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Bicyclic Fibrinogen Antagonists
ield of h Invention

This invention relates to novel bicyclic compounds which inhibit platelet
aggregation, pharmaceutical compositions containing the compounds and methodsof
using the compounds. ' ' Fe - )

Background of the In ni.n

Platelet aggregation is believed to be mediated primarily through the fibrinogen
receptor, or GPIIb-IIIa platelet receptor complex, which is a member of a family of
adhesion receptors referred to as integrins. It has been found that frequently the natural
ligands of integrin receptors are proteins which contain an Arg-Gly-Asp sequence. Von
Willebrand factor and fibrinogen, which are considered to be natural ligands for the
GPIIb-IIIa receptor, possess an Arg-Gly-Asp (RGD in single letter amino acid code)
sequence in their primary structure. Functionally, these proteins are able to bind and
crosslink GPIIb-IIIa receptors on adjacent platelets and thereby effect aggregation of
platelets. |

Fibronectin, vitronectin and thrombospondin are RGD-containing proteins which
have also been demonstrated to bind to GPIIb-IIa. Fibronectin is found in plasma and as
a structural protein in the intracellular matrix. Binding between the structural proteins
and GPIIb-Ila may function to cause platelets to adhere to damaged vessel walls.

Linear and cyclic peptides which bind to vitronectin and contain an RGD
sequence are disclosed in WO 89/05150 (PCT US88/04403). EP 0 275 748 discloses
linear tetra- to hexapeptides and cyclic hexa- to octapeptides which bind to the GPIIb-IITa
receptor and inhibit platelet aggregation. Other linear and cyclic peptides, the disclosure
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of which are mcuiporated herein by reference, are reported in EP_-A 0341 915. However,
the peptide like structures of such inhibitors often pose problems, such as in drug

- delivery, metabolic stability and selectivity. Inhibitors of the fibrinogef receptor which

are not (_:_onsiructcd of natural amino acid sequences are disclosed in EP-A 0 372,486, EP-

LA 0381 033 and EP-A 0 478 363. WO 92/07568 (PCT/US91/08166) discloses
' ﬁbrinogcn receptor antagonists which mimic a conformational y-turn in the RGD

sequence by forming a monocyclic seven-membered ring structure. There remains a
need, however, for novel fibrinogen receptor éntagonists (e.g. inhibitors of the GPIIb-Illa
protein) which have potent in vivo and in vitro effects and lack the peptide backbone
structure of amino acid sequences.

_The present invention discloses novel bicyclic compounds including benzazepines

and bcn'zodiachir_i'es, which are inhibitors of the GPIIb-Illa receptor and inhibit platelet. ... . ..
- aggregation. Certain 5-phenyl-1,4-benzodiazepines are known as a class of drugs which

affect the central nervous system, and have been used as anxiolytics. See Sternbach,
L.H.,J. Med. Chem., 22, 2 (1979). It has also been disclosed that certain 5-phenyl-1,4-
benzodiazepines antagonize the effects of cholecystokinin.- See Friedinger, M ed. 'Res'
Rev., 9, 271 (1989). Certain blcychc compounds which have: fibnnogen antagonist
acuv1ty are disclosed in WO 93/08174 (PCTIUS92/08788) and WO 93/00095
(PCT/US/92/05463).

mm Inventi

In one aspect this invention is a bicyclic compound comprising a substituted six-
membered ring fused to a substituted seven-membered ring as described hereinafter in
formula (I).

Th1s invention is also a pharmaceuucal composition for inhibiting platelet
aggregation or clot formation, which comprises a compound of formula (I) and a
pharmaceutically acceptable carrier.

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

In another aspcét, this invention provides a method for inhibiting reocclusion of
an artery or 'vein in 2 mammal following fibrinolytic therapy, which comprises internally
administering an effective amount of a fibrinolytic agent and a compound of formula (I).
This invention is also a method for treating stroke, transient ischemia attacks, or
myocardial infarction.
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il escription of the Inventi

“Thiis invention discloses novel bicyclic compounds which inhibit platelet =~
aggregation. The novel bicyclic compounds comprise a seven-membered ring fused to an
aromatic six membered ring and having a nitrogen-containing substituent on the six
membered ring and an aliphatic substituent, preferably containing an acidic moiety, on
the seven membered ring. The fused 6-7 ring system is believed to interact favorably
with the GPIIb-IIla receptor and to orient the substituent sidechains on the six and seven
membered rings so that they may also interact favorably with the receptor. '

Although not intending to be bound to any specific mechanism of action, these
compounds are believed to inhibit the binding of fibrinogen to the platclet-bound
ﬁbnnogen receptor GPIIb-1lla, and may interact with other adhesion proteins via
antagonism of a putative RGD bmdmg site.

The compounds of this invention are compounds of formula (I):

wherein

Alis O, S, N-R! or CHR];

A% is N-R# or CHR;

R2is R7 or Q-C; 4alkyl, Q-C;4alkenyl or Q-C;4alkynyl substituted by R7;

R1, R4 and RS are H, Q-Cj_galkyl, Q-C1.goxoalkyl, Q-Co_galkenyl,
Q-C3-40xo0alkenyl, Q-C3_goxoalkynyl, Q-Cy.4alkynyl, C3.gcycloalkyl, Ar or Het,
optionally substituted by one or more of R11;

Qis H, C3_gcycloalkyl, Het or Ar; )

Rbis W-(CR'z)q—Z-(CR'Rlo)r-U-(CR' s~ V-;

. R7is -CORS, -COCR')RY, -C(S)RS, -S(0):OR', -S(O);NRR", -PO(OR),

-PO(OR"),, -B(OR’), -NO, and Tet;

R8is -OR', -NR'R", -NR'SO;R’, -NR'OR', -OCR'2C(O)OR' -OCR,0C(0)-R’,
-OCR'zC(O)NR'z, CF3; or AA;

R9is -OR', -CN, -S(O).R", S(O),NR's, -C(O)R' C(O)NR'; or -CO5R%

R10is H, C;_4alkyl or -NRR";
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R11 is H, halo, -OR12, -CN, -NR'R12, -NO,, -CF3, CF35(0);., -COR', -CONR’,,
Q-Co-galkyl-, Q-Cy_goxoalkyl-, Q- Cz-salkcnyl- < Cz-salkynyl- Q- Co ﬁalkyloxy-

+ Q-Cy:galkylamitio=‘'or Q-Cyalkyl-S(O);.; -

R12js R', -C(O)R', -C(O)NR'5, -C(O)OR1>, -S(O) R or S(O),NR'y;

R15 is H, C; galkyl or Ar-Cg 4akkyl;

R'is H, C;_galkyl, C3.5cycloalkyl-Cpsalkyl or Ar-Cp 4alkyl;

R"is R',-C(O)R' or -C(O)ORIS;

R"is R" or AA2;

AALl is an amino acid attached through its amino group and having its carboxyl
group opuonally protected, and AA2 is an amino acid attached through its carboxyl
group, and havmg its amino group opnonally protected;

U and V-are absent or CO, CR’,, C(=CR"2), S(0),, O, NR', CR'OR/,

CR'(d "CR'y, CR2CR'(OR"), C(O)CR'y, CR';C(0), CONR', NR'CO, OC(0), C(0)0,
C(8)0, OC(S), C(S)NR', NR'C(S), S(0),NR', NR'S(0),,, N=N, NR'NR', NR'CR'5,
CR’;NR', CR';0, OCR’5, C=C or CR'=CR', provided that U and V are not
simultaneously absent; - : |

wisrrn- o (D

- Zis (CHy), or Het;

mislor2;

nis0to3;

qisOto 3;

risOto 2;

sis0to 2; and

tisOto2; or
pharmaceutically acceptable salts thereof.

In another embodiment, this invention is5 a compound of formula (II):

(@)
wherein R}, R2 R4, R and R!! are as defined in for formula (I) and R6 is W-(CR'2)-Z-
(CRR10),- -(CR'Z)S-V- where U, V and R' are as defined for formula (I), R10 is H,

Ci4alkyl or -NR'R", W is RN, HgNC(=NH), HoNC(=NH)NH or @ ;and Zis Ar,
C3-7cycloalkyl, (CHj), or Het. In particular, compounds of formula (IT) where RlisH,
Ci.4alkyl or C(O)R"; R2 is CHCOH or CH;CH2CO5H, R4 is H, Ci-gatkyl,
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are suitable. :

-+ == = In yet-another embodimenit of this invention, compounds of formula (III) are

provided
5
_ N\go
RG_C I
1172
R N\R"’

O

¢y

wherein R2, RS and R1! are as defined for formula (I), and RS is or

'/'\ y~(CHaz U NACHIU - R A (CHAU
. 1 __
(\N/CO

, wherein E is N or CH, R20 is hydrogen, amino, mono or di-C;._

4aikylamino, hydroxy or C;_4alkyl, and U is NR'CO, CONR', (CH,)CO, CH=CH or
C=cC. o
| Also included in this invention are pharmaceutically acceptable addition salts,
complexes or prodrugs of the compounds of this invention. Prodrugs are considered to be
any covalently bonded carriers which release the active parent drug according to formula
() in vivo.

In cases wherein the compounds of this invention may have one or more chiral
centers, unless specified, this invention includes each unique nonracemic compound
which may be synthesized and resolved by conventional techniques. In cases in which
compounds hz{vc unsaturated carbon-carbon double bonds, both the cis (Z) and trans (E)

isomers are within the scope of this invention. In cases wherein compounds may exist in
0 OR'

tautomeric forms, such as keto-enol tautomers, such as /u\ and /g ,and
tautomers of guanidine-type groups, such as R"R'N” "'NR™-X- and R“R'N*N-X- ,each
tautomeric form is contemplated as being included within this invention whether existing -
in equilibrium or locked in one form by appropriate substitution with R'. The meaning of

any substituent at any one occurrence is independent of its meaning, or any other

substituent's meaning, at any other occurrence, unless specified otherwise.



Suitably R8 is -OR', -OCR'2C(O)OR, -OCR'2C(O)NR'2 or OCR20C(O)-R,
. preferably -OR".

-Suitably R5 R10 and R“ are H
Suitably (CR'R10)-U-(CR',)s-V is (CR'R10),-U- or -U-(CR'p);,
5 Suitably U is CO, CONR' or NR'CO.
Preferably, (CR'R10),-U-(CR')¢-V is (CH)g2NR'CO, (CHy)p2CONR', (CHyp)g.
2CO, (CH3)g2CH=CH, (CHp)g2C=C, (CHj)1.30, or (CHy);.5. More preferably,
(CR'R10),-U-(CR'p)s-V is (CH)y.oNR'CO or (CHp)g.oCONR', where R’ is H or methyl.

Preferably W is @ .

10 Preferably, Z is piperidinyl, piperazinyl or (CHy),. Suitablytis 1 or2.
- Particular examples of R6 are:
= £~ (CHz U ~CHzU = R l - (CH22U
N _J - e P
15
(\ N -CO
e
@ , and R"HN-(CH,)5-U wherein E is N or CH , R20 is hydrogen, amino,
mono or di-C;_salkylamino, hydroxy or C;_4alkyl, and U is NR'CO, CONR', (CH,)CO,
CH=CH, C=C, CH?_O, OCHz and (CH2)2.
Preferred illustrative examples of RS are:
20

(CHZ)ZNR co N ~ (CH2),NR'CO
O/ . l!l/\)/\/\/ \'/\)/

(\N/(CHz)aNR co (CH2),NR'CO (\ N,(lCHz)zCEC
RN, S R'N R”N\) |

’ ) :
25

N-CO
N (CHa)4-
- R“'O/ , Or

2 ==
\_¢
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?."N\)._ . wherein R’ and R” are H or C;_4alkyl. . Preferably R'is methyland . .. ...

R"is H.

In a preferred embodiment, Al is NR1, and A% is NR".

In another preferred embodiment, Alis CHRI, and A4is NR".

Preferably, R2 is CH,-R7. More preferably, R2 is CH,CO,R', particularly
CH,;CO2H. '

Preferably, R1 and R4 are H, C;_4alkyl, Ar-C;_4alkyl or C3 gcycloalkyl-C;_galkyl.
Suitably R! is H or methyl and R4 is H, methyl, cyclohexylethyl or phenylethyl.

In a more specific preferred embodiment, Al is NR" or CH,, where R"is H,
C;.48lkyl or C(O)R’; R2 is CH,CO,H; A4 is NR%; R4 is H, C; galkyl,
C3._gcycloalkylCy 4alky! or Ar-Cg 4alkyl; Z is a six-membered Het or (CHp); W is RN,

or ; (CR'R10)-U-(CR'))-V is (CR'RIO),-U'- or -U-(CR'y),, (e.g., V is absent and one. -
of s and r are 0) wherein U is NR'CO, CONR', CR'=CR', C=C, O, CO or CH,. Suitably,
(CR'R10)-U-(CR'p)s-V is (CHp)g.3NR'CO, (CH2)0_3C0NR' wherc R'isHor mcthyl or’

(CH3)g30. Preferably R'is méthyl. S LT

Specific embodiments of this invention, including useful intermediates and
prodrugs, are described in Examples 1-88 inclusive.

In the above description of formula (I), W represents a nitrogen-containing group
which is capable of making a hydrogen bond. Preferably W is a basic nitrogen moiety.
R7 represents a group with a non-bonding pair of electrons which is capable of forming a
hydrogen bond or chelating with a metal cation. Preferably R7 is acidic. Itis also
preferred that 10-15 (most preferably about 13) intervening covalent bonds via the
shortest intramolecular path will exist between the group R7 and a terminal basic nitrogen
moiety of W for optimal spacing between these groups, and the moieties T, U, V and Z,
and the alkyl spacers represented by q, 1, s are chosen accordingly. For instance, by way
of illustration, but not limitation, when one of R2 or R4 is (CH,),CO5H, or preferably
CH,CO,H, and RS is a substituent in the 7- or 8-position of the benzodiazepine ring
system and is W-(CR'Q)q—Z—(CR'Rw),-U- (e.g., sis 0 and V is absent), then: when W is

@ (preferably a 4-substitutéd Six?mcmbcred nitrogen heterocycle), and Z is (C._Hy)l,.
and U is chosen from NR'CO, CONR', CH;0,, OCHy, CH,CHj,, CR'=CR' or C=C,

(‘group 1Y), suitably g+t+r is 1-3 and preferably q+t+r is 1; when Wis @ andZis a
six-membered Ar or Het ring (preferably 1,4-disubstituted), and U is O, CH; or CO, q

and r are preferably 0; when W is HoN- and Z is (CH,),, and U is chosen from group 1
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above, g4r+t is 4-6, preferably 5; when W is HyN- and Z is a six-membered Ar or Het

nng. sultably qtt is 0-2, prefcrably 1.

Abbreviations and symbols commonly uscd in the pepudc and chexmcal arts are
used herein to describe the compounds of this-invention. In gcncral the amino acid
abbreviations follow the IUPAC-IUB Joint Commlssxon on Biochemical Nomenclature
as described in Eur. J. Biochem., 158, 9 (1984). :

Arg refers to argmme, MeArg refers to N®-methyl-arginine, HArg refers to
homoarginine, NArg refers to norarginine, (Mep)Arg refers to N',N"- dimethy! arginine,
(Etp)Arg refers to N',N"-diethyl arginine and Orn refers to omithine. These radicals are

_ sultablc components of the substituent R6, NO-Substituted derivatives of these amino acid

are also useful in this invention. Representative methods for preparing a-substituted
derivatives are disclosed in U.S. Patent No. 4,687,758; Cheung ez al., Can. J. Chem., 55,
906 (1977); Freidinger et al.,J. Org. Chem., 48,71, (1982); and Shuman etal., PEP’I‘IDES:
PROCEEDINGS OF THE 7TH AMERICAN PEPTIDE SYMPOSIUM, Rich, D., Gross, E., Eds,
Pierce Chemical Co., Rockford, 11.,617 (1981) which are 1ncorporatcd herein by

- reference.

- Cy4alkyl as applied herein is meant to includ'c"mc:ﬂ;yl,'_eﬂ;yl,. fi-propyl, isopropyl,
n-butyl, isobutyl- and t-butyl. C,_galkyl addiﬁorialiy includes pentyl, n-pcntj'l, isopcntyl,
neopentyl and hexyl and the simple aliphatic isomers thereof. Cg_4alkyl and Co.galkyl
additionally indicates that no alkyl group need bé present (e.g., that a.covalent bond is
present). ' ' | -

C, galkenyl as applied herein means an alkyl group of 2 to 6 carbons wherein a
carbon-carbon single bond is rcplaccd by a carbon-carbon double bond. Cj_galkenyl
includes ethylene, 1-propene, 2-propene, 1-butene, 2-butene, isobutene and the several
isomeric pentenes and hexenes. Both cis and trans isomers are included.

C,.¢ alkynyl means an alkyl group of 2 to 6 carbons wherein one carbon-carbon
single bond is replaced by a carbon-carbon triple bond. Cy.¢ alkynyl includes acetylene,
1-propyne, 2-propyne, 1-butyne, 2-butyne, 3-butyne and the simple isomers of pentyne
and hexyne.

C;40xoalkyl refers to an alkyl group of up to four carbons whercm a CHZ group
is replaced by a C(O), or carbonyl, group.- Substituted formyl, acetyl, 1-propanal, 2-
propanone, 3-propanal, 2-butanone, 3-butanone, 1- and 4-butanal groups are
reprcsemativc.' C,.¢0xoalkyl includes additionally the higher analogues and isomers of
five and six carbons substituted by a carbonyl group. C3_50xoa1kényl and
C3_goxoalkynyl refers to a C3_galkeny! or C3_galkynyl group wherein a CH; group is
replaced by C(Q) group. C3_40xoalkenyl includes 1-oxo-2-propenyl, 3-oxo-1-propenyl,
2-0x0-3-butenyl and the like.



A substituent on a Cy_galkyl, C;_galkenyl, C;_galkynyl or Cj_goxoalkyl group,

~ suchas, R“ may be on any carbon atom which results in.a stable structure, and.is. .. -

- ava11ab1c by conventional syrithetic techniques.
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Q-Cy.¢ alkyl refersto a C.6 alkyl group wherein in any posmon a carbon-
hydrogen bond is replaced by a carbon-Q bond. Q-C,.¢ alkenyl and Q-Co.g alkynyl have
a similar menaing with respect to Cp_¢ alkqnyl and Cy ¢ alkynyl.

Ar, or aryl, as applied herein, means phcnyi or naphthyl, or phenyl or naphthyl
substituted by one to three moieties R11. In particular, R11 may be C;.4alkyl, C;_4alkoxy,
C;.4alkthio, trifluoroalkyl, OH, F, Cl, Bror L.

Het, or heterocycle, indicates an optionally substituted five or six membered
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 convenuonal chemical synthesis. Illustrative heterocycles ate bcnzofuryl
benzimidazole, benzopyran, benzothiophene, furan, imidazole, indoline, morpholine,
piperidine, piperazine, pyrrolc pyrrolidine, tetrahydropyridine, pyridine, thiazole,
thiophene, qumohne, lsoqumohnc, and tetra- and perhydro- qumolmc and 1soqumohne
A six membered ring hetcrocyclc comammg one or two nitrogens, such as plpendme, '
piperazine, tetrahydropyridine and pyridine, are preferred heterocycles for the moiety Z.
Any accessible combination of up to three substituents, such as chosen from R!1, on the
Het ring that-is available by chemical synthesis and is stable is within the scope of this
invention. A six membered monocyclic ring heterocycle containing one or two
nitrogens, such as piperidine, piperazine, tetrahydropyridine and pyridine, are prcferred

- heterocycles for the moiety Z.

C3.7cycloalkyl refers to an optionally substituted carbocyclic system of three to
seven carbon atoms, which may contain up to two unsaturated carbon-carbon bonds.
Typical of C3_qcycloalkyl are cyclopropyl, cyclobutyl, cjrclopcntyl, cyclopentenyl,
cyclohexyl, dyclohexcnyl and cycloheptyl. Any combination of up to three substituents,
such as chosen from R11, on the cycloalkyl ring that is available by conventional
chemical synthesis and is stable, is within the scope of this invention.

@ as used herein indicates a nitrogen heterocycle, which may be a saturated or
unsaturated stable five-, six- or seven-membered monocyclic ring, or a seven- to ten-
membered bicyclic ring containing up to three nitrogen atoms or containing one nitrogen
atom and a heteroatom chosen from oxygen and sulfur, and which may be substituted on
any atom that results in a stable structure. The nitrogen atom in such ring may be
substituted so as to result in a quaternary nitrogen. The nitrogen heterocycle may be
substituted in any stable position by R20, for instance H, C;_4alkoxy, F, Cl, Br, I, NO,,
NR'3, OH, CO,R', CONHR', CF3, Q-Cj 4alkyl, Q-C; 4alkyl-S(O), (e.g., where uis 0, 1



15

20

25

30

35

. @ .are pyrroline, pymolidine, imidazole, imidazoline, imidazolidine, pyrazole;

or 2) or Cy4alkyl substituted by any of the aforementioned sustituents. Representative o

pyrazoline, pyrazolidine, piperidine, piperazine, morpholine, pyridine, pyridinium,
tetrahydropyridine, tetrahydro- and hexahydro-azepine, quinuclidine, quinuclidinium,
quinoline, isoquinoline, and tetra- and perhydro-quinoline and isoquinoline. In particular,

: may;bc pyridyl, pyrolidinyl, piperidinyl, piperazinyl, azetidinyl, quinuclidinyl or

tetrahydropyridinyl. is preferably 4-pyridyl, 4-(2-amino-pyridyl), 4-
tetrahydropyridyl, 4-piperidinyl or 4-piperazinyl. .
AAL1 as referred to herein is an amino acid with its carboxyl group optionally
protected, wherein the amino acid may be any of the natural o-amino acidsor
penicillamine. The unprotected carbdxyl group is a free carboxylic acid group.-
Protecting groups for the carboxyl are esters or amides which are formed, for instance,
when the OH of the carboxy group is replaced by RS, AA2 is an amino acid, as above,

- with its amino group optionally protected. Amino protecting groups are well known in
the art, for instance, when the amino group is substituted by R12. An unprotected amino
- groupiisa free NHj group. - ' '

C(O) indicates a carbon doubly bonded to oxygen (e.g., carbonyl), C(S) indicates
a carbon doubly bonded to sulfur (e.g., thiocarbonyl).

t+-Bu refers to the tertiary butyl radical, Boc refers to the t-butyloxycarbonyl
radical, Fmoc refers to the fluorenylmethoxycarbonyl radical, Ph refers to the phenyl
radical, Cbz refers to the benzyloxycarbonyl radical, BrZ refers to the
o-bromobenzyloxycarbonyl radical, CIZ refers to the o-chlorobenzyloxycarbonyl radical,
Bazl refers to the benzyl radical, 4-MBzl refers to the 4-methyl benzyl radical, Me refers
to methyl, Et refers to ethyl, Ac refers to acetyl, Alk refers to Cj_gqalkyl, Nph refers to 1-
or 2-naphthyl and cHex refers to cyclohexyl. Tet refers to 5-tetrazolyl.

DCC refers to dicyclohexylcarbodiimide, DMAP refers to
dimethylaminopyridine, DIEA refers to diisopropylethyl amine, EDC refers to N-ethyl-
N'(dimethylaminopropyl)-carbodiimide. HOBt refers to 1-hydroxybenzotriazole, THF
refers to tetrahydrofuran, DIEA refers to diisopropylethylamine, DMF refers to dimethyl
formamide, NBS refers to N-bromo-succinimide, Pd/C refers to a palladium on carbon
cﬁtalyst, PPA refers to 1-propanephosphonic acid cyclic anhydride, DPPA refers to
diphenylphosphoryl azide, BOP refers to benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium hexafluorophosphate, HF refers to hydrofluoric acid,
TEA refers to triethylamine, TFA refers to trifluoroacetic acid, PCC refers to pyridinium
chlorochromate. -
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The compounds of formula (I) are generally prepared by reacting a compound of

the formula (XI) with a compquqd qf the ff)l'm“!a (Xn) B

R? ' RE".12
(XD (X11)

wherein Al, A4, U, V, R, R10, s and r are as defined in formula (I), with any reactive
functional groups protected;

L1 and 1.2 are functional zroups which are capable of reacting to form the linkage
~(CRR10)-U-(CR2)s-V-;

R6" is W'-(CR'2)q-Z- and any portion of the group -(CRR10)~U-(CR'2)s-V- which-
is connected to L2, with any reactive functional groups protected; o

R2'is R2 as defined for formula (I) with any reactive group protected; and

W' is W as defined for formula (I) with any basic nitrogen group protected;

~ to form a compound of the formula:

‘ T '
n 2:0
_ Al B2
wherein R6 is W'-(CR'2)g-Z-(CR'R10)-U-(CR'2)s-V-;

and thereafter removing any protecting groups, and optionally forming a
pharmaceutically acceptable salt.

It will be apparent that the precise identity of L! and L2 will be dependent upon
the site of the linkage being formed. General methods for preparing the linkage
-(CR'R10)“U-(CR'2)s-V- are described, for example, in EP-A 0 372 486 and EP-A 0 381
033 and EP-A 0 478 363, which are incorporated herein by reference.

For instance, if V is CONH, L! may be -NHj, L2 may be OH (as in an acid) or Cl
(as in an acid chloride), and R%" may be W-(CR’z)q-Z-(CR'Rl0),—U-(CR'2)_§-C(O), with
any functional groups optionally protected. For example, R6" may be
(benzyloxycarbonyl-amidino)benzoyl- or (N®-Boc,N8uan.-Tos)arginyl-. When L2 is OH,
a coupling agent is used. ' '

Similarly, if V is NHCO, L1 may be -COZH or CO-C, L2 may be -NH3, and R6"
may be W-(CR'2)q-Z-(CRR10)-U-(CR)s-. For example, RS" may be
(benzyloxycarbonylamidino)-phenyl, (benzyloxycarbonylamino)methylbenzyl- or 6-
(bczizyloxycarbonylamino)hcxyl-.
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Where V is NHSO2, L! may be SO2Cl, L2 may be -NH; and R6" may be as

~above. Where V is SOz2NH, L may be -NH; and L2 may be SO2Cl. Methods to prepare, . ..
-such sulfonyl chlorides are disclosed, for i instance, in J. 'Org. Chem., 23, 1257 (1958).

IfVis CH=CH, L1 may be -CHO, L2 may be CH-P—Ph3 and R6" may be W-
(CR )q-Z-(CR'Rlo),—U (CRY%)s-. Altemately, L! may be CH=P-Ph3, L2 may be CHO,
e.g., R6" may be W-(CR'z)q-Z-(CR'RIO)rU -(CR'2)s-1-CHO.

Where V is CH2CH2, compounds may be obtained by reduction of a suitably
protected compound wherein V is CH=CH.

Where V is CH20, CH2N or C=C, L! may be -OH, -NH or

-C=CHrespectively; L2 may be -Br; and R6" may be

W-(CR'2)q-Z-(CRR10)-U-(CR'2)s-. For example, R6" may be
(benzyloxycarbonylamino)-methylbenzyl- or 2-(N-benzyl-4-piperidinyl)-ethyl. 'Similarly
where U or V is OCHz, NR'CH2 or C=C, L1 may be -CH;Br and L2 may be -OH, -NH
or -C=CH, respectively. Alternately, when U or V is C=C, L1 may be Br, I or CF3S0;,
L2 may be c=CH and the coupling may be catalyzed by palladium and a base.

Compounds wherein V is CHOHCH2 may be prcpaxed froma sunably protcctcd -
compound.where V is CH-CH by thc proccdure disclosed in J. Org Chem 54, 1354 .
(1989).

Compounds wherein V is CH2CHOH may be obtained from a suitably protected
compound where Vis CH=CH by hydroboration and basic oxidation as disclosed in Tet.. .
Len., 31, 231 (1990). |

The compounds of formula (XI), are benzodiazepines and benzazepines and are
prepared by the general methods illustrated by Schemes 1-9. Representative methods for
preparing benzodiazepines are well known in the art (e.g., Hynes, er al., J. Het. Chem.,
1988, 25, 1173; Muller, ez al., Helv. Chim. Acta., 1982, 65, 2118; Mori, et al., _
Heterocycles, 1981, 16, 1491); and WO 93/00095 which are incorporated herein by
reference. Scheme 10 is illustrative of a method to prepare benzothiazepines.
Benzoxazepines may be. prepared in an analogous manner by starting with the compound
wherein § is replaced by O. In the Schemes, R1"-R7" indicate R1-R7 or a suitable
precursor thereof, wherein any functional groups are protected as known in the art.
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A particularly useful intermediate is the 1,4-benzodiazepine compound of formula
(XI), wherein Al is NR1, A4 is NR4 ; L1 is CHO, CO2R’, Br, I, OH, CF3S0O3, CHa-T or
NR'R", and T is OH, NHR", C, Bror I. In particular, compounds wherein R1 is H,
Ci.4alkyl, Ci.40xoalkyl; R2 is CHCO2R' and R4 is Q-Cj.galkyl are useful. More
particularly, compounds wherein R4 is H, Cj4alkyl or phenylCj.4alkyl are useful. Other
useful intermediates are similarly substituted benzazepine compounds of formula (XI),
where Al is CHR! andA% is NR4 .

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

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

.Solution synthesis-for the-formation of-amide or peptide bonds is accomplished

using conventional methods used to form amide bonds. Typically, the amine or aniline is
coupled via its free amino group to an appropriate carboxylic acis substrate using a
suitable carbodiimide coupling agent, such as N,N' dicyclohexyl carbodiimide (DQC),
optionally in the presence of catalysts such as 1-hydroxybenzotriazole (HOBt) and’
dimethylamino pyridine (DMAP). Other methods, such as the formation of activated
esters, anhydrides or acid halides, of the free carboxyl of a suitably protected acid
substrate, and subsequent reaction with the free amine of a suitably protected amine,
opdonally in the presence of a base, are also suitable. For example, a protected Boc-
amino acid or Cbz-amidino benzoic acid is treated in an anhydrous solvent, such as
methylene chloride or tetrahydrofuran(THF), in the presence ofa base, such as'N-methy!
morpholine, DMAP or a trialkylamine, with isbbutyl chloroformate to form the “activated
anhydride", which is subsequently reacted with the free amine of a second protected
amino acid or aniline. : .

Compounds of formula (XII) are prepared by conventional methods, known i in the.
art from commerc1a11y available materials. W is a gencrally a basic functional group
attached to Z, optionally via an alkyl chain, and is protected during the synthesis of R6 or
is introduced into the molecule after the -(CR'R"?);—U-(CR'z)s-V- linkage has been
formed. For example, compounds of formula (XII) or formula (I) wherein W is a Suitably
substituted RR"N-, R"R'NC(=NR"), R'9N(R13)C=N-, R"N=(R13)C-NR"-,
R2N(R'2N)C=N- or R"R'N(R'N=)C-NR', are prepared by conventional methods
including those disclosed in EP-A 0 372 486, EP-A 0 381 033 or EP-A 0 478 363, which
are incorporated herein by reference.

Compounds of formula (XII) wherein W is @ are prepared, inter alia, by
methods disclosed in EP-A 0 478 363.

Compounds wherein W is R'2IN(R'2N)C=N-X- or R"R'N(R'N=)C-NR'-X-, and X
is O are prepared, inter alia, by methods disclosed in J. Org. Chem., 51, 5047 (1986).

Compounds wherein W is R'2N(R'2N)C=N-X- or R"R'N(R'N=)C-NR'-X-, and X
is N=CR', are prepared, inter alia, by methods disclosed in United States Patenit
3,714,253 and Eur. J. Med. Chem.-Chim. Ther., 20, 25 (1985). |

Compounds wherein W isR'zN(R'zN)C-N -X-or R"R'N (R'N =)C-NR-X-, and X
is C(O), are prepared, inter alia, by methods disclosed in Umtcd States Patent 3,714,253
and Can. J. Chem., 43, 3103 (1965).

Compounds wherein W is RONR'C(=NR")- may be prepared, inter alia, by
methods disclosed in J. Het. Chem., 16, 1063 (1979) or J. Het. Chem., 26, 125 (1989).
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Compounds wherein W is R2NR'NC(=NR')- are prepared by conventional
methods including those disclosed in Synthesis, 583 (1974). o

Compounds “Wheréii' W is RR*NR'N- are prepared, infer alia, by methods
disclosed in J. Prakt. Chem., 36, 29 (1967).

Compounds wherein W is R'R"NR'NCO- are prepared, inter alia, by methods
disclosed in Bull. Chem. Soc. Jpn., 43, 2257 (1970).

Compounds wherein W is R"R'NC(=NR")Y, and Y is S, are prepared, inter alia,
by methods disclosed in Chem. Lett., 1379 (1986).

Compounds of formula (XII) or formula (I), wherein W is R"R'NC(=NR")Y and Y
is O, are prepared by conventional methods including those disclosed in Japanese Patent

- 2022751,

Useful intermediates of formula (X1I) include compounds of the formula W'-
(CR'z)q-Z-(CR'Rlo),-U-(CR 2)s-L2, wherein Z, R', R", R10, U, q, 1, and s are as defined _
for formula (I); L2 is CHO, COzR’, C=C-H , OH, Cl, Br, I, CH2-T or NRR", and T is
CF35803, OH, NHR", Cl, Br or I; and W' is W with any reactive basic nitrogen group
protected as herein described by Rf’ a nitrogen protcctin g group. R'SO2, R'OCO and
R'CO (e.g., Tos, Boc, Cbz or acetyl) are typ1cal nm'ogen protecting groups.. Parm:ula:
examples of such intermediates are:

(\E,(CH?_),.:,-LZ N .(CHz)j-.s'L?_ R .I N (CHR) L2
RP-N\/‘ °- N~

L2
RPR“-Np L2 — (CHg)y.aL2
R RPR"-N ' /\©/

and @ . wherein E is N or CH, R20 is hydfogen, amino, mono or di-Cj.
4alkylamino, hydroxy or Cj4alkyl. .

The reactive functional groups of the 51dccha1ns of cach synthetic fragment are
suitably protected as known in the art. Suitable protective groups are disclosed in
Greene, PROTECTIVE GROUPS IN ORGANIC CHEMISTRY, John Wiley and Sons, New York,
1981. For example, the Boc, Cbz, phthaloyl or Fmoc group may be used for protection of
an amino or amidino group. The Boc group is generally preferred for protection of an o-
amino group. A t-Bu, cHex or benzyl ester may be used for the protection of the side
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chain carboxyl. A benzyl group or suitably substituted benzyl group (e.g., 4-methoxy-
benzyl or 2,4-dimethoxy-benzyl) is used to protect the mercapto group or the hydroxyl

. .group: “The tosyl'group may be used for protection of the imidazolyl group and tosyl or -

nitro group for protection of the guanidino group. A suitably substituted carbobenzyloxy
group or benzyl group may. be also be used for the hydroxyl group or amino group.
Suitable substitution of the carbobenzyloxy or benzy! protecting groups is ortho and/or
para substitution with chloro, bromo, nitro or methyl, and is used to modify the reactivity
of the protective group. Except for the Boc group, the protective groups for the amino
moiety are, most conveniently, those which are not removed by mild acid treatment.
These protective groups are removed by such methods as catalytic hydrogenation, sodium
in liquid ammonia or HF tréatment, as known in the art.

Modification of amino groups especially on the six-membered ring of the bicyclic

) ;ystcm', may be accomplished by alkylation, sulfonylation, cyanation or acylation as is
‘generally known in the art.

Acid addition salts of the peptides are prepared in a standard manner in a suitable
solvent from the parent compound and an excess of an acid, such as hydrochloric,

o hydrobromxc, sulfunc, phosphonc, accuc ‘maleic, succxmc or methanesulfonic. The.
' acctatc salt form i is cspecxally useful. Certain of the compounds form inner salts or

zwitterions which may be acceptable. Cationic salts are prepared by treating the parent
compound with an excess of an alkaline reagent, such as a hydroxide, carbonate or
alkoxide, containing the appropriate cétioh;- or with an appropriate organic amine.
Cations such as Li+, Na+, K+, Ca++, Mg++ and NHy+ are specific examples of cations
present in pharmaceutically acceptable salts.

This invention provides a pharmaceutical composition which comprises a
comi)ound according to formula (I) and a pharmaceutically acceptible carrier.
Accordingl'y,.thc compounds of formula (I) may be used in the manufacture of a
medicament.. Pharmaceutical composiﬁons of the compounds of formula (I) prepared as
hereinbefore described may be formulated as solutions or lyophilized powders for '
parenteral administration. - Powders may be reconstituted by addition of a suitable diluent
or other pharmaceutically acceptable carrier prior to use. The liquid formulation may be
a buffered, isotonic, aqueous solution. Examples of suitable diluents am normal isotonic
saline solution, stahda;d 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
for insufflation. It may be desirable to add excipients such as polyvinylpyrrolidone,
gelatin, hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or
sodium citrate.
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Altcmatcly, these peptides may be encapsulated, tableted or prepared in a
emulsion or syrup for oral administration. Pharmaceutically acceptable solid or liquid

_carriers may.be added-to enhance or stabilize the composition; of to facilitate preparation

of the composition. Solid carriers include starch, lactose, calcium sulfate dihydrate, terra
alba, magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. Liquid
carriers include syrup, peanut oil, olive oil, saline and water. The carrier may also
include a sustained release material such as glyceryl monostearate or glyceryl distearate,
alone or with a wax. The amount of solid carrier varies but, preferably, will be between
about 20 mg to about 1 g per dosage unit. The pharmaceutical preparations are made

~ following the conventional techniques of pharmacy involving milling, mixing,

granulating, and compressing, when necessary, for tablet forms; or milling, mixing and
filling for hard gelatin capsule forms. When a liquid carrier is used, the preparation will
be in the form of 2 syrup, elixir, emulsion or an aqueous or non-aqueous suspension.
Such a liquid formulation may be administered directly p.o. or filled into a soft gelatin
capsule.

For rectal administration, the peptides of this invention may also be combined
with exclplcnts such as cocoa butter, glyccnn gclann or polycthylcnc glycols and moldcd_

“into a suppository.

The compounds of this invention may be used in vitro to inhibit 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 method of inhibiting platelet aggregation and clot
formation in a mammal, especially a human, which comprises the internal administration

.of a peptide of formula (I) 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-
related disorders, and unstable angina. Chronic or acute states of hyper-aggregability,

- such as disseminated intravascular coagulation (DIC), septicemia, surgical or infectious

shock, post-operative and post-partum trauma, cardlopulmonary bypass surgery,
incompatible blood transfusion, abruptio placenta, thrombotic thrombocytopenic purpura
(TTP), snake venom and immune diseases, are likely to be responsive to such treatment,
In addition; the peptides of this invention may be useful in a method for the prevention of
metastatic conditions, the prevention or treatment of fungal or bacterial infection,
inducing immunostimulation, treatment of sickle cell disease, and the prevention or
treatment of diseases in which bone resorption is a factor.

The peptide is administered either orally or parenterally to the patient, in a manner
such that the concentration of drug in the plasma is sufficient to inhibit platelet
aggregation, or other such indication. The phanhaccutical composition containing the
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peptide is administered 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, ar intravenous infusionof the™ “ = -

peptide in 5% dextrose in water or normal saline is most effective, although an
intramuscular bolus injection may be sufficient.

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

This invention further provides a method for inhibiting the reocclusion 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 fibrinolytic therapy either prevents reocclusion complctcly or prolongs the time:
to reocclusion.

When used in the context of this invention the term fibrinolytic agent is intended
to mean any compound, whether a natural or synthétic product, which directly or

indirectly causes the lysis of a fibrin clot. Plasmmogcn activators are a well known group

of ﬁbnnolync agents. Useful plasmmogen acuvators include, for example, anistreplase,
urokinase (UK), pro-urokinase (pUK), streptokinase (SK), tissue plasminogen activator
(tPA) 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 substituted or in which one or more or functional domains
have been added, deleted or altered such as by combining the active site of one
plasminogen activator with the fibrin binding domain of another plasminogen activator or
fibrin binding molecule. Other illustrative variants include tPA molecules in which one
or more glycosylation sites have been altered. Preferred among plasminogen activators
are variants of tPA in which the primary amino acid sequence has been altered in the
growth factor domain so as to increase the serum half-life of the plasminogen activator.
tPA Growth factor variants are disclosed, e.g., by Robinson et al., EP-A 0 297 589 and
Browne er al., EP-A 0 240 334. Other variants include hybrid proteins, such as those
disclosed in EP 0 028 489, EP 0 155 387 and EP 0 297 882, all of which are incorporated
herein by reference. Anistreplase is a preferred hybrid protein for use in this invention.
Fibrinolytic agents may be isolated from natural sources, but are commonly produced by
traditional methods of genetic engineering.

Useful formulations of tPA, SK, UK and pUK are dlSClOSCd, for example, in EP-A
0211 592, EP-A 0092 182 and U.S. Patent 4,568,543, all of which are incorporated
herein by reference. Typically the fibrinolytic agent may be formulated in an aqueous,
buffered, isotonic solution, such as sodium or ammonium acetate or adipate buffered at
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pH 3.5 t0 5.5. Additional excipients such as polyviny! pymrolidone, gelatin, hydroxy
cellulose, acacia, polyethylene, glycol, mannitol and sodium chloride may also be added. .

.Such a composition can be lyophilized.- -

The pharmaceutical composition may be formulated with both the compound of
formula (I) and fibrinolytic in the same container, but formulation in different containers
is preferred. When both agents are provided in solution form they can be contained in an

| infusion/injection system for simultaneous administration or in a tandem arrangement.

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

For convenient administration of the inhibitor and the ﬁbrinolytic agent at the

same or different umcs a kit is pxcpamd compnsmg, m asingle contamer, such. as abox, .

" carton or other' contamcr, individual bottles, bags, vials or other containers each’ havmg an
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effective amount of thé inhibitor for parenteral administration, as described above, and an
effective amount of tPA, or other fibrinolytic agent, for parenteral administration, as
described above. Such kit can comprise, for example, both phanhat:cuticai agentsin .
separate containers or the same container, optionally as lyophilized plugs, and containers
of solutions for reconstitution. A variation of this is to include the solution for
reconstitution and the lyophilized plug in two chambers of a single container, which can
be caused to admix prior to use. With such an arrangement, the fibrinolytic and the
peptide may be packaged separately, as in two containers, or lyophilized togcther asa
powder and provided in a single container.

When both agents are provided in solution form, they can be contained in an
infusion/injection system for simultaneous administration or in a tandem arrangement.
For example, the platelet aggregation inhibitor may be in an i.v. injectable form, or
infusion bag linked in series, via tubing, to the fibrinolytic agentin a sccond infusion bag.
Using such a system, a patient can receive an initial bolus-typc m_]ccuon or mfusmn of
the peptide inhibitor followed by an infusion of the fibrinolytic agent.

The pharmacological activity of the compounds of this invention is assessed by
their ability to inhibit the binding of 3H-SK&F 107260, a known RGD-fibrinogen
antagonist, to the GPIIbIIla receptor; their ability to inhibit platelet aggrcgauon, in vitro,
and their ab111ty to inhibit thrombus formation in vivo.
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Inhibition of RGD-mediated GPIIb-lla binding was demonstrated by assessing
the ability of compounds.to inhibit the binding of 3H-SK&F.107260, 2 known RGD- -. -
fibrinogen antagonist, to the GPIIbIIIa receptor according to the procedure disclosed in
WO 93/00095 (PCT/US/92/05463).

Inhibition of Platelet Aggregation

Inhibition of platelet aggregation was demonstrated following the procedure
disclosed in WO 93/00095 (PCT/US/92/05463).

The compounds of this invention inhibit the aggregation of human platelets
stimulated with ADP with IC50 of about 0.001 to about 150 pM. Preferred compounds
have IC50 of less than 0.1 pM.

* To assess the stability of the compounds to plasma proteases, the compdunds were
incubated for3 h (rathér than 3 min) in the PRP prior to addition of the agonist. |

In Vivo Inhibition of Platelet Aggregation _

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

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

_ invention, Many other embodiments will be readily apparent and available to those skilled

in the art.
EXAMPLES
In the Examples, all tcrﬁpcraturcs are in degrees Centigrade. Mass spectra were
performed using fast atom bombardment (FAB) or electro-spray (ES) ionization. Melting
points were taken on a Thomas-Hoover capillary melting point apparatus and are
uncorrected.
NMR were recorded at 250 MHz using a Bruker AM 250 spectrometer, unless

othcrwxsc indicated. Chemical shifts are reported in ppm () downfield from
tctramcthylsxlanc Multiplicities for NMR spccrm are indicated as: s=singlet, d=doublet, "

- t=triplet, g=quartet, m=multiplet, dd=doublet of doublets, dt=doublet of triplets etc. and br

indicates a broad signal. J indicates the NMR coupling constant in Hertz.
Diazald® is N-methyl-N-nitroso-p-toluene sulfonamide;, and is a registered

-trademark of the Alfic Chemical Co:, Milwaikee; Wisconsin, Celite® is filter aid

composed of acid washed diatomaceous silica, and is a registered trademark of Mansville
Corp Denver, Colorado. Florisil® is an activated magnesium silicate chromatographic
support and is a reglstemd tradcmark of Flondon Co., Pittsburgh, Pennsylvania. Analtech
silica gel GF and EM silica gcl thin laycr platcs were used for thin layer chromatography.
Both flash and gravity chromatography were carried out on Merck 60 (230-400 mesh)
silica gel. ODS refers to an octadecylsilyl derivatized silica gel chromatographic support.

AN/W-TFA indicates an isocratic eluant system of the indicated percentage of acetonitrile
in water with 0.1% TFA. 51 Apex-ODS indicates an octadecylsilane derivatized silica gel

support, having a nominal particle size of 5y, made by Jones Chromatography, Littleton, .
Colorado. YMC ODS-AQ® is an ODS chromatographic support and is a registered
trademark of YMC Co. Lid., Kyoto, Japan. PRP-1® is a polymeric (styrene-divinyl

benzene) chromatographic support and is a registered trademark of Hamilton Co., Reno,
Nevada.

"The foIlowixig methods are illustrative of the manner of making certain useful intermediates

for the preparation of the compounds of this invention.
Preparation 1

ion of 3-(2-pyrazinyl i_a'd
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a) t-butyl 3- (2-pyanyl)prop10natc
. A:-solution of diisopropylamine (4.0 mL, 28.5- mmol) in THF (20.mL) was treated
with 2.5M n-butyllithium (11.42 mL, 28.5 mmol) at -78°C. ‘The mixture was warmed to

. RT for 0.5 h, cooled to -78°C, and 2-methylpyrazine (2.0 mL, 21.9 mmol) was added.

The reaction mixture was warmed to RT, stirred for 1 h, cooled to -78°C, and butyl

¢ bromoacetate (4.25 mL, 26.3 mmol) was added. The reaction mixture was warmed to RT,

stirred for 18 h and quenched with water (1 mL). The mixture was concentrated and the
residue was purified by flash chromatography (silica gel, 60% ethyl acetate/hexane) to give
the title compound (3.06 g, 67%) as a light yellow oil. MS(ES) m/e 209 [M+H]*; 1H

- NMR (250 MHz) & 8.37-8.57 (m, 3H), 3.10 (t, 2H), 2.74 (1, 2H), 1.43 (s, 9H).

b) 3- (2-pymmnyl)propanoxc Acid

The compound of Prcparauon 1(a) (0.26 g, 1.2 mmol) was treated wnh TEA (3
mL) for 30 min and the mixture was concentrated to yield the title compound (0.18 g,
98%) as a light yellow oil. IH NMR (90 MHz) & 8.41-8. .56 (m, 3H), 3. 24 (t, 2H), 2 77
(t 2H).

Preparation 2
ion of 3-(4-pyridyl namin

a) N-[3- (4-pyndyl)propyl]phthahm1dc

Dxcthyl azodicarboxylate (4.4 g, 25.4 mmol) was dissolved in dry THF and added
dropwise to a solution of 3-(4-pyridyl)propanol (3.18 g, 23.18 mmol), triphenylphosphine
(12.3 g, 46.9 mmol) and phthalimide (3.6 g, 24.5 mmol) in dry THF (50 mL). The
mixture was stirred at RT for 3.5 h, concentrated and the residue taken up in ether and
filtered. The filter cake was taken up in hexane/ethyl acetate/chloroform (40:30:30) and

flash chromatographed (silica gel, 30:35:35 hexane: ethyl acetate: chloroform) (3L) to yield
the title compound (3.3 g, 54%). 1H NMR (90 MHz, CDCl3) 6 8.44 (m, 2H), 7 71 (m,

4H), 7.13 (d 2H), 3.70 (t, 2H), 2.65 (t, 2H), 2.05 (m, 2H)

b) 3~(4-pyridyl)propanamine

The compound of Preparation 2(a) (2.1 g, 7.7 mmol) was dissolved in ethanol,
treated with anhydrous hydrazine (0.3 mL, 9.5 mmol), stirred ovemnight and concentrated.
The residue was treated with hydrazine in ethanol overnight, concentrated and the residue
taken up in chloroform, filtered and concentrated to give the title compound (1.1 g, quant).
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IH NMR (90 MHz, CDCI3) § 8.45 (d, 2H), 7.77 (t, 1H), 7.40 (m, 2H), 7.12 (d, 2H),
3.38 (g, 2H), 2.60(t, 2H), 1.86 (m, 2H).

Preparation 3

Preparation of 5-(benzyloxycarbonylamino)pentanamine

To a suspension of 1,5-diaminopentane dihydrochloride (2.9 g, 16.7 mmol) in
THF (100 mL) was added 20% aqueous sodium hydroxide (10.0 g, 50 mmol) at 0°C. A
solution of benzyl chloroformate (1.7 g, 10 mmol) in THF (10 mL) was added rapidly
dropwise and the resulting mixture stirred at RT. After 1 h, the organic layer was
separated and concentrated to give a residue which was dissolved in ethyl acetate (200
mL). 'fhis solution was extracted with water (3 x 50 mL.), dried (sodium sulfate) and
concentrated. The residue was redissolved in ether (50 mL) and 1.0 M ethereal hydrogen
chloride (3.0 inL) was added. The resulting precipitate was filtered, suspended in CH2ClI2
(75 mL) and shaken with 5% sodium hydroxide (15 mL). The organic layer was washed
with water (75 mL), dried (sod1um sulfatc) and concentrated to glvc the title compound -
(0.25 g, 30%): 1H NMR (400 MHz, CDCI3) & 7.15-7.4 (m, 5H), 5.15-5.4 (m, 1H),
5.05 (s, 2H), 3.05-3.2 (m, 2H), 2.55-2.7 (m, 2H), 1.2-1.5 (m, 6H).

Preparation 4
Preparation of 4-[N-(t-butoxycarbonyl-N-(propy)-aminomethyl]aniline

a) 4-[N-(t-butoxycarbonyl-N-(propyl)aminomethyl}-1-nitrobenzene

A solution of N-(propyl)aminomethyl-1-nitrobenzene (1.8 g, 9.27 mmol),
triethylamine (1.41 g, 13.9 mmol) and di-t-butyl dicarbonate (2.8 g, 13 mmol) in THF (60
mL) was stirred for 1 h at RT, concentrated and the residue stirred in water (100 mL) for 1
h. The aqueous phase was decanted and the residue dissolved in ethyl acetate (300 mL).
The solution was extracted with water (3 x 100 mL) and brine (100 mL), dried (sodium
sulfate) and concentrated to yield the title compound (2.65 g, 95%). 1p NMR (400 MHz,
CDCI3) § 8.2 (d, 2H), 7.4 (d, 2H), 4.5 (m, 2H), 3.15 (d, 2H), 1.3-1.6 (m, 9H), 0.9 (,
3H).

b) 4-[N-(t-butoxycarbonyl)-N-(propyl)aminomethyl]aniline

A solution of the compound of Preparation 4(a) (2.7 g, 9.2 mmol) in ethanol (100
mL) containing 10% palladium on carbon (0.4 g) was hydrogenated at 40 psi. After 30
min, the mixture was filtered and concentrated to give the title compound (2.4 g., 100%).
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1H NMR (400 MHz, CDCI3) § 7.0-7.3 (m, 3H), 6.6 (d, 1H), 4.3 (m, 2H), 3.6 (br,
2H), 3.1 (m, 2H), 1.4-1.6 (m, 9H), 0.9 (t, 3H).

Preparation 5
Preparation of 3-[N-(t-butoxycarbonyllaminomethyll-benzylamine: and

4-IN-(t-butoxycarbonyllaminomethylibenzylamine
The title compounds were prepared using the gencral procedure of J. Med. Chem., 32,

391 (1989).
Preparation 6
Preparation of - _4- N- t-buto:é c:trbon Dpiperi-dinylllpropanamine

a) 3-[4-[N-(1-butoxycarbonyl)piperidinyi]]propanol
3-(4-Pyridyl)propanol (10.40 g, 75.8 mmol) was dissolved in glacxal acetic acid,

,platmum OXIdc (1, g) was addcd and the mxxturc was shaken was hydrogcnatcd (50 ps1) for

6 h. The mixture was filtered through Celite®, concentrated and concentrated twice from
toluene. The residue was dried under reduced pressure, dissolved in CH2Cl (150.mL)
and treated with triethylamine (10.2 g, 100.7 mmol) and then with di-t-butyl dicarbonate
(18.0 g, 82.5 mmol). The reaction was stirred for 2 h, concentrated and the residue Wwas
taken up in ethyl acetate and washéd sequentially with water, 1N hydrochloric acid (2x),
water and 1N sodium bicarbonate (2x). The organic phase was dried (magnesium sulfate),
filtered and concentrated and the residue was purified by flash chromatography (silica gel,
chloroform; 5:95 methanol:chloroform) to give the title compound (12.87 g, 68.7%): TLC
Rf 0.78 (silica 9:1 chloroform:methanol); 1H NMR (400 MHz, CDCl3) 6 4.08 (m, 2H),
3.65 (1, 2H), 2.64 (1, 2H), 1.80-0.90 (m), 1.43 (s, 9H).

b) N-[3-[4-[N-(t-butoxycarbonyl)piperidinyl]Jpropyl}-phthalimide

The compound of Preparation 6(a) (2.0 g, 8.22 mmol) was dissolved in dry THF
(100 mL) with phthalimide (1.52 g, 10.34 mmol) and triphenylphosphine (2.22 g, 8.46
mmol). Diethyl azidodicarboxylate (1.65 g; 9.53 r'nmbl) was dissolved in dry TH:F and
slowly added to the alcohol reaction mixture. The reaction was left stirring at room
temperature for 3 days. The solvents were evaporated under vacuum. The residue was
taken up in hexane:ethyl acetate (9:1) and flash chromatographed (silica gel, 10%; 20%
ethyl acetate/hexane) to yield the title compound (2.0 g, 60.6%). 1H NMR (90 MHz,
CDCI3) & 8.05-7.65 (m, 4H), 4.40 (br. d., 2H), 3.72 (t, 2H), 2.78 (t, 2H), 1.0-2.0 (m),

'1.50 (s., 9H)
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¢) 3-[4-[N-(t-butoxycarbonyl)piperidinyl]Jpropanamine

The compound of Prcparanon 6(b) (2 Og, 5 42 mmol) was dxssolved in ethanol (50

mL) Anhydrous hydrazmc (cxccss) was added and the solunon was snrrcd ovcmxght
concentrated and the residue taken into chloroform and filtered. The filtrate was
concentrated to yield the title compound (863.5 mg, 65.7%). 1H NMR (250 MHz,
CDC13) 6 4.05 (br. d., 2H), 3.00 (t, 2H), 2.66 (1, 2H), 2.2-0.90 (m), 1.45 (s, 9H); TLC
Rf0.63 (3:1:1 n-BuOH:HOAc:water). |

a) 2—[l-[4-(bénzyloxycarbonyl)pipérazinyl]]cthanamine :

2-(1-Piperazinyl)ethylamine was protected according to the general procedure
of Tet. Lent., 27, 4391 (1986). = A solution of t-butylchlorod1phcny1s11ane (7 8 mL
30 mmol) in acetonitrile (10 mL)'was addéd dropwise 102 solunon of 2-(1-
pxpcramnyl)ethylamme (4.0 mL, 31 mmol) and tiethylamiine (6.3 mL, 45 mmol) in
acetonitrile (20 mL) stirred at 10°C. The mixture was stirred 2 h at RT, cooled to
10°C and treated with triethylamine (6.3 mL, 45 mmol) and a solution of benzyl
chloroformate (4.3 mL, 30 mmol) in CH2C12 (10 mbL). The mixture was stirred at _
RT for 2 h, filtered and concentrated. The residue was stirred in 80% acetic acid (100
mL) overnight, poured into brine and washed with ethyl acetate. The aqueous phase
was basified with saturated sodium carbonate, extracted with ethyl acetate and the
organic i:hasc was dried (magnesium sulfate), filtered and concentrated to give the title
compound (1.1 g, 14%). INMR (400 MHz, CDCI3) d 2.43 (6H, m), 2.80 (2H, m),
3.52 (4H, m); 5.14 (2H, s), 7.38 (5H, s).

b) 2-{1-[4-(benzyloxycarbonyl)piperazinyl]]-N-methyl-ethanamine

Formic acid (0.5 mL, 12.2 mmol) was added dropwise via syringe to acetic
anhydride (1.0 mL, 9.8 mmol) at 10°C. The mixture was.stirred for 10 min and
heated to 50°C for 2 h. The mixture was cooled to RT, anhydrous THF (10 mL) was
added followed by the compound of Preparation 7(2) (1.0 g, 3.8 mmol) dissolved in
THF. The mixture was stirred for 2.5 h at RT, concentrated and the residue was
dissolved in THF (25 mL) and cooled to 10°C. 1.0M Boron methyl sulfide (1 mL, 10
mmol) dissolved in THF (10 mL) was added dropwise at 10°C. The mixture was
stirred until gas evolution ceased and was heated to reflux for 2 h. The mixture was
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cooled, treated carefully with saturated methanolic hydrogen chloride (20 mL) and
heated to reflux for 1 h. The mixture was concentrated to yield the title compound

(400 mg, 40%). MS(ES) m/e 278.0 [M+H]*; INMR (400 MHz, CDCI3) 3 2.68-

3.92 (ISH m), 5 15(2H, s), 7.37 (SH, s)
' Preparation 8

f 6-(1-butox lamino)hexylamin

A solution of 1,6-diaminohexane (14 g, 0.12 mol) in ethanol (500 mL) was mixed
with a solution of di-t-butyl carbonate (23g, 0.1 mot) in ethanol (500 mL) and stirred
overnight. The mixture was filtered, concentrated and the residue was shaken with a
mixture of ether (200 mL) and water (50 mL). The aqueous phase was extracted twice
with ether (50 mL) and the organic phase was extracted scqucnﬁaliy with brine, cold 0.4N
hydrochloric acid (150 mL) and water (2 x100 mL). The pH of the acidic extract was
brought to 12-13 with 1N sodium hydroxide and it was extracted twice with ether(50 mL).

The organic phase was washed with brine, dried (sodium sulfate) and concentrated to yield
the title compound (13 16 g, 49%) TLCRf0.53 (K1esclge1 60 F254, 15:3:2 2-

butariol:formic acid: watcr) MS(ES) m/e 217 0; INMR (400 MHz, CDC13) 6 4.57 (brs,
1H), 3.10-3.12 (m 2H), 2.68-2.71 (m 2H), 1.84 (br s 2H), 1.44-1.48 (br s 9H), 1.32-
1.34 (br s 8H).

Preparation 9

tion of 4-(t-butoxycarbonylamino)amine

Using the procedure of Preparation 8, except substituting’ 1,4-diaminobutane for
1,6-diaminohexane, gave the title compound (2.5 g, 26%): TLC Rf 0.39 (Kieselgel 60
F254, 15:3:2 2-butanol:formic acid:water); MS(ES) m/e 189.0.

Preparation 10
Preparation of 2-(2-pyrazinylethanamine

a) 2-[N-(benzyloxycarbonylamino))ethyl-(2-pyrazine)

A mixture of the compound of Preparation 1(b) (0.49 g, 3.24 mmol), triecthylamine
(1.02 g, 10.1 mmol) and diphenyl phosphorylazide (1.28 g, 4.5 mmol) in toluene (20 mL)
was heated at 105°C for 0.5 h. The temperature was lowered and the reaction was treated
with benzyl alcohol (1.11 g, 10.14 mmol) at 80°C for 14 h. The mixture was concentrated
and the residue was purified by flash chromatography (silica gel, 60% ethyl
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' rive the title compound (0.40 g, 48%) of protected amine as a light |
yellow oil: MS(ES) 258 [M+H)*; 1H NMR (250 MHz)  8.35-8.70 (m, 3H), 7.07-7.51

(m, 5H), 5.42 (b, 1H), 5.11 (s, 2H), 3.62 (t, 2H), 2.99 (1, 2H).

b) 2—(2-pyrazinyl)cthanaminc

The compound of Preparation 10(a) (0.15 g, 0.58 mmol) was dissolved in
methanol (10 mL) and palladium on carbon (5%, S0 mg) was added. The mixture was
hydrogénated for 1 h, filtered through Celite® and concentrated to yield the titde compound
(69 mg, 96%) as a light yellow oil. '

a) (S)-4-[N-[N-(t-butoxycarbonyl)alanylJaminomethyl]-1-(nitro)benzene
A solution of 4-nitrobenzylamine hydrochloride (1.89 g, 10.0 mmol) in DMF (20
mL) was neutralized with 4-methylmorpholine and treated with a solution of N-t-Boc-L-

- 'alé,ninc N-hydroxysuccinimide ester (2.86 g, 10.0 mmol) in DMF (14 mL) at RT. The .

mixture was kept at RT for 72h, concentrated and the resulting solid was redissolved in
ethyl acetate and washed sequentially with water, 1N hydrochloric acid and brine, dried

_(_magncsium sulfatc) and concentrated to give the ﬁﬂc compound (2.37 g, 73%) as an oil.

TLC Rf 0.74 (5:95 methanoliethy: acetate); 1H NMR (CDCl3) & 1.41 (d, J=11.2 Hz,
3H), 1.46 (s, 9H), 4.22 (m, 1H), 4.56 (m, 2H), 4.94 (br s, 1H), 6.90 (br s, 1H), 7.43
(d, J=12.8 Hz, 2H), 8.18 (d, J=12.8 Hz, 2H).

b) (5)-4-[N-[N-(t- butoxycarbonyl)alanyl]Jaminomethyl]}-aniline

A mixture of the compound of Preparation 11(a) (2.37 g, 7.3 mmol), 10%
palladium on carbon (0.24 g, 0.23 mmol), and methanol (125 mL) was stirred at RT under
H) (1 atm) for 6.5 h, filtered and the filtrate was concentrated to give the title compound
(2.02g, 98%} as an oil. TLC Rf 0.68 (5% mcthano]/ethyl acetate); lH NMR (CDCI3) &
1.33 (d, J=7.10 Hz, 3H), 1.39 (s, 9H), 4.12 (m, 1H), 4.27 (d, J=5.0 Hz, 2H), 5.05 (br
s, 1H), 6.38 (br s, 1H), 6.60 (d, J=8.3 Hz, 2H), 7.01 (d, J=8.3 Hz, 2H). -

Preparation 12
1] f 4-[(1- X nylaminomethyl]l-3-chl nzoic aci

a) methyl 4-(phthalimidomethyl)-3-chlorobenzoate .



10

15

20

30

35

A mixture of methyl 4-bromomethyl-3-chlorobenzoate 10 g, 38 mmol) and
potassium phthalimide (9.85 g, 53 mmol) in dimethylformamide (65 mL) was stirred and
hcated to 850C for 2 h. The hot mixture was poured into ice water and the resulting sohd
was filtered, washed sequennally with water, ethanol and a small amount of ether and
dried to give the title compound.

b) 4-(aminomethyl)—3-chlorobchzoic acid
A mixture of the compound of Preparation 12(a) (4.0 g, 12.2 mmol) and hydrazine
(1.25 g, 25 mmol) in methanol (55 mL) was heated to reflux for 1 h, concentrated and the

residue was treated with concentrated hydrochloric acid (25 mL). The mixture was heated

to reflux for 1 h, cooled to 0°C, and filtered. The filtrate was concentrated and the residue
was diluted with water.and adjusted to pH 7 with 2N sodium hydroxide. The resulting
precipitate was filtered and dried to yield the title compound.

c) 4-[(t-butoxycarbonyl)aminomethyl]-3-chlorobenzoic acid

A mixture of the compound of Preparauon 12(b) (1.8 g, 8.2 mmol), i-t-butyl
carbonate (2.1 g, 9.8 mmol) and triethylamine (2.3 mL, 16.4 mmol) in dimethylformamide
(15 mL) was stirred for 4 h, concentrated and the residue was distributed between 5%
aqueous citric acid and ethyl acetate. The organic phase was washed with 5% aqueous
citric acid, dried (magnesium sulfate) and concentrated to give the title compound.

tion 1

aration of 2-(amin idine-4-gthanamine dih hlori
a) methyl 2-(acetamido)pyridine-4-carboxylate
To 2-(acetamido)pyridine-4-carboxylic acid (25 g, 139 mmol) was added a

saturated solution of anhydrous hydrogen chloride in methanol (600 mL). The cloudy
suspension was stirred for 16 h at RT and refluxed for 24 h. The resulting solution was
concentrated, dissolved in chloroform, washed with saturated sodium bicarbonate, Brinc,
dried (magnesium sulfate) and concentrated to give the title compound as a white solid
(17.86 g, 84%). TLC Rf0.55 (5% methanol/chloroform); I NMR (CDCI3) § 3.96

(3H, s), 4.80 (2H, 5),7.12 (1H, J=5Hz, d), 7.19 (1H, s), 8.10 (1H, d; J=5Hz).

b) 2-(amino)pyridine-4-methanol

To the compound of Preparation 13(a) (15.14 g, 100 mmol) in dry THF (300 mL)
was added dropwise, with stirring at 0°C under argon, a solution of 1N lithium aluminum
hydride in THF (200 mL, 200 mmol) over 1 h. After the addition, the ice bath was
removed and the reaction was stirred at RT for 1 h. The reaction was cooled to 0°C and
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carefully quenched with-ethyl acetate (50 mL) followed by water (8 mL), 15% sodium
hydroxide (8 mL) and water (22'mL). After 15 min, the resulting suspension was filtered

and the filter was rinsed thoroughly with a solution of 20% methanol/chloroform (200~ - =+~

mL). The filtrate was concentrated and the residue was purified by flash chromatography
(silica gel, 10% methanol/chloroform) to obtain the title compound (9.60 g, 77%) as a
white solid. TLC Rf0.17 (5% methanol/chloroform). 1H NMR (CD30D) 5 4.55 (24,

s), 4.88 (3H, s), 6.62 (1H, d, J=5Hz), 6.65 (1H, s), 7.88 (1H, d, J=5Hz).

c) 2-amino-4-(bromomethyl)pyridine

To the compound of Preparation 13(b) (9.40 g, 76 mmol) was added 48%
hydrobrormc acid (75 mL). The solution was heated to 100°C under argon for 16 h,
concentrated and dried under vacuum to give the title compound as an off-white solid.
which was used in the next reaction without purification.

d) methyl 3-[(2-(amino)pyrid-4-yl]-2-(methoxycarbonyl)-propionate

To a stirred solution of dimethyl malonate (20 mL, 175 mmol) and sodium
methoxide (25 wt% in methanol, 35 mL, 162 mmol) in dry mcthanol (100 mL) at 0°C was -
added the compound of Preparanon 13(c) (18.67 g, 70 mmol) in one portion. After 5 min,
the reaction was allowed to warm to RT. The mixture was stirred for 4 h, acidified with
acetic acid and concentrated. The residue was dissolved in chloroform, washed with
saturated sodium bicarbonate, brine, dried (magnesium sulfate), and concentrated. The
residue was purified by flash chromatography (silica gel, 3% methanol/chloroform) to give
the title compound (11.00 g, 66%) as an oil which solidified under vacuum. TLCRf0.46
(5% methanol: chloroform). 1H NMR (CDCI3) § 3.10 (2H, d, J=8Hz), 3.69 (1H, 1),
3.73 (6H, s), 4.51 (2H, br 5), 6.38 (1H, s), 6.50 (1H, d, J=5Hz), 8.01 (1H, d, J=5Hz).

¢) 2-(amino)pyridine-4-propionic acid hydrochloride

To the compound of Preparation 13(d) (11.0 g, 46 mmol) was added concentrated
hydrochloric acid (100 mL). The reaction was heated at 100°C for 16 h and concentrated
to give the title compound (9.36 g, 100%) as a white solid.

f) methyl 2-(amino)pyridine-4-propionate .

To the compound of Preparation 13(e) (8.36 g, 41 mmot) was added saturated
solution of anhydrous hydrogen chloride in methanol (300 mL). The mixture was stirred
for 3 d at RT, concentrated, and dried under vacuum. The remaining solid was dissolved |
in chloroform, washed with saturated sodium carbonate, brine, dried (magnesium sulfate)

and concentrated to give the title compound (7.40 g, 100%). TLC Rf 0.44 (5%



10

15

20

25

30

35

methanol/chloroform). 1H NMR (CDC13) § 2.72 (44, m), 3.70 (3H, s), 4.69 (2H, br

_ s), 6.38 (1H, s), 6.52 (1H, d, J=5Hz), 8.01 (1H, d, J=5_Hz). | |

g) methyl 2-(acetamido)pyridine-4-propionate

To a stirred solution of the compound of Preparation 13(f) (7 .4_0 g, 41 mmol) in
THEF (200 mL) was added sodium bicarbonate (4.5 g, 53.6 mmol) followed by acetic
anhydride (5 mL, 53 mmol). After stirring for 16 h, the reaction was dilut;:d with ethyl
acetate, washed with saturated sodium carbonate, brine, dried (magnesium sulfate) and
concentrated. The residue was purified by flash chromatography (silica gel, 3%
methanol/chloroform) to yield the title compound (9.02 g, 98%) TLC Rf 0.27 (60% ethyl
acetate/hexane). IH NMR (CDCI3) 8 2.22 (3H, s), 2. 70 (2H, 1), 3.0 (2H t), 3.72 (3H,
s), 6.98 (14, d, J=5Hz), 8.20 (IH s), 8.24 (1H, d, J—SHz), 9 88 (lH br s)

h) 2-(acctam1do)pyndmc—4~prop10mc acid
To a stirred solution of the compound of Preparauon 13(g) (9.0 g, 40 mmol)in

- dioxane (150 mL) was added IN sodium hydroxxdc (_80 mL) dropwise. - After stirring for

5 h, the reaction was made acidified:with 1N hydrochloric acid-(80 mL)and the resulting
solution was concentrated to a small volume to prc'oioitate'mc'product, which was filtered
off rinsed with a small volume of cold water and dried under vacuum to give the title
compound (7.83 g, 94%). TLC Rf 0.32 (95:4:1 chloroform methanol: accnc acid).
MS(DCI/NH3) m/e 209.1 [M+H]*; 1H NMR (D6-DMSO) 5 2.08 (3H s), 2.56 (2H t),
3.36 (2H, br s), 6.97 (1H, d, J=5Hz), 7.97 (1H, s), 8.18 (1H, d, J=5H2z).

i) 2-[(2-(acetamido)pyrid-4-yl}-N-(methoxycarbonyl)ethanamine

To a stirred solution of the compound of Preparation 13(h) (4,75 g, 23 mmol) and
triethylamine (3.8 mL, 27 mmol) in dry toluene (150 mL) was added
diphenylphosphorylazide (5.7 mL, 26 mmol). The reaction was stirred at RT for 15 min,
then heated to 80°C with a reflux condenser attached, behind a safety shield. Vigorous gas
evolution occurred after ~10 min. The reaction was stirred an additional 30 min, the
mixture became clear and gas evolution ceased. Methanol (5 mL, 123 mmol) was added
and the reaction was allowed to stir at 80°C for an additional 4 h. The mixture was -
concentrated and the residue was purified by flash chromatography (silica gel, 3%
methanol/chloroform) to yield the title compound (3.92 g, 72%). TLC Rf 0.42
(5% methanol/chloroform). MS(DCI/NH3) m/e 238.1 [M+H]*; 1H NMR (CDCI3) &
2.23 (34, s), 2.82 (2H, 1), 3.39 (2H, m), 3.68 (3H, s), 4.81 (2H, s), 7.02 (1H, d, '
J=5Hz), 8.03 (1H, s), 8.22 (1H, d, J=5Hz).
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j) 2-(amino)pyridine-4-ethanamine
To the compound of Preparation 13(i) (3.80 g, 16 mmol) was added a solution of

" 6N hydrochloric acid (150 fiL). The reaction was heated &t 110°C'for 24 h, coficentrated -

and dried under vacuum to give the title compound (3.37 g, 100%) as a white solid.
MS(DCI) m/e 138.1 [M+H]*.

ion of 2-(hydrox idine-4-gthanamine h hlori
a) 2-[(2-methoxy)pyrid-4-yI}-N-(methoxycarbonyl)ethanamine
Using the procedure of Preparation 13(i), except substituting 2-(methoxy)pyridine-
4-propionic acid for the compound of Preparation 13(h), gave the title compound. TLC Rf
0.24 (30% ethyl acetate/hexane): MS(DCUNH3) m/e 211.1 [M+H]*; IH NMR (CDCI3)
& 2.80 (2H, 1), 3.49 (2H, m), 3.72 (3H, s), 3.96 (3H, ), 4.82 (1H, br 5), 6.66 (1H, s),
6.79 (1H, d, J=5Hz), 8.17 (1H, d, J=5Hz).

b) 2-(hydroxy)pyndmc-4—cthanammc hydrochlondc .
Using the proccdum of Prcparanon 13(j), cxocpt subsututmg the compound of

Preparation 14(a) for the compound of Preparation 13(i), gave the title compound.
MS(DCI/NH3) m/e 139.1 [M+H] .

ion 1

ion of 4- nyl inom henol
4-(Ammomethyl)phcnol [J. Med. Chem., 26, 808-813, 1983} was d1$solvcd in
dichloromethane (5 mlL) and treated with IN sodium hydmx1dc (4mL) at 0°C followed by
di-t-butyl dicarbonate (610 mg, 2.8 mmol). The solution was allowed to warm to RT, |
stirred for 4 h and concentrated. The residue was purified by flash chromatography (silica
gel, 2% methanol/chloroform) to give the title compound (440 mg). 1 NMR (250 MHz)
6 7.06 (d, 2H), 6.78 (d, 2H), 4.5 (bs, 1H), 4.20-4.18 (m, 2H), 1.45 (s, 9H).

Pre ion 1

f 4-[2-[N-(t-butox nylaminoethyl]] ridin
a) 4-[[2-(t-butoxycarbonyl)amino]ethyl]pyridine
A solution of pyridine-4-ethanamine (1.54 g, 12.6 mmol) in dichloromethane
(15 mL) was treated at 0°C with di-t-butyl dicarbonate (2.75 g, 12.6 mmol) and
triethylamine (1.76 mL, 12.6 mmol), and stirred at RT for 3 d. The mixture was diluted
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with chloroform, washed with 5% sodium carbonate, dried (magnesium sulfate) and

_concentrated. The residue was purified by flash chromatography (silica gel, 80% ethyl
- .acetate/hexane).to give the title compound. 1.01 g.(36%). JHNMR (90 MHz, CDCI3) 3 |

8.53 (d, 2H, J=4.5 Hz2), 7.17 (d, 2H, J=4.5 Hz), 5.77 (br s, 1H), 3.40 (d of ¢, 2H,
J=6.0, 7.5 Hz), 2.83 (1, 2H, J=7.5 Hz), 1.45 (s, 9H).

b) 4-[2-[N-(t-butoxycarbonyl)aminoethyl}}piperidine

A mixuure of the compound of Preparation 16(a) (1.01 g, 4.54 mmol) and platinum
oxide (150 mg) in ethanol was shaken under hydrogen at RT for4 h. Additional 1N
hydrochloric acid (4 mL) and platinum oxide (100 mg) was added and the reaction mixture

- shaken with hydrogen at RT for 1 h and then allowed to sit at neutral pH (adjusted with

5% sodium carbonate) under argon for 18 h. The catalyst was removed by filtration

. through Celite® and the filtrate was concentrated. The residue was concentrated twice

from methanol:toluene, _takén into chloroform, filtered and concentrated to give the title
compound which was used without purification.

dihydrochloride

a) N-(t-butoxycarbonyl)-N-methyl-2-(1-methyl-pyrid-4-yl)ethanamine

A mixture of N-methyl-2-(pyrid-4-yl)ethanamine (4.1 g, 30 mmoi), di-t-butyl
dicarbonate (26.2 g, 120 mmol) and triethylamine (15.2 g, 150 mmol) in dichloromethane
(100 mL) was stirred for 16 h, concentrated, and the residue was diluted with water and
extracted with dichloromethane. The organic phase was washed, dried (magnesium
sulfate) and concentrated. The residue was chromatographed (silica gel, 5%
methanol:dichloromethane) to give the title compound (4 g, 56%).

b) N-(t-butoxycarbonyl)-N-methyl-2-(1-methyl-4-pyridinium)ethanamine iodide

A mixture of the compound of Preparation 17(a) (2 g, 10 mmol) and iodomethane
(21.2 g, 150 mmol) in acetonitrile (30 mL) was heated to reflux for 2 h. The mixture was
concentrated and the residue was dissolved in dichloromethane, decolorized with charcoal,
ﬁl;créd and the filtrate was concentrated. The residue was treated with ether to give the title
compound (3.0 g, 79%) as a yellow solid. MS(ES) m/e 251 [M-I]+.



20

25

30

35

¢) N- (t-butoxycaxbonyl)-N-mcthy1-2-(1-methyl-l.2,5,6—tctrahydr0pyﬁd-4—yl)cﬂ1anaminc,
dxhydmchlondc

-The.compound of Preparation 17(b), 0.95. g, 25 mmol) was dissolved in methanol. . ... .

(30 mL), treated with sodium borohydride (0.38 g, 10 mmol) and stirred for 2h. The
mixture was concentrated, dissolved in water and extracted with dichloromethane. The
organic phase was dried (magnesium sulfate), concentrated and the residue was treated
with 4N hydrogen chloride in dioxane (5 mL) overnight. The mixture was concentrated
and the residue was azeotroped with toluene. The resulting solid was triturated with ether
to give the title compound (0.5 g, 89%).

Preparation 18

nnf N-(1- nlinin¥4;1 1nlh

To a stirred solunon of oxalyl chloride (2 mL, 22 mmol) in dry dlchloromethanc
(50 mL) at -78°C under argon, was added dropwise a solution of dimethylsulfoxide (3.4
mL, 44 mmol) in dichloromethane (10 mL). After 2 min, a solution of 3-[N-(t-
butoxycarbonyl)pxpcndm-4-yl]propanol (4. 86 g 20 mmol) in d1chloromethanc (10 mL)
was added dropwise over 5 min. After stirring an ‘additional 15 min at -78°C, mcthylammc
(14 mL) was added dropwise. After 5 min, the reaction became a thick white slurry and
was allowed to warm to RT and stirred for 16 h. - The reaction mixture was washed with
cold 1IN hydrochloric acid and with brine, dried (magnesium sulfate) and concentrated.
The residue was purified by flash chromatography (silica gel, 30% ethyl acetate/hexane) to
yield the title compound (4.18g, 87%). TLC Rf 0.40 (30% ethyl acetate/hexane); 1y

NMR (CDCI3) & 0.95-1.80 (7H, m), 1.48 (9H, s), 2.40-2.90 (4H, m), 4.14 (2H, br dt),
9.88 (1H, t). '

Preparation 19
ion of 4-[N-(t-bitoxvcarbonyl)aminomethyl

benzaldehyde
a) 4-[N-(t-butoxycarbonyl)aminomethyl]benzyl alcohol _

Toa stirred solution of 4-[N-(t-butoxycarbonyl)-aminomethylJbenzoic acid (16.5
g, 65 mmol) and triethylamine (10 mL, 71 mmol) in dry THF (500 mL) at 0°C was added
ethyl chloroformate (7.5 mL, 78 mmol) dropwise. After stirring for 15 min, sodium
borohydride (6g, 159 mmol) was added in one portion and the reaction was allowed to
warm to RT and stirred for 16 h. The reaction was cooled in an ice bath and carefully
quenched with 1IN hydrochloric acid, extracted with ethyl acetate, and the organic phase
was washed with brine, dried (magnesium sulfate), and concentrated. The residue was
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purified by flash chromatography (silica gel, 20% ethyl acetate:chloroform) to give the title
compound (10.07 g, 65%) as a wt}ite solid. TLC Rf0.31 (20% ethyl acetate:chloroform);

*“1H NMR (CDCI3) 8 1.46 (9H; 5); 3.28 (1H, brs), 4:27'(2H, d, J=6Hz), 4:65 @Hys);~ « = -

5.04 (1H, br s), 7.30 (4H, dd).

b) 4-[N-(t-butoxycarbonyl)aminomethyl]benzaldehyde

To a solution of the compound of Preparation 19(a) (4.0 g, 16.9 mmol) in dry
dichloromethane (50 mL) was added manganese dioxide (10 g, 115 mmol). The mixture
was stirred and refluxed for 16 h and filtered hot through a pad of Celite® which was
rinsed with dichloromethane. The filtrate was concentrated to give the title compound
(3.55g, 89%) as a white solid. TLCRf0.45 5% methanol/chloroform); IH NMR
(CDCI3) & 1.49 (9, s), 4.43 (2H, d, J=6Hz), 5.15 (1H, brs), 7.51 (2H, 4, J—SHz)
7.92 (2H, d, J=8Hz), 10.10 (11, s).

a) 2-[2-(ammo)pynd—4~y1] N-fo:myl-N-mcthyl-cthanammc

To a stirred solution of the compound of Preparation 13(j) (1.5 g, 7.1 mmol) in 1N
sodium hydroxide (14.3 mL), water (15 mL) and THF (30 mL) was added dropwise a
solution of 4-nitrophenyl formate (13 g, 7.8 mmol) in THF (15 mL). After stirring for
16 h, the reaction was concentrated and the residue was purified by flash chromatography
(silica gel, 15:85:0.1 methanol/chloroform:ammonium hydroxide) to give the title
compound (1.14 g, 96%) as a slightly yellowish solid. TLC R 0.32 (90:10:0.1,
chioroform:methanol:ammonium hydroxide); 1HNMR (CDCI3) § 2.77 (2H, 1), 3.57
(2H, dv), 4.84 (2H, br s), 6.47 (1H, s), 6.57 (1H, d, J=6Hz), 6.94 (1H, br s), 8.0 (1H,
d, J=6Hz), 8.21 (1H, s). | |

b) 2-[2—(amino)pyrid-4—yi] -N-methyl-ethanamine

To a stirred solution of the compound of Preparation 20(a) (0.5 g, 3 mmol) in dry
THF (30 mL) was added dropwise, at 0°C under argon, a solution of 1N lithium aluminum
hydride in THF (20 mL, 20 mmol). The reaction was allowed to warm to RT and was
heated to reflux for 16 h. After cooling to 0°C, the reaction was caréfi:lly quenched with
ethyl acetate (2 mL), water (0.8 mL), 15% sodium h&droxide (0.8 mL) and water (2.3
mL). The resulting suspension was stirred for 15 min, filtered through Celite®, and the
filtrate was concentrated. The residue was purified by flash chromatography (silica gel,

75:25:0.1 chloroform:methanol:ammonium hydroxide) to afford the title compound (0.30
g, 66%). TLC Rf0.16 (80:20:0.1, chloroform:methanol:ammonium hydroxide); Ig
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NMR (CDCI3) & 2.45.(3H, s), 2.82 (4H, dt), 4.95 (3H, br s), 6.53 (1H, s), 6.57 (1H, d,
J=6Hz), 7.87 (1H, d, J=6Hz).

Preparation 21

Preparation of 4-[N-(t-butoxycarbonyl)piperazin-1-yllbut-1-yne
A mixture of butyn-1-yl-4-tosylate (0.4 g, 1.7 mmol), N-(t-

butoxycarbonyl)piperazine (0.28 g, 1.5 mmol) and sodium bicarbonate (0.15 g, 1.7
mmol) in dimethylformamide (7 mL) was stirred and heated to 800C. The mixture was
concentrated and the residue was partitioned between dichloromethane and water. The
organic phase was washed with brine, dried (magncsmm sulfate) and concentrated to give

- the title compound (0.38 g) as an oil: 1H NMR (400 MHz, CDCl3) & 3.45 (m 4H), 2.60

(t, 2H), 2.42 (m, 4H), 2.38 (t, 2H), 1.99 (s, 1H), 1.98 (s, 9H)

Preparation 22

- 44 -B1p1pcndme dxhydrochlonde (2.5 g, lO mmol) was dlssolved in water (10
mL) and treated with 5N sodium hydroxide to pH 8-9, diluted to 120 mL with ethanol and
stirred at RT. The resulting mixture was treated w1th d1-t-buty1 dicarbonate (2 4g, 11
mmol) in ethanol (80 mL) in one portion and the mixture stirred at RT, thh penod1c
additions of 5N sodium hydroxide to maintain a pH of 8-9. After 5 h, the mixture was
concentrated and the residue was dissolved in a mixture of 1:1 ether:water (100 mL) and
the pH adjusted to 12 with 5N sodium hydroxide. The aqueous phase was extracted with
cther and th¢ organic phase was washed sequentially with brine, dilute citric acid, and
water. The aqueous phase was adjusted to pH 12-13 with 5N sodium hydroxide and
extracted with ether. The organic phase was washed with brine, dried (sodium sulfate),
concentrated to a clear oil and dried in vacuo to give the title compound (1.7 g, 63%) asa
solid. TLC R¢ 0.4 (Kicsélgcl 60 F254, 15:3:2 2-butanol:formic acid:water); MS (ES) m/e
268.3 [M+H]*.

Preparation 23

a) B-benzyl (RS)-N-methyl-aspartate
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The title compound was prepared according to the procedure of Benoiton, L., Can.
J. Chem., 40, 570 (1962). Sulfuric acid (3.5 mL) was added to anhydrous diethyl ether

(35 mL); followed:by benzyl-alcohol: (35 mL).- The-ether was removed under-vacuum.and.. -

finely ground (RS)-N-methyl-aspartic acid (5 g, 34 mmol) was added, in portions, while
the mixture was magnetically stirred. After 24 h, ethanol (70 mL) was added, followed by
dropwise addition of pyridine (17 mL). The mixture was cooled overnight, and filtered to
give the title compound (6.6 g, 82%). Mp 219-220°C.

b) (RS)-B-benzyl N-Boc-N-methyl-aspartate
B-benzyl (RS)-N-methyl-aspartate (6.6 g, 27.8 mmol), triethylamine (3.9 mL),

-and di-t-butyl-dicarbonate (6.1 g, 27.8 mmol) were suspended in DMF (45 mL). Upon

dissolution the reaction mixture was treated with cold KHSO4 solution, extracted with
EtOAc, dried over MgSO4, and evaporated to give the title compound (6.8 g, 72%). MS
m/e 338 [M+H]*.

c) 2—ﬂuoro~5-mtro-[N-(Z-phcnylcthyl)] -benzylamine

2-Huoro—5-mn'o-benzaldehydc (11 9 $: 70 mmol) and 2-pheny1ethylam1ne (13
mL, 0.1 mol) were dissolved in méthanol (150 mL) and glac1a1 acetic acid (15 mL). The
solution was cooled to 0°C, and sodium cyanoborohydride (6.6 g, 0.1 mol) was added
portionwise. The reaction was adjusted to pH 6 with acetic acid and stirred at room
temperature for 24 h. The reaction miixture was quenched with ice and diluted with water.
The pH was adjusted to 11 with sodium hydroxide and the mixture was extracted with
EtOAc. The organic extracts were washed with cold dilute HCI solution and a solid
precipitated. Filtration yielded the title compound (15.6 g, 82%). Mp 235-6°C; MS m/e
275 [M+H]+.

d) (RS)-N-[(1,1-dimethylethoxy)carbonyl]-N-methyl-O-benzyl-aspartyl[(N'-(2-fluoro-5-
mtro-benzyl),N'-(Z-phcnylcthyl)]amxde

A solution of thé compound of Preparation 23(c) (4 0 g, 11.9 mmol) in CH2Clp
(45 mL) was stirred at room temperature under an argon atmosphere. Triethylamine (3.0
mL) and BOP reagent (3.3 g, 11.9 mmol) were added, followed by the compound from
Prcparauon 23(b) (6.0 g, 17.8 mmol). Thc reaction mlxturc was stirred overnight at room
temperature, and poured into ice water (350 mL). The mixture was extracted with ethyl
acetate. The combined organic extracts were washed with 1M KHSO4, water, 5%
NaHCO3 and brine, and dried over MgSQy. Filtration of the mixture, evaporation of the

filtrate, and flash chromatography yielded the title compound (2.0 g, 29%). MS m/e 594.2
[M+H]*.
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e) (RS)-N-methyl-O-benzyl-aspartyl[(N'-(2-fluoro-5-nitro-benzyl),N'-(2-

phenylethyl)]amide

~"The compotnd of Preparation23(d) (2.0-g; 3.4 mmol) was stirred with 4M . -
HCl/dioxane (9 mL) for 18 h. Evaporation of the solvents in vacuo yielded the title
compound.

f) benzyl 1-mcthyl-;7-nitro-3-oxo-4—(2-phcnylethyl)-1,3,4,5-teuahydro—2H-1,4-
benzodiazepine-2-acetate

To a solution of the compound of Preparation 23(e) (2.0 g, 3.4 mmol) in DMSO
(50 mL), tricthylamine (2.4 mL) was added. The reaction mixture was stirred overnight,
poured into water and extracted with ethyl acetate. The combined organic phases were
washed with brine and dried over sodium sulfate. Filtration and concentration of the
organic extracts in vacuo yielded the title compound (1.6 £, 98%). MS m/e 4742
[M+H]+.

g) benzyl 7-amino-1-methyl-3-oxo-4- (2~phcnylcthyl) -1,3,4,5-tetrahydro-2H-1,4-

: bcnzodlazzpme-Z—acetate K

A solution of the compound of Prcparanon 23(f) (1.6 g, 3.38 mmol) in cthyl
acetate (100 mL) and platinum oxide catalyst (0.6 g) was shaken on a Parr shaker under
hydrogen (40 psi) for24 h. The catalyst was filtered from the solution and the solvent was
evaporated in vacuo to yield the title compound (1.5 8,98%). MS m/e 444.2 [M+H]+

h) benzy! 7-[[[4-(benzyloxycarbonyl-aminoiminomethyl)phenyl}-carbonyljamino]-1-
methyl-3-oxo-4-(2-phenylethyl)-1,3,4,5-tetrahydro-2H-1,4-benzodiazepine-2-acetate

A rpixturc of the compound of Preparation 23(g) (1.5 g, 3.4 mmol), p-
(benzyloxycarbonylamidino)benzoic acid (1.01 g, 3.4 mmol), BOP reagent (1.5 g 34
mmol),and triethylamine (1.0 mL) in DMF (12 mL) was stirred overnight under an argon
atmospherc.' The solution was poured into a mixture of ice water (160 mL) and 5%
NaHCO;3 (14 mL), and the resulting precipitate was filtered. The filtered solid was
dissolved in CH2Cly, dried over sodium sulfate, filtered, and the filtrate was concentrated
in vacuo to a solid (3.2 g). This material was chromatographed (silica gel, 65%
EtOAc/hexane) to yield the title compound (1.5 g, 61%). MS m/e 724 IM+H]t.

i) 7-[[[4-(aminoiminomethyl)phenyl]-carbonyl] amino}-1-methyl-3-oxo0-4-(2-phenylethyl)-
1,3,4,5-tetrahydro-2H-1,4-benzodiazepine-2-acetic acid benzyl ester,

and .
7-[{[4-(aminoiminomethyl)phenyl]-carbonyl]amino}-1-methyl-3-0x0-4-(2-phenylethyl)-
1,3,4,5-tetrahydro-2H-1,4-benzodiazepine-2-acetic acid
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To a solution of the compound of Preparation 23(h) (1.5 g, 2.1 mmol) in 1:1
glacial acetic acid:ethyl acetate (30 mL) and concentrated hydrochloric acid (0.5 mL), 10%

. -palladium on carbon catalyst (1.3 g, activated) was added.- The mixture was hydrogenated .. .

in a Parr shaker (45 psi) for 6 h. The reaction mixmrc was filtered, the filtrate was
evaporated and a portion (0.36 g) of the resulting residue was purified on HPLC (silica
gel-0ODS, 32% CH3CN/H20-0.1% TFA) to yield the title benzyl ester and acid. For
benzyl ester: Anal. (C35H35N504-TFA-H20) caled: C, 61.58; H,5.31; N, 9.70. found:
C, 61.52; H, 5.00; N, 9.45. For the acid: ESMS m/e 590 [M+H]*.

- a) t-butyl 3-nitro-4-[N-(2-phenylethyl)aminomethyl]benzoate, and t-butyl 3-nitro-4-[N-(t-

butoxycarbonyl)-N- (2-phenylcthyl)ammomcthyl]bcnzoatc

A solution of t-butyl 4»bromomcthy1—3—mtrobenzoatc {prcpared by the mcthod in
lnt J. Pepude Res., 36, 31 (1990)] (1 6g, 0.005 mol) in CH2C12 (10 mL) was added
dropwise, over 15 min, to a solution of phenethylamine (1.89 g, 0.015 mol) in CH;Cl;
(50 mL). The mixture was stirred at room temperature under argon for 24 h and
concentrated in vacuo. The residue was dissolved in THF (50 mL) and treated with a
solution of triethylamine (2.5 g, 0.025 mol) and di-t-butyl dicarbonate (4.4 g, 0.02 mol) in
THF (S50 mL). The resulting mixture was stirred overnight at room temperature under
argon and concentrated in vacuo. The residue was dissolved in ethyl acetate, washed with
water and dried with sodium sulfate. The organic phase was concentrated in vacuo and the
residue was triturated with ethyl acetate:hexane (15:85) to yield the title compound (0.87 g,
37%). Mp 110-113°C.

The filtrate was chromatographed (silica gel, ethyl acetate:hexane 15: 85) to yield
additional compound (0.5 g, 21%). Mp 113- 115°C

b) t-buty! 3-amino-4-[N-(t-butoxycarbonyl)-N-(2-phenylethyl)aminomethyl]benzoate

A mixture of the compound of Preparation 24(a) (1.3 g, 0.0028 fndi), ethanol (125
mL) and 10% Pd/C (0.32 g) was shaken under a hydrogen atmosphérc (40 psi) for 50
min. The mixture was filtered and the filtrate was concentrated in vacuo to give the title -
compound. Mp 105-106°C.
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c) t-butyl (E/Z)-3-[2-(1,4-dimethcxy-1,4-dioxo-2-butenyl)amino]-4-[N-(t-
butoxycarbonyl)-N-(2-phenylethyl)aminomethyl]benzoate

- A-solution of the compound-of Preparation 24(b) (1.15:g, 0.0027 mol).in methanol . . .

(50 mL) was treated with dimethyl acetylenedicarboxylate (0.45 g, 0.0032 mol) and the
resulting solution was heated to reflux under argon for 1 h. The mixture was concentrated
in vacuo and the residue was chromatographed (silica gel, ethyl acetate:hexane 20:80) to
give the title compound (1.3 g, 85%).

d) t-butyl (R,S)-3-[2-(1,4-dimethoxy-1,4-dioxo-2-butyl)-amino}-4-[N-(t-butoxycarbonyl)-
N-(2-phenylethyl)aminomethyl]-benzoate

A solution of the compound of Preparation 24(c) (1.3 g, 0.0023 mol) in methanol -
(100 mL) containing 10% Pd/C (0.38 g) was shaken in a hydrogen atmosphere (40 psi)
for 4.5 h. The mixture was filtered and the filtrate concentrated in vacuo to yield the title
compound. |

e) methyl (R, S)—8-carboxy-1,2,4,5—_tcu'ahydro-3-oxo-'4»(2fphenylethyl)-3H-1,4-
benzodiazepine-2-acetate

A solution of the compound of Prcparauon 24(d) (1.3 g, 0. 003 mol) in CH2C12
(50 mL) and TFA (50 mL) was kept at room temperature under argon overnight. The
mixture was concentrated in vacuo to give a residue containing crude (R,S)-3-[2-(1,4-
dimethoxy-1,4-dioxo-2-butyl)amino]-4-[N-(2-phenylethyl)aminomethyl]benzoic acid.
The residue was dissolved in anhydrous methanol (70 mL), treated with methanolic
sodium methoxide (1.6 mL, 0.007 mol) and heated to reflux for 8 h. The mixture was
kept at room temperature for 14 h, treated with 1N HCl in diethyl ether (7.5 mL),
concentrated in vacuo, treated with methanol (3 x 20 mL) and concentrated in vacuo. The
residue was dissolved in methanol:CH,Clj:acetic acid ( 10:90:0.4, 15 mL), filtered and
chromatographed (silica gel, methanol:CH,Cly:acetic acid 10:90:0.4) to give the title
compound (0.66 g, 70%).

The solid was dissolved in CH>Cl3 (30 mL) and treated with 1N HCl in dlcthyl
ether (3 mL) to give methyl (R,S)-8-carboxy-1,2,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-
3H-1,4-benzodiazepine-2-acetate hydrochloride.

f) methyl (R,S)-8-chlorocarbonyl-1,2,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-3H-1,4-
benzodiazepine-2-acetate, hydrochloride

A mixture of the hydrochloride salt of the compound of Prcparauon 24(e) (0.2 g,
0.5 mmol) and thionyl chloride (6 mL) was heated to reflux under argon for 15 min. The

mixture was concentrated in vacuo, treated with CHyCla (3 x 20 mL) and concentrated in
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vacuo to give methyl (R,S)-8-chlorocarbonyl-1,2.4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-

3H-1,4-benzodiazepine-2-acetate hydrochloride as a yellow solid.

g) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-
aminoiminomethyl}phenyl]amino]carbonyl]-1,2,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-
3H-1,4-benzodiazepine-2-acetate

A solution of 4-[N-(benzyloxycarbonyl)-aminoiminomethyl}aniline 0.13g,0.5
mmol) and diisopropylethylamine (0.062 g, 0.5 mmol) in CH2Cl; (25 mL) was added a
solution of the compound of Preparation 24(f) in CH2Clj (5 mL). The mixture was kept at
room temperature for 20 h, treated with diisopropylethylamine (0.15 g) and washed with
water. The organic phase was dried with sodium sulfate and concentrated in vacio. The
residue was purified by preparative TLC (silica gel, methanol:CHCl 5:95) and eluted
with methanol-CH3Clp-diisopropylethylamine to the title compound (0.14 g, 46%).

- MS(ES) m/e 634 [M+H]*. Anal.(C36H35N506-HCI-2.5H20) clacd: C, 60.45; H, 5.78;

N, 9.79. found C, 60.51; H, 5.58; N, 9.84.

h) methyl (R,S)-8-[[[4- (am1nmmmomcthyl)phcnyl]ammo]-carbonyl] 1,2,4 5-teuahydro-

-oxo-4 -(2-phenylethyl)-3H-1 4-bcnzod1achme-2—acetatc

A solution of the compound of Preparation 24(g) (0.13 g, 0.2 mmol) and 10%

Pd/C (0.1 g) in methanol (50 mL) and 1N HCl in diethyl ether (1.0 mL) was shaken under
a hydrogen atmosphere (30 psi) at room temperature for 30 min. The mixtare was filtered
and the filtrate concentrated in vacuo to yield the title compound. 1H NMR (CD30D, 400
MHz) d 8.0 (d, 2H), 7.8 (d, 2H), 7.0-7.25 (m, 8H), 5.5 (d, 1H), 5.15 (m, 1H), 3.9 (d,
1H), 3.75 (m, 1H), 3.7 (s, 3H), 3.65 (m, 1H), 2.95 (dd, 1H), 2.75 (t, 2H), 2.65 (dd,
1H); MS(ES) m/e 500.2 [M+H]*.

i) (R,S)-8-[[[4-(aminoiminomcthyl)phcnyl]amino]carbonyl]—1,2,4,5-tctrahydro—3—oxo-4—
(2-phenylethyl)-3H-1 ,4-benzodiéchinc—2—acctatc, dihydrochloride '

A solution of the compound of Preparation 24(h) (0.1 g,0.175 mmbl) in a mixture
of methanol (20 mL), water (2 mL) and 1IN NaOH (1 mL) was stirred at room temperature
for 19 h. The mixture was acidified to pH 1 with 3N HCI, concentrated in vacuo and
purified by HPLC-RT 21.19 min (YMC ODS-AQ®, 50 x 250 mm, 1 5 mL/mm 33%
AN/W-TFA, UV detection at 220 nm). Fractions containing product were pooled and
lypophylized, redissolved in water (70 mL), 6N HCI (2 mL) and acetonitrile, and
lyophylized to yield the title compound (0.37 g, 40%). MS(EI) m/e 486 [M+H]*.



By

:.'."I 5

20

25

30

35

a) 4-(aminomethyl)benzonitrile

A solution of 4-aminobenzonitrile (5.91 g; 50 mmol) and TFA (0.19 mL, 2.5
mmol) in dry, distilled triethylorthoformate (100 mL) was heated to reflux under argon.
After 0.5 h at reflux, the yellow solution was concentrated to dryness in vacuo 1o leave a
yellow oil which crystallized on drying in high vacuum. The solid was dissolved in
absolute EtOH (100 mL), cooled to 0°C under argon, and NaBH4 (5.68 g, 150 mmol) was
added. The mixture was allowed to warm to room temperature over 0.5 h and heated to
reflux. After 1h, thc thick mixture was conccntrated in vacua, and the residue was
partitioned between HzO (IO'O‘mL) and Et20 (100 mL). The Iaycrs were separated, and .
the aqueous layer was extracted with Et20. The combined organic layers were dried
(MgSO4) and concentrated to a ycllow solid. The solid was punﬁed by chromatography
(silica gel, 30% EtOAc/hexanc) to yxcld thc txtle compound asa famtly yellow solid (6.10
g, 92%). TLC RfO 45 (silica gel, 30% EtOAc/hexanc) g NMR (250 MHz, CDCl3) 5
7.43 (d, 2H), 6.55 (d, 2H), 4.39 (br s, 1H), 2.88 (s, 3H); IR (CHCI3) 3460, 2220,
1610, 1528, 1337, 1176, 823 cm-1; MS(ES) m/e 133.0 [M+H]*.

b) 4-aminomethy!-(N-t-benzyloxycarbonyl)benzamidine

A solution of trimethylaluminum in toluene (2.0M, 51 mL, 102 mmol) was added
over 4 min to a suspension of powdered NH4Cl (5.46 g, 102 mmol) in dry toluene (51
mL) in a flame-dried flask at 0°C under argon. The ice bath was then removed and the
reaction was allowed to stir at room temperature until gas evolution ceased (1 h). The
compound of Preparation 25(a) (4.49 g, 34 mmol) was added, and the reaction was
warmed to 80°C (oil bath). Gas evolution occurred on warming. After 23 h at 80°C, the
reaction was cooled to room temperature and poured into a stirred slurry of silica gel (170
g) in CHCI3 (500 mL), causing a significantly exothermic reaction. The resulting mixture
was stirred for 0.5 h, then was filtered, and the filter pad was washed with MeOH (1 L).
The filtrate was concentrated to a yellow solid which was dried under high vacuum at 50-
60°C for 0.5 h. The resulting material was used without further purification.

The material was dissolved in THF (136 mL) a_:id H20 (34 mL), and the solution
was cooled to 0°C. 5N NaOH (20 mL.,, 100 mmol) was added dropwise, and the resulting
two-phase mixture was cooled for an'additional 5 min. Benzyl chloroformate (4.85 mL,
34 mmol) was added dropwise, and the reaction was stirred at 0°C for 0.5 h. The THF
was removed in vacuo and the residue was extracted with CH2Cly, followed by EtOAc. .



The combined organic extracts wcn;. dried (Na2S04) and concentrated to an off-white
solid. Chromatography (silica gel, 3:2 EtOAc:hexane) gave the title compound as an off-

kit S0lid (6.50 g, 67%). For chidractérization purposés;  small sample was = -
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recrystallized from EtOAc/hexane. Mp 141-143°C; TLC Rf 0.49 (silica gel, 3:2 .
EtOAc:hexane); 1H NMR (400 MHz, CDCl3) §7.77 (d, 2H), 7.45 (m, 2H), 7.27-7:38
(m, 3H), 6.56 (d, 2H), 5.20 (s,' 2H), 4.28 (br s, 1H), 2.88 (s, 3H); IR (CHCI3) 3500,
3450, 3310, 1648, 1608, 1575, 1493, 1263, 1141 cm-1; MS(ES) m/e 284.2 [M+H]*.

¢) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-
aminoiminomethyl]phenyljmethylamino]carbonyl]-1,2,4,5-tetrahydro-3-oxo-4-(2-
phenylethyl)-3H-1,4-benzodiazepine-2-acetate

~ The compound of Preparation 24(¢e) (382.4 mg, 1.0 mmol) was refluxed with

" SOCI2 (10 mL) for 15 min, and the solution was concentrated to dryness in vacuo. The

residue was dissolved in dry toluene (5 mL), reconcentrated in vacuo to remove residual
SOCI2, and dissolved in dry CH2Cl2 (2.5 mL). This solution was added dropwise over

S min to a well-stirred solution of the compound of Preparation 25(b) (0.85 g, 3.0 mmol)

-and- dxy pyndmc (0 40 mL 5 mmol) in dry CH2C12 (30 mL) at 0°C under argon. Thc

rcsulnng oranglsh-ycllow mixture was warmed to room- tcmpcrature stirred for 1 h
diluted with EtOAc (100 mL) and washed with 5% aq. NaHCO3, The solution was dried
(Na2S04), concentrated, and purified by chromatography (silica gel, 9:1 EtOAc/toluene)
to'yield the title compound (441.6 mg, 68%). TLC Rf 0:38 (silica gel, 9:1
EtOAc:toluene); IH NMR (400 MHz, CDClI3) 6 7.71 (4, J=8.5 Hz, 2H), 7.02-7.46 (m,
12H), 6.62 (d, J=1.4 Hz, 1H), 6.56 (d, J=7.8 Hz, 1H), 6.38 (dd, J=7.8, 1.4 Hz, 1H),
5.19 (s, 2H), 5.18 (d, J=16.8 Hz, 1H), 4.85-4.93 (m, 1H), 4.17 (d, J=5.3 Hz, 1H),
3.71 (s, 3H), 3.57-3.70 (m, 2H), 3.53 (d, J=16.8 Hz, 1H), 3.4 (s, 3H), 2.90 (dd,
J=16.1, 6.9 Hz, 1H), 2.63-2.79 (m, 2H), 2.58 (dd, J=16.1, 6.3 Hz, 1H); IR (CHCli3)
3160-3540 (br), 3490, 3300, 1733, 1655, 1616, 1577, 1500, 1443, 1380, 1271, 1149
1110 cm™1; MS(ES) m/e 648.4 [M+H]".

d) (R,S)-8-[[[4-(aminoim_inometh§'l)phenyl]-mcthylamino]-carbonyl]-1;2,4,5-tetrahydro- '
3-0x0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid

A mixture containing the compound of Preparation 25(c) (556.2 mg, 0.86 mmol),
10% Pd/C (0.18 g, 0.17 mmol), TFA (0.07 mL, 0.86 mmol), EtOAc (15 mL) and MeOH
(15 mL) was shaken at room temperature under H2 (30 psi). After 1.5 h, the catalyst was
filtered and the filtrate was concentrated to dryness. The residue was resubmitted to the
hydrogenation conditions described above using fresh catalyst. After another 1.5 h, the
reaction was filtered, the filter pad was washed thoroughly with EtOAc and with MeOH,
and the filtrate was concentrated to dryness. The residue was dissolved in MeOH (30
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mL), and 1IN NaOH (3.4 mL, 3.4 mmol) was added. The yellow solution was stirred at
room temperature overnight, and concentrated in vacuo. The residue was dissolved in

- CH3CN:H20 (1:1, 8.6 mL) and-cooled to 0°C.. TFA (0.66 mL;, 8.6 mmol)-was added, - .- -

and the resulting solution was concentrated to dryness in vacuo (CH3CN azeotrope). The
residue was purified by reversed-phase flash chromatography (ODS-silica gel, 25%
CH3CN/H20-0.1% TFA), and lyophilized to yield the title compound as a faintly yellow
powder (403.4 mg, 68%). HPLC k' 9.1 (PRP-1® column; 25% CH3CN-H20 0.1%
TFA); 1H NMR (400 MHz, CD30D) § 7.67 (m, 2H) 7.37 (m, 2H), 7.06-7.25 (m, 5H),
6.74 (d, J=7.8 Hz, 1H), 6.64 (d, J=1.6 Hz, 1H), 6.40 (dd, J=7.8, 1.6 Hz, 1H), 5.33 (d,
J=16.9 Hz, 1H), 5.01 (dd, J=9.0, 5.1 Hz, iH). 3.77 (d, J=16.9 Hz, 1H), 3.53-3.71 (m,
2H), 3.46 (s, 3H), 2.88 (dd, J=16.7, 9.0 Hz, 1H), 2.60-2.75 (m, 2H), 2.58 (dd,
J=16.7, 5.1 Hz, 1H); MS(ES) m/e 500.2 [M+H]*; Anal. calcd (C28H29N504-1.5
TFA-HZO): C, 54.07; H, 4.76; N, 10.17. found: C, 53.73; H, 4.94; N, 9.84.

ion 2

a) methyl (R,S)-8-azidocarbonyl-1,2,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-3H-1,4-
benzodiazepine-2-acetate

The compound of Preparation 24(f) (0.6 g, 1.3 mmol) was dissolved in dry
acetone (6 mL) and added dropwise to a solution of sodium azide (120 mg, 1.8 mmol) in
water (3 mL) stirred in an ice bath. The mixture was stirred for 1 h, diluted with water (15
mL) and extracted with ethyl acetate. The organic phase was dried over MgSQ4 and
concentrated in vacuo to yield the title compound (0.55 g, 90%).

b) methyl (R',S)-S-amino-l,2,4,5-ten'ahydro-3-oxo-4-(2-phcnylethyl)-3H-1,4-
benzodiazepine-2-acetate |

A solution of the compound of Preparation 26(a) (0.55 g, 1.1 mmol) in dry toluene
(12 mL) was heated to 80°C in an argon atmosphere for 2 h. The mixture was
concentrated in vacuo to yield methyl (R,S)-S-isocyanato-1,2,4,5-,ictrahydfo-3-oxo-4-(2-
phcnylcthyl)-BH—l,4-bcnzodiazépinc-2—acctatc. '

The residue was stirred in 3N HCI (6 mL) and THF (10 mL) for 1 h. The mixture
was concentrated in vacuo and solid sodium bicarbonate was added to pH 8. The mixture
was extracted with ethyl acetate and the orgahic phase was dried with MgSO4 and
concentrated in vacuo to give methyl (R,S)-8-amino-1,2,4,5-tetrahydro-3-oxo-4-(2-
phenylethyl)-3H-1,4-benzodiazepine-2-acetate (0.3 g, 67%).
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c) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-

‘dininciminométhyl]phenyljcarboriyllaminol-1;2,4,5-tetralyidro-3-ox0-4:(2-phénylethyl) - -

3H-1,4-benzodiazepine-2-acetate

A mixture of 4-[N-(benzyloxycarbonyl)-(aminoimino-methyl)]Jbenzoic acid (0.23
g, 1.0 mmol) and thionyl chloride (3 mL) in CH,Cl; (3 mL) was heated to reflux for 10
min, concentrated in vacuo, treated with toluene and concentrated in vacuo several times to
give 4-[N-(benzyloxycarbonyl)-(aminoiminomethyl)Jbenzoyl chloride. A solution of this
acid chloride in CH2Cl (3 mL) was added dropwise to a solution of the compound of
Preparation 26(b)-(0.3 g, 0.9 mmol) and diisopropylethylamine (130 mg, 1.0 mmol) in
dry CH2Cl3 (5 mL). The mixture was stirred at room temperature under argon for 5 h,
diluted with CH2Clp (20 mL) and extracted with water, 3N HCl, 5% sodium bicarbonate -

_ and brine. The organic phase was dried with MgSOj4 and concentrated in vacuo. The - '

residue was chromatographed (silica gel, methanol:CH;Cly 2:98) to yield the title
compound (0.17 g, 32%).

d) methyl (R,S)- 8- [[[4-(aminoimmomcthyl)phcnyl]c-arbonyl]-am_ino]—1,2_,4,5—t_cu__'ahydm--
3~oxo-4-(2-phcnylethyl) -3H-1 4~bcnmdxachme-2-acctatc

A solution of the compound of Preparation 26(c) (0.1 g, 0.15 mmol) and 10%
Pd/C (20 mg) in methanol (40 mL) and 3N HCI (8 drops) was shaken in a hydrogen
atmosphere (45 psi) for 30 min. The mixture was filtered and the filtrate concentrated in
vacuo to yield the title compound (65 mg, 87%).

e) (R,S)-8-[[[4-(aminoiminomethyl)phenyl]carbonyljamino]-1,2,4,5-tetrahydro-3-oxo-4-
(2-phenylethyl)-3H-1,4-benzodiazepine-2-acetic acid

A solution of the compound of Preparation 26(d) (65 mg, 0.12 mmol) in methanol
(15 mL), water (2 mL) and IN NaOH.(l mL), was stirred at room temperature under
argon overnight. The mixture was treated with 3N HCI (1 mL) and concentrated in vacuo.
The residue was dissolved in acctoniirilc:watcr (33:67) and purified by HPLCRT 11.2
min (YMC ODS-AQ®, 50x250 mm, 85 mL/min, 33% AN/W-TFA, UV detection at 220
nm) to yield the title compound (26 mg, 33%). MS (EI) m/e 486 [M+H]_+._

The following Examples illustrate the manner of making the pharmacologlcally active
compounds and compositions of this invention.



20

25

30

a5

a) t-butyl 3-bromo-4—mcthylbcnzoatc

Dimethylformamide dimethyl acetal (48 ml., 200 mmol) was addcd droprsc 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 bicarbonate, and dried

'(sodium sulfate). The mixture was filtered through a pad of silica gel, and the filter pad
© was washcd with toluene. The filtrate was concentrated to afford the title compound (8.0

g 69% ) as a yellow oil. TLC (toluene) Rf 0.68; 1H NMR: (250 MHz, CDCI3) 6 8. 13
(d, J=1.7 Hz, 1H), 7.81 (dd, J=7.9, 1.7 Hz, 1H), 7.27 (d, J=7.9 Hz, 1H), 2.44 (3H),
1.59 (s, 9H); IR (CCla) 1715, 1368, 1297, 1255, 1170, 1123, 1115 cm~1; MS(ES) m/e
273.0 [M+H]+, 271.0 [M+H]*, 214.8 (M+H-56)*.

b) t—butyl 3-bmmo-4—(bromomcﬂ1y1)benzoatc

A mucture of the compound of Example 1(a) (1.36 g, 5 mmol), N-
bromosuccinimide (0.98 g, 5.5 mmol), and benzoyl peroxide (61 mg, 0.25 mmol) in
carbon tetrachloride (25 mL) was heated at reflux. After 4 h, thé mixture was cooled and

filtered, and the filtrate was concentrated. The resulting material was used without
purification. TLC Rf 0.39 (5:95 ethyl acetate:hexane).

c) t-butyl 3-'bromo-4-[[(2-phenylethyl)amino]mcthyl]-benmate

The compound of Example 1(b) was dissolved in dry ether (25 mL), and
phenethylamine (1.9 mL, 15 mmol) was added. The addition was slightly exothermic, 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 (magnesium sulfate), concentration, and silica gel chromatography (33%
ethyl acetate/hexane) gave the title compound (1 26 g, 65%) as a pale yellow oil. TLC Rf
0.42 (30:70 ethy] acetate:hexane); 1H NMR (250 MHz, CDCl3) §8.12 (d, J=1.5 Hz,
1H), 7.87 (dd, J=7.9, 1.5 Hz, 1H), 7.40 (d, J=7.9 Hz, 1H), 7.10-7.40 (m, 5 H), 3.90
(s, 2H), 2.70-3.00 (m, 4H), 1.59 (s, 9H); IR (CClg) 1717, 1368, 1294, 1253, 1170,
1118 cm-1; MS(ES) m/e 390.0 [M+H]*.

d) t-butyl 3-bromo-4- [[[N-(2-phenylcthyl)—N-t-bﬁtoxycarbonyl]amino]methyl]benzoate



10

15

20

25

30

35

Di-t-butyl dicarbonate (845 mg, 3.88 mmol) was added all atonce to a solution of
the compound of Example 1(c) (1.26 g, 3.23 mmol) in chloroform (16 mL) at RT. The

" “teaction was stirred gt RT f6r°1:5 h, then-at-reflux-for 0.5-h:~Concentration-and - -

chromatography (silica gel, 10% ethyl acetate/hexane) gave the title compound (1.57 g,
99%) as a colorless oil which solidified in vacuo. TLC Rf 0.49 (10:90 ethyl
acetate:hexane); 1H NMR (250 MHz, CDCI3) Rotameric mixture, ratioca. 1.5 : 1; 0 8.13
(d, J=1.5 Hz, 1H), 7.88 (dd, J=8.1, 1.5 Hz, 1H), 7.05-7.40 (m, 6H), 4.30-4.60 (m,
2H), 3.30-3.55 (m, 2H), 2.74-2.93 (m, 2H), 1.20-1.80 (m, 18 H); IR (CCl4) 1717,
1698, 1367, 1295, 1251, 1165, 1120 cm~1; MS(ES) m/e 490.2 [M+H]*, 436.0.

e) mcthyi 3-mcthoxycarbonyl—4—[[5-(t~butoxycarbonyl)-2~[[N—(2-phenylcthyl)—N—t—
(butoxycarbonyl)]Jamino]methyl]-phenyl]-2-butenoate and methyl 3-methoxycarbonyl-4- -
[[5-(t-butoxycarbonyl)—2—[[N-(2-phenylcthyl)-N—t—butoxycarbonyI)] aminojmethyl]phenyl]-
3-butenoate. :

A mixture of the compound of Example 1(d) (1.34 g, 2.73 mmol), d1methy1
itaconate (648 mg, 4.10 mmol), palladmm (1) acetate (30.7 mg, 0.14 mmol), tri-o-
tolylphosphine (83.2 mg, 0 27 mmol) dry tncthylammc (©: 76 mL, 5.46 mmol) and dry
acetonitrile (27 mL) was deoxygcnated through a'sin gle evacuauon/argon purge cycle, then
was heated at reflux under argon. After 6h, the reaction was cooled, and more palladium
(ID) acetate (30.7 mg, 0.14 mmol) and tri-o-tolylphosphine (83.2 mg, 0.27 mmol) were

‘added. The mixture was déOxy'géhatcd'ﬂirbﬁgh three evacuation/argon purge cycles, then

was heated at reflux under argon overnight (16.5 h). The reaction was concentrated, and
the residue was dissolved in ether and washed with water and brine. Drying (mégncsium
sulfate), concentration, and chromatography (silica gel, 15% ethyl acetate/hexane; then
40% ethy] acetate/hexane) gave the crude title compound as a yellow oil. The residue was
rechromatographed (silica gel, 25% ethyl acetate/hexane)to yield the title compound (1.36
g, 88%) as a light yellow oil. This material was used without separation of the isomeric
reaction prbducts.

f) methyl 3-methoxycarbonyl-4-[5-(t-butoxycarbonyl)- 2-[[[N-(2—phcnylcthyl) -N-t-
butoxycarbonyllamino}methyl]-phenyljbutanoate

The compound of Example 1(e).(1.18 g, 2.08 mmol) was dlssolvcd in anhydrous
methanol (21 mL), and palladium (II) hydroxide on carbon (0.21 g) was added. The
resulting mixture was shaken at RT under Hp (47 psi) for 2 h, then was filtered through
Celite®. The filtrate was concentrated and resubmitted to the same reaction conditions. |
After another 5.5 h, the mixture was filtered as before, and the filtrate was concentrated to
afford the title compound (1.13 g,95%) as a cplorlcss oil.
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g) methyl (R, S)-7-carboxy-2 3,4,5-tetrahydro-3-0x0-2-(2-phenylethyl)-1H-2-
benmchmc-4—acctate

“TFA"(11 mL) was added all at bncé t0a cloudy solution of the compoundof
Example 1(f) (1.30 g, 2.28 mmol) in dry CH2Cl2 (11 mL) at 0°C under argon. The
resulting light yellow solution was warmed to RT, stirred for 2 h, and concentrated. The
residue was concentrated once from 1,2-dichloroethane to remove residual TFA and give
methyl 3-mcthoxyc;arbonyl-4-[5-carboxy-2-[[N—(2—
phenylethyl)amino]methyl]phenyljbutanoate as a pale green oil.

The oil was dissolved in anhydrous methanol (11 mL), and the solution was cooled
to 0°C under argon. Freshly prepared 1.0 M sodium methoxide/methanol (11 mL, 11
mmol) Was added and the ice bath was removed. The yellow solution was allowed to
warm to RT over 5 min and heated to reflux under argon. After 3 h, the reaction was -
cooled in ice and quenched with glacial acetic acid (1.3 mL, 22.8 mmol). The reaction was
diluted with ethyl acetate (100 mL) and washed with water. The combined aqueous layers
were back-extracted with ethyl acetate, and the combined ethyl acetate layers were washed
with brine, dried (magnesium sulfate), and concentrated toa pale green residue.
Chmmatography ((s1hca ch 10% mcmanollchlorofoxmlo 1% accuc acid) gave the title

compound asa ycllow foam. Crystalhzanon from methanol containing a little chloroform
gave the title compound (528.2 mg, 61%) as an off-white solid. mp 214-216°C; TLC Rf

0.49 (10:90 methanol:chloroform); 'H NMR (400 MHz, 10% CD30D/CDCI3) 8 7.72-

7.78 (m, 2H), 7.11-7.22 (m, 3H), 7.01-7.08 (m, 3H), 5.21 (d, }J=16.8 Hz, 1H), 3.70-
3.92 (m, 3H), 3.72 (s, 3H), 3.5-3.66 (m, 1H, partially obscured by water peak), 3.03
(app dd, 1H), 2.97 (dd, J=16.7, 8.7 Hz, 1H), 2.86 (dd, J=17.3, 13.6 Hz, 1H), 2.76 (1,
J=7.3 Hz, 2H), 2.43 (dd, J=16.7, 5.3 Hz, 1H); MS(ES) m/e 404.0 (M+Na)*, 382.4
[M+H]*, 350.2 (M+H-CH3OH)*.

h) methyl (R,S)-7-[[[4-[N-(benzyloxycarbonyl)-
aminoiminomethyl}phenyljmethylaminojcarbonyl}-2,3,4,5-tetrahydro-3-oxo-2-(2-
phenylethyl)-1H-2-benzazepine-4-acetate

The compound of Example 1(g) (117.9 mg, 0.31 mmol) was refluxed with thionyl
chloride (3 mL) for 15 min and the yellow -sdlu;ibn was concentrated. The residue was
concentrated from dry toluene (3 mL) to remove residual thionyl chloride, and the resulting
material was dissolved in dry CH2Cl2 (0.5 mL). This solution was added dropwise over
1-2 min to a solution of 4-(methylamino)-(N-benzyloxycarbonyl)benzamidine (263 mg,
0.93 mmol) and anhydrous pyridine (0.125 mL, 1.55 mmol) in dry CH2CI3 (10 mL) at
0°C under argon. The resulting yellow mixture was warmed to RT and stirred for 0.5 b,

diluted with ethyl acetate, and washed with 5% sodium bicarbonate. Drying (sodium

sulfate), concentration, and chromatography (silica gel, 10% ethyl acetate/toluene) gave the
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title compound (174.8 mg, 87%) as a faintly yellow oil. TLC Rf 0.45 (9:1 toluene:ethyl
acetate). 'H NMR (400 MHz, CDCI3) § 7.73 (app d, 2H), 7.00-7.45.(m, 13H), 6.89

(app d; 1H); 6.74 (d, 1=7.8 Hz, 1H), 519 (s, 2H), 5.05 (d, J=16:6-Hz, 1H); 3.52-3.97" -~

(m, 4H), 3.69 (s, 3H), 3.48 (s, 3H), 2.93 (dd, J=16.8, 8.4 Hz, 1H), 2.83 (dd, J=17.3,
3.9 Hz, 1H), 2.60-2.77 (m, 3H), 2.34 (dd, J=16.8, 5.4 Hz, 1H); IR (CHCI3) 3490,
3300, 1731, 1650, 1614, 1495, 1437, 1360, 1284 (shoulder), 1264, 1143 cm-1; MS(ES)
m/e 647.2 [M+H]™.

i) methyl (R,S)-7-[[[4-(aminoiminomethyl)phenylJmethylamino}-carbonyl]-2,3,4,5-
t';:n_phydro—3¢dxo-2-(2-phcnylcﬂ1yl)- 1H-2-benzazepine-4-acetate

10% Palladium on carbon (58 mg, 0.054 mmol) was added carefully to a solution
of the compound of Example 1(h) (174.8 mg, 0.27 mmol) and TFA (0.021 mL, 0.27 '
mmol) in ethyl acetate/methanol (1:1, 9 mL), and the mixture was stirred briskly under .
hydrogen (balloon pressure). After 1.5 h, the mixture was filtered through Celite®, and
the filter pad was washed thoroughly with ethyl acetate and methanol. Concentration gave
the title compound. |

) ®R.S)-T-{{{4: (aminoiminomethyDphenylimethylamino]-carbonyl]-2,3.4,5-tetrahydro-3-

oxo-2-(2-phenylethyl)-1H-2-benzazepine-4-acetic acid

The compound of Example-1(i) was dissolved in methano! (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 (0.21 mL, 2.7 mmol). The faintly yellow solution
was concentrated and the residue was purified by reversed-phase flash chromatography
(C-18 silica gel, 25% AN/W-TFA). Concentration and lyophilization gave the title
compound (123 mg, 67%) as a colorless powder. HPLC k' = 1.84 (PRP-1®, 30%
AN/W-TFA); 1H NMR (400 MHz, CD30D) 5 7.67 (app d, 2H), 7.40 (app d, 2H),
6.96-7.20 (m, 8H), 5.13 (d, J=16.8 Hz, 1H), 3.96 (d, J=16.8 Hz, 1H), 3.66-3.81 (m,
2H), 3.45-3.58 (m, 1H), 3.49 (s, 3H), 2.92 (app dd, 1H), 2.77 (dd, J=17.0, 9.1 Hz,
1H), 2.54-2.68 (m, 3H), 2.38 (dd, J=17.0, 4.8 Hz, 1H); MS(ES) m/e 499.0 [M+H]*;
Anal. (C29H30N404-1.5(CF3C0O2H)-0.5 H20) calcd: C, 56.64; H, 4.83; N, 8.26.
found: C, 56.77; H, 5.05; N, 8.35.

xample 2

Preparation of (R,S)-8-f ll&(amingiminometﬁxl )phenyll-methylaminojcarbonyl]-2,3.4.5-
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a) t-butyl 4—[N-(t-butoxycarbon_yl)-N-(phcnylethyl)aminomcthyl]-3‘
(methylamino)benzoate

- Formie acid (0.166 g, 3.6 mmol) was.added slowly to.acetic anhydride.(0.36.g;- - - - -

3.5 mmol) at 0°. This solution was stirred at 0° for 10 min, then at 55°C for two hours,
cooled to RT, and diiuted with THF (15 mL). To this solution was added dropwise a
solution of the compound of Preparation 24(b) (0.5 g, 1.17 mmol) in THF (3 mL). The
solution was stirred 3 h and concentrated to give a colorless oil. The residue was
redissolved in THF (20 mL), cooled to 0°C and 2.0M borane-methyl sulfide in THF was
added (0.22 g, 2.9 mmol, 1.45 mL). After gas evolution had stopped, the solution was
heated at reflux 3 h, cooled to RT and methanol (5.0 mL) was added. The resulting

solution was refluxed 1 h and concentrated to give the title compound (0.5 g, 98%) as a
colorless oil. 1H NMR (400 MHz, CDCI3) & 7.1-7.3 (m, 5H), 7.05 (d, 2H), 7.0(d, - -

. 1H), 5.5 (b, 1H), 4.3 (s, 2H), 3.3 (t, 2H), 2.9 (s, 3H), 2.65 (t, 2H), 1.6 (s, 9H), 1.45

(s, 9H); TLC Rf0.75 (1:4 ethyl acetate:hexane).

b) t-butyl (E/Z)-4-[N- (t-butoxycarbonyl)-N-(Z—phcnylcthyl)aminomcthyl]-3-[N-[27(1,4;
d1mcthoxy-1 4-d10xo-2—butcnyl)] N-(mcthyl)ammo]bcnzoatc oL

Dimethyl acctylencdxcarboxylatc (0.34 g, 2.4 mmol) was addcd toa soluuon of thc o
compound of Example 2(a) (1.0 g, 2.7 mmol) in methanol (50 mL). The solution was
heated to reflux for 1 h, treated with dimethyl acetylenedicarboxylate (0.17 g, 1.2 mmol)
and heated at reflux for an additional 1-h. The mixture was éooled,-ﬁltcx'ed,- concentrated
and the residual yellow oil was chromatographed (silica gel, 25% ethyl acetatc/hckanc) to
give the title compound (0.5 g, 80%). (1:1;E:Z) 1H NMR (400 MHz, CDCI3) § 7.9 (d,
2H), 7.7 (s, 2H), 7.3-7.1 (m, 12H), 6.2 (s, 1H), 5.2 (s, 1H), 4.7 (d, 2H), 4.3 (m, 2H),
3.9 (s, 3H), 3.85 (s, 3H), 3.8 (s, 3H), 3.7 (s, 3H), 3.6-3.2 (m, 8H), 3.0 (b, 3H), 2.9 (b,
3H), 1.6 (s, 18H), 1.4 (d, 18H).

c) t-butyl 4-[N-(t-butoxycarbonyl)-N-(2-phenylethyl)-aminomethyl}-3-[N-[2-(1,4-
dimethoxy-1,4-dioxo-2-butyl)}-N-(methyl)amino]benzoate '

A solution of the compound of Example 2(b) in methanol (50 mL) containing 10%
Pd/carbon (0.5 g) was hydrogcnatcd (45 psi) at RT. After 4 h, the suspension was filtered
and concentrated to give a pale ycllow oil. Thc residue was purified by chromatogmphy
(silica gel, 1:4 ethyl acetate:hexane) to give the title compound as a pale yellow oil 0.17 g, |
40%). 1H NMR (400 MHz, CDCI3) 67.8 (s, 1H), 7.7 (d, 1H), 7.0-7.3 (m, 6H), 4.4-
4.6 (m, 2H), 4.05 (m, 1H), 3.7 (s, 3H), 3.6 (s, 3H), 3.2-3.5 (m, 2H), 3.0 (dd, 1H),
2.7-29 (m, 3H), 2.65 (s, 3H), 1.6 (s, 9H), 1.4 (m, 9H).
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d) methyl (R,S)—8—carboxy-1-mcthyl-z,3,4,5-tctrahydro-3-oxo-4-(phcnylethyl)—IH-1,4-
benzodiazepine-2-acetate

. TFA (50 mL) was added to-a-solution of the-compound:of Example 2(c)+0.17-g;-
0.3 mmol) in CH2Cl2 (10 mL). The mixture was stirred for 4 h and concentrated to yield
4-[N-(2-phenylethyl)aminomethyl]-3-[N-[2-(1,4-dimethoxy-1,4-dioxo-2-buty])}-N-
(methyl)arnino]-benzoate as a yellow solid.

The yellow solid was dissolved in methanol (20 mL) and treated with 25% sodlum
methoxide in methanol (0.2 mL, 0.87 mmol). The mixture was heated to 50°Cfor 2 b,
cooled and treated with 1M hydrbgen chloride in ether (2 mL). The mixture was
concentrated to give the title compound as a yellow solid (0.12 g, 94%). 1H NMR (400
MHz, CD30D) 6 7.55 (s, 1H), 7.5 (d, 1H), 7.1 (m, 4H), 7.0 (m, 2H), 5.2 (d, 1H), 4,8
(m, 1H), 4.1(m, 2H), 3.7 (s, 3H), 3.5 (m, lH), 3.0 (dd, lH), 2.8 (1, 2H), 2.7 (dd 1H),
2.6 (8, 3H).

e) methyl (R,S)-8-[[{4-[N-(benzyloxycarbonyl)-
aminoiminomethyl]phenyl}methylamino]carbonyl}-2,3,4,5- tctrahydro— 1-methyl-3-ox0-4-
(2-phenylethyl)-1H-1 4~benzodxazepmc—2-acctatc e N

Using the proccdurc of Example 1(h), cxccpt subsutuung thc compound of
Example 2(d) for the compound of Example 1(g), the title compound was prepared
(0.040 g, 35%). 1H NMR (400 MHz, CDCl3) & 7.75 (d, 2H), 7.25-7.45 (m, 6H), 7.0-
7.2 (m, 6H), 6.95 (s, 1H), 6.7 (m, 2H), 5.2 (s, 2H), 5.0 (d, 1H), 4.6 (m; 1H); 3.9 (m,
1H), 3.65 (m, 4H), 3.6 (m, 1H), 3.5 (s, 3H), 2.9 (dd, 1H), 2.75 (1, 2H), 2.55 (dd, 1H),
2.5 (s, 3H).

f) methyl (R,S)-8-[[[4-(aminoiminomethyl)phenyljmethylamino]-carbonyl}-2,3.4,5-
tetrahydro-1-methyl-3-oxo-4-(2-phenylethyl)-1H- 1,4-benzodiazepine-2-acetate

A solution of the compound of Example 2(e) (0.04 g, 0.06 mmol) in methanol (25
mL) containing 1.0M hydrogen chloride in ether (0.6 mL) was treated with 10% palladium
on carbon (0.06 g) and the mixture was shaken in a hydrogen atmosphere (40 psi) for 1 h.
The mixture was filtered and concentrated to yield the title compound.

3) (R,S)-s-[[[4’-(aminoiminomemyl)phcnyumethylamino]-cgrbonyn-z,s A,5-tetrahydro-1-
mcthyl-3-oxo-4-(2-phenylethyl)—lH-l,4-bcnzodiaiepinc-2—acctic Acid

Using the procedure of Example 1(j), except substituting the compound of
Example 2(f) for the compound of Example 1(i), gave a residue which was purified by
HPLC (YMC-ODS AQ, 33% AN/W-TFA) to yield the title compound (0.012 g, 35%).
1H NMR (400 MHz, CD30D) § 7.7 (d, 2H), 7.45 (d, 2H), 7.05-7.15 (m, 3H), 7.0 (4,
2H), 6.9 (m, 2H), 6.8 (d, 1H), 5.1 (dd, 1H), 4.7 (m, 1H), 4.0 (4, 1H), 3.9 (m, 1B),
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3.55 (m, 1H), 3.5 (s, 3H), 2.85 (dd, 1H), 2.7 (1, 2H), 2.5 (dd, 1H), 2.4 (s, 3H);

MS(ES) m/e 514.2 [M+H]™.

xampl]

a) methyl N-.[2-Nil;ro-4-_(tfbutoxycarbonyl)benzyl]-N-phenylethyl-4-aminocrotonatc
To a solution of 2-nitro-4-(t-butoxycarbonyl)-benzylbromide (4.06 g, 12.8 mmol)

~ in THF (50 mL), methyl 4-(phenylethylamino)-crotonate (3.4 g, 15.5 mmol) was added

with snmng at RT. Triethylamine (2.2 mL, 15.7 mmol) was then added. After snmng
for 16 h the reaction was diluted with ethyl acetate and washed wnh 1N sodium

carbonate, brine, dried (sodium sulfate) and concentrated. Flash chromatography (silica -

gel, 15% ethyl acetate/n-hexane) gave the title compound as an oil (5.16 g, 88%). 1y.
NMR (CDCI3) o 160(9H s), 2.74(4H, br s), 3.30(2H, dd), 3.74(3H, s), 4.00(2H, s),
6.00(1H, d, J-15 Hz) 7.02(1H, dt) 725(5H m) 767(1H d, J 8 Hz) 8. 15(1H dd),
8 45(1H d, J=2Hz). -

b) methyl N-[2-amino-4-(t-butoxycarbonyl)benzyl]-N-phenylethyl-4-aminocrotonate

Iron powder (0.8 g) was added to a'stirred solution of the compound of Example
3(a) (1.03 g, 2.26 mmol) in acetic acid (25 mL) and ethanol (25 mL). After stirring for 16
h the reaction was concentrated and dissolved in ethyl acetate, washed with 1N sodium
carbonate, brine, dried (sodium sulfate) and concentrated to give the title compound (0.96
g) as an oil. IH-NMR (CDCl3) & 1.57(9H, s), 2.80(4H, br s), 3.25(2H, d, J=5.2 Hz),
3.70(2H, s), 3.74(3H, s), 4.52(2H, br s) 5.92(1H, 4, J=15.7 Hz), 6.94(1H, dt), 7.0-
1. 3(8H m)

* ¢) methyl (R,S)-8-(t-butoxycarbonyl)-2,3,4,5-tetrahydro-4-(2-phenylethyl)-1H-1,4-

benzodiazepine-2-acetate

The compound of Example 3(b) (0.96 g, 2.25 mmol) was dissolved in anhydrous
methanol (50 mL) and refluxed under Ar for 72 h. The mixture was cooled, concentrated
and the residue was punﬁed by flash chromatography (silica gel, 60% ethyl acetate/n-
hexane) to yield the title compound (0.87 g, 91%). 1H—NMR (CDCI3) 8 1.59(9H, s),
2.39(1H, dd), 2.51(1H, dd), 2.68-3.50(6H, m), 3.56(1H, br sj, 3.73(3H, s), 3.95(2H,
br s), 4.47(1H, br s), 7.15-7.27(6H, m), 7.42(1H, s), 7.51(1H, d, J=7.4 Hz); MS(ES)
m/e 425.0 [M+H]t.
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d) methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-4-(2-phenylethyl)-1H-1,4-benzodiazepine-
2-acetate : _

-+ To the-compound of Example. 3(c)(0.87-g; 2:05 mmol)) was-added 90% TFA in.
CH2Clz (30 mL). After stirring at RT for 45 min; the reaction was concentrated and then
re-concentrated twice from anhydrous toluene to yield the title compound (0.87 g, 88%).

e) methyl (R,S)-8-{[[4-[N-(t-butoxycarbonyl)aminoiminomethyl]phenyl]aminojcarbonyl}-
2,3,4,5-tetrahydro-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate

To the compound of Example 3(d) (0.87 g, 2 mmol) was added thionyl chloride (5
mL). After refluxing for 15 min under Ar, the reaction was concentrated and then re-
concentrated twice from anhydrous toluene. The resulting acid chloride in CH2Cla (15

-mL) was added dropwise with stirring under Ar 1o a cooled (0°C) solution of pyridiné
(0.65'mL) and 4-(Boc¢-amidino)arniline (0.57 g, 2.4 mmol) in CH3Clp (15 mL). ‘The

reaction was stirred for 4 h at RT, diluted with chloroform, washed with 1N sodium
bicarbonate, dried (sodium sulfate) and concentrated. Purification by flash
chromatography (silica gel, 2% methanol/chloroform) gave the title compound as a solid
(936 mg, 80%) 1H—NMR (CDCl3) 3 1.54(9H, s), 2.39(1H, dd), 2.52(1H, dd), 2. 75-
2. 90(5H m), 300(1H d), 3.56(1H, br s), 3.703H, s), 3. 89(2H dd), 4.62(1H, §),
7.15(44, m), 7.27(2H, m), 7.36(2H, m), 7.71(2H, d, J=8.5 Hz), 7.81(2H, d, J=8.5

“Hz).

f) R,S)-8-[[[4-(aminoiminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetic Acid

To the compound of Example 3(e) (936 mg, 1.6 mmol) 90% TFA in CHClz (30
mL) was added. After stirring for 45 min, the reaction was concentrated and the residue
was triturafcd with ether, filtered and dried at reduced pressure to give methyl (R,S)-8-
[{[4-(aminoiminomethyl)phenyl]aminojcarbonyl]}-2,3,4,5- ten'ahydro-4—(2-phcnylcthyl)-
1H-1,4-benzodiazepine-2-acetate.

The methyl ester was taken up in 20% acetic acid and refluxed under Ar for 48 h.
The mixture was concentrated and the residue was purified by HPLC (PRP-1%®, 25%
AN/W-TFA) to glvc the title compound as a white solid. HPLCk' 5.7 (PRP- 1®,20%
AN/W-'I‘FA uv dctccuon at 220 nm); TLC Ry 0.40 (4 1:1 n-butanol:acetic acid:water); R¢
0.45 (15:3:12:10 n-butanol: acetic acid:water:pyridine); MS(ES) m/e 472.2 [M+H]™;
Anal. (C27H29N503-2.5 CF3CO2H:1.0 H2O) calcd: C, 49.62; H, 4.36; N, 9.04.
found: C, 49.37;H, 4.437;N, 9.18
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a) t-butyl 4-[N-(t-butoxycarbonyl)-N-(methoxycarbonyl)aminomethyl]-3-nitrobenzoate

To a solution of t-butyl 4-bromomethyl-3-nitrobenzoate (2.27 g, 7.2 mmol) (Int. J.
Pepride Res., 36, 31 (1990)) in DMF (25 mL) was added a suspension of potassium t--
butyl methyl iminodicarboxylate (J.C.S. Perkin I, 1088, (1977)) (1.56 g, 7.3 mmol) in
DMF (20 mL). The dark brown solution was stirred 1 h and poured into water and
extracted with ethyl acetate. The combined organic layers were washed with water, dried
(sodium sulfate) and concentrated to give a pale orange oil which was purified by flash
chromatography (silica gel, 20% ethyl acetate/hexane) to give the title compound (2. 158,
73%). 1H NMR (400 MHz, CDCl3) & 8.65 (s, 1H), 8.2 (d, 1H), 7.45 (d, lH) 5.3 (s,
2H), 3.8 (s, 3H), 1.6 (s, 9H), 1.45 (s, 9H).

b) t- butyl 4-[N (t-butoxycarbonyl)ammomethyl] 3-nitrobenzoate | ,

' The compound of Exa.mplc 4(a) (2.15 g, 5.24 mmol) was d1ssolved in a mixture of
methanol (120 mL) and 0.95 N sodium hydroxide (15 mL). After 15 min, acetic acid (3.0
mL) was added and mixture was concentrated. The residue was dissolved in ethyl acetate
and extracted with water. The organic layer was washed with brine, dried (sodium sulfate)
and concentrated to give a yellow oil which was purified by chromatogmphy (silica gel,

- 20% ethyl acetate/hexane) to give the title compound (1.0 g, 54%). 1H NMR (400 MHz,

CDCl3) & 8.6 (s, 1H), 8.2 (d, 1H), 7.7 (d, 1H), 5.35 (m, 1H), 4.6 (d, 2H), 1.65 (s,
9H), 1.4 (s, 9H).

¢) t-butyl 3-amino-4-[N-(tert butoxycarbonyl)-aminomethyljbenzoate
A solution of the compound of Example 4(b) (0.80 g, 2.27 mmol) in ethanol.(100
mL) containing 10% palladium on carbon (0.5 g) was hydrogenated (40 psi). After 30

min, the mixture was filtered and concentrated to give the title compound (0.72 g, 100%).
IH NMR (400 MHz, CDCI3) & 7.25 (m 2H), 7.1 (d, 1H), 4.9 (b, 1H), 4 25 (d, 2H),

1.6 (s, 9H), 1.45 (s, 9H).

d) t-butyl (E,Z)-4-[N- (t-butoxycarbonyl)ammomcthyl]-3 [2-(1 4-dimethoxy-1,4-dioxo-2-
butenyl)ammo] benzoate

Using the procedure of Example 2(b), except substituting the compound of
Example 4(c) for the compound of Example 2(a), the title compound was prepared (0.7 g,



10

15

20

25

30

35

70%). 1H NMR (400 MHz, CDCI3) & 9.6 (s, 1H), 7.7 (d, 1H), 7.35 (m, 2H), 5.5 (s,
1H), 5.0 (b, 1H), 4.4 (d, 2H), 3.75 (s, 3H), 3.7 (s, 3H), 1.6 (s, 9H), 1.45 (s, 9H).

e) t-butyl 4-[N-(t-butoxycarbonyl)aminomethyl}-3-[2-(1,4-dimethoxy-1,4-dioxo-2-
butyl)amino}benzoate

Using the procedure of Example 2(c), except substituting the compound of
Example 4(d) for the compound of Example 2(b), the title compound was prepared (0.66
g, 95%). 1H NMR (400 MHz, CDCI3) & 7.8 (d, 1H), 7.75 (s, 1H), 7.1 (d, 1H), 5.4
(b, 1H), 4.9 (b, 1H), 4.6 (m, 1H), 4.3 (m, 2H), 3.7 (s, 3H), 3.65 (s, 3H), 2.9 (m, 2H),
1.6 (s, OH), 1.45 (s, 9H).

f) methyl (R,S)-S-carboxy-2,3,4,S-tctrahydro-3-oxo—lH-l,4—bcnzodiachinc-2—ac¢tatc

Using the procedure of Example 2(d), except substituting the compound of
Exainple 4(e) for the compound of Example 2(c), the title compound was prepared (0.44
g,98%). 1H NMR (400 MHz, DMSO-dg) & 8.15 (t, 1H), 7.2 (s, 1H), 7.1 (d, 1H),
7.05 (d, 1H), 5.0 (dd, 1H), 4.9 (m, 1H), 3.75 (dd, 1H), 3.6 (s, 3H), 2.8 (dd, 1H), 2.6
(dd, 1H). : :

g) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-
aminoiminomethyl]phenyljmethylamino]carbonyl]}-2,3,4,5-tetrahydro-3-oxo-1H-1,4-
benzodiazepine-2-acetate |

Using the procedure of Example 1(h), except substituting the compound of
Example 4(f) for the compound of Example 1(g), the title compound was prepared (0.30,
45%). 1H NMR (400 MHz, CD30D) & 7.75 (d, 2H), 7.25-7.45 (m, 5H), 7.2 (d, 2H),
6.7 (d, 1H), 6.65 (s, 1H), 6.45 (d, 1H), 5.5 (s, 1H), 5.2 (s, 2H), 4.95 (d, 1H), 4.9 (m,
1H), 3.75 (d, 1H), 3.65 (s, 3H), 3.45 (s, 3H), 2.9 (dd, 1H), 2.6 (dd, 1H).

h) methyl (R,S)-8-[[[(4-aminoiminomethyl)phenyl]-methylaminojcarbonyl]-2,3,4,5- -
tetrahydro-3-oxo-1H-1,4-benzodiazepine-2-acetate .

Using the procedure of Example 2(f), except substituting the compound of
Example 4(g) for the compound of Example 2(e), gave the title compound.

i) (R,S)-8-[[[(4-aminoiminomethyl)phcnyl]mcthylaxnino]-carbbnyl]-2,3,4,5-tctrahydro—3-
oxo-1H-1,4-benzodiazepine-2-acetic acid _

 Using the procedure of Example 1(j), except substituting the compound of
Example 4(h) for the compound of Example I(i), the title compound was prepared. It was
purified by HPLC (YMC ODS-AQ, 15% AN/W-TFA, UV detection at 220 nm) to give 2

' purified product (0.125 g, 57%). 1H NMR (400 MHz, DMSO-dg) 5 9.75 (s, 2H), 8.95
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(s, 2H), 8.1 (d, 1H), 7.75 (d, 2H), 7.4 (d, 2H), 6.75 (s, 1H), 6.7 (d, 1H), 6.25 (d, 1H),
5.9 (d, 1H), 4.9 (dd, 1H), 4.8 (m, 1H), 3.65 (dd, 1H), 3.4 (s, 3H), 2.75 (dd, 1H), 2.5

 (dd, 1H); MS(ES) m/e 396,0 [M+H]*,

" a) t-butyl 4-(methylamino)methyl-3-nitrobenzoate

Anhydrous methylamine was bubbled into anhydrous DMF (200 mL) at 0°C for 15
min. A solution of t-butyl 4-bromomethyl-3-nitrobenzoate (5.0 g, 15.8 mmol) (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 water. 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-bmwn oil. Thc oil was punﬁcd
by chmmatography (silica gel, 3% 1sopropan01/

CH2Cl?) to give the title compound (1.5g, 36%) 1338 NMR (400 MI-Iz, CDC13) 8 8. 5
(s, 1H), 8.2 (d, 1H), 7.7 (d, 1H), 4.05 (s, 2H), 2.5 (s, 3H), 1.6 (s, 9H).

b) t-butyl 4-[N-(t-butoxycarbonyl)-N-(methyl)amino-methyl]-3-nitrobenzoate

A solution of the compound of Example 5(a) (1.4 g, 5.3 mmol), triethylamine (2.1
g, 21 mmol) and di-t-butyl dicarbonate (3.44 g, 15.8 mmol) in THF (50 mL) was stirred
24 h. The mixture was concentrated and the residue dissolved in ethyl acetate (200 mL).
The solution was extracted with water, dried (sodium sulfate) and concentrated to give a
yellow oil which was purified by chromatography (silica gel, 15:85 ethyl acetate:hexane) to
give the title compound (1.85 g, ¥5%): IH NMR (400 MHz, CDCI3) & 8.6 (s, 1H), 8.25
(d, 1H), 74 (d, 1H), 4.85 (d, 2H), 2.9 (d, 3H), 1.6 (s, 9H), 1.45 (d, 9H).

c) t-butyl 3-amino—4-[N-(t-butoxycarbonyl)-N-(mcth'yl)-aminomethyllbcnzoate

Using the procedure of Example 4(c), except substituting the compound of
Example 5(b) for the compound of Example 4(b), the title compound was p’fcpai‘cd (1.6g,
100%). IH NMR (400 MHz, CDCI3 ) § 7.25 (d, 2H), 7.05 (d, 1H), 4.35 (d, 2H), 2.75
(s, 3H), 1.6 (s, 9H), 1.4 (d, 9H).

d) t—bulyl (E,Z)—4—[N-(t-buthycarbonyl)—N-(mcthyl)-aminomcthyl]—S-[2-(1,4-dimcthoxy-
1,4-dioxo-2-butenyl)amino}-benzoate
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_Using the procedure of Example 2(b), except substituting the compound of
Example 5(c) for the compound of Example 2(a), the title compound was prepared (1.55

'8, 68%). 'H NMR (400 MHz, CDCI3) 8 9.5 (s, 1H), 7.7 (d, 1H), 74 (s, 1H), 7.3 (4,

1H), 5.5 (s, 1H), 4.55 (s, 2H), 3.75 (s, 3H), 3.7 (s, 3H), 2.85 (s, 3H), 1.6 (s, 9H),
1.45 (s, 9H).

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

Using the procedure of Example 2(c), except substituting the compound of
Example 5(d) for the compound of Example 2(b), the title compound was prepared (1.55
g, 100%). 1H NMR (400 MHz, CDCI3) 8 7.45 (d, 2H), 7.05 (d, 1H), 4.65 (g, 1H),
4.45 (d, 1H), 4.35 (d, 1H), 3.7 (s, 6H), 2.95 (dd, 1H), 2.85 (dd, 1H), 2.75 (s, 3H), 1.6
(s, 9H), 1.45 (s, 9H).

f) methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-4-methyl-3-oxo-1H-1,4-benzodiazepine-2-
acetate

Using the proccdure of Examplc 2(d) exoept subsutunng the compound of
Example 5(e) for the compound of Example 2(c), the title compound was prepared (0. 72
g, 72%). 1H NMR (400 MHz, DMSO-dg) 6 7.2 (s, 1H), 7.1 (s, 2H), 6.1 (s, 1H), 5.5

(d, 1H), 5.1 (m, 1H), 3.9 (s, 1H), 3.6 (s, 3H), 2.9 (s, 3H), 2.8 (dd, 1H), 2.65 (dd, 1H).

g) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)aminocimino-
mcthyl]phcnyl]methylamino]carbonyl]-2,3,4,5-tcu'ahyd{ro-4-methyl-3-oxo-1H—1,4-
benzodiazepine-2-acetate

Using the procedure of Example 1(h), except substituting the compound of
Example 5(f) for the compound of Example 1(g), the title compound was prepared (0.29
g, 40%). 1H NMR (400 MHz, CDCI3) 8 7.75 (d, 2H), 7.45 (d, 2H), 7.25-7.4 (m, 3H),
7.1 (d, 2H), 6.7 (d, 1H), 6.65 (s, 1H), 6.45 (d, 1H), 5.3 (d, 1H), 5.2 (s, 2H), 4.95 (m,
1H), 4.2 (d, 1H), 3.75 (s, 3H), 3.65 (d, 1H), 3.45 (s, 3H), 3.0 (s, 3H), 2.9 (dd, 1H),
2.55 (dd, 1H).

h) methyl (R,S)-S-[[[4—(aminoiminomethjl)phenyl]methyl-amiho]carbonyi]-2,3,4,5-
tetrahydro-4-methyl-3-oxo-1H-1,4-benzodiazepine-2-acetic acid

Using the procedure of Examplo 2(f), except substituting the compound of
Example 5(g) for the compound of Example 2(e), gave the title compound. 1H NMR (400
MHz, CD30D) & 9.25 (s, 2H), 8.8 (s, 2H), 7.7 (d, 2H), 7.4 (s, 2H), 6.85 (d, 1H), 6.7
(s, 1H), 6.45 (d, 2H), 5.45 (d, 1.I), 5.1 (m, 1H), 3.85 (d, 1H), 3.7 (s, 3H), 3.5 (s, 3H),
3.35 (s, 3H), 2.9 (dd, 1H), 2.65 (dd, 1H).



"6

i) (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5-tetrahydro-4-
methyl-3-oxo-1H- 1,4-benzodiazepine-aceticacid . o
Using the procedure of Example 1(j), except subsutuung thc compound of

Example 5(h) for the compound of Example 1(i), and the product purified by HPL.C (YMC
ODS-AQ, 50 X 250 mm, 90 mL/min, 15% AN/W-TFA) to give the title compound (0.115
g, 57%). 1H NMR (400 MHz, DMSO-dg) 8 9.3 (s, 2H), 9.1 (s, 2H), 7.75 (d, 2H), 7.4
(d, 2H), 6.75 (m, 2H), 6.25 (d, 1H), 6.0 (m, 1H), 5.35 (d, 1H), 4.95 (m, 1H), 3.75 (d,
1H), 3.4 (s, 3H), 2.9 (s, 3H), 2.75 (dd, 1H), 2.5 (dd, 1H); MS(ES) m/e 410.0 [M+H]*.
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Example 6

a) ethyl 7-methylammo-1-methyl-3-oxo—4—(2-phenylethyl) 2,3,4,5- tctrahydro-lH—
1 4—benzod1achmc-2—acctate

The compound of Preparauon 23(g) (700 mg, 1. 5 mmol) was: dxssolved in.
anhydrous triethyl orthoformate (1 mL). TFA (2 drops) was added and the mixture
was refluxed for 4 h. The solution was concentrated to a film (toluene azeotrope),
dissolved in ethanol (15 mL), chilled to 5°C, and sodium borohydride (167 mg, 4.4
mmol) was added. The mixture stirred 10 min at RT and was heated to reflux for 2 h.
The resulting solution was concentrated, poured into water and extracted with ethyl
acetate. The combined extracts were dried (magnesium sulfate) and concentrated.
Chromatography (silica gel, 30% ethyl acetate/hexanes) ylcldcd the title compound
(350 mg, 60%). MS(ES) m/e 396 [M+H]+; 1H NMR (400 MHz, CDCl3) § 1.2 (3H,
1), 2.50 (3H, s), 2.55 (11, d), 2.70-2.85 (5H, s+t), 2.95 (1H, dd), 3.54 (1H, dt),
3.68 (1H, d), 3.88 (1H, dv), 4.09 (2H, q), 4.58 (1H, m), 5.04 (1H, d), 6.07 (1H,
s), 6.45 (1H, d), 6.79 (1H, d), 7.00-7.20 (5H, m).

b) ethyl 7-[[4-[N-(benzyloxycarbonyl)aminoiminomethyl}-
benzoyljmethylamino]- 1-mcthyl-3-0xo—4—(2-phcnylcthyl) -2,3,4,5-tetrahydro-1H-1,4-
benzodiazepine-2-acetate :
4-[N-(benzyloxycarbonyl)amidino]benzoic acid (500 mg, 1.7 mmol) was
dissolved in thionyl chloride (6.5 mL), heated to reflux for 5 min and concentrated
(CH2Clp azeotrope) to give 4-[N-(benzyloxy-carbonyl)amidino]benzoyl chioride.
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The acid chloride (158 mg, 0.5 mmol) was dissolved CH2Cl2 (3 mL) and

" added dropwise to a cooled solution of the compound of Example 6(a) (200 mg, 0.5
- mmol) and diisopropylethylamine (174 uL, 1 0 mmol)

The mixture was stirred for 1 h, conccntrated and the resxdue was chromatogmphcd o
(silica gel, 25% ethyl acetate/hexanes) to yield the title compound (200 mg, 54%).
MS(ES) m/e 676.4 [M+H]*; NMR (400 MHz, CDCI3) § 1.23 (3H, t), 2.43-2.70
(6H, m), 2.95 (1H, dd), 3.41 (3H, s), 3.60 (1H, d), 3.92 (2H, dv),4.10 (2H, qQ),
4.62 (1H, m), 5.00 (1H, d), 5.15 (2H, s), 6.44-7.68 (17H, m).

c) (R,S)-7-[[4-(aminciminomethyl)benzoyllmethylamino]-2,3,4,5-tetrahydro-1-
methyl-3-o0x0-4-(2-phenylethyl)-1H-1 ,4-bcnzodiaz;pinc-2-a’cctic Acid
The compound of Example 6(b) (200 mg, 0.3 mmol) was dissolved in ethyl

“acetate (20 mL), and added to palladium hydroxide (100 mg) and 3N hydrochloric

acid (1 mL). The mixture was hydrogenated (40 psi) for 6 h. The reaction mixture
was filtered, the catalyst washed with acetonitrile and the filtrate concentrated to yield
ethyl (R,S)-7-[[4-(aminoiminomethyl)benzoyl]methylamino}-2,3,4 ,5-tetrahydro-1-

.methy1-3-oxo«4-(2-phcnylcthyl) -1H-1 4-bcnzod1achmc-2 acctatc (200 mg) asa
* reddish-brown solid. -MS(ES) ni/e 542. 0 [M+H]* - - '

The ethyl ester (200 mg, 0.3 mmol) was dissolved in methanol (4 mL) and IN
sodium hydroxide (O 5 mL), stirred, concentrated, diluted with water, acidified with
3N hydrochloric acid and concentrated. The residue was chromatographed by BPLC
(YMC ODS-AQ, 25% AN/W-TFA) to yiéld the title compound as white solid (78 mg,
51%). MS(ES) m/e 514.2 [M+H]*; 1H NMR (400 MHz, DMSO0) § 2.35 (3H, s),
2.45 (1H, dd), 2.62 (2H, m), 2.78 (1H, dd), 3.39 (s), 3.95 (1H, dt), 4.05 (1H, d),
4.68 (1H, bt), 5.05 (1H, d), 6.75-7.21 (8H, m), 7.47-7.70 (4H, m), 9.10 (1H, bs),
9.20 (1H, bs). Anal. (C29H31N504-1.8 C2HO2F3) calcd: C, 54.47; H, 4.60; N,
9.74 '
found: C, 54.44; H, 4.85; N, 9.36.

a) methyl (R,S)-8-amino-2,3.4,5- tetrahydro—3-oxo-4 (2-phenylethyl) -1H-1,4-
benzodiazepine-2-acetate
A mixture of the compound of Preparation 24(e) (1.02 g, 2.67 mmol),

triethylamine (0.42 mL, 5.87 mmol) and diphenyl phosphorylazide (0.62 mL, 2.80 mmol)
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in toluene (20 mL) was heated at 105°C for 0.5 h. After the temperature was lowered to
80°C, the mixture was treated with benzyl alcohol (0.60 mL, 0.42 mmol), stirred for 14 h
and concentrated. The residue was punﬂed by flash chromatography (sxhca ch 60% cthyl .
acctatc/hcxanc) to glvc mcthyl (R S) 8- (carbobenzyloxy)ammo-Z 3, 4, 5- tcuahydro—3 0X0-
1H-1,4-benzodiazepine-2-acetate (0.79 g, 52%) as a light yellow oil. MS(ES) m/e 488
[M+H]*; IH NMR (250 MHz) § 7.12-7.44 (m, 10H), 6.52-6.81 (m, 3H), 5.24 (d, 1H),
5.18 (s, 2H), 4.96 (1, 1H), 3.62-3.79 (m, 6H), 2.95 (dd, 1H), 2.70 -2.85 (m, 2H), 2.60
(dd, 1H).

The Cbz compound (0.68 g, 1.38 mmol) was d1ssolvcd in methanol(10 mL) and -
palladium on carbon (5%, 50 mg) was added. The mixture was hydrogenated for 1 h,
filtered through Celite® and concentrated to yield the title compound as a light yellow oil
(0.39 g, yield 81%). MS(ES) m/e 354 [M-+H]*; IH NMR (250 MHz) § 7.10-7.33 (m,
SH), 6.62 (d, 2H), 6.01 (dd, 1H), 5. 89 (d, 1H), 5.19 (d, 1H), 4. 93 (q, 1H), 3. 50-3 75
(m, 6H), 2. 94 (dd, 1H), 2.75-2.85 (m, 2H), 2.63 (dd, 1H).

b) (R,S)-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-8-[[[2-(2-
pyrazinyl)ethiyl]carbonyl] amino]-1H-1,4-benzodiazepine-2-acetic acid

A solution of the compound of 43(a)(0:36.g, 1.02 mmol) and the compound of
Preparation 1(b) (0.17 g, 1.12 mmol) in DMF (5 mL) was treated with
diisopropylethylamine (0.39 mL, 1.23 mmol) and 1-(3-dimethylaminopropyl)-3-
cthylcarbodmmdc hydrochloride (0.23 g, 1.23 mmol), and stirred at RT for 24 h. The
mixture was concentrated and cold water (3 mL) was added. The white solid that formed
was filtered and dissolved in chloroform. The organic solution was washed with 5%
sodium bicarbonate, dried (sodium sulfate) and concentrated to yield methyl (R,S)-
2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-pyrazinyl)ethyljcarbonyl]amino]-
1H-1,4-benzodiazepine-2-acetate as a white solid (0.29 g, 60%). MS(ES) m/e 488
[M+H]*; 1H NMR (250 MHz) 5 #.40-8.55 (m, 3H), 7.10-7.28 (m, 5H), 6.81-6.99 (m,
3H), 5.46 (d, 1H), 5.14 (m, 1H), 3.56-3.80 (m, 6H), 3.27 (t, 2H), 2.90 (dd, 1H), 2.72-
2.85 (m, 4H), 2.61 (dd, 1H).

Using the procedure of Example 1(j), except substituting the methyl! ester above for
the compound of Example 1(i), and purifying the product by HPLC (PRP column, 21.5X
250 mm, 14 mL/min, 30% AN/W-TFA, UV detection at 254 mm) yielded the title
compound as an off-white powder (171 mg, 92%). MS(ES) m/e 474 [M+H]*; 1H NMR
(400 MHz) & 8.40-8.70 (m, 3H), 7.10-7.31 (m, 5H), 6.88 (d, 1H), 6.70 (d, 1H), 6.63
(m, 1H), 5.37 (d, 1H), 5.06 (m, 1H), 3.57-3.81 (m, 3H), 327 (t, 2H), 2.74-2.97 (m,
SH), 2.61 (dd, 1H).



10

15

20

25

30

35

xamples §-1

a) Usmg the proccdurc of Example 1(h), except substituting 2-(4-pyridyl)ethylamine, 2-(2-

' pyndyl)cthylammc and the compound of Preparation 2(b) for 4-(methylamino)-(N-

benzyloxycarbonyl)benzamidine, gave the following title compounds:

8(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-8-[[[2-(4-
pyﬁdyl)cthyi]amino]carbonyl]-lH-l,4-bcnzodiachine-2—acetatc. HPLCRT 17.8 min
(YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1%
trifluoracetic acid, 10-80% A during 20 min, UV detections at 220 nm); IH NMR (250
MHz, CDCl3) & 8.5 (d, 2H), 7.1-7.3 (m, 7H), 6.95 (s, 1H), 6.8 (s, 2H), 6.05 (m, 1H),
5.25 (4, lHj, 4.5 (m, 1H), 4.25 (m, 1H), 3.75 (s, 3H), 3.69-3.7 (m, 3H), 2.95-3.0 (m,
2H), 2.8 (m, 2H), 2.65 (d, 2H). |

9(a) methyl (R,S)-2,3,4,5-tcuahydr0-3-oxo-4—(2-phcnylcthyl)—8-[[[2-(2-
pyridyl)ethyl]amino]carbonyl}-1H-1,4-benzodiazepine-2-acetate. HPLC RT 18.3 min
(YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1%
tridfluoracetic acid, 10-80% A during 20 min, UV detections at 220 nm).

10(a) méthyl (R S)-2,3.4,5- tctrahydro—3-oxo—4—(2-phenylcthy1) -8-[[[3-(4-
pyndyl)propyl]ammo]carbonyl] -1H-1,4-benzodiazepine-2-acetate. This compound was
purified by flash chromatography (silica gel, chioroform, 5:95 methanol:chloroform). 14
NMR (250 MHz, CDCI3/CD30D) & 8.48 (d, 2H), 7.46-6.68 (m, 12H), 6.17 (m, 1H),

5.28 (d, 1H), 4.98 (q, 1H), 4.32 (d, 1H), 3.90-3.55 (m), 3.72 (s, 3H), 2.98 (dd, 1H),
2.88-2.50 (m), 1.95 (m).

b) Using the procedure of Example 1(j), except substituting the compounds of Examples

-8-10(a) for the compound of Example 1(i), gave the following title compounds.

8(b) (R,S)-2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-8-[[[2-(4-
pyridyl)cthyl]mﬁino]carbpnyl]—lH-l,4-bcnzodiachinc-2—acetic acid. 1H NMR(DMSO
d6/TFA, 360 MHz) & 8.8 (d, 2H), 8.35 (m, 1H), 7.95 (d, 2H), 7.2 (m, 2H), 7.1 (m,
2H), 7.0 (m, 2H), 6.84 (d, 1H), 5.35 (d, 1H), 4.95 (d, 1H), 3.95 (d, 1H), 3.6 (m, 4H),
3.12 (m, 2H), 2.73 (m, 2H), 2.62 (m, 2H); MS(ES) m/e 473 [M+H]*.

9(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-
pyridyl)ethyljJamino]carbonyl]-1H-1,4-benzodiazepine-2-acetic acid. MS(ES) m/e 473
[IM+H}+,

10(b) (R,S)-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-8-[[[3-(4-
pyridyl)propylJamino]carbonyl]- 1H-1,4-benzodiazepine-2-acetic acid This compound
was purified by chromatography (Sephadex LH20, water). MS(ES) m/e 487 [M+H]t;
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HPLC RT 10.10 min (PRP-1®, 4.6 x 250 mm, 1.5 mL/min, gradient, A:acetoniile
" B:water/0.1% TFA, 20-50% A during 20 min, UV detection at 220 and 250 nm); TLC Rf
_.0.47 (silica, 3:1:1 n-BuOH HOAc HzO), Anal. (C28H30N404-3H20) calcd C 62 21

H, 6.71; N, 10.36. found: C 6221 H, 600 N, 10.36.

Examples 11-12

a) Using the procedure of Examples 1(h) and 1(i), except substituting the compound of

. Preparation 3 and 4-nitrobenzylamine for 4-(methylamino)-(N-

benzyloxycarbonyl)benzamidine, gave the following title compounds:

11(a) methyl (R,S)-8-[[[S-aminopentyl] aminc_)]carbonyl]-2,3,4,5-tctrahydro-3-oxo-4—(2-
phcnylcthyl)-lH—l A-benzodiazepine-2-acetate. TLC Rf 0.45 (silica, 1:20

CH2Cla: mcthanol) 1 NMR (400 MHz, CD30D) 8 6.9-7.4 (m, 13H), 5.4 (d, 1H), 5.1 .
(m, 1H), 5. 05 (s, 2H), 3.87 (d, 1H), 3.7 (s, 3H), 3.6.-3.8 (m, 2H), 3.1 (t, 2H), 2.95
(dd, 1H), 2.75 (t, 2H), 2.65 (dd, 1H), 1.45-1.65 (m, 4H), 1.3-1.4 (m, 2H).

12(a) methyl R,S)- [8 [[(4-ammophcnyl)mcthyl]ammo]-carbonyl]-2 3,4,5-tetrahydro-3-
oxo—4—(2-phcnylethyl) -1H-1 4- bcnzodlachxnc-Z-acctatc TH NMR (400 MHz, CDCI3) &
8.15 (d, 2H), 7.45 (d, 2H), 7.15 (m, 3H), 7.0-7.1(m, 4H), 6.85 (d, 1H), 5.3 (d, 1H),
4.95 (t, 1H), 4.65 (d, 2H), 4.4 (b, 1H), 3.7 (s, 3H), 3.5-3.65 (m, 3H), 2.95 (dd, 1H),
2.75 (m, 2H), 2.6 (dd, 1H).

b) Using the procedure of Example 1(j), excei:t' substituting the compounds of Examples
47-48(a) for the compound of Example 1(i) gave the following title compounds:

11(b) (R,S)-8:[[(5-aminopentyl)amino]carbonyl}-2,3,4,5-tetrahydro-3-0xo0-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid . IH NMR (400 MHz, CD30D) 6 7.05-
7.25 (m, 5H), 7.0 (s, 1H), 6.95 (s, 2H), 5.45 (d, 1H), 5.1 (m, 1H), 3.9 (d, 1H), 3.8 (m,
1H), 3.7 (m, 1H), 3.4 (t, 2H), 2.95-2.85 (m, 3H), 2.7-2.8 (m, 2H), 2.55-2.65 (dd, iH);
MS(ES) m/e 453.4 [M+H]*.

12(b) (R,S)-[8-[[(4-aminophenyl)methyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid 1H NMR (400 MHz, CD3OD) 573
(d, 2H), 7.15-7.25 (m, 6H), 7.1-7.0 (m, 6H), 5.5 (d, l'H), 5.1 (m, 1H), 4.5 (d, 2H), 3.9
(d, 1H), 3.8 (m, 1H), 3.7 (m, 1H), 2.95 (dd, 1H), 2.8 (m, 2H), 2.65 (dd, 1H); MS(ES)
m/e 473.2 [M+H]*. |
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a) methyl (R,S)-8-[[[N-(t-butoxycarbonyl)-4-(propyl)-
aminomethyl)phenyljaminojcarbonyl]-2,3,4 5—tcuahydro 3-0x0-4-(2-phenylethyl)-1H-
1,4-benzodiazepine-2-acetate

Using the procedure of Example 1(h), except substituting the compound of
Preparation 4(b) for 4-(methylamino)-(N-benzyloxycarbonyl)benzamidine gave the title
compound. 1H NMR (400 MHz, CDCI3) § 7.6 (d, 2H), 7.0-7.3 (m, 9H), 6.9 (d, 1H),
5.3 (d, 1H), 5.0 (m,- 1H), 4.4 (m, 2H), 4.35 (d, lH), 3.7 (s, 3H), 3.6-3.7 (m, 2H), 3.0-
3.2 (m, 2H), 2.95 (dd, 1H), 2.75 (m, 2H), 2.65 (dd, 1H), 1.5-1.7 (m, 9H), 0.9 (t, 3H)

b) methyl (R,S)-8-[[[4-(propyl)aminomethyl)phenyljamino]-carbonyl]-2,3,4,5- tctrahyd:o—
-oxo-4-(2-phenylethyl)- 1H-1,4-benzodiazepine-2-acetate
" The compound of Examiple 13(a) (350 mg, 0.56 mmol) was dissolved in a mixture
of _CHszz (25 mL) and TFA (5 mL). After 1 h, the mixture was concentrated to give the
title compound.

c) (R,S)-8-[[[4-(propyl)aminomethyl)phenylJaminojcarbonyl]-2,3,4,5-tetrahydro-3-oxo-
4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic Acid

Using the procedure of Example 1(j), except substituting the compound of
Example 13(b) for the compound of Example 1(i) gave the title compound (142 mg, 40%).
1H NMR (400 MHz, CD30D) & 7.8 (d, 2H), 7.45 (d, 2H), 7.0-7.25 (m, 8H), 5.5 (d,
1H), 5.1 (m, 1H), 4.2 (s, 2H), 3.9 (d, 1H), 3.8 (m, 1H), 3.7 (m, 1H), 2.9-3.1(m, 3H),
2.75 (m, 2H), 2.65 (dd, 1H), 1.7 (m, 2H), 1.0 (t, 3H); MS(ES) m/e 515.2 [M+H]*.

X les 14-1

a) Using the procedure of Example 13(a)-(c), except substituting the compounds of
Preparation 5 and 6(c) for the compound of Preparation 4(b), gave:.

14(a) (R,S)-8-[[[[4-[N-(t-butoxycarbonyl)-aminomcthyl]phcnyl]mcthyl]amino]carbonyl]- :
2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid
15(a) (R,S)-8-[[[[3-[N-(t—butoxycarbonyl)-aminomcthyl]phcnyl-]mcthyl]amino]carbonyl]-

© 2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)- 1H-1,4-benzodiazepine-2-acetic acid
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16(a) (R,S)-8-[{[3-[4-[N-(t-butoxycarbonyl)-piperidinyl]propylJamino]carbonyl}-2,3,4,5-
tetrahydro-3-oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid

b) Usiﬂg the procedurc of Exarﬁpie 13(5); cxccf:t subsntuung thél;:dlxhp'oﬁndﬂs' Exam an ple 14

16(a) for the compound of Example 13(a), and purifying the residue with chromatography
(Sephadex LH20) gave:

14(b) (R,S)-8—[[[[4-(aminomcthyl)phcnjrl]mcthyl]amino]-carbonyl]-2,3,4,5-tctrahydro’-3-
ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid . MS(ES) m/e 487.0 [M+H]™*.
Anal. (C28H30N404°1.5 TFA) caled: C, 56.62; H, 4.83; N, 8.52. found: C, 57.63;

H, 5.24; N, 8.82,

- 15(b) (R,S)-8-[[[[3- (aminomcthyl)phenyl]mcthyl]amino]-carbonyl]-2 3,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid . MS(ES) m/e 487.0 [M+H]+
HPLC RT 15.9 min (PRP-1®, 4.6 x 250 mm, 1.5 mL/min, 25% AN/W-TFA, UV -
detection at 220 and 250 nm). Anal. (C2gH30N404°1.5 TFA) calcd: C, 56.62; H, 4.83;
N, 8.52. found: C,57.28; H,5.18; N,8.72.

~ 16(b) (R,S)-8-[[[3-[4-piperidinyllpropyl]lamino]carbonyl]-2,3,4,5-tetrahydro-3-0x0-4-(2- .
‘phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid . 1H NMR: (250 MHz, DMSO-d6) &

7.40-6.70 (m, 8H), 5.38 (dd, 1H), 4.99 (m, 1H), 4.29 (s, 1H),.4.0.0 (dd, 1H), 3.70-
2.90 (m), 2.90-2.20 (m), 1.72 (d, 2H), 1.48 (m, 3H), 1.17 (m, 4H); TLC Rf 4.90 (silica

. gel, 3:1:1 n-BuOH:HOAc:water); HPLC RT 9.82 min (PRP-1®, 4.6 x 250 mm, 20-50%

AN/W-TFA, gradient 20 minutes @1.5 th/min, UV detection at 220 and 250 nm);

MS (ES) m/e 493.2 [M+H]*; Anal. (C23H35N404-HOAC-2H20) caled: C, 61.21; H,

7.53; N, 9.52. found: C, 61.56; H, 7.17, N, 9.91.

Examples 17-21

a) Using the procedure of Example 1(h), except substituting

: 4-(ammomcthyl)pyndme, 4-(2-pyridyl)butanamine, N-methyl—4—(3-pyndyl)butanamme, 2-

(1H-imidazol- 1-yl)ethanamine (Syn. Comm., 21, 535 (1991)) and 3-(1H-imidazol-1-
yD)propanamine for 4-(methylamino)-(N- bcnzyloxycarbonyl)]benzamxdme and substituting
triethylamine for pyridine, gave: :

17(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[{[4-

‘(pyridyl)methyl]Jamino]carbonyl]- 1H-1,4-benzodiazepine-2-acetate

18(a) methyl (R,S)-2,3,4,5—teu'ahydro-3-oxo-4-(2-phenylcthyl)—8-[[[4-(2-
pyridybutyllamino)carbonyl}- 1H-1,4-benzodiazepine-2-acetate

19(a) methyl (R,S)-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-8-[[[4-(3-
pyridyl)butyljmethylamino]carbonyl]-1H-1,4-benzodiazepine-2-acetate
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20(a) methyl (R,S)-Z_,3,4,5-tcn‘ahydro-8-[[[2-(1H—imidazol-1--
yl)cmyl]amino]carbori'yl] 3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate.

- MS(ES) m/e 476.2 [M+H]+ lNMR (400 MHz, MeOD) 3 2 66 2.76 (3H dd+t)

2.93 (1H, dd), 3.58-3.70 (7H, m) 3.92 (lH, d) 430 (2H t) '5.06 (1H m) 537

(14, d), 6.90-7.25 (10H, m), 7.92(1H, s).

21(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[3-(1H-imidazol- 1-yl)propyl]Jamino]carbonyl]-
3-0x0-4-(2-phenylethyl)- 1H-1,4-benzodiazepine-2-acetate. MS(ES) m/e 490.2 [M+H] T,
INMR (400 MHz, MeOD) & 2.08 (2H, m), 2.62-2.77 (3H, dd+t), 2.93 (1H, dd), 3.34
(2H, 1), 3.61 (1H, m), 3.67-3.77 (4H, s+m), 3.86 (1H, d), 4.08 (2H t), 5.08 (1H, m),
5.39 (1H, d), 6.90-7.23 (11H, m), 7.75 (1H, bs).

b) Using the procedure of Example 1(j), excépt substituting the compounds of Examplcs
17-21(a) for the compound of Example 1(1), gave the title compounds

17(b) (R,S)-2,3,4,5-tetrahydro-3-ox0-4- (2-phcnylcthyl) -8- [[[4-
(pyridyl)methyljamino]carbonyl]-1H-1,4-benzodiazepine-2-acetic acid : HPLC RT 8.2
min (YMC ODS-AQ, 50 x 250 mm, 80 mL/min, 30% AN/W-TFA, UV detection at 220
nm); MS(ES) m/e 459.2 [M+H]*; INMR (400 MHz, DMSO) § 2.55 (1H, dd), 2.67 (2H,

1), 2.78 (1H, dd, J1=9 Hz, Jp=17 Hz), 3.58 (2H, 1), 4.00 (1, d, J=17 Hz), 4.65 (2H, . =

d, J=6 Hz), 5.03 (1H, m), 5.44 (1H, d, J=17 Hz), 7.00-7.29 (10H, m), 7.80 (2H, d,
J=5 Hz), 8.78 (1H, bs), 9.10 (1H, t, J1=6 Hz, J2=12 Hz).
Anal.(CogH26N404:1.5C2HF302-0.5 H20) caled: C, 54.55; H, 4.50;'_N, 8.717. found:
C, 54.32; H, 4.61; N, 8.89. o
18(b) (R,S)-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-8-[[[4-(2-
pyridyl)butyl]amino]carbonyl]-1H-1,4-benzodiazepine-2-acetic acid . HPLC RT 10.5
min (YMC ODS-AQ, 50x250 mm, 80 mL/min, 25% AN/W-TFA, UV detection at

220 nm); MS(ES) m/e 501.2 [M+H]*; INMR (400 MHz, DMSO) § 1.53 (2H, 1),

1.75 (2H, 1), 2.55 (1H, dd), 2.68 (2H, t) 2.78 (1H, dd), 2.99 (2H, v), 3.27 (2H, m),
3.59 (2H, m), 4.01 (1H, d), 5.00 (1H, 1), 5.40 (1H, d), 6.90 (1H, d), 7.06 (2H,

m), 7.20 (3H, m), 7.28 (2H, m), 7.77 (1H, ¢), 7.85 (1H, d), 8.28 (1H, 1), 8.35 |
(1H, t), 8.74 (1H, d). Anal. (C29H32N404-1.4C2HO2F3-H20) caled: C, 55.73; H,
5.19; N, 8.12. found: C, 55.61; H, 5.08; N, 8.21.

19(b) (R,S)-2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-8-[[[4-(3-
pyridyl)butyl]mcthylamino]carbonyl]—IH—I,4-bcnzodia;cpinc—2—acctic acid . HPLC
RT 12.3 min (YMC ODS-AQ, 50 x 250 mm, 80 mL/min, 30% AN/W-TFA, UV
detection at 220 nm); MS(ES) m/e 515.2 [M+H]*; INMR (400 MHz, DMSO) &
1.31-1.70 (4H m), 2.40-2.92 (m), 3.21 (1H, m), 3.40 (1H, m), 3.55 (2H, m), 3.98
(1H, d), 5.01 (1H, m), 5.38 (1H, d), 6.40-6.55 (2H, m), 6.92-7.26 (6H, m), 7.77- -
7.94 (1H, m), 8.10-8.34 (m), 8.54-8.81 (2H, m). Anal.
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(C30H34N404-C4H2F604) calcd: C, 54.99; H, 4.89, N, 7.54. found: C, 54.86; H,
.5.24: N, 7.81. |
. 20(b) (R.S)-2.3,4,5-tetrahydro-8-[[[2-(1H-imidazol-1-yl)ethylJamino]carbonyl}-3- .. .. ... .

oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid . HPLC RT 6.8 min
(YMC ODS-AQ, 50 x 250 nm, 80 mL/min, 30% AN/W-TFA, UV detection at 220
nm); MS(ES) m/e 462.2 [M+H]*; INMR (400 MHz, DMSO-d) & 2.55 (1H, dd),
2.66 (2H, 1), 2.78 (1H, dd), 3.55 (2H, t), 3.65 (2H, t), 4.00 (1H, d), 4.35 (2H, t),
5.00 (1H, m), 5.38 (1H, d), 6.00 (1H, bs), 6.87 (1H, d), 7.00 (1H, s), 7.07 (1H,
d,), 7.13-7.28 (5H, m), 7.63 (1H, s), 7.73 (1H, s), 8.45 (1H, 1), 9.09 (1H, s).
Anal. (C25H27N504-1.5(C2HF302)H20) caled: C, 51.69; H, 4.73; N, 10.79.
found: C, 51.46; H, 4.66; N, 10.70.

21(b) (R,S)-2,3,4,5-tetrahydro-8-[[{3-(1H-imidazol-1 -yl)propyl]ammo]ca:bonyl] -3-

. 0x0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid . HPLCRT 8.6 min

(YMC ODS-AQ, 50 x 250 nm, 80 mL/min, 30% AN/W-TFA, UV detection at 220
nm); MS(ES) m/e 476.2 [M+H]+; INMR (400 MHz, DMSO-d) 5 2.06 (4H, bt),
2.51 (1H, dd), 2.66 (4H, bt), 2.77 (1H, dd), 3.22 (4H, m), 3. 58 (4H, bt), 4.00

(1H, d), 4.20 (4H 1), 5.00 (1H, m), 5. 40 (14, d) 692 (1H d) 7.05.(2H, m),

7.15 (2H m), 7.23 (2H, m), 7. 68 (IH s) 7.80 (1H, s) 8. 37 (lH t) 0.12 (1H, s);
Anal.

(C26H29N504:1.75C2HF302) caled: C, 52.48; H, 4.59; N, 10.37. found: C,
52.61; H, 4.98; N, 10.38.

Examgic 22-23

a) Using the procedure of Example 53(a) and 38(f), except substituting the compounds of
Preparation '7(a) and (b) for 4-(aminomethyl)pyridine, and the procedure of Example 2(f),
except substituting palladium hydroxide for palladium on carbon, gave:

22(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(1-
piperazinyl)ethyllamino]carbonyl}-1H-1,4-benzodiazepine-2-acetate. HPLC RT 5.3
min (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, 30% AN/W-TFA uv dctecuon at
220 nm).

23(a) methyl (R,S)-2,3.4,5- tetrahydro—B-ox0-4-(2-phenylcthyl)-8 [[[2—(1-
piperazinyl)ethylmethylamino]carbonyl]-1H-1,4-benzodiazepine-2-acetate

b) Usmg the procedure of Examplc 1(j), except substituting the compounds of Example
22(a) and23(a) for the compound of Example 1(1) gave:
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22(b)(1) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(1-
piperazinyl)ethylJamino]carbonyl]-1H-1,4-benzodiazepine-2-acetic acid . HPLC RT

.74 min (YMC 0ODS-AQ, 50 x 250 mm, 80 mL/mm 22% AN/W-TFA uv dctccnon o

at 220 nm); MS(ES) m/e 480.2 [M+H]+ 1NMR (400 MHz 'DMSO- d) 52.48-2.60°
(1H, dd), 2.70 (2H, t), 2.82 (1H, dd), 3.20 (2H, bs), 3.89 (8H, bs), 3.58 (4H, m),
4.05 (1H, d), 5.00 (1H, 1), 5.40 (1H, d), 6.97 (1H, d), 7.11 (2H, m), 7.18 (3H,
m), 7.26 (1H, m), 8.50 (1H, bs). Anal. (C26H33N504-2.5(C2HF302)-2(H20))
calcd: C,46.39; H, 4.96; N, 8.73. found: C, 46.35; H, 4.88; N, 8.90.

23(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(1-
pipemzinyl)cmyl]mcthylamino]carbonyl]-'I_H-1,4-bcnzodiachine—2-acctic acid .
HPLC RT 9.8 min (YMC ODS-AQ, 50 x 250 nm, 80 mL/min, 25% AN/W-TFA, UV
detection at 220 nm); MS(ES) m/e 494.2 [M+H]*; INMR (400 MHz, DMSO-d) &

. 2.52 (1H, dd), 2.68 (2H, m), 2.75 (1H, dd), 2.92 (3H, s), 2.94-3.30 (8H, m),

3.50-4.10 (7H, m), 5.03 (1H, m), 5.40 (1H, d), 6.49 (1H, d), 6.57 (1H, ), 7.02
(1H, d), 7.10-7.25 (SH, m); Anal.(C27H35N504-2.75 C2HF302) calcd: C, 48.36;
H, 4.75; N, 8.68. found: C, 48.23; H, 4.86; N, 8.61.

- Examples 24-25:

a) Using the procedure of Example 1(h) and the procedure of 13(b), except substituting the
compounds of Preparation 8 and 9 for.the compound of Example 1(i) and deleting
pyridine, gave:

24(a) methy! (R,S)-8-[[[6-aminohexyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetate. TLC Rf 0.35 (Kieselgel 60 F254, 15:3:2
2-butanol:formic acid:water); MS(ES) m/e 467. '

25(a) mcthyl'(R,S)-8-[[[6-aminobutyl]amino]carbonyl
1-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate. MS(ES)
m/e 453.2.

b) Using the procedure of Example 1(j), except substituting the compounds of Examples
24(a) and 25(a) for the compound 1(i) and substituting lithium hydroxide for sodium
hydroxide, gave:

24(_b) (R,S)-8-[[[6—aminohexyl]amino]carbonyl]-2,3.4,5-ten'ahydro-3-oxo-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid . MS(ES) m/e 467. Anal.
(C26H34N404. 1.4 C2HO2F3) caled: C, 55.13 1 H, 5.55; N, 8.8. found: C, 55.24; H,
5.70; N, 8.9.
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25(b) (R,S)-8-[[[6-aminobutyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo0-4-(2-

_phenylethyl) IH-I 4- bcnzodlazepmc-2-acct1c acid. MS(ES) m/e 439 2. Anal.

(C24H3()N404 15 H20.0.1 HCI) caled: C, 61.03; H, 7.02; N, 11.62; CI, 1.10. found:
C, 61.44; H, 7.11; N, 11.94; Cl, 0.76.

1 min nyll-1H-1.4-benzodi ine-2-

a) methyl (R,S)- 2 3,4,5- tetrahydro-3-oxo—4 (2-phenylethyl)-8-[[[3-(4-
pyrazolyl)pmpyl]ammo]carbonyl]-1H -1,4-benzodiazepine-2-acetate

' The compound of Preparation 24(e) (776 mg, 2.0 mmol) dissolved in DMF (30
mL) was treated with 3,3-DCC (458 mg, 2.2 mmol), 1-HOBT (285 mg, 2.1 mmol) and
adjusted to pH 7 with triethylamine. The mixture was treated with 2-(4-
pyrazolyl)cthanammc dxhydrochlonde (300 mg, 2.4 mmol) (J. Am. Chem. Soc., 75, 4048

. (1953)), stirred at RT-for 48. h concentrated and the residue was purified by flash

chromatography (silica gel, step gradient, chloroform to 95:5 chloroform:methanol) to
yield the title compound (1 g, 90%). MS ES [M+H]+=490; 1H NMR (250 MHz) 5 7.44
(s, 2H),. 7.29-7.19 (m, 5H), 7.18-7.09 (m, 3H); 5.30 (dd, 2H J=7.5 Hz), 4.98-4.95 (m,
1H), 3.73 (s, 3H), 3.70-3.60 (m, 3H), 3.43 (d, 2H, J=7.5 Hz), 3.00 (dd, 2H, J=7.0 Hz)
2.77-2.65 (m, 2H), 2.63 (t, 2H, J=7 Hz),1.88 (p, 2H, J=7.5).

b) R,S)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-8-[{[3-(4-
pyrazolyl)propyl]amino]carbonyl}-1H-1,4-benzodiazepine-2-acetic acid

Using the procedure of Example 1(j), except substituting the compound of ,
Example 26(a) for the compound of Example 1(i), gave the title compound. MS(ES) 476
[M—}-H]"‘; 1H NMR (400 MHz) 5 7.66 (s, 2H), 7.21-7.13 (m, 5H), 7.00-6.96 (m, 3H),
5.47 (d, 1H, J=16 Hz), 5.10 (m, 1H), 3.70 (d, 1H, J=16 Hz), 3.80-3.71 (m, 1H), 3.70-
3.60 (m, 1H), 3.32 (t, 2H, J=1.6 Hz), 2.95 (dd, 2H, J=8 Hz), 2.75 (m, 2H), 2.66 (t,
2H, J=8 Hz) '1.89 (p, 2H, J=8 Hz).

xamples 27-2

a) Using the procedure of Example 26(a), except substituting histamine, 2-(1-methyl-1H-

imidazol-4-yDethanamine and 2-(1-methyl-1H-imidazol-5-yl)ethanamine for 2-(4-
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pyrazolyl)ethanamine dihydrochloride and subsﬁtuting _1_—(3-dimcthyla‘;minopropy1)-3'-
ethylcarbodiimide hydrochloride for 1,3-dicyclohexylcarbodiimide gave:

27(e) methy] (R,S)-2,3,4,5-tetrahydro-8-{[[2-(1HL-imidazol-4-yDethyljaminolcarbonyl}-3-

oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate

28(a) methyl R,S)-2,3,4,5-tetrahydro-8-[[[2-(1-methyl-1H-imidazol-4-
yl)ethyl]amino]carbonyl]-3-oxo-4-(2-phcnylcthyl)- 1H-1,4-benzodiazepine-2-acetate
29(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-(1-methyl-1H-imidazol-5-
yl)ethyl]amino] carbonyl]-3-0xo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate

b) Using the procedure of Example 1(j), except substituting the compounds of Examples
27-29(a) for the compound of Example 1(i), gave:

27(b) (R,S)-2,3,4,5-tctrahydfo-8-[[[2-(1H-imidazol-4—yl)cthyl]amino]carbonyl]-:3-0m-4- '
(2-phcnylcthyl)—lH—l,4-bchzodiazepinc-2—acctic acid. MS(ES) m/e 462.2 [M+H]*; HPLC
k’ 3.2 (YMC ODS AQ, 22% AN/W-TFA, UV detection at 220 nm); TLC Rf 0.85 (silica

| gcl 15 5:10:10 pyridine:acetic acid:butanol:water). Anal. (C25H27N504 -1.25 H20)
© caled: C 62.03; H, 6,14; N; 14.47. found: C, 61. 89; H; 6.37; N, '14.20.
" 28(b) (R,S)—2,3,4,5-tcn'ahydro-8-[[[2-(l-mcthyl-1H—1m1dazol-4-yl)cthy1]ammo]carbonyl]-

3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid. MS(ES) m/e 476 [M+H]™Y;
HPLC Kk’ 2.03 (YMC ODS AQ, 25% AN/W-TFA, UV detection at 220 nm); TLC Rf 0.90
(silica gel, 15:5:10:10 pyridine:acetic acid:butanol:water); Anal. (C26H20N504-3.5 HCl:
0.5 H20) caled: C, 51.01; H, SS1; N, 11.44. found: C, 50.96; H, 5.13; N, 11.72.
29(b) (R,S)-2,3,4,5-tctrahydm-8-[[[2—(l-mcthyl-1H—imidazol-S-yl)cthyllamino]carbonyl]-
3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid. MS(ES) m/e 476 [M+H]™;
HPLCk’ 2.03 (YMC ODS AQ, 25% AN/W-TFA, UV detection at 220 nm); TLC Rf 0.90
(silica gel, 15:5:10:10 pyridine:acetic acid:butanol:water); Anal. (C26H20N504-5 HCI-
0.5 H2O) caicd: C, 46.83; H, '5.29; N, 10.50. found: C, 47.20; H, 5.70; N, 10.47.

Ed_camnlﬂ_Q

Prcparation of (R,S)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-8-[[[2-(2-
pyrazinyl)ethyl}aminojcarbonyl}-1H-1,4-benzodiazepine-2-acetic acid

a) mcﬂxyl (R,S)—2,3,4,5-tetrahydro—3-0x0-4-(2-pheny1ethyl)—8-[[[2—(2—
pyrazinyl)ethylJaminojcarbonyl}-1H-1,4-benzodiazepine-2-acetate
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Using the procedure of Example 26(a), except substituting the compound of
Preparation 10(b) for histamine and substituting diisopropylethylamine for triethylamine

- gave the title compound. MS(ES) m/e [M+H]* 488;. JH NMR (250 MHz) &... L
8.40-8.55 (m, 3H), 7.10-7.28 (m, SH), 6.81-6.99 (m, 3H), 5.46 (d, 1H), 5. 14 (m IH),

3.56-3.80 (m, 6H), 3.19 (t, 2H), 2.90 (dd, 1H), 2.72-2.85 (m, 4H), 2.61 (dd, 1H).

b) R,S)-2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-8-[[[2- (2-
pyrazinyl)ethyl]Jamino]carbonyl]-1H-1,4-benzodiazepine-2-acetic acid
Using the procedure of Example 1(j), except substituting the compound of

Example 30(a) for the compound of Example 1(i), gave the title compound. MS(ES) m/e
[M+H]+ 474; 1H NMR (400 MHz) 5 8.40-8.70 (m, 3H), 7.10-7.31 (m, 5H), 6.88 (d,

1H), 6.70 (d, 1H), 6.63 (m, 1H), 5.37 (d, 1H), 5.06 (m, 1H),357381 (m, 3H) 3. 18 .
(1, 2H), 2.74-2.97 (m, 5H), 2:61 (dd, 1H). e

a) benzyl (R,S)-7-[{{4-[N-(t-butoxycarbonyl)amino-methyl]phenyI] carbonyl}amino]-
2,3,4,5-tetrahydro-1-methyl-3-oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-
acetate ,

Using the procedure of 30(a), except substituting the compound of
Preparation 23(g) for the compound of Preparation 24(e) and substituting 4-[(t-
butoxycarbonyl)(aminomethyl)]benzoic acid for the compound of Preparation 10(b)
and substituting CH2Cl; for DMF, yxcldcd the title compound (100 mg, 38%). 1
NMR (400 MHz, CDCl3) & 1.45 (9H s), 2.54 (3H, s), 2.61 (1H, dd), 2.74 (2H, 1),
3.04 (1H, dd), 3.50 (1H, dt), 3.72 (1H, d), 3.88 (1H, dv), 4.28 (2H, d), 4.66 (1H,
m), 4.99 (1H, d), 5.08 (2H, ABq), 5.40 (1H, v), 6.72 (1H, d), 7.00 (2H, d), 7.05-
7.19 (3H, 2t), 7.20-7.48 (5H, m), 7.80 (1H, d), 8.70 (1H, s).

b) (R,S)-74[[[(4-aminomcthyl)phcnyl]cﬁ;bonyl]amino]-2,3,4,5-tcu'ahydro-.1-meﬂ1yl-
3-oxo0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid

A solution of the compound of Example 31(a) (100 mg, 0.2 mmol) in
CH2Cl2 (15 mL) was treated with 4M hydrogen chloride in dioxane (0.5 mL, 2.0
mmol) and stirred ai RT for 4.5 h. The mixture was concentrated and the residue was
suspended in a mixture of ethyl acetate (15 mL), 3N hydrochloric acid (2 mL) and 4M
hydrogen chloride in dioxane (1 mL). The suspension was added to an argon purged
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Parr bottle containing palladium hydroxide (100 mg) and hydrogenated (50 psi) for 24

h. The mixture was filtered and concentrated to yield the title compound as a white

.. powder (50 mg, 52%). HPLC RT 8. O min (YMC ODS- AQ, 50x250 ‘mm, 80

mL/min, 27.5% AN/W -'I'FA uv detection at 220 nm) MS(ES) m/c 487 2 [M+H]+
INMR (400 MHz, DMSO-dg) § 2.70 (1H, dd), 2.82 (1H, dd), 3.88 (2H, dt), 4.08
(1H, d), 4.13 (2H, s), 4.68 (1H, m), 5.13 (1H, d), 6.94 (1H, d), 7.02-7.20 (4H,
m), 7.48-7.62 (3H, m), 8.01 (2H. d), 8.25 (2H, m); Anal. .
(C28H30N404-1. 5(C2HF302):1.4 (H20)) caled: C, 54.57; H, 5.06; N 8.21.
found: C, 54.95; H, 5.11; N, 7.81.

a) mefhyl (R,S)-8-[[[2-(4-pyridyl)ethyllmethylamino]-carbonyl]-2,3,4,5-tetrahydro-3-
oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate

' - Using the procedure of Example 27(a), except jsxlxbis''tif,'li't'i"ﬁ'g’I‘iI--r'n'c':thyl.'-_'?Z-(ét.- g

pyridyl)ethanamine for histamine and deleting the diisopropylethylamine, gave the title

compound. HPLC RT 16.6 min (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient,

Ac:acetonitrile B:water-0.1% trifluoracetic acid, 10- 80% A during 20 min, UV

detection at 220 nm; MS(ES) m/e 487 [M+H]+

b) (R,S)—8-[[[2—(4~pyridyl)ethyl]mcthylamino]carbonyl]-2,3,4,5-tctrahydro-3-oxo-4—
(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic Acid

Using the procedure of Example 1(j), except substituting the compound of
Example 32(a) for the compound of Example 1(i), gave the title compound. 1H
NMR(DMSO dg/TFA, 360 MHz) § 8.8 (br, 2H), 8.0 (br, 1H), 7.7 (br, 1H), 7.15 (m,
5H), 6.0 (br, 1H), 6.3 (br, 2H), 5.35 (d, 1H), 5.0 (m, 1H), 3.95 (d, 1H), 3.75 (br, 2H),
3.6 (m, 3H), 3.15 (br, 2H), 2.9 (br, 3H), 2.75 (m, 1H), 2.65 (m, 2H); MS(ES) m/e 487
[M+H]t. :

X -phenylethyl)-1H-1,4-benzodiazepine-2-acetic aci

a) methyl (R.S)-8-[[[4-(Dimethylamino)butyl}amino]carbonyl}-2,3,4,5-tetrahydro-3-oxo-
4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate
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Using the procedure of Example 32(a), except substituting 4-
(dimethylamino)butanamine for N-methyl-2-(4-pyridyl)ethanamine and except substituting
dlmcthylammopyndmc for l-hydmxybenzotnazolc, gave the title compound. MS(ES) m/e

" 481 [M+H]+: TH NMR (250 MHz) 8 7.44-7.50 (m, 1H), 6. 98-7.28 (m, TH), 6.81 (d,

1H), 5.27 (d, 1H), 5.00 (m, 1H), 3.56-3.80 (m, 6H), 3.44 (q, 2H), 3.00 (dd, 1H),
2.63-2.85 (m, 3H), 2.69 (dd, 1H), 2.48-2.52 (m, 2H), 2.32 (s, 6H), 1.66-1.77 (m, 4H).

b) (R,S)-8-[[[4-(Dimethylamino)butyl]amino)carbonyl]-2,3,4,5-tetrahydro-3-ox0-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid
Using the procedure of Example 1(j), except substituting the compound of

_ Examplc 33(a) for the compound of Example 1(i), gave the title compound. MS(ES) m/e

467 [M+H]+; 1H NMR (400 MHz) § 7.00-7.31 (m, 6H), 6.98 (d, 1H), 6.84 (d, 1H),
5.34 (d, 1H), 5.00 (m, 1H), 3.57-3.81 (m, 3H), 3.42 (q, 2H), 2.96 (dd, 1H), 2.62-2. 80

(m, 3H), 2.50 (q, 2H) 234 (s, 6H), 1.65-1.74 (m, 4H).

a) methyl (R,S)-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-8-{[[2-(4-
pipcridinyl)cthyl]amino]carbonyl]—1H-1,4-bcnzodiazepinc-2—acctatc

A solution of the compound of Example 9(a) (0.45 g, 1 mmol) and 0.6N
hydrochloric acid (3.1 mL) in methanol was treated with platinum oxide (90 mg) and
hydrogenated (45 psi) for 5 h. The mixture was degassed and platinum oxide (74 mg) was
added and the mixture was hydrogenated (45 psi) for 16 h, filtered and concentrated to
yield the title compound. MS(ES) m/e 479.2 [M+H]t.

b) (R,S)-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-8- [[[2-(4¥
piperidinyl)ethyl}amino]carbonyl]-1H-1 4—benzod1azepmc—2—acet1c acid

_bis(triflucroacetate)

Using the procedure of Example 1(j), except substituting the compound of
Example 34(a) for the compound 1(i), gave the title compound. HPLC RT 16.1 min (YMC

.ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1% trifluoracetic

acid, 10-80% A during 20 min, UV detection at 220 nm); 'H NMR(DMSO dg/TFA, 360
MHz) & 8.5 (br, 1H), 8.3 (m, 2H), 7.3 (m, 2H), 7.15 (m, 2H), 7.05 (m, 2H), 6.9 (d,
1H), 5.39 (d, 1H), 5.0 (m, 1H), 4.0 (d, 1H), 3.55 (m, 2H), 3.25 (d, 3H), 2.55-2.8 (m,
3H), 1.2-1.8 (m, 9H); MS(ES) m/e 479 [M+H]*.
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Example 35

tion (R.S)-2.3.4.5-tetrahydro-3-0x0-4-(2-phenylethyl)-8-[[[2-(4-

a) methyl (R,S)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-8-[[[2-(4-
piperidinyl)ethylJmethylamino]carbonyl]}-1H-1,4-benzodiazepine-2-acetate
A solution of the compound of Example 32(a) (0.1 g, 0.2 mmol) and 0.6N
hydrochloric acid (0.6 mL) in methanol (30 mL) was treated with platinum oxide (5 mg)
and hydrogenated (45 psi) overnight. The mixture was filtered and concentrated to give
the title compound. MS(ES) m/e 493 [M+H].
b) (R,S)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-8- [[[2-(4-
plpendmyl)ethyl]mcthylanuno]carbonyl] 1H-1,4-benzodiazepine-2-acetic Acxd
Bis(trifluoroacetate) ' o
Usmg the procedure of Examplc 1(3), except subsntunng the compound of

. Exa.mplc 35(a) for the compound 1(i), . gave the. ntlc compound (130 mg, 92%) HPLC RT |

16.6 mini (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-
0.1% TFA, 10-80% A during 20 min, UV detections at 220 nm); 1y NMR(DMSO

de/TFA, 360 MHz) § 8.5 (br, 1H), 8.1 (br, IH), 7.2 (m, 5H), 70 (d, 1H), 6.5 (s, 1H),

6.45 (d, 1H), 5.4 (d, 1H), 4,95 (m, 1H), 3.95 (d, 1H), 3.6 (br, 2H), 3.44 (br, 1H),
3.09-3.25 (br, 4H), 2 69-2.85 (m, 6H), 1.85 (br, 1H), 1.1-1.86 (m, 8H); MS(ES) m/e
493 [M+H]+.

' Example 36

ion (R.S)-2.3.4.5-tetrah x0-4-[2-(cyclohex hyl1-8-1[[2-(4-

a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo0-4-[2-(cyclohexyl)-ethyl]-8-[[[2-(4-

‘pyridyDethyljmethylamino]carbonyl]-1H-1,4-benzodiazepine-2-acetate

A solution of the compound of Example 32(a) (0.6 g, 1.2 mmol) and 0.6N
hydrochloric acid (4.0' mL) in methanol (50 mL) was treated with platinum oxide (120 mg)
and hydrogenated (45 psi) and the mixture was filtered and concentrated to give the title
compound. HPLC RT 22 min (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient,
A:acetonitrile B:water-0.1% TFA, 10-80% A during 20 min, UV detections at 220 nm;
MS(ES) m/e 512 [M+H]. :
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b) (R,S)-2,3,4,5-tcu'ahydro-3-oxo-4-[2-(cyclohcxyl)ethyl]-8-[[[2-(4—

pyridylethylJmethylamino]carbonyl]-1H-1 ,4-benzodiachinc-2;acctic acid
‘bis(tifluoroacetate) o |

Using the procedure of Example 1(j), except substituting the compound of
Example 36(a) for the compound 1(i), gave the title compound (35 mg, 4%). HPLC RT
19.8 min (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-
0.1% triflucracetic acid, 10-80% A during 20 min, UV detection at 220 nm); IH-
NMR(DMSO dg/TFA, 360 MHz) & 8.5 (br, 1H), 8.15 (br, 1H), 7.0 (d, 1H), 6.5 (s, 1H),
6.4 (d, 1H), 5.4 (d, 1H), 4.95 (m, 1H), 3,89 (d, 1H), 3.2-3.5 (br, 7H), 2.8 (br, 7H),
0.75-1.85 (m, 23H); MS(ES) m/e 499 [M+H]™.

4 . Example 37

aration of methyl (R.S)-8-[[2-[4-[1-(methyl)pyridinium]}-

ethylimethylaminolcarbonyl}-4-[2-phenylethyl)-2.3.4.5-tetrahydro-3-0x0-4-(2-
phenylethyl)-1H-1.4-benzodiazepine-2-acetate Iodide

The COmpound of Example 32(a) (0.11 g, 2.2 mmol) dissolved in acetonitrile (10
mL) was treated with iodomethane (0.2 mL, 3.2 mmol) and heated to reflux for 24 h,
concentrated in vacuo (toluene azeotrope) and triturated with ether to yield the title
compound as a yellow solid. 1H NMR(DMSO dﬁ/TFA, 250 MHz) 6 8.8 (br, 2H), 8.05
(br, 1H), 7.15 (m, 6H), 6.99 (br, 1H), 6.4 (br, ZH), 5.35 (d, 1H), 5.05 (m, 1H), 4.25
(s, 3H), 3.95 (d, 1H), 3.75 (br, 3H), 3.55 (s, 3H), 2.6-3.15 (m, 11H); MS(ES) m/e 641
[M-H], 515.2 [M+H]*.

Example 38-39

R.S)-2.3.4.5-tetrah -0x0-4-(2-phenylethyl)-8-[[[2-(1-methyl-4-
piperidinyDethylimethylaminolcarbonyl]-1H-1 ,4~bcnzodiachine—2—accti_c acid

a) A solution of the compound of Example 37 (0.3 g, 0.47 mmol) in methanol (35 mL)
was treated with platinum oxide (27 mg) and hydrogenated for 8 h, filtered and
concentrated to yield a mixture of the following compounds: |

38(a) methyl (R,S)-2,3,4,5-tetrahydro-3—oxo-4—[2—(cyclohcxyl)ethyl]—8-[[[2-(1-mcthy1-4—
piperidinyl)ethyl}-methylamino]carbonyl}- 1H-1,4-benzodiazepine-2-acetate
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39(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-{[[2-(1-methyl-4-
piperidinyl)ethyl]-methylamino]carbonyl]}-1H-1,4-benzodiazepine-2-acetate

' b) '-Us'uig ﬂ;c proccdum of the Eia;mpie 1(}), éxcépt subsutuung thc compoundsof T

Examples 74-75(a) for the compound of Example 1(i), and purifying the resultant mixture
by HPLC (YMC ODS AQ, 50 x 250 mm, 90 mL/min, 27% AN/W-TFA, UV detection at
220 nm) yielded:

38(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-[2-(cyclohexyl)ethyl]-8-[[[2-(1-methyl-4-
piperidinyl)ethyl]methylamino]carbonyl]-1H-1,4-benzodiazepine-2-acetic acid: 1H
NMR(DMSO dg/TFA, 360 MHz) & 9.14 (br, 1H), 7.0 (d, 1H), 6.5 (s, 1H), 6.45 (d,
1H), 5.4 (d, 1H), 5.0 (m, 1H), 3,89 (d, 1H), 2.9-3.5 (br, 6H), 2.25-2.85 (m, IOH), 1.9
(br, 1H), 0.76-1.55 (m, 19H); MS(ES) m/e 513 [M+H]*.

39(b) (R,S)-2,3,4,5-tetrahydro-3-0x0-4- (2-phcnylethyl)-8_ [[[2—(1~methyl-4—
pipcﬁdinyl)cthyl]methylamino]carbon)"l]- 1H-1,4-benzodiazepine-2-acetic acid: g
N_MR(DMSO dg/TFA, 360 MHz) & 9.1 (br, 1H), 7.2 (m, 5H), 7.0 (d, 1H), 6.5 (s, 1H),
6.45 (d, 1H), 5.4 (d, 1H), 5.0 (m, 1H), 3,95 (m, 1H), 3.55 (i, 9H), 3.4 (br, 2H), 3.2

‘(br, 2H), 2.85 (5, 3H), 2.65-2.75 (m, 7H), 1.95 (br, 1H); 1.0-1.49(br, 8H); MS(ES) m/e . "~

507 [M+H]t.

a) methyl[S-(R,S)]-8-[[[4-[N-[N-(t-butoxycarbonyl)-
alanylJaminomethyl]phenyljamino]carbonyl}-2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-
1H-1,4-benzodiazepine-2-acetate

Using the procedure of Example 17, except substituting the compound of
Preparation 11(b) for 4-(aminomethyl)pyridine, gave the title compound (427 mg, 65%):
TLCRf 0.52 (ethyl acetate); HPLC RT 84.0 min (Ultrasphere ODS 4.6 mm x 15 cm,
30% AN/W-TFA, 1.5 mL/min, UV detection at 240 nm); 1H NMR (CDCI3) 8 1.34 (d,
J=7.16 Hz, 3H), 1.39 (s, 9H), 2.61 (m, 1H), 2.75 (h_l, 2H), 2.92. (m, 1H), 3.62-3.72"
(m, 3H), 3.70 (s, 3H), 4.18 '(m, 1H), 4.34 (m, 2H), 4.96 (dd, J=6.6, 6.6 Hz, 1H), 5.12
(br s, 1H), 5.27 (d, J=16.6 Hz, 1H), 6.71 (br s, 1H), 6.84 (d, J=8.3 Hz, 1H), 7.04-7.23
(m, 9H), 7.51 (d, J=7.9 Hz, 2H), 8.13 (br s, 1H).
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b) [S (R S)] 8 [[[4 [N- [N (t-butoxycarbonyl)—

alanylJaminomethyl]phenyl}amino]carbonyl]-2,3,4,5-tetrahydro- 3-oxo-4~(2-phenylethyl)
1H-1,4-benzodiazepine-2-acetic acid

" Using the procedure of Example 1(j), except substituting the cottipotind 6f
Example 40(a) for the compound of Example 1(i), gave the title compound (360 mg,
88%): HPLCRT 33.8 min (Ultrasphere ODS, 4.6 mm x 15 cm, 30% AN/W-TFA, 1.5
mL/min, UV detection at 240 nm); 1H NMR (CD30D) 3 1.32 (d, J=7.2 Hz, .'SH)' 1.44 (s,
OH), 2.65 (dd, J=5.2, 16.7 Hz, 1H), 2.78 (m, 2H), 2.95 (dd, J=8.9, 16.7 Hz, 1H), 3.67
(m, 1H), 3.76 (m, 1H), 3.92 (4, J=17.0 Hz, 1H), 4.09 (m, 1H), 4.33 (m, 1H), 4.42 (m,
1H), 5.12 (dd, J=5.2, 8.9 Hz, 1H), 5.48 (d, J=16.8 Hz, 1H), 7.01-7.23 (m, 8H), 7.28
(d, J=8.3 Hz, 2H), 7.61 (d, J=8.3 Hz, 2H).

c) [S-QR,S)]-S-[[[4—[N-(alanyl)aminomethyl]phenyl]-amino]carbonyl]—2,3,4,5-tcnahydm:_.
3-0x0-4-(2-phenylethyl)-1H-1 ,4-bé:nzodiazepiné—2—acctic acid hydrochloride '

Using the procedure of Example 31(b), cxécpt'substituﬁng the compound of
Example 40(b) for the compound of Example 31(a) gave the title compound (160 mg,
51%) as a pale yellow powder: HPLC RT 3.1 min (Ultrasphere ODS 4.6 mm x 15 cm,
30% AN/W-TFA, 1.5 mL/min, UV detection at 240 nm) lH NMR (CD3OD) 8 1 52 (d
J=7.1 Hz, 3H), 2.67 (dd, J=5.1, 16.7 Hz, 1H), 2.77 (m, 2H) 296 (dd, J—89 16.7 Hz,
1H), 3.59-3.77 (m, 2H), 3.84-3.98 (m, 2H), 4.40 (s 2H), 5.11 (dd, J=5.1, 8.9 Hz,
1H), 5.45 (d, J=16.7 Hz, 1H), 7.02-7.22 (m, 8H), 7.29 (d, J=8.5 Hz, 2H), 7.64 (4,
J=8.5 Hz, 2H); MS(ES) m/e 544.2 (M+H)*. Anal. calcd (C30H33N505-HCI-3H20): C,

56.82; H, 6.36; N, 11.04. found: C, 56.89; H, 6.11; N, 10.90.

Using the procedure of Preparation 26(e), except substituting TFA for
hydrochloric acid, yielded a mixture of 8-[[4-(aminoiminomethyl)benzoyl]-amino}-
2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)- 1H-1,4-benzodiazepine-2-acetic acid
and the title compound (80 mg) which were scparatcci by HPLCRT 24.8 min
(YMC ODS AQ, 50'x 250 mm, 85 mL/min, 30% AN/W-TFA, UV detection at 220
nm); 1H NMR (400 MHz, MeODy) & 8.1(d, 2H), 7.9(d, 2H), 7.75(s,
1H),7.60(d, 1K), 7.35(d, 1H), 7.22-7.12(m, 5H), 4.20(m, 2H), 3.70(m, 2H),
2.85(m, 2H), 2.42(s, 3H); MS(ES) m/e 440 [M+H]*.
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Example 42

a) t-butyl (R,S)-3-[2-(1-methoxy-1-0x0-2-propyl)-amino]-4-[N-(t-

butoxycarbonyl]-N-(2-phenylethyl)-aminomethyl}benzoate

The compound of Preparation 24(b) (850 mg, 2 mmol),
diisopropylethylamine (400 mg, 3 mmol), D,L-methyl-a-bromopropionate (600
mg, >3 mmol), and a catalytic amount of tetrabutylammonium iodide (12 mg) were
dissolved in DMF (10 mL) and heated to 90°C for 20 h with stirring, The mixture
was i:onccnu*ated. and the residue was dissolved in ethyl acetate and washed
sequentially with dilute hydrochlonc acid, 5% sodium bicarbonate and brine, dried
(magncsmm sulfate) and concentrated. The residue was dxssolvcd in ethyl acetate
and chromatographed (silica gel, 4% ethyl acetate:hexane) to give the title
compound (800 mg, 70%): MS(ES) m/e 513 [M+H]™.

b) methyl (R,S)-8- carboxy-Z 3.4 5-tctrahydro-2-mcthyl- -0X0-4-(2-
phenylethyl)-1H-1 4—bcnzod1azepme

Using the procedure of Example 1(g), except substituting the compound of
Example 42(a) for th; compound of Example -1_(ﬁ, gave the title compound (290
mg, 54%): MS(ES) m/e 325 [M+H]*. Anal. (C19H0N203-0.5 H20) calcd: C,
68.45, H, 6.35; N, 8.40. found: C, 68.24; H, 6.23; N, 7.92.

c) (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-aminoimino-
methyl]phenyljmethylamino]carbonyl]-2,3,4,5-tetrahydro-2 methyl-3-ox0-4-(2-
phenylethyl)-1H-1,4-benzodiazepine .

Using the procedure of Example 1(h), except substituting the compound of
Example 42(b) for the compound of Example 1(g), gave the title compound (120
mg, 39%): MS(ES) m/e 590 [M+H]+.

d) (R,S)-8-{[[4-(aminoiminomethyl)phenyljmethylamino]-carbonyl]-2,3,4,5-
tetrahydro-2-methyl-3-oxo0-4-(2-phenylethyl)-1H,-1,4-benzodiazepine
dihydrochloride

Using the procedure of E¥-mple 2(f), except 'substituting'thc compound of
Example 42(c) for the compound of Example 2(e), gave the title compound (70
mg, 54%): MS(ES) m/e 456.2 [M+H]*+; 1H NMR (400 MHz, MeOD4) § 9.2 (s,
1H), 8.7 (s, lHj, 7.65 (d, 2H), 7.36 (d, 2H), 7.2-7.06 (m, 5H), 6.77 (d, 1H),
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6.75 (s, 1H), 6.47 (d, 1H), 5.3 (d, 1H), 4.77 (m, 1H), 3.85 (d, 1H), 3.75-3.6
(m, 2H), 3.45 (s, 3H), 2.67 (m, 2H), 1.25 (d, 3H); Anal.

(C27H29N502-2HCL 1.5 Hy0) caled: C, 58.38; H, 6.07; N, 12.60, found: C,

58.59; H, 5.89; N, 12.65.

Example 43

ion of ethvl (R.S)-8-[{[[4-(amingiminomethyl)phenyl]-methylamin nyll-

a) ethyl (R,S)-8-carboxy-2,3,4 S-teu'ahydro-3-oxo-4 -(2-phenylethyl)-1H-1,4-
bcnzodxachme—Z—acctate

i The compound of Preparation 24(e) (2.0 g, 4.77 mmol) was dissolved in a
solution prepared by dissolving sodium metal (1.15 g) in absolute ethanol (75 mL). The -
reaction mixture was stirred 2 h, acidified with 1.0 M hydrogen chloride in ether,

| concentrated and the residue was dissolved in ethanol and 5% sodium carbonate was added
_ unul all matenal d1ssolved The soluuon was then acxdxﬁcd with aceue acid and the

resulung prccxpltatc ﬁltcmd, dried and- recrystalhzzd from ethanol to give the title
compound (0.6 g., 42%): 1H NMR (400 MHz, DMSO-dg) 8 7.1-7.3 (m, 6H), 7.05 s,
2H), 6.1 (d, 1H), 5.4 (d, 1H), 5.05 (m, 1H), 4.0-4.15 (m, 3H) 3.6 (t, 2H), 2.8 (dd
1H), 2.7 (m, 2H), 2.6 (dd; 1H), 1.7 (¢, 3H).

b) ethyl (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methyl-amino]carbonyl]-2,3,4,5-
tetrahydro-3-oxo-4-(2-phenylethyl)- 1H-1,4-benzodiazepine-2-acetate

Using the procedure of Examples 1(h) and 2(f), except substituting the compound
of Examplé 43(a) for the compound of Example 1(g), gavé the title compound (0.07 g,
50%): 1H NMR (400 MHz, DMSO-dg) & 9.2 (s, 2H), 9.0 (s, 2H), 7.7 (d, 2H), 7.4 d,
2H), 7.1-7.25 (m, 6H), 6.8 (d, 1H), 6.75 (s, 1H), 6.25 (d, 1H), 6.0 (d, 1H), 53 (d, .
1H), 5.0 (m, 1H), 4.1 (q, 2H), 3.9 (d, 1H), 3.55 (m, 2H), 3.4 (é, 3H), 2.8 (dd, 1H),
2.55-2.7 (m, 3H), 1.2 (t, 3H); MS(ES) m/e 528.4 [M+H]}™.

Example 44

Preparation of (R.S)-[[8-[4-(amingiminomethyl }pheny_l |-methylamino]carbonyl}-
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a) 8-[[[4-[N-(benzyloxycarbonyl)—aminoiminomethyl}
phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- 1H-

- 1,4-benzodiazepine-2-acetamide

The compound of Prcparauon 25(c) (400 mg, 0 61 mmol) was d1ssolvcd in
methanol (50 mL), cooled in an ice bath and saturated with ammonia. The flask
was stoppered securely and put in the refrigerator for 5 d. The solution was
concentrated and the residue was purified by flash chromatography (silica gel, 5%
methanol/water) to give the title compound (190 mg, 48%): MS(ES) m/e 633.2
[M+H]+; 1H NMR (400 MH,, CDCl3) § 7.7 (d, J=8.5 Hz, 2H), 7.45-7.05 (m,
12H), 6.6 (d, J=1.4 Hz, 1H),6.56 (d, J=8.0 Hz, 1H), 6.38 (d.d, J=8.0, 1.4 Hz,
1H), 5:19 (s, 2H), 5.18 (d, J=16.8 Hz, 1H), 4.88 (m, 1H), 4.17 (d, J=5.3 Hz,
1H), 3.7 (s, 3H), 3.65 (m, 2H), 3.55 (d, J=16.8 Hz, 1H) 3.45 (s, 3H), 2.9 (d,d,

'+ J=16,/6.9 Hz, 1H), 2.7 (m, 2H), 2.6 (d.d, J=16, 6.3 Hz, 1H).

b) 8-[[[4-(aminoiminomcthyl)phcnyl]rricthylamino]-carbonyl]-2,3,4,5-tctrahydro- '.
3-0x0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetamide trifluoroacetate

Usmg the procedure of Example 2(f), except substnuung the compound of
Examplc 44(a) for the compound of Examplc 2(e), gave the title compound 45 mg, 25%) -
MS(ES) m/e 499 (M+H)*, 497 (M-H)~; 1H NMR (400 MH;, MeOD4) § 7.75 (d, J=8.5
Hz, 2H), 7.36 (d, J=8.5 Hz, 2H), 7.22-7.10 (m, SH), 6.77 (d, J=7.8, 1H) 6.71 (s, 1H),
6.48 (d, J=7.8 Hz, 1H),5.31 (d, J=16.8 Hz, 1H), 5.04 (m, 1H), 3.84 (d, J=16.8 Hz),
3.68-3.5 (m, 2H), 3.47 (s, 3H), 2.88 (d,d, J=16, 6.9 Hz, 1H), 2.68 (m, 2H), 2.49 (d.d,
J=16, 6.3 Hz, 1H); Anal. (C28H30Ng03 1.5 TFA) calcd: C, 55.60; H, 4.74; N, 12.55.
found: C, 55.52; H, 4.90; N = 12.47.

Example 45

Preparation of (R S)-8-{[(4-(aminoimin henyll:methylamin

- a) (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-(aminoimino-

methyl]phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxo0-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-ethanol :

The compound of Preparation 25(c) (0.5 g, 0.77 mmol) in THF (25 mL)
was treated with sodium borohydride (300 mg, 8 mmol), lithium chloride (255 mg,
6 rhmol) and absolute ethanol (40 mL). The reaction stirred 4.5 h, neutralized with
3N hydrochloric acid, concentrated and the residue was treated with water and
ethyl acetate. The organic phase was washed with brine, dried (magnesium




sulfate), concentrated, and chromatographéd (silica gel, 3% methanol/dichloro-
methane) to yield the title compound (95 mg, 20%): MS(ES) m/e 620.2 [M+H],

_618 2 [M-HJ; 1H NMR (400 MHz, CDCI3) & 7.65(d, 2H; J=8.45), 7.44-

1. 27(m, 5H), 7. 20(d, 2H; J=8.45), 7. 18-7 .08(m, 5H), 6.60 (m, 2H), 6.25(s,
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1H), 5.21(d, 2H), 5.16(d, 2H; J=16.8), 4.50(m, 1H), 3.68-3.64 (m, 4H),
3.55(d, 2H; J=16.8), 3.47(s, 3H), 2.72(m, 2H), 1.96(m, 1H), 1.85(m, 1H)

b) (R,S)-8-{[[4-(aminoiminomethyl)phenylJmethylamino]-carbonyl}-2,3,4,5-
tetrahydro-3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-ethanol
dihydrochloride .

A solution of the compound of Example 45(a) (80 mg, 0.12 mmol) in
methanol (10 mL) was treated with 10% palladium on carbon (60 mg) and
conccnu'atcd hydrochloric acid (O 1 mL) and hydrogenated (40 psi) for 2 h. The
mixture was filtered and concentrated. The residue was triturated with ethyl acetate
and filtered to give the title compound (58 mg, 86%). MS(ES) m/e 486.2
[M+H]*; IH NMR (400 MHz, MeOD4) 3 9.20(s, 1H), 8.66(s, 1H), 7.66(d, 2H),
7.36(d, 2H), 7.30-7.08(m, 5H), 6.75(d, 1H), 6.67(s, 1H), 6.40(d, 1H), 5.30(d,
1H), 4.78(m, 1H), 3.80(d, 1H), 3.76-3.60(m, 4H), 3.45(s, 3H), 2.70(m, 2H),
2.08(m, 1H), 1.80(m, 1H). Anal. (C28H31N503.2HCL.1.5H20) calcd: C,
57.44; H, 5.76; N, 11.96. found: C, 57.52; H, 5.89; N, 11.87.

-(2-phenvlethyl)-1H-1.4-benzodigzepine-2- nol

The compound of Example 32(a) (0.2 g, 0.4 mmol) and sodium borohydride (200

mg, 5.3 mmol) was stirred in methanol (40 mL) at RT for 2 h. Additional sodium
borohydride (200 mg, 5.3 mmol) was added and the mixture was stirred overnight,
concentrated, diluted with water and extracted with CHaCl2. The organic phase was

concentrated and the residue was purified by flash chromatography (silica gel,

CH2Cly/methanol) to yield the title compound as a white solid (37 mg, 20%): MS(ES) m/e

4732 [M+H]*,

xample 4

ion of (R.S)-8-[2-[4-(aminomethyl)phenyllethyl]-2,3.4 5-tetrah -0x0-4-(2-

phenylethyl)-1 I_-_I_ -1.4-benzodiazepine-2-acetic acid
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a) methyl 2,3,4,5-tetrahydro-8-hydroxymethyl-3-oxo-4-(2-phenylethyl)- 1H-1,4-
benzodiazepine-2-acetate

. Thionyl chloride (50 mL) was added to thc compound of Prcpaxauon 24(c) (3 8 g
10 mmol) was added. The resulting suspension was stirred and heated toreflux for 15~
min, cooled to RT, and concentrated. The residue was dissolved in toluene and
concentrated. The residue was dissolved in THF (50 mL), stirred at RT, treated with
sodium borohydride (2.0 g, 53 mmol)and stirred for 16 h. The mixture was qucpched at
0°C with 1IN hydrochloric acid, extracted with ethyl acetate, washed with brine, dried
(magnesium sulfate) and concentrated. The residue was purified by flash chromatography
(silica gel, 1% methanol/chloroform) to yield the title compound (1.71 g, 47%). TLCRf
0.49 (silica gel, 5% methanol/chloroform); 1H NMR (CDCI3) 6 2.62 (dd, 1H), 2.77 (m,
2H), 2.97 (dd, 1H), 3.27 (br s, 2H), 3.68 (m, 3H), 3.72 (s, 3H), 4.51 (s, 2H), 4.94 (1,
1H), 5.24 (d, J=16.5 Hz, 1H), 6.56 (s, 1H), 6.62 (d, J=7.4, 1H), 6.80 (d; JQ—-'7_.7 Hz,
1H), 7.20 (m, SH). = |

b) methyl 8-formyl-2,3,4,5-tetrahydro—3—oxd-4—(2-phcnylcthyl)-1H-T,_4-benzodiachinc-2-

acetate

- To the compound of Example 47(a) (1. 60 £,4. 3 ‘mmol) i in CH2CI13: (50 mLy was
added manganese dioxide (2.8 g, 32 mmol). Thc resulting suspension was stirred at
reflux for 16 h, filtered through a pad of Celite®. The pad was rinsed with CH2Clp and
the filtrate was concentrated. The residue was purified by flash chromatography (silica
gel, 50% ethyl acetate/n-hexane) to give the title compound (0.71 g, 44%): TLC Rf0.67
(silica gel, 5% methanol/chloroform); 1H NMR (CDCl3) 6 2.68 (dd, 1H), 2.81 (dt, 2H),
3.0 (dd, 1H), 3.72 (m, 3H), 3.75 (s, 3H), 5.0 (t, 1H), 5.31 (d, J=16.7 Hz, 1H), 6.93 (d,
J=7.6 Hz, 1H), 7.03 (s, 1H), 7.11 (d, 7.8 Hz, 1H), 7.19 (m, 5H), 9.85 (s, 1H).

¢) E/Z methyl 8-[2-[4-(Cyano)phenyl]ethenyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetate _

A solution of the compound of Example 47(b)(0.67 g, 1.8 mmol)-and (4-
cyanobenzyl)triphenylphosphonium chloride (0.80 g, 1.9 mmol) in anhydrous DMF (50
mL) was treated with sodium hydride (74 mg, 60% dispersion in oil, 1.8 mmol) and
stirred for 5 h. The mixture was concentrated ard the residue was taken ﬁp in ethyl acetate,
washed with brine, dried (magnesium sulfate) and concentrated. The residue ‘was purified
by flash chromatography (silica gel, 5% ethyl 'acctate/chlorofom_l) to yield the title

- compound as a (2:3) mixture of E/Z olefin isomers (693 mg, 81%). Further

chromatography (silica gel, 40% ethyl acetate/n-hexane) yiclded the pure Eand Z isomers.
Eisomer: TLC R 0.39 (silica gel, 40% ethyl acetate/n-hexane); 1H NMR (CDCl3) &

. 2.65 (dd, 1H), 2.82 (dt, 2H), 2.97 (dd, 1H), 3.71 (m, 3H), 3.74 (s, 3H), 4.94 (t, 1H),
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5.23 (d, J=16.5, 1H), 6.46 (m, 2H), 6.52 (d, J=12.3 Hz, 1H), 6.61 (d, J=12.3 Hz, 1H),
6.71 (d, J=8.1 Hz, 1H), 7.21 (m, SH), 7.32 (d; J=8.3, 2H), 7.5 (d, J=8.3, 2H);
MS(ES).m/e 466.2 [M+H]*.

Z isomer: TLC R¢ 0.33 (silica gel, 40% ethyl acetate/n-hexane); TH NMR ©DdCisy8271

(dd, 1H), 2.82 (dt, 2H), 3.03 (dd, 1H), 3.70 (m, 3H), 3.75 (s, 3H), 4.97 (1, 1H), 5.27
(d, J=16.6 Hz, 1H), 6.76 (s, 1H), 6.85 (s, 2H), 7.02 (d, J=4.2, 2H), 7.18 (m, 5H),
7.54 (d, J=8.4, 2H), 7.63 (d, J=8.4, 2H); MS(ES) m/e 466.2 [M+H]*.

d) methyl 8-[2-[4-(aminomcthyl)phenyl]cthyl]~2,3,4,5—tcuahydro—3-oxo—4;(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetate

A mixture of the compounds of Example 47(c) (693 mg, 1.5 mmol), 10%
palladium on carbon (1 g) and acetic acid (100 mL) was hydrogenated (50 psi) for 5 h.
The mixture was filtered, the filtrate was concentrated and to yield the title compound: TLC -
Rf0.77 (sxhca 4:1:1 n-butanol acetic acid: water), HPLC k' 2.5 (PRP-1, 50% AN/W-

-TFA, UYV detection at 220 nm).

c) 8- [2-[4-(ammomcthyl)phenyl]cthyl] 2 3 4 5-tctrahydro- -oxo—4-(2-phcnylcd1yl) -1H-
1 4—bcnmd1achme-2—aocuc acid- - SRR

The compound of Example 47(d) was dissolved in 20% acetic acid and refluxed for
72 h. The mixture was concentrated and purified by HPLC (PRP-1, 35% AN/W-TFA) to
give the title compound: TLC Rf 0.55 (silica, 4:1:1 n-butanol:HOAc:water), Rf 0.59
(silica, 15:3:12:10 n-butanol, acetic acid; water, pyridine); MS(ES) 458.2 (M+H)t;
HPLC k' 3.7 (PRP-1®, 35% AN/W-TFA; Anal. (C28H31N303- CF3CO2H: H20)
calcd: C 46.98; H, 4.14; N, 4.63. found: C, 46.84; H, 3.96;N, 4.80.

Examples 48

1H-2-benzazepine-4-acetic acid

a) N- (2-phcnylcthyl)—4~nm'ophthahm1dc _ :

A mixture of “4-nitrophthalic anhydride (18 g,933 mmot) and phcncthylarnmc
(11.5 g, 95 mmol) in toluene (250 mL) was heated to reflux using a Dean-Stark trap to
remove water. After 2.5 h, the mixture was concentrated to solid residue, which was
triturated and filtered to give the titled compound (24.5 g, 89%): mp 142-3°C).

b) N-(2-phenylethyl)-4-methoxyphthalimide



10

15

20

25

30

35

A stirred solution of the ;:ompound of Example 48(a) (18 g, 0.06 mol) in DMF (85
mL) at 0°C was treated with sodium methoxide (3.6 g, 0.066 mol) portionwise. The dark

. -brown mixture was stired at RT for 3.5 h, quenched with ice-water, extracted with ethyl
acetate, dried (magnesium sulfate) and concentrated. Trituration with ether afforded the title

compound (10.9 g, 64%): mp 112-4°C; MS(ES) m/e 282 [M+H]*; 1H NMR (400 MHz,
CDCI3) & 7.72 (d, J=8.25 Hz, 1H), 7.25-7.30 (m, 6H), 7.14 (dd, J=2.30, 8.25 Hz, 1H),

3.9 (s, 3H), 3.89 (1, J=7.87 Hz, 2H), 2.99 (1, J=7.87 Hz, 2H).

¢) 2-hydroxymethyl-4-methoxy-N-(2-phenylethyl)-1-benzamide
A solution of the compound of Example 48(b) (15 g, 0.05 mol) in isopropanol

. (300 mL) and water (60 mL) was treated with sodium borohydride (12 g, 0.3 mmol)

portionwise. After 3.5 h, the mixture was concentrated to half of the original volume,
quenched with 5% sodium bicarbonate solution, extracted with cthyl acetate, dncd (sodxum
sulfate), concentrated to a small volume, and filtered to yield the title compound (10 g, '
67%): mp 154-6°C; MS m/e 286 [M+H]*+; 1H NMR (400 MHz, CDCl3) & 7.39 (d,
J=8.25 Hz, 1H), 7.12-7.28 (m, 5H), 6.81 (4, J=2.3 Hz, 1H), 7.35 (dd, J=2. 30, 8.25
Hz, lH) 4 46 (s, 2H), 3 76 (s, 3H), 3 61 (q, J=7.87 Hz, 2H) 2.89 (t, J=7.87 Hz, 2H).

d) 2-hydroxymcthyl-4-methoxy-[N—(2-phenylcthyl)] benzylamine
To a solution of borane (800 mL, 1M in THEF, 0.8 mol) at RT, a suspension of the
compound of Example 48(c) (25 g, 0.088 mol) in THF (250 mL) was added over 0.5 h.

.The mixture was heated to reflux for 12 h, cooled and treated with 1IN hydrochloric acid

(150 mL). The mixture was heated for 1.5 h until evolution of hydrogen gas ceased,
basified in the cold and extracted with ethyl acetate. The organic phase was dried (sodium
sulfate) and concentrated to yield the title compound (24 g, 100%): MS m/e 272.2
[M+H]+; 1H NMR (400 MHz, CDCI3) § 7.08-7.29 (m, 5H), 6.90 (d, J=2.62 Hz, 1H)
6.73 (dd, J=2.62, 8.29 Hz, 1H), 4.58 (s, 2H), 3.83 (s, 2H), 3.77 (s, 3H), 3.10 (t,
J=6.78 Hz, 2H), 2.89 (t, J=6.78 Hz, 2H).

e) 2-hydroxymethyl-4-methoxy-[N-(2-phenylethyl)-N-(t-butyloxycarbonyl)]benzylamine
A mixture of Example 48(d) (23 g, 0.085 mol), di-t-butyldicarbonate (19.3 g,
0.089 mmal) and triethylamine (12.3 mL, 0.089 mmol) in CH2Cl2 (250 mL) was stirred
at RT for 18 h, concentrated and azeotroped twice with CH2Clo. MS(ES) m/e 372.2
[M+H]+; 1H NMR (400 MHz, CDCl3) § 7.13-7.28 (m, SH), 6.90 (d, J=2.53 Hz, 1H),
6.79 (dd, J=2.53, 8.29Hz, 1H), 4.60 (bs, 2H), 4.43 (bs, 2H), 3.43 (s, 3H), 3.36 (t,
=7.90 Hz, 2H), 2.72 (t, J=7.90 Hz, 2H).

f) 5-methoxy-2-{N-(2-phenylethyl)-N-(t-butyloxycarbonyl)aminomethyl]benzaldehyde
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A suspension of the éompound of Example 48(e) and MnO2 (75 g, 0.86 mol) in
CH2Cl2 (275 mL) was stirred at RT for 18 h. The reaction mixture was filtered and
concemrated to g:ve the titled compound (20 g, 70%): MS m/e 370 2 [M+H]*, 14 NMR

(400 MHz, CDC13) 510.16 (s, 1H), 7.34 (d, )J=2.14 Hz, 1H), 7.07-7.27 (m, 7H), 4.79

(bs, 2H), 3.81 (s, 3H), 3.32 (bt, 2H), 2.75 (bt, 2H), 1.46 (s, 9H).

g) 2-[5-methoxy-2-[N-(2-phenylethyl)-N-(t-butoxy-carbonyl)aminomethyl]jphenyl]-5-oxo-
tetrahydro~3-furancarboxylic acid

To a suspension of zinc chloride (27 g, 0.2 mol; flame-dried at reduced pressure),
succinic anhydride (20 g, 0.2 mol), and the compound of Example 48(f) (20 g, 0.05 mol)
in CH3Cl2 (150 mL), triethylamine (28 mL, 0.2 mol) was added dropwise at 0°C. The
mixture was stirred for 18 h, diluted with CH2Cl2 (100 mL), washed with cold IN
hydrochloric acid, dried (sodium sulfate) and concentrated. The residue was triturated -
with ether/CH2Cl2 (75 mL, 2:1) and filtered. Thc filtrate was concentrated to glve the mlc
compound (23 g, 87%).

h) trans-3a,5,6,10b-tetrahydro-9-methoxy-5- (2-phcnylcthyl)-2H-furo[3 2-

: d][2]benzachm-2 4(3H)-dione

_ A mixture of the compound of Example 48(g) (23 g, 0.05 mol) and hydrogen
chloride (200 mL, 4M in dioxane 0.8 mol) in CH2Cl2 (150 mL) was stirred at RT for 18
h and concentrated to give 2-[5-methoxy-2-[N-(2-phenylethyl)aminomethyl]phenyl]-5-
oxo-tetrahydro~3-furancarboxylic acid as grayish solid (18 g, 97%): MS(ES) m/e 370.2
[M+H]+.

This solid, triethylamine (14 mL 0.1 mol), and benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium hexafluorophosphate (22 g, 0.05 mol) were dissolved in
CH7Clp (400 mL) and allowed to stir at RT overnight. The mixture was concentrated and
the residue was purified by flash column chromatography (silica gel, 0.2%
methanol/CH2CI2) to yield the title compound 9.5 g, 55%): MS(ES) m/e 352.2 [M+H]™;
1H NMR (400 MHz, CDCI3) & 7.12-7.16 (m, 3H), 6.97-7.00 (m, 3H), 6.91-6.94 (d,
J=8.47 Hz, 1H), 6.79 (dd, J=2.75,8.47 Hz, 1H), 5.01 (d, J=17.26 Hz, 1H), 4.92 (d,
J=11.48 Hz, 1H), 4.07 (dt, J=7.82 Hz, J=13.57 Hz, 1H), 3.92 (4, J=17.26 Hz, 1H),
3.85 (m, 1H), 3.79 (s, 3H), 3.52 (m, 1H), 3.25 (dd, J=17.61 Hz, J=11.76, 1H), 2.78
(m, 2H), 2.65 (dd, J=17.26 Hz, J=7.26 Hz, 1H).

i} ethyl 7-mcthoxy-2—(2-phcnylcthyl) -3-0x0-2,3,4,5-tetrahydro-1H-2-benzazepine-4-
acetate

A solution of the compound of Example 48(h) (0.123 g, 0.35 mmol) in 3N
hydrochloric acid (15 mL) in ethanol (50 mL) was treated with palladium hydroxide (120
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mg) and hydrogenated (50 psi) for 4 h. The mixture was filtered and the ﬁltratcwas
concentratcd The residue was azeotroped with ethanol and toluene. The residue was

dissolved in ethanol (75 mL) and heated to reflux in the presence of 4 M hydrogen ..

chloride/dioxane (2 mL) for 2 h.' The solution was concentrated to give the title compound
(0.11 g, 83%): MS(ES) m/e 382 [M+H]+; 1H NMR (400 MHz, CDCI13) 3 7.08-7.26 (m,

5H), 6.90 (d J=8.31 Hz, 1H), 6.63 (dd, J=2.41, 8.28 Hz, 1H), 6.60 (d, J=2.41 Hz,

. 1H), 5.11 (4, J=16.47 Hz, 1H), 4.16 (q, J=7.10 Hz, 2H), 3.76 (s, 3H), 3.72 (d,

J=16.47 Hz, 1H), 3.63 (m, 3H), 2.97 (m, 2H), 2.82 (m, 1H), 2.75 (1, J=7.30 Hz, 2H),
1.27 (t, J=7.10 Hz, 3H). |

j) ethyl 7-hydroxy-2-(2-phenylethyl)-3-oxo0-2,3,4,5-tetrahydro- 1H-2-benzazepine-4-
acetate

To a solution of the compound of Example 48(i) (0.11 g, 0.29 mmol) and
ethanethiol (1 mL, 13.5 mmol) in CH2ClI2 (20 mL) at 0°C was added aluminum chloride
(0.2 g, 1.5 mmol). The mixture was warmed to RT over 1 h, diluted with CH2C12,
washed with cold 3N hydrochlonc acid, dried (sodium sulfate), and concentrated to g1vc
the title compound (0.08 g 74%) MS(ES) m/c 368 2 [M+H]+

k) ethyl 7-[3-(4-pyﬁdyl)propyloxy]-2-(2-phcnylcthyl)—3—oxo—2,3.4,5—tctrahydro—1H—2—
benzazepine-4-acetate .' '

A mixture of the compound of Example 480) (20 mg, 0.05 mmol), 3-(4-
pyridyl)propyl chloride hydrochloride (50 mg, 0.2 mmol), sodium iodide (3 mg), and
sodium hydride (12 mg, 0.5 mmol) was heated at 90°C for 18 h. The mixture was
quenched with ice water, extracted with ethyl acetate, dried (sodium sulfate) and
concentrated to give the title compound (0.01 g, 42%): MS(ES) m/e 486 M+H]t.

1) 7-[3-(4-pyridyl)propyloxy]-2-(2-phenylethyl)-3-0x0-2,3,4,5-tetrahydro-1H-2-
benzazepine-4-acetic acid

A mixture the compound of Example 48(k) and 1N sodium hydroxxdc soluuon in
methanol is stirred at RT for 5 h and acidified with 1N hydrochloric acid to give the title
compound.

1H-2-benzazepine-4-acetic acid

Using the procedure of Example 34, except substituting the compound of Example
43(1) for the compound of Example 9(a) gives the title compound.
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-(2-phenvlethyl)-1H-1.4-benzodiazepine-2-acetic aci

a) methyl (R,S)-8-[[[3-(aminomethyl)phenyl]amino]carbonyl]-2,3,4,5- tctrahydro—B-oxo—
4-(2-phenylethyl)-1H-1,4-benzodiazapine-2-acetate

Using the procedure of Example 13(a) and (b), except substituting 3-[N-(t-
butoxycarbonyl)aminomethyl}aniline for the compound of Preparation 4(b), gave the title
compound: 14 NMR (CD30D, 250 MHz) 8 2.60-2.73 (m, 3H), 2.95 (d of d, 1H, J=9,
16 Hz), 3.50-3.83 (m, 2H), 3.70(s, 3H), 3.91 (d, 1H, J=17 Hz), 4.90-5.20 (m, 3H),
5.43 (d; 1H, J=17 Hz), 6.93-7.93 (m, 12H).

b) (R,S)-8-[[[3-(aminomethyl)phenyllamino]carbonyl]-2,3,4,5-tetrahydro-3-0x0-4-(2-

~ phenylethyl)-1H-1 ,4-benzodiazepine-2-acetic acid

Using the procedure of Example 1(j), except substituting the compound of
Example 50(a) for the compound of Example 1(i), gave the title compound (85 mg):
MS(ES) m/e 473 [M+H]+; 1H NMR (CD30D, 250 MHz) & 2.60-3.10 (m, 4H), 3. 58-
3.88 (m, 2H), 3.95 (d, J=17 Hz, 1Hx), 4.67-5.04 (m, 2H), 5.10-5.20 (m, 1H), 5.50 (d,
J=17 Hz, 1H), 6.93-8. 05 (m, 12H) HPLC k' = 2.61 (PRP-1®, 30% AN/W-TFA, UV
detection at 220 nm). '

henvlethvl}-1H-1.4-benzodi ine-2-acefic aci

Using the procedure of Example 32, except substituting 1-(4-pyridyl)piperazine for
N-methyl-2-(4-pyridyl)ethanamine, gave the title compound: HPLC RT 16.6 min (Y MC
ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1% TFA, 10-80%
A in 20 min, UY detection at 220 nm).

~ Using the procedure of Examples 7(b), 13(b) and 13(c), except substituting the
compound of Preparation 12(c) for the compound of Preparation 1(b) in Example 7(b),
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yielded the title compound: MS(E3) m/e 507 [M+H]*; Anal [C27H27CIN4O4
-1.5(C2HF302)-H20] caled: C,51.43; H,4.39; N,7.99; found: C,51.36; H,4.29; N,7.90.

1H NMR (DMSO-dg, 250. MHz) 5. 2. 51-2.60(m, 2H), 2.65-2.70(m, 2H), 3 45 -3.55(m,

2H), 3.85(d, J=17 Hz, 1H), 4.15(s, 2H), 4.95-5.00(m, 1H), 5.30(d, J—17HZ, IH)
5.85(s, 1H), 6.70-8.05(m, 13H), 8.20-8.30(m, 2H).

Example 5

a) methyl 2-methoxy-7-oxo-6,7,8,9-tetrahydro-SH-benzocycloheptene-6-acetate, and
methyl 3-methoxy-7-ox0-6,7,8,9-tetrahydro-5H-benzocycloheptene-6-acetate

Using the general method of J. Org. Chem., 57, 1429 (1992), except substituting
2-mcthoxy-benzosubcronc (J Org Chem 47, 5201 (1982)) for benzosuberone, and
separating the resulting mixture of i 1somcrs by chromatography, gives the tide compounds.

b) 2-[3-(4-piperidinyl)propyloxyl-7-0xo0-6,7,8,9-tetrahydro-SH-benzocycloheptene-6-

- acetic acid, and 3-[3-(4-piperidinyl)propyloxy}-7-0x0-6,7,8,9-tetrahydro-5H-

benzocycloheptene-6-acetic acid .
Using the procedures of Examples 48, except substituting each of the compounds
of Example 51(a) for the compound of Examples 48(j), gives the title compounds.

Example 54

tetrahydro-3-ox0-4-(2-phenylethyl)-1H-1.4-benzodiazepine-2-acetic acid

 Using the procedures of Ekamplc 27(a) and Example 24(b), except substituting the
compound of Preparation 13(j) for histamine and benzotriazol-1-yloxy-
tris(dimethylamino)-phosphonium hexaflucrophosphate for 1-(3-dimethylamino-propyl)-
3-ethylcarbodiimide hydrochloride, gave the title compound. MS(ES) m/e 488.2 [M+H]*;
Anal. (C27H29N504-1.5 CF3CO2H-H20) caled: C, 53.35; H, 4.56; N, 10.35. found:
C, 53.25; H, 4.84; N,10.35.; HPLC k' 3.88 (PRP-i®, 25% AN/W-TFA).
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Using the procedure of Example 54, except substituting the compound of
Preparation 14(b) for the cbmpound of Preparation 13(j}, gave the title compound.
MS(ES) m/e 489.4 [M+H)*; Anal. (C27H28N405-1.125 H20) caled: C, 63.74; H,
5.74; N, 10.71. found: C, 63.74; H, 5.99; N,11.01.; HPLC k' 3.70 (PRP-1®, 25%
AN/W-TFA).

The compound of Example 33(a) (92 mg, 0.19 mmol) in THF (5 mL) was treated
with xodomcthanc (14 3 mL 2 0 mmol) and the reaction mixture was heated to reflux for
16 h. The white solid that formed-was collected by filtration and washed with cold ether.-
The solid was treated with IN hydrochloric acid and lyophilized to yield the title compound
(39 mg, 41%). MS(ES) m/e 481 [M+H]+; 1H NMR (400 MHz, CD30D) & 8.06 (d,
1H), 6.90-7.25 (m, 8H), 5.44 (d, 1H), 5.09 (t, 1H), 3.54-3.90 (m, 4H), 3.20-3.45 (m,
8H), 3.13 (s, 9H), 2.93 (dd, 1H), 2.68-2.79 (m, 2H), 2.53-2.65 (m, 1H), 1.78-1.90
(m, 2H), 1.66 (t, 2H).

E,:amplg 57

Preparation of (R.S)-8-[4-(aminomethyl)phenoxymethyl}-2.3 ,4,5-tetrahydro—3-oxo—4-§ 2-
phenylethyl)- 1H- 1.4-benzodiazepine-2-acetic acid _
a) methyl (R,S)-2,3,4,5-tetrahydro-8-hydroxymethyl-3-oxo-4-(2-phenylethyl)-1H-1,4-
benzodiazepine-2-acetate

Methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-1H-1,4-
benzodiazepine-2-acetate (3 g, 7.8 mmol) was dissolved in dry THF (20 mL) and treated at
-5°C with u'icthylamine (1.14 mL, 8.19 mmol) and ethyl chloroformate (775 mL, 8.11
mmol). The reaction was stirred for 1 h and filtered. The filtrate was cooled to 0°C and
treated with sodium borohydride (651 mg, 17.23 mmol) in water (7.5 mL). The reaction
was allowed to warm to RT and stirred for 4 h. The mixture was acidified with 3N
hydrochloric acid and extracted with ethyl acetate. The organic phase was washed twice
with 0.5N sodium hydroxide and with brine, dried (magnesium sulfate) and concentrated
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to give the title compound (2.31 g). IH NMR (250 MHz) § 7.25-7.10 (m, 5H), 7.09-
6.78 (m, 1H), 6.75-6.51 (m, 2H), 5.26-5.25 (m, 1H), 4.94-4.91 (m, 1H),4.46 (s, 2H),

-~ 3:69 (s, 3H);-3.66-3:61 (m, 3H),-3.10-2.62 (m, -6H).

. b) methyl (R,S)-8-[4-(N-t-butoxycarbonyl)-(aminomethyl)phenoxymethyl]-2,3,4,5-
tetrahydro-3-oxo0-4-(2-phenylethyl)- 1H-1,4-benzodiazepine-2-acetate

The compound of Example 57(a) (100 mg, 0.24 mmol) was dissolved in dry THF
(10 mL) and treated at 0°C with the compound of Preparation 15 (122 mg, 0.546 mmél)
followed by triphenylphosphine (143 mg, 0.546 mmol) and diethyl azodicarboxylate (86
mL, 0.546 mmol). The mixture was stirred at RT for 48 h, concentrated and the residue

- was purified by flash chromatography (silica gel, 40% ethyl acetate/hexane) to give the title

compound (150 mg). MS(ES) m/e 474 [M+H]*.

¢) methyl (R,S)-8j[4-(aminomethyl)phcnoxymcthyl]-2,3,4,5;tctrahydro-3—oxo-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetate
Using the procedure of Example 13(b), except substituting the compound of

._.Example 57(b) for the compound of Examplc 13(a), gave the title compound (65mg).
| MS(ES) m/e 574 [M+H]*.

d) (R,S)-8-[4-(aminomethyl)phenoxymethyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-
1H-1,4-benzodiazepine-2-acetic acid |

The compound of Example 57(c) (65 mg, 0.137 mmol) was dissolved in THF (1
mL), cooled to 0°C and treated with 1N lithium hydroxide (137 mL). The reaction was
allowed to warm to RT and stirred for 15 h. The reaction was acidified to pH 5 with acetic
acid and the crystals that formed were filtered off to yield the title compound (70 mg); 95%
purity by HPLC. MS(ES) m/e 460 [M+H]*.

xo—4-(2-phcnylethyl) 1H- 1,4-bcnzod1azcgme—2—accnc acid

a) methyl (R,S)-8-[[4-[(N-t-butoxycarbonyl)- (2—ammocthy1)]p1pcndm— -yl]carbonyl]-
2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate
Using the procedure of Example 1(h), except subsntuung the compound of

Preparation 16(b) for the compound of Example 1(g), gave the title compound (657 mg, |
37%). 1H NMR (90 MHz, CDCI3) & 7.40-7.08 (m, 5H), 6.95-6.50 (m, 3H), 5.50-4.40

(m, 5H), 4.00-2:43 (m, 14H), 3.73 (s, 3H), 1.90-1.00 (m, 5H), 1.43 (s, 9H).
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5) (R,S)-8-[[4-(2-aminoethyl)piperidin-1-yl]carbonyl] -2,3,4,5—tcuahydro-3—oxo-4-(2-

phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid
_ Usmg the procedurcs of Examplcs 13(b) and 13(c), except substituting the

. compound of Example 58(a) forthe compound of Example 13(a), gave the title compound

(160 mg). MS(ES) m/e 479 [M+H]*+; 1H NMR (CD30D, 250 MHz) § 7.30-7.08 (m,
5H), 6.98 (d, 1H, J=7.6 Hz), 6.60-6.50 (m, 2H), 5.47 (d, 1H, J=17 Hz), 5.15-5.08 (m,
1H), 3.90-3.58 (m, 3H), 3.89 (d, 1H, J=17Hz), 3.18-2.55 (m, 9H), 1.95-1.52 (m, SH),
1.35-1.08 (m, 2H); HPLC k' 2.43 (PRP-1®, 25% AN/W-TFA, UV detection at

220 nm); Anal. (C27H34N404+1.5 TFA) caled: C,5546; H, 5.51; N, 8.62, found C,
55.19; H, 5.68; N, 8.58.

xampl
1on of (R.S)-8-[[[4-(aminomethv)phenylimethylarmin ny11-2.3.4.5-
trah -0x0-4-(2-phenvlethyl)-1H-1.4-benzodiazepine-2-acetic aci

a) methyl (R,S)-8-[[[4- (cyano)phcnyl]mcthylamino]carbonyl]-2,3,4,5—teuahydro—3-oxo-4-
(2-phenylethyl)-1H-1 4»benzod1azepme—2—acetatc '

Using the procedure of Example l(h) except subsntunng 4—cyano-N-mcthylamhne o

for the compound of Example 1(g), gave the title compound. 1H NMR (400 MHz,
CDCI3) § 7.52 (d, J=8.6 Hz, 2H), 7.05-7.30 (m, 7H), 6.66 (d, J=1.5 Hz, 1H), 6.59 (d.
J=7.8 Hz, 1H), 6.33 (dd, J=7.8, 1.5 Hz, 1H), 5.19 (d, J=16.7 Hz, 1H), 4.93 (1, J=6.5
Hz, 1H), 4.13 (br s, 1H), 3.68-3.79 (m, 1 H), 3.75 (s, 3H), 3.58-3.67 (m, 1H), 3.54 (d,
J=16.7 Hz; 1H), 3.48 (s, 3H), 2.95 (dd, J=16.0, 6.6 Hz, 1H), 2.67-2.82 (m, 2H), 2.62
(dd, J=16.0, 6.5 Hz, 1H); IR (CHCI3) 3230-3580 (br), 2230, 1731, 1656, 1603, 1437,
1375 cm-1; MS(ES) m/e 497.2 [M+H]+, 993.4 [2M+H]*.

b) methyl (R,S)-8-[[[4-(aminomethyl)phenyljmethylamino]-carbonyl}-2,3,4,5-tetrahydro-
3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate

A mixture of the compound of Example 5%9(a) (0.125 g, 0.25 mmol) and 10%
palladium on carbon (0.25 g) in glacial acetic acid (50 mL) was shaken under hydrogen
(47 psi) for 5 h. The reaction mixture was filtered through Celite®, and the filtrate was
concentrated to give the title compound (0.153 g, 99%) as a bis(acetate) which was used
without further purification. ' :

¢) (R,S)-8-[[[4-(aminomethyl)phenyljmethylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-
4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid

The compound of Example 59(b) (0.15g, 0.25 mmol) was stirred in 10% aqueous
acetic acid (25 mL) at 110°C overnight. 1N Hydrochloric acid (4 mL) was added and
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heating was continued for an additional 3 h. The reaction was cooled, lyophilized and the
residue was purified on reverse phase prep HPLC (ODS, AN/W-TFA) to give the title
compound. MS(ES) m/e 487.2 [M+H]*. Anal. (C23H30N404 2C2HF302) calcd C
53.78; H, 4.51; N, 7.84. foundC5369H479N776 '

.a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-[1-methyl-1,2,5,6-tetrahydropyrid-4- _

'yljethylimethylamino]carbonyl]-3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate
' Using the procedure of Example 27(a), except substituting the compound of -~ -~~~ -

Preparation 17(c) for histﬁniinc, gave the title compound. MS(ES) m/e 519 [M+H]*.

b) (R.S)-2,34,5-tetrahydro-8-[[[2-[1-methyl-1,2,5,6-tetrahydropyrid-4-ylJethyl}-

methylammo]carbonyl] 3-oxo-4-(2-phenylcthy1)-lH-1 4~bcnzodmchme-2-accuc ac1d

Using the proccdurc -of Examplc 1(]), except subsutuung thc compound of .
Example 60(a) for the compound of Example 1(i), gave the title compound. HPLCRT
15.7 min (YMC ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1%
TFA, 10-80% A during 20 min, UV detection at 220 nm); 1H NMR (DMSO-d¢/TFA, 400
MHz) & 9.6 (br d, 1H), 7.25-7.15 (m, SH), 7.0 (d, 1H), 6.49 (s, 1H), 6.45 (s, 1H), 5.5
(s, 1H), 5.4 (d, 1H), 5.0 (m, 1H), 4.0 (d, 1H), 3.75-3.05 (br m, 6H), 2.9-2.16 (br m,
16H); MS(ES) m/e 505 [M+H]*. |

- Example 61

~butenyll-1H-1.4-benzodiazepine-2-acetic acid

a) methyl (R,S)-2,3,4,5-tetrahydro-8-hydroxymethyl-3-oxo-4-(2-phenylethyl)-1H-1,4-
benzodiazepine-2-acetate :

Methyl (R,S)-8-carboxy-1,2,3 4~teu'ahydro-3-oxo-4—(phenylethyl) -1H-1,4-
benzodiazepine-2-acetate (3.8 g, 10 mmol) was treated with thionyl chloride (50 mL} and
the resulting suspension was heated at reflux under argon with stirring for 15 min, cooled
to RT and concentrated. The residual oil was re-dissolved in toluene (25 mL),

" concentrated and the residue was dissolved in dry THF (50 mL). The solution was stirred
at RT and sodium borohydride (2.0 g, 53 mmol) as added in one portion. After stirring

for 16 h, the reaction was carefully quenched at 0°C with IN hydrochloric acid, basified
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with 1N sodium carbonate, cxtractcd With cthyl acetate (150 nxL), washed with bﬁné, -
dried (magnesium sulfate) and concentrated. Purification by flash chromatography (silica

gel, 1% methanollchlorofonn) gave the title compound (1.71 g, 47%) as a solid foam.

TLC Rr—O 49 (sxhca gel, 5% methanol/chloroform), THNMR (CDCl13) 62.62°(dd, 1H), -
2.77 (m, 2H), 2.97 (dd, 1H), 3.27 (br s, 2H), 3.68 (m, 3H), 3.72 (s, 3H), 4.51 (s, 2H),
4.94 (t, 1H), 5.24 (d, J=16.5 Hz, 1H), 6.56 (s, 1H), 6.62 (d, J=7.4, 1H), 6.80 (d,
J=7.7 Hz, 1H), 7.20 (m, SH).

b) methyl (R,S)-8-bromomethyl-2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-1H-1,4-
benzodiazepine-2-acetate

_ To a'solution of the compound of Example 61(a) (1 20 g, 3.3 mmol) and carbon
tetrabromide (1.4 g, 4.2 mmol) in‘dry THF (40 mL), stirred at 0°C under argon, was
added tnphcnylphosphmc (1.1 g;4.2 mmol) in one portion. After 10 min, the reaction
was allowed to warm to RT and stirred for 3 h. The mixture was concentrated and the
residue was purified by flash chromatography (silica gel, 50% ethyl acetate/hexane) to
yield the title compound (1.17 g, 83%) TLC Rf0.38 (silica gel, 40% ethyl
acetat¢/hexane); 1H NMR (CDCi3)-8 1.26 (1H, ), 2: 82(3H m), 3.11 (1H, dd), 3.71

'(2H, m), 3.74 (3H, ), 3.83 (1H,. d, 3216.5Hz); 4.37. (2H s) 4.90:(1H, 1), 5. 13 (14, d,

J=16.5Hz), 6.82 (2, s), 6.89 (1H, d), 7.1-7 28 (6H, m).

c) (R,S)-[2-methoxycarbonylmcﬂ_1yl-3-oxo-4-(2-phenylgmyl)-2,3,4,5~tetrahydro— 1H-1.4-
benzodiazepin-8-yljmethyltriphenyl-phosphonium bromide |

To a solution of the compound of Example 61(b) (1.15 g, 2.67 mmol) in dry THF
30 mL) was added triphenylphosphine (0.71 g, 2.7 mmol). The reaction was refluxed for
4 h, cooled to RT, concentrated and triturated with ether, filtered and dried under vacuum
to give the title compound (1.89 g, 100%). 1H NMR (CDCI3) § 2.01 (1H, s), 2.73 (2H,
m), 2.90 (1H, dd), 3.08 (1H, dd), 3.54 (1H, m), 3.65 (1H, m), 3.70 (34, s), 3.74 (1H,
d, J=16.7Hz), 4.49 (2H, dt), 5.08 (1H, d, J=15.5Hz), 5.17 (1H, 1), 6.40 (1H, d) 6.58
(1H, 4, J=11. 4Hz) 6.87 (1H, s) 7.18 (5H, m), 7.58-7.80 (15H, m).

d) methyl (R,S)-S-[4-[N-(t-butoxycarbonyl)-piperidin-4.-yl]-1-(E and Z)butenyl]-2,3,4,5-
tetrahydro-3-oxo-4-(2-phenylethyl)- 1H-1,4-benzodiazepine-2-acetate

To a solution of compound of Example 61(c) (1 g, 1.44 mmol) and the compound
of Preparation 18 (1.75 mmol) in dry THF (30 mL) was added, with stirring under argon,
a 60% dispersion of sodium hydride in mineral oil (58 mg, 1.44 mmol) in one portion.
After stirring for 16 h, the reaction was concentrated. The residue was purified by flash
chromatography (silica gel, 5% ethyl acetate:chloroform) to give a mixture of the title
compounds (0.717 g, 86%). Pure olefin isomers in the ratio of approximately (1:2) (Z:E)
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were obtained by HPLC chromatography (silica gel, 40% ethyl acetate/hexane). E-isomer:
14 NMR (CDCl3) § 1.11.(2H, m), 1.43 (4H, m), 1.45 (94, s), 1.68 (2H, d, J=12.5Hz),

... 2.20 (2H, dd), 2.67 (2H, dv), 2.72 (lH dd), 2.81 (lH dd), 3.72 (3H m), 3. 74 (3H s),
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4.08 (2H, d, J=13 7Hz) 4.90 (lH t), 5.18 (lH d J=16 SHz), 6.14 (1H, dt,
Jirans=15.8Hz), 6.24 (1H, d, Jirans=15.8Hz), 6.67 (1H, s), 6.72 (1H, dd, J=7.8Hz),
6.80 (1H, d, J=7.8Hz), 7.20 (5H, m); MS(ES) m/e 576.2 (M+H)*.

e) (R,S)-2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-8-[4-(piperidin-4-yl)-1(E)-butenyl)-
1H-1,4-benzodiazepine-2-acetic acid

Using the procedures of Example 13(b) and 13(c) except substituting thc
compounds of Example 61(d) for the compound of Example 13(a) gave the title
compound. MS(ES) m/e 462.2 [M+H]*; Anal. (C28H35N303:1.5 CF3CO2H) calcd: C,
58.86; H, 5.82; N, 6.64. found: C, 58.68; H, 5.84; N,6.32; HPLC k' 4.07 (PRP-1®,
35% AN/W-TFA); 1H NMR (CD30D) § 1.38 (2H, m), 1.45 (2H, m), 1.61 (1H, br s),
1.95 (2H, d, J=13.6Hz), 2.22 (2H, dd), 2.61 (1H, m), 2.77 (2H, m), 2.91 (34, m),
3.35 (2H, m), 3.67 (2H, m), 3.79 (1H, d, J=16.8Hz), 5.02 (1H, dd), 5.37 (1H, 4,

J=16. 5Hz) 6.15 (1H, dt) 6.26 (1H, d, J=15. 9Hz) 6.58 (IH s), 6.60 (1H, d,
J=7.8Hz), 6.81 (1H, d; J=7. 8Hz), 7.17.(5H, m). -

a) methyl (R,S)-8-[4-[N-(t-butoxycarbonyl)-piperidin-4-yl}-1-( Z)butenyl}-2,3,4,5-
tetrahydro-3-oxo0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate

The title compound was prepared by chromatography of the mixture of Example
61(d). Z-isomer: MS(ES) m/e 462.2 [M+H]*; Anal. (C28H35N303-1.5 CF3CO2H-0.5
H20) calcd: C, 57.83; H, 5.73; N, 6.27. found: C, 58.03; H, 5.89; N,6.55.; HPLC k'
4.98 (PRP-1®, 35% CH3CN/water/0.1% TFA); 1H NMR (CD30D) § 1.30 (2H, m),
1.41 (2H, dd), 1.58 (1H, br s), 1.82 (2H, d, J=13.1Hz), 2.34 (2H, m), 2.60 (1H, m),
2.76 (2H, m), 2.88 (3H, m), 3.29 (3H, m), 3.69 (2H, m), 3.81 (1H, d, J=16.9Hz), 5.04
(1H, m), 5.40 (1H, d, J=16.6Hz), 5.58 (1H, dt), 6.31 (1H, d, J=11.6Hz), 6.48 (1H, d,
J=7.9Hz), 6.50 (1H, s), 6.85 (1H, d, J=7.6Hz), 7.18 (SH, m). |

b) (R,S)-2,3,4,5-teu'ahydro—3-oxo-4-(2-phcnylcthyl)¥8-[4-(pipcﬁdin—4-yl)-1(Z)—butcnyl]--
1H-1,4-benzodiazepine-2-acetic acid

The title compound was prepared in the same manner as in Example 61(e), except
substituting the compound of Example 62(z). 1H NMR (CDClI3) & 1.08 (2H, m), 1.41
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(4H, m), 1.45 (9H, s), 1.62 (2H, d, J=12.9Hz), 2.31 (2H, dd), 2.64 (21-_1_, dr), 2.72 (1H,

dd), 2.82 (2H, dt), 3.03 (1H, dd), 3.73 (3H, m), 3.75 (3H, s), 4.06 (2H, d, J=13.2Hz),

.. 4.93 (1H, v, 5.22 (1H, d, J=16. SHz), 5.59 (1H, dt, Jeis=11.6Hz), 6.27 (1H, d,

chs—ll .7Hz), 6.55 (1H, s) 6.63 (1H, d, J=7. 7Hz) 6.82 (1K, d, J=1. 7Hz), 7. 20 (5H
m); MS(ES) m/c 576.2 (M+H)*.

Pr tion of (R.S)-8-[2(E)-[4-(aminomethylphenyllethenyll-2,3,4,5- h -0XO-

a) methyl (R,S)-8-[2(E and Z)—[4-(N-t-butoxycarbonyl)(amino—memyl)phenyl]c_ﬂ_i_cnyl]- '
2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-1H-1,4- -benzodiazepine-2-acetate |

Using the procedure of Examples 61(d), except substituting the compound of
Preparation 19 for the compound of Preparation 18, gave the title compounds in the ratio

of approxlmately (2 3) (Z:E). E-isomer: 1H NMR (CDCl3)  1.47 (94, s), 2. 72 (lH

dd), 2.83 (2H, dt), 3.04 (1H, dd), 3.73 (3H, m), 3.75 (3H, s), 4.32 (2H br s), 4.85

-. (1H, brs), 495 (1H, t), 5.24 (1H, d, J=16. 5Hz), 6.77 (1H, s), 6.83 (2H, 2d), 6.92

(1H, d, Jirans=16.5Hz), 7.01 (1H, d, Jyrans=16.5Hz), 7.2 (7H, m), 7.43 (2H, d,
=8.2Hz); MS(DCI) m/e 570.5 (M+H)*.

Z isomer: 1H NMR (CDCI3) & 1.46 (9H, s), 2.66 (1H, dd), 2.82 (2H, m), 2.98 (1H,

dd), 3.70 (3H, m), 3.74 (3H, s), 4.28 (2H, br s), 4.87 (1H, br s), 4.90 (1H, 1), 5.20

(1H, d, J=16.5Hz), 6.43 (1H, d, J¢is=12.2Hz), 6.49 (1H, s), 6.53 (1H, d,

Jeis=11.8Hz), 6.55 (1H, d, J=6.2Hz), 6.69-(1H, d, J=7.8Hz), 7.20 (9H, m); MS(DCI)

m/e 570.5 (M+H)*. -

b) (R,S)-8- [2(E) -[4-(aminomethyl)phenyljethenyl]-2,3,4 5-tctrahydro—3-oxo—4 @- .
phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid

Using the procedure of Example 61(e), except substituting the E isomer of
Example 63(a) for the compound of Example 61(d), yielded the title compound. MS(ES)
m/e 456.2 [M+H]*; Anal. (C28H35N303-1.5 CF3CO2H) caled: C, 59.36; H, 5.03; N,
6.64. found: C, 59.42; H, 4.91; N,6.71; HPLC k' 3.34 (PRP-1®, 35%
CH3CN/water/0.1% TFA); 1H NMR (CD30D) 6 2.64 (1H, dd), 2.78 (2H, m), 2.93
(lH dd), 3.70 (2H m), 3.84 (1H, d, J=16.8Hz), 4. 91 (24, s), 5.07 (1H, m), 5.42 (1H,
d, J=16. 4Hz), 6.77 (1H, s), 6.81 (1H, d, J=7.5Hz), 6.91 (1H, d, J=7.5Hz), 7.08 (2H
s), 7.18 (5H, m), 7.42 (2H, d, J=7.7Hz), 7.59 (2H d, J=7.9Hz).
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Using the procedure of Example 61(e), except substituting the Z isomer of
Example 63(a) for the compound of Example 61(d), yielded the title compound. MS(ES)
m/e 462.2 [M+H]+; Anal. (C28H35N303:1.75 CF3CO2H) caled: C, 57.53; H, 4.67; N,
6.38. found: C, 57.75; H, 4.73; N,6.41.; HPLC k' 4.33 (PRP-1®, 35%
CH3CN/water/0.1% TFA); 1H NMR (CD3OD) $ 2.59 (1H, dd), 2.76 (2H, m), 2.88

(1H, dd), 3.69 (2H, m), 3.78 (14, d, J=16.8Hz), 4.02 (2H, s), 5.00 (1H, dd), 5.35
(1H, d, J=16.6Hz), 6.39 (1H, dd), 6.47 (1H, s), 6.54 (24, s), 6.73 (1H, d, J=7.8Hz),
7.17 (5H, m), 7.27 (4H, 2d). '

-a) methyl (R,S)-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-7-[[4-(pyrid-4-yl)piperazin-1- -

yl]carbonyl}-1H-1,4-benzodiazepine-2-acetate

Using the procedure of Example 32(a), except substituting 1-(pyrid-4-yl)piperazine
for N-methyl-2-(4-pyridyl)ethanamine, gave the title compound. HPLC RT 16.3 min
(YMC ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1% TEA, 10-
80% A during 20 min, UV detection at 220 nm); MS(ES) m/e 528 [M+H]*.

b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-7-[[4-(pyrid-4-yl)piperazin-1-
yljcarbony}]}-1H-1,4-benzodiazepine-2-acetic acid '

Using the procedure of Example 1(j), except substituting the compound of
Example 65(a) for the compound of Example 1(i), gave the title compound. HPLC RT
14.6 min (YMC ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1%
TFA, 10-80% A during 20 min, UV detection at 220 nm); 1H NMR (DMSO-dg:TFA, 250
MHz) & 8.3 (m, 2H), 7.19 (m, 9H), 6.55 (d, 1H), 5.4 (d; 1H), 5.09 (m, 1H), 4.0 (d,
1H), 3.7 (m, 8H), 2.8-2.4 (br m, 6H); MS(ES) m/e 514 [M-+H]*. '

Example 66
Preparation of ( E,S}—2,_3,4.§-t§u'ahyd_&3-gxg-:2-l [[2-(piperidin-4-

yDhethyllmethylaminolcarbonyll- 1H-2-benzazepine-4-acetic acid

a) t-butyl 3-bromo-4:methylbenzoate
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A mixture of 3—bromo-4-methylbcnzoic acid (10.75 g, 50 mmol) in dry ether (50
mL) in a glass bomb was cooled to -30°C and isobutylene gas was bubbled in to give a

total reaction volume of approxmatcly 150 mL. Trifluoromethanesulfonic acid (0.22 &
2.5 mmol) was added dropwise 10 the stirred mixture, and the bomb was sealed. The ™~~~

reaction was allowed to warm to RT and was stirred for 6 d. The bomb was opened
carefully, and 5% sodium bicarbonate (50 mL) was added slowly. The mixture was

~ allowed to stir for 15 min and ether (250 mL) was added. The layers were separated and

the organic layer was washed with 5% sodipm bicarbonate (2x50 mL) and then with brine
(50 mL). Drying (magnesium sulfate) and concentration gave the title compound (12.88 g,
95%) as a yellow oil. TLC Rf 0.68 (toluene); 1H NMR (250 MHz, CDCl3) § 8.13 (d,
J=1.7 Hz, 1 H), 7.81 (dd, J=1.9, 1.7 Hz, 1 H), 7.27 (d, J=1.9 Hz, 1 H), 244 (5, 3. H),
1.59 (s, 9 H); IR (CClg) 1715, 1368, 1297, 1255, 1170, 1123, 1115 cm-1; MS(ES) m/e
273.0 [M+H])t, 271.0 [M+H]t, 214.8 [M+H-C4Hg]*.

b) t-butyl 3-bromo-4-(bromomethyl)benzoate

A mixture of the compound of Example 66(a)(5 25 g, 19.36 mmol), N-
bromosuccinimide (3.79 g, 21.3 mmol), and benzoy! peroxide (0.23 g, 0.97 mmol) in
carbon tetrachloride (100 mL) was heated to reflux: 'Aftér'lS‘-h;.mc mixture wascooled, k
filtered, and the filtrate was concentrated.. The resuiting material was used without
purification. TLC Rf 0.57 (10% ethyl acetate/hexane).

¢) t-butyl 3-bromo-4-[[N-t-butoxycarbonyl-N-methoxycarbonyljamino)methylbenzoate
The compound of Example 66(b) and methyl t-butyl iminodicarboxylate potassium
salt (prepared according to J. Chem. Soc. Perkin Trans. I, 1088, (1988)) (3.10 g, 14.52
mmol) were combined in dry dimethylformamide (20 mL), and the mixture was warmed in
an oil bath at 60°C. More methyl t-butyl iminodicarboxylate potassium salt (0.83 g, 3.89
mmol) was added after 20 min and the mixture which was stirred an additional 5 min and
concentrated. The residue was partitioned between water (100 mL) and ether (100 mL),
and the layers were separated. The aqueous layer was extracted with ether, and the '
combined organic layers were dried (magnesium sulfate) and concentrated to a brown oil.
Chromatography (silica gel, 20% ethyl acetate/hexane) gave the title compound (5.21 g,
61%) as a ycllow oil which solidified in vacuum. TLC Rf 0.49 (20% ethyl acetate/hexane);
1H NMR (250 MHz, CDCI3) 8 8.15 (d; J=1.6 Hz, 1 H), 7.89 (dd, J=8.1, 1.6 Hz, 1 H),
7.16 (d, J=8.1 Hz, 1 H), 4.95 (s, 2 H), 3.84 (s, 3 H), 1.59 (s, 9 H), 1.41 (5, 9 H); IR
(carbon tetrachloride) 1756, 1719, 1369, 1352, 1297, 1255, 1222, 1155, 1113 cm™];
MS(ES) m/e 446 [M+H]*, 444 [M+H]*, 390 [M+H-C4Hg]*, 388 [M+H-C4Hg]*, 334

[M+H-2xC4Hglt, 332 [M+H-2xC4Hg] .
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d) t-butyl 3-bro'mo-4—[(t—butoxycarbonyl)émino] methylbenzoate |
A solution of the compound of Example 66(c) (5.21 g, 11.73 mmol) and IN

. sodium hydroxide (11. 7 mL, 11.7 mmol) in methanol (105 mL) was stirred at RT. After

20 min, the reaction was diluted with water (250 mL) and extracted with ether. “The *~~~ "~

combined organic layers were washed with brine (100 mL), dried (magnesium sulfate),
and concentrated. Chromatography (silica gel, 15% ethyl acetate/hexane) gave the title
compound (4.29 g, 95%) as a light yellow oil which slowly, partially solidified.

TLC Rf0.41 (15% ethyl acetate/hexane); 1H NMR (400 MHz, CDC13) 68.13(d, J=1.5
Hz, 1 H), 7.90 (dd, J=8.0, 1.5 Hz, 1 H), 7.42 (d, J=8.0 Hz, 1 H), 5.07 (m, 1 H), 4.41
(d, J=6.3 Hz, 2 H), 1.59 (s, 9 H), 1.45 (s, 9 H); IR (carbon tetrachloride) 3450, 1719,

1496, 1394, 1371, 1300, 1255, 1172, 1120 cm-1; MS(ES) m/e 4100[M+Na]+ 408.2

[M + Na*, 386.2 [M+H]*, 388 [M+H]*, 330.0 [M+H-C4Hg]*, 332 [M+H-C4Hg]*,
274 [M+H: 2xC4Hg], 276 [M+H-2xC4Hg]*.

¢) methyl 3—mcthoxycarbonyl—4-[5;(t~butoxycarbony1)-2—[[(t—
butoxycarbonyl)amino]methyljphenyl]-3-butenoate

Dimethy! itaconate (607 mg, 3.84 miol) was addcd to-a solution of the compound
of Example 66(d) (1. 14 £,'2.95 mmiol), palladxum(ll) acetate (33:mg,.0.15. mmol) tri-
ortho-tolylphosphine (90 mg, 0.30 mmol), and dnsopropylcthylammc (1.03mL, 5.90
mmol) in propionitrile (15 mL). The solution was deoxygenated through three
evacuation/argon purge cycles, and was heated to reflux under argon. After 55 min, the
reaction was cooled in ice/water and poured i into cold ether (150 mL) After standing for
10 min, the mixture was filtered, and the filter pad was washed with ether. The filtrate
was concentrated to a yellow oil, which was concentrated from toluene to remove residual
propionitrile. The residue was chromatographed (silica gel, step gradient, 15-30% ethyl
acetate/hexane). All products with Rf 0.26 (major product) to Rf 0.65 (25% ethyl
acetate/hexane) were isolated together as a cloudy, yellow oil. TLC Rf 0.26 (major
product), 0.37, 0.49, 0.56, 0.65 (minor products) (25% ethyl acetate/hexane).

f) methyl (R,S)-3-mcthoxycarbonyl-4-[5-(t-butoxyc;‘arbonyl)-z-[[(t-
butoxycarbonyl)amino]methyljphenyljbutanoate

10% Palladium on carbon (0.94 g) was added carefully to a well-stirred solution of
the compound of Example 66(e) (1.36 g,2.93 mmol) in ethyl acetate-methanol (1:1) (29
mL) at 0°C. The stirring bar was removed, and the mixture was shaken at RT under H2
(50 psi). After 2 h, the mixture was filtered through Celite®, and the filtrate was
concentrated to a pale yellow residue. The residue was dissolved in methanol (29 mL),
and palladium(II) hydroxide on carbon (moist, Peariman'’s catalyst, 0.59 g) was added.
The mixture was shaken at RT.under H (50 psi) for 3 h, then was filtered through
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‘Celite®. The filtrate was concentrated to a clondy, colorless oil, which was reconcentrated

from toluene to remove residual methanol. Chromatography (silica gel, 30% ethyl

N ,acctatc/hcxanc) gave thc utlc compound (1 03 g 76%) asa colorlcss oil. TLCRf0.35

(25% ethyl acetate/hexane); 1H NMR (250 MHz, CDCl3) 5 7.83 (dd, J=8.0, 1.6 Hz, 1
H), 7.73 (d, J=1.6 Hz, 1 H), 7.36 (d, J=8.0 Hz, 1 H), 490-5.05 (m, 1 H), 4.25-4.50
(m, 2 H), 3.66 (s, 3 H), 3.64 (s, 3 H), 3.03-3.20 (m, 2 H), 2.67-2.93 (m, 2 H), 2.48
(dd, J=16.8, 5.1 Hz, 1 H), 1.59 (s, 9 H), 1.45 (s, 9 H); IR (CCl4) 3300-3480 (br),
1740, 1715, 1368, 1157 cm-1; MS(ES) m/e 953.4 [2M + Nal*, 931.4 [2M+H]*, 488.0
[M + NaJ*, 466.0 [M+H]*, 410.0 [M+H-C4Hg]*, 354 [M+H-2xC4Hg]*, 310 [M+H-
2xC4Hg-CO2]*.

g) mcthyl R,S)- 3-methoxycarbonyl-4-[5 -carboxy-2-(aminomethyl)phenyljbutanoate

"TFA (3.2 mL) was added all at once to a cloudy solution of the compound of
Examplc 66(f) (296.5 mg, 0.64 mmol) in dxy dichloromethane (3.2 mL) at 0°C under
argon. The solution was warmed to RT, stirred for 2 h and concentrated. The res1due was
concentrated once from 2:1 1 2-d1chloroethane toluene (10 mL) to remove msxdual TEA.
The resulting material w_as used without purification.

h) methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo-1H-2-benzazepine-4-acetate
The compound of Examp!= 66(g) _was'd,i_ssolved in anhydrous methanol (3.2mlL)

-and the solution was cooled to 0°C under argon. Freshly prepared 1.0 M sodium

methoxide/methanol (3.2 mL, 3.2 mmol) was added rapidly, and the ice bath was
removed. The reaction was allowed to warm to RT over 10 min and heated to reflux under
argon. After 2 h, the reaction was cooled in ice, and cold 1N hydrochloric acid (3;4 mL,
3.4 mmol) was added rapidly. “The mixture was filtered after 1 h at 0°C, and the filter pad
was washed with water and then with cold methanol, to afford the title compound (149.2
mg, 84%) as a colorless powder. TLC Rf 0.38 (10% methanol/chloroform); 1H NMR
(400 MHz; -DMSO-dG) 5 8.08 (app t, 1 H), 7.65-7.72 (m, 2 H), 7.27 (d, J=7.8 Hz, 1 H),

" 4.79 (dd, J=16.4, 4.9 Hz, 1 H), 4.01 (dd, J=16.4, 6.7 Hz, 1 H), 3.59 (s, 3 H), 3.50-

3.61 (m, 1 H), 3.07 (dd, J=17.2, 3.6 Hz, 1 H), 2.87 (dd, J=17.2, 13.0 Hz, 1 H), 2.70
(dd, J=16.7, 8.7 Hz, 1 H), 2.45 (dd, J=16.7, 5.2 Hz, 1 H); MS(ES) m/e 278.0
[M+H]*..

1) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-7- [[[2-(pyr1d—4—yl)cthyl]mcthylammo]carbonyl]

lH—2—bcnzachmc-4—acetate :
-(3—d1mcthylammopropyl)-3-cthylcarbodmmdc hydrochloride (90 mg, 0.47

mmol) was added to a solution of the compound of Example 66(h).(107.6 mg, 0.39

-mmol), N-methyl-2-(pyrid-4-yl)ethanamine (64 mg, 0.47 mmol), 1-hydroxybenzotriazole
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(63 mg, 0.47 mmol), and diisopropylethylamine (0.14 mL, 0.78 mmol) in dry
dimethylformamide (2 mL) at RT under argon. The reaction was stirred for 23 h and

. concentrated. The residue was partmoncd between cthyl acetate and water. The laycrs

were separated, and the organic phasc was washcd with water. Thc combined aqucous
layers were back-extracted with ethyl acetate. The combined organic layers were dried
(sodium sulfate) and concentrated to leave a yellow oil. The combined aqueous layers
were concentrated and sodium chloride was added. The resulting mixture was
exhaustively extracted with chloroform. The combined organic phase was dried (sodium
sulfate) and concentrated to give a yellow oil, which was combined with the material from

the ethyl acetate phase. Chromatography (silica gel, 10% methanol/chloroform) gave the
title compound (139.7 mg, 91%) as a coloriess oil. TLC Rf 0.45 (10%

methanol/chloroform); 1H NMR (400 MHz, CDCI3) Rotameric mixture; 5 8.41-8.63 (m,

2 H), 6.72-7.28 (m, 5 H), 6.53 (1, }=6.0 Hz, 1 H), 4.83 (dd, J=16.3, 4.8 Hz, 1 H), 4.09

(dd, =163, 6.5 Hz, 1 H), 3.45-3.88 (m, 3 H), 3.72 (s, 3 H), 2.70-3.25 (m, 8 H), 2.50
(4d, J=169, 6.1 Hz, 1 H); IR (chloroform) 3400, 1727, 1660, 1623 cm-l; MS(ES) m/e
396.2 [M+H]+. '

) methyl (R,S)-2,3.4.5 tetrahydro-3-ox0-7-[[[2-(piperidin-4-

yDethyllmethylamino]carbonyl]-1H-2-benzazepine-4-acetate
Platinum oxide (4 mg) was added to a solution of the compound of Example 66(i)

.(139.7 mg, 0.35 mmol) and 1N hydrochloric ac_id (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
reaction was filtered through Celite® and concentrated, and the residue was dissolved in
methanol (3.5 mL). Platinum oxide (4 mg) was added, and the mixture was stirred briskly
under H (balloon pressure) for 16.5 h. Filtration through Celite® and concentration left a
colorless oil. This was used without purification. HPLC k' 3.2 (PRP-1®, 15% AN/W-
TEA).

k) (R,S)-2,3,4,5-tetrahydro-3-oxo-7-[[[2-(piperidin-4-yl)ethylJmethylamino]carbonyl}-
1H-2-benzazepine-4-acetic acid

The corhpound of Example 66(j) was dissolved in methanol (12 mL) and cooled to
0°C. 1IN Sodium hydroxide (1.05 mL, 1.05 mmol) was added dropwise, and the solution -
was allowed to warm to RT. The reaction was stirred at RT for 24 h and concentrated.
The residue was concentrated from 1:1 acetonitrile:water (4 mL) to remove methanol, the
residue dissolved in 1:1 acetonitrile:water (4 mL), and cooled inice. TFA (0.27mL, 3.5
mmol) was added and the reaction was concentrated. The residue was purified by
reversed-phase flash chromatography (ODS, 10-12.5% AN/W-TFA). Concentration and
lyophilization gave the title compound (97.5 mg, 47%) as a colorless powder. HPLC k'
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5.19 (PRP-1®, 10% AN/W-TFA); 1H NMR (400 MHz, DMSO-dg) Rotameric mixture;
5 8.52-8.72 (m, 1 H), 8.15-8.43 (m, 1 H), 8.07 (t, J=5.8 Hz, 1 H), 7.20 (d, J=8.3 Hz, 1

.. H),7.08-7.15 (m, 2 H), 4.77 (dd, J=16.3, 4.7 Hz, 1 H), 3.96 (dd, J=16.3, 6.7 Hz, 1

H), 2.70-3.55 (m, 12 H), 2.65 (dd, J=16.8, 84Hz 1 H), 2.34 (dd J=16.8, 52Hz 1 |
H), 1.82-1.95 (m, 1 H), 1.02-1.62 (m, 6 H); MS(ES) m/e 388.2 [M+H]*; Anal.
(C21H29N304 - 1.75 (CF3CO21H)) calcd: C, 50.13; H, 5.28; N, 7.16. found: C, 50.20;
H, 5.21; N, 7.21

Example 67

yDethylimethylamino)-carbonyl]-1H-2-benzazepine-4-acetic acid;

a) methﬂ (R,S)—2,3,4,5-tctrahydro—S-oxo-2-(2-phcnyléthyl)—?-[[[2-(pyrid-4-
yl)ethyl]methylamino]carbonyﬂ-1H-2-benzachine-4-acctatc

Using the procedure of Example 32(a), except substituting the compound of
Example 1(g) for methyl (R,S)-8-carboxy-1,2,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-

.3H-1,4-benzodiazepine-2-acetate, gave the-title compound. ‘HPLC RT 16.2 min (YMC:

ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1% TFA, 10-80% A
during 20 min, UV detection at 220 nm).

b) methyl (R,S)-2,3,4,5-tetrahydro-3-ox6—2-(2-phenylcthyl)'-7-[[[2-(pipcridin-4-
yl)ethyl]methylamino]carbonyl]-1H-2-bcnzachine-4-acctate; and
methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-2-(cyclohexylethyl)-7-[[[2-(piperidin-4-
yDethyljmethylaminojcarbonyl]-1H-2-benzazepine-4-acetate

Using the procedure of Example 36(a), except substituting the compound of
Example 67(a) for the compound of Example 32(a), gave a mixture of the title compounds.
2-(2-phenyléthyl) compound: MS(ES) m/e 506 [M+H]*; HPLC RT 16.47 min (YMC
ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1% TFA, 10-80% A
during 20 min, UV detection at 2.0 nm).
2-(2-cyclohexylethyl) compound: MS(ES) m/e 511 [M+H]*; HPLC RT 19.14 min (YMC
ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A: acctomtnlc B:water-0.1% TFA, 10-80% A
during 20 min, UV dctccuon at 220 nm).

c) (R,S)-2,3,4,5-tctrahydro-3-0xo—2—(2-phcnylcﬂ1yl)-7-[[[2-(pipéﬁdin-4—
yl)éthyl]mcmylamino]carbonyl]-1H—2—bcnzazzpinc—4-acctic acid; and

Using the procedure of Example 1(j), except substituting the compounds of
Example 67(b) for the compound of Example 1(i), yiclded the title compound which was
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separated from the 2—cth'ylcyclhcxyl compound by HPLC. HPLC RT 14.59 min (YMC
ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1% TFA, 10-80% A
during 20 min, UV detection at 220 nm); MS(ES) m/e 492 [M+H]+

Dethylimethylamin nyll-1H-2-benzazepine-4-acetic aci
The title compound was isolated from the reaction mixture of Example 68(c) by
HPLC. HPLC RT 17.61 min (YMC ODS-AQ, 6x250 mm, 1.5 mL/min, gradient,
Acacetonitrile B:water-0.1% TFA, 10- 80% A dunng 20 min, UV detection at 220 nm);
MS(ES) m/e 498 [M+H]*.

a) methyl (R,S)-8-[4-{(N-t-butoxycarbonyl)-piperidin-4-yl] butyl]-2,3,4,5-tetrahydro-3-
oxo0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate

A mixture of the E/Z isomers of Example 63-64(c) and 10% palladium on carbon in
acetic acid was shaken under hydrogen (50 psi) for 4 h to give the title compound. |

b) (R,S)-2,3,4,5-tctrahydro—3-oxo-4-(2-phenylethy1)-8-(piperidin-4-yl)butyl]-1H—1,4-
benzodiazepine-2-acetic acid

Using the procedure of Example 13(b) and 13(c), except substituting the
compound of Example 69(a) for the compound of Example 13(a), gave the title compound.
MS(ES) m/e 464.2 [M+H]J*; Anal. (CogH37N303-CF3CO2H-1.25 H20) caled: C, 59.91;
H, 6.51; N, 6.73. found: C, 60.04; H, 6.80; N,7.00.; HPLC k' 4.73 (PRP-1®, 35%
AN/W-TFA); !'H NMR (CD30D) & 1.32 (6H, m), 1.57 (3H, m), 1.87 (2H, d,
J=14.0Hz), 2.49 (2H, 1), 2.61 (1H, dd), 2.75 (2H, m), 2.90 (3H, m), 3.30 (2H, m),
3.68 (2H, m), 3.80 (1H, d, J=16.7Hz), 5.02 (1H, dd), 5.37 (1H, d, J=16.5Hz), 6.41
(1H, d, J=8.0Hz), 6.42 (1H, s), 6.80 (1H, d, J=8.0Hz), 7.17 (SH, m).

2 4-benzodiazepine-2-acetic acid
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a) o, o -diphthalimidoyl-o-xylene

. A mixture of o,c-dibromo-o -xylenc (26 £,98 mmol) and potassxum phthahmxdc ]
(54.7 g, 294 mmol) in dimethylformamide (500 mL) was refluxed for 18 h. The solunon -
was cooled to RT, poured into water, filtered and the filter cake was dried at reduced
pressure to give the title compound (35 g, 90%). '

b) 4-nitro-o,o-diphthalimidoyl-o-xylene

To a cold solution of potassium nitrate (6.2 g, 61.2 mmol) in concentrated sulfuric
acid (350 mL) was added portion wise the compound of Example 70(2) (22 g, 55.6
mmol). The resulting solution was warmed to RT and stirred for 18 h. The mixture was

. carefully poured into ice water and the mixture was filtered. The filter cake was washed
" with water and dried at reduced pressure to give the title compound (23.58 g, 96%). - v

c) 1,2-bis(aminomethyl)-tlwniu'o-bcnzénc
To a solution of hydrazine (26 mL, 535 mmoi) in ethanol (1000 mL) was added

_ poruon wise the compound of Example 70(b) (23 58 g, 53. 5 mmol) The solutwn was

refluxed for 1 h. Additional hydrazmc (26 mL; 535 mmol) was added followcd by
ethanol (500 mL). The solution was stirred at RT for 18 h, filtered and the filtrate was
concentrated. The residue was triturated with chloroform (600 mL) for 1 h. Filtration and

concentration gave the title compound (9.42 g, 97%).

d) 2,3,4,5-tetrahydro-7-nitro-3-oxo-1H-2, 4—bcnzod1achmc

To a solution of the compound of Example 70(c) (9.42 g, 51.9 mmol) in THF (500
mL) was added dropwise 1,1'-carbonyldiimidazole (9.2 g, 56.8 mmol) dissolved in THF
(250 mL).’ The resulting mixture was stirred at RT for 6 d, filtered and concentrated to
yield the title compound (7.7 g, 71%).

e) 2,3,4,5-tetrahydro-7-nitro-3-thioxo-1H-2,4-benzodiazepine

A heterogeneous solution consisting of the compound of Example 70(d) (5.5 g,
26.6 mmol) and Lawesson's Rcagcnt (7.0 g, 17.3 mmol) in toluene (100 mL) was heated
to 80°C under an argon atmosphere for 1.5 h. The solution was cooled and filtered. The
solid was triturated with (7:3) dichloromethane:methanol for 1 h, filtered, and concentrated
to give the title compound (4.3 g, 73%).

f) methyl 2,5-dihydro-3-methylthio-7-nitro- 1H-2,4-benzodiazepine-2-acetate; and
methyl 2,5-dihydro-3-methylthio-8-nitro-1H-2,4-benzodiazepine-2-acetate
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To a solution of the compbund of Examﬁlc 70(c) (2;2 g, 99 mmol) in
dimethylformamide (50 mL) was added dropwise iodomethane (0.614 mL, 9.9 mmol)
mssolvcd in dlmcthylformamldc (5 mL). The solution was stirred for 1 h and potassium

" carbonate (3.0 g, 21.8 mmol) was added followed by methyl bromoacetate (0.934 L, 9.9~

mmol). The solution was stirred for 18 h, filtered and concentrated to give a residue which
was partitioned between ethyl acetate and water. The organic layer was concentrated to
give a mixture of the title compounds (2.26 g, 74%).

g) methyl 2,3,4,5-tetrahydro-7-nitro-3-oxo-1H-2,4-benzodiazepine-2-acetate; and
methyl 2,3,4,5-tetrahydro-8-nitro-3-oxo-1H-2,4-benzodiazepine-2-acetate
The mixture of the compounds of E:;amplc 70(f) (2.26 g, 7.3 mmol) was dissolved

. in waicr/dioxanc (1:1) (50 mL) and refluxed for 18 h. The solution was concentrated and

the residue was triturated with water. (30 mL), filtered and dried at reduced prcssum to give
a mixture of the title compounds‘(1.38 g, 68%)

h) methyl 8-amino-2,3,4,5-tetrahydro-3-oxo-1H-2,4-benzodiazepine-2-acetate

The mixture of the.compound of Example 70(g) (470 mg,.1.7 mmol) was
dissolved i (1:1) methanol:dimiethylformamide’ (20 mL)." Argon was bubbled through the
system and 10% palladium on carbon (80 mg) was added and the mixture was shaken
under hydrogen (40 psi) for 1.5 h. The solution was filtered through Celite® and
concentrated. The residue was chromatographcd (silica gel, 4%
methanol/dichloromethane) to yield the title compound (110 mg, 42%). 1H NMR (360
MHz, DMSQgg) d 3.6-3.65 (s, 3H), 4.0-4.1 (m, 4H), 4.25-4.3 (s, 2H), 5.7 (s, 2H),
6.35-6.45 (dd, 1H), 6.45-6.5 (d, 1H), 6.6-6.65 (t, 1H), 6.85-6.9 (d, 1H); MS(ES) m/e
250.2 [M+H]}*; TLC Rf 0.60 (9:1 dichioromethane:methanol).

i) methyl 8-[[4-(N-benzyloxycarbonyl)(aminoiminomethyl)-benzoyl}amino}-2,3,4,5-
tetrahydro-3-oxo-1H-2,4-benzodiazepine-2-acetate

Using the procedure of Example 32, except substituting the compound of example
70(h) for methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- 1H-1,4-
benzodiazepine-2-acetate, and substituting 4-(benzyloxycarbonyl-amidino)benzoic acid for
N-methyl-2-(4-pyridyl)ethanamine, and substituting dicyclohexylcarbodiimide for 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, gave the title compound.

) 8-[{4- (ammoxmmomethyl)bcnzoyl]ammo]—2 3,4,5-tetrahydro-3-oxo-1H-2,4-
benzodiazepine-2-acetic acid

Using the procedures of Example 1(1) and 1(j), except substituting the compound
of Example 70(1) for the compound of Example. 1(h) gave the title compound. Anal.
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(Co1H26N507.5) caled: C, 53.84; H, 5.59; N, 14.95. found: C, 54.04; H, 5.92; N,

. 14.81; MS(ES) m/e 382.0 [M+H]*. 1H NMR (DMSO-dg, 360 MHz) 8 2.5 (s, 3H), 3.9-
|40 2H), 4243 (6 2H), 44-45 (¢, 2H), 65-66 (m, 1), 7.2-7.3 (¢, 1), 76:8.1

(m, 10 H).

ion of (R.S)-8-I{[2-[(2-amino)pyrid-4-yllethyllmethylami vll-2.3.4.5-

Using the procedure of Example 54, except substituting the compound of
Preparation 20(b) for the compound of Preparation 13(j), and purifying the product by
flash chromatography (YMC ODS-AQ S-50, 20-25% AN/W-TFA) gave the title
compound. MS(ES) m/e 502.2 [M+H]*; HPLC k' 4.92 (PRP-1®, 25% AN/W-TFA); lH :
NMR (400 MHz, CD30D) & 2.65 (1H, m), 2.75 (2H, m), 2.84 (1H; 1), 2.92 (1H, m),
2.99 (3H, s), 3.10 (1H, s), 3.63 (2H, m), 3.72 (1H, m), 3.79 (1H, v), 3.87 (1H, d,
J=16.8Hz), 5.11 (1H, 2t), 5.43 (1H, d, J=15.6Hz), 6.35, 6.53 (1H, 2s), 6.40, 6.49
(1H, 2d, J=1. 5Hz) 6.46, 6.88 (1H, 2d), 6.61, 6.89 (1H, 2s), 6.94, 6.97 (1H, 2d); 7.17

(5H, m), 7:57;.7.74-(1H, .2d, J=6.5Hz).

Xam 1_ 2
ion of ~7-1112-[(2-amino)pyrid-4-vl limethvlaminolcarbonyll-2.3.4.5-
h x0-2-(2-phenylethyl)-1H-2-benzazepine-4-

Using the procedure of Example 71, except substituting the compound of Example

1(g) for methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-1H-1,4-
benzodiazepine-2-acetate, gave the title compound: MS(ES) m/e 501.2 [M+H]*; Anal.
(C29H32N404-1.25 CF3CO2H-0.5 H20) caled: C, 57.97; H, 5.22; N, 8.60. found: C,
58.01; H, 5.29; N,8.59.; HPLC k' 3.42 (PRP-1®, 25% AN/W-TFA); 'H NMR (400
MHz, CD30D) § 2.46 (1H. m), 2.70 (3H, m), 2.83 (2H, m), 2.98 (3H, s), 3.02 (1H,
m), 3.13 (1H, s), 3.57 (1H, m), 3.64 (1H, m), 3.81 (3H, m), 4.03 (1H, d, J=16.7Hz),
5.21 (1H, d, J=16.7Hz), 6.47-7.01 (3H, m), 7.01-7.22 (7H, m), 7.57, 7.76 (1H, 2d).

Exampl

tinf-4—miniminmhlhnlm'hlamin. nyl]-2.3.4.5-
tetrahydro-3-oxo-2-benzazepine-2-propionic acid

a) 7-mcmoxy-2;tctralonc oxime




10

20

25

30

35

A mixture of 7-methoxy-2-tetralone (0.50 g, 2.8 mmol), hydroxyl amine
hydrochloride (0.38 g, 5.6 mmol) and sodium bicarbonate (0.47 g, 5.6 mmol) in methanol

(201 mL) was heated to rcﬂux for 3 h The mixture was pourcd into water (15 mL) and

extracted with chloroform. The orgamc phases were combined, washed with brine, and -
concentrated to give a white solid. Precipitation from ethyl acetate/hexane gave the title
compoimd (420 mg, 79%) as a granular solid. MS(ES) m/e 191 [M+H]T.

b) 8-methoxy-2,3,4,5-tetrahydro-3-oxo- 1H-2-benzazepine

A stirred suspension of the compound of Example 73(a) (3.0 g, 15.5 mmol) in
polyphosphoric acid (30 g) was heated to 110°C for 10 min. The dark solution was cooled
to ambient temperature, quenched with crushed ice (300 mL) and extracted with ethyl
acetate. The organic extracts were combined, washed with brine, dried (magnesium
sulfate) and concentrated to afford a mixture of the title compound and 8-methoxy-2,3, 4 -
tetrahydro-2-oxo-1 H-3- -benzazepine (2.63 g, 88%). MS(ES) m/e 191 [M+H]+ '

c) 8-hydroxy-2,3,4,5-tetrahydro-3-ox6-1H-2-benzazepine.
A solution of the compound of Example 73(b)(3.79 £,19.8 mmol) in

'dicﬁloi'omcthanc (40 mL) was added in one portion to a 0°C suspension of aluminum

chloride (8 g, 60 mmol) in ethanethiol (20 mL) under argon. The mixture was allowed to
come to RT and stirring was continued for 18 h. The mixture was quenched with ice (500

‘mL), acidified with 1IN hydrochloric acid and cku'actcd with ethyl acetate. The organic

phases were combined, washed with brine, dried (magncSium sulfate), and concentrated.
The residue was chromatographed (silica gel, 0-4% methanol/chloroform) to yield 8-
hydroxy-2,3,4,5-tetrahydro-2-oxo-1H-3-benzazepine and the title compound (1.43
£.42%). MS(ES) m/e 177 [M+H]*.
d) 8-(trifluoromethylsulfonyl)oxy-2,3,4,5-tetrahydro-3-oxo- 1H-2-benzazepine
Thc'compound of Example 73(c)(310 mg, 1.8 mmol) in dichloromethane (50 mL)
was stirred at -30°C and treated with 2,6-lutidine (0.32 mL, 2.7 mmol), 4- '
(dimethylamino)pyridine (44 mg, 0.36 mmol), and triflic anhydride (0.45 mL., 2.7 mmol)
under a stream of argon. The reaction was allowed to come to RT and stirred for 4 h. The
mixture was concentrated and the residue was triturated. with ether, filtered, and the filtrate

- was washed with 1N hydrochloric acid and with brine, and concentrated to give the title

compound (220 mg, 40%). MS(ES) m/e 309 [M+H]*.

e) 8-benzyloxycarbonyl-2,3,4,5-tetrahydro-3-oxo-1H-2-benzazepine
A flame dried three neck flask was charged with the compound of Example 73(d)
(440 mg, 1.5 mmol), palladium(II) acetate (90 mg, 0.4 mmol), 1,1'-
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| bxs(d:phcnylphosphmo) fcrroccnc (443 mg, 0 8 mmol) and dry tnethylamlnc (. 42 mL

3.0 mmol) in dlmcthylfonnaxmdc (10 mL). Carbon monoxide was bubbled through the
solution for 15 min, and benzyl alcohol (1.55 mL, 15 mmol) was added. The resulting

~* sohition was then heated to 70°C under a carbon monoxide balloon for 4 h; Thereaction~+ - - -

was cooled to RT, diluted with ethyl acetate, extracted with 1N hydrochloric acid, water,
and brine, dried (magnésium sulfate), and concentrated. The resulting solid was
chromatographed (silica gel, 2% methanol/chloroform) to afford the title compound (290
mg, 91%). MS(ES) m/e 295 [M+H]*.

f) methyl 8-benzyloxycarbonyl-2,3,4,5-tetrahydro-3-oxo-1H-2-benzazepine-2-propionate

To a solution of the compound of Example 73(e) (290 mg, 0.98 mmol), methyl
acrylate (0.9 mL, 9.8 mmol) and methanol (5 mL) was added sodium hydride (24 mg,
0.98 mmol) The resulting solution was refluxed overnight and the mixture was

concentrated. The residue was chromatographed (silica gel, 30% ethyl acetatc/hcxanc) o e

give title compound (260 mg, 70%). MS(ES) m/e 381 [M+H].

g) methyl 8-carboxy-2,3,4,5-tetrahydro-3-0x0-2-benzazepine-2-propionate
A suspcnsmn of the compound of Example 73(t) (260 mg, 0.7 mmol) 5%
palladium on barium sulfate (50 mg) in ethanol (10 mL) was shaken under hydrogcn (50

. psi) for 4h. The resulting suspension was filtered through Celite® and the filtrate was

concentrated. Precipitation of the residue from ethyl acetate/hexane afforded the title
compound (180 mg, 90%) as a white wax. MS(ES) m/e 291 [M+H]t.

h) 8- [[[4—(am1noumnomethyl)phenyl]methylammo]carbonyl] 2,3.4,5- tcuahydro-3-0x0-2-
benzazepine-2-propionic Acid

U81.ng the procedure of Examples 1(h) through 1(j), except substituting the
compound of Example 73(g) for the compound of Example 1(g), gives the title compound.

Example 74

Preparation of 7-[[4-(aminoiminomethyl)phenyllethynyll-2.3.4.5 -tctrahydro—B-bxo—Z-( 2-
phenylethyl)-1H-2-benzazep ing—4—gg;g’g ac id :

a) ethyl 7-[[(trifluoromcthyl)sulfonyl]oxy]-2-(2—phenyl-cthyl)-3—0&0—2,3,4,5-tctrahydro—
1H-2-benzazepine-4-acetate

A solution of the compound of Example 48()) (360 mg, 1 mmol) and N,N-
diisopropylethylamine (1 mL) in dichloromethane (8 mL) was stirred in an ice bath and
treated with triflic anhydride (0.25 mL, 1.2 mmol). The mixture was stirred for 30 min,
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and allowed to warm to RT and stirred for 4 h, The mixture was diluted with
dichloromethane, washed sequentially with 3N hydrochloric acid, 5% sodium bicarbonate
and brine, dried (magnesmm sulfate) and concentrated. The residue was chromatographcd

(silica gel, 1% methanol/dichioromethane) 1o give the title compound (0:35 g, 70%) asan’™ -

amber oil. MS (ES) m/e 500 [M+H]*, 1H NMR (400 MHz, CDCl3) 5 7.2-7.1 (m, 3H),
7.0-7.1 (m, 2H), 6.96 (s, 3H), 5.16-5.0 (d, J=17Hz, 1H), 4.15 (q, 2H), 3.9 (m, 1H),
3.78-3.70 (d, J=17Hz, 1H), 3.6 (m, 1H), 3.0-2.9 (m, 2H), 2.8-2.7 (m, 3H), 2.4-2.3 (q,
1H), 1.3 (t, 3H). ;

b) ethyl 7-[(4-cyanophenyl)ethynyl]-2-(2-phenylethyl)-3-ox0-2,3,4,5-tetrahydro-1H-2-
benzazepine-4-acetate :

The compound of Example 74(a) is treated with 4-cyanophenylacetylene {prepared
as in Synthesis, 627 (1980)], bis(triphenylphosphine)palladium chloride, cuprous iodide
and triethylamine in dimethylformamide and the mixture is heated and stirred. The mixnire

is cooled, diluted and extracted with ethyl acetate. The organic phase is washed with dilute

hydrochloride acid and with water, dried and concentrated to give the title compound.

¢) ethyl 7-[4-(thiocarbamoyl)phenylethynyl}-2-(2-phenylethyl)-3-0x0-2,3,4,5-tetrahydro- -
1H-2-benzazepine-4-acetate |

" Using the general procedure of European Patent Application 0502 536 Al, the
compound of Example 74(b) in pyridine: tncthylammc is treated with a stream. of hydrogcn _
sulfide and let stand. The mixture is concentrated to give the title compound.

d) ethyl 7-[4-(methylthioimino)phenyl)ethynyl]-2-(2-phenylethyl)-3-ox0-2,3,4,5-

© tetrahydro-1H-2-benzazepine-4-acetate

Using the general procedure of EP 502 536, the compound of Examplc 74(c) is
treated with iodomethane in acetone. The mixture is concentrated to give the title
compound. .

e) ethyl 7-[4—(aminoiminomcthyl)phcnyl)cthynyl]-ﬁ-(z-phenylcthyl)-3-oxo-2,3 4,5-
tetrahydro-1H-2-benzazepine-4-acetate

Using the general procedure of EP 502 536, the compound of Example 74(d) is
treated with ammonium acetate in methanol and the mixture is heated to reflux. The
mixture is cooled and concentrated to give the title compound.
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) 7-[[4-(aminoiminomethyl)phenyllethynyl)-2-(2-phenylethyl)-3-0x0-2,3,4,5-tetrahydro-
1H-2-benzazepine-4-acetic acid
The compound of Example 74(e) is treated with dilute sodium hydroxide in
“methariol #nd theh with diliite hydfockloric acid 1o give the titlecompound. - -

e -1H-2-benz: ine-4-acetic aci

a) ethyl 7-[1-[4-[N-(t-butoxycarbonyl)piperazin-1-yl]-but- 1-ynyl]}-2-(2-phenylethyl)-3-
oxo—2,3,4,5-tcn'ahydro-lH-2-bcniachinc-4¥acctatc

. A mixture of the compound of Example 74(a) (0.3 g, 0.7 mmol), the compound of
Preparation 21 (190 mg, 0.8 mmol), triethylamine (3 mL), bis(triphenylphosphine)-
paliadium chloride (10 mg, 0.14 mmot) and cuprous iodide (2.5 mg, 0.14 mmolj_iﬁ
acetonitrile (10 mL) was heated to reflux for 20 h.. The mixture was diluted with water and
extracted with ethyl acetate. The organic. phasc was dried (magnesxum sulfate), '
concentrated and the ms1duc ‘was punﬁed by flash chromatography (silica gel, 2%
mcthanol/dlchlommcthanc) to yxcld the utlc compound (90 mg, 25%). ITH NMR (400
MHz, CDCI3) § 7.15-7.26 (m, 5H), 7.10 (s, 1H), 7.06 (d, J=8Hz, 1H), 6.8 (d, J=8Hz,
1H), 5.1 (d, J=17Hg, 1H), 4. 15 (q, 2H), 3.8 (m, 2H) 3.7 (d, J=17Hz, 1H), 3.6 (m,
1H) 3.5 (s, 4H), 3.0 (m, 2H), 2. 8 (m, 1H), 2.7 (¢, 2H), 2.6 (m, 2H), 2.5 (s, 4H), 2.4
(q. 1H), 1.4 (s, 9H), 1.3 (t, 3H).

b) ethyl 7-[1-[4-(piperazin-1-yl)but-1-ynyl]}-2-(2-phenylethyl)-3-0x0-2,3,4,5-tetrahydro-
1H-2-benzazepine-4-acetate '

The compound of Example 75(a) is stirred with TFA in dichloromethane. The
mixture is washéd with water, dried and concentrated to give the title compound.

<) 7-[ 1-[4-(pipemzin-1-yl)but-l—ynyl]]-2-(2-phenylcthyl)-3-oxo-2,3,4,5-teﬁ'ahydro-1H-2-
benzazepine-4-acetic acid

The compound of Example 75(b) is stirred with dilute aqueous sod1um hydroxide
in methanol and then treated with dilute hydrochloric ac1d to give thc title compound.
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a) ethyl 7-bromo-2,5-dioxo-2,3,4,5-terahydro- 1H-1,4-benzodiazepine-4-acetate
Usmg thc general procedures of U.S Patent 3,415,814 (Examples 1N and 20

-' thercm) exccpt ‘substituting 5-bromo-2-nitrobenzoy! ¢hloride [prepared as in' Monatshefie

fur Chemie, 100, 469 (1969)] for 3,4-dichloro- 2-mtro-bcnzoyl chloride and substituting
ethyl N-(2-ethoxy-2-oxoethyl)glycinate [prepared as in Synthetic Communications, 22,

© 1249 (1992)] for ethyl N-(5-ethoxy-5-oxopentyl)glycinate, gives the title compound.

b) ethyl 7-hydroxymethyl-2,5-dioxo-2,3,4,5-tetrahydro-1H- 1,4-benzodiazepine-4-acetate

Using the general procedure of Chemistry Letters, 997 (1985), the compound of
Example 76(a) is treated with [(wrimethylsilyloxy)methyl]ributyltin to give the title
compound. | '

c) (E) 2,5-dioxo-2,3,4,5-tetrahydro-7-[1- [4—(p1pcndm-4-yl)but- -enyl]- lH-l 4-
bcnmdxmpme-¢aceue acid

Usmg the procedures of Example 61(b) 61(e), except substituting the compound of
Example 76(b) for the compound of Example 61(a), gives the title compound.

xample °

a) ethyl 7-bromo-2,5-dioxo-2,3,4,5-tetrahydro- 1H-1,4-benzodiazepine-4-propionate
Using the general procedures of U.S. Patent 3,415,814 (Examples 1N and 20
therein), which is incorporated herein by reference, except substituting 5-bromo-2-
nitrobenzoy! chloride [prepared as in Monatshefte fur Chemie, 100, 469 (1969)] for 3,4-
dichloro-2-nitro-benzoyl chloride and substituting ethyl N-(3-ethoxy-3-
oxopropyl)glycinate [prepared as in Synthetic Communications, 22, 1249 (1992)] for ethyl
N-(5-ethoxy-5-oxopentyl)glycinate, gives the title compound.

b) ethyl 2,5-dioxo-2,3,4 S—tcu'ahy:iro-7-[[[2—(pyrid—4-yl)ethyl]mcthylainino]carbonyl]-lH-
1,4-benzodiazepine-4-propionate

The compound of Example 77(a) is treated with N-methyl- 2-(pynd-4—
yl)ethanamine, carbon monoxide and dibromobistriphenylphosphinepalladium according to
the general procedure of J. Org. Chem., 39, 3327, (1974) to give the title compound.
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¢) ethyl 2,5-dioxo-2,3,4,5-tetrahydro-7-[[[2-(piperidin-4-yl)ethyljmethylamino]carbonyl)-

1H-1,4-benzodiazepine-4-propionate
The compound of Examplc 77(b) is dissolved in dilute hydrochlonc acid and

"methanol contammg platmum ‘Oxide and the mixture is shaken in & hydfogen atmosphere. -

The mixture is filtered and concentrated to give the title compound.

d) 2,5-dioxo-2,3,4,5-tetrahydro-7- [[[2-(p1pendm~4-yl)cthyl]mcthylammo]carbonyl] 1H-
1,4-benzodiazepine-4-propanoic acid _

The compound of Example 177(c) is treated with dilute sodium hydroxide in
methano! and then with dilute hydrochloric acid to give the title compound.

hydro-2-methyl-3-oxo-1H-2-benzazepine-4-acetic aci

a) mcthyl R, S)-7-bcnzyloxycarbonyl -2,3,4,5- tetrahydro-S-oxo-1H—2—benzachme—4—
acetate

. 1-(3-Dimcthylé;minopropyl)—3-cthylcarbodiimidc hydrochloridc (1.19g, 6.23
mmol) was added all at once to a solution of the compound of Example 66(h) (1.44 g,

~ 5.19 mmol), benzyl alcohol (2.7 mL, 25.95 mmol), diisopropylethylamine (1.8 mL,

10.38 mmol), and 4-(dimethylamino)pyridine (761 mg, 6.23 mmol) in anhydrous
dimethylformamide (26 mL) at RT. The reaction was stirred for 24 h and concentrated to
leave a pale ycllow oil. The oil was diluted with ethyl acetate (200 mL), and the cloudy
mixture was washed sequentially with 1N hydrochloric acid (2 x 20 mL) and water (20
mlL). The combined aqueous layers were extracted with ethyl acetate (50 mL), and the
combined organic layers were dried (magnesium sulfate) and concentrated.
Chromatography (silica gel, 5% methanol in 1:1 ethyl acetate:chloroform) gave the title
compound (1.59 g, 83%) as a colorless, very viscous oil which could be induced to
solidify on scratching and treatment with a little ethyl acetate. TLC Rf 0.52 (5% methanol
in 1:1 ethyl acetate:chloroform); 1H NMR (250, CDCI3) & 7.72-7.92 (m, 2H), 7.28-7.55
(m, 5H), 7.14 (d, J=8.3 Hz, 1H), 6.76 (br t, 1H), 5.35 (s, 2H), 4.85 (dd, J=16.5, 5.2
Hz, 1H), 4.12 (dd, J=16.5, 6.7 Hz, 1H), 3.71 (s, 3H),.3.50-3.7.0 (m, 1H), 3.00-3.17
(m, 2H), 2.96 (dd, J=16.9, 7.4 Hz, 1H), 2.50 (dd, J=16.9, 6.1 Hz, 1H); IR (CHCI3)
3410, 1718, 1677, 1274 cm~1; MS(ES) m/e 390.2 [M+Na]*, 268.2 [M+H]+.
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| b) methyl (R,S)-7-bcnzyi6k&cér56n§l—2,3,4,5;fcu'ahydro-ZFrﬁ6iﬁy1;316¥6;;1'H42;

benzazepine-4-acetate
The compound of Example 78(a) (220.4 mg, 0.60 mmol) was suspended in

“* ‘toluene (5-10 mL), and the mixtire was carefully concentrated to removewaterands .- .- -

residual solvents. The resulting solid was dissolved in dry 1:1 THF:DMF (12 mL), and
iodomethane (0.19 mL, 3.0 mmol) was added. Sodium hydride (60% in mineral oil, 29
mg, 0.72 mmol) was added, causing gas evolution and slight warming. After 15 min, the.
reaction was cooled to 0°C and quenched with saturated aqueous ammonium chloride (2
mL). The mixture was diluted with ether (50 mL) and washed with water. The combined
aqueous layers were extracted with ether, and the combined organic layers were dried
(magnesium sulfate) and concentrated. Chromatography: (silica gel, 1:1 ethyl |
acetate:toluene) gave the title compound (229.2 mg, 100%) as a colorless oil. TLCRf
0.66 (silica gel, ethyl acetate); 1H NMR (400, CDCI3) & 7.77-7.87 (m, 2H), 7.31-7.47

_ (m, 5H), 7.16 (d, J=8.4 Hz, 1H), 5.27-5.38 (m, 3H), 3.90 (4, J=16.7 Hz, 1H), 3.77-

3.90 (m, 1H), 3.71 (s, 3H), 3.11 (dd, J=17.4, 4.2 Hz, 1H), 3.04 (s, 3H), 2.91-3.07 (m, -

- 2H), 2.43 (dd, J=16.7, 5.4 Hz, 1H); IR (CClg) 1724, 1666, 1273 cm-1; MS(ES) m/e

382.0 [M + H]*.

¢) methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-2-methyl-3-oxo- 1H-2-benzazepine-4-
acetate o

10% Palladium-on-carbon (64 mg, 0.06 mmo}) was added carefully to a solution
of the compound of Example 78(b) (229.2 mg, 0.60 mmol) in methanol (12 mL). The -
mixture was purged with hydrogen and stirred briskly at RT under hydrogen (balloon
pressure).. After 15 h, the mixture was filtered through Celite®, and the filtrate was
concentrated to afford the title compound (162.7 fng, 93%) as a colorless solid which was
used withput further purification: 1H NMR (250, CD30D) § 7.65-7.85 (m, 2H), 7.28 (d,
J=7.7 Hz, 1H), 5.38 (d, J=16.6 Hz, 2H), 4.11 (d, J=16.6 Hz, 1H), 3.85-4.01 (m, 1H),
3.68 (s, 3H), 3.17 (dd, J=17.1, 4.3 Hz, 1H), 3.01 (s, 3H), 2.75-2.95 (m, 2H), 2.51
(dd, J=16.9, 4.7 Hz, 1H); MS(ES) m/e 605.2 [2M + Na]*, 314.0 [M + Na]t, 292.0 [M
+ H]t.

d) Methyl (R,S)-7-[[[2-(pyrid-4-yDethylJmethylamino] carbonyl]-2,3,4,5-tetrahydro-2-
methy!-3-oxo-1H-2-benzazepine-4-acetate . -

Using the procedure of Example 66(1), except substituting the compbtind of
Example 78(c) for the compound of Example 66(h), gave the title compound (221.3 mg, .

 97%) as a faintly yellow, very viscous oil: TLC Rf 0.37 (10% methanol in 1:1 ethyl

acctatc:chlorqfonn); IH NMR (400 MHz, CD_C13) rotamcxjc mixturq;_ﬁ 8.42-8.62 (m,
2H), 6.70-7.40 (m, 5H), 5.30 (d, J=16.7 I_-Iz? 1H), 3.46-3.92 (m; 4H), 3.72 (s, 3H),
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2) methyl (R,S)-7-[1'-(t-butoxycarbonyl)-4,4'bipiperidin-1-yljcarbonyl}-2,3,4,5-

tetrahydro-3-oxo-4-(phenylethyl)-1H-1,4-benzodiazepine-2-acetate
Using the procedure of Example 32(a), except substituting (R,S)-7-carboxy- _

- 2,3,4,546trahydr6-3-0x0-4* (phienylethiyl)-TH-1,4-berizodiaze pine-2-acetate for (R,S)-8-

carboxy-2,3,4,5-tetrahydro-3-oxo0-4-(phenylethyl)-1H-1,4-benzodiazepine-2-acetate and
substituting the compound of Preparation 22 for N-methyl-2-(4-pyridyl)-ethanamine and
deleting triethylamine gave the title compound (0.43g, 68%): MS(ES) m/e 633.2 [M+H]*.

b) methyl (R,S)-7-[(4,4'-bipipcridin-1-yl]carbonyl]-2,3_,4,5-tctrahydro-3-oxo-4-
(phenylethyl)-1H-1,4-benzodiazepine-2-acetate

Using the procedure of Example 13(b), except substituting the compound of
Example 81(a) for the cbmpound of Example 13(a), gave the title compound (0.27g,
75%): MS(ES) m/e 533.2 [M+H]*; HPLC k'=9.4 (Vydac C18, 4.6 x 250 mm, 1.5 e
mL/min, gradient A:acetonitrile B:water-0.1% TFA, 5-50% acetonitrile durmg 20 min, UV
detection at 254 nm) -

¢) (R,S)-7-[(4,4-bipiperidin-1 -yl)carbonyl]-z 3,4.5- tetrahydro—3-oxo—4 (phcnylcthyl)-

- 1H-1 4-benzod1ach1ne-2—accuc acid’

‘The compound of Example Sl(b) (0 2 g. 0.3 mmol) was suspended in acetone (2
mL) and treated lithium hydroxide hydrate (25 mg) in water (2 mL). The mixture was
stirred ovemlght, treated with methanol and additional lithium hydroxide hydrate (5.5 mg)

‘was added in two pomons over 9 h. The mixture was concentrated and the aqueous

residue was neutralized with N hydrochloric acid and concentrated. The residue was
placed in the refrigerator overnight and filtered. The filter cake was washed with cold
water, acetone and éther to yield the title compound (0.07 g). MS(ES) m/e 519.2 [M+H]*;
HPLCk'=7.9 (Vydac ODS, 4.6 x 250 mm, 1.5 mL/min, gradient A:acetonitrile B:water-
0.1% TFA, 5-50% A during 20 min, Uuv dctccﬁon at 254 nm); 1y NMR (400 MHz,
CD30D) &-7.2 (t, 2H), 7.14 (d, 3H), 7.10 (d, 1H), 7.08 (d, 1H), 7.04 (s, 1H), 6.59 (d,
1H), 5.46 (d, 1H), 5.15 (q, 1H), 3.87 (d, 1H), 3.76 ('m, 1H), 3.63 (m, 1H), 3.38 (4,
2H), 2.93 (dd, 4 H), 2.77 (t, 2H), 2.63 (dd, 1H), 1.93 (m, 2H) 1.45( bs, 2H), 1.23 (m,
4H), 1.23 (m, 2H). "

a) ethyl 7-methoxy-3-oxo0-2,3-dihydro-2-(2-phenylethyl)-1H-2-benzazepine-4-acetate
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A solution of the compound of Example 48(h) (2.6 g, 6.8 mmol) in methanol (120
mL) was treated with 25% sodium methoxide/methanol solutiori-(14.1 mL, 68 mmol) and
heated to reflux for 2.5 h. The mixture was qucnchcd with ice-water (300 mL), acidified

" 'with 3N hydrochlonc acid, extracted with cthyl acetate, dried and concentrated to give the
‘acid. MS(ES) m/e 352 [M+H]*. The residue was dissolved in ethanol (75 mL) and heated

to reflux in the presence of 4M hydrogen chloride/dioxane (2 mL) for 2 h and concentrated
to give the title compound (2.5 g, 97%). IH NMR (400 MHz, CDCl3) § 7.18-7.26 (m,
5H), 7.08 (d J=7.95 Hz, 1H), 6.89 (s 1H), 6.82 (m, 2H), 4.18 (m, 4H), 3.81 (s, 3H),
3.80 (t, J=5.57, 2H), 3.71 (1, J=5.57 Hz, 3H), 2.85 (1, J=7.62 Hz, 2H), 1.28 (t, J=6.5
Hz, 3H).

b) ethyl 7-hydroxy-2-3~oxo~(2—phcnylethyl)-2,3—dihydro—1H-2-bcnzachinc—4-acétatc
.To a solution of the compound of Example 82(a) (2.67 g, 7.0 mmol) and
ethanethiol (2.6 mL, 35 mmol) in dichloromethane (50 mL) at 0°C was added aluminum

chloride (4.6 g, 35 mmol). The mixture was warmed to RT over 1 h, diluted with
dichloromethane (100 mL), washed with cold 3N hydrochloric acid, dried (sodium
sulfate), and concentrated to give the title compound (2.4 g, 93%). MS(ES) m/e 366.0

. [M#+H]*; TH NMR (400 MHz, CDCI3) & 7.17-7.26 (m, 5H), 7:02 (d J=8.16 Hz, 1H),

6.78 (s 1H), 6.75 (m, 1H), 6.67 (d, J=2.4, 1H), 4.18 (g, J=7.16, 2H), 3.71 (1, J=5.57
Hz, 4H), 2.85 (1, J=7.58 Hz, 4H), 1.26 (t, J=7.16 Hz, 3H).

c) ethyl 7-[3-[(4-t-butyloxycarbonyl)piperazin-1-yljpropyloxy}-3-oxo-2-(2-phenylethyl)-
2,3-dihydro-1H-2-benzazepine-4-acetate -

A mixture of the compound of Example 82b) (1.28 g, 3.5 mmol) and 3-[(4-t-
butyloxycarbonyl)piperazin-1-yljpropyl chloride (1.3 g, 5 mmol), potassium carbonate
(0.58 g, 4.2 mmol),and tetracthylammonium iodide (20 mg) in dimethylformamide (15
mL) was heated at 90°C for 2 h. The reaction mixture was quenched with ice-water,
extracted with ethyl acetate, dried (sodium sulfate), filtered and concentrated to give the
title cbmpound (1.5 g, 75%). MS(ES) m/e 592.0 [M+H]*; 1H NMR (400 MHz, CDCl3)
8 7.2-7.26 (m, 5H), 7.02 (d J=8.16 Hz, 1H), 6.83 (s, 1H), 6.81 (d, J=2.4, 1H), 4.19
(m, 4H), 4.0 (m, 2H), 3.70 (m, 4H), 3.46 (bs, 4H), 2.84 (t, J=7.56 Hz, 2H), 2.52 (t,
J=T.1 Hz, 2H), 1.96 (m, 2H), 1.45 (s, 9H), 1.28 (1, J=7.23 Hz, 3H).

d) 7-[3-(1-pipemzinyl)propyloxy]-2-(2—phcnylcthyl)-3-oxo-2,3-dihydro-1H—2— '
benzazepine-4-acetic acid

A m1xturc of the compound of Example 82(c) (0.7 g, 1.2 mmol) was dissolved in
1N sodium hydroxldc solution (12 mL) and methanol (35 mL). After stirring at RT for 4
h, the reaction mixture was quenched with ice-water, acidified with 1N hydrochloric acid,
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extracted with éthyl acétate, dﬁéd- (sodmm sulfate), filtered and conccntratcd to give theN-
Boc acid (0.42 g, 63%; MS(ES) m/e 564.2 [M+H] "), which was stirred in 4N hydrogen

chloride/dioxane solution (4 mL) and methylene chloride (30 mL) for 18 h. The mixture
‘was evaporited to give the title compound (0.39 g, 97%). MS(ES) m/e464:2 [M#H]+; -

1H NMR (400 MHz, CDCI3) 5 7.16-7.83 (m, 6H), 7.06 (s, 1H) 6.94 (m, 2H), 4.15 (m,
2H), 3.65 (m, 14H), 3.47 (m, 2H), 2.82 (m, 2H), 2.32 (m, 2H).

-1H-2-benzazepine-4-acetic aci
A solution of the compound of Example 82(d) (0.01 g, 0.02 mmol) in methanol
(15 mL) is treated with palladium hydroxide (0.05 mg) and hydrogenated (50 ps1) for4h
to gwc the title compound.

Examples 84-88

Using routine variations of the procedures disclosed above for preparing 2,3,4,5-
tetrahydm—S-oxo-lH-l 4-bcnzazepmes the following compounds were pn:parcd
84. 8- [[[2-(pynd1n-4~yl)-cthcny1]carbonyl]ammo] -2,3,4,5- tctrahydro— 3-0x0-4- (2-
phenylethyl)-1H-1 ,4-benzodiazepine-2-acetic acid;
85.  8-[[[2-(2-amino-pyridin-4-yl)-ethyl]methylamino] carbonyl]-2,3,4 S-tetrahydro-?:-
ox0-4-(2-phenylethyl)-1H-1 4~bcnzod.1achmc—2-acenc acid;
86. 8—[[(qumuchdm—3-yl)am1no]carbonyl]-2,3,4.5-tcu'ahydrb—3-oxo~4—(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid; and
87.  8-[2-[4-(aminomethyl)phenyl]ethyl]-2,3,4,5-tetrahydro-3-0x0-4-(2-phenylethyl)-
1H-1,4-benzodiazepine-2-acetic acid. ‘ '
88.  8-[[[[3-(2-methyl)pyrid-2-yllpropylimethylamino] carbonyl]-2,3,4,5-tetrahydro-3-
0x0-4-(2-phenylethyl)- 1H—1,4-bcnzodiachine—2-acetic acid.

Example §9

nteral nit Composition .

A preparation which contains 20 mg of the compound of Example 10 as a sterile
dry powder is prepared as follows: 20 mg of the compound is dissolved in 15 mL of
distilled water. The solution is filtered under sterile conditions into a 25 mL multi-dose
ampoule and lyophilized. The powder is reconstituted by addition of 20 mL of 5%
dextrose in water (D5W) for intravenous or intramuscular injection. The dosage is thereby
determined by the injection volume. Subsequent dilution may be made by addition of a




10

20

metered vb'lumé .;)f this dosage unit tb ahotﬁcr-'vblﬁmc of DSW for injcCtidn, ora méiéiéd o
dose may be added to another mechanism for dispensing the drug, as in a bottle or bag for
IV drip infusion or other injection-infusion system.

Example 90

1 i ition
A capsule for oral administration is prepared by mixing and milling 50 mg'of the
compound of Example 34 with 75 mg of lactose and 5 mg of magnesium stearate. The
resulting powder is screened and filled into a hard gelatin capsule.

Unit C Hon .

A tablet for oral administration is prepared by mixing and granulating 20 mg of
sucrose, 150 mg of calcium sulfate dihydrate and 50 mg of the compound of Example 34
with a 10% gelatin solution. The wet granules are screened, dried, mixed with 10 mg
starch, 5 mg talc and 3 mg stcanc acid; and compressed into a- tablct.

The foregoing is illustrative of the making and using of this i mvcnuon Thxs
invention, however, is not limited to the precise embodiments described herein, but
encompasses all modifications wi*hin the scope of the claims which follow.
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1. A compound of the formula (I):

RS
Al
RS | ’Z=o
R11 A1 :R2
5 This Sheet Has Been Replaced
: D
e A
Alis O, S,N-R! or CHR!;

_ A4 is N-R4 or CHR%;

10 R2 is R7 or Q-C;_4alkyl, Q-Cy 4alkenyl or Q-C,_4alkynyl substituted by R7;

R1, R4 and RS are H, Q-Cj.galkyl, Q-C;_goxoalkyl, Q- C).galkenyl,
Q-C3-4oxoalkenyl, Q-C3.40xo0alkynyl, Q-Cy.4alkynyl, C3. 6cycloalky1 Ar or Het,
optionally substituted by one or more of R11;

Q s H, Cs_gcycloalkyl, Het br Ar,

15 R6is W-(CRQq-Z-(CR'RIO),-U-(CRQ)s-V- :

R7is -COR8 -COCR'5R, -C(S)RS, -S(O)mOR' -S(O)mNR'R", -PO(OR‘),
-PO(OR"),, -B(OR')z, -NO; and Tet; _

_ * R8is-OR', -NRR", -NR'SO,R', -NR'OR', -OCR',C(Q)OR’, -OCR»0OC(0)-R',
-OCR',C(O)NR',, CF;3 or AA; | |

20 R%is -OR', -CN, -S(O),R', S(O);NR';, -C(O)R' C(O)NR'; or -CO4R"; ’

R10is H, C; 4alkyl or -NR'R";

R11js H, halo, -OR12, -CN, -NR'R12, -NO,, -CF;, CF35(0),., -CO,R', -CONR',,
Q-Cypgalkyl-, Q-C;_goxoalkyl-, Q-C;_galkenyl-, Q—C2.6alkynyl- Q-Cp.galkyloxy-,

Q- Co_6a1kylammo- or Q-Co.galkyl-S(O),.;

25 RIZjs R', -C(O)R', -C(O)NR', -C(O)OR15, -S(O)R' or S(O);NR's;

R15is H, C;_galkyl or Ar-Cg 4alkyl;

R'is H, C)_galkyl, C3_cycloalkyl-Cy 4alkyl or Ar-Cp 4alkyl;

R"is R, -C(O)R' or -C(O)OR!5;

R™isR" or AA2;

30 AAL1 is an amino acid attached through its amino group and having its carboxyl
group optionally protected, and AA2 is an amino acid attached through its carboxyl
group, and having its amino group optionally protédtcd;

"~ Uand V are absent or CO, CR'y, C(=CR?2), S(0),, O, NR', CR'OR,
CR'(OR")CR'y, CR,CR'(OR"), C(O)CR';, CR',C(0), CONR', NR'CO, OC(0), C(0)O,

THIS SHEET HAS BEEN
REPLACED
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C(S)O, OC(S), C(S)NR', NR'C(S), S(O)nNR', NR'S(0),, N=N, NR'NR', NR'CR’,,
CR',)NR', CR',0; OCR’5, C=C or CR'=CR', provided that U and V are not

.. simultaneously absent;

W is RR"N-, or
5 Z is (CH,), or Het;
mis 1or2; R —

nis0to 3; ; Sheet Has Been Replaced

eon T

10 sisO0to2; and
tisOto2;or .
a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 wherein:
15  Rland R4 are H, Cy_4alkyl, Ar-Cj_4alkyl or C3_gcycloalkyl-C;_4alkyl;
R is CHyCOZR’
R3isH; :
(CR'R10) U-(CRpV is (CH;)o_gNR'CO (CHy)o.2CONR', (CHg).2CO,
(CH4)goCH=CH, (CHj)p.2 c=C , (CH2)1.30 or (CHy)y.s;

20 ‘Wis @;and

Z is piperidinyl, piperazinyl or (CHy),.

3. A compound of formula (II):

RS
t ’R4
N
R® - | ):O
N
R" "R?
R!.
25 (419]

wherein R1, RZ, R4, R3 and R1! are as defined in claim 1, |

RS is W-(CR'9)¢-Z-(CR'R10).-U-(CR'p)s-V-, where U, V and R’ are as defined in
claim 1; '

R10is H, Cj.4alkyl or -NRR";

30 : W is R'9N, HoNC(=NH), HoNC(=NH)NH or @ ; and
Zis Ar, C3-7cycloalkyl, (CHj), or Het; or
" a pharmaceutically acceptable salt thereof.

THIS SHEET HAS BEEN
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4, A compound according to claim 3 wherein:
R1is H, Cj-4alkyl or C(CO)R’;

' 'R2i§ CH00H or CHyCHyCO3H,

R4 is H, C1-galkyl, Ca.¢cycloalkylCo.alkyl or Ar-Co.4alkyl; and
Z is phenyl, a six-membered Het or (CH2).

5. A compound according to any one of claims 1-4 wherein RS s :

e Gz N (CHzU R“"’l N (CHalzU
rz'-rq.\',,l ' - N FH

» or R"HN-(CH3)5-U wherein E is N or CH, R20 is hydrogen, amino,

- mono or di-Cy_galkylamino, hydroxy or Cy 4alkyl, and U is NR'CO, CONR', (CH2)CO

CH=CH, C=C, CH,0, OCH, and (CH,),.

6. A compound of the formula (III):

R
Nd®
R® | .-43;
RY N‘ R2
(o}
I

wherein R2, R5 R1! and R" are as defined in claim 1, and RS is

(CHz)z-U (CH2)2-U RZ o (CHa)2 U

is Sheet Has Been Replaced

T
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whersin Eis N or CH, R20 i hydrogeh, amino, mono or .~
Cj.4alkylamino, hydroxy or Cj4alkyl, and U is NR'CO, CONR', (CH,)CO, CH=CH or
C=C. '

s 7. A compound according to any one of claims 1 to 6 wherein R6 is:

(CH2).NR'CO - ™ R%  (CH2)2NR'CO
|
A ) AT N

| _ | N° (CH2)2NR'CO ' (CH2)2NR'CO N (CHz).C=C
R*r(\) -R*O R"N(\)

» ’ ’ s

10
N
(CHa)s-
O/ RN R"O
(\N’ (CHp)5-O
RN _J -
wherein R' and R" are H or Cy_4alkyl, and R20 is hydrogen, amino,
mono or di-C;_salkylamino, hydroxy or C;_4alkyl. '
Cl * . NR"
( Hz)gNB CO '/\N (CH2)2NR'CO
HN un
15

8. A compound which is:
R,S)-8-{[[4- (ammmmmomcthyl)phcnyl]ammo]-carbonyl] -2,3, 4 9= tcuahydro«i
(2-phenylethyl)-1H-1 4—bcnzod1ach1nc-2—acct1c acid;
20 R,S)-7- [[4—(ammmmmomcthyl)benzoyl]-mcthylaxnino]-’2,3,4,5-neuahydro-
1-methyl-3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2 acetic acid;
_ R,S)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-8-[[[2-(4-
pyridyDethyl] aminojcarbonyl]-1H-1,4-benzodiazepine-2-acetic acid;

is Sheet Has Been Replaced
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(R,S)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-8-[[[2-(2-
pyridyDethylJamino]carbonyl]- 1H-1,4-benzodiazepine-2-acetic acid;

(R,S)-8-[[(5-aminopentyl)amino]carbonyl]-2,3,4,5- tctrahydro—3-oxo—4~(2—
phenylethyl)-1H-1,4-benzodiazepine-2-acetic:acid; : e s e e

5 R,S)-8- [[[4-(propyl)ammomcthyl)phcnyl]ammo]carbonyl]-Z 3,4,5- tctxahydro-3-
| oxo-4-(2—phcnylethyl) 1H-1,4-benzodiazepine-2-acetic acid;

(R,S)-8-[[[[3-(aminomethyl)phenyl}methyljamino]-carbonyl]-2,3,4,5- tctrahydro—

3-0x0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid; |

(R,S)-8-[[[3- [4-p1pcndmyl]propyl]ammo]carbonyl]-2,3,4,5-teu'ahydrb-3-oxo-4-

10  (2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid; |

(R,5)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-8-{[[4-

. (pyridyl)methyl]amino]carbonyl]-lH-l,4-bcnzodiachinc-2-acctic acid;

(R,S)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-8-[[[4-(3-
pyridyf)butyl]mcthylamino]carbonyl]-1H-1,4~bcnzodiaz;pinc-2—acctic acid; -

15 (R,S)-2,3,4,5-terahydro-8-[[[2-(1H-imidazol-1-yl)ethyl]amino)carbonyl]-3-
oxo0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;

. (R,8)-2,3,4,5-tetrahydro-8-[[[3-(1H-imidazol-1 -yl)propyl]arf;ino]car_l_)ox_)yl]-3_-
oxo-4-(2-phcnylethyl) 1H-1 4—bcnzod1achmc-2-acct1c acid;. C

(R,S)-8- [[[6-am1nohcxyl]ammo]carbonyl] 23,45 tctrahydro—3-oxo-4—(2— h

20  phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;

"(R,S)-8- [[[6-am1nobutyl]ammo]carbonyl] -2,34 5-tcu'ahydm-3-oxo-4-(2-
phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid; '

R,S)- 2,3,4,5-tctrahydro-8—[[[2-(1H-.nmdazol-4~yl)ethyl]amino]carbonyl]-3-oxo-
4-(2-phenylethyl)- 1H-1,4-benzodiazepine-2-acetic acid;

25 (R,5)-2,3,4,5-tetrahydro-8-[[[2-(1-methyl-1H-imidazol-5-
yl)ethyl]amino]carbonyl]-3-0x0-4-(2—phcnylethyl)-lH-1,4—bcnzodiachine-2-acctic acid;

(R,'S)-7-[[[4-(aininomethyl)phcnyl]carbonyl]-amino]-2.3.4,5—tcu'ahydro-l-mcthyl-
3-oxo-4-(2-phcnyleﬂ1y1)—1H—l .4-benzodiazepine-2-acetic acid;

(R,S)—8 -[[[2-(4-pyridyl)ethyl]methyl-amino]carbonyl}-2,3,4 5-tetrahydro—3-oxo—4-

30  (2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;

R,S)-8- [[2-[4-[1-(methyl)pyndmmm]-ethyl]mcmyla:nino]carbonyl]-4-[2-
phenylethyl)-2,3 4,5-tctrahydro-3-oxo—4—(2-pheny1e_thyl)-1H-1,4-bcnzodjazepinc-2-
acetate Iodide;

R,S)-2,3.4,5- tctrahydro—3-oxo-4-[2-(cyclohexyl)cthyl] 8- [[[2-(1-mcthy1-4—

35  piperidinyl)ethyljmethylamino]carbonyl]- -1H-1,4-benzodiazepine-2-acetic acid;

(R,S)-2,3,4,5-tetrahydro—3-oxo—4—(2_-phenylcthyl)-8-[[[2-(1-mcthy1~4-
pipcridinyl)ethyl]methylamino]carbonyl_]f 1H-1,4-benzodiazepine-2-acetic acid;

This Sheet Has Been Replaced
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[S-(R,S)]-8-[[[4-[N-(alanyl)aminomethyl] phenyl]amino]carbonyl}-2,3,4,5:
tcuahydro-3-0x0-4-(2-phcny1cthyl) -1H-1,4-benzodiazepine-2-acetic acid;
8- [[4-(ammoxmmomethyl)bcnzoyl]arn1no]-4 5—d1hydro-2-methyl 3-oxo-4-
(2-phenylethyl)-3H-1,4-benzodiazeping; : e
.5 - (R,S)-8- [[[4-(amm01mmomethyl)phcnyl]mcthylamino]carbonyl]—2,3,4,5-
tetrahydro-2-methyl-3-oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine;
ethyl (R,S)-8-[[[[4-(aminoiminomethyl)phenyl]-methylaminojcarbonyl]-2,3,4,5-
tetrahydro-3-oxo0-4-(2-phenylethyl)-1H-1 ,4~bcnzociiachinc-2—acctatc;
(R,S)—[[8-[4-(aminoiminomcthyl)phcnyl]-mcthylamino]carbonyl]-2,3,4,5-
10 tcu'ahydro-3-0xo-4-(2-phcnylcthyl)-lH—1,4-bcnzodiachinc-2—acetamidc;
(R,S)-S-[[[4-(aminoimihomcthyl)phcnyl]-mcthylamino]ca:bonyl]-Z,B,4,5-
tetrahydro-3-oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-ethanol;
. (R,S)-8- [2-[4-(aminomcthyl)phcnyl]ethyl] -2,3,4,5-tetrahydro-3-ox0-4-(2-
_ phenylethyl)-lH-l ,4-benzodiazepine-2-acetic acid; -
15 7-[3-(4-pyridyl)propyloxy]- 2-(2-phcnylcthyl) 3-oxo-2 3,4,5-tetrahydro- 1H-2-
benzazepine-4-acetic acid;
7-[3-(4~p1pend1nyl)propyloxy]—2-(2-phenylcthyl)—3-oxo—2 3,4,5-tetrahydro- 1H-2—
bcnzachme-4—acct1c acid;- S
®R,S)-8-[[[3- (ammomcthyl)phenyl]ammo]-carbonyl] 2 3.4 5-tctrahydro—3-oxo—4-
20 (2-pheny1cthyl) 1H-1,4-benzodiazepine-2-acetic acid;
8-[1- [4-(4—pyndyl)p1pcrazmyl]carbonyl]-2 3,4 5-tetrahyd:o-3-oxo—4-(2-
phenylethyl)-1H-1 4-bcnzod1azepmc-2-accuc acid;
(R,S)-8-[[[4-(aminomethyl)-3-chloro-phenyl]carbonyl]amino]-2,3,4,5-tetrahydro-
3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;
25 2-{3-(4-piperidinyl)propyloxy]-7-ox0-6,7,8,9-tetrahydro-5H-benzocycloheptene-
6-acetic agid; '
3-[3-(4—piperidinyl)pmpyloxy]-7—oxo—'6,7,8,9-tctrahydro—SH-bcnzocyclohcptcnc-
6-acetic acid; or
(R,S)-S-[[[2-[4-(2-aminopyridyl)]cthyl]-amino]carbonyl]-2,3,4,5-;ctrahydr'o-3—
30 oxo-4-(2-phenyleﬂ1yl)-iH-l,4-be.nzodiachine-Z-acetic acid.

9. A compound which is:
- (R,S)-8-[[[4- (ammounmomcthyl)phcnyl]-mcthylammo]carbonyl]-2 3,4,5-
tetrahydro-1-methyl-3-ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;
35 @R.S)-2,3.4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(1-

piperazinyl)ethyljaminojcarbonyl]-1H-1,4-benzodiazepine-2-acetic acid;

(R.S)-2.3 4 5-tetrahydro-3-ox0-4-(2-phenylethyl)-8-[[[2-(4- | | SHERT HAS BEEN
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piperidinyl)ethyljamino]carbonyl]}-1H-1,4-benzodiazepine-2-acetic acid ;
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(R,S)-7-[[[4-(aminciminomethyl)phenyl}-methylamino]jcarbonyl]-2,3,4,5-
tetrahydro-3-0xo-2-(2-phenylethyl)-1H-2-benzazepine-4-acetic acid;
R,S)-8- [[[(4-ammoxmmomcthyl)phcnyl]-methylammo]carbonyl] -2, 3 4 5-
" tetrahydro-3-oxo-1H-1,4-benzodiazepine-2-acetic acid; '
5 (R,S)-8-[[[4-(aminoiminomethyl)phenyl] methylamino]carbonyl]-2,3,4,5-
tetrahydro-4-methyl-3-0x0-1H-1,4-benzodiazepine-2-acetic acid ;
(R,S)-2,3,4,5-tetrahydro-3-oxo0-4-(2-phenylethyl)-8-[[[2-(1-
pipcrazinyl)cthyl]mctﬁylamino]carbonyl]-1H-1,4-bcnzodiazepine—2—acctic acid ;
R,S)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-8-[[[2-(4-
10  piperidinyl)ethyljmethylamino]carbonyl]-1H-1,4-benzodiazepine-2-acetic acid ; or
R,S)-2,3,4,5-tetrahydro-3-oxo0-4-[2-(cyclohexyl)-ethyl]-8-[[[2-(4-
piperidinyl)cthyl]metﬁylamino]carbonyl]- 1H-1,4-benzodiazepine-2-acetic acid .
i
'10. A compoumf which is: -
15 (R,S)—8—[[[4-:(arninomcthyl)phenyl]mcthylamino]~carbonyl]-2,3,4,5-tctrahydro—3-
oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;
(R,S)-2,3:4,5-tetrahydro-8-[[[2-[1-methyl-1,2,5,6-tetrahydropyrid-4-
' yl]_cthyl]mcthyl_ax_hipo]c':_ai'bpnyl]e3-oxo-4¥(249bcnylcthyl)-1H-1,4-bcnzodi'achincf'27
acetic acid,;
20 ' (R,S)-2,3,4,5-tctr_ahydro—3-oxo—4-(2-phcnylcthyl)-8-[4-(pipcridin-4-yl)-l(E)-
butenyl]-1H-1,4-benzodiazepine-2-acetic acid;
| | (R,S)-2,3,4,5-tctrahydro—S—oxo-2-(cyclohcxylcthyl)—7-[[[2-(piperidin-4—
yhethyljmethylamino]carbonyl}-1H-2-benzazepine-4-acetic acid; and
(i{,S)-Z,S,4,5-tcn'ahydro-3-0x0-4-(2-phcnylethyl)-8-[4-(pipcridin—4-y1)buty.l]- 1H-
25  1,4-benzodiazepine-2-acetic acid.
R,S)-2,3,4,5-tetrahydro-3-ox0-4-(2-phenylethyl)-7-{[4-(pyrid-4-yl)piperazin-1-
ylJcarbonyl}-1H-1,4-benzodiazepine-2-acetic acid;
(R,S)-2,3,4,5-tetrahydro-3-oxo-7-[[{2-(piperidin-4-
ylethyljmethylamino]carbonyl}-1H-2-benzazepine-4-acetic acid;
30 (R,S)-2,3,4,5-tetrahydro-3-ox0-2-(2-phenylethyl)-7-[[[2-(piperidin-4-
yDethyl]methylamino]-carbonyl]- 1H-2-benzazepine-4-acetic acid;
-(R_,S)-7-[[[2—[(2-.amino)pyrid-4—yl]cthyl]mcthylamino] carbonyl}-2,3,4,5-
tetrahydro-3-oxo-2-(2-phenylethyl)-1H-2-benzazepine-4-acetic acid; '
7-[1-{4-(piperazin-1-yl)but-1-ynyl]}-2-(2-phenylethyl)-3-ox0-2,3,4,5-tetrahydro-
35  1H-2-benzazepine-4-acetic acid;
(R,S)-7-[[[2-(piperidin-4-yl)ethyl] methylamino]carbonyl]-2,3,4,5-tetrahydro-2-

methyl-3-oxo-1H-2-benzazepine-4-acetic acid; THIS SHEET HAS BEEN
' REPLACED
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(R,S)-7-[[[4-aminomethy] phenyl]methylamino] carbonyl]-2,3,4,5-tcﬁ'éﬁydro-3—
ox0-2-(2-phenylethyl)-1H-2-benzazepine-4-acetic acid;
(_I_gS)-_S_-[[H-(N,N-dimethylaminomcthyl)phenyl] amino]carbonyl]-2,3,4,5-

" tetrahydro-3-oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid;

8-[{[2-(2-amino-pyridin-4-yl)-ethyllmethylamino] carbonyl]-2,3,4,5-tetrahydro-3-
ox0-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid; or
R,S)-7-[(4,4-bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-

- (phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid.

11.  Anintermediate compound of the formula:

,/\E, (CHg)15L2 - (CHa)i el R"’°l N (CH2) e L?
RP-N\/' " RPN | N A

(\NH
ES
(0]

wherein

EisNor CH, -

R20 is hydrogen, amino, mono or di-Cj.4alkylamino, hydroxy or Cjalkyl,
RP is a nitrogen protecting group,

L2 is CHO, COyR', C=C-H, OH, C, Br, I, CH2-T or NR'R", and

T is CF3503, OH, NHR", Cl, Bror 1.

or

12. A pharmacentical composition comprising a compound according to any one of
claims 1 to 10 and a pharmaceutically acceptable carrier.

13. A compound according to any one of claims 1 to 10 for use in the manufacture of
a medicament.

14. A method of inhibiting platelet aggregation which comprises adrﬁiniétering toa
mammal in need thereof an effective amount of a compound according to any one of

claims 1 to 10.
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