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Bicycllc Fibrinogen Antagonists . 

· .. Fjeld of the Inventjon 

· This invention relates t0 novel bicyclic compounds which inhibit platelet 

aggregation, phannaceutical compositions cant3ining ·the compounds and methods of 

using the compounds. 
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Back;mmnd of the Inyenlion 

Plate_let ~ggregati.on is believed to be media~d prim~y th;J::O~g~ th,e fl~rino~n ·.. . . . . 
receptor, or GPilb-IIla platelet receptor complex, which is a member of a family of · 

adhesion receptors referred to as iilregrins. It has been found that frequently the natural 

ligands of integrln receptors are proteins which contain an Arg-Gly-Asp sequence. Von 

Willebrand factor and fibrinogent which are considered to be natural ligands for tbe 

GPIIb-IIla receptor, possess an Arg-Gly·Asp (RGD in single letter amino acid code) 

sequence in their primary structure. Functionally, these proteins a.re able to bind and ~ ·-
crosslink GPlrb-ma receptors on adjacent platelets and thereby effect aggregation ~f 

platelets. 

Fibroneclin. vitronectin and thrombospondin are ROD-containing proteins which 

have also been demonstrated to bind to GPilb·ITia. Fibronectin is found. in plasma and as 

a structural_.protein in the intracellular matrix. Binding between the-structural pmteinS 

and GPllb-ma may function to cause platelets to adhere to damaged vessel walls. 

Linear and cyclic peptides which bind to vitroncctin and oOntain an ROD 

sequence are disclosed in WO 89/05150 (PCT US88/04403). EP·o 27S 748 cliscloses 

linear tetra- to hexapeptid.es and cyclic hexa- to octapepti.des which bind to the OPllb-fila 

receptor and inhibit platelet aggregation. Other linear and cyclic peptides. the disclosure 

· ... 
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of which are incorporated herein by reference, are reponed in EP-A O 341 915. However, 
the peptide like structures of such inhibitors often pose problemst such as in dmg 
deliveryt metabolic stability and selectivity. Inhibitors of the fibrlnogen receptor which 
8re n~t c9~~ir~~~·-~i ~~~~1 · a;n~~· ~~id :s~~e;~ ~~· ctisc:1~~ed"~· EP-A ·o 312:4s6:· EP~ ... 
A 0 381 033 and EP-A 0 478 363. WO 92/07568 (PCT/US91/08166) discloses 
fibrinogen receptor antagonists which mimic a conformational y-tum in the RGI? 

sequence by fonning a monocycllc seven-membered 9Jtg structure. There remains a 
need, however, for novel fibd.nogen receptor antagonists (e.g. inhibitors of the GPIIb-ma 

protein) which have potent in vivo and in vitro effects and lack the peptide backbone 
structure of amino acid sequences. 

The pres~t. i:nvention discloses novel bicyclie _compounds including benzazepines 
and benzodiazepines, which-are inhibitors of the GPJib-Illa receptor and inhibit platelet 
aggregation~· Ce~ S·phenyl-1,4..benzodfazepjnes are known as a class of drugs which 
affect thecentrai.nervous system. and hav~ been ~d as.anxiolyti~. ·see Sternbach, 
·L.H., J.·Med. Chem.,· ~2, 2 (1979). It has also been disclosed that certain S-p~nyl-1,4-
benzadiazepines antagonize the effects of cholecystokinin. See Frledinger,_Med. ~es. 
ReiJ.;9, 271~ (1989). CertaJn·b~cyclic compounds·w~h ~ve fibrinogen antagonist 
actiVity are.~closed in. WO. 9~1oa·p4 .. {P(:r.1p~~2/.08J.~$,)~·WQ 9~1000?? · 
~/US/92/05463) and WO 94/14776 (PCT/US93/l2436)•· · · 

Summaiy of th8 Inyention. 
. .. . . ~ •' . . . . 

In one aspect this invention is a compound as hereinafter disclosed for inhibiting 
platelet aggregation. 

This invention is also a pharmaceutical composition for inhibiting platelet 
aggregatiop. or clot fonnation, which comprises a compound of the invention and a 
pharmaceutically accept.able carrier. 

Thi~ uivention further. comprises the use of a compound of fonnula (I) in the 
manufacture of a medic~ent 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 internally administ.ering an-effective amount of~ fibrinolytic agent and a 
compound of the invention. This invention is also a method for treating stroke, transient 
ischemia attacks, or myocardial infarction. 
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Detailed Description of the Invs:ntion 

Although not intending to be bound to any specific mechanism of action, the 
. co'mpoundS of th.is" inveritiori arc believed. to. mhiblt the 'binding 'of' ribrinogen to tlie' 
platelet-bound fibrinogen receptor GPIIb-IDa, and may interact with other adhesion 

proteins via antagonism of'a putative RGD binding site. 

Compounds of this .invention are described by fonnula (I): 

I 
whereirt 

Al is NH orCHz. 
R is H, C1-6alkyl. benzyl or a c~boxy protecting group • 

. . R3 is c;1-6~~ ~3~nyl, Ar-C1.c;alkyl, C3.icy~lo~lC1.6lJ.kYl, or Het-. . . . . 

C1~1. :(n.p~cu.I~, R3 .. m~y b~.m~thyl •. isQpft?pyl. n-butyl, isopentyl, 2,2-
dinie~ylbtityl~· pheii:Yi~t:hy1; 'pii6nylpkcy1, ·2~tbienylethyl, cycI~hexylCthyI. 

R6 is 4-amidino-Ar..CON(CH3), 2(4-piperidinyl)(N-methyl)ethylaminocarbonyl, 

4-(4-piperldinyl)piperldinylcarbonyl, 4-((2-amino)ethyl)-piperi~ylcarbonyl, 3-(4-

piperidinyl)(N-methyl)propylamiriocarbonyl, 4-(4-pyrtdyl)piperidinylcarbonyI. 2-(4-

piperi~yl)ethylcarbonylamino, 2-(4-piperidinyl)ethylcarbonyl(N-inethyl)amino, or 
!1,2,3,4-tettahydro-7-isQquinolinyl)aminocarbonyl. 

Also included in this invention are phannaceutically acceptable addition salts, 

complexes or prodrugs of the compounds of this invention. Prodrugs are considered to be 
any covalently bonded carriers which release the active parent drug according to foanula 
(I) ln vivo. 

In one subgenus. Al is NH and forms a 1,4 benzodiazepine which is preferably 
subsitut.ed in the 8 position. and R6 is 2·(4-piperidinyl)(N-methyl)ethylammocarbonyl, 4-

( 4-piperidinyl}piperidinylcarbonyl. or ( 4-amidino6 3-fluoro)phenyl-(N-methyl) 

amlliocarbonyL Preferably,· R.6 is 2·(4-piperidinyl)(N-methyl)ethylaminocarbonyl. 

In another subgenu8, Al is NH and forms a 1,4 benzodiazepine whi~h is 
su~stituted in the 7 position, ~d R6 ~ 4-(4-piperldinyl)piperldinylcarbonyL. {4-

amidino)phenyl-(N-methyl)aminocarbonyl, 4-((2-amino)ethyl)-plperidinylcarbonyl, 3-(4-
pipe~dinyl)(N-methyl)ptopylaminocarbonyl, 4-(4-pyridyl)piperidinylcarbonyL or 

·, .. 
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{l,2.3t4-tetrahydro-7-isoquinolinyl)aminocarbonyl. Preferably, R6 is 4r(4-

piperidinyl)piperid4tylcarbonyl. 

In yet another subgenus. Al is CH2 and forms a 2-benzazeptine, which is 

. sub.stituteci in" th~ ··io~ 8 position"." prefe~bly th~ 7 positio~.·and R:"6 is. 4~c4- . 

piperldinyl)piperidinylcarbonyl. ( 4-amidino )phenyl-(N-roethyl)aminocarbonyl, 2-( 4-

piperidinyl)ethylcarbonylamino, 2-( 4-piperldinyl)ethylcarbonyl(N-methyl)amino, or 2-( 4-

piperidinyl)(N-rnethyl)ethyla.tninocarbonyL 

and 

Preferred compounds of this inventon a.re: 
0 

.I 
-~N 
NHJ . 0 

(II) 

(Ill} 

wherein ifX is H, R3 is not phenylethyl or, with respect to (Ill) only, c}tclQhexylethyl. 

·Such compounds wherein Xis H and R 3 is phenylethyl or cyclohexyl are described in 

WO 94/14776 and are not a part of this inv~ntion. 

Representative compounds of this invention are: 

(R,S)-2,3.4,5-tetrahydro-4-methyl-3-oxo-8·[[[2-(4-piperldinyl)ethyl] 

rnethylamino]carbonyl]-lH-IA-benzodiazepine-2-acetic acid; 

(R,S)-2.,3,4,5-tetrahydro-4-isopentyl-3-oxo-8-[[[2-{4-piperidinyI)ethyl]methylaminoJ 

carbonyl]-l~-1.4-benzodiazepine-2
-acetic acid; 

(R,S)-8-[[[4{aminoiminomethyl)-3-fluorophenyl]methylamino]carbonyl]-2,3,4,S-. 

tetrahydro-3-oxo..+(2-phenylethyl)-lH-1 A-benzodia.zepine-2-acetic acid;· 

(R.,S)-8-[[( 1,2,3,4-tetrahydro-7-isoquinolinyl]amino ]carbonyl]·2,3,4,S-tetrahydro-3-oxo-

4-(2-phenylethy1)-1H-l ,4-benzodiazepine--2-acetic acid; 

(R,S)-7-[(4,4'-bipiperidln-l-yl)carbonyl]-4-[2-(cy
c.lohexyl)ethyl]-2.3,4,5~tetrahydro-3-

oxo-1H-l.4-benzodiazepine-2-acetic acid; 

(R,S)-7-[[ 4-(2-aminoethyl)piperidin-l ~yl]carbonyl]-2,3A,5-telrahydro-3-oxo-4-
(2-

phenylethyl)-1H-1,4-beniodiazepine-2-acetic acid; 
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(R,S)-7 ·([ ( 1.2,3,4-tetrahydro-7-isoquinolinyl]amino]carbonylJ~2.3;4,5-tetrahydro-3·oxo-

4-(2·phenylethyl)- lH- l ,4·benzodiazepine-2-~cetic acid; 

(R.S)· 7-[( 4,4'~bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo- lH- l ,4-
• '• ', •' ' • ' '• ' '• • • ' ' ' •, ... I •: ,• .... •,,,•, '.':, :.•,',.••',':''• ,' :.• 

benzodiazepine-2-acetic acid; 

(R,S)-2,3,4,S-tetrahydro-3-oxo-2·(2-phenylethyl)-7-[[[2-( 1-piperazinyl)ethyl] 
methylamino]-carbonyl]-lH-2-benzazepine-4-acetic acid; 

(R.S)-2-butyl-2,3 ,4,5-tetrahydro-3-oxo-7-([[2-(piperidin-4-yl)-

ethyl]methylamino ]carbonyl]-lH-2-benzazepine-4--acetic acid; 
2-benzyl-2,3,4,5-tetrahydro-3-oxo-7-[[[2-(piperidin-4-yl)-ethyl]methylamino]carbonyl]­
lH-2-benzazepine-4-acetate; 

2,3A,5-tetrahydro-3-oxo-2-(S·phenylpentyl)· 7-([[2-(piperidin-4-yl)-ethyl]m.ethylamino] 

carbonyl]-1 H-2-benzazepine-4-acetate; 
(R,S)· 7-[[[ 4-(aminoiminomethyl)phenyl]methyl-am.ino]carbonyl]-2,3;4,5-tetrahydfu.:.2··-··::::.;; ·--... · · • -· · 
isop~pyl-3-oxo-1H-2-6~nzazepme-4-acetic acid; · · 

R,S)-2,3,4,S-tetrahydro-2-isopropyl-3-oxo-7-[[[2-( 4-piperldinyl)ethyl]methylaromo] · 

carbonyl]-lH-2-benzazepine-4-acedc acid; 

(R.,S)-2~3,4)5-tetrahydro-2~is0pentyl-3-oxo-7-[[[2-(4-piperidinyl)ethyl]methylamino] 

cai'bonyl]-l6 ... 2.;.bel12:Uepine-4-acet:i.C acld; · . . : 

(R.S)·2-(3,3-dimethylbutyl)-l,3,4,5-tetrihydi~3-oxo-7-[[[2-( 4-piperidinyl)ethyl] 

methylamino ]carbonyl]· lH-i-benzazepine..4..acetic acid; 
~,S)-2-cyclohex~l-2,3,4..S-te~ydro-3~xo-7-£[.[2-(4·piperidinyl)ethyl] 
methylainino]carbonyl]-lH-2-benzazepine-4-acetic acid ; 
(R,S)-2-[2-( 4-fluorophenyl)ethyl]-l,3,4,S-tetrahydro-3-oxo-7-[[[2-( 4-piperldinyl)ethyl] 

methylamino]-carbonyl]-lH-2-benzazepine-4-acetic acid;· 
(R,S)-7-[[[ 4-(aminoiminomethyl)phenyl]-carbonyl]amino ]-2,3,4,5-tetrahydro-3-oxo-2-(2-
phenylethyll- lH-2-~enza.zepine-4-acetic acid; 

(R,S)-2-[2-(cyclohexyl)ethyl}-2,3,4,.S-~trahydro-3-oxo-7·[[[2-( 4-piperidinyl)ethyl] 

carbonyl]am~o l· lH-2-benzazep'ine-4-acetic acid; 
(R,S)-8·[(4,4'-bipiperldin-1-yl)carbonyl]·2,3.4,5-tetrabydro-3-oxo-2-(2-phenylethyl)~ lH-
2-benzUA:pine-4-acetic acid; 

(R.S)-2.3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-7;.[[[2·( 4-piperidinyl)ethyl]- · 

methylamino Jcarbonyll-1H-2:-benzazepine4.-propionic acid; 
. . . . 

( + )-7 ·[ ( 4,4'-bipiperidin-· l-yl)carbonyl]-2,3;4,S-tetrahydro-3-oxo-4-(phenylethyl)-lH-1.4-
benzodiazepine.2-acetic acid; 
(-)-7-[( 4.4'-bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)-lH-lA-

benzodiazepine-2-acetic acid; . 

... 
. · 
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(R,S)-7-[[ ( 4,4'-bipiperidin- l-yl)Jcarbonyl]-2,3,4,5-tetrahydro-4-isopropyl-3-oxo-IH- l,4-

benzodiazepine--2-acetic acid; 
(R)· 7-[( 4,4'-bipiperldin-1-yl)carbonyl}-2,3,4,S-tetrahydro-4-methyl-3-oxo-lH-1,4-
henzodiazepine~:i-acetic acid; . ,.. •, . " . " ..... :- ........ , .... , .' .... ,, ......................... "· "·· 

(S)-7-[(4.4'-bipiperidin-1-yl)carbonyl]-2,3.4,5-tetrahydro-4-methyl-3-oxo-1H-1,4-

benzodiazepine·2·acetic acid; 
Sodium (R,S)-7-[(4,4'-bipiperidin-l-yUcarbonyl]-2,3,4,5-tetrahydro-4-methyI-3-oxo-l:fl­

l,4--benzodi~pine-2-acetate; 

(R)-2,3.4.S-tetrahydro-4-methyl-3-oxo-8-[[[2-{4-piperidinyl)ethyl] 

ruethylarnino ]carbonyl]-lH-1.4-benzodlaz.epine-2-aeetic acid; 
(S)~2.3,4,5-tetrahydro-4-roethyl-3-oxo-8-[[[2-(4-piperidinyl)ethyl] . . . . . 

methylainino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid; .... · · 

(R.S)-81[[(4.4'-bipipendin- l-yl)]carbonyl]-2,3.4,5-tettahydro-~me1;hyl~3-oxo-1H~2:-
. benzuepine-4-acetic acid; .... 

(R,S)-2,3.4.5-Tetrahydro-7-[l-[ 4-( 4-pyrldyl)pipera.zinyl]carbonyl]-4-methyl~3--oxo- l_H­
l ,4-benzodiazepine-2-acetic acid; · 

(R.S)-7-[[[4-(aro.inoiminomethyl)phenyl]-methyl~ino]~rbonyl]-2t3~4.~-tetrahydro-2-

. [2-(2-thienyl)ethylJ-3~~xo.lH-2-benzazepine4-acetiC acid;··· : ·· . . .·· 

(R.s)-2.J.4,S~~trah;~o:3-oxo-i(2-phe~yl~yll)-7~[[[3-c4..pi~nyl]propyi) ·· .... 
methylamino]-carbonyl]- lH-1,4-benzodiazepine-2-aeetic acid; 

m,,S)-2,3,4,5-tetrahydro-4.methyl-3-oxo-7-[[[3.;(4-piperidnyl]~opyl] 
i:nethylamino ]carbonyl]-lH-1,4-benzodiazepine.2 .. acetiC ·acid ; · 
(R.S)-2,3,4,S-tetrahydro-4-isopropyl-3-oxo-8-[[[2-(4-piperid.inyl)ethyl] 

methylamino ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid; . 

(S)-2,3,4,5-tettahydro-4-(2-phenylethyl)-3-oxo-8-f[[2-( 4ft 
piperidinyl/ethyl]methylamino]carbonyl]-IH-l ,4-benzodiazepine--2-acetic acid; and 
(R,S)-7 .. [[[ 4{aminoiroinornethyl)phenyl]-carbonyl]methylamino ]-2,3,4,5-tetrahydro-3· 

oxo .. 2 .. (2-phenylethyl]-l H-2·benzazepine-4-acetic acid 
Specific preferred compounds of this invention are 
(R,S)-2,3.4,5-tetrahydtci-4-methyl .. J-oxo-8-[[[2-(4-piperidinyl)ethyl] 

methylamino]carbonyl]· 1 H· l,4-benzodiazepine-2-acetic acid; 
(S)-2,3,4.?-~~ydro-4-me~yl-3-oxo-8-[[[2-(4-p~peri~yl)ethyl] 

methylamino ]carbonyl]:-1 H-1.4-benzodiazepine-2-~tic acid; 
(R,S)-7-[(4,4'-bipiperidin-l-yl)carbonyl]-2,3.4.5-tettahydro-4-rnethyl-3-oxo-lH-lA· 

benzodiazepine-2-acetate; 
Sodium {R,S)-7·[( 4,41-bipiperidin-l·yl)carbonyl]-2,3,4,S-tetrahydro-4-methyl-3-oxo-lH-. . 
l A-benzodiazepine-2-acet.ate; 
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(S)-7-((4.4'-bipiperldin-l-yl)carbonyl]-2.3,4,5·tettahydro4~methyl·3-oxo-1H-l.4-

benzodiazepine-2-acetic acid; 

Compounds of this invention wherein &3 is C14alkyl, particularly methyl, have 
. . . ·, . ... .. ··. ·' .·· . ~ ~ . . . '.~ : ~ ... .. , . .,. ·. ·. ~ ... ·.. :· . . . . . ..... .·.· . · ....... : . . . . . :-·· . ,; .. : ... ·.·. . 

particularly favorable pharmacological and phannacokinetic properties. 

The meaning of any substituent at any one occurrence is independent of its 

meaning, or any other substituent's meaning, at any other t>ccurrence, unless specified 

otherwise. In cases wherein the compounds of this invent,ion may have one or more 

chiral centers, unless specified, this inventio~ includes each unique nonr~mic 

compound which may be synthesized and resolved by conventional techniques. In 

· generalt compounds which have the S configuration at the chiral ring carbon to which the 

acet.ate group is ·attached are preferred. 

· Abbreviations and symbols commonly used in the peptide and chemical ans are 

used herein to describe the compoun~ of this invention. In general, the amino acid 

abbreViations follow the IUP AC-IUB Joint co·mmiSsion on Biocheniical Nomenclature . . 

as described in Eur. J. Biochem., 158, 9'(1984). 

C14 alkyl as applied: herein is meant to include methyl, ethyl, n-propyl. isopropyl, 

n-butyl, isobutyl-an~ i-butyl. :C1-6alk:yl ~tµtio~ally incluci~ P.entyl, n .. pentyl, isopentyl~ 

neopentyl,.~d hexyl 'at\d th~.·$in;iple ·~pha?-(~~~-~~t'.O.~< ; .... : ·: ... · . . .· · .. '. : . · 
·Cu alkenyl as applied hereirl means an; alkfl group of 3 to 6 cubons wherein a 

carbon-carbon single bond iS replaced by a. carbon-c~on double bond. C3-¢.kenyl 

includes 1-propene. 2-propene. 1-buten~ 2-b~tene, iSobutMe and the several isomeric 
p~ntenes and hexenes. Both .. cis ·and ~S"iso~~"aie.fuclud~ · · . · 

. . 

Ar, or aryl, as applied herein, means phenyl or naphthyL. or phenyl or naphthyl 

substimted by one to three moieties X. In particµIar, Xmay be H, C14alkyl. C14alkoxy, 

C14alkthio. tri.fluoroalkyl, N(R')2. COzR\ CON(R,2, OH, F, Cl, Br or I. 

A su~stituent on a C1..@.lk:yl or CuaJkenyl. such as X, may be on any carbon 

atom which results in a stable structure •. and is available by conventional synthetic 

techniques. 

Het, or het.er0cycle, indicates an optionally substituted five or six meµibered · 

monocyclic ring, or a nine or ten-membered bicyclic ring containing one to three 

heteroatoms chosen from the group of nitrogen, oxygen and sulfur. which are stable and 

available by conventipnai ~~mical synthesis_ l;Q.'1Stt;ative h.e~~cycles are benzof ur:yl. 

benziroidazole. benzopyran, benzothiophene, furant itriidazole, indo_line. morpholine, 

piperidine, piperazine. pyrrole, pyrrolidine, tetrahydropyridine, pyridine, thiazole. 

thiaphene, quinoline, isoquinollne, and tetra.· and perhydro- quinoline and isoquinoline. 

Any accessible combination of up to ~ substituents, such as chosen from X. on the 
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Het ring that is available by chemical synthesis and is stable is within the scope of this 

invention. 
C3_,,cycloalkyl refers to an optionally substituted carbocyclic system of three to 

. .. . : '··~Ven ~bon ~tOms',''W:ilich. ni~y concai~ 'up w [W~· MS~tU~a.'ted"carbon~carl:i~n-bo~d.~. ·.· ·. - .. 
-Typical of C3_7cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclopent.enyl, 

cyclohexyl, cyclohexe~yl and cyc:Ioheptyl. Any combination of up to three substituents, 

such a.s Chosen from X. on, the cycloaJkyl ring that is available by conventional chemical . . . 
synthesis and is stable, is within the scope of this invention. 

t-Bu refers .to the tertiary butyl radical, Boe refers to the t-butyloxycatbonyl 

radical. Fmoc refers to the fluorcnylmetho:x.yc8:1'bonyl radical. Ph refers to the phenyl 

radical, Cbz refers to the benzyloxycarbonyl radical, BrZ refers to the 
' \' ' ' 'I ' ' '.'' ' ' ' ' 

o-bromobenzyloxycarbonyl r~cal, CIZ refers to the o-chlorobenzyloxycarbonyl radical, 

Bzl t:efirrs to the· benzyl radical, 4-MBzl refers to the 4-methyl benzyl radical, Me refers 
to ·methyl, Bt refers to ethy~ .Ac refers tei acetyl, AJk refers to C1.4alkyl. Nph refers ta l- · 

or .2-naphthyl an~ cHex refers to cyclo~xyl. Tet refers tp 5-~traZolyl. 

DCC ref~ to dicyclohexylcarbodiimide, DMAP refers to 

· · dimethyl~inopyrl~~e;· DIEA refem to diis~propylethyl amine, EDC refers to N-ethyl­

; · -· ~(dime~ylaj1fit}9pi~i>Y.I)·.c::A:1'~9d~~d~~9.l.Jt.~(~s to ,~~hy~9xy:tJe~otri~9le, .rqW· .. 
. ref~ to tetrabydr~furan, DIBA refers to .• propylethylanline, DMF refers to d~ethyl . 

. . ' 

formamide, NBS refers to N-broroo-succinimide. Pd/C refers to a palladium on carbon 

catalyst, PPArefers.to.1-propanephosphonic a¢id cyclic anhydride. DPPA refers to 

· diph~nytphosi>iiorY-~ ·aiide~ BOP re!eis to benz0ttiazo1.1-y1oxy­

tris(dimethy1amino)phosphonium hexafluorophosphate, HF refers to hydrofluoric acid, 

TEA refers to triethylamine, TFA refers to trifluoroacetic acid, PCC refers to pyridiniuro 

chlorochromate. 
Co,mpounds of this invention are prepared by treating, in any order, a compotmd 

of the structure: 
. 3 , e·cc~ -tN,...R 

R l[ o 
"f. ,,& 1 

X A - C02R 

... ' . ' ~ . . . . 
wherein !'-1, X, R.~~ R3 are~ defU1ed ~Qve, and R6' is R6 wherein any basic r:Utrogen 

is. protected, with a reagent: 
(i) to remove an amino protecting group from R6'; and, if necessary, 

(ii) to remove a carboxy protectina group from C02R. 
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The compounds of fonnula (IV) are generally prepared by reacting a compound of 

the fonnula (XI) with a compound of the formula (XII): 

.. ___«N"..'R3 .. 

L
1

~ .. ~- }=o 
A --\._coaR A6"-L2 

(XI)' (XII) 

wherein Al and R3 are as defined for formula (I), with any reactive functional groups 

protected, R is C 14allcyl, benzyl or a carboxy protecting group, Lt is C02ff or NH2. 

L1 and L2 are functional groups which are capable of reacting to fonn an amide 

bond. If L2 is a· basic nitrogen group, such as an amino, methylamino or the nitrogen of a 
piperidinyl group, then L 1 is C02H. For instance R 6tt·L2 is 4-amidmo-Ar..CON(CH3). · 

2(4-piperldinyl}(N·m~thyl)ethylamino, 4-(4-piperidinyl)pip~ridfuyl, 4·((2-am~o)ethyl).:. "··· .· ..... -

piperldinyl, 3-(4-piperidinyl)(N-melhyl)propy~mino, 4-(4-pyridyl)pipeddinyl, o~. 
!l,2,3,4-tetrahydro-7-isoqumolinyl)aminocarbonyl, wherein the non·reactive basic . . . . -
nitr~gen of the amidine, piperidine or amino group is protected by an amino protecting 

group. 
: · ·: "!fL2 is: a ca.fuoxylic acid ·group then Llis NH2, fa~ instanee R6"-L2 is 2·(4- : 

piperldmyl)ethylcarboxllc acid. wherein. the basic nitrogen of the piperidinyl group ls 
protected. 

. . 
TJie CC?mpounds of fonnula 00) B:l'e benzodia.Zepmes· and benzazepin~, and are 

prepared by general methods known in the art such as those disclosed in WO 93/00095 
(PCT/US/92/05463) and WO 94114776 (PCT/US93/12436) which are incorporated · 

herein by reference. Compounds of fonn~ (XII) generally contain two basic centers of 

which one is proteeted. and ~ likewise known to the art See W094/14776. 
Coupling reagents as used herein denote reagents which may be used to form 

peptide bon~. Typical coupling methods employ carbodiimide.s, activated anhydrid~ 

and esters. and acyl halides. Reagents such as EDC, DCC, DPPA, ?PA, BOP reag~t, 
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., "11m; PRACTICE OF 

PBPTID£SYNmESIS, ~pringer-Verlag. Berlin, 1984, AU etal. inJ. Med. Cliem.,·29, 984 
(1986) and J. Med. Chem., 30. 229°1 (1987) are generally illustrative of the technique and 

are incorporated herein by reference. · 
Solution synthesis for the formation of amide or peptide bonds is accomplished 

using conventional methods used to form amide bonds. Typically, the amine or aniline is 

coupled via its ~ amino group to an appropriate carboxylic: acis substrate using a 
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suitable carbodiimide coupling agent, such as N.N' dicyclohexyl carbodiimide (DCC) or 

EDC. optionally in the presence of catalysts su~h as 1-hydroxybenzotriazole (HOBt) and 

dimethylarnino pyridine (DMAP). Other methods, such as the fonnatlon of activated 
0 , o ', 0 I • ' ', ' • • , o ' ' ' , ', •' • o 0 ' ' 'o' o o 0 • , I"'•"•,: •" :'_. •',•,.••,.,• •'! 

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 benioic 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 fonn the "activated 

anhydride'', which is subsequently reacted with the free amine of a second protected 
aµiino. acid or amµne. 

The reactive functional groups of the sidechains of each synthetic fragment are 
• 

.sUitably protected as known in the art. Suit.able protective groups are disclosed~ in · · ·· ... · -- ·· -
Greene, PROTECTIVE GROUPS IN. ORGANIC CHBMISTRY, John Wiley and Sons, New York. 
1981. For example, the Boe, Cbz. phthaloyl or Fmoc group may be used for protection of 
an amino or amidino group. The Boe· group is generally preferred for protection of an ~ 

· amino gr<?up. A t9 Bu, cHex ot"benzyl ester niay be used for the protection _of the ·&de 
chain carboxyl. ·A berizyl_ group or suitably. substlttited bel1Zyl group (e.g., 4-metho~y~~- .. ··· .. 

. . 
b~zyl or 2,4-dimethox.y-benzyl) is used to promct the.mercapto group-or: the hydroxyl··~ · , 

group. The tosyl group may be ilsed for protection of the imidazolyl group and tosyl or 

nitto group for protection of the guanidino group. A suitably substiOlted carbobenzyl<:>xy 
group or.benzyl group may be also be used for the hydro~l group or amino group. . 
Suitable substitution oftbe carbobenzyloxy ·or benzyl protecting groups is ortho and/or 

para substitution with chloro, bromo7 nitro or methyl, and is used to modify the reactivity 

of the protective group. Except for the Boe group, the protective groups for the amino 

moiety are. most conveniently, those which are not removed by mild acid treanuent 

These_ protective groups are removed l?Y such methods as catalytic hydrogenation, sodi~~ 
in liquid ammonia or HF treatment, as known in the art 

Acid addition s~ts 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, phosphoric, acetic, maleic, succinic or methanesulfonic. The 

acetate salt form is especially useful. Most of .the compounds fonn inner salts or. , 
zwinerions which may be acceptable. Cationic salts are prepared l)y treating ·the parent 
compound with an exc~ of an alkaline reagent, such as a hydroxide, carbonate or 
alkoxide, containing the appropriatC cation; or with an appropriate organic amine. 
Cations such as Li+, Na+, K+, Ca~. Mg++ and NH4+ are specific examples of cations 

present in phannaceutically acceptable salt.s. 
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This invention provides a phannaceucical composition which comprises a 
compound according to fonnula (I) and a pharmaceutically acceptable carrier. 
Accordingly, the compounds of formula (I) may be used in the manufacture of a 
·m~cti~ament ... Phann~utic~ compositions ·c,r tile ~~nip~·w:;~ ·c,r ronn~a·oo·'prej)ired ·as· ·. 
hereinbefore described may be fonnulated as solutions or lyophilized powders for 
parenteral administration. Powders may be reconstituted by addition of a suitable dllueht 

or other pharmaceutically acceptable carrier prior to use. The liquid fonnula.tion may b~ 
a buffered, isotonic, aqueous solution. Examples of suitable dlluents are normal isotonic 
saline solution, standard 5% dextrose in water or buffered sodium or ammonium acetate 
solution." Such formulation is especially suitable for parenteral administration, but may 
also be used for oral administration or contained in a metered dose inhaler or nebulizer 

o ~· o ' ' I ' • ' 

for insuftlation. It may be desirable to add excipients such as polyvinylpyrrolidonet 
gelatin, hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or . 
sodium citrate. 

~temately. these peptides may be encapsulated, tablet.ed or prepared in a 
emulsion or syrup f ot oral administration. Phanuaceutically acceptable solid or liquid 

canie~ may be added to enhance or stabilii.e·the composition, or·to f~tate preparation 

· Qf the cpmpn~itio~-": Soli4 :carriers inclu~e ~~h, ·1ap.t~~·~altju~ ~~Anirqf.~r·~" :·: " 
al~ magnesium. Stea.fate or st.earic acid, talc; ~tiri, acacia.·agar or gela.tlzi. Liqtiid- · . · 
carriers include syrup, peanat oil. olive oil, saline and water. The carrier may also. 
incl~de a sust.ained release material such as glyceryl monostearate ~r glycetyl distearate', 

llone or with a wax. The amount of solid carrier vanes but, preferably~ WW. be i:>Ctw:een 
about 20 mg to about 1 g per dosage unit The. pharmaceutical preparations are made. 
following the conventional techniques of pha.rmaq involving milling. mixing, 
granulating, and compressing, when necessary, for tablet fonns; or millliig, mixing and 
filling for hprd gelatin capsule forms. When a liquid carrier is used, the preparation will 
be in the fonn of a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. 

. Such a liqui~'formulation may be administered directly p,.o. or filled into a soft gelatin 
capsule. 

For rectal adminisrrati.on. the peptides of this invention may also be combined 
with excipients such as cocoa butter, glycerin. gelatin or polyethylene glycols and anc;>lde~ · 

into a suppository. 
Tue compounds of this invention may be used· in vitro to ~bit the aggregation 

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 methQd of inhibiting platelet aggregation and clot 

formation in a ~a111mal, especially a human, which comprises the ~temal administration 
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of a peptide of fonnula (l) and a pharmaceutically acceptable carrier. Indications for such 

therapy include acute myocardial infarction (AMI). deep vein thrombosis, pulmonary 

embolism, dissecting anurysm, transient ischemia attack (TIA), stroke and other infarct· 
• , , ', , • o • •' .' • • • 0 ,:• • ' ~ :, I ,• , ,'. ', .. f,,. " '• : ~ • , • '• .. 1 1 •,•" • , .. •, '• , • 0 : "':• ' :•• '• ' , ' , -:' " ', -h " , ~ " , 

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

for preventing restenosis of an artery or vein in a mammal following angioplasty. 

Chronic or acute states of hyper-aggregability, sucti as _disSeminated intravascular 

coagulation (DIC), septicemia. surgical or infectious shoe~. post-operative and post­

partwn uaum~ cardiopulmonary .bypass surgery, incompatible blood transfusion, 

abruptio placenta, thrombotic thrombocytopenic pu~ura (ITP), snake venom and 

immune diseases, are likely to be responsive to such treatment Th~ compounds are 

also believed to be useful f~r B;dj~nct therapy (ollowing an~ioplasty. In addition, the 

peptides of this invention may be useful in a ·method for the prevention of metastatic 

conditjons, the prevention or treatment of fungal or bacterial infection, inducing 

immunostimulation, treatment of sickle cell disease; ·and the prevention or treatment of 

dis~ in which bone resorption is a factor. 

The compounds of this invention may also- be favorably administered with other 

agents which inhibit platelet aggregation ... ·F~r instance, the compounds of this invention 

· may be adt.UilJis~red. \Yi:th· c.Q~P9.~q.ds ~f .~~-:~~~-pf ~~I99~yJ.~~·~~it~fy.:. :. 

thromboxane antagonists,· thromboxane syiithetase ulhibitoni, ·heparins~. thrombin 

inhibitors and ticlopidine. Examples of _such ~gents ~ as~~,warf~ ud clopidogrel. 

The peptide is administered either orally ·or p~nterally to ~e patient, in a manner 

such that the concentration ~f drug in. me pi&Sina ii" sllftici.Cnt to inhibit platelet 

aggregation, or other such indication. The pharmaceutical composition containing the · 

peptide is administcr~d at a dose between about 0.2 to about 50 mg/kg in a manner 

consistent with the condition of the patient. For acute therapy, parenteral administration 

is preferred,. For persistent states of hyperaggregability. an intravenous infusion of the 

peptide in 5% dextrose in water or no~al saline is most effective, although an 

intramusc~ bolus injec~on may be sufficient 

For chronic, bu~ noncritical, states of platelet aggregability, oral adiµinistrati.on of 

a capsule or tablet. or a bolus intramuscular injection is suitable. The peptide is 

administered one to four times daily at a level o( about 0.4 to abo_ut SO mg/kg to achieve a 

total daily dos~ of aboµt 0.4 ~ about 200 mglkgf ~ay .. 

This inventi.011 further provides a method for inhibiting. the ~eocclusion 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 peptide in fibrin:olytic ~PY either prevents reocclusion 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 namral or synthetic product, which directly or 

indirectly ca~s the lysis of a fibrin clot Pla.sminogen activators are a well known group 

c,i'ril>rino1Yti~··~8~ii~:· us~rui pi;JSmin.oi~~ ~ctl~~toiS ·in~1~~-rox:·e~~p1~. M!Strei:>i~, ... ·· 
urok.ina.se (UK), pro-urokinase (pUK), streptokina.$ (SI(), tissue plasminogen activator 

(tP A) and mutants, or variants', thereof, which retain plasminogen activator activity, such 

as variants which have been chemically modified or in which one or more amino acids 

have been added, deleted or s~bstituted or in which one or more or functional domains . . 
ha.ve 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 biD.ding IQ.olecule. Qther illustntive variants µiclude tP A moleculeS in which one 
•' . . .. , ... · . 

or more. glycosylation sites have been altered. Preferred among plasminogen acrivawrs 

are vai;iants of tPA in which the prim~cy amino acid Sequence has been altered in.the 
... . . 

growth factor domain ~~· u to increase the serum half~life of the plasminogen activator. 

tPA Growth factor v~~ts are disclosed, e.g., by Robinson et al., EP·A 0 297 589 and 

Browne et al., EP-~ 0 240 334. Other variants include hybrid proteins, such as tho~ 

·disclosed in eP 0 028.489, BP 0 155 387 and EP 0 297 ~82,-all.ofwbich are in~orporated 

.h~re~_by.tefe~~/~~pl~~l~ ~ p¢~~~ ~yb~4 p~o~ ~~r .~.in.~ inven~o~ .. · 

rit?rmolytic agen~ may be isolai.ed from natmal sources, but are commonly produced by 

traditional methods of genetic ei:igineering . 

. Useful f~~u1:alio~ o~ tP A. s~ UK ~d· p:tJK are disclos~d, for example, in BP·A 

~z1'1 S92;Bi<Ao o92 is2 ~ciu~s·. Patent,4J68,543, all ofwhich.areincotj>orated 

here.in by reference. Typically the fibrinolyd.c agent may be fonnulated in an aqueous, 

b~ered. isotonic solution, such as sodium or ammonium acetate or adipate buffered at 

pH 3.5 to S.S. Additional excipients such as .polyvinyl pyttolidone. gelatin. hydroxy 

cellulose, ayacia., pc;>lyethylene. glycol, mannitol and sodium chloride may also be added. 

Such a composition can be lyopbillzed~ 

The J?hannaceutical composition may be fonnulated with both the compound of 

formula (I) and fibrinolyti.c in the same container, but foanulation in different containers 

is prefened. When both agents are provided in solution form they can be conrained in an 

infusion/injecti,on system for simultaneous administration or in a tandem arrangement. . 

Indications ~pr sU:ch. Jherapy inc.Jude myocardial infarction. deep. vein th,rombosis, 

puhnonary.embolism,.stroke ~d ~ther infarct-related disorders. ~peptide is . 

administered just prior to, at the same time as, or just after parenteral adrninistration of 

tP A or other fibrinolytic aaent. It may prove desirable to continue treatment with the 

peptide for a period of tiine well afte~ re~usion has been established to rna.xiroally 

inhibit post-therapy reocclusion. The effective dose of tP A. SK, UK or pUK may be 
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from O.S to 5 mg/kg and the effective dose· of the peptide may be from about 0.1 LO 25 

mg/kg. 

For convenient administration of the inhibitor and the fibrinolytic agen~ at the 
•• • ..... ·: •• •• • • ... •• - • • • • • • • • • • ••• • • • • • • • • • • •• .. • • • 9• • • .. 

same or di.ffere11t times. a kit is prepared, comprising, in a single container. such as a box, 

carton o~ oth~ coni.ainer, individual bpttles. ·bags, vials or other containers each having an 

. effective ·amount of' the inhibitor for parentet8;1 administration. as described above, and an 

~ffective amount of tP A, or other fibrinolytic agent. for parenteral administration, as 
I • 

described above. Such kit can comprise, for example, bo~ phannaceutical agents in 

separate containers or the same container, optionally as lyophillzed plugs. and containers 

of solutions for reconstitution. A variation of this is to include the solution for 

~onstitution and che lyophillzed plug in ~o. chambers of a single container. which Cl;ll 

. be caused to admix prior. to use. ~ith such an arrangement, the fibrinolytic and the 

peptide, may be packaged separately, as in two containers, or lyopbilized toge~ as a 
powder 8n.d provided in a".single cont.ainer. · . ::. · 

When both agen~ are provided in solution fonn, they can be contained m an 

hlfusion/injection system for simultaneous administration ot in a tandem arrangement. 

For example, the platelet aggregation inhibitor may be in an i. v. injectable form, or 
. . . 

: infU8lo~ 1;1~~ U~~'.iil.st:rieS,·yia tubing, to tJ:ie fibrinolytic age,JJ.t-in·.a:see~nd infusion bag .. 

U:~ing such a system. a. patient can· receive an initial bolus--type.injection or· infusion·; of. · 

the peptide inhibitor followed by an infusion of the fibrinolyti.c agent. 

. 'I'.4~ p~acological activity of the compounds of this invention is assessed by 

their ·ability. to inhibit the binding of 3H-SK&F t07260, a known RGD-fibrino~n 
antagonist, to the GPilbIIla receptor; their.ability to inhibit platelet aggregation. in vitro, 

and their ability to inhibit thrombus fonnation in vivo. 

Inlrlbjtjon of RGD-~diated GPIIb~JJTa bjndin& 

Inhibition of ROD-mediated O;Elllb-Illa binding was demonstrated by assessing 

the ability of compounds to inhibit the binding of 3H-SK&F 107260, a known ROD· 

tibrinogen antagonist. ~ the GPllbma receptor according to the procedure. disclos8d in 

WO 93/00095 (PCT/US/92/05463. 

Inhibition of Platelet Aagiuation 

Inhibition of platelet aggregation was demonstrated follow~ng the procedure 

disclosed in WO 93/00095 (PCT/US/92/05463). 

The compounds of this invention generally inhibit the aggregation of human 

platelets stjmulat.ed with ADP with IC50 o( less than 0.1 uM. The compounds of 

Examples 7, 2.2, 23 and 26 have ICSO of between 0.2 and 11 uM, an~ the compound of 
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Example 4 had an ICSO of about 75 uM. Preferred compounds have ICSO of less rhaJi 

0.04uM. 
To assess the stability of the compounds to plasma proteases, the compounds were 

. inc~ba~ i~-~ 3 h (rath~r than 3 ~~) in the pru> prio~ to ~diti~n of ~· ~g~.rist. \ .·· "' .. , .. -,, ·. \ 

In vivo Inhibition of Placelet AK:·amgg.tion 
In 11iv<J inhibition of thrombus formation is demonstrated by recording the 

systemic and hemodymunic effects of infusion of the peptides into anesthetized dogs 
according to the methods described in Aileen et aL, Prostllglandins, 19, 629 (1980): 

The examples which follow. are intended to µi 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 ~xamples, all tem~tur~ !if~ .!n d¢gl'C¢s ~tigra<fe. ·. ~~~ sp_ec~· were· ... ·. 
per!onned using fast ~tom bombardment (FAB) or cl~tro-spray (ES) io~tion ... Mel~g: 
points were taken on a Thomas-Hoover capillary melting point apparatus and are 
uncotTected. . ... . . 

N'.MR were recorded at 250 ?1Hz \lsing a Bruker AM 250 spectrometer, unless 
otherwise indicate'd. Chemical shifts are reported in ppm (S) downfield from 

tettamethylsilane. Multiplicities for NMR spectra are indicated as: s~glet, d=double~ 
t=trlplet, q=quartet, m-multiplet., dd=doublet of doublets., dt-=doublet of triplets etc. and 
br indicates,a broad signal. I.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.t Denver, Colorado. Florisil® is an activated 
magnesium silicate chromatographic snppo~ a.nd is a registered trademark: of Floridon 
Co., Pittsbur~ Pennsylvania.. Analtech silica gel GF and EM silica gel thin layer plat.es 
were used for thin layer chromatography. Both flash and gravity chromatography were 
carried out on Merck 6Q (23()-400 mesh) silica gel.: .ODS refers to an oci:.adecylsilyl . 
deri.vatized silica gel chromatographic support. ANIW-TF A indicates an isocratic eluant 
system of the indicated percentage of acetonitrile in water with 0.1 % TPA. 5µ Apex-

ODS indicates. an octadeeylsilane derivatized silica gel support, having a nominal particle . 
size -of 5µ, made by Jones Chromato~aphy t. Littleton, Colorado. YMC ODS-AQ® is an 

ODS chromato~hic suppon and is a registered trademaik of YM~ Co. Ltd., Kyoto, 
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Japan. PRP-1 ® is a polymeric (styrene-divinyl benzene) chromatographic support and is 
a registered ttademark of Hamilton Co., Reno, Nevada. 

~ . . . . ' 

Preparation l 

Pre,paration of N-metbyl-2-[N-(benzyloxycarbonyl)-4-piperidinyllethanamine 

a) N-(cert-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 ooc,_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 chlorofonn and washed with 5% sodium bicarbonate. The organic phase 
was dried and concentrated to· give the title.compound. 

b) N-(tert-butoxycarbonyl)-N-methyl-2-(4-piperldinyl)ethanamine . 
A solution of the compound of Preparati.on .. l(a) (4.4 g, 18 mmol) in.ethanol (30 

·mL) was cooled to 0°C, adjusted to pH 5 with 3N bydr9Chlciric atjd (6 ~L)," treatecl .. With 
platinum oxi4e:C350 ~g) and shaken With ·hydroge~ ·ror :th~ Th~ miXture W.l\S 'fiiier~Ci::.: ·,. ; ... : .·.: 
through Celite® and <he filtrate was treated with 10% ·sodium hydioxi.de (4·mL) andi · 
concentrated to giw the title compound. 

c) N-(cen-butoxycarbonyl)-N-me~yl-2-[N-(benzyloxycarbonyl)-4-

piperidinyl]ethanamine 
A mixture of the compound of Preparation l(b) (4.4 g. 18 mmol) and 

triethylamine (2.5 mL, 18 mmol) in dimethyJfonnamide (100 mL) ~as stirred at 0°C and 
treated with N-(benzyl~xycarbonyl)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 a.Cetate!hexane) to _give the title compound (5.2 g, 77%). 

d) N-methyl-2-[N·(benzyloxycarbonyl)-4-piperidinyl]ethanamine 

A solution of the compound of Preparation l(c) (2.2 g, 5.8 mm~l) in 
dichlorom~thane (15 mL) was treated with TFA (5 mL) and stirred for 2.5 h. lb.~ 

mixture was diluted with chlorofonn, washed with 10% sodium hydroxide and the· 
organic phase was washed, dried and concentrated. The residue was treated with toluene 
and concentrated to give the title compound. 
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Preparation 2 
I 

. :· .. 

Preparation o~ 4-CN-Chenzyloxycarbonyn<aminqiminomethym-3-fluoro-N-metbyl-aniline . . . . ' . . . . . . .. . '· . . . . . .. . . . . . . . . .•... . ·~ . . .... . . ~ 

-· . 
a) 2-fluoro-4.-(methylamino)benzonitrile 

• • I ' • ," 

· To a solution of 2-fluoro-:4-aminobenzonitrlle [Ind. Chim. Belg., 39, 490-500 
(1974)](3.8 g, 28 mmol) in anhydrous triethyl orthoformate, (50 mL) was added 

' •! I 

trifluoroacetic acid (0.16 g, 1.4 mmol). The solution wa.s 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 ·borohydride (3.2 g, 84 mmol)~ The resulting 
suspension was stirred at RT for 20 min, heated at retl~. fo.r 1 h, co~led and concentrated 
to give a colorless solid. This residue was partitioned be_.tween ether and water and the 
aqueous layer was ext:r:acted with ether. The organic phases were combined, washed with . ' . 
brine and dried (sodium sulfate). Concentration gave a white solid which was slurried in 
35% ethyl acetate:hexane (200 mL) and tUtered to give the title compound (3.7 gt 88%). 
nip 110-ui0c; lH NMR."(400 MHz, CD03) 8 7.3.S.(m. JH), 6.4 (dd, lH), 6.3 (dd, IH), 

2.9 (s, "3H). 
. . .. . .· 

. . '· 
. . ·. ,' .. · ... . 

. . '• ... · '• . . ... -· 

b) .2-fluoro-4-(methylamino)-{N-{benzyloxycarbonyl)J beniamidine 
To a suspension of ammonium. c.lµoride. (3.8 g~ .72 min9l) ht anhydrous toluene 

(40 mL) at O°<;: was added a solutj.on qf ~e~y~-q~~~ ~ tol~e~ (2.0 M, 72 mmol) 
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 resultin& solution was 
heated at 80°C for 22 h, cooled and poured onto a slurry of silica gel ( 120 g) and 

chloroform (350 mL). This slurry was stirred 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, SM sodium 
hydroxide (14 mL. 75 mmol) :was added, followed by dropwi.se addition of benzyl . 
chlorofomiate (4.1g,24 mmol) over 5 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 

concentra~d to give a yellow solid which·was purified.by chromatography (silica gel, 2% 
methanol:dichloromethane) to give the title compound as·a white powder (2.6 g; 34%). 
mp 128·30°C. lH NMR (400 MHz, CDC13) 8 8.2 (t, lH). 7.S-7.25 (m, SH). 6.4 (dd, 
lH)1 6.25 (dd, IH). 5.2 (s. 2H}, 4.6 (b, lH). 2.8 (d, 3H). 



-----·--·--·---··----------

· ........... :'.·: •-:'; .. 

... ·. 

THIS SHEET HAS BEEN 
REPLACED 

.: .. ,_ .. _ _,. ·_:, ::_: --·-- _:: .. · ~-. -~ ·: ·. -·~ ·. --, ·. ·. ·. -_,.: ::.,_ :· .. :~ . . \ < i8 :.:- · --~:: · : · _. · · · · -~- · ·._:._ ___ ;....,..;..:·. ''----.. --=---.. --.-., . ....:..._._. _....,.. _ __._.. · · · · 
. .. ... . . 

Preparation 3 

a) 7-nitro-1,2:3;4-retrahydro-isoquinolinc. 

To a mix~re ~f7~nitro-1,2~3.4-tetrahydroisoquinolinone (1.50 gt 7.8 mmol) in THF 

(1.5 mL) was added 2M boran~ methylsuJ..fide in THF (9.0 mL, 18 mmol) dropwise. After 

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

cooled to RT, an.d dry .hydrog~ chloride was bubbled into the solution to pH 2. Tue 

solution was heated to reflux for 1.5 h, cooled to oac and diluted with ether. The 

. resulting white solid was filte~ and dried in vacuo to yield the title cornpou~d (1.62 g, 

76%). MS(ES) role 179 [M+H]+. 

· ·b) N-2-(t-qutoxyearbonyt) .. 7-nitro--1.2.3.4--tetrahydto-isoquinoUne 

A solution of the com~ound of Preparatlon 3(a) (l.0 g, 5.6 mmol). di-te~·butyl 
dicarbonate (1.8 g. 8.4 nimol) and 4-(dimethylamino)pyridin~ (342 mg, 2.8 mmol) in 

dichloroinethane "(SQ mL) was adjusted to pH 8.0 by the addition of triethylamine. After 

4h •. thcfre$ultiiig'so:iutj:on'._was.c~ntentrated· and.~e-'residue.was taken rip into ethyl 

~ta.te.' The solution was extracted with 5% citric acid; brine,. and dried :(magnesium . ' ' '' 

sulfate). 'The organic pha&e w&S diluted with hexane, filtered and the filtrate was dried in 

vacuo to gi~ the titie.c~mpo~ni(l.41g,93%). ·MS(ES) mte 279 [M+H]+. . . ,• .. . . . 

c) N2-ctert-butoxycarbonyl)-7-amino· l ,2t3,4-tetrahydro-isoquinoline 

A mixture of the compound of Preparation 3(b) (1.41g,5.1 mmol) and Pd/BaS04 

(100 mg)in methanol_ (25 mL) was shaken with hydrogen (45 psi) for 1.5 h. The mixture 

was filtered and the fdtrate concentrated to yield tbe title compound (1.2'.3 g,90% overall). 

MS(ES) m/e 249 [M+H]+. 

fmpa.ration 4 

Preparation of N-(tert-butnxycarbonylV2.-(4-piperidiJl!l)ethanamine 

Using the procedure of.Preparation l(a)·(b), except substituting 2·(4-

pyridyl)ethanaroine for N-merhyl-2~(4-pyridyl)ethana"mine gave the title compound. 

Preparation 5 

Preparation of <S-iodo~nlYllbenze.ne. 



.. : ·: ·~··19 :_,. ·. · .. · .. ; 0 

a) (5-(methanesulfonyloxy)pentyl)]benzcne 

. . .. . . l\4~th~~.w.(opy~. fh~t;)ri.~e. (~.3 .. ~~. ~-5 .mltJop .Yf.~. add~ ~~pw~.e .~xc:r,.i. ~µi to_-~ 
solu~on of 5-phenylpentanol (8.4 mL. 50 mmol) and dry triethylamine (14 mL, 100 
rrimol) in anhydrous dichlotomethane (100 mL) at O~C under.argon. After 45 min. the 
r~ction was ~iluted with ether and 'washed sequentially with cold 1 N hydrochloric acid. 

w~ter, and ~tine. The orga:ru.c pliase· was 'dried (MgS04) and concentJ:ated to give the title 

compound (12.09 g, 100%) as a pale yellow oil. which was used without further 
purification. 1H NMR (250, CDC13) 8 7.10..7.35 (m, SH), 4.22 (t, J-6.5 Hz, 2H), 2.98 (s, 

3H), 2.63 (t, J-=7.6 Hz, 2H), 1.37-1.SS (m, 6H). 

b) (5-iodopentyl)benzene 
A ~olution of the compound of Preparation S(a) (12.09 g, 50 mmol) and ~odium·· · ·: 

iodide (8.99 g. 60 mmol) in acetone (250 mL) was heated at reflux. After 3 h, tli6 
reaction was cooled and filtered through a glass frit, and the filtrate was concentia.ted. 

The residue.was dissolved iii ether and washed with IN sodium thiosulfate .. The organic 

phase was dried ~gSQ4), concentrated, and chromatographed (silica gel, h~e) to give 
-.. :the:titie 'CoinpoU:nd .. (t i·.s-.'g: 84%) as a colorless .oil.·.- lH ~ (lSO. CDC13) 6 7 ~05~7 :40 · · '.'· 

(m, SH}, 3.18 (t. J==7.0_Hz, 2H), 2.62 (t, J;:;:.7.6 Hz,.'2H);.l.79-l.93(m,:2H),1.37~L72 (m. · 

4H); m. (CC4) 3020. 2930, 2850, 1495. 1451, 1200 cm-1; MS (DCI/NH3) m/e 292.1 

.!MtNHs]:'". 

Preparation 6 

prepara.tiQn of N-methyl.3-rN-(tert-butoxyqrbonyl)piperidin-4-yl]Jpropanamine 

The.compound of Preparation 6(a) (2.0 g, 8.3 mmol) was dissolved in 
dichloromethane (25 01L). treated with. triethylamine (0.86 g, 8.6 mmol) and stilTed at 
0°c. The resulting mixture wa.~ treated with triflic anhydride (2.5 g, 8.9 mmol), stirred 

for 30 min at 0°C and slqwly added to a solution of methylamine in dichloromethane at 
0°C. The mixture was stirred and allowed to warm to RT for 1 h. The mixture was 
concentrated and the residue was flash chromatographed (silica gel, 5-20% 
methanol:c~orofonn) to give the title compound (2.8 g). MS(ES) m/e 257· (M+H]+ •. 

Preparation of <R.S)-rz-rr 4-Caminoiminomethyllghenyllaminol-carhonyll-4-C2-

phenyletbyD-1.3.4.5-tetrahYdro-3-oxo-2H-t .4-bcnzodiuel)ine:kacetjc acid 
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a) t-butyl 3-methyl-4-nitro-benzoate 
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. ~~n~n~su~fo~yl c~loride (_12.8 i:nL, lQQ .mmql) ~u B:d~c~ ~~pi~~~ !O.~ ~~~~~9-~ ~.f. .. ,, ..... 
3-methyl-4-nitrobenzoic acid (9.06 g, 50 mmol) in dry pyridine (25 mL) at 40°C. The 

· . ~action was mildly exothermic. The cloudy. orange sol~tion was stirred for S min, then 
. . ·" 

t-butanoI (4.7 mL. 50 mmol, 1 eq.).was added. After 1 h,.the reddish-orange mixture was 
' . ' 

pouted into ice/water (200 mL), and· 'the resul~g mixture wa:s stirred briskly for l h. The 
solid was collected by suctio~ filtration, washed with H20, and dissolved in toluene (200 
mL). The solution was dried (MgS04) and ftltered 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-(29 phenylethyl)aminomethyl]benzoate 
A mixture of the compound of Preparation .. 7(a) (4.75-g, 20 mmol), N­

broniosuccinimide .(3.92 g, ·22 mmol). and beitzoyl ·perotide (0.24 g, 1 mmol) in CC14 (SO 
· mL) was heated at reflux. After 16 h. the mixture was filtered to remove the succinimide, 

and the filtrate was concentrated to a yellow tlil. 'The benzyl b~omide was as~ without · · · 
purification .. The crude benzyl bromide :obtl.iried above· wa8· diSSoived in dry THP. (SO." · · .. · : .... :. 
~),and solid NaHC03 (2.52 g, 30 m.mol} was aCided. . The mixture was stirred.briskly, · 

an4 phenethylamine (3.8 mL; 30 mmol) W8.9 added. The color of the solution darkened . . ' 

s_lightly to a deeper yello~. Within several min, th~ mixture had become vecy cloudy. 
After 4 h, the reaction was concentrated and the residue was partitioned between H20 (SO 

ml.) and Et20 (100 mL). Separation of the phases, extraction with Et20, drying 
(MgS04), and concentration ga~e a yellow oil. Chromatography (silica gel, 20% 

EtOAc/hexane) gave the title compound (2.86 g. 40%} as a yellow oil. 

c) t-butyl 4-nitro-3·[N-(l-butyloxycarbonyl)·N-(2-phenyl-ethyl)aminornethyl]benzoate 

Di-t-t>'utyl dicarbonate (2.10 g, 9.62 mmol) was added all at once to a solution of 
the compound of Prep~tion 7{b) (2.86 g, 8.02 mmol) in CHCl3 (30 mL) at room . 

temperatw:e. The reaction was stirred at room temperature for 2.5 h. then at reflux for 0.5 
h. Concentration and chromatography (silica gel. 1~% EtOAc/hexane) gave the title 

compound ~3. 70 g,} a.s a yellow oil. 

d) t·butyl 4-amino-3-lN-(t-butyloxycarbonyl)-N-(2-phenyl-ethyl)a:minomethyl]benzoate 
A mixture of the compoQnd of Preparation 7(c) (2.66 g, s:s3 mmol). 10% Pd/C 

(0.6:2 g, 0.58 mmol Pd), and EtOAc (60 mL) was shaken under H2 (50 psi). After 3 h, 

the mixture w~ filtered to remove the catalyst, and the filtrate was ~n~nttated to 
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dryness. Chromatography (silica gel, 20% EtOAclhexane) gave the title cqmpound as a 

yellow foamy oil which slowly panially solidified (2.26 g, 91 %). 

e> t-buty1 CR~s)..4.c2-(1,4-dimett1oxy~iA-ili0xo-2~butyi}amifici]~3~(:N"~(£~ · .. ' 
butyloxycarbonyl)-N-(2~phenylethyl)-aminomethyl]-bentoate 

. ···.·.· . . '• 

A mixture of the compound of Preparation 7(d) (1.98 g. 4.64 mmol), dimethyl- · 

acetylene dicarboxylate {l.14 mL, 9.28 mmol), and MeOH (9.3 mL) was heated to reflu~ 

under araon. A homogeneous solution resulted. After 1 h, the solution was concentrated 
to a yellow oil. Chromatography (silica gelt 1: 1 EtOAc;hexane) gave a yellow oil. This 

was used without further purification. 1LC Rf 0.61 (major product). Rf 0.41 (minor 

produ~) (30% EtO~exane). 

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

(l._4~. g. 1.39 mm?l Pd, 0.3 eq.) was add~d. The mixture was shaken at RT ~nckr 'El2. (4S. .... 
psi) for 5 h, then ~as filtered to remove the catalyst. Concentration of ~ fil~te gave a 
colorless oil w,hich was chromatographed (silica gel, 20% EtOAc/hexane) to afford the 
title C?mpound as a colorless oil (2.49 g, 94%) .. 

. ·. 

fJ ~ethyl (R,S) ... 7:.carboxy-4-(2-phenyle~yl)-.1,3;4,S-tetrahydro-3-oxo-2H~1;4-. ·.:. · ·. ·, · · . . . . . . . . . . ... . ... . ··. .. ..... · . 
benzodiazepine-:2-ace~c aeid 

TF A (9 mL) was added all at once to a solution of the compound of Preparation 
7(e) (2.11g,3.70 mmol) in .dry CH2Cl2 (9 mL) ·at 0°C under argon. The resulting ligh~ 

yellow solution waS warmed to room t.emperature, stirred for i h. and concentrated .. The 
residue was dissolved and reconcentrated from toluene to remove reaidual 'IF A. The 
resultant light yellow oil was dissolved in anhydrous MeOH (18.5 mL). and the solution 

was cooled to 0°C under argon. Freshly prepared NaOMtJMeOH (1.0M; 1.8 . .5 mL. 18.5 
mmol) was, added ~ropwise over S min. The ice bath was removed~ the yellow solution 
W8$ allowed to wann to room temperature over 10 min, and was heated to reflux under 
argon. After- 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 p~tioned· 
be~een EtOAc (50 mL) and H20 (50 mL}. The layexs were separated and the aqueous 

layer was extracted exhaustively with BtOAc (in 50 mL portions) until all solids had 
dissolved. The combined organic layers· were dried {MgS04) and concentrated until. . . . . . . . . . .. . '· . 

crystallization was initiated. The resulting mixture was cooled tho~ughly. in· ice. Su.ction 
filtration afforded the title compound as colorless ccystals (1.0 g, 71 %). The mother 
liquors were concentrated and the residue was chromatographed '(silica gel, 10% 
MeOWCHCl3-trace acetic acid) to ~Ord ~dditional erode tnaterial. 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). 

• ~ . • • • • • •• • •••••• : ,. ·: O:• •• • ; • • • . • • • • • • •• •• • •· • • • • •• • • .... 

g) methyl (R.S)-[7-[[4-[N-(benzyloxycarbonyl)amino--iminomethyl)]phenyl]amino] 

carbonyl]·l.3,4,5-tetrahydro-3-oxo-4-{2-phenylethyl)-2H-l,4-benzodiazepine-2~aceta.te 

The compound of Preparation 7(f) (95.6 mg, ~.25 mmol) was refluxed with 

SOCI2 (2.S mL) for 15 min. and the yellow solution was con~entrated to dryness. The 

yellow oily solid was dissolved in dry CI-I2Cl2 (2.5 mL), and 4-[N­

(benzyloxycarbonyl)aminoimtno·methylJaniline (134.7 mg. O.S mmol) was added. The 
mixture was cooled in ice/H20 under argon, and anhydrous pyridine (0.061 mL, 0. 7 5 

mmol) was added dropw.ise. ~e resulting orangish-yellow ~ixture was warmed to room 
temperature. After l.S h, the reaction was quenched with 5% NaHCC).3 (5 mL) and 

extrac~d thoroughly with EtOAc. Drying {Na2S04), concentration, c~ma~gniphy 
(silica ge~ 3:2 BtOAc:CHC13-0.5% MeOH), and preparative 1LC of m~d fractions 

f~om the chromatography (same solvent system) gave the ~tie compound" as a pale yellow . 
oil (110.2 mg, 70%).. · · 

.h> (R,S)-[7-[[4-(aminoirii~om~thyI)ph.enyl]ariiui.oJcaib9nyIJ+(2~pheiiy~tliyJ)~i,~A~5· 
t.e(J:ahydto-3-oxo-2H-l,4-betizodiazepine-2-aceti.c acid · ·· · · · ··· ·. · · ..... •· · =·- ·• . . 

. A solution of the compound of Preparati~n 7(g) (87 .0 mg, 0.137~ mmol) in 1 : 1 

~tOAc:MeOH (4.6 mL) con~g 10%.Pd/~.(2~~2 ~g. Q~0~7~· ~n;io~) _and ~A (~.011 
mL~ 0.131 mmot) was stirred briskly under li2. ~ t h, tile mixture was filtered to 

remove the catalyst. and the filter pad was Washed thoroughly with EtOAc and 

EtOAc/MeOH. Concentration of the solution provided a yellow, oily solid (83.0 mg). 

This was dissolved in MeOH ( 4.6 mL). and I.ON NaOH (0.41 mL. 0.41 mmol) was · 
added. The light yellow solution was stirred at room temperarure overnight, co~led to 
0°C. and acidified with TFA (0.106 mL. 1.373 mmol). The solution was conc~ntrated to 

dryness to provide an orangish-yellow oil. This material was purified by preparative 
HPLC (PRP-1®, gr..u:li~t. A:S% Cff3CN/H20-0.l% TFA) for S min. increased to 
B:23% CH3CN/H20-0.l % TFA, A for 5 min., A~ B during 24 min). The fractions 

containing the pure product were combined and concentrated until ~pitation occured. 
'Ihe solid was dissolved by addition of a miri.imum of CH3CN~ and the s0lution was 

lyophillized to give the title compound as a faintly yellow powder (50%). 



Preparation 8 · 

. ~~¥~~i9R o( ·W_.§>:7-fff ~(~~!1PiJP!~om_et~~qp~¥ll~_qiet~.Y~~in~~p~~~~Y.~1·ft.·3 . .4/i~ ... 
tetrahydro-3-oxo-2-(2-ahenylethyD-t H-2-benz~epine-4-a.cetjc acid 

a) t-butyl 3-bromo-4-methylbenzoate 
Dimethylionuamide dime~yl acetal (48 mL, 200 mmol) was added dtopwise 

over 15 min to a suspension of 3·bromo-4-methylbenzoic acid (85%; 10.75 g, 42.5 
mmol) 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 

bicarb.onate. and dried (sodium swtate). The mixture was fil~ed through a pad of silica. 
gel, and the filter pad was washed with toluene. The ftlttat.e was concentrated to afford 

' .. 
. the µtle compoµnd (8.0 g, 69%) as a yellow oil. 1LC (toluene) Rf 0.68. 

b) t-butyl 3-bromo-4-(bromomethyl)benzoate 
A mixture ·or tµe ~ompoliild of Preparation 8(a) (1.36 g, 5 minol), N-

. bromosuccinimide (0.98 g, S.S mmol), and benzoyl ~xide (61 mg.·0.25 mmol) in 

· . earbort tetrachlpricle· .Ci.5·mLY:W~-heated .a:t ~tlUx. ,:After' 4 ,h, the .. mix:r.ure was cooled and · . . . . . . . 

fil~,. and the filtrate was ooncentrated. The resulting ·material was used without 
purification. ~ Rf 0_.:39 (5:95 ethyl acetate:l_lexane). 

c) t~butyl 3-bromo-4-[[(2-phenylethyl)amino]methyl]-benzoate 

The compound of Preparation 8(b) was dissolved in dry ether (2S mL). and 
phenethylamine (1.9mL~15 mmol) was added. The addition was slightly.exothennic, 
and the reaction became cloudy. The reaction was stirred at RT overnight, then was 
diluted with.ether (75 mL) and was washed sequentially with 5% sodium bicarbonate and 
brine (25 mL). Drying (MgS04). conc~ntration, and silica gel chromatography (33% 
ethyl aceta~exane) gave the title compound (1.26 g, 65%) as a pale yellow oil TLC Rf 

0.42 (30:70 ethyl a.cetate:hexane). 

d} t-butyl 3-bromo-4-[[[N-(2-ph~nylethyl)-N-t-butoxycarbonyl]amino]roerhyl]benzoate 
Di-t-butyl dicarbonate (845 mg. 3.88 mrnol) was added all at once to a solution of. 

the compound of Preparation 8(c) (1.26 g,· 3.23 mmol) in cblorofo~ (16 mL) at RT. The 

reaction was stirred at RT for 1-5 h, then at renux for 0.5 h. Concentration and · 
chromatography (silica gel, 10% ethyl acetate/hexane) aave the title compound (1.57 g, 
99'K>) as a colorless oil which solidified in v4cuo. n.c Rf 0.49 (I 0:90 ethyl 

acetate:hexane}. 
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e) methyl 3-methoxyc.arbonylM4-[[5-(t-butoxycarbonyl)-2-[[N-(2-phenylethyl)-N-t­

(butoxycarbonyl)]amino]methyl]-phenyl]-2-butenoate .··. ·· .. · .. ·· . . .. ·... . .. . . . . . . . ·.. . . 
and 
methyl 3-roethoxycarbonyl-4-ff Sw{t-bucoxycarbonyl)-2·[[N-(2-phenylethyl)-N-t­
butQxycarbonyl)]amino]methyl]phenyl]-3·butenoatc. 

· · ·A mixture of the compound of Preparation 8(d) (l.34 g, 2.73 mmol), dimethyl . 
itaconate (648 mgt 4.10 mmol). palladium (II) acetate (30.7 mg, 0.14 mmol), tri-o-
tolylphosphine (83.2 mg, 0.27 mmol), dry triethylamine (0.76 mL, 5.46 mm.al), and dry 
acetonitrile (27 mL) was deoxygenated through a single evacuation/argon purge cycle. 

th~p w~ heated at reflux.under argon. After 6 h, the reaction was cooled, and more 
palladium (Il) acetate (30.7 mg, 0 . .14 ~mot) and tri~o-tolylphosphine (83.2 mg, 0.27 
mmo\) were added .. The mixture was deoxygenated through three evacua~onlargon pw:ge ..... 
cycles, then was heated at retlux under argon overnight (16 . .5 h). The reaction was 
concentrated, and the residue was dissolved in ether and washed with water and brine. 
Drying (MgS04), concentration, and chromatography (silica.gel, 15% ethyl 

acetate/hexane; the~ 40% .ethyl acetate/hexane)' gave the crude title compound as a yellow 

. : ojL. ~ ~~~~ w~. tec~o~~~Qgraph~ .. ~si#ca.gel, 25% ethyl ~tat.!¥.hexane)to yield. the 
ti~ compound (l.36 g. 88%) as a light yellow oil. l'his materlal·was·used·without. 

separation of the isomeric reaction products. 

. . 
t) methyl 3-methoxycarbonyl-4-(S-(t·butoxycarbonyl)-2·[[[.N'-(~-phenylethyl)-N·t-
butoxycarbonyl]amino]methyl]-phenyl]bum:noate 

The compound of Preparation 8(e) (1.18 g, 2.08 m.mol) was dissolved in 
anhydrous methanol (21 mL), ~d palladium (Il) hydroxide on carbon (0.21 g) was 
added. 'I'htf resul~g mixture was shaken at RT under H2 (47 psi) for 2 h. then was 

filtered through Celite®. The filtrate y.'&S concent:ra.ted. and resubmitted to the same 

reaction conditions. After another 5.5 h, the mixture was filtered as before, and the . . 
ftltrar.e was concenttated to afford the title compound (1.13 g, 95%) as a colorless oil. 

g) roethyl (R.S)-7-.carboxy-2,3,4,5-tetrahydro-3-oxo-2-~2-phenyletb.yl)-1H-2-
be~epine-4·acetate · 

'IFA (11 mL) was added all at once to a cloudy solution of .the compowtd of 
Preparation 8(f) (l.30 g, 2.28 rnmol} in dry CH2C12 ( 11 mL) at 0°C under argon. The 

resulting light yellow solution was wanned to RT, stirred for 2 h~ and concentrated. The . 
residue was concentrated once from 1,2-dic.hloroethane lo rentove residual 1FA and give 
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methyl 3-methoxycarbonyl-4-[S-carboxy-2-[[N·(2· 
phenylethyl)amino]methyl]phenyl)butanoate as a piile gr~n·ou. 

.... · ·.:. ··.: :.:··:"- .. : .... ' .. 

. .. . . . ~ o~ ~~ P:~~~olv:e~ Ut .~ydrq.~ ~-e~~ol. (l.l mL), an~ th~ .~olµtj9_.q .. ~~ .... "· ., .. ·· . .,,,. . 
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 to RT over 5 min and ~e.ated to retlux under argon. After 3 h, the reaction was 
cooled in ice an~ quenched with glacial acetic ~id (1.3 mL, 22.8 mmol). The reaction 
was diluted with ethyl acetate (100 mL) .and.washed with water. The combined aqueous 
layera were back--extract.ed with ethyl acetate, and the combmed ethyl acetate layers were 
washed with brine, dried (MgS04), and concentrated to a pale green ~idue. 
Chromatography ((silica gel~ 10% methanol/chloroform/0.1 % acetic acid) gave the title 
compound as a yellow foam. Crystallization from methanol containing a little 
chlorofonn gave the ~~e compound·(528.2 mg, 61 %) as an off-white solid~ mp 214-
2160C; TLC Rf 0.49 (10:90 methanol:chloroform). · 

h) methyl (R,S)-7 ·[[[4-[N-(benzyloxycarbonyl)-aminoiminomethyl]phenyl]methylamino] 
carbonyl]-2,3,4,S:tetrahydro-3-oxo-2-.(2-phenylethyl)-l~-2·benza:iepine-4-acetate 

.. .The compound of Preparatlon.8cgf(ll7.9 mg,,o.31 ·mmol) w~'reflrixed With 
thionyl chloride (3 mL) for 15 min and the yellow solution was concentrated. The · 
residue was concentrated from dry toluene (3 m~) to remove residual thionyl chloride, 
and the resulting material was dissolved in dry CH2Cl2 (O.S roL). This solution was 
~dded dropwiSe ove~ 1~2 min to a solutici~ of 4-(methy~ino)-(N~ 
benzyloxyoarbonyl)benzamidine (263 mgt 0~93 mmol) and anhydro\1.8 pyridine (0.125 
mL. 1.55 mmol) in dry CH2Cl2 (10 mL) at 0°C under argon. The resulting yellow 
mixntre was warmed to RT and stirred for 0.5 h, diluted with ethyl ~etate, and washed 
with 5% sodium bicarbonate. Drying (sodiwn sulfate), concentration, and 
chromatography (silica ge~ 10% ethyl.acetate/tOluene) gave the title compou:nd (174.8 
mg, 87%) as a faintly yellow oil. n.c Rf0.45 (9!1 toluene:ethyl acetate). · 

i) methyl (R,S)· 7-([[ 4-(aminoiminomethyl)phenyl]methylamino]--carbonyl}·2,3,4.S-
tetrahydro..3-oxo·2-(2·phenylethyl)-1 H-2·benzazepine-4-acetate . 

1~ Palladium on carbon (58 ~g,. 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 
mmol) in ethyl acetate/methanol (1:1, 9 rnL), and the mixture was stirred briskly under 
.hydrogen (balloon pressure). After 1.5 h, the mix~ure was tlltel'ed through Celite®, and 
the filter pad was washed thorou~hly with ethyl acetate and methanol Concentration 
gave the title compound. 
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j) (R.S)-7 ·[[[ 4-(aminoiminomethyl)phenyl}roethylamino ]-carbonyl]-2,3,4,5·tetrahydro-3-

oxo-2-(2:-phe~yle~yl)-1 H-2-benmepine4-acetic ~'*i·'· ..... · .· .·~· : .......... ·"·:. •:- .: ... ,.:. , .. , .... . 
The compound of Preparation 8(i) 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, then was concentrated. The residue was dissolve~ in wacer/acetonitrile (3 
mL), cooled to 0°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 
chromatogr-.r.phy (C-18 silica gel, 25% AN/W-TFA). Concentration and lyophilization. 
gave the title compound (123 mg, 67%) as a colorless powder. 

The following Examples illustrate the manner of making the phannacologicall~· active 
compounds and compositions of~ invention. 

Example 1 

EJ;epyation of C&Sl-2,~3 .4.S-tetrah~dro-4-met.hyl-3-oxo-8-[CT2·fA-piperidinyllethyll 
m¢ix1aniino1carbonyil--iH~ 1 ~.,4.0ben:ipdi~foe-kQcetic acid.'· · .. · · .. · .... : · , 

. ... . . 

a) methyl_ (R.S)-8-{[[2·[N-(benzyloxycarbonyl)-4-piperldinyl]ethyl]methylamino] 
carbonyl]~2,3.4,5-tetrahydro".4-methyl-3-oxo-1H-1,4-benzodiazep~t;-2-p.cetate ... . . 

Methyl (R,S)-8-carboxy~2,3.~,5-tetrahydro-4-rnethyl-3-oxo-1H-l,4-
beniodiazepine-2-acetate (2.0 ~mo!) dissolved in DMF (30 mL) was treated with BOC 
{2.2 romol), 1-HOBT (285 mg, 2.1 mmol) and adjusted tO pH 7 with tri.ethyJ.amine. The 
mixture was treated with N-m.ethyl-2-[N-(beneyloxyoarbonyl)-4-piperidinyl]ethanamine 
(2.4 mmol~ '• stirred at RT for 48 h, concentrated and lhe residue wa8 purified by flash 
chromatography to yield the title compound. lH NMR (DMSO-d6) S 6.S-7.5 (m, 7H), 
2.6-4.1(m,24H), 0.9-1.8 (m7 7H); MS(ES) m/e 551 [M+H]+, [M+HC03·]· 595. 

b) mech.yl (R.S)-2.3 ,4.S-tetrahydro4-methyl-3-oxo-8*[[(2-(4-piperidinyl)ethyl] 
methylamino] carbonyl]-lH-1,4-benzodiazepine-2-acetar.e 

A s9lution of the compound of Example I (a) (0.06 mmol) in methanol (25 mL) · · · 
containing I.OM 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 l h. The 
mixture was filtered and concentrated to yield the title compound. MS(ES) mle 417 
[M+H]+. 

i11ii1i1ii1if ii 



. . 
•' .. ..... :-· ···_··21 - . E SHEET i;/\s BE~ 

. REPLACED . . 

c) (R,S)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-( 4-piperidinyl)ethyI]methylamino J 
.carbonyl]-I H-1 ,4-benzodiazepine-2-acetic acid 

The compound of Example l(b).<(0.26 mmol) .. w;as dis.solved in..methan(ll.(9 mL) •. ,, ........ . 
and 1.0 N sodium hydroxide (0.81mL,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 (0.21mL.2.7 mmol). The solution was 
concentrated and the residue was purified by reversed-phase flash chromatography (C-18 
silica gel,.ANIW-TFA). Concentmtion and lyophilization·gave the title compound. 
MS(ES) m/e 403 [M+H]+; lH NMR (DMSO-d6) 8 8.1-8.6 (m, 2H), 6.4-7.0 (mt 3H)t 5.9-

6.0 (111, IH), 5.4-5..5 (d, lH). 5.0-5.1 (mt lH), 3.8·3.9 (d, IH), 1.0-3.S (m, 22H); Anal. 
(C24H35.25N408.875) calcd: c. 48.91; H, 5.71; N, 9.51. found: c. 49.19; H. 5.64; N, 
9.42. 

Example2 

. . 
PrS<QUation of lRJ>)-2.3.4.5-teYJhydro-4-isnpent,vl·3-oxo-8-ff[2-C4-
12!peridinyl>ethyljmethylumlnoJWbgnylJ-lH-1 .4-b¢nzodi8.ZePin~-2:.&\cetic· acid 
·... ;'. . . .· .................. ·~·· .: .. ·.··:.:·: .. ··."'.~: .. ~· ... ·.: .. ·:·:·:.·:.·~·:_:#.',;·.·.:: .. : 

~)methyl {R.~)-8-c:arboxy-2,3,4,5-tetrahydro-4-isopentyl·3-oxo"."1H-l,4--benzodiazepine- · 
2-acetat:e 

Anhxdrous isopentylaminewas ·b1:1bbled in~ anhydrous DMF <2.00· mL) at 0°C for 
15 min. A solution oft-butyl 4-bromomethyl-3~nitrobenzoate (S.0 g, 15.8 mmol) (Int 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 wat.er. The mixture 
was extracted with ethyl acetate and the combined organic layers were washed with 
water. dried (sodium sulfate) 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-
ni.trobenzoate. 

A solution of the. t-butyl 4-(isopentylamino)methyl-3-nitrobenzoate· (5.3 mmol), 
ttiethylamine (2.1g7 21 mmol) and di-t-butyl dicarbonar.e (3.44 g, IS.8 mmol) in THF (SO 
mL) was .stirred 24 h. The mixture wa8 concentrat.ed and the residue d~solved in ethyl 
acetate (200 mL). The solution was extracted with w~r, dried (sodium sulfate) and 
concentrated to give a yellow oil which wa:s purified by chromatography over silica gel to 
yield t-butyl 4-{N-(t-butoxycarbonyl)-N-(isopentyl)amino--methy~]-3-nitrobenzoace. 

A solution of t-putyl 4-[N-(t-butoxycarbonyl)~N-(isopentyl)amino-methyl]·3.: 
nittobenzoat.c (2.27 mmol) in ethanol (100 mL) containing 10% palladium on carbon (0.5 
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g) was hydrogenated (40 psi). Af.re.r 30 min. the roiXture was filtered and concenrrated to 

give tMbutyl 3·amino-+[N-(t-butoxycarbonyl)-N-(isopentyl)·aminomethyl]bentoate. 

. . . . . . . .. .·· .. ,pipi.~~yl .~.eo/~fle4i<t~b~xyJ~te (Q.~.~ g •. 2A .. ~ap.ql) ~~ -~~. ~Q. iJ. .~<?.~~~9-~ qf .t~~-· 
butyl 3-amino-4-[N-(t-butoxycarbonyl)·N-(isopentyl)·aminomethyl]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 mrnol) and heated at reflux for an additional 1 h. The 

mixture was cooled, filtered, concentrated;and the ~dual 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-l,4-dioxo-2-butenyl)amino]-benzoate. 

A solution oft-butyl (E,Z)-4·[N-{t-butoxycarbonyl)-N-(methyl)-aminomethy1]-3-

[2-(1,4-dimethox.y-1.4-dioxo-2-butenyl)amino]-benzoate in methanol (SO mL) containing 

10% Pd/carbon (0.5 g) was hydrogenated (45 psi) at RT. AftN 4 h. the suspension was 

filtered andconcefttrated_to,give a pale yellow oil:· The ~d~ was purified by 

chromatography over silica gel to yield t-butyl 4-[N-(t-butoxycarbonyl)-N­

(isopentyl)amino-methyl]-3-[2-(l,4-dimethoxy-1,4-dioxo-:Z..butyl)amino]benzoate. 

TFA (50 nlL) w~ added to a solution oft-butyl 4-(N~(t-butoxycarbonyl)-N~ 

(isopentyl)amirio-m~thyl]-3-[2-(tA-_din:iethoxy-l,4-diox0-:.2-bueyrl)amino]benzoate (0.3 

:mmolliil -ai2a2 fi a· hit)~: .n.b··inrxillte. ~·stirred for 4: h.iir111·.dondentrateci to yield·~ 
(N-.C~pentyl)$111in~inethyll-3 .. [N-[2-(l ~bnetlioxy-·l,4-dioxo-2~b~tyl)}N"- · 

(ntethyl)amino]-benzoic acid. . 

1he benzoic acid was dissolved in methanol (20 mL) and treated with 25% 
I • o ,• tJ '• I I ', 0 o I J o o 0 I 

sodium ni~thoxide in methanol (0.2 mL, 0.87 minol). The mixture was heated to S0°C 

for 2 h, cooled and treated with IM hydrogen chloride in ether (2 mL). The mixture was 

concentrated to give the title compound 

b) methyl (R,S)-2,3,4.S-tetrahydro-4-isopentyl-3-oxo-8-[[[2-(4-pyridyl)ethyl] 

methyla.mino]carbonyl}-1H-1.4-benzod:iampine-2·acetate 

The compound of Example 2(a) (2.0 mmol) dissolved in DMF (30 mL) was . 

tt'eated with BDC (2.2 tl1l110l) and 1-HOBT (285 mg. 2.1 mmol). The mixrure was treated 

. with N .. methyl-2-(4-pyridyl)ethanamine (2.4 mmol). stirred at R.T for 48 h. concentrated 

and the residue was. purified by flash chromatography to yield the title c~mpound. 

c) methyl (R,S)·2.3,4,5-tettahydro-4-isopentyl·3..-()X0-8-[[(2-(4-piperidinyl)ethyl] 

methylamino ]carbonyl]-lH-1.4-benzodiazepine .. 2-acetate 

A solution of the compound of Example 2(b) (0.2 inmol) and 0.6N hydrochloric 

acid ·co.6 mL) in methanol (30 mL) was treated witlt platinum oxide (5 mg) and 
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hydrogenated (45 psi) overnight. The mixture was filtered and concentrated to gi"".e the 

title compound. MS(ES) m/e 473 [M+H)+. · 

. . · ·.· : .. ' I 0 I 0 ' o o 0 o I 0 ' ' 0 I I 0' o I .. o I • ' 0 o I o o o I o o I', I •' o o' •, '•:', o 0 ,P 

d) (R.,S)-2.3,4,5-tetrahydro-4-isopentyl-3~oxo-8-[[[2-(4-piperidinyl)ethyl]methylamino] 

carbonyl]-IH-lA-benioc:!lazepine-2-acettc acid 

The compound of Example 2(c) (0.27 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, then was concentrated. The residue was dissolved in water/acetonitrile 

(3 mL), cooled to 0°C, and acidified with TFA (0.21mL,2.7 mmol). The solution was· 

concentrated and the. residue was purified by reversed.phase flash chromatography to 

... yield ~e.title. compound. MS(ES) m/e 459 [M+H]+. 

Exarople3 · 

f;teparation of CR.Sl-8-UC.j..Caminoiminomed\Yll=3-fluprophenyDmetbylaminoJclrbonyll· 

2J.44-t:etrahydro:3-oxo+(2-phenyletbyD-1H-l.4-benzodjar.cpine-2·a.c:etic acid 

~) .inetliy1:cR,s)~~~ct[4-[N-(benzylox.Ycaibonyl)am~imino-methyiJ-3-
flu.orophenyl]methylamlno]carbonyIJ-2tS,4,S-tetra·hydi'o-3-oxo-4-(2·phenylethyl)-'lH-

1.4-benzodiazepme-2-aceta.te _ 

.Using ihe p~~ of Pr~paration. 8(b). except subs~tuting methyl (R,$)-8-

calboxy~2~3.4,S-tetiahydro--3-oxo-4--(2-phenylethyl}iH.;.l,4-benzodiazepine-2-a.oetate for 

the compound of Preparation 8(g), and substltnting 2"-fluoro-4-(methylamino)-[N­

(bem~yloxycarbonyl)] benzaniidine for 4-(methylamino)-(N-benzyloxycarbonyl)­

benzamicline. gave the title compound. lH NMR (400 MHz, CD03) 8 8.15 (t, lH), 7.4 

(d, 2H); 7.4-7.15 (m, SH), 7.1(d,2H), 6.9 (dd, IH);'6:7S (dd, lH), 6.65 (s, lH). 6.6 (d, 

lH), 6.4 (d, lH), 5.25 (d, lH), 5.15 (s,.2H), 4.9 (q, lH). 4.2S (d, lH), 3.7 (s, 3H), 3.6S (m, 

2H), 3.55 (d,.lH), 3.45 (s, 3H), 2.95 (dd. lH), 2.7 (m, 2H), 2.6 (dd, lH). 

b) (R,S)·8-[[[4-(aminoiminomethyl)-3-tluorophenyl]methyl-aniino]carbonyl]-~3,4,5-

t.etrahydro-3-oxo-4-(2-phenylethyl)-1H-l,4-benzodiazepine-2-acetic ~d 

A ~lution of the compound of Example 3(a) (0.06 mmol) in methanol (25 in~) 

containing·I.OM 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 mixture was filtered. and concentrated to yield the rnethyl ester of the title compound.· 
· 'lbe methyl ester (0.27 mmol)_ was dissolved in methanol (9 mL)~ and 1.0 N 

sodium hydroxide (0.81mL,0.81 mmol) was added. The solution was stirred at RT 

• iliili illii iif f 
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overnight, then was concentrated. The residue was dissolved in water/acetonitrile {3 
mL), cooled to 0°C, and acidified with TFA (0.21mL,2.7 mmol). The solution was 
concentr.ated an~ the residue. wa.11.purifJ.ed. by reversed-phase flash chromatograpby to ... ... . . . ... . 
yield the title compound. lH NMR (400 MHz, CD300) 87.75 (t, IH). 7.4 (d, IH), 7.25-
7.05 (m. 6H), 6.8 (d. IH), 6.7 (S. IH), 6.5 (d, IH), 5.35 (d, IH). S.OS (m, IH}, 3.8 (d, IH), 
3.6S (m, 2H), 3.4 (s, 3H), 2.9 (dd, lH), 2.7 (m, 2H), 2.6 (dd, IH). MS(BS) m/e 518.0 
[M+H]+. 

frrcWation Qf <R.Sl-8·C[!J,2.3.4-teJnhYdro-7-isoQuinnlinxUaQ)inolcargonyIJ-2.3.4,5-
tetrabydm-3-oxP+C2-pbenyletbyD· l H-1.4-benzodiagine-2-acetic acid 

a) methyl (R,S)-8·UN·(t-buto~ycarbonyl)-l.2,3,4-tetrahydro-7-isoquinolinyl]am~o] . 
carbonyl]-2,3,4,5-tetrahydto-3-oxo-4-(2-phenylethyl)-lH· l,4-benzodiazepine-2-acetic 
acid 

· Merhyl (R,S)-8-carboxy-I,2,4,S-tetrahydro-3-ox94{2-phenylethy1)-3H· 1,4- · 
·benZodiazep~2-ac~tate (2.0 mmol)-di8s6lved hi DMF (3P ~j·.W~ treated. with BDC ·. 
(2.2 nimol) and l·HOBT (285 mg, 2.1. mmol). The mixture was ~·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 chromatQgraphy to yield the title 
compound. 

b) (R,S)-8-[[(l ,2,3.4-:tetrahydro-7-isoquinolinyl]amino]-carbonyl]-2,3,4,S-tetrahydro-3-
oxo-4-(2-phenylethyl)· 1 H-1,4-benzodiazepine·Z-acetic acid 

lbeicompound ·of Example 4(a) (0.56 romol) was dissolved in a mixture of 
CH2Cl2 (2S m.L) and TFA (.5 mL). Alter 1 h. the mixture was concentrated to give the 
methyl ester .of the title compound. 

1be methyl esr.er (0.27 mmol) was dissolved in methanol {9 mL), and 1.0 N 
sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stil'Ied at RT 
overnight. then was concentrated. The residue was dissolved in water/acetonitrile (3 
mL), coolet;i to 0°C, and acidified with TFA (0.21 mL,·2.7 mniol). The solution was . . . 
concentrat.ed and the residue was purified" by reversed-ph8se flash chromatography to 
yield the title compound. Anal. [C29H30N404-0.6(C2HF302)· 1.S(H20)] calcd: 
C,60.55; H,5.64; N.9.31. found: C,60.45; H,5.80; N,9.28. 
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~ample5 

_. fRpamtion of <R.Sl-7-fC4.4'-bipiperldin-1 -yJ)cBTbonyl],4-[2-(cyclohexyl>ethyll-2.3.4,5- .. : .... : ... _ , . 
(Wabydro·l-oxo- lH-'l .4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-7-carboxy-4-[2·(cyclohexyl)ethyl]·2,3,4,5-t.etrahydro·3-oxo-1H· l ,4-
beniodiazepine-2-acetate 

A solution of methyl (R.,S)· 7...carboxy-2,3,4,S-tetrahydro-3-oxcr4-(2-
phenylethyl)-1H-l,4-benzodiazepine-2-acetate (1.2 mmol) and 0.6N hydrochloric acid 
(4.0 mL) in methanol (SO mL) was treated with platinum oxide (120 mg) and 
hydrogenated (45 psi) and the mixture was filtered and concentrated to give the title 
compound. 

b) methyl (R.,S)-7-[(4,4 '-bipiperidin-1-yl)ca.rbonyl)-[2-(cyclo~yl)ethyl]-2,3,4S· 
tetrahydro:-3-oxo-4-1H· l,4-benzodiazepine-2·acetate 

The compound of Exa:mph, 5(a) (2.0 mmol) dissolved in DMF (30 m~~ was 
treated with EDC (2.2 mmol)' and 1-HOBT (285 Dig, 2..~ mmol). This mixture was· 
treated ·with N-(t~butoxycarbo~yl)~,4~-bipipertdiile (2.4 mmol), stiite·ci-at RT ·for.4$ ii, 
QOnceiJ.trated and the residue was pii.rined by flash 'Chromatography ·to~d .. the ti.~e. , .. · ··' 
comp.ound. 

c) methyl (R.S)-7-[( 4,4'-bipipeddin-l-yl)Carbonyl]+[2·(cyclohexyl)ethyl]·2~.4.S­
tetrahydro·3-oxo-IH-I,4-benzodiazeptne-2-acetic acid 

The compound of Example S(b) (0.56 mmal) was dissolved in a mixture of 
CH2Cl2 (25 mL) and TFA (5 mL). After 1 h. the mixture was concentrated to give the 
title compound. 

d) R,S)-7-({ 4,4'-bipiperldin-1 .... yl)carbonyl]-4-[2-(cyclohexyl)ethyl]-2,3,4,S-tetrahy~-3· 
ox:o· IH-1.4--benzodiazepine-2-acetic acid 

The compound ()f Example S(c) (0.3 mmol) was suspended in acetone (2 mL) and 
treated lithium hydroxide hydrate ·(25 mg) in water (2 mL). The mix~ was stirred 
overnight, treated with methanol and additional Ii~ hydroxide hydrate (5.5 m.g) was 
added in two portions· over 9 h. The mixtlire was concentrated and the aqueous xesidue · 
wu neutralized with hydrochloric acid and concentrated. The ~idue was placed in the 
refrigerator overnight and filtered. The filter cake wa.S washed with cold water, acetone 
and ether to yield the title compound Anal. ·[C3()H44N404·2.SCC2HF302) ·2(H20)] 
calcd: C,49.70; H,6.02; N,6.62. found; C,49.43; H,6.02; N,6.62 .. 

. : 
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Example6 

Preparation of <g.Sl-z-fr4:{i.aminoeth~l~igerldin-·t-yij~o~ylj~2,i4:s-;~ydrg~J~· : ..... ~ ... 
pxo+(2-phenyletbyll-1H-1.4-Q;nzodiazc;pine-2~acetic acid 

a) methyl (R,S)-7-([ 4-(N-t-butoxycarbonyl)(2-:aminoethyl)·piperidin-l-yl]'i~onyl]-

2.3,4,5-tetrahydro-3--0xo-4-{2·phenylethyl)-1H .. 1,4-benmdiazepine-2-acetate 
Methyl .R,S)-7-carboxy~2,3,4,5-tetrahydro·3-oxo-4-(phenylethyl)-1H-l,4-

benzodiazepin.e.2·acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with DCC 
(458 mg, 2.2 l)lm.ol), 1-HOBT (285 rng, 2.1 n:im~l) and adjusted to pH 7 wi:th 
triethylamine. The mixture was treated with N .. (t-butoxycarbonyl)-2·(4. 

.. piperldinyl)ethanamine (2.4 mmol) • stirred at.RT ~~r 48 h. concentrated and the. residue 
was purified. by ~ash chromatography to yield the ~ti.~ cc;>n;ipo,up.d. 

. . 
b) (R.S)-7-[[4-(2-aminoethyl)piperldin-l-yl]~nyl]-2,3,4,5-tettahydro-3-oxo+(2· · 
·phenylethyl)-1H-lt4-benzodiazepine-2-acetic acid · ·· • . . 

· · :.The c0mpound of &ample 6(a) ·(0.56 .funiol) w.as ~i'!ed. ~:·a:~~ttire··af . "' 
q:c202 (25 mL) ~d TFA (5 111L). After l h, them~ture:Was·COnCentrateci-to pve the .. • 
methyl ester of the title com.pound. . 

The methyl ester (0.27 mmol) was dissolved in methanol (9 mL), and 1.0 N 
sodium hydroxide (0.81 mL. 0.81 mmol) was added. ·n.e ~lutlon w~ ~tkred at RT 
overnight, then was concentrated. The residue was dissolved in water/acetonitrile (3 
mL), cooled to o0c. and acidified with TFA (0,21 mL, 2.7 mmol). The solution was 
concentrated and the residue was purified by reversed·pbase flash chromatography to 

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

. . . Example7 

J>nawation of (R.Sl-7-CUJ .2.3.4-tetta}Jydio .. ?·iquinolinyl]aminOJcarbanyll-2.3.4.S· 

Ztnd\Yclro-3=040+c2-imc.nyletbyD-lH-1.4-benzoitiempine-2-acetic acid 
. Us~g the procedure of Example. 4, except substituting .. 

1 methyl (R.S)· 7-carboxy-2,3.4,5-tetrahydro-3-oxo-4-(2·phenylethy1)-1H- l,4-
benzodiazepine-2-acetate for methyl (R,S)-8-carboxy·2,3.4,5-tetlahydro-3-oxo-4-(2-
phenylethyl)· 1H· l,4--be~diazepine-2-acetat.e, gave the title compound. Anal. 
[C29H3{)N404·2(C2ffP302)·0.75~20)] qalcd: C, S3.SS; H, 4.36; Nt 7.57. found: C, 

53.80; H, 4.56;. N, 7.56. 
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fwpamtion of lR.S)-7-[£4a.4'·higiperidin-1-yllcarbonyIJ-2.3.4.S·tetrahydro-4-m~thyl-J· 

o~.;lH-1.4-ben?_gdia;mpine-2-acetic acid 

a) t-butyl 3-methyl-4-nitrobenzoate 
. 3-Methyl-4-nitrobenzoic acid (500 g, 2.76 mol) was added to pyridine (l.25 L) 

and stirred until it dissolved. Benzenesulfonyl chloride (609 g, 3.45 mol) was added 

rapidly while maintaining the internal 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 mixture w~ s~ed for 30 min and t·b~tanol (52:3 mL) was· added dropwise 

· over 30 min at<'. 30°S'-?.Jie ~~-~as ~tirre~Jpr 2 h, dissolved in hexane:ethyl acetate 

(4:1; 2.5 L) and the resulting mixture was extracted with water. The organic phase was 

concentrated to give a light yellow oil which ciyst.alliied on cooling to give the title . 
compound (635 g,. 97%). mp S6·581)C. 

bJ t-butyf ~broi»:.ome~y14"7niiro~n'iOaJe· : · · · 
A solUtion of the compound of E~ple 8(a) {635 g; ·2.68 mol} in carbon· 

tetrachloride (6 L) was stined and treated wit!). N-bromosaccinimide (476.S g. 2.68 mol). 

",lbe mixture w~ imldia4'd and):i.~a~ to ~ux wi~ 3.flood.lamps positioned below the . . . 

solution level. Benzoyl peroxide (6 g) was added in four portions while the mixture was 

heat.ed to reflux and the lut portion· was added as reflux was reached after 2 h. The 

mixture was itradiated at reflux for 12 h, cooled, allowed to stand several hours~ filtered 

and concentrated to a brown oil (870.7 g). The oil was taken up in hexane (3 L) and ether 

(500 mL) (boiling), fUtered and the filtrate was partly concentrated by boiling. The 

resulting solution was allowed to stand ovemi&ht and the off ·white crystalline solid 

which fonued was filtered, w~d with hexane and dried to give the title compou11:d 
(396.6 g, 46.8%), mp 8~83°C; lH NMR (250 MHz) 8 4.S (2H); TLC Rf 0.7 (silica gel, 

1:9 ethyl acetate/hexane). The filtrate yielded a second crop on standing (73 g). mp 61· 

65°C. 

c) t-butyl 3~(methylamino)methyl-4-nitr0benzoate 

Aqueous 40% methylamine (623 mL) was added to dimethylformamide (2.S 1) 

stirred at-,°C in an acetone/ice bath. A solution of the compound of Example 8(b) (238 · 

g, O. 753 mol) ~ ethyl acetate (600 mL) was added dropwise· o'Ver l 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 ex.tracced with 

: .hexane. The combined organic extracts .were washed with water .and concentrated tq .give 

the title compound (217 .8 g) as a bright yellow oil. 

d) t·butyl 3-[N-(t-butoxycarbonyl)-(ro~thylaroino)-methyl]-4-nitrobenzoate 

A solution iof the compound of Example 8(c) (0.753 mol) in ethyl 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 

fmal addition of the dicarbonate. The reaction mixture was stirred for an additional 30 

min; and·was extracted with 4% aqueous sodium carbonate and with water. The organic 

phase was concentrated to give a light yellow oil which was d~oved in hexane and 

cooled iI't a Dry Ice/acetone bath to initiate .crystallization .. The n1ixture was storC4 µi the 

refrigerator, filtered and dried to give the title compound (129 g, 47%) which wa& used in . . 
the next step. mp 56-58°C. lH NMR (CDCl3) 8 8.05 (2H, s), 7.95 (lH, s), 4~8 (2H, d)t 2.9 

(2Ht s). 1.6 (9H, s), 1.S (9a s); HPLC iR. 27 min (Zorbax RX C1s, gra~nt. 4.6 x ISO 

rDI1l., .A:methanol B:water-0.1 % TF A, 50-90% methanol during 40 min, UV detection at 
: :ii()'~):·.· .. <: '.-'. ·. . .' . . . . : . . . . . . . 

e) t-butyl 4-amino-3·[N-(t-butoxycarbonyl)-(methylamino)methyl]benzoare 

. : A solution of the compound of ~ample 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 cornpound was used in the next step. 

f) t~butyl (F.JZ)· 3-[N·(t-butoxycarbonyl)(methylamino )methyl]-4-[2~( l .4-diinethoxy-1,4-

dioxo·2-but.enyl)amino]benzoate 
A solution of the .compound of Example 8(e)(l 18.3 g, 0.352 mol) h1 

methanol:ethyl acetate (1.5 L) was stirred at RT under a.IJOn and dimethyl 

acetylenedicarboxylate (50 g, 0.352 mol) was added dropwise over 30 ~in and the 

m.ixture·was heated to reflux for 16 h. The mixture was cooled and.dimethyl · 

acetylenedicarboxylate (6.0 m.L, 0.0488 mol) was added in one portion. The reaction 
· mixture was heated to reflux 2.5 h. The resulting solution containing the title compound 

was cooled and used in the next step. 
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• g) t-butyl (R,S)-3-[N-(t-bl:}toxycarbonyl)-(methylamino)-methy1]-4-[2-(l,4-dimelhoxy-

1.4·dioxobutyl)arnino]benzoate 

.... · - A·solution of the compound .of Example 8(t} ( ... 168 g, 0.352 mol)-in· ethyl .. · ·. . .. 

acetate~methanol (l.S L)"wa8 added to 10% Pd/C {20 g) moistened with ethyl acetate 

under argon in a hydrogenation bottle. The mixture was shaken in a hydrogen 

atmosphere and heated to 48°C until the theoretical amount of hydrogen was absorbed, 

cooled, vented, filtered through Celite® and the ftltrate was concentrated to give the title 
compound (173.4 g) as a yellow oil. HPLC tR 18.9 roin {Zorbax RX C18, 4.6X150 mm, 

1 mLJmin, gradient, Aanethanol B:water-0.1% TFA, 50-90% methanol over40 tnin, UV 

detection at 210 run). 

h) (R,S)-4-(2-( l ,4-dimethoxy-lt4-dioxobutyl)amino ]-3-[ (methylamino)methyl]benzoate 
1A solution of che compound of Example 8(g) (0.348 rnol) in dichlorometharie 

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

dichloromethane {1550 mL); the internal was between 18°C·25°C. The solution was .. . . . . -
stirred ove~ght at RT and concentrated to give the title compound (254.6 g) as a brown 
oil. HPLC tR 19 min (Zorbax RX C1s column, 4.6X150 m~. aradient, 1 mL/iniD.,. 

. A:~~tli~1 B;water-o~ l% TFA, 10-60% ·me~~l owr so .mhit. Uv. de~cfi~~ ·ai2.1b 

nm) ... . 

i) methyl (R,S)-7-carboxy-2,3,4,.5-tetrahydro4-methyl-3·oxo-1H-l,4-benzodiazepine-2-

acetate 

A solution of the ~ompound of Bxample 8(h) [ 112. 7 g (0.:348 ~ol) with TF A 

(141.9 g)] in methanol (2 L) was cooled to between 0°C to ·5°C and sthTed under argon. 

Sodium methoxide in methanol (25%; 396 mL, 1.94 mol) was added over 2 h. 

maintainin~ the internal temperature between 0°C to -S°C. Following the addition, the 

tempei:ature 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 fonu and the pH of the mixture was adjusted to 4.S by careful 

additions of 12N hydrochloric acid The mixture was stirred a few min, filtered and the 

precipitate. washed with water and vacuum dried to give the tide compound (77 .6 g, 
1 . 

76%). H NMR (250 MHz, DMS0d6) 5 7.5 (2H, m), 6.5 (2H. m), 5.5 (iH, d), 5.2 (lH. 

m), 3.9 (18, d), 3.6 (3H, s), 2.9 (3H. s), Z.9·2.6 (2H, m); mp 276·277°C, HPLC tR 23.2 

min (Zorbax RX Cl8, 4.6 :x 150 mm. 1 ml/min, gradient, A:rne~ol B:water-0.1 % 

TFA. 10-60% methanol over 50 min. UV detection at 210 nm); Anal.(C14H16N205) 

calcd: C, 57.53; H, S.52; N, 9.58. found: C. 57.27; H. 5.41; N, 9.17i mp 280-280.S°C 

(dee). 
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j) methyl (R,S)-7-[[1 '-(t-butox.ycar'Qonyl)-4,4'-bipiperidin- l-yl]carbonyl]-2,3,4,5-

.. ~tra)lydro-+met1'yl:-3-:c;>x~-IH-.l.4-b~Qzodi~epiJ:te-2-~ce~~ . .. . ........... , .. , ... · .. '·· .... , : .. ·· . 
Using the procedure of Example S(b), except substituting the compound of 

Exainplc 8(i) for methyl (R,S)-7-catboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH­

l,4-benzodiazcpine~2-acerate, gave the title compound. 

k) methyl (R,S)-7 ·[ ( 4,4'-bipiperidin~ l-yl)carbonyl]-2,3,4.5-tetrahydro-4-methyl-3-oxo­

IH-l,4-benzodiazepine-2-acetate 

Using the procedure of Example S(c), except substituting the compound of 

Example 8(j) for the compound of Example S(b), gave the title compound. 

1) (R,S)-:7-[(4.4'-bipiperidin-1-yl)carbonyl]-2,3,4,5·tetrahydro-4-methyl-3-oxo·1H-1,4-. . . 
benzodiazepine-2·acetic acid .. . 

Using the procedure of Example ~(d), except substituting the compound of 
Example 8(.k) for ·the cornpound of Example S(c) and substituting sodium.hydroxide. for 

lithium hydroxide. gave the title compound. Anal. 

[C23H32N404.2cc2HF:302>1·2.s<H20>1 ·ca1cd: c, 46.22; H, s.46; N, :7.99.·found~ -c;.. . .... ·· · .. =: 

46,33; H, 5.45; N~ 7.97. 

f!eparation of CR.Sl-2.3.4.5-t.etrahy4ro-3-ox0-2-Q-p~nyleth~l)-7-fCC2-0-
PU>emzinyllethyl]metb)daminoJ-carggnyll:.l H-kbenMpine4acetic acid 

a) methyl (R.S)-7-[[[2-[ 4-{benzyloxycarbonyl)-1-piperazi.nyl)]ethyl]roethylamino] 

carbonyl]·2,3,4,5-tetrahycfro.3-oxo-2-{2-phenylethyl)-1H-2~benzazepine-4-acetate 

Methyl (R,S)-7-carboxy-2,3,4,5-tettahydro·3-oxo-2-(2-phenylethyl)-1H·2- . 

benzazepine-4-acetate (~.O 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 triethylaniine. 

The mixture was treated with 2·[1-[4-(benzyloxycarbonyl)piperazinylJ]~N-methyl­

ethanamin~ (2.4 mmol). stln"ed at RT for 48 h, concentrated and the residue was purified 

by flash chromatography to yield the title· compound. 



THIS SHEET 1-JAS BEEN 
REPLACED 

. ' . . ..· .. . . .·. ··... ..· . . .. : .. · .. · .· ..... ~ '• •.·. ~ .•.·• ~ ... . . .......... '· ,. .. I•• , •'~ ' , , ' :.•1 ' .'• 1 ' ' • 
0,o" • ' ,, .... ,• ., ', •<t"" •, 0 • , • •, ,: 0 • ," ! .. 

·'. . ... -'37N• 00

0 

•" • • "• ••••• 

I:.·.::~;:· .... ,, ... ::". 

b) (R,S)-2,3,4,5-tetrahydro-3-"oxo-2·(2-phenylethyl)-7-[[[2-(1-piperazinyl)ethyl] 

methylamino]carbonyl]-1 H-2-benzazepine-4-acetic acid 

: ... : 

The .comppµnd pf.~X4ID.P.le.9(a) .(().3 ~f!l9U. ~a~ di~.0Jy~d)1.1,.~~*~Q~ (2Q .. " ._ .... . .. . . ,. 

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 filt.ered, 

the catalyst washed with acetonitrile and the ftltrate concentrated. ,, 
The methyl ester (200 mg, 0.3 mmol) was dissolved in methanol (4; mL) and lN 

.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. 

. .Example 10 

? .. .. 

Pre.paration of CR.Sl-2·bntyl-2.3.4a5·tetrah)rdm-3-axo-7-rrri.cpiperidin-4-yD-

et1cy"Dmethylaminolcarbonyll-1H-2-benzarep1ne±acetic acid 

1-(3-Dimethylaminopropyl)-3~thylcarbodiimide hydrochloride ( 1.19 g, 6.2~ 

mmol) was added all at once· to a "solution of methyl ·tR~s):. ·t-caiboxY.~2,3,4,5-tetrihydro- .. 

3~ox; 1H~2~oenzmpme~4.;acetate ( l.44-g~-S19 mm9l);. benzri~itc~hol'(2. 7-mL: '25;:95 .:: ·. .: .: :.' . · :-
~ol), diisopropylethylamine (l.8 mL, l~.38·mmol); and.4-(dimethyl_amulo)pyridine · .. · 

(761mg,6.23 mmol) in anhydrous dimethylfo~ami~.(26 m.L) at RT. The reaction:~ 
stirred for 24 hand concentrated to l~ave a p~ yell~'.\Y ofl:~ .. Tii~ o~ ~ dil~ttd wilh.~thyl 
acetate (200. m.L), and the cloudy mixture was washed Sequentially with. lN hy~chloric 
acid and water. The combined aqueous layers were extracted with ethyl acetat.e, and- the 

combined organic layers were dried (MgS04) and concentrated. Chromatography over 

silica gel gave methyl (R.S)-7-benzyloxycarbonyl-2,3.4,5-tetrahydro-3·oxo-1H-2-

~enzazepine-4-acetate (l.59 g. 83%). . 

methyl (R,S)-7-benzyloxycarbonyl-2.3,4,S-tctrahydro-3-oxo-lH-2-benzazepine-4-

acetare (220.4 mg, 0.60 mmol) was suspended in toluene (5-10 mL), and the Jllix~e was 

carefully concentrated to remove water and residual solvents. The resulting solid was 

dissolved in dry 1:1 THFiDMF(l2 tnL), and 1-iodobutane (3.0 mmol) was added. 

Sodium hydride (60% in mineral oil, 29 mg. 0.72 mmol) was addedt causing gas 
. . 

evolution ~d slight warming. -After 15 niin, the reaction was cooled.to 0°C and .. 

quenched with saturated aqueous ammonium chloride (2·mL). The mixture was diluted 

with ether (50 roL) and washed with water. The combined aqueous layers were extracted 

with ether, and the com~ined organic layers were dried (MgS04) and concentrat.ed. 

Chtomatography_ over silica gel yielded methyl (R,S)-7-benzyloxycarbonyl-2,3A,S­

tetrahydro-2-buty1-3-oxo-1H-2-benzazepine-4-acetat.e. 
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10% Pd/C (64 mg, 0.06 mmol) ·was added carefully to a solution of methyl (R.,S)-

7-benzyloxycarbonyl-2,3,4,5-tetrahydro-2-butyl-3·oxo-1 H-2 .. benzazepinc-4-acetate (0. 60 

mmol) inmethanol(l2 rnl..).-The mixture was purged with.hydrogen and stirred briskly. 

at RT under hydrogen (balloon pressure). After 15 h, the m:ixrure was filtered through 

Celite®, and.the filtrate wa& concentrated to ~ford methyl (R,S)-7-carboxy-2,3,4,5-

tetrahydro-2-butyl-3-oxo-lH-2.:.benzazepine-4-acetate. 

1-(3-dimethyla.miilopropyl)-3-ethylcatbodiimide hydrochloride (90 mgt 0.47 

mmol) was added to a solution of methyl (R,S)-7-carboxy·2,3,4,S-tetrahydro-2-methyl-3-

ox.o-IH-2-benzazepine-4-acet.ate (0.39 mmol). N-tnethyl-2-(pyrid-4-yl)ethanamlne (64 

mg. 0.47 mmol), 1-hydrOxybenzotriazole (63 mg, 0.47 mmol), and dilsopropylethylamine 

(0.14 mL, 0~78 mmol} in dey dimethylfonnamide (2 mL) at RT under argon. The 

reaction was stirred for 23 hand concentrated. The residue was partitioned between ethyl 

acetate and water.· the ·layers were· separated, and the organic phase was w.ashed ~with . 

water. The combined aqueo~ layets'we're "back-extracted with ethyl acetate, the'. 

combined organic layers were dried (sodium sulfate) and concentrated to leave a yellow 
.. . . -

oil. The cotnbined aqueou.S layers were concentrated and sodium. chloride was added. 

The res.ultirig ii\tihir~ ~ ·e~~~tlvely ~X~t~. ~th chlorofonn~ The com\)fued 
or1anic p~~ ·~~ druSd (~od~~:~~lftitb)'~d ~~~~ert~ted"to give~ Yen~w· oil;·\Vhich 

was combined with the material frciro. the ethyl acetate phase. Chromatography over . . 
silica gel yielded methyl (R,S)-2,3,4,5-t.etrahydro-2-butyl-3~oxo-7-[[[2·(pyrid-4-

yl)ethyl]~thy1amino]cari?'onyl]-1H-2-be~zazepine:4-acetate. 

Platinwn oxide ( 4 mg) was added to ~ solution of methyl (R,S)-2.:3.4,5-retrahydro-

2-butyl-3-oxo--7-[[[2-(pyrid-4-yl)ethyl]methylamino]carbonyl]-lH-2-beni.azepine-4-

acetate (0.35 mm.ol) and lN hydrochloric acid (0.35 mL, 0.35 mmol) in methanol (3.5 

mL), and the mixture· was· stirred briskly under H2 (balloon pressure). After 7 h, the 

reacti.on was ftlt.ered through Celi~® and concentra.ted, and the residue was dissolved in 

methanol (3.S tnL). Platinum oxide (4 mg) was addedt and. the mixture was stirred 

briskly under: H2 (balloon ·pressw:e) for 16.5 h. Filtration through Cellte® and 

concentration yielded methyl (R,S)-2,3,4,5-tetrahycfro..2-butyl-3-oxo-7-[[[2.:(piperldin-4-

yl)ethyl]methylamino]carbonyl]·lH-2-ben7.ampine-4-acetate. 

Methyl (R.,S)-2.3,4,5-tetrahydr~-2-butyl-3-oxo-7 ·[[[2-(piperidin-4-

yl)ethyl]methylamino] carbonYU·lH-2-benzazepine-4-acetate was dissolved irt methanol 

(12 mL) and cooled to 0°C. · 'iN Sodium hydroxide (1.0S mL. 1.05 mmol) was added 

dropwise, and the solution was allowed to warm to RT. The reaction was stirred at RT 

for 24 hand concentrat~d. 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. TF~ (0.27 mL, 3.5 .rnmol) was added and the reaction was concentrated. 
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The residue was purified by reversed-phase flash chromatography. Concentration and 
Iyophilization gave the title compound. MS(ES) m/e 444 [M+HJ+. 

. . '.. . . . ~ . . . . . '• ' • I o 

gxamgles 11-12 

a) Using the procedure of Example 10 to alkyla.te the 2-amino group and 
debenzylatc the benzyl ester, except substituting benzyl bromide or (5-

iodopentyl)ben~ne tor iodobutane, and using the procedure or Example l(a)~(b}, except 

substituting Pd/C for palladium hydroxide, yielded the following compounds: 
11 (a). methyl 2-benzyl-2,3A,5-tetrahydro-3-oxo-7-[[[2-(piperidin-+ 

yl)ethyl]methylamino]carbonyl]-1H-2-benzazepine·4-acetate. MS(ES) rn/e 492 [M+HJ+. 
l 2(a). methyl 2,3.4,5-tetrahydro~ 3-oxo-2-(5-phenylpentyl)-7-[[[2-(piperidiil--4-yl)­

ethyl]methylamino ]carbonyl]-lH-2-ben~epine-4-acetate. MS(BS) m/e 548 [M+Hj+ . 
. I 

b) Using the procedure ofE~ample l(c}, except substituting the compounds of 

Example l l-12{a) for the compound of Example l(b), gave the following compounds: 

l l(b). 2-benzyl-2,3,4,5-tetrahydro-3-oxo-1.:[[[2-(piperidin-4-yl)­

etliyl]methylam.ino]carb~liyl]- lH-2-benz.azepine-4-acetate. 
·~2(b)::.2,3,4~5;.te~ydro~.3-oxo-2·(S-phenylpentyl) .. 1-cfr2-(piperldin-4-yl)­

etbyl]methylamin0Jearbonyl]·1H-2-benzazepine-4-acetate. 

~ample ll 

fieparation of (R.Sl-7-CIT4-Caminoim;nomethyllphenyllmetlwl-pmino]carbonyll-2.3,4.S­

tefr.lhydro-2-iscmropyl-3-oxo- l H-2-benzp.epjne-4-acetic acid 

Using the procedure of Preparation 8(c)-{j}. except substituting iSopropylami.ne 

for 2-phenathylamine in the procedure of Preparation 8(c) and substituting 2A,6-collidine 

for sodium mcthoxide in methanol in the procedure of Preparation 8{g), gave the title 
compound. MS(ES) m/e 437 [M+HJ+. 

Examples 14-17 

Using the procedures of Preparation 8(c)-(g), except substitutin~ a) 
isopropyia~e. b) i.sopentylamine. c) 3,34raethylbutylantlne or.d) cyclohexylamine for 
phenethylamine in the procedure of Preparation 8(c}; 'and optionall,y substituting 2.4,6-
collidine, triethyla.mine in toluene, or diisopropylethylamine in xylene, for sodium 
methoxide in methanol in the procedure of Preparation 8(g), and.subsequently using the 

procedure of Sxam.ple 2(b)-(d), except optionally substituting benzotriazol-1-yloxy-
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tris(dimethylamino)-phosphonium hexatluorophosphate for 1-(3-dimethylamino-propyl)-

3-ethylcarbodiimide, gave the following compounds: 

. 14~ ~ •. ~)-~.3.4.~-~µ-ahy~ro.~2-~op,i;opyl.-3:-oxo-?-[[[2::( 4;-pip~tiPi.nyl)~thyl] . ... . . . . . . . . • , • ', • ~ , r \' 

methylarnino]carbonyl]-lH-2-benzazepine-4-acetic acid. MS(ES) m/e 430 [M+H]+, 

15. (R,S)-2,3.4.5-tetrahydro~2-isopentyl-3~oxo-7-[[[2-(4-­

piperidinyl)ethyl]methylamino]carbonyl]-1H-2-benzazepine-4-acetic acid. MS(ES) m/e 

4.58 [M+HJ+. 
16. (R,S)-2-(3,3-dimethylbutyl)-2,3,4,S-tetrahydro-3-oxo-7-[[[2-( 4-

piperidinyl)ethyl]methylamino ]carbonyl]- lH-2-benzazepine-4-acetic acid. MS(ES) m/e 

472 [M+HJ+. 

l 7. (R,S)-2..eyclohexyl-2,3,4.5-tetrahydro-3-oxo-7-[[[2-(4-

piperidinyl)ethyl]methylamino ]carbonyl)-1 H·2-benzazepine-4-acetic acid. MS(ES) m/e 

470 [M+H]+. ·· · 

Exa.mpte ts 

ptcparation of CR.S)-2-C2-C4-fluoropheny1)ethytl-23.4.S-tetrahydm:3-oxo-7-CU2-C4-

·ggrldinyI)ethyllmethYJamino]-camonylj-t H-4-heoi.Uepine-4-icetlc ·acid · 

. USing the pro~edure of Preparation 8(c)·(g), except substituting 4- . 

(fluoro)phenethylamine for phenethylamine in~ procedure of Preparation 8(c) and 

~ubstituting diisopropylethylamine in xy~ for sodi~tn methoxi.de.in methanol in the 

procedure of Preparation S(g), and using the procedure of Example 1, gave the title 

compound. MS(ES) mle 510 [M+H]+. 

Example 19 

f'muaratiop of CR.Sl-7-[ff+.<aminoiminomethyUphenyll-carbonyllaminol-2.3.4.5: 

tetrahydro:3..0xo-2-C2-pltenylethyll-1H·2-ben7azepine-4-acetjc acid 

a) methyl (R,S)-7-amino~2,3,4,5-tetrahydro·3-oxo-2·(2-phenylethyl]-IH-2·benzazepine-

4-acetate 
A ~ixrure of methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-~-oxo-2-(2-phenylethyl)­

lH-2-ben:zazepine-4-acemte (2.67 mrool); aiethylamine (0.42 mL, 5.87 mmol) and 

diphenyl phosphorylazide (0.62 mL, 2.80 mmol) in toluene (20 mL) was heated.at 105°C 

for o.s h. After the temperature was lowered to 80°Ct the mixture was treated with benzyl . 

alcohol (0.60 mL. 0.42 mm91). stirred for 14 hand concentrated. The residue was 
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purified by flash chromatography to give methyl (R,S)-7·(carbobenzyloxy)arnino-2,3,4,5-

tetrahydro-3-oxo-2-(2-phenylethyl)·.1H-2-benzazepine-4-acetate. 

.. 'f1:1e. <;bz c~mpound. (O.~~ ~') -~? m_~ol). ~.as di~~.~Y.~ ~. ~~~~~<~O -~.~?, .. ~~-· . , 
palladium on carbon (5%, 50 mg) was added. The mixture was hydrogenated for 1 h, 

filtered through Celite® and concentrated co yield the title compound. 

b) methyl (R,S)-7-[[[4-(N-benzyloxycarbonyl)-(aminoimiomethyl)phenyl]carbonyl] 
amino ]·2;3,4,S~tetrahydro-3-oxo-2-(2-phenylethyl]-lH-2-benzazepine-4-acetate 

4-[N-(benzyloxycarbonyl)(aminoiminomethyl)]benzoiC acid (2.0 mmol) dissolved 

in DMF (30 mL) was treated with 1-(3-dimethylaminopropyl)-3-ethylcarbodiilnide 

hydrochloride (2.2 mmol), 1-HOBT (28.S mg, 2.1 rnrnol) and adjusted to pH 7 with 
dlisopropylethylamine. The mixture was treated with the compound of Example 19(a) 

(2.4 rnmol), stirred at R~ :for 48 h, concentrated and the residue was purlfied by flash 
chromatography to yield~ ~e title compound. ' : 

c) methyl (R.S) .. 7-crc4-(aminoiroiomethyl)phenyl]carbonyl]-amino]-2,3,4,S-tetrahydro·3-
oxo-2-(2-phenyl.ethyl]-1H~2-~pine-4-acetate· · . . . . . 

A s~~ution: of the cQmp,Qqnd· qf)~xample 19(b)(0.15 m~ol) ~ .10% .Pc;l/C (20 p;i:g). > ~ · 
', • • ,' I • ' 

in .methanol ( 40 mL) and acetic acid (8 drops) was· shaken i:it a: hydrogen aunos~here '( 45· 
psi) for 30 min. The mixture was filtered and the filtrate concentrated in vaeuo to yield 

the title compound. 

d) methyl (R.,S)-7-[[[ 4-(aminoiminomethyl)phenyl]carbonyl]-a.minoJ-2,3,4.5-tetrahydro-

3-oxo-2-(2-phenylethyl]-lH-2-benzazepine-4-acetate 

A solution of the compound of Example 19(c) (65 mg, 0.12 mmol) was stirred in 
lithium hyttrmd.de in aqueous TiiF at room temperature under argon overnight. The 
mixture was treated with 3N HCl (1 m.L) and concentrated in vacuo. The residue was 
purified by ~LC. MS(ES) m/e 485 [M+H]+, 483 {M-H]·. 

Jgample20 

pteparation of (R.S}-2-£2-Ccycjohexyl}etbyll-2J.4.5-tetrahxQro:.3-oxo-1-rrf2-(4-
piperldinyl)ethxJJcarponylJaminol-1H-2-beng.zcpine+acelic acid. 
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a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-7-[[[2-(4-pyridyl)ethyl]carbonyl]amino]-2-

(phenylethyl)· l H-2-benzazepine-4-acetate 

Using ttie proced~ .()f E~~Pl~ .. l9(b), ~x.ce.p\.~upstitl.;lµng, 4':'.(pyridyl)pi:op~QN-c-.. 
acid for 4-[N-(benzyloxycarbonyl)(aminoiminomethyl)]benzoic acid, gave the title 

compound. 

b) (R,S)-2-[2-(cyclohexyl)ethyl]w2,3.4,S-tetrahydro-3-oxo-7 ·[[[2-( 4-

piperidinyl)ethyl]carbonyl]amino ]-IH-2-benzazepine-4-acerate 

Using the procedure of Example 2(c). except substituting the compound of 

Example 20(a) for the compound of Example 2(b) and subsequently using the procedure 
of Example 2{ d) except substituting lithium hydroxide in aqueous 11IF for sodium · 
hydroxide in aqueous meclianol, gave the title compound. MS(ES) m/e 484 [M+H]+, 482 
[M-H]-, r 

Bxample21 

?fmuimtion Qf.(R,Sl-8·[(4.4'-Mpiperidin-l-yllciarbonyl]~2.3A.5-'tetrahydto-3-oxo-2-C2· 
phenyiWlyt)-fF{-2~benziieuirie+aceticacid; , .... ~ .:.· ·.·: .. :.-:·. · . .-·:·:.::'_;-:. · ·.-.' '.-·.<.·.·.- ·· .. 

a) methyl (R.,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo·2-(2-phenylethyl)-1H· l.4-

b~azepine-4-acetate 
. . 

Using the procedure of Preparation 8(a)-(g). except substituting 4-bromo-3-

methylbenzoic acid for 3-bromo-4-methylbenzoic acid, gave the title compound. 

b) (ll,S)-8-[( 4.4'-bipiperidin-1-yl)carbonyl]-2,3,4,~-tetrahydro-3 .. oxo-4-(2 .. phenylethyl)­

lH-2-benzodiazepine-4-acetic acid 
Using the procedure of Example S(b)·(d), .except substituting the compound of 

Example 2l(a.) for the compound of Example S(a) gave the title compound •. Anal. . 
(C31H39N304·H20) caJ,cd: C, 69.78; H, 7.71; N, 7.84. found: C. 69.38; H, 7.68; N, 

7.37 .. 

Bxainple22 

Preparation of <R.Sl-2.3.4.5-tetrahydro:3-oxo-2-C2-ghenylethyl)-7-U£2=( 4-

piperidinyDetbyll-methylarojnolcamonyll- t H-2-benggin~-propionic acid 
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a} ethyl S·[S-(t-butoxycarbonyl)-2-[[[N-(t-bntoxy-carbonyl)-N-(2-
phenylethyl)]amino ]methyl]phenyl]-4-ethoxycarbonyl-4-pentenoate; and 

.. e~yl .~-[~:-~~~.~~t~_x:(.~~'?~Y~).-;?-·UP·f.·C.~~PY.~9.~~~~~.ny~~~N~~~~ . . . . .. . .. . . . 
phenylethyl))]amino]methyl]phenyl]-4-ethoxycarbonyl-3-pentenoate. 

. ........ :· .. 

Using the procedure of Preparation 8(e), except sub-stituting diethyl 2-
methyleneglutatate [Tet. Lett .• 30, 7381 (1989)] for dimethyl itaconate, gave the titJ.e 
compounds. 

b) ethyl 5-[5·(t-butaxycarbonyl)-2-[[[N·(t-butoxycarbonyl}-N-(2-
pbenyletbyl)]amino]methyl]phenyl]-4-(ethoxycarbonyl)-pentanoate 

Using the procedure .of Preparation 8(t), except substituting the compound of 
Example 22(a) for the compound of Preparation 8(e) and substituting Pd/C in 
ethan9I:ethyl acetate· for palladium hydroxide in methanol. gave the title cornpound. 

; . . . 

c) ethyl (R.S)-7-carboxy-2~3,4,S-tetrahydro-3-oxo-2·.(2-phenylelhyl)· lH-2-benzazepine-
4-propanoate 

Using the· procedure of Prep~ou 8(g), except substituting the compound of 
.. Example ~(b) for. thtfcompowlcf.of~p~tfort:8,(f) "and substirudng hydrOgen;duoride . 
~ dioxarie for TF A.:· g~ve the title compoUnd. : · . 

· d) CRtS)-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)~7-[[[2-(4-piperidinyl)etb.yl] 
. methylarnin~]carb~nylJ-lH-:i~ben~e~-4-p~pfunf~ acicl . 

Using the procedl,ll'e of Example 1, except substituting the compound of Example 
22(c) for methyl (R,S)-8~boxy-2.3,4.5-tettihydro-4-Iilethyl-3-oxo-1H-l ,4-
benzodiazepine-2-acetatet gave the title compound. MS(BS) m/e 506 [M+H]+, 540 [M· 
H]·; Anal..,{C3()H39N304·HC1·3/8H20) calcd: C, 65.68; H, 7.48; N, 7.66. found; Ct 

65.67; H, 7.55. 

Example 23-24 
a) Methyl (R,S)-7-[11-(t-butoxycarbonyl)-4,4'-bipiperidin-l-yl]carbonyl]-2,3,4,5-
tetrahydro-:3-oxo-4-{phenylethyl)-lH-l ,4-benzodiazepine-2-aceta.t.e was chromatographed 
HPLC tR._16 min and 19.8 min (Chirace~~ .OD, 21.l. X 250 mm, .10 miJmin. methanol, 
UV detection at 250 nm) to give the following compounds: 
23(a.). methyl ( +)-7-[ l '-(t-butoxycarbonyl)-4,4'-bipiperidin-l-yl]calbonyl]-2,3,4,.S­
tetrahydro-3-oxo-4-{phenylethyl}-lH-l,4-benzodiazepine-2-acetate. 
24(a). methyl ( ·)-7-[l '-(t-b~toxycar~nyl)-4,4'-bipiperldin-l-yl]carbonyl]-2,3,4,S­
tefrahydro-3~xo-4-(phenylethyl)-1H-1 A-benzodiazepine-2·acetare_. 
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b) Using the procedure of Example 5(c)-(d), except substituting the compounds of 

. Exaipl>le. ~~~4(~J.fpr th~ c9.~p9µi:i4 9~ px~~l~ S(b~? gav~ the follqwing coµtP?t:t~ds~ . . . 
23(b). ( + )-7-[( 4.4'-bipiperidin- l-yl)carbonyl]-2,3,4,5-tettahydro-3-ox9-4-(phenylelhyl)-

l H· l ,4-benzodiazepine-2-aceti9 acid: [a]o +128 (c O.S.CH30H); [a]D +80 {c~.5 

water); Anal (CjoH3gN404.2C2HF302.I.SH20) calcd: C, 52.78. H, 5.60, Nt 7.24. 

found! c. 52.70. Ji, 5.89. N, 7.47. 

24(b ). (-)-7-[( 4,4•-bipiperidin-1-yl)carbonylJ-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)­

lH-l,4-benzodiuepine-2-acetic acid: [a]o -118 (c O.S,CH30H); Anal.(C30H38N404 

·.2C2HF302) calcd: C, 54.69, H, 5.40, N, 7.50. found: C. 54.49, H. 5.40, N, 7.85. 

Example 25 
. ; ..... 

e@paration of (R.S>-7 -ere 4.4'-bigiperidin-1-y:DlcamonyIJ-2.3.4.5-terrahydro-4-isopragyl- . 

3.,.ox0=l H-14-benzodiazepine-~acetlc acid .. . . 

·a) methyl (~,S)-7 .. c~boxy..4-isopropyl-2,3,4,S·tetrahydro-3-oxo-lH-I ,4-benzodiazepine-

2:.acitate <.~; '. ·:: · "\.;: .· ::· . · · .... : . : ... , · · · .... 
'Using the p~cedure of Preparation 7(b)-(f)7 except substituting isopropylamine ·· ·· .. · 

for phenethylamine.in Prepara~on 7(b) and subs~tuting dilsopmpylethylamine in 

refluxing ~lene for sodium methoxide in methanol in Preparation 7(f), gave the title 
• • , , v• • . , , . . 

compound. 

b) methyl (R,S)-7-[[(4A'-bipiperidin-l-yl)]carbonylJ-2,3,4,5-tetrahydro·4-isopropyl-3-

oxo-lH-l,4-benzod.iazepine-2-acetate 

Using the procedure of Example S(b)-(c), ex~pt substituting the compound of 

Example 25(a) for the compound of ~ple S(a) gave the title compound. 

c) (R.S)-7-[[{ 4,4'-bipipetj.din-l-yl)]carbonyl]-2,3,4,5-t.etrahydro-4-isopropyl-3-oxo-lH-

1,4-benzodiazepine-2-acetic acid 

Usina the procedure of Preparation S(j), except substituting the compound of 

Example 2~.(b) .for the.compound of Prepatation 8(i). gave the title compound. HPLC k'. 

4.27 (PRP-1; 15% acetonittile/water/0.1% TFA); lHNMR (400 M;Hz, CD30D) 6 7.12 

(d, I=l.9 Hz, lH), 7.08(dd,1=8.3, 1.9 Hz, IH). 6.59 (d, Ja;:;S.3 H~ lH), 5.29 (d, J=l7.0 

Hz, lH), S.17 (d~ J=S.9, 5.2 Hz. lH). 4.724.84 (m, lH), 4.10 (d~ J=l7.0 Hz, lH), .3.34-

3.45 (m, 2H). 2.70-3.lS (m, 5H), 2.6~ (dd, J:::l6.8, 5.2 Hz. IH). 1.92-2.05 (m. 28), 1.69-

1.88 (m, 2H), 1:35·1.54 (m. 4H), 1.16-1.31 {m, 2H). 1.20(cit1~.8 ~z. 3H), 1.03 {d, 
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J:::6.9 Hz, 3H); MS(ES) m/e457.2 [M + H]+; Anal.(C25H36N404·l.S CF3C02H·l.5 

H20) calcd; C, 51.37; H. 6.24; N, 8.56. found; C, 51.49; H, 6.39; N, 8.46 . 

. .. · .... . , •.. "• ...... . 

HxampJi;s 26-27 

.• 

Pre.paration of (Rl-7-[(4.4'~bipiperldin-l-yl)carbonyll-2.3.4.5-terrahydro+metbylw3-oxo-

.1H-l.4-:benzodiw$.pine=-2-acetic acid; and 

($)-7-[(4.4'-bipjperidiri-l-yl)carbonylJ-2.3.4.5-tetrahydro-4-methyl-3-Qxo.lH-lA: 

IJenzgdiazepine-2-acetic acid 

.a) The compound of Example 8(j) was separated by chiral HPLC to give the following 

compounds: 
26(a). rnethyl (R)-7-[( 1 • -(r-butoxyca.rbonyl)-4,4'-bipiperi~-1-yl]carbonyl]-2.3.,1~5~ . 
tettahydro-4-methyl-3--oxo-lH-1,4-benzodiazepine-2-acetate .. [a]o +140 (c l,CH30H); 

HPLC tR. 12.9 min (Cruralcel OD, 2i.2 x 250 mm. 10 mrJmin, methanol. UV detection 

at325 run) . 

~7 {b) .. i:nethyl (S)-7-[[ l '-(t-butoxycarbonyl)-4,41-bipipetjdm-i-yl]~onyl]-2,3,4~~~· 
· .. 1eiraliydro-4.-methyl-3·oxo~1H-I,4-benzodiazep1ne-2.:.acetare .. [aJo :::142.s (c· l,CH30H); · 

HPLC tR lSJ min (Chiralcel OD, 21.2 x 250 mmt 10 mUinini methano~ uv..detection ·. · 

at325 nm). 

b) Using the procedure of Example 81)c). except substituting the compounds of Bxample 
26(a) and 27(a) for. the compound of Example 80) gave the following compounds: 
26(b). methyl (R)-7·[(4,4'-bipiperidin-l·yl)carbonyl]·2~3,4,5-tetrahydro-4-methyl-3--oxo· 
lH-1,4-benzodiazepine-2-acetate. HPLC tR 14.3 min (Ultrasphere Cl8, 4.6 x 250 mm, 

1.5 mUmin, gradient, A:acetonitrile B: water-0. l % TF.A, S-60% acet9nitrile over 20 min, 
UV detection at 220 run) 

27(b). methyl (S)-7-[(4.4'-bipiperldin-1-yl)carbonyl]-2.3.4,5-tettahydro-4-methyl-~-oxo­
lH-l,4-benzodiazepine-i-acetate. HPLC tR.14.61 min (Ultrasphere CI8, 4.6 x 250 mmt 

l.S mUmin. ifB.dient, A:acetonitrlle B: water-0.1%TFA,5-60% acetonitrlle over 20 min, 
UV .detection at 220 run). 

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'-bipip¢din-l-yl)carbonyl]-2,3,4,5~tetrahydro-4-methyl-3-oxo-1H-l,4- · 

benzodiaz:epine-2-acctate: (a]n +92.4 (c O.S,CH30H); MS(BS) role 429 [M+H]+; 427 

[M-H]·; HPLC tR. 12.7 min {Ultrasphere C18, 4.6 lt'. 250 mm, 1.5 mUmin, gradient, 
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A:acetonitrile B: water-0.1 % TFA. 5-60% acetonitrile over 20 min, UV detection at 220 
nm); Anal.(C23H32N404-4.5 CF3C02H·3.33 H20) calcd: C, 37.44; H. 4.16; N. 5.29 . 

. . . found: C;37.43; H, 3.81; N. S.20 •. , .. o ' • ' '"'' , • ' : I ' • , ~ I '•, • ' '. .. ' • , ' '• 

27(c). (S)-1 -[(4A'-bipiperldin-1-yl)carbonyl]-2,3,4,5-1.etrahydro·4-methyl-3-oxo-lH-1.4-
berizodiazepine-2-acetate: [aJo -~05.9 (c 0.6,CH30H); MS(ES) m/e 429 [M+H]+; 427 

[M-H]M; HPLC tR 12.6 min (Ultmsphere Cl8, 4.6 x 250 mm, l.S mLJmin, grd.dienl, 

A:acetonitrile B: waterA0.1 % TFA, 5-60% acetonitrlle over 20 min. UV detection at 220 
·run); Anal.(C23H32N404·3 CP3C02H· l.25 H20) calcd: C, 43.92; H. 4.77; N, 7.06. 

found: C, 44.09; H, S.00; N, 7.29. 

Example 28 

Preparation of CS>-7-(( 4.41-bipjpetjdjn- J-yl)carbonyl]-2.3.4.jAtetrah..,xdm-4·methyl-3:0oxo: ........ · - · 

lB-l.4-benzOdi~ine-2-acetic acid· 

a) 4-fluoro-3-methylbenzoic acid 
A soluti()n of 4-fluoro-3-methylphenylm,agne$ium bromide in THF (1.'0 M;2SO 

mL, 250 mmol) ·Wa.s.added. 1n ~~-overs min ~o a inixiUre of titf Ice_:cio g):fu·dcy.· 
1HF (2$0 m.L). and the l-eaction was.allowed to warm to RT and ·concen~. ·The· 
residue was partitioned between water (500 mL) and ether (2SO mL), and the layers were 

separated. The ·aqueous layer was wash~ with ether (2 x 250 mL) and acidified to pH .1 

with concenttated hydrochloric acid. The resulting mixture was cooled in an ice bath and 

filtered. The solid was washed with water and dri.ecl to afford the ti.tie compound (25.92 
g, 67%) as an off-white solid: lH NMR (400 'MHz,. CDQ3) 3 7.90·8.02 (m, 2H), 7.09 (t, 

J::::S.9 Hz:. lH)t 2.34 (d, J :1.7 Hz. 38); IR (chlorofonn) 3400-2300 (broad), 1694 cm-1; 

MS(ES) m/e 155 [M+H]+; m/e 153 [M-H]-. 

b) t·butyl 4-fluoro-3-methylbenzoate 

Isobutylene was bubbled into a suspension of the compound of Example 28(a) 

(3.08 g. 20 mro.ol) in anhydrous ether (15 mL) in a·pressu.re bottle at-78°C tO give a 

reaction volume of SO mL. Trifluoromethanesulfonic acid (0.09 mL, l ~ol) was added 

dropwise, and the vessel was· tightly sealed and wann~d to RT. After·4 h, the reaction 
was cooled and the ves8el was opened. Aqueous 5% sodium bicarbonate was added, and 

the mixrure was stirred in a wann water bath to remove the excess isobutylene. Ether 

was added and the layers were separated. The ether layer was washed with 5% sodium 
bicaibonate and with brine, and dried (MgS04). Concentration gave the title compound 
(3.83 g, 91 %) as a yellow oil which was used without further purification: n.c (toluene) . . 
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Rr0.73; lH NMR (250 MHz, CDC13) a 7.77-7.89 (m, 2H). 7.01 (l, J;:;:8.9 Hz, lH), 2.30 

(d, J:;:l.8 Hz, 3H), 1.59 (s, 9H); IR (CC4) l 7l5t 1369. 1296, 1258, 1167. 1124, 1117, 

1:105 cm·~;· MS(ES) m/e.443 [2M+Na]:t,,421.[2M+H]1\211,[M+H]t, .. 1SS.,[M.+H-C4Bs1't. ....• 

c) t-butyl 4-fluoro-3-(methylaminomethyl)benzoare 
A mix.Lure 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 mtnol),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 lHF (90 mL), and 40% aqueous 

methylaroine (7.9 mL, 91.1 mmol) was added rapidly. The reaction was stirred overnight 
and concentrated. The residue was diluted. with ether and washed sequentifl}ly With l.O N · · . . . 
sodium hydroxide, water. and ·brine. T'he org&nic phase was dried (MgS04)t . 

. concentrated; and the residue was chromatogra.phed (silica gel, 10% methMiol m i:l ethyl 

acetate:chlorofonn) to give the ti.tle·compound (2.58 g. 59%) as a yellow oil: 1LC Rc0.49 

(silica g~. 10% methanol in 1:1 ethyl ac~tateicliiorotom.i); lff'~' ~() MH~. cDCI3) 
8 7.97· (dd, J=-1·:3,' 2:3 Hz, iH). 7 .90 (ddd~ .j~;4~ 5.2, 2.3 Hi, .iH)~=1 ;Q7:~'(app'' .tfi),. 3~83·: .,· . . 
(s,.2H), 2.46 {s, 3H), 1.59 (st 9H); IR (004) 1714, 1368. t297, .1248 •. 1164. 1106 cm·l;· . 

MS(ES) mle 240 [M+H]+, 184 [M+H-c.µis]+. . 

d) t-butyl (S)-4-tluoro-3-[[[4-methoxy-liklioxo-2-
([benzyloxycarbonyl]amino]butyl]methylamino]methyl]benzoate 

Dicyclohexylcarbodlimide (453.9 mg, 2.2 mmol) was added to a solution of the 
compound of Example 28(c) (478.6 mg. 2 mmol), N-Cbz-~asp~ acid ~·methyl ester. 

[J. Am. ·Chem. Soc.; 19, 5691 (1957); J. Am. Chem. Soc., 85, 2483 (1963)] · 

(618.8 rog. 2.2 mmol)7 and 1-hydroxybenzotrlazole hydrate (297.3 mg, 2.2 mmol) in 
anhydrous dhnethylfonnamide (5 mL) at RT. After 24 h, the mixture was diluted Yfith 
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). Dcying 

(MgS04), concentration, and chromatography (silica gel, 2: l hexane:e~yl acetate) gave 

the title compound (0.87 g, 87%) as· a colorless oil:·1LC·Rr0.44 (silica gel~ 2:1 · 
hexane:ethyl acetate}; lH NMR (2SO MHz, CDCl3} mixture of amide rotamers; ·l> 7. 75-

8.00 (m, 2H). 7.15-7.45 (m, 5H), 7.00-7.15 (m, lH), 5.72·5.92 (~, lH),4.91-5.25 (zn, 

3H). 4.45-4.63 (m, 2H), 3.66 (s, 3H), 3.13 and 2.89 (2 x s. 3H), 2 . .58-2.94 (m. 2H). 1.56 

(s, 9H); 1R.(CC4) 3415, 3260. 1736,.1716, 1652, 1497, 1368, 1296, 1252. 1207, 1163, 
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1117. 1109 cm-1; MS(ES) rn/e 1027 [2M+Na]+, 1005 [2M + H]+, 503 [M+H]+, 447 

[M+H-C4(ig]+. 
. . . . . .. . :·- .;, ... . ........ . . ... 

e) t-butyl (S)-4-fluoro-3-[[[ 4-methoxy-l A-dioxo-2-

aminobutyl]methylamino ]methyl]benzoale 
. 

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 h. the reaction was filtered through Celire® and concentrated. Chromatography 

(silica gel, 10% methanol in 1:1 ethyl acetate:chlorofonu) gave the title compound (579.8 

mg, 91 % ) as a colorless oil: TLC Rf 0.50 (silica gel, 10% methanol in l: l ethyl 

acecate:chlorofonn); lH NMR (250 MHz, ·COC13) mixture of amide rotamers; o 7.80·8.05 

(m, 2H), 7.02-7.18 (rn, lH), 4.55-4.88 (m, 2H), 4.15--4.28 (m, lH). 3.71and3.70 (2 x st 

3H)~ 3.11 ~d 2.95 (2 'x S, 3m, '2.76 (da. J=ltS.3, 5.4 HZ, lH), 2..48·2.67 (m, IH). 1. 74 and 

1.57 (2 x s, 9H); IR (CC4) ~380, 1735, 1717, 16S3t 1370, _1298, 1253, 1164, 1112 cm·1; 

MS{ES) m/e 369 [M+H]+, 313 [M+H-C4ffs]+. 

f) methyl (S}'."'(-)·2~·,4,5-tetrahyd~~ 7-(t".butpx}rcarbQoyl)-4-methyl-3-oxo-lH-1,4-
• ' I : .. o '• • ,"'• •' ' • : •,• : ' ..... "j•t. -.': ,', • • ',•, ' ' ,'' ' ' 

benzodiazepiDe~2•acetate . · · · ·. ' .. ·· · · · · · · · · · · · ., · · · 

A solution _of the compound of Example 28(t) (416.1 mg~ ·tl3 mmoI)·and 2,6-di.:. · 

t-butylpyrldine (0.51mL,2.26 mmol) in anhydrous dimethylsulfox:ide (5.7 mL) was 

heated under argon in an oil bath a.t .120-125~ .. After.17.S ~ the reaction wa8 cooled in 

ice-water and diluted with water. The mixture was extracted with ethyl acetate, and the 

combined ethyl acetate layers were washed with water and brine. Dcying (MgS04), 

concentration, and chromatography (silica gel, 3:2 ethyl acetate:hexane) gave the title 

compound (221.8 mg, 56%) as a nearly colorless solid: n..c Rr 0.41 (3:2 ethyl 

acetate/hexane); [a]p-202.7° {c l.O,CH30~; lH NMR (400 MHz. CDC13) S 7.68 (dd. 

1==8.St 1.8 Hz. lH), 1.S9(d,1:::1.8 Hz, lH)t 6.SO (d,J=::8.5 Hz. lH). S.44(d,1=16.4 Hz, 

lH), S.08-S.16 (m, lH), 4.54 (br d, J=4.5 Hz, lH). 3.76 (d, 1=16.4 Hz, lH), 3.75 (s._3H), 

3.08 (s,3H), 3.00 (dd, J=l6.0, 6.9 Hz, lH)~ 2.67(dci1=16.0, 6.3 Hz, lH}, l.57 (s, 9H); IR 

(chloroform) 3560-3240 (br), 1731, 1695. 1663. 1610, 1369, 1302, 1252, 1171. 1146, 

1134cm-l;MS(ES) role 719 [2M+Na]+. 697 [2M+H]•, 349 [M+H]+. 

g) methyl (S)-(-)-7-carboxy·2,3,4.S-tetraJiydr0-4-methyl-3-oxo-lH-l.4-benzbdiazepine·2-

acetate 

A solution of the compound of Example 28(0 'cl76.4 mg, 0.506 mrool) in 

anhydrous dichloromethane (2.5 mL) was cooled to 0°C and deoxygenat.ed through three 

evacuation/argon_ flush cycles. TFA (2..5 mL) was added dropwise over 3 min, and the 

•. 



,•' ·.: 

resulting solution wa8 stirred for 2 h, during which time the temperature rose to +15°C. 

The reaction was concentrated (20°C) and the residue was reconcentrated from to'tuene 

. 0~°C) ~O. rynl:~~~ .~ny .re~~du~l .'rf.A ... ~.Q gi.v~. t~. tiJ~. <?.ompouµ._t~. . . . . . . , . 

. . . 
h) methyl (S)-( -)-7 ... ( 1-[ l '-(t-butoxyearbo'nyi)-4;4'-bipip~ridinyl]carbonyl]-2,3.4,5-

telrahydrQ;.4-roethyl-3-oxo- lH- l.4-benzodiazepine.:2.acetate . 

·The compounq of Example 28(g), 1-hydroxybenzotriazole hydrate (82 mg, 0.607 

mmol), and· 4-(t-buto~ycarb~nyl)-4,4'-bipipeddine (163 ~g. 0.607 mmol) were dissolved 

in anhydrous dimethylformamide {2.5 mL), and the solution was cooled to 0°C under 

argon. Diisopropylethylamine (0.18 mL, 1.01 rnmol) was added, followed by 1-(3· 

dhuethylaminopropyl)-3·ethylcarbodilmi~e hydrochloride (116 mg, 0.607 mmol), and the 

reaction was wanned to RT. Afrar 21 h, the reaction was concentrated and the residue 

'Was p3rtitim:ied befiveen water and chlarofonn. The layers were s~parated and the 

~ueous layer wa~\~x~~d with chloroform. oryhig (MgS04), concentration, ~d 
. . 

chromatography (silica gel, 10% methanol in 1:1 ethyl acetate:chloroform) gave the title 

compound (215.4 mg. 78%) as a yellow foam: TLC Rt 0.50 (10% methanol in 1:1 ethyl 

. a.eeta.te:chlo~of~rm); [cx]o -140.2ci .(c .1.0,CH30H); lHNMR (400 MHz, CDC13) 6 7.os.:. 
. 7j5ciii~.:iH)~.·~:st(d,J~8.3Hi·tm.;5.M'(dd .. J~16.4.Hz,':lH), 5.06 (t, I=6.6·Hz~' lH), : . 

.. . . : . . . 
3.~.80 (br m,.4H), 3.75 (s, 3H), 3.73 (d. J::=l6.4 Hzs.lH), ·3.08.(s. 3H),.2.99.(dd, ·. 

J=~S.8, 6~~ ~z, iH). 2.56-2.93 (~.SH), 1.60-1.83 {m, 4H), 1.46 (s, 9H). 1.08-1.42 (m, 

6H); IR (c,cl4) 3~0,,1735, 1689. :J.669, 1610, 1436, 1426, 1365, 1286, 1173 cro·l; 

:Mscas) ~~ 1os5.(2M+H)~. s6s cM+Na]+~ s43 CM+HJ+. so2~ 487 [M+H·CiHsJ"". 

i) (S)-(~)-7-[l-[l '-(t-butoxycarbonyl)-4,4'·bipiperl~yl]-carbonyl]-2,3,4.S-tetrahydro-4-

methyl-3-oxo-1H-l.4-benzodiazepine-2-acetic acid 

Usmg the procedure of Example 27(b)·(C), the compound of Example 28(h) was 

converted to the title compound. 

~ple29 

Preparation of IS)-7-fl 4.4'-bipigeridin- l-ylWOOnyJJ-2.3.4.5-tetrahydro-4-methyl-3poxoo; 

1H· l .4-be11zodiazepine:.2-scetic acid 

a) 4-fiuoro~3-cyanobenzoic acid 

To a mixture o_f 2.·fluoro.5-methylbenzonitrile (13.5 g, 0.1 mol). 

tetrabutylammonium bromide (1.61g,5 mmol). and rutheniwn(Ill)chloride lrihydrate 

(0.261 g, 1 mmol) in dichloromethane (150 mL) WM added a solution of sodium 
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hypochlorite (645 mL, 0.45 mol) which had been neuu:aHzed to pH 9 with 20% sulfuric 

acid. The reaction mixture was stirred and maintained at pH 9 by adding ~0% sodium 

h_yd~~x~de .. ~.l?~Uf:i~~ ~t .R:'I'.· After ~. h, -~~ _aq~u~ phase w~. ~~p~ted ~~ peu~aµ·~· ~~ .. 
· ·pH 2 with to% sulfuric acid and the solid which formed was filtered to give the title 
compound (3.4 g, 20%) .. mp 177-8°C. ta NMR (CDCI3} ~ 7.35 (t, J==S.70 Hz. IH), 8.38 

(m, lH). 8.42 (m,. lH). · 

b) t·butyl 4-tluoro-3-cyanobenzoate 
To a stirred solution of the compound of Example 29(a}(100 m.g, 0.6 mmol) in 

toluene (20 mL) at 80°C was added a solution of N,N-dim.ethylfonnamide di-t-bntyl 

aceta1(1mL,4 rnro.ol) in toluene (2 roL) over 10 min. The reaction ~.ture was heated 
for I h, cooled, washed with saturated sodium bicarbonate, dried (MaS04), and 

conce;ntrated to give the title Qompound (70 mg, S2%). MS(ES) mle 222 [M+H]+. 1H 
NMR (COCl3) 6 1.60 (9H, s), 7.29(t,1=8.62 Hz, lH) 8.25 (m, lH), 8.28 (m, liQ. 

c) N-[[2-cyano-4-t-buto~ycarbonyl]phenyl]-L-aspartic acid ~methyl ester 

A mixture of the compound of Example 29(b) (6 g, 27 mmol); L-aspartic acid ~ 

roethytester.hydroc.hlotlde (6.1g;33 mmol), and sodium bicarbonate·(8.3t g, 100 mmol) · . . . . . 
in ~ter (20 mL) and dimethyl sulfoxide (80 mL) was·heat.ed at 72°C for- 24 h. The 

reaction ~ixture was diluted with ice cold dilute hydrochloric acid and extracted with 

~thyl_ ~etate. The combined organic phase was ex~~ with cold satUrated ~ueous 

sodium bicarbonate. The basic extracts were combined, acidified to pH 2 with cold dilute 
hydrochloric acid, and extracted with ethyl aeetate. The combined organic extract was 
dried (MgS04), and concentrated to give the title compound (7.1 g, 75%), MS(BS) mle 
349 [M+H]+; 1H NMR (COCI3) ~ 1.57 {S, 9H), 3.01 (m,. 2H). 3.75 (St lH). 4.64 (m, lH). 

S.77 {d, 1=8.49 Hz, lH), 6. 71 (d. 1=8.93 Hz, lH), 8.02 (d~ J=8.93, L8S HZ, lH), 8.08 (d, 

I=l.89 Hz. lH). 

d) N-[[2-fonnyl-4-t-butoxycarbonyl]phenyl]-L-aspartic acid j>.methyl ester 

The compound of Example 29(c) \/.0 g, 20 m.rool) was dissolved in acetic acid 
{65 mL) and placed in a hydrogenation bottle. After cooling. wet Raney® nickel (14 g), 
water (65 n:tL) and pyridine (65 mL) were added. The resulting mixture was purged of 

oxygen with argon for 0.5 h, and shaken in a hydrogen aunosphere .(50 psi) at 60°C for 5 

h. The mixture was degassed, filtered and the flltrate was azeotroped with toluene at S0°C 
under high vacuum. The ~idual oil was taken up in ethyl acetate (300 mL) and washed 
with cold dilute hydrochorlc acid, dri,ed t'MgS04), and concentrated to give the title 
compound as light orange amorphous solid (5.9 g, 84%). MS(ES) mJ.e 352 [M+HJ+; lH 
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NMR. (CDCh~ 8 L59 (s. 9H), 3.00 (m, 2H), 3.74 (s, lH). 4.77 (m, IH), 6.73 (d, J-8.88 
Hz, -IH), 8.03. (d. J=::8.85 Hz. IH), 8.20(d,1=2.12 Hz, lH), 9.20 (d, J:8.3l Hz, lH), 9.88 
(S, lH),. · · .. I ' o , o ' • ', ,' .. :• '• ' 0 •' P '" '-: ', ,:.:~,' ,o o ::. • • o 

e) N-L[2-(N-methyl)aminomethyl-4-t-butoxycarbonyllphenyl]-L-aspartic acid {3-methyl 
ester 

A solution of the compound of Example 29(d) (S.9 g, 16.7 mmol) in ethyl acer.ate 
(100 mL) in a hydrogenation bottle was purged of oxygen with argon for 0.5 h. Platinum 
oxide (0.6 g), anhydrous MgS04 (5.9 g, 49 mmol), and a solution of methylamine (3.2M 
in methanol, 150 mL, 480 mmol) were added. The resulting mixture was shaken in a 
hydrogen atmosphere (50 psi) for S hand let stand for 18 hat RT. After addition of 
acetic acid (75 mL) with cooling, the mixcure was again shaken in a hydrogen atmosphere 
(50 psi) for·2 h; and filtered. the filtrate was concentrated and ateotroped witli.toluene ·· · · · .. 
and the residue was desalted through an XAD-2 (350 g) column elutm with water (1.5 L) 
followed by·a 50% acetonitrile:water. Two fractions (300 m~) were collected. 
co~centrated and the residue was frecze-:<fried to give an off·w~te powd~._Th~.powder 
'Was dissolved in dichloromethane (200 i;nt..), concentrated and the residue w~ azeptroped 
with toluene, and drted'to'give the title co~p~und (s.2 g, 85%). MS~s)"mi~ 36.7 ... ·... ,• 
[M+H]+. 

t) methyl (S)-7-(t·butoxycarbonyl)-2.3,4,5-tettahydro-3-oxo-4-methyl-1H-l ,4-

benzodiazepine·2-acet.are 
To a soluti.on of the compound of Example 29(e) {5:2 g, 14.2 mmol) and 

triethylamine (2.0 mL, 14.4 mmol) in dichlorom.ethane (250 mL) at RT under an argon 
·atmosphere was added benzotriazol .. t-yloxy-tris(dimethylamino)phosphoniwn 
hexatluorophosphat.e (6.5 g, 14.7 mmol). The reaction mixture was stirred overnight at 
RT, and was~ed with an ice-cold solution of dilute hydrochoric acid, water, 5% sodium 
bicarbona~·saturated brine, and then dried (MgS04). The solution was filterec4 . 
concen1rated and the residue was chromatographed (silica gel, 40% ethyl acetatC:hexane) 
to give the title compound (l.l gt 22%). MS(ES) m/e 349.2 [M+H)+; lH NMR (CDC13) 5 
1..57 (s, 9H), 2.67 (dd, 1=15.93t 6.30 Hz, 2H), 3.00 (dd, J=l5.93, 6.77 Hz. 2H). 3.08 (s, 
3H). 3.75 (s, lH), 3.76(d,1==16.44 Hz~ lH) 4.51 (d, J=::4.61. lH), S.11 (m. lH) 5:45 (d~J=· 
16.44 Hz. lH), 6.50 (d, 1=8.44 Hz, lH)t 7 .55 (d, J;;:l.88 Hz, t H), 8~20 (dd, 1=8.48, 1.88 
Hz. IH); [fX]D -225.1° (c l,CH30H). 
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g) methyl (S)-7-carboxy-2,3.4,5-tetrahydro-3-oxo-4-methyl-lH-1 .4-benzodiazepine-2-
acetate 

To a solution .of th~ compound.Qf axaµnpl~ 2.9(f) 069 .m.g, ,q.~ .~~Ql) in ... ,. , ".· ...... . 
dichloromethanc (5 mL) was added 4M hydrogen chloride~dioxane (5 mL, 20 mmol) at 

RT under argon. The reaction mixture w8s stirred for 18 h. The suspension was 

concentrated to give the title compound as an off-white solid. 

h) methyl (S)-7-( ( 4-t~butoxycarbonyl-4'-bipiperidin)-l-ylcarbonyl]-2,3,4,5-tetrahydro-4-

methyl-3-oxo-lH-1.4-benzodiazepine-2-acetate 
The compound of Example 29(g). 1-hydroxybenzotriazole (75 m.g. 0.55 mmol), 

and 4-t-butoxycarbonyl-41-bipiperidine were dissolved in anhydrous dimethylfonnamide 
(2.5 mL). DHsopropylethylamine (0.16 mL. 0.92 mmol) was added, followed by 1-

(dimethylaminopropyl)-3-ethylcarbodiimide hydr~hlori.de (105 mg, ·o.ss ~mo~),. and ·the:: :-' : " 

reactiGn mixture was stirred overnight at RT under ~gon. The reaction mixture was 

partitioned between ice war.er (50 m1:i) and ethyl acetate (30 mL). The layers were 

separated and the aqueous phase was extracted with ethyl acetate (2x3~ mL). The 

combined oigariic extract was (.fried .(MgS04)~ concen~red aqd tti;6 residue was 
' o ' ' • ' : • ' o t' • 0 o' ' ' ' ' o o • ' o' ' o • ' o ' oo I ' •o o o ' ~ o; '' ," 'o 1:0 ' • ' ' o ~ 0 ' .. ~, ' ....... 

chromatographed {silica ·gel; 2% m:ethano)jdichloromethane) to· give :the·.tille "conipound ·:' ... , . .::· : . ..; .. :, 
(lfi2 mg, 59%). MSCES) role 599.0 [M+H]+; lHNMR {CDC13) a ·l.4S'(s,.9H}.1.20 (m~ ..... . 

. . 
6H), 1.70 (m, 4H), 2.66(dd,1=16.08, 6.04 Hz. 2~), 2.81 (br s, 4H)t ~.98(dd,1=16.08, 

7.31 Hz, 2H), 3.06 .(s. 3H). 3.71 (d~ J==l6.44 Hz, IH), 3.73 (s, ~H) •. 3.76 (d, !=:16~4:4 f,lz,. 
' . . . . . . . 

lH) 4.13 (br s. 4H), 5.07 (m. lH) 5.45 (d, J::: 16.44 Hz, lH), 6.52(d,1=8.Sl Hz. lH), 
7.09 (m, 2H); [aJo-139.3° Cc 1,CH30H). · 

i) (S)-7-[ 1-[ l '-(t-butoxycarbonyl)-4.41-bipiperidinyl]carbonyl]-2.3.4~5-tetrahydro-4-

methyl-3-o~o~ lH-1,4-benzodiazepine-2-acetic acid 

Using the procedure o~ Example 27(b-c), the compound of Example 29(h) was 

converted to .the title compound. 

Bxample.30 

Pmparatinn. of <Sl-7-U 4.4'-bipiperidin~ 1-yl]carbonyll-2,3,4..5~tetrahydm+methy1-3-oxo· 

1 H-1.4-beri7.odiaz.epjne.Z-acetic acid . · 
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a) (S)· 7-[[ 1 '-(t~butoxycarbonyl)-4,4'~bipiperidin-1-yl]carbonylJ~2t3,4,S~tetrahydro-4-

methyl-3-oxo-1H- l ,4--benzodiazepine-2-acetic acid 

.· ·'. . ,•. 

The.compound.of exa,rµp~ 27(a).,(~.~5..g. 5 .. 3 mmol) .w~.t.ak;en.J,lp ~ .1:.1 .. · .. '. 1,. '" ••...• 

methanol:THF (30 mL). purged with argon, cooled and treated with IN sodium 

hydroxide (6.3 mL, 6.3 rnmol). The resulting solution wa.i;; stitted 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 

v~cuo to give title compound (2.46 gt 87%). 

b) (S)~7·[[4.4'-bipiperidin]·l-ylcarbonyl]·2,3,4,S-tetrahydro-4-methyl-3-oxo-1H-l,4-

benzodiazepine-2-acetic acid .. . . 
. The compound of Examp~e :3.0(a) (1.46 g, 2.77 mmol) was treated with 4M 

hydqen chloride ~ dioxane· (Jo1fil::)' f~r 1 h under argon. The solution was ~ . . ~ . . .. 
· concentrated and ~e residue was-taken up in water and adjust.ed to pH 9 Oitmus paper) 

with concentrated ammonium hy4io.Xide and the resulting solution was loaded o~to an .. . . 
XAD-2 collll'nn (3 x 7.5 cm). The colu~n was.eluted with water followed by 50% 
aceton.itrile:water.. PractioiiS'contaiiiuig ~e pi~uet w~c combined and lyophilized to 
give the titie. compouµd· (9iO mg">J7%) .Whl~~"\vas·~S~~ed·fron; aq1Je~US ~~one. 
mp (shrinking 193) 218-220°C; lH NMR (4oo MHz,DMS0d6}0 1.0-3.9 {m."26H)t 6~5·· 
8.S (m, SH); MS (ES) m/e 429.2 [M+H]+: HPLC kt .. 5.37 (VyDac C~8, 4.5 x 2SO mm. 

gradient, A:acetonitrile B:w.ater-0.1% ~A, 5%-60%· .. acetonitri.J,e in 20 min, UV detection . ·. . 
at220 run); [~]D-180.3° (cl, MeOH): Anal. (C23H32N404·2.33 H20) calcd: C, 58.71; 

H, 7.81; N. 11.91. found: C, 58.67; H, 7.79; N.11.80. 

·e,mparagoo of CR.S)-7 -£<4.4'-bipipgidin· l-Xl)carbonyl]-2.3,4.5-tetrahydro±methyl-3-

010; 1H-1.4-benzoc1iaze.pine-2-acetic acid 

Using the procedure 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) role 429 [M+HJ+; HPLC k' 
6.5 (Ultrasphere ODS, 4.Sx250 mm, ·gradient. A:acetonitrile B·:wa:rer-0.1 %. tti:tluroracetic 
acid, 5-60% acetonitrile durtngs 20 min, UV detection at 220 run) .. 
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. ptcparatiOn of Sodium <R.Sl-7-£(4.4'-bipiDeridin- t .yncarbonyll-2.3.4.5-tetrah~ro-4-
• • • • • ; . • • ' • • • • • •• ~ • • t • • • • • • • • • • • • • • 

methy1·3-oxo- t H· 1.4-benzodi.w<pine·2·a~at§ 
The compound of Example 31 (10 mg, 0.023 rnmol) wa.s taken up in water (1 mL) 

and lM sodium hydroxide co:o24 mLt 0.024 mmol) was added. The resulting solution 

was lyophllized and the powqer was cryst.allized from aqueous acetone to give the title 

compound as a crystalline solid (2 mg). mp 220·223°C [shrinking 204°CJ. 

. .!\xample 33-34 

a) 1.'J:le compound of ExaµJple l(a) was sep¥ated by chiral HPLC to give the 

following compounds: 
33(a). ·methyl cR)·S-[([2-[N-(be~zytoxycarbonyl)-4-piperidmyl]ethyl]methylamino] 
carbonyl]-2~3.4.S-tetrahydro-4-methyl-3-oxo- t H-l ,4-benzodiuepine-2·acerate: 

HPLC tR 30.4 min (Chiralpak AS, 4.6 x 250 mm, 8 mUniin, l;l .hexane:etha.riol-0.5% 

diethylamine, UV ~etection at 325 nm); HPLC tR. 25.8 min (Ultrasphere Cl8, 4.6 x 250 .. 

mm~ gradient,· A: acetonitrile B: ·water..(). I% TF A • .5-60% a.cetonitrllc over 20 min, UV 

.. detection·ai22cin~) /:.:. · " ·: ·:<.~ .' .... : . . . : . ·" -:".. · " . . · . · . . · 
34(a)· inethyl · (S)~S-[([2-[N-(benZyloxycarbonyl)--4-pipendinyl]ethyl]methylamino] · · . 

carbonyl]-2,3,4.S-tetrahydro-+methyl-3-oxo-1H-l,4-bett7..odia.tepine-2-acetate: 

.. HPLC·tR 22.1 min {Chiralpak AS, 21.2 x 250 mm. 8 mUmin, 1:1 hexanc:ethanol-0.5% . . . '. . . . . . ~ . . . 
diethylamine, UV detection at 254 run); HPLC tR. 25.9 min (Ultrasphere Cl8~ 4.6 x 250 

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

detection at 325 nm). 

b) The.compounds of Example$ 33(a) and 34{a) (100 mg) were 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 mixture was filtered through 

Celite® and eoncentta.tec:l to give the following compounds: · 

33(b). methyl (R)-2,.3,4,5-tetrahydra-4-methyl-3-oxo-8·([[2-( 4-

piperidinyl)ethyl]methylamino]carbonylJ-lH-1~4-benzodiazepine-2-acetate. HPLC tR. 

15.6 roin (C!ltrasphere C18, 4.6.x 2SO mm, gradient, A: acetonitrile B: water-0.1% TFA. 

5-60% acetonitrile over 20 min. TN detection at 220 rim) 

34(b). methyl (S)·2,3,4,5-tettahydro-4-melhyl-3.oxo·8-([[2-(4-

piperidinyl)ethyl]methylamino ]carbonyl)· I H-1.4-benzodiazepine~2-acetate. HPLC tR 

15.S m.Ut (Ultraaphere C18t 4.6 x 250 mm, gradient, A:. acetonitrile B: water-0.1 % TFA. 

5-60% ac:etoni~e over 20 ~. UV deteetion at 220 run). 
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c) Using the procedure of Example l(c). excepL sub-stituting the coropoun~ of 

. EX:&µples 33(b) and 34(b) for the compound of Example. l(b) yielded the following . '•, •: . . ........ :· ..... ·. . . . ·. . ,. . . •,. . ..... ·. . ..... .' .·.· 
compounds: 

33(c). (R)·2,3,4.5-tetrahydro-4-methyl-3-oxo-8-[[[2-( 4-piperidinyl)ethyl] 

methylamino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid: 1HNMR (DMSO·d6) a 
6.f-8.6 (m, SH), 5.0-5.6 (m, 2H), 1.0-3.9 (m, 22H); [cx]o +82.3 (c 0.3, CH30H); MS(ES) 

m/e 403 [M+H]+, [M-H]- 401; HPLC k' 5.0 HPLC tR 15.6 min (UltraSphere Cl8. 4.6 x 

250 mm. gradient, A:. acetonitrile B: water-0.1 % 1F A, 5-60% acetonitrile over 20 min, 
UV detection at 220 run); Anal.(C21H30N404·2.25 C2HF302·2.75 H20) calcd: C,-

50.44; H, 5.78; N, 9.94. found: C, 50.42; H. S.89; N. 10.17 
' . . 

34(c). (S)-2,3,4.S-tettahydro-4-methyl-3-oxo-8-[[[2-(4-piperldinyl)ethyl]methylamino] . 
carboq.yl]·IH-l,4-benzodiazepme·~·acetic acid: 1H NMR (DMSO.d6) a 6.4-8.6.(m, sm, ........... .. 
5.0-S.6 (mT'2H). L0-3.9 (m. 22H); [~]p -110 (c 0.45, CH30H); M~~) m/e 403 . · ... - ' .. . . 
[M+HJ+, [M-H]- 401; HPLC k' 5.0 HPLC tR 15.6 min (Ultra.sphere C18, 4.6 x 250 nitin. 
gradient, A: acetonitrile B: wat.er-0.1 % TF A. 5-60% acetonitrile over 20 min. UV 

detection at 220 run); Anal.(~21H30N404· 1.5 C2HF302· l.25 H20) calcd: C, 43.22; H. 

.. :5.~7; ~.·?.'.9~. 'fpWid;:.C,:4~ .• lO;·H, .S.17;·N, 8.11. ... 

Bxampte35 

fJ;eparatlon of<S)-2.3.4,5-tetrahydro;4-metbyl-3-oxo-8-[[£2-(4-piperjginyll 

ethyl]metbylaminolcarbgnyll-lH- I .4-bepzodiaze.pine-2-acetic acid 

a) t·butyl (S)-4-[N-(t-butoxycarbonyl)-(methylamino )·methyl]-3-[2-( l ,4-dimethoxy-1,4- · 

dioxcr-2-butyl)amino ]benzoace 
A solution oft-butyl 3-amino-4-[N-(t·butoxycarbonyl}N-(methyl)­

aminomethy~]benzoate (10.4 gt 0.03 mol) in ·dichloromethane (JS n:iL) was treated with a 

solution of dimethyl (R)-.2-(trifluoromethylsulfonyloxy)~succinate [Liebigs .Ann. Oiem.. 
314-333 (1986)] (8.8 g. 0.03 mol) and 2,6-di·t-butylpyridine (6 g. 0.03 mol) in 

dichloromethane (10 mL) and the mixture was stllred for 4 d. The mixture was washed 

with dilute hydrochorlc acid., and the organic phase .was washed with aqueous sodiun'.l 

carbonate., dried (MgS04} and concentrated. The residue .was chro~atographed (silica 

gel, 10% ethyl acetate:hexane) and concentrated to give the title compound (73%). 
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. b) t·butyl (S)-4-(methylamino)methyl-3-[2·(1,4-diinethoxy-l,4-dioxo~2~ · 

butyl)amino ]bcnzoate 

.: ...... 

. . A.solut;ion of the .compound of E~ample 3S(a) (13 .i• 0.027 mol) .in ... ·, . : • . .; ·.,, ... 

dichJoromethane (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 

(MgS04) and concen~ted to give the title compound (6.5 g). 

c) methyl (S)-8·(t-butoxycarbonyl)-2,3.4,5-tetrahydro-4-methyl-3·oxo-1H-1,4-
benzodiazepine.2-acetate 

A solution of the compound of Example 3S(b) (6.5 g. 0.015 mol) in xylene (100 

mL) was heated to 130°C for 14.5 h, cooled, and concenttated. The residue was stirred 

with ether, filtered, and concentrated. The residue was chromatographed (silica gel, O.S-
0.75% methanol: dichloromethane) and fractions containing produet were poole9t 
concentrated, diluted with ether and stored in the co.Id for. 3 day&. The .m~rure was 
filtered and the filtrate was concentrated to give the title compoood (2.7 g. 52%). 

. . 

d.) methyl (S)-8-carboxy-2.3.4,5~tetrahydio-4-methyl-3~oxo-1H-l,4-benzodiazepine-2-. . . . . . . 
~rate hydrochloride 

The compound of Example 35(c) (2.8 g) in dichloromethane (10-mL) was treated • 

with 4M hydrogen chloride in dioxane (2S mL) ~d stirred for 16 h. The mixture was 

concentrated to give the title compound. 

e) methyl (S)-2,3,4,5-tetrahydro-4-methyl-3:..0xo-8-[[[2-[N·trifluoroacetyl-4-

piperi.dinyl]ethyl]mcthylamino]carbonyl]-lH· l ,4-benzodiazepine-2-icetate 
The compound of Example 3S(d)(310 mg, 1.1 mmol) and diisopropylethylamine 

(285 mg, 212 nunol) in dimethylformamide (2.5 mL) was added to a miXture of N· 

methyl-2-(N-tritluoroacetyl-4-piperidinyl)ethylarnine hydrochloride (300 m~, 1.1 mmol), 
diisopropylethylamine (140 mg, 1.1 mmol), and 1-Jiydroxybenzotriazole hydrate (1?0 
mg, 1.1 rnmol) in dimethylform.amide (2.5 mL) followed by 1-(3-dimethylaminopropyl)-

3-ethylcarbodihnide hydrochloride (220 mg, 1.1111t1.1ol). The mixture was stirred for 16 
h, concentrated and the residue was triturat.ed. with ethyl acetate and wa~. The 
combined Qrganic phase was washed with. brine, dried ·(MgS04) and concentrated.· The 

- . 
residue was chromatographed (silica gel, 0.5-1.5% methanol:dichloromethane) and 
fractions containing the product were combined and concentrated to give the title 
compound (260 mg, 51%). [<X]D -75.6 (c l,CH30H);.MS(ES) nlJe 513 (M+H]+; 557 

[M+HC02·]·; HPLC tR. 8.22 min (WHELK-0, 4.6 x 25 mro, 1 mL min, 10% 

. ... , 
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methanol:water, UV detection at 220 nM); Anal. (C24H31F3N405·1.5 H20) calcd: C, 

53.33; H, 6.34; N~ 10.36 found: C, 53.39, H. 6.23; N, 9.98. 

. . .. . '• . . . .. . . :,.. . . : ~ ·. . . . . . ~· : ... , . . ........ ~- · .. 

t) (S}-2,3 .4.S~tetrahydro-4-mcthyl· 3-oxo-8-[[(2-[ 4-

piperidinyl]ethyl]methylamino ]carbonyl]-lH· 1.4-benzodiazepine-2-acetic acid 

The compound of Example 35(e) was stirred with sodium hydroxide in 

methanol/water to give the title compound. 

Example36 

Preparation of meUiyl (Sl-7-t·butoxycl[bonyl·2.3.4,5-1;WahydIQ=3-oxo-2-(2-

phenyletbyl)-1H-2·benza~ne-4-ac:etate 
• I' 

a) methyl 5-(t-butoxycarbonyl)-2-[N-(butoxycarbonyl)-N-(2-

phenylethyl)aminomethyl]cinnamate 

To a s~d solution of the compound of Preparation 8(d) (4.9 g, 10 mmol) in dry 

acetonitrile c1s mi.) was ~dded methyl aerylate (3 mL, 40 mmol),' diisopropyl.etliyiamine · . 
·(3SmL, 20 mmoi),:irl.~o-toiylphosbine.'(304 m·g, 1 tnmOl) ·and p~idiqm·acemth:.{ii2·~·g~·: . 
O,S mmol), The reaction was repeatedly evacuated and•flush~"with• argon· ~d then· • ~ .. I . . 
heated to 80°C. After 1 h, an additional amoun~ of tri-o-tolylphoshine (304 mg, 1 mmol) 

and palladium acetate ( 112 mg. o.s mrn~l) waa added and the ~cti~n w~ stirred .for 2 h~ .. 

The' reaction was then cooled to RT, concentrated, suspended with ether (100 mL) and 

petroleum ether (50 mL), filtered free of insoluble mat.erlals 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%). lH NMR {CDCJ.3, 400 MHz)(mixture of amide 

rotomers) i 1.42 and 1.49 (9H, 2 br s), 1.60 {9H, s), 2.74 and 2.84 (2H, 2 br s), 3.28 and 

3.42 (2H, 2 br s), 3.82 (3H, s}, 4.47 and 4.!>7 (2H., 2 br s), 6.43 (lH, d, J=14.8 Hz), 7.os ... 
7.30 (6H, m}, 7.82-7.92 (lH. m), 7.97 (lH, dd). 8.15 (lH, d1 1=1.4 Hz). 

b) methyi S-(t-butoxycarbonyl)-2-[N-{butoxycarbonyl)-N-(2-

phenylethyl)aminomethyl]phenylpropionate 

The compound of Example 36(a.) (4.91 g, 9 .9 :111mol) was hydrogenated at 55- psi·· · · 

H2 over 10% Pd/C (2.S g) in methanol (100 mL) for 7 h. After filtration through a pad ·of · · 

Celite® and concenttation, the remaining oil was purified by ~h chromatography (silica · 

gel, 15% ethyl acetate:hexane) to give title compound as a clear oil (4.48 gt 91 % ). lH 

NMR (CDC13, 400 MHz)(mixture of amide rotomers) 8 1.42 and l.49 (9H, 2 br s) •. 1.60 
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(9H, s), 2.58 (2H, t), 2.77 and 2.82 (2H. 2 br s): 2.92 (2H. br s), 3.31 and 3.42 (2H, 2 br 

s). 3.70 (3H. s), 4.38 and 4.47 (2H, 2 br s). 7.07~7.31 (6H, ro), 7.78 (lH, s). 7.81 (IH, dd). 

. . . .. . . . . . . . ,. ~ ,.,.: . ,. : -,.• . . ' .. . : . . . . . . .. . .. 

c) 5~(t-buto:xycarbonyl)-2-[N·(butoxycarbonyl)-N·(2· 

phenylethyl)aminomethyl]phenylpropionic acid 

'• ..... -:-' . .... 

The compound of Example 36(b) (4.48 g, 9 mmol) was treated with IN sodium 

hydroxide (10 rnL) in dioxane (50 mL) for 16 hat RT. After .acidification with IN 

hydrochloric acid (10 roL). the reaction was excricted with ethyl acetate (2xl00 mL), 

washed with brine, dried (MgS04). filtered and concentrated to give the title compound 
as a white solid (4.12 g, 95%).1LC Rt0.5 (siUca gel, 95:4:1, chlorofonn:methanol:acedc 
acid). 

d) S-(t-butoxycarbonyl)-2-(N-(butoxycarbonyl)~N·(l-· 

phenylethyl)amino~ethyl]phenylpropionyl fluoride . 
To a stirred solution of the compound· of Example 36(c) (4.12 g. 8.5 mmol) under 

argon in dry dichloromethane (25 mL) was added pyridine (0.73 mL, 9 mmol) followed 
by Cya.nUric fluoride (0.56 mi.. 6.1 :iiUD.ol). "After ~tiirlng'for· 2 ·h, the reaction became a 
thick'·snspenston. .. Tlle·reactil?n Viat·'.tfie~·conCeri~ •>'Up ~'~fhei. ciao ~·LY~d: ~· 
filtered through a pad of Celite to remove µisoluble·mat.eriais.· The filtrate ·wu washed 

with cold water. dried (MgS04), filtered and ca~centrated to give the title compound as a 
cl~ oil (4.21 g. 96%). 

e) 4(R.)-benzyl-3-[3-[5-(t-butoxycarbonyl)·2-[N-(t·butoxyca.rbonyl)-N-(2-

phenylethyl)aminoro.ethyl]phenyl]propiony1]-2-oxazolidinone 

To a stirred solution of CR).4-benzyl-2-oxazolidinane (1.8 g, 10 mmol) in dry 
lliF (25 mL} at -78°C under argon wu added via syringe, dropwise, a solution of 2.SN 
n-butyllithium in hexane (3.8 mL). After stining for lS min, a solution of the above the 
compound of Example 36(d) (4.21 g, 8.5 mmol) in THF (10. mL) was added drop~ 

over S min. The reaction was stined for 1 h at-78°C and quenched with saµirated . . 
aqueous ammonium chloride (SO mL). The reaction was allowed to warm io RT, 

extracted with ethyl acetate, dried (MgS04)t filtered and concentrated. Jbe residue was 
·purified by. flash chromatography· (silica gel, 25% ·ethyl acetate:hexane) to· ·give the title 
compound as a whit.e·solid (S.13 g. 89%): lH NMR: (CDCl3,400 MHz)(mixture of amide 
rotomers) 81.42 and 1.49 (9H, 2 br s), 1.59 (9H, s), 2.75 (lH, dd). 2.78 (lH, m), 2.87 

(lH, m), 3.01 (2H. tn), 3.18 (lH. m), 3.23 (lH. dd), 3::n (lH, dd), 3.33 (lH, m), 3.44 

(lH, m), 4.18 (2H, m). 4.46 and 4.SS: (2H, 2 br s), 4.67 (IH, m). 7.16 (6H, ro). 7.29 (SH, 

rn). 7.81 (lH. d). 7.82 (lH, s). 
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f) 4(R)·benzylw3·[3~[5·(t·butoxycarbonyl)-2-[N-(t-butoxycarbonyl)-N-(2-

pbe~yl~~yl_)~~O,llle$yllph~yl]::~(S)-,(me~o~yc~qo~Y.l~eUi,Yl)pi:opio_1;1yl]:-~:- .· 

oxazolidinone 
To a stirred solution of the compound of Example 36(e) (5.13 g, 8 mmol) in dry 

THF (75 mL) with stining at. 78°C under argon was added dropwise via syringe a 

solution of lN lithium hexamethyldisjlazane in THF {8.2 mL). After stirring for 15 min, 

methyl bromoacetate (3.75 mL, 40 mmol) was added in one portion. The reaction was 
allowed to wann to -28°C and stirred for an additional 2 ht quenched with saturated 

aqueous ammonium chloride, 'extracted with ethyl acetate,. washed with brine, dried 

(MgS04), filtered and concentrated. The residue wa.s purified by column . 
~bromatography (~a gel, 20~ ethyl acetate:hexane) to give the ti.Ue compound as a 

white solid (3.00 gt 53% ). ~~ k' ~.9, minor di~tereomer k' 6.4, d.e.88% (Ul~phere, 
4.6x.2~0 mm, i.s mUmin, 20.% .ethyl aceta.te:hexane, UV detection at 254 run); ~H NMR 
(CDCl3, 400 MHz)~ lA-0 and 1.47 (9H, 2 br s), 1.52 (9H, s). 2.44 and 2.52 (lH,'br sand 

br d), 2.70 (lH, dd}, 2.80 (2H. m), 2.88 (2H. m), 3.00 (lH, dd), 3.31 (lH. dd), 3.39 (2Ht 

m), 3.67 (3H, s). 3.79 (lH, t), 4~00 '(lH, :d), 4.30 and 4.38 (lH, br s and br d), 4.SS (3H, 

. "~>."1:-i0~.7.35 (lfH, m'.)t"i~72 . .(:ia~·s);?.79'..cia,:·4d)~ .-.- .. :.· : : . · . 

g) (S)-3-(5-(t-bu~xycarbonyl)w:i.[N-(t-butoxy~bonyl}-N-(2· 

phenyleth~J)amtnom~thyl]phenyl]~2~.(metboxycarbonyJ.m.ethyl)ppropionic acid 

hydrochloride 
To a stirred. solution of the compound of Example 36(f) (1.47 g, 2 mmol) in (3:1) 

TIIF:wat.er (16 mL) at O °C was added dropwise a solution of lithium hydroperox.tde 

made from 30% hydrogen peroxide (0.7 nlL) and lithium bydroXide hydrate (90 mg, 2.1 

mmol) in water (2.1 rnL). After stitting for 1 h at 0°C, excess peroxide was destroyed 

with a solution of sodium suUite (1.28 g) in water (6.2 mL) dropwisc with cooling. The 

reaction was then acidified wif:h 3N hydrochloric acid and exttaer.ed with 

dicbloromethane (2XSO I'l,lL)~ dried (MgS04), filtered and concentrated. 

h) {S)-3-[5-(t-butoxycarbonyl)-2-[N-(t-butoxycarbonyl)-N-(2- . 

phenylethy~)aminomethyl]phenyl]-2·(methoxycarbonylmethyl)-propionic acid 

hydrochloride · 

Th.e compound of Example 36(g) was treated with a solution of 4N hydrogen 

chloride in dioxanc (15 ~L) with stining for 10 min at RT and concentrated without 

heating. The residue was taken up in ethyl acetate and concentrated to remove excess 

hydrogen chloride and crystallized from ethyl acetate:ether to give the title compound 

. ·. 
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(0.75 g, 76%) as a white solid. l_H NMR (<4-MeOH, 400 MHz) 6 1.60 (9H. s), 2.68 (lH, 

dd), 2.81 (lH, dd), 2.98-3.18 (5H. m), 3.42 (2Ht m), 3.68 (3H, s). 4.40 (lH. d, J;:l3.6 · 
· · · Hz);·4.5l (lH, dt J:::13.6·Hz).; 7.32 (SH, m). 7.58·(1H,·d, J=8.0·Hz), 7.90 CiH. dd), 7.95 · 

(1 H, d, 1:::1.4 Hz). 

i) methyl (S)-7-(t-butoxycarbonyl)-2,3.4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-lH-2· 
benzazepiite-4-acetate 

To a stirred solution of the compound 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 tri.ethylamine 
(200 mL. 1.42 mmol), sodium bi~bonace (300 mg, 3.57 mmol), and diphenylphosphoryl 
azide (250 mL, 1.2 mmol). After stining 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 
concentr~ted. The residue was purified by chromatography (silica gelt 35% ethyi . 
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, 0.46x2.50ntm,) 
m!Jmin, 20% EtOH:n-hexane, UV detection at 254 nm); [a]o -71.2 (c 1.4, MeOH); lH 

.. mfil CC~Cl~~ 400.MHz) a 1~60 (9H, s). 2.42 (lHt dd), 2.74 (2H, t), 2.89 {lH, dd), 3.Cfa . 

. clH~"'~), 3.60:·ctli>ril);:3.~2'~c3H. 's),"3.Sl eta d, 1:16~7 Hz). 3.81 (1H, m), 's.io ntI.°d .... 
1==16.7 Hz), 7.00-7.23 (6H, m), 7.69 (lH, s), t71 (lH~ Cl). 

Exungle31 

FJeparatiort of (R.S)-8.£[{4.4'-billitmdln-l-yl)lcarbQnyll-2.3.4.5-tettMydm·2-methlE~­
oxo-IH~2-beoz.ue;pine+acetic &;id 

·a) methyl (R.S)-8-carboxy-2,3,4,.5-tetrahydro-2-methyl-3-oxo-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 metbylamine for 
phenethylamine. gave the title compound. 

b) ~S)-8·[[( 4;4'-bipiperidin-1-yl)]carbonyl]-2,3,4,S-tetrahydro-2-methyl-3-oxo-lH-2-
. . 

beIWlZepine-4-acetic acid 
Using the procedures of Example 25(b)-(c)t except substituting the compound of 

Example 37(a.) for the compound of Example 2S(a)t gave the title compound. HPLC k' 
3.23· (PRP-1; 15% acetonitrllalwater-0.1 % TFA); ta NMR (400 MHz. CD30D) 8 7.21-

7.30 (m;3H), 5$7 (d.1~16.6 Hz, lH), 4.584.74 (m, llI)t 4.07{d,1=16.6 Hz, lH). 3.84-
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3.96 (m. lH), 3.68-3.84 {m, IH), 3.40 (br d, J=l2.6 Hz, 2H), 3.17 (dd. J=17.7, 4.0 Hz, 

lH), 2.69-3. 17 (ro. 6H), 3.01 (s. 3H), 2.47 (dd, J::;;17.0, 4.7 Hz, lH)t 1.10-2.10 (m~ IOH); 

. ::·· ... :·· ...... -·· 

. M~(p~) ml~ 4~~-·~1¥+HJ+, l.14.~~ 205.4; Anal .. (C2.d.i~3N304~.z C~3C02H·a2Pt .. ·: ....... ,•" 

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

~ample38 

Preparation of CR.Sl-2.3.4.5-tetrahydro-7-C t-r 4-(.!bgyriqyl)piperazjnyllcarbonyll-4-

methyl-3-oxo-1 H-1.4:ben?:odiazmjne-2-acetic acid 

· Methyl (R,S)-7-carboxy-2,3,4,S·tetrahydro-4-methyl-3 .. oxo-lH-l ,4-

benzodiazepine-2-acetate (2.0 mrool) dissol'\'ed. in DMF (30 mL) was treated with 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochlotlde (2.2 "rnmol). 1-HOBT (285 ~g. 

2.1 mmol) and adjusted to pH 7 with tii.ethylain~c'. The mixture was treaied with l­

(pyrid4-yl)piperuine (2.4 mmol). stirred at RT f~r 48 h, concentrated and the residue · 

w~ purified by flash chromatography to yield the title compound. HPLC k' 4.01 (PRP-1; 

12% acetonitrile/water-0.1% TFA); lH NMR (400 MHz, CD30D) 5 8.17(d.1=7.4 Hz, 
2H). 7.12-7.24 (m, 4H), 6.63(d,1=9.0 Hz, IH), S.'59(d,1=16.7 Hz, 1~, 5~21 (d.d. J=9.0, 

... ~~1 Hz. IH), :f~o (~. I=l6.7 Hz, IH), 3~ 7-l-3.90·-Cm~ 's:H),' 3:04'.(s, ·~H), i94(dd~1~16~6 •. 
9.0 Hz, lH), 2.66(dd,1=16.8. 5.1 Hz, lH);_MS(ES) m/e 424.2 [M+H]+; Anal.· ., ·. . · · 

(C22H2sNS04·2 CF3C02H) calcd: C, 47,93; H. 4.18; N, 10.75. found: C, 47.86; H, 

4:.40; N, 10.87. 

Example 32 

Pre.paration of (B.,S)-7-rrr 4-laminoiminometlJyllphenyll-methylaminolcarbonyll-2..3.4.S­

. retrahydro-2-.[2-£2-thienyllethy11-3-oxg-1H-2-12enzazepine..4-a.cetlc @Sd 

Using the procedure of Preparation 8(c)-(j}, except substituting 2-{2-

tbienyl)ethanlimine for 2-phenethylamine in the procedure of Preparation 8(c) and 

substituting sodi~ borotiydridc and nickel chloride hexahydrate for Pd/C and hydrogen 

in the procedure of Preparation 8(f) and substituting triethylamine in refluxing tolucme for 

sodium methoxide in methanol in the procedure of Preparation 8(g) and ~bstituting 

li~um hy~xide in aqueous nIF for aqueous sodium hydroxide in methanol in the 

procedure of Preparation 8(j). gave the title compound. 

. ·. 
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Preparation of CR.Sl-2.3.4.5-mtrah.vdro-3-oxo-4-<2-phsmylethylll-].:[[[3-C~ .. ,_ .. ,,,. , .... , ............. ·' .. . 

pigeridnyllprogyllmethylaminol-carbonyl]-1 H-1.4-benzodiazepine-2-acetic aciq 

Methyl (R,S)· 7-carboxy-4-(2·phenylethyl)- l .3,4,S-tetrahydro-3-oxo-2H-1A­

benzodiazepine-2-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with 

benzotriazol-1 ~yloxy-tris(dimethybu:nino)phosphonium b.exafluorophosphate ( 2.2 

nunol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with triethylamine. The 

mixture was treated with N-methyl-3-[N-(tert·bntoxycarbonyl)piperidin-4-

yl]]propanamine (2.4 mmol) , stUred at RT for 48 h. concentrated and the residue was 

purified by flash chromatography. 

Theproduct is dissolved in 50% TFA/methlene chloride at RT and stirred lh. The 

solutlon is concentrated by evaporation of the TFA and meq,ylene chloride. redisSolved · ..... 

. in methylene chloride and re..concentr.ired. 
A portion of the compound (0.26 mmol) was dissolved in methanol (9 mL), and 

1.0 N sodium hydroxide (0.81 m.L, 0~81 mmol) was added. The solution was stirred at 

RT ovezliight, and conc~ntra~d. The reSidue was dissolved iii watCrJaeetoil.itrile. 0. ~L), -. 

cooled to o~c. anci a.cictii'ieci ~tli 'I'FA. (0.21~L.2:1 mmo1J:· ne·sotutio~.wa8 ·.··" .. ::~ .. : .. " .. ,_ · ... 
concentrated and the residue was purified by reversed-phase flash chromatography (C~18·· 

silica &el, ANIW-TFA). Concentration and lyopbilization gave the title compound. 

MS(ES) m/e 507 [M+H]+, 505 [M-H]·. 

Example41 

Preparation _of <R.Sl-2.3.4.5-tetrahydro+metlzyl-3-oxo-7-ITC3-C 4-piperidnyllpmpyll 

methldrunin0Jcarb9nyll- l H-l .4-benzodiazrcpjne-2-acetic acid 

Using the procedure of Exaniple 40, except substituting the compound of 

Example 8(i) ·for methyl (R.S)-7-carboxy-4-(2-phenylethyl)-1.3,4,5-tetrahydro-3-ox9-2H­

l.4··benzodiazepine-2-aceta.t.e, gave the title compound. 

Example42 

freparation of £B.~)-2.3.4.5-tetrabyaro+isopropyl-3-oxo-8-[CC2-( 4-piperidinYll 

ethyllmethyJaminoJcarnonyll-1 H-l .~benzodipze.pjne::2.aceti.c aci~ 
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a) methyl (R,S)-8-carboxy-2,3.4,5·tetrahydro-4-isopropyl-3-oxo- t H· l,4--benzodiazepine-
2-acetate 

. Using the procedure of ExampJe-2(a) except .. substituting isopropylamine for.:· ....... , 
isopentylamine and substituting diisopropylethylamine in refluxing xylene for sodium 
methoxide in methanol in the cyclization step gave the title compound. , 

b) methyl (RS)-2,3.4,5-t.etrahydro-4-isopropyl-3-oxo-8·[[[2-(4-
pyridyl)ethyl]methylamino ]carbonyl]· lH-l ,4-benzodiazepine-2-acetate 

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

c) methyl (R.S)-2.3,4.5-tetrahydro-4-isopropyl·.3-oxo.8{[[2~( 4-piperidinyl) 
ethyl]methylamino]carbonyl]-lH-.1,4•benzodiazepine .. 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) @.,S)-2,3,4t5·tetra4ydro-4-isopropyI-3..0xo-8-[([2-(4-piperidinyi)ethyl] . 
. • . • . • • • .· • :• • • . .. • •. •• . "' ••• J: •• '• •. • • . • • 

methylamirio]catbonyl]-1H-1;4-beniod~pin~2-aeeti¢··acid •· -·:-,.· ·· · · ·· - .. 
. ·Using the procedure of Example 2(d), except substiwting ~e compolllld of 

Example 42(c) for the compound of Example 2(c), gave the title compound. 
•' •, 

Jample43 

PrCllaration ofCSl-2.3,4.5-te1.J'Bb.ydro-4;Q-pbenylethyJ) .. J·OXQ-8 .. fff1·(4-
gip§ridinyl~llmetl\Ylaminolcarbonyl]-1 H-1.4-benzgdiazepinc-2-acetic acid 

Using the procedure of Example 35. except substituting t-butyl .3-amino-4-[N-(t­
butoxycarbonyl)-N·C2-phenylethyl)aminomethyl]benzoate for t-butyl 3-amino-4-[N-(t-. . 
butoxycarbonyl)-N-(methyl)-aminomethyl]benzoate in Example 35(a} gave the title . 
compound. 

f!rQparation Qf Cg.Sl-2-UC4--CaminoiminomethyUphenyU-carbonyllmetbylaminoJ·2.3 .. 4.5-
~trahydI'Q·3=Qxo-2-C2-J2benylethyll·l H-2~lxmzazet>i13e+acetic acid 



' . . . . . .. ... · : ... ,.~ . . . ...... 
. ··.· .. . . . 

. .. 
•. . . •. : : •.•. . i .. ..• • .· 

. i 
' ' 

... -.64.;... . · ... : 
THIS SHEET HAS BEEN 

REPLACED 

a) methyl (R,S)· 7-(benzyloxycarbonyl)amino-2,3,4,5-tetrahydro-3-oxo-2·(2-

'henylethyl]- IH-2-benzazepine-4-acetate 

.... A,.mi.xntre.pf .~ethyJ (R,S)-7.;:.-carboxy-2,3,4,5-:~~ydrQ-3-oxo-:2~(2'!phenylethyl)­

lH·2-beniazepine-4 .. acerate (2.67 mmol), triethylamine (0~42 mL, 5.87 mmol) and 

iiphenyl phosphoryl~de (0.62 mL, 2.80 .mmol) in toluene (20 mL) was heated at 105°C 

for 0.5 h. After the temperarure was lowered to 80°C, the mixture was treated with benzyl 

alcohol (0.60 mL, 0.42 mmol), stirred for:l4 hand concentrated. The residue was 

purified by flash chromatography to give the title compound. 

b) methyl (R,S)· 7-[N-(benzyloxycarbonyl)methylamino]-2,3,4,3-tetrahydro-3-oxo-2-(2-

phenylethyl]· lH-2-benzazepine-4--acetate. 

The compound of Example 169(a) was treated With sodium hydride and 

iod~rnethane in 4:1 THF:dimethylfonnamide to give the.title compound. , 

c) methyl (R,S)-7 ~methylamino·2,3,4,S-tettahydro-3-oxo-2·(2·phenylethyl]-1H-2-

beniaz.epine--4-acetate . 
. · · . Using the pro~~ of Exanipte 19(c), except substituting the compound of 
Example I6~Cb) .. for. tlie-comi>~und-or llX&mpf~"1~cb) save·th~ tirie ~ompound. 

d) ·methyl (R.S)-7-[[( +CN-benzyloxycarbonyl}(8;Minoimino­
m.ethyl)phenyl]carbonyl]1J1ethylaminoJ-2,3,4.S:"tetrahydro-3·oxo~2-(2-pheny1ethyl]· IH-2-. . . . . 

benzazeplne+acetate 
The compound of Example 169(b) is treated with 4-[N· 

(benzyloxycarbonyl)(aminoiminomethyl)]benzoic acid, BOP andtrietbylamine in 5:4 

dichloromethane:THF to give the title compound. 

e) methyl (R.,S)-7-[[[4--(aminoimiom.ethyl)phenyl]carbonyl]-amino]-2,3,4,5-tetrahydro-3-

oxo-2-(2-phenylethyl]· lH·2-benzazepine4-acetate 

Using the procedure of Example 19(c)~(d), except substituting Che compound of 

Example 169(c) for the compound of Example 19(b) gave the title compound. 

Example~· 

Pamnte@l .Qosage Unit CQlllposition 

A preparation which contains 20 mg of the coin.pound of Example 1 as a sterile 

dry 'powder i8 prepared as follows: 20 rog of the compound is dissolved in 15 mL of 

distilled water. : The solution is filtered under sterile conditions into a 25 mL multi-dose 
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ampoule and lyophiliied. The powder is reconstituted by addition of 20 mL of 5% 

dextrose in water (D5W) for intravenous or intramuscular injection. The dosage is 

. ~.e@py .deter:mJn~4. bY .. tb~ !nj~ti~J1 v:ol~f!l~· . Sups~crnent djlutlon ~.ay -~ 1Jl.a4~ ~Y 

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 me drug, as in a 

bottle or bag for IV drip infusion or other injection-infusion syst.em. 

Qral Dgage Unit Cpmposition 

A ·capsule for oral administration is prepared by mixing and milling 50 mg of the 

compound of ~~ple 1 wi~ 1s·mg of lact9se and 5 mg of magnesium stearate. The 

resulting powder{~ s~ned and filled into a hant gelatin capsule. 

Example §;7 

· Oral Dosage Unit CgmpositiQD 

. :-···;:· · -<A:~le(ior.-.~rai·admlni.Suation is prepared by mixing and granuiating 20 ing of 

sucroSe, 1~0 mg of calcium sulfate dihydrate and so· mg of·the·compound of Pxample· l · 

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

s~h. 5_.mg t,alc ~d 3 mg stearic acid; and compressed into a tablet 

The foregoing is illustrative of the miking 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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What is claimed is: 

.1... . , A cQmpo~d. ~hqsen fcom the group: 

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

-- . . -. -. ·.· ·• ... 

methylamino ]carbonyl]-I H-1.4-benzodiazepine-2-acetic acid; 

(R,S)-2,3.4t5-tetrahydro-4-isopentyl-3-oxo-8-[[[2~(4-piperidinyl)ethyl]mechylaminoJ 

carbonyl]-lH-l,4-benzodiazepinc-2-acetic acid; 

(R.S)-8-[[[4-(aminoiminomethyl)-3-fluorophenyl]methylamino]carbonyl]-~.4,5-

tetrahydro-3-oxo4-(2-phenylethyl)-1H-l,4-bcnzodiazepine-2-acetic acid; 

(R,S)-8-[[ (l,2,3,4--tetrahydro-7-isoquinolinyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-

4-(2-phenylethyl)-lH- l,4-benzodiazepine-2-acetic acid; 

{R,S)-7-(( 4.4'-bipiperldin-l-yl)carbonyl]·4-[2-(cyclohexyl)ethyl]-2,3,4,5-tetrahydro-3-

oxo-1 H-il ,4-benzodiazepine-2-acetic acid; 
(R,S). 7-[[ 4-(2·aminoethyl)piperidin-1 ·yl]carbonyl]-2.3A..S;.tetrahydro-3-oxo-4-(2-

phenylechyl)-1H~ 1,4--benzodiazepine-2-acetic acid; 
(R,S)-7-[[(l).:JA-t.etrahydro-7-isoquinolinyl)amino ]carbonylJ-2,3,4,5-tetrahydro-3-oxo-

4-(2-phenyleth:yl)· 1 H-l ,4-benzodiazepine~2-acetic a~;· . 

c.RtS>~ 1:[( 4,4~~bipiperidin- l-yl)carbony11-2:3~4.s-tetrahytir04rii.eth.y1-3~oxo-1H-:1.4-· 

benzodia.zepine-2-acetic acid; . .. , ,. ... 

CRtS)-2,3,4.5-tetrahydro-3-oxo-2 ... (2-phenylethyl)-7-[[[2-{l-piperazinyl)ethyl] 

rnethylamino ]-carbonyl]-lH-2-benm:epine-4-acetic acid; 

(R,S).2.-butyl-2,3,4,5-tetrahydro-3-oxo-7-[[[2-{piperidin:-4-Yl)­

ethyl]methylamino]carbonyl]-lH-2-benzazepine-4-acetic acid; 

2-benzyl-2,3.4,5-tetrahydro-3-oxo-7-[[[2-{piperldin-4-yl)-etllyl]methylamino ]carbonyl]· 

IH-2-benzazepine-4-acetate; 

2,3,4,5-tetra.hy~ro-3-oxo-2-(S-phenylpentyl)-7-[[[2-(piperidin-4-yl)-ethyl]methylaminoJ 

carbonyl]-lH-2-benzazcpine-4-acetate; 

(R,S)-7-[([ 4..(aminoiminomethyl)phenyl]methyl-amino ]carbonyl]-2,3,4.5-tetrahydro-2-

isopropyl-3-oxo-1H-2-b1;nzazepine-4-aceti.c acid; 

R,S)-2,3.4,5·tettahydro-2-isopropyl~3-oxo-7-[[[2·(4-pipcridinyl)ethyl]methylamino] 

carbonyl]· lH-2-benzazepine-4-acetic acid; 

(R,S)-2,3,4,5-tettahydro-2-isopentyl-3-oxo-7-[[[2·( 4-~peridinyl)ethyl]roethylaroino] 

carbonyl] .. lH-2-benzazepine-4-acetic acid; 

(R,S)-2-(3,3-dlmethylbutyl)-2,3,4,5·tetrahydro-3-oxo-7-[[[2-(4-piperidinyl)ethyl] 

methylamino]carbonyl]-lH-2-benzazepine-4-acetic a.Cid; 
(R.S)-2-cyclohexyl-2,3,4.5-tetrahydro-3·oxo-7-[[[2-( 4-piperidinyl)ethyl] 

methylarnino ]carbonyl]· I H-2-benzaiepine-4-acetic acid ; 

--··-·-

f 
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(R,S)·2-[2-( 4-fluorophenyl)ethyl]-2,3.4,S-tetrahydro-3-oxo-7-[[[2-( 4.:pipcridinyl)ethyl] 

methylamino ]-carbonyl]-1 H-2-benzazepine-4-acetic acid; 

· ·(R,S)-7-[[[ 4-(aminoiroinomethyl)phenyl]-carbonyl]amino ]-2,3,4;5-tetrahydro-3~o~o-2-(2- ·, · .. · 

phenylethyl]-.1 H-2-benzazepine-4·aced.c acid; 

(R.,S)-2·[2-( cyclohexyl)ethyl]-2.3,4,5-tetrahydro-3-oxo-7-[[[2-( 4-piperidinyl)ethyl] 

carbonyl] amino]· l H-2-benzazepine-4-acetic acid; 

.. (R,S)-8-[(4,4'-bipiperidin-1-yl)carbonyl]·2.3.4tS·tetrahydro-3-oxo-2-(2-phenylethyl)-lH-

2-benzazepine-4-acetic acid; 

(R..S}-2,3,4.5-tetrahydro-3-oxo-2-(2-phenylethyl)-7-[[[2-( 4-piperldinyl)ethyl)­

methylamino ]carbonyl]-lH-2-benzazepine-4-propionic acid; 

( + )-7-[ (4,41-bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-3·oxo-4-(phenylethyl)-1H-1.4-

benz0diazepine-2-acetic acid; 

(-)-7-[(4.4'-bipiperidin-l-yl)carbonyl]-2.3,4,5-tetrahydro-3-oxo-4-(phenylethyl)~lH-l,4-

benzodiazepine-2-acetic acid; 

(R,S)-7-[[( 4,4'-bipiperidin-l-yl)]carbonyl]-2,3,4,5-tetrahydro-4-isopropyl-3-oxo-1H_-l,4-

benzodi~pine~2-acetic ~d; . . . . 

(R)-7::-[(4,4'-bipiperidin-1.-y~~~onyl]-2.3,4,5-tetrahydro-4-me~yl-3-o~o-}~--1,+ :·_ .. · .. , . .. . 
ben~d~p4i~2-acetic aadi... . ·.- . . . . . . . ·.. . : . :, ' .. -~ ... " 
(S)-7 .. [(4,4'-bipiperidin-1-yl)c~bonyl]-2,3,4,5-tetrahydro4-meth!l-3-oxo-i1H~1,4-

benzodiazepine-2-acetic acid; 

Sodium (R,S)-7-[( 4,4'-bipiperidin-l-yl)c~bonyl]-2,3,4,S..tetrahydro-4-mcthyl-3-Qxo-IH-

1,4-benzodiazepine-2-acetate; 

(R)-2,3.4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4-piperi.dinyl)ethyl] 

methylamino]carbonyl]~ lH-1,4-benzodiazepine-2-acetic acid; 

(S)-2,3,4,S-tetrahydro-4-methyl-3-oxo-8-[([2-(4-pipertdinyl)ethyl] 

methylamllio ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid; 

(R.S)-8-[[( 4.~'-bipiperidin-l-yl)]carbonyl]-2,3,4,S·tetrahydro-2-methyl-3-oxo-lH-2-

benzazepine-4-acetic acid; 

(R,S)-2,3,4,S-Tetrahydro-7-[1-[4-(4-pyridyl)piperazinyl]carbonyl]-4-meth~l-3-oxo-IH-

1,4-benzodiazepine-2-acetic acid; 

(R,S)-7-[[[ 4-(aminoiroinomethyl)phenyl]-methylamino ]carbonyl]-2,3,4tS-tetrahydro-2-

[2·(2-thienyl)ethyl]..:3-oxo-lH-2;.benzazepine-4-acetic acid; 
. . 

(R,S).2,3,4,5·tetrahydro-3-oxo-4-(2-phenylelhyll)·7-[[[3-(4-piperidnyl]propyl] 

methylamino ]-carbonyl]-lH-1,4-benzodiazepine-2-~tic acid; 

(R.,S)-2,3,4,5-te~ydro-4-methyl-3-oxo-7-[[[3-(4-piperidnyl]propyl] 

methyla.mino ]carbonylJ-lH-1,4-benzodiazepine-2-acetic acid ; 

----"-...~;-
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(R,S)~2,3,4,5-tetrahydro-4~isopropyl-3-oxo-8-[[[2-(4-piperidinyl)ethyl] 

~ethylamino )carbonyl]-1 H • l ,4-benzodiazepine-2-acetic acid; 

. (SF~.3.4.~~tetr~rch:o".'4·(~:-P~e~y~~rt)-~-~~~".'~".'lClf-:(~~ . . . .. .. .... . . , ..... : . ...... .. . .. 
piperidinyl)ethyl]methylamino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid; .and 
(R,S)9 7-[[[4-(aminoiminomethyl)phenyl]-carbonyl]methylamino]-2,3,4,5-tetrahydro-3-
ox.o·2·(2-phenylethyl]-1H-2-benzazepine-4-acetic acid, 

and pharmaceutically acceptable salts thereof. 

2. A compound which is chosen from: 

and 
(JI) 

R is H, C1-6alkyl, benzyl or a. carboxy protecting group. · 
R3 is C145alkyl,' C3~enyl, Ar·C1-48lkyl or Het-C14alkyl.; and 
Xis H, C14~l. C14a1k:oxy, C14alkyltbio, trifluoroalkyl, N{R')2,, CC>lR', 
CON(R ')2, OH, F, ci Br or I; 
and pharmaceutically accepta.ble salts thereof, 
pm~ded ttiat if X is Hi R3 is not phenylethy4 or with respect to fonnula (III), 
cyclohexyl. 

3. A compound aceording to claim 1 which is: 
(R,S)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2·(4-piperidinyl)ethyl] 
methylamino ]carbonyl]-1H-1.4-benzodia.zepine-2~acedc acid; or 
(S)·2,3,4,S-tetrahydro-4-methyl-3-oxo-8-;[[[~(4-pi~~dhiy1)ethylJ 
methylamino]carbonyl]-lH· l,4--benzodia:zepine-2-acetic acid; 
or a phannaceutically acceptable salt thereof. 

4. A compound according to claim l which is: 



/ 

111111111111111111111111111111 
* C L M S * 

. . - . 
I o ·~ • '• :;, > :~ • • ,..•, ' . .. .·. .. . 

.. :· : .. :.'." .. · ...... :··· -· .... '. ,:·: .·· "·-·69 ~" .. "'·. :· ...... · ... ,'. .. .. 

(R,S)-7-[( 4.4'-bipiperidin-l-yl)carbonyl]·2.3,4,5-tetrahydro-4-methyl-3-oxo-1H-l ,4-

benzodiazepinc-2-acetate;or 

(S)-7 r[(4,4'-bipiperidin-l-yl)carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo-1 H-1,4-
... ·ben~di~pi~e-2-~cetic ~cid · · · · · · · · · · ..... · · · · · · · , · · · 

or a phannaceutically accepcable salt thereof 

5. · A pharmaceutical composition cornp~ing a compound according to any one of 

claims 1-4 and a pharmaceutically acceptable camer .. 

6. A method for inhibiting platelet aggregation which comprises administering a 

compound according to any one of claims 1-4 ~ a mammal in need thereof. 

7. , A method for treating myocardial infarction, thrombo.sis,.embolism, stroke and 

infarct-related diso~~~rs, or restenosis following angioplasty, which comprises 

administering a coip.pound according to any one of claims l-4 to a mammal in 11:eed 

thereof. 

. . 

8. A I!leth~d ~oi:. ~~iting r.eoc9I~tjn.. of ?.J;i .~cy .or yein ~~UOo/ing th~o~bolytic 

the~py comprising administering a compou~d aecording to· any one-of.claims 1-4 and a 

thrombolytic agent. 

.. 
9. The use of a oompound according to claim l in the manufacture of a medicament 
for inhibiting plat.elet 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 angi~pla.sty. 

l l. A process for preparing a.compound according to claims 1-4, which, comprises 

treating a compound of fonnula (IV): 

wherein 
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Al is NH or CH2; 

R is H, C1-6alkyl, benzyl or a carboxy protecting group. 
R.3 is C1-6alkyl, C3.6alkenyI, Ar-C1-4Al.kyl or Het-C14alkyl.; and 
xis ii: C14~yl, cj~aiko~y. c'i~atkylthio, tririuo~oalkyl~ NcR')it COiR'~ 

CON(R')2, OH, F. Cl. Br or. I; 
R6' is R6 wherein any basic nitrogen is protected; 

with a reagent, in 211y order, . 
. O) to r81~~ove an-amino protecting group from R6~ and, if necessary. 
(ii,Yto·remawe a c~oxy protecting group from C02R. 

12. A proces5-· for preparing a pharmaceutical composition comprising admixing a 
• compound accorc,ling to any one of claims 1-4 with a phannaceutically acceptable canier. 

;·.: .. · 
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