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ANTITHROMBOTIC AGENTS

This application claims the benefit of U.S. Provisional

- Application No. 60/050,894, filed June 26, 1997.

- This invention relates to antithrombotic aromatié
compounds which demonstrate activity as inhibitors of )
factor Xa and, accordingly, which are useful anticoagulants
in mammals. In particular it relates to aromatic compounds
having high anticoagulant activity, and antithrombotic
activity. Thus, this invention relates to new inhibitors of
factor Xa, pharmaceutical compositions containing the
compounds as active ingredients, and the use of the
compounds as anticoagulants for prophylaxis and treatment of
thromboembolic disorders such as venous thrombosis,
pulmonary embolism, arterial throhbosis, in particular
myocardial ischemia, myocardial infarction and cerebral
thrombosis, general hypercoagulable states and local
hypercoagulable states, such as following angioplasty and

coronary bypass operations, and generalized tissue injury as

- it relates to the inflammatory process. In addition, the

antithrombotic agents are useful as anticoagulants in in
vitro applications.

The process of blood coagulation, thrombosis, is
triggered by a complex proteolytic cascade leading to the
formation of thrombin. Thrombin proteolytically removes
activation peptides from the Ao-chains and the Bf-chains of
fibrinogen, which is éoluble in blood plasma, initiating
insoluble fibrin formation. The formation of thrombin from
prothrombin is catalyzed by factor Xa.
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Anticoagulation currently is achieved by the
administration of heparins and coumarins. Parenteral
pharmacological control of coaguiaﬁibn and thrombosis is
based on inhibition of thrombin through the use of heparins.
Heparins act indireéctly on thrombin by accelerating the
inhibitbry'effect'bf'endodénous'antithfdmbih III (the main
physiological inhibitor of thrombin). Because antithrombin
III levels vary in plasma and because clot-bound thrombin
seems resistant to this indirect mechanism, hebarins can be
an ineffective treatment. Because coagulation assays are
believed to be associated with efficacy and with safety,
heparin levels must be monitored with coagulation assays
(particularly the activated partial thromboplastin. time
(APTT) assay). Coumarins impede the generation of 'thrombin
by blocking the posttranslational gamma-carboxylation in the
synthesis of prothrombin and other proteins of this type.
Because of their mechanism of action, the effect of
coumarins can only develop.slowly,'6—24 hours after -
administration. Further, they are not selective
anticoagulants. Coumarins also require monitoring with
coagulation assays (particularly the prothrombin time (PT)
assay) . o '

Recently, interest has grown in small synthetic

molecules which demonstrate potent direct inhibition of

“thrombin and factor Xa. See, Jeremy J. Edmunds and Stephen

T. Rapundalo (Annette M. Doherty Section Editor), Annual
Reports in Medicinal Chemistry, (1996}, 31, 51-60. .

Although the heparins and coumarins are effective
anticoagulants, no commercial drug has yet emerged from the
small synthetic molecules; and despite the continuing
promise for this class of compounds, there still exists a
need for anticoagulants which act selectively on factor Xa
or thrombin, and which, independent of antithrombin III,

exert inhibitory action shortly after administration,

“
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preferably by an”gral route, and do noéiinterfere with lysis
of blood clots, as required to maintain hemostasis.

The present invention is directed to the discovery that
the compounds of the present invention, as defined below,
are potent inhibitors of factor Xa which may have high
bioavailability foliowing oral administration.

According to the invention there is provided a method
of inhibiting factor Xa comprising using an effective amount

of a factor Xa inhibiting compound of formula I

AséAe L1-Q1
A‘l‘ \,Il: T
§§Aa R2

wherein

a3, a4, A5 and 2%, together with the two carbons to
which they are attached, complete a substituted benzene in
which A3 is crR3, a4 is cr4, A5 is CR5, and a6 is CRrS;

‘wherein

R3 is hydrogen, hydroxy, [(1-2C)alkyl]carbonyloxy
(which may bear an w-carboxy substituent), benzoyloxy (which
may bear one or more halo, hydroxy, methoxy or methyl
éubstituents), methyl or methoxy;

one of R4 and RS is hydrogen, methyl, halo, trifluoro-
methyl, nitro, amino(imino)methyl, amino(hydrbxyimino)—
methyl, Rfo-, Rfo,c-, rRfo,c-cHy-, REO,C-CHp-O-,
3-methoxycarbonyl-l-oxopropyl, RINH- or bis (methylsulfonyl)-
amino;

the other of R4 and RS is hydrogen, halo or methyl; and

R6 is hydrogen, fluoro, hydroxy, [(1-2C)alkyl]-
carbonyloxy (which may bear an ®W-carboxy substituent),
benzoyloxy (which may bear one or more halo, hydroxy,
methoxy or methyl substituents), methyl or methoxy;
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- -NH-c0-Q1, -0-c0-Ql or -co-NH-QL;

3-, 4-or 5-position(s) indépendently selected from halo, .

2-chloro or 2—f1uoro substituent, the 2-furanyl or 2-thienyl

-4 - '
‘in which REf is hydrogen, (1-4C)alkyl or benzyl; RY is

~hydrogen,; [(1-4C)alkyl]carbonyl, acetyl, trifluoroacetyl,

methoxyacetyl, dimethylaminoacetyl, phenylalanyl,
2- (t-butoxycarbonylamino) -4-methylsulfinyl-1-oxobutyl,
3—[[(1—2C)alkoxy1carbony1]-1-0xopropy; or RPBSOp- (wherein h
is 1 or 2); and Rh is (1-4C)alkyl, trifluoromethyl, phenyl,
3,5-dimethylisoxazol-4~-yl or dimethylamino; or : S
two adjacent residues selected from R3, ‘R4, RS and RS ‘
together form a benz ring; and the other two are each
hydrogen;
.l is -NH-CO-, -0-CO- or -CO-NH- such that -Ll-@l is

ol is phenyl, 2-furanyl, 2-thienyl, 4-thiazolyl,
2-pyridyl, 2-naphthyl, 1,2-dihydrobenzofuran-5-yl,
1,2-dihydrobenzofuran-6-yl or'1,2-benzisoxazol—6—yl in which

the phenyl may bear one, two or three substituents at the
cyano, carbamoyl, aminomethyl, methyl, methoxy, difluoro-
methoxy, hydroxymethyl, fqrmyl, vinyl, amino, hydroxy and

3,4—methy1engdioxy, and in_additicn the phenyl may bear a

may bear a chloro or methyl substltuent at the 5-position,

the 4- thlazolyl may bear an amlno substltuent at the
2-position, the 2-pyr1dyl may bear an amino substltuent at
lthe G-position, and the 1, 2—ben21soxazol -6-y1l may bear a
chloro or methyl substltuent at the 3-position; or -CO- Q1 is
cyclopentenylcarbonyl or cyclohexenylcarbonyl

R2 is -L2RA-Q2A, _LzB_QZB,__L2C_QZC _LZD_QZD or.
-L2E_Q2E ywherein

L2A is a direct bond and | |

Q23 is ' ' ;
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in which D is carbonyl or -CHRK- in which RK is.hydrogen,
hydroxy, (1-6C)alkoxy, or -CHerj in which RJ is carboxy,

[ (1-4C)alkoxylcarbonyl or carbamoyl which may bear one or
two (1-2C)alkyl substituents on the nitrogen; and one of R
and R is hydrogen and the other is amino, bromo,
(1-4C)alkyl or (1-4C)alkoxy, or RM and REP together form a
benz ring;

L2B is -NH-CO-, -0-CO-, -CHy-O- or -O-CHp- such that
~12B-02B js -NH-CO-Q2B, -0-C0-0Q2B, -CHp-0-Q2B or -0-CH,-02B;
and .

Q2B is

R

in which RO is hydrogen, halo, (1-6C)alkyl, (1-4C)alkoxy,
benzyloxy or (1l-4C)alkylthio; and RP is 1l-hydroxyethyl,
l-hydroxy-l-methylethyl, l-methoxy-l-methylethyl,
4-piperidinyl, 4-pyridinyl, dimethylaminosulfonyl or -J-R49
in which J is a single bond, methylene, carbonyl, oxo,
-5(0)g- (wherein q is 0, 1 or 2), or -NRY¥- (wherein RY is
hydrogen or methyl); and R9 is (1-6C)alkyl, phenyl,
3-pyridyl or 4-pyridyl;

12C is -NRV-CO-X-, -NRV-CS-Y-, -CHp-CO-NRW-CH,-,
-0-CO0-, -0-CHp-, -S-CHp- or -CHy-NRX-CHy- such that -L2C-g2C
is -NRV-CO-X-Q2C, -NRV-CS-Y-Q2C, -CHy-CO-NRW-CH,-02C,
-0-c0-02C, -0-CHp-02C, -S-CHp-02C or -CHy-NRX-CH5-02C in
which X is -(CHp)yx- (wherein x is 0, 1 or 2), -NRVW-,

-NRW-CHy~, -0-, -0-CHp- or -S-CHp-; Y is -NRW-CHy- or
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-0-CHz-; each of RV and R¥ is independently hydrogeri, benzyl
or (1-6C)alkyl which is not branched at the o-position; and
RX is hydrogen, benzyloxycarbdnyl or [(1-4C)alkoxy]carbonyl;
and '

Q2C is 1-(4-pyridyl)piperidin-4-yl, 1-(4-pyridyl)-
piperidin—3—yl'6r 1—(4~pyfidyl)pyrrolidin—3—yl in which the
pyridyl may bear a substituent at its 2-position selected
from cyano, amiﬁomethyl; carboxy,ihydroxymethyl and
(1-2C)alkyl; : '

L2D is -NH-CO- such that -L2P-02D is -NH-CO-Q2D; ang

02D jis selected from 4-(4-pyridinyl)benzylbxy, 9-oxo0-
9H-fluoren-3-vy1, bgnzo[b]thiophen—z—yl (which may bear a
chloro, methyl or methoxy substituent), benzofuran-2-yl
(which may bear a chloro, methyl or methoxy substituent),
4-(4-morpholinyl)-4-oxobutyl, and 4-piperidinyl or
3,4-didehydropiperidin-4-yl (either one bearing a
substituent at the l-position selected from methylsulfonyl,
phenylsulfonyl, (1-5C)élkyl, (4-7C)cycloalkyl, tetrahydro-
pyran-4-yl, 4-thiacyclohexyl and -CHz-RZ in which RZ is
isopropyl, cyclopropyl, phenyl, pentafluorophenyl; furyl,
thienyl, 2-thiazolyl, or pyridyl in which the phenyl may
bear one or two substituents independently selected from
halo, cyano, hydroxy, methoxy, acetoxy, benzyloxy, amino,
acetylamino, nitro and 3, 4-methylenedioxy, and the thienyl
or furyl may bear a methyl or nitro:substituént);

LZE_is -NH-CO-0- (CHz) - (wherein n is 0, 1 or 2) or
-NH-CO-0- (CHp) 2-0- such that -L2E-Q2E is -NH-CO-O-(CHy),-02E
or -NH-CO-O-(CHp)2-0-Q2E; and | |

02E js 4-piperidinyl or 1—ben2y1piperidiﬁ—4-yl;

or a prodrug of the compoundﬂof formula I; _

or a pharmaceuticaily acceptable salt of the compound
of formula I or prodrug thereof. _

A particular factor Xa inhibiting compound of formula I

is one wherein

SR T
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a3, a4, a5 éﬁé 26, together with éﬁé two carbons to
which they are attached, complete a substituted benzene in
which a3 is CR3, a4 is cr4, A5 is CRS, and a® is CrS;
wherein

R3 ie hydrogen, hydroxy, [(1-2C)alkyl]carbonyloxy
(which may bear an ®-carboxy substituent), benzoyloxy (which
may bear one or more halo, hydroxy, methoxy or methyl
substituents), methyl or methoxy;

one of R4 and RS is hydrogen, methyl, halo, trifluoro-
methyl, nitro, amino(imino)methyl, amino (hydroxyimino)-
methyl, Rfo-, Rfoyc-, rfo,c-cHy-, RfOyC-CHy-O-,
3-methoxycarbonyl-l-oxopropyl, RINH~- or bis(methylsulfonyl)-
amino;

the other of R4 and RS is hydrogen, halo or methyl; and

R6 is hydrogen, hydroxy, [ (1-2C)alkyl]carbonyloxy
(whiéh may bear an w-carboxy substituent), benzoyloxy (which
may bear one or more halo, hydroxy, methoxy or methyl

‘substituents), methyl or methoxy;

in which RE is hydrogen, (1-4C)alkyl or benzyl; RY is
hydrogen) acetyl, trifluorocacetyl, phenylalanyl,
2~ ({t-butoxycarbonylamino) -4-methylsulfinyl-l-oxobutyl,
3-[[(1-2C)alkoxy]carbonyl] -1-oxopropyl or Rhsoz-; and RP is
(1-4C)alkyl, trifluoromethyl, phenyl, 3,5-dimethyl-
isoxazol-4-yl or dimethylamino; or

two adjacent residues selected from R3, R4, R5 and R6
together form a benz ring; and the other two are each
hydrogen;

Ll is -NH-CO-, -0-CO- or -CO-NH- such that -Ll-@Ql is
-NH-C0-Ql, -0-c0-Ql or -co-mE-Ql/

0l is phenyl, 2-thienyl, 4-thiazolyl, 2-pyridyl,
2-naphthyl or 1,2-benzisoxazol-6-yl in which the phenyl may
bear one, two or three substituents at the 3-, 4- or
5-position(s) independently selected from halo, cyano,

carbamoyl, aminomethyl, methyl, methoxy, hydroxymethyl,
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formyl, vinyl, amino, hydroxy and 3,4-methylenedioxy, the

2-thienyl may bear a chloro or methyl substituent at the
5-position, the-4—thiazdly1 may bear an amino substituent at
the 2-position, the 2-pyridyl may bear an amino substituent
at the 6-position, and the 1,2-benzisoxazol-6-yl may bear a
chloro or methyl substituent at the 3fposition;

R2 is _LZA_QZA’ _L2.B.__QZB,_ _LZC_Q_ZC, _LZD-QZ_D or
-L2E-Q2E yherein

L2A is a direct bond; and

Q2R is

in which D is carbonyl or -CHRK- in which RXK is hydrogen,
hydroxy, (1-6C)alkoxy, or--CHz-Rj,in which Rj is carboxy,

[ {1-4C)alkoxy] carbonyl or carbamoyl which may bear one or
two (1-2C)alkyl substituents on'the nitrogen; and one of RM
and R is hydrogen and the other is amino, bromo, -
(1-4C)alkyl or (1-4C)alkoxy, or RM and RR together form a
benz ring; _ _ .

L2B ig -NH-CO-, -0-CO-, -CHp-O~ or -O-CHp- such that
-L2B_g2B jg -NH-CO-Q2B, -0-C0-Q2B, -CH;-0-02B or -0-CHp-Q2B;
and

-QZB is

. R°
in which RO is hydrogen, halo, (1-6C)alkyl, (1-4C)alkoxy,
benzyloxy or (144Cjaikyithio;'and RP is 1-hydroxyethyl,

1—hydroxy41-methylethyl, 1-methoxy-1-methylethyl,
4—piperidinyl, 4—pyridiny1, dimethylaminosuifonyl or -J-RY

Cinm L
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in which J is aaé}hgle bond, methyleneéhéarbonyl, oxo,
—S(O)q—-(wherein g is 0, 1 or 2), or -NR¥- (wherein RT is
hydrogen or methyl); and RY is (1-6C)alkyl, phenyl,
3-pyridyl or 4-pyridyl; _

L2C is -NRV-CO-X-, -NRV-CS-Y-, -CHp~CO-NRW-CHj-,
-0-CO-, -0-CHy-, -S-CHp- or -CHp-NRX-CHy- such that -L2C-@2C
is -NRV-CO-X-Q2C, -NRV-CS-Y-Q2C, -CHp-CO-NRW-CH,-Q2C,
-0-c0-02C, -0-CHy-Q2C, -s-CHy-Q2C or -CHy-NRX-CHy-02C in
which X is - (CHy)x~ (wherein x is 0, 1 or 2), -NRW-CHy-,

-0-CHp- or -S-CHp-; Y is -NRW-CHp- or -0-CHy-; each of RV

and RV is independently hydrogen, benzyl or (1-6C)alkyl
which is not branched at the o-position; and R¥ is hydrogen,
benzyloxycarbonyl or [(1-4C)alkoxy]carbonyl; and

02C is 1-(4-pyridyl)piperidin-4-yl in which the pyridyl
may bear a substituent at its 2-position selected from
cyano, aminomethyl, carboxy, hydroxymethyl and (1-2C)alkyl;

12D is -NH-CO- such that -L2D-02D is -NH-C0-Q2D; and

Q2D is selected from 4-(4-pyridinyl)benzyloxy, 9-oxo-
9H-fluoren-3-yl, benzo[blthiophen-2-yl (which may bear a
chloro, methyl or methoxy substituent), benzofuran-2-yl
(which may bear a chloro, methyl or methbxy substituent),
4-(4-morpholinyl) -4-oxobutyl, and 4-piperidinyl bearing a
substituent at the l-position selected from methylsulfonyl,
phenylsulfonyl and -CH3-R% in which RZ% is isopropyl,
cyclopropyl, phenyl, pentafluorophenyl, furyl, thienyl,
2-thiazolyl, or pyridyl in which the phenyl may bear one or
two substituents independently selected from halo, cyano,
hydroxy, methoxy, acetoxy, benzyloxy, amino, acetylamino,
nitro and 3, 4-methylenedioxy, and the thienyl or furyl may
bear a methyl or nitro substituent;

L2E is -NH-CO-0-(CHy)p- (wherein n is 0, 1 or 2) or
-NH-CO-O- (CHp) 2-0- such that -L2E-Q2E jg -NH-CO-O-(CHy),-Q2E
or -NH-CO-O-(CHp)9-0-Q2E; and

Q2E ig 4-piperidinyl or l-benzylpiperidin-4-yl;
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or a prodrug of the compound of formula I; |
or a pharmaéeutically éccebtable salt of the compound
of formula I or prodrug thereof. '
In addition, there is provided the use of a factor Xa
inhibiting compound of formula I (or prodrug or salt) as

‘described herein as an active ingredient in the manufacture

of a medicament ﬁor use in prodncing an anticdagulant'or
antithrombotic effect. | |

The present invention also provides a method of
inhibiting coagulation in a'mammal'comprising administering
to a mammal in need of treatment, a coagulation inhibiting
dose of a factor Xa inhibiting compound of formula I having
any of the définitions herein.

:The present invention further provides a method of
inhibiting factor Xa comprising administering to a mammal in
need of treatment, a factor Xa inhibiting dose of a
factor Xa inhibiting compound of formula I having any of the
definitions herein. '

Further, the present invention provides a method of
treating a thromboembolic disorder comprising administering

to a mammal in need of treatment, an effective dose of a

factor Xa inhibiting“compound of formula I having any of the

definitions herein.

In addition, there is provided the use of a factor Xa
inhibiting compoﬁnd of formula I having any of the
definitions herein for the manufacture of a medicament for
treatment of a thromboembolic disorder.

As an additional feature of-the'invention.there is
provided a pharmaceutical formulation comprising in
association with'a pharmaceutically. acceptable carrier,
diluent or excipient, a-prodrUg-df a factor Xa inhibiting
compound of formula I (or of a pharmaceutically acceptable

salt thereof) as provided in any of the descriptions herein.
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In general,ﬂéﬁe factor Xa inhibiti%é compounds of
formula I are believed to be novel and, thus, to constitute
an additional aspect of the invention. However, certain
compounds of formula I have been disclosed. The
phthalimides of formula I wherein each of A3, a4, a5 ana a6
is CH, R2 is phthalimido, and -Ll—Ql is —NH—CO—Ql, in which
Ql is phenyl bearing a 4-chloro, 4-methyl or 4-methoxy .
substituent, or -L1l-Ql is -co-NH-Q! in which Ql is phenyl or
phenyl bearing a 4-chloro, 4-methyl or 4-methoxy substituent
are found in the Chemical Abstracts Registry. Also,
compounds of formula I Wherein each of A3, A3 and a6 is CH,
a4 is c-oH, -Ll-0l is -NH-C0-0l, and R2 is -NH-CO-0Q2B in
which, selected together, Ql is phenyl or phenyl bearing a

3-chloro, 4-fluoro or 4-methoxy substituent and Q2B ig

4-methylphenyl, 4—ethylphenyl or 4-methoxyphenyl or Q1 is
phenyl or phenyl bearing a 4-methoxy, 4-chloro, N
3,4-dichloro, 3,5-dihydroxy, 3,4-dihydroxy or 3-hydroxy
substituent(s) and Q2B is 4-methylphenyl or 4-methoxyphenyl
are disclosed in H.V. Meyers, et al., Molecular Diversity,
(1995), 1, 13-20.

Thus, according to the invention there is provided a

novel compound of formula I

6

A?¢A LLQ1
A"' I I
*§AP Ff

wherein

a3, a4, A3 and a5, together with the two carbons to
which they are attached, complete a substituted benzene in
which a3 is CR3, A% is CR4, A5 is CRS, and A% is CRr;
wherein '

R3 is hydrogen, hydroxy, [(1-2C)alkyl]carbonyloxy

(which may bear an w-carboxy substituent), benzoyvloxy (which
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may bear one or more halo,. hydroxy, methoxy or methyl
substituents), methyl or methoxy;. o

one of R% and R3 is hydrogen, methyl, halo, trifluoro----

methyl, nitro, amlno(lmino)methyl amlno(hydroxylmlno)-
methyl, Rfo-, Rfozc— rfo,c-cHy-, REOjC-CHp-0-, -
'"3-methoxycarbony1 -1- oxopropyl RQNH- or bls(methylsulfonyl)-
amino; - _
" the other df'R4:and R5 ‘is hydrogen, halo or methyl; and
R6 is hydrogen, fluoro, hydroxy, [(1-2C)alkyl]-
carbonyloxy (which may bear an m-céfboxy substituent),
benzoyloxy (which may bear one_or-more halof hydroxy,
methoxy or methyl substituents), methyl or methoxy} R
in which RE is hydrogen, (1- 4C)alkyl or benzyl; RY is
hydrogen, [(1- 4C)alky1]carbony1 acetyl trlfluoroacetyl
methoxyacetyl dlmethylamlnoacetylﬂ phenylalanyl, R
2~ (t—butoxycarbonylamlno) 4-methylsulf1nyl -1~ oxobutyl;.
3-[[(142C)alkoxyIcafbonyl]~1—oxepropyl.or Rhsoh—'(wherein h
is 1 or 2); and Rh is (1- 4C)alkyl trlfluoromethyl phenyl
3,5- dlmethyllsoxazol 4—y1 or dlmethylamlno, or
two adjacent residues selected from R3 R4, RS and R6
together form a.benz ring; and: the other two are each
hydrogen;
1.l is -NH-CO-, -0-CO- or -CO-NH- such that -Ll-Q1 is
-NH-C0-Q1, -0-c0-Ql or -co-NH-Ql/
ol is phenyl, 2-furanyl, 2- thlenyl 4-thiazolyl, =~ ___

2-pyridyl, 2—naphthy1, 1,2—d1hydrobenzofuran— -yl,
1,2-dihydrobenzofuran-6-yl or 1,2-benzisoxazol-6-yl in which
the phenyl may bear one, two or three substituents at the
3-, 4- or 5-position(s) independently selected from halo,
cyano, carbamoyl, aminomethyl, methyl, methoxy,~ difluoro-
methoxy, hydroxymethyl, formyl, vinyl, amino, hydroxy ~and
3,4-methyleﬁedioxy, and in addition the phenyl may bear a
2-chloro or 2-fluoro substituent, the 2-furanyl or 2-thienyl

may bear a chloro or methyl substituent at the 5-position,
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. the 4-thiazolyl ﬁéy bear an aiino substituent at the

2-position, the 2-pyridyl may bear an amino substituent at
the 6-position, and the 1,2-benzisoxazol-6-yl may bear a
chloro or methyl substituent at the 3-position; or -co-9t is
cyclopentenylcarbonyl or cyclohexenylcarbonyl;
_ R? is _LZA_QZA' _LZB_Q2B’ —L2C—Q2C, -L2D—Q2D or
-L2E-Q2E yherein

L2A is a direct bond; and

Q22 jig

in which D is carbonyl or -cHRK- in which RK is hydrogen,
hydroxy, (1-6C)alkoxy, or -CHp-RJ in which RI is carboxy,
[ (1-4C)alkoxy]carbonyl or carbamoyl which may bear one or
two (1-2C)alkyl substituents on the nitrogen; and one of RM

~and RB® is hydrogen and the other is amino, bromo,

(1-4C)alkyl or (1-4C)alkoxy, or R™ and R® together form a
benz ring;

12B jis -NH-CO-, -0-CO-, -CHy-0- or -O-CHy- such that
-12B-02B jg -NH-C0-Q2B, -0-C0-02B, -CH;-0-02B or -0-CH,-Q2B;
and

QzB,is

.Ho

in which RO is hydrogen, halo, (1-6C)alkyl, (1-4C)alkoxy,
benzyloxy or (1-4C)alkylthio; and RP is l-hydroxyethyl,
1-hydroxy-l-methylethyl, l-methoxy-l-methylethyl,
4-piperidinyl, 4-pyridinyl, dimethylaminosulfonyl or -J-RY

in which J is a single bond, methylene, carbonyl, oxo,
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-S(0) g~ (wherein g is 0, 1 or 2), or -NRY- {(wherein RY is
hydrogen or methyl); and R9 is (1-6C)alkyl, phenyl,
3-pyridyl or 4-pyridyl;

L2C is -NRV-CO-X-, -NRV-CS-Y-, -CHy-CO-NRW-CHp-,
-0-CO-, -0-CHg-, -S-CHy- or —-CHp-NR¥-CHg- such that -12C-Q2C
is -NRV-CO-X-02C, -NRV-CS-Y-02C, -CH,-CO-NRW-CH,-Q2C,
-0-c0-02C, -0-CH-02C, -s-CHy-Q2C or ~CHy-NRX-CH,-02C in
which X is -(CHp)x~ (wherein x is 0, 1 or 2), -NR¥-,
-NR¥-CHy-, -0-, -O-CHp- or -S-CHz-; Y is -NRW-CHp- or
-0-CHg-; each of RV and R¥ is independently hydrogen, benzyl
or (1-6C)alkyl which is not pranched at the o-position; and
R¥ is hydrogen, benzyloxycarbonyi or [(1-4C)alkoxylcarbonyl;
and :

02C is 1-(4-pyridyl)piperidin-4-yl, 1-(4-pyridyl)-

- piperidin-3-yl or 1-(4-pyridyl)pyrrolidin-3-yl in which the

pyridyl may bear a substituent at its 2-position selected
from cyano, aminomethyl, carboxy, hydroxymethyl and
(1-2C)alkyl; _ 3 ' -

12D i -NH-CO- such that -L2D-g2D is -NH-C0-02D; and

02D igs selected from 4-(4-pyridinyl)benzyloxy, 9-oxo-

9H-fluoren-3-yl, benzo[blthiophen-2-yl (which may bear a
chloro, methyl or methoxy substituent), benzofuran-2-yl
(which may bear a chloro, methyl or methoxy substituent),
4- (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl or
3,4-didehydropiperidin-4-yl (either one bearing a
substituent at the l-position selected from methylsulfonyl,
phenylsulfonyl, (1-5C)alkyl, (4-7C)cycloalkyl, tetrahydro-
pyran-4-yl, 4-thiacyclohexyl and ~-CHy-RZ in which R? is
isopropyl, cyclopropyl, phenyl, pentafluorophenyl, furyl,
thienyl, 2-thiazolyl, or pyridyl in which the phenyl may
bear one or two substituents ihdependently selected from

halo, cyano, hydroxy, methoxy, acetoxy, benzyloxy,_amino,

- acetylamino, nitro and 3,4—methylenedioxy, and the thienyl

or furyl may bear a methyl or nitro substituent);

e
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L2E is -NH-CO-O-(CHy)p- (wherein n is 0, 1 or 2) or
-NH-CO-0- (CHp) 2-0- such that -L2E_g2E jg -NH-CO-0- (CHp)p-Q2E
or -NH-CO-O-(CHy)2-0-Q2E; and

Q2E is 4-piperidinyl or 1—benzy1p1per1d1n-4-yl

or a prodrug of the compound of formula I;

or a pharmaceutically acceptable salt of the compound
of formula I or prodrug thereof;

provided that the compound is not one wherein each of
a3, a4, A5 and ab is CH,_R2 is phthalimido, and ~Ll-pl is
-NH-C0-Ql, in which Q1 is phenyl bearing a 4-chloro,
4-methyl or 4-methoxy substituent, or —Ll—Q1 is -CO-NH—Q1 in
which Q1 is phenyl or phenyl bearing a 4-chloro, 4-methyl or
4-methoxy substituent;

nor one wherein each of a3, a5 and A6 is cH, a4 is

c-0H, -Ll-Ql is -NH-CO-Ql, and RZ2 is -NH-CO-Q2B in which,

selected together, ol is phenyl or phenyl bearing a
3-chloro, 4-fluoro or 4-methoxy substituent and Q2B is
4-methylphenyl, 4-ethylphenyl or 4-methoxyphenyl or Ql is

phenyl or phenyl bearing a 4-methoxy, 4-chloro,

3,4-dichloro, 3,5-dihydroxy, 3,4-dihydroxy or 3-hydroxy
substituent(s) and Q2B is 4-methylphenyl or 4-methoxyphenyl.

A particular novel compound of formula I is one wherein

a3, a4, a5 and a6, together with the two carbons to
which they are attached, complete a substituted benzene in
which a3 is cr3, a4 is cr4, a5 is crRS, and 26 is CRS;
wherein

R3 is hydrogen, hydroxy, [(1-2C)alkyl]lcarbonyloxy
(which may bear an W-carboxy substituent), benzoyloxy (which
may bear one or more halo, hydroxy, methoxy or methyl
substituents), methyl or methoxy;

one of R4 and R® is hydrogen, methyl, halo, trifluoro-
methyl, nitro, amino(imino)methyl, amino (hydroxyimino)-
methyl, Rfo-, rfoyc-, rRfo,c-cHy-, REO,C-cHp-0-,

e

eet Has Been Replaced

\\||\I\\ I
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3-methoxycarbonyl-1l-oxopropyl, RINH- or bis (methylsulfonyl)-
amino; 1 e '

the other of R4 and RS is hydrogen, halo or methyl; and
R6 ‘is hydrogen, hydroxy, [(1-2C)alkyl]carbonyloxy
5 (which may bear an w-carboxy substituent), benzoyloxy (which
may bear one or more halo, hydroxy, methoxy or methyl
substituents), methyl orzmethoxy;
in which RE is hydrogen, (1-4C)alkyl or benzYl; RY is

hydrogen, acetyl, trifluorbacetyl, phenylalanyl,

10 2- (t-butoxycarbonylamino)-4-methylsulfinyl-1-oxobutyl, |
3-[[ (1-2C)alkoxy] carbonyl] -1l-oxopropyl or RhSO,-; and RP is
(1-4C)alkyl, trifluoromethyl, phenyl, 3,5-dimethyl-
isoxazol-4-yl or dimethylamino; or o -

two adjacent.teéidues selected from R3, R4/ R5 and R®

15 together form a benz'ring; aﬂd.the other two.are each

hydrogen; ' o

Ll is -NH-CO-, -0-CO- or -CO-NH- such that -L1-gl is
_MH-co-0l, -0-co-Ql or -co-NH-Qli -

ol is phenyl, Zéthienyl;'4—thiazolyl; 2-pyridyl,

20 2-naphthyl or 1,2-benzisoxazol-6-yl in which the phenyl may

bear one, two or three substituents at the 3-, 4- or

5-position($) independently'selectea'from hald; cyano,
carbamoyl, aminomethyl, methyl, methoxy, h&droxymethyl,
formyl, vinyl, amino, hydroxy and 3,4—methylenedioxy, the

25 2-thienyl may bear a chloro or methyl substituent'at the
5-position, the 4-thiazolyl may bear an amino subsfituent at
the 2-position, the 2-pyridyl may bear an amino substituent

at the 6-position, and the 1,2-benzisoxazol-6-yl may bear a

chloro or methyl substituent at the 3-position;
30 R2 is _LZA_QZA’ —LZB—QZB, —ch—ch, _L2D_Q2D or
; -1.2E_Q2E yherein '
12K is a direct bond; and
02A is

o
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-in which D is carbonyl or -CHRK- in which RK ig hydrogen,

hydroxy, (1-6C)alkoxy, or —CHz-Rj in which RJ is carboxy,
[ (1-4C)alkoxy]lcarbonyl or carbamoyl which may bear one or
two (1-2C)alkyl substituents on the nitrogen; and one of RM
and RN is hydrogen and the other is amino, bromo,
(1-4C)alkyl or (1-4C)alkoxy, or R® and RR together form a
benz ring; .

12B is -NH-CO-, -0-CO-, -CHy-O- or -O-CHp- such that
-L2B-02B js -NH-CO-Q2B, -0-C0-Q2B, -CH-0-02B or -0-CH-0Q2B;
and

Q2B is

RO

in which R® is hydrogen, halo, (1-6C)alkyl, (1-4C)alkoxy,
benzyloxy or (1-4C)alkylthio; and RP is l-hydroxyethyl,
l-hydroxy-l-methylethyl, l-methoxy-l-methylethyl,
4-piperidinyl, 4-pyridinyl, dimethylaminosulfonyl or -J-R9
in which J is a single bond, methylene, carbonyl, oxo,
-5(0)g- (wherein q is 0, 1 or 2), or -NRY- (wherein RY is
hydrogen or methyl); and R9 is (1-6C)alkyl, phenyl,
3-pyridyl or 4-pyridyl;

12C ig -NRV-CO-X-, -NRV-CS-Y-, -CHp-CO-NRW-CHj-,
-0-CO-, -0-CHy-, -S-CHp- or -CHy-NRX-CHo- such that -1.2C-Q2C
is -NRV-C0-X-Q2C, -NRV-CS-Y-02C, -CHy-CO-NRW-CH,-02C,
-0-c0-02C, -0-CH;-02C, -S-CH5-02C or -CH,-NR¥-CHp-02C in
which X is -(CHy)x- (wherein x is 0, 1 or 2), -NRW¥-CHy-,
~0-CHy- or -S-CHz-; Y is -NRW-CHy~ or -O-CHy~; each of RV
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and R¥ is independently hydrégen, benzyl or (1-6C)alkyl
which is not branchéd at the o-position; and R¥X is hydrogen,
benzyloxycarbonyl or [(1-4C)a1koxy]carbonyl; and

02C is l—(4—py5idyl)piperidin-4—y1 in which the pyridyl
may bear a substituent at its 2-p05itioh selected from
cyano, aminomethyl, carboxy, hydroxymethyl and (1—2C)alky1;

12D jis -NH-CO- such that -12D-02D is -NH-C0-02D; and

02D is selected from 44(4—pyridiny1)ben2yloxy; 9-oxo-
9H-fluoren-3-yl, benzo[b]thibphen—z-yi {(which may bear a
chloro, methyl or methoxy substituent), benzofuran-2-yl
(which may bear a chloro, methyl or méthoxy ;ubstituent),
4- (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl bearing a
substituent at the 1-posi£ion selected ffdm'methylsulfonyl;
phenylsulfonyl and -CHp-RZ in which RZ is isopropyl,
cyélopropyl, phenyl, pentafluorophenyl, furyl, thienyl,
2-thiazolyl, or pyridyl in which the phenyl may bear one or
two substituents independently selected from halo, cyano,
hydroxy, methoxy, acetoxy, benzyloxy, amino, acetylamino,
nitro and 3,4-methylenedioxy, and the thienyl or furyl may
bear a methyl or nitro substltuent .

L2E is -NH-CO-O-(CH3)p~ (wherein n is 0, 1 or 2) or
~NH-CO-0- (CHy) 2-O- such that -L2E-Q2E is -NH-CO-0-(CHp)n-Q2E
or -NH-CO-O-(CHp)2-0-Q%E; and |

Q2E is 4—p1per1d1ny1 or 1—benzy1p1per1d1n— -yl;

or a prodrug of the compound of formula I;

or a pharmaceutlcally acceptable salt of the compound
of formula I or prodrug thereof; _

provided that the compound is not one wherein each of
a3, a4, ad and_As is CH, R? is phthalimido, and -Ll-0l1 is
~NH-CO-Q1, in which @l is phenyl bearing a 4-chloro,
4-methyl or 4-methoxy substituent, or -Ll-gl is -co-NH-Ql in
which @l is phenyl or phenyl bearing a 4-chloro, 4-methyl or
4-methoxy substituent; .
R

Bwnmmh“d
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nor one wherein each of A3, a5 and A% is cH, af is
c-oH, -L1-@l is -NH-CcO0-Ql, and R2 is -NH-CO-02B in which,
selected together, ol is phenyl or phenyl bearing a
3-chloro, 4-fluoro or 4-methoxy substituent and 02B is
4-methylphenyl, 4-ethylphenyl or 4-methoxyphenyl or Q1 is
phenyl or phenyl bearing a 4-methoxy, 4-chloro,
3,4~-dichloro, 3,5-dihydroxy, 3,4-dihydroxy or 3-hydroxy
substltuent(s) and 02B ig 4-methylphenyl or 4—methoxyphenyl

A pharmaceutically acceptable salt of an antithrombotic
agent of the instant invention includes one which is an
acid-addition salt made from a basic compound of formula I
and an acid which provides a pharmaceutically acceptable
anion, as well as a salt which is made from an acidic
compound of formula I and a base which provides a
pharmaceutically acceptable cation. Thus, a salt of a novel
compound of formula I as provided herein made with an acid
or base which affords a pharmaceutically acceptable
counterion provides a particular aspect of the invention.
Examples of such acids and bases are provided hereinbelow.

As an additional aspect of the invention there is
provided a pharmaceutical formuiation comprising in
association with a pharmaceutidally acceptable carrier,
diluent or excipient, a novel compound of formula I (or a
pharmaceutically acceptable salt thereof) as provided in any
of the descriptions herein.

In this specification, the following definitions are
used, unless otherwise described: Halo is fluoro, chloro,
bromo or iodo. Alkyl, alkoxy, etc. denote both straight and
branched groups; but reference to an individual radical such
as ‘“propyl” embraces only the straight chain (“normal”)
radical, a branched chain isomer such as “isopropyl” being
specifically denoted. When two adjacent residues form a
(fused) benz ring, they form a cis,cis-buta-1l,3-dien-
1,4-diyl divalent radical. '
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It will be appreciated that certain compounds of
formula I (or salts or prodtugs,'etc.) may exist in, and be
isolated in, isomeric forms, including tautomeric forms,

cis- or trans-isomers, as well as optically active, racemic,

or diastereomeric forms. It is to be understood that the

present inventién encompasses a compound of formula I in any
of the tautomeric forms or as an a mixture thereof; or as a
mixture of diasﬁéreomers, as well as in the form of an
individual diastereomer, and that the present invention
encompasses a compound of formula I as a mixture of

enantiomers, as well as in the form of an individual

“enantiomer, any of which mixtures or form possesses

inhibitory properties against factor Xa, it being well known
in the art'how:tb prepare or isolate particular.forms and
how to determiﬁé inhibitory properties against factor Xa by
standard tests including those described below.

In addition, a compound of formula I (or salt or
prodrug, etc.) may exhibit polymorphism or may form a
solvate with water or an organic solvént. The present'
invention alsO'encompasses any such pélymorphic form, any
solvate or any mixture thereof. - ' |

Particular Values are listed below for radicals,
substituents, and ranges, for illustration only, and they do
not exclude other defined values or other values within
defined ranges for the radicals and substituents.

For an alkyl group or the alkyl portion of an alkyl
containing group such as, for example alkoxy, a particular
value for (1-2C)alkyl is methyl or ethyl, and more
particularly is methyl; for (1-4C)alkyl is methyl, ethyl,
propyl, isopropyl, butyl, iscbutyl, oi t-butyl, and more

particularly is methyl, isopropyl, butyl or t-butyl; for

(1-6C)alkyl is methyl, ethyl, propyl, butyl, pentyl or
hexyl, and more particularly is methyl, butyl, or hexyl. A
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- particular value. .fbr halo is bromo or &hHioro, and more

particularly is chloro.
A further particular compound of formula I is one of
formula Ia

Ia

whérein a4, 11, ol ana r2 havé any of the values defined
herein. o

| A particular value for Ql is 4—chlorophenyl or
4¥methoxyphenyl.

A particular value for RZ is -L2A-Q2A,

A particular value for R2 is -1,2B_g2B

A particular value for R? is fLZC—ch.

A particuiar value for R2 is -12D-g2D,

A particular value for R2 is -L2E_Q2E,

A more particular value for RZ is, for example,
(4-t—butylbenzbyl)amino, (4-methoxybenzoyl)amino, or
[1—(4—pyridyl)piperidin-4—yl]methoxycarbonylamino._

One particular compound of formula I as described
herein is one in which Ll-9l is -NH-cO-Q1.

Another particular compound of formula I as described
herein is one in which Ll-Ql is -co-NH-gl.

A prodrug of a compound of formula I may be one formed
in é conventional manner with a functional group of the
compound, such as with an amino, hydroxy or carboxy group.

A compound of formula I may be prepared by processes
which include processes known in the chemical art for the
production of any known compounds of formula I or of
structurally analogous compounds or by a novel process
described herein. A process for the preparation of a novel
compound of formula I (or a pharmaceutically acceptable salt

thereof), novel processes for the preparation of a compound
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of formula I and novel intermediates for the manufacture of
a compound of formula I as defined above provide furthei
features of the invention and are illustrated by the
following procedures in which the meanings of the generic
radicals are as defined above, unless otherwise specified.
It will be recognized that it_may be preferred or necessary
to prepare a compound of formula_I'in which a functional
group is protected using a conventional protecting group,
then to remove the protectlng group to provide the compound
of formula I. o

Thus, there is provided a process for preparing a novel
compound of formula T (or a pharmaceutically acceptable salt
thereof) as provided in any of the above desériptions which
is selected from any of those described in the examples,
including the following. | '

(A) For a compound of formula Iin whlch the linkage
of R2 to the ring terminates in -NH-CO-, —NRV—CO- or

-NRV—CSf, acylating an amine of formula 1z,
| | II

or a corresponding amine in which the nitrogen bears the
group RV, using a corresponding acid which terminates with
the group HO-CO- or HO-CS-, or an activated derivative
thereof. Typical'aétivated derivatives include the acid
halides, activated esters, including 4-nitrophenyl esters
and those derived from coupling reagents, as well as (when
the product is a urea or thiourea) 1socyanates and
isothiocyanates. '

(B) For a compound of formula I in which —Ll—Q1 is
-NH-CO-Ql, acylating an amine of formula III

ot
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Asds NH,

l l III
A\A“‘ R’

using an acid of formula HO-CO-Ql, or an activated
5 derivative thereof. _ _
(C) For a compound of formula I in which -Ll-qQl is
-CQ—NH—Ql and R2 is of the form -NH-CO-Q2, acylating an

amine of formula HzN--Q1 using_a [1,3]oxazine of formula IV,

A6
Aié
A\
10
wherein Q2 represents, for example, Q2B, 2C or 2D,
(D) For a compound of formula I in which R2 is
-L2R_02A and D is carbonyl, diacylating a compound of
15 formula II using an anhydride of formula V.
o)
Hm
(o] v
R
o)
(E) For a compound of formula I in which R2 is
-0-CO-Q2B, acylating an alcohol of formula VI
6 1 1
L-Q
A
20 a7 o
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using an acid of formula HO-CO0-Q2B, or an activated
derivative thereof. .

(F) For a compound of formula I in which R% or R5 is
amino, reducing the nitro groﬁp of a corresponding compound
of formula I in which R? or R3 is nitro.

(G) For a compound of formula I in which R4 or R5 is
RINH- and RY is RBSO,-, substituting the amlno group of a
corresponding compound of formula I 1n Wthh R4 or RS is
amino u51ng an actlvated derlvatlve of the sulfonlc acid
Rhsoz OH.

Whereafter, for any of the above procedures, when a
functional group is protected using a protecting group,
removing the protecting group.

Whereafter, for any of the above procedures, when a
pharmaceutically acceptable salt of a compound of formula I
is required, it is obtaihed by reacting the basic form of a
basic compound of formula I with an acid affording a
physiologically acceptable counterion or the acidic form of
an acidic compound of formula I with a base affording a
physiologically acceptable_counterion or by any other
conﬁentional procedure.

A novel intermediate or sterting material compound such
as, for example, a novel compound of formula II, III, IV orxr
VI, etc., provides a further aspect of the invention.

As mentioned above, a compound corresponding to a
compound of formula I but in which a functional group is
protected may serve as an intermediate for a compound of
formula I. Accordlngly, such a protected intermediate for a
novel compound of formula I prov1des a further aspect of the
invention. Thus, as one particular aspect of the invention,
there is provided a compound corresponding to a novel
compound of formula I as defined above in which R? is
hydroxy, but in which the corresponding substituent is -OPP

in place of hydroxy, wherein PP is a phenol protecting group
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other than (1-4C)#lkyl or benzyl. Phenifk protecting groups

are well known in the art, for example as described in T.W.
Greene and P.G.M. Wuts, "Protecting Groups in Organic
Synthesis" (1991). Further, PP may denote a functionalized
resin, for example as disclosed in H.V. Meyers, et al.,
Molecular Diversity, (1995), 1, 13-20.

As mentioned above, the invention includes a

pharmaceutically acceptable salt of the factor Xa inhibiting
compound defined by the above formula I. A basic compound
of this invention possesses one or more functional groups
sufficiently basic to react with any of a number of
inorganic and organic acids affording a physiologically
acceptable counterion to form a pharmaceutically acceptable
salt. Acids commonly employed to form pharmaceutically
acceptable acid addition salts are inorganic acids such as
hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulfuric acid, phosphoric acid, and the like, and organic
acids such as p-toluenesulfonic acid, methanesulfonic acid,
oxalic acid, p-bromobenzenesulfonic acid, carbonic acid,
succinic acid, citric acid, benzoic acid, acetic acid, and
the like. Examples of such pharmaceutically acceptable
salts thus are the sulfate, pyrosulfate, bisulfate, sulfite,
bisulfite, phosphate, monohydrogenphosphate,
dihydrogenphosphate, metaphosphate, pyrophosphate, chloride,
bromide, iodide, acetate, propionate, decanoate, caprylate,
acrylate, formate, isobutyrate, caproate, heptanoate,
propiolate, oxalate, malonate, succinate, suberate,
sebacate, fumarate, maleate, butyne-1,4-dioate, hexyne-1,6-
dioate, benzoate, chlorobenzoate, methylbenzoate,
dinitrobenzoate, hydroxybenzoate, methoxybenzoate,
phthalate, sulfonate, xylenesulfonate, phenylacetate,

phenylpropionate, phenylbutyrate, citrate, lactate, gamma-

hydroxybutyrate, glycollate, tartrate, methanesulfonate,
propanesulfonate, naphthalene~l-sulfonate, naphthalene-2-
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sulfonate, mandelate, and the like. Preferred

pharmaceutically acceptable acid addition salts include

those formed with mineral acids such as hydrochloric acid,
hydrobromic acid and sulfuric acid.

For a compound of formula I which bears an acidie
moiety, such as a carboxy Qroup;'a pharmaceutically
acceptable salt may be made with a base which affords a
pharmaceutiCally'acceptable cation, which includes alkali
metal salts (especially sodium and potaséium), alkaline
earth metal salts (especially calcium and magnesium),
aluminum salts and ammonium salts, as well as salts made
from physiologically acceptable organiC'basés such as
triethylamine, morpholine, piperidine and triethanolamine.

1f not commercially available, a necessary starting

‘material for'thé preparation of a compound of formula I may

be prepared by a procedure which is selected from standard
techniques of organic chemistry, including aromatic and
heteroaromatic substitution and transformation, from’
techniques which are analogous to the synthesés'of known,
structurally similar compounds, and techniques which are
analogous to the above described procedures or procedures
described in the Examples. It will be clear to one skilled
in the art that a variety of Sequences is available for the
preparation of the starting materials. Starting materials
which are novel provide another aspect of the invention.
 Selective methods of substitution, protection and

deprotection are well known in the art for preparation of a

compound such as one of formula II, III, IV or VI discussed .

above.

Generally, a basic compound of the invention is
isolated best in the form of an acid addition salt. A salt
of a compound of formula I formed with an acid such as one
of those mentioned above is useful as a pharmaceutically

acceptable salt for administration of the antithrombotic
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agent and for preﬁéiation of a formulati%ﬁ of the agent.
Other acid addition salts may be prepared and used in the
isolation and purification of the compounds.

As noted above, the optically active isomers and
diastereomers of the compounds of formula I are also
considered part of this invention. Such optically active
isomers may be preparéd from their respective optically
active precursors by the procedures described above, or by
resolving the racemic mixtures. This resolution can be
carried out by derivatization with a chiral reagent followed
by chromatography or by repeated crystallization. Removal
of the chiral auxiliary by standard methods affords
substantially optically pure isomers of the compoundé of the

present invention or their precursors. Further details

.regarding resolutions can be obtained in Jacques, et al.,

Enantiomers, Racemates, and Resolutions, John Wiley & Sons,
1981.

The compounds of the invention are believed to

selectively inhibit factor Xa over other proteinases and
nonenzyme proteins involved in blood coagulation without

appreciable interference with the body's natural clot lysing

~ability (the compounds have a low inhibitory effect on

fibrinolysis). Further, such selectivity is believed to
permit use with thrombolytic agents without substantial
interference with thrombolysis and fibrinolysis.

The invention in one of its aspects provides a method
of inhibiting factor Xa in mammals comprising administering
to a mammal in need of treatment an effective (factor Xa
inhibiting) dose of a compound of formula I.

In another of its aspects, the invention provides a
method of treating a thromboembolic disorder comprising
administering to a mammal in need of treatment an effective
(thromboembolic disorder therapeutic and/or prophylactic

amount) dose of a compound of formula I.
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The invention in anothef_qf'its:aspects provides a
method of inhibiting coagulation in a mammal comprising
administering to 'a mammal in need of’treatment an effective
(coagulation inhibiting)fdbse'of a comp6und'of formula I.
The factor-xa-inhibition; coagulation inhibition and
thromboembolic disorder tréatment contemplated by the
present method includes both medical therapeutic and/ox
prophylactic treatment as appropriate.
In a further embodimerit the invention relates to
treatment, in a human or animal, of a condition where
.~ inhibition of factor Xa is required. The compounds of the
invention are expected to be useful in mammals, including

man, in treatment or prophylaxis of thrombosis and

hypercoagulability in blood and tissues. Disorders in which

the compounds have a potential utility are in treatment or

prophylaxis of thrombosis and hypercoagulability in blood
and tissues. Disorders in which the compounds have a
potential utility, in treatment and/or prophylaxis, include
wvenous thrombosis and pulmonary embolism,  arterial
thrombosis, such:as in myocardial ischemia, myocardial

. infarction, unstable angina, thrombosis-based stroke and

peripheral arterial thrombosis. Further, the compounds have

‘expected utility in the treatment or prophylaxis of
atherosclerotic disorders (diseases) such as coronary

arterial disease, cerebral arterial disease and peripheral

arterial disease. Further, the compounds are expected to be
useful together with thrombolytics in myocardial infarction.

Further, the codeunds have expected utility in prophylaxis
for reocclusion after thrombolysis, percutaneous

transluminal angioplasty (PTCA) and coronary bypass

operations. Further, the compounds have expected utility in
- prevention of rethrombosis after microsurgery. Further, the

compounds are expected'to'be-useful-in anticoagulant

treatment in connection with artificial organs and cardiac
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valves. Further, the compounds have eﬁ%ééted utility in
anticoagulant treatment in hemodialysis and disseminated
intravascular coagulation. A further expected utility is in
rinsing of catheters and mechanical devices used in patients
in vivo, and as an anticoagulant for preservation of blood,
plasma and other blood products in vitro. Still further,
the compounds have expected utility in other diseases where
blood coagulation could be a fundamental contributing
process or a source of secondary pathology, such as cancer,
including metastasis, inflammatory diseases, including
arthritis, and diabetes. The anti~coagulant compound is
administered orally or parenterally, e.g. by intravenous
infusion (iv), intramuscular injection (im) or
subcutaneously (sc). _

The specific dose of a compound administered according
to this invention to obtain therapeutic and/or prophylactic
effects will, of course, be determined by the particular
circumstances surrounding the case, including, for example,
the compound administered, the rate of administration, the
route of administration, and the condition being treated.

A typical daily dose for each of the above utilities is
between about 0.01 mg/kg and about 1000 mg/kg. The dose
regimen may vary e.g. for prophylactic use a single daily
dose may be administered or multiple doses such as 3 or 5
times daily may be appropriate. In critical care situations
a compound of the invention is administered by iv infusion
at a rate between about 0.01 mg/kg/h and about 20 mg/kg/h
and preferably between about 0.1 mg/kg/h and about 5
mg/kg/h.

The method of this invention also is practiced in
conjunction with a clot lysing agent e.g. tissue plasminogen
activator (t-PA), modified t-PA, streptokinase or urokinase.
In cases when clot formation has occurred and an artery or

vein is blocked, either partially or totally, a clot lysing
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agent is usually7employed.”'A compound of the invention can

be administered prior to or along with the lysing agent or
subsequent to its use, and preferably fufther is
‘administered along with aspirin to prevent the reoccurrence
5 of clot formatioﬁ. o
The method of this invention is aiso;practiced in
conjunction with a platelet glycoprotein receptor (IIb/IIIa)
| antagonist, that inhibits platelet aggregation. A compound
; of the invention can be administered prior to or along with
10 the ITb/IITa antagonist or subsequent to its use to prevent
‘the occurrence or reoccurrence of clot formation.

The method of this invention is also practiced in
conjunction with aspirin. A compound of the invention can
be administered prior to or along with aspirin or subsequent

15 ° to its use to préVent the occurrence or reoccurrence of clot
formation. ‘As stated above, preferably a compound of the
present inventibﬁ is administered in conjunction with a clot
lysing agent and aspirin. ' '

This invention also provides a pharmaceutical

; 20 composition for use in the above descﬁibed'therapeutic
method. A pharméceutical composition of the invention
comprises an'efféCtive factor Xa inhibiting amount of a
compound of fofmula-I*in association with a pharmaceutically
acceptable carrier, excipient or diluent. '

25 The active ingredient in such formulations comprises

| from 0.1 perceﬁt_to-99.9 percent by weight of the

' formulation. By "pharmaceutically acceptable" it is meant

the carrier,-diluent or excipient must be compatible with
the other ingredients of the formulation and not deleterious

30 to the recipient thereof. '

For oral administration the antithrombotic compound is
formulated in geiatin capsules or tablets which may contain
excipients such as binders, lubricants, disintegration

agents and the like. For parenteral administration the

i S
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antithrombotic is Eormulated in a pharmétieutically
acceptable diluent e.g. physiological saline (0.9 percent),
5 percent dextrose, Ringer’s solution and the like. _

The compound of the present invention can be formulated
in unit dosage formulations comprising a dose between about
0.1 mg and about 1000 mg. Preferably the compound is in the
form of a pharmaceutically acceptable salt such as for )
example the sulfate salt, acetate salt or a phosphate salt.
An example of a unit dosage formulation comprises 5 mg of a
compound of the present invention as a pharmaceutically
acceptable salt in a 10 mL sterile glass ampoule. Another
example of a unit dosage formulation comprises about 10 mg
of a compound of the present invention as a pharmaceutically
acceptable salt in 20 mL of isotonic saline contained in a
sterile ampoule.

The compounds can be administered by a variety of
routes including oral, rectal, transdermal, subcutaneous,
intravenous, intramuscular, and intranasal. The compounds
of the present invention are preferably formulated prior to
administration. _

The present pharmaceutical compositions are prepared by
known procedures using well known and readily available
ingredients. The compositions of this invention may be
formulated so as to provide quick, sustained, or delayed
release of the active ingredient after administration to the
patient by employing procedures well known in the art. 1In
making the compositions of the present invention, the active
ingredient will usually be admixed with a carrier, or
diluted by a carrier, or enclosed within a carrier which may
be in the form of a capsule, sachet, paper or other
container. When the carrier serves as a diluent, it may be
a solid, semi-solid or liquid material which acts as a
vehicle, excipient or medium for the active ingredient.

Thus, the compositions can be in the form of tablets, pills,
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powders,; lozenges, sachets, cachets, elixirs, suspensions,

emulsions, solutions, syrups, aerosols, (as a solid or in a

liquid medium), soft and hard gelatin capsules,
suppositories, sterile injectable solutions, sterile
packaged powders;-and the like. | |

' ‘The following formulation exémples are illﬁstrative

only and are ndt'intended'ﬁo'limit the scope of the

‘invention in any way. "Active ingredient," of course, means

a compound according to formula I or a pharmaceutically

acceptable salt ¢r'solvate.thereof.

Formulation 1: Hard gelatin capsules are preépared

using the following ingredients:

Quantity
{mg/capsule)
Active ingredient - N 250
Starch, dried o : 200
Magnesium stearate - - 10
Total ' S i 460 mg

Formulation 2: A tablet is prepared using the
ingredients below: ' ' '

Quantity -

| (mg/tablet)
Active ingredient ' oo - 250
Cellulose, microcrystalline ' 400
Silicon dioxide, fumed ' - 10
Stearic acid - ' ' - _5

Total ' - 665 mg

The components are blended and compressed to form tablets

each weighing 665 mg. -

LT
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Formulation 3% An aerostl solutidgh iis prepared

containing the following components:

Weight
Active ingredient : 0.25
Ethanol : 29.75
Propellant 22  (Chlorodifluoromethane) | 70.00
Total 100.00

The active compound is mixed with ethanol and the mixture
added to a portion of the propellant 22, cooled to -30 °C
and transferred to a filling device. The required amount is
then fed to a stainless steel container and diluted with the
remainder of the propellant. The valve units are then

fitted to the container.

Formulation 4: Tablets, each containing 60 mg of

active ingredient, are made as follows:

Active ingredient 60 mg
Starch 45 mg
Microcrystalline cellulose _ : 35 mg
Polyvinylpyrrolidone (as 10% Solution in 4 mg
water)

Sodium carboxymethyl starch 4 mg
Magnesium stearate 0.5 mg
Talc mg
Total 150 mg

The active ingredient, starch and cellulose are passed
through'a No. 45 mesh U.S. sieve and mixed thoroughly. The
agueous solution containing polyvinylpyrrolidone is mixed
with the resultant powder, and the mixture then is passed
through a No. 14 mesh U.S. sieve. The granules so produced

are dried at 50 °C and passed through a No. 18 mesh U.S.
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Sieve. The sodium carboxymethyl starch, magnesium stearate
and tale, previously passed through a No. 60 mesh U.S.
sieve, are then added to the granules which, after mixing,
are compressed on a tablet machine to yield tablets each
weighing 150 mg. '

Formulation 5: Capsules, each containing 80 mg of

active ingredient, are made as follows:

Active ingredient 80 mg
Starch . - : ' 59 mg
Microcrystalline cellulose 59 mg
Magnesium stearate 2 mg
Total 200 mg

The active ingredient, cellulose, starch, and magnesium
stearate are blended, passed through a No. 45 mesh U.S.
sieve, and filled into hard gelatin capsules in 200 mg

quantities.

Formulation 6: Suppositories, each containing 225 mg

of active ingredient, are made as follows:

Active ingredient ' 225 mg
Saturated fatty acid glycerides 2,000 mg
Total 2,225 mg

The active ingredient is passed through a No. 60 mesh U.S.
sieve and suspended in the saturated fatty acid glycerides
previously melted using the minimum heat necessary. The

mixture is then poured into a suppository mold of nominal

2 g capacity and allowed to cool.
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Formulation 7:  Suspensions, each containing 50 mg of

active ingredient per 5 mL dose, are made as follows:

Active ingredient _ 50 mg
Sodium carboxymethyl cellulose 50 mg
Syrup . 1.25 mL
Benzoic acid solution 0.10 mL
Flavor - q.v.
Color : | q.v.
Purified water to total 5 mL

The active ingredient is passed through a No. 45 mesh U.S.
sieve and mixed with the sodium carboxymethyl cellulose and
syrup to form a smooth paste. The benzoic acid solution,
flavor and color.are diluted with a portion of the water and
added, with stirring. Sufficient water is then added to

produce the required volume.

Formulation 8: An intravenous formulation may be

prepared as follows:

Active ingredient 100 mg

Isotonic saline 1,000 mL

The solution of the above ingredients generally is
administered intravenously to a subject at a rate of 1 mL
per minute.

The ability of a compound of the present invention to
be an effective and orally active factor Xa.inhibitor may be
evaluated in one or more of the féllowing assays or in other
standard assays known to those in the ért.

The inhibition by a compound of the inhibition of a
serine protease of the human blood coagulation system or of

the fibrinolytic system, as well as of trypsin, is
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determined in vitro for the particular enzyme by measuring .
its inhibitor binding affinity in an assay in which the
enzyme hydrolyzes a particular chromogenic substrate, for
example as described in Smith, G.F.; Gifford-Moore, D.;
Craft, T.J.; Chirgadze, N.; Ruterbories, K.J.; Lindstrom,
T.D.; Satterwhite, J.H. Efegatran: A New Cardiovascular
Anticoagulant. New Anticoagulants for the CardioVascular
Patient; Pifarre, R., Ed.; Hanley & Belfus, Inc.: |
Philadelphia, 1997; pp. 265-300. The inhibitor binding
affinity is measured as apparent association constant Kass

which is the hypothetical equilibrium constant for the

reaction between enzyme and the test inhibitor compound (I).

Enzyme + I:——-—-——> Enzyme-I

[Enzyme-I]

Kass = '
[ (Enzyme) x (I)]

Conveniently, enzyme inhibition kinetics are performed
in 96-well polystyrene plates and reaction rates are
determined from the rate of hydrolysis of appropriate
p-nitroanilide substrates at 405 nm using a Thermomax plate
reader from Molecular_Devices (San Francisco, CA). The same
protocol is followed for all enzymes studied: 50 pL buffer
(0.03 M Tris, 0.15 M NaCl pH 7) in each well, followed by
25 pL of inhibitor soiution (in 100% methanol, or in 50% v:v
agueous methanol) and 25 pL enzyme solution; within two
minutes, 150 pL aqueous solution of chromogenic substrate
(0.25 mg/mL) is added to start the enzymatic reactioq. The
rates of chromogenic substrate hydrolysis reactions provide
a linear relationship with the enzymes_studied_such that
free enzyme can be quantitated in reaction mixtures. Data
is analyzed_dirsctly as rates by the Softmax program to
produce [free enzyme] calculations for tight-binding Kass

determinations. For apparent Kass determinations, 1.34 nM
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human factor Xa is used to hydrolyze 0.18 mM BzIle-Glu-Gly-

Arg-pNA; 5.9 nM human thrombin or 1.4 nM bovine trypsin is
used to hydrolyze 0.2 mM BzPhe-Val-Arg-pNA; 3.4 nM human
plasmin is used with 0.5 mM HD—Val-Leu-Lys—pNA; 1.2 nM human
nt-PA is used with 0.81 mM HD-Ile-Pro-Arg-pNA; and 0.37 nM
urokinase is used with 0.30 mM pyro-gfsGlu-Gly-Arg-pNA.

Kass is calculated for a range of concentrations of _
test compounds and the mean value reported in units of liter
per mole. In general, a factor Xa inhibiting compound of
formula I of the instant invention exhibits a Kass of 0.1 to
0.5 x 108 L/mole or much greater.

The factor.Xa inhibitor preferably should spare
fibrinolysis induced by uiokinase, tissue plasminogen
activator (t-PA) and streptokinase. This would be important
to the therapeutic use of such an aéent as an adjunct to
streptokinase, tp-PA or urokinase thrombolytic therapy and
to the use of such an agent as an endogenous fibrinolysis-
sparing (with respect to t-PA and urockinase) antithrombotic
agent. In addition to the lack of interference with the
amidase activity of the fibrinolytic proteases, such
fibrinolytic system sparing can be studied by the use of
human plasma clots and their lysis by the respective

fibrinolytic plasminogen activators.

Materials

Dog plasma is obtained from conscious mixed-breed hounds
(either sex Butler Farms, Clyde, New York, U.S.A.) by
venipuncture into 3.8 percent citrate. Fibrinogen is
prepared from fresh dog plasma and human fibrinogen is
prepared from in-date ACD human blood at the fraction I-2
aécording to previous procedures and specification. Smith,
Biochem. J., 185, 1-11 (1980; and Smith, et al.,
Biochemistry, 11, 2958-2967, (1972). Human fibrinogen (98
percent pure/plasmin free) is from American Diagnostica,
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Greenwich, Connecticut. Radiolabeling of fibrinogen I-2
preparations is performed as ‘previously reported. Smith, et
al., Biochemistry, 11, 2958-2967, (1972). Urokinase is

purchased from Leo'Pharmaceuticals) Denmark, as 2200 Ploug

units/vial. Streptokinase is purchased from Hoechst-Roussel

Pharmaceuticals, Somerville, New Jersey.

- Methods - Effects on Lysis of Human Plasma Cloté by t-PA

Human plasma clots are formed in mlcro test tubes by adding
50 ulL thrombin (73 NIH unlt/mL) to 100 L human plasma which
contains 0.0229 pCi 125-iodine labeled fibrinogen. Clot
lysis is studied by overlaying the clots with 50 pL of
urokinase or streptokinase (50, 100, or 1000 unit/mL) and
incubating for 20 hours at room temperature. After
incubation the tubes are centrifuged in a Beckman Microfuge.
25 uL of supernate is added into 1.0 mL volume of 0.03 M
tris/0.15 M NaCl buffer for gamma counting. Counting
controls 100 percent lysis are obtained by omitting thrombin
(and substituting buffer). The factor Xa inhibitors are
evaluated for possible interference with fibrinolysis by
including the compounds in the overlaylsolutions at 1, 5,
and 10 pg/mL concentrations. Rough appréximations of ICsp
values are estlmated by 11neér extrapolations from data
points to a value which would represent 50 percent of 1ysis
for that particular concentration of fibrinolytic agent.

Antlcoagulant Act1v1tz

Materials

Dog plasma and rat plasma are obtained from ¢conscious mixed-
breed hounds (either sex, Butler Farms, Clyde, New York,
U.S.A.) or from anesthetized male Sprague-Dawley rats
(Harlan Sprague-Dawley, Inc., Indianapolis, Indiana, U.S.A.)
by venipuncture into 3.8 percent citrate. Fibrinogen is

s prepared from in-date ACD human blood as the fraction I-2

according to previous procedures and specifications. Smith,
Biochem. J., 185, 1-11 (1980); and Smith, et al.,

o
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Biochemistry, 11, 2958-2967 (1972). Human fibrinogen is
also purchased as 98 percent pure/plasmin free from American

Diagnostica, Greenwich, Connecticut. Coagulation reagents
Actin, Thromboplastin, Innovin and Human plasma are from
Baxter Healthcare Corp., Dade Division, Miami, Florida.
Bovine thrombin from Parke-Davis (Detroit, Michigan) is used
for coagulation assays in plasma.

Methods
Anticoagulation Determinations

Coagulation assay procedures are as previously described.
Smith, et al., Thrombosis Research, 50, 163-174 (1988). A
CoAScreener coagulation instrument (American LABor, Inc.) is

used for all coagulation assay measurements. The
prothrombin time (PT) is measured by adding 0.05 mL saline
and 0.05 mL Thromboplastin-C reagent or recombinant human
tissue factor reagent (Innovin) to 0.05 mL test plasma. The
activated partial thromboplastin time (APTT) is measured by
incubation of 0.05 mL test plasma with 0.05 mlL Actin reagent
for 120 seconds followed by 0.05 mL CaCl2 (0.02 M). The
thrombin time (TT) is measured by adding 0.05 mL saline and
0.05 mL thrombin (10 NIH units/mL) to 0.05 mL test plasma.
The compounds of formula I are added to human or animal
plasma over a wide range of concentrations to determine
prolongation effects on the APTT, PT, and TT assays. Linear
extrapolations are performed to estimate the concentrations
required to double the clotting time for each assay.

Animals

Male Sprague Dawley rats (350-425 gm, Harlan Sprague Dawley
Inc., Indianapolis, IN) are anesthetized with xylazine (20
mg/kg, s.c.) and ketamine (120 mg/kg, s.c.) and maintained
on a heated water blanket (37 °C). The jugular vein(s) is
cannulated to allow for infusions.
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Arterio~Venous shunt model

The left jugular vein and right carotid artery are
cannulated with 20 cm lengths of polYethYlene PE 60 tubing.
A 6 cm center section of larger tubing (PE 190) with a

5 cotton thread (5.cm) in the lumen, is friction fitted
between the longer sections to complete the arterio-venous
shunt circuit. Blood is circulated through the shunt for 15

i
|
g
i

min before the thread is carefully removed and weighed. Thé
weight of a wet thread is subtracted from the total weight

10 of the thread and thrombus (see J.R. Smlth Br J Pharmacol,
77:29, 1982). '

FeCl3 model of arterial injury

. The carotid arteries aré isolated via a midline ventral

% 15 cervical incision. A thermocouple is placed under each

. artery and vessel temperature is recorded-continuouély on a
strip chart recorder. A cuff of tubing (0.058 ID x 0.077 OD
x 4 mm, Baxter Med. Grade Silicone), cut longitudinally, is
placed around each carotid directly above the thermocouple.

20 FeCl3 hexahydrate is dissolved in water and the

i concentration (20 percent) is expressed in terms of the

% ‘actual weight of FeCl3 only. To injure the artery and
induce thrombosis, 2.85 pL is pipetted into the cuff to
bathe the artery above the thermocouple probe. Arterial

25 occlusion is indicated by a rapid drop in temperature. The
time to occlusioh is reported in minutes and represents the
elapsed time between application of FeCl3 and the rapid drop
in vessel temperature (see K.D. Kurz, Thromb. Res., 60:269,
1990).

30
Coagulation parameters

Plasma thrombin time (TT) and activated partial
thromboplastin time (APTT) are measured with a fibrometer.
Blood is sampled from a jugular catheter and collected in
35 syringe containing sodium citrate (3.8 percent, 1 part to 9
parts blood). To measure TT, rat plasma (0.1 mL) is mixed
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with saline (0.1 fif}) and bovihe thrombifi (0.1 mL, 30 U/mL in
TRIS buffer; Parke Davis) at 37 °C. For APTT, plasma

(0.1 mL) and APTT solution (0.1 mL, Organon Teknika) are
incubated for 5 minutes (37 °C) and CaClz (0.1 mL, 0.025 M)
is added to start coagulation. Assays are done in duplicate
and averaged.

.Index of Bioavailability

Biocavailability studies may be conducted as follows.

.Compounds are administered as agueous solutions to male

Fisher rats, intravenously (iv) at 5 mg/kg via tail wvein
injection and orally (po) to fasted animals at 20 mg/kg by

gavage. Serial blood samples are obtained at 5, 30, 120,

and 240 minutes postdose following intravenous
administration and at 1, 2, 4, and 6 hours after oral

dosing. Plasma is analyzed for drug concentration using an

HPLC procedure involving C8 Bond Elute (Varion) cartridges
for sample preparation and a methanol/30 nM ammonium acetate
buffer (pH 4) gradient optimized for each compound. % Oral
biocavailability is calculated by the following equation:

AUC po Dose iv

% Oral bicavailability = 200 iv X Dose po X 100

where AUC is area under the curve calculated from the plasma
level of compound over the time course of the experiment
following oral (AUC po) and intravenous (AUC iv) dosing.

Compounds
Compound solutions are prepared fresh daily in normal saline

~and are injected as a bolus or are infused starting 15

minutes before and continuing thfoughout the experimental

perturbation which is 15 minutes in the arteriovenous shunt
model and 60 minutes in the FeCl3 model of arterial injury
and in the spontaneous thrombolysis model. Bolus injection
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volume is 1 mL/kg for i.v., and 5 mL/kg for p.o., and
infusion volume is 3 mL/hr. ST '

Statistics

Results are expressed as means +/- SEM. One-way analysis of
variance is used to detect statistically significant

. differences and then Dunnett's test is applied to determine

which means are different. Significance level for rejectioa
of the null hypothesis of equal means is P<0.05.

Animals

Male dogs (Beagles; 18 months - 2 years; 12-13 kg, Marshall
Farms, North Rose, New York 14516) are fasted overnight and
fed Purina certified Prescription Diet (Purina Mills, St.
Louis, Missouri) 240 minutes after dosing. Water is
available ad libitum. The room temperature is maintained

 between 66-74 °F; 45-50 percent relative humldlty, and

lighted from 0600-1800 hours.

Pharmacokinetic model.

Test compound is formulated immediately prior to dosing by
dissolving in eterile 0.9 percent saline to a 5 mg/mL
preparation. Dogs are given a single 2 mg/kg dose of test
compound by oral gavage. Blood samples (4.5 mL) are taken
from the cephalic vein at 0.25, 0.5, 0.75, 1, 2, 3, 4 and 6
hours after dosing. Samples are collected in citrated
Vacutainer tubes and kept on ice prior to reductlon to
plasma by centrifugation. Plasma samples are analyzed by
HPLC MS. Plasma concentration of test compound is recorded
and used to’ calculate the pharmacoklnetlc parameters. _
elimination rate constant, Ke; total clearance, Clt; volume
of distribution, Vp; time of maximum plasma test compound
concentration, Tmax; maximim concentration of test compound
of Tmax, Cmax; plasma half—llfe, t0.5; and area under the
curve, A.U.C.; fraction of test compound aBSOrbed, F.
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Canine Model of Cofonary Artery ThrombdEis
Surgical preparation and instrumentation of the dogs are as
described in Jackson, et al., Circulation, 82, 930-940

- {1990). Mixed-breed hounds (aged 6-~7 months, either sex,

Butler Farms, Clyde, New York, U.S.A.) are anesthetized with
sodium pentobarbital (30 mg/kg intravenously, i.v.),
intubated, and ventilated with room air. Tidal volume and
respiratory rates are adjusted to maintain blood PO3, PCOz,'
and pH within normal limits. Subdermal needle electrodes
are inserted for the recording of a lead II ECG.

The left jugular vein and common carotid artery. are isolated
through a left mediolateral neck incision. Arterial blood
pressure (ABP) is measured continuously with a precalibrated
Millar transducer (model (MPC-500, Millar Instruments,
Houston, TX, U.S.A.) inserted into the carotid artery. The
jugular vein is cannulated for blood sampling during the
experiment. In addition, the femoral veins of both hindlegs
are cannulated for administration of test compound.

. A left thoracotomy is performed at the fifth intercostal

space, and the heart is suspended in a pericardial cradle.

A 1- to 2-cm segment of the left circumflex coronary artery
(LCX) is isolated proximal to the first major diagonal
ventricular branch. A 26-gauge needle-~tipped wire anodal
electrode (Teflon-coated, 30-gauge silverplated copper wire)
3-4 mm long is inserted into the LCX and placed in contact
with the intimal surface of the artery (confirmed at the end
of the experiment). The stimulating circuit is éompleted by
placing the cathode in a subcutaneous (s.c.) site. Aan
adjustable plastic occluder is placed around the LCX, over
the region of the electrode. A precalibrated
electromagnetic flow probe (Carolina Medical Electronics,
King, NC, U.S.A.) is placed around the LCX proximal to the
anode for measurement of coronary blood £low (CBF). The
occluder is adjusted to produce a 40-50 percent inhibition



10

15

20

25

30

35

- WO 99/00121 PCT/US98/13427

~ 44 -~ ’ -

of the hyperemic blood flow response observed after iO—s
mechanical occlusion of the LCX. All hémodynamic and ECG
measurements are recorded and analyzed with a data
acquisition system (model M3000, Modular Instruments,
Malvern, PA. U.S.A.).

Thrombus Formation and Compound Administration Regimens

Electrolytic injury of the intima of the LCX is produced by.
applying 100-pA direct current (DC) to the anode. The
current is maintained for 60 min and then discontinued
whether the vessel has occluded or not. Thrombus formation
proceeds spontanecusly until the LCX is' totally occluded
(determined as zero CBF and an increase in the S-T segment).
Compound administration is started after the occluding
thrombus is allowed to age for 1 hour. A 2-hour infusion of
the compounds of the present invention at doses of 0.5 and 1
mg/kg/hour is begun simultaneously with an infusion of
thrombolytic agent (e.g. tissue plasminogen activator,
streptokinase, APSAC). Reperfusion is followed for 3 hour
after administration of test compound. Reocclusion of
coronary arteries after successful thrombolysis is defined
as zero CBF which persisted for at least 30 minutes.

Hematology and template bleeding: time determinations
Whole blood cell counts, hemoglobin, and hematocrit values
are determined on a 40-pL sample of citrated (3.8 percent)
‘blood (1 part citrate:9 parts blood) with a hematology
analyzer (Cell-Dyn 900, Sequoia-Turner. Mount View, CA,
U.S.A.). Gingival template bleeding times are determined

with a Simplate II bleeding time device (Organon Teknika
Durham, N.C., U.S.A.). The device is used to make 2
horizontal incisions in the gingiva of either the upper or
lower left jaw of the dog. Each incision is 3 mm wide x 2
mm deep. The incisions are made, and a stopwatch is used to
determine how long bleeding occurs. A cotton swab is used
to soak up the blood as it oozes from the incision.

T
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Template bleedinglgime is theftime from incision to Stoppage
of bleeding. Bleeding times are taken just before
administration of test compound (0 min), 60 min into
infusion, at conclusion of administration of the test
compound (120 min), and at the end of the experiment.

All data are analyzed by one-way analysis of wvariance
(ANOVA) followed by Student-Neuman-Kuels post hoc t test to
determine the level of significance. Repeated-measures
ANOVA are used to determine significant differences between
time points during the experiments. Values are determined
to be statistically different at least at the level of
p<0.05. All values are mean * SEM. All studies are
conducted in accordance with the guiding principles of the
American Physiological Society. Further details regarding
the procedures are described in Jackson, et al., J.
Cardiovasc. Pharmacol., (1993), 21, 587-599.

The following Examples are provided to further
describe the invention and are not to be construed as
limitations thereof.

The abbreviations, symbols and terms used in the
examples have the following meanings.

Ac = acetyl

AIBN = azobisisobutyronitrile

Anal. = elemental analysis

ag = aqueous

Bn .or Bzl = benzyl

Boc = t-butyloxycarbonyl

Bu = butyl

n-BuLi = butyllithium

Calc

conc

calculated

i}

i}

concentrated

DCC = dicyclohexylcarbodiimide
DMAP = 4-dimethylaminopyridine
DMF = dimethylformamide
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DMSO = dimethylsulfoxide
EDC = 1-(34dimethylaminopropyl)-3—ethyl—'
carbodiimide hydrochloride

eq (molar) equivalent
Et = ethyl

EtOAc = ethyl acetate
Et3N = triethylamine

Et20 = diethyl ether

EtOH = ethanol '

Hex = hexanes _

HOAt = l-hydroxy-7-azabenzotriazole
HOBT = 14hydroxybenzotriazole'

HPLC = High Performance Liquid Chromatography
HRMS = high resolution mass spectrum

i~-PrOH = isopropanol |

IR Infrared Spectrum

Me = methyl

MeI = methyl iodide

MeOH:= methanol

MS-FAB = fast atom bombardment mass spectrum

MS-FIA = flow injection analysis mass spectrum

MS-FD
MS-IS
NBS = N-bromosuccinimide

field desorption mass spectrum

ion spray mass spectrum

NMR = Nuclear Magnetic Resonance
Ph = phenyl '
i-Pr = isopropyl

RPHPLC = Reversed Phase High Performance Liquid

Chromatography
satd = saturated
Si0g = silica gel
SCX = strong cation exchange (resin)

TBS = tert-butyldimethylsilyl
TFA = trifluoroacetic acid
THF = tetrahydrofuran

TIPS = triisopropylsilyl.
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TLC = thin layer chromatography
tosyl = p-toluenesulfonyl-
triflic acid = trifluoromethanesulfonic acid

Unless otherwise stated, pH adjustments and work up are
with aqueous acid or base solutions. lg-NMR indicates a
satisfactory NMR spectrum was obtained for the compound
described. IR indicates a satisfactory infra red spectrum
was obtained for the compound described.

For consistency and clarity, a number of compounds are
named as substituted diamine derivatives.

The following conditions were used for reverse phase
HPLC purificatioh in some of the title compounds described
in the examples below.

Solvents: A = 0.05% conc. HCl in water, B = acetonitrile
Column: Vydac C18 - 5 x 25 com

Method A: 90/10 (A/B) through 50/50 (A/B), linear gradient
over 180 min. |

Method B: 80/20 (A/B) through 50/50 (A/B), linear gradient
over 180 min.

Method C: 85/15 (A/B) through 40/60 (A/B), linear gradient
over 120 min.

Method D: 90/10 (A/B) through 70/30 (A/B), linear gradient
over 300 min.
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_ Example 1
Preparation of N1-(4-Methoxybenzoy1)-N2—(1-benzy1piperidin-
4-ylcarbonyl)-1,2~-benzenediamine.

5

A.- N-Benzylisonipecotate

c

A solution of ethyl N-benzylisonipecotate (1.70 g,
6.88 mmol) in ethanol (15 mL) was treated with 1 N aqueous
sodium hydroxide (7.0 mL). After 2.5 days, the mixture was
treated with 1 N agueous hydrochloric acid (20 mL),
concentrated, and dried under high vacuum to yield a pasty

solid which was used without further purification.

B. N1- (4-Methoxybenzoyl)-N2- (1-benzylpiperidin-4-yl-
carbonyl)f1,2—benzenediamine - ' |
General procedure for acylation.

A suspension N-benzylisonipecotate (383 mg, 1.50 mmol)
in methylene chloride was treated with oxalyl chloride
(0.65 mL, 7.5 mmol) followed by dimethylformamide (0.01 mL).
After 0.75 h, the mixture was concentrated in vacuo. The
residue was dissolved in methylene chloride (2 mL) and added
dropwise to a solution of N1-(4-methoxybenzoyl)-1,2-benzene-
diamine (327 mg, 1.35 mmol) and pyridine in methylene
chloride (7 mL) and tetrahydrofuran (2 mL). After 16 h, the
mixture was poured into a mixture of ethyl acetate and 1 N
aqueous sodium hydroxide. The organic layer was washed once
with 1 N aqueous sodium hydroxide, once with saturated
sodium chloride solution, dried (potassium carbonate), and
filtered. The residue was purified by flash chromatography
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(silica gel, ethyl acetate/hexanes) to yield 322 mg (54%) of
the title compound.
l1g-NMR, IR
MS-FD m/e 443 (p)
Analysis for Cg7HggN303:

Cale: €, 73.11; H, 6.59; N, 92.47;

Found: C, 73.35; H, 6.81; N, 9.57.

_ _ Example 2 _ _
Preparation of Nl-(4-Methoxyhenzoy1)-nz-[1-(4-cyanobenzy1)-
piperidin-4-ylcarbonyl] -1, 2~-benzenediamine.

\OOi"" YO/\CL '

A. Nl-(4—Methoxybenzoyl)-N2—(piperidin—4—ylcarbonyl)—1,2—
benzenediamine

A solution of Nl—(4-methoxybenzoyl)-Nz—(l—benzyl-
piperidin-4-ylcarbonyl) -1, 2-benzenediamine (1.02 g,
2.30tmmol), 1 N aqueous hydrochloric acid (5 mL), and 5%
pallidium-on-carbon (1.06 g) in ethanol (100 mL) was placed
under a hydrogen atmosphere (1 bar). After 16 h, the
mixture was filtered through diatomaceous earth and the
filtrate concentrated in vacuo. The residue was treated
with 1 N agqueous sodium hydroxide followed by ethyl acetate.
The agueous layer was extracted twice with ethyl acetate and
the combined organics were washed with 1 N agueous sodium
hydroxide, saturated sodium chloride solution, and dried
(potassium carbonate). Concentration and recrystallization
yvielded 656 mg (81%) of the title compound.
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lg-NMR, IR |
MS-FD m/e (p)
Analysis for Cg(Hp3N303:

Calc: C, 67.97; H, 6.56; N, 11.89;

FPound: C, 67.13; H, 6.67; N, 11.51.

B. N1-(4-Methoxybenzoyl)-N2-[1-(4-cyanobenzyl)piperidin-4-.

ylcarbonyl]-1,2-benzenediamine _
A solution of Nl—(44methokybenzoy1)—N2—(piperidin—4—y1-
carbonyl) -1, 2-benzenediamine (180 mg, 0.510 mmol) and
o~bromo-p-tolunitrile (104 mg, 0.530 mmol) in acetonitrile
(5 mL) was treated with potassium carbonate and the
resulting mixture was heated at reflux for 2 h. The mixture
was poured into a mixture of ethyl acetate and water. The
organic layer was concentrated in vacuo, the residue
dissolved in 10% acetic acid/methanol, and the resulting
solution loaded onto an ion exchange resin (SCX, Varian).
Elution with methanol (4 column volumes) followed by 2 N
ammonia in methanol (2 column volumes) and concentration of
the appropriate fractions yielded 214 mg (90%) of the title
compound.
1H-NMR
MS-FD m/e 468 (p)

. - Example 3 :
Preparation of Ni-(4-Mathoxyhenzoyl)-Nz-[1-(4-hydroxy- :
benzyl)piperidin-4-ylcarbonyl]-1,2-benzenediamine. General "
Procedure for Examples'4-22.
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To a solution of Nl—(4-methoxybenzoy1)—Nz—(piperidin-4—
ylcarbonyl)-1,2-benzenediamine (15 mg, 0.045 mmol), in 10 -
20% acetic acid in anhydrous methanol (0.20 mL)was added
p-hydroxybenzaldehyde (16 mg, 0.14 mmol) and a freshly
prepared solution of sodium cyanoborohydride (4.0 mg,
0.060tmmol) in anhydrous methanol (0.24 mL). The mixture
was shaken at room temperature for 14-18 h and then loaded
onto an ion exchange resin (SCX, Varian). ' Elution with
methanol (4 column volumes) followed by 2 N ammonia in
methanol (2 column volumes) and concentration of the
appropriate fractions provided the crude product. After
drying the sample under vacuum for 12-20 h, the residue ﬁas

dissolved in methanol and treated with hydrochloric acid (1-

2 eq). The mixture was then concentrated in vacuo to give
the title compound as the hydrochloride salt.
1g-NMR

MS~FD m/e 460 (p+l)

Example 4
Preparation of Nl-(4-Methoxybenzoyl)~-N2-[1-(2-chloro-4-
hydroxybenzyl)piperidin~-4-ylcarbonyl]~1, 2-benzenediamine.
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Using the general procedure described in Example 3, Ni-

(4—m.ethoxybenzoyl)—N2 (plperldln-4—ylcarbonyl) -1,2-benzene-
diamine (0.045 mmol) was reacted with 2-chloro-4-hydroxy-
benzaldehyde to provide 22 mg of the title product as the
free base. Treatment with hydrochloric acid and

- concentration in vacuo yielded the salt of the title

compound.
1g-mr |
MS-FD m/e 494 (p)

Example 5

Preparation of Nl-(4—Methoxybenzoy1)-Nz-[1-(3—chloro-4—
hydroxybenzyl)piperidin-4~ylcarbonyl]-1,2-benzenediamine.

pn

Using the general procedure described in Example 3, Nl-

(4—methoxybenzoyl)—N2—(piperidin—4—ylcarbonyl)—1;2—benzene-
diamine (0.045 mmol) was reacted with 3-chloro-4-hydroxy-
benzaldehyde to prov1de 22 mg of the title product as the
free base. Treatment with hydrochlorlc ‘acid and
concentration in vacuo yielded the salt of the title -
compound.

1H-NMR

MS-FD m/e 494 (p)

Exémple 6
Preparation of N1-(4-Mathoxybenzoy1)-nz-[1-(3,4-methylene-
dioxybenzyl)piperidin-4-ylcarbonyl]-1,2-benzenediamine.

[l
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Using the general procedure described in Example 3, Nl-
(4—methoxybenzoyl)-Nz-(piperidin—4—ylcarbonyl)—1,2—benzene-
diamine (0.045 mmol) was reacted with piperonal to provide
21 mg of the title product as the free base. Treatment with
hydrochloric acid and concentration in vacuo yielded the
salt of the title compound.
1g-NMR
MS-FD m/e 487 (p)

Example 7
Preparation of Nl-(4-Methoxybenzoy1)—Nz-[1-(4-acetamido-

benzyl)piperidin-4-ylcarbonyl}-1,2-benzenediamine.
~ N ,ﬂ\\
o N
. _ H
S o |

Using the general procedure described in Example 3, N1-
(4-methoxybenzoyl)—N2-(piperidin—4—y1carbonyl)-1,2—benzene-
diamine (0.045 mmol) was reacted with 4-acetamido-
benzaldehyde to provide 23 mg of the title product as the
free base. Treatment with hydrochloric acid and
concentration in vacuo yielded the salt of the title

compound.
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1H-NMR
MS-FD m/e 501 (p+1)

| - Example 8
Preparation of Nl-(4-nathokybenzdy1)-Nz-tl-(§4methoxy-
benzyl)piperidin-4-ylcarbonyl]-1,2-benzenediamine.

e

Using the general procedure described in Example 3, N1-

(4—methoxybenzoyl)—N2—(piperidin—4—y1carbonyl)-1,2—benzene—
diamine (0.045 mmol) was reacted with 2-methoxybenzaldehyde
to provide 21 mg of the title product as the free base.
Treatment with hydrochloric acid and concentration in vacuo
yielded the Salt of the titie compound..

1g-NMR

MS-FD m/e 473 (p)

_ Example 9 _
Preparation of Nl-(4-Methoxybenzoy1)-N3-[1-(3-methy1-
thiophen-2-ylmethyl)piperidin-4-ylcarbonyl]-1,2-benzene-

diamine.
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Using the general procedure described in Example 3, N1-
(4—methoxybenzoyl)—N2—(piperidin—4-ylcarbonyl)-1,2—benzene-
diamine (0.045 mmol) was reacted with 3-methyl-2-thiophene-
carboxaldehyde to provide 20 mg of the title product as the
free base. Treatment with hydrochloric acid and
concentration in vacuo yielded the salt of the title
compound.
1H-NMR
MS-FD m/e 463 (p)

Example 10
Preparation of Nl-(4—Methoxyhenzoyl)-N2~[1-(3-fury1methy1)-

piperidin-4-ylcarbonyl] -1, 2-benzenediamine.

\OD/[ UHYON/\Q

Using the general procedure described in Example 3, Ni-
(4—methoxybenzoyl)-N2-(piperidin—4—y1carbonyl)-1,2—benzene—
diamine (0.045 mmol) was réacted with 3-furaldehyde to
provide 19 mg of the title product as the free base.
Tﬁeatment with hydrochloric acid and concentration in vacuo
yvielded the salt of the title compound.
1H-NMR
MS-FD m/e 433 (p)

Example 11
Preparation of Ni-(4-Mathoxyhenzoy1)-Nz-(l-pentafluoro-

benzylpiperidin-4-ylcarbonyl)~1,2-benzenediamine.
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Using the general procedure described in Example 3, N1-
(4-methoxybenzoyl)-N2—(piperidin—4—ylcarbonyl)—1,z—benzene—
diamine (0.070 mmol) was reacted with ﬁentafluoro—
benzaldehyde to provide 30 mg of the title product as the
free base. Treatment withihydrochloric acid and
concentration in vacuo yielded the salt of the title
compound. : | |
1x-NMR
MS-FD m/e 533 (p)

_Example 12
Preparation of Nl-(4-Methoxybenzoy1)-N2-[1-(4-benzy1-

oxybenzyl)piperidin-4-ylcarbonyl]-1,2-benzenediamine.

Using the general procedure described in Example 3, N1~

(4—methoxybenzoyl)-N2—(piperidin—4—y1carbbnyl)-1,2—benzene-
diamine (0.070 mmol) was reacted with 4-benzyloxy-
benzaldehyde to provide 40:mg of the title prﬁduct as the

free base. Treatment with hydrochloric acid and
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concentration in vdcuo yielded the salt 8f the title’

MS-FD m/e 549 (p)

_ Example 13
Preparation of Nl—(4-Methoxybenzoy1)—Nz-[1-(2-pyridy1-
methyl)piperidin-4-ylcarbonyl] -1, 2-benzenediamine.

Using the general procedure described in Example 3, N1l-
(4—methoxybenzoyl)—N2—(piperidin—4—ylcarbonyl)—1,2-benzene—
diamine (0.070 mmol) was reacted with 2-pyridinecarbox-
‘aldehyde to provide 44 mg of the title product as the free
base. Treatment with hydrochloric acid and concentration in
vacuo yielded the salt of the title compound.
1g-NMR _

MS-FD m/e 445 (p+1)

Example 14

Preparation of Nl-(A-Methoxybenzoyl)-nz-[1-(3-pyridy1-
methyl)piperidin-4-ylcarbonyl]-1,2-benzenediamine.
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Using the general procedure described in Example 3, N1-
(4-methoxybenzoyl) -N2- (piperidin-4-ylcarbonyl) -1, 2-benzene-
diamine (0.070 mmol) was reacted with 3-pyridinecarbox-

5 aldehyde to provide 47 mg of the title product as the free
base. Treatment with hydrochloric acid and.concentration in
vacuo ylelded the salt of the title compound.
1H-NMR _ S
MS-FD m/e 444 (p)

10
. Example 15
Preparatzon of N1 (4-Methoxybenzoy1)-N2 [1 (4-pyridyl-
methyl)p;per;d;n-4-y1carbony1] -1, 2-benzenediamine.
O
NH
\o X
i y
15

Using the general procedure described in'Example 3,'N1—
(4-methoxybenzoyl) -N2- (piperidin-4-ylcarbonyl) -1, 2-benzene-
diamine (0.070 mmol) was reacted with 4-pyridinecarb6X—

20 aldehyde to provide 45 mg of the title product as the free
base. Treatment with hydrochloric acid and concentration in
vacuo ylelded the salt of the title compound '
1n-NMR |
MS-FD, m/e 444 (p)

25
Example 16

Preparation of Nlé(4-Meth§xyben20yl)euz-[1-(4-nitroben2y1)-
piperidin-4—y1ca:bony1]-1,2-benzenediamine;

i L
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Using the general procedure described in Example 3, N1-
(4—methoxybenzoy1)-Nz-(piperidin—4-ylcarbonyl)—1,2-benzene-
5 diamine (0.14 mmol) was reacted with 4-nitrobenzaldehyde to
provide 36 mg of the title product as the free base.
Treatment with hydrochloric acid and concentration in wvacuo
yielded the salt of the title compound.
1g-NMR
10 MS-FD, m/e 488 (p)

Example 17
Preparation of Nl-(4-Methoxybenzoy1)-N2-[1-(4-iodobenzy1)-

piperidin~-4-ylcarbonyl]-1,2-benzenediamine.

_ \o/gl &“TOA@\.

Using the general procedure described in Example 3, N1-

15

(4—methoxybenzoyl)-N2~(piperidin—4—ylcarbonyl)—l,z—benzene—
20 diamine (0.070 mmol) was reacted with 4-iodobenzaldehyde to
provide 28 mg of the title product as the free base.
Treatment with hydrochloric acid and concentration in vacuo
yielded the salt of the title compound.
1x-NMR
25 MS-FD, m/e 569 (p)
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, _ - Example 18
Preparation of N1¥(4-Mathoxyben:oy1)-ﬁz-[1—(2fnitrohenzy1)-~
piperidin-4-y1ca:hony1]-1;2-benzenediamine.

Using the generai procedure described in Example 3, N1-
(4?methoxybenzoyl)—Nz—(piperidin-4-ylcarbonyl)—1,2¥benzene-
10 diamine (0.070 mmol) was reacted with 2-nitrobenzaldehyde to
provide 32 mg of the title product as the free base.
Treatment with-hydrochlorid acid and concentration in wvacuo
Yiéldedlthe'salt of the'titlé'compdund. '
Lt 2o | o -
15 MS-FD, m/e 489 (p+l)

_ Example 19
Preparation of_Nl-(4-Methoxyhenzpy1)ﬁnz-[1-(S-hitrofuran-z—
ylmethyl)piperidin-4-y1carbony1]-1,2-benzenediamine.
20 ' |

Using the general'procedure described in Example 3, N1-

(4-methoxybenzoyl)—N2—(piperidin—4—ylcarbonyl)—1,2;benzene-

25 diamine (0.14 mmol) was reacted with 5-nitro-2-furaldehyde

qmt
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to provide 30 mg of the titlé’iroduct a8 the free base.
Treatment with hydrochloric acid and concentration in vacuo
yvielded the salt of the title compound.

lp-NMR |

MS-FD, m/e 478 (p)

Example 20
Preparation of Nl-(4-Methoxybenzoy1)-uz—[1-(2-thiazoly1-
methyl)piperidin-4-y1carbony1]fl,z-benzenediamine.

X" NH NN S
| i ¢ i
~o |
0 .

Using the general procedure described in Example 3, N1-
(4-methoxybenzoy1)—N2-(piperidin—4—ylcarbonyl)—1,2—benzene—
diamine (0.070 mmol) was reacted with 2-thiazolecarbox-
aldehyde to provide 28 mg of the title product as the free
base. Treatment with hydrochloric acid and concentration in
vacuo yielded the salt of the title compound.
lg-mr
MS-FD, m/e 451 (p+1)

Example 21
Preparation of Nl-(4-Methoxybenzoyl)-N2-(1-cyclopropyl-

methylpiperidin-4-ylcarbonyl]-1,2-benzenediamine.
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Using the general procedure descrlbed in Example 3 Ni-
(4-methoxybenzoyl)—N2 (plperldln—4~ylcarbonyl) -1, 2—benzene-
diamine (0.070 mmol) was reacted w1th cyclopropanecarbox—

aldehyde to prov1de 30 mg of the title product as the free

base. Treatment with hydrochloric acid and concentration in

vacuo ylelded the salt of the title compound
1p-nMR |
MS-FD, m/e 407 (p)

Example 22
Preparation of'Nlﬁ(4-Methoxybenzoy1)-N2—(1-isobuty1-

piperidin-4-ylcarbonyl)-1,2-benzenediamine.

ZT

Using the general procedure descrlbed in Example 3, nNi-
(llg-met:hoxybenzoyl)--N'2 (plperldln—4—ylcarbonyl) -1, 2-benzene—
diamine (0.070 mmol) was reacted with 1sobutyra1dehyde to
provide 32 mg of the title product as the free base.
Treatment with hydrochloric acid and concentration in vacuo
yvielded the salt of the title compound. |
1g-NMR

MS-FD, m/e 409 (p)
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Example 23
Preparation of Nl-(4-mathoxybenzoy1)-Nz-(l-phenylsulfonyl-
piperidin-4-ylcarbonyl)-1, 2-benzenediamine.

o qup |
lJ[:jjT/l\NH N~ \i:jjj
H
' N
\o - Z
0

A solution of Nl—(4—methoxybenzoy1)—N2—(piperidin-4—
vlcarbonyl)-1,2-benzenediamine (41 mg, 0.12 mmol) and
pyridine (0.05 mL) in methylene chloride (3 mL) was treated
'with benzenesulfonyl chloride (0.014 mL, 0.11 mmol). After
20 h, the mixture was treated with silica gel (3 em3) and
concentrated in vacuo. The residue was chromatographed
(silica gel, 50% hexanes/50% ethyl acetate to 30%
hexanes/70% ethyl acetate). Recrystallization of the
lresidue from hexahes/ethyl acetate yielded 39 mg (68%) of
the title compound.
lp-NMR, IR
MS-FD m/e 493 (p)

Analysis for CpgHp9N305S:
Cale: C, 63.27; H, 5.51; N, 8.51.
Found: C, 63.05; H, 5.65; N, 8.35.

Example 24
Preparation of N1-(4-methoxyhenzoy1)-N2-(4-piperidiny1-

methoxycarbonyl)-1,2-benzeﬁediamine.
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A. Nl-(4-Methoxybénzoyl)sz-[lé(teft-butoxycarbonyl)-
piperidin—4-ylmethoxycarbohyl]-1,2ebenzénediamine

A solution of 1.9 M phosgene in toluene (2.0 mL) was
treated with 1—(tert-butoxycérbonyl)-4-hydroxymethyl—
piperidine (200 mg, 0.930 mmol). After 1lh, the mixture was
concentrated in vacuo and the residue dried under high
vacuum for 4 h. The residue was dissolved in methylene
chloride (2.5 mL) and then added dropwise to a solution of
N1- (4-methoxybenzoyl)-1, 2-benzenediamine (230 mg,
0.950 mmol) and pyridine (0.4 mL) in methylene chloride
(5 mL) and tetrahydrofuran (1 mL). After 16 h, the mixture
was poured into a mixture of water and ethyl acetate. The
organic layer was washed once with 1.0 N aqueous '
hydrochlorié acid, once with saturated.sodium chloride
solution, dried (potassium carbonate), and filtered.
Concentration and purification of the residue by flash
chromatography (silica gel, ethyl acetate/hexanes) yielded
416 mg (93%) of the title compound. '
1p-NMR, IR ' '
MS-FD m/e 483 (p)
Analysis for CpgH33N30¢g.

Calc: C, 64.58; H, 6.88; N, 8.69;

Found: C, 64.46; H, 7.16; N, 8.41.

B. Nl—(4—Methoxybenzoyl)-Nz—(4—piperidinylmethoxy-
carbonyl) -1, 2-benzenediamine

A solution of Nl-(4-methoxybenzoyl)—Nz-[l—(tert—
butoxycarbonyl)piperidin-4-ylmethoxycarbonyl]-1,2-



" WO 99/00121 PCT/US98/13427

10

15

20

25

- 65 - --

benzenediamine (180 mg, 0.373 mmol) in methylene chloride

(10 mL) was treated with trifluorocacetic acid (5 mL). After
2 h, the mixture was concentrated in vacuo yielding the

trifluoroacetic acid salt of the title compound.

ig-NMR, IR

MS-FD m/e 384 (p+l)

Analysis for Cp1HagN304¢C2F302:
Cale: C, 55.53; H, 5.27; N, 8.45;
Found: C, 56.84; H, 5.49; N, 8.87.

_ Example'zs
Preparation of N1-(4-Methoxybenzoyl)-N2-[2-(4-piperidiny1)-

ethoxycarbonyl] -1, 2-benzenediamine.

0

A

A. Nl-(4—Methoxybenzoyl)-N2—[2*[1-(tert—butoxycarbonyl)—
piperidin-4-yl]ethoxycarbonyl] -1, 2-benzenediamine

Using the general procedure in Example 24, Part A,
2-[1- (tert-butoxycarbonyl)piperidin-4-yl]ethanol (1.31 mmol)
vielded 352 mg (54%) of the title compound.
lg-NMR, IR
MS-FD, m/e 497 (p)
Analysis for Cp7H35N304:

Calc: ¢, 65.17; H, 7.09; N, 8.45;

Found: C, 65.23; H, 7.33; N, 8.43.

B. Nl-(4-Meth0xybenzoyl)-N2—[2-(4—piperidinyl)—
ethoxycarbonyl] -1, 2-benzenediamine
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| A solution of Nl-(4-methoxybenzoyl)-N2-[2-[1-(tert-

butoxycarbonyl)piperidin-4-yl)ethoxycarbonyl] -1, 2~
benzenediamine (312 mg, 0.627 mmol) in methylene chloride
(3 mL) was treated w1th trlfluoroacetlc acid (0.48 mL) .
After 0.5 h, the mixture was concentrated in vacuo. The
residue was treated with 1 N aqueous sodium hydroxide
followed by ethyl acetate. The aqdeeus phase was extracted
twice with ethyl acetate and the combined organic layers
were dried and concentrated in vacuo. The residue was taken
up in methanol and treated with hydrochloric acid (gas, 1—2"
eq) and concentrated in vacuo to ‘yield the hydrochlorlde
salt of the title compound (270 mg) .
lg-NMR, IR
MS-FD m/e 398 (p)
Analysis for CopHo7N304-HCl:

Calc: C, 60.90; H, 6.50; N, 9.68;

Found: C, 60.65; H, 6.71; N, 9.71.

Example 26

Preparation of Nl-(4-Mathoxybenzoyl)-Nz-[z-(4-piperidiny1-
oxy)ethoxycarbonyl]-1,2-benzenadiamine.

Ve

o

A. Nl-(4-Methoxybenzoyl)-N2-[2-[1-(tert-butoxycarbonyl)--
piperidin-4-yloxy]ethOxycarbonYl]-l,2—benzenediamine

Using the general procedure in Example 24, Part A,
2-[1- (tert-butoxycarbonyl)piperidin-4-yloxy]ethanol (0.57
mmol) yielded 210 mg (72%) of the title compound.
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lg-NMR, IR

MS-FD m/e 513 (p)

Analysis for Cp7H35N307:
Calc: C, 63.08; H, 6.81; N, 8.18;
Found: C, 64.93; H, 7.07; N, 8.52.

B. Nl—(4—Methoxybenzoyl)—N2—[2—(4—piperidinyloxy)—
ethoxycérbonyl]—1,2—benzenediamine

A solution of Nl-(4rmethoxybenzoyl)—N2-[2—[1—(tert—
butoxycarbohyl)piperidin-4—yloxy]ethoxycarbonyl]—1,2—
benzenediamine (180 mg, 0.362 mmol) in methylene chloride
(2 mL) was treated with trifluoroacetic acid (0.30 mL).

After 0.5 h, the mixture was concentrated in vacuo. The

residue was treated with 1N agqueous sodium hydroxide

followed by ethyl acetate. The aqueous phase was extraéted

. twice with ethyl acetate and the combined organic phases

were dried (sodium sulfate), filtered, and concentrated in
vacuo. The residue was taken up in methahol and treated
with hydrochloric acid (gas,1-2 eq) and concentrated in
vacuo yielding the hydrochloride salt of the title compound
(270 mg).
lg-NMR, IR
MS-FD m/e 414 (p)
Analysis for CoH2gClN30s5:

Calc: C, 58.68; H, 6.22; N, 9.33;

Found: C, 58.56; H, 6.17; N, 9.20.

Example 27
Preparation of Nl-(4-Methoxyhenzoy1)-N2-(1-benzy1piperidin-_
4~yloxycarbonyl) -1, 2-benzenediamine.
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A. Nl-(4-Methoxybenzoyl)-N2- 4%p_ipéridi1"1_yloxycz_ arbonyl )-
1,2-benzenediamine - | | o |

Using the general procedure in Example 24, Part A
1-(tert- butoxycarbonyl)plperdln—4 -0l (1. 17 mmol) ylelded 218

‘mg (40%) of Nl- (4-m.ethoxybenzoy1)—N2 [1-(tert- butoxy-

carbonyl)plperldln—4—yloxycarbonyl] -1,2-benzenediamine. A
portion of thlS material (106 mg) was then treated with
methylene chlorlde (5 mL) and trlfluoroacetlc acid (3 mL)
for 3 h. The mlxture was concentrated in vacuo and the
res1due treated w1th 1 N aqueous sodlum hydroxide, followed
by ethyl acetate The agueous 1ayer was extracted ‘twice
with ethyl acetate and the combined organlc extracts were
washed with saturated sodium chlorlde solutlon, dried
(potassium carbonate), - filtered, and concentrated in vacuo
to yield the title compound. Treatment of an acetonltrlle
solution of this material with hydrochloric acid (gas, 1-2
eq), followed by concentration-and drying yielded.the
hydrochloride salt. o

1g-NMR

B. Nl-(4—Methoxybenzoyl)-N25(1-benzylpiperidin-4—yloxy—
carbonyl)-1, 2-benzened1am1ne _
General procedure for benzylatxon.

A solution of N1- (4-methoxybenzoyl)—N2 (4—p1per1d1n—
yloxycarbonyl) -1, 2-benzenediamine (50 mg, 0.12 mmol) and
triethylamine (0.040 mL, 0.26 mmol) in methylene chloride
was treated with benzyl bromide (0.015 mL, 0.12 mmol).
After 1 h, the mixture was poured into a mixture of ethyl



10

15 -

20

25

" WO 99/00121

PCT/US98/13427

- 69 - -
acetate and 1 N aqueous sodium hydroxide. The organic layer
was washed with saturated sodium chloride solution, dried
(potassium carbonate), and filtered. Concentration and
purification of the residue by flash chromatography (silica
gel, 90% chloroform/10% ammonium hydroxide in methanol)
afforded the free base. Treatment of the free base with
hydrochloric acid (gas, 1-2 eq.) in methanol and drying
yielded the hydrochloride salt of the title compound
(30 mg). '

- 1g-NMR
‘MS-FD m/e 459 (p)

Analysis for Cg7Hp9N304HCL:
Calc: C, 65.38; H, 6.10; N, 8.47;
Found: C, 64.33; H, 6.25; N, 7.95.

Example 28
Preparation of N1-(4-methoxybenzoy1)-N2-(1-benzy1piperidin—

4-ylmethoxycarbonyl) -1, 2~-benzenediamine.

Using the general procedure described in Example 27,
Part A, Nl—(4-methoxybenzoyl)—N2-(4-piperidinylméthoxy-
carbonyl)-1,2-benzenediamine (0.096 mmol) yielded the
hydrochloride salt of the title compound (30 mng) .
MS-FD m/e 473 (p)
Analysis for CpgH31N304+HCL:

Calc: C, 65.94; H, 6.32; N, 8.24;

Found: C, 65.67; H, 6.49; N, 8.01.



i . T WO 99/00121 ) PCT/US98/13427

- 70 - --

Example 29
Preparation of Nl-(A-MBthokybénzdyl)-Nz-[2-(1-benzy1--
piperidin—l-ylbxy)ethOxycarbbnﬁll-1,24ben;enediamipg.

O IO

Using the procedure described. in Example 27, Part A,

Nl—(4-methoxybenzoyl)—N2—[2—(4—piperidiny10xy)ethoxy—
10 carbonyll-1,2-benzenediamine (0.21 mmol) yielded the
hydrochloride salt of the title compound (75 mg}.
lE-mR .
MS-FD m/e 503 (p)
Analysis for CpgH32C1N304: _
15 Calc: C, 64.50; H, 6.35; N, 7.78;
Found: C, 64.59; H, 6.20; N, 7.67.

Example 30 _
Preparation of N- (4-Methoxybenzoyl) -2~ (5~-tert-butyl-1,3-
20 dihydro-1,3~-dioxo-2H-isoindol~-2-yl)benzeneamine.

T
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A slurry of Nl- (4-methoxybenzoyl) -1, 2~benzenediamine
(100 mg, 0.413 mmol) and 4-tert-butylphthalic anhydride
(84.3 mg, 0.413 mmol) in toluene (1.5 mL) was placed in a
bath heated to 110 °C. After 16 h, the mixture was

concentrated in vacuo and the residue purified by flash

. chromatography (silica gel, hexanes/ethyl acetate) to afford

149 mg (85%) of the title compound. The material was
further purified by recrystallization from hexanes/ethyl
acetate. '
1g-NMR
MS~-FD m/e 428 (p)
Analysis for CogHogN204:

Calec: C, 72.88; H, 5.65; N, 6.54;

Found: C, 73.09; H, 5.87; N, 6.61.

Example 31
Preparation of N-(4-Methoxybenzoyl)-2-(5-amino-~1,3-dihydro-
1,3-dioxo~2H~isoindol-2-yl)benzeneanmine.

H2

NH

A. N- (4-Methoxybenzoyl) -2~ (5-nitro-1,3-dihydro-1, 3-dioxo-
2H-isoindol-2-yl)benzeneamine |
Using the procedure described in Example 30, 4-nitro-
phthalic anhydride (997 mg, 5.17 mmol) was reacted in
toluene (40 mL) and tetrahydrofuran (10 mL) to yvield, after

recrystallization from hexénes/ethyl acetate, 1.56 g (73%)
of the title compound.
lyp-NMR
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MS-FD m/e 417 (p)
Analysis for CpoHj5N30¢:

‘Cale: C, 63.31; H, 3.62; N, 10.07;

Found: C, 64.06; H, 3.64; N, 10.08.

B. N-{4-Methoxybenzoyl)-2-(5-amino-1,3-dihydro-1,3-dioxo-

2H-isoindol-2-yl)benzeneamine - ' '
A'solution-of-N—(4-methoxybenzoyl)—2-(5—nitro—l,3-

dihydro-1, 3-dioxo-2H-isoindol-2-yl)benzeneamine (1.11 g,

10 2.66 mmol) and 5% palladium-on-carbon (1.21 g) in 2:1
ethanol:ethyl acetate (200 mL) was placed under 1 atmosphere
of hydrogen. After consumption of the starting material
(about 2-3 h), the mixture was filtered through diatomaceous
earth and the resulting filtrate concentrated in vacuo.

; 15 Recrystallization from hexanes/ethyl acetate yielded 596 mg
| (58%) of the title compound. -
1g-NMR, IR |
MS-FD m/e 387 (p)
Analysis for CpoH17N304:
20 Calc: C, 68.21; H, 4.42; N, 1.0.85;
Found: C, 68.19; H, 4.58; N, 10.66.

- Example 32
Preparation of N-(4-Methoxybenzoyl)-2-(1,3-dihydro-1,3-

25 dioxo-2H-benz[f]isoindol~2-yl)benzeneamine.

A pressure tube was charged with Nl-(4-methoxybenzoyl)—
30 1,2-benzenediamine (1.00 g, 4.13 mmol), 2,3-napthalene-
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dicarboxylic anhydride (820 mg, 4.13 mmol), and
tetrahydrofuran (16 mL). The resultant slurry was then
placed in a bath heated to 110 °C for 16 h: After cooling
to ambient temperature and standing for 3 h, the mixture was
further cooled to -10 °C for 20 h. The resulting solid was
collected by filtration and washed with cold ethyl acetate.
The solid was then pulverized and dried under vacuum at .
50 °C for 20 h to yield 1.45 g (83%) of the title compound.
lg-NMR, IR
MS-FD m/e 422 (p)
Analysis for CggH1gN204:

Calc: C, 73.93; H, 4.30; N, 6.63;

Found: C, 73.64; H, 4.56; N, 6.60.

Example 33
Preparation of N-(4-Methoxybenzoyl)-2-(5-bromo-1,3-dihydro-

1,3-dioxo-2H-isoindol-2-yl)benzeneamine.

A pressure tube was charged with Nl-(4¥methoxybenzoyl)—
1,2-benzenediamine (2.00 g, 8.26 mmol), 4—brombphthalic
anhydride (1.88 g, 8.26 mmol), and tetrahydrofuran (8 mL).
The resultant slurry was then placed in a bath heated td
110 °C for 16 h. After cooling to ambient temperature, the
product was triturated with ethyl acetate/hexanes and
collected by filtration. Recrystallization from ethyl

acetate/hexanes yielded 3.48 g (93%) of the title compound.
lp-NMR, IR ' |
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MS-FD m/e (p)
Analysis for CogH18N204 ¢

Cale: C, 73.93; H, 4.30; N, 6.63;

Found: C, 73.64; H, 4.56; N, 6.60.

~ Example 34 |
P:eparation of Iw'l—(Al-l!tl:'et:hcaxy_benic:yl)-2-—(1-et:ht':::_v-1,:-)-'d:i.lw'd::-o-a
3-oxo~2H-benz [f]isoindol-2-yl)benzeneamine.

A slurry of N-(4-methoxybenzoyl)-2-(1,3-dihydro-1,3-
dioxo-2H-benz [£]isoindol-2-yl)benzeneamine (3.44 g, 8.15
mmol) in anhydrous ethanol (330 mL) was treated with sodium
borohydride (620 mg, 16.3 mmol). After 2 h, the mikture was
slowly treated with 1 M-hydrochlofié acid in diethyl ether
(17.0 mL, 17.0 mmol), stirred at room termperature for 0.5 h,
filtered through diatomaceous earth, and concentrated in
vacuo. The residue was purified by flash chromatography
(silida gel, hexanes/ethyl acetéte) to yield 1.61 g (44%) of
the title compound. An analytical saﬁple was obtained by
recrystallizétion from ethyl aéetéte/hexanes.
lp-mMR, IR N |
MS-FD m/e 452 (p)

Analysis for CogHpgN204:
Ccalc: C, 74.32; H, 5.35; N, 6.19;
Found: C, 74.27; H, 5.48; N, 6.18.
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Example 35
Preparation of N-(4-Methoxybenzoyl)-2-{[l-(ethoxycarbonyl-
methyl)-1,3~-dihydro-3-oxo-2E~benz[£f]lisoindol-2~yl]~

benzeneamine.
o (o
Jop ety
NH
. \ 7/
& 0
' ' o]

)

A solution of N-(4-methoxybenzoyl)-2-(l-ethoxy-1,3-
dihydro—3-oxo—2H—benz[f]isoindol—z—yl)benzeneamine (0.75 g,
1.7 mmol) and l-ethoxy-l-trimethylsilyloxyethylene (0.80 g,
5.0 mmol) in methylene chloride at ~78 °C was treated
dropwise with boron triflouride etherate (0.23 mL,

1.8 mmol). Upon complete addition, the cooling bath was
removed and the mixture was allowed to warm for 0.5 h. The
mixture was poured into a mixture of ethyl acetate and
aqueous saturated sodium bicarbonate solution. The organic
layer was washed with water, Saturated sodium chloride
solution, dried (potassium carbonate), and filtered.
Concentration and purification of the residue by radial
chromatography (silica gel, hexanes/ethyl acetate) yielded
428 mg (44%) of the title compound. BAn analytical sample
was obtained by recrystallization from ethyl
acetate/hexanes.

1H-NMR, IR

MS-FD m/e 494 (p)

Analysis for C3gHygNOs5:
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Calc: C, 72.86; H, 5.30; N, 5.66;
Found: C, 72.77; H, 5.51; N, 5.62.

Example 36
Preparation of N~ (4-Methoxybenzoyl)-2-[l-(carboxymethyl)-
1,3~-dihydro-3-oxo-2H-benz[f£] isoindol-2-yl]lbenzeneamine.

A solution of'N-(4fmetHOXYbépzoy1)42-[l-(éthoxY_
carbonylmethyl)-l,3-dihYdr043—oxo-2H—benz[f]isoindol-z—YIJ-'

' benzeneamine (78.1 mg, 0.158 mmol) and lithium hydroxide

hydrate (7.0 mg, 0.16 mmol) in 9;1 tétrahydrofuran/water
(2 mL) was rapidly stirred for 18 h. The mixture was poured
into ethyl acetate and 1 N aqueous hydrochloric acid. The -

aqueous layer was extracted three times with ethyl écetate

and the combined organic extracts were washed with saturated _

sodium chloride solution, dried (magnesium sulfate),
filtered, and concentrated in wvacuo. Recrystallization from
hexanes/éthyl acetate yielded 49.6 mg (67%) of the title
compound. o - '

lp-nMr, IR

‘MS-FD m/e 466 (p)

Analysis for CpgHpoN5Osg:
Calc: C, 72.09; H, 4.75; N, 6.01;
Found: C, 72.19; H, 4.93; N, 5.75.
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Example 37
Preparation of N1-(4-methoxybenzoyl)-N2-(2-naphthoyl)-
' benzenediamine.
~o

A solution of Nl—(4—methoxybenzoyl)-1,2—benzenediamine
(200 mg, 0.826 mmol) and pyridine (0.25 mL) in chloroform
(5 mL) was treated with 2-naphthoyl chloride (158 mg,
0.826 mmol). After 20 h, the mixture was poured into a
mixture of ethyl acetate and 1 N agqueous hydrochloric acid.
The organic layer was washed with water, saturated sodium
chloride solution, and dried (potassium carbonate),
filtered, and concentrated in vacuo. Recrystallization from
hexanes/ethyl acetate yielded 211 mg (65%) of the title
compound.
lg-NMR, IR
MS-FD m/e 396 (p)
Analysis for CpgHpgN203:

Cale: ¢, 75.74; H, 5.09; N, 7.07;

Found: C, 75.56; H, 5.10; N, 6.97.

Example 38
Preparation of N-{(4-Methoxybenzoyl)-2-(1l,3-dihydro-1,3~
dioxo-2H-benz{f]lisoindol-2-yl)-4-hydroxybenzeneamine.



10

15

20

25

- WO 99/00121 PCT/US98/13427

|
OH

A. N- (4-Methoxybenzoyl)-2-(1,3-dihydro-1, 3-dioxo-2H-
benz[f]isoindol~-2-yl)-4-(tert-butyldimethylsiloxy)-
benzeneamine

Using a similar procedure to that Example 32, NIl-
(4-methoxybenzoyl)-4-( tert-butyldimethylsiloxy)-1,2-
benzenediamine (197 mg, 0.529 ‘mmol) yvielded, after
purification by flash chromatography (silica gel, -
hexanes/ethyl acetate), 228 mg-(78%) of the title compound.
lp-NMR, IR | - | |
MS-FD m/e 552 (p)
Analysis for C3pH39N20s5Si: :

calc: C, 69.54; H, 5.84; N, 5.07;

Found: C, 69.81; H, 5.92; N, 5.24.

B. N- (4-Methoxybenzoyl)-2- (1, 3-dihydro-1, 3-dioxo-2H-
benz[f]isoindol-2-yl)-4-hydroxybenzeneamine

A solution of N-(4-methoxybenzoyl)-2-(1,3-dihydro-1,3-
dioxo-2H-benz[f]isoindol-2-yl) -4~ ( tert-butyldimethylsiloxy) -
benzeneamine (48.6 mg, 0.088 mmol) in 2:1 dioxane:methanol
(6 mL) was treated with 12 M aqueous hydrochloric acid
(0.010 mL). After 6 h, the mixture was concentrated in
vacuo and the residue purified by flash chromatography
(silica gel; ethyl acetate/hexanes) to yield 24.6 mg (64%)
of the title compound.
lg-NMR, IR
MS-FD m/e 438 (p)
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Analysis for CpgHigN205:
Calc: C, 71.23; H, 4.14; N, 6.39;
Found: C, 69.54; H, 4.78; N, 5.63.

Example 39
Preparation of N-(4-Methoxyphenyl)=-2-(1,3-dihydro-~1,3-dioxo~
2H~benz[f]isoindol-2-yl)benzamide.

\.Ho o
\\0 l //
0

A pressure tube was charged with N- (4-methoxyphenyl)-2-

-~

aminobenzamide (500 mg, 2.07 mmol), 2,3-napthalene-
dicarboxylic anhydride (409 mg, 2.07 mmol), and
tetrahydrofuran (10 mL). .The resultant slurry was then
placed ih a bath heated to 110 °C for 16 h. After cooling
to ambient temperature and concentratioﬁ to 1/2 of the
solution volume, the product was triturated with 50%
hexanes/50% ethyl acetate and the resulting solid collected
by filtration. Recrystallization from hexanes/ethyl acetate
yielded 476 mg (55%) of the title compound.
lg-NMR, IR
MS-FD m/e 422 (p)
Analysis for CogH1gN204: _

Calc: C, 73.82; H, 4.29; N, 6.63;

Found: C, 73.66; H, 4.35; N, 6.42.

Example 40
Preparation of Nl-(4-Methoxyhenzoy1)-Nz-(4-pheny1benzoyl)-
1,2-benzenediamine.
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Using a similar procedure to that described for
Example 1, Part B, 4—phenyiben20ic.acid (200 mg, 1.01 mmol)
yielded 75 mg (18%) 0£ the title compound.
lH-NMR, IR ' |
MS-FD m/e 422 (p)

Analysis for Cg7HgoN203:
Calc: C, 76.76; H, 5.25; N, 6.63;
Found: C, 76.86; H, 5.46; N, 6.64.

|  Example 41 | |
Preparation of Nl-(4-Méthoxybénzoy1)-Nz-[lf(4—pyridy1)-_
piperidin-4-y1carbony1]-1,2-henzenédiamine.

| | _.' ) N N/J::::F |
YopJI¥e

Using a similar procedure to that described for
Example 1, Part B, N—(4—pYridy1)isonepicotic acid.(400 mg,
1.93 mmol) yielded 114 mg (14%) of the title compound.
lg-nMr, IR | |
MS-FD m/e 430 (p)

ARnalysis for CpgHpgN403:

il
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Calc: C, 69.75; H, 6.09; N, 13.01%1;
Found: C, 69.23; H, 5.75; N, 12.63.

Example 42

Preparation of Nl-(4-Methoxybenzoy1)-nz-[4-(4-piperidiny1)-

benzoyl]-1,2-benzenediamine.

A. 4-[1- (N-tert-butoxycarbonyl)piperidin-4-yllbenzoic acid

A solution of sodium 4-(4-pyridyl)benzoate (1.00 g,
4.52 mmol) and platinum(IV) oxide (200 mg) in 1:1
ethanol/acetic acid was placed under hydrogen gas (4.1 bar).
After 6 h, the mixture was filtered and the resulting
filtrate concentrated in vacuo. The residue was treated
with toluene and concentrated. The residue was dissolved in
1:1 tetrahydrofuran/water (30 mL) and treated with potassium
carbonate (1.26 g) and di-tert-butyl dicarbonate (990 mg,
4.54 mmol). After 2 h, the pH of the mixture was adjusted
to about 4 by addition of 2 M potassium hydrogen sulfate.
The mixture was poured into ethyl acetate. The aqueous
layer was separated and extracted several times with a
mixture of ethyl acetate and tetrahydrofuran. The combined
organic extracts were dried (magnesium sulfate), filtered,
and concentrated in vacuo. The residue was purified by -
reverse phase chromatography (Cl18, water/acetonitrile) to
yield 50 mg (4%) of the title compound.
1H-NMR
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B. Ni- (4-M‘et:hoxy'}:x'znzoyl)--N'2 [4 [1- (N—tert—butoxycarbonyl)—
piperidin-4-~yl]benzoyl]-1, 2—benzened1am1ne

Using a similar procedure to that described for

Example 1, part B, 4-[1-(N—tert—butoxycarbonyl)piperidin—4-
yl]lbenzoic acid (55 mg, 0.18 mmol) yielded 25 mg of the
title compound (unpure) which was used in the next reaction
without further purification.
1H-NMR

C. N1- (4-Methoxybenzoyl)—N2 [4 (4—p1per1d1nyl)benzoyl]—
1, 2-benzenediamine _
A solution of Nl-(4Fmethqubenzoyl)—Nz—[4-[1—(N—tert—

butoxycarbonyl)piperidin—4—yl]bénzoyl]—1,2-benzenediamine

(25 mg) in trifluoroacetic acid (1 mL) was stirred at room
temperaturé=for 0.25 h. Concentration, purification of the
residue by ion exchange (SCX resin, Varian), and salt
formation by treatment with hydrochlorlc acid in methanol,
followed by trituration with diethyl ether, yielded 6 mg :
(27%) of the title compound.

1g-NMR

MS-FD m/e 429 (p)

Example 43

" Preparation of N1{(4-Matﬁoxybenzoy1)-NZ-[4-(4-pyfidy1)-

benzoyl]-1,2-banzenediamine.
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Using a similar procedure to that described for

Example 1, Part B, sodium 4-(4-pyridyl)benzoate (300 mg,

1.36 mmol) yielded 6.2 mg (1%) of the title compound.

1n-NMR

MS-FD m/e 424 (p)

Example 44
Preparation of Nl-(4-Methoxybenzoy1)-Nz-[4-(hen20y1)-

henzoyl]-1;2-benzenediamine.

0 Fo) _
NH
D)k d
Z o)

Using a similar procedure to that described for
Example 1, Part B, 4-benzoy1benzoi¢ acid (200 mg, 0.88 mmol)
vielded 131 mg (33%) of the title compound.
lg-NMR, IR
MS-FD m/e 450 (p)

Analysis for CogHooN3O4:
Calc: C, 74.65; H, 4.92; N, 6.22;
Found: C, 74.57; H, 4.9%; N, 6.20.

Example 45
Preparation of Nl-(4-Methoxybenzoy1)-Nz-(S—oxo-B—H-fluoren-

2-ylcarbonyl) -1, 2-benzenediamine.
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Using a similar procedure to that described for
Example 1, Part B, 9-fluorenone-2-carboxylic acid (250 mg,
5 1.12 mmol) yielded 107 mg (21%) of the title compound.
lg-NMR, IR |
MS-FD m/e 448 (p)
Analysis for CpgHyoN204:
Calc: C, 74.99; H, 4.50; N, 6.25;
10 Found: C, 74.75; H, 4.50; N, 6.52.

Example 46
?reparétidn of Nl-(4-ﬁathoxyhengoy1)-Nz-[4-(44pyridy1)-

henz&loxycarbonyl]—1,2-benzenediamine.

' (o]
NH
/1::::r/u\ | H o.
O
Z (o]

A.  4-(4-Pyridyl)benzyl Alcchol
A solution of sodium'44(4~pyridyl)behzoate'(500'mg,'

20 2.26 mmol), and N-methylmorpholine (0.250 mL, 2.26 mmol) in
tetrahydrofuran (12 mL) was treated with ethyl chloroformate
(0.216 mL, 2.26 mmol). After 0.25 h, the mixture was .
treated with sodium borohydride (256 mg, 6.79 mmol) followed
by methanol (24 mL) dropwise. After 0.5 h, the mixture was

15

25 treated with 10% aqueous acetic acid and concentrated in
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vacuo. The residue was partitioned between ethyl aceétate
and 1 N aqueous sodium hydroxide. The aqueous layer was
extracted twice with ethyl acetate and the combined extracts
were dried (magnesium sulfate), filtered, and concentrated
in vacuo to yield 140 mg of the title compound which was
used without further purification.

1g-NMR

B. N1- (4-Methoxybenzoyl)-N2-[4- (4-pyridyl)benzyloxy-
carbonyl]-1, 2-benzenediamine

Using a similar procedure to that described for
Example 24, Part A, 4-(4-pyridyl)benzyl alcohol (140 mg,
0.76 mmol) yielded 25 mg (7%) of the title compound.
1H-NMR
MS-FD m/e 453 (p)

Example 47
Preparation of Nl-(4-Mathoxybanzoy1)-Nz-[1—(4—pyridy1)-

piperidin-4-ylmethoxycarbonyll-1, 2-benzenediamine.

' \OJQ/E @JIFWQ

A. 1-(4-Pyridyl)piperidine-4-methanol

A solution of methyl N-(4-pyridyl)isonipecotate
(600 mg, 2.72 mmol) ih tetrahydrofuran was added to solution
of lithium aluminum hydride (100 mg) in tetrahydrofuran
(14 mL) cooled to 0 °C. Upon consumption of the starting
material (0.5-2 h), the mixture was treated with water
(0.10 mL), 15% agueous sodium hydroxide (0.10 mL), and water
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(0.30 mL). After 0.25 h, the mixture was sonicated for
0.25 h, then poured'into a mixture"of'ethyl acetate, water,
sodium tartrate, and potassium tartrate. The agqueous layer
was extracted twice with ethyl acetate and the combined
extracts were dried (magnesium sulfate), filtered, and
concentrated in vacuo to yield 357 mg (68%) of the title
compound, which was used without further purification.

1g-NMR

B. Nl- (4-Methoxybenzoyl)—N2 [1- (4—pyr1dy1)plperldln—4—yl-'
methoxycarbonyl) -1, 2-benzenediamine

Using a similar procedure to that described for
Example 24, Part A, 1-(4-pyridyl)piperidine-4-methanol (270
mg, 1.40 mmol) yielded 55 mg (9%) of the title compound.
lg-NMR, IR |
MS-FD m/e 461 (p+1l)
Analysis for CogHogNyO4:

Calc: C, 67.81; H, 6.13; N, 12.17;

Found: C, 68.03; H, 6.16; N, 12.19.

Example 48

Preparation of Nl-(4-Bromohenzoy1)-N2-[1-(4-pyridy1)-
piperidin-4-ylmethoxycarbonyl) -1, 2-benzenediamine.

Br

A. 2—N1tro-N-[1 (4-pyr1dyl)p1per1d1n— —ylmethoxycarbonyl)—

benzeneamlne
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A solution of 2-nitrophenyl isocyanate (4.25 g,
25.9 mmol) and 1-(4-pyridyl)piperidine-4-methanol (4.13 g,
21.5 mmol) in methylene chloride (100 mL) was stirred at
room temperature for 18 h. The mixture was concentrated in
vacuo and the residue purified by flash chromatography
(silica gel, 5% methanol/1l% triethylamine/94% chloroform) to
yield 7.55 g (96%) of the title compound.
lg-NMR, IR
MS-FD m/e 357 (p+l)
Analysis for CgHooN404:
Calc: C, 60.67; H, 5.66; N, 15.72;
Found: C, 60.43; H, 5.55; N, 15.69.

B. NLl-[1-(4-Pyridyl)piperidin-4-ylmethoxycarbonyl)-1,2-
benzenediamine

A solution of 2-nitro-N-[1l-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl)benzeneamine (7.55 g, 21.2 mmol) and 5%
palladium-on-carbon (4.00 g) in ethanol (250 mL) was placed
under an atmosphere of hydrogen (1 bar). After consumption
of the starting material (16-20 h), the mixture was filtered
through diatomaceous earth. Hot ethyl acetate was used to
wash the filter cake. Concentration of the filtrate in
vacuo yielded 6.58 g (96%) of the title compound.
lg-NMR, IR
MS-FD m/e 326 (p)
Analysis for Cq1gH2Ny03:

Calc: C, 66.24; H, 6.79; N, 17.17;

Found: C, 66.36; H, 6.81; N, 17.43.

C. Nl—(4-Bromobenzoyl)—N2—[1-(4—pyridyl)piperidin—4—y1—
methoxycarbonyl) -1, 2-benzenediamine

A solution of N1-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl)-1,2-benzenediamine (300 mg, 0.920 mmol) and
pyridine (0.74 mL) in chloroform (5 mL) was treated with
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4-bromobenzoyl chloride (405 mg, 1:84 mmol). ' After 20 h,
the mixture was concentrated and the residue partitioned
between water and ethyl acetate. The agueous laver was
extracted three times with ethyl acetate and the combined
organics were washed with 1 N aqueous sodium hydroxide,
water, saturated sodium chloride solution. The solution was
dried (potassium carbonate), filtered, and concentrated in
vacuo. Recrystallization (methanol/chloroform and hexanes)
yvielded 200 mg (43%) of the title compound '
lg-NMR, IR | :
MS~FD m/e 509 (p)
Analysis for CpgHp5BrNy03:

Calc: C, 58.95; H, 4.95; N, 11.00;

Found: C, 58.93; H, 4.97; N, 10.79.

Example 49
Preparation of Nl-(4—Iodobénz0y1)-Nz;[l-(4-pyridy1)-
piperidin-4-ylmethoxycarbonyl)-1,2-benzenediamine.

Using a similar procedure to that described in
Example 48, Part C, Nl-ll—(4-pyridyl)piperidin-4—yl—
methoxycarbonyl) -1, 2-benzenediamine (300 mg, 0.920 mmol)
vielded 379 mg (74%) of the title compound
1p-NMR, IR |
MS-FD m/e 556 (p)

Analysis for Cps5HogN403:
Calc: C, 53.97; H, 4.53; N, 10.07;
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Found: C, 54.15; H, 4.53; N, 9.99.

Example 50
Preparation of N1-(3-Methoxybenzoy1)-nz-[1-(4-pyridy1)-
5 piperidin-4-ylmethoxycarbonyl)-1,2-benzenediamine.

o J
’ O/[EjTVQJQ

Using a similar procedure to that described in
10 Example 48, Part C, N1-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl) -1, 2-benzenediamine (300 mg, 0.920 mmol)
vielded 300mg (71%) of the title compound.
1g-NMR, IR
MS-FD m/e 461 (p+1)
15 DRAnalysis for CogHogN404:
Cale: C, 67.81; H, 6.13; N, 12.17;
Found: C, 68.02; H, 5.94; N, 11.95.

Example 51
20 Preparation of Nl-(3-Aminobenzoy1)-Nz-[l-(4-pyridy1)-
piperidin-4-ylmethoxycarbonyl) -1, 2~benzenediamine.
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A. Nl-(3—Nitroben20y1)-N2~[1~(4—pyridy1)piperidin—4—yl—
methoxycarbonyl)-1,2-benzenediamine | '

Using a similar procedure to that described in
Example 48, Part C, N1-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl) -1, 2-benzenediamine (300 mg, 0.920 mmol)
vielded 200 mg (47%) of the title compound.
lp-NMR, IR
MS-FD m/e 455 (p)

Analysis for CosHpg5ClNygO3: _

Calc: C, 64.58; H, 5.42; N, 12.05;

Found: C, 62.95; H, 5.19; N, 11.31.

B. N1- (3-Aminobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-y1-
methoxycarbonyl) -1, 2-benzenediamine

A mixture of Nl-(3-nitrobenzoyl)-N2-[1-(4-pyridyl)-
piperidin-4-ylmethoxycarbonyl)-1, 2-benzenediamine (370 mg,
0.78 mmol) and 5% palladium-on-carbon (200 mg) in ethanol
(10 mL) was placed under an atmosphere of hydrogen (1 atm).
After consumption of the starting material, the mixture was
filtered through diatomaceous earth and the filtrate
concentrated in vacuo. Recrystallization (methanol/diethyl
ether) yielded 40 mg (12%) of the title compound.
lg-NMR, IR
MS-FD m/e 446 (p+1)
Analysis for CpgHp7NgO3:

Calc: C, 67.40; H, 6.11; N, 15.72;

Found: C, 61.81; H, 5.95; N, 14.12.

: . Example 52 B
Preparation of Nl-(4-Chlorobenzoy1)-Nz-lif(4-pyridy1)-

piperidin-4-ylmathbxycarbonyl)-1,2-benzenediamine.
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Using a similar procedure to that described in.
Example 48, Part C, Nl-[1-(4-pyridyl)piperidin-4-yl1-
5 methoxycarbonyl)-1,2-benzenediamine (300 mg, 0.920 mmol)
yvielded 200 mg (47%) of the title compound.
lg-NMR, IR
MS-FD m/e 465 (p)
Analysis for CpsHp5ClN403:
10 Calc: C, 64.58; H, 5.42; N, 12.05;
Found: C, 62.95; H, 5.19; N, 11.31.

_ Example 53
~ Preparation of Nl-(4-cYanobenzoy1)—N2—[1-(4-pyridy1)-
15 piperidin-4-ylmethoxycarbonyl)-1,2-benzenediamine.

BopdWe

Using a similar procedure to that described.in
20 Example_48, Part C, Nl-[1—(4—pyridyl)piperidin-4-y1—
methoxycarbonyl) -1, 2-benzenediamine (500 mg, 1.53 mmol)
yielded 295 mg (42%) of the title compound.
1-NMR, IR
MS-FD m/e 456 (p+1).
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Analysis for CpgHasN503:
Calc: C, 68.56; H, 5.53; N, 15.37;
Found: C, 68.37; H, 5.50; N, 15.21.

Example 54
Preparation of 2-[(4-t-Butylbenzoyl)amino]-N-(3,4-methylene-
dicxyphanyl)-s-[(methylsulfonyl)amino]benzamide. _

S

"MeSO,N

A. 2-[(4-t-Butylbenzoyl)amino}-N- (3, 4-methylenedioxy-
phenyl)-5-nitrobenzamide = '

By methods substantially equivalerit to those described
in Example 59-C, 2-[(4-t-butylbenzoyl)amino]-N-(3,4-
methylenedioxyphenyl)-5-nitrobenzamide (75%) was prepared
from 6—nitro—2—(4-t—buty1pheny1)?4H—3,1—benzoxazin-4-one and
3,4—methylenedioxyaniline.
lyow ,

FD-MS, m/e 461.3 (M%)

Analysis for C25H23N30¢:
Calc: ¢, 65.07; H, 5.02; N, 9.11;
Found: c, 65.17; H, 5.12; N, 9.06.

B. 5-Amino-2-[ (4- t-butylbenzoyl)amlno]—N—(3 4—methylene—
dloxyphenyl)benzamlde '

By methods substantially equivalent to those déscribed
in Example 59-D, 5-amino-2-[ (4-t-butylbenzoyl)amino]-N-(3,4-
methylenedioxyphenyl)benzamide (100%) was prepared from
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2-[{4-t-butylbenzoyl)amino] -N- (3, 4-methylenedioxyphenyl) -
5-nitrobenzamide.
1y-nvr | |
FD-MS, m/e 431.2 (M%)
Analysis for C25H25N304-0.25H20:

Calc: C, 68.87; H, 5.90; N, 9.64;

Found: C, 68.87; H, 6.16; N, 9.36.

C. 2-[(4-t-Butylbenzoyl)amino]-N- (3, 4-methylenedioxy-
phenyl)-S—[(methylsulfonyl)amino]benzamide

By methods substantially equivalent to those described
in Example 59-E, 2-[(4-t-butylbenzoyl)amino]-N-(3,4-
methylenedioxyphenyl)-5-[ (methylsulfonyl)amino}benzamide
{66%) was prepared from 5-amino—2—[(4—t—butylbenzoyl)amino]—
N- (3, 4-methylenedioxyphenyl)benzamide.
lH—NMR
FD-MS, m/e 509.0 (M%)
Analysis for C2H27N306S:

Calc: C, 61.28; H, 5.34; N, 8.25;
Found: C, 62.87; H, 5.67; N, 7.89.
Example 55

Preparation of 2~ (4~Isopropylbenzoylamino)-N-(4-methoxy-
phenyl)benzamide.
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A. 2-Amino-N- (4-methoxyphenyl)benzamide

A mixture of isatoic anhydride (4.9 g, 30 mmol) and
p-anisidine (3.7 g, 30 mmol) in toluene (60 mL) was heated
to reflux for 5 h. After cooling, the supernatant was
decanted and the solid was suspended iﬁ methylene chloride
(500 mL). The resulting suspension was filtered. The
filtrate was combined with the supernatant from abOVe,- _
partially concentrated, diluted with hexane, and decolorized
with charcoal. The resulting crystallization provided 5.3 g
(73%) of the title compound as a white solid;
mp 116-7 ©cC. ' ' '
1g-NMR, IR
MS-FD m/e 242 (p). -
Analysis for C14H14N202:

Calc: C, 69.41; H, 5.83; N, 11.56;

Found: C, 69.16; H, 5.71; N, 11.31.

B. 2-(4-Isopropylbenzoylamino) -N-(4-methoxyphenyl) -
benzamide : ' : ' :

To a mixture of 4-isopropylbenzoic acid (191 mg,
1.16 mmol) and pyridine (0.12 mL, 1.5 mmol) in toluene
(10 mL) was added'thionyl chloride (O.il mL, 1.5 mmol).
After heating at 80 ©OC for 3 h, the reaction mixture was
cooled and concentrated in vacuo to give 4-isopropylbenzoyl
chloride. A solution of this material (1.16 mmol) in
methylene chloride (10 mL) was added to a mixture of
2-amino-N- (4-methoxyphenyl)benzamide (200 mg, 0.83 mmol) and
pyridine (0.07 mL, 0.87 mmol) in methylene chloride (15 mL)
cooled to 0 ©C. The reaction mixture was warmed to room
temperature and stirred for 1 h. . The reaction was
partitioned between methylene chloride (25 mL) and 1 N
hydrochloric acid (10 mL). The organic layer was dried
(magnesium sulfate), filtered, and concentrated in vacuo to
give 262 mg (81%) of the title compound as a white solid.
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ly-NMR (cDC13): 8°8.70 (Q, 1H, J=9.0 Hz):°8.22 (s, 1H), 7.58
(m, 3H), 7.93 (d, J=10.5, 2H), 7.46 (t, 1H, J=8.7 Hz), 7.35
(d, 2H, J=9.9 Hz), 6.95 (d, 2H, J=10.8 Hz), 7.04 (4, 1H,
J=9.0 Hz), 2.98 (s, 1H), 1.28 (d, 6H, J=8.4 Hz); MS-FD m/e
5 388.1 (p); IR (CHC1l3) cm~1: 1447, 1512, 1587, 1655.

Analysis for C24H24N203:

Calc: C, 74.21; H, 6.23; N, 7.21;

Found: C, 74.46; H, 6.40; N, 7.35.

10 ' Example 56
Preparation of 2-(4-Acetylbenzoylamino) -N- (4-methoxyphenyl) -
benzamide. '

0]
15
Using the procedure described in Example 55, Part B,
2-amino-N- (4-methoxyphenyl)benzamide (1.06 g, 4.36 mmol) was
reacted with 4-acetylbenzoic acid to yield 292 mg (37%) of
the title compound as a light yellow solid.

20 lE-NMR (CDC13): § 12.00 (s, 1H), 8.72 (4, 1H, J=9.9 Hz),
8.23 (s, 1H), 8.20 (m, 4H), 7.08 (t, 1H, J=8.4 Hz), 7.54 (m,
4H), 6.96 (4, 2H, J=11.1 Hz), 2.65 (s, 3H), 3.84 (s, 3H);

MS-FD m/e 388 (p); IR (CHC13) em~1l: 1249, 1448, 1511,
1683.

25 Analysis for C23H20N204:
Ccalc: C, 71.12; H, 5.19; N, 7.21;
Found: C, 71.40; H, 5.36; N, 7.05.
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. Example 57
Preparation of 2-[4-(l-Hydroxyethyl)benzoylamino]-N-
(4-methoxyphenyl)benzamide. :

Q_Kﬂ—@—om

O, __NH

HO

To a solution of 2-(4-acetylbenzoylamino)-N-(4-methoxy-
phenyl)benzamidé (101 mg,'0.260.mm91) in methanol (5 mL)

10 cooled to 0 °C was added sodium borohydride (17 mg, 0.46
mmol). After 20 min, the reaction mixture was quenched with
saturated aqueous ammonium chloride solution (1 mL), diluted |
with methylene chloride (30 mL), and washed with water. The
organic layer was dried (magnesium sulfate), filtered, and

15 concentrated in vacuo. The residue was chromatographed
(silica gel, 25% ethyl acetate/75% hexanes to 50% ethyl
acetate/50% hexanes) to give 85 mg (84%) of the title
compound as a yellow solid. ' '
ly-NMR (CDC13): 8 11.79 (s, 1H), 8.72 (d, 1H, J=9.9 Hz),

20 8.17 (s, 1H), 7.99 (d, 2H, J=9.9 Hz), 7.51 (m, 6H), 7.07 (t,
1H, J=9.0 Hz), 6.95 (d, 2H, J=10.5 Hz), 4.97 (q, 1H, J=7.8
Hz), 3.83 (s, 3H), 1.52 (4, 3H, J=7.5 Hz).

Analysis for C23H22N204°0.25 H20:
Calc: C, 69.96; H, 5.74; N, 7.09;

25 Found: C, 69.84; H, 5.75; N, 7.08.

1
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Example 58
2-[4~ (1-Hydroxy-l-methylethyl)benzoylamino] ~-N- (4-~-methoxy-

phenyl)henzamidé.
(::l_ﬁ,n—~<::>—0Me
' (o]

o) NH

OH

To a solution of 2-(4-acetylbenzoylamino)-N- (4-methoxy-
phenyl)benzamide (161 mg, 0.410 mmol) in tetrahydrofuran (10
mL) cooled to 0 °C was added 3 M methyl magnesium bromide in
diethyl ether (0.2 mL, 0.6 mmol). After 1 h, the reaction
mixture was quenched with saturated agqueous ammonium
chloride solution (2 mL), diluted with ether, and.washed

with water. The organic layer was dried (magnesium

~sulfate), filtered, and concentrated in wvacuo. The residue

was chromatographed (silica gel, 15% ethyl acetate/85%
hexanes to 35% ethyl acetate/65% hexanes) to give 24 mg
(14%) of the title compound as a white solid.

ly-NMR (CDC13): & 8.78 (d, 1H, J=8.4 Hz), 8.17 (s, 1H), 8.02
(d, 2H, J=8.4 Hz), 7.55-7.67 (m, 6H), 7.13 (t, 1H, J=8.4
Hz), 6.99 (d, 2H, J=3.7 Hz), 3.88 (s, 3H), 1.64 (d, 6H,
J=9.3 Hz); MS-FD m/e 404 (p).

_ Exanple 59
Preparation of 2-(4~tert-Butylbenzoylamino)-5-methyl-

sulfonylamino-N- (4-methoxyphenyl)benzamide.
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: NHSOgMe . . :
©—‘( H—"O—OMQ .
|
(o) NH 0
A, 2—(4—tert-Butylbenzoylamino)-anitrobenzoic Acid

To a mixture of 5-nitroanthranilic acid (24.6 g,
135 mmol) and pyridine (14.2 mL, 175 mmol) in N,N-dimethyl-
formamide (140 mL) cooled to 0 ©C was added tert-butyl-
benzoyl chlorlde (31 6 mL, 162 mmol) After stlrrlng for 1
h the reactlon mlxture was heated at 75 oc for 4 h, cooled,

and poured 1nto an ice/water mlxture The resulting solid

was filtered, washed with water and a 1:2 mixture of diethyl

ether/hexanes, and drled in vacuo at 150 OCc for 2 h to give
37.1 ¢ (80%) of the tltle compound as a llght brown solld
mp 245-9 ©C.
lp-NMR, IR
MS-FD m/e 342 (p)
Analysis for C18H18N205:

Cale: C, 63.15; H, 5.30; N, 8.18;

Found: C, 62.85; H, 5.05; N, 8.48.

B.  6-Nitro-2-(4-tert-butylphenyl)-4H-3,1-benzoxazin-4-one

To a suspension of 2—(44rert-bntyibehzoyiamino)—5—.
nitrobenzoic acid (37.l1lg, 108 mmol) and N,N-dimethyl-
formamide (0.4 mL, 5.4 mmol)'in methylene chloride (200 mL)
was added oxalyl chloride (10.4 mL, 119 mmol) in a dropwise
manner. After stirring for 2 h, the mixture was filtered
and the small amount of black solid was discarded. The

i |
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filtrate was concentrated in vacuo to give 32.9 g (94%) of
the title compound as a light brown solid; mp 159-61 ©C.
lg-NMR, IR
MS-FD m/e 324 (p)

Analysis for C18H1gN204:
. Calc: C, 66.66; H, 4.97; N, 8.64;
Found: C, 66.54; H, 4.79; N, 8.55.

C. 2-(4-tert-Butylbenzoylamino) -5-nitro-N- (4-methoxy-
phenyl)benzamide

A mixture of 6-nitro-2-(4-tert-butylphenyl)-4H-3,1-
benzoxazin-4-one (1.21 g, 3.73 mmol) and p-anisidine
(551 mg, 4.47 mmol) in N,N-dimethylformamide (5 mL) was
heated at 80 ©°C for 2.5 h. After cooling to room
temperature, the reaction mixture was poured into an
ice/water mixture and extracted twice with methylene
chloride. The combined organic layers were washed with
water, dried (sodium sulfate), and filtered. From the
resulting solution crystallized 706 mg (42%) of the title
product as a light brown solid. The mother ligquor was
chromatographed (silica gel, 20% diethyl ether/80% hexanes
to 40% diethyl ether/60% hexanes) to give 242 mg (14%) of
additional product; mp 210-11 ©C.
lg-NMR, IR
MS-FD m/e 447 (p)
Analysis for C25H25N305:

Calc: C, 67.10; H, 5.63; N, 9.39;

Found: C, 67.09; H,_5.59; N, 9.17.

D. - 2-(4-tert-Butylbenzoylamino)-5-amino-N- (4-methoxy-
phenyl)benzamide

A mixture of 2-(4-tert-butylbenzoylamino)-5-nitro-N-(4-
methoxyphenyl)benzamide (895 mg, 2.00 mmol), 10% palladium-
on-carbon (90 mg) and ethyl acetate (5 mL) in ethanol (5 mL)
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was hydrogenated at one atmospheric pressure for 5 h. The
reaction was degassed and a suspension of 10% palladium-on-
carbon (45 mg) and ethyl acetate (3 mL) was added. This
mixture was hydrogenated for 2ldays at one atmosphere. The
feaction was filtered through diatomaceous earth assisted by
ethyl acetate/ethanol washes. The filtrate was concentrated
in vacuo and chromatographed (silica gel, 10% ethyl
acetate/90% methylene chloride to 35% ethyl acetate/65%
methylene chloride) to give 487 mg (58%) of the title
compound as a white solid; mp 212-214.5 ©C.
lg-NMR, IR
MS-FD m/e 417 (p)

Analysis for C25H27N303:
Calc: C, 71.92; H, 6.52; N, 9.80;
Found: C, 71.38; H, 6.56; N, 9.80.

E. 2-(4-tert-Butylbenzoylamino)-5-methylsulfonylamino-N-
(4-methoxyphenyl)benzamide
To a solution of 2-(4-tert-butylbenzoylamino)-5-amino-

N- (4-methoxyphenyl)benzamide (150 mg, 0.36 mmol) in

- methylene chloride (5 mL) cooled to 0 °C was added pyridine

(32 pl1, 0.40 mmol) followed by methanesulfonyl chloride

(31 pl, 0.40 mmol). After 5 min, the reaction mixture was
allowed to warm to room temperature and stirred for 30 min.
The reaction mixture was diluted with methylene chloride and
washed twice with watexr. The organic layer was dried
(magnesium sulfate), filtered, and concentrated in vacuo.
The residue was chromatdgraphéd (silica gel, 30% ethyl
acetate/70% methylene chloride) to give 130 mg (73%) of the

title compound.

1n-NMR (DMSO-dg): & 11.24 (s, 1H), 9.81 (s, 1H), 10.47 (s,
1H), 8.31 (4, 1H, J=9.00 Hz), 7.80 (d, 2H, J=7,8 Hz), 7.61
(s, 1H), 7.56 (d, 4H, J=7.8 Hz), 7.39 (d, 1H, J=8.7 Hz),
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6.93 (4, 2H, J=8.7 Hz), 3.73 (s, 3H), 3.04 (s, 3H), 1.29 (s,

9H); MS-FD m/e 495 (p); . _
IR (CHC13) cm~l: 1158, 1325, 1512, 1610, 1654.
Analysis for C26H29N305S-0.50 HzO:

Calc: C, 61.90; H, 5.99; N, 8.33;

Found: C, 61.99; H, 5.80; N, 7.89.

Example 60a
Preparation of 2-(4-tert-Butylbenzoylamino)-4-ethylamino-N-
(4-methoxyphenyl)benzamide.

HHN]:;:LHW,H——<:;>—0Me
o

0. _-NH

A. 2-Amino-4-nitro-N- (4-methoxyphenyl)benzamide

A mixture of 4-nitroisatoic anhydride (2.08 g,
10.0 mmol) and p-anisidine (1.35 g, 11.0 mmol) in
N,N-dimethylformamide (10 mL) was heated at 80 ©C for 2.5 h.
After cooling, the reaction was poured into ice cold 3 N
hydrochloric acid (60 mL). The resulting solid was filtered
and washed with 1 N hydrochloric acid and water. Drying in
vacuo gave 2.73 g (95%) of the title compound as a greenish
vellow solid; mp 193-7 ©cC.
1H-NMR, IR
MS~-FD m/e 287 (p)
Analysis for C14H13N304:

Calc: C, 58.53; H, 4.56; N, 14.63;

Found: C, 58.41; H, 4.58; N, 14.46.
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B. 2-(4-tert-Butylbenzoylamino) - 4-n1tro-N-(4-methoxy—
phenyl)benzamlde

To a mixture of 2-amino- 4—n1tro—N—(4—methoxyphenyl)-

benzamide (2.0 g, 7.0 mmol) and pyrldlne (0.62 mL, 7.7 mmol)

in methylene chloride (40 mL) was added 4- tert—butylbenonl
chloride (1.44 mL, 7.35 mmol). After stirring for 1.5 h,

silica gel (30 g) was added and the soivent evaporated with

'a stream of nitrogen. The resulting material was

chromatographed (silica gel, 5% hexanes/95% methylene
chloride to 1.25% ethyl acetate/28.75% methylene chloride)
to give 2.41 g (77%) of the title compound as a yellow
solid; mp 221 ©C.
lg-NMR, IR
MS-FD m/e 287 (p)
Analysis for C14H13N304:

Calc: C, 58.53; H, 4.56; N, 14.63;

Found: C, 58.41; H, 4.58; N, 14.46.

C. 2-{4-tert-Butylbenzoylamino) -4-ethylamino-N- (4-methoxy-
phenyl)benzamide and 2-(4-tert-Butylbenzoylamino)-4-amino-N-
(4-methoxyphenyl)benzamide '

Using the procedure descrlbed in Example 59, Part D,
and using a mixture of ethyl acetate.(40 mL) , ethanol .
{20 mL), and glacial acetic’'acid (4 mL, dried over. activated

‘molecular sieves) as solvent, 2—(4—tert-butylbenzoylamino)--

~ 4-nitro-N-(4-methoxyphenyl)benzamide (2.0 g, 4.5 mmol)

yvielded the title compounds:

2- (4-tert-Butylbenzoylamino) -4-ethylamino-N- (4-methoxy-
phenyl)benzamide (467 mg, 23%); mp 205-7.5 ©C _
TLC: Rf=0.7 (10% ethyl acetate/90% methylene chloride)
1g-NMR, IR

MS-FD m/e 445 (p)
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Analysis for Cz7H31ﬁ303: i
- Calec: C, 72.78; H, 7.01; N, 9.43;
Found: C, 72.86; H, 7.10; N, 9.41

2-(4-tert-Butylbenzoylamino)-4~amino-N- (4-methoxy-
phenyl)benzamide (1.13 g, 61%); mp 137-40 ©C
TLC: Rf=0.2 (10% ethyl acetate/90% methylene chloride)
lg-NMR, IR |
MS-FD m/e 417 (p)
Analysis for C2sH27N303:

Calc: C, 71.92; H, 6.52; N, 10.06;

Found: C, 72.04; H, 6.65; N, 9.87.

Example 60b
Preparation of 2-(4-tert-Butylbenzoylamino)-4-phenyl-

sulfonylamino-N- (4-methoxyphenyl)benzamide.

PhSONH~ _@
- oM
l o
0= NH

X

Using the procedure described in Example 59, Part E,
2-(4-tert-butylbenzoylamino)-4-amino-N- (4-methoxyphenyl) -
benzamide (150 mg, 0.36 mmol) was reacted with benzene-
sulfonyl chloride to yield 112 mg (56%) of the title
compound as a white solid.
1g-NMR (DMSO-dg): 0 12.14 (s, 1H), 10.84 (s, 1H), 10.24 (s,
1H), 8.55 (s, 1H), 7.89 (d, 2H, J=8.4 Hz), 7.79 (m, 3H),



10

15

20

© WO 99/00121 ' PCT/US98/13427

_ - 104 - .
7.58 (m, 7H), 6.92 (m, 3H), 3.72 (s, 3H), 1.28 (s, 9H); MS-
FD m/e 557 (p); IR (CHC13) em~l: 1156, 1512, 1610, 1651.

‘Analysis for C31H31N305S:

Calc: C, 66.77; H, 5.60; N, 7.54;
Found: C, 66.67; H, 5.70; N, 7.33.

Example 61
Preparation of 2-(4-tert-Butylbenzoylamino)—5-pheny1—
sulfonylamino~N- (4-methoxyphenyl)benzamide. |

NHSO.Ph

H—@—om

oo NH °

. N |

Using the procedure described_in Example 59, Part E,
benzenesulfonyl chloride (0.40 mmol) yielded 193 mg (96%) of
the title compound as a white solid.
lH-NMR (DMSO-dg): O 11.14 (s, 1H), 10.45 (s, 1H), 10.43 (s,
1H), 8.16 (4, 1H, J=8.7 Hz), 7.55 (m, 8H), 7.77 (m, 4H),
7.21 (4, 1H, J=8.7 Hz), 6.93 (d, 2H, J=8.7 Hz), 3.74 (s,
3H), 1.29 (s, 9H); MS-FD m/e 557 (p); IR (CHCl3) cm~1:
1256, 1512, 1609, 1656. e
Analysis for C31H31N305S : 0.5 Hy0:

Calc: C, 66.24; H, 5.65; N, 7.48;

Found: C, 66.01; H, 5.70; N, 7.18.

e
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Example 62
Preparation of 2-(4-~tert-Butylbenzoylamino)-4-[(L-phenyl-
alanyl)amino] ~-N- (4-methoxyphenyl)benzamide Trifluorocacetic
Acid salt.

o)
Ph
Vku@ 1~ ome
| Tz:z o N ©°

X

A. 2-(4-tert-Butylbenzoylamino) -4-[ [N~ (tert-butyloxy-
carbonyl) -L-phenylalanyl]amino]-N- (4-methoxyphenyl)benzamide
To a solution of N-(tert-butoxycarbonyl)-L-phenyl-
alanine (130 mg, 0.49 mmol) in N,N-dimethylformamide (5 mL)

cooled to 0 ©C was added 2-(4-tert-butylbenzoylamino)-4-
amino-N- {4-methoxyphenyl)benzamide (240 mg, 0.49 mmol),
dicyclohexylcarbodiimide (112 mg, 0.54 mmol), and 7-aza-l1-
hydroxybenzotriazole (71 mg, 0.52 mmol). After stirring for
1 h, the reaction mixture was allowed to warm to room
temperature. After 12 h, the mixture was filtered and the
filtrate diluted'with ethyl acetate. The solution was
washed with 1 N aqueous sodium carbonate solution, 1.5 N
aqueous citric acid solution, and water. The organic layer
was dried (magnesium sulfate), filtered, and concentrated in
vacuo. The residue was chromatographed (silica gel, 10%
ethyl acetate/90% methylene chloride) to give 195 mg (60%)
of the title compound.

1y-NMR (cpcls): & 11.93 (s, 1H), 8.51 (s, 1H), 8.26-8.19 (m,

2H), 7.95 (4, 2H, J=8.4 Hz), 7.82 (d, 1H, J=9.6 Hz), 7.62
(d, 1H, J=9.3 Hz), 7.53-7.49 (m, 4H), 7.18-7.33 (m, 3H),
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6.94 (4, 2H, J=9.0 Hz), 4.32-4.35 (m, 1H), 3.84 (s, 3H),
3.01-3.22 (m, 2H), 1.44 (s, 9H), 1.35 (s, 9H);
MS~-FD m/e 664 (p). '
Analysis for C39H44N406:

Calc: C, 70.46; H, 6.67; N, 8.43;

Found: C, 70.70; H, 6.90; N, 8.55.

B. 2—(4—tert-Butylbenzoylamino)-4~[(L—phenylalanyl)amino]—
N- (4-methoxyphenyl)benzamide trifluorocacetic acid salt

To a solution of 2-(4-tert-butylbenzoylamino)-4-[[N-
(tert—butyloxycarbonyl)-L-phenylalanyl]amino]—N—(4-methoxy—
phenyl)benzamide (112 mg, 0.17 mmol) in methylene chloride
{5 mL) was added trifluoroacetic acid (0.065 mL, 0.84 mmol).
After 1.5 h, an additional portion of trifluoroacetic acid -
({0.50 mL, 6.5 mmol) was added and the resulting mixture
stirred for 1 h. The mixture was concentrated in vacuo to
give 144 mg (100%) of_the_title compound as a tan solid.
lg-NMR (DMSO-dg): 8§ 12.26 (s, 1H), 10.72 (s, 1H), 10.36 (s,
1H), 8.78 (s, 1H), 8.34-8.30 (m, 2H), 7.96 (4, 1H, J=8.4
Hz), 7.83 (4, 2H, J=8.7 Hz), 7.55-7.62 (m, 4H), 7.24-7.34
(m, 3H), 7.02 (4, 1H, J=9.0 Hz), 6.96-6.93 (m, 2H), 6.94 (4,
2H, J=9.0 Hz), 4.20 (m, 1H), 3.74 (s, 3H), 1.29 (s, 9H);
MS-FD m/e 564 (p).

Exanmple 63
Preparation of 2-(4-tert-Butylbenzoylamino)-4-acetamido-N-

(4-methoxyphenyl)benzamide.
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ANRZ ] H-—O—-OMe
NN

. oe_ Nt °
g

N

" Using the procedure described in Example 59, Part E,
2-(4-tert-butylbenzoylamino) -4-amino-N- (4-methoxyphenyl) -

5 Dbenzamide (100 mg, 0.25 mmol) was reacted with acetyl
chloride to yield 82 mg (72%) of the title compound.
1g-NMR (DMSO-dg) : 0 12.31 (s, 1H), 10.32 (s, 1H), 10.30 (s,
1H), 8.76 (s, 1H), 7.90 (4, 1H, J=8.4 Hz), 7.83 (4, 2H,
J=7.8 Hz), 7.71 (d, 1H, J=8.4 Hz), 7.60-7.54 (m, 5 H), 6.93

10 (4, 2, J=9.0 Hz), 3.74 (s, 3H), 2.08 (s, 3H), 1.30 (s, 9
H) ; MS-FD m/e 459 (p). -

Analysis for C27H29N304:
Calc: c, 70.57; H, 6.36; N, 9.19;
Found: C, 10.84; H, 6.54; N, 8.89.
15 '
Example 64
Preparation of 2-(4-tert-Butylbenzoylamino)-4-methyl-
sulfonylamino-N- (4~-methoxyphenyl)benzamide.

MeSONH, _~ : H‘O
—OM
Q—( )
o

Oy NH

g

) X
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Using the prpcedure described-in'Example 59, Part E,
2—(4-tert-butylbenzo?lamino)-4-amino—N—(4-methoxyphenyl)-
benzamide (150 mg, 0.37 mmol) yielded 124 mg - (68%) of the
title compound as a solid.
ly-NMR (DMSO-dg): & 12.27 (s, 1H), 10.31 (s, 1H), 8.57 (s,
1H), 10.30 (s, 1H), 7.92 (4, 1H, J=8.7 Hz), 7.83 (4, 2H,

J=8.4 Hz), 7.01 (4, 1H, J=8.7 Hz), 7.60-7.54 (m, 4 H), 6.93 .

(d, 2H, J=9.0 Hz), 3.73 (s, 3H), 1.29 (s, 9 H), 3.11 (s,
3H); MS-FD m/e 495 (p); IR (KBr) em~l: 1155, 1512, 1649,
3337. - -
Analysis for C2gH29N305S: - -

Calc: €, 63.09; H, 5.90; N, 8.48;

Found: C, 66.12; H, 6.08; N, 9.68.

o _ Example 65
Preparation of 2~ (4-tert~Butylbenzoylamino)-5-isopropyl-
sulfonylamino-N- (4-methoxyphenyl)benzamide.

NHSOiPr -

H—)-ome

Using the procedure described in Example 59, Part E,
isopropylsulfonyl chloride (0.55 mmol) yielded 32 mg (12%)
of the title compound as a yellow solid.
lp-NMR (CDCl3): & 11.69 (s, 1H), 8.65 (d, 1H, J=8.7 Hz),
8.46 (s, 1H), 7.93 (&, 2H, J=7.8 Hz), 7.70 (s, 1H), 7.57 (d,
2H, J=8.4 Hz), 7.51 (4, 2H, J=7.8 Hz), 6.94 (4, 2H, J=7.5

by 11
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Hz), 6.78 (m, 1H), 3.26 (m, 1H), 3.83 (s, 3H), 1.37 (4, 6H,
J=5.1 Hz), 1.35 (s, 9H); MS-FD m/e 523 (p).

Analysis for C28H33N305S:
Calc: C, 64.22; H, 6.35; N, 8.02;
Found: C, 65.95; H, 6.17; N, 8.13.

Example 66
Preparation of 2-(4~tert-Butylbenzoylamino)-5-[(3,5-
dimethylisoxazol~4~-yl)sulfonylamino] -N- (4-methoxyphenyl) -
benzamide.

9_

Using the procedure described in Example 59, Part E,
3,5-dimethylisoxazole-4-sulfonyl chloride (0.56 mmol)
yielded 149 mg (51%) of the title compound as a pale pink
solid.

1p-NMR (DMSO-dg) : 6 11.19 (s, 1H), 10.60 (s, 1H), 10.44 (s,
1H), 8.22 (4, 1H, J=9.0 Hz), 7.78 (d, 2H, J=8.1. Hz), 7.58-
7.52 (m, 5 H), 7.22 (4, 1H, J=9.0 Hz), 6.91 (4, 2H, J=9.0 ),
3.72 (s, 3H), 2.47 (s, 1.5 H), 2.41 (s, 1.5 H), 2.24 (s,
1.5 H), 2.20 (s, 1.5 H), 1.28 (s, 9 H); MS-FD m/e 576 (p).
Analysis for C30H32N406S:

Calc: C, 62.48; H, 5.59; N, 9.71;
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Found: C, 58.27; H, 5.45; N, 8.88.

Exanple 67
Preparation of 2-(4-tert-Butylbenzoylamino)-5-trifluoro-
5 methylsulfonylamino-N-(4-methoxyphenyl)benzamide.

NHSO.CF3

o NH o

N

Using the procedure described in Example 59, Part E,
10 trifluoromethanesulfonyl chloride (0.54 mmol) yielded 73 mg
(27%) of the title compound as a sqlid.
1H-NMR (DMSO-dg): & 10.94 (s, 1H), 10.29 (s, 1H), 7.99 (d,
1H, 8.7 Hz), 7.76 (d, 2H, J=8.4 Hz), 7.58 (d, 2H, J=9.0 Hz),
7.52 (4, 2H, J=8.4 Hz), 6.97 s, 1H), 6.90 (d, 2H, J=9.0 Hz),
15 6.76 (d, 1H, J=8.7 Hz), 5.24 (br s, 1H), 3.72 (s, 3H), 1.28
(s, 9H); MS-FD m/e 417.2 (M-133).
Analysis for C26H26F3N305S:
Calc: c, 56.82; H, 4.77; N, 7.65;
Found: ¢, 10.51; H, 6.40; N, 9.30.
20 .
_ Exanple 68
Preparation of N1-(4-Methoxybenzoy1)-N2-(4-propy1benzoy1)-
4-hydroxy-1,2-benzenediamine.
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A, Nl—(4—Methoxybénzoyl)-Nz-(4-propylbenzoyl)—4-(tert—
butyldimethyléilyloxy)—1,2-benzenediamine

To a solution of Nl-(4-méthoxybenzoyl)—4—(tert-butyl-
dimethylsilyloxy)-1,2-benzenediamine (300 mg, 0.81 mmol) in
methylene chloride (20 mL) was added pyridine (0.13 mL,
1.6 mmol) followed by 4-propylbenzoyl chloride (0.15 mlL,
0.89 mmol). The reaction mixture was stirred for 4 h, -
diluted with methylene chloride, washed with saturated
aqueous cupric sulfate solution, dried (magnesium sulfate),
filtered, and concentrated in vacuo. The residue was
chromatographed (silica gel, methylene chloride to 20% ethyl
acetate/80% methylene chloride) to give 400 mg (95%) of the
the title compound as a solid.
1H-NMR (DMSO-dg): § 9.88 (d, 2 H, J=8.7 Hz), 7.92 (d, 2 H,
J=9.0 Hz), 7.82 (d, 2 H, J=8.3 Hz), 7.41 (d, 1 H, J=8.7 Hz),
7.32 (d, 2 H, J=8.3 Hz), 7.28 (d, 1 H, J=2.6 Hz), 7.05 (4, 2
H, J=8.0 Hz), 6.76 (dd, 1 H, J=9.0, 3.0 Hz), 3.81 (s, 3 H),
2.60 (t, 2 H, J=7.2 Hz), 1.63-1.56 (m, 2 H), 0.97 (s, 9 H),
0.88 (t, 3 H, J=7.5 Hz), 0.22 (s, 6 H); MS(FAB): 519.3.
Analysis'for C30H38N204Si:

Calc: C, 69.46; H, 7.38; N, 5.40;

Found: C, 69.75; H, 7.45; N, 5.30.

B. N1l-(4-Methoxybenzoyl)-N2- (4-propylbenzoyl)-4-hydroxy-
1, 2-benzenediamine
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To a solution of N1~(4-methoxybenzoyl)—Nz-(4- |
propylbenzoyl)-4- (tert-butyldimethylsilyloxy)-1,2-
benzenediamine (360 mg, 0.69 mmoi) in tetrahydrofuran (20
mL) cooled to 0 °C was added a 1 M spiution of tetra-n-
butylammonium fluoride in tetrahydrofuran (1.4 mL, 1.4.
mmol). After 15 min, the reaction mixture was diluted with

- water and partitioned with ethyl acetate. The organic layer

was dried (magnesium sulfate), filtered, and concentrated in
vacuo. The residue was chromatographed (silica gel, 10%
ethyl acetate/20% methylene chloride to 40% ethyl
acetate/60% methylene chloride) to give 239 mg (86%).of the

title compound as a white solid.

ly-NMR (DMSO-dg): 8 9.84 (s, 1 H), 9.79 (s, 1 H), 9.53 (s, 1
H), 7.92 (d, 2 H, J=9.0 Hz), 7.80 (&, 2 H, J=7.9 Hz), 7.28-
7.33 (m, 3 H), 7.20 (d, 1 H, J=2.6 Hz), 7.04 (d, 2 H, J=9.0
Hz), 6.65 (dd, 1 H, J=8.7, 2.6 Hz), 3.81 (s, 3 H), 2.60 (t,
2 H, J=7.5 Hz), 1.63-1.55 (m, 2 H), 0.88 (t, 3 H, J=7.2 Hz);
MS(FAB): 405.2 (M+1).
Analysis for C24H24N204:

Cale: €, 71.27; H, 5.98; N, 6.93;

Found: C, 71.17; H, 6.11; N, 6.81.

Example 69

Preparation of 2-(4~-tert-Butylbenzoylamino)-5~hydroxy~-N-
(4-methyoxyphenyl)benzamide.

il |
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A. 5-Hydroxyisatoic anhydride

To a solution of 5-hydroxyanthranilic acid (46.0 g,
300 mmol) in p-dioxane was added 1.93 M phogsgene in toluene
(186 mL, 360 mmol) and the resulting mixture stirred for
30 min. The mixture was heated at 65 ©C for 4 h. After
cooling, 1 N agueous hydrochloric acid (150 mL) was added
‘and the mixture stirred vigorously. The resulting
precipitate was filtered and vacuum dried at 70 °C/0.1 mm
for 14 h to give 40.7 g (76%) of the title compound as a
gray solid.
lg-NMR, IR
MS-FD m/e 179 (p)

" Analysis for CgH5NO4:

Calc: C, 53.64; H, 2.81; N, 7.82;
Found: C, 53.67; H, 2.84; N, 7.59.

B. 5-( tert-Butyldimethylsilyloxy)isatoic anhydride

To a mixture of 5-hydroxyisatoic anhydride (1.6 g,
9.0 mmol) and imidazole (670 mg, 2.9 mmol) in N,N-dimethyl-
formamide (10 mL) was added tert-butyldimethylsilyl chloride
(1.42 g, 9.45 mmol). After stirring for 2 h, the reaction
mixture was diluted with ice and water. After warming to
room temperature, the resulting precipitate was filtered and

washed with water and hexane. The solid was vacuum dried at
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55 ©C/0.1lmm for 14 h to give 2.55 g (926%) of the title
compound és a light gray solid; mp 198-200 ©C (dec).
1g-NMR, IR -
MS-FD m/e 293 (p)
Analysis for C14H19NO4:

Calc: c, 57.31; H, 6.53; N, 4.77;

Found: C, 57.38; H, 6.49; N, 4.48.

C. 2-Amino-5-(tert-butyldimethylsilyloxy) -N- (4-methoxy~
phenyl)benzamide

A mixture of 5-(tert-butyldimethylsilyloxy)isatoic
anhydride (734 mg, 2.50 mmol) and p-anisidine (339 mg,
2.75 mmol) in toluene (6 mL) was heated at 80 °C for 3 h.
The reaction mixture was cooled and silica gel (3.5 g) was
added. The mixture was concentrated in vacuo and the
resulting material was chromatographed (silica-gel,sl% ethyl
acetate/99% methylene chloride to 4% ethyl acetate/96%
methylene chloride) to give 547 mg (59%) of the title
compound as a light tan solid; mp 82.5-83.5 °C (dec).
lg-NMR, IR
MS-FD m/e 372 (p).
Analysis for C20H28N203Si:

Calc: C, 64.48; H, 7.58; N, 7.52;

Found: C, 64.52; H, 7.68; N, 7.45.

D. 2-(4-tert-Butylbenzoylamino) -5~ (tert-butyl-
dimethylsilyloxy) -N- {4-methoxyphenyl)benzamide

Using the procedure described in Example 68, Part A,
2~amino-5-( tert-butyldimethylsilyloxy)-N- (4-methoxyphenyl) -

benzamide (460 mg, 1.23 mmol) was reacted with 4-tert-butyl- -

benzoyl chloride (0.243 mL, 1.24 mmol) in N,N-dimethyl-
formamide (10 mL). After quenching the reaction with

* saturated aqueous sodium carbonate, the resulting

precipitate was filtered and washed with 2:1 diethyl

i
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ether/hexane. The solid was vacuum dried at 85 ©C/0.1lmm for
14 h to give 553 mg (84%) of the title compound as a white
solid; mp 207 ©cC. '
lg-NMR, IR
MS-FD m/e 532 (p)

Analysis for C31H4(0N204Si:
Calc: C, 69.89; H, 7.57; N, 5.26;
Found: C, 69.60; H, 7.53; N, 5.30.

E. 2-(4-tert-Butylbenzoylamino)-5-hydroxy-N-(4-methyoxy-
phenyl)benzamide

Using the procedure described in Example 68, Part B,
2~ (4-tert-butylbenzoylamino) -5-(tert-butyldimethylsilyloxy) -
N- (4-methoxyphenyl)benzamide (390 mg, 0.73 mmol) yielded 237
mg (78%) of the title compound as a solid.
1H—NMR_(DMSO—d5): d 11.22 (s, 1H), 10.33 (s, 1H), 9.66 (s,
iH), 8.17 (4, 1H, J=9.0 Hz),7.76 (d, 2H, J=8.4 Hz), 7.58-
7.51 (m, 4 H), 7.20 (s, 1H), 6.95 (d, 1H, J=9.0 Hz), 6.89
(d, 2H, J=9.0 Hz), 1.26 (s, 9 H), 3.70 (s, 3H); MS-FD m/e
418 (p); IR (KBr) cm~1: 1245, 1514, 1596, 1658, 3285.
Analysis for C25H2N204:

Calc: C, 71.75; H, 6.26; N, 6.69;

Found: C, 71.89; H, 6.48; N, 6.57.

Example 70 _
Preparation of Nl-(4-Methoxybenzoy1)-Nz-(4-methylsu1fony1-
benzoyl)-1,2~-benzenediamine.
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Using the procedure described in Example 55, Part B,
N1~(4—methoxybenzoyl)-1,2—bénzenediémine (399 mg, 1.65 mmol)
and 4-methylsulfonylbenzoic acid (463 mg, 2.31 mmol) vielded
591 mg (84%) of the title compound as a white solid.
1y-NMR (CDC13): & 9.75 (s, 1H), 8.51 (s, 1H), 8.15 (4, 2H,
J=8.4 Hz), 8.04 (d, 2H, J=8.4 Hz), 7.91 (4, 2H, J=8.7 Hz),
7.71 (d, 1H, J=8.4 Hz), 7.32-7.12 (m, 3H), 7.00 (4, 2H,
J=8.7 Hz), 3.88 (s, 3H), 3.08 (s, 3H); MS-FD m/e 424 (p); IR

" (KBr) cm~l: 757, 1155, 1437, 1509, 1659, 3300.

Analysis for C22H20N205S:
Cale: C, 62.25; H, 4.75; N, 6.60;
Found: €, 62.51; H, 5.04; N, 6.47.

Example 71
Preparation of Nl-(4émethoxybanzoy1)-uz-[4-(1—methoxyf1-
methylethyl)benzoyl] -1, 2~benzenediamine.

oF

O. _NH 0

OMe




10

15

20

25

30

" WO 99/00121 _ ) PCT/US98/13427

- 117 -

A. Methyl 4—(1-Methoxy—1—methylethyl)benzoate-

To a solution of methyl 4-(l-hydroxy-l-methylethyl)-
benzoate (340 mg, 1.75 mmol) in methanol (20 mL) was added
p-toluenesulfonic acid (70 mg, 0.37 mmol). The mixture was
refluxed for 48 h, concentrated in vacuo, and the residue
chromatographed (silica gel, 10% ethyl acetate/S0%hexanes to
30% ethyl acetate/70% hexanes) to give 118 mg (32%) of the
title compound.

lg-NMR (CDCl3): & 8.03 (d, 2H, J=8.4 Hz), 7.49 (d, 2H, J=8.1
Hz), 3.93 (s, 3H): 3.10 (s, 3H), 1.55 (s, 6H);
MS-FD: 208 (p).
Analeis for C12H1603:0.10 H20:
Calc: C, 68.61; H, 7.77;
Found: C, 68.23; H, 7.47.

B. 4-(1-Methoxy—1-methylethyl)bénzoic Acid

To a solution of methyl 4-(l-methoxy-l-methylethyl)-
benzoate (120 mg, 0.57 mmol) in tetrahydrofuran (6 mL) and
methanol (2 mL) was added 1 M aqueous lithium hydroxide
(2 mL). After stirring for 2 h, the reaction mixture was
diluted with diethyl ether and washed with 1 N hydrochloric
acid (4 mL) and water (4 mL). The organic layer was dried
(magnesium sulfate), filtered, and concentrated in vacuo to

give 93 mg (84%) of the title compound.
lg-NMR (CDCl3): & 1.58 (s, GH), 3.13 (s, 3H), 7.55 (4, 2H,
J=8.1 Hz), 8.11 (4, 2H, J=8.4 Hz); MS-FD m/e 194 (p).

C. N1-(4-Methoxybenzoyl)—N2—[4—(1-methoxy—1-methylethyl)—
benzoyl]-1,2-benzenediamine

Using the procedure described in Example 55, Part B,
Nl- (4-methoxybenzoyl)-1,2-benzenediamine (125 mg, 0.52 mmol)
was reacted with 4-[2-(2-methoxypropyl) lbenzoic acid (93 mg,
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0.48 mmol) to yield 107 mg (49%) of the title compound as a
white solid. ' o ' '
lg-NMR (CDCl3): & 9.36 (s, 1H), 9.20 (s, 1H), 7.97-8.02 (m,
4H), 7.55 (4, 2H, J=8.4 Hz), 7.46-7.42 (m, 2H), 7.01 (d, 2H,
J=9.0 Hz), 6.92-6.97 (m, 2H), 3.90 (s, 3H), 3.13 (s, 3H),
1.58 (s, 6H); MS-FD m/e 418 (p). o o
Analysis for C25H26 N204:

cale: ¢, 71.75; H, 6.26; N, 6.69; :

Found: C, 71.68; H, 6.36; N, 6.95. . |

- Example 72
Prgparation of Nl-(4-Methoxybenzoy1)-Nz-(4-isopropy1-

_benzoyl)-1,2-benzenediamine. '

Z ' OMe '
Q-nrO o
o _NH | |

A

1Using.the,prbcedure_described in Example 55, Part B,
Nl—(4-methoxybenzoy1)-1,2-benzenediamine (399 mg, 1.65 mmol)
yvielded 523 mg (82%) of the title compound as a white solid.
lp-NMR (CDCl3): § 9.23 (s, 1H), 9.21 (s, 1H), 7.99 (&, 2H,
J=9.0 Hz), 7.93 (d, 2H, J=8.4 Hz), 7.46 -7.40 (m, 2H), 7.36
(4, 2H, J=8.1 Hz), 7.00 (d, 2H, J=8.7 Hz), 6.94-6.92 (m,
2H), 3.00 (m, 1H), 1.30 (d, 6H, J=6.9 Hz); MS-FD m/e 388
(p); IR (CHC1l3) em~l: 1256, 1507, 1608, 1646.

Analysis for C24H24N203:
Calc: C, 74.21; H, 6.23; N, 7.21;
Found: C, 73.99; H, 6.37; N, 7.16.
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Example 73
Preparation of N1-(4-MBthoxybenzoy1)-N3-[4-(methylthio)-
benzoyll-~1,2-benzenediamine.

|
/S

Using the procedure described in Example 55, Part B,
N1- (4-methoxybenzoyl)-1,2-benzenediamine (772 mg, 3:.19 mmol)
was reacted with 4- (methylthio)benzoic acid (772 mg,

4.59 mmol) to yield 1.13 g (91%) of the title compound as a
white solid.

1H-NMR (CcDCl3): 8 9.37 (s, 1H), 9.18 (s, 1H), 7.95 (d, 2H,
J=10.5 Hz), 7.90 (d, 2H, J=10.2 Hz), 7.40-7.33 (m, 2H), 7.30
(d, 2H, J=10.8 Hz), 6.97 (d, 2H, J=10.5 Hz), 6.85 (m, 2H),
3.87 (s, 3H), 2.52 (s, 3H); MS-FD: 392 (p); IR (CHCl3) cm~1l:
1256, 1508, 1599, 1644.
Analysis for C22H20N203S:

Calc: C, 67.33; H, 5.14; N, 7.14;

Found: C, 67.07; H, 5.39; N, 7.11,

Example 74
Preparation of Nl-(4—Methoxybenzoy1)-N2-[4-(methylsulfiny1)-

benzoyl]-1,2-benzenediamine.
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To a solution of Nl-(4—Methoxybenzoyl)—Nz-[4—
(methylthio)benzdyl]-l,2—behzenediamine (417 mg, 0.60 mmol)
in chloroform (20 mL), cooled to 0 OC was added m-chloro-
peroxybenzoic acid (346 mg, 1.16 mmol). After 30 min, the

reaction mixture was warmed to room temperature and calcium

hydroxide (123 mg, 1.66 mmol) was added. After 15 min, the -

reaction mixture was filtered and the filtrate concentrated
in vacuo. The residue was chromatographed (silica gel, 50%
ethyl acetate/SO% hexanes to 80% ethyl acetate/20% hexanes)

to give 360 mg (83%) of the title compound as a white solid.

lg-NMR (CcDC1l3): 8 9.79 (s, 1H), 9.12 (s, 1H), 8.13 (4, 2H,
J=8.7 Hz), 7.97 (4, 2H, J=8.7 Hz), 7.75 (4, 2H, J=8.7 Hz),
7.32 (m, 1H), 7.45 (m, 1H), 7.00 (4, 2H, J=8.7 Hz), 6.91 (m,
2H), 3.89 (s, 3H), 2.77 (s, 3H); MS-FD: 408 (p); IR (CHClj)
em~l: 1257, 1508, 1607, 1651, 3008.
Analysis for C22H20N204

Calc: C, 64.69; H, 4.93; N, 6.86;

Found: C, 64.41; H, 5.12; N, 6.91.

Example 75
Preparation of N1 (4~-Methoxybenzoyl) -N2~[4- (d:mathylamino-
sulfonyl)benzoyl] -1,2~benzenediamine.

B
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Using the procedure described in Example 55, Part B,
-le(4—methoxybenzoy1)—1,2—bénzenediémine (534 mg, 2.21 mmol)
5 was reacted with 4-(dimethylaminosulfonyl)benzoic acid (534
mg, 2.33 mmol) to yield 349 mg (35%) of the title compound.
lu-NMR (cDC13): 8 9.79 (s, 1H), 8.90 (s, 1H), 8.15 (d, 2H,
J=8.4 Hz), 7.96 (4, 2H, J=8.7 Hz), 7.89 (4, 2H, J=8.4 Hz),
7.53 (&, 1H, J=9.3 Hz), 7.32 (4, 1H, J=9.6 Hz), 7.02 (4, 2H,
10 J=9.0 Hz), 6.97 (m, 2H), 3.90 (s, 3H), 2.76 (s, 6H); MS-FD
m/e 453 (p); IR (CHClj3) em-1: 1166, 1257, 1508, 1607, 1652.
Analysis for C23H23N305S: '
Cale: C, 60.91; H, 5.12; N, 9.26;
Found: C, 61.20; H, 5.06; N, 9.41.
15 |
Example 76
Preparation of Nl- (4—Methb::ybenioy1) -N2- (4-ethylbenzoyl) -4~
hydroxy-1,2-benzenediamine. '

O. _NH 0

20 N
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A. Nl-(4-Methokybenzoyl)—N27(4fethylbenzoyl)-4-(tEft-
butyldimethylsilyloxy)-1,2-benzenediamine

Using the procedure'described in Example 68, Part A,
N1—(4—methoxybenzoyl)-4—(teft-butyidimethylsilyloxy)—1,2-
benzenediamine (300 mg,.0.81 mmol) was reacted with 4-ethyl-
benzoyl chloride (0.13 mL, 0.89 mmol) to yield 360 mg (88%)
of the title compohnd as a white:éolid.
ly-NMR (CDCl3): 8 9.88 (d, 2 H, J=7.5 Hz),7.93 (&, 2 H,
3=9.0 Hz), 7.82 (4, 2 H, J=8.3 Hz), 7.40 (d, 1 H, J=8.7 Hz),
7.34 (4, 2 H, J=8.3 Hz), 7.29 (d, 1 H, J=2.6 Hz), 7.05 (4, 2

H, J=9.0 Hz), 6.76 (a4d, 1 H, J=8.7, 3.0 Hz), 3.82 (s, 3 H),

2.65 (q, 2 H, J=7.5 Hz), 1.18 (t, 3 H, J=7.5 Hz), 0.97 (s, 9
H), 0.22 (s, 6 H); .MS (G+FAB): 505.2.
Analysis for C29H3N204Si-0.25 HpO:

calc: C, 68.40; H, 7.23; N, 5.50;

Found: C, 68.22; H, 7.14; N, 5.22.

| B. Nl—(4—Methoxybénzoy1)-N2-(4fethy1benzoyl)—4—hydroxy—

1, 2-benzenediamine

Using the procedure_deScribed'in_Ekample 68, Part B,
ﬁl—(4-methokybenzdyl)-N2—(4-ethylbenéoyl)—4-(tert—
butyldimethylsilyloxy)-1,2-benzenediamine (300 mg, 0.59
mmol) yielded 200 mg (87%) of the title compound as a white
solid. | | S
ly-NMR (DMSO-dg): 8 9.84 (s, 1 H), 9.80 (s, 1 H), 9.33 (s, 1
H), 7.92 (4, 2 H, J=8.7 Hz), 7.81 (4, 2 H, J=8.3 Hz), 7.33
(d, 2 H, J=7.9 Hz), 7.29 (4, 1 H, J=9.0 Hz), 7.21 (d, 1 H,
J=2.6 Hz), 7.04 (4, 2 H, J=8.7 Hz), 6.65 (dd, 1 H, J=8.7,
2.6 Hz), 3.81 (s, 3 H), 2.65 (g, 2 H, J=7.5 Hz), 1.18 (t, 3
H, J=7.5 Hz); MS-FAB: 391.1 (M+1).
Analysis for C23H22N204: _

Calc: c, 70.75; H, 5.68; N, 7.17;

Found: C, 70.48; H, 5.74; N, 7.04.

m
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Example 77
Preparation of Nl-(3-Carbamoylbenzoyl)-Nz-(4-tert-buty1-

benzoyl)~-1,2-benzenediamine.

3t L
o._n © ©

A. N- (3-Cyanobenzoyl)-2-nitroaniline

To a mixture of 3-cyanobenzoyl chloride (10.0 g,
60.4 mmol), triethylamine (12.6 mL, 90.6 mmol), and
methylene chloride (120 mL) was added 2-nitroaniline
(8.30 g, 60.4 mmol) followed by 4-(dimethylamino)pyridine
(738 mg, 6.04 mmol). After stirring for 24 h, the reaction
mixture was concentrated in vacuo. Chromatography (silica
gel, 30%'ethyl acetate/70% hexanes to 50% ethYl acetate/50%
hexanés) yielded 17.1 g (99%) of the title compound as a.
vellow solid. |

1g-NMR (DMSO-dg) : d 10.92 (=, 1H), 8.39 (s, 1H), 8.25 (dt ,
iH, 09=9.9, 1.5 Hz), 8.13 (dt, J=9.3, 1.2 Hz), 8.03 (44, 1H,
J=9.9, 1.8 Hz), 7.69-7.83 (m, 3H), 7.47 (dt, 1H, J=9.0, 2.4
Hz) .
Analysis for Cl4H9N30:'

Calc: C, 62.92; H, 3.39; N, 15.72;

Found: C, 62.86; H, 3.44; N, 16.02.

B. Nl—(3—Cyanobenzoyl)—1,2—benzenediamine
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A mixture of N-(3-cyanobenzoyl)-2-nitroaniline (1.0 g,
3.7 mmol), 10% palladiumeon—carbon, and ethyl acetate
(250 mL) was hydrogenated at one atmospheric pressure for
30 min. The mixture was filtered through diatomaceous earth
and concentrated in vauco. Chromatography (silica gel, 50%
ethyl acetate/50% hexanes) of the residue yielded 630 mg
(72%) of the title compound as a yellow solid, mp 197~
200 ©c.
lg-NMR (DMSO-dg): & 9.81 (s, 1H), 8.44 (s, 1H), 8.27 (4, 1H,
J=10.1 Hz), 8.05 (d, 1H, J=10.1 Hz), 7.73 (t, 1H, J=10.2
Hz), 7.17 (d, 1H, J=9.4 Hz), 6.98 (t, 1H, J=9.3 Hz), 6.79
(d, 1H, J=9.4 Hz), 6.59 (t, 1H, J=9.3 H), 5.00 (s, 2H);
MS-FD m/e 237(p).
Analysis for C14H11N30; _

calc: C, 70.87; H, 4.67; N, 17.71;

Found: C, 70.68; H, 4.58; N, 17.52.

C. Nl-(3- Cyanobenzoyl)-—N2 (4- tert4buty1benzoyl) -1, 2—'

benzenediamine

‘To a solution of N1-(3- cyanobénzoyl) 1, 2-benzenediamine=

(500 mg, 2.1 mmol), triethylamine (0.44 mL, 3. 2 fmol) in
methylene chlorlde (100 mL) was added 4 tert-butylbenzoyl °
chloride (0.41 mL 2.1 mmol). After stlrrlng for 20 hours,
the reaction mixture was concentrated in vacuo.
Chromatography (silica gel, 20% ethyl acetate/80 % hexaneS)'
yielded 730 mg (87%) of the title compound as a white solid.
1H-NMR (DMSO-dg): 8 10.24 (br s, 1H), 9.90 (br s, 1H), 8.36
(s, 1H), 8.23 (44, 1H, J=9.6, 1.8 Hz), '8.06 (dd, 1H, J=7. 8,
1.5Hz), 7.88 (4, 2H, J=10.2 Hz), 7.75 (t 1H, J=9.3Hz),
7.86-7.72 (m, 1H), 7.61-7.64 (m, 1H), 7.53 (d, 2H, J=10.2
Hz), 7.27-7.32 (m, 2H), 1.27 (s, 9H). |
Analysis for C25H23N302:

Calc: C, 75.54; H, 5.83; N, 10.57;

g0
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Found: C, 75.89; H, 6.14F N, 10.57:

D. N}-(3-Carbamoylbenzoyl)-N2-(4-tert-butylbenzoyl)-1,2-
benzenediamine

To a solution of Nl—(3-cyanobenzoyl)—N2-(4-tert~butyl—
benzoyl)-1,2-benzenediamine (200 mg, 0.5 mmol) in methyl
sulfoxide (10 mL) was added 30% hydrogen peroxide solution
(0.5 mL,, 5.8 mmol) and potassium carbonate (17 mg,

0.13 mmol). After stirring for 24 h, the reaction mixture

was diluted with water (20 mL), filtered, washed with water,

and dried to give 90 mg (43%) of the title compound as a
white solid.
1H-NMR (DMSO-dg): 8 10.09 (s, 1 H), 9.84 (s, 1 H), 8.37 (s,
1 H), 8.06-7.94 (m, 3 H), 7.78 (4, 2 H, J=8.3 Hz), 7.70-7.6
(m, 1 H), 7.34-7.62 (m, 6 H), 7.18-7.21 (m, 2 H), 1.19 (s,
H); MS-FD: 415 (p).
Analysis for C25H25N303-0.33 HpO:

Calc: c, 71.25; H, 6.14; N, 9.97;

FPound: C, 71.30; H, 6.45; N, 9.45.

Example 78

Preparation of Nl-(3-Carbamoylbenzoyl)-N2-(3-chloro-
benzo[b]lthiophen-2~ylcarbonyl) -1, 2-benzenediamine.

Cl

A, Nl-(B—Cyanobenzoyl)-Nz-(3-chlorobenzo[b]thiophen-z-
yvlcarbonyl) -1, 2-benzenediamine

7
9
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To a mixture of Nl—(3-cyanobeﬁzoyl)-1,2—ben2enediamine

(500 mg, 2.1 mmol) and triethylamine (0.44 mL, 3.2 mmol) in

methylene chloride (100 mL) was added 3-

chlorobenzo[b] thiophene-2-carbonyl chloride (490 mg, 2.1

mmol) . After stirring for 20 h, the mixture was

concentrated in vacuo and chromatographed (silica gel, 25%

ethyl acetate/75% hexane) to give 660 mg (73%) of the title )

compound as a white solid.

lH-NMR (DMSO-dg): 8 10.47 (br s, 1 H), 9.75 (br s, 1 H),
8.48 (s, 1 H), 8.32 (4, 1 H, J=9.9 Hz), 8.14-8.08 (m, 2 H),
7.95-7.85 (m, 2 H), 7.78 (t, 1 H, J=9.3 Hz), 7.64-7.50 (m, 3
H), 7.42-7.29 (m, 2 H); MS-FD m/e 430.9 (M-1).

. Analysis for C23H14ClIN302S:-

Calc: Cc, 63.96; H, 3.27; N, 9.73;
‘Found: C, 63.62; H, 3.44; N, 10.38.

B. NI-(3- Carbam.oylbenzoyl)-N2 (3- chlorobenzo[b]thlophen—z-
vlcarbonyl) -1, 2-benzenediamine

Using the procedure described in Example 68, Nl—(3-
cyanobenzoyl ) -N2- (3-chlorobenzo [b] thiophen-2-ylcarbonyl) -
1, 2-benzenediamine (300 mg, 0.69 mmol) yvielded 100 mg (32%)
of the title compound as a white solid.
lH-NMR (DMSO-dg): 8 10.44 (s, 1 H), 9.74 (s, 1 H), 8.55 (s,
1H), 8.17-8.08 (m, 4 H), 7.98-7.95 (m, 1 H), 7.85-~7.88 (m,
1 H), 7.67-7.51 (m, 5 H), 7.41-7.29 (m, 2 H); MS-FD mn/e
449.0 (M+1). L
Analysis for C23H16C1N303S: )

Calc: C, 61.40; H, 3.58; N, 9.34;

Found: C, 61.46; H, 3.85; N, 9.25.

Example 79
Preparation of N1- (4-tert-Buty1benzoy1)-4-methoxy

(4-methoxybenzoy1) -1, 2-benzened1amine.

N
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‘0. _NH o

7
N

9_

A. 4-Methoxy-2-nitro-N- (4-tert-butylbenzoyl)aniline

Using the procedure described in Example 68, Part A,
4-methoxy-2-nitroaniline (1.0 g, 3.4 mmol) was reacted with
4-tert-butylbenzoyl chloride to yield 1.45 g (100%) of the
title compound as a yellow solid.
1n-NMR (DMSO-dg): & 10.46 (s, 1 H), 7.88 (4, 2 H, J=9.9 Hz),
7.64 (4, 1 H, J=10.5 Hz), 7.57 (d, 2 H, J=9.9 Hz), 7.53 (4,
1 H, J=3.3 Hz), 7.35 (44, 1 H, J=10.8, 3.3 Hz), 3.86 (s, 3
H), 1.32 (s, 9 H); MS-FD: 328 (p).
Analysis for C18H20N204:

Calc: Cc, 65.84; H, 6.14; N, 8.53;

Found: C, 65.92; H, 6.21; N, 8.24.

B. 4—Methoxy-N1-(4—tert—butylbenzoyl)—1,2—benzenediamine
Using the procedure described in Example 59, Part D,

4-methoxy-2-nitro-N- (4-tert-butylbenzoyl)aniline (3.32 g,

10.1 mmol) yielded 3.35 g (100%) of the title compound as a

white solid.

l1y-NMR (DMSO-dg): 8 9.46 (s, 1 H), 7.90 (d, 2 H, J=9.9 Hz),

7.51 (4, 2 H, J=92.9 Hz), 7.00 (4, 1 H, J=10.2 Hz), 6.35 (4,

1 H, J=3.0 Hz), 6.18 (44, 1H, J=10.2, 3.0 Hz), 4.89 (s, 2H),

3.68 (dd, 1 H, J=10.2, 3.0 Hz), 1.32 (s, 9 H);

MS-FD m/e 298 (p).
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Analysis for C18H22N202:
Calc: ©, 72.46; H, 7.43; N, 9.39;
Found: C, 72.25; H, 7.35; N, 9.32.

cC. Nl-(4—tert-Buty1benzoyl)—4-methoxy—N2-(4-methoxy—
benzoyl)-1,2-benzenediamine : :
Using the procedure described iﬁ'Example 68, Part A3,
4-methoxy-N1—(4—tert-butylbenzoyl)-1,2-benzenediamine
(3.35 g, 10.1 mmol) was reacted with 4-methoxybenzoyl
chloride to yield 1.45 g (99%) of the title compound as a
white solid. N - _ _
ly-NMR (DMSO-dg): § 9.92 (s, 2 H), 7.90 (t, 4 H, J=10.8 Hz),
7.53 (4, 2 H, J=10.2 Hz), 7.48 (4, 1 H, J=10.8 Hz),7.31 (d,
1H, J=3.3 Hz), 7.06 (4, 1 H, J=10.8 Hz), 6.87 (dd, 1 H,
J=10.8, 3.6 Hz), 3.82 (s, 3 H), 3.79 (s, 3 H), 1.30 (s, 9

H); MS-FD m/e 433 (M+1).

Analysis for C26H28N204: _ o
Calc: C, 72.20; H, 6.53; N, 6.48;
Found: C, 72.39; H, 6.55; N, 6.50.

Example 80
Preparation of N2~ (4-tert-Butylbenzoyl)-[Nl-(3-vinyl-

benzoyl)-1,2~-benzenediamine.
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To a solution of 3-vinylbenzoic acid (200 mg,
1.35 mmol) in tetrahydrofuran (10 mL) was added thionyl
chloride (241 mg, 2.02 mmol) and pyridine (214 mg,
2.7 mmol). The reaction was heated at 80 OC for 2 h and
cooled to room temperature. Nl—(4—tert—Buty1benzoyl)—1,2—
benzenediamine (362 mg, 1.35 mmol) was added. After
stirring for 2 h, the reaction mixture was diluted with
methylene chloride and washed once with saturated aqueous
copper sulfate solﬁtion, once with saturated agueous sodium
chloride solution, dried (magnesium sulfate), filtered, and
concentrated in vacuo. Chromatography (silica gel, 10%
ethyl acetate/90% methylene chloride) provided 200 mg (37%)
of the title compound as a white solid.
ly-NMR (DMSO-dg): 8 10.09 (s, 1 H), 10.01 (s, 1 H), 8.01 (s,
1H), 7.91 (4, 2 H, J=8.4 Hz), 7.67-7.70 (m, 2 H), 7.84 (d,
1 H, J=7.8 Hz), 7.29-7.33 (m,_2 H), 7.52-7.56 (m, 2 H), 6.79
(@aq, 1 H, J=10.9, 17.7 Hz), 5.94 (4, 1 H, J=17.7 Hz), 5.34
(d, 1 H, J3=10.9 Hz), 1.32 (s, 9 H); MS-FAB 399(M+1).
Analysis for C2gH26N202: '

Calc: c, 78.36; H, 6.58; N, 7.03;

Found: C, 78.32; H, 6.79; N, 7.13.

Example 81 _
Preparation of Nz-(4-tert-buty1benzoy1)-Nz-(4-f1uoro-

benzoyl)-1,2-benzenediamine.

40

(o) NH

AN



10

15

20

25

WO 99/00121 ‘ PCT/US98/13427

-~ 130 =~

Using the prOcedure‘desdribed in Example 80, 4-fluorxro-
benzoic ac1d (0 71 mmol) vielded 260 mg (94%) of the title
compound as a white amorphous solid.
1§-NMR (DMSO-dg):  10.08 (s, 1 H), 9.95 (s, 1 H), 8.00-8.04
(m, 2 H), 7.87 (d, 2 H, J=8.3 Hz): 7.68-7.61 (m, 2 H), 7.52
(4, 2 H, J=8.7 Hz), 7.36 (t, 2 H, J=8.3 Hz), 7.30-7.26 (m, 2.
H), 1.29 (s, 9 H); MS-FD m/e 390. |

'Analysis_for C24H23FN2032 ¢

Ccalec: C, 73.83; H, 5.94; N, 7.17;
Found: C, 73.57; H, 6.18; N, 7.06.

Exanple 82
Preparation of N2-(4-tert-butylbenzoyl)-Nl-(4-vinylbenzoyl)~-

”YQ/\

1,2-benzenediamine.

N

Using the procedure described in Example 80, 4-vinyl-
benzoic acid (0.67 mmol) yielded 210 g (79%) of the title
compoﬁnd as a white émorphous solid.
1y-NMR (DMSO-dg): & 10.07 (s, 1 H), 10.01 (s, 1 H), 7.94 (4,
2 H, J=10.2 Hz), 7.88 (d, 2 H, J=10.2 Hz), 7.68-7.61 (m, 4
H), 7.54 (d, 2 H, J=10.5 Hz), 7.31-7.27 (m, 2 H), 6.81 (dd,
1H, J=21.3, 13.2 hz), 5.99 (d, 1 H, J=21.0 Hz), 5.40 (4, 1
H, J=13.5 Hz), 1.30 (s, 9 H); MS-FD m/e 398 (p).

Analysis for C26H26N202:
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Calc: C, 78.36; H, 6.58; N, 7.03;
Found: C, 78.10; H, 6.65; N, 7.02.
. Example 83
5 Preparation of Nz-(4-tert-Buty1benzoy1)-Nz-(3-formy1-

benzoyl) -1, 2-benzenediamine.

2

H

10 To a mixture of N2—(4—tert-butylbenzpy1)-Nl—(3—cyano—
benzoyl)—1,2—benzehediamine (1.0 g, 2.5 mmol), water
(25 mL), and acetic acid (25 mL) in.pyridine (50 mL) was

| added sodium hypoéhosphite monohydrate (270 mg, 5.0 mmol)

and'Raney nickel (400 mg). The reaction mixture was heated

15 at 45 ©C for 3 h, cooled to room temperature, and filﬁered
through_diatomaceous earth. The filtrate was concentrated
in vacuo and chromatographed (silica gel, 5% ethyl
acetate/95% methylene chloride) to give 56 mg (6%) of the
title compound as a white amorphous solid.

20 lB-NMR (DMSO-dg): 8 10.29 (br s, 1 H), 10.10 (s, 1 H), 9.96
(br s, 1 H), 8.49 (s, 1 H), 8.27 (4, 1 H, J=7.5 Hz), 8.13
(d, 1 H, J=7.5 Hz), 7.92 (d, 2 H, J=8.7 Hz), 7.79 (£, 1 H,
J=7.5 Hz), 7.74-7.65 (m, 2 H), 7.54 (4, 2 H, J=8.3 Hz),
7.33-7.30 (m, 2 H), 1.31 (s, 9 H);

25 MS-FD m/e 400 (p).
Analysis for C25H24N203:

Calc: C, 74.98; H, 6.04; N, 6.99;
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Found: C, 74.88; H, 6.07; N, 7.08.

_ Example 84
Preparation of N2 (4 t:a.r‘t-Butylbenzoyl)-N1 (3—hydroxymathy1-

benzoyl) -1, 2-benzenedlamine.

| H\{J:::l\/OH

o, N ©

R

Using the procedure described in Example 57, N2-(4-
tert—butylbenzoyl)FNQ:(3'formylbénzoylf—1 2-benzenediamine
(230 mg, 0.57 mmol) was reacted in ethanol to yield 227 mg
(99%) of the tltle compound as an off—whlte amorphous ‘solid.

lg-NMR (DMSO-dg): § 10.05 (s, 1 H), 9.96 (s, 1 H), 7.92-7.87

(m, 3 H), 7.80 (4, 1 H, J=8.4 Hz), 7.68-7.61 (m, 2 H), 7.55-

7.44 (m, 4 H), 7.31-7.26 (m, 2 H), 5.32 (t, 1 H, J=5.5 Hz),
4.55 (d, 2 H, J=5.4 Hz), 1.29 (s, 9 H); MS-FD m/e 402 (p).
Analysis fdr C25H25N203: |
- Calc: c, 74.60; H, 6.51; .N,'6.9.6;'
Found: C, 74.44; H, 6.70; N, 6.88.

Example 85
Preparation of 2-(4- tert-Butylbenzoylam;no)-4 dimethylam;no-
sulfonylam:no-N-(4-methoxypheny1)benzamide.
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MeNSONH~ A | _@
- OMe
0 NH °

X

Using the procedure described in Example 59, Part E,
2-(4-tert-butylbenzoylamino) ~4-amino-N- (4-methoxyphenyl) -

5 benzamide (500 mg, 1.20 mmol) was reacted with dimethyl--
aminosulfonyl chloride to yield 190 mg (30%) of title
compound as an orange solid.
l1H-NMR (DMSO-dg): 8 12.28 (s, 1 H), 10.37 (s, 1 H), 10.30
(s, 1 H), 8.60 (4, 1 H, J=2.1 Hz), 7.91-7.83 (m, 3 H), 7.61-

10 7.55 (m, 4 H), 7.03-6.93 (m, 3 H), 3.75 (s, 3 H), 2.79 (s, 6
H), 1.31 (s, 9 H). ' |
Analysis for C27H32N405S:
Calc: C, 61.81; H, 6.14; N, 10.68;
Found: C, 59.97; H, 5.57; N, 9.94.
15
Example 86
Preparation of 2-(4-tert-Butylbenzoylamino)-4-butylsulfonyl-
amino~N- (4-methoxyphenyl)benzamide.

BuSONH<_~ n_@
-—OMe
O—(

|
o Ni °

. A



" WO 99/00121 PCT/US98/13427

- 134 - -
Using the”procedn:e described in Example 59, Part E,
2—(4-tert-butylbeﬁZoyiaminol44-amino-N-(4—methoxyphenyl)—
benzamide (500 mg, 1.20 mmol) was reacted with butylsulfonyl
chloride in the presence of triethylamine to yield 130 mg
5 (20%) of the title compound as an off-white solid.

lp-NMR (DMSO-dg): & 12.26 (s, 1 H), 10.32 (s, 2 H), 8.58 (d,
1 H, J=2.4 Hz),7.92 (4, 1 H, J=10.2 Hz), 7.84 (4, 2 H,
J=10.2 Hz), 7.61-7.54 (m, 4 H), 7.04 (dd, 1 H, J=10.2, 2.4
Hz), 6.95 (4, 2 H, J=11.1 Hz), 3.75 (s, 3 H), 3.27-3.20 (m,
10 2 H), 1.70-1.61 (m, 2 H), 1.41-1.30 (m, 11 H), 0.84 (t, 3 H, .

J=8.7 Hz); MS-FD m/e 537 (p).
Analysis for C29H35N305S: -

Calc: C, 64.78; H, 6.56; N, 7.82;

Found: C, 64.52; H, 6.57; N, 7.78.

i5
- Example 87
.Preparation of 2-(4-tert-Butylbenzoylamino)-4-[2S8~([2-(tert-
butoxycarbonylamino)-4-methylsulfinyl-l-oxobutyl]amino}-N-
(4-methoxyphenyl)benzamide.
20

=0
o

~ m'\ﬂ@_“,n—@-om

o NH

To a mixture of P-EPC resin (1.69 g, 1.44 mmol),
N- (tert-butoxycarbonyl) -L-methionine sulfoxide (191 mg, 0.72
25 mmol) and 2-(4-tert-butylbenzoylamino)-4-amino-N-(4-methoxy-
phenyl)benzamide (150 mg, 0.36 mmol) was added chloroform (8
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mL) and tert-butyl alcohol (2 mL). The resulting mixture
was shaken at 300 rpm for 20 h. The reaction mixture was
filtered, passed through an SCX cartridge, and concentrated

in vacuo to give 239 g (100%) of the title compound as a
solid. '

MS-IS 665.3.

Example 88
Preparation of 2-(4-tert-Butylbenzoylamino)-4-[(36methoxy-
carbonyl-l—oxbprop?l)amino]-N-(4-methoxypheny1)bénzamide.

kAo -
g I — OMe

<

~

Using the procedure described in Example 87, monomethyl

succinate (0.036 mmol) yielded 33 mg (86%) of the title
compound as a solid.
MS-FD m/e 531 (p).

Example 89
Preparation of 2-(4-tert-Butylbenzoylamino)-N-(4—methpxy-
phenyl)benzamide. '
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QO

o, NH

U51ng the procedure descrlbed in Example 55 Part B,
4-tert- butylbenzoyl chloride (4. 0 mmol) yielded 809 mg (67%)
5 of the title compound as a white solid; mp 208-210 ©C.
lg-NMR , IR
MS-FD m/e 402 (b).

Analysis for Ca5H26N203:
Calc: c, 74.61; H, 6.51; N, 6.69;

10 Found: C, 74.38; H, 6.54; N, 7.05.

Examhle 90
Preparation of Nl-(4-Methoxybenzoy1)—Nz—[1,5-diexo-5-
(1-piperidiny1)penty1]-1,2-benzenediamine.
15

A. Nl-(4-Methobeenzoyl)—N2—(4—carboxy-l-oxobutyl)-1,2-

20 benzenediamine

T
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N1- (4-Methoxybenzoyl)-1,2-benzenediamine (3.0 g, 12
mmol), glutaric anhydride (1.7 g, 15 mmol}, and pyridine
(7 mL) were dissolved in methylene chloride (2 mL) and
allowed to stir at ambient temperature for 5 h. The
reaction mixture was quenched with water (2 mL) and
concentrated in vacuo. The resultant residue was acidified
with aqueous sulfuric acid. The resulting white solid was
collected and dried at 60 ©C in vacuo to yield 3.88 g (88%)
of the title compound. '
lg-NMR, IR
MS-FD m/e 356 (p}
Analysis for C39HpoN205:
Calc: C, 64.04; H, 5.66; N, 7.86;
Found: C, 64.19; H, 5.36; N, 7.77.

B. N1- (4-Methoxybenzoyl)-N2-[1,5-dioxo-5- (1-piperidinyl)-
pentyl]-1,2-benzenediamine

A solution of Nl—(4—methoxybenzoy1)-Nz—(4—carboxyf1—
oxobutyl)-1,2-benzenediamine (1.0 g, 2.8 mmol), N-hydroxy-
succinimide (320 mg, 2.8 mmol), and dicyclohexylcarbodiimide
(580 mg, 2.8 mmol) in methylene chloride (10 mL) was stirred
for 18 h at ambient temperature then filtered. The filtrate
was concentrated in vacuo to provide the intermediate active
ester as a white foam (1.31 g). A solution of the active
ester (100 mg, 0.22 mmol) and piperidine (33 mL, 0.33 mmol)
in tetrahydrofuran (0.5 mL) was allowed to stand for 60 h.
The solution was concentrated under a stream of nitrogen and
the residue dissolved in methylene chloride and
chromatographed (silica gel, methylene chloride to 10%
methanol/90% methylene chloride). The appropriate fractions
were concentrated in vacuo, the residue dissolved in ethyl
acetate, washed with dilute sulfuric acid, saturated aqueous

sodium bicarbonate solution, dried (magnesium sulfate),
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filtered, and concentrated in vacuo to yield 47 mg (50%) of
the title compound as a white amorphous solid. '
lp-NMR, IR |
MS-FD m/e 423 (p)

Analysis for CggHo9N304:
calc: C, 68.06; H, 6.90; N, 9.92;
Found: C, 67.58; H, 7.58; N, 9.73.

Example 91 .
Preparation of 2-[(4-tert-Butylbenzoyl)amino]-N-phenyl-.

benzamide.

e

A. 2—(4—tert—Buty1phenyl) -4H-3, l-bénzoxazin'4 one

IZ

To a stirred solution of anthranlllc ac1d (34 3 g, .

250 mmol) in pyridine (400 mL) ‘was added 4 tert%butylbenzoyl

.chlorlde (94 mIL,, 500 mL) dropwise v;a an addltlon funnel.

After stirring for 12 h, the solution was poured onto a
slurry of ice and 2 N aqueous hydroohloric acid (100 mL).
The mixture was extracted with dichloromethaue and the
organic extract was concentrated in vacuo. The res1due was
dissolved in fresh dlchloromethane, washed once with 2 N
aqueous hydrochloric acid, once with saturated aqueous
sodium chloride solution, twicé with.saturated_aqueous
sodium bicarbonate solution, three times with water, dried
(magnesium sulfate), filterxed, and concentrated in vacuo,
The residue.was crystallized from ether/hexanes to give an
initial crop of 15.2 ¢ (22%§ of the'title compound as an
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off-white solid, followed by additional crops totalling
16.9 g (24%).

1H-NMR (DMSO-dg): & 8.26 (m, 3 H), 7.83 (t, J = 8.7 Hz, 1
H), 7.70 (d, J = 8.7 Hz, 1 H), 7.52 (m, 3 H), 1.39 (s, 9 H).

B. 2-[ (4-tert-Butylbenzoyl)amino] -N-phenylbenzamide

To a stirred solution of 2-(4-tert-butylphenyl)-4H-3,1-.
benzoxazin-4-one (1.0 g, 3.6 mmol) in toluene (15 mL) was
added aniline (0.33 g, 3.6 mmol). After refluxing for 8 h,
the solution was allowed to cool, diethyl ether was added,
and the precipitate was filtered and dried In vacuo to give
120 mg (9%) of the title compound as an off-white solid.
1H-NMR (DMSO-dg): & 11.70 (s, 1 H), 10.53 (s, 1 H), 8.51 (4,
J="7.9Hz, 1 H), 7.93 (a4, g = 1.1, 7.5 Hz, 1 H), 7.84 (4,
J 8.7 Hz, 2 H), 7.71 (4, J = 7.9 Hz, 2 H), 7.61 (m, 1 H),
7.59 (4, J = 8.7 Hz, 2 H), 7.37 (¢, J = 7.9 Hz, 2 H), 7.27
(d&t, J = 0.8, 7.9 Hz, 1 H), 7.14 (¢, J=7.5 Ha, 1 H), 1.3
(s, 9 H); MS-FD m/e 372 (M*). |
Anal. for CggHoyN203: ' _

Calc: c, 77.39; H, 6.50; N, 7.52;

Found: C, 77.54; H, 6.58; N, 7.57.

Example 92
Preparation of 2-[(4-tert-Butylbenzoyl)amino]-N-(4-methyl-
phenyl)benzamide.
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Using the procedure'described-in-Example 91, Part B,
p-toluidine (4.7 mmol) yielded 1.3 g, (72%) of the title

compound. -

 lpg-NMR (DMSO-dg): 8 11.80 (s, 1 H), 10.46 (s, 1 H), 8.54 (d,

J=7.9Hz, 1L H), 7.93 (dd, J = 1.1, 7.9 Hz, 1 H), 7.84 (&,
J = 8.3 Hz, 2 H), 7.60 (m, 1 H), 7.58 (d, J = 8.7 Hz, 4 H),
7.27 (¢, J = 8.3 Hz, 1 H), 7.18 (d, J = 8.3 Hz, 2 H), 2.29
(s, 3 H), 1.31 (s, 9 H); MS-FD m/e 386.2 (M%),
Anal. for CogHogNyOp: o

Calc: c, 77.69; H, 6.78; N, 7.25;

Found: C, 77.73; H, 6.91; N, 7.21.

Exanple 93
Preparation of 2-[(4~-tert-Butylbenzoyl)amino]~N-(4~-fluoro-
phenyl)benzamida, '

NH O /O/F :

N

A. N-(4-Fluorophenyl)-2-nitrobenzamide

To a stirred solution of 4Ff1u6roani1ine (2.4 hL,
25 mmol) and pyridine (6.1 mL; 75 mmol) in diéhloromethane
(30 mL) was added 2-nitrobenzoyl chloride (3.6 mL, 28 mmol).
After 12 h, the mixture was diluted with dichloromethane and
washed with 1 N aqueous citric écid, saturated agueous
sodium chloride.solution, saturated adueous sodium
bicarbonate solution, dried (magnesium sﬁlfate), filtered,
and concentrated in vacuo. The resulting solid was
suspended in diethyl ether, sonicated, filtered and dried in
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vacuo to give 5.1 g (79%) of the title compound as a tan
solid.
MS-FD m/e 260 (M*).
Anal. for C33HgFN203:

cale: C, 60.00; H, 3.49; N, 10.76;

Found: C, 60.02; H, 3.22; N, 10.49.

B. 2-Amino-N- (4-fluorophenyl)benzamide

To a stirred solution of N-(4-fluorophenyl)-2-nitro-
benzamide (4.0 g, 15.4 mmol) in methanol (220 mL) and
tetrahydrofuran (110 mL) was added nickel acetate
tetrahydrate (7.7 g, 31 mmol). Sodium borohydride (2.3 g,
62 mmol) was added in small portions. After gas evolution
had ceased, the solvent was removed in vacuo. The residue
was partitioned between ethyl acetate and concentrated
ammonium hydroxide, and the layers were separated. ' The
organic phase was washed with concentrated ammonium
hydroxide and saturated aqueous sodium chloride solution,
dried (magnesium sulfate), filtered, and concentrated in
vacuo to give 2.86 g (81%) of the title compound as an off-
white solid.
MS-FD m/e 230.2 (M*).
Anal. for Cjy3H31FN3O:

Calc: c, 67.82; H, 4.82; N, 12.17;

Found: C, 67.52; H, 4.79; N, 12.06.

C. 2-[ (4-tert-Butylbenzoyl)amino] -N- (4-£fluorophenyl) -
benzamide .

Using the proceduré described in Example 93, Part A,
4-tert-butylbenzoyl chloride (4.8 mmol) yielded (1.03 g,
64%) of the title compound.

MS-FD m/e 230.2 (M*).
Anal. for Co4H23FN202:
" Calce: ¢, 73.83; H, 5.94; W, 7.17;
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Found: C, 73.62; H, 5.87; N, 7.03.

Example 94
Preparation of 2- [(4-tert-Buty1benzoy1)amlno]-N_(4_ch1°r°_
5 phenyl)benzamide. : :

Using the procedure described in Example 91, Part B,
10 4-chloroaniline (3.0 mmol) provided 0.5 g (42%) of the title

compound.
MS-FD m/e 406.3 (M*).
Anal. for Co4Hp3ClN05: _
"~ cale: @, 70.84; H, 5.70; N, 6.88;
15 Found: ¢C, 70.59; H, 5.75; N, 6.63.

Example 95
Preparation of 2-[(4-tert-Butylbenzoyl)amino]-N-(4~-bromo- - l

&iu/@m

Using the procedure described in Example 91,:Part'B,
4-bromoaniline (2.98 mmol) provided 0.48 g (38%) of the

. phenyl)benzamide.
20 '

25 title compound.
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MS-FD m/e 450.2 (M%),
Anal. for CpgH3BrNyO3: _
" cale: C, 63.86; H, 5.14; N, 6.21;
Found: €, 63.71; H, 5.16; N, 6.03.

_ Example 96 _
Preparation of 2-[(4-tert-Butylbenzoyl)amino]-N-(3-hydroxy-

phenyl)benzamide.

LOELO.

A. N- (3-Benzyloxyphenyl)-2-[ (4-tert-butylbenzoyl)amino] -
benzamide

Using the procedure described in Example 81, Part B,
3-benzyloxyaniline (1.8 mmol) provided 0.61 g (71%) of the
title compound.
MS-FD m/e 478 (M%).

B. 2-[(4-tert-Butylbenzoyl)amino] ~N- (3-hydroxyphenyl) -
benzamide |

To a stirred solution of N-(3-benzyloxyphenyl)-2-[(4-
tert-butylbenzoyl)amino]benzamide (0.58 g, 1.2 mmol) in
tetrahydrofuran (50 mL) was added 10% palladium-on-carbon
(0.29 g). The vessel was placed under vacuum and the
atmosphere was replaced with hydrogen (1 atm). After 12 h,
the balloon was removed and the mixture was filtered through
diatomaceous earth and concentrated in wvacuo. The residue
was dissolved in ethyl acetate and washed with saturated

agueous sodium chloride solution, dried (magnesium sulfate),
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filtered, and concentrated In vacuo to give 0.41" g (88%) of
the title compound as an off-white solid.
1H-NMR (DMSO-dg): & 11.67 (s, 1 H), 10.40 (s, 1 H), 9.45 (s,
1 H), 8.50 (dd, J = 0.8, 8.3 Hz, 1 H), 7.89 (dd, J = 1.1,
7.9 Hz, 1 H), 7.84 (4, J = 8.5 Hz, 2 H), 7.59 (m, 1 H),
7.58 (d, J = 8.5 Hz, 2 H), 7.26 (Abg, 2 H), 7.11 (aba, 2 H),
6.54 (dt, J = 7.2, 1.9 Hz, 1 H), 1.31 (s, 9 H); MS-FD m/e
388.3 (M*). | | o
Anal. for CpgHpgNp03:

Calec: €, 74.21; H, 6.23; N, 7.21;

Found: C, 74729; H, 6.41; N, 6.97.

Example 97

' Preparation of N-(B-Aminophenyi)-z-[(4-tert-buty1benzoy1)-

amino] benzamide.

By methods substantially equivalent to those described
in Example 96, the title compound (40 mg, 9% for two ‘steps)
was prepared from m—(benzyloxycarbonylamino)aniliné 1.5
mmol) and 2-(4- tert-butylphenyl) -4H-3, 1-benzoxazin-4-one
(1.5 mmol). '
MS-FD m/e 387.2 (MV).

Anal. for Cg4Hy5N305-0.9H30:
Calc: C, 71.41; H, 6.69; N, 10.40;
Found: €, 71.58; H, 6.00; N, 10.15.
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Example 98 )
Preparation of N-(6-Aminopyridin-2-yl)-2-[(4~tert-butyl-

benzoyl)amino]benzamide.

A. N-(6-Phthalimidopyridin-2-yl)-2-nitrobenzamide

Using the procedure described in Example 93, Part A,
2-nitrobenzoyl chloride (2.3 mmol) and 2-amino-6-phthal-
imidopyridine (2.1 mmol) vielded 654 mg (80%) of the title
compound.
MS-FD m/e 388 (M*).
Anal. for CpgH]2Ny4O0s5:

Calc: C, 61.86; H, 3.12; N, 14.43;

Found: C, 61.61; H, 3.26; N, 14.17.

B. N-(6-Phthalimidopyridin-2-yl)-2-aminobenzamide
Using the procedure described in Example 96, Part B,

N- (6~phthalimidopyridin-2-yl)-2-nitrobenzamide (0.6 mmol)

yielded 170 mg (74%) of the title compound.

MS-FD m/e 359 (M*).

C. N- (6-Phthalimidopyridin-2-yl)-2-[ (4-tert-butylbenzoyl) -
amino]benzamide _

Using the procedure described in Example 93, Part A,
4-tert-butylbenzoyl chloride (0.47 mmol) and N-(6-phthal-
imidopyridin-2-yl) -2-aminobenzamide (0.47 mmol) yielded
300 mg (100%) of the title product.

MS-FD m/e 518 (M*).
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D. N- (6-Aminopyridin-2-yl)-2-[ (4-tert-butylbenzoyl)amino] -
benzamide _

To a stirred solution N-(6-phthalimidopyridin-2-yl)-2-
[ (4-tert-butylbenzoyl)amino]benzamide (230 mg, 0.44 mmol) in
ethanol (15 mL) was added hydrazine hydrate (0.22 g, 4.4
mmol). After refluxing the mixture for 30 min, the solvent .
was removed in vacuo and the residue was dissolved in ethyl
acetate, washed twice with saturated aqueous sodium
bicarbonate solution, twice with saturated agqueous sodium
chloride solution, dried (magnesium sulfate), filtered, and
concentfated_in vacuo. The residue was dissolved in a
minimal amount of:chlorofbrm and chromatographed (silica

gel, eluting with a gradient of chloroform to 2% methanol/-

' 98% chloroform. The appropriate fractions were combined and

concentrated In vacuo to give 51 mg (30%) of the title
compound as a white solid.
MS-FD m/e 388 (M*).
Anal. for Cp3HpyN403:
cale: «©, 71.11; H, 6.23; N, 14.42;
Found: C€, 71.20; H, 6.31; N, 14.67.

'Example_99

Preparation of.2-[(4-tert-Buty1henioy1)amino]-N-(3-hydroxy—
4-methylphenyl)benzamide.

jad

A. 3-Benzyloxy-4-methylnitrobenzene
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To a stirred suspension of 2-methyl-5-nitrophencl

(2.0 g, 13 mmol) and sodium carbonate (1.94 g, 18.3 mmol) in
acetone was added benzyl bromide (1.7 mL, 14 mmol). The
mixture was heated to reflux for 24 h, cooled, filtered, and
the solid washed with acetone. The filtrate and acetone
washings were combined and concentrated in vacuo.
Recrystallization from ether/hexanes gave 1.06 g (33%) of
the title product as an off-white solid.
MS-FD 243 m/e (M*).

B. 3-Benzyloxy-4-methylaniline

To a stirred solution of 3-benzyloxy-4-methyl-
nitrobenzene (1.1 g, 4.4 mmol) in tetrahydrofuran (25 mL)
and methanol (50 mL) was added nickel acetate tetrahydrate
(2.2 g, 8.7 mmol). The solution was cooled to 0 ©C and
sodium borohydride (0.66 g, 17.4 mmol) was added in small
portions. After gas evolution had ceased, the solvents were
removed in vacuo and the residue was partitioned between
ethyl acetate and concentrated ammonium hydroxide. The

layers were separated and the organic phase was washed with

- ammonium hydroxide followed by saturated agqueous sodium

chloride solution, dried (magnesium sulfate), filtered, and
concentrated In vacuo to give 0.9 g (97%) of the title
product as an off-white solid.

MS-FD m/e (M*).

C. N~ (3-Benzyloxy-4-methylphenyl)-2~[{(4~tert-butyl-
benzoyl)amino]benzamide

Using the procedure described in Example 91, Part B,
3-benzyloxy-4-methylaniline (4.2 mmol) yielded 1.4 g (68%)
of the title compound.
MS-FD m/e 492.2 (M%),
Anal. for C32H32N303:

Calc: c, 78.02; H, 6.55; N, 5.69;
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' Found: C, 78.22; H, 6.79; ‘N,  5.61. S

D. 2-[(4- tert—Butylbenzoyl)amlno]-N—(3 hydroxy-4-methy1—
phenyl)benzamide _ _

5 Using the procedure described in Example 96, Part B,
N—(3—benzyloxy—4—methylphényl) -2-[(4- -tert-butylbenzoyl) -
amino]benzamide (2.0 mmol) ylelded 701 mg (86%) of the tltle
compound _

MS-FD m/e 402.1 (M*). B | |

10 Anal. for Cy5HygN03: _
Ccalc: C, 74.60; H, 6.51; N, 6.96;

Found: C, 74.41; H, 6.76; N, 6.88.

Example 100
15 Praparation of N-(3-Amino-4-methoxypheny1)-2-[(4-tert-
butylbenzoyl)amino]lbenzamide.

20 A. 3-Benzyloxycarbonylamino—4-methoxynitrbbenZene |
To a stirred solution of 2-methoxy-5-nitroaniline
(5.0 g, 30 mmol) and potassium carbonate (12 g, 90 mmol) in
tetrahydrofuran (200 mL) and water (100 mL) was added benzyl
chloroformate (6.1 g, 36 mmol). After 12 h, the mixture was
25 diluted with'ethyl acetate'(ZOO mL) and the layers were

separated. The organic phase was washed twice with 1 N
aqueous hydrochloric acid, once with saturated aqueous
sodium chloride solution, twice with saturated aqueous '

sodium bicarbonate solution, twice with saturated aqueous




10

15

20

25

30

“WO 99/00121 PCT/US98/13427

- 149 - -
sodium chloride solution, dried (magnesium sulfate), ~
filtered, and concentrated in vacuo. The resulting solid
was  suspended in diethyl ether and after sonication, the
solid was filtered, washed with diethyl ether, and dried in
vacuo to give 7.8 g (86%) of the title compound as a light
yellow solid.

MS-FD m/e 302.1 (Mt)

Anal. for CjgHpgN20s5:
Cale: «C, 59.60; H, 4.67; N, 9.27;
Found: C, 59.88; H, 4.65; N, 9.35.

B. 3-Benzyloxycarbonylamino-4-methoxyaniline

Using the procedure described in Example 99, Part A,
3-benzyloxycafbonylamino—4—methoxynitrobenzene (9.2 mmol)
yvielded 2.1 g (78%) of the title compound.
MS-FD m/e 272.1 (M*).
Anal. for Cp5HygNoO3: _

Calc: C, 66.16; H, 5.92; N, 10.29;

Found: C, 65.99; H, 5.97; N, 10.28.

C. N-(3-benzyloxfcarbonylamino—4-methoxyphenyl)-2—[(4-
tert-butylbenzoyl)amino]benzamide

Using the procedure described in Example 91, Part B, 1-
[N- (3-benzyloxycarbonylamino~4-methoxy)phenyl] -2~ [N- (4-tert-
butylbenzoyl) ]anthranilamide (1.9 mmol) yielded 0.64 g (61%)
of the title compound.
MS-FD m/e 551.2 (M*%).
Anal. for C33H33N30s5:

Calc: cC, 71.85; H, 6.03; N, 7.62;

Found: ¢, 72.10; H, 6.09; N, 7.76.

D. Preparation of 1-[N-(3-amino-4-methoxy)phenyl]~2-[N-(4-
tert-butylbenzoyl) ] ~anthranilamide
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Using the procedure described in Example 96, Part B,
N- (3-benzyloxycarbonylamino-4-methoxyphenyl) -2-[ (4-tert-
butylbenzoyl)aminolbenzamide (0.73 mmol) yielded 137 mg
(45%) of the title product. '

5 MS-FD m/e 417 (M*).

Anal. for CggHy7N303:

Calc: c, 71.92; H, 6.52; N, '10.06;

Found: C, 71.63; H, 6.46; N, -9.76.

10 | | Example 101 .
Preparation of 2-[(4-tert -Butyj.benzoyl )amino] -N- (3-hydroxy-
5 -methdxyphgnyl )benzamide. B |

H : .

A. N- (3, 5-Dimethoxyphenyl)-2-[ (4-tert-butylbenzoyl)amino] -

15

benzamide :
Using the procedure described in Example 91, Part B,
3,5-dimethoxyaniline (13.1 mmol) yielded 4.1 g (73%) of the
20 title compound. '.
MS-FD m/e 432.1 (M*).
Anal. for CpgHogN204:
Calc: c, 72.20; H, 6.53; N, 6.48;
Found: C, 72.25; H, 6.53; N, 6.53.
25 o _ .
B. N-(3-Hydroxy-5-methoxyphenyl)-2-[ (4-tert-butyl-
benzoyl)amino]benzamide _ _
To a stirred suspension N-(3,5-dimethoxyphenyl)-2-[(4-

tert-butylbenzoyl)aminolbenzamide (1.0 g, 2.3 mmol) in
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dichloromethane (42 mL) was added a solution of boron
tribromide (0.66 mL, 6.9 mmol) in dichloromethane (7 mL) via
an addition funnel. After 30 min, a second portion of boron
tribromide (0.66 mL, 6.9 mmol) in dichloromethane (7 mL) was
added. After 30 min, saturated aqueous sodium bicarbonate
solution was added and the solvents were removed in vacuo.
The residue was dissolved in ethyl acetate and washed with
saturated aqueous sodium bicarbonate solution, saturated
agueous sodium chloride solution, dried (magnesium sulfate),
filtered, and concentrated in vacuo. Chromatography (silica
gel, 30% ethyl acetate/70% hexanes) provided 96 mg (10%) of
the title compound as a white solid.
MS-FD m/e 418 (M*).
Anal. for CgogHogNpO4:

cale: ¢, 71.75; H, 6.26; N, 6.70;

Found: C, 71.41; H, 6.24; N, 6.67.

Example 102

Preparation of 2-[(4-tert-Butylbenzoyl)amino]~-N- (4-methoxy-
phenyl) -5-methylbenzamide.

o

o. .
NHOO\

Iz

A. N- (4-Methoxyphenyl) -2-nitro-5-methylbenzamide

To a stirred solution of 4-methoxyaniline (1.4 g,
11 mmol) and 2-nitro-5-methylbenzoic acid (2.0 g, 11 mmol)
in dimethylformamide (20 mL) was added 1-(3-dimethylamino-
propyl)-3-ethylcarbodiimide hydrochloride (3.17 g, 16.5
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mmol). After 12 h, the solvent was removed in vacuo. The
residue was dissolved in ethyl acetate and washed twice with
1 M aqueous citric acid, once with water, twice with
saturated aqueous sodium bicarbonate solution, once with
water, and once with saturated aqueous sodium chloride
solution. The organic phase was dried (magnesium sulfate),
filtered, and concentrated in vacuo. The residue was .
triturated with diethyl ether, filtered, and dried in vacuo
to give 1.57 ¢ (50%) of the tltle compound as a yellow '
solid.

MS-FD m/e 286 (M*).

Anal. for C15H14N204Z.
Calc: C, 62.93; H, 4.93; N, 9.78;
Found: C, 63.13; H, 4.67; N, 9.69.

B. 2—Amin6-N¥(4—methoxypheny1)—5—methylbenzamide

Using the procedure described in Example 93, Part B,
N—(4—methoxyphenyl) 2-n1tro 5—methylbenzam1de (2. 6 mmol)
vielded 0.48 g (72%) of the title compound.
MS-FD m/e 256.1 (M*).
Anal. for Cq5H1gN203:

Calc: €, 70.29; H, 6.29; N, 10.93;

Found: C, 70.29; H, 6.49; N, 10.71.

C. 2-[(4- tert—Butylbenzoyl)amlno]—N—(4—methoxyphenyl) -5~
methylbenzamide

Using the procedure described in Example 93, Part A,
4-tert-butylbenzoyl chloride (1.3 mmol) and 2-amino-N-
(4-methoxyphenyl) -5-methylbenzamide (1.2 mmol) yielded 0.23
g (47%) of the title compound.

~ MS-FD m/e 416.2 (M*).

Anal. for CpgHogN20O3: :
Calc: Cc, _74.97; " H, 6.78; N, 6.73;
Found: C, 75.01; H, 6.68; N, 6.52.
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Example 103
Preparation of 2-[(4-tert-Butylbenzoyl)amino]-N-(4-methoxy-
phenyl) -3-methylbenzamide.

O 1,0

A. N- (4-methoxyphenyl)-2-nitro-3-methylbenzamide

Using the procedure described in Example 102, Part A,
2-nitro-3-methylbenzoic acid (11 mmol) yielded 1.78 g (56%)
of the title compound.
MS-FD m/e 286.1 (M').
Anal. for CigHq4NoO4:

Calc: Cc, 62.94; H, 4.93; N, 9.79;

Found: C, 62.79; H, 4.82; N, 9.77.

B. 2-Amino?N—(4~methoxyphenyl)—3—methy1benzamide

Using the procedure described in Example 93, Part B,
N-(4-methoxyphenyl)—2—nitro—3-methYlbenzamide (2.6 mmol)
yielded 0.41 g (61%) of the title compound.
MS-FD m/e 256.1 (M%).
Anal. for C35H1gN202:

cale: <C, 70.29; H, 6.29; N, 10.93;

Found: C, 70.47; H, 6.10; N, 10.66.

C. 2-[ (4-tert-Butylbenzoyl)amino]}-N- (4-methoxyphenyl)-3-
methylbenzamide

Using the procedure described in Example 93, Part A,
4-tert-butylbenzoyl chloride (1.76 mmol) and 2-amino-N-
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(4-methoxyphenyl) -3-methylbenzamide (1.6 mmol) yielded 0.30
g (45%) of the title compound.
MS-FD m/e 416 (M*). |
Anal. for CpgHpgN203: o .
5 Calc: C, 74.98; H, 6.78; N, 6.73;
' Found: C, 74.76; H, 6.94; N, 6.90.

Example 104
Preparation of 2~[(A-tarthsutylbenzoyl)amino]-3-methoxy-n-
10 (4-methoxyphenyl)benzamide.

N
NH o--/@f\- |
o o |
N
/\G/‘LH |

A.  N-(4-Methoxyphenyl)]-2-nitro-3-methoxybenzamide

15 Using the procedure described in Example 102, Part A,
2-nitro-3-methoxy-benzoic acid (10.1 mmol) yielded 2.0 g
{66%) of the title compound.

MS-FD m/e 302 (M').
Anal. for C1gH14N7Og: .
20 Calc: cC, 59.60; H, 4.67; N, 9.28;
Found: C, 59.55; H, 4.53; N, 9.31.

B. 2—Amino-N—(4-methokyphenyl)—3-methoxybenzamide
Using the procedure described in Example 93, Part B,
25 N-(4-methoxyphenyl)-2-nitro-3-methoxybenzamide (2.6 mmol)
yielded 0.23 g (32%) of the title compound..
MS-FD m/e 272.1 (M%),
Anal. for CigHqgN203:
Calc: C, 66.16; H, 5.92; N, 10.29;
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Found: C, 65.91; H, 5.68; N, 10.29.

C. 2-[ (4-tert-Butylbenzoyl)amino] -3-methoxy-N- (4-methoxy-
phenyl)benzamide _

5 Using the procedure described in Example 93, Part A,
4-tert-butylbenzoyl chloride (0.81 mmol) and 2-amino-N-
(4-methoxypheny1)-3—methoxybenzamide (0.73 mmol) yielded
0.18 g (57%) of the title compound.

MS-FD m/e 432.1 (M*).

10 Anal. for CpgHogN2O4:
Calc: c, 172.20; H, 6.53; N, 6.48;
Found: C, 72.48; H, 6.69; N, 6.42.

Example 105
15 Preparation of 2-[(4-tert-8u€y1benzoy1)amino]-N—(3-hydroxy-
phenyl) -4~ (methylsulfonylamino)benzamide.

MeSO2NH

20 A, 2-Amino-N- (3-benzyloxyphenyl)-4-nitrobenzamide
Using the procedure described in Example 91, Part B,
3-benzyloxyaniline (4.4 mmol) and 4-nitroisatoic anhydride
(4.8 mmol) yielded 1.2 g (81%) of the title product.
MS-FD m/e 363 (MF).
25 _ _
B. N- (3-Benzyloxyphenyl)-2-[ (4-tert-butylbenzoyl)amino]-4-
nitrobenzamide
Using the procedure described in Example 93, Part A,
4-tert-butylbenzoyl chloride (3.5 mmol) and 2-amino-N-(3-
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benzyloxyphenyl) -4-nitrobenzamide (3.2 mmol) yielded 0.69 ¢

(69%) of the title product.

MS-FD m/e 523 (M*).

Anal. for C31HygN305:
Calc: ¢, 71.11; H, 5.58; N, 8.02;
Found: C, 71.37; H, 5.72; N, 7.92.

C. 4-Am1no—N—(3—benzyloxypheny1)-2 [(4- tert—butylbenzoyl)-
amino]benzamide

Using the procedure described in Example 93, Part B,
N- (3-benzyloxyphenyl)-2-[ (4-tert-butylbenzoyl)amino]-4-
nitrobenzamide (2.1 mmol) yielded 0.87 g (84%) of the title
product.
MS-FD m/e 493 (M*).
Anal. for C31H3q1N303:

Calc: C, 75.43; H, 6.33; N, 8.51;

Found: C, 75.59; H, 6.30; N, 8.26.

D. 2—[(4-te:t—Butylbenzoy1)amino]-N-(3—benzyloxyphenyl)—4-
(methylsul fonylamino)benzamide o

Using the procedure_described in Example 59, Part E,
4-amino-N- (3-benzyloxyphenyl)-2-[ (4 -tert-butylbenzoyl) -
amino]benzamide (0.75 mmol) yielded 0.43 g (100%) of the
title product.
MS-FD m/e 571 (M*).
Anal. for C39H33N305S:

~cale: C, 67.23; H, 5.82; N, 7.35;
Found: C, 66.59; K, 5.84; N, 7.07.

E. 2-[ (4~ tert-Butylbenzoyl)amlno]~N—(3 hydroxyphenyl) -4-
(methylsulfonylamino)benzamide

Using the procedure described in Example 96, Part B,
2-[ (4-tert-butylbenzoyl)amino] -N- (3-benzyloxyphenyl) -4~
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(methylsulfonylamino)benzamide (0.7 mmol) yielded 0.25 g
(74%) of the title product.
1p-NMR (DMSO-dg): 8 12.07 (s , 1 H), 10.29 (s, 2 H), 9.45

(s, 1 H), 8.55 (d, J = 1.9 Hz, 1 H), 7.91 (4, J = 8.7 Hz,
H), 7.86 (d, J = 8.3 Hz, 2 H), 7.61 (d, J = 8.3 Hz, 2 H),
7.23 (s, 1 H), 7.17-7.03 (m, 3 H), 6.54 (4, J = 7.9 Hz, 1

H), 3.13 (s, 3 H), 1.31 (s, 9 H); MS-FD m/e 481 (M*).
Anal. for CogHy7N305S:

Cale: C, 62.35; H, 5.65; N, 8.73;

Found: C, 62.12; H, 5.72; N, 8.49.

Example 106
- Preparation of 2-[(2-Butoxy-4-methoxybenzoyl)amino]-N-
(4-methoxyphenyl )benzamide.

N0 o
' 0o
lopdNen
ages

Using the procedure described in Example 102, Part A,
2-butoxy-4-methoxybenzoic acid (0.54 mmol)and 2-amino-N-
(4-methoxyphenyl)benzamide (0.54 mmol) yielded 61 mg (25%)

of the title compound.

MS-FD m/e 448.2 (M*).

Anal. for CogHpgN20Og:
Calc: C, 69.63; H, 6.29; N, 6.25;
Found: C, 69.90; H, 6.32; N, 6.51.

1
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Example 107
Preparation of Nl-Benzoyl-Nz-(A;tert-butylbenzoyl)-1,2-

benzenediamine.

A. 2-Nitro-N—(4—tert*butylbenzoyl)éniline

Using the procedure described in Example 93, Part A,
4-tert-butylbenzoyl chloride (398 mmol) and 2-nitroaniline
(362 mmol) yielded 21.6 g (100%) of the title compound.
g R

B. Nl-(4#tert—Butylben20yl)—1,2¥benzenediamine

Using the procedure described in Example 96, Part B,
2—nitro-N-(4—tert—butylbenzdyl)aniline (91 mmol) yielded
19.9 g (79%) of the title compound.
1y-NMR (DMSO-dg): & 9.58 (s, 1 H), 7.91 (d, J = 8.3 Hz, 2
H), 7.52 (4, J = 8.3 Hz, 2 H), 7:.16 (d, J = 8.0 Hz, 1 H),
6.97 (a&t, Jd = 1.4, 8.4 Hz, 1 H), 6.78 (d, J = 1.3, 8.0 Hz,

H), 6.59 (d&t, J = 1.3, 8.4 Hz, 1 H), 4.88 (br s, 2 H), 1.32.

(s, 9 H); MS-FD m/e 298.2 (M*).

C. Nl-Benzoyl-Nz-(4-tert—butylbenzoyl)f;,z—benzenediamine
Using the procedure described in Example 93, Part a,

benzoyl chloride (0.80 mmol) and Nl-(4—tert-butylbenzoyl)—,_

1,2-benzenediamine (0.75 mmol) yielded 150 mg (54%) of the
title compound.

MS-FD m/e 372.1 (M*).

Anal. for CogHogN202:
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Calc: c, 77.39; H, 6.49; N, 7.52;
Found: C, 77.19; H, 6.47; N, 7.26.

Example 108
Preparation of Nl-(46Methoxybenzoy1)-Nz-(4-tert-huty1-

benzoyl)~1,2-benzenediamine.

Using the procedure described in Example 93, Part A,
4-anisoyl chloride (2.2 mmol) and Nl—(4-tert—butylbenzoy1)-
1,2-benzenediamine (1.8 mmol) yielded 441 mg (61%) of the
title compound.
1H-NMR (DMSO-dg): 8 10.00 (br s, 2 H), 7.94 (4, J = 8.5 Hz,
2 H), 7.88 (d, J = 8.5 Hz, 2 H), 7.94 (d, J = 8.5 Hz, 2 H),
7.88 (4, J = 8.5 Hz, 2 H), 7.64 (m, 2 H), 7.54 (4, J = 8.5
Hz, 2 H), 7.27 (m, 2 H), 7.07 (4, J = 9.0 Hz, 2 H), 3.83 (s,
3 H), 1.30 (s, 9 H); MS-FD m/e 402.3 (M*).

Anal. for CogHogN203:
Calc: C, 74.61; H, 6.51; N, 6.96;
Found: C, 74.74; H, 6.67; N, 6.77.

Example 109
Preparation of Nl-(4-Hydroxybenzoy1)—Nz-(4-tert-huty1-

benzoyl)~1,2-benzenediamine.
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Using the procedure described in Example 101, Part B,
Nl-(4~metthybenzoyl)-NQ-(4—te£t-butylbenzoyl)—1,2-benzene—
diamine (0.98 mmol) yielded 220 mg (58%) of the title
compound. | |
MS-FD m/e 388.1 (M*%).

Anal. for CogHoyN20O4:
Calc: c, 71.27; H, 5.98; N, 6.93;
Found: C, 73.38; H, 5.97; N, 7.32.

_ - Example 110
Preparation of N1—(4-Methy1pheny1)-Nz-(4-tert-huty1benzoy1)-

"1,2-benzenediamine.

i o 'y : |

NH |
Using the procedure described in Example 93, Part A,

4-toluoyl chloride (1.1 mmol).and Nl—(4~tert—butylbenzoy1)—

1,2-benzenediamine (0.93 mmol) yielded 360 mg (100%) of the

title compound. - | | |

1H-NMR (DMSO-dg): § 10.02 (br s, 2 H), 7.89 (d, J = 8.3 Hz,

2 H), 7.85 (4, J = 8.0 Hz, 2 H), 7f66 (m, 2 H), 7.54 (4, J =

8.5 Hz, 2 H), 7.33 (4, J = 8.0 Hz, 2 H), 7.28 (m, 2 H), 2.37
(s, 3 H), 1.30 (s, 9 H); MS-FD m/e 386.3 (M*).
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Anal. for C2I5H25N202:

Calc: c, 77.69; H, 6.78; N, 7.25;

Found: C, 77.59; H, 6.91; N, 7.48.

5 Example 111
Preparation of Nl-(3-Methoxybenzoy1)-N2-(4-tart-buty1-

benzoyl) -1, 2-benzenediamine.

Nopd¥eN

Using the procedure described in Example 102, Part A,
3-anisic acid (3.6 mmol) and Nl-(4—tert—butylbenzoyl)—1,2-
benzenediamine (1.8 mmol) yvielded 610 mg (84%) of the title

10

compound .
15 MS-FD m/e 402.2 (M*).
Anal. for CpgHpgNpO3:
Calc: c, 74.60; H, 6.51; N, 6.96;
Found: C, 74.43; H, 6.39; N, 6.91.

20 Example 112
Preparation of Nl-(3-Hydroxyhenzoy1)-N2-(4-tert-huty1-

benzoyl)-1,2-benzenediamine.

| 0
NH
| H
N
% OH
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Using the procedure described in Example 101, Pért B,
Nl-(3-methobeenzoy1)-N2¥(4-tert4buty1benzoyl)—1,2-benzene—
diamine (0.19 mmol) yielded 70 mg (96%) of the title
compound. R
MS-FD m/e 388.4 (M*Y).

Anal. for CopgHp4N203:
Calc: c, 74.21; H, 6.23; N, 7.21;
Found: C, 73.82; H, 6.74; N, 6.80.

Exﬁﬁple 113
Preparation of Nlb(3-Methgxy-4-methylbenzbyl)-Nz-(4-tert-
butylbenzoyl) -1, 2-benzenedianmine.

Using the procedure described in Example 102, Part A,
3-methoxy-4-methylbenzoic acid (3.6 mmol) and Nl- (4-tert-
butylbenzoyl) -1, 2-benzenediamine (1.8 mmol) vielded 210 mg
(28%) of the title compound.

MS-FD m/e 416.3 (M¥).

Anal. for CogHogN203:
Calc: c, 74.98; H, 6.78; N, 6.73;
Found: C, 69.00; H, 6.30; N, 5.91.

_ . Example 114
Preparation of Nl-(343ydrqu-4-mathy1ban20y1)-Nz-(4-tert-
butylbenzoyl)-1,2-benzenediamine.

T
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NH

ZX

OH

Using the procedure described in Example 101, Part B,
Nl—(3—methoxy-4—methylbenzoyl)—Nz—(4—tert—butylbenzoyl)-1,2-
benzenediamine (0.18 mmol) yielded 51 mg (70%) of the title
compound.

MS-FD m/e 402.2 (M*).

Anal. for CggHygN203: |
Calc: c, 74.60; H, 6.51; N, 6.96;
Found: C, 74.87; H, 6.28; N, 6.76.

Example 115
Preparation of Nl-(4-Aminobenzoyl)-N2-(4-tert-butylbenzoyl)-

1,2-benzenediamine.

A. Nl—(4-Nitrobenzoyl)—N2—(4—tert-butylbenzoyl)—1,2—
benzenediamine | - |

Using the procedure described in Example 102, Part A,
Nl- (4-tert-butylbenzoyl)-1,2-benzenediamine (3.1 mmol) and |
4-nitrobenzoic acid (3.0 mmol) yielded the title product,

which was used directly in the next step without additional
purification.
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B. Nl-(4-Aminobenzoyl)-N2;(4-tért€butylbenzoyl)—1,2— .
benzenediamine

Using the procedure degcribed in Example 96, Part B,
Nl—(4—nitrobenzoy1)—N2-(4-tert—buty1benzoyl)—1 2-
benzenedlamlne (2. 6 mmol) ylelded 400 mg (36%) of the tltle
compound _
MS-FD m/e 387 (M*).
Anal. for CgpyHpgN305+0.5 HpO:

Calc: c, 72.71; H, 6.61; N,_ 10.59;

Found: C, 72.41; H, 6.75; N, 10.25.

Example 116
Preparation of Nl- (3-mn:l.nobenzo:::rl)-N‘2 (4~ tert-butylbenzoyl)-

1,2-benzenediamine.

Sop IVl

A, N1-(3—Nitrobenzoyl)-Nz—(4-tert-butylbenzoyl)—1,2—

benzenediamine

Using the procedure described in Example 93, Part A,
3—hitrobenzoyl chloride (2.2 mmol) a'nd.N1 (4 -tert-
butylbenzoyl) -1, 2—benzened1am1ne (1.8 mmol) ylelded 427 mg
(56%) of the tltle compound.
MS-FD m/e 417.2 (M¥).
Anal. for'c24H23N3d4: |

Cale: ¢, 69.05; H, 5.55; N, 10.07;

Found: C, 69.01; H, 5.59; N, 10.30.
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B. Nl—(3-Aminobenzoyl)-N2—(4-tert-butylbenzoyl)-1,2-
benzenediamine N
Using the procedure described in Example 96, Part B,
5 Nl—(3-nitrobenzoyl)-N2-(4—tert—butylbenzqyl)-1,2—
benzenediamine (0.48 mmol) yielded 181 mg (97%) of the title
compound.
MS-FD m/e 387 (M%).
Anal. for CpgHpgN305-0.5 HyO:
10 Calc: ¢, 72.71; H, 6.61; N, 10.59;
Found: C, 72.84; '‘H, 6.33; N, 10.32.

Example 117

Preparation of N1-(3-Amino-4-methoxybenzoyl)-Nz-(4-tert—

15 butylbenzoyl)-1,2~benzenediamine.

O
OMe
¢ NH
H
N
NH;

A. Nl_(3_Nitro_4-methoxybenzoyl)-N2-(4-tert—butylbenzoyl)—

20 1,2-benzenediamine _

Using the procedure described in Example 102, Part A,
3-nitro-4-methoxybenzoic acid (2.8 mmol) and Nl-(4-tert-
butylbenzoyl) -1, 2-benzenediamine (1.9 mmol) yielded 0.70 mg

~ (84%) of the title compound.
25 MS-FD m/e 447 (M*).
Anal. for CggHysN30s5:
Calc: c, 67.10; H, 5.63; N, 9.39;
Found: C, 67.29; H, 5.75; N, 9.22.
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B. N1-(3-Amino- 4-m.ethoxybenzoyl)-N2 (4- tert—butylbenzoyl)—
1,2-benzenediamine ' '

Using the procedure described in Example 96, Part B,
N1-(3-nitro-4 —metﬁobeénzoyli—N24(4-tert4butylenzoyl)-l 2-
benzenediamine (1.1 mmol) ylelded 400 mg (85%) of the title
compound.

MS-FD m/e 417.1 (M*%).

Anal. for CygHy7N303:
cale: €, 71.92; H, 6.52; N, 10.06;
Found: C, 71.88; H, 6.35; N, 9.97.

Example 118
Preparation of Nl-(2-aminothiazol~- 5-y1carbony1)-N2 (4 ~tert-
butylbenzoyl) -1, ,2-benzenediamine.

Using the procedure described in Example 102, Part A,
2-aminothiaZole—S—cérboxylic acid (1.0 mmol) and Nl-(4-tert-
butylbenzoyl) -1, 2-benzenediamine (1.5 mmol) yielded 50 mg
(13%) of the title compound
MS-FD m/e 394.1 (M*).

Anal. for Cg1HpoN402S-0.5 Hp0:
Calc: c, 62.51; H, 5.75; N, 13.88;
Found: C, 62.50; H, 5.72; N, 13.14.

- Example 119
Preparation of 3, 6-Dimethoxy-N1, N2-bis (4-methoxybenzoyl) -

1,2-benzenediamine.
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OMe

_ Using the procedure described in Example 93, Part A,

5 4-anisoyl chloride (4.9 mmol) and 3, 6-dimethoxy-1,2-benzene-
diamine (2.0 mmol) yielded 555 mg (65%) of the title
compound. '

MS-FD m/e 435.9 (M*).
Anal. for CggHoyN2Og:
10 Calc: C, 66.05; H, 5.54; N, 6.42;
Found: C, 66.30; H, 5.47; N, 6.36.

Example 120
Preparation of 4-[ (Amino) (hydroxyimino)methyl]-N1, N2~
15 bis(4-methoxybenzoyl)-1,2-benzenediamine.

OMe
NH

(r HON o

NH2

A. 4-Cyano—N1,N2—bis(4-methokyben20yl)-l,2—benzenediamine

20 Using the procedures described in Example 93, Part A
and Example 96, Part B, 2-nitro-4-cyanocaniline (31 mmol) and
4-anisoyl chloride yielded 500 mg (21%, three steps) of the
title compound.
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MS-FD m/e 401 (M*). _ -
Anal. for C93H1gN304: ’ : |

Cale: - C, 68.80; H, 4.79; N, 10.46;

Found: C, 68.80; H, 4.93; N, 10.36.

B. 4-[(Amino)(hydroxyiminq)méthyl]—Nl,Nz—bis(4—methoxy—

benzoyl) -1, 2-benzenediamine '
To a stirred solution of 4-cyano-N1,N2-bis (4-methoxy-

benzoyl) -1, 2-benzenediamine (750 mg, 1.9 mmol) was added

hydroxylamine hydrochloride_(130'mg, 1.9_mmol) and

N,N—diisppropylethylamine'(0.30 mL,_1.9 mmol) . After
heating at reflux for 12 h, the solution was cooled and the
solvent was removed in vacuo. The residue was suspéhdéa in
ethyl acetate and water, stirred vigofously, filtered, and
dried in vacuo to give 770 mg (95%) of the title product as
a white solid. |
MS-FD m/e 434.1 (M*).
Anal. for C23H22N405°1;1leQ:

cale: «C, 60.82; H, 5.37; N, 12.33;

Found: C, 60.47; H, 4.80; N, 12.10.

Example 121

Preparation of 4-[(Amin¢)(imino)methyll-Nl,Nz-his(4-methoxy-

benzoyl) -1, 2-benzenediamine.

OMe

. HCle
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To a stirred solution 4-[{amino) (hydroxyimino)methyl]-
Nl,NQ-bis(4-methoxybenzoy1)—1,2-benzenediamine (0.50 g,
1.2 mmol), tetrahydrofuran (5 mL), water (25 mL), and 1 N
aqueous hydrochloric acid (1.4 mL) in ethanol (50 mL) was
added 10% palladium-on-carbon (250 mg). The vessel was
placed under vacuum and the atmosphere was replaced with
hydrogen (1 bar). After 12 h, the balloon was removed and
the mixture was filtered through diatomaceous earth and
concentrated in vacuo. The residue was dissolved in ethyl
acetate and washed with saturated aqueous sodium chloride
solution, dried (magnesium sulfate), filtered, and
concentrated in vacuo to give 180 mg (35%) of the title
compound.
MS-FD m/e 419 (M%).
Anal. for Cp3HyoN404-HCL:

Calc: c, 57.97; H, 5.31; N, 11.76;

Found: C, 57.73; H, 5.14; N, 12.06.

. Bxample 122
Preparation of Nl-(B-Aminobenzoyl)-Nz-(4-methoxyhenzoy1)-

l,.2-benzenediamine.

Fopd¥eN

A. Nl-(3—Nitrobenzoy1)—N2—(4—methoxybenzoyl)—1,2-benzene-
diamine _

Using the procedure described in Example 93, Part 3,
3-nitrobenzoyl chloride (2.3 mmol) and Nl-(4—methoxy—
benzoyl) -1, -2-benzenediamine (2.1 mmol) yielded 708 mg (86%)
of the title compound.
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MS-FD m/e 391 (M*).
Anal. for C31H;7N305:
Calc: Cc, 64.45; H, 4.38; N, 10.74;
Found: C, 64.21; H, 4.56; N, 10.51.

B. N1-(3-aminobenzoyl)-N2-(4-methoxybenzoyl)-1,2-
benzenediamine '

Using the procedure described in Example 93, Part A,

N1- (3-nitrobenzoyl)-N2- (4-methoxybenzoyl) -1, 2-benzenediamine .

(1.3 mmol) yielded 130 mg (28%) of the title compound.
MS-FD m/e 361 (M*%). ' '
Anal. for Cp1H19N303:

Calc: c, 69.79; H, 5.30; N, 11.63;

Found: C, 69.83; H, 5.44; N, 11.49.

Example 123
Preparation of Nl-(3-Amino-4-mathoxybenzoy1)-Nz-(44methoxy-

benzoyl)—1,2—beﬁzanediamine.

0
NH OMe
i LK,
o8

A, Nl-(3-Nitro—4-methoxybenzoyl)-N2—(4—methoxybenzoyl)—

1,2-benzenediamine '
Using the procedure described in Example 102, Part A,

3-nitro-4-methoxybenzoic acid (3.1 mmol) and N1-(4-methoxy-

benzoyl)-1,2-benzenediamine (2.1 mmol) ylelded 737 mg (83%)

of the title compound.

MS-FD m/e 421 (M*).

Anal. for Cp2H19N304:
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Calc: C, 62.71; H, 4.55; N, 9.97; i
Found: C, 62.91; H, 4.62; N, 9.97.

B. Nl-(3-amino-4-methoxybenzoyl)-N2- (4-methoxybenzoyl) -
5 1,2-benzenediamine
Using the procedure described in Example 96, Part B,
N1- (3-nitro-4-methoxybenzoyl)-N2- (4-methoxybenzoyl)-1,2-
benzenediamine yielded 29 mg (6%) of the title compound.
MS-FD m/e 391 (M*).

10
Example 124 _
Preparation of 2-[(4-t-Butylbenzoyl)amino]-N-(3,4-methylene-
dioxyphenyl) -4-[ (methylsulfonyl)amino]lbenzamide.
0
S PPD
_ N 5
H
15 MeSO,N

A. 2-[ (4-t-Butylbenzoyl)amino]-N- (3, 4-methylenedioxy-
phenyl) -4-nitrobenzamide

By methods substantially equivalent to those described
in Example 59-C, 2-[(4-t-butylbenzoyl)amino]-N-(3,4-

20 methylenedioxyphenyl)—4-nitrobenzamidé (33%) was prepared
from 7-nitro-2-(4-t-butylphenyl)-4H-3, 1-benzoxazin-4-one and
3,4-methylenedioxyaniline.
1H-NMR - 3
FD-MS, m/e 461 (M%)

25 Analysis for C25H23N305:

Calc: C, 65.07; H, 5.02; N, 9.11;
Found: C, 66.48; H, 5.33; N, 9.15.
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B. 4-Amino-2-[ (4-t- butylbenzoyl)amlno]-N—(3 4—methy1ene—
dloxyphenyl)benzamlde

By methods substantially equivalent to those described
in Example 1-B, 4-amino-2-[(4-t-butylbenzoyl)amino]-N-(3,4-
methylenedioxyphenyl)benzamide (86%) was prépared from
2-[(4- t-butylbenzoyl)amlno]—N-(3 4-methylenedloxyphenyl)—
4-nitrobenzamide. '
1H—NMR
FD-MS, m/e 431.2 (M%)

Analysis for C25H25N304-:0.1H20:

calc: C, 69.30; H, 5.86; N, 9.70;
Found: C, 69.34; H, 6.21; N, 9.09.
C. 2-[(4-t-Butylbenzoyl)amino] -N- (3, 4-methylenedioxy-

phenyl)-4-{ (methylsulfonyl)aminolbenzamide

By methods substantially equivalent to those described
in Example 59-E, zf[(4—tebuty1bethy1)amino]—N—(3,4—
methylenedioxyphehyl)-4—[(methylsulfonyl)amino]benzamide
(83%) was prepared from 4—émino-2—[(4-t—buty1benzoy1)amino]-
N- (3, 4-methylenedioxyphenyl)benzamide. .
la-m
FD-MS, m/e 509.1 (M*)
Aﬁalyéis for C25H27N3OGS:

cale: ¢, 61.28; H, 5.34; N, 8.25;

Found: @ C, 62.70; H, 5 93 N 7 75

Preparation of Examples 125~133a. _ ;

The following procedure was use in Examples 125 -133a:

To a small glass vial with a polytetrafluoroethylene
lined cap was added an aryl-1l,2-diamine (about 0;25 mmol) in
tetrahydrofuran (3 mL), followed by poly(4—vinylpyridine)
(250 mg, 1 mmol) and p-anisoyl chloride (0.625 mmol). After
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agitating this mixture for 24 h on a platform shaker,
aminomethylated polystyrene (1 g, 1 mmol) was added and
agitation continued for another 8 h. The solution was
filtered and concencentrated in vacuo, and the residue
5 triturated with diethyl ether. The resulting solid was

filtered and dried in vacuo to give approximately 50 mg of
the title compound.

Example 125
10 N1,N2-bis(4-Methoxybenzoyl)naphthalene-1,2-diamine.

_ o
NH OMe
MeO H\l/©/
N .
% o

MS-FD m/e 426 (M*).

15
Example 126 _
4 -Methyl-Nl ’ N2-bisg (4-methoxybenzoyl)-1,2-banzenediamine.
o]
NH OMe
MeO H
N
o
20

MS-FD m/e 391 (M*).
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‘Example 127
3-Methyl-N1,N2-bisg (4-methoxybenzoyl)-1, 2-benzenediamine.

5
MS-FD m/e 390 (M*).
_ Example 128
4-Nitro-N1,N2-bis(4-methoxyhénzoy1)-1,2-bepzenediamine.
10 ' a
0
NH OMe
MeO H
N
(o]
O2N
MS-FD m/e 421.2 (M%).
15 Example 129

4,5-Dichloro-N1,N2-bis (4-methoxybenzoyl)~-1,2-benzenediamine.

NH OMe
MeO ' H

Cl
Ci

MS-FD m/e 444 (M%t).
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Example 130
4-Chloro-N1l,N2-bis (4-methoxybenzoyl) -1, 2-benzenediamine.

(o]
NH OMe
MeO "H
N
o
5 Ci
MS-FD m/e 409 (M%Y).
Example 131
10 4-Chloro-S—trifluoromethyl-nl,Nz-bis(4-methoxybenzoy1)-1,2-
benzenediamine. |
NH OMe
MeO H
N
o
- CI”.
CFs3
15 MS-FD m/e 478.1 (Mt).
Example 132

4-Chloro—5-fluoro—N1,Nz-bis(4-methoxybenzoy1)-1,2-
benzenediamine. '
20
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MeO

MS-FD m/e 428.1 (M*t).

5 Example 133
A-Fluoro-ul,nz-bis(4-methoxybenzoy1)-i,z-benzenediamina.

| NH , OMe
MeO H '
_ N

10 MS-FD m/e 394 (M%).

Example 133a
4-Methoxycarbonyl-N1,N2-big (4~-methoxybenzoyl)-1, 2~

OMe
KT
o0 0
O
- NH

O

benzenediamine.
15

MeOOC

OMe
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MS-FD m/e 434.1 (M*)..

Example 134
Preparation of 2-[(4-tert-Butylbenzoyl)amino]-N-(4-methoxy-

phenyl) ~-6~methylbenzamide.

(0]
O
: H
Me

A. N- (4-Methoxyphenyl)-2-nitro~6-methylbenzamide

Using the procedure described in Example 102, Part a,
2¥nitro—6—methy1benzoic acid (5.5 mmol) and 4-dimethylamino-
pyridine (1.1 mmol) vielded 0.44 g (28%) of the title
compound.
MS-FD m/e 286.1 (M*).
Anal. For Cj1gHj4N2Og4: .

Calc: C, 62.93; H, 4.93; N, 9.78;

Found: C, 62.47; H, 4.75; N, 9.27.

B. 2-[(4-tert-Butylbenzoyl)amino]-N-(4-methoxyphenyl) -6-
methylbenzamide :

Using the procedure described in Example 93, Part B,
N- (4-methoxyphenyl)-2-nitro-6-methylbenzamide (1.05 mmol)
was reduced to the corresponding amine. Using the procedure
described in Example 93, Part A, the amine was reacted with
4-tert-butylbenzoyl chloride (1.05 mmol) to yield 72 mg
(17%) of the title compound.
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MS-FD m/e 416.4 (M%).

Anal. For CpgHpgN203:
Calc: C, 74.98; H, 6.78; N, 6.73;
Found: C, 75.04; H, 6.82; N, 6.88.

- Example 135 :

Preparation of 2~[(4-tert-Butylbenzoyl)amino]-N-(4~-methoxy-

phenyl) -6-fluorobenzanide.

OMe

A.  Preparation of 6-fluoroisatoic anhydride

Using the procedure déescribed in Example 69, Part A,

6-fluoroanthranilic acid (31.5 mmol), vielded 5.2 g (91%) of

the title compound.

MS-FD m/e 181.1 (M*t).

Anal. For CgHy4FNO3:
Calc: Cc, 53.05; H, 2.23; N, 7.73;
Found: C, 52.91; H, 2.31; N, 7.53.

. B. N-< (4-Methoxyphenyl) -2-amino-6-fluorobenzamide
Using the procedure described in Example 91, Part B,
6-fluoroisatoic anhydride (11 mmol) and 4-methoxyaniline
(11 mmol) yielded 2.34 g (84%) of the title compound.
MS-FD m/e 260 (M%).
Anal. For Cq4H13FN20O3:
Calc: C, 64.61; H, 5.04; N, 10.76;
Found: C, 63.33; H, 4.90; N, 10.34.
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C. 2-[ (4-tert-Butylbenzoyl)amino] -N- (4-methoxyphenyl) -6-
fluorobenzamide
Using the procedure described in Example 93, Part A,
N- (4-methoxyphenyl)-2-amino-6-£fluorobenzamide (1.9 mmol) and
5 4-tert-butylbenzoyl chloride (2.1_mmol) vielded 530 mg (65%)
of the title compound. '
MS-FD m/e 420.3 (M').
Anal. For Cp5Ho5FN2O3:
Calc: C, 71.41; H, 5.99; N, 6.66;
10 Found: ¢C, 71.58; H, 5.97; N, 6.55.

Example 136
Preparation of 2-[(4-ter¢-3uty1benzoy1)amino]—N-(s-hydroxy-
phenyl) -5~ (methylsulfonylamino)benzamide.
15

SEpINsE

A, 2-[(4-tert-Butylbenzoyl)amino] -N- (3-benzyloxyphenyl) -5-
nitrobenzamide

20 Using the procedure described in Example 91, Part B,
3-benzyloxyaniline (2.5 mmol) and 2-(4-tert-butylphenyl)-6-
nitro-4H—3,1-benzoxazin—4—one (2.8 mmol) yielded 550 mg
(42%) of the title compound.
MS-FD m/e 523 (M%)

25 Anal. For C31HgN305:

Calc: c, 71.11; H, 5.58; N, 8.03;
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Found: C, 71.34; H, 5.66; N, 8.16. - -

B. 2-[ (4-tert-Butylbenzoyl)amino] -N~ (3-benzyoxyphenyl)~5-
aminobenzamide ' ' '
Using the procedure described in Example 93, Part B,
2-[ {4-tert-butylbenzoyl)amino]-N- (3-benzyloxyphenyl) -5~
nitrobenzamide (1.03 mmol) yielded 270 mg (53%) of the title
compound. '
MS-FD m/e 493 (M%)
Anal. For C31H31N303:
Calc: C, 75.43; H, 6.33; N, 8.51;
Found: - C, 75.39; H, 6.41; N, 8.26.

C. 2-[(4-tert-Butylbenzoyl)amino] -N- (3-benzyloxyphenyl)-5-
(methylsulfonylamino)benéamide

Using the procedure described in Example 59, Part E,
2-[{4-tert-butylbenzoyl)amino] -N- (3-benzyoxyphenyl) -5-
aminobenzamide (0.51 mmol) yielded 225 mg (77%) of the title .
compound. | '
MS-FD m/e 571.1 (M*).
Anal. For C32H33N305S:

Calc: C, 67.23; H, 5.82; N, 7.35;

Found: C, 66.96; H, 5.96; N, 7.07.

D. 2-[ (4-tert-Butylbenzoyl)amino] -N- (3-hydroxyphenyl)-5-
(methylsulfonylamino)benzamide
Using the procedure described in Example 96, Part B,

-2-[(4~-tert-butylbenzoyl)amino] -N- (3-benzyloxyphenyl)-5-

(methylsulfonylamino)benzamide (0.35 mmol) yielded 160 mg
(94%) of the title compound. '
MS-FD m/e 481.2 (M%).
Anal. For CpgHp7N305S:

Calc: Cc, 62.35; H, 5.65; N, 8.73;

Found: C, 62.47; H, 5.73; N, 8.60.
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Example 137 _
Preparation of 4-Acetylamino-N-(4-methoxyphenyl)-2-
[[1-(4-pyridylmethyl)piperidin-4-ylcarbonyl]amino]benzamide.

sVesdVem

A N

N
AcHN

A, N- (4-Methoxyphenyl) -2, 4-dinitrobenzamide

Using the procedure described in Example 93, Part A,
4-methoxyaniline (43.76 mmol) and 2,4-dinitrobenzoyl
chloride (48.14 mmol) yielded 10.29 g (74%) of the title
compound. '
MS-FD m/e 317.1 (M*).
Anal. For Cj4Hq1N304:

Calc: C, 53.00; H, 3.50; N, 13.25;

Found: C, 53.13; H, 3.57; N, 13.52.

B. N-(4-Methoxyphenyl)-2,4-diaminobenzamide

Using the procedure described in Example 96, Part B,
N- (4-methoxyphenyl)-2,4-dinitrobenzamide (72 mmol), yielded
16.2 g (87%) of the title compound.
MS-FD m/e 257 (M*).
Anal. For Cq4H15N305:

Calc: C, 65.35; H, 5.88; N, 16.33;

Found: C, 65.54; H, 5.92; N, 16.28.

C. 4-Acetylamino-2-amino-N- (4-methoxyphenyl)benzamide
To a stirred solution of N-(4-methoxyphenyl)-2,4-
diaminobenzamide (19 g, 73.8 mmol) in N,N-dimethylformamide
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(250 mL) was added pyridine (6.6 mL, 81 mmol), followed by
acetic anhydride (6.6 mL, 70'mmol). After stirring
overnight, the solvents were removed in vacuo and the

. residue was‘chromatographed over a silica gel (10%: .
tetrahydrofuran/90% chloroform). The appropriate fractions
were combined and concentratéd in vacuo to give 5.3 g (24%)
of the title compound as an fo—white solid.
MS-FD m/e (M*). ) o

D. 4-Acetylamino-N- (4-methoxyphenyl)-2-[ [1- (benzyloxy-
carbonyl)piperidin-4-ylcarbonyl]amino]benzamide

To a stirred suspension of N-benzyloxycarbonyl-
isonipecotic acid (8.0 g, 30.5 mmol) in toluene (350 mL) was
added oxalyl chloride (4.0 mL, 45.7 mmol) followed by a few
drops of N,N-dimethylformamide. After stirring for 72 h,
the solvents were removed in vacuo to give 8.4 g (94%) of an
off-white solid. A portion of this solid (3.0 g) was
dissolved dichloromethane (0 mL) and added to a stirfed
solution of 4—acetylamino—2—aminoAN—(4-methoxy§henyl)—
benzamide (2.0 g, 6.68 mmol) in a mixture of dichloromethane
(50 mL) and pyridine (50 mL). After 2 h, the solvent was
removed in vacuo and the residue was dissolved in ethyl
acetate and'washed with water, followed by saturated aqueous
sodium bicarbonate and brine. The organic phase was then
dried (magnesium sulfate), filtered, and concentrated in
vacuo to give a solid which was triturated from diethyl
ether to give the title compound (2.79 g, 77%) as a white
solid.
MS-FD m/e 544.1 (M*).
Anal. For C3pH32N404: o _

Calc: C, 66.16; H, 5.92; N, 10.29;

Found: C, 66.11; H, 6.07; N, 9.99.
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E. 4-Acetylamino-N- (4-methoxyphenyl) -2-[ (4-piperidinyl-
carbonyl)amino]benzamide

Using the procedure described injExample 96, Part B,
4-acetylamino-N- (4-methoxyphenyl)-2~[{1- (benzyloxycarbonyl) -
piperidin-4-ylcarbonyl]amino]lbenzamide (5.0 mmol), yielded
0.95 g (47%) of the title compound.
MS-FD m/e 410 (M*%).
Anal. For CgpHpgNygO4-1.2H30:

Calc: c, 61.15; H, 6.63; N, 12.97;

Found: C, 61.43; H, 6.44; N, 12.59,

F. 4-Acetylamino-N- (4-methoxyphenyl)~-2-[[1- (4-pyridyl-
methyl)piperidin-4-ylcarbonyl]amino]benzamide

To a stirred suspension of 4-acetylamino-N- (4-methoxy-
phenyl)-2-[ (4-piperidinylcarbonyl)amino]benzamide (0.4 g,
0.97 mmol), 4-pyridinecarboxaldehyde (0.11 mL, 1.17 mmol)
and acetic acid (0.085 mL, 1.46 mmol) in 1,2-dichloroethane
(20 mL) was added sodium triacetoxyborohydride (0.31 g,
1.46 mmol). After stirring overnight, the white solid was
filtered off and the filtrate was concentrated in vacuo.
The residue was suspended in diethyl ether, sonicated, and
filtered. The combined solids were then washed with water,
filtered and dried in vacuo to give 0.37 g (76%) of the
title compound as a white solid.
MS-FD m/e 501.3 (M*%).
Anal. For CpgH31N504:

Calc: C, 67.05; H, 6.23; N, 13.96;

Found: C, 67.06; H, 6.42; N, 13.81.

Essample 138
Preparation of N-(4-methoxyphenyl)-2-[[1-(4-pyridyl)-
piperidin-4-ylcarbonyl]amino]benzamide.
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To a stirred suspensibn of N-(4-pyridyl)isonipecotic
acid (0.2 g, 1 mmol) in diChloromethahe (70 mL) was added
thionyl chloride (0.11 mL, 1.5 mmol). After stirring .
overnight, the solvent was removed in vacuo and the residue
was dissolved in dichloromethane (10 mL) and added to a
stirred solution of 2-amino-N-(4-methoxyphenyl)benzamide
(0.186 g, 0.77 mmol) and'p&ridine-(O.lQ g, 0.85 mmol) in
dichloromethane (25 mL) .- after stirring for 72 h, the
solution was transferred'tb a Separatoiy funnel and washed

" with water, saturated aqueous sodium bicarbonate édlﬁtion,
and saturated agueous sodium chloride solution. The organic
phase was dried'(magneSium sulfate), filtered, and
concentrated in vacuo. The residue was suspended in a
mixture of diethyl ether and hexanes, sonicated, and
filtered. The resulting solid was washed with diethyl ether
and dried in vacdo to give 0.10 g (30%) of the title '
compound as a pale tan solid.
1H-NMR (DMSO-dg): & 10.79 (s, 1 H), 10.31 (s, 1 H), 8.25 (4,
J = 8.3 Hz, 1 H), 8.13 (4, J = 5.7 Hz, 2 H), 7.80 (dd, J =
1.1, 7.9 Hz, 1 H),7.60 (4, J = 9.0 Hz, 2 H), 7.51 (dt, J =
1.3, 8.3 Hz, 1 H), 7.21 (dt, J = 1.3, 8.7 Hz, 1 H), 6.94 (d,
J=9.0 Hz, 2 H), 6.82 (4, J 6.4 Hz, 2 H), 3.95 (dt, J =
13.2, 3.4 Hz, 2 H), 2.92 (dt, J = 2.3, 13.2 Hz, 2H), 2.63
(tt, J = 4.1, 13.2 Hz, 1 H), 1.90 (dd, J = 2.3, 12.8 Hz, 2
H), 1.61 (dq, J = 3.8, 13.2 Hz, 2 H); MS-FD m/e 431 (M}*).
Anal. For Cp5HogN403: '

Calc: c, 69.75; H, 6.09; N, 13.01;

il
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Found: €, 69:58; H, 6.36; N, 12.96. -

Example 139
Preparation of Nl-Benzoyl-N2-[[1-(4-pyridyl)piperidin-4-
5 yllmethoxycarbonylamino]l-1,2-benzenediamine hydrochloride

hemihydrate.
C) 0]
N
B
~N
10 Using the procedure described in Example 48, Part C,

Nl-[[1- (4-pyridyl)piperidin-4-yl]lmethoxycarbonylamino]-1,2-
benzenediamine (0.61 mmol) and benzoyl chloride (1.2 mmol)
vielded 175 mg (61%) of the title compound.
MS-FD m/e 430.3 (M%),
15 Anal. For CpgHpgNygO3-1.1HC1l-0.5H50:
Calc: C, 62.61; H, 5.91; N, 11.68; Cl, 8.13;
Found: C, 62.88; H, 5.75; N, 11.55; Cl1, 7.89.

Example 140
20 Preparation of Nl-(B-Fluorobanzoyl)-Nz-[[1-(4-pyridy1)-
piperidin-4-yl]lmethoxycarbonylamino}l~1,2-benzenediamine
hydrochloride hydrate. '
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Using the procedure described in Exémple 48, Part C,
N1-[[1-(4-pyridyl)piperidin-4-yljmethoxycarbonylamino]-1,2-
5 benzenediamine (0.61 mmol) and 3-fluorobenzoyl chloride
(1.2 mmol) yielded 152 mg (51%) of the title compound.
MS-FD m/e 448.1 (M*).
Anal. For CpgHp5FNg403:-1.25HC1-1.1H20:
Calc: Cc, 60.68; H, 5.79; N, 11.32; Cl, 8.95;
10 Found: C, 60.32; H, 5.39; N, 11.09; Cl, 8.89.

Example 141 _
preparation of N1-(3-Chlorobenzoyl)-N2-[[1-(4-pyridyl)-
piperidin—4-y1]methoxycarbonylamino]-1,2-benzenediamine

15 hydrochloride hemihydrate.

AR



© WO 99/00121 PCT/US98/13427

- 187 - .
\
Cl
NFf)
o)\o
N I X
~ 2N

Using the procedure described in Example 48, Part C,
Nl-[[1—(4—pyridy1)piperidin—4fyl]methoxycarbonylamino]—1,2—
5 ©benzenediamine (0.61 mmol) and 3-chlorobenzoyl chloride
(1.2 mmol) yielded 211 mg (69%) of the title compound.
lg-NMR (DMSO-dg): & 13.57 (br s, 1 H), 10.08 (s, 1 H), 9.00
(s, 1 H), 8.19 (¢, J = 6.2 Hz, 2 H), 8.06 (¢, J =1.7 Hz, 1
H), 7.95 (4, J = 7.9 Hz, 1 H), 7.68 (ad, T = 1.5, 7.9 Hz, 1
10 H), 7.55-7.60 (m, 2 H), 7.48 (a4, J = 1.5, 7.9 Hz, 1 H),
7.22 (d&t, J =1.5, 7.5 Hz, 1 H), 7.17 (4, J = 6.8 Hz, 2 H),
7.14 (m, 1 H), 4.21 (d, J = 13.9 Hz, 2 H), 3.97 (4, J = 6.4
Hz, 2 H), 3.14 (¢, J = 12.0 Hz, 2 H), 2.06 (m, 1 H), 1.81
(br 4, J = 12 Hz, 2 H), 1.23 (br q, J = 12 Hz, 2 H); MS-FD
15 m/e 464.1 (M*).
Anal. For Cys5Ho5ClNg4O3-1.5HC1-0.5H0:
Calc: C, 56.80; H, 5.24; N, 10.60; C1, 16.77;
Found: C, 56.62; H, 5.28; N, 10.53; 1, 16.62.

20 Example 142
Preparation of Nl-(3-Bromobenzoyl)-N2-[[1-(4-pyridyl)-
piperidin-4-ylimethoxycarbonylamino] -1, 2-benzenediamine
hydrochloride hydrate.
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Using the procedure described in Example 48, Part C,
Nl-[[1-(4—pyridyl)piperidin—4—y1]methoxycarbonylamino]-1,2-
benzenediamine (0.61 mmol) ‘and 3-bromobenzoyl chloride
(1.2 mmol) yielded 202 mg (60%) of the title compound.
MS-FD m/e 508.2 (M*).

Anal. For C5H5BrN403-1.4HCL1-0.75H20:
Calc: c, 52.32; H, 4.90; N, 9.76; Cl, 8.64;
Found: ¢, 51.99; H, 4.52; N, 9.54; Cl, 8.69.

Example 143- S
Preparation of Nl-(4-Methylbenzoyl)-N2-[[1-(4-pyridyl)-
piperidin-4-yllmethoxycarbonylaminol-1,2-benzenediamine
hydrochloride.
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Using the procedure described in Example 48, Part C,
Nl-[[1-(4-pyridyl)piperidin-4-yl]lmethoxycarbonylamino]}-1,2-
5 benzenediamine (0.61 mmol) and 4-methylbenzoyl chloride
(1.2 mmol) yielded 164 mg (56%) of the title compound.
ly-NMR (DMSO-dg): 8 13.50 (br s, 1 H), 9.90 (s, 1 H), 8.90
(s, 1H), 8.19 (br t, J = 5.8 Hz, 2 H), 7.89 (d, J = 8.3 Hz,
2 H), 7.49-7.56 (m, 2 H), 7.34 (4, J = 8.3 Hz, 2 H), 7.13-
10 7.23 (m, 4 H), 4.21 (4, J 13.6 Hz, 2 H), 3.97 (4, J = 6.4
Hz, 2 H), 3.14 (t, J = 12.4 Hz, 2 H), 2.05 (m, 1 H), 1.80
(d, 3 = 13.2 Hz, 2 H), 1.23 (g, J = 12.4 Hz, 2 H); MS-FD m/e

]

444.2 (M%) .
Anal. For CpgHogNyO3-1.4HCL:
15 Calc: C, 63.01; H, 5.98; N, 11.31; Cl, 10.02;

Found: C, 63.30; H, 6.06; N, 11.18; Cl1, 9.80.

Example 144
Preparation of Nl-(4-Methoxybenzoy1)-N2-(4eethoxybenzoy1)-
20 1,2-benzenediamine.
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To a mixture of 4Fethoxybenzoic acid (0.332 g,
2.00 mmol) and a few drops of N,N-dimethylformamide in -
methylene chloride (50 mlL) cooled to 0 °C was added oxayl.
chloride (0.21 mL, 2.2 mmole). After 30 min reaction the
nmixture was warmed to room temperature and stirred for an
additional 10 min. The mixture was bon¢entrated in wvacuo,
and the residue dissolved in methylene chloride (10 mL), and
the resulting solution added in two portions to a mixture of
Nl- (4-methoxybenzoyl) -1, 2-benzenediamine (0.455 g, 2.00
mmol) and triethylamine (0.281 mL, 2.00 mmol) in methylene
chloride (40 mL) cooled to 0 °C. After 4 h, the mixture was
allowed to warm to room temperature and stirred for an
additional 12 h. The reaction was quenched with cold dilute
aqueous hydrochloric acid (50 mL), diluted with hexane, and
shaken in a separatory funnel. The organic layer was washed
with cold dilute aqueous hydrochloric acid and saturated
agqueous sodium bicarbonate solution. : The solution was dried
(magnesium sulfate), filtered, and concentrated in vacuo.
Recrystallization of the residue from methylene

chloride/hexane provided 317 mg (41%) of title compound.
1g-NMR (DMSO-dg) 6 9.97 (s, 2H), 7.86 (d, 4H), 7.6 (m, 2H),
7.3 (m, 2H), 7.08 (4, 2H), 7.05 (4, 2H), 4.10 (g, 2H), 3.82
(s, 3H), 1.37 (t,3H); IR (KBr) em~1: 1606, 1646, 3259;
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MS-FD m/e 390 (M%),
Analysis for Cg3Ho3N204:
Calc: C, 70.75; H, 5.68; N, 7.17;
Found: C, 66.03; H, 5.36; N, 6.58.

Example 145
Preparation of N1- (4-Methoxybenzoyl)-N2-[4-(1-methylethoxy) ~

benzoyl]-1,2-benzenediamine.

H o

A

Using the proéedure described in Example 144, 4-(1-
methylethoxy)benzoic acid (2.00 mmol) yielded, after
recrystallization from methylene chloride/hexane, 272 mg

15 (34%) of the title compound.
1H-NMR (DMSO-dg) 8 9.96 (s, 2H), 7.91 (d, 2H), 7.86 (4, 2H),
7.6 (m, 2H), 7.2 (m, 2H), 7.02 (d, 2H), 6.99 (4, 2H), 4.68
(septet, 1H), 3.78 (s, 3H), 1.24 (d, 6H); IR (KBr) cm1:
1607, 1648, 3300; MS-FD m/e 404 (M%).
20 Analysis for CggHpgN2O4:
Calc: ¢, 71.27; H, 5.98; N, 6.93;
Found: C, 71.37; H, 5.99; N, 7.07.
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Example 146 i
Preparation of 3-[(4-Methoxybenzoyl)amino]-4~[ (4-tert-butyl-

benzoyl)amino]benzoic Acid.

N.
H ©O

A. Methyl 3-[(4-Methoxybenzoyl)amino]-4-aminobenzoate
A solution of methyl 3,4—diaminobenzoate hydrochloride
(1.43 g, 6.00 mmol) in acetonitrile (100 mL) was cooled to
0 °C and treated with water (15 mL), pyridine (0.97 mL,
12 mmol), and a solution of p-anisoyl chloride (1.03 g,

'6 00 mmol) in acetonitrile (25 mL). The reaction mixture

was allowed to slowly warm to room temperature over 16 h.
The resultlng prec1p1tate was collected and washed w1th
acetonitrile to prov1de 1.07 g (59%) of the tlrle compound.
IH-NMR (DMSO-dg) & 10.12 (s, 1 H), 10.08 (s, 1 H), 8.18 (s,
1H), 7.95 (4, 2H), 7.9 (m, 4H), 7.8-7.9 (m, 4H), 7.53 (d,
2H), 7.05 (d, 2H), 3.81 (s,.3H),'1.28 (s, 9H). |

B. Methyl 3-[(4—Methoxybenzeyl)amino]-4-[(44terﬁ-
butylbenzoyl)amino]benzoate _ .. '

A solution of methyl 3- [(4—methoxybenzoyl)am1no] -4~
aminobenzoate (0.800 g, 2.67 mmol) in 1:1 acetonitrile/-
chloroform (100 mL) was cooled to 0 °C and treated with
triethylamine (0.41 mL, 2.9 mmol), and a solution of 4-tert-
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butylbenzoyl chloride (0.58 mL) in acetonitrile (25 mL).

The reaction mixture was allowed to warm to room temperature

over 16 h, concentrated in vacuo, diluted with ethyl
acetate, washed with cold dilute aqueous hydrochloric acid
and cold saturated aqueous sodium bicarbonate solution. The
organic layer was dried (magnesium sulfate), filtered, and
concentrated in vacuo. Crystallization of the residue from
methylene chloride/hexane provided 1.0 g (81%) of the title
compound.
l1p-NMR (DMSO-dg) 8 10.16 (s, 2H), 8.27 (s, 1H), 7.8-8.0 (m,
6H), 7.58 (4, 2H), 7.09 (4, 2H), 3.87 (s, 3H), 3.80 (s, 3H),
1.30 (s, 9H); MS-FD m/e 460 (M*).
Analysis for Cp7HpgN20sg:

Calc: C, 70.42; H, 6.13; N, 6.08;

Found: C, 70.15; H, 6.09; N, 6.27.

C.  3-[(4-Methoxybenzoyl)amino]-4-[ (4-tert-butylbenzoyl)-
amino]benzoic Acid

To a solution of methyl 3-[(4-methoxybenzoyl)amino]-4-
[ (4-tert-butylbenzoyl)aminolbenzoate (0.487 g, 1.00 mmol) in
tetrahydrofuran (32 mL) and methanol (8 mlL) was added 5 N
aqueous sodium hydroxide (0.6 mL). The resulting mixture
was stirred for 16 h, a second portion of 5 N agueous sodium
hydroxide (0.6 mL) added, and the mixture stirred for an
additional 16 h. The solvent was concentrated in vacuo and
the crude product acidified with dilute aqueous hydrochloric
acid and diluted with ethyl acetate. The mixture was
extracted with saturated aqueous potassium carbonate
solution. The aqueous layer was acidified and extracted
with ethyl acetate. The organic layer was dried (magnesium
sulfate), filtered, and concentrated in vacuo.
Crystallization of the residue from methylene chloride/-
hexane provided 376 mg (100%) of the title product.
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1H NMR (DMSO-dg) 8 10.12 (s, 1H), 10.08 (s, 1H), 8.18 (s,
1H), 7.87 (4, 1H), 7.86 (4, 2H), 7.82 (4, 1H), 7. 53 (4, 2H),
7.05 (4, 2H), 3.81 (s, 3H), 1.28 (s, 9H); MS- FD m/e 446
(M*); IR (KBr) cm~l: 1608, 1659, 1687, 2963. |
Analys1s for 025H26N205

Calc: C, 69.94; H, 5.87; N, 6.27;

Found: C, 70.90; H, 6.06; N, 6.29.

Example 147
Preparatlon of 3- [(4 tert-Butylhenzoyl)amino]-4 [(4-methoxy-

benzoyl)aminolbenzoic Acid.

A. Methyl 4-Amino-3-[(4-tert-butylbenzoyl)amino]benzoate

Using the procedure described in Example 146, Part A,
4-tert-butylbenzoyl chloride (6.00 mmol) was reacted with
methyl 3,4-diaminobenzoate dihydrochloride. As the product
did not precipitate directly, the reaction mixture was
concentrated in vacuo, diluted with ethyl acetate, and
washed with saturated agueous sodium bicarbonate solution.
The organic layer was dried (magnesium sulfate), filtered,
and concentrated in vacuo to provide 0.885 g (44%) of the
title compound as a crystalline solid.
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ln-NMR (DMSO-dg) 8 7.89 (d, 2H), 7.75 (s, 1H), 7.49 (4, 2H),
6.74 (4, 2H), 5.78 (s, 2H), 3.72 (s, 3H), 1.29 (s, 9H) ;
MS-FD m/e 326 (M*); IR (KBr) cm-l: 1634, 1654, 1700, 1334.
Analysis for C19H22N203:

Calc: C, 69.92; H, 6.79; N, 8.58;

Found: C, 69.34; H, 6.61; N, 8.57.

B. Methyl 3-[(4-tert-Butylbenzoyl)amino] -4-[ (4-methoxy-
benzoyl)aminolbenzoate

Using p-anisoyl chloride and the procedure described in
Example 146, Part B, methyl_4—amino-3—[(4—tert—butyl—
benzoyl)amino]behzoate (2.71 mmol) yielded, after
recrystallization from methylene chloride/hexane, 0.862 g
(69%) of the title compound as a crystalline solid.
1y NMR (DMSO-dg) & 10.14 (s, 2H), 8.28 (s, 1H), 7.97 (4,
2H), 7.9 (m, 4H), 7.57 (4, 2H), 7.10 (4, 2H), 3.87 (s, 3H),
3.82 (s, 3H), 1.33 (s, 9H); IR (KBr) cm~l: 1606, 1647, 1721,
3200.
Analysis for Cp7HgN20sg:

Calc: C, 70,42; H, 6.13; N, 6.08;

Found: C, 70.34; H, 6.08; N, 6.01.

C. 3-[ (4-tert-Butylbenzoyl)amino] -4-[ (4-methoxybenzoyl) -
amino]lbenzoic Acid

Using the procedure described in Example 146, Part C,
methyl 3-[(4-tert-butylbenzoyl)amino]-4-[ (4-methoxybenzoyl)-
aminolbenzoate (1.00 mmol) yielded, after acidification of
the aqueous layer, 318 mg (71%) of the title compound as a
crystalline solid.

lg MR (DMSO-dg) 8 10.19 (s, 1H), 10.11 (s, 1H), 8.19 (s,
1H), 7.94 (4, 1H), 7.89 (4, 1H), 7.81 (s, 1H), 7.52 (d, 2H),

7.05 (d, 2H), 3.80 (s, 3H), 1.28 (s, 9H); IR (KBr) cm 1:
1645, 1690, 3256; MS-FD m/e 446 (M*).
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Analysis for CpgHogN205:

Calc: C, 69.49; H, 5.87; N, 6.27;

Found: C, 69.74; H, 5.72; N, 6.16.

Example 148 .
Preparation of N-[24(4-Mathox&henzoylaxy)phenyl]-4-methoxy-

benzamide.

A solution of 2-aminophenol (6.54 g, 60.0 mmol) was
‘dissolved in methylene chloride (200 mL) and cooled to 0 °C.
Triethylamine (16.7 mL, 120 mmol) was added, followed by the
dropwise addition of a solution of p-anisoyl chloride
(20.5 g, 120 mmol) in methylene chloride (50 mL). The
reaction mixture was allowed to slowly warm to room
temperature over 16 h. The reaction mixture was poured over
a 1:1 mixture of concentrated hydrochloric acid/crushed ice.
The organic layer was diluted with ethyl acetate, washed
with cold saturated aqueous sodium bicarbonate solution,
dried (magnesium sulfate), filtered, and concentrated in
vacuo. Crystallization of the residue from methylene
chloride/hexane provided 18.8 g (83%) of the title compound.

ln MR (DMSO-dg) 8 3.76 (s, 3H), 3.81 (s, 3H), 6.95 (d, 2H),

7.3 (m, 3H), 7.60 (t, 1H), 7.81 (d, 2H), 8.02 (d, 2H);
MS-FD m/e 377 (M*); IR (KBr) cm~1: 1670, 1715, 3400.
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Analysis for Cy5H19NOsg:

Calc: C, 70.02; H, 5.07, N, 3.71;

Found: C, 69.85; H, 5.00; N, 3.44.

Example 149
Preparation of N-[2-(4-tert-Butylbenzoyloxy)phenyl]-4-
methoxybenzamide.
o. .9
NH
O
O——-

A, N- (2-Hydroxyphenyl) -4-methoxybenzamide

A solution of N-[2-{4-methoxybenzoyloxy)phenyl]-4-
methoxybenzamide (3.0 g, 8.0 mmol) in methanol (50 mL) was
treated with 5 N aqueous sodium hydroxide (4.78 mL) at room
temperature for 16 h. The solution was concentrated to one-
half volume in wvacuo, 5 N aqueous sodium hydroxide was
added, and the resulting mixture stirred for an additional
16 h. The mixture was concentrated in vacuo and acidified
with dilute hydrochloric acid. The resulting precipitate
was collected by filtration, dissolved in ethyl acetate, and
extracted with saturated agqueous potassium carbonate
solution. The aquous layer was acidified with dilute
hydrochloric acid and extrated with ethyl acetate. The
organic layer was dried (magnesium sulfate), filtered, and
concentrated in vacuo to provide 1.75 g (20%) the title
product as a crystalline solid.
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1y NMR (DMSO-dg) § 9.70 (s, 1H), 9.41 (s, 1H), 7.93 (&, 2H),
7.63 (d, 1H), 7.04 (d, 2H), 7.00 (t, 1H), 6.88 (d, 1H), 6.80
(t, 1H), 3.81 (s, 3H); MS-FD m/e 243 (M*); IR (CHCl3) cm~1l:

1607, 1645, 3500.

B. N—[2-(4—tertéButYlbenzoy16xy)phenyl]—44meth0xybenz5mide
A solution of N—(2—hydroxyphenyl)-4;methoxybenzamide
(0.486 g, 2.00 mmol) in methylene chloride (35 mL) was
cooled to 0 °C. Triethylamine (0.281 mL, 2.00 mmol) was
added followed by the dropwise addition of a solution of
4-tert-butylbenzoyl chlofide_(0;393 mL, 2.00 mmol) in
methylene chloride (15 mL). The reaction mixture was
allowed to warm to room temperature over 16 h and washed
with cold water, dried (magnesium sulfate), filtered, and
concentrated in vacuo. Crystallization of the residue from
diethyl ether provided 0.563 g (70%) of the title compound.

1y NMR (CDCl3) & 8.36 (4, 1H), 8.18 (d, 2H), 8.04 (s, 1H),
7.75 (4, 2H), 7.57 (4, 2H), 7.34 (t, 1H), 7.29 (4, 1H), 7.22
(t, 1H), 6.80 (d, 2H), 3.84 (s, 3H), 1.39 (s, 9H); MS-FD m/e

403 (M*); IR (KBr) cm~1: 1606, 1679, 1717, 3363.

Analysis for CpsHpsNO4:
Calc: C, 74.42; H, 6.25; N, 3.47;
Found: C, 74.65; H, 6.24; N, 3.60.

Example 150
Preparation of N- [2- (4=-Methoxybenzoyloxy)phenyl] ~4-tert-
butylbenzamide. ' '
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A. N-[2- (4-tert-Butybenzoyloxy)phenyl] ~4-tert-
butylbenzamide

Using the procedure described in Example 148, 2-amino-
phenol (30.0 mmol) was reacted with 4-tert-butylbenzoyl
chloride to provide, after recrystallization from diethyl
ether, 9.48 g (73%) of the title compound.
ly NMR (DMSO-dg) & 9.59 (s, 1H), 8.01 (d, 2H), 7.65 (t, 1H),
7.55 (&, 2H), 7.42 (4, 2H), 7.3 (m, 3H), 1.27 (s, 9H), 1.24
(s, (H); MS-FD m/e 429 (M*); IR (KBr) cm~l: 1607, 1663,
16798, 1751, 2961, 3372.
Analysis for CygH31NO3:

Calc: €, 78.17; H, 7.92; N, 3.14;

Found: C, 78.82; H, 7.17; N, 3.44.

B. N- (2-Hydroxyphenyl) -4-tert-butylbenzamide

Using the procedure described in Example 149, Part 2,
N-[Z-(4—tert-butybenzoyloxy)phehyl]-4-tert—butylbenzamide
(10 mmol) yielded, after crystallization from methylene
chloride, 2.08 g (48%) of the title compound.

C. N-[2- (4-Methoxybenzoyloxy)phenyl] -4-tert-butylbenzamide
Using the procedure described in Example 149, Part B,

N- (2-hydroxyphenyl)-4-tert-butylbenzamide (2.00 mmol) was
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reacted with p—anisoyl'éhloride to yield 494 mg (61%) of the
title compound as a crystalline solid.

Ekample 151
(No example for this number)
Example 152

Preparation of N-(4-Meﬁhoxypheny1)-2-(4-tert-buty1-
benzoyloxy)benzamide. '

o

A. N- (4-Methoxyphenyl) -2-hydroxybenzamide

To a solution of salicylic acid (1.38 g, 10.0 mmol) in
methylene chloride (100 mL) cooled to 0 °C was added a few
drops of dry N,N-dimethylformamide, followed by oxalyl
chloride (1.41 mL). After 39 min, the ice bath was removed,
and the reaction mixture allowed to warm to room temperature
over 2 h. The solvent was removed in vacuo, and the residue
dissolved in dry methylene chloride (125 mL). After cooling
the solution to 0 °C, triethylamine (2.81 mL, 20.0 mmol) was
added, followed by the dropwise addition of a solution of
b-anisoyl chloride (2.46 g, 20.0 mmol) in methylene chloride
(25 mL). After 1 h, the reaction mixture was washed twice
with 1 N agqueous hydrochloric acid and once with cold
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saturated aqueous sodium bicarbonate solution. The organic:
layer was dried (magnesium sulfate), filtered, and
concentrated in vacuo. Trituration with hexane, produced
1.95 g (80%) of the title compound as a crystalline solid.
1 NMR (DMSO-dg) 6 12.00 (s, 1H), 10.25 (s, 1H), 7.95 (4,
1H), 7.51 (&, 2H), 7.44 (t, 1H), 6.9 (m, 4H), 3.75 (s, 3H);
MS-FD m/e 243 (M*); IR (KBr) cm-l: 1600, 1648, 3500.
Analysis for Cj4H13NO3:

Calc: C. 69.12; H, 5.39; N, 5.76;

Found: C, 68.95; H, 5.31; N, 5.84.

B. N- (4-Methoxyphenyl) -2- (4-tert-butylbenzoyloxy)benzamide

To a solution of N-(4-methoxyphenyl)-2-hydroxybenzamide
(0.484 g, 2.00 mmol) in methylene chloride (35 mL) cooled to
0 °C was added 0.28 ml. triethylamine (0.28 mL, 2.0 mmol),
followed by the dropwise addition of a solution of 4-tert-
butylbenzoyl chloride (0.393 mL, 2.00 mmol) in methylene
chloride (15 mL). The reaction mixture was allowed to warm
to room temperature over 16 h and washed with cold water.
The organic layer was dried (magnesium sulfate), filtered,
and concentrated in vacuo. Trituration with hexane provided
0.488 g (61%) of the title compound.

1 NMR (DMSO-dg) & 10.23 (s, 1H), 8.01 (d, 2H), 7.71 (4,
iH), 7.64 (t, 1H), 7.57 (4, 2H), 7.52 (d, 2H), 7.43 (t, 1H),
7.38 (4, 1H), 6.84 (4, 2H), 3.80 (s, 3H), 1.40 (s, 9H); MS-
FD m/e 403 (M*); IR (KBr) cm~l: 1672, 1747, 3500.
Analysis for CpgHpgNO3:

Calc: C, 74.42; H, 6.25; N, 3.47;

Found: C, 74.28; H, 6.23; N, 3.56.

Example 153
Preparation of N-Phenyl-2-(4-tert-butylbenzoyloxy)benzamide.
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Using the procedure described in Example 152, Part B,

- N-phenylsalicylamide (5.00 mmol) yielded 1.2 g (64%) of the

title compound.
1y NMR (DMSO-dg) & 10.38 (s, 1H), 8.00 (d, 2H), 7.75 (4,
1H), 7.6 (m, 5H), 7.49 (d, 1H), 7.40 (4, 1H), 7.25 (t, 2H),
7.05 (t, 1H), 1.30 (s, 9H); MS-FD m/e 373 (M*), IR (KBr)
em~l: 1601, 1651, 1738, 3300.
Analysis for CpgHasNOg4:

Cale: C, 77.19; H, 6.21; N, 3.75;

‘Found: C, 77.24; H, 6.23; N, 3.76.

‘Example 154 _
Preparation of Nl,Nz-bis(4-Methoxyhenzoy1) 1, 2~-benzene-

diamine.
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o OCHg
1 T
NH |

0O
OCH;,

To a solution of o-phenylenediamine (2.16 g, 19.8 mmol)
in methylene chloride (200 mL) was added 0.5 N agueous
gsodium hydroxide (84 mL), and the resulting mixture was
cooled in an ice-water bath. p-Anisoyl chloride (6.2 g,

40 nmmol) was added slowly with vigorous stirring. The
mixture was allowed to warm slowly to room temperature and
stirred for 18 h. The organic layer was separated and
washed with dilute agqueous sodium bicarbonate solution,
dilute aqueous hydrochloric acid, and water. The organic
layer was dried (sodium sulfate), filtered, and concentrated
in vacuo to provide 5.2 g (70%) of the title compound.

lg NMR "

Example 155
Preparation of 4-Methoxy-N1,N2-bis(4-methoxybenzoy1)-1,2-

benzenediamine.
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0
HyCO NH

OCH,

Using the procedure desc¢ribed in Example 154,
4-methoxy-1, 2-benzenediamine dihydrochloride (3.60 g,

5 25.9 mmol) yielded, after recrystallization from methylene
chloride, 5.0 g (48%) of the title compound. mp 238-239 ©°C.
1y NMR |
Anal. for Cp3Hp2N205:

Calc: C, 67.96; H, 5.46; N 6.89;
10 Found: C, 67.81; H 5.51, N, 7.01.

Example 156
Preparation of Nl-(2,4-Dimethoxybenzqy1)-Nz-(4-mathoxy-
benzoyl) -1, 2-benzenediamine. '

15
OCHs

H3CO OCHS

To a solution Nl—(4—methoxybenzoyl)—1,2-benzenediamine

hydrochloride (558 mg, 2.08 mmol) in methylene chloride
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(100 mL) was added 0.5 N agueous sodium hydroxide (8 mL),
and the resulting mixture was cooled in an ice-water bath.
2, 4-Dimethoxybenzoyl chloride (0.40'g, 2.0 mmol) was added
slowly with vigorous stirring. The mixture was allowed to
warm slowly to room temperature and stirred for 18 h. The
organic layer was separated and washed with dilute aqueous
sodium bicarbonate solution, dilute aqueous hydrochloric
acid, and water. The organic layer was dried (sodium
sulfate), filtered, and concentrated in vacuo to provide
0.52 g (64%) of the title compound.
g NMR
Anal. for Cp3HooN20g:

Calc: C, 67.96; H, 5.46; N 6.89;

Found: C, 67.88; H 5.52, N, 7.18.

Example 157
Preparation of Nl-(2-Chloro-4-methoxybenzoyl)-N2-(4-methoxy-

benzoyl) -1, 2-benzenediamine.

OCH3;
H
N
NHO
o]
Cl OCH3 |

Using the procedure described in Example 156, 2-chloro-
4-methoxybenzoyl chloride (410 mg, 2.42 mmol) yielded 770 mg
(77%) of the title compound.
1y NMR
Anal. for C9oH19ClN204:
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Calc: C, 64.32; H, 4.66; N, 6.82;
Found: C, 64.29; H, 4.71; N, 6.75.

Example 158
5 Preparation of 2,3-bis|(4-Methoxybenzoyl)amino]phenol."

OCH,

OCH,

A. 2,3—bis[(4—Methqubenzo¥l)amino]phenoxy 4-Methoxy-

10 benzoate | | _ _ |

2, 3-Diaminophenol (2.48g,'20wmﬁolf'was dissolved in

methylene chloride (200 mL) and the solution was cooled to
ice-water bath témperéture. Aqueous 5 N sodium hydroxide
solution (126 mL) was added followed by 4—méthoxybenzoy1

15 chloride (8.6 mL, 63 mmol)i The mixture was allowed to warm
to room temperature and stirred for 18 h. The organic layer
was separated and washed with dilute agqueous sodium
hydroxide solution, dilute agueous hydrochloric acid, and
saturated aqueous sodium chloride solution. The organic

20 layer was dried (sodium sulfate), filtered, and concentrated
in vacuo to give 7.75 g (74%) of the title compound as a
brown foam. This material was used without further

purification..

25 B. 2,3-bis[ (4-methoxybenzoyl)amino]phenol
A solution of 2,3-bis[ (4-methoxybenzoyl)amino]phenoxy
4-methoxybenzoate (7.75 g, 14.7 mmol) in methanol (100 mL)
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was cooled to ice-water bath temperature and 5 N aqueous
sodium hydroxide solution (3.0 mL) was added. The reaction
mixture was allowed to warm to room temperature and stirred
for 72 hxr. The reaction mixture was concentrated in vacuo
and the resulting solid was dissolved in methylene chloride
and washed with dilute agueous hydrochloric acid, water, and
saturated sodium chloride solution. The organic iayer was
dried (sodium sulfate), filtered, and concentrated in wvacuo.
Recrystallization of the residue from diethyl ether/hexane
gave 2.3 g (40%) of the title product. mp 208-209 °C.
1y nMr | |
Anal. for CogH5gN2O5:

Calc: C, 67.34; H, 5.14; N, 7.14;
Found: C, 67.48; H, 5.14; N, 7.19.

Example 159
Preparation of Nl-(Z-Butoxy-4-methoxybenzoyl)-Nz—(4-methoxy—

benzoyl)-1,2-benzenediamine.

OCH;3
H
N
NHO
0
"0 OCHj,

Using the procedure described in Example 156, 2-butoxy-
4-methoxybenzoyl chloride (437 mg, 1.80 mmol) yielded 355 mg
(45%) of the title compound. |
1n NMR
Anal. for CpgHpgN205:



" WO 99/00121 _ : PCT/ﬂS98/13427 '

- 208 -
Cale: C, 69.63; H, 6.29; N, 6.25;
Found: C, 69.82; H, 6.14; N, 6.20.

Example 160
5 Preparation of Nl-(2-Benzyloxy-4-methoxybenzoyl)-N2-
(4-methoxybenzoyl) -1, 2-benzenediamine.

OCHj

o ~OCH,4

10 Using the procedure described in Example 156,
2-benzyloxy-4-methoxybenzoyl chloride (437 mg, 1.80 mmol)
yielded 190 mg (22%) of the title compound.

g NMR |

15 Example 161
Pteparation of Nl-(4-Methoxybenzoyl)-Nz-(s-chlorobenzofuran-

2=-ylcarbonyl) -1, 2-benzenediamine.
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To a solution of Nl-(4—methoxybenzoyl)—l,z-benzene—
diamine (200 mg, 05826 mmol) in methylene chloride (5 mL)
was added 5-chlorobenzofuran-2-carboxylic acid (162 mg,
0.826 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (316 mg, 1.65 mmol), and 4-dimethylamino-
pyridine (10 mg, 0.083 mmol). The resulting solution was
stirred at room temperature for 6 h. The resulting
precipitate was collected via vacuum filtration to provide
209 mg (60%) of the title compound as an amorphous off-white
solid.
1g-NMR, IR
MS-FD m/e 420 (p)

Analysis for C93H17C1lN904:
Calc: C, 65.64; H, 4.07; N, 6.66;
Found: C, 64.01; H, 4.19; N, 7.31.

Example 162
Preparation of Nl-(4-Méthoxybenzoy1)-ﬂ2-(5-methoxybenzo-

furan-2-ylcarbonyl) -1, 2-benzenediamine.



* WO 99/00121 PCT/US98/13427

- 210 -

OMe )

OMe

Using the procedure described in Example 161,

5-methoxybenzofuran-2-carboxylic acid (159 mg, 0.826 mmol)
5 yielded 228 mg (66%) of the title compound as an off-white

solid. ' SR

lg-NMR, IR

'MS-FD m/e 416 (p)

Analysis for CpgHpN0s5:
10 Calc: C, 69.22; H, 4.84; N, 6.73;

. PFound: C, 68.13; H, 4.87; N, 7.03.

Example 163
Preparation of N1l- (4-methoxybenzoyl) -N2- (1, 5-dioxo-5-

15 mmrphclinopentyl)-1,2-benzenadiamine.

.OMe
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Using the procedure described in Example 161, 5-oxo-5-~
morpholinopentanoic acid (166 mg, 0.826 mmol) was reacted:
with Nl-(4-methoxybenzoyl)-1,2-benzenediamine. The reaction
mixture was diluted with additional methylene chloride and
washed with 1 N aqueous sodium hydroxide. The organic phase
was washed with 1 N agueous hydrochloric acid, dried (sodium
sulfate), filtered, and concentrated in vacuo to provide 300
mg (85%) of the title compound as an amorphous white solid.
lp-NMR, IR
MS-FD m/e 425 (p)
Analysis for Cgp3Hp7N305:

Calc: C, 64.93; H, 6.40; N, 9.88;

Found: C, 64.68; H, 6.41; N, 9.75.

Example 164

Preparation of Nl-(4-Methoxybenzoy1)-N2-[4-(4-pyridy1thio)-

benzoyl] -1, 2-benzenediamine.

Neond
S

A. Ethyl 4-(4-Pyridylthio)benzoate
A mixture of ethyl 4-fluorobenzoate (3.30 g, 29.8
mmol), 4-mercaptopyridine (5.00 g, 29.8 mmol), 36% w/w

 potassium fluoride-on-alumina (3.5 g), and 18-crown-6 (0.787

g, 2.98 mmol) in methyl sulfoxide (20 mL) was heated at
120 °C for 24 h. The mixture was cooled to room

temperature, filtered, and diluted with diethyl ether. The
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organic layer was washed with Wéter, dried (sodium sulfate);

filtered, and concentrated in vacuo. Chromatography (silica

gel, ethyl acetate/hexanes) of the residue provided 400 mg .
(7%, based on recovered starting material) of the title
product. ' '
lg-NMR, IR
MS-FD (m/e) 259 (p)
Analysis for Cj14H73NO3S: |

Calc: C, 64.84; H, 5.05; N, 5.40;

Found: C, 64.66; H, 5.21; N, 5.12.

B. 4-(4-Pyridylthio)benzoic Acid

A mixture of ethyl 4-(4-pyridylthio)benzoate (400 mg, ..
1.54 mmol) and 5 N aqueous sodium hydroxide (2 mL) in 1:1
tetrahydrofuran/methanocl (2 mL) was stirred at room
témperature'for 18 h. The mixture was diluted with water
and washed with diethyl ether. The agueous layer was -
acidified to pH 6 with concentrated hydrochloric acid. The
resulting precipitate was collected via vacuum filtration to
provide 280 mg (78%) of the title compound as a palé yellow
solid. -
ly-NMR, IR
MS-FD (m/e) 231 (p)
Analysis for CjoHgNO5S:

Calc: C, 62.32; H, 3.92; N, 6.06;

Found: C, 62.17; H, 3.97; N, 6.07.

C. Nl—(4—Methoxybenzqyl)—N2—[4—(4—pyridylthio)benzoyl]—
1,2-benzenediamine _ | ' a

Using the procedure described in Example'léi, 4-(4-
pyridylthio)benzoic acid (191 mg,_0.826 mmol) yielded}'after
chrométogréphy (silica gel;'75% ethyl_acetaté/25%'héxanes),
180 mg (48%) of the title compound as a pale yéllbw solid.
lp-NMR, IR | - | |

T
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Analysis for CogHp1N302S: .
Calc: C, 68.55; H, 4.65; N, 9.22;
Found: C, 69.38; H, 4.71; N, 9.19.

Example 165
Preparation of N-(4-Methoxyphenyl)-2-[(1,5-dioxo-~5-

morpholinopentyl)amino]lbenzamide.

oM
o e

Iz

NH 0

Using the procedure described in Example 161, 5-oxo-~5-
morpholinopentanoic acid (166 mg, 0.826 mmol) and 2-amino-
N- (4-methoxyphenyl)benzamide yielded, after
recrystallization from ethyl acetate/hexanes, 220 mg (63%)
of the title compound as a white amorphous solid.
1H-NMR, IR |
MS-FD (m/e) 425 (p)

Analysis for Cp3Hy7N305:
Calc: C, 64.93; H, 6.40; N, 9.88;
Found: C, 65.20; H, 6.48; N, 9.97.

Example 166
Preparation of N-(4-Methoxybenzoyl)~-2-(l1-oxo-1,3-dihydro-2H-

benz[f]isoindol-z-yl)benzeneémine.
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To a solution of N-(4~methoxybenzoyl)—2—(1—ethoxy—1,3—
dihydro-3-oxo~2H-benz[f]isoindol-2-yl)benzeneamine (140 mg,
0.31 mmol) in methylene chloride (2 mL) was added

“triethylsilane (0.5 mL) and trifluorocacetic acid (0.5 mL)..

After standing at room temperature for 16 h, the mixture was
concentrated in vacuo. The residue was dissolved in
methylene chloride and washed with saturated agueous sodium
bicarbonate solution, dried (magnesium sulfate), filtered,
and concentrated in vacuo to yield 120 mg (95%) of the title
compound. ' -
1n-NMR, IR
MS-FD m/e 408 (p)
Analysis for CygHpyoN203:

Calc: C, 76.46; H, 4.94; N, 6.86;

Found: C, 76.32; H, 5.07; N, 6.62.

Example 167
Preparation of N14(4-Ch1drdbenzdy1)-uz-[1-(4-pyfidy1)-
piperidin—4-ylmethoxycarbonyi]-4-hydroxy-1,z—benzenediamine.
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A. 4- (tert-Butyldimethylsilyloxy)-2-nitroaniline
To a mixture of 4-amino-3-nitrophenol (10.07 g, 65.3

mmol) and DMF (20 mL) was added imidazole (11.15 g, 163.8
mmol) followed by t-butyldimethylsilyl chloride (11.82 g,
78.4 mmol) in several portions. After 5 h, the reaction was
diluted with EtOAc (150 mL) and washed with water (5 x 20
mL) . The organic layer was MgSOy4, dried, filtered, and
concentrated. The residue was chromatographed (10%
EtOAc/hexanes to 20% EtOAc/hexanes) to give the title
compound as a solid (17.06 g, 97%); mp 80-83 °C; IR (CHCl3):
3399, 2932, 1519, 1242, 866 cm~l; NMR (300 MHz, CDCl3): &
0.19 (s, 6H), 0.97 (s, 9H), 6.70 (4, 1H, J = 9.0), 6.95 (4,
1H, § = 3.0), 7.56 (4, 1H, J = 2.7); MS(FD): 268.2,.
Analysis for C12H20N203S5i:

Calc: C 53.70, H 7.51, N 10.44;

Found: C 53.47, H 7.50, N 10.31.

B. 5-(tert-Butyldimethylsilyloxy)-2-phthalimido~-1-nitro-
benzene

A mixture of 2-nitro-4- (tert-butyldimethylsilyloxy)-
aniline (10.3 g,38.5 mmol) and phthalic anhydride (6.50 g,
41.5 mmol) in toluene (30 mL) was refluxed for 18 h. A
Dean-Stark apparatus was fitted to the flask, diisopropyl-
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ethylamine (0.1 mL) was added and water was removed
azeotropically over the next 24 h. About 20 mL of solvent
was removed by distillation and the resultant solution
allowed to cool to room temperature. The residue was-
diluted with methylene chloride and'passed through a plug of
silica gel eluting with methylene chloride. The desired
fractions were combined and concentrated in vacuo.
Recrystallization from methylene chloride-hexane provided
12.2 g (80%) of the title compound in two: crops.
Analysis for CooHa2N20581 :

Calc: Cc, 60.28; H, 5.56; N, 7.03;

Found: C, 60.35; H, 5.67; N, 6.98.

C. 5-(tert-Butyldimethylsilyloxy)-2-phthalimidoaniline
A suspension of 5-(tert-butyldimethylsilyloxy)-2-

phthalimido-1-nitrobenzene (5.00 g, 12.5 mmol) and 10%

palladium-on-carbon (2.5 g) in ethyl acetate (60 mL) was

stirred under 1 atm of hydrogéen for 16 h. The mixture was
filtered through a pad of diatomaceous earth and
concentrated in wvacuo to yleld 4.1 g (89%) of the title

compound.

D. 5- ( tert-Butyldimethylsilyloxy) 2-phtha11m1do-N—[[1 (4-
pyridyl)piperidin-4-yllmethoxycarbonyl]aniline

A solution of 5-(tert-butyldimethylsilyloxy)-2-
phthalimidoaniline (1.02 g, 2.77 mmol) in toluene (15 mL)
was treated with a solution of 20% phosgene in toluene (2
mL) at reflux for 20 min. The volatile materials were
removed in vacuo to give a tan solid, which was dissolved in
dry methylene chloride (20 mL) and treated with 1-(4-
pyridyl)piperidine-4-methanol (0.53 g, 2.77 mmol). The

resulting suspension was stirred for 90 min then diluted

with hexane. The mixture was allowed to stand overnight and

the resulting precipitate collected by vacuum filtration and
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dried to yield 1.46g (90%) of the title compound as a tan
powder.

MS-FD, m/e 587 (M).-

Analysis for C32H38N4055i:
Calc: c, 65.50; H, 6.53; N, 9.55;
Found: C, 65.23; H, 6.47; N, 9.38.

E. 4-(tert-Butyldimethylsilyloxy)-N2-[[1-(4-pyridyl)-
piperidin-4-yl]lmethoxycarbonyl-1,2-benzenediamine

A solution of 5-(tert-butyldimethylsilyloxy)-2-
phthalimido-N-[[1- (4-pyridyl)piperidin-4-yl]lmethoxy-
carbonyljaniline (1.34 g, 2.28 mmol) in 1 M hydrazine in
methanol (6 mL) was stirred at ambient temperature for 40 h
during which time a white precipitate formed. The mixture
was further diluted with methylene chloride and cooled with
an ice bath then filtered. The filtrate was washed once
with saturated sodium chloride solution, dried over
anhydrous sodium sulfate, filtered, and concentrated in
vacuo to yield 890 mg (86%) of the title compound as a tan
powder.
MS-FD, m/e 456 (M).

F. Nl-(4—Chlorobenzoyl)—Nz-[1%(4—pyridyl)piperidin-4—y1-
methoxycarbony] -4- (tert-butyldimethylsilyloxy) -1, 2-benzene-
diamine '
A mixture of N1-[1-(4-pyridyl)piperidin-4-ylmethoxy-
carbony] -4- ( tert-butyldimethylsilyloxy) -1, 2-benzenediamine
(80 mg, 0.175 mmol) and 4-chlorobenzoylchloride (0.045 mL,
0.35 mmol) in methylene chloride (2 mL) was stirred in the
presence of excess potaésium carbonate for 10 min. The
mixture was diluted with saturated sodium hydrogen carbonate
solution, stirred 20 min, partitidned between water and

methylene chloride, dried (magnesium sulfate), filtered, and



10

15

20

25

30

* WO 99/00121 | PCT/US98/13427

- 218 - -
concentrated in vacuo to give 97 mg (93%) of the title
compound.

G. Nl-(4-Chlorobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbony] -4-hydroxy-1, 2-benzenediamine .

A solution of Nl—(4-chlorobenzoy1)—N2~[1-(4—pyridy1)-
piperidin—4—ylmethoxycarbony]f4—(tert—butyldimethylsilyl-
oxy)-1,2-benzenediamine (97 mg, 0.16 mmol) in tetrahydro-
furan (2 mL) was treated with 5 N aqueous hydrochloric acid
(0.5 mL) and allowed to stand at ambient temperature for
18 h. vVolatile solvents were rémoved in vacuo and the
residue diluted with dilute sodium hydrogen carbonate
solution, hexane, and methylene chloride. The mixture was
sonicated 5 min then filtered. The resultant material was
vacuum dried to yield 48 mg (61%) of the title compound as a
white solid.

MS-FD, m/e 481 (p).

Analysis for Cog5Ho5CINyO4:
Cale.: C, 62.43; H, 5.24}_N,-11.65;
Found: C, 62.51; H, 5.52; N, 11.42.

Example 168
Preparation of N1- (4-Difluoromethoxybenzoyl) -N2-[1-
(4-pyridyl)piperidin-4-ylmethoxycarbonyl}-1,2-benzenediamine
Hydrochloride.

To a solution oanl-tl¥(4—pYridy1)pipéfidih—4-yl-
methoxycarbonyl] -1, 2~-benzenediamine (0.2 g, 0.6 mmol) and
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4-difluoromethoxybenzoic acid (0.23 g, 1.2 mmol) in DMF
(10 mL) was added 1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride (0.24 g, 1.2 mmol). After
stirring overnight,.the_solvent was removed in vacuo and the

5 residue was partitioned between ethyl acetate (300 mL) and
1 N NaOH (150 ml). The layers were separated and the
organic phase was washed with brine, dried with MgSOy4,
filtered and concentrated in vacuo. The residue was
purified by RPHPLC method A and the fractions containing

10 pure product were combined and lypholized to give 123 mg
(38%) of the title product as a white solid.
1g-NMR
MS-FD, m/e 497 (M+)
Analysis foi‘. CogHpgFaN4O4-1.0HC1-0.9H,0:

15 Calc: C, 56.89; H, 5.28; N, 10.20;
Found: Cc, 56.92; H, 5.22; N, 9.98.
Example 169

Preparation of Ni-(5-Chlorofuran-2-ylcarbonyl)-N2-[1-
20 (4—pyridy1)piperid1n-4-ylmathoxycarbonyl] 1, 2-benzenediam1ne

Hydrochloride.
()
' N N \W/l:—§L~
N~
25 Using the procedure described in Example 168, Nl-[1-

(4-pyridyl)piperidin-4-ylmethoxycarbonyl}-1, 2-benzenediamine
(0.61 mmol) and 5-chloro-2-furancarboxylic acid (1.2 mmol),
purifying with RPHPLC Method A, yielded 57 mg (22%) of the
title compound.
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1y-NMR

MS-FD, m/e 455 (M+)

Analysis for Cp3Hp3CIN4O4-1.0HCL-1.75H50:
Calc: -~ C, 52.83; H, 5.30; N, 10:.71;
Found: C, 52.83; H, 5.02; N, 10.59.

-Exampia'170 _
Preparation of Nl-(5-Methylthiophen-2-ylcarbonyl)-N2-[1-
(4-pyridyl)piperidin-4-ylmethoxycarbonyl] -1, 2-benzenediamine
Hydrochloride. | |

. , - O’n\NH H | S- . .

~ Using the procedure described in Example 168, N1-[1-

(4—pyridy1)piperidin—4—ylmethpxycarbonylamino]-1,2-
benzenediamine (0.61 mmol) and 5—methylthi6phene—2-
carboxylic acid (1.2 mmol), purifying with RPHPLC Method A
vielded 45 mg (17%) of the title compound.
1-NMR
MS-FD, m/e 451 (M+)
Analysis for CggHogN403S-2.0HC1-0.5H50:

Ccalc: c, 54.13; H, 5.49; N, 10.52;

Found: C, 53.94; H, 5.47; N, 10.55.

’

Example 171
Preparation of Nl-(3,4-Dichlo:obenzoy1)-Nz-[l—(4-pyridy1)_
piperidin-4-ylmethoxycarbonyl]j~-1, 2-benzenediamine
Hydrochloride.
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X T

cl
O/\o NH
| Ny N . N

Nz o)
HCl

Using the procedure described in Example 48, Part C,
Nl—[1-(4-pyridyl)piperidin—4—ylmethoxycarbonylamino]—1,2—
benzenediamine (0.61 mmol) and 3, 4-dichlorobenzoyl chloride

5
(1.2 mmol), purifying with RPHPLC Method B, yielded 120 mg

(40%) of the title compound.
lg-NMR
MS-FD, m/e 498 (M+)

10 Analysis for C25Hp4C17N403 -1 .25HCL:
C, 55.09; H, 4.67; N, 10.28;

C, 55.09; H, 4.62; N, 10.15.

Calc:
Found:

S Example 172 _
15 Preparation of N1-(5-Chlorothiophen-2—ylcarbonyl)-Nzr[1-
(4-pyridyl)piperidin-4-ylmethoxycarbonyl] -1, 2-benzenediamine

Hydrochloride.

o .
cl |
SRS IV
H \ -
N N
O = ©/ O Ha

20
Using the procedure described in Example 168, Nl-[1-
(4-pyridyl)piperidin-4-ylmethoxycarbonylamino] -1, 2-
| benzenediamine (0.61 mmol) and 5—chlof6thiophene-2—
carboxylic acid (1.2 mmol) yielded 260 mg of the title
25 compound which was purified with RPHPLC Method C.
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1g-NMR | ]
MS-IS, m/e 471.1 (MH+)
Analysis for C33Hp3C1NO3S:-1.5HC1-1.0Hp0:

Calc: c, 50.81; H, 4.91; N, 10.31;

Found:  C, 50.81; H, 4.84; N, 10.33.

_ _ Example 173 _
Preparation“of“Nlb(i,Z—Dihydrpbenzofuran-5-y1carbony1)-_

,Nz-[1-(4-pyridyl)-ﬁipe:idin—4-ylmgthoxycarbonyl)—1,2-

henzenediamine Hydrochloride.

j\ .-
SO ER T
@/ - ° ha |

Using the procedﬁfe'described in Example 168, Nl1-[1-

'(4-pyridy1)piperidin—4Fy1meth0xycarbbnylamind];1}2--'

benzenediamine (0.61 mmol) ‘and 1,2—dihydrobenzofuran;5—
carboxylic acid (1.2 mmol), purifying with RPHPLC Method 2,
vielded 57 mg (20%) of the title compound.

1g-NMR |

MS-FD, m/e 472.1 (M+) _

Analysis for CpoHggNgOg-1.0HCL-0.6Hp0:

Calc: €, 62.34; H, 5.86; N, 10.78;
Found: C, 62.32; H, 5.79; N, 10.74.
Example 174

Preparation of Nl-(3-Fluoro-4-methoxybenzoyl)-N2-[1-

(4-pyridyl)piperidin-4-ylmethoxycarbonyl]-1,2-benzenediamine

Hydrochloride.

EEE



“WO 99/00121 PCT/US98/13427

- 223 - -

X oo
| o<

S

o~

N # ©  Ha

Using the procedure described in Example 168, Nl-[l-

(4-pyridyl)piperidin-4-ylmethoxycarbonylamino}-1, 2~

"5 benzenediamine (0.61 mmol) and 3-fluoro-4-methoxybenzoic
acid (1.2 mmol), purifying with RPHPLC Method A, yielded 36
mg (13%) of the title compound.
1g-nMR
MS-FD, m/e 478.0 (M+)

10 Analysis for CggHp7FN404-1.0HC1-1.4H30:

Calc: c, 57.81; H, 5.75; N, 10.37;
Found: Cc, 57.78; H, 5.70; N, 10.31.
Example 175

15 Pieparation.pf N1-(3-Chloro-4-mathy1benzoy1)-Nz-[1-
(4-pyridy1)piperidin—4-ylmethoxyqarbonyl]-1,2-benzenediamine
Hydrochloride.

:ﬁ\ Ci
Uopsdves
"@/N ©/N O o

Using the procedure described in Example 168, N1-[1-
(4-pyridyl)piperidin-4-ylmethoxycarbonylamino]-~1, 2-
benzenediamine (0.61 mmol) and 3-chloro-4-methylbenzoic acid
(1.2 mmol), purifying with RPHPLC Method A, yielded 90 mg

25 (31%) of the title compound.

20
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1a-MMR

MS-FD, m/e 478.1 (M+)

Analysis for CogHp7CIN4O3-1 .OHC1-0. 95H30:

C, 58.64; H, 5.65; N, 10.52;

Calc:
5.39; N, 10.47.

5 Found: C, '58.74; H,

Example 176
Preparation of Nl (3-Fluoro-4-methy1benzoy1)-N2 [1-

(4-pyridyl)piperidin-4-ylmethoxycarbonyl]~1, 2-benzenediamine

10 Hydrochloride.

0]
1 OJLNH- H
o S

Using the procedure described in Example 168, N1- [1-
(4-pyr1dyl)plperldln-4—ylmethoxycarbonylam1no] ~-1,2-
benzeénediamine (0.61 mmol) and 3~-fluoro-4-methylbenzoic acid
(1.2 mmol), purifying with RPHPLC Method A, vielded 61 mg

15

(22%) of the title compound.
1g-NMR
20 MS-FD, m/e 463 (M+)

Analysis for Ca 6H27FN403 +1.0HC1-1.4Hp0:
c, 57.81; H, 5.75; N, 10.37;

Calc:
C, 57.96; H, 6.02; N, 10.49.

Found:

: : : _ Example 177
Praparat:on of N1 (1-Cyclohexenylcarbonyl) -N2-[1~
(4-pyridyl)piperidin-4-ylmethoxycarbonyl] -1, 2-benzenediamine

25

Hydrochloride.
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Using the procedure described in Example 168, Nil-[1-
(4-pyridyl)piperidin-4-ylmethoxycarbonylamino]-~1, 2~
benzenediamine (0.61 mmol) and l-cylcohexenecarboxylic acid

5
(1.2 mmol), purifying with RPHPLC Method B, yielded the

title compound.
1g-NMR
MS-FD, m/e 434.8 (M+)

10 Analysis for CygH3gN403 -1.3HC1:
C, 62.31; H, 6.55; N, 11.63; Cl, 9.56;

Calc:
Found: c, 62.20; H, 6.70; N, 11.21; C1, 9.47.
Example 178 _

15 Preparation of Nl-(1-cYclopenteny1carbony1)-Ng-[1-
(4-pyridy1)piparidin-4eylmethoxycarbonyl]-1,2—benzenediamine
Bydrochloride.

X
O/\ON
| N N N
Nz 0]
20

Using'the procedufe described in Example 168,'N1—[1-
(4-pyridyl)piperidin-4-ylmethoxycarbonylamino]-1,2-
benzenediamine (0.61 mmol) and l-cyclopentenecarboxylic acid
(1.2 mmol), purifying with RPHPLC Method A, yielded 28 mg

25 (12%) of the title compound.
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lyg-NMR
MS-FD, m/e 421.1 (M+) _
Analysis for Cg HogNyO3-1.2HC1-2. OH.'20:
cale: c, 57.62; H, 6.69; N, 11.20;
Found: c, 57.69; H, 6.41; N, 11.29.

_ _ Example 179 o :
Preparation of 6-Fluoro-2-[[l1-(4-pyridyl)piperidin-4-yl-
carbonyl]lamino] -N- (4-methoxyphenyl)benzamide Hydrochloride.

. 0
O .
X N N _
F HCI

Using the procedure described in Example 138, N-(4-
methoxyphenyl)-2-amino-é-fluorbbenzamide (1.8 mmol) and
N- (4-pyridyl) isonipecotoyl chloride (3.6 mmol), purifying
with RPHPLC Method A, yielded 570 mg (66%) of the title
compound.
1y-NMR
MS-FD, m/e 448.8 (M+)

Analysis for CygHpgFNgO3-1.4HC1:
Calc':_ c, 60.11; H, 5.33; N, 11.22; Cl, 09.94;
Found:  C, 60.44; H, 5.43; N, 11.16; Cl, 10.02.

Example 180

Preparation of 4,5-Difluoro-2-[[1-(4-pyridyl)piperidin-4-yl-
carbonyl]amino] -N- (4-methoxyphenyl)benzamide Hydrochloride.
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Z E HCI
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A. 4,5-Difluoroisotoic anhydride

Using the procedure described in Example 69, Part A,
4,5~-difluoroanthranilic acid (27.4 mmol) yielded 4.5 g (82%)
of the title compound.
1p-NMR
MS-FD, m/e 199 (M+)
Analysis for CgH3FNO3:

Calc: C, 48.26; H, 1.52; N, 7.03;
Found: c, 48.07; H, 1.63; N, 6.98.
B. 2—Amino—4;5—difluoro—N-(4-methoxyphenyl)benzamide

Using the procedure described in Example 69, Part C,
4,5—dif1uoroisotoic anhydride (10 mmol) and p—anisidine (10
mmol) in DMF (10 mL) at 80 ©C yielded 2.1 g (76%) of the
title compound.
1n-NMR
MS-FD, m/e 278 (M+)

C. 4,5—Difluoro—2-[[1-(4—pyridyl)-piperidin—4-ylcarb6nyl]—
amino] -N- (4-methoxyphenyl)benzamide hydrochlofide

Using the procedure described in Example 138, N-(4-
methoxyphenyl)-2-amino-4, 5~-difluorobenzamide (1.8 mmol) and
N-(4-pyridyl)isonipecotoyl chloride (3.6 mmol), purifying
with RPHPLC Method A, yielded 505 mg (57%) of the title
compound.
lg-NMR
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MS-FD, m/e 467 (M+)
Analysis for CpsHpgFaN403-1.0HCL-0.5H0:

Calc:  C, 58.66; H, 5.11; N, 10.94;

Found:  C, 58.48; H, 5.08; N, 10.93.

Example 181
Preparation of 4-Fluoro-2-[[1-(4-pyridyl)piperidin-4-yl- _
carbonyl]amino] -N- (4-methoxyphenyl)benzamide Hydrochloride.

spi¥ey
N . " Hol

A. 4-Fluoroisotoic anhydride

Using the procedure described in Example 69, Part 2,
4-fluoroanthranilic ac1d (31.5 mmol) vielded 5.23 g (92%) of
the title compound
1H_NMR -
MS-FD, m/e 181.1 (M+)
Analysis for CgHyFNOj3:

Calc: C¢, 53.05; H, 2.23; N, 7.73;

Found: C, 53.30; H, 2.43; N, 7.63.

B. 2-Amino-4-fluoro-N-(4-methoxyphenyl)benzamide

| 'USing the prooedure'described in Example 69, Part C,
4-fluoroisotoic anhydride;(ll mmol)'and p—aniSidiné (11
mmol) in DMF (10 mlL) at 80 o¢ ylelded 1.5 g (52 %) of the
title compound

lg-NMR

MS-FD, m/e 260 (M+)

Analysis for Cq14H313FN202:
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Calc: C, 64.61; H, 5.04; N, 10.76;
Found: C, 64.49; H, 5.07; N, 11.02.

C. 4-Fluoro-2-[[1-{4-pyridyl)piperidin-4-ylcarbonyl] -
5 amino]-N-(4-methoxyphenyl)benzamide Hydrochloride _
Using the procedure described in Example 138, N-(4-
methoxyphenyl)-2-amino-4-fluorobenzamide (1.8 mmol) and.
N- (4-pyridyl) isonipecotoyl chloride (3.6 mmol), purifying
with RPHPLC Method A, vielded 677 mg (78%) of the title
10 compound.
1g-NMR
MS-FD, m/e 448.6 (M+)

Example 182
15 Preparation of 5-Fluoro-2-[[l1l-(4-pyridyl)piperidin-4-yl-~
carbonyllamino] -N~ (4-methoxyphenyl)benzamide Hydrochloride.

O
(0]
o~ N
N =
' HCI
F

20 A. 5-Fluoroisotoic anhydride
Using the procedure described in Example 69, Part A,
5-fluoroanthranilic acid (31.5 mmol) yielded 2.72 g (48%) of
the title compound.
1H-NMR
25 MS-FD, m/e 181.2 (M+)
Analysis for CgH4FNO3:
Calc: C, 53.05; H, 2.23; N, 7.73;
Found: C, 53.22; H, 2.20; N, 7.58.
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B. 2-Amino-5-fluoro-N-(4-methoxyphenyl)benzamide

Using the procedure described in Example 69, Part C,
5-fluoroisotoic anhydride (1l mmol) and p-anisidine (11
mmol) in DMF (10 mL) at 80 °c ylelded 2.1 g (73%) of the
title compound.
1g-NMR
MS-FD, m/e 260.2 (M+)

C. 5-Fluoro-2-{[1-(4-pyridyl)piperidin-4-ylcarbonyl] -
amino] -N- (4-methoxyphenyl)benzamide Hydrochloride

Using the procedure described in Example 138, N-(4-
methoxyphenyl)—2-amino-5-fluorobenzamide (1.8 mmol) and
N~-(4-pyridyl)isonipecotoyl chloride (3.6 mmol), purifying
with RPHPLC Method A, yielded 500 mg (58%) of the title
compound. ' '
1g-NMR
MS-FD, m/e 448.8 (M+)

Example 183
Preparation of 2-[[1-(4-Pyridy1)piperidin¥4-y1carbony1]-
amino]-N-phenylbenzamide Hydrochloride.

NH O

A, 2-Nitro-N-phenylbenzamide

Using the procedure described in Example 93, Part 2,
aniline (11 mmol) and 2-nitrobenzoyl chloride (12.1 mmol)
vielded 2.14 g (80%) of the title compound.
1g-NMR

PCT/US98/13427
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MS-FIA, m/e 242.2 (MH+) i
Analysis for Cj3H7oN203:

Calc: C, 64.46; H, 4.16; N, 11.56;

Found: Cc, 64.57; H, 4.14; N, 11.45.

B. 2-Amino-N-phenylbenzamide

Using the procedure described in Example 99, Part B,
2—nltro-N—phenylbenzamlde (6.9 mmol) vielded 1.2 g (92%) of
the title compound.
1p-NMR
MS-FIA, m/e 212.8 (MH+)
Analysis for Cj33H3j2N0:

Calc: c, 73.57; H, 5.70; N, 13.20;

Found: c, 73.53; H, 5.78; N, 13.27.

C. 2-[[1-(4—Pyridyl)piperidih—4—ylcarbonyl]amino]—N—
phenylbenzamide Hydrochloride

Using the procedure déscribed in Example 138, N-phenyl-
2-aminobenzamide (0.97 mmol) and N- (4-pyridyl)isonipecotoyl
chloride (1.9 mmol), purifying with RPHPLC Method A, yielded
233 mg (55 %) of the title compound.
1x-NMR
MS-FD, m/e 401.3 (MH+)
Analysis for CggHpgNg09-1.0HC1-2.2H30:

Calc: C, 60.49; H, 6.22; N, 11.75; Cl, 7.44;

Found: Cc, 60.56; H, 5.93; N, 11.72; Cl, 7.82.

Example 184
Preparation of 2-[[1l-(4-Pyridyl)piperidin-4-ylcarbonyl]-
amino]-N- (4-fluorophenyl)benzamide Hydrochloride.
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U51ng the procedure descrlbed in Example 138, N-(4-
fluorophenyl) -2-aminobenzamide (0.92 mmol) and N~(4-
pyridyl)isonipecotoyl chloride (1.8 mmol), purifying with

RPHPLC Method A ylelded 146 mg (35%) of the tltle compound

1g-NMR

MS-FIA, m/e 419 0 (MH+)

Analysis for Cz4H23FN402 1. OSHCl 1.0H50:
Calc: C, 60.72; H, 5.53; N, 11.80; Cl, 7.84;
Found: C, 60.86; H, 5.09; N, 11.88; C1, 7.73.

Example 185
Preparation of 2-{[1-(4-Pyridy1)piperidin-4-y1carbony1]-
amino]-Nf(4Fchloropheny1)benzamide hydrochloride.

O

cl |
NHOU-_-'

N
| -~ H
N A | " Hel

A. 2-Nitro-N- (4-chlorophenyl)benzamide

Using the procedure described in Example 93, Part a,
4—chloroani1ine (11.8 mmol) and 2—nitrobenzoy1 chloride
(12.9 mmol) yielded 2.07 g (64%) of the title compound.
1-NMR
MS-FIA, m/e 277.0 (M+)
Analysis for C33HgClN303:
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Calc: C, 56.43; H, 3.28; N, 10.12;
Found: C, 56.66; H, 3.24; N, 10.09.

B. 2-Amino-N- (4-chlorophenyl)benzamide

Using the procedure described in Example 99, Part B,
2-nitro-N- (4-chlorophenyl)benzamide (5.4 mmol) yielded
0.79 g (59%) of the title compound.
1g-NMR
MS-FIA, m/e 247.2 (M+)
Analysis for C33H771ClN20:

Calc: C, 63.29; H, 4.49; N, 11.36;

Found: C, 63.43; H, 4.73; N, 11.14.

C. - 2-[[1-(4-Pyridyl)piperidin-4-ylcarbonyl]amino]-N-
(4-chlorophenyl)benzamide Hydrochloride

Using the procedure described in Example 138, N-(4-
chlorophenyl)-2-aminocbenzamide (0.97 mmol) and N-(4-
pyridyl)isonipecotoyl chloride (1.8 mmol), purifying with
RPHPLC Method A, yielded 334 mg (37%) of the title compound.
1H-NMR
MS-FD, m/e 435.2 (M+)
Analysis for CggH93C1Nyg05-+1.1HC1-1.2H0: _

Calc: C, 58.04; H, 5.37; N, 11.28; Cl1, 14.99;

Found: C, 58.41; H, 5.02; N, 11.09; c1, 15.18.
Example 186

Preparation of 2-[[l1-(4-Pyridyl)piperidin-4-ylcarbonyl] -
amino] -N- (4-methylphenyl)benzamide Hydrochloride.

O

_NHO_O/
N

, N
H
N A HCI
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A. 2-Nitro-N-(4-methylphenyl)benzamide

.Using the procedure described in Example 93, Part A,
4-methylaniline (9.3 mmol) and 2-nitrobenzoyl chloride -
(10.3 mmol) yielded 1.55 g (65%) of the title compound.
1g-NMR : o : .
MS-FIA, m/e 256.3 (MH+)
Analysis for Cjy4H12N303:

Calc: ¢, 65.62; H, 4.72; N, 10.93;

Found: C, 65.87; H, 5.00; N, 10.94.

B. 2-Amino-N- (4-methylphenyl)benzamide -

Using the procedure described in Example 99, Part B,
2-nitro-N- (4-methylphenyl)benzamide (4.9 mmol) yielded
0.29 g (26%) of the title compound. '
1x-NMR -

MS-FIA, m/e 227.2 (MH+)

Analysis for Cq4H14N0:
Calc: C, 74.31; H, 6.24; N, 12.38;
Found: C, 74.44; H, 6.38; N, 12.58.

C. 2-[[1-(4-Pyridyl)piperidin-4-ylcarbonyl]}amino]-N-
(4-methylphenyl)benzamide hydrochloride
- Using the procedure described in Example 138, N-(4-

methylphenyl)-2-aminobenzamide (0.97 mmol) and N-(4-
pyridyl)isonipecotoyl chloride (1.9 mmol), purifying with
RPHPLC Method A, yielded 147 mg (34%) of the title compound.
1H-NMR .
MS-FD, m/e 415.4 (MH+)
Analysis for Cgyg5HygNgO2°1.1HC1-2.0H0:

Calc: c, 61.20; H, 6.39; N, 11.41; cl, 7.95;

Found: C, 61.02; H, 5.99; N, 11.66; Cl, 8.07.
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Example 187

Preparation of 2-[[1~(4~-Pyridyl)piperidin-4-ylcarbonyl]-
amino] -N- (3-hydroxyphenyl)benzamide Hydrochloride.

O

N
N N OH
_ H '

“HCI

A. 2-Nitro-N- (3-benzyloxyphenyl)benzamide

Using the procedure described in Example 93, Part A,
3-benzyloxyaniline (10 mmol) and 2-nitrobenzoyl chloride
(11 mmol) yielded 3.1 g (89%) of the title compound.
1H-NMR |
MS-FIA, m/e 34%9.2 (MH+)
Analysis for CooH1gN204:

Calc: C, 68.96; H, 4.63; N, 8.04;

Found: C, 68.67; H, 4.58; N, 8.31.

B. 2—Amino—N—(3—ben2yloxyphenyl)benzamide

Using the procedure described in Example 99, Part B,
2-nitro-N-(3-benzyloxyphenyl)benzamide (7.2 mmol) yielded
1.5 g (66%) of the title compound.
1H-NMR
MS-FIA, m/e 319.0 (MH+)
Analysis for CyoH1gN203: :

Calce: C, 75.45; H, 5.70; N, 8.80;

Found: C, 75.39; H, 5.72; N,-9.02.

C. 2-[[1-(4-Pyridyl)piperidin-4-ylcarbonyl]amino]}-N-
(3-benzyloxyphenyl)benzamide

Using the procedure described in Example 138, N-(3-
benzyloxyoxyphenyl) -2-aminobenzamide (0.97 mmol) and N-(4-
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pyridyl)isonipecotoyl chloride (1.9 mmol), ylelded 405 mg
(82%) of the title compound. )
1x-NMR - |

5 D. 2-[[l-(4-Pyridyl)piperidin-4-ylcarbonyl]amino]-N-
(3—hydroxyphenyl)benzamide Bydrpchlqride _

Using the procedure described in Example 96, Part A
and purifying with RPHPLC Method A, 2-[[1-(4-pyridyl)-
piperidin-4-ylcarbonyl]amino] -N- (3-benzyloxyphenyl)benzamide
(0.39 mmol) yielded 22 mg (12%) of the title compound

10
1p-NMR
MS-FD, m/e 416.2 (M+)
Analysis for C24H24N4O3 -1.2HC1- 1 6H20
Calc C, 58.95; H, 5. 85 N, 11. 45 Ccl, 8.70;
15 Found: C, 59.60; H, 5.57; N, 11.37; C1, 8.30.
Example 188 _
Preparation of 2-{[1-(4-Pyridy1)piperidin-4-y1carbony1]-
amino]-N-(2-fluoropheny1)benzamide Hydrochloride.
20 .
' L O - _
Y ONH O
N A | F
- HCI

2-Nitro-N- (2-fluorophenyl)benzamide

A.
Using the procedure described in Example 93, Part A

2-fluoroaniline (20.7 mmol) and 2-nitrobenzoyl chloride

25 -
(22.8 mmol) yielded 3.78 g (70%) of the title compound.

1H-NMR
MS-FIA, m/e 261.0 (MH+)
Analysis for C13HgFN203:
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Calc: Cc, 60.00; H, 3.48; N, 10.77;
Found: c, 60.07; H, 3.64; N, 10.78.

B. 2-amino-N- (2-fluorophenyl)benzamide

Using the procedure described in Example 99, Part B,
2-nitro-N-(2-fluorophenyl)benzamide (11.5 mmol) yielded
1.9 g (72%) of the title compound.
lg-NMR
MS-FIA, m/e 231.2 (MH+)
Analysis for C13H11FNO:

Calc: C, 67.82; H, 4.82; N, 12.17;

Found: C, 68.08; H, 5.03; N, 12.22.

C. 2-[[1-(4-Pyridyl)piperidin-4-ylcarbonyl]amino]-N-
(2-fluorophenyl)benzamide Hydrochloride
Using the procedure described in Example 138, N-(2-
fluorophenyl)-2-aminobenzamide (0.89 mmol) and N-(4-
pyridyl)isonipecotoyl chloride (2.23 mmol), purifying with
RPHPLC Method A, yielded 141 mg (35%) of the title compound.
1H-NMR '
MS-FIA, m/e 419.2 (MH+)
Analysis for CpygHp3FN405+1.1HC1l-1.8H0:
Calc: c, 58.79; H, 5.49; N, 11.43; Cl, 8.03;
Found: c, 58.35; H, 4.93; N, 11.30; Cl1, 7.68.

Example 189
Preparation of 2-[[1-(4-Pyridyl)piperidin-4-ylcarbonyl]-
amino] -N- (4~bromophenyl)benzamide hydrochloride.
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N~

HCl

A. 2-Nitro—N—(4-bromopheﬁyl)benzamide o
Using the procedure described in Example 93, Part A,
4-bromoaniline (11.6 mmol) and 2—n1trobenzoyl chlorlde
(12.8 mmol) yielded 3 46 g (93%) of the title compound
1y-NMR |
MS-FIA, m/e 321;0 (MH+)
Analysis for Cjp3HgBrNO3: :
Calc: C, 48. 62; H, 2 82 N 8.72;
Found: c, 48 90; H, 2. 81 N 8.63.

B. 2- Amlno—N—(4—bromophenyl)benzam1de
Using the procedure described in Example 99, Part B,

2-n1tro-N—(4—bromophenyl)benzam1de (9.3 mmol) yielded 2.17 ¢

(80%) of the title compound.

lg-NMR |

MS-FIA, m/e 291.0 (MH+)

Analysis for Cq3H711BrN,0O:
Ccalc: c, 53.63; H, 3.81; N, 9.62;
Found: c, 53.89; H, 3.85; N, 9.82.

'C. 2 [[1 (4- Pyrldyl)plperldln-4-ylcarbony1]amlno]-N-
(4~ bromophenyl)benzamlde hydrochlorlde

Using the procedure described in Example 138, N-(4-
bromophenyl)-2-aminobenzamide (0.97 mmol) and N-(4-
pyridyl)isonipecotoyl chloride (1.9 mmol), purifying with

RPHPLC Method A, yielded 383 mg (77%) of the title compound.

1g-NMR
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MS-FIA, m/e 479.2 (MH+)
Analysis for CpgHp3BrNg03-1.2HCl-1.6H20:

Calc: ¢, 52.22; H, 5.00; N, 10.15; C1, 7.71;
Found: Cc, 52.09; H, 4.49; N, 10.01; C1, 7.41.
Example 190

Preparation of 2-[[1-(4-Pyridyl)piperidin-4-ylcarbonyl]-
amino]-N- (3-chlorophenyl)benzamide Hydrochloride.

o
N N cl
Ne o H
HCI

A. 2-Nitro-N- (3-chlorophenyl)benzamide _

Using the procedure described in Example 93, Part A,
3-chloroaniline (9.4 mmol) and 2-nitrobenzoyl chloride
{10.4 ‘mmol) yielded 2.55 g (98%) of the title compound.
1u-NMR
MS-FIA, m/e 277.0 (MH+)

B. 2-Amino-N- (3-chlorophenyl)benzamide

Using the procedure described in Example 99, Part B,
2-nitro-N- (3-chlorophenyl)benzamide (7.2 mmol) yielded
0.84 g (47%) of the title compound.
1x-NMR
MS-FIA, m/e 247.2 (MH+)
Analysis for Cj33H711C1NZ0:

Calc: C, 63.29; H, 4.49; N, 11.35;

Found: C, 64.12; H, 4.35; N, 11.36.

PCT/US98/13427
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C. 2-[[1-(4-Pyridyl)piperidin-4-ylcarbonyl]amino]-K-
(3-chlorophenyl)beniamidé ﬂydrochlbride

Using the procedure described in Example 138, N-(3-
chlorophenyl)-2-aminobenzamide (1.8 mmol) and N-(4-
pyridyl) isonipecotoyl chloride (3.6 mmol), purifying with
RPHPLC Method A, yielded 220 mg (48%) of the title compound.
1R _ _ o :
MS-FIA, m/e 435.3 (M+)
Analysis for CggqH23CIN402-1.1HC1l-1.4H30:

Calc: C, 57.62; H, 5.42; N, 11.20; Cl1l, 14.88;
Found: C, 57.74; H, 5.04; N, 11.15; Cc1, 14.91.
Example 191

Preparation of 2~[[1-(4~Pyridyl)piperidin-4-ylcarbonyl]-
amino]-N-(3—f1uc£opheny1)benzamide hydrochloride.

0

o~
o
A. 2-Nitro~-N- (3-fluorophenyl)benzamide

Using the procedure described in Example 93, Part A,
3-fluorocaniline (15.6 mmol) and 2-nitrobenzoyl chloride
(17.2 mmol) yielded 3.09 g (76%) of the title compound.
1g-NMR
MS-FIA, m/e 261.1 (MH+)
Analysis for C13HgFN203:

Calc: C, 60.00; H, 3.49; N, 10.77;

Found: ¢, 60.30; H, 3.52; N, 10.74.
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B. 2-Amino-N- (3-fluorophenyl)benzamide

- Using the procedure described in Example 99, Part B,
2-nitro-N-(3-fluorophenyl)benzamide (11.3 mmol) yielded
1.15 g (43%) of the title compound.
1H—NMR
MS-FIA, m/e 231.2 (MH+)

Analysis for C13Hp1FN2O:
Calc: C, 67.82; H, 4.82; N, 12.17;
Found: C, 68.09; H, 5.09; N, 12.00.

C. 2-[[1-(4-Pyridyl)piperidin-4-ylcarbonyl]amino]-N-
(3-fluorophenyl)benzamide hydrochloride
Using the procedure described in Example 138, N-(3-
fluorophenyl) -2-aminobenzamide (1.3 mmol) and N-(4-
pyridyl)isonipecotoyl chloride (2.6 mmol), purifying with.
RPHPLC Method D, yielded 402 mg (68%) of the title compound.
1H-NMR |
MS-FIA, m/e 419.2 (MH+)
Analysis for CggHp3FN402-1.0HC1-0.9H0:
Calc: ¢, 61.19; H, 5.52; N, 11.89; Cl, 7.52;
Found: C, 61.18; H, 5.34; N, 11.70; c1, 7.19.

Example 192

Preparation of 2-[([4-(4-Pyridyl)benzoyl]lamino]-N-(4-methoxy-
phenyl)benzamide Hydrochloride. |

o)
| NH O /@,o\
X N
NI 2 ©)LH '
HCI

To a stirring suspension of 4-(4-pyridyl)benzoic acid
(0.2 g, 1 mmol) in toluene (35 mL) was added thionyl
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chloride (0.55 mL, 7.5 mmol) and the mixture was heated to
reflux. After 1 h the solution was cooled and added to a
solution of 2-amino-N-(4-methoxyphenyl)benzamide (0.176 g,
0.73 mmol) in pyridine (2 mL) and toluene (5 mL). After
stirring for 48 h, the solvent was removed in vacuo and the
residue was partitioned between ethyl acetate and water.
The organic phaée was separated and washed with sat. NaHCO3,
brine and dried (MgSO4), filtered and concentrated to give
103 mg of brown solid which was chromatographed by RPHPLC
Method B.- Upon standing, a sample of the title compound
(14 mg, 4%) crystalized from one of the product containing
fractions. '

1g-NMR

MS-FD, m/e 424.2 (MH+)

Analysis for CggHg1N303-2.1HC1:

Calc: C, 62.45; H, 4.66; N, 8.40;
Found: C, 62.66; H, 4.01; N, 7.93.
Example.193

Preparation of 2-[[l-Methyl-3,4-didehydropiperidin-4-yl-
carbonyl] amino] -N- (4-chlorcphenyl)benzamide Hydrochloride.

0
;M _o/@’ Hol
_N ©)L
N
H

A. 2~ (4-Pyridylcarbonyl) amino-N-(4-chlorophenyl)benzamide
Using the procedure described in Example 93, Part A,

2—amino-N—(4—chloropheny1)Benzamide (5 Q;'20.3 mmol) and -

isonicotinoyl chloride hydrochloride (3.97 g, 22.3 mmol)

- yielded 6.48 g (91%) of the title compound.
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1H-NMR i
MS-FIA, m/e 352.4 (MH+)
Analysis for CpgHj4CIN303:

Calc: C, 64.87; H, 4.01; N, 11.94;

Found: C, 64.48; H, 3.89; N, 11.58.

B. 2-{[(1—Methy1pyridinium—4—y1)carbonyl]amino]-N—
(4-chlorophenyl)benzamide Iodide

To a stirring solution of 2-(4-pyridinecarbonyl)amino-N-(4-
chlorophenyl)benzamide (500 mg, 1.42 mmol) in DMF (10 mL)
was added methyl iodide (3 mL, 48 mmol). After 48 h, the
precipitate was filtered, washed with diethyl ether and
dried in vacuo to give 416 mg (59%) of the title compound.

1g-MMR

MS~-FIA, m/e 366.1-(MH+)

Analysis for CppH17ClIN303:
Calc: Cc, 48.66; H, 3.47; N, 8.51;
Found: C, 48.46; H, 3.56; N, 8.35.

C. 2—[[1—Methy1—3,4—didehydropiperidin—4-y1carbony1]-
amino) -N- (4-chlorophenyl)benzamide Hydrochloride

To a stirring suspension of 2-[[l-methylpyridinium-4-
carbonyl]amino]~N- (4-chlorophenyl)benzamide iodide (247 mg,
0.5 mmol) in ethanol was added NaBHy (20 mg, 0.5 mmol).
After 30 min, the solvent was removed and the residue was
partitioned between ethyl acetate and water. The organic
phase was separated, washed with brine and concentrated in
vacuo. The residue was triturated from ether and filtered.
The resulting solid was purified by RPHPLC Method 1 to give
40 mg (20%) of white solid.

1p-NMR
MS-FIA, m/e 370.1 (MH+)
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Analysis for CpgHppClN305-1.2HC1l-2.5H30:
Calc: Cc, 52.37; H, 5.76; N, 9.16; C1, 17.01;

Found: C, 52.15; H, 4.95; N, 9.40; Cl, 15.56.

Example 194

Preparation of 2-[[l1-Benzyl-3,4-didehydropiperidin-4~yl-
carbonyl]amino]-N- (4-chlorophenyl)benzamide Hydrbchioride.

HCI

A. 2-[[(1-Benzylpyridinium-4-yl)carbonyl]lamino] -N-

(4-chlorophenyl)benzamide Bromide

Using the procedure described in Example 26,. Part B,

2- (4-pyridinecarbonyl)amino-N- (4~-chlorophenyl)benzamide
(500 mg, 1.42 mmol) and benzyl bromide (0.25 mL, 2.13 mmol)

yielded 538 mg (73%) of the title compound.

1H-NMR - |

MS~-FIA, m/e 442.2 (MH+).

Analysis for CpgHp1BrCIlN305: S
Calc: C, 59.73; H, 4.05; N, 8.04;
Found: C, 59.54; H, 4.06; N, 8.16.

'B. . 2~[[1-Benzyl-3,4-didehydropiperidin-4-ylcarbonyl]}-
amino] -N- (4-chlorophenyl)benzamide Hydrochloride

Using the procedure described in Example 26, Part C, 2-

[[1-benzylpyridinium-4-carbonyl]amino]-N-(4-
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chlorophenyl)benzamide bromide (345 mg, 0.66 mmol) yielded

23 mg (7%) of the title compound.

1a-1R |
ES-MS, m/e 446.1 (MH+)
Analysis for CpgH4ClN302-1.1HC1-1.0H20:

Calc: c, 61.95; H, 5.42; N, 8.34; Cl, 14.77;
Found: c, 61.86; H, 5.05; N, 8.26; Cl, 14.54.
Example 195

Preparation of Nl-(4-Chlorohenzoy1)-4-hydroxy-N2-[1-
(4-pyridyl)piperidin-4-ylcarbonyll-1,2-benzenediamine.

cl
¢
X,
HO NH
o
N
—l
N

A. 5-tert-Butyldimethylsilyloxy-2-(phthalimido)-N-[1-
(4-pyridyl)piperidin-4-ylcarbonyl]aniline

1- (4-Pyridyl)piperidine-4-carboxylic acid (176 mg,
0.85 mmol) and thionyl chloride (93 mL, 1.28 mmol) in 5 mL
methylene chloride were heated under reflux for 2 h. The
mixture was allowed to cool, concentrated in vacuo to a
white foam and dried undér vacuum. The foam was suspended
in dry methylene chloride (5 mL) then added were 5-tert-
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butyldimethylsilyloxy-2- (phthalimido)aniline (314 mg, ‘0.85
mmol) (see Example 167, step C, above) as a solution in 5 mL
methylene chloride and 1 mL pyridine in several portions.
The cloudy mixture was stirred 45 min then passed through a
35 x 80 mm plug of silica gel eluting first with methylene
chloride then with 9:1:0.1 methylene chloride/methanol/-
ammonium hydroxide. Appropriate fractions were combined,
concentrated in vacuo and dried under vacuum'to-yield 360 mg
(76%) of the desired intermediate phthalimide.
MS, FD+, m/e 557 (p+1). '

B. N1- (4-Chlorobenzoyl) -4-hydroxy-N2-[1- (4-pyridyl) -
piperidin-4-ylcarbonyl]-1, 2-benzenediamine.

The phthalimide (350 mg, 0.63 mmol) from step A above
was dissolved in 2 mL 1M hydrazine in methanol and allowed
to stand 16 h at ambient temperature after which the mixture
had solidified. The mixture was diluted with 10 mL 1:1
methylene chloride/methanol and stirred vigorously for 1 h.
The mixture was filtered and concentrated in vacuo to yield
276 mg (103%) of the desired intermediate aniline as a white
solid.

A mixture of the_aniline (80 mg, 0.188 mmol), 4-chloro-

benzoyl chloride (48 uL, 0.375 mmol) and excess potassium
chloride was stirred 30 min in 8 mL 3:1 methylene
chloride/tetrahydrofuran. The resultant mixture was treated
with additional 4-chlorobenzoyl chloride (48 uL, 0.375 mmol)
and stirred 20 min. The resuitaﬁt mixture was treated with
saturated sodium hydrogen éarbonate and stirred vigofously
for 15 min. The mixture was'pa:titioned with methylene
chloride, the ofganic portion separated'and dried over
magnesium sulfate. Sol&ent was removed in vacuo to.yield-
145 mg of a yellow foam. .The'yellow foam was dissolved in

methylene chloride andlprecipitated with hexane, sonicated
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5 min then filtered to yield 87 mg (86%) of the silyl ether

as a yellow powder.

The crude silyl ether (87 mg, 0.162 mmol) was stirred
in a solution of 2 mL tetrahydrofuran and 0.5 mL 5 N HCl at
ambient temperature for 16 h. Volatile solvents were
removed in vacuo then the residue suspended in excess
saturated sodium hydrogen carbonate and 5 mL 1:1 methylene
chloride/hexane. The suspension was sonicated about 10 min.
The solid was collected by filtration, washed with water and
hexane, and dried under vacuum to yield 45 mg (62%) of the
title compound as a tan solid.

MS, FD+, m/e 450 (p).

Example 196
Preparation of Nl-(A-tert-Butylbenzoyl)-Nz-(4-chloro-

benzoyl)-1,2-benzenediamine.

H Cl
N

e

o)

To a solution of Nl-(4—tert—buty1ben20yl)—1,2—benzene-
diamine (100 mg, 0.37 mmol) in 3 mL methylene chloride was
added 4-chlorobenzoyl chloride (95 pL, 0.74 mmol) and excess
potassium carbonate. The mixture was stirred 30 min then a
1:1 solution of tetrahydrofuran and 5 N NaOH was added. The
resultant mixture was stirred an additional 20 min and
diluted with ether. The mixture was washed twice with

water, dried over magnesium sulfate, filtered and
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concentrated in vacuo. The residue was sonicated with
hexane causing a precipitate to form which was collected by .
filtration and dried under vacuum tp'yield 100 mg (66%) of "

_ the title compound. ' '
5 MS, FD+, m/e 406 (p).
Analysis for Cg4H33ClN305:
- Cale.: . C, 69.82; H, 5.70; N, 6.88;
Found: C, 69.82; H, 5.71; N, 7.00.

10 Example 197
Preparation of N1-[(4-Dimethylamino)benzoyl]-N2-(4-methoxy- .

benzoyl)-1,2~benzenadiamine.

15
A mixture of N1-(4-methoxybenzoyl)-1,2-benzenediamine
(242 mg, 1.00 mmol), 4-(dimethylamino)benzoic acid (200 mg,
1.24 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (2040 mg, 1.26 mmol), and l-hydroxy-
20 benzotriazole. (135 mg, 1.00 mmol) in 3 mL methylene chloride
- was stirred-48 h at ambient temperature. The mixture was
partitioned between ethyl acetate and 10% citric acid. The
organic portion was washed with water and saturated sodium
hydrogen carbonate then dried over magnesium sulfate,

25 filtered and concentrated in vacuo. The residue was
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purified on silica gel with 403% ethyl acetate in hexane to
yield the title compound (77 mg, 20%) as a white powder.
MS, FD+, m/e 389(p).

Analysis for Cp3Ho3N303:
Calc.: C, 70.93; H, 5.95; N, 10.79;
Found: C, 70.74; H, 5.97; N, 10.86.

Example 198
Preparation of N2-[(4-Dimethylamino)benzoyl]-4-hydroxy-

Nl-(4-methoxybanzoy1)-1,2-benzenediamine.

o)

~
o)
NH
HO/J::::[:NH
o)
N/’

A. 4- (Dimethylamino)benzoyl chloride
A solution of 4-(dimethylamino)benzoic acid and thionyl

chloride in methylene chloride was refluxed 4 h. Volatile

solvents were removed in vacuo to yield 1.10 g of

4- (dimethylamino)benzoyl chloride. This material was used

in subsequent reactions without purification.

B. N2-[(4-Dimethylamino)benzoyl]—4-hydroxy-N1—(4-methoxy—
benzoyl) -1, 2-benzenediamine

To a mixture of 4-tert—butyldimethylsilyloxy—Nl—
(4-methoxybenzoyl)-1,2-benzenediamine (200 mg, 1.20 mmol)
and 4-(dimethylamino)benzoyl chloride (200 mg) in methylene
chloride (5 mL) was added excess N—ﬁethylmorpholine and a
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‘catalytic amount of 4-dimethy1aminopyridine; The mixture
was stirred 16 h at ambient'teﬁperature'then was partitioned
between ethyl acetate and saturated sodium hydrogen
carbonate. The organic portion was washed with brine, dried
over magnesium sulfate and concentrated in vacuo. ' The
residue was taken up in'ethyl'ééetate and hexane added until
cloudy. The mixture was sonicated causing a precipitate to.
form. The solid silyl ether was collected by filtration
then dissolved in 3 mL tetrahydrofuran. The solution was
treated with 1 mL 5N HCl and allowed to stand for 60 h then
neutralized with saturated sodium hydrogen carbonate
solution. Hexane was added and the mixture sonicated. The
resultant solid was collected by filtration and dried under
vacuum to yield the title bisamide phenol.
MS, Ion spray, m/e 406 (p+l).
Analysis for Cp3Hp3N304:

Calec.: C, 68.13; H, 5.72; N, 10.36;

Found: C, 68.52; H, 5.96; N, 9.72.

.- Example 199 _
Preparation of 2-(4-tert-Butylbenzoyiamino)-4-(2-methoxy-
acetylamino) -N~ (4-methoxyphenyl)benzamide.

Using the procedure described in Example 59, Part E,
2- (4-tert-butylbenzoylamino) ~4~-amino-N- (4-methoxyphenyl) -
benzamide was reacted with methoxyacetyl chloride (0.55
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mmol) to yield 175 mg (74%) of the title compound as a
solid. | |
1H-NMR (300 MHz, DMSO-dg): 8 12.24(s, 1H); 10.32(s, 1H);
10.16(s, 1H); 8.88(s, 1H); 7.91(d, J=8.7 Hz, 1H); 7.83(d,
J=8.4 Hz, 2H); 7.66(d, J=8.4 Hz, 2H); 7.58(m, 4H); 6.93(d,
J=9.0 Hz, 2H); 4.04(s, 2H); 3.74(s, 3H); 3.37(s, 1H);
1.29(s, 9H); MS-FD m/e: 489 (p).
Analysis for CpqgH31N305°0.5 CHoClp-0.5 H20:

Calc: C, 63.56; H, 6.25; N, 7.67;

Found: C, 63.53; H, 5.98; N, 8.01.

Example 200
Preparation of 2-(4-tert-Butylbenzoylamino)-4-(ethyl-
sulfonylamino) -N- (4-methoxyphenyl)benzamide.

Using the'procedure.described in Example 59, Part E,
2-(4-tert-butylbenzoylamino)-4-amino-N- (4-methoxyphenyl) -
benzamide was reacted with ethanesulfonyl chloride (0.47
mmol) to vield 127 mg (52%) of the title compound as a
solid.
1g-NMR (300 MHz, DMSO-dg): 8 12.24(s, 1H); 10.30(s, 2H);
8.58(s, 1H); 7.91(4, J=8.7 Hz, 1H); 7.83(d, J=8.4 Hz, 2H);
7.57(t, J=8.4 Hz, 4H); 7.04(d4, J=8.7 Hz, 1H); 6.93(d, J=9.0
Hz, 2H); 3.73(s, 3H); 3.22(q, J=7.5 Hz, 2H); 1.29(s, 9H);
1.21(t, J=7.5 Hz, 3H); IR(CHCl3)::@ 1651, 1512, 1463, 1147;
MS-FD m/e: 509 (p). |
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Calc: C, 63.63; H, 6.13; N, 8.24;
Found: C, 65.08; H, 5.95; N, 8.10.

Example 201
Preparation of 2-(4-tert-Butylbenzoylamino) -4~ (ethoxy-
carbonylamino) -N- (4-methoxyphenyl)benzamide.

Using the procedure described in Example 59, Part E,
2—(4-tert-butylbenzdylamino)-4-amino—N-(4—methoxyphenyl)—

benzamide was reacted with ethyl chloroformate (0.52 mmol)

to yield 129 mg (55%) of the title compound as a solid.
1y-NMR (300 MHz, DMSO-dg): O 12.28(s, 1H); 10.26(s, 1H);
10.02(s, 1H); 8.81(s, 1H); 7.88(d, J=8.7 Hz, 1H); 7.83(d,

J=8.4 Hz, 2H); 7.57(t, J=8.1 Hz, 4H); 7.36(d, J=8.7 Hz, 1H);

6.93(4, J=8.7 Hz, 2H); 4.15(g, J=6.9 Hz, 2H); 3.73(s, 3H);
1.29(s, SH); 1.25(t, J=7.2 Hz, 3H): MS-FD m/e: 489 (p).

‘Analysis for CpgH31N305:-

Calc: C, 68.69; H, 6.38; N, 8.58;
Found: C, 69.99; H, 6.77; N, 8.78.
Example 202

Preparation of 2-(4-tert-Butylbenzoylamino)-4-(2-dimethyl-
acetylamino)-N-(4-methoxypheny1)benzamide.
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2-Dimethylaminocacetyl chloride was piepared using the
procedure described in Example 55, Part B, but using
2-dimethylaminoacetic acid. Using the procedure described
in Example 59, Part E, 2—(4—tert—butylbenzoylamino)—4—amino—
N- (4-methoxyphenyl)benzamide was reacted with 2-dimethyl-
aminoacetyl chloride (9.77 mmol) to yield 27 mg (7%) of the
title compound as a solid.
1H-NMR (300 MHz, DMSO-dg): 8 12.27(s, 1H); 10.31(s, 1H);
10.11(s, 1H); 8.87(s, iH); 7.92(d,.J=8.7 Hz, 1H); 7.83(4,
J=8.4 Hz, 2H); 7.65(d, J=8.4 Hz, 1lH); 7.58(m, 4H); 6.93(4d,
J=9.0 Hz, 2H); 3.74(s, 3H); 3.31(s, 2H); 2.30(s, 6H);
1.29(s, 9H); MS-FD m/e: 502 (p). "
Analysis for CogH3z4N404:

Calc: C, 69.30; H, 6.82; N, 11.15;
Found: ¢, 71.15; H, 7.25; N, 10.73.
Example 203

Preparation of 2-(4-Dimethylaminobenzoylamino)~N- (4-methoxy-
phenyl)benzamide.
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stng the procedure descrlbed in Example 55 Part B,

4 dlmethylamlnobenz01c acid and 2- amlno—N-(4—methoxyphenyl)—7

benzamlde(l 25 mmol), ylelded 444 mg (91%) of the tltle
compound as a white solid.

IR(CHC13_). 160_7, 1510, 1443, 1306; 1H-NMR(300 MHz,_DMSO-
dg): 8 11.74(s, 1H); 10.39(s, 1H); 8.57(d, J=8.1 Hz, 1H);
7.88{d, J=7.5 Hz, 1H); 7.72(d, J=9.0 Hz, 2H); 7.59-7.54(m,
3H); 7.17(m, 1H); 6.92(d, J=8.7 Hz, 2H); 6.76(d, J=9.0 Hz,
2H); 3.72(s, 3H); 2.96(s, 6H); MS-IS m/e: 390.2 (p+l).
Analysis for C23H23N3O3£ | | |

Calc: c, 70.93; H, 5.95; N, 10.79;
Found: - C, 71.95; H, 5.78; N, 10.93.
Example 204

Preparation of N-(4-Methoxypheny1) -2~ [1 (4-pyrid1ny1)-
piperid;n-4-yloxycarbonyl]aminobenzamide.

To a mixture of 1-(4-pyridyl)-4-hydroxypiperidine
(536 mg, 3.01 mmol) and methylene chloride (45 mL) was added

methanesulfonic acid (0.2 ml, 3.1 mmol). After stirring for
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15 seconds, quinoline (0.45 mL, 3.8 mmol) was added,

immediately followed by 1.93 M phosgene in toluene (2 mL,
3.9 mmol). After 5 minutes, the reaction was placed in a

35 °C oil bath for 45 minutes. The reaction was cooled to
room temperature and N-(4-methoxyphenyl)-2-aminobenzamide
(728 mg, 3.0 mmol) and quinoline(0.45 mL, 3.8 mmol) were
added. After stirring overnight, the reaction was diluted
with CH2Cl3 (150 mL) and washed with sat’d sodium carbonate
(2x25 mL) . The organic layer was concentrated and the crude
residue was chromatographed to give 617 mg (46%) of the
title compound as a white solid.

IR(CHCl3): 1724, 1598, 1511, 1237; ly-NMRr (300 MHz, DMSO-
dg): & 10.30(s, 1H); 10.25(s, 1H); 8.11-8.07(m, 3H); 7.78(4d,
J=8.1 Hz, 1H); 7.57-7.48(m, 3H); 7.14(t, J=7.5 Hz, 1H);
6.89(4, 3=9.0 Hz, 2H); 6.82(d, J=5.4 Hz, 2H); 4.85(m, 1H);
4.85{(m, 5H); 3.68-3.65(m, 2H); 1.90(m, 2H); 1.60(m, 2H);
MS-IS m/e: 447.2 (p+l).

Analysis for CpgHogNygO4°0.5 HO:

Calc: C, 65.92; H, 5.97; N, 12.30;
Found: C, 65.85; H, 5.50; N, 11.87.
Example 205

Preparation of N-(4-Methoxyphenyl)-2~[1l-(4-pyridyl)-
pyrrolidin-B-yloxybarbonyl]aminobenzamide.

Xy o

H_(:‘O« G
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Using the procedure described in Example 204,
1- (4-pyridyl)-3-hydroxypyrrolidine (3.03 mmol), yielded
189 mg (14%) of the title compound as a white solid.
IR(CHC13): 1728, 1650, 1600, 1512 cm -1; lH-NMR(300 MHz,

' DMSO-dg): 8 10.28 (s, 1H); 10.26 (s, 1H); 8.10 (br s, 2H);

8.03 (d, J=8.1 Hz, 1H); 7.76 (4, J=7.8 Hz, 1H); 7.55-7.47
(m, 3H); 7.15 (t, J=7.5 Hz, 1H); 6.87 (d, J=8.7 Hz, 2H);
6.54 (d, J=5.1 Hz, 2H); 5.35 (s, 1H); 3.69 (s, 3H); 3.66-
3.34 (m, 4H); 2.27-2.19 (m, 2H); MS-IS m/e: 433.5 (p+l).
Analysis for C24H24N4O4 +1.25 Hp0: '

Calc: c, 63.35; H, 5.87; N, 12.31;
Found: C, 63.23; H, 5.38; N, 12.07.
Example 206

Preparation of N14(34nydroxybénzdy1)4N2-[1?(4-pyridy1)-

'piperidin-4-ylmathoxyéarbonyl]-1,2-benzanediamihe.

“OH .

A. 3-Benzyloxybenzoic acid

A solution of methyl 3-hyd£obeenzoate (1.00 g, 6.56
mmol)in THF was treated with sodium hydride (60% by wt in
oil, 276 mg, 6.90 mmol). After 20 minutes, the mixture was
treated with benzyl bromide (0.78 mL, 6.56 mmol) and then
heated at reflux. The mixture was cooled, treated with

saturated ammonium chloride and EtOAc. The layers were
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separated and the aqueous layer was washed with EtOAc (3x).
The combined organic extracts were washed with saturated
NaCl, dried over MgSO4 and concentrated. A solution of the
crude material in dioxane (20 mL) was treated with 2.5 N
NaOH (13 mL) and stirred vigorously. The mixture was
acidified by addition of 5 N HCl and partitioned with EtOAc.
The aqueous layer was washed with EtOAc (3x) and the
combined extracts were dried (MgSO4) and concentrated
vielding the title compound.

1g-NMR

MS-FD m/e 227 (p)

B. Nl-(3-Benzyloxybenzoyl)-N2-[1-(4-pyridyl)piperidin-4-

ylmethoxycarbonyl] -1, 2-benzenediamine '
Using a similar procedure to that described in

Example 48, Part C, Nlj[l—(4—pyridy1)piperidin—4-y1-

methoxycarbonyl]-1,2-benzenediamine (300 mg, 0.920 mmol)

vielded 230 mg (46%) of the title compound.

1g-NMR

c. Nl-(3-Hydroxybenzoyl)-N2-[1-(4-pyridyl)piperidin-4-yl-
methokycarbonyl]—1,2—benzenediamine

A mixture of Nl—(3—benzyloxybenzoyl)-N2—[1—(4-pyridyl)-
piperidin—4—ylmethoxycarbonyl]-1,2—benzenediamine (75 mg,
0.14 mmol) and 5% palladium-on-carbon (200 mg) in ethanol
(4 mL) was pléced under an atmosphere of hydrogen (1 atm).
After consumption of the starting material, the mixture was
filtered through diatomaceous earth and the filtrate
concentrated in vacuo yielding 30 mg (48%) of the title
compound.
1g-NMR
MS-FD m/e 447 (p+l)
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Analysis for Cp5HogN404: :
Calc: Cc, 67.25; H, 5.87; N, 12.55;
Found: C, 67.38; H, 5.81; N, 10.93.
Example 207

Preparation of Nl-(3-Methylbenzoyl)-N2-[1-(4-pyridyl)-
piperidin-4-ylmethoxycarbonyl]-1 2-henzaned1amine
hydrochlor;de hydrate. '

et

Using a similar procedure to that described in-
Example 48, Part C, Nl-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl] -1, 2-benzenediamine - (300 mg, 0.920 mmol)
yie;ded, after treatment with excess HCl and lyophilization,
300 mg (68%) of the title compound as the HCl1l salt.
1H-NMR, IR
MS~FD m/e 445 (p)

Analysis for CogH3pClpoNypO3 HoO:

Calc: ¢, 62.58; H, 6.26; N, 11.23;"
Found: C, 62.92; H, 6.34; N, 10.81.
Example 208

Preparation of Nl-(4-F1uorobenzoy1)-N3-[1-(4—pyridy1)-
piperidin-4-ylmethoxycarbonyl]-1, 2-benzenediamine
hydrochloride.
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Usihg a similar procedure to that described in
Example 48, Part C, N1-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl]-1,2—ben2enediamine (300 mg, 0.920 mmol)
5 vielded, after treatment with excess HCl and lyophilization,
289 mg (70%) of the title compound.
1H-NMR, IR
MS-FD m/e 449 (p+l)
Analysis for CggHpgClFN403:

10 Calc: C, 61.92; H, 5.40; N, 11.55;
Found:  C, 61.77; H, 5.21; N, 11.33.
Example 209

Preparation of N1l-(4-Chlorobenzoyl)-N2-[1-(4-pyridyl)-

15 piperidin-4-ylmethoxycarbonyl]-1,2,4-benzenetriamine.

Cl

H,N

I=
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A. 2-Amino-4- (N-tert-butoxycarbonylamino)nitrobenzene

A solution of 2,4-diaminp—nitrobenzene (500 mg, 3.26
mmol) in 30 mL of THF at -10 ©C was treated with potassium
hexamethyldisilazide (6.86 mL, 0.5M in toluene, 3.43 mmol).
After 0.2 h, the mixture was treated with di-tert-butyl
dicarbonate (749 mg, 3.43 ﬁmol) and stirred for 2 h. The
mixture was poured into EtOAc and saturated NaCl (ag). The
organic layer was dried (MgSOy4), concentrated, and the
residue purified by chromatography (19:1 CHyCl,:EtOAc)
yielding 370 mg (45%) of the title compound.
Lt 10 _ | !
MS-FD m/e 253 (p)

B. 4- (N-tert-Butoxycarbonylamino)-2-[1-(4-pyridyl) -
piperidin-4-ylmethoxycarbonylamino]nitrobenzene' |

A solution of 2-~amino-4-(N-tert-butoxycarbonylamino)-
nitrobenzene (2.1 g, 8.3 mmol) in toluene (50 mL) was
treated with phosgene (1.93M in toluene, 12.9 mL, 24.9 mmol)
and the mixture was heated at 50 oIC:. After 2 h, the mixture
was concentrated, the residue was dissolved in CHyCl, and
treated with triethylamine (2.31 mL, 16.6 mmol) and
1- (4-pyridyl)piperidine-4-methanol (1.59 g, 8.29 mmol).
After 16 h, the mixture was concentrated and the residue
purified by chromatography (2:1 CH,Cl,:MeOH) affording
1.78 g (46%) of the title compound.
lg-nMr
MS-FD m/e 472 (p+1)

C. N4-(N-tert—Butoxycarbonylf¥N2—[1?(4—pyridyl)piperidin-
4-ylmethoxycarbonyl]l-1,2, 4-benzenetriamine

A solution of 4-(N—tert-butoxycarbonYlamino)—2-[1-(4—
pyridyl)piperidin-4-ylmethoxycarbonylamino]lnitrobenzene (500
mg, 1.06 mmol) and 5% palladium on carbon (250 mg) in 1:1
EtOAc:EtOH was placed under an atmosphere of hydrogen. Upon
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consumption of starting material, the mixture was filtered,
concentrated, and the residue purified by chromatography
(4:1 CHyCly:MeOH) affording 390 mg (83%) of the title
compound.
1H-NMR
MS-FD m/e 442 (p+1)

D. N1-(4-Chlorobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl]—N4-(tertabutoxycarbonyl)—1,2,4—
benzenetriamine

‘Using a similar procedure to that described in
Example 48, Part C, N4—(tert—butoxycarbonyl)—Nz—
[1-(4-pyridyl)piperidin-4-ylmethoxycarbonyl]-1,2,4-
benzenetriamine (380 mg, 0.86 mmol) and 4-chlorobenzoyl
chloride (0.12 mL, 0.95 mmol) yielded 360 mg (72%) of the
title compound.
1x-NMR
MS-FD m/e 580 (p)

E. N1-{(4-Chlorobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl) -1, 2, 4-benzenetriamine

N1- (4-Chlorobenzoyl)-N2-[1~-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl]—N4-tert—butOxycarbonylamino—1,2,4-
benzenetriamine (150 mg, 0.26 mmol) was dissolved in
trifluorcacetic acid (2 mL). After 2 h, the mixture was
concentrated and the residue partitioned between EtOAc and
1IN NaOH and sat’d NaHCO3 (aq). The aqueous layer was washed
with EtOAc (2x) and the combined extracts were dried (MgSOy)
and concentrated. The residue was purified by
chromatography (9:1 CHZClZQMeOH) affording 110 mg (89%) of
the title compound.
1g-NMR
MS-FD m/e 479 (p)
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| Example 210
Preparation of N1- (4.-.(!.hlo:sz't':hen'zo:rl)-N2 [1-(4-pyridyl)-
pzper;din-4-ylmathoxycarhonyl)-N4 (methylsulfonyl) 1 2, 4-
benzenetriamine.

dee sl

/
/4 \N
H

O' ~o

A solution of Nl-(4-chlorobenzoyl)-N2-[1-(4-pyridyl)-
piperidin-4-ylmethoxycarbonyl)-1, 2, 4-benzenetriamine (40 mg,
0.08 mmol) in 5 mL of CHpCly was treated with pyridine
(1 mL) and methanesulfonyl chloride (0.008 mL, 0.09 mmol).
After 16 h, the mixture was treated with MeOH (1 mL) and
then concentrated. The residue was partitioned between

EtOAc and NaOH (ag). The organic layer was dried (MgSOy4),

- concentrated, and purified by chromatography (17:3

CH2Cl3:MeOH) affording 20 mg (40%) of the title compound.
1g-NMR
MS-FAB m/e 558 (p+1)
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Example. 211
Preparation of N4-Acety1-N1-(4-chlorobenzoy1)-Nz-
[1-(4-pyridyl)piperidin-4-ylmethoxycarbonyl]l-1,2,4-

e o

O O o)

benzenetriamine.

A

A solution of Nl-(4fchlorobenzoyl)-N2-[1—(4-pyridy1)-
piperidin—4—ylmethoxycarbonyl]—1,2,4-benzenetriamine (40 mg,
10 0.08 mmol) in 5 mL of CHyCly; was treated with pyridine
(1 mL.) and acetyl chloride (0.006 mL, 0.09 mmol). After
16 h, the mixture was treated with MeOH (1 mL) and then
concentrated. The residue was partitioned between EtOAc and
NaOH (aq). The organic layer was dried (MgSOy4), .
15 concentrated, and purified by chromatography (17:3
CH2Clo: MeOH), affordlng 32 mg (76%) of the title compound.
1H-NMR
MS-FAB m/e 522 (p+1)

20 Example 212
Praparation of Nl-(4-Chlorobenzoyl)-N2-[1-(4-pyridyl)-
piperidin-4-ylmethoxycarbonyl]-1,2,5-benzenetriamine.
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A.  2-Amino-5- (N-tert-butoxycarbonylamino)nitrobenzene
Using a procedure similar to that described in Example

209, part A, 2,5-diamino-nitrobenzene (1.00 g, 6.53 mmol)

yvielded 1.31 g (79%) of the title compound. -

1g-NMR

MS-FD m/e 253 (p)

B. 5- ( tert-Butoxycarbonylamine) -2-[1- (4—pyr1dyl)p1per1d1n—

4—ylmethoxycarbonyl]amlno—nltrobenzene N
- Using a procedure similar to that described in Example

209, part B, 2-amino-5~ (N- tert-butoxycarbonylamino)- -

nitrobenzene (1.16 g, 4.58 mmol) and 1-(4-pyridyl)-

piperidine-4-methanol (0.88 g, 4.58 mmol) yielded 1.33 g

(62%) of the title compound

1g-nvr

MS-FD m/e 471 (p)

C. NS- (N—tert—Butoxycarbonyl)-Nz‘[1 (4—pyrldyl)p1per1d1n~
4-ylmethoxycarbonyl]-1,2,5-benzenetriamine

- Using a procedure similar to that described -in Example
209, part B, 5-(tert-butoxycarbonylamino)-2-[1-(4-pyridyl)-
piperidin-4;ylmethbxycarbOnYl]amiho-nitrobenzené (500 mg,
1.06. mmol) and 5% palladium on carbon (250 mg) vielded
450 mg (96%) of the title compound.
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1H-NMR -
MS-FD m/e 442 (p+l)

D. N1- (4-Chlorobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl]-Ns-(tert-butoxycarbonyl)—1,2,5—
benzenetriamine

Using a similar procedure to that described in
Example 48, Part C, N5-(N—tert—butoxycarbonyl)—N2—
[1-(4—pyridyl)piperidin—4—ylmethoxycarbonyl]—1,2,5—
benzenetriamine (380 mg, 0.86 mmol) and 4-chlorobenzoyl
chloride (0.12 mL, 0.95 mmol) yielded 400 mg (80%) of the
title compound. |
1x-NMR
MS-FD m/e 580 (p)

E. Nl-(4-Chlorobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl]-1, 2, 5-benzenetriamine

Using a procedure similar to that described in Example
209, part E, N1-(4-chlorobenzoyl)-N2-[1-(4-pyridyl)-
piperidin—4-ylmethoxycarbonyl]—N5-(tert—butoxycarbonyl)-
1,2,5-benzenetriamine (150 mg, 0.26 mmol) yielded 115 mg
(93%) of the title compound.
1g-NMR
MS-FD m/e 480 (p)

Example 213
Preparation of Nl-(4-Chlorobenzoy1)-N2-[1-(4prridy1)-
piperidin~4-ylmethoxycarbonyl]-N>- (methylsulfonyl)-1,2,5-

benzenetriamine.
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Using a procedure similar to that described in Example
210, N1-(4-chlorobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-yl-
5 methoxycarbonyl]-1,2,5-benzenetriamine (35 mg, 0.07 mmol)
yielded 15 mg (38%) of the title compound.
- 1g-NMR
MS-FAB m/e 558 (p)

10 - Exanple 214 '__
Preparation of N5-Acetyl-Nl-(4-chlorobenzoyl)-N2-
[1-(4-pyridyl)piperidin-4~-ylmethoxycarbonyl]-1,2,5-

benzenetriamine.
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A

Using a procedure similar to that described in Example
211, N1-(4-chlorobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-yl-
methoxycarbonyl]-1, 2, 5-benzenetriamine (40 mg, 0.08 mmol)
vielded 30 mg (71%) of the title compound.
1g-NMR
MS-FAB m/e 522 (p+l)

Example 215
Preparation of N1-(4-Chlorobenzoy1)-nz—[1—(4-pyridy1)-
piperidin-4-ylmethoxycarbonyl]—N5—trif1uoroacety1-1,2,5-

benzenetriamine.
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A

Using a procedure similar to that described in Example
- 210, N1-(4-chlorobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-yl-
. 5 methoxycarbonyll-1,2,5-benzenetriamine (40 mg, 0.07 mmol)
yielded 30 mg (65%) of the title compound. -
1g-NMR
MS-FAB m/e 576 (p)

10 7 Example 216
Preparation of N1-(4-Chlorobenzoyl)-N2- [1- (4-pyridyl) -

piperidin-4-ylmethylaminocarbonyl]-1,2-benzenediamine.

Ci

NH

Iz

15
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A. 1- (4-Pyridyl)piperidine-4-methylamine

A solution of 1-(4-pyridyl)piperidine-4-methanol
(5.87 g, 30.6 mmol), phthalimide (4.59 g, 31.2 mmol), and
triphenylphosphine (8.10 g, 30.9 mmol) in 125 mL of THF at
-5 OC was treated with a solution of diethyl azodicarboxy-
late (5.38 g, 30.9 mmol) in THF (40 mL). After 16 h, the
mixture was poured into EtOAc and 1IN HCl. The aqueous layer
was washed with EtOAc (2x), pH adjusted to 12 by addition of
5N NaOH, and washed with EtOAc (3x). The combined organic
extracts were dried (KoCO3) and concentrated yielding 8.45 g
(86%)0of the substituted phthalimide. The crude material
(5.47 g, 17.0 mmol) was then treated with hydrazine hydrate
(3.5 mL, 60.0-mmol) in EtOH (50 mL). The mixture was heated
at 75 ©C for 5 h, cooled, diluted with CH;Cly (100 mL), and
cooled to 0 ©C. The solid was removed by filtration and the
filtrate was concentrated yielding 3.32 g of the title
compound which was used without further purification.
1g-NMR

B. 2-[1-(4-Pyridyl)piperidin-4-ylmethylaminocarbonyl]-
amino-nitrobenzene

Using a similar procedure to that described for Example
48, Part A, 1-(4-pyridyl)piperidine-4-methylamine (1.34 g,
7;01 mmol) and 2-nitrophenyl isocyanate (1.21 g, 7.40 mmol)
yielded 1.59 g (64%) of the title compound.
1p-NMR, IR
MS-FD m/e 355 (p)
Analysis for CqgHo1N503:

Calc: Cc, 60.83; H, 5.96; N, 19.71;

Found: C, 60.66; H, 5.90; N, 19.50.
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C. Nl—[1—(4-Pyridyl)piperidin—4—ylﬂéthylaminocarboﬁyl)-
1,2-benzenediamine ' S | |
Using a similar procedure to that described for Example
48, Part B, 2-[1-(4-pyridyl)piperidin-4-ylmethylamino-
carbonyl]amino-nitrobenzene (1.02 g, 2.87 mmol) yielded
930 mg (99%) of the title compound.
lg-NMR, IR
MS-FD m/e 326 (p+1)

Analysis for Cq1gHp3N50:

Calc: =~ C, 66.44; H, 7.12; N, 21.52;
Found: Cc, 65.39; H, 7.02; N, 20.76.

D. Nl-(4-Chlorobenzoyl)-N2-[1-(4-pyridyl)piperidin-4-y1-
methylamihocarbonyl] -1, 2-benzenediamine.

Using a similar procedure to that described in Example
48, Part C, Nl-[1—(4-pYridy1)piperidin+4-ylmethylamino-
carbonyl) -1, 2-benzenediamine (43 mg, 0.13 mmol) yielded
51 mg (84%) of the title compound. '
lg-NMR, IR
MS-FD m/e 464 (p)
Analysis for CogHpgClN502:

Calc: Cc, 64.72; H, 5.65; N, 15.09;
Found: C, 64.52; H, 5.62; N, 14.84.
Example 217

Preparation of N1-(4-Methoxybenzoy1)-N2-[1-(4-pyridy1)-
piperidin-4-ylmethylaminocarbonyll-1,2-benzenediamine.
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NH

Using a similar procedure to that described in Example
48, Part C, Nl-[1-(4-pyridyl)piperidin-4-ylmethylamino-
5 carbonyl]-1l,2-benzenediamine (68 mg, 0.21 mmol) yielded
68 mg (70%) of the title compound.
1g-NMR, IR
MS-FD m/e 460 (p)
Analysis for CpgHpgNgO3:

10 Calc: C, 67.95; H, 6.36; N, 15.24;
Found: C, 67.45; H, 6.45; N, 14.88.
Example 218

Preparation of Nl-(3,4-Dichlorobenzoy1)-Nz-[1-(4-pyridy1)-
15 piperidin-4-ylmethylaminocarbonyl]-1,2-benzenediamine.
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Using a similar procedure to that described in Example
48, Part C, Nl-[1-(4-pyridyl)piperidin-4-ylmethylamino--
5 carbonyl]-1,2-benzenediamine (106 mg, 0.327 mmol) yielded
72.8 mg (45%) of the title compound. '
lg-NMR, IR
MS-FD m/e 498 (p)

10 - : Example 219
Preparation of Nl-(2,4-Di¢hlorobénzoy1)-Nz-[1-(4-pyridy1)-
piperidin-4-ylmethylaminocarbonyl]-1,2-benzenediamine.

Cl
Cl

o

N

%
/y&\NH

N
H

15
Using a similar procedure to that described in Example

48, Part C, Nl-[1-(4-pyridyl)piperidin-4-ylmethylamino-
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carbonyl] -1, 2-benzenediamine (113 mg, 0.347 mmol) yieélded
111.4 mg (64%) of the title compound.
1g-NMR |
MS-IS m/e 498 (p+1)

Example 220
Preparation of Nl-(2-Naphthalenylcarbonyl)-N2-

[1-(4-pyridyl)piperidin-4-ylmethylaminocarbonyl]-1, 2~

&

N

benzenediamine.

N NH
" /
OO

Using a similar procedure to that described in Example
48, Part C, N1-[1-(4-pyridyl)piperidin-4-ylmethylamino-
carbonyl}]-1,2-benzenediamine (113 mg, 0.347 mmol) yielded
48.9 mg (29%) of the title compound.
1g-NMR
MS-IS m/e 480 (p+1)

Example 221
Preparation of Nl-(4-Chlcrobenzoy1)-N2-[1-(4-pyridy1)-
piperidin;4-y1aminocarbony1]-1,2-benzenediamine.-
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A, 4-Hydroxy-1- (4-pyridyl)piperidine .

A solution of 4-hydroxypiperidine (7.80 g, 77 mmol),
4-bromopyridine (15.0 g, 77 mmol), and triethylamine (32 mL,
231 mmol) in 90 mL of EtOH and 30 mL of Hy0 was heated at

150 ©°C in a sealed tube for 4 days. The mixture was

concentrated-and the residue partitioned between CH3Cly; and
Hp0. The organic layer was washed with 1 N NabH (2x),
diluted with EtOAc and the resulting solid collected by
filtration affording 7.30 g (53%) of the title compound.
1H-NMR '

B.  4-(Phthalimido)-1-(4-pyridyl)piperidine

Using a procedure similar to that described in Example
216, Part A, 4-hydroxy-l1l-(4-pyridyl)piperidine (5.00 g) -
vielded 5.08 g (60%) of the title compound.
1p-MMr

C. 4-Amino-1-{4-pyridyl)piperidine

Using a procedure similar. to that described in Example
216, Part B, 4-(phthalimido)-1-~(4-pyridyl)piperidine (1.00g)
vielded 470 mg (81%) of the title compound.

T |
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lu-NMR "
MS-FD m/e 178 (p+1)

- D. 2—[14(4-Pyridy1)piperidin-4—ylaminocarbonyl]amino-

nitrobenzene

Using a similar procedure to that described for Example
48, Part A, 4-amino-1-(4-pyridyl)piperidine (220 mg, 1.24
mmol) yielded 340 mg (80%) of the title compound.
1g-NMR
MS-FD m/e 342 (p+l)

E. Nl-[1-(4-Pyridyl)piperidin-4-ylaminocarbonyl}-1,2-
benzenediamine

Using a similar procedure to that described for Example
48, Part B, 2-[1-(4-pyridyl)piperidin-4-ylaminocarbonyl]-
amino-nitrobenzene (200 mg, 1.00 mmol) yielded 200 mg (64%)
of the title compound.
1x-NMR
MS-FD m/e 312 (p+1)
Analysis for C17Hgp1NgO:

Calc: C, 65.57; H, 6.80; N, 22.49;

Found: C, 65.31; H, 6.55; N, 22.29.

F. Nl—(4—Chlorobenzoyl)—N2-[1—(4—pyridyl)piperidin—4—y1—
aminocarbonyl]-1, 2-benzenediamine

Using a similar procedure to that described in Example
48, Part C, Nl—[l—(4—pyridyl)piperidin—4-ylaminocarbonyl]—
1,2-benzenediamine (82 mg, 0.26 mmol) vielded 32 mg (27%) of
the title compound.
1g-nMr
MS-FD m/e 451 (p+l)
Analysis for Cg4H54C1NgO5:

Calc: C, 64.07; H, 5.38; N, 15.56;

Found: C, 63.93; H, 5.39; N, 15.35.
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'Example 222
Preparation of Nl-(4-Methoxybenzoy1)-Nz—tl-(4-pyridy1)-
piperidin-4-ylaminocarbonyll-1,2-benzenediamine.

o./

NH

J

ILZ
T

Using a similar procedure to that described in Example
48, Part C, Nl—[l—(4-§yridyl)piperidin—4-ylaminocarbonyl}-
1, 2-benzenediamine (82 mg, 0.26 mmol) vielded 45 mg (38%) of
the title compound.
1g-NMR _
MS-FD m/e 446 (p+1)
Analysis CgogHo7N503: -

Calc: C, 67.40; H, 6.11; N, 15.72;

Found: c, 67.30; H, 6.07; N, 15.42.
Example 223

Preparation of 2-(4-Methoxybenzoyl)amino-N-[1-(4-pyridyl)-
piperidin~4-ylmethyl]benzeneacetamide.
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0
NH
0™ ™n
H

A. 2-Amino-N-[1- (4-pyridyl)piperidin-4-ylmethyl] -
benzeneacetamide -

A solution of 1-(4-pyridyl)piperidine-4-methylamine

(156 mg, 0.817 mmol), 2-nitrophenylacetic acid (159 mg,

0.875 mmol), and 1-[3-(dimethylaminopropyl]-3-ethyl-
carbodiimide hydrochloride (168 mg, 0.875 mmol) in DMF was
stirred 16 h; and the mixture was poured into EtOAc and HyO.
The agqueous layer was washed with EtOAc (2x) and the
combined extracts were dried (KpCO3) and concentrated. The
residue and 10% Pd/C (164 mg) in 25 mL of EtOH were placed
under an atmosphere of hydrogen gas. After 2.5 h, the
mixture was filtered and the filtrate concentrated. The
residue was dissolved in 5% HOAc in MeOH and loaded onto a
SCX Column (Varian). The column was eluted with MeOH
followed by 2 M NH3 in MeOH. The latter fractions were
concentrated yielding 158.6 mg (60%) of the title compound.
1g-NMR, IR

MS-FD m/e 324 (p)
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B. 2-(4—Methoxybenzoyl)amino—N—[1—(4—pyridyl)piperidin-4—
ylmethyl]benzeneacetamide.

Using a similar procedure to that described in Example
48, Part C, 2-amino—N—[1—(4—pyridyl)piperidin—4—ylmethyl]—
benzeneacetamide (60 mg, 0.19 mmol) yielded 26 mg (31%) of
the title compound. |
1x-NMR
MS-FD m/e 446 (p+1l)
Analysis for Cgp7H3(gN403:

Calc: ¢, 70.72; H, 6.59; N, 12.22;
Found: c, 70.66; H, 6.79; N, 11.99.
‘Example 224

Preparation of 2-(4-Chloroben20y1)amino-N-[1-(4-pyridy1)-
piperidin-4-y1methyl]benzenaacetamide. _

Cl

Using a similar procedure to that described in Example

48, Part C, 2-amino-N-[1-(4-pyridyl)piperidin-4-ylmethyl]-
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benzeneacetamide (60 mg, 0.19 mmol) yi&ided 51 mg (60%) of
the title compound.
1g-NMR
MS-FD m/e 446 (p+1)

Analysis for CggH27C1lN405:
Calc: C, 67.45; H, 5.88; N, 12.10;
Found: Cc, 67.53; H, 5.99; N, 11.70.

Example 225
Preparation of 2-(4-Chlorophenylaminocarbonyl)-N-[1l-

(4-pyridyl)piperidin-4-ylmethyllbenzeneacetamide.

O
H
N
H
—N
A, 2- (4-chlorophenylaminocarbonyl)phenyl acetic acid

A solution of_homophthalic anhydride (4.0 g, 24.7 mmol)
in 250 mL of CHCl3 was treated with 4-chloroaniline (3.31 g,
25.9 mmol). After 16 h, the mixture was poured into EtOAc
and 1 N NaOH. The aqueous laver was washed with EtOAc, then
brought to a pH of 2-3 by addition of 1 N HCl. The aqueous
layer was washed with EtOAc (2x), and the combined extracts
were dried (MgSO4) and concentrated. Recrystallization of
the residue from EtOAc/hexanes yielded 3.41lg (48%) of the
title compound.
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" lp-mMr, IR -
MS-FD m/e 220 (p+l)
Analysis for Cis5H17CINOj3:
Calc: C, 62.19; H, 4.17; N, 4.84;

5 Found: C, 62.03; H, 4.26; N, 4.83.

B. 2—(4—ChlorophenylaminocarbonylY—N—[1_
(4-pyridyl)piperidin-4-ylmethyl}benzeneacetamide.
Using a similar procedure to that described in Example
10 223, Part A, 2-(4-chIorophenylaminocarbbnyl)phenyl acetic
acid (362 mg, 1.25 mmol) yielded 122.1 mg (22%) of the title
compound. |
lg-NMR, IR
MS-FD m/e 290 (p+1l)
15 Analysis for CpgHj3 1C1N402:

Calc: C, 67.45; H, 5.88; N, 12.10;
Found: C, 67.47; H, 5.74; N, 12.06.
i Example 226

20 Preparation of 5-Chloro-2-[(l1-isopropyl=-3,4-~didehydro-
piperidin-4-ylcarbonyl)amino] ~N-(2~pyridinyl)benzamide

hydrochloride.
{ Z |.
é "
| N
HCI
A. 5-Chloro-2-nitro-N-(2-pyridyl)benzamide
25 To a stirring solution of 5-chloro-2-nitrobenzoic acid

(15 g, 74 mmol)'in dichloromethane (300 mL) was added DMF (a
few drops) followed by oxalyl chloride (11.3 g, 89 mmol).
After stirring for 2 h, the solvent was removed in vacuo and

the residue was redissolved in dichloromethane (300 mL). To

HH
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this stirring solﬁ%iqn was added pyridi%é (17.5 g, 222
mmol), followed by 2-aminopyridine (7 g, 74 mmol). After
24 h, the solvent was removed in vacuo and the residue was
partitioned between ethyl acetate and water. The organic
phase was separated and washed twice with 1 M citric acid,
once with brine, twice with satd ag NaHCO3, and once with
brine. The organic phase was then dried (MgSOy4), filtered
and concentrated in vacuo to a volume of about 25 mL, then
diluted with diethyl ether, and sonicated. The resulting
precipitate was filtered and dried in vacuo to give 8.63 g
(42%) of an off-white solid.
1g-NMR
MS-FIA, m/e 278.0 (MH+)
Analysis for Cj15HgClN303:

Calc: . C, 51.91; H, 2.90; N, 15.13;

Found:  C, 52.53; H, 2.85; N, 15.05.

B. 2-Amino-5-chloro-N- (2-pyridyl)benzamide

To a solution of 5-chloro-2-nitro-N-(2-pyridyl)-
benzamide (4.g, 14.4 mmol) in THF (50 mL) and ethyl acetate
(50 mL) was added Raney nickel (0.5 g). The mixture was
Placed under an atmosphere of hydrogen (4.1 bar) overnight.
The mixture was then filtered and the filtrate was flushed
through a pad of silica gel, eluting with ethyl acetate, and
then concentrated in vacuo. The crude solid was suspended
in diethyl ether, sonicated, filtered and dried in vacuo to
give 2.4 g (67%) of a faint green solid.
1H-NMR
MS-FIA, m/e 248.3 (MH+)
Analysis for Cq5H;(CLN30:

Calc: C, 58.18; H, 4.07; N, 16.96;

Found:  C, 58.39; H, 4.07; N, 17.08.
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C. 1-Boc-4-trifluoromethylsulfonyloxy-3,4-didéhydro-
piperidine ' SR ' -
To a stirring solution of diisopropylamine (38.7 mL,
276 mmol) in THF (900 mL) at O °C'Was'added'dropwise via an
addition funnel a solution of n-Buli in hexanes (1.6 M,
171.5 mL, 276 mmol). After 25 min, the solution was cooled

"to =78 ©C. To this solution was added dropwise wvia an-

addition funnel a solution of 1l-Boc-4-piperidinone (50 ¢,
250.9 mmol) in THF (300 mL). After 30 min, a solution of
N-phenyltrifluoromethanesulfonamide (95.9 g, 268.5 mmol) in
THF (300 mL) was added and the solution was warmed to 0 ©C.
After 3 h, the solvents were evaporated in vacuo and the
residue was loaded onto a silica gel column with a minimal
amount of dichloromethane and eluted with 5% ethyl
acetate/hexanes. The product containing fractions were
combined and concentrated in vacuo to give 74.84 g (90%) of
a light yellow oil.

1g-NMR |

D. 1-Boc-4-methoxycarbonyl-3, 4-didehydropiperidine

To a stirring solution of 1l-Boc-4-trifluoromethyl-

-sulfonyloxy-3, 4-didehydropiperidine (74.8 g, 226 mmol) in

acetonitrile (900 mL) was added triethylamine (63 mL, 452
mmol); palladium(II)acetate (1.53 g, 6.8 mmol),
triphenylphosphine (3.57 g, 13.6 mmol) and methanol (366
mL). Carbon monoxide gas was bubbled through the solution
for 15 min and then the system was placed uhder an -
atmosphere of carbon monoxide and stirred for an additional
48 h. The solvent was then removed in vacuo and the residue
was chromatographed over silica gel, eluting with ethyl
acetate. The product containing fractions were combined and
concentrated in vacuo to give 50.04 g (92%) of a yellow oil.
1g-NMR |

MS-FD, m/e 240.2 (M+)
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Analysis. for C12Hi6N04: i i

Calc: C, 59.74; H, 7.94; N, 5.81;

Found: Cc, 59.60; H, 8.07; N, 5.85.

E. 1-Boc-4-carboxy-3, 4-didehydropiperidine

To a stirring solution of 1-Boc-4-methoxycarbonyl-3,4-
didehydropiperidine (28.81 g, 119 mmol) in methanol (300 mL)
was added 1 N aqueous sodium hydroxide (300 mL). After
stirring overnight, the solvent was removed by rotary
evaporation and the residue was partitioned between water
and diethyl ether. The aqueous phase was separated and
washed with diethyl ether, acidified to pH 2.5 with conc.
HCl, then extracted with diethyl ether. The organic extract
was then washed with brine, dried with MgSO4, filtered and
concentrated in vacuo to give 25.16 g (93%) of a light
vellow solid.
1g-NMR
MS-IS, m/e 226.1 (M-)

.Analysis for C11H17NOg4:

Calc: C, 58.14; H, 7.54; N, 6.16;
Found: - C, 57.41; H, 7.48; N, 6.19.

F. 5~Chloro-2-~[1-Boc-3,4-didehydropiperidin-4-ylcarbonyl] -
amino-N- (2-pyridinyl)benzamide

To a stirring solution of 1-Boc-4-carboxy-3,4-
didehydropiperidine (5 g, 22 mmol) in TH? (100 mL) was added
NaOEt (1.5 g, 22 mmol). After 30 min, the solvent was -

removed in vacuo and the residue was suspended in

dichloromethane (40 mL). To this stirring suspension was
added DMF (a few drops), followed by oxalyl chloride
(2.1 mL, 24.2 mmol). After 1 h, the solvent was removed in

vacuo and the residue was dissolved in dichloromethane
(22 mL). A portion of this solution (4 mL) was then taken

via syringe and added to a stirring solution of 2-amino-5-
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chloro-N—(2-pyridyl)benzamide (495 mg, 2 mmol) in pyridine

(3 mL). After stirring OVérnight, the solvents were removed

in vacuo and the residue was partitioned between ethyl
acetate and water. The organic phase was separated and
washed twice with'l M citric acid, once with brine, twice
with satd ag sodium bicarbonate and twice with brine. The
organic phase was then dried with MgSO4, filtered,
concentrated in vacuo and chromatographed over silica gel,
eluting with a step gradient of dichloromethane through 20%
ethyl acetate/dlchloromethane " The product containing
fractions were combined and concentrated in vacuo to give
390 mg (43%) of a white solld
1g-NMR
MS-FIA, m/e 457.4 (MH+)
Analysis for Cp3H55C1lNg04:

Calc: C, 60.46; H, 5.51; N, 12.26;

Found: Cc, 60.27; H, 5.51; N, 12.26.

G. 5-Chloro-2-[3,4-didehydropiperidin-4-ylcarbonyl]amino-
N- (2-pyridinyl)benzamide bis{trifluoroacetate) |

~To a stirring solution of 5-chloro-2-[1-Boc-3,4-
didehydropiperidin-4-ylecarbonyl]amino-N- (2-pyridinyl)-
benzamide (330 mg, 0.72 mmol) in dichloromethane (25 mL) was
added anisole (1 mL), followed by TFA (25 mL). After 1 h,
the solvent was evaporated in vacuo and the residue was
suspended in diethyl ether, sonicated, filtered and dried in
vacuo to give 300 mg (88%) of an off-white solid.
1u-NMR | |
MS-FIA, m/e 357.3  (MH+)
Analysis for C1gH;7ClN405-2.2TFA: .

Calc: C, 44.27; H, 3.18; N, 9.22;

Found: 'C, 44.03; H, 3.18; N, 9.47.
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H. 5-Chloro-2-{igisopropyléﬂ,4-didéﬁ&ﬂiopiperidin-4—yl—
carbonyl]amino-N- (2-pyridinyl)benzamide hydrochloride
To a stirring suspension of 5-chloro-2-[3,4-~didehydro-
piperidin-4-ylcarbonyl}amino-N- (2~-pyridinyl)benzamide
bis (trifluoroacetate) (275 mg, 0.58 mmol) in 1,2-dichloro-
ethane (8 mL) was added acetone (8 mL), followed by acetic
acid (0.14 mL, 2.34 mmol) and sodium triacetoxyborohydride
(0.5 g, 2.34 mmol). After stirring for 17 h, the mixture
was loaded onto an SCX column, washed with methanol, and
then eluted with 2 M ammonia in methanol. The product
containing fractions were combined and concentrated in
vacuo, and the residue was purified by RPHPLC method A to
give 180 mg (70%) of white sblid.
lg-NMR
MS-FIA, m/e 399.2 (MH+)
Analysis'for C21H23C1N405-1.3HCL1 0.5H0: _
cale: C, 55.40; H, 5.60; N, 12.31; Cl, 17.91;
Found: C, 55.28; H, 5.57; N, 12.11; Cl, 17.93.
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What is claimed is:

1. A method ofzinhibiting factor Xa comprising using
an effective amount of a factor Xa inhibiting compound of

formula I

“ AééAs LLQ1 '
O
AN

wherein

a3, a4, a5 and a6, together with the two carbons to
which they are attached, compleﬁe a substituted benzene in
which a3 is CcrR3, a4 is cr4, A5 is CRS, and A6 is CRS;
wherein - :

R3 is hydrogen, hydto#y, [(l-ZC)alkyllcérbohyIOXy
(which may bear an chéfboxy substituenﬁ), benzoyLoky (which
may bear one or more halo, hYdroxy, methoxy or.methyl
substituents), methyl or methoxy;

one of R4 and RS is hydrogen, methyl, halo, trifluoro-
methyl, nitro, amino(imino)methyl, amino(hydroxyimino)-
methyl, Rfo-, rRfopc-, rRfogc-cHy-, Rfoyc-CHz-0-,
3-methoxycarbonyl-l-oxopropyl, RINH- or bis(methylsulfonyl)-~
amino; '

the other 6f R4 and R3 is hydrogen, halo or methyl; and

.- R is hydrogen, fluoro, hydroxy, [(1-2C)alkyl]-
carbonyloxy (which may bear an ®-carboxy substituent),
benzoyvloxy (whiéh may bear one or more halo, hydroxy,
methoxy or methyl substituents), methyl or methoxy;

in which RE is hydrogen, (1-4C)alkyl or benzyl; RY is
hydrogen, [(1-4C)alkyl)carbonyl, acetyl, trifluoroacetyl,
methoxyacetyl, dimethylaminoacetyl, phenylalanyl,
2-(t-butoxycarbonylamino)-4-methyisulfinyl—1—oxobuty1,
3-[{[(1-2C)alkoxylcarbonyl]~-l-oxopropyl or Rhsoh— (wherein h

INH (N
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is 1 or 2); and BB is (1-4C)alkyl, trifluoromethyl, phenyl,

3,5-dimethylisoxazol-4-yl or dimethylamino; or

two adjacent residues selected from R3, R4, RS and R®
together form a benz ring; and the other two are each
hydrogen; _ .

tl is -NH-CO-, -0-CO- or -CO-NH- such that -L1-gl is
-NH-C0-Ql, -0-c0-Ql or -co-NH-Qli

ol is phenyl, 2-furanyl, 2-thienyl, 4-thiazolyl,
2-pyridyl, 2-naphthyl, 1,2-dihydrobenzofuran-5-yl1,
1,2-dihydrobenzofuran-6-yl or 1,2-benzisoxazol-6~yl in which
the phenyl may bear one, two or three subétituents at the
3-, 4- or 5-position(s) independently selected from halo,
cyano, carbamoyl, aminomethyl, methyl, methoxy, difluoro-
methoxy, hydroxymethyl, formyl, vinyl, amino, hydroxy and
3,4-methylenedioxy, and in addition the phenyl may bear a
2-chloro or 2-fluoro substituent, the 2-furanyl or 2-thienyl
may bear a chloro or'methyl substituent at the 5-position,
the 4-thiazolyl may bear an amino substituent at the
2-position, the 2-pyridyl may bear an amino substituent at
the 6-position, and the 1,2-benzisoxazol-6-yl may bear a
chloro or methyl substituent at the 3—position; or -co-0l is
cyclopentenyléarbonyl or cyclohexenylcarbonyl;

R2 ig -L2A-Q2A, _12B_2B  _1,2C_g2C, _12D_2D o
-L2E-Q2E yherein .

L2A is a direct bond; and

Q%2 is

in which D is carboﬁyl or -CHRK- in which RK ig hydrogen,
hydroxy, (1-6C)alkoxy, or -CHy-RJ in which RI is carboxy,

[(1-4C)alkoxylcarbonyl or carbamoyl which may bear one or
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two (1-2C)alkyl substituents on'the-nitrogen; and oné of RM
and RPN is hydrogen and the other is amino, bromo,
(1-4C)alkyl or (1-4C)alkoxy, or RM and RR together form a
benz ring; - 3 ) o a '

12B is -NH-CO-, -0-CO-, -CHy-O- or -O-CHy- such that
_LZB._QZB is —NH—C_O-QZB,. ;Q_CO;Q2BI —CH2;O-QZB'OI —O—CHz—QZB;
and | | - |

Q2B is

RO

in which RO is hydrogen, halo, (1-6C)alkyl, (1-4C)alkoxy,
benzyloxy or (1-4C)alkylthio; and_RP is l-hydroxyethyl,
1-hydroxy-l-methylethyl, 1l-methoxy-l-methylethyl,

4-piperidinyl, 4-pyridinyl, dimethylaminosulfonyl or -J-R4

in which J is a single bond, methylene, carbonyl, oxo,
-5(0)g- (wherein q is 0, 1 or 2), or eNer'(wherein_Rr is
hydrogen or methyl); and R4 is (1-6C)alkyl, phenyl,
3-pyridyl or 4-pyridyl;. o _ | ' :

12C is -NRV-CO-X-, -NRV_-CS-Y_-,. -CHp-CO-NRW-CHp-,
~0-CO-, -O-CHp-, -S~-CHp- or -CHy-NRX-CHg- such that -L2C-2C
is -NRV-CO-X-Q2C, -NRV-CS-Y-02C, -CH,-CO-NRW-CH,-Q2C,
-0-c0-Q2C, -0-CHy-02C, -S-CHy-Q2C or -CHy-NRX*-CHy-Q2C in
which X is -(CH3)x~ (wherein x is 0, 1 or 2), -NRV-,
~-NR¥W~CHp~, -0-, =-0-CHy~ or -S-CHz-; Y is -NRW-CHy- or.

-0-CHy-; each of RV and R¥ is independently hydrogen, benzyl

or (1-6C)alkyl which is not branched at the O-position; and
RX is hydrogen, benzyloxyCarbOnyl or [(1-4C)alkoxy]carbonyl;
and ' .

Q2C is 1-(4-pyridyl)piperidin-4-yl, 1-(4-pyridyl)-
piperidin-3-yl or 1-(4-pyridyl)pyrrolidin-3-yl in which the
pyridyl may bear a substituent at its 2-position selected

N (R
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from cyano, aminoiiéthyl, carboxy, hydrékymethyl and ~
(1-2C)alkyl; : o

12D is -NH-CO- such that -12P-02D is -NH-C0-Q2D; and

02D is selected from 4-(4-pyridinyl)benzyvloxy, 9-oxo-
9H-fluoren-3-yl, benzo[b]thiophen-2-yl (which may bear a
chloro, methyl or methoxy substituent), benzofuran-2-yl
(which may bear a chloro, methyl or methoxy substituent),
4- (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl or
3,4-didehydropiperidin-4-yl (either one bearing a
substituent at the l-position selected from methylsulfonyl,
phenylsulfonyl, {(1-5C)alkyl, (4-7C)cycloalkyl, tetrahydro-
pyran-4-yl, 4-thiacyclohexyl and -CH3-RZ% in which RZ is
isopropyl, cyclopropyl, phenyl, pentafluorophenyl, furyl,
thienyl, 2-thiazolyl, or pyridyl in which the phenyl may
bear one or two substituents independently selected from
halo, cyano, hydroxy, methoxy, acetoxy, benzyloxy, amino,
acetylamino, nitro and 3,4-methylenedioxy, and the thienyl
or furyl may bear a methyl or nitro substituent) ;

L2E is -NH-CO-O-(CHy)y- (wherein n is 0, 1 or 2) or
-NH-CO-0- (CHy) 2-0- such that -L2E-Q2E is -NH-CO-0-(CHy),-02E
or -NH-CO-O-(CHy)5~0-Q2E; and |

Q2E is 4-piperidinyl or l-benzylpiperidin-4-yl;

or a prodrug of the compound of fprmula I;

or a pharmaceutically acceptable salt of the compound

of formula I or prodrug thereof.

2. The method of claim 1 in which the factor Xa
inhibiting compound of formula I is one wherein

a3, a4, a5 and aS, together with the two carbons to
which they are attached, complete a substituted benzene in
which a3 is cr3, a? is cr4, A5 is cR5, and a6 is cRrS;
wherein

R3 is hydrogen, hydroxy, [(1-2C)alkyl]carbonyloxy

(which may bear an w-carboxy substituent), benzoyloxy (which
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may bear one or more halo)'hydroxy, methoxy or methyl
substituents), methyl;or methoxy;

one of R4 and RS is hYdrogen, methyl, halo,'trifluoro-
methyl, nitro, amino (imino)methyl, amino (hydroxyimino)-
methyl, Rfo-, rRfosc-, Rfopc-cHy-, REO,C-CHy-O-,
3-methoxycarbonyl- 1 oxopropyl RINH- or bis(methylsulfonyl)-
amino;

the other of R4 and R5 is hydrogen, halo or methyl; and

- R® is hydrogen, hydroxy, [(1-2C)alkyl]carbonyloxy
(which may bear en mﬁcarboxy substituent), benzoyloxy (which
may bear one or more_helo, hydroxy, methoxy or methyl
substituents), methyl or methoxy;

in which Rf is hydfogeﬁ; (1-4C)alkyl or benzyl; RY is
hydrogen, acetyl trlfluoroacetyl phenylalanyl,
2~ (t-butoxycarbonylamlno) 4—methylsu1f1nyl l-oxobutyl,
3—[[(1—20)alkoxy]carbonyl]—l—oxopropyl or Rhsoz—; and RBR is
(1-4C)alkyl, trifluoromethyl, phenyl, 3,5—dimethy14
isoxazol-4-yl or dimethylamino;'br |

two adjacenﬁ reeidues'selected from R3, R4 R5 and RS
together form a benz ring; and the other two are each
hydrogen; | | o '

1l is -NH-CO-, -0-CO- or -CO-NH- such that -1l-gl is
“NH-CO-QL, -0-C0-0l or -cO-NH-QLl: .

ol is phenyl, 2-thienyl, 4—thiazclyl,'2—pyri&yl,
2-naphthyl or 1,2-benzisokazol—6-y1 in which the phenyl may
bear one, two or three substituents at the 3-, 4- or
5-position(s) independehtly selected from hale, cyano,
carbamoyl aminomethyl methYl methoxy,'hydroxymethyl,
formyl, vinyl, amlno, hydroxy and 3,4-methylenedioxy, the
2- thlenyl may bear a chloro or methyl substituent at the
5—p051t10n, the 4-thiazolyl may bear an amino substituent at
the 2-position, the 2-pyr1dyl may bear an amino substltuent
at the 6-pos1tlon, and the 1,2-benzisoxazol- 6-y1 may bear a

chloro or methyl substituent at the 3-position;

Jl
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R2 is -L2B-Q2R .12B 2B, _12C-2€;:--12D_q2D op’
_12E_Q2E yherein
L2A is a direct bond; and
QZA is

'Rm
D R"

in which D is carbonyl or ~-CHRK- in which RK is hydrogen,
hydroxy, (1-6C)alkoxy or —CHz—Rj in which RJ is carboxy,
[(1-4C)alkoxylcarbonyl or carbamoyl which may bear one or
10 two (1-2C)alkyl substituents on the nitrogen; and one of R™
| and R? is hydrogen and the other is amino, bromo,
(1-4C)alkyl or (1-4C)alkoxy, or RM and R together form a
benz ring; _ _ _
L2B is -NH-CO-, -0-CO-, -CHz-0- or -O-CHp- such that
15 -12B-g2B js -NH-cO-Q2B, -0-c0-Q2B, -CHp-0-02B or -0-CH-0Q2B;
and
Q2B is

.RO

20 in which R® is hydrogen, halo, (1-6C)alkyl, (1-4C)alkoxy,
benzyloxy or (1-4C)alkylthio; and RP is l-hydroxyethyl,
1-hydroxy-1l-methylethyl, l-methoxy-l-methylethyl,
4-piperidinyl, 4-pyridinyl, dimethylaminosulfonyl or -J-R9
in which J is a single bond, methylene, carbonyl, oxo,

25 -S(0)g- (wherein g is 0, 1 or 2),.or -NRT- (wherein RY is
hydrogen or methyl); and R9 is (1-6C)alkyl, phenyl,
3-pyridyl or 4-pyridyl;

L2C is -NRV-CO-X-, -NRV-CS-Y-, -CHp-CO-NRW-CHj-,
-0-CO-, -0-CHp-, -S-CHy- or ~CHp-NRX-CHs- such that -L2C-Q2C
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is -NRV-C0-X-02C, -NRV-CS-¥-g2C, -CHg-CO-NRY-CH, -02C,
-0-c0-Q2C, -0-CHy-Q2C, -S-CHy-Q2C or -CH,-NR*X-CHy-02C in
which X is -(CHz)y- (wherein x is 0, 1 or 2), -NRW~CHp-,
-0-CHz~ or -S-CHp-; Y is.—NRW—CHé— or -O-CHz-; each of RV
and R¥ is independently hydregen, benzyl or (1-6C)alkyl
which is not branched at thela—position; and R¥ is hydrogen,
benzyloxycarbonyl or [(1- 4C)alkoxy]carbonyl and

02C is 1- (4~pyridyl)piperidin-4-yl in which the pyridyl
may bear a substituent at its 2-position selected from
cyano, aminomethyl, carboxy, hydroxymethyl and (1-2C)alkyl;

12D ig -NH4¢04'such'that -12D_g2D jig ?NH—CO—QZD; and

02D is selected from 4-{4-pyridinyl)benzyloxy, 9-oxo-

9H—fluoren—3-yl,'benzo[b]thiophen-zéyi (which may bear a
chloro, methyl or methoxy substituent), benzofuranez—y1
(which may bear a chloro, methyl or methoxy substituent),
4- (4—morpholinyl) -4-oxobutyl, and 4—piperidinyl'beariﬁg a
substituent at the 1—pos1t10n selected from methylsulfonyl
phenylsulfonyl and —CH2—-Rz in which RZ is isopropyl,
cyclopropyl, phenyl, pentafluorophenyl, furyl, thienyl,
2-thiazolyl, or pyridyl in which the phenyl may bear one or
two substituents independently selected from halo, cyano,
hydroxy, methoxy, acetoxy[ benzyloxy, amino, acetylamino,
nitro and 3,4—methy1enediexy; and the thienyl or furyl may
bear a methyl or nitro substituent;

L2E is -NH-CO-0-(CHy)p- (wherein n is 0, 1 or 2) or
~NH-CO-O- (CHg) 2-O- such that —L2E-QZE is -NH-CO- o—(cnz)n -Q2E
or -NH-CO-0-(CHp)2-0-Q%E; and

Q2E 1s 4—p1per1d1nyl or 1-benzy1p1per1d1n-4—yl

or a prodrug of the compound of ﬁormula_I,

or a pharmaceutically acceptable ‘salt pf the compound
of formula I or prodrug thereof. “ |

3. The method of Claim 1 or 2 wherein for an alkyl

group or the alkyl portion of an alkyl containing group,
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(1-2C)alkyl is methyl or ethyl; (1-4C)&lkyl is methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, or t-butyl;
(1-6C)alkyl is methyl, ethyl, propyl, butyl, pentyl or
hexyl; and halo is bromo or chloro.

4. The method of Claim'3 wherein for an alkyl group
or the alkyl portion of an alkyl containing group,
(1-2C)alkyl is methyl; (1-4C)alkyl is methyl, isopropyl,
butyl or t—bﬁtyl; (1-6C)alkyl is methyl, butyl or hexyl; and
halo is chlorb._

5. The method of any of the above Claims 1-4 wherein
the compound of formula I is one in which each of A3, A5 and
a6 is cH.

6. The method of any of the above Claims 1-5 wherein
ol is 4-chlorophenyl or 4-methoxyphenyl.

7. The method of any of the above Claims 1-6 wherein
R2 is (4-t-butylbenzoyl)amino, (4-methoxybenzoyl)amino, or

[1—(4-pyridyl)piperidin?4—ylImethoxycarbonylamino.

8. The method of any of the above Claims 1-7 wherein
Ll-ol is -nH-co-0l.

9. Tﬁe'method of any of the above Claims 1-7 wherein
Ll-0l is -co-nu-0l.

10. A novel.compound of formula I
6

pAA QT
Al \,IE T
§§¢P B2 .
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wherein

a3, A4, A5 and A6, together with the two carbons to
which they are attached, complete a substituted benzene in
which A3 is cR3, a4 is CR4, A5 is CR3, and a6 is CRS; -
wherein

R3 is hydrogen, hydroxy, [(1-2C)alkyllcarbonyloxy
(which may bear an akcarboxy substituent), benzoyloxy (which
may bear one or more halo, hydroxy, methoxy or methyl
substltuents), methyl or methoxy, '

one of R4 and RS is hydrogen, methyl, halo, trlfluoro—:
methyl, nitro, amino(imino)methyl, amino (hydroxyimino)-
methyl, Rfo-, rfo,c-, rRfoyc-cHy-, Rfoyc-CHy-O-,
3—methoxycarbonyl-1—oxoprbpy1, RINH- or biS(méthYlsulfonyl)-
amino; ' |

the other of R4 and R5 is hydrogen, halo or methyl; and

R6 is hydrogen, fluoro, hydroxy, [(1-2C)alkyl]-
carbonyloxy (which may bear an w-carboxy substituent),.
benzoyloxy (which'may bear one or more halo, hydroxy,
methoxy or methyl substltuents), methyl or methoxy,

in which Rf is hydrogen, (1-4C)alkyl or benzyl Rg_is
hydrogen, [(l 4C)alky1]carbonyl, acetyl, trifluoroacetyl,
methoxyacetyl, dimethylaminoacetyl, phenylalanyl,
2-(t—butoxycarbonylémino)—4—methylsulfinyl—l—oxobutyl,
3-[[(1—2C)alkoxy]carbonyl]—l—oxopropyl.dr Rhsoh- (whérein h
is 1 or 2); and RR is (1-4C)alkyl, trifluoromethyl, phenyl,
3,S-dimethy1isoxazol-4-yl or dimethylaminq;'or - |

two adjacent residues selected from R3, R4r“R5 and RS
together form a benz ring; and the other two are each
hydrogen; | o

Ll is -NH-CO-, -0-CO- or -CO-NH- such that -Ll-gl is
-NH-C0-QL, -0-C0-Ql or -cO-NH-QL:

ol is phenyl, 2-furanyl, 2-thienyl, 4-thiazolyl,
2-pyridyl, 2-naphthyl, l,2¥dihydrobenzofuran-5-yl,
1,2-dihydrobenzofuran-6-yl or 1,2-benzisoxazol-6-yl in which

18t
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the phenyl may bear one, two or three substituents at the
3-, 4- or 5-position(s) independently selected from halo,
cyano, carbamoyl, aminomethyl, methyl, methoxy, difluoro-
methoxy, hydroxymethyl, formyl, vinyl, amino, hydroxy and
3,4-methylenedioxy, and in addition the phenyl may bear a
2-chloro or 2-fluoro substituent, the 2~furanyl or 2-thienyl
may bear a chloro or methyl substituent at the 5-position,

the 4-thiazolyl may bear an amino substituent at the

2-position, the 2-pyridyl may bear an amino substituent at

the 6-position, and the 1,2~-benzisoxazol-6-yl may bear a

‘chloro or methyl substituent at the 3-position; or 4CO—Q1 is

cyclopentenylcarbonyl or cyclohexenylcarbonyl;

R2 is -L2RA-02A, _12B_ 2B, _12C_2C, _12D_2D op
—LZE—QZIIE wherein B |

L2A is a direct bond; and

Q2A is

in which D is carbonyl or -CHRK- in which RK is hydrbgen,
hydroxy, (1-6C)alkoxy, or —CHZ—Rj in which RJ is carboxy,
[(1—4C)alkoxy]éarbonyl or carbamoyl which may bear one or
two (1-2C)alkyl substituents on the nitrogen; and one of R®
and RR is hydrogen and the other is amino, bromo,
(1-4C)alkyl or (1-4C)alkoxy, or R® and R! together form a
benz ring;

. L2B is -NH-CO-, -0-CO-, -CHp-0O- or -O-CHp- such that
-1.2B-02B js -NH-CO-Q2B, -0-C0-Q2B, -CH-0-Q2?B or -0-CH,-02B;
and

QZB is
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in which RO is hydrogen, halo, (1-6C)alkyl, (1-4C)alkoxy,
benzyloxy or (1-4C)alkylthio; and_RP_is 1-hydroxyethyl,
1—hydroxy51-methylethyl, l—me;hoxy—l—mgthylethyl, .
4-piperidinyl, 4-pyridinyl, dimethylaminosulfonyl or -J-R4
in which J is a single bond, methylene, carbonyl, oxo,
-S(0) g~ (wherein q is 0, 1 or 2), or -NR¥- (wheiein RY is
hydrogen or methyl); and R9 is (1-6C)alkyl, phenyl,
3-pyridyl or 4-pyridyl; ._ _

12C is -NRV-CO-X-, -NRV-CS-Y-, -CHy-CO-NRW-CHp-,
-0-CO-, -O-CHz-, -S-CHy- or ~CHz-NR¥-CHz- such that -12C-Q2C
is -NRV-CO-%-02C, -NRV-CS-Y-Q2C, -CHy-CO-NRW-CHy-Q2C,
~0-C0-02C, -0-CH3-Q2C, -S-CHp-02C or -CHp-NRX-CHz-02C in
which X is ~(CHy)x~ (wherein x is 0, 1 or 2), -NRW-,
-NR¥-CHp-, ~O-, -0O-CHp- or —S~CH2—; Y is -NRY-CH3- or

~0-CHg~; each of RV aﬁd R¥ is independently hydrogén, benzyl

or (1-6C)alkyl which is not bran¢hed'at the d—pdsition; and
RX is hydrogen, benzyloxycarbonyl or_{(1—4C)alkoxy]carbonyl;
and _ . :
Q2C is 1-(4-pyridyl)piperidin-4-yl, 1-(4-pyridyl)-
piperidin-3-yl or 1-(4-pyridyl)pyrrolidin-3-yl in which the
pyridyl may bear a substituent at its 2-position selected
from cyano, aminomethyl, carboxy, hydroxymethyl and
{(1-2C)alkyl; .
12D is -NH-CO- such that -L2D-02D is -NH-C0-Q2D; and
02D is selected from 4-(4-pyridinyl)benzyloxy, 9-oxo-
9H-fluoren-3¥yl, benzo[b]lthiophen-2-yl (which may bear a
chloro, methyl or methoxy substituent), benzofuran-2-yl
(which may bear a chloro, methyl or methoxy substituent),
4~ (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl or
3,4-didehydropiperidin-4-yl (either one bearing a .

SHmE




10

15

20

25

30

\\\

wosmo 0 0 nm —

- 297 - -
substituent at the l-position selected from methylsulfonyl,
phenylsulfonyl, (1-5C)alkyl, (4—7C)cycloalky1, tetrahydro—
pyran-4-yl, 4-~thiacyclohexyl and -CH2-R? in which RZ? is
isopropyl, cyclopropyl, phenyl, pentafluorophenyl, furyl,
thienyl, 2-thiazolyl, or pyridyl in which the phenyl may
bear one or two substituents independently selected from
halo, cyano, hydroxy, methoxy, acetoxy, benzyloxy, amino,
acetylamino, nitro and 3, 4-methylenedioxy, and the thienyl
or furyl may bear a methyl or nitro substituent);

L2E js -NH-CO-0O-(CHy)p- (wherein n is 0, 1 or 2) or
-NH-CO-0- (CHp) 2~0O- such that -L2E-Q2E is -NH-CO-0-(CHjy),-Q2E
or -NH-CO-O-(CHjy)5-0-Q2E; and

02E ig 4—piperidinyl'or l1-benzylpiperidin-4-y1;

or a prodrug of the compound of formula I;

or a pharmaceutically acceptable salt of the compound
of formula I or prodrug thereof;

provided that the compound is not one wherein each of
a3, a4, A5 and A% is CH, R? is phthalimido, and -Ll-Ql is
-NH-C0-Ql, in which Q1 is phenyl bearing a 4-chloro;
4-methyl or 4-methoxy substituent, or -Ll-gl is —CO—NH—Ql in
which Ql is phenyl or phenyl bearing a 4-chloro, 4-methyl or
4-methoxy substituent;

nor one wherein each of A3, A5 and ab is cH, a4 is
c-oH, -Ll-pl is -NH-cO-Ql, and R2 is -NH-CO-Q2B in which,
selected together,_Q1 is phenyl or phenyl bearing a
3-chloro, 4—fluoro_o£ 4-methoxy substituent and Q2B ig
4-methylphenyl, 4-ethy1phehyl or 4-methoxyphenyl or Ql is
phenyl or phenyl bearing a 4-methoxy, 4-chloro,
3,4-dichloro, 3,5-dihydroxy, 3,4-dihydroxy or 3-hydroxy
substituent(s) and Q2B is 4-methylphenyl or 4-methoxyphenyl.

11. The novel compound of formula I of claim 10
wherein
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which they are attached, complete a substituted benzene in
which a3 is cr3, a4 is cr4, A5 is CR5, and A6 is CRrY;
wherein ' ' ' .

R3 is hydrogen, hydroxy, [(1-2C)alkyl]carbonyloxy

'(which”may'bear an ®-carboxy substituent); benzoyloxy (which.

may bear one or more halo, hydroxy, methoxy or methyl
substltuents), methyl or methoxy,'

one of R4 and R5 is hydrogen, methyl, halo, trifluoro-
methyl, nitro, amlno(lmlno)methyl amlno(hydroxylmlno)—
methyl, Rfo-, rRfoyc-, Rrfoc-cHy-, Rfosc-cHy-0-,
3-methoxycarbonyl 1 oxopropyl RQNH- or bls(methylsulfonyl)-
amino; : .
the other of R4 and RS is hydroéen) halo or methvl; and
R6 is hydrogen, hydroxy, [(1-2C)alkyl]carbonyloxy

(which may bear an ®-carboxy substituent), benzoyloxy (which

-may bear one or more halo, hydroxy, methoxy or methyl

substituents), methyl or methoxy;
~ in which Rf is hydrogen, (1-4C)alkyl or benzyl; Rg is”
hydrogen, acetyl trlfluoroacetyl phenylalanyl
2-(t-butoxycarbonylamino) - 4—methylsu1f1nyl 1- oxobutyl
3-[[(1-2C)alkqu]carbony1}—l oxopropyl or RhSOZ—, and Rb isg
(1—4C)alkyl; trifluoromethyl, phenyl,'3,5—dimethy1—
isoxazol-4-yl or dimethylamino; or

two adjacent re51dues selected from R3 R4, R5'and R6
together form a benz rlng, and the other two are each
hydrogen; | ' |

Ll is -NH-CO-, -0-CO- or ~CO-NH- such that -nl-gl is
-NH-co-1, -0-co- Ql or —co—NH-Ql

ol is phenyl, 2-thienyl, 4-thiazolyl, 2—pyr1dyl
2-naphthyl or 1,2-benzisoxazol-6-yl in which the phenyl may
bear one, two or three substituents at'the'3—, 4- or
S-position(s) independently selected from halo, cyano,
carbamoyl, aminomethyl, methyl, methoxy, hydroxymethyl,
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formyl, vinyl, amino, hydroxy and 3, 4-methylenedioxy, the
2-thienyl may bear a chloro or methyl substituent at the
5-position, the 4-thiazolyl may bear an amino substituent at
the 2-position, the 2-pyridyl may bear an amino substituent
at the 6-position, and the 1,2-benzisoxazol-6-yl may bear a
chloro or methyl substituent at the 3-position; |

R2 jis -L2A_Q2A, -L2B.g2B, _L2C_Q2C, _L2D_Q2D or
~-L2E_Q2E ywherein

12A is a direct bond; and.

Q22 is

Rm

D R"

- in which D is carbonyl or -CHRK- in which RK is hydrogen,

hydroxy, (1-6C)alkoxy or —CHZ-Rj in which RJ is carboxy,
[(1-4C)alkoxy]lcarbonyl or carbamoyl which may bear one or
two (1-2C)alkyl substituents on the nitrogen; and one of RM
and R? is hydrogen and the other is amino, bromo,
(1-4C)alkyl or (1-4C)alkoxy, or R™ and R® together form a
benz ring;

L2B js -NH-CO-, -0-CO-, -CHy-O- or -O-CHp- such that
~12B_2B js -NH-CO-02B, -0-c0-02B, —CH,-0-02B or -0-CH,-02B;
and

QZB is

RO

in which R® is hydrogen, halo, (1-6C)alkyl, (1-4C)alkoxy,
benzyloxy or (1-4C)alkylthio; and RP is 1l-hydroxyethyl,
1-hydroxy-l1l-methylethyl, l-methoxy-l-methylethyl,

4-piperidinyl, 4-pyridinyl, dimethylaminosulfonyl or -J-RY
T T v
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in which J is a single bond, methylene, carbonyl, oxo,: '
-S{0) g~ (wherein qfis-o, 1l or 2), or -NRY¥- (wherein RY is
hydrogen or methyl); and R9 is (1 6C)a1kyl phenyl

- 3-pyridyl or 4—pyr1dyl

L2C ig -NRV~CO-X+, -NRV-CS-Y-, -CHp-CO-NRV-CHp-,
-0-CO-, -0-CHg-, -S-CHg- or -CHy-NRX-CHz- such that -L2C.g2C
is -NRV-CO-X-02C, -NRV-CS-Y-Q2C, - -CH,-CO-NRY-CH,-Q2C,
-0-c0-02C, -0-CHy-02C, -S-CH3-Q2C or -CHy-NRX-CH5~Q2C in
which X is -(CHp)x~ (wherein x is 0, 1 or 2), -NRY-CHy-,
-0-CHz- or -S-CHp-; Y is -NRW-CHy- or -0-CHa-; each of RV
and RV¥ is 1ndependent1y hydrogen, benzyl or (1-6C)alkyl
which is not branched at the a—p081tlon, and RX is hydrogen, -
benzyloxycarbonyl or [(1—4C)a1koxy]carbony1; and

02C is 1-(4-pyridyl)piperidin-4-yl in which the pyridyl
may bear a substltuent at its 2-position selected from
cyano, am1nomethyl carboxy, hydroxymethyl and (1-2C)alkyl;

12D is -NH-CO- such that -12D-02D is -NH-CO-02P; and

02D js selected from 4-(4-pyridinyl)benzyloxy, 9-oxo-
9H-fluoren-3-yl, benzo[b]thiophen-2-yl (which may bear a
chloro, methyl or methoxy'éubstituent), benzofuran-2-yl
(which may bear a chloro, methyl or methoxy substituent),
4- (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl bearing a
substituent at the 1—position'se1ected from methylsulfonyl,
phenylsulfonyl and -CH2-R%Z in which RZ is isopropyl,
cyclopropyl, phenyl, pentafluorophenyl, furyl, thienyl,
2-thiazolyl, or pyrldyl in which the phenyl may bear one or
two substituents independently selected from halo, cyano,
hydroxy, methoxy, acétoxy, benzyloxy, amino, acetylamino,
nitro and 3, 4—methylenedloxy, and the th1eny1 or furyl may
bear a methyl or nitro substituent;

| L2E is -NH-CO-O-(CH3)p- (wherelnlﬁ is 0, 1 or 2) or

~NH-CO-O- (CHp) 2O~ such that -L2E-Q2E is -NH-CO-O- (CHp)p-Q2E
or -NH-CO-O-(CHp)2-0-02E; and

Q2E js 4—p1per1d1nyl or 1—benzylp1per1d1n-4-yl
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or a prodrug. of the compound of fggmula I;

or a pharmadeutically acceptable éalt of the compound
of formula I or prodrug thereof;

provided that the compound is not one wherein each of
a3, a4, A5 and a6 is CH, R2 is phthalimido, and -L1-Ql is
-NH-C0-Q1, in which 0l is phenyl bearing a 4-chloro,
4-methyl ox 4—methoxy substituenﬁ, or -L1-@l is -co-mm-ol in
which 0ol is phenyl or phenyl bearing a 4-chloro, 4-methyl or
4—methoxy substituent;

nor one wherein each of A3, A5 and A® is cH, a% is
c-0H, -Ll-Ql is -NH-CO-Ql, and R2 is -NH-CO-Q2B in which,
selected together, Ql is phenyl or phenyl bearing a
3-chloro, 4-fluoro or 4-methoxy substituent and Q2B is
4-methyiphenyl, 4-ethY1pheny1 or 4-methoxyphenyl or Ql is
phenyl or phehyl bearing a 4-methoxy, 4-chloro,
3,4-dichloro, 3,5-dihydroxy, 3,4-dihydroxy or 3-hydroxy
substituent (s) and Q2B is 4-methylphenyl or 4-methoxyphenyl.

12. The compound of Claim 10 or 11 wherein for an

alkyl group or the alkyl portion of an alkyl containing

group, (1-2C)alkyl is methyl or ethYl; (1-4C)alkyl is

methyl, ethyl, propyl, isopropyl, butyl, isobutyl, or t-
butyl; (1-6C)alkyl is methyl, ethyl, propyl, butyl, pentyl

or hele; and halo is bromo or chloro.

13. The compound of Claim 12 wherein for an alkyl
group or the alkyl portion of an alkyl containing group,
(1-2C)alkyl is methyl; (1-4C)alkyl is methyl, isopropyl,
butyl or t-butyl; (1-6C)alkyl is methyl, butyl or hexyl; and
halo is chloro. |

14. The compound of any of the above Claims 10-13
wherein the compound of formula I is one in which each of
a3, A5 and a6 is CcH.
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15. The compound of any of the above Claims 10-14
wherein 01 is 4-chlorophenyl or 4-methoxyphenyl. '

16. The compound of any of the above Claims 10-15
wherein R? is (4-t-butylbenzoyl)amino, (4-methoxybenzoyl)-
amino,”or [l—(4-pyridyl)piperidin-4—yl]methbxycarbonylamino5

17. The compound of any of the above Claims 10-16
wherein Ll--Q1 is —NH—CO Q1 '

18. The compound of any of the above Claims 10-16
wherein Ll-Ql is -CO-NH—-Ql '

19. A pharmaceutical composition comprising a compound
of formula I, or'prodrug or pharmaceutically acceptable salt

" thereof, as claimed in Claim 10 in association with a

pharmaceutically acceptablé carrier, excipient or diluent.

20. A process for preparing a novel compound of _
formula I (or a pharmaceutically acceptable salt thereof) as
provided in claim 10 which is selected from ' '

(a) for a compound of formula I in which thé linkége
of R2 to the ring terminates in'-NH—CO—,'-NRV-CO- or
-NRV-CS-, acylating an amine of formula II,

11

or a corresponding amine in which the nitrogen bears the
group RV, using a corresponding acid which terminates with
the group HO-CO- or HO-CS-, or an activated derivative:
thereof; | |

YimE I



| T —

- 303 - .
(B) for a compound of formula I in which -Ll-gl is
-NH-CO0-Ql, acylating an amine of formula IIT

Ae’gf NH,
7
A§§y§ R2

using an acid of formula HO-c0-Ql, or an activated
derivative thereof;

(C) for a compound of formula I in which -Ll-Ql isg
-CO-NH-Ql and R2 is of the form —NH—CO—QZ,-acylating an

10 amine of formula HZN-Ql using a [1,3loxazine of formula IV,

wherein 02 represents Q2B, g2C or g2D;

15 (D) for a compound of formula I in which R2 is
~L2A_02A and D is carbonyl, diacylating a compound of
formula II using an anhydride of formula V;

O
Hm
O v
Rn
(o]
20 ' (E) for a compound of formula I in which R2 is

-0-C0-Q2B, acylating an alcohol of formula VI
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. Ai/)aIU Q' ..
' VI
A§§A‘ OH

using an acid of formula HO-CO-02B, or an activated
derivative thereof; _ _
(F) for a compound of formula I in which R4 or RS is

amino, reducing the nitro group of a corresponding compound’

of formula I in which R4 or RS is nitro; and.

(G) for a compound of formula I in which R4 or RS is
RINH- and RI is-RhSOZ—, substituting the amino group of a
corresponding compound of formula I in which R4 or RS is
amino using an activated derivative of the-sulfonié acid
RRS0,~0H; |

whereafter, for any of the above procedures, when a
functional group is protectgd using a protecting group,
removing the profecting group;'and

whereafter, for any of ﬁhe_abdve procedures, when a
pharmaceutically acceptable salt of a compound of formula I
is required, it is obtained by reacting the basic form of a
basic compound of formula I with an acid affording a
physioldgically acceptablé counterion or the acidic form of
an acidic compound of formula I with a base affording a
physiologically acceptableICOunterion or by-any other
conventional procedure; and

wherein, unless otherwise specified, Ll, ol, R2, RN,
RR, a3, a4, a5 and A6 have any of the values defined in
claim 10. '

21. The use of a factor Xa inhibiting compound of
formula I substantially as hereinbefore described with

reference to any of the Examples.
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22. A noveélicompound of formula;i'substantially as
hereinbefore described with reference to any of the

Examples.

23. A process for preparing a novel compound of

formula I substantially as hereinbefore described with
reference to any of the Examples.
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