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INDAZOLE BIOISOSTERE REPLACEMENT OF CATE-
CHOL IN THERAPEUTICALLY ACTIVE COMPOUNDS

REFERENCE TO CO-PENDING AND OTHER RELATED APPLICATIONS

Descriptive reference is made to catechol-containing protein tyrosine kinase receptor
antagonists which are useful in treating hyperproliferative diseases in U.S. application Serial
No. 08/653,786 filed May 28, 1996 (Attorney Docket No. PC8836B), now U.S. Pat. 5,747,498
issued May 5, 1998; international application Serial No. PCT/IB95/00436 filed June 6, 1985,
designating the United States (Attorney Docket No. PC8836A), and published as WO
96/30347 on October 3, 1996; and U.S. application Serial No. 60/020491 filed June 24, 1996
(Attorney Docket No. 9365), now abandoned, filed as International application Serial No.
PCT/NBS7/675 filed June 11, 1997, designating the United States (Attorney Docket No.
PC9365A), and published as WO 97/49688 on December 31, 1997, the disclosures of all of
which are incorporated herein by reference in their entireties.

Descriptive reference is also made to non-catechol-containing protein tyrosine kinase
receptor antagonists useful in treating hyperproliferative diseases in U.S. application Serial
No. 08/682565 filed January 27, 1995 (Attorney Docket No. PC8651A), now U.S. Pat.
5,736,534 issued April 7, 1998, corresponding to International application Serial No.
PCT/IB95/00061 filed January 27, 1995 (Attorney Docket No. PC8651A), and published as
WO 85/23141 on August 31, 1995; U.S. application Serial No. 08/449381 filed May 23, 1995
(Attorney Docket No. PC8865), now U.S. Pat. 5,593,997 issued January 14, 1997; and
International application Serial No. PCT/US95/07881 filed June 7, 1995 (Attorney Docket No.
PC8934), designating the United States, and published as WO 26/40142 on December 19,
1996; the disclosures of all of which are incorporated herein by reference in their entireties.

FIELD OF THE INVENTION
The present invention is in the field of compositions of matter, and pharmaceutical

compositions and methods of treatment utilizing one or more of said compositions of matter
as the active ingredient and the active agent with respect thereto, wherein said composition of
matter comprises an indazole moiety as an essential feature of its overall chemical structure.
Further, said indazole canstitutes a bioisosteric replacement of a catechal maiety or functional
derivative thereof in an original composition of matter in which said catechol moiety has been
subject to bioisosteric replacement by said indazole moiety. The type and extent of biological
activity found in said original composition of matter is retained and even increased and
improved in said indazole bicisostere thereof.
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BACKGROUND OF THE INVENTION
The term "catechol” as used herein refers to 1,2-benzenediol, sometimes referred to

as "pyrocatechol”, which. may be represented by Formula (1.0):
OH
CATECHOL
OH
(1.0)

The name is derived from catechin or catechu which in turn refer to a slightly more
complex composition derived from Acacia catechu. As a distinct chemical group or moiety,
catechol is a key component of number of different molecules having pharmacological activity
and consequently, usefulness as therapeutic agents. '

The present invention is concerned with the discovery that the indazole nucleus is a
moiety which is capable of being a bioisostere replacement for a catechol moiety comprising a
functionally essential part of the makeup of compounds which are therapeutically active as a
result of their fundamental operation as endogenous ligands, enzyme inhibitors, receptor
antagonists, substrate mimics, regulating and signalling entities such as the chemokines, by
means of which they carry out essential metabolic functions in the body.

Thus, In accordance with the present invention it has been discovered that the
indazole nucleus is a bioisostere replacement for the catechol moiety which is an essential
part of many classes and types of compounds, including numerous drugs which have been
and will in the future be created and developed for therapeutic treatments as detailed further
herein. This biolsostere replacement will be better understood from the following structural
representation of the catechol moiety and the indazole moiety which replaces it, which may be
represented respectively by Formulas (1.1) and (1.2):

y :
o)
3 R? N\; R®
5
CATECHOL MOIETY INDAZOLE
(1.1)

(1.2)
It will be understood that the substituent "R* in the above Formulas (1.1) and (1.2) is

a generalized illustration, i.e., it represents the possibility of more than one substituent as well
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as substitution at more than one position of the phenyl ring, and further, includes essentially
all of the structural elements of all of the catechol-containing compounds for which the
indazole-for-catechol bicisostere replacement of the present invention may be carried out.

Consequently, it will be understood that the terms “bicisostere”, “bioisosteric
replacement”, “bioisosterism” and closely related terms as used herein have the same
meanings as those generally recognized in the art. Bioisosteres are atoms, ions, or
molecules in which the peripheral layers of electrons can be considered identical. The term
bioisostere is usually used to mean a portion of an overall molecule, as opposed {o the entire
molecule itself. Bioisosteric replacement involves using one bioisostere to replace another
with the expectation of maintaining or slightly modifying the biological activity of the first
bioisostere. The bioisosteres in this case are thus atoms or groups of atoms having similar
size, shape and electron density.

Included within the scope of the bioisostere indazole-for-catechol replacements of the
present invention are a number of catechol-containing compounds which have a third hydroxy
or derivative group, -OR*, on a third carbon of the phenyl ring, usually adjacent to one of the
two carbons comprising the catechol moiety. Compounds of this type may be fllustrated by
Formula (1.3) and exemplified by cinepazet of Formula (6.8):

o)

¢ ¢ ~

H,CO N O
R® { _> <
0 H,CO \ N CH,
|
R? \
H,CO 0

CATECHOL WITH ADDITIONAL
-ORX SUBSTITUENT CINEPAZET

(1.3) (6.8)

In this type of catechol moiety, which is described herein as having an “additional
-ORX substituent’, the indazole-for-catecho! bioisostere replacement of the present invention
may “include” or "exclude” said additional -OR* substituent.

Where the additional -OR* substituent is included in the bioisostere replacement , all
three of the -OR groups, including said addtional substituent -OR*, are replaced by the
indazole group, in effect as though the additional ~-OR* substituent were not present at all. On
the other hand, where said addtional -OR* substituent is excluded from the bioisostere
replacement, it will remain as a substituent at the same position of the phenyl ring, but as part
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5 of the indazole ring. The case of indazole-for-catecho! bicisostere replacement which
includes said additional -OR™ substituent may be illustrated by Formulas (1.3) and (1.4):

RX
R o R’
|
© N R®
3
R m— W
o) 2
k :
CATECHOL WITH ADDITIONAL INDAZOLE REPLACEMENT
-ORX SUBSTITUENT (INCLUSIONARY)
(1.3) (1.4)

The case of indazole-for-catechol bioisostere replacement which excludes said
10 additional -OR* substituent may be illustrated by Formulas (1.3) and (1.5):

RX /Rx
R1 O/ R1 0
]
© N R®
S m— N
0 2
R? R
CATECHOL WITH ADDITIONAL INDAZOLE REPLACEMENT
-ORX SUBSTITUENT (EXCLUSIONARY)
(1.3) (1.5)

Both the inclusionary and exclusionary indazole-for-catechol bioisostere
replacements described above may be further illustrated in the case of cinepazet by Formulas

15 (1.6) and {1.7), respectively, as follows:
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o /0
% { " wf f
A RA1
R 1
CINEPAZET
CINEPAZET
BIOISOSTERE BIOISOSTERE
(EXCLUSIONARY)
(1.6) (1.7)

Bioisosterism has often been viewed as arising from a reasonable expectation that a
proposed bicisosteric replacement will result in maintenance of similar biological properties.
Such a reasonable expectation may be based on structural similarity alone. This is especially
true in those cases where a number of particulars are known regarding the characteristic
domains of the receptor, etc. involved, to which the biolsosteres are bound or which works
upon said bioisosteres in some manner. In the case of the present invention, however, there
is a complete lack of such structural similarity, and the significant number of different
therapeutic classes in which this indazole-for-catechol bioisostere replacement may be
successfully employed belies any straightforward predictability. These various therapeutic
classes will be reviewed briefly before being described in detail further below. '

One class of catechol-containing compounds having significant pharmacological and
therapeutic activity that is very well-known are the catecholamines. These catecholamines,
typically epinephrine, norepinephrine and dopamine, are released by the sympathetic nervous
system and by the adrenal medulla and perform an important function in the mammalian body
by regulating innumerable aspects of its physiology, especially the myriad responses of said
body to multiple stresses which it encounters every day. The chemical structure of
norepinephrine is representative and may be illustrated by Formula (2.0):

OH
NH,
3
NOREPINEPHRINE

HO
OH
(2.0)
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Numerous sympathomimetic drugs, which act as agonists and antagonists for the
receptors of said catecholamines utilize the catechol component as a key part of their overall
chemical structure. The major classes of agonists and antagonists for said receptors of
catecholamines, to which the indazole-for-catechol bicisostere replacement of the present
invention is applicable, are described in the paragraphs which follow.

Cholinesterase inhibitors, i.e., anticholinesterase agents which have a catechol

moiety as a central and characteristic portion of their overall chemical structure, are active in
the inhibition of acetylcholinesterase, with the consequent accumulation of endogenous
acetylcholine. As a result, such catechal-containing anticholinesterase agents have
therapeutic utility in the treatment of glaucoma, the facilitation of gastrointestinal and bladder
motility, and in combatting cognitive dysfunction and other aspects of Alzheimer’s disease.

Acetylcholinesterase is the enzyme responsible for the breakdown of the
neurotransmitter acetylcholine and thus in terminating its action at the junctions of various
cholinergic nerve endings with their effector organs or postsynaptic sites. Anticholinesterase
agents inhibit acetylcholinesterase and thereby cause acetylcholine to accumulate at
cholinergic receptor sites. Their actions are thus cholinomimetic and produce effects
equivalent to excessive stimulation of cholinergic receptors throughout the central and
peripheral nervous sytems. Cholinergic neurons are widely distributed in the body, and many
anticholinesterase agents have been discovered to date, several of them being widely used
as therapeutic agents.

Adrenergic as-antagonists and B,-agonists interact with certain of the four different

catecholamine receptors in mammals, each of which has a distinctive response pattern.
These receptors have been designated the o,-, o~ By-, and Bp-adrenergic receptors, and they
occur in many different tissues and have various physiological effects. In particular, they play
a very significant role in maintaining the activities of the sympathetic nervous system, which is
responsible for mediating or regulating innumerable bodily functions. The areas controiled by
the sympathetic nervous system are so essential and so diverse that it has long been the
focus of medicinal chemists endeavoring to discover drugs which can antagonize, modify or
even imitate its activity and thus become useful in the treatment of such important clinical
conditions as hypertension, arrhythmias, cardiovascular shock, asthma, anaphylactic
reactions, and migraine headaches.

For example, a,-adrenergic receptors may be found in the intestine where they are
responsible for decreased motility, in the salivary glands where they regulate potassium and
water secretion, in the iris of the eye where they play a role in contraction of the iris, in

vascular smooth muscle where they mediate contraction, and in the tissue of the heart where

SUBSTITUTE SHEET (RULE 26)




WO 99/23077 PCT/IB98/01710

10

15

20

25

30

35

40

they play a role in providing increased contractile force and in regulating the rhythm of heart
muscle contractions.

The oj-adrenergic receptors are located in the stomach where they result in
decreased motility, in fat cells where they cause decreased lipolysis, in blood platelets where
they are part of the process of aggregation, in pancreatic p cells where they have the effect of
decreasing secretion, and in vascular smooth muscle where they regulate contraction. There
are also tissues in which the particular a-adrenergic receptor subtype has not yet been
identified. These include the bladder sphincter where they effect contraction, and in artericles
found in the skin and mucosa, where they mediate constriction.

The B,-adrenergic receptors occur in heart tissue where they provide increased rate,
force and depth of contraction. The p,-adrenergic receptors occur in bronchial and lung
tissue where they produce muscle relaxation, in liver tissue where they mediate increased
glycogenolysis, and in the intestine where they are also responsible for decreased motility.

The mediatory contribution of the a,-, a,-, Bs-, and B,-adrenergic receptors in the body
can be modified or eliminated by the use of therapeutic agents which have antagonistic
activity. Such antagonists tend to nullify the action of the active agents, e.g.,
neurotransmitters such as dopamine, by being bound to said receptors without, however,
eliciting a biological response. The inhibitory potency of an antagonist is largely a measure of
the ability of said antagonist to be bound preferentially and tightly to said receptor so as to
competitively displace the natural ligand for said receptor. Accordingly, a compound which
has the essential structural features of a catecholamine or catechol that are required for it to
be competitively bound to one or more of the «4-, oz, By-, and B-adrenergic receptors, can
function as a pharmaceutical active ingredient. Such an active ingredient would be suitable
for the therapeutic treatment of any disease or condition whose treatment or prevention, or the
amelioration of whose symptoms would tend to be accomplished by the antagonism, i.e.,
blockade of any one or more of the receptors for which a catecholamine or catechol type
compound is the natural ligand in the body, '

In the same manner, the mediatory contribution of the a,-, o, B4~ and B,-adrenergic
receptors in the body can be modified or enhanced by the use of therapeutic agents which
have agonist activity. Such agonists are structural analogs of catecholamines or catechols
which bind productively to a receptor and mimic its biological activity. Thus, an agonist is
comparable to an alternative substrate for an enzyme. The binding of the agonist to the
receptor is productive in that the metabolic response which is evoked is comparable to that
which would resuit if the natural ligand were bound to said receptor. Accordingly, in the case
of agonists a compound which has the essential structural features of a catecholamine or
catechol that are required for it not only to be bound to one or more of the a,-, az~, B¢~ and
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p,-adrenergic receptors, but also for it to be capable of producing a positive metabolic
response, can funcfion as a pharmaceutical active ingredient. Such an active ingredient
would be suitable for the therapeutic treatment of any disease or condition whose treatment or
prevention, or the amelioration of whose symptoms would tend to be accomplished by agonist
activity, i.e., by being bound to any one or mare of the receptors for which a catecholamine or
catechol type compound is the natural ligand in the body, and further producing a positive
metabolic response, usually of the type produced by said natural ligand.
An example of a B, -agonist is the active therapeutic agent isoproterenol, which may
be represented by Formula (3.0):
OH )
HO N cn,

ISOPROTERENOL
CH,
HO

(3.0)

Calcium channel antagonists comprise numerous endogenous ligands acting on

impartant calcium channel receptors and thereby carrying out essential metabolic, especially
cardiovascular functions in the body. Calcium channel antagonists, particularly those of the
verapamil type, have a catechol moiety as a central and characteristic portion of their overall
chemical structure, and they are therapeutically useful in the area of antihypertensive
treatment, and in the cardiovascular field they are especially useful, often having activity as
antianginal and antiarrhythmic agents in addtion to their antihypertensive utility. Calcium
channel antagonists are especially useful in the treatment of variant agina, exertional angina,
unstable angina, hypertension, myocardial ischemia, arrhythmia, and migraine prophylaxis.
Other calcium channel antagonists and related compounds having a catechol moiety
as an essential part of their overall chemical structure, for which the indazole bioisosteres of
the present invention possess equivalent or improved biological activity, comprise gallopamil;
fantofarone, which possesses calcium transport inhibitory properties, as well as bradycardic,
hypotensive and antiadrenergic properties, for which the indazole replacement bioisosteres
are useful in the treatment of angina pectoris, hypertension, arrhythmia and cerebral
circulatory insufficiency, as well as in the antitumor field, where it is a potentiator of anticancer
chemotherapeutic agents; trimetazidine, which is a peripheral vasodilator whose action is
exerted both on the peripheral circulation and on the coronary arteries, a mechanism involving
the smooth muscle fibers of the vessel walls of the circulatory system and not the autonomous
nervous system, for which the indazole replacement bioisosteres are useful in treating various
circulatory disorders such as arteritis or coronary insufficiency; lomerizine, for which the
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indazole replacement bioisosteres are useful as agents for improving cerebrovascular
diseases of humans, and in particular are antimigraine agents; and zatebradine, for which the
indazole replacement bioisosteres have long-lasting bradycardiac activity and reduce the
oxygen requirements of the heart, with only slight side effects such as antimuscarinic activity.

Cerebrovascular diseases, which are beneficially treated with the indazole
replacement bioisosteres of the present invention, include intracranial hemorrhages such as
intracerebral hemorrhage or subarachnoid hemorrhage, as well as cerebral infarctions such
as cerebral thrombosis or cerebral embolus, transient ischemic attack, and hypertensive
encephalopathy. A key mechanism in these diseases is infaction of brain parenchymal tissue
resulting directly from hemorrhage, thrombus, or an embolus within the brain, which leads in
turn to glucose and oxygen insufficlency, depriving the neurons of needed sources of energy.
Functional and organic disturbances result in the ischemic area. Consequently, the indazole
replacement bivisosteres of the present invention act as therapeutic agents which supply or
enhance the supply of glucose and oxygen to the ischemic area by increasing cerebral blood
flow, and are, therefore, effective for the treatment and prevention of such cerebrovascular
diseases.

Antineoplastic and antiproliferative agents of the present invention include indazole

bioisostere replacement compounds based on trimetrexate, which is an antifolate, i.e., an
inhibitor of dihydrofolate reductase, and related to methotrexate, which has provided
consistent cure of chorocarcinoma. The indazole replacement bioisosteres based on
trimetrexate are lipid-soluble folate antagonists which facilitate penetration of the blood-brain
barrier. These bioisosteres may also be used in the therapy of psoriasis, a non-neoplastic
disease of the skin characterized by abnormally rapid proliferation of epidermal cells, as well
as for the beneficial treatment of Pneumocystis carinii.

Therapeutic agents of the present invention useful in the treatment of neoplastic
diseases also comprise indazole replacement bicisosteres which are protein tyrosine kinase
inhibitors. Protein tyrosine kinase inhibitors play a fundamental role in signal transduction
pathways, and deregulated protein tyrosine kinase activity has been observed in many
proliferative diseases such restenosis in addition to cancer and psoriasis. A number of tumor
types have disfunctional growth factor receptor protein tyrosine kinases which result in
inappropriate mitogenic signalling; consequently, the indazole replacement bioisosteres are
useful for the therapeutic treatment of cancer based on their inhibition of protein tyrosine
kinases including particularly epidermal growth factor-receptor protein tyrosine kinase (EGF-R
PTK). Especially potent and selective inhibitors of epidermél growth factor-receptor protein
tyrosine kinases are indazole replacement bioisosteres which are 4-anilino-quinazolines, e.g.,
the compound PD-153,035.
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Indazole replacement bioisosteres of the present invention also include those wherein
the 4-position is - occupied by bicyclic amincheteroaromatic moieties or by
heterocyclyl-substituted-6,7-dimethoxy-quinazolines, e.g., those which are the indazole
replacement equivalent of the dihydro-indolyl compound CP-292,597. Also included are those
where the anilino nitrogen is methylated or replaced by oxygen or sulfur, a phenoxyanilino
moaiety is used; or the analogous phenethylamino moiety is present. Further included are
those bioisosteres which are selective EGF-R PTK inhibitors and are quinazoline derivatives
which have various substituents in the anilino side chains, e.g., an ethynyl moiety as in the
bioisostere equivalent of CP-358,774, or as in bioisosteres which are 4-indolyl compounds.

Modifications of the class of indazole replacement bioisostere comprising 4-anifino
quinazoline moieties described above have not been limited to the 4-anilino group alone.
Basic amino side chains have been used in the 6-position of the quinazoline ring and various
substituents have been added to the 4-anilino moiety in order to improve solubility of the 4-
anilino-quinazoline bioisosteres, as in the indazole replacement equivalent of ZD-1839.

Phosphodiesterase 4 (PDE4) inhibitors are another class of catechol-containing
compounds having significant pharmacological activity Phosphodiesterase-4 is a cAMP-
specific phosphodiesterase which plays an important role in the regulation of inflammatory
and immune cell activation. A significant variety of different structural types of compounds
active as PDE-4 inhibitors has been reported, and PDE isozymes have been characterized in
cardiac muscle, and airway and arterial smooth muscles. Attention has also been focused on
a high-affinity allosteric binding site which is abundant in brain PDE4 isozyme, whose
differential modulation relative to the cAMP catalytic site has yielded drugs with greater
therapeutic utility. Rolipram, which contains catechol as a key part of its overall chemical
structure, is representative of this type of PDE4 inhibitor and may be depicted in accordance
with Formula (4.0):

o .
ROLIPRAM :

4

H,CO

N

(4.0)

Thus, the present invention as it relates to PDE4 inhibitors includes compounds

having therapeutic usefulness based on the activity thereof as phosphodiesterase-4 inhibitors
comprising an indazole as one essential component of their overall chemical structure,
wherein said indazole constitutes a bioisosteric replacement of a catechol component or
functional derivative thereof in a known compound having the same said therapeutic
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usefulness based on its activity as a phosphodiesterase-4 inhibitor and the same remaining
said components of its overall chemical structure. In particular, this therapeutic usefuiness
includes treating asthma.

The present invention also inlcudes a method of treating asthma using a known
compound having a catechol moiety or functional derivative thereof as one essential
component of its overall chemical structure, the improvement consisting of using a compound
having an indazole moiety as one essential component of its overall chemical structure and
having the same remaining said components of its overall chemical structure, wherein said
indazole moiety constitutes a bioisosteric replacement for said catechol moiety, and wherein
said compound is useful for t'reating asthma.

The present invention as it relates to PDE4 inhibitors also includes compounds useful
in treating or preventing one or members selected from the groups of diseases and conditions
consisting essentially of (1) infflammatory diseases and conditions comprising: joint inflammation,
rheumatoid arthritis, rheumatoid spondyiitis, osteoarthritis, Inflammatory bowel disease,
ulcerative colitis, chronic glomerulonephritis, dermatitis, and Crohn's disease; (2) respiratory
diseases and condifions comprising: asthma, acute respiratory distress syndrome, chronic
pulmonary inflammatory disease, bronchitis, chronic obstructive airway disease, and silicosis; (3)
infectious diseases and conditions comprising: sepsis, septic shock, endotoxic shock, gram
negative sepsis, toxic shack syndrome, fever and myalgias due to bacterial, viral or fungal
infection, and influenza; (4) immune diseases and conditions comprising: autoimmune diabetes,
systemic lupus erythematosis, graft vs. host reaction, allograft rejections, multiple sclerosis,
psoriasis, and allergic rhinitis; and (5) other diseases and conditions comprising: bone resorption
diseases; reperfusion injury; cachexia secondary to infection or malignancy; cachexia secondary
to human acquired immune deficiency syndrome (AIDS), human immunadeficiency virus (HiV)
infectioin, or AIDS related complex (ARC); keloid formation; scar tissue formation; type 1
diabetes mellitus; and leukemia; wherein said compound comprises an inhibitor of
phosphodiesterase isozyme 4 (PDE4).

Especially important among the above-recited diseases and conditions which may be
treated using the indazole biocisostere replacement compounds of the present invention are
the inflammatory diseases and conditions and the respiratory diseases and conditions. Among
the inflammatory diseases and conditions which are especially significant with regard to
successful treatment using the compounds of the present invention comprise: joint inflammation,
rheumatoid arthritis, osteoarthritis, and inflammatory bowel disease. Among the respiratory
diseases and conditions which are especially significant with regard to successful treatment
using the compounds of the present invention comprise: asthma, acute respiratory distress
syndrome, and bronchitis.
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The expression “treating or preventing’, as used herein with regard to the
administration of the compounds of the present invention for therapeutic purposes in the case
of various members selected from the many groups of diseases and conditions specifically
recited herein, is intended to denote both the therapeutic objective of said administration as
well as the therapeutic results actually achieved by said administration. The extent of therapy
accomplished by administration of the compounds of the present invention may range from an
amelioration to a significant diminishing of the course of the disease involved, and beyond to
active treatment of said disease, including a reversal of the disease process itself which is
present, The higher or highest degrees of therapeutic effectiveness result in the prevention of
any injury, damage, deterioration, or loss of body tissues or organs and basic body functions
subsequent to the early stages of degeneration and decline in said body tissues or organs
and basic body functions at the onset of the disease involved.

The expression “the early stages of degeneration and decline in body tissues or
organs and basic body functions” is Intended to mean the very beginning of the initial
pathologic changes in said body tissues or organs and basic body functions which define and
are the result of a disease process. Said pathologic changes with respect to tissues and
organs include changes in the composition and cohesiveness; form and makeup; rigidity,
strength, resilience, elasticity, conformational integrity and stability, density, tensile strength
and other measures of physical quality; abundance and extent of its presence throughout the
body; viabifity and regenerative capability on both a micro- and macro-level; and the ability to
successfully resist various kinds of external stresses including mechanical force and invasion
by microorganisms; of said tissues and organs from that present before the onset of said
disease process, which result in a degradation and decline of the beneficial and necessary
properties characterizing said tissues and organs.

Pathologic changes with respect to body functions are those which inherently arise
from the changes above-described with respect to said tissues and organs, and which also,
consequently, re.sult in a degradation and decline in the beneficial and necessary performance
which characterizes the normal and proper operation of said body functions. These
pathologic changes, both with regard to tissues or organs and with respect to body functions,
especially include improper repair of the above-discussed early stages of degeneration and
decline.

SUMMARY OF THE INVENTION
()] Bioisostere Replacement Compounds Active As Cholinesterase

Inhibitors
The present invention relates to the discovery that the indazole nucleus is a
bioisostere replacement for the catechol moiety of numerous endogenous ligands acting on
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important cholinergic receptors and thereby carrying out essential metabolic functions in the
body. The present invention relates in particular fo indazole-for-catechol bioisostere
réplacements active as cholinergic antagonists and anticholinesterase agents, comprising a
compound of Formulas (5.10) or (5.11):

(6.11)

wherein

RS, is a member independently selected from the group consisting
essentially of hydrogen; hydroxy; -O-(C,-C,)alkyl; and phenyl substituted by 0 to 2 substituents
R® where R® is a member independently selected from the group consisting essentially of Br, CI,
or F; {C,-C,)alkoxy; and CF, '

RA is a member independently selected from the group consisting
essentially of hydrogen; (C,-C,)alkyl; -(CH,),(Cs-Cyo) cycloalkyl wherein n is 0 to 2
~(C4-Cs) alkyl(C4-Cs) alkoxy; (C,-C;) alkenyl; -(CH,),(Ca-Cg) heterocyclyl wherein n is 0 to 2; and
~(Z),(Z")(Cq-C1p) aryl wherein b and ¢ are each independently 0 or 1, Z' is (C,-C;) alkylene or
{C,-Cg) alkenylene, and 2" is -O-, -S-, -SO,-, or -N(R®)-, and wherein said alkyl, alkenyl,
alkoxyalkyl, heterocyclyl, and aryl moieties of said R*, groups are substituted by 0 to 3
substituents Independently selected from halo;, hydroxy; (C,-Cs)alkyl; (C,-Cg) alkenyl;
{C+Cs) alkoxy; (C4-Co) cycloalkoxy: trifluoromethyl; nitro; -C(=0)OR®%; -C(=O)NR°R'®, -NR°R",
and -S(=0),NR°R"";

wherein preferred embodiments, said aryl moiety comprises a membere selected from
the group consisting essentially of phenyl; naphthyi; indeny! (from 2,3-dihydro-1H-indene);
indanyl, and fluorenyl (from 9-H-fluorene);

wherein more preferred embodiments said aryl maiety comprises a member
independently selected from the group consisting essentially of phenyl and indany!;

where in preferred embodiments, said heterocyclyl moiety comprises a member
independently selected from the group consisting essentially of acridinyl; benzimidazolyl;
benzodioxolane; 1,3-benzodioxol-5-yl; benzo[bjfuranyl; benzo[bjthiophenyl, benzoxazolyl;
benzthiazolyl; carbazolyl; cinnolinyl; 2,3-dihydrobenzofuranyl; 1,3-dioxane; 1,3-dioxolane; 1,3-
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dithiane; 1,3-dithiolane; furanyl; imidazolidinyi; imidazolinyl; imidazolyl; 1H-indazolyl; indolinyl;
indolyl; 3H-indoly!;, isoindolyl; isoquinolinyl; isothiazolyl; isoxazolyl; morpholinyl; 1,8-
naphthyridinyl; oxadiazolyl; 1,3-oxathiolane; oxazolidinyl; oxazolyl; oxiranyl; parathiaziny!;
phenazinyl; phenothiazinyl, phenoxazinyl; phthalazinyl; piperazinyl; piperidinyl; pteridinyk;
pyranyl; pyrazinyl; pyrazofidinyl; pyrazolinyl; pyrazolo{1,5-cltriazinyl, pyrazolyl; pyridazinyl;
pyridyl; pyrimidinyl; pyrimidyl; . pyrrolyl; pyrrolidinyl; purinyl, quinazolinyl; quinolinyl; 4H-
quinoliziny!; quinoxalinyl; tetrazolidinyl; tetrazolyl; thiadiazolyl; thiazolidiny; thiazolyl; thienyl;
thiomorpholinyl; triazinyl; and triazolyl; and

where in more preferred embodiments said heterocyclyl moiety comprises a member

_ independently selected from the group consisting essentially of pyrrolidinyl, piperidinyl,

piperazinyl, and morpholinyl;

R?and R™ are independently hydrogen or (C,-C,) alkyl substituted by 0 to
3 fluorine atoms;
RB1 s a member independently selected from the group consisting

essentially of hydrogen; (C;-Co)alkyl; (C,-C,)alkenyl; phenyl;, (Cs-Cy) cycloalkyl; and
+{C4-C,) alky(C3-C;) cycloalkyl; wherein said alkyl, alkenyl and phenyl RB1 groups are
substituted with 0 to 3 substituents independently selected from the group consisting essentially
of methyl;ethyl; triflucromethyl; and halo; and

R',and R, are each individually and independently a member selected
from the group consisting essentially of hydrogen and the substituents defined by partial
Formulas (5.12); (5.14); (5.16); (5.18); (5.19); (5.21); (5.23); (5.25); (5.26); and (5.28) below,
provided that both of R1, and R', cannot be hydrogen at the same time;

wherein preferred embodiments comprise compounds where one of R', and R, is
independently selected as hydrogen; and

wherein said substituents in addition to hydrogen which define each of R'; and R',
comprise a member independently selected from the group consisting essentially of the moieties
of partial Formulas (5.12); (5.14); (5.16); (5.18); (5.19); (5.21); (5.23); (6.25); (5.26); and (5.28):

(-A)

(5.12)
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5 wherein R?, R?, and R* are independently selected from the group consisting essentially
of hydrogen and (C,-C,) alky! substituted by 0 to 3 substituents R®, where the substituent RS is
selected from the group consisting essentially of fluorine, chiorine, methyl, trifluoromethyt
hydroxy, and methoxy;

I-B R', is R® and R, is the group of partial Formula (5.14):
-0
\"z/U\/\ﬂ/OH
10 0
(5.14)
wherein R® is a member independently selected from the group consisting essentially of
(C;-Cy) alkyl; (C,-C,) alkoxy; and hydroxy;
(i-C)

" OR'™®
(5.16)
wherein R®, R® and R' are independently selected from the group consisting essentially
of hydrogen and (C,-C,) alkyl substituted by 0 to 3 substituents is a member independently
selected R® where the substituent R® is as defined herein;
20 (-D) R', and R', are taken together to form the moiety of partial Formula
(5.18):
/\(VIV)"

N‘\/\H/O\/\Rw

“Rm O

N
N~ \RA

(5.18)
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5 whereln pis 0 or p is 1 and W is -CH,- or -NH-; R" is absent ar is (C,-C,)alkyl; R,* and
R, are as defined herein; and R* is -CH; or is the remainder of the moiety of Formula (5.18)
whereby a bis compound is formed as represented by partial Formula (5.19):

« 2HX
{5.19)
10 wherein HX is an acid addtion salt,
(HE)
R14
R15
o R16
N
PP
‘z)LN

(5.21}

wherein R*%, R'®, and R are each a member independently selected from the group
15 consisting essentially of -NH,; -NH(C,-C,) alkyl; and -N[(C,-C,) alkyl],, where the alkyl groups
are selected independently of each other;

I-F
S /\
\{HN X
-/
(5.23)
SNOX
20 wherein the: moiety AN represents the residue of a saturated secondary

heterocyclic base having 4, 5, 6, or 7 atoms in the ring, where X is -CH,-, <Q0-, -S-, or -NH-,
and preferably said secondary heterocyclic base is a member selected from the group
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5 consisting essentially of pyrmolidine, 1,3-thiazolidine, imidazolidine, 1,2-oxazolidine, 1,3-
oxazolidine, piperidine, piperazine, tetrahydro-1,2-oxazine, tetrahydro-1,3-oxazine, tetrahydro-
1,4-oxazine, i.e., morpholine, tetrahydro-1,4-thiazine, and perhydroazepine;

{-G)
(o) R1 8
0\\8//0 \_{“\ N l\i
Sy O
and
10 (5.25) (5.26)

wherein R* is as defined herein; and R™ is (C,-C,) alkyl or (C,-C.) alkenyl where said
alkyl and alkenyl groups are substituted by 0 to 3 substituents R®, where the substituent RS is
selected from the group consisting essentially of fluorine, chlorine, methyl, triffucromethyl
hydroxy, and methoxy;
15 I-H R', and R’, are taken together to form the moiety:

Y2 ve
e
(5.28)

wherein the dashed line represents an optional double bond; YA is -C(=0);
~C(=0)NH-; or -C(=O)N(CHy)-; Y® Is a member selected from the group consisting essentially
20 of adirect single bond; a direct double bond; -CH; -CH,CH;-, -CH,CH,CH,-,=CH-; =CHCH,-;
=CH CH,CH,CH,., =CHCH,CH,CH,CH,-; and =CH-CH=CH-; and Y® is a member selected
from the group consisting essentially of cyclohexyl; pheny! substituted by 0 to 3 R* where R*®
is a member selectéd from the group consisting essentially of methyl, methoxy, hydroxy,
benzyloxy, and nitro; pyridyl; 1-naphthyl; 2-naphthyl.
25 (1) Bioisostere Replacement Compounds Active As
Adrenergic ay-Antagonists and B,-Agonisis

The subject matter of the present invention relates to all and every indazole-for-
catechol bioisostere replacement involving adrenergic receptor agonists and antagonists, and
particufarly the oy-antagonist and B;-agonist classes of adrenergic agents which have a

30 catechol moiety as a central and characteristic portion of their overall chemical structure. The
present invention relates to both novel indazole compounds resulting from the indazole-for-
catechol bicisostere replacement, as well as to the replacements as a general class or genus
of chemical compounds. The present invention further relates to the corresponding
therapeutic methods of treatment which utilize said novel indazole compounds as the active
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therapeutic agent, and to the corresponding pharmaceutical compositions which utilize said
novel indazole compounds as the active ingredient therein.

The present invention relates in particular to indazole-for-catechol bicisostere
replacements active as adrenergic o,-antagonists and p,-agonists, comprising a compound of
Formulas (6.22) or (6.23):

(n
B
R 2
RC
N 2
|
2
R " R
2
R b
(6.22) (6.23)
wherein

R®, and R*, and R®, are defined the same as R, and R*, and R®, herein under
Formulas (5.10) and (5.11), but are selected on an independent basis therefrom; and

Rza and R%, are each individually and independently a member selected
from the group consisting essentially of hydrogen and the substituents defined by partial
Formulas (6.24), (6.26), (6.41), (6.43), (6.48), and (6.50) below, provided that both of R, and R%,
cannot be hydrogen at the same time;

wherein preferred embodiments comprise compeunds where one of RZ, and R% is
independently selected as hydrogen; and

wherein said substituents in addition to hydrogen which define each of R%, and R%,
comprise a member independently selected from the group consisting essentially of the moieties
of partial Formulas (6.24), (6.26), (6.41), (6.43), (6.48), and (6.50):

(I-A)

(6.24)
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wherein the dashed fine represents an optional double bond; R* is a member
selected from the group consisting essentially of hydrogen; (C4-C,) alky!, (C,-C,) alkenyl, and
phenyl(C4-C,) alkyl-, where said alkyl,alkenyl, and phenyl or alkyl group attached thereto are
substituted by 0 to 3 substituents R®, where the substituent R® is as defined herein, but
independently selected therefrom; and R* is a member selected from the group consisting
essentially of hydrogen and (C,-C,) alkoxy;

(I-B) R?, and R?% are taken together to form the moiety of partial Formula
(6.26):
27
~E
N
R25/ \RZG
(6.26)

wherein E represents N, resulting in a pyrimidinyl moiety and overall a quinazoline
series of compounds; or represents CH, resulting in a pyridyl moiety and overall 2 quinoline
series of compounds; R* and R? are each a member independently selected from the group
consisting essentially of hydrogen; (C;-Cg)alkyl; (C,-Cg)alkenyl; (Cs-Cy) cycloatkyl;
hydroxy(C,-Ce) alkyl, phenyl; benzyi; phenylethyl; and 2-furfuryl; and

R is independently selected from the group consisting essentially of:

(@) (b) (© (d)

55 28 / \
E CH \*‘(\N/R Morpholino; é— N\ /N——R29
\"5 _ \( 3 ézs 1-azacycloheptyl;
o) 1-azacyclooctyl;
pyrrofidino; or
piperidino
.37 "(6.38) (629)
i {f) (9) o
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o 0. RYLR® RS
é—NC>—-R31 A Q |
/N\)ij\o “ /N\([:nHzn
R“/NYR45
|
O
(6306 637 (6.33) (6.33)
5
{1-c)
B
CH,), R
N< \N——1<>Hz>m
0 l CHZ)n O N/’
\,Z)K e (CHn 0 R,
o)
(6.41)

wherein m is an integer independently selected from 2 and 3 in each instance of its
10 occurrence; n is an integer selected from 2, 3, and 4; p is an integer selected from 2 and 3;
and n and p together represent a total which is an integer selected from 5, 6, and 7;

(-D)
i
N
\{\)\ N/\'
|\/N\R47
(6.43)
16 wherein R* is a member independently selected from the group consisting essentially

of;

(@) (C1-C,) alkyl optionally substituted by 1 or 2 hydroxyl groups;
phenyl(C4-C,) alkyl- optionally substituted on the phenyl portion thereof by 1 or 2 hydroxyl
groups; and cinnamyl;

20 ()  -CH,C(=O)NHR™® where R*™ is a member independently selected from the
group consisting essentially of (C,-C,) alkyl; and phenyl optionally substituted by (C,-C,) alkoxy,
triflucromethyl, fluoro, bromo, or chioro;

(c) -CH,C(=0)NHR*R® where R*® and R*™ are each defined the same as R*; but

are selected on an independent basis therefrom;
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5 {d) a radical of partial Formula (6.44):

(6.44)
wherein the nitrogen atom forms part of a heterocyclic radical selected from the group
consisting essentially of morpholino; hexamethylene-imino; and pyrrolidino; and

10 ()  -CH,C(=0)OR® where R™ is hydrogen or (C,-C,) alkyl:
{I-E)
o RS H,C
o,
\{ko v\l}l
R*,
CH,

(6.48)

wherein R® is a member independently selected from the group consisting

15  essentially of hydrogen; hydroxy; and -O-(C,-C,) alkyl, in accordance with whether an
inclusionary or exclusionary bioisostere is intended; and Rs“E and R™, are independently
selected from the group consisting essentially of C,H,.., Where n is an integer selected from 1,

2, 3, and 4; and
{1-F}

60

57 R

T L e
g ~Sw”
20 Rsa
(6.50)

wherein

R” is a member independently selected from the group consisting essentially of
hydrogen; {C,-C,) alkyl; and hydroxy,
25 R® is a member independently selected from the group consisting essentially of
hydrogen; and (C;-C,) alkyl;
W is -C(R¥)(R®)-; -CHR®CH(R®)~; or -CH(R®*)CH(R®)CH,~; where R* is a member
independently selected from the group consisting essentially of hydrogen and methyl; and R%is

SUBSTITUTE SHEET (RULE 26)



WO 99/23077 PCT/1B98/01710

10

15

20

25

30

35

-22-

a member independently selected from the group consisting essentially of hydrogen, methyl, and
hydroxy;

R*® is a member selected independently from the group consisting essentially of
hydrogen; methy!; phenyl; and benzoyl; where said phenyl and benzoyl groups are optionally
substituted by a member independently selected from the group consisting essentially of m-
hydroxy; p-hydroxy; m- and p-dihydroxy; m~(C,-C,) alkyl; (C4-C,) alkoxy; fluoro; chloro; cyano;
hydroxymethyl; acetyl; and o-allyl; and

R® is a member independently selected from the group consisting essentially of
hydrogen; and methyl.

(i Bioisostere Replacement Compounds

Active As Calcium Channel Antagonists

The present invention relates to the discovery that the indazole nucleus is a moiety
which is capable of being an bioisostere replacement for the catechol moiety where it is an
essential part of numerous endogenous ligands acting on important calcium channel
receptors and thereby carrying out essential metabolic, especially cardiovascular functions in
the body. Calcium channel antagonists, particularly those of the verapamil, type have such a
catechol moiety as a central and characteristic portion of their overall chemical structure, and
they are therapeutically useful in the area of antihypertensive freatment, and in the
cardiovascular field they are especially useful, often having activity as antianginal and
antiarrhythmic agents in addtion to their antihypertensive utility.

In accordance with the present invention the indazole nucleus is a biobioisostere
replacement for the catechol moiety which is an essential part of calcium channel antagonists
including especially verapamil, which have been and in the future will be created and
developed for therapeutic treatments, as detailed further herein. The present invention relates
to both novel indazole compounds resulting from the indazole-for-catechol bioisostere
replacement in such calcium channel antagonists, as well as to the replacements as a general
class or genus of chemical compounds. The present invention further relates to the
corresponding therapeutic methods of treatment which utilize said novel indazole compounds
as the acfive therapeutic agent, and to the corresponding pharmaceutical compositions which
utilize said novel indazole compounds as the active ingredient therein.

In a preferred embodiment, the present invention relates in particuiar to indazole-for-
catechol bioisostere replacements active as calcium channel antagonists, and in particular to
those relating to verapamil and verapamil types of compounds, comprising a compound of
Formulas (7.22) or (7.23):
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(7.22) (7.23)
wherein
RS and R%; and R®; are defined the same as R®, and R%, and R®, herein under
10  Formulas {5.10) and (5.11), but are selected on an independent basis therefrom; and
R and R, are each individually and independently a member selected
from the group consisting essentially of hydrogen and the substituents defined by partial
Formulas (7.25); (7.28); (7.35); and (7.41) below, provided that both of R®, and R%, cannot be
hydragen at the same time;
18 wherein preferred embodiments comprise compounds where one of R®, and R?, is
independently selected as hydrogen; and
wherein said substituents in addition to hydrogen which define each of R, and R%,
comprise a member independently selected from the group consisting essentially of the moieties
of partial Formulas (7.24); (7.25); (7.28); (7.35); and (7.41):

20 (-A)

B
R

SN N

\"i (CHz) CHZ) \N

71/N ¢

/ \
R (CHy), (CH2> R
(7.24) (7.25)

wherein R” is a member independently selected from the group consisting essentially

of hydrogen; (C;-C,) alkyl; phenyl; benzyl; and cyclohexyl; R™ is a member independently

25 selected from the group consisting essentially of (C,-C,) alkyl; n is an integer independently
selected from 2, 3, and 4, and m Is an integer independently selected from 1, 2, and 3;
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{n-8)
75
R74 R W2
% \N'W1\ Sa
[L73 o R®

(7.28)

wherein R™ is a member independently selected from the group consisting essentially

of hydrogen and (C,-C,) alkyl; R™ is a member independently selected from the group

consisting essentially of a single bond and a linear- or branched-alkylene radical (C4-Cs) alkyl;

W, is a member independently selected from the group consisting essentially of straight- and

branched-alkylene radicals (C,-Cs) alkyl, and 2-hydroxypropylene; R™® and R are members

independently selected from the group consisting essentially of hydrogen, methyl, ethyl,

chloro, and bromo; W, is a member independently selected from the group consisting

essentially of -S-, -SO-, and -SO,~; and A is a member indpendently selected from the group
consisting essentially of

(7.29)
wherein R and R™ are taken together with the carbon atom to which they are
attached to form an optionally aromatic mono- or di-cyclic carbocyclic group having from 5 to
10 carbon atoms and optionally substituted in the a-position with respect to the methylene
group of partial Formula (7.29) by R* as defined below ; an optionally aromatic 5-membered
heterocyclic group where the heteroatoms or heterogroups are members independently
selected from the group consisting essentially of O, S, N, -N(R™)-, O together with N, O
together with -N(R”®)-, S together with N, S together with -N(R™)-, N together with N, and N
together with -N(R”)-, optionally substituted in the a-position with respect to the methylene
group of partial Formula (7.29) by R* as defined below, where R™ is hydrogen, (C,-C,) alkyl,
or phenyl; or an optionally aromatic 6- to 10-membered mono- or di-cyclic heterocyclic group,
where the heteroatoms or heterogroups are members independently selected from the group
consisting essentially of O, S, N, -N(R™)-, O together with N, O together with -N(R™)-, S
together with N, S together with -N(R”®)-, N together with N, and N together with -N(R”%}-,
optionally substituted in the «-position with respect to the methylene group of partial Formula
(7.29) by R* as defined below, where R™ is hydrogen, (C4-C) alkyl, or phenyl;
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5 te)] {c) (d) (e)
R
ROy G, 2 e S
\ REORE 0P s R g R84
(7.30) (7.31) (7.32) (7.33)

wherein
R™ and R® are members independently selected from the group consisting
10 essentially of hydrogen; (C,-C,) alkyl; phenyl; and taken together with the carbon atom to
which they are attached represent an optionally aromatic 6-membered carbocyclic ring; R* is
O or S; R® is O; S; or -N(R™)-; R* is a member independently selected from the group
consisting essentially of hydrogen; (C,-C4) alkyl; (C,-C;) cycloalkyl; benzyl; and phenyl
optionally substituted with 1 to 3 substituents selected from the group consisting essentially of
16 fluoro, chloro, bramo, {C;-C,) alkyl, (C,-C,) alkoxy, and nitro; and R* and R® are members
independently selected from the group consisting éssentially of hydrogen; (C,-C,) alkyl; and

benzoyl;

(-C)

/ \ 88

N N—-R
\_/
20 (7.35)
wherein R is hydrogen or a group of partial Formula (7.36):
F

(7.36)
whereR® is hydrogen or fluorine;
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5 (11I-D)
R?, and R:"b are taken together to form the moiety of partial Formula (7.41): : :
RY ;
A\ N - E\ N - G : |
| I R% 1.
R 1

(7.41)

wherein A is -CH,CH,-; -CH=CH-; -NH-C(=0)~; -CH,-C(=0)-; or -C(R“)=N- where R*

10 is (C4-Cs) alkyl; and B is methylene; carbonyl; or thiocarbonyl; or A is -C(=0)-C(=0)-; -N=CH-; |
~CH(OH)-C(=0)~; -CH(OH)-CH,~; -C(=NOH)-C(=0)-; or -CH(NHR®)-C(=0)-, where R® is 1!
hydrogen or (C,-C;) alkyl substituted by pheny!, methoxyphenyl, or dimethoxyphenyl; and B is

methylene; E is a member independently selected from the group consisting essentially of n-
(C-C,4) alkylene, optionally substituted by (C,-Cs) alkyl, 2-hydroxy-n-propylene, 2-hydroxy-n-
15  butylene or 3-hydroxy-n-butylene; G is a member independently selected from the group
consisting essentially of n-(C,-Cs) alkylene, optionally substituted by (C,-C,) alkyl, where one

methylene group of an n-alkylene of 2 to 5 carbon atoms may be replaced by a carbonyl

group, with the proviso that B represents a methylene or carbonyl group, or methylene-n-
hydroxyalkylene of 1 to 4 carbon atoms, where the methylene group is attached to the
20 nitrogen atom; R* is a member independently selected from the group consisting essentially
of hydrogen; (C4-C,) alkyl; phenyl(C,-C;) alkyl; (C4-C,) alkanoyl; (C,-C,) alkoxycarbonyl; and :
(Cs-Cs) alkenyl; and R*', R®, and R® are each a member independently selected from the :
group consisting essentially of hydrogen; fluorine; chlorine; bromine; hydroxy; cyano; nitro; :
trifluoromethyl  (C,-C,) alkyl; {C-C,) alkoxy; (C,-Cs) alkylamino;  di(C,-Cs) alkylamino;
25 (C,4-C3) alkanoylamino; {C4-C,} alkoxycarbonylamino; bis(C,-C,) alkoxycarbonylamino;
(triflucromethyl)methylamino; and (triflucromethyl)ethylamino; and R®' and R% taken together
with each other are (C;-C,) alkylenedixoy.
{IV) Bioisostere Replacement Compounds

Active As Antineoplastic Agents

30 Antineoplastic agents in which bioisosteric replacement of indazole-for-catechol may
be carried out in accordance with the present invention are described herein. An example of
the catechol-containing antineoplastic agents and their derivatives which have a catechol
moiety which may be replaced with the indazole bioisostere moiety while maintaining or i
improving the biological property of the catechol containing predecessor compound, is

35 ftrimetrexate. The manner in which such a bioisostere replacement is constructed is illustrated
in Formuias (8.0), (8.1), and (8.2):
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R'O N ) X
X% 4 N

by = N§ ) oor N . ,)

R%0 i o N RA)\]
4
4
(8.0) (8.1) (8.2)

The indazole nucleus is capable of being a bioisostere replacement for the catechol
moiety where it is an essential part of nhumerous endogenous ligands acting on important
receptors and signal transduction pathways which are essential to the unwanted proliferation
of many types of tissue, including especially neoplasms and psoriasis, a non-neoplastic
disease of the skin characterized by abnormally rapid proliferation of epidermal cells.
Antineoplastic agents, especially trimetrexate and protein tyrosine kinase inhibitors,
particularly those of the 4-anilino-quinazoline type, have such a catechol moiety as a central
and characteristic portion of their overall chemical structure, and they are therapeutically
useful in the area of antineoplastic treatment, as well as in the treatment of hyperproliferative
conditions such as psoriasis.

In accordance with the present invention the indazole nucleus is a biobioisostere
replacement for the catechol moiety which is an essential part of antineoplastic and
antiproliferative agents, including especially trimetrexate, and 4-anilino-quinazolines such as
PD-153,035; CP-292,597; CP-358,774; and ZD-1839, which have been and in the future will
be created and developed for therapeutic treatments, as detailed further herein. The present
invention relates to both novel indazole compounds resulting from the indazole-for-catechol
bioisostere replacement in such antineoplastic and antiproliferative agents, as well as to the
replacements as a general class or genus of chemical compounds. The present invention
further relates to the corresponding therapeutic methods of treatment which utilize said novel
indazole compounds as the active therapeutic agent, and to the corresponding
pharmaceutical compositions which utilize said novel indazole compounds as the active
ingredient therein. '

The present invention relates in particular to indazole-for-catechol bicisostere
replacements active as antineoplastic and antiproliferative agents, and in particular to those
relating to trimetrexate, and 4-anilino-quinazolines such as PD-153,035; CP-292,597; CP-
358,774, and ZD-1839, comprising a compound of Formulas (8.21) or (8.22):
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8.21) (8.22)
wherein
R® and R*, and R®, are defined the same as RS, and R* and R®, herein under
10  Formutas (5.10) and (5.11), including preferred embodiments thereof, but are selected on an
independent basis therefrom; and
R*, and R%, are each individually and independently a member selected
from the group consisting essentially of hydrogen and the substituents defined by partial
Formulas (8.23); (8.28); (8.40); and {8.45) below, provided that both of R*, and R%, cannot be
15  hydrogen at the same time;
wherein preferred embodiments comprise compotinds where one of R“a and R% is
independently selected as hydrogen; and
wherein said substituents in addition to hydrogen which define each of R*, and R,
comprise a member independently selected from the group consisting essentially of the moieties
20  of partial Formulas (8.23); (8.28); (8.40); and (8.45):

(IV-A)

N._ _NH,

Y

N =N
CH, NH, z

(8.23)

wherein Z is 2-hydroxyethanesulfonic acid or glucuronic acid, as well as

25 pharmaceutically acceptable prodrugs and metabolites thereof;
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V-B R*, and R%, are taken together to form the moiety of partial Formula
(8.28).
"

AN
W,

o

(R®)

m

(8.28)
wherein Ar a substituted or unsubstituted mono- or bi-cyclic aryl or heteroaryl ring
system of from 5 to 12 atoms where each monocyclic ring may contain 0 to 3 heteroatoms,
and each bicyclic ring may contain 0 to 4 heteroatoms selected from N, O, and S, provided
said heteroatoms are not vicinal oxygen and/or sulfur atoms; W; is a member independently
selected from the group consisting essentially of a bond; -O-; -S-; ~8(=0)-; -S(=0),; -OCH,-;
-C=C-, -C=C-; -C(=S)-; -SCH,-; -NH-; -NHCH,-; -NHCH(R®")-, -N(R*)- or -N(R™)CH,- where
R¥ is (C;-Cy) alkyl; -CH,-CH,-, and -CH,-CH,-CH,-; m is an integer selected from 0, 1, 2, and
3; and R% is a member independently selected from the group consisting essentially of
hydrogen; ~(C4-C,) alkyl; -(C,-C,) alkenyl; -phenyl; phenyl(C,-Cj;) alkyl-;
pheny{(C,-C,) alkenyl-; “hydroxy; hydroxy(C,-C,) alkyl-; -{C4-C,) alkoxy;
(C4-C,) alkoxy(C4-C,) alkyl~, phenyl(C,-C,) alkoxy-, phenyloxy-, {C;-C,) alkyicarbonyloxy-;
phenylcarbonyloxy-; bromo, chloro, or fluoro; (bromo, chioro, or fluoro){(C,4-Cs} alky-; -nitro;
-cyano; -aming; mono- or di-{C,-C,) alkylamino~;  (C,-C,) alkylcarbonylamino-;
phenylcarbonylamino-; ~carboxy; carboxy({C;-C5) atkyl-; (C4-C,) alkoxycarbonyl-;
phenyl{C,-C5) alkoxycarbonyl; (C,-C;) alkoxycarbonyl{C,-Cs) alkyl-; amino(C;-C,) alkoxy-;
amido; mono- and di-(C,-Cs) alkylamido; N,N-(C,-C,) cycloalkylamido-; (C;-C,) alkyithio-;
(C4-C;) alkylsulfinyl-; -sulfonyl; mono- and di-(C;-Cs) alkylsulfonyl-; -sulfamoyl; mono- and
di-(C4-Cs) alkylsulfamoyl-; (bromo, chloro, or fluoro)phenyl-; benzoyl; and provided that mis 1,
azido and R™,-ethynyl, where R*™, is hydrogen or (C,-C,)alkyl substituted by 0 to 2
substituents where said substituent is a member independently selected from the group
consisting essentially of hydrogen; amino; hydroxy; R*,-O; R*,-NH; and (R*,),-N, where
R¥, is (C,-C,) alky!;
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(IV-0)
N
)
N
z

(8.40)
wherein Z is a moiety of partial Formulas (8.41) and (8.42):

106
(R™), N rD N
) | — (R1°5)m (Rms)n \N | = (R105)m
(8.41) (8.42)

wherein m is an integer selected from 0, 1, 2, 3, and 4; nis an integer selected from 0,
R105

1, and 2; D is saturated carbon; oxy; or thio; is a member independently selected, for
each occurrence in partial Formulas (8.41) and (8.42), from the group consisting essentially of
mono-, di-, or tri-flucromethyl; bromo, chioro, or fluoro; nitro; hydroxy, amino; azido;
isothiocyano;  (C,-C4) alkyl; phenyl, thienyl; (C,-C,)alkoxy; benzyloxy; phenoxy;
(C5-Cg) alkenyl; (C2-Cq) alkynyt; (C4-C,) alkylenedioxy; cyano; benzoylamino;
trifluoromethylicarbonylamino; (C4+-C,) alkanoylamino; (C4-C,) alkanoyl-N-mono- or
-N,N-di-(C,-C,) alkylamino; (C,-C,) alkylsulfonylamino; trifluoromethylsulfonylamino;
(C,-C,) alkylthio; (C,-C,) alkylsulfinyl; (C,-C,) alkylsulfonyl; pyrrol-1-yl; piperidin-1-yl; and
pyrrolidin-1-yl; where said phenyl, benzyloxy, phenoxy and benzoylamino groups are
optionally mono-substituted with a member independently selected from the group consising

essentially of bromo, chloro, or fluoro; nitro; trifluoromethyl; hydoxy; and (C4-C,) alkyl; and

- where said (C,-C,) alkylenedioxy is linked at both ends thereof to adjacent carbons of the

benzene maiety to which it is attached; R when it is not attached to a ring carbon which is
adjacent to an oxy, thio or -N- ring atom, is a member independently selected, for each
occurrence in partial Formulas (8.41) and (8.42), from the group consisting essentially of
hydroxy; amino; N-mono- or N,N-di~(C,-C,) alkylamino; sulfo; and (C4-C,) alkoxy; and R'%
when it is attached to a ring carbon which is adjacent to an oxy, thio or -N- ring atom, is a
member independently selected, for each occurrence in partial Formulas (8.41) and (8.42),
from the group consisting essentially of  carboxy; hydroxy(C4-C,) alkyl;
{C4-C,) alkoxy(C4-C,) alkyl; amino(C,-C,) alkyl; mono-N- and
di-N,N-(C,-C,) alkylamino(C;-C,) alkyl, morpholino(C4-C,) alkyl; 4-
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(C4-Cy) alkyl-piperazin-1-yl{C,-C,) atkyl; carboxy(C,-C,) alkyl; (C4-C,) alkoxycarbonyl;
sulfo(C;-C,) alkyl; and (C,-C,) alkyl;
(IV-D) R*, and R%, are taken together to form the moiety of partial Formula
' (8.45):

R%
(Rse)m

(8.45)
wherein R® and m are as defined under (IV-C) above, but are selected on an
independent basis therefrom; W is -Y-CH,-; -CH,-Y-; or -Y-; where Y is O, S(O), where q is
an integer selected from 0, 1, and 2, or NR'® where R'® is hydrogen or (C4-C) alkyl; and R*
is a group -ZR"'- where Z is joined to R'' through a bridging group (CH,), where p is an
integer selected from 0, 1 and 2; and Z is a member independently selected from the group
consisting essentially of -V-CH,-, -V-CF -, -CH,-V-, -CF,-V-, and -V-, where V is a hydrocarby|
group containing 0, 1, or 2 carbon atoms; carbonyl; -CH(OH)-; sulfonamide; amide; -O-;
-S(O), and -NR'™ where R" is hydrogen or (C,-C,) alkyl; and R™' is optionally substituted
(C3-C;) cycloalkyl; or an optionally substituted 5,6,7,8,9, or 10-membered carbocyclic or
heterocyclic moiety where said carbocyclic moiety is a member independently selected from
the group consisting essentially of phenyl; benzyl; indene; naphthalene; tetralin; decalin;
cyclopentyl; cyclohexyl; and cycloheptyl; and said heterocyclic moiety is a member
independently selected from the group consisting essentially of furan; dioxolane; thiophene;
pyrrole; imidazole; pyrrolidine; pyran; pyridine; pyrimidine; morpholine; piperidine; oxazoline;
oxazolidine; thiazole; thiadiazole; benzofuran; indole; isoindole; quinazoline; quinoline; and
isoquinoling; or R® is a group -ZR™- where Z is -NR'®, and -NR'* and R'®' together form a

5, 6,7, 8, 9, or 10-membered heterocyclic moiety as defined under R'" above.

V) Bioisostere Replacement Compounds Active As PDE4 Inhibitors

' This particular embodiment of the present invention relates to compounds having
therapeutic usefulness based on their activity as phosphodiesterase-4 inhibitors, comprising

an indazole-for-catechol bioisosteric replacement wherein said therapeutic usefulness is
equivalent to or an improvement over the same activity possessed by the corresponding
catechol-containing predecessor compound. In a preferred embodiment of this aspect of the
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present invention, the indazole-for-catechol bioisostere replacement compounds are
therapeutically useful in treating asthma.

The indazole replacement bioisostere compounds of the present invention are useful
in treating or preventing one or members selected from the groups of diseases and conditions
consisting.essentially of (1) inflammatory comprising: joint inflammation, rheumatoid arthritis,
rheumatoid spondylitis, osteoarthritis, inflammatory bowe! disease, ulcerative colitis, chronic
glomerulonephritis, dermatitis, and Crohn's disease; (2) respiratory comprising:, acute
respiratory distress syndrome, bronchitis, chronic obstructive pulmonary disease (COPD),
including asthma, chronic bronchitis and pulmonary emphysema; and silicosis; (3) infectious
comprising: sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic shock syndrome,
fever and myalgias due to bacterial, viral or fungal infection, and influenza; (4) immune
comprising: autoimmune diabetes, systemic lupus erythematosis, graft vs. host reaction, allograft
rejections, multiple sclerosis, psoriasis, and allergic rhinitis; and (5) general comprising: bone
resorption diseases; reperfusion injury; cachexia secondary to infection or malignancy; cachexia
secondary to human acquired immune deficiency syndrome (AIDS), human immunodeficiency
virus (HIV) infectioin, or AIDS related complex (ARC); keloid formation; scar tissue formation;
type 1 diabetes mellitus; and leukemia; wherein said compounds are inhibitors  of
phosphodiesterase isozyme 4 (PDE4).

A further embodiment of the present invention relates in particular to indazole-for-
catechol bioisostere replacements active as PDE4 inhibitors, especially inhibitors useful in
treating asthma and other respiratory and inflammatory diseases and conditions, comprising a

compound of Formulas (9.0) and (9.1):

{9.0) (9.1)
and pharmaceutically acceptable salts thereof, wherein:
RC%.Is a member independently selected from the group consisting essentially of
hydrogen; ‘hydroxy; -0-(C4-C,) alkyl; -0-(C,-C,) alkyl(C,-C,) alkoxy; and
-0-(C,-C,) alkyl-morpholino;
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R% is a member independently selected from the group consisting essentially of
hydrogen, (C,-Cy) alkyl; -(CH,)n(C3-C4q) cycloalkyl wherein n is an integer selected from 0, 1, and
2; (C4-Cy) alkoxy(C,-Cg) alkyl; (C,-Cs) alkenyl; {CH,)n(C3-Cy) heterocyclyl wherein n is an integer
selected from 0, 1, and 2; and -(Z"),{Z%)(Cs-C1,) aryl wherein b and ¢ are integers independently
selected from 0 and 1, Z' is (C,-Cg) alkylene or (C»-Cq) alkenylene, and 2% is O, S, SO,, or
NR'™: and further wherein said heterocycly! is a member independently selected from the group
consisting essentially of acridinyl; benzimidazolyl; benzodioxolane; 1,3-benzodioxol-5-yl;
benzo[b]furanyl; benzo[b]jthiopheny!; benzoxazolyl; benzthiazolyl; carbazolyl; cinnolinyl; 2,3-
dihydrobenzofuranyl; 1,3-dioxane; 1,3-dioxolane; 1,3-dithiane; 1,3-dithiolane; furanyl;
imidazolidinyl; imidazolinyl; imidazolyl; 1H-indazolyi; indolinyl; indalyl; 3H-indolyl; isoindolyl;
isoquinolinyl; isothiazolyl, isoxazolyl, morpholinyl; 1,8-naphthyridinyl; oxadiazolyl, 1,3-
oxathiolane; oxazolidinyl; oxazolyl; oxiranyl, parathiazinyl, phenazinyl; phencthiazinyl;
phenoxazinyl; phthalazinyl, piperazinyl; piperidinyl; pteridinyl; pyranyl; pyrazinyl; pyrazolidinyl;
pyrazolinyl, pyrazolof1,5-cltriazinyl; pyrazalyl; pyridazinyl; pyridyl; pyrimidinyl; pyrimidyl;
pyrrolyl;  pyrrolidinyl; purinyl, quinazolinyl; quinolinyl; 4H-quinolizinyl; quinoxalinyl;
tetrazolidinyl; tetrazolyl, thiadiazolyl; thiazolidinyl; thiazolyl; thienyl; thiomorpholinyl; triazinyi;
and triazolyl, wherein said aryl is a carbocyclic moiety which is a member independently
selected from the group consisting essentially of benzyl, cis- and
trans-decahydronaphthalenyl; 2,3-1H-dihydroindenyl (indanyl); indenyl; 1-naphthalenyl; 2-
naphthalenyl; phenyl;, and 1,2 34-tetrahydronaphthalenyl; wherein said alkyl, alkenyl,
alkoxyalkyl, heterocyclyl, and aryl moieties defining said R*s groups are substituted by O to 3
substituents where each said substituent comprises a member independently selected from the
group consisting essentially of bromo, chloro, or flucro; hydroxy; (C,-Cs) alkyl; (C,-Cs) alkenyl;
(C1-Cs) alkoxy; (Cs-Ce) cycloalkoxy; mono-, di- and tri-flucromethyl; nitro; -C(=0)OR™,
-C(=O)NR“°R12°, -NR"™R"® and -S(=O)2NR“9R12°;

R®% is a member independently selected from the group consisting essentially of
hydrogen; (C4-Cy) alkyl (C,-C5) alkenyt; phenyl; (Ca-C7) cycloalkyl; and
(C3s-C;) cycloalkyl{C,-C,) alkyl; wherein said alkyl, alkenyl and phenyl moieties defining said R%
groups are substituted by 0 to 3 substituents where each said substituent comprises a member
independently selected from the group consisting essentially of méthyl; ethyl; mono-, di-, and
tri-fluoromethy}; and bromo, chioro, or fluoro;

R%, and R®, are independently selected from the group consisting essentially of
hydrogen and hereinafter recited substituents, provided that one, but not both of R®, and R%
must be independently selected as hydrogen, wherein said substituents comprise moieities of
partial Formulas (V-A)} - (9.2)(9.5); (V-B) — {9.6)-{9.14);{V-C) ~ (9.16)~(9.356); (V-D) - (9.36); and
(V-E) — (.37)-(9.49):
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R113 R RI13 - NRM
1 6
R116 1
R114 115 128
(9.2) 9.3) (9.4) (9.5)
or, said substituents defining R°, and R®, comprise:

(v-B)

10 a member selected from the group consisting essentially of RZ%®
-C(=0)NR™CHR™), C(=OJNR™O(CH))q(Ces-Cra) anylli  -C(ENR*)NH(CH,),(Co-C1c) aryl;
-C(=0)NR¥}(CHR™),,C(=O)NR?*(CH,),OR**, -C(=0)NR?}CHR®),,S(C,-C,) alkyl;
-C[=NOC(=0)R**|R®*, -CRZ'RZECHR®*NR?"*SO,(CH,),A;

-CRR¥CHRZ®NR?'*P(=0)(OR*?)C(=0)(C,-C,) alkyl;
156  -CRZRP'CHRPINR?'®P(=0)[(C;-C,) alkoxyl, -Z>-R*"; and -(CRZ'R*),NR*®(C(0));R*
wherein p is an integer selected from 0, 1, and 2; m is an integer selected from 1, 2, 3, 4, 5, and
6; and q is an integer selected from 1 and 2;
or, said substituents defining R®, and R®, comprise:

a moiety of partial Formulas (2.6) through (9.14), inclusive:

R21® R216
0]
W RS CHZ)( 0), (CH —(0),

20 (9.6) ©.7) (9.8) ©9) (8.10)
WIH ]W\’Q 223
£ NH
(CHZ)
"sto R239
(©.11) ©.12) (9.13) ©.14)
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5 (V-C)

or, said substituents defining R®, and R®, comprise:

a member independently selected from the group consisting essentially of 2-oxo-4-
pyrrolyl;  pyrazolyl, 2-oxo-34-dihydro-5-pyrimidyl;  2-oxo-3,4-dihydro-4-pyrimidyl;,  2-oxo-
tetrahydro-4-pyrimidyl;, 2-oxo-tetrahyro-5-pyrimidyl; 2-axo-4-pyrimidyl; and 2-oxo-5-pyrimidyf;

10  wherein each of said R%, and R?, groups is substituted by 0, 1, 2, 3, or 4 R%® groups;
or, said substituents defining R®, and R®, comprise:

a moiety of partial Formulas (9.16) through (9.35), inclusive:

R336 R348 R350
R*® . (gHz)qsam N\/ (
S N—R S(0) wt ff N\ -
Ve n R N
N N NONG N
Rass/ _<X1 As::s o N N
(9.17) (9.18) (9.19) (9.20) (9.21)
R 336 336
g R R ___I\{
N 353 0
\ﬂ/ X* KR
0O R R3S
(9.23) (9.24) (9.25) (9.26) (8.27)
4\7% 345 340 361
. XHR N/R R3#R -
\ - 358
o) : R
R345 \ N Y S X \N ko R359 \R36°
R0 156 | 357
15 (9.28) (9.29) {9.30) 9.31)
xn—N N S ‘
(9.32) (9.33) (9.34) {9.35)

(v-D)
or, said substituents defining R®, and R®, comprise:
a moiety of partial Formula (9.36): -
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xz"T'I_"x1——é

(9.36)
wherein
the broken line indicates a single or double bond;
X' is -CR*?R*". where said broken line indicates a single bond; or -CR*- where said
broken line indicates a double bond';
X? is -CRRTRY™. or -C(=NOR*“")R*2. where said broken line indicates a single
bond; or -CR*’R*™ where said broken line indicates a double bond;

R*? is a member independently selected from the group consisting essentially of H;

hydroxy; bromo, chioro, or fluoro; and -OR*™:

each R** is a member independently selected from the group consisting essentially of
cyano; cyanomethyl; benzyloxy; -R*® -CO,R™® -COLCH,),(Cs-Cio) aryl; -C(Y)NRSR*S,
-CIY)NR%(CHy)n(Cs-C1o) aryl; «(CHy)a(Ce-Cio) aryl; and (CHy)s(5- to 10-membered heteroaryl);
where n is an integer selected from 0, 1, 2, and 3; each R*® group is substituted by 0 to 3
substituents R¥* ; and each R*”® group is substituted by 0 or 1 substituent R*®’;

each R** is a member independently selected from the group consisting essentially of
bromo, chioro, or fluoro; cyano; nitro; (C-Cg) alkyl; (Co-Cg) alkenyl; -OR¥®; (C4-C;) cycloalkoxy;
-NR5R*™; .NR*POR¥®; -5(0),,R*"® where m is an integer selected from 0, 1, and 2; -CO,R*™®,
C(=0)R*™; -SO,NRSRY. C(=O)NR¥SR™: CRYERESO,NRVER.
CRRYSC(=0)NR* R, -NHSO,R*®;  -NHSO,NR*°R*™  .NHC(=O)NR*"R*";
NHC(=0)(C,-Cy) alkyl; and -NHC(=0)O(C-Ce) alkyl):

each R and R*¥® is a member independently selected from the group consisting
essentially of H; and (C,-Cy) alkyl;

R*" is a member independently selected from the group consisting essentially of -R*®;
2-oxo-pyridyl; 3-oxo-pyridyl; 4-oxo-pyridyl; 2-oxo-pyrrolyl; 4-oxo-thiazolyl; 4-oxo-piperidyl; 2-oxo-
quinolyl; 4-oxo-quinolyl; 1-oxe-isoquinolyl; 4-oxo-oxazolyl; 5-oxo-pyrazolyl; 5-oxo-isoxazolyl; and
4-oxo-isoxazolyl; where each of said R groups is substituted by 0 to 3 substituents R*’;

R*”® is a member independently selected from the group consisting essentially of -R™>;
cyano; ~(CH,)y(Cs-Cyo) aryl; and {CH,),(5- to10-membered heteroaryl); where p is an integer
selected from 1, 2, and 3; and where each said R*"® group is substituted by O to 3 substituents
R4

R*® is a member independently selected from the group consisting essentially of formyl;
carbamoyl, thidcarbamyl; (C-Cg) alkyl, (C,-Cg) alkeny); (C,-C,) alkoxy(C,-C,) alkyl-~ and
{C,-Ce) alkanoyl; where said alkyl moieties of each of said R*® groups is substituted by 0 to 3
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5 substituents independently selected from the group consisting essentially of bromo, chloro, or
fluoro; hydroxy; and (C,-C,) alkoxy;

R* is a member independently selected from the group consisting essentially of
cyclobutyl; cyclopentyl; cyclohexyl; 2-cyclobuten-1-yl; 2-cyclopenten-1-yl, 3-cyclopenten-1-y};
2,4-cyclopentadien-1-yl; 3,5-cyclohexadien-1-yl; pyrrolyl; pyrmolidinyl; dioxolanyl, imidazolyl;

10  oxazolyl, imidazolidinyl; pyrazolyl; pyrazolidinyl; pyrany!; piperidinyl; 1,4-dioxanyl; morpholiny};
1.4-dithianyl; thiomorpholiny!; piperazinyl; 1,3,5-trithianyl; oxazinyl; isoxazinyl; oxathiazinyl; and
oxadiazinyl; where each of said R groups is substituted by 0 to 2 (C,-C,) alkyt;

R*! is a member independently selected from the group consisting essentially of H;
(C-Ce) alkyl;  (C,-Cg) alkenyl,  (C,-Cg)alkynyl;,  -C(Y)NRTRTS,  .C(Y)NH(C4-C,o) aryl;

156 -C(Y)(C,-Cs) alkoxy; -C(Y)(C¢-C,o) aryloxy; and -C(Y)(C,-Cs) alkyl);

R*2 is a member independently selected from the group consisting essentially of phenyl
and pyridinyl; where each of said R*2 groups is substituted by 0 to 3 substituents independently
selected from the group consisting essentially of bromo, chloro, or fluoro; (C,-C,) alky!; hydroxy;
(C,-C.) alkoxy; -NR*R¥; and -S(0),,R*"®, where m is an integer selected from 0, 1, and 2; and,

20 YisOorS;or

or, said substituents defining R®, and R, comprise:

a moiety of partial Formulas (9.37) through (9.48), inclusive:

(V-E)

O

N

o .
0 o
/=N "NH
N o) X NJ\NH \—=/
©:‘<\< ‘<\_< ;{\(\ N %f\\(\ )
o) 0 CH, o

937) (9.38) (9.39) (9.40)
25
0 . N CH,
OH o /%,U NS N :CHs
) \H)LH ) “oH kN =N CH,
(9.41) (9.42) (9.43) (9.44)
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| X
J
©\Rsno
5 (9.45) (9.46) (8.47) (9.48)
DETAILED DESCRIPTION OF THE INVENTION
()] Bioisostere Replacement Compounds Active As Cholinesterase inhibitors

There are several important therapeutic classes of cholinergic antagonists, especially
cholinesterase inhibitor which have a catechol moiety as a central and characteristic portion of
10 their overall chemical structure for which a bioisostere replacement with an indazole moiety
may be carried out in accordance with the present invention, wherein the resulting indazole-
containing compounds have the same or improved biological activity with the same or
reduced undesirable side effects, as that exhibited by the catechol-containing compound.
One such important therapeutic class is that of catechol-containing cholinergic
15  muscarinic receptor antagonists which are used as antispasmadic or spasmolytic agents such
as trimebutine, trepibutone, mebeverine, and atracurium besylate, which may be represented
respectively by Formulas (5.0}, (5.1}, (6.2), (5.3):

0
H3C\/O:©\)K/\COOH
HC— Nech,
H,C’ o 0 cH

3

H,CO
(6.0) TRIMEBUTINE irCH (5.1) TREPIBUTONE
H:,CO
c
5.2 E 3

H_.,CO o (5.2) MEBEVERIN OCH,

CH OCH,
H:,CO \"/\// ‘ OCH,

. 2C H SO O
OCH,

{5.3) ATRACURIUM BESYLATE OCH,
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5 All of these specific agents, and derivatives thereof, have a catechol moiety which
" may be replaced by an indazole moiety in accordance with the present invention.

These catechol-containing cholinergic muscarinic receptor antagonist are also useful

as antiulcerative agents and include, e.g., troxipide and trithiozine, which may be represented

by Formulas (5.4) and (5.5):
K 5
o
QN OCH, H,CO N/E
ocH H,CO NG
3
0 TROXIPIDE OCH, OCH, THRITHIOZINE
1
5.4) (5.5)

These agents and derivative thereof, have a catechol moiety which may be replaced
with the indazole bioisostere moiety in accordance with the present invention. The catechol-
containing cholinergic muscarinic receptor antagonists further include therapeutic agents

15  useful in ophthalmology, e.g., as mydriatic agents, which can be the subject of an indazole
bioisostere replacement in accordance with the present invention.

A still further class of catechol - containing cholinergic therapeutic agents suitable for
indazole bioisostere replacement comprises dopaminergic receptor antagonists such as
veralipride which is useful in the treatment of menopausal disorders. Veralipride may be

20 represented by Formula (5.8):

%P e [ CH,
HN" N/\LN)
OCH,
OCH, VERALIPRIDE

(5.6)
An important class of catechal-containing acetylcholinesterase inhibitors are those
useful in the treatment of Alzheimer's disease, especially cognitive dysfunction associated
25 therewith. A deficiency of étructurally intact cholinergic neurons is characteristic of
Alzheimer's disease, and therapy is based on enhancing concentrations of cholinergic
neurotransmitters in  the central nervous system. These catechol-containing
anticholinesterase agents are suitable for indazole bioisostere replacement in accordance
with the present invention. For example, the agent donepezil which has a catechol-containing

30  structure may be represented by Formula (5.7):
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jSosSShy
co Y DONEPEZIL

5
(5.7)
In order to better understand the bicisostere replacement of the catechol moiety with
an indazole moiety in accordance with the present invention, the bioisostere of donepezil in '
which indazole is substituted for catechol, is represented by the compounds of Formulas (5.8)
10 and (5.9):
R} | @ R’ N/\Q
i
N
N Ng
N
R (0] R?
(5.8) (5.9)

Other catechol-containing anticholinesterase agents of a type similar to donepezil

which are also suitable for indazole bioisostere replacement in accordance with the present
15 invention are described in U.S. Patent No. 4,895,841 which is incorporated herein by
reference in its entirety.

The subject matter of the present invention includes within its scope all and every
indazole-for-catechol bioisostere replacement relating to cholinergic antagonists and
anticholinesterase agents, both as novel indazole compounds in particular and as said

20 replacements in general. Also included within the scope of the present invention are the
therapeutic methods of treatment and the pharmaceutical compositions relating thereto in
which the active ingredient is an indazole-for-catechol bioisostere replacement compound,
and in preferred embodiments of the present invention is as described in more detail further
below.

25 Accordingly, the present invention relates in particular to indazole-for-catechol
bioisostere replacements active as cholinergic antagonists and anticholinesterase agents,
comprising a compound of Formulas (5.10) or (5.11):

(1)

R®, R®,
I C
N/ Rc1 rN R 1
\ 1 ) *
RAY Ra RY T
R, R,
. (5.10) (5.11)
wherein
Replaced
eet Has Been Rep SUBSTITUTE SHEET (RULE 26)
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R%is a member independently selected from the group consisting essentially of
hydrogen; hydroxy; -0-{C,-C,) alkyl; -0-(C;-C,) alkyl{C,-C,) alkoxy; and
-0-(C4-C,) alkyi-morpholino;

R’\is a member independently selected from the group consisting essenfially of
hydrogen;  (C,-Cg)alkyl:  -(CHy),{Cs-Cy)cycloalkyl wherein n is 0 to 2
-(C4-Cq) alkyl(C4-Cs) alkoxy; (C,-Ce) alkenyl; -(CH,),(C5-Cy) heterocyclyl wherein n is 0 to 2; and
~(Z)5(Z2")o(Ce-C1p) aryl wherein b and ¢ are each independently 0 or 1, Z' is (C-Cs) alkylene or
(Cx-Cq) alkenylene, and Z" is -O-, -S-, -SO,, or -N(R%-, and wherein said alkyl, alkenyl,
alkoxyalkyl, heterocyclyl, and aryl moieties of said R*; groups are substituted by 0 to 3
substituents independently selected from halo; hydroxy; (C,-Cs)alkyl, (C.-Cs)alkenyl;
(Cy-Cs5) alkoxy; (C3-Cs) cycloalkoxy; triflucromethyl; nitro, -C(=O)OR®; -C(=O)NR®R™, -NR°R"°,
and -S{(=0),NR°R™®,

where in preferred embodiments, said aryl moiety comprises a member selected from
the group consisting essentially of phenyl; naphthyl; indenyl (from 2,3-dihydro-1H-indene);
indanyl; and fluoreny! (from 9-H-fluorene);

where in more preferred embodiments said aryl moiety comprises a member
independently selected from the group consisting essentially of phenyl and indanyl;

where in preferred embodiments, said heterocyclyl moiety comprises a member
independently selected from the group consisting essentially of acridinyl; benzimidazolyl;
benzodioxolane; 1,3-benzodioxol-5-yl; benzo[b]furanyl; benzo[b]thiophenyl; benzoxazolyl,
benzthiazolyl; carbazolyl; cinnolinyl; 2,3-dihydrobenzofuranyl; 1,3-dioxane; 1,3-dioxolane; 1,3-
dithiane; 1,3-dithiolane; furanyl; imidazolidinyl; imidazolinyl; imidazolyl; 1H-indazolyl; indolinyl;
indolyl; 3H-indolyl; iscindolyl; isoquinolinyl; isothiazolyl, isoxazolyl; morpholinyl; 1,8-
naphthyridinyl, oxadiazolyl;, 1,3-oxathiolane; oxazolidinyl; oxazolyl; oxiranyl; parathiazinyl;
phenazinyl; phenocthiazinyl, phenoxazinyl: phthalazinyl; piperazinyl; piperidinyl; pteridinyl;
pyranyl; pyrazinyl; pyrazolidinyl; pyrazolinyl; pyrazolo[1,5-cltriazinyl; pyrazolyl; pyridazinyl;
pyridyl; pyrimidinyl; pyrimidyl; pyrrolyl; pyrrolidinyl; purinyl; quinazolinyl; quinolinyl; 4H-
quinaliziny); quinoxaliny); tetrazolidinyl; tetrazolyl; thiadiazolyt; thiazolidinyl; thiazolyl; thienyl;
thiomorpholinyl; triazinyl; and triazolyl; and

where in more preferred embodiments said heterocyclyl moiety comprises a member
independently selected from the group consisting essentially of pyrrolidinyl, piperidinyl,
piperazinyl, and morpholinyl;

R® and R are independently hydragen or (C,-C,) alkyl substituted by 0 to 3 fluorine
atoms;

R"1 is a member independently selected from the group consisting essentially of
hydrogen; (C;-C,) alkyl; (C,-C,) alkenyl, phenyl; (C,-C;)cycloalkkyl; and -(C,-C,) alkyl(Cy-
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5  C;) cycloalkyl; wherein said alkyl, alkenyl and phenyl R®, groups are substituted with 0 to 3
substituents independently selected from the group consisting essentially of methylethyl;
trifiuoromethy}; and halo; and

R'y and R', are each individually and independently a member selected from the group
consisting essentially of hydrogen and the substituents defined by partial Formulas (5.12);
10 (5.14); (5.16); (5.18); (5.21); (5.23); (5.25); {5.26); and (5.28) below, provided that both of R', and
R, cannot be hydrogen at the same time;
wherein preferred embodiments comprise compounds where one of R’a and R', is
independently selected as hydrogen;
wherein said substituents in addition to hydrogen which define each of R, and R',

15  comprise a member independently selected from the group consisting essentially of the moieties

of partial Formulas (5.12); (5.14); (5.16); (5.18); (5.21); (5.23); (5.25); (5.26); and (5.28);

(I-A)
O
?Lo
R4 /N — R2
R®
(5.12)
20 wherein R% R?, and R* are independently selected from the group consisting essentially

of hydrogen and (C,-C,) alkyl substituted by O to 3 substituents R°, where the substituent R® is
selected from the group consisting essentially of fluorine, chlorine, methyl, trifluoromethyl

hydroxy, and methoxy;
where a preferred embodiment comprises a compound wherein R?, R®, and R* are

25 methyl and there are 0 substituents R°, represented by Formula (5.13):
CH,CH,

NZ 0
N 0N
H,c— N—CH;
H,C
(5.13)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof,
(1-B) R',is R® and R', is the group:
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(5.14)
wherein R® is a member independently selected from the group consisting essentially of
(Ci-Cy)alkyt; (C4-Cy)alkoxy; and hydroxy;
where a preferred embodiment comprises a compound where R® is ethoxy, represented
10 by Formula (5.15).

GHCH, |

{5.15)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof, and

where further details concerning predecessor catechol compounds, e.g., trepibutone,

15  of Formula (5.14) are disclosed in Murata et al. US Pat. 3,943,169, which is incorporated
herein by reference in its entirety; '

(1-C)
R®
i g
/\/\/N
0 \(\Q
9
R ORw

) (5.16)
20 wherein R®, R? and R are independently selected from the group consisting essentially

of hydrogen and (C-C,) alky! substituted by 0 to 3 substituents is a member independently
selected R®, where the substituent R® is as defined herein;

where a preferred embodiment comprises a compound where R® and R® are methyl and
R is methoxy, represented by Formula (5.17):
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CH.CH
2 3 CHa

N [

N O/\/\/ N ;
CH, |

OCH,
5 F
(5.17)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, €.9., mebeverine,
of Formula (5.16) are disclosed in Kralt et al. US Pat. 3,265,577, which is incorporated herein
10 by reference in its entirety;

(-D) R', and R', are taken together to form the moiety of partial Formula
(5.18):
(V|V)p
‘R12 Y
RB
N—N.RA
(5.18)
15 wherein pis 0 or pis 1 and W is -CH,- or -NH-; R' is absent or is (C4-C,) alkyl; R* and

R® are as defined herein; and R* is -CH, or is the remainder of the moiety of Formuta (5.18)

whereby a bis compound is formed as represented by Formula (5.19):

This Sheet Has Been Rep
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5

(5.19)

wherein HX is an acid addtion sal,
where a preferred embodiment comprises a compound where R* and R® are cyclohexyl
and ethyl, the acid addtion salt is besylate, and R* is methyl, represented by Formula (5.19):
O\/\/\/O\n/\/
0
* 2CHsSO,

10

. (5.20)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., atracurium
besylate, of Formula (5.19) are disclosed in Hill et al. published International Application WO
16  92/00965, which is incorporated herein by reference in its entirety;
(-E)

This Sheet Has Been R,
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S L

5
(56.21)
wherein R R', and R'® are each a member independently selected from the group
consisting essentially of -NH,; -NH(C,-C,) alkyl; and -N[(C,-C,) alkyl],, where the alky! groups
are selected independently of each other;
10 where a preferred embodiment comprises a compound where R™, R™, and R™ are
each -NH,, represented by Formula (5.21):
NH,
O
NH,
N
CH,CH, o Q
/4 N
N
\
N
(5.22)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
15 where further details concerning predecessor catechol compounds, e.g., troxipide, of
Formula (5.21) are disclosed in Irikura et al. US Pat. 3,647,805, which is incorporated herein
by reference in its entirety;
(I-F)
S
N
N X
\/
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5 {5.23)

~
where the moiety —/ represents the residue of a saturated secondary
heterocyclic base having 4, 5, 6, or 7 atoms in the ring, where X is -CHy~, -O-, -S-, or -NH-;
and preferably said secondary heterocyclic base is a member selected from the group
consisting essentially of pyrrolidine, 1,3-thiazolidine, imidazolidine, 1,2-oxazolidine, 1,3-
10  oxazolidine, piperidine, piperazine, tetrahydro-1,2-oxazine, tetrahydro-1,3-oxazine, tetrahydro-
1,4-oxazine, i.e., morpholine, tetrahydro-1,4-thiazine, and perhydroazepine;
where preferred embodiments of this type include compounds which may be
represented by the following Formula {5.24):

Formula (5.24) R2
CH,CH
2~ 13 O/\N/ |/\N/ o /\N - N~ N
-~
Y s Ty
N H
O/ o W (\N/ O\N AN
R2 \\/j S\/‘
S
15 and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and

where further details concerning predecessor catechol compounds, e.g., trfthlozine, of
Formula (5.23) are disclosed in Pifferi US Pat. 3,862,138, which is incorporated herein by
reference in its entirety;

(1-G)
/
R14/
20 }{ _ and
(5.25) (5.26)

wherein R™ is as defined herein; and R" is (C,-C,) alkyl or (C,-C,) alkeny! where said
alkyl and alkenyl groups are substituted by 0 to 3 substituents R®, where the substituent R® is
selected from the group consisting essentially of fluoring, chiorine, methyl, triflucromethyl
25  hydroxy, and methoxy;
where a preferred embodiment comprises a compound where R' is -NH,, and R' is
prop-2-en-1-yl, represented by Formula (5.27):
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HN<L_
CH2

H,CH,C \/O

5
(6.27)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof,
(I-H) R', and R', are taken together to form the moiety:
Y
0
l‘ c
N._Y
10 (5.28)

wherein the dashed line represents an optional double bond; Y* is -C(=O)~;
-C(=O)NH-; or -C(=0)N(CHjs)-, Y® is a member selected from the group consisting essentially
of a direct single bond; a direct double bond; -CH,-; -CH,CH,-. -CH,CH,CH,- =CH-; =CHCH-;
=CH CH,CH,CH,. =CHCH,CH,CH,CH,-; and =CH-CH=CH-; and Y® is a member selected
15 from the group consisting essentially of cyclohexyl; pheny! substituted by O to 3 R* where R®
is a member selected from the group consisting essentially of methyl, methoxy, hydroxy,
benzyloxy, and nitro; pyridyl; 1-naphthyl; 2-naphthyl;
where a preferred embodiment comprises a compound where Y* is -C(=0)~ Y® is
=CH-CH=CH-; and Y° is phenyl; represented by Formula (5.29):
CH,CH, 0

20
(5.29)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
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5 where further details concerning predecessor catechol compounds of Formula (5.28)
are disclosed in Sugimoto et al. US Pat.'s 4,895,841 and 5,100,901, which are incorporated
herein by reference in their entireties.

(i Bioisostere Replacement Compounds Active As

Adrenergic a-Antagonists and ,-Agonists

10 The gist of the present invention is the discovery that the indazole nucleus is a moiety
which is capable of being a bioisostere replacement for the catechol moiety which is an
essential part of numerous endogenous ligands acting on important adrenergic receptors and
thereby carrying out essential metabolic functions in the body. The indazole nucleus is also a
bioisostere replacement for the catechol moiety which is an essential part of numerous drugs

15 which have been and in the future will be created and developed for therapeutic treatments as
detailed further herein.

The present invention is especially concerned with the a,-antagonist and ps-agonist
classes of adrenergic agents which have a catechol moiety as a central and characteristic
portion of their overall chemical structure, for which biocisostere replacement with an indazole

20 moiety may be carried out in accordance with the present invention, i.e., while retaining the
type of biological activity exhibited by the original catechol-containing compound.

One important therapeutic class of catechol-containing a4-receptor antagonists is that
used as antihypertensive agents. Examples of such agents include the following:

vesnarinone, which acts as a cardiostimulant and as a coronary vasodilator:

0
H300
N/\
(U~
H,CO
H O
25 VESNARINONE
(6.0)
trimazosin, terazosin, prazosin, doxazosin, alfuzosin, and bunazosin, which are
antihypertensive agents:
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(0]
0
OCH, (\NJL%/%OH JI)
3

H,CO N\YN\)

H, II
/
H,CO N

3
NH,  TRIMAZOSIN H,  TERAZOSIN
5 (6.1) (6.2)
7 0
SRy, 0
- Q)k( ) §
H,CO N._N
3@[( FY
/
N
PRAZOSIN  HiCO 4 DOXAZOSIN
NH,
(6.3) (6.4)
CH
1 3
N
YN HYQ e {ﬁ
=N
ALFUZOSIN H,  BUNAZOSIN
(6.5) (6.6)
dilazep, which is a coronary vasodilator:
o)
H,CO ocH,
OCH
? DILAZEP OCH,
10 (6.7)

cinepazide, which is a peripheral vasodilator:
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H
H,CO Cx
3 \C/“\N/\] o
H
|\/N\/u\ .
H,CO D

OCH,
5 CINEPAZIDE
{6.8)
cinepazet, which is an antianginal agent:
0
~
H,CO <—N <o
H,CO \ —> CH,
N\
H300 (@] '
CINEPAZET
(6.9)
10 and butobendine, which is an antiarrhythmic agent which increases cardiac blood
flow:
OCH3
H,C OCH,
i - L
N 0]
CH, )
H,CO CH,
OCH3
BUTOBENDINE (6.10)

Another important therapeutic class of catechol-containing B4-receptor agonists is that

used as agents which favorably affect the contractions of heart muscle. Examples of such

16 agents include ibopamine which is an inotropic agent with dopaminergic and adrenergic
agonist activities useful as a cardiotonic:
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CH,
0]
CH,
H.,C O
3 \” o
o CH,
5 IBOPAMINE CH3
6.11)
denopamine and dobutamine which are selective pi-adrenoceptor agonist with
positive inotropic activity useful as a cardiotonics:
OH
OH
HGCOD/\/N\/\@\ HO;@/\/HY\Q
CH
H,CO OH  HO s
DENOPAMINE DOBUTAMINE
10 (6.12) (6.13)
and bevantolol which is a cardioselective B;-adrenergic blocker useful as an
antianginal, antihypertensive and antiarrhythmic agent:
OH )
; OCH,
CH3
BEVANTOLOL
(6.14)
16 Other types of catechol-containing adrenergic receptor agonists and antagonists are

also suitable for indazole bioisostere replacement in accordance with the present invention.
For example, dipivefrin is an adrenergic agent which is ophthalmically active and useful as an

antiglaucoma agent:
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|..|3C /(E(\\/ CH3
H,C H,C a——{ DIPIVEFRIN

H,C
(6.15)
and bitolterol is a B,-adrenergic agonist useful as a bronchadilator:
BITOLTERQOL
{6.16)

In the basic biosynthesis route for catecholamine production in the body of a
mammal, the hydroxylation of tyrosine is regarded as the rate-fimiting step. In tumn, tyrosine
hydroxylase is activated following stimulation of adrenergic nerves or the adrenal medulla.
The enzyme s a substrate for cyclic AMP-dependent and Ca?* -calmodulain-sensitive protein
kinase and protein kinase C. Kinase catalyzed phosphorylation may also be associated with
increased hydroxylase activity. This constitutes a mechanism which acts acutely and permits
the body to increase catecholamine biosynthesis responsive to nerve stimulation.

The classification and properties of the different types of adrenergic receptors has
been described above briefly, but an understanding of these characteristics is essentiat to an
appreciation of the remarkably diverse effects of the catecholamines and related
sympathomimefic agents. In turn, this appreciation is imperative if one is to grasp the
extensive scope and surprising level of biological activities resulting from the bioisasteric
replacement of the catechol moiety in accordance with the present invention.

The responses which foliow activation of all of the various types of adrenergic
receptors are mediated by G protein effects on the generation of a series of second
messengers and on the activity of ion channels. Thus, there are three types of protein
interacting in this system, the adrenergic receptor, the G protein, and the effector enzyme, i.e.,
the ion channel. Although the adrenergic receptors are characterized by heterogeneity of
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action, they are a closely related family of proteins; and they are also closely related in terms
of both structure and functionality to a wide variety of other hormones and neurotransmitters
that are coupled to G proteins. Conserved membrane-spanning regions of the adrenergic
receptors create ligand-binding pockets that are crucially involved in binding.

For example, the individual amino acids of the Bj-adrenergic receptor which interact
with the functional groups of the catecholamine agonist molecule have been identified. Other
residues within the transmembrane domains have been found to be particularly involved in
antagonist interactions. All of the p-adrenergic receptors stimulate adenylyl cyclase through
interaction with G, protein, which leads in turn to the accumulation of cyclic AMP, activation of
the cyclic AMP-dependent protein kinase, and altered function of numerous cellular proteins
as a result of their phosphorylation. Accordingly, it has become accepted in the art that there
are muitiple points of regulation of the responsiveness of the adrenergic receptors in addition
to the receptors themselves, and that these include G proteins, adenylyl cyclase, and cyclic
nucleotide phosphodiesterase.

Sympathomimetic drugs exhibit actions which elicit all of the above responses,
although the level of response in each case may vary considerably. Many sympathomimetic
drugs influence both a-receptors and p-receptors, but usually not equally. In fact, the ratio of
such activities constitutes a broad spectrum with predominantly o activity at one end in the
case of phenylephrine, to predominantly B activity at the other end in the case of
isoproteranol. While B-phenylethylamine is the simplest and therefore parent compound for
the sympathomimetic amine drugs discussed herein, the particular class of sympathomimetic
drugs with which the present invention is concerned are all ortho-dihydroxybenzenes, i.e.,
catecholamines.

Some key structure-activity relationships have been established heretofore for the
sympathomimetic catecholamines. For example, when the aromatic ring and the amine group
are separated by two carbon atoms, the level of sympathomimetic activity is at its highest.
Increase in size of the alkyl substituents on the amine group increases p-receptor activity. For
example, the rather low level of B, activity in norepinephrine is increased dramatically by the
addition of a methyl group to form epinephrine. Selectivity for B, over B, receptors requires
other substitutions. The presence of the ortho-dihydroxy substitutions at positions 3- and 4-,
which makes these compounds catechols, is required for maximal o and § activity. Studies
carried out heretofore on the p-adrenergic receptor strongly suggest that this optimization of
activity results from the formation of hydrogen bonds between the 3- and 4-hydroxy groups of
the catechol and corresponding hydroxyl groups on serine residues 204 and 207 which lie in
the fifth membrane-spanning region of the receptor protein. These studies also suggest that
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aspartate 113, which lies in the third membrane-spanning region of the p-adrenergic receptor,
interacts with the amine group of the catecholamine to form an electrostatic bond. It can also
be inferred from these spatial relationships that the catecholamine in question binds parallel to
the plane of the p-adrenergic receptor membrane, forming a bridge between the two above-
mentioned membrane spans.

Where the hydroxy! groups of the catecholamine are not in the ortho- position but in
the meta- position, i.e., at positions 3- and 5-, p,-receptor selectivity is conferred on the
compound, provided that it has a large amino substituent. Thus, metaproterenol, terbutaline
and similar compounds are administered as therapeutic agents to asthma patients, where
they relax the bronchial musculature while causing less direct cardiac stimulation than other
less selective agents:*

OH OH
HO N _ch, HO H)(CHa
1;3 HC™ ¢,
OH

0o
METAPROTERENOL H TERBUTALINE

6.17) (6.18)

In compounds where the hydroxyl groups on the aromatic ring are absent, as well as
the B-hydroxyl group of the side chain, the activity of the compounds is limited almost
exclusively to causing the release of norepinephrine from adrenergic nerve terminals.

The site of action of a compound, i.e., its tissue compartmentalization, is also
important to its therapeutic utilization. For example, the dihydroxy substitution of the
catechols makes them less lipophilic, and thus unsubstituted or alkyl-substituted compounds
are more able to cross the blood-brain barrier and be active in the central nervous system
rather than the sympathetic nervous system. Accordingly, ephedrine, amphetamine, and
methamphetamine posses considerable central nervous system activity, while on the other
hand, compounds lacking the polar hydraxyl groups lose their direct sympathomimetic activity.

The rate of catabolism, i.e., the duration of action of the catecholamines is also
important to their therapeutic use. For example, the catecholamines have a very short
duration of action and are rapidly inactivated in the intestinal mucosa and liver by catechol-O-
methyltransferase before reaching systemic circulation. They are thus ineffective when
administered orally.

The structures of some of the above-recited catechol-containing adrenergic agents
which are suitable for indazole bioisostere replacement may be illustrated in their indazole
form as follows:
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RS ?Hs
OH N, N i
B NN
; y T I/D
Z N\ N
N\ N
N Hy R,\/ NH, :
R‘/
5 ’ DOBUTAMINE BIOISOSTERE ALFUZOSIN BIOISOSTERE
(6.19) . (6.20)
RE OH
N cH,
NZ e
AN 3
/N CH
RA
TERBUTALINE BIOISOSTERE

(6.21)
10 The subject matter of the present invention includes within its scope all and every

indazole-for-catechol bicisostere replacement relating to «4-antagonist and p;-agonist classes

of adrenergic agents, both as novel indazole compounds in particular and as said

replacements in general. Also included within the scope of the present invention are the

therapeutic methods of treatment and the pharmaceutical compositions relating thereto in

15  which the active ingredient is an indazole-for-catechol bioisostere replacement compound,

and in preferred embodiments of the present invention is as described in more detail further
below.

Accordingly, the present invention relates in particular to indazole-for-catechol

bioisostere replacements active as oy-antagonist and f,-agonist adrenergic agents,

20 comprising a compound of Formulas (8.22) or (6.23):

)

(6.22) (6.23)

wherein
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R% and R*, and R®, are defined the same as R®, and R*, and R®, herein under
Formulas (5.10) and {5.11), including preferred embodiments thereof, but are selected on an
Independent basis therefrom; and

R% and R?, are each individually and independently a member selected
from the group consisting essentially of hydrogen and the substituents defined by partial
Formulas (6.24), (6.26), (6.41), (6.43), (6.48), and (6.50) below, provided that both of R, and R?, .
cannot be hydrogen at the same time;

wherein preferred embodiments comprise compounds where one of R%, and R, is
independently selected as hydrogen;

wherein said substituents in addition to hydrogen which define each of R%, and R?%,
comprise a member independently selected from the group consisting essentially of the moieties
of partial Formulas (6.24), (6.26), (6.41), (6.43), (6.48), and (6.50):

(I-A)

Lz

(6.24)
wherein the dashed line represents an optional double bond; R® is a member
selected from the group consisting essentially of hydragen; (C;-C,) alkyl, (C,-C,) alkenyl, and
phenyl{C;-C,} alkyl-, where said alkylalkenyl, and phenyl or alkyl group attached thereto are
substituted by O to 3 substituents R®, where the substituent R® is as defined herein, but
independently selected therefrom; and R* is a member selected from the group consisting
essentially of hydrogen and (C,-C,) alkoxy;
where a preferred embodiment comprises a compound where R* and R* are each
hydrogen, e.g., a visnarinone biolsostere, represented by Formula (6.25).
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5 VISNARINONE BIOISOSTERE
(6.25)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., vesnarinone,
of Formula (6.0) are disclosed in Tominaga et al. US Pat. 4,415,572, which is incorporated

10  herein by reference in its entirety;

{iI-B) R?, and R, are taken together to form the moiety of partial Formula (6.26):
T
=
(6.26)

wherein E represents N, resulting in a pyrimidinyl moiety and overall 2 quinazoline
15  series of compounds; or represents CH, resulting in a pyridyl moiety and overall a quinoline
series of compounds; R% and R® are each a member independently selected from the group
consisting essentially of hydrogen; (C-Cglalkyl; (C,-Cglalkenyl; (Cs-Cg)oycloalkyl;
hydroxy(C,-Cg)alkyl; phenyl; benzyl; phenylethyl; and 2-furfuryl; and
R% is independently selected from the group consisting essentially of:
20 {a) acetylamino of partial Formula (6.27):

R28
|
N._ _CH,
Y
0]
(6.27)

wherein R? is a member selected from the group consisting essentially of hydrogen;

acetyl; (C-C¢) alkyl; and (C,-C;) alkenyl;
25 (b) amine or substituted amino of partial Formula (6.28):
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R®
si,?,/
R25
(6.28)
wherein R? and R? are as defined further above;
{c) morpholino;  1-azacycloheptyl; 1-azacyclooctyl, pyrrolidino; or
piperidino;
{d) N-substituted piperazino of partial Formula (6.29):
é——N/——\N—RZQ
\—/
(6.29)

wherein R is a member selected from the group consisting essentially of hydrogen;
(C4-Ce) alkyl; hydroxy(C.-Cg) alkyl; allyl; propargy!; 2-methylallyl; phenyl optionally substituted
by bromo or chloro; benzyl optionally substituted by bromo or chloro; triflucromethyl;
methoxyphenyl; methylphenyl; carboxylic acid (C,-Cg)alkyl ester, carboxylic acid
(Co-C) alkenyl ester; and -C(=0)-R¥, where R* is a member independently selected from the
group consisting essentially of (C.-Cg)alkyl; -O-(C,-Cg) alkyl; hydroxy(C,~Cs) alkyl-O-;
-0-(Cx-Cs) alkeny!; phenyl optionally substituted by bromo, chloro, methyl, 3,4,5-trimethoxy, or
trifluoromethyl; naphthy!; furyl; benzofuryl; thienyl; pyridyl; tetrahydrofuryl; and tetrahydropyran;

(e) piperidino of partial Formula (6.30):

ol
(6.30)

wherein R*' is a member independently selected from the group consisting essentially of
hydrogen; (C,-Cs) alkyl; (C4-C,) alkoxy; hydroxy; hydroxy(C,-C,) alkyl; phenyl; benzyl; and 4-
phenyl-4-carboxylic acid (C-Cg) alky! ester;
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5 (4] 4-(1,4-benzodioxan-2-carbonyl)-piperazin-1-yl of partial Formula (6.31):
33
0O __0 R :
X I 2
\{N\/' R R
(6.31)

wherein R*® and R* are each independently a member selected from the group
consisting essentially of hydrogen; (C-Cg) akyl; (C,-Cg) alkoxy; bromo, chloro and fluoro;
10 -C(=0)(C;-Cg)alkyl; -C(=0)-O~(C4-Cq) alkyl; -C(=O)NR*R¥ and -S(=0), NR*R¥, where R* and
R¥ are each independently hydrogen or (C,-Cgalkyl; R* is independently hydrogen or
(C-Co)alkyl; and X is -CHR™- or -CH,CH,-, where R* is as defined above, selected on an
independent basis;
(@) moiety of partial Formula (6.32):

N

15
(6.32)
wherein L is absent or represents (j) a heterocyclic group of partial Formula (6.32.1):
d (C{Z)"
é___N\ PR >
a
SHy A
(6.32.1)
20 where N is attached to the 2-position of the guinoline or quinazoline ring; A® is absent
or represents C(=0) or S(=0),; Z° represents CH or N; m is an interger selected from 1 and 2,
as well as from 0 when Z® represents CH; and n is an integer selected from 1, 2, and 3;
provided that the sum of m and n is an integer selected from 2, 3, 4, and 5; or (f}) a claim of
partial Formula (6.32.2):
? N
N %b /é
AN N,
N é/ CHy A

(6.32.2)

where N is attached to the 2-position of the quinoline or quinozline ring; A’ and Z°
have the same definition as A® and Z* above; R' and R" are each a member independently
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selected from the group consisting essentially of hydragen and (C,-C,)alkyl; and p is an
integer selected from 1, 2, and 3, provided that when Z°is CH, p may also be selected from 0;
and R* is a member independently selected from the group consisting essentially of 4-, &-,
and 6-membered heterocyclic rings containing 1 or 2 heteroatoms selected from N, O, and S,
said ring optionally being fused to a benzene ring or to a 5- or 6- membered heterocyclic ring
containing 1 or 2 heteroatoms selected from N, O, and S, said ring system comprising R
being substituted by 0 to 2 members selected from the group consisting essentially of OH;
(Cy-Co)alkyl; (C4-Cp)alkoxy; Br, Cl, or F; S(=0),NR'R"; and NHS(=0),(C,-C,)alky}; and when
said ring heteratom is S, it may be substituted by 0 to 2 oxygen atoms; and R'and R" are as
defined above, but independently selected therefrom; (C;-Cgalkyl, benzyl aptionally
substituted by fluroro, bromo, chloro, or methoxy; and where A® is absent, -C(=0)-R4°, where
R* is a member independently selected from the group consisting essentially of (C,-Cq)alkyl:
phenyl optionally substituted by fluoro, bromo, chloro, methoxy, or methanesulfonyl, styryl
optionally ring substituted by fluroro, bromo, chloro, methoxy, or 3,4-methylenedioxy; 4-
morpholino; and 2-furyl; including particularly wherein R% is a 1,4-diazepan of partial Formula

(6.32.3):
™

gz/N\ ’N\R 39
(6.32.3)

where R,*® has the same definition as R* but is independently selected therefrom;
provided that -L-R* of partial Formula (6.32) may not be piperidine or piperazine;
(h) alkylenediamine of partial Formula (6.33):
R%

|
N_

H,

n

¥ ¢
|
44/NY

o)

(6.33)

wherein R* and R* are each a member independently selected from the group

consisting essentially of hydrogen; (C,-C,) alkyl; and benzyl; n is an integer selected from 2, 3,
and 4; and R*® is (C,-Cs) cycloalkyl or a radical selected from the group consisting of:
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O 0 0 ”

fd °
(CHz)m Q(ZHz)m

in which m is an integer independently selected from 0, 1 and 2; and p is an integer
independently selected from 0, 1 and 2;
where a preferred embodiment comprises a compound where R® and R* are both
hydrogen; and R¥ is (d)-partial Formula (6.29) where R¥® is -C(=0)-R® and R¥ is
10  hydroxy(C,-Cg) alkyl-O-, e.g., a trimazosin bioisostere, represented by Formula (6.34):

R%, OCH N/U\O OH
Q e

H.C
N N 3C CH,
N
N7 Y
\N =N
RA 2/ NH, TRIMAZOSIN BIOISOSTERE

(6.34)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., trimazosin,
15  of Formula (6.1) are disclosed in Hess US Pat. 3,669,968, which is incorporated herein by
reference in its entirety;
where further preferred embodiments comprise a compound where R® and R” are
both hydrogen; and R is (d)-partial Formula (6.29) where R® is -C(=0)-R¥ and R is
tetrahydrofuryl, e.g., a terazosin bioisostere, or tetrahydropyran, represented by Formulas
20 (6.35) and (6.36), respectively:

RY, NJKLO) R®, (\N*@
NZ \\|/ N~ Y
N N N =N
N = N

NH
RAz/ NH, RA/ 2

-TERAZOSIN BIOISOSTERE
(6.35) (6.36)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof, and
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5 where further details concerning predecessor catechol compounds, e.g., terazosin, of
Formula (6.2) are disciosed in Roteman US Pat 4,251,532, and where further details
concerning predecessor catechol compounds of Formula (6.36) are disclosed in Winn et al.
US Pat. 4,026,894, both of which are incorporated herein by reference in their entireties;

where a still further preferred embodiment comprises a compound where R* and R%
10  are both hydrogen; and R¥ is (d)-partial Formula (6.29) where R? is -C(=0)-R* and R¥® is
furayl, e.g., a prazosin bioisostere, represented by Formula (6.37):

@)
B o
R, K\N @
N N\)
X
NZ S
N ZN
N
N
RA/ e
2
PRAZOSIN BIOISOSTERE
{6.37)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
18 where further details concerning predecessor catechal compounds, e.g., prazosin, of

Formula (6.3) are disclosed in Hess US Pat. 3,511,836, which is incorporated herein by
reference in its entirety;
where a yet still further preferred embodiment comprises a compound where R and
R? are both hydrogen; and RZ is (f)-partial Formula (6.31) where R®, R*, and R* are each
20  hydrogen and X is -CH,-, e.g., a doxazosin bicisostere, represented by Formula (6.38):

B
N D

NZ~

AN - N
N

A / N Hz

R 4 DOXAZOSIN BIOISOSTERE
{6.38)
and phamaceutically acceptable salts, prodrugs, and metabolites thereof; and
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5 where further details concerning predecessor catechol compounds, e.g., doxazosin,
of Formula (6.4) are disclosed in Campbell US Pat. 4,188,390, which is incorporated herein by
reference in its entirety;

where an additional preferred embodiment comprises a compound where R® and R*

are both hydrogen; and R? is (g)-partial Formula (6.32) where L is absent; nis 2 and m is 3; Z*

10 is N; A® is absent; R® is -C(=0)-R® and R® is (C,-Cq)alkyl; a bunazosin bioisostere,
represented by Formula (6.39):

R®, m o)
N. NN
N el Y \J t\
\N =N CH,
. / NH,
R% BUNAZOSIN BIOISOSTERE

(6.39)

orR¥is 4-morpholino, resulting in a biocisostere represented by Formula (6.39.1):

15
(6.39.1)
ar a bioisostoere represented by Formula (6.39.2)
2 //\\
0]
\ N N N
/ N
N N
R NH, o
(6.39.2)
20 and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., bunazosin,
of Formula (6.6) are disclosed in Takahashi and Sugimoto US Pat. 3,920,636, which is
incorporated herein by reference in its entirety; and
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5 where an another preferred embodiment comprises a compound where R% and R%
are both hydrogen; and R is (h)-partial Formula (6.33) where n is 3; R® is methyl, R® is
hydrogen, and R** is a radical:

o

4
(CH)),,

where m is 1, which is an alfuzosin bicisostere, represented by Formula (6.40):

B
R,
CH, 0
N N N
N 72 \\r NN
AN =N 0O
N
/ NH,
A
R 2
10 ALFUZOSIN BIOISOSTERE

(6.40)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., alfuzosin, of
Formula (6.5) are disclosed in Manoury US Pat. 4,315,007 which is incorporated herein by
15  reference in its entirety;
(n-c)

RB
~CH,) 2
0 Wb,
CH () 2)p [ N
5 ¥

(6.41)
wherein m is an integer independently selected from 2 and 3 in each instance of its
20 occurrence; n is an integer selected from 2, 3, and 4; p is an integer selected from 2 and 3;
and n and p together represent a total which is an integer selected from 5, 6, and 7;
where a preferred embodiment comprises a compound where R®, is methoxy; where m
in both instances is 3; nis 2; and p is 3, e.g., a dilazep bioisostere, represented by Formula
(6.42):
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RB
2 0 0 R,
. g O/\/\N/\\N/\/\O
\ (L N
. N N\
/ OCH,  HCO R
A
R 2
5 DILAZEP BIOISOSTERE
(6.42)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., dilazep, of
Formula (6.7) are disclosed in Arnold et al. US Pat. 3,632,685, which is incorporated herein by
10 reference in its entirety;
(1-D)

(6.43)
wherein R is a member independently selected from the group consisting essentially

15  of:

(@) (C-Cy) alkyl optionally substituted by 1 or 2 hydroxyl groups;
phenyl{C,-C,) alkyl- optionally substituted on the pheny! portion thereof by 1 or 2 hydroxy!
groups; and cinnamyt;

(b)  -CH,C(=O)NHR™ where R® is a member independently selected from the

20  group consisting essentially of (C+-C,) alkyl; and phenyl optionally substituted by (C4-C,) alkoxy,

trifluoromethyl, fluoro, bromo, or chioro;
() -CH,C(=0)NHR*R® where R* and R® are each defined the same as R*; but

are selected on an independent basis therefrom;
(d) a radical of partial Formula (6.44):
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\,{Y\N/
]
0]
(6.44)

wherein the nitrogen atom forms part of a heterocyclic radical selected from the group
consisting essentially of marpholino; hexamethylene-imino; and pyrrolidine; and
(8)  -CH,C(=O)OR® where R® is hydrogen or (C,-C) alky};

10 where a preferred embodiment comprises a compound where RS, Is methoxy, giving
the exclusionary form of the bioisostere; and where R*' is a radical of partial Formula (6.44) in
which the nitrogen atom forms the heterocyclic radical pyrrolidino; resulfing in cinepazide
exclusionary bioisostere, represented by Formula (6.45):

CINEPAZIDE BIOISOSTERE
15 {6.45)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., cinepazide,
of Formula (6.8) are disclosed in Fauran et al. US Pat. 3,634,411, which is incorporated
herein by reference in its entirety;and
20 where another preferred embodiment comprises a compound where R is hydrogen,
giving the inclusionary form of the bioisostere, or is methoxy, giving the exclusionary form of the
bicisostere; and where RY is a radical of partial formula () in which R* is ethyl; resulting in
cinepazet inclusionary and exclusionary bioisosteres, represented by Formula (6.46) and (6.47),
respectively:
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/i \_
N
R*,
CINEPAZET BIOISOSTERE CINEPAZET BIOISOSTERE
5 (INCLUSIONARY) (EXCLUSIONARY)
(6.46) (6.47)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., cinepazet, of
10 Formula (6.9) are disclosed in Fauran et al, US Pat. 3,590,034, which Is incorporated herein

by reference in its entirety;

{ll-E)
(o}
R RB2
O R54 H3C
l |2 j\/ //N
0 N\/\N © N\
| A
RMb o) R,
CH,

{(6.48)
15 wherein R®, is a member independently selected from the group consisting
essentially of hydrogen; hydroxy; and -O-(C,-C,)alkyl, in accordance with whether an
inclusionary or exclusionary bioisostere is intended; and R*, and R*, are independently
selected from the group consisting essentially of C,H,,.« where n is an integer selected from 1,
2,3,and4;
20 where a preferred embodiment comprises a compound where R% is methoxy, giving
the exclusionary form of the bioisostere; and where n = 1 so that both R%, and R®%, are methyl;
resulting in butobendine exclusionary bioisostere, represented by Formula (6.49):
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H,CO 5
R, cn. HeC
Yo ), »
/ 0/\E \/\’Il NRA
"\ CH CH, © ’
3
. OCH,
R 2
BUTOBENDINE BIOISOSTERE
5 (EXCLUSIONARY)

(6.49)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., butobendine,
of Formula (6.10) are disclosed in Eckstein et al. US Pat. 4,021,473, which is incorporated
10  herein by reference in its entirety;
(I-F)

RS TGO
\HZ)\'/N\W/RSQ
R58
(6.50)
wherein
15 R¥ is a member independently selected from the group consisting essentially of

hydrogen; (C,-C;) alkyl; and hydroxy;
R%® is a member independently selected from the group consisting essentially of
hydrogen; and (C4-C.) alky!;
W is -C(R™)(R®)-; -CH(R®*)CH(R®)-; or -CH(R*)CH(R®)CH,- where R* is a member
20 independently selected from the group consisting essentially of hydrogen and methyl; and R® is
a member independently selected from the group consisting essentially of hydrogen, methyl, and
hydroxy;
R® is a member selected independently from the group consisting essentially of
hydrogen; methyl; phenyl: and benzoyl; where said phenyl and benzoyt groups are opfionally
25 substituted by a member independently selected from the group consisting essentially of m-
hydroxy; p-hydroxy; m- and p-dinydroxy; m-(C,-C,) alkyl; (C,-C,) alkoxy; fluoro; chloro; cyano;
hydroxymethyl; acetyl; and o-allyl; and
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5 R® is a member independently selected from the group consisting essentially of
hydrogen; and methyl;
where a preferred embodiment comprises a compound where R¥, R®, and R® are
each hydrogen; W is -C(R*)(R*)- where R* and R are both hydrogen; and R™ is hydrogen;
resulting in an ibopamine bioisostere, represented by Formula (6.51):

B
R2

\ _CH,

N A

10 IBOPAMINE BIOISOSTERE
(6.51)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and

where further details concerning predecessor catechol compounds, e.g., ibopamine,
of Formula (6.11) are disclosed in Casagrande and Ferrari US Pat. 4,218,470, which is

15 incorporated herein by reference in its entirety;
where another preferred embodiment comprises a compound where R, R%®, and R®
are each hydrogen; W is -CH(R*CH(R®)- where R* is hydrogen and R® is hydroxy; and R*® is
phenyl substituted by m- hydroxy or p-hydroxy, resulting in a denopamine bioisostere,

represented by Formula (6.52):

B OH

R% H

N
N L
N OH

"/

R 2

20 DENOPAMINE BIOISOSTERE

(6.52)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof, and
where further details concerning predecessor catechol compounds, €.9., denopamine,
of Formula (6.12) are disclosed in lkezaki et al. US Pat. 4,032,575, which is incorporated
25 herein by reference in its entirety;
where yet another preferred embodiment comprises a compound where R¥’, R®, and
R® are each hydrogen; W is -CH(R*)CH(R®*)CH,- where R® is methyl and R® is hydrogen;
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5 and R*is phenyl substituted by p-hydroxy: resulting in a dobutamine bioisostere, represented by

Formula (6.53).
B OH
R 2 . H
N v
\ CH,
N
RA/
2 DOBUTAMINE BIOISOSTERE

(6.53)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof;'and
10 where further details concerning predecessor catechol compounds, e.g., dobutamine,
of Formula (6.13) are disclosed in Tuttle and Mills US Pat. 3,987,200, which is incorporated

herein by reference in its entirety;

where a still further preferred embodiment comprises a compound where R¥, R%, and
R® are each hydrogen; W is -CH(R®*)CH(R®)CH,- where R* is hydrogen and R® is hydroxyy;
15 and R* is benzoyl m-methyl; resulting in a bevantolol bioisostere, represented by Formula

(6.54);
RB
2 OH
“\)\/o
N /4
\
N
CH,
. RAZ

BEVANTOLOL BIOISOSTERE

(6.54)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
20 where further details concerning predecessor catechol compounds, e.g., bevantolol,
of Formula (6.14) are disclosed in Holmes and Meyer US Pat 3,857,891, which is

incorporated herein by reference in its entirety;

where a yet still further preferred embodiment comprises a compound where R is
hydroxy; R®® and R* are each hydrogen; W is -C(R*)(R*)- where R* and R® are both

25  hydrogen; and R™ is hydrogen; resulting in a dipivefrin bicisostere, represented by Formula
(6.55):
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R OH |
|
/ |
N !
™~ \
N\ CH,
A
R 2
5 DIPIVEFRIN BIOISOSTERE

(6.55)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., dipivefrin, of
Formula (6.15) are disclosed in Hussain and Truelove US Pat. 3,809,714, which is
10  incorporated herein by reference in its entirety; :

where a yet again still further preferred embodiment comprises a compound where R*
is hydroxy; R*® and R® are each hydrogen; W is -C(R*)(R%)- where R* and R® are both
methyl; and R* is methy; resuiting in a bitolterol bioisostere, represented by Formula (8.56):

B

R®, CH,

N= /éCHa

; N “cH

N H 3

o/ ot
2
BITOLTEROL BIQOISOSTERE
15 (6.56)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., bitolterol, of
Formula (6.16) are disclosed in Minatoya et al. US Pat. 4,138,581, which is incorporated
herein by reference in its entirety;
20 where a further prefered embodiment comprises a compound where R* is hydroxy;
R®® and R® are each hydrogen; W is -C{R*)(R®)- where R* and R® are both methyt; and R®
is hydrogen; resulting in a metaproterenol bicisostere, represented by Formula (6.57):
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RB
2 OH H
CH
N7 ’
\ CH,
A
=/
5 METAPROTERENOL BIOISOSTERE

(6.57)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g.,
metaproterenol, of Formula (6.17) are disclosed in Thoma and Zeile US Pat. 3,341,594, which
10 is incorporated herein by reference in its entirety;
where a further preferred embodiment comprises a compound where R¥ is hydroxy;
R and R® are each hydrogen; W is -C(R*)(R®)- where R* and R®® are both methyl; and R*®
is methyl; resulting in a terbutaline bioisostere, represented by Formula (6.58):

B
R OH H
CH
N ’d H c 3
\N 3 CH,
R“/
TERBUTALINE BIOISOSTERE
15 (6.58)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g.
metaproterencl, of Formula (6.18) are disclosed in Wetterlin and Svensson US Pat.
3,937,838, which is incorporated herein by reference in its entirety.
20

() Bioisostere Replacement Compounds

Active As Calcium Channel Antagonists

There is an important therapeutic class of calcium channel antagonists which includes
25  verapamil, the members of which are characterized by having a catechol moiety as a central
and characteristic portion of the overall chemical structure for which a biobioisostere

replacement with an indazole moiety may be carried out in accordance with the present
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invention, i.e., while retaining the type of biological acfivity exhibited by the original catechol-
containing compound. Calcium channel antagonists are useful in the treatment of variant
agina, exertional angina, unstable angina, hypertension, myocardial ischemia, arrhythmia, and
migraine prophylaxis. The catechol-containing chemical structure of verapamil may be
illustrated by Formula (7.0):
CH3
H,C CN ?Ha
H300 N OCH3

H,CO OCH,
VERAPAMIL

(7.0)

With regard to the catechol moieties of verapamiil, it is essentially a dimer in structure,
i.e., it comprises two identical, mer, units forming a dipolymer. It is noted that verapamil is not
wholly symmetrical in structure, and this is not, totally, a dimer in form. Nevertheless, as
already discussed further above, the dimeric nature of the catechol moieties affords two
possibilities for different embodiments with respect to the indazole-for-catechol bioisostere
replacements of the present invention. These are (1) that both sets of catechol moieties are
replaced by indazoles, which is the preferred embodiment; and (2) that only one or the other
catechol moiety is replaced by indazole, which is the less preferred embodiment.

Where the chemical structure which exits between the catechal moieities is not
symmetrical, as is the case with verapamil, there arises the further posssilbity of two
alternative embodiments where only one of the catechol moieties is being replaced by
indazole.  Accordingly, there are three indazole-for-catechol bioisostere replacement
embodiments of verapamil for each isomeric form of the indazole in accordance with the
present invention. All together, then, there are a total of six (6) bioisostere replacement
embodiments of verapamil, which are represented by Formulas (7.1), (7.2), (7.3), (7.4), (7.5)
and (7.6)
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RB3 CH,
H,C CN (i"Ha, B
N 3
/4
’\ VOf?N
/
N N
hA
A 3
R
VERAPAMIL BIOISOSTERE;
FIRST INDAZOLE ISOMER,;
5 _ DOUBLE REPLACEMENT
7.1)
CH,
HC— en  §*s 8
OCH;  H,cO N A
NN
OCH,  Heo N<
RAa/ VERAPAMIL BIOISOSTERE: VERAPAMIL BIOISOSTERE:; RY
RST INDAZOLE ISOMER FIRST INDAZOLE 1SO|
SINGLE REPLACEMENT FIRST (SOMER SINGLE REPLACEMENT - SECOND ISOMER
(7.2) (7.3)
CH,
B B
R, H,C CN C‘:Hs R,
\ N /
N N
/ \N
N\
RA3 A3
VERAPAMIL BIOISOSTERE;
SECOND INDAZOLE ISOMER,;
DOUBLE REPLACEMENT
10 (7.4)
CH,
re, M~ CN CH,
N N OCH, VERAPAMIL BICISOSTERE
N’ SECOND INDAZOLE ISOMER
N SINGLE REPLACEMENT
RA OCH, FIRST ISOMER
3
{7.5)
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CH,
HC— cN THs R
H,CO N N 3 VERAPAMIL BIOISOSTERE
N SECOND INDAZOLE ISOMER
Y SINGLE REPLACEMENT
H,CO N SECOND ISOMER
5 R
(7.6)
Another calcium channel antagonist agent of the verapamil type is gallopamil, which
may be represented by Formula (7.7):
CH,
H,C CN ?Ha
H,CO N OCH,
\/\@ GALLOPAMIL
H,CO OCH,
oc
10 H,

(7.7)

As already discussed in detail further above, the presence of a third, adjacent
methoxy group on one of the phenyl groups of gallopamil affords the possibility of both
inclusionary and exclusionary biobioisostere replacement embodiments in accordance with

15  the present invention, which may be represented by Formulas (7.8) and (7.9):

CH3 B
R%, H:C— CN CH, R%
N 4 GALLOPAMIL
NZ N BIOISOSTERE
N N, (INCLUSIONARY)
R R
3

(7.8)
CH ]
8 H.C CN 3 R
Riay 2 A 3 GALLOPAMIL
% Ny  BIOISOSTERE
“y N (EXCLUSIONARY)
LA
20 RY  OcH, R
(7.9)

Further embodiments of gallopamil bicisostere replacements of the present invention
are possible in view of the isomeric forms discussed further above regarding verapamil.
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Thus, galiopamil is a dimer in form, but is asymmetrical in structure, as was the case with
verapamil. Further, there are two isomeric forms of the indazole replacement. All of these
isomeric structures are present in each of the inclusionary and exclusionary embodiments of
the indazole-for-catechol bioisostere replacements for gallopamil. Accordingly, there are a
total of twelve (12) bicisostere replacement embodiments of gallopamil in accordance with the
present invention.

Other verapamil type calcium channel antagonists which are suitable for making
indazole-for-catechol replacement bicisosteres in accordance with the present invention
comprise fantofarone and closely related aminoatkoxyphenyl derivatives. The indazole
bioisosteres of these compounds, as do the indazole bioisosteres of the other verapamil type
calcium channel antagonists described herein, possess calcium transport inhibitory
properties, as well as bradycardic, hypotensive and antiadrenergic properties. The resulting
indazole replacement bioisosteres are, accordingly, useful in the treatment of angina pectoris,
hypertension, arrhythmia and cerebral circulatory insufficiency. They are also useful in the
antitumor field, where they are potentiators of anticancer chemotherapeutic agents.
Fantofarone and its indazole-for-catechol bioisostere replacement may be represented by
Formulas (7.10) and (7.11), respectively:

HS
H,C 0,0 CH,
y S OCH, :
| \©\ FANTOFARONE
AN
0Ty
\_/ CH,
(7.10)
CH,
o\\ 1,0 CH3
PTG &
N o
/ é\/\/ FANTOFARONE
N‘N H, \ BIOISOSTERE
R/
(7.11)

A further verapamil type of calcium channel antagonist which is suitable far making
indazole-for-catechol replacement bioisosteres in accordance with the present invention is
frimetazidine and closely related methoxy-benzyl-piperazines. Trimetazidine has a 2,3.4-
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trimethoxypheny! structure, and therefore falls within the category of indazole-for-catechol
bioisostere replacement embodiments of the present invention which may be inclusionary or
exclusionary, as described in detail further above. This may be illustrated in the case of
trimetazidine by Formulas (7.12), (7.13), and (7.14):

OCH 7 N 2 N
H,CO ) N/\I " N |\/N N /\
K/N RA/ RA:/\l

H.CO
“ T e
TRIMETAZIDINE (INCLUSIONARY) (EXCLUSIONARY)
(7.12) (7.13) (7.14)

The indazole-for-catechol bioisostere replacement embodiments of this type possess
valuable pharmacological properties as peripheral vasodilators, an action which is exerted
both on the peripheral circulation and on the coronary arteries. The mechanism of action
involves the smooth muscle fibers of the vessel walls of the circulatory system, and does not
involve the autonomous nervous system. Thus, the bioisosteres of the present invention may
be used in the treatment of various circulatory disorders such as arteritis or coronary
insufficiency.

Further verapamil type calcium channel antagonists which are suitable for making
indazole-for-catechol replacement bioisosteres in accordance with the present invention
comprise  lomerizine and  closely related 1-(2,3.4-trimethoxybenzyl-4-[bis(4-
fluorophenyl)methyilpiperazine derivatives. The indazole bioisosteres of these compounds
are useful as agents for improving cerebrovascular diseases of humans, and in particular are
antimigraine agents. Lomerizine and its indazole-for-catechol bioisostere replacements, both
inclusionary and exclusionary forms thereof as described above, may be represented by
Formulas (7.15), {7.16) and (7.17):
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OCH,
OCH,

LOMERIZINE
(7.15)

A < T

LOMERIZINE F

BIOISOSTERE LOMERIZINE F
BIOISOSTERE
{(INCLUSIONARY) (EXCLUSIONARY)
(7.16) (7.17)

Cerebrovascular diseases include intracranial hemorrhages such as intracerebral
hemorrhage or subarachnoid hemorrhage, as well as cerebral infarctions such as cerebral
thrombosis or cerebral embolus, transient ischemic attack, and hypertensive encephalopathy.
A key mechanism in these diseases is infaction of brain parenchymal tissue resulting directly
from hemorrhage, thrombus, or an embolus within the brain, which leads in turn to glucose
and oxygen insufficiency, depriving the neurons of needed sources of energy. Functional and
organic disturbances result in the ischemic area; consequently, therapeutic agents which
supply or enhance the supply of glucose and oxygen to the ischemic area by increasing
cerebral biood flow are effective for the treatment and prevention of such cerebrovascular
diseases.

Heretofore, therapeutic agents which have been used clinically for the purpose of
treating said cerebrovascular diseases and their subsequent complications, and to prevent
relapse, have included such compounds as cinnarizine, bencyclane fumarate, cyclandelate,
and cinepazide maleate.

Still further verapamil type calcium channel antagonists which are suitable for making
indazole-for-catechol replacement bioisosteres in accordance with the present invention

SUBSTITUTE SHEET (RULE 26)



WO 99/23077 PCT/IB98/01710

-80-

5 comprise zatebradine and closely related 7,8-dimethoxy-3-benzazepin-2-one derivatives. The
indazole bioisosteres of these compounds have long-lasting bradycardiac activity and reduce
the oxygen requirements of the heart, with only slight side effects such as antimuscarinic
activity. Zatebradine has an asymmetrical dimer structure, as discussed further above, and
consequently affords a number of embodiments of the indazole-for-catechol bicisostere

10 replacement compounds of the present invention. These are ililustrated in Formulas (7.18),
(7.19), (7.20), and (7.21):

o OCH, '
1o /\ﬁ
ZATEBRADINE
g e

3 7.
H,CO EH, (7.18)
RB
R® 0 ’
3 N  ZATEBRADINE BIOISOSTERE
y PPN N FIRST INDAZOLE ISOMER
NN N N L DOUBLE REPLACEMENT
Al CH, 2 (7.19)
R 3
8
R% 0 OCH,  ZATEBRADINE BIOISOSTERE
) FIRST INDAZOLE ISOMER
N NN OCH. SINGLE REPLACEMENT
N c':H 3 FIRSTISOMER
3
R/ (7.20)
R,
- N B o
/
’ N/\/\I\'l Nk“ SINGLE REPLACEMENT
H,CO &n, s SECOND ISOMER
(7.21)

15

Accordingly, the present invention relates in particular to indazole-for-catechol
bioisostere replacements active as calcium channe! antagonists, comprising a compound of
20 Formulas (7.22) or {7.23):
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()

(7.22) (7.23)

wherein

R% and R*, and R®; are defined the same as RS, and R*; and R®, herein under
Formulas (5.10) and (5.11), including preferred embodiments thereof, but are selected on an
independent basis therefrom; and

R®, and R, are each individually and independently a member selected
from the group consisting essentially -of hydrogen and the substituents defined by partial
Formulas (7.25); (7.28); (7.35); and (7.41) below, provided that both of R®, and R®, cannot be
hydrogen at the same time;

wherein preferred embodiments comprise compounds where one of R?, and R3, is
independently selected as hydrogen;

wherein said substituents in addition to hydrogen which define each of R®, and R%,
comprise a member independently selected from the group consisting essentially of the moieties
of partial Formulas (7.25); (7.28); {7.35); and (7.41):

(N-A)
RC

3 RE’3

R70 l\{
R7 CN \N
5)4 (OH)) y
N ~
R R /" “(CH,), RA3
(7.24) (7.25)

wherein R” is a member independently selected from the group consisting essentially
of hydrogen; (C4-C,) alkyl; phenyl; benzyl; and cyclohexyl; R”' is a member independently
selected from the group consisting essentially of (C-C,) alkyl; n is an integer independently
selected from 2, 3, and 4; and m is an integer independently selected from 1, 2, and 3;

where preferred embodiments comprise compounds where R™ is isopropyl; R™ is
methylin is 2; and mis 2, e.g., a verapamil bicisostere, represented by Formuta (7.26):
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CH,
B

R 3 H3C CN (|3H3 RE
N 3

A\W

NZ N

AN N’
N \ A
R,

VERAPAMIL BIOISOSTERE

(7.26)
and pharmaceutically acceptable salts, prodrugs, and metabalites thereof: and
where further details concerning predecessor catechol compounds, e.g., verapamil, of
Formula (7.0) are disclosed in Dengel US Pat. 3,261,859, which is incorporated herein by
10 reference in its entirety;
where further preferred embodiments comprise compounds where R°3 is methoxy in
Formulas (7.22) and (7.23) but is hydrogen in Formulas (7.24) and (7.25); R" is isopropyl; R”*
is methyln is 2; and m is 2, e.g., a gallopamil bicisostere based on the second indazole
isomer as discussed further above, represented by Formula (7.27):

. CH,
R 3\ H,C CN ?Ha RB3
N N
/
N N\ N:IN
A A
R OCH, R

GALLOPAMIL BIOISOSTERE
15

(7.27)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details conceming predecessor catechol compounds, e.g., gallopamil,
of Formula (7.7) are also disclosed in said Dengel US Pat. 3,261,859, which is incorporated
20  herein by reference in its entirety;
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R’ W,
74
\"Q/R.\N,W1 )@/ \A
N\ R

Ly o
(7.28)

wherein R” is a member independently selected from the group consisting essentially
of hydrogen and (C,-C,) alkyl, R™ is a member independently selected from the group
consisting essentially of a single bond and a linear- or branched-alkylene radicat (C,-C;) alkyl;

(11-B)

W, is a member independently selected from the group consisting essentially of straight- and
branched-alkylene radicals (C,-Cs) alkyl, and 2-hydroxypropylene; R™ and R™ are members
independently selected from the group consisting essentially of hydrogen, methyl, ethyl,
chioro, and bromo; W, is a member independently selected from the group consisting
essentially of -S-, -SO-, and -SO,-; and A is 2 member indpendently selected from the group

consisting essentially of
77
R'\\
O
(7.29)

(@)

wherein R and R™ are taken together with the carbon atom to which they are
attached to form an optionally aromatic mono- or di-cyclic carbocyclic group having from 5 to
10 carbon atoms and optionally substituted in the a-position with respect to the methylene
group of partial Formula (7.29) by R* as defined below ; an optionally aromatic 5-membered
heterocyclic group where the heteroatoms or heterogroups are members independently
selected from the group consisting essentially of O, S, N, -N(R”®)-, O together with N, O
together with -N(R"%)-, S together with N, S together with -N(R™)-, N together with N, and N
together with -N(R"®)-, optionally substituted in the a-position with respect to the methylene
group of partial Formula (7.29) by R* as defined below, where R is hydrogen, (C,-C,) alkyl,
or phenyl; or an optionally aromatic 6- to 10-membered mono- or di-cyclic heterocyclic group,
where the heteroatoms or heterogroups are members independently selected from the group
consisting essentially of O, S, N, -N(R™)-, O together with N, O together with -N(R™)-, S
together with N, S together with -N(R™)-, N together with N, and N together with -N(R"®)-,
optionally substituted in the a-position with respect to the methylene group of partial Formula
(7.28) by R* as defined below, where R™ is hydragen, (C4-C,) alkyl, or phenyl;
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(b) (c) {d) (e)
82
RN e © i R™ RE'S\N
Gy O, e =X
R N 81 84
\ R REY RH o] ge R RIS~ R
(7.30) (7.31) (7.32) (7.33)

wherein

R*® and R® are members independently selected from the group consisting
essentially of hydrogen; (C,-C,) alkyl; phenyl; and taken together with the carbon atom to
which they are attached represent an optionally aromatic 6-membered carbocyclic ring; R¥is
Oor S; R®is O; S; or -N(R™)- R® is a member independently selected from the group
consisting essentially of hydrogen; (C;-C,) alkyl, (C5-C;) cycloalkyl, benzyl, and phenyl
optionally substituted with 1 to 3 substituents selected from the group consisting essentially of
fluoro, chioro, bromo, (C,-C,) alkyl, (C4-C,) alkoxy, and nitro; and R® and R are members
independently selected from the group consisting essentially of hydrogen; (C,-C,) alkyl; and
benzoyl,

where in preferred embodiments, the group A is a member independently selected
from the group consisting essentially of phenyl, cyclohexenyl, indenyl, naphthyl,
dihydronaphthyl, pyridyl, dihydropyridyl, furyl, dihydrofuryl, thienyl, dihydrothienyl, pyrrolyi,
dihydropyrrolyl, pyrazolyl, imidazolyl, pyrimidyl, pyrazinyl, pyridazinyl, oxazolyl, isxoazolyl,
thiazolyl, benzofuryl, benzothienyl, indolyl, benzimidazolyl, benzoxazolyl, quinolinyi,
benzisoxazolyl,  cinnolinyl,  quinoxalinyl,  quinazolinyl,  indolizinyl, thienopyridyl,
tetrahydrothienopyridyl, pyrrolopyridyl, pyrazolopyridy!, pyrrolopyridazinyl, imidazopyridyl,
dihydrofuranonyl, imidazolinonyl, and chromony|,

where preferred embodiments comprise compounds where R™ is CH>; R™ is
-CH,CH,~ W, is -CH,CH,-; R”® and R are both hydrogen; W, is -SO,-; and A is a group of
partial Formula (7.29) where.R”” and R® together are a di-cyclic heterocyclic group, where the
heteroatom is N, substituted in the a-position with respect to the methylene group of partial
Formula (7.29) by R*, where R™ is isopropyl, resulting in a fantofarone bioisostere based on
the second isomer of indazole as discussed further above, represented by Formula (7.34):
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o CH,
Ny [eH
B
/N N/\/\O
‘ \
\ CH, Y4
A
R 3
FANTOFARONE
5 BIOISOSTERE

(7.34)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessar catechol compounds, e.g., fantofarone,
of Formula (7.10) are disclosed in Gubin et al. US Pat. 4,957,925, which is incorporated
10  herein by reference in its entirety;

(m-c)
=N N—R®
/
(7.35)
wherein R® is hydrogen or a group of partial Formula (7.36):
F
89
15 R
{7.36)

whereR® is hydrogen or fluorine;
where preferred embodiments comprise compounds where R* is partial Formula
(7.36) where R* is fluorine, a lomerizine bioisostere based on the second isomer of indazole,
20 represented by Formulas (7.37) and (7.38):
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S
5 (INCLUSIONARY) (EXCLUSIONARY)
(7.37) (7.38)

and pharmaceutically acceptable salts, prodrugs, and metabofites thereof: and
where further details concerning predecessor catechol compounds, e.g., lomerizine,
of Formula (7.15) are disclosed in Ohtaka et al. US Pat. 4,663,325, which Is incorporated
10  herein by reference in its entirety;
where further preferred embodiments comprise compounds where R® is hydrogen, a

trimetazidine bioisostere based on the second isomer of indazole, represented by Formulas

(7.39) and (7.40):
B
R,
/ N/\’
N
\§ N
A
R 3
TRIMETAZIDINE TRIMETAZIDINE
BIOISOSTERE BIOISOSTERE
(INCLUSIONARY) (EXCLUSIONARY)
15 (7.39) (7.40)

and pharmaceutically acceptable salts, prodrugs, and metaboiites thereof, and
where further details conceming predecessor catechol compounds, e.g.,
trimetazidine, of Formula (7.12) are disclosed in Servier US Pat. 3,262,852, which is

Incorporated herein by reference in its entirety;
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(-D) R% and R%, are taken together to form the moiety of partial Formula
(7.41):

91
AL E., .G R

'Tl '?‘ R%

B RO

RS

(7.41)
wherein A is -CH,CH,~; -CH=CH-; -NH-C(=0)-; -CH,-C(=0)-; or -C(R*)=N- where R**
is (C4-Cs) alkyl; and B is methylene; carbonyl; or thiocarbonyl; or A is -C(=0)-C(=0)-; -N=CH-;
-CH(OH)-C(=0)~;, -CH(OH)-CH,~; -C(=NOH)-C(=0)-; or -CH(NHR*)-C(=0)-, where R*® is
hydrogen or (C,-C5) alky! substituted by phenyl, methoxyphenyl, or dimethoxyphenyl; and B is
methylene; E is a member independently selected from the group consisting essentially of n-
(C,-C,) alkylene, optionally substituted by (C,-Cs) alkyl, 2-hydroxy-n-propylene, 2-hydroxy-n-
butylene or 3-hydroxy-n-butylene; G is a member independently selected from the group
consisting essentially of n-(C,-C;) alkylene, optionally substituted by (C,-C,) alkyl, where one
methylene group of an n-alkylene of 2 to 5 carbon atoms may be replaced by a carbonyl
group, with the proviso that B represents a methylene or carbonyl group, or methylene-n-
hydroxyalkylene of 1 to 4 carbon atoms, where the methylene group is attached to the
nitrogen atom; R* is a member independently selected from the group consisting essentially
of hydrogen; (C,-C,) alkyl; phenyl(C,-C,) alkyl; (C,-C,) alkanoyl; (C,-C) alkoxycarbonyl; and
(C+-Cs) alkenyl; and R*, R*, and R® are each a member independently selected from the
group consisting essentially of hydrogen; fluorine; chlorine; bromine; hydroxy; cyano; nitro;
trifluoromethyl  (C,-C,) alkyl; (C,-C,) alkoxy; (C,-Cs) alkylamino;  di(C4-Ca) alkylamino;
(C4-C,) alkanoylamino; (C,-C,) alkoxycarbonylamino; bis(C,-C,) alkoxycarbonylamino;
(trifluoromethyl)methylamino; and (triflucromethyljethylamino; and R®' and R* taken together
with each other are (C4-C,) alkylenedixoy;
where preferred embodiments comprise compounds where A is -CH,-C(=0)-; B is
methylene; E is n-(C,) alkylene, i.e., n-propylene; R™ is methyl; G is n-(C,) alkylene, ie.
ethylene; and one of R”, R%, and R® is hydrogen, while the other two are both (C,) alkoxy,
i.e., methoxy; resulting in zatebradine bioisosteres based on the second isomer of indazole,
represented by Formulas (7.42), (7.43), and (7.44):
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RE
RE /3
3 O N\
N N
N NTTN
N\ | RA
CH, 3
A
R 3
ZATEBRADINE BIOISOSTERE
SECOND INDAZOLE ISOMER
5 DOUBLE REPLACEMENT
(7.42)
RB
s o OCH,
/N
NQ N/\/\!}l OCH,
CH,
RA
3
ZATEBRADINE BIOISOSTERE
SECOND INDAZOLE ISOMER
SINGLE REPLACEMENT - FIRST ISOMER
(7.43)
B
{
o \
H,CO N
NT "N
| RA
H,CO CH, 3
ZATEBRADINE BIOISOSTERE
SECOND INDAZOLE ISOMER
SINGLE REPLACEMENT - SECOND ISOMER
10 (7.44)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
where further details concerning predecessor catechol compounds, e.g., zatebradine,
of Formula (7.18) are disclosed in Reiffen et al, US Pat. 4,490,369, which is incorporated
herein by reference in its entirety.
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(V) Bioisostere Replacement Compounds

Active As Antineoplastic Agents

A known antineoplastic agent which has a catechol moiety as part of its essential
structure is trimetrexate, which may be represented by Formula {8.3):

H,CO
H,CO ¥
N
H,CO '\\P—-NHZ
HE )=
H,N
TRIMETREXATE

(8.3)

Trimetrexate is an antifolate, je., an inhibitor of dihydrofolate reductase, related fo
methotrei:ate. which has provided consistent cure of choriocarcinoma. Trimetrexate is a lipid-
soluble folate antagonist which facilitates penetration of the blood-brain barrier. Trimetrexate
has also also been used successfully in the therapy of psoriasis, a non-neoplastic disease of
the skin characterized by abnormally rapid proliferation of epidermal cells. Trimetrexate has
also been beneficial in the treatment of Pneumocystis carinii. _

Another class of therapeutic agents useful in the treatment of neoplastic diseases is
that of the protein tyrosine kinase inhibitors, which play a fundamental role in signal
transduction pathways. Deregulated protein tyrosine kinase activity has been observed in
many proliferative diseases such restenosis in addition to cancer and psoriasis. A number of
tumor types have disfunctional growth factor receptor protein tyrosine kinases which result in
inappropriate mitogenic signalling. Consequently, the therapeutic treatment of cancer has
been based on agents which exhibit inhibition of protein tyrosine kinases, including
particularly epidermal growth factor-receptor protein tyrosine kinase (EGF-R PTK). Among
the most potent and selective inhibitors of epidermal growth factor-receptor profein tyrosine
kinases are members of the class of 4-anilino-quinazolines. An example of such an inhibitor
is the Parke-Davis compound PD-153,035, first described in Ward et al., Biochem.
Pharmacol. (1994) 48(4) 659-666, and later by Fry et al., Science (1994) 286, 1093-1095,
which may be represented by Formula (8.4):
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rN\ OCH,
|
N
= OCH,
NH
Br PD-153,035

(8.4)

For acceptable levels of activity, eg., selective blocking of EGF-R
autophosphorylation or c+jun induction, the electron-withdrawing bromine group at the meta-
position of the 4-anil§no moiety is preferred, as is the presence of small electron-donating

10 substituents at the 6- and 7-positions, e.g., the two methoxy groups which form a catechol
moiety. Such compounds are suitable for indazole-for-catechol bioisostere replacement in
accordance with the present invention, which may be represented by Formulas (8.5) and

(8.6):
B
R®, "
4\ N
N . N Z
N / ~ m N/ m
\N e N \ N
A
R/ HN R HN
Br Br
PD-153,035 BIOISOSTERE
' PD-153,035 BIOISOSTERE
FIRST INDAZOLE ISOMER  gecoND INDAZOLE ISOMER
15 (8.5) (8.6)

The 4-position anilino moiety may also be replaced by other substituents which afford
the same or enhanced levels of EGF-R PTK inhibition or impraved selectivity with respect to
other protein tyrosine kinases. The 4-position may be occupied by bicyclic
aminoheteroaromatic moieties or by heterocyclyl-substituted-6,7-dimethoxy-quinazolines,

20 e.g., the dihydro-indolyl compound CP-292,597, as represented in Formulas (8.7) and (8.8),

respectively:
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rN\ OCH,
| N OCH,
N .= ( \
OCH, N.
NH OCH,
N
Cl
HN CP-292,597
5 r——
(8.7) (8.8)

The resuiting compounds are suitable for indazole-for-catecho! replacement in
accordance with the present invention.

Further, suitable compounds result where the anilino nitrogen is methylated or

10 replaced by oxygen or sulfur; a phenoxyanilino moiety is used; or the analogous
phenethylamino molety is present, as represented by the compounds of Formulas (8.9),
(8.10), and (8.11), respectively:

f N\ OCH, ‘/N\ OCH,

N .= |

N
( OCH, = OCH,

NH HyCal NH
\CHS

(8.9) (8.10) (8.11)
15 The resultihg compounds are suitable for indazole-for-catechol replacement in

accordance with the present invention.

Selective EGF-R PTK inhibitors have been obtained with quinazoline derivatives

which have various substituents in the anilino side chains, e.g., an ethynyl moiety as in

CP-358,774, or with 4-indolyl compounds, as represented by the compounds of Formulas

20 (8.12) and (8.13), respectively:
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N OCH Na O
l( AN 3 “/ 0O~ "CH,
N~ N F# 0/\/0\/CH3
OCH,
NH
:
g\
\
5 CH
(8.12) (8.13)

The resulting compounds are suitable for indazole-for-catechol replacement in

accordance with the present invention.
The 4-position may be occupied by bicyclic aminoheteroaromatic moieties or by
10  heterocyclyl-substituted-6,7-dimethoxy-quinazolines, e.g., the dihydro-indolyl compound
CP-202,597. Modifications of the class of 4-anilino quinazolines described above have not
been iimited fo the 4-anilino group alone. Basic amino side chains have been used in the
6-position of the quinazoline ring and various substituents have been added to the 4-anilino
moiety in order to improve solubility of the 4-anilino-quinazolines, as illustrated by ZD-1839, a

15  compound of Formuia (8.18):
N OCH,
|//
N
O
F ZD-1839
Ci

(8.18)

The resulting compounds are suitable for indazole-for-catechol replacement in

accordance with the present invention wherein the basic amino side chain at the 6-position of

20 the predecessor compound is relocated to the corresponding position on the phenyl ring of the
indazole group. This principle may be illustrated in the case of the ZD-1839 compounds by

Formulas (8.19) and (8.20):
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R%,
N
N7 N
N N
l/r F
N Cl j
ZD-1839 BIOISOSTERE
) Flzgs-}s&% i&"éﬁ%‘?é%ﬁ% R o] SECOND INDAZOLE ISOMER
(8.19) (8.20)

Accordingly, the present invention relates in particular to indazole-for-catechol
bioisostere replacements active as antineoplastic agents, especially inhibitors of protein
tyrosine kinases, including particularly epidermal growth factor-receptor protein tyrosine

10  kinase (EGF-R PTK), comprising a compound of Formulas (8.21) or (8.22):

wv)
(8.21) (8.22)
wherein
15 R% and R*, and R®, are defined the same as R®, and R*, and R®, herein under

Formulas (5.10) and (5.11), including preferred embodiments thereof, but are selected on an
independent basis therefrom; and
R*, and R*, are each individually and independently a member selected from the group
consisting essentially of hydrbgen and the substituents defined by partlal Formulas (8.23);
20 (8.28); (8.40); and (8.45) below, provided that both of R%, and RY, cannot be hydrogen at the
same time;
wherein preferred embodiments comprise compounds where one of R‘, and R‘b is
independently selected as hydrogen;
wherein said substituents in addition to hydrogen which define each of R*, and R%,
25 comprise a member independently selected from the group consisting essentially of the moieties
of partial Formulas (8.23); (8.28); (8.40); and (8.45):
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5 (IV-A)
N NH
Y 2
N
/“ Z -7
CH, NH,

(8.23)
wherein Z is 2-hydroxyethanesuifonic acid or glucuronic acid, as well as
pharmaceutically acceptable prodrugs and metabolites thereof; and
10 where further details conceming predecessor catechol compounds, e.g., trimetrexate,
of Formula (8.3) are disclosed in Colbry US Pat. 4,376,858, which is incorporated herein by
reference in its entirety;
where embodiments of the present invention comprising trimetrexate bioisosteres
may be represented by Formulas (8.24), (8.25), (8.26) and (8.27):

R, N, _NH
N, _NH, RrE
i T AN e
N/ =N N/ =
\/w CH, NH, \ H, NH,
R/ RA

TRIMETREXATE BIOISOSTERE TRIMETREXATE BIOISOSTERE
FIRS T INDAZOLE ISOMER SECOND INDAZOLE ISOMER
15 ( ) (INCLUSIONARY)
(8.24) (8.25)
RE 8 N._ _NH
4 N\j/NH2 R . H \\r
H N N =N
N7 N N,
\
N CH, NH, CH, NH,
R R
4 H,CO
TRIMETREXATE BIOISOSTERE TRIMETREXATE BIOISOSTERE
FIRST INDAZOLE ISOMER SECONDARY INDAZOLE ISOMER
(EXCLUSIONARY) (EXCLUSIONARY)
(8.26) (8.27)
(\V-B) R". and R*, are taken together to form the moiety of partial Formula
20  (8.28):
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T

N

(Rgs)m

(8.28)
wherein Ar a substituted or unsubstituted mono- or bi-cyclic aryl or heteroaryl ring
system of from 5 to 12 atoms where each monocyclic ring may contain 0 to 3 heteroatoms,
and each bicyclic ring may contain 0 to 4 heteroatoms selected from N, O, and S, provided
said heteroatoms are not vicinal oxygen and/or sulfur atoms; W, is 2 member independently
selected from the group consisting essentially of a bond; -O-; -8-; -8(=0)-; -§(=0),-; -OCH,-;
-C=C-, -C=C-~; -C(=8)-; -SCH,~; -NH-; -NHCH,-; -NHCH(R®)-, -N(R*")- or -N(R*)CH,- where
RY is {C;-C,) alkyl; -CH,-CH,-, and -CH,-CH,-CH,-; m is an integer selected from 0, 1, 2, and
3; and R¥* is a member independently selected from the group consisting essentially of
hydrogen; ~(C,-C,) alkyl; -(C,-C,) alkenyt; -phenyl; phenyl(C,-C,) atkyl-;
phenyl(C,-C;) alkenyl-; -hydroxy; hydroxy(C4-C,) atkyl-; ~(C4-C,) alkoxy;
(C4-C3) alkoxy(C4-C,) alkyl-; phenyl{C,-C) alkoxy-; phenyloxy-; (Cs-C,) alkylcarbonyloxy-;
phenylcarbonyloxy-; bromo, chioro, or fluoro; {bromo, chioro, or fluoro){C4-Cs) alky~; -nitro;
-cyano; -amino; mono- or di-(C,-C,) alkylamino-;  (C,-C,) alkylcarbonylamino-;
phenylcarbonylamino-; -carboxy; carboxy(C,-C,) alkyl-; (C,-C,) alkoxycarbonyl-;
phenyl(C,-Cs) alkoxycarbonyl; (C,-C,) alkoxycarbonyl(C,-C,) alkyl-; amino(C;-Ca} alkoxy-;
amido; moho- and di-(C,-C,) alkylamido; N,N-(C,-C,) cycloalkylamido-; (C;-Cs;} alkylthio-;
(C4-Cs) alkyisulfinyl-; -sulfonyl; mono- and di-(C,-C;) alkylsulfonyl~; -sulfamoyl; mono- and
di<(C4-C.) alkylsulfamoyl-;, (bromo, chioro, or fluoro)phenyl-; benzoy); and provided that mis 1,
azido and R™,-ethynyl, where R%, is hydrogen or (C,-Cq) alkyl substituted by 0 to 2
substituents where said substituent is a member independently selected from the group
consisting essentially of hydrogen; amino; hydroxy; R%,-O; R¥,-NH; and (R*,),-N, where
R™, is (C4-C,) alkyt;
where preferred embodiments comprise a compound wherein Ar as a monocyclic aryl
or heteroaryl ring is a member independently selected from the group consisting essentially of
substituted and unsubstituted benzene; pyrrole; thiophene; furan; thiazole; imidazole;
pyrazole; 1,2,4-triazole; pyridine; 2(1H)-pyridone; 4(1H)-pyridone; pyrazine; pyrimidine;
pyridazine; isothiazole; isoxazole; oxazole; and tetrazole; and wherein Ar as a bicyclic aryl or
heteroaryl ring is @ member independently selected from the group consisting essentially of
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5 substituted and unsubstituted naphthalene; tetralin; naphthyridine; benzofuran;
benzothiophene; indole; 2,3-dihydroindole; 1H-indazole; indoline; benzopyrazole; 1,3-
benzodioxole; benzoxazole; purine; coumarin; chromone; quinoline; tetrahydroquinoline;
isoquinoline; benzimidazole; quinazoline; pyrido[2,3-bjpyrazine; pyrido[3,4-b)pyrazine;
pyrido[3,2-c]pyridazine; pyrido[3,4-b]pyridine; 1H-pyrazole[3 4-d]pyrimidine; pteridine; 2(1H)-

10  quinolone; 1(2H)-isoguinclone; 1,4-benzisoxazine; benzothiazole, quinoxaline; quinoline-N-
oxide; isoquinoline-N-oxide; quinoxaline-N-oxide; quinazoline-N-oxide; benzoxazine;
phthalazine; and cinnoline; and R* is a member independently selected from the group
consisting essentially of hydrogen; -(C4-C,) alky!; -(C,-C,) alkenyl; hydroxy; -(C4-C,) alkoxy;
bromo, chloro, or fluoro; (bromo, chloro, or fluoro)(C,-C,)alky-; -amino; mono- or

16 di-(C4-C4) alkylamino-;  (C,-C,) alkylcarbonylamino-;  phenylcarbonylamino-;  -carboxy;
carboxy(C4-C,) alkyl-; amido; mono- and di-(C,-Cj) alkylamido; N,N-(C,-C;) cycloalkylamido-;
(C4-Cy) alkylthio-; (C,-Cj) alkylsulfinyl-; mono- and di-(C4-Cj) alkylsulfonyl-; mono- and
di~(C4-C,) alkylsulfamoyl-;

where more preferred embodiments comprise a compound wherein Ar is substituted

20 or unsubstituted benzene; pyridine; thiophene; naphthalene; quinoline; indole; 1H-

pyrazole[3,4-d)pyrimidine; e.g., a bicisostere represented by Formulas (8.29) and (8.30):

(8.29) (8.30)
and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and
25 where further details concerning predecessor catechol compounds, e.g., the
compounds of Formula (8.9), are disclosed in Myers ef al. International Pat. WO 95/15758,
which is incorporated herein by reference in its entirety;
where further preferred embodiments comprise compounds wherein R*, and RY, are

taken together to form the moiety of partial Formula (8.31):
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"N

=N

NH

(R95)n

(8.31)
wherein R® is a member independently selected from the group consisting essentially
of hydrogen; hydroxy, bromo, chlore or fluoro; trifluoromethyl; amino; nitro; cyano; and
(C4-Cy) alkyl; and n is an integer selected from 1 and 2; and where especially preferred
10  embodiments comprise a compound where R* is bromo and is meta with respect to the 4-
anilino moiety; and n is 1; e.g., a PD-153,035 bioisostere, represented by Formula (8.5) set

out further above and repeated here:

B

R®, \
’d

N7 \H

A

R4/ HN

Br

PD-153,035 BIOISOSTERE
FIRST INDAZOLE ISOMER

(8.5)
15 and pharmaceutically acceptable salts, prodrugs, and metabolites thereof, and
where further details concerning predecessor catechol compounds, e.g., PD-153,035,
of Formula (8.4), are disclosed in Barker et al. European Pat. EP 566,228, which is
incorporated herein by reference in its entirety;
where still further preferred embodiments comprise compounds wherein W, is a bond;
20 Aris indole; and R® is hydrogen; e.g., a bioisostere of the compounds of Formula (8.12),
which may be represented by Formulas (8.32) and (8.33);
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(8.32) (8.33)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof;
where further detaiis concerning predecessor catechol compounds, e.g., those of
Formula (8.12), are disclosed in Myers ef al. International Pat. WO 96/39145, which is

10  incorporated herein by reference in its entirety;
where still yet further preferred embodiments comprise compounds wherein Ar is
benzene; W, is NH; and R* is R*,-ethynyl, where R*, is hydrogen, e.g., bioisosteres of the
compounds of Formula (8.13), which may be represented by Formulas (8.34) and (8.35):

B
R", .

/ N
N jN

N

A

R 4/ HN
NS
SCH NCH
15 (8.34). (8.35)

and pharmaceutically acceptabie salts, prodrugs, and metabolites thereof;
where further details concerning predecessor catechol compounds, e.g., compounds
of Formula (8.13) are disclosed in Schnur and Arnold International Pat. WO 96/30347, which
is incorporated herein in its entirety;
20 where additional preferred embodiments comprise compaounds wherein Ar is indole;
W, is NH; and R% is hydrogen, resuiting in 4-(5-indolylamino)quinazoline compounds, e.g.,
bioisosteres of.the compounds of Formula (8.7), which may be represented by Formulas

(8.36) and (8.37):
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B
R%, .
N7 Qﬂ

N _ N

N

A

R/ HN
NH NH
5 — =S
(8.36) (8.37)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof:

where further details concerning predecessor catechol compounds, e.g., compounds
of Formula (8.7) are disclosed in Barker et al European Pat. EP 602,851, which is

10  incorporated herein in its entirety;

where further additional preferred embodiments comprise compounds wherein Ar is
benzene; W; is -NHCH(R*)- where R¥ is (R)-methyl; and R* is hydrogen, resulting in (R)-
phenylethylamino compounds, e.g., bicisosteres of the compounds of Formula (8.11), which
may be represented by Formulas (8.38) and (8.39):

R®, .
NZ Qﬁ
\N _N
af
R HN.__.CH, CH,
15
(8.38) (8.39)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof;
where further preferred embodiments comprise compounds wherein Ar is benzene;
W, is NH; m is 2; and R% chiloro or fluoro; e.g., bioisosteres of the compounds of ZD-1839 of
20 Formula (8.18), which may be represented by Formulas (8.19) and (8.20) set out further
above and repeated here:
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/N =
N /\\l,\l N N\ /\f!l
R/ d HN

inke <SR ain o}

N

¢y C »

Cl

ZD-1839 BIOISOSTERE ZD-1839 BIOISOSTERE
FIRST INDAZOLE ISOMER SECOND INDAZOLE ISOMER
(8.19) (8.20)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof;
where further details concerning predecessor catechoi compounds, e.g., compounds

of ZD-1839 of Formula (8.18) are disclosed in Barker International Pat’s WO 96/33977; WO
10 96/33978; WO 96/33979; WO 96/33980; and WO 96/33981; which are incorporated herein in

their entireties;
(IV-C)
~ N\w
=N
z

15

1, and

(8.40)
wherein Z is a moiety of partial Formulas (8.41) and (8.42)

(R1°6)n D
@_ (szs)m (Rms)n‘E (Rms)m
) L

(8.41) (8.42)
wherein m is an integer selected from 0, 1, 2, 3, and 4; n is an integer selected from 0,
2; D is saturated carbon; oxy; or thio; R'® is a member independently selected, for

20  each occurrence in partial Formulas (8.41) and (8.42), from the group consisting essentially of

mono-,

di-, or tri-flucromethyl; bromo, chloro, or fiuoro; nitro; hydroxy; amino; azido;

isothiocyano; (C+-C,)alkyl; phenyl; thienyl; (C,-C.)alkoxy; benzyloxy; phenoxy;
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5 (C,-Cg) alkenyl; (C,-Cg) alkynyl; (C4-C,) alkylenedioxy; cyano; benzoylamino;
trifiuoromethyicarbonylamino; (C,4-C,) alkanoylamino; (C4-C,) alkanoyl-N-mono- or
-N,N-di-(C4-C,) alkylamino; (C4-C,) alkylsulfonylamino; . triflucromethylsuifonylamino;
(C4+-Cy) alkylthio; (C,-C,) alkylsulfinyl; (C,-C,) alkylsulfonyl; pyrrol-1yl; piperidin-1-yl; and
pyrrolidin-1-yl; where said phenyl, benzyloxy, phenoxy and benzoylamino groups are

10 optionally mono-substituted with a member independently selected from the group consising
essentially of bromo, chloro, or fluoro; nitro; triflucromethyl; hydoxy; and (C,-C,) alkyl: and
where said (C,-C,) alkylenedioxy is linked at both ends thereof to adjacent carbons of the
benzene moiety to which it is attached; R'®, when it is not attached to a ring carbon which is
adjacent to an oxy, thio or -N- ring atom, is 2 member independently selected, for each

15 occurrence in partial Formulas (8.41) and (8.42), from the group consisting essentially of
hydroxy; amino; N-mono- or N,N-di-(C;-C,) alkylamino; sulfo; and (C,-C,) alkoxy; and R™®,
when it is attached to a ring carbon which is adjacent to an oxy, thio or -N- ring atom, is a
member independently selected, for each occurrence in partial Formulas (8.41) and (8.42),
from the group consisting essentially of carboxy; hydroxy(C,-C,) alkyl;

20 (C,-C,) alkoxy(C,-C,) alky!; amino(C,-C,) alkyl; mono-N- and
di-N,N-(C-C,) alkylamino(C,-C,) alkyl; morpholino(C,-C,) alkyl;
4-(C+-C,) alkyl-piperazin-1-yl(C,-C,) alkyl;,  carboxy(C,-C,) alkyl;  (C4-Cy) alkoxycarbonyl;
sulfo(C,-C,) alkyl; and (C,-C,) alkyl;

where preferred embodiments comprise compounds wherein n is 0; and mis 1 and

25 R'™ is chloro resulting in quinazoline-(6-chloro-2,3-dihydro-1H-indol-1-yl)-methylamine
compounds, e.g., bioisosteres of CP-292,597 of Formula (8.8), which may be represented by
Formulas (8.43) and (8.44):

B R®

R", 4\
N N N

NZ N N’ N

\N _~N N\ N

A . A
R 4/ N R N

L@/C' (_O/C'
(8.43) (8.44)
30 and pharmaceutically acceptable salts, prodrugs, and metabolites thereof:

where further details concerning predecessor catechol compounds, e.g., CP-292,597
compounds of Formula (8.8) are disclosed in Amold International Pat. WO 95/23141, which is
incorporated herein in its entirety;
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(V-D) R*, and R*, are taken together to form the moiety of partial Formula (8.45):
é/ N\W
YN

Wy

R99
96
(R™)n

(8.45)
wherein R*® and m are as defined under (IV-C) above, but are selected on an
independent basis therefrom; W is -Y-CH,~; -CH,-Y-; or -Y-; where Y is O, S(O), where q is
an Integer selected from 0, 1, and 2, or NR'® where R'® is hydrogen or (C,-C,) alkyl; and R®
is a group -ZR"'- where Z is joined to R™ through a bridging group (CH,), where p is an
integer selected from 0, 1 and 2; and Z is a member independently selected from the group
consisting essentially of -V-CHj,-, -V-CF,-, -CH,-V-, -CF,-V-, and -V-, where V is a hydrocarbyl
group containing 0, 1, or 2 carbon atoms; carbonyl; -CH(OH)-; sulfonamide; amide; -O-;
-S(0)q~ and -NR'® where R'® is hydrogen or (C,-C,) alkyl; and R"" is optionally substituted
(Ca-C5) cycloalkyl; or an optionally substituted 5,6,7,8,9, or 10-membered carbocyclic or
heterocyclic moiety where said carbocyclic moiety is a member independently selected from
the group consisting essentially of phenyl; benzyl, indene; naphthalene; tetralin; decalin;
cyclopentyl; cyclohexyl; and cycloheptyl; and said heterocyclic moiety is a member
independently selected from the group consisting essentially of furan; dioxolane; thiophene;
pyrrole; imidazole; pyrrolidine; pyran; pyridine; pyrimidine; morpholine; piperidine; oxazoline;
oxazolidine; thiazole; thiadiazole; benzofuran; indole; isoindole; quinazoline; quinoline; and
isoquinoline; or R* is a group -ZR'%'- where Z is -NR'®, and -NR' and R'"! together form a
5,6, 7, 8, 9, or 10-membered heterocyclic moiety as defined under R'" above;
where preferred embodiments comprise compounds wherein R% is in the para
position with respect to Ws; W; is NR' where R' is hydrogen; and R* is a member
selected from the group consisting essentially of benzyl; phenoxy; and benzyloxy; e.g., a
bicisostere represented by Formulas (8.46) and (8.47):

SUBSTITUTE SHEET (RULE 26)



WO 99/23077 PCT/IB98/01710

10

15

20

25

30

-103-
R®, . R®, N
N N
N Z N
RA! HN\©\ RA4 ")
g QO
(8.46) (8.47)

and pharmaceutically acceptable salts, prodrugs, and metabolites thereof; and

where further details concerning predecessor catechol compounds, e.g., of Formula
(8.10) are disclosed in Hudson ef al. International Pat. WO 96/09294, which is incorporated
herein by reference in its entirety.

[\ Bioisostere Replacement Compounds Active As PDE4 Inhibitors

Since the recognition that cyclic adenosine phosphate (AMP) is an intraceflular second

messenger, inhibition of the phosphodiesterases has been a target for modulation and,
accordingly, therapeutic intervention in a range of disease processes. More recently, distinct
classes of PDE have been recognized, and their selective inhibition has led to improved drug
therapy. More particularly, it has been recognized that inhibition of PDE type IV can lead to
inhibition of inflammatory mediator release and airway smooth muscle relaxation. Thus,
compounds that inhibit PDE type IV, but which have poor activity against other PDE types,
inhibit the release of inflammatory mediators and relax airway smooth muscle without causing
cardiovascular effects or antiplatelet effects. TNF has also been recognized as being involved in
many infectious and auto-immune diseases, and it has been shown that TNF is the prime
mediator of the inflammatory response seen in sepsis and septic shock.

This particular embodiment of the present invention relates to compounds having
therapeutic usefuiness based on their activity as phosphodiesterase-4 inhibitors, comprising
an indazole-for-catechol bioisosteric replacement wherein said therapeutic usefulness is
equivalent to or an improvement over the same activity possessed by the corresponding
catechol-containing predecessor compound. In a preferred embodiment of this aspect of the
present invention, the indazole-for-catechol bicisostere replacement compounds are
therapeutically useful in treating asthma.

The indazole replacement bioisostere compounds of the present invention are useful
in treating or preventing one or members selected from the groups of diseases and conditions
consisting essentially of (1) inflammatory comprising: joint inflammation, rheumatoid arthritis,
rheumatoid spondyilitis, osteoarthritis, inflammatory bowel disease, ulcerative colitis, chronic
glomerulonephritis, dermatitis, and Crohn's disease; (2) respiratory comprising: asthma, acute
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respiratory distress syndrome, chronic pulmonary inflammatory disease, bronchitis, chronic
obstructive airway disease, and silicosis; (3) infectious comprising. sepsis, septic shock,
endotoxic shock, gram negative sepsis, toxic shock syndrome, fever and myalgias due to
bacterial, viral or fungal infection, and influenza; (4) immune comprising: autoimmune diabetes,
systemic lupus erythematosis, graft vs. host reaction, aliograft rejections, multiple sclerosis,
psoriasis, and allergic rhinitis; and (5) general comprising: bone resorption diseases; reperfusion
injury; cachexia secondary to infection or malignancy; cachexia secondary to human acquired
immune deficiency syndrome {AIDS), human immunodeficiency virus (HIV) infectioin, or AIDS
related complex (ARC); keloid formation; scar tissue formation; type 1 diabetes mellitus; and
leukemia; wherein said compounds are inhibitors of phosphodiesterase isozyme 4 (PDE4).

Especially important among the above-recited diseases and conditions which may be
treated or prevented using the compounds of the present invention are the inflammatory
diseases and conditions and the respiratory diseases and conditions. Among the inflammatory
diseases and conditions which are especially significant with regard to successful freatment or
prevention using the compounds of the present invention comprise: joint inflammation,
theumatoid arthritis, osteoarthritis, and Inflammatory bowel disease. Among the respiratory
diseases and conditions which are especially significant with regard to successful treatment or
prevention using the compounds of the present invention comprise: asthma, acute respiratory
distress syndrome, and bronchitis.

Accordingly, a further embodiment of the present invention relates in particular to
indazole-for-catechol bicisostere replacements active as PDE4 inhibitors, especially inhibitors
useful in treating asthma and other respiratory and inflammatory diseases and conditions,
comprising a compound of Formulas (9.0) and (9.1):

V)

9.0) (e.1)
and to pharmaceutically acceptable salts thereof, wherein:
R®.is a member independently selected from the group consisting essentially of
hydrogen,; hydroxy; -0-(C,-C,) akyl; -0-(C4-C,) alkyl(C,-C,) alkoxy; and
-0-(C,-C,) alkyl-morpholino;
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R% Is a member independently selected from the group consisting essentially of
hydragen, (C,-Cy) alkyl; -(CH,),(C3-C,,) cycloalkyl wherein n is an integer selected fram 0, 1, and
2; (C+-Cg) alkoxy(C,-Cg) alkyl; (C,-Cq) alkenyl; -(CH,),(C3-Cs) heterocyclyl wherein n is an integer
selected from 0, 1, and 2; and -(Z"),(Z%)(Ce-Co) aryl wherein b and ¢ are integers independently
selected from 0 and 1, Z' is (C,-C;) alkylene or (C,-Cg) alkenylene, and Z% is O, S, SO,, or
NR'; and further wherein said heterocyclyl is a member independently selected from the group
consisting essentially of acridinyl, benzimidazolyl; benzodioxolane; 1,3-benzodioxol-5-yl;
benzo[bjfuranyl; benzo[bjthiophenyl; benzoxazolyl; benzthiazolyl; carbazolyl; cinnolinyl; 2,3-
dihydrobenzofuranyl; 1,3-dioxane; 1,3-dioxolane; 1,3-dithiane; 1,3-dithiolane; furanyt;
imidazolidinyl; imidazoliny!; imidazolyl; 1H-indazoly!; indolinyl; indolyl; 3H-indolyl; isoindolyl;
isoquinolinyl; isothiazolyl; isoxazolyl; morpholinyl; 1,8-naphthyridinyl; oxadiazolyl; 1,3-
oxathiolane; oxazolidinyl, oxazolyl; oxiranyl; parathiazinyl; phenazinyl, phenocthiazinyl;
phenoxazinyt, phthalazinyl; piperazinyl; piperidinyl; pteridinyl;- pyranyl; pyraziny!; pyrazolidiny!;
pyrazolinyl, pyrazolo[1,5-cltriazinyl; pyrazolyl; pyridazinyl, pyridyl; pyrimidinyl; pyrimidyl;
pyrrolyl;  pyrrolidinyl; purinyl; quinazolinyl; quinolinyl; 4H-guinolizinyl; quinoxalinyl;
tetrazolidinyl; tetrazolyi; thiadiazolyl; thiazolidiny!; thiazoly!; thienyl; thiomorpholinyl; triazinyl;
and triazolyl; wherein said aryl is a carbocyclic moiety which is a member independently
selected from the group consisting essentially of benzyl, cis- and
frans-decahydronaphthalenyl; 2,3-1H-dihydroindeny! (indanyl); indenyl; 1-naphthalenyl; 2-
naphthalenyl; phenyl; and 1,2,34-tetrahydronaphthalenyl; wherein said alkyl, alkenyl,
alkoxyalkyl, heterocyclyl, and aryl moieties defining said R*; groups are substituted by 0 to 3
substituents where each said substituent comprises a member independently selected from the
group consisting essentially of bromo, chioro, or fluoro; hydroxy; (C,-Cs) alkyl; (C,-Cs) alkenyl;
(C4-Cs) alkoxy; (C3-Cq) cycloalkoxy; mono-, di-, and tri-flucromethyl; nitro; -C(=O)OR'*,
-C(=O)NR"9R120, _NR119R120 and -S(=O)2NR"9R12°;

R% is a member independently selected from the group consisting essentially of
hydrogen; (C4-Cs) alkyl; (CC;) alkenyl; phenyl; (Cs-C5) cycloalkyl; and
(C3-C;) cycloalkyl(C4-C,) alkyl, wherein said alkyl, alkenyl and phenyl moieties defining said RE
groups are substituted by 0 to 3 substituents where each said substituent comprises a member
independently selected from the group consisting essentially of methyl; ethyl; mono-, di-, and
tri-flucromethyl; and bromo, chloro, or fluoro;

R%, and R%, are independently selected from the group consisting essentially of
hydrogen and hereinafter recited substituents, provided that one, but not both of R®, and R®,
must be independently selected as hydrogen, wherein said substituents comprise moieities of
partial Formulas (9.2); (9.3); (9.4); and (9.5):
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{V-A)
R116 ( 116
117 o
R1M R"5 R OSO,CF, Lizs
02) (0.3) (9.4) (9.5)

wherein the dashed lines in partial Formulas (9.2) and (9.3) independently and
optionally represent a single or double bond, provided that in partial Formula (9.2) both dashed
lines cannot both represent double bonds at the same time;

m is an integer selected from 0, 1, 2, 3, and 4, and when 2, may apply to a single carbon
atom on the ring;

R'™ is a member selected from the group consisting essentially of H; bromo, chloro, or
fluoro; cyano; (C,-C,) alkynyl substituted by 0 or 1 substituent where said substituent is a
member selected from the group consisting essentially of phenyl, pyridyl and pyrimidinyl;
(C4-C4) alkyl substituted by 0 to 6 bromo, chloro, or fluoro; -CH,NHC(=0)C(=O)NH,; cyclopropy!
substituted by 0 or 1 substituent where said substituent is a member selected from the group
consisting essentially of R''; R'?; CH,OR": NR'R", CHNR'R'®. C(=O)OR'"*:
C(=0)NR"R™, C=CR,,; C(2)H; and -CH=CR"'R"™'; provided that R™ is H in formula (9.2)

when the dashed line for the ring carbon atom of R"'® attachment represents a double bond;

R™ is a member selected from the group consisting essentially of H; R'® C(Y)R'**:
C(=O)0Rm; C(Y)NR'27R124; CN; C(NR127)NR127R124; C(NORm)Rm;
C(=O)NR"9NR11BC(=O)R119; C(=O)NR”9NR127R124; C(NOR124)R"9; C(NR"S)NRﬂ-’R'“;
CINR™YNR'™R'? C(NCN)NR'PR'™*, C(NCN)S(C,-C,) alkyl: CR'R'OR'#, CR'"R'¥SR"*,
CR'"R™g(0),R'® where n is an integer selected from 0, 1, and 2; CR'*R'NR'"R'?";
CR119R12°NR127S(=0)2R15; CR"9R12°NR127C(Y)R124; CR”QR12°NR1270(=O)OR'25;
CR1'9R12°NR1270(Y)NR127R124; CR119R'2°NR127C(NCN)NRmRm;
CR™R™NR'C(CR'™®NO,)S(C,-C,) alkyl: CR'™R™C(=0)OR'®; CR'®R'®C(Y)NR'ZR'*;
CR119R120C(NR127)NR127R124; CR119R1ZDCN; CR119R120C(NOR120)R124; CR119R1ZDC(NOR124)R|20:
CR"QR"DNRmC(NR127)S(C1-C4) alkyt; CR‘19R12°NR127C(NR'27)NR127R124;
CR™RNR™C(=0)C(=0)NR'7R'®; CR'""R'®NR'7C(=0)C(=0)OR'*; tetrazolyl; thiazolyl;
imidazolyl; imidazolidinyl; pyrazolyl; thiazolidinyl; oxazolyl; oxazolidinyl; triazolyl; isoxazolyl;
oxadiazolyl; thiadiazolyl, CR'"R' (tetrazolyl); CR'"R'™(thiazolyl); CR'™R'*(imidazolyl);
CR"R"™(imidazolidinyl); CR''°R'®(pyrazolyl) CR'"°R™®(thiazolidinyl); CR""°R'%(oxazolyl);
CR™R(oxazolidinyl); CR"R'(triazolyl; CR''°R™(isoxazolyl) CR''*R'®(oxadiazolyl);

SUBSTITUTE SHEET (RULE 26)



WO 99/23077 . PCT/IB98/01710

10

18

20

25

30

35

~-107-

CR""®R"®(thiadiazalyl); CR'™®R'®(morphalinyl); CR'*R'®(piperidinyl); CR'"R'(piperazinyl);
and CR"™R"®(pyrrolyl); where the recited heterocyclic groups and moleties for said R are
substituted by 0 to 3 R'* substituents;

R" is a member selected from the group consisting essentially of R, OR™,
-CH,OR™: cyano; C(=0)R'™®; C(=0)OR"®; C(=0)NR'™R'?; and NR'**R'®; provided that R
is absent when the dashed line in Formula (9.2) represents a double bond;

or R" and R"*® are taken together to form =0 or =R,

or R™ is hydrogen and R™ is OR'* SR'*: $(0),R'®, where n is an integer selected
from 0, 1, and 2 S(=0),NR7R™. NR'R™ NRZc(=0)R™; NRZC(Y)R™
NRZC(=0)OR™; NR™C(Y)NR'PR™: NR'7S(=0),NR'7R'*  NR'ZC(NCN)NR'ZR'*,
NR™%s(=0),R'%; NR'7C(CR'"®*NO,NR'R"*: NR'ZC(NCN)S(C,-C,) alky!;
NR™C(CR'NO,)S(C,-C,) alkyl; NR'ZCINR'™INR'ZR'*: NR'Z7C(=0)C(=O)NR'7R'®, and
NR'#C(=0)C(=0)OR ™,

R is a member independently selected from the group consisting essentially of methyl
and ethyl substituted by 0 to 5 bromo, chloro, or fluoro, wherein m may be 2 with respectto a
single ring carbon atom to which R'® is attached;

R"7 is a member independently selected from the group consisting essentially of OR 1%,
SR'™* SOzNRmRm; NR'7R2* NR124C(=O)R"9; NRmC(Y)Rm; NR127C(=O)OR125; S(O),R:2
where n is an integer selected from 0, 1, and 2; 0S(=0),R*? OR'2 OC(=O)NR'*R'%,
OC(=0)R'®; OC(=0)OR™; O(CR'?R'?), 0R' where m is an integer selected from 0, 1, and
2. CRMR™QR'*. CR'SR™™NR7R* C(Y)Rm; C(=0)0Rm; C(Y)NRmRm; CN:
C(NRm)NRmRm: C(NOR"B)Rm; C(=O)NR119NR"°C(=O)R"9; C(=O)NR"9NR'27Rm;
C(NOR'“)R"Q; C(NR' 19)NR127R124; C(NR124)NR"9R12°; C(NCN)NR127R12‘:
C(NCN)S(C;-C,) alkyl; tetrazolyl; thiazolyl; imidazolyl, imidazolidinyl; pyrazolyl; thiazolidinyl;
oxazolyl, oxazolidinyl; triazolyl; isoxazolyl, oxadiazolyl, and thiadiazolyl, where the recited
heterocyclic groups are substituted by 0 to 3 substituents where said substituent is R4,

R"'® is a member independently selected from the group consisting essentially of -NR ',
-NCR"®R™C,-C,) alkenyl, -NOR™: -NOR'®; -NOCR™R'?(C,Ce)alkenyl; -NNR'°R';
-NNR'SR™,  .NCN;, -NNR'C(Y)NR'™R'*; -C(CN}),, -CR™CN; -CRC(=0)OR'",
-CR'C(=0)NR'R'#; -C(CN)NO,; -C(CN)C(=0)O(C,-C,) alkyl; -C(CN)OC(=0)0(C,-C,) alkyl;
-C(CN)C,-Cy) alkyl; -C(CN)C(=OINR" R™* 2.(1,3-dithiane), 2-{1,3-dithiolane), dimethylthio
ketal, diethylthio ketal, 2-(1,3-dioxolane), 2-(1,3-dioxane), 2-(1,3-oxathiolane); dimethyl ketal and
diethyl ketal;

R"® and R'™ are each a member independently selected from the group consisting
essentially of hydrogen and (C,-C,} alkyl substituted by 0 to 3 fluorine atoms;
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R'?' is a member independently selected from the group consisting essentially of fluoro
and R'%,

R'2 is a member independently selected from the group consisting essentially of
(C4-Ce) alkyl; (C,-C,) alkenyl; (C4-Cy) cycloalkyl; (Ca-Cs) cycloalkyl(C4-C,) alkyl; (Cg-C1o) aryl;
and (C4-C;) heterocyclyl; where said aryt and heteracyclyl are as defined under R*; above; and

where said R'? groups are substituted with 0 to 3 substituents independently selected from the
group consisting essentially of methyl; ethyl, mono-, di-, and tri-fluoromethyl; and bromo, chioro,
or fiuoro;

R'2 is a member independently selected from the group consisting essentially of
hydrogen and R

R' is a member independently selected from the group consisting essentially of
hydrogen and R'?*; or when R'* and R'? appear together as NR'”R' then R**’ and R'* may
be taken together with the nitrogen to which they are attached to form a 5- to 7-membered ring
optionally containing one additional heteroatom selected from O, N and S;

R'%® is a member independently selected from the group consisting essentially of
(C,-Ce) alkyl and -(CR"™R"'®),R'™ where n is an integer selected from 0, 1, and 2 and R'*® and
said (C4-Cq) alkyl are substituted by 0 to 3 substituents where each said substituent Is a member
independently selected from the group consisting essentially of bromo, chloro, or fiuoro; nitro;
cyano; NR'ZR'7; C(=0)R"®; OR™®: C(=0)NR'PR'?"; OC(=O)NR'*R'¥; NR'¥C(=O)NR''R"™;
NRZCEOR'™,  NR,C(=O)O(C,Cyalkyl,  CINRZINRZR™;  C(NCN)NR'ZR'®;
C(NCN)S(C,-C,) alkyl; NR'ZC(NCN)S(C,-C,) alkyl; NR'ZC(NCN)NR'ZR'®;
NR'78(=0),(C,-C,) alkyl; S{0),(C;-C,) alkyl; where n is an integer selected from 0, 1, and 2;
NR'ZC(=0)C(=0)NR™R™® NR'ZC(=0)C(=0)R'; thiazolyl; imidazolyl; oxazolyl; pyrazolyl;
triazolyl; tetrazolyl; and (C,-C,) alkyl substituted with O to 3 fluorine atoms;

R'® is a member independently selected from the group consisting essentially of
(C4-C;) cycloalkyl; pyridyl; pyrimidyl, pyrazolyl; imidazolyl; triazolyl; pyrrolyl; piperazinyl;
piperidinyl; morpholinyl; furanyl; thienyl; thiazolyl; quinolinyl; naphthyl; and phenyt;

R'? is a member independently selected from the group consisting essentially of OR'*®
and R'%

R'® is a member independently selected from the group consisting essentially of H;
C(Y)R124; C(=0)OR124; C(Y)NR127R124; CN; C(NR1ZT)NR127R124: C(NOR119)R124;
C(=O)NR119NR119C(=O)R119; C(=O)NR119NR127R124; C(NOR124)R119; C(NR119)NR127R124;
CINRHNR'R'™; C(NCN)NR'R'*; C(NCN)S(C-C,) alkyl; CR™R™OR™; CR'*R'SR'*;
CR"R'®5(0),R'%*, where n is an integer selected from 0, 1, and 2; CRMRPNR*R'Z,
CR™R'ZNR'ZS(=0),R"®: CR™R™®NR'C(Y)R™: CR'™R'®NR'ZC(=0)OR™:
CR1 19R120NR127C(Y)NR127R124; CR119R120NR127C(NCN)NR127R124:
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5 CR'™R'NR'ZC(CR,NO,)S(C,-C,) alkyl; tetrazolyl; thiazolyl; imidazolyl; imidazolidiny!;
pyrazoly); thiazolidinyl; oxazolyl, oxazolidinyl; triazolyl; isoxazolyl; oxadiazolyl; thiadiazolyl;
wherein said recited heterocyclic groups are substituted by 0 to 3 substituents where each said
substituent is independently selected from the group consisting essentially of R '

R is a member independently selected from the group consisting essentially of

10  -C(=0)R™, -C(=0)NR'"®R'*; -5(=0),R'%; and -S(=0),NR'"°R'*;

Yis OorS; and,

Z s O, NRY, NCN, C(-CN); CR'"™CN; CR™NO, CR'™C(=0)0R";
CR'°C(=0)NR'"*R'®; C(-CN)C(=0)O(C+-C,) alkyl); and C(-CN)C(=O)NR""*R'%;

(V-B)

15 - OR, said substituents defining R®, and R®, comprise: -

a member selected from the group consisting essenialy of R
-C{=OINR™*(CHR*"),,C(=O)NR*?0(CH,)o(Cs-Cro) aryl);  -C(=NR¥*)NH(CH,),{Cs-Cyc) ary;
-C(=O)NR**®(CHR?),,C(=0)NR?*(CH,),OR?; -C(=OINR®*(CHR??),,S(C,-C,) alky;
-C[=NOC(=0)R**|RZ*, -CRZR**CHR™NR¥*SO,(CH,)oA;

20 -CRZ'RZCHR™NRY®P(=0)(OR*2)C(=0)(C,-C,) alkyl;

-CRZ'R®ECHR™NR?'*P(=0)[(C+-C,) alkoxyl,, -Z>-R?7"; and -(CR®'R*%) NR*®(C(0))R*
wherein p is an integer selected from 0, 1, and 2; m is an integer selected from 1, 2, 3, 4, 5, and
6; and g is an integer selected from 1 and 2;
- OR, said substituents defining R%, and R®, comprisea
25 moiety of partial Formulas (9.6) through (9.14), inclusive: -

216 R216
S—(0
R215 (CH) —(0), CHZ) (0),

(9.8) 8.7) (9.8) (.9) (9.10)

W 0
R722
NH N~ 223
$ | l R
NH N
(CHZ)/
o}

N
512230

(9.11) (9.12) (9.13) (9.14)
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wherein in said partial Formulas (9.6)-(9.14), the structures of partial Formulas (9.11)
and (9.12) are attached to the nucieus of Formula (9.0) or (8.1) at carbons 5, 6, or 7 of said
partial Formulas (8.6) and (9.7); the dashed line in partial Formulas (9.8) and (9.9) indicates a
single bond or double bond, except that R*'® Is absent in formulas (9.8) and (9.9) where said
dashed line indicates a double bond; n is an integer selected from 0, 1, and 2; p Is an integer
selected from 0, 1, 2, 3, 4, 5, and 6; and m is an integer selected from 0, and 1;

R** is a member independently selected from the group consisting essentially of
-C(=0)N(CH,)(OCH;) and -(CH,),OH, where n is an integer selected from 0, 1, 2, 3, and 4;

R* and R*" are independently selected from the group consisting essentially of H;
ethyl; -CO,H; and -C(=O)NHOH;

R is a member independently selected from the group consisting essentially of H;
hydroxy, (C;-Ce) afkyl; (C,-Cs) alkoxy; -OC(=0)(C,-Cs) alkyl and -OC(=0)Cs-Cyy) aryl;

R* is a member independently selected from the group consisting essentially of
(Ce-Co) aryl and a 5- to 10-membered heterocyclyl, wherein said R?"” groups are substituted by
0 to 3 substituents independently selected from the group consisting essentially of bromo,
chloro, or fluroro; trifluoromethyl; cyano; nitro; -CO,Rm. (C,4-C,) alkoxy; -OC(=0)(C4-C,) alkyl;
NR¥C(=0)(C,-C4) alkyl; -C(=O)NH,; -C(=O)NHOH; -C(=0)O(C,-C,) alkyl; (C,-C,) alkyl;
-S(0),R* where n is an integer selected from 0, 1, and 2; benzoyl, -NR*R*®, .OR?,
(C+-Ce) alkanoyl; Y'-(Cs-Cyo) aryl; -C(=0)O(C¢-C1) aryt; “NH(Ce-Cyo) aryt;
-C(=O)NH(C¢-C1o) aryl; -C(=0)NRZ*O(CH,),(Cs-C1o) aryl, where n Is an Integer selected from 1,
2, and 3; and -SO,NH{C4-C,y) aryl;

R¥® is a member independently selected from the group consisting essentially of H;
(C-Ce) alkyl; and ~(CH,)(Cs-C1o) aryl, where n is an integer selected from 0, 1, 2, 3, and 4;

R*® is a member independently selected from the group consisting essentially of H;
-OR?Z; (CH,)A ; and -CH,0O(CH,),,A, where m is an integer selected from 0, 1, and 2;

R is a member independently selected from the group consisting essentially of
(C,-C) alkyl -OR™, _CRPRPVORZ: _CRZR™PNRIZRZZ: -CRZZZ(ORm)CRmRmORm;
2,2-dimethyl-1,3-dioxolan-4-yl; -NR*2C(=0)NR?*?R*, -S(CR™*R*®),CH, where n is an integer
selected from 0, 1, 2, 3, 4, and 5; -NRm(CHz)q(pyridyl) where q is an integer selected from 0 and
1, -P(=O)[(C+-C,) alkoxy)l; -NRZR?. .NRZOR?® NRZNRZPRZ!, -NR™CH,R™*;
-OCH,NR*2C(=0)R%?*: -OCH,C(=O)NR**R*® -OCHRZ20C(=0)(C,-C,) alky);
-OCHR™C(=0)(C,-C,) alkoxy; -O(CH,),R™"; and -NR™CH,),R*' where m is an integer
selected from 0, 1, and 2;

R#' is a member independently selected from the group consisting essentially of H and
A;
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each R?? and R* is a member independently selected from the group consisting
essentially of H and (C,-C;) alkyl;

R*! is a member independently selected from the group consisting essentially of methyl
and phenyi;

R*® is a member independently selected from the group consisting essentially of H;
methyl; ethy!; and -CH,CH,OH;,

R* is a member independently selected from the group consisting essentially of H;
methyl; ethyl; -CH,C(=0)NH,; and -CH,CH,OH;

each R% is a member independently selected from the group consisting essentially of
H; hydroxy; cyano; halo; (C,-Cs) alkyl; (C,-Cs) alkoxy; -NR*’R*®; -C(=0)OR?% -C(=0)R%?%
-CH=CRZR??;, .C=CR??, -CH,NRZR*’, -CH,OR®Z -C(=O0)NR**R™* -C(Y")H; and
-CH,NR,C(=0)C(=0)NR?**?R?®; provided that when R?’’ is hydroxy then R®* is H or
(C4-C,) alkyl;

each R? is a member independently selected from the group consisting essentially of
H; fluoro; cyano; and (C4-C,) alkyl; where said methyl is substituted by 0 to 3 substituents each
comprising a fluorine atom;

or RZ" and R*® are taken together to form an oxo (=0) moiety;

R?® is a member independently selected from the group consisting essentially of
phenyl; naphthyl; pyrrolyl; furanyl; thienyl; oxazolyl; pyridinyt; pyrimidiny}; pyridazinyl; quinolinyt;
isoquinolinyl; 5,6,7,8-tetrahydroquinolinyl; and 5,6,7.8-tetrahydroisoquinolinyl, where said R%°
groups, except said phenyl, are substituted by 0 to 3 substituents R?®, and wherein said pheny!
R™® group is substituted by 0 to 3 substituents independently selected from R% and R%*;

R*™ is a member independently selected from the group consisting essentially of
-C(=0)R®"; -C(=0)C(=0)R®!, -C(=0)C(Y*)C(=0)R?' and a moiety of partial Formula (9.15):

231
R

Ve
O/ \O

(9.15)
wherein
R*™ is a member independently selected from the group consisting essentially of H;
-OR®%, .NHR®?%, .NHOH; -NHNH,; -(CH,),Y*(phenyl) and -(CH,),Y*(pyridyl) where n is an
integer selected from 0, 1, 2, 3, and 4;
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R*2 is a member independently selected from the group consisting essentially of H;
(C1-Cs) alkyl; -(CH,),Y*(pheny!) and -(CH,),Y*(pyridyl) where n is an integer selected from 0, 1,
2, 3,and 4;

each R®® is a member independently selected from the group consisting essentially of
bromo, chloro, or fluoro, (C4-Cg) alkyl; (C,-Cy) alkoxy; (C,-Ce) alkylenedioxy; trifluoromethyl;
NRZR®  nitro; -CINRZANRZR™®,  -C(=O)NRZRZC(=0)R?  -C(NORZ)RZ,
-C(NCN)NR?ZR?®. .C(NCN)SR??, -(CH,).(CN) where m is an integer sefected from 0, 1, 2, and
3; hydroxy, -C(=O)R*™, -C(=O)NRZ0R® -C(=O)NRZNR™ZRZ .OC(=O)NRZR*
NR*ZC(=0)R*?, -C(=0)C(=0)NR*?R?™: .CO,R??; -SO,R*? -SO,NR™?R™*; -C(=0)NRZR®,
-NR™S0,R*; and -NR*C(=0)NRZ*R?®,

each R® is a member independently selected from the group consisting essentially of
imidazolyl, pyrazolyl; triazolyl; tetrazolyl; oxazolyl; isoxazolyl; oxadiazolyl; thiadiazolyl; thiazolyl;
oxazolidinyl; thiazolidinyl; and imidazolidiny!, where each of said foregoing R 24 substituents is
substituted by 0 to 3 substituents R*;

R*™ is a member independently selected from the group consisting essentially of
-NRZ?R™: .NH(C4-C;o) aryl; (C4-C) alkoxy; and (C4-Cyo) aryloxy;

R®® is a member independently selected from the group consisting essentially of H;
(C+-Cs) alkyl and -(CH,)Y*(phenyl) where m is an integer selected from 0, 1, 2, 3, and 4 and the
phenyl moiety of said -(CH,),Y*(pheny)R?® group is substituted by 0 to 3 substituents
independently selected from the group consisting essentially of bromo, chloro, or fluoro; -OR*;
(C+-Cs) alkanoyloxy; (Cs-C1o) aryloxy; -NRZ2R*; -NH(C¢-C1o) aryl; and -NHC(=0)(C4-C,) alkyl;

each R is a member independently selected from the group consisting essentially of
bromo, chloro, or fluoro; -{(CH,),NRZ*C(=O)CH, where p is an integer selected from 1, 2, 3, 4,
and; (C,C,alkoxy: nitro; cyano; -NR™ZR?, -COR®;, -OR™Z C(Y)NRZR™;
-NR¥2C(NCN)S(C,-C,) alkyk; -NRZ2C(NCN)NR?ZRZ, NR#ZZC(=0)NRZR2,
-NRZ*C(=0)C(=O)NR?’R*®; -C(=NR**)NR*?R??, -5(0),,CH, Where m is an integer selected
fom 0, 1, and 2; -C(ENR™)S(C,-Cialkyl; -NRZ2S0,(C,-C,)alkyl, -OC(=0)R%;
-OC(=0)NR#Z?R?, NRZ2S0,CF,; NR#2C(=0)C(=0)OR?%, NRZC(=0)R*,
-NR?C(=0)OR??; imidazolyl; thiazolyl; oxazolyl: pyrazolyl; triazolyl; and tetrazolyl;

R*® is a member independently selected from the group consisting essentially of H;
fluoro; cyano; and (C4-C,) alkyl, where said alkyl is substituted by 0 to 3 substituents
independently selected from the group consisting essentially of bromo, chioro, or 'ﬂuoro;
-G(=0)NR*?R®*; and -C(=0)OR?;

R* is a member independently selected from the group consisting essentially of phenyl
substituted by 0 to 2 substituents independently selected from -NR??R?®, nitro, halo, -OR%,
-NHR*?, -NR*R?!, and -C(=0)OR?;
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each R* and R*' is a member independently selected from the group consisting
essenfially of (C4-Cs) alkyl and (C,-C,) alkenyl;

R*2 is pyridin-4-yl substituted by 0 to 2 substituents independently selected from the
group consisting essentially of bromo, chloro, or fluoro; and (C,-C,) alkyl;

each A is a member independently selected from the group consisting essentially of
(C4-Ce) alkyl; pyridyl; morpholinyl; piperidinyl; imidazolyl; thienyl; pyrimidyl; thiazolyl, triazolyl;
quinolinyl; phenyl; and naphthyl; wherein the foregoing A groups are substituted with 0 to 3
substituents R*'; or A is -(CH,),S(C+-C,) alkyl wherein g is an integer selected from 1 and 2;

Wis a member independently selected from the group consisting essentially of O; NOH;
NNH,; NOC(=0)CH3; and NNHC(=0)CH.;

Y'isOors;

YZis O, NOH or H;

Y3 is a bond or -CH=CH-;

Y*is abond, O, S, or -NH-;

Y® is a member independently selected from the group consisting essentially of O;
NR™; NOR?? NCN; C(CN),; CRZNO,; CRZC(=0)OR™?; CR™C(=0)NR**R™; C(CN)NO,;
C(CN)C(=0)YOR?; and C(CN)C(=0INR*?R?®, and

Z® is a member independently selected from the group consisting essentially of -NR?%;
«(CHy)u; “CH,C(=0)NH-; -NHCH,C(=0)-; -CH,C(Y')CHy-; -CH=CH-~; -C=C-, -CH(Y'H)-; -C(Y")-;
CHLYY; -CY')CHy  -CY))C(Yy) -CH.NR™.:  -CHrY'- -C(Y)NR¥}(CHR®),-;
NRZ#.C(Y'")(CHR®™?),-; -NHCH,~; -Y'-CH,~; -SOCH,~; -CH,SO-~; -S0,CH,~; -CH,S0,~; -OC(Y")-;
N=N-; -NHSO,; -SO,NH-; -C(Y")C(Y")NH-; -NHC(=0)0-; -OC(=O)NH-, and -NHC(=O)NH-;
wherein for said Z, moieties n is an integer selected from 0, 1, 2, 3, and 4; and m is an integer
selected from 1, 2, and 3;

{(V-C)

- OR said substituents defining R®, and R®, comprise: -

a member independently selected from the group consisting essentially of 2-oxo-4-
pymolyl, pyrazolyl, 2-oxo-3,4-dihydro-5-pyrimidyl;  2-oxo-3,4-dihydro-4-pyrimidyl,  2-oxo-
tetrahydro-4-pyrimidyl; 2-dxo—tetrahyro-5-pyrimidyl; 2-ox0-4-pyrimidyl; and 2-oxo-5-pyrimidyl;
wherein each of said R, and R?, groups is substituted by 0, 1, 2, 3, or 4 R*® groups;

- OR, said substituents defining Rsa and R5b comprise a
moiety of partial Formulas (9.16) through (9.35), inclusive: -
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348
R338 (CHz) N/R
N R334 g ©)
'il ,?I/ n N N \
. R X! R34
(9.16) (9.17) (8.18) (9.19) (9.20) (9.21)
l ~ 336 R3%
HN N HN\H/?N “‘xz % R
\([)]/ O R354 R3%5
(9.22) (9.23) (9.24) (9.25) (9.26) (9.27)

7" J

X\ R*® R R38! .
3
R358 R
55 N \YS R359 N ~ R360
R R3%6
(9.28) (9.29) (9.30) (9.31)
4 />
/)\/> N//‘\N I N/)\N/
(9.32) (9.33) (9.34) (9.35)

wherein, in said partial Formulas (9.16)-(9.35), g is an integer selected from 0 and 1 in
partial Formula (9.17); n is an integer selected from 0, 1, and 2 in partial Formula (9.18); and the
dashed lines appearing in formulas (9.17), (9.19), (9.22), (9.23), (9.24), (9.25) and (9.30)
represent a double bond or a single bond;

X'isOorS;
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X%, in partial Formula (9.26) and where the dashed line in partial Formula (9.25)
represents a double bond, is a member independently selected from the group consisting
essentially of CR®®% CR*®; CR*®, and COC(=0)NR**R*? or, where the dashed line in formula
(9.25) represents a single bond; X2 is a member independently selected from the group
consisting essentially of CR¥*°R*®; CR¥™R**®: and CR**R*®,

X? is a member independently selected from the group consisting essentially of C(=Z%);
C(S); and CR¥*R>*:

X* is a member independently selected from the group consisting essentially of ~(CH,)y,
where mis an integer selected from 0, 1, and 2;

X® is a bond or -CHy-;

X% is a member independently sefected from the group consisting essentially of ~-CH,-
and -C(=0)-;

R*® is a member independently selected from the group consisting essentially of H;
hydroxy; (C1-C) alkoxy; -CHR*(0),(CH,),A where q is an integer selected from 0 and 1, and m
is an integer selected from 0, 1, and 2;

R** is a member independently selected from the group consisting essentially of H;
hydroxy; (G4-C,) alkyl; (C+-C,) alkoxy; -OC(=0)CHj, (C,-Cs) alkenyl; and phenyl(C,-C,) alkyl-;

R*? is a member independently selected from the group consisting essentially of H;
hydroxy; (CH,)A where m is an integer selected from 0, 1, and 2; (C4Cg)alkyl; and
(Cx-Cy) alkanoyl, where said atkyl group is substituted by 0 to 3 subtituents independently
selected from the group consisting essentially of bromo, chloro, or fluoro; nitro; -NR>*°R>";
-COR*; -OR™® -OC(=0)R*"; -C(=0)R*® cyano; -C(=YINR™R¥!; -NR*°C(=Y)NR*’R*!,
-NR¥*C(=Y)R*" -NR*°C(=0)OR™®; -C(NR¥*)NR>*’R*'; -C(NCN)NR*R*'; -C(NCN)SR*”;
-NR*S0,R*?; -5(0),,R*®, where m is an integer selected from 0, 1, and 2; -NR*SO,CF,;
-NR*C(=0)C(=0)NR*’R™*; .NR*%C(=0)C(=0)OR*®; imidazolyl; and 1-(NHR*®)-2-imidazolyl;

each R*®®

is a member independently selected from the group consisting essentially of
H; bromo, chloro, or fluoro; cyano; R34, cyclopropyl substituted by 0 or 1 substituent

independently selected from the group consisting essentially of R**® -OR™® -CH,OR™",
-NR*R*2 .CH,NR**R*?, -C(=0)OR™; -C(=O)NR*°R*?; .CH=CR**R*®, -C=CR**, and
-C(=Z%H;

R* is a member independently selected from the group consisting essentially of H;
-C(=O)R°3°; imidazolyl, pyrazolyl, triazolyl; tetrazolyl; oxazolyl, isoxazolyl, oxadiazolyl;
thiadiazolyl; thiazolyl; oxazolidinyl; thiazolidinyl; and imidazolidiny!;

each R*® is a member independently selected from the group consisting essentially of-
-OR™"; -NR*°R™?, and -R*?,
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each R** is a member independently selected from the group consisting essentially of
H; bromo, chioro, or fluoro; and (C4-C,) alkyl substituted by 0 to 3 fluorine atoms; |

each R* and R*' is a member independently selected from the group consisting
essentially of hydrogen and (C,-C,) alkyl;

each R*? is a member independently selected from the group consisting essentially of
-OR** and -R*

R* is (C,-C,) alkyl;

each R* is a member independently selected from the group consisting essentially of
bromo, chloro, or fluoro; nitra; cyano; -NR*'R*®, -NR¥*R*?, .C(=z%)R**, -5(0),,R*° where m is
an integer selected from 0, 1, and 2; -OR*? -OC(=O)NR3*°R™% _C(NR*)NR*'R*2
-C(NR¥)SR™®;  -OC(=0)CH; -C(NCN)NR*R*%  _C(SNR*R*%  -NR*C(=0)R*":
-C(=0)R¥":; oxazolyl; imidazolyl; thiazolyl; pyrazolyl; triazolyl; and tetrazolyl;

each R* is a member independently selected from the group consisting essentially of
hydrogen and (C,-C,) alkyl substituted by01 to 3 fluorine atoms;

each R*® is a member independently selected from the group consisting essentially of
H; -R*3; -C(=0)R™*; -C(=0)C(=0)R™®, -C(=O)NR*'R*% -5(0),R* where m Is an integer
selected from 0, 1, and 2; -C(NCN)SR™? -C(NCN)R™?;, -C(NR**)R*®, -C(NR*3)SR*?; and
-C(NCN)NR*R*2

each R* is a member independently selected from the group consisting essentially of
-R*3 .C(=0)R*™®; oxazolidinyl; oxazolyl; thiazolyl; pyrazolyl; triazolyl; tetrazolyl; imidazolyl;
imidazolidinyl; thiazolidinyl; isoxazolyl, oxadiazolyl; thiadiazolyl, morpholinyl; piperidinyl;
piperazinyl; and pyrrolyl; where each of said recited R> heterocyclic groups is substituted by 0
to 2 (C;-C,) alkyl groups;

R*® is a member independently selected from the group consisting essentially of H;
(C1.Cs) alkyl; (C,-C;) alkenyl; benzyl; and phenethyl;

R*? is a member independently selected from the group consisting essentially of H;
(C1.Cs) alkyl; (C,-Cs) alkanoyl; and benzoyl;

R¥™ is a member independently selected from the group consisting essentially of H;
(C,.C)) alkyl; carboxy; aminocarbonyl; (C,-Cg)alkyl substituted by 0 or 1 carboxy,
-{CH,)C(=0)(C;-Cq) alkoxy; or -(CH,),(Ce-C1o) aryl; where m is an integer selected from 0, 1,
and 2;

R*' is a member independently selected from the group consisting essentially of H;
(C1-Ce) alkyl, -C(=Y)R*Z; -C(=Y)NH35; -C(=0)OR*% and -(CH,),X'(pyridy!) where n is an
integer selected from 0, 1, 2, 3, 4, and to 5; and X’ is a bond or -CH=CH-: and where said pyridyl
moiety is substituted by 0 or 1 bromo, chloro, or fluoro;
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R*? is a member independently selected from the group consisting essentially of

(C4+-Cg) alkyl (C5-C,) cycloalkyl, -(CHg)m(Ce-C1o) aryl; and «(CH,)X (pyridyl) where n is an integer

selected from 0, 1, 2, 3, 4, and 5; and X is a bond or -CH=CH-; and where said pyridyl moiety is
substituted by 0 or 1 bromo, chloro, or fluoro;

R*® is a member independently selected from the group consisting essentially of H;
-R*®, (C,-Cs) alkyl substituted by 0 or 1 substituent hydroxy, or (C-C,) alkyoxy(C,-Cs) alkyl;

R®* is a member independently selected from the group consisting essentially of H;
-R*®; carboxy; (C;-Cs) alkyoxy(C4-Cy) alkyl-; (C5-C;) cycloalkyt, and (C,-Cs) alkyl substituted by
0 or 1 -NR*R*,

or R*® and R** are taken together to form -CH,OCH,OCH,~;

R*® is a member independently selected from the group consisting essentially of H;
hydroxy; (C4-C,) alkyl substituted by 0 or 1 substituent comprising a member independently
selected from the group consisting essentially of hydroxy; -C(=O)R*®; -NR*R*;
«(CHo)mNHCEO)R™,  -(CH.)NHC(=OR*®:  «(CHp),COR™,  ~(CHp),C(=O)NR*R™";
~(CHo)nC=OIN(OH)R®®; «(CH,)mSO,NR*°R*!; -(CH,)POsHy; «(CHo)mSO.NHC(=0)R*?; and
-{CH;)mSO,NHC(=0)(phenyl), where m is an integer selected from 0, 1, 2, 3, and 4;

R*®*° is a member independently selected from the group consisting essentially of H;
(C4-Cy) alky); phenyl; -NR*°R™"; and -NR*%(C,-C,) alkanoyl;

R*" is a member independently selected from the group consisting essentially of R,
-CH,CO,R*®; and -CH,C(=O)NR*°R*", _

R*® is a member independenty selected from the group consisting essentially of
-C(=0)R*®; -C(=0)(C¢-Cyp) aryl; -C(=0)(C5-C,) heteroaryl; -CO,R*®; -C(=0)NR**R*"; cyano;
nitro; -CH,OH; -NR**SO,R*® -NHS0,{C4-C o) aryl: -NHCOL(C,-C,) alkyl; -NR**C(=0)R**; and
NHCO(C4-Cyo) aryt;

R*? is a member independently selected from the group consisting essentially of -R**;
cyano; carboxy; formyl; -C(=0)R*’; and (C,-C,) alkanoyl; )

R*? is a member independently selected from the group consisting essentially of cyano;
NRM™R™.  _S0,C,-Cjalkyl; -SO,(CeCiparyl; -C(=O)R™  -C(=0)(Ce-Cyo) aryl;
-C{=0)(C4-C,) heteroaryl; -C(=0)NR¥*’R*! and -CO,R*",

R® and R*? is each a member independently selected from the group consisting
essentially of H; cyano; nitro; -CO,R*®: -C(=0)NR*’R*"; -GH,OH; -C(=O)R*"; -NHCO,R**,
and -NHSO,R*®:

A is a member independently selected from the group consisting essentially of pyridyl;
morpholinyl; piperidinyl; imidazolyl; thienyl; pyrimidyl; thiazolyl; phenyl; and naphthyl; where each
of said A groups Is substituted by 0 to 2 substituents R*** or by 1 substituent R™®,
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2® is a member independently selected from the group consisting essentially of O;
-NR*%  NOR™™ N(CN); C(CN); CR*NO, CR*C(=0)OR™** CR*C(=O)NR*’R™';
C(CN)NO,; C(CN)C(=0)OR*®; and C(CN)C(=O)NR**R**'; and,

YisOorS;
(V-D) .
- OR said substituents defining R°, and R°, comprise a
moiety of partial Formula (9.36): -
X2 T Xt —é
(9.36)
wherein

the broken line indicates a single or double bond;

X' is -CR™R*™. where sald broken line indicates a single bond; or -CR*™- where said
broken line indicates a double bond;

X2 is -CRYSRYRY™®. or -C(=NOR*®")R*2 where said broken line indicates a single
bond; or -CR*’R*"® where said broken line indicates a double bond;

R*? is a member independently selected from the group consisting essentially of H;

hydroxy; bromo, chloro, or fluoro; and -OR¥®;

each R*”? is a member independently selected from the group consisting essentially of
cyano; cyanomethyl; benzyloxy; -R*® -CO,R™™: -CO,{CH,)u(Ces-Cro) aryl; -C(Y)NR°R,
-C(Y)NR*B(CH,),(C4-C1o) aryl; -(CH)n(Cs-Cio) aryl; and -(CH,)(5- to 10-membered heteroaryl);

R*® group is substituted by 0 to 3

R“O.

where n is an integer selected from 0, 1, 2, and 3; each
substituents R*™ ; and each R*"® group is substituted by 0 or 1 substituent

each R*™ is a member independently selected from the group consisting essentially of
bromo, chloro, or fluoro; cyano; nitro; (C4-Ce) alkyl; (C,-Cq) alkenyl; -OR*™; (C5-C;) cycloalkoxy;
-NR¥SR*8: NR¥50R*"%: -S(0),,R*"® where m is an integer selected from 0, 1, and 2; -CO,R*",
-C(=O)R475; -SOZNRmRm: -C(=O)NR475R476; -CR475R47BSOZNR475R‘78;
-CRRCE=OINRTERY,  NHSO,R™;  -NHSONR7R¥®,  NHC(=O)NR**R";
-NHC(=0)(C/-C) alky!; and -NHC(=0)O(C,-Cs) alkyl);

each R*® and R*® is a member independently selected from the group consisting
essentially of H; and (C,-Cs) alkyt;

R*7 is a member independently selected from the group consisting essentially of -R*";
2-oxo-pyridyl; 3-6xo-pyrldyl; 4-oxo-pyridyl; 2-oxo-pyrrolyl; 4-oxo-thiazolyl; 4-oxo-piperidy!; 2-oxo-
quinolyl; 4-oxo-quinolyl; 1-oxo-isoquinolyl; 4-oxo-oxazolyl; 5-oxo-pyrazolyl; 5-oxo-isoxazolyl; and
4-oxo-isoxazolyl; where each of said R*7 groups is substituted by 0 to 3 substituents R*"*;
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R*® is a member independently selected from the group consisting essentially of -R*™:

cyano; -(CH,),(Ce-Cyo) aryl; and ~(CHy),(5- to10-membered heteroaryl); where p is an integer

selected from 1, 2, and 3; and where each said R*”® group is substituted by 0 to 3 substituents
R474; ’

R*" is a member independently selected from the group consisting essentially of formyl:

carbamoyl; thiocarbamyl; (C,-Cg)alkyl; (C,-Ce) alkenyl; (C,-C,) alkoxy(C,-Cy) alkyl-; and
(C4-C¢) alkanoyl; where said alkyl moieties of each of said R*”® groups is substituted by 0 to 3
substituents independently selected from the group consisting essentially of bromo, chicro, or
filuoro; hydroxy; and (C,-C,) alkoxy:

R* is a member independently selected from the group consisting essentially of
cyclobutyl; cyclopentyl; cyclohexyl; 2-cyclobuten-1-yl; 2-cyclopenten-1-yl; 3-cyclopenten-1-yl;
2,4-cyclopentadien-1-yl; 3,5-cyclohexadien-1-yl; pyrrolyl, pyrrolidinyl; dioxolanyl; imidazolyl;
oxazolyl; imidazolidinyl; pyrazolyl; pyrazolidinyl, pyranyl; piperidinyl; 1,4-dioxanyl; morpholinyl;
1,4-dithianyl; thiomorpholinyl; piperazinyl; 1,3,5-trithianyl; oxazinyl; isoxazinyl; oxathiazinyl; and
oxadiazinyl; where each of said R**° groups is substituted by 0 to 2 (C,-C,) alky!;

R** is a member independently selected from the group consisting essentially of H;
(Ci-Ce) alkyl,  (CyCo)alkenyl;  (C,-Cg)alkynyl; -C(Y)NR*™®R™™®,  _C(Y)NH(Cg-Cyo) aryl;
-C(Y)(C4+-Ce) allkoxy; -G(Y)(Ce-C1p) aryloxy; and -C(Y)(C4-Cs) alkyl);

R*? is a member independently selected from the group consisting essentially of phenyl
and pyridinyl; where each of said R**? groups is substituted by 0 to 3 substituents independently
selected from the group consisting essentially of bromo, chloro, or fluoro; {C+-C,) alkyl; hydroxy;
(C+-Cy) alkoxy; -NR**R*®; and -§(0),,R*"®, where m is an integer selected from 0, 1, and 2: and,

YisOorS;

(V-E)

- OR, said substituents defining R®, and R®, comprise a
moiety of partial Formulas (9.37) through (9.49), inclusive: -

) X

0 0 ~ N H
N o )k JL —
N NH
O SO
o) 0 CH, 0
(0.37) (2.38) (9.39) (9.40)
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N 1 OH Q " N,
CH
Y o N
| ) [ \%)LN/EH/ “OH I)I
a o 3 \j N GH,
(0.41) (9.44)
O

(9.48)

(9.49)

Preferred compounds of Formula (9.0) or (9.1) where R, and R®, are as defined under
(V-Dj above, include those wherein R'is ethyl and R is cyclopentyl, cyclohexyl, or (C¢-Cip)aryl.

Other preferred compounds of Formula (9.0) or (9.1) include those wherein R*” is
-(CH,)n(Ce-Cro)aryl or -{CH,),(5- to 10-membered heteroaryl), where n is an integer selected
from 0, 1, 2, and 3; and, more preferably, wherein R*" is phenyl or pyridin-4-yl.

Specific embodiments of the compounds of Formula (9.0) or (9.1) where R®, and R®, are
as defined under (V-A) include those wherein R is cyclopenty! or cyclohexyl, R'is (C,-Cy) alkyl,
preferably ethyl, one of R®, and R®, is hydrogen and the other is a substituent of Formula (9.2)
where the dashed line represents a single bond, m is 0, R and R™ are in a cis relationship to
each other, R is cyano, R'" is hydrogen, and R' is carboxy, -CH,0OH, or -CH,C(=O)NH.,.
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Other specific embodiments of the compounds of Formula (2.0) or (9.1) include those
wherein R is phenyl substituted by fluoro, R' is {C,-C,) alkyl, preferably ethyl, one of R®, and R®,
is hydrogen and the other is a substituent of Formula (9.2) where the dashed line represents a
single bond, R*** is cyano, and R*'® and R'* are both hydragen.

The term "halo", as used herein, unless otherwise indicated, means fluoro, chloro,
bromo or iodo. Preferred halo groups are fiuoro, chloro and bromo.

The term "alkyl", as used herein, unless otherwise indicated, means saturated
monovalent hydrocarbon radicals which are straight or branched moieties containing from one to
six, preferably one to four, carbon atoms.

The term "alkoxy", as used herein, unless otherwise indicated, means O-alkyl groups
wherein "alkyl" is defined above.

The term "alkenyl", as used herein, unless otherwise indicated, means unsaturated alkyl
groups having one or more double bonds wherein "alky!" is defined above.

The term “"cycloalkyl", as used herein, unless otherwise indicated, means saturated
monovalent cyclo hydrocarbon radicals containing from three to seven carbon atoms, preferably
five or six carbon atoms, including such specific radicals as cyclobutyl, cyclopentyl and
cycloheptyl.

The term "aryl", as used herein, unless otherwise indicated, means an organic radical
derived from an aromatic hydrocarbon by removal of one hydrogen, comprising a carbocyclic
moiety which is a member independently selected from the group consisting essentially of
benzyl, cis- and trans-decahydronaphthalenyl; 2,3-1H-dihydroindeny! (indanyl); indeny!; 1-
naphthalenyl; 2-naphthalenyl; phenyl; and 1,2,34-tetrahydronaphthalenyl;.and preferably
means phenyl.

The term "heterocyclyl" or “heterocyclic”, as used herein, unless otherwise indicated,
means aromatic and non-aromatic heterocyclic groups containing one or more heteroatoms
each selected from O, S and N. Included within this meaning are heterocyclic groups which are
benzo-fused ring systems and ring systems substituted with an oxo moiety. Included within the
scope of this definition are the following specific groups: acridinyl, benzimidazolyl;
benzodioxolane; 1,3-benzodioxol-5-yl; benzo[bjfuranyl; benzofbjthiophenyl; benzoxazolyl;
benzthiazolyl, carbazolyl; cinnolinyl; 2,3-dihydrobenzofuranyl; 1,3-dioxane; 1,3-dioxolane; 1,3-
dithiane; 1,3-dithiolane; furanyl; imidazolidinyl; imidazolinyl; imidazoly); 1H-indazolyl; indolinyl;
indolyl; 3H-indolyl; isoindolyl; isoquinolinyl; isothiazolyl; isoxazolyl, morpholinyl, 1,8-
naphthyridinyl;, oxadiazolyl; 1,3-oxathiolane; oxazolidinyl; oxazolyl; oxiranyl; parathiazinyl
phenazinyl; phenothiazinyl; phenoxazinyl; phthalazinyl; piperazinyl; piperidinyl; pteridinyl;
pyranyl; pyrazinyl, pyrazolidinyl; pyrazolinyl; pyrazolo[t,5-cltriazinyl; pyrazolyl; pyridazinyl;
pyridyl, pyrimidinyl; pyrimidyl; pyrrolyl; pyrrolidinyl; purinyl; quinazolinyl; quinolinyl; 4H-
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5 quinolizinyl; quinoxalinyl; {etrazalidinyl; tetrazolyl; thiadiazolyl; thiazolidinyl; thiazolyl, thienyl;
thiomorpholinyl; triazinyl; and triazolyl.

With reference fo the R** substituent of partial Formula (9.2) of Formula (9.0) or (9.1),
the {C5-Co) heterocyclic group can be attached to the (C,-Cg)alkyl group by a nitrogen or,
preferably, a carbon atom. An example of a C, heterocyclic group is thiazolyl, and an example :

10 of a Cq heterocyclic group is quinolinyl. Examples of non-aromatic heterocyclic groups are |
pyrrolidinyl, piperidino, morpholino, thiomorpholino and piperazinyl. Examples of aromatic E
heterocyclic groups which are preferred are pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, i
pyraziny), tetrazolyl, furyl, thienyl, isoxazolyl and thiazolyt. A preferred heterocyclic group having I
a fused benzene ring is benzimidazolyl.

15 Where heterocyclic groups are specifically recited or covered as substituents for the
compound of Formula (9.0) or (9.1) under (V-A), it is understood that all suitable isomers of such
heterocyclic groups are intended. Thus, for example, in the definition of the substituent R*™™, the i
term "thiazolyl” includes 2-, 4- or 5-thiazolyl, the term “imidazolyl" includes 2-, 4- or 5-imidazolyl; 1
the term “"pyrazolyl" includes 3-, 4- or 5-pyrazolyl; the term "oxazolyl" includes 2-, 4- or 5- 5

20 oxazolyl; the term “isoxazolyl" includes 3-, 4- or 5-isoxazolyl, and so on. Likewise, in the
definition of substituent R'*, the term "pyridyl" includes 2-, 3- or 4-pyridyl.

Certain "aminal" or "acetal"-ike chemical structures within the scope of Formula (9.0) or
(9.1) may be unstable. Such structures may occur where two heteroatoms are attached to the
same carbon atom. For example, where R is (C;-C;) alkyl substituted by hydroxy, it is possible

25 that the hydroxy may be attached to the same carbon that is attached to the nitrogen atom from
which R extends. It is to be understood that such unstable compounds are not within the scope
of the present invention.

Preferred compounds of Formula (9.0) or (9.1) under (V-A) include those wherein R®, or

R®, is a group of the partial Formula (9.50) or (9.51):

R'? R
R116
116
R11s 1 “oH R115
RS R4 b
30
(9.50) (9.51)

where for partial Formula (9.50) R and R'™, especially where R'" is -OH, are cis with
respect to each other; and for partial Formula (9.51) R, R'S, R™, and R"® are
independently selected from the group consisting essentially of -H; -CHj; -CF5 -CHF,, and

35 -CH,F;
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Other preferred compounds of Farmula (9.0) or (9.1) under (V-A) include those wherein
R is a member independently selected from the group consisting essentially of cyclohexyl,
cyciopentyl, cyclobutyl, methylenecyclopropyl, isopropyl, phenyl, and 4-fluoro-phenyl.

Other preferred compounds of Formula (9.0) or (9.1) under (V-A) include thase wherein
R'is (C;-C,) alky! substituted by 0 to 3 fluorine atoms, and, more preferably, those wherein R' is
ethyl.

Other preferred compounds of Formula (9.0) or (9.1} under (V-A) include those wherein
ane of R®, and R%, is hydrogen and the other is a group of partial Formula (9.2) wherein the
dashed line attached to the ring carbon atom to which R'* is attached represents a single bond.

Other preferred compounds of Formula (2.0) or (9.1) under (V-A) include those wherein
one of R®, and R®, is hydrogen and the other is a group of partial Formula (9.2) wherein the
dashed line attached to the ring carbon atom to which R"* is attached represents a single bond
and R™ is cyano.

Other preferred compounds of Formula {9.0) or (9.1) under (V-A) include those wherein
one of R®, and R®, is hydrogen and the other is a group of partial Formula (9.2) wherein the
dashed line attached to the ring carbon atom to which R**® is attached represents a single bond,
mis 0 and R*** is hydrogen.

Other preferred compounds of Formula (9.0) or (8.1) under (V-A) include those wherein
one of R, and R®, is hydrogen and the other is a group of partial Formula (9.2) wherein the
dashed line attached to the ring carbon atom to which R'** is attached represents a single bond;
mis 0; R'™ is hydrogen; and R'* is a member independently selected from the group consisting
essentially of -OH; -CH,OH; -C{CH,),OH; -C(=0)OH; -C{=0)OCHj -C(=0)OCH,CHs and
-CH,C(=0O)NH,.

Other more preferred compounds of Formula (9.0) or (8.1) under (V-A) include those
wherein R is a member independently selected from the group consisting essentially of
cyclobutyl, cyclopentyl, cyclohexyl, and 4-fluoro-phenyl; R' is ethyl; one of R°, and R%, is
hydrogen and the other Is a group of partial Formula (9.51) wherein R'™ is cyano; R is
hydrogen; R*** is -OH; R"*® and R' are cis with respect to each other; and R, R"*S,, R"',
and R'", are each a member independently selected from the group consisting essentially of -H;
and -CHa;

Preferred compounds of Formula (9.0) or (9.1) include those wherein R' is ethyl.

Other preferred compounds of Formula (9.0) or (9.1) include those wherein R is a
member independently selected from the group consisting essentially of cyclohexyl; cyclopentyl;
methylenecyclopropyl; isopropyl; phenyl; and 4-fluoro-phenyl.

Specific preferred compounds of Formula (8.0) or (9.1} under (V-A) include;
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1-(1-Cyclopentyl-3-ethyl-1H-indazol-6-yl)-4-oxocyclohexanecarbonitrile;

Trans-4-cyano-4-(1-cyclopentyl-3-ethyl-1H-indazcl-6-yl)cyclohexanecarboxylic acid
methyl ester;

Cis-4-cyano-4-(1-cyclopentyl-3-ethyl-1 H-indazol-6-yl)cyclohexanecarboxylic acid methyl

ester;
Trans-4-cyano-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic acid;
Cis-4-cyano-4-{-cyclopentyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic acid;
1-(1-Cyclohexyl-3-ethyl-1H-indazol-6-yl)-4-oxocyclohexanecarbonitrile;
Cis-4-cyano-4-(1-cyciohexyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic acid methyl
ester;

Trans-4-cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic acid
methyl ester;
Cis-4-cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic acid;
Trans-4-cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic acid;
Cis-1-{1-cyclohexyl-3-ethyl-1H-indazole-6-yl)-4-hydroxymethylcyclohexanecarbonitrile;
Cis-4-cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-8-yl)cyclohexanecarboxylic acid amide;
Trans-4-cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic acid
amide;
Cis-1-{1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-4-(1-hydroxy-1-
methylethyl)cyclohexanecarbonitrile;
Cis-1-(1-cyclohexy!-3-ethyl-1H-indazol-6-yl)-4-hydroxycyclohexanecarbonitrile;
Cis-1-[3-ethyl-1-(4-fluorophenyl)-1H-indazol-6-yl}-4-hydroxycyclohexanecarbonitrile;
Cis-1-(1-cyclopentyl-3-ethyl-1H-indazol-6-y1)-4-hydroxycyclohexanecarbonitrile;
Cis-1-{1-cyclobutyl-3-ethyl-1H-indazal-6-yl)-4-hydroxycyclohexanecarbonitrile;
Cis-1~{1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-4-hydroxy-4-
methylcyclohexanecarbonitriie;
Trans-1-(1-cyclopentyl-3-ethyl-1H-indazol-8-yl)-4-hydroxy-4-
methylcyclohexanecarbonitrile;
Cis-4-cyano-4-(1-cyclobutyl-3-ethy)-1H-indazol-6-yl)cyclohexanecarboxylic acid;
Trans-4-cyano-4-(1-cyclobutyl-3-ethyl-1H-indazol-8-yl)cyclohexanecarboxylic acid;
6-Bromo-3-ethyl-1-(4-fluorophenyl)-1H-indazole;
4-[3-Ethyl-1-(4-fluorophenyl)-1H-indazol-6-yl]-4-hydroxycyclohexanecarboxylic acid
ethyl ester;
4-Cyano-4-[3-ethyl-1-{4-fluorophenyl)-1H-indazol-6-yljcyclohexanecarboxylic acid
ethyl ester;
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4-[3-Ethyl-1-(4-fluorophenyl)-1H-indazol-6-yl]cyclohex-3-enecarboxylic acid ethyl
ester; -

4-Cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl}-cyclohexanecarboxylic acid ethyl
ester;

Cis-4-Cyano-4-[3-ethyl-1-(4-flucrophenyl)-1H-indazol-6-yljcyclohexanecarboxylic acid;

4-[3-Ethyl-1-(4-fluorophenyl)-1H-indazol-6-yljcyclohex-3-enecarboxylic acid; and

4~(1-Cyclohexyl-3-ethyl-1H-indazol-6-yl}-4-hydraxycyclohexanecarboxylic acid.

The phrase "pharmaceutically acceptable salf(s)", as used herein, unless otherwise
indicated, includes salts of acidic or basic groups which may be present in the compounds of
Formula (9.0) or (9.1). For example, pharmaceutically acceptable salts include sodium, calcium
and potassium salts of carboxylic acid groups and hydrochloride salts of amino groups. Other
pharmaceutically acceptable salts of amino groups are hydrobromide, sulfate, hydrogen sulfate,
phosphate, hydrogen phosphate, dihydrogen phosphate, acetate, succinate, citrate, tartrate,
lactate, mandelate, methanesulfonate (mesylate) and p-toluenesulfonate (tosylate) salts.

Certain species of above-desecribed compounds may have asymmetric centers and
therefore exist in different enantiomeric forms. All optical isomers and sterecisomers of the
compounds of Formula (9.0) or (9.1), and mixtures thereof are considered to be within the
scope of the invention. With respect to the compounds of Formula (9.0) or (9.1), the invention
includes the use of a racemate, a single enantiomeric form, a single diastereomeric form, or
mixtures thereof, The compounds of Formula (9.0) or (9.1) may also exist as tautomers. This
invention relates to the use of all such tautomers and mixtures thereof.

Ancther embodiment of this aspect of the present invention relates to a pharmaceutical
composition for the inhibition of PDE4 or the production of TNF in a mammal comprising a
therapeutically effective amount of a therapeutically active composition of matter comprising a

compound as above-desecribed, or a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier therefor.

Another embadiment of the present invention relates to a method for the inhibition of
PDE4 or the production of TNF by administering to a patient a therapeutically effective amount of
a therapeutically active composition of matter comprising a compound as above-desecribed or a
pharmaceutically acceptable sait thereof.

Accordingly, the present invention also relates to method of treating or preventing a
disease or condition in a mammal in need of such treatment wherein said disease or condition
responds favorably to inhibition of PDE4 or production of TNF and is a member selected from
the group consisting essentially of asthma; joint inflammation; rheumatoid arthritis; gouty arthritis;
rheumatoid spondylitis; osteoarthritis; sepsis; septic shock; endotoxic shock; gram negative
sepsis; toxic shock syndrome; acute respiratory distress syndrome; cerebal malaria; chronic
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obstructive pulmonary disease (COPD), including asthma, chronic bronchitis and pulmonary
emphysema; silicosis; pulmonary sarcoidosis; bone resorption diseases; reperfusion injury; graft
vs. host reaction; allograft rejections; fever and myalgias due to bacterial, viral or fungal infection
including influenza; cachexia secondary to infection or malignancy; cachexia secondary to
human acquired immune deficiency syndrome (AIDS); AIDS; HIV infection; ARC (AIDS related
complex); keloid formation; scar tissue formation; Crohn's disease; ulcerative colitis; pyresis;
multiple sclerosis; type 1 diabetes mellitus; autoimmune diabetes; systemic lupus erythematosis;
bronchitis; psoriasis; Bechet's disease; anaphylactoid purpura nephritis; chronic
glomerulonephritis; inflammatory bowel disease; leukemia; allergic rhinitis; and dermatitis,
comprising administering to said mammal a therapeutically effective amount of a therapeutically
active composition of matter comprising a compound of Formula (IA) or (IB), optionally together
with a pharmaceutically acceptable carrier therfor.

The present invention further relates to a pharmaceutical composition for the prevention
or treatment of the diseases and conditons enumerated above, especially including asthma, in a
mammal, comprising a therapeutically effective amount of a compound according to Formula
(9.0} or (9.1), or a pharmaceutically acceptable salt thereof, together with a pharmaceutically
acceptable carrier therefor.

This invention further relates to a method of treating or preventing the foregoing specific
diseases and conditions by administering to a patient a therapeutically effective amount of a
compound of Formula (9.0) or (9.1), or a pharmaceutically acceptable sait thereof. In particular,
the present invention includes compounds useful in treating or preventing one or members
selected from the groups of diseases and conditions consisting essentially of (1) inflammatory
diseases and conditions comprising: joint inflammation, rheumatoid arthritis, rheumatoid
spondylitis, osteoarthritis, inflammatory bowel disease, ulcerative colitis, chronic
glomerulonephritis, dermatitis, and Crohn's disease; (2) respiratory diseases and conditions
comprising: acute respiratory distress syndrome, chranic obstructive pulmonary disease (COPD)
including asthma, chronic bronchitis, and pulmonary emphysema, acute bronchitis, and silicosis;
(3) infectious diseases and conditions comprising: sepsis, septic shock, endotoxic shock, gram
negative sepsis, toxic shock syndrome, fever and myalgias due to bacterial, viral or fungal
infection, and influenza; (4) immune diseases and conditions comprising: autoimmune diabetes,
systemic lupus erythematosis, graft vs. host reaction, allograft rejections, multiple sclerosis,
psoriasis, and allergic rhinitis; and (5) other diseases and conditions comprising: bone resorption
diseases; reperfusion injury; cachexia secondary to infection or malignancy; cachexia secondary
to human acquired immune deficiency syndrome {(AIDS), human immunodeficiency virus (HIV)
infectioin, or AIDS related complex (ARC); keloid formation; scar tissue formation; type 1
diabetes mellitus; and leukemia; wherein said compound comprises an inhibitor of PDE4.
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Especially important among the above-recited diseases and conditions which may be
treated or prevented using the compounds of the present invention are the inflammatory
diseases and condiions and the respiratory diseases and conditions. Among the inflammatory
diseases and conditions which are especially significant with regard to successful treatment or
prevention using the compounds of the present invention comprise: joint inflammeation,
rheumatoid arthritis, osteoarthritis, and inflammatory bowel disease. Among the respiratory
diseases and conditions which are especially significant with regard to successful treatment or
prevention using the compounds of the present invention comprise: asthma, acute respiratory
distress syndrome, and bronchitis.

The expression ‘“treating or preventing”, as used herein with regard to the
administration of the compounds of the present invention for therapeutic purposes in the case
of various members selected from the many groups of diseases and conditions specifically
recited herein, is intended to denote both the therapeutic objective of said administration as
well as the therapeutic results actually achieved by said administration. The extent of therapy
accomplished by administration of the compounds of the present invention may range from an
amelioration to a significant diminishing of the course of the disease involved, and beyond to
active treatment of said disease, including a reversal of the disease process itself which is
present. The higher or highest degrees of therapeutic effectiveness result in the prevention of
any injury, damage, deterioration, or loss of body tissues or organs and basic body functions
subsequent to the early stages of degeneration and decline in said body tissues or organs
and basic body functions at the onset of the disease involved.

The expression “the early stages of degeneration and decline in body tissues or
organs and basic body functions” is intended to mean the very beginning of the initial
pathologic changes in said body tissues or organs and basic body functions which define and
are the result of a disease process. Said pathologic changes with respect to tissues and
organs include changes in the composition and cohesiveness; form and makeup; rigidity,
strength, resilience, elasticity, conformational integrity and stability, density, tensile strength
and other measures of physical quality; abundance and extent of its presence throughout the
body; viability and regenerative capability on both a micro- and macro-level; and the ability to
successfully resist various kinds of external stresses including mechanical force and invasion
by microorganisms; of said fissues and organs from that present before the onset of said
disease process, which result in a degradation and decline of the beneficial and necessary
properties characterizing said tissues and organs.

Pathologic changes with respect to body functions are those which inherently arise
from the changes above-described with respect to said tissues and organs, and which also,

consequently, result in a degradation and decline in the beneficial and necessary performance
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which characterizes the normal and proper operation of said body functions. These
pathologic changes, both with regard to tissues or organs and with respect to body functions,
especially include improper repair of the above-discussed early stages of degeneration and
decline.

Synthetic preparation of each and all of the above-described indazole-for-catechol
bioisostere reptacement compositions of matter does not usually start, of course, with a catechol
compound. Direct preparation of an indazole per se using methods well known in the art of
preparing organic compounds is usually the most straighiforward and efficient method of
preparing the bioisostere replacement compounds of the present invention. The technical
literature is replete with suitable methods for carrying out such preparations. However, in order
to better illustrate the manner in which bicisostere replacement compounds of the present
invention may be prepared, there are set out below numerous reaction schemes and working
examples for preparing indazole compounds types (lI), {lll) and (V) as described above, ie.,
bioisostere replacement compounds which are active as adrenergics, calcium channel blockers,
and PDE4 inhibitors. Said reaction schemes are accompanied by an ongoing explanation of
each step of the synthesis involved. Working examples in accordance with which these
synthesis steps are carried out are also presented further below. Analogous synthesis methods
may be carried out in order to prepare other compounds of the present invention, modifying
where necessary starting materials and reactants. -

Reaction Schemes 1-7 below illustrate the preparation of the compounds of the present
invention of type (V):

SCHEME 1
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The compounds in the schematic representations above are numbered using Roman
numerals in consecutive order, starting with Il. These Roman numeral reference numbers are
not necessarily related to the Roman numerals used elsewhere in defining the compounds of the
present invention. Unless otherwise indicated, R and R' in the reaction schemes are defined the
same as elsewhere herein.

The preparation of indazole bicisostere replacement compounds of the present
invention, especially those of Formula (9.0) or (9.1) can be carried out by one skilled in the art
according to one or more of the synthetic methods outlined in Schemes 1-4 above and the
examples referred to below. In Step 1 of Scheme 1, the carboxylic acid of Formula I, which is
available from known commercial sources or can be prepared according to methods known to
those skilled in the art, is nitrated under standard conditions of nitration (HON/H ,SO,, 0°C) and
the resulting nitro derivative of Formula 1l is hydrogenated in Step 2 of Scheme 1 using standard
hydrogenation methods (H,-Pd/C under pressure) at ambient temperature (20-25°C) for several
hours (2-10 hours) to provide the compound of Formula IV. In Step 3 of Scheme 1, the amino
benzoic acid of Formula IV is reacted with a base such as sodium carbonate under aqueous
conditions and gently heated until mostly dissolved. The reaction mixture is chilled to a lower
temperature (about 0°C) and treated with sodium nitrate in water. After about 15 minutes, the
reaction mixture is slowly transferred to an appropriate container holding crushed ice and a
strong acid such as hydrochioric acid. The reaction mixture is stirred for 10-20 minutes and then
added, at ambient temperature, to a solution of excess fert-buty thiol in an aprotic solvent such
as ethanol. The reaction mixture is acidified to a pH of 4-5 through addition of an inorganic base,
preferably saturated agueous Na,CO,, and the reaction mixture is allowed to stir at ambient
temperature for 1-3 hours. Addition of brine to the reaction mixture, followed by filtration,
provides the sulfide of Formula V.

In Step 4 of Scheme 1, the sulfide of Formula V is converted to the corresponding
indazole carboxylic acid of Formula VI by reacting the sulfide of Formula V with a strong base,
preferably potassium fert-butoxide, in dimethyl sulfoxide (DMSO) at ambient temperature. After
stirring for several hours (1-4 hours), the reaction mixture is acidified with a strong acid, such as
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hydrochloric or sulfuric acid, and then exiracted using conventional methods. In Step 5 of
Scheme 1, the indazole carboxylic acid of Formula VI is converted to the corresponding ester of
Formula VIl by conventional methods known to those skilled in the art. In Step 6 of Scheme 1,
the compound of Formula VIl is provided through alkylation of the ester -of Formula VI by
subjecting the ester to conventional alkylation conditions (strong base/various alkylating agents
and, optionally, a copper catalyst such as CuBry) in a polar aprotic solvent, such as
tetrahydrofuran (THF), N-methylpyrrolidinone or dimethylforrmamide (DMF), at ambient or higher
temperature (25-200°C) for about 8-24 hrs, preferably about 12 hours. In Step 7 of Scheme 1,
the compound of Formula VIl is converted to the corresponding alcohel of IX by following
conventional methods known to those skiiled in the art for reducing esters to alcohols.
Preferably, the reduction is effected through use of a metal hydride reducing agent, such as
lithium aluminum hydride, in a polar aproptic solvent at a low temperature (about 0°C). in Step 8
of Scheme 1, the alcohol of Formula IX is oxidized to the corresponding aldehyde of Formula X
according to conventional methods known to those skilled in the art. For example, the oxidation
can be effected through use of a catalytic amount of tetrapropylammonium perrutenate and
excess N-methylmorpholine-N-oxide, as described in J. Chem. Soc., Chem. Commun., 1625
(1987), in an anhydrous solvent, preferably methylene chioride.

Scheme 2 provides an alternative method of preparing the aldehyde of Formula X. In
Step 1 of Scheme 2, the compound of Formula Xl is nitrated using conventional nitration
conditions (nitric and sulfuric acid) to provide the compound of Formula XIl. in Step 2 of Scheme
2, the nitro derivative of Formula Xl is reduced to the corresponding amine of Formula XIill
éccording to conventional methods known to those skilled in the art. Preferably, the compound
of Formula XII is reduced to the amine of Formula Xl using anhydrous stannous chloride in an
anhydrous aprotic solvent such as ethano!. In Step 3 of Scheme 2, the amine of Formula XIil is
converted to the corresponding indazole of Formula XIV by preparing the corresponding
diazonium fluoroforates as described in A. Roe, Organic Reactions, Vol. 5, Wiley, New York,
1949, pp. 198-206, followed by phase transfer catalyzed cyclization as described in R. A
Bartsch and I. W. Yang, J. Hef. Chem. 21, 1063 (1984). In Step 4 of Scheme 2, alkylation of the
compound of Formula XIV is performed using standard methods known to those skilled in the
art, e.g., strong base, polar aprotic solvent and an alkyl halide, to provide the N-alkylated
compound of Formula XV. In Step 5 of Scheme 2, the compound of Formula XV is subjected to
metal halogen exchange employing an alky! fithium, such as n-buty! lithium, in a polar aprotic
solvent, such as THF, at low temperature (-50°C to 100°C, with -78°C being preferred) followed
by quenching with DMF at low temperature and warming to ambient temperature to provide the
aldehyde compound of Formula X.
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Scheme 3 illustrates the preparation of a compound of Formula XXIi which is a
compound of Formula (9.0) or (9.1) wherein R%, or R%, is a ring moiety of Formula (9.2). In Step
1 of Scheme 3, the aldehyde molety of the compound of Formula X is converted to an
appropriate leaving group, such as a halogen, mesylate or another leaving group familiar to
those skilled in the art, followed by reacting the resulting compound with sodium cyanate in a
polar solvent such as DMF to provide the compound of Formula XVI. In Step 2 of Scheme 3, the
compound of Formula XVl is reacted under basic conditions with methyl acrylate or related

derivatives depending on the R®, or R%, group to be added, in an aprotic soivent such as

ethylene giycol dimethyl ether (DME) at high temperature, preferably at reflux, to provide the
compound of Formuta XVII. In Step 3 of Scheme 3, the compound of Formula XVI! is converted
to the compound of Formula XVIll using a strong base, such as sodium hydride, and a polar
aprotic solvent, such as DMF or THF, at elevated temperature, preferably at reflux.

In Step 4 of Scheme 3, the compound of Formula XVIll is decarboxylated using
conventional methods, such as using sodium chioride in DMSO at a temperature of about
140°C, to provide the compound of Formula XIX. In Step 5 of Scheme 3, derivatization of the
compound of Formula XIX to the corresponding dithian-2-ylidine cyclohexane carbonitrile of
Formula XX is done by reaction with 2-lithio-1,3-dithiane. In Step 5-a of Scheme 3, further
derivatization of the compound of Formula XIX to the corresponding cyclohexane carbonitrile of
Formula XXV which is para-substituted on the cyclohexane group wth an hydroxyl moiety and an
R* substituent, e.g., methyl, is carried out by reacting the ketone with a nucleophilic reagent, e.g.,
an alkyllithium compound or a Grignard reagent in accordance with procedures well known in
the art. In Step 5-b of Scheme 3, further derivatization of the compound of Formula XIX to the
corresponding cyclohexane carbonitrile of Formula XXVI which is para-substituted on the
cyclohexane group with an hydroxyl moiety, is carried out by reducing the ketone with, e.g.,
lithium aluminum hydride or sodium borohydride in accordance with procedures well known in
the art. In Step 6 of Scheme 3, the compound of Formula XX is converted to the corresponding
ester of Formula XX! using mercury (11 chioride and perchloric acid in a polar protic solvent such
as methanol. In Step 7 of Scheme 3, the compound of Formula XXI is converted through
hydrolysis to the corresponding carboxylic acid of Formula XXIi using a standard method of
hydrolysis, such as using aqueous sodium hydroxide in a polar solvent, or any of numerous
existing hydrolysis methods known to those skilled in art as described in T. Green and P.G.M.
Wets, Protecting Groups in_Organic Synthesis, 2nd Edition, John Wiley and Sons, New York
(1991). The synthetic steps described for Scheme 3 are analogous to the synthetic methods
provided for the preparation of corresponding catechol-containing compounds in PCT published
applications WO 93/19751 and WO 83/17949.
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Other indazole bioisostere replacement compounds of the present invention, especially
those of Formula (9.0) or (9.1) wherein one of R®, or R, is selected from moieties (9.2), (9.3),
(9.4) and (9.5), can be prepared from one or more of the intermediate compounds described in
Schemes 1-3. In particular, the aldehyde of Formula X or the keto compound of Formula XIX
can be used to prepare various indazole bioisostere replacement compounds of the present
invention, especially those of Formula (9.0) or (9.1). Any of the various R, or R®, moieties of
formulas (9.2), (9.3), (94) or (9.5) can be introduced into one or more of the intermediate
compounds referred fo above using synthetic methods provided for corresponding non-indazole
analogs in PCT published applications WO 93/19748, WO 93/19749, WO 93/09751, WO
93/19720, WO 93/19750, WO 85/03794, WO 95/09623, WO 95/09624, WO 95/09627, WO
95/09836, and WO 95/09837. For example, with reference to Step 1 of Scheme 4, the
carboxylic acid of Formula XXH can be converted to the alcohol of Formula XXl by reduction
with various metal hydrides in a polar solvent as described in Example 9, referred to below, and
in accordance with synthetic methods provided for corresponding non-indazole analogs in PCT
published applications publication numbers WO 93/19747, WO 93/19749 and WO 95/09836.
Further, with reference to Step 2 of Scheme 4, the carbaxylic acid of Formula XXil can be
converted to the corresponding carboxamide of Formula XXIV through conversion to an
intermediate acid chioride using conventional synthetic methods, and then reacting the acid
chloride with ammonia in an aptotic solvent. Other carboxamide analogs of Formula XXIV can
be prepared through reaction of the acid chloride intermediate with various primary or secondary
amines according to conventional methods known to those skilled in the art and as described in
the PCT published applications referred o above.

Other indazole bioisostere replacement compounds of the present invention, especially
those of Formula (9.0) or (9.1) can be prepared from the intermediate compound of Formula XIX
in accord with synthetic methods provided for corresponding non-indazole analogs in the PCT
published applications referred to above. Compounds of Formula (8.0) or (9.1) wherein RS, or
R®, is 2 molety of partial Formula (9.2), and either R'™ (R* or R is H, can be prepared from the
keto intermediate of Formula XIX by reaction with a base such as lithium diisopropylamine in a
polar aprotic solvent, such as THF, and excess N-phenyltrifiucromethylsulfonamide as described
in PCT published applicaton WO 93119749 for corresponding non-indazole analogs.
Compounds of Formula (9.0) or (9.1) wherein R5, or R, is a moiety of partial Formula (9.2), R***
(RY is hydrogen, and R' (R%) is -CO,CH; or -COH, can be prepared from the keto
Intermediate of Formula XIX through reaction with triflic anhydride in the presence of a tertiary
amine base followed by reaction of the resulting triftate with (triphenylphosphine)palladium and
carbon monoxide in the presence of an alcohol or amine to provide the methyl ester compounds
of Formula (9.0) or (9.1) wherein R"'® (R%) is -CO,CH;. The methyl ester compound can be

SUBSTITUTE SHEET (RULE 26)



WO 99/23077 PCT/IB98/01710

10

16

20

25

30

35

-136-

hydrolyzed to obtain the corresponding carboxylic acid compound by empioying standard
methods for' hydrolysis such as sodium or potassium hydroxide in aqueous
methanolftetrahydrofuran. Such synthetic methods are further described in PCT published
application WO 93/19749 for corresponding non-indazole analogs.

Other indazole bioisostere replacehent compounds of the present invention, especially
those of Formula (8.0) or (9.1) can be prepared from the intermediate compound of Formula XIX
in accord with synthetic methods described for corresponding non-indazole analogs in the
published PCT applications referred to above. Compounds of Formula (9.0) or (9.1) wherein R®,
or R% is a moiety of partial Formula (9.2), R™(R® is hydrogen, and R"(R%) is hydroxy, can be
prepared through reaction of the intermediate of Formula XIX with an appropriate reducing agent
such as lithium borohydride, diamyl borane, lithium aluminum tris(fert-butoxide), or sodium
borohydride in a suitable non-reacting solvent such as 1,2-dimethoxy ethane, THF or alcohol.
Compounds of Formula (9.0) or (9.1) wherein R®, or R, is a moiety of Formula (9.2), R"" (R%) is
hydrogen and R™ (R%) is -NH,, -NHCH,, or -N(CH,),, can be prepared by reacting the
intermediate of Formula XiX with an ammonium salt, such as ammonium formate, methylamine
hydrochloride or dimethylamine hydrochloride, in the presence of sodium cyancborohydride in
an appraopriate solvent such as alcohol.

Alternatively, compounds of Formula (9.0) or (9.1) wherein R, or R%, is a moiety of
Formula (9.2), R™ (R*) is amino, and R'™ (R®) is hydrogen, can be prepared by reacting the
corresponding alcohol of Formula (9.0) or (9.1) where R'™ (R%) = OH and R (R®) = H, with a
complex of an azadicarboxylate ester in the presence of an imide or phthalimide followed by
reaction in an alcoholic solvent such as ethanol. Compounds of Formula (9.0) or (9.1) wherein
R®, or R®, is a moiety of Formula (9.2), R™*® (R is H, and R'™ (R%) is -SR"* can be prepared by
reacting the corresponding compound wherein R (R% is a leaving group such as mesylate,
tosylate, bromine or chlorine, with a metal salt of mercaptan such as NaSR'?* in an appropriate
aprotic solvent. Corresponding compounds of Formula {9.0) or (9.1) wherein R (R%) is -SH
can be prepared by reacting the corresponding alcohol R'™ (R*) = OH, with a complex of a
phosphine, such as triphenyl phosphine, and an azidocarboxylate ester in the presence of
thiolacetic acid followed by hydrolysis of the resulting thiolacetate, Furthermore, compounds of
this structure wherein R'™ (R%) is hydroxy can be interconverted using a standard alcohol
inversion procedure known to those skilled in the art. The foregoing compounds of Formula
(9.0) or (9.1) wherein R®, or R®, is a moiety of Formula (9.2), R (R%) is hydrogen, and R'™ (R
is hydroxy, -SH or -~NH,, can be converted to various other compounds of Formula (9.0) or (9.1)
through one or more synthetic methods described in PCT published applications WO 93/19751
and WO 93/19749 for corresponding non-indazole analogs.
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Compounds of Formula (9.0) or (9.1) wherein R®, or R®, is a moiety of Formula (9.2) and
the dashed line represents a double bond attached to the ring carbon atom to which substituent
R (R®) is attached, can be prepared from the intermediate of Formula XiX by following one or
mare synthetic methods provided for the preparation of corresponding non-indazole analogs in
PCT published application WO 93/19720. Compounds of Formula (9.0) or (9.1) wherein R®, or
R®, is a moiety of Formula (9.2), and R'* (R* and R'*® (R%) are taken together to form =O or
=R"®, wherein R'® is as defined above, can be prepared from the corresponding ketone
intermediate of formula XIX following one or more synthetic methods provided for corresponding
non-indazole analegs in PCT published application WO 93/19750. Other compounds of Formula
(9.0) or (9.1) wherein R%, or R%, is a moiety of Formula (9.2) and R'™ (R*) and R'*® (R%) are
taken together as =R can be prepared from the intermediate of Formula XIX following one or
more synthetic methods provided for the preparation of corresponding non-indazole analogs in
PCT published application WO 93/19748.

Compounds of Formula (9.0) or (9.1) wherein R%, or R®, is a moiety of Formula (3.3) can
be prepared from one or more of the Intermediates referred to above, such as the bromolndazole
intermediate of Formula XV, following one -or more synthetic methods provided for the
preparation of corresponding non-indazole analogs in PCT published applications WO 95/09627,
WO 95/09624, WO 95/09623, WO 85/09836 and WO 95/03794. Compounds of Formula (9.0)
or (9.1) wherein R®, or R, is a moiety of Formula (3.4) can be prepared from the intermediate of
Formula XV following one or more of synthetic methods provided for the preparation of
corresponding non-indazole analogs in PCT published applications WO 95/09624 and WO
95/09837. Compounds of Formula (9.0) or (8.1) wherein R®, or R, is a moiety of Formula (9.5)
can be prepared from the bromoindazole intermediate of Formula XV employing one or more
synthetic methods provided for the preparation of the corresponding catechol-containing analogs
in PCT published applications WO 95/09627, WO 95/09623 and WO 95/09624.

Particularly preferred indazole bioisostere replacement compounds of the present
invention are those represented by Formulas (9.51) and (9.52):

CH,
CH,
N
N
\,N N
and He, \\N
0
OH
F

(9.51) (9.52)
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A method for the preparation of the compound of Formuta (i) is described in further
below-recited Example 23, it is also possible fo prepare said compound in accordance with
the synthesis method described in above-depicted Scheme 2 and Scheme 3, using as the
starting material for said method the compound prepared as described in below-recited

Example 20, and represented by Formula (9.53).
CH,

Br

(9.53)

The preferred compound depicted in Formula (9.51)above may be prepared in
accordance with the synthesis methods described in above-depicted Scheme 1, Scheme 2,
and Scheme 3, and as further detailed in the below-recited Examples. Another, preferred,
method of preparing said compound may also be employed, and is represented in the
following synthesis Scheme 5, which is a more generalized representation of the above-

mentioned preferred method of preparing said above-described preferred compound of the

present invention.
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As illustrated, the starting material of Formula XXVIll is reacted with a hydrazine of
Formula XXIX and the in situ product of Formula XXX is heated without separation to yield an
indazole of Formula XXXI, which is in turn reacted with dicyanocyclohexane of Formula XXXII

10  to yleld the cyano- analog of said above-described preferred compound of Formula XXXIIL.

In Step 1 of Scheme 5, the compound of Formula XXVl is treated with a hydrazine
derivative of Formula XXIX and an acid, preferably ammonium acetate, in a solvent such as
heptane, tetrahydrofuran, xylenes, toluene, or mesitylene, or a mixture of two or more of the
foregoing solvents, preferably toluene, to provide the compound of Formula XXX. in general,

16  the compound of Formula XXX need not be separated or isolated from the reaction mixture.

In Step 2 of Scheme 5, the reaction mixture containing the compound of Formula XXX

is heated at a temperature between about 75 °C and about 200 °C, preferably between about
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90 ° and 120 °C, for a period of about 2 hours to 48 hours, preferably 12 hours, to provide the
compound of Formula XXXI.

Alternatively, the process of Step 1 of Scheme 5 may be accomplished using a salt of
the hydrazine derivative, such as the hydrochloride, hydrobromide, mesylate, tosylate, or
oxalate salt of said compound, preferably the mesylate salt, which is reacted with a base,
such as sodium or potassium acetate, in a solvent such as heptane, tetrahydrofuran, xylenes,
toluene, or mesitylene, or a mixture of two or more of the foregoing solvents, preferably
toluene.

In Step 3 of Scheme 5, the compound of Formula XXXI is treated with the compound
of Formula XXXII in the presence of a base such as lithium bis(trimethylsilyl)amide, sodium
bis(trimethylsilyljamide, potassium bis{trimethylsilyl)amide, lithium diisopropylamide, or lithium
2,2,6,6-tetramethylpiperidine, preferably potassium bis(trimethylsilyl)amide, in a solvent such
as tetrahydrofuran, toluene, or xylenes, preferably toluene, at a temperature between about
25 °C and about 125 °C, preferably about 100 °C, for a period 1 hour to 15 hours, preferably 5
hours, to provide compound of Formulia XXXHI.

in Step 4 of Scheme 5, the compound of Formula XXXIll is treated with an acid such
as hydrochloric acid, hydrobromic acid, sulfuric acid, p-toluenesulfonic acid, methanesulfonic
acid, or trifiucromthanesulfonic acid, preferably hydrochloric acid, in a solvent of the Formula
XXXIV, ie., R'-OH wherein R'?* is as defined hereln, 6.g., (C,-Cg) alkyl, such as methanol,
ethanol, propanol, isopropanol, preferably ethanol, at a temperature between 0 °C and 50 °C,
preferably ambient temperature (20-25 °C) for a period of 1 hour tb 48 hours, preferably 14
hours, to provide a compound of Formula XXXV. In general, the compound of Formula XXXV
need not to be separated or isolated from the reaction mixture.

In step 5 of Scheme 5, the compound of Formula XXXV is treated with water in a
solvent such as toluene, ethyl acetate, diisopropyl ether, methyl tert-butyl ether, or
dichloromethane, preferably toluene, at a temperature between about 0 °C and 50 °C,
preferably ambient temperature (20-25 °C) for a period of 1 hour to 24 hours, preferably 8
hours, to provide a compound of Formula XXXVI.

A particular version of the synthesis of Scheme 5 above carried out with reactants
suitable for obtaining the preferred cyclohexanecarboxylic acid compound of the present

invention, is illustrated below in Scheme 6:
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Scheme 7 set out below illustrates a procedure to facilitate the handling and
purification of the indazole intermediate of Formula XXXI which is described above in
reference to Scheme 5. In Step 1 of Scheme 7, the indazole of Formula XXXl is treated with

10  an acid, such as hydrobromic, hydrochloric, or sulfuric acid, preferably hydrobromic acid, in a
solvent such as toluene, xylenes, acetic acid, or ethyl acetate, preferably toluene, at a
temperature ranging from 0 °C to ambient temperature (20-25 °C), preferably ambient
temperature, to form a salt of the compound of Formula XXXVIIl, wherein HX indicates the
acid used to prepare the salt and X is the anion of said acid. The salt may be separated and

15  purified according to methods familiar to those skilled in the art. In Step 2 of Scheme 7, the
salt is converted back to the free base. In this step, the salt of the compound of Formula
XXXV is treated with an aqueous base, such as sodium hydroxide, potassium hydroxide,
sodium carbonate, sodium bicarbonate, potassium carbonate, or potassium bicarbonate,
preferably sodium hydroxide, in a solvent such as hexane, toluene, dichloromethane,
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diisopropyl ether, methy! fert-butyl ether, or ethyl acetate, preferably toluene, at a temperature
ranging from 0 °C to ambient temperature (20-25 °C), preferably ambient temperature, for a
period of 5 minutes fo 1 hour, preferably 20 minutes, to provide the compound of Formula
XXXI.

SCHEME 7
R R’
\ H.x
N ;:! N\ N
N/ . Base /
F \ F N
R R

The compounds of the Formulas XXVIll - XXXVIIl may have asymmetric carbon
atoms and therefore exist in different enantiomeric forms. Diastereomeric mixtures can be
separated into their individual diastereomers on the basis of their physical chemical
differences by methods known to those skilled in the art, for example, by chromatography or
fractional crystallization. Enantiomers may be separated by converting the enantiomeric
mixtures into a diastereomeric mixture by reaction with an appropriate optically active
compound, e.g., alcohol, separating the diastereomers and converting, e.g., hydrolyzing, the
individual diastereomers to the corresponding pure enantiomers. The use of all such isomers,
including diastereomer mixtures and pure enantiomers, are considered to be part of the
present invention.

Further details concerning the above-identified synthesis methods which are preferred
for preparing the above-recited preferred compound of the present invention may be found in
copending provisional U.S. Serial No. 60/064,211 (Attorney Docket No. PC10004), filed
November 4, 1997, which is incorporated herein by reference in its entirety.

Reaction Schemes 8 and 9 illustrate the preparation of the compounds of the present
invention of type (lI), i.e., a;-adrenergic receptor antagonist compounds of type (11):

is Sheet Has Been Replaced

T
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5 SCHEME 8
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The synthesis depicted in Scheme 8 may be carried out using conventional chemistry
such as that described in J. Org. Chem., 44, 4609 (1979). This preparation leads to formation
of the key indazole intermediate of Formula XLVI. The key intermediate of Formula XLVI is
10  then reacted with a suitable reactant in order to produce the desired final product. The
schematic representation of Scheme 2 shows preparation of a compound of type (1) of the
present inventié:n, especiaily one of the type of Formula (II-B) where R?, and R?, are taken

together to form the moiety of partial Formula (6.26):
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(6.26)

where E is either N, resulting in a pyrimidinyl moiety and overall a quinazoline series

of compounds; or is CH, resulting in a pyridyl moiety and overall a quinoline series of
compounds.

More especially Scheme 9 demonstrates preparation of a compound of the type of

Formuta (II-B) where R® and R are both hydrogen and R? is a moiety of type (g) illustrated

by partial Formula (6.32.3):

\{N\ ,N\nga

(6.32.3)

where R*, is -C(=0)-R* where R* is 4- morpholino. Preparation of the final product

of Formula XLIX in Scheme 9 entails use of the reactant of Formula XLVIIl. The reactant of

Formuta XLVII is prepared, in turn, using conventionasi chemistry, such as that referred to in
WO 97/23462, which is incorporated herein by reference in its entirety.

Reaction Schemes 10 through 12 illustrate the preparation of the compounds of the

present invention type (lll), ie., calcium channel antagonist compounds of Formula (ill),

especially those that are bioisoteres of verapamil. The known compound verapamil, which

may be represented-by Formula (7.0);
H,C CH, ?Hs
H,CO CN N OCH,

H,CO . OCH,

(7.0)

The chemical structure of a total of six (6) verapamil bicisoteres is described further

above, and the synthesis of three of these is described in the paragraphs which follow. The
six (6) indazole-for-catechol bioisostere replacement embodiments of verapamil described
above are based only or first vs. second indazole isomers and single vs. double replacement.
A third possibility resulting in isomers occurs where there is both a double replacement and
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5 first and second indazole isomers, ie., the first indazole isomer is on one end of the molecule
and the second indazole isomer is at the opposite end of the same molecule. Where the
molecule is asymmetrical as in the case of verapamil, two (2) additional bioisotere isomers
result, giving an overall tofal of eight (8) verapamil bioisostere isomers.

The three verapamil bicisostere isomers whose preparation is illustrated herein are

10  species based on the genus of Formula (7.2) and the genus of Formula (7.4), identified as

Formula (7.2.1) and Formula (7.4.1), respectively, as well as the species of Formula (7.1.1)

representing one of the above-mentioned additional isomers comprising a double replacement

invalving both first and second indazole isomers, and falling within the scope of the genus of
Formula (7.1).

CH,
CH,
%
N CN N\
N N N’
CH | I
3 CH; CH, CH, CH,
15
(7.1.1)
CH,
/ OCH
N, CN ﬂ 5
N
n N OCH,
3 CH; CH, CH,
(7.2.1)
H,CO CH,§
CN N
H,CO N N
|
CHy “cH, O CH3
20 (7.4.1)
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5 Scheme 10 illustrates preparation of the bioisostere of Formula (7.1.1) above and
begins with a starting material which is a species of Formula XV, whose preparation is
illustrated in Scheme 2 above and is number L in Scheme 10.

Scheme 10
CH,
1 CH,
N K/—? \
N PO N
Br | Deprotect HO N
CH '
3 CH,
L L PBr,
CH, 2
' CH
% + 3
N
N \~CHs N
CH: H Br 'il
H,C™ “CcH, CH,
LI Li
3
CH, '
CH,
4
N CN /\)@f\g
N /
¢ ! )
H
* H,CT eH, &, s
v =7.1.1)
10 Scheme 11 set out below illustrates preparation of the bioisostere of Formula (7.2.1)

above, wherein the starting material is readily available commercially or may be prepared by
methods conventional in the art.
SCHEME 11
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5 LXIV (=7.2.1)

Scheme 12 lllustrates preparation of the bicisostere of Formula (7.4.1) above and
begins with a starting material which is a species of Formula LXX and is readily available
commercially or may be prepared by methods well known in the art,

SCHEME 12
H,CO /1-\1"300
I :] LDA
CN
CN RX
H,CO H,CO
LXX H,C CH,
2
LXXI H
AL
CH, H,CO
N
CH
N + co N2
N " H
Br N H,C” CH,
CH,
LXXHi LXXI
< CH,
H,CO
N N
H,CO N N
HC™ N, H, éHs
10 XXV (= 7.4.1)
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The above-described indazole bioisostere replacement compounds of the present
invention may be utilized in the form of acids, esters, or other chemical classes of compounds
to which the compounds described belong. It is also within the scope of the present invention
to utilize those compounds in the form of pharmaceutically acceptable salts derived from
various organic and inarganic acids and bases in accardance with procedures well known in
the art. Such well-known pharmaceutically acceptable salts include, but are not limited to
acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate, besylate, bisulfate,
butyrate, citrate, camphorate, camphorsulfonate, cyclopentanepropionate, digluconate,
dodecysulfate, ethanesulfonate, fumarate, glucoheptanoate, gluconate, glycerophosphate,
hemisuccinate, hemisulfate, heptanoate, hexanoate, hippurate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, isethionate, lactate, lactobionate, maleate, mandelate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oxalate, oleate, pamoate,
pectinate, persulfate, 3-phenylpropionate, phosphonate, picrate, pivalate, propionate,
salicylate, sodium phosphate, stearate, succinate, sulfate, sulfosalicylate, tartrate,
thiocyanate, thiomalate, tosylate, and undecanoate.

Base salts of the indazole bioisostere replacement compounds of the present
invention include, but are not limited to ammonium salts; alkali metal salts such as sodium
and potassium; alkaline earth metal salts such as calcium and magnesium; salts with organic
bases such as dicyclohexylamine, meglumine, N-methyl-D-glucamine, tris-(hydroxymethyl)-
methylamine (tromethamine), and salts with amino acids such as arginine, lysine, efc.
Compounds of the present invention which comprise basic nitrogen-containing groups may be
quaternized with such agents as (C,-C,) alkyl halides, e.g., methy!, ethyl, iso-propy! and tert-
butyl chlorides, bromides and iodides; di(C,-C,) alky! sulfate, e.g., dimethyl, diethyl and diamyl
sulfates; (C;o-C1s) alkyl halides, e.g., decyl, dodecyl, lauryl, myristyl and and stearyl chlorides,
bromides and iodides; and aryl-{C,-C,) alkyl halides, e.g., benzyl chloride and phenethyl
bromide. Such salts permit the preparation of both water-soluble and oil-soluble compounds
of the present invention.

Among the above-recited pharmaceutical salts those which are preferred include, but
are not limited to acetate, besylate, citrate, fumarate, gluconate, hemisuccinate, hippurate,
hydrochloride, hydrobromide, isethionate, mandelate, meglumine, nitrate, oleate,
phosphonate, pivalate, sodium phosphate, stearate, sulfate, sulfosalicylate, tartrate,
thiomalate, tosylate, and tromethamine.

Multiple salts forms are included within the scope of the present invention where a
compound of the present invention contains more than one group capable of forming such
pharmaceutically acceptable salts. Examples of typical multiple salt forms include, but are not
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limited to bitartrate, diacetate, difumarate, dimeglumine, diphosphate, disodium, and
trinydrochloride.

The pharmacautical compositions of the present invention comprise any one or more
of the above-described indazole biocisostere replacement compounds of the present invention,
or a pharmaceutically acceptable salt thereof as also above-described, together with a
pharmaceutically acceptable carrier in accordance with the properties and expected
performancs of such carriers which are well-known in the pertinent art.

The term “carrier" as used herein includes acceptable diluents, excipient, adjuvants
and vehicles. Pharmaceutically acceptable carriers that may be used in the pharmaceutical
compositions of this invention include but are not limited to, ion exchange compositions;
alumina; aluminum stearate; lecithin; serum proteins, e.g., human serum albumin;
phosphates; glycine; sorbic acid; potassium sorbate; partiai glyceride mixtures of saturated
vegetable fatty acids; water; salts or electrolytes, e.g., prolamine sulfate, disodium hydrogen
phosphate, potassium hydrogen phosphate, sodium chloride, and zinc salts; colloidal silica;
magnesium trisilicate; polyvinyl pyrrolidone; cellulose-based substances; e.g., sodium
carboxymethyicellulose; polyethylene glycol; polyacrylates; waxes; polyethylene-
polyoxypropylene-block polymers; and wool fat.

More particularly, the diluents, excipient, adjuvants and vehicles used in the
pharmaceutical compositions of the present invention comprise members selected from the
groups consisting essentially of the following: acidifying and alkalizing agents added_ to obtain
a desired or predetermined pH comprise acidifying agents, e.g., acetic acid, glacial acetic
acid, malic acid, and propionic acid, and alkalizing agents, e.g., edetol, potassium carbonate,
potassium hydroxide, sodium borate, sodium carbonate, and sodium hydroxide; aerosol
propeliants required where the pharmaceutical composition is to be delivered as an aerosol
under significant pressure, e.g., acceptable halogenated hydrocarbons; nitrogen; or a volatile
hydrocarbon such as butane, propane, isobutane or mixtures thereof, antimicrobial agents
including antibacterial, antifungal and antiprotozoal agents added where the pharmaceutical
composition is topically applied, e.g., antimicrobial agents such as benzyl alcohol,
chiorobutanol, phenylethy! alcohol, phenylmercuric acetate, patassium sorbate, and sorbic
acid, and antifungal agents such as benzoic acid, butylparaben, ethylparaben, methylparaben,
propylparaben, and sodium benzoate; antimicrobial preservatives added to the
pharmaceutical compositions in order to protect them against the growth of potentially harmful
microorganisms, e.g., alkyl esters of p-hydroxybenzoic acid, propionate salts,
phenoxyethanol, methylparaben sodium, propylparaben sodium, sodium dehydroacetate,
benzalkonium chloride, benzethonium chioride, and benzy! alcohol; antioxidants added to
protect all of the ingredients of the pharmaceutical compaosition from damage or degradation
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by oxidizing agents present in the composition itself or the use environment, e.g., anoxomer,
ascorbyl palmitate, butylated hydroxyanisole, butylated hydroxytoluene, hypophosphorous
acid, potassium metabisulfite, propy! octyl and dodecyl gallate, sodium metabisulfite, sulfur
dioxide, and tocopherols; buffering agents used to maintain a desired pH of a composition
once established, e.g., calcium acetate, potassium metaphosphate, potassium phosphate
monobasic, and tartaric acid; and chelating agents used to help maintain the ionic strength of
the pharmaceufical composition and bind to and effectively remove destructive compounds
and metals, e.g., edetate dipotassium, edetate disodium, and edetic acid.

Dermatologically active agents are added to the pharmaceutical compositions of the
present invention to be applied topically, e.g., wound healing agents such as peptide
derivatives, yeast, panthenol, hexylresorcinol, phenol, tetracycline hydrochloride, lamin and
kinetin, glucocorticosteroids for treating inflammation, e.g., hydrocortiscne, dexamethasone,
betamethasone, triamcinolone, fluocinolone and methylprednisolone, retinoids for treating
acne, psoriasis, cutaneous aging, and skin cancer, e.g., retinal, tretinoin, isotretinoin,
etretinate, acitretin, and arotinoid, immunosuppressive agents for treating inflammation, e.g.,
dapsone and sulfasafazine; mild antibacterial agents, e.g., resorcinol, salicylic acid, benzoyl
peroxide, erythromycin-benzoyl peroxide, erythromycin, clindamycin, and mupirocin,
antifungal agents, e.g., griseofulvin, azoles such as miconazole, econazole, itraconazole,
fluconazole, and ketoconazole, and allylamines such as naftifine and terfinafine, antiviral
agents, e.g., acyclovir, famciclovir, and valacyclovir, antihistamines, e.g., diphenhydramine,
terfenadine, astemizole, loratadine, ceftirizine, acrivastine, and temelastine, topical
anesthetics, e.g., benzocaine, lidocaine, dibucaine, and pramoxine hydrochloride, topical
analgesics, e.g., methy! salicylate, camphor, mentho!, and resorcinol; topical antiseptics for
preventing infection, e.g., benzalkonium chioride and povidone-iodine; vitamins and
derivatives thereof such as tocopherol, tocophero| acetate, retinoic acid and retinol.

Further examples of diluents, excipient, adjuvants and vehicles used in the
pharmaceutical compositions of the present invention comprise members selected from the
groups consisting essentially of the foliowing: dispersing and suspending agents, e.g.,

poligeenan, povidone, and silicon dioxide; emollients, e.g., hydrocarbon oils and waxes,

triglyceride esters, acetylated monogiycerides, methyl and other alkyl esters of Cyq -C,, fatty
acids, Cq -C, fatty acids, Cyy -Cy fatty alcohols, lanolin and derivatives, polyhydric alcohol
esters such as polyethylene glycol (200-600), polyoxyethylene sorbitan fatty acid esters, wax
esters, phospholipids, and sterols; emulsifying agents used for preparing oil-in-water
emulsions; excipients, e.g., laurocapram and polyethylene glycol monomethyl ether;
humectants, e.g., sorbitol, glycerin and hyaluronic acid; ointment bases, e.g., petrolatum,
polyethylene glycol, lanolin, and poloxamer; penetration enhancers, e.g., dimethyl isosorbide,
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diethyl-glycol-monoethylether,  1-dodecylazacycloheptan-2-one, and dimethylsulfoxide
(DMSO); preservatives, e.g., benzalkonium chioride, benzethonium chioride, alky! esters of p-
hydroxybenzoic acid, hydantoin derivatives, cetylpyridinium chloride, propylparaben,
quaternary ammonium compounds such as potassium benzoate, ‘and thimerosal;
sequestering agents comprising cyclodextrins; solvents, e.g., acetone, alcohol, amylene
hydrate, butyl alcohol, corn oil, cottonseed oil, ethyl acetate, glycerin, hexylene giycol,
isopropyl alcohol, isostearyl alcohol, methyl afcohol, methylene chloride, mineral oil, peanut
ail, phosphoric acid, polyethylene glycol, polyoxypropylene 15 stearyl ether, propylene glycol,
propylene glycol diacetate, sesame oil, and -purified water, stabilizers, e.g., calcium
saccharate and thymol; surfactants, e.g., lapyrium chloride; laureth 4, ie., a-dodecyl-o-
hydroxy-poly{oxy-1,2-ethanediyl) or polyethylene glycol monododecyl ether.

According to this invention, the pharmaceutical compasitions may be in the form of a
sterile injectable preparation, for example a sterile injectable aqueous or oleaginous
suspension. This suspension may be formulated according to techniques known in the art
using suitable dispersing or wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's solution and
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally employed
as a solvent or suspending medium. For this purpose, any biand fixed oil may be employed
including synthetic mono- or di-glycerides. Fatty acids, such as oleic acid and its glyceride
derivatives are useful in the preparation of injectables, as do natural pharmaceutically-
acceptable oils, such as olive oil or castor oil, especially in their poiyoxyethylated versions.
These oil solutions or suspensions may also contain a long-chain alcohol diluent or
dispersant, such as Rh, HCIX or similar alcohol.

The pharmaceutical compositions of this invention may be orally administered in any
orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous
suspensions or solutions. In the case of tablets for oral use, carriers which are commonly
used include lactose and corn starch. Lubricating agents, such as magnesium stearate, are
also typically added. For oral administration in a capsule form, useful diluents include lactose
and dried corn starch. When agueous suspensions are required for oral use, the active
ingredient is combined with emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may also be added. Alternatively, the pharmaceutical
compositions of this invention may be administered in the form of suppositories for rectal
administration. These can be prepared by mixing the agent with a suitable non-irritating

excipient which is solid at room temperature but liquid at the rectal temperature and therefore
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will melt in the rectum to release the drug. Such materials include cocoa butter, beeswax and
polyethylene glycols. '

The pharmaceutical compositions of this invention may also be administered topically,
especially when the target of treatment includes areas or organs readily accessible by topical
application, including diseases of the eye, the skin, or the lower intestinal tract. Suitable
topical formulations are readily prepared for each of these areas or organs.

Topical application for the lower intestinal tract can be effected in a rectal suppository
formulation, as described above, or in a suitable enema formulation. Topically active
transdermal patches may also be used.

For topical applications, the pharmaceutical compositions may be formulated in a
suitable ointment containing the active component suspended or dissolved in one or more
carriers. Carriers for topical administration of the compounds of this invention include, but are
not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene giycol,
polyoxyethylene, polyoxypropylene compound, emulsifying wax and water. Altematively, the
pharmaceutical compositions can be formulated in a suitable lotion or cream containing the
active components suspended or dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not limited to, mineral oil, sorbitan monostearate,
polysorbate , cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.

For ophthalmic use, the pharmaceutical compositions may be formulated as
micronized suspension in isotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotonic, pH adjusted sterile saline, either with our without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutical compositions
may be formulated in an ointment such as petrolatum.

The pharmaceutical compositions of this invention may also be administered by nasal
aerosol or inhalation through the use of a nebulizer, a dry powder inhaler or a metered dose
inhaler. Such compositions are prepared according to techniques well-known in the art of
pharmaceutical formulation and may be prepared as solutions in saline, employing benzyl
alcohol or other suitable preservatives, absorption promoters to enhance bioavailability,
hydrofluorocarbons, and/or other conventional solubilizing or dispersing agents.

The amount of active ingredient that may be combined with the carrier materials to
produce a single dosage form will vary depending upon the host treated, and the particular
mode of administration. It should be understood, however, that a specific dosage and
treatment regimen for any particular patient will depend upon a variety of factors, including the
activity of the specific compound employed, the age, body weight, general health, sex, diet,
time of administration, rate of excretion, drug combination, and the judgment of the treating

physician and the severity of the particular disease being treated. The amount of active
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ingredient may also depend upon the therapeutic or prophylactic agent, if any, with which the
ingredient is co-administered.

The dosage and dose rate of the indazole bicisostere replacement compounds of this
invention effective for preventing, inhibiting, suppressing or reducing the proximal and
consequent or associated pathogenic processes subsequently mediated by the various
endogenous ligands, receptors, enzymes, substrates, and regulatory and signal transduction
entities herein described, will depend on a variety of factors, such as the nature of the ligand,
efc., the size of the patient, the goal of the treatment, the nature of the pathology to be treated,
the specific pharmaceutical composition used, and the observations and conclusions of the
treating physician,

For example, where the dosage form is oral, e.g., a tablet or capsule, suitable dosage
levels of the indazole bioisostere replacement compounds of the present invention will be
between about 1.0 pg and about 10.0 mg/kg body weight per day, preferably between about
5.0 ng and about 5.0 mg/kg body weight per day, more preferably between about 10.0 ug and
about 1.0 mgtkg of body weight per day, and most preferably between about 20.0 ug and
about 0.5 mg/kg of body weight per day of the active ingredient.

Where the dosage form is topically administered to the bronchia and lungs, e.g., by
means of a powder inhaler or nebulizer, suitable dosage levels of the indazole bioisostere
replacement compounds of the present invention will be between about 0.1 g and about 1.0
mg/kg body weight per day, preferably between about 0.5 ug and about 0.5 mg/kg body
weight per day, more preferably between about 1.0 ug and about 0.1 mg/kg of body weight
per day, and most preferably between about 2.0 ug and about 0.05 mg/kg of body weight per
day of the active ingredient.

Using representative body weights of 10 kg and 100 kg in order to illustrate the range
of daily topical dosages which might be used as described above, suitable dosage levels of
the indazole bioisostere replacement compounds of the present invention will be between
about 1.0 - 10.0 ug and 10.0 - 100.0 mg per day, preferably between about 5.0 - 50.0 pg and
5.0 - 50.0 mg per day, more preferably between about 10.0 - 100.0 ug and 1.0 - 10.0 mg per
day, and most perferably between about 20.0 - 200.0 ug and about 0.5 - 5.0 mg per day of the
active ingredient comprising an indazole bioisostere replacement compound of the present
invention. These ranges of dosage amounts represent total dosage amounts of the active
ingredient per day for a given patient. The number of times per day that a dose is
administered will depend upon such pharmacological and pharmacokinetic factors as the half-
life of the active ingredient, which reflects its rate of catabolism and clearance, as well as the
minimal and optimal blood plasma or other body fluid levels of said active ingredient attained
in the patient which are required for therapeutic efficacy
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Numerous other factors must also be considered in deciding upon the number of
doses per day and the amount of active ingredient per dose which will be administered. Not
the least important of such other factors is the Individual respsonse of the patient being
treated. Thus, for example, where the active ingredient is used to treat or prevent asthma,
and is administered topically via aerosol inhalation into the lungs, from one to four doses
consisting of acuations of a dispensing device, i.e., “puffs” of an inhaler, will be administered
each day, each dose containing from about 50.0 pg to about 10.0 mg of active ingredient.

For human use, the active indazole bioisostere replacement compounds of the present
invention can be administered alone, but will generally be administered in an admixture with a
pharmaceutical diluent or carrier selected with regard to the intended route of administration and
standard pharmaceutical practice. Such carriers have already been described in detail. In
preferred embodiments, the indazole bioisostere replacement compounds of the present
invention may be administered orally in the form of tablets containing such excipients as starch
or lactose, or in capsules either alone or in admixture with excipients, or in the form of elixirs or
suspensions containing flavoring or coloring agents. They may be injected parenterally; for
example, intravenously, intramuscularly or subcutaneously. For parenteral administration, they
are best used in the form of a sterile aqueous solution which may contain other substance; for
example, enough salts or glucose to make the solution isotonic. Additionally, the active
compounds may be administered topically when treating inflammatory conditions of the skin and
this may be done by way of creams, jellies, gels, pastes, and ointments, in accordance with
standard pharmaceutical practice.

The active indazole bioisostere replacement compounds of the present invention may
also be administered to a mammal other than a human. The dosage to be administered to a
mammal will depend on the animal species and the disease or disorder being treated. The
active compounds may be administered to animals in the form of a capsule, bolus, tablet or
liquid drench. The active compounds may also be administered to animais by injection or as an
implant. Such formulations are prepared in a conventional manner in accordance with standard
veterinary practice. As an alternative the indazole bicisostere replacement compounds of the
present invention may be administered with the animal feedstuff and for this purpose a
concentrated feed additive or premix may be prepared for mixing with the normal animal feed.

Included within the scope of the present invention are embodiments comprising
compositions which contain, in addition to an indazole bioisostere replacement compound of
the present invention as active ingredient, additional therapeutic agent active ingredients
selected from the group consisting essentially of anti-inflammatory corticosteroids;
bronchodilators; antiaasthmatics; non-steroidal anti-inflammatories; immunosuppressants;
immunostimulants; antimetabolites; antipsoriatics and antidiabetics. Specific compounds
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within each of these classes may be selected from those listed under the appropriate
headings in Comprehensive Medicinal Chemistry, Pergamon Press, Oxford, England, pp.
970-986 (1990), and Goodman and Gilman’s The Pharmacological Basis of Therapeutics, 9th
ed., Hardman, J. G. and Limbird, L. E., eds., McGraw-Hill, 1996, the disclosure of which are
incorporated herein by reference in their entireties. Especially preferred active ingredients to
be Included for use in combination with the compounds of Formula (I) are anti-inflammatory
compounds such as theophylline, sulfasalazine and aminosalicylates; immunosuppressants
sucﬁ as cyclosporin, FK-508, and rapamycin; antimetabolites such as cyclophosphamide and
methotrexate; and immunomodulators such as the interferons.

The following Examples further illustrate the invention, but they are not intended to be,
nor should they be taken as in any way a limitation of the present invention. In the following
examples, "DMF" means dimethylformamide, "THF" means tetrahydrofuran, "DMSO" means
dimethy! sulfoxide, and "DMAP" means 4-dimethylaminopyridine.

The foliowing examples illustrate preparation of compounds of the present invention of
type (I}, i.e., bioisostere replacement compounds which are active as adrenergic o -antagonists,
especially those of Formula (6.39.1) and (6.39.2).

' EXAMPLE 1

A 5-Benzyloxy-4-methoxy-2-{1-[4-(morpholinecarbonyl)-1,4-diazepan-1-
yllethylideneamino}benzonitrile

Phosphorous oxychloride (0.81ml, 0.0086mol) was added to a solution of 1-acetyl-4-
(4-morpholinecarbonyl)-1,4-diazepane (4.02g, 0.0157mol) in dichloromethane (25ml) and the
mixture stirred for 30 minutes at room temperature. A solution of 2-amino-5-benzyloxy-4-
methoxybenzonitrile (2g, 0.0078mol) in dichloromethane (25ml) was then added and the
reaction stirred for 18 hours at 40°C. On cooling, the reaction mixture was poured carefully in
to ice/water (100ml) and extracted with dichloromethane (2x100ml). The combined organic
layers were dried (MgSQ,), filtered and evaporated under reduced pressure to give a brown

oil. The crude product was purified on silica gel eluting with a solvent gradient of
methanol:dichloromethane (2:98 to 10:90 viv) to give the subtitle compound. R, 0.67 (0.880
aqueous ammonia:methanol:dichloromethane 1:7:92, viv). MS miz 432 (MH)".

8. 4-Amino-6-benzyloxy-7-methoxy-2-{4-(4-morpholinecarbonyl)-1,4-diazepan-
1-yllquinoline hydrochloride

Potassium fert-butoxide (680mg, 0.0061mol) was added to a solution of 5-benzyloxy-
4-methoxy-2-{1-{4-(morpholinecarbonyl}-1,4-diazepan-1-yljethylideneamino}benzonitrile (1.59,
0.003mol) in 1,2-dimethoxyethane (40ml) and the reaction stirred at 80°C for 2 hours. On
cooling, glacial acetic acid (0.52ml, 0.0091mol) was added and the mixture concentrated
under reduced pressure. The residue was partitioned between ethyl acetate (50ml) and 2N
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aqueous sodium hydroxide solution (50ml) and the aqueous layer further extracted with ethyl
acetate (100ml). The combined organic extracts were dried (MgSO,), filtered and evaporated
under reduced pressure to give a red-brown oil. The crude product was purified on silica gel
eluting with a solvent gradient of methanol:dichloromethane: 0.880 aqueous ammonia (2:98:0
to 12:84:2 viv) followed by crystallisation from ethereal hydrogen chloride, to give the title
compound as a sofid (600mg, 37%). Ry 0.22 (0.880 aqueous ammonia: methanol:
dichloromethane 1:7:92, viv). MS m/z 492 (MH)". "H-NMR (CDCl;): d = 2.02 (2H, q), 3.10 (4H,
m), 3.30 (2H, m), 3.54 (2H, m), 3.58 (4H, m), 3.64 (2H, 1), 3.95 (5H, m), 4.18 (2H, s), 5.18 (2H,
s), 5.94 (1H, s), 6.90 (1H, s), 7.02 (1H, s), 7.40 (5H, m). Found: C, 56.71; H, 6.65; N, 11.87;
Co7H2aNsO, HCl H,0 0.4CH,C!; requires C, 56.74; H, 6.40; N, 12.07%.
EXAMPLE 2

Contractile responses of rabbit aorta

Rabbit aorta tissue was cut into rings and suspended in organ baths under a resting
tension of 1.5 g in Krebs Ringer bicarbonate of the following composition {(mM): NaCl {(119),
KCI (4.7), CaCl, (2.5), KH,PO, (1.2), MgSO, (1.2), NaHCOQ; (25}, glucose (11), and gassed
with 95% 0,/5% CO,. The solution also contained 1mM propanol, 0.5mM idazoxan 10 mM
cocaine and 10 mM corticosterone. Tissues were exposed to two sensitising doses of
methoxamine (100 mM) and washed over a 1 hour period. Isometric contractions were
obtained in response to cumufative additions of methoxamine to obtain control curves in all
tissues. A further curve was then generated in the presence or absence of antagonist
(incubated for 1 hour). Antagonist affinity estimates (pK,) were determined using a single
concentration of compsting antagonist, pK, = -log [AJ{DR-1) where the dose ratio (DR),
relative to corresponding controls, was produced by a single concentration of antagonist [A)],
assuming competitive antagonism.

The following examples illustrate preparation of compounds of the present invention of
type (lll), ie., bioisostere replacement compounds which are active as calcium channel
antagonists, especially those of Formula (7.1.1), (7.2.1), and (7.4.1).

EXAMPLE 3
1-(1-Methyl-3-ethyl-indazole)-1-cyano-1-iso-propyl-N-[ethyl-(3 4-dimethyl)-N-
methyibutylamine
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CH,
OCH,
N\/ < /\/@
N N OCH,
H,C CH,
H3C CH3
A. 1-Methy!l-3-ethyl-6-bromoindazole
0 CH3
CH, N N
+ HIII—NH2 xylene 5 N/
r
- \
Br 0S(=0),CH,  CHs i oac CH,

In a first preparation, 1-(1-methylsulfonyl-3-bromo)phenyl-propan-1-one (23.2g,
76mmol) was combined with methylhydrazine (8.1ml, 152mmol) and ammonium acetate
(14.6g, 180mmol) in 120mt of xylene and the reaction mixture was immediately heated to
140°C, removing water with a Dean Stark apparatus. In a second preparation, 1-(1-
methylsulfonyl-3-bromo)phenyl-propan-1-one  (21g, 68mmol) was combined with
methylhydrazine (7.2ml, 136mmol) and ammonium acetate {13.1g, 170mmol) in 110ml of
xylene and the reaction mixture was treated in the same manner as the first preparation. Both
resulting reaction mixtures were combined for work-up and the solvent was removed with a
roto-evaporatar untit an oil resulted. The reaction mixture was then worked up with 1N
hydrochloric acid and extracted with methylenechloride, then dried over sodium sulfate, and
again concentrated on a roto-evaporator. The reaction mixture was purified on a silica column
to obtain 35g of pure product, the NMR spectra of which was consistent with the above-
assigned structure.

B. 1-Methyl-3-ethyl-6-methanal-indazole
CH, CH,
\/N n-gt:\;.ll:ﬁ HF O\\ \/N
Br N C N
CH, . CH,

in a first preparation, 1-methyi-3-ethyl-6-bromo-indazole (14g, 59mmol) prepared in
Step A. was dissolved in 120 mi of dry diethyl ether which was prepared by freshly distilling
from Na/benzophencne. The reaction mixture was cooled to -78°C under nitrogen and then
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2.5M n-butyl-lithium (26 ml, 65mmol) in hexane was added dropwise while maintaining the
temperature of the reaction mixture. The reaction mixture was stirred for 1 hour at -78°C after
which dimethylfuran (DMF, 7 ml, 8% mmol) was added and the reaction mixture was stirred
again for 1 hour at -78°C. The reaction mixture was then left overnight and allowed to warm
to room temperature. In a second preparation, 1-methyl-3-ethyl-6-bromoindazole (11g,
46mmol) was dissolved in 100 ml of dry diethyl ether and 2.5M n-butyl-lithium (21 mi,
56mmol) in hexane and DMF (5.3ml, 69mmol) were added, with the reaction mixture being
treated in the same manner as the above-described first preparation. Both resulting reaction
mixtures were combined and then worked up with 1IN hydrochloric acid and extracted with
ethyl acetate, then dried over sodium sulfate. The reaction mixiure was thereafter
concentrated on a roto-gvaporator, and then was purified by silica ge! column chromatography
eluted with 1:3 ethyl acetate/petroleum ether, to obtain 11g of pure product, the NMR spectra
of which was consistent with the above-assigned structure.

C. 1-Methyl-3-ethyl-6-bromomethyl-indazole

CH, CH, CH,
o N\ “W  PBr N
\\ { HO\ N/ /
c I\{ ™ c \ H,C l\{
CH, H, CH, ll3r CH,

To a solution of 1-methyl-3-sthyl-6-methanal-indazole (10g, 53mmol) prepared as
above-described in Step B., in 80 ml of tetrahydrofuran (THF) was added dropwise lithium
aluminum hydride (LAH, 50mi, 50mmol), while the temperature of the reaction mixture was
allowed to slowly rise to reflux. The reaction mixture was stirred at reflux for 1 hour and thin-
layer chromatography (TLC) was used to determine completion of the reaction. The reaction
mixture was then worked up by adding ethyl acetate dropwise thereto followed by concentration
on a roto-evaporator. The resulting residue was partitioned between aqueous sodium sulfate
and ethyl acetate. The organic phase was separated, dried over sodium sulfat, filtered,
concentrated and then dried under vacuum to yield 6g of the corresponding alcohol.
Phosphorus tribromide (PBrs, 8.5ml, 90mmol) was added to the alcohol and the reaction mixture
was heated to 75°C and stirred at that temperature for 15 minutes. The reaction mixture turned
to an orange color, indicating completion of the reaction, which was confirmed by thin-layer
chromatography (TLC). The reaction mixture was then cooled to room temperature, further
chilled with ice and then water, and made basic (pH of about 8) with solid sodium hydrogen
carbonate. The reaction mixture was extracted with ethyl acetate, dried over sodium sulfate,
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5§ filtered, and then concentrated to yield an oil (6g) having the above-assigned structure as
confirmed by thin-layer chromatography (TLC). The product was used directly in the next step
withaut further separation.

D. 1-Methyl-3-ethyl-6-cyanomethyl-indazole

CH3 CH3
\)
N L Naon M W
N—C 4
HC N - N
CH, CH3
Br
10 1-Methyl-3-ethyl-6-bromomethyl-indazole (6g, 24mmol) prepared as above-described in

Step C. was combined with sodium cyanate (2.7g, S4mmol) in 50ml of dimethylformamide
(DMF) and the reaction mixture was stirred at room temperature for 2 hours, at which time the
reaction was complete, as indicated by thin-layer chromatography (TLC). The reaction mixture
was diluted with water, extracted with ethyl acetate, dried overv sodium sulfate, and then filtered.

15  The product was isolated by chromatography on a silica gel column eluted with a 1:2 mixture of
ethy| acetate/hexane, to yield 4.5g of pure product, the NMR spectra of which was consistent
with the above-assigned structure,

E 1-1-Methyl-3-ethyl-indazole]-1-cyano-2-methyl-propane

CH,
CH,
N
m b N
N=C / ' DMF
N CH, \CH3
. CH,

N=—C
HC™ "CH,

20 A solution of 1-methyl-3-ethyl-6-cyanomethyi-indazole (3g, 15mmol) prepared as above-
described in Step D. in 5 ml of dimethylformamide (DMF) was added to a suspension of sodium
hydride (NaH/60% mineral cil, 0.6g, 15mmol) in 15ml of dry dimethylformamide (DMF) at room
temperature and the reaction mixture was stirred for 5 hours. /so-propylbromide (1.6mi,
16.5mmol) was then added to the reaction mixture, which was stirred at room temperature

25 overnight. The reaction mixture was then worked up with 1N HC|, and extracted with ethyl
acetate, dried over magnesium sulfate, and then concentrated on a roto-evaporator. The
product was isolated by chromatography on a silica gel column eluting with a 1:2 mixture of ethyl
acetate/hexanse, to yield 3.6g of a viscous oil, the NMR spectra of which was consistent with the
above-assigned structure.
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F. 1-{1-Methyl-3-ethyl-indazolel-1-cyano-1-iso-propyl-N-methylbutylamine
~CH,

N LDA/THF
+ CI/\/\NJLH

N
N=c N '
\
CH, CH,
H,C” “CH,

O CN
/”\ N

H,C
NaOH/H,0
/ 2
N, OGN MeOH

: H,C” ~CH,

I
o—Z
o

To a solution of 1-[1-methyl-3-ethyl-indazole]-1-cyano-2-methyl-propane (3.6g,
15mmol) prepared as above-described in Step E., in 40ml of dry tetrahydrofuran (THF) there
was added dropwise lithium di-iso-propyl amide (LDA, 2.0M, 9ml, 18mmol) dissolved in 10ml
of THF, while the temperature of the reaction mixture was held at 0°C. The reaction mixture
was stirred for 2 hours at 0°C, after which the aldehyde (2.8g, 21mmol) was added while
maintaining the temperature of the reaction mixture at 0°C. The reaction mixture was stirred
overnight at room temperature, after which the reaction was determined to be complete by
thin-layer chromatography (TLC) sampling. The reaction mixture was worked up by
quenching with saturated agueous ammonium chloride, and then extracted with ethyl acetate.
The organic layer was separated, dried over sodium sulfate, and then filtered. After being
concentrated on a roto-evaporator, the product was isolated by silica gel column
chromatography eluting with a 1:2 mixture of ethyl acetate/hexane, to vield 1.5g of a viscous
oil product, the NMR spectra of which was consistent with the above-assigned structure. A
solution of the protected amine was made up by placing 1.3g (3.8mmol) of the amine in 38m
of methanol and then adding thereto a solution of 1.52g (38mmoal) of sodium hydroxide in 8ml
of water. The reaction mixture was stirred at reflux for 10 hours, after which the reaction was
determined to be complete by thin-layer chromatography (TLC) eluting with a 1.5 mixture of

methanol/ethyl acetate. The methanol was removed on a roto-evaporator and the residue
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5 was extracted with dichloromethane, dried over sodium sulfate, filtered, concentrated, and
then vacuum dried to yield the product having the above-assigned structure.
G. 3,4-Dimethoxyphenethylbromide

OCH
OCH, 3
/\/@ e T
HO Br OCH,

OCH,

3,4-Dimethoxyphenethyl alcohol (2.7g, 15mmol) was mixed together with phosphorus
10 tribromide (PBr;, 4ml) and the reaction mixture was stirred at 70°C to 80°C for 15 minutes and
then cooled, after which it was treated with saturated sodium carbonate. The reaction mixture
was then extracted with ethyl acetate, dried over sodium sulfate, and then filtered. The
product was isolated by silica gel column chromatography eluting with a 1:4 mixture of ethyl
acetate/hexane, to yield 2.0g of an oil, the NMR spectra of which was consistent with the
15  above-assigned structure.
H. 1-(1-Methyl-3-ethyl-indazole)-1-cyano-1-iso-propy -N-fethyl-(3,4-dimethoxyphenyl)-N-
methyl butylamine

H,C
OCH,
N CN
) N + Br OCH,
H,C
H,C” CH,
K,CO,
MeCN/Nal
H,C

OCH,

OCH,

H,C~ T“CH,
The 1-[1-Methyl-3-ethyl-indazole]-1-cyana-1-iso-propyl-N-methylbutylamine (930mg,
20 3mmol) and 3,4-Dimethoxyphenethylbromide (810mg, 3.3mmol) prepared in above-described

Steps F. and G., respectively, were combined and stirred at room temperature for 24 hours,
after which the reaction mixture was reftuxed for 2 hours. The product was worked up and
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5 purified by silica gel column chromatography eluting with ethyl acetate to yield 1.0g of an oil,
the NMR spectra of which was consistent with the above-assigned structure.

EXAMPLE 4
1,N-[Bis-{(1-methyl-3-ethyl-indazole]-1-cyano-1-jso-propyl-N-methylbutylamine
- HyC CH,
N7 CN Y
Ve
N N N\
I
H.C CH
3 H,C” CH, 3 CH,
10 A | 1-Methyl-3-ethyl-6-hydroxyethyl-indazole
CH, CH,
n-Buti/ether
— \
N O N
Br ‘\{ A HO '\{
CH, CH,

To a solution of 1-methyl-3-ethyl-6-bromo-indazole (8.35g, 34.9mmol} in 350m! of
diethylether was added dropwise n-butyl-lithium (17.4ml, 43.6mmol) at -78°C under nitrogen.
The reaction mixture was stirred at -78°C for 1 hour and then allowed to warm to 0°C to
15  -20°C, after which it was recooled to -78°C after which ethylene oxide (9g) was added. The
reaction mixture was stired at -78°C for 1 hour and then allowed to warm to room
temperature and stirred at room temperature overnight. The reaction mixture was quenched
with water and extracted with ethyl acetate, dried over sodium sulfate, and then filtered. The
product was isolated by silica gel column chromatography eluting with a 6:4 mixture of etheyl
20 acetate/petroleum ether to obtain 5.3g of an oil, the NMR spectra of which was consistent with
the above-assigned structure.
B. 1-Methyl-3-ethyl-6-bromoethyl-indazole

CH, CH,
\/N + PBry — \/N
HO N _ Br N
CH, CH,

1-Methyl-3-ethyl-6-hydroxyethyl-indazole (4g, 20mmol) was mixed together with

25  phosphorus tribromide {5.3ml, 56mmol) and the reaction mixture was then stirred at 70°C to
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80°C for 15 minutes, after which it was cooled and treated with saturated sodium carbonate.
The reaction mixture was extracted with ethyl acetate three times using 100ml aliquot portions,
and the organic layers were then combined, washed with brine, dried over sodium sulfate,
filtered, and concentrated on a rolc-evaporator. The product yield was 4.5g of an oil, the NMR
spectra of which was consistent with the above-assigned structure.

C. 1-[3,4-Dimethoxyphenyl]-1-cyano-2-methylpropane

OCH,
OCH,

Z

CH,  NaH/oil lél
+ — ~OCH,

OCH, H,C~ “Br DOWF

O=

H,C” “CH,

To a solution of 3,4-dimethoxybenzonitrile (35g, 198mmol) in 100ml of
dimethylformamide (DMF) was added a sodium hydride suspension in 60% mineral oil (10ml,
250mmol) and the reaction mixture was stired for 5 hours at room temperature. /so-
propylbromide (21ml, 227mmol) was then added dropwise to the reaction mixture with sfirring
and the reaction mixture was then allowed to stand ovemnight at room temperature. The reaction
mixture was then hydrolyzed with 5% hydrochloric acid and extracted with three times with
150mi aliquots of ethyl acetate. The organic layers were combined, washed with brine, dried
over sodium sulfate, filtered, and concentrated on a roto-evaporator. The product was obtained
in 38.2g yield as an oil, the NMR spectra of which was consistent with the above-assigned
structure.
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) D. 1-[3,4-Dimethoxyphenyl]-1-cyano-1-iso-propyl-N-methylbutylamine
OCH 0
N 3 I}
¢ oo T Cl/\/\']l n o DATH
3 CH,
H,C”~ ~CH,
N
H N OCH,
H3C
H,C~ “CH,
NaOH/H,0
N MeOH
1y OCH, e
C
HN OCH,
H,C
Hsc CH3

To a solution of 1-[3,4-Dimethoxyphenyi]-1-cyanc-2-methylpropane (4.38g, 20mmol) in
150mi of dry tetrahydrofuran (THF) there was added dropwise lithium di-iso-propyt amide (LDA,
2.0M, 11mi, 22mmol) while the temperature of the reaction mixture was held at 0°C. The

10 reaction mixture was stirred for 2 hours at 0°C, after which the chloride (3.27g, 20mmol) was
added while maintaining the temperature of the reaction mixture at 0°C. The reaction mixture
was stired overnight at room temperature, after which the reaction was complete, as indicated
by thindayer chromatography (TLC) sampling. The reaction mixture was worked up by
quenching with saturated aqueous ammonium chloride and extracting with ethyl acetate. The

15 organic layer was separated and dried over sodium sulfate, then fiitered. After being
concentrated on a roto-evaporator, the product was isolated by silica gel column
chromatography eluting with a 1:2 mixture of ethyl acetate/hexane to give 2.99 of product as a
viscous oil, the NMR spectra of which was consistent with the above-assigned structure. In
the next step, a solution of the protected amine was prepared by adding it to 50ml of methanol

20  and thereafter adding a solution of 5.5g (130mmol) of sodium hydroxide in 25ml of water. The
reaction mixture was stirred at reflux for 10 hours, whereupon it was found to be complete by
thin-layer chromatography (TLC) sampling, eluting with a 1:5 mixture of methanol/ethyl
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5 acetate. The methanol was then removed on a roto-evaporator and the residue was extracted
four times with 40mi aliquots of dichloromethane. The organic layers were combined, washed
with brine, washed with water, dried over sodium sulfate, filtered, and concentrated to yield
2.6g of product as an oil, the NMR spectra of which was consistent with the above-assigned
structure.

10
E. 1-[@,A-Dimethoxyphenyl)-1—cyano-1 -iso-propyll-N-{ethyl(1-methyl-3-ethyl-
indazole)]-N-methyl-butylamine

H,C
’ OCH, Ny
c
N7 +
N Br OCH; “\
/
CH
"¢ HC” Y CH, 3 \KCOs
MeCN
CH,
OCH, N
c AN
/
OCH N N
3 \ \
CH, CH,
H,C” CH,

In a first preparation, 1-methyl-3-ethyl-6-bromoethyl-indazole (1g, 3.9mmol) prepared in

15  accardance with above-described Step B. was combined with 1-[3,4-dimethoxyphenyl]-1-cyano-
1-iso-propyl-N-methylbutylamine (1g, 3.8mmol) prepared in accordance with above-described

Step D., potassium carbonate (1.6g, 11.6mmol), and acetonitrile (25ml}, and the reaction mixture

was stired at room temperature for 24 hours and then refluxed for 2 hours. In a second
preparation, 1-methyl-3-ethyl-6-bromoethyl-indazole (0.6g) was combined with 1-[3,4-

20 dimethoxyphenyl}-1-cyano-1-iso-propyl-N-methylbutylamine  (0.6g), potassium carbonate
(0.96g), and acetonitrile (25ml), and the reaction mixture was treated in the same manner as
described above for the first preparation. The products from each preparation were worked up
individually and purified by silica gel column chromatography, eluting with ethyl acetate, to yield
900mg of product for the first preparation and 500mg of product for the second preparation, both

SUBSTITUTE SHEET (RULE 26)



WO 9923077 PCT/IB98/01710

-168-

5 of which were an oil, the NMR spectra of which was consistent with the above-assigned

structure.
F. 1,N-[bis-(1-methyi-3-ethyl-indazole)]-1-cyano-1-isc-propyl-N-methyl-butylamine
CH,
H,C
N
W
NG + N7 C
\ \N
N Br / \
H,C H,C CH,
H,C CH,
K,CO;4
MeCN
C
H3 CH,
N
N\
N7 o AW
N /
N N \
H,C bH CH,
H,C~ “CH, 3

in a first preparation, 1-methyl-3-ethyl-6-bromoethyl-indazole (0.83g, 3.1mmol)
10  prepared in accordance with above-described Step B.; 1-[1-methyl-3-ethyl-indazole}-1-cyano-
1-iso-propyl-N-methyl-butylamine (0.88g, 2.8mmol) prepared in accordance with above-
described Example 3, Step F; potassium carbonate {1.2g, 8.4mmol), and acetonitrile (25ml)
were combined and the reaction mixture was stirred at room temperature for 24 hours, then
refluxed for 2 hours. The product was worked up and purified by silica gel column
15  chromatography, eluting with ethyl acetate, to yield 700mg of product as an oil, the NMR spectra
of which was consistent with the above-assigned structure.
EXAMPLE §
A 3-Nitro-4-propyl-benzoic acid
9.44 g (57.5 mmol, 1.0 equiv.) of 4-propylbenzoic acid were partially dissolved in 50 mL
20 conc. H,S0, and chilled in an ice bath. A solution of 4.7 mL (74.7 mmol, 1.3 equiv) conc. HNO4
in 10 mL conc. H,SO, was added dropwise over 1-2 min. After stiring 1 hour at 0°C, the
reaction mixture was poured into a 1 L beaker half full with ice. After stiring 10 minutes, the
white solid which formed was filtered, washed 1 x H,0, and dried to give 12.01 g (100%) of the
title compound: mp 108-109°C; IR (KBr) 3200-3400, 2966, 2875, 2667, 2554, 1708, 1618, 1537,
25 1299, 921 cm™; 'H NMR (300 MHz, DMSO-dg) d 0.90 (t, 3H, J=7.4 Hz), 1.59 (m, 2H), 2.82 (m,
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2H), 7.63 (d, 1H, J=8.0 Hz), 8.12 (dd, 1H, J=1.7, 8.0 Hz), 8.33 (d, 1H, J=1.7 Hz); ®C NMR (75.5
MHz, DMSO-dg) d 14.2, 23.7, 34.2, 125.4, 130.5, 132.9, 133.6, 141.4, 149.5, 165.9; Anal. calcd
for C4oH4NO,174H,0: C, §6.20; H, 5.42; N, 6.55. Found: C, 56.12: H, 5.31: N, 6.81.

B. 3-Amino-4-propyl-benzoic acid

A mixture of 11.96 g (57.2 mmol) 3-nitro-4-propyl-benzoic acid and 1.5 g 10% Pd/C,
50% water wet, in 250 mL CH,OH was placed on a Parr hydrogenation apparatus and shaken
under 25 psi H, at ambient temperature. After 1 hour, the reaction mixture was filtered through
celite, and the filtrate concentrated and dried to give 9.80 g (96%) of a pale yellow crystalline
solid: mp 139.5-142.5°C; IR (Kbr) 3200-2400, 3369, 3298, 2969, 2874, 2588, 1690, 1426, 916,
864 cm™; 'H NMR (300 Mhz, DMSO-ds) d 0.90 (t, 3H, J=7.2 Hz), 1.52 (m, 2H), 2.42 (m, 2H),
5.08 (br s, 2H), 6.96 (d, 1H, J=7.8 Hz), 7.05 (dd, 1H, J=1.7, 7.8 Hz), 7.20 (d, 1H, J=1.7 Hz); MS
(Cl, NH3) m/z 180 {(M+H", base); Anal. calcd for C,oH,3NO,*1/3H,0: C, 64:85; N, 7.89; N, 7.56.
Found: C,64.69; H, 7.49; N, 7.86.

C. 3-Carboxy-6-propyl-benzenediazo t-butyl sulfide

A mixture of 8.80 g (49.1 mmol, 1.0 equiv) 3-amino-4-propyl-benzoic acid and 2.34 g
(22.1 mmol, 0.45 equiv) sodium carbonate in 55 mL H,0 was heated gently with a heat gun until
mostly dissolved. The reaction mixture was chilled in an ice bath, and a solution of 3.73 g (54.0
mmol, 1.0 equiv.) sodium nitrite in 27 mL H,0 was added dropwise. After 156 min., the reaction
mixture was transferred to a dropping funnel and added over 10 minutes to a beaker containing
55 g of crushed ice and 10.6 mL concentrated HCI. After stirring 10 min., the contents of the
beaker were transferred to a dropping funnel and added over 5 minutes to a room temperature
solution of 5.31 mL (47.1 mmol, 0.96 equiv) t-butyl thiol in 130 mL ethanol. The pH was adjusted
to 4-5 by addition of saturated aqueous Na,CQ, solution, and the reaction mixture was aliowed
to stir 1 hour at ambient temperature. 200 mL brine were added, and the mixture was filtered.
The solid was washed 1 x H,O and dried avernight to give 12.25 g (89%) of a brown/rust colored
powder (caution - stench): mp 102°C (dec); IR (KBr) 3200-2400, 2962, 2872. 2550, 1678, 1484,
1428, 1298, 1171 cm™; 'H NMR (300 MHz, DMSO-dg) d 0.84 (t, 3H, J=7.3 Hz), 1.48 (m, 2H),
1.55 (s, SH), 2.42 (m, 2H), 7.29 (d, 1H, J=1.6 Hz), 7.50 (d, 1H, J=8.0 Hz), 7.86 (dd, 1H, J=1.7,
7.9 Hz), 13.18 (br s, 1H); MS (thermospray, NH,0Ac) m/z 281 (M+H+, base); Anal. calcd for
CisHN0,S: C, 69.96; H, 7.19; N, 9.99. Found: C,59.71; H, 7.32; N, 10.02.

D. 3-Ethyl-1H-indazole-6-carboxylic acid

A solution of 12.0 g (42.8 mmol, 1.0 equiv) 3-carboxy-6-propyl-benzenediazo t-butyi
sulfide in 150 mL DMSQ was added dropwise over 15 min. to a room temperature solution of
44.6 g (398 mmol, 9.3 equiv) potassium t-butoxide in 200 mL DMSO. After stirring 2 hours at
ambient temperature, the reaction mixture was poured into 1.5 L of 0°C 1N HCI, stirred 5 min.,
then extracted 2 x 350 mL ethyl acetate. The ethyl acetate extracts (caution - stench) were
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combined, washed 2 x 250 mL H,0, and drled over MgSO,. Filtration, concentration of filtrate
and drying gave a tan solid, which was triturated with 1 L of 1:3 Et,O/Hexanes and dried to give
7.08 g (87%) of a tan crystalline powder: mp 248-251°C; IR (KBr) 3301, 3300-2400, 2973, 2504,
1702, 1485, 1401, 1219 em™; 'H NMR (300 MHz, DMSO-dg) d 1.31 (t, 3H, J=7.6 Hz), 2.94 (q,
2H, J=7.6 Hz), 7.63 (dd, 1H, J=1.1, 8.4 Hz), 7.81 (d, 1H, J=8.4 Hz), 8.06 (d, 1H, J=1.1 Hz) 12.95
(br s, 1H); MS (Cl, NH;) m/z 191 (M+H+, base); Anal. caled for C,qH,gN,0,: C, 63.14; H, 5.30;
N, 14.73. Found: C, 62.66; H, 5.42; N, 14.80.

E. 3-Ethyl-1H-indazole-6-carboxylic acid methyl ester

878 g (458 mmel, 1.1 equiv) 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride were added in one portion to a room temperature solution of 7.92 g (41.6 mmol,

1.0 equiv) 3-ethyl-1H-indazole-6-carboxylic acid, 16.9 mL (416 mmol, 10 equiv) methanol and
5.59 g (45.8 mmol, 1.1 equiv) DMAP in 260 mL CH,Cl,. After 18 hours at room temperature, the
reaction mixture was concentrated to 150 mL, diluted with 500 mL ethyl acetate, washed 2 x 100
mL 1N HCI, 1 x 100 mL H,0, 1 x 100 mL brine, and dried over Na,S0Q,. Filtration, concentration
of filttrate and drying gave 7.8 g of a brown solid, which was purified on a silica gel column (30%
to 50% ethyl acetate/hexanes gradient) to give 6.41 g (75%) of a tan solid: mp 107-108°C; IR
(KBr) 31002950, 1723, 1222 cm™; 'H NMR (300 MHz, CDCls) d 8.19 (m, 1H), 7.7-7.8 (m, 2H),
3.96 (s, 3H), 3.05 (g, 2H, J=7.7 Hz), 1.43 (t, 3H, 7.7 Hz); MS (Cl, NH,) m/z 205 (M+H", base);
Anal. caled for Ci4H1aN,O5: C, 64.70; H, 5.92; N, 13.72. Found: C, 64.88; H, 6.01; N, 13.96.

F. 1-Cyclopenty)-3-ethyl-1H-indazole-6-carboxylic acid methyl ester

1.17 g (29.4 mmol, 1.05 equiv) sodium hydride, 60% oil dispersion, was added in one
portion to a room temperature solution of 5.7 g (27.9 mmol, 1.0 equiv) 3-ethyl-1H-indazole-6-
carboxylic acid methyl ester in 125 mL anhydrous DMF. After 20 minutes, 3.89 mL (36.6 mmol,
1.3 equiv) cyclopentyl bromide were added dropwise, and the reaction was mixture allowed to
stir overnight at room temperature. The mixture was then poured into 1 L H,0 and extracted 3 x
450 mL ethyl! acetate. The organic exiracts were combined, washed 3 x 400 mL H,0, 1 x 200

ml brine, and dried over Na,SO,. Filtration, concentration of filtrate and drying gave an amber -

oil, which was purified on a silica gel column (10% ethyl acetatefhexanes, gravity) to give 5.48 g
(72%) of a clear oi: "H NMR (300 MHz, CDCl,) d 8.16 (d, 1H, J=1.0 Hz), 7.7 (m, 2H), 5.00
(quintet, 1H, J=7.5 Hz), 3.97 (s, 3H), 3.01 (q, 2H, J=7.6 Hz), 2.2 (m, 4H), 2.0 (m, 2H), 1.8 (m,
2H), 1.39 {t, 3H, J=7.6 Hz); HRMS calcd for C,gH,sN,0,; 272.1526. Found: 272.15078.

G. {1-Cyclopentyl-3-ethyl-1H-indazol-6-y|)-methanot

7 mL (7.0 mmol, 1.0 equiv) lithium aluminum hydride, 1.0 M solution in THF, were added
to a 0°C solution of 1.02 g (7.05 mmal, 1.0 equiv) 1-cyclopentyl-3-ethyl-1H-indazole-6-carboxylic
acid methyl ester in 50 mL anhydrous THF. After 20 minutes, 1 mL methanol was added
cautiously, then the reaction mixture was poured into 500 mL of 5% H,SO, and extracted 3 x 50
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mlL ethyl acetate. The organic extracts were combined, washed 2 x 40 mL H;0, 1 x 40 mL
brine, and dried over Na,SO,. Filtration, concentration of filtrate, and drying gave 1.58 g of a
clear oil, which was purified on a silica gel column to give 1.53 g (89%) clear oil. IR (CHCI,)
36086, 3411, 3009, 2972, 2875, 1621, 1490 cm™: *H NMR (300 Mhz, CDCl,) d 7.65 (d, 1H, J=8.0
Hz), 7.42 (s, 1H), 7.06 (dd, 1H, J=1.0, 8.2 Hz), 4.92 (quintet, 1H, J=7.7 Hz), 4.84 (s, 2H), 2.88 (g,
2H, J=7.6 Hz), 2.2 (m, 4H), 2.0 {m, 2H), 1.7 (m, 3H), 1.38 (t, 3H, J=7.6 Hz); MS (thermospray,
NH,OAc) miz 245 (M+H", base); HRMS calcd for CigHyN,0 + H: 245.1654. Found: 245.1675.

H. 1-Cyclopentyl-3-ethyl-1H-indazole-6-carbaldehyde

06 mg (0.301 mmol, 0.05 equiv) tetrapropytammonium perruthenate (VII) were added to
a room temperature suspension of 1.47 g (6.02 mmol, 1.0 equiv) (1-cyclopentyl-3-ethyl-1H-
indazol-6-yl)-methanol, 1.06 g (8.03 mmol, 1.5 equiv) N-methylmorpholine N-oxide and 3.01 g
4A molecular sieves in 12 mL anhydrous CH,Cl,. After 30 minutes, the reaction mixture was
filtered through a short column of silica gel (eluted with CH,Cl;). Fractions containing product
were concentrated, and the residue chromatographed onh a silica gel column (15% ethyl
acetate/hexanes, flash) to give 924 mg (63%) of a pale yellow solid: mp 41°C; IR (KBr) 3053,
2066, 2872, 2819, 1695 cm™"; 'H NMR (300 MHz, CDCl,) d 10.13 (s, 1H), 7.93 (d, 1H, J=0.9 Hz),
7.77 (d, 1H, J=8.4 Hz), 7.60 (dd, 1H, J=1.2, 8.4 Hz), 5.00 (quintet, 1H, J=7.5 Hz), 3.01 (g, 2H,
J=7.6 Hz), 2.2 (m, 4H), 2.0 (m, 2H), 1.7 (m, 2H), 1.39 (t, 3H, J=7.5 Hz); MS (CI, NH;) m/z 243
(M+H’, base); Anal. caled for C,sHisN,O: C, 74.35; H, 7.49; N, 11.56. Found: C, 74.17; H, 7.58;
N, 11.79.

EXAMPLE 6
A 4-Bromo-2-nitro-1-propyl-benzene

125 g (626 mmol, 1.0 equiv) 1-bromo-4-propyl-benzene were added in one portion to a
10°C solution of 600 mL concentrated H,SO, and 200 mL H,O. With vigorous mechanical
stirring, a room temperature mixture of 43.2 mL (691 mmol, 1.1 equiv) conc. HNO, (69-71%,
16M) in 150 mL conc. H,S0, and 50 mL H,O was added dropwise over 30 minutes. The ice
bath was allowed to warm to room temperature, and the reaction stirred at room temperature for
68 hours. The reaction mixture was poured into a 4 L beaker, loosely packed full with crushed
ice. After stirring 1 hour, the mixture was transferred to a 4 L separatory funnel and exiracted 4 x
800 mL. isopropyl ether. The organic extracts were combined, washed 3 x 800 mL H;0, 1 x 500
mL brine, and dried over Na,SO,. Filtration, concentration of filtrate and drying gave 150 mL of
a yellow liquid, which was purified by silica gel chromatography (2 columns, 3 kg silica gel each,
2% ethyl acetate/hexanes) to afford 63.9 g (42%) of a yellow liquid. The desired regicisomer is
the less polar of the two, which are formed in a 1:1 ratio. bp 108°C, 2.0 mm; IR (CHCI;) 3031,
2966, 2935, 2875, 1531, 1352 cm™; 'H NMR (300 MHZ, CDCl,) d 8.01 (d, 1H, J=2.1 Hz), 7.62
(dd, 1H, J=2.1, 8.3 Hz), 7.23 (d, 1H, J=8.3 Hz), 2.81 (m, 2H), 1.67 (m, 2H), 0.98 (t, 3H, J=74
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Hz), ®C NMR (75.5 MHz, CDCly) d 13.94, 23.74, 34.43, 119.6, 127.4, 133.3, 135.7, 136.4,
149.8; GCMS (El) nvz 245/243 (M*.), 147 (base); HRMS calcd for CgH1oNO,BR+H; 243.9973.
Found: 243.9954. '

B. 5-Bromo-2-propyl-phenylamine

121 g (639 mmol, 3.0 equiv) of stannous chioride {(anhydrous) were added in cne
portion to a room temperature solution of 51.9 g (213 mmol, 1.0 equiv) 4-bromo-2-nitro-1-propyl-
benzene in 1200 mL absolute ethanol and 12 mL (6 equiv) H,O. After 24 hours at room
temperature, most of the ethanol was removed on a rotary evaporator. The residue was poured
into a 4 L beaker, three-guarters full with crushed ice and H,0. 150 g of NaOH pellets were
added portionwise, with stirring, until the pH = 10 and most of the tin hydroxide has dissolved.
The mixture was divided in half, and each haif extracted 2 x 750 mL ethyl acetate. All four ethyl
acetate extracts were combined, washed 1 x 500 mL each 1N NaOH, H,0, and brine, then dried
over Na,SO,. Filtration, concentration of filtrate and drying gave a yeliow liquid, which was
purified on a 1.2 kg silica gel column (1:12 ethyl acetate/hexanes) to give 41.83 g (92%) of a
pale yeliow liquid: IR (CHCl,) 3490, 3404, 3008, 2962, 2933, 2873, 1620, 1491 cm™; "H NMR
(300 MHz, CDCl;) d 6.8-6.9 (m, 3H), 3.90 br s, 2H), 2.42 (m, 2HO, 1.62 (m, 2H), 0.99 (t, 3H,
J=7.3 Hz); GCMS (El) m/z 215/213 (M".), 186/184 (base); Anal. calcd for CgHi,NBr: C, 50.49;
H, 5.65; N, 6.54. Found: C, 50.77; H, 5.70; N, 6.50.

C. 6-Bromo-3-ethyl-1H-indazole

49.22 g (230 mmol, 1.0 equiv) 5-bromo-2-propyl-phenylamine were placed in a 3 L flask
and chilled in an ice bath. A 0°C solution of 57.5 mL (690 mmol, 3.0 equiv) conc. HCI in 165 mL
H,O was added, and the resulting solid mass which formed was ground up until a fine white
suspension resulted. 100 mL more H,0 were added, then a solution of 15.9 g (230 mmol, 1.0
equiv) sodium nitrite in 75 mL H,O was added dropwise over 10 min. The ice bath was
removed, and the reaction allowed to stir at room temperature for 30 minutes. The reaction
mixture was then filtered through a sintered glass funnel, precooled to 0°C. The filtrate was
chilled in an ice bath, and with mechanical stirring, a 0°C solution/suspension of 32.8 g (313
mmol, 1.36 equiv) ammonium tetrafluoroborate in 110 mL H,0 was added dropwise over 10 min.
The thick white suspension which formed (aryl diazonium tetrafluoroborate salt) was allowed to
stir 1.5 hours at 0°C. The mixture was then filtered, and the solid washed 1 x 200 mL 5% aq.
NH,BF, (cooled to 0°C), 1 x 150 mL CH3OH (cooled to 0°C), then 1 x 200 mL Et,0. Drying at
high vacuum, room temperature for 1 hour gave 54.47 g (76%) of the diazonium salt, an off-
white solid.

1500 mL of ethanol free chioroform was placed in a 3 L flask, then 34.16 g (348 mmo|,
2.0 equiv) potassium acetate (powdered and dried) and 2.3 g (8.7 mmol, 0.05 equiv) 18-crown-8
were added. After 10 minutes the diazonium salt was added in one portion, and the reaction
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mixture allowed to stir at room temperature under nitrogen atmosphere for 18 hours. The
mixture was then filtered, the solid washed 2 x with CHCl5, and the filtrate concentrated to give
47 g of crude product (brown crystais). Silica gel chromatography (1.23 kg silica gel, ethy!
acetate/nexanes gradient 15%, 20%, 40%) gave 21.6 g (55% for second step, 42% overall) of
tan crystals: mp 112-114°C; IR (KBr) 3205, 3008, 2969, 2925, 1616, 1340, 1037 cm™; 'H NMR
(300 MHz, CDCl3) d 9.86 (br s, 1H), 7.61 (d, 1H, J=1.3 Hz), 7.57 (d, 1H, J=8.4 Hz), 7.24 (dd, 1H,
J=1.5, 8.6 Hz), 2.99 (q, 2H, J=7.6 Hz), 1.41 (t, 3H, J= 7.6 Hz); MS (CI, NH;) m/z 227/225 (M+H",
base); Anal. caled for CgHgN,Br: C, 48.02; H, 4.03; N, 12.45. Found: C, 48.08; H, 3.87; N, 12.45.

D. 6-Bromo-1-cyclopentyl-3-ethyl-1H-indazole

2.46 g (61.4 mmol, 1.05 equiv) sodium hydride, 60% oil dispersion, was added in 0.5 g
portions to a 10°C solution of 13.17 g (58.5 mmol, 1.0 equiv) 6-bromo-3-ethyl-1H-indazole in 500
mL anhydrous DMF. The mixture was stirred at room temperature for 20 minutes, then a
solution of 8.8 mL (81.9 mmol, 1.4 equiv) cyclopentyl bromide in 10 mL anhydrous DMF was
added dropwise. After 18 hours, the reaction mixture was poured into 2 L H,0 and extracted 2 x
1L ethyl acetate. The organic extracts were combined, washed 2 x 750 mL H,0, 1 x 500 mL
brine, and dried over Na,S0O,. Filtration, concentration of filtrate and drying gave 20.7 g of crude
product, which was purified on a silica gel column (1.1 kg silica gel, 3% ethy! acetate/hexanes) to
give 10.6 g (62%) of an amber liquid: IR (CHCI3)2972, 2875, 1606, 1501, 1048 cm™; 'H NMR
(300 MHz, CDCl,) d 7.56 (d, 1H, J=1.3 Hz), 7.52 (d, 1H, J=8.7 Hz), 7.17 (dd, 1H, J=1.5, 8.5 Hz),
4.83 (quintet, 1H, J=7.6 Hz), 2.96 (q, 2H, J=7.6 Hz), 2.15 (m, 4H), 2.0 {m, 2H), 1.65 (m, 2H), 1.36
(t. 3H, J = 7.7 Hz); MS (thermospray, NH,OAc) m/z 295/293 (M+H", base); Anal. calcd for
Ci4HN,Br: C, 57:35; H, 5.84; N, 9.55. Found: C, 57.48; H, 5.83; N, 9.80.

E. {1-Cyclopentyl-3-ethyl-1H-indazole)-6-carbaldehyde

11.6 mL (28.4 mmol, 1.0 equiv) n-Buli, 2.45 M in hexanes, were added to a -78°C
solution of 8.32 g (28.4 mmol, 1.0 equiv) 6-bromo-1-cyclopentyl-3-ethyl-1H-indazole in 200 mL
anhydrous THF. After 30 min. at -78°C, 8.8 mL (114 mmol, 4.0 equiv) anhydrous DMF was
added dropwise, and the reaction mixture was allowed to stir an additional 30 min. at-78°C. The
mixture was warmed to room temperature over 1 hour, then 125 mL 1N HC| was added. After

stirring for 10 minutes, most of the THF was removed on a rotary evaporator. The residue was
diluted with 500 mL H,0, and extracted 2 x 250 mL ethyl acetate. The organic extracts were
combined, washed 1 x 100 mL H,0, 1 x 100 mL brine, and dried over Na,SO,. Filtration,
concentration of filtrate and drying gave a yellow oil, which was purified on a silica gel column
(15% ethyl acetate/hexanes, gravity) to give 4.70 g (68%) of a yellow crystaliine solid: 'H NMR
(300 MHz, CDCl,) identical to the spectrum of the compound from example 8.

F. (1-Cyclopentyl-3-ethyl-1H-indazol-6-yl)-acetonitrile
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4.44 mL (35.0 mmol, 1.5 equiv) trimethyisilyl chloride were added dropwise to a room
temperature suspension of 5.65 g (23.3 mmol, 1.0 equiv) 1-cyclopentyl-3-ethyl-1H-indazole-6-
carbaldehyde and 3.84 g (44.3 mmol, 1.9 equiv) lithium bromide in 115 mL anhydrous
acetonitrile. After 16 minutes, the reaction mixture was cooled in an ice bath, and 6.84 mL (38.7
mmol, 1.866 equiv) 1,1,3,3-tetramethyldisiloxane were added dropwise, and the reaction was
allowed to warm to room temperature over 2 hours. The reaction mixture was heated to reflux
for 6 hours, then cooled to room temperature, diluted with 300 mL CH,Cl,, and filtered through
Celite®. The filtrate was concentrated and dried at high vacuum, room temperature to give
13.08 g of a tan oily solid.

This solid was dissolved in 200 mL anhydrous DMF, 259 g (52.9 mmo}, 2.27 equiv)
sodium cyanide were added, and the mixture stirred at room temperature for 2 hours. The
reaction mixture was then poured into 500 mL H,O and extracted 3 x 200 mL ethyl acetate. The
organic extracts were combined, washed 3 x 200 mL H,O, 1 x 200 mL brine, and dried over
Na,SO,. Filtration, concentration of filtrate and drying gave a brown oil, which was purified on a
silica gel column (10%-20% ethy| acetate/hexanes gradient) ta give 2.98 g of impure product and
2.05 g of recovered (impure) starting material.

The recovered starting material was resubjected to the reaction conditions described
above, using 50 mL 1,1,3,3-tetramethyldisiloxane, followed by 50 mL DMF and 840 mg sodium
cyanide. Silica gel chromatography gave 0.62 g of impure product, which was then combined
with the 2.98 g lot of impure product and rechromatographed (10% ethyl acetate/hexanes) to
give 3.27 g (55%) of a yellow oil: IR (CHCI;) 3062, 2972, 2874, 2255, 1623 cm-'; '"H NMR (300
MHz, CDCl,) d 7.66 (d, 1H, J=8.3 Hz), 7.39 (s, 1H), 6.97 (dd, 1H, J=1.1, 8.4 Hz), 4.90 (quintet,
1H, J=7.6 Hz), 3.89 (s, 2H), 2.98 (q, 2H, J=7.6 Hz), 2.2 (m, 4H), 2.0 (m, 2H), 1.7 (m, 2H), 1.37 o,
3H, J=7.4 Hz); MS (CI, NH;) m/z 254 (M+H"*, base); Anal. calcd. for C,¢HigN5: C, 75.86; H, 7.56;
N, 16.59. Found: C, 75.84; H, 7.94; N, 16.60.

G. 4-Cyano-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-heptanedioic acid dimethyl

ester

530 mL (1.26 mmol, 0.1 equiv) trton B, 40% in methanol, was added to a room
temperature solution of 3.19 g (12.6 mmol, 1.0 equiv) {1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-
acetonitrile in 100 mL anhydrous acetonitrile. The reaction mixture was heated to reflux, and
11.3 mL (126 mmol, 10.0 equiv) methyl acrylate was added dropwise. After 15 minutes, the
reaction mixture was cooled to room temperature, and concentrated on a rotary evaporator. The
residue was diluted with 300 mL ether, washed 1 x 50 mL 1N HCI, 1 x 50 mL brine, and dried
over Na,SO,. Filtration, concentration of filtrate and drying gave a brown oil, which was purified
on a silica gel column (20% ethyl acetate/hexanes, flash) to give 4.00 g (75%) of a yellow oil: IR
(CHCIQ) 3031, 2972, 2955, 2874, 2250, 1735 cm™; 'H NMR (300 MHz, CDCl,) d 7.68 (d, 1H,
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J=8.5 Hz), 7.49 (s, 1H), 6.97 (d, 1H, J=8.5 Hz); 4.93 (quintet, 1H, J=7.6 Hz), 3.58 (s, 6H), 2.97
(q, 2H), J=7.7 Hz), 2.45 (m, 6H), 2.2 (m, 8H), 2.0 (m, 2H), 1.8 m, 2H), 1.37 (%, 3H, J=7.7 Hz); MS
(Cl, NHj) m/z 426 (M+H", base); Anal. calcd for C,4H3 N3O, C, 67.74; H, 7.34; N, 9.88. Found:
C, 67.76; H, 7.40; N, 10.08.

H. (£)-5-Cyano-5-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-2-oxo-cyclohexane-carboxylic

acid methyl ester

924 mg (23.1 mmol, 2.5 equiv) sodium hydride, 60% oil dispersion, was added in one
portion to a room temperature solution of 3.93 g (9.24 mmol, 1.0 equiv) 4-cyano-4-(1-
cyclopentyl-3-ethyl-1H-indazol-6-y1)-heptanedioic acid dimethyl ester in 100 mL anhydrous 1,2-
dimethoxyethane. The reaction mixture was heated to reflux under nitrogen atmosphere for 1.5
hours, then cooled to room temperature. After 18 hours, the reaction mixture was quenched with
50 mL H,0, poured into 200 mL ethyl acetate, and washed 1 x 100 mL 1N HCl. The aqueous
layer was extracted 1 x 50 mL ethyl acetate. The organic extracts were combined, washed 1 x
50 mL brine, and dried over Na,SO,. Filtration, concentration of filtrate and drying gave a yellow
oil, which was purified on a silica gel column (10% ethyl acetate/hexanes) to give 2.78 g (76%)
of a white amorphous solid: IR (KRr) 2954, 2871, 2240, 1663, 1619 em™; 'H NMR (300 MHz,
CDCly) d 12.27 (s, 1H), 7.70 (d, 1H, J=8.5 Hz), 7.57 (s, 1H), 7.15 (dd, 1H, J=1.6, 8.5 Hz), 4.83
(quintet, 1H, J=7.6 Hz), 3.78 (s, 3H), 3.05 (m, 1H), 2.98 (g, 2H, J=7.6 Hz), 2.9 (m, 1H), 2.75 (m,
1H), 2.6 (m, 1H), 2.35 (m, 2H), 2.2 (m, 4H), 2.0 (m, 2H), 1.75 (m, 2H), 1.38 (t, 3H, J=7.6 Hz); MS
(CI, NHz) miz 394 (M+H", base); Anal. calcd for CHy;N,O5: C, 70.22; H, 6.92; N, 10.88.
Found: C, 70.07; H, 7.01; N, 10.70.

I 1-(1-Cyclopentyl-3-ethyl-1 H-indazol—6-yI)-4-oxo—cyclohexanecarbonitrile

A mixture of 2.72 g (6.9 mmol, 1.0 equiv) (+)-5-cyano-5-(1-cyclopentyl-3-ethyl-1H-
indazol-6-yl)-2-oxo-cyclohexanecarboxylic acid methyl ester and 2.58 g (44.2 mmol, 6.4 eqiv)
sodium chioride in 50 mL dimethyl suifoxide and 4 mL H,0 was heated in 140°C oil bath under
nitrogen atmosphere. After 3 hours, the reaction mixture was cooled o room temperature and
aliowed to stir for 72 hours. The reaction mixture was poured into 250 mL H,0 and extracted 2 x
160 mL ethyl acetate. The organic extracts were combined, washed 2 x 100 mL H,0, 1 x 100
mL brine, and dried over Na,SO,. The crude product was purified on a silica gel column (20%
ethyl acetate/hexanes) to give 1.82 g (78%) of a white crystalline solid: mp 81-89°C; IR (KBr)
2089, 2951, 2872, 2236, 1716 cm™; 'H NMR (300 MHz, CDCl,) d 7.71 (d, 1H, J=8.5 Hz), 7.58 (s,
1H), 7.16 (dd, 1H, J = 1.5, 8.5 Hz), 4.93 (quintet, 1H, J=7.6 Hz), 3.0 (m, 4H), 2.7 (m, 4H), 2.45
(m, 2H), NH,OAc) m/z 336 (M+H", base); Anal. calcd for C,HsNsO: C, 75.20; H, 7.51; N,
12.53. Found: C, 74.06; H, 7.59; N, 12.41; HRMS calcd for C,1H,sN;0 + H: 336.20778. Found
336.2088.
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EXAMPLE 7
A 1-(1-Cyclopentyl-3-ethyl-1H-indazol-6-yl)-4-[1,3]dithian-2-ylidene-cyclohexane-
carbonitrile

3.94 mL (9.84 mmcl, 2.09 equiv) n-Buli, 2.5 M in hexanes, was added dropwise to a
0°C solution of 1.88 mL (9.89 mmol, 2.1 equiv) 2-trimethylsilyl-1,3-dithiane in 80 mL anhydrous
THF. After 25 minutes at 0°C, the reaction mixture was cooled to -78°C and a solution of 1.58 g
{(4.71 mmol, 1.0 equiv) 1-(1-cyclopentyl-3-ethyl-1H-indazol-6-y1)-4-oxo-cyclohexanecarbonitrile in
40 mL anhydrous THF was added. After 1 hours at -78°C, the reaction mixture was quenched
by addition of 50 mL brine, then warmed to room temperature, diluted with 100 mL H,O, and
extracted 1 x 100 mL CH,Cl, and 1 x 50 mL brine, and dried over N2,SO,. Filfration,
concentration of filtrate and drying gave a clear oil, which was purified on a silica gel column
{10% ethyl acetate/hexanes) fo give 1.51 g (73%) of a white amorphous solid: IR (KBr} 2862,
2870, 2232, 1620, 1569, 1508, 1434, 1217 cm™; 'H NMR (300 MHz, CDCl,) d 7.67 (d, 1H, J=8.5
Hz), 7.53 (s, 1H), 7.15 (dd, 1H, J=1.5, 8.6 Hz), 4.92 (quintet, 1H, J=7.6 Hz), 3.36 {m, 2H), 3.0 (m,
6H), 2.42 (m, 2H), 2.34 (m, 2H), 2.2 (m, BH), 2.0 (m, 4H), 1.8 (m, 2H), 1.37 (t, 3H, J=7.5 Hz), MS
(C1, NH,) miz 438 (M+H", base); Anal. calcd for C,sHsgNsS,: C, 68.60; H, 7.14; N, 9.60. Found:
C, 66.26; H, 7.29; N, 9.58.

B. Trans-4-cyano-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic acid
methyl ester and cis-4-cyano-4-(1-cyciopentyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic
acid methyl ester

A mixture of 1.45 g (3.31 mmo, 1.0 equiv) 1-(1-cyclopentyl-3-ethyl-1H-indazol-6-y1)-4-
[1,3]dithian-2-ylidene-cyclohexane-carbonitrile, 3.59 g (13.2 mmol, 4.0 equiv) mercury ()
chloride and 1.48 mL (16.2 mmol, 5.1 equiv) 70% perchloric acid in 60 mL methano! was heated
to reflux under nitrogen atmosphere. After 2 hours, the reaction mixiure was cooled fo room
temperature, diluted with 250 mL CH,Cl, and filtered through Celite®. The filtrate was washed 1
X 100 mL saturated agueous NaHCO,, 1 x 75 mL 10% aqueous sodium sulfite, 1 x 100 mL H;0,
and dried over Na,S0O,. Filtration, concentration of filtrate and drying gave a clear oil, which was
purified on a silica get column (15% ethy! acetate/hexanes) to give 340 mg (27%) of trans isomer

(less polar) as a white solid, and 794 mg (63%) of cis isomer (more polar) as a white solid:

data for trans isomer: mp 79-82°C; IR (KBr) 2973, 2949, 2890, 2871, 2235, 1721, 1618,
1484, 1453, 1217, 1170 cm™; "H NMR (300 MHz, CDCl;) d 7.67 (d, 1H, J=8.4 Hz), 7.52 (s, 1Y),
7.14 (dd, 1H, J=1.4, 8.5 Hz), 4.93 (quintet, 1H, J=7.8 Hz), 3.74 (s, 3H), 2.97 (g, 2H, J=7.6 Hz),
2.85 (m 1HO, 2.3 (m, 2H), 2.2 (m, 10H), 2.0 (m, 2H), 1.75 (m, 2H), 1.37 (t, 3H, J= 7.6 Hz), MS
(Cl, NHy) m/z 380 (M+H", base); Anal. calcd for CgHNaO,: C, 72.79; H, 7.70; N, 11.07.
Found: C, 73.05; H, 7.80; N, 11.03.
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data for cis isomer: mp 112-114°C; IR (KBr) 3065, 2952, 2866, 2234, 1731, 1622, 1487,
1445, 1220, 1204 cm™; *H NMR (300 MHz, CDCly) d 7.68 (d, 1H, J=8.5 Hz), 7.55 (s, 1H), 7.14
(dd, 1H, J=1.3, 8.4 Hz), 4.93 (quintet, 1H, J=7.6 Hz), 3.73 (s, 3H), 2.98 (g, 2H, J=7.6 Hz), 242
(m, 1H), 2.36 (m, 1H), 1.9-2.3 (m, 13H), 1.8 (m, 2H), 1.37 (t, 3H, J=7.5 Hz); MS (Cl, NH;) m/z
380 (M+H", base); Anal, calcd for CoaHysN,0,: C, 72.79; H, 7.70; N, 11.07. Found: C, 72.93; H,
7.56;N, 10.82, '

EXAMPLE 8

Trans-4-cyano-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-cyclohexanecarboxylic acid

A mixture of 337 mg (0.888 mmol, 1.0 equiv) trans-4-cyano-4-(1-cyclopentyl-3-ethyl-1H-
indazol-6-yl)-cyclohexanecarboxylic acid methyl ester in 10 mL methanol, 2 mL THF and 2.7 mL
(2.66 mmol, 3.0 equiv) 1N NaOH was allowed to stir at room temperature. After 3 hours, the
reaction mixture was concentrated on a rotary evaporator, diluted with 100 mL H,0O, acidified to
pH 1, and extracted 2 x 70 mL ethyl acetate. The organic extracts were combined, washed 1 x
50 mL H,0, 1 x 50 mL brine, and dried over Na,SO,. Filtration, concentration and drying gave a
white solid, which was purified on a silica gel column (5% CH ;OH/CH,Cl,) to give 197 mg (61%)
of a white amorphous solid: IR (KBr) 3200-2500, 3060, 2963, 2871, 2246, 1729, 1702, 1621,
1453, 1219 em™; 'H NMR (300 MHz, DMSO-d) d 12.4 (br s, 1H), 7.77 (d, 1H, J=8.5 Hz), 7.69
(s, 1H), 7.20 (dd, 1H, J=1.3, 8.5 Hz); 5.17 (quintet, 1H, J=7.6 Hz), 2.90 (g, 2H, J=7.6 Hz), 2.75
(m, TH), 1.8-2.3 (m, 16H), 1.7 (m, 2H), 1.28 (t, 3H, J=7.6 Hz); MS (Cl, NH;) m/z 386 (M+H",
base); Anal. caled for C,,HyN,O5: C, 72.29; H, 7.45; N, 11.50. Found: C, 71.98; H, 7.75; N,
11.21.

EXAMPLE ©

Cis-4-cyano-4-(1-cyclopentyl-3-ethyl-1H-indazol-6-y)-cyclohexanecarboxylic acid

A mixture of 831 mg (2.19 mmol, 1.0 equiv) cis-4-cyano-4-(1-cyclapentyl-3-ethyl-1H-
indazol-6-yl)-cyclohexanecarboxylic acid methy! ester in 20 mL methanol, 4 mL THF and 6.6 mL
(6.57 mmol, 3.0 equiv) 1N NaOH was allowed to stir at room temperature. After 1.5 hours, the
reaction mixture was concentrated on a rotary evaporator, diluted with 100 mL H,0O, acidified to
pH 1, and extracted 2 x 70 mL ethyl acetate. The organic exiracts were combined, washed 1 x
50 mL H,0, 1 x 50 mL brine, and dried over Na,SO,. Filtration, concentration and drying gave
0.80 g of a white salid, which was purified on a silica get column (5% CH ;0H/CH,Cl,) to give 730
mg (91%) of a white crystaliine solid. Recrystallization from ethyl acetate/hexanes gave 538 mg
of white crystals: mp 187-199°C; IR (KBr) 3200-2600, 3061, 2961, 2848, 2939, 2871, 2245,
1732, 1625, 1451, 1255, 1185, 1169 cm™; 'H NMR (300 MHz, DMSO-dg) d 12.35 (br s, 1H), 7.77
(d, 1H, J=8.6 Hz), 7.73 (s, 1HO, 7.27 (dd, 1H, J=1.5, 8.5 Hz), 5.13 (quintet, 1H, J=7.5 Hz), 2.90
(9, 2H, J=7.6 Hz), 2.42 (m, 1H), 2.30 {m, 2H), 1.7-2.1 (m, 14H), 1.28 (t, 3H, J=7.5 Hz), MS (CI,
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NHz) m/z 366 (M+H", base); Anal. calcd for C,H;N,0,: C, 72.29; H, 7.45; N, 11.50. Found: C,
72.01; H, 7.60; N, 11.29.
EXAMPLE 10
A 6-Bromo-1-cyclohex-2-enyi-3-ethyl-1H-indazole

2.12 g (52.8 mmol, 1.05 equiv) sodium hydride, 60% oil dispersion, was added in four
portions over 10 min. to a room temperature solution of 11.35 g (50.4 mmol, 1.0 equiv) 6-bromo-
ethyl-1H-indazole in 300 mL anhydrous DMF. After stiming 20 min., 8.0 mL (70.6 mmol, 1.4
equiv) 3-bromo-cyclohexene were added dropwise, and the reaction concentrated and dried at
high vacuum, room temperature fo give 7.52 g of an orangefyellow solid.

This solid was dissolved in anhydrous DMF, 1.56 g (31.8 mmol, 2.27 equiv) sodium
cyanide were added, and the mixture stirred at room temperature for 2.5 h. The reaction mixture
was then poured into 400 mL H,O and extracted 3 x 200 mL ethyl acetate. The organic extracts
were combined, washed 3 x 150 mL H,0, 1 x 150 mL brine, and dried over Na,SO,. Filtration,
concentration of filtrate and drying gave a yellow oil, which was purified on a silica gel column
(5%-10% ethy! acetatefhexanes gradient) to give 1.40 g (38%) of a yellow/green oil; MS (Cl,
NH,) 268 (M+H", base); Anal. calcd for C,;H, Ny C, 76.38; H, 7.92; N, 15.72. Found C, 76.43; H,
7.53; N, 15.39.

B. 6-Bromo-1-cyclohexyl-3-ethyl-1H-indazole

A mixture of 10.22 g (33.5 mmol, 1.0 equiv) 6-bromo-1-cyclohex-2-enyl-3-ethyl-1H-
indazole and 1.5 g 10% PYC in 1 L cyclohexane was placed on a Parm® hydrogenation

apparatus and shaken under 2-5 psi H, at room temperature. After 1 h, the reaction mixture was
fitered through celite®, and the filtrate concentrated on a rotary evaporator and
chromatographed (5% ethyl acetate’hexanes, flash) to give 9.70 g (94%) of a pale yellow oil:
MS (CI, NH,) m/z 309/307 (M+H", base); Anal. calcd for C;sHyN,Br: C, 58.64; H, 6.23; N, 9.12.
Found: C, 58.56; H, 6.29; N, 8.77.

C. 1-Cyclohexyl-3-ethyl-1H-indazole-6-carbaldehyde

This compound was prepared according to the method of example 2.E., using 5.02 g
(16.3 mmol, 1.0 equiv) 6-bromo-1-cyclohexyl-3-ethyl-1H-indazole as starting material to give
3.65 g (87%) of a pale yellow oi: MS (Cl, NH;) m/z 257 (M+H", base); Anal. calcd for
CisHN;O: C, 74.97; H, 7.87; N, 10.93. Found: C, 75.00; H, 7.70; N, 10.74.

D. {(1-(Cyclohexyl-3-ethyl-1H-indazol-6-yl)}-acetonitrile

2.7 mL (21.0 mmol, 1.5 equiv) trimethyisilyl chioride were added dropwise to a room
temperature suspension of 3.58 g (14.0 mmol, 1.0 equiv) 1-cyciohexyl-3-ethyl-1H-indazole-6-
carbaldehyde and 2.31 g (26.6 mmol, 1.9 equiv) lithium bromide in 100 mL anhydrous
acetonitrile. After 15 min., the reaction mixture was cooled in an ice bath, and 4.1 mL (23.2
mmol, 1.66 equiv) 1,1,3.3—tetrémethy!disiloxane were added dropwise, and the reaction was
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allowed to warm to room temperature over 30 min. The reaction mixture was heated to refiux for
3 h, then cooled to room temperature, diluted with 300 mL CH,Cl,, and filtered through Celite®.
The filtrate was concentrated and dried at high vacuum, room temperature to give 7.52 g of an
orangefyeliow solid, .

This solid was dissolved in 100 mL anhydrous DMF, 1.58 g (31.8 mmol, 2.27 equiv)
sodium cyanide were added, and the mixture stirred at room temperature for 2.5 h. The reaction
mixture was then poured into 400 mL H,0 and extracted 3 x 200 mL ethyl acetate. The organic
extracts were combined, washed 3 x 150 mbL H,0, 1 x 150 mL brine, and dried over Na,SO,.
Filtration, concentration of filtrate and drying gave a yellow oil, which was purified on a silica ge!
column (5% - 10% ethyl acetatethexanes gradient) to give 1.40 g (38%) of a yellow/green oil:
MS (Cl, NH,) 268 (M+H", base); Anal. caled for Cy7Ho4Na: C, 76.38; H, 7.92; N, 15.72. Found:
C, 76.43; H, 7.53; N, 15.39,

E. 4-Cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-heptanedioic acid dimethy!

ester

This compound was prepared according to the method of example 2.G., using 1.33 g
(4.98 mmol, 1.0 equiv) of (1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-acetonitrile as starting material,
to give 1.38 g (63%) of a yellow oil; MS (Cl, NH;) m/z 440 (M+H', base); Anal. calcd for
CasHaaN3O4:C, 68.32; H, 7.57; N, 9.56. Found: C, 68.18; H, 7.52; N, 9.28.

F. 5-Cyano-5-(1-cyclohexyl-3-ethyl-1H-indazol-t-yl)-2-oxo-cyclohexanecarboxylic
acid methyl ester ' _

This compound was prepared according to the method of example 2.H., using 1.33 g
(3.03 mmol, 1.0 equiv) 4-cyano-{1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-heptanedioic acid
dimethyl ester as starting material, to give 983 mg (80%) of a white amorphous solid: MS (Cl,
NH;) m/z 408 (M+H", base); Anal. caled for C,4H,gN3O5: C, 70.75; H, 7.18; N, 10.31. Found: C,
70.75; H, 7.33; N, 10.19.

G. 1-(1-Cyclohexyi-3-ethyl-1H-indazol-6-y|)-4-oxo-cyclohexanecarbonitrile

This compound was prepared according to the method of example 2.1., using 933 mg
(2.29 mmol, 1.0 equiv) 5-cyano-5-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-2-oxocyclohexane-
carboxylic acid methyl ester as starting material, to give 588 mg (74%) of a white amorphous
solid: MS (Cl, NH,) m/z 350 (M+H*, base); Anal. calcd for C,H;N,O: C, 76.62; H, 7.79; N,
12.03. Found: C, 75.57; H, 7.90; N, 12.15.

EXAMPLE 11

Cis-4-cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-cyclohexanecarboxylic acid methyl
ester and frans-4-cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-cyclohexanecarboxylic  acid
methyl ester
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These compounds were prepared according to the method of example 3.B.,using 540

mg (1.20 mmol, 1.0 equiv) 1-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-4-[1,3]dithian-2-ylidene-
cyclohexane-carbonitrile as starting material, to give 117 mg (26%) of trans isomer as a white
oily solid, and 233 mg (50%) of cis isomer as a white crystaliine solid:
' Data for trans isomer: 'H NMR (300 MHz, CDCI3) d 7.68 (d, 1H, J=8.4 Hz), 7.50 (d, 1H,
J=0.8 Hz), 7.13 (dd, 1H, J=1.6, 8.5 Hz), 4.34 (m, 1H), 3.74 (s, 3H), 2.98 (g, 2H, J+7.6 Hz), 2.85
(m, 1H), 2.35 (m, 2H), 1.9-2.2 (m, 12H), 1.8 (m, 2H), 1.55 (m, 2H), 1.37 {t, 3H, J=7.6 Hz); MS
(Cl, NH3) m/z 394 (M+H", base); Anal. calcd for CpHyNaO,: C, 73.25; H, 7.95; N, 10.68. Fund:
C, 73.07, H, 8.12; N, 10.89.

Data for cis isomer: 1H NMR (300 MHz, CDCl;) d 7.68 (d, 1H, J=8.4 Hz), 7.53 (d, 1H,
J=0.8 Hz), 7.14 (dd, 1H, J=1.6, 8.5 Hz), 4.34 (m, 1H), 3.74 (s, 3H), 2.98 (, 2H, J=7.6 Hz), 2.43
(m, 1H), 1.9-2.3 (m, 15H), 1.8 (m, 1H), 1.5 (m, 2H), 1.37 (t, 3H, JJ=7.6 Hz); MX (Cl, NH3) m/z
394 (M+*, base); Ana. calcd for CpgHaiN,O: C, 73.25: H, 7.95; N, 10.68. Found: C, 73.17: H,
7.89; N, 10.43.

EXAMPLE 12

Cis-4-cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-y1)-cyclohexanecarboxylic acid

This compound was prepared according to the method of example 5, using 201 mg

- (0.511 mmol, 1.0 equiv) cis-4-cyano-4-{1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-cyclohexane-

carboxyfic acid methyl ester as starting material, to give 178 mg (92%) of a whife crysfaliine
solid, which was recrystallized from ethyl acetate hexanes to give 153 mg of a white crystaliine
powder; mp 192-194°C; Anal. calculated for C,3H,gNaOs: C, 72.79; H, 7.70; N, 11.07. Found: C,
72.25; H, 7.99; N, 10.97.
EXAMPLE 13

Cis-1-(1-cyclohexyl-3-ethyl-1H-indazole-6-yI)-4-hydroxylmethylcyclohexane carbonitrile

To a stirred solution of the product from Example 8 (220 mg, 0.58 mmol.) in dry
tetrahydrofuran (6 mL) at 0°C was added dropwise a solution of borane in tetrahydrofuran (1M,
1.3 mL, 1.3 mmol). The mixture was stirred at 0°C for one hour then quenched by the slow
addition of methanol (1 mL). The mixture was poured into water (100 mL} and extracted with
ethyl acetate (2 x 100 mL). The organic extracts were combined, washed with water (1 x 20
mL), brine (1 x 20 mL) dried over magnesium sulfate and concentrated to give an oil. A separate
identical experiment was carried out using the product from Example 8 (100 mg, 0.26 mmol.)
and borane in tetrahydrofuran (1M, 0.6 mi, 0.58 mmol.). The crude product from both
experiments were combined and chromatographed on Silica Gel eluting with 2.6% methanol in
methylene chloride (v/v) to give an oll. Recrystallization from ethyl acetate/hexanes yielded 214
mg white solid (67%) mp 117-9°C. mass spectrum (m/e) 367 (M+1, 20), 3686 (M+, 100).
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EXAMPLE 14
Cis-4-Cyano~4~(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-cyclohexanecarboxylic acid amide
A mixture of the product from Example 8 (150 mg, 0.4 mmol.) thionyl chloride (36 uL,
0.49 mrhol) and dimethylformamide (5mL) in dry methylene chioride (3mL) was refluxed for four
hours. The mixture was cooled to 0°C and dry ammonia gas was bubbled with chioroform (200
mL), washed with water (1 x 40 mL) dried over magnesium sulfate and concentrated to give a
solid. Recrystaliization from ethyl acstate/hexane yielded 125 mg white solid (83%) mp 180-
2°C. mass spectrum (m/e) (M+1, 20), 379 (M+, 100).
: EXAMPLE 15
Trans-4-Cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-8-yl)-cyclohexanecarboxylic acid

amide
The title compound was prepared in a manner analogous to the synthesis provided in
Example 4. The melting point of the isolated product was 140-143°C.
EXAMPLE 16
Cis-1-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-4-( 1-hydroxy-1-methyl-
ethyl)cyclohexanecarbonitrile

To a stired solution of cis cyano-4-(1-cyclohexyl-3-ethyl-1H-indazolol-8-yl)-
cyclohexanecarhoxylic acid methyl ester (360 mg, 0.0 mmol) in 10 mL of dry tetrahydrofuran
at -40°C under nitrogen atmosphere was added 0.7 mL (2.1 mmol)} of 3.0 M methyi
magnesium bromide. Reaction mixture was allowed to warm up to room temperature over a
period of one hour and stirred at room temperature for 3 hours. After this time, reaction
mixture was quenched with excess of methanol (5.0 mL) and worked up by pouring into 100
mb of water and acidification with oxalic acid. Extraction with ethyl acetate followed by
washing of ethyl acetate extract with water, brine and drying over magnesium sulfate
(MgS0y4). Removal of ethyl acetate in vacuo gave crude final product which was

homogenous by TLC analysis. Recrystallization from ethyl acetate/hexane gave 180 mg of

pure final product or a white solid, mp = 58-80°C. MS m/z 394 (M + H*, base).
EXAMPLE 17

Cis-1-(1-cyclopentyl-3-ethyl-1H-indazol-6-y)-4-hydroxycyclohexanecarbonitrile

To a stirred solution of 2.9 g (8.6 mmol) 1-(1-cyclopentyl-3-ethyl-1H-indazol-6-yi)-4-
oxo-cyclohexanecarbonitrile (compound 2G page 35 of PC) in 100 mL absolute methanol at
0°C was added sodium borohydride 382 mg (10.8 mmol) portionwise. The mixture was stirred
at 0°C for 30 min, then quenched with 2 mL saturated ammonium chioride solution. The
mixture was concentrated to a volume of 20 mL, poured into a mixture of 100 mL water and
100 mL saturated ammonium chioride solution and extracted with ethyl acetate (2 X 200 mL).

SUBSTITUTE SHEET (RULE 26)



WO 99/23077 PCT/IB98/01710

10

16

20

25

30

35

-182-

The organic extract was combined, washed with water (1 X 100 mL), brine (1 X 100 mL),
dried (MgSO4) and concentrated to give an oil. Chromatography on silica ge! eluting with
ethyl acetate/hexanes (1:1) afforded an oil. Recrystallization from ethyl acetate/hexanes
yielded 1.9g (B6%) cis-1-(1-cyclopentyl-3-ethyl-1H-indazole-6-yl)-4-hydroxycyclohexane-
carbonitrile as a white solid. mp 107-109°C.

Anal. Calc'd. for CoqHp7N30: C, 74.74; H, 8.06; N, 12.45. Found: C, 74.81; H, 8.04;

N, 12.43.
EXAMPLE 18
Cis-1-[3-ethyl-1(4-flucrophenyl)-1H-indazol-6-yl}-4-hydroxy-cyclohexanecarbonitrile

The title compound was prepared in an analogous manner to that described in the
immediately preceding example for preparation of cis-1-(1-cyclopentyl-3-ethyl-1H-indazol-6-
yl)-4-hydroxy-cyclohexanecarbonitrile, starting with 0.415 g (1.148 mmol) of 1-(4-fluorophenyl-
3-ethyl-1H-indazol-6-yl)-4-oxo-cyclohexanecarbonitrile to give 0.28 g (76%) of white
crystalline solid. mp = 132-134°C.

Anal. Calc'd. for CooHooN3OF: C, 72.71; H, 6.10; N, 11.56. Found: C, 72.55; H,

6.22; N, 11.40.

The 1-(4-fluorophenyl-3-sthyl-1H-indazol-6-yi)-4-oxo-cyclohexanecarbonitrile starting
material was prepared from 8-bromo-3-ethyl-1-(4-fluorophenyl)-1H-indazole following the
chemical synthesis sequence outlined in Scheme 3 (intermediate X — XIX) and described
above in more detail.

EXAMPLE 19

Cis-1-{1-cyclohexyi-3-ethyl-1 H-indazol-6-yl)-4-hydroxy-cyclohexanecarbonitrile

The title compound was prepared in an analogous manner to that described in a
preceding example for preparation of cis-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-4-hydroxy-
cyclohexanecarbonitrile,  starting  with 1-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-4-oxo-

cyclohexanecarbonitrile. mp = 124-126°C; MS m/z 352 (M+H*, base).
EXAMPLE 20
Trans-1-{1-Cyclobutyl-3-ethyl-1H-indazol-6-yI)-4-hyd roxycyclohexanecarbonitrile
The title compound was prepared in an analogous manner to that described in a
preceding example for preparation of cis-(1-cyclopentyl-3-ethyl-1 H-indazol-6-yl}-4-hydroxy-
cyclohexanecarbonitrile,  starting  from 1-(1-cyclobutyi-3-ethyl-1H-indazol-6-yl)-4-oxo-

cyclohexanecarbonitrile. mp = 60-65°C; MS m/z 324 (M+H*, base).
EXAMPLE 21
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Cis-1-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl-)-4-hydroxy-4-methyl-cyclohexane-
carbonitrile and trans-1-(1-cyclopentyl-3-ethyl-1H-indazol-6-yl)-4-hydroxy-4-methyl-
cyclohexanecarbonitrile

To a stirred suspension of 0.275 grams (1.115 mmol) of anhydrous CeClz in 10 mL of

dry tetra-hydrofuran under N2 atmosphere at 0°C was added dropwise 0.4 mL (1.115 mmol)
of 3.0 N CH3MgCl. The reaction mixture was stirred at 0°C for one hour. After this time, 0.3 g

(0.891 mmol) of 1-(1-cyclopentyl-3-ethyl-1H-indazole-6-yl)-4-oxo-cyclohexanecarbonitrile
dissolved in 10 mL of anhydrous tetrahydrofuran was added dropwise and the reaction
mixture stirred at 0°C for 1 hour. The mixture was quenched with 5 mL of 2N HOAc. The
mixture was poured onto 100 mL of HoO and extracted with ethyl acetate (2 X 100 mL). The

organic extracts were combined, washed with Hp0O (1 x 100 mL), brine (1 x 200 mL) and dried
over MgSOy4. Filtration, concentration and purification on a silica gel column (2%
EtOAc/hexane) gave 0.15 grams of less polar product (trans isomer) as amorphous solid. MS

(Cl, NH3) m/z 353 (M+H™*, base) and 0.045 grams of more polar product (cis isomer) as a

white crystalline product. mp = 156-158°C. MS (Cl, NHp) m/z 352 (M+H*, base).

EXAMPLE 22
Cis-4-cyano-4-(1-cyclobutyl-3-ethyl-1H-indazol-6-yi-)-cyclohexanecarboxylic acid

This compound was prepared according to the method of Example 5 using 0.28 g
(0.767 mmol) of cis-4-cyano-4-(1-cyclobutyl-3-ethyl-1 H-indazol-6-y1)-cyclohexanecarboxylic
acid methyl ester as a starting material to give 0.24 grams (89%) of white solid, which was
recrystaliized from ethyl acetate/hexane to give 0.15 grams of white crystalline
product.mp=201-203°C; MS (m/z) 352 (M+H?, base).
EXAMPLE 23
Trans-4-cyano-4-(1-cyclobutyl-3-ethyl-1H-indazol-6-y|-)-cyclohexanecarboxylic acid
This compound was prepared according to the method of Example 4 using 0.13 g
(0.356 mmol) of trans-4-cyano-4-(1-cyclobutyl-3-ethyl-1 H-indazol-6-yl)-cyclohexanecarboxylic
acid methyl ester as a starting ‘material to give white solid. Purification on silica gel column

using 5% methanol/96% methylene chloride gave pure product (80 mg) which was
recrystallized from ethyl acetate/hexane to give 43 mg of white crystalline solid; mp = 157-
159°C, MS (m/z) 312, (M+H™, base).
EXAMPLE 24
6-Bromo-3-ethyl-1-(4-flucrophenyl)-1H-indazole

Methanesulfonic acid 5-bromo-2-propionyl-pheny| ester, prepared as described in
United States Serial No. 08/046,858, filed May 8, 1997 as Attorney Docket No. PC9798, 30
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grams (97.66 mmol) was combined with 4-fluorophenyl hydrazine hydrochioride (31.76 g,
175.33 mmol) and sodium acetate (30 g, 364 mmol) in mesitylene (400 mL). The reaction
mixture was heated to reflux in a Dean-Stark apparatus for 96 hours. The reaction mixture -
was cooled to room temperature and concentrated under reduced pressure. The crude
product was diluted with 500 mL of diethyl ether and 600 mL of water. Organic layer was
separated and aqueous layer extracted with 500 mL of ethyl acetate. Combined organic
extracts were washed with water (2 X 600 mL), brine (1 X 200 mL), dried over MgSO4 and

concentrated which gave a brown-red oil. Hexane (600 mL) was added to crude reaction
product and the mixture boiled in a steam bath for a few minutes. This was followed by
cooling still the heterogeneous mixture to room temperature and allowing to stand at room
temperature for 12-14 hours. The reaction mixture was filtered, undissolved solid washed
with additional hexane and filtrate which contained approximately 80% pure desired product
concentrated in vacuo to give brown-yellow solid. Purification of this product on silica gel
column and eluting with 15% ethyl acetate/85% hexane gave 14.1 grams of light brown-tan
solid. Recrystallization from hexane gave light tan needles. mp = 72-73°C; MS (APCI) m/z
319 (base).
EXAMPLE 25

4-13-Ethyl-1-(4-fluorophenyl)-1H-indazole-6-yl}-4-hydroxy-cyclohexanecarboxylic_acid
ethy! ester

This compound was prepared according to the method described in Example 6 of
United States Serial No. 08/046,858, filed May 8, 1997 as Attorney Docket No. PC9798,
starting with 3.0 grams (9.4 mmol) of 6-bromo-3-ethyl-1-(4-flucro-phenyl)-1H-indazole and 2.0
grams (11.7 mmol) of 4-oxo-cyclohexanecarboxylic acid ethyl ester to give after silica gel
flash column chromatography (using 20% ethyl acetate 80% hexane as elutant) 2.17 grams of

light yeliow semi-salid which was a mixture of diasterecisomers. 1TH NMR (400 MHz, CDCl3)
§ 1.25-1.3 (t, 3H); 1.4-1.5 (t, 3H); 1.6-1.78 (m, 2H); 1.8-2.5 (m, 7H); 2.70 (m, 1H); 3.04 (m,
2H); 4.16 {m, 2H); 7.17-7.28 (m, 3H); 7.61-7.79 (m, 4H); MS, m/z 324 4 (M+H*, base).
EXAMPLE 26

4-Cyano-4-[3-ethyl-1-(4-fluorophenyl)-1H-indazole-6-yllcyclohexanecarboxylic _acid
ethyl ester and 4-[3-ethyl-1-(4-fluoro-phenyl)-1H-indazol-6-yljcyclohex-3-enecarboxylic acid
ethyl ester

This compound was prepared according to the method described in Example 7 of
United States Serial No. 08/046,858, filed May 8, 1997 as Attorney Docket No. PC9798,
starting with 2.1 grams (5.12 mmol) of 4-[3-ethyl-1-(4-flucrophenyl)-1H-indazole-6-y!]-4-
hydroxy-cyclohexanecarboxylic acid ethyl ester to give after silica gel Flash 40 Biotage
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column chromatography (10% EtOAc/90% hexane) 0.714 grams of product which existed as
a mixture of diasterecisomers. MS, m/z 420 (M+H *, base); 1H NMR (400 MHz, CDCl3) &
1.27 (t, J=7.26, 3H), 1.43 (t, J=7.68, 3H), 1.57 (S, 2H), 1.85-1.98 {m, 2H); 2.02-2.19 (m, 2H);
2.18-2.40 (m, 3H); 3.04 (q, =7.67.' 2H); 4.15 (q, 4=7.26, 2H); 7.2-7.3 (m, 3H); 7.61 (m, 2H),
7.71 (s, 1H); 7.71 (d, J=8.5, 1H). In addition to the desired product 4-cyano-4-{3-ethyl-1-(4-
fluorophenyl}-1H-indazol-6-yljcyclohexanecarboxylic acid ethyl ester, a major byproduct,
namely 4-[3-ethyl-1-(4-fluoro-phenyl)-1H-indazol-6-yljcyclohex-3-enecarboxylic acid ethyl
ester (1.16 grams) was obtained. MS m/z 393 (M+H™, base). 1H NMR (400 MHz, CDCl3) &
1.24 (m, 3H); 1.43 (m, 3H); 1.6-2.7 (m, 7H); 3.02 (m, 2H); 4.13 (m, 2R); 6.17 (br, s 1H); 7.15-
7.25 (m, 4H); 7.50 (s, 1H); 7.61-7.67 (m, 2H).
EXAMPLE 27
Cis-4-cyano-4-[3-ethyl-1-(4-fluorophenyl)-1H-indazol-6-yl]-cyclohexanecarboxylic acid

This compound was prepared in analogous manner as cis-4-cyano-4-(1-cyclohexyl-3-
ethyl-1H-indazol-6-yl)-cyclohexanecarboxylic acid, synthesis of which is described in detail in
Schemes | and |l of United States Serial No. 0848#: 54, filed May 8, 1997 as Attorney
Docket No. PCB798, starting with 0.71 grams (1.684 mmol) of 4-cyano-4-{3-ethyl-1-(4-
fluorophenyl)-1H-indazol-6-yl}-cyclohexanecarboxylic acid ethyl ester.

mp = 173-175°C; MS m/z 392 (M+H*, base). Anal. Calc'd for Cp3Ha30oNoF:

C, 70.57; H, 5.66; N, 10.73. Found: C, 70.39; H, 5.61; N 10.82. TH NMR (400 MHz, CDCl3) &
1.42-1.45 (t, J=7.67, 3H); 1.91 (t, J=13.28, 2H}); 2.09 (m, 2H); 2.23-2.35 (m, 4H); 2.40-2.48 (m,
1H), 3.06 (q, J=7.67, 2H); 7.2-7.26 (m, 2H); 7.29 (d, J=7.47, 1H); 7.60 (m, 2H); 7.71 (s, 1H);
7.78 (d, J=8.5, 7TH). '

Alternatively, cis-4-cyano-4-[3-ethyl-1-(4-fluorophenyl)-1H-indazole-6-yljcyclohexane-
carboxylic acid can be prepared in analogous manner as cis-4-cyano-4-(1-cyclohexyi-3-ethyl-
1H-indazol-6-yl)cyclohexanecarboxylic acid starting with 6-bromo-3-ethyl-1-(4-fluorophenyl)-
1H-indazole following the synthetic steps outlined in Scheme 2, step 5, and Scheme 3, steps
1-7 described further above in more detail.

EXAMPLE 28
4-(3-ethyl-1-(4-fluorophenyl)-1H-indazol-6-y!)-cyclohex-3-ene-carboxylic acid

To a stirred solution of 1.13 g (2.87 mmol) of 4-(3-ethyl-1-(4-fluorophenyl)-1H-indazol-
6-yl)-cyclohex-3-ene-carboxylic acid ethyl ester dissolved in 50 mL of methanol and 15 mL. of
tetrahydrofuran was added 8.62 mL (8.61 mmol) of 1N sodium hydroxide and reaction mixture
heated to reflux for 3 hr. After 3 hr, the reaction mixture was concentrated on a rotary
evaporator, diluted with 200 mL of H»O, acidified to pH 1 with 1N HCI and extracted 2X 200
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mL ethyl acetate. The organic extracts were combined, washed with water, brine and dried
over NapSO,4  Filtration, concentration and drying gave crude product. Recrystallization from
ethyl acetate/hexane gave 0.31 grams of white crystalline product. mp = 214-216°C; MS, m/z
365 (M+H*, base). '
EXAMPLE 29
1-Cyclohexyl-3-ethyl-6-fluoro-1H-indazole

To a solution of 1-(2,4-difluoro-phenyl)-propan-1-one {21.29g, 125.1 mmol) in toluene
(120 mL) was added sodium acetate (26.75g, 326.1 mmol) and cyclohexylhydrazine mesylate
(34.0g, 163 mmol). The reaction mixture was heated to refiux in a Dean-Stark apparatus for
12 hours. The reaction was cooled to room temperature and poured into 1 N hydrochloric
acid (100 mL). The toluene layer was separated and washed with water (75 mL) and brine
(76 mL). The organic layer was dried over magnesium sulfate, filtered, and concentrated to
yield 30.07g of 1-cyclohexyl-3-ethyl-6-fluoro-1H-indazole (98% yield). 'H NMR (400 MHz,
CDCl)d 1.33(t, 3, J=7.7), 1.35-1.44 (m, 2), 1.47-1.96 (m, 8}, 2.93(q, 2, J = 7.7), 4.14-4.22
(m, 1), 6.81 (dt, 1, J =8.9, 2.1), 6.99 (dd, 1, J = 9.8, 2.1), 7.40 (ddd, 1, J = 8.7, 5.2, 0.4). °C
NMR (100 MHz, CDCl,) d 13.97, 20.53, 25.37, 25.84, 32.32, 58.18, 94.77 (d, J = 27.4), 109.11
(d, J = 26.0), 119,38, 121.75 (d, J = 11.5), 139.89 (d, J = 13.0), 146.61, 161.95 (d, J = 242).
IR 2068, 2934, 2866, 1624, 1507, 1174, 1125, 825 cm™. Analysis calculated for C,sH;sFN,:
C,73.14; H, 7.77: N, 11.37. Found: C, 73.33; H, 7.90; N, 11.46.

EXAMPLE 30

1-{1-Cyclohexyl-3-ethyl-1H-indazol-6-yl)cyclohexane-1,4-dicarbonitrile
To a solution of 1-cyclohexyl-3-ethyl-8-fluoro-1H-indazole (1.50g, 6.09 mmol) and
cylohexane-1,4-dicarbonitrile (3.27g, 24.4 mmol) in toluene (15 mbL) was added potassium
bis(trimethylsilyl) amide (1.82g, 9.12 mmol). The reaction mixture was heated to 100 °C and
stirred for 5 hours. '.rhe reaction mixture was cooled to room temperature and poured into 1N
HCl (15 mL). The layers were separated and the organic extracts were concentrated. The
crude product was stirred in 20% EtOAc/Hexanes (15 mL) for 20 minutes and the solids were
filtered {1.1g of cylohexane-1,4-dicarbonitrile recovered). The filtrate was concentrated to a
crude oil. For characterization purposes, the diasterecisomers were obtained by purification
by chromatography on silica gel (125g) eluting with 2:1 hexanes/ethylacetate (1.69g product
isolated, 77% yield). Higher Rf diastereoisomer: 'H NMR (400 MHz, CDCl3)d 1.37 (t, 3,J =
7.7}, 1.24-1.78 (m, 4), 1.92-2.10 (m, 6), 2.19-2,35 (m, 8), 2.98 (q, 2, J = 7.7), 3.15-3.17 (m, 1),
4,30-4.39 (m, 1), 7.19 (dd, 1, J = 8.5, 1.7), 7.51 (d, 1, J = 0.8), 7.71 (d, 1, J = 8.5). "*C NMR
{100 MHz, CDCl;) d 14.07, 20.60, 25.34, 25.79, 25.92, 32.61, 33.36, 44.30, 57.66, 105.92,
117.04, 121,00, 121.52, 121.79, 122.09.137.33, 139.54, 146.41. IR 2934, 2239, 1620, 1448,
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1435, 1238, 1049, 803 cm™. Analysis calculated for CasHaeNy: C, 76.63; H, 7.83; N, 15.54,
Found: C, 76.69; H, 7.87; N, 156.65. Lower Rf diasterecisomer: 'H NMR (400 MHz, CDCL,) d
1.36 (1, 3, 4 = 7.7), 1.42-1.53 (m, 2), 1.74-1.82 (m, 2), 1.88-2.08 (m, 8), 2.17-2.34 (m, 6), 2.58
(tt, 1,J=122,35),2.97(q,2, J=7.7), 4.28-4.36 (m, 1), 7.08 (dd, 1, J = 8.5, 1.7), 7.49 (d, 1,
J=1.0), 7.69 (d, 1, J = 8.5). *C NMR (100 MHz, CDCl,) d 14.02, 20.57, 25.32, 25.81, 27.07,
27.27, 32,57, 36.04, 43.63, 57.75, 106.05, 116.65, 121.17, 121.50, 122.13, 137.17, 139.54,
146.38. IR 2935, 2231, 1620, 1447, 1211, 1061, 807 cm™. Analysis calculated for CsHzaNy:
C, 76.63; H, 7.83; N, 15.54. Found: C, 78.52; H, 7.95; N, 15.37.
EXAMPLE 31
4-Cyano-4-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)cyclohexanecarboxylic _acid ethyl

ester

To a solution of 1-(1-cyclohexyl-3-ethyl-1H-indazol-6-yl)-cyclohexane-1,4-
dicarbonitrile (2.58g, 7.16 mmol) in ethanol (35 mL) was bubbled hydrochloric acid gas for 20
minutes. The reaction mixture was stirred 20 minutes after which the solvent was
concentrated. To the crude product was added toluene (20 mL) and water (20 mL) and the
mixture was stirred for 8 hours. The layers were separated and the toluene layer was
concentrated to a crude foam. For characterization purposes, the diastereoisomers were

obtained by purification by chromatography on silica gel eluting with 4:1 hexanes/ethylacetate
{2.37g product isolated, 81% yield).
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WHAT IS CLAIMED IS:
1. Therapeutically active compositions of matter and member species thereof

comprising indazole-containing compounds, said compounds and their therapeutic activity
resulting directly from an indazole-for-catechol bioisostere replacement of a catechal-
containing compound having said thérapeutic activity, where non-catechol substituents are
the same or homologous before and after said replacement, wherein said compositions of

matter comprise a compound of Formula (I") or (1%):

c C
RR R RB\ R
R N R
N b / ®
N
N\ N\
N R, R,
A A
R R
b (?
or a pharmaceutically acceptable salt thereof, wherein:
R is a member independently selected from the group consisting essentially of

hydrogen; hydroxy; -O-(C,-C,)alkyl; and phenyl substituted by 0 to 2 substituents R* where R® is
a member independently selected from the group consisting essentially of Br, Cl, or F;
{C4.C,) alkoxy; and CF,

RA is a member independently selected from the group consisting essentially of
hydrogen; (C;-Cg) alkyl,  -(CH,),{C3-Cyp) cycloalkyl wherein n is 0 {o 2
-{C4-Cg) alkyl(C,-Cg) alkoxy; (C5-Cs) atkenyl; -(CH,),(C4-Cg) heterocyclyl wherein n is 0 to 2; and
(Z)(Z") {Cg-C10) aryl wherein b and ¢ are each independently 0 or 1, Z' is (C+-Cs) alkylene or
(C-Cq) alkenylene, and Z" is -O-, -S-, -SO,-, or -N(R%)-, and wherein said alkyl, alkenyi,
alkoxyalkyl, heterocyclyl, and aryl moieties of said RA, groups are substituted by 0 to 3
substituents independently selected from halo; hydroxy; (C4-Cs)alkyl, (C,-Cs) alkenyl;
(C+-Cs) alkoxy; (C4-Cs) cycloalkoxy; trifiuoromethyl: nitro; -C(=0)OR®; -C(=0)NR°R™, -NR°R",
and -S(=0),NR°R"’;

where said aryl moiety comprises a member selected from the group consisting
essentially of phenyl; naphthyl; indenyl (from 2 3-dihydro-1H-indene); indanyl; and fluorenyl
(from 9-H-fluorene);

where said heterocyclyl moiety comprises a member independently selected from the
group consisting essentially of acridinyl; benzimidazolyl, benzodioxolane; 1,3-benzodioxol-5-yt;
benzojblfuranyl; benzo[blthiophenyl; benzoxazolyl; benzthiazolyl, carbazolyl; cinnolinyl; 2,3-
dihydrobenzofuranyl; 1,3-dioxane; 1,3-dioxolane; 1,3-dithiane; 1,3-dithiolane; furanyl;
imidazolidinyl; imidazalinyl, imidazolyl; 1H-indazolyl; indolinyl; indolyl; 3H-indolyl; iscindolyl;
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isoquinalinyl; isothiazolyl; isoxazolyl; morpholinyl; 1,8-naphthyridinyl; oxadiazolyl, 1,3-
oxathiolane; oxazolidinyl; oxazolyl; oxiranyl; parathiazinyl, phenazinyl, phenothiazinyl;
phenoxazinyl; phthalazinyl; piperazinyl; piperidinyl; pteridinyl; pyranyl; pyrazinyl; pyrazolidiny};
pyrazolinyl; pyrazolo][1,5-cltriazinyl; pyrazolyl; pyridazinyl, pyridyl; pyrimidinyl; pyrimidyl;
pyrrolyl; .pyrrolidinyl; purinyl; quinazolinyl; quinolinyl; 4H-guinolizinyl, quinoxalinyl;
tetrazolidiny); tetrazolyl; thiadiazolyl; thiazolidinyl; thiazolyl; thienyl; thiomorpholinyl; triaziny!;
and triazolyl; and

R®and R are independently selected from the group consisting essentially of hydrogen
and (C,-C,) alkyl substituted by 0 to 3 fluorine atoms;

R® is a member independently selected from the group consisting essentially of
hydrogen; (Cy-Cg) alkyl; (C,-Ca) alkenyl; phenyl; (Cs-C;)cycloalkyl; and <(C;-C,) alkyl(Cs-
C,) cycloalkyl; wherein said alkyl, alkenyl and phenyl R®, groups are substituted with 0 to 3
substituents independently selected from the group consisting essentially of methyl;ethyl;
trifluoromethy!; and halo; and '

R, and R, are each individually and independently a member selected from the group
consisting essentially of hydrogen and non-catechol substituents of said compounds resulting
directly from an indazole-for-catechol bioisostere replacement of said catechol-containing
compound having said therapeutic activity, where said non-catechol substituents are the
same or homologous before and after said replacement, provided that both of R, and R,
cannot be hydrogen at the same time.,

2, A therapeufically active composition of matter according te Claim 1 wherein
said therapeutic activity comprises a member independently selected from the group
consisting essentially of cholinesterase inhibitory activity, adrenergic as-antagonist and
Bi-agonist activity, caicium channel inhibitory acfivity, antineoplastic activity, and
phosphodiesterase type IV inhibitory activity.

3. A therapeutically active composition of matter according to Claim 1
comprising said therapeutically active indazole-for-catechol bioisostere replacement
compounds where R, and R,, are each individually and independently a member selected from
the group consisting essentially of hydrogen and said non-catechol substituents, provided that
both of R, and R, cannot be hydrogen at the same time; wherein R, and R, comprise a member
independently selected from the group consisting essentially of types (I) through (V) as
follows: '

()] cholinergic antagonists and anticholinesterase agents, comprising a
compound of Formulas (5.10) or (5.11):
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(5.10) (5.11)

wherein RS,, R%,, and R®, have the same meaning as R", R®, and R° recited in Claim

1, to which they correspond; and R and R', are each individually and independently a

member selected from the group consisting essentially of hydrogen and the substituents defined

10 by partial Formulas (5.12); (5.14); (5.16); (5.18); (5.19); (6.21); (5.23); (5.25); (5.26); and (5.28)
below, provided that both of R',and R, cannot be hydrogen at the same time:

(-A)
0
";)LO
R4 /N — R2
R3
(5.12)
15 wherein R2 R, and R* are independently selected from the group consisting essentially

of hydrogen and (C,4-C,) alkyl substituted by 0 to 3 substituents R®, where the substituent RYis
selected from the group consisting essentially of fluorine, chlorine, methyl, trifluoromethyl
hydroxy, and methoxy;

(-B) R'yis R®and R’y is the group of partial Formula (5.14):

O
MOH
20 0
(5.14)
wherein R® is a member independently selected from the group consisting essentially of

(C4-C,) altkyl; (C,4-C,) alkoxy; and hydroxy;
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OR10

(5.16)
wherein R®, R® and R" are independently selected from the group consisting essentially
of hydrogen and (C,-C,) alkyl substituted by 0 to 3 substituents is a member independently
10  selected R®, where the substituent R® is as defined herein;
(D) R', and R, are taken together to form the moiety of partial Formula (5.18):

(5.18)

wherein pis 0 or pis 1 and Wis -CH,- or -NH-; R is absent or is (C,-C,)alkyl; R, and

15 R,® are as defined herein; and R™ is -CH,; or is the remainder of the moiety of Formuta (5.18)
whereby a bis compound is formed as represented by partial Formula (5.19):

R,?

N

N

+ /

O\/\/\/O\”/\//N O N
12 }QA

@] O R 1

"2HX O

R,

\
R,
(5.19)
wherein HX is an acid addtion salt,
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L

wherein R", R'®, and R'® are each a member independently selected from the group
consisting essentially of -NH,; -NH(C,-C,) alkyl; and -N[(C,-C,) alkyl],, where the alkyl groups
10  are selected independently of each other;
I-F

S
40
(5.23)

~

X

wherein the moiety b represents the residue of a saturated secondary

16  heterocyclic base having 4, 5, 6, or 7 atoms in the ring, where X is -CHg-, -O-, -S-, or -NH-;

and preferably said secondary heterocyclic base is a member selected from the group

consisting essentially of pyrrolidine, 1,3-thiazolidine, imidazolidine, 1,2-oxazolidine, 1,3-

oxazolidine, piperidine, piperazine, tetrahydro-1,2-oxazine, tetrahydro-1,3-oxazine, tetrahydro-
1,4-oxazine, i.e., morpholine, tetrahydro-1,4-thiazine, and perhydroazepine;

20 (-G)

147
R \‘f( and
(5.25) (5.26)

wherein R™ is as defined herein; and R is (C,-C,) alky! or (C,-C,) alkenyl where said
alkyl and alkenyl groups are substituted by 0 to 3 substituents R®, where the substituent R® is
25 selected from the group consisting essentially of fluorine, chiorine, methyl, triflucromethyl
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5  hydroxy, and methoxy;
(-H)  R',and R, are taken together to form the moiety:

{5.28)
wherein the dashed line represents an optional double bond; Y* is -C(=0)-;
10  -C(=O)NH-; or -C(=O)N{CH,)-; Y® is a member selected from the group consisting essentially
of a direct single bond; a direct double bond; -CH,~; -CH,CH,-. -CH,CH,CH,-. =CH-; =CHCH,~;
=CH CH,CH,CH,.. =CHCH,CH,CH,CH,~; and =CH-CH=CH-; and Y® is a member selected
from the group consisting essentially of cyciohexyl; pheny! substituted by 0 to 3 R*® where R®
is a member selected from the group consisting essentially of methyl, methoxy, hydroxy,
15 benzyloxy, and nitro; pyridyl; 1-naphthyl; 2-naphthyl;

[{L)} adrenergic ay-antagonists and p,-agonists, comprising a compound of

Formulas {6.22) or (6.23):
R®,
Rc
N= 2
|
2
RY " R
2
R b
(6.22) {6.23)
20 wherein

R% and R*, and R®, are defined the same as R® and R* and R® herein, but are
selected on an independent basis therefrom; and
R%, and R?, are each individually and independently a member selected from the group
consisting essentially of hydrogen and the substituents defined by partial Formuias (6.24),
25 (6.26), (6.41), (6.43), (6.48), and (6.50) below, provided that bath of R%, and R%, cannot be
hydrogen at the same time:
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5 1I-A

AZB

(6.24)

wherein the dashed line represents an optional double bond; R® is a member

selected from the group consisting essentially of hydrogen; (C;-C,) alkyl, (C,-C,4) alkeny!, and

10  phenyl(C,-C,) alkyl-, where said alkyl,alkenyl, and phenyl or alkyl group attached thereto are

substituted by O to 3 substituents R®, where the substituent R® is as defined herein, but

independently selected therefrom; and R* is a member selected from the group consisting

essentially of hydrogen and (C;-C,) alkoxy;

{1-B) R%, and R?, are taken together to form the moiety of partial Formula (6.26):

é /N\\E(R”
Y

N
25—V~ 526
15 R R
{6.26)

wherein E represents N, resulting in a pyrimidinyl moiety and overall a quinazoline
series of compounds; or represents CH, resulting in a pyridyl moiety and overall a quinoline
series of compounds; R? and R* are each a member independently selected from the group
20 consisting essentially of hydrogen; (C,-Cg)alkyl; (C,-Ce)alkenyl, (C5-Cg) cycloalkyl;
hydroxy(C,-Cs) alkyl; pheny!; benzyl; phenylethyl; and 2-furfuryl; and
R¥is independently selected from the group consisting essentially of.
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(a) (b) (c) @
R ” Vi
lll CH ‘S\!\N’ R Morpholino; é—N N—R?
\li/ Y ’ R% 1-azacycloheptyl; /
O 1-azacyclooctyl;
pyrrolidino; or
piperidino
(6.27) (6.28) 55
© ® (@) (h)

. R43
%\ ~ \C H

(\N & o 45
N
/N\) R35 R4~ TR
O
(6.30) (6.31) (6.32) (6.33)

5 (i

(6.41)
wherein m is an integer independently selected from 2 and 3 in each instance of its
occurrence; n is an integer selected from 2, 3, and 4; p is an integer selected from 2 and 3:
10 and n and p together represent a total which is an Integer selected from 5, 6, and 7;

(D)

(6.43)
wherein R* is a member independently selected from the group consisting essentially
16 of
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5 (a) {C+-C4) alkyl optionally substituted by 1 or 2 hydroxyl groups;
phenyl(C,-C,) alkyl- optionally substituted on the phenyl portion thereof by 1 or 2 hydroxyl
groups; and cinnamyl;

(b}  -CH,C(=O)NHR* where R® is a member independently-selected from the
group consisting essentially of (C-C,) alkyl; and phenyl optionally substituted by (C;-C,) alkoxy,
10 trifluoromethyl, fluoro, bromo, or chloro;
(€)  -CH,C(=O)NHR*R*® where R* and R® are each defined the same as R*; but
are selected on an independent basis therefrom;
(d) a radical of partial Formula (6.44):

15 (6.44)
wherein the nitrogen atom forms part of a heterocyclic radical selected from the group
consisting essentially of morpholino; hexamethylene-imino; and pyrrolidino; and
(8)  -CH,C(=0)OR® where R s hydrogen or (C;-C,) alkyl;
(lI-E)

20
(6.48)

wherein R, is a member independently selected from the group consisting

essentially of hydrogen; hydroxy; and -O-(C,-C,)alkyl, in accordance with whether an
inclusionary or exclusionary bioisostere is intended; and R%, and R*, are independently

25 selected from the group consisting essentially of C,H,,.¢ where n is an integer selected from 1,

2, 3, and 4; and
H-F
R R%®
N R
N n
W
Rss

(6.50)
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5 wherein
R¥ is a member independently selected from the group consisting essentially of
hydrogen; (C,-C,) alkyl; and hydroxy;
R%® is a member independently selected from the group consisting essentially of
hydrogen;.and (C,-C,) alkyt;
10 W is -CR¥(R®)-; -CH(R™)CH(R®)-; or -CH(R*)CH(R®)CH,~; where R* is a member
independently selected from the group consisting essentially of hydrogen and methyl; and R® is
a member independently selected from the group consisting essentially of hydrogen, methyl, and
hydroxy;
R® is a member selected independently from the group consisting essentially of
15 hydrogen; methyl; phenyl; and benzoyl; where said phenyl and benzoyl groups are optionally
substituted by a member independently selected from the group consisting essentially of m-
hydroxy; p-hydroxy; m- and p-dihydroxy; m-{C,-C,) alkyi; (C,-C,) alkoxy; fluoro; chioro; cyano;
hydroxymethyl; acetyl; and o-allyl; and
R® is a member independently selected from the group consisting essentially of
20  hydrogen; and methyl;

(1 calcium channel antagonists comprising a compound of Formulas (7.22) or

(7.23):
A/
R 3
(7.22) (7.23)
25 wherein
R® and R% and R®, are defined the same as R® and R* and R® herein, but are
selected on an independent basis therefrom; and R?, and R®, are each individually and

independently a member selected from the group consisting essentially of hydrogen and the
substituents defined by partial Formulas {7.25); (7.28); (7.35); and (7.41) below, provided that
30 both of R% and R®, cannot be hydrogen at the same time:
wherein preferred embodiments comprise compounds where one of R?, and R, is
independently selected as hydrogen; and
wherein said substituents in addition to hydrogen which define each of R®, and R,
comprise a member independently selected from the group consisting essentially of the moieties
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5  of partial Formulas (7.24); (7.25); (7.28); (7.35); and (7.41):

(1-A)
RB
c 3 Rc3 B
RY, R%
R70 I [’\] R?O N/
CN N CN \
©H), w e L N
N. i
R 7 ~(CHy), R7! / \(CHz)m RA3
(7.24) (7.25)

wherein R” is a member independently selected from the group consisting essentially

10  of hydrogen; (C;-C,) alkyl; phenyl; benzyl; and cyclohexyl; R”' is a member independently

selected from the group consisting essentially of (C,-C,) aky!; n is an integer independently
selected from 2, 3, and 4; and m is an integer independently selected from 1, 2, and 3;

(i1-8)
74 R75
R W N,
& 0 e
15 (7.28)

wherein R™ is a member independently selected from the group consisting essentially
of hydrogen and (C,-C,) alkyl; R™ is a member independently selected from the group
consisting essentially of a single bond and a linear- or branched-alkylene radical (C,-Cs) alkyl;
W, is a member independently selected from the group consisting essentially of straight- and
20  branched-alkylene radicals (C,-Cs) alkyl, and 2-hydroxypropylene; R’ and R”® are members
independently selected from the group consisting essentially of hydrogen, methyl, ethyl,
chioro, and bromo; W, is a member independently selected from the group consisting
essentially of -S-, -SO-, and -SO,-; and A is a member indpendently selected from the group
consisting essentially of
25 (a)

(7.29)
wherein R”” and R™ are taken together with the carbon atom to which they are
attached to form an optionally aromatic mono- or di-cyclic carbocyclic group having from 5 to
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10 carbon atoms and optionally substituted in the a-position with respect to the methylene
group of partial Formula (7.29) by R® as defined below ; an optionally aromatic 5-membered
heterocyclic group where the heteroatoms or heterogroups are members independently
selected from the group consisting essentially of O, S, N, -N(R”)-, O together with N, O
together with -N(R™)-, S together with N, S together with -N(R™)-, N together with N, and N
together with -N(R”®)-, optionally substituted in the a-position with respect to the methylene
group of partial Formula (7.28) by R* as defined below, where R™ is hydrogen, (C;-C,) alkyl,
or phenyl; or an optionally aromatic 6~ to 10-membered mono- or di-cyclic heterocyclic group,
where the heteroatoms or heterogroups are members independently selected from the group
consisting essentially of O, S, N, -N(R™)-, O together with N, O together with -N(R™®)-, S
together with N, S together with -N(R”®)-, N together with N, and N together with -N(R)-,
optionally substituted in the «-position with respect to the methylene group of partial Formula
(7.29) by R® as defined below, where R™ is hydrogen, (C;-C,) alkyl, or pheny);

(b) (c) (d) (e)
86
R® R
R®2 N R® R™ }\l
QA R84 0O
pral@h 5. =T
RY! '\ R RE SRM  O7 OR® R R¥%- R*

(7.30) (7.31) (7.32) (7.33)

wherein

R® and R® are members independenty selected from the group consisting
essentially of hydrogen; (C,-C,) alkyl; phenyl; and taken together with the carbon atom to
which they are attached represent an optionally aromatic 6-membered carbocyclic ring; R* is
O or S; R® is O; S; or -N(R™)-; R* is a member independently selected from the group
consisting essentially of hydrogen; (C,-C,) alkyl; (Cs-C;) cycloalkyl; benzyl, and phenyl
optionally substituted with 1 to 3 substituents selected from the group consisting essentially of
fluoro, chloro, bromo, (C4-C,) alkyl, (C,-C,) alkoxy, and nitro; and R*® and R* are members
independently selected from the group consisting essentially of hydrogen; (C4-C,) alkyl; and
benzoyl;

(n-c)

(e

(7.35)
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wherein R* is hydrogen or a group of partial Formula (7.36):
F
89
(7.36)

whereR™ is hydrogen or fluorine;

(1-Dy
R®, and Rs., are taken together to form the moiety of partial Formula (7.41):

a1

{A\'?'/E\'?'/G R ]
90 R
~.B R R%

(7.41)

wherein A is -CH,CH,-; -CH=CH-~; -NH-C(=0)-; -CH,-C(=0)-; or -C(R*)=N- where R*

is (C4-C,) alkyl; and B is methylene; carbonyl; or thiocarbonyl; or A is -C(=O)-C(=O)-; -N=CH-;
~CH(OH)-C(=0)-; -CH(OH)-CH,-; -C(=NOH)-C(=0)-; or -CH(NHR®)-C(=0)-, where R* is
hydrogen or (C,-Ca) alkyl substituted by phenyl, methoxyphenyl, or dimethoxyphenyl; and B is
methylene; E is a member independently selected from the group consisting essentially of n-
(C5-C,) alkylene, optionally substituted by (C,-Cj) alkyl, 2-hydroxy-n-propylene, 2-hydroxy-n-
butylene or 3-hydroxy-n-butylene; G is a member independently selected from the group
consisting essentially of n-(C;-Cs) alkylene, optionally substituted by (C,-C;) alkyl, where one
methylene group of an n-alkylene of 2 to 5 carbon atoms may be replaced by a carbonyl
group, with the proviso that B represents a methylene or carbonyl group, or methylene-n-
hydroxyalkylene of 1 to 4 carbon atoms, where the methylene group is attached to the
nitrogen atom; R* is a member independently selected from the group consisting essentially
of hydrogen; (C,-C,) alkyl; phenyl(C,-C,) alky!; (C,-Cj) alkanoyl; {C;-C,) alkoxycarbonyl, and
(C5-Cs) alkenyl; and R*, R®2, and R® are each a member independently selected from the
group consisting essentially of hydrogen; fluorine; chlorine; bromine; hydroxy; cyano; nifro;
trifluoromethyl  (C,-C,) alkyl; (C;-C,) alkoxy; (C,-Ca) alkylamino;  di(C,-C,) alkylamino;
(C4-C;) alkanoytaming; (C4-C,) alkoxycarbonylamino, bis(C,-C,) alkoxycarbonytamino;
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5 (triflucromethyl)methylamino; and (trifiuoromethyl)ethylamino; and R®' and R¥ taken together
with each other are (C4-C,) alkylenedixoy;
{V) antineoplastic and antiproliferative agents comprising a compound of

Formulas (8.21) or (8.22):
B
R", .
NZ R's
\
4
R iy R
4
R
10 (8.21) (8.22)
wherein

R® and R*, and R, are defined the same as R® and R* and R® hereln; and R, and
R* are each individually and independently a member selected from the group consisting
essentially of hydrogen and the substituents-defined by partial Formulas (8.23); (8.28); (8.40);

15  and (8.45) below, provided that both of R®, and R*, cannot be hydrogen at the same time:

(v-A)
N.__NH,
] T
e 2 -

CH, NH,
{8.23)
wherein Z is 2-hydroxyethanesulfonic acid or glucuronic acid, as well as

20 pharmaceutically acceptable prodrugs and metabalites thereof;
(IV-B) R*% and R%, are taken together to form the moiety of partial Formula

(8.28):
N

3

=N

R
{8.28)
25 wherein Ar a substituted or unsubstituted mono- or bi-cyclic aryl or heteroaryl ring
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5 system of from 5 to 12 atoms where each monocyclic ring may contain 0 to 3 heteroatoms,
and each bicyclic ring may contain 0 fo 4 heteroatoms selected from N, O, and S, provided
said heteroatoms are not vicinal oxygen and/or sulfur atoms; W, is a member independently
selected from the group consisting essentially of a bond; -O-; -8~; -8(=0)-; -8(=0),-, -OCH_~;
-C=C-, -C=C-; -C(=8)-; -SCH,~; -NH-; -NHCH,~; -NHCH(R¥)-, -N(R¥)- or -N(R*)CH,- where

10 R¥ is (C,-C,) alkyl; -CH,-CH,-, and -CH,-CH,-CH,-; m is an integer selected from 0, 1, 2, and
3; and R*® is a member independently selected from the group consisting essentially of
hydrogen; -(C4-C,) alkyt; -(C5-Cy) alkenyl; -phenyl; phenyl(C4-C,) alkyl-;
phenyl(C,-C,) alkenyl-; -hydroxy; hydroxy(C,-C,) alkyl-; -(C4+-C,) alkoxy;
(C,-C;) alkoxy(C,-C,) alkyl-; phenyl(C,-C,) alkoxy-; phenyloxy-; (C,-C,) alkylcarbonyloxy-;

15  phenylcarbonyloxy-; bromo, chloro, or fluoro; (bromo, chloro, or fluoro)(C,-C;) alky-; -nitro;
-cyano; -amino; mono- or di-(C4-Cy) alkylamino-;  (C,-C,) alkylcarbonylamino-;
phenylcarbonylamino-; -carboxy; carboxy(C,-Cs) alkyl-; (C4-C;) alkoxycarbonyl-;
phenyl(C,-C,) alkoxycarbonyl; (C,-Cs) alkoxycarbonyl(C,-Cs) alkyl~; amino(C,-C,) alkoxy-;
amido; mono- and di-(C,-C;) alkylamido; N,N-(C,-C,) cycloalkylamido-; (C,-Cs} alkyithio-;

20 (C,-C,) alkylsulfinyl-; -sulfonyl; mono- and di-(C,-Cs) alkylsulfonyl-; -sulfamoyl; mono- and
di-(C,-Cs) alkylsulfamoyl-; (bromo, chioro, or fluoro)phenyl-; benzoyl; and provided that mis 1,
azido and R*-ethynyl, where R®, is hydrogen or (C;-Ce)alkyl substituted by 0 to 2
substituents where said substituent is a member independently selected from the group
consisting essentially of hydrogen; amino; hydroxy; R*,-0; R®,-NH; and (R™,),-N, where

25 R%,is (C,-C,) alky!;

IV-C

(8.40)

wherein Z is a moiety of partial Formulas (8.41) and (8.42):
R'™), .
\ (R1°5)m (R1os)n__[N (Rms)m

(8.41) (8.42)
wherein mis an integer selected from 0, 1, 2, 3, and 4; n is an integer selected from 0,
1, and 2; D is saturated carbon: oxy; or thio; R'® is @ member independently selected, for

30
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each occurrence in partial Formulas (8.41) and (8.42), from the group consisting essentially of
mono-, di-, or tri-flucromethyl; bromo, chloro, or fluoro; nitro; hydroxy; amino; azido;
isothiocyano; (C,-C,) alkyl; phenyl; thienyl; (C,-C,) alkoxy; benzyloxy; phenoxy;
(C2-Cs) alkenyl; (C2-C) alkynyl; (C,4-C,) alkylenedioxy; cyano; benzoylamino;
trifluoromethylcarbonylamino; {C4-C,) alkanoylamino; {C,-C,) alkkanoyl-N-mono-  or
-N,N-di-(C,-C,) alkylamino; (C4-Cy) alkylsulfonylamino; trifluoromethylsulfonylamino;
(G,-C,) atkylthio; (C,-C,) alkylsulfinyl; (C,-C,) alkylsuifonyl; pyrrol-1-yl; piperidin-1-yl; and
pyrrolidin-1-yl; where said phenyl, benzyloxy, phenoxy and benzoylamino groups are
optionally mono-substituted with a member independently selected from the group consising
essentially of bromo, chloro, or fluoro; nitro; trifluoromethyl; hydoxy; and (C,-C,) alkyl; and
where said (C,-C,) alkylenedioxy is linked at both ends thereof to adjacent carbons of the
benzene moiety to which it is attached; R'®, when it is not attached to a ring carbon which is
adjacent to an oxy, thio or -N- ring atom, is a member independently selected, for each
occurrence in partial Formulas (8.41) and (8.42), from the group consisting essentially of
hydroxy; amino; N-mono- or N,N-di<(C,-C,) alkylamino; sulfo; and (C;-C,) alkoxy; and R'%,
when it is attached to a ring carbon which is adjacent to an oxy, thio or -N- ring atom, is a
member Independently selected, for each occurrence in partial Formulas (8.41) and (8.42),
from the group consisting essentially of carboxy;  hydroxy(C,-C,) alkyl;
(C4-C,) altkoxy(C-Cy) alkyl; amino(C,-C,) alkyl; mono-N- and
di-N,N-(C,-C,) alkylamino(C,-C,) alkyl; morpholino{C,~C,) alkyl; 4-
(C,-C,) alkyl-piperazin-1-y}{C,-C,) alky!; carboxy(C,-C,) alkyl; (C,-C,) alkoxycarbonyl;
sulfo(C4-C,) alkyl; and (C,-C,) alkyl;

(Iv-D) R?, and R%, are taken together to form the moiety of partial Formula

(8.45):

R*)n
(8.45)
wherein R* and m are as defined under (IV-C) above, but are selected on an
independent basis therefrom; Wy is -Y-CH,-; -CH,-Y-; or -Y-; where Y is O, §(O), where q is
an integer selected from 0, 1, and 2, or NR'® where R'® is hydrogen or (C,-Cs) alkyl; and R*®
is a group -ZR'%'- where Z is joined to R'™ through a bridging group (CH,), where p is an
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5 integer selected from 0, 1 and 2; and Z is a member independently selected from the group
consisting essentially of -V-CHj-, -V-CF,-, -CH,-V-, -CF,-V-, and -V-, where Vis a hydrocarbyl
group containing 0, 1, or 2 carbon atoms; carbonyl; -CH(OH)-; sulfonamide; amide; -O-:
-S(0)qy= and -NR' where R'™ is hydrogen or (C;-C) alkyl; and R"™ is optionally substituted
(Cs-Cy) cycloalkyl, or an optionally substituted 5,6,7,8,9, or 10-membered carbocyclic or

10 heterocyclic moiety where said carbocyclic moiety is a member independently selected from
the group consisting essentially of phenyl; benzyl;, indene; naphthalene; tetralin; decalin;
cyclopentyl; cyclohexyl; and cycloheptyl; and said heterocyclic moiety is a member
independently selected from the group consisting essentially of furan; dioxolane; thiophene;
pyrrole; imidazole; pyrrolidine; pyran; pyridine; pyrimidine; morpholine; piperidine; oxazoline;

15  oxazolidine; thiazole; thiadiazole; benzofuran; indole; isoindole; quinazoline; quinoline; and
isoquinoline; or R* is a group -ZR"'- where Z is -NR'%, and -NR'® and R"' together form a
5, 6,7, 8,9, or 10-membered heterocyclic moiety as defined under R above; and

[\))] PDE4 inhibitors, especially inhibitors useful in treating asthma and
other respiratory and inflammatory diseases and conditions, comprising a compound of

20 Formulas (9.0) and (9.1):

(9.0) (9.1)

"and pharmaceutically acceptable salts thereof, wherein:
R°5. is a member independently selected from the group consisting essentially of
25 hydrogen; hydroxy; -0-(C4-C,) alkyl; -0-(C4-C,) alkyl(C4-C,) alkoxy; and

-0-(C4-C,) alkyl-morpholino;

R% is a member independently selected from the group consisting essentially of
hydrogen, (C-Cy) alkyl; {CH,).(C3-C10) cycloalkyl wherein n is an integer selected from 0, 1, and
2, (C4-Cs) alkoxy(C4-Cg) alkyl; (C,-Ce) alkenyl; -(CH,)(Ca-Cs) heterocyclyl wherein n is an integer
30  selected from 0, 1, and 2; and (Z"),(Z%)(C4-C o) aryl wherein b and c are integers independently
selected from 0 and 1, 2' is (C,-C,) alkylene or (C»-C,) alkenylene, and Z2 is O, S, SO,, or
NR™M®: and further wherein said heterocyclyl is a member independently selected from the group
consisting essentially of acridinyl; benzimidazolyl; benzodioxolane; 1,3-benzodioxol-5-yl;
benzolb]furanyl; benzo[b]thiopheny!; benzoxazolyl; benzthiazolyl; carbazolyl; cinnolinyl; 2,3-
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dihydrobenzofuranyl, 1,3-dioxane; 1,3-dioxolane; 1,3-dithiane; 1,3-dithiolane; furanyl;
imidazolidinyl; imidazolinyl; imidazolyl; 1H-indazolyl; indolinyl; indolyl; 3H-indolyl; isoindolyl;
isoquinolinyl; isothiazolyl; isoxazolyl, morpholinyl; 1,8-naphthyridinyl; oxadiazolyl; 1,3-
oxathiolane; oxazolidinyl, oxazolyl, oxiranyl, parathiazinyl, phenazinyl; phencthiazinyi;
phenoxazinyl; phthalazinyl; piperazinyl; piperidinyl; pteridinyl; pyranyl; pyrazinyl; pyrazolidinyl;
pyrazolinyl; pyrazolo[1,5-c]triazinyl; pyrazolyl; pyridazinyl; pyridyl; pyrimidinyl; pyrimidyl;
pyrrolyl, pyrrolidinyl; purinyl; quinazolinyl; quinolinyl; 4H-quinolizinyl; quinoxalinyl;
tetrazolidinyl; tetrazolyl; thiadiazolyl; thiazolidinyl; thiazolyl; thienyl; thiomorpholinyl; triazinyl;
and triazolyl; wherein said aryl is a carbocyclic moiety which is a member independently
selected from the group consisting essentially of benzyl, cis- and
trans-decahydronaphthalenyl; 2,3-1H-dihydroindeny! (indanyl); indenyl; 1-naphthalenyl; 2-
naphthalenyl, phenyl; and 1,2 3 4-tetrahydronaphthalenyl; wherein said alkyl, alkenyl,
alkoxyalkyl, heterocyclyl, and aryl moieties defining said R”; groups are substituted by 0 to 3
substituents where each said substituent comprises a member independently selected from the
group consisting essentially of bromo, chloro, or fluoro; hydroxy; (C4-Cs) alkyl; (C,-Cs) alkenyl;
(C,-Cs) alkoxy; (Cy-Cg) cycloalkoxy; mono-, di- and tri-lucromethyl; nitro; -C(=O)OR'*,
-C(=O)NR"9R12°. -NR'*R'® and -S(=O)2NR”9R120;

R®% is a member independently selected from the group consisting essentially of
hydrogen; {C4-Cy) alkyl; (C,-Cy) alkeny; phenyl; {C5-C;) cycloalkyl; and
(C5-Cy) cycloalkyl{C4-C,) alkyl; wherein said alkyl, alkenyl and phenyl moieties defining said R®;
groups are substituted by 0 to 3 substituents where each said substituent comprises a member
independently selected from the group consisting essentially of methyl, ethyl, mono-, di-, and
tri-fluoromethyl; and bromo, chloro, or fluoro;

R®, and R% are independently selected from the group consisting essentially of
hydrogen and hereinafter recited substituents, provided that one, but not both of R"’a and R"’,,
must be independently selected as hydrogen, wherein said substituents comprise moieities of
partial Formulas (V-A) - (9.2)-(9.5); (V-B) —(9.6)-(9.14);(V-C) — (9.16)-(9.35); (V-D)~— (9.36); and
(V-E) ~ (9.37)—(9 49):

113
R13 R R13 R
(R116 R'®)
R SO.CF, O

1
R R1 5 R128

(9.2) - (9.3) (9.4) (9.5)
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5 or, said substituents defining R®, and R®, comprise:

(V-B)

a member selected from the group consistng essentaly of R*
-C(=0INRP(CHR™),,C(=O)NR™O(CH,)(CsCra) aryl);  -C(=NR*JNH(CHy},(Ce-C1o) aryl;
-C(=0)NR¥®*(CHR*?),,C(=0)NR*(CH,),0R™, -C(=0)NR*Z(CHR?),,S(C,-C,) alkyl;

10  -C[=NOC(=0)R®*R™%, -CRZR*CHR™NRY®SO,(CH ) A;

-CRETRZCHR®NR*P(=0)(OR?)C(=0)(C;-C,) alkyl;
CRZRPPCHRZNR?®P(=0)[(C,-C,) alkoxyl,, -Z°-R*"; and -(CR¥®'R™),NR*"*(C(0)).,R®
wherein p is an integer selected from 0, 1, and 2; m is an integer selected from 1, 2, 3, 4, 5, and
6; and q is an integer selected from 1 and 2;
15 or, said substituents defining R®, and R®, comprise:
a moiety of partial Formulas (9.6) through (9.14), inclusive:

216 216
R213 214 éﬁ
“!\v/ s =), N5y O
(CH,),, (CH,),,

(9.8) ©.7) (9_8) (9.9) (9.10)
ITJH Iﬁ 223
NH
(CHz)
230 239
(9.11) (9.12) (9.13) (9.14)
(V-C)
20 or, said substituents defining R%, and R®, comprise:

a member independently selected from the group consisting essentially of 2-oxo-4-
pyrrolyl;  pyrazolyl, 2-oxo-3,4-dihydro-5-pyrimidyl; 2-0x0-3,4-dihydro-4-pyrimidyl;  2-oxo-
tetrahydro-4-pyrimidyl; 2-oxo-tetrahyro-5-pyrimidy; 2-0x0-4-pyrimidyl; and 2-oxo-5-pyrimidyl;
wherein each of said R?, and R?, groups is substituted by 0, 1, 2, 3, or 4 R?® groups;

25 or, said substituents defining R, and R, comprise:
a moiety of partial Formulas (9.16) through (9.35), inclusive:
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R® R34 R35
S(O ! -
N N e %
) A333 |IR349 o N
5 (9.16) (9.17) (9.18) (8.19) (8.20) (8.21)
R336 336

{8.26) 9.27)
340 361
336
R RER ez
k R358
0 359 N\Rsso
(9.28) (9.29) (8.30) (9.31)
N
9.32) {8.33) (8.34) (9.35)
(v-D)
10 or, said substituents defining R®, and R®, comprise:
a moiety of partial Formula (9.36):
X2 o Xxt —é
(9.36)
wherein
15 the broken line indicates a single or double bond;
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X' is -CR*™R*”- where said broken line indicates a single bond; or -CR*”- where said
broken line indicates a double bond;

X2 is -CR*RRY™. or -C(=NOR®")R*2. where said broken line indicates a single
bond; or -CR*’R*"® where said broken line indicates a double bond;

R* is a member independently selected from the group consisting essentially of H;
hydroxy; bromo, chloro, or fiuoro; and ~OR*™:

each R is a member independently selected from the group consisting essentially of
cyano; cyanomethyl; benzyloxy; -R¥%; -COR*™; -CO,(CH,),(Ce-Cyo) aryl; -C(Y)NR¥SR*®:
-C(YINR¥®(CH,),(C5-C1o) aryl; ~(CHy)a(Ce-C1o) aryl; and <{CHa)y(5- to 10-membered heteroaryl):
where n is an integer selected from 0, 1, 2, and 3; each R*”™ group is substituted by 0 to 3
substituents R** ; and each R*"™ group is substituted by 0 or 1 substituent R*;

each R**
bromo, chioro, or fluoro; cyano; nitro; (C-Cs) alkyl; (C,-Cs) alkenyl; -ORY®; (C,-C;) cycloalkoxy;
-NR*5R*; .NR°OR*"®; -§(0),,R*" where m is an integer selected from 0, 1, and 2; -CO,R*”,
-C(=0)R*®: -SO,NRY5RYS. C{=O)NR*R¥"S; -CRRS0,NRVSR™;
'C R475 R476C(= O)NR475R476; "N H S 02 R475; ‘N H SOzN R475R475; _N HC (___. O)N R475R476;
-NHC(=0)(C,-Cs) alkyl; and -NHC(=0)O(C,-C,) alkyl);

each R*® and R"® is a member independently selected from the group consisting
essentially of H; and (C4-Cg) alkyl;

R*" is a member independently selected from the group consisting essentially of

is a member independently selected from the group consisting essentially of

R
2-oxo-pyridyl; 3-oxo-pyridyl; 4-oxo-pyridyl; 2-oxo-pyrrolyl; 4-oxo-thiazolyl;, 4-oxo-piperidyl; 2-oxo-
guinolyl; 4-oxo-quinolyl; 1-oxo-isoquinolyl; 4-oxo-oxazolyl; 5-oxo-pyrazolyl; §-oxo-isoxazolyl; and

4-oxo-isoxazolyl; where each of said R*7 groups is substituted by 0 to 3 substituents R,

R478 _R475;

is a member independently selected from the group consisting essentially of
cyano; -(CHz)n(Cs-Cyo) aryl; and {CH,),(5- to10-membered heteroaryl); where p is an integer
selected from 1, 2, and 3; and where each sald R*"® group is substituted by 0 to 3 substituents
R‘";

R*" is a member independently selected from the group consisting essentially of formyl;
carbamoyl, thiocarbamyl; (C,-Cg) alkyl; (Cx-Cg) alkenyl; (C4-Cs) alkox}(C1-C4) alkyl; and
(C4-Cy) alkanoy!; where said alkyl moieties of each of said R“™ groups is substituted by 0 to 3
substituents independently selected from the group consisting essentially of bromo, chloro, or
fluoro; hydroxy; and (C4-C,) alkoxy;

R*® is a member independently selected from the group consisting essentially of -
cyciobutyl; cyclopentyl, cyclohexyl; 2-cyclobuten-1-yl, 2-cyclopenten-1-yl; 3-cyclopenten-1-yl;
2,4-cyclopentadien-1-yl; 3,5-cyclohexadien-1-yl; pyrrolyl; pyrrolidinyl; dioxolanyl; imidazolyi;
oxazolyl; imidazolidinyl; pyrazolyl; pyrazolidinyl, pyranyl; piperidiny!; 14-dioxanyl; morpholiny};
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5  1,4-dithianyl; thiomorpholinyl; piperazinyl; 1,3,5-trithianyl; oxazinyl; isoxazinyl; oxathiazinyt; and
oxadiazinyl; where each of said R**° groups Is substituted by 0 to 2 (C,-C,) alkyl;
R®! is a member independently selected from the group consisting essentially of H;
(Cy-Co) alkyl;  (Cp-Ce)alkenyl;  (CCg)alkynyl; -CY)NRYSRYS;  _C{Y)NH(Cq-C;o) aryk;
-C(Y){C+-Cy) alkoxy, -C(Y){C¢-C4o) aryloxy; and -C(Y)(C4-Ce) alkyl);

10 R*? Is a member independently selected from the group consisting essentially of pheny!
and pyridinyl; where each of said R*? groups is substituted by 0 to 3 substituents independently
selected from the group consisting essentially of bromo, chioro, or fluoro; {C,-C,) alkyl, hydroxy;
(C+-Cy) alkoxy; -NR*°R*®; and -S(0),,R*"®, where m is an integer selected from 0, 1, and 2; and,

YisOorS;or
15 (V-E)
or, said substituents defining R®, and R®, comprise:
a moiety of partial Formulas (9.37) through (9.49), inclusive:

©<<<{< %usvo a

(9.37) (9.38) (9.39) (9.40)
O
e N~ CH,
OH 0
N CH
i, N.)\/[ Y

(9.41) (9.42) (9.43) (9.44)
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(9.45) {9.46) (8.47) (9.48)

and pharmaceutically active salts, prodrugs and metabolites therecf.

4. A pharmaceutical composition comprising a therapeutically effective amount
of a compound according to Claim 1 together with a pharmaceutically acceptable carrier
therefor.

5. A pharmaceutical composition comprising a therapeutically effective amount
of a compound according to Claim 3 together with a pharmaceutically acceptable carrier
therefor.

6. A method of treating or preventing a disease or condition comprising
administering to a patient in need of such treatment a therapeutically effective amount of an
active ingredient possessing cholinesterase inhibitory activity, adrenergic oq-antagonist and
B-agonist activity, calcium channel inhibitory activity, antineoplastic activity, or
phosphodiesterase type IV inhibitory activity, where each said disease or condition is
mediated by or associated with interaction between receptors and ligands characteristic of
each said disease or condition which are positively affected by said active ingredient, wherein
said active ingredient is a compound according to Claim 1.

7. A method of treating or preventing a disease or condition comprising
administering to a patient in need of such treatment a therapeutically effective amount of an
active ingredient possessing cholinesterase inhibitory activity, adrenergic a,-antagonist and
By-agonist activity, calcium channel inhibitory activity, antineoplastic activity, or
phosphodiesterase type IV inhibitory activity, where each said disease or condition is
mediated by or associated with interaction between receptors and ligands characteristic of
each said disease or condition which are positively affected by said active ingredient, wherein
said active ingredient is a compound according to Claim 3.

8. A compound of Formula (I') or (%):
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R, N R,
N7 /
\N N N
AI Ra A Ra
5 R R
" (%

or a pharmaceutically acceptable salt, prodrug, or metabolite thereof, wherein:
R® is 2 member independently selected from the group consisting essentially of
hydrogen; hydroxy; -O-(C,-C,)alkyl; and phenyl substituted by 0 to 2 substituents R® where R® is
10 a member independently selected from the group consisting essentially of Br, Cl, or F;
(C4.C4) alkoxy; and CF,
R Is & member independently selected from the group consisting essentially of
hydrogen; (C;-Cg)alkyl, «{CH,)(CxCip)cycloalkyl wherein n is 0 to 2
-(C4-Cq) alkyl(C,-Cg) alkoxy; (Co-Cs) alkenyl; ~(CH,),(C5-Cs) heterocyclyl wherein n is 0 to 2; and
15 «(Z')u(Z")(Cs-Cyq) aryl wherein b and c are each independently 0 or 1, Z' is (C4-Ce) alkylene or
(C2-Ce) alkenylene, and 2" is -O-, -S-, -SO,-, or -N(R®)-, and wherein said alkyl, alkenyl,_
alkoxyalkyl, heterocyclyl, and ary! moieties of said RA, groups are substituted by 0 to 3
substituents independently selected from halo; hydroxy; (C4-Cs)alkyl; (C,-Cs) alkenyt;
(C-Cs) alkoxy; (C4-Cq) cycloalkoxy; trifluoromethyl; nitro; -C(=0)OR®; -C(=O)NR®R'®, -NR°R",
20 and-S(=0),NR°R™,
where said aryl moiety comprises a member selected from the group consisting
essentially of phenyl; naphthyl; indeny! (from 2,3-dihydro-1H-indene); indanyl; and fiuorenyl
{from 9-H-fluorene);
where said heterocyclyl moiety comprises 2 member independently selected from the
25  group consisting essentially of acridinyl; benzimidazolyl; benzodioxolane; 1,3-benzodioxol-5-yl;
benzo[bjfuranyl; benzo[b]thiophenyl; benzoxazolyl; benzthiazolyl, carbazolyl; cinnolinyl; 2,3-
dihydrobenzofuranyl; 1,3-dioxane; 1,3-dioxolane; 1,3-dithiane; 1,3-dithiclane; furanyl;
imidazolidinyl; imidazolinyl, imidazolyl; 1H-indazolyl; indolinyl; indolyl; 3H-indolyl; isoindolyl;
isoquinolinyl; isothiazolyl; isoxazolyl, morpholinyl; 1,8-naphthyridinyl; oxadiazolyl; 1,3-
30 oxathiolane; oxazolidiny}; oxazolyl; oxiranyl; parathiazinyl; phenazinyl, phenothiaziny};
phenoxaziny!; phthalazinyl; piperazinyl; piperidinyl; pteridinyl; pyranyl; pyrazinyl; pyrazolidinyl;
pyrazolinyl;, pyrazolo[1,5-cltriazinyl; pyrazolyl; pyridazinyl; pyridyl; pyrimidinyl; pyrimidyl;
pymrolyl;  pyrrolidinyl; purinyl; quinazoliny;, quinolinyl; 4H-quinolizinyl, quinoxalinyl;
tetrazolidinyl; tetrazolyl; thiadiazolyl; thiazolidiny!; thiazolyl; thienyl; thiomorpholinyl; triaziny;
35 and triazolyl, and
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5 R® and R* are independently selected from the group consisting essentially of hydrogen
and (C,-C,) alkyl substituted by 0 to 3 fluorine atoms;
R® is a member independently selected from the group consisting essentially of
hydrogen; (C,-Cj)alkyl; (C,-Cs)alkenyl; phenyl; (C,-C,)cycloalkyl, and -(C,-C,) alkyl(Cs-
Cy) cycloalkyl; wherein said alky!, alkenyl and pheny! R®, groups are substituted with 0 to 3
10 substituents independently selected from the group consisting essentially of methylethyi;
trifluoromethyl; and halo; and
R, and Ry, are each individually and independently a member selected from the group
consisting essentially of hydrogen and a substituent defined under (), (II), (Ill), and (IV) below,
provided that both of R, and R, cannot be hydrogen at the same time;
15 ()] cholinergic antagonists and anticholinesterase agents, comprising a
compound of Formulas (5.10) or (5.11):

R®,
N

(5.10) (5.11) .

wherein R®,, R%,, and R®, have the same meaning as R*, R®, and R® recited in Claim

20 1, to which they correspond; and R', and R', are each individually and independently a

member selected from the group consisting essentially of hydrogen and the substituents defined

by partial Formulas (5.12); (5.14); (5.18); (5.18); (5.19); (5.21); (5.23); (5.25); (5.26); and (5.28)
below, provided that both of R, and R, cannot be hydrogen at the same time:

)

R /N\R2
25 R’
(5.12)
wherein R%, R, and R* are independently selected from the group consisting essentially
of hydrogen and (C,-C,) alky! substituted by 0 to 3 substituents R®, where the substituent R® is
selected from the group consisting essentially of fluorine, chlorine, methyl, triflucromethyl

30  hydroxy, and methoxy;
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5 I-B) R',isR®and R is the group of partial Formula (5.14):
0O
e
O
(5.14)
wherein R® is a member independently selected from the group consisting essentially of
(C4-Cy) alkyl; (C4-C,) alkoxy; and hydroxy;
10 (-C)

R8

0 0
%)Lo/\/\/"‘
(5.16)

wherein R®, R® and R" are independently selected from the group consisting essentially
of hydrogen and (C,-C,) alkyl substituted by 0 to 3 substituents is a member independently
15  selected R®, where the substituent R® is as defined herein;
(-D)  R';and R', are taken together to form the moiety of partial Formula (5.18):

(5.18)

wherein p is 0 or pis 1 and Wis -CH,- or -NH-; R* is absent or is (C,-C,)alkyl; R,* and

20 R,® are as defined herein; and R"™ is -CHj; or is the remainder of the moiety of Formula (5.18)
whereby a bis compound is formed as represented by partial Formula (5.19):
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wherein HX is an acid addtion sait,
I-E
R™
o)
: R'
N
O Q
%N
10 (5.21)
wherein R™, R'®, and R are each a member independently selected from the group
consisting essentially of -NH,; -NH(C,-C,) alkyl; and -N[(C,-C,) alkyll., where the alkyl groups
are selected independently of each other;
I-F
%/lsk
15

{5.23)

SNOX
wherein the moiety —/ represents the residue of a saturated secondary

heterocyclic base having 4, 5, 6, or 7 atoms in the ring, where X is -CH;-, -O-, -S-, or -NH-;
and preferably said secondary heterocyclic base is a member selected from the group
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5 consisting essentially of pyrrolidine, 1,3-thiazolidine, imidazolidine, 1,2-oxazolidine, 1,3-
oxazolidine, piperidine, piperazine, tetrahydro-1,2-oxazine, tetrahydro-1,3-oxazine, tetrahydro-
1.4-oxazine, i.e., morpholine, tetrahydro-1,4-thiazine, and perhydroazepine;

(-6)
/
0] \\S //0 \%/U\ N /\EN>
R‘l4/
}‘( and
10 (5.25) (6.26)

wherein R™ is as defined herein; and R™ is (C,-C,) alkyl or (C,-C,) alkeny! where said
alky! and alkenyl groups are substituted by 0 to 3 substituents R® where the substituent R® is
selected from the group consisting essentially of fluorine, chlorine, methyl, triflucromethyl
hydroxy, and methoxy;
15 (I-H) R',and R', are taken together to form the moiety:

A

o
I‘ c
O\/Y
(5.28)

wherein the dashed line represents an optional double bond, Y is -C(=0)-;

-C(=0)NH-; or -C(=O)N(CH,)-; Y® is a member selected from the group consisting essentially

20 of adirect single bond; a direct double bond; -CH,-; -CH,CH,-, -CH,CH,CH,-, =CH-; =CHCH,~;

=CH CH,CH,CH,,, =CHCH,CH,CH,CH,~; and =CH-CH=CH-; and Y® is a member selected

from the group consisting essentially of cyclohexyl; pheny! substituted by 0 to 3 R*® where R?

is a member selected from the group consisting essentially of methyl, methoxy, hydroxy,
benzyloxy, and nitro; pyridyl; 1-naphthyl; 2-naphthyl;

25 {n adrenergic as-antagonists and p,-agonists, comprising a compound of
Formulas (6.22) or (6.23):
R?,
c
NZ 2
|
N R?
A/
2
R b
(6.22) (6.23)
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5 wherein
R®, and R*, and R®, are defined the same as R® and R* and R® herein, but are
selected on an independent basis therefrom; and
R?; and R?, are each individually and independently a member selected from the group
consisting essentially of hydrogen and the substituents defined by partial Formulas (6.24),
10 (6.26), (6.41), (6.43), (6.48), and (6.50) below, provided that both of Rz,I and sz cannot be

hydrogen at the same time:
I-A
o)
PPN
R%*
N
N O
Lz
{6.24)
15 wherein the dashed line represents an optional double bond; R® is a member

selected from the group consisting essentially of hydrogen; (C,-C) alkyl, (C-C,) alkenyl, and
phenyl(C,-C,) alkyl-, where said alkyl,alkenyl, and phenyl or alkyl group attached thereto are
substituted by 0 to 3 substituents R®, where the subsfituent R® is as defined_herein, but
independently selected therefrom; and R* is a member selected from the group consisting
20 essentially of hydrogen and (C,-C,) alkoxy;
{1-B) R2, and R?, are taken together to form the moiety of partial Formula (6.26):

27

N\\rR

~E
zs/N\ 26
R R

(6.26)
wherein E represents N, resulting in a pyrimidinyl moiety and overall a quinazoline
25 series of compounds; or represents CH, resulting in a pyridyl moiety and overall a quinoline
series of compounds; R and R% are each a member independently selected from the group
consisting essentially of hydrogen; (Cy-Ce)alkyl, (C,-Ce)alkenyl; (C3-Cg) cycloalkyl;

hydroxy(C,-Ce) alkyl; pheny}; benzyl; phenylethyl; and 2-furfuryl; and
R? is independently selected from the group consisting essentially of:
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(@ (b) (c) (d)

Morpholino; 1-
azacycloheptyl;

RZB 26

| R 1-aza-cyclo- ! \I- 29

Ny Ly octy; %‘Nu R
\g B3 pyrrolidino; or

piperidino

(e} M {9) (h)

1
3 Mo I(N‘c H
2 N
%'O-R l/\j o 4 -L-R® . "R45:

(6.30) (6.31) {6.32) (6.33)
5
(1-C)
CH.)
/( 2/n
o X ON—(CH,),
P | N EHy),
‘LH o—(CH,),,
(6.41)
10
wherein m is an integer independently selected from 2 and 3 in each instance of its
occurrence; n is an integer selected from 2, 3, and 4; p is an integer selected from 2 and 3;
and n and p together represent a total which is an integer selected from 5, 6, and 7;
15 (1-D)

(6.43)
wherein RY is 2 member independently selected from the group consisting essentially
of:
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5 (a) (C4-C,) alkyl optionally substituted by 1 or 2 hydroxyl groups;
phenyl(C,-C,) alkyl- optionally substituted on the phenyl portion thereof by 1 or 2 hydroxyl
groups; and cinnamyl;

(b)  -CH,C(=O)NHR® where R* is a member independently selected from the
group consisting essentially of (C,-C,) alkyl; and phenyl optionally substituted by (C,-C,) alkoxy,
10 triflucromethyl, fluoro, bromo, or chioro;
(€)  -CH,C(=0)NHR*®R® where R® and R® are each defined the same as R®’; but
are selected on an independent basis therefrom;
(d) a radical of partial Formula (6.44):

\’{Y\N/
L

15 (6.44)
wherein the nitrogen atom forms part of a heterocyclic radical selected from the group
consisting essentially of morpholino; hexamethylene-imino; and pyrrolidino; and
(e) -CH,C(=0)OR®' where R®' is hydrogen or (C,-C) alkyl;

(I-E)
Rcz RB2
o R H,C
| | @ j\/o //N
0o N\/\N N\
A
F|254b o) R",
CH,

20
(6.48)

wherein RS, is a member independently selected from the group consisting
essentially of hydrogen; hydroxy; and -O-(C,-C,)alkyl, in accordance with whether an
inclusionary or exclusionary bioisostere is intended; and R, and R, are independently
25 selected from the group consisting essentially of C,H,.4 Where n is an integer selected from 1,
2,3,and 4; and
{-F)

RS R

l 59
N R
\{H/ ~w”

{6.50)
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wherein

R¥ is a member independently selected from the group consisting essentially of
hydrogen; (C,-C,) alkyl; and hydroxy:

R® is a member independently selected from the group consisting essentially of
hydrogen; and (C;-C,) alky!;

W is -CR*)(R®)- -CH(R*™)CH(R®)-; or -CH(R®)CH(R®)CH.-; where R® is a member
independently selected from the group consisting essentially of hydrogen and methyl; and R® is
a member independently selected from the group consisting essentially of hydrogen, methyl, and
hydroxy,;

R® is a member selected independently from the group consisting essentially of
hydrogen; methyl, phenyl; and benzoyl; where said phenyl and benzoy! groups are optionally
substituted by a member independently selected from the group consisting essentially of m-
hydroxy; p-hydroxy, m- and p-dihydroxy; m~(C-C,) alkyl; (C,-Cs) alkoxy; fluoro; chloro: cyano;
hydroxymethyl; acetyl; and o-ally!; and

R® is a member independently selected from the group consisting essentially of
hydrogen; and methyl;

1] calcium channel antagonists comprising a compound of Formulas (7.22) or

(7.23):
3
RA R
3
(7.22) (7.23)
wherein

R% and R%, and R®, are defined the same as R° and R* and R® herein, but are
selected on an independent basis therefrom; and R?, and R%, are each individually and
independently a member selected from the group consisting essentially of hydrogen and the
substituents defined by partial Formulas (7.25); (7.28); (7.35); and (7.41) below, provided that
both of R®, and R, cannot be hydrogen at the same time:

wherein preferred embodiments comprise compounds where one of R®, and R, is
independently selected as hydrogen; and

3

wherein said substituents in addition to hydrogen which define each of R"a and R,
comprise a member independently selected from the group consisting essentially of the moieties
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A

5 of partial Formulas (7.24); (7.25); (7.28); (7.35); and {7.41):

{W-A)
R® c
c 3 R", R83
R coN ° N R CN N/
’ e )
(CH,), M ga (CHy), a
N 3 N
/ ~(CH n/ (CHy) A
R71 Z)m R 2/m R s
(7.24) (7.25)

wherein R is a member independently selected from the group consisting essentially
10  of hydrogen; (C,-C,) alkyl; phenyl; benzyl, and cyclohexyl; R” is a member independently
selected from the group consisting essentially of (C-C,) alkyl; n is an integer independently
selected from 2, 3, and 4; and m is an integer independently selected from 1, 2, and 3;
(i-B)

W2

74 \
Z R N N ,W1 A
R75

15 _ (7.28)
wherein R™ is a member independently selected from the group consisting essentially
of hydrogen and (C4-C,) alkyl; R™ is a member independently selected from the group
consisting essentially of a single bond and a linear- or branched-alkylene radical (C,-Cs) alkyl;
W, is a member independently selected from the group consisting essentially of straight- and
20  branched-alkylene radicals (C,-Cs) alkyl, and 2-hydroxypropylene; R” and R™ are members
independently selected from the group consisting essentially of hydrogen, methyl, ethyl,
chloro, and bromo; W, is a member independently selected from the group consisting
essentially of -S-, -SO-, and -80,-; and A is a member indpendently selected from the group
consisting essentially of
25 (a)
R
Come
R78//
(7.29)
wherein R”7 and R™ are taken together with the carbon atom to which they are
attached to form an optionally aromatic mono- or di-cyclic carbocyclic group having from 5 to
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10 carbon atoms and optionally substituted in the o-position with respect to the methylene
group of partial Formula (7.29) by R* as defined below ; an optionally aromatic 5-membered
heterocyclic group where the heteroatoms or heterogroups are members independently
selected from the group consisting essentially of O, S, N, -N(R™)-, O together with N, O
together with -N(R")-, S together with N, S together with -N(R™)-, N together with N, and N
together with -N(R™)-, optionally substituted in the a-position with respect to the methylene
group of partial Formula (7.29) by R® as defined below, where R™ is hydrogen, (C,-C,} alkyl,
or phenyl; or an optionally aromatic 6- to 10-membered mono- or di-cyclic heterocyclic group,
where the heteroatoms or heterogroups are members independently selected from the group
consisting essentially of O, S, N, -N(R™)-, O together with N, O together with -N(R™)-, S
together with N, S together with -N(R™)-, N together with N, and N together with -N(R"®)-,
optionally substituted in the a-position with respect to the methylene group of partial Formula
(7.29) by R* as defined below, where R”® is hydrogen, (c,-c4) alkyl, or phenyl;

(b) (e)
80
R KN'?/RM I{\ 0=< :(
R \ R® . 55/
(7.30) (7.31) (7.32) (7.33)
wherein

R® and R® are members independently selected from the group consisting
essentially of hydrogen; (C,-C,) alkyl; phenyl; and taken together with the carbon atom to
which they are attached represent an optionally aromatic 6-membered earbocyclic ring; R%is
O or S; R®¥is 0; S; or -N(R™)-; R* is a member independently selected from the group
consisting essentially of hydrogen; (C,-C,) alkyl, (Cs-C;) cycloalkyl;, benzyl; and phenyl
optionally substituted with 1 to 3 substituents selected from the group consisting essentially of
fluoro, chloro, bromo, (C,-C,) alkyl, (C-C,) alkoxy, and nitro; and R® and R% are members
independently selected from the group consisting essentially of hydrogen; (C,-C,) alkyl; and
benzoyl;

(-C)
88
N N-R
—/
(7.35)

wherein R® is hydrogen or a group of partial Formula (7.36):
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(L

1289
(7.36)
whereR® is hydrogen or fiuorine;
(in-D)
R®, and R?, are taken together to form the moiety of partial Formula (7.41):
o
R
B R
R%
(7.41)

wherein A is -CH,CH,~; -CH=CH-; -NH-C(=0)-; -CH,-C(=0)-; or -C(R*)=N- where R**
is (C4-C,) alkyl; and B is methylene; carbonyl; or thiocarbonyl; or A is -C(=0)-C(=0)-; -N=CH-;
-CH{OH)-C(=0)-; -CH(OH)-CH,-; -C(=NOH)-C(=0)-; or -CH(NHR®)-C(=0)-, where R® is
hydrogen or (C,-Cs) alkyl substituted by phenyl, methoxyphenyl, or dimethoxyphenyl; and B is
methylene; E is a member independently selected from the group consisting essentially of n-
(C,-C,) alkylene, optionally substituted by (C;-Cs) alkyl, 2-hydroxy-n-propylene, 2-hydroxy-n-
butylene or 3-hydr6xy-n-butylene; G is a member independently selected from the group
consisting essentially of n-(C,-Cs) alkylene, optionally substituted by (C,-C;) alkyl, where one
methylene group of an n-alkylene of 2 to 5 carbon atoms may be replaced by a carbonyl
group, with the proviso that B represents a methylene or carbonyl group, or methylene-n-
hydroxyalkylene of 1 to 4 carbon atoms, where the methylene group is attached to the
nitrogen atom; R® is a member independently selected from the group consisting essentially
of hydrogen; (C-C,) alkyl; phenyl(C-Cs) alkyl; (C4-C,) alkanoyl; (C4-Cs) alkoxycarbonyl; and
(C5-Cs) alkenyl; and R®', R%, and R™ are each a member independently selected from the
group consisting essentially of hydrogen; fluorine; chlorine; bromine; hydroxy; cyano; nitro;
trifluoromethyl  (C4-Cy) alkyl;  (Cy-Cy) alkoxy;  (C4-Cj;) alkylamino;  di(C4-Cs) alkylamino,
(C,4-C,) alkanoylamino; (C4-C;) alkoxycarbonylamino; bis(C,-C,) alkoxycarbonylamino;
(trifluoromethyl)methylamino; and (trifluoromethylethylamino; and R®' and R% taken together
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5  with each other are (C4-C,) alkylenedixoy; and
) antineoplastic and antiproliferative agents comprising a compound of

Formulas (8.21) or (8.22):
RB4 RB4

c c

= ! N’h/ R
N 4 4
RA4/ R a RA4 R a

4

R4b R

(8.21) (8.22)
10 wherein

R®, and R, and R®, are defined the same as R® and R* and R® herein; and R, and
R*, are each individually and independently a member selected from the group consisting
essentially of hydrogen and the substituents defined by partial Formulas (8.23); (8.28); (8.40};
and (8.45) below, provided that both of R?, and R%, cannot be hydrogen at the same time:

15 (IV-A)
N _NH,
~N
H\/@
/ 2 7

(8.23)
wherein Z is 2-hydroxyethanesulfonic acid or glucuronic acid, as well as
pharmaceutically acceptable prodrugs and metabolites thereof;
20 (IV-B) R%, and R’, are taken together to form the moiety of partial Formula
(8.28):
é/Nﬁ
YN
W4
Ar

(Rgﬁ)m

(8.28)
wherein Ar a substituted or unsubstituted mono- or bi-cyclic aryl or heteroary! ring
25 system of from 5 to 12 atoms where each monocyclic ring may contain 0 to 3 heteroatoms,
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and each bicyclic ring may contain 0 to 4 heteroatoms selected from N, O, and S, provided
said heteroatoms are not vicinal oxygen and/or sulfur atoms; W, is a member independently
selected from the group consisting essentially of a bond; -O-; -S-; -§(=0)-; -S(=0),-; -OCH;-;
-C=C-, -C=C-~; -C(=8)-; -SCH,~; -NH-~; -NHCH,~; -NHCH(R™)-, -N(R™)- or -N(R¥)CH,- where
R is (C4-C,) alkyl; -CH,-CH,-, and ~CH,-CH,-CH,-; m is an integer selected from 0, 1, 2, and
3; and R® is a member independently selected from the group consisting essentially of
hydrogen; ~«(C;-C,) alkyi; -(C,-C,) aikenyl; -phenyl; phenyl{C4-C,) alkyl-;
phenyl(C,-C,) alkenyl-; -hydroxy; hydroxy(C4-C,) alkyl-; -(C,-C,) alkoxy;
(C,-Cs) alkoxy(C,-C,) alkyl-; phenyl(C,-C,) alkoxy-; phenyloxy-; (C,-C,) alkylcarbonyloxy-;
phenylcarbonyloxy-; bromo, chioro, or fluoro; (bromo, chloro, or fluoro){C,-Cs) alky-; -nitro;
-cyano, -amino; mono- or di-(C,-Cy) alkylamino-;  (C4-C,) alkylcarbonylamino-;
phenylcarbonylamino-; -carboxy; carboxy(C;-Cs) alkyl-; (C4-C3) alkoxycarbonyl-;
phenyl(C,-Cs) alkoxycarbonyl, (C;-Cs) alkoxycarbonyl(C,-C,) alkyl-; amino(C,-Cs) alkoxy-;
amido; mono- and di-(C,-Cs) alkylamido; N,N-(C,-Cj) cycloalkylamida-; (C,-Cs) alkylthio-;
(C4-Cs) alkylsulfinyl-; -sulfonyl; monoc- and di-(C4-C,) alkylsulfonyl-; -sulfamoyl; mono- and
di-(C4-C,) alkylsulfamoyl-; (bromo, chloro, or fluoro)phenyl-; benzoyl; and provided that m is 1,
azido and R%,-ethynyl, where R¥, is hydrogen or (C,-Ce)alkyl substituted by O to 2
substituents where said substituent is a member independently selected from the group
consisting essentially of hydrogen; amino; hydroxy; R%;-0; R*,-NH; and (R*})-N, where
R™, is (C,-C,) alkyl;
IvV-C

(8.40)
wherein Z is a moiety of partial Formulas (8.41) and (8.42).

(R1oe)n D '
@ R os)m (Rlos) F_E j©7 (R105)m
~, 1.,

(8.41) (8.42)

wherein m is an integer selected from 0, 1, 2, 3, and 4; n is an integer selected from O,

1, and 2; D is saturated carbon; oxy; or thio; R'® is a member independently selected, for
each occurrence in partial Formulas (8.41) and (8.42), from the group consisting essentially of
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mono-, di-, or tri-fluoromethyl; bromo, chloro, or fluoro; nitro; hydroxy; amino; azido;
isothiocyano; (C-C,) alkyl; phenyl; thienyl; (C4-C,)alkoxy; benzyloxy; phenoxy;
(C,-C¢) alkenyt; {C2-Ce) alkynyl; (C,-C,) alkylenedioxy; tyano; benzoylamino;
trifluoromethylcarbonylamino; (C,4-C,) alkanoylamino; (C,-C,) alkkanoyl-N-mono-  or
-N,N-di~(C+-C,) alkylaming; (C4-C,) alkylsulfonylamino; trifluoromethylsulfonylamino;
(C4-Cy) alkyithio; (C,-C,) alkylsulfinyl; (C4-C,) alkylsulfonyl; pyrrol-1-yl; piperidin-1-y}, and
pyrrolidin-1-yl; where said phenyl, benzyloxy, phenoxy and benzoylamino groups are
optionally mono-substituted with @ member independently selected from the group consising
essentially of bromo, chioro, or fluoro; nitro; trifluoromethyl; hydoxy; and {C;-C,) alkyl; and
where said (C,-C,) alkylenedioxy is finked at both ends thereof to adjacent carbons of the
benzene molety to which it is attached; R'®, when it is not attached to a ring carbon which is
adjacent to an oxy, thio or -N- ring atom, is a member independently selected, for each
occurrence in partial Formulas (8.41) and (8.42), from the group consisting essentially of
hydroxy; amino; N-mono- or N,N-di-(C,-C,) alkylamino; sulfo; and (C;-C,) alkoxy; and R'®,
when it is attached to a ring carbon which is adjacent to an oxy, thio or -N- ring atom, is a
member independently selected, for each occurrence in partial Formuias (8.41) and (8.42),
from the group consisting essentially of carboxy;  hydroxy(Cs-C,) alkyl;
(C4-C,) alkoxy(C4-C,) alkyl; amino(C,-C,) alky!; mono-N- and
di-N,N-~(C,-C,) alkylamino(C,-C,) alkyl; morpholino(C;-Cy) alkyl; 4-
(C4-Cy) alkyl-piperazin-1-yl(C4-C,) alkyl; carboxy(C4-C,) alkyl; {C:-C,) alkoxycarbonyl;
sulfo(C,-C,) alkyl; and (C,-C,) alkyl;
VD) R*, and R*%, are taken together to form the moiety of partial Formula
(8.45);
/N\ﬁ
éYN
W,
R%
R™)

(8.45)
wherein R*® and m are as defined under (IV-C) above, but are selected on an independent
basis therefrom; W; is -Y-CH,~; -CH,-Y-; or -Y-; where Y is O, S(O), where q is an integer
selected from 0, 1, and 2, or NR™ where R is hydrogen or (C,-Cs) alkyl; and R® is a group
-ZR™.- where Z is joined to R™' through a bridging group (CH,), where p is an integer
selected from 0, 1 and 2; and Z is a member independently selected from the group consisting
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essentially of -V-CHy-, -V-CF,-, -CH,-V-, -CF,-V-, and -V-, where V is a hydrocarby! group
containing 0, 1, or 2 carbon atoms; carbonyl; ~-CH(OH)-; sulfonamide; amide; -O-; -S(0),-; and
-NR'? where R' is hydrogen or (C,-C, alkyl, and R'™' is optionally substituted
(C,-C;) cycloalkyl; or an optionally substituted 5,6,7,8,9, or 10-membered carbocyclic or
heterocyclic moiety where said carbocyclic moiety is a member independently selected from
the group consisting essentially of phenyl; benzyl; indene; naphthalene; tetralin; decalin;
cyclopentyl; cyclohexyl; and cycioheptyl; and said heterocyclic moiety is a member
independently selected from the group consisting essentially of furan; dioxolane; thiophene;,
pyrrole; imidazole; pyrrolidine; pyran; pyridine; pyrimidine; morpholine; piperidine; oxazoline;
oxazolidine; thiazole; thiadiazole; benzofuran; indole; isoindole; quinazofine; quinoline; and
isoquinoline; or R® Is a group -ZR™'- where Z is -NR'®, and -NR'" and R together form a
5,6, 7, 8, 9, or 10-membered heterocyclic moiety as defined under R'® above.

0

*
C
L M s .
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