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Bicyclic Fibrinogen Antagonists 
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This invention relates to novel bicyclic compounds which inhibit platelet 

aggregation, pharmaceutical compos~tions containin~ tlie.compo~nds and methods of 

-10 using the compounds. 

Background of the Invention 

Platelet aggregation is believed to be mediated primarily through the fibrinogen 

1s 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 

GPilb-IIIa receptor, possess an Arg-Gly-Asp (RGD in single letter amino acid code) 

20 sequence in their primary structure. Functionally, these proteins are able to bind and 

crosslink GPIIb-Illa receptors on adjacent platelets and thereby effect aggregation of 

platelets. 

Fibronectin, vitronectin and thrombospondin are ROD-containing pi:oteins which 

have also been demonstrated to bind to GPIIb-I!Tu.. Fibrorieciin· is found in plasma and as 

2s a structural protein in the intracellular matrix. Binding between the ·structural proteins 

and GPIIb-llla 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 oct.apeptides which bind to the GPilb-IDa 

3 o receptor and inhibit platelet aggregation. Other linear and cyclic peptides, the disclosure 
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of wh1cn are 1ncu1porated herein by reference, are reponed in EP~A 0 341 915. However, 
the peptide like structures of such inhibitors often pose problems, such as in drug 

. delivery, metabolic stability and selectivity.· Irihioitors ofilie-·fibnnogel'Lrecepto;whi~ii . 
are not <:.onstructed of natural amino acid sequences are disclosed in EP-A 0 372,486, EP-

5 · .. A 0 :381 033 andEP-A 0 478 363. WO 92/07568 (PCT/US91/08166) discloses 
fibrinogen receptor antagonists which mimic a conformational r-turn in the ROD 

10 

15 

20 

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

. The present invention discloses novel bicyclic compounds including benzazepines 
and benzodiazepines, which are i~hibitors of the GPilb-llla receptor and inhibit platelet. . -.. 
aggregation. Cenain 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 Stembach, 
L.H., J. Med. Chem., 22, 2 (1979). It has also been disclosed that cenain 5-phenyl-1,4-· 
benzodiazepines antagonize the effects of cholecystokinin. See Friedinger~ Med. Res~ 
Rev., 9, 271 (1989). Certain·bicyclic compounds which have.;fi~riµogen -~tagonfS(· .. ·. -· 
activicy are dis~l~sed in WO 93/08174 (PCT!Us92ios788) arid WO 93/00095 . 
(PCT/US/92/05463). 

Summazy of the Inyention 

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 

25 formula (I). 

Thi~ invention is also a pharmaceutical composition for inhibiting platelet 
aggregation or clot fonnation, which comprises a compound of formula (I) and a 
phannaccutically acceptable carr:cr. 

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

In another aspect, this invention provides a method.for.inhibiting reocclusion of 
an artery or·vein in a mammal following fibrinolytic therapy, whic~ 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 ischeinia attacks, or 

3 s myoeardial infarction. 
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aggregation. The novel bicyclic compounds comprise a seven-membered ring fused to an 
s aromatic six membered ring _and having a nitrogen-containing substituent on the six 

membered ring and an aliphatic substituent, preferably containing an ~cidic moiety, on 

the seven membered ring. The fused 6-7 ring system is believed to interact favorably 

with the GPIIb-Illa receptor and to orient the substituent sidechains on the six and seven 

membered rings so that they may also interact favorably with the receptor. 

lo Although not intending to be bound to any specific mechanism of action, these 

15 

compounds are believed to inhibit the binding of fibrinogen to the platelet-bound 

fibrinogen receptor GPIIb-Illa, and may interact with other adhesion proteins via .. . 
antagonism of a putative RGD binding site. 

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

wherein 

20 Al is 0, S, N-Rl or CHRl; 

A4 is N-R4 or CHR4; 

R2 is R7 or Q-C14al.kyl, Q-C24alkcnyl or Q-C24alkynyl substituted by R7; 
R1, R4 and R5 are H. Q-C1-6alkyl, Q-C1-6oxoalkyl, Q-C2-6al.kenyl, 

Q-C3_4oxoaµcenyl, Q-C3_4oxoa!kynyl, Q-C2_4alkynyl, C3_6cycloalkyl, Ar or Het, 

25 optionally substituted by_one or more ofRll; 

Q is H, C3-6cycloalkyl, Het or Ar; . 

R6 is W-(CR'2)q-Z-(CR'R lO)r-U-(CR'vs:-V-; 

R7 i~ -COR8, -COCR'2R91 -C(S)R8, -S(O)mOR',-S(O)mNR'R", -PO(OR'), 

-PO(OR')i, -B(OR'h, -NOi and Tet; 

30 R8 is -OR', -NR'R", -NR'S02R', -NR'OR', -OCR'2C(O)OR', -OCR'20C(O)-R', 

-OCR'2C(O)NR'2. CF3 or AA; 

R9 is -OR', -CN, -S(O)rR', S(O)roNR'2. -C(O)R' C(O)NR'2 or -C02R'; 

RIO is H, C14alkyl or-NR'R"; 



Rll is~· halo, -OR12, -CN. -NR'R12, -N02, -~. CF3S(O)r-• -C02R', -CONR'2. 
Q-Co-6alkyl-, Q-C1_6oxoalkyl-. Q-C2-6alkenyl-, Q-C2-6alkynyl-. Q-Co-6alkyloxy-. 

·. · · · · Q~C0~6alkylamiri~ 'or· Q:;·C0-6iilk)'I-S"(O)~_; · . · · .. · · .... · , " · , · · .- , · · ·... · 

~12 is R', -C(O)R', -C(O)NR'2, -C(O)OR15, -S(O)roR' or S(O)mNR'2; 

s Rl5 is H, c 1-6alkyl or Ar-C()..4alkyl; 

R' is H, C1-6alkyl, C3_,cycloa!ql-Co-4alkyl or Ar-Co-4alkyl; 

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

R"' is R" or AA2; 
AAl is an amino acid attached through its amino group and having its carboxyl 

io group optionally protected, and AA2 is an amino acid attached through its carboxyl 

group, and having its amino group optionally protected; 
U and Vare absent or CO, CR'2, C(=CR'2). S(0)0 , 0, NR', CR'OR', 

CR'(OR")CR'2, CR'2CR'(OR"), C(O)CR'2, CR'2C(O), CONR', NR'CO, OC(q), C(O)O, 
C(S)O, OC(S), C(S}NR', NR'C(S}, S(0)0NR', NR'S(0)0 , N=N, NR'NR', NR'CR'2, 

1s CR'2NR', CR'20. OCR'2, c=c or CR'=CR', provided that U and V are not 

simultaneously absent; 

Wls R'R"'N.: or:@~};: . ·­

. Z is (CH2)1 or Het; 

mis 1 or2; 

20 nis0to3; 

q is 0 to 3; 

ris0to2; 

sis0to2;and 

tis0to2;or 

25 phannaceutlcally acceptable salts thereof. 

In another embodiment, this invention is a compound of formula (II): 
. 5 

R4 
N' 
}=o 

·N 
. 'R2 

R1 

. (II) 

wherein Rl, ~2, R4, RS and Rll are as defined iii for formula (I} and R6 is W-(CR'i)q-Z-
30 (CR'RlO)r-U-(CR'2)s-V-, where U, V and R' are as defined for formula (I), RlO is H, 

C1-4~l or -NR'R", Wis R'2N. H2NC(=NH), H2NC(=NH)NH or 0; and Z is Ar, 
C3_7cycloalkyl, (CHz)t or Het In particular, compounds of formula (II} where Rl is H, 

C1-4alkyl or C(O)R'; R2 is CH2C02H or CH2CH2C02H, R4 is H, C1-6alkyl, 
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-;,-v-.1 --- ... ,, _ 1alkyl or Ar-C0-4-alkyl; and Z is phenyl .. a six-membered Het or (CH2)t· 

are suitable. 

· · · · · ··· ·In yet-another embodiment of this' invention, compounds of forinula(III) are. 
provided 

r5 

Rs--q;1N)O 
R1~% N 

'R2 
0 

(III) 

wherein R2, RS and Rll are as defined for formula (I). and R6 is or 

or 

• wherein Eis N or CH. R20 is hydrogen, amino, mono or di-C1• 

4alkylamino, hydroxy or C1-4alkyl, and U is NR'CO, CONR', (CHi)CO, CH=CH or 

C""."""C. 

Also included in this invention are phannaceutically acceptable addition salts, 

15 complexes orprodrugs of the compounds of this invention. Prodrugs are considered to be 

any covalently bonded carriers which release the active parent drug according to fonnula 

(I) 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 

20 which may be synthesized and resolved by conventional techniques. In cases in w~ich 

compounds have 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 _JI.._ and ~ , and 
. . .. N~ N~ 

tautomers of guanidine-type groups, such as R"R'N)lNR'-X- and R"R'N~N-X-, each 

25 tautomeric form is contemplated as being included within this invention whether existing. 

in equilibrium or locked in one fonn 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, µnless specified otherwise. 
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Suitably R8 is -OR', -OCR'2C(O)OR, -OCR'2C(O)NR'2 or OCR'20C(O)-R', 

. J?~f~ra.b..ly .-9&' .. ·. . . . . . ..... . 
·Suitably R5, RIO and Rll are H. 
Suitably (CR'R IO)r-U-(CR'vs-V is (CR'R l<>)("U- or -U-(CR'2>s. 

Suitably U is CO, CONR' or NR'CO. 

Preferably, (CR'R10>r-U-(CR'2)s-V is (CHvo-2NR'CO, (CH2)o.2CONR', (CH2>o-

2CO, (CH2)o.2CH=CH, (CHi)0_2c=c. (CH2)i.30, or (CHvi-5· More preferably, 

(CR'RlO)r-U-(CR'2)s-V is (CHi}o.2NR'CO or (CHi)o.2CONR', where R' is Hor methyl. 

Preferably Wis 0 . 
Preferably, Z is piperidinyl, piperaziriyl or (CHvt· Suitably tis 1 or 2. 

Particular examples of R6 are: 

, and R"HN-(CH2)5-U wherein Eis Nor CH, R20 is hydrogen, amino, 

mono or di-C1-4alkylamino, hydroxy or C1-4alkyl, and U is NR'CO, CONR', (CH2)CO, 

CH=CH, c=c t CH20. OCH2 and (CH2h· 

Preferred illustrative examples of R6 are: 



'· · ...... ~ · . 
. ·· :; > . ·."' :~-~ .:.·. ~· ... 

• : .-···~· •• : : :i. ; • .• ; :. :: . • :..:. : 

- ... •.•.• ~· °): ·7· .. :-_::·::·.<.'.:··; __ ·<. - - .... . --... - ; .·. --
· .. ·• . . 

· ... 

rN....(CH2b-0 

f.l"N~ . . wherein R' and R'' are Hor C1-4alkyl. .Preferably R' is m.ethyland '. , · .. 
R"isH. 

In a preferred embodiment, A 1 is NR I. and A 4 is NR '. 
In another preferred em~odiment, A 1 is CHR.1, and A 4 is NR'. 

5 Preferably, R2 is CH2-R7. More preferably. R2 is CH2C02R', particularly 

CH2C02H. 
Preferably. Rl and R4 ·are H, C1-4al.kyl, Ar-C1-4alkyl or C3_6cycloalkyl-C1-4al.kyl. 

Suitably RI is H or methyl and R4 is H, methyl, cyclohexylethyl or phenylethyl. 
In a more specific preferred embodiment, Al is NR" or CH2, where R" is H. 

io C1-4alkyl or C(O)R'; R2 is CH2C02H; A4 is NR4; R4 is H, C1-6alkyl, 
c3-6cycloalky1Co4 alkyl or Ar-C0-4alkyl; _i is a six-membered Het or (CH2)t; W. is .R'2N. 

15 

or 0; (CR'R 10)r-U-(CR'i)5-V is CCR'RlO)r·U- or -U-(GR':Vs, (e.g .• V is absent and one·· 
of sand rare 0) wherein U is NR'CO, CONR', CR'=CR', c=c, 0, CO or CH2• Suitably, 
(CR'RlO)r-U-(CR'2)5-V is (CHi)o.3NR'CO, (CHi)o_3CONR', where R' is Hor methyl, or. 
(CH2)0.30. ·Preferably R' is ·methyi: 

Specific embodiments ofthis invention, including useful intennediates ~d 
prodrugs. are described in Examples 1-88 inclusive. 

In the above description of fonnula (I). W represents a nitrogen-con~nil)g gro~p 
which is capable of making a hydrogen bond. Preferably Wis a basic nitrogen moiety. 

20 R 1 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 R 7 is acidic. It is also 
preferred that 10-15 (most preferably about 13) intervening covalent bonds via the 
shortest intwnolecular path will exist between the group_ R 7 and a terminal basic nitrogen 
moiety ofW for optimal spacing between these groups, and the moieties T, U, V and Z, 

25 and the alkyl ·spacers represented by q, r, s are chosen accordingly. For instance, by way 
of illustration, but not limitation, when one of R2 or R4 is (CH2hC02H. or preferably 
CH2C02H, and R6 is a substi.tuent in the 7- or 8-position of the benzodiazepine ring 
system and is W-(CR'i)q-Z-(CR'RlO)i.-U- (e.g., sis 0 and Vis absent), then: when Wis 

0 (preferably a 4-substituted six-meqibered nitrogen heterocycle), and Z is (CH:i)L,· 

30 and U is chosen from NR'CO, CONR', CH20 ... 0CH2, CH2CH2, CR'=CR' or c=c. 

('group l '), suitably q+t+r is 1-3 and preferably q+t+ds l; when W is 0 and Z is a 
six-membered Ar or Het ring (preferably 1,4-disubstituted). and U is 0, CH2 or CO, q 
and rare preferably O; when W is H2N- and Z is (CHVt• and U is chosen from group 1 

-:: .·· 
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above, q+r+t is 4-6. preferably 5; when Wis H2N- and Z is a six-membered Ar or Het 

ring, suitably q+t is 0-2, preferably 1. 
· Abbreviations. ~cf sy~-b~is ~om~only ·u~~d -i~- ih~ p~ptld~-~d:~h~~c~--~- ar~-· .. _, 

•• .; t 

used herein to describe the compounds of this· invention. In general, the amino acid 

abbreviations follow the IUPAC-IUB Joint Commission on BiochemicafNomenclature . -~ 
. 

as described in Eur. J. Bi_ochem .• 158, 9 (1984). · · 

Arg refers to arginin~~ MeArg refers to Na.methyl-arginine, HArg refers to 

homoarginine, NArg refers to norarginine, (Me2)Arg refers to N',N"-dimethyl arginine, 

(Et2)Arg refers to N',N"-diethyl arginine and Orn refers to omithine. These radicals are 

io . _suitable components of the substituent R6. N_a.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 e~ al., Can. J. Chem .• 55, 

906 (1977); Freidinger et al., J.. Org. Chem., 48, 77, (1982}; and Shuman et al., PEPTIDES: 

PROCEEDINGS OF THE 7TH"AMERICAN PEPTIDE SYMPOSIUM, Rich, D., Gross, E~. Eds, 

15 Pierce Chemical Co., Rockford, Dl.,617 (1981), which are incorporated herein by 

reference. 
C14alkyl .as applied herein is· meant _to include me.tltyl,·ethyl,. ii:-propyl, iSopropyl, 

. . . 

n-~utyl, isobutyl and t-butyl. C1-6alkyl additionally includes pentyl, n-pentyl, isopentyl, 

neopentyl and hexyl and the simple aliphatic isomers thereof. C0-4alkyl and Co-6alkyl 

20 additionally indicates that no alkyl group need be p~sent (e.g., th~t.a.covalent bol).d is 
,. . . .. . . . 

present). 
C2-~lkenyl as applied herein means an alkyl group of 2 to 6 carbons wherein a 

carbon-carbon single bond is replaced by a carbon-carbon double bond. C2-6alk:enyl 

includes ethylene, 1-propene, 2-propene, 1-butene, 2-butene, isobutene and the several 

25 isomeric pentenes and hexcnes. Both cis and trans isomers are included. 

Ci-6 alkynyl means an alkyl group of 2 to 6 carbons wherein one carbon-carbon 

single bond is replaced by a carbon-carbon triple bond. C2_6 alkynyl includes acetylene, 

1-propyne, 2-propyne, 1-:butyne, 2-butyne, 3-butyne and the simple isomers of pentyne 

andhexyne. 

30 C1-4oxoalkyl refers to an alkyl group of up to four carbons whe~in a CH2 group 

is replaced ~y a C(O), or carbonyl, group. ·Substituted formyl, acetyl, 1-propanal, 2-

propanone, 3-propanal, 2-butanone, 3-buta.none, 1- and 4-butanal groups are 

representative. C1-6oxoalkyl includes additionally the higher analogues and isomers of 

five and six carbons substituted by a carbonyl group. C3_6oxoalkenyl and 

35 C3-6oxoalkynyl refers to a C3-6alkenyl or C3-6alkynyl group wherein a CH2 group is 

replaced by C(Q) group. C3-4oxoalkenyl includes l-oxo-2-propenyl, 3-oxo-1-propenyl, 

2-oxo-3-butenyl and the like. 
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A substituent on a c1.6alkyl, C2-6alkenyl, C2-6alkynyl or C1-6oxoalkyl group, 

such ~ _ ~ ~ 1, ,lll,8.-Y p"c;. Qp. _;my ,can;m~ -~•JP.W. .':V,~i~:b r~~ul~. ii.Ji, .a. st~ble sn:uctµre, and.is ... 
-~~dlabl6.by c~~~~~u~~al syntltetic t~chniques. . 

Q-Ci-6 alkyl refers to a C1-6 alkyl group wherein in any position a carbon­

hydrogen bond is replaced by a carbon-Q bond. Q-C2-6 alkenyl and Q-C2-6 alkynyl have 

a similar menaing with respect to C2-6 alkC(nyl and C2-6 alkynyl. 

Ar, or aryl, as applied herein, means phenyl or naphthyl, or phenyl or naphthyl 
substituted by one to three moieties Rll. In particular, Rll may be C1-4al.kyl, C1-4alkoxy, 

C1-4alkthio, trifluoroalkyl, OH, F, a, Br or I. 

10 Het, or heterocycle, indicates an optionally substituted five or six membered 

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

heteroatoms chosen fro_pi the group of nitrogen, oxygen and sulfur, which are sia~Ie and 

available by convention~ chemical synthesis._ Illustrative heterocycles ate benzofuryl, 

benzimidazole, benzopyran, benzothiophene, furan, imidazole, indoline~ morpholine, 

15 piperidine, piperazine, pyrrole, pyrrolidine, tetrahydropyridine, pyridine, thiazole, 
thiophene, quirioline, ·isoquinoline, anC,. tetra• ~d perhydro- quinoline and isoquinoline. 

A six membered rl~g het~tocy~i~'~orttafnihio~e-.of~~ ~iir~geris~ such 1ls pipciidine, . 

piperilzine, tetrahydropyridine and pyridine, are preferred heterocycles for the moiety Z. 

Any accessible combination of up to three substituents, such as chosen from Rll, on the 

20 Het ring that· is available by chemical.synthe,sis and-is stable is within the scope of this 

invention. A six membered monocyclic rin~ heterocycle containing one or two 
nitrogens, such as piperidine, piperazine, tetrahydropyridine and pyridine, are preferred 

heterocycles for the moiety Z. 
C3. 7cycloalkyl refers to an optionally substituted carbocyclic system of three to 

25 seven carbon atoms, which may contain up to two uilsatt.~rated carbon-carbon bonds. 

30 

Typical of C3. 7cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, 

cyclohexyl, cyclohexenyl and cycloheptyl. Any combination of up to three substituents, 

such as chosen from R 11., on the cycloalkyl ring that is available by conventional 

chemical synthesis and is stable, is within the scope of this invention. 

0 as used herein indicatcts 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 

35 substituted so ~ to result in a quaternary nitrogen. The nitrogen heterocycle may be 
substituted in any.stable position by R20, for instance H, C1-4alkoxy, F, a, Br, I, NOi, 
NR'2, OH, C02R', CONHR', CF3, Q-C0-4alkyl, Q-C1-4alkyl-S(O)u (e.g., where u is 0, 1 
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or 2) or c14alkyl substituted by any of the aforementioned sustituents. Representative of 

.. 0 , a.i::e. ~lin~, pyo:qJ.iclipe, .imicjaz~.le,. i1nidµoline~ imjdazplidine, .pyrazole; . . . 

pyrazoline, pyrazolidine, piperidine, piperazine, morpholine, pyridine, pyridinium, 
tetrahydropyridine, tetrahydro- and hexahydro-azepine, quinuclidi:ne, quinuclidinium, 

s quinoline, isoquinoline, and tetra- and perhydro-quinoline and isoquinoline. In particular, 

15 

0 may~be pyridyl, pyrolidinyl, piperidinyl, piperazinyl, azetidinyl, quinuclidinyl or 

tetrahydropyridinyl. @ is preferably 4-pyridyl, 4-(2-amino-pyridyl), 4-

tetrahydropyridyl, 4-piperidinyl or 4-piperazinyl. 

AAl as refeITCd to hereiI1 is an amino acid with its carboxyl group optionally 
protected, wherein the amino acid may be any of the natural a-amino acids or 

penicillamine. The unprotected carboxyl 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 R 8. AA2 is an amino acid, as above, 

. with i~ amino group optionally protected. Amino protecting groups are well known in 

.th~ 8,!l, for ii:is~ce, when the :amino group is ~ubstituted by R 12. An unprotected amino . 
gtoup;is a riee NH2.gi-oup. ' · · · · . 

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 teniary·butyl radical, Boe refers to the t-butyloxycarbonyl 
20 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, 

Bzl 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, Allc refers to C1_4alkyl, Nph refers to 1-

25 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-hydroxybenzotriazol~, THF 

refers to tetrahydrofuran, DIEA refers to diisopropylethylamine, DMF ref~rs tq di~ethyl 

30 formamid~. NBS refers to N-bromo-succ;inimide, Pd/C refers to a palladium on carbon 
catalyst, 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 

35 chlorochromate .. 
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The compounds of fonnula (I) are generally prepared by reacting a compound of 

the fonnula (XI) with a c?m~ou~~ of the fonnu~a (XII):. 
• • ,.; ... • - •• ...... • •4 

wherein Al, A4, U, V, R', RIO, sand r are as defined in formula (I), with any reactive 

functional groups protected; 

Ll and L2 are functional f;TOUps which are capab,le of reacting to fonn the linkage 

-(CR'R lO).-U-(CR'2)s-V-; 

10 R6" is W'-(CR'2)q-Z- and any portion of the group -(CR'R lO)r-U-(CR'2)s_-V- which· 

15 

is connected to L2~ with any reactive functional groups protected; 

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 fonn a compound of the formula: 

~A~O 
A --(R2' 

wherein R 6' is W'-(CR'2)q-Z-(CR'R 10).-U-(CR'2)s-V-; 

and thereafter removing any protecting groups, and option-ally forming a 

phannaceutically acceptable salt. 

It will be apparent that the precise identity of Ll and L2 will be dependent upon 

20 the site of the linkage being formed. General methods for preparing the linkage 

-(CR'R 10)r!U-(CR'2)8-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, Ll may be -NHz, L2 may be OH (as in an acid) or Cl 

(as in an acid chloride), and R6" may be W-(CR'i)q-Z-(CR'R l0).-U-(CR'2)~-C(O), with 

25 any functional groups optionally protected. For example, R6" may be 
(benzyloxycarbonyl-amidino)benzoyl- or (NCX..Boc,Nguan.Tos)arginyl-. ·When L2 is OH, 

a coupling agent is used. 

Similarly, ff Vis NHCO, Ll may be -C02H or CO-Cl, L2 may be -NH2, and R6" 

may be W-(CR'2)q-Z-(CR'R lO).-U-(CR'2)8-. For ex~ple, R6" may be 

30 (benzyloxycarbonylamidino)-phenyl, (benzyloxycarbonylamino)methylbenzyl- or 6-

(benzyloxycarbonylamino )hexyl-. 
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Where V is NHS02~ Ll may be S02a. L2 may be -NH2 and R6" may be as 

. ab~ve .. ~here. v i~ sq2~. L.l ~ay pe -~2 m.d. L7 ~~y !>.~ ~QiP:;-. MeW.~Jp._p;epar.e, . 
. such sulfonyl chlorides are disclosed, for in~tance, in J.' Org. Chem., 23, 1257 (1958). 

ir V is CH=CH, Ll may be -CHO, L2 may be CH=P-Ph3 and R6" may be W-
s (CR'2)q-Z-(CR'RlO)r-U-(CR'2)5-. Alternately, LI may be CH=P-Ph3, L2 may be CHO, 

e.g .• R6" may be W-(CR'2)q-Z-~CR'RlO)r-U:-CCR'2)s-1-CHO. 
Where V is CH2CH2. compounds may be obtained by ~duction of a suitably 

protected compound wherein V is CH=CH. 
Where V is CH20, CH2N or c=c, Ll may be -OH, -NH or 

·-. io _. -c=cH,respectively.; L2 may be -Br; apd R6" may be 
W-(CR'2)q-Z-(CR'R lO)r-U-(CR'2)s-. For example, R 6" may be 
(benzyloxycarbonylamino)-methylbenzyl- or 2-(N-benzyl-4piperidinyl)-ethyl. ·.Similarly 
where U or V is ·oCHi, NR'CH2 or c=c, Ll may be -cH2Br and L2 may be -OH, -NH 
or-c=cH, respectively. Alternately, when U or Vis c=c. Ll may be Br, I or CF3S03, 

15 L2 may be c=c H and the coupling may be catalyzed by palladium and a base. 
Compounds wherein V is CHOHCH2 may be prepared from a suitabiy protected 

compound.where Vis CH=cH by the proc~d.ure·disclosed in J. Ori: Ch~;nS 54. ·1354 . : : 
(1989). 

Compounds wherein V is CH2CHOH may be obtained from a suitably protected 
20 compound where Y.is CH=CH by hydroboration and basic oxidation as disclosed in Tet .. 

Lett., 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, et al., J. Her. Chem., 

25 1988, 25, 1·173; Muller, et 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 Sis replaced by 0. In the Schemes, Rl"-R7" indicate RLR7 or a suitable 

30 precursor thereof, wherein any fun_ctional groups are protected as known in the art. 
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Scheme 1 

NaOCHa 

Boc-HN~NH 

. • ~-' N_(=_O 

H2 , Raney-Ni TFA 

HOST, ED.C 
DIEA, DMF 

H R2" 

eg. R6
• = p-(Cbz-amidino)benzoyl 

R6 = p-(amidino)benzoyl amino 
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Scheme2 

. NaCNBHa 

4' R ·NH2 

1) acid 

2) OMS0/90° 
DIEA 

NH-Cbz 

-- ·. - ... 

couple 

Pd/C 

. HN~ ~ . ,R'" 

__.·..,..:-:,...:--1:---.· _,· . .,...·. . ~N'O(}o -
~1· RZ' 

R6' = p-(Cbz-amidino)benzoyl 

eg. X =Cl, Br, F 
1· 

R =H,CHa 
R2' = CH3, CH2CC>iCH3, 

CH~OMH11. CH~~Bzl 
R2 = CH3, CQiH, CH2C02CH3, 

CH2COiesH11 
4' R = CH2CH2-Ph 

R11 =H 
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1) TFA, H2, Pd/C 

2) NaOH 

4" eg. R = CH2CH2Ph 
R6

" = p-(Cbz-amidino)benzyl 

R6 = p-{amidinobenzyt)aminocarbonyl 
R11 =H 
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Scheme4 

R4• 

NR40-Boc ~N' co CH 1) NaOCH3 ~ ... _-(o 1) SOC\? 

H02C N )..._~O ~H 2) HCI H02C ~ N . . 2) i=f-NH2 
H 2 3 H CCiCH3 

1) H2. Pd/C 

2) NaOH 

eg. 4• 
R =Ph-C~CHr 

R
60 

.. p-(Cbz-amidino)anilino 

R6 -= (p-amidinoanilino)carbonyl 
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R4" , {J(N 0 H2N ."-- N-t 
H R 

deb lock 

1) H2. Pd/C 
2) NaOH 

·=· :"· . "· 

2) NaN3 

·Scheme 5 

. R4" 

o:.=\o 
R6 N-\. -H R2 

1) Ph-CH3.~ 

2) HCI 

eq. R2.. = CH2C~CH3 
R2 ··=· CH~QiH · 
R6

• = p-(Cbz-amidino)benzoyl 
R6 = p-amidino-benzoylamino 
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. ···~CH,. NBS 

t-Bu-02C Br 

4" 1) R -NH2 

TFA R
60

R'NH 

NaOMe 
couple 

deb lock 

eg. 4" . 
R = (CH2)2Ph .· .. 
R6

" = p-(Cbz~amidino)anilino 
R6 = p-amidinophenylaminocarbonyl NBS = N-bromosuccinimide 
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Scheme 7 

Lawesson's ('f N}!::s 
reagent o2N~NH 

lmid = imidazole 
Phth = phthalimide 

eg. 

I )=o 
..... ··-·u:·~ ... ,~ .. ·-'.NH-,.· 

O~ .Q NH 

R6• = p(Cbz-amidino}benzoyl 
R6 = p-amidinobenzoylamino 
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HCI 

MeOH 
/:J. 

Scheme 8 

PC ls 

-~OMe ~OMe. I 1 ) H2, Pd/C 1) LiBH.$ o 0 ___ _..,. 0 --~ 

0 2N NH-Boe 2) Cbz-CI Cbz-HN NH-Boe 2) PCC 

· .. ~H. . M_ -· . - 8 Ph3P=CHC~Et 
Cbz-HN NH-Boe Cbz-HN 

1) TFA 

2}Ac-OH 

couple 

Cbz-HN 

1) H2, Pd/C 

2) NaOH 

C02Et 

eg. R6·.= p-(Cbz-amidino)benzoyl 

R6 
= p-amidinobenzoylamino 
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Scheme9 

. . ·4·. · ... 
1) R -NH2 

2) NaB~ 

3) BH3 

ZnCl2/TEA 

Boc,N,R 4• 

1) HCI 
2) BOP 0 R6"-0H 

0 

0 

0 :. y 
0 

couple . oy 
0 

0 

/ 

eg. 4• . 
R =CH2CHrPh 
R6

• = p-(Cbz".'amidino)benzoyl 
R6 = p-amidinobenzoytamino 
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Scheme 10 

eg. 

- ... . -~ . 

..... ·.,. . · .... 

HF 

. 1) (CHaO)~SO~ 
2) H2, Pd/C 

R
40 = CH2CH2Ph 

R6" = p-(Cbz-amidino) benzoyl 
R6 = p-amidiniobenzoyamino 

s A particularly useful intennediate is the 1,4-benzodiazepine compound offonnula 

(XI), wherein Al is NRI, A4 is NR4;; Ll is CHO, CQiRi, Br, I, OH, CF3S03, CH2-T or 

NR'R", and Tis OH, NHR", CI, Br or i. In particular, compounds wherein RI is H, 

C1-4alkyl, Ci-4oxoalkyl; R2 is CH2C02R' and R4 is Q-C1.()alkyl are useful~ More · 

particularly, compounds wherein R4 is H, C1-4alkyl or phenylC1-4alkyl are useful. Other 

10 useful intermediates are similarly substituted benzazepine compounds of formula (XI), 

where Al is CHRl andA4 is NR4. 

Coupling reagents as used herein denote reagents which may be used to fonn 

peptide bonds. Typical coupling methods employ car~odiimides, activated anhydrides 

and esters and acyl halides. Reagents such as EDC, DCC, DPPA~ PPA, BOP reagent, 

is HOI:lt, N-hydroxysuccinimide and oxalyl chloride are typical. 

Coupling methods to form peptide bonds .are generally well known to the art. The 

methods of peptide synthesis generally set forth by Bodansky et al., TIIE PRAcnCE OF 

PEPTIDE SYNTiiESIS, Springer-Verlag, Berlin, 1984, Ali et al. in J. Med. Chem., 29, 984 
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(1986) andJ. Med. Chem., 30, 2291 (1987) are generally illustrative of the technique and 
are incorporated herein by reference. 

-Solution synthesis-for the--fonnation 'ofamide·or'peptide·-bondS 'is ·acc'Omplished · -­
using conventional methods used to fonn amide bonds. Typically, the amine or aniline is 

5 coupled via its free amino group to an appropriate carboxylic acis substrate using a 
suitable carbodiimide coupling agent, such as N,N' dicyclohexyl carbodiimide (DCC), . ' 
optionally in the presence of catalysts such as 1-hydroxybenzotriazole (HOBt) and; 
dimethylamino pyridine (DMAP). Other methods, such as the fonnation of activated 
esters, anhydrides or acid halides, of the free carboxyl of a suitably protected acid 

10 substrate, a,nd subsequent reaction with the free amine of a suitably protected amine, 
optionally in the presence of a base, are also suitable. -For example, a protected Boc­
amino acid or Cbz-amidino benzoic acid is treated in an anhy~us solvent, su~h as 
methylene chloride or tetrahydrofuran(TIIF), in the presence of a base, such as:N-methyl 
morpholine, DMAP or a trialkylamine, with isobutyl chloroformate to fonn the "activated_ 

. . 
15 anhydride", which is subsequently reacted with the free amine of a second protected 

amino acid or aniline. 

Compounds of fonnula (XII) are prepared by conventio~al:methods_known ii) the 
art from cominerci~lly ~vail~ble materials. w is-a g~neraiiy a baskf~bctlo~~-group .. -
attached to Z, optionally via an alkyl chain, and is protected during the synthesis of R 6 or 

20 is introduced into the molecule after the -(CR'Rl~)r-U-(CR'2)8-V- linkage has been 
formed. For example, compounds of fonnula (XII) or forinula (I) wherein Vi is,.a suitably 
substituted R'R"N-, R"R'NC(=NR'), R'2N(R 13)C=N-, R"N=(R 13)C-NR'-, 
R'2N(R'2N)C=N- orR"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 

2 5 are incorporated herein by reference. 

~mpounds of fonnula (XII) wherein W is 0 are prepared, inter alia, by 
methods disclosed in EP-A 0 478 363. 

Compounds w_herein Wis R'2N(R12N)C=N-X- or R"R'N(R'N=)C-NR'-X-, and X 
is 0 are prepared, inter alia, by methods disclosed in J. Org. Chem., 51, 5047 (1986). 

30 Compounds wherein Wis R'2N(R'2N)C=N-X- or R"R'N(R'N=)C-NR'-X-, and X 
is N=CR', ~ prepared, inter alia, by methods disclo$ed in United States Paterit 
3,714,253 and Eur. J. Med. Chem.-Chim~ Ther., 20, 25 (1985). 

Compounds wherein W isR'2N(R'2N)C=N-X- or R"R'N(R'N=)C-NR'-X-, and X 
is C(O), are prepared, interalia, by methods disclosed in United States Patent 3,714,253 

35 and.Can. J. Chem., 43, 3103 (1965). 

Compoun_ds wherein Wis R'ONR'C(=NR')- may be prepared, inter alia, by 
methods disclosed in J. Her. Chem., 16, 1063 (1979) or J. Het. Chem., 26, 125 (1989). 
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Compounds wherein Wis R'2NR'NC(=NR'}- are prepared by conventional 

methods including those disclosed in Synthesis, 583 (1974). 
·Compounds' -wnerehf w fa I{'R'iNR'N~ -m-e·'·prepared.~ inier alid~VY -~eilic;d5. . . 

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 Wis 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 

1 o is 0, are prepared by conventional methods including those disclosed in Japanese Patent 

. 2022751. 

Useful intermediates of fonI!ula (XII) include .compounds of the formula W'­

(CR'2)q-Z-(CR'R lO)r-U-(CR'2)s-L2, ~herein Z, R', R'\ RlO, U, q, r, ands are as defined 

for formula (I); L2 is CHO, C(hR\ c:=c-H, OH, Cl, Br, I, CH2-T or NR'R", and Tis 

is CF3S03, OH, NHR", Cl, Br or I; and W' is W with any reactive· basic nitrogen group 

protected as herein described ·by RP, a nitrogen protecting group. R'SQi, R'OCO and 

R'CO (e.g., Tos, Boe, _Cbz· Qr acetyl} ate :tYJ>ical ;njt:ajgen prc>~~cting gI'.Oups~:·· P~cular 
. . . . . . ·. . . . . .. . . .. ~ .-. ~ , . 

20 

examples of such intermediates are: 

RPR"·Nv(CH,)14-l' 

I 

('NH 

and 0 e.....} , wherein E is N or CH, R20 is hydrogen, amino, mono or di-C1. 

4alkylamino, hydroxy or C1-4alkyl. 

The reactive functional groups of the sidechains of each synihetic fragment are 

25 suitably protected as known in the art. Suitable protective groups. are disclosed in 

Greene, PROTECTIVE GROUPS IN ORGANIC CHEMIS'IRY, John Wiley and Sons, New York, 

198L For example, the Boe, Cbz, phthaloyl orFmoc group may be used for protection of 

an amino or amidix:io group. The Boe group is generally preferred for protection of an a­

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 tosyI·group m·ay be used forptotedion ·afthe'imidazoiyi group and tosyl or 
nitro group for protection of the guanidino group. A suitably substituted carbobenzyloxy 

s group or benzyl group may. be also be used for the hydroxyl group or amino group. 

Suitable substitution of the .carbobenzyloxy or benzyl protecting groups is ortho and/or 

para substitution with chloto, bromo, nitro or methyl, and is used to modify the reactivity 

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

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

1 o These protective groups are removed by such methods as catalytic hydrogenation, sodium 

in liquid ammonia or HF treatment, as known in the art. 

15 

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

· ~ystem! may be acco~plished by alkylation, sulfonylation, cyanation or acylatfon as is 

·generally known in the art. 

Acid additio~ salts of the peptides are prepared in a standard manner in a suitable 

solvent from the paren~ cQmpound and an excess of an acid, such as hydrochloric, 

. hyqrobromic, sulfuri~~ phosphoric, acetic,·maleic, sucdni~ or metlianesulfonic; The 
.. acetate ~alt form is- e~p:edally. user~i .. :cert&~ ~f th~-compourtds fonn u;~er salts or 

zwitterions which may be acceptable. Cationic salts are prepared by treating the parent 

2 o compound with an excess of an alkaline reagent, such as· a hydroxide, carbonate or 

alkoxide, contaiI)ingthe.appropriate cation; or with an appropriate organic amine. 
Cations such as Li+, Na+, K+, Ca++, Mg++ and N'H.4+ are specific examples of cations 

present in phannaceutically acceptable salts. 

This invention provides a pharmaceutical composition which comprises a 

25 compound according to for:mula (I) and a pharmaceutically acceptable carrier. 
Accordingiy, the compounds of formula (I) may be used In the manufacture of a 

medicament .. Pharmaceutical compositions of the compounds of fonnula (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 

30 or other pharmaceutically acceptable carrier prior to use. The liquid fonnulation may be 

a buffered, isotonic, aqueous solution. Examples of suitable diluents are normal isotonic 

saline solution, standard 5% dextrose in water or buffered sodium <;>r 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 

35 for ip.sufflation. 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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Alternately, these peptides may be encapsulated, tableted or .prepared in a 

emulsion or syrup for oral administration. Phannaceutically acceptable solid or liquid 

. carriers may .. be added-to enhance or.stabilize·,the composition; ot to fadlitate ·preparation 
of the composition. Solid carriers include starch, lactose, calcium sulfate dihydrate, tem 

s 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 phannaceutical preparations are made 

lo following the conventional techniques of phannacy involving milling, mixing, 

gi"anulating, and compressing, when_necessary, for tablet fo~s; or milling, mixing and 

filling for hard gelatin capsule forms. When a liquid carrier is used, the preparation will 

be in the fonn of a syrup, elixir, em_ulsion or an aqueous or non:.aqueous suspension. 

Such a liquid fonnulation 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 extjpien_ts such ~s cocoa butter, glycerin, gelati11 or polyethylene glyc()ls.and molded 
· int~isuppository. 

The compounds of this invention may be used in vitro to inhibit the aggregation 

2 o 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 

fonnation in a mammal, especially a human, which comprises the internal administration 

.of a peptide of fonnula (I) and a phannaceutically acceptable earner. Indications for such 

25 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-panum trauma, cardiopulmonary bypass surgery, 

30 incompatible blood transfusion, abruptio placenta, thrombotic thrombocytopenic pmpura 

(TIP), 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 meth~ 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 

35 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 phannaceutical 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; ari intravenous ihfilsfoff"bf ilie _, '-· -· -· 
peptide in 5% dextrose in water or nonnal saline is most effective, although-an 

s 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 one 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. 

i o This invention further provides a method for inhibiting the reocclusion of an 
anery 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 completely or prolongs the time­
to reocclusion. 

15 When used in the context of this invention the term fibrinolytic agent is intended 
to mean any compound, whether a natural or synthetic product, which dlrectly or. 
indirectly causes the lysis of a fibrin clot. -Plasminogen activators are a well known g(C)Up . . . . . . . . . . . . . . . . . . . . . - ~ . 

of fibrinolytic agents. Useful plasminogen activators inClude, for example, anistreplase, 
urokinase (UK), pro-urokinase (pUK), streptokinase (SK), tissue plasminogen activator 

2 o (tP A) and mutants, or variants, thereof, which retain plasminogen activator activity, such 
as variants which have been cherr.ically modified or in which one or more amino acids 
have been added, deleted or substituted or in whiC:h 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 

2 s fibrin binding molecule. Other illustrative variants include tP A molecules in which one 
' 

or more glycosylation sites have been altered. Preferred among plasminogen activators 
are variants of tP A 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 

3 o Browne et al., EP-A 0 240 334. Other variants include hybrid proteins, such as those 
disclosed in EP 0 028 489, EP 0 155 387 and EP 0 2_97 882, all of which are incorporated 
herein by reference. Anistreplase is a preferred hybrid protein for 1:1se in this invention. 
Fibrinolytic agents may be isolated from natural sources, but are commonly produced by 
traditional methods of genetic engineering. 

35 Useful formulations of tPA, SK, UK and pUK are disclosed, for example, in EP-A 
0 211 592, EP-A 0 092 182 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 to 5.5. Additional excipients such ·as polyvinyl pyrrolidone, 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 

s formula (I) and fibrinolytic in the same container, but formulation in different containe~ 

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 

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

tP A 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-theJClpy reocclusion. The effective dose of tP A, SK, UK or p UK may be 

from 0.5 to 5 mg/kg and the effective dose of the peptide may be from about 0.1 to 25 

15 mg/kg. 

."·· ··.,:· 

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

same or diff~e~t tjmes, a kit is prepared, (:Omprlsb~g. in:_a~~~gle. ~ontai~~r:. ,Sl:J.ch ~ a.box, .. · 
~anon or othet'con~~er, ~dividual bottles·. bags~· ~alS m .. ~thei" confumer~·~ach' having ~ 
effective amount of the inhibitor for parenteral administration, as described above, .and an 

2 o effective amount of tP A, or .other fibrinolytic agent, for parenteral administration, as 

described above. Such kit can comprise, for example, both pharmaceutical agents in · . 

separate containers or the same container, OP.tionally 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 

25 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 together as a 

powder and provided in a single container. 

When both agents ~e provided in solution form, they can be contained in an· 

infusion/injection system· for simultaneous administration or in a tandem arrangement. 
30 For example, the platelet aggregation inhibitor may be in an i.v. injectable fonn, or 

infusion bag linked in series, via tubing, to.the fibrinolytic agent in a secon~ infusion bag. 

Using such a system, a ·patient can receive. an initial bolus-type injection or infusion, of 

.the peptide inhibitor followed by an infusion of the fibrinolytic agent. 

The pharmacological activity of the compoun4s of this invention is assessed by 

35 their.ability to inhibit the binding of 3H-SK&F 107260, a known RGD-fibrinogen 

antagonist, to the GPilbIIla receptor; their ability to inhibit platelet aggregation, in vitro, 

and their ability to inhibit thrombus formation in vivo. 
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Inhibition of ROD-mediated GPIIb-IIIa binding 
Inhibition of ROD-mediated GPilb-IIIa bfoding was· demonstrated by assessing 

the abmty of.c;C>mP.OJJ:Qd~.-to inhibit.. the bin.cling of._3H-SK&F-.107260, a- known- RGD- · . 

fibrinogen antagonist, to the GPIIbIIIa receptor according to the procedure disclosed in 

s 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). 

10 The compounds of this invention inhibit the aggregation of human platelets 

15 

stimulated with ADP with IC50 of about 0.001 to about 150 µM. Preferred compounds 

have IC50 of less than 0.1 µM. 

· To assess the stability of the compounds to plasma proteases, the compounds were 

incubated for 3 h (rather than 3 min) in the PRP prior to addition of the agonist. 

In Vivo Inhibition of Platelet Aggregation 
.. 

In vivo inhibition of thrombus ~<?m:t~tiqn i~. q~monstt.?~<:d py re~orcllng, the 
systemic and heinodynami~ effects -~r 1nru-~icin ~f th6 peptid~s ·1rit6 anesthetized dogs 

according to the methods described in Aileen et al., Prostaglandins, 19, 629 (1980). 

2 o The examples which follow are intended to in no way limit the scope of this 

25 

invention, but are provided. to illustrate 4ow·to make and use the compounds of this 

invention. Many other embodiments will b~ readily apparent and ayailable to those 

skilled in the an. 
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The examples whlch 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 

iµv~µtiq_n~ . M~Y Q~ei:: e.m~din::ie~ts \:Yjll .~. ~~Y appru;ent, and ~y.ailable to those skilled 
._, .... ;. . ·.- ·. :. . .'.• ....... . 

in the art. 

EXAMPLES 

' 

In the Examples, all te~peratures are in degrees Centigrade. Mass spectra were 

perfonned using fast atom bombardment (FAB) or electro-spray (ES) ioniz.ation. Melting 

10 points were taken on a Thomas-Hoover capillary melting point apparatus and are 

uncorrected. 

NMRwere recorded at 250 :MHz using a· Bruker AM 250 spectrometer, unless 
..... ·. otherwise indicated. Chemical shifts are· reported· in ppm (O) downfield from 
-- I . 

~:: tetramethylsilane. Multiplicities for NMR spectra are indicated as: s=singlet, d=doublet, -

15 t=triplet, q=quanet, m=multiplet, dd=doublet Qf 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 Alrich Chemical co~,'Milwailke~; Wisconsin .. Celite® is filter aid . . . :· .. ·· · .. · .. - ...... · · .. ·· .. ·. ... '• . .. . . . -

composed of acid washed diatomaceous silica. and is a registered trademark of Mansville 

20 Corp., Denver, Colorado. Florisil® is an activated magnesium silicate chromatographic 
. . 

support and is a registered trademark of Floridan Co., Pittsburgh, Pennsylvania. Analtech 

silica gel GF and EM silica gel thin layer plates were used for tlµn 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. 

25 AN/W-TF A indicates an isocratic eluant system of the indicated pen:entage of acetonitrile 
in water with 0.1%1FA. 5µ Apex-ODS indicates an octadecylsilane derivatized silica gel 

' 
suppof4 having a nominal panicle size of 5µ. made by Jones Chromatography. Littleton, . 

Colorado. YMC ODS-AQ® is an ODS chromatographic suppon and is a registered 

trademark ofYMC Co. Ltd., Kyoto, Japan. PRP-1® is a polymeric (styrene-divinyl 

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

Nevada. 

. . 
·The following methods are illustrative of the manner of making cenain useful intermediates 

for the preparation of the compou11ds of this invention . 
. 35 

fuparation 1 

Pre.paration of 3-(2:..pyrazinyl"Wr<wanoic acid 
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a) t-butyl 3-(2-pyrazinyl)propionate 

. : ·.·.:· . . ·: ... ~- ~-._ ... ; :·.:: 

. Asolution of diisopropylamine -(4.0 mL, 28.5·mmol) in TIIF (20.mL) was.treated 
with 2.5M n-butyllithium ( 11.42 mL, 28.5 mmol) at -78°C. The mixture was wanned to 

s . RT for O.;> h, cooled to -78° C, and 2-methylpyrazine (2.0 mL, 21.9 mmol) was added. 
The reaction mixture was wanned 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 hand 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 

IO the title compound (3.06 g, 67%) as a light yellow oil. MS(ES) m/e 209 [M+H]+; lH 
· NMR (250 MHz) 8 8.37-8.57 (m, 3H), 3.10 (t, 2H), 2.74 (t, 2H), 1.43 (s, 9H). 

b) 3-(2-pyrazinyl)propanoic Acid 
. . 

The compound of Preparation l(a) (0.26 g, 1.2 mmol) was treated with TFA (3 
15 mL) for 30 min and the mixture was concentrated to yield the title compound (0.18 g, 

98%) as a light yellow oil. lH NMR (90 MHz) S 8.41-8.56 (m, 3H), 3. 24 (t, 2H), 2.77 
. . 

(t, 2I:l). 

Preparation 2 
20 

'.Preparation of 3-C 4-pyridyl)propanamine 

a) N-[3-( 4-pyridyl)propyl]phthalimide 
) 

Diethyl azodicarboxylate (4.4 g, 25.4 mmol) was dissolved in dry TI-IF and added 
25 dropwise to a solution of 3-(4-pyridyl)propanol (3.18 g, 23.18 mmol), triphenylphosphine 

{12.3 g, 46.9 inmol} 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 

30 the title compound (3.3 g, 54%). lH NMR (90 MHz, CDCI3) 8 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, 
35 tre11ted with anhydrous hydrazine (0.3 mL, 9.5 mmol), stirred overnight and conce~trated. 

The residue was treated with hydrazine in ethanol overnight, concentrated and the residue 
taken up in chloroform, filtered and concentrated to give the title coinpound (1.1 g, quant). 
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lH NMR (90 MHz, CDCI3) o 8.45 (d, 2H), 7.77 (t, lH), 7.40 (rn, 2H), 7.12 (d, 2H), 

3.38 (q, 2H), 2.60(t, 2H), 1.86 (rn, 2H). 

Preparation 3 

Preparation of 5-Cbenzyloxycarbonylamino)pentanamine 

To a suspension of 1,5-diaminopentane dihydrochloride (2.9 g, 16.7 rnmol) in 

TIIF (100 rnL) was added 20% aqueous sodium hydroxide (10.0 g, 50 mmol) at OOC. A 

10 solution of benzyl chlorofonnate (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 

rnL). ~is solution was extracted with water (3 x 50 mL.), dried (sodium sulfa~) and 

concentrated. The residue was redissolved in ether (50 rnL) and 1.0 M ethereal hydrogen 
15 chloride (3.0 mL) was added. The resulting precipitate was filtered, suspended in CH2CI2 

(75 mL) and shaken with 5% sodium hydrpxide (15 mL). The organic layer was washed 

with water (75 mL), dried (sodium. sulfate) and cm1centrated to give the: title c~pouQd. . . . I . . . . . · .... · . . .·. ·. . . .. . . . 
(0.25 g, 30%): H NMR (400 MHz, CDCI3) o 7~15-7.4 (m, SH), 5.15-5.4 (m, lH), 

5.05 (s, 2H), 3.05-3.2 (m, 2H), 2.55-2.7 (m, 2H), 1.2-1.S (m, 6H). 

20 

Preparation 4 

Preparation of 4-CN-Ct-butoxycarbonyl-N-(propyJl-aminomethyllaniline 

25 a) 4-[N-(t-butoxycarbonyl-N-(propyl)aminomethyl]-1-nitrobenz.ene . 
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 hat RT, concentrated and the residue stined in water (100 mL) for 1 

h. The aqueous phase was decanted and the residue dissolved in ethyl acetate (300 mL). 

30 The solution was extracted with water(~ x 100 mL) and brine (100 mL), dried (sodium 

sulfate) and concentrated to yield the title. compound (2.65 g, 95%). lH NMR (400 MHz, 
CDCI3) S· 8.2 (d, 2H), 7.4 (d, 2H), 4.5 _{m, 2H), 3.15 {d, 2H), 1.3-1.6 (m, 9H), 0.9 (t, 
3H). 

35 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 compoum~ (2.4 g., 100%). 
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lH NMR (400 MHz, CDCl3) B 7.0-7.3 (m, 3H), 6.6 (d, IH), 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 of3-[N-Ct-butoxycarbonyl)aminomethyll-benzylamine: and 

4-fN-(t-butoxycarbonyl)aminomethyllbenzylarnine 

The title compounds were prepared using the general procedure of J. Med. Chem .• 32, 

391 (1989). 

Preparation 6 

Preparation of 3-£4-CN-Ct-buto~yc:trbonyl)piperi-dinylllpropanamine 

15 a) 3-[4-[N-(t-butoxycarbonyl)piperidinyl]]propanol 

3-(4-_Pyridyl)propanol (10.40 g, 75.8 mmol) was diss.Qlvedin glacial acetic _acid, 

platinwn oxide_ (l,g) was added and the _Illixture w~ shale~!) w~_hyciroge~a~ _.(5_0,p~D.f9r .. 

6 h. The mixture ~as fllie~d ~ugh ~lite®~ co~centratcii and conce~~ted -~~~ rm~. 
toluene. The residue was dried under reduced pressure, dissolved in CH2Cl2 (150mL) 

20 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·fue·residue was· 

taken up in ethyl acetate and washed sequentially with water, IN hydrochloric acid (2x), 

water and lN sodium bicarbonate (2x). The organic phase was dried (magnesium sulfate), 

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

25 chloroform; 5:95 methanol:chloroform) to give the title c~mpound (12.87 g, 68.7%): TI..C 

Rf0.78 (silica 9:1 chlorofonn:methanol); lH NMR (400 :MHz, CDCI3) B 4.08 (m, 2H), 

3.65 (t, 2H),.2.64 (t, 2H), 1.80-0.90 (m), 1.43 (s, 9H). 

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

30 The compound of Preparation 6(a) (2.0 g, 8.22 mmol) was dissolved in dry TIIF 

(100 mL) with phthalimide (1.52 g, 10.34 mmol) and triphenylphosphine (2.22 g, 8.46 

rnmol). Diethyl azidodicarboxylate (1.65 _g; 9.53 inmol) was dissolved in dry 1HF 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 

35 take;n 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%). lH 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 (rn), 

1.50 (s., 9H) 
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c) 3-[4-[N-(t-butoxycarbonyl)piperidinyl]]propanamine 

The compound of Preparation 6(b) (2.0g, 5.42 mmol) was dissolved in ethanol (50 
mL). Anhyekaus .by~aZhi~--(~~~e~~)-~~- ~dd~ci' ~d th~--~~l~ti"~n\.\raS ·s~-~~~riiight~ .. · ..... 

s concentrated and the residue taken into chloroform and filtered. The filtrate was 

concentrated to yield the title compound (863.5 mg, 65.7%). lH NMR (250 MHz, 

CDCl3) o 4.05 (br. d., 2H), 3.00 (t, 2H), 2.66 (t, 2H), 2.2-0.?0 (m), 1.45 (s, 9H); TLC 

10 

Rf 0.63 (3: 1: 1 n-BuOH:HOAc:water). 

Pre.paration 7 

Preparation of 2-C1-C 4-Cbenzy1oxycarbonyDpiperaziny1ll-ethanamine: and 

2-[1 .. [4-<benzyloxycarbonyllpiperazinylll-N-methyl-ethanamine 

·· · 15 a) 2-[1-[4-(benzyloxycarbonyl)piperazinyl]]ethanamine 

2-(1-Piperazinyl)ethylamine was protected according to the general procedure 

of Tet.Lett., 27, 4391 (1986). A SQlution of t.:butykhl~rodiphe~ylsilane (7.8 mL, 

30 mmol) in acetortitrile-(10 irt:L)_-wa$ added drt>P.Wis¢ '.tcf~::s9liitlon of 2-(1.:. 

piperazinyl)ethylamine (4.0 niL, 31 mmol) and triethylarrtine (6.3 mL, 45 mmol) in 

20 acetonitrile (20 mL) stiITed at 10°C. The mixture was stirred 2 h at RT, cooled to 

10°C and treated with triethyl~ine (6.3 mL, 45 mmol) and a solution of benzyl 
chloroformate (4.3 mL, 30 mmol) in.CHtC12 .(IO~). Th~ ~~tore-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 

25 was basified with saturated sodium carbonate, extracted with ethyl acetate and the 
-

organic phase was dried (magnesiwn sulfate), filtered and concentrated to give the title 
compound (1.1g,14%). lNMR (400 _MHz, CDCI3) o 2.43 (6H, m), 2.80 (2H, m), 

3.52 (4H, m)~ 5.14 (2H, s), 7.38 (SH, s). 

30 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 (~ .0 mL, 9 .8 mmol) at l0°C. The mixture was. stirred for-10 min ·and 

heated to 50°C for 2 h. The mixture was cooled to RT, anhydrous JHF (10 mL) was 

added followed by the compound of Preparation 7(a) (1.0 g, 3.8 mmol) dissolved in 

35 TiiF. The mixture was stirred for 2.5 h at RT, concentrated and the residue was 

dissolved in 1HF (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 

. _, ~~oq ~g •. ,~.9~~·-. M~~,~J.~/~_f.78.~9J.M~!fl~; l_N_~~ (49_0. ~z~ CDG13) ~ ~.68_-
3.92 (15H, m), 5.15(2H, s), 7.37 (SH, s) 

Pre.paration 8 

Preparation of 6-Ct-butoxycarbonylamino)hexylamine 

A solution of 1,6-diaminohexane (14 g, 0.12 mol) in ethanol (500 mL) was mixed 

10 with a solution of di-t-butyl carbonate (23g, 0.1 mol) 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 sequentially with brine, cold 0.4N 

hydrochloric acid (150 mL) and water (2 xlOO mL). The pH of the acidic extract was 

15 brought to 12-13 with IN 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"%}. 11.C Rf 0.53 (Kieselgel 60 F254, 15:3:2 2-

butariobfmmic ac.id:w~ter)~·.M'.s·(Es) nVe.217.0; 1NMR. (400 MHz, cDCl3}: B 4.57 (hr S, 

lH}, 3.10-3.12 (m 2H), 2.68-2.71 (m 2H}, 1.84 (hr s.2H), 1.44-1.48 (br s 9H), 1.32-

20 1.34 (br s 8H). 

Preparation 9 

J>nalaration of 4-Ct-butoxycarbonylaminolamine 

25 Using the procedure of Preparation 8, except substi.tuting.1,4-diaminobutane for 

30 

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-pyrazinyl)ethanamine 

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

A mixture of the compound of Preparation l(b) (0.49 g, 3.24 mmol), triethylamine 

35 (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 alco401 (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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~ive the title compound (0.40 g, 48 % ) of protected amine as a light 
·'--'· yellow oil: MS(ES) 258 [M+H]+; lH NMR (250 MHz) B 8.35-8.70 (m, 3H), 7.07-7.51 

(m, 5H), 5.42 (b, lH), 5.11 (s, 2H), 3.62 (t, 2H), 2.99 (t, 2H). 
. '.: . . ·.. . ·.... . . ~ . ,. 

s . b) 2-(2-pyrazinyl)ethanamine 

10 

The compound of Preparation IO(a) (0.15 g, 0.58 mmol) was dissolved in 

tnethanQl (10 mL) and palladium on carbon (5%, 50 mg) was added. The mixture was 

hydrog~nated for 1 h, filtered through Celite® and concentrated to yield the title compound 

(69 mg, 96%) as a light yellow oil. 

Preparation 11 

Pna>~tion of CS)-4-[N-CN-Ct-butoxycar00nyl>a1anyll-aminomethyllaniline 

IS a) (S)-4-[N-[N-(t-butoxycarbonyl)alanyl]aminomethyl]-l-(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-

. ajai:iine N-hydroxysuccininiide ~ster (2.86 g, 10._0 m~ol) in DMF (14 mL) atRT. The . 

mixture was kept at RT for72h, concentrated and the resulting solid was redissolved in 

20 ethyl acetate and washed sequentially with water, lN hydrochloric acid and brine, dried 

(magnesium sulfate) and concentrated to give the title compound (2.37 g, 73%) as an oil. 
TLC Rf 0.74 (5:95 methanol:ethy~ acetate); lH NMR (CDCl3) B 1.41 (d, J=l 1.2 Hz, 

3H), 1.46 (s, 9H), 4.22 (m, lH), 4.56 (m, 2H), 4.94 (br s, lH), 6.90 (br s, lH), 7.43 

(d, 1=12.8 Hz., 2H), 8.18 (d, 1=12.8 Hz, 2H). 

25 

b) (S)-4-[N,-[N-(t- butoxycarbonyl)alanyl]aminomethyl]-aniline 

A mixture of the compound of Preparation l l(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 
H2 (1 attn) for 6.5 h, filtered and the filtrate was concenttated to give the title compound 

Jo (2.02g, 98%) as an oil. UC Rf 0.68 (5% methanoVethyl acetate); lH NMR (OlCI3) B 

1.33 (d, J=7.10 Hz, 3H), 1.39 (s, 9H), 4.12 (m, lH), 4.27 (d, 1=5.0 Hz, 2H), 5.05 (br 

s, lH), 6.38 (br s, lH), 6.60 (d, 1=8.3 Hz, 2H), 7.01 (d, 1=8.3 Hz, 2H). · 

Preparation 12 

35 

Preparation of 4-[{t-butoxycarbonyllaminomethyll-3-chlorobenzoic acid 

a) methyl 4-(phthiilimidomethyl)-3-chlorobenzoa.te . 
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A mixture of methyl 4-bromomethyl-3-chlorobenzoate 10 g, 38 mmol) and 

potassium phthalimide (9.85 g, 53 mmol) in dimethylfonnamide (65 mL) was stirred and 

heated to g5oc for 2 h. The hot mixture was poured into ice water and the resulting solid 

was filtered, wa.Shed. sequ~ntially with water, ethanol and a smail amoµnt of ether and: .. 
s dried to give the title compound. 

b) 4-(aminomethyl)-3-chlorobenzoic 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 

10 . 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 adjus.ted to pH 7 with 2N sodium hydroxide. The resulting 

precipitate was filtered and dried -to yield the title compound. 

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

A mixture of the compound of Preparation 12(b) (1.8 g, 8.2 mmol), di-t-butyl 

carbonate (2.1g,9~8 mmol) and triethylamine (2.3 rnL, 16.4 rnmol) 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 

20 citric acid, dried (magnesium sulfate) and concentrated to give the title compound. 

Pieparation 13 

Preparation of 2-Camino)pyridine-4-ethanarnine dihydrochloride 

25 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 hat RT and refluxed for 24 h. The resulting solution was 

concentrated, dissolved _in chloroform, ~ashed with saturated sodium bicarbonate, brine, 

30 dried (magnesium sulfate) and concentrated to give the title compound as a white solid 

(17.86 g, 84%). 1LC Rf0.55 (5% methanol/chlorofonn); lH NMR (CDCI3) o 3.96 

(3H, s), 4~80 (2H, s),7 .12 (lH, J=5Hz, d), 7 .19 (lH, s), 8.10 (lH, d, J=5Hz). 

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

35 To the compound of Preparation 13(a) (15.14 g, 100 mmol) in dry THF (300 mL) 

was added dropwise, ~ith stirring at 0°C under argon, a solution of lN lithium aluminum 

hydride in THF (200 mL, 200 mmol) ove;r 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 waninsed thoroughly with a s·olution of20%-methanol/chlorofonn {200·· '·: , 

mL). The filtrate was concentrated and the residue was purified by flash chromatography 

5 (silica gel, 10% methanoVchloroform) to obtain the title compound (9.60 g, 77%) as a 

white solid. 1LC Rf 0.17 (5% methanoVchlorofonn). 1 H NMR (CD30D) B 4.55 (2H, 

s), 4.88 (3H, s), 6.62 (lH, d, J=5Hz), 6.65 (lH, s), 7 .88 (lH, d, J=5Hz). 

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

10 To the compound of Preparation 13(b) (9.40 g, 76 mmol) was added 48% 

_a.-·.·,:. 

15 

hydrobromic acid (75 mL). The solution was heated to 100°C under argon for 16 h, 

concentrated and.dPed: under vacu~ni 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 methanol (100 mL) at O~C was· 
. . . . . . . . - . - , . 

added. the compound of Preparation 13(c) (18.67 g, 70 mmol) in one portion. After·s niin," 

the· reaction was allowed to wann to RT. The mixture was stirred for 4 h, acidified with 

20 · acetic acid and concentrated. The residue was dissolved in chloroform, wash~d with 

saturated sodium bicarbonate, brine, dried (magnesium sulfate), and concentrated. The· · 

residue was purified by flash chromatography (silica gel, 3% methanoVchlorofonn) to give 

the title compound (11.00 g, 66%) as an oil which solidified under vacuum. TI..C Rr0.46 

(5% methanol: chloroform). lH NMR (CDCl3) B 3.10 (2H, d, J=8Hz), 3.69 (lH, t), 

25 3.73 (6H, s), 4.51 (2H, br s), 6.38 (lH, s), 6.50 (lH, d, J=5Hz), 8.01 (lH, d, J=5Hz). . . 

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

To the compound of Preparation 13(d) (11.0 g, 46 mmol) was 84ded concentrated 

hydrochloric acid (100 mL). The reaction was heated at 100°C for 16 h and concentrated 

30 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 mmol) was added saturated 

solution of anhydrous hydrogen chloride in methanol (300 mL). The mixture was stirred 

35 for 3 d at RT, concentrated, and dried under vacuum. The remaining solid was dissolved 

in chlorofonn, washed with saturated sodium carbonate, brine, dried (magnesium sulfate) 

and concentrated to give the title compound (7.40 g, 100%). TI..C Rf 0.44 (5% 
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methanoVchloroform). lH NMR (CDCI3) o 2.72 (4H, m), 3.70 {3H, s), 4.69 (2H, br 

s), -6.38 (lH, s), 6.52 (lH, d, J=5Hz), 8.01 (lH, d, J=5Hz). 
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g) methyl 2-(acetarnido)pyridine-4-propionate 

5 To a stirred solution of the compound of Preparation 13(0 (J .40 g; 41 mmol) in 

THF (200 mL) was added sodium bicarbonate (4.5 g, 53.6 mmol) follow~d by acetic 

anhydride (5 mL, 53 mmol). After stirring for 16 h, the reaction was diluted with ethyl 

acetate, washed with saturated sodium carbonate, brine, dried (magnesium sulfate) and 

concentrated. The residue was purified by flash chromatography {silica gel, 3% 

IO methanol/chloroform) to yield the title compound {9.02 g, 98%). TI..C Rf 0.27 (60% ethyl 

acetate/hexane). lH NMR {CDCl3) o 2.22 (3H, s)~-2~70 (2H, t), 3.0 (2H, t), 3.72 (3H, 

s), ~.98 (lH, d, J=5Hz), 8.20 (IH, s), 8.24 {lH,· d, J:SHi:), 9.88 (lH, br s). 

h) 2-(acetarnido)pyridine-4-propioni~ acid 

15 To a stirred solution of the compound of Preparation 13(g) (9.0 g, 40 mmol)"in 

dioxane (150 mL)was added lN sodium hydroxide (80 m4)-dropwise. After stining for 

5 h, the reaction· was made acidi_fled:with 1N-·ltytfn)chltuic-~i~-(80:¢L):andJhe.~s~~ting 
so~ution waS concentrated to a smallvolume to preCipitate.theproduct, which was filtered 

off, rinsed with a small volume of cold water and dried under vacuum to give the title 

20 compound (J .83 g, 94%). TI..C Rf 0.32 (95:4:1 chloroform:methanol:acetic.acid)_. 

MS(DCI/NH3) m/e 209.1 [M+H]+; lHNMR Co6-DMSO) o 2.08 (3H, s), 2.S6 C2H, t), 

3.36 (2H, br s), 6.97 (lH, d, J=5Hz), 7.97-(IH, s), 8.18 (lH, d, J=5Hz). 

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

25 To ~ stirred solution of the compound of Preparati~n 13(h) ( 4,75 g, 23 mmol) and 

triethylamine (3.8 mL, 27 mmol) jn dry toluene (150 mL) was added 

diphenylphqSphorylazide (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 

30 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% 

methanoVchloroform) to yield the title compound (3.92 g, 72%). TI..C Rf 0.42 

(5% methanoVchloroform). MS(DCl/NH3) mie 238.1 [M+H]+; lH NMR (CDCI3) o 
35 2.23 (3H, s), 2.82 (2H, t), 3.39 (2H, m), 3.68 (3H, s), 4.81 (2H, s), 7 .02 (IH, d, 

J=5Hz), 8.03 (lH, s), 8.22 (lH, 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 hydri>Cliforic acid (150 mLJ; The ·reaction wa!f·heated at l1'0°Cifor 24 h, concentrated· · 

and dried under vacuum to give the title compound (3.37 g, 100%) as a white solid. 

5 MS(DCI) m/e 138.1 [M+HJ+. 

Preparation 14. 

Preparation of 2-Chyc1roxylpyridine-4-ethanamine hydrochloride 

10 a) 2-[(2-methoxy)pyrid-4-yl]-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 .. 11..C Rf 

0.24 (30% ethyl acetate/hexane).· MS(DCl/NH3) m/e 211.1 [M+H]+; 1 H NMR (CDCl3) 

B 2.80 (iH, t), 3.49 (2H, m), 3.72 (3H, s), 3.96 (3H, s), 4.82 (lH, br s), 6.66 (lH, s), 

15 6.79 (lH, d, J=5Hz), 8.17 (lH, d, J=5Hz). 

b) 2-(hydro~y)p)lridine-:4-eth~am~~ hydrochlotjde · 

Using the p~ed~ offuparatl~n 130), except substitufutg the compou~ci of 

Preparation 14(a) for the compound of Preparation 13(i), gave the title compound. 

20 MS(DCI/NH3) m/e 139.1 [M+H]+. 

fuparation 15 

Preparation of 4-[(t-butoxycarbonyI>Caminomethylllphenol 

25 4-(~minomethyl)phenol [J. Med. Chem., 26, 808-813, 1983] was dissolved in 

dichloromethane (5 mL) and treated with IN sodium hy~xide (4 mL) at 0°C followed by 

di-t-butyl dicarbonate (610 mg, 2.8 mmol). The solution was allowed to wann to RT, 

stirred for 4 h and concentrated The residue was purified by flash ·chromatography (silica 

gel, 2% methanoVchloroform) lO give the title compound (440 mg). 1 H NMR (250 MHz) 

30 o 7.06 (d, 2H), 6.78 (d, 2H), 4.~5 (bs, IH), 4.20-4.18 (m, 2H), 1.45 (s, 9H). 

Preparation 16 

J>rta?aration of 4-(2-fN-Ct-butoxycarbonyllaminoethylll piperidine· 

35 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 dicar~onate (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 chlorofornl, washed with 5% sodium carbonate, dried (magnesium sulfate) and 

concentrated. The residue was purified by flash chromatography {silica gel, 80% ethyl 
·,_ac~t~.tw.hexane).to give. the.title co_i;npqundJ.01 g(~6%). )HNMR {90 :MHz, CDCl3) o. 

8.53 (d, 2H, J=4.5 Hz), 7.17 (d, 2H, J=4.5 Hz), 5.77 (br s, lH), 3.40 (d oft, 2H, 

5 1=6.0, 7.5 Hz), 2.~3 (t, 2H, J=7 .5 Hz), 1.45 (s, 9H). 

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

A mixture 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 for 4 h. Additional lN 

10 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 fi).trate was concentrated. The residue was concentrated twice · 

from methanol:toluene, taken into chloroform, filtered and concentrated to give the title 

15 compound whicn was used without purification. 

Preparation 17 

Preparation of N-methyl-2-Cl-methyl-1.2.5.6-tetrahydnmyrid-4-yllethanamine. 

20 dihydrochloride 

a) N·(t-butoxycarbonyl)-N~methyl-2-( l-methyl-pyrid-4-yl)ethanamine 

A mixture of N-methyl-2-(pyrid-4-yl)ethanamine ( 4.1 g, 30 mmol), 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 

25 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 

30 A mixture of the compound of Preparation 17(a) (2 g, 10 mmol) and iodomethane 

35 

(21.2 g, 150 mmol) in acetonitrile (30 mL) was heated to reflux for 2 h. The mixture was 

concentrated and the residue.was dissolve_d in dichloromethane, decolorized with charcoal, 

filtered 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]+. 
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c) N-(t-butoxycarbonyl)-N-meth)'i-2-(1-methyl-l,2,5,6-tetrahydropyrid-4-yl)ethanamine, 

dihydrochloride 
·. · · .. · · "The.compound of Preparation 11(b), 0.95. g., 25 mmol) -was.dissolvedin methanol.. - .... -

(30 mL), treated with sodium borohydride (0.38 ~· 10 mmol) and stirred for 2 h. The 

s 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%). 

10 

Preparation 18 

Preparation of 3-CN-(t-butoxycarbonyllpiperidin-4-yllpnmionalciehyde 

To a stirred solution of oxalyl chloride (2 mL, 22 mmol) in dry dichloromethane 

(50 mL) at -78°C under argon, was added dropwise a solution of qimethylsulfoxide (3.4 

mL, 44 mmol) in dichloromethane (10 mL). After 2 min, a s~lution of 3-[N-(t­

butoxycarbonyl)piperidin-4-yl]propanol (4.86 g •. 20 mmol) in dich~orometh~e (10 mL) 

was added dropwise over 5 min~ After stirring. an additional is mi.Ii at -78°C, triethylamine 

(14 mL) was added dropwise. After 5 min, the reaction became a thick white slurry and 

20 was allowed to warm to RT and stirred for 16 h. ·The reaction mixture was washed with 

cold IN 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%). 1LC Rf0.40 (30% ethyl acetate/hexane); lH 

NMR (CDCl3) S 0.95-1.80 (7H, m), 1.48 (9H, s), 2.40-2.90 (4H, m), 4.14 (2H, br dt), 

25 9.88 (lH, t). 

Preparation 19 

Preyaration of 4-fN-Ct-bUtoxycarbonyllarninomethyll 

30 benzalciehyde 

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

To· a stirred solution of 4-[N-(t-b~toxycarbonyl)-aminomethyl]benzoic acid (16.5 

g, 65 mmol) and triethylamine (10 mL, 71 mmol) in dry THF (500 inL) at 0°C was added 

ethyl chloroformate (7 .5 mL, 78 mmol) dropwise. After stirring for 15 min, sodium 

35 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 lN 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 w~ite solid. TLC Rf0.31 {20% ethyl acetate:chlorofonn); 

. -·lH NMR (CDCl3) s 1A6 (9H~ S)~ 3.28 (IH, hrs), 4~27·(2H,·d,J=6Hz);·4':65·(zH;·-s)~··O. 

5.04 (IH, 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 

10 rinsed with dichloromethane. The filtrate was concentrated to give the title compound 

(3.55g, 89%) as a white solid. TLC Rf0.45 (5% methanol/chloroform); lH NMR 

(CDCI3) S 1.49 (9H, s), 4.43 (2H, d, J=6Hz), 5.15 (lH, br s), 7.51 (2H, d, J=8Hz),_ . 

7.92 (2H, d, J=8Hz), 10.10 (lH, s). 

15 Preparation 20 

Preparation. of 2-£2~(aminolpyrid-4-yll-N-methyl-ethanami11e 

a) 2-[2-(amino )pyrid-4-yl]-N-fonny 1-N-metbyl-ethanamine 

To a stirred solution of the compound of Preparation 13G) (L5 g, 7.1 mmol) in IN 

20 sOdium hydroxide (14.3 mL), water (15 mL) and 1BF (30 mL) was added dropwise a 

solution of 4-nitrophenyl formate (1.3 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 methanoVchloroform:ammonium hydroxide) to give the title 

compound (1.14 g, 96%) as a slightly yellowish solid. TLC Rf 0.32 (90:10:0.1, 

25 chlorofonn:methanol:ammonium hydroxide); lH NMR (CDC13) B 2.77 (2H, t), 3.57 
' . . 

(2H, dt), 4.84 (2H, br s), 6.47 (lH, s), 6.57 (lH, d, J=6Hz), 6.94 (lH, br s), 8.0 (lH, 

d, J=6Hz), 8.21 (lH, s). 

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

30 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 lNlithium aluminum 

hydride in TIIF 00 mL, 20 mmol). The reaction was allowed to warm to RT ~d was 

heated to reflux for 16 h. After cooling to 0°C, the reaction was careflllly quenched with 

ethyl acetate (2 mL), water (0.8 mL), 15% sodium hyc:Iroxide (0.8 mL) and water (2.3 

35 mL). The resulting suspension was $tirred ~or 15 min, filtered through Celite®, and the 

filtrate was concentrated. The residue w.as purified by flash chromatography (silica gel, 

75:25:0.1 chlorofonn:methanol:ammonium hydroxide) to afford the title compound (0.30 

g, 66%). TLC Rf 0.16 (80:20:0.1, clilorofonn:methanol:ammonium hydroxide); lH 
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NMR (CDCl3) S 2.45 (3H, s), 2.82 (4H, dt), 4.95 (3H, br s), 6.53 (lH, s), 6.57 (lH, d, 

J=6Hz), 7 .87 (lH, d, J=6Hz). 
··-... 

Preparation 21 

Preparation of 4-[N-Ct-butoxycarbonyl)piperazin-1-yllbut-1-yne 

A mixture ofbutyn-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 (J mL) was stirred and heated to 800C. The mixture was 

10 concentrated and the residue was partitioned between dichloromethane and water. The 

organic phase was washed with brine, dried (magnesium sulfate) and concentrated ~o give 
the title compound (0.38 g) as an oil: 1 H NMR (40C) MHz, CDCl3) s· 3.45 (m, 4H), 2.60 

15 

(t, 2H), 2.42 (m, 4H), 2.38 (t, 2H), 1.99 (s, lH), 1~98 ·cs, 9H)~ 

Preparation 22 

Preparation .of N"-Ct-butoxycarbonyn-4.4'.;bipiperidine· 

4,4'-Bipiperidine dihydrochloride (2.5 g, 10 mmol) was dissolved in water (10 

mL) and treated with SN sodium hydroxide to pH 8-9, diluted to 120 mL with ethanol and 

20 stirred at RT. The resulting mixture. was treated With di+butyl dicarbon~te (2.4 g, 11 

mmol) in ethanol (80 mL) in one portion and the mixture snxrect at RT, with periodic 
additions of SN 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 

25 ether and th~ organic phase was washed sequentially with _brine, dilute citric acid, and 

water. The aqueous phase was adjusted to pH 12-13 with SN sodium hydroxide and 
extracted with ether. The organic phase was washed with brine, dried (sodium sulfate), 
concentrated to a clear o~ and dried in vacuo to give the title compound (1.7 g, 63%) as a 
solid. n.c Rr 0.4 (Kieselgel 60 F254, 1S:3:2 2-butanol:formic acid:water); MS (ES) m/e 

30 268.3 [M+H]+. 

Preparation 23 

35 Preparation of CRS)-7-[[[ 4-(aminoiminomethyl)phenyll-carbonyll-aminol-1-methyl-3-oxo-

4-(2-phenylethyll-1.3.4.S-tetrahydro-2H-1.4-benzodiazepine-2-acetic acid 

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

· ·(35 mL);' followed 0by 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 ponions, while 

5 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)-(3-benzyl N-Boc-N-methyl-aspartate 
10 ~-benzyl (RS)-N-methyl-aspartate (6.6 g, 27 .8 mmol), triethylamine (3.9 mL), 

15 

·and di-t-butyl-dicarbonate (6.1g,_27.8 mmol) were suspended in DMF (45 mL). Upon 
dissolution the re~tion mixture was tt:eated with cold KHS04 solution, extracted with .. •·· . . ..... 

EtOAc·, dried over MgS04, and evaporated to give the title compound (6.8 g, 72%). MS 

m/e 338 [M+H]+. 

c) 2-fluor~S-nitro-~-(2-p.henylethyl)]-benzylamine . . ~ 

2-fluoro-~-:ni~benzaldehy4~,Cl_ 1.9,.g,_ 70.mmol) an_d 2-p~enylethylamine (13 
mL, 0.1 mol) Were dissoived in .metharioi\i50 ftii.)"and glacW acetic acid (15 mL). The 
solution was cooled to 0°C, and sodium cyanoborohydride (6.6 g, 0.1 mol) was added 

20 portionwise. The reaction was adjusted to pH 6 with acetic acid and stirred at room 
temperature for 24 h. The reaction mixture 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 

25 275 [M+.H]+. 

d) (RS)-N-[(l ,l-dimethylethoxy)carbonyl]-N-methyl-0-benzyl-aspartyl[(N'-(2-fluoro-5-
nitto-benzyl),N'-(2-phenylethyl)]amide 

A solution of the compound of Preparation 23( c) ( 4.0 g, 11.9 mmol) in CH2 Cl2 

30 (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 col!lpound from 
Preparation 23(b) (6.0 g, 17.8 mmol). llte rea,ction mixture was stirred overnight at room 
temperature, and poured into ice water (350 mL). The i:nixture wa8 extracted with ethyl 
acetate. The combined organic extracts were washeQ with 1 M KHS04, water, 5% 

35 NaHC03 and brine, and dried over MgS04. 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-0-benzyl-aspartyl[(N'-(2-fluoro-5-nitro-benzyl),N'-(2-
phenylethyl}]amide 

,. ·' · · - · · , .. The con'lpbiitid'of Preparatlon'23(d)(2~0.-g; 3.4 mmol) was .. stirred with 4M . 

HCVdioxane (9 mL} for 18 h. Evaporation of the solvents in vacuo yielded the ti~e 
5 compound. 

10 

15 

f} benzyl 1-methyl~7-nitro-3-oxo-4-(2-phenylethyl}-l ,3,4,5-tetrahydro-2H-1,4-
benz.odiazepine-2-acetate 

To a solution of the compound of ~eparation 23(e} (2.0 g, 3.4 mmol} in DMSO 
(50 mL), triethylamine (2.4 mL) was added. The reac~on mixture was stined overnight, 
poured into water and ex~cted with ethyl acetate. The combined organic phases were 
washed with brine and dried over sodium sulfate. Filtration and coneentration of the 
organic extracts in vacuo yielded the title compound (1.6 g, 98%). MS m/e 474.2 
[M+H]+. 

g) benzyl 7-amino-1-methyl-3-oxo-4-(2-phenylethyl)-l,3,4,5-tetrahydro-2H-l ,4-
. benzodiazep~e..;2-.a~tate. 

· .. A s~l~ti~n of-fu~ COillpbund of Preparation 23(f) (1.6 g, 3.38 mmol) in ethyl 
acetate (100 mL} and platinum oxide catalyst (0.6 g} was shaken on a Parr shaker under 

20 hydrogen ( 40 psi} for 24 h. The catalyst was filtered from the solution and the solvent was 
evaporated in vacuo to yield the title compound (1.5 g, 98%). MS m/e 444.2 [M+H]+. 

h) benzyl 7-[[[ 4-(benzyloxycarbonyl-aminoiminomethyl)phenyl]-carbonyl]amino ]-1-
methyl-3-oxo-4-(2-phenylethyl)-1,3,4,5-tetrahydro-2H-1,4-benzodiazepine-2-acetate 

25 A mixture of the compound of Preparation 23(g) (1.5 g, 3.4 mmol), p-
' 

(benzyloxycarbonylamidino)benzoic acid (1.01g,3.4 mmol), BOP reagent (1.5 g, 3.4 
mmol),and triethylamine (1.0 mL) in DMF (12 mL) was stirred overnight under an argon 
atmosphere. The solution was poured into a mixture ofice water (160 mL) and 5% · 
NaHCOJ (14 mL), and the resulting precipitate was filtered. The filtered solid was 

30 dissolved in CH2Clz, dried over sodium sulfate, filtered, and the filtrate was concentrated 
in vacuo to a. solid (3.2 _g). This material was chromatognphed (silica gel~ 65% 
EtOAc/hexane) to yield the title compound (1.5 g, 61 %). MS m/e 724 [M+H]+. 

i) 7-[[[ 4-(aminoiminomethyl)phenyl]-carbonyl]amino]-1-methyl-3-oxo-4-(2-phenylethyl)-
35 l,3,4,5-t~trahydro-2H-1,4-benzodiazepine-2-acetic acid benzyl ester, 

and 

7-[[[4-(aminoiminomethyl)phenyl]-carbonyl]amino]-1-methyl-3-oxo-4-(2-phenylethyl)­
l,3,4,5-tetrahydro-2H-l,4-benzodiazepine-2-acetic acid 
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To ·a solution of the compound of Preparation 23(h) (~.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 (l.3 g,.activated) was added .. The.m.ixture was.hydrogenated 
in a Parr shaker (45 psi) for 6 h. The reaction mixture was filtered, the filtrate was 

5 evaporated and a portion (0.36 g) of the resulting residue was purified on HPLC (silica 
gel-ODS, 32% CH3CN/H20-0.l % TFA) to yield the title benzyl ester and acid. For 

benzyl ester: Anal. (C35H35N504•TFA·H20) calcd: C, 61.58; H,5.31; N, 9.70. found: 

10 

C, 61.52; H, 5.00; N, 9.45. For the acid: ESMS m/e 590 [M+H]+. 

PreJ>aration 24 

Preparation of CR.Sl-8-Uf 4-(aminoiminomet!Jyl)phenyllaminol-carbony11-1.2.4.5-
tetrabydro-3-oxo-4-C2-phenylethyl)-3H-1.4-benzodiazepine-2-acetic acid. dihydrochloride 

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

A solution oft-butyl 4-bromomethyl-3-ni~obenzoate [prepare.d by the method in 
Int. i. Peptide Res., 36, 31 (1990)] (1.6 g, 0.005 mol) in CH2ci2 (10 mL) was added 
dropwise, over 15 min, to a solQtion of phenethylamine (1.89 g, 0.015 mol) in CH:iCh 

20 (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) ~d di-t-butyl dicarbonate (4.4 g, 0.02 mol) in 
THF (50 mL). The resulting mixture was stined overnight at room temperature under 
argon and concentrated in vacuo. The residue was dissolved in ethyl acetate, washed with 

25 water and dried with sodium sulfate. The organic phase was concentrated in vacuo and the 
residue was' niturated with ethyl acetate:hexane (15:85) to yield the title compound (0.87 g, 
37%). Mp 110-113°C. 

30 

The filtrate was chromatographed (silica gel, ethyl acetate:hexane 15:85) to yield 
additional compound (0.5 g, 21 % ). Mp l 13-l 15°C. 

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

A mixture of the compound of ~paration 24(a) (1.3 g, 0.0028 incl), ethanol (125 
mL) and 10% Pd/C (0.32 g) was shaken under a hydrogen atmosphere (40 psi) for 50 

min. The mixture was filtered and the filtrate was concentrated in vacuo to give the title · 
35 compound. Mp 105-106°C. 
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c) t-butyl (1¥Z)-3-[2-(1,4-dimethc:,xy-1,4-dioxo-2-butenyl)amino}·4-[N-(t­

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

· A solution of the eompound·of Preparation 24(b) (LlS:·.g, 0 .. 002.7. molti.o metha11.ol. .. , . 

(50 mL) was treated with dimethyl acetylenedicarboxylate (0.45 g, 0.0032 mol) and the 

5 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-(l ,4-dimethoxy-1,4-dioxo-2-butyl)-amino ]-4-[N-(t-butoxycarbonyl)-

10 N-(2-phenylethyl)aminomethyl]-benzoate 

15 

A solution of the compoupd of Preparation 24(c) (1..3 g, 0.0023 mol) in methanol · 

(100 mL) containi11g 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-l,2,4,5-tetrahydro-3-oxo-4-(2~phenylethyl)-3H-l,4-

benmdiazepine-2-acetate 

A solution of ihe compound of Preparation 24(d) (1.3 g, 0.003 mol) in CH2Cl2 

(50"mL) and TFA (50 mL) was kept at room temperature under argon overnight. The 

20 mixture was concentrated in vacuo to give a residue containing crude {R,S)-3-[2-(l,4-

dimethoxy-l,4-dioxo-2-butyl)amino]-4-[N-(2-phenylethyl)aminomethyl]benzoic acid; 

The residue was dissolved in anhydrous meth~ol (10 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 IN HCI in diethyl ether (7.5 mL). 

25 concentrated in vacuo, treated with methanol (3 x 20 mL) and concentrated in vacuo. The . 
residue was dissolved in methanol:CH2Cl2:acetic acid (10:90:0.4, 15 mL), filtered and 

chromatographed (silica gel, methanol:CH2Cl2:acetic acid 10:90:0.4) to give the title 

compound (0.66 g, 70%). 

The solid was dissolved in CH2Cl2 (30 mL} and treated with IN HCi in diethyl 

30 ether (3 mL) to give methyl (R,S)-8-carboxy-l,2,4,5 .. tetrahyclr0-3-oxo-4-(2-phenylethyl)-

3H-l,4-benzodiazepine-2-acetate hydrochloride. 

t) methyl (R,S)-8-chlorocarbonyl- l ,2,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-3H-1,4-

benmdiazepine-2-acetate, hydrochloride 

35 A mixture of the hydrochloride salt of the compound of Preparation 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 OI2Cl2 (3 x 20 mL) and concentrated in 
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vacuo to give methyl (R,S)-8-chlorocarbonyl-l,2,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-

3H-l,4-benzodiazepine-2-acetate hydrochloride as a yellow solid. 
• _. • • • • • • • • ' • • r • ·: :,."~ • . ·- · .. ·. . ,·· . .. - ~ . 

g) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-

5 aminoiminomethyl]phenyl]amino]carbonyl]-l,2,4,5-tetrahydro-3-oxo-4-(2-pheny,lethyl)-

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

A solution of 4-[N-(benzyloxycarbonyl)-aminoiminomethyl]aniline (0.13 g, 0.5 

mmol) and diisopropylethylamine (0.062 g, 0.5 mmol) in CH2Cl2 (25 mL) was added a 

solution of the compound of Preparation 24(f) in CH2Cl2 (5 mL). The mixture was kept at 

10 room temperature for 20 h, treated with diisopropylethylamine (0.15 g) and washed with 

water.'· The orgmic .. phase was dried with sodium s·ulfare and concentrated in vacua. The 

residue was purified by preparative ~C (silica gel, methanol:CH2Cl2 5:95) and eluted 
I . . . 

with methanol-CH2Cl2-diisopropylethylamine to the title compound (0.14 g, 46%). 

MS(ES) m/e 634 (M+H]+. Anal.(C36li35N506·HCl02.5H20) clacd: C, 60.45; H, 5.78; 

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

h) methyt(R,S)-8-[[[ 4-(aminoiminomethyl)P,heny~]amino ]-carbonyl]:: I ~,4.S::tetr~ydro-
.·: . . . . . . . . .. ·_· ·: . ·.·. . .· . 

3-oxo-4-(2-phenylethyl)-3H-1,4-benzodiazepine-2~acetate 

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

20 Pd/C (0.1 g) in methanol (50 mL) and IN HCI in diethyl ether (1.0 InL) was shaken under 

a hydrogen atmosphere (30 psi) at room temperature for 30 min; The" mixmre was· filtered 

and the filtrate concentrated in vacuo to yield the title compound. IH NMR (CD30D, 400 

MHz) d 8.0 (d, 2H), 7,8 (d, 2H), 7.0-7.25 (m, 8H), 5.5 (d, lH), 5.15 (m, lH), 3.9 (d, 

lH), 3.75 (m, lH), 3.7 (s, 3H), 3.65 (m, lH), 2.95 (dd, lH), 2.75 (t, 2H), 2.65 (dd, 

25 lH); MSres) m/e 500.2 [M+H]+. 
I 

i) (R,S)-8-([[ 4-(aminoiminomethyl)phenyl]amino ]carbonyl]-1,2,4,5-tetrahydro-3-oxo-4-

(2-phenylethyl)-3H-1,4-benzodiazepine-2-acetate, dihydrochloride 

A solution of the compound of Preparation ~(h) (0.1 g, 0.175 mmol} in a mixture 

30 of methanol (20 mL), water (2 mL) and IN NaOH (1 mL) was stirred at room temperature 

for 19 h. The mixture was acidified to pH 1 with 3N HCl, concentrated inyacuo and 
. . ~ . . . . 

purified by HPLC-RT 21.19 min (YMCODS-AQ®;SO x 2~0 mm, 1.5 mL/min, 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 

35 lyophylized to yield the title compound (0.37 g, 40%). MS(EI) rn/e 486 [M+H]+. 
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Preparation 25 

Preparation.OfCR.S),.8,.[[£4.,(aminoiminomethyDphenyl]-methyl_aminqlcar;bonyl]-l .2.~·~"'. _ 

tetrahydio-3-oxo-4-{2-phenylethyll-1 H-1.4-benzodiazepi ne-2-acetic acid 

a) 4-(aminomethyl)benzonitrile 

A solution of 4-aminobenzonitrile (5.91gi50 mmol) and TFA (0.19 mL, 2.5 

mmol) in dry, distilled niethylorthofonnate (100 mL) was heated to reflux under argon. 

After 0.5 h at reflux, the yellow solution was concentrated to dryness in vacuo to 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 allowe4 ~9wann to room temperature ove.r 0.5 hand heated to. 

reflux:. After 1 h, the thick mix~ was concentra~ed in vacuo·, ~d the residue WaS 
partitioned between H20 (IOO_mL).and EtiO (100 mL). The layers were separated, and· 

the aqueous layer was extracted with Et20. The combined org~c layers were dried 

(MgS04) and concentrated to a yellow solid. The solid was purified by chromatography 

(silica gel, 3d% EtOA~ex~e) t~ yi~Jd the ~tie compound as ~faintly yellow solid (6.10 
g. 92%). Ti..c R.(o~45·(siiic~·gei~·30~/:E16A~e~arie); lli··NMR·(2so·Mfiz, coc13)· B 
7.43 (d, 2H), 6.55 (d, 2H), 4.39 (br s, lH), 2.88 (s, 3H); IR (CHCl3) 3460, 2220, 

1610, 1528, 1337, 1176, 823 cm-1; MS(ES) m/e 133.0 [M+H]+. 

b) 4-aminomethyl-(N-t-benzyloxycarbonyl)~nzaniidine 

A solution of trimethylalwninum in toluene (2.0M, 51 mL, 102 mmol) was added 
over 4 min to a suspension of powdered Nl4Cl (5.46 g, 102 mmol) in dry toluene (51 

25 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 

wanned to 80°C (oil bath}. Gas evolution occurred on wanning. After 23 hat 80°C,.the 

reaction was cooled to room temperatlU"C and poured into a stirred sluny of silica gel (170 
30 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 s_olid \Vhich 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 TIIF (136 mL) arid H20 (34 mL), and the solution 

35 was.cooled to 0°C. SN NaOH (20 mL, 100 mmol) was added diopwise, 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 TIIF 
was removed in vacuo and the residue was extracted with CH2Cl2, followed by EtOAc. 
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The combined organic extracts were dried (Na2S04) and concentrated to an off-white 
solid. Chromatography (silica gel, 3:2 EtOAc:hexane) gave the title compound as an off-

,. · · ' '·'whifo·soHd ·(6~50 g;·67%)>Fordfaracteri2:atiori putjJoses~ it"Sniaffsa:rn."ple °\vas ·. ·· : · 
recrystallized from EtOAc/hexane. Mp 141-143°C; 1LC Rf0.49 (silica gel, 3:2 

s EtOAc:hexane); lH NMR (400 MHz, CDCI3) S 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, lH), 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]+. 

c) methyl (R,S)-8-[[[ 4-[N-(benzyloxycarbonyl)-
10 . aminoiminomethyl]phenyl]methylamino]carbonyl]-l,2,4,5,-tetrahydro-3-oxo-4-(2-

phenylethyl)-3H-l,·4-benzodlazepine-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 

15 SOCI2, and dissolved in dry CH2Cl2 (2.5 mL). This solution was added dropwise over 
5 min to a well-stirred solution of the compound of Preparation 25(b} (0.85 g,.3.0 mmol} 
· a.Qd-dry-pyridine (OAO·m,L,. ~ mmql) in dry CH2CI2 (30 mL) at 0°C under argoµ._ The 
resultlng-.o~gish-~~ll~w··~i-~ture w~~ ~~ed t~ roo~ ~~pe~ture. stirred fo~·i"h, 
diluted with EtOAc (100 mL) anci washed with 5% aq. NaHC03. The solution was dried 

20 (Na2S04), concentrated, and purified by chrOmatograpl)y (silica gei, 9: 1 EtOAc/toluene) 
·toy1Cld the tltle compound.(441~6 mg, 68%). 1LC Rf 0."38 (silica gel, 9:1 
EtOAc:toluene); ltt NMR (400 MHz, CDC13) S 7.71(d,1=8.5 Hz. 2H), 7.02-7.46 (m, 
12H), 6.62 (d, J=l.4 Hz, lH), 6.56 (d, 1=7.8 Hz, lH), 6.38 (dd, J=7 .8, 1.4 Hz, lH), 
5.19 (s, 2H), 5.18 (d, J=16.8 Hz, lH), 4.85-4.93 (m, lH), 4.17 (d, J=5.3 Hz, lH), 

25 3.71 (s, 3I;l), 3.57-3.70 (m, 2H). 3.53 (d, J=l6.8 Hz. lH), 3.44 (s, 3H), 2.90 (dd, 
1=16.1, 6.9 Hz, lH), 2.63-2.79 (m. 2H), 2.58 (dd, 1=16.1, 6.3 Hz. IH); IR (CHCI3) 
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]+. 

30 · d) (R,S)-8-[[[4-(aminoiminometh~·I)phenyl]-methylamino]-carbonyl]-1,2,4,5-tetrahydro-
3-oxo-4-:(2-phenylethyl)-lli-l,4-benzodiazepine-2-acetic acid 

A mixture containing the compound of Preparation 25(c) (?56.2 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 L5 h, the catalyst was. 

35 filtered and the filtrate was conce~trated to Or)'ness. 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 µioroughly 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 IN 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 lo 0°C. 1FA(0.66mL; -8.6 mmol}was added, . 

and the resulting solution was concentrated to dryi:iess in vacuo (CH3CN azeottope). The 

5 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); lH NMR (400 :MHz, CD30D) B 7.67. (m, 2H) 7.37 (m, 2H), 7.06-7.25 (m,_5H), 

6.74 (d, 1=1.8 Hz, lH), 6.64 (d, 1=1.6 Hz, lH), 6.40(dd,1=7.8, 1.6 Hz, lH), 5.33 (d, 

10 1=16.9 Hz. IR), 5.01 (dd, 1=9.0, 5.1 Hz. lH), 3.77 (d, 1=16.9 Hz, lH), 3.53.-3.71 (m, 

2H), 3.46 (s, 3H), 2.88 (dd, J=l6.7, 9.0 Hz, IH), 2.60-2.75 (m, 2H), 2.58 (dd, 
1=16.7, 5.1 Hz, lH); MS(ES) m/e 500.2 [M+H]+; Amµ. calcd (C2~H29N504--1.5 

TFA·H~O): C, 54.07; H, 4.76; N, 10.17. found: C, 53.73·; H, 4.94; N, 9.84. 

15 

20 

maration 26 

Preparation of <R.Sl-8-ur 4-Caminoiminomethyl)phenylJ-'carbonylJ aminol- t .z..4.5-

tetmhyru;3~oxo-4-C2~phenylethyl>-3H-1.4-benwdlazepine~2-acetic acid. trifluoroacetate 

a) methyl (R,S)-8-azidocarbonyl-1 ~2,4,S-tetrahydro-3-oxo-4-(2-phenylethyl)-3H-l ,4-

benzodiazepine-2-acetate 

The compound of Preparation 24(£) (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 stilled for 1 h, diluted with water (15 

25 mL) and extracted with ethyl acetate. The organic phase was dried over MgS04 and . 
concentrated in vacuo to yield the title compound (0.55 g, 90% ). 

b) methyl (R,S)-8-amino-l ,2,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-3H-l,4-

benzodiazepine-2-acetate 

30 A solution of the compouHd 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 w~s 

concentrated in vacuo to yield methyl (R,S)-8-isocyanato-l,2,4,5-letrahydro-3-oxo-4-(2-

phenylethyl)-3H-l,4-benzodiazepine-2-acetate. 

The residue was stirred in 3N HCI (6 mL) and 1HF (10 mL) for 1 h. The mixture 

35 was .concentrated in vacuo and solid sodium bicarbonate was added to pH 8. The mixture 

was extracted with ethyl acetate and the organic phase was dried with MgS04 and 

concentrated in vacuo to give methyl (R,S)-8-amino-1,2,4,S-tettahydro-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)-

. · - · runinoimiriomethyl]phenyl]carboriyl]arniilo]-1~2,4S·tetrahydto:.3:.ox:{}-4-'-(2"'phenylethyl)-'·· 

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

5 A mixture of 4-[N-(benzyloxycarbonyl)-(aminoimino-methyl)]benzoic acid (0.23 

g, 1.0 mmol) and thionyl chloride (3 mL) in CH2Cl2 (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)]benzoyl chloride. A solution of this 

acid chloride in CH2Cl2 (3 mL) was added dropwise to a solution of the compound of 

10 Preparation 26(b)-(0.3 g, 0.9 inmol) and diisopropylethylamine (130 mg, 1.0 mmol) in 

dry CH2Cl2 (5 mL). The mixture was stirred at room temperature under argon for 5 h, 

dilute~ with CH2Cl2 (20 mL) and extracted with water, 3N HCI, 5% sodium bic~bonate · 

and brine. The organic·phase was dried with MgS04 and concentrated in vacuo.· The -

residue was chromatographed (silica gel, methanol:CH2Cl2 2:98) to yield the title 

15 compound (0.17 g, 32%). 

d) methyl (R,S)-8_"'.[[[~-(aminoimmomethyl)phe.nyl]carbonyl]-amino]-1,2,4,5-tetrahydro-. 

3-oxo-4-(2-phenylethyl)-3H-l ,4-benzodi~piite~2-acetate 

A solution of the compound of Preparation 26(c) (0.1g,0.15 mmol) and 10% 

20 Pd/C (20 mg) in methanol ( 40 mL) and 3N HCl (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]carbonyl]amino]-l,2,4,5-tetrahydro-3-oxo-4-

25 (2-phenyleptyl)-3H-1,4-benmdiazepine-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 (1 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 acetonitrile:water (33:67) and purified by HPLC RT 11.2 

30 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 (El) m/e 486 [M+H]+ .. 

35 

The following Examples illustrate the manner of making the phannacologically active 

compounds and compositions of this invention. 
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. Example 1 

Prepatatfon or CR:sr-1-rrr 4-<ariiino"in1tnomethyl)phenylJ;·methyh1tninolcarbony11:.2;·3A.5~' · · 

tetrahydro-3-oxo-2-C2-phenylethy1l-1 H-2-benzazepine-4-acetic acid 

a) t-butyl 3-bromo-4-methylbenzoate 

Dimethylfonnamide dimethyl acetal (48 mL, 200 mmol) was added dropWise over 

15 min to a suspension of 3-bromo-4-methylbenzoic acid (85%; 10.75 g, 42.5 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 washed-with toluen~. The filtrate was concentrated to afford the title compound (8.0 

g, 69%) as a yellow oil. TLC (toluene) Rf 0.68; lH NMR(250 MHz, CD03) .a 8.13. . 
. . . 

(d, J=l.7 Hz, lH), 7.81 (dd, J=7.9, 1.7 Hz, lH), 7.27 (d, J=7.9 Hz, lH), 2.44 (3H), 

1.59 (s, 9H); IR (CC14) 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-bromo-4-(bromomethyl)benzoate 

A mixture of the compound of Example 1 (a) (1.36 g, 5 mmol), N-

20 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, the mixture wa5 cooled and. 

filtered, and me filtrate was concentrated. The resulting material was used without 

purification. TI..C Rf 0.39 (5:95 ethyl acetate:hexane). 

25 c) t-butyl 3-bromo-4-([(2-phenylethyl)amino]methyl]-benzoate 
' 

The compound of Example l(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 ("15 mL) and was washed sequentially with 5% sodium bicarbonate and brine 

30 (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 yello~ oil. TI..C Rf 

0.42 (30:70 ethyl acetate:hexane); lH NMR (250 MHz, CDCI3) B 8~12(d,1=1.5 Ih, 
lH),· 7.87 (dd, J=7.9, 1.5 Hz, lH), 7.40 (d, J=7.9 Hz, lH), 7.10~7.40 (m, 5 H), 3.90 

(s, 2H), 2.70-3.00 (m, 4H), 1.59 (s, 9H); IR (CCJ.4) 1717, 1368, 1294, 1253, 1170, 

35 1118 cm-1; MS(ES) m/e 390.0 [M+H]+. 

d) t-butyl 3-brom"o-4-[[[N-(2-phenylethyl)-N-t-~utoxycarbonyl]amino]methyl]benzoate 
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Di-t-butyl dicarbonate (845 mg, 3.88 mmol) was added all at once to a solution of 

the compound of Example l(c) (1.26 g, 3.23 mmol) in chlorofonn (16 mL) at RT. The 

.·reaction \vifs-stirred at RTfoi''15 h/then atteflux ·for 05-h;-··Concentration··and · · 

chromatography (silica gel, 10%. ethyl acetate/hexane) gave the title compound (1.57 g, 

s 99%) as a colorless oil which solidified in vacuo. TI..C Rf 0.49 (10:90 ethyl 

acetate:hexane); lff NMR (250 MHz, CDCl3) Rotameric mixture, ratio ca. 1.5: l; 8 8.13 

10 

. ' 

(d; J=l.5 Hz, lH), 7.88 (dd, J=8.l, 1.5 Hz, lH), 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 (CC14) 1717, 

1698, 1367, 1295, 1251, 1165, 1120 cm-1; MS(ES) m/e 490.2 [M+H]+, 436.0. 

e) methyl 3-methoxycarbonyl-4-[[5-(t-butoxycarbonyl)-2-[[N-(2-phenylethyl)-N-t­

(butoxycarbonyl)]amino]methyl]-phenyl]-2-butenoate and methyl 3-methoxycarbonyl-4- · 

[[5-(t-butoxycarbonyl)-2-([N-(2-phenylethyl)-N-t-butoxycarbonyl)]amino]methyl]phenyl]-

3-butenoate. 

15 A mixture of the compound of Example 1 (d) (1.34 g, 2 73 mmol), dimethyl 

itaconate (648 mg, 4.10 mmol), palladium (II). acetate (30.7 mg, 0.14 mmol), tri:-o­

tolylphosphi~e (8~.2 mg,.0.'.?-7 mm~l), dry.triethylami.ne (Q;76mL,.SA~ mrpol), and dry 

acetocltrile o.7 mL). was de~xy~~~~ted. thr6~gh a .'~ingl~ ~v~~atl~n/argon" purge cycle,. then 

was heated at reflux under argon. After 6 h, the reaction was cooled, and more palladium 

20 (II) ace~te (30. 7 mg, 0.14 mmol) and tri-o~tolylphosphine (83.2 mg, 0.27 mmol) were 

. added. The mixture was ~oxygenated. through three evacuation/argon purge cycles, then 

was heated at reflux under argon overnight (16.5 h). The reaction was concentrated, and 

the residue was dissolved in ether and washed with water and brine. Drying (magnesium 

sulfate), concentration, and chromatography (silica gel, 15% ethyl acetate/hexane; then 

25 40% ethyl acetate/hexane) gave the crude title compound as a yellow oil. The residue was 
I 

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 products. 

30 f) methyl 3-methoxycarbonyl-4-[5-(t-butoxycarbonyl)-2-[[[N-(2-phenylethyl)-N+ 

butoxycarbonyl]amino]methyl]-p~enyl]butanoate 

The compound of Example l(e).(1.18 g, 2.08 mmol) was dissolved in anhydrous 

methanol (21 mL), and palladium (II) hydroxide on C?Tbon (0.21 g) was added. The 

resulting mixture was shaken at RT under H2 (47 psi) for 2 h, then was filtered through 

35 Celite®. The filtrate was concentrated and resubmitted to the s~e reaction conditions. 

After another 5.5 h, the mixture was filtered as before, and the filtrate was concentrated to 

afford the title compound (1.13 g, 95%) as a colorless oil. 
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g) methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-1H-2-

beI17.3.ZCpine-4-acetate 
, · TF Atll mL)"was added· an a:t once tcfa cloudy solution· dfilie compound·or 

Example l(f) (1.30 g, 2.28 mmol) in dry CH2CI2 (11 mL) at 0°C under argon. The 

5 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 1FA and give 

methyl 3-methoxycaroonyl-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 

10 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 

wann 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 reaetion was 

diluted with ethyl acetate (100 mL) and washed with water. The combined aqueous layers 

15 were back-extracted with ethyl acetate, and the combined ethyl acetate layers were washed 

with brine, dried (magnesium sulfate), and concentrated to a pale green residue. 

ChromatC?~phy. ((si~ca'·g~~. l 0% -~ethanoVchlorofonn/Q; I% acetic acid) gave .the .title 
. . -: ... : .. ·: ..... · ;-, .• ... . :· .; ............ :·. '• •' ,· '. . ... . 

compound as a yellowfoam. Crystallization fro~ methanol containing a little chlorof onn 
gave the title compound (528.2 mg, 61 %) as an off-white solid. mp 214-216°C; TLC Rf 

20 0.49 (10:90 methanol:chloroforin); ltt NMR (400 MHz, 10% CD30D/CDC13) o 7.72-

7.78 (m, 2H)~ 7Jl-1.22 (ni, 3H), 7.01-7.08 (m, 3H), 5.21 (d, 1=16.8 Hz, lH), 3.70-

3.92 (m, 3H), 3.72 (s, 3H), 3.5-3.66 (m, IH, partially obscured by water peak), 3.03 

(app dd, lH}, 2.97 (dd, J=l6.7, 8.7 Hz, lH), 2.86 (dd, 1=17.3, 13.6 Hz, lH), 2.76 (t, 

J=7.3 Hz, 2H), 2.43 (dd, J=l6.7., 5.3 Hz, IH); MS(ES) m/e 404.0 (M+Na)+, 382.4 
25 [M+H]+, 350.2 (M+H-CH30H)+ . 

• 

h) methyl (R,S)-7-[[[4-[N-(benzyloxycarbonyl)­

aminoiminomethyl]phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxq-2-(2-

phenylethyl)-lH-2-benzazepine-4-acetate 

30 The compound of Example l(g) (117.9 mg, 0.31 mmol) was refluxed with thionyl 

chloride "(3 mL) for 15 min arid the yellow ·solution was concentrated .. The re~idue was 

concentrated from dry toluene (3 mL) to remove residual thionyl chl~ride, and the resulting 
material was dissolved in dry CH2CI2 (0.5 mL). This solution was added dropwise over 

1-2 min to a solution of 4-(methylamino}-(N-benzyloxycarbonyl)benzamidine (263 mg, 
35 0.93. mmol} and anhydrous pyridine (0.125 mL, 1.55 mmol) in dry CH2CI2 (10 mL) at 

0°C under argon. The resulting yellow mixture was warmed to RT and stined for 0.5 h, 

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

sulfate), concentration, and chromatography (silica gel, 10% ethyl acetate/toluene) gave the 
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title compound (174.8 mg, 87%) as a faintly yellow oil. TLC Rf 0.45 (9: 1 toluene:ethyl 

acetate). lH NMR (400 MHz, CDCl3) 8 7.73 (app d, 2H), 7.00-7.45.(m, 13H), 6.89 

-(app ·d~ 1H)i 6~74 .{d; J=7,.8 Hz, ·IH); -5.19 (s, 2H), -5.05 (d, J=l6;6·Hz, lH); -3.52·-33T - -· 

(m, 4H), 3.69 {s, 3H), 3.48 (s, 3H), 2.93 (dd, J=16.8 .• 8.4 Hz, lH), 2.83 (dd, J=17.3, 
5 3.9 Hz, lH), 2.60-2.77 (m, 3H), 2.34 (dd, J=16.8, 5.4 Hz, lH); 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)phenyl]methylamino]-carbonyl]-2,3,4,5-

.10 t~n:ahydro-37oxo-2-(2-phenylethyl)-1H-2-benzazepine-4-acetate 
10% .Palladium on carbon (58 mg, 0.054 mmol) was added carefully to a solution 

of the compound ofExainple l(h) (174.8 mg, 0.27 mmol) and 1FA (0.021 mL,-Q.27 

mmol) iii 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 

15 the filter pad was washed thoroughly with ethyl acetate and methanol. Concentration gave 

the title compound. 

j)·(R;S).:7~ttt~(aminoiniiriomethyl)phenyl]methyiaiiiino]-~arbonyl]-2,3.4,5-tetrahydro-3-
oxo-2-(2-phenylethyl)-1H-2-benzazepine-4-acetic acid 

20 The compound of Example· 1 (i) was dissolved in methanol (9 mL), and 1.0 N 

sodium hydroxide {0.81 mL; 0.81 mmol) was added. The ·solution was stirred at RT 

overnight, then was concentrated. The residue was dissolved in water/acetonitrile (3 mL), 

cooled to 0°C, and acidified with 1FA (0.21 mL, 2.7 mmol). The faintly yellow solution 

was concentrated and the residue was purified by reversed-phase flash chromatography 

25 (C-18 silica gel, 25% AN/W-TFA). Concentration and lyophilization gave the title 

compound (123 mg, 67%) as a coforless powder. HPLC k' = 1.84 (PRP-1®, 30% 
AN/W-1FA); lH NMR (400 MHz, CD30D) B 7.67 (app d, 2H), 7.40 (app d, 2H), 

6.96-7.20 (m, 8H), 5.13 (d, J=l6.8 Hz, lH), 3.96 (d, J=16.8 Hz, lH), 3.66-3.81 (m, 

2H), 3.45-3.58 (m, lH), "3.49 (s, 3H), 2.92 {app dd, lH), 2.77 (dd, J=l7.0, 9.1 Hz, 

30 lH), 2.54-2.68 (m, 3H), 2.38 (dd, J=17.0, 4.8 Hz, lH); MS(ES) m/e 499.0 [M+H]+; 
Anal. (C29H30N404·1.5(CF3C02H)·0.5 H20) calcd: C, 56.64; H, 4.83; N, ~.26. 

found: C. 56.77; H, 5.05; N, 8.35. 

35 

Example2 

Preparation of (R.Sl-8-[£[4-(aminoiminomethyllphenyll-methylaminolcarbonyll-2.3.4.5-

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



.· .. · .. 
•' .. . .. ; ·. _:- .. ~ :.; ·. ; . :· .. 

. .·.. : .. ,'' : : . -~ .:.~~:·':· :-~ ._.;:~-~g~, 
...... -.. .·· _·:.-:· _.· _:. · ... 

--...- a) t-butyl 4-[N-(t-butoxycarbonyl)-N-(phenylethyl)aminomethyl]-3-

(methylamino)benwate 

· Formic acid-(0.166 g, 3.6.mmol) was.added-slowly:to.aceticanhydride(0.-36;g,. -.. ·, . 

3.5 mmol) at 0°. This solution was stirred at D° for 10 min, then at 55°C for two hours, 

5 cooled to RT, and diluted with n-n< (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 nIF was 

10 

15 

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 ii and concentrated to give the title compound (0.5 g, 98%) as a 

colorless oil. lH NMR (400 MHz, CDQ3) B 7.1-:-7.3 (m, SH), 7.05 (d, 2H), 7.0.(d, .. 

lH), 5.5 (b. lH), 43 (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 {Fa)-4-[N-(t-butoxycarbonyl)-N-(2-phenylethyl)aminomethyl]-3-[N-[~~(l,4-

dimethoxy-1,4-dioX;o-2-bute~yl)]-N-(~ethyl)amj.no ]benzqate 

Dimethyl acetylenedicarboxyl~te (0.34·g~·2.4 mmol) was.added to·a solution· of the· 

compound of Example 2(a) (1.0 g, 2.7 mmol) in methanol (50 mL). The solution was 

20 heated t~ 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 cooled, filtered; concentrated 

and the residual yellow oil was chromatographed (silica gel, 25% ethyl acetate/hexane) to 

give the title compound (0.5 g, 80%). (l:l;E:Z) lH NMR (400 MHz. CDCI3) B 7.9 (d~ 

2H), 7.7 (s, 2H), 7.3-7.1 (m, 12H), 6.2 (s, lH), 5.2 (s, lH), 4.7 (d, 2H), 4.3 (m, 2H), 

25 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-(l,4-

dimethoxy-1,4-dioxo-2-butyl)]-N-(methyl)amino]benzoate 

30 A solution of the compound of Example 2(b) in methanol (50 mL) containing 10% 

Pd/carbon (0.5 g) was hydrogenated (45 psi) at RT. After 4 h, the suspensi<?n was filtered 

and concentrated to give a pale· yello:W oil .. The residue was purified by chromatography 

(silica gel, 1:4 ethyl acetate:hexane) to give the title compound as a pale yellow oil (0.17 g, 

40%). lH NMR (400 MHz, CDCl3) B 7.8 (s, lH), 7~7 (d, lH), 7.0-7.3 (m, 6H), 4.4-

35 4.6 (m, 2H), 4.05 (m, lH), 3.7 (s, 3H), 3.6 (s, 3H), 3.2-3.5 (m, 2H), 3.0 (dd, lH), 

2.7-2.9 (m, 3H), 2.65 (s, 3H), 1.6 (s, 9H), 1.4 (m, 9H). 



d) methyl (R,S)-8-carboxy-1-methyl-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)-lH- l ,4-

benzOdiazepine-2-acetate 

1FA (50 mL) was-added.to-a-solution ofthe··compound·ofExample-2(c)·-(0.17g;· 

0.3 mmol) in CH2a2 (10 mL). The mixture was stirred for 4 hand concentrated to yield 

s 4-[N-(2-phenylethyl)aminomethyl]-3-[N-[2-(l ,4-dimethoxy-1,4-dioxo-2-butyl)]-N­

(methyl)amino ]-benzoate as a yellow solid. 

The yellow solid was dissolved in methanol (20 mL) and treated with 25% sodium 

methoxide.in methanol (0.2 mL, 0.87 mmol). The mixture was heated to 50°C for 2 h, 

cooled and treated with lM hydrogen chloride in ether (2 mL). The mixture was 

10 concentrated to give the title compound as a yellow solid (0.12 g, 94%). lH NMR (400 
MHz, CD30D) o 7.55 (s, lH), 7 .. 5 (d, IH), 7.1. (m, 4H), 7._0 (m, 2H), 5.2 (d, lH), 4,8 

{m, lH), 4.l(m, 2H), 3.7 (s, 3H), 3.5 {m, lH}, 3.0 (dd; Ill), 2~8 (t, 2H), 2.7 (dd, lH), 

2.6 (s, 3H). 

15 e) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)­

aminoiminomethyl]phenyl]methylamino]carbonyl}·2,3,4,5-te~ydro-1-methyl-3-oxo-4-
. . 

(2-phenylethyl)- l_H- l ,4-be1.1zodiazep~e-2.-ac~µite.. . . .. 
. . . . . . : 

Using the procedure ofExainple l(h), except substituting the compound of 

Example 2(d) for the compound of Example l(g), the title compound was prepared 

20 (0.040 g, 35%). lH NMR (400 MHz, CDCl3) o 7.75 (cl, 2H), 7.25-7.45 (m, _6H), 7.0-

7.2 (m, 6H), 6.95 (s, lH), 6.7 (m, 2H), 5.2 (s, 2H)~ s~o (d, 'lH), 4.6 (m~ IH), 3.9 (in, 

lH), 3.65 (m, 4H), 3.6 (m, lH), 3.5 (s, 3H), 2.9 (dd, lH), 2.75 (t, 2H), 2.55 (dd, lH), 

2.5 (s, 3H). 

25 f) methyl (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5-

tetrahydro-I'-methyl-3-oxo-4-(2-phenylethyl)-lH-l,4-benZodiazepine-2-acetate 

A solu.tion 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. 

30 The mixture was filtered and concentrated to yield the title compound. 

g) (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5'."tetrahydro-l­

methyl-3-oxo-4-(2-phenyled1yl)-IH-l,4-benzodiazepine-2-acetic Add 

Using the procedure of Example 10), except substituting the compound of 

35 E~ple 2(0 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%). 

lH NMR (400 MHz, CD30D) B 7.7 (d, 2H), 7.45 (d, 2H), 7.05-7.t'S (m, 3H), 7.0 (d, 

2H), 6.9 (m, 2H), 6.8 (d, lH), 5.1 (dd, lH), 4.7 (m, lH), 4.0 (d, lH), 3.9 (m, lH), 
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3.55 (m, lH), 3.5 (s, 3H). 2.85 (dd, lH), 2.7 (t, 2H), 2.5 (dd, lH), 2.4 (s, 3H); 

MS(ES) rn/e 514.2 [M+H]+ . 
. :: ·';-' . 

Example 3 

Preparation of CR.Sl-8-[[[4-Caminoiminomethyllphenyllaminol-carbonyll-2.3.4.5-

tetrahydro-4-C2-phenylethyl)-1 H-1.4-benzodjazepirie-2-acetic acid 

a) methyl N ~[2-Nitro-4-_(t~butoxycarbonyl)benzyl]-N-phenylethyl-4-aminocrotonate 

10 To a solution 9f 2-riitr0-4-(t..:b~toxycarbonyl)-benzylbromide (4.06 g, 12.8 mmol) 

in TIIF (50 mL), methyl 4-(phenylethylamino)-erotonate (3.4 g, 15.5 mmol) was added 

with stirring at RT. Triethylamine (2.2 mL, 15.7 ·mmol) was then -added. After stirring 
I ~ . . 

for 16 h, the reaction was diluted with ethyl acetate.and washed with lN sodium 

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

15 gel, 15% ethyl acetate/n-hexane) gave the title compound as an oil (5.16 g, 88%). lH­

NMR (CPCI3) B 1.60(9H, s), 2.74(4H, br s), 3.30(2H, dd), 3.74(3H, s), 4.00(2H, s), 
. . . . . . . 

6.00(lH, d, l=,15,.Hz), 7.02(1H, dt),·.?:~75.(5,B:. Ql), 7~67(lH, d,J=:=8 Hz), 8.15(1H, dd), 
8.45(1H, d, J~2Hz). . . . · ...... · :·· .. ·;. · 

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

Iron powder (0.8" g) was added to a· stiried 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 IN sodium 

carbonate, brine, dried (sodium sulfate) and concentrated to give the title compound (0.96 

25 g) as an oil. lH-NMR (CDCl3) S 1.57(9H, s), 2.80(4H, br s), 3.25(2H, d, 1=5.2 Hz), 

3.70(2H, s): 3.74(3H, s), 4.52(2H, br s), 5.92(1H, d, 1=15.7 Hz), 6.94(1H, dt), 7.0-

7.3(8H, m) .. 

c) methyl (R,S)-8-(t-butoxycarbonyl)-2,3,4,5-tetrahydro-4-(2-phenylethyl)- lH-1,4-

30 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 (or 72 h. The mixture was cooled, concentrated 

and the residue was purified by flash chromatography (~ilica gel, 60% ethyl acetate/n­

hexane) to yield the title compound (0.87 g, 91 %). lH-NMR (CDCl3) B 1.59(9H, s), 

35 2.39(1H, dd), 2.51(1H, dd), 2.68-3.50(6H, m), 3.56(1H, br s), 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]+. 

--.. - . 
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d) methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-4-(2-phenylethyl)- lH-l ,4-benzodiazepine-

2-acetate 
. · .. ,. · · · .. · · ,. To the compound ofExample-.3(c)(0.8'.J.-g; 2"05mmol)}wautelded90%1FA in- . 

CH2Cl2 (30 mL). After stirring at RT for 45 min, the reaction was concentrated and then 

5 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]amino ]carbonyl]-

2,3,4,5-tetrahydro-4-(2-phenylethyl)-1 H-1,4-benzodiazepine-2-acetate 

To the compound of Example 3(d) (0.87 g, 2 mmol) was added thionyl chloride (5 

10 mL). After refluxing for 15 min under Ar, the reaction was concentrated and then~­

concentrated twice from anhydrous toluene. The resulting acid chloride in CH2Cl2 (15 

· mL) was. added dropwise with stining under Ar to a cooled (0°C) solution of pyridine 

(0.651mL) and 4-(Boc-amidino)ariiline (0.57 g, 2.4 mmol) in CH2CI2 (15 mL). ·The 

reaction was stirred for 4 hat RT, diluted with chlorofonn, washed with IN sodium 

15 bicarbonate, dried (sodium sulfate) and concentrated. Purification by flash 

chromatography (silica gel, 2% methanoVchloroform) gave the title compound as a solid 

(936 mg, 89~)., .I:tt~N¥R (CDCl3)"6 l.54(9H, s), 2.39(1H, dd), 2.52(1H, dd), 2'.75-

2.90(5li~ .tri)~:;_3'.·oo(iit: d)·; 3·.56(1H, ·br s), 3.70(3H, s), 3.89(iH, dd), 4.62(IH, :s), · . 

7.15(4H, m), 7.27(2H, m), 7.36(2H, m), 7.71(2H, d, J=8.5 Hz), 7.81(2H, d, J=8.5 

20 Hz). 

f) (R,S)-8-[[[ 4-(aminoiminomethyl)phenyl]amino ]carbonyl]-2,3,4,5-tetrahydro-4-(2-

phenylethyl)-lH-l,4-benzodiazepine-2-acetic Acid 

To the compound of Example 3(e) (936 mg, 1.6 rnmol), 90% 1FA in CH2CI2 (30 

25 mL) was added. After stirring for 45 min, the reaction was concentrated and the residue 

was triturated with ether, filtered and dried at reduced pressure to give methyl (R,S)-8-

[[( 4-(aminoiminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-4-(2-phenylethyl)-

1 H-1,4-benZodiazepine-2-acetate. 

The methyl ester· was taken up in 20% acetic acid and refluxed under Ar for 48 h. 

30 The mixture was concentrated and the residue was purified by HPLC (PRP-1 ®, 25% 

AN/W-TFA) to give the title compound as a white solid. HPLC k' 5.7 (P~-1®, 20% 

AN/W-1FA, UV detection at 220 nm);-n;.,c Rf0.40 (4:1:1 n-butanol:acetic acid:water); Rf 

0.45 (15:3:12:10 n-butanol: acetic acid:water:pyridine); MS(ES) rri/e 472.2 [M+H]+; 

Anal. (C27H29N503·2.5 CF3C02H·l.O H20) calcd: C, 49.62; H, 4.3(j; N, 9.04. 

35 found: C, 49.37;H, 4.437;N, 9.18 
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Exarnple4 

.Prepai;ation..of CR.Sl-8-[[[(4-aminoiminomethyl)phenyll-methylaminolcarbonyl}.2.3.4.5- . 
tevahydro-3-oxo-1 H-1.4-benzodiazepine-2-acetic acid 

a) t-butyl 4-[N-(t-butoxycarbonyl)-N-(methoxycarbonyl)aminomethyl]-3-nitrobenzoate 
To a solution oft-butyl 4-bromomethyl-3-nitrobenzoate (2.27 g, 7 .2 mmol) (Int. J. 

Peptide 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 conc~ntrated to give a pale orange oil which was purified by flash 
chromatography (silica gel, 20% ethyl acetate/hexane) to give the title compound:(2.~5 g, 

1 . 73%). H NMR (400 MHz, CDCI3) o 8.65 (s, lH), 8.2 (d, IH), 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)aminomethyl]-3-nitrobenzoate ... ·, . , . . . . . . . . 

The' compc)und of Example 4(a) (2.15 g~ 524 mmol) was dissolved in a mixture of 
methanol (120 mL) and 0.95 N sodium hydroxide (15 mL). After 15 min, acetic acid (3.0 

20 mL) was added ~d 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 chromatography (silica gel, 
20% ethyl acetate/hexane) to give the title compound (1.0 g, 54%). lH NMR (400 MHz, 
CDCl3) o 8.6 (s, lH), 8.2 (d, lH), 7.7 (d, IH), 5.35 (m, IH), 4.6 (d, 2H), 1.65 (s, 

25 9H), 1.4 (s, 9H). 

c) t-butyl 3-amino-4-[N-(tert butoxycarbonyl)-aminomethyl]benzoate 

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 

30 min, the mixture was filtered and concentrated to give the title compound (0.72 g, 100%). 
ltt NMR (400 MHz, CDCl3) ~ 7.25 (m, 2H), 7.1 (d, IH), 4.9 (b, IH), 4.25 (d, 2H), 

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

d) t-butyl (E,Z)-4-[N-(t-butoxycarbonyl)aminomethyl]-3-(2-( l ,4"."dimethoxy-l ,4-dioxo-2-
35 butenyl)amino]bemoate 

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, 



··---- 70%). lH NMR (400 MHz, CDCI3) B 9.6 (s, lH), 7.7 (d, lH), 7.35 (m, 2H), 5.5 (s, 

lH), 5.0 (b, lH), 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-(l,4-dimethoxy-l,4-dioxo-2-

5 butyl)amino]benzoate 

Using the procedure of Example 2(c), except substimting the compound of 

Example 4(d) for the compound of Example 2(b), the title compound was prepared (0.66 

g, 95%). lH NMR (400 MHz, CDCl3) B 7.8 (d, lH). 7.75 (s, lH), 7.1 (d', IH), 5.4 

(b, lH), 4.9 (b, lH). 4.6 (m, lH), 4.3 (m, 2H), 3.7 (s. 3H), ·3.65 (s, 3H), 2.9 (m. 2H), 

10 1.6 (s, 9H), 1.45 (s, 9H). 

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

Using the procedure of EXample 2(d), except substituting the compound of 

Example 4(e) for the compound of Example 2(c), the title compound was prepared (0.44 

15 g, 98%). lH NMR (400 MHz, DMSO-d6) S 8.15 (t, lH), 7.2 (s, lH), 7.1 (d, lH), 

7 .05 (d, lH), 5.0 (dd, IH), 4.9 (m, lH), 3.75 (dd, lH), 3.6 (s, 3H), 2.8 (dd, lH), 2.6 

(dd, lH). 

g) methyl (R,S)-8-[[[ 4-[N-(benzyloxycarbonyl)-

20 aminoiminomethyl]phenyl)methylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-lH-l,4-

benzodiazepine-2-acetate 

Using the procedure of Example l(h), except substituting the compound of 

Example 4(f) for the compound of Example l(g), the title compound was prepared (0.30, 

45%). lH NMR (400 MHz, CD30D) S 7.75 (d, 2H), 7.25-7.45 (m, SH), 7.2 (d, 2H), 

25 6.7 (d, lH), 6.65 (s, IH), 6.45 (d, lH), 5.5 (s, lH). 5.2 (s, 2H), 4.95 (d, IH), 4.9 (m, 

lH), 3.75 (d: lH), 3.65 (s, 3H), 3.45 (s, 3H), 2.9 (dd, lH), 2.6 (dd, lH). 

h) methyl (R,S)-8-[[[ ( 4-aminoiminomethyl)phenyl]-methylamino ]carbonyl]-2,3,4,5- · 

tetrahydro-3-oxo-lH-1,4-benzodiazepine-2-acetate 

30 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)phenyl] methylamino ]-carbonyl]-2,3,4,5-tetrahydro-3-

oxo-IH- l ,4-benzodiazepine-2-acetic acid 

35 . Using the procedure of Example lG), except substituting the compound of 

Example 4(h) for the compound of Example l(i), the title compound was prepared. It was 

purified by HPLC (YMC ODS-AQ, 15% AN/W-TFA, UV detection at220 run) to give a 

. purified product (0.125 g, 57%). lH NMR (400 ·MHz, DMS0-d6) o 9.75 (s, 2H), 8.95 



s 

(s, 2H), 8.1 (d, lH), 7.75 (d, 2H), 7.4 (d, 2H), 6.75 (s, lH), 6.7 (d, lH), 6.25 (d, lH), 

5.9 (d, lH), 4.9 (dd, lH), 4.8 (m, lH), 3.65 (dd, lH), 3.4 (s, 3H), 2.75 (dd, lH), 2.5 

(dd~ 1H)~_M$(ES) m/~ 396,0 [M+ll]+_, .. ,, . 

Example 5 

Preparation of CR.Sl-8-[[[4-Caminoiminomethyllphenyll methylaminolcarponyll-2.3\4.5-

tetrahydro-4-methyl-3-oxo-1 H-1.4-benzodiazepine-2-aceric acid 

10 · 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 oft-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 m~xture 

15 was extracted with ethyl acetate and the combined organic layers were washed with water, 

dried (sodium sulfate) and concentrated to give a yellow-brown oil. The oil was purified 

by chromatography (silica gel, 3%. isopropanoV · . . . , . 
CH2Cl2) to give the title compound (1.5 g, 36%). lff.NMR (400 MHz, cbci3). B 8.5. 

20 

. . 

(s,. lH), 8.2 (d, 'IH), 7.7 (d, lH), 4.05 (s, 2H), 2.5 (s, 3H), 1.6 (s, 9H). 

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

A solution of the compound of Exam_ple 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). 

25 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%):- lH NMR (400 MHz, CDCl3) 8 8.6 (s, lH), 8.25 

{d, lH), 7.4 (d, lH), 4.85 (d, 2H), 2.9 (d, 3H), 1.6 (s, 9H). 1.45 (d, 9H). 

30 c) t-butyl 3-amino-4-[N-(t-butoxycarbonyl)-N-(methyl)-aminomethyl]benzoate 

35 

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 prepared (1.6 g, 
100%). lH NMR (400 MHz, CDCI3) 8 7.25 (cl, 2H), 7.05 (d, lH), 4.35 (d, 2H}, 2.75. 

(s, 3H), 1.6 (s, 9H), 1.4 (d, 9H). 

d) t-butyl (E,Z)-4-[N-(t-butoxycarbonyl)-N-(methyl)-aminomethyl]-3-[2-(l,4-dimethoxy-

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 

g, 68%). lH ;NMR (4QQ_¥JJz, CpCI3) Q ~·~ (s_,)H), 7.7 (d! lH), ?·4. _<,s, ~H),_?.3 (d_, 

lH), 5.5 (s, lH), 4.55 (s, 2H), 3.75 (s, 3H), 3.7 (s, 3H), 2.85 (s, 3H), 1.6 (s, 9H), 

5 1.45 (s, 9H). 

e) t-butyl 4-[N-(t-butoxycarbonyl)-N~(methyl)amino-methyJ]-3-[2-(l,4-dimethoxy-1,4-

dioxo-2-butyl)amino]benzoate 

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

10 Example 5(d) for the compound of Example 2(b), the title compound was prepared (1.55 

g, 100%). lH NMR (400 MHz, CDCI3) S 7.45 (d, 2H), 7.05 (d, lH), 4.65 (q, lH), 

4.45 (d, lH), 4.35 (d, lH), 3.7 (s, 6H), 2.95 (dd, lH), 2.85 (dd, lH), 2.75 (s, 3H), 1.6 

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

15 f) methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-4-methyl-3-oxo-lH:-l,4-benzodiazepine-2-

acetate 

Using the procedure of Example 2(d)~ e~cept substituting the compound of 

Example 5(e) for the compou~d of ~ple.'.z(c), the·title compoli~d was prepared (0.72 

g, 72%). lH NMR (400 :MHz, DMSO-ci6) S 7.2 (s, lH), 7.1 (s, 2H), 6.1 (s, lH), 5.5 

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

g) methyl (R,S)-8-[[[ 4-[N-(benzyloxycarbonyl)aminoimino-
. . 

methyl]phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo-lH-l,4-

benzodiazepine-2-acetate 

25 Using the procedure of Example l(h), except substituting the compound of 

Example S(f) for the compound of Example l(g), the title compound was prepared (0.29 

g, 40%). lH NMR (400 MHz, CDCI3) S 7.75 (d, 2H), 7.45 (d, 2H), 7.25-7.4 (m, 3H), 

7.1 (d, 2H), 6.7 (d, lH), 6.65 (s, lH), 6.45 (d, lH), 5.3 (d, lH), 5.2 (s, 2H), 4.9~ (m, 

lH), 4.2 (d, lH), 3.75 (s, 3H), 3.65 (d, lH). 3.45 (s, 3H), 3.0 (s, 3H), 2.9 (dd, lH), 

30 2.55 (dd, lH). 

h) methyl (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methyl-amino]carbonyi]-2,3,4,5-

tetrahydro-4-methyl-3-oxo-lH-1,4-benzodiazepine-2-acetic acid · 

Using the procedure of Example 2(f), except substituting the compound of 

35 Example 5(g) for the compound of Example 2(e), gave the title compound. lH NMR (400 

MHz, CD30D) S 9.25 (s, 2H), 8.8 (s, 2H), 7.7 (d, 2H), 7.4 (s, 2H), 6.85 (d, lH), 6.7 

(s, lH), 6.45 (d,_2H), 5.45 (d, l~I), 5.1 (m, lH), 3.85 (d, lH), 3.7 (s, 3H), 3.5 (s, 3H), 

3.35 (s, 3H), 2.9 (dd, lH). 2.65 (dd, lH). 
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i) (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5-tetrahydro-4-

~ethyl-3_-oxo-lH-l,4~b.enZC?diaz~pine-:aceti.~ ~~id_ . , , , __ . . . . . . ,_ 
Using the procedure of Example 1 (j), except substituting the compound of 

5 Example 5(h) for the compound of Example 1 (i), and the product purified by HPLC (YMC 
ODS-AQ, 50 X 250 mm, 90 rnLJmin, 15% AN/W-TFA) to give the title compound (0.115 

10 

. 1 g, 57%). H NMR (400 MHz, DMSO-d6) B 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, lH), 5.35 (d, lH), 4.95 (m, lH), 3.75 (d, 

lH), 3.4 (s, 3H), 2.9 (s, 3H), 2.75 (dd, lH), 2.5 (dd, lH)~ MS(ES) m/e 410.0 [M+H]+. 

Exmnple6 

Preparation of IB.Sl-7-U4-Caminoiminomethy])benzoyll-methylaminol-2.~.4.5-: . 
tetrahydro-1-methyl-3-oxo:4-C2-phenylethyll-1H-1.4-benzodiaze.pine-2 acetic~aeid 

,, ... · 15 

a) ethyl 7-methylamino-1-methyl-3-oxo-4-(2-phenylethyl)-2,3,4,5-tetrahydro-lH­
l,4-benzodiazepine-2-acetate 

. The compou~d of Preparation 23(g). (700 mg, l.5 mmol)'was·dissolved in. 

an.hydrous triethyl onhoformate (1 mL). TFA (2 drops) was added and the mixture 

20 was refluxed for 4 h. The solution was concentrated to a film (toluene azeotrope), 

9,issolved 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. 

25 Chromatography (silica gel, 30% ethyl acetate/hexanes) yielded the title compound 
(350 mg, 60%). MS(ES) m/e 396 [M+H]+; lH NMR (400 MHz, CDCI3) S 1.2 (3H, 

30 

t), 2.50 (3H, s), 2.55 (lH, d), 2.70-2.85 (SH, s+t), 2.95 (lH, dd), 3.54 (lH, dt}, 
3.68 (IH, d), 3.88 (lH, dt}, 4.09 (2H, q), 4.58 (lH, m), 5.04 (lH, d), 6.07 (lH, 
s), 6.45 (lH, d), 6.79 (IH, d), 7.00-7.20 (SH, m). 

b) ethyl 7-[[ 4-[N-(benzyloxycarbonyl)aminoiminomethyl]-

benzoyl]methylamino ]-1-methyl-3-oxo-4-(2-phenylethyl)-'2,3,4,5~tetrahycfro-1H- l ,4;. 
benzodiazepine-2-acetate 

4-[N-(benzyloxycarbonyl)amidino]benzoic acid (500mg,_1.7 mmol) was 

35 dissolved in thionyl chloride (6.5 mL), heated to reflwt for 5 min and concentrated 
(CH2CI2 azeotrope) to give 4-(N-(benzyloxy-carbonyl)amidino]benzoyl chloride. 
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·"----'. ~e 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 

~mol) and ~sopro.pyl~t~~l~~~.P71 ~· .b9.~-~pl~~ .. , _. ....... . ...... . 

The mixture was stirred for 1 h, concentrated and the residue was chromatographed 

5 (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) B 1.23 (3H," t), 2.43-2.70 

(6H, m), 2.95 (lH, dd), 3.41 (3H, s), 3.60 (lH, d), 3.92 (2H, dt), ;4.10 (2H, q), 

4.62 (lH, m), 5.00 (lH, d), 5.15 (2H, s), 6.44-7.68 (17H, m). 

10 c) (R,S)-7-[[4-(aminoiminomethyl)benzoyl]methylamino]-2,3,4,5-tetrahydro-1-

methyl-3•oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic Aci_d 

The compound of Example 6(b) (200 mg, 0.3 mmol) was dissolved in ethyl. 

acetate (20 mL), and added to palladium hydroxide (100 µig) and 3N hydrochloric· 

acid (1 mL). The mixture was hydrogenated (40 psi) for 6 h. The reaction mixture 

15 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-l­

methyl-3-oxo-4'-(2-phenylethyl)-lH-l,4-benzodiazepine-2 acetate {200 mg) as a 

.teddisµ:.brown solicL :MS(ES) ni/e 54i~O [Mi-Iijt.: · .... · . . .. 

· The ethyl ester (200 mg, 0.3 mmol) was dissolved in methanol (4 mL) and lN 

20 sodium hydroxide (0.5 mL), stirred, concentrated~ diluted with water, acidified with 

3N hydrochloric acid and concentrated. The residue was chromatographed by aPLC 

(YMC ODS-AQ, 25% AN/W-TFA) to yield the title compound as white solid (78 mg, 

51%). MS(ES) m/e 514.2 [M+H]+; lH NMR (400 MHz, DMSO) B 2.35 (3H, s), 

2.45 {lH, dd), 2.62 (2H, m), 2.78 (lH, dd), 3.39 (s), 3.95 (lH, dt), 4.05 (lH, d), 

25 4.68 (lH, ht), 5.05 (lH, d), 6.75-7.21 (8H, m), 7.47-7.70 (4H, m), 9.10 (lH, bs), 

9.20 (lH, bs). Anal. (C29H31N504·1.8 C2H02F3) calcd: C, 54.47; H, 4.60; N, 

30 

9.74 

found: c. 54A4; ·a 4.85; N, 9.36. 

Example? 

Pre.paration .of CR.Sl-2.3.4.5-tetrahydro-3-0xo-4-(2;.phenylethyll•8-CU2-C2- · 

pyrazinyllethyllcarbonyllaminol-lH-1.4-benzodiateyine-2-aceric Add 

35 a) methyl (R,S)-8-amino-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-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, 0.4~ mmol), stirred for 14 h 

and concentrated. The residue was purified by flash chromatography (silica gel, 60% ethyl 
~~~~~/he~~e) .. t~ gi~~ ~~tiiyi 'cR::s'>~8~(~~l>o6eney1o~y)~i~o~2.3~4~5~~~~ydr~3~ox~- · 

5 lH-l,4-benzodiazepine-2-acetate (0.79 g, 52%) as a light yellow oil. MS(ES) m/e 488 
[M+H]+; lH NMR (250 MHz) B 7.12-7.44 (m, lOH), 6.52-6.81 (m, 3H), 5.24 (d, lH), 

5.18 (s, 2H), 4.96 (t, lH), 3.62-3.79 (11}, 6H), 2.95 (dd, lH), 2.70 -2.85 (Iil, 2H), 2.60 

(dd, lH). 

The Cbz compound (0.68 g, 1.38 mmol) was dissolved in methanol(IO mL) and 
10 palladium on carbon (5%, 50 mg) was added. The mixture was hydrogenated for 1 h, 

filtered thiough Celite® and concentrat~ to yield the title compound as a light yellow oil 
(0.39 g, yield 81%). MS(ES) m/e 354 [M+H]+; lH NMR (250 MHz) 8 7.10-733 (m, 

15 

SH), 6.62 (d, 2H), 6.01 (dd, lH), 5.89 (d, lH), 5.19 (d, lH), 4.93 (q, lH), 3.50-3.}5 

(m, 6H), 2.94 (dd, lH), 2.75-2.85 (m, 2H), 2.63 (dd, lH). 

b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-

pyrazinyl)ethyl]carbonyl]amino]-lH., 1 A-benzodiat.epine-2.,.acetic acid 

A sollltlori of the coilipound.of43(a)(036.g, 1~02·ininolrand the compound of· 

Prep~ation l(b) (0.17 g, 1.12 mmol) in DMF (5 mL) was treated with 
20 diisopropylethylamine (0.39 mL, 1.23 mmol) and 1-(3-<limethylaminopropyl)-3-

ethylcarbodi~ide hydroc.hloride (0.~3 g, 1.23 mm~l). and sti~d 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)-

25 2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-pyrazinyl)ethyl]carbonyl]amino]-
lH-1,4-benzodiazepine-2-acetate as a white solid (0.Z9 g, 60%). MS(ES) ~/e 488 
[M+H]+; lH NMR (250 MHz) B ~.40-8.55 (m, 3H), 7.10-7.28 (m, SH), 6.81-6.99 (m, 

3H), 5.46 (d, lH), 5.14 (m, lH), 3.56-3.80 (m, 6H), 3.27 (t, 2H), 2.90 (dd, lH), 2.72-
2.85 (m, 4H), 2.61 (dd, IH). 

30 Using the procedure of Example lG), except substituting the methyl ester above for 
the compound of Example l(i), and purifying the product by HPLC (PRP column, 21.5 X 

250 mm, 14 ID:Umin, 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]+; 1 H NMR 
(400 MHz) S 8.40-8.70 (m, 3H), 7.10-7.31 (m, SH), 6.88 (d, lH), 6.70 (d, lH), 6.63 

35 (m, lH), 5.37 (d, lH), 5.06 (m, lH), 3 .. 57-3.81 (m, 3H), 327 (t, 2H), 2.74-2.97 (m, 

SH), 2~61 (dd, lH). 
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Examples 8-10 

a) Using the procedure of Example l(h), except substituting 2-(4-pyridyl)ethylamine, 2-(2-

pytldyl)ethylamfne and· the ·compound of Preparation 2(b) for 4-(methylamino)•(N-

5 benzyloxycarbonyl)benzamidine, gave the following title compounds: 

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

pyridyl)ethyl]amino]carbonyl]-IH-l,4-benzodiazepine-2-acetate. HPLC RT 17.8 min 

(YMC ODS-AQ, 6 x 250 mm, 1.5 mUmin, gradient, A:acetonitrile B:water-0. l % 

10 trifluoracetic acid, 10-80% A during 20 min, UV detections at 220 nm); 1 H NMR (250 

MHz, CDCl3) B 8.5 (d, 2H), 7 .1-7 .3 (m, 7H), 6.95 (s, lH), 6.8 (s, 2H), 6.05 (m, IH), 

5.25 (d, lH), 4.5 (m, lH), 4.25 (m, lH), 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-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-

15 pyridyl)ethyl]amino]carbonyl}-lH-1,4-benzodiazepine-2-acetate. HPLC RT 18.3 min 

(YMC ODS-AQ, 6 x 250 mm, 1.5 mUmin, gradient, A:acetonitrile B:water-0.1 % 

tridfluoracetic acid, 10-80% A during 20 min, UV detections at 220 nm). 

10(a).IJ1ethyt(R.,S)-2,~.4,5-te1!2hYd.ro-3-oxo-4-(2-phenylethyl)-8-[[[3-(4-

pyridyl)propyl]amino]carbonyl]-1H-l,4-benzodiazepine-2-acetate. This compound was 

20 purified by flash chromatography (silica gel, chloroform, 5:95 methanol:chlorofonn). lH 

N~_(2_50 MHz, CDCl3fCD30D) 5 8.48 (d, 2H), 7.46-6.68 (m, 12H), 6.17 (m, lH), 

5.28 (d, lH), 4.98 (q, lH), 4.32 (d, lH), 3.90-3.55 (m), 3.72 (s, 3H), 2.98 (dd, lH), 

2.88-2.50 (m), 1.95 (m). 

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

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

8(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-( 4-

pyridyl)ethyl]~ino]carb_onyl]- lH-1,4-benwdiazepine-2-acetic acid. 1 H NMR(DMSO 

30 d()/fFA, 360 MHz) 5 8.8 (d, 2H); 8.35 (m, lH), 7.95 (d, 2H), 7.2 (m, 2H), 7.1 (m, 

2H), 7 .0 (m, 2H), 6.84 (d, IH), 5.35 (d, IH), 4.95 (d, IH), 3.95 (d, lH), 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)ethyl]amino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid. MS(ES) m/e 473 

35 [M+H]+. 

lO(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[3-(4-

pyridyl)propyl]amino ]carbonyl]- ltI-1,4-benzodiazepine-2-acetic acid This compound 

was purifiCd by chromatography (Sephadex LH20, water). MS(ES) m/e 487 [M+H]+; 

:-·· ........ ·.:.·. 
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HPLC RT 10.10 min (PRP-1 ®, 4.6 x 250 mm, 1.5 mL/min, gradient, A:acetonitrile 

B:water/0.1 % TFA, 20-50% A during 20 min, UV detection at 220 and 250 nm); TLC Rf 

. 0.47 . .(silic.a, 3:1:1 n-BuOH:HOAc:H20); Anal. (C2gH30N404•3H20) calcd: C, 62.21; 
.. ·ii. ·6.7~·; N .... 10~36 .. '-.!~~nd;-c:·62.21; ii·;·6:00;-N,"--10:-36.- .. : . - . . · · ~ .· · .. -", --... - · 
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Examples 11-12 

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

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

10 benzyloxycarbonyl)benzamidine, gave the following title compounds: 

11 (a) methyl (R,S)-8-[[[5-aminopentyl] amino ]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-lH-1~4-benzodiazepine-2-.acetate. TLC Rf 0.45 (silica, 1:20 

CH2Cl2:methanol); lH NMR (400 MHz, CD30D) a 6.9-7.4 (m, 13H), 5.4 (d, lH), 5~1. 

15 (m, lH), 5.05 (s, 2H), 3.87 (d, lH), 3.7 (s, 3H), 3.6.-3.8 (m, 2H), 3.1 (t, 2H), 2~95 

(dd, lH), 2.75 (t, 2H), 2.65 (dd, lH), 1.45-1.65 (m,· 4H), 1~3-1.4 (m, 2H). 

12(a) methyl (R,S)-[8•[[(4-aminoj)henyl)methyl]amino]-carbonyl]-2,3,4,5.;tetrahydro-3-

oxo-4~(2~phenylethyl).:.ili~i.4~reniodimpine~2-:acetilte; lH NMR (400MHz, CDCI3) B 

8.15 .(d, 2H), 7.45 (d, 2H), 7.15 (m, 3H), 7.0-7.l(m, 4H), 6.85 (d, lH), 5.3 (d, lH), 

20 4.95 (t, lH), 4.65 (d, 2H), 4.4 (b, lH), 3.7 (s, 3H), 3.5-3.65 (m, 3H), 2.95 (dd, lH), 

2.75 (m, 2H), 2.6 (dd,. lH). 

25 

b) Using the procedme of Example lG), except. substituting the compounds of Examples 

47-48(~) for the compound of Example l(i) gave the following title compounds: 

11 (b) (R,S)-81.[[ (5-aminopentyl)amino ]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)- lH- l ,4-benzodiazepine-2-acetic acid. lH NMR (400 MHz, CD30D) B 7.05-

7.25 (m, 5H), 7.0 (s, lH), 6.95 (s, 2H), 5.45 (d, lH), 5.1 (m, lH), 3.9 (d, lH), 3.8 (m, 

lH), 3.7 (m, lH), 3.4· (t, 2H), 2.95-2.85 (m, 3H), 2.7-2.8 (m, 2H), 2.55-2.65 (dd, lH); 

30 MS~S) 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)-:lH-1,4-benzodiazepine-2-acetic acid lH NMR (400 MHz, CD30D) B 7.3 

(d, 2H), 7.15-7.25 (m, 6H), 7.1-7.0 (m, 6H), 5.5 (d, lH), 5.1 (m, lH), 4.5 (d, 2~). 3.9 

(d, lH), 3.8 (m, lH), 3.7 (m, lH), 2.95 (dd, lH), 2.8 (m, 2H), 2.65 (dd, lH); MS(ES) 

35 m/e 473.2 [M+H]+. 
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Example 13 

Pre.panition of CR.Sl-8-[[[ 4-CPropy))aminomethyl)phenyll-
. · ·a·;i~oic'S;bonyi1~i.-3A.s-·rerrahydio-·3-oxo-4~c2-lilleny1erhyh~ 1 H-1.4~benzociiauaiine-2-

acetic Acid 

a) methyl (R,S)-8~[[[N-(t-butoxycarbonyl)-4-(propyl)­

aminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-1H­

l ,4-benzodiazepine-2-acetate 

10 Using the procedure of Example l(h), except substituting the compound of 

15 

Preparation 4(b) for 4-(methylamino)-(N-benzyloxycarbonyl)benzamicline gave the title 

compound. lH NMR (400 MHz, CDCI3) B 7.6 (d, 2H), 7.0-7.3 (m, 9H), 6.9 (d, lH), 

5.3 (d, 1lH), 5.0 (m,. lH), 4.4 (m, .2H), 4.35 (d, lH), "3.7 (s, 3H), 3.6-3.7 (m, 2H), 3.0.-
3.2 (m, IB), 2.95 (dd, lH), 2.75 (m, 2H), 2.65 (dd, lH), 1.5-1.7 (m, 9H), 0.9 (t, '3H) 

b) methyl (R,S)-8-[[[4-(propyl)aminomethyl)phenyl]amino]-carbonyl]-2,3,4,5-tetrahydro-

3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetate 

: · · · The compound·of.Example 13(a) (350 mg, 0.56 mmol) was dissolved in a inixture 
of ~2CI2 (25 mL) and TFA (5 mL). After 1 h, the mixture was concentrated to give the 

20 title compound. 

c) (R,S)-8-[[[4-(propyl)aminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-

4-(2-phenylethyl)-lH-1,4-benzodiazepine:-2-acetic AG.id 

Using the procedure of Example lG), except substituting the compound of 

25 Example 13(b) for the compound of Example l(i) gave the title compound (142 mg, 40%). 
lH NMR (400 MHz, CD30D) B 7.8 (d, 2H), 7.45 (d, 2H), 7.0-7.25 (m, 8H), 5.5 (d, 

30 

lH), 5.1 (m, lH), 4.2 (s, 2H), 3.9 (d, lH), 3.8 (m, lH), 3.7 (m, lH), 2.9-3.l(m, 3H), 

2.75 (m, 2Hj, 2.65 (dd, lH), 1.7 (m, 2H), 1.0 (t, 3H); MS(ES) m/e 515.2 [M+H]+. 

Examples 14-16 

a) Using ID.e procedure of Example 13(a)-(c), except substituting the compounds of 

Preparation Sand 6(c) for the compound of Preparation 4(b), gave:. 

35 14(a) (R,S)-8-[[[[4-[N-(t-butoxycarbonyl)-aminomethyl]phenyl]methyl]amino]carbonyl]- . 

2,3A,5-tetrahydro-3-oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetic acid 

15(a) (R,S)-8-[[[[3-[N-(t-butoxycarbonyl)-aminomethyl]phenyl]meth~l]amino]carbonyl]-

2,3,4,5-tettahydro-3-oxo-4-(2-phenylethyl)-lH., 1,4-benzodiazepine-2-acetic acid 
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16(a) (R,S)-8-[[[3-[4-[N-(t-butoxycarbonyl)-piperidinyl]propyl]amino]carbonyl]-2~3.4,5-
. . 

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazep~ne-2-acetic acid 

b) Using the procedure of Example 13(b), except substituting th~ ~ompounds Exampie i4-
5 16(a) for the compound of Example 13(a), and purifying the residue with chromatography 

(Sephadex UI20) gave: 

14(b) (R,S)-8-(([[ 4-(aminomethyl)phenyl]methyl]amino]-carbonyl]-2,3,4,5-tetrahydr0-3-

oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid • MS(ES) m/e 487 .0 [M+H]+. 

10 Anal. (C2gH30N404•l.S TFA) calcd: 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-(aminomethyl)phenyl]methyl]amino]-carbonyl]-2,3,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine~2-acetic acid • MS(ES) m/e 487 .0 [M+H]+; 

HPLC RT 15.9 mfocPRP~l®, 4.6 x 250mm, 1.5 mLJmin, 25% AN/W-TFA, UV. 

15 detection at 220 and 250 nm). Anal. (C2gH30N404•1.51FA) 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-piperidinyl]propyl]amino ]carl>onyl]-2,3,4,5-tetrahydro-3-oxo-4:-(2- . 
phenylethyl)-lH-1,4-benzodi~pine-2-;acetic acid~ l.ffNMR(250 ~ DMSO-:d6) o 
7.40-6.70 (m, 8H), 5.38 (dd, lH), 4.99 (m, lH), 4.29 (s, lH), 4.00 (dd, lH), · 3.70-

20 2.90 (m), 2.90-2.20 (m), 1.72 (d, 2H), 1.48 (m, 3H), 1.17 (m, 4H); TI..C Rf 4.90 (silica 

25 

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@l.5 mUmin, UV detection at 220 and 250 run); 

MS(ES) m/e 493.2 [M+H]+; Anal. (C2gH36N404°HOAC·2H20) calcd: 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 l(h), except substituting 

4-(aminomethyl)pyricline, 4-(2-pyridyl)butanamine, N-methyl-4-(3-pyridyl)butanamine, 2-

30 (lH-imidazol-1-yl)ethanamine (Syn. Comm., 21, 535 (1991)) and 3-(lH-imidazol-1-

yl)propanamine for 4-(methylamino)-(N-benzyloxycarbonyl)]benzamidine 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]amino ]carbonyl]-lH-1,4-benzodiazepine-2-acetate 

35 18(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-p:ti.enylethyl)-8-[[[4-(2-

pyridyl)butyl]amino]carbonyl]-lH-1,4-benzodiazepine-2-acetate 

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

pyridyl)butyl]meihylamino ]carbonyl]-lH-l ,4-benzodiazepine-2-acetate 

.......... 
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20(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-(lH-imidazol-1-

yl)ethyl]amino ]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-l,4,.benzodiazepine-2-acetate. 

MS(ES) m/e 476.2 [M+H]+, lNMR (400 :MHz, MeOD) B 2.66-2.76 (3H, dd+t), 

.. 

2:93 "(IH, dci). 3.58-3.70 "c?H. ~). 3.92 ciH. d);4:3o (2Ii,' i)~'"5j)6·:··(1H~--~)~ .. 5.37 ' . . . . '·' 
5 (lH, d), 6.90-7.25 (lOH, m), 7.92(1H, s). 

21 (a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[3-(lH-imidazol-l-yl)propyl]amino ]carbony 1]-

3-oxo-4-(2-phenylethyl)~ l H- l ,4-benzodiazepine-2-acetate. MS(ES) m/e 490.2 [M+H]+, 

lNMR (400 MHz, MeOD) B 2.08 (2H, m), 2.62-2.77 (3H, dd+t), 2.93 (lH, dd), 3.34 

{2H, t), 3.61 (lH, m), 3.67-3.77 (4H, s+m), 3.86 (lH, d), 4.08 (2H, t), 5.08 (lH, m), 

10 5.39 (lH, d), 6.90-7.23 (llH, m), 7.75 (lH, bs). 

. . 

b) Using the procedure of Example IG), except sub~tituting the compounds of Examples 

17-2l(a)for.the compoun~ of Example l(i), gave the title compounds: 

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

(pyridyl)methyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid: HPLC RT 8.2 

min (YMC ODS-AQ, 50 x 250 mm, 80 mUmin, 30% AN/W-TFA, UV detection at 220 

nm); MS(ES)~/e 459:2 [M+H]+; lNMR (400 ·:MHz, DMSO) B 2.55 (lH, dd), 2.67 (2H, 

t), 2.78 (iH. dd, J1=9 Hz, J"2~l7 Hz), 3.58 (2H, iil}, 4.00 (lH; d, .J=17 Hz); 4.65 (2H,· 

d, J=6 Hz), 5.03 (lH, m), 5.44 (lH, d, J=17 Hz), 7.00-7.29 (lOH, m), 7.80 (2H, d, 

20 1=5 Hz), 8.78 (lH, bs), 9.10 (lH, t, J1=6 Hz, J2=12 Hz). 

Anal.(C26H26N404· 1.5C2HF302·0.5 H20) calcd: C, 54.55; H, 4.50; N, 8_.77. found: 

C, 54.32; H, 4.61; N, 8.89. 

18(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[ 4-(2-

pyridyl)butyl]amino ]carbonyl]-lH-l ,4-benzodiazepine-2-acetic acid. HPLC RT 10.5 

25 min (YMC ODS-AQ, 50x250 mm, 80 mUmin, 25% AN/W-TFA, UV detection at 

220 nm); MS(ES) m/e 501.2 [M+H]+; lNMR (400 MHi DMSO) b 1.53 (2H, t), 

1.75 (2IJ, t), 2.55 (lH, dd), 2.68 (2H, t) 2.78 (lH, dd), 2.99 (2H, t), 3.27 (2H, m), 

3.59 (2H, m), 4.01 (lH, d), 5.00 (lH, t), 5.40 (lH, d), 6.90 (lH, d), 7.06 (2H, 

m), 7.20 (3H, m), 7.28 (2H, m), 7.77 (lH, t), 7.85 (lH, d), 8.28 (lH, t), 8.35 
30 (lH, t), 8.74 (lH, d). Anal. (C29H32N404·1.4C2H02F3·H20) calcd: C, 55.73; H, 

5.19; N, 8.12. found: C, 55.61; H, 5.08; N, 8.21. 

l 9(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[ 4-(3-

pyridyl)butyl]methylamino]carbonyl]-IH-1,4-benzodi~pine-2-acetic acid. HPLC 

RT 12.3 min (YMC ODS-AQ, 50 x 250 mm, 80 mUmin, 30% AN/W-TFA, UV 
35 detection at 220 nm); MS(ES) m/e 515.2 [M+H]+; lNMR (400 MHz, DMSO) B 

. . 
1.31-1.70 (4H, m), 2.40-2.92 (m), 3.21 (lH, m), 3.40 (lH, m), 3.55 (2H, m), 3.98 

(lH~ d), 5.01 (lH, m), 5.38 (lH, d), 6.40-6.55 (2H, m), 6.92-7.26 (6H, m), 7.77-

7.94 (lH, 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~iqrldazol-l:::yl)~$yl]ar.nino]c~onyl]-3".'. :-,, .. ,_ . 

oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid. HPLC RT 6.8 min 

s (YMC ODS-AQ, 50 x 250 nm, 80 mUmin, 30% AN/W-TFA, UV de~ction at 220 

nm); MS(ES) m/e 462.2 [M+H]+; lNMR (400 :MHz, DMSO-d) l> 2.55 (lH, dd), 

2.66 (2H, t), 2.78 (lH, dd), 3.55 (2H, t), 3.65 (2H, t), 4.00 (lH, d),: 4.35 (2H, t), 

5.00 (lH, m), 5.38 (lH, d), 6.00 (lH, bs), 6.87 (IH, d), 7 .00 (lH, s), 7.07 (lH, 

d,), 7.13-7.28 (SH, m), 7.63 (lH, s), 7.73 (lH, s), 8.45 (lH, t), 9.09 (lH, s). 

10 Anal. (C25H27N504·1.5(C2HF302)H20) calcd: 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-( lH-imidazol-1-yl)propyl]amino ]carbonyl]-3-

oxo-4.!(2-phenylethyl)- lH-l ,4-benzodiazepine-2-acetic acid • HPLC RT 8.6 min 

(YMC ODS-AQ, 50 x 250 nm, 80 mUmin, 30% ANiW-TFA, UV detection at 220 

15 nm); MS(ES) m/e 476.2 [M+H]+; 1 NMR (400 MHz, DMSO-d) l> 2.06 (4H, bt), 

2.51 (lH, dd), 2.66 (4H, bt), 2.77 (lH, dd), 3.22 (4H, m), 3.58 (4H, bt), 4.00 
. . . . . ' . . . 

(lH, d), 4.20 (4H, t), 5.00 (lH, In), 5.40 (lH, d), 6.92 OH, d),. 7.05 (2H, m), 

7.15 (2H: m), 7.23 (2H, m), 7.68 .. "(1.H~ ~). 7.80(iH~ ~k8~3iClH;.t)~·9 ... 12 (lH, s); 

Anal. 

20 (C26H29N504·1.75C2HF302) calcd: C, 52.48; H, 4.59; N, 10.37. found: C, 

52.61; ~. 4.98; N, 10.38. 

Example 22-23 

25 a) Using the prc;x:edme 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(0. 

except substitµting 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-

30 piperazinyl)ethyl]amino]carbonyl]-lH-1,4-benzodiazepine-2-acetate. HPLC RT 5.3 

min (YMC ODS-AQ, 6 x 250 mm, 1.5 mUmin, 30% AN/W-TFA, UV detection at 

220 nm). · 

35 

23(a) methyl (R,S)-2,3,4,5-tetrahydro-3-~xo-4-(2-phenylethyl)~B-[[[2-(l­
piperazinyl)ethyl]methylamino]carbonyl]-lH-l,4-benzodiazepine-2-acetate 

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

22(a) and23(a) for the compound of Example l(i) ga~e: 
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22(b )( 1) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2~phenylethyl)-8-[[[2-(l­

piperazinyl)ethyl]amino ]carbonyl]-1H-l ,4-benzodiazepine-2-acetic acid. HPLC RT 

. 7 A mm. CY¥C. QPS"'.AQ. 50 ~ Z~0.111111. ~O I.lllJmin, 22% A~/W-TFA, UV detection 
a1220~~>; .. Ms(Es) ~e,48o.2 £M~ifr(.iNM1l°.(4oo Mfu.~riMs0"2d:>' s2.4s-~i6o' . 

s (lH, dd), 2.70 (2H, t), 2.82 (lH, dd), 3.20 (2H, bs), 3.89 (8H, bs), 3.58 (4H, m), 

4~05 (lH, d), 5.00 (lH, t), 5.40 (lH, d),°6.97 (lH, d), 7.11 (2H, m), 7.18 (3H, 
m), 7.26 (lH, m), 8.50 (lH, bs). Amil. C<;26H33N504·2.5(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-(l-

IO piperazinyl)ethyl]methylamino ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid . 

HPLC RT 9.8 min (YMC ODS-AQ, 50 x.250 nm, 80 ml/min, 25% AN/W-TFA, UV 
detection at 220 run); MS(ES) m/e 494.2 [M+H]+; lNMR (400 MHz, DMSO-d) o 

. 2.52 (l!fl, dd), 2.68 .(2H, m), 2.75 -(lH, dd), 2.92. (3H, s), 2.94-3.30 (SH, m), 

3.50-4.10 {7H, m), 5.03 (lH, m), 5.40 (lH, d), 6.49 (lH, d), 6.57 (lH, s), 7 .02 
15 (lH, 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. 

· · :· -Exampies".24 .. 25., 

.20 a) Using the procedure of Example l(h) and the procedure of 13(b), except substituting the 

compounds of Preparation.8 and 9 for .. the compound ofExampJe l(i) and deleting 

pyridine, gave: 

24(a) methyl (R,S)-8-[[[6-aminohexyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-
25 phenylethyl)-lH-1,4-benzodiazepine-2-acetate. 1LC Rf0.35 (Kieselgel 60 F254, 15:3:2 

2-butanol:fonnic acid:water); MS(ES) m/e 467. 

30 

25(a) methyl (R,S)-8-[[[6-aminobutyl]amino]carbonyl 

]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l ,4-benzodiazepine-2-acetate. MS(ES) 

m/e 453.2. 

b) Using the procedure of Example lG), except substituting the compounds of Examples 

24(a) and 25(a) for the compound l(i) and substituting lithium hydroxide for sodium 

hydroxide, gave: 

35 24(b) (R,S)-8-[[[6-aminohexyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid . MS(ES) m/e 467. Anal. 
(C26H34N404. 1.4 C2H02F3) calcd: C, 55.13 ;.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-oxo-4-(2-

p~enylethyl)-lH-1.4-benzodiazepine-2-acetic acid. MS(ES) m/e 439.2. Anal. 
· .. c.c24ii3oN4o4."t.5 Iiio:oiad).caic<r: c. 6Lci3; .. ii.·1.62; N-.1i~6:i; c1~ iJo>tound: 

C, 61.44; H, 7.11; N, 11.94; a, 0.76. 

Example26 

Preparation of CR.Sl-2.3.4.5-tetrahydro-3-oxo-4-C2-phenylethyll-8-[U3-C4-

10 pyrazolyl)propyllaminolcarbonyll-lH-1.4-benzodiawrine-2-acetic acid 

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

pyrazolyl)propyl]~ino ]carbonyl]-lH-1,4-benzodiazepine-2-acetate 

The compotlrtd of Preparation 24(e) (116 mg, 2.0 mmol) dissolved in DMF (30 
15 mL) was ~ated 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-
pyraz61yl)ethana~i.ne dihydrochloride (300 mg, 2.4 mmol) (J. Am. Chem. Soc., 75, ·4048 

. (1953))·~ ·stlrrCd at llT for 48 :h; :concentrated and the residue was purified by flash 

c~matography (silica gel, step gradient, chlorofonn to 95:5 chlorofonn:methanol) to 
20 yield the title compound-(1g,90%). MS ES [M+H]+= 490; lH NMR (250 MHz) S 7.44 

(s, 2H), 7.29-7.19 (m, SH), 7.18-7.09 (m, 3H):, 5.30 (dd, 2H J=7.5 Hz), 4.98-4.95 (m, 

lH), 3.73 (s, 3H), 3.70-3.60 (m,·3H), 3.43 (d, 2H, J=7.5 Hz), 3.00 (dd, 2H, 1=1.0 Hz) 

2.77-2.65 (m, 2H), 2.63 (t, 2H, 1=1 Hz),1.88 (p, 2H, 1=7.5). 

25 b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[3-(4-
pyrazolyl)propyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid 

Using the procedure of Example lG), except substituting the compound of 
Example 26(a) for the compound of Example l(i), gave the title compound. MS(ES) 476 
[M+H]+; lH NMR (400 MHz) B7.66 (s, 2H), 7.21-7.13 (m, SH), 7.00-6.96 (m, 3H), 

30 5.47 (d, lH, J=16 Hz), 5.10 (m, lH), 3.70 (d, lH, J=l6 Hz), 3.80-3.71 (m, lH), 3.70-
3.60 (m, lH), 3.32 (t, 2H, J=l.6 Hz), 2.95 (dd, 2H, 1=8 Hz), 2.75 (m, 2H), 2.66 (t, 

2H, J=8 Uz), ·1.89 (p, 2H, J=8 Hz). 

35 

Examples 27-29 

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

imidazol-4-yl)e~anamine and 2-(1-methyl-lH-imidazol-5-yl)ethanamine for 2-(4-
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pyrazolyl)ethanamine dihydrochloride and substituting _1-(3-dimethylaminopropyl)-3~ 

ethylcarbodiimide hydrochloride for 1,3-dicyclohexylcarbodiim~de gave: 

.... ·":" - ·: - . :-··· . •. ·. -. _.. .. ·., 

27(a) methyl (R,S)-2,3,4,5-tettahydro-8-[[[2-(lH-imidazol-4-yl)ethyl]amino]carbonyl]-3-

5 oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetate 

10 

20 

28(a) methyl (R,S)-2,3,4,5-tettahydro-8-[[[2-(1-methyl-lH-imidazol-4-

yl)ethy l]amino]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetate 

29(a) methyl (R,S)-2,3,4,5-tettahydro-8-[[[2-(1-methyl-lH-imidazol-5-

yl)ethyl]amino]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetate 

b) Using the procedure of Example lG), except substituting the compounds of Examples 

27-29(a) for the compound of Example l(i), gave: 

27(b) (R,S)-2,3,4,5-tetrahydro-8-[[[2-(lH-imidazol-4-yl)ethyl]amino]carbonyl]-3-oxo-4-

(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid. MS(ES) m/e 462.2 [M+Hj+; HPLC 

k' 3.2 (YMCODS AQ, 22% AN/W-TFA, UV detection at 220 nm); TI.CRf0.85 (silica 

gel, 15:5:10:10-pyridine:acetic acid:butanol:water)~ Arial~ (C25H27N504~1.25 H20) 

calcd:·c, 62.03; H, 6,14; N; 14.47. found:~C. 61.89; I-(6.37; N, 14.20. 

· 28(b) (R,S)-2,3,4,5-tetrahydro-8-[[[2-(1-methyl-1H-imid8.zol-4-yl)ethyl]amino]carbonyl]-

3-oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepin~-2-acetic acid. MS(ES) m/e 476 [M+H]+; 

HPLC k' 2.03 (YMC ODS AQ, 25% AN/W".'1FA, UV detection at 220 nm); TI.C Rf 0.90 

(silica gel, 15:5:10:10 pyridine:acetic acid:butanol:water); Anal. (C26ff29N504·3.5 HCl· 

0.5 H20) calcd: C, 51.01; H, 5.51; N, 11~44. found: C, 50.96; H, 5.13; N, 11.72. 

29(b) (R,S)-2,3,4,5-tetrahydro-8-[[[2-(1-methyl-lH-imidazol-5-yl)ethyl]amino]carbonyl]-

25 3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid. MS(ES) m/e 476 [M+H]+; 

HPLC k' 203 (YMC ODS AQ, 25% AN/W-TFA, UV detection at 220 nm); 11..C Rf 0.90 

(silica gel, 15:5:10:10 pyridine:acetic acid:butanol:water); Anal. (C26H29N504·5 HO· 

0.5 H20) calcd: C, 46.83; H, 5.29; N, 10.50. found: C, 47 .20; H, 5.70; N, 10.47. 

30 Example30 

Preparation of (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8•[[[2-(2-

pyrazinyl)ethyl]arnirto]carbonyl]-lH-l,~benzodiazepine-2-acetic acid 

35 a) ~ethyl (R,S)-2,3,4,5-tettahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-

pyrazinyl)ethyl]arnino ]carbonyl]-lH-1,4-benzodiazepirte-2-acetate 

.. ·· ·. 
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Using the procedure of Example 26(a), except substituting the compound of 

Preparation lO(b) far histamine and substituting diisopropylethylamine for triethylamine 

- .. - gave the title compound. MS(ES) m/e [M+H]+.488;. lH NMR (250..1'4»z))i,.... . .. . . __ .. 

8.40-8.55 (m, 3H), 7.10-7.28 (m, SH), 6.81-6.99 (m, 3H), 5.46 (d, lH), 5.14 (m, lH), 

5 3.56-3.80 (m, 6H), 3.19 (t, 2H), 2.90 (dd, lH), 2.72-2.85 (m, 4H), 2.61 (dd, lH). 

b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2- (2-

pyrazinyl)ethyl]amino]carbonyl]-lH-1,4-benzodiu.epine-2-acetic acid 

Using the procedure of Example l(j), except substituting the compound of 

10 Example 30(a) for the compound of Example l(i), gave the title compound. MS(ES) m/e 

[M+H]+ 474; lH NMR (400 MHz). S 8.40-8.70 (m, 3H), 7.10-7.3l (m, 5H), 6.88 (d, 

15 

lH), 6.70 (d, lH), 6.63 (m, lH), 5.37 (d, lH), 5.06 (m, lH), 3.57-3.81 (m, 3H), 3.18 

. (t, 2H),·2.74-2.97 (m, SH), 2~6i (dd, lH). 

Example31 

Preparation of CR.Sl-7-UC4-Caminomethy1)phenyllcarbonyll-amin9J-2.~_.4.~"'. 

· tetrahydro-l-merhyl-3-ox0-4-C2-pheny1ethyll-1H-·1.4-benzooiaze.pine~2-ac·etic Acid · 

20 a) benzyl (R,S)-7-([[ 4-[N-(t-butoxycaroonyl)amino-methyl]phenyl]carbonyl]amino ]-

2,3,4,5-tetrahydro-l-methyl-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiu.epine-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-

25 butoxycarbonyl)(aminomethyl)]benzoic acid for the compound of Preparation lO(b) 

and substituting CH2CI2 for DMF, yielded the title comp0und (100 mg, 38%). lH 

NMR (400 MHz, CDCl3) S 1.45 (9H, s), 2.54 (3H, s), 2.61 (lH, dd), 2.74 (2H, t), 

3.04 (lH, dd), 3.50 (lH, dt), 3.72 (lH, d), 3.88 (lH, dt), 4.28 (2H, d), 4.66 (lH, 

m), 4.99 (lH, d), 5.08 (2H, ABq), 5.40 (lH, t), 6.72 (lH, d), 7.00 (2H, .d), 7.05-

30 7.19 (3H, 2t), 7.20-7.48 (SH, m), 7.80 (lH, d), 8.70 (lH, s). 

b) (R,S)-7.:.[[[( 4-aminomethyl)phenyl]cID:bonyl]amino ]-2,3,4,5-tetrahydro-1-methyl-

3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid 

A solution of the compound of Example 31(a) (100 mg, 0.2 mmol) in 

35 Cli2Cl2 (15 mL) was treated with 4M hydrogen chloride in dioxane (0.5 mL, 2.0 

mmol) and stirred at 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 susi)ension was added to an argon purged 

:··. 



... ··.· .. 

.. . ··:· . . .·· . :/•:: .. -

. . ~ . . :.. . ·. . . .,_. . . . . 
~. ·. . . ........ _..;·· ...... _.. · ... 

5 

10 

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%). I:IPLC RT 8._Q mi~ (YMC ()D.S_-~Q. __ 50 _x ~~O mIJ1, ~O 
mUmln, 21.5% ANtW-TFA, uv'de~~~tl~~·-ariio ~~); .. MScES) .. ~~ 481.2 fM+li1+; 
1 NMR (400 MHz, DMSO-d(;) B 2.70 (lH, dd), 2.82 (lH, dd), 3.88 (2H, dt), 4.08 
(lH, d), 4.13 (2H, s), 4.68 (IH, m), 5.13 (lH, d), 6.94 (lH, d), 7.02-7.20 (4H, 
m), 7.48-7.62 (3H, m), 8.01 (2H: _d), 8.25 {2H, m); Anal. 
(C2gH3QN404·1.S(C2HF302)·1.4 (H20)) calcd: C, 54.57; ;H:, 5.06; N, 8.21. 
found: C, 54.95; H, 5.11; N, 7 .81. 

. .. Example 32 

:.·•.· ... 

J7el?aration of CR.Sl-8-Uf2-C 4-pyridyllethyllmethyI-aminolcarbonylJ-2.3.4.5-tet:rahydrQ-· . .. : . . 

3-oxo-4-C2-phenylethyll-1H-1.4-benwciiazepine-2-acetic acid 
15 

a) methyl (R,S)-8-[[[2-(4-pyridyl)ethyl]methylamino]-carbonyl]-2,3,4,5-tetrahydro-3-
oxo-4-(2-phenylethyl)-lH-l,4-benzOdiazepine.;2-aceiate_ 

Usirig·the procedure of Exarnple 21(a)~ except ·substit_uiiilg·N~methy1~2-(4-
pyr:ldyl)ethanamine for histamine and deleting the diisopropylethyhunine, gave the title 

20 compound. HPLC RT 16.6 min (YMC ODS-AQ, 6 x 250 mm, 1.5 mUmin, gradient, 
A:acetonitrile B:water-0.1 % trifluoracetic acid, 10-80% A.<luriIJ.g-20 min, UV 
detection at 220 nm; MS(ES) m/e 487 [M+H]+. 

b) (R,S)-8-[[(2-( 4-pyridyl)ethyl]methylamino ]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-
25 (2-phenylethyl)-.lH-1,4-benzodiazepine-2-acetic Acid 

Using the procedure of Example lG), except substituting the compound of 
Example 32(a) for the compound of Example l(i), gave the title compound. 1 H 
NMR(DMSO d6/TFA, 360 MHz) S 8.8 (br, 2H), 8.0 (br, lH), 7.7 (br, lH), 7.15 (m, 
SH), 6.0 (br, lH), 6.3 (hr, 2H), 5.35 (d, lH), 5.0 (m, lH), 3.95 {d, lH),·3.75 (br, 2H), 

30 3.6 (m, 3H), 3.15 (br, 2H), 2.9 (br, 3H), 2.75 {m, lH), 2.65 {m, 2H); MS(ES) m/e 487 
[M+H]+. 

Pteyaration of CR.Sl-8-ur4-CDimethylamino)butyllaminol-carbonyll-2.3.4.S-tetrahydro-3-
35 oxo-4-<2-phenylethyll-lH-1.4-benzociiazepine-2-acetiC acid 

a) methyl (R,S)-~-[[[ 4-(Dimethylamino)butyl]amino]c~bonyl]-2,3,4,5-tetrahydro-3-oxo-
4-(2-phenylethyl)-lH-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 

dimethylaminopyridine for 1-hydroxybenzotriazole, gave the title c_ompound._ MS{ES) rnje . 

4si cM+H]+; t'fi N"·MR.-c256 MB:~)--~,- 7.44~7.so cin, ·iH)~ 6~98~7~28 (~, 7H>, 6.si ·ed. 
s lH), 5.27 (d, lH), 5.00 (m, lH), 3.56-3.80 {m, 6H), 3.44 (q, 2H), 3.00 (dd, lH), 

2.63-2.85 (m, 3H), 2.69 (dd, lH), 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-tettahydro-3-oxo-4-(2-

phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid 

10 Using the procedure of Example 10), except substituting the compound of 

15 

20 

;Example 33(a) for the comppund of Exampl_e l(i), gave the title compound. MS(ES) m/e 

467 [Mi-H]+; .lH NMR (400 MHz) 8 7.00-7.31 (m, 6H), 6.98 (d, lH), 6.84 (d, lH), 

5.34 (4, lH), 5.00 (m;0-IH), 3.57-3~81 (m, 3H), 3.42 (q, 2H), 2.96 (dd, lH), 2.62-2.80 
~ . ....:· . , . 

(m, 3H), 2.50 (q, 2H), 2.34 (s, 6H), 1.65-1.74 (m, 4H). 

Example34 

Prepariuion·cR.S>-4.3;4.5-tetraflydro:3~6x0-4~<2""phenylethyll~8-rrri-C4-

piperidinynethyllaroinolcarbonyll-1 H-1.4-benzodiaua>ine-2-acetic acid 

a) methyl (R,S)-2,3,4,5-tet:ra.hydro-3"'.oX.9-4-(2-p~e11ylethyl)-8-[[[2-(4-

piperidinyl)ethyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetate 

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 

25 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]+. 

b) (R,S)-2,3,4,5-tetrahyqro..3-oxo-4-(2-phenylethyl)-8-[[[2-(4-

30 piperidinyl)ethyl]amino ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid 

. bis(trifluoroacetate) 

Usi~g the procedure of Example lG), except substituting the compound of 

Example 34(a) for the compound l(i), gave the title compound. HPLC RT 16.1 min (YMC 

ODS-AQ, 6 x 250 mm, 1.5 mUmin, gradient, A~acetonitrile B:water-0. l % trifluoracetic 

35 acid, 10-80% A during 20 min, UV detection at 220 nm); lH NMR(DMSO d&TFA, 360 

MHz) S 8.5 (br, lH), 8.3 (m, 2H), 7.3 (m, 2H), 7 .15 (m, 2H), 7.05 (m, 2H), 6.9 (d, 

lH), 5.39 (d, lH), 5.0 (m, lH), 4.0 (d, lH), 3.55 (m, 2H), 3.25 (d, 3H), 2.55-2.8 (m, 

3H), 1.2-1.8 (m, 9H); MS(ES) rn/e 479 [M+H]+. 

. ·-:-::·.- . 
.·; -·: 
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Example35 

rreparatio~ oi·.s\-2.3.4.5~1.etrahy~3-oxo-4-c2~pheny1e1hyn-s-rrr2-c4. 
s piperidinyllethyllmethylaminolsmtonyll-1 H-1.4-benwdiazepine-2-acetic add 

10 

--:--~ ... 

.. .15 

a) methyl (R,~)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4-
piperidinyl)ethyl]methylamino ]carbonyl]-lH-1,4-benzodiazepine-2-acetate 

A soluti,on 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 hydrogen~ted (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-oxo-4-(2-phenylethyl)-8-[[[2-( 4-
piperidinyl)ethyl]methylamino]carbonyl]-lH-1 r4-benzodiazepine-2-acetic Acid . 
Bis(trifluoroacetate) 

Using the procedure of Example lG), except sub_stituting the compound o! 
. Example J"S(affor the compound:1c1),.gave the title' compound (130 mg, 92%). HPLC RT 

16_.6 min (YMC oos.:.AQ, 6 x 250 mm, 1.5 mUmin, gradient, A:acetonittile B:water-
20 0.1 % TF A, 10-80% A during 20 min, UV detec~ons at 220 nm); I H NMR(DMSO 

~(iffFA, 360 MHz) S 8~5 (br, lH) •. 8.1 (br, lH), 7.2 (m, SH), 70 (d, lH), 6..S (s, lH). 

6.45 (d, lH), 5.4 (d, lH), 4,95 (m, lH), 3.95 (4, lH), 3.6 (br, 2H), 3.44 (br, lH), 
3.09-3.25 (br, 4H), 2.69-2.85 (m, 6H), 1.85 (br, lH), 1.1-1.86 (m, 8H); MS(ES) m/e 
493 [M+H]+. 

25 

30 

Example36 

Preparation cR.Sl-2.3.4.5-tetrnhydro-3-oxo-4-C2-CcyclohexyD-ethyll-8-CfC2-( 4-
. piperidinyDethyllmethylaminolcarbonyll-1 H-1.4-henzodiaze,pine-2-acetic acid 

a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-[2-(cyclohexyl)-ethyl]-8-[[[2-(4-
. pyridyl)ethyl]methylamino ]carbonyl]-IH-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)_ 

35 and hydrogenated (45 psi) and the mixture was filtered and concentrated to give the title 
conipound. HPLC RT 22 min (YMCODS-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-tetrahydro-3-oxo-4-[2-(cyclohexyl)ethyl]-8-[[[2-( 4-
pyridyl)ethyl]methylamino ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid 

··. . - .. "' . . . .. . . . . 
bis( trifluoroacetate) 

s Using the procedure of E'1'ample lG), except substituting the compound of 

Example 36(a) for the compound l(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 % trifluoracetic acid, 10-80% A during 20 min, UV detection at 220 nm); lH · 
NMR(DMSO d(iffFA, 360 MHz) B 8.5 (br, lH), 8.15 (hr, lH), ?.O (d, lH), 6.5 (s, lH), 

10 6.4 (d, lH), 5.4 (d, lH), 4.95 (m, lH), 3,89 (d, lH), 3.2-3.5 (hr, 7H), 2.8 (hr, 7H), 

0.75-1.85 (~. 23H); MS(ES) m/e 499 [M+H]+. 

Example 37 

15 Pre.paration of methyl CR.Sl-8-U2-C 4-[l-(methyl)pyridiniuml­

ethyllmethylaminolcarbonyll-4-£2-phenylethyl}-2.3.4.5-tetrahyciro-3-oxo-4-(2-

phenylethyll-1 H-1.~-benzodia?.e,pine-2-acetate Iodide 

The compound of Example 32(a) (0.11 g, 2.2 mmol) dis.solved in ·acetonitrile (l 0 
mL) was treated with iodomethane (0.2 mL, 3.2 mmol) and heated to reflux for 24 h, 

20 concentrated in vacuo (toluene azeottope) and triturated with ether to yield the title 
compound as a yellow solid. lH NMR(DMSO d()ITFA, 250 MHz) o 8.8 {hr, 2H), 8.05 

25 

(hr, lH), 7.15 (m, 6H), 6.99 (hr, IH), 6.4 (br, 2H), 5.35 (d, IH), 5.05 (m, lH), 4.25 
(s, 3H), 3.95 (d, lH), 3.75 (hr, 3H), 3.55 (s, 3H), 2.6-3.15 (m, UH); MS(ES) m/e 641 

[M-H], 515.2 [M+H]+. 

Example 38-39 

Preparation (R.Sl-2.3.4.5-tettahydro-3-oxo-4-£2-Ccyclohexyllethyll-8-[[£2-Cl-methyl-4-
piperidinyl)ethylJmethylaminolcarbonylJ-1H-1.4-benzodiaze.pine-2-acetic acid and 

30 CR.S)-2.3 .4.S-tetrahydro-3-oxo-4-(2-phenylethyll-8-UC2-Cl-methyl-4-
piperidinyl)ethyllmethylaminolcarbonyll-1 H-1.4-benzodiazepine-2-acetic 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 

35 concentrated to yield a mixture of the following compounds: 

38(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-[2-(cyclohexyl)ethyl]-8-[[[2-(1-methyl-4-

piperidinyl)ethyll-methylamino]carbonyl]-lH-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-( l-methyl-4-

piperidinyl)ethyl]-methylamino ]carbonyl]-lH-1,4-benzodiazepine-2-acetate 

.- . ·. :.· . . · ...... ·. . ·: =:· ...... ~··. . : .. : :. . •. ·' .. 

b) Using the procedure of the Example lG), except substituting the compounds of 

s Examples 74-75(8.) for the compound of Example 1 (i), and purifying the resultant mixture 

by HPLC (YMC ODS AQ, 50 x 250 mm, 90 mUmin, 27% ANIW-TFA, UV detection at 

220 run) yielded: 

38(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-[2-(cyclohexyl)ethyl]-8-[[[2-(l-methyl-4-

10 piperidinyl)ethyl]methylamino ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid: 1 H 
NMR(DMSO ddfFA, 360 MHz) B 9.14 (br, IH), 7.0 (d, lH), 6.5 (s, IH), 6.45 (d, 

lH), 5.4 (d, lH), 5.0 {m, lH), 3,89 (d, lH), 2.9-3.5 (br, 6H), 2.25-2.85 (m, IOH), 1.9 

15 

20 

25 

(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-oxo-4-(2-phenylethyl)-8-[[[2-(l-methyl-4-

piperldinyl)ethyl]methylamino ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid: lg 
NMR(DMSO d6/fFA, 360 l\.1Hz) B 9.1 (br, lH), 7.2 (m;5H), 7.0 (d, IH), 6.5 (s, lH), 

.. -· 

6.45 (d, IH), 5.4 (d, lH), 5.0 (m, IH), 3,95 (m, lH), 3.55 (m, 9H), 3.4 (ht, 2H)~ 3.2 

"{br, 2H), 2.85 (s,·3H). 2.65-2.75 (m, 7H), l.95·(br, "IHkl.0-4.49(br~ 8H)'; MS.(ES) m/e . 
507 [M+H]+. 

Example4Q 

Preyaration of CS-CR.Sll-8-rrr 4-fN-CalanyDaminomethyll phenyll aroinolcarbonyll-

2.3.4.5-tetrahydro-3-oxo-4-(2-phenylethyll- l H-1.4-benzociiazepine-2-acetic acid 

a) methyl{S-(R,S)]-8-[[[4-[N-[N-(t-butoxycarbonyl)­

alanyl]aminomethyl]phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)­

lH-1,4-benzOdiazepine-2-acetate 

Using the procedure of Example 17. except substituting the compound of 

30 Preparation 1 l(b) for 4-(aminomethyl)pyridine, gave the title compound {4~7 mg, 65%): 
TLC Rf 0.52 (ethyl acetate); HPLC RT 84.0 min (Ultrasphere ODS 4.6 mm x 15 cm, 
30%AN/W-TFA, 1.5 mUmin,-UVdetection at240 run); lHNMR (CDC13) o 1.34 (d, 

l=7.16 Hz, 3H), 1.39 (s, 9H), 2.61 (m; lH), 2.75 (~. 2H), 2.92- (m, lH), 3.62-3.72 

(m, 3H), 3.70 (s, 3H), 4.18 (m, lH), 4.34 (m, 2H), 4.96 (dd, J=6.6, 6.6 Hz, lH), 5.12 

35 (hrs, lH), 5.27 (d, J=16.6 Hz, lH), 6.71 (br s, lH), 6.84 (d, J=8.3 Hz, lH), 7.04-7.23 

(m~ 9H), 7.51 (d, J=7.9 Hz, 2H), 8.13 (br s, lH). 
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b) [S-(R.S)]-8-[[[ 4-[N-[N-(t-butoxycarbonyl)­

alanyl]aminomethyl]phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)­

lH-1,4-benzodiazepine-2-acetic acid 
. - Using the pr6cedure ot EXaffij)ie· f {j), ·except su.bstittitlng ihe-compound· 6f ·· ·· --- · · · 

s Example 40(a) for the compound of Example l(i), gave the title compound (360 mg, 

88%): HPLCRT33.8 min (Ultrasphere ODS, 4.6 mm x 15 cm, 30% AN/W-TFA, 1.5 

mL/min, UV detection at 240 nm); lH NMR (CD30D) o 1.32(d,1=7.2 Hz, 3H), 1.44 (s, 
' 

9H), 2.65 (dd, 1=5.2, 16.7 Hz, lH). 2.78 (m, 2H), 2.95 (dd, 1=8.9, 16.7 Hz, lH), 3.67 

(m, lH), 3.76 (m, lH), 3.92 (d, J=17.0 Hz, lH), 4.09 (m, lH), 4.33 (m, lH), 4.42 (m, 

10 lH). 5.12 (dd, J=5.2, 8.9 Hz, lH), 5.48 (d, 1=16.8 Hz, lH), 7.01-7.23 (m, 8H), 7.28 

{d, J=~.3 Hz, 2H), 7.6J ~d. J=8.3 Hz, 2H). 

c) [S-~R.S)]-8-[[[4-[N-(alanyl)aminomethyl]ph_enyl]-amino]carbonyl]-2,3,4.5-te.trahydr0:_ 

3-ox0-4-(2-phenylethyl)-lH-l ,4-benzodiazepine-2-acetic acid hydrochloride 

15 Us~ng the procedure of Example 31(b), except subsd:tuting the compound·of 

Example 40(b) for the compound of Example 31 (a) gave the title compound (160 mg, 

5-1 %) as a pale yellow powder: HPLC RT 3.1 min (Ultrasp~ere ODS 4.6 mm x 15 cm. 

30% ANIW~1FA, l.5mUmin, UV detection at240 nm);.l!iNJ:dR{CD30D).S--L52(d; 
. . . . ··. " . . . ·· .. ··· • .. ·· .. .. .. .·· -·· .... ; .. :··. 

J~7.l Hz. 3H). 2.67 (dd. 1=5.1, i6.7 Hz, lH), 2.77 '(m. 2H). 2.96 (dd, J=8.9, 16.7 Hz, 
20 lH), 3.59-3.77 (m. 2H), 3.84-3.98 (m. 2H), 4.40 (s. 2H). 5.11 (dd1 J=S.l, 8.9 Hz, 

lH), 5.45 (d. J=16.7 Hz, lH), 7.02-7.22 (m. 8H), 7.29 (d, J=8.5 Hz, 2H), 7.64 (~. 

1=8.5 Hz, 2H); MS(ES) m/e 544.2 (~+H)-i:". Anal. 'calcd (Cj()H33Ni;05°HC1~3H20): c. 
·56.82; H, 6.36; N. 11.04. found: C, 56.89; H. 6.11; N, 10.90. 

25 Example41 

Preparation of 8-[[4-(aminoiminomethy1lbenzoyllaminol-4.S-dihydro-2-methyl-3-

oxo~-(2-phCnylethyD-3H-1.4-benzodiazepine 

30 Using the procedure of Preparation 26(e), except substituting TFA for 

hydrochloric acid, yielded a mixture of 8-[[4-(arninoiminomethyl)benzoyl]-amino]-

2,3,4,5-te~ydro-3-oxo-4-(2-phenylethyl)-lH-l,4-b~nzodiazepine-2-acetic acid. . 

and the title compound (80 mg) which were separated by HPLC RT 24.8 min 

(YMC ODS AQ, 50x 250 mm. 85 mUmin, 30% AN/W-TFA. UV detection at 220 

35 nm); lH NMR (400 MHz, MeOD4) 8 8.l(d. 2H)1 7~9(d, 2H), 7.75(s. 

1H),7.60(d, lH), 7.35(d, lH), 7.22-7.12(m, 5H), 4.20(m, 2H), 3.70(m. 2H), 

2.85(m, 2H)1 2.42(s, 3H); MS(ES) m/e 440 [M+H]+. 
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Example42 

Pre,paration of CR.Sl-8-[[[4-Caminoiminomethyl)phenyll-methylaminolcarbonyll-
2j~.~i'.S~temh·Yw0-2~~ethyi~ 3~~~0J~i2~i>l1e~yieiti)r1l~ ttt~-i A~t>eri2:0<1{azei?i~e ,, -· 

a) t-butyl (R,S)-3-[2-(l-methoxy-1-oxo-2-propyl)-arnino]-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-cx-bromopropionate (600 

. · . . f. ~ ... ;· · .. 

mg, >3 mmol), and a catalytic amount of tettabutylammoniwn iodide (12 mg) were 

diss~lved in DMF (10 mL}..and.heated.to 90°C ~or 20 h with stirring. The mixture 
was ·concentrated and th~ ~sidµC? was dissolved in ethyl acetate and washed 
sequentially with dilute hyefrochlorlc acid, 5% sc>di:um bicarbonate and brine, dried 
(magnesium sulfate) and concentrated The residue was dissolved 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+HJ+. 

b) meth·yr(R· S)~8--caiboxy· ·~2 -3 4 s,.tet:i"ahydr0-2.;methyl.:. 3:.ox.0-4--(2-, . . . . . ' ' ' . . . . 

phenylethyl)-lH-1,4-benzodiazepine 

20 Using the procedure of Example l(g), except substituting the compound of 
Example 42(a) for the compound of Example l(f), gave the title compound (290 
mg, 54%): MS(ES) ~/e 32s [M+H]+. A.nai. (Ct9H20N203·0.5 H20) calcd: C, 

68.45, H, 6.35; N, 8.40. found: C, 68.24; H, 6.23; N, 7.92. 

25 c) (R,S)-8-[[[ 4-[N-(benzyloxycarbonyl)-aminoimino-
methyl]phcnyl]methylamino]carbonyl]-2,3,4,5-tettahydr0-:2 methyl-3-oxo-4-(2-
phenylethyl)-lH-1,4-benzodiazepine . 

Using the procedure of Example l(h), except substituting the compound of 
Example 42(b) for the cpmpound of Example l(g), gave the title compound (120 

30 mg, 39%): MS{ES) m/e 590 [M+H]+. 

d) (R,S)-8-[[[ 4-(aminoiminomethyl)phenyl]me.thyl.amino )-carbonyl]-2,3,4,5-
tettahydro-2-methyI~ 3-oxo-4-(2-phenylethyI) .. lH,-l ,4-benzodiazepine 

dihydrochloride 

35 Using the procedure of Erunple 2(f), except substituting the compound of 
Ex"ample 42(c) for the compound of Example 2(e), gave the title compound (10 

mg, 54%): MS(ES) m/e 456.2 [M+H]+; lH NMR (400 MHz, MeQD4) B 9.2 (s, 

lH), 8.7 (s, lH), 7.65 (d, 2H), 7.36 (d, 2H), 7.2-7.06 (m, SH), 6.77 (d, lH), 
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6.75 (s, lH), 6.47 (d, lH), 5.3 (d, lH), 4.77 (m, lH), 3.85 (d, lH), 3.75-3.6 

(m, 2H), 3.45 (s, 3H), 2.67 (m, 2H), 1.25 (d, 3H); Anal . 

. (C21:tt29N5.Qz°·'.lH,~~ .. L5 .l:l2.9) .~~9<!= .c._ 58.3~; H, 6.Q7; -~-~ J2.C?.O, f9µnd: c, 
58.59; H, 5.89; N, 12.65. 

Example43 

. . 
. :. . . ·. •.. . .. : ~· ..... 

Pn(paration of ethyl CR.Sl-8-fff[4-Caminoiminomethyllphenyll~methylaminolcarbonyll-

2.3.4.5-tettahydro-3-oxo-4-C2-phenylethy])-1 H-1.4-benzodiaze,pine-2-acetate 

a) ethyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l ,4-

benzodi~pine-2-acetate 

· ' 1 .The compound of Preparation 24(e) (2.0 g, 4.77 mmol) ~as dissolved in~ 
solution prepared by dissolving soclium metal (1.15 g) in absolute ethanol (75 mL). The · 

15 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 
. . 

until all material dissolved. The solution was then acidified with acetic acid and the 
. ~sultfug Precipitate oftlt~cL dried. arid.-reci-ystallized from ethanol to give the title 
compound (0.6 g., 42%): lH NMR (400 MHz, DMSO-d.6) o 7.1-7.3 (m, 6H), 7.05 (s, 

20 2H), 6.1 (d, lH), 5.4 (d, lH), 5.05 (m, lH), 4.0-4.15 (m, 3H), 3.6 (t, 2H), 2.8" (dd, 

lH), 2.7 (m, .2H),- 2.6 (dd; lH), l.7 (t, 3H). 

b) ethyl (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methyl-amino]carbonyl]-2,3,4,5-

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

25 Using the procedure of Examples l(h) and 2(f), except substituting the compound 
of Example 43(a) for the compound of Example l(g), gave the title compound (0.07 g, 

. 1 . 50%). H NMR (400 MHz, DMSO-d6) o 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, lH), 6.75 (s, lH), 6.25 (d, lH), 6.0 (d, lH), 5.3 (d, . 

lH), 5.0 (m, lH), 4.1 (q, 2H), 3.9 (d, lH), 3.55 (m, 2H), 3.4 (s, 3H), 2.8 (dd, lH), 

30 2.55-2.7 (m, 3H), 1.2 (t, 3H); MS(ES) m/e 528.4 [M+HJ+. 

Example44 

Preparation of (R.Sl-U8-£4-(aminoiminomethyl)phenyll-methylaminolcarbonyll-

35 2.3.4.5-tettahydro-3-oxo-4-C2-phenylethyll-1H-1.4-benzo<iiazepine-2-acetamide 
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a) 8-[[[4-[N-(benzyloxycarbonyl)-arninoiminomethyl]­
phenyl]methylarnino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-

~ . .4.-})e.n.~~P~.n~~?ca,ce~i~~- . 
The compound of Preparation 25(c) (400 mg, 0.61 mmol) was dissolved in 

5 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% 
methanoVwater) to give the title compound (190 mg, 48%): MS(ES) m/e 633.2 
[M+H]+; lH NMR (400 MHz, CDCl3) ii 7.7 (d, J=8.5 Hz, 2H), 7.45-7.05 (m, 

10 12H), 6.6 (d, J=l.4 Hz, lH),6.56 (d, J=8.0 Hz, lH), 6.38 (d,d, J=8.0, 1.4 Hz, 

lH), 5~19 (s, 2H), 5.18 (d, J=l6.8 Hz, lH), 4.88 (m, lH), 4.17 (d, 1=5.3 Hz, 
lH), 3.7- (s, 3H), 3.65 (m, 2H), 3.55 (d, 1=16.8 Hz, lH) 3.45 {s, 3H), 2.9 (d,d, 

· J=l6,• 6.9 Hz, lH), 2.7 (m, 2H), 2.6 {d,d, J=l6, 6.3 Hz, lli). 

15 b) 8-[[[4-(arninoiminomethyl)phenyl]methylarnino]-carbonyl]-2,3,4,5-tetrahycirO-· 
3-oxo-4-(2-phenylethyl)-lH-l ,4-benzodiazepine-2-acetamide trifluoroacetate 

-. ··• · .. ·· -

Using the procedure ofExample.2(f), except su~stituting the compound of 
Example 44(a) for the compound of Example 2(e)~ gave the title ~om~und (45 mg~ 25%): . 
MS(ES) m/e 499 {M+H)+, 497 (M~H)-; lH NMR (400 MHz, MeOD4) a 7.75 (d, J=8.5 

20 Hz, 2H), 7.36 (d, J=8.5 Hz, 2H), 7.22-7.10 (m, SH), 6.77 (d, 1=7.8, lH) 6.71 {s, lH), 
6.48 (d, J=7.8 Hz, lH),5.31 (d, J=l6.8 Hz, lH), 5.04 {m, lH), 3.84 (d, J=16.8 Hz), 

25 

30 

3.68-3.5 (m, 2H), 3.47 (s, 3H), 2.88 (d,d, 1=16, 6.9 Hz, lH). 2.68 (m, 2H), 2.49 (d,d, 
J=l6, 6.3 Hz, lH); Anal. (C2gH30N603 1.5 TFA) calcd: C, 55.60; H, 4.74; N, 12.55. 
found: C, 55.52; H, 4.9o;·N = 12.47. 

Example45 

Preparation· of CR.Sl-8-TCC4-Caminoiminomethyllphenyll-methylaminolcarbonyll-
2.3.4.S-tetrahYdro-3-oxo-4-C2-phenylethyll-1 H-1.4-benzodiazepine-2-ethanol 

· a) (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-(arninoimino­
methyl]phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-
phenylethyl)-lH-1 ,4-benzodiazepine-2-ethanol 

The compound of Preparation 25(c) (0.5 g, 0.77 mmol) in TIIF (25 mL) 
35 was treated with sodium borohydride (300 mg, 8 mmol), lithium chloride (255 mg, 

6 mmol) 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 
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sulfate), concentrated, and chromatographed (silica gel, 3% methanoVdichloro­

methane) to yield the title compound (95 mg, 20%): MS(ES) m/e 620.2 [M+H]+, 
618.2 [M-H]-; lH NMR (400 :MHz, CDCI3) B 7.65(d, 2H; 1=8.45), 7.44-

1.i?clll •. sH)~ 1.2ocd. 28; ]:;8:4s), ·1.18-1~oscffi, sH). 6.60 (m,-2H), 6~2scs·~ 
lH), 5.21(d, 2H), 5.16(d, 2H; 1=16.8), 4.SO(m, lH), 3.68-3.64 (m, 4H), 

3.SS(d, 2H; 1=16.8), 3.47(s, 3H), 2.72(m, 2H), 1.96(m, lH), 1.85(m, lH) 

b) (R,S)-8-[[[ 4-(arninoiminomethyl)phenyl]methylarnino]-carbonyl]-2,3,4,5-

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-ethanol 

IO dihydrochloride 

A solution of tlte compound of Ex~ple 45(a) (80 mg, 0.12 ~mol) in 

methanol (10 mL) was treated with 10% palladium on carbon (60 mg) and 

concentrated hydJ:ochloric acid (0.1 mL) and hydrogenated ( 40 psi) for 2 h. The 

mixrure was filtered and concentrated.. The residue was triturated with ethyl acetate 

15 and filtered to give the title compound (58 mg, 86%). MS(ES) m/e 486.2 
[M+H]+; lH NMR (400 :MHz, MeOD4) B 9.20(s, IH), 8.66(s, IH), 7.66(d, 2H),. 

7.36(d, 2H), 7.30-7.0S{m, SH), 6.75(d, lH), 6.67(s, lH)~ 6.40(d, lH), 5.30(d, ·· 

lH), .4.78{m, lH), 3·.80(d, lH), 3.76~3.60(m, 4H)~ 3.45(s, 3H), 2.70(m, 2H), 
2.08~m. lH), l.80(m, lH). Anal. (C2gH31N503.2HCI.l.5H20) calcd: C, 

20 57.44; H, 5.76; N, 11.96. found: C, _57.52; H, 5.89; N, 11.87. 

Exarnple46 

Preparation of CR.Sl-8-U2-f 4-(pyridynethyllmethylaminol-carbonyll-2.3.4.S-tetrahydro= 

25 3-oxo-4-C2-phenylethyll-1H-1.4-benzodiazepine-2-ethanol 

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 CH202. The organic phase was 

· 30 concentrated and the residue was purified by flash chromatography (silica gel, 
CH2CI2fmethanol) to yield the title compound as a white solid (37 mg, 20% ): MS(ES) m/e 

35 

473.2 [M.+H]+. 

Example47 

Pita>aration of CR.Sl-8-f2-f 4-Caminomethyl)phenyllethyll-2.3.4.5-tetrahydro-3-oxo-4-C2-

phenylethyll-U-,-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 ~).V{~ .~dde4J.9JP."~£<?~~-~~~ .. <:>f.J(n;P.~~-9-~,t~~~~ _p.8 ~· 
10 mmol) was added. The resulting suspension was stirred and heated to reflux for 15 

5 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 rnmol)and stirred for 16 h. The mixture was que~ched at 

0°C with IN hydrochloric acid, extracted with ethyl acetate, washed with brine, dried 

(magnesium sulfate) and concentrated. The residue was purified by flash chromatography 

IO (silica gel, 1% methanoVchlorofonn) to yield the title compound (1.71g,47%). 1LC Rf 

0.49 (silica gel, 5% methanoVchloroform); lH NMR (CDCI3) 5 2.62 (dd, lH), ~.77 (m, 

2H), 2.9.7 (dd, lH), 3.27 (br s, 2H), 3.68 (m, 3H), 3.72 (s, 3H), 4.51 (s, 2H), 4.94 (t, 

lH)~ 5.24 ·c4, J=16.5 Hz, lH), 6.56 _(s, lH), 6.62 (d, J=7.4, lH), 6.80 (d; J=7.7 Hz, 

lH), 7 .20 (rn, SH) .. ·. 
····- 15 

b) methyl 8-formyl-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-f ,4-benzodiazepine-2-

acetate 
. To the compound of Example 47(a)· (1.60, g/4~3 :mmol) fo CH2CI2: (50 mL)""°was 

added manganese dioxide (2.8 g, 32 mmol). The resulting suspension was stined at 
20 reflux for 16 h, filtered through a pad of Celite®~ The pad was rins~ with CH4Cl2 and 

the filtrate was concentrated. The residue was purified by flash ~brom~tography (silica 
gel, 50% ethyl acetate/n-hexane) to give the tide compound (0.71g,44%): TLC Rr0.67 

(silica gel, 5% methanoVchlorofonn); 1 H NMR (CDCl3) S 2.68 (dd, lH), 2.81 (dt, 2H), 

3.0 (dd, IH), 3.72 (m, 3H), 3.75 (s, 3H). 5.0 (t, lH), 5.31 (d, J=l6.7 Hz, lH), 6.93 (d, 

25 1=1.6 Hz, IH), 7.03 (s, IH), 7.11 (d,"7.8 Hz, lH), 7.19 (m, 5H), 9.85 (s, IH). 

c) E/Z methyl 8-[2-[ 4-(Cyano)phenyl]ethenyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

A solution of the compound of Example 47(b)(0.67 g, 1.8 mmol)-and (4-

30 cyanobenzyl)triphenylphosphonium chloride (0.80 g, 1.9 mmol) in anhydfous DMF (50 

mL) was treated with sodium hydride (74 mg, 60% dispersion in oil, ~.8 mmol) and 

stirred for 5 h. The mixture was concentrated and the residue was taken up in ethyl acetate, 

washed with brine, dried (magnesium sulfate) and concentrated. The residue"was purified 

by flash chromatography (silica gel, 5% ethyl acetate/chloroform) to yield the title 

35 cc:>mpound as a (2:3) mixture of E!Z olefin isomers (693 mg, 81 %). Further 

chromatography (silica gel, 40% ethyl acetate/n-hexane) yielded the pure E and Z isomers. 

E isomer: TLC Rf 0.39 (silica gel, 40% ethyl acetate/n-hexane); lH NMR (CDC13) B 
2.65 (dd, lH), 2.82 (dt, 2H), 2.97 (dd, 1H);3.71 (m, 3H), 3.74 (s, 3H), 4.94 (t, lH), 
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5.23 (d, 1=16.S, lH), 6.46 (m, 2H), 6.S2 (d, 1=12.3 Hz, lH), 6.61 (d, 1=12.3 Hz, IH), 

6.71 (d, J=8.l Hz, lH), 7.21 (m, SH), 7.32 (d; J=8.3, 2H), 7.5 (d, J=8.3, 2H); 

MS(ES}rn/~466.~.[M~H:J~., .......... _, .. . .... -·. . . 
z isomer: n.c Rf 0.33 (silica gel, 40% ·ethyl ac~tate/n-h~an~); ·1.H.·NMR (mcb°Y ~ 2.7i , . 

5 (dd, IH), 2.82 (dt, 2H), 3.03 (dd, IH), 3.70 (m, 3H), 3.7S (s, 3H), 4.97 (t, lH), S.27 

(d, 1=16.6 Hz, lH), 6.76 (s, IH), 6.85 (s, 2H), 7.02 (d, J=4.2, 2H), 7.18 (m, SH), 

7.54(d,1=8.4, 2H), 7.63 (d, J=8.4, 2H); MS(ES) m/e 466.2 [M+H]+. 

d) methyl 8-[2-[4-(arninomethyl)phenyl]ethyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

10 phenylethyl)-lH-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 hydroge~ated (50 psi) for 5 h. 

The mix~ was filtered, the filtrate was concentrated and to yield the title compound: ~C . 

Rf0.77 (siiica, 4:1:1 n-butanol:acetic acid:water), HPLC k' 2.5 (PRP-1, 50% AN/W-
15 ·TFA, UV detection at220 nm). 

e) 8-[2-[4-(aminomethy_l)p~enyl~eth~l]-2,3,~,5~.t~~yqro-3-oxo-4-(2-phenylethyl)-lH-
1,4-benzodiu.epirie.;.2-aeetic· acid· 

The compound of Example 47(d) was dissolved in 20% acetic acid and refluxed for 
.. . 

20 72 h. The mixture was concentrated and purifi~ by HPLC (PRP'."l, 35% AN/W-TFA) to 

25 

30 

give the title compound: UC Rf 0.55 (silica,. 4:.1: 1 n:bµtanol$0Ac:water), Rf 0.59 

(silica, 15:3:12:10 n-butanol, acetic acid, water, pyridine); MS(ES) 458.2 (M+H)+; 

HPLC k; 3.7 (PRP-1®, 35% AN/W-TFA; Anal. (C28H31N303· CF3C02H· H20) 

calcd: C, 46.98; H, 4.14; N, 4.63. found: C, 46.84; H, 3.96;N, 4.80. 

Examples 48 

fuparation of 7-13-C 4-pyridy1lpmuyloxyl-2-C2-phenylethyll-3-oxo-2.3.4.S-tetrahydro­

lH-2-benzazepine-4-acetic acid 

a) N-(2-phenylethyl)-4-nitrophthalimide 

A mixture of 4-nitrophthalic anhydride (.18 g, 93.3 mmol) and phenethylamine 

(11.5 g, 95 mmol) in toluene (250 mL) was he~ted to reflux using a Dean-Stark trap to 

remove water. After 2.5 h, the mixture was concentrated to solid residue, which was 

35 triturated and filtered to give the titled compound (24.5 g, 89%): mp 142-3°C). 

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



···.- ; .. 

'-...-'' 

. ,. -:~··-:·· ···-·-····-···-· ·-·· .... 

. • .·. . ...... 

:~_: .. ·~ .. :<·._ .. :::-·_ ... ··.·: ___ ._;· __ ···:. ·.·_·:~_-.<~:.: __ ~_.;9_· .. ·.t'.-:.·.·:·_·· .. ~_·.:._:_:-.:."·.· ::: ..... - :·. ·:· .... < .. ·" .. : :< .. -::=·~_''/ <~·-· .. /-:: -, ; ... :·. ·· .. : ..... -.~ · .. · ·-·~·.·' -: ·:.... ' .. ·:-_.. _·~-.'.·" <· ~-:: .. :~··. ··: . 
..<. .·. , :: .... ~ .•. :·: ....... . ···. . .·· :" .- . . . . ·.·· ·· .. : ..... · ..... ~.. ... . ~ . 

A stirred solution of the compound of Example 48(a) (18 g, 0.06 mol) in o:MF (85 

mL) at 0°C was ·treated with sodium methoxide (3.6 g, 0.066 mol) portionwise. The dark 

... ~~~~.~Pt~~~,~-~--~·~ ~t ~T fe>r ~ ... 5 .... ~,qHe.~~~ .. e4.. \If~~~ .. i.c~~~~t~~t ~xtrc;~~~q ~-~ et?Y.l .. 
acetate, dried (magnesium sulfate) and concentrated Trituration with ether afforded the title 

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

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

c) 2-hydroxymethyl-4-methoxy-N-(2-phenylethyl)-l-benzamide 

IO 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) 

ponionwise. After 3.5 h, the mixture was concentrated to half of the original volume. 

quenched with 5% sodium bicarbonate solution, extracted with ethyl acetate, drief:l (sodium .... 

sulfate), concentrated to a small volume. and filtered to yield the title compound (10 g, 

15 67%): mp 154-6°C; MS m/e 286 [M+H]+; 1 H NMR (400 MHz, CDCI3) o J .39 (d, 

J=8.2S Hz, IH), 7.12-7.28 (m, SH), 6.81 (d. J=2.3 Hz, lH), 7.35 (dd, J=2.30, 8.25 

Hz, lH). 4.46 (s, 2H), 3.76 (s, 3H), 3.61 (q, 1=7.87 Hz, 2H), 2.89 (t, 1=7.87 Hz, 2H). 
. . ·. : ~ : .· . . 

d) 2-hydroxymethyl-4-methoxy-[N-(2-phenylethyl)]benzylamine 

20 To a solution of borane (800 mL, IM. in THF, 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 IN 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 

25 sulfate) and concentrated to yield the title compound (24 g, 100%): MS m/e 272.2 
[M+H]+; lH NMR (400 MHz, CDCl3) S 7.08-7.29 (m, .SH), 6.90 (d, J=2.62 Hz, lH), 

6.73 (dd, J=2.62, 8.29 Hz, IH), 4.S8 .. (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). 

30 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 mniql) and triethylamine (12.3 mL, 0.089 mmol) in CH2Cl2 (250 mL) was stirred 

at RT for 18 h, concentrated and azeotroped twice with CH2CI2. MS(ES) m/e 372.2 

[M+H]+; lH NMR (400 MHz, CDCl3) S 7.13-7.28 (m, SH), 6.90 (d, J=2.53 Hz, lH), 

35 6.79 (dd, J=2.53, 8.29Hz, lH), 4.60 (bs, 2H), 4.43 (bs, 2H), 3.43 (s, 3H), 3.36 (t, 

1=1~90 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 compound of Example 48(e) and Mn02 (75 g, 0.86 mol) in 

CH2Cl2 (275 rnL) was stirred at RT for 18 h. The reaction mixture was fil~red and 

concentrated to give the titled compound (20 g, ?0%): MS m/e 370.2 [:fyf+!I]+;_ lH -~ . 
· ·c400 Mih~·rn'Ci3) B icd6 (s, ·ili>>7.34 (d, J=2.14 Ii~~ iH>. 1.01-1.21c~.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]phenyl]-5-oxo­

tetrahydro-3-furancarboxylic acid 

To a suspension of zinc chloride (27 g, 0.2 mol; flame-dried at reduced pressure), 

· 10 succi~ic anhydride (20 g, 0.2 mol), and the compound of Example 48(f) (20 g, 0.05 mol) 
in CH2.CI2 (150 mL), triethylamine (28 mL, 0.2 mol) was added dropwise at 0°C. The 

mixture was stirred for 18 h, diluted with CH2CI2 (100 mL), washed with cold IN 

hydrocl;lloric acid, dried (sodium sulfate) and concentrated. The residue was tritui'ated . · · · 

with ethet/CH2CI2 (75 inL, 2:1) and filteied. The filtrate was concen~ted to give the title 

15 compound (23 g, 87%). 

h) trans-3a,5,6, 1 Ob-tetrahydro-9-methoxy-5-(2-phenyleihyl).;2H-furo[3,2-
. . . . 

d][2]benznepin-2,4(3H)-dione·. 

A mixture of the compound of Example 48(g) (23 g, 0.05 mol) and hydrogen 
20 chloride (200 mL, 4M in dioxane 0.8 mol) in CH2Cl2 (150 mL) was stirred at RT for 18 

~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 benzottiazol-l-yloxy-

25 tris(dimethylamino)phosphonium hexafltiorophosphate (22 g, 0.05 mol) were dissolved in 
CH2Cl2 (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% 
methanoVCH2CI2) to yield the title compound (9.5 g, 55%): MS(ES) m/e 352.2 [M-tH]+; 

lH NMR (400 MHz, CDCI3) B 7.12-7.16 (m, 3H), 6.97-7.00 (m, 3H), 6.91-6.94 (d, 

30 J=8.47 Hz, lH), 6.79 (dd, 1=2.75,8.47 Hz, lH), 5.01 (d, J=17.26 Hz, lH), 4.92 (d, 

J=l l.48 Hz, lH), 4.07 (dt, J=7.82 Hz, J=13.57 Hz, lH), 3.92 (d, J=17.26 Hz, lH), 

3.85 (m, ll:f), 3.79 (s, 3H), 3.52 (m, lH), 3.25 (dd, J=17~61 Hz, J=ll.76, lH), 2.78 

{m, 2H), 2.65 (dd, J=17.26 Hz, J=?.26 Hz, lH). 

35 i) ethyl 7-methoxy-2-(2-phenylethyl)-3-oxo-2,3,4,5.-tetrahydro-lH-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 filtrate was 

concentrated. The residue was azeotroped with ethanol and toluene. The residue was 

dis.~ol~~ in e.thanol 05 mL) ~d he~ted ~o _r,eflu~ in ¢e pre.~enc~_9f. 4}v1)~yqwg~Q._, .. , :_.; ... -~ ·: .. 

chloride/dioxane (2 mL) for 2 h. · The solution was concentrated to give the title compound 
s (0.11g,83%): MS(ES) m/e 382 [M+H]+; lH NMR (400 MHz, CDCl3) B 7.08-7.26 (m, 

10 

::·lS 

SH), 6.90 (d J=8.31 Hz, lH), 6.63 (dd, J=2.41, 8.28 Hz, lH), 6.60 (d, J=2.41 Hz, 

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

1=16.47 Hz, lH), 3.63 (m, 3H), 2.97 (m, 2H), 2.82 (m, lH), 2.75 (t, J=7 .30 Hz, 2H), 

1.27 (t, J=7.10 Hz, 3H). 

j) ethyl 7-hydroxy-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-lH-2-benzaz.epine-4-

acetate 

To a solution of the compound of Example 48(i) (0.11 g, 0.29 mrjiol) anq 
ethanethiol (1 mL, 13.5 mmol) in CH2C12 (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 CH2CI2, · 
. . 

washed with cold 3N hydrochlori~ acid, dried (sodium sulfate), and concentrated to give 

the title compound (0.08 g, 74%): MScES} m/~ 368.2 [M+H]+. 
. . . . . .. 

k). ethyl 7-[3-( 4-pyridyl)propyloxy ]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-lH-2-

20 benz.azepine-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 

25 concentrated to give the title compound (0.01 g, 42%): MS(ES) m/e 486 [M+H]+. 

1) 7-[3-( 4-pyridyl)propyloxy ]-2-(2-phenylethyl)-3-oxo-2,3.4,5-tetrahydro-lH-2-

benz.azepine-4-acetic acid 

A mixture the compound of Example 48(k) and IN sodium hydroxide solution in 

30 methanol is stirred at RT for 5 h and acidified with lN hydrochloric acid to give the title 

compound. 

Example49 

35 Preparation of 7-[3-(4-piperidinyl)propyloxyl-2-(2-phenylethyll-3-oxo-2.3.4.5-

tetrahydro-l H-2-benzazepine-4-acetic acid 

Using the procedure of Example 34, except substituting the compound of Example 

480) for the compound of Example 9(a) gives the title compound. 
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Example SO 

.. ·I.· • .··. • •. -" ·• · .. 

Pre.paration of CR.S)-8-rrr3-CaminomethyDphenylja~inol~~arl)°onyl]-2.3.4.5-tetrahydr0~3--' 
s oxcd-C2-phenylethyl)-1 H-1.4-bCnzo<liazepine-2-acetic acid 

a) methyl (R,S)-8-[[[3-(aminom_ethyl)phenyl]amino]carbonyl]-2,3,4,5-tettahydro-3-o~o-

4-(2-phenylethyl)-lH-l,4-benzodiazapine-2-acetate 

Using the procedure of Example 13(a) and (b), except substituting 3-[N-(t-

10 butoxycarbonyl)aminomethyl]aniline for the compound of Preparation 4(b), gave the title 
compound: lH.NMR (CD30D, 250 MHz) o 2.60-2.73 (m, 3H), 2.95 (d of d, lH, 1=9. 

16 Hz), 3.50-3.83 {m, 2H), 3.70{s, 3H), 3.91 (d, lH, 1=17 Hz), 4.90-5.20 (m, 3H), 

5.43 (d; lH,)=17 Hz), 6.93-7.93 (m, 12H). 

15 b) (R,S)-8-[[[3-(aminomethyl)phenyl]amino ]carbonyl]-2,3,4,5-tetrahydro-3-ox0-4-(2-

phenylethyl)-lH-l ,4-benzodiazepine-2-acetic acid 

Using the procedure of Example 1 (j), except substituting the compound of 
. . . . . . . 

Example SO(a}for.the compound of Example ~(i), gave.ilie:.title compou~d:(85.mg): 
MS(ES) m/e 473 [M+HJ+; lH NMR (CD30D, 250 MHz) S 2.60-3.10 (m, 4H), 3.58-

20 3.88 {m, 2H), 3.95 {d, J=17 Hz, lHx), 4.67-5.04 .(m, 2H), 5.10-5.20 (m, lH), 5.SQ (d, 

J=17 Hz, lH), 6.93-8.05 {m, 12H); HPLC k' = 2.61 (PRP:-1®~ 30% AN/W.-TF~;UV 
detection at 220 nm). · 

25 

Example 51 

Preparation of 8-rt-r 4-C 4-pyridyl)piperazinyllcarbonyll-2.3.4.5-tetrahydro-3-oxo-4-(2-

phenylethyD-1 H-1.4-benzociiazepine-2-acetic acid 

·--·---:·- .. .'- . 

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 (YMC 
30 ODS-AQ, 6 x 250 mm, 1.5 mUmin, gradient, A:acetonitrlle B:water-0.1% 1FA, 10-80% 

A in 20 min, UV detection at 220 nm). 

Exarople52 

35 Preparation of CR.Sl-8-rrr 4-Caminomethyll-3-chloro.:.phenyllcarbonyllaminol-2.3.4.5-

tetmhydro-3-oxo-4-<2-pheoylethyll-lH-1.4-benzodiaze_pine-2-acetic acid 

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 l(b) in Example 7(b), 
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yielded the title compound: MS(J:.3) m/e 507 [M+H]+; Anal [C27H27CIN404 

·l.5(C2HF302)-H20] calcd: C,51.43; H,4.39; N,7.99; found: C,51.36; H,4.29; N,7.90. 

_ 1 H NMR (PMSP~46. iso.J.\1tt.z1.~ .. ,f .. ?l ~+.~O.<m~ .. 2H,), •... ~-~~~t.•?.qCmr~).}.~4.$~~-,5?JII1 .. • .. , 
2H), 3.85(d, J=17 Hz, lH), 4.15(s, 2H), 4.95-5.00(m, lH), 5.30(d, J=17Hz. lH), 

5 5.85(s, lH), 6.70-8.05(m, 13H), 8.20-8.30(m, 2H). 

Example 53 : 

Preparation of 2-f3-C 4-piperidinyl)propyloxyl-7-oxo-6.7.8.9-tetrahydro-SH-

10 benzocycloheptene-6-acetic acid: and 

3-[3-( 4-piperidinyl)propyloxyl-7-oxo-6.7.8 .9-tetrahydro-5H-benzocycloheptene-6-acetic 

~ 
- T 

a) methyl 2-methoxy-7-oxo-6,7 ,8,9-tetrahydro-:SH~benzocycloheptene-6-acetate, and 

15 methyl 3-methoxy-7-oxo-6,7,8,9-tetrahydro-SH-benzocycloheptene-6-acetate 

Using the general method of J. Org. Chem., 57, 1429 {1992), except substituting 

2-methoxy-benzosuberone (J. Org. Chem. ·41, s·201 (1982)) for benzosuberone, and 
. . .. · . . . .. ·.. . .: . . . . 

separating the resulting mixnire of iso~erS by chromatbgraphy,"gives the title compounds. 

20 b) 2-[3-( 4-piperidin yl)propyloxy ]-7-oxo-6,7 ,8,9-tetrahydro-5H-benzocycloheptene-6-

acetic acid, and 3-[3-( 4-piperidinyl)propyloxy ] .. 7~xo-6, 7,8,9~tetrahydro-5H­

benzocycloheptene-6-acetic acid 

25 

Using the procedures of Examples 48, except substituting each of the compounds 

of Example 51 (a) for the compound of Examples 48(i), gives the title compounds. 

Exarnple54 

Preparation of CR.Sl-8-[[[2-C 4-(2-aminopyridyl)]ethyll-aminolcarbonyll-2.3.4.5-

tetrahydro-3-oxo-4-(2-phenylethy))-1 H-1.4-benzodiazepine-2-acetic acid 

30 Using the procedures of Example 27(a) and Example 24(b), except substituting the 

compound of Preparation 13G) for histamine and benzotriazol-1-yloxy:­

tris(dimethylamino )-phosphoniuln hexafluorophosphate for 1-(3-dimethyiamino-propyl)-

3-ethylcarbodiimide hydrochloride, gave the title compound. MS(ES) m/e 488.2 [M+H]+; 
Anal. (C27H29N504·I.S CF3C02H·H20) calcd: C, 53.35; H, 4.56; N, 10.35. found: 

35 C, 53.25; H, 4.84; N,10.35.; HPLC k' 3.88 (PRP-i®, 25% AN/W-TFA). 
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Example 55 

J>repararion of CR.Sl-2.3.4.5-tetrahydro-8-UC2-C2-Chxcfroxy)pmd-4- . 
:;· . ·•. ;.. .. : ..... :· ~·.· ~:· · .. ·: ". . ·. ..., .... ·.· :. . ·. -. . .... ·.-. . . . . . ·:. ;. . ~ . . - . . . . . ...... ·.· .. -.. • ..... . 

yl]ethyllaminolcarbonyll-3-oxo-4-C2-pheny1ethyll-1H-l .4-benzodi3.Zel'ine-2-aceric acid 

Using the procedure of Example 54, except substituting the compound of 

Preparation 14(b) for the compound of Preparation 130), gave the title compound. 

MS(ES) m/e 489.4 [M+H]+; Anal. (C27H2gN405·1.125 H20) calcd: 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). 

Example 56 

Pre,papuion of CR.SF1.3.4.5-tetta_hydro~3-oxo-4-C2-pheny1ethy1l-8-CU4- -
Ctrimethylaromoniumlbuiy1Jaminolcaroony1J-1 H-1.4-benzodiazepine-2-acetic acid. 

15 hydrochloride) 

The compound of Example 33(a) (92 mg, 0.19 mmol) in THF (5 mL) was treated 

with iOdomethane (14.3 mL, 2.0 mmol) and the reaction mixture was heated to reflux for 

i 6: ii .. The whire; solid ·that formed·'was coll~t~d by filtration and washed with cold ether. 

The solid was treated with IN hydrochloric acid and lyophilized to yield the title compound 
20 (39mg,41%). MS(ES)m/e481 [M+H]+; lHNMR(400MHz,CD30D) B8.06(d, 

25 

lH), .6.9~7.25 (m, 8H). 5.44 {d,- lH), 5.09 {t, lH), 3.54-3.90 {m, 4H), 3.20-3.45 {m, 

SH), 3.13 (s, 9H), 2.93 (dd, IH), 2.68-2.79 (m, 2H), 2.53-2.65 (m, lH), 1.78-1.90 

(m, 2H), 1.66 (t, 2H). 

Example 57 

Preparation of CR.S)-8-[4-(aminomethyl)phenoxymethyll-2.3.4.5-tetrahydro-3-oxo-4-(2~ 

phenylethyll-lH-1,4-benzodiagine-2-acetic acid 

a) methyl (R,S)-2,3,4,5-tetrahydro-8-hydroxymethyl-3-oxo-4-(2-phenylethyl)-lH-l ,4-

30 benzodiazepine-2-acetate 

Methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- lH-l ,4-

benzodiazepine-2-acetate (3 g, 7.8 mmol) was dissolved in dry THF (20 mL) and treated at 

-5°C with triethylamine (1.14 rnL, 8.19 rninol) and ethyl chloroformate (775 rnL, 8.11 

mmol). The reaction was stirred fJr I h and filtered. The filtrate was cooled to 0°C and 
35 treated with sodium borohydride (651 mg, 17.23 mrnol) in water (7.5 mL). The reaction 

was allowed to warm to RT and stirred for 4 h. The mixiure 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). lH NMR (250 MHz) B 7.25-7.1.0 (m, 5H), 7.09-

6.78 (m, IH), 6.75-6.51 (m, 2H), 5.26-5.25 (m, lH), 4.94-4.91 (m, lH),··4.46 (s, 2H), 

· ·. 3.69 (s, ·3H),- -3-.66--3:61·(m,.3H), · 3.10-2;62 ·(m, ·6H}. 

5 b) methyl (R,S)-8-[ 4-(N+butoxycarbonyl)-(arninomethyl)phenoxymethyl]-2,3,4,5-

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

10 

-~·"'."::15 

The compound of Example 57(a) (100 mg, 0.24 mmol) was dissolved in dry TIIF 

(10 mL) and tre~ted at 0°C with the compound of Preparation 15 (122 mg, 0.546 mmol) 

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]+. 

c) methyl (R,S)-8-[ 4-(aminomethyl)phenoxymethyl]-2,3,4,S.:.tetrahydro-3-oxo-4-(2-

phenyl~thyl)-lH-1,4-benzodiazepine-2-acetate 

Using the procedure of Example 13(b), except substituting the compound of 

. Example S7(b) for the compound of Example 1_3(a), gave the title compoun.d .(65 mg). 

·.MScES) m/e 574 [M+H]+~ . 

20 d) (R,S)-8-[ 4-(aminomethyl)phenoxymethyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-

1H-l,4-benz6diazepine-2-acetic acid 

The compound of Example S7(c) (6S mg, 0.137 mmol) was dissolved in 1HF (1 

mL), cooled to 0°C and treated with IN lithium hydroxide (137 mL). The reaction was 

allowed to wann to RT and stirred for 15 h. The reaction was acidified to pH 5 with acetic 

25 acid and the crystals that formed were filtered off to yield ~e title compound (70 mg); 95% 

purity by HPLC. MS(ES) m/e 460 [M+HJ+. 

Example58 

30 Preparation of CR.S)-8-U 4-(2-aminoethyl)piperidin-1-yllcarbonyll-2.3.4.5-tetrahydro-3-

oxo-4-(2-phenylethyl)-lH-1.4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-8-[[ 4-[ (N-t-butoxycarbo~yl)-(2-aminoethyl)]piperidin-1-yl)carbonyl)-

2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l ,4-benzodiazepine-2-acetate 

Using the procedure of Example l(h), except .substituting the compound of 
. . . 

35 Preparation 16(b) for the compound of Example l(g), gave the title compound (657 mg, 

37%). lH NMR (90 MHz, CDCl3) o 7.40-7.08 (m, 5H), 6.95-6.50 (m, 3H), 5.S0-4.40 

(m, SH), 4.00-2:43 (m, 14H), 3.73 (s, 3H), 1~90-1.00 (m, SH), 1.43 (s, 9H). 
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b) {R,S)-8-[[4-(2-arninoethyl)piperidin-l-yl]carbonyl]-2,3,4,5-tetrahydro-3.,oxo-4-(2-

phenylethyl)-lH-l ,4-benzodiazepine-2-acetic a~id 

Using th~ prqc:equres of Examples _13(~) an9 13(c), ex~ept ~l1b.stj~~g-tli_~, .. 

~omp~und of E~~ple 58(a) for.·the compound of Example 13(a), gave the title compound 

(160 mg). MS(ES) m/e 479 [M+H]+; lH NMR (CD30D, 250 MHz) B 7.30-7.08 (m, 

SH), 6.98 (d, lH, 1=7.6 Hz),-6.60-6.50 (m, 2H), 5.47 (d, lH, J=17 Hz)1 5.15-5.08 (m, 

lH), 3.90-3.58 (m, 3H), 3.89 (d, lH, 1=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) calcd: C,55.46; H, 5.51; N, 8.62, found C, 

55.19; H, 5.68; N, 8.58. 

Example59 

Preparation of CR.Sl-8-[[[4-Caminomethyl)phenyllrnethylarninol-carbonyIJ-2.3.4.5-

15 tetrahydro-3-oxo-4-C2-phenylethyll-1 H-1 :4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-8-[[[4-(cyano)phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-

(2-phenylethyl)-lH~ l ,4-benzodiazepine-2-acetate . 

Using.the procedure of Example l(h); e~tept SUb$tituting 4-cyano-N-methylanllirie. 

f~r the comp0und of Example 1 (g), gave the title compound. 1 H N:MR ( 400 MHz, 

20 CDCl3) B 7.52 (d, 1=8.6 Hz, 2H), 7.05-7.30 (m, 7H), 6.66 (d, J=l.5 Hz, IH), 6.59 (d, 

J=7.8 Hz, lH), 6.33 (dd, 1=7.8, 1.5 Hz, IH), 5.19 (d, 1=16.7 Hz, lH), 4.93 (t, J=6.5 
. . 

Hz, lH), 4.13 (br s, lH), 3.68-3.79 (m, 1 H), 3.75 (s, 3H), 3.58-3.67 (m, lH), 3.54 (d, 

J=l6.7 Hz; lH), 3.48 (s, 3H). 2.95 (dd, J=l6.0, 6.6 Hz, lH), 2.67-2.82 (m, 2H), 2.62 

(dd, 1=16.0, 6.5 Hz, lH); IR (CHCl3) 3230-3580 (br), 2230, 1731, 1656, 1603, 1437, 

25 1375 cm-I; MS(ES) m/e 497.2 [M+H]+, 993.4 [2M+H]+. 

b) methyl (R,S)-8-[[[ 4-(arninomethyl)phenyl]methylamino ]-carbonyl]-2,3,4,5-tetrahydro-

3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

A mixture of the.compound of Example 59(a) (0.125 g, 0.25 mmol) and 10% 

30 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. 

35 c) (R,S)-8-[[[ 4-(aminomethyl)phenyl]methylamino ]carbonyl]-2,3,4,5-tetrahydro-3-oxo-

4-(i-phenylethyl)-lH-1 ,4-benzodiazepine-2.;acetic acid 

The compound of Example 59(b) (0.15g, 0.25 mmol) was stirred in 10% aqueous 

acetic aeid (25 mL) at 110°C overnight. lN 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-purifi~d on reverse phase prep HPLC (ODS, ANNl-TFA)·to give the titl~ 

compound. MS(ES) m/e487.2 [M+H]+. Anal.(C2gH30N404·2C2HF302) calcd: C, 
. .· . . . . . .· .. -· .. . .. ·.·· .· - .. •.·· ~--. ·· ........ -~,· ·.-:.·_: ~·· :.~:-..... :'".~--- .: .. ::·:-.· -~--.:·, • ..-:_. .. ··. -;.--,':·~·.:·~--;.-··=·:· .:·· . .:··.-• ..- ·:-.:_..~ :;-·.~=.··. , ... ·· •. 

53.78; H, 4.51; N, 7.84. found: C, 53.69; H, 4.79; N, 7.76. 

Example 60 

Preparation of CR.Sl-2.3.4.5-tetrahydro-8-[[[2-£1-methyl-1.2.5.6-tetrahyciro_pyrid-4- · 

yllethyllmethylaminolcarbonyll-3-oxo-4-C2-phenylethyll-1 H-1.4-benzodiazepine-2-acetic 

10 ~ 

15 

.a) methyl (R,S),..2,3,4,5-tetrahydro-8-[[[2-[1-methyl-l,2,5,6-~etrahydropyrid-4-

. yl]ethyl]methylarnino ]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-l ,4-benzodiazepine-2-acetate 

' Using th~ proced~ ofExarnple27(a).' except substituting the compouri~ of - ·· · 

Preparation 17(c) for histamine, gave the title ~ompound. MS(ES) m/e 519 [M+H]+. 

b) (R,S)-2,3,4,5-tetrahydro-8-[[[2-[ 1-methyl-l,2,5,6-tetrahydropyrid-4-yl]ethyl]­

methylamino ]carbo1_1yl]-3-oxo-4-(2~phenylethyl)-1H~ l.~ben2:0diazepine-2-acetic acid 

Using tlte pr0cedure:-o{Example t(j), except substitutini{the compotiric{or.::,, ~: .· 

Example 60(a) for ·the compound of Example 1 (i), gave the title compound. HPLC RT 

20 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); lH ~ (DM~Q-d6fTI:7A; 4QO 

25 

. . 

MHz)·~ 9.6 (br d, lH), 7.25-7.15 (m, SH), 7.0 (d, lH),. 6.49 (s, lH), 6.45 (s, lH), 5.5 

(s, lH), 5.4 (d, lH), 5.0 (m, lH), 4.0 (d, lH), 3.75-3.05 (br m, 6H), 2.9-2.16 (hr m, 

16H); MS(ES) m/e 505 [M+H]+. 

Example61 

Preparation of CR.Sl-2.3.4.S-tetrahydro-3-oxo-4-(2-phenylethyl>-8-f4-(piperidin-4-yl>-

1 (E)-butenyll-1 H-1.4-benzodiazepine-2-acetic acid 

30 a) methyl (R,S)-2,3,4,5-tetrahydro-8-hydroxymethyl-3-oxo-4-(2-phenylethyl)-lH-1,4-

benzodiazepine-2-acetate 

Methyl (R,S)-8-carboxy-l ,2,3,4-tetrahydrcr3-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 s~ng for 15 min, cooled 

35 to RT and concentrated. The residual oil was re-dissolved in toluene (25 mL), 

concentrated arid the residue was dissolved in dry TiiF (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 lN sodium carbonate, extracted with ethyl acetate (150 mL), washed with brine, 

dried (magnesium sulfate) and concentrated. Purification by flash chromatography (silica 

. gel, I% methanoVchlorofonn) gave the title compound (1.71g,47%) as a solid foam. 
· n..c il~~49 (siii~~ gel~ 5% ~~1han"ovcli1orofoim);· -i1t'.NM1tccna3rs·2.62'(dd;tH); · · 

s 2.77 (m, 2H), 2.97 (dd, lH). 3.27 (br s, 2H), 3.68 (m, 3H), 3.72 (s, 3H), 4.51 (s, 2H), 

4.94 (t, IH), 5.24 (d, 1=16.5 Hz, lH), 6.56 (s, lH), 6.62 (d, 1=7.4, lH), 6.80 (d, 

J=7.7 Hz, IH), 7.20 (m, 5H). 

b) methyl (R,S)-8-bromomethyl-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-IH-l ,4-

10 benzodiazepine-2-acetate 

To a·solution of the compound of Example 6l(a) (1.20 g, 3.3 mmol) and carbon 
. : ~ .. .. . . ·• 

tetrabromide (1.4 g, 4.2 mmol) fo:dry 11JF (40 mL), stirred at 0°C under argon, was 

added triphenylphosphine (1.l_·g,::4.2 mmol) in one portion. After 10 min, the reaction 

was allowed to ~ann to RT and.stirred for 3 h. The mixture was concentrated and the 

15 residue was purified by flash chfC?matography (silica gel, 50% ethyl acetate/hexane) to 
yield the title compound (1.17 g; 83%). 1LC Rr0.38 (silica gel, 40% ethyl 

acetate/hexane); lH NMR (CDCl3)·0 1.26 (lH; s),:2.-82(3H, m). 3.11 (lH, dd), 3.71 

20 

· (2H, m)~ 3.74 (3H, s)~ 3;83 .(lH~.: d; J=:l6.:Si1,i:);-'·4~3.7. (2H, .s)/4;90. (lH, t), 5.13 (lH, d, . . . ··. .. . ... -....... ·- .... ·. . . . · ... · .... · . 

J=16.5Hz), 6.82 (2H, s), 6.89 (lH, d), 7.1-7.28 (6H, m). 

c) (R,S)-[2-methoxycarbonylmetJ:iyl-3-oxo-4-(2-phe~yl~th;yl)-2.3.4,5-tetrahydro-lH-1,4-

benzcxliazepin-8-yl]methyltriphenyl-pho$phonium bromide 

To a solution of the compound of Example 6I(b) (1.15 g, 2.67 mmol) in dry THF 

(30 mL) was added triphenylphosphine (0.71g,2.7 mmol). The reaction was refluxed for 

25 4 h, cooled to RT, concentrated and triturated with ether, filtered and dried under vacuum 
to give the title compound (1.89 g, 100%). lff NMR (CDCl3) B 2.01 (lH, s), 2.73 (2H, 

30 

m), 2.90 (lH, dd), 3.08 (lH, dd), 3.54 (lH, m), 3.65 (lH, m), 3.70 (3H, s), 3.74 (lH, 

d, J=l6.7Hz), 4.49 (2H, dt), 5.08 (lH, d, J=15.5Hz), 5.17 (IH, t), 6.40 (lH, d), 6.58 

(lH, d, J=ll.4Hz), 6.87 (lH, s), 7.18 (5H, m), 7.58-7.80 (15H, m). 

d) methyl (R,S)-8-[4-[N-(t-butoxycarbonyl)-piperidin-4,.yl]-1-(E and Z)butenyl]-2,3,4,5-

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1.4-benwdiazepine-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 TiiF (30 mL) was added, with stirring under argon, 

35 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 

chromatograph~ (silica gel, 5% ethyl acetate:chlorofonn) 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: 
lH NMR (CDCl3) B 1.l 1.(2H, m), 1.43 (4H, m), 1.45 (9H, s), 1.68 (2H, d, J=l2.5Hz), 

z.ZQ (2H, _dd), 2.67 (2H,· dt), 2.72 (IH, dd), 2.81 (lH, dd), 3.72 (3H, m), 3.74 (3H, s), 
4.o~((:lli. d,· 1~13"~7liz>.;4~9o ··(iii. t), 5js .. Ci"li:·' d~- 1~·1 .. 6.5iiz>. 6:14-("ii-i; ci1. , -·· ·. · · 

5 1trans=l5.8Hz), 6.24 (lH, d, ltrans=l5.8Hz), '6.67 (lH; s), 6.72 (lH, dd, J=7.8Hz), 

6.80 (lH, d, J=7.8Hz), 7.20 (SH, m); MS(ES) m/e 576.2 (M+H)~. 

10 

. - 15 

20 

e) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[4-(piperidin-4-yl)-l(E)-butenyl]­

lH-l,4-benzodiazepine-2-acetic acid 

Using the procedures of Example 13(b) and 13(c), except substituting the 

compounds of Example 61(d) for the compound of Example 13(a) gave the title 
compound. MS(aS) m/e 462.2 [M+H]+; Anal. {C28H35N303· l.5 CF3C02H) 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); lH NMR (CD30D) o 1.38 (2H, m), 1.45 (2H, m)~ 1.61 (lH, br s), 

1.95 (2H, d, J=13.6Hz), 2.22 (2H, dd), 2.61 (lH, m), 2.77 (2H, m), 2.91 (3B, m), 

3.35 (2H, m), 3.67 (2H, m), 3.79 (lH, d, J=16.8Hz), 5.02 (lH, dd), 5.37 (lH, d, 

J=i6.5Hz), 6.15. (lH~ dt), 6.26 (lH, d, J=l5.9Hz), 6.58 (lH •. s), 6.60 (IH, d, 
. . . . 

·i~7.-8Hz)., 6.81 (li·( d;.i~7-~8Hz}, 7.17 (SH, .m):. · · 

Example62 

CR.Sl-2.3.4.S-tettahydro-3.;oxo-4-(2-phenylethyll-8_-[4-Cpiperidin-4-y])-1 <Zl-butenyll-1 H-

1.4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-8-[ 4-[N-(t-butoxycarbonyl)-piperidin-4-yl]-l-( Z)butenyl]-2,3,4,5-

25 tetrahydro-3-oxo4(2-phenylethyl)-1H-l ,4-benzodiazepine-2-acetate 

The title compound was prepared by chromatography of the mixture of Example 
6l(d). Z~isomer: MS(ES) m/e 462.2 [M+H]+; Anal. (C28H35N303·1.5 CF3C02H·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/O.l % TFA); lH NMR (CD30D) o 1.30 (2H •. m), 

30 1.41 (2H, dd), 1.58 (lH, br s), 1.82 (2H, d, J=l3.1Hz), 2.34 (2H, m), 2.60 (lH, m), 

2.76 (2H, m), 2.88 (3H, m), 3.29 (3H, m), 3.69 (2H, m), 3.81 (lH, d, J=l6.9Hz), 5.04 

(lH, m), 5.40 (lH~ d, J=16.6Hz), 5.58 (lH, dt), 6.31 (lH, d, J=l 1.6Hz), 6.48 (lH, d, 

J=7 .9Hz), 6.50 (lH, s), 6.85 (lH, d, J.::7 .6Hz}, 7 .18 _(SH, m). . 

35 b) (R,S}-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)~8-[4-(piperidin-4-yl)-1 (Z)-butenyl]-· 

lH-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(a) .. lH NMR (CDCI3} o 1.08 (2H, m), 1.41 



..... 

.. . ·,. ... ·· .. ' .· . ·~. . ... .. · .. 
"·:: 

. ~: ..-:·}'..~''_<-:·::;·.·.: <: ··. : .. ~)Ptt .. ~ . 
. . · .·. · .. . ·. . ··.. . . 

(4H, m), 1.45 (9H, s), 1.62 (2H, d, J=l2.9Hz), 2.31 (2H, dd), 2.64 {2H, dt), 2.72 {lH, 

dd), 2.82 (2H, dt), 3.03 {lH, dd), 3.73 (3H, m), 3.75 (3H, s), 4.06 (2H, d, J=l~.2Hz), 
4.93 (lH, t), 5.22 (IH, d, J=l6.5Hz), 5.59 (lH, dt, Jcis=l l.6Hz), 6.27 (lH, d, 

. · ·:1~is~ii.1Hz)~· 6.55"(1'H ... ~).·6.63 (1H, d, i~7.7li~> .. 6.82(1H, ·d,- J~7.7Hz) ... 7.2o (SH, 

5 m);· MS(ES) m/e 576.2 (M+H)+. 

Example 63 

10 Preparation of CR.S)-8-[2CE)-[ 4-Caminomethy))phenyllethenyll-2.3.4.5-tettahydro-3-oxo-
4-(2-phenylethyll-.J H-1.4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-8-[2(E and Z)-[4-(N-t-butoxycarbonyl)(amino-rnethyl)phenyl]e~enyl]- · 

2,3,4,5-tetrahydro-3-oxo-4-(2-phi...nylethyl)- l H-1,4-benzodiazepine-2-acetate 

15 Using the procedure of Examples 61 (d), except substituting the compound .. of 
. . 

Preparation 19 for the co~pound of Preparation 18, gave the title compounds in the ratio 
of approximately (2:3) (Z:E). E-isomer: lH NMR (CDCl3) S 1.47 (9H, s), 2.72 (lH, 

dtl), 2.·83 (2H, dt).<io4 (liI; dd), 3.73 (3H, m), 3.75 (3H, s)" 432 (2H, bt ~). 4~85 
(lH, br s), 4.95 (lH, t), 5.24 (lH, d, J=16.5Hz), 6.77 (IH, s), 6.83 (2H, 2d), 6.92 

20 (lH, d, Jrrans=l6.5Hz), 7.01 (lH, d, Jrrans=l~.5Hz), 7.2 (7H, m), 7.43 (2H, d, 

J=8.2Hz); MS(DCI) m/e570.5 (M+H)+. 
Z isomer: 1 H NMR (CDCl3) S 1.46 (9H, s), 2.66 (lH, dd), 2.82 (2H, m), 2.98 (lH, 

dd), 3.70 (3H, m), 3.74 (3H, s), 4.28 (2H, br s), 4.87 (lH, br s), 4.90 (lH, t), 5.20 
(lH, d, J=l6.5Hz), 6.43 (lH, d, Jcis=l2.2Hz), 6.49 (lH, s), 6.53 (Iii. d, 

25 Jcis=ll.8Hz), 6.55 (.lH, 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)phenyl]ethenyl]-2,3,4,5-tetrahydro-3-oxo-4-(2- . 
phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid 

30 Using the procedure of Example 61(e), except substituting the E isomer of 
Example 63(a) for the compound of Example 6l(d), yielded the title compound. MS(ES) 
m/e 456.2.[M+H]+; Anal. (C2gH35N303·1.5 CF3C02H) calcd: 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/O.l% TFA); lH NMR (CD30D) S 2.64 (lH, dd), 2.78 (2H, m), 2.93 

35 (lH, dd), 3.70 (2H; m), 3.84 (lH, d, J=l6.8Hz), 4.91 (2H, s), 5.07 (lH, m), 5.42 (lH,· 

d, J=16.4Hz), 6.77 (lH, s), 6.81 (lH, d, J=7.5Hz), 6.91 (lH, d, I=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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CR.Sl-8-C2CZl-C4-(aminomethyDphenyllethenyll-2.3.4.S-tetrahydro-3-oxo-4-C2-
.. i}iienyiethyh-iH~L~benzOciiai&pine:.t-acetjc acicf . .. · . ·. ···. ·. · · · · .. 

5 Using the procedure of Example 6l(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 CF3C02H) calcd: 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/O.I% 1FA); lH NMR (CD30D) ~ 2.59 (IH, dd), 2.76 (2H, m), 2.88 · 

IO (lH, dd). 3.69 (2H, m), 3.78 (lH, d, J=16.8Hz), 4.02 (2H, s), 5.00 (lH, dd), 5.35 

(IH, d, J=l6.6Hz), 6.39 (lH, dd), 6.47 (lH, s), 6.54 (2H, s), 6.73 (lH, d, J=7.8Hz), 

7.17 (SH, m), 7.27 (4H, 2d). 

15 

Example 65. 

Preyaration of CR.$)-2.3.4.5-tetrahyciro-3-oxo-4-(2-phenylethyll-7-U 4-(pyrid-4-

. yl)piperazin-1-yllcarbonyll-1 H-1.4-benzociiazepine-2-acetic acid 

~ a) methyl_ (R,S)-2,3,4,5-tetrahydrcr3.,.gxg..,4:.(2-phc:nyleihyl)-7-[[ 4-"(pyrid-4-yl)piperazin-~ - · 

yl]carbonyl]-lH-1,4-benzodiazepine-2-acetate 

20 Using the procedure of Example 32(a), except substituting l-(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 mlJmin, gradient. A:acetonitrile B:water-0.1%1FA, 10-

80% A during 20 min, UV detection at 220 nm); MS(ES) m/e· 528 [M+H]+. 

25 b) (R,S)-2,3.4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-7-[[ 4-(pyrid-4-yl)piperazin-l­

yl]carbonyJ]-.lH-1,4-benzodiazepine-2-acetic acid 

Using the procedure of Example lG). except substituting the compound of 

Example 6S(a) for the compound of Example l(i), gave the title compound HPLC RT 

14.6 min (YMC ODS-AQ, 6x250 mm. 1.5 mL/min, gradient, A:acetoninile B:water-0.1 % 
30 1FA, 10-80% A during 20 min, UV detection at 220 nm); 1 H NMR (DMSO-d6:TFA, 250 

MHz) o 8.3 (m, 2H), 7.19 (m, 9H), 6.55 (d, lH), 5.4 (d; lH), 5.09 (m, lH), 4.0 (d, 

lH), 3.7 (m, SH), 2.8-2.4 (br m, 6H); MS(ES) m/e 514 [M+H]+. 

35 

Example66 

Preparation of CR.Sl-2.3.4.5-tetrahydro-3-oxo-7-CU2-(piperidin-4-

.YlletbyllmethylaminolcarbonyIJ-1 ij-2-benzazepine-4-acetic acid 

a) t-butyl 3-bromo-4-"methylbenzoate 
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A mixture of 3-bromo-4-ir.ethylbenzoic 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 reaetion volume of approximately 150 mL. Trifluoromethanesulfonic acid (0.22 g, 
2~5 mmoi) was addeci dropwise ia the stirred mixture,' anCitile'ilom1l\vaS'"se8iecL Tile ~ · .. · . . · · 

s 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, 
10 95%) as a yellow oil. TLC Rf0.68 (toluene); lH NMR (250 MHz, CDCl3) B 8.13 (d, 

J=l.7 Hz, 1 H), 7.81 (dd, J=7.9, 1.7 Hz, 1 H), 7.27 (d, J=7.9 Hz, 1 H), 2.44 (s, 3.H), 
1.59 (s, 9 H); IR (CC14) 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-C4H8]~. 

IS 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 benzoyl peroxide (0.23 g, 0.97mm_ol) in 

carbon·~trachloride (.100 mL) was heated to· reflux~· After lS·Ji~ the.mixture was oooled, · . ·.. . . ·: . . . . :·.·· · .. :. 

filtered, and the filtrate was concentrated. The resulting material was used without 
20 purification. TLC Rf 0.57 (10% ethyl acetate/hexane). 

. . 

c) t-butyl 3-bromo-4-[[N-t-butoxycarbonyl-N-methoxycarbonyl]amino]methylbenzoate 

The compound of Example 66(b) and methyl t-butyl iminodicarboxylate potassium 

salt (prepared according to J. Chem. Soc. Perkin Trans. J, 1088, (1988)) (3.10 g, 14.52 

25 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 

concentrate<L 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 

30 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 yellow oil which solidified in vacuum. 1LC Rf 0.49 (20% ethyl acetate/h~~e); 

lH NMR (250 MHz, CDCl3) B 8.15 (d1 J=l.6 Hz, 1 H), 7.89 (ci4, J=8.1,. l.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 {s, 9 H); IR 

35 (carbon tetrachloride) 1756, 1719, 1369, 1352, 1297, 1255, 1222, 1155, 1113 cm-1; 
MS(ES) m/e 446 [M+H]+, 444 [M+H]+, 390 [M+H-C4Hg]+, 388 [M+H-C4Ifg]+, 334 

[M+H-2xC4Hg]+, 332 [M+H-2xC4Hg]+. 
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d) t-butyl 3-bromo-4-[(t-butoxycarbonyl)amino] methylbenzoate 

A solution of the comp<?und 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.lllin, fue ~~cri~~- ~~~ dii~t~d ;ifu \~;~t~r.(25o '~i.;)'~d extracted With .. eiher: the·; ... ' 

5 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, partjally solidified. 

10 

1LC Rr0.41 (15% ethyl acetate/hexane); lH NMR (400 MHz, CnCJ3) S 8.13 (d, J=l.5 

Hz, 1 H), 7.90 (dd, 1=8.0, 1.5 Hz, 1 H), 7.42 (d, 1=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, 13Q4, 1371, 1300, 125~, l.1.72,_ 1120 cm-1; MS(ES) m/e 410.0 [M +Na]+, 408.2 
[M +Na]+, 386.2 [M+H]+, 388 [M+H]+, 330.0 [M+H-C4Hg]+, 332 [M+H-Cµ!g]+, 

274 [M+H--2xC4HsJ+, 276 [M+H-2xC4Hg]+ . 

. ·-· 15 e) methyl 3-methoxycarbonyl-4-[5-(t-butoxycarbonyl)-2-[[(t­

butoxycarbonyl)amino]methyl]phenyl]-3-butenoate 

Dimethyl itaconate.(607 mg; 3.84 minol) was added:toa solution of the compound 

of Example 66(d) (l.14 g, :2~95 imriol)~ pall~dii.tm(IJ)·:a¢~µi~e:(33 mg,_.0 .. 1~.:m~pl), _tri.;. 

orUio:.tolylphosphine (90 mg, 0.30 mmol), and diisopropylethylaniine (1.03 mL, 5.90 

20 mmol) in propionitrile (15 mL). The solution was deoxygenated through three 

evacuation/argon purge cycles, and wa_s heated to reflux under B;l"gon. After 55 min, the . . . . ... . - :· . . . . 

reaction was cooled in ice/water and poured 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 

25 propionitrile. The residue was chromatographed (silica gel, step gradient, 15-30% ethyl 
acetate/he~e). All products with Rf 0.26 (major product) to Rf 0.65 (25% ethyl 

acetate/hexane) were isolated together.as a cloudy, yellow oil. TI..C Rf0.26 (major 

product), 0.37, 0.49, 0.56, 0.65 (minor products) (25% ethyl acetate/hexane). 

30 f) methyl (R,S)-3-methoxycarbonyl-4-[5-(t-butoxycarbonyl)-2-[[(t­

butoxycarbonyl)amino]methyl]phenyl]butanoate 

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(l:l) (29 
mL) at 0°C. The stirring bar was removed, and the mixture was shaken at RT under H2 

35 (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(~) hydroxide on carbon (moist, Pearlman's catalyst, 0.59 g) was added. 

The mixture was shaken at RT. under H2 (50 psi) for 3 h, then was filtered through 



; ··:.,.: ·:. ~ . . · . .: 
.. . . ~· . . . 

. : :' /:,:', .··._:· '.- ·.-·-·. ·.:·: -~ 106.~:-<<· ... 
·. ;. .. . . .. ·:~ . . . ~ ·.: .. _... -:. . ~ . : . .: . . ... :.. . . . . ' 

. l... . . . • .. · · .... :. ·. "; .. ·-= ";.· ·. : ... -;;.··~. :·.:·.:,f;_ -.~··._ .. ·• :-·-· •... :._ > .. ';. ~=".~·~:.·~· .. -· ... . . :-:·-:. 

·eelite®. The filtrate was concentrated to a cloudy, colorless oil, which was· reconcentrated 

from toluene to remove residual methanol. Chromatography (silica gel, 30% ethyl 

acetate/hexane) gave the title compound (1.03 g, 76%) as a colorless oil. 1LC Rf 0.35 

-c'25_%. ~ili;i·~~e~~~!he~~)~--ili NMR ci50 ·Mfu. :cnC13)' a 7.83Cdci,1~8.0~ L6 lli, 1 : 

5 H), 7.73 (d. J=l.6 Hz. 1 H). 7.36 (d. J=8.0 Hz, 1 H), 4.90-5.05 (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, 1=16.8, 5.1 Hz, 1 H), 1.59 (s, ~ H), 1.45 (s, 9 H); IR (CCl4) 3300-3480 (br), 

1740; 1715, 1368, 1157 cm-1; MS(ES) m/e 953.4 [2M +Na]+, 931.4 [2M+H]+, 488.0 

[M +Na]+, 466.0 [M+H]+, 410.0 [M+H-C4Hg]+, 354 [M+H-2xC4Hg]+, 310 [M+H-

10 2xC4Hg-C02]+. 

g) methyl (R,S)-3-methoxycarbonyl-4-[5.;car.bpxy-2-(aminomethyl)phenyl]butanoate 

• . TFA (3~2 mL) was added all at once to a cloudy solution of the compound of 

Example 66(f) (296.5 mg, 0.64 mmol) in dry dichloromethane (3.2 mL) at 0°C tinder . 

15 argon. The solution was warmed to RT, stirred for 2 h and concentrated. The residue was 

concentrated once from 2:1 1,2-dichloroethane:toluene (10 mL) to remove residual TFA. 

The resulting material waS used without ~urification. 

h) methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo-lH-2-benzazepine-4-acetate 

20 The compound of Exam pl~ 66(g) was djssolved in anhydrous methanol (3.2 mL) 

.and the solution was cooled to 0°C under argon. Freshly prepared 1.0 M· sodium 
. . 

methoxide/inethanol (3.2 mL, 3.2 mmol) was added rapidly, and the ice bath was 

removed. The reaction was allowed to wann to RT over 10 min and heated to reflux under 

argon. After 2 h, the reaction was cooled in ice, and cold lN hydrochloric acid (3.4 mL, 

25 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. TI..C Rr0.38 (10% methanoVchloroform); lH NMR 

(400 MHz; DMSO-d6) o 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, ]=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-

30 3.61 (m, 1 H), 3.07 (dd, 1=17.2, 3.6 Hz, 1 H), 2.87 (dd, J=l7.2, 13.0 Hz, 1 H), 2.70 

(dd, 1=16.7, 8.7 Hz, 1 H), 2.45 (dd, 1=16.7, 5.2 Hz, 1 H); MS(ES) rr:Je 278.0 

[M+H]+ .. 

i) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-7-[[[2-(pyrid-4-yl)ethyl]methylamino]carbonyl]-

35 lH-2-benzazepine-4-acetate 

1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (90 mg, 0.47 

mmol) was add~d 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 

dimethylfonnarnide (2 mL) at RT under argon. The reaction was stirred for 23 h· and 

. c.oncen~ted. The residue was partitioned between ethyl acetate and water. The layers 
·w·~~e-se~~te~ ~d ·fu~· ~;g~i~ ~ha~e -~~s · ~·~sh~·d ~th wa~~r. ·-Th~· ~o~bhted .aq~~~us 

s 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 c0;ncentrated 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 

10 
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the e*yl ac;etate phase. Chromatography (silica gel, 10% methanol/chloroform) gave the 
title campound (139.7 mg, 91 %) as a coloriess oil. 1LC Rf 0.45 (10% 

methanol/chlorofonn); lH NMR (400 MHz, CDCI3) Rotameric mixture; o 8.41-8.63 (m, · 

2 H), 6.72-7.28 (m, 5 H), 6.53 (t, J=6.0 Hz, 1 H), 4.83 (dd, J=l6.3, 4.8 Hz, 1 H), 4.09 ..... . 
. . 

(dd, J=l.6.3, 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 

(dd, J=16.9, 6.1Hz,1 H); IR (chloroform) 3400, I727~ 1660, I623 cm-I; MS(ES) m/e 

396.2 [M+H]+. 

j) meihy1(R;s)~2,3',4,5~tetrahydro-3-.oxo-7 ~[[[2-(piperidin-4-
yl)ethyl]methylamino]carbonyl]-1H-2-benza2:epine-4-acetate 

20 Platinum oxide (4 mg) was added to a solution of the compound of Example 66(i) 

.(139.7 mg, 0.35 mmol) and IN hydrochloric acid (0.35 mL, 0.35 mmol) in methanol (3.5 
mL), and the mixture was stirred briskly under H2 (balloon pressure). After 7 h, the 

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 
25 under H2 (balloon pressure) for 16.S h. Filtration through Celite® and concentration left a 

colorless oil. This was used without purification. HPLC k' 3.2 (PRP-1®, 15% AN/W­

TFA). 

k} (R,S)-2,3,4,5-tetrahydro-3-oxo-7-[[[2-(piperidin-4-yl)ethyl]methylamino]carbonyl]-

30 IH-2-benzazepine-4-acetic acid 

The compound of Example 660) was dissolved in methanol (12 mL) and cooled to 

0°C. IN Sodium hydroxide (1.05 mL, 1.05 mmol} was added dropwise, ·and the solution .. 

was allowed to warm to RT. The reaction was stirred at RT for 24 h and concentrated. 

The residue was concentrated from I:l acetonitrile:water (4 mL} to remove methanol, the 

35 residue dissolved in 1:1 acetonitrile:water (4 mL), and cooled in ice. 1FA (0.27 mL, 3.5 · 

mmol} was added and the reaction was concentrated. The residue was purified by 

reversed-phase ~ash-chromatography (ODS, IO-I2.5% AN/W-TFA). Concentration and 

lyophilizatiori 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); ltt NMR (400 MHz, DMSO-d6) Rotameric mixture; 

S 8.52-8.72 (m, 1 H), 8.15-8.43 (m, 1 H), 8.07 (t, J'=5.8 ~z. 1 H), 7 .20 (d, J=8.3 Hz, l 

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, 8.4 Hz, 1 H), 2.34 (dd, J=16.8, 5.2 Hz, 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 (CF3C02H)) calcd: C, 50.13; H, 5.28; N, 7.16. found: C, 50.20; 

H, 5.21; N, 7.21 

Example67 

Pre.paration of CR.S)-2.3.4.5-tetrahydro-3-oxo-2-C2-phenylethyl)-7-U£2-(piperidin-4-

yl)ethyllmethylaminol-carbony1J-1 H-2-benzazepine-4-acetic acid; 

a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-7-[[[2-(pyrid-4-

15 yl)ethyl]methylamino]carbonyl]- IH-2-benzazepine-4-acetate 

Using the procedure of Example 32(a), except substituting the compound of 

Example l(g) for methyl (R,S)-8-carboxy-1,2,4,5-tetrahydro-_3-oxo-4-(2-phenylethyl)-

. 3H-1,4-benzodiazepine-2-acetate, gave·th~-title i:ompound. ·HPLC RT 16.2min (YMC. 

ons:.AQ, 6x250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1 % TFA, 10-80% A 

20 during 20 min, UV detection at 220 nm). 

b) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl}-7-[[[2-(piperidin-4-

yl)ethyl]methylamino ]carbonyl]-lH-2-benzazepine-4-acetate; and 

methyl (R,S)-2,3,4,S-tetrahydro-3-oxo-2-(cyclohexylethyl)-7-[[[2-(piperidin-4-

25 yl)ethyl]methylamino]carbonyl]-lH-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-phenylethyl) 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.l % TFA, 10-80% A 

30 during 20 min, UV detection at 2...:.0 nm). 

2-(2-cyclohexylethyl) compound: MS(ES) m/e 511 [M+H]+; HPLC Rr 19.14 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 run). 

35 c) (R,S)-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-7-[[[2-(piperidin-4-

yl)ethyl]methylamino]carbonyl]-lH-2-benzazepine-4-acetic acid; and 

Using th~ procedure of Example lG), except substituting the compounds of 

Example 67(b) for the compound of Example l(i), yielded the title compound which was 
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.... ·· .... :···: .. ··.· 

separated from the 2-ethylcyclhexyl compound by HPLC. HPLC RT 14.59 min (YMC 

ODS-AQ, 6x250 mm, l.5 mL/min, gradient, A:acetonitrile B:water-0.1%1FA, 10-80% A 

during 20 min, UV detection at 220 nm); MS(ES) m/e 492 [M+H]+. 
. . . . ·. . ~ \ ~ . . . . .. : . .· . ·. . . .. •. ··. . .. . ·.. . . . : .... ~ ~ ., . . . :.: . . . : ' . . . . 

Example 68 

· CR.S)-2.3.4.S-tetrahydro-3-oxo-2-{kyclohexylethyll-7-[[[2-Cpiperidin-4-

yllethyllmethylaminolcarbonyll-1 H-2-benzaze.pine-4-acetic acid 

The title compound was isolated from the reaction mixture of Example 68(c) by 

10 HPLC. HPLC RT 17.61 min (YMC ODS-AQ, 6x250 mm, 1.5 mUmin, gradient, 

A:acetonitrile B:water-0.1%1FA, 10-80%.A during 20 min, UV detection at 220 run); 

MS~S) m/e 498 [M+H]+. 

: ·-.15 

Exarnple69 

Preparation of CR.S)-2.3.4.5-tetrahydro-3-0xo-4-(2-phenylethyll-8-[4-(piperidin-4-

yl)butyll-lH-l .4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-8-[ 4-[ (N-t-butoxycarbonyl)-piperidin-4-yl] butyl]-2,3,4,5-tetrahydro-3-

20 oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-~-acetate 

A mixture of the F/Z isomers of Example 63-64(c) and 10% palladiµm 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-tetrahydro-3-oxo-4-(2-phenylethyl)-8-(piperidin-4-yl)butyl]-lH-1,4-

25 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]+; Anal. (C2sH37N303·CF3C02H·l.25 H20) calcd: C, ?9.91; 

H, 6.51; N, 6.73. found: C, 60.04; H, 6.80; N,7.00.; HPLC k' 4.73 (PRP-1®, 35% 

30 AN/W-TFA); lH NMR (CD30D) o 1.32 (6H, m), 1.57 (3H, m), 1.87 (2H, d, 

35 

J=l4.0Hz), 2.49 (2H, t), 2.61 (lH, dd), 2.75 (2H, m), 2.90 (3H, m), 3.30 (2H, m), 

3.68 (2H, .m), 3.80 (lH, d, J=16.7Hz), S.02 (lH, dd), 5.37 (lH, d, J:::16.5Hz), 6.41 

(IH, d, J=8.0Hz), 6.42 (lH, s), 6.80 (1H, d, J=8.0Hz), 7.17 (SH, m). 

Example70 

Preparation of 8~U4-Caminoiminomethyl)benzoyllaminol-2.3.4.S-tetrahydro-3-oxo-IH-

2.4-benzodiazepine-2-acetic add 



---· 

.. • .·_:~:. .. 

a) a.,a.'-diphthalimidoyl-o-xylene 

. A. .mixt~ o( a .• a._·-~~fOJT1q"'.~"'.xyleri~_(2~ __ ,g.~~ ~mop .aJi,d_pp~ss~1:1m.. phthalim_i~ 
. . . .• . . . • .. . . ·.• ... · ... , .... •.· ......•.. • · .. ·=·· ·.· ·.• 

(54.7 g, 294 mmol) in dimethylfonnamide (500 mL) was refluxed for 18 h. The solution 

s 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-a.,a.'-diphthalimidoyl-o-xylene 

To a cold solution of potassium nitrate (6.2 g, 61.2 mmol) in concentrated sulfuric 

10 acid (350 mL) was added ponion wise the compound of Example 70(a) (22 g, 55.6 

mmol). The resulting solution was warmed to RT ~d 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 reeiuc_:ed press\ire to give the title compound (23.58 g, 96%); · · ··· 

15 c) l,2-bis(aminomethyl)-4-nitro-benzene 

To a solution of hydrazine (26 mL, 535 mmoi) in ethanol (1000 mL) was added 

portion wise the compound of Example 70(b) (23.58 g, 53 .• 5 mmol). The solution was 

. refluxed frir 1 h. Additional hydtazine.(26-fut;.535:~mblfwasadded foll~~edby· · .. 

ethanol (500 mL). The solution was stirred at RT for 18 h, filtered and the filtrate was 

20 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-lH-2,4-benzodiazepine 

To a solution of the compound of Example 70(c) (9.42 g, 51.9 mmol) in 1HF (500 

25 · mL) was added dropwise 1,1'-carbonyldiimidazole (9.2 g, 56.8 mmol) dissolved in 'qIF 

(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-lH-2,4-ben~azepine 

30 A heterogeneous solution consisting of the compound of Example 70(d) (5.5 g, 

35 

26.6 mmol) and Lawesson's Reagent (7.0 g, 17.3 mmol) in toluene (100 mL) was heated 

to 80°C under an argon atmosphere for 1.5 h. The sqlutiori 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-lH-2,4-benzodiazepine-2-acetate; and 

methyl 2,5-dihy9fo-3-methylthio-8-nitro-1H-2,4-benzodiazepine-2-acetate 



""---'· 
To a solution of the compound of Example 70(e) (2.2 g, 9.9 mmol) in 

dimethylform~ide (50 mL) was added dropwise iodomethane (0.614 mL, 9.9 mmol) 

dissolved iri climethylfonnamide (5 mL). The solution was stirred for 1 h and potassium 
· ·· ·c~b~ri~iC-d.o' g:; 2i.s· ~mob w8S-~dd.CCi "foi1C>~ecr by· meifiyfhromoacetate ·co.93~rmt:· 9~9 .-.... · 

s 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-lH-2,4-benzocliazepine-2-acetate; and 

10 methyl 2,3,4,5-tetrahydro-8-nitro-3-oxo-lH-2,4-benzodiazepine-2-acetate 

15 

The mixture of the compounds of Example 70(f) (2.26 g, 7 .3 mmol) was dissolved 

in water/dioxane (1:1) (50 mL) and refluxed for 18 h. The solutibn was concentrated and 

the residue was triturated with water. (30 mL), filtered and dried at reduced pressure to give :. 

a· mixture of the title compounds'(l.38 g, 68%). 

h) methyl 8-amino-2,3,4,5-tetrahydro-3-oxo-lH-2,4-benzodiazepine-2-acetate 

The mixture of the compound of Example 70(g) ( 470 mg,.1.7 mmol) was 

dissolved irt (.r: l) meth~ol:d4#et}Jy~(tj~am~4e~· .(2Q -l!lL>· ·A.fgo~ -~ buQblecl through ~e 

sy~tem and 10% palla:dium on carbon (80 mg} was added and the mixture was shaken 

20 under hydrogen (40 psi) for 1.5 h. The sollltion was filtered through Celite® and 

concentrated. The residue was chrQtnato~phed (silica gel, 4% 

methanoVclichloromethane) t~ }ri~ld the tltl~ ~ompo~d (110 mg. 42%). lH NMR (360 
MHz, DMS0d6) B 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, lH), 6.45-6.5 (d, lH), 6.6-6.65 (t, lH), 6.85-6.9 (d, lH); MS(ES) m/e 
25 250.2 [M+H]+; 1LC Rf 0.60 (9: 1 dichloromcthane:methanol). 

i) methyl8-[[4-(N-benzyloxycarbonyl)(aminoiminomethyl)-benzoyl]amino]-2,3,4,5-

tetrahydro-3_.oxo-1H-2,4-benzocliazepine-2-acetate 

Using the procecf:ure of Example 32, except substituting the compound of example 
30 70(h) for methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1,4-

benzocliazepine-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 th~ title compound. 

35 j) 8-[[4-(aminoiminomethyl)benzoyl]amino]-2,3,4,5-tetrahydr0-3-oxo-lH-2,4-

beiizodiazepine-2-acetic acid 

Using the procedures of Example l(i) and lG), except substituting the compound 

of Example 70(i) for the compound ofExample. l(h) gave the title compound. Anal. 
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(CitH26N507.5) calcd: 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]+. ltt NMR (DMSO-%, 360 MHz) B 2.5 (s, 3H), 3.9-

4.0 (d, 2H), 4.2-4.3 (d, 2H), 4.4-4.5 (d, 2H), 6.5-6.6 (m, lH), 7.2-7.3 (d, lH), 7.6-8.1 , c~'. ~ io '.H)~_, · ,,..... · .. _ .. ·.,, · ' ·' · · · ·· · · · · ·.. .. · · .. · · · · ... · 

Example71 

Preparation of CR.S)-8-[[[2-[(2-amino)pyrid-4-yllethyllmethylaminolcarbonyJJ-2.3.4.5-

tetrahydro-3-oxo-4-C2-phenylethyll-1 H-1.4-benzodiawine-2-acetic acid 

10 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(E.S) m/e 502.2 [M+H]+; HPLC k' 4.92 (PRP-1®, 25% AN/W-TFA); •H 

NMR (400 MHz, CD30D) B 2.65 (lH, m), 2.75 (2H, m), 2.84 (lH; t),·2.92 (iH, m), 

15 2.99 (3H, s), 3.10 (lH, s), 3.63 (2H, m), 3.72 (lH, m), 3.79. (lH, t), 3.87 (lH, d,­

J=i6.8Hz), 5.11 (lH, 2t), 5.43 (lH, d, J=l5.6Hz), 6.35, 6.53 (lH, 2s), 6.40, 6.49 

(lH, 2d, J::7.5Hz), 6.46, 6.88 (lH, 2d), 6.61, 6.89 (lH, 2s), 6.94, 6.97 (lH, 2d); 7·.17 

20 

. ·. · .... 

·(SH~ :in); 7~57; 7.74.-(lH, .2d, ·J=6~5Hz). 

Example72 

Preparation of CR,S)-7-U£2-£C2-aminolpyrid-4-yllethyllmethylaminolcarbonyll-2.3.4.5-

tetrahydro-3-oxo-2-(2-phenylethyl)-1 H-2-benzazepine-4-acetic acid 

Using the procedure of Example 71, except substituting the compound of Example 

25 l(g) for methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-

benzodiazepine-2-acetate, gave the title compound: MS(ES) m/e 501.2 [M+H]+; Anal. 

(C29H32N404·1.25 CF3C02H·0.5 H20) calcd: C, 57.97; H, 5.22; N, 8.60. found: C, 

58.01; H, S.29; N,8.59.; HPLC k' 3.42 (PRP-t®, 25% AN/W-TFA); lH NMR (400 

MHz, CD30D) B 2.46 (lH. m), 2.70 (3H, m), 2.83 (2H, m), 2.98 (3H, s), 3.02 (lH, 

30 m), 3.13 (lH, s), 3.57 (lH, m), 3.64 (lH, m), 3.81 (3H, m), 4.03 (lH, d, J=16.7Hz), 

5.21 (lH, d, J=l6.7Hz), 6.47-7.01 (3H, m), 7.01-7.22 (7H, m), 7.57, 7.76 (lH, 2d). 

Example73 

35 Prej>aration of 8-[[[4-Caminoiminornethyl)phenyllmethylaminol carbonyll-2.3.4.5-

telrabydro-3-oxo-2-benzazepine-2-propionic acid 

a) 7-methoxy-2-tetralone oxime 
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A mixture of7-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 

(20 mL} was heated to reflux for 3 h. The mixture was poured into water (15 mL} and 

.. -~x~t~ ~ili cii1oror~~, The .org~ic phases were coinbfued., washecf wiili ·brine·~· and , · 
s concentrated to give a white solid Precipitation from ethyl acetate/hexane gave the title 

compound (420 mg, 79%) as a granular solid. MS(ES) m/e I91 [M+H]+. 

b) 8-methoxy-2,3,4,5-tetrahydro-3-oxo-lH-2-benzazepine 

A stirred suspension of th~ compound of Example 73(a) (3.0 g, I5.5 mmol) in 

10 polyphosphoric acid (30 g) was heated to I I0°C for IO 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;3,4,5-

tetrahydro-2-oxo-IH-3-benzazepine (2.63 g, 88%). MS(ES) m/e I9I [M+H]+ .. 

. , · 15 

c) 8-hydroxy-2,3,4,5-tetrahydro-3-oxo-lH-2-benzazepine. · 

A solution of the compound of Example 73(b)(3.79 g,I9~8 mmol} in 

dichloromethane (40 IDL) was added in one pbrti.on to a 0°Csuspension of aluminum 

chloride (8 g, 60 mmol) in ethanethiol (20 mL) under argon. The mixture was allowed to 

20 come to RT and stirring was continued for 18 h. The mixture was quenched with ice (500 

. mL), ~cidified with IN hydrochloric acid and extracted with ethyl acetate. The organic 

phases were combined, washed with br:foe, dried (magnesium sulfate), and concentrated. 

The residue was chromatographed (silica gel, 0-4% methanoVchlorofonn) to yield 8-

hydroxy-2,3,4,5-tetrahydro-2-oxo-IH-3-benzazepine and the title compound (1.43 

25 g,42%). MS(ES) m/e 177 [M+H]+. 

d) 8-(trifluorornethylsulfonyl)oxy-2,3,4,5-tetrahydro-3-oxo-lH-2-benzazepine 

The compound of Example 73(c)(3IO 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., 

30 (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 IN hydrochloric acid and with brine, and concei:itrated to give the title 

compound (220 mg, 40%). MS(ES) m/e 309 [M+H]+. 

35 

e) 8-benzyloxycarbonyl-2,3,4,5-tetrahydro-3-oxo-lH-2-benzazepine 

A flam~ dried three neck flask was charged with the compoµnd of Example 73(d) 

(440 mg, 1.5 rnmol), palladium(Il) acetate (90 mg, 0.4 mmol), I,l'-
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bis(diphenylphosphino)-fcrrocene (443' mg, 0.8 mmol), .and' dry trlethylamine ·co~42 mi., 
3.0 mmol) in dimethylfonnamide (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 Uilder a carbon monoxide-balloon for 4-b~ .. The: reaction··· 0·:-
5 was cooled to RT, diluted with ethyl acetate, extracted with IN hydrochloric acid, water, 

and brine, dried (magnesium sulfate), and concentrated. The resulting solid was 
chromatographed (silica gel, 2% methanoVchloroform) to afford the title compound (290 
mg, 91 %). MS(ES) m/e 295 [M+H]+. 

10 f) methyl 8-benzyloxycarbonyl-2,3,4,5-tetrahydro-3-oxo-lH-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 m~ol). The resulting solution was refluxed overnight and the mixture was , . 
concentrated. The residue was chromatographed(silica gel, 30% ethyl acetate/hexane) to 

15 give title compound (260 mg, 70%). MS(ES) m/e 381 [M+H]+. 

g) methyl 8-carboxy~2,3,4,5-tetrahydro-3-oxo-2'."benzazepine-2-propionate 
A suspension of the compound.ofExample 73(f) (260 mg, 0.7 mmol), 5%. 

palladium ~n barium sulfate (50 mg) in ethanol (10 mL) ~aS shaken under hydrogen (50 
20 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]+. 

h) 8-[[[4-(aminoiminomethyl)phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-2-
25 benzazepine-2-propionic Acid 

30 

Using the procedure of Examples l(h) through lG), except substituting the 
I 

compound of Example 73(g) for the compound of Example l(g), gives the title compound. 

Example74 

Preparation of 7-U 4-(aminoiminomethyl)phenyllethynyll-2.3.4.5-tetrahydro-3-oxo-2-(2-
phenylethyll-1 H-2-benzaze,pine-4-ac_etic acid 

a) ethyl 7-[[(trifluoromethyl)sulfonyl]oxy]-2-(2-phenyl-ethyl)-3-oxo-2,3,4,5-tetrahydro-
35 IH-2-benzazepine-4-acetate 

A solution of the compound of Example 48G) {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 wann 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 (magnesium sulfate) and concentrated. The residue was chromatographed 
(silica gel, 1~ melhano]/ilichioromethane)' to' giv"e the "tltle 'conipounif(0~35 g," 70%) as"al{'' . .. . ... 
amber oil. MS (ES) m/e 500 [M+H]+, lH NMR (400 MHz, CDCI3) 5 7.2-7.1(m,3H), 

7.0-7.1 (m, 2H), 6.96 (s, 3H), 5.16-5.0 (d, J=17Hz, lH), 4.15 (q, 2H), 3.9 (m, lH)~ 

3.78-3.70 (d, J=17Hz, lH), 3.6 (m, lH), 3.0-2.9 (m, 2H), 2.8-2.7 (m, 3H), 2.4-2.3 (q, 

lH), 1.3 (t, 3H). ' 

b) ethyl 7-[ ( 4-cyanophenyl)ethynyl]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-lH-2-

benz.azepine-4-acetate 

The compound of Example 74(a) is treated with 4-cyanophenylacetylene [prepared 

as in Sy(Zlhesis, 627 (1980)], bis(triphenylphosphine)palladium chloride, cuprous iodide 

and triethyl~ine in dimethylfoimamide and the mixture is heated and stirred. The mixttire 

15 is cooled, diluted and extracte4 with ethyl acetate~ The organic phase is washed with dilute 

hydrochloride acid and with water, dried and concentrated to give the title compound. 

c) ethyl 7-[4-(thiocarbainoyl)phenyl)ethynyl].;i-(2.;phenylethyl)-~;;0~~2,3,4,S~tetrahydrp:-
1~-2-benzazepine-4-acetate 

20 Using the general procedure of European Patent Application 0 502 536 Al, the 

compound of Example 74(b) in pyridine:triethyl~in~ is treated .with a stream. of hydrogen 

sulfide and let stand. The mixture is concentrated to give the title compound. 

d) ethyl 7-[4-(methylthioimino)phenyl)ethynyl]-2-(2-phenylethyl)-3-oxo-2,3,4,5-

25 · tetrahydro-lH-2-benzazepine-4-acetate 

Using the general procedure ofEP 502 536, the compound of Example 74(c) is 

treated with iodomethane in acetone. The mixture is concentrated to give the title 

compound .. 

30 e) ethyl 7-[ 4-(aminoiminomethyl)phenyl)ethynyl]-2-(2-phenylethyl)-3-oxo-2,3,4,5-

tetrahydro-lH-2-benzazepine-4-acetate 

35 

Using the general procedure ofEP 502 536, the compound of.Example 74(d) is 

treated with ammonium acetate in methanol and the mixture is heafe4 to reflux. The 

mixture is cooled and concentrated to give the title compound. 
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O 7-[[ 4-(~inoiminomethyl)phenyl]ethynyl]-2-(i-phenylethyl)-3-oxo-2,3,4,5-tetrahycfro­
lH-2-benzazepine-4-acetic acid 

Th~ compound of Example 74(e) is treated with dilute sodium hydroxide in 

· nietfumol iiiCi then With dilute hydtochloric· acid·to give the title'compouncL · · . . · . · 

Example75 

Preparation of 7-fl-[ 4-(piperazin-1-yJ)bur- t .:ynym-2-(2-phenylethyll-3-oxo-2.3.4.5-

tetrahydro-lH-2-benz3ZCj)ine-4-acetic acid 

a) ethyl 7-[ 1-[ 4-[N-(t-butoxycarbonyl)piperazin-1-yl]-but- l-ynyl]]-2-(2-phenylethyl)-3-

oxo-2,3,4,5-tettahydro-lH-2-benzazepine-4..:acetate 

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), oiethylamine (3 mL), bis(oiphenylphosphine)-

15 palladium chloride (10 mg, 0.14 mmol) and cuprous iodide (2.5 mg, 0.14 mmol)in 

acetonittile (10 mL) was.heated to reflux for 20 h. The mixture was diluted with ~ter and 

extracted with ethyl acetate. The organic .. phase was dried (magnesium sulfate), 
' . . . 

concentrated a,nd the-resjdu~,wa.s .puljfied byflash chromatography.(silica gel, 2% 

methanoVdichlo~~~th~e) to.yield-:th~·title co~p~~nd (90 ~g .. 25%). lH NMR (400 
20 MHz, CDCl3) B 7.15-7.26 (m, SH), 7.10 (s, IH), 7.06 (d, J=8Hz, lH), 6.8 (d, J:::8Hz, 

lH), 5.1 (d, J=l7Hz, lH), 4.15 (q, 2H), 3.8 (m, 2H), 3.7 (d, J=l7Hz, lH), 3.6 (m, 

.lH), 3.5 (s, 4H), 3.0 (m, 2H)," 2.s° (m.· :}H). 2.7 (t, 2H), 2.6 (m, 2H), 2.5 (s, 4H), 2.4 

(q, lH), 1.4 (s, 9H), 1.3 (t, 3H). 

25 b) ethyl 7-[l-[ 4-(piperazin-l-yl)but-l-ynyl]]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro­

IH-2-be~pine-4-acetate 

The compound of Example 75(a) is stirred with TFA in dichloromethane. The 

mixture is washed with water, dried and concentrated to give the title compound. 

30 c) 7-[l-[4-(piperazin-1-yl)but-l-ynyl]]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-lH-2-

benzazepine-4-acetic acid 

-~ The. compound of ~amp~e 75(b) is stirred w~th dilute aqueous sodium hydroxide 

35 

in methan~ and then ·treated with dilute hydrochloric acid to give the titl~ compound. 
. . 

Example 76 . 

Preparation of (E)-2.5-dioxo-2.3.4.5-tettahyclro-7-U 4-(piperidin-4-yllbut-1-enyll-IH-1.4-

benzodiw.epine-4-acetic acid 



, .. 

a) ethyl 7-bromo-2,5-dioxo-2,3,4,5-tetrahydro-IH-l,4-benzodiazepine-4-acetate 

Using the general procedures ofU.S Patent 3,415,814 (Examples IN and 20 

- ih~ein);-ex~epts~bstitutliig f):bininO:.i~ruirobenzoyl chlOride [prepared as iri'MoiiaiSneftif 

5 fur Chemie, 100, 469 (1969)] for 3,4-dichloro-2-nitro-benzoyl chloride and substituting 

ethyl N-(2-ethoxy-2-oxoethyl)glycinate [prepared as in Synthetic Communications, 22, 

1249 (1992)] f9rethyl N-(5-ethoxy-5-oxopentyl)glycinate, gives the title compound . 

10 

15 

20 

. i 

b) ethyl 7-hydroxymethyl-2,5-dioxo-2,3,4,5-tetrahydro-IH-1,4-benzodiazepine-4-acetate 

Using the general procedure of Chemistry Letters, 991 (1985), the compound of 

Example 76(a) is treated with [(trimethylsilyloxy)methyl]tributyltin to give the title 

compound. 

c) (E)-2,5-dioxo-2,3,4,5-tetrahydro-7-[1-[4-(piperidin-4-yl)but-1-enyl]-lH-1,4.: 

benzodiazepine-4-ace~c acid 

Using 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. 

Exarnple77 

.. freparatjo~ of 2.5-~o~o~2.3.4.5-tetrahydro-7-Ul2-(piperidin-4-

yl)eJhyllrnethylarninolcarbonyll-lH-1.4~benzodiarepine-4-prqpanoic acid 

a) ethyl 7-bromo-2,5-dioxo-2,3,4,5-tetrahydro-lH-1,4-benzodiazepine-4-propionate 

25 Using the general procedures of U.S. Patent 3,415,814 (Examples IN and 20 

therein), which is incorporated herein by reference, except substituting 5-bromo-2-

nitrobenzoyl chloride [prepared as in Monatshefte fur Chemie, 100, 469 (1969)] for 3,4-

dichloro-2-Jiitro-benzoyl chloride and substituting ethyl N-(3-ethoxy-3-

oxopropyl)glycinate [p;repared as in Synthetic Communications, 22, 1249 (1992)] for ethyl 

30 N-(5-ethoxy-5-oxopentyl)glycinate, gives the title compound. 

b) ethyl 2 .• 5-dioxo-2,3,4,5-tetrahy jro-7-[[[2-(pyrid-4-yl)ethyl]methylainino ]carbonyl]-lH-

1·,4-benzodiazepine-4-propionate 

The compound of Example 77(a) is treated with N-methyl-2-(pyrid-4-

35 yl)ethanamine, carbon monoxide and dibromobistriphenylphosphinepalladium according to 

the general procedure of J. Org. Chem., 39, 3327, (1974) to give the title compound. 



c) ethyl 2,5-dioxo-2,3,4,5-tetrahydro-7-[[[2-(piperidin-4-yl)~thyl]methylamino]carbo~yl]~ 
lH-1,4-benzodiazepine-4-propionate 

The compound of Example 77(b) is dissolved in dilute hydrochloric acid and 
·-~~ihmi~f c~nlaining pladnum"oXide"and" the."mixture" is "shakeri "iri "a hydtogen amiosphete~ ·- . 

5 The mixture is filtered and concentrated to give the title compound. 

d) 2,5-dioxo-2,3,4,5-tetrahydro-7-[[[2-(piperidin-4-yl)ethyl]methylamino]carbonyl]-lH-

1,4-ben:Zodiazepine-4-propanoic acid 

The compound of Example 177(c) is treated with dilute sodium hydroxide in 

10 methanol and then with dilute hydrochloric acid to give the title compound. 

Exarnple78 

Preparation of !R.Sl-7-Uf2-!piperidin-4-yJ)ethyll methylaminoJCarbonyJJ-2.3.4.5-. 

15 tettahydro-2-methyl-3-oxo-1 H-2-beniazepine-4-acetic acid 

a) methyl (R,S)-7-benzyloxycarbonyl-2,3,4,5-tetrahydro-3-oxo-lH-2-benzazepine-4-

acetate· 
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.19 g, 6.23 

20 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 (761mg,6.23 mmol) in anhydrous 

dimethylfonnamide (26 mL) at RT. The reaction was stirred for 24 h and concentrated to 

leave a pale yellow oil. The oil was diluted with ethyl acetate (200 mL), and the cloudy 

25 mixture was washed sequentially With lN hydrochloric acid (2 x 20 mL) and water (20 
mL). 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:chlorofonn) gave the title 

compound (1.59 g, 83%) as a colorless, very viscous oil which could be b1duced to 
30 solidify on scratching and treatment with a little ethyl acetate. 1LC Rf 052 (5% methanol 

in 1:1 ethyl acetate:chlorofonn); lH NMR (250, CDCl3) ~ 7.72-7.92 (m, 2H), 7.28-7.55 

(m, SH) •. 7. 14 (d, J=8.3 Hz, lH), 6.76 (br t, lH), 5.35 (s, 2H), 4.85. (dd, J=16.5, 5.2 

Hz, lH), 4.12 (dd, J=16.5, 6.7 Hz, lH), 3.71 (s, 3H), 3.50-3.7_0 (m, lH), 3.00-3.17 
(m, 2H), 2.96 (dd, J=16.9, 7.4 Hz, lH), 2.50 (dd, J=l6.9, 6.1 Hz, lH); IR (CHCI3) 

35 3410, 1718, 1677, 1274 cm-1; MS(ES) rn/e 390.2 [M+Na]+, 268.2 [M+H]+. 
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bemazepine-4-acetate 

The compound of Example 78(a) (220.4 mg, 0.60 mmol) was suspended in 

·· · toluene (5-10 mL), and·the mixnire was carefully··concentratecho remove-water and=.-· . ·· ,. · · .. - · · 

5 residual solvents. The resulting solid was dissolved in dry 1:1 TIIF: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 wanning. 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 

10 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. 1LC Rf 

0.66 (silica gel,_ethyl acetate); lH NMR (400, coCl3) B 7.77-7.87 (m, 2H), 7.31-7.47 
! . 

(m, 5H), 7.16 (d, 1=8.4 Hz, lH), 5.27-5.38 (m, 3H), 3.90 (d, 1=16.7 J:lz, lH), 3.77-

15 3.90 (m, lH), 3.71 (s, 3H), 3.11 (dd, 1=17.4", 4.2 Hz, lH), 3.04 (s, 3H), 2.91-3.07 (m, 

. 2H), 2.43 (dd, J=l6.7, 5.4 Hz, lH); IR (CCJ.4) 1724, 1666, 1273 cm-1; MS(ES) m/e 

382.0 [M + H]+. 

c) methyl (R,S}-7-carboxy-2,3,4,5~tetrahydro-2-methyl-3-oxo-1H-2-benzaZepiiie-4-
20 acetate 

1.0% Palladium-on-carbon (64 mg, 0.06 mmql) 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 unctt:r hydrogen (balloon 

pressure) .. After 15 h, the mixture was filtered through Celite®, and the filtrate was 

25 concentrated to afford the title compound (162.7 mg, 93%) as a colorless solid which was 

used without further purification:· 1 H NMR (250, CD30D) B 7.65-7 .85 (m, 2H), 7 .28 (d, 
• 

1=7.7 Hz, lH), 5.38 (d, 1=16.6 Hz, 2H), 4.11 (d, J=16.6 Hz, lH), 3.85-4.01 (m, lH), 

3.68 (s, 3H), 3.17 {dd, 1=17.1, 4.3 Hz, lH), 3.01 (s, 3H), 2.75-2.95 {m, 2H), 2.51 

(dd, J=l6.9, 4.7 Hz, IH); MS(ES) m/e 605.2 [2M +Na]+, 314.0 [M +Na]+, 292.0 [M 

30 + H]+. 

d) Methyl (R,S)-7-[[[2-(pyrid-4-yl)ethyl]methylamino] carbonyl]-2,3,4,5:-tetrahydro-2-

methyl-3-0xo-lH-2-benzazepine-4-acetate 

Using the procedure of Example 66(i), except substituting the compound of 

35 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: 1LC Rf 0.37 (10% methanol in 1:1 ethyl 

acetate:chloroform); lH NMR (400 MHz, CDC13) rotameric mixture;_B 8.42-8.62 (m, 
. . . 

2H), 6.70-7-40 (m, SH), 5.30 (d, 1=16.7 ~z, lH), 3.46-3.92 (m, 4H), 3.72 (s, 3H), 
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a) methyl (R,S)-7-[ l '-(t-butoxycarbonyl)-4,4'-bipiperidin-l-yl)carbonyl]-2,3 ,4,5-

tettahydro-3-oxo-4-(phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

Using the procedure of Example 32(a), except substituting (R,S)-7-carboxy-

.. 2~3;4,5~tetcihydio~3-::oxd-4~(pheny1ethyl)'.;:ta.:1 ;4.;renzOOiazepine:.2-acetare ror· (R,SJ:.s-.:' 

s carboxy-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)-lH-l ,4-benzodiazepine-2-acetate and 

substituting the compound of Preparation 22 for N-methyl-2-(4-pyridyl)-ethanamine and 

deleting triethylamine g.ave the title compound (0.43g, 68%): MS(ES) m/e 633.2 [M+H]+. 

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

1 o (phenylethyl)- lH-1,4-benzodiaz.epine-2-acetate 

Using the procedure of Example 13(b), except substituting the compound of 

Example 81(a) for the compound of Example 13(a), gave the title compound (0.27g, 

75%): ¥S(ES) m/e 533.2 [M+H]+; HPLC k'=9.4.(Vydac Cl8, 4.6 x 250 mm, 1.5 

mUmin, gradient A:acetonitrile B:water-0.l % TFA, 5-50% acetonioile during 20 mill, UV 

15 detection at 254 nm). 

c) (R,S)-7-[(4,4'~bipiperidin-1-yl)carbon)'l]-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)­

. 1H".1,4-beilZodiaz¢pine~2-acetiG ~id: . . . . . ·. . ·- ,. . . ~ . .. . . . . . .. . . .. 

The compound of Example 81(b) (0.2 g, 0.3 mmol) was suspended in acetone (2 

20 mL) and treated lithium hydroxide hydrate (25 mg) in water (2 mL). The mixture was 

stirred overnight, treated with methanol and additional lithium hydroxide hydrate (5.5 mg) · 

was added in two portions over 9 h. The mixtiire 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 

25 water, acetone and ether to yield the title compound (0.07 g). MS(ES) m/e 519.2 [M+H]+; 

HPLC k'=7 .9 (Vydac ODS, 4.6 x 250 mm, 1.5 mUmin, gradient A:acetonitrile B:water-

0.1%1FA, 5-50% A during 20 min, UV detectlon at 254 nm); lH NMR (400 :MHz, 
CD30D) S · 7 .2 (t, 2H), 7.14 (d, 3H), 7. I 0 (d, lH)., 7 .08 (d, IH), 7.04 (s. lH), 6.59 (d, 

lH), 5.46 (d, IH), 5.15 (q, lH), 3.87 (d, lH), 3.76 ( m, lH), 3.63 (m, lH), 3.38 (d, 

30 2H), 2.93 (dd, 4 H), 2.77 (t, 2H), 2.63 (dd, lH), 1.93 (m, 2H) 1.45( bs, 2H), 1.23 (m, 

4H), 1.23 (m, 2H). 

Example 82 

35 Preparation of 7-£3-(piperazin-1-yl)propyloxyl-2-(2-phenylethyll-3-oxo-2.3-dihydro-l H-

2-benza.ze.pine-4-acetic acid 

a) ethyl 7-methoxy-3-oxo-2,3-dihydro-2-(2-phenylethyl)-lH-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 solution·(l4.1mL,68 mmol) and 

heated to reflux for 2.5 h. The mixture was quenched with ice-water (300 mL), acidified 

. · .. · .with.3N hy~hloric'a~id, e·xtracteci wim.eihy1.acetaie,.driC<i andcancentiated to give me· 

5 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%). lH NMR (400 MHz. CDCI3) l> 7.18-7.26 (m, 

SH), 7.08 (d 1=7.95 Hz, lH), 6.89 (s lH), 6.82 (m, 2H), 4.18 (m, 4H), 3.81 (s, 3H), 

3.80 (t, 1=5.51, 2H), 3.71 (t, 1=5.51 Hz, 3H), 2.85 (t, 1=7.62 Hz, 2H), 1.28 (t, 1=6.5 

10 Hz, 3H). 

b) ethyl 7-hydroxy-2-3-oxo-(2-phenylethyl)-2,3-dihydro-lH-2-benzazepine-4-acetate 

,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 (SO mL) at 0°C was added aluminum 

15 chloride (4.6 g, 35 mmol). The mixture was wanned 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]°t;_lif~~ {400 MHz, CD_<;l3) o 7.17.-7.26.(m,Sfl), 7~02 .(d J=8.16 Hz, lH), 

6_.78 (s lH), 6.75 (m, lH), 6.67 (d, 1=2.4, lH), 4.18 (q, J=7.16, 2H), 3.71 (t, 1=5.51 

20 Hz, 4H), 2.85 (t, 1=7.58 Hz, 4H), 1.26 (t, J=7.16 Hz. 3H). 

c) ethyl 7-[3-[(4-t-butyloxycarbonyl)piJ)erazin-1-yl]propyloxy]-3-oxo-2-(2-phenylethyl)-

2,3-dihydro-lH-2-benzazepine-4-acetate . 

A mixture of the compound of Example 82b) (1.28 g, 3.5 mmol) and 3-[( 4-t-

25 butyloxycarbonyl)piperazin-1-yl]propyl chloride (1.3 g, 5 mmol), potassium carbonate 

(0.58 g, 4.2 mmol),and tetraethylammonium iodide (20 mg) in dimethylfonnamide (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 compound (1.5 g, 75%). MS(ES) m/e 592.0 [M+H]+; lH NMR (400 MHz, CDCI3) 

30 o 7.2-7.26 (m, SH), 7.02(d1=8.16 Hz, IH), 6.83 (s, IH), 6.81 (d, J=2.4, lH), 4.19 

(m, 4H), 4.0 (m, 2H), 3.70 (m, 4H), 3.46 (bs, 4H), 2.84 (t, 1=1 .56 Hz, 2H), 2.52 (t, 

J=7.1 ~. 2H), 1.96 (m, 2H). 1.45 (s, 9H), 1.28 (t, 1=7.23 Hz, 3H). 

d) 7-[3-(l-piperazinyl)propyloxy ]-2-(2-phenylethyl)-3-oxo-2,3-dihydro-lH-2-

35 benzu.epine-4-acetic acid 

A mixture of the compound of Example 82(c) (0.7 g, 1.2 mmol) was dissolved in 

lN sodium hydroxide solution (12 mL) and methanol (35 mL). After stirring at RT for 4 

h, the reaction mixture was quenched with ice,.water, acidified with IN hydrochloric acid, 
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extracted with ethyl acetate, dried (sodium stilf ate), filtered and conce~trared to give the N-

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 qiethylene chloride (30 mL) for 18 h. The mixture 

was·evaporatedto give the title compound (0.39 g; 97%). ·MS .. (ES)"'inJe··"464;2[M+H]+~. ·, · 

IH NMR (400 MHz, CDCI3) o 7.16-7.83 (m, 6H), 7.06 (s, IH) 6.94 (m, 2H), 4.15 (m, 

2H), 3.65 (m, 14H), 3.47 (m, 2H), 2.82 (m, 2H), 2.32 (m, 2H). 

Example 83 

10 Preparation of 7-[3-(piperazin-l-yDpro.pyloxyl-2-(2-phenylethyll-3-oxo-2.3.4.5-

tetrahydro-l H-2-benzazecpine-4-acetic acid 

15 

A solution of the compound of Example 82(d) (0.01 g, 0.02 mmol) ~n methanol 

(15 tpL) is treated with palladium hydroxide (0.05 mg) and hydrogenated (50 p~i) for 4 h 

to give the title compound 

Examples 84.,.88 

Using routine variations of the procedures disclosed abOve forprepzjng2,3,4,5.­

tetrahydro-3-oxQ-1H-1,4-benzazepines, the following compounds were p~pare4~ .. · 

84. . 8-[[(2-(pyridin-4-yl)-ethenyl]c~bonyl]amino]-2,3.4,5.-tetrahydro-3-o~~-(l-
20 phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid; 

85. 8-[([2-(2-amino-pyridin-4-yl)-ethyl]methylamino] carbonyl]-2,3,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)-lH~ l,4-benzodiazepine-2-acetic acid; 

86. 8-[[(quinuclidin-3-yl)amino]carbonyl]-2,3,4,5-tetrahydr0-3-oxo-4-(2-

phenylethyl)-lH-l,4-benzodiaz.epine-2-acetic acid; and 

25 8 7. 8-[2-[ 4-(aminomethyl)phenyl]ethyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-

30 

lH-l ,4-benzodiazepine-2-aceti.c acid . 
• 

88. 8-[[[(3-(2-methyl)pyrid-2-yl]propyl]methylamino] carbonyl]-2,3,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-aceti.c acid. 

Example 89 

Parenteral Dosage Unit 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 o~ 

35 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 rnL 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 



.. -~·· .. ·~ " · ... .. : . . .. · < - _ •. · ........ ·:'!:.:. 125 .- ,_ -· - - _,_ ·--
. - } .. ... --~~-; .-.. ~ : .... _~~:: .. . -· . . . ... : :... . ~ .. 

... __ ··.·=..::..· ___ -_-_._-...... ·_:-· .. _.· ·.·_ .·.. - : .... . . :."i: . 
. . ·: . : .... ~. :<. · .. .-= .. :: · ..... ·.<·."" . 

·-:···. ·- .. · .... : '-~ : .•. _- ---~~-.:. - .. ---~---.... .. .- :._: :-= -~-~::.: .···.:.:·.··· . .:./-·:_:-~;-.· .. ··~>~ ·_,._- .. -:- ·-·:-·-·.·· · . 
. -·.-···-._;· :-. -,··-:: · .• ·.·: ;;·,-? ... ::, •, ' ...... =·-._·.-·.-:_ i- ...... •• ,~_-::..·~---.:-· \'· .-.-.~- ~ ... · ~ ...... -::-·.-.-

5 

.. . . . . . :-- .. -~ .- ·- . .· : . .· .. ·-. : .·: . . . :· . . . . . . -. . . 

. '· :.-: - -

metered volume of this dosage tinit to another-volume of DSW for injection, or a metered 

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. 
.•·-.. 

Exarnple90 

Oral Dosa~ Unit Composition 

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 

10 resulting powder is screened and filled into a hard gelatin capsule. 

---,. Example 91 

~--15 

Oral Posa~ Unit Composition 

A tablet for oral administration is prepared by mixing and granulating 20-mg of 

sucrose, 150 mg of calcium sµlfate dihydrate and 50 mg of the compound of Example 34 

with a 10% gelatin solution. The wet granulC?S are .screened. dried, mixed with 10 mg 

starch, 5 mg· talc and 3 mg stearic acid; and_ cqm~ssed.into a taQleL - . . _. : _ -

The foregoing is illustrative of the making and using of this inventl~n. 'This" -

20 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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Claims: 

1. A compound of the formula (I): 
.. ;· ... :.·· 

wherein 
Al is 0, S, N-Rl orCHRl; 

A4 is N-R4 or CHR.4; 

·. : .. -:·· . .:.: .......... ~·<;:.".~·.··-':>_ ·.·~· . .".: ··=·- ·.-~~ ·· . 
...··. l"-·-

. : . . . . . . .._.. . . . .. ·. _, . ~ 

(I) 

10 R2 is R7 or Q-C1-4alkyl, Q-C2-4alkenyl or Q-C2-4alkynyl substituted by R7; 
Rl, R4 and R5 are H, Q-C1-6alkyl, Q-C1-6oxoalkyl, Q-C2-6alkenyl, 

Q-C3_4oxoalkenyl, Q~C3_4oxoalkynyl, Q-C2_4alkynyl, ·c3_6cycloalkyl, Ar or Het, 

optionally substituted by one or more of R 11; 
Q is H, C3_6cydoalkyi, Het or Ar, 

15 R6 is \V.;(cil'2)q<i~"(~R'Ri<»;.~#~ccR'2)s~V-; . 
R7 is -COR8, -COCR'2R9, ~C(S)R8, -S(O)mOR', -S(O)mNR'R", -PO(OR'), 

-PO(OR')2, -B(OR')2, -N~ and Tet; 

. R8 is -OR', -NR'R", -NR'SQiR', -:-NR'o~·. -OCR'2C(Q)OR1
, -OCR'20C(O)-R', 

-OCR'2C(O)NR'2, CF3 or AA; 
20 R9 is -OR', -CN, -S(O)rR', S(O)roNR'2, -C(O)R' C(O)NR'2 or -C02R'; 

RlO is H, c1-4alkyl or-NR'R"; 

Rll is H, halo, -QR12, -CN, -NR'Rl2, -N~, -CJ1, CF3S(O)r-• -C02R', -CONR'2, 
Q-Co-6alkyl-, Q-C1-6oxoalkyl-, Q-C2-6alkenyl-, Q-C2-6alkynyl-, Q-Co-6alkyloxy-, 
Q-Co-6alkylamino- or Q-Co-6alkyl-S(O)r_; 

25 Rl2 is R', -C(O)R', -C(O)NR'2, -C(O)QR15, -S(O)roR' or S(O)mNR'2; 
R 15 is H, c1-6alkyl or Ar-C04alkyl; 

R' is H, C1-6alkyl, C3_?Cycloalkyl-Co-4alkyl or Ar-Co-4alkyl; · 
R" is R', -C(O)R' or -C(O)OR 15; 

R"' is R" or AA2; 

30 AAI is an amino acid attaehed through its amino group and having its carboxyl 
group optionally protected, and AA2 is an amino acid attached ~ough its carboxyl 
group, and having its amino group optionally protected; 

U and V are absent or CO, CR'2. C(=CR'2), S(0)0 , 0, NR', CR'OR', 
CR'(OR'_')CR'2; _CR'2CR'(OR "), C(O)CR'2. CR'2C(O), CONR', NR'CO, OC(O), C(O)O, 
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C(S)O, OC(S), C(S)NR', NR'C(S), S(O)nNR', NR'S(O)n, N=N, NR'NR', NR'CR'2, 

CR'2NR', CR'20; OCR'2, c=c or CR'=CR', provided that U and V are not 

simultaneously absent; 
., ·.· .·, ... ,. __ .. ,_.: ~:i~ ~:~:::~~,·o;· ~); 

s Z is (CHi)t or Het; 

mislor2; 

10 

n is 0 to 3; 

q is 0 to 3; 

ris0to2; 

sis0to2; and 

tis0to2;or 

a pharmaceutically acceptable salt thereof. 

2. A compound according to claim 1 wherein: 

1s Rl and R4 are H, C1-4alkyl, Ar-C1-4alkyl or c3-6cycloalkyl-C1-4alkyl; 

R2 is CH2C02R'; 

20 

25 

30 

RS.is~;.·. . .. - · . 

(CR'R IO)~-U~(CR;i)8-V is (cH:i)o_2NR'CO, (CHi)o_2CONR', (CH:i)o_2CO, 

(CHv0-2CH=CH, (CH2)0-2 CEC, (CHi)1_30 or (CHi)1_5; 

-Wis @;and 

Z is piperidinyl, piperazinyl or (Cfl2>t· 

3. 

(II) 

wherein Rl, R2, R4, RS and Rll are as defined in claim 1, 

R~is W-(CR'i)q-Z-(CR'Rl0)x--U-(CR'i)8-V-, where U, V and R' are as defined in 

claim 1; 

RIO is H, C1-4alkyl or-NR'R"; 

Wis R'2N, H2NC(=NH), H2NC(=NH)NH or 0; and 

Zis Ar, C3-7cycloalkyl, (CH2)1 orHet; or 

a pharmaceutichlly accep~ble salt thereof. 

· .. -; ___ <_·. 
. · .. · •' 

·nus SHEET HAS BEEN 
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4. A compound according to claim 3 wherein: 

R 1 is H, Ct-4alkyl or C(O)R'; 

· R2ifcH2Cd2H ci CH2CH2C02fl, . .. 

R4 is H, C1-68lkyl, C3.5cycloalkylCo4alkyl or Ar-Co-4alkyl; and 
Z is phenyl, a six-membered Het or (CH2)t. 

5. A compound according to any one of claims 1-4 wherein R6 is: 

, or R"HN-(CH2)s-U wherein Eis N .or CH, R20 is hydrogen, amino, 

. · .m.ono ordi-.C1-4alkylamino •. hydroxyorC14alkyl, and.U is NR'CO~ CONR', (CH2)CO, 

CH=CH, c=c, CH20. OCH2 and (CHv2· 

6. A compound of the formula (Ill): 

(III) 

~ :~. -... 

20 wherein R2, RS, Rll and R" are as defined in claim l, and R6 is 
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, wherein.Eis Nor cH, Rib is hydroge~.-ami~o, m~no'or di_~·; '-· - . ,__ 

C14alkylamino, hydroxy or C14alkyl, and U is NR'CO, CONR', (CH2)CO, CH=CH_or 

c=c. 

5 7. A compound according to any one of claims 1 to 6 wherein R6 is: 

10 

15 

f N' (CH2)3-0 

R"NJ 
wherein R' and R" are Hor C1-4alkyl, and R20 is hydrogen, amino, 

mono or ~-C1-4alkylamino, hydroxy or C14alkyl. 

~ (CH2)2N~'CO fN' (CH2)2NR'CO 

HNJ HNJ 

8. A compound which is: 

(R.S)-8-[[[4-(aminoiminomethyl)phenyl]amino]-carbonyl]-2,3,4,5-tetrahydro-4-
. . 

(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid; 

2 o (R,S)-7-[[ 4-(aminoiminomethyl)benzoyl]-methylamino 1.:2,3,4,5-tetrahydro-

l-methyl-3-oxo-4-(2-phenylethyl)-lH- l ,4-benzodiazepine-2 acetic acid; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-( 4-

pyridyl)ethyl]amino )carbonyl]-lH-l ,_4-benzodiazepine-2-acetic acid; 

1111111i ii~i 1mmed THIS SHEET HAS BEEN 
REPLACED 
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-----· {R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)~:8~[[[2-(2-
pyridyl)ethyl]amino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid; 

(R,S)-8-[[(5-aminopentyl)amino]carbonyl)-2,3,4,5-tetrahydro-3-oxo-4-(2-
phenylethyl)-lH-l,4-benzodiazepine-2 .. acetic,add; ·· · · .· ._, - · ., .. ·· . ·· ·· 

5 (R,S)-8-[[[4-(propyl)aminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tettahydro-3-
oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; . 

(R,S)-8-[[[[3-(aminomethyl)phenyl]methyl]amino]-carbonyl]-2,3,4,5-tetrahydro-
3-oxo-4-(2-phenylethyl)-lH-l,4-benzOdiazepine-2-acetic acid; 

(R,S)-8-[[[3-[4-piperidinyl]propyl]amino]carbonyl]-2,3,4,5-tetrahydri>-3-oxo-4-
10 (2-phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[4-
. (pyridyl)methyl]amino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[4-(3-
pyridyl)butyl]methylamino]carbonyl]-lH-l,4-benzodi~pine-2-acetic acid; • 

15 (R,S)-2,3,4,5-tetrahydro-8-[[[2-(lH-imidazol-1-yl)ethyl]amino]carbonyl]-3-
oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 

. (R,S)-2,3,4,5-tetrahydro-8-[[[3-(lH-imidazol"".1-yl)propyl]~ino]carf>o11yI]-3:­
oxo-4-(2-phenylethyl)-1H-l.4-benzodiazepine-2"'.ac~tic .acid; . 

. (R,S)-S-cC[6'-~inohexyl]amfo~]carb~~yIJ-£3~4~~t~tiahydr0-3-oxo4-(2.:. 
2 o phenylethyl)-IH-1,4-benzodiazepine-2-acetic acid; 

· (R,S)-8-[[[ 6-aminobutyl]amino ]carbonyl]-2,3 ,4,5-tetrahydro-3-oxo-4-(2-
phenylethyl)~ IH-1,4-benzodiu.epine-2-acetic acid; 

(R,S)-2,3,4,5-tetrahydro-8-[[[2-(lH..,imidazol-4-yl)ethyl]amino]carbonyl]-3-oxo-
4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 

25 (R,S)-2,3,4,5-tetrahydro-8-[[[2-(1-methyl-IH-imidazol-5-
yl)ethyl]amino ]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; . 

(R,S)-7-[[[ 4-(aminomethyl)phenyl]carbonyl]-amino ]-2,3,4,5-tetrahydro-1-methyl-
3-oxo-4-(2-phenylethyl)-lH-1,4-benzOdiazepine-2-acetic acid; 

(R,S)-8-[[[2-(4-pyridyl)ethyl]methyl-amino]carbonyl]-2,3,4,5-tetrahydro-3'-oxo-4-
3 o (2-phenylethyl)-lH-1,4.:.benzodiazepine-2-acetic acid; 

(R,S)-8-[[2-[4-[l-(methyl)pyridinium]-ethyl]methylamino]carbonyl]-4-[2-
phenylethyl)-2,3,4,5-tetrahydro-3-oxo-4-(2-})henylethyl)-lH-l,4-benzodi~pine-2-
acetate Iodide; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-[2-(cyclohexyl)ethyl]-8-[[[2-(1-methyl-4-
3 s piperidinyl)ethyl]methylamino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[(2-(l-methyl-4-
piperidinyl)ethyl]methylamino]carbonyl]-lH-l ,4-benzodiazepine-2-acetic acid; 

THIS SHEET HAS BEEN 
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[S-(R,S)]-8-[[[4-[N-(alanyl)aminomethyl] phenyl]amino]carbonyl]-2,3,4,5.:. 

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 

8-[[4-(aminoiminomethyl)benzoyl]amino]-4,5-dihydro-2-methyl-3-oxo-4-

(2~pheriyieiliyi)'..:3:fl:tA:·benZOOiazepirie;'" - · ·· .,. · · · ·-: ·· · ·-- , >, · · · -· · - , · - • · -

· (R,S)-8-[[[ 4-(aminoiminomethyl)phenyl]methylamino]carbonyl]-2,3,4,5-

tetrahydro-2-methyl-3-oxo-4-(2-phenylethyl)-lH-l-,4-ben~azepine; 

. . .· ~ . : . . . . 

ethyl (R,S)-8-[[[[4-(aminoiminomethyl)phe.nyl)-methylamino]carbonyl]-2,3,4,5-

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzociiazepine-2-acetate; 

(R,S}-[[8-[4-(aminoiminomethyl)phenyl]-methylamino]carbonyl]-2,3,4,5-

1 o tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetamide; 

{R,S)-8-[[[4-(aminoiminomethyl)phenyl]-methylamino]carbonyl]-2,3,4,5-

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-ethanol; 

1 (R,S}-8-[2-[4-(aminomet~yl)phe
nyl]ethyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 

15 7-[3-(4-pyridyl)propyloxy]-2-(2-phenyleihyl)-3~oX:o.:2,3,4,5-tetrahydro-1H-2-

benzazepine-4-acetic acid; 

7-[3-(4"'.piperidinyl)propyloxy]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-lH-2-

benzazepine-4-aeetic acid; , .·· . -· · 
. . . ~ . . . . . . . . . :-. .: . . . . . -. . : 

(R,S)-8-[[[3-(aminomethyl)phenyl]amino]-carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-

2 o (2-phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid; 

8;.[l-[4-(4-pyridyl)piperazinyl]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl}-lH-l,4-benzodiazepfoe-2.;acetic acid; 

(R,S}-8-[[[4-(aminomethyl)-3-chloro-phenyl]carbonyl]amino]-2,3,4,5-tetrahydro-

3-oxo-4-(2-phenylethyl)-lH-1 ,4-benzodiazepine-2-acetic acid; 

25 2-[3-( 4-piperidinyl}propyloxy ]-7-oxo-6,7 ,8,9-tetrahydro-SH-benzocycloheptene-

6-acetic ac;id; 

3-[3-( 4-piperidinyl)propyloxy ]-7-oxo-6,7 ,8,9-tetrahydro-SH-benzocycloheptene-

6-acetic ac~d; or 

(R,S)-8-[[[2-[4-_(2-aminopyridyl)]ethyl]-amino]carbonyl]-2,3.4.S-tetrahydio-3-

30 oxo-4-(2-phenylethyl)-lH-1.4-br .izodiazepine-2-acetic acid. 

9. A compound which is: 

{R,S}-8-[[[4-(aminoiminomethyl)phenyl]-methylamino]c~tmnyl]-2,3,4,5-

tetrahydro-l-methyl-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 

35 (R,S}-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2~(1-

piperazinyl)ethyl]amino ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acidrr· _....___.._ ____ _ 
THrS SHEET HAS BEEN 

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

piperidinyl)ethyl]amino ]carbonyl]- I H-1,4-benzodiazepine-2-acetic acid ; 
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(R,S)-7-([[ 4-(aminoiminomethyl)phenyl]-methylamino ]carbonylJ-2,3,4,5-

tetrahydro-3-oxo-2-(2-phenylethyl)-lH-2-benzazepine-4-acetic acid; 

(R,S)-8-[[[(4-aminoiminomethyl)phenyl]-methylamino]carbonyl]-2,3,4,5-

.. tetr3hydr0~3.:0x0.: 1H-l,4~benz0diazepirie:2-acetlc add; -. . · 

s (R,S)-8-[[[ 4-(aminoiminomethyl)phenyl] methylamino ]carbonyl]-2,3,4,5-

tetrahydro-4-methyl-3.:.oxo-lH-l ,4-benzodiazepine-2-acetic acid ; 

(R,S)-2,3,4,5-t~trahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-( 1-

piperazinyl)ethyl]methylamino ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-( 4-

10 piperidinyl)ethyl]methylamino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid; or 

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

piperidinyl)ethyl]methylamino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid. 

10. A compoumfwhich is: 

15 (R,S)-8-[[[4-~aminomethyl)phenyl]methylamino]-carbonyl)-2,3,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)-1 H-1,4-benzodiazepine-2-acetic acid; 

(R,S)-2~3;4,5-tetrahydro-8:-[[[2-[1-methyl-1,2,5,6-tetrahydropyrid-4-

yl]ethyl]rnethylajli~o ]c_arb9nyl]"'.3-oxo-4·:C2.;p~enylethyl)-1H- l ,4-benzodiazepine"'2:­

acetic acid; 

2 o (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[ 4-(piperidin-4-yl)- l (E)-

butenyl]- lH-1,4-benzodiazepine-2-ac_etic acid; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-2-(cyclohexylethyl)-7-[[[2-(piperidin-4-

yl)ethyl]methylamino ]carbonyl]-lH-2-benzazepine-4-acetic acid; and 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[4-(piperidin-4-yl)butyl]-lH-

25 l,4-benzodiazepine-2-acetic acid. 

(R,,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)~ 7-([ 4-(pyrid-4-yl)piperazin-l­

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

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

yl)ethyl]methylamino ]carbonyl]-lH-2-benzazepine-4-acetic acid; 

30 (R,S)-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-7-[[[2-(piperidin-4-

yl)ethyl]methylamino ]-carbonyl]-lH-2-benzazepine-4-acetic acid; 

(R~S)-7-[[[2-[(2.,amino)pyrid-4-yl]ethyl]methylamino] carbonyl]-2,3,4,5-

tetrahydro-3-oxo-2-(2-phenylethyl)-lH-2-benzazepine-4-acetic a.Gid; 

7-( 1-[ 4-(piperazin-l-yl)but-l-ynyl]]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-

35 lH-2-benzazepine-4-acetic acid; 

(R,S)-7-[[[2-(piperidin-4-yl)ethyl] methylamino]carbonyl]-2,3,4,5-tetrahydro-2-

methyl-3-oxo-lH-2-benzazepine-4-acetic acid; THIS SHEET HAS BEEN 
REPLACED 
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(R,S)-7-[[[ 4-aminomethyl phenyl]methylamino] carbonyl]-2,3,4,5-tetrabydro-3-

oxo-2-(2-phenylethyl)-lH-2-benzazepine-4-acetic acid; 

(R,S)-8-[[[ 4-(N ,N-dimethylaminomethyl)phenyl] amino )carbonyl]-2,3,4,5-

• tettahyck~3~~~0-4-(2-phenylethylj.:i:H:-l,4-benzodiazepine-2-acetic acid; · 

s 8-[[[2-(2-amino-pyridin-4-yl)-ethyl]methylamino] carbonyl]-2,3,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)-lH-l ,4-benzodiazepine-2-acetic acid; or 

(R,S)-7-[(4,4'-bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-

(phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid. 

10 11. An intennediate compound of the fonnula: 

i" .·. 

OH 
or @ 

15 wherein 

Eis Nor CH, 

R20 is hydrogen, amino, mono or di-C14alkylamino, hydroxy or C14alkyl, 

RP is a nitrogen protecting group, 

L2 is CHO, CQiR', c:=c-H, OH, Cl, Br, I, CH2-T or NR'R", and 

20 Tis CF3S03, OH, NHR", Cl, Br or I._ 

12. A phannaceutical composition comprising a compound according to any one of 

claims 1 to 10 and a phannaceutically acceptable carrier. 

25 13. A compound according to any one of claims 1to10 for use in the manufacture of 

a medicament. 

14. A method of inhibiting platelet.aggregation which comprises administering to a . 
mammal in need thereof an effe~~ve amount of a compound acc0rding to any one of 

30 claims 1 to 10. 

THIS SHEET HAS BEEN 
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