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5 This invention relates to new methods of treating inflammatory diseases. More
particularly, the present invention relates to new substituted biphenyl derivatives which
are useful in the treatment of asthma, as well as other types of allergic and inflammatory

diseases.

10 Asthmatic attacks are characterized by the narrowing of both large and small
airways brought upoon by bronchial smooth muscle spasms, edema and inflammation
of the bronchial mucose, and production of tenacious mucus. The exact mechanisms
involved in asthmatic bronchoconstriction are not completely understood, but an
imbalance between beta adrenergic and cholinergic control of the airways has been

15 indicated. Such imbalances appear to be controlled by the cyclic 3',5'-adenosine
monophosphate (cyclic AMP or cAMP)-cyclic 3°,5'-guanosine monophosphate (cyclic
GMP or cGMP) systems with various tissues, such as smooth muscle, mast cells and
mucus secreting cells.

20 Several classes of drugs have been shown useful in the treatment of bronchial
asthma. They include the beta adrenergic agents which cause bronchial smooth muscle
relaxation and modulate inhibition of mediator release. Among these agents are
epinephrine, isoproterenol, ephedrine and betas-adrenergic agents such as
metaproterenol, terbutaline, isoetharine, albuterol, bitolterol and fenoterol (5-[1-

25 Hydroxy-z-[[2-(4-hydroxyphenyl)-l-methyleﬂlyl]amino]eﬂlyl-1,3-benzenediol).

Corticosteroids, such as prednisone, have been useful in treating asthma as they
inhibit attraction of polymorphonuclear leukocytes to the sites of allergic reactions,
stimulate synthesis of betap receptors and block leukotriene synthcéis. Theophylline, a

30 methyxanthine, has also been used for its ability to relax bronchial smooth muscle and
modulate mediator release. Anticholinergic agents, such as atropine and its derivative
ipratopium bromide, have been used to block cholinergic pathways that cause airway
obstruction. '
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In recent work, asthma has been recognized as being mediated by an

5 inflammatory response in the respiratory tract [DeMonchy, J., Am. Rev. Resp. Dis.
131: 373-376 (1985)]. Recent findings suggest that human T-lymphocytes play a major
role in regulating the airway inflammation associated with allergic asthma [Frew, AJ.,
J. Allergy Clin. Immunol. 85: 533-539 (1990)] and chronic obsuuctive pulmonary
disease [O'Connor, G.T., Am. Rev. Resp. Dis. 140: 225-252 (1989)].

10 _

In addition to the infiltration of other inflammatory cells into the pulmonary
system, human asthmatics and atopics who are dual responders (i.e., show both early
and late phase reactions) show a small but significant infiltration of T-lymphocytes
following antigen challenge [Frew, AJ. and Kay, A.B., J. Immunol. _1_4_1, 4158-4164

15 (1988)]. More importantly, these recruited T-lymphocytes are almost entirely of the
CD4+ (T-helper) type, and there appears to be a direct correlation between the influx of
CD4+ cells, the influx of eosinophils, and the IgE-related allergic response in these
individuals [Frew, A.J. and Kay, A.B., J. Immunol. 141: 4158-4164 (1988)]. In
severe asthmatics, these CD4+ cells appear to be activated [Corrigan, C.J. and Kay,

20 A.B., Am. Rev. Resp. Dis. 141: 970-977 (1990)] by virtue of the increase in IL-2
receptor positive cells. Thus, these cells are capable of producing cytokines (such as
IL-3, IL-5, and granulocyte macrophage colony stimulating factor) which can directly
affect the differentiation, maturation and activation state of the eosinophils and other
inflammatory cells.

Rapamycin, a macrocyclic triene antibiotic produced by Streptomyces
hygroscopicus [U.S. Patent 3,929,992] has been shown to prevent the formation of
humoral (IgE-like) antibodies in response to an albumin allergic challenge [Martel, R.,
Can. J. Physiol. Pharm. 55: 48 (1977)], inhibit murine T-cell activation [Strauch, M.,

30 FASEB 3:3411 (1989)].

Brief Description of the P t Inventi

This invention relates to compounds demonstrated to inhibit a specific
35 phosphodiesterase (PDE), often called PDE IV, that selectively metabolizes cyclic



Used for maintenance therapy al one, cronolyn sodium (di sodi um cronogl ycat e)
appears to inhibit nmediator release and reduce airway hyperactivity. In
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inflamratory response in the respiratory tract [DeMonchy, J., Am Rev.
Resp. Dis. 131: 373-376 (1985)]. Recent findings suggest that human

T-1 ynphocytes play a major role in regulating the airway inflammtion
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of Pharmacology, 90, 163P ( 1990)]. Consequently, the compounds named in this

invention are both bronchodilatory and antiinflamatory, and are effective in animal

models of allergic and nonallergic asthma. However, because the compounds named in

this invention preferentially inhibit the PDE IV isozyme, they are expected to be more

10  selective and safer anti-asthmatics than nonselective PDE inhibitors currently used for
the reatment of asthma, such as theophylline. '

These compounds are inhibitors of the enzyme 3', 5' cyclic AMP

phosphodiester-ase. By virtue of this activity, the compounds act as bronchodilators as

15 well as prevent the influx of leukocytes into the lung and pulmonary cavities of antigen

sensitized and subsequently challenged laboratory animals. Thus these compounds are

useful for the acute and chronic treatment of bronchial asthma and its associated
paihology.

20 This invention describes the composition and utility of novel biphenyls, and their
pharmaceutically acceptable salts, of the general structure I:

. RaY N Rs

. RX

wherein, when Rg = H: .
25 R; = alkyl, cycloalkyl, arylalkyl, aryl;
R = cycloalkyl, aryl, C3-Cjg alkyl;
X,Y =0, S(O)n, NH
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CD4+ cells, the influx of eosinophils, and the IgE-related allergic
response in these individuals [Frew, A J. and Kay, A B., J. Immnol. 141:
- 4158-4164 (1988)]. In severe asthmatics, these CD4+ cells appear to be

i activated [Corrigan, C.J. and Kay, 20 A B., Am Rev. Resp. D's. 141:
970-977 (1990)] by virtue of the increase in IL-2 receptor positive cells.
Thus, these cells are capabl e of producing cytoki nes (such as IL-3, IL-5,
and granul ocyte nacrophage col ony stinul ati-ng factor) which can directly
affect the differentiation, maturation and activation state of the

eosi nophils and other inflammtory cells. 25 Rapamycin, a macrocyclic

31626 902] has Bt Begtn QAL EHOTREI R ONH s S 0B T BRS 1o
anti bodi es in respNKEN, NHCONRyR5i CONR4ORY, COMRsNRERS, I-tdrataie, S(R)y,OHan.
s R S S Ol i i ok
NH3, SH,OH, 08(0)2R3. C(O)CO2R3, C(O)YCONR3R4, CH(OH)CO2R3,
5 CHFCO2R3, CF,CO2R3, CH(OH)CONR3R4, CFR,CONR3R4, C=NNH3,
C(=NOC(=0)R3)R4, C(=NNHC(=0)R3)R4, C(=NOH)R3,
C(=NNR3)R4, NHC(=0)Rg or C(O)CONH>;
R3, R4, Rs, Rg, R7 are each, independently, hydrogen, alkyl, aryl, aryalkyl,
cycloalkyl, or fluoroalkyl; '
10 oracompound of Structure I, wherein:
R; = alkyl, cycloalkyl, arylalkyl, or aryl;
R2 = cycloalkyl, aryl, or alkyl;
X,Y = CHp, O, S(O)p, or NH;
R3, R4, Rs, Rg, R7 = hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, or fluoroalkyl;
15 Rg = CO2R3, CONR2R3, or Rg and Z are concatenated such that
R3Z = C(O)NHNHC(O), (CH2)mC(=W), V(CHz)mC(—W), or
VnCH=CH(CH)nC(=W};

where
V =0, S(O)n, NH |
20 W = 0, NOH, NHNH2, NOC(0)CHj3, or NNHC(O)CH3s;

halo=Cl, Br,or [;
fluoroalkyl = CF3 CHF,, CHoF, CH,CF3, CoFs;
cycloalkyl = C3-Cg cycloalkyl;
arylalkyl = C;-C4 aryl;
25 aryl = phenyl, furanyl, thienyl, or pyridyl;
=0-2; and
m = 2-4,

Preferred examples of the present invention may be described by the general
30 structure II:
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3 R M Schisla, J. Chem Eng. Data, 17, 112-115 (1972) discl osed 3, 4-

di phénoxybi phenyl for use as a heat transfer nediumat a tenperature of
[err] [err]. 5 Brief Description of the Present Invention
This invention relates to conpounds denonstrated to inhibit a specific
phosphodi esterase (PDE), often called PDE IV, that selectively netabolizes
cyclic adenosine 3':5' - nonophosphate (cAMP) and that is insensitive to the
nodul atory 10 effects of guanosine cyclig-3':5 nonophosphate (cGw) and
calcium This PDE is found in both respiratory snooth nuscle and

i nflammatory cells, and has been denonstrated to be a principle regulator
of CAVMP in these tissues [see Torphy and Ci eslinski, Ml ecular
Pharrnacol ogy. 37, 206 (1990), and Dent ‘et al r|t&sh Journal O

Phar macol ogy. 90, 163P (1990)]. Cbnsequently'/f%e mpounds named in this

R,0
R40O

wherein:
R1 = C;-Cj3 alkyl;
5 = C3-Cg alkyl, C3-Cy cycloalkyl or phenyl;
Z = CHO, CO2R3, CONHR4R5, CN, CORg, H, halo, NHCONR4Rs,
CONR4ORs, CONR4NRsRg, OCONR7Rg, NHz,
C=NOH, C=NNH;, C(=NOC(=0)R3)R4, C(=NNHC(=O)R3)Rs,
C(O)CO2R3, C(=NOH)R3, C(=NNR3)R4, NHC(=O)R¢, or C(O)CONH3;
10 and
R3, R4, Rs, Rg, Ry are each, independently, hydrogen, C;-C4 alkyl, aryl,
arylalkyl, fluoroalkyl; and
Rg =H or CO2R3;
as well as pharmaceutically acceptable salts thereof.
15
In these preferred compounds, it is further preferred that ring A is attached to
ring B in the meta or para position.

In addition, preferred examples of this invention may be described by the

20 formula I, above,wherein ring B is described by structures III or IV, seen below, and
is attached to ring A at the 5, 6 or 7 position.

“‘ﬁﬁ*iiﬁ‘ liiilﬂi:i“:i‘mu



15 invention are both bronchodilatory and antiinflamatory, and are
effective in aninmal nodels of allergic and nonall ergi c asthma—However,—-
"because the conmpounds naned in this invention preferential bl k.t he
PDE 1V isozyne, they are expected to be nore selective andTMISSmﬂ@ﬁ)‘&he"nlﬁ‘ela"ed
anti-asthmatics than nonsel ective PDE inhibitors currently §MMII ”M”'
treatnent of asthma, such as theophylline. 20 These conpoun

i nhibitors of the enzyme 3', 5' cyclic AWPgphosphodi ester-ase. By virtue of
this activity, the conpounds act as bronchodilators as well as prevent the
I nflux of |eukocytes into the lung and pul nonary cavities of antigen
sensitized and subsequently chall enged | aboratory animals. Thus these
conmpounds are 25 useful for the acute and chronicyreatnent of bronchial
asthma and its associ ated pathol ogy. This invention}{s based upon the first
di scovery of pharmaceutically useful prope ENA Penyl s, and their
phar maceutically acceptable salts, of theigenera ructure I:

S
o : 114
7 NH
Y
5\ NH

wherein W = O, NOH, NNH3, NOC(O)CH3, NNHC(O)CH3.

5 For the compounds listed, unless otherwise stipulated, alkyl = C;-Cg; halo =
Cl, Br, or L; fluoroalkyl = CF3, CHF2, CHyF, CH2CF3 or CaFs; cycloalkyl = C3-Cg
cycloalkyl; arylalkyl = C;-C4 substituted aryl; and aryl = phenyl, furanyl, thienyl or

pyridyl.
10 Among the more preferred compounds of this invention are those having the
general structure:
R20
R40O
1
wherein:
15 Rj = C1-C3 akkyl;

Rz = C3-C7 cycloalkyl or C3-Cg alkyl;
Z = CO2R3, CONHR4Rs5, CONR4NR;5R¢, H, halo, CHO, CORg, CN, NH2,
NHCONR4R3s, CONR4ORs, OCONR7Rg, C(=NOH)R3, C(=NNR3)R4,
C(=NOC(=0)R3)R4, C(=NNHC(=0)R3)R4, or NHC(=O)Rg;



-4- [err] [err] wherein, when R8 = H -5- [err] These conmpounds are
_novel per se except for 3, 4-di phenoxybi phenyl. Preferred exanples of the
" present invention may be described by the general structure II:

R3, R4, Rs, Rg, R7 are each, independently, H, C;-Cy alkyl, aryl, or

trifluoromethyl; and
Rg =H or CO2R3;
or pharmaceutically acceptable salts thereof.
5
It is also understood that these preferred compounds of the present invention
may also include those in which ring B is described by structures III or IV, above, and
is attached to ring A at the 5, 6 or 7 position.
10 The most preferred compounds of the present invention may be described by
the formula: '
/ z
R,0 X R
R,0
15  wherein:
R} =CHj3;

Ry = C4 alkyl, Cs cycloalkyl;
Z = meta or para CHO, CO2R3, CONHR4R3s, CN, CORg, H, chloro, bromo,
NHCONR4Rs, CONR4ORs, CONR4NRsRg, OCONRgR7, NHy,
20 C(=NOH)R3, C(=NNR3)R4, C(=NOC(=0)R3)R4,
C(=NNHC(=0)R3)R4;
R3, R4, Rs, Rg, R7 and Rg are each, independently, hydrogen, methyl,
phenyl, or triﬂuoromethylﬁ
or pharmaceutically acceptable salts thereof.
25
These most preferred compounds also include those in which Rg and Z are
CO2R3 or CONR4Rs. In addition, the most preferred compounds of the present
invention may be described by the formulas V and VI, below, or pharmaceutically
acceptable salts of the compounds of formulas V and VI:
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and 20 [err] are each, independently, hydrogen, [err] alkyl, aryl,
.aryhal kyl, fluoroal kyl; and as well as pharnaceutically acceptable salts

t hereof. 25 In these preferred conpounds, it is further preferred
that ring Ais attached to ring Bin the neta or para position. -6- In
addition, preferred exanples of this invention nmay be described by the
formula I'l, abovewherein ring B is described by structures Ill or 1V, seen
below, and is attached to ring A at the 5, 6 or 7 position. [err] For the
conpounds |isted, unless otherw se stipufgted al kyl =Jerr]; halo =

R0
(J

],0
wherein Rj, R2, and W are as described above.

These compounds show activity against PDE IV isolated from dog tracheal
muscle with IC50s in the range of 10-6 t0 10-9 M. These compounds also show
activity in the functional PDE inhibitory test with IC50s in the range of 106 10 10-8 M.
More information conéerning these tests and their indications of the present compounds

10 PDE IV inhibitory ability is set forth in Example 35, below.

Also provided by the present invention is a method for treating allergic and
inflammatory diseases, as well as asthma, both allergic and non-allergic. Such a
method comprises administering to a mammal in need of such treatment an effective

15 amount of one or more of the compounds listed herein and/or one or more of their
phamaceutically acceptable salts. Such a method is intended to include all treatments,
administrations, or regimens related to such maladies including, but are not limited to,
those which are prophylactic, therapeutic, progression inhibiting, remedial,
maintenance, or other treatments regarding asthma and allergic and inflammatory

20  disease states or conditions.

The effective dosages of the compounds presented herein will vary with the
particular compound chosen and the form of administration. Furthermore, it will vary
with the particular host under treatment. Generally, the compounds of this invention

25 are administered at a concentration level that affords protective effects without any
deleterious side effects. For example, the effective amount of compound can usually
range from about 10 to about 250 mg/kg body weight per day administered once daily
or divided into two to four administrations per week. The optimum dosage for the
individual subject being treated will be determined by the person responsible for

eet Has Been Reraced
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[err] Anpong the nore preferred conpounds of this invention are those having
the 15 general structure: [err] -7 - [err] or pharmaceutically
acceptable salts thereof. It is also understood that these preferred
compounds of the present invention may also include those in which ring B
i s described by structures IIl or |V, above, and 10 is attached to ring A
rat- the 5, 6 or 7 position. The nost preferred conpounds of the present

invention may be described by the formul g _

treatment, generally with smaller doses being administered initially and thereafter
increases in dosage are made to determine the most suitable dosage.

Further embraced by the present invention are pharmaceutical compositions.
5  Among these are compositions comprising a mixmre of one or more of the compounds
disclosed herein, and/or one or more pharmaceutically acceptable salts thereof, and a
pharmaceutically acceptable carrier, which can be used according to the same methods
of administration as the compounds, themselves. It is also contemplated that the
compounds of the present invention may be used in a combined therapeutic regimen

10  along with one or more additional medicinal agents.

The compounds of the present invention may form salts with suitable
therapeutically acceptable inorganic and organic bases. These derived salts possess the
same activity as their parent acid and are included within the scope of this invention.

15  Suitable inorganic bases to form these salts include, for example, the hydroxides,
carbonates or bicarbonates of the therapeutically acceptable alkali metals or alkaline
earth metals such as lithium, sodium, potassium, magnesium, calcium and the like.
Suitable organic bases include primary and secondary amines such as methylamine,
benzathine (NN l-dibcnzyIt':thyle:nediamine:), choline, diethanolamine, ethylenediamine,

20 meglumine (N-methylglucamine), benethamine (N-benzylphenethylamine),
diethylamine, piperazine, tromethamine (2-amino-2-hydroxymethyl-1,3-propanediol)
procaine, etc. Furthermore, there may be mentioned the quaternary salts, for example,
the tetraalkyl (e.g. tetramethyl), alkyl-alkanol (e.g. methyl-triethanol) and cyclic (e.g.
N,N-dimethylmorpholine) ammonium salts. In principle, however, there can be used

25  all the ammonium salts which are physiologically compatible.

Transformations to the corresponding salts are readily carried out by reacting

the acid form of the compounds with an appropriate base, usually one equivalent, in a
cosolvent. The salt is isolated by concentration to dryness or by addition of a non-

30 solvent. For example, in the case of inorganic salts, it is preferred to dissolve the acid
or the compound in water containing a hydroxide, carbonate or bicarbonate
corresponding to the inorganic salt desired. Evaporation of the solution or addition of a
water-miscible solvent of more moderate polarity, for example, a lower alkanol such as
butanol, or a lower alkanone such as ethyl methyl ketone, gives the solid inorganic salt.

35 In the case of an amine salt, it is preferred to use a cosolvent of moderate or low



[err] wherein:

25

or pharmaceutically acceptable salts thereof. These

nostt preferred conpounds al so include those in which [err] and Z are CO2R3
~or CONRARS. In addition, t he nost preferred conpounds of the present - 8-
.invention may be described by the formulas V and VI, below, or p acceptable
.salts of the conpounds of forrmulas V and VI: 5 wherein [err] and Ware as

descri bed above.

These conpounds show activity against PDE IV isolated from

dog tracheal nuscle with [err] in the range of 10-6 to 10-9 M These
conpounds al so show

10

15

20

25

polarity such as ethanol, ethylacetate and benzene. Evaporation of the solvent or

- addition of a miscible diluent of lower polarity such as benzene or n-hexane gives the

solid salt. Quaternary ammonium salts may be prepared by mixing the acid of the
compound with a quaternary ammonium hydroxide in a water solution followed by

evaporation of the water.

The compounds of the present invention may be clinically administered to
mammals, including man, by either the oral or parenteral route. Oral administration
may be either alone or in combination with a solid or liquid pharmaceutically acceptable
carrier or diluent such as starch, milk, sugar, certain types of clay, water, vegetable or
mineral oils, and so forth to form tablets, capsules, powders, syrups, solutions,
suspensions, and the like. For parenteral administration, the active compounds may be
used in combination with aqueous or organic media to form injectable solutions or
suspensions. For example, solutions in sesame or peanut oil, aqueous solutions of
water and soluble pharmaceutically acceptable salts of the compounds. The injectable
solutions prepared in this manner may be administered intravenously, intraperitoneally,
subcutaneously or intramuscularly. The compounds of this invention may also be
administered in the form of suppositories.

Compounds of this invention may be prepared in the manner shown in
the schemes below:

R,0

©,o OO 1) Brz, CHCl, oa
2) NaOH K2C°3’ (4003, MeCN O

Br

R,0

HCYH,0 B(OH), 4-bromobenzoic acid

as a mixture of oligimers

R,0
1)BuLi, THF o (Ph3P)4Pd, NayCO; O o
2) (MeO);B then D toluene, EtOH, H;0 O

CO,H



10 activity in the functional PDE inhibitory test with [err] in the range
of [err] to [err] M Mre information concerning these tests and their

i ndi cati ons of the present conpounds PDE IV inhibitory ability is set forth
in Exanple 35, below Also provided by the present invention is use of a
“compound having formula | 15 or a pharcaceutically acceptable salt thereof
‘to prepare a nedicanent for treating allergic and inflanmtory di seases, as
‘wel |l as asthma, both allergic and non-al_l,grgic. Such a nedi canent nay be
used in all treatnments, administrations, or reginmens related to such

mal adi es including, but not limted to, those which are prophylactic,

't her apeuti c, progression inhibiting, remedial, maintenance, or other

‘treatnents reg ing asthma 20 and altergic and inflamuatory di sease
‘states or con ons. The effective dosages of the co unds pres ed
herein will va W|th the partlcular co &hosen@
~adm ni stration© var ar ost junder
‘treatnent. Gener nds of t 8 . Q adpni st ered
at a co_ncentrﬁé f gudls pr ot ectlve effects out ~any
.del eterious s ects For exanpl e, ttoluerelethanuk ,qpe of conpound can
cusual l'y X =Br, I, OTf, C1 method 1
' Z=COzH
oxalyl chloride,
NaOH TMSCHN2 - | DMF {cat)
MeOH MeOH/TH NH4OH
method| 2 method | 3 method 10

MeO
Z = NH»
Ac0, Pyridine
NaNCO, Hz 4PP, CHoClp
method 7 method 8
NHC(O NHC{O}M
Q s HOIONH, Q 5 NHC(OMe
SYPROY S
MeO MeO

o (PhaP)Pd,
Nagcoalwate
MeO /
toluene/ethanol
X= Br, I, OTf, Cl method 4 MeO



range from about 10 to about 250 ngy/ kg body wei ght per day adm nistered
once daily or divided into two to four adm nistrations per week. The
~opti mum dosage for the individual subject being treated will be determ ned
by the person responsible for -9- treatnment, generally with smaller
doses being adm nistered initially and thereafter increases in dosage are
made to determ ne the nost suitable dosage. Further enbraced by the present
i nvention are pharnmaceuti cal conpositionﬁg 5 Anong t hese are conpositions
conprising a mxture of one or nore of thé& conpounds di scl osed herein,
and/ or one or nore pharnmaceutically acceptable salts thereof, and a
phar maceutically acceptable carrier, which can be used according to the
sanme net hods of adm nistration 8s t he conpounds, thensel ves. Itl&égngo
|

contenpl ated that the conpounds ' in a
conbi ned t her @ I C regi e
o)

pyridine
method 5 o)

of t%ﬂﬁ&pt Gention may be

NHOC(O)Me

Ac20, K2CO3 ;

DMAP, CHQCIg— o]

method 6 O
MeO

C(0)Cl C(O)NH o] B{OH)2
Br r MeO
(PhsP)Pd Q C{O)NH2
NaCQg, toluene, - 0 O
water, ethanol
method 9
MeO

Additional information regarding the synthesis and efficacy of the present
invention's compounds is provided by the non-limiting examples below:

EXAMPLE 1
-Cyclopentvloxy-4-methox

10 Cyclopentyl bromide (37 mL, 0.345 mol) was added to a slurry of the phenol
(50 g, 0.246 mol) and potassium carbonate (17 g, 0.123 mol) in acetonitrile (500 mL) at
reflux temperature. After two hours, cyclopentyl bromide (13.2 mL, 0.123 mol) and
potassium carbonate (8.5 g, 0.062 mol) were added to complete the reaction (1 hour).



10 along with one or nore additional nedicinal agents. The conpounds of

t he ‘present invention may formsalts with suitable therapeutically
accept abl e i norgani ¢ and organi ¢ bases. These derived salts possess the
.sanme activity as their parent acid and are included wthin the scope of
.this invention. 15 Sui tabl e i norgani c bases to formthese salts include,
‘for exanple, the hydroxides, carbonates or bicarbonates of the
"therapeutically acceptable alkali metals gr alkaline earth netals such as
l'ithium sodium potassium magnesium éé?éiun1and the like. Suitable
organi ¢ bases include primary and secondary am nes such as net hyl am ne,
benzathine [err] choline, diethanol am ne, ethylenediamne, 20 megl um ne

(N- et hyl gl B ' - | Ki&chne)d
bi por azi e, LAbUF o PERS IR NRd by FREX DAY Rl HEkne) ToE S
r

ﬁf@ﬂgi&? :
ol . Toe.

procai ne, etwas fiieredie The fHtered maeriahyas washed: v syl ﬁ%e‘%fﬁéfgre
for exanpl e fijilagest Wéreddnbihed, coticedtitéR aRd distilled Andyr vadugan ¢0.1khem, 140°C-

met hyl -trieth a y&l i : dj hyl hol i [ I'ts.
" pri not pl cle3roniaarid & (o.2f7 Hot ) SbaRa ™t RO, roni tm sal s i ch
are physisol ogi cally conpati bl e.

-Cyclopen -4-m henyl ni

3-Cyclopentyloxy-4-methoxyphenylbromide (25 g, 0.0923 mol) was dissolved

in dry THF (400 mL) in a flame dried flask under nitrogen. The solution was stirred

10 and cooled (-78°C). n-Butyllithium (2.5M in THF, 42.44 mL, 0.106 mol) was added

over 15 minutes with a raise in temperature to no hi gher than -50°C. The reaction was

allowed to stir 2 hours at -78°C. Trimethylborate (28.76 mL, 0.277 mol) was added

over 5 minutes. The reaction was allowed to warm toward ambient room temperature

over two hours. HCI (1N, 300 mL, 0.3 mol) was added and the reaction was stirred 18

15 hours. Reaction pro- gress was monitored by TLC (50% ethyl acetate in hexane). The

product was extracted with ethyl ether (3 x 150 mL). The combined organic layers were

washed with water (150 mL); brine(150 mL); and were dried (magnesium sulfate). The
concentrated product is used crude. Yield was essentially "quantitative”.

20 IR (KBr 3420 cm;
NMR (DMSO/ D20) 8 7.32 (d, 1H, T = 7.89) 7.28 (s,1H) 6.9 (d, 1H, J =7.89) 4.72
(m, 1H) 3.70 (s,3H) 1.84-1.51 (m, SH);
MS (+FAB) m/z: 237 (M+H).

25 3'—Qgc_:logengloxg-4‘-methgxg—gighenzl-lkcarngvlic acid.

3-Cyclopentyloxy-4-methoxyphenylboronic acid (1 g, 4.25 mmol), 4-
bromobenzoic acid (897mg, 4.46 mmol), sodium carbonate (1.5 g), toluene (30 mL),
water (12 mL), and ethanol (6 mL) were added to a flask at room temperature and

30 stirred. The reaction was flushed with nitrogen. The catalyst, tetrakistriphenylphospine
palladium (0) (100mg) was added. The reaction was heated at reflux temperature
sixteen hours. At that time the catalyst turned to a black suspension. The reaction was
monitored by TLC (50% ethyl acetate in hexane) and was complete when the catalyst
was dead. The reaction was diluted with ethyl acetate (50 mL) and NaOH (0.5N, 50

35 mL). The organic phase was separated and extracted with NaOH (0.5N, 2x50 mL).



Transformations to the corresponding salts are readily carried out by
‘reacting the acid formof the conpounds with an appropriate base, usually
one equivalent, in a cosolvent. The salt is isolated by concentration to
dryness or by addition of a non- 30 solvent. For exanple, in the case of

I norganic salts, it is preferred to dissolve the acid or the conmpound in
wat er contai ning a hydroxi de, carbonate or bicarbonate corresponding to the
inorganic salt desired. Evaporation of thg solution or addition of a

wat er-m sci bl e sol vent of nore noderate polarity, for exanple, a | ower

al kanol such as butanol, or a Iomer al kanone such as ethyl nmethyl ketone,
gives the solid inorganic salt. In the case of an amne salt, it is

pr ﬁf er Ir ed t ﬁ'r:ha et:oanmﬁaol &ﬁusoivamidﬁliﬁéd? with HOV (2. SN)lﬁnnllptﬂdafd fibniS4/C ITHS
SN0l % YRR GBI SOP IR i 3B A 151 B8h AR Bt
t he were washed with brine and dried (magnesium sulfate). The organic layers were boiled
with activated charcoal and filtered through a bed of silica atop a bed of celite. The
5 resulting clear organic was concentrated to dryness. Recrystallization (ethyl acetate/
hexane) yielded 1.0 g of product (3.21 mmol, 75.4%): mp 231.5°C- 232.5°C.

IR (KBr) 2960, 1670 cm-1;

NMR (DMSO) & 12.89 (1H, s), 7.96 (2H, d, J = 8. SHz), 7.74 (2H, d, J = 8.5Hz),
10 7.26 (1H, d, J = 8.2 Hz), 7.24 (1H, s), 7.04 (1H, d, J = 8.2 Hz), 4.93 (1H, m), 3.78

(3H, s), 2.0-1.5 (8H, m);

MS m/z: 312 (M+), 244 (100);

Elemental analysis for: Cj39H2004
15 Calc'd: C, 73.06; H, 6.45
Found: C, 72.73; H, 6.45

20

Following the procedure of Example 1, 4-bromobenzoic acid amide yielded
21% of the title compound a white solid.

25 IR (KBr) 3400, 3180, 1670, 1640 cm-l;
NMR (CDCl3) 3 7.88 (2H, d, ] = 8.4Hz), 7.62 (2H, d, ] = 8.4Hz), 7.17 (1H, d,J =
8.30Hz), 7.13 (1H, 4, J = 2.1Hz), 6.95 (1H, d, ] = 8.3Hz), 4.33 (1H, m), 3.89 (3H,
s),2.0-1.6 (8 H, m);
MS m/z: 311 (M*);
30
Elemental analysis for: Cj9H21NO3*H20
Calc'd: C, 69.3; H, 6.38; N, 4.25
Found: C, 70.79; H, 6.40; N 3.12



solid salt. Quaternary amonium salts may be prepared by m xing the acid of
t he ‘conpound with a quatemary amoni um hydroxide in a water solution

foll owed by 5 evaporation of the water. The conpounds of the present
tinvention may be clinically adm nistered to manmal s, including man, by
either the oral or parenteral route. Oral admnistration nmay be either

al one or in conbination with a solid or |iquid pharmaceutically acceptable
10 carrier or diluent such as starch, nHIk sugar, certain types of clay,
wat er, vegetable or mneral oils, and so Porth to formtablets, capsules,
pomders, syrups, solutions, suspensions, and the |like. For parenteral

adm ni stration, the active conpounds nmay be used in conbination with
aqueous or organic nedia to for”]injfﬁﬁﬁiQEliﬂi utions or suspensions. For
exanpl e, solutions in sesanme or peanul Ol aqueous solutions of 15 water
and sol ubl e pharnaceutlcally acceptable salts of the conpounds The

i nj ect abl e sol : " \ N % 50 oA p
i ntravenously, |ntraper|toneally, subcutaneously or |ntranuscularly The

conmpounds of this invention may al so be adninistered in the form of :
suppositdri es. Following the procedure of Example 1, 4-bromobenzoic acid hydrazide yielded.

81% of the title compound as colorless crystals: mp 167-168.5°C.

IR (KBr) 3300, 1600 cm1;

NMR (DMSO) §9.78 (1H, s), 7.86(2H, d, J = 8.4Hz), 7.69 (2H, d, J = 8.4Hz),
10 7.24 (1H, d, J = 8.1Hz), 7.22 (1H, d, J = 8.1 Hz), 7.02 (1H, d, J = 8.1Hz), 4.93

(1H, m), 4.49 (2H, s), 3.77 (3H, s), 2.0-1.5 (8H, m);

MS m/z 277 (M+H), 294 (100);

Elemental analysis for: Cj9H29N203
15 Caic'd: C, 69.92: H, 6.79; N,8.58
Found: C, 69.62;H, 6.82; N, 8.55

20

Following the procedure of Example 1, 3-bromobenzoic acid hydrazide yielded
25% of the title compound as colorless crystals: mp 167-168.5°C.

25 IR (KBr) 3310, 3390; 1645 cm1;
NMR (DMSO) 9 9.87 (1H, s), 8.01 (lH,.s), 7.75 (2H, m), 7.49 (1H, t, J = 8.6Hz),
7.25 (2H, m) 7.04 (1H, d, J = 8.9Hz), 4.94 (1H, m), 4.51 (1H, s), 3.78 (3H, s), 2.0
-15(@ H,m);
MS ‘m/z: 326 (M*+), 227 (100).
30
Elemental analysis for: Cj9H2oN203C, 69.92
Calc'd: C, 69.92:H, 6.79; N, 8.58
Found: C, 69.16; H, 6.75; N, 8.21



20

Conpounds of this invention may be prepared in the manner

shown in the schemes below [err] Br 11 [err] -12- [err] 10
Cycl opentyl brom de (37 nmL, 0.345 nol) was added to a slurry of the phenol

10

15

20

25

30

35

-16 -

Following the procedure of Example 1, 3-bromobenzoic acid yielded 37% of the
title compound as colorless crystals from ether: mp 153-154°C.

IR (KBr) 3420, 3100-2500 (br) cm-1;

NMR DMSO § 13.03 (1H, s), 8.11 (1H, m) 7.87 (2H, m), 7.55 (2H, t, J = 8 Hz),
7.21 (1 H, m), 7.19 (1H, s), 7.05 (1H, d, ] = 7.9 Hz), 4.93 (1H, m), 3.78 (3 H, s),
2.0 - 1.5 (8H, m); '

MS m/z: 313 (M+H), 245 (100).

Elemental analysis for: Cj9H2004
Calc'd: C, 73.06: H, 6.45
Found: C, 72.23: H, 6.42

_ Following the procedure of Example 1, 4-chloro-phenylboronic acid and 3-
cyclopentyloxy-4-methoxybromobenzene yielded 92% of the title compound as white
needles: mp 94-95°C.

IR (KBr) 2950 cm1;

NMR (CDCl3) § 7.45 (2H, d, J = 8.5Hz), 7.36 (2H, d, J = 8.5Hz), 7.07 (1H, dd, T =
8.1Hz), 7.05 (1H, s), 6.91 (1H, d, J = 8.1Hz), 4.83 (1H, m), 3.87 (3H, s), 1.98 -
1.55(8 H, m);

MS m/z: 303 (M+), 235 (100).

Elemental analysis for: CjgH;9Cl0,
Calc'd: C, 71.40; H, 6.32
Found: C, 71.24; H, 6.41



(50 g, 0.246 nol) and potassium carbonate (17 g, 0.123 nol) in acetonitile
(500 m.) at reflux tenperature. After two hours, cyclopentyl bromde (13.2
m., 0.123 nol) and potassium carbonate (8.5 g, 0.062 nol) were added to
conplete the reaction (1 hour). - 13 - Reaction pro gress was nonitored
by TLC (50% et hyl ether in hexane). The suspension was filtered. The
filtered mterial was washed with ethyl acetate (2 x 100 nmL.). The filtrates
wer e conbi ned, concentrated and dlstllleq under vacuum (0. 1mm [err] [err]
to yield 65.62 g (0.242 nol,98% of proddet.
3-Cyclopentyloxy-4-nethoxypheny|boronlc aC|d

3- Cycl opent yl oxy- 4- met hoxyphenyl brom de (25 g, 0.0923 nol) was dissolved in

dry THF (400 nl) in a flame dried flEXAMPIGE i trogen. The sol ution was
stirred

5 Following the procedure of Example 1, phenylboronic acid and 3-
cyclopentyloxy-4-methoxybromobenzene yielded 46% of the title compound as white
needles: mp 62-64°C,

IR (KBr ) 2960 cm-1;

10 NMR (CDCl3) § 7.53 (2H, d, J = 7.06Hz), 7.40 (2H t,J=7.5Hz), 729 (1H, t, T =
7.5Hz), 7.10 (2 H, m), 6.92 (1H, d, J = 7.5Hz), 4.85 (1H, m), 3.87 (3H,s), 1.98 -
1.52 (8 Hm);
MS m/z: 268 (M+), 200 (100).

15  Elemental analysis for: CjgHz002
Calc'd: C, 80.58; H, 7.51
Found: C, 79.86; H, 7.49

20

Following the procedure of Example 1, 3-bromobenzaldehyde yielded 40% of

the title compound as an amorphous solid. '
25 '

IR (KBr) 1720, 1690 cm-1; |

NMR (CDCl3) 3 10.08 (1H, s), 8.04 (1H, t, J = 1.5Hz), 7.82 (1H, d, ] = 7.6Hz),

7.81 (1H, d, J = 7.4Hz), 7.58 (1H, t, J = 7.7Hz), 7.18 (1H, dd, J = 2.2, 8.2Hz),

7.14 (1H, d, J = 2.2Hz), 6.96 (1H, d, J = 8.2Hz), 4.88 (1H, m), 3.90 (3H, s), 2.02 -
30  1.56 (8H, m); |

MS m/z: 296 (M+), 228 (100).

Elemental analysis for: CjgH003
. Calc'd: C, 77.00; H, 6.80
| 35 Found: C, 76.85; H, 6.91



10 and cooled [err]. n-Butyllithium(2.5Min THF, 42.44 nL, 0.106 nol) was
added over 15 minutes with a raise in tenperature to no hi gher than [err].
The reaction was allowed to stir 2 hours at [err]. Trinethylborate (28.76
m., 0.277 nol) was added over 5 minutes. The reaction was allowed to warm
toward anbi ent roomtenperature over two hours. HO (1N, 300 ni, 0.3 nol)
was added and the reaction was stirred 18 15 hours. Reaction pro- gress
was nonitored by TLC (50% et hyl acetate in hexane). The product was
extracted with ethyl ether (3 x 150 nL).'#%e conbi ned organic |ayers were
washed with water (150 nmL); brine(150 nL); and were dried (nagnesium

isul fate). The concentrated product is used crude. Yield was essentially
"quantitative". 20 IR (KBr) 3420 [err];

. 3- Cycl opent yl oxy- 4- et hoxyphenyl boronic acid (1 g, 4.25 mmol), 4-
"bronobenzoic acid (897my, 4.46 mvl ) EXAMBRRECSrbonate (1.5 g), tol uene (30
m), water (12 mL), and ethanol (6 nL) were added to a flask at room
tenperature and 30 _s d. ) . |trogen The
catal yst, tetraki st e HrOSPRe -‘~‘ e AR RS STRERAMEILY

reacti on $ias heated at reflux tenperature

Following the procedure of Example 1, 4-bromobenzaldehyde yielded 28% of
the title compound as a crystalline solid: mp 86.5 - 87.5°C.

IR (KBr) 1705cm-l;

10 NMR §10.04 (1H, s), 7.93 (2H, d, ] = 85Hz),770 (2H, d, T = 8.5Hz), 7.20 (1H,
dd, J = 2.1,8.4 Hz), 7.17 (1H, d, T = 2.1H2), 6.96 (1H, d, J = 8.4Hz), 4.87 (1H,
m), 3.90 (3H, s), 2.06 - 1.6 (8 H,m);
MS m/z: 296 (M+), 228 (100).

15 Elemental analysis for: Ci9H003
Calc'd: C, 77.00; H, 6.80
Found: C, 76.84; H, 6.76

20

Following the procedure of Example 1, 2-bromobenzaldehyde yielded 59% of
the title compound as a yellow oil.
25 .
IR (film) 1695 cm-1;
NMR DMSO & 9.91 (1H, s), 7.87 (1H, d,J = 7.6Hz), 7.71 (1H, dt, ] = 7.7, 1.5
Hz), 7.53 (2H, m), 7.07 (1H, d, J = 8.3Hz), 6.98 (1H, d, J = 2.1Hz), 6.91 (1H, dd,
J = 8.3, 2.1Hz), 4.85 (1H, m) 3.80 (3H, s) 1.93 - 1.5 (8H m);
30 MS m/z: 296 M), 228 (100, M - CsHg).

Elemental analysis for: Cj9H2203
Calc'd: C, 77.00; H, 6.80
Found: C, 75.89; H, 6.86

35



sixteen hours. At that tinme the catalyst turned to a bl ack suspension. The
reaction was nonitored by TLC (50% et hyl acetate in hexane) and was

~conpl ete when the catal yst was dead. The reaction was diluted with ethyl
acetate (50 nL) and NaCH (0.5N, 50 35 m.). The organi c phase was

separated and extracted with NaOH (0.5N, 2x50 ni). -14- The conbi ned
aqueous was acidified wwth HCO (2.5N) until red to litnus. The precipitate.
was extracted with ethyl acetate (3x50 . The conbi ned organic | ayers

were washed with brine and dried (nmagnesi‘um sul fate). The organic |ayers
were boiled wth activated charcoal and filtered through a bed of silica
‘atop a bed of celite. The 5 resulting clear organic was concentrated to

‘dryness. Recrystallization (ethyl Wane) yielded 1.0 g of product
(3.21 mmol, 75.4%: nmp [err]. IR ( , 1670 [err];

5 Following the procedure of Example 1, 3-bromoacetophenone yielded 53% of
the title compound as a viscous yellow oil.

IR (film) 1680 cm1;

NMR (DMSO) § 8.10 (1H, t, J = 1.6), 7.89 (2H, m), 7.57 (1H, t, ] = 7.7), 7.23 (2H,
10 m), 7.05 (1H, d, J = 8.1 Hz), 4.93 (1H, m), 3.78 3H, s), 2.64 (3H, s), 1.95 - 2.5

(8H, m);

MS m/z: 310 (M+), 242 (100).

Elemental analysis for: Cz0H2203
15 Calc'd: C, 77.35; H,7.14
Found: C, 74.99; H, 7.19

EXAMPLE 12

20 1:(3'-Cyclopentyloxy-4'-methoxy-biphenvl-4-vl)-ethanone

Following the procedure of Example 1, 4-bromoacetophenone yielded 42% of
the title compound as a crystalline solid: mp 117-118°C.

25 IR(KBr) 1670 cm-l;-
NMR (DMSO) 87.99 (2H, d, J = 8.5 Hz), 7.77 (2H, d, J = 8.5Hz), 7.28 (1H, dd, J
= 8.3, 2 Hz), 7.25 (1H, 4, J = 2.4Hz), 4.94 (1H, m), 3.79 (3H, s) 2.59 (3H, s5), 2.0 -
1.5 (8 H, m);
MS m/z: 310 (M+), 242 (100).
30
Elemental analysis for: CaoH2203
Calc'd: C, 77.39; H,7.14
Found: C, 74.99; H, 7.19



NVR (DMSO [err] 12.89 (1H, s), 7.96 (2H, d, J = 8.5Hz), 7.74 (2H, d, J =
8.5Hz), 10 7.26 (1H, d, J = 8.2 Hz), 7.24 (1H, s), 7.04 (1H d, J = 8.2
Hz), 4.93 (1H, m,3.78 (3H, s), 2.0-1.5 (8H, mM; M5 mz: 312 (M), 244
(100); Elemental analysis for: [err] [err] EXAMPLE 2 20

3' - Cycl onent yl oxy-4' - net hoxy- bi phenyl - 4-carboxvlic acid am de Fol | ow ng
the procedure of Exanple 1, 4-bronobenzoic acid am de yielded 21% of the
title conpound a white solid. 25 IR (KBrZ)O 3400, 3180, 1670, 1640 [err];
[err] -20- :

EXAMPLE 13

S Following the procedure of Example 1, 4-bromobenzophenone yielded 37% of
the title compound as a viscous oil in 38% yield.

IR (film) 1650 cm-1;
NMR (DMSO) & 7.8 (6H, m), 7.68 (1H, t, J = 1.2 Hz), 7.58 (2H, t, ] = 7 Hz), 7.3

10 (24, m), 7.08 (1H, d, J = 8.3 Hz), 4.95 (1H, m), 3.80 (3H, s);
MS mv/z: 372 (M+), 304 (100).

Elemental analysis for: Cas5H2403
Calc'd: C, 80.62; H, 6.50
15 Found: C, 79.53; H, 6.79

20
Following the procedure of Example 1, 3-bromobenzonitrile yielded 25% of the

title compound as an amorphous solid.

IR (KBr) 2220 cm-1;

25 NMR (DMSO) & 8.1 (1H, s), 7.98 (1H, d, J = 8.1Hz), 7.75 (1H, 4, ] = 7.7Hz),
7.61(1H, t, J = 7.7Hz), 7.28 (2H, m), 7.04 (1H, d, J = 8.5Hz), 4.97 (1H, m), 3.8
(3H, s);
MS m/z: 293 (M), 225 (100).

30 Elemental analysis for: Cj;gHij9NO»
Calc'd: C, 76.84; H, 6.81; N, 4.98
Found: C, 77.62; H 6.51; N, 4.54



-15-. EXAMPLE 3 [err] 5 Fol |l owi ng the procedure of Exanple 1,

4- br onbbenzoi ¢ acid hydrazi de yi el ded 81% of the tide conpound as col orl ess
crystals: np [err]. [err] Follow ng the procedure of Exanple 1,

3- bronobenzoi ¢ acid hydrazi de yiel ded 25% of the title conmpound as
colorless crystals: nmp [err]. 25 IR (KBr) 3310,3390, 1645 [err]; NWR
(DVBO) [err] 9.87 (1H, s), 8.01 (1H, s), 7.75 (2H, m, 7.49 (1H t, J =
8.6Hz), 7.25 (2H, m 7.04 (1H d, J = 8.9Hz), 4.94 (1H, m, 4.51 (1H, s),
3.78 (3H, s), 2.0 - 1.5 (8 H, m); Md m 221326 (M+), 227 (100). 30 [err]

S Following the procedure of Example 1, 4-bromobenzonitrile yielded 56% of the
title compound as a crystalline solid. mp 97-98.5.

IR (KBr) 2200 cm-1;

NMR (CDC13) 3 7.69 (2H, d, ] = 8.7Hz), 7.62 (2H, d, ] = 8.7),7.13 (1H, dd J = 8.3
10 2.2Hz), 7.08 (1H, d, J = 2.2Hz), 6.95 (1H, d, J = 8.3Hz), 4.85 (1H, m), 3.89 (1H,

s), 2.05 - 1.58 (8H, m);

MS m/z: 294 (M+, 100).

Elemental analysis for: Cj9Hj9NO7
15 Calc'd: C, 77.79; H, 6.53; N, 4.77
Found: C, 78.08; H, 6.59; N, 4.82

EXAMPLE 16

20 ‘- -4'- i vi-4.vlami

Following the procedure of Example 1, 4-bromoaniline yielded 55% of the title
compound as a crystalline solid. mp 94-95°C.

25 IR (KBr) 3460, 3380 cm-1;
NMR (DMSO) § 7.43 (2H, d, J = 8.6Hz), 7.05 4H, m), 6.90 (2H, d, J = 8.6Hz2),
4.84 (1H, m), 3.87 (3H, m), 2.0-1.5 (8H, m);
MS m/z: 283 (M), 215 (100).

30 Elemental analysis for: CjgH21NO2
Calc'd: C, 76.30: H, 7.47; N, 4.94
Found: C, 76.03; H, 7.45; N, 4.64



-16- EXAMPLE 5 3' - Cycl opentyl oxy-4'-net hoxy- bi phenyl -3-carboxylic acid 5
FoIIomAng the procedure of Exanple 1, 3-bronobenzoic acid yielded 37% of
the title conpound as colorless crystals fromether: np [err] . IR (KBr)
3420, 3100-2500 (br) [err]; NVR DVMBO [err] 13.03 (1H, s), 8.11 (1H m 7.87
(2H, m, 7.55 (2H, t, J =8 Hz), 10 7.21 (1 H m, 7.19 (1H s), 7.05 (1H,
d J=7.9 H), 4.93 (1H m, 3.78 (3 H s), 2.0- 1.5 (8H nm; M5 nlz: 313
(MtH), 245 (100). Elenental analysis for(# err] Follow ng the procedure of
Exanpl e 1, 4-chl oro-phenyl boronic acid an

5 3'-Cyclopentyloxy-4'-methoxybiphenyl-4-carboxylic acid (0.5 g, 1.6 mmol)
was suspended in HoO (5 mL). A solution of sodium hydroxide (1.6 mL, 1M, 1.6
mmol) was added and the reaction was heated to ca 90°C for 30 seconds. Product was
concentrated to dryness, dissolved in hot methanol (25 mL) precipetated from solution
with ethyl ether and filtered. The filter cake was washed with ether and hexane then

10 pumped under high vacuum to constant weight. This provnded 0.354 g (1.06 mmol,
66%) of product .

IR (KBr) 3400 cm- 1,

NMR (DMSO) § 7.89 (2H, d, J = 8.5Hz), 7.49 (2H, d, ] = 8.5Hz), 7.18 (1H, d, ] =
15 8.92 Hz), 7.18 (2H, m), 7.01 (1H, d, J = 8.92 Hz), 491 (1H, m), 3.77 (3H, s), 2.0-

1.5 (8H, m);

MS [-FAB] my/z: 311 (M-Na)--

Elemental analysis for: Cj9H;904Na
20 Calc'd: C, 68.26; H, 5.73
Found: C, 63.32; H, 5.61

25

3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-carboxylic acid (0.2 g, 0.64 mmol)
in THF/ MeOH (1;1, 10 mL) was cooled to 0°C. To this was added a solution of
trimethylsilyldiazomethane in hexane until TLC (1:1 ethyl acetate/hexane) showed no

30 more starting material. The solvents were removed and the product was purified using
radial chromatography (1000um silica, 30% ethyl acetate in hexane as eluant). This

yielded 150 mg (79%) of the title product as a crystalline solid. mp 85-87°C.

IR (KBr) 3420, 1710 cm-1;



cycl gpent yl oxy- 4- met hoxybr onmobenzene yi el ded 92% of the title conpound as
‘white needles: nmp [err]. 25 IR (KBr) 2950 [err]; NVR [err] 7.45 (2H, d, J =
8.5Hz), 7.36 (2H, d, J = 8.5Hz), 7.07 (1H, dd, J= 8.1Hz), 7.05 (1H, s),
6.91 (1H, d, J = 8.1Hz), 4.83 (1H, m, 3.87 (3H, s), 1.98 - 1.55 (8 H m;

30 M5 mfz: 303 (M+), 235 (100). 35 [err] - 17
- EXAMPLE 7 5 Fol | ow ng the procedure of Exanple 1, phenyl boronic
acid and 3- : 293

NMR & 8.22 (1H, t, J = 1.6Hz), 7.97 (1H, dt, J = 7.6, 1.5Hz), 7.39, (1H, dt, J =
7.6, 1.5Hz), 7.48 (1H, t, ] = 7.9Hz), 7.16 (1H, dd, J = 8.2, 2.1Hz), 7.13 (1H, d, J
= 2.1Hz), 4.87 (1H, m), 3.95 (3H, s), 3.89 (3H, s), 2.20 - 1.6 (8H,m);

MS m/z: 326 (M*), 258 (100).

5
Elemental analysis for: Ca0H2204
Calc'd: C, 73.60; H, 6.79
Found: C, 73.53; H, 6.80

10

Following the method described in Example 18, 3'-cyclopentyloxy-4'-methoxy-
15  biphenyl-4-carboxylic acid yielded the title compound in 71% yield as a crystalline solid:
mp 128-1319C.

IR (KBr) 1720 cm-1;

NMR (CDCl3) § 8.04 (2H, d, J = 8.6Hz), 7.61 (2H, d,J = 8.6Hz), 7.17 (1H, dd ] =
20 8.32, 3Hz), 7.15 (1H, d, ] = 2.3Hz), 6.95 (1H, d, J = 8.3Hz), 4.87 (1H, m), 3.93

(3H, s), 3.90 (3H, s), 2.05-1.55 (8H, m);

MS m/z: 326 (M*), 258 (100).

Elemental analysis for: CogH2204
25 Calc'd: C, 73.60; H, 6.79
Found: C, 73.46; H. 6.83

30

3-Cyclopentyloxy-4-methoxyphenylboronic acid (0.76 g, 3.23 mmol), 6-
trifluoromethanesulfonate-3,4,-dihydro-2H-naphthalen-1-one (0.95 g, 3.23 mmol),



cycl gpent yl oxy- 4- met hoxybr onobenzene yi el ded 46% of the tide conpound as
‘white needles: np [err]. IR (KBr) 2960 [err]; 10 NMR [err] 7.53 (2H, d, J
7.06Hz), 7.40 (2H, t, J = 7.5Hz), 7.29 (1H, t, J = 7.5Hz), 7.10 (2 H m,

6.92 (1H, d,

10

15

20

25

30

35

J= 7.5Hz), 4.85 (1H, m, 3.87 (3H,s), 1.98 - 1.52 (8 Hm; M
mz: 268 [err], 200 (100). EXAMPLE 8 20 [err] Follow ng the procedure of
Exanpl e 1, 3-bronobenzal dehyde yi el ded 40% of the title conpound as an
anor phous solid. 25 [err] Elenental anal.ygi.s for: CL9H2003

sodium carbonate (1.0 g), toluene (30 mL), water (12 mL), and ethanol (6 mL) were
added to a flask at room temperature and stirred. The reaction was flushed with
nitrogen. The catalyst, tetrakistriphenylphospine palladium(0) (100mg) was added.
The reaction was heated at reflux temperature sixteen hours. At that time the catalyst
turned to a black suspension. The reaction was monitored by TLC (50% ethyl acetate in
hexane), however, completion of the reaction was obvious when the catalyst turned
black. The reaction was diluted with ethyl acetate (50 mL). The organic phase was
separated and extracted with water (50 mL). The organic phase was washed with brine
and dried (magnesium sulfate). The organic phase was boiled with activated charcoal
and filtered through a bed of silica atop a bed of celite. The resulting clear organic
phase was dried (magnesium sulfate), filtered, concentrated to dryness.
Recrystallization, from ethyl acetate/ hexane, yielded 0.41 g (1.22 mmol, 38%) of
product: mp 91°C- 92.5°C.

IR (KBr) 1670 cm-l; _

NMR (DMSO) § 7.90 (1H, d, J = 8.9Hz), 7.60 (2H, m), 7.25 (2H, m), 7.05 (1H, d,
J = 8.9Hz), 4.94 (1H, m), 3.79 (3H, s), 3.0 (2H, t, J = 6Hz), 2.60 2H, t, J = 6 Hz),
2.05 (2H, m), 2.0 - 1.5 (8H, m);

MS m/z: 337 (M + H), 269 (100, M - CsHg).

Elemental analysis for: CxH403
Calc'd: C, 78.54; H, 7.19
Found: C, 78.38; H, 7.22

6-(3-Cyclopentyloxy-4-methoxy-phenyl)-3,4-dihydro-2H-naphthalen-1-one
(0.17 g, 0.51 mmol), hydroxylamine hydrochloride (0.175 g, 2.51 mmol), and pyridine
(1.0 mL) were added to a flask at room temperature and stirred sixteen hours. The
reaction was dissolved in dichloromethane and concentrated to dryness. Ethyl
acetate(25 mL) was added and the resulting solution was washed with water (25 mL),
brine (25 mL), dried (magnesium sulfate), filtered, concentrated to dryness and



EXAMPLE 9 5 Fol Il owing the procedure of Exanple 1, 4-bronpbenzal dehyde
‘yiel ded 28% of the title conpound asacrystalllne sol i d: rrp865- [err].
‘IR (KBr) 1705 [err] ; 10 NWR 8 10.04 (1H, s), 7.93 (2H, d, J 8. 5Hz),
7.70 (2H, d, J = 8.5Hz), 7.20 (1H, dd, J = 2.1,8.4 Hz), 7.17 (1H, d J =
2.1Hz), 6.96 (1H, d, J = 8.4Hz), 4.87 (1H m, 3.90 (3H s), 2.06 - 1.6 (8
Hm; MsSnz: 296 (M, 228 (100). 15 Elenental analysis for: [err] Calc'd:
C, 77.00; H 6.80 Found: C, 76.84; H, 672§

recrystallized from ethyl acetate/ hexane. Yield of product (0.1 g, 0.285 mmol, mp
151°- 152°C); 56%.

IR (KBr) 3250 cm-1;

5 NMR (DMSO) §11.06 (1H, s), 7.88 (1H, d, J = 8.1Hz), 7.44 (1H, 4, J = 7.9Hz),
7.43 (1H, s) 7.19, (1H, 4, ] = 7.9Hz), 7.18 (1H, s), 7.01 (1H, d, J = 8.1Hz), 4.92
(1H, m), 3.77 (3H, s), 2.77 (2H, t, ] = 3.5Hz), 2.66 (2H, t, ] = 6.3Hz);

MS my/z: 351 (M*+), 283 (100).

10 Elemental analysis for: CaHasNO3
Calc'd: C, 75.18; H, 7.17; N, 3.98
Found: C, 74.84; H, 7.13; N, 3.96

15

Following the procedure in Example 21, one 3'-cyclopentyloxy-4'-methoxy-
biphenyl-4-carbaldehyde yielded the title compound in 26% as a crystalline solid: mp
20 153-153°C.

IR (KBr) 3450, 3300 cm-1;

NMR (DMSO) § 11.2 (1H, s), 8.15 (1H, s), 7.65 (4H, m), 7.21 (1H, d, J = 8.7Hz)

7.20 (1H, s), 7.02 (1H, d, J = 8.7Hz), 4.92 (1H, m), 3.77 (3H, s), 2.0 - 1.5 (8H,
25 m) ’

MS m/z: 311 (M#), 225 (100).

Elemental analysis for: CjoH21NO
Calc'd: C, 73.29; H, 6.80; N, 4.50
30 Found: C, 72.60; H, 6.66; N, 4.35



EXAVMPLE 10 20 3' - Cycl opentyl oxy-4 ' -net hoxy- bi phenvl - 2- car bal dehyde

Fol | owi ng the procedure of Exanple 1, 2-bronpbenzal dehyde yi el ded 59% of
the title conpound as a yellowoil. 25 IR (film 1695 [err]; NVR DMVSO 8
9.91 (1H, s), 7.87 (1H, d, J = 7.6Hz), 7.71 (1H, dt, J =7.7, 1.5 Hz), 7.53
(2H, m, 7.07 (1H, d, J = 8.3Hz), 6.98 (1H, d, J = 2.1Hz), 6.91 (1H, dd, J
= 8.3, 2.1Hz), 4.85 (1H, m 3.80 (3H, s) 1.93 - 1.5 (8H M; 30 Ms mz: 296
(M), 228 (100, M- [err]). 35 -26- -

5 Following the procedure in Example 21, 3'-cyclopentyloxy-4'-methoxy-
biphenyl-3-carbaldehyde yielded the title compound in 45% as a crystalline solid mp
87-910¢,

IR (KBr) 3420, 3300 cm-1; .

10 NMR (DMSO) 5 8.20 (1H, s), 7.74 (1H, s), 7.57 (1H, dt, T = 7.9, 2.6Hz), 7.52 (1H,
dt, J = 7.9, 2.6Hz), 7.44 (1H, d, ] = 8.6Hz), 7.38 (1H, s), 7.14 (1H, d, J = 2.2Hz),
7.12 (1H, d, J = 2.2Hz), 6.94 (1H, d, J = 8.6Hz), 4.86 (1H, m), 3.89 (3H, s), 2.0 -
1.58 (8H, m);
MS m/z: 311 (M*), 243 (100).

15
Elemental analysis for: CjgH21NO3
Caic'd: C,73.29; H,6.80; N, 4.50
Found: C, 73.14; H, 6.78; N, 4.47
20

Following the procedure in Example 21, 3'-cyclopentyloxy-4'-methoxy-
25  Dbiphenyl-2-carbaldehyde yielded the titte compound in 45% as a low melting (< S0°C)
white solid.

IR (KBr) 3440 cm-!
NMR (DMSO) 3 11.2 (1H, s), 7.94 (1H, s), 7.83 (1H, d, J = 8.7Hz), 7.20 (3H, m),
30 7.04 (1H, d, J = 8.1 Hz), 6.81 (2H, m), 4.80 (1H, m), 3.79 (3H, s), 1.9-1.5 (8 H,
m) : :
MS my/z: 311 (M), 226 (100)
Anal. Calcd for C1gH2)NOs: C, 73.29; H, 6.80; N, 4.50. Found: C, 72.40; H, 6.89;
N, 4.52.
35



-19- [err] 5 Fol |l owi ng the procedure of Exanple 1,

3- br onpacet ophenone yi el ded 53% of the title conpound as a viscous yell ow
.0il. [err] EXAMPLE 12 20 1-(3

' - Cycl opent yl oxy-4' - met hoxy- bi nhenyl - 4-yl) - et hanone Fol | owi ng t he procedure
-of Exanple 1, 4-bronpacetophenone yielded 42% of the title conpound as a
‘crystalline solid: nmp [[err]. 25 |IR(KBr) 1670 [err]; NVR (DMBO 8 7.99
(2H, d, J = 8.5 Hz), 7.77 (2H, d, J =8.8%), 7.28 (1H dd, J = 8.3, 2 Hz),
:7.25 (1H, d, J = 2.4Hz), 4.94 (1H, m, 3.79 (3H, s) 2.59 (3H, s), 2.0 - 1.5
(8 H in); Ms mz: 310 (M), 242 (100). 30

EXAMPLE 25

E-6-(3-Cyclopentyloxy-4-methoxy-phenyl)-3,4-dihydro-2H-naphthalen-
1-one oxime acetate

E-6-(3-Cyclopentyloxy-4-methoxy-phenyl)-3,4-dihydro-2H-naphthalen-1-one
oxime (0.08 g, 0.228 mmol), acetic anhydride (2 mL), potassium carbonate and
dichloromethane (25 mL) were added to a flask and heated to reflux for 0.5 hours. The
reaction was cooled and was washed with water (25 mL), brine (25 mL), dried

10  (magnesium sulfate), filtered, concentrated to dryness and recrystallized from ethyl
acetate/hexane. This yielded 0.053 g (0.134 mmol, 59%) of product : mp 100°- 102°C.

IR (KBr) 3400, 1750 cm-1;

NMR (DMSO) §7.99 (1H, d, J = 1.4Hz), 7.54 (1H, d, J = 7.5Hz), 7.53 (1H, s),
15 7.25 (1H,d,J =7.5Hz), 7.22 (1H, s), 7.03 (1H, d, J = 8.3Hz), 4.93 (1H, m) 3.78

(3H, s), 2.83 (2H, t, ] = 3.7Hz);

MS nv/z: 393 (M+), 283 (100).

Elemental analysis for: Ca4Hzg NO4
20 Calc'd: C, 73.07; H, 7.15; N, 3.55
Found: C, 72.62; H, 7.01; N, 3.57

25 . At -hi d-vD.

3'-Cyclopentyloxy-4'-methoxybiphenyl-4-ylamine(0.283 g, 1.0 mmol) was

dissolved in acetic acid (4.8 mL). A solution of sodium isocyanate in water (9 mL) was

added. The precipitate formed was dissolved in dichloromethane (25 mL) washed

30 saturated sodium bicarbonate(25 mL) with water (25 mL), brine (25 mL), dried

(magnesium sulfate), filtered, and concentrated. Precipitation from dichloromethane.
yielded 0.155 g (0.475 mmol, 61.2%) of product as an amorphous solid.

IR (KBr) 3420, 1657 cm’1;



El emental analysis for: C22H2203 Calc'd: C, 77.39; H, 7.14 Found: C, 74.99;
H, +7.19 -20- 5 Fol | ow ng the procedure of Exanple 1,

4- br ompbenzophenone vyi el ded 37% of the tide conpound as a viscous oil in
38%yield IR (film 1650 crmu; NWR (DVMSO) 8 7.8 (6H, m, 7.68 (IH t, J =
1.2 Hz), 7.58 (2H, t, J =7 Hz), 7.3 10 (2H, m, 7.08 (1H, d, J = 8.3 Hz),
4.95 (1H, m, 3.80 (3H, s); Msn/z: 372 (M+), 304 (100). Elenental analysis
for. C25H2403 Calc'd: C, 80.62; H, 6.50 .98 '

NMR (DMSO) 3 8.56 (1H, s), 7.45 (4H, dd, J = 6.6, 5.1Hz), 7.0 (2H, m), 6.96
(1H, 4, J = 8.9Hz), 5.83 (2H, s), 4.88 (1H, m), 3.74 (3H, s);
MS nv/z: 327 (M+H), 257 (100).

5 Elemental analysis for: Ci9H22N203
Calc'd: C, 69.92; H, 6.79; N, 8.58
Found: C, 68.53; H, 7.09; N, 7.91

10

Following the procedure in Example 26, 3'-cyclopentyloxy-4'-methoxy-
biphenyi-3-yl amine yielded the title compound in 79% yield as a crystalline solid
15 (CH2Clp). mp 174-175°C.

IR (KBr) 3390, 1700 cm-1;
NMR (DMSO) § 8.56 (1H, s), 7.59 (1H, t, T = 1.9) 7.32 (1H, d, J = 7.90Hz), 7.24

(1H,t,J=7.8Hz), 7.1 (2H, m), 7.01 (1H, d, J = 9 Hz), 5.85 (1H, s), 4.86 (1H, m),
20 3.76 (3H, s);
MS m/z: 326 (M*), 241 (100).

Elemental analysis for: Cj9H22N203+H20
Calc'd: C, 66.33; H, 7.03; N, 8.14
25 Found: C, 66.17; H, 6.45; N, 8.06

30
3'-Cyclopentyloxy-4'-methoxybiphenyl-4-ylamine (0.220 g, 0.78 mmol),
pyridine (0.189 mL, 2.33 mmol), and acetic anhydride were dissolved in
dichloromethane (25 mL). 4-pyrrolidinopyridine (1mg) was added and the reaction was
stirred 2 hours. The reaction was washed with saturated sodium bicarbonate (25 mL),



15,

\ Found: C, 79.53; H, 6.79 EXAMPLE 14
3' - Cycl opent yl oxv-4' - et hoxy- bi phenyl -3-carbonitrile 20 Follow ng the

procedure of Exanple 1, 3-bronobenzonitrile yielded 25% of the title

conmpound as an anor phous solid. IR (KBr) 2220 [err]; 25 NWR (DVsO 8 8.1
J =

)

(1H, s),
7.7Hz),
MS M z:

7.98 (1H, d, J = 8.1Hz), 7.75 (1H, d, J = 7.7Hz), 7.61(1H t,
7.28 (2H, ), 7.04 (1H, d, J = 8.5Hz), 4.97 (1H, m), 3.8 (3H s
293 (M+), 225 (100). [err]

10

15

20

25

30

-29.

water (25 mL.), brine (25 mL), dried (mégnesium sulfate), filtered, and concentrated to
dryness. Product was recrystallized from ethyl acetate/ hexane. Yield of product (0.170
g, 0.523 mmol); 67% as an amorphous solid.

IR (KBr) 3300, 1620 cm-1;
NMR (DMSO) §7.54 (2H, d, J = 8.3Hz), 7.49 (2H, d, J = 8.3Hz), 7.26 (1H, s),

7.10 (1H, d, J = 8.9Hz), 7.08 (1H, s), 6.92 (1H, d, J = 8.9Hz), 4.84 (1H, m), 3.88
(31, s), 2.20 (3H, s);
MS m/z: 325 (M*), 257 (100).

Elemental analysis for: CypHa3NO3
Calc'd: C, 73.82; H, 7.12; N, 4.30
Found: C, 73.23; H; 7.07; N, 4.10

Following the procedure of Example28, 3'-cyclopentyloxy-4'-methoxy-
biphenyl-3-yl amine yielded the title compound in 82% as a crystalline solid: mp 112-
1140C.

IR (KBr) 3290, 1660 cm-1;

NMR (CDCl3) § 7.67 (1H, s), 7.46 (1H, d, J = 7.4Hz), 7.36 (14, t, ] = 7.8Hz), 7.25
(2H, m), 7.10 (2H, m), 6.92 (1H, d, J = 8.8Hz), 4.85 (1H, m), 3.88 3H, s), 2.20
(3H, s);

MS m/z: 325 (M*), 257 (100).

Elemental analysis for: CpoH3NO3
Calc'd: C, 73.82; H, 7.12; N, 4.30
Found: C, 73.78; H; 7.13; N, 4.19



-21 ; EXAWPLE 15 3'-Cycl opentyl oxy-4-net hoxy- bi nhenyl -4-carbonitrile 5
Fol | ow ng the procedure of Exanple 1, 4-bronobenzonitrile yielded 56% of
the title conmpound as a crystalline solid. np 97-98.5. IR (KBr) 2200 [err];
NVR (CDC13) 8 7.69 (2H, d, J = 8.7Hz), 7.62 (2H, d, J =8.7),7.13 (1H, dd J
= 8.3 10 2.2Hz), 7.08 (1H, d, J = 2.2Hz), 6.95 (1H, d, J = 8.3Hz), 4.85
(1H m 3.89 (1H, s), 2.05 - 1.58 (8H nm); M5 mz: 294 (M+, 100). El enental
analysis for [err] 15 Calc'd: C 77.79; H 6.53; N, 4.77 Found: C,
'78.08; H, 6.59; N, 4.82 EXAWPLE 16 20 -30-

3' - Cycl opent yl oxy-4' - net hoxybi phenvl - 4-yl am ne

5 A solution of 3-bromobenzoyl chloride in toluene (30 mL) is treated with
concentrated ammonium hydroxide (2 mL) at room temperature for ten minutes. This
mixture is then treated with 3-cyclopentylox-4-methoxy-phenyl boronic acid (0.5 g,
2.12 mmol), sodium carbonate (1 g), ethanol (10 mL) and tetrakis-
(triphenylphosphine) palladium (25 mg). The reaction was warmed at reflux ovemnight

10  under a nirogen blanket. This provided the title compound in 34% as a crystalline
solid (ethyl acetate/hexane): mp 133-135°C.

IR (KBr) 3300, 3150, 1660 cm™1;

NMR (DMSO) 8 8.07 (2H, m), 7.79 (1H, d, J = 7.8Hz), 7.75 (1H, d, J = 7.8Hz),
15 7.49 (1H, 1, J = 7.6Hz), 7.41 (1H, br s), 7.24 (2H, m), 7.04 (1H, d, J = 9.2Hz),

4.94 (1H, m), 3.78 (3H, s), 2.0 - 1.5 (8H, m);

MS m/z: 311 (M*+), 243 (100).

Elemental analysis for: Cj9H1NO3 -
20 Calc'd: C, 73.29; H, 6.80; N, 4.50
Found: C, 72.64; H, 6.94; N, 4.34

EXAMPLE 31

25 ', itvioxv-4'- .bi 4.
hyvdroxylamide

A solution of 3'-cyclopentyloxy-4'-methoxy-biphenyl-4-carboxylic acid (0.5 g,

1.602 mmol) in toluene (30 mL) was treated with a 2M solution of oxalyl chloride

30 (0.840 mL, 1.68 mmol) in dichloromethane and 1 drop of dimethyl formamide was
. added. This mixture was heated to reflux for ten minutes, cooled and concentrated in
vacuo to an oil. This oil is dissolved in dichloromethane and added dropwise to a
mixture of hydroxylamine hydrochloride (0.139 g, 1.25 eq) and triethylamine (0.405

g, 2.5¢q) in dichloromethane (10 mL). After about thirty minutes the reaction the

35 reaction appears to go no further, some of the starting acid remains (by tlc). The




Foll owi ng the procedure of Exanple 1, 4-bronoaniline yielded 55% of the
title conpound as a crystalline solid. nmp [err]. 25 IR (KBr) [err], NWR
‘(DMSO) 8 7.43 (2H, d, J = 8.6Hz), 7.05 4H, m, 6.90 (2H, d, J = 8.6Hz),
4.84 (1H, m, 3.87 (3H, M, 2.0-1.5 (8H, mM; M5 nmz: 283 [err], 215 (100).
30 Elenental analysis for: [err] Calc'd: C 76.30: H 7.47; N, 4.94 Found:
C, 76.03; H 7.45;, N, 4.64 -22 - EXAMPLE 17

3' - Cycl opent vl oxy-4' - net hoxy- bi phenyl -4-3clar boxylic acid sodium salt

reaction is washed with water dried and concentrated. The material is purified via
reversed phase HPLC, using a Dynamax-60A Phenyl column wand 70%
acetonitrile/water as carrier. This provided the title compound in 9% yield as a
crystailine solid (CH2Cl2). mp 181-183°C.

IR (KBr) 3225, 1620 cm-1;
NMR (DMSO) 8§11.24 (1H,s), 9.01 (1H,s), 7.80 (2H.d, J = 8.5Hz), 7.70 (2H, d, J
= 8.5Hz), 7.24 (1H, d, J = 8.3Hz), 7.22 (1H, s), 7.04 (1H, d, J = 8.3Hz), 4.94 (1H,
m), 3.78 (3H, s); -

10  MS m/z: 327 (M*), 227 (100).

Elemental analysis for: Cj9 Hp1NO4
Calc'd: C, 69.71; H, 6.47; N, 4.28
Found: C, 69.54; H, 6.44; N, 3.81

15

20 Following the procedure of Example 1, 4-bromophthalic acid yielded 25% of
the title compound a white powder, mp 143-146°C

IR (KBr) 3500-2500(br), 1720, 1680 cm-1

NMR (DMSO) 813 (1H, br s), 7.83 (1H, s), 7.80 (H, d, J = 1.8Hz), 7.76 (1H, d, ] =
25 8.1H2), 7.26 (1H, d, J = 6.0 Hz), 7.25 (1H, s), 7.05 (1H, 4, J = 8.5 Hz), 4.96 (1H,

m), 3.79 (3H, s), 1.9 (2H, m), 1.74 (4H, m), 1.58 (2H, m)

MS (FAB) 357 M+H)*

Elemental analysis for: CogH200¢
30 Calc'd: C, 67.41; H, 5.66
Found: C, 65.79; H, 6.00



5., 5 3' - Cycl opentyl oxy-4' - met hoxybi phenyl - 4-carboxylic acid (0.5 g,
1.6 nmol ) was suspended in H20 (5 nL). A solution of sodium hydroxide (1.6
m., 1M 1.6 mmvl) was added and the reaction was heated to ca [err] for 30
seconds. Product was concentrated to dryness, dissolved in hot methanol (25
mL) precipetated fromsolution with ethyl ether and filtered. The filter
cake was washed with ether and hexane then 10 punped under high vacuumto
constant weight. This provided 0.354 g (1.06 nmol, 66% of product. IR
(KBr) 3400 cm 1; NWR (DVBO) [err] 7.89 (-3-d, J = 8.5Hz), 7.49 (2H, d, J
= 8.5Hz), 7.18 (1H, d, J =15 8.92 Hz), 7.18 (2H, nm, 7.01 (1H, d, J =
8.92 Hz), 4.91 (1H, m, 3.77 (3H, s), 2.0- 1.5 (8H m; M5 [-FAB] mz: 311
(M Na) Elenmental analysis for: [err] %8- Calc'd: C, 68.26; H 5.73
Found: C, 63.32; H 5.61

A solution of the diacid (120 mg, 0.33 mmol) prepared above is dissolved in
ether (20 ml) and cooled to 0°C. To this was added an etherial solution of
diazomethane until the yellow color persisted. The solution was stirred for 10 minutes
and then glacial acetic acid was added to discharge the color. The solvent was removed

10  in vacuo. The sample was chromatographed on silica gel with ethyl acetate in hexanes.
This provided the product as an oil (118 mg, 93%).

IR (film) 1725 cm}

NMR (DMSO) §7.91 (1H, d, J=4.8Hz), 7.90 (1H, s), 7.82 (1H, d, J=4.5Hz), 7.30
15 (1H, d, J=2.1Hz), 7.28 (1H, s), 7.06 (1H, d, J=8.1Hz), 4.96 (1H, m), 3.84, (3H,

s), 3.83 (3H, s), 3.70 (3H, s), 1.89 (2H, m), 1.72 (4H, m), 1.57 2H , m)

MS (CI) 385 (M+H)* '

Elemental analysis for: Ca2FH240¢
20 Caic'd: C, 68.74; H, 6.29
Found: C, 68.18; H, 6.49

25

The diacid prepared above (1.05 g, 2.94 mmol) was dissolved in acetic
anhydride (10 ml) in a Carius tube. The tube was heated in a 140°C oil bath for 30
30 minutes, cooled and the solvent removed in vacuo. The crude anhydride was
dissolved in dry dichloromethane (10 ml) and hydrazine hydrate was added (0.2 ml).
The mixture was refluxed overnight with a Dean Stark trap. The sample was then
diluted with 1N NaOH and was extracted with ethyl acetate. The organic layer was
discarded and the aqueous layer was acidifed with concentrated HCL. The resulting

35  solid was filtered to give the product (1.02 g, 98%) as a dihydrate (mp > 255°C).




EXAMPLE 18 25 3' - Cycl opent yl oxy-4' - met hoxy- bi phenyl - 3-car boxvlic acid
nmet hyl ester 3'-Cycl opentyl oxy-4'-nmethoxy-bi phenyl -3-carboxylic acid (0.2
g, 0.64 mmol) in THF MeOH (1;1, 10 nmL) was cooled to [err]. To this was
added a solution of trinethylsilyldiazonmethane in hexane until TLC (1:1

et hyl acet at e/ hexane) showed no 30 nore starting material. The solvents
were renoved and the product was purified using radial chromatography [err]
silica, 30%ethyl acetate in hexane as eluant). This yielded 150 ng (79%
of the title product as a crystalline sol33 np [err]. -23 - NWR [err]
'8.22 (1H, t, J = 1.6Hz), 7.97 (1H, dt, J = 7.6, 1.5Hz), 7.39, (1H, dt, J =
7.6, 1.5Hz), 7.48 (1H, t, J = 7.9Hz), 7.16 (1H, dd, J = 8.2, 2.1Hz), 7.13
(1H, d, J = 2.1Hz), 4.87 (1H, m, 3.95 (3H s), 3.89 (3H s), 2.20 - 1.6

(8H mM;
: IR (KBr) 1665 cm-!
NMR (DMSO §8.23 (1H, s), 8.09 (2H, s), 7.30 (2H, m), 7.08 (1H, d, J=8.3Hz),
4.95 (1H, m), 3.80 (3H, s), 1.90 (2H, m), 1.75 (4H, m), 1.60 (2H, m)
5 MSED352MY

Elemental analysis for: CgHogN204+2H20
Calc'd: C, 61.84; H, 6.23; N, 7.21
Found: C, 61.86; H, 5.22; N, 7.07

10
LEXAMPLE 35
The following standard tests are employed to assess the abilities of compounds
to inhibit PDE IV in vitro.
15
Jest Procedure No. 1
A solution containing PDE IV is prepared from canine tracheal muscle as
follows:
20 The dog is euthanized with an overdose of beuthanasia while under anesthesia

induced by a 33 mg/kg IV bolus of Nembutal. The trachealis muscle is removed,
cleaned of connective tissue, and minced thoroughly. Three to four grams of tissue is
then homogenized in Tris-HCI buffer (pH 7.8) using a Polytron. The homogenate is
then centrifuged at 25,000 x g (4° C) for 30 minutes. The supernatant is decanted and

25 filtered through four layers of gauze, and applied to a 40 cm x-2 cm DEAE-Sepharose
column that is equilibrated with Tris-HCI buffer (pH 7.8). The column is then washed
with an additional 240 mL of buffer to remove unbound proteins. PDE is eluted using
450 mL of Tris-HCI buffer containing a linear gradient of 0.0 - 1.0 M Na-acetate (80
mL/hr), and 7.5 mL fractions are collected. Each fraction is assayed for cCAMP- and

30 c¢GMP- metabolizing PDE activity. Fractions eluting at approximately 0.6 M Na-
acetate, and containing cAMP but not cGMP metabolic activity are pooled and used as a
PDE stock solution for assaying PDE IV inhibitory activity.

PDE 1V activity is tested as described previously [see Thompson et al.,
35 Advances in Cyclic Nucleotide Research, 10, 69 (1979)] at 30° C in a reaction mixture



M5, mz: 326 (M), 258 (100). 5 EXAMPLE 19 Fol l owi ng the nethod described in

Exanpl e 18, 3'-cycl opentyl oxy-4'-nethoxy- 15 bi phenyl -4-carboxylic acid

yielded the title conmpound in 71%yield as a crystalline solid: np [err].

NVR [err] 8 8.04 (2H, d, J = 8.6Hz), 7.61 (2H, d,J = 8.6Hz), 7.17 (1H dd J

=20 8.32, 3Hz), 7.15 (1H, d, J = 2.3Hz), 6.95 (1H, d, J = 8.3Hz), 4.87

(1H, m, 3.93 (3H, s), 3.90 (3H, s), 2.05-1.55 (8H, mM; M5 mz: 326 (M),

258 (100). EXAMPLE 20 30

6- ( 3- Cycl onent yl oxy- 4- met hoxy- phenyl ) - 3. 4-¥Mi-hvdr o- 2H napht hal en- 1- one

3- Cycl opent yl oxy- 4- net hoxyphenyl boronic acid (0.76 g, 3.23 mol), 6-

trifluoronethanesul f onat e- 3, 4, - di hydr o- 2H napht hal en- 1-one (0.95 g, 3.23

nmol ), :

= containing: 10 mM Tris-HCI (pH 7.8), 5 mM MgCl», 1 mM B-mercaptoethanol, 1 uM
3H-cAMP, 10 uM CI-930, PDE IV stock solution, and the desired concentration of test
compound. CI-930 is included as an inhibitor of the cyclic GMP-sensitive, cyclic
AMP-selective PDE (PDE III) that is also present in the PDE IV stock solution when

S prepared as described above. The ability of a test compound to inhibit PDE IV is

determined by measuring the reduction in cAMP metabolism produced by the test
compound and expressing it as a percentage of the reduction induced by 10 UM
rolipram, a potent inhibitor of PDE IV [see Beavo, Advances in Second Messenger and
Phosphoprotein Research, 22, 1 (1988)]. IC50s are calculated for each test compound

10  as the concentration of test compound that inhibits PDE IV by 50%.

Test Procedure No. 2

The following standard test is also employed to assess the abilities of
15 compounds to inhibit PDE IV functionally.

Male Hartley guinea pigs (5S00-550 g, Charles River) were euthanized by a blow to
the head, and the tracheas were removed and placed in aerated physiological salt
solution (PSS) containing NaCl (118 mM), KH2PO4 (1.18mM), KCI (4.74 mM),

20 CaClz2 (2.5 mM), MgS04.7H20 (1.19 mM), NaHCO3 (25 mM), dextrose (11.1 mM),
cocaine and hydrocortisone (3 M and 10 uM, respectively, to block intraneural and
extraneural uptake mechanisms), propranolol and phentolamine (1 pM and 10 pM,
respectively, to block adrenoceptors), indomethacin (2.8 pM; to block spontaneous
tension generation), _andéalcium disodium EDTA (26 UM, as an antioxidant). Tracheal

25 rings were prepared and mounted in 10 ml organ baths for the measurement of
isometric tension generation as previously described (Heaslip et al., 1986).

Tracheal relaxation resulting from the inhibition of PDE-IV or PDE-III was

assessed by a method similar to that employed by Harris et al. (1989). Tracheal rings

30 were precontracted with 1 M carbachol until a stable level of tension was obtained (30
min). To explore the inhibition of PDE-IV, tracheal rings were then incubated (45 min)

with CI-930 (10 pM), thus inhibiting PDE-III and sensitizing the ring to the relaxant
effects of PDE-IV inhibitors. Conversely, the inhibition of tracheal PDE-III was
explored using rings pretreated with rolipram (10 iM), and thereby sensitized to PDE-

35 Olinhibitors (Harris et al., 1989). The functional inhibition of PDE-IV or PDE-III was



-24 s sodium carbonate (1.0 g), toluene (30 nmL), water (12 nL), and et hanol
(6 mL) were added to a flask at roomtenperature and stirred. The reaction
was flushed with nitrogen. The catal yst, tetrakistriphenyl phospine

pal | adi un{0) (100ng) was added. The reaction was heated at refl ux
tenperature sixteen hours. At that tinme the catalyst 5 turned to a bl ack
suspension. The reaction was nonitored by TLC (50% et hyl acetate in
hexane), however, conpletion of the reaction was obvi ous when the catal yst
turned bl ack. The reaction was diluted w3fh ethyl acetate (50 niL). The
organi ¢ phase was separated and extracted with water (50 nL). The organic
phase was washed with brine and dried (magnesium sulfate). The organic

phase was bojl ed wi activated charcoal 10 _and filtered_ through a bed of
silica atop Agtmneﬁ Qxéﬁélps.a 1gsteompoynd i1 ghectissys bathda qumulanysly Rszeasinged

(magnesi um sedntédtfationk i dndemoaitoriy) crendégree of treladlitiore ikluced in the continued
presence of CI-930 or rolipram (respectively). After adding the final concentration of
test compound to the organ bath, tracheal rings were washed repeatedly with PSS, and

5  allowed torelax to resting tension. Percent relaxations produced by each concentration
of test compound were calculated as a percentage relaxation of tension maintained in the
presence of the preincubating PDE inhibitor, relative to the final resting tension
determined at the end of each experiment.

10 The two abovementioned PDE IV inhibition tests were used to determine the
PDE IV inhibitory abilities of some of the compounds of the present invention. The
table below indicates the compounds tested and the results thereof. For each of Tests 1
and 2, the results are given as ICsgs for the compound tested in M concentrations.

15 JABLE
Compound of Example # TestNo. 1 - TestNo. 2
1 24,5 x 10-8 nt
2 6.0 x 10-8 16 x 108
20 3 58x 108 6.6 x 10-8
4 10x 108 nt
5 23x 108 6.1x 108
6 10x 108 1200 x 10-8
7 nt nt
25 8 3.4x 108 33 x 108
9 20x 108 2.3x 108
10 10x 108 nt
11 0.43 x 10-8 nt
12 8.6 x 10-8 nt
30 13 61 x 10-8 nt
14 8.4 x 108 nt
15 nt nt

16 33x 108 nt



"Regrystallization, fromethyl acetate/ hexane, yielded 0.41 g (1.22 mol,
38% of product: np [err]. [err] 25 EXAVPLE
21 30

6- ( 3- Cycl opent yl oxy- 4- met hoxy- phenyl ) - 3, 4- di hydr o- 2H napht hal en- 1- one (0.
17 g, 0.51 nmol), hydroxyl am ne hydrochloride (0.175 g, 2.51 mmol ), and
pyridine (1.0 nm.) were added to a flask at roomtenperature and stirred

si xteen hours. The reaction was dissolved_in dichl oronethane and
concentrated to dryness. Ethyl acetate(253ﬁt) was added and the resulting
solution was washed with water (25 nL), 35 brine (25 nmL), dried

(magnesi um sul fate), filtered, concentrated to dryness and - 25 -
recrystallized fromethyl acetate/ &ﬁﬁﬁﬂﬁ'ﬂﬁ!ﬁ&ﬁ of product (0.1 g, 0.285
‘nmmol , np
Compound of Example # TestNo. 1 TestNo. 2
17 11x 108 nt
5 18 3.1x10%8 23x 108
19 58 x 10-8 nt
20 59x108 nt
21 29 x 10-8 nt
22 3.6x108 14 x 108
10 23 39x 108 190X 1038 -
24 nt nt
25 T 73x108 nt
26 27x 108 nt
_ 27 55x10-8 nt
15 28 100 x 108 nt
29 47 x 10-8 nt
30 1.6 x 10-8 nt
31 ‘ 10 x 108 nt
32 1,000 x 10-8 nt
20 33 110x 10-8 nt
34 49x 108 nt

(nt=not tested)



[err}; 56% IR (KBr) 3250 [err]; ; 10 Elenmental analysis for: [err]

Calc'd: C 75.18; H, 7.17; N, 3.98 Found: C, 74.84; H, 7.13; N, 3.96
EXAMPLE 22 15 3 '-Cycl opentyl oxy-4" -nethoxy-bi phenyl - 4-carbal dehyde oxi ne
Fol I owi ng the procedure in Exanple 21, one 3'-cyclopentyl oxy-4'-methoxy-
biphenyl 4- car bal dehyde yi el ded the tite conpound in 26% as a crystal i ne
sol i d: IR (KBr) 3450, 3300 [err]; NVR (DVBO) 8 11.2 ( 1MhisSheet BaskHred Rdshaced
s), 7.65 (4H, m, 7.21 (1H, d, J = 8.7Hz) 7.20 (1H, s), 7 0

8.7Hz), 4.92 (1H, m, 3.77 (3H s), 2.0-37t.5 (8H, 25 umnm"u
(M+), 225 (100).

What is Claimed:

1. A compound of the following structure:

RaY. \ R
8

R4X

wherein, when Rg = H:
R} = alkyl, cycloalkyl, arylalkyl, aryl;
10 Rz =cycloalkyl, aryl, C3-Cjg alkyl;
XY =0, S(O)y, NH;
Z = CH20H, NHSO2R3, CHO, CO2R3, CONHR4R5, CN, CORg, H, halo,
NHCN, NHCONR4R5, CONR4OR5, CONR4NRsRg, 1-tetrazole, S(0),OH,
S(O)aNR3R4, C=NOH, C(=N(OH)NH2, OCONR7R¢, P(O)(OR4)2,

15 NHa, SH,OH, OS(O)2R3, C(O)CO2R3, C(O)CONR3R4, CH(OH)CO2R3,
CHFCO2R3, CF2CO2R3, CH(OH)CONR3R4, CF2CONR3R4, C=NNH;,
C(=NOC(=0)R3)R4, C(=NNHC(=0O)R3)Rs, C(=NOH)R3,

C(=NNR3)R4, NHC(=0O)Rg or C(O)CONH>;
R3, R4, Rs, Rg, R7 are each, independently, hydrogen, alkyl, aryl, aryalkyl,

20 cycloalkyl, or fluoroalkyl;

or a compound of Structure I, wherein:
Rj = alkyl, cycloalkyl, arylalkyl, or aryl;
R2 = cycloalkyl, aryl, or alkyl;
X,Y = CHp, O, S(O)y, or NH; .

25 R3, R4, Rs, Rg, R7 = hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, or fluoroalkyl;
Rg = COzR3, CONR2R3, or Rg and Z are concatenated such that
RgZ = C(O)NHNHC(0), (CH2)mC(=W), V(CH2)nC(=W), or,
VaCH=CH(CH2)nC(=W);
where

* c L M S *



.El emental analysis for [err] Calc'd: C, 73.29; H 6.80; N 4.50 30
Found: C, 72.60; H 6.66; N, 4.35 -26 - EXAMPLE 23 5 Fol | owi ng

the procedure in Exanple 21, 3'-cyclopentyl oxy-4'-nethoxy- --—-- :

bi phenyl - 3- car bal dehyde yi el ded the title conmpound in 45% ase, stal.lul ne |
solid nmp [err]. IR (KBr) 3420, 3300 [err] ; 10 NVR (
s), 7.74 (1H, s), 7.57 (1H, dt, J = 7.9, 26Hz) 7.52 (1H,

2.6Hz), 7.44 (1H, d, J = 8.6Hz), 7.38 (1H 7.14 (1H d
(1H, d, J = 2.2Hz), 6.94 (1H d, J = 8.6 -, 486 (1H, m, 389 (3H s)
2.0 -

V =0, S(O)y, NH
W = 0O, NOH, NHNH3, NOC(O)CH3, or NNHC(O)CHj3;
halo = Cl, Br, or [;
fluoroalkyl = CF3 CHF;, CH3F, CH2CF3, CFs;
5 cycloalkyl = C3-Cg cycloalkyl;

arylalkyl = C}-C4 aryl;
aryl = phenyl, furanyl, thienyl, or pyridyl;
n=0-2; and
m=2-4

10  or pharmaceutically acceptable salts thereof.

2. The compound of Claim 1 wherein ring B further comprises structure III or
structure IV:
w
¢
6\
o s m
7 NH
0 L
5\ N H
5
15 o
wherein W = O, NOH, NNH;, NOC(O)CH;:,, or NNHC(O)CH3 and further wherein
ring B is attached to ring A at the 5, 6, or 7 position, or pharmaceutically acceptable
salts thereof.
20

3. A compound of Claim 1 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-
carboxylic acid amide.

4. A compound of Claim 1 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-
25  carboxylic acid hydrazide.



1.58.(8H, mM; MS m/z: 311 [err] 243 (100). 15 El enental
[err] Calc'd: C 73.29; H 6.80; N 4.50 Found: C, 73.14; H 6.78; N, 4.47 20

EXAMPLEL 24 [err] Follow ng the procedure in Exanple

21,

anal ysis for:

3' -cycl opentyl oxy-4' - net hoxy- 25 bi phenyl - 2- car bal dehy dxhns elHBCBeérh&plhdem e

conmpound in 45%as a low nelting (<[err]) white solid.

NVR (DMSO) [err] 11.2 (1H, s), 7.94 (1H s), 7.83 (1H d,

(3H, m, 30 7.04 (1H, d, J = 8.1 Hz), 6.81 (2H m,
(3H, s), 1.9-1.5 (8 H, m 239 -

4. 80

T

S. A compound of Claim 1 which is 3'- Cyclopentyloxy-4' -methoxy-biphenyl-3-

carboxylic acid.

6. A compound of Claim 1 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-

5  carbaldehyde.

B A compound of Claim 1 which is 1-(3'-Cyclopentyloxy-4'-methoxy-biphenyl-

3-yl)-ethanone.

10 8. A compound of Claim 1 which is (3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-

yl)-phenyimethanone.

9. A compound of Claim 1 which is 3" Cyclopentyloxy-4 -methoxy-biphenyl-3-

carbonitrile.
15

carbonitrile.

10. A compound of Claim 1 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-

11. A compound of Claim 1 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-

20  carboxylic acid methyl ester.

12, A compound of Claim 1 which is 6-(3 Cyclopentyloxy-4nmethoxy-phenyl)-3 4-

dihydro-2H-naphthalen-1-one.

25 13. A compoundof Claim 1 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-

carbaldehyde oxime.

14. A compound of Claim 1 which is 3'-Cyclopentyloxy-4'-methoxy—bipheny_l—3-

carbaldehyde oxime.
30

15. A compound of Claim 1 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-

carboxylic acid amide.

‘RN O O A



M5, mz: 311 (M+), 226 (100) Anal. Calcd for [err] C, 73.29; H 6.80; N,
4.50. Found: C, 72.40; H, 6.89; N, 4.52. 35 -27 - EXAMPLE 25 E-6-( 3-
Cycl opent yl oxy- 4- met hoxy- phenyl ) -3, 4-di hydro-2H nap hthafen= t=-one exine.

acetate 5 _ This Sheet cen R
E- 6- ( 3- Cycl opent yl oxy- 4- met hoxy- phenyl ) - 3, 4- di hydr o- 2H-n d
oxinme (0.08 g, 0.228 mmol ), acetic anhydride (2 nL), pot za J ﬂ e

and di chl oronet hane (25 nL) were added to fbflaSk and he
0.5 hours. The R :

16. A compound having the general structure:

f or

R,0 AN Re

R,

5 wherein:
R = C;-C3 alkyl;
Ry = C3-Cg alkyl, C3-Cy cycloalkyl, or phenyl;

Z = CHO, COz2R3, CONHR4R35, CN, CORg, H, halo, NHCONR4Rs,

CONR4ORs, CONR4NRsRg, OCONRgR7, NHa,

10 C=NOH, C=NNHj, C(=NOC(=0)R3)R4, C(=NNHC(=0)R3)Rq,
. C(O)CO2R3, C(=NOH)R3, C(=NNR3)R4, NHC(=0)R¢, or C(O)CONH>;
and
R3, R4, Rs, Rg, Ry are each, independently, hydrogen, C;-Cy alkyl, aryi,
arylalkyl, fluoroalkyl; and
15 Rg = H, CONR4R5 or CO2R3;

and pharmaceutically acceptable salts thereof.

17.  The compound of Claim 16 wherein ring A is attached to ring B in the meta or

para position, or pharmaceutically acceptable salts thereof.
20 '

18.  The compound of Claim 16 wherein ring B further comprises structure III or

structure IV:

* c L " S *



‘reaction was cool ed and was washed with water (25 nmL), brine (25 nL), dried
10 (magnesiumsulfate), filtered, concentrated to dryness.and _ __ ____
‘recrystallized fromethyl acetate/hexane. This yielded 0.053 g (0. 134
mnol, 59% of product: np [err]. IR (KBr) 3400, 1750 [eF?TSh

[err] 7.99 (1H, d, J = 1.4Hz), 7.54 (1H, d, J = 7.5Hz), 7

7.25 (1H, d, J = 7.5Hz), 7.22 (1H s) 7 03 (1H d, J =

'3.78 (3H, s), 2.83 (2H, t, J Ff 393 (N%) 283 (100)

El emental analysis for [err] 20 @ a: C, 73.07; H 7.15; N, 3.55
Found: C, 72.62; H, 7.01; N, 3.57 EXAMPLE 26 [err]

3' - Cycl opent yl oxy-4' - met hoxybi phenyl - 4-yl am ne(0.283 g, 1.0 mpl) was

di ssolved in acetic acid (4.8 nL). A solution of sgpiun1isocyanate i n water
(9 nL) was

i/
X
o) s 011
7 NH
R T
6\ NH

wherein W = O, NOH, NNH3, NOC(O)CH3, or NNHC(O)CH3 and further wherein
ring B is attached to ring A at the 5, 6, or 7 position, or pharmaceutically acceptable
salts thereof.

19.  The compound of Claim 16 wherein:

= C;-C;3 alkyl;
= C3-C7 cycloalkyl or C3-Cg alkyl;
10 Z = CO2R3, CONHR4R 5, CONR4NRsRg, H, halo, CHO, CORg, CN, NH,
NHCONR4Rs, CONR4ORs, OCONR7Rg, C(=NOH)R3,
C(=NNR3)R4, C(=NOC(=0)R3)R4, C(=NNHC(=0)R3)R4, or
NHC(=O)Rg; .
R3, R4, Rs, Rg, R7 =H, C1-C4 alkyl, aryl, or trifluoromethyl; and
15 Rg = H or CO2R3;
or pharmaceutically acceptable salts thereof.

20. The compound of Claim 16 wherein:

20 R; = CHs;
Ry = C4 alkyl, C5 cycloalkyl;
Z = meta or para CHO, CO2R3, CONHR4Rs, CN, CORs, H, chloro, bromo,
NHCONR4R5, CONR4ORs, CONR4NRsRg, OCONR7R¢g, NHp,
C(=NOH)R3, C(=NNR3)R4, C(=NOC(=0)R3)R4,
25 C(=NNHC(=O)R3)R4;

* C L ] S *



added. The precipitate fornmed was dissolved in dichloronethane (25 nL)
washed 30 saturated sodi um bi carbonate(25 nmL) with water (25 nL), brine
(25 mL), dried (magnesiumsulfate), filtered, and concentrat ed.
Precipitation fromdi chl oronmet hane. yielded 0.155 g (0.475 nmmol, 61.2% of

product as an anorphous solid. IR (KBr) 3420, 1657 [err]; 28 - NWR [err]
8 8.56 (1H, s), 7.45 (4H, dd, J = 6.6, 51Hz), 7.0 (2H, m, 6.96 (1H d, J
= 8.9Hz), 5.83 (2H, s), 4.88 (1H, m, (3H, s); Ms mz: 327 (MtH), 257
(100). 5 Elenmental analysis for: [err] lc'd: C 69.92; H 6.79; N 8.58

Found: C, 68.53; H 7.09; N, 7.91

R3, R4, Rs, Rg, and R7 = hydrogen, methyl, phenyl, or mifluoromethyl; and
Rg = hydrogen;
or pharmaceutically acceptable salts thereof.

5 21. A method of aeating asthma or allergic or inflammatory diseases in a mammal
in need thereof, the method comprising administering to said mammal an effective
amount of a compound as claimed in any of Claims 1 to0 20.

10 22. A pharmaceutical composition for use in treating asthma or allergic or
inflammatory diseases in a mammal in need thereof, the composition comprising an
effective amount of a compound as claimed in any of Claims 1 to 20.

eet Has Been Re laced
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EXAMPLE 27 10 (3'-Cycl opentyl oxy-4'-nethoxy-bi phenyl 3-yl)-urea Fol | ow ng
the procedure in Exanple 26, 3-cycl opentyl oxy4'-nmethoxy- bi phenyl -3-yl

am ne yielded the title conmpound in 79% yield as a crystalline solid 15
[err]. np [err]. [err] Elenental analysis for: [err] Calc'd: C 66.33; H,
7.03; N, 8.14 25 Found: C, 66.17; H, 6.45; N, 8.06 EXAMPLE 38 [err]

-43.-

A compound of the following structure:

RyX

wherein, when Rg = H:
R} = alkyl, cycloalkyl, arylalkyl, aryl;
R =cycloalkyl, aryl, C3-Cyg alkyl;
10 X, Y =0, S(O)y, NH;
Z = CH20H, NHSO2R3, CHO, CO2R3, CONHR4Rs, CN, CORg, H, halo,
NHCN, NHCONR4Rs5, CONR40ORs5, CONR4NRsRg, 1-tetrazole, S(O),OH,
S(O)NR3R4, C=NOH, C(=N(OH)NH3, OCONR7R¢, P(O)(OR4)2,
NH3, SH,OH, OS(O)2R3, C(O)CO2R3, C(O)CONR3R4, CH(OH)CO2R3,
15 CHFCO2R3, CF2CO2R3, CH(OH)CONR3R4, CF2CONR3R4, C=NNH3,
C(=NOC(=0)R3)R4, C(=NNHC(=O)R3)R4, C(=NOH)R3,
C(=NNR3)R4, NHC(=0)Rg or C(O)CONHpy;
Rz, R4, Rs5, Rg, R7 = hydrogen, alkyl, aryl, aryalkyl cycloalkyl, or fluoroalkyl;
or a compound of Structure I, wherein:
20 R; = alkyl, cycloalkyl, arylalkyl, or aryl;
Rz = cycloalkyl, aryl, or alkyl;
X, Y = CHy, O, S(O)y, or NH;
R3, R4, Rs, Rg, R7 are each, independently, hydrogen, alkyl, aryl, arylalkyl,
cycloalkyl, or fluoroalkyl;
25 Rg = CO2R3, CONR3, or Rg and Z are concatenated such that
RgZ = C(O)NHNHC(O), (CH2)mC(=W), V(CH2)C(=W), or
VaCH=CH(CH2)nC(=W);
where
V =0, §(O)q, NH;

as Been Replaced
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-5@ 1 water (25 mL), brine (25 nL), dried (magnesiumsulfate), filtered,
and concentrated to dryness. Product was recrystallized fromethyl acetate/
hexane. Yield of product (0.170 g, 0.523 muol); 67% as an anor phous solid.
5 1R (KBr) 3300, 1620 [err]; NWR (DMSO) 6 7.54 (2H, d, J = 8.3Hz), 7.49
(2H, d, J =8.3Hz), 7.26 (1H, s), 7.10 (1H, , d = 8.9Hz), 7.08 (1H, s),
6.92 (1HK ,d, J= 8.9Hz), 4.84 (1H, nm), 3.88 (3H, s), 2.20 (3H, s); M
mz: 325 (M+), 257 (100). 10 El enental ang#xsis for: [err] Calc'd: C
73.82; H 7.12; N, 4.30 Found: C, 73.23; Tv7.07; N, 4.10 15

EXAMPLE- 22 Fol | owi ng the procedure of Exanpl e28,

3' -cycl opent yl OX%—V4I - met hoxy-
=0, NOH, NHNH,, NOC(O)CHa, or NNHC(O)CH3~

halo =Cl, Br, or I,
fluoroalkyl = CF3 CHF,, CH,F, CH2CF3, CyFs;
cycloalkyl = C3-Cg cycloalkyl;
5 arylalkyl = C;-Cy4 aryl;
aryl = phenyl, furanyi, thienyl, or pyridyl;
n=0-2; and
m=2-4
or pharmaceutically acceptable salts thereof, useful in the treatment of asthma, or

10  allergic or inflammatory di
Seases, as well as methods of tre ]
compositions utilizing the same. atment and pharmaceutical



20 bi phenyl —.B-yl anmine yielded the title conpound in 82% as a cHySTaltIRRe

solid: nmp 112- [err]. IR (KBr) 3290, 1660 [err]; [err] -30 - EXAMVPLE 30
5 " A solution of 3-brompbenzoyl chloride in tol uene (SCF ittp) o
treated with concentrated amoni um hydroxide (2 nmL) at roomter‘??énatﬂ

ten mnutes. This mxture is then treated with
3-cycl opent yl ox- 4- net hoxy- phenyl boronic aC|4 (0.5 9, 2.12°
carbonate (1 g), ethanol (10 nlL) and tetrakrs- (triphenyl phos

phi ne)

rm¢| 13 054iB 9%

10 undér—a

pall adi um (25 ng). The r eagiddpy MASED 1B, TERIVATINAIY g
ni trogen bl anket. This provided—the titte conpound 11T 34% as

rystalline

A compound of the following structure:

=z 2
B
Rzy \ Rs
5 R4X
wherein, when Rg = H:
| R} = alkyl, cycloalkyl, arylalkyl, aryl;
Rz = cycloalkyl, aryl, C3-Cyg alkyl;
10 XY =0, S(O)q, NH;
Z = CH20H, NHSO2R3,  CHO, COzR3, CONHR4Rs, CN, CORg, H, halo,
NHCN, NHCONR4R5, CONR4ORj5, CONR4NRsRg, 1-tetrazole, S(O)aOH,
S(0)aNR3R4, C=NOH, C(=N(OH)NH2, OCONR7R¢, P(O)(OR4)z,
NH,, SH,OH, 0S(0)2R3, C(0)CO2R3, C(O)CONR3R4, CH(OH)CO2R3,
15 CHFCO3R3, CF2CO2R3, CH(OH)CONR3R4, CFRCONR3R4, C=NNH3,

C(=NOC(=0)R3)R4, C(=NNHC(=O)R3)R4, C(=NOH)R3,
C(=NNR3)R4, NHC(=0)Rg or C(O)CONH?2;

R3, R4, Rs, Rg, Ry = hydrogen, alkyl, aryl, aryalkyl, cycloalkyl, or fluoroalkyl;

or a compound of Structure I, wherein:
20 R} = alkyl, cycloalkyl, arylalkyl, or aryl;
Rz = cycloalkyl, aryl, or alkyl;
X,Y = CHy, O, S(O)n, or NH;

R3, R4, Rs, Rg, R7 are each, independently, hydrogcn, alkyl, aryl, arylalkyl,

cycloalkyl, or fluoroalkyl;
25 Rg = COzR3, CONR3, or Rg and Z are concatenated such that
RgZ = C(O)ONHNHC(O), (CH2)mC(=W), V(CH2)mC(=W), or
VaCH=CH(CH2)nC(=W);
where
V=0, 3(O)n, NH;



solid (ethyl [err]) IR (KBr) 3300, 3150, 1660 [err]; NVR (DVMBO [err]e]
8807 (2H, m), 7.79 (1H, d, J = 7.8Hz), 7.75 (1H d, J = 7.8Hz), 15 7.4G%

1H, t, J = 7.6Hz), 7.41 (1H b . 7.24 (2H, ™, 7.0 RIE—t—l_= 0.
21.94 (1H, ), 3.7%3 (3H, s§, 2.0r-S)1.5 (8H,(rr); %MZ: AOEMENM op)

(0.5 g; 1.602 mmol) in toluene (30 nL) wag treated wth fa -zgggld%
oxalyl chloride 30 (0.840 nL, 1.68 nmol) in dichlororfetthane an r ¢p Jof
di met hyl formam de was added. This m xture was heated{to T Q :

m nutes, cooled and concentrated in vacuo to an oil. ¥his oil is dissolped
I n di chl oronet hane and added dropwi se to a m xture of hydroxy t~ .
hydrochl oride (0.139 g, 1.25 eq) and triethylanm ne (0.405 g, 2.5eq) in
di chl oronet hane (10 ml). After about thirty mnutes the reaction the 35
reaction appear sUs (95 madnienance therapysienc cramelya sadiuph@lisadivm ceorapglycately

tlc). The appears (o inhibit mediator release and reduce airway hyperactivity.

In recent work, asthma has been recognized as being mediated by an
5 inflammatory response in the respiratory tract [DeMonchy, J., Am. Rev. Resp. Dis.
131: 373-376 (1985)]. Recent findings suggest that human T-lymphocytes play a major
role in regulating the airway inflammation associated with allergic asthma [Frew, A.J.,
J. Allergy Clin. Immunol. 835: 533-539 (1990)] and chronic obstructive pulmonary
disease [O'Connor, G.T., Am. Rev. Resp. Dis. 140: 225-252 (1989)].
10
In addition to the infiltration of other inflammatory cells into the pulmonary
system, human asthmatics and atopics who are dual 'respondcrs (i-e., show both early
and late phase reactions) show a small but significant infiltration of T-lymphocytes
following antigen challenge [Frew, A.J. and Kay, A.B., J. Immunol. 141: 4158-4164
15 (1988)]. More importantly, these recruited T-lymphocytes are almost entirely of the
CD4+ (T-helper) type, and there appears to be a direct correlation between the influx of
CD4+ cells, the influx of eosinophils, and the IgE-related allergic response in these
individuals [Frew, A.J. and Kay, A.B., J. Immunol. 141: 4158-4164 (1988)]. In
severe asthmatics, these CD4* cells appear to be activated [Corrigan, C.J. and Kay,
20 - A.B., Am. Rev. Resp. Dis. 141: 970-977 (1990)] by virtue of the increase in IL-2
receptor positive cells. Thus, these cells are capable of producing cytokines (such as
IL-3, IL-5, and granulocyte macrophage colony stimulating factor) which can directly
affect the differentiation, maturation and activation staite' of the eosinophils and other
inflammatory cells.
25
Rapamycin, a macrocyclic triene antibiotic produced by Streptomyces
hygroscopicus [U.S. Patent 3,929,992] has been shown to prevent the formation of
humoral (IgE-like) antibodies in response to an albumin allergic challenge [Martel, R.,
Can. J. Physiol. Pharm. 55: 48 (1977)], inhibit murine T-cell activation {Strauch, M.,
30 FASEB 3: 3411 (1989)].

Qo 32391



-31 + reaction is washed with water dried and concentr at ed.

purlfled via reversed phase HPLC, using a Dynamax- 60A Phenyl
70% acetonitrile/water as carrier. This provided the t
yield as a crystalline solid [err] nmp [err]. 5 IR (KBr)RE;z

The material is
col um wand
0 ound in 9%

NVR (DVBO) 811.24 (1H,s), 901(1H s) 7.80 (2H,d, J . E(EZH d,
J = 8.5Hz), 7.24 (1H, d, J = 8. 3Hz), 7.22-3%H, s). 7.pal( ),
4.94 (1H, n), 3.78 (3H, s); 10 MB miz: 327 (M, 227 ( oégJELagggt

anal ysis for: [err]

R. M. Schisla, J. Chem. Eng. Data, 17, 112-115 (1972) disclosed 3,4-

9 Bia?

diphenoxybiphenyl for use as a heat transfer medium at a temperature of 800°F

(427°C).

5 Brief Description of the Present Invention

This invention relates to compounds demonstrated to inhibit a specific
phosphodiesterase (PDE), often called PDE IV, that selectively metabolizes cyclic
adenosine 3':5'- monophosphate (cAMP) and that is insensitive to the modulatory

10 effects of guanosine cyclic 3":5' monophosphate (cGMP) and calcium. This PDE is
found in both respiratory smooth muscle and inflammatory cells, and has been

demonstrated to be a principle regulator of cCAMP in these tissues

Cieslinski, Molecular Pharmacology. 37, 206 (1990), and Dent et al.,

[see Torphy and
British Journal

of Pharmacology, 90, 163P (1990)]. Consequently, the compounds named in this

15 - invention are both bronchodilatory and antiinflamatory, and are effective in animal
models of allergic and nonallergic asthma. However, because the compounds named in
this invention preferentially inhibit the PDE IV isozyme, they are expected to be more
selective and safer anti-asthmatics than nonselective PDE inhibitors currently used for

the treatment of asthma, such as theophylline.
20

These compounds are inhibitors of the enzyme 3', 5' cyclic AMP
phosphodiester-ase. By virtue of this activity, the compounds act as bronchodilators as
well as prevent the influx of leukocytes into the lung and pulmonary cavities of antigen
sensitized and subsequently challenged laboratory animals. Thus these compounds are

25  useful for the acute and chronic treatment of bronchial asthma and its associated

pathology.

This invention is based upon the first discovery of pharmaceutically useful
properties in biphenyls, and their pharmaceutically acceptable salts, of the general

30 structure I



Calcd C, 69.71; H 6.47; N, 4.28 Found: C, 69.54; H, 6.44; N, 3.81 15
Exarrpl e 32 [err] 20 Fol | owi ng the procedure of Exanple 1,

4-bronmophthalic acid yielded 25% of the title conpound a
[err] -32 - Exanple 33 5 A solution of the diacid (120 [mBEpL,
prepared above is dissolved in ether (20.4) and cooled tp Je
was .added an etherial solution of

RaY. \ . Rs

RyX

wherein, when Rg = H:
R = alkyl, cycloalkyl, arylalkyl, aryl;
R2 = cycloalkyl, aryl, C3-Cjg alkyl;
5 XY =0, S(O),, NH;

Z = CH20H, NHSO2R3, CHO, CO2R3, CONR4Rs, CN, CORg¢, H, halo,
NHCN, NHCONR4Rs, CONR4ORs, CONR4NRsRg, 1-tetrazole, S(0),OH,
S(0)pNR3R4, C=NOH, C(=N(OH)NH2, OCONR7R¢, P(O)(OR4)2,
C(=N(YR3))R4, NH3, SH,OH, OS(0)2R3, C(=NYC(=0O)R3)R4,

10 C(0)CO,R3, C(O)CONR3R4, CH(OH)CO2R3, CHFCO2R3,
CF,CO2R3, CH(OH)CONR3R4, CFoCONR3R4, C=NNH3,
C(=NOC(=0)R3)R4, C(=NNHC(=0O)R3)R4, C(=NOH)R3,
C(=NNR3)R4, NHC(=0)Rg or C(O)CONHj;

R3, R4, Rs, Rg, Ry are each, independently, hydrogen, alkyl, aryl, aryalkyl,

15 éycloalkyl, or fluoroalkyl;

or a compound of Structure I, wherein:
R; = alkyl, cycloalkyl, arylalkyl, or aryl;
R = cycloalkyl, aryl, or alkyl;
X,Y = CHa, O, S(O),, or NH;
20 R3, R4, Rs, Rg, R7 = hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, or fluoroalkyl;
Rg and Z are CO2R3 or CONR4R5 or Rg and Z are concatenated such that
RgZ = C(O)NHNHC(O), (CH2);nC(=W), V(CH2)mC(=W), or
VnaCH=CH(CH»),C(=W);
where
25 V =0, S(O),, NH;
W = O, NOH, NHNH;, NOC(O)CH3, or NNHC(O)CH3,
halo =Cl, Br, or I;
fluoroalkyl = CF3 CHF,, CHyF, CH,CF3, CoFs;



di azonet hane until the yellow col or persisted. The solution was stirred for
10 minutes and then glacial acetic acid was added to di scharge the col or.
The sol vent was renoved 10 in vacuo. The sanple was chromat ographed on
silica gel with ethyl acetate in hexanes. This provided the product as an
oil (118 nmg, 93% . Exanple 34 The diacid prepared above (1.05 g, 2.94 mol)
was di ssolved in acetic anhydride (10 ml )-31n a Cari us ptube he tube was
heated in a [err] oil bath for 30 30 mnutes, cool ef &ﬁﬂACHﬁE.
removed in vacuo. The crude anhydride was dlssolved nd etfhane
(10 m) and hydrazine hydrate was added (0.2 m). Thg
overnight with a Dean Stark trap. The sanple was the
and was extracted with ethyl acetate. The organi.c | aye

ol 10 s 111t or B ROR R LR (702 g, 069 asmrtihydra
arylalkyl = Cx-C4 aryl; -
aryl = phenyl, furanyl, thienyl, or pyridyl;
n =0-2; and

5 m = 2-4,
These compounds are novel per se except for 3,4-diphenoxybiphenyl.

Preferred examples of the present invention may be described by the general

structure II:
- z
B
R20 Xy~ Rs
R40O
10 I
wherein:
R} = C4-C3 alkyl;
R2 = C3-Cg alkyl, C3-C7 cycloalkyl, or phenyl;
15 Z = CHO, CO2R3, CONR4Rs, CN, CORg, H, halo, NHCONR4Rj5,
CONR40Rs, CONR4NRsRg, OCONR7Rg, C(=N(YR3))R4, NHa2,
C=NOH, C=NNH,, C(=NOC(=0)R3)R4, C(=NNHC(=O)R3)R4,
C(O)CO2R3, C(=NOH)R3, C(=NNR3)R4, NHC(=O)Rs, or C(O)CONH2;
and ‘
20 R3, R4, Rs, R¢, R7 are each, independently, hydrogen, C1-C4 alkyl, aryl,
arylalkyl, fluoroalkyl; and
Rg =H or COR3;
as well as pharmaceutically acceptable salts thereof.
25 In these preferred compounds, it is further preferred that ring A is attached to

ring B in the meta or para position.



- 33"- 10 EXAMPLE 35 The following standard tests are enpl oyed to assess
the abilities of compounds to inhibit PDE IV in vitro. _

Tris-HO buffer (pH 7:8) using a Polytron. The honpbgena
centrifuged at 25,000 x g [err] for 30 m nutes. The supernatant i caht ed
and

In addition, preferred examples of this invention may be described by the
formula II, above,wherein ring B is described by structures III or IV, seen below, and
is attached to ring A at the 5, 6 or 7 position.

W
i/
A
o ° I
7/ NH
L
X NH
5 . o

wherein W = O, NOH, NNH;, NOC(O)CH3, NNHC(O)CH3,

For the compounds listed, unless otherwise stipulated, alkyl = C;-Cg; halo =

10 CLBrorl; fluoroalkyl = CF3, CHF;, CH3F, CH2CF3 or CoFs; cycloalkyl = C3-Cg

cycloalkyl; arylalkyl = C;-C4 substituted aryl; and aryl = phenyl, furanyl, thienyl or
pyridyl.

Among the more preferred compounds of this invention are those having the
15  general structure:

R4O
II
wherein:
Ry = Cy-Cj alkyl;
Rj = C3-C7 cycloalkyl or C3-Cg alkyl;
20 Z = COzR3, CONR4Rs5, CONR4NRsRg, H, halo, CHO, CORg, CN, NHj,



25 filtered through four | ayers of gauze, and applied to~a.40 cn1x 2 cm
DEAE- Sepharose colum that is equilibrated with Tris-HC uﬂﬁqﬁc
The columm is then washed with an additional 240 nL of byffre Q
unbound proteins. PDE is eluted using 450 nL of Tris-HC

a linear gradient of 0.0 - 1.0 M Na- acetat@‘(BO m./ hr), §
fractions are collected. Each fraction is assayed for cA
met abol i zing PDE activity. Fractions eluting at approxin
acetate, and containing cAVWP but not cGWP netabolic activtty -
used as a PDE stock solution for assaying PDE IV inhibitory act|V|ty
|V activity is tested as described previously [see Thonpson et al.

fenction mixture - SIRCARIS BEMRIORS OCONRIRE L= RDEDES ré%“%?{ﬁp%] !
mM [err]-mercaptoec harﬁd"NQC{=é))R]3)R4 C(=NNHC(=0)R3)R4, or NHC(-O
R3, R4, Rs, Rg, Ry are each, independently, H, C1-C4 alkyl, aryl, or
trifluoromethyl; and
5 Rg = H or CO2R3;
or pharmaceutically acceptable salts thereof.

It is also understood that these preferred compounds of the present invention
may also include those in which ring B is described by structures III or IV, above, and
10 s attached to ring A at the 5, 6 or 7 position.

The most preferred compounds of the present invention may be described by

the formula:
/ Z
R,0 AN Rg
5 R,0
wherein:
R =CHs;

Ry = C4 alkyl, Cs cycloalkyl;
Z = meta or para CHO, CO;R3, CONR4Rs, CN, CORg, H, chloro, bromo,
20 NHCONR4Rs, CONR40R5, CONR4NRsRg, OCONRgR7, NH2,
C(=NOH)R3, C(=NNR3)R4, C(=NOC(=0)R3)R4,
C(=NNHC(=O)R3)Ry4;
R3, R4, Rs, Rg, R7 and Rg are each, independently, hydrogen, methyl,
phenyl, or trifluoromethyl;
25  or pharmaceutically acceptable salts thereof.

These most preferred compounds also include those in which Rg and Z are
COyR3 or CONR4Rs. In addition, the most preferred compounds of the present



[err] 10 [err] CI-930, PDE IV stock solution, and the desired concentration
of test conpound. CI-930 is included as an inhibitor of the cyclic
GWP-sensitive, cyclic AMP-selective PDE (PDE I11) that ig.also present in
the PDE IV stock solution when 5 prepareéi as descri bed FHrey® he ability
of a test conpound to inhibit PDE IV is deternned by mfagurlMEMENT
reduction in cAVP netabolism produced by the test conpofinfl and exy
it as a percentage of the reducti‘on induced by 10 [err]{ rfol i1r5’-g 'f‘
i nhibitor of PDE IV (see Beavo, Advances in Second Mes§edger angL 9
Phosphoprotein Research. 22 1 (1988)]. [er] are cal cul f
conpound 10 as the concentration of test conpound tha

20% Te;s':1 Pr gg;,lw_é?ﬁ@, bgd&hﬂb&n&}lmﬁ\f&QuﬁsanhﬁingI,ﬂ)em,bsphd:mac el
ssess e abiliti 0 conpounds. t o _i,nhi,bit RDE |V functionally. -Val e
Hartley gui neéccﬁpﬁ’gise( 3@%@‘%@?? Q"W%y)%ﬁe eut hani zed by a blow to
the head, and the tracheas were renoved and placed in aerated physiol ogical

?ﬂ?/lyt solution (PSS) containing NaCw (118 nmM, [err] (1.18nmV), Kgl (4.74

R0 R0

RO R0

wherein Ry, Rp, and W are as described above.

These compounds show activity against PDE IV isolated from dog tracheal
muscle with IC50s in the range of 106 to 10-9 M. These compounds also show
10 activity in the functional PDE inhibitory test with IC50s in the range of 106 t0 108 M.
More information concerning these tests and their indications of the present compounds
PDE IV inhibitory ability is set forth in Example 35, below.

Also provided by the present invention is use of a compound having formula I
15  ora pharcaceutically acceptable salt thereof to prepare a medicament for treating allergic
and inflammatory diseases, as well as asthma, both allergic and non-allergic. Such a
medicament may be used in all treatments, administrations, or regimens related to such
maladies including, but not limited to, those which are prophylactic, therapeutic,
progression inhibiting, remedial, maintenance, or other treatments regarding asthma

20  and allergic and inflammatory disease states or conditions.

The effective dosages of the compounds presented herein will vary with the
particular compound chosen and the form of administration. Furthermore, it will vary
with the particular host under treatment. Generally, the compounds of this invention

25 are administered at a concentration level that affords protective effects without any
deleterious side effects. For example, the effective amount of compound can usually
range from about 10 to about 250 mg/kg body weight per day administered once daily
or divided into two to four administrations per week. The optimum dosage for the
individual subject being treated will be determined by the person responsible for



cocai ne and hydrocortisone (3 [err] and 10 [err], respectively, to block
i ntraneural and extraneural uptake mechani sns), propranolol and
phentolamne (1 [err] and 10 [err], respectively, to bl ock adrenoceptors)
i ndonet hacin (2.8 [err]; to block spontans us tensi on geneys

cal ci um di sodi um EDTA (26 [err], as an afitioxidant). Trach
were prepared and mounted in 10 nl organ baths for the me

1986). Tracheal relaxation resulting fromthe inhibition pf UU 0@9
PDE-111 was assessed by a nethod simlar to that enpl oyeg al
(1989). Tr ac6daimss ngs 30 were precontracted with 1 [efr], S¥e

~until a stable |evel of tension was obtained (30 mn). To®&
i nhibition of PDE-IV, traﬁ?eal rings were then incubated (45 mn)

C1-930 (10 [érr]) AFAmPquat foruse a¢a phrrmaceutical t%fe?mﬁquzlﬂrbglwqmmnﬂ@fmee
rel axant eff éollosving stRidture) i nhi bitors. Conversely, the inhibition of
tracheal PDE-111 was explored using rings pretreated with rolipram (10
[err]), and thereby sensitized to PDE- 35 11l inhibitors (Harris et al.,
1989). The functional inhibition of PDE- PDE-111 was

RoY.

A )

wherein, when Rg = H:
Rj = alkyl, cycloalkyl, arylalkyl, aryl;
R3 = cycloalkyl, aryl, C3-Cyp alkyl;
X,Y =0, S(O),, NH;
Z = CH20H, NHSO2R3, CHO, CO2R3, CONR4R5, CN, CORg, H, halo,
NHCN, NHCONR4Rs, CONR4ORs, CONR4NRsRg, 1-tetrazole, S(0),OH,
S(O)nNR3R4, C=NOH, C(=N(OH)NH2, OCONRgR7, P(O)(OR4),,
NH>, SH,OH, OS(0O)2R3, C(O)CO2R3, C(O)CONR3Ry,
CH(OH)CO2R3, CHFCO2R3, CF2CO2R3, CH(OH)CONR3R4,
CF2CONR3R4, C=NNHj, C(=NOC(=0)R3)R4, C(=NNHC(=0)R3)R4,
C(=NOH)R3, C(=NNR3)R4, NHC(=0)Rg or C(O)CONH3;
R3, R4, Rs, Rg, R7 are each, independently, hydrogen, alkyl, aryl, aryalkyl,
cycloalkyl, or fluoroalkyl; |
or a compound of Structure I, wherein;
= alkyl, cycloalkyl, arylalkyl, or aryl;
R2 = cycloalkyl, aryl, or alkyl;
X,Y =CHj, O, S(O),, or NH;
R3, R4, Rs, R, R7 = hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, or fluoroalkyl;
Rg and Z are COzR3 or CONR4Rs, or Rg and Z are concatenated such that
RgZ = C(O)NHNHC(O), (CH2),C(=W), V(CH2)mC(=W), or
VaCH=CH(CH),C(=W); |
where
V =0, S(O),, NH;
W = O, NOH, NHNH,, NOC(O)CH3, or NNHC(O)CH

U



-.35 "~ determined by adding a test conpound to the tissue bath in

cunul atively increasing concentrations and nonitoring the degree of

rel axation induced in the continued presence of CI-930 or rolipram
(respectively).. After adding the final concggtration of test conmpound to
the organ bath, tracheal rings were washed repeatedly with PSS, and 5
allowed to relax to resting tension. Percent relaxations produced by each
concentration of test conpound were cal cul ated as a pe CRPAAL o |
of tension maint ahsied €N Brfwr Ipr esence of the preincubafi ng 0

relative to the final resti Si d ' at the g f
experiment. 10 huoroaflqlig %@%@\?Sﬂgnﬁ%ﬁ%’% | V i hh) bift5 goLt Rehs Mare
used to det er m necydlealBi= C¥/Cgripclbalkpl,y abilities of spone. of the cdhpdurds

of the present in L AL~ | e bel ow i ndicates the CONPOU ,
and the results t%@?me%ﬁ. Ebpﬁe ch of Tests 1 and 2, t esults are given

as [err] for the aoyhppheeyl fusanyl thisnW expysistylir at i ons.
n=0-2; and
‘m=2-4
or a pharmaceutically acceptable salt thereof.

2. A compound of the following structure:
Z ~N*
B
. RaY. ™ Rs
Rq{X

wherein, when Rg = H:
R} = alkyl, cycloalkyl, arylalkyl, aryl;
Ry = cycloalkyl, aryl, C3-Cjg alkyl;
X,Y =0, S(0),, NH;
Z = CH20H, NHSO2R3, CHO, CO2R3, CONR4Rs, CN, CORg, H, halo,
NHCN, NHCONR4R5, CONR4ORs, CONR4NR5R¢, 1-tetrazole, S(0),OH,
S(O)nNR3R4, C=NOH, C(=N(OH)NH2, OCONRgR7, P(O)(OR4)2,
NH3, SH,OH, 0S(0);R3, C(O)CO2R3, C(O)CONR3R4,
CH(OH)CO2R3, CHFCO,R3, CF2CO2R3, CH(OH)CONR3R4,
CF>CONR3R4, C=NNH>, C(=NOC(=0)R3)R4, C(=NNHC(=0)R3)R4,
C(=NOH)R3, C(=NNR3)R4, NHC(=O)Rg or C(O)CONHz;
R3, R4, Rs, Rg, R7 are each, independently, hydrogen, alkyl, aryl, aryalkyl,
cycloalkyl, or fluoroalkyl; '
or a compound of Structure I, wherein:
R} = alkyl, cycloalkyl, arylalkyl, or aryl;
R = cycloalkyl, aryl, or alkyl;
X.,Y = CHy, O, S(O),, or NH;
R3, R4, Rs, Rg, R7 = hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, or fluoroalkyl;
Rg and Z are CO3R3 or CONR4R5 or Rg and Z are concatenated such that

A



15 - TABLE Conpound of Exanple # Test
No. 1 Test No. 2 - 36 - TABLE (Cont'd) Conpound of Exanple #
Test No. | Test No. 2 [err] -3]39_C1ains: 1. A conpound for
use as a pharmaceutical, the conpound being a conpound of the

RgZ = C(O)NHNHC(0), (CH2)nC(=W), V(CH2)mC(=W), or
VinCH=CH(CH,),C(=W);
where '
V =0, S(O),, NH;
W = O, NOH, NHNH,, NOC(O)CH3, or NNHC(O)CH3;
halo = Cl, Br,or I;
fluoroalkyl = CF3 CHF;, CHyF, CH2CF3, CoFs;
cycloalkyl = C3-Cg cycloalkyl;
arylalkyl = C,-C4 aryl,
aryl = phenyl, furanyl, thienyl, or pyridyl;
n=0-2; and
m=2-4
or a pharmaceutically acceptable salt thereof subject to the proviso that 3,4-

REPLACEMENT Szt

diphenoxybiphenyl is excluded.

3. The compound of Claim 2 wherein ring B further comprises structure III or
structure IV:
w
¢
6\
o il
7 = NH
L
X NH
s (o)

wherein W = O, NOH, NNH3, NOC(O)CH3, or NNHC(O)CH3 and further wherein ring
B is attached to ring A at the S, 6, or 7 position, or pharmaceutically acceptable salts
thereof.

4. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-
carboxylic acid amide.

5. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-
carboxylic acid hydrazide.

UL



folfow ng structure: [err] wherein, when R8 = H - 38 - [err] -39 -
frerr] _ :
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6. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-
carboxylic acid.

7. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-
carbaldehyde.

8. A compound of Claim 2 which is 1-(3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-
yl)-ethanone.

9. A compound of Claim 2 which is (3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-yl)-
phenylmethanone.

10. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-
carbonitrile.

11. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-
carbonitrile. '

12. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-
carboxylic acid methyl ester.

13. A compound of Claim 2 which is 6-(3-Cyclopentyloxy-4-methoxy-phenyl)-3,4-
dihydro-2H-naphthalen-1-one.

14. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-4-
carbaldehyde oxime.

15. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-biphenyl-3-
carbaldehyde oxime.

16. A compound of Claim 2 which is 3'-Cyclopentyloxy-4'-methoxy-bipheny!-3-
carboxylic acid amide.

17. A compound having the general structure:

UL



REPLACEMENT SHEET 40 6. A conpound of Claim2 which is
3" - Cycl opent yl oxy-4' - met hoxy- bi phenyl - 3- carboxyl.ic acid.

of Caim2 which is 3'-Cycl opentyl oxy-4'-nethoxy- bi phenyl -

8. A conpound of Claim2 which is

1- (3' - Cycl opentyl oxy-4' - net hoxy- bi phenyl-4- yl ) - et hanone.
of Cdaim2 which is (3" -Cyclopentyl oxy-4'-nmethoxy-bi pheny,
phenyl met hanone. 10. A compound of Claim 2 which is

3' - Cycl opent yl oxy-4' - net hoxy- bi phenyl -3- carbonitrile. 13.
- carbomttte |

Caim2 which is 3'-Cycl opentyl oxy-4'-nmet hoxy;

7. A conpound
3- carbal dehyde.

[ REPLACEVS o SEE

- _y|)_

1
A go"_rr%‘by of

R,0

R,0

wherein:
R; = C;-Cj3 alkyl;
Rg = C3-Cg alkyl, C3-C7 cycloalkyl, or phenyl;
Z = CHO, CO3R3, CONR4Rs, CN, CORg, H, halo, NHCONR4Rs,
CONR40ORs5, CONR4NRsRg, OCONRgR7, NH3,
C=NOH, C=NNH3, C(=NOC(=0)R3)R4, C(=NNHC(=O)R3)R4,
C(0)COzR3, C(=NOH)R3, C(=NNR3)R4, NHC(=O)Rs, or C(O)CONH>;
and
R3, R4, Rs, Rg, Ry are each, independently, hydrogen, C1-C4 alkyl, aryl,
arylalkyl, fluoroalkyl; and '
Rg = H, CONR4R5 or CO2R3;
.or a pharmaceutically acceptable salt thereof.

18.  The compound of Claim 17 wherein ring A is attached to ring B in the meta or

para position, or pharmaceutically acceptable salts thereof.

19. The compound of Claim 17 wherein ring B further comprises structure III or
structure I'V:
w
¢
5\ g
0 ° !
7 NH
1 L
s§ NH
5
o

* [ L M S *



12. “*A conpound of Claim2 which is
- Cycl opent yl oxy-4' - met hoxy- bi phenyl - 3- carboxylic acid mpshd—estier.

A conmpound of Claim2 which is 6-(3- Q/cl opent yl oxy- 4- et ho yREHMUyMENﬁSﬁEET

di hydr o--2H napht hal en- 1-one. 14. A conpound of Claim 2 | gir=T=s

3" - Cycl opentyl oxy-4" - met hoxy- bi phenyl - 4-. gar bal dehyde oxi

conmpound of Claim2 which is 3'-Cycl opentyl oxy-4' - met hoxy- bl/p;herfy‘i’JB 1999

car bal dehyde oxine. 16. A conpound of Claim2 which is

3' - Cycl opent yl oxy-4' - net hoxy- bi phenyl -3- carboxylic acid am de 17. AT

conmpound havi ng the general structure: -41 -

wherein W = O, NOH, NNH3, NOC(O)CH3, or NNHC(O)CH3 and further wherem ring
B is attached to ring A at the 5, 6, or 7 position, or pharmaceutically acceptable salts

thereof.
20.  The compound of Claim 17 wherein:

Ry = Cy-Cj alkyl:

Ry = C3-C7 cycloalkyl or C3-Cg alkyl;

Z = COzR3, CONR4Rs, CONR4NRsRg, H, halo, CHO, CORg, CN, NH3,
NHCONR4Rs, CONR4ORs, OCONR7R¢g, C(=NOH)R3,
C(=NNR3)R4, C(=NOC(=0)R3)R4, C(=NNHC(=O)R3)R4, or
NHC(=O)Rg:

R3, R4, Rs, Rg, R7 = H, C1-C4 alkyl, aryl, or trifluoromethyl; and

Rg = H or COzR3;

or pharmaceutically acceptable salts thereof.

21.  The compound of Claim 17 wherein:

Ry =CHj3;

Ry = C4 alkyl, Cs cycloalkyl;

Z = meta or para CHO, CO2R3, CONR4Rs, CN, CORg, H, chloro, bromo,
NHCONR4Rs, CONR4ORs, CONR4NRsRg, OCONR7Rg, NHp,
C(=NOH)R3, C(=NNR3)R4, C(=NOC(=0)R3)R4,
C(=NNHC(=O)R3)Rg4;

R3, R4, Rs, Rg, and R7 = hydrogen, methyl, phenyl, or trifluoromethyl; and

Rg = hydrogen;

or a pharmaceutically acceptable salt thereof.

22. A pharmaceutical composition for use in treating asthma or allergic or
inflammatory diseases in a mammal in need thereof, the composition comprising an
effective amount of a compound as claimed in any of Claims 1 to 21 and a

pharmaceutically acceptable carrier.

23.  Use of a compound of the following structure:

) O )



[erf] 42 [err] 43 [err]  -44 -

-43-
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RyY. \B l ‘ _‘

R4X

wherein, when Rg = H:
R = alkyl, cycloalkyl, arylalkyl, aryl;
Rz = cycloalkyl, aryl, C3-Cjg alkyl;
X,Y = 0O, S(O)p, NH;
Z = CH20H, NHSO2R3, CHO, CO2R3, CONR4Rs, CN, CORg, H, halo,
- NHCN, NHCONR4Rs, CONR4ORs, CONR4NRsRg, 1-tetrazole, S(0),OH,
$(0)sNR3R4, C=NOH, C(=N(OH)NH2, OCONRgR7, P(O)(OR4)2,
NH,, SH,OH, 0S(0)2R3, C(0)CO2R3, C(O)CONR3R4,
CH(OH)CO2R3, CHFCO,R3, CF2CO2R3, CH(OH)CONR3Ry,
CF,CONR3R4, C=NNHj, C(=NOC(=0)R3)R4, C(=NNHC(=O)R3)R4,
C(=NOH)R3, C(=NNR3)R4, NHC(=O)R¢ or C(O)CONH2;
R3, R4, Rs, Rg, R7 are each, independently, hydrogen, alkyl, aryl, aryalkyl,
cycloalkyl, or fluoroalkyl;
or a compound of Structure I, wherein:
R; = alkyl, cycloalkyl, arylalkyl, or aryl;
R, =cycloalkyl, aryl, or alkyl;
' X,Y = CHj, O, S(O),, or NH;
R3, R4, Rs, Rg, R7 = hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, or fluoroalkyl;
Rg and Z are COsR3 or CONR4Rs or Rg and Z are concatenated such that
RgZ = C(O)NHNHC(O), (CH2),C(=W), V(CH2)mC(=W), or
VaCH=CH(CH2),C(=W);,
where
V =0, S(O)y, NH;
W = O, NOH, NHNH3, NOC(O)CH3, or NNHC(O)CHj3;
halo = Cl, Br, or I; _
fluoroalkyl = CF3 CHF,, CH,F, CH2CF3, CoFs;
cycloalkyl = C3-Cg cycloalkyl;
arylalkyl = C1-Cj aryl;
aryl = phenyl, furanyl, thienyl, or pyridyl;
n=0-2; and

T



or a pharmaceutically acceptable salt thereof to prepare a nedi canent for
~ treating asthma or an allergic or inflammatory di sease.

_44 -

or an allergic or inflammatory disease.

REPLACEMENT SHEET

15 JUL W

UL



