
., .. 

5 

--------------- ---·--·•·•-"'-""' 

) 
- 1 -

.. .,.,,... 

Bicyclic Fibrinogen Antagonists 

Field of the Invention 

This invention relates to novel bicyclic compounds which inhibit platelet 

aggregation, phannaceutical compositions containin~ the.compounds and methods of 

-10 using the compounds. 

Background of the Invention 

Platelet aggregation is believed to be mediated primarily through the fibrinogen 

15 receptor, or GPIIb-llla platelet receptor complex, which is a member of a family of 

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

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

Willebrand factor and fibrinogen, which are considered to be natural ligands for the 

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

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 proteins which 

have also been demonstrated to bind to GPilb-Ilia. Fibronectin is found in plasma and as 

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

and GPIIb-Illa may function to cause platelets to adhere to damaged vessel walls. 

Linear and cyclic peptides which bind to vitronectin and contain an RGD 

sequence are disclosed in WO 89/05150 (PCT US88/04403). EP 0 275 748 discloses 

linear tetra- to hexapeptides and cyclic hexa- to octapeptides which bind to the GPilb-Illa 

30 _ receptor and inhibit platelet aggregation. Other linear and cyclic peptides, the disclosure 
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of wh1cn are mt.::uiporated herein by reference, are reported 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. Inhibit6rS of ilie fibnnoge'ri" re"ceptor V:..hi~h 
are not ~onstructed of natural amino acid sequences are disclosed in EP-A 0 372,486, EP-

5 . A 0 :381 033 and EP-A 0 478 363. WO 92/07568 (PCT/US91/08166) discloses 
fibrinogen receptor antagonists which mimic a conformational '}'-turn in the RGD 
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sequence by forming a monocyclic seven-membered ring structure. There remains a 

need, however, for novel fibrinogen receptor antagonists (e.g. inhibitors of the GPIIb-IDa 

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 inhibitors of the GPilb-IIIa 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 Sternbach, 

L.H., J. Med. Chem., 22, 2 (1979). It has also been disclosed that certain 5-phenyl-1,4-· 

benzodiazepines antagonize the effects of cholecystokinin. See Friedinger; Med. Res. 

Rev., 9, 271 (1989). Certain·bicyclic compounds which have.flbrinogen antagon~t 

activity aie disclosed in WO 93/08174 (PCT/US92/08788) and WO 93/00095 
(PCT/US/92/05463). 

Summary of the Invention 

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) . . 

This invention is also a pharmaceutical compositfon for inhibiting platelet 

aggregation or clot formation, which comprises a compound of formula (I) and a 

pharmaceutically acceptable carr:er. 

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, which. comprises internally 

administering an effective amount of a fibrinolytic agent and a compound of formula (I). 

This invention is also a method for treating stroke, transient ischeinia attacks, or 

3 s myoc;:ardial infarction. 
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Detailed Description of the Invention 

This invention discfoses novel bicycHc compouncis'which. inhibit .pfatele'i 

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 GPilb-IIIa receptor and to orient the substituent sidechains on the six and seven 

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

1 o 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-IIIa, 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): 

d 'A< 

Rs-
R1 ~ 1 }==:o 

A-\R2 

(I) 

wherein 

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

A4 is N-R4 or QIR4; 

R2 is R7 or Q-C1-4alkyl, Q-C2-4alkenyl or Q-C2-4alkynyl substituted by R7; 

R1, R4 and R5 are H, Q-C1-6alkyl, Q-C1-6oxoal.kyl, Q-C2-6alkenyl, 

Q-C3_4oxoalkenyl, Q-C3_4oxoa!..lcynyl, Q-C2_4alkynyl, C3_6cycloal.kyl, Ar or Het, 

2 s optionally substituted by one or more of R 11; 

Q is H, C3_6cycloalkyl, Het or Ar, . 

R6 is W-(CR'2)q-Z-(CR'Rl0)i.-U-(CR'2)s-V-; 

R7 i~ -COR8, -COCR'zR9, -C(S)R8, -S(O)mOR', -S(O)mNR'R", -PO(OR'), 

-PO(OR')z, -B(OR')i, -N02 and Tet; 

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

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

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

RIO is H, C1-4alkyl or-NR'R"; 
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Rll is H, halo, -OR12, -CN, -NR'Rl2, -N02, -a:,. CF3S(O)r-• -C02R', -CONR'2. 

Q-Co-6a1kyl-. Q-C1_6oxoalkyl-, Q-C2-6alkenyl-, Q-C2-6alkynyl-, Q-Co-6alkyloxy-, 

Q.;Y>~6alkylarninc>- ·or Q.:~(;Rlkyl-S-(0)~_; 
~12 is R', -C(O)R', -C(O)NR'2. -C(O)OR15, -S(O)roR' or S(O)mNR'2; 

s R15 is H, C1-{)alkyl or Ar-C0-4alkyl; 

R' is H, C1-6alkyl, C3_.,cycloalkf l-Co-4alkyl or Ar-Co-4alkyl; 

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

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(O)n, 0, NR', CR'OR', 

CR'(OR")CR'2. CR'2CR'(OR"), C(O)CR'2. CR'2C(O), CONR', NR'CO, occq), C(O)O, 

C(S)O, OC(S), C(S)NR', NR'C(S}, S(O)nNR', NR
1

S(O)n, N=N, NR'NR', NR'CR'2, . 

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

simultaneously absent; 

W1~ R'R"'N.: or 0 ;· 
Z is (CH:z)l or Het; 

mis I or2; 

20 nis0to3; 

q is 0 to 3; 

ris 0 to 2; 

sis 0 to 2; and 

tis 0 to 2; or 

25 phannaceutlcally acceptable salts thereof. 

In another embodiment, this invention is a compound of formula (ID: 
5 

R4 
N' 

)=o 
N 

'R2 
R1 

. (II) 

wherein Rl, ~2, R4, R5 and Rll are as defined in for formula (I) and R6 is W-(CR'2)q-Z-
30 (CR'R10)r-U-(CR'2)5-V-, where U, V and R' are as defined for formula (I), RlO is H, 

C1-4alkyl or-NR'R", Wis R'2N, H2NC(=NH), H2NC(=NH)NH or 0; and Z is Ar, 

C3_7cycloalkyl, (CH2)1 orHet In panicular, 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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_ 1alkyl or Ar-C04alkyl; and Z is phenyl, a six-membered Het or (CH2)t . 

are suitable. 

· · 1n yet another embodiment of this· inverttio·n, compounds of formula (III) are 

provided 

rs 
N)O R:,rir·-N 

~y~ 'R2 
0 

(III) 

wherein R 2, R5 and R 11 are as defined for formula (I), and R6 is or 

0r(CH2)2-U_ · 

R"-N~ 

R~{CHz}i-U 

N~ · or 

, 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 or 

Also included in this invention are phannaceutically acceptable addition salts, 

15 complexes or prod.rugs of the compounds of this invention. Prod.rugs are considered to be 

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

(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 conve~tional techniques. In cases in which 

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 
O OR' 

tautomeric forms, such as keto-enol tautomers, such as _Ji__ and ~ , and 
NR' NR' 

. ~ ~2 
tautomers of guanidine-type groups, such as R"R'N NR'-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 form by appropriate substitution with R'. The meaning of 

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

substituent's meaning. at any other occurrence, 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', 

. pref~r~bly .-OR'. . . 

·Suitably R5, R 10 and RI I are H. 

Suitably (CR'RlO)r-U-(CR'2)5-V is (CR'R 1<>)r-U- or-U-(CR'2)s. 

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

Preferably, (CR'R10)r-U-(CR'2)5-V is (CHvo-2NR'CO, (CH2)o_2CONR', (CH2)o-
2CO, (CH2)o_2CH=CH, (CHi.)0_2c=c, (CH2)1_3o, or (CHi.)1_5. More preferably, 

(CR'RlD)r-U-(CR'2)5-V is (CHi)a_2NR'CO or (CHi)a_2CONR', where R' is Hor methyl. 

Preferably Wis 0. 
Preferably, Z is piperidinyl, piperaziriyl or (CH2)t· Suitably tis 1 oi2. 
Particular examples of R6 are: 

R~(CH;02-U. 

N~ or 
' 

, 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, CH20, OCH2 and (CH2h. 

Preferred illustrative examples of R6 are: 

[N ... co 

~N~ 
N~ 
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R"N ~ wherein R' and R" are Hor C.1-4alkyl.. Preferably R' is m.ethyl and · 

R" isH. 

In a preferred embodiment, Al is NRI, and A4 is NR'. 

In another preferred em~od.iment, Al is CHRl, and A4 is NR'. 

s Preferably, R2 is CH2-R7. More preferably, R2 is CH2C02R', panicularly 

CH2C02H. 
Preferably, Rl and R4 are H, C1-4alkyl, Ar-C1-4alkyl or C3-6cycloalkyl-C1-4alkyl. 

Suitably Rl is Hor methyl and R4 is H, methyl, cyclohexylethyl or phenylethyl. 

In a more specific preferred embodiment, Al is NR" or CH2, where R" is H, 

10 C1-4alkyl or C(O)R'; R2 is CH2C02H; A4 is NR4; R4 is H, C1_6alkyl, 

C3-6cycloalky1Co-4alkyl or Ar-C0-4alkyl; Z is a six-membered Het or (CH2)1; ·w_ is R'zN, 

or 0; (CR'R IO)r-U-(CR'z)5-V is CCR'R lO)r-U- or -U-(GR'2)g, (e.g., V is absent ~done·· 
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 (CHz)o_3NR'CO, (CH2)o_3CONR', where R' is Hor methyl, or 

15 (CH2)0_3Q. Preferably R' is methyi. 

Specific embodiments of this invention, including useful intermediates and 

prodrugs, are described in Examples 1-88 inclusive. 

In the above description of formula (I), W represents a nitrogen-con~ning group 

which is capable of making a hydrogen bond. Preferably W is a basic nitrogen moiety. 

2 o R 7 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 intramolecular 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 R 2 or R4 is (CH2)zC02H, or preferably 

CH2C02H, and R6 is a substituent in the 7- or 8-position of the benzodiazepine ring 

system and is W-(CR'z)q-Z-(CR'R10>z.-U- (e.g., sis 0 and Vis absent), then: when Wis 

0 (preferably a 4-substituted six-meqibered nitrogen heterocycle), and Z is (CHz)l, 

30 and U is chosen from NR'CO, CONR', CH20,, OCH2, CH2CH2, CR'=CR' or c=c, 

('group l'), suitably q+t+r is 1-3 and preferably q+t+r is 1; when Wis 0 and Z is a 

six-membered Ar or Het ring (preferably 1,4-clisubstituted), and U is 0, CH2 or CO, q 

and rare preferably O; when W is H2N- and Z is (CHz)l• and U is chosen from group 1 
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above, q+r+t is 4-6, preferably 5; when W is H2N- and Z is a six-membered Ar or Het 

ring, suitably q+t is 0-2, preferably 1. 
••• • J • :. • • ; ••• • • :- • ~ • 

Abbreviations and symbols commonly used in the peptide and.chemical arts are 
. . . 

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

s abbreviations follow the IUP~G-IUB)oint Commission on Biochemical.Nomenclature 

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

Arg refers to arginine~ MeArg refers to N<Lmethyl-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 Om refers to omithine. These radicals are 

io .. suitable components of the substituent R6. Na-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 et al., Can. J. Chem., 55, 

906 (1977); Freidinger et al., .I,. Org. Chem., 48, 77, (1982); and Shum~ er al., PEPTIDES: 

PROCEEDINGS OF TIIE 7TII'A11ER.ICAN PEPTIDE SYMPOSIUM, Rich, D., Gross, E, Eds, 

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

reference. 

C1-4alkyl as applied herein is meant to· include methyl, etlJyl, n;.propyl, isopropyl, 

n-butyl, 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 ~dditionally indicates that no alkyl group need ~e present (e.g., that.a covalent bond is 

present). 

C2-6alkenyl 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. C2-6alkenyl 

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

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

C2-6 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 

and hexyne. 

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

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

propanone, 3-propanal, 2-butanone, 3-butanone, 1- and 4-butanal groups are 

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(O) group. C3-4oxoalkenyl includes 1-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 a~ ~ 11, _ma.y _b,e on_ any _ca.rho~ ato91 wlli~h re~ul~ in a stable structure, and .is_ -

available by canventfonal synthetic techniques. 

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

s 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 alkl:fnyl and C2-6 alkynyl. 

10 

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

substituted by one to three moieties Rll. In particular, R11 may be C1-4alkyl, C1-4alkoxy, 

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

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

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

heteroatoms chosen fro~ the group of nitrogen, oxygen and sulfur, which are stable and 

available by conventional ·chemical synthesis. Illustrative heterocycles are benzofuryl, 

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

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

thiophene, quinoline, isoquinoline, and tetra- and perhydro- quinoline and isoqu~noline. 
. . .· -·· .. . . . ·. - . . . 

A six membered ring heterocyci~:carttaining· one or t\vo nitrogens, such as piperidihe, 

piperazine, tetrahydropyridine and pyridine, are pref erred heterocycles for the moiety Z. 

Any accessible combination of up to three substituents, such as chosen from R 11, on the 

2 o Het ring that-is available by chemical synthesis and is stable is within the scope of this 

invention. A six membered monocyclic ring heterocycle containing one or two 

nitrogens, such as piperidine, piperazine, tetrahydropyridine and pyridine, are preferred 

heterocycles for the moiety Z. 

C3_ 7cycloalkyl refers to an optionally substituted carbocyclic system of three to 

2s seven carbon atoms, which may contain up to two unsaturated 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 indicates a nitrogen heterocycle, which may be a saturated or 

unsaturated stable five-, six- or seven-membered monocyclic ring, or a seven- to ten­

membered bicyclic ring containing up to three nitrogen atoms or containing one nitrogen 

atom and a heteroatom chosen from oxygen and sulfur, and which may be substituted on 

any atom that results in a stable structure. The nitrogen atom in such ring may be 

35 substituted so as to result in a quaternary nitrogen. The nitrogen heterocycle may be 

substituted in any-stable position by R20, for instance H, C1-4alkoxy, F, Cl, Br, I, N~, 

NR'2. OH, C02R', CONHR', CF3, Q-C0-4alkyl, Q-C1-4alkyl-S(O)u (e.g., where u is 0, 1 



~ 10 -. - '" . 

or 2) or C1-4alkyl substituted by any of the aforementioned sustituents. Representative of 

.0 . a,re py:qolin~. pyrr:qlidipe, _imidazole,. imidazoline, imidazolidine, .pyrazole; 
pyrazoline, pyrazolidine, piperidine, piperazine, morpholine, pyridine, pyridinium, 
tetrahydropyridine, tetra.hydro- and hexahydro-azepine, quinuclidihe, quinuclidinium, 

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

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

tetrahydropyridinyl. 0 is preferably 4-pyridyl, 4-(2-amino-pyridyl), 4-
tetrahydropyridyl, 4-piperidinyl or 4-piperazinyl. 

AAI as referred to hereill 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 its amino group optionally protected. Amino protecting groups are well known in 

15 the~· for instance, when the amino group is substituted by Rl2. An unprotected amino 
group is a frCe NH2 group. 

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

t;..Bu refers to the tertiary butyl radical, 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, ClZ refers to the o-chlorobenzyloxycarbonyl radical, 
Bz.l refers to the benzyl radical, 4-MBz.l refers to the 4-methyl benzyl radical, Me refers 
to methyl, Et refers to ethyl, Ac refers to acetyl, Alic 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-hydroxybenzotriazole, THF 
re~ers to tetrahydrofuran, DIEA refers to diisopropylethylamine, D:MF refers to di:n:ethyl 

30 formamide, NBS refers to N-bromo-suc~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, 1FA refers to trifluoroacetic acid, PCC refers to pyridinium 

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

the formula (XI) with a compound of the fonnu~a (XII):. 
- -

L1~A~O. 
-~A1-(. 

R2' 

(XI) 

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 :,mups which are capable of reacting to form the linkage 

-(CR'RlO)rU-(CR'2)s-V-; 

1 o R6" is W'-(CR'2)q-Z- and any portion of the group -(CR'R 1D)r-U-(CR'2)5-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 form a compound of the formula: 

~}o 
A R2· 

wherein R6' is W'-(CR'2)q·Z-(CR'RlO)rU-(CR'2)s-V-; 

and thereafter removing any protecting groups, and optionally forming a 

pharmaceutically acceptable salt. 

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

2 o the site of the linkage being formed. General methods for preparing the linkage 

-(CR'R lO)rU-(CR'2)5-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 -NH.2, L2 may be OH (as in an acid) or Cl 

(as in an acid chloride), and R 6" may be W-(CR'2)q-Z-(CR'R lO)rU-(CR'2)5-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, if Vis NHCO, Ll may be -C02H or CO-Cl, L2 may be -NH2, and R6" 

may be W-(CR'2)q·Z-(CR'RlO)rU-(CR'2)s-. For example, R6" may be 

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

(benzyloxycarbonylamino )hex:yl-. 
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Where V is NHS02, Ll may be S02Cl. L2 may be -NH2 and R6" may be as 

above. Where Vis S02NH. LI may _be-NH2 ~d L~ m~y ~~ ~qiC1_.._fy.1eyiq9,~J9.P~epa:re, 
. .• . . . . . . . . . . . . 

. such sulfonyl chlorides are disclosed, for instance, in J.' Org. Chem .• 23, 1257 (1958). 

if V is CH=CH, Ll may be -CHO, L2 may be CH=P-Ph3 and R 6" may be W-

5 (CR'2)q-Z-(CR'RlO)r-U-(CR'2)5-. Alternately, Ll may be CH=P-Ph3, L2 may be CHO, 

e.g., R6" may be W-(CR'2)q-Z-~CR'RlO)r-U-(CR'2)s-1-CHO. 

15 

Where V is CH2CH2. compounds may be obtained by reduction of a suitably 

protected compound wherein V is CH=CH. 

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

-c=cH,respectively; L2 may be -Br; ID,ld R6" may be 

W-(CR'2)q-Z-(CR'RlO)r-U-(CR'2)s-· For example, R6" may be 

(benzyloxycarbonylamino)-methylbenzyl- or 2-(N-benzyl-4-piperidinyl)-ethyl. .Similarly 

where U or V is OCH2. NR'CH2 or c=c, Ll may be -cH2Br and L2 may be -OH, -NH 

or -c=c H, respectively. Alternately, when U or Vis c=c. Ll may be Br, I or CF3S03, 

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 procedure disclosed in J. Org. Chem:,·54, 1354 

(1989). 

Compounds wherein V is CH2CHOH may be obtained from a suitably protected 

20 compound where Vis CH=CH by hydroborat:ion 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, J.173; Muller, et al., Helv. Chim. Acta., 1982, 65, 2118; Mori, er 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 lhe compound 

wherein Sis replaced by 0. In the Schemes, Rl"-R7" indicate Rl-R7 or a suitable 

30 precursor thereof, wherein any fun_ctional groups are protected as known in the art. 
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Scheme 10 
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HF 
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2) H2, Pd/C ... 

R
40 = CH2CH2Ph 

R6" = p-(Cbz-amidino) benzoyl 

R6 = p-arnidiniobenzoyamino 

5 A particularly useful intermediate is the 1,4-benzodiazepine compound of formula 

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

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

C14alkyl, C14oxoalkyl; R2 is CH2C02R' and R4 is Q-C1-@lkyl are usefuL More 

particularly, compounds wherein R4 is H, C14alkyl or phenylC14alkyl are useful. Other 

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

where Al is CHRl and.A4 is NR4. 

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

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

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

15 HOBt, N-hydroxysuccinimide and oxalyl chloride are typical. 

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

methods of peptide synthesis generally set forth by Bodansky et al., THE PRACTICE OF 

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

are incorporated herein by reference. 

Solution synthesis for the-fonnation of amide or peptide· bonds 'is -accbrtiplished 

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

s coupled via its free amino group to an appropriate carboxylic acis substrate using a 

suitable carbodiimide coupling agent, such as N,N' dicyclohexyl carbodiimide (D~C), 

optionally in the presence of catalysts such as 1-hydroxybenzotriazole (HOBt) and; 

dimethylamino pyridine (DMAP). Other methods, such as the formation of activated 

esters, anhydrides or acid halides, of the free carboxyl of a suitably protected acid 

io 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~ous solvent, such as 

methylene chloride or tetrahydrofuran(THF), in the presence of a base, such as N-methyl 

morpholine, DMAP or a trialkylamine, with isobutyl chlorofonnate to form the "activated 

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

amino acid or aniline. 

Compounds of formula (XII) are prepared by_ conventional methods. known in the 

art from commercially available materials. w is a generally- a basic functional group 

attached to Z, optionally via an alkyl chain, and is protected during the synthesis of R6 or 

20 is introduced into the molecule after the -(CR'Rl~)r-U-(CR'2)5-V- linkage has been 

formed. For example, compounds of fonnula (XII) or forinula (I) wherein Wis· a suitably 

substituted R'R"N-, R"R'NC(=NR'), R'2N(R13)C=N-, R"N=(Rl3)C-NR'-, 

R'2N(R'2N)C=N- or R"R'N(R'N=)C-NR', are prepared by conventional methods 

including those disclosed in EP-A 0 372 486, EP-A 0 381 033 or EP-A 0 478 363, which 

2 5 are incorporated herein by reference. 

C~mpounds of formula (XII) wherein W is 0 are prepared, inter alia, by 

methods disclosed in EP-A 0 478 363. 

Compounds w.herein Wis R'2N(R'2N)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', are prepared, inter alia, by methods disclosed in United States Patent 

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, inter alia, by methods disclosed in United States Patent 3,714,253 

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

Compounds wherein Wis R'ONR'C(=NR')- may be prepared, inter alia, by 

methods disclosed in J. Her. Chem., 16, 1063 (1979) or J. Her. Chem., 26, 125 (1989). 
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Compounds wherein W is R'2NR'NC(=NR')- are prepared by conventional 

methods including those disclosed in Synthesis, 583 (1974). 
Compounds·wnereiiiW is R'R'1NRiN--ire.prepared; inter alia;'b°y ~ethods. 

disclosed in J. Praia. Chem., 36, 29 (1967). 

s Compounds wherein Wis 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 Wis R"R'NC(=NR')Y and Y 

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

2022751. 

Useful intermediates of fo~ula (XII) include compounds of the formula W'­

(CR'2)q-Z-(CR'RlO)r-U-(CR'2)5-L2, ~herein Z, R', R", RlO, U, q, r, ands are as defined 

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

15 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 ()r acetyl) are typical .-nit:rOgen protecting groups .. Particular 
. . . ·.. . . : . ' 

20 

examples of such intermediates are: 

L2 

RPR"-N» 

RPR"-NV(CH,),.,-L' 

. 
('NH 

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

4alk:ylamino, hydroxy or C1-4alk:yl. 

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

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

Greene, PROTECTIVE GROUPS IN ORGANIC CHE:MISTRY, John Wiley and Sons, New York, 

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

an amino or amidino group. The Boe group is generally preferred for protection of an a­

arnino 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 may be used for protection of the ·imidazofyl group and tosyl or 

nitro group for protection of the guanidino group. A suitably substituted carbobenzyloxy 

5 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 chloro, 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 an. 

15 

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

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

·general! y known in the art. 

Acid additio!1 salts of the peptides are prepared in a standard manner in a suitable 

sol vent from the paren_t compound and an excess of an acid, such as hydrochloric, 

_ hydrobromic, su~furic, phosphoric, acetic, maleic, succinic or methanesulfonic. The 

acetate ~alt form is e~pecially. useful. .. Certain of the.compounds fonn inner salts or 

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

20 compound with an excess of an alkaline reagent, such as a hydroxide, carbonate or 

alkoxide, contaiI).ing the appropriate cation; or with an appropriate organic amine. 

Cations such as Li+, Na+, K+, Ca+r, Mg++ and NH4+ are specific examples of cations 

present in phannaceutically acceptable salts. 

This invention provides a pharmaceutical composition which comprises a 

25 compound according to fo:rynula (I) and a phannaceutically acceptable carrier. 
I 

Accordingly, the compounds of formula (I) may be used in the manufacture of a 

medicament. Phannaceutical compositions of the compounds of formula (I) prepared as 

hereinbefore described may be formulated as solutions or lyophilized powders for 

parenteral administration. Powders may be reconstituted by addition of a suitable diluent 

3 o or other phannaceutically acceptable carrier prior to use. The liquid fonnulation may be 

a buffered, i~otonic, aqueous solution. Examples of suitable d.iluents are normal isotonic 

saline solution, standard 5% dextrose in water or buffered sodium or ammonium acetate 

solution. Such formulation is especially suitable for parenteral administration, but may 

also be used for oral administration or contained in a metered dose inhaler or nebulizer 

35 for in.sufflation. It may be desirable to add excipients such as polyvinylpyrrolidone, 

gelatin, hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or 

sodium citrate. 



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; at to facilitate ·prejfaration 

of the composition. Solid carriers include starch, lactose, calcium sulfate dihydrate, terra 

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 pharmaceutical preparations are made 

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

granulating, 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 form of a syrup, elixir, emulsion or an aqueous or non:.aqueous suspension. 

Such a liquid formulation may be administered directly p.a. or filled into a soft gelatin 

capsule. 

For rectal administration, the peptides of this invention may also be combined 

with excipients suc.h as cocoa butter, glycerin, gelatin or polyethylene glycols and molded 

into ·a suppository. 

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 

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

.of a peptide of formula (I) and a pharmaceutically acceptable carrier. Indications for such 

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

embolism, Ciissecting anurysm, transient ischemia attack (TIA), stroke and other infarct­

related disorders, and unstable angina. Chronic or acute states of hyper-aggregability, 

such as disseminated intra vascular coagulation (DIC), septicemia, surgical or infectious 

shock, post-operative and post-panum trauma, cardiopulmonary bypass surgery, 

3 o incompatible blood transfusion, abruptio placenta, thrombotic thrombocytopenic purpura 

(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 method for the prevention of 

metastatic conditions, the prevention or treatment of fungal or bacterial infection, 

inducing immunostimulation, treaunent 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 pharmaceutical 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. Fc:ir acute therapy, parenteral administration 

is preferred. For persistent states of hypeiaggregabiliry; ari ifltravel1ous inftisforfof ilie ·· 

peptide in 5% dextrose in water or normal saline is most effective, although an 

5 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. 

1 o This invention further provides a method for inhibiting the reocclusiq_n 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 f.ibrin clot. · Plasminogen activators are a well kno~ gr<?UP 

of fibrinolytic agents. Useful plasminogen activators include, for example, anistreplase, 

urokinase (UK), pro-urokinase (pUK), streptokinase (SK), tissue plasminogen activator 

20 (tPA) 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 which one or more or functional domains 

have been added. deleted or altered such as by combining the active site of one 

plasminogen activator with the fibrin binding domain of another plasminogen activator or 

25 fibrin bindir;ig molecule. Other illustrative variants include tPA 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 

30 Browne er al., EP-A 0 240 334. Other variants include hybrid proteins, such as those 

disclosed in EP 0 028 489, EP 0 155 387 and EP 0 297 882, all of which are incorporated 

herein by reference. Anistreplase is a preferred hybrid protein for use in this invention. 

Fibrinolytic agents may be isolated from natural sources, but are commonly produced by 

traditional methods of genetic engineering. 

35 Useful formulations of tP A, 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 



------------------·····---··-······-·-···-·--····-·. 

- .. -.~· . .- -i: : .. '-.28.~ ,·., : .~ .. -- · ... 

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 

5 formula (I) and fibrinolytic in the same container, but formulation in different containers 

is preferred. When both agents are provided in solution form they can be contained in an 

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

Indications for such therapy include myocardial infarction, deep vein thrombosis, 

pulmonary embolism, stroke and other infarct-related disorders. The peptide is 

1 o administered just prior to, at the same time as, or just after parenteral admini~tration of 

tPA or other fibrinolytic agent. It may prove desirable to continue treatment with the 

peptide for a period of time well after reperfusion has been established to maximally 

inhibit'post-therapy reocclusion. The effective dose of tPA, SK, UK or pUK may be 

from 0.5 to 5 mg/kg and the effective dose of the peptide may be from about 0.1to25 

15 mg/kg. 

For c?nvenient administration of the inhibitor and the fibrinolytic agent at the 

same or differe~t .~mes, a kit is prepared, cornprisix:ig, in _a s_ingle. contain~r. S1:1Cll ~a.box,. 
canon or other container, individual bottles·, bags, vi~s or" other containeri each having ~ 
effective amount of the inhibitor for parenteral administration, as described above, and an 

20 effective amount of tPA, or other fibrinolytic agent, for parenteral administration, as 

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

separate containers or the same container, optionally as lyophilized plugs, and containers 

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

reconstitution and the lyophilized plug in two chambers of a single container, which can 

2 5 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 are provided in solution fonn, 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 form, or 

infusion bag linked in series, via tubing, to the fibrinolytic agent in a second 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 compounds 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 GPilbIIIa 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 GPIIb-IIIa binding was· demonstrated by assessing 

the ability ofcompound~_.to inhibit. the binding of.3H-SK&F .107260, a known RGD­

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

s WO 93/00095 (PCTNS/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 pl_atelets 

15 

20 

25 

stimulated with ADP with ICSO 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 A&gre~ation 

In vivo inhibition of thrombus fonnation is demonstrat_ed by recording.the 

systemic and hemodymi.mi~ effeets·or inru~ior1 of.th~ peptides.into anesthetiied dogs 

according to the methods described in Aiken er al., Prostaglandins, 19, 629 (1980). 

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

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

invention. Many other embodiments will be readily apparent and available to those 

skilled in the art. 
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The examples which follow are intended to in no way limit the scope of this 

invention, but are provided to illustrate how to make and use the compounds of this 

invention. J:.4~y oµiez: emqqdi~epts Y(i).1,~.~aj.il,y apparent. and av.ailable to those-skilled :· ·.· . .. . . - . '. . . 

in the art. 

EXAMPLES 

In the Examples, all temperatures are in degrees Centigrade. Mass spectra were 

performed using fast atom bombardment (FAB) or electro-spray (ES) ionization. Melting 

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

uncorrected. 

NMRwere recorded at 250 MHz using aBruker AM 250 spectrometer, unless 
, ... · otherwis~ indicated. Chemical shifts are· reported in ppm (o) downfield from 

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

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

indicates a broad signal. J indicates the NMR coupling constant in Hertz. 

Diazald® is N-methyl-N-nitroso-p-toluene sulfonamide, and is a registered 

trademark of the Alrich Cherni~. Cq~. Milwauke~. Wisconsin. Celite® is filter aid 
composed of acid washed diatomaceous silica, and is a registered trademark of Mansville 

20 Corp., Denver, Colorado. F1.orisil® is an activated magnesium silicate chromatographic 

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

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

Both flash and gravity chromatography were carried out on Merck 60 (230-400 mesh) 

silica gel. ODS refers to an octadecylsilyl derivatized silica gel chromatographic support. 

25 ANN/-TF A indicates an isocratic eluant system of the indicated percentage of acetonitrile 
in water with 0.1%1FA 5µ Apex-ODS indicates an octadecylsilane derivatized silica gel 

I 

support, having a nominal particle size of 5µ. made by Jones Chromatography, Littleton, 

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

trademark of YMC Co. Ltd., Kyoto, Japan. PRP-1® is a polymeric (styrene-di vinyl 

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

. 35 

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

for the preparation of the compou11ds of this invention. 

Pnz?aration 1 

Preparation of 3-(2~pyrazinyl)propanoic acid 
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a) t-butyl 3-(2-pyrazinyl)propionate 

A.solution of diisopropylamine (4.0 rnL, 28.5-rnmol) in 1HF (20 mL) was treated 

with 2.SM n-butyllithiwn ( 11.42 rnL, 28.5 rnrnol) at -78°C. The mixture was warmed to 

5 . RT for O.~ h, cooled to -78° C, and 2-methylpyrazine (2.0 mL, 21.9 mrnol) was added. 

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

: bromoacet.ate (4.25 mL, 26.3 mmol) was added. The reaction mixture was warmed to RT, 

stirred for 18 h and quenched with water (1 mL). The mixture was concentrated and the 

residue was purified by flash chromatography (silica gel, 60% ethyl acetate/hexane) to give 

10 the title compound (3.06 g, 67%) as a light yellow oil. MS(ES) m/e 209 [M+H]+; lH 

NMR (250 MHz) B 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) B 8.41-8.56 (m, 3H), 3. 24 (t, 2H), 2.77 

(t, 2H). 

Prej>aration 2 

20 

..Preparation of 3-(4-pyridyl)propanamine 

a) N-[3-( 4-pyridyl)propy l]phthalimide 
; 

Diethyl azodicarboxylate (4.4 g, 25.4 mmol) was dissolved in dry 1HF and added 

25 drop wise to a solution of 3-( 4-pyridyl)propanol (3 .18 g, 23.18 mmol), triphenylphosphine 

(12.3 g, 46.9 mmol) and phthalimide (3.6 g, 24.5 mmol) l.n 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 (4030:30) ·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 treated with anhydrous hydrazine (0.3 rnL, 9.5 mrnol), stirred overnight and concen.trated. 

The residue was treated with hydrazine in ethanol overnight, concentrated and the residue 

taken up in chlorofonn, filtered and concentrated to give the title compound (1.1 g, quant). 
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lH NMR (90 :MI-Iz, CDCI3) o 8.45 (d, 2H), 7.77 (t, lH), 7.40 (m, 2H), 7.12 (d, 2H), 

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

Preparation 3 

Preparation of 5-(benzyloxycarbonylamino)pentanamine 

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

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

IO solution of benzyl chloroformate (1.7 g, 10 rnmol) in TiiF (10 mL) was ad~d rapidly 

dropwise and the resulting mixture stirred at RT. After 1 h, the organic layer was 

separated and concentrated to give a residue which was dissolved in ethyl acetate (200 

mL). This solution was extracted with water (3 x 50 mL.), dried (sodium sulfate) 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 

20 

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

with water (75 rnL), dried (sodium sulfate) and concentrated to give the title compound_ 
. . I . . . .· . . . . . 

(0.25 g, 30%). H NMR (400 MHz, CDCI3) o 7.15-7.4 (m, 5H), 5.15-5.4 (m, lH), 

5.05 (s, 2H), 3.05-3.2 (m, 2H), 2.55-2.7 (m, 2H), 1.2-1.5 (m, 6H). 

Preparation 4 

Preparation of 4-[N-Ct-butoxycarbonyl-N-(propyl)-aminomethyllaniline 

25 a) 4-[N-(t-butoxycarbonyl-N-(propyl)aminomethyl]-1-nitrobenzene . 
A solution of N-(propyl)aminomethyl-1-nitrobenzene (1.8 g, 9.27 mmol), 

triethylamine (1.41 g, 13.9 mmol) and di-t-butyl dicarbonate (2.8 g, 13 mmol) in THF (60 

mL) was stirred for 1 hat RT, concentrated and the residue stirred in water (100 mL) for 1 

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

30 The solution was extracted with water (3 x 100 rnL) and brine (100 mL), dried (sodium 

sulfate) and concentrated to yield the title compound (2.65 g, 95%). lH NMR (400 :MHz, 

CDCl3) o 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 l 0% palladium on carbon (0.4 g) was hydrogenated at 40 psi. After 30 

min, the mixture was filtered and concentrated to give the title compound (2.4 g., 100%). 
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lH NMR (400 MHz, CDCI3) o 7.0-7.3 (m, 3H), 6.6 (d, lH), 4.3 (m, 2H), 3.6 (br, 

2H), 3. I (m, 2H), 1.4-1.6 (m, 9H), 0.9 (t, 3H). 

Preparation 5 

Preparation of 3-[N-{t-butoxycarbonyl)aminomethyll-benzylarnine: and 

4-[N-Ct-butoxycarbonyl)aminomethyllbenzylarnine 

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

391 (1989). 

Preparation 6 

Preparation of 3-[ 4-[N-Ct-buto~yc:rrbonyl)piperi-dinyIJlpropanamine 

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

3-(4~Pyridyl)propanol (10.40 g, 75.8 mmol) was dissolved in glacial acetic acid, 

platinum oxide (l ,g) was added and the mixture was shaken was hydrogena~d .(50, psi). for. 

6 h. The mixture ~as fllte~d through cCiite®~ concentratoo arid concentrated ~ice from. 

toluene. The residue was dried under reduced pressure, dissolved in CH2CI2 (150 mL) 

20 and treated with triethylamine (10.2 g, 100.7 mmol) and then with cli-t-butyl clicarbonate 

(18.0 g, 82.5 mmol). The reaction was stirred for 2 h, concentrated and the residue wa.S 
taken up in ethyl acetate and washed sequentially with water, IN hydrochloric acid (2x), 

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

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

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

Rf 0.78 (sil1ca 9: I chloroform:methanol); I H NMR ( 400 Jvffiz, CDCI3) o 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 THF 

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

mmol). Diethyl azidodicarboxylate (l.65 _g; 9.53 mmol) was dissolved in dry THF 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 (901'.1Hz, 

_CDCI3) o 8.05-7.65 (m, 4H), 4.40 (br. d., 2H), 3.72 (t, 2H), 2.78 (t, 2H), 1.0-2.0 (m), 

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

The compound of Preparation 6(b) (2.0g, 5.42 mmol) was dissolved in ethanol (50 

mL). Anhydrous hyfuatlncd~~~e~~)"~~s ~dd~d· ~d the ~ol~ti-~~ ~as surred ov~igbt~ --

5 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) B 4.05 (br. d., 2H), 3.00 (t, 2H), 2.66 (t, 2H), 2.2-o.po (m), 1.45 (s, 9H); 1LC 

10 

15 

Rf0.63 (3:1:1 n-BuOH:HOAc:water). 

Pre.paration 7 

Preparation of 2-[ 1-f 4-Cbenzyloxycarbonyl)piperazinylll-ethanamine: and 

2-f J .,f 4-Cbenzyloxycarbonyl)piperazjny111-N-methy1-ethanamine 

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 solution oft.:butylchlorodiphenylsilane (7.8 mL, 

30 mmol) in acetonitrile (10 mL)was added drbpWl.se m.:a s9lution of 2-(1-

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

20 acetoninile (20 mL) stirred at 10°C. The mixture was stirred 2 hat RT, cooled to 

10°C and treated with triethylamine (6.3 mL, 45 mmol) ~d_a solution of benzyl 

chloroformate (4.3 mL, 30 mmol) in CH2CI2 (10 mL). The mixture was stirred at 

RT for 2 h, filtered and concentrated. The residue was stirred in 80% acetic acid (100 

mL) overnight, poured into brine and washed with ethyl acetate. The aqueous phase 

25 was basi?ed with saturated scx:lium carbonate, extracted with ethyl acetate and the 

organic phase was dried (magnesium sulfate), filtered and concentrated to give the title 

compound (1.1 g, 14%). lNMR (400 MHz, CDCl3) S 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 q.o mL, 9.8 mmol) at 10°C. The.mixture was stirred for 10 min and 

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

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

35 THF. The mixture was stirred for 2.5 hat RT, concentrated and the residue was 

dissolved in THF (25 mL) and cooled to 10°C. 1.0M Boron methyl sulfide (1mL,10 

mmol) dissolved in TI-IF (10 mL) was added dropwise at 10°C. The mixture was 

stirred until gas evolution ceased and was heated to reflux for 2 h. The mixture was 
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cooled, treated carefully with saturated methanolic hydrogen chloride (20 mL) and 

heated to reflux for 1 h. The mixture was concentrated to yield the title compound 

(400 ~g. 40%). MS(ES) m/e ~78.~0. [M+H]+; lNM~ (490)v1Hz, CDGJ3). o 2.68_-
. •. r ·. ; ._-·. . . ·~· ;." • • •. ~ - ~ • • • • •. • •• • • • • • • • • • • • • • 

3.92 (15H, m), 5.15(2H, s), 7.37 (5H, s) 

Preparation 8 

Preparation of 6-Ct-butoxycarl>onylamino)hexylamine 

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

10 with a solution of di+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%). TLC Rf 0.53 (Kieselgel 60 F254, 15:3:2 2-

butanobformic acid:water}; .MS'(ES) ~e 217 .O; 1 NMR (400 MHz, cDCl3): o 4.57 (br s, 

IH), 3.10-3.12 (m 2H), 2.68-2.71 (m 2H), 1.84 (br s 2H), 1.44-1.48 (br s 9H), 1.32-

20 1.34 (br s 8H). 

Pteyaration 9 

Preparation of 4-(t-butoxycarbonylamino)amine 

25 Using the procedure of Preparation 8, except substituting 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-pvrazinyl)ethanamine 

a) 2-[N-(benzy loxycarbonylamino) Jeth yl ~(2-pyrazine) 

A mixture of the compound of Preparation 1 (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 alcohol (1.11 g, 10.14 mmol) at 80°C for 14 h. The mixture was concentrated 

and the residue was purified by flash chromatography (silica gel, 60% ethyl 
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~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) o 8.35-8.70 (m, 3H), 7.07-7.51 

(m, 5H), 5.42 (b, lH), 5.11 (s, 2H), 3.6~ (t, 2H), 2.99 (t, 2H). 

5 b) 2-(2-pyrazinyl)ethanamine 

10 

The compound of Preparation lO(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 

hydrogdnated for 1 h, filtered through Celite® and concentrated to yield the title compound 

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

Preparation 11 

Prep~tion of CS)-4-[N-f N-Ct-butoxycarbonyJlal anyll-arninomethyllani1ine 

15 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 

rnL) was neutralized with 4-methylmorpholine and treated with a solution of N-t-Boc-L­

airu:iine N-hydroxysuccinimide ester (2.86 g, 10.0 m~ol) in DMF (14 mL) at RT. The. 

mixture was kept at RT for 72h, concentrated and the resulting solid was redissolved in 

20 ethyl acetate and washed sequentially with water, IN 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:eth)~ acetate); lH NMR (CDCI3) o 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, IH), 7.43 

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

25 

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

A mixture of the compound of Preparation 11 (a) (2.37 g, 7.3 mmol), 10% 

palladium on carbon (0.24 g, 0.23 mmol), and methanol (125 mL) was stirred at RT under 

H2 (I attn) for 6.5 h, filtered and the filtrate was concentrated to give the title compound 

30 (2.02g, 98%) as an oil. 'TLC Rf 0.68 (5% methanol/ethyl acetate); lH NMR (CDCl3) o 
1.33 (d, J=7.10 Hz, 3H), 1.39 (s, 9H), 4.12 (rn, lH), 4.27 (d, 1=5.0 Hz, 2H), 5.05 (br 

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

Preparation 12 

35 

Preparation of 4-f(t-butoxycarbonyJ)aminomethyll-3-chlorobenzoic acid 

a) methyl 4-(phthii.limidomethyl)-3-chlorobenzoate 



A mixture of methyl 4-bromomethyl-3-chlorobenzoate 10 g, 38 mmol) and 

potassium phthalimide (9.85 g, 53 mmol) in d.imethylformamide (65 rnL) was stirred and 

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

was filtered, WaShed sequ~ntiaily with water, ethanol and a Small amount Of ether and . 
5 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 an_d the residue 

was diluted with water.and adjusted to pH 7 with 2N sodium hydroxide. The resulting 

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

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

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

carbonate (2.1g,9~8 mmol) and niethylamine (2.3 mL, 16.4 mmol) in climethylformamide 

(15 mL) was stirred for4 h, concentrated and the residue was distributed between 5% 

aqueous cinic 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. 

Preparation 13 

Preparation of 2-(amino)pvridine-4-ethanamine dihydrochloride 

25 a) methyl 2-(acet.amido)pyridine-4-carboxylate 

To.2-(acet.amido)pyridine-4-carboxylic acid (25 g, 139 mmol) was added a 

saturated solution of anhydrous hydrogen chloride in methanol (600 rnL). The cloudy 

suspension was stirred for 16 hat RT and refluxed for 24 h. The resulting solution was 

concentrated, dissolved in chlorofonn, washed with saturated sodium bicarbonate, brine, 

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

(17.86 g, 84%). TI..C Rf 0.55 (5% methanol/chloroform); lH NMR (CDCI3) o 3.96 

(3H, s), 4~80 (2H, s),7.12 {IH, J=SHz, d), 7.19 (lH, s), 8.10 (IH, d, J=SHz). 

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, with stirring at 0°C under argon, a solution of IN lithium aluminum 

hydride in TI-IF (200 mL, 200 mmol) over 1 h. After the addition, the ice bath was 

removed and the reaction was stirred at RT for I 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 w·as·rinsed thoroughly with a solution of 20% methanol/chloroform (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. TI..C Rf0.17 (5% methanoVchloroform). lH NMR (CD30D) o 4.55 (2H, 

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

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

IO To the compound of Preparation 13(b) (9.40 g, 76 mmol) was added ~8% 

15 

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

concentrated and.¢ied under vacu~ni to give the title compound as an off-white solid 

which was used in the next reaction without purification . 

d) meth-yl 3-[(2-(arnino)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 0°C was 
- -

added. the compound of Preparation 13(c) (18.67 g, 70 mmol) in one portion. After 5 min, 

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, washed with 

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

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

the title compound (11.00 g, 66%) as an oil which solidified under vacuum. TLC Rf 0.46 

(5% methanol: chloroform). lH NMR (CDCl3) o 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 (IH, d, J=5Hz). 

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

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

hydrochloric acid (100 mL). The reaction was heated at 100°C for 16 hand 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 mixttrre was stirred 

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

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

and concentrated to give the title compound (7.40 g, 100%). TLC Rf 0.44 (5% 
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methanol/chloroform). lH NMR (CDCl3) 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). 

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

5 To a stirred solution of the compound of Preparation 13(f) (7.40 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%). TLC Rf 0.~7 (60% ethyl 

acetate/hexane). lH NMR (CDCl3) o 2.22 (3H, s),·2.70 (2H, t), 3.0 (2H, t), 3.72 (3H, 

s), 6.98 (lH, d, J=5Hz), 8.20 (lH, s), 8.24 (lH,' d, J=5Hz), 9.88 (lH, br s). 

h) 2-(acetamido)pyridine-4-propionic acid 

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

dioxane (150 mL)was added IN_ sodium hydroxide·(80 mL)·dropwise. After stirring for 

5 h, the reaction was made acidi.fied with IN ·hyorochloric ac,id ·(80 ~L) and the resuJtihg 

solution was concentrated to a small volume to precipitate the product, which was filtered 

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

20 compound (7 .83 g, 94% ). TLC Rf 0.32 (95:4: 1 chlorofonn:methanol:acetic acid). 

MS(DCl/NH3) m/e 209.l [M+H]+; ltt NMR Cn6-DMSO) o 2.08 (3H, s), 2.56 (2H, t), 

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

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

25 To a stirred solution of the compound of Preparation 13(h) (4,75 g, 23 mmol) and 

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

diphenylphosphorylazide (5.7 mL, 26 mmol). The reaction was stirred at RT for 15 min, 

then heated to 80°C with a reflux condenser attached. behind a safety shield Vigorous gas 

evolution occurred after -10 min. The reaction was stirred an additional 30 min, the 

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% 

methanol/chloroform) to yield the title compound (3.92 g, 72%). TLC Rf 0.42 

(5% methanol/chloroform). MS(DCl/NH3) mie 238.1 [M+H]+; 1 H NMR (CDCl3) 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 hydrochloric acid (150 iriL). The reaction was·heated at ·110°C'for 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+H]+. 

Preparation 14 

Preparation of 2-Chydroxy)pyricline-4-ethanamine hydrochloride 

10 a) 2-[(2-methoxy)pyrid-4-yl]-N-(methoxycarbonyl)ethanarnine 

Using the procedure ·of Preparation 13{i), except substiruting 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(DCI/NH3) m/e 211.1 [M+H]+; 1 H NMR (CT)Cl3) 

o 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 (IH, d, J=5Hz), 8.17 (IH, d, J=5Hz). 

b) 2--(hydro~y)pyridine-4-ethanamin~ hydrochloride 

Using the procedure of Preparation 130), except substiruting the compound 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]+. 

Preparation 15 

Preparation of 4-[(t-bmoxycarbonyllCarninomethyDl:phenol 

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+butyl dicarbonate (610 mg, 2.8 mmol). The solution was allowed to warm to RT, 

stirred for 4 hand concentrated. The residue was purified by flash chromatography (silica 

gel, 2% methanol/chloroform) ~ogive the title compound (440 mg). 1 H NMR (250 11Hz) 

30 o 7.06 (d, 2H), 6.78 (d, 2H), 4_05 (bs, lH), 4.20-4.18 (m, 2H), 1.45 (s, 9H). 

Preparation 16 

Pre.paration of 4-f2-[N-Ct-butoxycarbonyllaminoethy1]] 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 dicarbonate (2.75 g, 12.6 mmol) and 

triethylamine (1.76 rnL, 12.6 mmol), and stirred at RT for 3 d. The mixture was diluted 
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with chlorofonn, washed with 5% sodium carbonate, dried (magnesium sulfate) and 

. concentrated. The residue was purified by flash chromatography (silica gel, 80% ethyl 

, acetate/hexane) to give the.title coni.po.und 1.01 g (36%) .. lH.NMR (90 :MHz, CDC13) o 
8.53 (d, 2H, J=4.5 Hz), 7.17 (d, 2H, J=4.5 Hz), 5.77 (hrs, lH), 3.40 (d oft, 2H, 

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

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

A mixture of the compound of Preparation 16(a) (1.01g,4.54 mmol) and platinum 

oxide (150 mg) in ethanol was shaken under hydrogen at RT for 4 h. Additional IN 

10 hydrochloric acid (4 mL) and platinum oxide (100 mg) was added and the reaction mixture 

· shaken with hydrogen at RT for 1 hand then allowed to sit at neutral pH (adjusted with 

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

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

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

15 compound whicfi was used without purification. 

Preyaration 17 

Preparation of N-rnethyl-2-Cl-rnethyl-1.2.5.6-tetrahydropyrid-4-yl)ethanarnine. 

20 dihydrochloricie 

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

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

dicarbonate (26.2 g, 120 mrnol) 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 dissolved 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-1,2.5,6-tetrahydropyrid-4-yl)ethanamine, 

dihydrochloride 

· ·-The-compound of Preparation l7(b), 0.95 g., 25 mmol)was dissolved in methanol 

(30 mL), treated with sodium borohydride (0.38 g, IO mmol) and stirred for 2 h. The 

5 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 
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Preparation 18 

Preparation of 3-[N-Ct-butoxycarbony])piperidin-4-yllpropionaldehyde 

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 Q.imethylsulfoxide (3.4 

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

butoxycarbonyl)piperidln-4-yl]propanol ( 4.86 g, 20 mmol) in dichloromethane (10 mL) 

was added dropwise over 5 min. After stirring an additional 15 min at -78°C, triethylarrune 

(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 Rf 0.40 (30% ethyl acetate/hexane); lH 

NMR (CDCI3) 8 0.95-1.80 (7H, m), 1.48 (9H, s), 2.40-2.90 (4H, m), 4.14 (2H, br dt), 

25 9.88 (IH, t). 

Preparation· 19 

Preparation of 4-[N-Ct-bUtoxycarbonyl)arninomethyll 

30 benzaldehyde 

a) 4-[N-( t-butoxycarbonyl)aminomethyl]benzy 1 alcohol 

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

g, 65 mmol) and triethylamine (10 mL, 71 mmol) in dry THF (500 i:nL) 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 IN 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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pwified by flash chromatography (silica gel, 20% ethyl acetate:chlorofonn) to give the title 

compound (10.07 g, 65%) as a w~ite solid. 11..C Rf 0.31 (20% ethyl acetate:chlorofonn); 

· · lH NMR {CDCI3) 8 1.46 (9H; s), 3.28 (lH, br s), 4:27 (2H; d, J=6Hz); 4;65-CzH; ·S); ·. 

5.04 (IH, hrs), 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, 1 I5 mmol). The mixture 

was stirred and refluxed for I 6 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. 1LC Rf 0.45 (5% methanol/chlorofonn); lH NMR 

(CDCI3) 8 1.49 (9H, s), 4.43 (2H, d, J=6Hz), 5.15 (IH, br s), 7.51 (2H, d, J=8Hz), 

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

15 Preparation 20 

J7eparation of 2-[2~(arnino)pyrid-4-yll-N-methyl-ethanamine 

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

To a stirred solution of the compound of Preparation 130) (1.5 g, 7.I mmol) in IN 

20 sodium hydroxide (14.3 mL), water (15 mL) and THF (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 methanol/chlorofonn:ammon1um hydroxide) to give the title 

compound (1.14 g, 96%) as a slightly yellowish solid. 1LC Rf 0.32 (90:10:0.1, 

25 chlorofonn:methanol:ammonium hydroxide); lH NMR (CDC13) B 2.77 (2H, t), 3.57 
I 

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

d, J=6Hz), 8.21 (IH, 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 IN lithium aluminum 

hydride in THF (20 mL, 20 mmol). The reaction was allowed to warm to RT and was 

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

ethyl acetate (2 mL), water (0.8 mL), 15% sodium hy~oxide (0.8 mL) and water (2.3 

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

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

_75:25:0.1 chlorofonn:methanol:ammoniurn hydroxide) to afford the title compound (0.30 

g, 66%). TLC Rf 0.16 (80:20:0.1, chlorofonn:methanol:ammonium hydroxide); lH 
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NMR (CDCI3) o 2.45 (3H, s), 2.82 (4H, dt), 4.95 (3H, br s), 6.53 (IH, s), 6.57 (lH, d, 

J=6Hz), 7.87 (lH, d, J=6Hz). 

Preparation 21 

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

A mixture of butyn-1-yl-4-tosylate (0.4 g, 1.7 mmol), N-(t­

bumxycarbonyl)piperazine (0.28 g, 1.5 mmol) and sodium bicarbonate (0.15 g, 1.7 

mmol) in dimethylformamide 0 mL) was stirred and heated to gooc. 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: lH NMR (40o"l\1Hz, CDCI3) o 3.45 (m, 4H), 2.60 

(t, 2H), 2.42 (m, 4H), 2.38 (t, 2H), 1.99 (s, lH), L98 (s, 9H): 

15 Preparation 22 

Preparation .of N-(t-butoxycarbonyl)-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-t-butyl dicarbonate (2.4 g, 11 

mmol) in ethanol (80 mL) in one portion and the mixture stirred 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 5N sodium hydroxide and 

extracted with ether. The organic phase was washed with brine, dried (sodium sulfate), 

concentrated to a clear oil and dried in vacuo to give the title compound (1.7 g, 63%) as a 
solid. 1LC 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 IBS)-7-[[[4-(aminoiminomethyl)phenyll-carbonyll-aminol-1-methyl-3-oxo-

4-(2-phenylethyl)-1.3.4.5-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 procedure of Benoiton, L., Can. 

J. Chem., 40, 570 (1962). Sulfur~; acid (3.5 mL) was added to anhydrous diethyl ether 

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

finely ground (RS)-N-methyl-aspartic acid (5 g, 34 mmol) was added, in portions, while 

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. 

10 

15 

b) (RS)-f3-benzyl N-Boc-N-methyl-aspartate 

~-benzyl (RS)-N-methyl-aspartate (6.6 g, 27 .8 mmol), triethylarnine (3.9 mL), 

·and di-t-butyl-dicarbonate (6.1 g, 27 .8 mmol) were suspended in DMF ( 45 mL). Upon 

dissolution the reaction mixture was treated with cold 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-fluoro-5-nitro-[N-(2-phenylethyl)]-benzylarnine 

2-Fluoro-5"'.nitroc-benzaldehy4e ,(1 l.9 g, 70 mmol) an_d 2-ph~nylethylamine (13 

mL, 0.1 mol) were dissoived in .meth~of'(l50 mL) and glil.cia.I 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 HCl 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-[(1,l-dimethylethoxy)carbonyl]-N-methyl-0-benzyl-aspartyl[(N'-(2-fluoro-5-

nitro-benzyl),N'-(2-phenylethyl)]amide 

A solution of the compound of Preparation 23(c) (4.0 g, 11.9 mmol) in CH2Cl2 

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 compound from 

Preparation 23(b) (6.0 g, 17.8 mmol). 11te reaction mixture was stirred overnight at room 

temperature, and pomed into ice water (350 mL). The x:nixture wa.S extracted with ethyl 

acetate. The combined organic extracts were washed with 1 M KHS04, water, 5% 

35 NaHC03 and brine, and dried over MgS04. Filtration of the mi.Xture, 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-aspanyl[(N'-(2-fluoro-5-nitro-benzyl),N'-(2-

phenylethyl) ]amide 

-·The compb11nd of Preparation 23(d) (2.G g; 3.4 mmol) was stirred with 4M 

HCl/dioxane (9 mL) for 18 h. Evaporation of the solvents in vacuo yielded the title 

5 compound. 

f) benzyl 1-methyl~7-nitro-3-oxo-4-(2-phenylethyl)-l ,3,4,5-tetrahydro-2H-1,4-

benzcxliazepine-2-acetate 

To a solution of the compound of Preparation 23(e) (2.0 g, 3.4 mmol) in DMSO 

10 (50 mL), triethylamine (2.4 mL) was added. The reaction mixture was stirred overnight, 

poured into water and extracted with ethyl acetate. The combined organic phases were 

washed with brine and dried over 1,;odium sulfate. Filtration and con·centration of the 

organic extracts in vacuo yielded the title compound (1.6 g, 98%). MS m/e 474.2 

[M+H]+. 

15 

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

benzcxliazep~e-2-.a~tate_ 

. A s~l~tion ofthe compound 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 ~ixture of the compound of Preparation 23(g) (1.5 g, 3.4 mmol), p-

(benzyloxycarbonylamidino)benzoic acid (1.01 g, 3.4 mmol), BOP reagent (1.5 g, 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 of ice water (160 mL) and 5% · 

NaHCO) (14 mL), and the resulting precipitate was filtered The filtered solid was 

30 dissol_ved in CH2CI2, dried over sodium sulfate, filtered, and the filtrate was concentrated 

in vacuo to a solid (3.2 g). This material was chromatographed (silica gel, 65% 

EtOAc/hexane) to yield the title compound (1.5 g, 61 %). MS m/e 724 [M+H]+. 

i) 7-[[[ 4-(arninoiminomethyl)phenyl]-carbonyl]amino ]-1-methyl-3-oxo-4-(2-phenylethyl)-

35 1,3,4,5-t~trahydro-2H-1,4-benzodiazepine-2-acetic acid benzyl ester, 

and 

7-[([ 4-(aminoiminomethyl)phenyl]-carbonyl] amino ]-l-methyl-3-oxo-4-(2-phenylethyl)-

1,3,4,5-tetrahydro-2H-1,4-benzodiazepine-2-acetic acid 
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To a solution of the compound of Preparation 23(h) (1.5 g, 2.1 mmol) in 1: 1 

glacial acetic acid:ethyl acetate (30 mL) and concentrated hydrochloric acid (0.5 mL), 10% 

-palladium on carbon catalyst (l.3 g, activated) was added .. Themixture 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]+. 

Preparation 24 

Preparation of CR.S)-8-[[[4-CaminoiminomethyDphenyllaminol-carbonylJ-1.2.4.5-

tetrahydro=3-oxo-4-C2-phenylethy])-3H-1.4-benzodiazepine-2-acetic acid. dihydroc~loride 

· 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-niq::obenzoate [prepared. by the method in 
. . . . 

Int. J._ Peptide Res., 36, 31 (1990)] (1.6 g, 0.005 niol) in CH2C!i (10 mL) was added 

dropwise, over 15 min, to a solution of phenethylamine (1.89 g, 0.015 mol) in CH2Cl2 

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) and di-t-butyl dicarbonate (4.4 g, 0.02 mol) in 

TI-IF (50 mL). The resulting mixture was stirred overnight at room temperature under 

argon and concentrated in vacuo. The residue was dissolved in ethyl acetate, washed with 

25 water and dried with sodium sulfate. The organic phase was concentrated in vacuo and the 

residue was' triturated with ethyl acetate:hexane (15:85) to yield the title compound (0.87 g, 

37%). Mp 110-113°C. 

30 

The filtrate was chromatographed (silica gel, ethyl acetate:hexane 15:85) to yield 

additional compound (0.5 g, 21 %). Mp 113-115°C. 

b) t-butyl 3-amino-4-[N-(t-butoxy~arbonyl)-N-(2-phenylethyl)aminomethyl)benzoate 

A mixture of the compound of Pn?paration 24(a) (1.3 g, 0.0028 mol), 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 co~pound. Mp 105-106°C. 



c) t-butyl (F!Z)-3-[2-(l ,4-dimethcxy-1,4-dioxo-2-butenyl)amino]-4-[N-(t­

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

A solution of the compound of Preparation 24(b) (1..15 .g., 0.0027 mol).in methanol.. 

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

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-buty I (R,S)-3-[2-( 1,4-dime thoxy-1,4-dioxo-2-buty 1)-amino ]-4-[N-(t-butoxycarbony 1)-

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

15 

A solution of the compound of Preparation 24(c) (1.3 g, 0.0023 mol) in methanol 

(100 mL) containing 10% Pd/C (0.38. g) was shaken in a hydrogen atmosphere (40 psi) 

for 4.5 h. The mixture was filtered and the filtrate concentrated in vacuo to yield the title 

compound. 

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

benzodiazepine-2-acetate 

A solution of the 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-1,4-dioxo-2-butyl)amino ]-4-[N-(2-phenylethyl)arninomethy l]benzoic acid. 

The residue was dissolved in anhydrous methanol (70 mL), treated with methanolic 

sodium methoxide (1.6 mL, 0.007 mol) and heated to reflux for 8 h. The mixture was 

kept at room temperature for 14 h, treated with lN HCl 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 lN HCl in diethyl 

30 ether (3 mL) to give methyl (R,S)-8-carboxy-1,2,4,5-tetrahy~3-oxo-4-(2-phenylethyl)-

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

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

benzodiazepine-2-acetate, hydrochloride 

35 A mixture of the hydrochloride ~alt 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 CH2Cl2 (3 x 2G 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. 

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

5 arninoiminomethy l]phen yl ]amino ]carbony 1]-1,2,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-

3 H-1,4-benwdiazepine-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 CH2Cli (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 orgfiliic .. phase was dried with sodium s·ulfate and concentrated in vacua. Tne 

residue was purified by preparative 1LC (silica gel, methanol:CH2Cl2 5:95) and eluted 
! . . . 

with methanol-CH2Cli-diisopropylethylamine to the title compound (0.14 g, 46%). 

MS(ES) m/e 634 [M+H]+. Anal.(C36li35N506·HC1·2.5H20) clacd: C, 60.45; H, 5.78; 

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

h) methyl {R,S)-8-[[[ 4-(arninoiminomethyl)pheny_l]amino]-carbonyl}:l,2,4,5:-tetrahydro-

3-oxo-4-(2-pheny lethy l)-3H-1,4-benzodiazepihe-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 HCl in diethyl ether (1.0 mL) was shaken under 

a hydrogen aunosphere (30 psi) at room temperature for 30 min. The mixture was filtered 

and the filtrate concentrated in vacuo to yield the title compound. lH 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, IH), 3.7 (s, 3H), 3.65 (m, lH), 2.95 (dd, lH), 2.75 (t, 2H), 2.65 (dd, 

25 lH); MS~S) rn/e 500.2 [M+H]+. 

i) (R,S)-8-[[[ 4-(arninoiminomethyl)phenyl]amino ]carbony l]-1,2,4,5-tetrahydro-3-oxo-4-

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

A solution of the compound of Preparation ?A-Ch) (0.1 g, 0.175 mrnol) 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 HCI, concentrated in.vacuo ar..d 

purified by HPLC-RT 21.19 min (YMC.ODS-AQ®, 50 x 250 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 of<R.S)-8,.[[[ 4.,(aminoiminomethyl)phenyll-methylaminolcarbonv])-l .2.4.5- _ 

teo-ahydio-3-oxo-4-(2-phenylethyJ)-1 H-1.4-benzodiazepine-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 triethylonhoformate (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 dissolyed in 

absolute EtOH {100 mL), cooled to 0°C under argon, and NaBH4 (5.68 g, 150 mmol) was 

added. The mixture was allowed t9. warm to room temperature over 0.5 h and heated to. 

refluX". After 1 h, the thick mixture was concentrated in vacuo, and the residue was · 

partitioned between H20 (100 mL) and Et26 (100 mL). The layers were separated, and. 

the aqueous layer was extracted with Et20. The combined organic layers were dried 

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

(silica gel, 30% EtOAc/hexane) to yi_eJd the ti,tle compound as it faintly yellow solid (6.10 
g, 92%). 'lie Rro.45 (siiic~ gei, 30%.EtOA~ihex~e)·; lH NMR (:iso·M!lz, CDC13°) o 
7.43 (d, 2H), 6.55 (d, 2H), 4.39 (br s, lH), 2.88 (s, 3H); IR (CHCI3) 3460, 2220, 

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

b) 4-aminomethyl-(N-t-benzyloxycarbonyl)benzamidine 

A solution of trirnethylaluminum in toluene (2.0M, 51 mL, 102 mmol) was added 

over 4 min to a suspension of powdered Nl4CI (5.46 g, 102 mmol) in dry toluene (51 

25 rnL) in a flame-dried flask at 0°C under argon. The ice bath was then removed and the 

reaction wa5 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 warming. After 23 hat 80°C,.the 

reaction was cooled to room temperature and poured into a stirred slurry 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 solid which was dried under high vacuum at 50-

600C for 0.5 h. The resulting material was used without funher purification. 

The material was dissolved in THF (136 mL) arid H20 (34 mL), and the solution 

35 was. cooled to 0°C. SN NaOH (20 mL, 100 mmol) was added dropwise, and the resulting 

two-phase mixture was cooled for an additional 5 min. Benzyl chloroforrnate (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 CH.2CI2, 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

.white s·olid (6.50 g;·67%).· For characteriZatibri purposes~ a ·smaffsam.ple ·was 

recrystallized from EtOAc/hexane. Mp 141-143°C; TLC Rf 0.49 (silica gel, 3:2 

5 EtOAc:hexane); lH NMR (400 MHz, CDCl3) 8 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, IH), 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]-1,2,4,5-tetrahydro-3-oxo-4-(2-

phenylethy l)-3H-1,4-benzodlazepine-2-acetate 

The compound of Preparation 24(e) (382.4 mg, 1.0 rnmol) was refluxed.with 

SOCl2 (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 SOCl2, 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) 

and dry pyridine (0.40 mL_, 5_ mmol) in dry CH2CI2 (30 mL) at 0°C under argon._ The 
. . ·- .• .· .. .· .... ·· . : . . .. 

resulting orangish-yellow mixture was warmed to room temperature, stirred for 1 h, 

diluted with EtOAc (100 mL) and washed with 5% aq. NaHC03. The solution was dried 

20 (Na2S04), concentrated, and purified by chromatography (silica gel, 9: 1 EtOAc/toluene) 

to yield the title compound (441.6 mg, 68%). 1LC Rf 0.38 (silica gel, 9:1 

EtOAc:toluene); lH NMR (400 MHz, CDCI3) 8 7.71 (d, J=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, 1=7.8, 1.4 Hz, lH), 

5.19 (s, 2H), 5.18 (d, 1=16.8 Hz, lH), 4.85-4.93 (m, lH), 4.17 (d, 1=5.3 Hz, lH), 

25 3.71 (s, 3l;I). 3.57-3.70 (m, 2H), 3.53 (d, 1=16.8 Hz, lH), 3.44 (s, 3H), 2.90 (dd, 

1=16.1, 6.9 Hz, IH), 2.63-2.79 (m, 2H), 2.58 (dd, J=16.l, 6.3 Hz, lH); IR (CHCl3) 

3160-3540 (br), 3490, 3300, 1733, 1655, 1616, 1577, 1500, 1443, 1380, 1271, 1149, 

1110 cm-I; 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)-lH-l,4-benzodiazepine-2-acetic acid 

A mixture containing the compound of Preparation 25(c) (556.2 mg, 0.86 mmol), 

10% Pd/C (0.18 g, 0.17 mmol), TFA (0.07 mL, 0.86 mmol), EtOAc (15 mL) and MeOH 

(15 mL) was shaken at room temperature under H2 (30 psi). After LS h, the catalyst was 

35 filtered and the filtrate was concentrated to dryness. The residue was resubmitted to the 

hydrogenation conditions described above using fresh catalyst After another 1.5 h, the 

reaction was filtered, the filter pad was washed _thoroughly with EtOAc and with MeOH, 

and the filtrate was concentrated to dryness. The residue was dissolved in MeOH (30 
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mL), and 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 (0.66 mL, 8;6 mmol) was added, 

and the resulting solution was concentrated to dryness in vacuo (CH3CN azeotrope). The 

5 residue was purified by reversed-phase flash chromatography (ODS-silica gel, 25% 

CH3CN/H20-0.I % 1FA), 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) o 7.67 (m, 2H) 7.37 (m, 2H), 7.06-7.25 (m,_5H), 

6.74 (d, 1=7.8 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, lH), 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, 1=16.7, 9.0 Hz, lH), 2.60-2.75 (m, 2H), 2.58 (dd, 

J=16.7, 5.1 Hz, lH); MS(ES) m/e 500.2 [M+H]+; Anal. calcd (C2gH29N5Q4-.1.5 

TFA·H20): C, 54.07; H, 4.76; N, 10.17. found: C, 53.73; H, 4.94; N, 9.84. 

15 Preparation 26 

Preparation of CR.S}-8-ur 4-(aminoiminomethyl)phenyIJ-carbonyll aminol- l .2.4.5-

t~rrahydro-3-0xo4-C2-pheny1ethy])-3H-1.4-benzcxl1azepine-2-acetic acid. trifluoroacetate 

20 a) methyl (R,S)-8-azidocarbonyl-l ,2,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-3H-1,4-

benzcx:liazepine-2-acetate 

The compound of Preparation 24(f) (0.6 g, 1.3 mmol) was dissolved in dry 

acetone (6 mL) and added dropwise to a solution of sodium azide (120 mg, 1.8 mmol) in 

water (3 mL) stirred in an ice bath. The mixture was stirred for 1 h, diluted with water (15 

25 mL) and ext;racted 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-1,4-

benzodiazepine-2-acetate 

30 A solution of the compouud of Preparation 26(a) (0.55 g, I.I mmol) in dry toluene 

(12 mL) was heated to 80°C in an .argon atmosphere for 2 h. The mixture was 

concentrated in vacuo to yield methyl (R,S)-8-isocyanato-1,2,4,5-tetrahydro-3-oxo-4-(2-

pheny le thy l)-3H-1,4-benzodiazepine-2-acetate. 

The residue was stirred in 3N HCI (6 mL) and THF (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-arnino-l,2,4,5-terrahydro-3-oxo-4-(2-

phenylethyl)-3H-l,4-benzodiazepine-2-acetate (0.3 g, 67%). 



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

-runinoimin"omethy l]phen yl ]carbonyl] amino ]-1~2,4,5-tetrahydro:.3:.oxC>-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, 1.9 mmol) in 

dry CH2Ch (5 mL). The mixture was stirred at room temperature under argon for 5 h, 

dilute~ with CH2Cli (20 mL) and extracted with water, 3N HCI, 5% sodium bicarbonate 

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

residue was chromatographed (silica gel, methanol:CH2C!i 2:98) to yield the title 

15 compound (0.17 g, 32%). 

d) methyl (R,S)-8-[[[4-(aminoimmomethyl)phenyl]carbonyl]-amino]-l,2,4,5-tetrahydro-

3-oxo-4-(2-phenylethyl)-3H-1,4-benwdiazepine-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 HC1(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-phenyle~yl)-3H-1,4-benzodiazepine-2-acetic acid 

A solution of the compound of Preparation 26(d) (65 mg, 0.12 mmol) in methanol 

(15 mL), water (2 mL) and IN NaOH (1 mL), was stirred at room temperature under 

argon overnight. The mixture was treated with 3N HCl (1 mL) and concentrated in vacuo. 

The residue was dissolved in acetonitrile:water (33:67) and purified by FI.PLC RT 11.2 

30 min (YMC ODS-AQ®, 50x250 mm, 85 mlJmin, 33% AN/W-TFA, lN 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 pharmacologically active 

compounds and compositions of this invention. 
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Example 1 

Preparation of CR.SY-7-m 4-Caminoimin6methy1)pheilyIJ.:methylatni·nolcarbonyJJ:.2J .4.5~ · 
teo-ahydro-3-oxo-2-(2-phenylethy]}-1 H-2-benzazepine-4-acetic acid 

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

Dimethylformamide 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 compo~d (8.0 
g, 69%) as a yellow oil. 1LC (toluene) Rf 0.68; lH NMR(250 :MHz, CDCl3) .8 8.13· 

(d, J=1~7 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 (CCl4) 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 (61mg,0.25 mmol) in 

carbon tetra.chloride (25 mL) was heated at reflux. After 4 h, the mixture was cooled and 

filtered, and the filtrate was concentrated. The resulting material was used without 
purification. 11...C Rf 0.39 (5:95 ethyl acetate:hexane). 

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

The compound ofExampl~ 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 (J5 mL) and was washed sequentially wi~ 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"1' oil. TI...C Rf 

0.42 (30:70 ethyl acetate:hexane); lH NMR (250 MHz, CDCl3) o 8.12 (d, J=l.5 Hz, 

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 (CC14) 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-butoxycarbonyl]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 chloroform (16 mL) at RT. The 

teatti'dn ·wa·s-stirred atRTf6i'"l.5 h, 'then at reflux-for 0.5 h~- Concentration-and -

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

5 99%) as a colorless oil which solidified in vacuo. 11...C Rf 0.49 (10:90 ethyl 

acetate:hexane); lH NMR (250 MHz, CDCl3) Rotarneric mixture, ratio ca. 1.5: 1; o 8.13 

(d; J=l.5 Hz, IH), 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 (CCl.4) 1717, 

10 

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

3-butenoate. 

15 A mixture of the compound of Example l(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

tolylphosphine (83.2 mg,.0.27 mmol), dry triethylami.ne (0.76 mL, 5.4t)mmol), and dry 

acetonitrile (27 mL)·w~ de~xy~en~teci.thr6'ugh a ~ingl~-~vacuationiarg.on purge cycle,.then 

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

20 (In ace~te (30.7 mg, 0.14 mmol) and tri-o-tolylphosphine (83.2 mg, 0.27 mmol) were 

added. The mixture was cteoxygenated 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 (l.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-t­

butoxycarbonyl]amino]methyl]-phenyl]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 carbon (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 same reaction conditions. 

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

afford the title compound (l.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)-lH-2-

benz.azepine-4-acetate 

. TF A (11 mL) "\vas added all at once to a Cloudy sbliltion of the compound of 

Example 1 (f) (1.30 g, 2.28 mmol) in dry CH2Cl2 (11 mL) at 0°C under argon. The 

s resulting light yellow solution was wanned to RT, stirred for 2 h, and concentrated. The 

residue was concentrated once from 1,2-dichloroethane to remove residual TFA and give 

methyl 3-methoxycaroonyl-4-[5-carboxy-2-[[N-(2-

phenylethyl)amino]methyl]pheny!Jbutanoate 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 (1 t rnL, 11 

mmol) was added and the ice bath was removed. The yellow solution was allowed to 

warm to RT over 5 min and heated to reflux under argon. After 3 h, the reaction wa_s , 

cooled in ice and quenched with glacial acetic acid (1.3 mL, 22.8 rnmol). The reaction 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. 

Chromatography.((silica gel, 10% methanol/chlorofonn/0.1 % acetic acid) gave the.title 
. ·. . .. ; .. ~ · .. ~ .. . . : . . . ~ : . . -

compound as a yellow foam. Crystallization from methanol containing a little chlorof onn 

gave the title compound (528.2 mg, 61 %) as an off-white solid. mp 214-216°C; 1LC Rf 

20 0.49 (10:90 methanol:chlorofonn); lH NMR (400 :Mllz, 10% CD30D/CDCl3) o 7.72-

7.78 (m, 2H), 7Jl-7.22 (m, 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, lH, partially obscured by water peak), 3.03 

(app dd, IH), 2.97 (dd, J=l6.7, 8.7 Hz, lH), 2.86 (dd, J=l7.3, 13.6 Hz, lH), 2.76 (t, 

1=7.3 Hz, 2H), 2.43 (dd, J=l6.7, 5.3 Hz, lH); 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-oxo-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 and the yellow solution was concentrated. The residue was 

concentrated from dry toluene (3 mL) to remove residual thionyl chl~ride, and the resulting 

material was dissolved in dry CH2Cl2 (0.5 mL). This solution was added dropwise over 

1-2 min to a solution of 4-(methylamino)-(N-benzyloxycarbonyl)benzamidine (263 mg, 

35 0.93 mmol) and anhydrous pyridine (0.125 mL, 1.55 mmol) in dry CH2Cl2 (10 mL) at 

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

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

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

acetate). lH NMR (400 MHz, CDC13) 6 7.73 (app d, 2H), 7.00-7.45.(m, 13H), 6.89 

.(app d, .1H)1 6.74 (d, J=7.8 Hz, lH), 5.19 (s, 2H), ·5.05 (d, J=16:6 Hz, IH). 3.52-3.7T 

(m, 4H), 3.69 (s, 3H), 3.48 (s, 3H), 2.93 (dd, J=16.8, 8.4 Hz, lH), 2.83 (dd, J=l7.3, 

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-3:-oxo-2-(2-phenylethyl)-lH-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 TFA (0.021mL,.0.27 

mmol) i.ri 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<ID, and 

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

the .title compound. 

j) (R,S)..:7.:.[[(4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5-tetrahydro-3-

oxo-2-(2-phenylethyl)-lH-2-benzazepine-4-acetic acid 

20 The compound of Example l(i) was dissolved in methanol (9 mL). and 1.0 N 

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

overnight, then was concentrated. The residue was dissolved in water/acetonitrile (3 mL), 

cooled to 0°C, and acidified with 1FA (0.21ml..,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 colorless powder. HPLC k' = 1.84 (PRP-1®, 30% 

AN/W-TFA); lH NMR (400 MHz, CD30D) 8 7~67 (app d, 2H), 7.40 (app d, 2H), 

6.96-7.20 (m, 8H), 5.13 (d, 1=16.8 Hz, IH), 3.96 (d, 1=16.8 Hz, IH), 3.66-3.81 (m, 

2H), 3.45-3.58 (m, lH), ].49 (s, 3H), 2.92 (app dd, IH), 2.77 (dd, J=l7.0, 9.1 Hz, 

30 lH), 2.54-2.68 (m, 3H), 2.38 (dd, 1=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, 8.26. 

found: C, 56.77; H. 5.05; N, 8.35. 

35 

Exarnple2 

Preparation of IB,S)-8-U[4-(aminoiminomethyl)phenyll-rnethylamino]carbony1J-2.3.4.5-

tetrahydro-1-methyl-3-oxo-4-C2-phenylethyl)-1 H-1.4-benzodiaze.pine-2-acetic acid 
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a) t-butyl 4-[N-(t-butoxycarbonyl)-N-(phenylethyl)aminomethyl]-3-
(methylamino)benzoate 

Fonnic acid-(0.166 g, 3.6 mmol) was added-slowly-to. acetic anhydride (0.36,g, · 
3.5 mmol) at 0°. This solution was stirred at 0° for 10 min, then at 55°C for two hours, 

5 cooled to RT, and diluted with THF (15 mL). To this solution was added dropwise a 
solution of the compound of Preparation 24(b) (0.5 g, 1.17 mmol) in 1HF (3 mL). The 
solution was stirred 3 hand concentrated to give a colorless oil. The residue was 
redissolved in TI-IF (20 mL), cooled to 0°~ and 2.0M borane-methyl sulfide in TI-IF was 
added (0.22 g, 2.9 mmol, 1.45 mL). After gas evolution had stopped, the solution was 

IO 

15 

heated at reflux 3 h, cooled to RT and methanol (5.0 rnL) was added. The resulting 
solution was refluxed 1 h. and concentrated to give the title compound (0.5 g, 98%) as a 
colorless oil. lH NMR (400 MHz, CDCI3) B 7.1-7.3 (m, SH), 7.05 (d, 2H), 7.0-(d, -
lH), 5.5 (b, IH), 4.3 (s, 2H), 3.3 (t, 2H), 2.9 (s, 3H), 2.65 (t, 2H), 1.6 (s, 9H). ~.45-
(s, 9H); 11..C Rf 0.75 (1 :4 ethyl acetate:hexane). 

b) t-butyl (E/Z)-4-[N-(t-butoxycarbonyl)-N-(2-phenylethyl)aminomethyl]-3-[N-[2~(1,4-
dimethoxy-l ,4-dioxo-2-butenyl)]-N-(~ethyl)arnino]benzoate 

Dimethyl acetylenedicarboxylate (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 tq reflux for 1 h, treated with dimethyl acetylenedicarboxylate (0.17 g, 1.2 mmol) 
and heated at reflux for an additional I 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, IH), 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)-arninomethyl]-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 suspension was filtered 
and concentrated to give a pale yellow oil. _The residue was purified by chromatography 
(silica gel, 1:4 ethyl acetate:hexane) to give the title compound as a pa.Ie yellow oil (0.17 g, 
40%). 1H NMR (400 MHz, CDCI3) o 7.8 (s, lH), 7.7 (d, IH), 7.0-7.3 (m, 6H), 4.4-

35 4.6 (m, 2H), 4.05 (m, IH), 3.7 (s, 3H), 3.6 (s, 3H), 3.2-3.5 (m, 2H), 3.0 (dd, IH), 
2.7-2.9 (m, 3H), 2.65 (s, 3H), 1.6 (s, 9H), 1.4 (m, 9H). 
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d) methyl (R,S)-8-carboxy-l-methyl-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)-lH-l ,4-

benwdiaz.epine-2-acetate 

1FA (50 mL) was added to-a-solution of the·compoundofExample2(c)-(0.17 g;· 

0.3 mmol) in CH2CI2 (10 mL). The mixture was stirred for 4 h and concentrated to yield 

5 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 1 M hydrogen chloride in ether (2 mL). The mixture was 

IO concentrated to give the title compound as a yellow solid (0.12 g, 94%). lH ~MR (400 

MHz, CD30D) o 7.55 (s, lH), 7.5 (d, lH), 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; lH), 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-tetrahydro-1-methyl-3-oxo-4-

(2-phenylethyl)-lH-1,4-benzodiazepine-2.-ac~µite_ 

Using the proced~ of Example l(h), e~cept 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, CDCI3) 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), 5.0 (d, lH), 4.6 (m, lH), 3.9 (m, 

lH), 3.65 (rn, 4H), 3.6 (m, lH). 3.5 (s. 3H), 2.9 (dd, lH), 2.75 (t, 2H), 2.55 (dd, IH), 

2.5 (s, 3H). 

25 f) methyl (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2.3,4,5-

tetrah ydro-1 '-methy l-3-oxo-4-(2-phenyleth yl)- lH-1,4-beniodiazepine-2-acetate 

A solution of the compound of Example 2(e) (0.04 g. 0.06 mmol) in methanol (25 

mL) containing I.OM hydrogen chloride in ether (0.6 mL) was treated with 10% palladium 

on carbon (0.06 g) and the mixture was shaken in a hydrogen atmosphere (40 psi) for 1 h. 

30 The mixture was filtered and concentrated to yield the title compound. 

g) (R,S)-8-[[[ 4-(aminoiminomethyl)phenylJmethylamino ]-carbonyl]-2,3 ,4,5-tetrahydro- l­

methyl-3-oxo-4-(2-phenylethyl)- lH-1,4-benzod.iazepine-2-acetic Add 

Using the procedure of Example lG), except substituting the compound of 

35 Example 2(f) for the compound of Example l(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) o 7.7 (d, 2H), 7.45 (d, 2H), 7.05-7.15 (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, IH), 3.5 (s, 3H), 2.85 (dd, lH), 2.7 (t, 2H), 2.5 (dd, lH), 2.4 (s, 3H); 

MS(ES) m/e 514.2 [M+H]+. 

Example 3 

Preparation of CR.S)-8-[f[ 4-(aminoiminomethyllphenyll aminol-carbonyll-2.3.4.5-

tetrahydro--4-(2-phenylethy])-1 H-1.4-benzodiazepirie-2-acetic acid 

a) methyl N-.[2-Nitro-4-(t-butoxycarbonyl)benzyl]-N-phenylethyl-4-arninocrotonate 

IO To a solution of 2-ri'itr0-4-(t~b~toxycarbonyl)-benzylbromide (4.06 g, ~2.8 mmol) 

in TI-IF (50 mL), methyl 4-(phenylethylarnino)-crotonate (3.4 g, 15.5 mmol) was added 

with stining at RT. Triethylam1ne (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 IN 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 (CDCl3) o l.60(9H, s), 2.74(4H, br s), 3.30(2H, dd), 3.74(3H, s), 4.00(2H, s), 

6.00(lH, d, 1=15 _Hz), 7.02(1H, dt),-7.2_5(.5H, m), 7.67(1H, d,.J=8 Hz;), 8.15(1H, dd), 
. . . . . -. · ... : 

8.45(1H, d, 1=2Hz) .. 
.·. ·: ·_·;· 

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

Iron powder (0.8 g) was added to a stirred ·solution of the compound of Example 

3(a) (1.03 g, 2.26 mmol) in acetic acid (25 mL) and ethanol (25 mL). After stirring for 16 

h the reaction was concentrated and dissolved in ethyl acetate, washed with IN sodium 

carbonate, brine, dried (sodium sulfate) and concentrated to give the title compound (0.96 

25 g) as an oil. lH-NMR (CDCl3) o 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,S-tetrahydro-4-(2-phenylethyl)-lH-1,4-

30 benzcxliazepine-2-acetate 

The compound of Example 3(b) (0.96 g, 2.25 mmol) was dissolved in anhydrous 

methanol (50 mL) and refluxed under Ar for 72 h. The mixture was cooled, concentrated 

and the residue was purified by flash chromatography (~ilica gel, 60% ethyl acetate/n­

hexane) to yield the title compound (0.87 g, 91 %). ltt-NMR (CDCl3) o 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, 1=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-1,4-benzodiazepine-

2-acetate 

To the compound of.Example3(c)(0.87 ·g; 2.05 mmol)) was-added 90% TFA 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)-lH-1,4-benzodiazepine-2-acetate 

To the compound of Example 3(d) (0.87 g, 2 mmol) was added thionyl chloride (5 

IO mL). After refluxing for 15 min under Ar, the reaction was concentrated and ~en~­

concentrated twice from anhydrous toluene. The resulting acid chloride in CH2CI2 (15 

· mL) was added dropwise with stining under Ar to a cooled (0°C) solution of pyridine 

(0.65'mL) and 4-(B09-amidino)aniline (0.57 g, 2.4 mmol) in CH2Cl2 (15 rnL). The 

reaction was stirred for 4 hat RT, diluted with chloroform, 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, ~9~). _l~~_NMR (CDCl3) B 1.54(9H, s), 2.39(1H, dd), 2.52(1H, dd), 2.75-

2.90(5H, rri)~ ''.fOO(lH~ a); 3.S6(1H, br s), 3.70(3H, s), 3.89(2H, dd), 4.62(1H, 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-(arninoiminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-4-(2-

phenylethyl)-lH-1,4-benzodiazepine-2-acetic Acid 

To the compound of Example 3(e) (936 mg, 1.6 mmol), 90% 1FA in CH2CI2 (30 

25 mL) was added. After stirring for 45 min, the reaction was concentrated and the residue 

was nituratCd with ether, filtered and dried at redµced pressure to give methyl (R,S)-8-

[[[ 4-(aminoiminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-4-(2-phenylethyl)­

l H-1,4-benzodiazepine-2-acetate. 

The methyl ester was ta.ken 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 (PRP-1®, 20% 

AN/W-TFA, UV detection at 220 nm); ~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) rrl/e 472.2 [M+H]+; 

Anal. (C27H29N503·2.5 CF3C02H·l.O H20) calcd: C, 49.62; H, 4.3(?; N, 9.04. 

35 found: C, 49.37;H, 4.437;N, 9.18 
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Example 4 

Prepru;ation of (R.S)-8-[[[(4-aminoiminomethyl)phenyll-methylaminolcarbonyl]-2.3.4.5-

tetrahydro-3-oxo-1 H-1.4-benzodiaze.pine-2-acetic acid 

a) 1-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)) (l.56 g, 7.3 mmol) in 

DMF (20 rnL). The dark brown solution was stirred 1 hand 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, lH), 7.45 (d, lH), 5.3 (s, 

2H), 3.8 (s, 3H), 1.6 (s, 9H), 1.45 (s, 9H). 

b) t-buty~ 4~[N~(t-butoxycarbonyl)aminomethyl]-3-ni~obenzoate 

The.coinpciund of Example 4(a) (2.15 g~ 5.24 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 and mixture was concentrated. The residue was dissolved in ethyl acetate 

and extracted with water. The organic layer was washed with brine, dried (sodium sulfate) 

and concentrated to give a yellow oil which was purified by 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, lH), 5.35 (m, lH), 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%). 

lH NMR (400 MHz, CDCI3) o 7.25 (m, 2H), 7.1 (d, lH), 4.9 (b, lH), 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-1,4-dioxo-2-
35 butenyl)amino ]benwate 

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, 
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70%). lH NMR (400 MHz, CDCl3) o 9.6 (s, lH), 7.7 (d, lH), 7.35 (m, 2H), 5.5 (s, 

lH), 5.0 (b, IH), 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]benz.oate 

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

Example 4(d) for the compound of Example 2(b), the title compound was prepared (0.66 

g, 95%). lH NMR (400 MHz, CDCl3) o 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-lH-1,4-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) o 8.15 (t, lH), 7.2 (s, lH), 7.1 (d, lH), 

7 .05 (d, lH), 5.0 (dd, lH), 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-1,4-

benz.odiazepine-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) o 7.75 (d, 2H), 7.25-7.45 (m, 5H), 7.2 (d, 2H), 

25 6.7 (d, lH), 6.65 (s, lH), 6.45 (d, lH), 5.5 (s, lH), 5.2 (s, 2H), 4.95 (d, IH), 4.9 (m, 

IH), 3.75 (d~ lH), 3.65 (s, 3H), 3.45 (s, 3H), 2.9 (dd, IH), 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-arninoiminomethyl)phenyl]methylarnino]-carbonyl]-2,3,4,5-tetrahydro-3-

oxo-IH-1,4-benzodiazepine-2-acetic acid 

35 Using the procedure of Example l(j), 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 at 220 run) to give a 

. purified product (0.125 g, 57%). ltt NMR (400 .MHz, DMS0-d6) o 9.75 (s, 2H), 8.95 
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(s, 2H), 8.1 (d, lH), 7.75 (d, 2H), 7.4 (d, 2H), 6.75 (s, IH), 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, IH), 2.5 

(dd, lH); MS(ES) m/e 396.0 [M+H]+_, 

Example 5 

Preparation of CR.S)-8-f[[ 4-Caminoiminomethyl)phenyll methy1aminoJcarbonyll-2.3A.5-

tetrahYdro-4-methyl-3-oxo-1 H-1.4-benzodiazepine-2-aceric acid 

10 · a) t-butyl 4-(methylamino)rnethyl-3-nitrobenzoate 

Anhydrous methylarnine was bubbled into anhydrous DNIF (200 mLrat 0°C for 15 

min. A solution oft-butyl 4-brornomethyl-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 ami!)e 

solution. The solution was stirred at 0° for 30 min and poured into water. The mixture 

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 

20 

by chromatography (silica gel, 3% isopropanol/ · . 

CH2CI2) to gi-ve the ode compound (1.5 g, 36%). lHNMR (4CXLMHz, CDCi3) B 8.5 

(s, IH), 8.2 (d, lH), 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]-3-nitrobenzoate 

A solution of the compound of Example 5(a) (1.4 g, 5.3 mmol), triethylamine (2.1 

g, 21 mmol) and cli+butyl dicarbonate (3.44 g, 15.8 mmol) in TIIF (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, 85%): lH NMR (400 :MHz, CDCI3) B 8.6 (s, lH), 8.25 

(d, lH), 7.4 (d, 1 H), 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) B 7.25 (d, 2H), 7.05 (d, IH), 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)-arninomethylJ-3-(2-(1,4-climethoxy­

l,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 (400 _MHz, CDCI3} o 9.:? (s_, lH), 7.7 (d, lH), 7.4 (,s. IH),_?.3 (d, 

IH), 5.5 (s, IH), 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 

Usiqg the procedure of Example 2(c), except substituting the compound of 

IO Example 5(d) for the compound of Example 2(b), the title compound was prepared (1.55 

g, 100%). lH NMR (400 MHz, CDCI3) o 7.45 (d, 2H), 7.05 (d, IH), 4.65_ (q, IH), 

4.45 (d, lH), 4.35 (d, lH), 3.7 (s, 6H), 2.95 (dd, IH), 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-IR· l ,4-benzodiazepine-2-

acetate 

Using the procedure of Example 2(d), except substituting the compound of 

Example 5(e) for the compound of Example 2(c), the title compoundwas prepared (0.72 

g, 72%). lH NMR (400 MHz, DMSO-d6) o 7.2 {s, lH), 7.1 (s, 2H), 6.1 (s, IH), 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-

methy l]phen y l]methylamino ]carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo-l H-1,4-

benzodiaz.epine-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) 8 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, IH). 6.45 (d, IH), 5.3 (d, lH), 5.2 (s, 2H), 4.95 (m, 

IH), 4.2 (d, lH), 3.75 (s, 3H), 3.65 (d, lH), 3.45 (s, 3H), 3.0 (s, 3H), 2.9 (dd, IH), 

30 2.55 (dd, IH). 

h) methyl (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methyl-amino]carbonyl]-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) o 9.25 (s, 2H), 8.8 (s, 2H), 7.7 (d, 2H), 7.4 (s, 2H), 6.85 (d, IH), 6.7 

(s, lH), 6.45 (d .. 2H), 5.45 (d, CI), 5.1 (m, lH), 3.85 (d, lH), 3.7 (s, 3H), 3.5 (s, 3H), 

3.35 (s, 3H), 2.9 (dd, IH), 2.65 (dd, lH). 
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i) (R,S)-8-[[[4-(arninoiminomethyl)phenyl]methylarnino]-carbonyl]-2,3,4,5-tetrahydro-4-

methyl-3-oxo-lH-1,4-benZC?diaze.pine-acetic acid. 

Using the procedure of Example 1 G), 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 mUmin, 15% ANN/-TFA) to give the title compound (0.115 

10 

. 1 g, 57%). H NMR (400 MHz, DMSO-d6) C5 9.3 (s, 2H), 9.1 (s, 2H), 7.75 (d, 2H), 7.4 

{d, 2H), 6.75 (m, 2H), 6.25 (d, J.H), 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]+. 

Example6 

Preparation of CR.Sl-7-U4-Caminoiminomethyl)benzoyll-methylaminol-2.3.4.5-

tetrahydro-l-methy1-3-oxo-4-C2-phenylethy))-IH-l .4-benzodiazepine-2 acetic.acid 

.; . 15 

a) ethyl 7-methylamino-1-methyl-3-oxo-4-(2-phenylethyl)-2,3,4,5-tetrahydro-lH-

1,4-benzodiazepine-2-acetate 

The compou~d of Preparation 23(g) (700 mg, 1.5 mmol) was-dissolved in. 

anhydrous triethyl onhofonnate (I mL). 1FA (2 drops) was added and the mixture 

20 was refluxed for 4 h. The solution was concentrated to a film (toluene azeotrope), 

dissolved in ethanol (15 mL), chilled to 5°C, and sodium borohydride (167 mg~ 4.4 
mmol) was added. The mixture stirred 10 min at RT and was heated to reflux for 2 h. 

The resulting solution was concentrated, poured into water and extracted with ethyl 

acetate. The combined extracts were dried (magnesium sulfate) and concentrated. 

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, CDCl3) o 1.2 (3H, 

30 

t), 2.50 (3H, s), 2.55 (lH, d), 2.70-2.85 (5H, s+t), 2.95 (lH, dd), 3.54 (lH, dt), 

3.68 (lH, d), 3.88 (lH, dt), 4.09 (2H, q), 4.58 (lH, m), 5.04 (lH, d), 6.07 (lH, 

s), 6.45 (IH, d), 6.79 (IH, d), 7.00-7.20 (5H, m). 

b) ethyl 7-[[ 4-[N-(benzy loxycarbonyl)aminoiminomethy l]-

benzoyl]methy lamino ]-1-methyl-3-oxo-4-(2-phenylethyl)-2,3,4,5-'tetrahyd.I-o-lH-1,4-

benzodiazepine-2-acetate 

4-[N-(benzyloxycarbonyl)amidino]benzoic acid (500 mg, 1.7 mmol) was 

35 dissolved in thionyl chloride (6.5 mL), heated to reflux 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 

mmol) and diisopropylethylamine (174 ~. 1:0 ~m~l).. . 
. . . .. . . . . .. ~ . . .. ·. . ~- . . · .. ~ -.. · : . . . . . . 

The mixture was stined 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, CDCl3) 8 1.23 (3H," t), 2.43-2.70 

(6H, m), 2.95 (IH, dd), 3.41 (3H, s), 3.60 (lH, d), 3.92 (2H, dt),:4.10 (2H, q), 

4.62 (IH, m), 5.00 (IH, d), 5.15 (2H, s), 6.44-7 .68 (17H, m). 

IO c) (R,S)-7-[[ 4-(aminoiminomethyl)benzoyl]methylamino ]-2,3,4,5-tetrahydro-1-

methyl-3-oxo-4-(2-phenylethyl)-lH-1,4-benzcxliazepine-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 ,mg) 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 filrrate concentrated to yield 

ethyl (R,S)-7-[I 4-(arninoiminomethyl)benzoyl]methylamino]-2,3,4,5-tetrahydro-1-

.methyl-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine~2 acetate (200 m_g) as a 

reddish:.brown solid .. MS(ES) rri/e 54i.O [Mi-H]+ • 

The ethyl ester (200 mg, 0.3 mmol) was dissolved in methanol (4 mL) and IN 

20 sodium hydroxide (0.5 mL), stirred, concenrrated, diluted with water, acidified with 

3N hydrochloric acid and concentrated. The residue was chromatographed by HPLC 

(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) 8 2.35 (3H, s), 

2.45 (IH, dd), 2.62 (2H, m), 2.78 (IH, dd), 3.39 (s), 3.95 (lH, dt), 4.05 (lH, d), 

25 4.68 (lH, bt), 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, 

9.74 

30 

found: C, 54.44; H, 4.85; N, 9.36. 

Example? 

Preparation .of CR.S)-2.3.4.5-tetrahyciro-3-oxo-4-C2-phenylethyl)-8-U[2-C2-

pyrazinyl)ethyllcarbonyllaminol-1 H-1.4-benzodiaz.epine-2-acetic Ac-id 

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, 0.42 mmol), stirred for 14 h 
and concentrated. The residue was purified by flash chromatography (silica gel, 60% ethyl ·- .... . : ..... ·.· .. - ·. . - - .. ·.· .- '"· -. . . ·- . . - - . . . . . . - -
acetate/hexane) to give methyl (R,S)-8-(carbobenzyloxy)amino-2,3,4,5-tetrahydro-3-oxo-

5 lH-1,4-benzodiazepine-2-acetate (0.79 g, S2%) as a light yellow oil. MS(ES) m/e 488 
[M+H]+; lH NMR (250 MHz) o 7.12-7.44 (m, IOH), 6.52-6.81 (m, 3H), 5.24 (d, lH), 

S.18 (s, 2H), 4.96 (t, IH), 3.62-3.79 (~, 6H), 2.95 (dd, lH), 2.70 -2.85 (m, 2H), 2.60 

(dd, lH). 

The Cbz compound (0.68 g, 1.38 mmol) was dissolved in methanol(lO mL) and 
10 palladium on carbon (5%, 50 mg) was added. The mixture was hydrogenated for -1 h, 

filtered through Celite® and concentrated to yield the title compound as a light yellow oil 
(0.39 g, yield 81%). MS(ES) m/e 354 [M+H]+; lH NMR (2SO MHz) o 7.10-7.33 (m, 

15 

SH), 6.62 (d, 2H), 6.01 (dd, lH), S.89 (d, IH), S.19 (d, IH), 4.93 (q, lH), 3.50-3._75 
(m, 6H), 2.94 (dd, lH), 2.75-2.85 (m, 2H), 2.63 (dd, IH). 

b) (R,S)-2,3,4,S-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-

pyrazinyl)ethyl)carbonyl]aminoJ-lH-l",4-benzodiaz.epine-2-acetic acid 
A solution of the coiiipound. of 43(a)(036 g, 1.02 inmol) and the compound of 

Preparation l(b) (0.17 g, 1.12 mmol) in D?viF (5 mL) was treated with 

20 diisopropylethylamine (0.39 mL, 1.23 mmol) and 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (0.23 g, 1.23 mmol), and stirred at RT for 24 h. The 
mixture was concentrated and cold water (3 mL) was added. The white solid that formed 
was filtered and dissolved in chloroform. The organic solution was washed with 5% 
sodium bicarbonate, dried (sodium sulfate) and concentrated to yield methyl (R,S)-

25 2,3,4,S-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-pyrazinyl)ethylJcarbonyl]amino]-
lH-1,4-benzodiazepine-2-acetate as a white solid (0.29 g, 60%). MS(ES) m/e 488 
[M+HJ+; lH NMR (250 MHz) o ~.40-8.SS (m, 3H), 7.10-7.28 (m, SH), 6.81-6.99 (m, 

3H), 5.46 (d, Hf), S.14 (m, lH), 3.S6-3.80 (m, 6H), 3.27 (t, 2H), 2.90 (dd, lH), 2.72-
2.85 (m, 4H), 2.61 (dd, lH). 

30 Using the procedure of Example 1 G), 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 ~l../min, 30% AN/W-TFA, UV detection at 254 mm) yielded the title 

compound as an off-white powder (171 mg, 92%). MS(ES) m/e 474 [M+H]+; lH NMR 
(400 MHz) o 8.40-8.70 (m, 3H), 7.10-7.31 (m, SH), 6.88 (d, IH), 6.70 (d, IH), 6.63 

35 (m, IH), S.37 (d, IH), 5.06 (m, lH), 3.S7-3.81 (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-

pyridyl)ethylarnine and ihe coinpotind 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-1,4-benzodiazepine-2-acetate. HPLC RT 17 .8 min 

(YMC ODS-AQ, 6 x 250 mm, 1.5 ml/min, gradient, A:acetonitrile B:water-0.l % 

IO trifluoracetic acid, 10-80% A during 20 min, UV detections at 220 nm); I H NMR (250 

MHz, CDCI3) o 8.5 (d, 2H), 7.1-7.3 (m, 7H), 6.95 (s, IH), 6.8 (s, 2H), 6.05-(m, lH), 

5.25 (d, lH), 4.5 (m, lH), 4.25 (m, IH), 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]-IH-1,4-benzodiazepine-2-acetate. HPLC RT 18.3 min 

(YMC ODS-AQ, 6 x 250 mm, 1.5 ml/min, gradient, A:acetonitrile B:water-0.1 % 

tridfluoracetic acid, 10-80% A during 20 min, UV detections at 220 nm). 

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

pyridyl)propyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetate. This compound was 

20 purified by flash chromatography (silica gel, chloroform, 5:95 methanol:chloroforrn). 1 H 

NMR (250 MHz, CDCI3/CD30D) o 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 (rn), 1.95 (m). 

25 b) Using the procedure of Example 1 G), except subsriruting the compounds of Examples 

8-lO(a) for tbe compound of Example l(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]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid. lH NMR(DMSO 

30 d6'fFA, 360 MHz) o 8.8 (d, 2H), 8.35 (m, IH), 7.95 (d, 2H), 7.2 (m, 2H), 7.1 (m, 

2H), 7.0 (rn, 2H), 6.84 (d, lH), 5.35 (d, lH), 4.95 (d, !Ji), 3.95 (d, lH), 3.6 (rn, 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]-l H- l ,4-benzodiazepine-2-acetic acid. MS(ES) m/e 473 

35 [M+HJ+. 

I O(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[3-( 4-

pyridyl)propyl]arnino ]carbonyl]- lrl-1,4-benz.odiazepine-2-acetic acid This compound 

was purified by chromatography (Sephadex Ll-120, 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 % TF A, 20-50% A during 20 min, UV detection at 220 and 250 nm); 1LC Rf 

0.47 (silica, 3:1:1 n-BuOH:HOAc:H20); Anal. (C2gH3QN404•3H20) calcd: C, 62.21; 
.. - . ·••. : . ·. · ... • . . ':·· .'. • : •. ·• ." .· . . ·. ·. • . . .. - •• • . >== . _.: ..• : . ~ . . , .. - ' .... _.. • -. 

H, 6.71; N, 10.36. found: C, 62.21; H, 6.00; N, 10.36. 

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)benzarnidine, gave the following title compounds: 

11 (a) methyl (R,S)-8-[[[5-aminopentyl] aminC?]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-1H-1~4-benzodiazepine-2-acetate. 1LC Rf 0.45 (silica, 1:20 

CH2CI2:methanol); lH NMR (400 Jvlliz, CD30D) 0 6.9-7.4 (m, 13H), 5.4 (d, IH), 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, IH), 1.45-1.65 (m, 4H), 1.3-1.4 (m, 2H). 

12(a) methyl (R,S)-[8-[[(4-aminophenyl)methyl]amino]-carbonyl]-2,3,4,5-tetrahydro-3-

oxo-4-(2-phenyletliyl)~lH~i.4~bCnWdimpine~2-:acetate. ltt NMR (400 Jv1Hz, CDC13) 8 

8.15 .(d, 2H), 7.45 (d, 2H), 7.15 (m, 3H), 7.0-7.l(rn, 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 procedure of Example lG), except substituting the compounds of Examples 

47-48(a) 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-1,4-benzodiazepine-2-acetic acid. lH NMR (400 MHz, CD30D) o 7.05-

7.25 (m, SH), 7.0 (s, IH), 6.95 (s, 2H), 5.45 (d, lH), 5.1 (m, IH), 3.9 (d, IH), 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, IH); 

30 MS(ES) m/e 453.4 [M+H]+. 

12(b) (R,S)-[8-[[(4-aminophenyl)methyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-:lH-l,4-benzodiazepine-2-acetic acid lH NMR (400 Jv1Hz, CD30D) 8 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, 2H), 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 

Pr~paration of CR.S)-8-Uf 4-(Propy])aminomethy])phenyll-
. a~inoJc.tirbonyiJ-2".3.4.s--1errahyctr0--3-oxo-4~C2--phenylethyb-1 H-1.4~benzodiazep1ne-2-

5 acetic Acid 

a) methrl (R,S)-8~[[[N-(t-butoxycarbonyl)-4-(propyl)­

aminomethyl)phenyl)amino)carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-1H-

1,4-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)benzamidine gave the title 

compound. lH NMR (400 MHz, CDCI3) o 7.6 (d, 2H), 7.0-7.3 (m, 9H), 6.9 (d, lH), 

5.3 (d, ilH), 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, 2H), 2.95 (dd, IH), 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-1,4-benzodiazepine-2-acetate 

The compound·of.Exam·p1e 13(a) (350 mg, 0.56 mmol) was dissolved in a inixrure 

of CH2Cl2 (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 Ac_id 

Using the procedtrre of Example 1 (j), 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) o 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, 2H), 2.65 (dd, IH), 1.7 (m, 2H), 1.0 (t, 3H); MS(ES) m/e 515.2 [M+H]+. 

Examples 14-16 

a) Using the procedure of Example 13(a)-(c), except substituting the compounds of 

Preparation 5 and 6(c) for the compound of Preparation 4(b), gave:. 

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-butoxycarbony1)-aminomethyl]phenyl]meth¥l]amino]carbonyl]-

2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-1H., 1,4-benzodiazepine-2-acetic acid 
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I 6(a) (R,S )-8-[ [[3-[ 4-[N-(t-butoxycarbon y 1)-piperidiny l]propy 1) amino ]carbon y l]-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 the compounds Example i4-

5 16(a) for the compound of Example 13(a), and purifying the residue with chromatography 

(Sephadex LH20) gave: 

14(b) (R,S)-8-[[[[ 4-(aminomethy l)pheny !]methyl] amino ]-carbonyl]-2,3,4,5-tetrahydro-3-
oxo-4-(2-phenylethyl)- l H- l ,4-benzodiazepine-2-acetic acid. MS(ES) m/e 487.0 [M+H]+. 

IO Anal. (C28H30N404•1.5 1FA) calcd: C, 56.62; H, 4.83; N, 8.52. found: C, 57.63; 

H, ?.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~l,4-benzodiazepine.:2-acetic acid. MS(ES) m/e 487.0 [M+H]+; 
HPLC RT 15.9 min (PRP-1®, 4.6 x 250 mm, 1.5 ml/min, 25% AN/W~TFA, UV . 

15 detection at 220 and 250 nm). Anal. (C28H30N404•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-piperidinxIJpropyl]amino ]carl>onyl]-2,3,4,5-tetrahydro-3-ox~(2-
pheny lethy l)-1H-l ,4-benzodiazepine-2-;acetic acid. 1HNMR(250 MHz, DMSO"'.d6) o 
7.40-6.70 (m, 8H), 5.38 (dd, lH), 4.99 (m, IH), 4.29 (s, lH), 4.00 (dd, IH), 3.70-

20 2.90 (m), 2.90-2.20 (m), 1.72 (d, 2H), 1.48 (m, 3H), 1.17 (m, 4H); 1LC 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 mlJmin, UV detection at 220 and 250 nm); 
MS(ES) m/e 493.2 [M+H]+; Anal. (C2gHj6N404°HOAC0 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)pyridine, 4-(2-pyridyl)butanamine, N-methyl-4-(3-pyridyl)butanamine, 2-

30 (IH-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-phenylethyl)-8-[[[4-(2-

pyridyl)buty !]amino ]carbonyl]- IH-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]methylarnino]carbonyl]-lH-1,4-benzcxliazepine-2-acetate 



--------------- -------·-·--··-·--·······---· 

· .. ·· .. , : .. · . - 73- : -
. ·. '•. 

.. · .,_ 
• ':-< • .. .~· . . . 

- --

20(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-( lH-imidazol-1-

y !)ethyl ]amino ]carbony l]-3-oxo-4-(2-pheny lethyl)-1 H-1,4-benzodiazepine-2-acetate. 

MS(ES) m/e 476.2 [M+H]+, lNMR (400 MHz, MeOD) o 2.66-2.76 (3H, dd+t), 

2.-93 .ClH, ctct), 3.58-3.70 °oH. ~). 3.92 ciH, ct), ·4~30 (21i, t),'5-:06 .. dH~-,~);·5-_37 . 
5 (IH, d), 6.90-7.25 (lOH, m), 7.92(1H, s). 

10 

--15 

21 (a) methyl {R,S)-2,3,4,5-tetrahydro-8-[[[3-(lH-imidazol-l-yl)propyl]amino]carbonyl]-

3-oxo-4-(2-phenylethyl}-lH-1,4-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), 

5.39 (lH, d), 6.90-7.23 (llH, m), 7.75 (lH, bs). 

. . 

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

17-21(-a) for.the compound 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-1,4-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) f?fe 4592 [M+H]+; lNMR (400 MHz, DMSO) o 2.55 (lH, dd), 2.67 (2H, 

t), 2.78 (lH, dd, 11=9 Hz, Ji~17 Hz), 3.58 (2H, m), 4.00 (lH, d, .J=17 Hz), 4.65 (2H, 

d, J=6 Hz), 5.03 (IH, m), 5.44 (lH, d, J=17 Hz), 7.00-7.29 (lOH, m), 7.80 (2H, d, 

20 1=5 Hz), 8.78 (IR, bs), 9.10 (IR, 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. 

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

pyridyl)butyl]amino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid. HPLC RT 10.5 

25 min (YMC ODS-AQ, 50x250 mm, 80 mL/min, 25% AN/W-TFA, UV detection at 

220 nm); MS(ES) m/e 501.2 [M+H]+; lNMR (400 MHz~ DMSO) o 1.53 (2H, t), 

1.75 (2H, 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 (IH, 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 (IH, 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. 

19(b) (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. HPLC 

RT 12.3 min (YMC ODS-AQ, 50 x 250 mm, 80 rnl./min, 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 (IR, 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 (IH, 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-,(lH"'.'.imidazol-1~yl)ethyl]amino]carl;>onylJ-3-:-.•. 

oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid . HPLC RT 6.8 min 

5 (YMC ODS-AQ, 50 x 250 nm, 80 ml)min, 30% AN/W-TFA, UV de~ction at 220 

nm); MS(ES) m/e 462.2 [M+HJ+; lNMR (400 l'vffiz, DMSO-d) o 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 (IH, m), 5.38 (lH, d), 6.00 (lH, bs), 6.87 (lH, d), 7.00 (lH, s), 7.07 (IH, 

d,), 7.13-7.28 (5H, m), 7.63 (lH, s), 7.73 (lH, s), 8.45 (IH, t), 9.09 (lH, s). 

10 Anal. (C25H27N504·1.5(C2HF302)H20) calcd: C, 51.69; H, 4.73; N, 10)9. 

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]carbonylJ-3-

oxo-4-'(2-phenylethyl)-lH-l ,4-benzodiazepine-2-acetic acid. HPLC RT 8.6 min 

(YMC ODS-AQ, 50 x 250 run, 80 ml)min, 30% AN/W-TFA, UV detection at 220 

15 nm); MS(ES) m/e 476.2 [M+H]+; lNMR (400 MHz, DMSO-d) o 2.06 (4H, bt), 

2.51 (IH, 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, m), ?.40 _(lH, d), 6:92 (IH, d), 7 .05 (2H, m), 

7.15 (2H, m), 7.23 (2H, m), 7.68.{IH; s), 7.80 (lH~ s);·8.3?°(1H; t), 9.12 (lH, s); 

Anal. 

20 (C26H29N504· l.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:edure of Example 53(a) and 38(f), except substituting the compounds of 

Preparation'7(a) and (b) for4-(aminomethyl)pyridine, and the procedure of Example 2(f), 

except substituting palladium hydroxide for palladiwn 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 ()'MC ODS-AQ, 6 x 250 mm, 1.5 ml)min, 30% ANNl-TFA, UV detection at 

220 nm). · 

35 

23(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(1-

piperazinyl)ethyl]methylamino]carbonylJ-lH-l,4-benzcxliazepine-2-acetate 

b) Using the procedure of Example 1 G), except substituting the compounds of Example 

22(a) and23(a) for the compound of Example 1 (i) gave: 
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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]- lH-l ,4-benzodiazepine-2-acetic acid. HPLC RT 

. 7.4. mjn CYMC. OPS-:-A.Q. 50 -~ 2,50.i:nm, 80 x:nUmin, 22% AN/W-:-1FA, UV detection 
at 220 ~~);.-Ms(E.s) ~e 480.2 fM~HJ+~ iNMR..c4oo M:lli,'riMso~ci). B z.48-~i~6o· . 

5 (lH, dd), 2.70 (2H, t), 2.82 (IH, 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). Anal. (y26H33N504·2.5(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-pheny le thy 1)-8-[[[2-( 1-

1 o piperazinyl)ethyl]methylarnino ]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid . 

HPLC RT 9.8 min (YMC ODS-AQ, 50 x250 nm, 80 mUmin, 25% AN/W-TFA, UV 
detection at 220 nm); MS(ES) m/e 494.2 [M+HJ+; lNMR (400 :MHz., DMSO-d) o 

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

3.50-4.10 (7H, m), 5.03 (lH, m), 5.40 (lH, d), 6.49 (lH, d), 6.57 (IH, s), 7.02· 

15 (IH, d), 7.10-7.25 (5H, 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. 

· Exarnpfes -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 of Example 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 Rf 0.35 (Kieselgel 60 F154, 15:3:2 

2-butanol:formic acid:water); MS(ES) m/e 467. 

30 

25(a) methyl (R,S)-8-[[[6-aminobutyl]amino]carl:?onyl 

]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-I ,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-

phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid. MS(ES) m/e 439.2. Anal. 
·.c'c24ii3oN4·04.i.5 Hio~'0~1· lid).caiccf: c. 61.'03;.H.·1.02; N-, ii.62; c1~ 1~10."founct: 

s C, 61.44; H, 7.11; N, 11.94; Cl, 0.76. 

Example 26 

Preparation of CR.Sl-2.3.4.5-tettahydro-3-oxo-4-C2-phenyletbyD-8-U[3-C4-
10 pyrazolyDpropyllaminolcarbonyll-1 H-1.4-benzodiazepine-2-acetic acid 

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

pyrazolyl)propyl]aniino ]carbonyl]- lH-1,4-benzodiazepine-2-acetate 

The compmind of Preparation 24(e) (J76 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-

pyrazc>lyl)ethanamine dihydrochbride (300 mg, 2.4 mmol) (J. Am. Chem. Soc., 75, 4048 
(1953))," stirred at RT for 48 ·h; concentrated and the residue was purified by flash 

chromatography (silica gel, step gradient, chloroform to 95:S chloroform:methanol) to 
20 yield the title compound (1g,90%). MS ES [M+H]+= 490; lH NMR (2SO MHz) o 7.44 

(s, 2H), 7.29-7.19 (m, SH), 7.18-7.09 (m, 3H), S.30 (dd, 2H J=7.S 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, J=7.0 Hz) 

2.77-2.65 (m, 2H), 2.63 (t, 2H, 1=7 Hz),1.88 (p, 2H, J=7 .S). 

25 b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[3-(4-

pyrazoly l)propyl]amino] carbonyl]-lH-1,4-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) o 7.66 (s, 2H), 7.21-7.13 (m, SH), 7.00-6.96 (m, 3H), 

30 5.47 (d, lH, 1=16 Hz), 5.10 (m, lH), 3.70 (d, lH, J=16 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, J=8 Hz), 2.7S (m, 2H), 2.66 (t, 

2H, J =8 liz), 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

imidaz.ol-4-yl)ethanamine and 2-(1-methyl-lH-imidazol-5-yl)ethanamine for 2-(4-
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pyrazolyl)ethanarnine dihydrochloride and substituting 1-(3-dirnethylarninopropyl)-3-

ethylcarbodiimide hydrochloride for 1,3-dicyclohexylcarbodiim~de gave: 

- : . ~ ··: . 

27(a) methyl (R,S}-2,3,4,5-tetrahydro-8-[[[2-(lH-imidazol-4-yl)ethyl]arnino]carbonyl]-3-

5 oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

10 

·-15 

28(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-(1-methyl-lH-imidazol-4-

yl)ethyl]arnino]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

29(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-(1-methyl-1H-imidazol-5-

yl)ethyl]amino]carbonyl]-3-oxo-4-(2-phenylethyl)-1H-1,4-benzodiazepine-2-acetate 

b) Using the procedure of Example 1 G), 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-1,4-benzodiazepine-2-acetic acid. MS(ES) m/e 462.2 [M +H]+; HPLC 

k' 3.2 (YMC ODS AQ, 22% AN/W-TFA, UV detection at 220 nm); TI..C Rf 0.85 (silica 

gel, 15:5:10:10 pyridine:acetic acid:butanol:water). Anal. (C25H27N504·1.25 H20) 
. . 

calcd: C~ 62.03; H, 6,14; N; 14.47. found: 'C, 61.89; H, 6.37; N, 14.20. 

28 (b) (R,S)-2,3,4,5-tetrahydro-8-[[[2-( 1-methy l- lH-imidazol-4-y !)ethyl] amino ]carbonyl]-

20 3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid. MS(ES) rn/e 476 [M+H]+; 

HPLC k' 2.03 (YMC ODS AQ, 25% AN/W-1FA, UV detection at 220 nm); 'ILC Rf 0.90 

(silica gel, 15:5: 10: 10 pyridine:acetic acid:butanol:water); Anal. (C26fl29N504· 3.5 HCl· 

0.5 H10) 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]arnino]carbonyl]-

25 3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-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. (C26H29N504·5 HCl· 

0.5 H20) calcd: C, 46.83; H, 5.29; N, 10.50. found: C, 47.20; H, 5.70; N, 10.47. 

30 Example 30 

Preparation of (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-

pyrazinyl)ethyl]amino ]carbonylJ-lH-1,~benzodiazepine-2-acetic acid 

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

pyrazinyl)ethy I] amino ]carbonyl]- lH-1,4-benzodiazepine-2-acetate 
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Using the procedure of Example 26(a), except substituting the compound of 

Preparation lO(b) for histamine and substituting diisopropylethylamine for triethylamine 
gave the title compound. MS(ES) m/e [M+H]+.488;. l H NMR, (250 _1'4.HzJ 8,_. 

8.40-8.55 (m, 3H), 7.10-7.28 (m, 5H), 6.81-6.99 (m, 3H), 5.46 (d, lH), 5.14 (m, lH), 

s 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-

pyrazin yl)ethyl]amino ]carbonyl]- IH-1,4-benzodiazepine-2-acetic acid 

Using the procedure of Example 1 (j), except substituting the compound of 

IO Example 30(a) for the compound of Example 1 (i), gave the title compound. MS(ES) m/e 
[M+H]+ 474; lH NMR (400 MHz) 8 8.40-8.70 (m, 3H), 7.10-7.3l{m, 5H), 6.88 (d, 

15 

IH), 6.70 (d, lH), 6.63 (m, IH), 5.37 (d, lH), 5.06 (m, lH), 3.57-3.81 (m, 3H), 3.18 

-(t, 2H),· 2.74-2.97 (m, 5H), 2~6i' (dd, lH). 

Example 31 

Preparation of CR.Sl-7-U[ 4-Caminomethyl)phenyllcarbonyll-aminol-2.3.4.~~ 

terrahyciro-1-methy1-3-oxQ-4-C2-phenyiethyn-1H-1.4-benzodjazeyine~2-a¢etk Acid 

20 a) benzyl (R,S)-7-[[[4-[N-(t-butoxycarbonyl)amino-methyl]phenyl]carbonyl]amino J-
2,3,4,5-tetrahydro-l-methyl-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-

acetate 

Using the procedure of 30(a), except substituting the compound of 

Preparation 23(g) for the compound of Preparation 24(e) and substituting 4-[(t-

25 butoxycarbonyl)(aminomethyl)]benzoic acid for the compound of Preparation IO(b) 
and substituting CH2CI2 for DMF, yielded the ti-tle com~und (100 mg, 38%). 1 H 

NMR (400 MHz, CDCJ3) 8 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]car: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 CH2CI2 (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 c:lioxane (1 mL). The suspension was added to an argon purged 
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Parr bottle containing palladium hydroxide (100 mg) and hydrogenated (50 psi) for 24 
h. The mixture was filtered and concentrated to yield the title compound as a white 

powder (50 mg, ?2%). I;IP~C Ri;: 8._0_ Ill.~~ <YM.C, 9n~~Aq. -~9 -~ ~?.P. ~~~. ~O . . . 
ml)min, 27.5% AN/W-TFA, UV detection at 220 nm); MS(ES) m/e 487.2 [M+H]+; 

5 lNMR (400 MHz, DMSO-ci6) B 2.70 (lH, dd), 2.82 (IH, dd), 3.88 (2H, dt), 4.08 

10 

15 

(lH, d), 4.13 (2H, s), 4.68 (lH, m), 5.13 (IH, d), 6.94 (lH, d), 7.02-1.20 (4H, 
m), 7.48-7.62 (3H, m), 8.01 (2H: d), 8.25 (2H, m); Anal. 
(C28H30N404·1.S(C2HF302)-l.4 (H20)) calcd: C, 54.57; H, 5.06; N, 8.21. 

found: C, 54.95; H, 5.11; N, 7 .8.1. 

. .. Example 32 

Preparation of CR.S)-8-[f[2-C 4-pyridyJ)ethyllmethyI-aminolcarbonyll-2.3.4.5-tetrah:Ydro-- .-· . 

3-oxo-4-(2-phenylethyl}-I H-1.4-benzodiazepine-2-acetic acid 

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 

Using the procedure of Example 27(a), except substit~ifrig-N-methyl-2-(4-
pyridyl)ethanamine for histamine and deleting the diisopropylethyiamine, gave the title 

20 compound. HPLC RT 16.6 min (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, 
A:acetonitrile B:water-0.l % trifluoracetic acid, 10-80% A during 20 min, UV 
detection at 220 run; 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-benzodiaz.epine-2-acetic Acid 

Using the procedure of Example lG), except subscituting the compound of 
Example 32(a) for the compound of Example 1 (i), gave the title compound. 1 H 
NMR(DMSO d6/TFA, 360 MHz) B 8.8 (br, 2H), 8.0 (br, lH), 7.7 (br, lH), 7.15 (m, 
SH), 6.0 (br, lH), 6.3 (br, 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]+. 

Example 33 

Preparation of IB.S)-8-ur 4-<Dimethylamino)butyllaminol-carbonyll-2.3.4.5-tetrahydro-3-
35 oxo-4-{2-phenylethyl)-1 H-1.4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-~-[[[4-(Dimethylarnino)butyl]amino]c8:fbonyl]-2,3,4,5-tetrahydro-3-oxo-
4-(2-phenylethyl)-IH-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 compound._ MS(ES) mje 

48i [M+iI]+; fi-l NMR-ci56 MH~)-.o. 7.44~7.so (m, IH), 6.98~7~28 (~. 7H), ·6.8i -(d, 

5 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]arnino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid 

10 Using the procedure of Example 1 G), except substituting the compound of 

15 

20 

;Example 33(a) for the compp_und of Exampl_e l(i), gave the title compound. MS(ES} m/e 

467 [M.f-H]+; lH NMR (400 MHz) o 7.00-7.31 (m, 6H), 6.98 (d, IH), 6.84 (d, lH), 

5.34 (cj, lH), 5.00 (m;.-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). . 

Example 34 

Preparation· CR.S>-2.3.4.5-tevah:Ydro.,3-6x0-4:,<2-phenylerhyn.:8-ru2-c4-

pi:peridinyllethyllaminolcarbonyll-1H-1.4-benzodiazepine-2-acetic acid 

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

piperidinyl)ethyl]amino]carbonyl]-lH-1,4-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 treate.d with platinum oxide (90 mg) and 

25 hydrogenated (45 psi) for 5 h. The mixture was degassed and platinum oxide (J 4 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-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4-

30 piperidinyl)ethyl]amino ]carbonyl]-IH-1,4-benzodiazepine-2-acetic acid 

. bis(trifluoroacetate) 

Using 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 ml)min, gradient, A:acetonitrile B:water-0.1 % trifluoracetic 

35 acid, 10-80% A during 20 min, UV detection at 220 nm); lH NMR(DMSO d6'fFA, 360 

MHz) o 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) m/e 479 [M+H]+. 
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Example 35 

, Preparation cR.s"l-2.3.4.S-1~P.atiyctrC;3-ox0-4-C2-phe~yie1hyn-8-rrr2-c4-
s piperidinynethyllmetbylaminolsar00nyll-l H-1.4-benzodiazepine-2-acetic add 

a) methyl (R.~)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4-

piperidinyl)ethy l]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 

10 hydrochloric acid (0.6 mL) in methanol (30 mL) was treated with platinum oxide (5 mg) 

and hydrogenated (45 psi) overnight. The mixture was filtered and concentrated to give 

the title compound. MS(ES) m/e 493 [M+HJ+. 

b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4-

piperidinyl)ethyl]methy !amino ]carbonyl]- lH-1,4-benzodiazepine-2-acetic Acid 

Bis( trlfluoroacetate) 

Using the procedure of Example lG), except substituting the compound of 

Exampfo 35(a) for the compound:l(i), gave the title compound (130 mg, 92%). HPLC RT 
16_.6 miri (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-

20 0.1% 1FA, 10-80% A during 20 min, UV detections at 220 nm); lH NMR(DMSO 

d6f!FA, 360 MHz) S 8.5 (br, lH), 8.1 (br, lH). 7.2 (m, SH), 70 (d, lH), 6.5 (s, lH), 

25 

30 

6.45 (d, IH), 5.4 (d, lH), 4,95 (m, IH), 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]+. 

Example 36 

Preparation CR.Sl-2.3 .4.5-tetrahydro-3-oxo-4-[2-(cyclohexyD-ethyll-8-[[f 2-C 4-

piperidinyl)ethyllmethylaminolcarbonyll-1 H-1.4-benzodiazepine-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]-lH-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 

compound. HPLC RT 22 min (YMC ODS-AQ, 6 x 250 mm, 1.5 ml)min, gradient, 

A:acetonitrile B :~ater-0.1 % TF A, 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-tetrah ydro-3-oxo-4-[2-( cyclohexy l)ethy l]-8-[[[2-( 4-

pyridy l)ethyl] methy lamino] car~nyl]- l H-1,4-be~zodiazepine-2-acetic acid 

bis(oifluoroacetate) 

5 Using the procedure of E;vample l(j), 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, I 0-80% A during 20 min, UV detection at 220 nm); 1 H · 

NMR(DMSO d()ffFA, 360 MHz) B 8.5 (br, lH), 8.15 (br, lH), 7.0 (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 (br, 7H), 2.8 (br, 7H), 

0.75-1.85 (m, 23H); MS(ES) m/e 499 [M+H]+. 

Example 37 

15 Preparation of methyl CR.S)-8-U2-[4-[l-(methyl)pyridiniuml­

ethyllmethylamino]carbonyll-4-[2-phenylethyl)-2.3.4.5-tetrahydro-3-oxo-4-(2-

phenylethy])-1 H-1.4-benzodjazepine-2-acetate Iodide 

The compound of Example 32(a) (0.11g,2.2 mmol) dis.solved in acetonitrile (10 

mL) was treated with iodomethane (0.2 mL, 3.2 mmol) and heated to reflux for 24 h, 

20 concentrated in vacuo (toluene azeotrope) and triturated with ether to yield the title 

compound as a yellow solid. 1 H NMR(DMSO d6'fFA, 250 :MHz) S 8.8 (br, 2H), 8.05 

25 

(br, lH), 7 .15 (m, 6H), 6.99 (br, lH), 6.4 (br, 2H), 5.35 (d, lH), 5.05 (m, lH), 4.25 

(s, 3H), 3.95 (d, lH), 3.75 (br, 3H), 3.55 (s, 3H), 2.6-3.15 (m, llH); MS(ES) m/e 641 

[M-H], 515.2 [M+H]+. 

Example 38-39 

Preparation CR.S)-2.3.4.5-tetrahydro-3-oxo-4-[2-Ccyclohexy])ethylJ-8-[[[2-C 1-methyl-4-

piperidinyl)ethyllmethylaminolcarbonyll- l H-1.4-benzodiawine-2-acetic acid and 

30 CR .S)-2.3.4.5-tetrahydro-3-oxo-4-C2-phenylethyl)-8-[[[2-C1-methy1-4-

piperi-dinyl)erhyl1methylami no lcarbonyll-1 H-1 .4-benzodiazepine-2-acetic acid 

a) A solution of the compound of Example 37 (0.3 g, 0.47 rnrnol) 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)ethy l]-methylamino ]carbonyl]-IH-1,4-benzodiazepine-2-acetate 
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39(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-( 1-methyl-4-

piperidinyl)ethyl]-methylamino ]carbonyl]- lH-1,4-benzodiazepine-2-acetate 

.· . .. . .... : 
b) Using the procedure of the Example 1 G), except substituting the compounds of 

5 Examples 74-75(a) for the compound of Example 1 (i), and purifying the resultant mixture 

by HPLC (YMC ODS AQ, 50 x 250 mm, 90 rnUmin, 27% AN/W-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]-IH-1,4-benzodiazepine-2-acetic acid: lH 
NMR(DMSO d6{fFA, 360 MHz) 5 9.14 (br, lH), 7.0 (d, lH), 6.5 (s, 1H);6.45 (d, 

15 

20 

25 

lH), 5.4 (d, lH), 5.0 (m, lH), 3,89 (d, lH), 2.9-3.5 (br, 6H), 2.25-2.85 (m, lOH), 1.9 

(br, lH), 0.76-1.55 (m, 19H); MS(ES) m/e 513 [M+H]+. 
. " . 
3 9(b) (R,S )-2,3 ,4,5-tetrahydro-3-oxo-4-(2-pheny le thy I )-8-(([2-(l-methy 1-4-

piperidiny l)eth yl]meth ylamino ]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid: lH 
NMR(DMSO d6'fFA, 360 MHz) o 9.1 (br, lH), 7.2 (m,"5H), 7.0 (d, lH), 6.5 (s, lH), 

6.45 (d, lH), 5.4 (d, lH), 5.0 (m, IH), 3,95 (m, lH), 3.55 (m, 9H), 3.4 (bi", 2H)~ 3.2 

"(br, 2H), 2.85 (s, 3H), 2.65-2.75 (m, 7H), 1.95 (br, lH), l.0-1.49(br, 8H); M'.S.(ESY rrl./e 

507 [M+H]+. 

Examp1e40 

Preparation of [S-CR.Sll-8-Uf 4-[N-<alany])arninometbyll ;phenyllarninolcarbonyll-

2.3.4.5-tetrahyciro-3-oxo-4-(2-phenylethyll-1 H-1.4-benzodiazepine-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-(arninomethyl)pyridine, gave the title compound (427 mg, 65%): 
1LC Rf 0.52 (ethyl acetate); HPLC RT 84.0 min (Ultrasphere ODS 4.6 mm x 15 cm, 

30% AN/W-TFA, 1.5 ml)min, UV detection at 240 run); lH NMR (CDCI3) o 1.34 (d, 

1=7.16 Hz, 3H), 1.39 (s, 9H), 2.61 (m; lH), 2.75 (m, 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 (br s, lH), 5.27 (d, J=l6.6 Hz, lH), 6.71 (br s, lH), 6.84 (d, J=8.3 Hz, lH), 7.04-7.23 

(m, 9H), 7.51 (d, 1=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-phenylethy l)­
lH-1,4-benzodiazepine-2-acetic acid 

Using the procedure of Example.ld), except substituting ihe.compoiind·Of ·· .. 
5 Example 40(a) for the compound of Example l(i), gave the title compound (360 mg, 

88%): HPLC RT 33.8 min (Ultrasphere ODS, 4.6 mm x 15 cm, 30% AN/Vl-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, 1=17.0 Hz, lH), 4.09 (m, lH), 4.33 (m, lH), 4.42 (m, 

IO lH), 5.12 (dd, 1=5.2, 8.9 Hz, lH), 5.48 (d, 1=16.8 Hz, IH), 7.01-7.23 (m, 8H), 7.28 
(d, 1=?.3 Hz, 2H), 7.6~ (d, 1=8.3 Hz, 2H). 

c) [S-GR,S)]-8-[[[4-[N-(alanyl)aminomethyl]phenyl]-amino]carbonyl]-2,3,4,5-tetrahydro- _ 
3-ox0-4-(2-phenylethyl)-1 H-1,4-benzodiazepine-2-acetic acid hydrochloride 

15 Usi_ng the procedure of Example 31(b), except substi.tuting the compound of 
Example 40(b} for the compound of Example 31(a) gave the title compound (160 mg, 
51 %) as a pale yellow powder: HPLC RT 3.1 min (Ultrasphere ODS 4.6 mm x 15 cm, 
30% ANfW.,. TFA, 1.5 mlimin, UV detection at 240 nm); 1 H N¥R:{CD30D~-o:_-~.52_ (_d, 

J=7.l Hz, 3H), 2.67 (dd, J=5.l, 16.7 Hz, IH), 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 (dd, 1=5.1, 8.9 Hz, 

25 

lH), 5.45 (d, 1=16.7 Hz, lH), 7.02-7.22 (m, 8H), 7.29 (d, 1_=8.5 Hz, 2H), 7.64 (d, 
1=8.5 Hz, 2H); MS(ES) m/e 544.2 (M+H)+. Anal. calcd (C30H33N505·HC1·3H20): C, 

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

Example 41 

Preparation of 8-[[4-(aminoiminomethyl)benzoyllamino]-4.5-dihydro-2-methyl-3-
oxo-4-(2-phenylethyll-3H-1.4-benzodiazepine 

30 Using the procedure of Preparation 26(e), except substituting 1FA for 
hydrochloric acid, yielded a mixture of 8-[[4-(aminoiminomethyl)benzoyl]-amino]-
2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-IH-I ,4-benzodiazepine-2-acetic acid 
and the title compound (80 mg) which were separated by HPLC RT 24.8 min 
(YMC ODS AQ, 50 x 250 mm, 85 rnUrnin, 30% AN/W-1FA, UV detection at 220 

35 nm); lH NMR (400 MHz, MeOD4) o 8.l(d, 2H), 7~9(d, 2H), 7.75(s, 

1H),7.60(d, IH), 7.35(d, IH), 7.22-7.12(m, 5H), 4.20(m, 2H), 3.70(rn, 2H), 
2.85(m, 2H), 2.42(s, 3H); MS(ES) m/e 440 [M+H]+. 
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Exarople42 

Preparation of CR.S)-8-[[[ 4-Cam inoiminomethyl)phenyll-m ethyl ami nolcarbon yl J-
2".3 >i·.5~tetrah.yru-Q..2-~ethyJ-3-o~;4~c2~ ph·e~yiethyl )~-1 i-1~·1.4~be.nz0ci{a~epi~e ·· 

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

butoxycarbonyl]-N-(2-phenylethyl)-aminome~l]benzoate 

The compound of Preparation 24(b) (850 mg, 2 mmol), 

diisopropylethylamine (400 mg, 3 mmol), D,L-methyl-a.-bromopropionate (600 

mg, >3 mmol), and a catalytic amount of tetrabutylammoniwn iodide (12 mg) were 

diss~lved in DMF (10 mL}..and.heated.to 90°C for 20 h with stirring. The mixture 

was ·concenrrated and the residµ~ was c,tissolved in ethyl acetate and washed 

sequentially with dilute hydrochloric acid, 5% sooium bicarbonate and brine, dried 

(magnesium sulfate) and concenrrated. 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) rn/e 513 [M+HJ+. 

b) methyl (R~SF8.-:caiboxy-2~3,4,5-:fotrahydr0-2-methyl-3:.o~o-4-(2-

phenylethyl)-1H-l,4-benzodiazepine 

20 Using the procedure of Example l(g), except substituting the compound of 

Example 42(a) for the compound of Ex_al!lple ~ (f), gave the title compound (290 

mg, 54%): MS(ES) m/e 325 [M+H]+. Anal. (Cl 9H20N203·0.5 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]phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydr~2 methyl-3-oxo-4-(2-

phenylethyl)-lH-1,4-benzodiazepine 

Using the procedure of Ex.ample l(h), except substituting the compound of 

Example 42(b) for the compound 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)pheny lJmethylamino J-carbony l]-2,3 ,4 ,5-

tettah ydro-2-methyl-3-oxo-4-(2-phenylethyl)- lH,- l ,4-benzodiazepine 

dihydrochloride 

35 Using the procedure of ErLrr1ple 2(f), except substituting the compound of 

Example 42(c) for the compound of Example 2(e), gave the title compound (70 

mg, 54%): MS(ES) m/e 456.2 [M+H]+; lH NMR (400 MHz, MeOD4) o 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, IH), 5.3 (d, lH), 4.77 (m, IH), 3.85 (d, IH), 3.75-3.6 

(m, 2H), 3.45 (s, 3H), 2.67 (m, 2H), 1.25 (d, 3H); Anal. 

(C27H29KsQi·2H,Cl:L5 H2_0) c,al~d.: .c •. 58.3?; H, 6.07; N. 12.f?O. f9und: C, 

58.59; H, 5.89; N, 12.65. 

Example 43 

Preparation of ethyl CR.S)-8-[ [[ r 4-Caminoiminomethyl)phenyll-methylaminolcarbony1J-

2.3.4.5-tetrahydro-3-oxo-4-C2-phenylethy1)-1 H-1.4-benzodiazepine-2-acetate 

a) ethyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-IH-l ,4-­

benzodi~pine-2-acetate 

1 The compound of Preparation 24(e) (2.0 g, 4.77 mmol) was dissolved in a 

solution prepared by dissolving sodium metal (1.15 g) in absolute ethanol (75 mL). The 

·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 
. . . . . 

resulting precipitate filtered, dried and recrystallized from ethanol to give the title 

compound (0.6 g., 42%): lH NMR (400 MHz, DMSO-d6) 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), 1.7 (t, 3H). 

b) ethyl {R,S)-8-[[[4-(aminoiminomethyl)phenyl]methyl-amino]carbonyl]-2,3,4,5-

tetrahydro-3-oxo-4-(2-pheny lethyl)-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 (rn, 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, IH), 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+H]+. 

Example44 

Preparation of CR.S)-ff8-f 4-(aminoiminomethyl)phenyll-methylaminolcarbonyll-

35. 2.3.4.S-tetrahydro-3-ox0=4-(2-phenylethyl)-1 H-1.4-benzodiazei:iine-2-acetamide 
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a) 8-[[[4-[N-(benzyloxycarbonyl)-aminoiminomethylJ­

phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-

1,4-benZQdiaz.epine-2-acetamide 
·. . . ·: .... ·· . . . . .. . ... 

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, CDCI3) o 7.7 (d, J=8.5 Hz, 2H), 7.45-7.05 (m, 

IO 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, 
' 

IH), 5.19 (s, 2H), 5.18 (d, J=l6.8 Hz, IH), 4.88 (m, IH), 4.17 (d, J=5.3 Hz, 

IH), 3.7 (s, 3H), 3.65 (m, 2H), 3.55 (d, J=l6.8 Hz, lH) 3.45 (s, 3H), 2.9 (d,d, 

J=l6,1 6.9 Hz, IH), 2.7 (m, 2H), 2.6 (d,d, J=16, 6.3 Hz, IH). 

15 b) 8-[[[4-(aminoirninomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5-tetrahydro-

3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetamide trifluoroacetate 

Using the procedure ofExample.2(f), except substituting the compound of 

Example 44(a) for the compound of Example 2(e), gave the title compound (45 mg, 25%): 

MS(ES) m/e 499 (M+H)+, 497 (M~Ht; lH NMR (400 MHz, MeOD4) o 7.75 (d, J=8.5 

20 Hz, 2H), 7.36 (d, J=8.5 Hz, 2H), 7.22-7.10 (m, 5H), 6.77 (d, J=7.8, IH) 6.71 (s, lH), 

6.48 (d, J=7.8 Hz, lH),5.31 (d, J=16.8 Hz, lH), 5.04 (m, lH), 3.84 (d, J=l6.8 Hz), 

3.68-3.5 (m, 2H), 3.47 (s, 3H), 2.88 {d,d, J=l6, 6.9 Hz, IH), 2.68 (m, 2H), 2.49 (d,d, 

J=l6, 6.3 Hz, IH); Anal. (C2gH3QN603 1.5 1FA) calcd: C, 55.60; H, 4.74; N, 12.55. 

found: C, 55.52; H, 4.90; N = 12.47. 

25 

30 

Example45 

Preyaration of CR.S)-8-[[[ 4-Caminoiminomethyllphenyll-methylaminolcarbonylJ-

2.3.4.5-tetrahYdr0-3-oxo-4-(2-phenylethyll-1 H-1.4-benzodiazepine-2-ethanol 

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

methylJphenyIJmethylamino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-lH-1,4-benzodiazepine-2-e.thanol 

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) o 7.65(d, 2H; J=8.45), 7.44-

7.27(m, ·5H): 7.20(d, 2H; J~8~45), ·1.1s-1~oscni. SH), 6.60 {ni,-2H), 6.2scs. 

••. _., •• "<, 

5 lH), 5.21(d, 2H), 5.16(d, 2H; J=l6.8), 4.50(m, lH), 3.68-3.64 (m, 4H), 

3.55(d, 2H; J=l6.8), 3.47(s, 3H), 2.72(m, 2H), l.96(m, lH), l.85(m, lH) 

b) (R,S)-8-[[[ 4-(aminoiminomethyl)phenyl]methylamino ]-carbonyl]-2,3,4,5-

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-ethanol 

10 dihydrochloride 

A solution of the compound of Example 45(a) (80 mg, 0.12 mmol) iri 
methanol (10 mL) was treated with 10% palladium on carbon (60 mg) and 

concentrated hy~hloric acid (0.1 mL) and hydrogenated (40 psi) for 2 h. The 
. : . . 

mixture 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) o 9.20(s, lH), 8.66(s, lH), 7.66(d, 2H),-

7.36(d, 2H), 7.30-7.08(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), 1.80(m, lH). Anal. (C28H31N503.2HC1.l.5H20) calcd: C, 

20 57.44; H, 5.76; N, 11.96. found: C, 57.52; H, 5.89; N, 11.87. 

Example46 

Preparation of CR.S)-8-[[2-f 4-(pyridyl)ethyllmethylaminol-carbonyll-2.3.4.5-tetrahydro-

25 3-oxo-4-(2-phenylethv])-1 H-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 CH2Cl2. The organic phase was 

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

CH2Cl2fmethanol) to yield the title compound as a white solid (37 mg, 20%): MS(ES) m/e 

473.2 [M.+H]+. 

35 

Example47 

Preparation of CR.S)-8-f2-[4-Caminomethyl)pheny1lethyll-2.3.4.5-tetrahydro-3-oxo-4-C2-

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

benzodiazepine-2-acetate 

Thionyl chloride (50 mL) Y{a~ .~ddedJ.QJ!i_e,.c9,IPJ?9U~g-~f ~p~~-q~ .~4(~) (3.8 g, 
. . .· .... ··.. . . .• ..... · .... ·. ·. .. 

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 11IF (50 mL), stirred at RT, treated ·with 

sodium borohydride (2.0 g, 53 mmol)and stirred for 16 h. The mixture was que;nched 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 

10 

15 

(silica gel, 1 % methanol/chloroform) to yield the title compound (1.71 g, 47'!0). 1LC Rf 

0.49 (silica gel, 5% methanol/chloroform); lH NMR (CDCI3) o 2.62 (dd, lH), 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, 

lH)~ 5.24 (d, J=l6.5 Hz, lH), 6.56 _(s, IH), 6.62 (d, J=7.4, lH), 6.80 (d~ J=7.7·Hz, 

lH), 7 .20 (m, SH). 

b) methyl 8-formyl-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-

acetate 

· To the compound of Example 47(a)· (1.60 g, 43 mmol) in 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 rinsed with CH2CI2 and 

the filtrate was concentrated. The residue was purified by flash chromatography (silica 

gel, 50% ethyl acetate/n-hexane) to give the title compound (0.71 g, 44%): 1LC Rf 0.67 

(silica gel, 5% methanoVchloroform); lH NMR (CDCl3) o 2.68 (dd, lH), 2.81 (dt, 2H), 

3.0 (dd, lH), 3.72 (m, 3H), 3.75 (s, 3H), 5.0 (t, lH), 5.31 (d, J=16.7 Hz, lH), 6.93 (d, 

25 1=7.6 Hz, IH), 7.03 (s, lH), 7.11 (d, 7.8 Hz, lH), 7.19 (m, SH), 9.85 (s, lH). 

c) EfZ methyl 8-[2-[ 4-(Cyano)phenyl]ethenyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-lH-l ,4-benzodiazepine-2-acetate 

A solution of the compound of Example 47(b)(0.67 g, 1.8 mmol)and (4-

30 cyanobenzyl)triphenylphosphoniurn chloride (0.80 g, 1.9 mmol) in anhydfous DMF (50 

mL) was treated with sodium hydride (74 mg, 60% dispersion in oil, 1.8 mmol) and 

stirred for 5 h. The mixture was concentrated 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 compound as a (2:3) mixture ofE/Z olefin isomers (693 mg, 81 %). Further 

chromatography (silica gel, 40% ethyl acetate/n-hexane) yielded the pure E and Z isomers. 
E isomer: 1LC Rf 0.39 (silica gel, 40% ethyl acetate/n-hexane); lH NMR (CDCl3) 8 

2.65 (dd, lH), 2.82 (dt, 2H), 2.97 (dd, lH), 3.71 (m, 3H), 3.74 (s, 3H), 4.94 (t, lH), 
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5.23 (d, J=l6.5, lH), 6.46 (m, 2H), 6.52 (d, J=12.3 Hz, IH), 6.61 (d, 1=12.3 Hz. lH), 

6.71 (d, J=8.1 Hz, lH), 7.21 (m, SH), 7.32 (d, J=8.3, 2H), 7.5 (d, J=8.3, 2H); 

MS(ES). rn/e 466.~JM+H]+. . .. . . . . 

Z isomer: TI..C Rf 0.33 (silica gel, 40% ethyl ac~tate/n-hexan~); lH.NMR (CDCl3.) o. 2.71 

5 (dd, IH), 2.82 (dt, 2H), 3.03 (dd, IH), 3.70 (m, 3H), 3.75 (s, 3H), 4.97 (t, IH), 5.27 

(d, J=l6.6 Hz, IH), 6.76 (s, lH), 6.85 (s, 2H), 7.02 (d, J=4.2, 2H), 7.18 (m, 5H), 

7.54 (d, J=8.4, 2H), 7.63 (d, J=8.4, 2H); MS(ES) m/e 466.2 [M+H]+. 

d) methyl 8-[2-[4-(aminomethyl)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 hydrogenated (50 psi) for 5 h. 

The mix~ was filtered, the filtrate was concentrated and to yield the title compound: 1LC 

Rf 0.77 (siiica, 4: 1: 1 n-butanol:acetic acid:water), HPLC k' 2.5 (PRP-1, 50% AN/W-

15 TFA, UV detection at 220 nm). 

e) 8-[2-[ 4-(aminomethyl)phenyl]ethy l]-2~3,4,5-tetrahydro-3-oxo-4-(2-phenylethy l)- lH-

1,4-benzodiaz.epine-2-acetic acid 

The compound of Example 47(d) was dissolved in 20% acetic acid and refluxed for 

20 72 h. The mixture was concentrated and purified by HPLC (PRP-1, 35% ANN/-TFA) to 

give the title compound: 1LC 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. (C2gH31N303· CF3C02H· H20) 

calcd: C, 46.98; H, 4.14; N, 4.63. found: C, 46.84; H, 3.96;N, 4.80. 

25 

30 

Examples 48 

J>ru>aration of 7-[3-( 4-pyridy])propyloxyl-2-(2-phenylethyl)-3-oxo-2.3.4.5-tetrahydro-

1 H-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 rnrnol) in toluene (250 rnL) was heated to reflux using a Dean-Stark trap to 

remove water. After 2.5 h, the mixture was concentrated to solid residue, which was 

35 ttiturated and filtered to give the titled compound (24.5 g, 89%): mp 142-3°C). 

b) N-(2-phenylethyl)-4-methoxyphthalimide 
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A stirred solution of the compound of Example 48(a) (18 g, 0.06 mol) in D:MF (85 
mL) at 0°C was treated with sodium methoxide (3.6 g, 0.066 mol) portionwise. The dark 
brown mixture \y'as stirre4 a~ RT for 3.5 h, ql1enc.hed with ice-water, e.xtr?cteq wi.th ethyl ... : ... :: .... · : · .. •· .. ....... . ·. ··:· ....... ::.·· .... :· ·- -. - .· -..... ·· ·- - ·' - ; . . .· 
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+H]+; lH NMR (400 MHz, 
CDCl3) o 7.72 (d, J=8.25 Hz, lH), 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.~7 Hz, 2H), 2.99 (t, J=7.87 Hz, 2H). 

c) 2-hydroxymethyl-4-melhoxy-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, dried (sodium 
sulfate), concentrated to a small volume, and filtered to yield the title compound (10 g, 

15 67%): mp 154-6°C; MS rn/e 286 [M+H]+; lH NMR (400 MHz, CDCl3) 8 7.39 (d,· 

1=8.25 Hz, lH), 7.12-7.28 (m, SH), 6.81 (d, J=2.3 Hz, IH), 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, J=7.87 Hz, 2H). 

d) 2-hydroxymethyl-4-methoxy-[N-(2-phenylethyl)]benzylamine 
20 To a solution of borane (800 mL, lM 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]+; l.H NMR (400 MHz, CDCl3) o 7.08-729 (m, .SH), 6.90 (d, J=2.62 Hz, lH), 

6.73 (dd, 1=2.62, 8.29 Hz, IH), 4.58 (s, 2H), 3.83 (s, 2H), 3.77 (s, 3H), 3.10 (t, 
1=6.78 Hz, 2H), 2.89 (t, 1=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 mmol) and triethylamine (12.3 mL, 0.089 mmol) in CH2CI2 (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, CDCI3) o 7.13-7.28 (m, 5H), 6.90 (d, J=2.53 Hz, lH), 

35 6.79 (dd, 1=2.53, 8.29Hz, IH), 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 

CH2CI2 (275 mL) was stirred at RT for 18 h. The reaction mixture was fil~ered and 

concentrated to give the titled.compound (20 g, 70%): MS ~/e 370.2 [M+H]+;. lH ~ 
(4o6 ~. c:o'c13) B io:16 cs. lH), ·7_34 (d, J=2.14 Hz, lH), 7.07-7.27 (rn, 7H), 4.79 

s (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), 

. IO succi~ic anhydride (20 g, 0.2 mol), and the compound of Example 48(f) (20 g, 0.05 mol) 
in CHiCI2 (15e> mL), ttiethylamine (28 mL, 0.2 mol) was added dropwise at 0°C. The 

mixture was stirred for 18 h, diluted with CH2Cl2 (100 mL), washed with cold IN 

hydrochloric acid, dried (sodium sulfate) and concentrated. The residue was trituraied . 

with ether/CH2Cl2 (75 inL, 2:1) and filtered. The filtrate was concentrated to give the title 

15 compound (23 g, 87%). 

h) trans-3a,5,6, l Ob-tetrahydro-9-methoxy-5-(2-phenylethyl)-2H-f uro[3,2-

d] [2] benZaiepin-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 

h and concentrated to give 2-[5-methoxy-2-[N-(2-phenylethyl)aminomethyl]phenyl]-5-
oxo-tetrahydro-3-furancarboxylic acid as grayish solid (18 g, 97%): MS(ES) m/e 370.2 

[M+H]+. 

This solid, triethylarnine (14 mL. 0.1 mol). and benzotriazol-l-yloxy-

25 tris(dimethylamino)phosphonium hexafluorophosphate (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% 

methanoVCH2Cl2) to yield the title compound (9.5 g, 55%): MS(ES) m/e 352.2 [M+H]+; 

lH NMR (400 MHz, CDCI3) o 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 (4. J=l7.26 Hz; IH), 4.92 (d, 

1=11.48 Hz, lH), 4.07 (dt, J=7.82 Hz, 1=13.57 Hz, IH), 3.92 (d, J=17.26 Hz, lH), 

3.85 (m, lH), 3.79 (s, 3H), 3.52 (m, lH), 3.25 (dd, 1=17.61 Hz, J=ll.76, lH), 2.78 

(m, 2H), 2.65 (dd, J=l 7.26 Hz, 1=7.26 Hz, lH). 

35 i) ethyl 7-methoxy-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-lH-2-benzazepine-4-

acet:ate 

A solution of the compound of Example 48(h) (0.123 g, 0.35 mmol) in 3N 

hydrochloric acid (15 rnL) 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.~olv~<;l in ethanol (75 mL) ~d heated ~o reflux in tlie presenc~ of 4 M .l"lyqrqg~n_, .. 
chloride/dioxane (2 mL) for 2 h. The solution was concentrated to give the title compound 

s (0.11 g, 83%): MS(ES) m/e 382 [M+HJ+; lH NMR (400 MHz, CDCI3) o 7.08-7.26 (m, 

10 

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

lH), 5.1 I° (d, J=16.47 Hz, IH), 4.16 (q, 1=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-benzazepine-4-

acetate 

To _a solution of the compound of E_xample 48(i) (0.11 g, 0.29 ml_Ilol) and 
ethanethiol (1mL,13.5 mmol) in CH2CI2 (20 rnL) at 0°C was added aluminum chloride 

(0.2 g, 1.5 mmol). The mixture was wanned 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/e 368.2 [M+H]+. 

k)-ethyl 7-[3-(4-pyridyl)propyloxy]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tettahydro-lH-2-

20 benzazepine-4-acetate 

A mixture of the compound of Example 48G) (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-IH-2-

benzazepine-4-acetic acid 

A mixture the compound of Example 48(k) and lN sodium hydroxide solution in 

30 methanol is stirred at RT for 5 hand acidified with IN hydrochloric acid to give the title 

compound. 

Exarnple49 

35 Preparation of 7-f3-C 4-piperidiny0propyloxyl-2-C2-phenylethy0-3-oxo-2.3.4.5-

tetrahydro= 1 H-2-benzazepine-4-acetic acid 

Using the procedure of Example 34, except substituting the compound of Example 

48(1) for the compound of Example 9(a) gives the title compound. 
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Example 50 

Preparation of CR.S)-8-fU3-Caminomethyl)phenyljaminol-carbonyh~2.3.4.5-tetrahydro-3·~ 
s oxo-4-C2-phenylethyl)-1H-1.4-benzo<liazepine-2-acetic acid 

a) methyl (R,S)-8-[[[3-(aminomethyl)phenyl]aminoJcarbonyl)-2,3,4,5-tetrahydro-3-o~o-

4-(2-phenylethy l)-lH-1,4-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), g~ve 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,_ 1=17 Hz), 6.93-7.93 (m, 12H). 

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

phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid 

Using the procedure of Example 1 G), except substituting the compound of 
. . 

Example 50(a) for the compound of Example ~ (i), gave the title compound ·(85."Ing); 

MS(ES) m/e 473 [M+H]+; lH NMR (CD30D, 25011Hz) B 2.60-3.10 (m, 4H), 3.58-

20 3.88 (m, 2H), 3.95 (d, J=l7 Hz, lHx), 4.67-5.04 (m, 2H), 5.10-5.20 (rn, lH), 5.50 (d, 

J=l7 Hz, lH), 6.93-8.05 (m, 12H); HPLC k' = 2.61 (PRP:--1®, 30% AN/W-TFA, UV 

detection at 220 nm). 

25 

Example 51 

Preparation of 8-[ 1-f 4-{ 4-pvridyl)pioerazinyllcarbonyll-2.3 .4.5-tetrahydro-3-oxo-4-(2-

phenylethy])-1 H-1.4-benzodiazepine-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 ml/min, gradient, A:acetonitrile B :water-0. 1%1F A, 10-80% 

A in 20 min, UV detection at 220 nm). 

Example 52 

35 Preparation of CR.Sl-8-[[[ 4-Caminomethy0-3-chloro-phenyllcarbonyllaminol-2.3.4.5-

tetrahydro=3-oxo-4-C2-phenylethyl)-1 H-1.4-benzodiazej)ine-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(l:.3) m/e 507 [M+HJ+; Anal [C27H27CIN404 

·l.5(C2HF302)·H20J calcd: C,51.43; H,4.39; N,7.99; found: C,51.36; H,4.29; N,7.90. 

ltt NMR (DMSQ"'.q6. 25p ~z). 9 .. ;2.;51<?.6.0Cm. _2I:Q •.. f·65).·?..QCr1· ?Ij). -~-~5~~-,5~(m, ., 
2H), 3.85(d, 1=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-[3-C 4-piperidiny])propyloxy]-7-oxo-6.7.8 .9-tetrahyciro-SH-

10 benzocycloheptene-6-acetic acid: and 

3-[3-C 4-piperidiny])propyloxyl-7-oxo-6. 7 .8. 9-tetrahydro-5H-benzocycloheptene-6-acetic 

acid 

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 (1. Org. Che'm_. "47, 5·201 (198_2)) for benzosuberone, and 

separating the resulting mixture of isomers by chromatbgraphy.-·gives the title compounds. 

20 b) 2-[3-(4-piperidinyl)propyloxy]-7-oxo-6,7,8,9-tetrahydro-SH-benzocycloheptene-6-

acetic acid, and 3-[3-(4-piperidinyl)propyloxy]-7--0xo-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. 

Exarnple.54 

Preparation of CR.S)-8-[[[2-[ 4-(2-aminopyridyl)]ethyll-aminolcarbonyll-2.3 ,4,5-

tetrahydro-3-oxo-4-(2-phenylethy])-l H-l .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(dimethylarnino)-phosphonium hexafluorophosphate for 1-(3-dimethyiamino-propyl)-

3-ethylcarbodiimide hydrochloride, gave the title compound. MS(ES) m/e 488.2 [M+H]+; 
Anal. (C27H29N504·1.5 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-1®, 25% AN/W-TFA). 
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Example 55 

frepe,JAtjon_ of CR'.S.)-2.3.4.~-.tem~hyqrp-~-rrr?-C?~Chydfo~y)µ):'.tjq-~~ 
... · .. ·. ·.• ·. . . . . . . . . . . . 

yllethyllaroinolcarbonyll-3-oxo-4-C2-phenylethy))-1 H-1.4-benzodiazepine-2-acetic acid 

s Using the procedure of Example 54, except substituting the compound of 

10 

Preparation 14(b) for the compound of Preparation 13G). gave the title compound. 

MS(ES) m/e 489.4 [M+HJ+; Anal. (C27H28N405·1.125 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 

Preparation of CR.sr~2.3.4.5-tetrnhyciro-3-oxcr4-C2-phenylethyl)-8-rrr 4- -

Ctrimethylarnmonium)butyllaminolcarbonyll-1H-1 .4-benzodiazepine-2-acetic acid. 

IS hydrochloride) 

20 

25 

The compound of Example 33(a) (92 mg, 0.19 mmol) in THF (5 mL) was treated 

with ic:x.fomethane (14.3 mL, 2.0 mmol) and the reaction mixture was heated to reflux for 

16 h. The white solid that formed ·was collect~d by filtration and washed with cold ether. 

The solid was treated with IN hydrochloric acid and lyophilized to yield the title compound 

(39 mg, 41 %). MS(ES) m/e 481 [M+HJ+; lH NMR (400 MHz, CD30D) o 8.06 (d, 

lH). 6.90-:-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, IH), 1.78-1.90 

(m, 2H). 1.66 (t, 2H). 

Example 57 

Preparation of CR.S)-8-[4-(aminomethyl)phenoxymethvll-2.3.4.5-tetrahydro-3-oxo-4-C2-

phenylethyll-1 H-1.4-benzodiazepine-2-acet:ic acid 

a) methyl (R,S)-2,3,4,5-tetrahydro-8-hydroxymethyl-3-oxo-4-(2-phenylethyl)-lH-1,4-

30 benzodiazepine-2-acetate 

Methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- IH-1,4-

benzodiazepine-2-acetate (3 g, 7.8 mmol) was dissolved in dry THF (20 mL) and treated at 

-5°C with triethylamine (1.14 mL, 8.19 mmol) and ethyl chlorofonnate (775 mL, 8.11 

mmol). The reaction was stirred f.Jr 1 h and filtered. The filtrate was cooled to 0°C and 

35 treated with sodium borohydride (651 mg, 17.23 mmol) in water (7.5 mL). The reaction 

was allowed to warm to RT and stined for 4 h. The mixrure 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) o 7.25-7.10 (m, 5H), 7.09-

6.78 (m, lH), 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-t-butoxycarbonyl)-{aminomethyl)phenoxymethyl]-2,3,4,5-
tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

IO 

The compound of Example 57(a) (100 mg, 0.24 mmol) was dissolved in dry TI-IF 

(10 mL) and trea_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]-2,3,4,5:-tetrahydro-3-oxo-4-(2-

phenylethyl)-lH-l ,4-benzodiazepine-2-acetate 

Using the procedure of Example 13(b), except substituting the compound of 
._Ex~ple 57(b) for the compound of Example 13(a}, gave the title compound(65 mg). 
·Ms(Es) m/e 574 [M+H]+. 

20 d) (R,S)-8-[4-(aminomethyl)phenoxymethylJ-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)­
lH-l,4-benzOdiazepine-2-acetic acid 

The compound of Example 57(c) (65 mg, 0.137 mmol) was dissolved in TIIF (1 
mL), cooled to 0°C and treated with IN lithium hydroxide (137 mL). The reaction was 
allowed to warm to RT and stirred for 15 h. The reaction was acidified to pH 5 with acetic 

25 acid and the crystals that formed were filtered off to yield the title compound (70 mg); 95% 
' 

purity by HPLC. MS(ES) m/e 460 [M+HJ+. 

Example 58 

30 Preparation of CR.S)-8-[[ 4-(2-aminoethyl)piperidin-1-vllcarbonyll-2.3.4.5-tetrahydro-3-
oxo-4-(2-phenylethyl)-IH-l .4-benzodiazepine-2-aceric acid 

a) methyl (R,S)-8-[[ 4-[ (N-t-butoxycarbonyl)-(2-aminoethyl)]piperidin-l-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 (rn, 5H), 6.95-6.50 (m, 3H), 5.50-4.40 

(rn, 5H), 4.00-2.43 (m, 14H), 3.73 (s, 3H), 1~90-1.00 (m, 5H), 1.43 (s, 9H). 
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b) (R,S)-8-([ 4-(2-aminoethyl)piperidin-1-yl]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)- l H- l ,4-benzodiazepine-2-acetic acid 

Using the procedures of Examples .13(b) and 13(c), except sut>.s~t_u~g, the_ ... 

compound of E~~ple 58(a) for.-the compound of Example 13(a), gave the title compound 

s (1.60mg). MS(ES) m/e479 [M+H]+; lH NMR (CD30D, 250 MHz) o 7.30-7.08 (m, 

5H), 6.98 (d, lH, 1=7.6 Hz), 6.60-6.50 (m, 2H), 5.47 (d, lH, 1=17 Hz), 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, 5H), 

1.35-1.08 (m, 2H); HPLC k' 2.43 (PRP-1®, 25% AN/W-TFA, UV detection at 

220 nm); Anal. (C27H34N4Q4• l.5 TFA) calcd: C,55.46; H, 5.51; N, 8.62, found C, 

10 55.19; H, 5.68; N, 8.58. 

Example 59 

Preparation of CR.Sl-8-U[4-Caminomethyl)phenyllmethylaminol=earbonyll-2.3.4.5-

15 terrahydro-3-oxo-4-C2-phenylethyll-l H- l .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), except substituting 4-cyano-N-methylanilirie 

for the compound of Example l(g), gave the title compound. lH NMR (400 MHz, 

20 CDCl3) o 7 .52 (d, 1=8.6 Hz, 2H), 7 .05-7 .30 (m, 7H), 6.66 (d, J=l.5 Hz, lH), 6.59 (d, 

J=7.8 Hz, lH), 6.33 (dd, J=7.8, 1.5 Hz, lH), 5.19 (d, J=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, 

1=16.7 Hz; lH), 3.48 (s, 3H), 2.95 (dd, 1=16.0, 6.6 Hz, lH), 2.67-2.82 (m, 2H), 2.62 

(dd, 1=16.0, 6.5 Hz, lH); IR (CHC13) 3230-3580 (br), 2230, 1731, 1656, 1603, 1437, 

25 1375 cm-1; MS(ES) m/e 497.2 [M+H]+, 993.4 [2M+H]+. 

b) methyl (R,S)-8-[[[ 4-(arninomethyl)phenyl]methylamino ]-carbonylJ-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 · pallad.iwn 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 funher purification. 

35 c) (R,S)-8-[[[4-(aminomethyl)phenyl]methylamino]carbonyl]-2,3,4,S-tetrahydro-3-oxo-

4-(2-phenylethyl)-lH-l,4-benzodiaz.epine-2-acetic acid 

The compound of Example 59(b) (0.15g, 0.25 mmol) was stirred in 10% aqueous 

acetic aeid (25 mL) at l 10°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, AN/W-1FA)to give the titl~ 

compound. Jv1S(ES) m/e 487.2 .rM+HJ:t". Anal .. CC.2sH.3p~4_C?4·2Ci~302) ~alcd: ~· 
. . . . - . · .... ·~ ·-. ~· ·-. ·._ .. --: •. -.... · ·:• .· -- ;::.. ·. ·.·.~ ·,· ~·. ~· .:·- ~- :-.· ......... ;· ·.·. ·.' '. 

53.78; H, 4.51; N, 7.84. found: C, 53.69; H, 4.79; N, 7.76. 

Example60 

Preparation of CR.S)-2.3.4.5-tetrahyd.ro-8-[[[2-fl-methyl-1.2.5.6-tetrahyciropyrid-4-

yllethyllmethylaminolcarbonyll-3-oxo-4-(2-phenylethyl)-1 H-1.4-benzocli azepine-2-acetic 

10 ~ 

15 

20 

25 

.a) methyl (R,S}-2,3,4,5-tetrahydro-8-[[[2-[ 1-methyl-1,2,5,6-tetrahydropyrid-4-

yl]ethy l]methylamino ]carbonyl]-3-oxo-4-(2-phenylethy l)-lH-1,4-benzod.iazepine-2-acetate 

1 Using the procedure of Example 27(a)_, except substituting the compound of -

Preparation 17(c) for histamine, gave the title GOmpound. 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]ethy l]­

methylamino ]carbonyl]-3-oxo-4-(2~phenylethyl)-1H-1,4-berii:odiazepine-2-acetic acid 

Using the procedure·o{Example ·1 (j), except substituting the compollrid::or· 

Example 60(a) for the compound of Example l(i), gave the title compound. HPLC RT 

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); IH NMR (DM~O-~A. 400 

MHz) o 9.6 (br d, lH), 7.25-7.15 (m, 5H), 7.0 (d, lH), 6.49 (s, lH), 6.45 (s, lH), 5.5 

(s, lH), 5.4 (d, IH), 5.0 (m, lH), 4.0 (d, lH), 3.75-3.05 (br m, 6H), 2.9-2.16 (br m, 

16H); MS(ES) m/e 505 [M+H]+. 

Example 61 

Preparation of CR.S)-2.3.4.5-tetrahyciro-3-oxo-4-(2-phenylethyl)-8-[4-Cpiperidin-4-yl)-

1 CE)-butenyll-lH-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-1,2,3,4-tetrahydro-3-oxo-4-(phenylethyl)-lH-1,4~ 

benzodiazepine-2-acetate (3.8 g, 10 mmol) was treated with thionyl chloride (50 mL) and 

the resulting suspension was heated at reflux under argon with stirring for 15 min, cooled 

35 to RT and concentrated. The residual oil was re-dissolved in toluene (25 mL), 

concentrated arid the residue was dissolved in dry TI1F (50 mL). The solution was stirred 

at RT and soditim 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, 1 % methanoVchloroform) gave the title compound (1.71 g, 47%) as a solid foam. 

nc Rr--0.49 (silica gel, 5% ~~ihanoVchloroforrn); "lHNMR ccnc13) 0·2.62·(dd~ lH)~ 

5 2.77 (m, 2H), 2.97 (dd, lH), 3.27 (br s, 2H), 3.~8 (m, 3H), 3.72 (s, 3H), 4.51 (s, 2H), 

4.94 (t, lH), 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, lH), 7.20 (m, 5H). 

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

I o benzcxliazepine-2-acecate 

To a ·solution of the compound of Example 61 (a) (1.20 g, 3.3 mmol) and carbon 
: '": ~ . . . 

tetrabromide (1.4 g, 4.2 mmol) ifr dry THF (40 mL), stirred at 0°C under argon, was 

added triphenylp_hosphine (1.1 _ g,A.2 mmol) in one portion. After 10 min, the reac~on 

was allowed to wann to RT and stfrred for 3 h. The mixture was concentrated and the 

15 residue was purified by flash chromatography (silica gel, 50% ethyl acetate/hexane) to 

yield the title compound (1.17 g; 83%). 1LC Rf 0.38 (silica gel, 40% ethyl 

acetate/hexane); lH NMR (CDCl3) o 1.26 (lH, s), 2.82(3H, m), 3.11 (lH, dd), 3.71 

(2H, m), 3.74 (3H, s), 3.83 .(IH; d; 1:16.5l{z.k4.37. (2H, s);_'4.;90 (lH, t), 5.q (lH, d, 

1=16.5Hz), 6.82 (2H, s), 6.89 (lH, d), 7.1-7.28 (6H, m). 

20 

c) (R,S)-[2-methoxycarbonylmetI:tyl-3-oxo-4-(2-phenylethyl)-2,3,4,5-tetrahydro- lH-1,4-

benzodiazepin-8-yl]methyltriphenyl-phoSphonium bromide 

To a solution of the compound of Example 6l(b) (1.15 g, 2.67 mmol) in dry THF 

(30 mL) was added triphenylphosphine (0.71 g, 2.7 rnrnol). 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%). lH NMR (CDCI3) o 2.01 (lH, s), 2.73 (2H, 

30 

m), 2.90 (lH, dd), 3.08 (lH, dd), 3.54 (lH, rri), 3.65 (lH, m), 3.70 (3H, s), 3.74 (IH, 

d, J=l6.7Hz), 4.49 (2H, dt), 5.08 (lH, d, J=l5.5Hz), 5.17 (IH, t), 6.40 (IH, 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-benz.odiazepine-2-acetate 

To a solution of compound of Example 6l(c) (1g,1.44 IDI110l) and the compound 

of Preparation 18 (l.75 mmol) in dry THF (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) c 1.11 (2H, m), 1.43 (4H, m), 1.45 (9H, s), 1.68 (2H, d, J=l2.5Hz), 

2.20 (2H, dd), 2.67 _(2H; dt}, 2.72 (IH, dd), 2.81 (lH, dd), 3.72 (3H, m), 3.74 (3H, s), 
.• . . .. . .- . . . . •. . · ....... ·- =- . .. . ·• . 

4.08 (2H, d, J=13.7Hz), 4.90 (IH, t), 5.18 (lH, d, J=16.5Hz), 6.14 (IH, dt, 

5 Jrrans=l5.8Hz), 6.24 (lH, d, ltrans=l5.8Hz), '6.67 (IH, s), 6.72 (lH, dd, J=7.8Hz), 

10 

6.80 (lH, d, J=7.8Hz), 7.20 (SH, m); MS(ES) m/e 576.2 (M+H)+. 

e) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[ 4-(pipericlin-4-yl)-1 {E)-butenyl]­

lH-1,4-benzodiazepine-2-acetic acid 

Using the procedures of Example 13(b) and 13(c), except substituting the 

compounds of Example 6l(d) for the compound of Example 13(a) gave the title 

compound. MS(ES) 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) c 1.38 (2H, m), 1.45 (2H, m), 1.61 (lH, .br s), 

-- 15 1.95 (2H, d, 1=13.6Hz), 2.22 (2H, dd), 2.61 (lH, m), 2.77 (2H, m), 2.91 (3H, 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=16.5Hz), 6.15 (lH, dt), 6.26 (lH, d, J=l5.9Hz), 6.58 (lH, s), 6.60 (IH, d, 

1=7.8Hz), 6~81 {lH~ d; J~7.8Hz}, 7.17 (5H, m). 

20 Example 62 

CR.S)-2.3.4.5-tetrahyd.ro-3-oxo-4-(2-phenylethyD-8-f 4-(piperidin-4-y])- l CZ)-butenyIJ-1 H-

1.4-benzodlazepine-2-acetic acid 

a) methyl (R,S)-8-[ 4-[N-(t-butoxycarbonyl)-pipericlin-4-yl]-l-( Z)butenyl]-2,3,4,5-

25 tetrahydro-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

The title compound was prepared by chromatography of the mixture of Example 

61(d). Z-isomer: MS(ES) m/e 462.2 [M+H]+; Anal. (C2sH35N303·1.5 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.I % 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 (IH, 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_(5H, m). 

35 b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[4-(pipericlin-4-yl)-l(Z)-butenyl]-· 

1 H-1,4-benzodiazepine-2-acetic acid 

The title compound was prepared in the same manner as in Example 6l(e), except 

substituting the compound of Example 62(a). lH NMR (CDCI3) c 1.08 (2H, m), 1.41 
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(4H, m), 1.45 (9H, s), 1.62 (2H, d, J=12.9Hz), 2.31 (2H, dd), 2.64 (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 (IH, t), 5.22 (lH, d, J=l6.5Hz), 5.59 (lH, 4t, 1cis=l l.6Hz), 6.27 (lH, d,_ 
.· . . ·~ . . . . . . ·.- . ~ . . . . . . . - . . . 

Jcis=l l.7Hz), 6.55 (lH, s), 6.63 (lH, d, J=7.7Hz), 6.82 (lH, d, J=7.7Hz), 7.20 (5H, 

5 m);" MS(ES) m/e 576.2 (M+H)+. 

Example 63 

IO Preparation of CR.S)-8-f2CE)-[4-(aminomethyJ)phenyllethenyll-2.3.4.5-tetrahyciro-3-oxo-

4-C2-phenylethyl)-1 H-1.4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-8-[2(E and Z)-[ 4-(N-t-butoxycarbonyl)(amino-methyl)phenyl]ethenyl]-

2,3,4,5-tetrahydro-3-oxo-4-(2-ph1,,nylethy l)- lH-1,4-benzodiazepine-2-acetate 

15 Using the procedure of Examples 61 (d), except substituting the compound of 

Preparation 19 for the compoun~ of Preparation 18, gave the title compounds in the ratio 

of approximately (2:3) (Z:E). E-isomer: lH NMR (CDCl3) o 1.47 (9H, s), 2.72 (lH, 
. . . - . . . . . . - . . : 

dd), 2.83 (2H, dt), -3.04 (1H; dd), 3.73 (3H, m), 3.75 (3H, s), 4.32 (2H, br s), 4.85 

(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 (IH, d, Jrrans=l6.5Hz), 7.01 (lH, d, 1rrans=l6.5Hz), 7.2 (7H, m), 7.43 (2H, d, 

J=8.2Hz); MS(DCI) m/e 570.5 (M+H)+. 

Z isomer: 1 H NMR (CDCI3) o 1.46 (9H, s), 2.66 (IH, 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 

(IH, d, J=l6.5Hz), 6.43 (IH, d, Jcis=l2.2Hz), 6.49 (lH, s), 6.53 (lH, d, 

25 1cis=l 1.8Hz), 6.55 (lH, d, J=6.2Hz), 6.69 ·(lH, 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)-1H-1,4-benzodiazepine-2-acetic acid 

30 Using the procedure of Example 6l(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) 8 2.64 (lH, dd), 2.78 (2H, m), 2.93 

35 (lH, dd), 3.70 (2H, m), 3.84 (IH. d, J=16.8Hz), 4.91 (2H, s), 5.07 (lH, m), 5.42 (lH, 

d, J=l6.4Hz), 6.77 (lH, s), 6.81 (lH, d, J=7.5Hz), 6.91 (lH, d, J=7.5Hz), 7.08 (2H, 

s), 7.18 ·(SH, m), 7.42 (2H, d, J=7.7Hz), 7.59 (2H, d, J=7.9Hz). 
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Example 64 

(R. S)-8-[2(Z)-[ 4-{am i nom eth y])phen yll ethenyll-2.3 .4 .5-tetrahyciro-3-oxo-4-(2-

phenyiethyi)- i H~l :4-b-enzOdiazepine-2·-acetic acid 

5 Using the procedure of Example 61(e), except substituting the Z isomer of 

Example 63(a) for the compound of Example 6l(d), yielded the title compound. MS(ES) 
m/e 462.2 [M+H]+; Anal. (C2sH35N303·1.75 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.l % TFA); lH NMR (CD30D) o 2.59 (lH, dd), 2.76 (2H, m), 2.88 

10 (lH, dd), 3.69 (2H, m), 3.78 (lH, d, J=l6.8Hz), 4.02 (2H, s), 5.00 (lH, dd), 5.35 

(lH, d, J=16.6Hz), 6.39 (IH, dd), 6.47 (lH, s), 6.54 (2H, s), 6.73 (lH, d, J=7.8Hz), 

7.17 (5H, rn), 7.27 (4H, 2d). 

15 

Example 65 

Preparation of (R. S)-2.3.4.5-tetrahyciro-3-oxo-4-(2-phenylethy])-7-U 4-(pyrid-4-

yl)piperazin-1-y1lcarbonyll-1 H-1.4-benzo<liaze.pine-2-acetic acid 

·-··: 

a) methyl (R,S)-2,3,4,5-tetrahydrcr3.,.oxcr.4-(2-phenyleihyl)-7-[[ 4-'(pyrid-4-yl)piperazin-l­

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 mUmin, gradient, A:acetonitrile B:water-0.1 % TFA, 10-

80% A during 20 min, UY 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]carbony)J-IH-l,4-benzodiazepine-2-acetic acid 

Using the procedure of Example IG), except substituting the compound of 

Example 65(a) for the compound of Example 1 (i), gave the title compound. HPLC RT 

14.6 min (YMC ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1 % 
30 TFA, 10-80% A during 20 min, UV detection at 220 nm); lH NMR (DMSO-d6:TFA, 250 

MHz) o 8.3 (m, 2H), 7.19 (m, 9H), 6.55 (d, IH), 5.4 (d, lH), 5.09 (m, lH), 4.0 (d, 

IH), 3.7 (rn, 8H), 2.8-2.4 (hr m, 6H); MS(ES) m/e 514 [M+H]+. 

35 

Example 66 

Prepara~on of CR.S)-2.3.4.5-tetrahydro:3-oxo-7-fff2-Cpiperidin-4-

yl)ethyllmethylarninolcarbonyll-1 ~-2-benzazepine-4-acetic acid 

a) t-butyl 3-bromo-4-methylbenzoate 
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A mixture of 3-bromo-4-JT'.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 rea.Ction volume of approximately 150 mL. Trifluoromethanesulfonic acid (0.22 g, 

2.5 mmol) was added dropwise to the stirred mixt"ure," and the""bomb was" "sealed. The -. 
5 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% sodi.um 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. 1LC Rf0.68 (toluene); lH NMR (250 :MHz, CDCl3) O 8.13 (d, 

J=l.7 Hz, I 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 (CCi.1) 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]+. 

15 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, 0.97 mmol) in 

carbon tetrachloride (100 mL) was heated to reflux. After 15 h; themixture was coole_d, .· 

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. I, 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 

concentrated. The residue was partitioned between water (100 mL) and ether (100 mL), 

and the layers were separated. The aqueous layer was extracted with ether, and the 

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/hex;me); 

lH NMR (250 MHz, CDCl3) o 8.15 (d; J=l.6 Hz, 1 H), 7.89 (d4, J=8.l, 1.6 Hz, 1 H), 

7.16 (d, J=8.l Hz, 1H),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-Cil18]+, 388 [M+H-Cil18]+, 334 

[M+H-2xC4H8]+, 332 [M+H-2xC4lf8]+. 
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d) t-butyl 3-bromo-4-[(t-butoxycarbonyl)arnino] methylbenzoate 

A solution of the comp~und of Example 66(c) (5.21g,11.73 mmol) and lN 

sodium hydroxide (11.7 mL, 11.7 mmol) in methanol (105 mL) was stirred at RT. After 

20 min, the ~act.io~ was dil~ted ~itlt '-~~te~ (iso "mi..) -~d ~~tracted With ether~ The .c • ' 

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 Rf 0.41 (15% ethyl acetate/hexane); lH NMR (400 MHz, CDCl3) 8 8.13(d,1=1.5 

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, 1=6.3 Hz, 2 H), 1.59 (s, 9 H), 1.45 (s, 9 H)°; IR (carbon tetrachloride) 3450, 1719, 

.1496, 1394, 1371, 1300, 125:?, 1J.72,_ 1120 cm-1; MS(ES) m/e 410.0 [M +-Na]+, 408.2 

[M + Na]+, 386.2 [M+H]+, 388 [M+HJ+, 330.0 [M+H-C4H8]+, 332 [M+H-C4I{g]+, 

274 [M+H.:.2xC4J18]+, 276 [M+H-2xC4J18]+. 

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

butoxycarbonyl)arnino]methyl]phenyl]-3-butenoate 

Dimethyl itaconate (607 mg, 3.84 mmol) was added lo a solution of the compound 

of Example 66(d) (1.14 g, ·2.95 nuriol), pall~diiim(IJ)· atet_ate (33 mg, 0, 15. ~mol), tri­

ortho~tolylphosphine (90 mg, 0.30 mmol), and diisopropylethylamine (1.03 mL, 5.90 

20 mmol) in propionitrile (15 mL). The solution was deoxygenated through three 

evacuation/argon purge cycles, and was heated to _reflux under argon. After 55 min, the 

reaction was cooled in ice/water and poured 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/hex.ane). All products with Rf 0.26 (major product) to Rf 0.65 (25% ethyl 

acetate/hexane) were isolated together as a cloudy, yellow oil. 1LC 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 (1:1) (29 

mL) at 0°C. The stirring bar was removed, and the mixrure 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 rnL), 

and palladium(II) 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 
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Celite®. 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 
(-25.% ~thyl a~etat.elhe~~~);" 1'H: NMR (250 ·Milz. m"c13)" s 7.83 (dd, J~8.o; "i.6 Hi:, 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, I H), 4.25-4.50 

(m, 2 H), 3.66 (s; 3 H), 3.64 (s, 3 H), 3.03-3.20 (m, 2 H), 2.67-2.93 (m, 2 H), 2.48 
(dd, J=16.8, 5.1 Hz, 1 H), 1.59 (s, ~ H), 1.45 (s, 9 H); IR (CCI4) 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 2xC4fig-C02J+. 

g) methyl (R,S)-3-methoxycarbonyl-4-[5-carbpxy-2-(aminomethyl)phenyl]butanoate 

; 1FA (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 dlchloromethane (3.2 mL) at 0°C under . 

15 argon. The solution was wanned 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 1FA. 
The resulting material was used without purification. 

h) methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo-lH-2-benzazepine-4-acetate 

20 The compound ofExampl'.! 66(g) was dissolved in anhydrous methanol (3.2 mL) 

.and the solution was cooled to 0°C under argon. Freshly prepared 1.0 M sodium 

methoxide/methanol (3.2 mL, 3.2 mmol) was added rapidly, and the ice bath was 

removed. The reaction was allowed to warm to RT over 10 min and heated to reflux under 

argon. After 2 h, the reaction was cooled in ice, and cold IN hydrochloric acid (3.4 mL, 

25 3.4 mmol) was added rapidly. The mixture was filtered after 1 hat 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. 1LC Rf 0.38 (10% methanol/chloroform); lH NMR 

(400 MHz, DMSO-d6) o 8.08 (app t, 1 H), 7.65-7.72 (rn, 2 H), 7.27 (d, J=7.8 Hz, 1 H), 

4.79 (dd, J=16.4, 4.9 Hz, 1 H), 4.01 (dd, J=l6.4, 6.7 Hz, 1 H), 3.59 (s, 3 H), 3.50-

30 3.61 (m, 1 H), 3.07 (dd, J=17.2, 3.6 Hz, 1 H), 2.87 (dd, J=l 7.2, 13.0 Hz, 1 H), 2.70 

(dd, 1=16.7, 8.7 Hz, 1 H), 2.45 (dd, J=l6.7, 5.2 Hz, 1 H); MS(ES) m/e 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 added to a solution of the compound of Example 66(h) (107 .6 mg, 0.39 

·mmol), N-methyl-2-(pyrid-4-yl)ethanamine (64 mg, 0.47 mmol), 1-hydroxybenzouiazole 
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(63 mg, 0.47 mmol), and diisopropylethylamine (0.14 mL, 0.78 mmol) in dry 

dimethylfonnamide (2 mL) at RT under argon. The reaction was stirred for 23 hand 

_ c.oncentrated. The residue was partitioned between ethyl acetate and water. The layers 

. -were-sep~ted, and th~ ~rgani~ ~ha~e ~as ~:ash~d ~th wa~er .. The ~o~bined aq~e~us 
5 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 copcentrated 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 the e¢yl aGetate phase. Chromatography (silica gel, 10% methanol/chlorofrn:n) gave the 

title corp.pound (139.7 mg, 91 %) as a coloriess oil. TLC Rf 0.45 (10% 

methanoVchlorofonn); lH NMR (400 MHz, CDCl3) Rotameric mixture; o 8.41-8.63 (rn, 

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 

15 (dd, J=16.9, 6.1 Hz, 1 H); IR (chloroform) 3400, 1727, 1660, 1623 cm-1; MS(ES) m/e 

396.2 [M+H]+. 

j) methyl (R,S)~2.3A,5-tetrahydro-3-.oxo-7-[[[2-(piperidin-4-

yl)ethy1Jrnethylamino]carbonyl]-1H-2-benzazepine-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 16.5 h. Filtration through Celite® and concentration left a 

colorless oil. This was used without purificatio.n. HPLC k' 3.2 (PRP-1®, 15% AN/W­

TFA). 

k) (R,S )-2,3,4,5-tetrahydro-3-oxo-7-[ [[2-(piperidin-4-y I )ethyl] me thy lamino] carbony 1 ]-

30 IH-2-benzazepine-4-acetic acid 

The compound of Example 66G) was dissolved in methanol (12 mL) and cooled. to 

0°C. lN Sodium hydroxide (1.05 mL, 1.05 mmol) was added dropwise, ·and the solution 

was allowed to warm to RT. The reaction was stirred at RT for 24 h and concentrated. 

The residue was concentrated from 1: 1 acetonitrile:water ( 4 mL) to remove methanol, the 

35 residue dissolved in 1:1 acetonitrile:water (4 mL), and cooled in ice. TFA (0.27 mL, 3.5 

mmol) was added and the reaction was concentrated. The residue was purified by 

reversed-phase flash-chromatography (ODS, 10-12.5% AN/W-TFA). Concentration and 

lyophilization· gave the title compound (97.5 mg, 47%) as a colorless powder. HPLC k' 
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5.19 (PRP-1®, 10% ANN/-TFA); lH NMR (400 MHz, DMSO-d6) Rotameric mixture; 

8 8.52-8.72 (m, 1 H), 8.15-8.43 (m, 1 H), 8.07 (t, J=5.8 Hz, 1 H), 7.20 (d, J=8.3 Hz, 1 

. !J), 7.08-7.1_5 (m,_ 2 H), 4.7_7 (dd, J=16.3, ~.7 Hz, 1 H), 3.96. (dd, 1=16.3, 6:7:H_z,_ 1. __ 

H), 2.70-3.55 (m, ·12 H), 2.65 (dd, 1=16.8, 8.4 Hz, I H), 2.34 (dd, 1=16.8, 5.2 Hz, 1 

5 H), 1.82-1.95 (m, 1 H), 1.02-1.62 (m, 6 H); MS(ES) m/e 388.2 [M+HJ+; 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 

Example 67 

10 
-

Preparation of CR.Sl-2.3.4.5-tetrahydro-3-oxo-2-(2-phenylethyl)-7-[[[2-(piperidin-4-

y])ethyllmethylaminol-carbonyll-1 H-2-benzazepine-4-acetic acid; 

a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-2-(2-phenykthyl)-7-[[[2-(pyrid-4-

15 yl)ethyl]methylamino)carbonyl]-lH-2-benzazepine-4-acetate 

Using the procedure of Example 32(a), except substituting the compound of 

Example 1 (g) for methyl (R,S)-8-carboxy-l,2,4,5-tetrahydro-.3-oxo-4-(2-phenylethyl)-

3H-1,4-benzodiazepine-2-acetate, gave th~-title compound. HPLC RT 16.2 min (YMC 

ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1 % TFA, 10-80% A 

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]-IH-2-benz:az.epine-4-acetate; and 

methyl (R,S)-2,3,4.5-tetrahydro-3-oxo-2-(cyclohexylethyl)-7-[[[2-(piperidin-4-

25 y l)ethy l]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 RT 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 nm).· 

35 c) (R,S )-2,3,4,5-tetrahydro-3-oxo-2-(2-phen ylethy 1)-7-[[[2-(piperidin-4-

y l)ethyl]methylamino ]carbonyl]- l H-2-benzazepine-4-acetic acid; and 

Using th~ procedure of Example 1 G), 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, 1.5 mL/min, gradient, A:acetonitrile B:water-0.1%TFA,10-80% A 

during 20 min, UV detection at 220 nm); MS(ES) rn/e 492 [M+H]+. . " . . . .. . . . ··.· . 

Example 68 

CR. S )-2 .3 .4 .5-tetra hydro-3-oxo--2-Ccyclohexylethy n-7-[[ [2-(piperidi n-4-

yl)ethy lJmethyl arni nolcarbony JJ-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 mlJmin, gradient, 

A:acetonitrile B:water-0.1%TFA,10-80%.A during 20 min, UV detection at 220 nm); 

MS<?S) m/e 498 [M+H]+. 

.. -_15 

Example 69 

?reparation of CR.S)-2.3.4.5-tetrahyciro-3-oxo-4-(2-phenylethyl)-8-[4-(piperidin-4-

yl)butyll-1 H-1.4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-8-[4-[(N+butoxycarbonyl)-piperidin-4-yl]butyl]-2,3,4,5-tetrahydro-3-

20 oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetate 

A mixture of the EfZ isomers of Example 63-64(c) and 10% palladil,lIIl on carbqn 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-pheny lethy l)-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. (C2gH37N303·CF3C02H·l.25 H20) calcd: C, 59.91; 

H, 6.51; N, 6.73. found: C, 60.04; H, 6.80; N,7.00.; HPLC k' 4.73 (PRP-1®, 35% 
30 AN/W-TFA); lH NMR (CD30D) o 1.32 (6H, m), 1.57 (3H, m), 1.87 (2H, d, 

35 

J=14.0Hz), 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), 5.02 (lH, dd), 5.37 (lH, d, J=l6.5Hz), 6.41 

(IH, d, J=8.0Hz), 6.42 (lH, s), 6.80 (lH. d, J=8.0Hz), 7.17 (SH, m). 

Example70 

Preparation of 8~U 4-(aminoiminomethyl)benzoyllarninol-2.3.4.5-tetrahydr0:3-ox0: 1 H-

2.4-benzodiarepine-2-acetic acid 
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a) a.,a.'-diphthalirnidoyl-o-xylene 

. • 
• .. .·. · . 

A mixture of a,_a'-dibrorno_-o-xylerie (26 _g,98 n:irno~) apd potassium phthalimide 
. '• .. '·· . ·-· :. . .· . . .· ... .'• · . .-.· ·.·. . . ·.: ·- ..... >::.· .. 

(54.7 g, 294 mmol) in dirnethylfonnarnide (500 mL) was refluxed for 18 h. The solution 

5 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-cx.,cx.'-diphthalimidoyl-o-xylene 

To a cold solution of potassium nitrate (6.2 g, 61.2 mmol) in concentrated sulfuric 

IO acid (350 mL) was added portion wise the compound of Example 70(a) (22 g, 55.6 

mmol). The resulting solution was wanned to RT ?fld 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 redu<;:ed pressure to give the title compound (23.58 g, 96%): ·· ·· 

15 c) l,2-bis(arninomethyl}-4-nitro-benzene 

To a solution of hydrazine (26 mL, 535 mrnol) in ethanol (1000 mL) was added 

ponion wise the compound of Example 70(b) (23.58 g, 53.5 mmol). The solution was 

refluxed for 1 h. Additional hydrazine (26 -~i.. -53S mmol) was· added followed by . 

ethanol (500 mL). The solution was stirred at RT for 18 h, filtered and the filtrate was 

20 concentrated. The residue was ttiturated 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-IH-2,4-benzodiazepine 

To a solution of the compound of Example 70(c) (9.42 g, 51.9 rnmol) in THF (500 

25 mL) was added dropwise 1,1'-carbonyldiimidazole (9.2 g, 56.8 mmol) dissolved in TIIF 

(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-IH-2,4-ben?:odiazepine 

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 solution was cooled and filtered. The 

solid was triturated with (7:3) dichloromethane:methanol for 1 h, filtered. and concentrated 

to give the title compound (4.3 g, 73%). 

f) methyl 2,5-dihydro-3-methylthio-7-nitro-IH-2,4-benzod.iazepine-2-acetate; and 

methyl 2,5-dihy9fo-3-methylthio-8-nitro-1H-2,4-benzodiazepine-2-acetate 



---------------.-............................... - ....... _,_,,_,,_,,,, __ ,,, ·- .... , .... _,,,, ___ ,_,,,,, 

- Ill..:.-.- .... 
. . :~ .. - . -

To a solution of the compound of Example 70(e) (2.2 g, 9 .9 mmol) in 

dirnethylfonn3:1llide (50 mL) was added dropwise iodomethane (0.614 mL, 9.9 mmol) 

dissolved in dimethylformamide (5 mL). The solution was stirred for 1 h and potassium 

· .c.arb~n~te d.O g;·2i.8 ~ffioi) ",:as ~cidCci follo.wed.by rneth"y! brom6acetate (0.93·1'mt: 9.9 -. 

5 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-benzodiazepine-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 solution 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 (1.38 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 in (l: 1) inethanol:dilpetl)y~(~irriami4e_· _(20 mL). ·Argo~ wa.s bubbled through the 

system and 10% palladiwn on carbon (80 mg) was added and the mixture was shaken 

20 under hydrogen ( 40 psi) for 1.5 h. The solution was filtered through Celi re® and 

concentrated. The residue was chromatographed (silica gel, 4% 

methanol/dichloromethane) t~ yi~ld tli-e tltle compound (110 mg, 42%). lH NMR (360 

MHz, DMS0d6) o 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, IH), 6.45-6.5 (d, lH), 6.6-6.65 (t, IH), 6.85-6.9 (d, IH); MS(ES) m/e 

25 250.2 [M+H]+; 1LC Rf 0.60 (9: 1 dichloromethane:methanol). 

i) methy I- 8-[[ 4-(N-benzyloxycarbony l)(aminoiminomethy 1)-benzoyl]amino ]-2,3,4 ,5-

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

Using the procedure 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)-IH-1,4-

benzcx:liazepine-2-acetate, and substituting 4-(benzyloxycarbonyl-amidino)benzoic acid for 

N-methyl-?-(4-pyridyl)ethanamine, and substituting dicyclohexylcarbodiimide for 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, gave the title compound. 

35 j) 8-[[4-(aminoiminomethyl)benzoyl]amino]-2,3,4,5-tetrahydro~3-oxo-1H-2,4-

beriz.odiazepine-2-acetic acid 

Using the procedures of Example l(i) and lG), except substituting the compound 

of Example 70(i) for the compound of Exarnple. l(h) gave the title compound. Anal. 



5 

... - 112.-
".' .. 

(C21H26N507.5) 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]+. lH NMR (DMSO-d(;, 360 ?vfHz) o 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 
... :·· :· .· .... '• · .. · .. . ; . . . . . .·.. . . ·. . . 

(m,-10 H). 

Example71 

Preparation of CR. S)-8- ff f2-U2-amino)pyrid-4-yl1ethy1 Jmethyla mi nolcarlmnyJl-2.3 .4. 5-

terrahydro-3-oxo-4-(2-phenylethyD-1 H-1.4-benzodiazepine-2-acetic acid 

10 Using the procedure of Example 54, except substituting the compound of 

Preparation 20(b) for the compound of Preparation 13G), and purifying the product by 

flash chromatography (YMCODS-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) o 2.65 (lH, m), 2.75 (2H, m), 2.84 (lH, t), 2.92 (iH, m), 

15 2.99 (3H, s), 3.10 (IH, s), 3.63 (2H, m), 3.72 (lH, m), 3.79 (lH, t), 3.87 (lH, d,. 

20 

J=l6.8Hz), 5.11 (lH, 2t), 5.43 (lH, d, J=l5.6Hz), 6.35, 6.53 (lH, 2s), 6.40, 6.49 

(IH, 2d, J=7.5Hz), 6.46, 6.88 (lH, 2d), 6.61, 6.89 (lH, 2s), 6.94, 6.97 (lH, 2d), 7.17 

(SH, .m); ·7.57; 7.74 (.lH, 2d, J=6~5Hz). 

Examp1e72 

Preparation of CR.Sl-7-[[[2-[(2-amino)pyrid-4-yllethyl JmethylaminolcarbonylJ-2.3.4.5-

tetrahydro--3-oxo-2-(2-phenyJethyl)-1 H-2-benzazepine-4-acetic acid 

Using the procedure of Example 71, except substituting the compound of Example 

25 1 (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, 5.29; N,8.59.; HPLC k' 3.42 (PRP-1®, 25% AN/W-TFA); lH NMR (400 

MHz, CD30D) o 2.46 (IH. 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=l6.7Hz), 

5.21 (lH, d, J=16.7Hz), 6.47-7.01 (3H, m), 7.01-7.22 (7H, m), 7.57, 7.76 (lH, 2d). 

Examp1e73 

35 Preparation of 8-[[[4-(aminoiminomethyl)phenyllmethvlaminol carbonyll-2.3.4.5-

tetrahydro-3-oxo-2-benzazepine-2-propionic acid 

a) 7-methoxy-2-tetralone oxime 



-113-_:_· . ~ .. ' -· 
.;-_. :--.-i: 

-.--··· .. ,- . ··. :·-: .. ... 
.. 

.... -·· : . . ~--~ 

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 
. . ·- . ·. - .. - ·.. . . . .· . . . 

extracted with chloroform." The organic phases were combined, washecfwiih brine: and -

5 concentrated to give a white solid Precipitation from ethyl acetate/hexane gave the title 

compo~nd (420 mg, 79%) as a granular solid. MS(ES) m/e 191 [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, 15.5 mmol) in 

10 polyphosphoric acid (30 g) was heated to 110°C for 10 min. The dark solution was cooled 

. . 15 

-
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-lH-3-benzazepine (2.63 g, 88%). MS(ES) m/e 191 [M+H]+ . 

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,19.8 rnmol) in 

dichloromethane (40 mL) was added in.one portion to a 0°C suspension of aluminum 

chloride (8 g, 60 mmol) in ethanethiol (20 mL) under argon. The mixture was allowed to 

20 come to RT and stirring was continued for 18 h. The mixture was quenched with ice (500 

mL), acidified with IN hydrochloric acid and extracted with ethyl acetate. The organic 

phases were combined, washed with brine, dried (magnesium sulfate), and concentrated. 

The residue was chromatographed (silica gel, 0-4% methanoVchloroform) 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+HJ+. 

d) 8-( trifl uoromethylsulfon yl)oxy-2,3 ,4,5-tetrahydro-3-oxo-1 H-2-benzazepine 

The compound of Example 73(c)(310 mg, 1.8 mmol) in dichloromethane (50 mL) 

was stirred at -30°C and treated with 2.6-luticline (0.32 mL, 2.7 mmol), 4-

30 (dimethylarnino)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 1 N hydrochloric acid and with brine, and conce:i:itrated to give the title 

compound (220 mg, 40%). MS(ES) m/e 309 [M+H]+. 

35 

e) 8-benzy loxycarbonyl-2,3 ,4,5-tetrahydro-3-oxo- l H-2-benzazepine 

A flame dried three neck flask was charged with the compound of Example 73(d) 

(440 mg, 1.5 mmol), palladium(II) acetate (90 mg, 0.4 mmol), 1,1'-
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bis(diphenylphosphino)-ferrocene (M3 mg, 0.8 mmol), and dry triethylamine (0.42 mL, 
3.0 mmol) in dimethylfonnamide (IO mL). Carbon monoxide was bubbled through the 
solution for 15 min, and benzyl alcohol (1.55 mL, 15 mmol) was added. The resulting 
solution· wa.S then heated to 70°C under a carbon monoxide-balloon for 4 h.- The-reaction··· -

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% methanol/chloroform) to afford the title compoWld (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 mmol). 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 of Example 73(f) (260 mg, 0.7 mmol), 5% 

palladium on barium sulfate (50 mg) in ethanol (10 mL) was 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 l(j), except substituting the 
I 

compound of Example 73(g) for the compound of Example l(g), gives the title compound. 

Example74 

Preparation of 7-f f 4-(am inoiminomethyl}phenyllethynyll-2.3 ,4 .5-tetrah ydro-3-oxo-2-(2-
phenylethyD-1 H-2-benzazepine-4-acetic acid 

a) ethyl 7-[[ (trifluoromethyl)sulfonyl]oxy ]-2-(2-phenyl-ethyl)-3-oxo-2,3,4,5-tetrahydro-
35 lH-2-benzazepine-4-acetate 

A solution of the compound of Example 48G) (360 mg, 1 mmol) and N ,N­
diisopropylethylamine (l 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 g.el, 1% meihanol/clichforoinethane) to"giv"e the tltle ccfrripound'(0.35 g, 70%) a5"an• .· 
5 amber oil. MS (ES) rn/e 500 [M+H]+, lH NMR (400 MHz, CDCI3) o 7.2-7.l (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=l7Hz, lH), 3.6 (m, lH), 3.0-2.9 (m, 2H), 2.8-2.7 (m, 3~). 2.4-2.3 (q, 
; 

lH), 1.3 (t, 3H). 

IO b) ethyl 7-[(4-cyanophenyl)ethynyl]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-lH-2-

benzazepine-4-acetate 

The compound of Example 74(a) is treated with 4-cyanophenylacetylene [prepared 

as in Synthesis, 627 (1980)], bis(lriphenylphosphine)palladium chloride, cuprous ioqide 

and triethylru:nine in dimethylfoimamide and the mixture is heated and stirred. The mixture 

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-(thibcarbamoyl)phenyl)ethynyl]-:2-(2.:phenylethyl)-~'-O~q-2,3,4,5;.:tetrahydnr 

1 H-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:triethylamine is treated with a stream of hydrogen 
. . 

sulfide and let stand. The mixture is concentrated. to give the title compound. 

d) ethyl 7-[4-(methylthioirnino)phenyl)ethynyl]-2-(2-phenylethyl)-3-oxo-2,3,4,5-

25 tetrahydro-lH-2-benzazepine-4-acetate 

Using the general procedure of EP 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-(aminoirninomethyl)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 heated to reflux. The 

mixture is cooled and concentrated to give the title compound. 
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f) 7-[[ 4-(aminoiminometh yl )pheny l]eth yny l]-2-(2-phenyleth yl)-3-oxo-2,3 ,4,5-tetrahydro-

1 H-2-benzazepine-4-acetic acid 

The compound of Example 74(e) is treated with dilute sodium hydroxide in 

. metlianoland ihen with dilute hydtochloric acid to give thelitle'compound.. 

Example 75 

Preparation of 7-f 1-f 4-Cpiperazin-1-y1lbut-1.:ynylll-2-C2-phenylethyD-3-oxo-2.3.4.5-

tetrahyciro-1 H-2-benzazepine-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-tetrahydro-IH-2-benzazepine-4-acetate 

, A mixture of the compound of Example 74(a) (0.3 g, 0.7 mmol), the comp~und of 

Preparation 21 (190 mg, 0.8 mmol), triethylamine (3 mL), bis(triphenylphosphine)-

15 palladium chloride (10 mg, 0.14 mmol) and cuprous iodide (2.5 mg, 0.14 mmol) in 

acetonitrile (10 mL) was heated to reflux for 20 h. The mixture was diluted with water and 

extracted with ethyl acetate. The organic.phase was dried (magnesium sulfate), 

concentrated and the reslduewas purified by flash chromatography (silica gel, 2% 

methanoVdichloromethane) to.yield th~ title compo~nd (90 mg, 25%). lH NMR (400 

20 MHz, CDCI3) B 7.15-7.26 (m, SH), 7.10 (s, lH), 7.06 (d, J=8Hz, lH), 6.8 (d, J=8Hz, 

lH), 5.1 (d, J=17Hz, lH), 4.15 (q, 2H), 3.8 (m, 2H), 3.7 (d, J=17Hz, IH), 3.6 (m, 

lH). 3.5 (s, 4H). 3.0 (m, 2H), 2.8 (m, iH), 2.7 (t. 2H), 2.6 (rn. 2H), 2.5 (s, 4H), 2.4 

(q, lH), 1.4 (s, 9H), 1.3 (t, 3H). 

25 b) ethyl 7-[1-[ 4-(piperazin-1-yl)but-1-ynyl]]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-

1 H-2-benzµepine-4-acetate 

30 

35 

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. 

c) 7-[1-[ 4-(piperazin- l-yl)but-l-ynyl]]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro- lH-2-

benzazepine-4-acetic acid 

The compound of Example 75(b) is stirred with dilute aqueous sodium hydroxide 

in methanol and then ·treated with dilute hydrochloric acid to give the title compound. 

Example76 

Preparation of CE)-2.5-dioxo-2.3.4.5-terrahyciro-7-U 4-Cpiperidin-4-yl)bpt-l-enyll-1 H-1.4-

benzodiazepine-4-acetic acid 

·. -:·· 



.·. ·.;·,.": ·: .. · . 

. : ; . ~ ' ..... : ·.·• . . .. ·.-. ~. . .· .. 

---------·--- -······•'''"'""""""""'""""' 

'-:111-' 
._; ' ;_ ... ·-·;.·-·. 

a) ethyl 7-bromo-2,5-dioxo-2,3,4,5-terrahydro-lH-1,4-benzodiazepine-4-acetate 

Using the general procedures ofU.S Patent 3,415,814 (Examples lN and20 

. ih~~~in), ~x~ept substituting 5·~bromo~i-riitrobenzoyl chlOride (prepared as iri Monatsliefte 

5 fur Chemie, 100, 469 (1969)J 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)] fc;>r ethyl N-(5-ethoxy-5-oxopentyl)glycinate, gives the title compound. 
; 

b) ethyl 7-hydroxymethyl-2,5-dioxo-2,3,4,5-tetrahydro-lH-1,4-benzodiazepine-4-acetate 

10 Using the general procedure of Chemistry Letters, 997 (1985), the compound of 

15 

20 

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-

benz.odiazepine-4-acetic acid 

Using the procedures of Example 6l(b)-61(e), except substituting the compound of 

Example 7 6(b) for the compound of Example 61 (a), gives the title compound. 

Example 77 

. Pre;paratjo~ of 2.S-dioxo-2.3.4.5-tetrahydro-7-U[2-Cpiperidin-4-

yl)ethyllmethylaminolcarbonyll-l H-1.4-benzodiazepine-4-pro.panoic acid 

a) ethyl 7-bromo-2,5-dioxo-2,3,4,5-tetrahydro-lH-1,4-benz.odiazepine-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 M onatshefte fur Chemie, 100, 469 (1969)] for 3,4-

dichloro-2-riitro-benzoyl chloride and substituting ethyl N-(3-ethoxy-3-

oxopropyl)glycinate [prepared 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 .iro-7-[[[2-(pyrid-4-yl)ethyl]methylamino ]carbonyl]- lH-

1,4-benzcxtiazepine-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. 
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c) ethyl 2.5-dioxo-2,3,4,5-tetrahydro-7-[[[2-(piperidin-4-yl)ethyl]methylamino] carbonyl]­

! H-1,4-benzodiazepine-4-propionate 

The compound of Example 77(b) is dissolved in dilute hydrochloric acid and 

meth~~l containing platinum--o~de- and-the ·mixttire. is shaken in a hydrogen auri.osphete .. 

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-y l)ethy l]methy lamina] carbonyl]- lH-

1,4-benzodiazepine-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. 

Example78 

Preparation of CR.S)-7-Uf2-Cpiperidin-4-yl)ethy11 methylaminolcarbonyll-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), cliisopropylethylarnine (1.8 mL, 

10.38 mmol), and 4-(dimethylamino)pyridine (761 mg, 6.23 mmol) in anhydrous 

d.irnethylformamide (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 IN 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 (magnesiwri sulfate) and concentrated. 

Chromatography (silica gel. 5% methanol in 1:1 ethyl acetate:chloroform) gave the title 

compound (1.59 g, 83%) as a colorless, very viscous oil which could be induced to 

30 solidify on scratching and treatment with a little ethyl acetate. 1LC Rf 052 (5% methanol 

in 1:1 ethyl acetate:chloroform); lH NMR (250, CDCI3) o 7.72-7.92 (m, 2H), 7.28-7.55 

(m, SH), 7.14 (d, J=8.3 Hz, IH), 6.76 (br t, lH), 5.35 (s, 2H), 4.85 (dd, J=l6.5, 5.2 

Hz, lH), 4.12 (dd, J=l6.5, 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) m/e 390.2 [M+Na]+, 268.2 [M+H]+. 
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b) methyl (R,S)-7-benzyloxycarbonyl-2,3,4,5-tetrahydro-2-rnethyl-3-oxo-lH-2-

benzazepine-4-acetate 

The compound of Example 78(a) (220.4 mg, 0.60 rnmol) was suspended in 

toluene (5-10 rnL), and·the mixture was carefully concentratecho remove water and·. 

. . .· . . · .. ~ . -, 

5 residual solvents. The resulting solid was dissolved in dry 1:1 THF:DMF (12 rnL), and 

iodornethane (0.19 mL, 3.0 mmol) was added. Sodium hydride (60% in mineral oil, 29 

mg, 0.72 rnmol) 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, CDCl3) o 7.77-7.87 (m, 2H), 7.31-7.47 
! . . 

(m, 5H), 7.16 (d, J=8.4 Hz, lH), 5.27-5.38 (m, 3H), 3.90 (d, J=l6.7 Hz, lH), 3.77-

15 3.90 (m, lH), 3.71 (s, 3H), 3.11 (dd, J=17A, 4.2 Hz, lH), 3.04 (s, 3H), 2.91-3.07 (m, 

2H), 2.43 (dd, 1=16.7, 5.4 Hz, lH); IR (CC14) 1724, 1666, 1273 cm-1; MS(ES) m/e 

382.0 [M +HJ+. 

c) methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-2-methyl-3-oxo- IH-2-benzazepirie-4-

20 acetate 

1.0% Palladium-on-carbon (64 mg, 0.06 mmol) was added carefully to a solution 

of the compound of Example 78(b) (229.2 mg, 0.60 mmol) in methanol (12 mL). The 

mixture was purged with hydrogen and stirred briskly at RT under hydrogen (balloon 

pressure) .. After 15 h, the mixture was filtered through Celite®, and the filtrate was 

25 concentrated to afford the title compound (162.7 mg, 93%) as a colorless solid which was 

used with.out further purification:· 1 H NMR (250, CD30D) c 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,1=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, 1=16.9, 4.7 Hz, lH); MS(ES) m/e 605.2 [2M +Na]+, 314.0 [M +Na]+, 292.0 [M 

30 +HJ+. 

d) Methyl (R,S)-7-[[[2-(pyrid-4-yl)ethyl]methylamino] carbonyl]-2,3,4,5~tetrahydro-2-

rnethyl-3-oxo-IH-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, CJ?Cl3) rotameric mixture;_o 8.42-8.62 (m, 

2H), 6.70-7-40 (m, 5H), 5.30 (d, 1=16.7 Hz, lH), 3.46-3.92 (m, 4H), 3.72 (s, 3H), 



:· . . ~··...: 

·: ·.·. ·. "· 
. . . . . . ~ . .: . .=_.· · .. : _.·· 

.·.•• ":: • • •·· • .,. r ,,· .· .. · . ·-:: . . ·.·: .. · 

a) methyl (R,S)-7-[ 1 '-(t-butoxycarbonyl)-4,4'-bipiperidin-1-yl]carbonyl]-2,3 ,4,5-

tetrahydro-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.S~tetrahydio~ 3:.bxo-4.;(phen y ieth yI}-lH.; i ,4~be.nzbd.iazepine:. 2-acetate for (R,S )-ff.;· 

5 carboxy-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)-l H-1,4-benzodiazepine-2-acetate and 

substituting the compound of Preparation 22 for N-methyl-2-( 4-pyridyl)-ethanarnine 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-l-yl]carbonyl)-2,3,4,5-tetrahydro-3-oxo-4-

10 (phenylethyl)-lH-1,4-benzodiazepin~-2-acetate 

Using the procedure of Example 13(b), except substituting the compound of 

Example 8l(a) for the compound of Example 13(a), gave the title compound (0.27g, 

75%): 1;1S(ES) m/e 533.2 [M+H]+; HPLC k'=9.4 (Vydac Cl 8, 4.6 x 250 mm, 1.5_ 

ml.Jmin, gradient A:acetonitrile B:water-0.1 % TFA, 5-50% acetonitrile during 20 miri, UV 

15 detection at 254 nm). 

c) (R,S)-7-[(4,4'-bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)-

· lH'-l,4-beI1ZoOi~Pine-2':acetic acid 

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 mixture was concentrated and the aqueous 

residue was neutralized with N hydrochloric acid and concentrated. The residue was 

placed in the refrigerator overnight and filtered. The filter cake was washed with cold 

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 ml.Jmin, gradient A:acetonitrile B:water-

0.1%TFA,5-50% A during 20 min, UV detection at 254 nm); lH NMR (400 MHz, 

CD30D) o · 7.2 (t, 2H), 7.14 (d, 3H), 7.10 Cd. lH), 7.08 (d, IH), 7.04 (s, IH), 6.59 (d, 

lH), 5.46 (d, lH), 5.15 (q, lH), 3.87 (d, lH), 3.76 ( m, IH), 3.63 (m, lH), 3.38 (d, 

30 2H). 2.93 (dd, 4 H), 2.77 (t, 2H), 2.63 (dd, IH), 1.93 (m. 2H) 1.45( bs, 2H), 1.23 (m, 

4H), 1.23 (m, 2H). 

Example 82 

35 fru?aration of 7-[3-(piperazin-1-yl)propyloxyl-2-C2-phenylethy])-3-oxo-2.3-dihydr0: 1 H-

2-benzazepine-4-acetic acid 

a) ethyl 7-methoxy-3-oxo-2,3-dihydro-2-(2-phenylethyl)-IH-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·(14.1 mL, 68 mmol) and 

heated to reflux for 2.5 h. The mixrure was quenched with ice-water (300 mL}, acidified 

with 3N hyclrOChiaric' a~id. extracted with etliy1 acetate, ·dried and concentiated to give the· 

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 hand concentrated 

to give the title compound (2.5 g, 97%). lH NMR (400 MHz, CDCI3) 8 7.18-7.26 (m, 

5H), 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, J=5.57, 2H), 3.71 (t, J=S.57 Hz, 3H), 2.85 (t, J=7.62 Hz, 2H), 1.28 (t, 1=6.5 

10 Hz, 3H). 

b) ethy 1 7-h ydroxy-2-3-oxo-(2-phenyleth y 1)-2,3-dih ydro- IH-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 mrnol) in dichloromethane (50 mL) at 0°C was added aluminum 

15 chloride (4.6 g, 35 mrnol). The mixture was warmed to RT over 1 h, diluted with 

dichloromethane (100 mL), washed with cold 3N hydrochloric acid, dried (sodium 

sulfate), and concentrated to give the title compound (2.4 g, 93%). MS(ES) m/e 366.0 

[M+H]+;_liINMR (400 Jvlliz, CDCI3) 8 7.17-7.26 (m, SH), 7~02 (d J=8.16 Hz, lH), 

6_.78 (s lH), 6.75 (rn, lH), 6.67 (d, J=2.4, IH), 4.18 (q, J=7.16, 2H), 3.71 (t, J=5.57 

20 Hz, 4H), 2.85 (t, J=7.58 Hz, 4H), 1.26 (t, J=7.16 Hz, 3H). 

c) ethyl 7-[3-[ (4-t-butyloxycarbonyl)piperazin-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 mrnol), potassium carbonate 

(0.58 g, 4,2 rnrnol),and tetraethylammonium iodide (20 mg) in dimethylformarnide (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 (d J=8.16 Hz, lH), 6.83 (s, lH), 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, J=7.56 Hz, 2H), 2.52 (t, 

J=7.1 Hz, 2H), 1.96 (rn, 2H), 1.45 (s, 9H), 1.28 (t, J=7.23 Hz, 3H). 

d) 7-[3-(l-piperazinyl)propyloxy ]-2-(2-phenylethyl)-3-oxo-2,3-dihydro-lH-2-

35 benzazepine-4-acetic acid 

A mi~ture 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 stining at RT for 4 

h, the reaction mixture was quenched with ice-water, acidified with lN hydrochloric acid, 

. · .. ·· .. -· 
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extracted with ethyl acetate, dried (sodium sulfate), filtered and concentrated 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 methylene chloride (30 mL) for 18 h. The mixture 

was evaporated to give the title compound (0.39 g, 97%). ·MS (ES}IIi/e 464;2[M+H]+; 

5 lH NMR (400 lvlliz, CDCl3) B 7.16-7.83 (m, 6H), 7.06 (s, lH) 6.94 (m, 2H), 4.15 (m, 

2H), 3.65 (rn, 14H), 3.47 (m, 2H), 2.82 (m, 2H), 2.32 (rn, 2H). 

Example 83 

10 Preparation of 7-[3-(piperazin-1-yDpropyloxyl-2-C2-pheny1ethyD-3-oxo-2.3.4.5-

tetrahyciro-1 H-2-benzazepine-4-acetic acid 

15 

A solution of the compound of Example 82(d) (0.01 g, 0.02 mmol) in methanol 

(15 mL) is treated with palladium hydroxide (0.05 mg) and hydrogenated (50 psi) for 4 h 
I 

to give the title compound. 

Examples 84-8 8 

Using routine variations of the procedures disclosed abOve for preparing 2,3,4,5-

tetrahydro-3-oxo-lH-l,4-benzazepines; .the following compounds were prepare_d;. : 

84. 8-[[[2-(pyridin-4-yl)-ethenyl)carbonyl]amino]-2,3,4,5-tetrahydro-3-oxo-4-(2-

20 phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid; 

85. 8-[[[2-(2-arnino-pyridin-4-yl)-ethyl]methylamino] carbonyl]-2,3,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)-IH-l,4-benzodiaz.epine-2-acetic acid; 

86. 8-[[(quinuclidin-3-yl)arnino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-IH-1,4-benzodiazepine-2-acetic acid; and 

25 8 7. 8-[2-[ 4-(arninornethyl)phenyl]ethyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)­

lH-1,4-~nzodiazepine-2-acetic acid. 

30 

8 8. 8-[[[[3-(2-rnethyl)pyrid-2-yl]propyl]methylarnino] carbonyl]-2,3,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)- lH-1,4-benzodiaz.epine-2-acetic acid. 

Example 89 

Parenteral Dosage Unit Composition 

A preparation which contains 20 mg of the compound of Example IO as a sterile 

dry powder is prepared as follows: 20 mg of the compound is dissolved in 15 mL of 

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 mL of 5% 

dextrose in water (D5W) for intravenous or intramuscular injection. The dosage is thereby 

determined by the injection volume. Subsequent dilution may be made by addition of a 
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metered volume of this dosage unit to another volume of DSW for injection, or a metered 

dose may be added to another mechanism for dispensing the drug, as in a bottle or bag for 

IV drip infusion or other injection-infusion system. 

Example 90 

Qral Dosae-e 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 

IO resulting powder is screened and filled into a hard gelatin capsule. 

~-- 15 

Example91 

Qral Dosa~ 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 granules are screened, dried, mixed with 10 mg 

starch, 5 mg talc and 3 mg stearic acid; and compressed into a taf?let · 

The foregoing is illustrative of the making and using of this invention. 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: 

I ~Ill~ lll~l llgl!!lf I II Ill/ 
* 

1. A compound of the formula (I): 

5 

(I) 

wherein 

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

A4 is N-R4 or CHR4; 

io 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, C3-6cyClolAk:yi, Het or Ar; 
1s R6 is W.;.(ffiii)q-Z-(CRiRIO)i.~U~(CR~-s~V-; 

R7 is -COR8, -COCR'2R9, -C(S)R8, -S(O)mOR', -S(O)mNR'R", -PO(OR'), 

-PO(OR')i, -B(OR')i, -N02 and Tet; 

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; 

20 R9 is -OR', -CN, -S(O)rR', S(O)mN°R'2, -C(O)R' C(O)NR'2 or-C02R'; 

R 10 is H, C1-4alkyl or -NR'R"; 

Rll is H, halo, -OR12, -CN, -NR'R12, -N02. -CF:,, 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_; 

2s Rl2 is R', -C(O)R', -C(O)NR'2, -C(O)OR15, -S(O)roR' or S(O)mNR'2; 

Rl5 is H, C1-6alkyl or Ar-C0-4alkyl; 

R' is H, C1-6alkyl, C3.']Cycloalkyl-C-0-4alkyl or Ar-Co-4alkyl; · 

R" is R', -C(O)R' or -C(O)OR 15; 

R'~' is R" or AA2; 

30 AAl is an amino acid attacJ:ted through its amino group and having its carboxyl 

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

group, and having its amino group optionally protected; 

U and V are absent or CO, CR'2, C(=CR'2), S(O)n, 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'zNR', CR'20, OCR'2, c=c or CR'=CR', provided that U and V are not 

si1Tiul~e~us)y iibsent;. 

, . Wis R~R .. :~~. or 0; 
s Z is (CHilt or Bet; 111111111111111111111111111111 

* C L M S * 

mis 1or2; 

n is 0 to 3; 

q is 0 to 3; 

r is 0 to 2; 

1 o s is 0 to 2; and 

tis 0 to 2; or 

a pharmaceutically acceptable salt thereof. 

2. A compound according to claim 1 wherein: 

15 Rl and R4 are H, C1-4alkyl, Ar-C1-4alkyl or C3-6cycloalkyl-C1-4alkyl; 

R2 is CH2C02R'; 

20 

25 

30 

R5is H; . . . 

(CR'RlD)r-U-(CR'2)5-V is (cHi.)0-2NR'CO, (CH2)o_2CONR', (CH2)o_2CO. 

(CH2)0-2CH=CH, (CH2)0-2 c:c, (CHi.)1_30 or (CH2)1_5; 

Wis 0;and 
Z is piperidinyl, piperazinyl or (CH.2)t. 

3. 

(Il) 

wherein Rl, R2, R4, R5 and Rll are as defined in claim 1, 

R6 is W-(CR'2)q-Z-(CR'Rl0)r-U-(CR'i.)5-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 

Z is Ar, C3_7cycloalkyl, (CHi)t or Het; or 

a pharmaceutically accep~ble salt thereof. . 
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4. A compound according to claim 3 wherein: 

RI is H, C1-4alkyl or C(O)R'; 

R2 fa C'.H2C02H or CH2CH2C021I, . 

s R4 is H, C1-Sllkyl, C3-6cycloalkylQ)4alkyl or Ar-CQ4alkyl; and 

Z is phenyl, a six-membered Het or (CH2)L· 

10 

15 

5. A compound according to any one of claims 1-4 wherein R6 is: 

, or R"HN-(CH2)5-U wherein Eis N or CH, R20 is hydrogen, amino, 

mono or di-C1-4alkylarnino, hydroxy.or C14alkyl, and U is NR'CO, CONR', (CH2)CO, 

CH=CH, c=c, CH20, OCH2 and (CH2)i. 

6. A compound of the formula (III): 

• 

(III) 

20 wherein R2, R5, RI I and R" are as defined in claim 1, and R6 is 
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, wherein Eis N or CH, R20 is hydrogen, amino, m~no.or di~. 
C 1-4alkylamino, hydroxy or C1-4alkyl, and U is NR'CO, CONR', (CH2)CO, CH=CH.or 

c=c. 

5 7. A compound according to any one of claims 1to6 wherein R6 is: 

10 

15 

(Y (CH;U2NR'CO 

R"NJ 

, or 

('N' (CH2}a-O 

R"N~ 
wherein R' and R" are Hor C1-4alk:yl, and R20 is hydrogen, amino, 

mono or ~-C1-4allcylamino, hydroxy or C1-4allcyl. 

(Y (CH:V2N~'CO rN, (CH2)2NR'CO 

HNJ HN~ 

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-(arninoiminomethyl)benzoyl]-methylamino ].;2,3,4,5-tetrahydro-

1-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]- IH-1,4-benzodiaz.epine-2-acetic acid; 
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(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-

pyridyl)ethyl]arnino]carbonyl]-IH-1,4-benzodiazepine-2-acetic acid; 

(R,S)-8-[[(5-aminopentyl)amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-
phenylethyl)-lH-1,4-benzodiazepine-2-"acetic-acid; , · · - · · 

5 (R,S )-8-[[[ 4-(propy l)arninomethy l)phenyl] amino ]carbonyl]-2,3 ,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)- lH-1,4-benzodiazepine-2-acetic acid; 

(R,S)-8-[[.[[3-(arninomethyl)phenyl]methyl]amino]-carbonyl]-2,3,4,5-tetrahydro-

3-oxo-4-(2-phenylethyl)-IH-1,4-benzodiazepine-2-acetic acid; 

(R,S)-8-[[[3-[4-piperidinyl]propyl]amino]carbonyl]-2,3,4,5-tetrahydri>--3-oxo-4-
1 o (2-phenylethyl)-IH-1,4-benzodiazepine-2-acetic acid; 

(R,S )-2,3 ,4,5-tetrahydro-3-oxo-4-(2-pheny le thy 1)-8-[[[4-

. (pyridyl)methyl]arnino]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-benzodiazepine-2-acetic acid; 
15 (R,S)-2,3,4,5-tetrahydro-8-[[[2-( lH-imidazol-1-y l)ethy l]amino ]carbonyl]-3-

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

. (R,S)-2,3,4,5-tetrahydro-8-[[[3-(IH-imidazol-1-yl)propyl] am.inc] carbonyl]-3-
oxo-4-(2-phenylethyl)- lH-l ,4-benzodiazepine-2-ac~tic .acid; 

(R,S)-8-[C[ 6-aminohexyl]amino] carbo~ y IJ-2,3 ~4,5-tetrahydr0-3-oxo-4-(2-
2 o phenylethyl)-lH-l,4-benzodiazeoine-2-acetic acid; 

· (R,S)-8-[[[6-aminobutyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-lH-l ,4-benzodiazepine-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; 

2 5 (R,S)-2,3,4,5-tetrahydro-8-[[[2-(1-methyl-lH-imidazol-5-
Y l)ethy 1] amino ]carbonyl]-3-oxo-4-(2-phenylethy I)- lH-1,4-benzodiazepine-2-acetic acid; 

I 

(R,S)-7-[[[ 4-(arninomethyl)phenyl]carbonyl]-amino ]-2,3,4,5-tetrahydro-1-methyl-
3-oxo-4-(2-phenylethyl)-1 H-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-phenylethyl)-IH-1,4-benzodiB.Zepine-2-
acetate Iodide; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-[2-(cyclohexyl)ethyl]-8-[[[2-(1-methyl-4-
35 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-(1-methyl-4-

piperidinyl)ethyl]methylarnino]carbonyl]-IH-1,4-benzodiazepine-2-acetic acid; 

I lllllll llllll lllll lllll II llll 
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[S-(R,S) ]-8-[[[ 4-[N-(alany l)aminomethyl] phenyl] amino ]carbony l]-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~pheriyleihyiF3H~lA~benZOOiazepine;· · · - ·. · , - - ·._· · :-, · · - -

_ s - (R,S)-8-[[[ 4-(arninoiminomethyl)phenyl]methylamino]carbonyl]-2,3,4,5-

tetrahydro-2-methy l-3-oxo-4-(2-phenylethyl)-lH-l ·,4-benzodiazepine; 

• • ~- .•:I • • 

ethyl (R,S)-8-[[f[ 4-(aminoiminomethyl)phe.nyl]-methylamino]carbonyl]-2,3,4,5-

tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzod.iazepine-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-phenylethy 1)-1 H-1,4-benzodiazepine-2-ethanol; 

1 
(R,S)-8-[2-[ 4-(aminornet~yl)phenyl]ethy 1]-2,3,4,5-tetrah ydro-3-oxo-4-(2-

pheny leihyl)-1 H- l ,4-benzodiazepine-2-acetic acfu; 

1 s 7-[3-( 4-pyridyl)propyloxy ]-2-(2-phenylethy 1)-3-oxo~2.3,-:1,5-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-acetic acid; __ 

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

2 o (2-phenylethyl)-IH-l ,4-benzodiazepine-2-acetic acid; 

8-[l-[4-(4-pyridyl)piperazinyl]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-

phenylethyl)-IH-l,4-benzodiazepine-2.:acetic acid; 

(R,S)-8-[[[4-(aminomethyl)-3-chloro-phenyl]carbonyl)amino]-2,3,4,5-tetrahydro-

3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 

2 s 2-[3-( 4-piperidinyl)propyloxy ]-7-oxo-6,7 ,8,9-tetrahydro-SH-benzocycloheptene-

6-acetic ac;id; 

3-[3-( 4-piperidiny l)propyloxy ]-7-oxo-6, 7 ,8 ,9-tetrahydro-SH-benzocycloheptene-

6-acetic acid; or 

(R,S)-8-[[[2-[4-(2-aminopyridyl)]ethyl]-amino]carbonyl]-2,3,4,5-tetrahydro-3-

3 o oxo-4-(2-phenylethyl)-lH-1,4-br .izodiazepine-2-acetic acid. 

9. A compound which is: 

(R,S)-8-[[[4-(aminoiminomethyl)phenyl)-methylamino]carbonyl]-2,3,4,5-

tetrahydro-l-methyl-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-2-acetic acid; 

3 s (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-{l-

piperazinyl)ethyl)amino )carbonyl]-lH-1,4-benzodiazepine-2-acetic acid ; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-pheny le thy 1)-8-[[[2-( 4-

piperidiny l)ethyl]amino }carbonyl]- l H-1,4-benzod.iazepine-2-acetic acid ; 
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(R,S)-7-[[[ 4-(aminoiminomethyl)phenyl]-methylamino]carbonyl]-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-

tetrahydl-o~3~oxo-1H-1.4~beniodiazepirie:i-acetic add; .. 

5 (R,S)-8-[[[ 4-(aminoiminomethyl)phenyl] methylamino]carbonyl]-2,3,4,5-

tetrahydro-4-methyl-3.:.oxo-lH-1,4-benzodiazepine-2-acetic acid ; 

(R,S)-2,3,4,5-t~trahydro-3-oxo-4-(2-phen ylethy 1)-8-[[[2-( 1-

piperazinyl)ethy l]methylamino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid ; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4-

1 o piperidinyl)ethyl]methylamino]carbonyl]-lH-1,4-benzodiazepine-2-acetic acid ; or 
(R,S )-2,3 ,4,5-tetrah ydro-3-oxo-4-[2-(cyclohexy 1)-ethy 1)-8-[[[2-( 4-

piperid.inyl)ethy l]methy lamino] carbon y l]-1 H-1,4-benzodiazepine-2-acetic acid . 

10. A compounctwhich is: 

15 (R,S )-8-[[ [ 4-\aminometh yl)pheny l]methy lamina ]-carbonyl]-2,3,4,5-tetrahydro-3-

oxo-4-(2-phenylethyl)- l H- l ,4-benzodiazepine-2-acetic acid; 

(R,S)-2~3;4,5-tetrahydro-8-[[[2-[1-methyl-1,2,5,6-tetrahydropyrid-4-

yl]ethyl]methylamino]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-1,4-benzodiazepine-'2-

acetic acid; 

2 o (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[ 4-(piperidin-4-yl)-1 (E)-

butenyl]-lH-1,4-benzodiazepine-2-acetic 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-pheny leth yl)-8-[ 4-(piperidin-4-yl) butyl]- lH-

25 1,4-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-(piperid.in-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 acid; 

7-[1-[ 4-(piperazin-1-yl)but-1-ynyl]]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-

35 lH-2-benzazepine-4-acetic acid; 

(R,S)-7-[[[2-(piperid.in-4-yl)ethyl] methylamino]carbonyl]-2,3,4,5-tetrahydro-2-

methyl-3-oxo-lH-2-benzazepine-4-acetic acid; 
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{R,S)-7-[[[ 4-aminomethyl phenyl]methylamino] carbonyl]-2,3,4,5-tetrahydro-3-

oxo-2-(2-phenylethyl)- lH-2-benzazepine-4-acetic acid; 

(R,S)-8-[[[ 4-(N ,N-dimethy laminomethy l)pheny 11 amino ]carbony l]-2,3 ,4.5-

tetrahydr~ 3-ox0-4-(i-phenylethyl)..:iH-1,4-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-ox<>-4-

(phenylethy l)- lH-1,4-benzodiazepine-2-acetic acid. 

10 11. An intermediate compound of the formula: 

rNH 
0v 

or 

15 wherein 

Eis Nor CH, 

R20 is hydrogen, amino, mono or di-C1-4alkylamino, hydroxy or C1-4alkyl, 

RP is a nitrogen protecting group, 

L2 is CHO, COiR', c=c-H , OH, Cl, Br, I, CI-h-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 I to 10 and a pharmaceutically acceptable carrier. 

25 13. A compound according to any one of claims 1 to 10 for use in the manufacture of 

a medicament. 

14. A method of inhibiting platelet aggregation which comprises administering to a 

mammal in need thereof an effective amount of a compound according to any one of 

30 claims 1 to 10. 


