresis, in addition 1o a number of--
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
and HIV-3.- As 2 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
lymphocyte 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 maintining T iymphocyte activacon.
Therefore, inteference with cytokine acrivicy such as by inhibition of cytokine production,
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
targets for vital replication and the level of viral replication is dependent upon 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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'hmxting HIV progression s stared above for T cells.

TNF has also been implicated in various roles with other viral infections, snch as the
cytomegalovirus (CMV), influenza virus, adenovirus, and the herpes virus for similar TEasons
as those noted. . : .

TNF is also assocxated thh ycasr. and fungal mfecuons Sp:mt' cally Car:d:da
albicans has been shown 1o induce TNF production in vitre in human monocyies and natural
killer cells. [See Riipi er al., Infection and Immunity, 58(9):2750-54, 1990; and Jafari et al.,
Journal of Infectious Diseases, 164:389-95, 1991, See zléo Wasan et al., Antimicrobial
Agents and Chemotherapy, 35,(10):2046-48, 1991; and Luke e al., Journal of Infectious
Diseases, 162:211-214,19%],

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
exac:rhatq? 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
phosphodxesterasc IV (PDE1V). The novcl compaunds of the Formula (I) 3150 have Tumar
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
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 diseasc which comprises administering to 2 mammal, including hurmans, in
need thereof, an effective amount of & compound of the Formula (I).

The invention also provides a method for the trearment 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 to a method of inhibiting TNF production in 2 mammal,
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. |
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lmmunudeﬁcwncy viris (HIV). Whlch comprwes adﬂnmstenﬁs‘ to such human an eff:cnvc S
_ TNF inhibiting amount of a compound of the Formuia (1).

The compounds of the Formula (T) are also useful in the treatment of additional viral
infections, where such viruses are sensmvc to upregulation by ‘I'NF or will elicit TNF .
prudurmon in vivo, :

The compounds of the Formnla (1) are also useful in the treatment of yeast and fungal
infections, where such yeast and fungi are sensitive to upregulation by TNF or will elici:
TNF production in vivo, ; . -

The compounds of this invention are represented by Formula (1):

RX;

Whercm - ;-.i,..
.(CMRS)nO(CMRS)mRG or -(CR4R5)R6 wherein the alkyl moieties may be opuonally

. substituted with oneor more halogens;

mis Qo2
- niglrody -
tislwo 6.
" R4 and R5 are independently selected from hydrogen or a C]-2 alkyk

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,
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, thenris 2 10 6; or

¢) when Rg is 2-tetrahydropyranyl, Z-tcu'a.hyd:mhmpyranyl 2-tetrahvdrofuranyl, 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) whennis 1 and mis 0, then Ré is ather than H in (CR4R5)nO({CRARS)mMRE:

X is YR2, halogen, nitro, NR4Rs, or formyl amine:

Y is O or $(O)m;

m is .0, l,or2; .
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X3 is hydmﬂ"m or X;
X4 is
. z
‘ X5
I (Ro)s o Ry {Ra)s .
5 {a) ®)

X5 is H, Rg, ORg, CN, C(O)Rg, C(O)ORS, C(O)NRSRE, or NRgRg;
Rj is independemtly selected fromi the group consisting of -CH3 and -CH2CH3
optionally substituted by 1 or more halogens;
sisOto4; ' :
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. C(Z"H, C(0)ORg, C(O)NRgR1Q, or C=CRg~

.....

E " " Z{§ 0, NRg, NOR, NCN, C(-CN)z, CRSCN, CRgNC2, CRgC(O)ORS,
== CRgC(O)NRgRg, C(-CN)NO3, C(-CN)C(O)ORg, or C(-CN)C(OINRERS ;
15 = Zis C(YOR14, C(O)OR 14, C(YINR10R14, C(NR10)NR10R 14, CN. C(NORg)R 14,

C(O)NRNREC(O)Rg, C(O)NRENR 10R 14, C(INOR14)Rg, CINRE)NR10R 14,
_CNR14)NRgRg, CNCN)NR 10R 14, C(NCN)SRS, (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-tetrazalyl), @ 4or
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 S-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:
YisQer§;
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)NR10R11. -OC(OIRg, -NR10C(OINR10R 1. -NR1QC(OIR 1], -NR10C(QIORS,
-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
R13 is C3.7 cycloalkyl, (2-, 3- or 4-pyndy1). 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;
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Rg is Cy.4 alkyl optionally suhsumtad by one to three ﬂuonnas_

Ripis ORg orRyy;

R11 is hydrogen, or Cy.4 alkyl oprionally suhsumted by one 1o three fluorines; or
when R10 and R} are as NRJGR1 they may together with the nitrogen form a §10.7 : «
membered ring optionally containing at least one additional heteroatom selecred from O/N/or
S; ‘
 Ry3is oxazolidinyl, oxazolyl, thiazolyl, pyrazolyl, wiazolyl, tetrazolyl, imidazolyl,
imidazalidinyl, thiazolidinyl, isoxazoly!, oxadiazolyl, 01: thiadiazolyl, and each of these
heterocyclic rings is connected through a carbon arom and each may be unsubstituted or
substituted by one or two Cy.5 alkyl groups;

R4 is hydrogen or R7; or when R and R4 are as NR10R 14 they may together
with the nitrogen form 2 5 to 7 membered 1ring optionally containing one or more additional
heteroatoms selected from Q, N, or §;

‘pmvided tha‘ ‘ * Tt ' ) . b 00 o o bt v e e ot ¢

f) whenR1gis 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;

of the pharmaceutically acceprable saits thereof.

D l] i n -« - E ! I v : i
This invention relates to the novel compounds of Formula {I), and 10 pharmacentical’
compositions comprising a compound of Formula (I) and a pharmaceurically acceptable
carrier or diluent. This invention also relates 1o & method of mediaring 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
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
diabetes insipidus, [Kidney Inr, 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

@
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limited to _HIV-I, HIV-2 and HIV-3, cyromegalovirus (CMV), influenza, atienovirus and the
Herpes group of viruses, such as, bur not limited to, Herpes zoster and Herpes simplex.

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 a compound of the Formula ().

The compounds of the Formula (I) may also be used in association with the veterihars'
trearment of animals, other than in humans, in need of inhibition of TNF production. TNF
mediated diseases for reatment, therapsurically 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 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.

The compounds of the Formula (I)-are also useful in-the rreatment of yeast and fungal
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
mfectmns. include but are pot limited 1o-the class of compounds called the pnlymmns. such -
&s Polymycin B, the class of compounds called the imidazoles, such as cloeimazole,
ecohazele, miconazole, and ketoconazole; the class of compounds called the wriazoles, such
as fluconazole, and itranazole, and the class of compound called the Amphotcncms, in
particular Amphotericin B and Jiposomal Amphotericin B.

The co-administration of the anti-fungal agent with a compound of the Formnola (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
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
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 corapounds of the Formula {I) may also be used for inhibiting and/or raducing
the toxicity of an anti-fungal, ant~bacterial or enti-viral agent by administering-an 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.

»

"o ——— b



LR AL N
w T 0w

-
s

10

13

20

30

35

This Sheet Has Been Repla

o [

When R} for the cqmpouncjs nf the Fom:ula (I) A5 an: alkyl subsnmt:d by 1 er mure
halogens, the haiogcns are preferably fluorine and chlorine, more preferahly a C1.4 alkyl
substituted by 1 or more fluorines. The preferred halo-substituted alkyl chain length is one or
two carbons, and most preferred are the moieties -CF3, -CHZF, -CHF, -CF2CHF;,

-CHaCF3, and -CHCHF3. Preferred Ry substitutents for the compoungs,of the Formnla (1) .. ..,

are CH-cyclopropyl, CHz-C5.6 cycloalkyl, C4.6 cycloalkyl, C7.11 polycycloalkyl, (3- or
4-cyclopemenyl), phenyl, tetrahydrofuran-3-yl, benzyl or Cy.2 alky! optionally substituted
by 1 or more fluorines, -(CH2)1-3C(OYO(CH2)0-2CH3. —(CH2)1.30(CH2)0 2CH3, and
~(CH2)2.40H. ,

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 (CR4R 5}y or (CR4R5)y each repeating 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 |
be substituted 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
disclosure is incorporated herein by rcferencc in jrs engrety: -~ - :

Zis prct‘crabiy C(O)R3. C(O)ORS, CtO)NRng C(NRg)NRgRg, €N, C(NORg)Rg.
C(O)NRgNRgC(O)Rg, C(NRg)NRgRg, C(NCN)NRgRg, CINCN)SRg, (1-, 4- or 5-
[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),
(3- or 4-{Rg}-5-isoxazolyl), (3-{Rg }+S-oxadiazolyl[1,2.4)}, {5-{Rg}-3-oxadiazolyl{1.2,4]).
(5-(Rg)-2-oxadiazolyl[1.34]), (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

X5 is preferably hydrogen, C1-2 alkyl optionally substituted by one 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
alky] 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.
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Prcf:xred R3 mmcues are C(O)NHZ, CECRE CN C{Z‘)H 'CH:OH CH:F CFzH
and 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(cyslobutyl), -(CH2)0-2(cyclopentyl), -(CH2)0-2(cyciohexyl), -(CH2)0.2(2~, 3- or

4-pyridyl); -(CH2)1-2(2-imidazolyl), -(CHz)2(4-morphalinyl). -(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-
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 atached may form a 5 to 7 membered ring optionally containing

15-—-- at leasy ome dadditional heteroatom selccix:d from O, N, or S include, but are not limited to 1-
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1rmdaza1yl 1-pyrazolyl, 1- -triazolyl, 2-triazoly1, 1-tetrazolyl, 2-tetrazolyl, morpholinyl,

. ~ piperazinyl, and pyrrolyl. The wspective rings may be addidonally substitned, where

applicable, o an available nitrogen or carbon by the moiety R7 a5 described herein for

‘Formula (I). Hustrations of such carbon substitutions includes, bur are not limited 1o,

2-(R7)~1-imidasolyl, 4-(R7):1-imidazoly], 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-(R7)-1 1-triazolyl, 5-(R7)—1-triazoly1, 5-(R7)-1-tetrazolyl, and 5-(R7)-2-tetrazalyl,
Applicable nitrogen subsmunon by R'; includes, but is not limited to, 1-(R7)-2-tetrazolyl,

'2-(R7}-1-terrazolyl, 4-(R7)- l-pxpmnuyl Where applicable, the ring may be substituted one

or more 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, or 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-
isoxazolyl), (3- or 5-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-, ors-mmolxdinyl), 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
optionally substinited by Rg either on an avnlable niTogen or carbon arom, 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
applicaple, the ring may be substituted one or more times by Rg.

-



10

15

20

25

30

his Sheet Has Been Replaced

- HIIIIII fimo

Prcfmedarc thusc compoundsr of the Formula (L) whemm Rl is -GHz-cvdop?opyl Lo

' -CHz-Cs.(, cycloalkyl, C4-6 cycloalkyl, tetrahydrofuran-3-51, (3-"or 4-cyclopenteny),

benzy) or -C1.2 alkyl optionally substituted by 1 or more fluorines, and -(CH2)2.4 OH; Rois
methyl or fiuoro-substituted alkyl, R3 is CN or C=CRg; and X is YR3.
Most preferred are those compounds wherein R} is -CH‘)-cyclopmpyl eyclopentyl,

“'methyl or CF2H; Rq is CN or C=CH; X is YRz: Y is oxygen: X2 is oxygen; X3 is hydrogen:

and Ry is CF7H or methyl.

A preferred subgenus of the compounds of the Formula (T) is the compounds of the
Formula (Ia)

R, DQX‘
X {1a)

wherein: :

R1 is CHz-cycIopropyl CHz-Cs ﬁcycloalkyl C4-gcycloalkyl, Croy1
palycvcloal.kvl (3-or 4-cyc10penrenyl), phenyl, tetrahydrofuran-3-yl, benzy] or C1.3 alkyl
optionally 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;

X4is

(a) (b}
Xs is H, Rg, ORg, CN, C(O)Rg, C(O)ORg, C(OINRERS. or NRgRg;
Y is O or S(O)mys

m'is 0, 1.0t 2

R is -CH3 or ~CHCHj optionally substituted by I or more halogens;

R3 is hydrogeit, C1-4 aikyl. CHyNHC(O)C(O)NH2, halo-substituted Cj-4 alkyl, CN,
CHzORs. C(ZHH. C(Q)ORg, C(O)NRgR 10, or C=CRg: '

Z'is O or NORS;

Zis C(O)R14, C(O)OR 14, C(O)NR10R14, CCNR10INR10R 14, CN, C(N0R8>R14,
C(O)NRgNREC(O)Rg, C(O)NRENR10R 14, C(NOR14)Rg, CANREINR10R 14,
C(NR14)NRgRg, C(NCN)NR10R 14, C(NCN)SR9, {1-, 4- or 5-{Ry4}-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),



el ‘:(4-orS—{R14)-2-oxazchdmyI) (4— or5 (R14] 2*th:azc>1;dmy1).(1 4-or , ':"_"'
5-{Rj4)-2-imidazolidiryl); - SR : :
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Ryis -(CR4R5)QR12 or Cy_g alkyl wher:m the R12 orCy¢ alkyi group is optionally
substituted one or more times by C].2 alkyl opdonally substituted by one to three fluorines,

-"F' 'Bl'. "CL 'Noz‘ 'NRIORI 1 "C(O)RSr 'C(O)ORSI "ORB, 'CN, -C(0>NRIOR111
: -OC{O)NR1OR 1, -OC(OIRS, -NR 1gC(OINR10R1 1, -NR10C(O)R 1 1. -NR10COYORg,

-NR10C{O)R13, -C(NR10)NR 10R | ], -C(NCN)NR10R 1 1, -C(NCN)SRg,

-NR10C(NCN)SRg , -NR10CINCN)NR10R11, -NR10S(O)2R9. -S(Q)mKg,

-NR10C(O)C(OINR10R 1 1, -NR 10C(O)C(OIR 10, thinzotyl, imidazolyl, axazolyl, pyrazolyl,

wiazolyl, or tetrazolyl- '
qis 0,1,0r2

Rizis 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 dotred line formula (a) represents a single or double bond;

Rg is independently selected from hydrogen or Rg,

" Ry is Cy.4 alkyl optionally substituted by one to !.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 -
membered ring optionally containing at least ong additional heteroatom selected frum 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
substituted by one or two C|.; alkyl groups;

R4 is hydrogen or R7; or when R0 and R14 are as NR1(R 14 they may together
with the nitrogen form 2 5 to 7 membered ring optionally containing one or more additional
heteroatoms selected from O/N/or S; '

provided that:

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

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

or the pharmaceutically acceptable salts thereof.

Exemplified compounds of Formula (T) 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;

»
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mcxhyl c;s={4-cyana-4-(3-cyclop:n:yloxy—4-m=thuxypheny1;cyclqhaxzne-1-» o

- carboxyiate],

"t
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methyl rrans-[4«:}*&110—4—(3—cyclopcntyloxy-4-methcxyphcnyi)ayclahsxanc-l -
carboxyviate];

methyl cis- [4-(3,4-bisdifluoromethoxyphenyl)-4-cyanacyclohexane-1-carhoxylatel;, .

methyl trans-[4-(3,4-bisdiﬂuommcthoxyphmyl)-&éyﬂocyclchcxane-l-carboxyla.te];

cis-{4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexane-1-carboxylic acid];

cis-[4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyciohexane-] -catboxylate],
rris(hydroxymethyl)ammonium methane salt; '

¢is-{4-(3,4-bisdifluoromethoxyphenyl}-4-cyanocyclohexane- 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
acidl: Sl v o . . .

rrans-[4-cyano-4 _@-cycioprcpylmethoxy-d-methoxyphcnvl}cyduhcxme-1;
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-
carboxylate]; . o _ L

methyl cts-[4~cyano-4-(3-cyclopropylmethox;M- ' .
diﬂuowmethoxyphcnyl)cyclohexane-I-Carboxylatc]

methyl rans-{4-cyano-4-(3-cyclopropytmethoxy-4-difluoromethoxyphenyl)-

. cyclohexane-1-carboxylate];

cis-4-cvano-4-(3-cyclopropylmethoxy-4-difinoromerhoxyphenyl)eyclohexane-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):

cis-{4-cyano-4-(3 4-bisdifluoromethoxyphenylcyclohexane-1-carboxamide}:

trans-14-cyano-4-(3,4-bisdifluoromerhoxyphenyleyclohexane-] -casboxamide];

cis+[4-cyano-4.(3,4-bisdifluoramethoxyphenyl)eyclohexane-1-carbohydrazide],

cis-[4-cyano-4-(3,4-bisdiflucromethoxyphenyl)eyclohexane-1-(2-
acetylcarbohydrazide)];

cis-{4-(3 4—b15d1ﬂuoromcth0xyphenyl)—4-cymo-l-(3-m=!hyl[1,2.4]oxxdlazol-5-
vheyelohexane );

cis-{4-(3 4-blsd1ﬂuoromeu;oxyphenyl)-#cyano-I-(2-m=thyl[1.3 4]0::3{1:&:01—5—
ylcyclohexane };

-
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cxs-{d-(s 4-bxsd1ﬂuommcmoxyphenyl)-4-evano-1—(2 m'e:hyx[l 3 4]:h1ad:azo1—5- 2%
yl)cyclohexanc},

cn's-[4-cvano-4-(3—cyclopropylmﬂmxy4-maﬂ:mcyphcnyi)— ~hydroxy-1-
wis(merhylthio)methylcycinhexane];

methyl cis-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1 -hvdmxv- e
cyclohexane-1-carboxylare];

cis-{4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-hydroxyeyclohexanc-1-
carboxylie acid]; '

m~[4‘cyan0-4-(3-cyclopropylmﬂhoxy-&t—methoxyphenyl)- -hydroxyeyclohexane-1-
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];

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-
hvdroxycyclnhexane— -¢arboxylate]; : '

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]; :

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

l3

acid}; .
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],
c:s—[I—(z-cyanuemyl)-s-{4-cyanu-4-(3-cyclepemyloxy~4- :
methoxyphenyl)eyelohexyl Hewrazole]; 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
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L ."Z X bmlogxcal pmpemes. An of thesr. @mpaunds are cunsxdmd 10 b: wnhm the: scope of the ,, - ':‘; -

prescat invention. Therefore anothier aspect of the present invention is the administraton of
cither a racemate, a single enantomeric form, a single diastereomeric form, or miixtures

- thereaf,

The wrms cis and 1rans denote stereochemistry at the C-1 position of the cyclohexane
nng rclauve 1o the R3 group at the C-4 position,

The terms"Cy_3 alkyl", "Cy.4 alkyl", "C}.g alkyl" or "alkyl" include both straight or
branched chain radicals of 1 1o 10, unless the chain length is limied thereto, including, but
not limited to methyl, ethyl, n-propyl, isopropyl, n-buryl, sec-butyl, isobutyl, rerr-butyl, and
the like. "Alkenyl" includes bath straight or branched chain radicals of 1 to 6 carbon lengths,
unless the chain length is limited thereto, including but not Jimited to vinyl, 1-propenyl, 2-
propenyl, 2-propynyl, or 3-methyl-2-propenyl. “Cyeloalkyl” or "cycloalkyl alkyl” includes
groups of 3.7 carbon atoms, sh_ch as cycloprapyl, cyclopropylmethyl, eyelopentyl, or
cyciohexyl, "Aryl” or "zralkyl”, unless specified otherwise, means an aromatic ring or ring
system of 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
halogens. ie., 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,
including but not limited to 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,

" "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
(also known as lymphotoxin). has close structiral homology with TNF-ct (also known as
cachectin}, #r;d since each induces similar biologic responses and binds to the same celiular
receptor, both TNF-0 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,
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i "Cytokme mcans any secn::ed po'lypcpude that at.‘fec:s thc functians o!‘ cellaf aad’ ifa -

LI,

molcculc whmh modulates interactions between cells in immume, mfiammamry, or

hematopoietic responses. A cytokine includes, but is not limited to, monokines and
lymphokines regardless of which cells produce them, For instance, 4 monakine is generally
referred 1o as being produced and secreted. by 2 mononuclear cell, such as a macrophage
and/or monocyte, but many other cells produce monokines, such a5 natual killer cells.
fibrablasrs, basophils; nentrophils, endothelial cells, brain astrocytes, bone mammow stomal
cells, epidermal keratinocytes, and B-lymphocytes. Lymphokines are geacrally referred to as
being produced by lymphacyte cells. Examples of cytokines for the present invention
include, but are not limired to, Interleukin-1 (IL-1), Interleukin-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 #nd/for
maintenance of T cell activation and/or activated T cell-mediated HIV gene expression and/or

replication, and/or (b) any cyokine-mediated disease associated problem such as cachexia.ar- s -

muscle degenefation. Preferrably this cytoking is TNF-a.
All of the compounds of Formula (I) are useful in the method of inhibidng the
production of TNF, preferably by macrophages, monocytes or macraphages and monocyiss,

- in 2 mammal, including hurnans, in need thereof, All of the compounds of Formula (1) are

useful in the method of inhibiting or mediating the enzymatic or catalyric 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
according to 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
S(O)m’ when m' is 1 or 2, wherein Z is CHO and the double bond is present, reacting a

O

R,O
Ra
: X )
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) or a group convertable
to X or X3 and R3 represents R as defined in relation to Formula (I) or a group convertable -
to R3. with niromethane in 2 suitable non-reacting solvent in the presence of a base (catalyst)
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halosubstituted a!kyl wherem X and X3 aré other thasi Br 1, NO2, amino, fonnyl amine or -
S(Q)m’ when m' is 1 or 2, wherein Z is CE2NO7 and the double bond i present; weatment of
such compounds with & basc, such as sodium methoxide, in the presence of, e.g., buffered
ritanium mchlond:. provides compounds of the Formula (I) wherein R3 is H, CN, ORg,....
Ci-4 a!kyl or C1.4 halosubstituted alkyl, wherein X or X3 are other than Br, I, NO3, amina,
formy! amine or S(O)m' when m' is I or 2 and wherein 7. is CHO and the double bond is
present, Double bond reduction of such compounds of the Formula (I) provides the
carresponding sarurated ring Formula (I) compounds; oxidation of the aidehyde function of
cither these saturated or unsamrated compouids of the Formula (I) provides the
catresponding Formula (I) carboxylates (Z = COOR), which may be converted by standard
procedures with proper manipuladon of any chemically sensitive functional groups to the
correspanding ester, amide, nitrile, oxazolidinone, ¢tc., Z groups of the Formula (1),

Alrernatively, reaction of a compound of the Formula (2) with, ¢.g., tosylmethyl
isocyanide and potassium,1-butoxide {foljowed by hydrolysis) or lithinm .

'mcthoxyphenvlthmmmcthyls:lylmethane {followed by hydrolysis) 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
may be converted by standard proccdnres with proper: manipulation (pmtac.non/depmtecnon) 2

-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
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
CO2R 15 or CONR10R14, the double bond. is present, and Ry 5 is H or simpie 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
tris{methylthio)methane at reduced :cmpmm} followed by mercury sait hydrolvsis 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
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exo-epoxide followed by treatment with aqueous potassium hydroxide in, e.g..
dimethylsulfoxide and oxidation of the resulting primary alcohol to the carboxyl provides
compounds of the Formula (I) wherein R3 is H, CN, ORg . C1-4 alkylor Ci-4 . ...-. ... .
halosubstituted alkyl, wherein X and X3 are other than Br, I, NO2, awmino, formy] aming or
$(0)m’ when m'is 1 or 2, wherein Z is CO2R 15 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)
of any chemically sensitive functional groups to the corresponding ester, amide, nitrile,
oxazolidinone, etc., Z groups of the anula (D).

Alrematively, reaction of a compound of the Formulz (2} with, e.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]
r-butoxy(cvano)metlty! phosphonate] followed by treatment with acatic anhydride and & zine
halide and then followed by treatment with an alkoxide provides compounds of the Fannula
(I) wherein R3 is H, CN, OR9 ., C.4 atkyl or Cj-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 .
then may be eonverted- 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
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 ar 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
functional groups:

2) Compounds of the Formuia () whetem 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
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 diazonium displacement.

d) Compounds of the Formula (I) wherein X or X3 are NO2 may be prepared from a

similarly deprotected emine by oxidatién of the. amine to the nitro group.
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" prepared from the compounds of the Formula () wherein Y is § by oxxdanun of the SRz

moicty under conditions well known those skilled in the ant

Compounds of the Fortnla (2) may be prepared in mm by the processes described in
co-pending apphcauon U.S. Serial Numbcr 07!862‘083 filed 2 April 1992 and the
corresponding commna:ion-m-pm apphcanon filed on even date herethh

It will be recognized that compounds of the Formula (I) may exist in two distinct |
diastereomeric forms possessing distinct physical and biological propenies; such isomers
may be separated by standard chromatographic methods. .

The following examples and methads are provided to illustrate how the make and use
the invention. These materials are not intended to Limit the invention in any manner; please
refer to the claims appended hereto for determining what has been reserved to the inventors
herennder.

SYNTHETIC EXAMPLES
- . .EXAMPLE |
Methy] 4-cyano-4-{3-cvciopentyloxy-4-methoxyphenviicvelohex-1-ene- I-carboxylage
4-Lyvano-4-(3-cych . v-4-methoxyphenyl)-1-cycl
miflupromethylsulfonate Toa soli.uion of diisopropylamine [1.95 miltiliters (hereinafier mL),

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
stirred at -78° C for 2 hours (hereinafier b}, 2t 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.
cluting 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-
carboxylate 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
teu'alas(mphenylphasphmc)palladmm (0.13 g,0.11 mmol). The resulting mixtute was
stirred at room temperatare in the dark under a carbon morioxide atmosphere for 3h. The
mixiure was paritioned between water and ethyl acetate, the organic extracy was washed
three times with water, once with brine, was dried (potassium carbonate) and was evaporated.
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Punﬁmﬁbn by ﬂash chmmatognphy, eIunng w:th‘s 1 hexancsfezhyi :icc:m. pi'owded ari’ R -'.

off-white solid (0.64 g, 80%): mp. 128-1290 C.
Analysis Calc, for C21H25N04-1/8 H20: C 70 52, H7.12, N 3.92; found: C70.45, H 6.93,
N 3.87.

EXAMPLE 2
4-Cvang-4- lopentylgxy-4-methoxyphenyileyvelohex- 1-ene-1-carboxviic acid
To a solution of methyl 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenylieyclohex-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 ammosphere was added a 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 aqueaus phase was acidified with 3N hydrochlotic acid and extracted twice with ethy)

“acemate. The organic phase from the 2cid extraction was dried (sodium sulfate) and

conccntrated under reduced pressure t6 provide & viscous oil, which solidified upon sta;ldmg. -
The solid was recrysuallized from hexanes/methylene chioride (0 05 g, 82%:): m.p. 161-
163°C,

Analysis Cale. for C20H23N04 lIZHZO C 68.55, H 6.90, N 4.00; found: C 68.65, H6.55, N
3.82.

To 2 solution of methy! 4-cyano-4«(3-cyclopentyloxy-4-methoxyphenyl)eyciohex-1-
ene-1-carboxylate (0.26 g, 0.73 mmol) in methano] (12 mL) 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,
54%): m.p. 94-95°C,

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

N381.

2:{4-Cyano-4-(3-cyclopenyloxy-4-methoxyphenviicyclohexylidene}- 1, 3-dithizne 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—cyqlopemyloxy4-mcmoxyph‘cnyl)cyclohzxari- l-one (7.53 g, 23 muwl) in
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mixture was allowed 1o warin to room wemperature and was dxiu:ed with watcr, This mixize
was combined with the product of three substantially 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
methylene chloride the extract was dried (magnesium sulfate) and evaporated. Purification
by flash chromatography. eluting with 10% ethyl aceare/hexanes, provided a white solid (26
g 87%): mp 115-1169C. -

’ 1 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
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
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 '
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,
N 3.65.

- EXAMPLE 4 : .
Methyl cis- and trans-{4-(3 4-bisdifluoromethoxyph eng.l )-4-cyanocyclohexane-1-
: ' garboxylate]

4-Bisdi methoxyphenyli-4-cvan hexvlidenel-2-rerr-
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.
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, aqueous sodium chloride and water were addzd, the mixture
was extracted thres times with ether, the exiract was dried (magnesinm snifare) and
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e e . cvaporatcd. Punﬁcanon by ﬂash chramatography, eiuung,wmzd% ethyl acetatelhtxanes.‘ AN
provided the mle compound asa whne solid (1.18 p, 52%)."
thyl ] 4-(3.4-bisdifln nv i ne-1-

garboxylate] A mixture of 2-[4-(3 4-bisdifluaromethoxyphenyl)-4-cyanocyclohexylidens]-2-

S rerr-butyloxy aceronimile (0.25 g, 0.59 mmol) and zinc chioride (0.1 g, 0.7 mmol) in.acetic <o - . ..

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 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 omethox cnvl -4 pyanocvclohexsne-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. ' |
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It = similar manner there was prepared: ]
eis-[4-(3, 4-Bisdiﬂuommctﬁoxyphenyl)“"cvmmf’hﬂx“ﬁ'l’carboxylic acid} asa
-solid: m.p. 143-1449C. -
Analysis Cale, for C1gH15F4NO4: C 53.19,H4, 18 N 3.88; fauud C 53.57 H 391, N 3 59

‘-4-. T - -4- Ih Rg=1~ x’.
rristhydroxvmethvDammonium methane salt

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 if' vacup.
Trituradpn with ether provided a white solid (0.18 g, 79%): m.p. 191-1949C. '
Anzlysis Cale, for C24H36N207-2.5H20: C 56.57, H 8.11, N 5.50; found: C 56.44, H 7.75,
N 5.62. :

T a solurion of methyl zrans-[4-cyano-4-(3-cyclopemyloxy-4- '
methoxyphcnyl}cyclohcxane-l—carboxymc] (0.68 g, 1.9 mmal) in methanol (8 mL,
containing just cnough tetrahydrofuran to solubilize the estr) under an argon aunpsphere
wiis added water (4 mL) and porassiurn hydroxide (0.32 g, 5.7 mmol). The resulting nixwre °
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
(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-
1580C.

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

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. 109-1 100C,
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dnd lrans—[xl-(s 4-bxsdxﬂuoromcthoxyphenyl)-4-cyanocyclohexane—i ~carboxylate] in

' Pmcedure Aof EXAMPLE 4, were isolatad as solids [czs—xsomer (0.35 g, 33%): m.p. 105-

1069C; :rans—isgmer (0.52g, 49%) m.p. 103-104°C] ..
' BC. Methyl cisf4-cyano-4-(3- gxg} pr_gpﬂmethgxg-g—

methoxyphenvlicyclohexane-1-carboxvate] A suspension of methyl cz‘s-[4-'cyano-4~(3-
hydroxy-4-methoxyphenyl)cyclohexane-1-carboxylate] (0.35 g, 1.20 mmo}), powdered
potassium carbonate (0.5 g, 3.6 mmol) and bromomethy] cyclopropane (0.35 ml. 3.6 mmol)
in dry dimethylformamide (15 ml) under an argon atmosphere was heated at 85°C for 4h.
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%,).
&n. OF thoxy-4-methoxyphenyl)cycioh

garboxyli¢ acidl ‘ﬁ\c title compound, prepamd substaiitially a= 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,

Analyszs Calc. for C19H23N04 -1/5 H2Q: C 68.53, H7,08, N 4. 21 found: C 68. 7& H7.07,

N 4.16.
' &5,

-

Mw__ﬂmw The ritle compound. pwpmd subsmnmﬂy as

' described above for methyl cm[d—cyano—4-(3—cyclopropy1methoxy-4~

memoxyphenyl)cyc!ohexanc—l-carboxyate] in EXAMPLE 8C was ‘isotated as & salid: m, p.

127.5-1280C ,

Analysis Calc. for C20H25N04-3/8 H20: C 68 60, H 7.41, N 4.00; fnund C68.50,H 7.28,

N 3.88.

- 8F. Mwmmuxw
carboxvlic acid} The title compound, prepared substantially as described abave for cis-[4-

cyano-4-(3—cychpentyloxy—&meﬂwxyphenyl)cyclohexme-1 carboxylic acid] in EXAMPLE

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 425,

EXAMPLE

cis- and s-{4- ano-4-3‘- cl thoxv-4-diflu h
' ; | ‘carboxylic acid] -
9A.  2:{4:Cyano-4-Greyclopropylmethoxy-4-
difluorpmerhoxyphenylicyolohexylidenel- 1,3-dithiane This compound, prepmd

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

*1‘\*;
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W e mctbuxyphenyl)cyclnhexyhdme}1,3~dxﬁuane in Proeedure B of EXAMPLE 3 was lsohted "._ e
as'4 salid: m.p. $4-8509C , :
9B, hyl ¢is- and £yano-4-{3-c; Imeth -4-d1 netho
mmmwmj These compounds prepared suhs:anually a5 descnbed
5 above for mthyl ci:- and rrans-[4-cyano-4-(3-cyclopentyloxy-4-
' mcthoxyphenyl)cyclohexanﬁ-l r:arboxylatc} in Procedure B of EXAMPLE 3, were uolated

asoils. .
9C.  pis4-Cvan -cyclo imethoxy-4- o
difiporomethoxypheavlcyclohexane- 1-carboxylic acid] “This compound, prepared

10 substandally as described above 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). "



This Sheet Has Been Replaced

. mm

llllﬂ

IH

gl)g@ﬂgml A solution of cx.s'-[4~(3,4~b:sd:ﬂuommethuxyphcnyt)-4-nymocyclohexanc- !
1-carboxamide] (0.06 g, 0.17 mmol) in N,N-d:mthylacetannde dimethyl acetal (0.5 mL) was
heated ar 1109C under an argon ammosphere for 1h, was cooled and the solvent was
5 cvaporated, D:oxanc (0.35 L), acetic acid (0.35 mL), hydroxylamine hydrochloride (0.02 ,
g.0.29 mmol) and 10% aqueous 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 chlorde, 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; found: C 54.11, H4.35 N
— 10.13. .
i5-14-(3,4-Bisdifluoromethoxyphenyl)-4-cyano- {-(2:meths adiazol-3-
- ylcyciohexane} '
MMMMMW A

.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 rmol) in ethanol (3.5
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/meshylene chloride, the organic exract was dried (mnpnesinm sulfate) and was

-
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<provided an oil.
. Analysis Cale. for C[ 8H17F4N303-1.0 H20: C 51.80, H4.59, N 10.07; found: € 52.00, H

4.25, N 9.76.

leye ane

A solution of cis-[4~(3,4-bisdifluoromethoxyphenyl)-4-cyanocyciohexane-1-(2-
acetyl-carbohydrazide)] (0.1 g, 0,24 mmol) and Lawesson's Reagent (0.13 g, 0.32 mmol) in
toluene (3 mL) was heated at reflux under an argon atmospbere 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,
provided a solid: m.p. 66-67°C. '
Analysis Calc. for C1gH17F4N30z2 §: C 52.04. H 4 13, N 10.12; found: C 51.67, H4.06, N
9.92. :

PLE 14 :
[5-{4-Cvano-4-{3-¢yel methoxy-4-methoxyphenyl)-1-hydroxy-1-
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-
cyclopropylmethaxy-4-methoxyphenyl)cyclohexane (0.2 g, 0.67 mmol} in dry
temahydrofuran (3 mL) was added dropwise over 10 min. After 0.5h, aqueous ammomum
chloride was added and the mixture was allowed to warm 10 room temperature. The mixrure
was extracted three times with methylens chloride, the organic extract was dried (magnesiom
sulfate) and evaparated. Purification by fiash chromatography, cluting with 25% ethyl
acetate/hexancs, provided a white solid (0.25 g, 84%): m.p. 123-1240C.
Analysis Calc. for C22H31NO0353: C 58.24, H 6.89, N 3.09; found: C 58.57, H6.81, N 2.92,

Mercuric chioride (0.23 g, 0.85 mmol) and miercuric oxide (0.08. g, 0.37 mmo}) were
added to 2 solution of cis-{4-cyano-4-(3-cyelopropylmethoxy-4-methoxypheny!)-1-hydroxy-
1-tris(methylthio)methylcyciohexane) (0 1 g. 0.22 mmol) in 12:1 methanoilwam Q@ mi)
under an argon atmosphere and the mixpure was allowed to stir at room temperature for 4h.
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was evaparated. Purification by flash chromatography, ehuting with 35% ethyl

 acewatefhexanes, provided a sticky sofid (0.67 ), which was triturated with ether/hexane ro

provide 2 solid (0.47 g, 59%): m.p. 102-103°C,

N 354

EXAMFPLE 16

=[4-Cyano-4-(3-cvclo hoxy-4-ny h -1-h X Io ne-1-

carboxylic 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 . :

Analysis Ca.lc for Cj9H23NO5:1/4 HzO C65.22. H 6 77 N 4.00; found C64.94 H 662,

. N 3.80.
| EXAMPLE 17
i5-{4-Cyano-4-(3-cyclo hoxy-4-mer henyi)-1- xycyclohexane-1-
¢a mide

A solntion of cis{4-cyano-4-(3-cyclopropyimethoxy-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.

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

N7.86.

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

Analysis Calc. for C2oH25NOs-1/2 H20: € 65,20, H 7. 11 N3. 80 ft)und C 65 31 H 6 83

5 : Thc mixturc wis ﬁl:cred thmugh C;ltté the fi ltratc was dtl’uteﬂ wnh waterand imé ‘cxmtcﬂ S
_ ﬂxree fimes with methyie.ne chlonde, the organic extract was dne-.d {magnesium sulfaw) and
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v thmugh Gehtn and the ﬁltme ms mgqmmd Punf'muon by ﬂashchtomatogaphy, citiuug+f;'§ .:_:- .
'with 20% ethyl acetate/hexanes, provided a solid (0.55 g, 86%): m.p. 75-769C. '

Analysxs Calc. for 021H27N05‘ C 67.54, H 7.29, N 3.75; found: C 67.46, H 7. 30,N3.80.

..., . EXAMPIEID e
g ANQ-4- 1 -4-m thox h l-!-m' thox: élohexane-l-
. parboxylic acid]
The title compound, prepared substantially as described above-for ms-[4-cyano-4-(3-
t:yck:pentyloxy-4-mcthoxyphcnyl}cycloh=me- -carboxylic acid] in EXAMPLE S, was

isolated as a solid: m.p. 110-1120C,

. g2

Analysis Cale. for C20H25NOs: C.66.84, H 7.01, N 3.90; found: C 66.64, H 7.29, N 3.95.

EXAMPLE 20 -

</4-Cyzno-4-(3.cyclopropylmethoxy-4-methoxvphenyl)-1-methoxve x
carboxamide]

A solution of czs-{4-cymm-d-(s-cyclcpropylmemaxy#memnxyphenyl)-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
atmosphere was treated with isobuty! ehloroformate (0.05 ml, 0.39 mmol). After 10 mia,
concenwated 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 &.-100%): m.p. 165-1669C.

Analysis Cale. for Co0H26N204-3/8. HzO C65 '78 H7.35N 7.67. found: C 65.65, H 7.23,
N 747,

EXAMPLE 21
s{4-cyano-4-(3.cvcl imethoxy-4- : =i= XY C YL =
l-carboxylate] o -
[4- -(3-cyclo 1 IXY4- ; 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
stirred for 30 min. A solution of Munwﬂﬂyclopmpyimﬁﬁmxy-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;s;gm sulfare) and |

*
.
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5 :4: I
th;,salvcntwas removed in’ vm:uo 'i'hc; rchdue was punﬁed by ﬂash chromatographv,

"’e'lunng with 13 cthyl acctatdhnxznes. w© pmvide a colorless ol (142 g, 68%).

Analysis Calc: for C19H23NO3: Hzo [o 68 86, H 7.30, N 4.23; found C 69 22, H71LN
4.17. Starting matedial was also meoveted (0 6 g 30%).

' cycloh.gia.no I A mixture of rram-4-éyano—4.‘(3-cyclopmpylmcthoxY'*mﬁﬁlGXYPhﬂﬂyl)-

cyclohexane- I-methyleneoxide (1.31 g, 4.18 mmol) end potassinm hydroxide (0.14 g. 2.5

mmol) in 85:15 dxmczhylsnlfoxtde{watcr (140 mL) under an argon atmosphere was heated at

100-1109C for 1h, was cooled, was diluted wuh water and was extracted three times with
ethy! acerate. The organic extract was washed five times with water, was dried (magnesivm
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: .
xglohexane—l-cmalgghgdel 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 stifring 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
combined organic'laycrs were washed with 1% hydrochloric acid, 5% sodium carbonare end

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

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

‘methoxyphenyl)-1-hydroxycyclohexane-1-carboxaldehyde (079 g, 2:4 mmOl) in methariol

(25 mL) ar 0°C tinder an argon atmosphere was rapidly added a solution of porassinm

hydroxide (0.36 g, 6.43 mmol) in methanoi (5 mL). followed by a soiunon of :odme {0.80 g. .

3.15 rmmol) in methanol (5 mL). Afier 15 rnin the reaction was amdxf'md with 11\_7
hydrochleric acid and extracted with three portions of dxchlommeﬂmne The oombmed

‘-

organic layers were washed with aqueous sodium. bisulfite untl colm' was dtscharged :hen o

with water, dried (magnesium sulfate), and the solvent was removed fu vacm.. 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, BoE
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N 3.85,

The titie compound, prepared substantially as described above for G!.f-[4-cymo-4-(3-
CYCIOPcntyioxy-&mcthoxyphenyl)cyclohexanc-1 -carboxylic acid] in EXAMPLE 5, was

_isolated asa golid: m.p. 147-1489C, .

Analysis Calc. for C19H23NOs5: C 66.07, H 6.71, N 4.06; found; C 66.02, H 6,71, N4.04.

EXAMPLE 23 _
rans. no-4-(3- ' .. x ~meth | jexane:
l-curboxylate] -
The title compound, prepared substantially as described above for methyl cis-[4- -

. Cyano-4~(3-cyclopropylmethoxy-4-methoxyphenyl)-1 —mcrhoxvcyclohcxﬁne—l-carboxvlam]

in EXAMPLE 18, was isolated as a solid: m.p. 84-85°C.
Analysis Calc. for C31H27NOs: C 67.54, H 7.29. N 3.75; found: C 67.34,H1.25, 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
isolated as & solid: m.p. 158-1599C,

Analysis Cale, for C20H25N035-1/4 H20: C 66.01, H 7.06, N 3.85; found: C 65.98. H6.91,
N3.7s.

' EXAMPLE 25 .
(d . = 1OXY-4- xyphenyli-]- 1 z
The title compound; prepared substamialiy &5 described above for ms-[A—cyano-d-—G-
cyclopentyloxy-4-methoxyphenyl)- l~meﬁxoxycyciohexaae-l-carbumnde] in EXAMPLE
20, was isolated as a solid: m.p. 168-1699C,
Analysis Calc. for C20H26N204-1/8 HzO C 66 60, H7.34, N7 m immd C £6.60. H 7 30,
N7.74.
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' pis-14:Cyano-4-(3-cyelopentyloxy-d-methioxyphenyleyoighexane-1-carboxamic acid
The title compound, prepared substantially es described above for cis-{4-cyano-4-(3-
cyclopentyloxy-4-methoxyphenyl)-1-methoxycyclohexane-1-carboxamide] in EXAMPLE 20

Analysis Cale. for CagH2¢N204: C 67.02, H 7.31, N'7.82; found: C 66.75, H7.58, N7.42.

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.

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

- N7.35,
EXAMPLE 28 :
ir-14-Cvan -cyelopentyloxy-4-met henylicyclohexane-1-N.(2-
cvanoethvl axe a

. To a soluton of czs-[4-cyano-4-(3-cyclopentyioxy-4ameﬂmxyph=nyl)cyclohexan¢-i-
carboxyhc 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,
1.76 mmol) and the mixture was allowed to wanm to room temperatore,  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.

Analysis Calc. for C23H20N303: C 69.85, H7.39, N 10.62. found: ce9.49nv41 N 1046,

To a solution of cu'-[4-cvano-4-(S-Gyclopentyloxy-&m=ﬂiaxyph=nyl)¢vclohexane-1-

- N-(2-cyanocthyl)carboxamide] (0.15 g, 0.37 mmol), mphenylphosphme (0.19g,0. 73 mmol)

and trimethylsilylazide (0.097 mL., 0.73 mmel) in dry tctrahydmfmn @ mL) atroom
temperature under an argon atmosphere was added dropwise diethyl azpdxcaxbnxylm (0.12
mi., 0.73 mmol) and the mixmre was stirred in the dark for 24h. Ceric amemonitm nitrawe

* but using hydroxylamine instead of ammoniz, was isolated as a solid: m.p. 100-1020C;. - .. - .- . .

PR
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evaporated Punficanan by ﬂasﬁ chromamgraphy eluting with 2:1 ethyl acetate/hexanes,

. followed by recrys:allzzauon from hexancsiethyl acetate, provxded a white sohd 0.03 g.

19%): m.p. 149-150°C. ~ . ‘
Analysis Cale, for Cz3stN502 C 6569, H6TL N 19 99 faund C 65 45 I-I 6 T’ ’\’ 19.91

EXAMPLE 30 -
[$-[4~Cyang-4-(3- loxy-4. nyl-1-~ lyDevel an
A mixture of cis-[1-(2-cyanacthyl)-5-{4-Cyano-4-(3-cyclopentyloxy-4-

methoxyphenyl)cyclohexyl hrerrazole] (0.098 g, 0.23 mmol) and sodinm hydroxide (0.018 g,
0.46 mmol) in 10:1 tetrahydrofuran/water (5 mL}) at room temperature under &n argon
atmosphere was stitred overnight, The mixture was acidified with 3N hydrochloric acid, was
extracted three times with ethyl acetate, the extract was dried (magnesinm sisifate) and the -
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. S . .
In order to usc a oompound of Formula @ora pharmaceuricaity ampﬂbk‘- 53“
thereof for the treatment of humans and omcr mammals, it is normally formulated in

accordance with standard phanmaceutical practice as a pharmaceutical composmon The ~

compounds of Formula (f) or # pharmacemsically 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

fimited to asthma, allergic, or inflammatory diseases. ‘The compounds of Formnla () are

administered in an amount suﬂ‘aeutmuemmchadxsmemahumnmoﬂ:crmammﬂ
The method of uum:ent and monitoring for an HIV-infetted human mamfesung

- immune dysfuncnon or cytohne—medxated dxsease associated problems is mught in Hanna,

WO 90/15534, December 27, 1990. In genetal an initial reatment regxm&n can ‘be mpled
from that known to be effective in mterfenng with TNF activity for o:herTNF mediated
disease states by the compounds of Formuia (D). Treated mdwiﬁua%s wﬂl_}ge 'fegulaxlv checked -
for T cell numbers and TA/TE ratios sndjor méssures of vircmia such as levelsofrevctse IR

'transcriptase or viral proteins, and/or for progression of mnuhne—mediated digease” * - Lo

associated problems such as cachexia or muscle degeneration. ¥no e&'ect 1s seen followmg '
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. -
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, 3 "Dlﬁ'- ?hmnaoeuncal «s:ompomnmnf rhe pmsem mvcnnm win 'cumpnse an effségye, R
- "non-toxic amount of & ‘compoind of Formmla (1) and 2 phazmaceuucally sccepiable carrier or

diluent. The cormpounds of Formula {I) are administered in conventional dosage forms

_prepared by combining 2 compound of Formula (I) in an amount sufficient to produce TNF

producnan inhibiting activity, respectively, with s;andard pharmagentical carrers according to
mnvemional procedures. These procedures may involve mixing, granulating, and
compressing or dissolving the ingredients as appropmtc to the desired prepmuon

Thus, if a sofid carrier is used, the preparation-can be tableted, placed in 2 hard gelatin
capsule in powder or pellet form, or in the form of a troche or Jozenge. 'I'fge amonnt of solid
carrier will vary widely but preferably will: be from about 25 myg to about 1 gram. When a
liquid carrier is used, the preparation will be in the form of a synip, emulsion, soft gelatn
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
the fom} of a soft gelatin shell capsule any pharmacentical carrier routinely used for preparing
dispersions or suspensions may be considered, for example aqueous gums, celluloses, ©
siticates, or oils and are incorparated in a soft pelatin capsule shell. A syrup formularion 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.

* The daxly dosage regimen for oral administration is suuably about .001 mglkg 10
IOOmgikg 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
present it es a pharmaceutical fortmulation. The zctive ingredient may comprise, for topical
administation, from 0.001% to 10% wiw, ¢.g., from 1% w 2% by welght 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
or more accepiable carrier(s) thereof and optionally any other therapeatic ingredient(s). The

 catrier(s) must be ‘scceptable’ in the sense of being comparible with the other ingredients of

;Formulauon and not deleterious to the recipient thereof.

R will berecognizedbyoncofshnmthcmmmcfammdchmmufmc
pharmaceudcally acceptable cartier or d;luem is dictated by the amount of active ingredient
with which it is 1o be combined, the route of adiministration, and othér well-known variables.

No toxic effects are expected when these compounds sre admuns:ered in a:nordmce

“with the present invention.

-
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EXAMPLE A
Inhlbuory effect of compounds of the Fotmaula (I) on in virre TNF production by
human monocytes
“T'he inhibitory effect of compounds of the Formula MDon iu \urro TNF pmducuon by
human mornocytes may be determined by the protocol as described in Badger et al., EPO
published Applicarion 0411 754 A2, February 6, 1991 and in Hanna, WO 90715534,
December 2? 1990. ,
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,
WO 90/15534, 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.

EXAMPLE C

The phosphodiesterase inhibitary activity dnd selectivity 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
(also called "1a"), canine tracheaolis. PDEs Ia, Ib, Ic and I sre panially porified 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].

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 compounds of the workings axamples described hercm for Fonnula (1) bave been

demonstrated.

The ebility of slected PDE IV inhibitors to incresse cAMP accurulstion in intact

 tissues is assessed using U-937 celis,  human monocyye cell line that has been shown to

contain a large amount of PDE IV, To assess the activity of PDE IV inbibition in intact cells,
nondifferentiated U-937 cells (approximparely 105. cells/reaction tube) were incubated with
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1. A compound of Formula a)

Q

L

RyXa

whemn

Ryis ~(CR4R5IC(O)O(CR4R5)mRS, -(CR4RS)nC(0)NR4(CR4R5)mRG
-(CR4R5)I,O(CR4R5ImR6, or -(CR4R5)R6 wherein the alkyl moicties may be optionally
substituted with one or more halogens;

mis Qo2

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,
furanyl, tetrahydropyranyl, pyranyl, tetahydrothienyl, thienyl, terrahydrothiopyranyl,
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:

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

2-temahydrothienyl, thetiris 1 to 6;

) when nis 1 and m is 0, then R is other than H in -(CR4R5)RO(CR4R5}mR5,

X is YR, halogen, nitro, NR4R3, or formyl amine;

Y is O or S(O)m" T

m'is 0,1,0r2; ) jaced

X2is O or NRg:

;i::hydmworx; - . T Th\s\\\\\\\\\\\\\\\\\\()\\
Q(Hz);. ’C\:. )
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Risuogazohdmyl oxazolyl, thimlyl pyrazolyi ’mazolyl tzmolyi 1:mdazoly1,

.'mxdamhdmy! thxazohdmyl 1soxazoly1 oxadiazolyl, orthnadzazoiyl and each of these

heteroeyelic rings is connected through a carbon atom and each may be unsubstituted or

substituted by one or two C1.5 alkyl groups;

. Ry4 18 hydrogen or R7; or when R10 and R14 are as NR10R14 they may together
with the nitrogen form a 5 to 7 membered ring optionally containing one or more additional

hereroatoms selected from O, N, or S:
provided that:

f) when R]2 is N-pyrazolyl, N-imidazolyl, N-tnazalyl N-pyrrolyl, N—plpmunyl N-

piperidinyl, or N-morpholinyl, then q is not 1; or

g) when X2R1 is OCF2H or OCF3, X is F, OCF2H or OCF3, X3 is H, 5 is zero, X5
is H, Z is C(0)OR 14 and R14 is Cj.7 unsubstituted aliyl, then R3 is other than H;

or the pharmaceutically acceptable salts thereof.
2. A compound of claim 1 which is ¢

_methyl 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenylcyclohex-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]:

misthyl :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);
CI'S-[“"CYEHH-(S-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]; '

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 cis-[4-cyano-4-(3-cyclupropylmethoxyA-mexhoxyphenyl)cvclohexane-1-

carboxylate);

mcthyl trans- [4-::yano-4-(3-cyclopmpy1mcthoxy-4-mcth0xyphcnyl)cyclohuxane—1-

carboxylate];

methyl cis-[4-cyano-4-(3-cyclopropylmethoxy-4- -

diflusromethoxyphenyl)cyclohexane-1-carboxylate);

This Sheet Has B
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LT R'13 s oxazulzdmyl oxazolyl; thlmlyl pyrazolyl mazplyl temolyi lmzdazolyl A
'xmxdamlidmyi thxazohdmyl :soxazolyl oxadiazolyl, orthxadxamlyl and each of these

heteroeyelic rings is connected through a carbon atom and each may be unsubstituted or
substituted by one or two C1.p alkyl groups;

Ry4is hydrogen or R7; or when R10 and R14 are as NR1QR14. they may together
with the nitrogen form a 5 to 7 membered ring Opnonally containing one or more additional
hereroaroms selected from O, N, or S:

provided that: . .

f) when R132 is N-pyrazolyl, N-imidazolyl, N-triazolyl, N-pyrrolyl, N-piperazinyl, N-
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:

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];

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]:

cis-{4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyelohexane- 1-carboxylic acid); |

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]; ' : _ L
cis-[4-cyano-4-(3-cyclopropylmathoxy-4-methoxyphenyl)cyclohexane-1-carboxylic

trans-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyleyclohexane-1-
carboxylic acid];

methyl czs-[4-cyano-4-(3~cycloprqpylmethoxy-&mathoxyphenyl)wduhexana-1-
carboxylate): _

mathyl trans-[4-cyano-4~(3-cyclopropylmethoxy-4-methoxyphenyl)eyclohexane-1-
carboxylate];

mcfhyl cis- [4-¢Yﬂn°-4-(3'¢¥¢1¢91'°?¥ Imethoxy-4- - This Sheet Has Been R
diflucromethoxyphenyljcyclohexane-1-carboxylate); l "II" ‘III“
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mc’thylIrau.r-[4-cyanb-4—(3~wcbpmpylmethaxy-d-d:ﬂuamﬂmhoxyph:nyl)- PR T

cyaloh:me—l-carbvxylm]

r.'is-[4-cyano-4—(3-cyclupmpylmﬂmxyﬂ-&dxﬂuorom:zhoxyphenyl)cyclohexane—1-
carboxylic acid];

traus—[4-cyano-4-(3-cyclopmpy!mequy-4-d1ﬂuommethoxyphenyl)cyclohexane-l- .
carboxylic acid];

cis-[4-cyano-4-(3-vyclopentylaxy-4-methoxyphenyl)cyclohexane- 1-carboxamide};

cis-{4-cyano-4-(3.4-bisdifluoromethoxyphenyl)cyclohexane-1-carboxamide];

trans-[4-cyano-4-(3,4-bisdifluoromethoxyphenyi)eyclohexane-1 -carboxamide];

cis-[4-cyano-4-(3 4-bisdifluoromethoxyphenyl)eyclohexane- 1 -carbohydrazide];

cis-[4-cyano-4-(3,4-bisdiflnoromethoxyphenyDeyclohexane-1-(2-
acetylcarbohydrazide)];

cis-{4-(3 &bisdiﬂuammethu:yph:nyl)-#cyano— 1-(3-methyl[1,.2,4Joxadiazol-5-
yhcyelohexane]:

cis-{d-(s. -bxsd:ﬂuomme:huxyphnnyl)-#cyam—1-(2-methyl[1.3 4]oxad:azol-5
yl)cyclohcxanc}, .

ciy-{4-(3,4-bisdifluoromethoxyphenyl)-4-cyano-1- (2-methyl[1 »3,4}thiadiazol-5-
yl)cyclohexane);

cis-{4-cyano-4-(3-cyciopropylmethoxy-4-methoxyphenyl)- 1-hydroxy-1-
wis(methylthio)methylcyclohexanel;

methyl cis-[4-cyano-4-(3- cyclopropylmc:hnxy—&mc:huxyphcnyl) -1 hydroxy-
eyclohexane- 1-carboxylate]:

cis-{4-cyanu-4-(3-eyclopmpylmcthoxy«l-muhoxyphenyl) l—hydmxycycluhexanc-l-
carboxylic acid];

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-
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],

methyl trans-| &cymM{B-cyclopmpylmzhoxy—d-mcthoxyphenyl)-1-
hydroxycyclohexane-1-carboxylate];

trans-{4-eyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)-1-hydroxycyclohexane-
1-carbaxylic acid);

Sheet Has Been Replaced
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