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- BRANCHED ALKOXY-SUBSITUTED 2~AMINOPYRIDINES AS NOS INHIBITORS

The present invention relates to certain branched alkoxy-subsituted 2-aminopyridines
that exhibit activity as nitric oxide synthase (NOS) inhibitors, to pharmaceutical compositions
containing themn and to their use in the treatment and prevention of central nervous system
disorders, inflammatory disorders, septic shock and other disorders.

~ Thereare three known isoforms of NOS - an inducible form (1-NOS) and two constitutive
forms referred to as, respectively, neuronal NOS (N-NOS) and endothelial NOS (E-NOS). Each
of these enzymes carries out the conversion of arginine to citrulline while producing a molecule
of nitric oxide (NO) in response to various stimuli. 1t is befieved that excess nifric oxide {NO)
production by NOS plays a role in the pathology of a number of disorders and conditions in
mammals. For example, NO produced by I-NOS is thought to play a role in diseases that
involve systemic hypotension sucﬁ as toxic shock and therapy with certain cytokines. it has
been shown that cancer patients treated with cytokines such as interleukin 1 (IL-1), interleukin 2
(IL-2) or tumor necrosis factor (TNF) suffer cytokine-induced shock and hypotension due to NO
produced from macrophages, i.e., inducible NOS (I-NOS), see Chemical & Engineering News,
Dec. 20, p. 33, (1993). 1-NOS inhibitors can reverse this. [t is also believed that I-NOS plays a
role in the pathology of diseases of the central nervous system such as ischemia. For example,
inhibition of I-NOS has been shown to ameliorate cerebral ischemic damage in rats, see Am. J.
Physiol., 268, p. R286 (1995)). Suppression of adjuvant induced arthritis by selective inhibition
of I-NOS is reported in Eur. J. Pharmacol., 273, p. 15-24 (1995).

NO produced by N-NOS is thought to play a role in diseases such as cerebél ischemia,
pain, and opiate tolerance. For example, inhibition of N-NOS decreases infarct volume after
proximal middie cerebral artery occlusion in the rat, see J. Cerebr. Blood Flow Metab., 14, p.
924-929 (1994). N-NOS inhibition has aiso been shown to be effective in antinociception, as
evidenced by activity in the late phasc-_zl,‘__of the formalin-induced hindpaw ficking and acetic acid-
induced abdominal constriction assays,f see Br. J. Pharmacol., 110; p. 219-224 (1993). Finally,
opioid withdrawal in rodents has béen reported to be reduced by N-NOS inhibition, see
Neuropsychopharmacol., 13, p. 269-293 (1995).

Summary of the Invention

This invention relates to compounds of the formula
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wherein X is CHOH, CH,, or CHR™ wherein R, together with X, the CH, group
adjacent to X and the nitrogen of NR'R?, forms a five or'six membered saturated ring;

R, R. R® and R* are selected, independenty, from (C,-C¢) alkyl,
tetrahydronaphthalene, aryl and arél_kyl,‘wherein said aryl and the aryl molety of said aratkyl is
phenyl or ﬁaphthyl and the alkyl moiety is straight or branched and contains from 1 to 6 carbon
atoms, and wherein said (C,-Cs) alkyl and said teti'ahydrohaphthalene and the aryl moiety of
said aralkyl may optionally be substituted with from one to three substituents, preferably from
zero to two substituents, that are seiécted, independently, from halo (e.g., chloro, fluoro, bromo,
iodo), nitro, hydroxy, cya_no. amino, (C+-C.) alkoxy, and (C+-C,) alkylamino;

or R' and R?, fogether with the nitrogen to which they are attached, form a piperazine,
piperidine or pyrrolidine ring or an azabicyclic ririg containing from 6 to 14 ring members, from 1
to 3 of which are nitrogen and the rest of which are éarbon, wherein examples of said azabicyclic

rings are the following
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~ wherein R® an'q R® are selected from hydrogen, (C,-Cglalkyl, phenyl, naphthyl, (C,-
Colalky-C(=0), HC(=O)-, ' (Cy-Ce)alkoxy-(C=0), phenyl-C(=O)-, naphthyl-C(=0)-, and
R*R°NC(=0)- wherein R® and R® are selected, independently, from hydrogen and (C+-Co)alkyl:

R'is selected from hydrogen, (C,-Ce)alkyl, pheny!, naphthyl, phenyl-(C,-Cs)alkyl- and
naphthyl(C,-Cg)alkyl;

and wherein said piperazine, piperidine and pyrolidine .rings may optionally be
substituted with one or mdre substituents, preferably with from zero to two substituents that are
selected, independently, from (C,-Ce)alkyl, amino, (C4+-C¢) alkylamino, [di-(C,-Cg)alkyllamino,
phenyl substituted 5 to 6 membered heterocyclic rings cohtaining from 1 to 4 rings nitrogen
atoms, benzoyl, benzoylme_ﬂ'ayl," benzyicarbonyl, phenylaminocarbonyl, phenylethyl and
phenoxycarbonyl, and wherein the phenyl moieties of any of the foregoing substituents may
optionally be substituted with one or more substituents, preferably with from zero to two
substituents, that are selected, independently, from halo, (C,-C,)alkyl, (C,-Cj)alkoxy, nitro,
amino, cyano, CF, and OCF;,

and wherein R® and R, to_gether with the carbon to which they are attached, form an
optionally substituted céz_rbocyclic ring of from 3 to 8 members;

and the pharmaceutically acceptable salts of such compounds.

The present invention also relates to the pharmaceutically éweptable acid addition salts
of compounds of the formula . The acidé which are used to prepare the pharmaceutically
acceptable acid addition salts of the aforementioned base 6o_mpounds of this invention are those
which fom non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable
anions, such as the hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, acetate, lactate, citrate, acid citrate, tarirate, bitartrate, succinate,
maleate, fumarate, gluconate, saccharate, benzoate, methanesuffonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate [i.e., 1,1-methylene-bis-(2-hydroxy-3-
naphthoate)] salts. B _ '

The term “alkyl", as used herein, unless otherwise indicated, includes saturated
monovalent 'hydmrbon radicals having straight, branched or cyclic moieties or combinations
thereof.

The term "one or more substituents”, as used herein, refers to a number of substituents
that equals from one to the maximum number of substituents possible based on the number of
available bonding sites. _

The terms “halo” and “halogen”, as used herein, unless otherwise indicated, include
chioro, fluoro, bromo and iodo. -

More specific embodiments of the present invention include:
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(a)  compounds of the formula | wherein R', R’ R® and R* are selected,
independently, from (C4-Cg)alkyi; _

(b)  compounds of the formula | wherein R® and R* are selected, independently,
from (C;-Cg)alky!, and R' and R?, together with the nitrogen to which they are attached, form a
ring; . "
(c) compounds of the formula | wherein one of R' and R? is selected from (C,-
Ce)alkyl, and the other is selected from phenyl or phenyl-(C,-Cg)atkyl; '

(d) compounds of the formula | wherein R" and R?, together with the nitrogen to
which they are attached, form a piperazine, piperidine or pyrrolidine ring; and

(e) compounds of the formula | wherein R' and R? are selected, independently
from (C,-Cg)alkyl, and R’_and' R*, together with the carbon to which they are attached, form a
ring. |

Examples of specific preferred embodiments of this invention are:

6-[2-Isopropoxy-4-((4-phenethyipiperazin-1-yl)-ethyl)-phenyl}-pyridin-2-ylamine;

' 6-[2-(sobutoxy-4—((4—phénethylpiperézin-‘t-yl)-ethyl)-phenyI]-pyridin-z-ylamine;'
6-[2~|sobutoxy-4-((4-dimethyIaminoethyl)-phenyll-pyridin-2-ylamine;
6-[2-lsopropoxy-(N-(2-methyI)propyl)-4-(pyrrolidin-3-yl)—phenyl]—pyridin-24ylamine:

’ 1-{4-(6-Amino-pyridin-2-yl)-3-isopropoxy-phenyl}-2-(4-phenethyl-piperazin-1-yl)-

ethanol; | ' '
6-{2—Cyc!opentyloxy-4-((4?d'imethylaminoethyl)-phenyl]—pyridin—2—ylamine;
6-[2-Cyclopentyloxy—4-((4—phenethylpiperazin-1 -yl)-ethyl)-phenyl]-pyridin-2-ylamine;
and the pharamaceutically acceptable salts of the foregoing compounds.
Other examples of specific embodiments of this invention are:
6-[2-CycIoheXyloxy-4—((4—phenethylpiperazinéi-yl)-ethyI)-phenyl]-pyridin-z-ylamine;
6—[2-Cyclobutyloxy-4-((4-phenethy_lpiperazin-1 -yl)-ethyl)-phenyl]-pyridin-2-ylamine;
6-{2-Cyclopropyloxy-4-((4-phenethylpiperazin-1-yl)-ethyl)-phenyl}-pyridin-2-ylamine;
6-[2-Isopentyloxy-4-((4-phenethylpiperazin-1 -yI)-ethyI)-phényl]-pyridin-z-ylamine;
6—[2~Isohexyloxy-4-((4-phenethylpiperazin-1-yl)'-ethyl)-phenyI}pyﬁdin-z-ylamine;
6-[2-Cyclopentyloxy-(N-(2-methyl)propyl)-4-(pyrrolidin-3-yl)-phenyl}-pyridin-2-ylamine;
6-[2-Cyclohexyloxy-(N-(2-methyl)propyl)-4-(pyrrolidin-3-yl)-phenyl}-pyridin-2-ylamine;
6-[2-Cyclobutyloxy-(N-(2-methyl)propyl)-4-(pyrrolidin-3-yl)-phenyl}-pyridin-2-ylamine;
6—[2-Cyclopropyloxy-(N-(2-methyl)propyl)-4-(pyrrblidin-S-yI)-phenyI]-pyridin—z-ylamine;
6—[2— Isopentyloxy -(N-(2-rhethyl)propy!)-4-(pyrrolidin-3-y|)—phenyl]-pyridin-z-ylamine;
6-[2-1sohexyloxy -(N-(2-methyl)propyl)-4-(pyrrolidin-3-yl)-phenyl}-pyridin-2-ylamine;
1-[4-(6-Amino-pyridin-2-yl)-3-isbbutoxy-phenyl]-z-(4'-phenethyl-piperazin—1-yl)-

ethanol;
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-[4-(6-Am:no—pyrud|n—2—yI)-3-|sopropoxy-phenyl}-2-(6 7-dimethoxy-
tetrahydronsoqumoI-2—yl)-ethanol -

-[4-(6-Am|no-pyﬂdm-z-yl)—3—|sopropoxy-phenyl]-Z-(4-d|methylammo-pl pendm—1-yl)-
ethanol; - :
-[4-(6-Aminofpyridin-2-yI)-3-isopropoxy-phen_yi]-z-(_dimethylamino)-ethanol; and
1-[4-(6-Amino,;p_yridi_n-z—yI)-3-cyclopenyloxy-phenyﬂ-Z—(4-ph_enethyl-piperazin-1-yI)-
ethanol; Lo o
and the pharmaceUticatly -acceptable salts of the foregoing compounds.

The present mventlon also relates to a pharmaoeutlwl composition for treatmg or
preventmg a condmon selected from the group consisting of migraine, inflammatory diseases
(e.g., asthma and psonasus) stroke, acute and. chronic pain, hypovolemic shock, traumatic
shack, reperfusion mjury, _Crohns disease, ulcerative oolltls septic shock multiple sclerosis,

' AIDS associated demenha neurodegenerat:ve dlseases neuron toxicity, Alzheumer's disease,

Parkmsons disease, chemlwl dependenaes and addlctlons emesis, epilepsy, anxiety,
psychosis, depressnon (_g_ major depresswe dlsorder and dysthymia), head traufna adult
respiratory distress syndrome (ARDS), ‘morphine tnduced toleranoe and withdrawal symptoms
inflammatory  bowel dtsease osteoarthnus rheumatozd arthnbs ovulation, dilated
cardiomyopathy, acute" - spinal cord injury, - Huntmgtons dlsease glauooma macular
degeneration, diabetic n_,epr_opathy, duabeﬂc_qephr_opathy. a_nd__c_ancer in a mammal, including a
human, comprising an _a:r.no'u'nt ofa compouhd_ of;me formula f, or'_a phaﬁnaoeutieally acceptable

 salt thereof that is effectnve in treating or preventing such condition, and a pharmaceutically

acceptable carier. _
The present lnventlon also relates fo a method of treatmg or preven'ang a condition

selected from _th_e gro__up oonslshng of migraine, ln_ﬂ_amma;or__y diseases (_.g_., asthma and

. psoriasis), stroke, ac_:_u;e”.apd chronic pain, h_y_povole_nfpic shoc_k. traumatic shock, reperfusion

injury, Crohn's disease, ulcerative colitis, septic shock, multiple scierosis, AIDS associated
dementla neurodegeneratave diseases, neuron toxtctty, Alzheimer's disease, chemical
dependencnes and addnchons ( e.g., dependencles on drugs, alcohol and mcotlne) Parkinson's

disease, emesis, epllepsy. anxiety, psychosxs depression, (_9_ major depresswe disorder and

dysthymia), head trauma. -adult resplratory distress syndrome (ARDS) morphine mduoed
tolerance and wuthdrawal symptoms mﬂammatory bowel dnsease. osteoarthntss rheumato«d
arthritis, ovulation, dslated wrdlomyopathy, acute spmal cord injury, Huntmgtons disease,
glaucoma, macular degeneratlon diabetic neuropathy, dlabettc nephropathy and cancer in a
mammal, including a human, comprising administering to said mammal an amount of a
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compound of the formula |, or a pharmaceutically acceptable salt thereof, that is effective in
treating or preventing such condition.

The present invention also relates to a pharmaceutical composition for inhibiting nitric
oxide synthase (NOS) ina mammal, including 2 human, comprising an NOS inhibiting effective
amount of a compound of the formula I, or a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier. )

The present invention also relates to a method of inhibiting NOS in 2 mammal, including
a human, comprising administering to said mammal a NOS inhibiting effective amount of a
compound of the formula |, or a phamaceutically acceptable salt thereof.

The pr_esent' invention aiso relates to a pharmaceutical composition for treating or
preventing a condition selected from the group consisting of migraine, inflammatory diseases
(e.g., asthma and psoriasis), strdke, acute and chronic pain, hypovolemic shock, traumatic
shock, reperfusion injury, Crohn's disease, ulcerative colitis, septic shock, multiple sclerosis,
AIDS associated dementia, neurodegenerative diseases, neuron toxicity, Alzheimer's disease,
chemical dependencies and addictions (e.g., dependencies on 'drugs, alcohol and nicotine),
Parkinson's disease, emesis, epilepsy, anxiety, psychosis, depression, (e.g., major depressive
disorder and dysthymia), head trauma, adult respiratory distress syndrome (ARDS), morphine
induced tolerance and withdrawal symptoms, infiammatory bowel disease, osteoarthritis,
rheumatoid arthritis, ovulation, dilated cardiomyopathy, acute spinal cord injury, Huntington's
disease, glaucoma, macular degeneration, diabetic neuropathy, diabetic nephropathy and
cancer in a mammal, including a human, comprising a NOS inhibiting effective amount of a
compound of the formuia |, or a pharmaceutically acceptable sak thereof and a pharmaceutically
acceptable carrier.

The present invention also relates to a method of treating or preventing a condition
selected from the group consisting of migraine, inflammatory diseases (e.g., asthma and
psoriasis), stroke, acute and chronic pain, hypovolemic shock, traumatic shock, reperfusion
injury, Crohn's disease, uicerative colitis, septic shock, multiple sclerosis, AIDS associated
dementia, {leurodegeneraﬁve 'diseases. neuron toxicity, Alzheimer's disease, chemical
dependencies and addictions (e.g., dependencies on drugs, alcohol or nicotine), Parkinson's
disease, emesis, epilepsy, anxiety, psychosis, depression, (e.g., major depressive disorder and
dysthymia), head trauma, adult respiratory distress syndrome (ARDS), morphine induced
tolerance and withdrawal symptoms, inflammatory bowel disease, osteoarthritis, rheumatoid
arthritis, ovulation, dilated cardiomyopathy, acute spinal cord injury, Huntington's disease,
glaucoma, macular degeneration, diabetic neuropathy, diabetic nephropathy and cancer in a
mammal, including a human, comprising -administering to said mammal a NOS inhibiting
effective amount of a compound of the formula Ii, or a pharmaceutically acceptable salt thereof.
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Compounds of formula | have chiral centers and therefore may exist in different
enantiomeric and diastereomeric forms. This invention relates to all optical isomers and all
stereoisomers of compounds of the formula | and mixtures thereof, and to all pharmaceutical
compositions and methods of treatment defined above théi contain or employ them, respectively.

Formula | abt_iv.e includes compounds identical to those depicted but for the fact that
one or more hydrogen carbon or other atdms are’ féplabed' by isotopes thereof. Such
compounds may be useful as research and dlagnostlc tools in metabolism pharmacokinetic
studies and in binding assays '

Detailed Descnp’aon of the invention

The compounds of the formuia | may be prepared as described in the followmg reaction
schemes and discussion. Unless otherwise indicated, X, R, R? R®, R%, R®, R®, R’, R®, R® and
R' and structural formula 1 in the reaction schemes and discussion that follow are defined as

above.
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5 . SCHEME 2
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Referring to Scheme 1, the pompound of formula ll is reacted with a compound of the
formula CHR’R'Br or CHR’R"l and potassium carbonate, in a solvent such as acetonitrile, at
about the reflux temperature of the reaction modure to convert the hydroxy group of formula il
into a group havmg the formula -OCHR“R‘ The resultmg compound is then reduced, at about
room temperature, usqng hydrogen gas in the.presence of 10% palladium on carbon, in an
ethanol solvent, to form 3-OCHR°R‘-_4-a_minqtoluene, which is then reacted with sodium nitrite
and cuprous bromide in concentrated sulfuric aeid to form 3-OCHR*R*<4-bromotoluene.

The 3-OCHR:_"R‘_‘_-4-bromoipl_ueqe_ produced in the foregoing reaction is then cooled to
about ~70°C in dry tetrahydrofuran (THF), and a solution of n-butyl fithium is added to it The
resulting solution is then treated with triethy! borate and allowed to warm to room temperature to
form the ‘compound of formula L. _ _

“The compound of formula lll is reacted with the compound of formula IV to form the
compound of formula V. This reaction is generally carried out in an aqueous ethanol soivent, in
the presence of ‘sodium carbonate and tetrakxstnphenylphosphme palladium, at about the reflux
temperature of the reactlon mixture. :

The compound of the formula Vil can be formed in the followung manner. First, the
compound of formula V is reacted with N-bromosuocxmm_lde (NBS) and bis-(1-cyano-1-aza)-
cyclohexane (formula V1) in carbon tetrachloride and refluxed for about 8 hours, with additional
portions of the initiator being added at about 1, 2 .and 4 hours. After evaporation of the solvent,
the product of this reacﬁon is reacted with triethylammonium cyanide in methyiene chloride at
about room temperatur'e to form tﬁe compound of formuta VII. _ .

Saturation of "a_ solution of the compound of formula VHi in ethanol with hydrogen
chioride, followed by:refluxing the mixture and then heating'in aqueous hydrochloric acid, yields
the compound of formula VIli. Hydrolysis of the compound of formula VIl yields the

_oorresponding_-compbuhd of formula lX. The base hydrolysis is typically carried out using an

alkali metal or silkaline éarth metal hydroxide in a mixture of ethanol and water at a temperature
from about roorh temperature to abem the refiux temperature of the solvent.

The oompound‘ of_ the fqr_rnula IX that is formed in the preceding step can be converted
into the compound of formula | in ihe following manner. FirSt, the compound of formula VI is
reacted with the ‘appropriate - compound of the formula R’R'NH and N-ethyl-N-
dimethylaminopropyt carbodiimide (EDAC) in the presence of a base. Examples of suitable
bases are those selected ffom trialkylaniines. alkali metal carbonates and alkaline earth metal
carbonates. This reaction is typically conducted in a solvent such as acetonitrile, methylene
chloride or N,N-dimethylformamide (DMF), at a temperature from about room temperature to
about 100°C, preferably at about room temperature. Preferably, the reaction is conducted in the
presence of a catalytic additive such as N-hydroxysuccinamide or hydroxybenzotriazole.
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The product of the foregoing reaction is the_n reduced using methods well known to
those of skill in the art. For example, the reduction can be carried out using lithium aluminum
hydride in tétvahydrofuran, with or without alumim_xm chloride, or using borane methyl sulfide in

- tetrahydrofuran, at a temperature of about -78°C to about 0°C, preferably at about -70°C, to yield

the desired compound of formuia [.

. Referring to Scheme 2, 4-bromo—3—ﬂuorotoluene is first converted to the boronic acid
derivative and then coupled to 6-bromo-2-(t-butylcarbonylamino)pyridine to form compound of
the formula X in the following manner. A halogen-metal exchange reaction is éarried out on
3-ﬂuoro-4-bromotoluene in tetrahydrofuran, ether, dimethoxyethane, hexane or another suitable
ethereal or hydrowrbon solvent, at a temperature from -100°C to about room temperature, using
buty! lithium or another suitable alky! lithium reagent, followed by reaction with a borate triester
such as triethy! or triisopropyl borate, for about 1 to about 48 hours at a temperature from about
-100°C to about- the reflux temperature. = The intermediate boronic acid derivative is-then
converted into thé"oﬁmpdurid of formula X in an aqueous ethanol sblvent, in the presence of
sodium carbonate-and tetrakistriphenylphosphine palladium, at about the reﬁux temperature of
the reaction mixture, using 6-bromo—2—(t;buylcarbonylamino)pyridine as the coupling partner.
The compound of formula X is then converted into a compound of the formula XI by
displacement of the fluoro group from the alcohol with a suitable alkoxide, which is formed in a
solvent such as dimethylformamide, tetrahydrofuran or dioxane, and a metal hydride such as

- sodium hydride, at a temperature from about room temperature to about the refiux temperature,

for a period of about 5 minutes to about 5 hours. The reaction with the compound of formula X is
carried out in this redction system at a temperature from room temperature to about the reflux
temperature for a period from about 1 to about 48 hours. -

The compound of formula X is then converted into the corresponding compound of the
formula IX in the following manner. First, the compound of formula .XI is reacted with N-
bromosuccinimide (NBS) and bis-(1-cyano-1-aza)-cyciohexane (formula VI in Scheme 1) in
carbon tetrachloride-and refiuxed for about 8 hours, with additional portions of the initiator being
added after about 1, 2 and 4 hours, to brominate the methyl group of such compound. After
evaporation of the solvent, the product of this reaction is reacted with triethylammonium cyanide
in methylene chioride at about room temperature to form the corresponding compound wherein
the bromo substituent is replaced by cyano. The resulting cyano derivative is then hydrolyzed to
form the corresponding compound of formula IX. The base hydrolysis is typically carried out
using an alkali metal or alkaline earth metal hydroxide in a mixture of ethanol and water at a2
temperature from about room temperature to about the reﬂui( temperature of the solvent.

The compound of the formula Xii that is formed in the preceding step can be converted
into the compound of formula | in the following manner. First, the compound of fbfmula Vil is
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reacted with the appropriaste compound of the formula R’R'NH and N-ethy-N-
dumethylamrnopropyl carbodumide (EDAC) in the presence of a base. Examples of suitable
bases are those selected from tnalkylammes, alkals metal carbonates and alkaline earth metal

carbonates. This reachon is typically conducted in a sotVent such as acetonitrile, methytene

chioride or N N-dlmethylfonnamrde (DMF) ata temperature from about room temperature to
about 100°C, preferab!y at about room temperature Preferably, the reaction is conducted in the
presenoe ofa wta!yttc addmve such as N—hydroxysuccmamrde or hydroxybenzotriazole.

The product of the foregorng reaction rs then reduced using methods well known to
those of skil i m the art to yield the desired compound of formula I. For example, the reduction
can be carned out usmg fithium alummum hydnde in tetrahydrofuran, with or without aluminum
chlonde or using borane methyl sulfide in tetrahydrofuran, ata temperature of about -78°C to
about 0°C, preferably at about -70°C. ' :

' Compounds of the formula I wherein X is CHOH can be prepared using a procedure
analogous to that descnbed |n Example 7 of this application. Compounds of the forrula |
wherean Xis part ofa ﬁve of six membered saturated ring may be prepared usrng a procedure

analogous to that descnbed in Example 6.
The startmg matenals used |n the procedures of Schemes 1 and 2 are either

| oommercrally avallable. known in the ‘art or readily obtalnable form known oompounds by

methods that will be apparent to those skilled in the art
' The preparatxon of other oompounds of the formula | not specrﬁwlly described in the

| foregorng expenmental section can be accomphshed using combinations of the reactions

described above that will be apparent to those skilled in the art.’
In each of the reactions dlsoussed or rllustrated above, pressure is not critical unless

otherwrse indicated. Pressures from about 0.5 atmospheres to about 5 atmospheres are
genera!ty acceptable and ambrent pressure i.e., about 1 atmosphere is preferred as a matter of
convenience. o C

The compounds of formulae | ("the active compounds of this invention") which are basic
in nature are capable of forminQ a wide vanety of different salts with various inorganic and
organic acids. Although such salts must be pharmaceutically acceptable for administration to
animals, it is often desirable in' practice to initially isolate a compound of the formula | from the
reaction mixture as a ptianhaoeutiwally unacceptable salt and then simply convert the fatter back

| to the free base compound by treatment with an alkaline reagent and subsequently convert the

latter free base toa phan'naceutlcally acceptable acid addition salt. The acid addition salts of the
actrve base oompounds of this mvenhon are readily prepared by treating the base compound
with a subsianhally equrvalent amount of the chosen mineral or organic acid in an aqueous
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solvent medium or in a suitable organic solvent, such as methanol or ethanol. Upon careful
evaporation of the solvent, the desired solid salt is readily obtained.

The active compounds of this invention and their pharmaceutically acceptable salts are
useful as NOS inhibitors i.e., they possess the ability to inhibit the NOS enzyme in mammals,
and therefore they are able to function as therapeutic agents in-the treatment of the
aforementioned disorders and diseases in an afflicted mammal. - _

The active compounds of this invention and their pharmaceutically acceptable salts can

- be administered via either the oral, parenteral or topical routes. In general, these compounds
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are most desirably administered in dosages ranging from about 0.01 to about 250 mg per day, in
single or divided doses (i.e., from 1 to 4 doses per day), although variations will necessarily
occur depending upon the species. weight and condition of the subject being treated and the
particular route of administration chosen. However, a dosage level that is in the range of about
0.07 mg to about 21 mg per kg of body weight per day is most desirably employed. Variations
may nevertheless occur depending upon the species of animal being treated and its individual
response to said medicament, as well as on the type of pharmaceutical formulation chosen and
the time period and interval at which such administration is carried out. In some instances,

. dosage levels below the lower limit of the aforesaid range may be more than adequate, while in
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other cases still larger doses may be employed without causing any harmful side effect, provided
that such larger doses are first divided into several small doses for administration throughout the -
day. , :
The active compounds of the invention may be administered alone or in combination
with pharmaceutically acceptable carriers or diluents by either of the three routes previously
indicated, and such administration may be carried out in single or multiple doses. More
particularly, the novel therapeutic agents of this invention cén.be administered in a wide variety
of different dosage forms, Le., they may be combiried with various pharmaceutically acceptable
inert carriers in the form of tablets, capsules, lozenges, troches, hard candies, powders, sprays,
creams, salves, suppositories, jellies, gels, pastes, lotions, ointments, aqueous suspensions,
injectable solutions, elixirs, syrups, and the like. Such carriers include solid diluents or fillers,
sterile aqueous media and various non-foxic organic solvents, etc. Moreover, oral
pharmaceutical compositions can be suitably sweetened and/or flavored. In general, the
therapeutically-effective compounds of this invention are present in such dosage forms at
concentration levels ranging from about 5.0% to about 70% by weight.

For oral administration, tablets containing various excipients such as microcrystalline
cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and glycine may be employed
along with various disintegrants such as starch (and preferably corn, potato or tapioca starch),
alginic acid and certain complex silicates, together with granulation binders like
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 polyvinylpyrrolidone, sucrose, gejatin and acacia. Additionally, lubricating agents such as

magnesium stearate, sodium fauryl sulfate and taic are often very useful for tabletting purposes.
Solid compositions of a similar type may’ 'alsb be employed as fillers in gelatin capsules;
preferred materials in this mhnecﬁOn also include Ia'ctbse or milk sugar as well as high
molecular weight polyethylene g!yools When aqueous suspensnons and/or elixirs are desired
for oral admlmstranon ‘the active mgnedlent may 'be combined with various sweetening or
fiavoring agents, oo_lor_mg matter or dyes, and, if so desired, emulsifying and/or suspending
agents as well, tog_éther with such 'diluents' as water, ethanol, propylene glycol, glycerin and
various like combinations thereof. S '
For parent'era__l_ administration, solutions of an active compound of the present invention
in either sesame or peanut oil or in aqueous propylené glycol may be employed. The aqueous

- solutions should be S_'ui_tably buffered (preferably pH greaten" than 8) if necessary and the liquid

diluent first rendered- isotonic. These 'aquedus'sb'lutions are suitable for intravenous injection
purposes. The oily solutions are suitable for intraarticular, intramuscular and subcutaneous
injection purposes. 'The preparétion of all ;hte'sésolutions ‘under sterile conditions is readily
acc-omplished by standard pha_nnaceutiél techniques well known to those skilled in the art.
Additionally, it is also possible to adrni_nister the" active compounds of the present

-invention topically vi_rhe_n treaﬁng_'-inﬂammato_fy ccjn,ditions- of the skin and this may be done by

way of creams, jellies, gels, pastes, patches, ointments and the like, in accordance with standard

pharmaceutical practice.
The ability ‘of compounds of the formulae | to inhibit NOS may be determined using

- procedures described in the literature. The ability of compounds of the formulae { to inhibit
~ endothelial NOS may be determined by using the procedures described by Schmidt et al. in

Proc. Natl. Acad. Sci. U.S.A., 88, pp. 365-369 (1991) and by Pollock et al., in Proc. Nati. Acad.

~ Sci. USA., 88, pp. 10480-1048_4 (1991).- The ability of compounds of the formuiae 1 to inhibit

inducible NOS may be. determined using the procedures described by Schmidt et al., in Proc.
Natl. Acad, Sci. US.A, 88 pp. 365-369 (1991) and by Garyéy et al. in J. Biol. Chem., 269, pp.
26669-26676 (1994). The ab1ity of the compOUnds of the formulae | to inhibit neuronal NOS
may be determined using the procedure described by Bredt and Snyder in Proc. Natl. Acad. Sci.
USA, 87, 682-685 (1990). S L o

- The title compound of Example 1 below exhibited an ICg < 10 uM for. inhibition of either
inducible or neuronal NOS. :

The present invention is ||lustrated by the following examples. It will be understood,
however, that the invention i is not limited to the specific details of these examples. Melting points
are uncomected. Proton nuclear magnetic resonance spectra ('H NMR) and C* nuclear
magnetic resonance spectra were measured for solutions in deuterochloroform (CDCl,) or in
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CD,0D or CD,SOCD; and peak positions are expressed in parts per million (ppm) downfield
from tetramethylsilane (TMS). The peak shapes are denoted as follows: s, singlet; d, doublet; t,
triplet; g, quartet, m, multiplet, b, broad.
EXAMPLE 1
6-[2-METH0XY-4—((47PHENETHYLPIPERAZIN-1-YL)-ET_HYL)=PHENYL]-PYRIDIN-

A, 2-Isopropoxy-4-bromo-nitrobenzene

- To a 500 mL round-bottomed flask equipped with condenser and N, inlet were added
20 g (130 mmol) 2-nitro-5-methylphenol, 29.6 mL (260 mmol) isopropyl iodide, 35.9 g (260
mmol) potassium carbonate, and 250 ml dry acétonitrile. The reaction was refluxed 24

hours, cooled and concentrated. The residue.'was taken up in 1 N aqueous sodium hydroxide
solution and extracted into methylene choride. The organic layer washed with brine, dried
over sodium , and evaporated. The residue, 21..4 g (84%) was used directly in the next step.

'H-NMR (CDCl,, 8): 1.35 (5, J=6, 6H), 2.36 (s, 3H), 4.63 (m, J=6, 1H), 6.75 (d, J=8, 1H),
6.84 (s, 1H), 7.68 (d, J=8, 1H).

*C-NMR (CDCly, 8): 21.9, 72.5, 116.7, 120.9, 125.6, 145.2, 151.5.

APCI MS (%): 196 (parent+1, 100).

The oil was taken up in 200 mL ethanol and treated with 45 p.s.i. hydrogen in the
presence of 10% palladtum-on-carbon for 12 hours, then filtered through Celite and concentrated
to afford an oil, 16.4 g (90%).

1f-I-NMR (CDCI3 8): 1.345 (d, J=5, 6H), 2.25 (s, 3H), 3.65 (bs 2H), 4.51 (m, J=6, 1H),
6.6 (m, 3H). _

C-NMR (CDCls, 8): 21.0, 22.4, 370.6, 114.7, 115.3, 121.3, 127.9, 134.7, 145.4.

APCI MS (%): 166 (parent+1,.100).

- B. 3-isopropoxy-4-bromotoluene

To a 250 mL round-botiomed flask equipped with condenser and N, inlet were added
14.4 g (87.1 mmol) 3-isopropoxy-4-aminotoluene, 94 mi water, and 15 mL concentrated
sulfuric acid. The solution was cooled to 0°C, and a solution of 6.9 g (100 mmol) sodium

nitrite in-29 mL water was added dropwise over 5 minutes, and stirring continued for 10
minutes. The tan solution was then added slowly to a slurry of 25 g (170 mmol) cuprous
bromide in 18 mL concentrated sulfuric acid heated to 90°C, and the reaction stirred at 80°C
for 2 hours. It was then cooled, poured into water, and extracted with methylene chloride.
The methylene chloride layer was washed with 1 N aqueous sodium hydroxide solution,
water, and brine, dried over sodium sulfate, and evaporated to an oil, which was
chromatographed on silica gel using hexane/ethyl acetate as eluant to afford the product as
an oil, 3.59 g (18%).
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“*H-NMR (CDCly, 8): 1.35 @45, 6H) 228 (s 3H), 4. 51 (m J=6, 1H), 6.62 (d, J=7, 1H),
6.72 (s, 1H), 7.36 (d, J=7, 1H). - :
APCI MS (%): 228/230 (parent+1, 100/98).

C. 2-Isopropoxx—4~methylphenylboronrc acrd
Toa125 mL 3N round—bottomed ﬂask equnpped with N, inlet ahd septum were added
359 g (15 7 mmol) 3-|sopropoxy-4—bromotoluene and 30 mL dry tetrahydrofuran. The

“ solution was cooled to <70°C and 7.5 mL (1 8.8 mmol) of a 2.5 M solution of butyl! lithium in

hexane was added over 5 mmutes and the solutlon stirrred 5 minutes at -70°C. Then 3.2 mL
(18.8 mmol) triethyl borate was added followed by stlrnng for 5 minutes at -70°C and then
stiring at room temperature for 24 hours The reaction was quenched with 1°'N aqueous
hydrochlonc acid and extracted into ethyl acetate ‘The organic layer was washed with water
and bnne dned over sodlum sulfate and evaporated The resrdue was triturated with hexane

' to a white solid, 1.7 g (56%)

"H-NMR (CDCls, 8): 1.39 (d, J=6, GH) 235(s, 3H),469 (m, J=s, 1H) 6.25 (s, 2H), 6.71
(s, 1H), 6.81 (d, J=7, 1H) 7.70 (d, J=7, 1H). |

D. N—t-Butylwrbonyl-6~(2-|sopropoxy-4-meﬂwy iphenyl)-pyridin-2-ylamine

To 2 125 mLL round-bottomed flask equrpped with oondenser and N, inlet were added
3.3 g (16 mmol) 6—bromo-2—(t-butylcarboxamudo)—pyndme 3.1 g (12.8 mmol) 2-isopropoxy-4-
methylphenylboromc acrd 6.8 g (640 mmot) sodium carbonate, 462 mg- (04 mmol) tetrakis-
triphenylphosphine palladlum 30 mL ethanol, and 3 mL water. The mixure was refluxed 16

“hours, cooled, poured into water. and extracted info ethyl acetate. The organic layer was

washed with brine, dried over sodium - sulfate, and’ evaporated. The residue was
chromatographed on siliw gel usihg hexaneleﬂay_! acetate as eluant to afford 4.3 g (100%) of an
oil. | o | - -

'H-NMR (CDC!, 3): 1.27 (d, J=6, 6H) 1.31 (s, 9H), 236(s 3H), 4.49 (m, 1H), 6.795 (s,
1H), 6.85 (d, =8, 1H), 7.60 (m, 2H), 765(t, J=8, 1H) 8.10 (bs, 1H), 8.12 (d, J=8, 1H).

BC-NMR (CDCI, 8): 21.5, 11.0, 2374 39.7, 371 .0, 111 3, 1158, 1211 121.8, 126.9,
130.7, 13.6, 140.0, 1510 154.5, 155.2, 1769

APCI MS (%) ‘327 (parent+1 100)

E. N-i-Butylcarbony!-6-(2-isopropoxy-4-cyanomethylphenyl)-pyridin-2-ylamine

To a 250 mL round-botiomed flask equipped with-condenser and N, inlet were added
4.1 g (12.6 mmol) N-t-butylcarbonyl-6-(2-isopropoxy-4-methylphenyl)-pyridin-2-ylamine, 2.7 g
(15.1 mmol) N-b_rorrrosuccinimide. 150 mL carbon tetrachloride, and 80 mg bis-(1-cyano-1-
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azo)-cyclohexane. The reaction was heated at reflux for a total of 8 hours as additional
portions of initiator were added at 1 and 2 hours. The reaction was cooled, filtered with
carbon tetrachloride, and evaporated. The red oil was used directly. _

‘H-NMR (5, CDCly): 1.30 (d, J=6, 6H), 1.32 (s, 9H), 4.50 (s, 2H), 4.55 (m, J=6, 1H),
7.00 (s, 1H), 7.06 (d, J=8, 1H), 7.6-7.7 (m, 3H), 8.04 (bs, 1H), 8.15 (d, J=8, 1H).

MS (%). 405/407 (parent+1, 98/100). ]
The above oil was taken up in 150 ml. dry methylene chioride and treated with 1.9 g (12.6
mmol) tetraethylammonium cyanide, and reaction stirred at room temperature for 13 hours.
LCMS showed a major peak at P+1 = 352 and TLC showed a major spot at R, = 0.4 in 20%
ethyl acetate in hexane. The reaction was evaporated, and the residue chromatographied on
silica gel using ethy! acetate in methylene chloride as eluant to afford 328 mg (V%) of a foam.

'H-NMR (5, CDCis): 1.30 (d, J=6, 6H), 1.33 (s, 9H), 3.77 (s, 2H), 4.58 (m, 1H), 6.95
(s, 1H), 6.985 (d, J=8, 1H), 7.5-7.8 (m, 3H), 8.04 (bs, 1H), 8.16 (d, J=8, 1H).

B3C-NMR (8, CDCl): 220, 23.6, 27.5, 39.8, 71.4, 112.0, 114.15. 120.4, 121.2, 129.4,

| 131.5, 131.8, 137.9, 151.1, 163.6, 165.9, 177.1.

MS (%): 352 (parent+1, 100).

F. N-t-Butylcarbonyl-6-(2-isopropoxy-4-carboethoxymethylphenyl)-pyridin-2-yiamine

To a 100 mL round-bottomed flask equipped with condenser and N, inlet were added
730 mg (2.09 mmol) N-t-butylcarbonyl-6-(2-isopropoxy-4-cyanomethylphenyl)-pyridin-2- |
ylamine and 20 mL ethanol. The solution was saturated with HCI, heated to reflux, one drop
of water added, and the reaction refiuxed 14 hours. The reaction was cooled and
concentrated, and the residue taken up in methylene chioride, washed with aqueous sodium
hydroxide and water, dried over sodium sulfate; and evaporated to afford 683 mg (82%) of an

oil.

TH-NMR (5, CDCL): - 1.21 (t, J=7. 3H), 1.24 (d, J=6, 6H), 1.27 (s, 9H), 3.58 (s, 2H),
4.11 (q, J=7, 2H), 4.50 (m, J=6, 1H), 6.90 (m, 2H), 7.5-7.7 (m, 3H), 8.1 (d, J=8, 1H), 8.18 (bs,
1H). '

BC-NMR (5, CDCL): 14.2, 22.0, 27.5, 39.8, 41.5, 60.9, 71.0, 111.8, 115.7, 121.2,
121.8, 128.3, 131.1, 136.0, 137.8, 151.1, 154.2, 156.4, 171.3, 177.1.

MS (%): 399 (parent+1, 100). -

G. 6-(2-Isopropoxy-4-carboxymethylphenyl)-pyridin-2-yiamine

To a 100 mL round-bottomed flask equipped with condenser and N, inlet were added
5§77 mg (1.56 mmo!) N-t-butylcarbonyl-s-(z-isopropoxg./-4-carboethoxymethylpheny!)-pyridin—z-
ylamine and 10 mL ethanol. The solution was heated to reflux, and 30 mL of a 10% aqueous
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sodium hydroxide 'selution added dropwise, and fefluxing continued for 1 hour. The solution
was cooled, and the pH adjusted at 0°C with 1 N hydrochioric acid to pH 4-5, then extracted
with methylene chlonde ethyl acetate, and acetomtnlelethyl acetate The combined organic

- layers were dried and evaporated to glve a foam 449 mg (98%)

'H-NMR (5,,000:,) 1.22 (d, J=6, 6H), 3.69 (s, 2H), 4.47 (m, J=6, 1H), 6.59 (d, J=7,
1H), 6.71 (m, 1H), 6.78 (d, J=8, 1H), 6.83 (s, 1H) 700(m, 1H).750(t J=8, 1H).
" BC.NMR (5, CDCL): 219 439 712 117, 1121 115.8, 1200, 122.7, 1300,
141.3, 142.0, 144.3, 1550 1844 '
MS (%): 287 (parent+1, 100).

H. i(2-lsopropoxy-4-N-@-grmenthylplperazm-‘!-yl)carboxamldomethylpheny)-pyndm—

2-ylamine
Toa 100 mL round-bottomed flask equupped with condenser and N, inlet were added

200 mg (0.7 -mmol) 6-(2-|sopropoxy-4-carboxymethylphenyl)-pynd|n-2-ylam|ne 266 mg (1.4

mmol) N-phenethylplperazme, §37 mg (2.8 mmol) N-ethyi. N~3-d|methylamlnopropyl-
carbodiimide, 512 mg (4.2 mmol) N,N-dimefhyM%miriopyridine, "and 10 mL dry
dimethylformamide. The reaction was'stirred at room temperature 12 hours (LCMS showed
P+1 = 451 and TLC showed R, = 0.2'in 5% methanol/methylene chioride), then muéd into
water, extracted into ethyl'aceta'te, and the organic layer washed with water and brine, dried
over sodium sulfate, and evaporated. The residue was chromatographed on silica gel using
methanol/methylene ehl_p_ﬁde as eluant to afford the product as a foam, 180 mg (56%). -

'H-NMR (5, COCl,): 1.24 (d, J=6, 6H), 2.30 (m, 2H), 2.44 (m, 2H), 2.53 (m, 2H), 2.73
(m, 2H), 3.43 (m, 2H), 3i66-(m, 2H),3.72 (s, ZH), 4.48 (m, 1H), 4.5 (bs, 2H), 6.38 (d, J=8, 1H),
6.86 (m, 2H), 7.1-7.3 (m, 6H), 7.40 (¢, J=8, 1H), 7.69 (d, J=8, 1H).

C.NMR (5, CDCly): 221 334, 41.2, 41.375, 46.1, 52.7, 53.1, 60.1, 71.2, 106.6,
115.2, 115.6, 121.2, 126 1, 1284 1286, 1292 131.4, 136.3, 1373 140.0, 154.1, 155.6,
158.0, 169.3. - :

MS (%): 459 (parent+1, 100).

1. 6-[2-sopropoxy-4-((4-phenethyipiperazin-1-yl)-ethyl)-phenyl}-pyridin-2-yiamine

To a 100 mL round-bottomed flask equipped'i_wiﬂi condenser and N, inlet were added
157 mg aluminum chlo'ride and 10 mL dry tetrahydrofuran. The solution was cooled to 0°C,
and 2.70 mL (2.70 mmél) of a 1.0 M solution of lithium aluminum hydride in tetrahydrefuran
was added. Stirring was continued at room temperature for 20 minutes, then the solution was
cooled fo -70°C, and’ a’ solution of 180 mg (0.39 “mmol) 6-(2-isopropoxy-4-N-(4-
phenthylpiperazin-1-yl)carboxamidomethylphenyl)-pyridin-2-ylamine in° 10 mL dry
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tetrahydrofuran was added. Stirring was continued 1 hour at -70°C, then 2.5 hours at room
temperature (LCMS showed P+1 = '445), followed by careful quénching with 5 mL 1 N
hydrochloric acid. After stirring for 20 minutes, the reaction was treated with 6 mL 6 N
aqueous sodium hydroxide solution, and extracted with several portions of methylene
chioride. The organic phase was dried over sodium sulfate and evaporated to afford an oil,
which was chromatographed ujsing methanol/methylene chloride as eluant to afford an oil,
which was converted to the hydrochloride sait using_ HCl in ether, affording the product, 121
mg (48%) as a white solid. |

'H-NMR (5, CDCly): 1.2_5' (d, J=6.0Hz, 6H), 2.6 (m, 12H), 2.8 (m, 4H), 4.44 (m,
6.0Hz), 4.5 (bs, 2H), 6. 36 (d. J=8, 1H), 6.81 (s, 1H), 6.86 (d, J=8, 1H), 7.1-7.3 (m, 6H), 7.40 (1,

=8, 1H), 7.65 (d, J=8, 1H). |

B3C-NMR (5, CDCl;): 22.16, 33. 59 33. 62 53.13, 53.17, 60. 27 60.53, 71.22, 106.32,
115.53, 115.95, 121.56, 126.05, 128.39, 128.59, 128.70, 131.00, 137.24, 140.27, 141.84,
154.47, 156.33, 158.00. | |

MS (%): 445 (parent+1, 100).

Anal. Calc'd. for CzgH3sN,O'3HCI3H,0C4H00: C 66.34, H 8.13, N 8.21. Found: C
56.00, H7.81, N 8.57.

EXAMPLE 2

6-[2-ISOBUTOXY-4-((4-PHENETHYLPIPERAZIN-1-YL)}-ETHYL)-PHENYL]-
PYRIDIN-2-YLAMINE |

A 2-Fluoro-4-memﬂpheny!boronic acid

To a 500 mL three-necked round-bottomed flask equipped with septum and N, inlet
were added 10.0 g (52.9 mmol) 4-bromo-3-fiuorotoluene and 100 mL dry tetrahydrofuran.
The solution was cooled to -70°C, and 25.4 mL (63.5 mmol) of a 2.5_ M solution of buty! lithium
in hexane was added slowly so the temperature did not exceed -60°C. The clear solution was
stirred at -70°C for 1 hour, then treated wnth 10.8 mL (63.5 mmol) tnethylborate The reaction
was stlrred for 2 hours at -70°C, then warmed to room temperature and stirred for 16 hours.
The reaction was quenched with saturated agueous ammonium chloride solution, adjusted to
pH 1-2 with 1 N hydrochloric acid, and extracted with ethyl acetate. The organic layer was
washed with brine, dried over sodium sulfate, and evaporated. The residue was triturated
with hexane to a white solid, 6.1 g (75%), as a mixture of monoaryl and diaryl boronic acids.

'H-NMR (5, CDCL): 2.37 and 2.41 (singiets. 3H), 5.10 (broad doublet for OH), 6.89
{multiplets, 1H), 7.01 {(multiplets, 1H), 7.6-8.0 (multiplets, 1H).
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B. N-t-Bgtzlmrbonzlﬁz-ﬂuoro-tt-memzlmenxltpxndm-z-zlamrne

Prepared asin Example 1Din 72 5% yreld as an oil.
TH-NMR (5, CDCl,) 1. 33 (s. 9H) 2.38 (s 3H) 6. 955 (d, J=12, 1H), 7. 04 (d, J=8, 1H),

7.47 (m, 1H), 7.73 (¢, J-B 1H), 779(t, J'S 1H) 806(broads 1H, N_) 8.19 (¢, J=8, 1H).

BC-NMR (5, CDCI,) 21 1, 27. 4, 39 75 112.255, 116 555, 116. 8, 120.1, 1202 123.7,
125.1, 130.3, 138.6, 141 3, 151 25 151 6 1590 161 5 177 05

" APCIMS (%) 287 (100, parent+1) '

C. N-t-ButylwrbonIL-S-(Z-rsobutoxy-4-methylphenyl)-pyndrn-z-y!amrne

Toa125mL three-necked round-bottomed ﬂask equipped with septum condenser and
N, inlet were added 24 mb (262 mmol) 2-butanol and 20 mL dry dimethylformamide. The
solution was heated to 80°C and 1.2 g (60% rn oil, 30 mmol) sodrum hydride was added. The
reaction was heated at 80°C wrth bubblrng for 1 hour then a solutron of 2.5 g (8.7 mmol) N--
butylcarbonyl«6~(2-ﬂuoro—4-methylphenyl)-pyndm—2-ylam|ne in 20 mL dry drmethylformamrde
was added, and the reactron heated at 80°C for 24 hours The reaction was cooled, poured into
water, and extracted mto ethyl acetate _The orgamc layer was washed thoroughly with water
and bnne dried over sodrum sulfate and evaporated. The resrdue was chromatographed on
silica gel using hexanelethyt acetate as eluant to afford 2.4 g (75%) of the product asan oil.

H-NMR (5, CDCl,): 0. 90 (t, J-7 3H), 1.22 (d, J=6, 3H), 1.29 (s, SH), 1.62 (m, 2H),
2.35 (s, 3H), 4.31 (m, 1H) 6.78 (s, 2H). 682 (d, J-8 1H),758 (m 1H), 767 (¢, J-8 1H), 8.13
(d, J=8, 1H), 8.19 (bs, 1H) . -

BC-NMR (3, CDCl):  19.03, 21.52, 27.41, 29.06, 39.66, 75.62, 111.40, 115.25,
121.18, 121.56, 126.73, 130 73, 137 58, 139 97 15094 154 59, 156.44, 176.98.

MS (%): 341 (100 parent+1) ' -

D. 6-[2-!sobutoxy-4-((4-phenethylprperazrn-1 yl)-ethyt)—phenyJ-pyndrn-2~ylamrne

The remarnrng steps in the sequence followed the correspondmg steps in Example 1
(E-i) to afford a 63% yreld for the finaf step of product asan oil, which was converted to the
hydrochloride sait to grve a yellow amorphous solrd. '

'H-NMR (3, CDCI;,) 090 (¢, J=7.5, 3H). 1.21 (d J=6, 3H). 162 (m, 2H), 2.63 (m,
10H), 2.80 (m, 6H), 427 (m 1H) 4.41 (bs, 2H), 6. 38 (d, J-8 1H) 6.80 (s, 1H), 6.86 (d, J=8,
1H), 7.2-7.4 (m, 6H), 741 (t J-8 1H),765 (, J=8, 1H).

”c NMR (3, cocr,) 9 61 19.03, 29.04, 33.63, 33.60, 63.09, 53.14, 60.22, 60.46,

140.22, 141 78 154. 48 155.42, 157 80.
MS (%): 459 (100 parent+1)
Anal. Calc'd. fpr CagH3sN,0e3HCle1/2H,0: C 60.36, H 7.34, N 8.71. Found: C 60.14,

H7.53, N 9.33.
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5 EXAMPLE 3

6-[2-1SOBUTOXY-4-((4-DIMETHYLAMINOETHYL)-PHENYL}-PYRIDIN-2-YLAMINE
Prepared as in Example 2, in 13% yield as a hygroscopic hydrochloride salt.
"H-NMR (8, CDCl): 0.90 (t, J=7.5, 3H), 1.2-1.3 (m, 6H), 1.63-(m, 2H), 2.305 (s, 3H),
10 . 2.55 (m, 2H), 2.76 (m, 2H), 4.28 (m, 1H), 4.38 (bs, 2H), 6.39 (d, J=8, 1H), 6.78 (s, 1H), 6.85
(d. J=8, 1H), 7.21 (d, J=8, 1H), 7.42 (t, J=8, 1H), 7.64 (d, J=8, 1H).
- C-NMR (5, CDCly): 19.00, 29.04, 29.62, 34.38, 45.35, 61.38, 75.74, 106.18, 115.24,
115.71, 121.16, 128.39, 130.89, 137.11, 141.68, 154.49, 155.42, 157.74.
MS (%): 314 (100, parent+1). )
15 HRMS Calc'd. for CigHsNsO: 314.2232. Found: 314.2231.

. EXAMPLE 4 _ _
6-[2-CYCLOPENTYLOXY-4-((4-DIMETHYLAMINOETHYL)-PHENYL}-PYRIDIN-2-
YLAMINE _
20 Prepared as in Example 2, using cycloopentano! as the starting alcohol in the sodium

hydride mediated displacement of the -2-fluoro intermediate in Example 2C, in 36% yield, mp

80°C (dec.) as the hydrochloride salt. | _ :
'H-NMR (5, CDCly): 1.55 (m, 2H), 1.68 (m, 2H), 1.81 (m, 4H), 2.29 (s; 6H), 2.53 (m, |

2H), 2.75 (m, 2H), 4.41 (bs, 2H), 4.76 (m, 1H), 6.37 (d, J=8, 1H), 6.77 (s, 1H), 6.83 (d, J=8,

25 1H), 7.17 (d, J=7, 1H), 7.40 (t, J=8, 1H), 7.65 (d, J=8, 1H). _

®C-NMR (5, CDCl,): 23.78, 30.22, 32.68, 45.35, 61.39, 79.87, 106.15, 114.55,

115.44, 120.85, 125.43, 130.79, 137.08, 141.69, 154.38, 155.35, 157.82.
MS (%): 326 (100, parent+1).

30 ~ EXAMPLES

6-{2-CYCLOPENTYLOXY-4-((4-PHENETHYLPIPERAZIN-1-YL)-ETHYL)-PHENYL}-
PYRIDIN-2-YLAMINE S '
Prepared as in Example 4, in 60% yield, mp >200°C as t_he hydrochloride salt.
35 "H-NMR (5, CDCly): 1.56 (m, 2H), 1.70 (m, 2H), 1.82 (m, 4H), 2.60 (m, 12H), 2.80 (m,
4H), 4.41 (bs, 2H), 4.75 (m, 1H), 6.38 (d, J=8, 1H), 6.80 (s, 1H), 6.84 (d, J=8, 1H), 7.1-7.3 (m,
6H), 7.40 (t, J=8, 1H), 7.65 (d, J=8, 1H). : .
“C-NMR (5, CDCL): 23.785, 30.22, 32.70, 33.66, 53.08, 53.11, 60.245, 60.47,
79.865, 106.18, 114.59, 115.45, 120.91, 125.43, 125.97, 128.31, 128.61, 130.77. 137.11,
40  140.19, 141.74, 154.33, 155.34, 157.80.
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MS (%): 471 (100, parent+1).
EXAMPLE 6

6-[2-lSOPROPOXY—(N-(Z—METHYL)PROPYLH iPYRROLIDlN-S-YL)-PHENYL]-
PYRIDIN-2-YLAMINE

A N~t-ButyIerbonyl-g(z-ﬂuoro-4-bromomethylphenyl)—pynd|n-2—ylam|ne

To a 250 mL round-bottomed flask equxpped with condenser and N, inlet were added
5.0 g (17.48 mmol) N-t-butylcarbonyl-s-(2-ﬂuoro-4-methylphenyl)-pynd|n~2-ylamme {Example
2B), 4.36 g (24.47 mmol) N-bromosuccinimide, 10’ mg azobisdi<1,1-dimethylcyclohexyhnitrile,
and 85 mL carbon tetrachloride: The reaction was refluxed under a heat lamp for 30 min,
cooled, and filtered. The filtrate was concentrated ahd chromatographed on silica gel using

hexane/ethyl acetate as eluant to afford 56.36 g (52%) of the product as an oil, which was
crystalhzed from lsopropanol to give mp 97-1 00°C :
'H-NMR (5, CDCI;,) 1.32 (s, 9H), 4.46 (s, 2H), 7. 18 (d, J=11.5, 1H), 7.24 (d, J=8, 1H)
7.49 (d, J-8, 1H), 7.74 (t, J=8, 1H), 7.88 (t, J=8, 1H), 8.06 (bs, 1H), 8.21 (d, J=8, 1H). '
C-NMR (5, CDCly): ' 27.52, 31.90, 39.85, 112.92, 116.82, 117.07, 120.37, 120.47,
124.99, 125.03, 126 75, 131.17, 131.20, 138 87, 140. 42, 140.51, 150.80, 151.47, 158.99,
161.48, 177.15.
- MS (%): 366 (parent+1, 100).
Anal. Calc'd. for C;7H1eN,OFBr: C 55.90, H 4.97, N 7.46. Found: C 55.57, H4.79, N

B. N-t-Butylcarbonyl-6-(2-fiuoro-4-formyiphenyl)-pyridin-2-ylamine
" To a 125 mL round-bottomed flask equipped with condenser and N, inlet were added
5.35 g (14.66 mnmiol) N-t-butyicarbonyl-6-(2-flucro-4-bromomethyiphenyl)-pyridin-2-ylamine, 36
mL chloroform, and 4.10 g (29.32 mmol) hexamethylenetetramine. The reaction was refluxed §
hours, cooled, and evaporated. The residue was taken up in 29 mL 50% aqueous acetic acid,
and refluxed 16 hours. The reaction was cooled; taken up in ethyl acetate, and washed with
aqueous sodium hydroxide solution and brine, dried over sodium sulfate and evaporated. The
residue was chromatographed on silica gel using hexane/ethyl acetate as eluant to afford 3.49 g
(67%) of an oil. - ' ' . '
'H-NMR (5, CDCly): ' 1.325 (s, 9H), 7.56 (m, 1H), 7.62 (d J=11, 1H), 7.7-7.8 (m, 2H),
8.10(m, 2H), 8.26 (d, J=8, 1H), 9.99 (s, 1H).
- BC-NMR (5, cocna). 27.41, 39.78, 113.65;, 116.41, 116.66, 120.67, 120.77, 125.66,
131.63, 137.84, 138.93, 149.83, 151.60, 159.35, 161.86, 177.14, 190.54.
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MS (%): 301 (parent+1, 100). _ .
Anal. Caic'd. for C,;HsN,O,F: C 67.99, H 5.71, N 9.33. Found: C 6762, H567, N
9.50. .
C. Diethyl-2-fluoro-4-[N-t-butyicarbonyl-6-pyridin-2-ylamine}benzylidenemalonate
.. To a 125 mL round-bottomed flask equippeg! with N, inlet were added 2.65 g (8.83
mmol)  N-t-butylcarbonyl-6-(2-fluoro-4-formylphenyl)-pyridin-2-ylamine, 1.41 g (8.83 mmuol)
diethyl malonate, 45 mL benzene, 40 mg (0.44 mmol) piperidine, and 10 mg benzoic acid.

The reaction was refluxed 3 days, cooled, and poured into water and ethyl acetate. The
organic layer was washed with 1N hydrochloric acid, aqueous sodium bicarbonate solution,
and brine, dried over sodium sulfate, and evaporated. The_ residue was chromatographed on
silica gel using hexanelethyl acetate as _éluant to afford the product as a yellow oil, 3.14 g
(80%), which was crystallized from 2-propanol, mp 97-100°C. _

'H-NMR (5, CDCly): 1.32 (m, 15H), 4.29 (q, J=7, 2H), 4.34 (q, J=7, 2H), 7.24 (d,
J=12, 1H), 7.32 (d, J=8, 1H), 7.83 (d, J=7, 1H), 7.67 (s, 1H), 7.75 (t, J=8, 1H), 7.96 (t, J=8,
1H), 8.05 (bs, 1H), 8.22 (d, J=8, 1H). : i

BC.NMR (5, CDCL): 13.94, 14.12, 27.51, 39.85, 61.89, 61.97, 113.27, 116.75,
117.00, 120.53, 120.63, 125.63, 125.66, 127.77, 131.10, 131.13, 135.09, 135.17, 138.95,
139.89, 150.29, 151.53, 159.04, 161.55, 163.76, 166.20, 177.16.

MS (%): 443 (parent+1, 100).

Anal. Calc'd. for C;4H;N,OgF: C 65.15, H 6.15, N 6.33. Found: C 64.88, H 6.18, N
6.59.

D. Ethyl-3-[2-fluoro-4-(N-t-butylcarbonyl-6-pyridin-2-ylamine)]phenyl-3-cyano-
propionate '

To a 125 mL round-bottomed flask equipped with condenser and N, iniet were added
3.12 mg (7.05 mmol) diethyl-2-fluoro-4-[N-t-butylcarbonyl-6-pyridin-2-
ylamine]benzylidenemalonate and 100 mL ethanol. To the stirring solution was added a
solution of 460 mg (7.05 mmol) potassium cyanide in 1.8 mL water, and the reaction stirred at
room temperature for 3 days, then heated for 38 hours at 60°C. The reaction was cooled and

quenched with dilute hydrochloric acid, then taken up in ethyl acetate and washed with acid

and brine, dried over sodium sulfate, and evaporated. The residue was chromatographed on
silica gel using hexane/ethyl acetate as eluant to afford 1.88 g (67%) of an oil.

'H-NMR (5, CDCL): 1.24 (t, J=7, 3H), 1.32 (s, 9H), 2.93 (AB,, J=8, Av=58, 2H), 4.17
(m, 2H), 4.33 (¢, J=7, 1H), 7.19 (d, J=11, 1R), 7.26 (d, J=8, 1H), 7.48 (m, 1H), 7.75 {t, J=8,
1H), 7.94 (t, J=8, 1H), 8.05 (bs, 1H), 8.225 (d, J=8, 1H).

C-NMR (5, CDCly): 14.0, 27.4, 32.5, 39.6, 39.8, 61.6, 113.0, 115.4, 115.7, 119.2,
120.6, 123 4, 127.6, 127.7, 131.7, 137.0, 138.9, 150.3, 151.4, 159.1, 161.6, 168.7, 177.1.
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MS (%): 398 (parent+1, 100).
E. N—t-ButylcarbonyI-s-[Z-ﬂubro-44(2-oxq-errolidin-S-yl)-pherM]-pYridin-zjIamine
To a 125 mL 'Pa_ar bottie ijvére added 1.88 g (4.73 mmol) ethyl-3-f2-fluoro-4-(N-t-

'butylcarbonyI-G-pyridin92~ylamin'e')]p_henyl-3-cyano-propionéte, '35 mL ethanol, 1 g 10%

paliadium-on-carbon and '-Z'mL 6N 'hyd'_rochldri';:“a'(:id. ' The reaction was shaken under 40
p.s.i. hydrogen for 20 hours, filtered through Celité, and the filtrate evaporated. The residue
was taken up in ethyl-acetate, W'as__he"_d with aqueolss sodium_ hydroxide, dried over sodium
sulfate, and evaporated. The residue was taken up in 35 'mv__ dry toluene, treated with 3.5 mL
triethylamine, and heated at reflux for 18 hodrs.' 'fh’_é reaction was then cooled, washed with
dilute aquéous hydrochioric acid and brine, dried over sodium sulfate, and evaporated. The
residue was chromatographed on silica gei using hexanelethyl acetate as eluant to afford 394
mg (23%) of a solid, mp 162-165°C S

'H-NMR (5, CDCI,) 1.31 (s; 9H), 2.59 (ABq,J =8, Av=112, 2H), 3.27 (m, 1H), 3.68 (m,
2H), 7.01 (d J=12, 1H), 710 (d, J—8 1H), 719(s 1H), 7.44(m, 1H), 7.73 (t, J=8, 1H), 7.84 (t,
J=8, 1H), 8.20 (d, J=8, 1H), 8.23 (bs, 1H). ' -

~ "C-NMR (5, coch) 127465, 37.8, 396, 39.9, 49.2, 112.9, 1146, 114.8, 120.2,

120.3, 122.7, 1256, 1282 129.0, 131. 3 1389 145.7, 150.9, 151.6, 15.2, 161.7, 177.3,
177.5. ' o

MS (%): 356 (parent+1, 100).

Anal. Calc'd. for CmHnNaozF: C 6759 H6.24, N 11.82. Found: C 67.49, H6.37, N
11.76. . | '- -
F. 6-[2-Fluoro-4-(2—oxo-pyrrohdrn-3-1!)-phenyl]—gynd|n—2-ylamme

The above matenal was deblocked using 6 N hydrochloric acid at 90°C for 18 hours,

followed by treatment with N-ethyl,N-lsopropylcarbodnmlde and N-hydroxybenztriazole with
triethylamine and 4-dimethylaminopyridine in acetonitrile at room temperature for 2 days. The
reaction was worked up With ethyl ‘acetate ‘and water, dﬁed"over sodium sulfate, and
evaporated. The res:due was chromatographed ‘on smca 'gel using methanol/methylene
chloride as eluant to’ afford a solid, mp 185-1 88°C, 167 mg (47%).

1H—NMR (8, CDCly): 2.49 (AB;, J=8, Av=108, 2H), 3.22 (m, 1H), 3.60 (m, 2H), 4. 90 .
(bs, 2H), 6.38 (d, J=8,1H), 6.87 (m 2H), 6.97 (d, J=8, 1H), 7.35 (t, J=8, 1H), 7.59 (t, J=8, 1H).

“C-NMR (5, CDCl): 376, 393, 49.1, 108.0, 114.1, 114.4, 1224, 1263, 131.0,
138.2, 144.6, 1506 158.6, 158.8, 161.3, 177.9. ' ' '

'MS (%): 272 (parent+1,-: 100).

G. 6{2—Flqupy'rrolidin'-3-yi)-phenyI]-pjridin~2-ylamine ' :

To a 25 mL round-bottomed flask equipped with N, inlet were added 160 mg (0.59
mmol)  6-{2-fluoro-4-(2-oxo-pyrrolidin-3-yl)-phenyl}-pyridin-2-ylamine and 8 mL dry
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tetrahydrofuran. The solution was cooled to -70°C, and 5.9 mL (5.8 mmol) of a 1.0 M solution
was lithium aluminum hydride in tetrahydrofuran was added. The reaction was warmed to
room temperature and stirred 2 days. The reaction was carefully quenched with dilute

. aqueous sodium hydroxide solution, then taken up in ethyl acetate and aqueous sodium

hydroxide solution, and the combined organic layer washed with water, dried over sodium
sulfate, and evaporated to afford a-crqde oil, which was used directly in the next step.

'H-NMR (8, CDCly): 1.8-2.0 and 2.2-2.4 (m, 2H), 2.6-3.7 (m, SH), 4.80 (bs, 2H), 6.41
(d, J=8, 1H), 6.92 (m, 2H), 7.01 (d, J=8, 1H), 7.21 (d, J=8, 1H), 7.395 (t, J=8, 1H), 7.66 (t, J=8,
1H), 7.71 (m, 1H).

MS (%): 258 (100, parent+1)

H. 6-[2-Fluoro-_(N-(2-methyQprqpyl)-4-(pyrrolidin-3-ylL-pheryl]—pyridin-2-yIarﬁine

Toa25mL round-boﬁohed ﬂéék equipped with N, inlet were added 151 mg (0.587
mmol) 6-[2-ﬂuoro-4-(pyrrolidin-3-yl)-phenyl]-pyridin-2-y|amine, 8 mg (1.175 mmol)
isobutyraldehyde, 74 mg (1.175 mmol) sodium cyanoborohydride, and 6 mL methanol. The

reactipn was stirred at room temperature for 2 hours, poured into dilute hydrochloric acid, and
wasr;ed with ethyl acetate. The aqueous Iayer was adjusted to pH 12 with 1 N aqueous
sodium hydroxide solution and extracted with ethyl acetate. .The organic layer was dried over
sodium sulfate and evaporated, and the residue chromatographed on silica gel using
methanol/methylene chloride to afford 25 mg (%) of an oil. '

'H-NMR (5, CDCly): 0.94 (d, J=6, 6H), 1.7-1.9 (m, 2H), 2.32 (m, 3H), 2.55 (m, 1H),
2.74 (m, 2H), 2.98 (m, 1H), 3.37 (m, 1H), 4.49 (bs, 2H), 6.44 (d, J=8, 1H), 7.05 (d, J=12, 1H),
7.11 (m, 2H), 7.46 (t, J=8, 1H), 7.79 (¢, J=8, 1H).

°C-NMR (5, CDCL): 21.0, 27.2, 33.0, 42.7, 54.7, 61.9, 64.7, 107.2, 114.6, 114.7,
123.2, 125.4, 130.5, 137.9, 148.4, 151.6, 158.1, 159.0, 161.5. _

MS (%): 314 (parent+1, 100). |

L sz-lsopropoxy-(N-(Z-methyI)propyl)-4-(pyrrolidin-3;vl)—phenyl}-pyrid_in—2-ylamine

Toa25mL round-bottomed flask equipped with condenser and N, inlet were added
24 mg (0.077 mmol) 6-{2-fiuoro-(N-(2-methyl)propyl)-4-(pyrrolidin-3-yi)-phenyll-pyridin-2-
ylamine and 3 mL dry dimethylformamide. The solution was heated to 80°C, and 46 mg
(0.767 mmol) 2-propanol. 37 mg (0.920 mmol) sodium hydride (60% dispersion in oil), The
reaction was stirred at 100°C for 18 hours, then cooled and evaporated. The residue was
treated with dioxane and 1 N aqueous sodium hydroxide solution to cleave some N-
formylated byproduct at room temperature for 18 hours. The reaction was partitioned
between 0.5 N aqueous sodium hydroxide,solytion and ethyl acetate, and the organic layer
washed with brine, dried over sodium sulfate, and evaporated. . The residue was
chromatographed by preparative plate silica gel chromatography using methanol/methylene
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chloride/ammonia as eluant to afford 24 mg (89%) of an oil, wh:ch was converted to the
hydrochloride salt, mp 118-138°C. ' '

TH-NMR (5, CDCl): 0.96 (d J=7'6H)' 1.26 (d, J=6, SH), 1.8(m, 1H) 1.9 (m, 1H), 2.4
(m, 3H), 2.64 (m, 1H),285 (m, 2H) 3.07 (m, 1H), 3.38 (m, 1H) 4.45 (m, 3H), 6395 (d, J=8,
1H), 6.92 (m, 2H), 7.22 (t J=8, 1H), 742 I J-7 1H), 764(d J=8, 1Hy).

- BCNMR @, cocns) 21.0, 22.2, 27.2, 33.1, 432 '55.0,.62.0, 64.75, 71.2, 106.4,

1145 115.6, 1199 1287 131.0, 1373 1464 1544 1554 157.9.

MS (%): 354 (parent+1 100) '

EXAMPLE 7

1-[4-(§-AMINO-PYRIDIN-2-YL)-3—ISOPROPOXY-PHENYL]-2—(4-PHENETHYL-
PIPERAZIN—1-YL)-ETHANOL

A. N—t—Butylcarbo Jlﬁ-(g-lsopropoxy4-fomyIphenyl)-pyndln-2-ylam|ne

Toa 100 mL round-bottomed flask equ;pped with condenser and Nz inlet were added
485 ¢ (11.97 mmpl_) N-t-butylcarbonyl-6-(2—|sopropoxy-4-bromomethy!phenyl)-pyndm-z-
ylamine (from Example 1E above), 3.35 g (23.95 mmol) hexamethiylene tetramine, and 30 mL
chioroform, and the ;ea'c':tion'z"eﬂUxed for 2 hours. The reaction was concentrated and taken
up in 24 mL of 1:1 acetic acid:water and refiuxed for'S hours. The reaction was cooled,

adjusted to pH 10 wcth aqueous sodium hydroxlde solutlon and extracted into ethyl acetate.
The organic phase was washed with bnne dned over sodium sulfate, and evaporated. The
residue was chromatographed on silica gel using hexanelethyl acetate as eluant to afford
2.995 g (74%) of a white solid. I |

"H-NMR (5, CDCls) 1.32 (m 15H), 468 (septet, J=8, 1H), 7.47 (s, 1H), 7.51 (d, J=8,
1H), 7.64 (m, 1H), 7.72 (t J=8, 1H) 7.90 (d, J=8, 1H) 8.05 (bs 1H) 8.20 (d, J=8, 1H), 9.99
(s, 1H). '

MS (%): 341 (parent+1 100)

N-t-ButyIcarbo JI-ng-lsopropoxy-4-oxlranylphenll-pyndln-z-ylamme
Toa100mL round-bot_tom_ed flask e_qulpped with condenser and N, inlet were added

2,99 g (8.79 mmol) N-t-butylcarbonyl-6-(2-isopropoxy-4-formylphenyl)-pyridin-2-ylamine, 1.79

g (8.79 mmol) trimethylsulfonium iodide, 0.98 g (17.59 mmol) powdered potassium hydroxide,
44 mL acetonitrile, and 0.5 mL water. The reaction was heated to 60°C for 2.5 hours, then
cooled, filtered, and evaporated. The yellow oil was used directly, 3.3 g (~100%).

"H-NMR (5, CDCy): 1.27 (d, J=6, 6H), 1.32 (s, 9H), 2.76 (m, 1H), 3.15 (m, 1H), 3.67
(m, 1H), 4.54 (septet, 1H) 6.87 (s, 1H). 697 (d J-8 1H), 7. 58 (m 1H) 7.69 (m 2H) 8.05
(bs, 1H), 8.13 (d, J=8, 1H) '
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MS (%): 355 (parent+1, 100). | .

C. fIJN-t-Butylcarbonyl-4-(6—amino-pyridin-2-yI);3-isogogoxy-phenﬂ1-2—(4-phenetljyl-
piperazin-1-yl)-ethanol

To a 25 mL round-bottomed fiask equipped with condenser and N, inlet were added 300
mg (0.847 mmol) N-t-butylcarbonyl-6-(2-isopropoxy-4-oxiranylphenyl)-pyridin-2-ylamine, 183
mg (1.017 mmol) N-phenethylpiperazine, 9 mL acetonitrile, and 0.85 mL water. The reaction
was heated to 80°C for 20 hours, cooled, and partitioned between ethyl acetate and aqueous

sodium bicarbonate. The organic phase was separated, washed with brine, dried over
sodium sulfate, and evaporated. The residue was chromatographed on silica gel using
methanollrﬁethylene chloridefammonium hydroxide as eluant to afford 283 mg (62%) of an off-
white foam. '

'H-NMR (8, CDCly): 1.27 (d, J=6, 6H), 1.31 (s, 9H), 2.4-2.9 (m, 15H), 4.56 (septet,
J=6, 1H), 4.75 (m, 1H), 6.99 (d, J=8, 1H), 7.06 (s, 1H), 7.1-7.3 (m, 5H), 7.58 (d, J=8, 1H), 7.67 -
(m, 2H), 8.08 (bs, 1H), 8.13 (d, J=8, 1H). | '

*C-NMR (5, CDCl): 22.05, 27.45, 33.53, 39.71, 53.18, 60.36, 65.95, 68.41, 70.99,
111.54, 112.10, 118.26, 121.18, 126.01, 128.34, 128.61, 130.80, 137.67, 140.09, 144.34,
150.98, 154.29, 155.47, 176.99.

MS (%): 545 (parent+1, 100).

D. 1 -E-(G—Amingpyridin-2-yl)—3-isopropoxy-gl’1eyl]—Z-(4-phenethyl-piperazin-1 -yl)-

ethanol

To a 25 mL round-bottomed flask equipped with condenser and N, inlet were added 283
mg (0.52 mmol) 1-[N-t-butylcarbonyl-4-(6-amino-pyridin-2-yl)-3-isopropoxy-phenyl}-2-~(4-
phenethyi-piperazin-1-yl)-ethanol, 5 mL dioxane, and 10 mL 10% aqueous sodium hydroxide
solution. The reaction was refluxed 3 days, cooled, poured into water, and extracted into ethyi
acetate. The organic phase was washed with brine, dried over sodium sulfate, énd evaporated.
The residue was chromatographed on silica gel using methanol/methyliene chloride/ammonium
hydroxide as eluant to afford 203 mg (86%) of an oil, which was converted to the hydrochloride
salt using HCI in tetrahydrofuran, mp 148-165°C.

'H-NMR (5, CDCL): 1.27 (d, J=6, 6H), 2.6-2.9 (m, 15H), 4.48 (bs, 2H), 4.52 (septet,
J=6, 1H), 4.74 (m, 1H), 6.385 (d, J=8, 1H), 6.97 (d, J=8, 1H), 7.03 (s, 1H), 7.1-7.3 (m, 6H),
7.41{t, J=8, 1H), 7.70 (d, J=8, 1H).

®C-NMR (5, CDCl;): 22.16, 33.62, §3.03, 53.27, 60.45, 66.04, 68.57, 71.19, 106.47,
112.56, 115.62, 118.46, 126.09, 128.42, 128.70, 129.75, 130.97, 137.27, 140.22, 143.81,
154.35, 155.52, 158.01.

MS (%): 461 (parent+1, 100).
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5 Anal. Calc'd. for CpsHagN,0,#3HCle2H,;0: C 55:49, H7.15 N 9.24. Found: C §5.50,
 H7.38 NBS7. o
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1. Acompound of the formula e W
]
NP G
R"’/ \ »

wherein X is CHOH, CH,, or CHR' wherein R", together with X, the CH, group
adjacent to X and the nitrogen of NR'RZ, forms a five or six membered saturated ring;

R, R% R® and R* are selected, independently, from (C,Ce¢) alkyl,
tetrahydronaphthalene, aryl and aralkyl, wherein said aryl and the moiety of said aralky! is phenyl
or naphthy} and the alkyl moiety is straight or branched and contains from 1 to 6 carbon atoms,
and wherein said (C,-Cg) alkyl and said tetrahydronaphthalene and the atyl moiety of said aratkyl
may optionally be substitited with from one to three substituents, preferably from zero to two
substituents, that are selected, independently, from halo (e.g., chloro, fiuoro, bromo, iodo), nitro,
hydroxy, cyano, amino, (C,-C,) alkoxy, and (C-C,) alkylamino;

or R' and R?, together with the nitrogen to which they are attached, form a piperazine,
piperidine or pyrrolidine ring or an azabicyclic ring containing from 6 to 14 ring members, from 1
to 3 of which are nitrogen and the rest of which are carbon,;

and wherein said piperazine, piperidine and pymolidine rings may optionally be
substituted with one or more substituents, preferably with from zero to two substituents that are
selected, independently, from (C,-Cg)alkyl, amino, (C,-Cs) alkylamino, {di-(C,-C¢)alkyljamino,
pheny! substituted 5 to 6 membered heterocyclic rings containing from 1 to 4 rings nitrogen
atoms, benzoyl, benzoyimethyl, benzylcarbonyl, phenylaminocarbonyl, phenylethyl and
phenoxycarbonyl, and wherein the phenyl moieties of any of the foregoing substituents may
optionally be substituted with one or mdre substituents, preferably with from zero to two
substituents, that are selected, independently, from halo, (C,-Cy)alkyl, (C,-Cj)alkoxy, nitro,
amino, cyano, CF and OCF;

- and the pharmaceutically acceptable salts of such compound.

2. A compound according to claim 1, wherein R* and R?, together with the nitrogen

to which they are attached, form a ring selected from
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wherein R® and R® are selected from hydrogen, (C+-Ce)alkyl, phenyl, naphthyl, (C,-
Cglalkyl-C(=0)-, HC(=0)-, (C;-Cs)alkoxy-(C=0)-, phenyl-C(=0)-, naphthyl—C(=O)—,' and
R®RP®NC(=0)- wherein R® and R® are selected, independently, from hydrogen and (C,-Ce)alkyl;
and _
R’ is selected from hydrogen, (C,-Cg)alkyl, phenyl, naphthyl, phenyl{(C,-C¢)alkyl- and
naphthyl(C,-Ca)alkyl-. :
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3. A compound accordmg to claim 1, wherein R1 and R? together with the
nltrogen to which they are attached, form an optionally substituted plpendme piperazine
pyrrolldlne or 3-aza-bicyclof3.1.0Jhex-6-ylamine ring.

4, A compound according to claim 1, R¥and R*, together with the carbon to which
they are attached, form an optionally substituted carbocyclic ring of from 3 to 8 members.

5. A pharmaceutical composition for treating or preventing a condition selected
from the group consisting of migraine _inﬂammatory diseases, asthma. p_soﬁasis, stroke, acute
and chronic pain, hypovolemic shock, traumatic shock, reperfusion injury, Crohn's disease,
ulcerative colitis, septic shock, multiple sclerosis, AIDS associated dementia, neurodegenerative
diseases, neuron toxicity, Alzheimers disease, Parkinson’s disease, chemical dependencies
and addictions, emesis, epilepsy_. anxiety, psychosis, depression, head trauma, adult respiratory
distress syndrome (ARDS), morphine induced tolerance and withdrawal symptoms,
inflammatory ‘bowel . disease, osteoarthritis, rheumatoid arthrtis, owvulation, dilated
cardiomyopathy, acute spinal cord injury, Huntington's disease, glaucoma, macular
degeneration, diabeti§ neurdpathy, diabetic nebhro_pathy and cancer in a mammal, comprising
an amount of a compound according to claim 1 that is effective in treating or preventing such
condition and a pharmaceutically acceptable carrier.

6. A method of treating or preventing a condition selected from the group
consisting of migraine inflammatory diseases, asthma, psoriasis, stroke, acute and chronic pain,
hypovolemic shock, traumatic shock, reperfusion injury, Crohn's disease, ulcerative cblitis, septic
shock, multiple sclerosis, AIDS associated derﬁenﬁa, neurodegéneraﬁve diseases, neuron
toxicity, Alzheimer's disease, Parkinson's disease, chemical dependencies and addictions,
emesis, epilepsy, anxiety, psychosis, depression, head trauma, adult respiratory distress
syndrome (ARDS), morphine induced tolerance and withdrawal symptoms, inflammatory bowel
disease, osteoarthritis, rheumatoid arthritis, ovulation, dilated cardiomyopathy, acute spinal cord
injury, Huntington's disease, glaucoma, macular degeneration, diabetic neuropathy, diabetic
nephropathy and cancer in a mammal, comprising administering to said mammal an amount of a
compound according to claim 1, that is effective in treating or preventing such condition.

7. A pharmaceutical composition for inhibiting nitric oxide synthase (NOS) in a
mammal, according to claim 1, comprising a NOS inhibiting effective amount of a compound
according to claim 1, and a pharmaceutically acceptable carmier.

8. A method of inhibiting NOS in a mammal, comprising administering to said
mammal a NOS inhibiting effective amount of a compound according to claim 1.

9. A pharmaceuticall composition for treating or preventing a condition selected
from the group consisting of migraine, inflammatory diseases, asthma, psoriasis, stroke, acute
and chronic pain, hypovolemic shock, traumatic shock, reperfusion injury, Crohn's disease,
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5 ulcerative colitis, septic shock, 'multipI:e sclerosis, AIDS associated dementia, neurodegenerative
diseases, neuron toxicity, Alzheimer's disease, Parkinson"é disease, chemical dependencies
and addictions, emes:s epilepsy, anxnety psychosus depress|on head trauma, adutt respiratory
distress syndrome (ARDS) morphme mduced tolerance and withdrawal symptoms,

. inflammatory bowel disease, osteoarthntls, rheumatond arthritis, ovulation, dilated

10  cardiomyopathy, acute spinal cord injury, Huntmgton-s dlsease. glaucoma, macular
degeneration, diabetic néuropathy, diabe'tic' nephropathy and cancer in a mammal, comprising a

NOS inhibiting effectwe amount of a compound accordmg to claim 1 and a pharmaceutically

acceptable carrier.

10. A method of treating or 'pi'eventing a condition selected from the group

15  consisting of migraine, mﬂammatory diseases, asthma psonasxs stroke, acute and chronic pain,
hypovolemic shock, traumatsc shock, reperfusion i Jnjury, Crohns disease, uicerative colitis, septic
shock, multiple sclerpsls. AIDS assogiated dementia, neurodegenerative diseases, neuron
toxicity, Alzheimer's diseasé, Parkinson’s disease, chemical dependencies and ‘addictions,

emésis, cpileps_y.' ani;iefy. psychosis, depression, head"'trauma, aduit respiratory distress

20  syndrome (ARDS), mofpnine induced tolerance and withdrawal symptoms inflammatory bowel
disease, osteoarthrltls rheumatoid arthritis, ovulation, dllated cardiomyopathy, acute spinal cord
'mjury, Huntington’s dlsease glaucoma macular degeneratlon diabetic neuropathy, diabetic

nephropathy and cancer in a mammal, compnsmg admlmstenng to said mammal a NOS
inhibiting effectlve amount ofa compound according to claim 1. '
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