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Bicyclic Fibrinogen Antagonists .

jeld of nvention )

This invention rclates to noval bicyclic compounds which inhibit platelet

' aggregauon, pharmaceutical composmons containing the compounds and mcthods of

using the compounds
un jon

_ Platelet aggregation is believed to be medtated pnmanly through the fibnnogen
receptor, or GPIIb-Ta platelet receptor complex, which is a member of 2 family of _
adhesion receptors referred to as integrins, It has been found that frequently the natural
ligands of integrin receptors are proteins which contain an Arg-Gly-Asp sequence. Von
Willebrand factor and fibrinogen, which are considersd to be natural ligands for the
GPIIb-IIa seceptor, possess an Arg-Gly-Asp (RGD in single letter amino acid code)
sequence in their primary structure. Functionally, these proteins are able to bind and
crosslink GPITb-IlTa receptors on adjacent platelets and thercby effect aggregarion of
platelets. : '
- Fibronectin, vitronectin and thrombospondin are RGD-containing proteins which
have also been demonstrated to bind to GPIIb-IIIa. Fibronectin is found in plasma and as
a structural protein in the intracellular matrix. Binding between the structural proteins
and GPIIb-ITfa may function to cause platelets to adhere to damaged vessel walls.

Linear and cyclic peptides which bind to vitroncctin and ¢contain an RGD
sequence are disclosed in WO 89/05150 (PCT US88/04403). EP 0 275 748 discloses
linear tetra- to hexapeptides and cyclic hexa- to octapeptides which bind to the GPIIb-IIla
receptor and inhibit platelet aggregation. Other linear and cyclic peptides, the disclosure
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of which are incorporated herein by reference, are reported in EP-A 0341 915. Howéver,
the peptide like structures of such inhibitors often poée problems, such as in drug
' delwery, metabohc stab:hty and Sclectxvxty Inhsztom of the ﬁbrinogen receptor which
are not constructed of natural amino acid sequences are disclosed in EP-A 0 372,486, JEP.
A 0381033 and EP-A 0 478 363, WO 92/07568 (PCT/US91/08166) discloses
fibrinogen receptor antagonists which mimic a conforiational y-turn in the RGD
sequence by forming a monocyclic seven-mcmbered ring structure. There remains a
need, however, for novel fibrinogen receptor antagondsts (e.g. inhibitors of the GPIIb-Ia
protein) which have potent in vivo and in vitro effects and lack the peptide backbone
structure of amino acid sequences.
, The present invention discloses novel bicyclic compounds including benzazepines
and benzodiazepines, which-are inhibitars of the GPIT-ITa feceptor and inhibit platelet
aggregauon Certa.m 5-phcnyl—1 A-benzodiazepines are known as a ¢lass of drugs which
affect the centra,l nervous system, and have been used as anxiolytics. See Sternbach,
LH.,J-Med. Chem., 22,2 (1979). Ithas also been disclosed that certain 5-phenyl-1,4-
benzodiazepines antagonize the effects of cholecystokinin, Ses Friedinger, Med. Res.
Rev.,9, 271 (1989). Certain- ‘bicyclic compounds which have fibrinogen antagonist
activity are disclosed in WO 93/08174 (PCTIUSQZ/087 88) ‘WO 93/00095
(PCI‘/US/92/05463) and WO 94/14776 (PCT/US93I12436) '

In one aspect this invention is & compound as hereinafier disclosed for inhibiting
platelet aggregation. : '

This invention is also a pharmaceutical composition for inhibiting platelet
aggregation or clot formation, which comprises a compound of the invention and a
pharmaceutically acceptable carrier.

This invention further comprises the use of a compound of formula (f) in the
manufacture of a medicament for inhibiting platelet aggregation

In another aspect, this invention provides a method for inhibiting reocclusion of
an artery or vein in a mammal following fibrinolytic therapy or angioplasty, which
comprises intemmally administering an effective amount of 3 fibrinolytic agent and a
compound of the invention. This invention is also a method for treating stroke, transient
ischemia attacks, or myocardial infarction.

This Sheet Has Been Replace

(WA llll




on oo | THIS SHEET HAS BEEN,
LR Benn T REPLAGED: ©

- Detailed Description of the Invention

Although not intending to be bound to any specific mechanism of action, the
‘compounds of this invention atc believed 1o inhibit the binding of fibrinogen to the
platelet-bound fibrinogen receptor GPIIb-IIa, and may interact with other adhesion
‘proteins via antagonism of a putative RGD binding site.

Compounds of this invention are described by formula (I):

whe.reil{

Alis NH or CHy.

Ris H, Cy.galkyl, benzyl or a carboxy protecting group.

. R3is C1_5a.lkyl, Cs.¢alkenyl, Ar-Cy.galkyl, Ca.7cycloalkylCy.galkyl, or Het-
_ C;.c,alkyl In. pamculm:, R3 may be methyl, isopropyl, n-butyl, isopentyl, 2,2-
dxmethylbutyl phe.nylethyl phcnylpemyl 2-th1eny1ethyl, cyclohexylethyl

R6 is 4-amidino-Ar-CON(CH3), 2(4-piperidinyl)(N-methyl)ethylaminocarbonyl,
4-(4-piperidinyl)pipeﬁc{inylcarbonyl, 4-((2-amino)ethyl)-piperidinylcarbonyl, 3-(4-
piperidinyl)(N-methyljpropylaminocarbonyt, 4-(4-pyridyl)piperidinylcarbonyl, 2-(4-
piperidinyl)ethylcarbonylamino, 2-(4-piperidinyl)ethylcarbonyl(N-methyl)amino, or
{1,2,3,4-tetrahydro-7-isoquinolinyl)aminocarbonyl.

Also included in this invention are pharmaceutically acceptable addition salts,
complexes or prodrugs of the compounds of this invention. Prodrugs are considered to be
any covalently bonded cartiers which release the active parent drug accordmg to formula
(D in vivo.

In one subgenus, At is NH and forms a 1,4 benzodiazepine which is preferably
subsituted in the 8 position, and RS is 2-(4-piperidinyl)(N-methyl)ethylaminocarbonyl, 4-
(4-piperidinyl)piperidinylearbonyl, or (4-amidino-3-fluoro)phenyl-(N-methyl)
aminocarbonyl. Preferably, RS is 2-(4-piperidinyl)(N-methyl)ethylaminocarbonyl.

In another subgenus, AlisNH and forms a 1,4 benzodiazepine wh1ch is
subshtuted in the 7 position, and RS is 4-(4—plpendiny1)p1pendmylcarbonyl, (4-
mnﬁmo)phenyl—(N—methyl)ammocarbonyl 4-((2-amino)ethyl)-piperidinylcarbonyl, 3-(4-
piperidinyl)(N-methyl)propylaminocarbonyl, 4-(4-pyridyl)piperidinylcarbonyl, or '
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(1,23 ,4-tetrahydro-7-isoquinblinyl)aminocarbOnyl. Preferably, RO is 4-(4-
piperidinyl)piperidinylcarbonyl.
In yet another subgenus, Al is CHp and forms 2 2-benzazeptine, which is
" substitated in the 7 or 8 position, preferably the 7 position, and RS is a@
piperidinyl)piperidinylcarbonyl, (4-amidino)phenyl-(N -methyl)aminocarbonyl, 2-(4-
piperidinyl)e&ylcarbonylamino, 2—(4-pipe:idinyl)ethylcarbonyl(N -methyl)amino, or 2-(4-
pipcridinyl)(N~meﬂ1yl)emylaminocarbonyL '
Preferred compounds of this inventon are:

{1y}

whetein if X is H, R3 is not phenylethyl of, with respect to (1II) only, cyclohexylethyl.
Such compounds wherein X is Hand R3 is phenylethyl or cyclohexyl are described in
WO 94/14776 and are not a part of this invention.
Representative compounds of this invention are:
(R,S)-2,3 ,4,5-ten'ahydro-4-memy1-3-oxo-8*[[[2-(4-piperidmy1)ethyl]
mcthylamino]carbonyl]—lH—1,4—benzodiazepine-2-acetic acid; :
(R.S)-Z,S,4,5—tetrahydro—4-isopentyl—3-oxo-8-[[[2—(4-piperidiny1)ethyl]methylamino]
carbonyl]- 1H-1,4-benzodiazepine-2-acetic acid; o
(R,S)-S-[[[4«{aminoilnmomemyl)—B-ﬂuorophcnyl]meﬁxylamino]carbonyl]-2,3,4,5-.
tetrahyd:0-3-0x0-4—-(2-phenylethy1)- 1H-1,4-benzodiazepine-~2-acetic acid;
(R,S)-S-[[(1,2.3,4—teuahydro-'I-isoquinolinyl]amino]carbOnyI]«2.3,4,5-tetrahydro-3-oxo—
4—(2—phenylethy1)-1H-1,4-benzodiazepine—-2-acetic acid; _
(R,S)‘-7-[(4.4"-bipiperidin-1-y1)carbony1]+[z-(cy¢mhexy1)emy1]-z,3,4,5-‘£c:rahydm-3—
oxo-1H-1,4-benzodiazepine-2-acetic acid; ‘
(R.S)—7-[[4-(2-aminoethyl)pipeﬁdin- 1-yi] carbonyl]-?.,3,4,5-tetrahydro-3-0x0—4- (2-
phgnylethyl} 1H-1,4—benzodiachine-2—acctic acid;
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(R,8)-7-{[(1.2,3 4~tetrahydro-7 1soqumolmy1]ammo]carbonyl] ~2.3:4,5-tetrahydro-3-0xo-
4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;

(R.S)-7-[(4,4‘-pipiperiq1n-1—yl)_carbonyl]-2_,_3,4,5a.teu"al;ydro-{l-meth.y;'-q-_qxo:11;1_:_1_,“4_- e

benzodiazepine-2-acetic acid;
(R,8)-2,3,4,5-tetrahydro-3-0x0-2-(2-phenylethyl)-7-[[[2-(1-piperazinyl)ethyl]
methylamino]-carbonyl]- 1 H-2-benzazepine-4-acetic acid;
(R,S)-2-butyl-2,3.4,5-tetrahydro-3-ox0-7-[[[2-(piperidin-4-yl)-
ethyllmethylamino]carbonyl]-1H-2-benzazepine-4-acetic acid;
2-benzyl-2,3.4,5-tetrahydro-3-0x0-7- [[[2-(plpendm-rl—yl)-ethyl]methylammo]carbonyl]-
1H-2-benzazepine-4-acetate;
23,4 S—IEtxahydro—B-0xo-2-(5-phenylpentyl)-7-[[[2-(p1pendm-4—yl)-ethyl]methylamino]
carbonyl]- 1H-Z—benzazepme-4—acetate

®,5)-7-[[[4-(aminoiminomethyl)phenyllmethyl-amino]earbonyl]-2,3,4 s-tecrahydro-?,‘ il o

isopropyl-3-oxo-1H-2-benzazepine-4-acetic acid; _ :
R,8)-2,3.4,5-tetrahydro-2-isopropyl-3-0xo-7-{[{2-(4-piperidinyl)ethyllmethylamino]
carbonyl]- 1 H-2-benzazepine-4-acetic acid; '

®R.8)-2,3.4 5-tctrahydro-2-:sopenty1-3-oxo~7-[[[2-(4-p1pcndmyl)eﬂ1y1]meﬂ1y1ammo]
carbonyl]-1H-2-benzazepine-4-acetic acid; :

(R,5)-2-(3,3-dimethylbutyl)-2,3 4,5—tetrahydro—3-oxc-'l-[[[2-(4-p1pendmy1)ethyl]
meﬁxylammo]carbonyl]—1H—2-benzazepme¢aceuc acid;

(R,8)-2-cyclohexyl-2.3, 4,5-tetrahydro-3-oxo—7-[[[2—(4—p1peridiny1)ethyl]
methylamino]carbonyl]-1 H-2-benzazepine-4-acetic acid ;

(R, S)-2-[2-(4~ﬂuoropheny1)ethyl]-2,3 4 5-tetrahydro-s-oxo—‘?-[[[2-(4—p1pendmy1)emy1]
methylamino]-carbonyl]- 1H-2-benzazepine-4-acetic acid;
(R,8)-7-[[[4-(aminoiminomethyl)phenyl}-carbonylJamino}-2,3,4,5-tetrahydro-3-0x0-2-(2-
phenylethyil- 1H-2-benzazepine-4-acetic acid;

(R,8)-2-[2-(cyclohexyl)ethyl]-2, 3 4,5~ tetrahydro-B—oxo-?-[[[2—(4-p1pendmy1)ethy1]
carbonyllamino}- 1H-2-benzazepme-4-acauc acid;

(R,S)-8-[(4,4"-bipiperidin-1 ¢yl)carbonyl]—2,3,4,5-tet.rahydro-3—oxo-2-(2-phenylethy1)-IH-
2-benzazepine-4-acetic acid;

R.5)-2,3,4 5-tetrahydro-s-oxo-2-(2-pheny1ethyl)—7-[[[2-(4-p1pendmyl)ethyl]-
methyla:mno]carbonyl] 1H-2-benzazepine-4-propionic acid;

H-7-[(4, 4‘-b1pxpendm- -yhcarbonylj-2,3.4,5-tetrahydro- 3-ox0-4~(pheny1ethy1)-1H-1 4—
benzodiazepine-2-acetic acid;

(-)-7-[(4,4"-bipiperidin-1-yl)carbonyl]-2,3 4.5-terrahydro—S-oon-(phcnylemyl)-IH—I 4-
benzodiazepine-2-acetic acid;
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(R,S)-?-[[(4 4'- bipipendm- -yl]carbonyl}-2,3,4 5-tetrahydro—4-1sopropyl—3—oxo-IH-1 4
benzodxazep1ne~2—aceuc acid;

(R)-7-{(4,4- b1p1pendm— -yl)carbonyl]-2 3 4 5 uetra.hydro 4~methy1—3 oxo-lH-I 4— o
benzodiazepine-2-acetic acid; o
(8)-7-[(4,4"-bipiperidin-1-yDcarbonyl]-2,3,4.5-tetrahydro-4-methyl-3-oxo-1H-1,4-
benzodiazepine-2-acetic acid;

Sodinm (R,S)~7-{(4,4'-bipiperidin-1-yl)carbonyl}-2,3,4 5-tctrahydr0—4—meﬂ1yl-3—ox0-1H-
1,4-benzodiazepine-2-acetate;
(R)-2,3,4,5-tetratydro-4-methyl-3-oxo-8-[[[2-(4-piperidinylethyl]
methylamino]carbonyl]-1H-1.4-benzodiazepine-2-acetic acid,;

(S)»Z 3.4,5-tetrabydro-4-methyl-3-oxo-8-([(2-(4-piperidinylethyl]
methylaminojcarbonyl]-1H-1,4-benzodiazepine-2-acetic acid; »

R.8)-8-[1(4. 4'-bipiperidin-1 -yl)]carbonyl]-z 3 4,5 tetrahydro-Z-methyl—S-oxo—lH—Z- .

- benzazepine-4-acetic acid; '
R,5)-2,34.,5 Tetrahydro-?-[1-[4-(4-pyndyl)p1permnyl]carbonyl]—4-methyl-3~oxo—1H—
1,4-benzodiazepine-2-acetic acid;

(R,8)-7-[[[4-(aminoiminomethyl)phenyl] -methylamino]carbonyl]-z 3.4 S-mn-ahydro-z-

: [2-(2-th1cny1)cﬂ1y1]-3-oxo— 1H-2-benzazepme—4-aceuc acid; - : S

- R.5)-2,34 5-tetrahydro—3-oxo—d—(2-pheny1eﬂ1yll)-7 [[[3—(4-plpendnyl] pmpyl]

methylammo]-carbonyl]— 1H-1,4-benzodiazepine-2-acetic acid;

(R,8)-2,3,4,5-tetrahydro-4-methyl-3-oxo-7-[[[3- (4-p1pendny1]propy1]

methylamino]carbonyl]-1H-1 4-benzod1azepme‘2-aceuc ‘acid ;

(R,S)—2,3,4,S-teu'ahydr0—4-1sqpropyl-3-oxo-8-[[[2-(4—p1pendmyl)ethyl]

methylaminojcarbonyi]}-1H-1,4-benzodiazepine-2-acetic acid; .

(5)-2,3,4,5-tetrahydro-4-(2-phenylethyl)-3-oxo0-8-[[[2-(4-

piperidinyl)eﬂxyl]methylamino]carbonyl] 1H-1,4-benzodiazepine-2-acetic acid; and

(R,S)-7-[[[4-(aminoiminomethyl)phenyl]-carbonyl]methylamino]-2,3.4 5-tetrahydro-3~

0X0-2+ (2-pheny1ethyl] 1H-2-benzazepine-4-acetic acid

Specific preferred compounds of this invention are

(R.5)-2,3.4,5-tetrahydro-4-naethyl-3-ox0-8-[[ [2-(4-piperidinyl)ethyl]

methylamino)carbonyll-1H-1,4-benzodiazepine-2-acetic acid;

(8)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-{[[2~(4-piperidinyl)ethyl]

methylamino]carbonyl}-1H-1.4-benzodiazepine-2-acetic acid;

(R,8)-7-[(4,4'-bipiperidin-1 -yl)carbonyl] -2.3 4.5-tettahydro-4-m¢thyl—3-oxo—lH-l 4-

benzodiazepine-2-acetate,

Sodium (R,S)-7-{(4,4'-bipiperidin- l-yl)carbonyl]-2,3 4 5-tetrahydro-4-methyl-3-o0xo- 1H-
1 4—benzod1ampme-2-acetate,
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8)-7-1(4 4‘-bxp1per1dm— -yl)carbonyl]—Z,S 4,5-tetrahydro-4~memyl-3-oxo-lH-l 4-
benzodiazepine-2-acetic acid;

Compounds of this invention wherein Riis Ci.qaliyl, parncularly methyl havc
particularly favorable pharmacological and pharmacokinetic properties. B
The meaning of any substituent at any otie occurrence is independent of its

meaning, or any other substituent's meaning, at any other occurrence, unless specified
otherwise. In cascs wherein the compounds of this invention may have one or more
chiral centers, unless specified, this invention includes each unigue nonracemic
compound which may be synthesized and resolved by conventional techniques. In

- general, compounds which have the S configuration at the chiral ring carbon to which the
acetate group is attached are preferred.

- Abbreviations and symbols commonly used in the pepude and chemical arrs are
used herein to describe the compounds, of this invention. In general, the amino acid
abbreviations follow the IUPAC-TUB .Tomt Comriission on Biochemiical Nomcnclamre
as described in Ewr. J. Biochém., 158, 9 (1984).

| C1.4alkyl as applied herein is meant to include methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl-and t—butyl Cl.ﬁalk)’l addmonally includes pentyl. mpentyl, mopentyl

Cz.e alkenyl as apphed herem medns an allcyl group of 3 to 6 carbons wherem a
carbon-carbon single bond is replaced by a carbon-carbon double bond. C345alkenyl
includes 1-propene, 2-propene, 1-butene, Z-butene. lsobutene and the several i momenc
pentenes and hexenes. Both cis and trans isomers are included.

Ar, or aryl, as applied herein, means phenyl or naphthyl, ot phenyl or naphthyl
substituted by one to three moieties X. In particular, X may be H, Cy_4alkyl, C,_salkoxy,
Cy4alkthio, trifluoroalkyl, N(R),, COsR', CON(R)2, OH, F, CL Bror L.

A substitent on a Cy galkyl or C; galkenyl, such as X, may be on any carbor
atom which results in a stable structure, and is available by conventional synthetic
techniques.

Het, or heterocycle, indicates an optionally substituted five or six membered
monocyclic ring, or 2 nine or ten-mermbered bicyclic ring containing one to three
heteroatoms chosen from the group of nitrogen, oxygen and sulfur, which are stable and
available by conventional chemical synthesis. Tlustrative heterocycles are benzofuryl,
benzimidazole, benzopyran, benzothiophene, furan, imidazole, indoline, morpholine,
piperidine, piperazine, pyrrole, pyrrolidine, tetrahydropyridine, pyridine, thiazole,
thiophene, quinoline, isoquinoline, and tetra- and perhydro- quinoline and isoquinoline.
Any accessible combination of up to three substituents, such as chosen from X, on the
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Het ring that is available by cherpical synthesis and is stable is within the scope of this
invention.
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C3_7cycloalkyl refers 0 an opnonally subsututed carbocychc system of three to o

" seven carbon atoms, ‘which may contain up to two unsaturated carbon-carbon bonds.

" Typical of C4 scycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl and cycloheptyl. Any combination of up to three substituents,
such as chosen from X, on, the cycloalkyl ring that is avaﬂable by conventional chemical
synthesis and is stable, is within the scope of this invention.

t-Bu refers to the tertiary buty! radical, Boc refers to the t-butyloxycarbonyl
radical, Fmoc refers to the fluorenylmethoxycarbonyl radical, Ph refers to the phenyl
radical, Cbz refers to the benzyloxycarbonyl radical, BrZ refers o the
o-bmmobenzyloxycarbcmyl radical, C1Z refers to the o-chlorobenzyloxycarbonyl radical,
Bzl refers to the benzy! radical, 4-MBzl refers to the 4-raethyl benzyl radical, Me refers
to methyl, Et refars to ethyl, Ac refers to acetyl, Alk refers to Cy_4alkyl, Nph réfers to 1-
or 2-naphthy] and cHex refers to cyclohexyl. Tet refers to S-tetrazolyl.
DCC refers to dicyclohexylcarbodiimide, DMAP refm o
- =dunethylammopyndme, DIEA refers to dnsopropylethyl amine, EDC refers to N-ethyl—
e N(d:methylmnmopropyl)‘carbodumde.HOBt refers to 1-hydroxybenzotriazole, THF

refers to tetrahydrofuran DIEA réfers to dusopmpylemylamme, DMF refecs to dunethyl N '

fmmamlde, NBS refers to N-bromo-succinimide, Pd/C refers to a palladium on carbon
catalyst, PPA refers. to l-propanephosphomc acid cyclic anhydride, DPPA refers to
'mphenylphosphoryl azids, BOP refecs 1o benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium hexafluorophosphate, HF refers to hydrofluoric acid,
TEA refers to triethylamine, TFA refers to trifluoroacetic acid, PCC refers to pyridinium
chlorochromate.

Compounds of this invention are prepared by treating, in any order a compound
of the structure:

CO.R

wherein A1 X, R and Rj are as defined above and R6'is R® wherem any basic mtrogen
is protected with a reagent:

(i) to remove an amino protecting group from RS and, if necessary,

(ii) 10 remove a carboxy protecting group from CO3R.
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The compounds of formula (IV) are generally prepared by reacting a compound of
the formula (XT) with a compound of the formula (X1I):

Nf
L'—f ] .to
A1 COQH RG'_LZ
- &D (X1I)

wherein Al and R3 are as defincd for formula (I) , with any reactive functional groups
protected, R ig Cj4alkyl, benzyl or a carboxy protecting group, Ly is CO2H or NH>.

L1 and L2 are functional groups which are capable of reacting to form an amide
bond. If Ly is a basic nitrogen group, such as an amino, methylamino or the nitrogen of a
piperidiny! group, then L1 is COH. For instance R6*L.2 is 4-amidino-Ar-CON(CHz),

2(4-piperidinyl)(N-methyl)ethylamino, 4-(4-piperidinyl)piperidinyl, 4-((2-amino)ethyl- "~ =~

piperidinyl, 3-(4-piperidinyl)(N-methyl)propylamino, 4-(4-pyridyl)piperidinyl, or
(1,23 A-tetrahydro-7-isoquinolinyl)aminocarbonyl, wherein the non-reactive basxc
nitrogen of the amidine, piperidine or amino group is protected by an ammo proteclmg
gomp. . |

"+ TI2 4§ a catboxylic acid-group then L1-is NHg, for instance R6"-L2 is 2-(4-
piperidinylethylcarboxlic acid, wherein the basic nitrogen of the piperidinyl group is
protected. -
The compounds of formula (XI) are benzodiazepines and benzazepines, and are
prepared by general methods known in the art such as those disclosed in WO 93/00095
(PCT/US/92/05463) and WO 94714776 (PCT/US93/12436) which are incorporated -
herein by reference. Compounds of formula (XII) generally contain two basic centers of
which one i3 protected, and are likewise known to the art. Ses WO94/14776.

Coupling reagents as used herein denote reagents which roay be used to form
peptide bonds. Typical coupling methods employ carbodiimides, activated anhydrides
and esters, and acyl halides. Reagents such as EDC, DCC, DPPA, PPA, BOP reagent,
HOBt, N-hydroxysuccinimide and oxalyl chloride are typical.

Coupling methods to form peptide bonds are generally well known to the art. The
methods of peptide synthesis generally set forth by Bodansky et al., THE PRACTICE OF
PEPTIDE SYNTHESIS, Springer-Verlag, Berlin, 1984, All ef al. in J. Med. Chem., 29, 984
(1986) and J. Med. Chem., 30, 2291 (1987) are generally illustrative of the technique and
are incorporated herein by reference. -

Solution synthesis for the formation of amide or peptide bom:ls is accomplished
using conventional methods used to form amide bonds. Typically, the amine or aniline is
coupled via its free amino group to an appropriate carboxylic acis substrate using a

Thls Sheet Has Been Replaced

[T




X THIS SHEET HAS BEEN

suitable carbodiimide coupling agent, such as N,N' dicyclohexyl carbodiimide (DCC)' or
EDC, optionally in the presence of catalysts such as 1-hydroxybenzotriazole (HOBt) and
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dimethylamino pyridine (DMAP). Other methods, such as the formation of activated ==~

esters, anhydrides or acid halides, of the free carboxyl of a suitably protected acid
substrate, and subsequent reaction with the free amine of a suitably protected amine,
optionally in the presence of a base, are also suitable. For example, a protected Boc-
amino acid or Cbz-amidino benzoic acid is treated in an anhydrous solvent, such as
methylene chloride or tetrahydrofuran(THF), in the presence of a base, such as N-methyl
morpholine, DMAP or a trialkylamine, with isobutyl chloroformate to form the "activated
anhydride", which is subsequently reacted with the free amine of a second protected
amino acid or aniline.

The reactive functional groups of the sidechains of each synthetic fragment are
suitably protected as known in the art. Suitable protective groups are disclosedin -
Greene, PROTECTIVE GROUPS IN ORGANIC CHEMISTRY, John Wiley and Sons, New York,
1981. For example, the Boc, Cbz, phthaloyl or Fmoc group may be used for protection of
an amin® or amidino group. The Boc group is generally preferred for protection of an -

‘amino group. A t-Bu, cHex or'benzyl estér may be used for the protection of the Side
chain carboxyl. - A berizyl group or suitably substitited bénzyl grop (é.g., 4-mathoxy-"".
benzyl or 2,4-dimethoxy-benzyl) is used o protect tl'le.tﬁercapto group-or:the hydroxyl -~
group. The tosyl group may be used for protection of the imidazolyl group and tosyl or
nitro group for protection of the guanidino group. A suitably substituted carbobenzyloxy
group or benzyl group may be also be used for the hydroxyl group or amino group.
Suitable substitution of the carbobenzyloxy or berizyl protecting groups is ortho and/or
para substitution with chloro, bromo, nitro or methyl, and is used to modify the reactivity
of the protective group. Except for the Boc group, the protective groups for the amino
taoiety are, most conveniently, those which are not removed by tuild acid treatment.
These protective groups are removed by such methods as catalytic hydrogenation, sodium
in liquid ammonia or HF treatment, as known in the art.

Acid addition salts of the peptides are prepared in a standard manner in a suitable
solvent from the parent compound and an excess of an acid, such as hydrochloric,
hydrobromic, sulfuric, phosphorm, acetic, maleic, succinic or methanesulfomc The
acetate salt form is especially uséful. Most of the compounds form inner salts or. .
zwitterions which may be acceptable. Cationic salts are prepared by treating the parent
compound with an excess of an alkaline reagent, such as a hydroxide, carbonate or
alkoxide, containing the appropriate cation; or with an appropriate organic amine.

Cations such as Li+, Na+, K+, Ca++, Mg++ and NHg4+ are specific examples of cations
present in pharmaceutically acceptable salts.
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This invention providés a pharmaceutical composition which comprises a
compound according to formula (I) and a pharmaceutically acceptable cartier.
Accordmgly, the compounds of fOrmula (I) may be used in the manufacture ofa
medicament. Pharmaceutical compositions of the compounds of fofmula (I) prepared as
hereinbefore described may be formulated as solutions or lyophilized powders for
parenteral administration. Powders may be reconstituted by addition of a snitable diluent
or other pharmaceutically acceptable carrier prior to use. The liquid formulation may be
a buffered, isotonic, aqueous solution. Examples of suitable diluents are normal isotonic
saline solution, standard 5% dextrose in water or buffered sodinm or ammonium acetate
solution.” Such formulation is especially suitable for parenteral administration, but may
also be used for oral administration or contamed in a metered dose inhaler or nebulizer
for msufﬂauon It may be desirable to add excipients such as polyvinylpyrrolidone,
gelaun, hydroxy cellulose, acacia, polyethylens glycol, mannitol, sodmm chlonde or .
sodium citrate. : -

Alternately, these peptides may be encapsulated, tableted or prepared ina
emulsion or syrup for oral administration. Pharmaceutically acceptable solid or hqmd
carriers may be added to enhance or stabilize the composition, or-to facilitate preparation

- of the composition . Solid carriers include starch Tactose;.calciumi sulfate dihydra:te, terra <0

alba, maghesium stearate or stearic acid, talc, pectin, acacia, -agar or gelatm L:quxd
carriers include syrup, peanat oil, olive oil, saline and water. The carrier may also
mclude a sustained release matetial such as glyceryl monostearate or glyceryl distearate,
alone or with a wax. The amount of solid carrier varies but, préferably, will be betwsen
about 20 mg to about 1 g per dosage unit. The pharmaceutical preparations are made
following the conventional techniques of pharmacy involving milling, mixing,

~ granulating, and compressing, when necessary, for tablet forms; or milling, mixing and
filling for hard gelatin capsule forms. When a liquid cartier is used, the preparation will
be in the form of a syrup, elixir, emulsion or an agueous or non-aqueous suspension.

~ Such 2 liquid formulation may be administered directly p.o. or filled imo a soft gelaun
capsule,

For rectal administration, the peptides of this invention may also be combined
with excipients such as cocoa butter, glycenn. gelatin or polyethylene glycols and molded -
into a suppository. :

The compounds of ttus invention may be used in vitro to inhibit the aggregauon
of platelets in blood and blood products, e.g., for storage, or for ex vivo manipulations
such as in diagnostic or research use. :

‘This invention also provides a method of inhibiting platelet aggregation and clot
formation in a mammal, especially a human, which comprises the intenal administration
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of a peptide of formula (I) and a pharmaceutically acceptable carrier. Indications fo.r such

therapy include acute myocardial infarction (AMI), deep vein thrombosis, pulmonary
embolism, dlssecung anurysm, transwm 1schem1a attack (’I'IA), stroke and Other infarct-

telated disorders, and unstable angina. ‘The compounds of this invention are also useful

for preventing restenosis of an artery or vein in 2 mammal following angloplasty
Chronic or acute states of hyper-aggregability, such as disseminated intravascular
coagulation (DIC), septicemia, surgical or infectious shock post-operative and post-
partum (rauma, cardiopulmonary bypass surgery, mcompauble blood transfusion,
abruptio placenta, thrombaotic thrombocytopenic purpura (TTP), shake venom and
immune diseases, are likely to be responsive to such treatment. These compounds are
also believed to be useful for adjunct therapy following angioplasty. In addition, the
peptides of this invention may be useful in a method for the prevention of metastatic
conditions, the prevention or treatment of fungal or bacterial infection, inducing
immunostimulation, treatment of sickle cell disease; and the prevention or treatment of
diseases in which bone resorption is a factor. '

The compounds of this invention may also be favorably administered with other
agents which inhibit platelet aggregation. .For mstance, the c0mpounds of this invention
. may be administered with compounds of the: class ofcyclooxygenase inhibitors,:
thromboxane antagonists, thromboxane synthetase inhibitors, heparms, thrombin
inhibitors and ticlopidine. Examples of such agents are aspxnn,warfarm and clopidogrel.

The peptide is administered e:ther orally or parenmally to the patient, in a manner
such that the concentration of drug in the plasma is sufficient to inhibit platelet
aggregation, or other such indication. The pharmaceuucal composition containing the
peptide is administcred at a dose between about 0.2 to about 50 mg/kg in a manner
consistent with the condition of the patient, For acute therﬁpy. parenteral administration |
is preferred, For persistent states of hyperaggregability, an intravenous infusion of the
peptide in 5% dextrose in water ot normal saline is most effective, although an
intramuscular bolus injection may be sufficient.

For chronic, but noncritical, states of platelet aggregability, oral administration of
a capsule or tablet. or a bolus intramuscalar injection is suitable. The peptide is
administered one to four times daily at a level of about 0.4 to about 50 mg/kg t0 achieve a
total daily dose of about 0.4 to about 200 mg/kg/day. '

This invention further provides a method for inhibiting the reocclusion or
restenosis of an artery or vein following fibrinolytic therapy, which comprises internal

administration of a peptide of formula (I) and a fibrinolytic agent. It has been found that

administration of an pepudc in fibrinolytic therapy either prevents reocclus1on completely
or prolongs the time to reocclusion.
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When used in the context of this invention the term ﬁbrinolytic agent is intended
to mean any compound, whether a natural or synthetic product, which direcdy or
_ mdxrecuy causes the lys:s ofa fibrm clot. Plasmmogen activators are 2 well known group

of ﬁbrmolyuc agent.s Useful pla.smmogen activators mclude, for example, amsu'eplase, o
urokinase (UK), pro-urokinase (pUK), streptokinasé (SK), tissue plasminogen activator
(tPA) and mutants, or variants, thereof, which retain plasminogen activator activity, such
. as vatiants which have been chemically modified or in which one or more amino acids
hiave besn added, deleted or substifuted or in which one or more or functional domains
have been added, deleted or altered such as by combining the active site of one
plasminogen activator with the fibrin binding domain of another plasminogen activator or
fibrin bindmg molecule. Other illustrative variants include tPA molecules in which one
or more glycosylation sites have been altered. Preferred among plasminogen activators
are varjants of tPA in which the primary amino acid sequence has been altered in.the
growth factor domain §0 as to increase the serum half-life of the plasminogen activator.
tPA Growth factor variants are disclosed, e.g., by Robinson et al., EP-A 0 297 589 and
Browne et al., EP-A 0 240 334. Other variants include hybrid proteins, such as those
-disclosed in EP 0 028 489, EP 0 155 387 and EP 0 297 882,all of which are mcorporated
‘erein by reference; Amsu*eplase is a preferred hybrid protein for us¢ in this invention. .
Fibnnolyuc agents may be isolated from natural sources, but are commonly produced by
traditional methods of genetic engmeenng

. Useful fonnulauons of tPA, SK, UK and pUK are disclosed, for example, in EP-A
0 211 592, EP-A 0 092 182 and U_S. Patsnt 4,568,543, all of which are incorporated
herein by reference. Typically the fibrinolytic agent may be formulated in an agqueous,
buffered, isotonic solution, such a3 sodium or ammonium acetate or adipate bufferad at
pH 3.5t0 5.5. Additional excipients such as polyvinyl pymolidone, gelatin, hydroxy
cellulose, agacisa, polyethylene, glycol, mannitol and sodium chloride may also be added.
Such a composition can be lyophilized.

The pharmaceutical coraposition may be formulated with both the compound of
formula (T) and fibrinolytic in the same container, but formulation in different containers
is preferred. When both'agents are provided in solution form they can be contained in an
infusion/injection system for simultancous administration or in a tandem arrangement..

Indications for such therapy include myocardial infarction, deep vein thrombosis,
pulmonary embolism, stroke and other infarct-related disorders. The peptide is -
administered just prior to, at the same time as, or just after pareniteral administration of
tPA or other fibrinolytic agent. It may prove desirable to continue reatment with the
peptide for a period of time well after reperfusion has been established to maximally
inhibit post-therapy reocclusion. The effective dose of tPA, SK, UK or pUK may be
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from 0.5 to 5 mg/kg and the effective dose of the peptide may be from about 0.1 10 25
mg/kg.

For convenient admxmsu:auon of the inhibitor and the ﬁbrmolyuc agent atthe
same or dxffcrcnt umes, a kit is prepared comprising, in a single container, such s a box,
carton or other container, individual bottles, bags, vials or other containers each having an
. effective amount of the inhibitor for parenteral administration, as described above, and an
effective arndgunt of tPA, or other fibrinolytic agent, for parenteral administration, as
described above. Such kit can comprise, for example, both pharmaceutical agents in
separate containers or the same container, optionally as lyophilized plugs, and containers
of solutions for reconstitution. A variation of this is to include the solution for
réconstitution and the lyophilized plug in two chambers of a single container, which can
. be caused 10 admix prior to use, With such an arrangement, the fibrinolytic and the
peptide;may be packaged separately, as in two containers, or lyophlhze.d together asa
powder and provided in a single container. -

When both agents are provided in solution form, they can be contained in an
infusion/injection system for simultaneous administration or in a tandem arrangement.
For example, the platelet aggregation inhibitor may be in an i.v. injectable form, or
- infusjon bag linked in series, via tbing, to the fibrinolytic agent in'a second infusion bag.
Using such a system,  patient can receive an initial bolus-type injection or-infusion; of -
the peptide inhibitor followed by an infusion of the fibrinolytic agent.

The pharmacological activity of the compounds of this invention is assessed by
their abmty to inhibit the binding of 3H-SK&F 107260, a known RGD-fibrinogen
antagonist, to the GPIIbITIa receptor; their ability to inhibit platelet aggregation, in vitro,
and their ability to inhibit thrombus formation in vive.

fRGD- PIIb- indin
Inhibition of RGD-mediated GPITb-ITta bmdmg was demonstrated by assessing
the ability of compounds to inhibit the binding of 3H-SK&F 107260, a known RGD-
fibrinogen antagonist, to the GPIbIIIa receptor accordmg to the procedure, disclosed in
WO 93/00095 (PCI‘/US/92!05463

Inhibition of Platelet Aggregation - -
: Inhibition of platelet aggregation was demonstrated following the procedure
disclosed in WO 93/00095 (PCT/US/92/05463).
The compounds of this invention generally inhibit the aggregation of human
platelets stirulated with ADP with IC50 of less than 0.1 uM. The compounds of
Examples 7, 22, 23 and 26 have IC50 of between 0.2 and 11 uM, and the compound of
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Example 4 had an IC50 of about 75 uM. Preferred compounds have ICS0 of less than
0.04 uM.

'mcubatcd for 3h (rathcr than 3 mm) in the PRP pnor to addition of the agomist,

In_Vivo Inhibition of | ' ti

In vivo inhibition of thrombus formation is demonstrated by recording the
systemic and hemodynamic effects of infusion of the peptides into anesthetized dogs
according to the methods described in Aiken et al., Prostaglandins, 19, 629 (1980).

The examples which follow are intended to in no way limit the scope of this
invention, but are provided to illustrate how to make and use the compounds of this
invention. -Many other embodiments will be readily apparent and available to these
skilled in the art.

EXAMPLES

In the Examples, all temperatures are in dégregs Centigrade. Mass spectra were: -
performed using fast atom bombardment (FAB) or electro-spray (ES) ionization.- Melting
points were taken on a Thomas-Hoover capillary melting point apparatus and are
uncorrected. , -

NMR were recorded at 250 MHz using & Bruker AM 250 spectrometer, unless
otherwise indicated. Chemical shifis are reported in ppm (6) downfield from
tetramethylsilane. Multiplicities for NMR spectra are indicated as: s=singlet, d=doublet,
t=triplet, g=quartet, m=muitiplel, dd=doublet of doublets, dt=doublet of triplets etc. and
br indicates a broad signal. T indicates the NMR coupling constant in Hertz.

Celite® is filter aid composed of acid washed diatomaceous silica, and is a
registered trademark of Mansville Corp., Denver, Colorado. Florisil® is an activatad
magnesinm silicate chromatographic support and is a tegistered trademark of Floridon
Co., Pittsburgh, PennsyI{'ania_ Analtech silica gel GF and EM silica gel thin layer plates
were used for thin layer chromatography. Both flash and gravity chromatography were
carried out on Merck 60 (230-400 mesh) silica gel., ODS refers to an octadecylsilyl
derivatized silica gel chromatographic support. AN/W-TFA indicates an isocratic eluant
system of the indicated percentage of acetonitrile in water with 0.1% TFA. Sp Apex-
ODS indicates an octadecylsilane derivatized silica gel support, having a nominal particle |
size of 51, made by Jones Chromatography, Littleton, Colorado. YMC ODS-AQ® is an
ODS chromatographic support and is a registered tradernark of YMC Co. Ltd., Kyoto,
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Japan. PRP-1® is a polymeric (styrene-diviny! benzene) chromatographic support and is
a registered trademark of Hamilton Co., Reno, Nevada.

Preparation |

ati ' N- 1-2-fN-(ben carbonvl)-4-pineridinyllethanami

a) N-(tert-butoxycarbonyl)-N-methyl-2-(4-pyridyl)ethanamine

A solution of N-methyl-2-(4-pyridyl)ethanamine (10 g, 74 mmol) in
dichloromethane (250 mL) was stirred at 00C, and treated with di-tert-butyl dicarbonate
(16 g, 74 mmol) and triethylamine (10.2 mL, 74 mmol). The mixture was stirred for 24 .
h, diluted with chloroform and washed with 5% sodium bicarbonate. The orgamc phase
was dried and conceritrated to gwe the title cormpound. '

b) N-(tert-butoxycarbonyl)-N-methyl-2-(4-pipetidinyl)ethanamine .

A solution of the compound of Preparation 1(a) (4.4 g, 18 mmol) in ethanol (30
'mlL) was cooled to 0°C, adjusted to pH 5 with 3N hydrochlonc acid (6 mL), treated thh
platinum oxide. (350 mg) and shaken with hydrogen for 2 h. The mixture was filtered’ L
through Celite® and the filtrate was treated with 10% sodium hydroxide (4 L) and: -
concentrated to give the title cornpound.

c) N-(nert-butoxycarbonyl)—N-methyl-Z-[N (benzyloxycarbonyl)-m
piperidinyl]ethanamine

A mixture of the compound of Preparation 1(b) (4.4 g, 18 mmol) and
triethylamine (2.5 mL, 18 mmol) in dimethylformamide (100 mL} was stirred at 0°C and
treated with N-(benzyloxycarbonyl)succinimide (4.4 g, 18 mmol). The mixture was
stirred at RT for 15 h, concentrated, and the residue was chromatographed (silica gel,
80% ethyl acetate:hexane) to give the title compound (5.2 g, 77%).

d) N-methyl-2-[N-(benzyloxycarbonyl)-4-piperidinyljethanamine

A solution of the corapound of Preparation 1(¢) (2.2 g, 5.8 mmol) in
dichloromethane (15 mL) was treated with TFA (5 mL) and stirred for2.5h. The -
mixture was diluted with chloroform, washed with 10% sodinm hydroxide and the
organic phase was washed, dried and concentrated. The residue was reated with toluene
and concentrated to give the title compound. |
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a) Z-ﬂuom-dw(memylammo)benzomlrﬂe ]

“To a solution of 2-fluoro-4-aminobenzonitrile [Ind, Clum. Belg 39, 490-500
(1974)](3 8g 28 mmol) in anhydrous triethyl orthofonnate (50 mL)} was added
trifluoroacetic acid (0.16 g, 1.4 mmol). The solutwn was heated to reflux 45 min, cooled

. and concentrated to give a yellow crystalline solid,’ To a solution of this solid in absolute
ethanol (60 mL) at 0°C was added sodium borohydtide (3.2 g, 84 mmol)., The resulting
suspension was stirred at RT for 20 min, heated at reflux for 1 h, cooled and concentrated
to give a colorless solid. This residue was partitioned between ether and water and the
aqueous layer was extracted with ether. The organic phases were combined, washed with
brine and dried (sodxum sulfate). Concentration gave a white solid which was slurried in
35% ethyl acetate:hexane (200 mL) and filtered to give the title compound (3.7 g, 88%).
mp 110-112°C; 1H NMR (400 MHz, CDClI3) 8 7.35 (m lH) 6.4 (dd, 1H), 6.3 (dd, 1H),

29(&, 3H).

b),2-ﬂuoro-4-(methylamino)-[N-(benzylcxycarbonyl)] benzamidine

To a suspension of ammonjum chioride (3.8 g, 72 ramol) in anhydrous toluene
(40 mL) at 0°C was added a solution of mmethyialummum in toluene (2. 0 M, 72 mrol)
dropwise over 5 min. The solution was stirred at RT -for 45 min. The compound of
Preparation 2(a) (3.6 g, 24 mmol) was added in one portion and the resulting solution was
heated at 80°C for 22 h, cooled and poured onto a slurry of silica gel (120 g) and
chloroform (350 mi). This slurry was stirted for 45 min, filtered and the filter cake was
washed with methanol (700 mL). The filtrate was concentrated to a yellow solid which
was dissolved in a mixture of THF and water. To this solution at 0°C, 5SM sodium
hydroxide (14 ml., 75 mmol) was added, followed by dropwise addition of benzyl
chlqrofonnat’e (4.1 g, 24 mmol) over S min. The cold solution was stirred for 30 min and
concentrated. The resulting aqueous suspension was extracted with dichloromethane and
then with ethyl acetate. The organic layers were combined, dried (sodium sulfate) and
concentrated to give a yellow solid which was purified by chmmatograi:hy (silica gel, 2%
methanol:dichloromethane) to give the title compound as'a white powder (2.6 g, 34%).
mp 128-30°C. 1H NMR (400 MHz, CDCI3) § 8.2 (t, 1H), 7. 5-7 25 (m, SH), 6.4 (dd,
IH), 6.25 (dd, 1H), 5.2 (s, 2H), 4.6 (b, 1H), 2.8 (d, 3H).
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a) 7-n1t.ro—1 2,3 4—teuahydro—1soqmnolmc

. Toa mmmre of 7-nitro-1,2,3 4-tetrahydr01soqumohn0ne (1.50 g, 7.8 mmol) in THF
(15 mL) was added 2M borane methylsulfide ih THF (9.0 mL, 18 mmol) dropwise. After

addition was complete, the clear solution was heated to reflux for 4 h. The solution was

cooled to RT, and dry hydrogen chloride was bubbled into the solution to pH 2. The

solution was heated to reflux for 1.5 h, cooled to 0°C and diluted with ether, The

-resulting white solid was filtered and dried in vacuc to yield the title compound (1.62 g,
76%). MS(BS) m/e 179 [M+H]+

- b) N2 (t-butoxycarbonyl)ﬂ-mtm 12,3 4-tetrahydro—lsoqumohne

A solution of the compound of Preparauon 3(a) (1.0 g, 5.6 mmol), di-te rt-butyl
dicarbonate (1.8 g, 8.4 mmol) and 4-(dimethylamino)pyridine (342 mg, 2.8 mmol) in
dxchloromethane (50 mL) was adjusted to pH 8.0 by the addition of triethylamine. After
4 h, the resultmg Soldtion. was concentratéd- and the residue was taken up into ethyl
acetate. The solution was extracted with 5% citric acid; brine, and dried:(magnesium .-
sulfate). The organic phase was diluted with hexane, filtered and the filtrate was dried in
vacuo 1o give the title. compound (141 g, 93%). MS(ES) m/e 279 [M+HI+.

c) M-(m—butoxycarbonyl)-?—amino-1,2,3,4—ten'ahydro-1soqumolme

A mixmre of the compound of Preparation 3(b) (1.41 g, 5.1 mmol) and Pd/BaSQO4
(100 mg)in methanol (25 mL) was shaken with hydrogen (45 psi) for 1.5 h. The mixture
was filtered and the filtrate concentrated to yield the title compound (1.23 g,90% overall).
MS(ES) m/e 249 (M+H]*,

Preparation 4
ion of N~(tegi- 1)-2-(4-piperidinvDeth

Using the procedure of Preparation 1(a)-(b), except substituting 2-(4-
pyridyl)ethanamine for N-methyl-2-(4-pyridyl)ethanamine gave the title compound.

p ion 5 -
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a) [5-(methanesulfonyloxy)pentyl)]benzcne

... .. Methanesulfonyl chloride (4.3 mL, 55 mmol) was added dropwise over, 2 min 10 2
. soluuon of 5-phenylpentanol (8.4 mL, 50 mmol) and dry triethylamine (14 mL, 100

mmol) in anhydrous dlchlofomethane (100 mL) at 0°C under,argon. Afier 45 min, the

reactxon was diluted with ether and ‘washed sequenuauy with cold IN hydrochloric acid,

~ water, and bnne The organic phase was driad (MgSO4) and concentrated to give the title

compound (12.09 g, 100%) as a pale yellow oil, whick was uscd without further

purification. 1H NMR (250, CDCl;) 87.10-7.35 (m, 5H), 4.22 (t, J=6.5 Hz, 2H), 2.98 (s,

3H), 2.63 (t, J=7.6 Hz, 2H), 1.37-1.85 (m, 6H).

b) (S-iodopentyl)benzene
A solution of the compound of Preparation 5(a) (12.09 g, 50 mmol) and sodium - -
iodide (8.99 g, 60 mmol) in acetone (250 mL) was heated at reflux. After3 h, the
reaction was cooled and filtared through a glass frit, and the filtrate was concentrated.
‘The residue was dissolved ini ether and washed with 1N sodium thiosulfate. The organic
phase was dried (MgSOy), concentrated, and chromatographed (silica gel, hexane:) to give
- the'title compound ([ 1.5, 84%) as a colorless oil. - IH NMR (250, CDCI3) § 7.05-7.40 -
(m, 5H), 3.18 (t. }=7.0 Hz, 2H), 2.62 (t, J=7.6 Hz, 2H), 1.79-1.93 (m, 2H), 1.37-1.72 (m, - -
4H); IR (CCLy) 3020, 2930, 2850, 1495, 1451, 1200 cm-1; MS (DCI/NH;) m/e 292.1
. [M+NH4]"

The.compound of Preparation 6(a) (2.0 g, 8.3 mmol) was dissolved in
dichloromethane (25 mL), treated with, triethylamine (0.86 g, 8.6 mmol) and stirred at
0°C. The resilting mixture was treated with triflic anhydride (2.5 g, 8.9 mmol), stirred
for 30 min at 0°C and slowly added to a solution of methylamine in dichloromethane at
0°C. The mixture was stirred and allowed to warm to RT for | h. The mixture was
concentrated and the residue was flash chromatographed (silica gel, 5-20%
methanol:chloroform) to give the title compound (2.8 g). MS(ES) m/e 257 [(M+H]*. .

Preparation 7

jon =[7-[[4-(aminoitni thyliph i nyll-4-(2-
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a) t-butyl 3-methyl-4-nitro-benzoate

Benzenesulfonyl chloride (12.8 mL, 100 mmol) was added rapidly to a soluionof

_ -rnethyl—4—mlr0benzmc acid (9.06 g, 50 mmol) in dry pyridine (25 mL) at 40°C The

| reacunn was mildly exothermic. The cloudy, orange solution was stirred for 5 min, then

t-butanol (4.7 mL, 50 mmol, 1 ¢q.)-was added. After 1 h, the reddish-orange mixture was
poured into ice/water (200 mL), and the resulting mixture was stirred briskly for 1 b, The
solid was collected by suction filtration, washed with H20, and dissolved in toluene (200

. mL). The solution was dried (MgSQ4) and filtered through a pad of silica gel eluting

with toluene. Concentration gave the title compound as a yellow oil which crystallized

under vacuum (9.67 g, 82%).

b) t-butyl 4-nitro-3-[N-(2-phenylethyl)aminomethyljbenzoate

A mixture of the compound of Preparauon 7(a) (4.75-g, 20 ramol), N-
bromosuccinimide (3.92 g, 22 mmél), and behzoyl peroxide (0.24 g, 1 mmol) in CCl4 (50
" mL) was heated at reflux. After 16 h, the mixture was filtered to remove the succinimide,
and the filtrate was concentrated to a yellow oil. “The benzyl bromide was used without
purification, "The crude benzy! bromide obtained above was dmsolved in dry THF (50

mL.), and solid NaHCO3 (2.52 g, 30 mmol) was added. - The mixture was stizred. bnskly, :

and phenethylamine (3.8 mL, 30 mmol) was added. The color of the solution darkened
slightly to a desper yellow. Within several min, the raixture had become very cloudy.
After 4 h, the reaction was concentrated and the residue was partitioned between H20 (50
mL) and Et20 (100 mL). Separation of the phases, extraction with Et20, drying
(MgSO04), and concentration gave a ycllow oil. Chromatography (silica gel, 20%
EtOAc/hexane) gave the title compound (2.86 g, 40%) as a yellow oil.

¢) t-butyl 4-nitro-3-[N-(l-butyloxycarbonyl)-N-(2-phenyl-ethyDaminomethyl]benzoate

Di-t-butyl dicarbonate (2.10 g, 9.62 mmol) was added all at once to a solution of
the compound of Preparation 7(b) (2.86 g, 8.02 mmol) in CHCI3 (30 mL) atroom
temperature. The reaction was stirred at room temperature for 2.5 b, then at reflux for 0.5
h. Concentration and chromatography (silica gel, 15% EtOAc/hexane) gave the title
compound (3 70g)asa yellow oil.

d) t-butyl 4-amino-3-[ N-{t-butyloxycarbonyl)-N-(2-phenyl-ethylaminomethyl]benzoate

A mixture of the compound of Preparation 7(¢c) (2.66 g, 5.83 mmol), 10% Pd/C
(0.62 g, 0.58 mmol Pd), and EtOAc (60 mL) was shaken under H2 (50 psi), After 3 h,
the mixture was filtered to remove the catalyst, and the filtrate was concentrated to
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dryness. Chromatography (silica gel, 20% EtOAc/hexane) gave the title compound as a
yellow foamy oil which slowly partially solidified (2.26 g, 91%).

e) t-butyl (R,S)-4-[2-(1 4-dimethoxy-1,4-dioxo-2-butyl)-amino]-3-{N-(t- =
butyloxycarbonyl)-N-(2-phenylethyl)-aminomethyl]-benzoate

A mixture of the compound of Preparation 7(d) (1.98 g, 4.64 mmol), dimethyl- -
acetylene dicarboxylate (1.14 mL, 9.28 mmol), and MeOH (9.3 mL) was heated to reflux
under argon. A homogeneous solution resulted, After 1 h, the solution was concentrated
to a yellow oil. Chromatography (silica gel, 1:1 EtOAc:hexane) gave a yellow oil. This
was used without further purification. TLC Rf Q.61 (major product), Rf 0.41 (rainor

product) (30% EtOAc/hexane).

| The yellow oil obtained above was dissolved in EtOAc (93 mL), and 10% Pd/C

(1. 48 g, 1.39 mmol Pd, 0.3 eq.) was added The mixture was shaken at RT under H2 (45 ..

psi) for 5 h, then was filtered to remove the catalyst. Concentration of the filtrate gave a
colotless oil wluch was chromatographed (silica gel, 20% EtOAcfhexane) to afford the
title compound as a colotless oil (2.49 g, 94%).

f) methyl (R,S)-7—caxboxy-4-(2-phenylethyl) -1,3:4,5- teuahydro-s-oxo-zﬂ-l A
benzodiazepine-2-acetic acid -

TFA (9 mL) was added all at once to a solution of the compound of Preparation
7(e) (2.11 g, 3.70 mmol) in dry CH2Cl (9 mL) at 0°C under argon. The resulting hght
yellow solution was warmed to room temperature, stirred for 2 h, and concentrated. The
residue was digsolved and reconcentrated from toluene to remove residual TFA. The
resultant light yeliow oil was dissolved in anhydrous MeOH (18.5 mL), and the solution
was cooled to 0°C under argon. Freshly prepared NaOMe/MeOH (1.0M; 18.5 mL, 18.5
mmol) was added dropwise over 5 min. The ice bath was removed, the yellow solution
was allowed to warm to room temperafire over 10 min, and was heated to reflux under
argon. Afier 1.5 h, the reaction was cooled in ice and quenched with glacial acetic acid
(2.1 mL, 37 mmol). The mixture was concentrated and the residue was partitioned’
between EtQOAc (50 mL) and H20 (50 mL). The layers were separated and the aqueous
layer was extracted exhaustively with EtOAc (in 50 mL portions) until all solids had
dissolved. The combined organic layers were dried (MgS04) and concentrated unul
crystallization was initiated. The resulting mixture was cooled thoroughly in ice. Suctton
filtration afforded the title compound as colorless crystals (1.0 g, 71%). The mother
liquors were concentrated and the residue was chromatographed (silica gel, 10%
MeOH/CHCl3-trace acatic acid) to afford additional crude material. Recrystallization
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from EtOAc containing a little MeOH yielded an additional amount of the pure title
compound (1.23 g, 87%, total isolated yield).

g) methyl (R.S)-[7-[[4-[N—(benzylbxycarbonyl)amino-irninomeﬁiyl)]phenyl]amino]

carbonyl]-1,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-2H-1,4-benzodiazepine-2-acetate
The compound of Prepatation 7(f) (95.6 mg, 0.25 mmol) was refluxed with

SOCI7 (2.5 mL) for 15 min, and the yellow solution was concentrated to dryness. The
yellow oily solid was dissolved in dry CH2Cl2 (2.5 mL), and 4-[N-
(benzyloxycarbonyl)aminoimino-methyl]aniline (134.7 mg, 0.5 mmol) was added. The
mixture was cooled in ice/H20 under argon, and anhydrous pyridine (0.061 mL, 0.75
mmol) was added dropwise. The resulting orangish-yellow mixture was warmed to room
temperatare. After 1.5 h, the reaction was quetiched with 5% NaHCO3 (5 mL) and
extractad thorothly with EtOAc, Drying (Na2804), concentration, cb;oma;dgraphy
" (silica gel, 3:2 BtOACc:CHC13-0.5% MeOH), and preparative TLC of mixed fractions
from the chromatography (same solvent system) gave the title compound as a pale yellow' .
oil (1 10.2 mg, 70%)

h) (R,S)- [7-[[4-(ammonnmomeﬂxyl)pheny[]ammo]carbonyl]-tl—(z-phenyleﬂlyl)*l 34,5~
tetrahydro-3-oxo-2H-1 4-benzod1a.zepme-2-aceuc acid v g

_ A solution of the compound of Preparauon 7(g) (87.0 mg, 0.1373 mmol) in 1:1
EtOAc:MeOH (4.6 mL) containing 10%. PA/C (29,2 mg, 0:0275 mmol) and TFA (0.011
raL, 0.137 mmol) was stirred briskly under Hg. After 1 h, the mixmure was filtered to
remove the catalyst, and the filter pad was washed thoroughly with EtOAc and
EtQAc/MeOH. Concentration of the solution provided a yellow, oily solid (83.0 mg).
This was dissolved in MeOH (4.6 mL), and LON NaOH (0.41 mL, 0.41 mmol) was
added. The light yellow solution was stimred at room temperature overnight, cooled to
0°C, and acidified with TFA (0.106 L, 1.373 mmol), The solution was concentrated to
dryness to provide an orangish-yellow oil. This material was purified by preparative
HPLC (PRP-1®, gradient, A:5% CH3CN/H20-0.1% TFA) for 5 min, increased to
B:23% CH3CN/H20-0.1% TFA, A for 5 min, A to B during 24 min). The fractions
containing the pure product were combined and concentrated until precipitation occured.
The solid was dissolved by addition of a minimum of CH3CN, and the solution was
lyophillized to give the title compound as a faintly yellow powder (50%).
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a) t-butyl 3-bromo-4-methylbenzoate

Dimethylformamide dimethy! acetal (48 mL, 200 mmol) was added dropwise
over 15 min to a suspension of 3-bromo-4-methylbenzoic acid (85%; 10.75 g, 42.5
tamol) in toluene (100 mL) at 70°C. The reaction was stirred at 70-80°C for an
additional 0.5 h, then was cooled, washed sequentially with water and 5% sodium
bicarbonate, and dried (sodium sulfate). The mixture was filtered through a pad of silica
gel, and the filter pad was washed with toluene. The filtrate was concentrated 1o afford
the title compound (8.0 g, 69%) as a yeliow oil. TLC (toluene) Ry 0.68.

b) t-butyl 3-bromo-4-(bromomethyl)benzoate
A mixture of the compouid of Préparation 8(a) (1.36 g, 5 mmol), N-
- bromosuccinimide (0.98 g, 5.5 mmol), and benzoyl peroxide (61 mg, 0.25 mrmool) in
" carbon tetrachloridé (25 mLY was héated 4t refluix. . After'4 h, the mixture was cooled and -
filtered, and the filtrate was conccntrated The resulting material was used without
punficauon TLC Rf 0.39 (5: 95 athyl acetate: hexa.ne)

c) t-butyl 3—bromo-4-[[(Z-phenylethyl)mnmo]methyll-benzoatc

The compound of Preparation 8(b) was dissolved in dry ether (25 mL), and
phenethylamine (1.9 mL, 15 mmol) was added. The addition was slightly exothenmnic,
and the reaction became cloudy. The reaction was stirred at RT ovemnight, then was
diluted with,ether (75 mL) and was washed sequentially with 5% sodium bicarbonate and
brine (25 mL). Drying (MgSQy4), concentration, and silica gel chromatography (33%
ethyl acetate/hexane) gave the title compound (1.26 g, 65%) asa pale yellow oil. TL.C Rf
0.42 (30:70 ethyl acetatechexane). -

d) t-buryl 3-bromo-4-[[[N-(2-phenylethyl)-N-t-butoxycarbonyl]amino)methyl]benzoate

Di-t-butyl dicarbonate (845 mg, 3.88 mmol) was added all at once to a solution of.
the compound of Preparation 8(c) (1.26 g, 3.23 mmol) in chloroform (16 mL) at RT. The
reaction was stirred at RT for 1.5 h, then at reflux for 0.5 h. Concentration and
chromatography (silica gel, 10% ethyl acetate/hexane) gave the title compound (1 578,
99%) as a colork.ss oil which solidified in vacuo. TLC Rf 0.49 (10:90 cthyl
acetare:hexane), -
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e) methyl 3-methoxycarbonyl-4-[[5-(t-butoxycarbonyl)-2-[[N-(2-phenylethy!)-N-t-
. (butoxycarbonyl)]amino)methyl]-phenyll-2-butenoate

methyl S-methoxycarbonyl'-'tl- [T5-(t-butoxycarbonyl)-2-[[N-(2-phenylethyl)-N-t-
butoxycarbonyl)lamino)methyl]phenyl]-3-butenoate.

- A mixture of the compound of Preparation 8(d) (1.34 g, 2.73 mmol), dimethyl
itaconate (648 mg, 4.10 mmol), palladium (IT) acetate (30.7 mg, 0.14 mmol), tri-o-
tolylphosphine (83.2 mg, 0.27 mmol), dry triethylamine (0.76 mL, 5.46 mmol), and dry
acetonitrile (27 mL) was deoxygenated through a single evacuation/argon purge cycle,
then was heated at reflux under argon. After 6 h, the reaction was cooled, and more
palladium (IT) acetate (30.7 mg, 0.14 mmol) and tri-o-tolylphosphine (83.2 mg, 0.27
| mmo}) wete added.. The mixture was deoxygenated through three evacuation/argon purge - -
cycles, then was heated at reflux under argon overnight (16.5 h). The reaction was '
concentrated, and the residue was dissolved in ether and washed with watar and brine.
Drying (MgSO4), concentration, and chromatagraphy (silica gel, 15% ethyl
acetate/hexane; then 40% ethyl acetate/hexane) gave the crude title compound as a yellow
- oil. The residue wis rechromatographed, (s:hca gel, 25% ethy] acetate/hexane)to yield the
title compound (1.36 g, 88%) as a light ycllow oil. This marerial-was-used without
separation of the isomeric reaction products.

i’) 'méthyl B—thethoxycarbonyl#- [5-(t—butoxycérbonyl)-2—[[[N-(Z_-phenylet.hyl)-N-t—
butoxycarbonyl]aminolmethyl]-phenyljbutanoate

The compound of Preparation 8(e) (1.18 g, 2.08 mmol) was dissolved in
anhydrous methanol (21 mL), and palladium (II) hydroxide on carbon (0.21 g) was
added. The resulting mixture was shaken at RT under H2 (47 psi) for 2 h, then was
filtered through Celite®. The filtrate was concentrated and resubmitted to the same
reaction conditions. After another 5.5 h, the mixture was filtered as before, and the
filtrate was concentrated to afford the title compound (1.13 g, 95%) as a colorless oil.

g) methyl (R, S)-7~carbo:hy—2.3,4,5—letrahydto-3-oxo-2-_(2-phenylethyl)-1H-2—
benzazepme.—d-acetate -

TFA (11 mL) was added all at once to & cloudy solution of the compound of
Preparation 8(f) (1.30 g, 2.28 mmol) in dry CH2CI (11 mL) at 0°C under argon. The
resulting light yellow solution was warmed to RT, stirred for 2 h, and concentrated. The
tesidue was concentrated once from 1,2-dichloroethane (0 remove residual TFA and give
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methyl 3-methoxycarbonyl-4-[S-carboxy-2-[[N-(2-
phenylethylamino]methyliphenyllbutanoate as a pale green oil.

REPLAGED

. The oil was dissolved in anhydrous methanal (11 mL), and the solution was ..

cooled to 0°C under argon. Freshly prepared 1.0 M sodium methoxide/methanol (11 mL,
. 11 mmol) was added and the ice bath was removed. The yellow solution was allowed to
warm 1o RT over 5 min and heated to reflux under argon. After 3 h, the reaction was
cooled in ice and quenched with glacial acetic acid (1.3 mL, 22.8 mamol). The reaction
was diluted with ethyl acetate (100 mL) and washed with water, The combined aqueous
layers were back-extracted with ethyl acetate, and the combined ethyl acetate layers were
washed with brine, dried (MgSQj4), and concentrated to a pale green residue.
Chromatography ((silica gel, 10% methanol/chloroform/0.1% acetic acid) gave the title
compound as a yellow foam. Crystallization from methanol containing a little
chloroform gave the title compound (528.2 mg, 61%) as an off-white solid, mp 214-
216°C TLC Rf 0.49 (10:90 methanol chloroform).

h) methyl (R,S)-7-[[[4-[N-(benzyloxycarbonyl)-aminoiminomethyl]pheny!Jmethylamino]
carbonyl}-2,3,4,5-tétrahydro-3- oxo—2-(2—phenyleﬂ1y1)-1H-2—benzazepme-4-acetate .
. The compound of Préparation. 8(g) (117.9 mg, 0.31 minol) was ‘refluxed with

thiony! chloride {3 mL) for 15 min and the yellow solution was concentrated. The
residue was concentrated from dry toluene (3 mL) to remove residual thionyl chloride,
and the resulting materla.l was dissolved i in dry CH2Cl2 (0. 5 mL). This solution was
added dropwise over 1-2 min to a solution of 4-(methylamino)-(IN-
benzyloxycarbonyl)benzamidine (263 mg, 0.93 mmol) and anhydrous pyridine (0.125
mL, 1.55 mmol) in dry CHCl) (10 mL) at 0°C under argon. The resulting yellow
tixwre was warmed to RT and stirred for 0.5 h, diluted with ethyl acetate, and washed
with 5% sodium bicarbonate. Drying (sodium sulfate), concentration, and
chromatography (silica gel, 10% ethyl acetate/toluene) gave the title compound (174.8
g, §7%) as a faintly yellow oil. TLC Rf 0.45 (9:1 toluene:ethyl acetate). '

i) methyl (R,S)-7-{[[4~(aminoiminomethyl)phenyllmethylamino]-carbonyi}-2,3,4,5-
tetrahydro-3-0x0-2-(2-phenylethyl)-1H-2-benzazepine-4-acetate _

10% Palladium on carbon (58 mg, 0.054 mmol) was added carefully to a solution
of the compound of Preparation 8(h) (174.8 mg, 0.27 mmol) and TFA (0.021 mL, 0.27
rumol} in ethyl acetate/methanol (1:1, 9 mL), and the mixture was stirred briskly under
hydrogen (balloon pressure). After 1.5 h, the mixture was filtered through Celite®, and .
the filier pad was washed thoroughly with ethyl acetate and methanol. Concentration
gave the title compound.
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7 R,S)-7-[[[4-(aminoiminomethyl)phenyllmethylamino]-carbonyl]-2,3,4,5-tetrahydro-3-
0x0-2-(2-phenylethyl)- 1H-2-benzazepine-4-acetic acid . e

The compound of Preparation 8(i) was dxssolved in methanal © mL), and l 0 N
sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred at RT
ovemight, then was concentrated. The residue was dissolved in water/acetonitrile (3
mL.), cooled to Q°C, and acidified with TFA (0.21 mL, 2,7 mmol). The faintly yellow
solution was concentrated and the residue was purified by reversed-phase flash
chromatography (C-18 silica gel, 25% AN/W-TFA). Concentration and lyophilization
gave the title corapound (123 mg, 67%) as a colorless powder.

The following Examples illustrate the manner of making the phannacologxcany active
compounds and cornpositions of this invention.

2) methyl (R,8)-8-[[[2-[N-{benzyloxycarbonyl)-4-piperidinyljethyijmethylamina]
carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-0x0-1H-1,4-benzodiazepine-2-acetate

Methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-4-methyl-3-0xo-1H-14-
benzodiazepine-2-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with EDC
(2.2 mmol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with tristhylamine. The
mixture was treated with N-methyl-2-[N-(benzyloxycarbonyl)-4-piperidinyljethanamine
(2.4 mmol), stirred at RT for 48 h, concentrated and the residue was purified by flash
chromatography to yield the title compound. 1H NMR (DMSO-dg) 5 6.5-7.5 (m, 7H),
2.6-4.1 (m, 24H), 0.9-1.8 (m, 7H); MS(ES) m/e 551 [M+H]*, [IM+HCO3"]- 595.

b) methyl (R,5)-2,3,4,5-tetrahydro-4-methyl-3-0x0-8-[[[2-(4-piperidinyl)ettiyl]
methylamine] carbonyl]-1H-1,4-benzodiazepine-2-acetate |

A solution of the compound of Example 1(2) (0.06 mmol) in methanol (25 mL) -
containing 1.0M hydrogen chloride in ether (0.6 mL) was treated with 10% palladium -
hydroxide and the mixture was shaken in a hydrogen atmosphere (40 psi) for 1 h. The
mixture was filtered and concentrated to yield the title compound. MS(ES) m/e 417
M+,
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¢) (R,8)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[{[2-(4-piperidinyl)ethyl imethylamino]
carbonyl]-1H-1,4-benzodiazepine-2-acetic acid

The compound of Example 1(b)..(0.26 mmol)-was dissolved in methanol (9 mL),.. ..., ..

and 1.0 N sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred
at RT overnight, and concentrated. The residue was dissolved in water/acetonitrile (3
mL), cooled to 0°C, and acidified with TFA (0.21 mL., 2.7 mmol), The solution was
concentrated and the residue was purified by reversed-phase flash chromatography (C-18
silica gel, AN/W-TFA). Concentration and lyophilization gave the title compound,
MS(ES) m/e 403 [M+H]*; 'H NMR (DMSO-dg) § 8.1-8.6 (m, 2H), 6.4-7.0 (m, 3H), 5.9~
6.0 (m, 1H), 5.4-5.5 (d, 1H), 5.0-5.1 (m, 1H), 3.8-3.9 (d, 1H), 1.0-3.5 (m, 22H); Anal.
(C24H735.25N408.875) caled: C, 48.91; H, 5.71; N, 9.51. found: C, 49.19; H, 5.64; N,
9.42.

'a) methyl (R,S)-s-carboxy-2,3,4,5atetrahydro-'4-iSOpentyl-3-oxof'1 H-1,4-benzodiazepine- -
2-acetate _ L '

Anhydrous isopentylaminewas bubbled into anhydrous DMF (200 mL:) at 0°C for
15 min. A solution of t-butyl 4-bromomethyl-3-nitrobenzoate (5.0 g, 15.8 mmol) (Inz. J.
Peptide. Res., 36, 31 (1990)) in DMF (10 mL) was added dropwise to the cold amine
solution. The solution was stirred at 0° for 30 min and poured into water. The mixture
was extracted with ethyl acetate and the combined organic layers were washed with

water, dried (sodium snifate) and concentrated to give a yellow-brown oil. The oil was
purified by chromatography over silica gel to yield t-butyl 4-(isopentylamino)methyl-3-
nitrobenzoate. _ .

A solution of the t-butyl 4-(isopentylamino)methyl-3-nitrobenzoate (5.3 mmol),
ttiethylamine (2.1 g, 21 mmol) and di-t-butyl dicarbonate (3.44 g, 15.8 mmol) in THF (50
L) was stirred 24 h. The mixture was concentrated and the residue dissolved in ethyl
acetate (200 mL). The solution was extracted with witer, dried (sodium stlfare) and
concentrated to give a yellow oil which was purified by chromatography over silica gel to
yield t-butyl 4-[N-(i-butoxycarbonyl)-N-(isopentylyamino-methyl]-3-nitrobenzoate.

A solution of t-butyl 4-[N-(t-butoxycarbonyl)-N-(isopentyl)amino-methyl]-3-
nittobenzoate (2.27 mmol) in ethanol (100 mL) containing 10% palladium on carbon (0.5
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g) was hydrogenated (40 psi). After 30 min, the mixture was filtered and concentrated to
give t-butyl 3-amino-4-[N-(t-butoxycarbonyl)-N-(isopentyl)-aminomethyllbenzoate.
s o o Dimethyl acetylenedicarboxylate (0.34 g, 2.4 mmol) was added to a solution of t-.
butyl 3-amino-4-[N-(t-butoxycarbonyl)-N-(isopentyl)-aminomethy!]benzoate (2.7 mmol)
in methanol (50 mL). The solution was heated to reflux for 1 b, treated with dimethyl
acetylenedicarboxylate (0.17 g,'1.2 mmol) and heated at reflux for an additional 1 h. The
mixture was cooled, filtered, concentrated:and the residual yellow oil was
chromatographed over ilica gel to give t-butyl (E,Z)-4-[N-(t-butoxycarbonyl)-N-
(isopentyl)-aminomethyl}-3-{2-(1,4~dimethoxy-1,4-dioxo-2-butenyl)amino]-benzoate. -

A solution of t-butyl (B,Z)-4-[N-(t-butoxycarbonyl)-N-(methyl)-aminomethyl}-3-
f2-(1,4~-dimethoxy-1,4-dioxo-2-butenyl)amino)-benzoate in methanol (50 mL) containing
10% Pd/carbon (0.5 g) was hydrogenated (45 psi) at RT. After 4 h, the suspension was
filtered and concefitrated to give a pale yellow oil, The residue was purified by
chromatography over silica gel to yield t-butyl 4-['Nﬁ(t-butoxycarbonyl)—N-
(isopentyl)amino-methyl]-a-[Z—(1,4—dimethoxy4.4-dioxo-2-butyl)amino]benzoaté.

TFA (50 mL) was added to a solution of t-butyl 4-[N-(t-butoxycarbonyl)-N-
(wopcntyl)ammo-memyl]-s-[2-( 1 4-duuethoxy-l A-dioxo-2-butyl)amincjbenzoate (0.3
:mmol) in CHzClz (omLy.. Thié mixbars, was ‘stitred fordh, andnondentraxed to yield 4-
[N~ (xsopantyl)mnmomethyl]—B—m-[Z-(1 4-duncthoxy-1 A-dioxo-2-butyl)}-N--

(meﬂnyl)ammo]-benzom acid. :

The benzoic acid was dissolved i in, methanol (20 mL) and treated with 25%
sodium methonde in methanol 0.2 mL 0.87 mmol). The mixture was heatad to 50°C
for 2 h, cooled and treated with 1M hydrogen chloride in ether (2 mL), The mixwre was
concentrated to give the title compound

b) methyl (R,5)-2,3,4,5-tetrahydro-4-isopentyl-3-0xo-8-{[[2-(4-pyridylethyl]
methylamino]carbonyl]-1H- 1,4-benzodiazepine-2-acetate
The compound of Example 2(a) (2.0 mmol) dissolved in DMF (30 mL) was
 reated with EDC (2.2 mmol) and 1-HOBT (285 mg, 2.1 mmol). The mixture was treated
~with N-methyl-2-(4-pyridyl)ethanamine (2.4 mmol), stirred at RT for 48 h, concentrated
and the residue was purified by flash chromatography to yield the title cqmpound.

¢) meathyl (R,8)-2,3,4,5-tetrahydro-4-isopentyl-3-oxo-8-[[[2-(4-piperidinyl)ethyl]
methylaminojcarbonyl}-1H-1,4-benzodiazepine-2-acetate

' A solution of the compound of Example 2(b) (0.2 mmol) and 0.6N hydrochloric’
acid ‘(0.6 mL) in methanol (30 mL) was treated with platinum oxide (5 mg) and
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hydrogenatad (45 psi) overnight. The mixture was filtered and concentrated to give the
ttle compound. MS(ES) me 473 (M+H] . '

‘ d) (R.S)-2,3 4 5-tctrahydro-4-xsopentyl-3—oxo-8-[[[2-(4-p1pendmyl)ethyl]methylammo]

carbonyl]-1H-1,4-benzodiazepine-2-acetic acid
The compound of Example 2(¢) (0.27 mmol) was dissclved in methanol (9 mL),

and 1.0 N sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred
at RT ovemight, then was concentrated. The residuc was dissolved in water/acetonitrile
(3 mL), cooled to 0°C, and acidified with TFA (0.21 mL, 2.7 mmol). The solution was
concentrated and the residue was purified by reversed-phase flash chromatography to
. .yield the title compound. MS(ES) m/e 459 [M+H]*.

a) methyl. (R,S)- -[[[L[N-(benzyloxycarbonyl)ammonnmo-methyl]-s- :
flnorophenyljmethylamino]carbonyl]-2,3,4,5-tetra-hydro-3-0x0-4-(2-phenylethyl)- IH- :
* 1,4-benzodiazepine-2-acetate
_ Using the procedure of Preparation 8(h), except substituting methyl (R,S)-8-
carboxy-2,3 4,5-tetrahydro-3—oxo-4-(2—phenyletbyl)-IH-1 ,4-benzodiazepine-2-acetate for
the compound of Preparation 8(g), and substituting 2-fluoro-4-(methylamino)-[N-
(benzyloxycarbonyl)] benzamidine for 4-(methylamino)-(N-benzyloxycarbonyl)-
benzamidine, gave the title compound. !H NMR (400 MHz, CDCla) 8 8.15 (t, 1H), 7.4
(d, 2H); 7.4-7.15 (i, 8H), 7.1 (d, 2H), 6.9 (dd, 1H); 6.75 (dd, 1H), 6.65 (s, 1H), 6.6 (d,
18), 6.4 (d, 1H), 5.25 (4, 1H), 5.15 (5,.2H), 49 (g, 1H), 4.25 (4, 1H), 3.7 (s, 3H), 3.65 (m,
- 2H), 3.55 (d, 1H), 3.45 (5, 3H), 2.95 (dd, 1H), 2.7 (m, 2H), 2.6 (dd, 1H).

 b) R,S)-8-{{[4-(aminoiminomethyl)-3-fluorophenylimethyl-amino]carbonyl]-2.3.4.5-
tetrahydro-3-0x0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid

A solution of the compound of Exaruple 3(z) (0.06 mmol) in methanol (25 mL)
containing 1.0M hydrogen chloride in ether (0.6 mL) was treated with 10% palladium on
~ carbon (0.06 g) and the mixture was shaken in a hydrogen atmosphere (40 psi) for 1 h.
' 'The mixmure was filiered and concentrated o yield thé methyl ester of the title compound..
| The methyl ester (0.27 mmol) was dissolved in methanol (9 mL); and 1.0 N
* sodium hydroxide (0.81 mL, 0.81 mximl) was added. The solution was stirred at RT

This Sheet Has Been Repxaced

. ||I|||||I|I|| I |I III




. 30- .-

ovemnight, then was concentrated. The residue was dissolved in water/acetonitrile (3
ml.), cooled to 0°C, and acidified with TFA (0.21 mL, 2.7 mmot}). The solution was

. concentrated and the residue was purified by reversed-phase flash chromatography to.. .
yield the title compound. YH NMR (400 MHz, CD30D) 87.75 (t, 1H), 7.4 (d, 1H), 7.25-
7.05 (m, 6H), 6.8 (d, 1H), 6.7 (s, 1H), 6.5 (d, 1H), 5.35 (d, 1H), 5.05 (m, 1H), 3.8 (d, 1H),
3.65 (m, 2H), 3.4 (s, 3H), 2.9 (dd, 1H), 2.7 (m, 2H), 2.6 (dd, 1H). MS(ES) nve 518.0
M-+H]*.

2) methyl (R,S)-8-[[N-(t-butoxycarbonyl)- 1,2,3 4-tetrahydro-7-isoquinolinylJamiiio] . .
carbonyl]-2,3,4,5-tetrahydm—3-oxo-4~(2—phenylethyl)-lH-l,d—benzodiazepine—Z—hceﬁc
acid ) '

Methyl (R, S)-S-catboxy-l 2,4 S-tetrahydro-3-oxp-4-(2-phenylemyl)—SH*1 4-
-benzod;azepmeaz-acetate (2.0 mmol) dissolved in DMF (30 mL) Was treaved with EDC -
(2.2 imol) and 1-HOBT (285 mg, 2.1 mmol). The mixture was treatad.with N2-(tert-
butoxycarbonyl)-7-amino-1,2,3,4-tetrahydro-isoquinoline (2.4 mmol) , stirred at RT for
48 b, concentrated and the residue was purified by flash chromatography to yield the title
compound,

b) (R,S)-8-[{(1,2.3 4-ten-ahydro-7-1soqumohny1]mino]-carbonyl]-2,3 4,5-tetrahydr0-3-
o0x0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid

The compound of Example 4(a) (0.56 ramol) was dissolved in a mixture of
CH2Cl2 (25 mL) and TFA (5 mL). After 1 h, the mixture was concentrated to give the
methyl ester of the title compound. _

The methyl ester (0.27 mmol) was dissolved in methanol (9 L), and 1.0 N
sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred at RT
overnight, then was concentrated. The residue was dissolved in water/acetonitrile (3
mL), cooled to 0°C, and acidified with TFA (0.21 mL, 2.7 mmbol). The solution was
concentrated and the residue was purified by reversed-phase flash chromatography to
yield the title compound. Anal. [C20H30N404-0.6(C2HF3072)- L.5(H20)] caled:
C,60.55; H,5.64; N.9.31. found: C,60.45; H,5.80; N,9.28. |
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a) methyl (R,S)-7-carboxy-4-[2-(cyclohexylethyl)-2,3 4,5-tetrahydro-3-ox0-1H-1,4-
benzodiazepine-2-acetate

A salution of methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-0x0-4-(2-
phenylethyl)-1H-1,4-benzodiazepins-2-acetate (1,2 mmol) and 0.6N hydrochloric acid
(4.0 mL) in methanol (50 mL) was treated with platinum oxide (120 mg) and
hydrogenated (45 psi) and the mixture was filtered and concentrated to give the title
compound. '

)] methyl (R,S)—?-[(4 4'-bipiperidin-1-yDcarbonyl}- [2—(cyclohexyl)ethy1]-2 3 4 5*
tetrahydro-3-ox0-4-1H-1,4-benzodiazepine-2-acetate

The compound of Example 5(2) (2.0 mmol) dissolved in DMF (30 mL) was
treated with EDC (2.2 mmol) and 1-HOBT (285 mg, 2.1 mmol). This mixiufe was
treated with N—(t—butoxycarbonyl)-4 4‘-bipip'etidine (2.4 mmol), stirted at RT for 48 h,
concentrated and the residue was purified by flash chromatography to-yield the title- -
compound.

¢) methyl (R,S)-?-[(4,4‘-b1p1peridm 1-yl)carbonyl]-4-[2-(cyclohexy1)ethyl]—2,3,4 5-
tetrahydro-3-ox0- 1H-1,4-benzodiazepine-2-acatic acid

The compound of Example 5(b) (0.56 mmol) was dissolved in 4 mixture of
- CH3Clz (25 mL) and TFA (5 mL). After 1 b, the mixture was concentrated to give the
title compound.

d} R,8)-7-[(4,4"-bipiperidin- 1-yl)carb0nyl]-4-[2—(cyclohﬂxyl)ethyuv2.3 4 S-wtrahydro-s-
" oxo-IH-14-benzodiazepine-2-acetic acid
The compound of Example 5(c) (0.3 mmol) was suspended in acetone (2 mL) and
. treated lithinm hydroxide hydrate (25 mg) in water (2 mL). The mixturs was stirrad
" overnight, treated with methanol and additional lithinm hydroxide hydrate (5.5 mg) was
. added in two portionsover 9 h. The mixtuire was concentrated and the aqueous residue
was neutralized with hydrochlotic acid and concentrated. The residus was placed in the
refrigerator overnight and filtered. The filter cake was washed with cold water, acetone
and &ther to yield the title compound Anal. -[C30H44N404-2.5(C2HF302) 2(H20)]
caled: C,49.70; H,.G.OZ; N,6.62. found: C,49.43; H,6.02: N,6.62."
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" a) methyl (R,85)-7-{[4-(N-t-butoxycarbonyl)(2-aminoethyl)-piperidin-1-yl]carbonyl]-

2,3,4,5-1etrabydro-3-0x0-4-(2-phenylethyl)-1H- 1 ,4-benzodiazepine-2-acetats
Methyl R,S)-7-carboxy-2,3,4,5-tetrahydro-3-0xo0-4-(phenylethyl)-1H-1,4-

benzodiazepine-2-acetate (2.0 mmol) dissolved in DMF (30 L) was treated with DCC
(458 mg, 2.2 mmol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with
triethylamine, The mixture was treated with N-(t-butoxycatbonyl)-2-(4-

- piperidinyDethanamine (2.4 mmol) , stirred at RT for 48 h, concantrated and the residue
was purified by flash chromatography to yield the ,tiﬂ; compound,

b (R.$)-7-{[4-(2-aminoethyl)piperidin-1-ylléarbonyl]-2,3,4,5- beu'ahydro-?:-oxo—4~(2- |
'phenylethyl)— 1H-1 4-benzodiazepine~2-acetic acid
' “The cotapoutid of Example 6(4)(0.56 inmiol) wis dissolvéd ifi.a. mixmre of .
CHzClz (25 mL} and TFA (5 mL). After 1 h, themmmwas cencentrated to give the -
methyl ester of the tifle compound.

The methyl ester (0.27 mmol) was dissolved in methanol @ mL), and 10N
sodmm hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred at RT
ovemight, then was concentrated. The residue was dissolved in water/acetonitrile (3
- mL), cooled to 0°C, and acidified with TFA (0.21 L, 2.7 mmol). The solution was
concentrated and the residue was purified by reversed-phase flash chromatography to

yield the title compound. MS(ES) m/e 479 [M+H]*, 477 (M+H]".

: Usmg the procedure of Exa:nple 4 except subsumting :

i methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-1H-1,4-
benzodiazepine-2-acetate for methyl (R,S)-8-carboxy-2,3,4,5-tetratiydro-3-0x0-4-(2-
phenylethyl)- 1H-1,4-benzodiazepine-2-acetate, gave the title compound. Anal.
[C29H30N404-2(C2HF302)-0.75(H20)] caled: C, 53.55; H, 4.36; N, 7.57. found: C,
53.80; H, 4.56; N, 7.56.
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a) t-butyl 3-methyl-4-nitrobenzeate

_ 3-Methyl-4-nitrobenzoic acid (500 g, 2.76 mol) was added to pyridine (1.25 L)
and stirred until it dissolved. Benzenesulfonyl chloride (609 g, 3.45 mol) was added
rapidly while maintaining the intemal temperature «<30°C with an ice bath. A precipitate
formed towards the end of the addition and pyridine (500 mL) was added to improve
stirring. The mixmure was stirred for 30 min and t-butanol (523 mL) was added dropwise
- over 30 min at < 30°C, The mixture was stirred for 2 b, dissolved in hexane:ethyl acetate

(4:1;2.5 L) and the resu.ltmg mixture was extracted with water. The organic phase was
concentrated to give a light yellow oil which erystallized on cooling to give the title
compound (635 g, 97%). mp 56-58°C. i

b) t-butyl }bmmomethyM-nmubenzoate . : :

A solution of the compound of Exaraple 8(a) (635 g, 2.68 mol) in carbon’
tetrachloride (6 L) was stirred and treated with N-bromosuccinimide (476.5 g, 2.68 mol).
The mixture was irradiated and heated to reflux with 3 flood lamps positioned below the
solution level. Benzoy! peroxide (6 g) was added in four portions while the mixture was
heated to reflux and the last portion was added as reflux was reached after 2 h. The
mixture was irradiated at reflux for 12 h, cooled, allowed to stand several hours, filtered
and concentrated to a brown oil (870.7 2). The oil was taken up in hexane (3 L) and ether
(500 mL) (boiling), filtered and the filtrate was partly concentrated by boiling. The
resulting solution was allowed to stand overnight and the off-white crystalline solid
which formed was filtered, washed with hexane and dried to give the title compound
(396.6 g, 46.8%), mp 80-83°C; 1H NMR (250 MHz) § 4.5 (2H); TLC Ry 0.7 (silica gel,
1:9 ethyl acetate/hexane). The filtrate yielded a second crop on standing (73 g). mp 61-
65°C.

¢) t-butyl 3 (methylammo)methyl-4-mu'obenzoal:e

Aqueous 40% methylamine (623 mL) wa$ added to dnnethylforma.mxdc (251
stitred at -5°C in an acetone/ice bath. A solution of the compound of Example 8(b) (238 -
g, 0.753 mol) in ethy! acetate (600 mL) was added dropwise over 1 h while maintaining
the internal temperature between 0°C and -5°C. The clear yellow reaction mixture was
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stirred for an additional 30 min and was diluted with an equal volume of water. Hexane
was added, the organic phase was separated and the aqueous phase was exiracted with

. .hexane. The combined organic extracis were washed with water and concentrated to give
the title compound (217.8 g) as a bright yellow oil.

d) t-butyl 3-[N-(t-butoxycarbonyl)-(methylamino)-methyl]-4-nitrobenzoate

A solution ‘of the compound of Example 8(c) (0.753 mol) in ethy! acetate (1 L)
was stirred and treated with di-t-butyl dicarbonate (180.8 g, 0.828 mol) which was added
in portions. A vigorous reaction occurred with rapid gas evolution which ceased after the
final addition of the dicarbonate. The reaction mixture was stirred for an additional 30
roin, and-was extracted with 4% aqueous sodinm carbonate and with water. The organic
- phase was concentrated to give a light yellow oil which was dissoved in hexane and
" cooled i a Dry Ice/acetone bath to initiate crystallization. The mixture was stored in the
refrigerator, filtered and dried to give the title compound (129 g, 47%) which was used in
the next step. mp 56-58°C. IH NMR (CDCl3) 6 8.05 (2H, 5), 7.95 (1H, 5), 4.8 (2H, d), 2.9
(2H, s), 1.6 (9H, 5), 1.5 (9H, 5); HPLC 1R 27 min (Zorbax RX C;g, gradient, 4.6 X 150
mm, A methanol B.water-o 1% TFA 50—90% methanol during 40 min, UV detecuon at

) t-butyl 4-amino-3-[N-(t-butoxycarbonyl)-(methylamino)methyl]benzoate
" A solution of the compound of Example 8(d) (129 g.0.352 mol) in ethyl -

acetate/methanol (1:1, 1.5 L) was treated with 10% Pd/C (40 g) moistened with ethyl
acetate under argon in a hydrogenation bottle. The bottle was purged with hydrogen and
shaken until the theoretical amount of hydrogen was absorbed. The mixture filtered
through Celite® and the filtrate containing the title compound was used in the next step.
f) t-butyl (E/Z)-3-[N-(t-butoxycarbony!)(methylarnino)methyl]-4-[2-(1,4-dimethoxy-1,4~
dioxo-2-butenyl)aminojbenzoate

A solution of the compound of Example 8(e)(118.3 g, 0.352 mol) in
methanol:ethyl acetate (1.5 L) was stitred at RT under argon and dimethyl
acetylenedicarboxylate (50 g, 0.352 mol) was added dropwise over 30 min and the
mixture was heated to reflux for 16 h. The mixture was cooled and dimethyl
acetylenedicarboxylate (6.0 mL, 0.0488 mol) was added in one portion. The reaction
. mixture was heated to reflux 2.5 h. The resulting solution contammg the title compound

 was cooled and used in the next step. -
This Sheet Has Been Replaced

L




\\Il\l\\ \m\\ i [ s

g) t-butyl (R.S)-3—[N—(t—bqtoxycarbonyl)-(r%ethylamino)—methyl]-4-[2-( 1,4-dimethoxy-
1,4-dioxobutyl)aminolbenzoate

- Assolution of the compound of Example 8(f)- (~168 g, 0:352 mol) in ethyl
acetate:methanol (1.5 LYy was added to 10% Pd/C (20 g) moistened with ethyl acetate
under argonin a hydrogenauon bottle. The mixture was shaken in a hydrogen
atmosphere and heated to 48°C until the theorctical amount of hydrogen was absorbed,
cooled, vented, filtered through Celite® and the filtrate was concentrated to give the title
compound (173.4 g) as a yellow oil. HPLC tR 18.9 min (Zorbax RX Cj8, 4.6 X 150 mm,
1 mIL/min, gradient, A:methanol B;water-0.1% TFA, 50-80% methanol over 40 min, UV
detection at 210) nm).

h) (R.5)4-[2~(1,4-dimethoxy-1 4—d10xobutyl)amino]-3 [(methylammo)methyl]benzoatﬁ
'A solution of the compound of Example 8(g) (0.348 mol) in dichloromethane

(500 mL) was added over 30 min to a stirred solution of TFA (684 mL)and

dichloromethane (1550 mL); the internal was between 18°C-25°C, The solution was

stirred overnight at RT and concentrated 1 give the title compound (234. 6 g) as a brown

oil. HPLC IR 19 min (Zorbax RX Ci3 column, 4. 6X 150 mm, grad1ent, 1 lermn,

: A.methanol B:water-0.1% TFA, 10-60% memanol over 50 min, uv detcct:on 46210

nm).

i) methyl (R,8)-7-carboxy-2,3 4,5-tetrahydr0*4~mcthy1-3-oxo-lH-l 4-benzod1azepmc—2—
acetate

A solution of the compound of Example B(h) [112.7 g (0.348 mol) with TFA
(141.9 2)1 in methanol (2 i.) was cooled to between 0°C to -5°C and stirred under argon.
Sodinm methoxide in methanol (25%; 396 mL, 1.94 mol) was added over 2 h,
maintaining the intemal temperature between 0°C to -5°C. Following the addition, the
temperature was allowed to rise slowly and the mixture stirred for 45 min. Glacial acetic
acid (42 mL) was added to the reaction mixture followed by water (1.5 L). A crystalline
precipitate began to form and the pH of the mixture was adjusted to 4.5 by careful
additions of 12N hydrochloric acid. The niixture was stirred a few min, filtered and the
precipitate washed with water and vacuum dried to give the tiflc compound (77.6 g,
76%). 1H NMR (250 MHz, DM504ds) 8 7.5 (2H, m), 6.5 (2H, m), 5.5 (1H, d), 5.2 (1H,
m), 3.9 (1H, d), 3.6 (3H, ), 2.9 (3H, 5), 2.9-2.6 (2H. m); mp 276-277°C, HPLC R 23.2
min (Zorbax RX C18, 4.6 x 150 mm, 1 mL/min, gradient, A:methanol B:water-0.1%
TFA, 10-60% methanol over 50 min, UV detection at 210 nrn); Anal.(C14H]6N205)
caled: C, 57.53; H, 5.52: N, 9.58. found: C, 57.27; H, 5.41; N, 9.17; mp 280-280.5°C
{dec).
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j) methyl (R,S)-7-[[1'-(t-butoxycarbonyl)-4.4-bipiperidin- 1-yl]carbonylj-2,3,4,5-

_ tetrahydro-4-methyl-3-0x0-1H-1,4-benzodiazepine-2-acetate . . | Che e
Using the procedure of Example 5(b), except substituting the compound of

Example 8(i) for methyl (R,8)-7-carboxy-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)- 1 H-
1,4-benzodiazcpine-2-acetate, gave the title compound.

k) methyl (R,S)-7-[(4,4'-bipiperidin-1-yl)carbonyl)-2,3,4,5-tetrahydro-4-methyl-3-0x0-
1H-1,4-benzodiazepine-2-acetate

Using the procedure of Example 5(c), except substituting the compound of
Example §(j) for the compound of Example S(b), gave the title compound.

D) (R,S)-7-[(4.4'-bipiperidin-1-yl)carbonyl}-2,3,4 5—tetrahydro—4—meﬂ1yl—3-oxo-IH-I 4
benzod1azepme-2‘acenc acid

Using the procedure of Example S(d), except subsutuung the compound of
Example 8(k) for the compound of Example 5(c) and substituting sodium hydrox:de for
Kthium hydroxidé, gave the tide compound Anal.
[C23H32N404- 2(CZHF302))- 2.5(H20)] caled: C, 46.22; H, 5.46; N 7.99.-found: C,”
4633H545N797 - .

a) methyl (R,S)-7-{[[2-[4-(benzyloxycarbonyl)- I-piperazinyl)]ethyljmethylamino]
carbonyl]-2,3,4,5-tetraliydro-3-0x0-2-(2-phenylethyl)- 1H-2-benzazepine-4-acetate

Methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-0x0-2-(2-phenylethyl)-1H-2~
benzazepine-4-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with DCC (458
mg, 2.2 mmol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with triethylamine.
The mixture was treated with 2-{1-[4-(benzyloxycarbonyl)piperazinyl]]-N-methyl-
ethanamine (2.4 mmol), stirred at RT for 48 h, concentrated and the residue was purified
by flash chromatography to yield the title' compound.
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b) (R.S)-2,3,4,5-tetrahydro-3-0ox0-2-(2-phenylethyl)-7-[[[2- (l-pxperazmyl)ethyl]
methylammo]carbonyl] -1H-2-benzazepine-4-acetic acid
: The compound of Example.9(a) (0.3 mmol) was dissolved in methanol (20.. . . .
mL), and added to palladium hydroxide (100 mg) and 3N hydrochloric acid (1 mL).
The mixture was hydrogenated (40 psi) for 6 h. The reaction mixture was filtered,
the catalyst washed with acetonitrile and the ﬁitrate_ concentrated. '

The methyl ester (200 mg, 0.3 mmol) was dissolved in methanol (4 mL) and IN
sodium hydroxide (0.5 mL), stirred, concentrated, diluted with water, acidified with 3N
hydrochloric acid and concentrated. The residue was chromatographed by HPLC to yield
the title compound as white solid.

thylami -1H-2-ben ine.

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.19 g, 6.23
mraol) was added all at once to a solition of riethyl- (R,S)-?-carboxy-z.s 4,5- tetrahydro- '
3-0x0-1H-2—benzazepme*4-acetate (1.44-g;-5.19 mmol), benzyI alcohol (2.7 mL, 25 95."
mmol), diisopropylethylamine (1.8 mL, 10.38 mmol); and L(dimemylmnmo)pyndme
(761 mg, 6.23 mmol) in anhydrous dimethylformamide (26 mL} at RT. The reaction was
stirred for 24 h and concentrated to leave a pale yellow oil. The oil was diluted with ethyl
acetate (200 mL), and the cloudy mixture was washed sequentially with 1N hydrochlonc
acid and water. The combined aqueous layers were extracted with ethyl acetate, and the
combined organic layers were dried (MgSO4) and concentrated. Chromatography over
silica gel gave methyl (R,S)-7-benzyloxycarbonyl-2,3 .4,5-tetrahydro-3-oxo-1H-2-
benzazepine-4-acetate (1.59 g, 83%). ,

methyl (R,S)-7-benzyloxycarbonyl-2,3,4 S-tctrahydro—s-oxo-1H-2.-benzachme-4-
acetate (220.4 mg, 0.60 mmol} was suspended in toluene (5-10 mL), and the mixture was
carefully concentrated to remove water and residual solvents. The resulting solid was
* dissolved in dry 1:1 THF:DMF (12 mL), and 1-iodobutane (3.0 mmol) was added.
Sodium hydride (60% in mineral oil, 29 mg, 0.72 mmol) was added, causing gas
evolution and slight warming. .After 15 niin, the reaction was cooled.to 0°C and
quenched with saturated aqueous ammonium chloride (2'mL). The mixturc was diluted
with ether (50 mL) and washed with water. The combined agueous layers were extracted
with ether, and the combined organic layers were dried (MgSO4) and concentrated.
Chromatography over silica gel yiclded methyl (R,S)-7-benzyloxycarbonyi-2,3,4,5-
tetrahydro-2-butyl-3-0x0-1H-2-benzazepine-4-acetate.
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10% PQ/C' (64 mg, 0.06 mmol) was added carefully o a solution of methyl (R,S)-
7—benzyloxycarbonyl-2,3.4,5—tetrahydro—2—butyl-3-oxo—IH-Z-benzachinc-Lacctate 0.60
mmol) in methanol {12 mL).- The mixture was purged with hydrogen and stirred briskly -
at RT under hydrogen (balloon pressure). After 15 h, the mixure was filtered through
Celite®, and the filtrate was concentrated to afford methyl (R,S)-7-carboxy-2,3,4,5-
tetrahydro-2-butyl-3-0x0-1H-2-benzazepine-4-acetate.

1-(3-dimethylaminopropyl)-3-ethylcatbodiimide hydrochloride (90 mg, 0.47
mmol) was added to a solution of methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-2-methyl-3-
oxo-1H-2-benzazepine-4-acetate (0.39 mmol), N-methyl-2-(pyrid-4-yl)ethanamine (64
mg, 0.47 mmol), 1-hydroxybenzotriazole (63 mg, 0.47 mmol), and diisopropylethylamine
(0.14 mL, 0.78 mmol) in dry dimethylformamide (2 mL) at RT under argon. The
reaction was stm-ed for 23 h and concentrated. The residue was partitioned between ethyl
acetate and water. The layers were separated and the organic phase was washed with
water. The combined aqueous layers were back-extracted with ethyl acetate, the -
combined organic layers were dried (sodium sulfate) and concentrated to leave a yellow
oil. The oombmed aqueous layers were concentrated and sodium chloride was added.
The resulting mlxture was exhausuvely extracted with chloroform ‘The combmed
organic phase was dried (sodmm suifate) anid concemrated to give a yellow oil, 'which
was combined with the material from the ethyl acetate phase. Chromatography over
silica gel yielded methyl (R,S)-2,3,4,5-tetrahydro-2-butyl-3-oxo-7-[[[2-(pyrid-4-
yDethylmethylaminolcarbonyl]-1H-2-benzazepine-4-acetate,

Platinum oxide (4 mg) was added to a solution of methyl R,5)-2,3,4,5-tetrahydro-
2-butyl-3-0x0-7-{[[2-(pyrid-4-yDethyljmethylamino]carbonyl]- 1H-2-benzazepine-4-
acetate (0.35 mmol) and 1N hydrochloric acid (0.35 mL, 0.35 mmol) in methanol (3.5
mL), and the mixture was stirred briskly under Hy (balloon pressure). After 7 b, the
reaction was filtered through Celite® and concentrated, and the residue was dissolved in
methanol (3.5 mL). Platinum oxide (4 mg) was added, and the mixture was stirred
briskly under Hy (balloon pressure) for 16.5 h, Filtration through Celite® and
- concentration yielded methyl (R,8)-2,3,4,5-tetrahydro-2-butyl-3-oxo-7-{[[2-(piperidin-4-
ylethylmethylamino]carbonyl]-1H-2-benzazepine-4-acetate.

Methyl (R,S)-2,3,4,5-tetrahydro-2-butyl-3-0x0-7-{{[2-(piperidin-4-
yDethyllmethylamino] carbonyl]-1H-2-benzazepine-4-acetate was dissolved in methanol
(12 mL) and cooled to 0°C. "IN Sodium hydroxide (1.05 mL, 1.05 mmol) was added
dropwise, and the solution was allowed 10 warm to RT. The reaction was stirred at RT
for 24 h and concentrated. The residue was concentrated from 1:1 acetonitrile:water (4
ml.) to remove methanol, the residue dissolved in 1:1 acetonitrile:water (4 mL), and
. cooled in ice. TFA (0.27 mlL., 3.5 mmol) was added and the reaction was concentrated.
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The residue was purified by reversed-phase flash chromatography. Concentration and
lyophilization gave the title compound. MS(ES) m/e 444 (M+H]t, '

Examples 11-12
a) Using the procedure of Example 10 to alkylate the 2-amina group and
debenzylatc the benzyl ester, except substituting benzyl bromide or (5-
xodopentyl)benzcne for iodobutane, and using the procedure of Example 1(a)-(b), exce.pt
substituting Pd/C for palladinm hydroxide, yielded the following compounds:
11(a). methyl 2-benzyl-2,3,4,5-teirahydro-3-oxo-7-[[[2-(piperidin-4-
ylethyllmethylamino]carbonyl]-1H-2-benzazepine-4-acetate. MS(ES) m/e 492 [M+H] .
12(a). methyl 2,3.4,5-tetrahydro-3-ox0-2~(5-phenylpentyl)-7-{[[2-(piperidin-4-y1)-
ethyllmethylamino]carbonyl}-1H-2-benzazepine-4-acetate. MS(ES) m/e 548 [IM+H]+.
b) Using the procedure of Example 1(c), except substituting the compoundé of
Example 11-12(a) for the compound of Example 1(b}, gave the following compaunds:
11(b). 2-benzyl-2,3,4 J-tetrahydro-3-oxo-7-[{[2-(piperidin-4-y1)-
ethyl]methylmnmo]carbonyl] 1H-2-benzazepine-4-acetate.
12(6). 2,34, S-teu'ahydm-B-nxo-Z*(5—phenylpemy1)-‘7-[[[2—(p1pendm-4-yl)- .
ethyl]methylammo]carbonyl} 1H-2-benzazepine-4-acetate. :

Example 13

-2-isopropvl-3-0xg-1H-2- ine-4-acetic aci
Using the procedure of Preparation 8(c)-(3), except substituting isopropylamine
for 2-phencthylamine in the procedure of Preparation 8(c) and substituting 2,4,6-collidine
for sodium methoxide in methanol in the procedure of Preparation 8(g), gave the title
compound. MS(ES) m/e 437 [M+H]}*.

Exampl -

Using the procedures of Preparation 8(¢)~(g), except substituting a)
isoprupyiamine. b) isopentylamine, c) 3,3-dimethylbutylamine or.d) cyi:lohexylamine for
phenethylamine in the procedure of Preparation 8(c); and optionally substituting 2,4,6-
collidine, triethylamine in toluene, or diisopropylethylamine in xylene, for sodium
methoxide in methanol in the procedure of Preparation 8(g), and subsequently using the
procedure of Example 2(b)-(d), cxcept optionally substituting benzotriazol-1-yloxy-
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tris(dimethylamino)-phosphonium hexafluorophosphate for 1-(3-dimethylamino-propyi)-
3-ethylcarbodiimide, gave the following compounds:

14, (R,8)-2,3.4,5-tztrahydro-2-isopropyl-3-0x0-7-{[[2-(4-piperidinylethyl]
methylamino}carbonyl]-1H-2-benzazepine-4-acetic acid. MS(ES) m/e 430 [M+H]*,

15. ®,5)-2,3.4,5-tetrahydro-2-isopentyl-3-0xo0-7-[[[2-(4-
piperidinyl)ethylJmethylaminojcarbonyl]- IH-2-benzazepine-4-acetic acid, MS(ES) m/e
458 [M+H]+.

16. (R,S)-2-(3,3-dimethylbutyl)-2,3,4,5-tetrahydro-3-0xo-7-{[[2-(4-
piperidinyl)ethyl)methylamino]carbonyl]- 1H-2-benzazepine-4-acetic acid. MS(ES) m/e
472 (M+H]*, | .

17. (R,S)-2-cyclohexyl-2,3,4,5-tetrahydro-3-oxo-7-[[[2-(4-
piperidinylethyllmethylamino)carbonyl}- 1H—2—benzazepme—4~aoeuc acid. MS(ES) m/e
- 470 [M+H]+ : -

Using the procedure of Preparation 8(c)-(), except substititing 4-
(fluoro)phenethylamine for phenethylamine in the procedure of Préparation §(c) and
substituting diisopropylethylamine in xylene for sodium methoxide in methanol in the
procedure of Preparation 8(g), and using the procedure of Example 1, gave the title
compound. MS(ES) m/e 510 [M-+H]*.

a) methyl (R,S)-7-amino-2,3,4,5-tetrahydro-3-0x0-2-(2-phenylethyl]-1H-2-benzazepine-~
4-acctate

A mixture of methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-0x0-2~(2-phenylethyl)-
1H-2-benzazepine-4-acetate (2,67 mmol); riethylamine (0.42 mL, 5.87 mmol) and
diphenyl phosphorylazide (0.62 mL, 2.80 mmol) in tolucne (20 mL) was heated at 105°C
for 0.5 h. After the temperamre was lowered to 80°C, the mixture was treated with benzyl .
alcohol (0.60 mL, 0.42 mmol), stirred for 14 h and concentrated. The residue was
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purified by flash 'chromatography to give methyl (R,S)-7-(carbobenzyloxy)amino-2,3,4,5-
tetrahydro-3-0x0-2-(2-phenylethyl)- 1H-2-benzazepine~4-acetate.

. The Cbz compound (0.68 g, 1.38 mmol) was dissolved in methanol(10mL)and

‘palladium on carbon (5%, 50 rag) was added. The mixture was hydrogenated for 1 h,
filtered through Celite® and concentrated to yield the title compound.

b) methyl (R,8)-7-[[[4-(N-benzyloxycarbonyl)-(aminoimiomethyl)phenyllcarbonyl]
amino}-2,3,4,5-tetrahydro-3-oxo0-2-(Z-phenylethyl]- 1H-2-benzazepine-4-acetate

4-[N-(benzyloxycarbonyl)(aminoimmomémyl)]benzoic acid (2.0 mmol) dissolved
in DMF (30 mL) was treated with 1-(3-dimethylaminopropyl)-3-ethylearbodiimide
hydrochloride (2.2 mmol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with
diisopropylethylamine. The mixture was treated with the compound of Example 19(a)
(2.4 mmol), stired at RT for 48 h, concentrated and the residne was puriﬁad by ﬂash
chromatography to yleld the title compound.

c) methyl (R, S)*7-[[[4-(amincumomeﬂxyl)phenyl]carbonyl]—a:nmo]-z 34. S-wtrahydro-s-
ox0-2-(2-phenylethyl]- 1H-2-benzazepine-4-acetate:

A solution of the compound of Exafaple 19(5)(0.15 mmol) and 10% PdIC (20 mgy

in methanol (40 mL) and acetic acid (3 drops) was shaken ih a hydrogen atmosphere 45
psi) for 30 min. The mixture was filtered and the filtrate concentrated in vacuo to yield
the tile compound.

d) methyl (R,S)-7-[[[4-(aminoiminomethyl)pheﬁyl]carbonyl]-mnino]-z.s,4,5-tetrahydro—
3-0x0-2-(2-phenylethyl]- 1H-2-benzazepine-4-acetats '

A solution of the compound of Example 19(¢) (65 mg, 0.12 mmol) was stirred in
lithinm hydroxide in agueous THF at room temperature under argon overnight. The
mixture was treated with 3N HCI (1 mL) and concentrated in vacuo. The residue was
purified by HPLC. MS(ES) m/e 485 [M+H]*+, 483 {M-HJ".
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a) met!iyl (R,S)—2,3,4,5-tetrahyd'r0-3-oxo-7—[[[2-(4~pyridy1)ethyl]cérbonyl]amino]-.?-
(phenylethyl)- | H-2-benzazepine-4-acetate

Using the procedure of Example. 19(b), except substituting 4-(pyridylpropionic. =
acid for 4-[N-(benzyloxyéarbonyl)(aminoiminomethyl)]benzoic acid, gave the title
compound. 3 | ‘ '

b) (R,S)-2-(2-(cyclohexyl)ethyl}-2,3.4,5-tetrahydro-3-0xo-7-{{[2-(4-
piperidinyl)ethyl]carbonyllamino]-1H-2-benzazepine-4-acetate .

Using the procedure of Example 2(¢), except substituting the compound of
Example 20(a) for the compound of Example 2(b) and subsequently using the procedure
of Exampile 2(d) except substimting lithium hydroxide in aqueous THF for sodium
hydro:udc in aqueous methanol gave the title compound. MS(ES) m/e 484 [M+H]+ 432

2) methyl (R,S)-8-carboi:y-2.3,4.5-tetrahydro-3-oxo@-(l—phenylethyl)—lH-1,4-
benzodiazepine-4-acetate

Using the procedure of Preparation S(a)-(g) except substituung 4—bromo—3-
methylbenzoic acid for 3—bromo-4—meﬂ1ylbenzo:c acid, gave the title compound.

b) (R,S)-8-[(4,4"-bipiperidin-1-yl)carbonyl}-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-
1H-2-benzodiazepine-4-acetic acid .

Using the procedure of Example 5(b)-(d), except substitating the compound of
Example 21(a) for the compound of Example 5(a) gave the title compound.-Anal.
(C31H39N304°-H20) caled: C, 69.78; H, 7.71; N, 7.84. found: C, 69.38; H, 7.68; N

7.37..
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a) ethyl 5—[5-(t-butoxyca:bonyl) 2- [[[N—(t-butoxy-carbonyl)-N-(z-
phenylethyl)Jamino]methyljphenyl}-4-ethoxycarbonyl-4-pentenoate; and
ethyl 5-[5-(t-butoxycarbonyl)-2-[[[N -(t-butoxycarbonyl)—N n
phcnylemyl))]ammo]methyl]phenyl]-4-ethoxycarbonyl-3-pentenoate

Using the procedure of Preparation 8(¢), cxcept sub-stituting diethyl 2-
methyleneglutarate [Ter. Letr., 30, 7381 (1989)] for dimethyl itaconate, gave the title
compounds. :

b) ethyl 5-[5-(t-butoxycarbonyl)-2-[[[N-(t-butoxyecarbonyl)-N-(2-
phenylethyl)Jamino]methyljphenyl}-4-(ethoxycarbonyl)-pentanoate

Using the procedure of Preparation 8(f), except substituting the compound of
Example 22(a) for the compound of Preparation 8(e) and substituting Pd/C in
ethanpl:ethyl acetate for palladium hydroxide in methanol, gave the title compound.

¢) ethyl (R,S)~7-carboxy-2,3 4,5-tetrahydro-3-0X0-2-(2-phenylethyl)- 1 H-2-benzazepine-
4-propanoate
Using the procedure of Preparation 3(g), exc'ept gubstituting the cormpound of
- .Example 22(p) for. the compound of Preparanon 8(f) and subsututmg hydrogen chloride
in dioxane for TFA., gave the title compound : :

d) (R,5)-2,3,4,5-tetrahydro-3-ox0-2~(2-phenylethyl)-7-[([2-(4-piperidinylethyl]
methylamina]carbonyl]-1H-2-benzazepine-4-propionic acid

Using the procedure of Example 1, except substitating the compound of Example
22(c) for methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-4-methyi-3-oxo-1H-1,4-
benzodiazepine-2-acetate, gave the title compound. MS(ES) m/e 506 [M+H]*, 540 [M-
H]"; Anal, (C30H39N304-HC1-3/8H20) caled: C, 65.68; H, 7.48; N, 7.66. found: C,
65.67; H, 7.55.

X -24
a) Methyl (R,S)-7-[1-(t-butoxycarbonyl)-4,4"-bipiperidin-1-yljcarbonyl}-2,3,4,5-
teirahydro-3-0x0-4-(phenylethyl)-1H-1,4-benzodiazepine-2-acstate was chromatographed
HPLC tR. 16 min and 19.8 min (Chiracel® OD, 21.1 X 250 mm, 10 mi/min, methanol,
UV detection at 250 nm) to give the following compounds:
23(a). methyl (+)-7-[1'-(t-butoxycarbonyl)-4,4*-bipipetidin-1-yljcarbonyi)-2,3,4,5-
tetrahydro-3-oxo-4-(phenylethyl)-1H-1,4-benzodiazepine-2-acetate.
24(a). methyl (-)-7-[1'(t-butoxycarbonyl)-4,4-bipiperidin-1-yllcarbony1}-2,3.4,5-
tetrahydro-3-0xo-4-(phenylethyl)- 1H-1,4-benzodiazepine-2-acetats,
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b)  Using the procedure of Example 5(¢)-(d), except substituting the compounds of

. Example 23-24(a) for the compound of Example 5(b), gave the following compounds:
23(b). (+)-7-[(4.4"-bipiperidin-1-yl)carbonyi]-2,3,4,5-tetrahydro-3-0x0-4-(phenylethyl)-
16-1,4-benzodiazepine-2-acetic acid: [o]D +128 (c 0.5,CH30H); [a]D +80 (¢=0.5
water); Anal. (C30H38N404.2C2HF302,1.5H20) caled: C, 52.78, H, 5.60, N, 7.24.
found: C, 52.70, H, 5.89, N, 7.47.

24(b). (-)-7-[(4,4"-bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-3-0x0-4-(phenylethyl)-
1H-1,4-benzodiazepine-2-acetic acid: [o]p -118 (¢ 0.5,CH30H); Anal.(C30H38N404
-2C2HF302) caled: C, 54.69, H, 5.40, N, 7.50. found: C, 54.49, H, 5.40, N, 7.85.

‘a) methyl (R S)-7-carboxy-4-1sopropyl-2,3 4,5-tetrahydro-3-0x0-1H-1 4~benzod1azepme—
2-acetats . RS : S
Usmg the pmcedure of Preparauon 7(b)-(f) except snbsututmg isopropylamine...-
for phenethylamine in Preparation 7(b) and substituting diisapropylethylamine in
refluxing xylene for sodium methoxide in methahol in Preparation 7(f), gave the title
compound. | '

b) methyl (R,S)-7-[[(4,4"-bipiperidin-1-yI)Jcarbonyl]-2,3,4.5-tetrahydro-4-isopropyl-3-
oxo-1H-1,4-benzodiazepine-2-acetate

Using the procedure of Example 5(b)-(¢), except subsututmg the compound of
Examuple 25(a) for the compound of Example 5(a) gave the title compound.

¢) ®R.S)-7-[[(4,4'-bipiperidin-1-yl)Jcarbonyl}-2,3,4,5-tetrahydro-4-isopropyl-3-oxo-1H-
1 4-benzodiazepine-2-acetic acid

Using the procedure of Preparation 8(j), except substituting the compound of
Example 25(b) for the.compound of Preparation 8(i), gave the titls com{)ound. HPLCK'.
427 (PRP-1 ; 15% acetonitrile/water/0.1% TFA); 1H NMR (400 Mz, CD30D) §7.12
(d, J=1.9 Hz, 1H), 7.08 (dd, J=8.3, 1.9 Hz, 1H), 6.59 (d, J=8.3 Hz, 1H), 5.29 (4, J=17.0
Hz, 1H), 5.17 (dd, 1=8.9, 5.2 Hz, 1H), 4.72-4.84 (m, 1H), 4.10 (d, J=17.0 Hz, 1H), 3.34- .
3.45 (m, 2H), 2.70-3.15 (m, 5H), 2.63 (dd, J=16.8, 5.2 Hz, 1H), 1.92-2.05 (m, 2H), 1.69-
1.88 (m, 2H), 1.35-1.54 (m, 4H), 1.16-1.31 (m, 2H), 1.20 (d, 3=6.8 Hz, 3H), 1.03 (d,
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1=6.9 Hz, 3H); MS(ES) m/e 457.2 [M + H]*; Anal.(C25H3¢N404-1.5 CF3CO2H-1.5
H20) caled: C, 51.37; H, 6.24; N, 8.56. found: C, 51.49; H, 6.39; N, §.46. '

-2) The compound of Example 8(j) was separated by chiral HPLC to give the following
compounds:
26(a). methyl (R)-7-[[1'- (t—butoxyca.rbonyl)—4 4'—b:p1pendm— -yllcarbonyl]-2,34,5-
:en-ahydm-4—methy1-3-oxo—1H-1 4-benzod1azepme—2-acetate [o]D +140 (c 1 CH3DH),
HPLC (R 12.9 min (Chiralcel OD, 21.2 x 250 mm, 10 mL/min, methanol, UV detection
at 325 nm) -
27(b) -methyl (S)-7-[[1'-(t-butoxycarbonyl)-4,4' -bipiperidin-1 -yl]carbonyl] -2,3, 4—5

. tatrahydro-4-methyl-3-oxo-1H-1,4-benzodiazepine-2-acetate. [(a]p) ~142.5 (¢ l,C_HsOH); -
HPLC 1R 15.1 min (Chiralcel OD, 21.2 x 250 mm, 10 mL/min; methanol, UV.deteétion
at 325 nm).

b) Using the procedure of Example 8(k), except substituting the compounds of Example
26(a) and 27(a) for the compound of Example 8(j) gave the following compounds: -
26(b). methyl (R)-7-[(4,4"-bipiperidin- 1-yDcarbonyl}-2,3,4,5-tetrahydro-4-methyl-3-oxo~
1H-1,4-benzodiazepine-2-acetate. HPLC 1R 14.3 min (Ultrasphere C18, 4.6 x 250 mm,
1.5 mL/min, gradient, A:acetonitrile B: water-0.1% TFA, 5-60% acetonitrile over 20 min,
UV detaction at 220 nm)

27(b). methyl (S)-7-[(4,4'-bipiperidin-1-yl)carbonyl)-2.3, 4,5-tetrahydro-4-methy1-3—oxo—
1H-1,4-benzodiazepine-2-acetate, HPLC tR 14.61 min (Ultrasphere C18, 4.6 x 250 mm,
1.5 mL/min, gradient, A:acetonitrile B: water-0.1% TFA, 5-60% acetonilrile over 20 min,
UV detection at 220 nm).

c) Using the procedure of Preparation 8(j), except substituting the compounds of Example
26(b) and 27(b) for the compound of Preparation 8(i) gave the following compounds:
26(c). (R)-7-{(4,4"-bipiperidin-1-yl)carbonyl}-2,3,4,5-tetrahydro-4-methyl-3-0x0-1H-1,4- -
bcnzodiazepinc—z-accm: [alp +92.4 (c 0.5,CH30H); MS(ES) m/e 429 [M+H]; 427
[M-H]-; HPLC tr 12.7 min (Ultrasphere €18, 4.6 x 250 mm, 1.5 m{/min, gradient,
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Azacetonitrile B: water-0.1% TFA, 5-60% acetonitrile over 20 min, UV detection at 220
nm); Anal.(C23H32N404-4.5 CF3C02H-3.33 HzO) caled: C, 37.44: H, 4.16; N, 5.29.

.. found: C,37.43; H, 3.81; N, 5.20, . e

. 21(c). (8)-7-[(4,4-bipiperidin-1-yl)carbonyl]-2,3,4,5- tclrahydro-4—methyl-3—oxo-IH-1 4~
benzodiazepine-2-acetate : [&]D -105.9 (¢ 0.6,CH30H); MS(ES) m/e 429 [M+H]*; 427
[M-H]"; HPLC tR 12.6 min (Ultrasphere C18, 4.6 x 250 mm, 1.5 mL/min, gradient,
A:acetonitrile B: water-0.1% TFA, 5-60% acetoniu'ile over 20 min, UV detection at 220
nm); Anal.{(C23H32N404-3 CF3C02H-1.25 H20) caled: C, 43.92; H, 4.77; N, 7.06.
found: C, 44.09; H, 5.00; N, 7.29,

a) 4—-ﬂuoro-3-methylbenzoic acid

A soluuon of 4-ﬂuoro-S-methylphenylmagnesmm bromuie in THF (1 0 M 250
L, 250 mmol) was added in a stream over 5 min oa mixture of Dry Ice (10 g) in dry
THF (250 mL), and the reaction was ‘allowed to warm to RT and concentrated. The
residue was partitioned between water (500 mL) and ether (250 mL}), and the layers were
separated. The aqueous layer was washed with ether (2 x 250 mL) and acidified to pH 1
with concentrated hydrochloric acid. The resulting mixture was cooled in an ice bath and
filtered. ‘The solid was washed with water and dried to afford the title compound (25.92
g, 67%) as an off-white solid: 1H NMR (400 MHz, CDCl3) § 7.90-8.02 (m, 2H), 7.09 (t,
1=8.9 Hz, 1H), 2.34 (d, ] =1.7 Hz, 3H); IR (chloroform) 3400-2300 (broad), 1694 cm-};
MS(ES) m/e 155 (M+HI* m/e 153 [M-H]-.

b) t-butyl 4-fluoro-3-methyibenzoate

Isobutylene was bubbled into a suspension of the compound of Example 28(&)
(3.08 g, 20 mmol) in anhydrous ether (15 mL) in a pressure bottle at -78°C to give a
reaction volume of 50 mL. Triflucromethanesulfonic acid (0.09 mL, | mmol) was added -
dropwise, and the vessel was tightly sealed and warmed to RT. After4 h, the teaction
was cooled and the vessel was opened. Aqueous 5% sodium bicarbonate was added, and
the mixture was stirred in a warm water bath to remove the excess isobutylene. Ether
was added and the layers were separated. The ether layer was washed with 5% sodium
bicarbonate and with brine, and dried (MgS0Q4). Concentration gave the title compound
(3.83 g, 91%) as a yellow oil which was used without further puriﬁcation: TLC (toluene)

REPLACED |
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R¢0.73; 1H NMR (250 MHz, CDCl3) 8 7.77-7.89 (m, 2H), 7.01 (1, J=8.9 Hz, 1H), 2.30
(d, J=1.8 Hz, 3H), 1.59 (s, 9H); IR (CCly) 1715, 1369, 1296, 1258, 1167, 1124, 1117,

1105 cm-!; MS(ES) m/e 443 [2M+Na]t, 421 [2M+H]*, 211 [M+H]*,. 155, [M+H-C4Hgl*.. ... .

) c) t-butyl 4-fluoro-3-(methylaminomethyl)benzoate .

A mixture of the compound of Example 28(b) (3.83 g, 18.22 mmol), N-
bromosuccinimide (3.57 g, 20.24 mmol), benzoyl peroxide (0.22 g, 0.91 mmol), and
carbon tetrachloride (90 mL) was heated at reflux. After 16 h, the reaction was cooled in
an ice bath, filtered, and the filtrate was concentrated. The residue was passed through a
short pad of silica gel which was then washed with 20% ethyl acetate;hexane, and the
filtrate was concentrated. The residue was dissolved in THF (90 mL), and 40% aqueous
methylamine (7.9 mL, 91.1 mmol) was added rapidly. The reaction was stitred ovemight
and concentrated. The residue was diluted with ether and washed sequentially with ION - -
sodium hydroxide, wa.tér. and brine. The organic phase was dried (MgS0y), . . '

" concentrated, and the residue was chromatographed (silica gel, 10% methanol in 1:1 ethyl -~
acetate:chloroform) to g1ve the title compound (2.58 g 59%) asa ycllow oil: TLC Re0.49
(silica gel, 10% methanol in 1:1 ethyl acetatelchlorofonn) g NMR (250 MHz, CDClg)
8797 (dd, J=7.3, 2.3 Hz, 1H), 7.90 (ddd, J=8.4, 5.2, 23Hz,1H) 707(aPPt, 1H);:3:83 -
(s,2H), 2.46 (s, 3H), 1.59 (s, 9H); IR (CCl4) 1714, 1368, 1297, 1248, 1164, 1106 cm-;’ _
MS(ES) m/e 240 [M+H]*, 184 [M+H-C4Hgl*. |

d) t-butyl (S)-4-fluoro-3-{[[4-methoxy-1,4-dioxo-2-
[[benzyloxycarbonyl]amino]butyl]methyla:ﬁino]methyl]benzoatc
Dicyclohexylcarbodiimide (453.9 mg, 2.2 mmol) was added to & solution of the
compound of Example 28(c) (478.6 mg, 2 mmol), N-Cbz-L-asparti¢ acid p-methyl ester.
[J. Am.-Chem. Soc., 79, 5697 (1957); J. Am. Chem. Soc., 85, 2483 (1963)]
(618.8 mg, 2.2 mmol), and 1-hydroxybenzotriazole bydrate (297.3 mg, 2.2 mmol) in
anhydrous dimethylformamide (5 mL) at RT. After 24 b, the mixtore was diluted with
ether (25 mL) and filtered. The filtrate was concentrated, and the residue was diluted
with ether (50 mL) and washed with water (2 x 10 mL) and brine (10 mL). Drying
(MgS04), concentration, and chromatography (silica gel, 2:1 hexane:ethyl acetate) gave
the title compound (0.87 g, 87%) as a colorless oil: TLC Re 0.44 (silica gel, 2:1 -
hexanezethyl acetate); 1H NMR (250 MHz, CDCl3) mixture of amide rotamers; 8 7.75-
8.00 (m, 2H), 7.15-7.45 (m, 5H), 7.00-7.15 (m, 1H), 5.72-5.92 (m, 1H), 4.91-5.25 (m,
3H), 4.45-4.63 (m, 2H), 3.66 (s, 3H), 3.13 and 2.89 (2 x 8, 3H), 2.58-2.94 (m, 2H), 1.56
(s, 9HD; IR (CCly) 3415, 3260, 1736, 1716, 1652, 1497, 1368, 1296, 1252, 1207, 1163,
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1117, 1109 cm-1; MS(ES) m/e 1027 [2M+Nal*, 1005 [2M + H}*, 503 [M+H]*, 447
[M+H—C4Hs]"‘

e) t-butyl (S)—4-ﬂuom*3-[[[4-meﬂmxy-1 4-dioxo-2-
aminobutyljmethylaminomethyllbenzoate

' A mixture of the compound of Example 28(d) (0.87 g, 1.73 mmol), 10% Pd/C
(184 mg, 0.17 mmol), and methanol (17 mL) was shaken at RT under hydrogen (50 psi).
After 1.5 b, the reaction was filtered through Celite® and concentrated. Chromatography
(silica gel, 10% methanol in 1:1 ethyl acetate:chloroform) gave the title compound (579.8
mg, 91%) as a colorless oil: TLC R¢ 0.50 (silica gel, 10% methanol in 1;1 ethyl
acetate:chloroform); 1H NMR (250 MHz, CDCl3) mixture of amide rotamers; & 7.80-8.05
(m, 2H), 7.02-7.18 (m, 1H), 4.55-4.88 (m, 2H), 4.15-4.28 (m, 1H), 3.71 and 3.70 (2 x 5,
3H), 3.11 and 2.95 (2 x s, 3H), 2.76 (dd, J=16.3, 5.4 Hz, 1H), 2.48-2.67 (m, 1H), 1.74 atid
1.57 (2 x s, 9H); IR (CCls) 3380, 1735, 1717, 1653, 1370, 1298, 1253, 1164, 1112 em-l;
MS_(ES) m/e 369 [M+H]*, 313 [M+H-C4H_3]+.

f) methyl (S)-(-)-2,3.4 S-telrahydro-7-(t-bumxycarbonyl)4-meﬂxyl-3—oxo~ 1H-14-
benzodxazepme-z-acemte Lo

- A solution of the compound of Example 28(f) (416.1 mg; 1.13 mmoly and 2,6-di--
t-butylpyridine (0.51 mL, 2.26 mmo}) in anhydrous dimethyl suifoxide (5.7 L) was
heated under argon in an oil bath at 120-125°C.. After.17.5 h, the reaction was cooled in
ice-water and diluted with water. The mixmre was extracted with ethyl acetate, and the
combined ethyl acetate layers were washed with water and brine. Drying (MgSO4),
concentration, and chromatography (silica gel, 3:2 ethyl acetate:hexane) gave the title
compound (221.8 mg, 56%) as a nearly colorless solid: TLC R 0.41 (3:2 ethyl
acetate/hexane); [o]p -202.7° (c 1.0,CH30H); 1H NMR (400 MHz, CDCl3) 6 7.68 (dd,
J=8.5, 1.8 Hz, 1H), 7.59 (d, J=1.8 Hz, 1H), 6.50 (d, J=8.5 Hz, 1H), 5.44 (d, }=164 Hz,
1H), 5.08-5.16 (m, LH), 4.54 (br d, J=4.5 Hz, 1H), 3.76 (d, I=16.4 Hz, 1H), 3.75 (5, 3H),
3.08 (s,3H), 3.00 (dd, J=16.0, 6.9 Hz, 1H), 2.67 (dd, J=16.0, 6.3 Hz, 1H), 1.57 (s, 9H); IR
(chloroform) 3560-3240 (br), 1731, 1695, 1663, 1610, 1369, 1302, 1252, 1171, 1146,
1134 cm-1; MS(ES) m/e 719 [2M+Na]+, 697 [2M+H]*, 349 [M+H]*. ~

g) methyl (S)-(—)-‘l-carboxy—z 3 4,5-tetrahydr&4—methyl—3—oxo— 1H-1,4-benzodiazepine-2-
acetate

~ Asolution of the compound of Exaraple 28(f) (176.4 mg, 0.506 mmol) in
anhydrous dichloromethane (2.5 mL) was cooled to 0°C and deoxygenated through three
evacuation/argon flush cycles. TFA (2.5 mL) was added dropwise over 3 muin, and the
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resnlting solution was stirred for 2 h, during which time the temperature rose to +13°C.
The reaction was concentrated (20°C) and the residue was reconcentrated from toluene
. (3.5.°C) fo remove any residual .TEA.en.d give the titlc compound. .

. h) methyl (8)-(=)-7-[1-] 1'-(t—bumxycarbonyl)-4 4~ b1p1pcndmyl]carbony1]-2 3.4.5-
telrahydro-4-methy1—3-oxo~1H—1 4-benzodiazepine<2-acetate
' The compound of Example 28(g), l—hydroxybenzotnazole hydrate (82 mg, 0.607
mmol), and 4-(t-butoxycarbonyl)-4 A'-bipiperidine (163 mg, 0.607 mmol) were dissolved
in anhydrous dimethylfonna}nide (2.5 mL), and the solution was cooled to 0°C under
argon, Diisopropylethylamine (0.18 mL, 1.01 mmol) was added, followed by 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (116 mg, 0.607 ramol), and the
reaction was warmed to RT. After 21 h, the reaction was concentrated and the residue
: 'viras pattitioned befwcen water and chlaroform. The layers were separated and the
aqueous layer wag extracted with chloroform. Drying (MgSO4), concentration, and
chromatography (silica gel, 10% methanol in 1:1 ethyl acetate: chloroform) gave the title
compound (215.4 mg, 78%) as a yellow foam: TLC R¢ 0.50 (10% methanol in 1:1 ethyl
‘acetaté:chloroform); [o]D -140.2° (¢ 1.0 CH30H), 1H' NMR (400 MHz, CDCl3) § 7.08-
715 (m 2H) 6. 52 (d, I=8. SHz, IH), 5.44.-(dd, J= 164Hz, 1H), 5.06 (t, J=6.6 Hz, IH), .
3.90-4.80 (br m, 4H), 3.75 (s, 3H), 3.73 (d, }=16.4 Hz,. IH), 3.08 (s, 3H),.2.99.(dd, .
J=15.8, 6.6 Hz, 1H), 2.56-2.93 (m, 5H), 1.60-1.83 (m, 4H), 1.46 (s, 9H), 1.08-1.42 (m,
6H); IR (CCly) 3290, 1735, 1689, 1669 1610, 1436, 1426, 1365 1286, 1173 cm-l;
MS(ES) m/e 1085 (2M+H)*, 565 [M+Na]*, 543 [M+H]*, 502, 487 [M+H-CqHg]*.

1) (S)}-(-)-7-[1-[1'-(--butoxycarbonyl)-4,4'-bipiperidinyl]-carbonyl]-2,3,4,5-tetrahydro-4-
methyl-3-0x0-1H-1,4-benzodiazepine-2-acetic acid

Using the procedure of Example 27(b)-(c), the compound of Example 28(h) was
converted to the title compound.

a) 4-fluoro-3-cyanobenzoic acid

To a mixture of 2-fluoro-3-methylbenzonitrile (13.5 g, 0.1 raol),
tetrabutylammonium bromide (1.61 g, 5 mmol), and ruthenium(IN)¢hloride trikydrate
(0.261 g, 1 mmol) in dichloromethane (150 mL) was added a solution of sodium
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hypochlorite (645 mL, 0.45 mol) which had been neutralized to pH 9 with 20% sulfuric
acid. The reaction mixture was stirred and maintained at pH 9 by adding 20% sodium
hydroxide solution at RT. After 3 b, the aqueous phase was scparated and neutralized to_

" pH 2 with 20% sulfuric acid and the solid which formed was filtered to give the title
compound (3.4 g, 20%).. mp 177-8°C. 1H NMR (CDCls) 5 7.35 (t, J=8.70 Hz, 1H), 8.38
(m, 1H), 8.42 (m,-1H).

b) t-butyl 4-fluoro-3-cyanobenzoate :
To a stirred solution of the compound of Example 29(a)(100 mg, 0.6 mmol) in
toluene (20 mL) at 80°C was added a solution of N,N-dimethylformarmide di-t-butyl
acetal (1 mL, 4 mmol) in toluene (2 raL) over 10 min. The reaction mixture was heated
for 1 h, cooled, washed with saturated sodium bicarbonate, dried (MgSOy), and
concentrated to give the title compound (70 mg, 52%). MS(ES) m/e 222 [M+H]*. 1H
NMR (CDCl3) § 1.60 (SH, ), 7.29 (t, }=8.62 Hz, 1H) 8.25 (m, 1H), 8.28 (m, LH).

¢) N-[[2-cyano-4-t-butoxycarbonyl]phenyl]-L-aspartic acid B-methyl ester

A mixture of the compound of Example 29(b) (6 g, 27 mmol), L—aspartic acid B-
taethyl ester hydrochlonde (6.1 g, 33 mamol), and sodium bicarbonate-(8. 37 g, 100 mmol)
in water (20 mlL) and dunethyl sulfoxide {80 mL) was heated at 72°C for 24 h. The
reaction mixture was diluted with ice cold dilute hydrochloric acid and extracted with
ethyl acetate. The combined organic phase was exwracted with cold saturated aqueous
sodinm bicarbonate. The basic extracts were combined, acidified to pH 2 with cold dilute
hydrochloric acid, and extracted with ethyl acetate. The combined organic extract was
dried (MgS04), and concentrated to give the title compound (7.1 g, 75%), MS(ES) m/e
349 [M+H]*; IH NMR (CDCl) § 1.57 (s, 9H), 3.01 (m, 2H), 3.75 (s, 1H), 4.64 (m, 1H),
5.77 (d, 1=8.49 Hz, 1H), 6.71 (d, 1=8.93 Hz, 1H), 8.02 (dd, J=8.93, 1.85 Hz, 1H), 8.08 (d,
J=1.89 Hz, 1H).

d) N-[[2-formyl-4-t-butoxycarbonyl}phenyl]-L-aspartic acid B-methyl ester '

The compound of Example 29(c) (7.0 g, 20 mmol) was dissolved in acetic acid
(65 mL) and placed in a hydrogenation bottle. After cooling, wet Raney® nickel (14 g),
water (65 mL) and pyridine (65 mL) were added. The resulting mixture was purged of
oxygen with argon for 0.5 b, and shaken in a hydrogen atmosphere (50 psi) at 60°C for 5
h. The mixture was degassed, filtered and the filtrate was azeotroped with toluene at 50°C
under high vacuum. The residual oil was taken up in ethyl acetate (300 mL) and washed
with cold dilute hydrochotic acid, dried (MgS04), and concentrated to give the title
compound as light orange amorphous solid (5.9 g, 84%). MS(ES) m/e 352 M+H}+; 1H
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NMR, (CDCl3) § 1.59 (s, 9H), 3.00 (m, 2H), 3.74 (s, 1H), 4.77 (m, 1H), 6.73 (d, J=8.88
Hz, 1H), 8.03 @, J=8.85 Hz, 1H), 8.20 (d, J=2.12 Hz, 1H), 9.20 (d, J=8.31 Hz, 1H).988

¢) N-|[2-(N-methylJaminomethyl-4-t-butoxycarbonyl]phenyl]-L-aspartic acid 8-methyl
ester ' :
A solution of the compound of Exarple 29(d) (5.9 g, 16.7 mmol) in ethyl acetate
(100 mL) in a hydrogenation bottle was purged of oxygen with argon for 0.5 h. Platinum
oxide (0.6 g), anhydrous MgSO4 (5.9 g, 49 mmol), and a solution of methylamine (3.2M
in methanol, 150 mL, 480 mmol) were added. The resniting mixture was shaken in a
hydrogen atmosphere (50 psi) for 5 h and let stand for 18 h at RT. After addition of _
acetic acid (75 mL) with cooling, the mixture was again shaken in a hydrogen atmosphere
(50 psi) for 2 h; and filtered. The filtrate was concentrated and azeotraped with toluene
and the residue was desalted through an XAD-2 (350 g) column eluted with water (1.5 L)
followed bya 50% acetonitrile:water. Two fractions (300 mL) were collected, '
concentrated and the residue was frecze-dried to give an off-white powder. The powder
'was dissolved in dichloromethane (200 mL) concentrated and the reszdue was azeotroped_
with toluene, and dried to give the title compound (5.2 g, 85%). MS(ES) mfe 367 '

M+H]*.

£) methyl (§)-7-(t-butoxycarbonyl)-2,3 4,5-wtrahydro-3-oxo-4—meﬂ1yl-1H-1 4-
benzodiazepine-2-acetate
To a solution of the compound of Example 29(c) (5.2 g, 14.2 mmol) and

triethylamine (2.0 mL, 14.4 mmol) in dichloromethane (250 mL) at RT under an argon

“atmosphere was added benzotriazol-1-yloxy-tris(dimethylamino)phosphotiium ,
hexaflnorophosphate (6.5 g, 14.7 mmol), The reaction mixture was stirred overnight at
RT, and washed with an ice-cold solution of dilute hydrochoric acid, watet, 5% sodium
bicarbonate, saturated brine, and then diied (MgSO4). The solution was filtered,
concenirated and the residue was chromatographed (silica gel, 40% ethyl acetatc:hexane)
to give the title compound (1.1 g, 22%). MS(ES) m/e 349.2 [M+H]+; 1H NMR (CDCl3) &
1.57 (s, 9H), 2.67 (dd, J=15.93, 6.30 Hz, 2H), 3.00 (dd, J=15.93, 6.77 Hz. 2H), 3.08 (s,
3H), 3.75 (s, 1H), 3.76 (d, J=16.44 Hz; 1H) 4.51 (d, J=4.61, 1H), 5.11 (m, 1E) 545 (d; J=
16.44 Hz, 1H), 6.50 (d, J=8.44 Hz, 1H), 7.55 (d, J=1.88 Hz, 1H), 8:20 (dd, J=8.48, 1.88
Hz, 1H); [x]p -225.1° (c 1,CH30H).
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2) methyl (8)-7-carboxy-2,3,4,5-tetrahydro-3-0xo0-4-methyl-1H-1,4-benzodiazepine-2-
acetate

To a solution of the compound of Example 29(t‘) (160 mg, 0.46 mmolyin . .
dichloromethanc (5 mL) was added 4M hydrogen chloride:dioxane (§ mL, 20 mmol) at
RT under argon. The reaction mixture was stirred for 18 h. The suspension was
concentrated to give the title compound as an off-white solid.

h) methyl (8)-7 -[(4-t~butoxycarbonyl-4'—bxp1pend1n)— -ylcatbonyl] -2 3,4,5- tetrahydro#
methyl-3-0xo0-1H-1,4-benzodiazepine-2-acetate

The compound of Example 29(g), 1-hydroxybenzotriazole (75 mg, 0.55 mmol),
and 4-t-butoxycarbonyl-4-bipiperidine were dissolved in anhydrous dimethylformamide
(2.5 mL). Diisopropylethylarine (0.16 mL, 0.92 mmol) was added, followed by 1-

(dimethylaminopropyl)-3-cthylcarbodiimide hydrochloride (105 mg, 0.55 mmol), and the "~ -

reaction mixture was stirred overnight at RT under argon. The reaction mixture was
partitioned between ice water (50 mL) and ethyl acetate (30 mL). The layers were
separated and the aqueous phase was exiracted with ethyl acetate (2x30 mL). The
combined orgamc éxtract was dried (MgSOg), concentratad and the residué was

‘chromatographed (silica gel; 2% méthanol:dichioromethiane) to give the: Hile Gorpotnd v i

(162 mg, 59%). MS(ES) m/e 599.0 [M+H]+; IH- NMR (CDC13) 3 1.45 (s, 9H), 1.20 (m, -
6H), 1.70 (m, 4H), 2.66 (dd, J=16.08, 6.04 Hz, 2H), 2. 81 (brs, 4H), 2.98 (dd, J=16.08,

7.31 Hz, 2H), 3.06 (s, 3H), 3.71 (4, J=16.44 Hz, 1H), 3.73 (5, 1H), 3.76 (d, I=1644 Hz, . .

1H) 4.13 (or 3, 4H), 5.07 (m, 1H) 5.45 (d, J= 16.44 Hz, 1H), 6.52 (d, J=8.51 Hz, 1H),
7.09 (m, 2H); [a]D -139.3° (¢ 1,CH30H).

i) (8)-7-[1-[1'-(t-butoxycarbonyl)-4,4"-bipiperidinyljcarbonyl]-2,3.4,5-tetrahydro-4-
methyl-3-0x0-1H-1,4-benzodiazepine-2-acetic acid

' Using the procedure of Example 27(b-c), the compound of Example 29(h) was
converted to the title compound.

-1 4-bernizodi ine-2-acetic aci
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a) (S)-?—[[l'-(L-butoxycarbonyl)-4,4'ibipiperidin—l-yl]_carbonyl]-2,3,4,5-tett‘ahydro-4-
methyl-3-0x0-1H- 1,4-benzodiazepine-2-acetic acid

The compound.of Example 27(2) (2,85 g, 5.3 mmol) wastakenupin I:1 .. . .. . . .

methanol:THF (30 mL), purged with argon, cooled and treated with 1N sodium
hydroxide (6.3 mL, 6.3 mmol). The resulting solution was stirred at RT for 16 h under
argon. The solution was concentrated, diluted with water (10 mL), and adjusted to pH 5
‘with IM acetic acid (litmus paper). The solution was filtered and the solid was dried in
vacuo 10 give title compound (2.46 g, 87%). -

b) (8)-7-[[4.4’-bipiperidin]- 1-ylcarbonyl]-2,3,4,5-terahydro-4-methyl-3-ox0-1H-1,4-
-benzodiazepine-2-acetic acid _

The compound of Example 30(a) (1.46 g,2.77 mmol) was treated with 4M
hydrogen chloride i m dioxaneé (30° mL) for | h under argon. The solution was

" concentrated and the residue was-taken up in water and adjusted to pH 9 (litmus paper)

with concentrated amtmonium hydrox:de and the resulting soluuon was loaded onto an
XAD-2 column (3x 7.5 cm). The column was.eluted with water followed by 50%

' acetommle water, Fracuons contammg the product were combmed and lyophxhzed to
gwe the title compound 10 mg, 77%) Whlch was recrystalhzed from aqueous acetone
mp (shrinking 193) 218-220°C; 1H NMR (400 MBz, DMS0d6) § 1.0-3.9 (m, 26H), 6.5~
8.5 (m, SH); MS (ES) m/e 429.2 [M+H]*+; HPLC k' 5.37 (VyDac C18, 4.5 x 250 mm,
gradient, Aacetonitrile B:water-0.1% TFA, 5%-60% acetonitrile in 20 min, UV detaction
at 220 ni); [o]D -180.3° (c i, MeOH) Anal. (C23H32N404-2.33 H20) caled: C, 58.71;
H, 7.81; N, 1191, found: C, 58.67; H, 7.79; N, 11.80.

1H-1.4-ben ine-2-acatic acid
Using the prooedure of Example 30, except substituting the compound of
Example 8(j) for the compound of Example 27(a), gave the title compound as a
crystalline solid. mp (shrinking 193°C) 219-220°C; MS(ES) m/e 429 [M+H]*; HPLC k'
6.5 (Ultrasphere ODS, 4.5x250 mm, gradient, A:acetonitrile B:water-0,1% trifluroracetic
acid, 5-60% acetonitrile durings 20 min, UV detection at 220 nm). .
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]-3-0x0-1H-1.4- i ine-2-aceta

' The compound of Example 31 (10 mg, 0.023 mmol) was taken up in water (1 mL)
and 1M sodium hydroxide (0.024 mL, 0.024 mmol) was added. The resulting solution
was lyophilized and the powder was crystallized from aqueous acetone to give the title
compound as a crystalline solid (2 mg), mp 220-223°C [shrinking 204°C].

le 33-34

a) The compound of Example l(a) was separa.ted by chiral HPLC to give the

followmg compounds*

33(a). methyl (R)-8-[[[2-[N- (benzyloxycarbonyl)-4—p1pend1nyl]ethyl]memylmnmo]

carbonyl]-2.3.4,5-tetrahydro-4-methyl-3-0xo- 1H-1,4-benzodiazepine-2-acetate:

HPLC tR 30.4 min (Chiralpak AS, 4.6 x 250 mm, 8 mL/min, 1:1 hexane:ethanol-0.5%

diethylamine, UV detection at 325 nm); HPLC tR 25.8 min (Ultrasphere C18,4.6x 250

mirh; gradient, A: acetomtrﬂe B: water+0 1% TFA 5-60% acetommlc over 20 min, UV
; detecuon at 220 nm) SRS

34(a) methyl (S)-S-[[[Z-[N -(benzyloxycarbonyl)A—pipendmyllethyllmethylammo]

carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo- 1H-1,4-benzodiazepine-2-acetate:

HPLC tR 22.1 min (Chiralpak AS, 21.2 x 250 mm, 8 mL/min, 1:1 hexanc:ethanol-0.5%

disthylamine, UV detection at 254 nm); HPLC tR 25.9 min (Ultrasphere C18, 4.6 % 250

mm, gradient, A: acatonitrile B: water-0.1% TFA, 5-60% acetonitrile over 20 min, UV

detection at 325 nm).

b)  Thecompounds of Examples 33(z) and 34(a) (100 mg) wers separately dissolved
in methanol (15 mL) containing acetic acid (20 drops) were treated with 10% Pd/C (50
mg) and shaken in a hydrogen atmosphere for 5 h. The mixtnre was filtered through
Celite® and concentrated to give the following compounds:

33(b). methyl (R)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4-
piperidinyl)ethyllmethylamino]carbonyl}-1H-1,4-benzodiazepine-2-acetate. HPLC 1R
15.6 min (Ultrasphere C18, 4.6 x 250 mm, gradient, A: acetonitrile B: water-0.1% TFA.
5-60% acctonitrile over 20 min, UV detection at 220 nm)

34(b). methyl (§)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4-
piperidinyl)ethyl]meﬂlylgmino]carbonyll-lH—l,4-benzodiazepine-2-acetate. HPLC (R
15,5 min (Ultrasphere C18, 4.6 x 250 mm, gradient, A: acetonitrile B: water-0,1% TFA,
5-60% acetonitrile over 20 min, UV detéction at 220 nm).
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¢) Using the procedure of Example 1{(c), except sub-stituting the compound of
Examples 33(b) and 34(b) for the compound of Example 1(b) yielded the following
conipbuhdé: ' . ' ' . | ' ' |
33(c). (R)-2,3,4,5-tetrahydro-4-methyl-3-0x0-8-[{[2-(4-piperidinyDethyl]

. methylamino]carbonyl)-1H- 1,4-benzodiazepine-2-acetic acid: 'H NMR (DMS0-dg) &
6.4-8.6 (m, SH), 5.0-5.6 (m, 2H), 1.0-3.9 (m, 22H); [a]p +82.3 (¢ 0.3, CH30H); MS(ES)
/e 403 (M+H1+, [M-H] 401; HPLC k' 5.0 HPLC tR 15.6 min (Ultrasphere C18, 4.6 x
250 mm, gradient, A: acetonitrile B: water-0.1% TFA, 5-60% acetonitrile over 20 min,
UV detection at 220 nm); Anal.(C21H30N404-2.25 C2HF302-2.75 H20) caled: C,
50.44; H, 5.78; N, 9.94. found: C, 50.42; H, 5.8%; N, 10.17

34(c). (8)-2,3 4,5-teu'ahydm*4-methyl-3‘oxo-8-[[[2-(4—p1pendmy1)ethyl]mcthylamm0]

carbonyl)-1H-1,4-benzodiazapine-2-acetic acid: 1H NMR (DMSO0-dg) & 6.4-8.6 (m, SH),.... S

5.0-5.6 (m, 2H), 1.0-3.9 (m, 22H); [a]p -110 (c 0.45, CH3OH); MS(ES) m/e 403

[M+H]*, [M-H]- 401; HPLC k' 50 HPLC (g 15.6 ihin (Ultrasphiere C18, 46 x250 mm,

gradient, A: acetonitrile B: water~0.1% TFA, 5-60% acetonitrile over 20 min, UV
detection at 220 nm); Anal.(C21H30N404-1.5 C2HF302:1.25 H20) caled: C, 43. 22 H.

' 5.37; N,7.91. found; C,43.10; H, 5.17; N, 8.11.

1 i -1H-1.4- i -acetic aci

a) t-butyl (S)4-[N-(1-butoxycarbonyl)-(methylamino)-methyl]-3-[2-(1,4-dimethoxy-1,4- '
dioxo-2-butyl)amino]benzoate

A solution of t-butyl 3-amino-4-[N-(t-butoxycarbonyl)-N-(methyl)-
aminomethy!]benzoate (10.4 g, 0.03 mol) in dichloromethane (75 mL) was treated with a
. solution of dimethyl (R)-2-(trifluoromethylsulfonyloxy)-succinate [ Liebigs An. Chem.,
314-333 (1986)] (8.8 2, 0.03 mol) and 2,6-di-t-butylpyridine (6 g, 0.03 mol) in
dichloromethane (10 mL) and the mixture was stirred for 4 4. The mixture was washed
with dilute hydrochori¢ acid, and the organic phase was washed with aqueous sodium
carbonate, dried (MgSQ4) and concentrated. The rasidue was chromatographed (silica
gel, 10% ethy! acetate:hexane) and concentratéd to give the title compound (73%).
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. b) t-butyl (§)-4-(methylamino)methyl-3-[2-(1,4-dimethoxy-1,4-dioxo-2- -
butyl)amino]bcnzoate |

A solution of the compound of Example 35(a) (13 g, 0.027 moDin . .. ‘e
dichloromethane (25 mL) was treated with 4M hydrogen chloride in dioxane (60 mL.),
stirred for 45 min, and washed with 5% sodium carbonate. The organic phase was dried
(MgSO4) and concentrated to give the title compound (6.5 g).

¢) methyl (S)-8-(t-butoxycarbonyl)-2,3,4,5-tetrahydro-4-methyl-3-oxo- 1H-1,4-
benzodiazepine-2-acetats

A solution of the compound of Example 35(b) (6.5 g, 0.015 mol) in xylene (100
mL) was heated to 130°C for 14.5 h, cooled, and concentrated. The residue was stirred
with ether, filtered, and concentrated. The residue was chromatographed (silica gel, 0.5-
0.75% methanol: dichloromethane) and fractions containing product were pooled,
concentrated, diluted with ether and stored in the cold for 3 days. The mixture was
filtered and the filtrate was concentrated to give the title compound (2.7 g, 52%).

d) methyl (S)-8-carboxy-2,3,4 5-tctrahydro-4-methyl-3-oxo-IH- 4—ben£0d1azep1nc-2-
acetate hydrochlonde S

The compound of Example 35(c) (2.8 g) in dichloromethane (10 ml.) was treated i
with 4M hydrogen chloride in dioxane (25 L) and stirred for 16 h. The mixture was
concentrated to give the title compound.

e) methy! (S)-2,3,4,5-tatrahydro-4-methyl-3-oxo-8-{[[2-[N-triflnoroacetyl-4-
piperidinyl]ethyllmethylamino)carbonyl]-1H-1,4-benzodiazepine-2-icetate

The compound of Example 35(d)(310 mg, 1.1 mmol) and diisopropylethylamine
(285 mg, 2.2 mmol) in dimethylformamide (2.5 mL) was added to a mixture of N-
methyl-2-(N-trifluoroacetyl-4-piperidinyljethylamine hydrochloride (300 mg, 1.1 mmol),
diisopropylethylamine (140 mg, 1.1 mmol), and 1-hydroxybenzotriazole hydrate (150
mg, 1.1 ramol) in dimethylformamide (2.5 mL) followed by 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (220 mg, 1.1 mmol). The mixture was stirred for 16
h, concentrated and the residue was triturated with ethyl acetate and water. The
combined organic phase was washed with brine, dried (Mg504) and concentrated.: The
residue was chromatographed (silica gel, 0.5-1.5% methanol:dichleromethane) and
fractions containing the product were combined and concentrated to give the title
compound (260 mg, 519%). [alp -75.6 (c 1,CH30H); MS(ES) mv/e 513 [M+H]*+; 557
M+HCOy1-; HPLC tR 8.22 min (WHELK-0, 4.6 x 25 mm, 1 mL min, 10%
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methanol:water, UV detection at 220 nM); Anal. (C24H31F3N405-1.5 H20) caled: C,
53.33; H, 6.34; N, 10.36 found: C, 53.39, H, 6.23; N, 9.98.

f) (S)-2,3,4,SQIetrahydro-4-mcthyl—3-0x0a8-[[[2¥[4-
piperidinylJethylJmethylamino]carbonyl]- 1H-1 4-benzodiazepine-2-acetic acid

The compound of Example 35(¢) was stirred with sodium hydroxide in
methanol/water to give the title compound.

a) methyl 5-(t-butoxycarbony!)-2-[N-(butoxycarbonyl)-N-(2-
phenylethyaminomethyl]cinnamate :

To a stirred solution of the compound of Preparation 8(d) (4.9 g 10 mmol) in dry
acetonitrile (15 mL) was added methyl acrylate (3 mL, 40 mrnol), dﬂsopmpylethylmnme
(3.5'mL, 20 mrnol), m-o—tolylphoshme (304 mg, 1 mmol) and palladium acetatc (112 mg,
0.5 mmol). The reaction was repeatedly evacuated and' finshed-with argon and then. ¢
heatad to 80°C. After 1 h, an additional amount of tri-o-tolylphoshine (304 mg, 1 mmol)
and palladium acetate (112 mg, 0.5 mmol) was added and the reaction was stirred for 2 h... .
The reaction was then cooled to RT, coﬁcentrated, suspended with ether (100 mL) and
petroleum ether (50 mL), filtered free of insoluble materials and concentrated. The.
residual oil was purified by flash chromatography (silica gel, 15% ethyl acetate:hexane)
to give the title compound (4.91 g, 99%). 'H NMR (CDClz, 400 MHz)(mixture of amide
rotomers) & 1.42 and 1.49 (9H, 2 br 5), 1.60 (9H, &), 2.74 and 2.84 (2H, 2 br s), 3.28 and
3.42 (2H, 2 br 5), 3.82 (3H, 5), 4.47 and 4.57 (2H, 2 br 5), 6.43 (1H, 4, J=14.8 Hz), 7.05-
7.30 (6H, m), 7.82-7.92 (1€, m), 7.97 (1H, dd), 8.15 (1H, d, J=1.4 Hz).

b) methyl 5-(t-butoxycarbonyl)-2-[N-(butoxycarbonyl)-N-(2-
phenylethyl)aminomethyl]phenylpropionate

The compound of Example 36(z) (4.91 g 9.9 mmol) was hydrogenated at 55 psi--
H; over 10% PA/C (2.5 g) in methanol (100 mL) for 7 h. After filtration through a pad of "
Celite® and concentration, the remaining oil was purified by flash chromatography (silica -
gel, 15% ethyl acetate:hexane) to give title compound as a clear oil (4.48 g, 91%). g
NMR (CDCls, 400 MHz)(mixture of amide rotomers) 5 1.42 and 1.49 (9H, 2 br s), 1.60
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" (9H, 5), 2.58 (2H, 1), 2.77 and 2.82 (2H, 2 br s), 2.92 (2H, brs), 3.31 and 3.42 (2H, 2 br
8), 3.70 (3H. s), 4.38 and 4.47 (2H, 2 br 5), 7.07-7.31 (6H, m), 7.78 (1H, s), 7.81 (1H, dd).

o "58 s

¢) 5-(1-butoxycarbonyl)-2-[N-(butoxycarbonyl)-N-(2-
phenylethyl)aminomethyljphenylpropionic acid _

The compound of Example 36(b) (4.48 g, 9 mmol) was treated with IN sodium
hydroxide (10 mL) in dioxane (50 mL) for 16 h at RT. After acidification with 1IN
hydrochloric acid (10 mL), the reaction was extracted with ethyl acetate (2x100 mL),
washed with brine, dried (MgS04), filtered and concentrated to give the title compound
as 3 white solid (4.12 g, 95%). TLC R¢ 0.5 (silica gel, 95:4:1, chloroform:methanol:acetic
acid).

d) 5-(t-butoxycarbonyl)-2- tN-(butoxycarbb‘nyl)'-NA(z-'
phenylethyl)ammomeﬂxyl]phenylpropmnyl fluctide _
To a stirred solution of the compound of Example 36(c) (4 12 g 85 mmol) under
argon in dry dichloromethane (25 mL) was added pyndine {(0.73 mL, 9 mmol) followed
by cyanuric fluoride (0.56 mL 6.1 mrnol) "After stxrrmg far 2 b, the reactmn became a
thick susﬁehéibﬁ. The reaction was then concsntrated,*taken tip ifvether (100 mLyand -
filtered through & pad of Celite to remove msoluble méterials, The filtrate was washed
with cold water, dried (MgSQy), filtered and concentrated to gwe the title compound as a

clear oil (4.21 g, 96%).

&) 4(R)-benzyl-3-[3-{5-(t-butoxycarbonyl)-2-[N-(t-butoxycarbonyl)-N-(2-
phenylethyl)aminomethyl]phenyl}propionyl]-2-oxazolidinone

To a stirred solution of (R)-4-benzyl-2-oxazolidinane (1.8 g, 10 mmol) in dry
THF (25 mL) at -78°C under argon was added via syringe, dropwise, a solution of 2.5N
n-butyllithinm in hexane (3.8 mL). After stirring for 15 min, a solution of the above the
compound of Example 36(d) (4.21 g, 8.5 mmol) in THF (10 mL) was added dropwise
over 5 min. The reaction was stirred for 1 h at -78°C and quenched with saturated
aqueous ammonium chloride (50 mL). The reaction was allowed to warm to RT,
extracted with ethyl acetate, dried (MgSOg), filtered and concentrated, The residue was
-purified by flash chromatography (silica gel, 25% ethyl aéetate:hexane) to give the title
compound as a white-solid (5,13 g, 89%); 1H NMR (CDCl3,400 MHz)(mixture of amide
rotomess) 8 1.42 and 1.49 (9H, 2 br 5), 1.59 (9H, 5), 2.75 (1H, dd), 2.78 (1F, m), 2.87
(1H, m), 3.01 (2H, m), 3.18 (1H, m), 3.23 (1H, dd), 3.31 (1H, dd), 3.33 (1H, m), 3.44
(1H, m), 4.18 (2H, m), 4.46 and 4.55 (2H, 2 br s), 4.67 (1H, m)}, 7.16 (6H, m), 7.29 (5H,
m), 7.81 (1H, d), 7.82 (1H, s).
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£) 4(R)-benzyl-3-[3-[5-(t-butoxycarbonyl)-2-[N-(t-butoxycarbonyl)-N-(2-
phégylﬂhyl_)ax,ni.r_xqmeﬂ,xyl.]phﬁnyl]:2(S)-,(memozsycashonylmechyl)pr.opiqnyﬂ:?.- :
oxazolidinone _

To a stirred solution of the compound of Example 36(¢) (5.13 g, 8 mmol) in dry
. THF (75 mL) with stirring at -78°C under argon was added dropwise via syringe a
solution of IN lithium hexamethyldisilazane in THF (8.2 mL), After sticring for 15 min,
methyl bromoacetate (3.75 mL, 40 mmol) was added in one portion. The reaction was
allowed to warm to -28°C and stirred for an additional 2 h, quenched with saturated
aqueous ammonium chloride, extracled with ethyl acetate, washed with brine, dried
(MgSO4), filtered and concentrated. ‘The residue was purified by column |
chromatography (silica gel, 20% ethyl acetate:hexane) to give the tille cornpound as a
white solid (3.00 g, 53%). HPLC k' 2.9, minor diastereomer k' 6.4, d.c.88% (Ultrasphere,

4.6x250 mm, 1.5 mL/min, 20% ethy] acetare:hexane, UV detection at 254 nm); 1H NMR .

(CDCl3, 400 MHz) § 1.40 and 1.47 (9H, 2 br 8), 1.52 (9H, s), 2.44 and 2.52 (1H, br s and
br d), 2.70 (1H, dd), 2.80 (2H, m), 2.88 (2H, m), 3.00 (1H, dd), 3.31 (1H, dd), 3.39 (2H,
m), 3.67 (3H, 5), 3.79 (1H, 1), 4.00 (1H, 4), 4.30 and4 33 (1H br s and br d), 4.55 (3K,
), 7 10-7 35 (114, m), 772 (1H5),7 79 (1H; dd) ' :

£) (S)-3-[5-(t-butoxycarbonyl)-2-[N (t-butoxycarbonyl)-N-(2-
phenylethyl)ammomethyl]phenyll—2-(memoxycarbonyhnethyl)-propmmc acid
hydrochlorida

To a stirred solution of the compound of Example 36(f) (1.47 g, 2 mmol) in (3:1)
THF:water (16 mL) at 0 °C was added dropwise a solution of lithium hydroperoxide
made from 30% hydrogen peroxide (0.7 mL) and lithium hydroxide hydrate (90 mg, 2.1
mmol) in water (2.1 mL). After stirting for 1 h at 0°C, excess peroxide was destroyed
with a solution of sodium sulfite (1.28 g) in water (6.2 mL) dropwisc with cooling. The
reaction was then acidified with 3N hydrochloric acid and extracted with
. dichloromethane (2x50 mL), dried (MgSO4), filterad and concentrated.

h) (8)-3-[5-(t-butoxycarbonyl)-2-[N-(t-butoxycarbonyl)-N-(2-
phenylethyl)ammomemyl}phenyl]-2-(methoxycarbonylrnethyl)-propmmc acid
hydrochloride -

The compound of Example 36(g) was treated with a solution of 4N hydrogen
chloride in dioxanc (15 mL) with stirring for 10 min at RT and concentrated without
heating, The residue was taken up in ethyl acetate and concentratad (o remove excess
hydrogen chloride and crystallized from ethyl acetate:ether to give the title compound
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(0.75 8. 76%) as 2 white solid. 16 NMR (d4-MeOH, 400 MHz) 5 1.60 (9H, §), 2.68 (1H,
dd), 2.81 (1H, dd), 2.98-3.18 (SH, m), 3.42 (2H, m), 3.68 (3H, 5), 4.40 (1H, d, J=13.6

- -Hz);4.51 (1H, d, J=13.6 Hz), 7.32 5H, m), 7.58 (1H, d, 3=8.0-Hz), 7.90 (1H, dd), 7.95
(1H, d, J=1.4 Hz).

i) methyl (8)-7-(t-butoxycarbonyl}-2,3,4,5-tetrahydro-3-0x0-2-(2-phenylethyl)- 1 H-2~
benzazepine-4-acetate

To a stirred solution of the corapound of Example 36(h) (0.35 g, 0.71 mmol) in
dry N,N-dimethylformamide (20 mL) at 0°C in a Dewer flask was added triethylamine
(200 mL, 1.42 mmol), sodium bicarbonate (300 mg, 3.57 mmol), and diphenylphosphoryl
azide (250 mL, 1.2 mmol). After stirring at 0 °C for 24 h, the reaction was concentrated,
taken up in ethyl acetate (100 mL), washed with water, brine, dried (MgS04), filtered and
concentrited. The residue was purified by chromatography (silica gel, 35% ethyl .
acetate:hexane) to give the title compound as a sticky white foam (243 mg, 78%). HPLC
k'2.13, k' 1.28(enantiomer) »99.5% optically pure (Chiralpak AS, 0.46x250mm, 1
mL/min, 20% EtOH:n-hexane, UV detection at 254 nm); [1D -71.2 (¢ 1.4, MeOH); 1H
, NMR (CDClg, 400 MHz) 5 1,60 (94, 5), 2. 42 (1H, dd), 2.74 (2H, 1), 2.89 (IH dd), 3 02 :
(ZH ‘m), 3. 60 (lH ), 3.72 (3H 8),3.81 (IH, d, J=16.7 Hz), 3.81 (16, m), $ 20 (1H, d,
J=16.7 Hz), 7.00-7.23 (6H, m), 7.69 (1H, 5), 7.71 (1H, d).

‘&) methyl (R,5)-8-carboxy-2,3,4.5-tetratiydro-2-methyl-3-0x0-1H-2-benzazepine~4-
acetate _ |

Using the procedure of Preparation 8(a)-(g), except substituting 4-bromo-3-
- methylbenzoic acid for 3-bromo-4-methylbenzoic acid and substituting methylamine for
phenemylamine. gave the title compound.

b) (R,S)-8- [[(4,4' blpxpendm- -yl)]carbonyl] -2,3,4 5-tetrahydro-2-methyl—3-oxo—lH-Z-
benzachmc—al-aoetxc acid

Usmg the procedures of Example 25(b)-(c), except substituting the compound of
Example 37(a) for the compound of Example 25(a), gave the title compound, HPLC k'
3.23 (PRP-1; 15% acetonitrile/water-0.1% TFA); 1H NMR (400 MHz, CD30D) §7.21-
7.30 (m, 3H), 537 (4, J=16.6 Hz, 1H), 4.58-4.74 (m, 1H), 4.07 (d, J=16.6 Hz, 1H), 3.84-
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3.96 (m, 1H), 3.68-3.84 (m, 1H), 3.40 (br d, J=12.6 Hz, 2H), 3.17 (dd, J=17.7, 40 Hz,
1H), 2.69-3.17 (m, 6H), 3.01 (s, 3H), 2.47 (dd, J=17.0, 4.7 Hz, 1H), 1.10-2.10 (m, 10H);

_ MS(ES) m/e 428.2 [M+H]*, 214.6, 205.4; Anal, (C24F133N304:2 CF3CO2H:H20).. ... ... .. .

calcd: C, 49.93; H, 5.54; N, 6.24. found: C, 50.17; H, 5.32; N, 6.20.

1.3~ H-1 zodi ine-2-acetic acid

Methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-4-methyl-3-0x0-1H-1,4-
benzodiazepine-2-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with 1-(3-
dimethylaminapropyl)-3-ethylcarbodiimide hydrochloride (2.2 mmol), I-HOBT (285 fog,
2.1 mmol) and adjusted to pH 7 with tiethylaminc, The mixture was treated with 1-
(pyrid-4-yl)piperazine (2.4 mmol), stirred at RT for 48 h, concentrated and the residue -
was purified by flash chromatography to yield the title compound. HPLC k' 4.01 (PRP-1;
12% acetonitrile/water-0.1% TFA); IH NMR (400 MHz, CD30D) 3 8.17 (d, J=7.4 Hz,

2H), 7.12-7.24 (m, 4H), 6.63 (d, J=9.0 Hz, 1H), 5.59 (d, J=16.7 Hz, 1H), 5.21 (dd, 1—90
. $.1Hz, 1H), 3 90 (d, I=16.7 Hz, 1H), 3. 72-3.90-(m, $H), 3:04-(s, 3H), 2.94 (dd, J=16:6,
9.0 Hz, 1H), 2.66 (dd, J=16.8, 5.1 Hz, 1H); MS(ES) m/e 424.2 [M-+H]+; Anal.-
(C22H25N504-2 CF3CO2H) caled: C, 47.93; H, 4.18; N, 10.75. found: C, 47.86; H,
4.40; N, 10.87. '

Using the procedure of Preparation 8(c)-(j), except substituting 2-(2-
thienyl)ethanamine for 2-phenethylamine in the procedure of Preparation 8(c) and
substituting sodium borohydridc and nickel chloride hexahydrate for Pd/C and hydrogen
in the procedure of Preparation 8(f) and substimting triethylamine in refluxing toluene for
sodium methoxide in methanol in the procedure of Preparation 8(g) and substituting
lithinm hydroxide in aqueous THF for aqueous sodium hydroxide in‘methanol in the
procedure of Preparation 8(j), gave the title compound.
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Methy! (R,S)-7-carboxy-4-(2-phenylethyl)-1,3,4,5-ttrahydro-3-0x0-2H-1,4-
benzodiazepine-2-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with
benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate ( 2.2
mmol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with triethylamine. The
mixture was treated with N-methyl-3-[N-(tert-butoxycarbonyl)piperidin-4-
ylllpropanamine (2.4 mmol) , stirred at RT for 48 h, concentrated and the residue was
purified by flash chromatography.

Theptoduct is dissolved in 50% TFA/methlene chioride at RT and stimred 1h, The
solution is concentrated by evaporation of the TFA and methylene chloride, rédissolvéd * ™

~ in methylene chloride and re-concentrated. : :

A portion of the compound (0.26 mmol) was dissolved in methanol (9 mL), and
1.0 N sodium hydromde (0.81 mL, 0.81 mmol) was added. The solution was stitred at
RT ovezmght, and concentrated The remdue was dzssolved m waterlacetommle (3 mL)
cooled to 0°C, and acidified with TFA (0.21 mL, 2.7 rimol). The solutionwas ~
concentrated and the residue was purified by reversed-phase flash chromatography (C-<18-
silica gel, AN/W-TFA). Concentration and lyophilization gave the title compound.
MS(ES) m/e 507 [M+H], 505 [M-H]~.

Usmg the procedure of Example 40, except subsumtmg the compound of
Example §()- for methyl (R,S)-7-carboxy-4-(2-phenylethyl)-1,3,4,5-tetrahydro-3-0x0-2H-
1.4-benzodiazepine-2-acetate, gave the title compound, '

Example 42




e

a) methy! (R,S)-8-carboxy-2,3,4,5-tetrahydro-4-isopropyl-3-oxo- 1H-1,4-benzodiazepine-
2-acetate _

. Using the procedure of Example 2(a) except--substitﬁting isopropylamine for ... .. .
isopentylamine and substituting diisopropylethylamine in refluxing xylene for sodium
methoxide in methanol in the ¢yclization step gave the title compound.

b) methyl (R,S5)-2,3.4,5-tetrahydro-4-isopropyl-3-oxo-8-[{[2-(4~
pyridyDethyllmethylamino]carbonyl}-1H-1,4-benzodiazepine-2-acetate

Using the procedure of Example 2(b), except substituting the compound of
Example 42(a) for the compound of Example 2(b), gave the title compound.

¢) methyl (R,5)-2,3 4,5-tetrahydro-4-isopropyl-3-oxo-8-{[[2-(4-piperidinyl)
ethyl]methylaminoJearbonyl}-1H-1,4-benzodiazeping-2-acetate

Using the procedure of Example 2(c), except substituting the compound of
Example 42(b) for the compound of Example 2(b), gave the title compound.

d R,5)-2,3.4 5-tetra.hydro-4~130pmpyl-3-oxo—8-{[[2—(4—p1pendmy1)cﬂ1yl]
'methylammo]carbonyl] 1H-1 4~benzodxachme—2—aeenc acid

'Using the procedurs of Exaraple 2(d), except substmmng the compound of
Example 42(c) for the compound of Example 2(c), gave the title compound.

Usmg the procedure of Example 35 exeept subsutunng t-butyl 3-ammo-4-[N ~(t-
butoxycarbony1)-N-(2-phenylethyl)ammomethyl]benzoate for t-butyl 3-amino-4-[N-(t-
butoxycarbonyl)-N-(methyl)-ammomcthyl]benzoate in Example 35(a) gave the title
compound.
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a) methy! (R,5)-7-(benzyloxycarbonyl)amino-2,3,4,5- tetrahydro—B -0%x0Q-2-(2-
henylethyl]- 1H-2-benzazepine-4-acetate

. A mixture of methyl (R,5)-7-carbozy-2.3,4,5-tetrahydro-3-0x0-2-(2-phenylethyl)-
|H-2-benzazepine-4-acetate (2.67 mol), triethylamine (0.42 mL, 5.87 mmol) and
fiphenyl phosphorylazide (0.62 mL, 2.80 mmol) in toluene (20 mL) was heated at 105°C
for 0.5 h. After the tenil':erature was lowered to 80°C, the mixture was treated with benzyl
alcohol (0.60 mL, 0.42 mmol), stirred for:14 h and concentrated, The residue was
purified by flash chromatography to give the title compound.

b) methyl (R,S)-7-[N-(benzyloxycarbonyl)methylamino]-2,3,4,5-tetrahydro-3-oxo0-2-(2-
phenylethyl]-1H-2-benzazepine-4-acetate.

The compound of Example 169(a) was treated with sodium hydride and
iodomethane in 4:1 THF:dimethylformamide to give the title compound. )

¢) methyl (R,S)-7 ‘methylamino-z,3.4;5-teu'ahydro-3-oxo-2-(2-phenylethyl]— 1H-2-
benzazepme—éi-acetatc

' - Using the proccdure of Example 19(c), exoept subsututmg the compound of
Example 169(bjfor this. compound of Exarple 19(b) gave the title compound.

d) mcthyl (R, S)-7-{[[4-(N-benzyloxycarbonyl)(aminoimino-
methyl)phenyl]carbonyl]methylamino]—Z,S_A,s,-teu'ahydm-s-oxo-z-(z-phenylethyu- 1H-2-
benzazepine-4-acetate | o

The compound of Example 169(b) is treated with 4-[N-
(benzyloxycarbonyl)(aminoiminomethy!)Jbenzoic acid, BOP andtriethylamine in 5:4
dichloromethane:THF to give the title compound.
e) methyl (R,S)-7-{[[4-(aminoimiomethyl)phenyl]carbonyl)-amino]-2,3,4,5-tetrahydro-3-
0x0-2-(2-phenylethyl}-1H-2-benzazepine-4-acetate

Using the procedure of Example 19(¢)-(d), except subsutunng the compound of
Example 169(c) for the compound of Example 19(b) gave the title compound.

Paren i id
A preparation which contains 20 mg of the compound of Example 1 as a sterile

dry powder is prepared as follows: 20 mg of the compound is dissolved in 15 mL of
distilled water. ."Ithe solution is filtered under sterile conditions into a 25 mL multi-dose
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ampoule and lyophilized. The powder is reconstituted by addition of 20 mL of 5%
dextrose in water (D5W) for intravenous or intramuscular injection. The dosage is
{thereby determined by the injection volume. Subsequent dilution may be made by
addition of a metered volume of this dosage unit to another volume of DSW for injection,
or a metered dose may be added to another mechanism for dispensing the drug, asin a
bottle or bag for IV drip infusion or other injection-infusion system.

Example 46

Oral Dosage Unit Composition .

A capsule for oral administration is prepared by mixing and milling 50 mg of the
compound of Example 1 with 75'mg of lactose and 5 mg of magnesiurn stearate. The
resulting powder is scrééned and filled into 2 hard gelatin capsule.

Example 47

LUK bl for: oral ‘administration is prepared by mixing and granulaung 20 mg of
sucrose, 150 mg of calcium suifate dihydrate and 50 mg of the-compound of Example-1-

with a 10% gelatin solution. The wet granules are screened, dried, mixed with 10 mg

. starch, 5 mg talc and 3 mg stearic acid; and compressed into a tablet.

The foregoing is illustrative of the making and using of this invention. This
invention, however, is not limited to the precise embodiments described herein, but
encompasses all modifications within the scope of the claims which follow.
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1.. . Acompound chosen from the group: | |

(R,S)-2 3,4,5-tetrahydro-4-methyl-3-oxo-8- [[[2-(4—p1pend1nyl)ethyl]
methylamino]carbonyl)-1H-1,4-benzodiazepine-2-acetic acid;

(R,5)-2,3 4,5-tetrahydro-4-isopentyl-3-0x0-8-{[[2-(4-piperidinyDethylImethylamino]
carbonyl]-1H-1,4-benzodiazepine-2-acetic acid;
(R.S)-8-[[[4-(aminoiminomethyl)-3-fluorophenyllmethylamino]carbonyl]-2,3.4,5-
tetrahydro-3-oxo0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;
R,5)-8-[[(1,2,3,4-tetrahydro-7-isoquinolinyllamino]carbonyl}-2,3,4,5-tetrahydro-3-o0xo-
4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;

(R,5)-7-[(4,4'-bipiperidin-1 -yl)carbo:xyl]-4—[2-(cyclohexyl)eﬂlyll-2,3,4,5-tetrahydro—3—
ox0-1H-1,4-benzodiazepine-2-acetic acid;
R,S)-7-[[4-(2-aminoethyl)piperidin-1-yl]carbonyl)-2.3 4.5-ten'ahydro—3—oxo-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;
®R,S)-7-[[(1,2,3,4-etrahydro-7-isoquinolinyljaminojcarbonyl]-2.3,4,5- tet:rahydro-S-oxo—
4-(2-phenylethyl)-1H-1 4-benzodiazepine-2-acetic acid;

(R,S)-?-[(4 4'-b1p1pendm- -yl)carbonyl] 234 S-tetrahydm-4-methyl-3 oxo-1H-1,4-
benzodiazepme-z-aceuc acid; Vo :
R,S)-2,3,4 S-ten'ahydro-:i-oxo-:Z-(z-phenylcmyl)-‘? [[[Z{I-pmemmyl)emyl]
methylamino]-carbonyl}-1H-2-benzazepine-4-acetic acid;
R,S)-2-buty}-2,3 4, 5-tetrahydro-3-ox0-7-[{[2-(piperidin-d-yl)-
ethylimethylamino]carbonyl]- 1H-2-benzazepine-4-acetic acid;
2-benzyl-2,3.4,5-tetrahydro-3- oxo—7-[[[2-(plpendm-tl-yl)-ethyljmethylammo]carbonyl]~
1H-2-benzazepine-4-acetate;
2,3,4,5-tc&ahy_dm-3-oxo-z-(s-phenylpentyl)-‘i’—[[[2-(p1pendm-4-yl)-ethyl]methylammo]
carbonyl]-1H-2-benzazcpine-4-acetate;

R.5)-7 -[[[4-(aminoiminomeﬂlyl)phcnyllmethyl-amino]carbonyl]—2,3,4,5—tetrahydro-2-
Lsopropyl-‘j oxo-1H-2-benzazepine-4-acetic acid;

R,5)-2,3 4,5-tetrahydro-2-isopropyl-3- oxo-7-[[[2-(4-p1pcr1dmyl)emy1]methylammo]
carbonyl]- 1H-2-benzazepine-4-acetic acid;

R,8)-2,3,4,5-tetrahydro-2-isopentyl-3- oxo—7—[[[2-(4-p1pendmyl)eﬂlyl]memylamm0]
carbonyl]- 1 H-2-benzazepine-4-acetic acid;
(R,S)-2-(3,3-dimethylbutyl)-2,3,4,5-tetrehydro-3-0x0-7- [[[2—(4—-p1pendmyl)ethyl]
methylamino}carbonyl]-1H-2-benzazepine-4-acetic acid;
(R,8)-2-cyclohexyl-2,3,4,5-tetrahydro-3-0x0-7-[[[2-(4-piperidinyl)ethyl]
methylamino]carbonyl]-1H-2-benzazepine-4-acetic acid ;
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(R,8)-2-[2~(4-fluorophenyljethyi]-2,3.4,5-tetrahydro-3-0xo-7-[[[2-(4-pipcridinyl)ethyl]
methylamino}-carbony!}- 1 H-2-benzazepine-4-acetic acid;

- (R,8)-7-{[[4-(aminoiminomethyl)phenyl}-carbonylJamino]-2,3,4;5-tetrahydro-3-0x0-2-(2- - - -~

phenylethyl]- 1H-2-benzazepine-4-acetic acid;
(R,8)-2-[2-(cyclohexyl)ethyl}-2,3,4,5-tetrahydro-3-0xo0-7-[[[2-(4-piperidinyDethyl]
carbonyilamino]-1H-2-benzazepine-4-acetic acid;

. (R,8)-8-[(4,4"-bipiperidin-1-yl)carbonyl]-2.3,4,5-tetrahydro-3-0x0-2-(2-phenylethyl)- 1H-
2-benzazepine-4-acetic acid;

(R.5)-2,3 4,5-tatrahydro-3-0x0-2-(2-phenylethyl)-7-[[[2-(4-piperidiny))ethyl}-
methylaminoJcarbonyl]-1H-2-benzazepine-4~propionic acid;
(+)-7-[(4,4'-bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-3-ox0-4-(phenylethyl)- 1 H-1,4-
benzodiazepine-2-acetic acid;

(-)-7-[(4,4'-bipiperidin-1- yl)carbonyl]-2,3,4,5-tcu'ahydro—3-oxo-4~(phenylethyl)élH—1,4-
benzodiazepine-2-acetic acid;

(R,S)-7-[[(4,4"-bipiperidin-1-yl)Jcarbonyl}-2,3.4 5-tetrahydro—4—1sopropy1-3-oxo- 1H-14-
benzodiazepine-2-acetic acid;

(R)-7-{(4,4"-bipiperidin-] —yl)carbonyl] 2 3.4, - teu-ahydro—4-methyl-3-oxo—1H-1 4-
benmdmzepm&z-aceuc acid;

(8)-7-[(4,4-bipiperidin-1 -yl)carbonyl]-Z 3.4 5-teu'ahydro-4—methyl—3-oxo- 1H-1,4-
benzodiazepine-2-acetic acid;

Sodium (R,S)-7-[(4,4'-bipiperidin-1-yl)carbonyl]-2,3,4. 5—tetrahydro-4~mcthy1—3~oxo-lH—
1,4-benzodiazepine-2-acetate;
(R)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4-piperidinyl)athyl]
methylamino)carbonyl]-1H-1,4-benzodiazepine-2-acetic acid;
(8)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[{[2-(4-piperidinyl)ethyl]
methylamifio]carbonyl]-1H-1,4-benzodiazepine-2-acetic acid;
R,S)-8-[[(4.4"-bipiperidin-1-y}))carbonyl]-2,3,4,5-tetrahydro-2-methyl-3-oxo0-1H-2-
benzazepine-4-acetic acid;

(R,5)-2,3.4,5-Tetrahydro-7-[1- [4-(4-pyndyl)p1peraz:ny1]carbony1]-4ameﬂ1yl-3-oxo-IH-
1,4-benzodiazepine-2-acetic acid;
(R,S)-7-[[[4-(aminoiminomethyl)phenyl]-methylaminojcarbonyi]-2,3,4 S-tenahydro-?.-
[2-(2-th1enyl)ethyl]-3—oxo-1H-2-benzazepme4aceuc acid;

(R,5)-2,3 4, 5-tetrahydro-3-0x0-4-(2-phenylethyll)-7-[[[3-(4-piperidnyl]propyl]
methylamino]-carbonyl}- 1H- 1 ,4-benzodiazepine-2-acetic acid;
(R.5)-2,3,4,5-tetrahydro-4-methyl-3-0x0-7-[{[3-(4-piperidnyl]propyl]
methylamino]carbonyl)-1H- 1 4-benzodiazepine-2-acetic acid ;
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(R,8)-2,3,4,5-tetrahydro-4-isopropyi-3-oxo-8-[{{2-(4-piperidinyl)ethyi]
methylamino]carbonyl]l-1H-1,4-benzodiazepine-2-acetic acid;

. (8)-2,34,5-tetrahydro-4-(2-phenylethyl)-3-0x0-8-[[[2-(4- _ ]
piperidinyljethyl]methylamino]carbonyl]-1H-1 4-benzod1azepme-2 aceuc actd and
(R,5)7- [[[4-(ammounmomethyl)phenyl]-carbonyl]memylamxno] 234 S-teuahydro—S-
0x0-2-(2-phenylethyl]- 1 H-2-benzazepine~4-acetic acid,
and phatmaceutically acceptable salts thereof.

SENT

2. A compound which is chosen from:

(n
Ris H, Cy.galkyl, benzyl or 2 carboxy protacting group.
R3 is Cygalkyl, Ca.galkenyl, Ar-Cy4alkyl or Het-Cy.4alkyl.; and

XisH, C1.4alkyl, Cy_4alkoxy, Cy4alkylthio, tl'.l.ﬂllOl’Oﬁlkyl NR), CO2R,
CON(R"2, OH, F,CL BrorL;

and pharmaceutically acceptable salts thereof,

provided that if X is H, R3 is not phenylethyl, or with respect to formula (IIT),
cyclohexyl

3. A compound according to claim 1 which is:

(R,S)-2,3 4,5-tetrahydro-4-methyl-3-0x0-8-[{[2-(4-piperidinyDethyl]
methylamino]carbonyi]-1H-1,4-benzodiazepine-2-acetic acid; or
()-2,3,4,5-tetrahydro-4-methyl-3-ox0-8-{[[2-(4-piperidinylethyl]
methylaminoJcarbonyl]-1H-1,4-benzodiazepine-2-acetic acid;
or a phammaceutically acceptable salt thereof.

4. A compound according to claim 1 which is:
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R R

(R,S)-7-[(4, 4‘-b1p1pe.ndm- -ylcarbonyl]-2,3,4 5-tetrahydro-4~methyl—3—oxo-1H—1 4-
benzodiazepinc-2-acetate;or

(9714, 4'-b1p1pendm 1-yDearbonyl]-2,3,4, 5- tetrahydro-4—methyl-3-oxo-IH-I 4

' 'benzodxachmc-z-aceuc acid
or & pharmaceutically acceptable salt thereof

5. - A pharmaceutical composition comprising & compound according to any one of
claims 1-4 and a pharmaceutically acceptable camier..

6. A method for inhibiting platelet aggregation which comprises administering a
compound according to any one of claims 1-4 to a mammal in need thereof.

7. . Amethod for treating myocardial infarction, thrombasis, erabolism, stroke and
infarct-rélated disorders, or restenosis following angioplasty, which comprises
administering a compound according to any one of claims 1-4 to a mammal in need
thercof.

3. A method for, inlﬁbi'ting r_eoc@l;_:s_i;jn_ of anartery or vein following thrombolytic
therapy comprising administering a compound according to-any one-of claims 1-4 and 2
thrombolytic agent.

9.  The use of a compound according to claim 1 in the manufacture of a medicamet
for inhibiting platelet aggregation.

10.  The use of a compound according to claim 1 in the manufacture of a medicament
for treating myocardial infarction, thrombosis, embolism, stroke and infarct-related
disorders, or restenosis following angioplasty.

11, A process for preparing a compound according to claimg 1-4, which comprises
treating a compound of formula (IV): :

RS

RS- Y o)
l*/

COzR

wherein
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Ris H, Cj_galkyl, benzyl or a carboxy pmtecnng group.
R3 is Cy galkyl, Ca.galkenyl, Ar-Cy-salkyl or Het-Cy.4alkyl; and
' XisH, Cy_galkyl, Cy_galkoxy, Cy_galkylthio, tifluoroaliyl, NR ), COR!,

CON(R"Y,, OH, F,Cl, Bror I;
RE is RS wherein any basic nitrogen is protected;

with a reagent, in a1y otder,

(i) to remove anaming protecting group from R5" and, if necessary,

(B to remorve 8 crbOXy protecting group from COzR.

12. A prucess’-?’for preparing a pharmaceutical composition comprising admixing a
.compound according to any one of claims 1-4 with a pharmaceutically acceptable carrier.




