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A compound which inhibits human thrombin and which has general structure (1) such as formula (a).
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TITLE OF THE INVENTION
THROMBIN INHIBITORS

BACKGROUND OF THE INVENTION

Thrombin is a serine protease present in blood plasma in
the form of a precursor, prothrombin. Thrombin plays a central role
in the mechanism of blood coagulation by converting the solution
plasma protein, fibrinogen, into insoluble fibrin.

Edwards et al., J. Amer. Chem. Soc., (1992) vol. 114, pp.
1854-63, describes peptidyl a-ketobenzoxazoles which are reversible
inhibitors of the serine proteases human leukocyte elastase and porcine
pancreatic elastase,

Euvropean Publication 363 284 describes analogs of
peptidase substrates in which the nitrogen atom of the scissile amide
group of the substrate peptide has been replaced by hydrogen or a
substituted carbonyl moiety.

Australian Publication 86245677 also describes peptidase
inhibitors having an activated electrophilic ketone moiety such as
fluoromethylene ketone or o-keto carboxyl derivatives.

Thrombin inhibitors described in prior publications contain
sidechains of arginine and lysine. These structures show low selectivity
for thrombin over other trypsin-like enzymes. Some of them show
toxicity of hypotension and liver toxicity.

European Publication 601 459 describes sulfonamido
heterocyclic thrombin inhibitors, such as N-[4-[(aminoimino-
methybaminoJbutyl]-1-[N-(2-naphthalenylsulfonyl)-L-phenylalanyl]-1.- —
prolinamide.

WO 94/29336 describes compounds which are useful as
thrombin inhibitors.
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< sdypound cf the invention in a pharmaceutically acceptable carrier. These compositions may

<
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A first aspect of the present invention provides a compound having the following

J—A
"
R R

structure:

3

[
and pharmaceutically acceptabla salts thereof wherein
J15 {CHz)m, {CH2)mNH, or 8O3, where mis 1 or 2;

K1 and R? are independently selected from
hydrogen,
aryl, or
cyclo Cs alkyl unsubstituted with cne or more of Cis alkyl, Cia alkoxy, benzyl,
cyclohexylmethyl or aryl;
R3is
hydrogen,
Cia alkyl, or
Cra alkenyl;
A is selected from one of the following fragments

NH HN p—
Y —N/_\N%/ H NCN* % ’
\ 4 e N JHN B
wherein Bis N or CH.

The invention includes a composition for inhibiting loss of blood platelets, inhibiting
formation of blood platelet aggregates, inhibiting formation of fibrin, inhibiting thrombus farmation,
and inhibiting embolus formation in a mammal, comprising a compound of the invention in a
pharmaceutically acceptable carrier. These compositions may optionally include anticoagulants,
antiplatelet agents, and thrombolytic agents. The compositions can be added to blood, blood
products, or mammalian organs in order to effect the desired inhibitions

The invention also includes a composition for preventing or treating unstable angina,
refractory angina, myocardial infarction, transient ischemic attacks, atrial fibriliation, thrembotic
stroke, embolic stroke, deep vein thrombosis, disseminated intravascular coagulation, ocular build

up of fibrin, and reacclusion or restenosis of recanalized vessels, in a mammal, comprising a

TEARAYLIBU A 0327 25pew dog: T
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optionally include anticoagulants, antiplatelet agents, and thrombolytic
agents.

The invention also includes the use of a compound of the
invention in the manufacture of a medicament for preventing or treating
unstable angina, refractory angina, myocardial infarction, transient

-ischemic attacks, atrial fibriliation, thrombotic stroke, embolic stroke,
deep vein thrombosis, disseminated intravascular coagulation, ocular
build up of fibrin, and reocclusion or restenosis of recanalized vessels,
in a mammal.

The invention also includes a method for reducing the
thrombogenicity of a surface in 2 mammal by attaching to the surface,
either covalently or noncovalently, a compound of the invention.

DETAILED DESCRIPTION OF THE INVENTION
Compounds of the invention have the following structure:

=\ __J-A
1w

1
and pharmaceutically acceptable salts thereof wherein

Xis
N(R4)-,
-O-,
_S_,
-S02-,
-SO-,
-OCH2(CH2)y aryl-, or
-OCH2(CH2)n C3.gcycloakyl-,
wherein n is | or 2;
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Jis
-(CH2)m-,
-(CH2)mNH-,
-SO2NH-,
-502(CH2)m>-,
-NHSO2-,
-802-, or
~(CH2)mS02-,

wherein m is 1 or 2;

R1, R2, and R# are independently selected from
hydrogen,
aryl,
-CO2R3,
aryl C.4 alkyl,
diaryl C|-4 alkyl,
dicyclo C3-8 alkyl C14 alkyl,
cyclo C3.8 alkyl C] 4 alkyl,
5
/Fi
— CON_
R® , wherein RS and R6 are independently

hydrogen or Cj.4 alkyl, :
substituted aryl with one or two substituents selected from

C1-4 akkyl,

C1-4 alkoxy,

HS
con!
R® | wherein RS and RS are independently
hydrogen or C|-4 alkyl,

aryloxy,

cyclo C3.8 alkoxy,

methylenedioxy,

halogen, or

hydroxy,
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heteroaryl with one or two heteroatoms selected from N,
0, and S,

cyclo C3.7 alkyl unsubstituted or substituted with one or
more of C1-4 alkyl, Cj.4 alkoxy, benzyi,
cyclohexylmethyl or aryl,

a C4-10 carbocyclic or bieyclic ring, or

R1 and R2 along with the carbon to which they attach form a cyclo C3.
7 alkyl ring;

R3is
hydrogen,
C1-4 alkyl,
C]-4 alkenyl,
C)-4 alkoxy,
-NHR7 wherein R7 is hydrogen or C|.4 alkyl, or
-NHSO2CH2aryl;

A is selected from one of the following fragments

_ —\ NH __ @
—N N el
N/ —{NHz . RN \ Al g

H
HoN \B / é . 2N_<I\}}é , wharein B is N or CH.

One group of compounds of the invention have the

following structure:
e J-A
0
R1\( \ |_//
RB

R2
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and pharmaceutically acceptable salts thereof wherein
Jis (CH2)m, (CH2)mNH, or SO2, where m is 1 or 2;

R! and R? are independently selected from
hydrogen,
aryl, or
cyclo C3-7 alkyl unsubstituted or substituted with one or more of
C1-4 alkyl, C1-4 alkoxy, benzyl, cyclohexylmethy! or aryl;

R3is
hydrogen,
Cl-4 alkyl, or
C|-4 alkenyl;

A is selected from one of the following fragments

—N N _
N / _qNHE .HZN_@N " or

\Y
HoN B , wherein Bis N or CH.

One class of this group of compounds has the following

structure:
— J-A
/
-
Fi1\( \ [ j
Rs
Rz

I
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and pharmaceutically acceptable salts thereof wherein
Jis CH2, CH2NH, or SO2;

R! and R2 are independently selected from
hydrogen,
aryl, or
cyclohexyl;
R3is
hydrogen,
-CH=CH?, or
-CH2CH3; and
A is selected from one of the following fragments

— /—\ NH HN
N M @—é
VA NH, . HoN '

or

Specific exemplifications of this class are

O bw@

OO0




WO 98/10763 PCT/USY715989

-8-

CH,

I

HC
O —
T 0

and pharmaceutically acceptable salts thereof.

, and

ABBREVIATIONS
Designation
BOC (Boc) t-butyloxycarbonyl
HBTHOBT or HOBt)  I-hydroxybenzotriazole hydrate
BBC reagent benzotriazolyloxy-bis(pyrrolidino)-
carbonium hexafluorophosphate
PyCIU 1,1,3,3-bis(tetramethylene)-
chlorouronium hexafluorophosphate
EDC 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride
(BOC)20 di-t-butyl dicarbonate
DMF dimethylformamide

Et3N or TEA triethylamine
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EtOAc ethyl acetate
TFA trifluoroacetic acid
DMAP dimethylaminopyridine
DME dimethoxyethane
BH3-THF Borane-tetrahydrofuran compiex
D-Phe(3.,4-Cl2) D-3,4-Dichlorophenylalanine
D-3,3-dicha D-3,3-Dicyclohexylalanine
Pro Proline
Arg Arginine
Gly Gilycine
D-3,3,-diphe D-3,3-Diphenylalanine

The compounds of the present invention may have chiral
centers and occur as racemates, racemic mixtures and as individual
diastereomers, or enantiomers with all isomeric forms being included in
the present invention,

When any variable occurs more than one time in any
constituent or in formula 1, its definition on each occurrence is
independent of its definiticn at every other occurrence. Also,
combinations of substituents and/or variables are permissible only if
such combinations result in stable compounds,

As used herein, except where noted, "alkyl" is intended to
include both branched- and straight-chain saturated aliphatic
hydrocarbon groups having 1-8 carbon atoms (Me is methyl, Et is ethyl,
Pr is propyl, Bu is butyl). "Alkenyl" is intended to include both
branched- and straight-chain unsaturated aliphatic hydrocarbon groups 7
having 1-8 carbon atoms, e.g. ethenyl, propenyl, etc. "Cycloalkyl”
includes cyclic saturated aliphatic hydrocarbon groups having 3-8
carbon atomns. "Aryl” means a 6-membered organic radical derived
from an aromatic hydrocarbon by removal of one hydrogen atom.
"Heteroaryl” means a 5- or 6- membered organic radical baving 1 or 2
heteroatoms selected from N, O, and S. "Alkoxy" represents an alkyl
group having 1-8 carbon atoms attached through an oxygen bridge.
"Halo", as used herein, means fluero, chloro, bromo and iodo.
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"Counterion" is used to represent a small, single negatively-charged
species, such as chloride, bromide, hydroxide, acetate, trifluroacetate,
perchlorate, nitrate, benzoate, maleate, tartrate, hemitartrate, benzene
sulfonate, and the like.
Under standard nonmenclature used throughout this

-disclosure unless specified otherwise, the terminal portion of the
designated side chain is described first followed by the adjacent
functionality toward the point of attachment. For example, an ethyl
substituent substituted with "methylcarbonylamino" is equivalent to

HO
i
-CH2CH2-N-C-CH3

The term heterocycle or heterocyclic, as used herein except
where noted, represents a stable 5- to 7-membered mono- or bicyclic or
stable 7- to 10-membered bicyclic heterocyclic ring system any ring of
which may be saturated or unsaturated, and which consists of carbon
atoms and from one to three heteroatoms selected from the group
consisting of N, O and S, and wherein the nitrogen and sulfur
heteroatoms may opticnally be oxidized, and the nitrogen heteroatom
may optionally be quaternized, and including any bicyclic group in
which any of the above-defined heterocyclic rings is fused to a benzene
ring. The heterocyclic ring may be attached at any heteroatom or
carbon atom which results in the creation of a stable structure.
Examples of such heterocyclic elements include piperidinyl, piperazinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-oxoazepinyl,
azepinyl, pyrrolyl, 4-piperidonyl, pyrrolidinyl, pyrazolyl,
pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridaziny!, oxazolyl, oxazolidinyl, isoxazolyl,
isoxazolidinyl, morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl,
quinuclidinyl, isothiazolidinyl, indolyl, quinolinyl, isoquinotinyl,
benzimidazolyl, thiadiazoyl, benzopyranyl, benzothiazolyl,
benzoxazolyl, furyl, tetrahydrofuryl, tetrahydropyranyl, thienyl,
benzothienyl, thiamorpholinyl, thiamorpholinyl sulfoxide,
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thiamorpholinyi sulfone, and oxadiazolyl. Morpholino is the same as
morpholinyl.

The pharmaceutically-acceptable salts of the compounds of
Formula I (in the form of water- or oil-soluble or dispersible products)
include the conventional non-toxic salts or the quaterary ammonium
salts which are formed, e.g., from inorganic or organic acids or bases.
Examples of such acid addition salts include acetate, adipate, alginate,
aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate, glucoheptanoate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride,
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, pamoate,
pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate, and undecanoate. Base salts
include ammonium salts, alkali metal salts such as sodium and potassium
salts, alkaline earth metal salts such as calcium and magnesium salts,
salts with organic bases such as dicyclohexylamine salts, N-methyl-D-
glucamine, and salts with amino acids such as arginine, lysine, and so
forth. Also, the basic nitrogen-containing groups may be quaternized
with such agents as lower alkyl halides, such as methyl, ethyl, propyl,
and buty] chloride, bromides and iodides; dialkyl sulfates Iike dimethyl,
diethyl, dibutyl and diamy! sulfates, long chain halides such as decyl,
lauryl, myristyl and stearyl chlorides, bromides and iodides, araikyl
halides like benzyl and phenethy! bromides and others.

Amide couplings used to form the compounds of this
invention are typically performed by the carbodiimide method with
reagents such as dicyclohexylcarbodiimide, or 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide. Other methods of forming the
amide or peptide bond include, but are not limited to the synthetic
routes via an acid chloride, azide, mixed anhydride or activated ester,
Typically, solution phase amide coupling are performed, but solid-phase
synthesis by classical Merrifield techniques may be employed instead.
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The addition and removal of one or more protecting groups is also
typical practice.

Compounds of the invention can be prepared according to
the general procedures outlined in Schemes [-VI,

Compounds found in table 1 were synthesized by the
general method outlined in Scheme I and are exemplified by, but not
limited to the examples 1-9. A phenolic ester such as ethyl 4-
hydroxybenzoic acid (1) is alkylated with an alkyl bromide such as
benzyl bromide by using a base such as cesium carbonate to afford the
product I-3. The ester group is then reduced with a hydride reducing
agent such as lithium aluminum hydride to afford the benzylic alcohol I-
4. The benzylic alcohol is converted into a leaving group (such as a
bromide or triflate) and the benzylic leaving group is reacted with 4-
aminopyridine to afford the final product.
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OH
Cs,CO4/DMF
CIZH Br

9

CO,CH,CHy ‘ 002CHQCH3
Q. Q
o _THF/CBr, CHON
: (CsHs)ap 4-aminopyridine
CH,OH
-4
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A general method for synthesizing compounds found in
tables 2 and 3 is outlined Scheme II. A benzoic acid such as H-1
{obtained in standard fashion) is coupled to 4-amino-pyridine under
standard amide bond coupling conditions. The resultant amide II-2 is
then reduced with lithium aluminum anhydride to afford the desired
‘product II-3.

SCHEME II

\_/_\_/ \ EDC/HOBT
o—(_)—cou
EtN/DMF

II-1 4-AP

1} (COCl)p-CHLCly

Et;N- DMF @_\
0
2) 4-AP 5 < > <

i-2

LiAIH/ THF
60°
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A general method for synthesizing compounds found in
table 2 is outlined Schemes It and LIl. A benzopate ester such as I11-4
(obtained in standard fashion) is reacted with an alkylating reagent (such
as bromomethyl cyclohexane) to afford O-alkylated product IT1-5. The
ester is hydrolyzed with an aqueous base and is coupled to 4-
aminopyridine under standard amide bond coupling conditions. The
resultant amide ITI-7 is then reduced with lithium aluminum hydride to
afford the desired product III-8.
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SCHEME Il
O
RO 0!
COOCH, Cs4,C04/ DMF COOCH,
-1 -2
HO
230°C /\J@\ _Hp/Pd(C)
EtOAc
Z COOCH;4
-3
HO Br
LT~

COOCH, Cs,CO4/ DMF

1l-4

m:/j@\ NaOH / MeOH
COOGH,

[1I-5
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SCHEME I (CONTINUED)

m\/o 1. (CICO), / DCE
/J@\ 2. —
COOH
HEN@N

116
0
A H
N _
\E::j LiAIH, / THF
iy © 2N

%:/\CD\/&
-8 N\G\i
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SCHEME IV
ROWE-—Ioag o
COOCH, Cs2C0;/DMF COQCH,4
V-1 V-2

o
Bro/ Fe/HCOOH [~/

100°
0°C Br COOCH;,
V-3

- 7\ 0
Pd(PPhg), / dioxane
™ SnBua I COO0C H3

V-4
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. SCHEME IV (CONTINUED)

Ha /P4 (C) L7~

EtOAc

COOCH,
IV-5
DCM
LIOH/ THF _ L=~ 1. (CICO}, / DCM
T HO COOH 2.y N_C
V-6
LiAlHy / THF
O
v O 50°C

V-8
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A method for preparing compounds found in table 4 is
outlined in Scheme V. Substituted benzene compound such as 4-
benzylexy-benzene (V-1} is reacted with sulfuryl chloride at 80-120°C
to give a sulfonyl chioride. The sulfonyl chloride (V-2) is reacted with
Boc-piperazine and the Boc protecting group is remeved with a strong
acid to afford the deprotected piperazine. The free nitrogen is
converted to the amidine with a guanylating reagent such as
amidinosulfonic acid.
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SCHEME V
SO,Cl, / DMF
0 100°C /2 h
V-1
/@’ AN | NBOC
©/\ EtN / CHaCl
I\S ,/O
N HC!/ EtOAc
O K/N. -25°C
V-3 BOC
0 o
s:N NH
/@l K, HZN)LSOSH
o
Ved N Et;N / DMF

o8
©/\ Oq \Q\H’NHE‘ CF3COOH

NH
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A general method for synthesizing compounds found in
table 5 is outlined in Scheme VI. The ketone of a cyano-benzophenone
such as 1 is reduced with a metal hydride reagent such as sodium
borohydride and the resultant alcohol is removed by treatment with
dimethyldichlorosilane to afford the diphenylmethane VI-3. The
methoxy group is removed with borontribromide and the phenol is
alkylated with an alkylating reagent such as benzyl bromide. The cyano
group is then treated with sodium hexamethyldisilazanc and the
silylimidate is hydrolyzed with an acidic workup to afford the final
product,




WO 98/10763 PCT/US97/15989

-23.
SCHEME V]
0 H.__OH
J U N
HyCO CN HsCO €
VI-1 vi-2

{Me),SiCl, BBr,
T H,4CO CN

Vi-3
Q/O
QL)
HO CN
_ Cs,C04
Vi-4 Vis O

oy

NaN(TMS)2 ‘
*HCI

V-6 HaN"" " NH

Unless otherwise shown, NMR data for the compounds
identified below was obtained using a field strength of 400 MHz.
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Preparation of compounds found in Table I

EXAMPLE 1

Preparation of 4-amino-1-(4-(1,1-diphenylmethoxy)benzylpyridinium

"bromide (1-6)
on ey,

Cs,COyDMF
LAH
CH Br THF
CO,CH,CHg CO,CH,CHs
1-1 2 1-3

<2

_THF/CBr, _ T CH4CN .

0
CsHs JsP AP BrO
CH,OH : d‘JD“NHe

1-4

O

1-5 1-6

Step A: Preparation of ethyl 4-(1,1-diphenylmethoxy)benzoate

0 Bc) I

Under N2, a mixture of ethyl 4-hydroxybenzoic acid (2.5
g, 15 mmol) L-1, and Cs2CO3 (5.0 g, 15 mmol) in DMF (50 ml) was
stirred at room temperature. After 15 min, diphenylmethyl bromide
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1-2 (4.0 g, 16 mmol) was added and then heated at 60°C. After 18h,
saturated Na2CO3 was added and the mixture extracted with EtOAc -
(3x). The combined extracts were washed with H20, dried, filtered and
concentrated to dryness to yield 1-3.

IH NMR (CDCI3) 8 1.3 (3H, 1), 4.3 (2H, q), 6.95 (2H, 5), 7.3 (10H, m)
-and 7.95 (2H, d).

Step B: Preparation of 4-(1,1-diphenylmethoxy)benzyl alcohol
(1-4)
To a suspension of LAH (3.2 g, 0.084 mmol) in THF (400
ml) under N2 was added dropwisé a solution of 1-3 (21 g, 0.063 mol} in
THF (100 ml). After stirring overnight at room temperature, saturated
Na2S04 was added to the reaction until a white suspension was
observed. The mixture was filtered and the filtrate was combined with
H70 and CHCI3, separated, and extracted further with CHCl3 (2x).
The combined organic extracts were dried, filtered and concentrated to
dryness. The residue was triturated with hexane to yield 1-4.
1H NMR & 1.6 (1H, bs), 4.55 (2H, s), 6.2 (1H, s), 6.95 (2H, d), and 7.3
(12H, m).

Step C: Preparation of 4-(1,1-diphenylmethoxy)benzyl bromide
- (1-5)

A solution of 1-4 (3.6 g, 12 mmol), triphenyl phosphine
(3.1 g, 11.8 mmol) in THF (100 ml) was treated with carbon
tetrabromide (3.9 g, 11.8 mmol). After I2h additional
triphenylphosphine (3.1 g, L 1.8 mmol) was added and the mixture
allowed to stir at room temperature overnight. Some tripheny!
phosphine oxide was then filtered off and the filtrate concentrated to
dryness. The residue was chromatographed on a Still column (70 mm)
and the product eluted with 5% EtOAc-hexane to yield ]-5.
IH NMR (CDCI3) § 4.4 (2H, 5), 6.2 (IH, 5), 6.9 (2H, d) and 7.35 (12H,
m).
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Step D: Preparation of 4-amino-1-(4-(1,1-diphenyl-

methoxy)benzyDpyridium bromide (1-6)

A solution of 1-5 (0.58 g, 1.6 mmol) in CH3CN (25 ml)
was treated under N2 with 4-aminopyridine (0.16 g, 1.7 mmol). After
stirring overnight at room temperature, the solid was filtered off to
yield 1-6. An analytical sample was crystallized from CH3CN,
mp: 254-5°.

Analysis  calculated for C25H23B1N70O

C, 67.12; H, 5.18; N, 6.26
Found: C,67.25; H,5.07; N, 6.25
IH NMR (dg-DMSO) 8 5.2 (2H, s), 6.55 (1H, ), 6.8 (2H, d), 7.05 (2H,
d), 7.3 (8H, m), 7.47 (4H, d), 8.13 (2H, bs exch) and 8.25 (2H, d).

EXAMPLE 2

Preparation of 4-amino-1-(4-(2-phenyl-1-ethoxy)benzyl)pyridinium
bromide (2-2)

2-2 was prepared as described for the preparation of 1-6
except 2-phenyl-1-bromoethane (2-1) was used in place of 1-2 in Step A
and synthesized. mp: 170-1°C (CH3CN);
IH NMR (dg-DMSO) & 3.0 (2H, 1), 4.2 (2H, 1), 5.3 (2H, s), 6.82 (2H,
d}, 6.96 (2H, d}, 7.3 (7TH, m), 8.15 (2H, exch bs) and 8.27 (2H; d).
Analysis  calculated for C20H21BrN20O

C,59.96; H, 5.71; N, 6.99
Found: C,59.62; H, 5.22; N, 7.14




WO 98/10763 PCT/US97/15989

-27 -

EXAMPLE 3

Preparation of 4-amino-1-(4-(cyclohexylmethoxy)benzyl)pyridinium
bromide (3-3)

3-3 was prepared as described for the synthesis of 1-6
except 4-hydroxy-benzyl alcoho! (3-1) and cyclohexylmethyl bromide
(3-2) were used in Step A to yield 4-(cyclohexylmethoxy)benzyl alcohol
directly. mp: 241-3°C;

IH NMR (d6-DMSO) & 1.2 (5H, m), 1.75 (6H, m), 3.8 (2H, d), 5.28 (s,
2H), 6.8 (2H, d), 6.95 (2H, d), 7.34 (2H, d), 8.1 (2H, exch bs), 8.25
(2H, d).

Analysis  calculated for C19H25BrN20O

C, 6047; H, 6.68; N, 7.42
Found: C,60.57; H, 6,70; N, 7.15

EXAMPLE 4

Preparation of 4-amino-1-(4-(1-phenyl-[-carbomethoxy)methoxy-
benzyl)pyridinium bromide (4-2)

4-2 was prepared as described for the synthesis of 1-6
except methyl 1-bromo- 1-phenylacetate (4-1) was used in place of 1-2
in Step A. The compound was crystallized from CH3CN; mp:. 188-
90°C;
'H NMR (d6-DMSO0) & 3.65 (3H, 5), 5.27 (2H, ), 6.05 (111, 5), 6.83
(2H, d), 7.2 (ZH, d), 7.34 (2H, d), 7.42 (3H, m), 7.54 (2H, d), 8.14 (2H,
exch bs) and 8.27 (2H, d). )
Analysis  calculated for C71Hp1BrN20+0.25 Hp0

C, 58.14; H, 5.00; N, 6.46
Found; C,57.77; H, 4.94; N, 6.69
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EXAMPLE S

Preparation of 4-amino-1-(4-(2,2-dicyclohexyl-1 -cthoiy)benzyl)pyri-
diniym bromide (5-5)

oM LAH
THF
5-1
OH
DEADTPP
Ny / THF
52
HO @— CO,Et
100% 5.3
52%

5-4

Step A: Preparation of 1.]-dicyclohexyl-2-hydroxy ethane (5-2

A solution of ,1-dicyclohexylacetic acid (3-1) (2.8 g, 12.5
mmol) in THF (5 ml) under N9 was cooled in an ice bath and then 1.0
M borane in THF (17 ml, 17 mmol) was added dropwise. After
addition, the solution was stirred at room temperature and then a 1:1
mixture of THF/H20 (10 ml) was added carefully. The mixture was
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added to saturated NapCO3 and extracted with EtOAc (3x). The
organic extracts were dried, filtered and concentrated to dryness to
yield 5-2.

IH NMR (CDCI3); 5 1.1 (11H, m), 1.6 (12H, m), 3.65 (2H, d).

"Step B: Preparation of ethyl 4-(1,1-dicyclohexyl)ethoxybenzoate
' (5-4)

Under N2, 5-2 (1.1 g, 5.2 mmol), ethyl 4-hydroxybenzoate
(5-3) (0.9 g, 5.2 mmol), triphenylphosphine (1.6 g, 5.2 mmol), diethyl
azodicarboxylate (1.1 g, 6.2 mmol) in THF (15 ml) were placed in a
flask and stirred at room temperature. After 2 days, water and Et20
were added and separated. The aqueous layer was further extracted
with Ef20 (2x) and the combined layers backwashed with saturated
Na2CO03, brine, dried, filtered and concentrated to dryness. The
residue was chromatographed on a Still column (40 mm) and the
product eluted with 20% EtOAc/hex to yield 5-4.

5-4 was converted to 5-5 as described in Example 1; mp:

223-5°C;
IH NMR (ds-DMS0) 6 1.4 (23 H, m), 3.93 (2H, ), 5.26 (2H, 5), 6.85
(2H, d), 6.95 (2H, d), 7.37 (2H, d), 8.15 (2H, exch bs) and 8.3 (2H, d).
Analysis  calculated for C26H37N20Br-0.75 H20

C,64.12, H,7.97; N 5.75
Found: C, 6425, H,7.66; N 5.83
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EXAMPLE 6

Preparation of 4-amino-1-[4-(1,3-dipheny]- I-propoxy)benzyl]pyri-
dinium bromide (6-8)

Step A: Preparation of 1,3-diphenylpropanol (6-2

OH

N2 NBBH4
R
EtOH

6-2

f3-Phenylpropiophenone (6-1) (7.5 g, 36.0 mmol) was
suspended in ethanol (100 ml) and sodium borohydride (0.68 g, 18.0
mmol) was added under N2. The resulting solution was stirred at
ambient temperature overnight. The ethanol was removed in vacuo
and the residual oil-solid was taken up in ethyl acetate (100 ml) and
water (30 ml). The ethyl acetate layer was removed, washed with
water, dried, filtered and concentrated in vacuo to give 6-2 as a
colorless oil.
IH NMR (d6-DMSO) & 1.88 (2H, q), 2.6 (2H, m), 4.51 (1H, g), 5.28
(1H, d), 7.1-7.37 (10H, m).
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Step B: Preparation of ethyl 4-(1,3-diphenyl-[-propoxy)benzoate

(6-4)

PhgP N,
O 6.0 OH DEAD

OH
6-3
COQC,Hs

(D
O o—@— COOC,Hs

6-4

To 6-2 (2.12 g, 10.0 mmol) in tetrahydrofuran (25 ml)
under a nitrogen atmosphere was added ethyl 4-hydroxybenzoate (6-3)
(1.66 g, 10.0 mmol) followed by triphenyl phosphine (3.15 g, 12.0
mmol). The mixture was cooled in an ice bath and diethyl
azodicarboxylate (2.09 g, 12 mmotl) was added. This mixture was
stirred overnight at ambient temperature and the solvent was removed
in vacuo. The residue was taken up in the water and the ether layer was
separated, washed with sodium bicarbonate and water, dried, filtered
and concentrated in vacuo to yield an oil. Chromatographic purification
on silica gel gave 6-4 as a colorless oil.
IH NMR (dg-DMS0) & 1.25 (34, t), 2.1 (1H m), 2.25 (1H, m), 2.66
(1H, m), 2.75 (IH, m), 4.22 (2H, q), 5.4 (1H, t}, 6.99 (2H, d), 7.12-7.44
(10H, m), 7.8 (ZH, d).
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Step C: Preparation of 4-(1,3-diphenyl-1-propoxy)benzyl alcohol
(6-5)

OH
6-5

A solution of 6-4 (2.46 g, 6.8 mmol) in ether (30 ml) was
added dropwise under nitrogen atmosphere to a stirred cold suspension
of lithium aluminum hydride (0.285 g, 7.5 mumol) in ether (5 ml). The
mixture was stirred for 3 hrs at ambient temperature and was
decomposed by carefully adding water and sodium hydroxide. This
mixture was extracted with ethyl acetate. The extract was washed with
water, dried, filtered and concentrated in vacuo to yield 6-5 as 2
colorless viscious oil.

IH NMR (dg-DMSQ) 8 2.05 (1H, m), 2.2 (1H, m), 2.66 (1H, m), 2.75

(IH, m), 4.34 (ZH, d), 4.99 (1H, t), 5.26 (lH, 1), 6.81 (2H, d), 7.04-7.4
(12H, m).
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Step D: Preparation of 4-(1,3-diphenyl-1-propoxy)benzyl
bromnide (6-6)

PhaPBr, N2
O CHACN Py.
o~
OH

6-5

he

Wand
&

-5 Br

To an ice cold solution of 6-5 {1.19 g, 6.0 mmol) in
acetonitrile (15 ml) was added pyridine (0.76 g, 9.6 mmol) and then
triphenylphosphine dibromide (3.29 g, 7.8 mmol). The mixture was
stirred at ice bath temperature for 1/4 hr under N2 and at ambient
temperature for 1&3/4 hrs and then was filtered. Concentration of the "
filtrate in vacuo gave a crude oil. The pure product 6-6 was obtained
after three silica gel chromatographic separations.
1H NMR (dg-DMS0) & 2.06 (1H, m), 2.2 (1H, m), 2.66 (1H, m), 2.75
(1H, m), 4.62 (2H, s), 5.3 (1H, 1), 6.82 (2H, d), 7.16-7.4 (12H, m).
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Step E: Preparation of 4-amino-1-{4-(1,3-diphenyl-1-propoxy)-
benzyllpyridinium bromide (6-8)

CH3CN  NH,
o

6-6 I O
N

@g, O
N7

68 L~

NH

e
%DO

To a solution of 4—(1,3-diphenyl-l-propexy)benzy‘l
bromide 6-6 {0.381 g, 1.0 mmol) in acetonitrile (7 ml) was added 4-
aminopyridine (6-7) (94 mg, 1.0 mmol) with stirring at room
temperature. The mixture was stirred for 3 hrs and the resulting white
suspension was filtered. The white solid obtained 6-8, melted at 215-
216.5°C. Recrystallization from acetonitrile raised the melting point to
218,5-220°C.
IH NMR (dg-DMSO) § 2.06 (1H, m), 2.2 (1H, m), 2.65 (1H, m), 2.75
(1H, m), 5.2 (2H, 5), 5.3 (1H, m), 6.8 (2H, d), 6.9 (2H, d), 7.16-7.41
(12H, m), 8.12 (2H, s), 8.24 (2H, d).
Analysis  calculated for C27H77N20Br

C,68.21; H, 5.73; N, 5.89
Found: C, 68.48: H, 5.68; N, 5.98
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EXAMPLE 7

Preparation of 4-amino-1-{4-(2,2- dlphenylethoxy)benzyl]pyndlmum
bromide (7-7)

Step A: Preparation of ethyl 4-(2.2-diphenylethoxy)benzoate (7-3

@\ PhaP N

CH CHOH —————
OH DEAD

COOGC;H;

5

7-3

CH- CHZ—O—Q— COQC,Hs

2,2-Diphenylethanol (7-1) (5.95 g, 30 mmol) and ethyl 4-
hydroxybenzoate (7-2) (548 g, 30 mmol) were reacted, as in Example
6. 7-3 was obtained after chromatography as a colorless oil.

IH NMR (CDCl3): 8 1.36 (3H, t), 4.33 (2H, q), 4.52 (3H, 5), 6.9 (2H
d), 7.2-7.36 (10 H, m}, 7.96 (2H, d).
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Step B: Preparation of ethyl 4-(2,2-diphenylethoxy)benzyl alcohol
(7-4)

CH~CH2-O—©—COOCZH5 LA My,
Et,0

7-3

PR

CH-CHZO—-@—\
OH

7-4

2

7-3 (0.757 g, 2.2 mmol) was dissolved in ether (20 ml) and
was reduced with lithium aluminum hydride (92 mg, 2.4 mmol) under
nitrogen as in Example 6, Step B. 7-4 was obtained as a colorless oil.
IH NMR (dg-DMSO) 8 1.55 (1H, t), 445-4.52 (3H, m), 4.61 (2H d),
6. 88 (2H, d), 7.2-7.35 (12H m).
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Step C: Preparation of 4-(2.2-diphenylethoxy)benzyl bromide (7-3

PB
CH—CHE-OO—\ A
OH EtO

7-4

P RS

CH—CH2—0~©—\
B

7-5

r

<

7-4 (0.572 g, 1.9 mmol) was dissolved in ether (10 ml).
The solution was cooled in ice and phosphorus tribromide (0.204 g,
0.75 mmol) was added. After 1/2 hr. the reaction was diluted with
methanol (2 ml) and water (5 ml}. The ether layer was separated,
washed with sodium bicarbonate and water, dried and filtered.
Concentration of the filtrate in vacuo gave 7-3 as a white solid.
mp: 70-73°C.
1H NMR (dg-DMSO): 5 4.43-4.62 (3H, m), 4.64 (2H, 5), 6.9 (2H, d),
7.15-7.4 (12H, m).




WO 98/10763 PCT/US97/15989

-38 -

Step D: Preparation of 4-amino-1-[4-(2,2-diphenyl-ethoxy)-
benzyllpyridinium bromide (7-7)

CH4CN
CH-CH,—0
Br NH2

o
7-5 I 76

>

S

CH—CHZ—O—@NQQ

\_/
7-7 NH,

<

7-5 (100 mg, 0.27 mmol) was reacted with 4-
aminopyridine 7-6 (28 mg, 0.30 mmel) in acetonitrile (3 mi) as in
Example 6, Step E. The white solid preduct 7-7 was obtained.
mp: [37-139°C, .

IH NMR (d-DMSQ) 8: 4.45-4.59 (3H, m), 5.27 (2H, s), 6.82 (2H, d),
6.98 (2H, d}, 7.17-7.4 (12H, m), 8.13 (2H, 5), 8.27 (2H, d).
Analysis  calculated for (C26H25N20Br«0.5 Hz0):

C,66.38; H, 5.57; N, 5.96

Found: C,66.57; H, 5.42; N, 5.98
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EXAMPLE 8

Preparation of 4-amino-1-[4-(dicyclohexylmethoxy)benzyl]pyridinium
bromide (8-7}

Step A: Preparation of ethyl 4-(dicyclohexylmethoxy)benzoate
(8-3)

-

PhsP Nj
CH—OH
<:>/ OH DEAD
B-1 82
COOC,Hg

5

CH—O—@—COOCZH5

8-3

Dicyclohexylmethanol (8-1) (491 g, 25 mmol) and ethyl 4-
hydroxybenzoate (8-2) (4.15 g, 25 mmol) were reacted, as in Example
6, Step B, to obtain 2 colorless oil 8-3 after chromatography. IH NMR
(CDCI3): §0.98-1.3 (11H, m), 1.36 (3H, t), 1.58-1.86 (11H, m), 4.02
(IH, v, 4,33 (2H, g), 6.92 (2H, d), 7.94 (2H, d).
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Step B: Preparation of 4-(dicyclohexylmethoxy)benzyl alcohol

=
?O
=
e’

CH—OO coocH, A1 Ne
E1,0

8-3

¥R

CH—o@—x
OH

8-4

R

Reduction of 8-3 (2.8 g, 8.1 mmol) with lithiom aluminum
hydride (0.338 g, 8.9 mmol) in ether (30 ml) as in Example 6 gave §-4
as a colorless oil.

IH NMR (CDCI3): 8 1.01-1.31 (11H, m), 1.45-1.86 (11H, m), 3.91
(IH, t),4.6 (2H, d), 6.9 (2 H, d), 7.23 2 H, d).
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Step C: Preparation of 4-(dicyclohexylmethoxy)benzyl bromide
(8-5)

N -

8-4

8-4 (1.93 g, 6.4 mmol) was converted to the bromide using
phosphorus tribromide (1.6¢ g, 2.6 mmol) in ether (25 ml) as in
Example 7. Recovered 8-5 liquid.
1H NMR (CDCI3) § 1.0-1.32 (11H, m), 1.53-1.84 (L 1H, m), 3.91 (1H,
t), 4.49 (2H, s), 6.85 (2H, d), 7.25 (2H, d).
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Step D: Preparation of 4-amino-1-[4-(dicyclohexylmethoxy)-
benzyllpyridinium bromide (8-7)

8-5 (183 mg, 0.5 mmol) and 4-aminopyridine 8-6 (47 mg,
0.5 mmol) were reacted in acetonitrile (4 ml) as in Example 1:
Recovered white solid 8-7. mp: 248-249°C
1H NMR (dg-DMSO) § 0.94-1.28 (11H, m), 1.5-1.75 (11H, m), 4.1
(1H, t), 5.24 (2H, s), 6.83 (2H, d), 6.98 (H, d}, 7.28 (2H, d), 8.14 (2H,
s), 8.3 (2H, d).
Analysis  calculated for C25H35N20Br

C, 65.35; H, 7.68; N, 6.10
Found: C,65.45;H, 762; N, 6.17
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EXAMPLE

Preparation of 3,4-diamino-1-(4-benzyloxybenzyl)pyridinium bromide
(9-7)

Step A: Preparation of 4-benzyloxybenzyl bromide (9-2)

PBI'S

O—@-—\ Et,0
o)

H

9-2

To a cold suspension of 4-benzyloxybenzyl alcoho] 9-1
(21.4 g, 0.10 mol) in ether (250 ml) was added phosphorus tribromide
(10.8 g, 40 mmol) as in Example 7. Recovered 27.2 g of white solid
which was recrystallized from hexane (200 ml). Obtained pure
bromide 2-2.
1H NMR (CDCI3) & 4.5 (2H, s), 5.05 (2H, s), 6.94 (2H, d), 7.26-7.45
(7TH, m).
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StepB:  Preparation of 3,4-diamino-I-(4-benzyloxybenzyl)-
pyridinium bromide (9-4)

@——\ CHaCN
O_@ﬂ N
Br [ ] 9-3
92 N NH,

NH,
S
N Br
o ()
NH,
NH,

9-2 (1.38 g, 5.0 mmol) was reacted with 3.4-
diaminopyridine (9-3) (0.573 g, 5.25 mmol) in acetenitrile (50 ml) as in
Example 1. Recovered white solid 9-4. Recrystallized from
acetonitrile, mp: 240-241°C.

IH NMR (d6-DMSO0) 8 5.1 (2H, 5), 5.25 (2H, ), 5.56 (2H, 5),6.74 (1H,
d), 7.05 (2H, d), 7.24-7.46 (9H, m), 7.61 (1H, s), 7.96 (1H, d).
Analysis  calculated for (C19H2oN301Br): (0.25 Et20)

C, 59.09; H, 5.22; N, 10.88
Found: C, 59.33; H, 5.60; N, 10.38

The compounds shown in the table below are exemplary
compounds of the present invention. The range of Ki values associated
with the specifically listed compounds is represented as follows:

+ <01 uM
++ >0 pMand <1.0 uM
+++ >1.0 uM
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TABLE I
R1
= o
N/
=Y /4 \ RZ
NH,
R Rl Z Y R2 Ki mp
(thr)
uM
H CH CH H ++
=
@_ H CH CH H +H+
H N CHH +++
oo
H CH CHH + 254-
CHO— ¥
2
H CHMHH + 170-
Q_CHECHZO_ lo
H CH (HH ++ 2185
CH;CHy—CHO 220°

H CH CHH + 241-
@CHED_ 30
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R Rl Z RZ  Ki mp
(thr)
) uM
H CH H ++ 188-
Concmono-
H CH H ++ 137-
CH,CH,0— 9°
2 .
H CH H ++ 223-
CHCH,0— 5
2
H CH H +++ 212-
@'CHzO— 40
H CH H ++ 248-
CHO— g
2
—QOCH3 CH H +++ 183-
@CHZD_ 4°
CH H +++ 125
Oroe - 7°
H CH NHz ++  240-

o

I° .
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The general procedure outlined in Scheme 11 can be used to
make the following compounds.

EXAMPLE 10

- Preparation of N-4-(4-benzyloxybenzyvDaminopyridine (10-3

Step A:
0
el
A
10-2 |
N

Method 1: Preparation of 4-(4-benzyloxyphenyljcarboxamido-
pyridine (10-2)
A solution of

10-1

(1.1 g, 4.8 mmol), 1-hydroxybenzotriazole (HOBT) (1.0 g, 7.4 mmol), -
I-ethyl-3-(3-dimethylaminopropyl) carbodiimide-HCl (EDC) (1.4 g, 7.3
mmol), Et3N (1 ml, 7.6 mmol) in DMF (40 ml) was treated under N2
with 4-aminopyridine (4-AP) (0.54 g, 5.0 mmol). After stirring
overnight at room temperature, the reaction was poured into saturated
NaHCO3 and extracted with EtOAc (3x). The organic layers were
washed with H20 and brine, dried, filtered and concentrated to dryness.
The residue was triturated with hexane to yield 10-2. mp: 126-7°C;

IH NMR (CDCI3) 8 5.15 (2H, s), 7.04 (2H, d), 7.4 (5H, m), 7.6 (2H,

d), 7.84 (2H, d), 8.12 (1H, exch bs), 8.42 (ZH, d).
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Method 2:

Oxalyl chloride (3.3 g, 26 mmol) was added under N2
dropwise to a suspension of 10-1 (5.0 g, 22 mmel) in CH2CI2 (75 mi)
with 4 drops of DMF. After 1 b the solution was concentrated to
dryness and flushed once with CHCI3. The residue was dissolved in
CHCI3 (60 ml) and added dropwise to a suspension of 4-AP (6.2 g, 66
mmol) in CHCI3 (100 ml). After 1 h at room temperature the solution
was poured into saturated NapCO3 and separated. The aqueous was
further extracted with EtOAc (3x), The combined extracts were dried,
filtered and concentrated to dryness. The residue was chromatographed
on a Still column (80 mm) and the product eluted with 10% CH30H-
CHCI3 to vield 10-2.

10-3

Preparation of 10-3; .

A solution of 10-2 (3.5 g, 11.5 mmol) in THF (40 ml) was
treated dropwise under N7 with 1.0 M LAH in THF (17 ml, 17 mmol).
After addition, the solution was heated at 60°C. After 18 h, the solution
was treated with saturated Na2SO4 to a white suspension. The mixture -
was filtered and the pad washed with EtOAc (200 ml). The organic
extracts were washed with saturated Na2C0O3, dried, filtered and
concentrated to dryness to yield 10-3. An analytical sample was
crystallized as the HCI salt from EtOH-Et20; mp: 224-6°C,

IH NMR (dg-DMSO) & 4.45 (2H, s), 5.1 (2H, 5), 6.95 (4H, d and m),
7.4 (TH, m), 8.2 (2H, d), 9.2 (1H, exch bs).
Analysis  calculated for C19H|gN20<HCI1+0.25 H20

C,68.87, H, 5.93; N, 8.46

Found: C, 6849, H,580; N, 8.25
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EXAMPLE 11

Preparation of N-4-(1.-diphenylmethoxy)benzylaminopyridine (11-1)

The desired compound was prepared as described in

Example 10 using Method 1 in Step A and then Step B, mp: 220-1°

.(EtOH*Et20);

JH NMR (dg-DMSO) & 3.4 (1H, exch bs), 4.4 (2H, 5), 6.5 (1H, s), 6.9

(2H, dd), 7.05 (2H, d), 7.6 (8H, m), 7.5 (4H, d), 8.15 (2H, dd), 9.1 (1H,

exch t).

Analysis  calculated for C25H22N20-HCi+3/4 H2O
C,72.10; H, 5.93; N, 6.75

Found: C,72.35 H,571; N, 6.97

EXAMPLE 12

Preparation of N-4-(cyclohexylmethoxy)benzylaminopyridine (12-1)
The desired compound was prepared as described for 10-3

in Example 10 using Method 1 in Step A and then Step B; mp: 273-4°C

(B{OH); |

IH NMR (dg-DMSO0) & 1.1 (SH, m), 1.7 (6H, m), 3.75 (2H, s), 4.45

(2ZH, s), 6.9 (4H, bd), 7.28 (2H, bd), 8.15 (2H, bd), 2.25 (LH, exch bs).

Analysis  calcuiated for C19H24N20-HCl

C 68.55,H 7.57, N 8.42
Found: C 68.35,H7.53, N 833
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XAMPLE 13

Preparation of 4-[4-(2-méthyl- 1-pheniylpropoxy)benzylamino]pyridine
(13-2)

Step A: Preparation of |-phenyl-2-methyl-1-propane] (13-2)

O NaBH, CH
EIOH  ,

13-1 132

Isobutyrophenone 13-1 (29.6 g, 0.20 mmol) was dissolved
in ethanol (300 ml) and was reduced under N2 with sodium
borohydride (7.57 g, 0.20 mmol) for 4 rs. at room temperature. The
ethanol was removed in vacuo and the residue was taken up in ethyl
acetate (200 ml) and water (100 ml). The ethyl acetate extract was
washed with water, dried, filtered and concentrated in vacuo to obtain
alcohol 13-2,

IH NMR (CDCI3): 8 0.82 (3H, d), 1.0 (3H, d), 1.83 (1H, s), 2.0 (1H,
m), 4.4 (1H, d), 7.26 (SH, m).
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Step B: Preparation of ethyl 4-(2-methyi-1-phenyl-
propoxylbenzoate (13-5)

NH
o)L CCly

OH
NaH
CI;CCN N,
13-3

13-2
cyclohex. — /7\ /O_Q‘ COC,Hs

CHcl, OH =
13-5

ia.4 COOCsHs

Sodium hydride (60% in mineral oil) (200 mg, 5 mmol)
was washed with hexane under nitrogen and was suspended in
anhydrous ether (30 ml). To the stirred suspension was added 13-2 (7.5
g, 50 mmol) in ether (10 ml) and the mixture was stirred at RT for 1,2
hr. After cooling to -3°C, trichloroacetonitrile (7.58 g, 52.5 mmol)
was added. Stirring was continued for 1/2 hr. at 0°C and at ambient
temperature for 1 hr. The ether was removed in vacuo and the residual
oil 13-3 was taken up in cyclohexane (20 ml) and methylene chloride
(10 ml). To this solution was added ethyl 4-hydroxybenzoate (13-4)
(8.3 g, 50 mmol) followed by methylene chloride (25 ml) and
trifluoromethanesulfonic acid (0.2 ml). The mixture was stirred at
ambient temperature overnight and was filtered and concentrated to an
oil. Chromatography on silica gel gave 13-3.
TH NMR (CDC13) § 0.91 (3H, d), 1.05 (3H, d), 1.32 (3H, £), 2.15 (1H,
m), 4.3 (2H, q), 4.88 (1H, d), 6.83 (2H, d), 7.2-7.4 (5 H, m), 8.7 (2H,
d).
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Step C: Preparation of 4-(2-methyl-1-phenylpropoxy)benzoic acid
(13-6) '

KOH

o—@— COOC,Hs
©—§ EtOH/H,0
135
: o—@— COCH

13-6

To 13-5 (8.89 g, 29.8 mmol) was added 2N potassium
hydroxide (100 ml) and ethanol (50 ml). The mixture was stirred at
100°C overnight. The ethanol was removed in vacuo and the aqueous
solution was cooled in ice and acidified with 6N HCl (35 ml, 0.2]1 mol).
The acid was extracted into ethyl acetate (50 ml) and the extract was
washed with water, dried, filtered and concentrated in vacuo to obtain
the oil 13-6, which solidified. The white solid melted at 125-129°C.
IH NMR (CDCI3) 8 0.91 (3H, d), 1.05 (3H, d), 2.15 (1H, m), 4.9 (IH, -
d), 6.85 (2H, d), 7.2-7.35 (5H, m), 7.91 (2H, d).
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Step D: Preparation of 4-(2-methyl-1-phenylpropoxy)benzoyl
chiloride (13-7)

CH,Cl,

: O—Q* COOH oxaly! chloride

13-6

i
- -
13-7

13-6 (0.541 g, 2.0 mmol) was stirred in methylene chloride
(3 ml) at room temperature and oxalyl chloride (0.381 g, 3.0 mmol)
was added. After 3 hrs. at room temperature the solution was
concentrated in vacuo to a pale yellow liquid 13-7. The acid chloride
was used without purification.
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Step E: Preparation of 4—(2-methy]—1—phenylpropoxy)—N-(4-
P
pyridyDbenzamide (13-9)

0
Il
o C—Cl EtN THF
Q_gf 13-7 NH
’ R

| 13-8
N/

To an ice cold stirred solution of 13-8 {0.188 g, 2.0 mmol)
and triethylamine (0.233 g, 2.0 mmol} in tetrahydrofuran (10 ml) was
added a solution 13-7 (0.54 g, 2.0 mmol) over a 5-10 min peried. The
reaction was stirred at ambient temperature overnight, Then the THF
was removed in vacuo and the residue was taken up in ethyl acetate (50
ml) and water (25 ml). The ethyl acetate extract was separated, washed
with water, dried and concentrated in vacuo to yield the oil 13-9.
1H NMR (d¢-DMSO) 3 0.84 (3H, d), 1.02 (3H, d), 2.12 (IH, m), 5.2
(IH, d), 7.0 (2H, d), 7.2-74 (5H, m), 7.72 (2H, d), 7.82 (2H, d), 8.42
(2H, d), 10.33 (1H, s).
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Step F: Preparation of 4-[4-(2-methyl-1-phenylpropoxy)-
prop
benzylaminolpyridine (13-10)

0]
o~
LiAlH, N
- Et,0O
13-9 (‘j 2
o |
N

O

. N‘H

13-10 d
S
N

To a stirred suspension of lithinm aluminum hydride
(0.152 g, 4.0 mmol) in ether (5 ml) under nitrogen was added a solution
of 13-9 (0.71 g, 2.0 mmol) in tetrahydrofuran (5 ml) over a 5 min
period. The mixture was stirred at ambient temperature overnight and
then was decomposed by adding water and sodium hydroxide. Ethyl
acetate (25 ml) was added and the mixture was filtered, The filtrate was
dried, filtered and concentrated in vacuo to 620 mg of colorless ail
which was chromatographed on silica gel. 13-10 was obtained as an oil,
The hydrochloride salt melted at 186-188°C.
IH NMR (dg-DMSO) 8 0.5 (3H, d), 0.99 (3H, d), 1.16 (1H, 1), 4.15
(2H, d), 4.99 (1H, d), 6.47 (2H, d), 6.82 (2H, d), 7.05 (I1H, 1), 7.12 (2
H, d), 7.2-7.25 (1H, m), 7.25-7.36 (4H, m), 7.96 (2H, d).
Analysis  calculated for (C22H24N20-HCl- 0.2 H2O)

C,7093; H,6.87; N, 7.52
Found: C,70.99; H, 6.79; N, 7.62
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EXAMPLE 14

Preparation of 4-[4-(2.2-diphenylethox y)benzylaminoIpyridine (14-7

Step A: Preparation of ethy] 4-(2.2-diphenvlethoxy)benzoate (14-3

>

PhsP N, THF
CH-CH
20 OH
DEAD
14-1
14-2
COOC,Hs
CH-CHQ—O—Q—COOCQHg,
O/ 14-3

To 2,2-diphenylethanol (14-1) (5.95 g, 30 mmol) was
added ethyl 4-hydroxybenzoate (14-2) (5.40 g, 30 mmol),
triphenylphosphine (8.66 g, 33 mmol) and tetrahydrofuran (125 ml).
The mixture was cooled in ice and diethyl azodicarboxylate (5.75 g, 33
mmol) was added. The reaction mixture was stirred under nitrogen at
ambient temperature ovemnight and then the volatile components were
removed in vacuo. The oil-solid residue was taken up in ethyl acetate
(100 ml) and water (50 ml). Work up of the ethyl acetate portion give
crude solid. The product 14-3 was purified by silica gel
chromatography.

TH NMR (CDCI3) § 1.37 (3H, t), 4.33 (2H, q), 4.52 (3H, 5), 6.9 (2H,
dy, 7.4-7.66 (10H, m), 7.96 (2H, d).
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Step B: Preparation of 4-(2.2-diphenylethoxy)benzoic acidr 14-4

CH- cm—o—@— COOC,Hg ——NaOH
EtOH/H,0

14-3

5

CH- CHz""O_Q_ COOH

14-4

A suspension of 14-3 (346 mg, 1.0 mmol) in 10% aquecus
sodium hydroxide (15 ml) and ethanol (5 ml) was stirred at 100°C
overnight. The resulting solution was cooled and acidified with excess
HCI. A gum separated which was extracted into ethyl acetate {15 ml),
washed with water, dried, filtered and concentrated in vacuo. The acid
14-4 was a pale yellow solid, mp: 140-146°C.

IH NMR (CDCl3) & 4.55 (3H, 5), 6.94 (2H, d), 7.21-7.37 (10H, m),
8.04 (2H, d).
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Step C: Preparation of 4-(2,2-diphenylethoxy)-N-(4-pyridyl)benz-

amide (14-6)
CH_CHZ_O_Q_COOH HOBT EDC TEA
Q/ NH; DMF
14-4 Z N,
14-5 |

RN :
CH- CH,~ o—©—<

14-6

To 14-4 (125 mg, 0.393 mmol), 4-aminopyridine (14-5)
(56 mg, 0.59 mmol), 1-hydroxybenzotriazole hydrate (80 mg, 0.59
mmol) and triethylamine (60 mg, 0.59 mmol) in DMF (5 ml) under
nitrogen was added 1-ethyl-3-(3-dimethylamino-propylcarbodiimide
hydrochloride (113 mg, 0.59 mmol). The mixture was stirred at
ambient temperature overnight and the DMF was removed under high
vacuum. The residual oil was taken up in ethyl acetate (15 ml) and
washed with water and saturated sodium chloride, dried, filtered and
concentrated to an amber gum 14-6.
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Step D Preparation of 4-[4-(2,2-diphenylethoxy)benzyl-
aminolpyridine (14-7)

@\ 0 LAH N,
CH-CH2—0—©—< -
V4 g

N THF-Et,0
14-6

CN

To a solution of 14-6 (0.144 g, 0.365 mmol) in
tetrahydrofuran (1 mi) and ether (3 ml) under nitrogen was added
lithium aluminum hydride (30 mg, 0.79 mmol). The mixture was
stirred at room temperature overnight and then was decomposed with
water and sodium hydroxide. The mixture was filtered and
concentrated in vacuo to a colorless oil 14-7 which was purified by
silica gel chromatography and converted to the HCI salt, mp: 213-
214.5°C.

IH NMR (dg-DMSO0) & 3.36 (LH, s), 4.36-4.58 (6H, d, m), 6.84-7.0
(3H, d, bm), 7.16-7.4 (11H, m), 8.06-8.25 (2H, d), 9.08-9.24 (1H, bs).
Analysis  calculated for (C22H24N20-HCI)

C,74.48; H, 6.10; N, 6.74

Found: C,74.89; H, 6.04; N, 6.72
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EXAMPLE 15
Preparation of 4-[4-(2-cyclohexvlethoxviberizylaminolpvridine (15-8

Step A: P

reparation of ethyl 4-(2-cyclohexylethoxy)benzoate (15-3

O—\ PhsP THF N,
OH

15-1 OH

DEAD

15-2

COOC,H;

: \—O—Q— COOC,Hs
15-3

2-Cyclohexylethanol 13-1 (3.2 g, 25 mmol) and cthyl 4-
hydroxybenzoate 15-2 (4.15 g, 25 mmol) were reacted as in Example
14. The product 15-3 was obtained as a waxy solid. .
1H NMR (CDCI3) & 1.04 (2H, m), 1.08-1.3 (3H, m), 1.39 (3H, 1), 1.42-

1.58 (1H, m), 1.62-1.81 (7H, m), 4.04 (2H, t), 4.35 (2H, q), 6.9 (2H, d),
7.98 (2H, d).
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Step B: Preparation of 4-(2-cyclohexylethoxylbenzoic cid (15-4

o—@— COOC,Hs

HaO/EtOH

15-3

15-4

Hydrolysis of 15-3 {1.13 g, 3.1 mmol) as in Example 14
gave the acid 15-4 as a white solid. mp, 129-132°C.
IH NMR (CDCl3) 5 0.9-1.07 (2H, m), 1.08-1.36 (3H, m), 1.43-1.6 (1H,
m), 1.6-1.82 (7H, m), 4.06 (2H, t), 6.92 (2H, d), 8.03 (2H, d).

Step C: Preparation of 4-(2-cyclohexylethoxy)benzoyl chloride
(15-5)

h CH,Cl,
o—@— COOH
15-4

oxalyl chioride.

15-5

The acid chloride was prepared from 15-4 (0.497 g, 2
mmol) as in Example 13. Crude product was obtained as an oil in
quantitative yield and was used without further purification.
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Step D: Preparation of 4-(2-cyclohexylethoxy)}-N-(4-pyridyl)-
benzamide (15-7)

0
n
O\_O <> i EN THF

NH,
15-5 N;
/| 15-6
.
O\ o
—(<
N’H
157
7
|
N

This amide was prepared from 15-5 (0.53 g, 2 mmaol) and
4-aminopyridine (15-6) (0.18% g, 2 mmol) as in Example 13. The sclid
obtained, 15-7, melted at 123-125°C.

IH NMR (d6-DMSO) & 0.88-1.03 (2H, m), 1.05-1.3 (3H, m), 1.4-1.56
(IH, m), 1.56-1.8 (7H, m), 4.1 (2H, t), 7.08 (2H, d}, 7.78 (2H, d), 7.95
(2H, d), 8.45 (2H, d), 10.42 (1H, s).
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Step E: Preparation of 4-[4-(2-cyclohexylethoxy)-benzyl-
aminolpyridine (15-8)

O g
O—W LAH
H — e
157 N THF/ELO

Z

o |

N

Reduction of 15-7 (0.52 g, 1.6 mmol) as in Example 13
gave the product 15-8 as a white solid mp 115-120°C. The
hydrochloride melted at 227-228°C.

IH NMR (dg-DMSO0) 8 0.81-1.0 (3H, m), 1.02-1.3 (3H, m), 1.37-1.52
(1H, m), 1.53-1.78 (7H, m), 3.95 (2H, 1), 4.43 (2H, d), 6.91 (ZH, d),
6.82-7.04 (2H, m}), 7.28 (2H, d), 8.15 (2H, d), 9.25 (1H, 1);

Analysis  calculated for C20H26N20-HCI

C, 69.24; H, 7.58; N, 8,08
Found: C, 69.16; H, 7.80; N, 8.08
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EXAMPLE 16

Preparation of 4-[4-(dicyclohexylmethoxy)-benzylamino]pyridine
(16-8)

“Step A Preparation of ethy] 4-(dicyclohexylmethoxy)benzoate
(16-3)

>

Pha? THF N,

CH—OH

OH
DEAD
o
16-2
COOC,Hs
CH —o—@— COOCHs

Dicyclohexylmethanol (16-1) (6.97 g,33.5 mmol) and
ethyl 4-hydroxybenzoate (16-2) (5.9 g, 35.5 mmol) were reacted as in
Example 14 and the product 16-3 was isolated as a colorless oil.

IH NMR (CDCI3) 6 0.98-1.3 (1 1H, m), 1.35 (3H, t), 1.52-1.86 (11H,
m), 4.02 (1H, 1), 4.33 (2H, g), 6.91 (2H, d), 7.94 (2H, d).
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Step B: Preparation of 4-(dicvclohex ylmethoxy)benzoic acid (16-4

EIOH/H,0

16-3

CH—D—@—COOH

16-4

=

QPR

Hydrolysis of 16-3 (7.9 g, 23 mmol) as in Example 14
produced slightly crude acid 16-4.
IH NMR (CDCI3) 8 0.98-1.32 (11H, m), 1.54-1.84 (11H, m), 4.05 (1H,
t), 6.92 (2H, d), 8.0 (2H, d).
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Step C: Preparation of 4-(dicyclohexylmethoxy)benzyl chloride
(16-5)

CH.CI
CH-—O—@— COOH - —
oxalyl chloride

16-4

&

R

0
w-—o-@—c—m

16-5

Q

Preparation of the acid chloride of 16-4 (1.54 g, 5 mmol)
as in Example 13 gave the product 16-5 as a pale yellow oil. It was
used without purification.
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StepD:  Preparation of 4-(4-dicyclohexylmethoxy)-N-(4-
pyridyDbenzamide (16-7)

0
O\CH_O i o BN THE N,
¢ NF;

D/ 16-5 7
{ 16-6
-
N
ON .
o r
7 167
N

4-Aminopyridine 16-6 (0.47 g, 5 mmol) was acylated with
4-(dicyclohexylmethoxy)benzyl chloride 16-5 (5 mmol) as in Example
13 to give the amide 16-7 as a white solid.
1H NMR (d6-DMSO) & 0.97-1.3 (11H, m), 1.53-1.76 (11H, m), 4.25
(IH, ©), 7.1 (2H, d), 7.76 (2H, d), 7.88 (2H, d), 8.43 (2H, d), 10.38 (1H,
s).
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Step E: Preparation of 4-[4-(dicyclohexylmethoxy)-benzyl-
' aminolpvridine (16-8) ‘

ON 0
LAH N,
CH—O—< >—ll H —
N THFELD

Lithium aluminum hydride reduction of 16-7 (1.28 g, 3.3
mmol) as in Example 14 gave product 1§-8 as a colorless oil. .The
hydrochloride melted at 213-215°C.
1H NMR (dg-DMSO0) 8 0.93-1.28 (11H, m), 1.5-1,77 (11H, m), 4.04
(lH, t), 441 (2H, d}, 6.95 (4H, d), 7.22 (2H, d), 8.16 (2H, bd), 9.15

1H, t).
A(Analyg;is calculated for C25H34N20-HCI

C, 72.35; H, 8.50; N, 6,75
Found: C,72.63; H,847; N, 6.76
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EXAMPLE 17

Preparation of 4-[4-(1,3-dipbenyl-2-propoxy)benzylamino]pyridine
(17-9

Step A: Preparation of 1.3-diphenyl-2-propanol (17-2)

W) Y,
o OH
W, R

17-1

17-2

Reduction of 1,3-diphenylacetone 17-1 (21.0 g, 0.10 mele)
was accomplished as in Example 13 in quantitative yield. The alcohol
17-2 was a colorless oil.

IH NMR (CDCI3) & 1.64 (1H, d), 2.71-291 (4H, dd), 4.07 (1H, m),
7.18-7.37 (10H, m).
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Step B: Preparation of ethyl 4-(1,3-diphenyl-2-propoxy)benzoate
(17-4)
O PhsP THF N,
OH
O OH  DEAD
172 @ 17-3

COOC,H;

OO COOCzH5
I e

Reaction of 17-2 (5.3 g, 0.025 mol) and ethyl 4-
hydroxybenzoate 17-2 (6.56 g, 0.025 mol) as in Example 14 gave the
product 17-4 as a colorless oil.
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Step C: Preparation of 4-(1,3-diphenyl-2-propoxy)benzoic acid
(17-5)

O KOH
0 COOC,Hs
O EtOH/H,0
17-4
>—o—®— COOH
i 17-5

Hydrolysis of 17-4 (7.47 ¢, 21 mmol) as in Example 14
gave the acid 17-5 as a viscious oil (4.28 g).
IH NMR (CDCI3) § 2.91-3.08 (4H, m), 4.77 (1H, m), 6.84 (2H, d),
7.16-7.33 (10H, m), 7.96 (2H, d).




WO 98/10763 PCT/US97/15989

=72 -

Step D: Preparation of 4-(1,3-diphenyl-2-propoxy)benzoyl
chioride (17-6)

\J
0 CCOOH
O oxalyl chloride
17-5 :
W, i
|
0 C—<Cl

17-6

17-5 (1.66 g, 5 mmol) was converted to the acid chioride
17-6 as in Example 13. The viscous oil was used without further
purification.
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Step E: Preparation of 4-(1,3-diphenyl-2-propoxy)-N-(4-
pyridyDbenzamide (17-8)

v ~
2
e

S~

N

4-Aminopyridine 17-7 (0.471 g, 5 mmol) was acylated with
17-6 (1.75 g, 5 mmol) using the conditions of Example 13. The amide
17-8 was obtained as a solid foam.
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Step F: Preparation of 4-[4-(1,3-diphenyl-2-propoxy)-benzyl-
aminopyridine (17-9)

O~ o 0,
. o H -
O N" THF/ELO
o
N
: \
17-9 7
|

N

Lithium aluminum hydride reduction of 17-8 (1.36 g, 3.3
mmo)) as described in Example 14 gave a quant. yield of the product
17-9 as a viscous oil. The hydrochloride melted at 151-154°C.
1H NMR (d-DMSO) & 2.88 (4H, d), 4.41 (2H, d), 4.73 (1H, m), 6.9
(2H, d), 6.83-7.0 (2H, m), 7.16-7.82 (12H, m), 8.15 (2H, bd), 9.15 (1H,
t).

P)malysis calculated for C27H26N20-HCl- 0.4 H20

C, 74.00; H, 6.40; N, 6.39

Found: C,73.94; H, 6.28; N, 6.30
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EXAMPLE 18

Preparation of 4-[4-(3,4-methylenedioxybenzyloxy)benzyl-
amino]pyridine (18-7)

Step A: Preparation of ethyl 4-(3,4-methylenedioxybenzyl-
oxy)benzoate (18-3)

0
Or_ Phs? THF N,
OH
DEAD

COOC,Hs

o@— COOC,Hs
18-3

3,4-Methylenedioxybenzy! aicohol 18-1 (6.2 g, 4Q.O mmol)
and ethy] 4-hydroxybenzoate 18-2 (6.65 g, 40.0 mmol) were reacted as
in Example 14. The desired ester 18-3 was obtained as a white solid.
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Step B: Preparation of ethyl 4-(3,4-methylenedioxybenzyl-
oxy)benzoic acid (18-4)

O
o@_\ LiOH
—_—
DME/H,0
o—@— COQC,H;

04@— COOH

18-4

18-3 (2.5 g, 8.3 mmotl) was hydrolyzed with lithium
hydroxide (0.8 g, 33.4 mmol) in dimethoxyethane (60 ml) and water
(30 ml) at room temperature overnight. Then water (50 ml) was added
and the solution was acidified with 6N HCl. Filtered the white solid
which had precipitated and obtained a quantitative yield of crude acid
which was recrystallized from butyl chloride-cthyl acetate. The pure
products 18-4 melted at 192-194°C.
1H NMR (d6-DMS0) § 5.06 (2H, s), 6.02 (2H, 5), 6.9-6.99 (2H, m),
7.02-7.12 (3H, m), 7.9 (2H, d).
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Step C: Preparation of 4-(3,4-methylenedioxybenzyloxy)-N-(4-
' pyridvDbenzamide (18-6)

0
r
o@j EDC HOBT
NH,
——QCOOH

0
|\ EtaN
O 18-4 N” 185
0
o
O
N/
18-6 P ]
\
N

To 18-4 (0.545 g, 2 mmol) was added 4-aminopyridine
18-5 (0.235 g, 2.5 mmol), f-hydroxy-benzotriazole hydrate (0.338 g,
2.5 mmol), 1-ethyl-3-(3-dimethyl-aminopropyl)carbodiimide (0.479 g,
2.5 mmol) and dry DMF (5 ml) followed by triethylamine (0.35 ml, 2.5
mmol). The mixture was stirred at ambient temperature overnight.
Then the DMF was removed under high vacuum. The residual oil was
chromatographed on silica gel to obtain a white solid 18-6.
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Step D: Preparation of 4-[4-(3,4-methylenedioxybenzyl-
oxy)benzylaminolpyridine (18-7)

0
O@_\ LAH Ny
o Et,O/THF

18-6 (0.32 g, 0.9 mmol) was reduced with lithtum
aluminum hydride (0.30 g, 8 mmol) as in Example 10. The product
18-7 was obtained as an oil. The hydrochloride salt melted at 190-
193°C.

IH NMR (dg-DMSO) 5 4.45 (2H, d), 4.99 (2H, 5), 6.02 (2H, 5), 6.83-
7.06 (TH, m), 7.3 (2H, d), 8.16 (2H, bd), 9.2 (LH, t).
Analysis  calculated for C20H|8N203-HCI- 0.2 H20

C64.15,H522, N 7.48
Found: C63.82, H 5.16, N 7.5L
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The compounds shown in the table below are exemplary
compounds of the present invention. The range of Ki values associated
with the specifically listed compounds is represented as follows:

+ <0.1 uM
++  »0.1 pM and <1.0 UM
+++ >1.0uM
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H =
N N
H—CH—X@—/ =
L
TABLE 2
R Rl X  Ki(thn mp(HC)
M
+++
@_ H 0 24-6°
@_ @_ 0 e+ 22000
Q H ) 27340

H o ++  213-145°
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R R! X Ki (thr)  mp (HCI)
uM
Q -COPCHp 0 H 182-5°
I —
/—\_/—\ @_ 9] +++ 176-182°
H 0 +++ 10]-2°
O—CHrCHgCHg (freebase)
O HaC.CHy
Ol’ \CrH 0 e 210-010°
\‘ 5 ‘ [
: CHoCH3- 0 +++ 163-4°
S CH3- O 4+ 128-30°
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EXAMPLE 19

Preparation of 4'-(4-cyclohexylmethyloxy-2-benzylphenylmethyl)-
aminopyridine (19-3)

Step A: Preparation of 4-cyclohexylmethyloxy-2-benzyl-benzoic
acid (19-2)

Ols
0] sec-Buli, TMEDA;
O BnBr
COOH

19-1 19-2

A solution of 4-cyclohexylmethyloxybenzoic acid (19-1)
(1.00 g, 4.27 mmol, | equiv) in tetrahydrofuran {10 mL) was added to |
a solution of sec-butyllithium (1.3 M, 8.21 mL, 10.7 mmol, 2. 50 equiv)
and N, N, N, N*-tetramethylethylenediamine (1.61 mL, 10.7 mmol,
2.50 equiv) in tetrahydrofuran (10 mL) at -100 °C {ethanol-N2(I)).
The resultant orange suspension was stirred at ~100 °C for 1 h, then
warmed to =78 °C and held at that temperature for 15 min. Benzyl
bromide (2.00 mL, 16.8 mmol, 3.93 equiv) was added to the cold
reaction mixture, causing the color to change to light yellow. The
suspension was stirred at 78 °C for 35 min, then was poured into water
(150 mL). The aqueous mixture was acidified to approximately pH 2
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with an aqueous 1 N hydrochloric acid solution and was extracted with
ethyl acetate (2 x 100 mL). The combined organic layers were dried
over magnesium sulfate and were concentrated. The residue was
purified by flash colunn chromatography (40% hexanes in ethyl acetate
initially, grading to 100% ethyl acetate) to afford the desired carboxylic
acid 19-2 as a white solid.

The coupling 19-2 and 4-aminopyridine and subsequerit
reduction of the amide product were carried out as described in
Example 14 to afford the final product 19-3.

IH NMR (400 MHz, CDCI3), 8: 8.12 (brd, 2H, J=6.4 Hz, PyH), 7.26
(m, 2H, PhH), 7.20 (m, 1H, PhH), 7.20 (d, 1H J=8.4 Hz, ArH), 7.09 (br
d, 1H, J=7.1 Hz, PhH), 6.80 (d, 1H, J=2.8 Hz, ArH), 6.75 (dd, 1H,
J=8.4, 2.6 Hz, ArH), 6.26 (br d, 2H, /=64 Hz, PyH), 4.12 (m, 3H,
CH)NH and NH), 4.00 (s, 2H, ArCH2Ph), 3.73 (d, 2H, /=6.4 Hz,
OCH2Cy), 1.86 (br d, 2H, /=12.8 Hz, CyH), 1.81-1.65 (m, 4H, CyH),
1.37-1.13 (m, 3H, CyH), 1.05 (qd, 2H, J=12.1, 2.9 Hz, CyH); mp: 114~
116°C

EXAMPLE 20

Preparation of 4-(4-cyclohexylmethyloxy-Z-benzyloxybenzyl)z}mino-
pyridine (20-6)

I
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Step A: Preparation of Methyl-(4-cyclohexylmethyloxy-2-
hvdroxy)benzoate (20-2)

CO,CHg coch3
OH O/\ Cs,C03
DMF
20-1

20-2

Cyclohexylmethyl bromide (4.56 mL, 32.67 mmol, 1.1
equiv) was added to a suspension of methyl 2,4-dihydroxy-benzoate (20-
1) (5.0 g, 29.7 mmol, | equiv) and cesium carbonate (33.9 g, 104.1
mmol, 3.5 equiv) in N, N-dimethylformamide (100 mL) at 23°C. The
reaction mixture was heated to 70°C and was stirred at that temperature
for 5 h. The solution was cooled to 23°C and was concentrated. The
residue was diluted with ethyl acetate, and the resulting solution was
washed with an aqueous saturated ammenium chloride solution (2 x 25
mL). The combined aqueous layers were further extracted with 50%
ethyl acetate in hexane (2 x 100 mL). The combined organic layers
were dried over magnesium sulfate and were concentrated. The residue
was purified by flash column chromatography (3% ethyl acetate in
hexanes) to afford 20-2. TLC (30% EtOAc- hexane), Rf.=0.35
(UV)TLC (5% EtOAc- hexane), Re=051 (UV);
'H NMR (400 MHz, CDCl3), &: 10.94 (s, IH, OH), 7.71 (d, tH, J =
9.52 Hz, ArH [ortho to CO2CH3]), 6.41 {m, 2H, ArH [meta to
CO2CH3)), 3.90 (s, 3H, CO2CH3), 3.76 (d, 2H, J=6.04 Hz, OCH2Cy),
1.77 (m, 6H, CyH), 1.26 (m, 3H, CyH), 1.05 (m, 2H, CyH).
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Step B: Preparation of Methyl(4-cyclobexylmethyloxy-2-
benzyloxy)benzoate (20-3) .

OH Cs,C0,
DMF_
20-2 20-3

Benzyl bromide (0.216 mL, 1.81 mmol, 1.2 equiv) was
added to a suspension of 20-2 (400 mg, 1.51 mmol, 1 equiv) and cesium
carbonate (1.72 g, 5.30 mmol, 3.5 equiv) in N, N-dimethylformamide
(15 mL) at 23°C. The reaction mixture was heated to 70°C and was
stirred at that temperature for 2h. The solution was cooled to 23°C and
was concentrated. The residue was diluted with ethyl acetate (60 mL),
and the resulting solution was washed with an aqueous saturated
ammonium chloride selution (2 x 30 mL). The organic layer was dried
over magnesium sulfate and was concentrated to afford the product 20-3
as a pale yellow oil which was used without further purification.

IH NMR (400 MHz, CDCI3), 8: 7.87 (d, IH,J = =8.61 Hz, ArH
[ortho to CO2CH31), 7.53 (d, 2H, /=7.32 Hz, PhH), 7.39 (d, 2H, J= 6.95
Hz, PhH), 7.32 (m, 1H, PhH), 6.53 (s, |H, ArH [meta to CO2CH3]),
6.51 (d, 1H, J=8.79 Hz, ArH [meta to CO2CH3]), 5.17 (s, 2H, CH2Ph),
3.87 (s, 3H, CO2CH3), 3.77 (d, 2H, J=6.22 Hz, CH2Cy), 1.85 (d, 2H,
J=13.36 Hz, CyH), 1.76 (m, 4H, CyH), 1.27 (m, 2H, CyH), 1.05 (m, 2H,
CyH); TLC (10% EtOAc-hexane), Rf: = 0.14 (UV)
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Step C: Preparation of (4-cyclohexylmethyloxy-2-benzyl-
oxy)benzoic acid (20-4)
CO,CH, CO,H
9 C
NaOH
1,4-dioxane
O 0
20-3 20-4

A solution of sodium hydroxide (302 mg, 7.55 mmol, 5
equiv) in water (3 mL) was added to a solution of 20-3 (1.51 mmol, 1
equiv) in | 4-dioxane (7 mL). The reaction mixture was heated at
reflux for 16 h. The solution was cooled to 23°C, and then was diluted
with ethyl acetate (60 mL). The organic layer was washed with an
aqueous 10% potassium hydrogen sulfate solution (2 x 30 mL) and was
dried over magnesium sulfate and was concentrated to afford 20-4 as a
white solid, which was used without further purification.
IH NMR (400 MHz, CD30D), 5:7.85 (d, IH, J = =8.79 Hz, ArH
[ortho to CO2H]), 7.51 (d, 2H, J = =7.51 Hz, PhH), 7.35 (m, 3H,
PhH), 6.65 (d, 1H,J = =2.01 Hz, ArH [meta to CO2H]), 6.57 (dd, 1H,
J = =8.79,2.20 Hz, ArH [meta to CO2H], 5.25 (s, 2H, CH2Ph), 3.80
(d,2H, J = =622 Hz, CH2Cy), 1.85(d, 2H,J = =14.10 Hz, CyH),
1.76 (m, 4H, CyH), 1.29 (m, 3H, CyH), 1.10 (m, 2H, CyH).
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Step D: Preparation of N-4-pyridyl-(4-cyclohexylmethyloky-Z-
benzyloxy)benzamide (20-5)

4-am|nopynd|ne

002

20-5
20-4

Oxalyl chloride (0.391 mL, 4.49 mmol, 3 equiv) was added
to a solution of 20-4 (509 mg, 1.49 mmol, | equiv) in dichloromethane
(6 mL) at 23°C. Once gas evolution ceased (approximately 5 min after
the addition of oxalyl chloride), the volatiles were removed in vacuo.
The residue was dissolved in dichloromethane (11 mL), and the
resulting solution was transferred via cannula to a suspension of 4-
aminopyridine (704 mg, 7.47 mmol, 5 equiv) and triethylamine (1.67
mL, 11.96 mmol, 8 equiv) in dichloromethane (10 mL) at 23°C. The
reaction mixture was stirred for 2 h at 23°C, then was concentrated in
vacuo. The residue was purified by flash column chromatography
(15% hexanes in ethyl acetate) to afford the product 20-5 as a white
solid.

I'H NMR (400 MHz, CDCI3), 8: 9.99 (s, 1H, NH), 8.34 (d,2H,J = =
4.95 Hz, PyH), 8.24 (d, 1H, J = = 8.79 Hz, ArH [meta to OCH2Cy]),
7.55(d, 2H, J = =7.69 Hz, PhH), 7.52 (m, 3H, PhH), 7.06 (dd, 2H, J =
=495, 1.28 Hz, PyH), 6.68 (d, IH, J = =8.79 Hz, ArH [ortho to
OCH2Cy)), 6.65 (s, IH, ArH [ortho to OCH2Cy]), 5.19 (s, 2H, CH2Ph),
3.85(d,2H,J = =6.23 Hz, CH2Cy), 1.89 (d, 2H, J = = 12.64 Hz,
CyH), 1.77 (m, 4H, CyH}, 1.29 (m, 2H, CyH), 1.09 (m, 2H, CyH); TLC
(100% EtOAc), Rf: = 0.38 (UV)
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Step E: Preparation of 4-(4-cyclohexylmethyloxy-2-benzyl-
oxybenzyl)aminopyridine (20-6

0
O
N—CN LAH
o H \_¢ THF

—_—

-20-5

20-6

A solution of lithium aluminum hydride in tetrahydrofuran
(1.0 M, 4.12 mL, 4.12 mmol, 4 equiv) was added to a solution-of 20-5
(430 mg, 1.03 mmol, 1 equiv) in tetrahydrofuran (3 mL) at 0°C. The
reaction mixture was heated to 50°C and held at that temperature for 2
h. The mixture was cooled to 0°C, and excess lithium aluminum
hydride was quenched by the consecutive addition of water (0.155 mL), -
aqueous 15% sodium hydroxide solution (0.155 mL), and water {0.467
mL). The resulting aluminum salts were removed by filtration. The
filtrate was concentrated, and the residue was purified by flash column
chromatography (0.5% methanol in chloroform saturated with
ammonia) to afford the product 20-6 as a white solid (mp = 131-132°C,
330 mg, 80%).
IH NMR (400 MHz, CDCI3), 8: 8.16 (dd, 2H, J = =4.77, 1.46 Hz,
PyH), 7.37 (m, 5H, PhH), 7.15 (d, 1H, J = = 8.24 Hz, ArH [meta to
OCH2Cy)), 6.57 (d, 1H,J = =2.02 Hz, AsH [ortho to OCH2Cy)), 6.46
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(dd, 1H,J = =8.24, 2.19 Hz, ArH [ortho to QCH2Cy)), 6.43 (dd, 2H, J
= =4.77, 1.46 Hz, PyH), 5.09 (s, 2H, CH2Ph), 4.50 (br 5, 1H, NH),
432 (d, 2H,J = =5.86 Hz, CH2NH), 3.73 (d, 2H,J = = 6.4] Hz,
CH2Cy), 1.86 (d, 2H,J = = 12.27 Hz, CyH), 1.75 (m, 4H, CyH), 1.27
(m, 3H, CyH), 1.04 (m, 2H, CyH); TLC (0.5% CH30H- CHCI3 sat'd
‘with NH3), Rp: = 0.19 (UV)

EXAMPLE 2]

Preparation of 4-{[3-amino-4-(cyclohexylmethyloxy)phenyllmethyl-
amino }pyridine dihvdrochloride (21-6)

Step A: Preparation of Ethyl 4-(cyclohexyimethyloxy)-3-
pitrobenzoate (21-2)

NO,
O’/\ Br
=+ A ———
CO,Et
21-1
ND,
21-2 CO,E

To a mixture of ethyl 4-hydroxy-3-nitrobenzoate (21-1)
(2.11g, 10.0 mmol), cesium carbonate (6.52 g, 20.0 mmol), and sodium
iodide (0.15g, 1.0 mmol) in DMF (20 ml) under nitrogen was added
cyclohexylmethylbromide (1.67 ml, 12.0 mmol). The mixture was
stirred 48h at 60°C. The resulting mixture was evaporated under
reduced pressure. To the residue was added water (100 ml), and the
aqueous mixture was extracted with methyiene chloride (2 x 200 ml).
The organic fraction was washed with saturated sodium carbonate
solution (100 ml) and brine (100 ml), dried (sodium sulfate), and the
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solvent was evaporated under reduced pressure. The residue was
crystallized from ether/hexane to give product 21-2 as yellow crystals,
mp: 79-80°C.

IH NMR (CDCI3) 3 8.49 (1H, d, J=2 Hz), 8.19 (1H, dd, /=9, 2 Hz),
7.09 (1H, d, J=9 Hz), 4.39 (2H, g, /=7 Hz), 3.95 (2H, d, /=6 Hz), 1.69-
1.89 (68, m), 1.40 (3H, t, J=7 Hz), 1.06-1.38 (5H, m).

Step B: Preparation of 4-(cyclohexylmethyloxy)-3-nitrobenzoic

acid (21-3)

To a solution of 21-2 (1.38 g, 4.50 mmol) in THF (22.5
ml) cooled in an ice-bath was added 1N lithium hydroxide solution
(22.5 ml). The resulting solution was stirred 18h while warming to
ambient temperature. The solution was partially evaporated at reduced
pressure, and the remaining aqueous solution was washed with ethyl
acetate (20 ml). The aqueous layer was cooled in an ice-bath, stirred
rapidly, and concentrated hydrochloric acid (2 ml) was added dropwise,
resulting in formation of a precipitate. The mixture was stirred 1h, the
precipitate was collected and dried in vacuo to give product 21-3 as a
white solid, mp: 200-202°C.
IH NMR (CDCI3) 8 8.56 (1H, d, J=2 Hz), 8.24 (1H, dd, J=9, 2 Hz),
7.13 (1H, d, /=9 Hz), 3.98 (2H, d, J=6 Hz), 1.70-1.90 (6H, m), 1.08-
140 (5H, m). '

Step C: Preparation of N-(4-pyridyl)-4-(cyclohexylmethyloxy)-
3-nitrobenzamide (21-4)

NG,
O
H
N | N
214 O =N

To a mixture of 21-3 (0.307 g, 1.1 mmol) and DMF (1
drop) in methylene chioride (3 ml) under nitrogen cooled in an ice-bath
was added dropwise a solution of oxalyl chloride (0.113 mi, 1.3 mmol)
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in methylene chloride (1 ml). The resulting solution was stirred lh
with ice-bath cooling, [h at ambient temperature, then was evaporated
at reduced pressure to give crude 4-(cyclohexylmethyloxy)-3-
nitrobenzoyl chloride as an oil.

To a mixture of the crude 4-(cyclobexylmethyloxy)-3-

- mitrobenzoyl chloride in methylene chloride (2 ml) under nitrogen
cooled in an ice-bath was added dropwisc a solution of 4-aminopyridine
(0.282 g, 3.0 mmol) in methylene chloride (I ml). The resulting
solution was stirred 1h with ice-bath cooling, then 2h at ambient
temperature. The mixture was diluted with methylene chloride (10 ml)
and washed with saturated sodium bicarbonate solution (3 mi). The
aqueous layer was extracted with methylene chloride (2 x 10 ml). The
combined organic fractions were washed with water (10 ml), brine (10
ml), dried (sodium sulfate), and the solvent was evaporated under
reduced pressure. The residue was purified by flash column
chromatography on silica gel, eluting with methanol:ethyl acetate
(5:95), to give a solid. The solid was recrystallized from ethyl acetate
to give the product 21-4 as white crystals, mp: 197-198°C,

IH NMR (CDCI3) 6 8.57 (2H, d,J= 6 Hz), 8.37 (1H, d, J= 2 Hz), 8.14
(2H,m), 7.62 (2H, d, /= 8 Hz), 7.13 (1H, d,/= 9 Hz),3.98 (2H, d, /=6
Hz), 1.71-1.90 (6H, m), 1.08-1.38 (5H, m).

Analysis  calculated for C1oH71 N304

C,64.21; H,5.96; N, 11.82
Found: C,64.18; H, 5.97; N, 11.70
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Step D: Preparation of N-(4-pyridyl)-3-amino-4-(cyclohexyl-
methyloxy)benzamide (21-5)

At
e

(21-5) 0

A mixture of 21-4 (0.171g, 0.48 mmol) and 10% palladium
on carbon (0.040g) in ethanol (50 ml) was shaken on a Parr
hydrogenation apparatus under hydrogen (50 psi) for 20h. The mixture
was filtered through filter aid and the filtrate was evaporated under
reduced pressure to give a solid. The solid was dissolved in hot ethyl
acetate (50 ml), treated with charcoal, and the mixiure was filtered
through filter aid. The filtrate was evaporated to one-third volume and
cooled. The resulting precipitate was collected and dried in vacuo to
give product 21-3 as a white crystalline solid, mp: 193-194°C.

IH NMR (CDCI3) 6 8.52 (2H, d, J=6 Hz), 7.89 (1H, br s), 7.58 (2H, d,
J=6 Hz), 7.25 (1H, d, J=2 Hz), 7.20 (1H, dd, /=8, 2 Hz), 6.80 (1H, d, J=
8 Hz), 3.98 (2H, br s), 3.86 (2H, d, J=6 Hz), 1.66-1.91 (6H, m), 1.08-
1.38 (5H, m); :
Analysis  calculated for C19H23N302+0.10 ethyl acetate

C,69.71; H, 7.18; N, 12.57
Found: C,69.71; H, 7.17; N, 12.57
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Step E: Preparation of 4-{[3-amino-4-(cyclohexylmethyl-
oxy)phenylimethylamino Ypyridine dihydrochloride (21-6

+2 HCI

In a dry three-necked round bottom flask equipped with a
condenser, nitrogen inlet, and septum, was placed a solution of 21-3
(0.059 g, 0.18 mmol) in anhydrous THF (2 ml). To the solution was
added 2.0M borane-dimethylsulfide complex in THF {0.38 ml, 0.76
mmol) dropwise via syringe. The resulting mixture was stirred 1h at
60°C. The mixture was cooled to ambient temperature, and 6N
hydrochleric acid (1 ml) was added dropwise. The mixture was heated
in a 60°C oil-bath for five minutes, cooled to ambient temperature, and
poured into saturated sodium carbonate solution (10 ml). The mixture
was extracted with ethyl acetate (3 x 20 ml). The combined organic
fractions were washed with brine (20 ml), dried (sodium sulfate), and
the solvent was evaporated under reduced pressure. The residue was
purified by flash column chromatography on silica gel, eluting with
methanol:ethyl acetate (10:90), to give a gummy solid. The solid
(0.052¢g) was suspended in ethanol (1 mi) and ethanotic HCl (6 M, 0.065
ml, 0.39 mmol) was added. The mixture was stirred, diluted with ether
(10 ml), and the resulting precipitate was collected and dried in vacuo
to give 21-6, as a white solid, mp: 173-175°C.
IH NMR (DMSO-dg) §9.26 (1H, t, J=6 Hz), 8.7-9.8 (2H, br s), 8.22
(tH, d, /=7 Hz), 8.11 (1H, d, /=7 Hz), 7.25 (1H, 5), 7.19 (IH, 4, /=8§
Hz), 7.09 (1H, d, /=8 Hz}, 7.00 (1H, d4d, /=7, 2 Hz), 6.85 (1H, dd, /=7,
2 Hz), 447 (2H, d, /=6 Hz), 3.84 (2H, d, /=6 Hz), 3.3-4.1 (2H, br 5),
1.86 (2H, d, /=12 Hz), 1.60-1.82 (4H, m), 1.11-1.32 (3H, m), 1.00-1.10
(2H, m);
Analysis  calculated for C19H25N30-2 HCI+0.25 H2O

C, 58.68; H, 7.13; N, 10.81
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Found: C, 58.64; H, 6.99; N, 10.72
H

ey

21-7c |
=2 HCI =N

Step F: Preparation of 4-{[3-ethylamino-4-{cyclohexylmethyl-
henyl]methylamino }pyridine dihydrochloride (21-7¢
Step L: To a mixture of N-(4-pyridyl)-3-amino-4-(cyclohexyl-
methyloxy)benzamide (21-7a) (0.065 g, 0.20 mmol) in methylene
chioride (1 ml) under nitrogen cooled in ice-bath was added acetic
anhydride (0.040 ml, 0.42 mmol). The resulting mixture was stirred
with ice-bath cooling for 2 h. The mixture was diluted with methylene
chloride (4 ml), washed with 10% citric acid solution (2 ml), water (2 .
ml), saturated sodium bicarbonate solution (2 ml), water (2 ml), and
brine (2 ml), dried over sodium sulfate, and concentrated in vacuo to
give N-(4-pyridyl)-3- amino-4—(cyclohexyhnethyloxy)benzamide (21-7b)
(0.060 g, 82%) as a foam.
dH(CDCl3) 8.84 (1H, d, J 2 Hz), 8.52 (2H, d, J 6 Hz), 8.46 (1H br s),
7.81 (1H, brs), 7.76 (1H, dd, /9,2 Hz), 7.65 (2ZH, dd, J 5,1 Hz), 6.96
(IH, d, J 8 Hz), 3.91 (2H, d, J 6 Hz), 2.24 (3H, s), 1.70-1.95 (6H, m),
1.07-1.42 (5H, m).

Step 2: Employing the procedure substantially as described for the
preparation of 21-6, but starting with 21-7b (0.055g, 0.15 mmol), 21-7c
was obtained as a white solid, mp: 137-145°C.

dg(DMSO0-d6) 9.16 (1H, bs), 8.22 (1H, m), 8.13 (IH, m), 6.95-7.15
(3H, m), 6.97 (1H, d, J 7 Hz), 6.87 (1H,d, J 7 Hz), 4.45 (2H, d, J 5 Haz),
3.83 (2H, d, J 5 Hz), 3.4-3.8 (2H, br 5), 3.18 (2H, q, J7 Hz), 1.60-1.90

(6H, m), 1.17 (3H, ¢, J7 Hz), 1.04-1.82 (5H, m).
Analysis  calculated for C2ZIH29N30-2 HCI=0.50 H20




WO 98/10763 PCT/US97/15989

- 96 -
C, 59.85; H, 7.65; N, 9.97
Found: C, 59.90; H, 7.49; N, 9.94

*HCI =N

Step G: 4-{ [3-(phenylmethylsulfonamido}-4-(cyclohexylmethyl-
oxy)phenylimethylamine }pyridine dihvdrochloride (21-7e
Step 1: To a mixture of 2]-7a (0.065 g, 0.20 mmol) and pyridine
(0.032 ml, 0.40 mmol) in methylene chloride (2 ml) under nitrogen
cooled in ice-bath was added alpha-toluenesulfonyl chloride (0.050 g,
0.26 mmol). The resulting mixture was stirred with ice-bath cooling
for 3 h. The mixture was diluted with ethyl acetate (15 ml), washed
with saturated sodium bicarbonate solution (5 ml) and brine (5 ml),
dried over sodium sulfate, and concentrated in vacuo to give a gum
(0.106g). The gum was flash chromatographed on silica gel eluting
with ethyl acetate to give N-(4-pyridyl)-3-(phenylmethylsulfonamido)-
4-{cyclohex ylmethyl-oxy)benzamide (21-7d) as a gum.
dH(CDCI3) 8.55(1H, d, J 6 Hz), 8.06 (1H, bs), 8.46 (1H, br s}, 7.80
(1H, d,J 2 Hz), 7.71 (lH, dd, J9,2 Hz), 7.62 (2H, d, J 6 Hz),7.25-7.32
(3H, m), 7.26 (2H, m), 6.94 (1H, d, J 9 Hz), 6.83 (1H, bs), 4.39 (2H, s),
3.81 (2H, d, J 6 Hz), 1.65-1.82 (6H, m), 1.13-1.33 (3H, m), 0.90-1.08
(2H, m),

Step 2: Employing the procedure substantially as described for the
preparation of 21-6, but starting with 21-7d (0.077 g, 0.16 mmol), 21-
7e, was obtained as a white solid, mp: 135-140°C.

dH(DMSO0-d6) 9.07 (1H, bs), 8.79 (1H, bs), 8.17 (2H, d, J 6 Hz), 7.26-
7.35 (5H, m), 7.19 (1H,d, J 2 Hz),7.12 (1H, d, J § Hz), 7.03 (1H,d,/ &
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Hz), 6.92 (2H, bs), 443 (4H, m), 3.80 (2H, d, J 6 Hz}, 1.62-1.82 (6H,
m), 1.12-1.30 (3H, m), 0.95-1.10 (2H, m).
Analysis  calculated for C26H31N303S-HCI:
C,6220; H, 6.42; N, 8.37
Found: C, 62.31; H, 6.44; N, 8.36
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EXAMPLE 22

Preparation of 4-{[3-propyl-4-(cyclohexylmethyl-
henyljmethylamino} pyridine (22-8

HO B //’\/O\O\
[ 1 Cs,CO; / DMF
COOCH, &~ COOCHS,

22-2

2241

HO
P COOCH, EtOAc

22-3

/io;©\ .
COOCHa CSQCOleMF

22-4

/\D\ NaOH / MeQH
COOCH;4

1. (CICQ), / DCE

COQCH
Wi

0
[~ H LIAIH, / THF

/\OD\/H
RS
22-8 ZN




WO 98/10763 ' FCT/USY7/15989

-99 -

Step A: Preparation of Methyl 4-allvloxybenzoate (22-2

L
22-2 COOCH,

To a solution of methyl 4-hydroxybenzoate (22-1) (9.72 g,
64.36 mmol) in 100 mL of DMF was added 24.8 g (76.0 mmol) of
Cs2CO073 followed by 5.0 mL (58.5 mmol) of allyl bromide. The
resulting solution was then heated at 50°C for 5h. The solvent was
distilled under reduced pressure and the residue was taken up in 200
mL of EtOAc. The organic phase was extracted with 1N NaOH (2 x 50
mL), water (5 x 50 mL) and brine (50 mL), dried (MgSQ4) and
concentrated to afford product 22-2 as a white solid.
1H NMR (CDCI3) & 8.00 (d, J=7.8 Hz, 2H), 6.95 (d, J=7.8 Hz, 2H),
6.05 (m, 1H), 5.45 (d, 1H), 5.30 (d, 1H), 4.60 (d, J=6.4 Hz, 2H), 3.85
(s, 3H).

Step B: Preparation of Methyl 4-hydroxy-3-allylbenzoate (22-3)

I
& COOCH;

22-3

The neat allyl ether 22-2 from Step A (7.0 g, 38.6 mmol)
was heated in an oil bath at 230°C for Ih. The reaction was followed
by NMR and was found to be complete after 90 min. The resulting
brown oil was cooled and subjected to column chromatography (1:1
EtOAc / Hexane) to afford 22-3 as a white solid.

IH NMR (CDCI3) 8 7.80 (m, 2H), 6.90 (d, J=7.8 Hz, 1H), 6.00 (m,
1H), 5.60 (s, 1H), 5.20 (s, 1H), 5.15 (d, J=6 Hz, I1H), 3.85 (s, 3H), 3.45
(d, J=6.4 Hz, 2H),
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Step C: Preparation of Methyl 4-hvdroxy-3-propylbenzoate (22-4)

oo
COOCH,

22-4

To 22-3 (6.0 g, 33.2 mmol) in 50 mL of EtOAc was added
60 mg of 5% Pd on carbon and the whole was hydrogenated at
atmospheric pressure for 24h. Hydrogen was removed from the
reaction mixture and the solution was filtered through Celite.
Evaporation of the solvent afforded product 22-4 as a white solid,
IH NMR (CDCI3) 5 7.84 (d, J=1.9 Hz, 1H), 7.7% (dd, J=2.0, 8.3 Hz,
1H), 6.79 (d, J=8.3 Hz, 1H), 5.49 (s, LH), 3.88 (s, 3H), 2.60 (t, J=7.8
Hz, 2H), 1.65 (m, 2H), 0.97 (t, }=7.3 Hz, 3H).

Step D: Preparation of Methyl 4-(cyclobexylmethyloxy)-3-
propylbenzoate (22-5)

ij\ O
/\D
COOGCH;

22-5

To a solution of 22-4 (915 mg, 5.0 mmal) in 10 mL of
DMF was added 1.78 g (5.50 mmol) of Cs2CO03 followed by (.68 mL
(4.9 mmol) of bromomethyl cyclohexane. The resulting solution was
then heated at 50°C for 24h. The solvent was distilled under reduced
pressure and the residue was taken up in 20 mL of EtOAc. The organic
phase was extracted with IN NaOH (2 x 50 mL), water (5 x 5 mL) and
brine (5 mL), dried (MgSO4) and concentrated to afford 22-5 as an
oil.
TH NMR (CDCI3) & 7.84 (dd, ]=2.4,8.8 Hz, 1H), 7.80 (d, J=2.4, Hz,
1H), 6.80 (d, }=8.8 Hz, 1H), 3.87 (s, 3H), 3.80 (d, J=15.9 Hz, 2H), 2.60
(t, J=7.8 Hz, 2H), 1.95-1.00 (m, 13H), 0.93 (t, }=7.3 Hz, 3H).
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Step E: Preparation of 4-(cyclohexylmethyloxy}-3-propylbenzoic
acid (272-6)
7 0
/\D\
COOH

22-6

To a solution of 22-3 (1.0 g, 3.44 mmol} in 10 mL of
MeOH and 2 mL of THF was added 3.5 mL (14 mmol) of 4N NaOH.
The resulting solution was heated at 50°C for 24h, cooled and acidified
by the addition of 15 mL of IN HCI. The aqueous phase was extracted
with 2 x 40 mL of EtOAc. The organic extracts were washed with brine
(5 mL) and dried over MgSO4. Evaporation of the solvent afforded
22-6 which was used without purification.

Step E: Preparation of N-(4-pyridyl)-3-propyl-4-(cyclohexyl-
methyloxybenzamide (22-7)

N\/O H
N I o
22.7 O 2N

To a solution of 22-6 (770 mg, 2.78 mmol) in 10 mL of
{CH2C1)?2 and 0.05 ml. of DMF was added 0.26 mL (3.05 mmol) of
oxalyl chloride. The resulting solution was heated at 50°C for 30 min, .
cooled to 0°C and treated with 1.20 g (13.8 mmol) of 4-aminopyridine.
Stirring was continued for 2h before the heterogeneous mixture was
diluted with 50 mL of EtOAc and quenched with 25 mL of 5%
Na2C03. The organic extract was washed with sat'd NH4ClI (3 x 50
mL), water (2x 25 mL), brine (25 mL) and dried over MgSQ4.
Evaporation of the solvent and column chromatography (EtOAc)
afforded product 22-7.
IH NMR (CDClI3) 8 8.55 (d, J=8.0 Hz, 2H), 8.10 (bs, 1H), 7.75 (dd,
J=24, 8.8 Hz, 1H), 7.70 (s, 1H), 7.60 (d, J=8.0 Hz, 2H), 6.85 (d, ]=8.8
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Hz, 1H), 3.80 (d, J=15.9 Hz, 2H), 3.70 (s, 3H), 2.60 (t, J=7.8 Hz, 2H),
1.95-1.00 (m, 13H), 0.90 (t, J=7.3 Hz, 3H).

Step G: Preparation of 4-{[3-propyl-4-(cyclohexylmethyl-
oxy)phenyl Imethylamino | pyridine (22-8

To a solution of 22-7 (1.0 g, 2.8 mmol) in 30 mL of THF
was added 10.0 mL (10.0 mmoi) of LiAlH4 (1M in THF) and the
resulting solution was stirred at room temperature for 16 h, cooled to
0°C and quenched with 1 mL of water, | mL of 15% NaOH then 3 mL
of water. The heterogeneous mixture was diluted with 50 mL. of EtOAc
and washed with 3 x 5 mL of sodium potassium tartrate, water (2x 5
mL), brine (5 mL) and dried over MgSO4. Evaporation of the solvent
and column chromatography (9:1 CHCI3 (sat'd NH3)/isopropyl alcohol)
afforded 22-8.

IH NMR (CDCI3) 3 8.18 (d, J=8.1 Hz, 2H), 7.10 (d, J=7.5 Hz, 1H),
7.07 (s, 1H), 6.77 (d, J=7.5 Hz, 2H), 6 41 (d, J=8.1 Hz, 2H), 445 (bs,
1H), 4.24 (d, J=15.9 Hz, 2H), 3.74 (d, J=5.1 Hg, 2H), 2.57 (t, J=7.8 Hz,
2H), 2.00-1.00 (m, 13H), 0.94 (t, J=7.3 Hz, 3H);

Analysis  calculated for C22H30N20

C,78.06; H, 8.93, N, 8.28
Found: C,78.33; H, 8.99; N, 8.56
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EXAMPLE 23

Preparation of 4-{[3-ethyl-4-(cyclohexylmethyloxy)phenyl]methyl-
amino Ipyridine (23-8)

HO 70
L [P L
COOCH; = COQCH;

COq / DMF .
e 2003 23-2
Br, / Fe / HGOOH m\/oﬁ
(e]
100°C Br COOCH,
233
Pd(PPhs), / dioxane m\/o
#8nB
nells | COOCHS
23-4
Hy /Pd (C) L=~°
23-5
o
Lon/E L~
e COOH
'23-6

1. (CICO), / DCM o
s =
HN=\ N 23-7 | X
@] =N
LIAIH, / THF 0
H
s [T ,{J
| R
23-8 =N
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Step A: Preparation of Methyl 4-cyclohexylmethyloxy-benzoate

(23-2)
,::7\ O, :
232 COQCH,

To a solution of methyl 4-hydroxybenzoate 23-1 (24.3 g,
160 mmol) in 250 mL of DMF was added 62 g (190 mmol) of Cs2C03
followed by 20.4 mL. (146 mmol) of cyclohexylmethyl bromide. The
resulting slurry was then heated at 50°C for 20 h. The solvent was
distilled under reduced pressure and the residue was taken up in 500 mL
of EtOAc. The organic phase was extracted with IN NaOH (2 x 150
mL), water (5 x 150 mL) and brine (150 mL), dried (MgS04) and
concentrated to afford product 23-2 as a white solid.
IH NMR (CDCI3) 5 7.98 (d, J=8.5 Hz, 2H), 6.90 (d, ]=8.5 Hz, 2H),
3.88 (s, 3H), 3.78 (d, J=6.1 Hz, 2H), 2.00-1.00 (m, I [H).

Step B: Preparation of Methyl 4-cyclohexylmethoxy-3-bromo-
benzoate (23-3)

10
2833 gy COOCH,

A solution of 23-2 (26.3 g, 106 mmol) was warmed cn a
steamn bath in [10 mL of HCOOH with 592 mg (10.6 mmol) of Fe
powder. Bromine (7.6 mL, 147.4 mmol) in 50 mL of HCOOH was
added by dropping funnel over a period of 10 min. The reaction
mixture was stirred an additional 1h , cooled and poured onto ice. The
resulting gum was taken up in 500 mL of EtOAc and washed with sat'd
Na25203 (2 x 150 mL), water (5 x 100 mL.), sat'd NaHCO3 (3 x 100
mL) and brine (50 mL), dried (MgSQ4) and concentrated to afford
product 23-3 as a white solid.

IH NMR (CDCI3) 8 8.22 (s, [H), 7.98 (d, ]=8.5 Hz, IH), 6.90 (d, J=8.5
Hz, 1H), 3.88 (s, 3H), 3.78 (d, J=6.1 Hz, 2H), 2.00-1.00 (m, 11 H).
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Step C: Preparation of Methyl 4-cyclohexylmethyloxy-3-ethenyl-
benzoate (23-4)

L~

| COOCH,

23-4

To a solution of 23-3 (810 mg, 2.5 mmol) in 11.5 mL of
dioxane was added 820 mg (2.6 mmol) of vinyltributyl tin followed by
58 mg (0.05 mmol) of Pd(PPh3)4. The resulting solution was then
heated at 100°C for 20 h. The solvent was distilled under reduced
pressure and the residue was chromatographed to afford product 23-4.
'H NMR (CDCI3) 6 8.19 (s, 1H), 7.85 (d, J=8.5 Hz, 1H), 7.00 (dd, J=,
[H), 6.92 (m, 1H), 5.85 (d, J=Hz, 1H), 5.35 (d, J=Hz, IH), 3.88 (s, 3H),
3.78 (d, J=6.1 Hz, 2H), 2.00-1.00 (m, 11H).

Step D Preparation of Methyl 4-cyclohexylmethyloxy-3-ethyl-
benzoate (23-5)

[P
035 r : "COOCH,

To 23-4 (560 mg, 2.0 mmol) in 15 mL of EtOAc was
added 56 mg of 10% Pd on carbon and the whole was hydrogenated at 7
atmospheric pressure for 24h. Hydrogen was removed from the
reaction mixture and the solution was filtered through Celite.
Evaporation of the solvent afforded 23-5 as a white solid.
IH NMR (CDCI3) 8 7.84 (dd, J=2.4, 8.8 Hz, 1H), 7.80 (d, J=2.4 Hz,
1H), 6.80 (d, }=8.8 Hz, 1H), 3.87 (s, 3H), 3.80 (d, J=15.6 Hz, 2H), 2.60
(g, J=7.5 Hz, 2H), 1.95-1.00 (m, 14H).
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Step E: Preparation of 4-cyclohexyimethyloxy-3-ethyl-benzoic
acid (23-6)
L0

23-6 COOH

Ta a solution of 23-5 (290 mg, 1.0 mmol) in 7.6 mL of
THEF and 10 mL of water was added 210 mg (5.0 mmol) of LiOH. The
resulting solution was stirred for 40h, then acidified by the addition of
10 mL of IN HCI. The aqueous phase was extracted with 2 x 20 mL of
EtOAc, The organic extracts were washed with brine (5 ml.) and dried
over MgS04. Evaporation of the solvent afforded acid 23-6 which was
used without purification.

Step F: Preparation of N-(4-pyridyl}-3-ethyl-4-(cyclohexyl-
methyloxvibenzamide (23-7)

T
M
23-7 |

To a solution of 23-6 (270 mg, 1.0 mmol) in 3.6 mL of
CH2Cl2 was added 0.13 mL (1.5 mmol) of oxalyl chloride. The
resulting solution was stirred for 1h, cooled to 0°C and treated with 380
mg (4.0 mmol) of 4-aminopyridine. Stirring was continued for 1h
before the heterogeneous mixture was diluted with CH2Cl2 and
quenched with sat'd NaHCO3. The organic extract was washed with
water, brine and dried over NapSO4. Evaporation of the solvent and
column chromatography (3:1 EtOAc / Hexane) afforded product 23-7.
IH NMR (CDCI3) 8 855 (d, J=8.0 Hz, 2H), 8.10 (bs, 1H), 7.75 (dd,
J=2.4, 8.8 Hz, 1H), 7.70 (s, 1H}), 7.60 (d, J=8.0 Hz, 2H), 6.85 (d, J=8.8
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Hz, 1H), 3.80 (d, J=15.9 Hz, 2H), 2.60 (g, J=7.8 Hz, 2H), 1.95-1.00 (m,
14H).

Step G: Preparation of 4-{[3-ethyl-4-(cyclohexylmethyl-
oxy)phenyllmethylamino ] pyridine (23-8

[~ H
N
238 \©
_N

To a solution of 23-7 (290 mg, 0.86 mmol) in 5 mL of
THF was added 1.7 mL (1.7 mmol) of LiAlH4 (IM in THF) and the
resulting solution was heated at 500C for 2 h, cooled to 0°C and
quenched with 0.07 mL of water, 0.07 mL of 15% NaOH and 0.2 mL
of water. The precipitate was filtered, concentrated and purified by
column chromatography (94:6:0.6 CHCI3 / IPA / NH4OH) to afford
product 23-8.
IH NMR (CDCI3) 6 8.18 (d, }=8.1 Hz, 2H), 7.10 (d, J=7.5 Hz, IH),
7.07 (s, IH), 6.77 (d, J=7.5 Hz, 1H), 6.41 (d, J=8.1 Hz, 2H), 4.39 (bs,
1H), 4.24 (d, 3=15.9 Hz, 2H), 3.74 (d, J=5.1 Hz, 2H), 2.60 (q, J=7.8 Hz,

2H), 2.00-1.00 (m, 14H);

Analysis  calculated for C21H28N20
C,77.72; H, 8.71, N, 8.63

Found: C, 77.53; H, 8.62; N, 8.56

The compounds shown in the table below are exemplary
compounds of the present invention. The range of Ki values associated
with the specifically listed compounds is represented as follows:

+ <0.1 uM
++ >0.] pMand <1.0 pM

++H >1.0uMand <10.0 uM
++++ >10.0 pM '
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TABLE 4

X
ol
N
w l =
=N

R W X Y Z Ki (thr)
O i-amyl H. H H ++H+
O Ph H H H 4+
O CH20H H H H ++++
O CHoNH? H H H +++
O CH7NHCH3 H H H +4++
O CONCH3 H H H +++

CH2CH70t H H H -
Bu
n-Pr piperidy H H +++
l-methy!
O n-Pr H Et H R
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R W Z Ki (thr)
O n-Pr CH3 i
_ n-Pr H ++
/4
i-butyl n-Pr H ++
n-Pr H 4+

W,
W
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EXAMPLE 24

Preparation of N-((4-benzyloxy)phenylsulfonyl)-N'-aminomethyl-
iminopiperazine (24-5)

SO,Cl, / DMF
©/\ 0 100°C /2 h
241
\\ //
NBOC
©/\ EtoN / CH;Cl,
24-2
/O/ HCI / EtOAC
-25°C
24-3 BOC
©/\ ptd H HC|
SNy
g

NH N
HAN SO Q/ O
_Z_B,O/\ Y N__NH,* CF;COOH
EtsN / DMF 24-5 Y

NH
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Step A: Preparation of 4-benzyloxvphenylisulfonyl chioride (24-2

O\\ //O

S.
e
©/\o
24-2

To a 0°C solution of sulfonyl chloride (1.9 mL, 23.8
mmol) in 2 mL of DMF was added 4.0 g (21.7 mmol) of benzyl phenyl
ether (24-1). The resulting solution was then heated at 100°C for 2h.
The reaction mixture was then cooled and poured onto crushed ice. The
aqueous fayer was extracted with CH2CI2 (x3). The combined organic
extracts were dried (Na2504) and concentrated. Column
chromatography (95 : 5 Hexane / EtOAc) and trituration (hexane) of the
pure fractions afforded 24-2 as a pink solid.

IH NMR (CDCI3) 8 8.00 (d, J=7.8 Hz, 2H), 7.45 (m, 5H), 7.10 (d,
J=7.8 Hz, 2H), 5.15 (s, 2H).

Step B: Preparation of N-((4-benzyloxy)phenylisulfonyl)-N'-t-
Butyloxycarbonylpiperazine (24-3 :

0

\\SI:
N
STQ,
243 BOC

To a 0°C solution of 24-2 (250 mg, 1.0 mmol) in 3 mL of
CH2CIp was added 0.15 mL (1.1 mmol) of Et3N followed by 204 mg
(1.1 mmol) of BOC piperazine. The resulting solution was allowed to
stir to rt over 72h. The reaction mixture was diluted with CH2Cl7 and
washed with satd NaHCQ3 (3 x 5 mL). The organic phase was dried
(Na2S04) and concentrated to afford product 24-3 which was used
directly without any purification.
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IH NMR (CDCI3) 8 7.70 (d, J=7.8 Hz, 2H), 7.40 (m, 5H), 7.10 (d,
J=1.8 Hz, 2H), 5.18 (5, 2H), 3.58 (t, J=7 Hz, 4H), 2.95 (1, =7 Hz, 4H),
1.40 (s, 9H).

Step C: Preparation of N-((4-benzyloxy)phenylsulfonyl)-
piperazine (24-4)

Q\\ 0

S.
IR
O «,N\
244 H+ HCI

A -25°C solution of crude 24-3 (390 mg, 0.94 mmol) in 10
mL of EtOAc was treated with HCI gas for § min and then stirred for
2h at this temperature. Excess HCI was displaced from the solution by
bubbling N2 through the reaction mixture. The resulting solution was
concentrated to give the amine hydrochloride as a white salid which was

triturated (EtOAc) to give product 24-4.
1H NMR (CDCI3)  7.80 (d, J=7.8 Hz, 2H), 7.40 (m, 5H), 7.20 (d,

J=1.8 Hz, 2H), 5.10 (s, 2H), 3,30 (m, 4H), 3.20 (m, 4H).

Step D: Preparation of N-((4-benzyloxy)phenylsulfonyl)-N'-
aminomethyliminopiperazine (24-5

ISR
g 0 Nt NH,' CF,COOH
24-5 Y

NH

) To a -25°C solution of 24-4 (300 mg, 0.90 mmo}l) in 10 mL
of DMF and 0.25 mL (1.79 mmol) of Et3N was added 111 mg (0.895
mmol) of guanidine sulfonic acid. The resulting solution was allowed to
stir to RT over 16h. The reaction mixture was concentrated and
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subjected to preparative HPLC to afford product 24-5 as its TFA salt.
I'H NMR (CD30D) & 7.80 (d, J=7.8 Hz, 2H), 7.40 (m, 5H), 7.20 (d,
J=1.8 Hz, 2H), 5.20 (s, 2H), 3,60 (m, 4H}, 3.05 (m, 4H); MS (FAB) =

375;

Analysis  calculated for C1gH22N403S « 0.4 H20 « CF3COOH
_ C,48.46; H, 4.84, N, 11.30 ‘

Found: C, 48.76; H, 4.69; N, 10.94

EXAMPLE 25

Preparation of N-((4-cyclohexylmethyloxy)-3-ethyl-phenylsulfonyl)-
N'-aminomethyliminopiperazine (25-1)

25-1 was synthesized in the same manner as 24-5 by
substituting 4-cyclohexylmethyloxy-3-ethylbenzene for 4-
benzyloxybenzene in Step A, Exampie 24 .

The compounds shown in the table below are exemplary
compounds of the present invention. The range of Ki values associated
with the specifically listed compounds is represented as follows:

+ <01uM
++ >0 uM and <1.0 pM

+++ >1.0 pM and <10.0 pM
++++ >10.0 uM
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R, NH

VAR
R—CH@O SO,—N N)J\NHZ
s
TABLE 5
R Rl Ki(thr) pM mp
H et —
-CHaCH3 ++ 237-9°
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EXAMPLE 26

Preparation of 4-{[4-(Phenylmethyloxy)phenyljmethyl}benzamidine
hvdrochloride (26-6) _

Step A: Preparation of 4-[(4-Methoxyphenyl)hydroxy-
methyllbenzonitrile (26-2)

HsCO CN HsCO CN
26-1

26-2

To a suspension of 4-(4-methoxybenzoyl)benzonitrile 26-1
(J. Med. Chem.. 1991, 34, 2768-2778) (0.783 g, 3.3 mmol) in ethanol
(35 ml) under nitrogen cooled in an ice-bath was added sodium
borohydride (0.250g, 6.6 mmol). The mixture was stirred 4h with ice-
bath cooling. To the resulting solution was added saturated ammontum
chloride solution (35 ml). The mixture was partially evaporated under
reduced pressure, and the resulting aqueous mixture was extracted with
ethyl acetate (2 x 100 ml). The combined organic fractions were
washed with brine (50 ml), dried (sodium sulfate), and the solvent was
evaporated under reduced pressure, The residue was purified by fiash
column chromatography on silica gel, eluting with ethyl acetate/hexane
(1:6 increasing to 1:3), to give product 26-2 as an oil.
NMR & H(CDCI3) 7.61 (2H, d, /=8 Hz), 7.50 (2H, d, J=8 Hz), 7.23 (2H, "
d, J=9 Hz), 6.87 (2H, dd, J=9, 2 Hz), 5.82 (lH, d, /=3 Hz), 3.79 3H, 5),
2.37 (14, bs); IR 2227 cm-!,
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Step B: Preparation of 4-[(4-Methoxyphenyl)methyl]benzohitrile

(26-3)
HaCO” ‘ ‘ “CN

26-3

To a mixture of 26-2 (0.622 g, 2.6 mmol) and sodium
iodide (1.56 g, 10.4 mmol) in acetonitrile (7 ml) at ambient temperature
in a 3-necked round bottom flask equipped with a nitrogen inlet and
rubber septum was added dichlorodimethylsilane (0.63 ml, 5.2 mmol)
via syringe. The resulting mixture was stirred 60 min. Saturated
sodium bicarbonate solution (30 ml) was added and the mixrnure was
extracted with ethyl acetate (2 x 90 ml). The combined organic
fractions were washed with 10% sodium thiosulfate solution (30 ml),
brine (30 ml), dried (sodium sulfate), and the solvent was evaporated
under reduced pressure. The residue was purified by flash column
chromatography on silica gel, eluting with ethyl acetate/hexane (1:6
increasing to 1:5), to give product 26-3 as a white solid, mp: 41.5-
43.5°C.
dH(CDCI3) 7.56 (2H, d, /= 8 Hz), 7.27 (2H, d, /= 8 Hz), 7.07 (2H, d, J=
9 Hz), 6.85 (2H, d, J= 9 Hz), 3.97 (2H, 5), 3.79 (3H, s).

IR 2224 cm-l.

Step C: Preparation of 4-[(4-Hydroxyphenyl)methyl]benzonitrile

(26-4)
HC II II CN

26-4

To a solution of 26-3 (0.391 g, 1.75 mmol) in methylene
chloride (6 ml) cooled in an ice-bath in a 3-necked round bottom flagk
equipped with a nitrogen inlet and rubber septum was added 1.0M
boron tribromide in methylene chloride (3.9 ml, 3.9 mmol) via syringe.
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The resulting mixture was stirred 18h while warming to ambient
temperature. Water (7 ml) was added and the mixture was extracted
with ether (35 ml). The organic fraction was washed with brine (10
ml), dried (sodium sulfate), and the solvent was evaporated under
reduced pressure. The residue was purified by flash column
_chromatography on silica gel, eluting with ethyl acetate/hexane (1:5
increasing to 1:3), to give product 26-4 as a white solid, mp: 163-
164°C.

& H(CDCI3) 7.56 (2H, d,J= 8 Hz), 7.26 (2H, d, /= 8 Hz), 7.02 (2H, d,
J=8 Hz), 6.78 (2H, d, J= 8 Hz), 4.78 (1H, s), 3.96 (ZH, s).

IR 2230 cm-l. -

Step D: Preparation of 4-{[4-(Phenyimethyloxy)phenyl]-
2Ep U p
methyl} benzonitrile {26-5)

+
i —
HO CN

26-4

CN

To a mixture of 26-4 (0.105 g, 0.50 mmol) and cesium
carbonate (0.326 g, 1.0 mmol) in dimethylformamide (1 ml) under
nitrogen was added benzyl bromide (0.071 ml, 0.60 mmol). The
mixture was stirred 18h at ambient temperature. The resulting mixture
was evaporated under reduced pressure. To the residue was added
saturated sodium bicarbonate solution (15 ml), and the aqueous mixture
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was extracted with methylene chloride (2 x 30 ml). The organic
fraction was washed with brine (10 ml), dried (sodium sulfate), and the
solvent was evaporated under reduced pressure. The residue was
purified by flash column chromatography on silica gel, eluting with
ethyl acetate/hexane (1:6 increasing to 1:5), to give a white solid. The
solid was recrystallized from ethyl acetate/hexane to give product 26-5
as white crystals, mp: [10-111°C,
& H(CDCI3) 7.56 (2H, d, /=8 Hz), 7.32-7.44 (5H, m), 7.27 (2H, d, /=8
Hz), 7.07 (2H, d, /=9 Hz), 6.92 (2H, d, =9 Hz), 5.04 (2H, ), 3.97 (2H,
s); IR 2223 cm-l;
Analysis  calculated for C21H7NO

C, 84.25; H, 5.72; N, 4.68
Found: C, 84.02; H, 5.66; N, 4.74

Step E: Preparation of 4-{[4-(Phenylmethyloxy)phenyl]-
methyl}benzamidine hydrochloride (26-6

J _@°

26-5 ‘ 26-6 ‘
*HCI

CN

H,N” NH

To a solution of 26-5 (0.081 g, 0.27 mmol) in anhydrous
ether (4 ml) at ambient temperature in a 3-necked round bottom flask
equipped with a nitrogen inlet and rubber septom was added 1.0 M
lithium bis(trimethysilyl)-amide in THF (0.30 m}, 0.30 mmol) via
syringe. The resulting solution was stitred 18h at ambient temperature.
To the solution was added ethanolic HCI (6M, 0.18 ml, 1.1 mmol, 4
equivalents). The mixture was stirred 4h and the resulting precipitate
was filtered off to give a solid (0.094g). The solid was placed in
saturated sodium bicarbonate solution (3 ml) and was extracted with
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ethyl acetate (5 x 10 ml). The combined organic fractions were washed
with brine (10 ml), dried (sodium sulfate), and the solvent was
evaporated under reduced pressure. The residue (0.017g) was
suspended in ethanol (1 ml) and ethanolic HCI (6 M, 0.010 ml) was
added. The mixture was stirred, diluted with ether (5 ml), and the
resulting precipitate was collected. The precipitate was then stirred
under water (1 ml) for 1h. The resulting solid was collected and dried
in vacuo to give product 26-6, as an off-white solid, mp: 234-236°C.
8 H(DMSO-dg) 9.30 (2H, br s), 9.09 (2H, brs), 7.74 (2H, d, /=8 Hz),
7.32-7.47 (TH, m), 7.17 (2H, d, /=8 Hz), 6.95 (2H, d, /=8 Hz), 5.06
(ZH, s), 3.98 (2H, s).
Analysis  calculated for C21HpoN20<HCI-0.65 H20

C,69.18; H, 6.17; N, 7.68
Found: C,69.24; H,5.93; N, 7.40

EXAMPLE 27

Preparation of 4-{[4-(Cyclohexylmethyloxy)phenyljmethyl}-
benzamidine hydrochloride (27-1) -

S, Ol —

26-4

Clngy
e

CN
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StepA:  Preparation of 4-{[4-(Cyclohexylmethyloxy)phenyl]-

methyltbenzonitrile (27-1)

Employing the procedure substantially as described above,
but substituting cyclohexylmethy! bromide for the benzyl bromide, the
desired compound 27-1 was prepared: mp: 104-106°C;

IH NMR (CDCl3) § 7.56 (2H, d, /=8 Hz), 7.26 (2H, d, J=8 Hz), 7.05
(2H, d, /=8 Hz), 6.83 (2H, d, J=8 Hz), 3.96 (2H, 5), 3.72 2H, d, J=6
Hz), 1.68-1.87 (6H, m), 1.17-1.38 (3H, m), 0.97-1.08 (2H, m); IR 2223
em-L.

StepB:  Preparation of 4-{[4-(Cyclohexylmethyloxy)phenyl]-
methyl}benzamidine hydrochlgride (27-3

(Lo _*Qw B

- QO g
“HCI
CN
A (]
27-3 liln
HC!

HaN"" NH

EtO” "“NH.

Into a suspension of 27-1 (0.101 g, 0.33 mmol) in ethanol
(3 m}) under nitrogen cooled in an ice-bath was bubbled hydrogen
chioride unti} the mixture was saturated. The mixture was stirred 18h
while warming to ambient temperature. To the resulting solution was
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added ether (12 ml) resulting in formation of a precipitate. The
precipitate was collected and dried in vacuo to give ethyl 4-{[4-
(cyclohexylmethyloxy)plienyl])-methyl |benzimidate hydrochloride 27-2
as a white solid. NMR & H(DMSO-dg) 11.0-11.8 (2H, br ), 7.98 (2H, d,
J=8 Hz), 748 (2H, d, /=8 Hz), 7.13 (2H, d, /=8 Hz), 6.85 (2H, d, /=R
-Hz), 4.57 (2H, q, /=7 Hz), 3.99 (2H, s), 3.72 (2H, d, J=6 Hz), 1.68-1.80
(6H, m), 1.47 (3H, t, /=7 Hz), 1.19-1.26 (3H, m), 0.99-1.06 (2H, m).
Into a suspension of 27-2 (0.101 g, 0.26 mmol) in ethanol
(5 ml) cooled in an ice-bath was bubbled ammonia unti! the mixture was
saturated. The mixture was stirred 18h while warming to ambient
temperature. The resulting solution was evaporated to one-half volume
under reduced pressure. Addition of ether (2 ml) resulted in formation
of a precipitate. The precipitate was filtered off, The filtrate was
evaporated under reduced pressure, and the residue was stirred under
ether (5 ml). The resulting precipitate was collected and dried to give a
solid. The solid (0.042 g) was suspended in ethanol (1 ml) and ethanolic
HCI (6 M, 0.025 ml) was added. The mixture was stirred, diluted with
ether (10 ml), and the resulting precipitate was collected and dried in
vacuo to give 27-3, as a white solid, mp: 257-258°C,
6 H(DMSO0-dg) 9.1 (4H, br s), 7.73 (2H, d, J=8 Hz), 7.45 (2H, d, /=8
Hz), 7.14 (2H, d, /=8 Hz), 6.84 (2H, d, J=8 Hz), 3.97 (2H, s}, 3.72 (2H,
d, J=6 Hz), 1.63-1.80 (6H, m), 1.15-1.30 (3H, m), 0.95-1.10 (2H, m);
Analysis  calculated for C21H26N20-HC1+0.40 H20

C,68.8%; H, 7.65; N, 7.68
Found: C, 68.84; H, 7.45; N, 7.75




PCT/USYIN5989

WO 98/10763

- 126 -

EHN U
£0 EHOTHDCHD-  HN -0~ -THD-

0T 1¥T |O
®HN U
o8-LST LT°Q H HN -0~ -CHD- U
, HN U
o9-¥EC 6€°0 H HN -0~ -THO- AHV
dw WY (g zd T4 A X d
gaIdvL

(H-%HO .@’ A—X-H

zd




PCTUS97/15989

WO 9810763

- 127 -

N .
IzV|©\ Z(EHO)HO |Ar||v
06-861 0Z0°0 EHOTHD- HN -0- _HO-
2
IzV|©l EEHOIHO |O
o00T-L61 020°0 EHD- HN -0- _Ho-
ZHN
o£-TST LLOO | EHOTHD- :zuW U -0~ “THO- IO
frats O
o0ST-6VT 010 £HO- HN -0~ -THD-
4
Moy eeme (T
oF8I-TLI 8T°0 €HOTHOCHD" W 0" _yo-
dut  SUNEITN] zd ™ A X |




WO 98/10763 PCT/USY7/15989

- 128 -

EXAMPLE 28

Preparation of N-(4-phehoxymethylbenzylaminopyridine (28-6

Br

Cs,CO
OH ., 205

CO,CH;

Oy o »
‘—@—COZCHS

28-3 5N NaOH/EtOH
Oy oo
CO,H

1)(COCH),/cat. DMF 2) 4-AP

CH.Cl,
) .
Lo O
28-5 H
LAH/THF

Ot o
A

28-6
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Step A: Preparation of methyl 4-(phenoxymethylYbenzoate {28-3
In a round bottom flask under N2 was placed 28-1 (1.49 g,

15.9 mmol), Cs2CO3 (5.2 g, 16 mmol), 28-2 (3.6 g, 15.7 mmol) in
DMF (250 ml) and the suspension stirred at room temperature. After
I8 h, the mixture was poured into saturated Na2CO3 and extracted with
-EtOAc (3x). The organic extracts were dried, filtered and conc'd to
dryness to yield 28-3. :

1H NMR (CDCI3) § 3.85 (3H, s), 5.05 (2H, 5), 6.9 (3H, m), 7.2 (2H, d),
7.45 (2H, d), 8.0 (2H, d).

Step B: Preparation of 4-(phenoxymethyl)benzoic acid (28-4)
Under N2, a mixture of 28-3 (4.1 g, 15.9 mmol} in EtOH

(100 ml) and 5 N NaOH (100 ml) was stirred at room temperature.
After 18 h, the reaction was heated at 8C°C for [/2 h, cooled to room
temperature and then acidified with 6 N HCL. The mixture was
extracted with EtOAc (3x) and the combined organic layer was washed
with brine, dried, filtered and concentrated to dryness. The residue was
triturated with Et20 to yield 28-4.

IH NMR (dg-DMSO) & 5.5 (2H, s), 7.35 (3H, m), 7.6 (H, m), 7.9 (2H,
d), 8.35 (2H, d).

Step C: Preparation of N-( 4-(phenoxymethyl)benzcarbox'-

amido)pvridine (28-5)

To a suspension of 28-4 (2.5 g, 11 mmol) in CH2C12 (40
ml) with 4 drops of DMF was added with stirring under N2 at room
temperature oxalyl chloride (1.7 g, 14 mmol). After 2h, the solution
was concentrated to dryness, flushed with CHCI3 and then dissolved in
CHCI3 (30 ml). This solution was then added dropwise to a suspension
of 4-aminopyridine (3.1 g, 33 mmol) in CHCI3 (50 ml). After stirring
at room temperature overnight, a sat'd solution of NazCO03 was added
and separated. The aqueous was further extracted with EtOAc (3x).
The combined extracts were backwashed with H20, dried, filtered and
concentrated to dryness. The residue was chromatographed on a Still
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column (60 mm) and the product eluted with 10% CH30H/CHCI3 to
yield 28-5; mp: 195-197°C (EtOH-CH30H);
1H NMR (dg-DMS0) & 5.2 (2H, 5), 6.95 (1H, 1), 7.03 (2H, d), 7.3 (2H,
t), 7.62 (2H, d), 7.79 (2H, d), 7.99 (2H, d), 8.48 (2H, d).
Analysis  calculated for C19H16N20?2

C7498,H530,N9.21

‘Found:  C74.63,H532,N2.17

Step D: Preparation of N-( 4-phenoxymethylbenzyl)amino-

pyridine (28-6)

Under N2, a solution of LAH 1.0 M in hexane (10 ml, 10
mmol) was added dropwise to a suspension of 28-5 (1.75 g, 5.8 mmol)
in THF (200 ml). After heating at 60° overnight with stirring, a sat'd
solution of Na2S04 was added until a white suspension was formed.
The mixture was poured through super cel and washed with EtOAc.
The organic layer was washed with water and the aqueous layer further
extracted with BtOAc (2x). The combined organic extracts were dried,
filtered and concentrated to dryness. The residue was chromatographed
on a Still column (40 mm) and the product eluted with 10% CH30H-
CHCI3. The hydrochloride salt was prepared from EtOH-HCI and the
product crystallized from EtOH to yield 28-6; mp: 213-215°C. The
compound analyzed for C{9H18N20-HCI;

IH NMR (dg-DMSO) & 4.55 (2H, d), 5.05 (2H, ), 6.95 (5H, m), 7.25
(2H, t), 7.4 (4H, q), 8.15 (2H, bd).
Analysis  calculated for C, 69.82; H, 5.86; N 8.57
_ C, 69.82; H, 5.86; N, 8.57
Found: C, 69.73; H, 5.88; N, 8.58

The compounds shown in the table below are exemplary
compounds of the present invention. The range of Ki values associated
with the specifically listed compounds is represented as follows:

+ <0.1 uM
++ >0.1 uM and <1.0 uM

+++ >1.0 pM and <10.0 yM
++++ >10.0 uM
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TABLE 7
R-X—Y —@- CH,-R!
R X Y R1 Ki(thr) mp
puM
-CH2- -CHz- - N +++ 117-9°
O "
-Q- -CHp- - N +++  213-5°
- s
EXAMPLE 29

Preparaticn of 4-(2-(3-cyclohexylmethyloxy-phenylethyl)amino-

pyridine (29-6

s

29-6
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Step A: Preparation of ethyl 3-hydroxy-phenylacetate (29-2)

H 2504
EtOH

OCH,CH,
29-1 29-2

Sulfuric acid {0.018 ml., 0.329 mmol, 0.1 equiv) was
added to a solution of 3-hydroxy-phenylacetic acid (29-1) (500 mg, 3.29
mmol, | equiv) in ethanol (10 mL) at 23°C. The reaction mixture was
heated at reflux for 1.5 h. The solution was cooled to 23°C, then was
concentrated. The residue was diluted with ethyl acetate, and the
resulting solution was washed with water (2 x 20 mL). The organic
fayer was dried over magnesium sulfate and was concentrated to afford
the product as a colorless oil 29-2 which was used without further
purification.
IH NMR (400 MHz, CDCI3), 8: 7.17 (t, 1H,J = =7.88 Hz, ArH [meta
to OH)), 6.83 (d, 1H, J = = 7.51 Hz, ArH [ortho to OH]), 6.78 (s, 1H,
ArH [ortho to OH)), 6.74 (d, 1H,J = =8.05 Hz, ArH [para to OH]),
5.90 (br s, 1H, ArOH), 4.17 (g, 2H, J = =7.15 Hz, CO2CH2CH3), 3.57
(s, 2H, CH2CO?CH2CH3), 1.26 (t, 3H,J = =7.14 Hz, CO2CH2CH3).

Step B: Preparation of ethyl 3-cyclohexylmethyloxy-phenylacetate
(29-3) :

Cs,C0;, O\/
DMF

OCH,CH, 0
QCH,CHg

29-2 29-3
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Cyciohexylmethyl bromide (0.459 mL, 3.29 mrmol, 1
equiv) was added to a suspension of 29-2 (592 mg, 3.29 mmol, 1 equiv)
and cesium carbonate (1.07 g, 3.29 mmol, 1 equiv) in N, N-
dimethylformamide (6 mL) at 23°C. The reaction mixture was heated
to 70°C and was stirred at that temperature for 3h. The solution was
cooled to 23°C and was concentrated. The residue was diluted with
ethyl acetate, and the resulting solution was washed with an aqueous
saturated ammonium chloride solution (2 x 20 mL). Organic layer was
dried over magnesium sulfate and was concentrated. The resulting oil
was purified by flash column chromatography (5% ethyl acetate in
hexane) to afford the product as a colorless oil 29-3 as well as
recovered ethyl 3-hydroxy-phenylacetate,

IH NMR (400 MHz, CDCI3), 8: 7.21 (¢, I1H,J = 7.69 Hz, ArH [meta to
OCH2Cy)), 6.81 (m, 2H, ArH [ortho and para to OCH2Cy]), 6.83 (s,
1H, ArH [ortho to the OCH2Cy]), 4.15 (q, 2H, J = 7.14 Hz,
CO2CH2CH3), 3.74 (d, 2H, J=6.40 Hz, OCH2Cy), 3.57 (s, 2H,
CH2C02CH2CH3), 1.86 (d, 2H, J=12.6 Hz, CyH), 1.74 (m, 4H, CyH),
1.24 (m, 3H, CyH), 1.25 (t, 3H, /=7.14 Hz, CO2CH2CH3), 1.05 (m, 21,
CyH); TLC (10% EtOAc-hexane), Rf: = 0.50 (UV)

Step C: Preparation of v3-cyclohexylmethyloxy-phenylacetic acid

{29-4)
[ j\ . O\/o
© 1N NaOH
+-BuOH
A
0 0]
29-3 OCH,CH,4 29-4 OH

A solution of aqueous sodium hydroxide (IN, 14 mL, 14.0
mmol, 10 equiv) was added to a solution of ethyl 3-cyciohexyl-
methyloxy-phenylacetate 29-3 (384 mg, 1.39 mmol, | equiv) in a
mixture of t-butanol (} mL) and water (4 mL) at 23°C. The reaction
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mixture was heated at reflux for 2h. The solution was cooled to 23°C
and was diluted with ethyl acetate (50 mL). The organic layer was
washed with an aqueous 10% potassium hydrogen sulfate solution (2 x
25 mL), then was dried over magnesium sulfate and was concentrated to
afford the product 29-4 as a white solid, which was used without

- further purification.

IH NMR (400 MHz, CD30D), 8: 7.19 (t, 1H, J=7.88 Hz, ArH {meta to
OCH2Cy)), 6.83 (s, 1H, ArH [ortho to OCH2Cy]), 6.79 (m, 2H, ArH
[ortho and para to OCH2Cy]), 3.75 (d, 2H, J=6.04 Hz, OCH2Cy), 3.55
(s, 2H, CH2CO2H), 1.87 (d, 2H, J=12.5 Hz, CyH), 1.74 (m, 4H, CyH),
1.29 (m, 3H, CyH), 1.10 (m, 2H, CyH).

Step D Preparation of N-4'-pyridyl-(3-cyclohexylmethyl-
oxy)phenylacetamide (29-5)

CICOCOCI,
4-aminopyridine
o] EtsN 0
29-4
OH H X

29-5 |
N
=

Oxalyl chloride (0.158 mL, 1.81 mmol, 3 equiv) and a
catalytic amount of N, N-dimethylformamide (2 mL) were added
consecutively to a solution of 29-4 (150 mg, 0.604 mmol, 1 equiv) in
dichloromethane (2 mL) at 23°C. Once gas evolution ceased
(approximately 2 min following the addition of the N, N-
dimethylformamide), the volatiles were removed in vacuo. The residue
was dissolved in dichloromethane (2 mL), and the resulting solution was
transferred via cannula to a suspension of 4-aminopyridine (284 mg,
3,02 mmol, 5 equiv) and triethylamine (0.673 mL, 4.83 mmol, 8 equiv)
in dichloromethane (2 mL) at 23°C. The reaction mixture was stirred
for 2.5 h at 23°C and then was concentrated in vacuo. The residue was
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diluted with ethyl acetate (50 mL), and the resulting solution was
washed with an aqueous saturated ammonium chloride solution (2 x 20
mL). The organic layer was dried over magnesium sulfate and was
concentrated. The residue was purified by flash column
chromatography (100% ethyl acetate) to afford 29-5 as a yellow oil (36
mg, 18.4 %),

IH NMR (400 MHz, CDCI3 ), d: 846 (dd, 2H, J=4.86, 1.56 Hz, PyH),
7.36 (dd, 2H, J = 4.85, 1.56 Hz, PyH), 7.32 (¢, 1H, J=7.88 Hz, ArH
[meta to OCH2Cy]), 7.17 (s, 1H, Amide H}, 6.88 (m, 2H, ArH [ortho to
OCH2Cy)), 6.84 (d, 1H, J=1.83 Hz, ArH [para to OCH2Cy]), 3.76 (d,
2H, J=6.23 Hz, OCH2Cy), 3.72 (s, 2H, CH2-amide), 1.86 (d, 2H,
J=13.18 Hz, CyH), 1.76 (m, 4H, CyH), 1.29 (m, 3H, CyH), 1.04 (m, 2H,
CyH). TLC (EtOAc), Rf. = 0.20 (UV).

Step E: Preparation of 4-(2-(3-cyclohexylmethyloxy-
phenyllethyl)aminopyridine (20-6)

LAH
TH F
29-5

A solution of lithium aluminum hydride in tetrahydrofuran
(1.0 M, 0.308 ml, 0.308 mmol, 4 equiv) was added to a solution of 28-5
(25 mg, 0.077 mmol, 1 equiv) in tetrahydrofuran (2 mL) at 0°C. The
reaction mixture was heated to 50°C and was held at that temperature
for 2 h. The mixture was cooled to 0°C, and excess lithium aluminum
hydride was quenched by the consecutive addition of water (12 pI),
aqueous 15% sodium hydroxide solution (12 pl), and water (36 pl).
The resulting aluminum salis were removed by filtration. The filtrate
was concentrated, and the residue was purified by flash column
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chromatography (1% methanol in chloroform saturated with ammonia)
to afford the product 29-6 as a pale yellow solid (mp: = 81-83°C).

1H NMR (400 MHz, CDCI3 ), 8: 8.20 (dd, 2H, /=4.94, 1.47 Hz, PyH),
7.23 (t, 1H, J=7.84 Hz, ArH [meta to OCH2Cy)), 6.78 (m, 3H, ArH
[ortho and para to OCH2Cy)), 6.43 (dd, 2H, /=4.85, 1.56 Hz, PyH),
4.15 (s, 1H, NH), 3.74 (d, 2H, J=6.22 Hz, OCH2Cy), 3.44 (q, 2H,
J=6.87 Hz, CH2NH), 2.89 (t, 2H, /=687 Hz, CH2CH2NH), 1.87 (d, 2H,
J=13.37 Hz, CyH), 1.77 (m, 4H, CyH), 1.27 (m, 3H, CyH), 1.06 (m, 2H,
CyH); TLC (1% MeOH-CHCI3 sat'd with NH3), Rf: = 0.27 (UV)

In vitrg assay for determining proteinase inhibition
Assays of human a-thrombin and human trypsin were

performed at 25°C in 0.05 M TRIS buffer pH 7.4, 0.15 M NaCl, 0.1%
PEG. Trypsin assays also contained § mM CaCl2.

' In assays wherein rates of hydrolysis of a p-nitroanilide
(pna) substrate were determined, a Thermomax 96-well plate reader
was used to measure (at 405 nm) the time dependent appearance of p-
nitroaniline. sar-PR-pna (sarcosine-Pro-Arg-p-nitroanilide) was used to
assay human a-thrombin (Km=125 pM) and human trypsin (Km=59
pM). p-Nitroanilide substrate concentration was determined from
measurements of absorbance at 342 nm using an extinction coefficient
of 8270 cm-1M-1. '

In certzin studies with potent inhibitors (Kj < 10 nM)
where the degree of inhibition of thrombin was high, a more sensitive
activity assay was employed. In this assay the rate of thrombin
catalyzed hydrolysis of the fluorogenic substrate Z-GPR-afc (Cbz-Gly-
Pro-Arg-7-amino-4-trifluoromethyl coumarin) (Km=27 pM) was
determined from the increase in fluorescence at 500 nm (excitation at
400 nm) associated with production of 7-amino-4-trifiuoromethyl
coumarin. Concentrations of stock solutions of Z-GPR-afc were
determined from measurements of absorbance at 380 nm of the 7-
amino-4-trifluoromethylcoumarin produced upon complete hydrolysis
of an aliquot of the stock solution by thrombin.
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Activity assays were performed by diluting a stock solution
of substrate at least tenfold to a final concentration 0.5 Km into a
solution containing enzyme or enzyme equilibrated with inhibitor,
Times required to achieve equilibration between enzyme and inhibitor
were determined in control experiments. Initial velocities of product
- formation in the absence (Vo) or presence of inhibitor (Vi) were
measured, Assuming competitive inhibition, and that unity is negligible
compared Km/[S], [T)/e, and [I}/e (where [S], [1], and e respectively
represent the total concentrations, of substrate, inhibitor and enzyme),
the equilibrium constant (Kj) for dissociation of the inhibitor from the
enzyme can be obtained from the dependence of Vo/Vj on [} shown in
equation 1.

Vo/Vi=1+[I/K;j (N

The activities shown by this assay indicate that the
compounds of the invention are therapeutically useful for treating
various conditions in patients suffering from unstable angina, refractory
angina, myocardial infarction, transient ischemic attacks, atrial
fibrillation, thrombotic stroke, embolic stroke, deep vein thrombosis,
disseminated intravascular coagulation, and reocclusion or restenosis of
recanalized vessels.

Thrombin Inhibitors - Therapeutic Uses

Anticoagulant therapy is indicated for the treatment and
prevention of & variety of thrombotic conditions, particularly coronary
artery and cerebrovascular disease. Those experienced in this field are
readily aware of the circumstances requiring anticoagulant therapy.
The term "patient” used herein is taken to mean mammals such as
primates, including humans, sheep, horses, cattle, pigs, dogs, cats, rats,
and mice.

Thrombin inhibition is useful not only in the anticoagulant
therapy of individuals having thrombotic conditions, but is useful
whenever inhibition of blood coagulation is required such as to prevent
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coagulation of stored whole blood and to prevent coagulation in other
biological samples for testing or storage. Thus, thrombin inhibitors can
be added to or contacted with any medium containing or suspected of
containing thrombin and in which it is desired that blood coagulation be
inhibited, e.g., when contacting the mammal's blood with material
selected from the group consisting of vascular grafts, stents, orthopedic
prothesis, cardiac prosthesis, and extracorporeal circulation systems

The thrombin inhibitors of the invention can be
administered in such oral forms as tablets, capsules (each of which
includes sustained release or timed release formulations), pills, powders,
granules, elixers, tinctures, suspensions, syrups, and emulsions.
Likewise, they may be administered in intravenous (bolus or infusion),
intraperitoneal, subcutaneous, or intramuscular form, all using forms
well known to those of ordinary skill in the pharmaceutical arts. An
effective but non-toxic amount of the compound desired can be
employed as an anti-aggregation agent. For treating ocular build up of
fibrin, the compounds may be administered intraocularly or topically as
well as orally or parenterally.

The thrombin inhibitors can be administered in the form of
a depot injection or implant preparation which may be formulated in
such a manner as to permit a sustained release of the active ingredient.
The active ingredient can be compressed into pellets or small cylinders
and implanted subcutaneously or intramuscularly as depot injections or -
implants. Implants may employ inert materials such as biodegradable
polymers or synthetic silicones, for example, Silastic, silicone rubber or .
other polymers manufactured by the Dow-Coming Corporation.

The thrombin inhibitors can also be administered in the
form of liposome delivery systems, such as small unilamellar vesicles,
large unilamellar vesicles and multilamellar vesicles. Liposomes can be
formed from a variety of phospholipids, such as cholesterol,
stearylamine or phosphatidylcholines.

The thrombin inhibitors may also be delivered by the use
of monoclonal antibodies as individual carriers to which the compound
molecules are coupled. The thrombin inhibitors may also be coupled




WO 98/10763 PCT/US97/1598%

-139-

with soluble polymers as targetable drug carriers. Such polymers can
include polyvinlypyrrolidone, pyran copolymer, polyhydroxy-propyl-
methacrylamide-phenol, polyhydroxyethyl-aspartamide-phenol, or
polyethyleneoxide-polylysine substituted with palmitoy! residues.
Furthermore, the thrombin inhibitors may be coupled to a class of
-biodegradable polymers useful in achieving controlled release of a drug,
for example, polylactic acid, polyglycolic acid, copolymers of polylactic
and polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric
acid, polyorthoesters, polyacetals, polydihydropyrans,
polycyanoacrylates and cross linked or amphipathic block copolymers
of hydrogels.

The dosage regimen utilizing the thrombin inhibitors is
selected in accordance with a variety of factors including type, species,
age, weight, sex and medical condition of the patient; the severity of the
condition to be treated; the route of administration; the renal and
hepatic function of the patient; and the particular compound or salt
thereof eraployed. An ordinarily skilied physician or veterinarian can
readily determine and prescribe the effective amount of the drug
required to prevent, counter, or arrest the progress of the condition.

Oral dosages of the thrombin inhibitors, when used for the
indicated effects, will range between about 0.1 mg per kg of body
weight per day (mg/kg/day) to about 100 mg/kg/day and preferably 1.0-
100 mg/kg/day and most preferably 1-20 mg/kg/day. Intravenously, the
most preferred doses will range from about 0.01 to about 10
mg/kg/minute during a constant rate infusion. Advantageously, the
thrombin inhibitors may be administered in divided doses of two, three,
or four times daily. Furthermore, they can be administered in
intranasal form via topical use of suitable intranasal vehicles, or via
transdermal routes, using those forms of transdermal skin patches well
known to those of ordinary skill in that art. To be administered in the
form of a transdermal delivery system, the dosage administration will,
or course, be continuous rather than intermittent throughout the dosage
regime.
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For example, oral tablets can be prepared which contain an
amount of active compound of between 100 and 500 mg, typically
between 200 and 250 mg. Typically, a patient in need of thrombin
inhibitor compound, depending on weight and metabolism of the
patient, would be administered between about 100 and 1000 mg active
compound per day. For a patient requiring 1000 mg per day, two
tablets containing 250 mg of active compound can be administered in
the moming and two tablets containing 250 mg of active compound can
again be administered in the evening. For a patient requiring 500 mg
per day, one tablet containing 250 mg of active compound can be
administered in the morning and one tablet containing 250 mg of active
compound can again be administered in the evening.

The thrombin inhibitors are typically administered as active
ingredients in admixture with suitable pharmaceutical diluents,
excipients or carriers (collectively referred to herein as "carrier”
materials) suitably selected with respect to the intended form of
administration, that is, oral tablets, capsules, elixers, syrups and the like,
and consistent with convention pharmaceutical practices.

For instance, for oral administration in the form of a tablet
or capsule, the active drug component can be combined with an oral,
non-toxic, pharmaceutically acceptable, inert carrier such as lactose,
starch, sucrose, glucose, methy! cellulose, magnesium stearate,
dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the like; for
oral administration in liquid form, the oral drug components can be
combined with any oral, non-toxic, pharmaceutically acceptable inert
carrier such as ethano!, glycerol, water and the like. Moreover, when
desired or necessary, suitable binders, lubricants, disintegrating agents
and coloring agents can also be incorporated into the mixture. Suitable
binders include starch, gelatin, natural sugars such as glucose or beta-
lactose, corn-sweeteners, natural and synthetic gums such as acacia,
tragacanth or sodium alginate, carboxymethylcellulose, polyethylene
glycol, waxes and the Iike. Lubricants used in these dosage forms
include sodium oleate, sodium stearate, magnesium stearate, sodium
benzoate, sodium acetate, sodium chloride and the like. Disintegrators
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include, without limitation, starch methyl cellulose, agar, bentonite,
xanthan gum and the like.

The thrombin inhibitors can also be co-administered with
suitable anti-coagulation agents or thrombolytic agents such as
plasminogen activators or streptokinase to achieve synergistic effects in
the treatment of various ascular pathologies. For example, thrombin
inhibitors enhance the efficiency of tissue plasminogen activator-
mediated thrombolytic reperfusion. Thrombin inhibitors may be
administered first following thrombus formation, and tissue
plasminogen activator or other plasminogen activator is administered
thereafter. They may also be combined with heparin, aspirin, or
warfarin.

EXAMPLE 10

Tablet Preparation
Tablets containing 25.0, 50.0, and 100.0 mg., respectively,

of the following active compound is prepared as illustrated below:

4-amino-1-(4-(1,1 -diphenylmethoxy)benzylpyridinium bromide

TABLE FOR DOSES CONTAINING FROM
- 25-100MG OF THE ACTIVE COMPOUND

Amount-mg
Active Compound 25.0 50.0 100.0
Microcrystalline cellulose 37.25 100.0 200.0
Modified food corn starch 37.25 4.25 8.5

Magnesium Stearate 0.50 0.75 1.5
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All of the active compound, cellulose, and a portion of the
corn starch are mixed and granulated to 10% corn starch paste. The
resulting granulation is sieved, dried and blended with the remainder of
the com starch and the magnesium stearate. The resulting granulation
is then compressed into tablets containing 25.0, 50.0, and 100.0 mg,

-respectively, of active ingredient per tablet.
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The claims defining the invention are as follows:

1. A compound having the foliowing structure:

—\.-J—A
Rl\(o @
R RS

3

|
and pharmaceutically acceptable salts thereof wherein
J 8 (CHa), {CH2)mNH, or 502, where mis 1 or 2;
R and R? are independently selected from
hydrogen,
aryl, or
I cyclo Gz alky! unsubstituted or substituted with one or more of Cqq alkyl, Cqq alkoxy,

benzyl, cyclohexylmethyl or aryl,

Riis
hydragen,
Cra alkyl, or
. 5 C1.4 alkenyl;
P A'is selected from one of the following fragments

<. — NH HN —
NN N e %
: \ N N, N o FaN B

wherein 8is N or CH.

. 2. A compound according to claim 1 having the following siructure:
:llll: ‘JiA
HHEH L2 K2
LXX L] ]“
£ |
0. and pharmaceutically accaptable salts thereof wherein

Jis CHy, CHzNH, or SOy,

Ri and R? are independently selected from
> hydrogen,
aryl, or

cyclohexyl;
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Riis
hiydrogen,
-CH=CHz, or
-CHyCHs, and

A is selected from one of the oliowmg fragments
/NH HN\ =
*\ o s h :
N Nj N
NH, or HoN

3 A compound according to claim 2 which has the same structure:

Q”@”\Q

o bw_

O NHz

1

[EADAVLIALIBA 32 72apeca deoc 11,



an

143
and pharmaceutically acceptable salts thereof,

4. A compound being the title compound substantially as hereinbefore described
with reference to any one of the Examples.

5. A process of preparing a compound of claim 1, wherein the process is
substantially as hereinbefore described with reference to the procedures outlined in Schemes |-V

G. A composition comprising a compound of any one of claims 1 to 4 and a
pnarmaceutically acceptable carrier,

7. A method for inhibiting thrombin in blood in & mammal, the method comprising
adminislering o the mammal a compound of any one of claims 1 to 4 or a compasition of claim 6.

8 A method for inhibiting formation of blood platelet aggregates in blood in a
mammal, the method comprising administering to the mammal a compound of any one of claims 1
to 4 or @ composition of claim 6.

9. A method for inhibiting formation of fibrin in blood in a mammal, the method
comprising administering to the mammal a compound of any one of claims 1 1o 4 or a composition
ot claim 6.

10, A method for inhibiting thrombus formation is blood in a mammal, the method
comprising administering to the mammal a compound of any one of claims 1 1o 4 or a composition
of claim 6.

11. A m.ethod for inhibiting thrombin in stored blood, the method comprising
administering to the mammal a compound of any one of claims 1 to 4 or a composition of claim 6.

12. A method for inhibiting formation of blood platelet aggregates in stored blood,
the method comprising administering o the mammal a compound of any one of claims 1to 4 or a
compaosition cf claim 6.

13. A method for inhibiting formation of fibrin in stored blood, the method
comprising administaring to the mammal a compound of any one of claims 1o 4 or a composition
of claim 6.

14. A melhod of inhibiting thrombus formation in stored blood, the method
comprising administering to the mammal a compound of any one of claims 110 4 or a composition
of claim &

15. - The use of a compound of any one of claims 1 to 4, or a pharmaceutically
acceplable salt thereof, in the manufacture of a medicament for a purpose in a mammai selected
from a graup consisting of inhibiting thrombus formation, preventing thrombus formation, inhibiting
thrombin, inhibiting formation of fibrin and inhibiting formation of blood platelet aggregates.

16. A compourd of any one of claims 1 to 4 ar a composition of claim 6 when used

=

a purpose in a mammal selected from a group consisting of inhibiting thrombus formation,
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preventing thrombus formation, inhibiting thrombin, inhibiting formation of fibrin and inhibiting

formation of blood platelet aggregates.

Dated 8 August, 2000
Merck & Co., Inc.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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