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88.323 331 (1997)). WD 2004/096134 PCT/ US2004/ 012240
-2 This invention relates to compounds that bind to the human protein
HDM2 and interfere with its interaction with other proteins, especially the
tumor suppressor protein p53. HDM2 is the expression product of hdm?2, an
oncogene that is overexpressed in a variety of cancers, especially soft tissue
sarcomas (Momand, J., et al., Nucl. Acids Res. 26:3453-3459 (1998)).
p33 is a transcription factor that plays a pivotal role in the regulation of
the balance between cell proliferation and cell growth arrest/apoptosis. Under
normal conditions, the half-life of p53 is very short, and consequently the level
of p53 in cells is low. However, in response to cellular DNA damage, cellular
stress, or other factors, levels of p53 increase. This increase in p53 levels in
turn increases the transcription of a number of genes which induces the cell to
either arrest growth or undergo apoptosis (i.e., controlled cell death). The
function of p53 is to prevent the uncontrolled proliferation of cells and thus
protect the organism from the development of cancer (for a review, see

Levine, A.J., Cell 88:323-331 (1997)).
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ef f or t Inastivegiongfrthelp53 tumatesupprieysor is a frequent event in human

neoplasia. The inactivation can occur by mutation of the p53 gene or through
binding to viral or cellular oncogene proteins, such as the SV40 large T
antigen and MDM?2. While the mechanism through which wild-type p53
suppresses tumor cell growth is as yet poorly defined, it is clear that one key
feature of the growth suppression is the property of p53 to act as a
transcription factor (Farmer, G., et al., Nature 358:83-86 (1992); Funk, W. D.
et al., Mol. Cell. Biol. 12: 2866- 2871 (1992); Kern, S. E., et al., Science
256:827-830 (1992)). Currently, considerable effort is being made to identify
growth control genes that are regulated by p53 binding to sequence elements
near or within these genes. A number of such genes have been identified. In

cases such as the muscle creatine kinase gene (Weintraub, H., et al., Proc.
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t rc])‘gsre%)e}é in abundance at 32°C, at which temperature p53 was predominantly
in a functional or "wild-type" form (Barak, Y. et al., EMBO J. 11:2115-2121
(1992) and Momand, J., et al., Cell 69:1237-1245 (1992)). By shifting the rat

cell line down to 32°C and blocking de novo protein synthesis it was shown

that only "wild-type" p53 induced expression of the mdm?2 gene, thereby
accounting for the differential abundance of the complex in terms of p53
transcriptional activity (Barak, Y., et al., EMBO J. 12:461-468 (1993)). The
explanation was further developed by the identification of a DNA binding site
for wild-type p53 within the first intron of the mdm?2 gene (Wu, X., et al.,
Genes Dev. 7:1126-1132 (1993)). Reporter constructs employing this p53
DNA binding site revealed that they were inactivated when wild-type p53 was
co-expressed with MDM2.
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degradation. MDM2 exhibits p53 independent effects on cell cycling as well,
possibly by direct interaction with some of the downstream effectors such as
pRB and EF2 (Reviewed in Zhang, R. and Wang, H., Cur. Pharm. Des. 6:393-
416 (2000)).

Blocking HDM2 from binding p53 would be therapeutically useful in
restoring cell cycle control to cells that overexpress HDM2 as a front line
cancer treatment. More generally, inhibition of HDM2 may increase the
effectiveness of chemotherapy and radiation in p53 normal cancers by
enhancing apoptosis and growth arrest signaling pathways.

A need continues to exist for potent, small molecules that inhibit the

interactions between HDM2 and p53.
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aspect of the present invention’is directed to a

met hodAofifth aspect of the present invention is directed to a method of
treating cancer. The method comprises contacting an animal with (a) a
pharmaceutically effective amount of an antineoplastic agent and (b) a
pharmaceutically effective amount of at least one compound of Formula Z, or a
salt thereof, and one or more pharmaceutically-acceptable excipients.

A sixth aspect of the present invention is directed to a method of
treating cancer, comprising contacting an animal with a composition
comprising (a) a pharmaceutically effective amount of at least one compound
of Formula I, or a salt thereof, (b) one or more agents that induce or cause
DNA damage, and (c) one or more pharmaceutically-acceptable excipients.

A seventh aspect of the present invention is directed to a method of

synthesizing compounds of Formula 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A novel class of small molecules that bind to HDM2 and/or MDM2
has now been discovered. By interfering with HDM2-p53 or MDM2-p53
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or a solvate, hydrate or pharmaceutically acceptable salt thereof,
wherein:

R! and R? are independently hydrogen, alkyl, alkenyl, alkynyl,
optionally-substituted cycloalkyl, optionally-substituted cycloalkylalkyl,
optionally-substituted aryl, optionally-substituted aralkyl, optionally-
substituted heteroaryl, optionally-substituted heteroaralkyl, alkoxy, optionally-
substituted aryloxy, optionally-substituted heteroaryloxy, cyano, amino,
alkanoylamino, nitro, hydroxy, carboxy, or alkoxycarbonyl; or R! and R?,
together with the two carbon atoms to which they are attached, form a 5- to
10-membered non-aromatic or a 6- to 10-membered aromatic carbocyclic ring,
or a 5- to 10-membered aromatic or non-aromatic ring wherein 1 or 2 of the
ring atoms are heteroatoms, wherein each of the rings is optionally substituted
1-4 times with R?, wherein each occurrence of R? is independently hydrogen,
halo, optionally-substituted alkyl, optionally-substituted alkenyl, optionally-
substituted alkynyl, optionally-substituted cycloalkyl, optionally-substituted
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alkoxycarbonyl,‘ alkoxycarbonylalkyl, aminocarbonyl, aminocarbonylalkyl,
alkylaminocarbonyl or alkylaminocarbonylalkyl, alkoxy;

or R and R4, together with the two carbon atoms to which they
are attached, form a 5- to 10-membered non-aromatic or a 6- to 10-membered
aromatic carbocyclic ring, or a 5- to 10-membered aromatic or non-aromatic
ring wherein 1 or 2 of the ring atoms are heteroatoms, wherein each of the
rings is optionally substituted 1-4 times with R", where R?is defined as above;

R’ is cycloalkyl, aryl, heteroaryl, cycloalkylalkyl, aralkyl,
heteroarylalkyl, or a saturated or partially unsaturated heterocycle, each of

which is optionally substituted;
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%{ﬁgsl‘u?&tle&/ hel'{gr%grtyllgx%'t 1%%%?0 fhe %%/e%a%ll portion has 5 to 7 ring atoms
of which 1 or 2 are heteroatoms, cyano, amino, (C;¢ alkanoyl)amino, nitro,
hydroxy, carboxy or (Ci.s alkoxy)carbonyl. Particularly useful values of R!
and R? include hydrogen, optionally-substituted phenyl, optionally-substituted
benzyl, optionally-substituted cyclopentyl, optionally-substituted cyclohexyl,
optionally-substituted Cs.g cycloalkyl(C;.4) alkyl and C;.¢ alkyl.
Also useful is when R! and R?, together with the two carbon atoms to
which they are attached, form an optionally-substituted 5- to 7-membered ring,
aromatic or non-aromatic, wherein 0, 1 or 2 of the ring atoms are heteroatoms.

Particularly useful rings formed in this fashion include optionally-substituted

benzene and optionally-substituted pyridine.



cycl oal kyl al kyl , aral kyl or heteroarylal kyl, each of
which is optionally substituted; or R6 and R7,
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attached forma 3- to 7-nmenbered carbocyclic ring
optionally substituted 1 to 3 tinmes with Ra, where Ra
is defined as above; R' is glkyl, cycloal kyl, aryl,
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B o B e I BRI R4 e
2004 0961idd POIVASROLAIALDTAQ C¢ alkane, optlonally-substituted
benzene, optionally-substituted furan, optionally-substituted thiophene,
optionally-substituted pyrrole and optionally-substituted pyridine. More
preferred X include a bivalent radical of: methane, ethane, n-propane,
n-butane, n-pentane, n-hexane, benzene and furan. When X is a bivalent
radical of an alkane: preferably the alkane has at least 3 carbon atoms;
preferably the alkane is unbranched; and preferably X is an a,w-bivalent
radical.
Particularly useful values of R3 include -CO,R¢ and -CO,M, where RY
is hydrogen, C.¢ alkyl or optionally-substituted Csg cycloalkyl, and M is a
cation. Preferred values of R® include -CO,RY and -CO,M, where RY is



-9 Wien Rl and R2, together with the two carbon atons

to which they are attached, forma ring, the ring is
wo@piomaBd y substituted one or nore tines, predBPUSINY012240

1 or 2tines, with Ra. Useful values of Ra include

hydrogen, halo, Cl1_6 alkyl, C2_6 al kenyl, C2_6

al kynyl, C3_8 cycl oal kyl, opti onal | y- substltut ed C6_10

aryl, optionally- substi t atl@cr (C6_10 aryl)C1_6 al kyl,

opti onal | y-substituted thio, optionally- substituted
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i nc e a%lv ent radical of. nethane, ethane,
n pr opHanel,cularlyblsefahea,luers-q:féhétladede 6s-heydorkylhEnmengd, Srig
ran X is.a.bival en di.cal, of
| ViR el Rethioniy Rten ] 87 ot oy ARDH A ARG, (Cas
pE?J]@JlEﬁba\Ik 1h %c Jokﬁp\l@alkﬂ, l(ﬁkﬁé@ﬁﬁy*ﬂ)éﬂﬁyl dndvIcRftRE ableyoalyl

i s an a, cwbi va
portion contains 5 to 7 r1ng atoms and ‘wherein 1 or 2 of the ring atoms are

heteroatoms, and 5- to 7-membered saturated or partially unsaturated
heterocycle wherein 1 or 2 of the ring atoms are heteroatoms, in which each of
the preceding groups is optionally substituted. Preferred values of R® include
optionally-substituted phenyl, optionally-substituted benzyl, optionally-
substituted pyridyl and optionally-substituted naphthyl. More preferred is
optionally-substituted phenyl. When RS is substituted phenyl or substituted
benzyl it is substituted preferably once in the p-position or twice in the m- and
p-positions, or twice in the o- and p-position, and preferably by halo, nitro
and/or amino.  More preferred R® include phenyl, 4-chlorophenyl,
3,4-dichlorophenyl, 2-amino-4-chlorophenyl, 2-amino-4-chloro-5-
fluorophenyl, 3-amino-4-chlorophenyl and 4-chloro-3-nitrophenyl. Preferred
R® also include p-chlorobenzyl and 4-methyl-1-naphthyl.



Particularly useful values of R3 include -CO2Rd and
-CO2M where Rd is hydrogen, Cl 6 al kyl or

w@piaokomaBd y- substituted C3.8 cycloal kyl, and MCBHUS2004/012240
cation. Preferred values of R3 include -CO2Rd and
-CO2M where Rd is WD 2004/ 096134 PCT/ US2004/ 012240
-10 hydrogen or Cl1_6 al kyls1land Mis a cation. More
preferred R3 includes -CO2Rd, where Rd is hydrogen or
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or a solvate, hydrate or pharmaceutically acceptable salt thereof,
wherein R, R3, X, R’, R®, R’ and R® are defined as for compounds of
FormulaZ,andnis 0,1, 2,3 or4. ‘



substituted pyridyl and optionally-substituted
naphthyl. Mre preferred is optionally-substituted

w@b@agphe13dhhen R6 i s substituted phenyl or subspCT/usmd4/012240

benzyl it is substituted preferably once in the
p-position or twce in the m and p-positions, or
twice in the o- and p-positi®dn, and preferably by
hal o, nitro and/or amno. Mre preferred R6 include
gh:nmylnanihlchl F) neny al’tl(éli?’aé‘l di %.ﬂlaghﬁa %egr?%c!’values of R}, X,
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preferred_is  hydrogen. Particularly useful val ues of
qth@#yl%rboax)d%b@wanéf aa}q?{i/l C3..6 cycloal kyl,
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hydroxy(CI_6) alkyl, am no(Cl.6) alkyl and

car bandy| frefersyl gioky| of CMDpequiSefa@r cempoatidgest dformola 17,
| ude hydrogen, nethyl, 2-hydroxyethyl,

3- W%Xypropyl , 2-am noet hyl, carbanoyl net hyl and

car banoyl et gth iftaddceCoft RP 11y maeﬁe\naemgi hels, @ Raltyl, C,.
i ncl ude hydrogen and Cl.6 al Preferred val ues of
Redkenik [Cgealkynl.cyeno, Gt %gﬂloailfad BYdXY, Guer elkpyiafcarhoxy,

' S (o Xfﬁ)%%grbonyl, Ci-6 acyl, carbamoyl, (C;.¢ alkyl)aminocarbonyl, amino
or nitro, alkylthio;

nis 0, 1 or 2; when n is 1, R occurs at the 7- or 8-position;
when n is 2, R? occurs at the 7- and 8-positions;

X is a bivalent radical of: a C;¢ alkane, an optionally-
substituted Ce.;9 arene, an optionally-substituted 5- to 7-membered
heteroarene wherein 1 or 2 ring atoms are heteroatoms, an optionally-
substituted (Cs.10 aryl)C;.¢ alkane, or an optionally-substituted heteroaryl(Cj.)
alkane in which the heteroaryl portion contains 5 to 7 ring atoms and wherein
1 or 2 of the ring atoms are heteroatoms;

R3 is -CO,RY or -CO.M, where RY is hydrogen, C,.¢ alkyl or
optionally-substituted Cs. cycloalkyl, and M is a cation;

R’ is Cs.3 cycloalkyl, Ce.10 aryl, 5- to 7-membered heteroaryl

wherein 1 or 2 of the ring atoms are heteroatoms, (Cs.g cycloalkylalkyl, (Ce.10



In one preferred enbodi nent, conpounds of the present
invention are conpounds of Formula Il: p Rs R7 R6
WORGRAIABRYZ] RS N p X R3 Il or a solvate, hpdrasmoen12240
pharmaceutically acceptable salt thereof, wherein Ra,
R3, X, R5, R6, R7 and R8 are defined as for conpounds
of Formulal, and nis 0,-13-2, 3 or 4. % WO
2004/ 096134 PCT/ US2004/ 012240 -12 In this errbodi ment ,
partr uI arI use Lig and rred val ues of R3,
alkyl
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810 Sing | WGBS are heteroatoms in Wthh each of the preceding groups is

optionally substituted;

R’ is hydrogen, Ci¢ alkyl, Css cycloalkyl or (Cssg
cycloalkyl)alkyl; and

R® is hydrogen or Cy.6 alkyl.

A more preferred group of compounds are compounds of Formula 17,
wherein:

each instance of R is independently halo, C,. alkynyl,
carboxy, (Ci-¢ alkoxy)carbonyl, Cy.¢ acyl or carbamoyl;

nis 1 or 2; when n is 1, R® occurs at the 7-position; when n is 2,
R® occurs at the 7- and 8-positions;

X is a bivalent radical of a C,.¢ alkane, optionally-substituted
benzene, optionally-substituted furan, optionally-substituted thiophene,
optionally-substituted pyrrole or optionally-substituted pyridine;

R? is -CO,R? or -CO,M, where RY is hydrogen or C;. alkyl, |
and Misa cation;A

R’ is optionally-substituted phenyl;

R® is optionally-substituted phenyl, optionally-substituted
benzyl, optionally-substituted pyridyl or optionally-substituted naphthyl;

R’ is hydrogen, Cy. alkyl or Cs.¢ cycloalkyl; and

R®is hydrogen.



A preferred group of conmpounds are conpounds of
Formula Il, wherein: each instance of Ra is

wo paepeqident |y hal o, CL 6 alkyl, C2_6 al kenyl PCZRSHI04/012240
al kynyl , cyano, C3.8 cycloal kyl, hydroxy, Cl.6 al koxy,
carboxy, (Cl1_6 al koxy)carbonyl, Cl.6 acyl, carbanoyl,
(C1.6 al kyl)am nocar bonyl ,—Bwno ‘or nitro, alkylthio;
nis 0, 1 or 2; when nis 1, Ra occurs at the 7- or

8- posi ti an; en, njs..2 Ra occur the 7-.and.

o bost i St preftFe SmbRienin PorBiHaS of e Mt infeition are
alckmpeund®ofPRihelagrky- substituted C6_10 arene, an
optionally-substituted 5- to 7-nmenbered heteroarene
wherein 1 or 2 ring atons are heteroatons, an
optionally- substituted (C6 10 argP)Cl_6 al kane, or an
optional | y-substituted het©roaryl (CIR6) al kane in

whi ch the heteroaryl porti cor% gd to 7 ring
atons and wherein N2 NaHn&aHmsam

het eroatons; R3_is where Rd is

hydr ogen, Cl1 6 B y yRsubst ituted C3_8
cycl oal kyl, and M i Sg on,_AR5 is C3_8 cycloal kyl,
06.10 aryl, 5- to 7-nenbereN hekeroaryl wherein 1 or
2 of the ring atons are heteroatNrsR'?C3. 8

cycl oal kyl)al kyl, (C6.10 WD 20044096134

PCT/ US2004/ 012240 -13 aryl)al kyIR? (heteroaryl)al kyl I
in which the heteroaryl portion contains 5to 7 ring

at ons anCa WoBA®), rhylirdd of pharinaedticAllly AcOéabdé &alt thereof,
het er gat Qs o5 Lo _4-nmenbered saturated or

ar,
oferein IR, fhs & uRat Bd Retaeqicﬁs%r% defised s for gpmpowids of
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portion contains 5 to 7
Formula I17 illustrates only one form, the invention is intended to encompass

both tautomers.

In this embodiment, particularly useful and preferred values of R®, RS,
R’, R%, R’ and R'? are as described for compounds of Formula I.

In this embodiment, particularly useful values of R? include halo, C;
alkyl, Cy¢ alkenyl, Ca. alkynyl, cyano, Cs.g cycloalkyl, hydroxy, C; alkoxy,
carboxy, (Ci¢ alkoxy)carbonyl, C;s acyl, carbamoyl, (Cis
alkyl)aminocarbonyl, amino, alkylthio, and nitro. Preferred values of R?
include halo, C,¢ alkynyl, carboxy, (C;¢ alkoxy)carbonyl, C;s acyl and
carbamoyl. More preferred values of R* include iodo, chloro, ethynyl, acetyl,
methoxycarbonyl, carboxy and carbamoyl.

In this embodiment, particularly useful values of n include 0, 1 and 2.
Preferred values of n include 1 and 2. More preferred is 1. When n is 1, R?
occurs preferably at the 7- or the 8-position, more preferably at the 7-position.

When n is 2, R occurs preferably at the 7- and 8-positions.



ring atonms and wherein 1 or 2 of the ring atons are

het eroatons, or 5- to 7-nenbered saturated or
w@arotiogd1By unsat ur at ed heterocycl e wherein 1 oPCRUS$004/012240

the ring atons are heteroatons, in which each of the

preceding groups is optionally substituted; R7 is

hydr ogen, C1.6 al kyl, C3_8 1@yl oal kyl or (C3.8

cycl oal kyl )al kyl; and R8 is hydrogen or C1 6 alkyl. A

nore preferre roup. of conpounds are .coppounds
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I pgepemrdently hal o, C2_6 al kynyl, carboxy, (Cl_6

al koxy) carbonyl, ClL 6 acyl or carbamoyl; nis 1 or 2;

when n is 1eatainstroge Pfak’ ihdndepgudantlyohalonies alkyls Gy

he 7- 8- it X bi val ent
R OB Mol ol R CRBRIGH AR R S 1kipidh ooy,
b eDzedRoxy)RirbA| € Ve 2 yh) Shrbhmb el (€ L 288y1)aminocarbonyl, amino,

optional l'y-substituted thiophene,
oplyBhigr pPYniggbst i t ut ed pyrrol e or
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catienn;is BPRY sccoptat drel-layd Syasitiohstt ed phenyl ; R6 is

optional Ly sl el pupl, ot Konel Lycsibel L
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gglbng%?n}'ggtag@ %g%?%ﬂ ﬂggrl ?To_fttgee r nr;gegcce)rrr]lts alrg gtrg:}c;a?o%g roer 5- to
7-membered saturated or partially unsaturated heterocycle wherein 1 or 2 of
the ring atoms are heteroatoms, in which each of the preceding groups is
optionally substituted;

RS is Csg cycloalkyl, Cq¢.1p aryl, 5- to 7-membered heteroaryl
wherein 1 or 2 of the ring atoms are heteroatoms, (Cs.g cycloalkyl)alkyl, (Cs.10
aryl)alkyl, (heteroaryl)alkyl in which the heteroaryl portion contains 5 to 7
ring atoms and wherein 1 or 2 of the ring atoms are heteroatoms, or 5- to
7-membered saturated or partially unsaturated heterocycle wherein 1 or 2 of
the ring atoms are heteroatoms, in which each of the preceding groups is
optionally substituted;

R’ is hydrogen, Ci¢ alkyl, Css cycloalkyl or (Csg
cycloalkyl)alkyl; |

R® is hydrogen or C.6 alkyl;

R’ is hydrogen, Cy.¢ alkyl, Cs.q cycloalkyl, hydroxy(C,-) alkyl,
amino(Ci.s) alkyl, carboxy(Ci.¢) alkyl, (C;s alkoxy)carbonyl, (C;¢
alkoxy)carbonyl(Ci) alkyl, carbamoyl, carbamoyl(Cis) alkyl, (Ci¢
alkylamino)carbonyl or (C;.¢ alkylamino)carbonyl(C;.¢) alkyl; and

R is hydrogen or Cy.¢ alkyl.



ORRY7 RB N(RARNI R N NRo ROIII or a
sol vate, hydrate or pharmaceutically acceptable salt
wo b@pediza wherein Ra, R5, R6, R7, R3, RO and RIDUS&2064/012240
defined as for conpounds of Formula I, and n is 0, 1,
2, 3 or 4. Those skilled in the art will recognize
t hat conmpounds of Fornula-i16when R4 is -NROR1O are
am di nes which exist in an equilibrium between

tauto ic for en at.| east one of R9 d 0 i
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R' is hydrogen.

A second aspect of the present invention is directed to pharmaceutical

compositions comprising

a) at least one compound of Formulal or a
pharmaceutically acceptable salt thereof; and

b) one or more pharmaceutically-acceptable excipients.

Preferably, the pharmaceutical composition is sterile.

A third aspect of the present invention is directed to a method of
inhibiting the binding of a protein encoded by mdm2 to p53 protein,
comprising contacting p53 or one or more proteins encoded by mdm2 with
one or more compounds of Formula I, wherein R!-R® and X are defined as
above.

A fourth aspect of the invention is directed to a method of inducing
apoptosis, comprising contacting an animal with a composition comprising a
pharmaceutically effective amount of at least one compound of Formula 7, or a
salt thereof, wherein R'-R® and X are defined as above, and optionally one or

more pharmaceutically-acceptable excipients.
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Compounds within the scope of the invention are described in the

Examples. Examples of preferred compounds include: 5-{(35)-3-(4-
Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-diox0-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl}-pentanoic acid; 5-{(3S)-3-(4-
Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-ethynyl-2,5-diox0-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl }-pentanoic acid; 5-[4-[(R)-1-(4-
Chlorophenyl)-ethyl]-7-iodo-2,5-diox0-(3S)-3-(4-trifluoromethyl-phenyl)-
2,3,4,5-tetrahydro-benzo[e][ 1,4]diazepin-1-yl]-pentanoic acid; 5-[4-[(R)-1-(4-
Chlorophenyl)-ethyl]-7-iodo-2,5-diox0-(3S)-3-(4-trifluoromethoxy-phenyl)-
2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl]-pentanoic acid; 6-{(3S)-3-(4-
Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-diox0-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl }-hexanoic acid; 7-{(3.5)-3-(4-
Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-diox0-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl}-heptanoic acid; 4-{(35)-3-(4-
Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-diox0-2,3,4,5-
tetrahydro-benzo(e][1,4]diazepin-1-ylmethyl }-benzoic acid; 4-{(35)-3-(4-
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benzo[e][1,4]diazepin-1-yl]-pentanoic acid; 5-[4-[1-(4-Chloro-3-nitro-
phenyl)-ethyl]-3-(4-chlorophenyl)-7-iodo-2,5-diox0-2,3,4,5-tetrahydro-

benzo[e][1,4]diazepin-1-yl]-pentanoic acid; 5-{3-(4-Chlorophenyl)-7-iodo-4-
[1-(4-methyl-naphthalen-1-yl)-ethyl]-2,5-diox0-2,3,4,5-tetrahydro-
benzo[e][1,4]diazepin-1-yl}-pentanoic acid; 5-[4-(4-Chlorobenzyl)-3-(4-
chlorophenyl)-7-iodo-2,5-diox0-2,3,4,5-tetrahydro-benzo[e][ 1,4 ]diazepin-1-
yl]-pentanoic acid; 5-{3-(4-Chlorophenyl)-4-[2-(4-chlorophenyl)-1-methyl-
ethyl]-7-iodo-2,5-dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl}-
pentanoic acid; 5-{(3:5)-3-(3-Bromo-phenyl)-4-[(R)-1-(4-chloro-phenyl)-
Aethyl]-7-iodo-2,5-dioxo-2,3,4,5 -tetrahydro-benzo[e][1,4]diazepin-1-yl}-
pentanoic acid; [4-Benzyl-3-(4-chlorophenyl)-7-iodo-2,5-dioxo-2,3,4,5~
tetrahydro-benzo[e][1,4]diazepin-1-yl]-acetic acid; 5-{(355)-3-(4-Chloro-3-
nitro-phenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-dioxo-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl}-pentanoic acid; 5-{(3.5)-7-Acetyl-3-(4-
chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-2,5-dioxo-2,3,4,5-tetrahydro-
bénzo [e][1,4]diazepin-1-yl}-pentanoic acid; 5-{(3.5)-3-(3-Amino-4-chloro-
phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-7-iodo-2,5-diox0-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl}-pentanoic acid; (35)-2-Amino-3-(4-



conprising contacting p53 or one or nore proteins

encoded by ndn2 with one or nore conpounds of Fornul a
wo 200af0e618d N R1- R8 and X are defined as above. P&r/iiszmnd/n2240

aspect of the invention is directed to a nethod of

i nduci ng apoptosis, conprising contacting an ani nal

with a conposition conprisil¥g-a pharnmaceutically

ef fective anount of at |east one conmpound of Formula

Lghl§%ogggn}ﬁg-hg(1§tﬁs ﬁ%l?ﬁo%eq{ryg_&hﬁ}ﬂﬁgd@_@ d4_3§h95r%_ defi ned

ona

phaiAst] %]uméﬁm SaiRePH ) S - @xChiptaphtayl)- WY RPO44-096134
PCT/ U82004/ 012240 -17 Afifth asgect of the present

i ﬁhlemhwl)-gthw]ﬂel@fi@«é Xe-ho Rt 3 G bengeledl i4lglasepirsdr
pﬁarrm eu |ca 3§ $_g%§]%(8§| ARt [QIF)(%# @hloro-phenyl)

afe?alyl]fp(ﬂ Hﬁdrbﬁy-atg?latm?d)milo(dtbﬁ G—dﬁiydrm’am&nd{ei] Eia4]k1§azeplin-5-

e ecrirLve S (0] co ou (0] or Nul a

. On‘br(3'§) S R ebem DB e o R

pﬁgr nac ut |Ecai ; @Z\??g)pjt)gakg xlglé'{%zigzﬁﬂ pﬁ]dﬂr%égg_nt;?%eat]\fgﬁ

WH (38)-3alf; Clilbdo-plenyl) ey [ (R b4 {chjoro-pheiyt} éthgaldﬂemdodf—oxdae

ted t

%,%S@Bydre&ﬁ BT ST pesy it Gl G amige! G395

fdrbipqaenymr[m)t13(4nalwl@)p}ﬁnm@mm]cmw@hﬁefhpylammo-

effective anmount | east oné conpound of Formula

| 3 %dlhadmdim@[hﬂﬂébilazeﬁnveienn RE-Rmineradylemine)-3S)-Bridd
2Rk R ST Bl DR L. cause
pbaxﬁzwqem]de:e&lelbm-sa@&@gt[afo@earﬁmcspmmyr@pyl)am@oae@ssm -(4-
ect of the present invention is directed to
© ebineephery -l mb%ewamwwhwmw f-Seslrpditias
bed h
i B SR s A B A A e e

SChKo&@heﬁylbeihyl] -7-methoxycarbonyl-2,5- d10xo-3 4-dihydro-1H-1,4-

> lgor nen '13yli a@e(r@acld RS d2eNe Y Ja gyt ] - 7- 1 odo-
Butoxycarbonyl—butyl) -3-(4-chloro-phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-
2,5-dioxo-2,3,4,5-tetrahydro-1H-benzo[e][1,4]diazepine-7-carboxylic acid; 7-
aminocarbonyl-5-[(3S)-3-(4-chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-
2,5-dioxo-3,4-dihydro-1H-1,4-benzodiazepin-1-yl}valeric acid; 5-[4-(4-
Chloro-2-methyl-benzyl)-3-(R,S)-(4-chloro-phenyl)-7-iodo-2,5-dioxo-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl]-valeric acid; Sodium; 5-{(3R)-3-(4-
chloro-phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-7-iodo-2,5-dioxo0-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl}-valerate; 5-[(3.S)-3-(4-Chlorophenyl)-
4-[(R)-1-(4-chlorophenyl)-ethyl]-7-[(R,S)-1-hydroxyethyl]-2,5-diox0-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl]-valeric acid; 5-[(R,S)-3-(4-Chloro-
phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-7-(1-(R, S)-hydroxyethyl)-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl]-valeric acid; 5-[(3:S)-4~
[(R)-1-(4-Chlorophenyl)ethyl]-7-iodo-2,5-dioxo-3-(4-trifluoromethyl-phenyl)-
2,3,4,5-tetrahydro-benzo[e][ 1,4]diazepin-1-yl]-valeric acid; Sodium; 5-{(S)-3-
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pharmaceutically active in vivo. For example, ester derivatives of compounds
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wherein there is at least one double bond between two of the carbon atoms in

the chain, including, but not limited to, ethenyl, 1-propenyl, 2-propenyl, 2-
methyl-l-propenyl, 1-butenyl, 2-butenyl, and the like. Preferably, the alkenyl
chain is 2 to 8 carbon atoms in length, most preferably from 2 to 4 carbon

atoms in length.
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furazanyl, phenoxazinyl, and tetrazolyl groups).
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The term “cycloalkylalkyl” or “cycloalkyl(alkyl)” as employed herein,
by itself or as part of another group, refers to a cycloalkyl group attached to an
alkyl group. Typical examples are 2-cyclopentylethyl, cyclohexylmethyl,
cyclopentylmethyl, 3-cyclohexyl-n-propyl, and 5-cyclobutyl-n-pentyl.

The term "cycloalkenyl" as employed herein, by itself or as part of
another group, refers to cyzzloalkenyl groups containing 3 to 9 carbon atoms
and 1 to 3 carbon-carbon double bonds. Typical examples include
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, cyclohexadienyl,
cycloheptenyl, cycloheptadienyl, cyclooctenyl, cyclooctadienyl,
cyclooctatrienyl, cyclononenyl, and cyclononadienyl.

The term "halogen" or "halo" as employed herein by itself or as part of

another group refers to chlorine, bromine, fluorine or iodine.



sulfinic ester, sulfoniumsalt or sulfite. The term
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i averaciboxdicachd mefetiacti ve in vivo, but not in vitro.
Q her derivatjves of WD 2004/096134 PCT/ US2004/012240
- 26 t héﬁﬂsdﬂ% JW&%O%Pmm% %sefiirs@m fogREMAPOXYEER ﬂ%% .%h 2

bQfFt e{i&inr("§§ lod aﬁﬁﬁ)g@ﬁ bfhm ("N™). It will be recognized that when the
heteroatom is nitrogen, it may form an NR?R® moiety, wherein R?* and R® are,
independently from one another, hydrogen or C; to Cs alkyl, or together with
the nitrogen to which they are bound form a saturated or unsaturated 5-, 6-, or
7-membered ring.

The phrase “optionally-substituted” when not explicitly defined refers
to a group or groups being optionally substituted with one or more substituents
independently selected from the group consisting of hydroxy, nitro,
trifluoromethyl, halogen, Ci.¢ alkyl, C;¢ haloalkyl, C;s alkoxy, Ci.
alkylenedioxy, C;.¢ aminoalkyl, C;.¢ hydroxyalkyl, C,4 alkenyl, C,.4 alkynyl,
Cs.10 aryl, phenoxy, benzyloxy, 5-10 membered heteroaryl, C,.¢ aminoalkoxy,
amino, mono(Cj4)alkylamino, di(Cj.4)alkylamino, C,.¢ alkylcarbonylamino,
Cy6 alkoxycarbonylamino, C,¢ alkoxycarbonyl, C, alkoxycarbonylalkyl,

carboxy, Ca hydroxyalkoxy, (C1¢)alkoxy(Ca.g)alkoxy,



derivative forms, but the acid derivative formoften
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organi sm (see, Bundgard, H., Design of Prodrugs, pp.
7-9, 21-24, Elsevier, Ansterdam 1985). Prodrugs
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understood that HDM2 encompasses all proteins encoded by the hdm2,
mutants thereof, alternative splice proteins thereof, and phosphorylated
proteins thereof.

The phrase “antineoplastic agent” is used herein to mean any agent that
is used to treat or prevent cancer or other conditions comprising uncontrolled
proliferation and growth of cells. Antineoplastic agents include anticancer
agents.

The phrase “contacting one or more proteins” is used herein to mean
placing a compound of the present invention in a solution with one or more

proteins of interest. A compound of Formula I and one or more proteins of

interest may be in solution together in an aqueous solution, non-aqueous
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the chain length is otherwwse limted, wherein there
is at |l east one triple bond between two of the carbon
atonms in the chain, includfing, but not limted to,

et hynyl, 1-propynyl, 2-propynyl, and the I|ike.
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herein refers to Sroups.haV|ng 5to 14 ring atons; 6,
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cont ai ni ng  .carban _at nd.1, 2 r

v G RhEs A RAR RN s rsiietieetisinfrbdhl s
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napht ho[ 2, 3- b]thienyl, thianthrenyl, furyl, gyran I,
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POSAERbI A ok S GOIE oA dmoblfa 348 Yipich are
pYointtaz .9y Ifrom mdodanii orydrganis acidsiof hdses. Examples of such acid

addition salts include acetate, adipate, alginate, aspartate, benzoate,

benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate,
cyclopentanepropionate,  digluconate, dodecylsulfate, ethanesulfonate,
fumarate, glucoheptanoate, glycerophosphate, hemisulfate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate,
2-naphthalenesulfonate, nicotinate, nitrate, oxalate, palmoate, pectinate,
persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate, sulfate,
tartrate, thiocyanate, tosylate, and undecanoate. Base salts include ammonium
salts, alkali metal salts such as sodium and potassium salts, alkaline earth
metal salts such as calcium and magnesium salts, salts with organic bases such

as dicyclohexylamine salts, N-methyl-D-glucamine, and salts with amino



3Hindolyl, indolyl, indazolyl, purinyl,
4H qui nol i zi nyl, isoquinolyl, quinolyl, phthalazinyl,

woaphotasd di nyl , qui nazolinyl, cinnolinyl, ptePCTUR004/012240

4aH carbazolyl, carbazolyl, [3-carbolinyl,
phenant hri di nyl, acridinyl, perimdinyl,
phenant hrol i nyl, phenazi nyt32+sot hi azol yl

phenot hi azi nyl , isoxazolyl furazanyl, phenoxazinyl,

a 'yl . URS: 961 .
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2 %%pg%r@?%o}n%tqg @pégngpz%{q ro¥|l:)orrrr1]ulg rI wl\ulerem R'-R' and X are
-deﬁnécts ggwen OdnldNY%hd o~ J%}e/ harhitehfdally &%E}%}@ﬂh k&kc i8its.
empl oyed hefein by itself or as part of er oup
r Prefeged ocwymsmadnlsy lof g ithes p presenit ammnngn 3ateo 9hwmaM1cal

cfeinaa%ﬂ?%ﬁpwwﬁ%i B oS, Seerual BoRY et Bl of

C¥6poaiislof FhhBuladr 48 detiied aBdvey il 63 or Rére pharmaceutically
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to any animal that can experience the beneﬁc1a1 effects of the compounds of

the invention. Foremost among such animals are humans, although the
invention is not intended to be so limited.

The pharmaceutical compositions of the present invention can be
administered by any means that achieve their intended purpose. For example,
administration can be by subcutaneous, intravenous, intramuscular,
intraperitoneal, buccal, or ocular routes, rectally, parenterally,
intrasystemically, intravaginally, topically (as by powders, ointments, drops or
transdermal patch), or as an oral or nasal spray. Alternatively, or concurrently,
administration can be by the oral route. The dosage administered will be
dependent upon the age, health, and weight of the recipient, kind of concurrent

treatment, if any, frequency of treatment, and the nature of the effect desired.



cycl opentyl nmet hyl, 3-cycl ohexyl -n-propyl, and

5-cycl obutyl -n-pentyl. The term "cycl oal kenyl " as
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group, refers to cycl oal kenyl groups containing 3 to 9

carbon atons and 1 to 3 carbon-carbon doubl e bonds.
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and/or polyvmyl pyrrolidone. If desired, disintegrating agents can be added,
such as, the above-mentioned starches and also carboxymethyl-starch, cross-
linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, such as,
sodium alginate. Auxiliaries are, above all, flow-regulating agents and
lubricants, for example, silica, talc, stearic acid or salts thereof, such as,
magnesium stearate or calcium stearate, and/or polyethylene glycol. Dragée
cores are provided with suitable coatings that, if desired, are resistant to gastric
juices. For this purpose, concentrated saccharide solutions can be used, which
can contain gum arabic, talc, polyvinyl pyrrolidone, polyethylene glycol,
and/or titanium dioxide, lacquer solutions and suitable organic solvents or
solvent mixtures. In order to produce coatings resistant to gastric juices,
sblutions of suitable cellulose preparations, such as, acetylcellulose phthalate

or hydroxypropylmethyl-cellulose phthalate, are used. Dye stuffs or pigments
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In addition, suspensions of the active compounds as appropriate oily
injection suspensions can be administered. Suitable lipophilic solvents or
vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid
esters, for example, ethyl oleate or triglycerides or polyethylene glycol-400
(the compounds are soluble in PEG-400). Aqueous injection suspensions can
contain substances that increase the viscosity of the suspension, for example,
sodium carboxymethyl cellulose, sorbitol, and/or dextran. Optionally, the
suspension may also contain stabilizers.

Liquid dosage forms for oral administration include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs. In addition

to the active compounds, the liquid dosage forms may contain inert diluents

commonly used in the art such as, for example, water or other solvents,
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pi}lsgev ieiﬁitaltdrirr]lg)gure with'a argergslized pharmaceutically accepta{ﬁea Pnert carrier
comprising particles having a size, for example, of up to 100 micrometers in
diameter. Suitable inert carriers include sugars such as lactose. Desirably, at
least 95% by weight of the particles of the active ingredient have an effective
particle size in the range of 0.01 to 10 micrometers.

Alternatively, the composition may be pressurized and contain a

compressed gas, such as nitrogen or a liquefied gas propellant. The liquefied
propellant medium and indeed the total composition are preferably such that
‘the active ingredients do not dissolve therein to any substantial extent. The
pressurized composition may also contain a surface-active agent. The surface-
active agent may be a liquid or solid non-ionic surface-active agent or may be
a solid anionic surface-active agent. It is preferred to use the solid anionic
surface-active agent in the form of a sodium salt.

A further form of topical administration is to the eye. The compounds

and compositions of the present invention are delivered in a pharmaceutically
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liposome form can contain, in addition to the compounds of the present

—

invention, stabilizers, preservatives, excipients, and the like. The preferred
lipids are the phospholipids and the phosphatidyl cholines (lecithins), both
natural and synthetic. Methods to form liposomes are known in the art (see,
for example, Prescott, Ed., Meth. Cell Biol. 14:33 (1976)).

Compounds of the present invention may be used alone or in
combination with one or more additional antineoplastic agents. When a
compound of the present invention is used along with one or more additional
antineoplastic agents, the compound of the present invention may be
formulated with the other antineoplastic agent or agents so that a
pharmaceutical composition comprising a compound of Formula I and one or

more additional antineoplastic agents is administered to an animal.
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Teniposide;

7. camptothecins, such as Irinotecan, Topotecan, 9-Amino
Camptothecin, 10,11-Methylenedioxy Camptothecin, 9-Nitro Camptothecin,
and TAS 103;

8. hormones and hormonal analogues, such as
diethylstilbestrol, Tamoxifen, Toremefine, Tolmudex, Thymitaq, flutamide,
fluoxymesterone,  bicalutamide, Finasteride, estradiol, Trioxifene,
dexamethasone, leuproelin acetate, estramustine, Droloxifene,
medroxyprogesterone, megesterol acetate, aminoglutethimide, testolactone,
testosterone, diethylstilbestrol, and hydroxyprogesterone;

9. enzymes, proteins and antibodies, such as Asparaginase,

Interleukins, Interferons, Leuprolide, and Pegaspargase;
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and sui t abl 6. or gaAmtibiosios, vetiah SsasOAnthracyclines/Anthracenediones,
Bleomycin, Dactinomycin, Mitomycin, Plicamycin, Pentostatin, and
Streptozocin;

7. Topoisomerase Inhibitors, such as Camptothecins (Topo
D), Epipodophyllotoxins, AMSA, VP-16 and Ellipticines (Topo II);

8. Antivirals, such as AZT, acyclovir, penciclovir,
famcyclovir,  didehydrodideoxythymidine, dideoxycytidine,  -SddC,
ganciclovir, dideoxyinosine, and viral-specific protease inhibitors;

9. Miscellaneous Cytotoxic Agents, such as Hydroxyurea,

Mitotane, Fusion Toxins, PZA, Bryostatin, Retinoids, Butyric Acid and
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Additionally, the compounds and compositions described herein are
useful to treat any undesired or detrimental condition that results from the
HDM?2 protein or the MDM2 protein inhibiting the function of p53 or other
cellular proteins that induce apoptosis, induce cellular death, or regulate the
cellular cycle.
The compounds of the present invention are also useful at inhibiting
the interaction between p53 and HDMX and/or MDMX. MDMX, also known
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Preparation of Compounds

The compounds of the present invention can be prepared utilizing a
modification of Ugi condensation reaction, according to the synthetic pathway
shown in Scheme 1 and as detailed in Keating and Armstrong, J. Am. Chem.
Soc., 118:2574-2583 (1996). Appropriately substituted or unsubstituted
amino carboxylic acids 1, amines 3, and aldehydes 2 can be used to prepare
the compounds of the present invention, wherein R, R%L RS, RS R, R® R’ and
R!® are defined above. When R3X is sclected as a group other than hydrogen
or an electron pair, R®X can be introduced by using R*X-halogen in the

presence of a base, such as NaH, and a solvent, such as THF and/or catalyst



di aneter. Suitable inert carriers include sugars such
as lactose. Desirably, at |east 95% by wei ght of the
w@artiogdies of the active ingredient have an ef PE€DUS2004/012240

particle size in the range of 0.01 to 10 m croneters.
Al ternatively, the conposition may be pressurized and
contain a conpressed gas,—4leh as nitrogen or a
i quefied gas propellant. The liquefied propellant

i j : al kg e r,apl
ocpt 8 BRI B Rl WRATRR S RBo S B ek
t e rconverted tamyidingd8 tiaohgtaghe @xé efshosfiteousdsvehleridz @ad the
congosi.ti on gay al. so contain a surface-active agent.
TREPIOpTiAEYsubsiftyted @mitant may be a liquid or solid
non-ionic surface-active agent or may be a solid
ani oni ¢ surface-active agent. It is preferred to use
the solid anionic surface-active agent in the form of
a sodiumsalt. A further form of topical
admnistration is to the eye. The conpounds and

CoRRaAE 1 Ofif cffioda OikpRe Myninlyent L on are delivered in

a pharmaceutically W 20047096134 PCT/ US2004/ 012240

-36 agceptabl e ophthal m c vehicle, such that the

c urels are maintained in contact with the ocul ar
SUp ﬁlngoﬂasufficient time period to allow the
corrpoun&s to penetrate the corneal and internal
regions of the eye, as f%r gexanmpl e the anterior

chanheg, pqQsterior charrw i treous body, aqueoysr® Rr’
humef, vi t?‘éous hurmr1, or, eéé? / ciliary, &1enH N>4Ra
choroj d/retina and sRtera. pHanriceut i cal RS
acceft abl e opht hal m geehi at’e Hray, 2ifooron exanpl g an
oi RtTNE2 Vegetabl e Gi | \P°an encagglias i ng mat emi aP.
Corrpd%i tions for rectal gr vaginal adm nistration ar

prefer Iy4 suppositories which can be prepared by
m t he "conpounds of the present invention with
sui e non-irritating excipients or carriers such as

cocoa butter, polyethylene glycol or a suppository
wax which are solidgt groom terrper%t,wevaut [iquid at
N

bodyr¥aages at ur g, a et ef'opcmm%l, n & rectum or
vagi-ral—eawi ty an i gase S IEre uf\
R2

t LnR
. 5
NaH, THF o i‘ /Z—R
o if R?X=H N
R 7 8

9510
o NRR

Alternatively, the compounds of the present invention can be prepared
utilizing isatoic anhydride chemistry. Optionally-substituted furan-2,5-dione
(9) is treated with trimethylsilyl azide to afford isatoic anhydride 10.
Compound 10 is then treated with optionally-substituted amino ester in a
solvent such as pyridine and heated to 125 °C in a sealed tube for' 1.5 h,
followed by the treatment with a base such as fBuOK, to afford compound 11.
Compound 11 is then treated with a base such as sodium hydride followed by
an appropriately substituted alkyl halide. The product formed is then treated
with lithium bis(trimethylsilyl)amide at 0°C in a solvent such as anhydrous
DMF. After 10 min., an appropriately substituted alkyl halide is added to

afford the final diazepine structure 12. Alternatively, compound 10 is treated



The conpositions of the present invention can also be
admnistered in the formof |iposones. As is known in

WO b@4@pdi34 | | posones are generally derived froPCT/US2004/012240
phosphol i pi ds or other |ipid substances. Liposones are
formed by nono- or nulti-lamellar hydrated |iquid
crystals that are di spersed2i-h an aqueous nedium Any
non-t oxi c, physiologically accept abl e and

eI a7 bk £ 8088k v 28 BV RushS e gk s
CaN apPRipAbRely isibstitled 12081 tHAlHEC TR rm@m@lqsofoﬁﬁea is then

pr esent i nventi on, st abilizer S, preser vatl ves,
eireatpﬁl wnihgm optienallyesubstitated ?ﬁéncpf:%ﬂelfl asalveni pickas pyddine

(ELRORRRGT2SPEE el R R A R Rbea Y e REGpent wien

f 8 ba@el supl® 5@@@1@ rt6 aRfoMdnpoubi@2 and 14see, for
exanpl e, Prescott, Ed., Meth. Cell Biol. 14:33

(1976)) . Cbnpounds of the present invention may be
used alone or in conbination with one or nore
addi ti onal antineoplastic agents. Wen a conpound of
the present invention is used along with one or nore
addi tional antineoplastic agents, the conpound of the
present invention nmay be fornulated with the other
aﬁaﬁ&f@@bﬂ%&m&w@m} epfife YGRS 410 that a
pharmaceuti cal conposition conprising a conpound -of
Formula | and one or nore addltlonal anti neopl astic

agents is adm nistered to an ag |E 2004/ 096134
PCT/ US2004/ 012240 - At ergga,v\l t Re conmpound of
F& | coapne Nadp bstere §%

phar utTcal™ conposi ti on fron1the co

C®sprigi ng the o OiN @ +R@Nitio \neopl astic

agens s© Antlneoplasmﬂt agents that may bk WBed in

conbi nation with the|compounds of the present

i nvention include co 4 _sel ected fr oK@, R*X-Halogen

fol |l owi ng conpounds amdX-tdesses of ant i npdBHabger.&COs

agents: 1. fluoropyrivm di nes, such as 5-¥FU R11

(5-fluorouracil), Fluorodeo hldlne or af
- deoxyf | uorouri di ngj, UFT {ablne,R1

1Y (R” (
Rg N/L\o 2. +BuOK

|
XR®
13 12 14

Alternatively, the compounds of the present invention can be prepared starting
with an optionally substituted a-haloester. Compound 15, is treated with an
optionally substituted amine, in the presence of a base, such as K>COs, in a
solvent such as acetonitrile to give compound 16. This can be treated with an
optionally substituted a,B-unsaturated acid chloride in the presence of a base,
such as diisopropylethylamine, in a solvent such as dichloromethane to give
compound 17. This is treated with sodium hydroxide in methanol, followed by

coupling with an optionally substituted amine in the presence of coupling



2. pyrimdine nucl eosides, such as Deoxycytidi ne,

Cytosi ne Arabi noside, Cytarabine, Azacitidine,
w®2082a96180si ne, CGencitabine, and PCT/US2004/012240

5- Azacyt osi ne- Ar abi nosi de; 3. purines, such as

6- Mer capt opuri ne, Thi oguani ne, Azat hi opri ne,

Al |l opurinol, d adribine, F4darabine, Pentostatin, and

2- Chl or oadenosi ne; 4. platinum anal ogues, such as

c i iR iplatin, Te tin,

S S BRI 1O B AP ool Rl e,
anuth as ydiisoprepylethylamags rte diiod esmpsuh 18 ST X0 subdegiidhtly
Daunor ubi ci,n, Epi rubicin, Idarubicin, -and .
MUBUBEA r BB SHVere iizlelofhyacrionssilensiollopieh By addition of
Et ' Feni irdhe; kNS, .
R BE RN oy, QLTSRS AT P
1 @rdséndebo ey sabvend i soxly aCAHPt totgiectompAmil®r If R*X is hydrogen,

Cag;at thecin, and TAS 103; 8. .hor es and hor nonal
ar 88}5@ zing lgfﬂ‘rlpgfgn-ga il]étf(ﬁﬁ.‘.cg(f p@g@&g}?&afog?g%‘;geﬂ)éﬁence of
Toreesueieas NAL mad _%orvEHh{ 'Ehcgfg&’ Diput am de,

fl uoxynest erone, bical utam Finasteride, estradiol,
Trioxi fene, dexanethasone, |euproelin acetate,

e amusti,ne, Draloxifen nmedf.oxXypr ogest er one,
m?gib%l?% Oﬁﬁg@g@v&o[é{az%ﬂwq]g&th S8f mi de, testol act one,
testosterone, diethylstilbestrol, and

hydr oxypr ogest erone; 9. enzyngs,._ puotei ns and

anti godi es, such as @spar agi Ese\, ; | 'kt er| euki ng),

| nt eEt er ns,_g&q_gﬂrsol i d8H and Pega®par gase? N R
206341 4 208 40—38-10-~ vnca gtkakoi ¢s,
such as Vi nckKp®d4 ne, Vi nbl asti neDIEAVI nor el bi ner5”7a ~
Vi ndesi ne; 11. taxanes, such as Paclitaxel, Taxotebe
and Ddcet axel . 16

oo

1. NaOH

2. HoN-X-R®
PYBROP,
HOBY, DIEA

(@)
R N'R 1. silver trifiate, Q R
| /Q\Rf) BnSeBr Rz/\/U\N’ H
, -— 1
R N . 2. H,0, RR5}\”/ N‘XR?’

The following examples illustrate, but do not limit, the compounds, methods
. and compositions of the present invention. Other suitable modifications and
adaptations of the variety of conditions and parameters normally encountered
in clinical therapy and which are obvious to those skilled in the art are within

the spirit and scope of the invention.



Anti neopl astic agents that may be used in conbination

Wi th conpounds of the invention also include
waeeompoeids sel ected fromthe foll ow ng MechanPGnmuRae€al2240

Cl asses: 1. Antihornonal s-See classification for

Hor nrones and Hornonal Anal ogs above, Anastrozol e,

Goserel in, and Am nogl utet¥fm de; 2. Antifol ates, such

as net hotrexate, |eucovorin, amnopterin,

trimetrexate, Trinetho Xﬁbd ¢trexim pyrinmetham ne,

Edatrexat e, and NMDAM gE Amt?%g%rotubule Agents such

as Taxanes, Vinca Al kaloids, and Vinorel bine;

ATkgy IcampﬂlgldAgerths esa@nplesi helw aveie IgpRiheizess by dhg folbmng

e Must ards ( Mechl or et ham ne, Chl or anbuci

N@Fﬁﬁ% &%F%CI| Must ard), Oxazaphosphori nes

(I fosfam de Cycl ophospham de, Perfosfam de,

NGRS o et Bty

Thi ot epa, and Dacar bazi ne; 5. Amt!netabolltes such as
P oo, A PR S iSO shil® A% S8Ry ! Sbfshor
&ﬁ (ﬂrﬂ%%ré EYEre 'ﬂqﬁtahmﬁ&ﬁ & p‘)é?ﬁ‘tﬁfe for B 8BRY ToRhis solution was

nonyci n, cin, I camyci n, Pentostatin, and
Sad@ptamnhmon ofzyclm@nsd mewra‘sﬂe (i mntqb) in hexands, fodlowed

BY Tes 350 aesporal A+ 0RE) BaigD. AafE P fuion e e

agtirfedfor 3G A\inibieReAEp&GhAYE, fAcet?l&iM‘cXﬁi'eQG P2rmL) was added
di dehydr odi deoxyt hymi di ne, d| deoxycyti di ne, -SddC,

galowils| Bhe solutnmuwas(;hqmcﬁm@ oz88 adilitignalshh @ndjcencentrated
protease i p I t
ntg sucE egﬁﬁd?ﬁ%@ pég&?lkﬁ% ?ﬁﬁggkégsggﬁgfgﬁpgfm

Péﬁethﬂ’eﬁ@ shilatillérto Re¥d dibyldgetafduh yidtleylée chlaridt) WDhe residue

2004/ 096134 PCT/ US2004/.012240
was purified using pre-packed s1lqca cartridges (8 % ethyl acetate in methylene

chloride to 10 % methanol in methylene chloride) to give the title compounds.
General procedure for the alkylation of diazepines at position 1

Alkylating agent (1.5 equiv) was added to oven dried 2-dram vial equipped
with a stir bar under nitrogen. The diazepine to be alkylated (1.0 equiv) was
added, and the resulting mixture was dissolved in a solvent, euch as DMF.
Potassium carbonate (2.0 equiv.) was added, followed by addition of
tetrebutylammonium iodide (catalytic). The reaction mixture was tightly
capped and heated to 80 °C overnight. The reaction was filtered, concentrated
down, and loaded onto a 1000 pm TLC plate. After elution twice with 10%
EtOAc/hexanes, the lower band was isolated to give the 1-alkylated

compounds.



-39 derivatives, Pentosan, Fumagillin, M toxantrone,

Bone Marrow G owh Factors, and Procarbazine.
w@ormpoeds of the present invention are useful PE€DUS100€012240

treatment of uncontrolled proliferation of cells

and/ or cancer. The conpounds of the present invention

may produce beneficial cytoft-atic and/or cytotoxic

effects. The cytostatic effects include the

I d/ [
G?@?@?%@Qa¥ﬁ%3%@P%%%ﬁ?@géPf%@?@&ﬁnirudgrtﬁg i nducti on

of cell death by nechanisns that include apoptosis
and cellular necrosis. Specifically, the conpounds of
the present invention are useful in treating the

f 8l | sndiriiepn  ofindéd-benzbdigzepinez3hekione o(fal8lanmuselyer4-(V,N-

i.cal ' d trial [ .
o vt rapOmsmsine (o mes o imol ek phGuPomspvshipgide
r (B0 anyIos do?) sdicHlSloeMASTESmLY §ad BHPSPACIGREE inheRdled
and neck cancers, |ung and bronhchogeni c carci nonas,
biubefor % koAder thesplbion ytasreasled ée vysind tpaaperataren thsrexcess of
I ' d , t.hel i al
CENERREhS R GARRREANG] DallRYes ML URIMGER D, i BLAGE WA

odnbolseflimndry CHAIL(WIR, andhemat (bl asyeirRwas added dropwise
gl i,obl astoma, astraqcytoma, nedull obl astonma, Ew ng's

s ¥iBoTHTIng ah O, UnAgodgPRofiier MBImignahr Teactien prixlye was
hi, 84080 Wa Wﬁ)‘%vhlv ‘fe wpﬁen LRSS LdIGat: %asﬁ%ﬁﬁ@%%d and

t hyroi d cancers, unmor, pancreatic

ctleaesidta vas dbroocdwgrapledeon $iticey (it Odayleixaosyn | : 1g & tgivecthe
car,ci nonga, .and asophar.yngeal cancers. Preferably,
tﬁéeﬁWBB@ﬂpSP%QSQPﬁgﬁSPQXused to treat the cancers
selected fromthe group consisting of breast cancer,
chori ocarci noma, soft tissue sarconmas, o0steosarconas,
r habdomyosar comas, |ipoma and |iposarcona. The

c Graaabpracdiuch e drettelnative diaabsinesymtiesiygiiel y neant to
be illustrative and are by no neans neant to be a

limting or exhaustive list. Additionally, the
compounds and conpositions described herein are

ki 0 R85, B BB 3
Ph@tidihe (3 M) Wakistifed BE1IUTCT i 9 Bealdd tABS f&311.hhAKter cooling
to room temperature, the solvent was removed under vacuum.
Chromatography on silica (EtOAc/hexanes, 1:1) afforded the appropriately
substituted N-(2-aminobenzoyl)-2-(aryl)glycine methyl ester, which was
dissolved in THF (10 mL). Then, potassium fers-butoxide (1M in THF, 1.1
mL) was slowly added, at -78°C under argon atmosphere. The reaction
mixture was allowed to warm up to room temperature. After 14 h., the reaction
was quenched with acetic acid (150 pL), then the solvent was evaporated to
dryness and the residue was diluted with ethyl acetate, washed with water,
dried (Na;SO4), and concentrated to dryness under reduced pressure.
Chromatography on silica (AcOEt/Hexane, 1:1)' afforded the diazepine
compound as colorless prisms. Alternatively, isatoic anhydride (10) was

treated with a base such as NaH, in a solvent such as DMF at 0°C to room



cellular proteins that induce apoptosis, induce

cellular death, or regulate the cellular cycle. The
w@ormpoeids of the present invention are al so UBETF/UB2084/012240

inhibiting the interaction between p53 and HDWMX

and/ or MDMX. MDMX, al so known WO 2004/ 096134

PCT/ US2004/ 012240 -40 as M4, is a cellular protein

involved in the regulation of the cell cycle. For

e : 2eS.. .

oS T ORI AP cfb ey nERREF il g give

of 1DV Bisawal/ tosatddDVEh anchnpihd estee (1ab squivs af 80-180°C, followed

treati cancer,, ~i,nhi bi ti cell growth/replication,
a8 PoRet o ~BuPKuAhr 2SO g oorE SopeBErod siveen title
agdgmpt ' 1976 ce
DR o Rl Qe o SREsnd 98 e PAHE St B
95:195-200 (1998)). Conpounds of the present invention
may be used to treat cancer, inhibit cell

growth/replication, and induce cel|ular apoptosis and
nde selitign dyo-haleestes (E} inmol), ewmptionallyssubstitetadr amiet (10

[ [ I i t.h at use aor induce \
oS0 ke, C0%Heh R B Binel§u%5s e sckiontine
r adi500 fon 13Mdus Gk CAldeadBMIE wabRirh@ted HobPWafe? WilkCethyl
adm nistered either internally or externally.

CRestrtgafollogeedt by ichramptesraplyy ebnibliean (EtOgvc: Hetamren0s). The

t i .= The ¢ao of

| BRLSE nhet TCEABTONG DO HIB FRSCAF B0
efdlentddvey alditivi ofin dhtidonhiesEREABR] 6 BOERaREkated Bineq3 25
nmg/ kg to gbout 300 ng/kg, preferably between 1.0

) 18 0760 The/ e Bagtion: v t extrastep duerd swatef wiﬁweEtOAc,
| . il . f vathe!
R e T e

adonrespsbding groduct i Thigl pﬂ;ddotsf@socoﬁﬁndly\m;s ts_l_ @fefied “ﬁthtﬂgaOH
ti daily. aration o npounds e conpounds

okﬂe@e’“ﬁlr%bsi‘htfﬁﬁe ir%‘fjfﬂ?‘:né’ﬁ Berqsme parparatEy ifollaweda by
megtddtiea thoad 18f HOY it 58tk ARid" @3%! inRidbl) R4S M tRGted

to the synthetic pathway
with ammonium chloride (1.76 mmol), PyBrOP (1.32 mmol), HOBt (1.32

mmol) and DIEA (3.52 mmol) in DMF (3 mL) at room temperature and stirred
for 2 hours. The crude mixture was extracted from water with EtOAc and
purified by chromatography on silica (AcOEt: Hexane 1:3). The resulting
amide (3.3 mmol) was stirred with silver triflate (6.6 mmol) in acetonitrile
(120 mL) at room temperature. Benzeneselenyl bromide (6.53 mmol) was
added in DMF (5.2 mL) and stirred for 2 hours. The crude residue was
extracted from water with EtOAc and purified by chromatography
(AcOEt:hexane 1:3). The corresponding product (0.49 mmol) was treated with
hydrogen peroxide (500 pL, 30% in water) in THF at room temperature and
stirred for 20 minutes. The crude mixture was extracted from IN sodium
hydrogencarbonate with EtOAc, followed by chromatography on silca
(AcOEt:hexanes:DCM 1:2:2) to give the title compound.



shown in Schenme 1 and as detailed in Keating and

Arnmstrong, J Am Chem Soc., 118:2574-2583 (1996).
waé\ppropdiBat el y substituted or unsubstituted aPCTOS2004/012240

carboxylic acids 1, am nes 3, and al dehydes 2 can be

used to prepare the conpounds of the present

i nvention, wherein Rl, RR~4%; R6, R7, R8, RO and RI0

are defined above. When R3X is selected as a group

ot her than hydrogen or an electron pair, R3X can be

i ntroduced by using R3X-halogen in the presence of a

base, such as NaH, and a sol vent, such as THE and/ or

Skl SR OB 2 ey
conpound 7 can be converted to am dine 8 throuéh t he
use, of phosphorous oxychl ori d t [ I
T I R T R TR S el
S 1 . . . ) - & Z )
Sl eaagof FUGEQITIS R 00 DV (09
2 Afigpil 0 awial, optioRlg-supsfituied silleyl Halide €).9G0nmad) wes mided ard
Rgtimilkgﬁal&a(lzo% glrfedREOr I}'-ﬁ ﬁ at%(?”CRlThg}x, Rﬁé }eaction was diluted

with ice-cold water (30 mL), and the residue filtered, washed with water, then

dried in vacuo. Next, a base, such as K,COj3 (1.1 equiv) was added at 0°C to
this product in anhydrous solvent, sﬁch as DMF (2 mL). After 10 min.,
optionally-substituted alkyl halide (0.32 mmol) was added and stirring was
continued for 5-24 h. at 25-80°C. Then, the reaction was quenched with acetic
acid (50 pL). The crude material was purified by column chromatography on
silica (EtOAc/hexane, 1.1). Recrystallization from ethanol/ether yielded the

compound 12 as colorless crystals.

EXAMPLE 1

5-{(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl } -pentanoic acid

Cl
a) 5-{(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl }-pentanoic acid tert-butyl

ester



NaH, THE Rz | R5 2. NRORo R2 I -R5 NO if R3X=H N

NROR1lo R3X/ 7 $ Alternatively, the conpounds of the
w@e@goni134 nventi on can be prepared utilizing PEHUS2004/012240

anhydri de chem stry. Optionally-substituted

furan-2,5-dione (9) is treated with trinethylsilyl

azide to afford isatoic anh$¥ri de 10. Conpound 10 is

then treated with optionally-substituted am no ester

R L SRR R el e

V\/ldohvmltlbaaiesystmhﬂmasf t dBaSisinet corapdumdsl foﬂnweahrby iHe general

SRR b b SR 0 B G AR
({ISYJ'I\/IS”EESI 38s.): M Prop €Y %I%FCBI‘NTM 166.693€0urdd RAL LA,

hlumbls(trlmethyIS| )am'de at OCln asolvent
such as anhydrous DW. After 10 m n.

S PRS- hiRabotl G RkKY (4 *&ﬁiokﬁ@fhﬁ)-%ﬂ@%ﬁ&o-z 5.

frna I'azeprne s cture
Al diexa2 8 jdyeteyrahpivosbenra e ][ 0,4]dazepmal-gld -t a0 0P 6 1 34
PCT/ US2004/ 012240 -42 with a base, such as NaH, in a
solvent, such as DVF, followed by addition of an

apﬁ{@,@j Bf@-@tﬂor&ﬂ?ﬁh&l?%&ﬁ&-?Jrgh%hloi:@#héiﬁd) emﬁ]mleé&@ts 13

fornmed is then ‘trea an opti onal Substi tut ed
ardignn-3314eY- teltmhyadrgddenm{e] [&, é]ﬂiazapinpyyl}apmn@nom@m& écat-batyl

d tub h fal by, .t he. .
¢ et ol i) Bt stBSiok® sl of Q02) E actto' A1 in
C QiigHIHachelidnangk lré}omseé}ﬁ@atare Abi €1 NMiduiry e T@eai&@tl&e was
Synthesis #1 0 0 COOve O X (CH3)3SIN3 | 2 R5

Rcopgentrated znd thegpropugtovay pgrlﬁeq by FhrematpgmapyHhexsne1 FtOAc

K2Pro R¥4nb 188 96Mpound (0.88 g, 96 %)."H NMR (400 MHz, DMSO-dg)
§ 7.75 (d, J = 2.3 Hz. 1H), 7.62-7.56 (m, 3H), 7.39 (d, J = 8.6 Hz, 2H), 7.00
(d, J =8.6 Hz, 2H), 6.92 (d, J =8.6 Hz, 1H), 6.58-6.56 (m, 2H), 6.21-6.14 (m,
1H), 5.27 (s, 1H), 4.24-4.15 (m, 1H), 3.69-3.61 (m, 1H), 1.80 (t, J = 7.2 Hz,
2H), 1.63 (d, J= 7.2 Hz, 3H), 1.56-1.21 (m, 4H). Mass spectrum (LCMS, ESI
pos.): Caled for CagHysCIoIN2O4: 650.02; found 650.8(M+H).

EXAMPLE 2

5- {¢(3S)-3 -(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-ethynyl-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl }-pentanoic acid

O._-OH

— T
— - ‘thp
O BT

Cl



R3X- hal ogen 2) R-Hal ogen, K2C03 R11 O COOve OR O 1.
RS~NFRRLNRLN RI XOHI -~-R5S +1 ~-R5 R2 NJ\O
wQ200/08u8K R2 N R2 N XR3 R3X 0 RAC 0 13 12 14PCT/US2004/012240
Al ternatively, the conpounds of the present invention
can be prepared starting wth an optionally
substituted a-hal oester. Cagpound 15, is treated wth
an optionally substituted amne, in the presence of a
bas such 0 [N olvent
acaoHR Dy ﬁa@w&&-@&.@g@aﬂ% @ﬁﬁ%ﬁéggﬂ 3 (e
wi 1B, HR), 7datT-Shayl 341 Tl (D vredio 414 31 Pal 5841
cPp16.57eD, H =t hé Hik 2Bk 836115 Mpddh; 528 (n s 4.31-4.22 (M,
di 208 Brided 6% (My 11 d)yi220-2.1 2 (O, 2H), Vet I3 Wch7.841Z, 3H), 1.41-
di £h$ QvioDHE), hadvel 2D (i, 2H). MORBOSPECTRUM (LEMSs ESE B@S9d
WICAT D FORTTHACDNG O, 33 8MBE FOUND 5480 (M) BXAMPLE 3

coupling with an optionally substituted am ne in the

presence of couplin 04/.096134 P 04/ 012240
S EERSTfhigtphend-shulobisdnd Segnc Tl SO e
sidhorpsatip-phany)-3.3rhddetrahydrorbeggole][1,4]diazepin-1- f
dpantamotcrsid et hyl ani ne, to gi ve conpound 18. This is
subsequently treatnent with silver triflate in
acetonitrile, followsd by addition of benzenesel enyl
bromi de and DMF. %fhén, hydrogen peroxide is added in
the presence of a & eRnt, such as THE to give
conpound 19. If R3X i en, the solubilizing
group can be introd ing - hal ogen in the
presence of a basge; ' Fa sol vent, such
e, Dazepi ne Synthesis #2 0

ot

Cl
'H NMR (400 MHz, CDCl3) § 7.94 (d, J = 2.1 Hz, 1H), 7.50 (d, J = 8.4 Hz,
2H), 7.44 (dd, J = 8.6 Hz, 2.1 Hz, 1H), 7.33 (d, J= 8.6 Hz, 2H), 7.18 (d, J =
8.4 Hz, 2H), 6.68 (d, /= 8.4 Hz, 2H), 6.57 (d, J = 8.6 Hz, 2H), 6.46-6.39 (m,
1H), 5.39 (s, 1H), 4.39-4.31 (m, 1H), 3.70-3.62 (m, 1H), 2.37 (t, /= 7.0 Hz,
2H), 1.75 (d, J = 7.2 Hz, 3H), 1.67-1.58 (m, 4H). Mass spectrum (LCMS, ESI
pos.): Calcd for CooHysCIF3IN,O4: 684.05; found 684.8 (M+H).

EXAMPLE 4

5-[4-[(R)-1-(4-Chlorophenyl)-ethyl]-7-iodo-2,5-diox0-(3S5)-3-(4-
trifluoromethoxy-phenyl)-2,3,4,5-tetrahydro-benzo[e][ 1,4]diazepin-1-yl]-
pentanoic acid



R 0 5B O RRH2Z RRNHRR2 NR~ Y R5 (0" R15 O

O K203 0 DDEA R 17 15 16 1. NaOH 2. H2N-X-R3
WEBROR134 HOBt, DIEA O RL N R 1. silver trifleteysdhod/di2240

R5 BhnSeBr RN RH R2ZRL N N2 H2025 "XR3 30 RX

0O 19 18 The follow ng exaw&les illustrate, but do

not limt, the conpounds, m®?tods and conpositions of

t he present i nvention. Other suitable nodifications

and adaptations op.tlggy variety of conditions and

paraneters normal ly Jencountered in clinical therapy
and which are obviou those skilled in the art are
within the spirit and sc pe of the invention. WO
2004/ 096134 PCT/ US2(04R0 -44 EXANPLES

.O©

Cl
'H NMR (400 MHz, CDCls) §7.89 (d, J= 2.1 Hz, 1H), 7.48 (d, J = 8.4 Hz,
2H), 7.43 (dd, J = 8.6 Hz, 2.1 Hz, 1H), 7.32 (d, J = 8.6 Hz, 2H), 6.75 (d, J =
8.4 Hz, 2H), 6.59-6.53 (m, 3H), 6.42-6.35 (m, 1H), 5.36 (s, 1H), 4.41-4.31 (m,
1H), 3.67-3.57 (m, 1H), 2.37 (t, J = 7.0 Hz, 2H), 1.73 (d, J = 7.2 Hz, 3H),
1.67-1.52 (m, 4H). Mass spectrum (LCMS, ESI pos) Calcd for
C29Ha5CIF3IN>Os5: 700.04; found 700.86 (M+H).

EXAMPLE 5

67 {(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][ 1,4]diazepin-1-yl } -hexanoic acid

HO
0]
O
N
{0
] N
ol
O
Cl

"HNMR (400 MHz, DMSO-dg) § 7.78-7.74 (m, 1H), 7.62-7.55 (m, 2H), 7.42-
7.39 (m, 3H), 7.02-6.99 (m, 2H), 6.93 (d, J = 8.6 2H), 6.58 (d, 7.7 Hz, 2H),



The conpounds in the exanpl es bel ow were synt hesi zed
by the followi ng general procedures. Ceneral

w@e@amokiise for the conventional synthesis of dPERERINNE012240
compounds A solution of the aldehyde (0.20 mml) and
amne (0.20 mmol) in methanol (2.0 nL) were stirred
at anbient tenperature for-30-nmin. To this solution
was added a sol ution of cycl ohexene-| -isonitrile

(hgtzé?%%’) g%?no a@f Zﬁ 1%%'4 % lti'}I/’)he so k hi%s,z'ls'

t BX7 (us 2H)y £651058 Gn,c[ﬁy)s 1a80-a0bi(mn6H). dﬁpssr@kbmﬁn (LCMS,
Al | ¢ ride ( was added .slowy. The
SRR e TR ) oy ot AR A O
concentrated in vacuo. The residue was purified using
pre-packed silica cartrid%es net hyl ene chloride to

10 % ethyl acetate in 6¢chl ori de). The residue
was purified using pre-packed silica cartridges (8 %

et/hyb aﬁ@t—@h%réﬂheﬂﬁ‘}ﬁw(ﬁﬁﬁ-@ hloRdphegy1}- th:y %dﬁ%@?no'
éghog?t&%}ggg%%ﬂh Por ‘ﬂ@ gpky? a{f o |azep| nes at

position 1 Alkylating agent (1.5 eqU|v) was added to
oven dried 2-dramvial equipped wth a stir bar under
nitrogen. The diazeghpe to be alkylated (1.0 equiv)
was added, and resulting mxture was dissolved in
a solvent, such as . Potassium carbonate (2.0
equiv.) was added, foll owed by addition of
tetrebutyl ammoni um i odide (catalytic). The reaction
m xture was tightly cap and heated to 80 C
overni ght. The reaction wa _Lg?tered, concentr at ed

/

down, and | oaded onto 0 gm ate. After
elution twce wth 109 QAc/'he s, the | ower band
was isolated to givelthe 1- r& l.ated conmpounds. WO
2004/ 096134 PCT/ US2004/ 012240 / - 45 Ceneral procedure

for the synthesis of am din sol ution of
1, 4- benzodi azepi ne- 2, 5-di on .181 mmol ), 4-(N, N
di met hyl am no) pyri di ne (122 , 1.0 nmmol), and

phosphorus oxychl ori de
'H NMR (400 MHz, DMSO-dg) § 7.77-7.75 (m, 1H), 7.63-7.55 (m, 2 H),

7.45-7.37 (m, 3 H), 7.03-6.98 (m, 2H), 6.93-6.83 (m, 1H), 6.58 (d, J = 8.6 Hz,
2H), 6.28-6.13 (m, 1H), 5.28 (s, 1H), 4.30-4.23 (m, 1H), 3.69-3.62 (m, 1H),
2.14 (t, J = 7.44 Hz, 2H), 1.64-1.59 (m, 3H), 1.54-0.97 (m, 8H). Mass
spectrum (LCMS, ESI pos.): Caled for C30HyoC1LIN,O4: 678.05; found 678.9
(M+H).

EXAMPLE 7

4-{(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-ylmethyl } -benzoic acid



(350 L, 1.4 mol) in dichloroethane (4 nL) was stirred
at 135 Cin a sealed tube for 2 h. After the solution
wol®40eaBed to roomtenperature, the excess of PCT/US2004/012240
phosphorus oxychl oride was renoved under vacuum Then,
the residue was dissolved in dry CH2C12 (6 nL), and
am ne (2-10 equiv) was added2 dropwise wth stirring
at 0 C under argon. After 10 min, the reaction nixture

was allowed to wapmto roomtenperature. Then, the
sol vent was evaporategyand the residue was

chr omat ogr aphed o’ si Et QAc/ hexanes, 1:1) to give
the title conpounds as”a cplorless SO|Id Gener al
procedure for the al ter ve \di 3 ng synthesis #1 A

solution of isatoic an | de ('1" I) and am no. aci d

ester (1.3 mmol) in yrydi ',- 3wnmL) was stirred at
125 Cin a sealed tube for @.5/h. After cooling to
roomtenperature, the solven s renoved under
vacuum  Chr omat ogr aphy on a (Et OAc/ hexanes, 1:1)
afforded the appropriately pstituted

N- ( 2- ami nobenzoyl )-2-(aryl ) @ yci ne nethyl ester, which

wel i [ .91 ¥he j <

Cor DR S0 DM A8 42701 (B SRR, g7 33-

at7.2476q 1kl &rl 8e.GD (mal Hp 69%6.85 (ihh2H),en61-630 (fnm3H)U6 85-
r 0 erature. Aft

ol MEased sh TS 356 EnERCHS bt FARASH & devtbBatsg )

L)1.64 hensthe 5 i

t he r23| due vvagﬁleﬂg)t \ggﬁﬁet et hypg%@gfa}ﬁe Bgv\s;?:héd(]gd for

wi GanHb8N;04: 684.81 fonad &84T (MaHW. concentrated to

dryness under reduced pressure. Chronmatography on

silica (AcOEt/Hexane, 1:1) afforded the di azepi ne

conpound as col orl ess pHEXARPLEI& ernatively, isatoic

anhydri de (10) was treated with a base such as NaH,

=3- % n@ﬁ-épl_\f': eft 40%%or8 he%?r -294 08§134
@%éa EEIIE gé ?%ﬁ[ PRS%&B‘H b WQ/%CI é)P gi ve
(13). Thi s vvas treated with an amino ester (1.5 equivV)

at 80-120C, followed by addition of t-BuOK at -20C to
roomtenperature tglogi ve the title

OMN o
I N
sl
O

Ci
'H NMR (400 MHz, DMSO-d¢) §7.76, (d, /= 2.1 Hz, 1H), 7.61-7.58 (m, 2H),
7.41-7.39 (m, 2H), 7.00 (d, J = 8.8 Hz, 2H), 6.94-6.86 (m, 1H), 6.60-6.50 (m,
2H), 6.29-6.14 (m, 1H), 5.29 (s, 1H), 4.30-4.20 (m, 1H), 3.75-3.66 (m, 1H),
2.13 (t, J= 7.2 Hz, 2H), 1.85-1.70 (m, 1H), 1.65 (d, J = 7.21, 3H), 1.64-1.54
(m, 2H). Mass spectrum (LCMS, ESI pos.): Caled for CyHy3CLIN,Oy:
636.01; found 636.8 (M-+H).




conmpound. GCeneral procedure for the alternative

di azepi ne synthesis #2 A solution of a-haloester (10
wonek)9eian optional |l y-substituted am ne (10 nP@I/S2004/012240

K2C03 (20 nmol ) and TBAI (1.35 mmol) were stirred in

acetonitrile at 45C for 12 hours. The crude m xture

was extracted fromwater wroh—ethyl acetate, foll owed

by chromat ography on silica (EtOAc: Hexane 5:95). The

product (3.0 nmol) was t ;ggﬁ@@ yth DIEA (11.5 mol)
in DCM (30 ni), followeH by ag"cﬁtion of an

optional |l y-substituted a, (3-unsaturated am ne (3.25
nriof PSke-(GChlamphayldt [(Red et drorapleny Rt atidi-Zdoda-2y5r
wediero-B 1pb-Etiaiydro-tentd[ olbd] digzepinr biyBtmgpmnivyacit
silica (Hexane: EtOAc 8:1) to give the corresponding
product. This product (1.0 nmol) was saponified with
NaOH (15.0 mmol) in THE and net hanol at room
tenperature, foll oweg byH extraction from 1IN HO wth
Et OAc. The acid (0.8 ) was then treated wth
anmmoni um chloride (1.7 ), PyBrOP (1.32 mmol),
HOBt (1.32 mmol) and DI .52 nmmol) in DMF (3 nl)
at room tenperature tinre or~2 hours. The
crude m xture was ex ed Ar ter wwth Et OAc and
purified by chromatlograph N wsilica (AcCEt: Hexane
1:3). The resulting amde (3.3 mol) was stirred with
silver triflate (6.6 mmovl) acetonitrile (120 nL)
at room tenperature. Benzegegel enyl bronide (6.53
mol ) was added in DMF (5/2 nL) and stirred for 2
hours. The crude residue Was extracted from water
Wity i90- : :

e Hioans; POV 80 BT T BN 04735 gy 1
mYed 1y6.Qa<mt 2t @876 4N(m, B3 638r6. pemx 1 Hy 300, ULH)305d -

[ in J. t d ti

2035 1) S o e SR PR B A B et ekt 7
i, BH). h Wi S, :

T orar o0 aoht o el o CACCE R e B TGRSO

giﬁ%-%h@uﬂﬂﬁzig@fﬁﬂ@und. WD 2004/ 096134

PCT/ US2004/ 012240 -47 Ceneral procedure for the

di al kyl ati on of di azepi nes
EXAMPLE 10

5-{(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-ylmethyl }-furan-2-
carboxylic acid



A base, such as potassium carbonate ( 0.88 mol) was
added, at 20C to a stirred solution of diazepine (11)

w@ 200829l ) i n anhydrous DMF (4 nl). After 1PCTUR2004/012240
optional ly-substituted al kyl halide (0.96 mol) was
added and stirring was continued for 1-12 h. at
25-70C. Then, the reactiom¥bs diluted with ice-cold
water (30 nL), and the residue filtered, washed with
water, then dried inpMacuo. Next, a base, such as
K2C03 (1.1 equiv) added at OCto this product in
anhydrous sol vent, sughpas DMF (2 nlL). After 10 mn.,
optional | y-substit ut kyl halide (0.32 mmol) was
added and stirring was” contigued for 5-24 h. at
25-80C. Then, the reacty s guenched with acetic
acid (50 L). The crud At er purlfled by col um

x e, 1.1).

chr omat ogr aphy on
Recrystal lization from et olhether yi el ded t he
tals. EXAMPLE 1

conmpound 12 as col orl ess

5- {(35) 3- (4- Chl or ophenyl [(R)-1-(4-chl orophenyl)-e
thyl]-7-iodo-2,5- dioxo-2, , b-tetrahydro-benzo| €]

[1 4]d|azep|n | -yl'}-pentgpoic acid OOHO | I / NO

is I{I(MQ)R GL0@4Mﬁn ST Pineh §109-7485 (1) 1H), (45% td,of oBive izl 1 H,
G EL0L7 44 WRTEE: Pa0-730 fm 36D 74P it 4 =47 M dBDn6 21 5

eigtlaHgi XH)a67d (865 8mmxllH)e5t5¢r(d\wz 30044 019@1347 d,J=8. 1
PCT/ US2004/ 012240  -48 The title conpound

syt BB »ed (% diDon2dd ?Qwémg%lﬁb rlag2- bﬁéc(@d l}Hc) Mass gfigetrum
f d
R et e T I
di azepi nes at position 1: Mass spectrum
EXAMPLE 11

5-{(35)-8-Chloro3-(4-chloro-phenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-
2,5-dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl} -pentanoic acid

Cl

'H NMR (400 MHz, CDCl3) § 8.08 (s, 1H), 7.46 (d, J = 8.4 Hz, 2H), 7.30 (d,
J = 8.4 Hz, 2H), 6.95-6.88 (m, 3H), 6.45 (d, J = 7.7 Hz, 2H), 6.40-6.34 (m,
1H), 5.33 (s, 1H), 4.39-4.27 (m, 1H), 3.69-3.59 (m, 1H), 2.45-2.34 (m, 2H),
1.70 (d, J = 7.2 Hz, 3H), 1.67-1.52 (m, 4H). Mass spectrum (LCMS, ESI
pos.): Caled for CogH4CI3IN,O4: 683.98; found 684.8 (M+H).



(LCMS, ESI pos.): Calcd for C32H33C121N204: 706. 09;
found 707.1 (MtH). D)

WG 240 8%9138- ( 4- Chl or ophenyl ) - 4-[ (R) - 1- (4- chl or optiEng10p4/@12240
thyl]-7-iodo- 2, 5-
di oxo- 2, 3, 4, 5-tetrahydro- benzo[e][1, 4] di azepin-1-yl}-p
ent anoi c acid 5-{ —-55-
(3S)-3-(4-Chl oro-phenyl)-4-[(R)-1-(4-chl oro-phenyl) -et
hyl]-7-iodo-2, 5- EXAMPLE 12
di oxo- 2, 3, 4, 5-tetrahydro- benzo[e] [ 1, 4] di azepin-1-yl}-p
entanoic acid tert-butyl ester (1.0 g, 1.4 mol) was
divssb{4hlorephsnyloticl(4-shlosmhom)-Fycloprepylmmethyl-7-iodo-2,5-
didéaoo?. dAet-tetrabydio-benznte il hAlskazapior leyFepeninbimacid The
reacti on was concentrated and the product was
purified by chromatogfgaphy (hexane: EtQAc 1:1) to

give the title 00%88 g, 96 %.'H NVR (400
MHz, DMSO-d6) S 7.7 , =02. 3 . 1H), 7.62-7.56
(m 3H), 7.39 (d, : : (d, J =8.6
Hz, 2H), 6.92 (d, 6.5 8-6.5 6 (m
2H), 6.21-6.14 (m 1H), 4.24-4.15 (m |
H, 3.69-3.61 (m IH £ 7.2 Hz, 2H), 1.63
(d, J= 7.2 Hz, 3H), . Mass spectrum
(LCMS, ESI pos.): Q8H25C121 N204: 650. 02;
found 650. 8( MH). EXAMPLE 2 (3 5)-3 -(4-Cnl
orophenyl)-4- [(R)-1- (4-%] -orophenyl) - et hyl ]
-7-ethynyl-2, 5 -

di oxo- 2, 3, 4, 5-tetrahydr o- benzo[e] [ 1, 4] di azepin-1-yl}-p

PG i oals, BVIS QW A 40 . Bl B o = 8.4
R T e 0 D g .
3= §8 Ha2H), 689 (6] 5.8 Bz, JH),76.59 A, +8,6 Hz2095 His 2H),
(M5 136D 1m0 523 Sy =407 13; By, %34 58 m, 11), 3.71-3.62 (m, 1),
2.19-2.11 (m, 2H), 1.91-1.81 (m, 1H), 1.54-1.21 (m, 4H), 0.81-0.71 (m, 15,
0.6270.52 (m, 1H), 0.48-0.34 (m, 2H). Mass spectrum (LCMS, ESI pos.):

Caled for C3oHa7CLIN;O4: 676.04; found 677.0 (M+H).

[y

2]

EXAMPLE 13

5-{3-(4-Chlorophenyl)-4-[1-(3,4-dichlorophenyl)-ethyl]-7-iodo-2,5-dioxo-
2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl}-pentanoic acid

0. OH

T
o

)

Cl Cl



2H), 3.78-3.68 (M 1H), 2.20-2.12 (M 2H), 1.63 (D, J=
7.0 HZ, 3H), 1.41- 1.38 (M 2H), 1.27-1.22 (M 2H).
WORBFOBRECTRUM (LCMS, ESI PCS.): CALCD FOR  PCT/US2004/012240
C30H26CL2N2O4: 548.13; FOUND 548.9 (MH). EXAMPLE 3
5-[4-[(R)-1-(4-Chl or ophenyl_%égt hyl ] -7-1i odo- 2, 5- di oxo- (
3S)-3-(4
trifluoronethyl-phenyl)-2,3,4,5-tetrahydro-benzo[ e]
[1, 4] di azepin-1-yl]- pentanoic acid OOH O NF |

=~ .9 d, J
SRS Gt BRI S T N o 29, 134859, 985,
8. 2 , 3 7(d = 6 (A2 .

( d@%@:’ g 8.%4%’, éizl%’ 6,‘%6(.%6 87(_( 56 JPJIZ’J&Q.’ 9 !ééa(fi’ ‘ZDﬁ) ?'geﬂ’g?m’
g cﬁ,-g?&wga(ns 1), 528)(s, Hi)_qgkﬁ. @8, Ihﬁl, 3.m=%.54313n13t9m§2.=1347a)1o 1
o 2ol gt fﬁizﬁh}g-%}&%‘m i 745 b iy e
D KD das G od B IO 9 Sy
5-(MiHX R) - 1- (4- Chl or ophenyl ) - et hyl ] - 7-i odo- 2, 5- di ox0- (
3S)-3-(4- trifluoromethoxy-phenyl)-2, 3,4,
5-tetrahydro-benzo [e] [ 1, 4] diazepin-1-yl]-

pent anoi ¢ aci d WD 2004/ BEAMRLIPCF/ US2004/ 012240 - 50-
OOHNOFF

5-[4-[1-(3-Amino-4-chlorophenyl)-ethyl]-3-(4-chlorophenyl)-7-iodo-2,5-
diox0-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl]-pentanoic acid

'"H NMR (400 MHz, DMSO-dg) § 7.74 (d, J = 2.1 Hz, 1H), 7.59 ( dd, J = 8.6
Hz, 2.1 Hz, 1H), 7.12 (d, J = 8.1 Hz, 1H), 7.03-6.98 (m, 3H), 6.92 (d, J = 8.6
Hz, 2H), 6.70 (dd, J = 8.6 Hz, 2.1 Hz, 2H), 6.63 (d, J = 8.6 Hz, 2H), 6.13-6.04
(m, 1H), 5.41 ( s, 2H), 5.19 (s, 1H), 4.33-4.22 (m, 1H), 3.73-3.63 (m, 1H),
2.19-2.12 (m, 2H), 1.57-1.45 (m, 3H), 1.44-1.31 (m, 3H). Mass spectrum
(LCMS, ESI pos.): Caled for CagHasCLIN;O4: 665.03; found 665.8 (M+H).



NOF d "HNW (400 MHz, CDC13) 6 7.89 (d, J 2.1

Hz, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.43 (dd, J= 8.6
woi2004@96134Hz, 1H), 7.32 (d, J= 8.6 Hz, 2H), 6. 7BCT/US2004/012240

8.4 Hz, 2H), 6.59-6.53 (m 3H), 6.42-6.35 (m 1H),

5.36 (s, 1H), 4.41-4.31 (m | H), 3.67-3.57 (m | H),

2.37 (t, J = 7.0 Hz, 2H), I.?3‘(d, J = 7.2 Hz, 3H)

1.67-1.52 (m 4H). Mass spectrum (LCMS5, ESI pos.):

Cal cd for C29H25C1F31NEXAMPOL.184; found 700. 86

(MtH). EXAMPLE 5 6- { (35)-3 I ) ) ethyl]-7-i

;)gﬁ[%84—88%?&%Qitrcé)‘r-pLénI?/l)-elth}gljb9 - %Eo%gp§e2¥l)-7-iodoy2,;-

i Bgis- S rterahudroiepen sl baldiazeain: b-ylintnteneisiacid -yl } - h

exanoic acid HO ONN | J:D O d "H NWR (400 Mz,

DVBSO- d6) 6 7.78-7. [4 (oA 1H), 7.62-7.55 (m 2H), 7.42-

7.39 (m 3H), 7.02°6399 (m 2H), 6.93 (d, J = 8.6 2H)

6.58 (d, 7.7 Hz, 2H), 004/ 096134 PCT/ US2004/ 012240

-51 6.28-6.14 (m 1H) S 1H), 4.29-4.19 (m

1H, 3.71-3.62 (m 1 ORAN(m 2H), 1.65-1.58

(m 3H), 1.50-0.96 (-~ y_sped@rum (LCVB, ESI

pos.): Calcd for C29H27CLlZ. . 664.04; found 664.8

(MrH) . EXAMPLE 6 7- { (3SP-3

-(4-Chl orophenyl )-4-[(R) -

odo- 2, 5-

chl or ophenyl ) -ethyl]-7-i

'H NMR (400 MHz, DMSO-de) § 8.24 (d, J = 2.1Hz, 1H), 7.90 (dd, J = 8.6
Hz, 2.3 Hz, 1H), 7.78 (d, J=2.1 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.58 (dd, J
=8.6 Hz, 2.1 Hz, 1H), 7.01 (d, J= 8.6 Hz, 2H), 6.90 (d, J = 8.8 Hz, 1H), 6.66-
6.63 (m, 2H), 6.20-6.13 (m, 1H), 5.43 (s, 1H), 4.29-4.20 (m, 1H), 3.72-3.63
(m, 1H), 2.19-2.11 (m, 2H), 1.69 (d, J = 7.2 Hz, 3H), 1.53-1.44 (m, 1H), 1.41-
1.32 (m, 3H). Mass spectrum (LCMS, ESI pos.): Calcd for C28H24C1LIN3O4:
695.01; found 695.8 (M-+H).

EXAMPLE 16

5-{3-(4-Chlorophenyl)-7-iodo-4-[1-(4-methyl-naphthalen-1 -yD-ethyl]-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-y1} ~pentanoic acid



di oxo-2, 3,4,5-tetra 0- benzo[e][1, 4] di azepin-1-yl}-h
eptanoic acid OH O NOOAd NO d |HNW (400

WORBA/OBNBO d6) S 7.77-7.75 (m 1H), 7.63-7.55 2a1/U2004/012240
7.45-7.37 (m 3 H), 7.03-6.98 (m 2H), 6.93-6.83 (m

1H), 6.58 (d, J= 8.6 Hz, 2%3, 6.28-6.13 (m 1H), 5.28

(s, | , 4.30-4.23 (m 1H383.69-3.62 (m | H, 2. 14

(t, J =7.44 Hz, 2H), 1.64-1.59 (m 3H), 1.54-0.97 (m

8H). Mass spectrum (LCVS, ESI pos.): Calcd for

C§OH29CI21NQO4: 678.05; found 678.9 (M+H). EXAMPLE 7

:1-1[1(1\]3\91)1- (300 MIGn b5 R BSAAL{ RS SLHE DY B0 LASIa
- - o_ -

it o7 et By TRY %5 e AR B3 AP A RGN (o
h G @i U

ks gt o S )
DHBG-(6)118, 373-3.64 @1, IH), 2.3BIs, 3H)42-23-2315 (my 2B, 757d38=
L 7aftut ey F')é]u-];;gl ﬁhé{ﬂ%ﬁ_ﬁd’&ls Htrud @ EMs, B0k )2 Nea for

C33H30ClIN,O4: 680.09; found 680.8 (M+H).

hydr

EXAMPLE 17

5-[4-(4-Chlorobenzyl)-3-(4-chlorophenyl)-7-iodo-2,5-diox0-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl]-pentanoic acid
o-_©OH

oy
Lo

o)

Cl

'H NMR (400 MHz, DMSO-dg) § 12.05 (bs, 1H), 7.71 (d, J = 2.1 Hz, 1H),
7.62 (dd, J = 8.8 Hz, 2.3 Hz, 1H), 7.43 (m, 4H), 7.17 (4, J = 8.6 Hz, 2H), 6.95
(d, J= 8.8 Hz, 1H), 6.83 (d, J= 7.7 Hz, 2H), 5.70 (s, 1H), 5.27 (d, J = 14.6
Hz, 1H), 4.69 (d, /= 14.4 Hz, 1H), 4.21-4.13 (m, 1H), 3.67-3.58 (m, 1H), 2.11
(t, J = 7.0 Hz, 2H), 1.32-1.22 (m, 2H), 0.88-0.83 (m, 2H). Mass spectrum
(LCMS, ESI pos.): Caled for Cy7H3CLIN,O4: 636.01; found 637.0 (M+H).



6.33 (m 1H), 5.37 (s, 1H), 5.35 (d, J=
4.99 (d, J=15.8 Hz, 1H), 1.64 (d, J =

15.6 Hz, 1H),
7.2 Hz, 3H).

wolwg/osqaect rum (LCVS, ESI pos.): Calcd for PCT/US2004/012240

C31H23C121N204: 684.01; found 684.7 (MH) . EXAMPLE 8
4-{(35)-3-(4-Chl orophenyl ) - 4- [(R) 1- (4-chl orophenyl ) -e
thyl]-7-iodo-2, 5- —-59

di oxo- 2, 3, 4, 5-t et rahydr o- benzo[e][l 4]d| azepln l-yl}-b
utyric acid HOB O " I%?@Q "H NMWR (400
VHz, DI\/SOd6) S 7.76, ( @I?E Hz, 7.61-7.58
(m 7.41-7.39 (m 2H), 7.00 (d, J- 8.8 Hz, ZFD

6 59{41- -Eblotephenyd)-4-B:(@hiprepheq)-1-efhyl-6thgl- Biodd-2
11jgx052,34, {-tetraliydro-bénB Qe |l , 2[didzepini Hyl} -ZnEmoR. H6 (M
1H), 2.13 (t, J= 7.2 Hz, 2H), 1.85-1.70 (m 1H), 1.65
(d, J=7.21, 3H), 1.6431.54 (m 2H). Mass spectrum

(LCVB, ESI pos.): cd for C27H23C121N204: 636.01;
found 636.8 (MtH). 2004/ 096134 PCT/ US2004/ 012240
-53 EXAMPLE 9 3-{ (39)-3 _ 0O

(
-(4- Chl orophenyl ) -4-]
odo- 2, 5-
di oxo-2, 3,4, 5-tet rahydr
ropionic acid OOHO N @

T@@gphenyl )-ethyl]-7-i
Cl
e o[ e, 4] di azepin-1-yl}-p

'H NMR (400 MHz, DMSO0-dg) §7.71-7.65 (m, 1H), 7.60-7.53 (m, 1H), 7.39-
724 (m, 4H), 7.17-7.04 (m, 2H), 6.92-6.71 (m, 3H), 5.74 (s, 1H), 5.34-5.14
}(m, 1H), 4.25-3.99 (m, 1H), 3.70-3.59 (m, 1H), 3.12 (m, 1H), 2.98-2.86 (m,
1H), 2.18-2.09 (m, 2H), 1.52-1.13 (m, 7H). Mass spectrum (LCMS, ESI pos.):
Caled for CaoH,7CLIN2O4: 664.04; found 664.9 (M+H).

EXAMPLE 19

5-{(35)-3~(3-Bromo-phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-7-iodo-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl }-pentanoic acid

0~ OH
N 0
[T
' N
O anl Br

Cl
"H NMR (400 MHz, DMSO-d¢) § 7.95 (d, J = 2.1 Hz, 1H), 7.51-7.44 (m, 3H),
7.37-7.29 (m, 2H), 7.08-7.03 (m, 1H), 6.81-6.71 (m, 1H), 6.65-6.61 (m, 1H),



1H NWVR (400 MHz, DMSO-d6) 6 7.73 (d, J= 2.1 Hz, 1H),

7.64-7.35 (m 5H), 7.21-6.96 (m 2H), 6.97-6.49 (m
wae{)o4/066128- 6. 14 (m 1H), 5.25 (s, 1H), 4.51- 4rGLUSIN4/012240

H, 3.94-3.80 (m | H), 2.44-2.29 (m | H), 1.91 (s,

.1 H, 1.68-1.57 (m 3H). Mss spectrum (LCV5, ESI

pos.): Calcd for CZ6H210121‘?@04 621.99; found 622.8

(MtH) . EXAMPLE 10 5- { (35)-3 -(4-Chl orophenyl)-4-

[(68)9(5 (l4= shlm QFH)GG.‘AB%@@H']]H)76'4@d@3§(m51H) 5.33 (s, 1H),

di oxo- 2 tetrah%dro benzo E i

1 A41d4. 52 éqm REDL,-3/0 Fraolyem) 1Hr2x40-2.34 (e BERy1.72 (& ok = 7001z,

2Q04/ PCT/ 012240 - 54- O .l

7980! VA5 MOl P R ettt MY s ) Pt Caid For
11d),sHZBERIN£D,: 39578, féuﬂrdz696lngM+H; 70- 7 44 (m 2H),
7.39-7.30 (m 3H), 7.10 (d, 6.91 (d,
J:8.1Hz,2H),674(d J:86H21H) '6.54 (d, J

32 Hz, 1 H), 6.47 (dgxAMPIiE 3o Hz, 2H), 5.55 (s,
527490(m 2H) 182 1.66 (m 3H). Mass

%%g rP {j‘ngﬁ(s ESI  pos. Cal cd for C29H21C121N205:
6 Potfnehlerpeheny )rv’# -MWDEZ 3.4, 55tetrphydro-
(@s)Z%e]aaﬂlémsplpﬂl-ma@?tmq@t@ny|) 4-[ (R) - 1- (4- chl or ophe
nyl)-ethyl]-7-iodo-

2, 5-di oxo- 2, 3, 4, 5- tetradjydro benzo[e] [ 1, 4] di azepin-1|-y
| }-pentanoic acid O O—|

J@}@

'H NMR (400 MHz, CDs;OD) & 7.80 (d, J = 2.1 Hz, 1H), 7.58-7.47 (m, 3H),
7.42-7.28 (m, 3H), 6.99 (s, 4H), 6.89 (d, J = 8.8 Hz, 1H), 5.51 (s, 1H), 5.49 (s,
1H), 5.18 (d, J=14.4 Hz, 1H), 4.57 (d, /= 17.0 Hz, 1H), 4.13 (d, /= 17.2 Hz,
1H). Mass spectrum (LCMS, ESI pos.): Caled for CsH;gClIN,O4: 560.00;
found 561.1 (M+H).

EXAMPLE 21

5-{(3S5)-3-(4-Chloro-3-nitro-phenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-
2,5-dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl} -pentanoic acid



N O0d 1H NMR (400 MHz, CDC13) 6 8.08 (s, 1H), 7.46

(d, J= 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H),
WG2034066188 (m 3H), 6.45 (d, J = 7.7 Hz, 2H), BCHOSBNBA12240

(m 1H), 5.33 (s, 1H), 4.39-4.27 (m 1H), 3.69-3.59

(m 1H), 2.45-2.34 (m 2H), 1.70 (d, J = 7.2 Hz, 3H),

1.67-1.52 (m 4H). Mass spelrum (LCMB, ESI pos.):

Cal cd for C28H24C131 N204: 683.98; found 684.8 (MH).

WO 2004/ 096134 PCT/ USgp04/ 012240 -55 EXAMPLE 12 5-f

3- (4- Cnl or ophenyl ) [ (4-chl orophenyl)-cycl opropyl -

hyl]-7-iodo-2, 5-

di oxo- 2, 3, 4, 5-t et rahydrg- n O[ 1, 4]di azepin-l-yl}-p
entanoic acid OH O ' (g? C 1H NWR (400
MHz, DMSO-d6) 6 7. 7?1 —N2 H) , 7 66 (d, J =
8.4 Hz, 2H), 7.59 (dd, J B 2.4 Hz, , 7.40
(d, J=8.6 Hz, 2H), 7.01 Pd —_ngé Hz, 2H) 6. 92
(d, J = 8.8 Hz, 1H), 6.59 86Hz 0. 93 Hz,

2H), 5.51 (s, 1H), 5.16 (d_-d= 107Hz 1H),
4,38-4.29 (m 1H), 3.71-3.82 (m 1H), 2.19-2.11(m
2H), 1.91-1.81 (m | H), ?54121(m 4H), 0.81-0.71
(mIH), 0.62-0.52 (m 1H), 048034(m2H) Mass
ctr m%% cd for C30H27C121N204:
{ M%Zzﬂécgl/ﬁr%% t%ﬁ\m&}h)ﬂ 55-7.44 (m, 3H), 7.39-

7.28 (m, 3H), 7.13-7.04 (m, 2H), 6.70-6.54 (m, 1H), 6.46-6.36 (m, 1H), 5.30
(s, 1H), 4.40-4.07 (m, 1H), 3.70-3.38 (m, 1H), 2.45-2.24 (m, 2H), 1.98-1.77
(m, 1H), 1.72 (d, J = 7.0 Hz, 3H), 1.64-1.54 (m, 3H). Mass spectrum (LCMS,
ESI pos.): Calcd for CysH4CLIN3Og: 695.01; found 695.7 (M+H).

EXAMPLE 22

5-{(35)-7-Acetyl-3-(4-chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl}-pentanoic acid

o-_°H
N\go
N
O ol
Cl
'H NMR (400 MHz, DMSO-dg) § 8.05 (d, J = 2.3 Hz, 1H), 7.79 (dd, J = 8.6
Hz, 2.3 Hz, 1H), 7.62 (d, J = 8.6 Hz, 2H), 7.41 (m, 2H), 7.25 (d, J = 8.8 Hz,

1H), 6.96 (d, J = 8.6 Hz, 2H), 6.59 (d, J = 8.6 Hz, 2H), 6.21 (m, 1H), 5.35 (s,
1H), 4.36-4.26 (m, 1H), 3.84-3.74 (m, 1H), 2.21-2.13 (m, 2H), 1.66 (d, J = 7.2



5-f 3 -(4-Chlorophenyl)-4- |

1- (3, 4-di chl orophenyl)-ethyl] -7-iodo-2, 5 -dioxo-
WQ2®449@34 et r ahydr o- benzo[ e] [ 1, 4] di azepi n-| - yl PePERL08H012240

icacid OOHNOiI N\ d Od d W 2004/096134

PCT/ US2004/ 012240 -56 'H NVR (400 MHz, DMSO d6) 6

7.85-7.76 (m 2H), 7.63-7.5&{fm 3. C}ﬂ 7.02 (d, J =

8.6 Hz, 2H), 6.90 (d, J = 8.6 Hz, , 6.63 (d, J =

6.3 ol S50 s 8 sl o

(qbos FCAeDforiCs0EBETLNIOR 366.143fobnd 586D (MAHHYS- 1. 28 (m
3H). Mass spectrum (LCVMS, ESI pos.): Calcd for

C28H24C131N204: 683.98; found 684.8 (MtH). EXAMPLE 14
5-[4-[1-(3- Am no- 4-chl oExpherpe 23 et hyl ] - 3- (4-chl or ophe
nyI) 7-1o0do- 2, 5-

i_0 5-tetr h dro- bhenzol[e] [ 1, 4] di azepi n- 1-
éféﬁé’)r%?%ér@n@w A T SR Pk A L
DASIO- 4 8)digko72,3 4.5 @ﬁahsﬂirgbgnme][h%dlmpmgl yldepenymoa id
Hz, 2.1 Hz, 1 H, 7.12 (d, J = 8.1 Hz, 1 H, 7.03-6.98
(m 3H), 6.92 (d, J =8.6 Hz, 2H), 6.70 (dd, J = 8.6
Hz, 2.1 Hz, 2H), 6.63 (d, J = 8.6 Hz, 2H), 6.13-6.04
|

(m H, 5.41 ( sp FU’ 5.19 (s, | H), 4.33-4.22 (m
I H, 3.73-3.63 (m

L0

Cl
'H NMR (400 MHz, CDCl;) & 8.13-7.84 (m, 1H), 7.61-7.27 (m, 4H), 7.01-
6.81 (m, 1H), 6.76-6.64 (m, 1H), 6.66-5.63 (m, 5H), 5.38-5.10 (m, 2H), 4.41-
3.89 (m, 2H), 3.62-3.27 (m, 3H), 1.79-1.32 (m, 6H). Mass spectrum (LCMS,
ESI pos.): Caled for C5H6C1,IN304: 665.03; found 665.8 (M+H).

EXAMPLE 24

(35)-2-Amino-3-(4-chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-
3,4-dihydro-benzo[e][1,4]diazepin-5-one

IQNTNW
-
sy L

Cl



2.19-2.12 (m 2H), 1.57-1.45 (m 3H), 1.44-1.31 (m
3H). Mass spectrum (LCMS, ESI pos.): Calcd for

WQ2@HP6AIL1N304: 665. 03; found 665.8 (MtH). WPCT/US2004/012240

2004/ 096134 PCT/ US2004/ 012240 -57 EXAMPLE 15 5-[4-[
1-(4-Chloro-3-nitro- phenyl) ethyl] 3- (4-chl orophenyl) -
7-1odo- 2, 5-

di oxo- 2, 3, 4, 5-t et rahydr o- benzo[e][1,4]d| azepin-1-yl]-p
entanoic acid 0O OH0 NI \' I / ~C NO d NMN-0 O
1H NVR (400 MHz, DMSO-d6) 8 8.24 (d, J 2. 1Hz,
7.90 (dd, J =86 Hz, 2.3 Hz, 1H),

7.
Hz iy 460 FAE DTS 7d B, J= 5k 117,
g'%%% (Eﬁ}@ E’ _?ﬁdCHi;. 6%_%
5

H

(WZ,

=6! , 28, ART J =0
gl b 1ot Ul
2 ; -1)3(,é71( : AREDs MARS SPEETRUME.C
po@S)I %&@F@BQ@M 08 548695 FOLND sohd (B@&H)s
(M+H) . EXAMPLE 16 5- {E?L{&MP@IEzﬁophenyl) 7-io0do-4-]
1 (4 nmet hyl - napht hal en- 1-yl)-ethyl]-2, 5-

78

23 b SR ShaY P%‘i‘ 2RloE dnn ) AR FeR Jio!l 5-¥kd- P
ent &fria,’%%eri{%[e]ﬁ gc(azepm-}ylammo}l-lac%etam?ge >
HoN
(0]
: N NH
|/<jng "'”@—m
O St
Cl

"H NMR (400 MHz, CDCl3) & 1.76 (d, J = 5.4 Hz, 3H, CHj), 4.26-4.40 (m,
2H, CHy), 5.09 (br s, 1H, CH), 5.68 (br s, 1H, NH), 6.30 (br s, 1H, NH), 6.44
(q, J = 5.4 Hz, 1H, CH), 6.53-6.58 (m, 3H, ArH), 6.87 (d, J = 6.3 Hz, 2H,
CH»), 7.31-7.40 (m, 3H, ArH), 7.53 (d, J= 6.3 Hz, 2H, ArH), 8.00 (d, J= 1.5
Hz, 1H, ArH). Mass spectrum (LCMS, ESI pos.): Caled for CysHaiClLIN4O;:
606.01; found 607.0 (M+H).

EXAMPLE 26

(3S)-3-(4-Chloro-phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-2-(2-hydroxy-
ethylamino)-7-iodo-3,4-dihydro-benzo[e][1,4]diazepin-5-one



N 0 WD 2004/ 096134 PCT/ US2004/ 012240 -58 ' H NVR (400
MHz, DMSO-d6) 6 8.39 (d, J= 8.8 Hz, 1H), 8.06 (d, J=

wW@20b4l006134 1H), 7.87-7.76 (m 2H), 7. 70- 7.55 (mPCBHEF2004/012240

7.35 (d, J=8.1 Hz, 1H), 6.90 (d, J 8.6 Hz, 2H),
6.64 (d, J= 8.6 Hz, 2H), 618613(m 2H), 5.18 (s,
1H), 4.37- 4.27 (m 1H), 36#3-3.64 (m 1H), 2.58 (s,
3H), 2.23-2.15 (m 2H), 1.75 (d, J= 7.0 Hz, 3H),
1.54-1.30 (m 4H). Mss ggectrum (LCM5, ESI pos.):
Cal cd for C33H30C1ll N204: \680. 09; found 680.8 (M+H).
EXAMPLE 17

5- [ 4- (4- Chl or obenzyl ) - N!"orophenyl) 7-i odo- 2, 5- di
0X0- 2,3,4,5-

"tet rahydro benzo[ |']-pentanoic acid
OHNOdOd Od IHN OQ , DMBO-d6) 6 12.05

(bs, 1H), 7. 71 (d J =21 H, 1H, 7.62 (dd, J = 8.8
Hz, 2.3 Hz, 743( H, 7.17 (d, J = 8.6 Hz,
2H), 6.95 (d J 8.8 H, 6.83 (d, J = 7.7 Hz,
2H), 5.70 (s, 1|—|),523 d, J =14.6 Hz, IH, 4.69
(d, J= 14.4 Hz, b1-4.13 (m 1H), 3.67-3.58 (m
l 1H“lNMl% @1@0 MHz @DENZSOI Jed, 2t 5. 41H§23H 2a éj,r:m 7623*979 (m,
0. 88- SS spectrum

C%Hc@Hfz)@ﬁ 9@2379&3@@1111@5@, 4@@6{8 Ot HLI $eti 60 /o i ), 1H,
0 4 / 122
(e P oPgih el T T (7R Hhmahy on Tty T —eth
yH]z M, A0y, 2.38-(dd, J = 6.3 Hz, J= 1.5 Hz, 1H, CH), 7.50 (d, J = 6.3 Hz,
2H, ArH), 7.98 (d, J = 1.5 Hz, 1H, ArH). Mass spectrum (LCMS, ESI pos.):
Calcd for C25H22C12IN3023 593.01; found 594.0 (M+H)

EXAMPLE 27

(35)-3-(4-Chloro-phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-2-(3-hydroxy-
propylamino)-7-iodo-3,4-dihydro-benzo[e][1,4]diazepin-5-one

OH

NH
N\

peas
I N

YN
O
Cl

'H NMR (400 MHz, CDCls) & 1.72 (d, J = 5.1 Hz, 3H, CHs), 1.91-1.95 (m,
2H, CH,), 3.78-3.86 (m, 4H, 2 CHy), 4.89 (s, 1H, CH), 6.45 (q, J = 5.1 Hz,
1H, CH), 6.54 (d, J = 6.0 Hz, 2H, ArH), 6.58 (d, J = 6.6 Hz, 1H, ArH), 6.91
(d, J = 6.3 Hz, 2H, ArH), 7.32 (d, J = 6.0 Hz, 2H, ArH), 7.37-7.39 (m, 1H,



di oxo- 2, 3, 4, 5-t et rahydr o- benzo[ e][1, 4] di azepin-I-yl}-
entanoic acid O OH N O\ / ~ C NOCI 1HNI\/R(4OO
wWORBOBNBO d6) S 7. 71-7. 65 (m 1H), 7.60-7.53 ?2aT/U314p4/012240

7.39- 7.24 (m 4H), 7.17-7.04 (m 2H), 6.92-6.71 (m
3H), 5.74 (s, 1H), 5.34-5.14 (m 1H), 4.25-3.99 (m
1H), 3.70-3.59 (m 1H), 3.165¢tm 1H), 2.98-2.86 (m
1H, 2.18-2.09 (m 2H), 1.52-1.13 (m 7H). Mass

S r ceh f 1 ;
oo T G et 4 Vb DA T 1 T AR M
(sﬁeobnm(i-,@vﬂén ¥S] pds.J: (GB)]G(H.f((I@zGHM@ﬂz(ﬁN e 1697 .03 pfouypd 6080

dl?lgf% 2 3 4, 5-tetrahydro- benzo[e][l 4] di azepin-l-yl}-p

entanoi ¢ aci d O(}INOOr "H NVR (400 MHz,

DVBO- d6) 6 7.95 (d, 8&%@%51%@ 7.51-7.44 (m 3H),
7.37-7.29 (m 2H), = , 6.81-6.71 (m
1H), 6.65-6.61 (m | , V\D2004/096134

PCT/ US2004/ 012240 -60659(d J= 8.8 Hz, 1H),
648642(m I H), 643635(m 1H) 5.33 (s, 1H),

2@5 %2 31(3%3&(6 Chjmowlggﬂg-zl [( - -(ﬁ -Phgwl)(-@yllﬂbloéwgss
s PEehs kb Lona - bEQO[QlBM}dIazemnc%ﬂamxno}egsm@m@qu04
695. 78; found 696.8 (M+H). EXAMPLE 20

Cl
'H NMR (400 MHz, CDCl3) & 1.72 (d, J = 5.1 Hz, 3H, CHs), 2.24 (s, 3H,
CHs3), 3.47-3.90 (m, 4H, 2 CH,), 6.08 (s, 1H, CH), 6.54 (q, J = 5.1 Hz, 1H,
CH), 6.91 (d, J= 6.0 Hz, 2H, CH3), 7.15-7.18 (m, 3H, ArH), 7.37 (d, /= 6.0
Hz, 2H, CH,), 7.53-7.55 (m, 3H, ArH), 8.13 (d, /= 1.5 Hz, 1H, ArH). Mass
spectrum (LCMS, ESI pos.): Calcd forCoHasClLhN4O,: 634.04; found
635.1(M+H).

EXAMPLE 29

(35)-3-(4-Chloro-phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-7-iodo-2-
methylamino-3,4-dihydro-benzo[e][1,4]diazepin-5-one



[ 4- Benzyl -3

- (4-chl orophenyl ) -7-i odo- 2, 5-di oxo- 2, 3, 4, 5-tetrahydro
whemwaopap] 1, 4] di azepi n-1-yl]-acetic acid O HOCHUS200M012240

NCd O1H NWR (400 MHz, CD3CD) S 7.80 (d, J= 2.1 Hz,

1H), 7.58-7.47 (m 3H), 7.42-7.28 (m 3H), 6.99 (s,

4H), 6.89 (d, J= 8.8 Hz, 146-5.51 (s, 1H), 5.49 (s,

1H), 5.18 (d, J= 14.4 Hz, 1H), 4.57 (d, J= 17.0 Hz,

1H), 4.13 (d, J= 17.2 Hz, H). Mass spectrum ( LCVS,

ESI pos.): Calcd for C24H18 AN204: 560.00; found

561.1 (MrH). EXAMPLE 24
0-p em giI(R) - 1- (4- chl oroph
N

(3,5)-3-(4-Cnl oro- 3-
enyl)-ethyl]-7-iode<
, 5-di oxo0- 2, 3, 4, 5-t et rahydr oybenzo[ e] [ 1, 4] di azepi n-1-y
| }-pentanoic acid WO 2004 6134 PCT/ US2004/ 012240
-61- OOHO NN OO d NVR (400 MHz, CDCl13) 6
8. 06- 7. 96 (m 1H), 7.55-7¥#/ (m 3H), 7.39- 7.28 (m
3H), 7.13- 04 (m 2H) @(70 6. 54 (m 1H) 6. 46- 6. 36
0-4. 07 3.70-3. 38
(%M@R N, f@f(lmszm (& Jom 51 T, 3 nCH:b)3.11 (% 3H,

(e e S o d e S U RO ST B85 BT

f QHnArH%6.60 (Vi 6.3 Hz, 1H, ArH), 6.89 (d, J = 6.3 Hz, 2H, ArH), 7.31
(d, J=6.3 Hz, 2H, ArH), 7.38 (dd, /= 6.3 Hz, J= 1.5 Hz, 1H, ArH), 7.47 (d,
J=6.3 Hz, 2H, ArH), 7.97 (d, J= 1.5 Hz, 1H, ArH). Mass spectrum (LCMS,
ESI pos.): Calcd for Cp4H0CLIN3O: 563.00; found 563.9 (M+H).

=~

EXAMPLE 30

2-(2-Amino-ethylamino)-(3S)-3-(4-chloro-phenyl)-4-[(R)-1-(4-chloro-phenyl)-
ethyl]-7-iodo-3,4-dihydro-benzo[e][1,4]diazepin-5-one

HoN
NH
N=—
ﬂ...n@m
I N Lol
0

Cl

Mass spectrum (LCMS, ESI pos.): Calcd for CosHpsCLINAO: 592.03; found
593.0 (M+H).



EXAMPLE 22 5- {
(3S)-7-Acetyl -3-(4-chl orophenyl)-4-[(R)-1-(4-chl orophe

waydopoedibyl ] - 2, 5- PCT/US2004/012240
di oxo- 2, 3, 4, 5-t et rahydr o- benzo[e][l 4] di azepin-1-yl}-p
entanoic acid O OH N O TI(:~; j.""jOGg NO d |IH

NVR (400 MHz, DMSO- d6) 6-86’D5(d J 23Hz 1 H,
7.79 (dd, J = 8.6 Hz, 2.3 Hz, J=28.6

2 (d

Hz, 2H), 7.41 (m 2H) Hz, 1H), 6.96
(d. J= 8.6 Hz, 2H), %Mﬂgfﬂs 6 Hz oH), 6.21 (m
1H), 5.35 (s, 1H), 436426(m||—|),384374(m
- 3 dmenb=ZokSpr %_)a?rh'ho] -BSHB-(4cthlctaphen])MEI(R)-1-(4-
%9 4‘ 31%)%%&%@&@ d Q04 diR 323 404-befzddidzepiatd-onel . 46- 1. 33

0 (m 4H). Mass spectrum (LCVS, ESI
pos ). Cal cd for C30H280I 2N205: 566. 14; found 566.9
(MtH) . EXAMPLE 23 5- {
(35) - 3- (3- Ami no- 4-chl or o- pQgenym_| 4-[(R)-1-(4-chl oro-ph
enyl)-ethyl]-7-
i odo- 2, 5-di oxo- 2, 3, 4, 5-tetralydro-benzo[e] [1, 4] di azepi
n-1-yl}-pentanoic aC| NONH d |IHNW
(400 MHz, CDC13) 6!8: 1H), 7.61-7.27 (m
4H), 7.01- 6.81 (m 1 2664(m1H) 6. 66-5. 63
i Cl

OO\III

(m 5H), 5.38-5.10 (m

Cl

MASS SPECTRUM (LCMS, ESI POS.): CALCD FOR C;6H23CL2IN4O;:
620.02; FOUND 621.0 (M+H). EXAMPLE 32

5-[(3S)-3-(4-chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
methoxycarbonyl-2,5-dioxo-3,4-dihydro-1H-1,4-benzodiazepin-1-yl]valeric
acid tert-butyl ester

g

(0]
()
N__o
§ Y
L

A solution of 5-[(3S)-3-(4-chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
iodo-2,5-dioxo-3,4-dihydro-1H-1,4-benzodiazepin-1-yl]valeric acid tert-butyl
ester (300 mg, 0.42 mmol), dichloro bis-(triphenylphosphine)Pd(II) (21 mg,



3.89 (m 2H), 3.62-3.27 (m 3H), 1.79-1.32 (m 6H)
Mass spectrum (LCMS, ESI pos.): Calcd for
WE28HAHIILIN304: 665. 03; found 665.8 (MH). EXAVRUE2084012240
(3S) - 2- Ami no- 3- (4-chl orophenyl )-4-[(R)-1-(4-chl orophen
yl)-ethyl]-7-iodo-
3, 4-di hydr o- benzo[ e] [ 1, 4] di68zepi n-5-one N NH2 N O acl
“Cl WD 2004/ 096134 PCT/ US2004/ 012240 -63 1H NVR (400

6 S g ie JOEAE 1 g G 43
JmethagolHT.5 thLiwadRlifred tndeBa cafonlrormxideHEmopherdARH§0, °C
2@?:,)12 G @f{e_r (tgbsolyuérgwgs péﬁ!c—% to éo%? Fq(zl%eiq\]q;reg‘phq) s'g'lzw"pnégr’as

A ﬁyerﬁs%dgmm% ’ﬁléé%’lu(ip al:ﬁof’r Cpiodﬂ%t whShpurified

CRB B En2hidmito grafh sy siECLND (EfﬂAC)’hé}Mﬂbe 1 2)%10@11& fifle

© enshooin {226 1 oh 4 T HDME (400 M PG Srkds (65 B
| J:HZ1 Aoé%or &2 02H4Cﬁ2)d'1|7$ft51013+§40ﬁ9231{1 6¢H3) 224 (t,1=10.5
i azepli 2 yl anmi’ho} - acet am de NH N
1Hz;\m, CHoD 3160 STOLIEY, BOT 0L b, 3. ﬂaw Db 30 11,
CERD; 532 7871, W Bl4s (g, 7 = 5.4 Hz, 1H, CH), 6.50 (d, J = 6.3 Hz, 2H,
ArH), 6.84 (d, J = 6.3 Hz, 2H, ArH), 6.94 (d, J = 6.6 Hz, 1H, ArH), 7.32 (d, J
= 6.6 Hz, 2H, ArH), 7.50 (d, J = 6.3 Hz, 2H, ArH), 7.84 (dd, J=63 Hz,J =

1.5 Hz, 1H, ArH), 8.33 (d, J = 1.5 Hz, 1H, ArH).

EXAMPLE 33

(35)-1-(4-tert-Butoxycarbonyl-butyl)-3-(4-chloro-phenyl)-4-[ (R)-1-(4-chloro-
phenyl)-ethyl]-2,5-diox0-2,3,4,5-tetrahydro-1H-benzo[e][1,4]diazepine-7-

carboxylic acid

Cl

A solution of 5-[(35)-3-(4-chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-
7-methoxycarbonyl-2,5-dioxo-3,4-dihydro-1H-1,4-benzodiazepin-1-yl]valeric
acid tert-butyl ester (Example 32) (200 mg, 0.31 mmol) and NaOH (IN in
water, 380 uL) in THF/MeOH/H,O (2 mL/400 pL/100 pL) was stirred at



2H, CH2), 5.09 (br s, 1 H CH, 5.68 (br s, 1 H NH,
6.30 (br s, 1 H NH), 6.4 g, J = 5.4 Hz, 1H CH),

W®283/066138 (m 3H, ArH), 6.87 (d, J = 6.3 Hz, PE¥/US2004/012240
CH2), 7.31-7.40 (m 3H ArH), 7.53 (d, J = 6.3 Hz, 2H,
ArH), 8.00 (d, J = 1.5 Hz, 1H ArH). Mss spectrum
(LCVS, ESI pos.): Calcd fer6925H21C121 NA02: 606. 01;
found 607.0 (MtH). EXAMPLE 26 (3 S)-3 ‘

-( 4- Chl ) - .

R PRI A2 o ey s eporeiddp pgpess: Then, the
etdiidua W3 Qlisséived dowadied ( I MYY aad HRPIOWel aljudted ko 4 with IN
di.azepi n-5 -one WD 2004/ 096134 PCT/ US2004/ 012240 _ - 64-
HBCGU-Thg-solugion was extractedwithrthez 63 x MnLctienshe greanipjayer

Ji.5.45 76-
g Yyl a0, bl ol s fhger S pressyre
gF'rétr:Hion dvtr silédd) gel &f%ﬂdeﬁdﬁé tite cgﬂhbo%ﬂl-ﬁ)lgo ond} T 706); M%sg
.6 Hz, 2H._ Ar 7.31 (d,.J =6.3 Hz, 2H ArH, 7.
(e @0y Byposy” Balag fof Gt pNiflosiot 46 fpuncs 5689

R H, 7.98 (d, J = 1.5 Hz, 1H ArH). Mass
}s_lg‘gctrumt?{CMS, ESI pos.): Calcd for C25H22C121 N302:
593.01; found 594.0 (M+H). EXAMPLE 27

(35).- 3- (4- Cnl or o- phenylgx ArfpiR) 341 - (4- chl or o- phenyl ) - et
hyl ] - 2-(3- hydr oxy- .
propyl am no) - 7-i odo- 3, 4- di hydr o- benzo[ e] [ 1, 4] di azepi n-
57-@men@drbaxyl-f[(3543-(4-chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-
2,5-dioxo-3,4-dihydro-1H-1,4-benzodiazepin-1-yl]valeric acid

OH

HoN
N_o
J f
¢ L
T Ci

Cl
A solution of (3S)-1-(4-tert-Butoxycarbonyl-butyl)-3-(4-chloro-phenyl)-
4-[(R)-
1-(4-chloro-phenyl)-ethyl]-2,5-dioxo-2,3,4,5-tetrahydro-1 H-benzo[e][1,4]-
diazepine-7-carboxylic acid (Example 33) (63 mg, 0.10 mmol),
O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetramethyluroniumhexafluoro-
phosphate (57 mg, 0.15 mmol), HOBT (20 mg, 0.15 mmol) N,N-
diisopropylethylamine (70 pL, 0.4 mmol), ammonium chloride (11 mg, 0.2
mmol) in DMF (400 pL) was stirred at room temperature for 1 h. under argon
atmosphere. After evaporation of the solvent, the residue was diluted with
EtOAc (15 mL), washed with water (10 mL), dried (Na,SO;) then

concentrated to dryness under reduced pressure. Chromatography on silica



.,uu Od "HNMW (400 MHz, CDC13) 8 1.72 (d, J = 5.1

Hz, 3H, CH3), 1.91-1.95 (m 2H CH2), 3.78-3.86 (m
wdkho4R96TBR) , 4.89 (s, 1H, CH), 6.45 (g, J = 5.RCHES2004/012240

H CH), 6.54 (d, J=6.0 Hz, 2H, ArH), 6.58 (d, J= 6.6

Hz, 1H, ArH), 6.91 (d, J = 6.3 Hz, 2H, ArH), 7.32 (d,

J =6.0 Hz, 2H, ArH), 7.3770-839 (m 1H, WD 2004/096134

PCT/ US2004/ 012240 -65 ArH), 7.49 (d, J = 6.3 Hz, 2H,

(el o) Stk g SR bRk I 3oSRSAUAE in

f divhidrd&héhe (ll\& L) ﬁMAWF’AE(OE ni‘l!:)( Jhi solution was stirred at
(35) - 3- 4Ch|oro Ehenyl) [ (R) - (4 chl or o- phenyl ) - et
hgpom ﬁmwemsa forx 40 4, Bben ﬁwtgd% yRssp-efhe residue’ was

t t

PR RER ROl ¥R (P s A QRE R s o B
JwereSaddeldz Tha thﬁbﬁ)waszeﬂmc(ea wihl, ethe€H3) x 28. A1), 3thef the

m 4H, 2 CH2) =51 Hz
gmgme#&yereva;ldr(eg‘ 5463 apt rqe%%ﬁateéle)dg&fsaendﬁr Tedyerd
El;e s%'r_lé'l) /IA’\ g’%oﬁd by ccflux?n? c%a%ﬁph%ﬁtOﬁ?c/@%é@b/@OH
s@zéc]t)raffnrdmmoﬂsss pibswhich Gedscebnivertd ©HRS @;kﬁmc”@it with
09141N it ﬁwH Igecrysta:lllflzatm from EtOH/ether yielded title compound
(37 mg, 62%) as a white powder: Mass spectrum (LCMS, ESI pos.): Calcd for

CyoH,7CIIN3Os: 567.13; found 568.0 (M+H).

EXAMPLE 35

5-[4-(4-Chloro-2-methyl-benzyl)-3-(R,S)-(4-chloro-phenyl)-7-iodo-2,5-dioxo-
2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl]-valeric acid

Cl

'H NMR (400 MHz, DMSO-d¢) § 7.71 (d, J=2.2 Hz, 1H), 7.64-7.68 (m, 1H),
7.32 (m, 1H), 7.16-7.24 (m, 4H), 7.00 (d, J=7.0 Hz, 1H), 6.88 (d, J=7.6 Hz,
2H), 5.25 (s, 1H), 5.31 (d, J=15.6 Hz, 1H), 4.68 (d, J=15.4 Hz, 1H), 4.20 (m,



EXAVMPLE 29 (35)-3
-(4-Chl oro-phenyl)-4-[(R) -1-(4-chl oro-phenyl)-ethyl]-7
WO 2@do9dd34 met hyl am no- 3, 4- di hydro-benzo [e] [ PCT/US2004/012240
1, 4] di azepi n-5-one WO 2004/ 096134 PCT/ US2004/ 012240
-66 \H N O C 1H NWR (400 MHz, CDC13) 6 1.67 (d, J
-51Hz 3H, CH3), 3.17 (s{18H, CH3), 4.85 (br s, 1H,
: 642(q, J =51 Hz, 1H, CH), 6.53 (d, J 6.3 Hz,

5'50 0010 GuoiPalst gD, 5135% ot . AU e g,
8ESHidos.)t Galdl 8r BzgH,JCIsINEOS: 40,021 fddnd A58, (M+4D). (d, J
= 6.3 Hz, 2H, ArH), 7.97 (d, J = 1.5 Hz, 1 H ArH).
Mass spectrum (LCMS, ESI pos.): Calcd for
C24H20CC121N30: 563. 00; f#Qunfb136369 (MrH). EXAMPLE 30
2-(2- Am no- et hyl am no) - (3S) - 3- (4- chl or o- phenyl ) -4-[ (R
-1-(4-chl oro- phenyl)- ethyl]-7-iodo- 3, 4-di hydro- benzo

L Shatpt 1 B R pB0 0 B - sombentsnd-sttNaior
g %08%% (%%68211 % g%teﬁaﬁ(%&kbbbenmlﬁf)@ﬂﬁ&%&314yl} -valerate

'H NMR (400 MHz, DMSO-dg) § 7.88 (d, J=2.0 Hz, 1H), 7.56-7.60 (m, 1H),
7.40-7.44 (m, 4H), 7.10-7.14 (m, 2H), 6.90-6.95 (m, 2H), 6.80-6.84 (d, /=8.8
Hz, 1H), 6.36-6.40 (m, 1H), 5.32 (s, 1H), 4.04-4.10 (m, 1H), 3.52-3.60 (m,
1H), 2.03-2.12 (m, 1H), 1.64-1.68 (d, J/=7.2 Hz, 4H), 1.40-1.52 (m, 4H).
Mass spectrum (LCMS, ESI pos.): Calcd for CasH,4CILIN;NaOy: 672.1; found
673.2 (M + H).

EXAMPLE 37
5-[(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-[(R,S)-1-

hydroxyethyl]-2,5-dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl]-

valeric acid



2-[ N- (3-am no- 3- oxopr opyl ) am no] - ( 3S) - 3- (4- chl or opheny
[)-4-[(R) - 1-(4-

wa@ kdoaoqabenyl ) et hyl ] - 7-i odo- 3, 4- di hydr o- 1, 4- berZDUSBREM 2240
in-5-one ONH2 | / NXNHN-~ OC MSS SPECTRUM
(LCMS, ESI PGCS.): CALCD FOR_C26H23CL21NAC2: 620.02;
FOUND 621.0 (M+H). EXAMPLE-32-—
5-[ (35) - 3- (4- chl orophenyl ) - 4-[ (R) - 1- (4- chl or ophenyl ) et
hyl]-7- methoxycar bonyl - 2? 5 onli oxo- 3, 4-di hydro-1
H 1, 4- benzodi azepin- | - aleric acid tert-butyl
ester OO ONO ON1 C A solution of
5-[(3S)-3-(4-chl orophenyl)-\4-[ (R)-1-(4-chl orophenyl ) et
hyl ] - 7-
|gdL 2, 5-di oxo- 3, 4- dlhydro I 1, 4- benzodi azepi n- 1-yl ]
valerlc acid tert-but ‘%O o
di chl oro bis-(triphen
2004/ 096134 PCT/ US2904501 25
triethylamne (200 DH 1. 4%
nmet hanol (1.5 nL) was stirre
at nrosphere at 80 C for 24 ter the solution was
cool ed to room tenperature, sol vent was
evaporat ed under reduced pressure. The crude reaction

product was purified by colum chronmatography on

S|al) Be[63 Ry8)-3(£Chtw o tpbsuzip4-[(R): RY4-tidogi-pleenyDesthiyl}-V4(R, S)-
1-hydroxy-ethyl]-2,5-dioxo-2,3,4,5-tetrahydro- benzo[e][1,4]- diazepin-1-yl]-

-X. 0.030 mmol ), and
™, in DVF (4 nL) and

nder a car bon nonoxi de

valeric acid tert-butyl ester

A solution of 5-{(3R,S)-7-Acetyl-3-(4-chloro-phenyl)-4-[1-(R)-(4-chloro-
phenyl)-ethyl]-2,5-dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl} -
valeric acid tert-butyl ester (60 mg, 0.096 mmol) in MeOH (2 mL) was treated
with NaBHj (5.0 mg, 0.13 mmol). The solution was stirred at RT for 18 h.
All of the solution was applied to a prep tlc plate (Analtech Silica Gel GF, 20
X 20 cm, 2000 microns). The desired band was scraped off, extracted with
MeOH for 10 min. filtered and concentrated to give the title compound (55
mg, 92%). Mass spectrum (LCMS, ESI pos.): Calcd for C34H33CLLN,0Os:
624.22; found 625.4 (M + H).

b) 5-[(35)-3-(4-Chloro-phenyl)-4-[1-(R)-(4-chloro-phenyl)-ethyl]-7-(1-(R,S)-
hydroxy-ethyl)-2,5-dioxo-2,3,4,5-tetrahydr o-benzo[e][1,4]diazepin-1-yl]-
valeric acid

The title compound was synthesized from 5-[(3R,S)-3-(4-Chloro-phenyl)-4-
[(R)-1-(4-chloro-phenyl)-ethyl]-7-[(R,S)-1-hydroxy-ethyl]-2,5-diox0-2,3,4,5-
tetrahydro-benzo[e][1,4]-diazepin-1-yl]-valeric acid tert-butyl ester
following the procedure for example 1, step b. "H NMR (400 MHz, DMSO-
d¢) § 7.56-7.61 (m, 3H), 7.40-7.50 (m, 1H), 7.18-7.38 (m, 3H), 7.00-7.08 (4,



compound (226 ng, 83 %: 'H NWR (400 MHz, CDC 3) 8
1.45 (s, 9H, 3 CH3), 1.58-1.62 (m 2H, CH2), 1.75 (d,

wQ 200459434z, 3H, CH3), 2.24 (t, J = 10.5 Hz, PE¥/USHB/012240

3.62-3.90 (m 3H, 3 CH), 3.91 (s, 3H, CH3), 4.23-4.31
(m 1H, CH), 5.34 (s, 1H CH), 6.45 (q, J 5.4 Hz, 1H,
CH), 6.50 (d, J = 6.3 Hz, 28— ArH), 6.84 (d, J = 6.3
Hz, 2H, ArH), 6.94 (d, J = 6.6 Hz, 1H ArH), 7.32 (d,

J = . - 5.
878 B R O Py, s S0 B TP 638 My gD P25
J (s, 11, H68-413, (mAr1H), 4.30-320((ch, 1) 31763 72 (m] HI),A. 1H)-2.18

(58 2885 (176 ol M Sy S5 0P 460 4-20n1 36 6 iy
| 431§ RMdss (fle D) Os: -
phenyl ) - et hyl dgﬁgp %;@301\)/%%_%§13?02’)5??1&1 rf(gr%&g%)?%Nﬁoﬁ)’esr?ngl’
[ &urd 3094 Mitddepi ne- 7- carboxylic acid 0 h 0 NO"
j_'"jjag N OHOCd A solution of

5-[(35)-3-(4-chl orophenyl)-4-[(R)-1-(4-chl orophenyl) et
hyl]- 7-met hoxycar bonylgERAMPIGH 9%0- 3, 4-di hydro-1

H 1, 4- benzodi azepi n-1-yl]Jvaleric acid tert-butyl

ester (Exanple 32) (200 ng, 0.31 mmol) and NaOH (1IN in

t 380 I NeOH H20 mJ/ 40 [ Tl) was
N SRR L b Sra St R L e
t Bpghexpdthyly-2fBdiodd-2{3,4, FheratiydiobeazoRY 1 N @R pA-8 110
dryness.. . Then, the residue was dissolved in water (10
nﬂgle’éiﬁa"lfihe pH was adjusted to 4 with IN HCl. The

sol ution was extracted with ether (3 x 20 nL), then
the organic layer was dried (Na2SO4) and concentrat ed
to dryness under reduced Oslur e.

The title compound was prepared following successively the procedures
described for example 37: '"H NMR (400 MHz, DMSO-dg) § 7.00-7.61 (m,
9H), 6.84-6.92 (m, 2H), 6.36-6.56 (m, 3H), 5.30-5.36 (m, 1H), 4.08-4.76 (m,
2H), 3.50-3.80 (m, 1H), 2.05-2.20 (m, 2H), 1.72-1.76 (d, J=7.3 Hz, 3H),
1.20-1.70 (m, 7H). Mass spectrum (LCMS, ESI pos.): Calcd for
C30H30CIaN20s5: 568.1; found 569.2 (M + H).



Filtration over silica gel afforded the title conpound
(150 nmg, 779%: Mass spectrum (LCVMS, ESI pos.): Calcd

WO 0004033BB4CL2]1 N206: 624.18; found 568.9 ( MtHPET/USI0J/012240
EXAVPLE 34
7- am nocar bonyl -5-[ (3S)-3-(4-chl orophenyl )-4-[ (R -1-(4
-chl or ophenyl ) et hyl ] - - 74 -
2, 5-di oxo- 3, 4-di hydro-1 H 1, 4- benzodi azepi n-1-yl ] val eri
c acid COH H2N/ N CED%& EGQY A sol ution of
(3S)-1-(4-tert-But oxycar onyP-butyI)-S-(4-chIoro-pheny
| ) 4-[(R)

S SR BTy
C&F{@ ggdzng%tﬁﬁ) ot Eﬁ)az of - i ? %{t%h?%@l\?eﬁzo[l\l][l 4Ad1aze ’%'hyyll]&Yaé%rf cu

ndvik af | uor o- phosphate (57 ng, 0.15 mmol), HOBT (20
ng, 0.15 nmmol) N, N- diisopropylethylamine (70 L, 0.4
mol ), amoni um chloride (11 ng, 0.2 mol) in DW
(400 L) was stirred at roomtenperature for 1 h. under
argon atnosphere. After evaporation of the solvent,
the residue was diluted BP{ho EtOAc (15 L), washed
with water (10 nlL), dried (([Na2SO4) then concentrated
to dryness under reduced essure. Chromat ography on
silica WD 2004/096134 PCTy US2004/ 012240 -70

( Et OAc/ hexanes, 1: 1) af ordgd an0|l (58 mg), which was

di ssolved in dichl 5 nm) and TFA (0.5
m.). This solution stl fa ¢|om tenperature
for 10 h, then eva No o ess The resi due was

'H NMR (400 MHz, DMSO-d) & 7.86-7.91 (d, /=2.0 Hz, 1H), 7.52-7.58 (m,
1H), 7.45-7.51 (m, 4H), 7.12-7.22 (m, 2H), 6.92-7.05 (m, 2H), 6.82-6.94 (d,
J=8.8 Hz, 1H), 6.32-6.38 (m, 1H), 5.32 (s, iH), 4,08-4.11 (m, 1H), 3.52-3.64
(m, 1H), 2.06-2.11 (m, 2H), 1.62-1.70 (d, J=7.2 Hz, 4H), 1.40-1.46 (m, 4H).
Mass spectrum (LCMS, ESI pos.): Caled for CyoHasCIF3IN2O4: 684.05; found
685.1 M + H).

EXAMPLE 40

Sodium; 5-{(S)-3-(4-chloro-phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-7-
ethynyl-2,5-diox0-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl} ~valerate



di ssolved in ice-cold water (10 nL) and AcONa (100
nmg)/ AcOH (100 L) were added. The sol ution was
wexdinasdied with ether (3 x 20 nL), then the OoPQBDNBZN04/012240
| ayer was dried (Na2SO4) and concentrated to dryness
under reduced pressure. Purification by colum
chr omat ogr aphy (Et OAc/ CH2EI2FEt OH, 5:4:1) afforded a
colorless oil, which was converted to its sodium salt
with NaOH IN in EtOH Regpystallization from
EtO+H/ ether yielded title co nd (37 ng, 62% as a
whi te powder: Mass spectrum)LCMS, ESI pos.): Calcd
for C29H27C121N305: 567.18; found 568.0 (I\/H—I).
EXAMPLE 35 5-[4-(4-Chloro!2-nmethyl-benzyl)-
- (R, S)-(4-chloro-phenyl)-Y-id&do-2, 5 -dioxo-
2,3,4,5-tetrahydro-b nazepi n-1-yl]-valeric
acid H O00O0d o0Od iz, DVSO-d6) S
7.71 (d, J=2.2 Hz 2 N 7,68 (m 1H), 7.32 (m |
H, 7.16-7.24 (m “4H), 7.80 (d, J=7.0 Hz, | H), 6.88
(d, J=7.6 Hz, 2H), 5.25 (s , 5.31 (d, J=15.6 Hz,
1H), 4.68 (d, J=15.4 Hz, 1 .20 (m WD 2004/ 096134
PCT/ US2004/ 012240 -71 2H), 370 (m 2H), 2.32 (s,
4H), 2.16-2.20 (m 4H). Mass @pectrum(LCIVS ESI
pos. 2: Cal cd for C28H25C121N204: 65 found 650.
(qu)m ,S)-3eth o phenydh il (R 1-(4- chioropherylethyl 7 -ethymt

ER R T L A S SRR R

[Butf]edterzepin- | -yl} -valerate O O Na+

A mixture of 5-{(3R,S)-3-(4-Chloro-phenyl)-4-[(R)-1-(4-chloro-phenyl)-
ethyl]-7-iodo-2,5-dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl}-valeric
acid tert-butyl ester (3.2 g, 4.5 mmol), trimethylsilylacetylide (1.9 mL, 13.5
mmol), Cul (189 mg, 0.99 mmol) and dichlorobis(triphenylphosphine)
palladium (IT) (318 mg, 0.45 mmol) in triethylamine (200 mL) was heated to
55°C under an argon atmosphere. After 1 h solution was filtered hot and
filtrate was concentrated. A solution of 5-{(3R,S)-3-(4-Chlorophenyl)-4-[(R)-
1~(4-chlorophenyl)ethyl]-2,5-dioxo-7-trimethylsilanylethynyl-2,3,4,5-
tetrahydro-benzo[e][1,4]diazepin-1-yl}-valeric acid tert-butyl ester (6.7g, 9.9
mmol) in THF ( 100 mL) was treated with tetrabutylammonium fluoride (10
mL of 1 M in THF, 10 mmol). After 1 hreaction solution was concentrated.
Flash chromatography (silica gel, EtOAc/hexanes 3:7) gave the title

compound (5.3g, 89% over two steps).

Sodium; 5-{(3S)-3-(4-chloro-phenyl)-4-[(R)-1-(4-chloro-phenyl)-ethyl]-7-
ethynyl-2,5-dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl } -valerate



O NN~C Ol d "HNW (400 MHz, DvsO-d6) S 7.88

(d, J=2.0 Hz, 1H), 7.56-7.60 (m 1H), 7.40-7.44 (m
wWdk)o4/0%6130- 7. 14 (m 2H), 6.90-6.95 (m 2H), 6.BOFESB4/012240

(d, J=8.8 Hz, 1H), 6.36-6.40 (m 1H), 5.32 (s, 1H),

4.04-4.10 (m 1H), 3.52-3.60 (m 1H), 2.03-2.12 (m

1H), 1.64-1.68 (d, J=7.2 HZ64H), 1.40-1.52 (m A4H).

Mass spectrum (LCMS, ESI pos.): Calcd for

C28H24C121 N2NaO4: 672.1; f,.@mdo 673.2 (M + H). EXAMPLE

37

5-1(3,5)-3-(4-Chl orophenyl) -

ethyl]-7- [(R 9S)-1-

hydr oxyet hyl ] - 2, 5- di oxo- 2

1, 4] di azepin-1-yl]- valer

PCT/ US2004/ 012240 -7278

5-[ (3R, S)-3-(4-Chlorg

[)-ethyl]-7-[(R S

1- hydr oxy-et hyl] - {5- di oxo- 2,

benzo[e][1, 4] - diazepin-I|-yl

ester A solution of ’

5-{(3R,5)-7-Acetyl -3-(4-chl ore-phenyl )-4-[1-(R) - (4-chl

or o- Cl

-[(R) - 1- (4-chl or ophenyl ) -

, 4, 5-tetrahydro-benzo[e] |
id WD 2004/ 096134

&< o N OHO C a)

nyIN'-'”4 G- (4- chl or o- pheny

, 4, 5-tetrahydro-
valeric acid tert-butyl

The title compound was synthesized from 5-{(3R,S)-3-(4-Chlorophenyl)-4-
[(R)-1-(4-chloro-phenyl)-ethyl] -7-ethyhy1—2,5-dioxo-2,3,4,5-tetrahydro-
benzo[e][1,4]diazepin-1-yl}-valeric acid tert-butyl ester following the example
1, step b. "H NMR (400 MHz, DMSO-dg) § 7.59-7.64 (m, 3H), 7.30-7.40 (m,
3H), 7.08-7.10 (d,J=8.5 Hz, 1H), 6.90-6.93 (d,J=8.5, 2H), 6.53-6.58 (d,/=8.8,
2H), 6.32-6.39 (m, 1H), 5.36 (s, 1H), 4.24-4.32 (m, 1H), 3.76-3.84 (m, 1H),
3.52 (s, 1H), 2.12-2.20 (m, 2H), 1.72-1.76 (d,J=7.1 Hz, 3H), 1.52-1.64 (m,
4H). Mass spectrum (LCMS, ESI pos.): Caled for C3oHasCLN;NaO4: 570.11;
found 571.2 (M + H).

EXAMPLE 41

5-{(3R,S)-3-(4-Chlorophenyl)-4-[(R,S)-1-(4-chlorophenyl)-2-hydroxyethyl}-7-
iodo-2,5-diox0-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl} -valeric acid



phenyl ) -ethyl]-2,5-di oxo- 2, 3, 4, 5-t et rahydr o- benzo [ €]

[ 1,4] diazepin- | -yl} - valeric acid tert-butyl
wW@3a0e/09¢180 ngy, 0.096 mMmol) in MeCH (2 nl) was PCERESEM4/012240

with NaBH4 (5.0 ng, 0.13 mmol). The sol ution was

stirred at RT for 18 h. Al of the solution was

applied to a prep tlc plate’{Analtech Silica Gl GF,

20 X 20 cm 2000 microns). The desired band was

scraped off, extracted with odkeOH for 10 min. filtered

and concentrated to give e title conpound (55 nyg,

92% . Mass spectrum (LCVS, ESI pos.): Calcd for

C34H38C12N20G5: 624.22; fdqund 625.4 (M + H). b)

5-[(35)-3-(4-Chl oro-phenyl) -4-[1-(R) - (4-chl oro-phenyl)

-ethyl]-7-(1-(R S) -

5-[ (3R, S)-3-(4-Chl oro-ph#
[(R)-1-(4-chl oro-phenyl)
S) - 1- hydroxy-ethyl]-2, 5-
t et rahydro- benzo[ e] [ 1, 4] - d\a
tert-butyl ester follow n Ithe procedure for exanple
1, step b. "H NMR (400 , DMSO- d6) 6 7.56-7.61 (m
3H), 7.40-7.50 (m 1H), 7.18-7.38 (m 3H), 7.00-7.08
(t, WD 2004/096134 PCT/ US2004/ 012240 -73 J=8.3 Hz,

1H), 6.83-6.87 (m 2H), 6.50-6.56 (m ,635640

E % %ﬁ{ 80 31z, b;\gs%'ﬁs) idy 8@872§71g02 J4 ﬁ{"lH)‘z"A%Q 66" tn,
13Hp-713678.40 ¢in, JHY, .6885. 9641H) 3HY,.6585-4.60 0d,0a7.744)), 6.20-6.28

£ 5, S0 Dt o A 5in b 0G0 GEHL 2 1230 m. 210,

5@3031 y{ ME$h! (
MChldg? 0- hergg%ﬁg}% ?‘(%\)/Iki%hposg[ gﬁlgdg%enyl ) -ethy
| F;gﬂzg(il;]@\]aos 5966 02; found 667.2 (M + H).
hydr oxyet hyl ) - 2, 5- di oxo- 2, 3, 4, 5-t et rahydr o- benzo[ €]
[1, 4] di azepin-1 -yl]- valeric acid o OH

epln | -yl]-valeric acid

EXAMPLE 42

Sodium; 5-{(35)-3 ~(4-chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-iodo-
2,5-diox0-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl}-valerate



O N/ N~~C OHO0OdCd The title conpound was

prepared foll ow ng successively the procedures
waleaanddied for exanple 37: 1H NVR (400 MHz, DMBOF/US3008012240

7.00-7.61 (m 9H), 6.84-6.92 (m 2H), 6.36-6.56 (m

3H), 5.30-5.36 (m 1H), 4.08-4.76 (m 2H), 3.50-3.80

(m 1H), 2.05-2.20 (m 2H)578-72-1.76 (d, J=7.3 Hz,

3H), 1.20-1.70 (m 7H). Mass spectrum (LCVS, ESI

pos.): Calcd for CBoFBOCth%@%& 568.1; found 569.2 (M

+ H). WD 2004/096134 PCT /012240 -74 EXAMPLE 39

5-1(39)-4-[(R)-1-(4-Chl orophenyl )ethyl]-7-io0do-2,5-dio

X0- 3- (4-

trifluoronethyl-phenyl)-2,

1,4] diazepin-1-yl]-valerdc

JICF3 NOd 1H NVR (40 ,D|vr50d6)s7§6791
(d, J=2.0 Hz, 1H),

.?" 7.45-7.51 (m
4H), 7.12-7.22 (m | 6. 82- 6. 94

(d, J=8.8 Hz, 1H), 6,58, 32 (s, iH,
4.08-4.11, (m 1H), . (m 1H) 206211(m
oH), 1.62-1.70 (d, H) 1.40-1.46 (m 4H).

,4,5-tetrahydro-benzo [e] [
acid HOO O N .

N

"H NMR (400 MHz, DMSO-dg) § 7.75-7.77 (d, J=2.1 Hz, 1H), 7.56-7.64 (m
3H), 7.39-7.44 (m, 2H), 6.98-7.03 (m, 2H), 6.90-6.95 (m, 1H), 6.56-6.60 (d,
J=7.7 Hz, 1H), 6.16-6.22 (m, 1H), 5.26 (s, 1H), 4.15-4.24 (m, 1H), 3.60-3.70
(m, 1H), 1.76-1.84 (m, 2H), 1.60-1.68 (d, J=7.1 Hz, 3H), 1.44-1.56 (m, 1H),
1.28-1.37 (m, 4H). Mass spectrum (LCMS, ESI pos.): Caled
forC,sH24C1IN;NaOy: 672.01; found 651.2 (M -Na)*.

2

EXAMPLE 43

5-[(3R,S)-4~(4-Chloro-2-methyl-benzyl)-3-(4-chloro-phenyl)-7-iodo-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][ 1,4]diazepin-1-yl]-valeric acid ‘

OH
0]

o)

Cl



Mass spectrum (LCMS, ESI pos.): Calcd for

C29H25C1F31N204: 684.05; found 685.1 (M + H). EXAMPLE
W@ 000500k 16417 PCT/US2004/012240

5-{(5)-3-(4-chl oro-phenyl)-4-[(R)-1-(4-chl oro-phenyl) -

ethyl]-7-

et hynyl - 2, 5- di oxo- 2, 3 4, 5=tptr ahydr o- benzol e]

[1, 4] di azepin-1 -yl -val erate WD 2004/ 096134

S 5‘43012245%4%9 S e st Vst 168 greli)

e t — -
’? Bz gﬁqo)f(gl? 27“1%&1“2’1 bz&;3 (m, 4H), g 00 (d, /=70 Hz, ]IH), 6.88 (d, J=7.6 Hz,

[ _ZH)G,]SdZSe(}s,feHH)‘l 5131y} Sl (eHz,Cl Hy |4(68t(é;.1=1 SbQJng,l 1Rsd80 (m,
S2HEY S0, 242,32, (5 AED g 6r220 o Ry Mpsy 5peeiiB b ny

| ST pos.): Calcd for CogHysCLIN,O4: 650.02; found 650.8 (M + H).

et hyl ] -"7-i odo- 2, B i oxo’2 3,4, 5 tetrahydro- benzo[ e]

[1, 4] di azepin-| -yl} -valerlc acid tert-butyl ester

(3.2 g, 4.5 mol), tri | yl acetylide (1. 9 m,

13.5 mol), Cul (189 Egbgyﬁyg%%nﬂ) and

dichlorobis(triphenylphosphlne) pal I adium (11) (318
in triethylam ne was heated to

% é 200 m_h :
CBtinmdar{ G- cecmphomsidn 60 ehlomoher SOt briodss

soriip gz st e G AR PARRE RN ety

1- (4-chl orophenyl ) et hyl ] -2, 5-di oxo-7-trinethylsilanyle
thynyl -2, 3, 4, 5-

t et rahydr o- benzo[e][1, 4] di azepin-1-yl}-valeric acid
tert-butyl ester (6.7g9, 9.9oNwol) in THE (100 nL) was
treated with tetrabutyl niumfluoride (10 nL of 1
Min THF, 10 mol). After h reaction sol ution was
concentrated. Flash chroYatography (silica gel,

Et OAc/ hexanes 3:7) gave the title conpound (5.3g, 89%
over two steps).

'H NMR (400 MHz, DMSO-dg) § 7.88 (d, J=2.0 Hz, 1H), 7.56-7.60 (m, 1H),
7.40-7.44 (m, 4H), 7.10-7.14 (m, 2H), 6.90-6.95 (m, 2H), 6.80-6.84 (d, J=8.8
Hz, 1H), 6.36-6.40 (m, 1H), 5.32 (s, 1H), 4.04-4.10 (m, 1H), 3.52-3.60 (m,
1H), 2.03-2.12 (m, 1H), 1.64-1.68 (d, /=7.2 Hz, 4H), 1.40-1.52 (m, 4H).
Mass spectrum (LCMS, ESI pos.): Calcd for CysH24ClLIN2NaOy: 672.1; found
673.2 M +H).



Sodi um
5-{(35)-3-(4-chl oro-phenyl)-4-[(R)-1-(4-chl oro-phenyl)
WO eaohpddi3¥- et hynyl - 2, 5- di oxo- 2, 3, 4, 5-t et r ahy dPCF/ 082029012240
[e] [ 1,4]diazepin-I -yl} -valerate WD 2004/ 096134
PCT/ US2004/ 012240 -76- HOO O NOC NOGOC The
title conpound was synthesi®ed from
5-{(3R S) - 3-(4- Chl orophenyl ) - 4-
[ (R -1-(4-chl oro-phenyl I
-7-et hynyl - 2, 5- di oxo- 2,%}?%%%%% ahydr o-
benzo[e][1, 4] di azepin-1-yl}-valeric acid tert-butyl

CHOLU BRI frodushSh B0,
7h~g(§'oZyétﬁyl§-Q SJdigx@Q'jZéi S@agy@gg%ng%ﬁﬁl @qdlﬁze%mrl’l :ﬁbj:b ’

1Mpleriqagid- 4, 32 (m 1H) 3.76-3.84 (m 1H) 3 52 (s
1H, 2.12-2.20 (m 2H), 1.72-1.76 (d,J=7.1 Hz, 3H),
1.52-1.64 (m 4H). Mass spectrum (LCMS, ESI pos.):
Cal cd for C30H25C12N2NaO4: 570.11; found 571.2 (M +
H . EXAMPLE 41 5 - { (3R, S)-3
- (4- Chl orophenyl )-4-[ (R, O H
S)-1- (4-chl orophenyl ) - 2- hydy oxyet hyl ] - 7-

I odo- 2, 5-di oxo- 2, 3, 4, 5-tet¢ahydr o- benzo[ e] [ 1, 4] di azepi
n-1-yl}-valeric acid WD 2004/ 096134 PCT/ US2004/ 012240

-77 O0H O NO o
N
N \
OH o ™

Cl

'H NMR (400 MHz, DMSO-d¢) § 7.56-7.61 (m, 3H), 7.40-7.50 (m, 1H), 7.18-
7.38 (m, 3H), 7.00-7.08 (t, /=8.3 Hz, 1H), 6.83-6.87 (m, 2H), 6.50-6.56 (m,
2H), 6.35-6.40 (m, 1H), 5.35 (s, 1H), 4.68-4.72 (m, 1H), 4.30-4.40 (m, 1H),
3.70-3.79 (m, 1H), 2.10-2.18 (m, 2H), 1.72-1.76 (d, J=7.3 Hz, 4H), 1.50-1.70
(m, 4H), 1.21-1.26 (d, J=6.6 Hz, 3H) . Mass spectrum (LCMS, ESI pos.):
Caled for C30H30C1N,0s: 568.1; found 569.3 (M + H).



OH d "H NWR (400 MHz, DVMSO-d6) b 7.84-7.87 (d, J=2.1
Hz, 1H), 7.55-7.60 (m 3H), 7.36-7.40 (m 2H),
woG288/0%6136 (m 3H), 6.56-6.60 (d,J=7.7, 2H), 6rPCDUS2088012240
(m 1H), 5.40 (s, 1H), 4.12-4.33 (m 3H), 3.70-3.80
(s, 1H), 2.12-2.20 (m 2H), 1.50-1.76 (m 6H). Mass
spectrum (LCVMS, ESI pos.)=+8Cal cd for C28H25C121N205:
666.02; found 667.2 (M+ H). EXAMPLE 42 Sodi um
5-{(35)-3-(4-chl orophepyl h+8+ ) - 1- (4- chl or ophenyl ) et
hyl]-7-i odo- 2,5-dioxoﬁgfé4gP%9 et rahydro-benzo [e] [
1, 4] di azepin-I -yl} -valerate WO 2004/ 096134
PCT/ US2004/ 012240 -78 ONa+ O O N-_ d 1H NWR (400
MHE(3 R ISMB e efehl orgplreryh)-4-[ (R)- It -cljerpphempiethy Ly /- (R, H6l-7. 64

( 3 97.7. 44 o 198- T 1 vl
e e O e e A
Braldichcd? (m | H, 5.26 (s, | H, 4.15-4.24 (m | H),
3.60-3.70 (m 1H), 1.76-1.84 (m 2H), 1.60-1.68 (d,
J=7.1 Hz, 3H), 1.44-1.56 (m 1H), 1.28-1.37 (m 4H).
Mass spectrum . (LCVS, ESb pasH): Cal cd

for C28H24C121N2NaO4: 672701; found 651.2 (M -Na) +.
EXAMPLE 43 5-[ (3R, S)-4-(4-Chl oro-2-nethyl -benzyl)-3

- (4-chl oro- phenyl ) - 7-i 0do-\, 5-

di oxo- 2, 3, 4, 5-t et rahydr o-
1, 4] di azepin-1-yl]-valeri

'H NMR (400 MHz, DMSO-dg) & 7.00-7.61 (m, 9H), 6.84-6.92 (m, 2H), 6.36-
6.56 (m, 3H), 5.30-5.36 (m, 1H), 4.08-4.76 (m, 2H), 3.50-3.80 (m, 1H), 2.05-
2.20 (m, 2H), 1.72-1.76 (d, J=7.3 Hz, 3H), 1.20-1.70 (m, 7H). Mass

spectrum (LCMS, ESI pos.): Calcd for C3oH30C1aN20s: 568.1; found 569.2 (M
+H). ‘

EXAMPLE 47

5-[(3S)-4-[(R)-1-(4-Chlorophenyl)-ethyl]-7-iodo-2,5-dioxo-3-(4-
trifluoromethyl-phenyl)-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl]-valeric

acid



N/_C NOGC WD 2004/ 096134 PCT/ US2004/ 012240 - 79
'H NMR (400 Mz, DMBO-d6) S 7.71 (d, J=2.2 Hz, 1H),

wQ@284/0%188 (m 1H), 7.32 (m 1H), 7.16-7.24 (PCT/AEN004/012240

7.00 (d, J=7.0 Hz, 1H), 6.88 (d, J=7.6 Hz, 2H), 5.25
(s, 1 H, 531 (d, J=15.6 Hz, 1 H), 4.68 (d, J=15.4
Hz, 1 H, 4.20 (m 2H), —38279 (m 2H), 2.32 (s, 4H),
2.16-2.20 (m 4H). Mss spectrum (LCVS, ESI pos.):
Cal cd for C28H25C121N204: 650 02; found 650.8 (M + H).
EXAVPLE 44 Sodi um o

5-{(3R)-3-(4-chl orophenyl) 4 [(R) -1-(4-chl orophenyl) et
hyl]-7-iodo- 2,5-di oxo-2,3, 4, 5-tetrahydro-benzo][ e]

[1, 4] diazepin- | -yl} -valerate 0 ONat+ O NN~ ~ Cl
0 C 1H NWR (400 MHz, @d6) S 7.88 (d, J=2.0 Hz,
1H), 7.56-7.60 (m N-%/ 402,44 (m 4H), 7.10-7.14

2H), 6.90-6.95 oG 6C d J=8.8 Hz, |

H, 6.36-6.40 (m 18,
1H), 3.52-3.60 (m 1H) 4 2. 3*212(m 1H) 1.64-1. 68
1. (m 4H). Mass spectrum

(d, J=7.2 Hz, 4H), 1.40°
(LCVB, ESI pos.): Calcd f 8H24C121 N2NaO4:  672. 1;
/ 096134 PCT/ US2004/ 012240

found 673.2 (M+ H. WO
Cl

'H NMR (400 MHz, DMSO-dg) § 7.86-7.91 (d, J=2.0 Hz, 1H), 7.52-7.58 (m,
1H), 7.45-7.51 (m, 4H), 7.12-7.22 (m, 2H), 6.92-7.05 (m, 2H), 6.82-6.94 (d,
J=8.8 Hz, 1H), 6.32-6.38 (m, 1H), 5.32 (s, 1H), 4.08-4.11 (m, 1H), 3.52-3.64
(m, 1H), 2.06-2.11 (m, 2H), 1.62-1.70 (d, J/=7.2 Hz, 4H), 1.40-1.46 (m, 4H).
Mass spectrum (LCMS, ESI pos.): Calcd for CuoHa5ClIF3IN,O4: 684.05; found
685.1 M + H).

EXAMPLE 48

Sodium; 5-{(3S)-3 -(4-chlorophényl)-4- [(R)-1-4-chlorophenyl)-ethyl]-7-
ethynyl-2,5-dioxo-2,3 ,4,5;tetrahydro-benzo [e][1,4]diazepin-1-yl}-valerate

+Na-O_ o

Cl



-80 EXAMPLE 45
5-1(3S)-3-(4-Chl orophenyl )-4-[(R)-1-(4-chl orophenyl)-e
wo bgothoed3{ 1- (R, S) - PCT/US2004/012240
hydr oxyet hyl ) - 2, 5- di oxo- 2, 3, 4, 5-tetrahydr o- benzo[e] [
1, 4] di azepin-1 -yl]- valeric acid OCH NN OH O
"H NWVR (400 MHz, DMSO d6) -@37.56-7.61 (m 3H),
7.40-7.50 (m 1H), 7.18- 7.38 (m 3H), 7.00-7.08 (t,
J=8.3 Hz, 1H), 6.83-6.87 (n1 ZFD 6.50-6.56 (m 2H)
6. 35- 6. 40 (m 1H), 5.35 (s, , 4.68-4.72 (m 1H),

£ 3o B s 39 i it 367 21300 709
L@ 8,520 (18, Q5B (6 8,5, 21, ¢ M@J@ﬁ}{mm@ﬂm %[

+Sﬁ)5 \oveSaset b bR it (IR |

= S,
§ 0 IR o hhar P4 15216?1(-(4Ij1():hll\dgr8%?ﬁgtrﬁl;r:&(létc%l]
7E§I ﬁbs )Sﬂa]bd for C30H,5C1,N,NaOy: 570.1; found 571 M+
hydr oxy- et hyl ] -2, 5-di oxo- 2, 3, 4, 5-t etrahydr o- benzo| e]
[1, 4] diazepin-1 -yl]- valeric acid OOH O NGO NOCH
0 EXAMPLE 49 :

5-{3-(4-Chlorophenyl)-4-[1-(4-chlorophenyl)-2-hydroxy-ethyl]-7-iodo-2,5-
dioxo0-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl}-valeric acid

Cl
'HNMR (400 MHz, DMSO-ds) § 7.85 (d, /=2.1 Hz, 1H), 7.55-7.60 (m, 3H),
7.36-7.40 (m, 2H), 6.88-6.96 (m, 3H), 6.58 (d,J=7.7, 2H), 6.20-6.28 (m, 1H),
5.40 (s, 1H), 4.12-4.33 (m, 3H), 3.70-3.80 (s, 1H), 2.12-2.20 (m, 2H), 1.50-
1.76 (m, 6H). Mass spectrum (LCMS, ESI pos.): Caled for CosHosCLIN:Os:
666.02; found 667.2 (M + H).



Cl  1H NWR (400 MHz, DVsO-d6) S 7.00-7.61 (m 9H),

6.84-6.92 (m 2H), 6.36- 6.56 (m 3H), 5.30-5.36 (m
wak)os4/046188- 4. 76 (m 2H), 3.50-3.80 (m 1H), 2.PSFU2080012240

(m 2H), 1.72-1.76 (d, J=7.3 Hz, 3H), 1.20-1.70 (m

7H). Mass spectrum (LCMS, ESI pos.): Calcd for

C30H30C 2N205: 568.1; foung4569.2 (M + H) EXAMPLE 47

5-[(3S)-4-[(R) -1-(4-Chl orophenyl)-ethyl]-7-iodo-2, 5-di

oxo- 3- (4-

trifluoronethyl - phenyIk;Xé,l\@?ltﬁ 80t et rahydro-benzo [e] |

. ni i iodo-
BT 2o Vo e I R Rl Yk i
I2L5=dioRIVMRCS, 416 Jtetiahy dBBbehzfie] [ Ich | didzehin- 1434 } -valdyate 7. 52- 7. 58
(m 1H), 7.45-7.51 (m 4H), 7.12-7.22 (m 2H),
6.92-7.05 (m 2H), 6.82-6.94 (d, J=8.8 Hz, 1H),
6.32-6.38 (m- 1H), 5.32 (s,oNg, 4.08-4.11 (m 1H),
3.52-3.64 (m 1H), 2.0 711 (m 2H), 1.62-1.70 (d,
J=7.2 Hz, 4H), 1.40-1.46 ( 4H). Mass spectrum
(LCMS, ESI pos.): Calcd for C29H25CLF3I N204: 684. 05;
found 685.1 (M+ H). LE 48 Sodi um
5-{(3S)-3-(4-chloropheny() -4 [(R) -1-4-chlorophenyl)-et
hyl]-7- ethynyl -2,

5 <di bxg- 2, 4, 5-tetrahydro-benzo
[e] [ 1,4] diazepin -yl ...,, ate +Na-O 0
I N
é .

Cl

'H NMR (400 MHz, DMSO-dg) & 7.76 (d, J=2.1 Hz, 1H), 7.56-7.64 (m, 3H),
7.39-7.44 (m, 2H), 6.98-7.03 (m, 2H), 6.90-6.95 (m, 1H), 6.57 (d, J=7.7 Hz,
1H), 6.16-6.22 (m, 1H), 5.26 (s, 1H), 4.15-4.24 (m, 1H), 3.60-3.70 (m, 1H),
1.76-1.84 (m, 2H), 1.64 (d, J=7.1 Hz, 3H), 1.44-1.56 (m, 1H), 1.28-1.37 (m,
4H). Mass spectrum (LCMS, ESI pos.): Caled forCygH24ClIN2NaOy: 672.01;
found 651.2 (M -Na)".

EXAMPLE 51 '

5-[(3S5)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
(methylthio)-2,5-dioxo-1,4-benzodiazepin-1-yl]valeric acid



O Nacli N OGO W 2004/096134 PCT/ US2004/ 012240
-83 'H NMR (400 MHz, DMBO-d6) 5 7.59-7.64 (m 3H),

WO 28040%140 (m 3H), 7.09 (d, J=8.5 Hz, 1H), 6PORULZIN4/012240

J=8.5, 2H), 6.54 (d,J=8.8, 2H), 6.32-6.39 (m 1H),
5.36 (s, 1H), 4.24-4.32 (m 1H), 3.76-3.84 (m 1H),
3.52 (s, 1H), 2.12-2.20 (g% _2H), 1.73(d,J=7.1 Hz,
3H), 1.52-1.64 (m 4H). Mass spectrum (LCMS, ESI
pos.): Calcd for C30H25CI 2N2NaO4: 570.1; found 571.2
(M + H). EXAWMPLE 49 5-@I3- (4-Chl or ophenyl ) -4-]

1- (4-chl orophenyl)-2-h oxy-ethyl]-7-iodo-2, 5-

di oxo- 2, 3, 4, 5-t et rahyd penzo[e] [ 1, 4] di azepin-1-yl}-v
aleric acid OOH O NOOH d '"HNW (400 MHz,
DVBO-d6) 6 7.854(d, J32 , 1H), 7.55-7.60 (m 3H),
7.36-7.40 (m Z 8-%0. mCISH), 6.58 (d,J=7.7,
2H), 6.20-6.28 ( . (s, 1H), 4.12-4.33 (m
3H), 3.70-3.80 (s, 1HN™N 12-2.20 (m 2H), 1.50- 1.76
(m 6H). Mss spectrum (LCMS, ESI pos.): Caled for
C28H25C121N205: 666.02; found 667.2 (M+ H. WO
2004/ 096134 PCT/ US2004/ 012240

o)

OH
a) (35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
(methylthio)-1,3-dihydro-~1,4-benzodiazepine-2,5-dione.

(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-iodo-

1,3-dihydro-1,4-benzodiazepine-2,5-dione (221 mg, 0.400 mmol),
sodium  thiomethoxide (38 mg, 0.521 mmol) and
tetrakis(triphenylphosphine)palladium (0) (46 mg, 0.04 mmol)
were suspended in n-butanol (SmL) under nitrogen atmosphere.
The reaction was warmed up to 110°C for 16 h. Then, the reaction
was allowed to cool down to room temperature, partitioned
between ethyl acetate and sodium hydroxide (1N), and washed
with hydrochloric acid (1N). The organic layer was collected, dried
with sodium sulfate, filtered and concentrated under vacuum. The
residue was purified by column chromatography (AcOEt/Hexanes,
1:1) to give the title compound (91 mg, 48%) identified as the
“lower diastereomer” (in a TLC performed with AcOEt/Hexanes,
1:1): 'H NMR (400 MHz, CDCls) § 9.16 (s, 1H), 7.50 (d, J = 2.3
Hz, 1H), 7.45 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H), 7.00
(dd, J=2.3,J=8.5 Hz, 1H), 6.83 (d, J= 8.5 Hz, 2H), 6.61 (d, J =
8.5 Hz, 1H), 6.56 (d, J = 8.5 Hz, 2H), 6.39 (m, 1H), 5.16 (s, 1H),
2.33 (s, 3H), 1.64 (d, J = 7.19 Hz, 3H); together with (3R)-3-(4-
chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-(methylthio)-1,3-
" dihydro-1,4-benzodiazepine-2,5-dione (45 mg, 24%) identified as



-84 EXAMPLE 50 Sodi unm 5-{
(3S)-3-(4-chlorophenyl)-4-[(R)-1-(4-chl orophenyl)-ethy
WO peodnd@ap- 2, 5-di oxo- 2, 3, 4, 5-t et r ahydr o- benz oP€]/Up2004/012240

1, 4] di azepin-1-yl}-valerate O ONa+ O N ~..Il acl |
NOd |IHNW (400 Mz, DVsO-d6) 6 7.76 (d, J=2.1 Hz,
1H), 7.56-7.64 (m 3H), 7%39-7.44 (m 2H), 6.98-7.03

(m 2H), 6.90-6.95 (m 1H), 6.57 (d, J=7.7 Hz, 1H),
6.16-6.22 (m 1H), 5.26 (s, 1H), 415424(m 1H),
aleeo“@ %0 (dnstékél)mer”l @6- 1a 84rl(an meHprmad 64vithd, J=7.1

SRBF %"f‘@bé‘@@ Ches D ionaon:

d - 5 & 35)-3
Ry G s e 007
tzeHY) 1.04 031)1, 3H- @9 Dxb-L=8- D Elaz 3H). L= i(fh—)l/ ‘-}val er | C

3 T s, PSS GOThySP90 312690 @Bp= /2 © Ts N

4 Hz, 3H).

b) 5-[(3S)-3-(4-Chlorophenyl)—4-[(R)-1-(4-chloropheny1)ethyl]-7— |
(methylthio)-2,5-dioxo-1,4-benzodiazepin-1-yl]valeric acid

The title comi)ound was prepared from (3S)-3-(4-Chlorophenyl)-4-
[(R)-1-(4-chlorophenyl)ethyl]-7-(methylthio)-1,3-dihydro-1,4-
benzodiazepine-2,5-dione following the procedure described for
example 1, step b: 'H NMR (400 MHz, C13CD) § 10.89 (s, 1H,
Acid-OH), 7.38 (d, J = 8.5 Hz, 2H), 7.33 (d, J= 2.3 Hz, 1H), 7.20
(d, J=8.5 Hz, 2H), 6.97 (dd, J=2.3,J=8.5 Hz, 1H), 6.75 (d, J =
8.5 Hz, 2H), 6.67 (d, J = 8.5 Hz, 1H), 6.36 (d, /= 8.5 Hz, 2H), 6.29
(m, 1H), 5.26 (s, 1H), 4.28 (m, 1H), 3.54 (m, 1H), 2.35 (s, 3H),
2.34 (m, 2H), 1.63 (d, J = 7.19 Hz, 3H), 1.46 (m, 4H). Mass
spectrum (LCMS, ESI pos.): Calcd for CoHosCloN,04S: 570.1;
found 571.0 (M+H).

EXAMPLE 52

5-[(3R)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
(methylthio)-2,5-dioxo-1,4-benzodiazepin-1-yljvaleric acid



OH a)

(3S)-3-(4-Chl orophenyl)-4-[(R)-1-(4-chl orophenyl) et hyl
WO 2004/096184 hyl t hi 0) - 1, 3 -di hydro- 1, 4- benzodi azeptTieSR)04/612240

-dione. (35)-3

- (4- Chl orophenyl )-4-[(R) - 1-(4-chl.orophenyl) et hyl]

-7-10do- 1, 3-di hydro-1, 4- 1zodi azepi ne- 2, 5-di one (221

ng, 0.400 mol), sodi um t hi omet hoxi de (38 ng, 0.521

nol ) and tetrakls(trlphenylphosphlne)palIadlun1(0)

(46 ng, 0.04 mmol) w&he suspended in n-butanol (5nl)

under nitrogen atnosph . The reaction was warned up

to 110C for 16 h. Then e reaction was allowed to

cool down to roomterperfture, partitioned between

et hyl acetate qu sod u droxi de (1N), and washed

wi t h hydrochl oft pK;;}ﬁg organi c | ayer was
col l ected, dried 0 sulfate, filtered and
concentrated under v u The residue was purified

by col um chromat ogr aphy ( AcOEt/ Hexanes, 1:1) to give
the title conpound ( ng, 48% identified as the

"l ower diastereoner” Xin a TLC performed with
AcOEt / Hexanes, 1: p=( 1H NWVR (400 MHz, CDCl3) 6 9 16
(s, 1H), 7.50 (d, J =0&.3 FB 7.45 (d, J = 8.5

SR 40 Mty DG g 3, (1 = 229 a0 150%, é{( 0
2%)86 gs ?ﬂlk% Z§(§6J £ s z»lz 28 S6. BE(d 2ﬁ>(= 3. 55\]}%‘,3 (m
I-HH) QBY (mi dHyth22 (wilih, 43&)@3 1(14 3. aﬁl(mr SHheh§F ) - 4-

b R 12 o B TP ol s o OB M) %

's @dﬁhhf (EoMVBs RAD 13’&@4/(@&?&{1% BLH 2080157840 - 86

per dlastereoner (in a TLC perforned wth
&mm&ﬂ ) 1:1): '"H NWR (400 MHz, CDC13) 6 8.73
(s, 1H), 7.60 (d, J =2.3 Hz, 1 H, 7.24 (d, J =8.5
Hz, 2H), 7.15 (d, J = 8.5
EXAMPLE 53

5-[(3S)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
(trifluoromethylthio)-2,5-dioxo-1,4-benzodiazepin-1-yl]valeric

acid
Ci
0
F_S N =
N
@)
O
OH

a) (35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
(trifluoromethylthio)-1,3-dihydro-1,4-benzodiazepine-2,5-dione



Hz, 2H), 7.04 (m 3H), 6.93 (d, J = 8.5 Hz, 2H), 6.45
(d, J =8.5 Hz, 1H, 6.38 (m | H, 5.01 (s, | H,
wQ@288/0¢0@34 3H), 1.59 (d, J= 7.2 Hz, 3H). b) PCT/US2004/012240
5-[(3S)-3-(4-Chl orophenyl )-4-[(R)-1-(4-chl orophenyl)et
hyl]-7-
(?/re% hyl t hi o) - 2, 5- di oxo- 1, 4- genzodi azepi n-1-yl]valeric
acid The title conmpound was prepared from
35) - 3- (4- Chl h ) -4-
| RS2 b iormrDraaniA) b hghiprophendieipi b Fiego-1, 3- i hyd
21 i Lhes 2, 524 f ol | gwi
piosileBene 0 ARRRR 3. 0ithe TS e, ATt e
(é@;ﬁpeNHiﬂuogdxﬁéﬂB)mﬁgﬂ:D(?% glg, O.%SisgmmﬁxﬂHZ ), ?o@d} %odéc(i)&S ((j d, JJ
=85 H y o , = 2, e )
~ chmg, (502 apgrion ety ep ilyepl 4555 gne, 9.8l and 1y ]
6 3 57 . 2 =, 1 1
oPSasn g Ba mg2 e7g gl frerd ssipy - 1y
éz‘ris@aro(fmé%l](lﬂ) mLo}? .uljdler(nitro ddl) at;rﬁsﬂ&ié.jlé he3ﬂr$]}1cti10|_n62w33§f/a g ;n
SBBEnTHD (L BT B2 en, & tsaticr weoblipud Mpoas:
5¢801%6 rodn® temshepatre il Middpart ElAM b &ween ethzl acetat

5-[(3R)-3-(4-Chl or?\?henyl )-4-1(R)-1-(4-chl orop?wenyl ) et
hyid sqtium hydroxide (1N), washed with hydrochloric acid (1N).

thylthio)-2, 5-di -1.4-b [ i.n-1-yl]yaleric
S0P bR SoR S AR IREh B rse ere e § N g
Ncécefdrated under vacuum. Purification by chromatography on

silica (AcOEt/Hexanes, 3:7) afforded the title compound (203 mg,

86%) identified as the “lower diastereomer” (in a TLC performed
with AcOEt/Hexanes, 1:1): "H NMR (400 MHz, CDCls) § 9.31 (s,
1H), 7.98 (d, J= 1.0 Hz, 1H), 7.44 (d, J= 8.5 Hz, 2H), 7.40 (dd, J
= 1.0, J = 8.5 Hz, 1H), 7.25 (d, J = 8.5 Hz, 2H), 6.87 (d, J = 8.5
Hz, 2H), 6.55 (d, J = 8.5 Hz, 2H), 6.47 (d, J = 8.5 Hz, 1H), 6.38
(m, 1H), 5.22 (s, 1H), 1.64 (d, J = 7.2 Hz, 3H); together with (3R)-
3-(4-chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
(trifluoromethylthio)-1,3-dihydro-1,4-benzodiazepine-2,5-dione

(24 mg, 10%) identified as the “upper diastereomer” (in a TLC
performed with AcOEt/Hexanes, 1:1): "H NMR (400 MHz, CDCl5)
6 8.28 (s, 1H), 8.07 (d, J = 2.0 Hz, 1H), 7.44 (dd, J = 2.0, J = 8.5
Hz, 1H), 7.24 (d, J = 8.5 Hz, 2H), 7.19 (d, J= 8.5 Hz, 2H), 7.07 (d,
J=28.5 Hz, 2H), 6.92 (d, J= 8.5 Hz, 2H), 6.36 (m, 1H), 6.27 (d, J =
8.5 Hz, 1H), 5.01 (s, 1H), 1.58 (d, J= 7.2 Hz, 3H).

b) 5-[(3S)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
(trifluoromethylthio)-2,5-dioxo-1,4-benzodiazepin-1-yl]valeric

acid.



oH 'HNI\/R(4OOI\/HZ CDC13) 6 7.42 (d, J = 2.3 Hz,
J = 8.

1H), 7.27 (m 4H), 6.98 (m 3H), 6.75 (d 5 He,

wQ@pkfo4/066182 (d, J = 8.5 Hz, | H), 6.37 (m |  HrCT/BESRB4/012240

(s, 1H), 4.05 (m | H), 337(m I H, 2.35 (s, 3H),
2.19 (m 2H), 1.58 (d, J= 7.2 Hz, 3H), 1.38 (m 4H).
Mass spectrum (LCMS, ESI _g@s.): Calcd for

C29H28C12N204S: 570.1; found 571.0 (M+H). EXAWMPLE 53

35)-3-(4-Chl h I 4- chl h ) et
hﬁlq( tlt}l% cm(ammduwg%g%pg% f;qrw%)z? (%C}S@nogbs&)gf 4eggn)zg
é(@iﬁ&h %hﬂorgﬂﬂenyl%‘rﬁﬁ 9- (tr?ﬁﬁoromethyﬁ’}uo) % 3- dlﬁyfro N'O
(ﬁ&;beazc(daazqﬂmerzos;hmylfbﬂéwﬁlg Rhe befetalchlossupd €sry | ) et hyl
(ihﬁua%liye?éwar%ﬂ?‘?yh-x)q»ﬁ%en, fOI@VEﬁdhbdﬁiQPI(ﬂe@Fl@efﬁE@m%zepl ne- 2

(PRl SRAIEE e G H IR RLCIN ) ety

] 10093 (ecldH, Apiﬂl—@HmymbfsllH),Wa&@dlﬁi)EE L0¢d, 2 %7& one
trifluoromnet hanet hi ol

(B w7 6 alis S 2g 8RR T, 5 e 1 65 (8, 004
B%'?Zl%?ﬁﬁnm?ar % G156 3684, TPy 29 87 Bk ane

slBpehdedbn s 2H), 1.62 (d, J = 6 8 Hz, 3H), 1.49 (m, 4H).




I sopropanol (5 nmL) under nitrogen atnosphere. The
reaction was warnmed up to 110C for 24 h. Then, the
WO e@apand was al l owed to cool to roomtenper aPOT/@SENH012240
was partitioned between ethyl acetate and sodi um
hydr oxi de (1N), washed with hydrochloric acid (iN).
The organic |ayer was coll ggted, dried (Na2SO4),
filtered and concentrated Under vacuum Purification
by chromat ography on silica (AcCEt/ Hexanes, 3:7)
afforded the title compound (203 ng, 86% identified
as the "l ower dlas eME;EbFéUnaTLCperforned W th
AcCEt / Hexanes, )%S{A (400 MHz, CDCl13) 5 9.31
(s, | H, 7.98 (d J— 1.0 Hz, | FD, 7.44 (d, J= 8.5
Hz, 2H), 7.40 (dd, J = 1.0, J = 5 Hz, | H, 7.25
(Sd[(BS) 3:(3—A51ylrdz<,y-42-bi)lor®h8ﬂy1][-é-[(lﬂ) 12(43 5 He, 2H) 6.55

6. 38

(cHorzpensgirsiodsiy Salplaly i hnapatbuepint, iy
(yaldiRfacid th (3R)- 3

-"(4- chl or ophenyl ) - 4- [&R) 1- (4 chlorophenyl)ethyl] -7
(trifluoromethylthio) 3-di hydro-1, 4- benzodi azepi ne- 2
, 5-dione (24 ng, 109 entified as the "upper
di astereoner” (ina T performed wth AcOEt/ Hexanes,
1:1): 1H NWR (400 MHp, S8.28 (s, | H, 8.07

(d, J= 2.0 Hz, | . J= 2.0, J=8.5 Hz 1
H, 7.24 (d, J \&Ez CI19(c| J = 8.5 Hz,

2H), 7.07 (d, J 6.92 (d, J = 8.5 Hz,
2H), 6.36 (m 1 H), 62 J = 85 H, 1H), 5.01
(s 1H), 1.58 (d, J=\7.2 3H). b)

5-[(3S)-3-(4-Chl oroplenyl) - (R -1
- (4-chl orophenyl ) eth
(trifluoronethylthos-2,5-di oxo-1, 4- benzodi azepi n- |
-yllvaleric acid. 004/ 096134 PCT/ US2004/ 012240
-89 The title conpound was prepared from
(3S) - 3-(4-chl orophenyl ) - 4-
[ R cliotdoitrsgpieatieashy! ] -7- (tri f1 uor oret hyl thi o)

3- di hydr o-

4-Chlorosalicilic acid (25 g, 145 mmol) was dissolved in
tetrahydrofuran (100 mL) and cooled down to 0°C under argon
atmosphere using an ice-water bath. Carefully, borane methyl
sulfide complex (101 mL, 2M in THF) was added drop wise over a
period of 30 minutes, and the resulting solution was refluxed for 16
h. The reaction was allowed to reach room temperature and poured
into ice water, extracted with ethyl acetate, and washed with
hydrochloric acid (1N). The organic layer was collected, dried with
sodium sulfate, filtered and concentrated under vacuum. The
residue was purified by chromatography on silica to give the title
compound (83%): '"H NMR (400 MHz, CDCls) & 7.66 (br s, 1H),
6.96 (d, J = 8.0 Hz, 1H), 6.91 (d, J = 0.95 Hz, 1H), 6.85 (dd, J =
0.95, 8.0 Hz, 1H), 8.86 (s, 2H).



1, 4- benzodi azepi ne- 2, 5-di one foll owi ng the general
procedure for the alkylation at the 1-position,

wo cdolhovEads by deprotection followi ng the procepor/@s1004/012240
exanple 1, step b: 1H NWR (400 MHz, C13CD) S 10.93
(s, 1H, Acid-OH), 7.83 (s, 1H), 7.38 (m 3H), 7.20 (d,
J=17.9 Hz 2I—I) 6.77 (d, - 3»»-8.0 Hz, 2H), 6.51 (d, J=
8.5 Hz, , 6.35 (d, J=7.9 Hz, 2H), 6.28 (m 1H),

5 5 3.55 1H), 2.27 (b ,
i Cilf%%ﬁ%dr%y% Byl 5y 7 513] (o

2004/ 096134 PCT/ US2004/ 012240 -90 EXAI\/PLE 54
5-1(35)-3-(2-Allyl oxy-4-chl orophenyl)-4-[(R)-1-(4-
c Bj3eDisploert§ 6y dicyapbl 1-F-benzhouihobe - $,92- ged3ddi azepin

sl s 210 o 8 SSTBonor sralsr 2 e Shseiivhenet ¢ aci g

(ﬁﬁd&mo}&ﬁetm {6 3dérfd5€éltx’éﬁjihrbﬂ1raﬂ et aty)drpiier an

(100 mL) and cool ed down to OC under argon atnosphere
uman@oramlxt@r@ weats@rred at rponCiemaferating fobd hahbemihay |

e s Rt e v 4 b kS BOFAG O

Se}r léhtoﬁmwgaaplfyecfd sixiedl td ffortitthe fitle Tompoaad t (7a%)nas
owed to reach roomtenperature and poured into ice

wall IVIR(R09 Meiln LI bhd di Ay ((s.ald D 888 (S:aHd): Uek¥{de wi t h
hydf.p§ afﬁf7%a(% (2H}I) The organic | ayer was

col | écte

¢) 2-Allyloxy-4-chlorobenzaldehyde

A mixture of 4-chloro-2-hydroxybenzaldehyde (254 mg, 1.62 mmol) and
cesium carbonate (793 mg, 2.43 mmol) in THF (3 mL) was heated to reflux
for 3 h. After the reaction mixture was cooled at room temperature, the
solvent was evaporated and the residue partitioned between ethyl acetate and
hydrochloric acid (1N). The organic layer was collected, dried with sodium
sulfate, filtered and concentrated under vacuum. The residue was purified by
column chromatography (AcOEt/Hexanes, 1:9) to give the title product
(97%): "H NMR (400 MHz, C1;CD) § 10.46 (s, 1H), 7.80 (d, J = 8.3 Hz, 1H),
7.05 (dd, J=0.78, 8.3 Hz, 1H), 6.99 (d, /= 0.78 Hz, 1H), 6.09 (m, 1H), 5.45
(m, 2H), 4.67 (m, 2H).



sodium sul fate, filtered and concentrated under

vacuum The residue was purified by chronmatography on
W@ RO give the title conpound (83%: 1H MVRUS2000012240

MHz, CDCl3) 6 7.66 (br s, 1H), 6.96 (d, J = 8.0 Hz, |

H, 6.912 (d, J = 0.95 Hz, I H), 6.85 (dd, J = 0.95,

8.0 Hz, 1H), 8.86 (s, 2H)._ ¢4 2004/096134

PCT/ US2004/ 012240 -91- b)

4- Chl or o- 2- hydr oxybenzal dehyde 2, 3-Di chl oro-

5dB- di cyano- 1- BSher2eyllylouyd-chdbaphedyQ#A-gR)-4347 ol )

dded | ut i gn,.of . .
seaprarena iRl B e A iRind - bodieesin Bt nane (65
Mgjongnd tetrahydrofuran (15 nL),. The reaction

m xture was stirred at roomtenperature for 4 h. Then,
the solvent was evaporated under vacuum and the crude
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at’e, Iltered and concentra under vacuum T
r é gh-ohneodiaz=piner2,§idéehebyas abtdinedandhidentiidied g dphupper

CEt / Hexanes,.1.9) .to give th i.t]l e prodl 90
AT o AT sl 1 by ghela® B i qnieg bo
SNHEZGDAEN § 9.27 (Q5H?_i)®.06 4d, 7 01.6%1z, 3H$ HiK5 %dh, =1.6,.99
(d, J =0.78 Hz, 1 6.09 (m 1&, 5.45 (m 2H),
4 Fa7 17224y, J 78. 25842180 § 084 drET BdcHp o 07944, J = 8.4
Hz, 1H), 6.65 (dd, J= 1.3, J= 8.4 Hz, 1H), 6.59 (d, J= 1.3 Hz, 1H), 6.28 (m,
2H), 5.83 (m, 1H), 5.24 (m, 1H), 5.05 (s, 1H), 4.35 (m, 2H), 1.50 (d, J=7.1

Hz, 3H).



-92 d) (3S)-3-(2-Alyloxy-4-chlorophenyl)-4-[(R- 1
- (4-

wa@ kdoaoqabenyl ) et hyl ] - 7-i odo- 1, 3- di hydr o- 1, 4- berzDUSBREM 2240
ine-2,5- dione The title conpound was prepared
followi ng the general procedure for the synthesis of
di azepi nes and was identifiggd as the "I ower
di aster eomer" (i n a TLC perfor rred wi t h AcCEt / Hexanes,
1:1): HNI\/R{ NHz, '"H NMR 9.49 (s, 1H),
#)o9 (d, J=2l (2-ﬂlbyloxz’-%shlpmph9ml) 4<f(R)s1 - (4& J= 8.4

2 24 (d, J=17.8
%ﬁloro%@nyl)@thgg 7(-1"&10 "%dlogg% 45{35[120&%%1& 15 7 35 (m 1H),
]yl]mle@dacﬂi- 7. 2 Hz 3H) In this reaction (3R)-3-(2-

4- chl
e a8 i isp Rsayter oy (35)-Cr b+ shlombpey -
t

1 D e R e PRS- RO T EbteaRDbing 2.5
pheredioHewing thé gﬁmﬁﬂtmmﬂame(er the alkylatiol anife 1- ﬁ&ﬂnoﬂyl-lz

% ey deptiesiign ogbling pe provpgurds dessiiped foy cxampla Ty
dp, b: THQWROMO(J \1]@{2‘3 ebd:%) 5 26 (br@ Yﬁ)ké7d94 & 7482 f‘HJzHﬁP

1}1}2—2 6. 65
5 @)3H)g: 2@ (¢rh = 821z, 251)8@56f4 Jesmﬂzslm m(cw)=

06 SgoftFodizn b eSbalty 5350 18, 296 (o 1) S5,

&H)(ssﬂsalﬂla)ﬁfm mmmy ﬁozgghonm@wtﬁlﬂﬂig?&%fzgge -
s R LR 61<ma 4Dt M@swﬁm@% Bidparisd

.

[G(a%a-i%?’(%ﬂhﬁﬁor op %‘&Ia)ﬂi?oip@g 3 d| hydro-1, 4-b

enzodi azepi ' ne- 2, 5- d| one foll ow ng the gener al
procedure for the alkylation at the 1-position,
foll owed by deprotection follow ng the procedures
descri bed for exanple 1, step b: 1H NWVR (400 MHz,
CDC13) 5 8.63 (br s, 1H), 7.94 (d, J= 2.1 Hz, 1H),



7.45 (m 3H), 7.26 (d, J= 8.5 Hz, 2H), 6.56 (d, J= 8.6
Hz, 1H), 6.48 (d, J= 1.9 Hz, 1H), 6.43 (m 111), 6.35
W@ no49ddpd , 6.16 (m | H), 5.96 (m 111), 5. 35PCTUS2004/012240

2H), 5.23 (s, 1H), 4.42 (m 2H), 4.20 (m 1H), 3.54
(m 1H), 2.34 (m 2H), 1.75 (d, J=7.1 Hz, 3H), 1.56
(m 4H). Mass spectrum (LCMp,_ ESI pos.): Calcd for
C31H29C121N205: 706. 05; found 706.7 (MtH). WO
2004/ 096134 PCT/ US2004/ 012240 -94 EXAWVPLE 55
5-[(3S) - 3- (4- chl or EXRAMPAESSy phenyl ) - 4-[ (R) - 1- (4-
chl or ophenyl ) et hyl]-7-i odo- 2,
5- di oxo-1, 4- benzodi azepin- | - yl]valeric acid C ON
NS 30H3-(RcBldro-2)hydrox henl -4-[(R)-1-(4-

gﬂ { chl gro r)ox[( I%engll) 4-[(R)-1-(4-
C‘Fh @pg%wi)ythyﬂt%wdp 245 FltSX?FQ 123/-@3@06%3@114 benzodi azepi n

eric acid tent-butyl ester
54Y1 V&%& aﬁ?‘l( 2- Al |yl oxy- 4- chl or ophenyl ) - 4- [ (R) - 1- ( 4-
chl orophenyl ) et hyl ] -7-i od@k 2, 5- di oxo- 1, 4- benzodi azepi n

- | - yl]valeric acid tent)RQutyl ester (224 ny, 0.29
nmol ) and dichloro bis(t enyI phosphi ne) pal | adi um
(1) (10 ng, 0.015 nmol) we

di ssol ved at room
tenperature in THE (5 nL i um borohydride (11 nyg,
0.29 mmol) was add

tion was stirred
under argon for 30 {0l (10 nmL) was
added and the

OH
a) 5-[(3S)-3-(4-chloro-2-hydroxyphenyl)-4-[(R)-1-(4-
chlorophenyl)ethyl]-7-iodo-2,5-dioxo-1,4-benzodiazepin-1-

yl]valeric acid tert-butyl ester

5-[(3S)-3-(2-Allyloxy-4-chlorophenyl)-4-[(R)-1-(4-
chlorophenyl)ethyl]-7-iodo-2,5-dioxo-1,4-benzodiazepin-1-
yl]valeric acid fert-butyl ester (224 mg, 0.29 mmol) and dichloro
bis(triphenylphosphine)palladium (II) (10 mg, 0.015 mmol) were
dissolved at room temperature in THF (5 mL). Sodium borohydride
(11 mg, 0.29 mmol) was added and the reaction was stirred under
argon for 30 minutes. Methanol (10 mL) was added and the
reaction was stirred for 15 additional minutes. The solvent was
evaporated under vacuum and the residue was purified by column
chromatography (AcOEt/Hexanes, 1:2) to give 200 mg of the title
compound contaminated with 5-[(35)-3-(2-Allyloxy-4-
chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-2,5-dioxo-1,4-
benzodiazepin-1-yljvaleric acid tert-butyl ester. This mixture was

carried out to the next step without further purification.



reaction was stirred for 15 additional mnutes. The
sol vent was evaporated under vacuum and the residue

worm4poea184 i ed by col utm  chromat ography ( AcCEt PEEXSI068012240

1:2) to give 200 ng of the title conpound

contam nated with 5-[(35)-3-(2-Allyl oxy-4-

chl or ophenyl )-4-[ (R) - 1-(4-_c§1§_(_)r ophenyl ) et hyl ] -2,

5-di oxo-1, 4- benzodi azepi n-I-yl]valeric acid
tent-butyl ester. This mxture was carried out to the
next step w thout further purification. WO 2004/096134

5] (35) 3. (4 €A bP T SRy R4

cBlhl@fdga&glmmyqtﬁyddo-z,Z:di&dfln,Z,beﬁzodiazepin-L

- di 0x0- 1, 4- benzodi azepi n- - yl]valeric acid. The

t yilvaderzoapbund was synt hesi zed from

5-[(35)-3-(4-chl oro-2- ,

hydr oxyphenyl )-4-[ (R)-1- (4-chl or ophenyl )ethyl]-7-i odo-
2 The ditlexé@mpbufd besnzggitestpi front -3 (BYR8-€4-chlogsnd
tert-butyl ester follow ng the procedure for exanple

1 hvdrpgpphnylish [RIR.(roblomabenticien)-Tgodor2edipws- ) = 2.1
oot (gl qcl By, doe Rl 19,

flipﬂn@edm L{anmllﬁe 09s(em9bzl( IHI)NI\Z/IR @@g(ggzt 0%907D)86 SK/B (m

. m . , . . SS
Do @ik 4. Bt ey F43dm, Brpaf 2y (o7 e Hin e 1 npos:
6Q6: X 6 7t it
28208 /5 oadIRNEnDe Stk s o OSaIRDILE @ 79, ,
¢ 6108 (@pHEDY 5 26t sy 1 D), 3,87 (okid), B.24 brenE)i 232 inp- 1- yI | v

728 £28 5 2y Wlaip ol MRS RT3 LA 0 51"
R R I N A
J3-[89-394-chlaro@-aydpxypbepyD6-[()-1-§- J = 8.4 Hz, 1H),
gﬁ@grcﬁ}gg@ﬁhgéﬁzr,g%i?{da/é%é?cﬁagégin( iekthric hei® (M

'H NMR (400 MHz, C1;CD) § 7.67 (m, 1H), 7.41 (d, J = 8.4 Hz,

2H), 7.21 (d, J= 8.4 Hz, 2H), 7.15 (m, 1H), 7.06 (m, 1H), 6.88 (d,

J=28.1 Hz, 1H), 6.54 (d, J= 1.9 Hz, 1H), 6.35 (m, 1H), 6.27 (dd, J

=1.9,J=8.4 Hz, 1H), 6.10 (d, J = 8.4 Hz, 1H), 5.26 (s, 1H), 3.85

(m, 2H), 2.39 (m, 2H), 1.72 (m, 7H). Mass spectrum (LCMS, ESI

pos.): Caled for CosHy6CLN2Os: 540.1; found 540.8 (M+H).

EXAMPLE 56

5-[(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-2,5-dioxo-7-

phenyl-1,4-diazepin-1-yl]valeric acid sodium salt



pos.): Calcd for C28H26C12N205: 540.1; found 540.8
(MtH) . EXAMPLE 56
W®20048%9138- ( 4- Chl or ophenyl ) -4-[ (R) - 1- (4- chl or optrEngi0p€012240
hyl ] - 2, 5- di oxo-7- phenyl -1, 4-di azepin-I-yl]valeric
acid sodium salt WO 2004/096134 PCT/ US2004/ 012240
-96- CI NC N'_~OHa)-96-
a- Brono- a- (4-chl orophenyl )acetic acid nethyl ester A
sol uti on of 4-chl oropheny}acetic acid nethyl ester
(14.6 g, 79.1 mol ), N brygnosuccinimde (14.4 g, 80.7
mmol ), and benzoyl per oxi 1.91 g, 7.89 mmol) in
carbon tetrachl oride (100 was heated at reflux for
3 h. After the mxture ool ed at room
tenperature, hexanes (500\-, . was added. The
reaction mxture was fil '
evaporated i n vacug AN ud- -hterial was purified

by col unm chr onat og y n%iliga (EtOAc/ Hexanes,
15:85) to give the t ggupgg%%ﬁgs col orl ess oi
(16.9 g, 63%:"' HNWR (400 13) 5 3.81 (s 3H

CH3),534%S,1H CLJ—604 Hz, J =

8 ayjo.Hpromaqr- h.lprophenylﬁacetlc amd met yl ester

b) a- (4- Chl or ophenyl )-a-[ (R) - N-[ 1- (4-chl or ophenyl ) et hyl

]am no] acetic acid nethyl ester hydrochloride A

mN:s]dl’lﬁt@oméf @cl(@lgﬁ%p%reﬂylééetmfﬂcﬁf optwhyityaddis g el tmol), N-

nmet hyl ester g,

( fRyornosugeipmmide ébhé s 180k Hylprgl?n%é hepzey pyroxide (13f @ 7-89

|2k 3 h Aﬂ: th

i RS M G

ageixané wak lceoled @it lrr(bgln\lstanpdwateedhemne&SSQD dy). vmzs fhided he

?g%%&ﬁltﬂ %&g% :}ﬁglr‘gg alixcﬁ :golh aetnt [ @V%S&B 8L Watuo b ’Pﬁe

crude material was purified by column chromatography on silica

(EtOAc/Hexanes, 15:85) to give the title compound as colorless oil (169 g,
63%): 'H NMR (400 MHz, CDCl;) § 3.81 (s, 3H, CHs), 5.34 (s, 1H, CH), 7.44
(dd, J = 60.4 Hz, J= 8.4 Hz, 4H, ArH).

b)oc-(4-Chloropheny1)-oc—[(R)-N-[1-(4-chloropheny1)ethyl]amino]acetic acid
methyl ester hydrochloride

A mixture of a-bromo-o-(4-chlorophenyl)acetic acid methyl ester (2.63 g, 10
mmol), (R)-1-(4-chlorophenyl)ethylamine (1.55 g, 10 mmol), potassium
carbonate (2.76 g, 20 mmol), and tetrabutylammonium iodide (500 mg, 1.35
mmol) in dry acetonitrile (10 mL) was heated at 45 °C for 12 h. After the
mixture was cooled at room temperature, the solvent was evaporated in vacuo.
Then, the residue was partitioned between ice-cold water (50 mL) and ethyl
acetate (70 mL). The aqueous layer was extracted twice with additional ethyl
acetate (2 x 50 mL) and dried (NazSOy). After evaporation of the solvent, the
residue was chromatographed on silica (EtOAc/hexanes, 5:95 to 15:85), then



Then, the residue was partitioned between ice-cold
water (50 nmL) and ethyl acetate (70 nlL). The aqueous
wo 29081096186 extracted twice with additional ethpe€T/US2004/012240
acetate (2 x 50 nL) and dried (Na2SO4). After
evaporation of the solvent, the residue was
chr omat ogr aphed on silica §ftOAc/ hexanes, 5:95 to
15: 85), then WD 2004/096134 PCT/ US2004/ 012240 -97

converted to_the HC  salt to give the ti Izeconpound
&eneried |t theddGl sadhig @ive the title gompownd a5 aqqlpréess poyvdgy (2.5

0 3549050 )y M0 MM B
1t, 5 +H6.80HE, THBTH;), 8.601(s( 4,5 H, 6.56C18:)H3,820(s51.8,H00.5 (1),
4. 49 : = 6.8 0 , 0,5 4. 99 , 5
38 ey - 53T 05 Hovs b g ey & b s 3 i Capado
D5 I f
B0 FEBRGP T BroGERD:s S Bozrase bl 0L LD, Mas
(sPecBuracl(@MSHEST pehe Galdd-far C(AR»GRINO,: 337.0; found: 338.0 (M
1-(4-chl orophenyl)ethyl]-N (cinnanoyl)am no] acetic
a "methyl ester To a stirred sol ution of
(R, S)-a-(4-chlorophenyl)-a-[ (R -N[1-(4-
chl orophenyl )ethyl] am no] acetic acid nethyl ester
Ecibg g, 2 b(ﬁg%mﬁ‘l-lﬁhlmdpmymw[(LRini\ﬁElt-fﬂym(elgmgpb?:Lp%b)eMi]g%
.+ 0..82 mm dn or onmet hane at
JEEnamR i %Fﬁ@ff%méﬁi“‘gtlﬁ&éte{ 542 ny, 3.25 mol).
Then, N, N- diisopropylethylamne (2.0 nL, 11.5 mol)

was slowy added. After 20 mn. of stirring at 0 C
the reactited ndolutior wes ARIDwed-oldoropbenytlpodRRIENVi [dr(44

h t.he jluted with et.hyl et at wa it

larinegh e iEelste Sl Mookt TLok T mionlew 4
YADRdih &HAGRSh D RIEHE €100CH 0 Me20aaA N ¥n @Rthfdrbmethane (30
(AcCEt/ hexanes, 1:8) afforded the title conpound (1.0
gnL Yy aof° Cawaspadsler] gnrapoy) ehlogde 642 me. 338 snmpbeThenmV.N-

oot B G ST RR s 3620 i
[ RJirriglat -4 iehbastiophsinyiry eabylidwed wieh npaoRy PY dor i)

acetic acid
then diluted with ethyl acetate, washed with water, dried (Na;SOy4), and

concentrated to dryness under reduced pressure. Chromatography on silica
(AcOEt/hexanes, 1:8) afforded the title compound (1.0 g, 74%) as a slightly
yellow solid: Mass spectrum (LCMS, ESI pos.): Calcd for CysH3ClNOs:
467.0; found: 468.0 (M + H)".

d)a-(4-Chlorophenyl)-a-[(R)-N-[1-(4-chlorophenyl)ethyl]-N-

(cinnamoyl)amino] acetic acid

A solution of (R,S)-o-(4-chlorophenyl)-a.-[(R)-N-[1-(4-chlorophenyl)ethyl]-N-
(cinnamoyl)amino]acetic acid methyl ester (453 mg, 1.0 mmol) and sodium
hydroxide (600 mg, 15.0 mmol) in tetrahydrofuran (5 mL), methanol (8 mL),
and water (2 mL) was stirred for 2 h at 25°C. The reaction mixture was

concentrated under reduced pressure and the pH adjusted to 4 with 1IN HCL



A sol ution of
(R, S)-a-(4-chlorophenyl)-a-[(R)-N-[1-(4-chl orophenyl)e
wo byojoodiB4 (ci nnanoyl ) ani no] acetic aci d net hyl PEBUSI004/012240

(453 ng, 1.0 mmol) and sodi um hydroxide (600 ng, 15.0
mol ) in tetrahydrofuran (5 nL), nethanol (8 nL), and
water (2 nL) was stirred fgg_2 h at 25C. The reaction

m xture was concentrated under reduced pressure and

the pH adjusted to 4 with N HC1L. WO 2004/ 09613 .

At/ 198tiog/ wigmao was grxtrasied  waeR (WiHy AUPEL 2%91 r@Jg)s dried

o " ¥ :
TRASE, S cbffinl 6 e oD piinpoudd hd ol BEESHHder
42k £S3%poittere of(t4d0limtere@Rets): HHATMRe(400 Mika, CDCL) &

BT STELR) 5 ) A g P ) b

ot T, SR8 PSS 4 gkn i, 1, i, B0 oy 131, 13
QUH +Na €8s pass speotfinCUR;MSSIESpgos.): Cdatl ddr CosHa1CLNO;:
H21Cl : 53..0;, found: 454.0 (M + +. e

%?'-Oégo(u&é%oq Qﬁﬁeﬂ&') -a-[(R-N-[1- 24- chIHZ)r ophzenyl Yeth

yl'1-N- (ci nnanoyl )am no] acetam de To a stirred

solution of (R S)-a-(4-Chlorophenyl)-a-[(R)-N[1-(4-

el or opheny(Sat t-Chickeeiylranf) Nalirtogfonphen fhotl]-N-
400 .. 0..88 mmol )., O-

%911139_«3 ??if&iflg] %?f&“zlie- yI)-N NN, N

-tetranet hyl uroni um hexaf | uor ophosphate (502 ng, 1.32

mol ), amonium chloride ( 94 ng, 1.76 mvol ), and 1-
Hiedr axy tséirredt r scdutodre  (of 78 (Ryf)-o:4(4hlorophgnylho-[(R)-N-[1-(4-

el orea R R PERipE et i a336F gy 88 mppal- G
N7-dzi¥enzt8asd1i10 )%)gy\v[ wﬁaﬁa:mnﬁhﬂdnaﬁﬁdlem!mg@%mi

acetate (100 nL water (60 nmL), dried (Na
AR evapbpatrearol)paminianiem | dvoride € Mumg. 1k sraelbgitihhy

h : f he. t ]
e AaPhE A2 b AL
M&@H@&M@&d&i%@&ﬁﬂ@ﬁﬂmﬁ@@g |1 65S.50mingbl). WHiedNgR, the

(400" MHz, CDC13) S 1.86 (d, J= 6.8 Hz, 3H CH3),  4.76
(reactivh| mizHyre vEasqprrtied batween-gthyigeetae QQOQ Btl)sand wajer

%’ m6L),32d1(chli %NaZISdZI), and evaporated. Purification by column
chromatography (AcOEt/hexanes, 2:8) afforded the title compound (150 mg,

38%, “lower diastereomer in a TLC performed with AcOEt/Hexanes, 1:3”) as
a colorless solid: '"H NMR (400 MHz, CDCl3) 6 1.86 (d, J= 6.8 Hz, 3H, CHs),
4.76 (s, 1H, CH), 5.40-5.49 (m, 1H, CH), 5.62 (br s, 1H, NH), 6.32 (br s, 1H,
NH), 6.90-7.86 (m, 15H, 13 ArH + 2 CH). Mass spectrum (LCMS, ESI pos.):
Caled for CosHaClLN2O,: 452.0; found: 453.0 (M + H)".

1) (35)-1,3,6,7-Tetrahydro-3-(4-chlorophenyl)-4-[(R)-1-(4-
chlorophenyl)ethyl]-7-phenyl-6-(phenylseleno)-1,4-diazepine-2,5-dione

Silver triflate (1.69 g, 6.6 mmol) was added to a stirred solution of (S)-o-(4-
chlorophenyl)-a-[(R)-N-[1-(4-chlorophenyl)ethyl]-N-



NH), 6.90-7.86 (m 15H, 13 ArH + 2 CH). Mass spectrum
(LCVS, ESI pos.): Calcd for C25H22C12N202: 452. 0;

wo oun@961463. 0 (M + H +. ) PCT/US2004/012240
(3S)-1, 3,6, 7-Tet rahydr o- 3- (4- chl orophenyl )-4-[ (R) - 1- (4

;:hl orophenyl ) et hyl | - 7- phenyy- 6- (phenyl sel eno) - 1, 4- di az
epi ne-2,5-dione Silver triflate (1.69 g, 6.6 muol)

was added to a stirred solution of (S)-a-(4-
cleinvempioaminplagefapiye (- 213 Gamutelo in perderjirile (A iy Yo
2004/ 096134, PCT/ L) / .

(P 5o o o St 5 o Bihespogeleny romide (154 .

a6.8% Ghmbl)i drdd ﬂihi’é@hgﬂfo}maﬁ&le (92 mER UAfitmME I atheltsoDRntVaGSs
successi vel y added benzenesel enyl gr om de

6‘?‘@901‘1‘?]??@ in vaRee-dheeterigne Srararitiione .bgtWﬁS)l.eghl&%l ?ag?tg@ (00
LAy S L, ORISR 06O SRl

sedipiatedy ghmigfemix?aropoaﬂﬁmn( &ﬁoxrthtbgra;bhy e cOB12sOMes, a3
evapqrated., Purification by colum chropatogr )
(AR s sl compoypd. IIC 48 EHASEIERS Rt sive
' : k! ' SP=
HSUEkageie SR, ot ARGLEOME: e Lt
(4.0 Hz,3H,TCl)H4.2938, J €HR).2 M, 2H, GH), 4.79 (@272 K2 Hz, HH,

i, 52988 4 g¥p s 2525 ag sk an o G2 7, Tl o),
Colr1-6. %6 (k- 5.7 BeITN6. .98 18R, 618 M98+ 5 A3, m.3 640 N, #H,
SArH), 7.34-7.40 (m_4H A'H d,J= 8.4

. 7 . , , 7.50 (d, J= 8. ,
2ArHNTH0. (AMA sS4 Blac il udri). Bisss s&tmpb(stMScﬁﬁkmps-)f rled

1 1 ; S0t : B8 (M+ +.
(B o B Lt AR A 1R 1 (4% or o
phenyl ) et hyl]-7- phenyl -1, 4-di azepi ne- 2, 5- di one
Hydr o%en peroxide (500 L, 30%.in_water) was sl oY\At)(l
a8Hed 39-1a3-Dinygro-3r(4oghlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
( HIPRCH -t ety al 0- 3-(4-chl orophenyl )-4-[(R)-1-(4
gﬁ“@?%’%h‘gﬁ%ﬂ‘%t%g:af% ph(enyl -6-( pﬁenyl)/s)el engg-) (
1, 4-di azepi ne-2,5-dione (300 ng, 0.49 nmol) in
t et rahydr of ur a

eVaftEsn erosids00 PQE%@%?%@ s Sl e B o

PEIshI1td, £ P8RS RSN LN B HeHP-4-[(R)-1-(4-chlorophenyl)ethyl]-7-
phenyl-6-(phenylseleno)-1,4-diazepine-2,5-dione (300 mg, 0.49 mmol) in
tetrahydrofuran (6 mL). After 20 min., the solvent was evaporated under
reduced pressure and the residue was partitioned between 1IN sodium
hydrogenocarbonate (20 mL) and ethyl acetate (50 mL), dried (Na;SO4) and
evaporated. Purification by column chromatography (AcOEt/hexanes/CH,Cl,,
1:2:2) afforded the title compound (200 mg, 85%) as a colorless powder: 'H
NMR (400 MHz, CDCl3) 8 1.70 (d, J = 7.2 Hz, 3H, CHj3), 5.28 (s, 1H, CH),
5.70 (d, J = 1.6 Hz, 1H, CH), 6.35 (q, J = 7.2 Hz, 1H, CH), 6.83 (d, J= 8.8
Hz, 2H, ArH), 7.09 (d, J = 8.8 Hz, 2H, ArH), 7.18-7.42 (m, 7TH, ArH), 7.53 (d,
J = 88 Hz, 2H, ArH). Mass spectrum (LCMS, ESI pos.): Caled for
CasHa0CLN,O,: 450.0; found: 451.0 (M + H)".



hydr ogenocar bonate (20 nL) and ethyl acetate (50 ni),
dried (Na2SO4) and evaporated. Purification by columm

wa@ booatoediegr aphy ( AcCEt/ hexanes/ CH2C12, 1:2: 2)pef/Usrodeati2240
the title conmpound (200 ny, 85% as a colorless
powder: 1H NWR (400 M#z, CDC13) 8 1.70 (d, J = 7.2
Hz, 3H, CH3), 5.28 (s, 1H3dgd), 5.70 (d, J = 1.6 Hz
1H CH, 6.35(q, J =7.2 H, 1 H CH, 6.83 (d, J

8.8 Hz, 2H ArH), 7.09 (d, J = 8.8 Hz, 2H, g)

$)1857(3)- 3(641-Chl|qroph|e];-gl) 45 (1sl (Adchlogpphelg)_rl);ﬂp-}zl ]-2 Srglioxo-7-
Cal cd f

b RS R R 885 1y L Vo

2004/ 096134 PCT/ US2004/ 012240 100 h)

5- [ (35) - 3- (4- Chl orophenyl ) - 4: [ (R) - 1- (4- chl or ophenyl ) et
01 Bl pepond piny Prthesii opn. Gy rERBRRY G-

%%“‘901?*%51@, R E(;t.gérﬂgqrg@ﬂ DGR YR 4K DB RR! 25

from

aibier Gdloeviyd Yhed gedl- frotebived far thehakylhdien lvf| the Z—mtt'mpL

pfl%’B %L% %Pé%%?q%ﬂegafpﬂ‘;}‘lgga %lplff?ceéw% fIfl‘ gg;%ﬁ?;%r ‘step b: 'H
fﬁM}@qagd Nodtz 0@9@%5 84N 58 @lnl 9 P NE 968 % 9(5214; o OB,

exa ZPIHT NVR (400" MHz,
10145 1298, gms &IHZ 2HOEED), 2:&761393 G, TH, GH), 445438 (m, lH

T 0 GO Gy s el B oY 77 B fy ClyBr'ca

(5J 17, d Hz, :!H Hm@t%oﬁ 88 SDﬁqu ﬁrﬁ)_i I&7. 31de @HN%Q) 8148
Adod- 7 B4 I(Izn 2I§HArHr) H;vlassr spectrumy (L@M§=8E&I mes.):2falcd for

EotstRoR SR SRS (- BoveLe

57 5-[(3S)-7-(2-Bronophenyl)-3 -(4-chl orophenyl) - 4-
[(R-1-(4-

chl orophenyl ) et hyl ] - 2, @Dgﬁﬂ?BEf74 di azepin-1-yl]valeri
c acid sodiumsalt. CI o\ / C

5-[(3S)-7-(2-Bromophenyl)-3-(4-chlorophenyl)-4-[(R)-1-(4-
chlorophenyl)ethyl}-2,5-dioxo-1,4-diazepin-1-yl]valeric acid sodium salt.

Cl
o]
N
| Cl
N
K/o\/Q]
H

'H NMR (400 MHz, CDCl3) § 1.46-1.53 (m, 4H, 2 CHy), 1.69 (d, J= 7.2 Hz,
3H, CHs), 2.29 (¢, J = 6.8 Hz, 2H, CH,), 2.87-2.93 (m, 1H, CH), 4.15-4.23 (m,
1H, CH), 5.41 (s, 1H, CH), 5.66 (s, 1H, CH), 6.31 (g, J = 7.2 Hz, 1H, CH),



eN~-r N Q-H 1H NWVR (400 MHz, CDC13) 8 1.46-1.53 (m

4H, 2 CH2), 1.69 (d, J = 7.2 Hz, 3H CH3), 2.29 (t,
wd2008/0818k, 2H, CH2), 2.87-2.93 (m 1H, CH), 4rABug2088012240

(m 1H CH), 541 (s, 1 H CH), 5.66 (s, 1 H CH),

6.31 (q, J =7.2 Hz, 1 H CH, W 2004/096134

PCT/ US2004/ 012240 -101 6®3 (d, J = 7.6 Hz, 2H ArH

7.10-7.60 (m 1CH, ArH). Mass spectrum (LCVS, ESI

pos.): Calcd for C30H27Br C12N2O4: 628.0; _found: 629.0

(6|\§8+(q,|).ﬁ. 7.6z, égH), 7.10-7.60 (m, 10H, ArH). Mass spectrum

31}7{3@@ péé)%ﬁl&{ fp ngmﬁr(ﬁﬂ&z@ 638 .6;41'0&9&:%@9.@@@)4'}1)@;

di met hyl phenyl ) -2, 5- di oxo- 1, 4-di azepin-1-yl]valeric
acid sodiumsalt. ¢l N\ / d NOOOH"'H NW (400
MHz, CDCl1l3) 6 1.43-1.63 (m 4H, ZCH2), 1.70 (d, J =
7.2 Hz, 3H, CH3), 0 8 2.12 (s, 3H,

CH3) , 227234(m zfx%?ﬁ]})ﬁyg 87- 293(m 1H, CH),
415423(m1H 551(3 1H, CH), 575(3 IH

CH)
gPG‘%)H’” (‘é&]éo 0 @513'71 %Eg - r{<14 Qﬁf%lﬁetﬁm ect r um

! - 7
f g 57 E;IIPQ% alox&@ 4C&ia£ , in %ﬂb@%ﬁéa&{a%dm@ S10;

[ (35)-3-(4- ChI orophenyl) 4-[ (R) - 1- (4- chl or ophenyl ) et hy
1]1-7-(2-
met hyl phenyl ) - 2, 5- di oxo- 1 benzodi azepi ne-1-yl ] val eri
c acid sodiumsalt WO 20Q4/096134 PCT/ US2004/ 012240

'H NMR (400 MHz, CDCls) & 1.43-1.63 (m, 4H, 2 CH,), 1.70 (d, J = 7.2 Hz,
3H, CH3), 2.04 (s, 3H, CH3), 2.12 (s, 3H, CH3), 2.27-2.34 (m, 2H, CHy), 2.87-
2.93 (m, 1H, CH), 4.15-4.23 (m, 1H, CH), 5.51 (s, 1H, CH), 5.75 (s, 1H, CH),
6.26 (q, /= 7.2 Hz, 1H, CH), 6.77 (d, J= 7.6 Hz, 2H, ArH), 6.80-7.65 (m, 9H,
ArH). Mass spectrum (LCMS, ESI pos.): Caled for CspH3ClN>O4: 578.0;
found: 579.0 (M + H)".

EXAMPLE 59

5-[(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-(2-
methylphenyl)-2,5-dioxo-1,4-benzodiazepine-1-yl]valeric acid sodium salt



-102- CLo N NOOO™ a
(35) - 3-(4- Chl or ophenyl ) 4-1 (
WO 200402613412t hyl phenyl ) - 1, 4- ben
sol ution of
(35) -3-(4-chl orophenyl)-4-[(R)-1-(4-chl orophenyl) et hyl
]-7-io0do- 1, 4-benzodi azepi pgz 2, 5-di one (120 ng, 0.22
nmmol ), tetrakis(triphenyl phosphine)pall adi un(0) (25
ng, 0.022 mmmol), 2- nethyl henzene boronic acid (35 ng,
0.26 mmol ) and sodi um carbofate (220 L, 2Min H2O in
et hanol (300 L) and tol ueneg nm.) was heat ed under
argon, at 90C, for 10 h. AfY¥ the m xture was cool ed
at room t enper at ent was evaporated in
vacuo. The resid Bs par fityoned between AcOEt (20
m.) and water (15T ' g25%4) .and evapor at ed.
Chr omat ogr aphy on si | | es/ CH2C12, 1:6:3)
afforded the title conpournd c92 no, 68% as a
col orl ess powder: 1H NWR ( CDClS) S 1.78 (d,
J= 7. 2 FE 3H, CHB) 1 99 (s (H3), 5.29 (s, 1H,

w6 71 1893 @ Gaforonbenyh: H(% m-ch@rgghen(yac(etrt?m]a o

méthgfpﬁﬁ“a i Bgdingife23-didfle T 1 00D e i
7.35 (d, J:8d4Hz 2H ArH) 756(d J—84

61 J=
o smnonm@%gﬂsc@é@mw e (‘Eslﬂomel)yl)e@aflll:&lqd@r

f 515. M + .
5-7 I(T%Sg 3- Zg ?‘é’%ﬁenyfw% [(R ]%gg 4- chl or ophenmlnaoe)f
hlyir]akz?étﬁﬂaenuhjhbgp}mt@p@lla)i}m(ﬂ) (25 mg, 0.022 mmol), 2-
_Slglieglyﬂje%ze%e%%%n?g Iagiée(g% mg, [i4 % vaI 5 axcl:d gg 1gmsc?agbonate (220

pl, 2M in H70) in ethanol (300 pL) and toluene (5 mL) was heated under

R) - 1- (4-chl or ophenyl ) et hyl
zodi azepi ne- 2, 5- BCDNS2004012240

argon, at 90°C, for 10 h. After the mixture was cooled at room temperature,
the solvent was evaporated in vacuo. The residue was partitioned between
AcOEt (20 mL) and water (15 mL), dried (Na;SO4) and evaporated.
Chromatography on silica (AcOEt/hexanes/CH,Cl,, 1:6:3) afforded the title
compound (92 mg, 68%) as a colorless powder: "H NMR (400 MHz, CDCl;) §
1.78 (d, J= 7.2 Hz, 3H, CHzs), 1.99 (s, 3H, CH3), 5.29 (s, 1H, CH), 6.51 (g, J=
7.2 Hz, 1H, CH), 6.64-6.67 (m, 2H, ArH), 6.71 (d, J= 8.4 Hz, 1H, ArH), 6.93
(d, J = 8.4 Hz, 2H, ArH), 7.05-7.11 (m, 1H, ArH), 7.15 (dd, /= 8.0 Hz, J =
2.0 Hz, 1H, ArH), 7.20-7.26 (m, 3H, ArH), 7.35 (d, J = 8.4 Hz, 2H, ArH),
7.56 (d, J= 8.4 Hz, 2H, ArH), 7.61 (d, J = 2.0 Hz, 1H, ArH), 7.91 (br s, 1H,
NH). Mass spectrum (LCMS, ESI pos.): Caled for C3oHpClLN,Os: 514.0;
found: 515.0 (M + H)".

b) 5-[(3S)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-(2-
methylphenyl)-2,5-dioxo-1,4-benzodiazepin-1-yl}valeric acid sodium salt.



WD 2004/ 096134 PCT/ US2004/ 012240 -103 The title
conpound was prepared from

W@ 3wi0%1641- chl or ophenyl ) -4-[ (R) - 1- (4- PCT/US2004/012240
chl orophenyl ) et hyl ] -7-(2- net hyl phenyl ) -1, 4- benzodi azep
ine-2,5-dione follow ng successively the genera
procedure for the al kylatigp3at the 1- position
foll owed by the deprotection procedure described for

e B8 Compouay e progAned Hogh oSG listoghipd 45 G-
C'_Blo%?h r?@hylf’? (8 n%ﬂ?yi%ﬁeﬂyl)hﬂ-b&@odlaéeﬁﬁe 4. SAcﬁongl) 1H
6fcﬁlb=\>\6n§3u¢acssmélly the I-@e,neraB m@e(idl;e for=thg. aﬂky]ztlonz}dt the 1-

SppSiry folopled gy Thesdetrifeclin Papigune glignbocdfer gidmgh ] wop

2 5
(tEkC‘}Ng\Nﬂégl (Zm@CMF-Iz @DngIS ?Pdsésé@j % $ 23@%5%”% s, 3H,

f 6N 2416, (ﬂﬁ Hz, %Cfﬁmmwe’ansmq{) 4.39-4.46 (m, 1H,
L TS Ao b ARG G AL 1, ), 6.50-6.53 m, 28, A,

ds%ﬁglﬂr @sn;zatiwza&m) n6.91 Y&, val &4 Hz, aH, ArHYH .06 38 (in,

12@4A@1» Gh-oD-3.%61 (e aﬁaeqaryf),) 28R4%ol =44 BizuRHoATH), TE0-RP
IhhgﬁmAgﬁ?;g% edhelth BRI Bst Y5 Tl #r YHRICHRGS:

gbn a stirred ‘so
46thDofoand- musta(Med—z)éJ dehyde (10g, 53.9 mmol) in dry
tetrahydrofuran (150 nmL). After 20 min. at -78C, the
reaction m xture was quenched with water (400 nL),-
extracted twice with gEYAMPLE 60

5-[4-[1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-2,5-

dioxo-1,4-benzodiazepin-1-yl]valeric acid sodium salt

NH;

a) 1-(4-Chloro-2-nitrophenyl)ethanol

A solution of methyl lithium (46 mL, 1.4 M in Et,0), was slowly added under
argon, at —78°C, to a stirred solution of 4-chloro-2-nitrobenzaldehyde (10g,
53.9 mmol) in dry tetrahydrofuran (150 mL). After 20 min. at —78°C, the
reaction mixture was quenched with water (400 mL), extracted twice with
ethyl acetate (500 mL), dried (Na;SOy), and concentrated to dryness under
reduced pressure. Chromatography on silica (EtOAc/CH,CL/EtOH, 1:6:1)



ethyl acetate (500 nmL), dried (Na2SO»4), and

concentrated to dryness under reduced pressure.
w@hooamediegr aphy on silica (Et OAc/ CH2CL2/ Et OH, RCBU$00WD2240

2004/ 096134 PCT/ US2004/ 012240 -104 yielded the title

compound (7.2 g, 66% as yellow oil: 1H NWVR (400 Mz,

CDC13) 8 1.56 (d, J = 6.4 - 3H, ArH), 2.40 (br s,

1H OH), 5.42 (g, J =6.4 Hz, 1 H CH), 7.63 (dd, J =

8.4 Hz, J =2.0 Hz, 1 H, AH—?, 7.82 (d,,Jd.= 8.4 Hz,

]yppldgl(]r e, title ggnpqpnd JZ-222,006%) as pellony H}l' I-é)NMR (400 MHz,

Igé bsl%léq? 955 i or 6t3510 %@ﬂ;}yl ]IH%éﬂ) §agpganogie

(HZS)IHQ QHh arwa(tie .D|=I8S43H|z,apyl.2e(l Hy| Hrh A, 9.82 (dl.7 =334 Bz,
W y_added_at C under argon to a

sl u&fﬂ)ﬂ 8 (‘{ Rs3.0H7 AHGﬁFgP -0- 2- ni t r ophenyl ) et hanol

(10.2 g, 50.8 mol), 4-dinethylam nopyridi ne (244 ny,
2.0 mmol ) and (1S)-canmphanyl chloride (11.0 g, 50.8

rByoI[(S)41A(4t@hloahYaitodphenyl)eths0] nfl)-cahphmnostae aneaf(R)-6+(4-
m.xt ure was t t t Af t
norcr Fattpemiie b ResupBiaah T vacuo and the

residue was partitioned between CH2C12 and IN NaHCGB,

dried (Na2SO4) and filtered through silica gel. The
smilsa@mpy&mbylammnaﬁanbdﬁm tanol) wdsislewlpadsied @t @ 'C pader

d di d hi fo 00 1
et g e B Sy bR T2 & 3R
tiirdo®), 4%&@&9&%&;@&&1@@ (L4 Gigy'S t)ahﬂnbmnd AL $)adanBaigln, -
the prisms were filtered off and washed with snall

pebarda 1 1 0 rmebyie A ERE 0 k) dfenh action
TR P 5 S e e
GNAporafledAid vhsuo Bid, th€H3)due at partsionSdbet @) CHYCBGnd dN
ot o ol Lo b s oy
ex@ég&g&l rundler reau&dir%essﬂre Tlge flesidﬁe w]as Hlss&rvéa in Jﬂgﬂaf&'_‘ll)ii]f
THO0 fnnIL)c ﬂEhélCMES é?wllﬂcmhhwe@l slawlds' actdtré A@sﬂ IdLmin, the title
St e o b GIDE A b A, FEAS b Lerd Rt BPARE
(Q«%he@ TIPS Rtions of dichloromethane/hexanes (1:5). This compound
(4.8 g, 25%) was characterized as the title compound: "H NMR (400 MHz,
CDCls) 6 1.03 (s, 3H, CHs), 1.07 (s, 3H, CH3), 1.15 (s, 3H, CHs), 1.70 (d, /=
6.4 Hz, 4H, 2 CH,), 1.88-2.01 (m, 2H, CHy), 2.35-2.42 (m, 1H, CH), 6.52 (q, J
= 6.4 Hz, 1H, CH), 7.64 (dd, J= 8.8 Hz, J=2.4 Hz, 1H, ArH), 7.71 (d, /= 8.8
Hz, 1H, ArH), 7.99 (d, J = 2.0 Hz, 1H, ArH). The filtrate was evaporated and

the residue recrystallized in ether to give the other diastereomer [(R)-1-(4-

Chloro-2-nitrophenyl)ethyl] (1S)-camphanoate.

¢) (R,S)-N-[1-(4-Chloro-2-nitrophenyl)ethyl]phthalimide

Diisopropyl azodicarboxylate (1.46 mL, 7.44 mmol) was added under argon,
at —78°C, to a solution of (R,S)-1-(4-chloro-2-nitrophenyl)ethanol (1.0 g, 4.96



c)

(R, S)-N-[1-(4-Chloro-2-nitrophenyl)ethyl]phthalimde
wmrRiogopriepyl azodi carboxylate (1.46 ni, 7.44 npol/PSWa$012240

added under argon, at -78C, to a solution of

(R S)-1-(4-chl oro-2-nitrophenyl)ethanol (1.0 g, 4.96

WD 2004/ 096134 PCT/ US2004/ (2240 -105 mol ),

tri phenyl phosphlne (730 ng, 4 96 nol ), and

phthallmde (73 in tetrah)idrofuran

(2o srlph%ﬂrph%mnff Qé@tmg»rf* L5 mr{}?léa ussphthalingide d73hme
dé ducgﬁi{aﬁ{l%réﬁar’nek xﬁ@m&t 0 fvﬁ:}iyr @ééc‘;i]’igfs?{@?%gre was

(aﬂ@@éﬁl/\hmmpsto 25 L. aﬁtﬂ@r:degl thds Irselvbnt has coapaated nbed

Seaeg e S Spbeano b st MR Sl By S
.61 2 Hz

Ay 11, B0 iy oy R ot

ACBI];) a)l.sgnds)f;iwzﬂz;ﬁlkb ICH:2,- 04 (@pire My Bet By Artng. 58

re
(RS AE. 26135 o AR A1y EEAGT e AT A8
(JL_.ggg,lH A% mml) and hydrazine (1.2 ni, 38.2 mol)

in ethanol (10 nm.) was heated at reflux for 1 h.
After the mxture was cool ed at roomtenperature, the

p iRt at g was,filtere ff._ and the sol vent was
e@gééséf@aéﬂﬁf QAP %?Wg)egl?{]%‘gmenat erial was purified
by col um chronatography on silica

(Et QAc/ Et O/ CH2 give the title corrpound
(Bombxgte 95 kR, x%)sN-olii (‘&elﬂ@rq %ﬁ%trqnhenyliqlhmmﬂ(ﬂm@ w2 g

CEES Sy e L0 0 g i B Py
Shedtelizt reflux foR 1 O. Wfter thehixirédvas €0al8d gt ®dm( tempaidture, the
ArH)... 5-[.3- (4- Chl h l) - 4- .
i oo e SRR B B bapeasd o gcuo. The e
dherRall %&enZﬁHif@aepw 1eyhuhiel edtréma®bfhph$! t oRUt ¥lica
ester The titl npound was prepared from

((Et@)’xc/Et@HL/GHIz@lnM 25) ¢ givephe n;ib)cetrwu@drfﬁﬁ)@ hg) $B0) aga
eneral e
oS RUE PR R M b CDURLTA R 7 k5 1z T, c),
CHSS(brls 861 NI89, 4.60 (q, J = 6.5 Hz, 1H, CH), 7.58 (dd, J = 8.8 Hz, J =
2.0 Hz, 1H, ArH), 7.79-7.81 (m, 2H, ArH).

)] 5-[3-(4-Chlorophenyl)-4-[ 1-(4-chloro-2-nitrophenyl)ethyl]}-7-iodo-2,5-

dioxo-1,4-benzodiazepin-1-yl]valeric acid tert-butyl ester

The title compound was prepared from (R,S)-1-(4-chloro-2-
nitrophenyl)ethylamine following the general proceuder for the synthesis of
diazepines: 'H NMR (400 MHz, CDCls) & 1.45 (s, 9H, 3 CHz), 1.60-1.69 (m,
4H, 2 CH,), 1.79 (d, J = 6.8 Hz, 3H, CHj3), 2.22 (t, J=7.0 Hz, 2H, CH)), 3.58-
3.67 (m, 1H, CH), 4.17-4.25 (m, 1H, CH), 5.38 (s, 1H, CH), 6.52 (d, J = 8.8
Hz, 1H, ArH), 6.62-6.70 (m, 3H, 2 ArH + CH), 6.94 (d, J= 8.8 Hz, 2H, ArH),
7.45 (dd, J = 8.4 Hz, J=2.0 Hz, 1H, ArH), 7.56 (dd, /= 8.8 Hz, /= 2.4 Hz,



4H, 2 CH2), 1.79 (d, J= 6.8 Hz, 3H, CH3), 2.22 (t, J=
7.0 Hz, 2H, CH2), 3.58- 3.67 (m 1 H, CH), 4.17-4.25
W@ 200409¢134 CH), 5.3 8 (s, 1 H, CH), 6.52 (d, J BCBUS2004/012240
Hz, 1 H ArH), 6.62-6.70 (m 3H 2 ArH + CH), 6.94 (d,
J =8.8 Hz, 2H, ArH), 7.45 (dd, J =8.4 Hz, J = 2.0
Hz, 1 H ArH), 7.56 (dd, Jigs8.8 Hz, J = 2.4 Hz, WO
2004/ 096134 PCT/ US2004/ 012240 -106 1H, ArH), 7 67 (d,
J=8.4HzIH,ArIi_|},7.86(d J = 2.4 He, H)9
71d7ATHY 7.6§<dpJ & 8¢ Hz iH, ArH), 7.8 (d, /= 2.4 Hz, lH ArH) 7.97

y@ﬁJiOﬁ—ﬁ gprR_ﬁ_(]j)A chl or ophenyl ) et hyl ] - 3- (4- chl or ophen

i'0do I'0x0- 1, 4- benzodi azepi n-1-yl]valeric
acid tert-butyl ester A solution of amoni um chl ori de

B o - [if(%s‘\lpglO(%cglﬁ¥%>i1§;®ﬂE§w?};3 IR
2&11;(/){(? 1 hfﬂéﬂz))&fa%érl ngégc %cflﬁ tglt%%f'l %itglb benzodi azepi n-

eric acl ester ng, O. 306
mol ) in ethanol (5 nL) The resulting solution

heated. to 80 C and iron ( 3.58

gt utipnypf gmmegyEn ﬂf@*éﬁ%% A W#)énv%%erm@oﬁ ’@gfg

r QREat erger af ur giudidd t eped sngqmmor&;ﬁiehgﬁ 4aﬂ1d(4-ch1oro-z-
evaporated. The residue was partitioned between et hyl
aigophenyBathyl waicslo; 2, shdicxd- I 4280 azepind - yelﬂr‘aqémcaagd tert-

Pl a0 el a0 i SRS (R LEshye Heiing solution

c%@hbe&&s 180 i°d: analirdﬂ\@oofiﬁg IR ; Jv{z‘a)s a%déd %ftérsz h at
9H, CH3), 1.57- (m 4H, 2 , @5«\2
78Q°Q,J|ghe chthg_pgyxtu@ *gzqs geoled at-ropnp tqquergp;e ned through

<o o FpBgc g iade s o bolsef Sl e

Lwhter,CHiried5. 6%606)9 (ami S:hhpo%atbﬂl Ghﬂﬁla(t@graﬂn}ﬁ 019 zﬂica

7,20
S%ElOé&cgleps&nes g 1)5 afzordpg thg ’qqle ,gpp;mpouqd fr ({ang, 39 %) qy a
NV @pﬁﬁi I
+Eolorleeblsofi h1 NBS DK g Py PARS 9H§/|?€ﬁﬁ3’ @ﬂ %3
5(RMI, 2 CHy), 1.74 (d, 7 = 7.2 Hz, 3H, CHy), 224 (t, J=172 Hz, 2H, CHz)

R s SR R I Y 1T G PR 8 6

SOHi GMS&bY (q, J= 7.2 Hz, 1H, CH), 6.60-6.69 (m, 5H, ArH), 6.90 (d, J =
9.2 Hz, 2H, ArH), 7.20 (d, J= 8.4 Hz, 1H, ArH), 749 (dd, /=88 Hz,J=24
Hz, 1H, ArH), 7.93 (d, J = 2.0 Hz, 1H, ArH). Mass spectrum (LCMS, ESI
pos.): Caled for C3,H34C1,IN304: 721.0; found: 722.0 M + H)+.

g) 5-[4-[1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-2,5-

dioxo-1,4-benzodiazepin-1-yl]valeric acid sodium salt

The title compound was prepared (76%) from 5-[4-[1-(2-amino-4-
chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-2,5-dioxo-1,4-benzodiazepin~

1-yljvaleric acid tert-butyl ester following the procedure described for
example 1, step b: 'H NMR (400 MHz, CDCl3) & 1.63-1.68 (m, 4H, 2 CH,),
1.75 (d, J = 6.8 Hz, 3H, CHj), 2.37-2.41 (m, 2H, CH,), 3.64-3.71 (m, 1H,



The title conpound was prepared (76% from
5-14-[1-(2-am no- 4-
wa@bdoaneqbenyl ) et hyl ] - 3- (4- chl orophenyl ) - 7- i odoPQT/BSTH0OK12240
0- 1, 4-benzodi azepin- 1-yl]valeric acid tert-butyl
ester follow ng the procedure described for exanple
1, step b: "H NWR (400 MHz,10@BC13) 6 1.63-1.68 (m 4H
2 CH), 1.75 (d, J =6.8 Hz, 3H, CH3), 2.37-2.41 (m

e to o 7 brbgodlh WEGERIIE syt i

5.¢261-6%8 (ﬁHS}ﬂ?&pH)%% (&QJ 38:8 §1282H2Arﬁg7ﬁ‘|ld J= 8.4 Hz,
6.61-6.68 (m ArH) 0 (d ArH),
713 ArH), 715&(431 4r+&s Hd, J|=|=2AtH-Z) 1H7 A8H), (3, (4)#=2.8GHez 11,

VAEDE MRS shertrt R MGES] gy Calef fir a8 bos o

CA8iHP 668 DNRP4 H)B65. 0; found: 666.0 (M + H) + EXAMPLE
61

5-[4-[(2- Am no- 4-chl or obenzyl ] - 7- br ono- 3- (4- chl or ophen
yl)-2,5-di oxo-1, 4- benzodi azepin-1-yl]valeric acid
sodiumsalt C NH, Br NO O (H a)

5-[ 7- Brono- 3- (4- chl or opREAPEB 6]l (4- chl or o- 2-ni t robenz
yl']-2,5-di oxo-1, 4- benzodi azepin-|l-yl]valeric acid
tert-butyl ester The title conpound was prepared (63%
fr

3 gr[gl‘r[g,[-é,nﬁﬁg qochgprgﬁen%?f]?rl%gﬁlgg%l aczzhelgrolg)hinyl f\/a ioxo-1,4
aci d tert - but penmsliaepiaridyl |valaid mdascﬂamnsalobenzyl
chloride follow ng the procedure described for the
general procedure for the dial kylation of the

benzodi azepi ne: Mass spectdum (LCMS, ESI pos.): Calcd
for C31H30Br C12N306: 689. Ound: 690.0 (M+ H+. b)

5-[ 4-(2- Am no- 4- chl or obenz w3 ono- 3- (4- chl or opheny
l)-2, 5-di oxo-

a) 5-[7-Bromo-3-(4-chlorophenyl)-4-[(4-chloro-2-nitrobenzyl]-2,5-dioxo-1,4-

benzodiazepin-1-yl]valeric acid zert-butyl ester

The title compound was prepared (63%) from 5-[7-bromo-3-(4-chlorophenyl)-
3,4-dihydro-2,5-dioxo-1,4-benzodiazepin-1-yl]valeric acid fert-butyl ester and
4-chloro-2-nitrobenzyl chloride following the procedure described for the
general procedure for the dialkylation of the benzodiazepine: Mass spectrum
(LCMS, ESI pos.): Calcd for C3;H30BrCl;N30¢: 689.0; found: 690.0 (M + H)+.

b) 5-[4-(2-Amino-4-chlorobenzyl)-7-bromo-3-(4-chlorophenyl)-2,5-dioxo-

1,4-benzodiazepin-1-yl]valeric acid sodium salt



1, 4- benzodi azepi n-1-yl]valeric acid sodiumsalt WO

2004/ 096134 PCT/ US2004/ 012240 -108 The title conpound
wor®4po@apar ed (46% from 5-[7-brono- 3- (4-chl or BEhEa300)/012240

4-[(4-chl oro-2-nitrophenyl)nethyl]-2,5-di oxo-1, 4- benzo

di azepin-1-yl]valeric acid tert-butyl ester follow ng

successively the procedureld%escrl bed for exanple 60,

step e, f: 1H NMR (400 MHz, 'CDC13) 8 1.62-1.78 (m 4H,

2 CH2), 2.36-2.40 (m 2H, CH2), 3.66-3.73 (m 1H,

e, title. czmma.uad V(ampreplaxed(mﬁ%) fronBy- [Z-dbrorﬂo-ﬁ-(ﬂ&h&brb@enyl)-

i (P ob1os3 2 b oy pinpnstl2. 5 2o, epenaqdiazgpity TS valerit
Eﬁcﬁﬁ'f@rt-ﬂi _/y(l ”&st&HfolMg &cgégswélgr the pr&e@uﬂé‘z desEnbEd for
mmpmo A?tﬁ) e, f émma (496 MHg, QDCH):SZ - st (!IH 4H 2
4
b2 3ednd i 21T i A 863730, 1 B SRR APEE 1 O,
fmm , B84.48 M THHIZH EXN(ELEJ 6CH), 5.42 (d J=14. 8 Hz, 1H
4- Chl or o- benz - chl or o- phen 3 -i odo- 3, 4-di h
y@ébﬁﬁor@dbénzso«t U 3 24 e A D G OB s 38, Art) 6,80
5 ST Ay e e

21, ArH)3%34 (&Q J=8. 82[-@ J—72 A04z( IBI4A(rH1) 72710 «, 8=874G{Z?TH

43 (d, 8.3 Hz 33 (s,
a‘g@@%@i Sz’ffﬁt%LCb@ésESI PRk é}qg{z@gpwpg@ 603.0;
GBlsd 6009y MZ?,%JHiSClZI N202: 535.9; found 537.03 (M+H).
WO 2004/ 096134 "‘PCT/ US2004/ 012240

EXAMPLE 62

4-(4-Chloro-benzyl)-3-(4-chloro-phenyl)-7-iodo-3,4-dihydro-1H-
benzo[e][1,4]diazepine-2,5-dione

Cl

'H NMR (400 MHz, CDCls): & 8.09 (s, 1H), 7.87 (s, 1H), 7.52 (d, J=8.3 Hz,
1H), 7.44-7.37 (br m, 2H), 7.36-7.30 (m, 2H), 7.10-7.04 (m, 2H), 6.87-6.77
(br m, 2H), 6.43 (d, J= 8.3 Hz, 1H), 5.33 (s, 1H), 5.03-4.91 (m, 2H). Mass
Spectrum (LCMS, ESI, pos.): calcd. for C;H;5C1,IN;0,: 535.9; found 537.03
(M-+H).



-109 EXAMPLE 63 4-(R)-[
1- (2- Am no- 4-chl oro-5-fl uoro-phenyl)-ethyl]-3

w@ J)o4/09618h! or o- phenyl ) - 7-i odo- | PCT/US2004/012240
-(2-norpholin-4-yl-ethyl)-3,4-di hydro-1 H benzo [e] |
1, 4] di azepine- 2,5-dione CI F NH2 A-x ONO CN O
a) 1-(4-Chloro-3-fluoro-phetgl) - et hanol
4- Chl or o- 3-fl uor o- benzal dehyde (5.14 g, 32.4 rnnol)
was di ssolved in THE N&éﬁgwgtﬁﬁﬁnd pl ace at -78C under
ni trogen at nosphere. fum (1.6 Min diethyl
ether, 22.3 nL) was added to the reaction during a
period of 3 mnutes maintaining the same tenperature.

AHAR)-[ - Aaduo-dicbinroShitnoregbenydhrethel -3 (8)-(4- chdoroghenplym
oo F Bl P oo PR T e Pl
hy

ity oric acid IN. The organic |ayer was
collected, dried with sodiumsulfate, filtered and
concentrated under vacuumito produce a crude, which
it was chronmatograph ovgr s&dica gel using 50%
hexane- ethyl Acetate as § s to yield 5.1 g of
1- (4-chl oro-3-fl uoro- phsnv thanol . 1H NMR (400

MHz, Cl3CD) 6 7.37 (t, J% 8% Hz, 1H), 7.20 (dd, J=
1.86, 10.00 Hz, | H}[Z;Iéﬁ d = 1.86, 8.14 Hz, 1H)
S
N

4.89 (m | H, 1.93 , 149 (d, J= 6.51,

3H). b)
2-[1- (4- Chl or 0- 3-f I uor o-Rheyl ) - et hyl ] -i soi ndol e- 1, 3-d
i one WD 2004/ 096134 PCT/)S2004/ 012240 - 110

W

a) 1-(4-Chloro-3-fluoro-phenyl)-ethanol

4-Chloro-3-fluoro-benzaldehyde (5.14 g, 32.4 mmol) was dissolved in THF
(100 mL) and place at —78°C under nitrogen atmosphere. Methyl Lithium (1.6
M in diethyl ether, 22.3 mL) was added to the reaction during a period of 3
minutes maintaining the same temperature. After the addition, the reaction was
stirred at room temperature for 1 h. Then, the reaction was poured over ice
water and extracted with ethyl acetate and hydrochloric acid 1N. The organic
layer was collected, dried with sodium sulfate, filtered and concentrated under
vacuum to produce a crude, which it was chromatograph over silica gel using
50% hexane- ethyl Acetate as solvent to yield 5.1 g of 1-(4-chloro-3-fluoro-
phenyl)-ethanol. "H NMR (400 MHz, C1sCD) § 7.37 (t, J= 8.14 Hz, 1H), 7.20
(dd, J = 1.86, 10.00 Hz, 1H), 7.09 (dd, J = 1.86, 8.14 Hz, 1H), 4.89 (m, 1H),
1.93 (brs, 1H), 1.49 (d, J=6.51, 3H).

b) 2-[1-(4-Chloro-3-fluoro-phenyl)-ethyl]-isoindole-1,3-dione



1- (4-Chl oro- 3-fl uoro-phenyl)-ethanol (5.1 g, 29.2
mol ), phthalimde (4.3 g, 29.2 nmmol) and
wao eioploggiyd phosphi ne (11.49 g, 43.8 mmol) wer e PCHES100€012240
in THE (100 m) and place at -78C under nitrogen
at nosphere. Then, diisopropyl azodicarboxyl ate (8.86
g, 43.8 mmol) was added in jgge- shot. The reaction was
pl ace at roomtenperature and stirred for 30 m nutes.

The, sq] ven was evaporate nd the crude S.. .

c Hr%n‘g}iﬂegqéﬁwoaqrghe@ rqﬂaaawgéf 15 P R Rbftatiwidetd
g?tlza%ﬁn&clﬁ lalgc? lct)r‘_ﬁ%i_%%n?flhg?%)!lﬁﬂectl‘f':4@8g,943‘?§ mmol) were dissolved in
pHIdHg | (108t m}) Janids planel cdte-T78°€- dindere nitrégeNVRIniesPhervH hen,

%@i%%ragyﬂi}g&icér%‘%yﬁrg?(ﬁ%;gz 1 %ﬁ‘W%E)'? @%J%cﬁféd ﬁrinopé Hot. The
1.rekkidn whs Plate 2Prooitempeature and stirred for 30 minutes. The solvent

1- (4-Chl oro-3:-fluor g;jﬁhenyl )-ethylamne ]
2-vyas-gvap@atedrand 3hé |cusleowghengmptogtdphl Gver sdicadisl gsing J0%o

iqne (4.08.q9, 13.4 L), was ,dj ssol ved i 0
s o) et i s o 390 08 Rst°P el - Fifpriuore-
stghehyyl etty]1866Gnd61e-18-fiond NN NMR 460 IMEAL CI3ED) § 7.83 (m,
evziBorat ed and the crude was chromat ograph over

sidHe 4. 7geim, ZEDnd- 34t (ry12Hac d241(dd.ad =sbPhehi4 Ha, JHal 453 (m,
2. - l.@H0- 3- f | uor o- phenyl ) - et hyl am ne. 1H
Nﬁ%l)?hgg(%%f%f%) 6 7.34 (Ito, Jy=)7. 97sz, 1H).,

7.18 (dd, J = 1.90, 10.25 Hz, 1H), 7.08 (dd, J=1.90,
7.97 Hz, 1 4,12 1H), 1,36 (d, J= 6.64, 3H). d
N‘{?ir(ézﬁ%ﬂwo%‘-@s:wl{énv%fg‘bwéﬁwnf— eg hyl]-2,2,2-tr ||_2 I uo?r 0
-acetam de 1-(4-Chloro-3-fluoro-phenyl)-ethylam ne

(2.0 g, 11.5 mmol ) was dissolved in pyridine (20 m)
ard Ip(4aChlogs-3 domgkenybi-dthdjresvimtobm s Sbore. heh, g, 134

triflyoroacetic anh i 6 o 17. 1) wa

- gD RS e YHE' P Wi dntiardie 4 Baubesiited o e
I Qe#Bto8 MRl stitred @t BOME &k il 'H. Glheh Ohe 38R ent Mok ev%@éfé%ﬁtanﬂﬂﬁe
removed under vacuum and the crude was extracted with

etdiyde wagerematogeaphionen Hijel gok ugiag lcrry] Feriate eg aglvent|tayield

ner Rl T ROR SEb AR S E "l MR e

dr@18@Dyist M. 3gadim7san Hat B), 718 @ded -and0cT0Z by aHRd.08
S S b Y PIRS U OF AR0T50%8 2 6.64, 31).

d) N-[1-(4-Chloro-3-fluoro-phenyl)-ethyl]-2,2, 2-trifluoro-acetamide

1-(4-Chloro-3-fluoro-phenyl)-ethylamine (2.0 g, 11.5 mmol) was dissolved in
pyridine (20 ml) and place at 0°C under nitrogen atmosphere. Then,
trifluoroacetic anhydride (3.63 g, 17.2 mmol) was added in one shot. The
reaction was allowed to reach room temperature and stirred for 16h. The
solvent was removed under vacuum and the crude was extracted with ethyl
acetate- sodium hydroxide 1N. The organic layer was collected and extracted
again using hydrochloric acid (I1N) and brine. The organic layer was collected,

dried with sodium sulfate, filtered and concentrated under vacuum to produce



-111 a crude, which it was chromat ograph over silica
gel using 50% hexane- ethyl acetate as solvent to

W@ 2@kmci3B874 g of PCT/US2004/012240
N-[ 1- (4-chl oro-3-fl uoro-phenyl)-ethyl]-
2,2,2-trifluoro-acetamde. 1H NWR (400 MHz, Cl13CD) 6
7.49 (d, J=7.29 Hz, | H111235 (t, J=7.92 Hz, 1H),
7.11 (dd, J= 1.93, 9.86 Hz, I H), 704(dd, J=1.93,

7.29 Hz, 1H), 5.06 = .
- qrade, M}@h'_l)ﬁ rveasmwragt]pg»tagg QVET %h‘fﬂ\%ﬁﬂ y%mgéqu Fflf’?a;)ez e@"(

rifluoro-
aerte e ATYER ha7e s arag i o ghensi el
- Bz etaflicte-dcdtatilde. G NN&RQ@O(DTMHZ) GL%GD):IE I (ded =a1.29 Bam

TS, 4aput fJSn'ﬁ%aﬁ%Sﬁiﬁtera | ot 5! a8 2 e, -
3065 RS 1Y, 5 Bb L2 ), (@7 6.7.67.8pmol ) was added.

acti’on"has rre the sane tenperature for
15 m nutes and then all ovved to reach roomtenperature

- iler *Beroehrpisago i DR 2o iy 1o ol 38

Acetate-water. The organic |ayer was collect ed and
extracted agai n using sodi um hydroxide (iN)

bN+[m€(4 Cﬁﬂmoe'ﬂﬁﬁaomoepheayléﬁﬂwé]s%%@I-‘t‘h@@@@dacemlé%i (W% g
P20 PRSI Essplysu o i AP SRREE T LG MBS ShuryRC e

r omat ogr ap over

f(ZIS'IﬁE)l gﬁk stistibg w&@?@aﬁ@ ¥e0Pe-ustidytl ice aaadr dath, asd pethssturh
0 yie

Nllgrite((@ -S6A| garSGﬁ%tmmqlDow&% adderd; The Fraehign Yas stirred at the same
et
S d? 14 hbOAL 5' A LMo Qg g

|‘Et1rreld fd} 16/h. OﬁlehbtheSr,eaclid)l WES. ﬁ(ﬁlrédmvd:r iy wateremd( Qj(tragted

- mtb @Fl'gd Z\qq}a@q»}ya?gﬁéﬁ}q grg%tpﬁ %thwﬁ% collected and extracted again
%11]:%5046‘ 1§ Hfbx%ef (llNgEqu Brifd. trhe e ok RYlayerebdyydolle@ed, died

or o- ac tamd mmol ) was di ssol ved
aW1th(Bmd1LtIE rspHatat lﬁlﬁteredmn'd@r(ciﬂrmq un¢¢rev1acuam toopipdugs a

of I|thu dro i de .mon dra i
Thi e bt iRk B et 28 e SR

Th&tatél 2k @alv@ﬁﬂ% dyl@l@eI .83 @ GSN- [$Qh¥:ﬁniro -3ATtoes-2aitro-phemyle

[1thium hydroxi nonohydrate (46 ng, 1.09 mmvol) in

wethgtl-2,2.2riiflugrasacg@edée.  The reaction was stirred at
r ODMARIPRIPHHE S AISED) § 8.16 (d, J = 6.43 Hz, 1H), 7.30 (d, J = 9.00

Hz, 1H), 7.08 (br s, 1H), 5.52 (m, 1H), 1.65 (d, J= 7.07, 3H).

f) 1-(4-Chloro-3-fluoro-2-nitro-phenyl)-ethylamine

N—[l-(4-Chloro-3-ﬂuoro-2-nitro-phenyl)-ethyl]-2,2,2-triﬂuoro—acetamide (286
mg, 0.909 mmol) was dissolved at room temperature in THF (10 mL). Then, a
solution of lithium hydroxide monohydrate (46 mg, 1.09 mmol) in water (2
mL) was added. The reaction was followed by TLC, using ethyl acetate as
solvent. After 2 h., more lithium hydroxide monohydrate (46 mg, 1.09 mmol)

in water (2 mL) was added. The reaction was stirred at room temperature for



WD 2004/ 096134 PCT/ US2004/ 012240 -112 three days.
Then, the reaction was extracted with ethyl

wae@sarassodi um hydroxi de (1N) and brine. ThePOF/ys2wn4012240
| ayer was collected, dried wth sodium sulfate,
filtered and concentrated under vacuumto produce a
crude, which it was chronhidgraph over silica gel to
yield 148 ng of 1-(4-chloro-3-fluoro-2-

U Db SRR ] MBSy PR By

gh dréxi)@@ 4(1??? asx;d‘?r,inel Th8 ofdanhicSlayethas cblid@ed,dlried with Sodhdn
181(1"@1%@1%654&% fesicgutsated pedes VapEAY (19 PEAdyGe p-ogude, which it
pRBRY PP ARG er sl st ield 145 mg of r(f-eblorot lyepec2

1nitl’o-}51&ﬁ?k){edl}[15miﬁﬁd iEHNb’.(th gﬂ@l()lZMHfdeBﬁH))'ﬂl @.90i(d,: J£=6.43 Hz,
t t

O M, A R RS e, -
(ég@ %\@z C13CD) 6 7.79 (d, J = 1.93 Hz, 1H), 7.57
(dd;”J="1.93, 6.64 Hz, 1H), 7.32 (d, J= 10.23 Hz, 1H),
7.03 (d, J= 6.64 Hz, 1H), 6.85 (m 3H), 6.57 (d, J=

5" FaScrao R ndertolnibafs i d Shpro-
plg%yg)g’rn}i ; Cll\;g’-ilné:g'l?hoﬁigA-fl:-eth(gl?-@ﬂ-&ihydl%ﬂ)};[- Mass

3
sg CMVS, )0S. cd for C29H28C12FI N403:
6001 . dldindepioe29-divped) . EXAMPLE 64 4(R, S)-|

g'_gil%tl_t ﬁ’g‘iﬂ%&?’% l_vs%lrs %&gthgé{geﬁof(dlbafwfgnm&g'egggy Ho'cgdure for the
phanlidsis If diggpinks ( 2HNMRh@L) MHEzYECI3ED) Bl 7.78 (d,- 0+ hydrdz,
1 H benzo[e] [1,4]diazepine-2,5-di one WO 2004/ 096134

pd.UE20 Gl dfzg.Q@, 6.64 Hz, 11, 7|.Zf@ (W, {gp10.23 Hz, 1H), 7.03 (d, J =

6.64 Hz, 1H), 6.85 (m, 3H), 6.57 (d, J = 8.36 Hz, 2H), 6.10 (m, 1H), 5.54 (s,
1H), 4.42 (m, 1H), 4.23 (m, 1H), 3.97 (br s, 2H), 3.74 (br s, 2H), 3.46 (m, 6H),
1.67 (d, J = 7.07 Hz, 3H). Mass spectrum (LCMS, ESI pos.): Calcd for
C9HpCLFIN,4O3: 696.06; found 696.9 (M+H).

EXAMPLE 64
4(R,S)-[1-(2-Amino-4-chloro-5-hydroxy-phenyl)-ethyl]-3(S,R)-(4-chloro-

phenyl)-7-iodo-1-(2-morpholin-4-yl-ethyl)-3,4-dihydro-1H-
benzo[e][1,4]diazepine-2,5-dione



ONd NO CNO This conpound was obtai ned as

bi - product from Exanple 63 (step g). |H NWR (400 MHz,
wWC1RTY61%t 7. 82 (d, J= 1.93 Hz, 1H), 7.59 (dd, PET/LISHB84/012240

8.79 Hz, 1H), 7.31 (s, 1H), 7.02 (s, 1H), 6.88 (m

3H), 7.37 (d, J= 8.57 Hz, 2H), 6.05 (m 1H), 5.76 (s,

1H), 4.41 (m | H, 4.24 (m31H), 3.97 (br s, 2H),

3.75 (br s, 2H), 3.47 (m 6H) 1.75 (d, J = 6.86 Hz,

3H). Mass spectrum (LCI\/B ESI pos.): Calcd for

C29H29C121N4(r) 4: 694.06;C% ound 694.9 (M+H). EXAMPLE

65 3(9S)-(4-Chloro-2-hy ro-phenyl) 4(R) -

1- (4-chl or o- phenyl) - ethy Rl 0- 3, 4-di hydro-1

H benzo [e] [1,4]diazepipe=4,5-dfone d ONC NHO

OH '"H NWR (400 l\/Hz C13 3§. 97 (s 1H), 8.03 (d, J

= '1.93 Hz, 34 (d, J= 8.57 Hz,
2H), 7.21 (dd J— 1 8. 7.16 (d, J=
8.36 Hz, 2ro 6.42 (m 2Hs T (m 2H, 6.22 (d, J=
8.57 Hz, 5.13 WD 20 4/6@6134 PCT/U82004/012240

-1141188(brs 1H), 2.62 (d, J= 7.07 Hz, 3H).
Mass spectrum (LCVS, %Sf_)

This compound was obtained as bi-product from Example 63 (step g). H
NMR (400 MHz, CI3CD) § 7.82 (d, J= 1.93 Hz, 1H), 7.59 (dd, /= 1.93, 8.79
Hz, 1H), 7.31 (s, 1H), 7.02 (s, 1H), 6.88 (m, 3H), 7.37 (d, J = 8.57 Hz, 2H),
6.05 (m, 1H), 5.76 (s, 1H), 4.41 (m, 1H), 424 (m, 1H), 3.97 (br s, 2H), 3.75
(br s, 2H), 3.47 (m, 6H), 1.75 (d, J = 6.86 Hz, 3H). Mass spectrum (LCMS,
ESI pos.): Calcd for CooHzoCloIN4O4: 694.06; found 694.9 (M+H).

EXAMPLE 65

3(S)-(4-Chloro-2-hydroxy-phenyl)-4(R)-[ 1-(4-chloro-phenyl)-ethyl] -7-iodo-
3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione

Cl

oo

H O OH

'H NMR (400 MHz, CI3CD) § 8.97 (s, 1H), 8.03 (d, J = 1.93 Hz, 1H), 7.66
(br's, 1H), 7.34 (d, J = 8.57 Hz, 2H), 7.21 (dd, J = 1.93, 8.36 Hz, 1), 7.16 (d,
J=8.36 Hz, 2H), 6.42 (m, 2H), 6.31 (m, 2H), 6.22 (d, J = 8.57 Hz, 1H), 5.13



pos.): Calcd for C23H17C121N203: 565.9; found 566. 4
(MtH) . EXAMPLE 66

wd2¢002/09A34Am no- 4- chl or o- phenyl ) - et hyl ] - 3- ( 4- chPOT/OSH0€012240
yl)-7-iodo-I -[3-(4-
met hyl - pi perazin-1-yl)-propyl]-3, 4-di hydro-1
H-benzo[e] [1, 4]di azepine-2154- dione NI~ N ON Ocl
ONH2 CI HNI\/R(4OOI\/Hz CD30D) 6791 (s 1H), 772

d, = 6.4Hz
(@ IIjI)-|)1 886(bgg, ]%H% 1:§2|)(d .5—25)7(1-}@ 3%“) Ma@ @gct(tan '_?‘@MS

)?'%;cgg‘o égh"}qﬁﬁé%ﬁsgé% %{}ngﬁ)'éls 42@%%23126( ( ?nm

2H), 1.89 (d, 3H, J 6.8 Hz). Mass spectrum (LCVS5,
ESI pos.): Calcd for C31H34C121N502: 705.1; found
705.9 (MtH). EXAMPLE 67

4- (2- Am no- 4- chl or o- berEzyAMPR.E 66
- (4-chl oro- phenyl ) -1-(4-di met hyl am no- butyl) -

L hﬁ%—?’eﬁmﬁ%{" e s b o iesahenyD-7-iodo-1-[3-(4-
PCE{e{i@?-%ﬂ)‘ééa%% ?% -proﬂry]l?-?, ,4-Mh§}lrol\i 1 beny e][1,4] dlazeplqe-2,5 -

dione

~N"

N
R

Cl

'H NMR (400 MHz, CD3;0D) § 7.91 (s, 1H), 7.72 (m, 1H), 7.67 (d, 1H,
J = 6.4Hz), 7.51 (m, 1H), 7.34 (m, 1H), 6.98 (m, 3H), 6.45 (m, 2H), 6.23 (q,
1H, J = 6.4 Hz), 5.98 (m, 1H), 4.28 (m, 1H), 4.05-3.56 (bm, 10H), 3.40 (bs,
1H), 3.05 (s, 3H), 2.36-2.18 (bm, 2H), 1.89 (d, 3H, J = 6.8 Hz). Mass
spectrum (LCMS, ESI pos.): Caled for C31HzsCLINsO,: 705.1; found 705.9
(M-+H).

EXAMPLE 67

4-(2-Amino-4-chloro-benzyl)-3-(4-chloro-phenyl)-1-(4-dimethylamino-butyl)-
7-iodo-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione



woi2003/096184 4 Hz), 7.04 (d, 2H, J = 8.

O-NH2 O 1H NMR (400 MHz, CD30D) 6 7.85 (d, 1H, J=
2.0 Hz), 7.48 (dd, 1H, J = 2.0, 8.8 Hz), 7.21 (d, 1
4 Hz),

1H J =8.8 Hz), 6.81 (m 3H), 6.62 (dd, 1H, J = 2.0,
8.8 Hz), 5.53 (s, I H, 5.23 (d, IH J = 14.4 Hz),
4.63 (d, 1 H J =14.4 H»)11#4-40 (m 1 H, 3.77 (m
1H, 3.07 (m 2H), 2.85 (d, 6H, J =5.2 Hz), 1.71-1.52
(m 4H). Mass spectrum (LCMS, ESI pos.): Calcd for
C28H29C121 MA2: 650N07;\ found 651.0 (M+H). EXAMPLE 68
4- (2- Ami no- 4- chl or o-\ben ) - 3- (4-chl oro- phenyl ) - 7-i odo

-1 -(4-norpholin-4- yl -but - 3 ,4-di hydro-1 H benzo
[e] [ 1, 4] diazeping 5 -\di -~cJo NI x/ No
C ONH2 O 1H NWVR { MHg/ yC6 7.86 (d, 1H J=
20Hz)765(dd'1H J— .0, 8Hz),721(d,1
H J =84 Hz), 7.04 (d, @H,/J = 8.8 Hz), 6.94 (d, H,
WO 2004/ 096134 PCT/ US2004/ 4Qy, - 116 J— 8.8 Hz),
6.80 (m 3H, 6.60 (dd, 14 J= 2.0, 8.8 Hz). 5.54 (s,
1H), 5.25 (d, 1H J= 14.4/Fz), 462( | 'H J= 14.4

Hz), 4.40 (m | H), 4.09%m 2H), 3.75 (m 3H), 3.41
(m 2H), 3.09 (m 4H), 1.60 (m 4H). Mass spectrum
(LCMS, ESI pos.): Calcd for C30H3I Cl2l NA03: 692. 08;
f ound HYBIMR((WOHMHEXDPIE §6D85 (d, 1H, J = 2.0 Hz), 7.48 (dd, 1H,

45 2:[ @"% 8%, ﬁ?' QOTReP2Y A 15 (705 0 Ui PR by, 6 488
IH, J = 8.8 Hz), 6.81 (m, 3H), 6.62 (dd, 1H, J = 2.0, 8.8 Hz), 5.53 (s, 1H),
523 (d, 1H, J = 14.4 Hz), 4.63 (d, 1H, J = 14.4 Hz), 4.40 (m, 1H), 3.77 (m,
1H), 3.07 (m, 2H), 2.85 (d, 6H, J = 52 Hz), 1.71-1.52 (m, 4H). Mass
spectrum (LCMS, ESI pos.): Calcd for CasHz9ClLIN4Ox: 650.07; found 651.0
(M+H).

EXAMPLE 68

4-(2-Amino-4-chloro-benzyl)-3-(4-chloro-phenyl)-7-iodo-1-(4-morpholin-4-
yl-butyl)-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione

S

o}
NH,

Cl

I'H NMR (400 MHz, CD;0D) 5 7.86 (d, 1H, J = 2.0 Hz), 7.65 (dd, 1H,
J=2.0, 8.8 Hz), 7.21 (d, 1H, J = 8.4 Hz), 7.04 (d, 2H, J = 8.8 Hz), 6.94 (d, H,

6. 9BCT/US2004/012240



pi perazin-1-yl)-butyl]-3,4-di hydro-1 H benzo[e] [
1,4]di azepine-2,5-dione N oo ANJ N~/ C O NHR d

WO BOoMPs164000 MHz, CD3CD) S 7.84 (d, 1H, J= 2. 4P¢®/)S2004/012240
7.64 (dd, 1 H J =20, 84 Hz), 7.21 (d, 1 H J =
8.0 Hz), 7.04 (d, 2H, J =8.4 Hz), 6.94 (d, H J= 8.8
Hz), 6.80 (m 3H), 6.63 (dgiglH J= 2.4, 8.4 Hz), 5.53
(s, 1H), 5.27 (d, | H J=14.4 Hz), 4.61 (d, 1H J=

572058 T3, 4150 (), 6,60 (b1 H. & 580 5 ka3 59 (7 31, £28 (4
. : |

(o, AEDi MBBS 4 GDEEURLTLULCNE B0 BOSIHY. 4G G0 8 305

fén_(lﬁlf\)mlng- GH,S%HD Bg>9b([en ZBH)? 130 f(gr, g‘fﬁ)io thaf’;B@B@ﬂ‘@m TECBIS,

rggm Q]aﬂ’]fi qr @5&8&@&%&@%3@8&%@ 6‘9\%%2(&)’%7‘)096134

PCT/ US2004/ 012240 -117- oN O N\ /C NONH2 d 'H

NVR (400 MHz, CD3OD) 8, 7.8 8 (d, 1 H J = 2.4 Hz),

7.67 (dd, 1 H J = 2. GXAMPLEAY 7 23 (d, 1H, J = 8.0
Hz), 7.07 (d, 2H, J = 8.4 Hz), 6. 93 (d,

4-(2-Amino-4-chloro-benzyl)-3-(4-chloro-phenyl)-7-iodo-1-[4-(4-methyl-
piperazin-1-yl)-butyl]-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione

Cl

"H NMR (400 MHz, CD;0D) § 7.84 (d, 1H, J = 2.4 Hz), 7.64 (dd, 1H,
J=2.0,84Hz),7.21 (d, 1H, /= 8.0 Hz), 7.04 (d, 2H, J = 8.4 Hz), 6.94 (d, H,
J= 8.8 Hz), 6.80 (m, 3H), 6.63 (dd, 1H, J= 2.4, 8.4 Hz), 5.53 (s, 1H), 5.27 (d,
1H, J = 14.4 Hz), 4.61 (d, 1H, J = 14.4 Hz), 4.39 (m, 1H), 3.78 (m, 1H), 3.40

(m, 4H), 3.20 (m, 4H), 2.91 (s, 3H), 2.88 (m, 2H), 1.70-1.52 (m, 4H). Mass
spectrum (LCMS, ESI pos.): Caled for C3;H34C1IN5O,: 705.1; found 706.2
(M+H).

EXAMPLE 70

4-(2-Amino-4-chloro-benzyl)-3-(4-chloro-phenyl)-1-(3-dimethylamino-
propyl)-7-i0do-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione



1H, J= 8.8 Hz), 6.85 (d, 2H, J= 8.8 Hz), 6.78 (d, 1H,
J= 2.0 Hz), 6.62 (dd, 1H, J = 2.4, 8.0 Hz), 5.57 (s,

wakHo4/0%6186 (d, 1H, J = 14.4 Hz), 4.85 (d, 1H, BCEHUSZ4/d12240

Hz), 4.36 (m 1H), 3.83 (m 1H), 3.04 (m 2H), 2.85
(d, 6H J= 3.2 Hz), 2.04-1.90 (m 2H). Mass spectrum
(LCMS, ESI pos.): Calcd for17-C27H27C121NAQ2: 636. 06;
found 636.9 (M+H). EXAWPLE 71

4- (2- Ami no- 4-chl or o- benzyl ) -3

- (4-chl or o- phenyl )'7\Ni odo- | -(3 -norpholin-4-

yl -propyl)-3 ,4-di hydrpo-1 Hb enzo [e] [ 1,4] di
azepine-2, 5 -dione OL Od I N ONH2 d W
2004/ 096134 PCT/ US2004/0 ) -118 'H NVR (400 MHz,
Ch30D) 5 7.88 (d, 1 .66 (dd, 1H, J =
.0, 8.4 Hz), 7.24 Mz), 7.08 (d, 2H, J
8.4 Hz), 6.95 (d Hz), 6.86 (d, 2H, J
8.4 Hz), 6.79 (d, 1H, ), 6.63 (dd, 1 H J
2.4, 8.4 Hz), 5.5 8 (s, W5 04 (d, 1 H J =148
Hz), 4.84 (d, 1 H J = { Hz), 4.39 (m 1H), 4.09
(m 2H), 3.82 (m 1H), 3. 74 (m 2H), 3.42 (m 2H),
3.08 (m 4H), 2.04-1.95 €m 2H). Mass spectrum (LCNB,
ESI pos.): Calcd for C29H29C121N403: 678.07; found
679.0 (M+H). EXAWMPLE 72

4- ( 4- CHH DIMIR 2400 Nt Y R0 §7.88 (4-18h Vot 2pHED)yT.57 1dd, ddh

ol iy S} 195 Ky b 0 b B (28 7 = 84 H), 693 @

114] dieg eriAes.85 a1, DrRe-= 8.8 Hz), 6.78 (d, 1H, J = 2.0 Hz), 6.62 (dd,
1H, J = 2.4, 8.0 Hz), 5.57 (s, 1H), 5.06 (d, 1H, J = 14.4 Hz), 4.85 (d, 1H, J =
14.4 Hz), 4.36 (m, 1H), 3.83 (m, 1H), 3.04 (m, 2H), 2.85 (d, 6H, J = 3.2 Hz),
2.04-1.90 (m, 2H).. Mass spectrum (LCMS, ESI pos.): Calecd for
Co7H27C1LIN4O7: 636.06; found 636.9 (M+H).

i nN

EXAMPLE 71

4-(2-Amino-4-chloro-benzyl)-3-(4-chloro-phenyl)-7-iodo-1-(3-morpholin-4-
yl-propyl)-3,4-dihydro-1H-benzo[e]{1,4]diazepine-2,5-dione

Ny

0
NH,

Cl



.2 :

( d, EC"P7U820114/012240
: 2 (dd, J = 2.1

, , 8.8 Hz 2H) ,
51( I H, 541(d J H),533(s |

: 441(d 15.0 Hz, 11(m 2H) ,

3. 92 392048 o Bl %%@ fgisé 1W=%,§5@z‘5 faBledute.

( lt1.80 ce_f 1 0
(55 S8y b Ao LTRSS 81,05 o
-]HQJB&&IPIZE,GBG(d 2H, J = 8.4 Hz), 6.79 (d, 1H, J = 2.4 Hz), 6.63 (dd,

43,%@%4151(%4% 0581 15! SRR K F Db B dAR xA G 1gfY 2

f %4 %@ggg’gr{ﬁg %{)gwwl (h, &Hb glshy@i{ qH)Hs krar(zzo[zﬂ), 3 42 (m,
P:HNI\RO% 400 4z 2. W%Xmszﬂ)B d\’I@%ﬁ sppctrgnl(I@NSaErﬁl POS ):
7 3R 4§88, P55, 51k, 52 678.07; found 679.0 (M+H).

EXAMPLE 72

4-(4-Chloro-2-hydroxybenzyl)-3-(4-chlorophenyl)-7-iodo-1-[2-(2-methoxy-
ethoxy)ethyl]-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione

Cl

"H NMR (400 MHz, CDCls) § 7.95 (d, J = 2.1 Hz, 1H), 7.56 (dd, J = 2.2 Hz,
8.6 Hz, 1H), 7.13 (t,J= 8.0 Hz, 2H), 7.07 (4, J= 2.1 Hz, 1H), 6.98 (d, /= 8.6
Hz, 2H), 6.82 (dd, J = 2.1 Hz, 7.9 Hz, 1H), 6.59 (dd, J = 1.0 Hz, 8.8 Hz, 2H),
5.51 (s, 1H), 5.41 (d, J = 15.0 Hz, 1H), 5.33 (s, 1H), 4.41 (d, 15.0 Hz, 1H),
4.05-4.11 (m, 2H), 3.92-3.99 (m, 1H), 3.76-3.69 (m, 1H), 3.64-3.56 (m, 2H),
3.54-3.48 (m, 2H), 3.37 (s, 3H). Mass spectrum (LCMS, ESI pos.): Calcd for
Cy7H25CpIN2Os5: 654.02; found 654.8(M+H).



8.5 Hz, 1H), 7.28 (d, J= 8.1 Hz, 1H), 6.92 (m 3H),
6.76 (m 3H), 6.57 (dd, J = 2.1 Hz, 8.4 Hz, 1H), 6.27

WO 004@96134. 3 Hz, 1H), 5.31 (s, 1H), 4.63-4.55 par/USZbi/012240

3.82-3.73 (m 1H), 3.60-3.54 (m 2H), 3.53-3.45 (m
2H), 2.69-2.61 (m 1H), 2.46-2.34 (m 3H), 2.27-2.19
(m 2H), 1.75 (s, 3H). Masgispectrum (LCMS, ESI
pos.): Calcd for C29H29C121N403: 678.07; found

678. 9( MtH) . EXAMPLE 74

4- (2- Am no- 4- chl or obeezyl ) - 3- (4- chl or ophenyl ) - 7-i odo- |

-[3-(4- et hyl -
pi perazin-1-yl)propyl]- 3 2 A)Lh d”ro | H benzo [e] [ 1, 4]
di azep| ne- 2, 5-di one WD 2004/ 096134 PCT/ US2004/ 012240

20 C_. ON
cﬂxi@)l -@-Amgro- Mhﬁjev@nﬂ%éﬂ]ﬁﬁ 3%*' 6@10{@5}611@2 W‘io-
8,46 3 Y (m’
o mOgpghingy <Ay i R B el b 2.5
6.77 (d, J = 2.1 Hz, | H, &57 (dd, J = 2.1 Hz, 7.9
Hz 1H), 5.50 (s, 1H), 5.134d, J = 14.4 Hz , 1H),
4.73 (d, J = 14.6 Hz 1H), 4 :
3.81-3.70 (m 1H), 3.37 (s >~ZHrnHZ 10272(m 11H),
1.63-1.85 (m 2H). MassOspectrum(LCIVS ESI pos.):
Cal cd for C30H32C 2 91"'1;  found 692.0 (MtH) .
EXAVPLE 75 "
5-(2-Al |l yl oxy- 4-chl orgbe Xg chI or ophenyl ) -7-
iodo-I -[2-(2- net hoxyetif‘b et hyI] -1 3 -di hydrob

enzo [e] [ 1,4] diazepiny2-one WO 2004/ 096134
PCT/ US2004/ 012240 (——N

o)

'H NMR (400 MHz, CDCl3) & 7.86 (d, J = 2.1 Hz, 1H), 7.58 (dd, J= 2.1 Hz,
8.5 Hz, 1H), 7.28 (d, J = 8.1 Hz, 1H), 6.92 (m, 3H), 6.76 (m, 3H), 6.57 (dd, J
= 2.1 Hz, 8.4 Hz, 1H), 6.27 (q, J = 7.3 Hz, 1H), 5.31 (s, 1H), 4.63-4.55 (m,
1H), 3.82-3.73 (m, 1H), 3.60-3.54 (m, 2H), 3.53-3.45 (m, 2H), 2.69-2.61 (m,
1H), 2.46-2.34 (m, 3H), 2.27-2.19 (m, 2H), 1.75 (s, 3H). Mass spectrum
(LCMS, ESI pos.): Caled for CaHp9ClLIN4O3: 678.07; found 678.9(M+H).

EXAMPLE 74

4-(2-Amino-4-chlorobenzyl)-3-(4-chlorophenyl)-7-iodo-1-[3-(4-methyl-
piperazin-1-yl)propyl]-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione



-121 C q00'--~'// 1 -N- O )NOO | H NW (400

O
, 1H), 7.86 (dd, J =

MHz, CDC13) b 8.01 (d, J = 2.1 Hz

wWQ2M4M6134 8. 5 Hz, 1H), 7.58-7.47 (m 3H), 7.42r@1/8BSD04/012240
(m 3H), 6.96 (dd, J= 1.9 Hz, 8.1 Hz, 1H), 6.92 (d,
J=1.9 Hz, 1H), 6.13-6.02 (m 1H), 5.51-5.31 (m 4H),
4.67 (s, 1H), 4.63 (m 2ihg_4.12-4.02 (m 1H),
3.97-3.89 (m 1H), 3.87-3.79 (m 1H), 3.66-3.59 (m
1H), 3.58-3.54 (m 2H), 3.51-3.45 (m 2H), 3.36 (s,
3H). Mass spectrum (LCMV5, S pos.): Calcd for

C30H29C 21 N205 : 694.05; f
76 4-(2- Am no-4-chl or obe
- (4-chl orophenyl ) - 7-i odo- 3x4"diNy,dr o-1 H benzo [ €]

[1, 4] di azepine-2,5-diong C1 )] ONH2 /Cl Na NN HO
WO 2004/ 096134 PCj/ 0 12240, -122 1H NWMR (400
MHz, CDCl3) S 8.74 1H), z@ 1 1H), 7.56 (dd, J=
1.9 Hz, N

O

2

'H NMR (400 MHz, CD;0D) § 7.83 (d, J= 2.1 Hz, 1H), 7.63 (dd, J = 2.1 Hz,
8.6 Hz, 1H), 7.20 (d, J = 7.9 Hz, 1H), 7.07-7.02 (m, 2H), 6.95 (d, J = 8.8 Hz,
1H), 6.85-6.80 (m, 2H), 6.77 (d, /= 2.1 Hz, 1H), 6.57 (dd, J=2.1 Hz, 7.9 Hz
1H), 5.50 (s, 1H), 5.13 (d, J= 144 Hz , 1H), 4.73 (d, J=14.6 Hz 1H), 4.44-
4.32 (m, 1H), 3.81-3.70 (m, 1H), 3.37 (s, 2H), 2.10-2.72 (m, 11H), 1.63-1.85
(m, 2H). Mass spectrum (LCMS, ESI pos.): Caled for C30H32CLIN5O,: 691.1;
found 692.0 (M+H).

EXAMPLE 75

5-(2-Allyloxy-4-chlorobenzyloxy)-3-(4-chlorophenyl)-7-iodo-1-[2-(2-
methoxyethoxy)ethyl]-1,3-dihydrobenzo[e][1,4]diazepin-2-one



8.3 Hz, I H, 7.12-7.69 (m 3H), 6.91-6.81 (m 2H),

6.71 (d, J= 1.9 Hz, 1H), (dd, J = 1.9 Hz,79|—|z 1
woR004096E24 (d, J = 8.3 Hz, 1 H), 5.5 (d, J = 14P6I/HZ2004/012240

H, 4.93 (s, 2H), 4.34 (d, J= 15.0 Hz, 1H). EXAMPLE

77
4-[1-(3- Am no-4-chl or ophenyjyp et hyl ] - 3- (4- chl or ophenyl )
-7-io0do- 3, 4-di hydro- 1H benzo [e] [ 1, 4]

di azepine-2,5-dione  NH2 ON HO'H NWR (400 Mz,
CD3CD) S 8.06 (d, J = .1 Hz, 1H), 7.85 (s, 1H), 7.49
(dd, J—21Hz, 8.3 Hz H, 7.22 (d, J =8.1 Hz, 1
H), 02( 1 H, 6.9 =/8.5 Hz, 2H), 6.91
(dd, J= 1.9 Hz, 8 3 Hz, t]>/es\£(m 2H). 6.43 (d,
J:83 Hz, 1H), 64063(m 1H), 5.31 (s, 1H, 1.7
(d, J =7.3 Hz, 3H). Mas spectrum (LCMS, ESI pos.):
Cal cd for C23H18C1Rl 2 4.98- found 565.5 (MtH).
EXAMPLE 78 cl

4- Benzyl - 7- br ono- 3- ( -1-met hyl -1, 4- benzo
di azepi ne-2, 5- di one WO Z00d@/ 096134 PCT/ US2004/ 012240
-123- 0 Br N--d N O IH NWR (400 Mz, CDC13) 6 3.43
(s, 3H), 4.65 (d, J= 1494 Hz, 1H), 5.38 (d, J = 14.4
Hz, 1 H), 5.47 (s, 1 H),\6.60 (dd, J = 8.4 Hz, 1.2 Hz,
2H), 6.75 (d, J =

o~
'H NMR (400 MHz, CDCl;) § 8.01 (d, J = 2.1 Hz, 1H), 7.86 (dd, J= 2.1 Hz,
8.5 Hz, 1H), 7.58-7.47 (m, 3H), 7.42-7.330 (m, 3H), 6.96 (dd, /= 1.9 Hz, 8.1
Hz, 1H), 6.92 (d, J= 1.9 Hz, 1H), 6.13-6.02 (m, 1H), 5.51-5.31 (m, 4H), 4.67
(s, IH), 4.63 (m, 2H), 4.12-4.02 (m, 1H), 3.97-3.89 (m, 1H), 3.87-3.79 (m,
1H), 3.66-3.59 (m, 1H), 3.58-3.54 (m, 2H), 3.51-3.45 (m, 2H), 3.36 (s, 3H).
Mass spectrum (LCMS, ESI pos.): Caled for C30H20CLLIN, 05 : 694.05; found
694.9 (M+H).

EXAMPLE 76

4-(2-Amino-4-chlorobenzyl)-3-(4-chlorophenyl)-7-iodo-3,4-dihydro-1H-
benzo[e][1,4]diazepine-2,5-dione

Cl



8.8 Hz, 1H), 6.96 (d, J = 8.8 Hz, 2
4H), 7.48-7.51 (m 2H), 7.80 (d, J 2.
wokwg/osqaect rum (LCVS, ESI pos.): lcd fo
C23H18Br CLN2Q2: 468; found: 469 (M + H)+. EXAMPLE 79
7- Brono- 3- (4- chl orophenyl ) - 1- net hyl - 4- ( 1- phenet hyl ) -1,
4- benzodi azepine- 2,5-dianp20- Br N\ / N O Mass
spectrum (LCVMS, ESI pos.): Calcd for C24H203rC1N202
482; found

DI IO ST s T b R 54 (¥ =510 ¥z
SbosTha B AL Sl BAEP tis R RN BN Ry

I\{ddHf=91 }Hulvm 20 OHME252 @w@&tﬁﬁzslﬂ)oeﬁ (@dy =1 .5H8, Hi),
9 (q, J =6.8
14% (s, QH9>14%4 @h?mﬁﬂ%lﬁé 67 ( 5 i

H, 7.28-7.41 (m
4 Hz, 1H).
r PCT/US2004/012240

-l> QII

d J =84 H, 1H,
6.77-6.81 (m 3H), 7.08 (d, J = 8.8 Hz, 2 H), 7.26 (d,
J =8.0 Hz, 1H), 7.59 (dd, J—88Hz, J =20 He,
1H), 7.79 (d, J = 1.6 BXAMPHE7710.98 (br s, 1H).

4-[1-(3-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-3,4-dihydro-
1H-benzo[e][1,4]diazepine-2,5-dione

Cl
NH; )
O
I N
Cl
N
H O

'"H NMR (400 MHz, CD;0D) & 8.06 (d, J = 2.1 Hz, 1H), 7.85 (s, 1H), 7.49
(dd, J=2.1 Hz, 8.3 Hz, 1H), 7.22 (d, J= 8.1 Hz, 1H), 7.02 (s, 1H), 6.97 (d, J
= 8.5 Hz, 2H), 6.91 (dd, J= 1.9 Hz, 8.3 Hz, 1H), 6.66 (m, 2H), 6.43 (d, /= 8.3
Hz, 1H), 6.40-6.36 (m, 1H), 5.31 (s, 1H), 1.7 (d, J = 7.3 Hz, 3H). Mass
spectrum (LCMS, ESI pos.): Caled for CpHisCLIN3Oz: 564.98; found 565.5
(M+H).

EXAMPLE 78

4-Benzyl-7-bromo-3-(4-chlorophenyl)-1-methyl-1,4-benzodiazepine-2,5-

dione



Mass spectrum (LCVS, ESI pos.): Calcd for

C23H18C121N302: 565; found: 566 (M + H)+. EXAMPLE 81
w@2(04/0eBor ophenyl ) - 4- [ PCT/US2004/012240

1-(4-chloro-2-nitrophenyl)ethyl]-7-iodo- | -[2-(4-

nmor phol i no) et hyl] -1, 4-benzodi azepine-2, 5 -dione C

N2 ONC NO 5NC) —-02BH NWR (400 MHz, CDC13) S

1.81 (d, J =6.8 Hz, 3H), 2.23-2.28 (m 2H), ‘

2.37-2.46 (m 3H), 2.59-2.66 (m 1H), 3.54-3.63 (m

5H), 4.44-4.51 (m 1H), § (s, 1H), 6.57-6.70 (m

4H), 6.94 (d, J= 8.4 Hz, 2 7.44 (dd, J= 8.8 Hz,

2.0 Hz, 1H), 7.55 (dd, .4 Hz, 2.0 Hz, | H), 7.63

(d, J=8.0 Hz, | Hps < 2.0 Hz, | H), 7.96

(d, J = 2.0 Hz, 1H). aCVS, ESI pos.):

Cal cd for 029H27012I M5! nd: 709 (M+ H+. WO
2004/ 096134 PCT/ US2004/ 01224 -125 EXAI\/PLE 82

Sﬁﬁxﬁgkﬂg @gﬁ‘fféé?r")hﬂ%)(s b B3 a2 11 2RRsny B ¢4,
(poypiiz YH%I sy Ao eny b PaRPR- d.4 ¥4 Y3l BE I A1R6IA (d, J =
sodi um sal t
8.8 Hz, 1H), 6.96 (d, J 8.8 Hz, 2H), 7.28-7.41 (m, 4H), 7.48-7.51 (m, 2H),
7.80 (d, J = 2.4 Hz, 1H). Mass spectrum (LCMS, ESI pos.): Caled for

Co3H;sBrCIN,Os: 468; found: 469 (M + H)".

EXAMPLE 79

7-Bromo-3-(4-chlorophenyl)-1-methyl-4-(1-phenethyl)-1,4-benzodiazepine-
2,5-dione

Mass spectrum (LCMS, ESI pos.): Calcd for Cy4H,BrCIN,O,: 482; found:
483 (M +H)".

EXAMPLE 80

1,3-Dihydro-4-[1-(2-amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-

1,4-benzodiazepine-2,5-dione



-C OO0 ™ a)

(35)-3-(4-Chl orophenyl)-4-[(R)-1-(4-chl orophenyl) et hyl
WO 20040pr16pyn- | -yl ) - 1, 4- benzodi azepi ne- 2, 5- di OPET/US2004/012240

Propyne (2 nlL) was condensed in a sealed tube at -78

C.. Then, (3S)-3-(4-

Chl orophenyl ) -4-[(R) - 1- (4=ab4#er ophenyl ) et hyl ] - 7i odo- 1,

4- benzodi azepi ne-2,5- dione (200 ng, 0.362 nmol),

copper iodide (15 ng, 0.0488 nmol),

di chl orobi s(tri phenyl phosphi ne) pal I adi um (11) (39ny,

0. 0556 nmmmol ), triethyla (2 m.), and acetonitrile

(4 nm.) were added. The se- el t™be was closed and the

reacti on m xture was allomed warmup to room

tenperature. After_1 action m xture was
cooled to -78 C and 1 seal-o >-(%as opened and
all oned to warm up t-\~a~g1 e ture under vi gorous
stlrrlng Then, sol vent siiweee evaporated in vacuo and

*ﬁh@%éﬁ%&%ﬁ%ﬁﬁﬁéﬁ% D1 (G OB GRATES AP, ST

C@m%c 9%q, q&@rzd H§?1}§)ohlsd d%@wm %%%(d JH S\Wﬁz( 4I%I§)
5674-4.81 (111H§5H)=67 0% (4. =38 Hz;ﬂ HD), 7146)% J& &9 1&2 68 1) &159

S P23 By 2 T3l 1B 7700 =6 Yo 0 S (b g

81\&15&'% eciiohn (LGMS, ESIL pok.)=Calc f&i2C,; HIDLINGO L 566 pfousd: 566

Ng s spectrum (LCM5, ESI pos.): Calcd for
cﬁ &12N202: 463; found: 464 (M+ H+. WO
2004/ 096134 PCT/ US2004/ 012240 -126 b)
5-[(3S)-3-(4-Chl orophenyl)-4-[(R)-1-(4-chl orophenyl ) et
hyl ] - 2, 5- di oxo- 7- EXAMPLE 81
(propyn-1-yl)-1, 4-benzodi azepin-1-yl]valeric acid
sodiumsalt The title conmpound was prepared (58% from
( %5(%'1 %ﬁllé’ﬁor ggﬁ}gfn@-lﬂh—?méh]b]rﬁ,?[r%ﬂphenyl)ethyl] -7-iodo-1-[2~(4-

y

qurpllQImODﬁt bdidabengpdiazepitg-4p e fol | owi ng
successively the general procedure for the al kyl ation
of di azepi nes

Cl

-

'H NMR (400 MHz, CDCls) & 1.81 (d, J = 6.8 Hz, 3H), 2.23-2.28 (m, 2H),
2.37-2.46 (m, 3H), 2.59-2.66 (m, 1H), 3.54-3.63 (m, 5H), 4.44-4.51 (m, 1H),
5.42 (s, 1H), 6.57-6.70 (m, 4H), 6.94 (d, J = 8.4 Hz, 2H), 7.44 (dd, J = 8.8 Hz,
2.0 Hz, 1H), 7.55 (dd, J = 8.4 Hz, 2.0 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.86
@, J = 2.0 Hz, 1H), 7.96 (d, J = 2.0 Hz, 1H). Mass spectrum (LCMS, ESI
pos.): Caled for CagHy7ClLIN4Os: 708; found: 709 (M + H)'.



at position 1, followed by exanple 1, step b. 'H NMR
(400 MHz, CDC13) 8 1.60-1.74 (m 7H), 2.02 (s, 3H,

wWQ2®4/09d134 J = 6.8 Hz, 2H), 3.64-3.71 (m 1H), PCT/US2004/012240

4.27-4.34 (m 1H), 5.31 (s, 1H), 6.42 (q, J= 6.8 Hz,
1H), 6.46-6.49 (m 2H), 6.76 (d, J =8.4 Hz, 1 H),
6.87 (d, J = 8.4 Hz, 2H), -A42%6 (dd, J = 8.4 Hz, 2.0
Hz, 1H, 7.29 (d, J =8.4 Hz, 2H), 7.48 (d, J = 8.8
Hz, 2H), 7.67 (d, J =2.0 Hz, 1H), 7.90 (br s, 1H).
Mass spectrum(LClVS ESI pos.): Calcd for
C31H28C12N204: 562; %]\W M+ H)+. EXAWPLE 83
4-[ 1- (2- Am no- 4- chl or ophen et hyl ]-3-(4-chl orophenyl)
-7-io0do- | -[2-(2-

ol RGOk ettt Kl Rl e et Sy 775

64 4
‘ép7 oﬂgrr7gflﬁ1 h!'%f@geé%ﬂ?ﬁy&%aleﬁ&"ﬁm% g?éﬂmgséh4 Ogm( ” H,

4.17- 4.24 (m 1 H), 477(br s, 2H), 5.27 (s, 1
I—I),627(q J =6.8 Hz, 1 6,62 (dd, J= 8.4 Hz,
2.4 Hz, | H, 6.66-6.70 (m ,6.90(d, J= 8.4 Hz,
oH), 6.97 (d. J = 8.8 Hz, d , 7.21 (d, J= 8.4 Hz, |
Hy, 7.48 (dd, J= 8 Hz, 2. = | H, 7.90 WO
2004/ 096134 PCT/ US200 40\ - d] J = 2.0 Hz,
1H). Mass spectrum (L Sl Cal ed for

H +. WO

C28H28C12] N304: 667 found V688 (M +
2004/ 096134 PCT/ US2004/ 0122[{0/\/2

)
a) (35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7-(propyn-1-yl)-

1,4-benzodiazepine-2,5-dione

Propyne (2 mL) was condensed in a sealed tube at =78 °C. Then, (3.5)-3-(4-
Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)ethyl]-7iodo-1,4-benzodiazepine-2,5-
dione (200 mg, 0.362 mmol), copper iodide (15 mg, 0.0788 mmol),
dichlorobis(triphenylphosphine)palladium (II) (39mg, 0.0556 mmol),
triethylamine (2 mL), and acetonitrile (4 mL) were added. The sealed tube was
closed and the reaction mixture was allowed warm up to room temperature.
After 12 h, the reaction mixture was cooled to —78 °C and the sealed tube was
opened and allowed to warm up to room temperature under vigorous stirring.
Then, solvents were evaporated in vacuo and the residue was iouriﬁed by
column chromatography on silica (EtOAc/Hexanes, 1:1) to give the title
compound as colorless solid (150 mg, 89%): '"H NMR (400 MHz, CDCl;) &
1.73 (d, J = 7.1 Hz, 3H), 2.06 (s, 3H), 5.24 (s, 1H), 6.49 (q, /= 7.1 Hz, 1H),
6.62-6.65 (m, 3H), 6.93 (d, J = 8.4 Hz, 2H), 7.20 (dd, /= 8.0 Hz, J=2.0 Hz,
1H), 7.33 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.8 Hz, 2H), 7.79 (d, J = 2.0 Hz,
1H), 8.57 (br s, 1H). Mass spectrum (LCMS, ESI pos.): Caled for
CyH20CLN,Oy: 463; found: 464 (M + H)*.



-128 EXAMPLE 84
4-[ (R) - 1- (2- am no- 4-chl orophenyl )ethyl]-(3 S)-3
WO ¢eb4odd164 ophenyl ) - 7-i odo- | - PCT/US2004/012240
[ 2- (2- et hoxyet hoxy) et hyl] -1, 4-benzodi azepine-2, 5
-dione d \ N2 ON NO O- O  Mss spectrum
(LCMS, ESI pos.): Calcd fo26028l—|28C121N304 667;
found: 668 (M + H)+. EXAVPLE 85
(3R -4-[(S)-1-(2-am no- 4- chI orophenyl )ethyl]-3
- (4-chl orophenyl ) -7-i odo- -

PSS S e s Ry
]S(g%n lggg 1Wﬁnﬁ>i1@éé§%%%ga§§8 HeRGbAihBed: 667,
The title compound was prepared (58%) from (3S)-3-(4-chlorophenyl)-4-[(R)-
1-(4-chlorophenyl)ethyl]-7-(propyn-1-yl)-1,4-benzodiazepine-2,5-dione
following successively the general procedure for the alkylation of diazepines
at position 1, followed by example 1, step b. '"H NMR (400 MHz, CDCls) &
1.60-1.74 (m, 7H), 2.02 (s, 3H), 2.37 (t, J = 6.8 Hz, 2H), 3.64-3.71 (m, 1H),
4.27-4.34 (m, 1H), 5.31 (s, 1H), 6.42 (q, J = 6.8 Hz, 1H), 6.46-6.49 (m, 2H),
6.76 (d, J= 8.4 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H), 7.16 (dd, J= 8.4 Hz, 2.0 Hz,
1H), 7.29 (d, J = 8.4 Hz, 2H), 7.48 (d, J= 8.8 Hz, 2H), 7.67 (d, J = 2.0 Hz,
1H), 7.90 (br s, 1H). Mass spectrum (LCMS, ESI pos.): Caled for
C31HagCLN,O4: 562; found: 563 (M + H)".

EXAMPLE 83

4-[1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl!)-7-iodo-1-[2-(2-
methoxyethoxy)ethyl]-1,4-benzodiazepine-2,5-dione

Cl

'H NMR (400 MHz, CDCls) § 1.75 (d, J = 6.8 Hz, 3H), 3.36 (s, 3H), 3.54-
3.64 (m, 4H), 3.71-3.76 (m, 1H), 3.85-3.90 (m, 1H), 3.97-4.03 (m, 1H), 4.17-
424 (m, 1H), 4.77 (br s, 2H), 5.27 (s, 1H), 6.27 (q, J = 6.8 Hz, 1H), 6.62 (dd,
J= 8.4 Hz, 2.4 Hz, 1H), 6.66-6.70 (m, 3H), 6.90 (d, J = 8.4 Hz, 2H), 6.97 (d, J
= 8.8 Hz, 1H), 7.21 (d, J = 8.4 Hz, 1H), 7.48 (dd, /= 8.4 Hz, 2.0 Hz, 1H), 7.90



4-[ 1-(2- Am no-4-chl orophenyl)ethyl]-3
-(4-chl orophenyl)-7-iodo- | -[2-(4-
woreroplogd1dho) et hyl ] - 1, 4- benzodi azepi ne- 2, 5- di onBCTMIS2004/012240
2004/ 096134 PCT/ US2004/ 012240 -129- G NH2 ONC
VN~ O 0 O'H NWR (400 M1z, CDC13) 6 1.76 (d, J = 7.1
Hz, 3H), 2.26-2.31 (m 2%&4272.42-2.50 (m 3H)
2.60-2.66 (m 1H), 3.53-3.70 (m 5H), 4.48-4.55 (m

) 5T TSl s 6ok s
‘%PEE&TZH*‘E&? PRI ) e

J=2.0 Hz, Mass spectrum (LCNB ESI pos.):

Cal cd for C29F99C121NM03 678; found: 679 (M + H)+.
EXAMPLE 87 (3
S)-4-[(R)-1-(2- Am no-4-chl orophenyl )ethyl]-3

-(4-chl orophenyl )-7-iodo- | -

[ 2- (4- nor phol i no) et hyl ]-1, 4- benzodi azepi ne- 2, 5-di one
ad NH2 ONdJd VN



0O O Mass spectrum (LCMS, ESI pos.): Calcd for

C29H29C121N403: 678; found: 679 (M+ H+. W
wQo@4/0086434 PCT/ US2004/ 012240 -130 EXAVPLE 8BCT/US2004/012240

(3R)-4-[(S)-1-(2-am no-4-chl orophenyl )ethyl]-3-(4-chlo

rophenyl)-7-iodo-1 - ‘

[ 2- (4-nor phol i no) et hyl ] - 1-42Benzodi azepi ne- 2, 5-di one

A NHz Onn N,nn\ / C NO CNO Mass spectrum

(LCMS, ESI pos.): Calc 9C121N403: 678;
found: 679 (M + H)+. %%M@ggg

3-(4-Chl orophenyl )-4-[1-(2, 6-di chl oro-3-pyridyl)ethyl]
-7-i0do-1, 4- benzodi azepine-2,5-dione d N \ d O
4-[(R)~1-(2-amino-4-chlorophenyl)ethyl]-(3S)-3-(4-chlorophenyl)-7-iodo-1-

[2-(2-methoxyethoxy)ethyl]-1,4-benzodiazepine-2,5-dione

Cl

Mass spectrum (LCMS, ESI pos.): Calcd for CogH,5C1,IN3O4: 667; found: 668
M +H)".
EXAMPLE 85

(3R)-4-[(S)-1-(2-amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-1-
[2-(2-methoxyethoxy)ethyl]-1,4-benzodiazepine-2,5-dione

Mass spectrum (LCMS, ESI pos.): Caled for CygHpgClLIN3O4: 667; found: 668
(M + H)".
EXAMPLE 86

4-[1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-1-[2-(4-
morpholino)ethyl]-1,4-benzodiazepine-2,5-dione



N_\V/ d NHO'"'HNW (400 Mz, DVsO-d6) 6 1.69 (d,

J =6.8 Hz, 3H), 5.28 (s, 1H), 6. 09 (g, J =6.8 Hz, 1
WoOHR00409E 34 (d, J =84 Hz, | H, 6.87 (d, J = 8PdI/HZ2004/012240

oH), 7.20 (d, J= 8.8 Hz, 2H), 7.55-7.59 (m 2H), 7.78

(d, J= 2.0 Hz 1H), 8.21 (d, J=8.0 Hz, 1H), 10.9 (s,
1H). Mass spect rum (LCVS, —-B3b pos.): Calcd for
C22H15C131 N302: 585; found: 586 (M+ H)+. WO

2004/ 096134 PCT/ US2004/ 01240 -131 EXAMPLE 90

1, 3-Di hydro-4-[ 1- (2-am no-¥%-chl orophenyl )et hyl ]-3-(4-c
hl or ophenyl ) - 7-i odo-
1-met hyl - |, 4- benzodi azepi

S5ione cl NH2 ONV

cl N O 1H NVR (400 M, 3) 8 1.75 (d, J= 6.8 Hz,
3H), 3.46 (s, 3H), 5.34 (31 5.95 (g, J = 6.8
Hz, 114), 6.55 (d, J T4 6.61 (d, J =8.8
Hz, 1H), 6.88-6.91 7.80/7.32 (m 2H), 7.53

1H). Mass spectrum (LCVS, N\ESI pos.): Calcd for
C24H200 21 N302: 579 f oun 580 (M + H)+. EXAMPLE 91
1,3 -Di hydro-4- g
1-(2-acetyl am no 4-chl or gﬁnyl)et hyl] -3

- (4-chl or ophenyl ) -

'H NMR (400 MHz, CDCl;) & 1.76 (d, J = 7.1 Hz, 3H), 2.26-2.31 (m, 2H),

2.42-2.50 (m, 3H), 2.60-2.66 (m, 1H), 3.53-3.70 (m, 5H), 4.48-4.55 (m, 1H),
4.74 (br s, 2H), 5.28 (s, 1H), 6.28 (q, J= 7.1 Hz, 1H), 6.60 (dd, /= 8.8 Hz, 2.4
Hz, 1H), 6.66-6.69 (m, 3H), 6.89 (d, J= 8.4 Hz, 2H), 7.21-7.19 (d, /= 8.4 Hz,
1H), 7.48 (dd, J = 8.4 Hz, 2.0 Hz), 7.93 (d, J= 2.0 Hz, 1H). Mass spectrum
(LCMS, ESI pos.): Calcd for Cy9H29ClLIN4O;5: 678; found: 679 (M + H)+.

(dd, J= 8.8 Hz, 2.0 Hz, 1%,07.9701 J =20 H,

EXAMPLE 87

(35)-4-[(R)-1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-1-
[2-(4-morpholino)ethyl]-1,4-benzodiazepine-2,5-dione

Cl

-

Mass spectrum (LCMS, ESI pos.): Caled for CaoH9ClIN4O3: 678; found: 679
M +H)".



7-10do-1, 4-benzodi azepine-2, 5 -dione C O NH O1I /
N acl NHOAcetyl chloride (15 L, 0.212 nmol) was
w@odweddas4 0 C under argon to a solution of PCT/US2004/012240
1, 3- dhydr o- 4-[ 1- (2- ami no- 4- chl or ophenyl ) et hyl ] - 3- (4-
chl orophenyl ) -7-i odo- 1, 4- benzodi azepi ne- 2, 5-di one (100
mg, 0.177 mmol), in tetr_eiabgrofuran (5 nm) and
chl oroform (5 nL). Then, tfrethylamne (30 L, 0.21
mol ) was added drop wi se and the reaction m xture was
all owed warm up to rdXAMBRRIR8&t ure. After 30
m nutes, the solution was concentrated under WO
2004/ 096134 PCT/ US2004/ 012240 -132 reduced pressure
gﬁ‘lg)-&-mﬁ)!16-‘@'-Qﬁﬁmgm&l&%bh&ﬂﬂ)%ﬁ@ubﬂmmm@muﬂwab_&w-
na | sodi um bi car bonat €.” O'gani ¢ | ayer was dried
(D254 pholimotiny i debenaodiazepine-2.&sliange was purified by
col utm chr omat ography to give the title conpound (49
ng, 45% as a colorless powder: 'H NVR (400 MHz,
CDC13) 6 1.81 (d, J = 698 Hz, 3H), 2.44 (s, 3H), 5.33
(s, 1 H, 6.37 (q, J = 6. , 1 H, 6.47 (d, J = 8.4

Hz, 2H), 6.55 (d, J = 8. d,H, 6.98 (d, J = 8.4
Hz, 2H), 7.03 (dd, J = & , 2.0 Hz, 1H), 7.36 (d,
J =8.4 H, 1H), 7.59 (dg, S 8.4 Hz, 2.0 Hz, | H),
7.98 (d, J= 2.0 HZ! r s, 1H), 8.54 (d, J=
2.0 Hz, 1H), 9.94 ( gctrum (LCVS, ESI
pos.): Calcd for C25 — 607; found: 608 (M +
H) +.

Mass spectrum (LCMS, ESI pos.): Caled for Cy0H0C1LIN4O3: 678; found: 679
M+ H)'.

EXAMPLE 89

3-(4-Chlorophenyl)-4-[1 -(2,6-dichloro-3-pyridyl)ethyl]-7-iodo-1,4-

benzodiazepine-2,5-dione

'H NMR (400 MHz, DMSO-de) & 1.69 (d, J = 6.8 Hz, 3H), 5.28 (s, 1H), 6.09
(g, J = 6.8 Hz, 1H), 6.59 (d, J= 8.4 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H), 7.20 (d,
J= 8.8 Hz, 2H), 7.55-7.59 (m, 2H), 7.78 (d, J = 2.0 Hz, 1H), 8.21 (d,J/=28.0
Hz, 1H), 10.9 (s, 1H). Mass spectrum (LCMS, ESI pos.): Caled for
CyoH1sCL3IN3O;: 585; found: 586 (M + H)".



1-(2-azido-3-pyridyl)eth
wda 2eb4/0@Br odi azepi ne- 2, 5-
1H NMR (400 MHz, CD30OD)

EXAMPLE 92 1, 3-Di hydro-4-]
yl
di
8

5.06 (s, 1H), 6.50 (d, J =
@
7

]-3-(4-chl orophenyl)-7-i odo-
ione ~N N3 O N\ / EIT/UBR0BI/@2240
1.94 (d, J= 6.8 Hz, 3H),
8.4 Hz, 1 H, 6.85 (q, J =
1 12H), 7.19 (d, J = 8.8 Hz,
2H), 7.45 (t, J= 7.0 Hz, , 7.56 (dd, J= 8.8 Hz, 2.0
Hz, | H, 7.94 (d, J =7.2 Hz, 1H), 8.06 (d, J = 2.4
Hz, | H), 9.12 (d, J =EEAMPEE9% H). Mass spectrum
(LCMS, ESI pos.): Calcd for C22H16Cl1I N602: 559; found:
560 (M + H)+. WD 2004/ 096134 PCT/ US2004/ 012240 -133
1Bgd1%34 -[1-(2-amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-
T1i- Ami no- 4- chl orophenyl )eth I]£ (4-chl or ophenyl)
- 1 [2-(2- net hbm&md>£l,vm 1a]zepme- 3- dlone
7-(propyn-1-yl)-1, 4-benzaedi azepi ne- 2, 5- di one
hydr ochl ori de ci \ / NHZ@. . acl NO '"HNW (400 Mz,
DVSO-d6) 8 1.61 (d, J= 6. N%H), 2.00 (s, 3H), 3.17

6.8 Hz, H, 7.01-7.04

'H NMR (400 MHz, CDCl3) § 1.75 (4, J = 6.8 Hz, 3H), 3.46 (s, 3H), 5.34 (s,
1H), 5.95 (g, J = 6.8 Hz, 1H), 6.55 (d, J = 8.4 Hz, 2H), 6.61 (d, J = 8.8 Hz,
1H), 6.88-6.91 (m, 3H), 7.30-7.32 (m, 2H), 7.53 (dd, J = 8.8 Hz, 2.0 Hz, 1H),
7.97 (d, J = 2.0 Hz, 1H). Mass spectrum (LCMS, ESI pos.): Calcd for
C4H0CLIN;O,: 579; found: 580 (M -+ H)'.

EXAMPLE 91

1,3-Dihydro-4-[1-(2-acetylamino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-

7-iodo-1,4-benzodiazepine-2,5-dione

Cl

Acetyl chloride (15 pL, 0.212 mmol) was added at 0 °C under argon to a
solution of 1,3-dihydro-4-[1-(2-amino-4-chlorophenyl)ethyl]-3-(4-
chlorophenyl)-7-iodo-1,4-benzodiazepine-2,5-dione (100 mg, 0.177 mmol), in
tetrahydrofuran (5 mL) and chloroform (5 mL). Then, triethylamine (30 pL,
0.21 mmol) was added drop wise and the reaction mixture was allowed warm

up to room temperature. After 30 minutes, the solution was concentrated under



(s, 3H), 3.30-3.65 (m 6H), 3.85-3.92 (m 1H),

4.33-4.39 (m 1H), 5.13 (s, 1H), 6.08 (g, J= 6.8 Hz,
wdakho4/066132 (dd, J= 8.4 Hz, 2.0 Hz, 1H), 6.69 (BCT/S2004/612240

Hz, 2H), 6.78 (d, J = 2.0 Hz, 1H), 6.98 (d, J = 8.4

Hz, 2H), 7.20-7.28 (m 3H), 7.40 (d, J = 2.0 Hz, 1H).

Mass spectrum (LCMS, ESI pqgp)- Calcd for

C31H31C12N304: 579; found: 580 (M + H)+. EXAWPLE 94 (3

Vol Bl o e bhor ophen ) 2L I 5 (e T
PSRN O SR RSP i,
PEFIdUS2084p0ifRAASY colifvh dvhsmamgeaphy uongiteCHs, titkeStompound
D08 i ST gt AL Baro o B TS 1 1
0y NI RR) Y 0 ) .-
- $14 Ha, 2o 652 ddi Azt ke, 2H),50.981(dyrle= 8Hyldr.ch), Gr030@d oy =
‘eMHz, FoMz, 18hF 36 (o, 7= 8.4 Hz, 1H), 7.59 (dd, J = 8.4 Hz, 2.0 Hz,
1H), 7.98 (d, J=2.0 Hz, 1H), 8.28 (br s, 1H), 8.54 (d, /=2.0 Hz, 1H), 9.94 (s,
1H). Mass spectrum (LCMS, ESI pos.): Calcd for C,sHyoCLIN:O3: 607;
found: 608 (M + H)".

EXAMPLE 92

1,3-Dihydro-4-[1-(2-azido-3-pyridyl)ethyl]-3-(4-chlorophenyl)-7-iodo-1,4-

benzodiazepine-2,5-dione

'H NMR (400 MHz, CD;0D) & 1.94 (d, J= 6.8 Hz, 3H), 5.06 (s, 1H), 6.50 (d,
J= 8.4 Hz, 1H), 6.85 (q, J = 6.8 Hz, 1H), 7.01-7.04 (m, 2H), 7.19 (d, J = 8.8
Hz, 2H), 7.45 (t, J= 7.0 Hz, 1H), 7.56 (dd, J = 8.8 Hz, 2.0 Hz, 1H), 7.94 (d, J
= 7.2 Hz, 1H), 8.06 (d, J = 2.4 Hz, 1H), 9.12 (d, J = 6.8 Hz, 1H). Mass
spectrum (LCMS, ESI pos.): Calcd for CxH;6ClINgO,: 559; found: 560 (M +
H)*".



CN 1H NWR (400 MHz, CDC13) 8 1.76 (d, J = 6.8 Hz, 3H)

2.02 (s, 3H), 2.22- 2.49 (m 5H), 2.61-2.67 (m 1H),
WQ@283/0%134 (m 5H), 4.49-4.56 (m 1H), 4.76 (BCT/BE0p4/012240

5.27 (s, 1H), 6.30 (g, J = 6.8 Hz, 1H), 6.60 (dd,.J =

8.4 Hz, 2.0 Hz, 1H), 6.66-6.68 (m 3H), 6.83 (d, J =

8.8 Hz, 1H), 6.87 (d, J =83 Hz, 2H), 7.16-7.21 (m

2H), 7.66 (d, J = 2.0 Hz, 1H). Mass spectrum ( LCVB5,

ESI pos.): Calcd for N03: 590; found: 591
(1VI + H)+ EXANPLE ge%ﬁgﬁ?%
S)-4-[(R)-1-(2- Am no- 4- chl orophenyl ) et hyl ] - 3- (4-chl oro

phenyl )-1-[2-(4- norpholino)ethyl]
-F{ (-(2-Amine-H- dﬂdreﬁheﬁybehzﬂdr(aiz@MmEh@stl ~[Z(Zne

Ry R s S G Pt T ERR SRR BB 088, cq

f C12N403: 590 19; found: 591.0 (M+ H + .
E@AI\/%LHE%%?E 4- [ ( K

1- (2- Am no- 4- chl or ophenyl )e hyl ] - 3- (4-chl orophenyl ) - 7-
i odo- 2, 3-di hydro- 1H 1,4-Db i azepin-5-one CI NH2 O
NN H NH;

'f{ NMR (400 MHz, DMSO-dg) & 1.61 (d, J = 6.8 Hz, 3H), 2.00 (s, 3H), 3.17
(s, 3H), 3.30-3.65 (m, 6H), 3.85-3.92 (m, 1H), 4.33-4.39 (m, 1H), 5.13 (s, 1H),
6.08 (g, J= 6.8 Hz, 1H), 6.52 (dd, J= 8.4 Hz, 2.0 Hz, 1H), 6.69 (d, /= 7.6 Hz,
2H), 6.78 (d, J = 2.0 Hz, 1H), 6.98 (d, J = 8.4 Hz, 2H), 7.20-7.28 (m, 3H),
7.40 (d, J = 2.0 Hz, 1H). Mass spectrum (LCMS, ESI pos.): Caled for
Ca1H,CLLN3O4: 579; found: 580 (M + H)".

EXAMPLE %4

(38)-4-[(R)-1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-1 -[2-(2-
methoxyethoxy)ethyl]- 7-(propyn-1-yl)-1,4-benzodiazepine-2,5-dione
hydrochloride

Cl



a)
4-[1-(4-Chl oro-2-nitrophenyl)ethyl]-3-(4-chl orophenyl)
WO Zeodo9a3L, 3- di hydro-1H 1, 4- benzodi azepi n- 5- OPET/BS2004/012240
solution of borane nethyl sulfide conplex (1.68 niL, 2M
in THF) was slowy added to a solution of
4-[1-(4-chl oro- 2- nltrophenxhaethyl] 3-(4-
chlorophenyl) 7-io0do- 1, 3-di hydro-1, 4- benzodi azepi ne- 2,
5-one (500 0.839 mmwol) in anhydrous
{ Moasshes $2BSTmos.): Ehtsd es Gt g N 573 rfowed 580
hg@}egyat 65 Cfor 2 h. Then, the reaction m xture was
at 0 Cand NaOH (10 nm., 3N) was slowy added.
The solvent was evaporated and the residue
partitioned between ice-cold water and ethyl acetate,
dried (Na2SO4), WO 200488MIIE $cT/ US2004/ 012240 - 136
and evaporated. Purification by chromatography on
silica (AcOEt/Hexanes/CH2Cl2, 1:2:1) afforded a
p@V[/‘liQQwAMJﬂO%CM@ﬁ)phéﬂ}ﬂ)ﬁl@ﬂ}éﬁ-(41-’0hloﬁi}ﬂlleny1])-® [Bi(de the
title conpound (370 nq el l o f [id: 1H NWR
( Zephaling) eﬂ@tliﬂ rORYR- 736) M-be!ilzo a%eP}IE 10€113) . 3. 50
( 1H, 3.73 (dd, J = 14 0, 6.4 Hz, 1
H@yd‘%ﬂﬁﬂ?‘% "1 H NH), 4.67 (d, J =6.4 Hz, 1 H),
6. 17 = 6 8 Hz, 1H), 6.72 (d, J = 8.4 Ft 2H) ,
7.07 (d J = 8.4 Hz, 2H), 7 (dd, J = 8.4, 2.0 Hz,
1 H, 7.50 (dd, J = 8.4, 2. Nk H), 7.61-7.64 (m
2H), 8.58 (d, J = 2.0 Hz, 1H\ " Mass spect rum ( LCMVS,
ESI pos.): Calcd fo § 03: 580.9; found:
582.0 (M + H+. b)
4-[1-(2- Am no- 4-chl or op %
-7-i0do-2, 3- dihydro-1 \;nzodlazepln 5 -one 1H

NMVR (400 Mz, CD013)616 ,J—68Hz 3H), 3.60
(d, J= 14.0 Hz, 405 d, = 14.0, 6.0 Hz, 1H),
4.72 (d, J:52Hz 8.8 Hz, 1 H),
6.33 (q, J:68Hz 1H) ;]49(brs 1 H), 6.54 (dd,
J =180 1.6 H, = 8.4 Hz, 2H),

6. ‘ﬁﬁvﬁﬁ’@doﬂM}&HchﬁgZ@ 1(1&1“;518& =68 Hz, 3’2;—153 .59} (s lsﬁ)), 2.22-

8.46 (d, J = S sp ect rum
p@st9 (m G a- 6‘102 67 (123 33-R30: (mséﬁ)o4 dhﬁ%l (msslz‘) @.76

(M 518 397 s, 1H), 630 (g, J = 6.8 Hz, 1H), 6.60 (dd, J = 8.4 Hz, 2.0 Hz,
1H), 6.66-6.68 (m, 3H), 6.83 (d, J = 8.8 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H),
7.16-7.21 (m, 2H), 7.66 (d, J = 2.0 Hz, 1H). Mass spectrum (LCMS, ESI
pos.): Caled for CaHzpClN4Os: 590; found: 591 (M + H)'.

EXAMPLE 96

(35)-4-[(R)-1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-1-[2-(4-
morpholino)ethyl]-7-(propyn-1-yl)-1,4-benzodiazepine-2,5-dione
hydrochloride



EXAVPLE 98
4-[ 1- (2-am no- 6-chl oro- 3-pyridyl ) net hyl ] - 3-(4-chl oroph
we@nyk)p9ed34 odo- | - [ 2- ( 2- PCT/US2004/012240
nmet hoxyet hoxy) et hyl ] -1, 4- benzodi azepi ne- 2, 5- di one
hydrochloride C NNH, ON NO O0\--\OW
2004/ 096134 PCT/ US2004/ 012244)- -137 'H NVR (400 MHz,
CDC13) 8 3.31 (s, 3H), 3.42-3.53 (m 4H), 3.64-3.67
(m 2H), 3.91-3.97 (m | {), 4.31-4.38 (m 1H), 5.00
(dd, J= 33.6, 15.2 Hz, 2H),\ 5.56 (s, 1H), 6.85 (d, J=
7.6 Hz, 1H), 6.86-6.89 (m . 7.10-7.13 (m 3H),
7.64 (dd, J= 8.4, 2.0 Hz, 1Y) N86-7.88 (m 2H). Mass
spectrum (LCV5, ESI pos.)e Calcd for C26H25C121N404:
654. 0; found: 655.8 EXAMPLE 99

4-[ 1- ( 3- Ami no- 4- chl or o@ v @ ogy! ] - 3- (4-chl orop
henyl ) -1-[ 2- (4-
nor phol i no) et hyl ] - 7-i odo- 1,'4-%enzodi azepi ne- 2, 5- di one

met hanesul fonate ClI NH2 OA? NS5NO C) O
(N
D

Mass spectrum (LCMS, ESI pos.): Caled for C3;HzCLN4Os: 590.19; found:
591.0 (M + HY*.

EXAMPLE 97

4-[1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-2,3-dihydro-

1H-1,4-benzodiazepin-5-one
Cl

a) 4-[1-(4-Chloro-2-nitrophenyl)ethyl]-3~(4-chlorophenyl)-7-iodo-2,3-
dihydro-1H-1,4-benzodiazepin-5-one

A solution of borane methyl sulfide complex (1.68 mL, 2M in THF) was
slowly added to a solution of 4-[1-(4-chloro-2-nitrophenyl)ethyl]-3-(4-
chlorophenyl)-7-iodo-1,3-dihydro-1,4-benzodiazepine-2,5-one (500 mg, 0.839
mmol) in anhydrous tetrahydrofuran (25 mL). The resulting solution was
heated at 65 °C for 2 h. Then, the reaction mixture was cooled at 0 °C and
NaOH (10 mL, 3N) was slowly added. The solvent was evaporated and the

residue partitioned between ice-cold water and ethyl acetate, dried (Na;SOy),



'H NMR (400 MHz, CDC13) 8 1.29-1.38 (m 2H), 1.53-1.60
(m 1H), 1.81- 1.86 (m 1H), 3.17-3.29 (m 4H),

W@28Bhd6134 (m 7H), 4.47-4.54 (m 1H), 5.98 (BCT/USP4/012240

6.75 (d, J=8.0 Hz, 2H), 6.86 (d, J= 8.8 Hz, | H),
7.11 (d, J= 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 1 H),
7.33 (d, J =8.0 Hz, 1 H,13642 (s, 1 H), 7.64-7.67
(Eg 1H), )7 83|(d J= 1.6 Hz, 1H). Mass spectrum ( LCVB5,
| pos.): Calcd for C30H29C121 03: 690.0; found: ..
60 O eKPTIgh.  EANEEoR 00 b3 Sybgitogiaphy  on' silica

| g%@om és/@ﬁ!z@fzoﬁ)aeﬂyéﬁ'&ﬁwE]po%fd@ﬂ WhikR veRhehiked fn
2ethdr ﬁl g;eer auz:tmlylc))rr@omxcbelggyhgg ,-70,%) byeliowdisolids thTéMR 608
i one I OC r 4. P 2

M. WCRrD 1 9 U Roe P 5 éﬁ%&dé’%ﬁ%ﬁ“@é@é@;
6(%38 g&'o OF HEFD@HW 42'-J’h9r's ¥H311J @7 @JQB)AL Hz, 1), 6.17
(&, JJ—:6 81Hz,811|&Hz 6.72 () J%S?lez (3D, y q:a)cd §=28.4(ldz, 2D=7.37

65 8¢ ol oo 766607 oSt O, 1. 735170 28

=¢8g0 -1 J MS, B8]
8%8 (cHZJ tl)o HE; Q@I)(%g%sg zpeg%rﬁ (%Z: L?:IVS E%ild))p oCZalc;%Dfor

C&]zﬁ&hscbﬁ‘h%zm ds583-0 ( found 692.0 (M +

H) +. EXAMPLE 101 |

4- (4- Chl or o- 2- et hyl - benzyl ) - 3- (4- chl or o- phenyl )-7-i od
0bh - ( 2-41pr@hAhinb-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-2,3-

dihydro-1H-1,4-benzodiazepin-5-one

"H NMR (400 MHz, CDCl3) § 1.63 (d, J = 6.8 Hz, 3H), 3.60 (d, /= 14.0 Hz,
1H), 4.05 (dd, J = 14.0, 6.0 Hz, 1H), 4.72 (d, /= 5.2 Hz, 1H), 6.12 (d, /= 8.8
Hz, 1H), 6.33 (g, J = 6.8 Hz, 1H), 6.49 (br s, 1H), 6.54 (dd, J = 8.0, 1.6 Hz,
1H), 6.77 (d, J = 8.4 Hz, 2H), 6.95-7.01 (m, 3H), 7.28 (dd, J = 8.4, 2.0 Hz,
1H), 8.46 (d, J = 2.0 Hz, 1H). Mass spectrum (LCMS, ESI pos.): Caled for
C23H,0CLIN;O: 551.0; found: 552.0 (M + H)".

EXAMPLE 98

4-[1-(2-amino-6-chloro-3-pyridyl)methyl]-3-(4-chlorophenyl)-7-iodo-1-[2~(2-
methoxyethoxy)ethyl]-1,4-benzodiazepine-2,5-dione hydrochloride

Cl



yl -ethyl) -3, 4-di hydro- 1H

benzo[e][1, 4] di azepine-2,5-dione NO NO NOdCd W
wQo@4/0086434 PCT/ US2004/ 012240 -139 'H NVR ( 4P0T1/MB04/012240

DMSO-d6) 6 7.95-7.96 (d, J=2.1 Hz, 1H), 7.46-7.52 (m

1H), 7.33-7.36(m 1H), 7.28-7.29 (m 4H), 7.16-7.24

(m 2H), 6.99-7.02 (m 2H)j376.68-6.73 (m 3H),

534540(d J146Hz,1H) 530(3 1H) 468472

( J=14. é—lg) 46-4.56 (m ry

5 NMMGOQMsHZ( 0591)53311\&&%1{%6%4:2 ?)ér’n( %3%36 (m,

Cor 19 Bkl 8RR & T s Ry Fxﬂ%?d?f? S5t 30,
15(5*8&5%);?85@%@@&{2 1@1)hglsg %@h (m, M)l 7 F1L0£)7z 23 (m, 3H),
(ROl = 8 proiin 1. 7 S LD, Mass speaitus (CMEESI
Rpo g Gt AR b %%04%%‘*‘?%?%%*%? =
7.35-7.40 (m 2H), 6.90-6.96 (m 2H), 6.72-6.76 (m

| EXAMPLE 99

4-[1-(3-Amino-4-chlorophenyl)cyclopropyl] -3-(4-chlorophenyl)-1-[2-(4-
morpholino)ethyl]-7-iodo-1,4-benzodiazepine-2,5-dione methanesulfonate

cl NH

(J

'H NMR (400 MHz, CDCl3) § 1.29-1.38 (m, 2H), 1.53-1.60 (m, 1H), 1.81-
1.86 (m, 1H), 3.17-3.29 (m, 4H), 3.65-4.11 (m, 7H), 4.47-4.54 (m, 1H), 5.98
(s, 1H), 6.75 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 8.8 Hz, 1H), 7.11 (d, /= 8.0 Hz,
2H), 7.21 (d, J= 8.0 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.42 (s, 1H), 7.64-7.67
(m, 1H), 7.83 (4, J = 1.6 Hz, 1H). Mass spectrum (LCMS, ESI pos.): Calcd for
C30Hz0CLIN4O3: 690.0; found: 691.0 (M + H)".

EXAMPLE 100

(3S)-4-[1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-1-[(R)-
2-(1-piperazinyl)-2-oxoethyl]-1,4-benzodiazepine-2,5-dione hydrochloride



.2H), 6.60-6.63(d, J=8.6 Hz, 1H), 6.40-6.48 (m 1H),
5.35-5.36 (s, 1H), 5.00- 5.042 (d, J=16.0 Hz, 1 H),
wa2@2/0%18¢ (d, J=16.1 Hz, 1 H), 3.44-3.8 8 (m POHyS2004/012240
1.71-1.74 (d, J=7.1 Hz, 2H). Mass spectrum (LCVS, ESI
pos.): Calcd forC29H26C12I NBO4: 677.0; found 677.8 (M
+ H). WO 2004/096134 PCT/U$39€04/ 012240 -140 EXAMPLE
103 3 -(S)-(4-Chl oro-phenyl)-4- |
1-(R) - (4-chl oro-phenyl)-ethyl] -7-iodo-I-(2-
nor phol i n-4-yl -ethyl) -3, 4-\di hydro-1 H benzo [ €]
[ 1, 4] di azepi ne- 2, 5-di one N \ONOdOd Od |IH
NVR (400 MHz, DMSO-d6) & R. Y405 (d, J=2.1 Hz, 1H),
7.40-7.48 (m 3H), 7.26-97.30 (m 2H), 6.84-6.88 (m
2H), 6.60-6.68 (d, ,J=8.8 6.46- 6.50 (d, J=7.5
Hz, 2H), 6.36.44(m 5. 30 1H), 4.44-4.54 (m
1H), 4.04- 4.10 (m 3.530-3. 68 (m 5H), 2.58-2.60
(m IH, 2.36-2.46 (m 3H, R.24- 2.28 (m 1H),
1.73-1.75 (d, J=7.1 Hz, o Mass spectrum (LCVS, ESI
pos.): Calcd forC29H28C121 N3(O3: 663.0; found 664.1 (M
+ H). EXAMPLE 104 N
3-(R) - (4-Chl oro-phenyl) 4-ﬁ1- (R) - (4-chl oro-phenyl)-eth
yl]-7-io0do- | -(2- morphd|in-4-yl-ethyl)-3,4-dihydro-1
H: benzol e 1, 4] di azepi ne-2, 5-di 2004/ 34
O B Gho bpas 05 b 1% 61, 7 2, e A 8613 o,
3.88-3.95 (m, 6H), 4.64 (d, J = 16.8 Hz, 1H), 5.05 (d, J= 16.8 Hz, 1H), 5.31
(s, 1H), 6.26 (q, J = 7.0.Hz, 1H), 6.59 (dd, J= 8.4, 2.4 Hz, 1H), 6.79-6.83 (m,
2H), 6.93-7.00 (m, 4H), 7.28-7.30 (d, J = 8.0 Hz, 1H), 7.60 (dd, J = 8.8, 2.4
Hz, 1H), 7.80 (d, J = 2.0 Hz, 1H). Mass spectrum (LCMS, ESI pos.): Calcd

for CaoHpsCloINsO3: 691.0; found: 692.0 (M + H)'.

EXAMPLE 101

4-(4-Chioro-2-methy1—benzy1)—3 -(4-chloro-phenyl)-7-iodo-1-(2-morpholin-4-
yl-ethyl)-3,4-dihydro-1H- benzo[e][1,4]diazepine-2,5-dione

Cl



NO N I 1/ N~~C OC I|HNW (400 M,

DVMSO-d6) S 7.99-8.01 (d, J=2.1 Hz, 1H), 7.28-7.48 (m
W@R04/096188- 7. 10 (d, J=8.6 Hz, 2H), 6.83-6.85 (dPCTES2084/012240

Hz, 2H), 6.59-6.62 (d, J=8.6 Hz, 2H), 6.34-6.40 (m

1H), 5.32-5.34 (s, 1H), 4.04-4.22 (m 2H), 3.42- 3.58

(m 5H), 2.40-2.46 (m 1H)39.20-2.32 (m 3H)

1.58-1.63 (d, J=7.1 Hz, 3H) Mass spectrum (LCI\/IS ESI
pps.): Cal cd for C29H28C121 N3BCB; 66 (M
H—DV)MIEXGLQOFIMIEI%L DYISQ-deS) 704- 1606 6h d—aﬂeﬁ%ﬂ i) 7[46 755 (b,

LR R PR el b 7 £ 78, ot 86627.09 an,
I TN T I EE 1L 160/5500, G472
SRRt . HIy T 46 636t THs3.58-353 (e pEDd 34, SHD-

31%55%3 @gﬁé@@é&@fsg ?]})s ): eg_%@gd'g) &291429@12 91631'@; f@uﬁ@

(664.2)1,+H).92-4.00 (m 2H), 3.80-3.88 (m 1H)
3.68-3.72 (m 2H), 3.44-3.60 (m 4H), 1.70-1.73
(d,J=7.3 Hz, 3H). Mass spectrum (LCM5, ESI pos.):
Cal cd for C28H27C121 N2O&x Aapr.R;10bound 653.3 (M

3-(S)-(4-Chloro-phenyl)-4-[ 1-(R)~(4-chloro-phenyl)-ethyl]-7-iodo-1-(2-
morpholin-4-yl-2-oxo-ethyl)-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-

dione

'H NMR (400 MHz, DMSO-dg) § 7.91-7.92 (d, J=2.1 Hz, 1H), 7.51-7.35 (m,
2H), 7.43-7.46(m, 1H), 7.35-7.40 (m, 2H), 6.90-6.96 (m, 2H), 6.72-6.76 (m,
2H), 6.60-6.63(d, J=8.6 Hz, 1H), 6.40-6.48 (m, 1H), 5.35-5.36 (s, 1H), 5.00-
5.042 (d, J/=16.0 Hz, 1H), 4.02-4.07 (d, J/=16.1 Hz, 1H), 3.44-3.88 (m, 9H),
1.71-1.74 (d, J=7.1 Hz, 2H). Mass spectrum (LCMS, ESI pos.): Calcd
forCaoH6CLLIN304: 677.0; found 677.8 (M + H).



+H). EXAMPLE 106 3-(S)-(4-Chloro-phenyl)-4-[
1-(R) - (4-chl oro-phenyl)-ethyl]-7-(1-

W@ o%1841i no- et hyl ) - 3, 4-di hydro-1 H benzo [ e] PCT/US2004/012240
[1, 4] di azepine-2,5-dione HO 11/ C ) NNOHO C A
sol ution of ,
7-Acetyl -3-(S)-(4-chl oro-_q%n_yl )-4-[1-(R)-(4-chl oro-ph
enyl ) - '
et hyl ] -3, 4-di hydro-1H benzo[ e] [ 1, 4] di azepi ne- 2, 5- di one
(50 ng, 0.11 mmol ), IBpd&NPYIEaIG3ne hydrochl oride salt
(22 ny, 0.33 mmol ), triethylamne (0.074 nL, 0.55
nmmol) in EtOH (0.5 nL) was heated to 80C. After 2 h

@& L ¢ C 11ON_MER o] - tib8oNl@t e

(3 A@g'l(% ;ﬁg:%oréﬁih?é}éﬂg? %e[l\i\la(gf(\@%%b)?(& E%&g% ahgggol brri cr%ns)
anetphslitsl-gpethyl)sd, sdihvetdry Hereazall] [ds4] dezapierP. doliane
Desired bands were scraped off, extracted with MeOH,
filtered and concentrated to give the title conpound
(2.4 ng). 1H NWR (400 DVSO-d6) 6 7.82-7.83 (m
1H), 7.47-7.51 (m 3H){¢ 7\32 (s, 3H), 7.26-7.30 (m
2H), 6.80-6.84 (m 2H}-\6.66-6.70 (d, J=8.4 Hz, 2H),
6.52-6.55 (d, J=8.6 Hz, 2AH), 6.36-6.42 (m WO

2004/ 096134 PCT/ US2004/ (%22460 -143 2H), 5.17 (s, 1H),
1.67-1.71 (d, J=7.3 Hz, Mass spectrum (LCMS, ESI

pos.): Calcd forC25 2 @él found 482.1 (M +
H). EXAMPLE 107 7- 4-
- (4-trifluoronet hoxy- phejyl

p én-l-yl met hyl - 3
1H benzo[ e] [ 1, 4] di azepi ne- 2,

-8, 4- di hydr o-
-dione HO N

Cl

'H NMR (400 MHz, DMSO-dg) § 7.94-7.95 (d, J=2.1 Hz, 1H), 7.40-7.48 (m,
3H), 7.26-7.30 (m, 2H), 6.84-6.88 (m, 2H), 6.60-6.68 (d, J=8.8 Hz, 2H), 6.46-
6.50 (d, J=7.5 Hz, 2H), 6.36.44(m, 1H), 5.30 (s, 1H), 4.44-4.54 (m, 1H), 4.04-
4.10 (m, 1H), 3.50-3.68 (m, 5H), 2.58-2.60 (m, 1H), 2.36-2.46 (m, 3H), 2.24-
2.28 (m, 1H), 1.73-1.75 (d, J=7.1 Hz, 2H). Mass spectrum (LCMS, ESI pos.):
Caled forCaoHasCLIN3Os: 663.0; found 664.1 (M + H).

EXAMPLE 104

3-(R)-(4-Chloro-phenyl)-4-[1 -(R)-(4-chloro-phenyl)-ethyl]-7-iodo-1-(2-
morpholin-4-yl-ethyl)-3,4-dihydro-1H-benzo[e][1,4] diazepine-2,5-dione



| / NOCF3 O C 10 1H NVR (400 MHz, DVBO- d6) &

10. 76-10. 80 (s,

wQ 283408180 (m 2H),

1H), 8.16-8.20 (d,

7.80-7.82 (m 1H),

J=8.0 Hz, 1H),
7. 54- 7. BAT/(183004/012240

J=8.6 Hz,

5H), 7.00-7.20
5.86-6.00 (d,

(m 4H), 6.60-6.64 (d,
J=14.9 Hz, 1H), 5.50 (s, 1H), 5.10-5.16
(d, J=15.1 Hz, 1H). WMass spe¢trum (LCMS, ESI pos.):

Cal cd forC27H18F3I N2O3: 602.0; found 603.3 (M+ H).
EXAMPLE 108 4-Benzo [ 1, 3]

di oxol - 5- yI met hyl - 3- (4-@\; o- phenyl ) - 7-i odo- 3, 4- di hyd
di
3

1H),

ro-1 H benzo[e] [ 1, 4] epine-2,5-dione HO N d
NOO OJ W 2004/0961 PCT/ US2004/ 012240 -144 'H

NVR (400 MHz, DVBO-d6) S 7.91-7.92 (m 1H), 7.55-7.60
(m1H), 7.38- 7.41 (m 1K), @. 25-7.30 (m 3H),
7.10-7.13 (d, J= 8.6 , -7.00 (m 2H),
6.77-6.81 (d, J=7.7 1H), @&@3 (m 1H),
6.33-6.37 (m 1H), 6 (W7 1H), 5.85-5.88 (m

1H), 5.43-5.45 (s, ssY8pectrum (LCVS, ESI
pos.): Calcd fO C23H16CLI'N204.  545.9; found 547.8 (M +
H). EXAMPLE 109 4-B enzo | ] dioxol -5 :

-yl methyl -7-i0do-3 -(4-trif r omet hoxy- phenyl) - 3, 4-

di hydro-1 Hbenzo[e] [ 1,4]djpzepine-2,5-dione

'H NMR (400 MHz, DMSO-d¢) § 7.99-8.01 (d, J=2.1 Hz, 1H), 7.28-7.48 (m,
5H), 7.08-7.10 (d,J=8.6 Hz, 2H), 6.83-6.85 (d, J=8.6 Hz, 2H), 6.59-6.62 (d,
J=8.6 Hz, 2H), 6.34-6.40 (m, 1H), 5.32-5.34 (s, 1H), 4.04-4.22 (m, 2H), 3.42-
3.58 (m, 5H), 2.40-2.46 (m, 1H), 2.20-2.32 (m, 3H), 1.58-1.63 (d, J=7.1 Hz,
3H). Mass spectrum (LCMS, ESI pos.): Calcd forCyoHzgClIN3O3: 663.0;
found 664.2 (M + H).

EXAMPLE 105

3-(S)-(4-Chloro-phenyl)-4-[1-(R)-(4-chloro-phenyl)-ethyl]-7-iodo-1-[2-(2-
methoxy-ethoxy)-ethyl}-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione

Cl



HO NOCF3 NOO OJ 'H NW (400 Miz, DVsO d6) 8
7.88-7.90 (m 1H), 7.54-7.70 (m1H), 7.30- 7.40 (m

wda 100296134 15-7. 17 (m 1H), 6.95-7.04 (m 3H), BCT8SBINBA12240
(d, J=7.9 Hz, 2H), 6.59-6.6.63 (d, J=8.6 Hz, 2H),
6.32-6.36 (m 1H), 5.93-5.96 (m IH), 5.83-5.87 (m
2H), 5.48-5.49 (s, 1H). Maggpspectrum (LCM5, ESI
pos.): Calcd forC24H16F31N205: 596. 01; found 597.2 (M
+ H). EXAWMPLE 110 7-1o0do-4-(2-pyridin-2-yl-ethyl)-3
-(4-trifluoronethoxy-phenyl)-3, 4-di hydr o-

T S e A g U s N T

IVBEI) mz)gd@m BHR. 6482—686'(1(nméH),}6)46-61.482317211%_6(36-?]4& (m,

1%1} s#lol6 b 0k i, i -4 h g e gl s .
(g, (8% qn%{) %@4 3?0 181 ﬁﬁz, 141 7§(@_§‘—@a3§§z g:fb![gctiﬂr?%?%

( h}@bﬁumE(BCI\ﬂﬁ),sESI posTaCalod fmcmmlmq)m 0;56rmd653.3 (M
fouynd 568. 1 (M*+ H) . EXAVPLE 111

EXAMPLE 106

3-(S)-(4-Chloro-phenyl)-4-[ 1-(R)-(4-chloro-phenyl)-ethyl]-7-(1-
hydroxyimino-ethyl)-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione

A solution of 7-Acetyl-3-(S)-(4-chloro-phenyl)-4-[1-(R)-(4-chloro-phenyl)-
ethyl]-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione (50 mg, 0.11 mmol),
hydroxylamine hydrochioride salt (22 mg, 0.33 mmol), triethylamine (0.074
mL, 0.55 mmol) in EtOH (0.5 mL) was heated to 80°C. After 2 h reaction
solution was applied to a prep tlc plate (Analtech Silica Gel GF, 20 X 20 cm,
2000 microns) and developed using methylene chloride/MeOH 10:1. Desired
bands were scraped off, extracted with MeOH, filtered and concentrated to
give the title compound (2.4 mg). 'H NMR (400 MHz, DMSO-dg) § 7.82-7.83
(m, 1H), 7.47-7.51 (m, 3H), 7.32 (s, 3H), 7.26-7.30 (m, 2H), 6.80-6.84 (m,
2H), 6.66-6.70 (d, J=8.4 Hz, 2H), 6.52-6.55 (d, J/=8.6 Hz, 2H), 6.36-6.42 (m,



4- Benzyl - 3- (4-chl or o- phenyl ) - 7-i odo- 3, 4-di hydro-1

H benzo[e] [1,4] diazepine- 2,5-dione HON _C O 'H
WORMR4(04084+ MHz, DVSO-d6) 6 7.80-7.82 (m 1H), 7r&RUF20682012240

(m2H), 7.20- 7.50 (m 7H), 6.90-7.00 (m 2H),

6.65-6.70 (d, J=8.6 Hz, 1H), 5.55-5.58 (m 1H),

5.20-5.30 (d, J=14 Hz, 1H.,14.77-4.84 (d, J=14.6 Hz,

1H). Mass spectrum (LCVS, ESI pos. ) Cal cd

forC22H_6CLI N202: 501.9; found 503
2539 596 {84 HIrP 135004 h&élrb 3H14M B@H@P@Eﬂﬂ@MS ESI

GO P PR o 48P1rpRgust iy fef- U PVET oL
1-0 ' H NVR (400 M-z, DI\/BOd6) 6 10. 8 10, 9 (s 1H)

7.78-7.80 (m 1H), 7.56-_ 7. 7.24-7.36 (m
5H), 7.16-7.20 (m 2H), yg’oyﬁigéﬂ (m 1H), 6.64- 6.68

(d, J=8.4 Hz, 1H), 5.70-5.76 (s, 1H), 4.18-4.28 (m
1H), 3.76-3.84 (m 1H), 2.84-3.10 (m 2H). Mass
s pekdotfmrb@MBin- ESImetbyl-3-(4-GCifluwdométho R phitrg O 3, Mty dro-

s Bl aibapnt-Ystache =S T

-(4-trifluoronethoxy-phenyl)-3,4-di hydro- | H
H o
N
1 N

O

"H NMR (400 MHz, DMSO-dg) § 10.76-10.80 (s, 1H), 8.16-8.20 (d, J=8.0
Hz, 1H), 7.85-8.00 (m, 2H), 7.80-7.82 (m, 1H), 7.54-7.61 (m, 5H), 7.00-7.20
(m, 4H), 6.60-6.64 (d, J/=8.6 Hz, 1H), 5.86-6.00 (d, /=14.9 Hz, 1H), 5.50 (s,
1H), 5.10-5.16 (d, J=15.1 Hz, 1H). Mass spectrum (LCMS, ESI pos.): Calcd
forCy7H;5F5IN,03: 602.0; found 603.3 (M + H).

EXAMPLE 108

4-Benzo[1,3]dioxol-5-ylmethyl-3-(4-chloro-phenyl)-7-iodo-3,4-dihydro-1H-
benzo[e][1,4]diazepine-2,5-dione



benzo[e] [1, 4]di azepine-2,5-dione HO N/ OCF3 N O
1H NVR (400 MHz, DMSO-d6) 6 7.72-7.80 (s, 1H),
WO 28840%180 (m 2H), 7.28- 7.50 (m 7H), 7. 10- 7pABUSINN4/012240
2H), 6.60-6.70 (m 1H), 5.60 (s, 1H), 5.28-5.34 WO
2004/ 096134 PCT/ US2004/ 012240 -147 (d, J=14.6 Hz,
1H), 4.76-4.82(d, J=14.8 Haa41H). Mass spectrum (LCMs,
ESI pos.): Calcd forC23HL6F3I N2O3: 552.0; found 553.1

%Eﬂ@ﬁg@ﬁg @ﬁé“wt T 93 Bt B0 D87 48
O&gﬂhxﬁ 7'9@ ﬁ/JFlé 5(1%)04]1@@?39%& -8%6 ﬁzgz%%swlgx)o B,
(§H),16—l77 -681%0; J7=767LHzniH38+6)57 -G.69 fm, 17H)4(6 1r$.38 1, 1H), 5.93-

5386 @ D% 835 6 380083 e ) Mot Bt Bons.

( GV @1&1%() 1&&@1 ;0545 $3GiHBHA NAA3: 1566. O
foundOSESj657a 1 %gAﬁ‘/PLE 115 F uo%\’ggcen pepti de

assay The |nh| b|t| on of MDM2 binding to p53 was
nmeasured using a p53 | ogue binding to MDMV2
resi dues 17-125. The p%@&@@&% st al

4-Benzo[1,3]dioxol-5-ylmethyl-7-iodo-3-(4-trifluoromethoxy-phenyl)-3,4-
dihydro-1H-benzo[e][1,4]diazepine-2,5-dione

'H NMR (400 MHz, DMSO-ds) § 7.88-7.90 (m, 1H), 7.54-7.70 (m,1H), 7.30-
7.40 (m, 1H), 7.15-7.17 (m, 1H), 6.95-7.04 (m, 3H), 6.78-6.81 (d, J/=7.9 Hz,
2H), 6.59-6.6.63 (d, J=8.6 Hz, 2H), 6.32-6.36 (m, 1H), 5.93-5.96 (m, 1H),
5.83-5.87 (m, 2H), 5.48-5.49 (s, 1H). Mass spectrum (LCMS, ESI pos.):
Calcd forCyqH;6F3IN20s: 596.01; found 597.2 (M + H).

EXAMPLE 110

7-Iodo-4-(2-pyridin-2-yl-ethyl)-3-(4-trifluoromethoxy-phenyl)-3,4-dihydro-
1H-benzo[e][1,4]diazepine-2,5-dione



structure of this conplex (Kussie et al., Science

274:948-953 (1996)) validates this fragnent as
wa@omsaddsng the p53 binding site, and we have BOI/USIH04/012240

the x-ray structure of the p53 peptide anal ogue

MPRFMDYWEGLN, described to be a peptide inhibitor of

the MDMR2 p53 interaction Ségttger et al., J. Ml.

Bi ol . WD 2004/ 096134 PCT/ 004/ 012240 -148

269: 744-756 (1997)). The assay uses N term na

fl uorescei n RFMDYWEGL epbide (Fl 9ner). The ndn?

17- 125 was produced-s vl ut ki one S transferase
fusion as follows DNA ex ro @€ dues 17-125 were
cl oned into pGEX4 Blrma a) as follows. PCR was

performed using ATCC item number 384988 cont ai ni ng
partial human nmdn2 sequenc Nt enpl ate and the
following priners: Forward: % C TCT CGG ATC CCA GAT
TCC AGC TTC GGA ACA ARA G rse: 5 -TAT ATA TCT
CGA GIC AGT TCT CAC TCA CAG ATG TAC CTG AG The PCR
product was then digested wth BanH and Xhol
(lﬁﬁQNﬁi‘ftﬁ)OrMHQQDMSCQ-Gs)Si Bas- &mléﬁlr |1Hm,67d82 . 8|4r(mmﬂ)s)7 71-
fied ted into d
a:r £0) (tmeéH) 0. 53 58 dmwil I, a1 (@n &wao% 787 a{gmlhli

of PR i $e0h BhR R 00 R B 2 2,
| Nonqed é““ v 13.mds3, stF(ﬁﬁzmeMass yecauma(i A4S eESI@olsc)ur s
post i nduction, centrlfug E%Jégﬁuspended in PBS

1©a1ﬁd_fcgcesé1wF3B5§?3eS6b@J fouyn ?%1 in an Avestin

m crofl ui di zer, centrifuged, and the supernatant bound
to a glutathione sepharose 4B resin (Pharmacia). The
resin was washed wi th EBRBMPIKEdbhE MDW2 17-125 cl eaved
fromthe GST by the addition of 2 g/nL thronbin
(Enzynme Research Labs). The cl eaved MDM2 was further
P4iH Nchl HRPHRN BoBaslinki@u Hashib[¢ Phaldiaebmk:
l"JIﬁejﬁnﬁOhv\a@t%hlzo RAoB R pH e oy
C:‘Bﬁtchd)ﬂu one was added to 5 mM and the protein stored
at -70C.

'H NMR (400 MHz, DMSO-de) § 7.80-7.82 (m, 1H), 7.59-7.62 (m,2H), 7.20-
7.50 (m, 7H), 6.90-7.00 (m, 2H), 6.65-6.70 (d, /=8.6 Hz, 1H), 5.55-5.58 (m,
1H), 5.20-5.30 (d, J=14 Hz, 1H), 4.77-4.84 (d, /=14.6 Hz, 1H). Mass
spectrum (LCMS, ESI pos.): Calcd forCyH;6CIIN,O,: 501.9; found 503.1 (M

+ H).



Test conmpound was i ncubated for 15 mnutes with 30 nM
fluorescein peptide F1 9nmer and 120 nM MDM2 17-125 in
WOG0MMPHEPES pH 7.5, 150 nM NaC, 3 mM octyl PCT/US2004/012240
gl ucosi de. The polarization of the fluorescein | abel
was thereafter measured by excitation at 485 nm and
em ssion at 530 rim Polad#@ati on was expressed as a
percent of a no conpound control, using buffer with

F19mer but wi t hout I\/DI\/E ound. Conpounds of
the present invention Pﬁ%ﬁﬂpﬁggq?he bi ndi ng of p53 to
MDM2. The potency of the conpounds was neasured as
| C50, which is a neasure of the concentration of the

t 4 #-Gdenocnhedyl)deinio-dcphenethihi. hidihyswoslbBi-ndi ng WO
2004/ 134. PCT./ U 4/ 012240 -149 between MDM2 and
pg%.‘zo%a@’%é?&evg?éég&){éer conpounds of the present

i nvention ranged from0.05 Mto >100 M See exanpl es

bel ow.. Compound range (M, 4-[(R)-I

( 2- anmi no- 4- chl or ophenyl ) €ghyP] - (3 S)-3-(4-c

hl or ophenyl ) - 7-i odo- ’ Toxyet hoxy)ethyl]-1,

0.1-1.0 4-benzodi az orfd

4-[ (R) - 1(2- Ami no- 44chlor ¢

or o- phenyl )-7-iodo-I-[ 3- (- ng
0.1-1.0 yl]-3,4-di hydro-1 Fs

1, 4] di azepi ne-2,5-di one 5-{ (3

S) - 3- (4-Chl orophenyl )-4-[(R)-1-(4-chl orop

henyl ) -ethyl]-7-iodo-2, 5-di oxo- 2, 3, 4, 5-tetrahydr

0 : 2 3 4 : .
Oy gz okt doncsastsl iyl merseap aypase.
| GreOphrsBH), 7241 D3O, THORY-A8-1.20 G 2H0a5i%y].94 Gnobid), 6.64-
ﬁ&%ﬁﬁgﬂ{%ﬁ gﬁ;', iﬁz,é’fqlg’.‘?g 1292 P NS5y 1% % 56-3.84 (m,
11638499 04nt PHOr M85 §peeRuR-(ROMY, BSIGRY! ¢aldd (S) - (

4- chl or o- phenyl )-7-i odo-1 - (2-norpholin-4-yl-ethyl)-3,4
- d‘q)rCm}hg@&[izoglz 5) 16.0; found 517.& M + I—B Y v

EXAMPLE 113

4-Benzyl-7-iodo-3-(4-trifluoromethoxy-phenyl)-3,4-dihydro-1H-
benzo[e][1,4]diazepine-2,5-dione

'H NMR (400 MHz, DMSO-dg) § 7.72-7.80 (s, 1H), 7.56-7.60 (m, 2H), 7.28-
7.50 (m, 7H), 7.10-7.18 (m, 2H), 6.60-6.70 (m, 1H), 5.60 (s, 1H), 5.28-5.34



hydro- 1 H benzo [e] [ 1,4] diazepine-2,5-dione

EXAMPLE 116 Tabl et Preparation Tabl ets contai ni ng
WQ@3000/09684 0, and 100.0 ng, respectively, of theCT/US2004/012240

conmpound of Exanple 1 ("active conpound") are

prepared as illustrated bel ow. WO 2004/096134

PCT/ US2004/ 012240 -150 TABHEF FOR DOSES CONTAI NI NG

FROM 25-100 MG OF THE ACTI VE COVMPOUND Am)unt-rrg

ol s 8aTRAY5 66 561561 5¥ Hedr) 3% il R8s,

3Es?ﬁo£ ): 2213 f%rCZB/HQ;FﬁNZQS:PﬁQQ)aT@Irﬁ $B3350M+49.1.5 Al

e ‘active compound, |ul ose, and a portlon of
the corn starch are n1xed and granul ated to 10% corn

starch paste. The resuh?kggpgﬁqq lation is sieved,

dried and bl ended with der of the corn
starch and the magnesium stearate. The resulting
granulation is then conpressed into tablets

cé’rlpé‘P Aiphgnetbyle3-(4striftioremethaxgoplenyl)-3.f<lipelee-lile| y,  of
?%%ﬁzv ?JLP‘?}@‘P%OH%H% 2%9& éabl et. EXAMPLE 117
ntra

i on epar ation An intravenous dosage
formof the conmpound of Exanple 1 ("active conpound")
Is prepared as follows: Actlve conpound 0.5-10.0 ny
Sodiumcitrate 5-50 ny ',g] ic acid 1-15 ng Sodi um
chloride 1-8 ng

OCF,4

'H NMR (400 MHz, DMSO-dg) § 10.8-11.0 (s, 1H), 7.50-7.64 (m, 3H), 7.02-
7.40 (m, 8H), 6.57-7.0 (m, 1H), 5.60 (s, 1H), 4.40-4.40 (m, 1H), 3.80-3.90
(m, 1H), 2.90-3.10(m, 2H). Mass spectrum (LCMS, ESI pos.): Calcd for
Ca4HgF3IN,O3: 566.0; found 567.0 (M + H).

EXAMPLE 115
Fluorescent peptide assay

The inhibition of MDM2 binding to p53 was measured using a p53
peptide analogue binding to MDM2 residues 17-125. The published crystal
structure of this complex (Kussie et al., Science 274:948-953 (1996)) validates
this fragment as containing the p53 binding site, and we have solved the x-ray
structure of the p53 peptide analogue MPRFMDYWEGLN, described to be a
peptide inhibitor of the MDM2 p53 interaction (Bottger et al., J. Mol. Biol.



Water for injection (USP) gq.s. to 1 nm Utilizing the
above quantities, the active conpound is dissolved at
WO o@aioodiehper ature in a previously prepared soPCr/USI000612240
sodiumchloride, citric acid, and sodiumcitrate in
Water for Injection (USP, see page 1636 of United
States Pharnmacopei a/ Nati anag-Formul ary for 1995,
publ i shed by Uni ted St ates Pharmacopei a) Conventi on,
. Rockvi | | e, yl and (1994) 2004/,096134
pé?? 084309 (%40 The BSSRY Hﬁ“’cﬁ Iﬂ@ermm orspeeip &d MBI JVEGL

t it wll be understood by those of
o?éﬁ}}dg%’?%&ﬂ in the art that the sane can be

per f or (T mdrhhﬂﬁ-lz%vﬁzatq;ro&m&daqmi glatathidner & hgesfefase fusion
condj Li ons, rul ati ons, nd ara r.s, W t
Sor delovis SRS Ehising Tesies Veh SIFo IRy Binh DA
tlapﬁd?ﬂ]fafla Nds RALGAL PC é@%spgéllférﬁéﬁ' A8Ag cAtee ﬁ@ﬁlehﬁ‘mber

are y i ncorporate ference hefein in their
er3849@ )conwlhlﬁg)qzahﬁk%h@nalP@ﬁdIUSZWbMZ 24 Otempllai - andHAE

5 PARERS, oo SEHH ER THCACH £08 3Tl

PhaicBeRY WERIA YA T, qeRea! se’-'mlrtAmer@pchAMmr@ IAGT TCT
each instance of Ra is i ndependent]| 6 al kyl,

CEALC diGBAG ARG TAGIGEGWG. c"ﬁharRCI{ @@@%y@ag Sinigigested

Ao Bl Bt RSB RRY b
alpkyitibdliadd ligated into pGEX4t-3 which had also been dlgested with BamHI

and Xhol. Plasmids were transfected into E. coli X90 strain, grown to an OD

of 1.0 in TB 0.2% glucose 100 pg/mL ampicillin and induced with 1 mM
IPTG. Cells were harvested 5 hours post induction, centrifuged, and
resuspended in PBS 10 mL/g cell paste. Cells were lysed in an Avestin
microfluidizer, centrifuged, and the supernatant bound to a glutathione
sepharose 4B resin (Pharmacia). The resin was washed with PBS and the
MDM2 17-125 cleaved from the GST by the addition of 2 pg/mL thrombih
(Enzyme Research Labs). The cleaved MDM?2 was further purified on
Sepharose SP Fast Flow resin (Pharmacia), eluting with 20 mM HEPES pH
7.5 150 mM NaCl. Glutathione was added to 5 mM, and the protein stored at
-70°C.

Test compound was incubated for 15 minutes with 30 nM fluorescein
peptide F1 9mer and 120 nM MDM2 17-125 in 50 mM HEPES pH 7.5, 150
mM NacCl, 3 mM octyl glucoside. The polarization of the fluorescein label was
thereafter measured by excitation at 485 nm and emission at 530 nm.
Polarization was expressed as a percent of a no compound control, using
buffer with FI 9mer but without MDM2 as background.

Compounds of the present invention inhibited the binding of p53 to MDM2.
The potency of the compounds was measured as ICsg, which is a measure of

the concentration of the test compound required to inhibit 50% binding



amno or nitro; nis O; or nis 1 and Ra occurs at the

7- or 8-position; or nis 2 and Ra occurs at the 7-
war@489q166i ti ons; X is a bival ent radical of. BCTZUSHI04/012240

al kane, an optionally-substituted C6.10 arene, an

optionally-substituted 5- to 7-nmenbered heteroarene

wherein 1 or 2 ring atons 1gpe heteroatons, an

optionally-substituted (C6_10. aryl)Cl.6 al kane, or

an opti onaII substltut ed heteroaryl (Cl.6) al kane in

mﬁ‘?Pfé’f?efl 3 Thed fimﬁaleeﬁﬂf% ¢pmepungs pf the gresent

PEPE ?P#??‘? &?@2%.5%%%9296 O RRRPIS o

hydrogen C1_6 alkyl or optionally-substituted C3_8
cycloalkyl, and Mis a cation; R5 is C3_8 cycloal kyl,
C6_10 Q(ympougd to 7-menbered heteroaryl wakgs (M) or
2 of the ring atons are heteroatons, (C3_8

¢ yiel((RR yhrhiviokgethlof Phertyl)etityY]-(38) Byldrc |

( nddrepieayl)-wdsyl-[2-2-mbihekydiiexyahgl-oar yl - pootiino

COm AL b azepie-7 5/didke atoms  and wherein 1 or 2 of the
ring atoms are heteroatons, or 5- to 7-nenbered

satur ated or part| ally unsaturated heterocycle wherein

ﬁtgge gthgegyl V\g‘yﬁg& 259@1%)3 in ﬁq fE each
5% ‘ﬁﬁﬁ é’lP&fﬁZPB DHprops ubst Prlatda; R
i é’l 1?16’* 7- menber ed
heteroaryl vvhereln 1 or 2 of the ring atons are

het eroat ons, (C3.8 cycl oal kyl)al kyl, (C6_10
ansy{(}a)-By(#-Chlédopheryhad-J(R)dH{dydhloropwhi ch t he het er oaryl
poehyIpetlGURT-Rd0s2, 5-dicxo/2,B Hsctetrtblpyd® and wher @i1n1.0 or 2
ofo-bedolel] d[ﬂQﬂ,]é{‘aQéﬁnéfﬁ} -peligspahqgs, or 5- to 7-nenbered

saturate partially unsaturated heterocycle wherein
1 or 2 of the ring atons are heteroatons, in which

TR

benzodlgzeplne 2 1one ydroc orlde

4-(R)-[1-(2-Amino-4-chloro-5-fluoro-phenyl)-ethyl]-3(S)~(
4-chloro-phenyl)-7-iodo-1-(2-morpholin-4-yl-ethyl)-3,4-di 1.0-3.0
hydro-1H-benzo[e][1,4]diazepine-2,5-dione

EXAMPLE 116
Tablet Preparation

Tablets containing 25.0, 50.0, and 100.0 mg, respectively, of the compound of

Example 1 ("active compound") are prepared as illustrated below:



and R8 is hydrogen or Cl1_6 alkyl. 2. The conpound
according to claiml1l, wherein Rais halo, C2_6
wa@bkdogngdi34 car boxy, (CLl.6 al koxy)carbonyl, Cl_6PEr/ys2004/012240
carbanoyl. 3. The conpound according to claim1,
wherein Ra is iodo, brono, propynyl, chloro, ethynyl,
acetyl, nethoxycarbonyl, camsboxy or carbanoyl. 4. The
compound according to claiml1, wherein Ra is iodo. 5.
The conpound according to claiml1, wherein nis 1. 6.

T A R e

furan, optionally-substiANOWH-TAK| ophene or
opAgtgﬁgloh%bﬁﬁ{pstitut ed pyrgole. 7. 54he conpouf
rdin

acco gtoclaimi1, whérein X is a bivalent Tadical
ofMionedtrirdaltine e¢lhdose, n- @7A%ane, n- B00.8ne, n- p2it@ne,

n-.hexan enzene.or furan WO 20 096134

Pé??‘é%fg ACh_ 154 3-2ohe con‘g%nd accor®Png to
ciMasmctiuvmdiedreien X 1S aguoal ent  padi cal of nsbut ane.
9. The conpound according to claim1, wherein R3 is

-CO2Rd or -CO2M where Rd is hydrogen or Cl1_6 al kyl,

a [ t . 0 c N [
T B Bt Cbonpd el AR RP e OF e QAR
alnkixkd add grahhktetioopddh domcstachipastet Thelrasuitidg grahealatiomn is
R3.is,- . . The compound according to claim1,
WIS B ORES ead fb_&quﬁ Ay the yewpinder 8h thin oty starpy. i ghe
ggﬁ@gﬁ&ﬁ@&%@.l The }éauﬁhgl_g%ﬁﬂatmeag e c%gkéssmﬁw{ablets

tuted once Iin the position or twce In the 3-

arcdntainies i26i0p159,0, whé rl®0r) mg, respectively, of active ingredient per
tablet.

EXAMPLE 117
Intravenous Solution Preparation

An intravenous dosage form of the compound of Example 1 ("active

compound") is prepared as follows:

Active compound 0.5-10.0 mg
Sodium citrate 5-50 mg
Citric acid 1-15 mg
Sodium chloride 1-8 mg
Water for injection (USP) g.s.to 1 ml

Utilizing the above quantities, the active compound is dissolved at room
temperature in a previously prepared solution of sodium chloride, citric acid,
and sodium citrate in Water for Injection (USP, see page 1636 of United States
Pharmacopeia/National Formulary for 1995, published by United States
Pharmacopeial Convention, Inc., Rockville, Maryland (1994).



each occurrence of substitution is independently
sel ected fromthe group consisting of halo,

wao eooftopasomet hyl , trifl uoronet hoxy, nitro and BOT/NS2004/012240

14. The compound according to claim1, wherein R5 is
4-chl orophenyl, 4-trifluoronethyl phenyl,
4-trifluoromet hoxyphenyl, -4txdhl or o- 3-ni trophenyl

3- am no- 4- chl orophenyl or 3-bronophenyl. 15. The

ding to claiml,.wherein RS, i
2 ohi o SpRtEngr Ay g B o HeGoryPAL B ddersiaqdaby
WhB6sRI JOF oRfindr§ sRAT in0tha laktthatSHO Sdnhd EHnSst RERMNE within a wide

optionalg%-substituted_benzyl, optional | y-substituted
pyand gguivalenigiangoabednditians sformulations-rndthgr| parangeters without

2004/ 096134 PCT/ US2004/ 012240 -15 7. The c un

2 USROS MY SR FE oy o P Bod fiep e R P
S g tublidagidnbiesiterein &re fUNG ifRMRREOE bRgSRFALE Herle in their
claim1l1, wherein R6 is phenyl ‘optionally substituted
orf8816ty t he p-position or twice in the m and
p-positions, or twice at the o- and p-positions,
wherei n each occurrence of substitution is

i ndependently selected fromthe group consisting of
hal o, nitro and am no. 19. The conpound according to
claiml1l, wherein R6 is phenyl, 4-chlorophenyl,

3, 4-di chl orophenyl, 3-am no-4-chl orophenyl, 2-amni no-4-
chl or ophenyl , 2-am no-4-chl oro-5-fl uorophenyl or

4-chl oro- 3-nitrophenyl. 20. The conpound according to
claim1l, wherein R6 is 2-am no- 4-chlorophenyl. 21.

The conpound according to claim1l, wherein R7 is
hydrogen, Cl1_6 alkyl or C3_6 cycloal kyl. 22. The
conpound according to claim1, wherein R7 is hydrogen,
met hyl and cycl opropyl. 23. The conpound according to
claim1, wherein R7 is nethyl.



24. The conpound according to claim1, wherein R8 is
hydr ogen, nethyl or ethyl. 25. The conpound accordi ng
wo oooaloadina 1, wherein R8 is hydrogen. 26. The pOnpsung012240
according to claim1, wherein: each instance of Ra is

i ndependently halo, C2_6 al kynyl, carboxy, (Cl_6
al koxy) carbonyl, Cl1_6 acyt 162 —car banoyl; WO
2004/ 096134 PCT/ US2004/ 012240 -156 n is 1 and Ra
0 f t ~R@sition; or nis 2 and Ra occurs at
t&@géiqgégagﬁgﬁgﬁsfons; X is a bivalent radical of a
ClL 6 al kane, optionally-substituted benzene,
optional | y- aubsphdudl @€ FbHh@R 71:0pt i onal I'y-substituted
t hi ophene, optionally-substituted pyrrole or
optional | y-substituted pyridingR¥® R3 is -CO2Ra or
-C02M where Ra is hydrdgen or f€ alkyl, and Mis a
cation; R5 is optionally{substj ﬁd phenyl; R6 is
optional | y-substi tuf ) , optionally-substituted
benzyl, optiopall Btituted pyrd dyl or
opti onal | y- st napht hyT: "R7 i s hydrogen,ZIC1 6
al kyl or C3_6 cycRaalky\; an R8 i s hydrogen. 27. A
conpound of Fornula I11: N RR7 N)<R6. (Ra<n:e R5
N RI0 R or a solvate, ﬂ@drate)or phar maceutical |y
acceptabl e salt thereoz; wher ei n:

R

or a solvate, hydrate or pharmaceutically acceptable salt thereof; wherein:

each instance of R? is independently halo, C;.¢ alkyl, Ca.6 alkenyl, Cus
alkynyl, cyano, Csg cycloalkyl, hydroxy, C;¢ alkoxy, carboxy, (Cis
alkosz)carbonyl, Ci acyl, carbamoyl, (Ci alkyl)aminocarbonyl, alkylthio,
amino or nitro;

nis 0; or nis 1 and R? occurs at the 7- or 8-position; or n is 2 and R
occurs at the 7- and 8-positions;

X is a bivalent radical of: a C;.¢ alkane, an optionally-substituted Ce.10
arene, an optionally-substituted 5- to 7-membered heteroarene wherein 1 or 2
ring atoms are heteroatoms, an optionally-substituted (Ce.10. aryl)Ci.¢ alkane,
or an optionally-substituted heteroaryl(Ci.¢) alkane in which the heteroaryl
portion contains 5 to 7 ring atoms and wherein 1 or 2 of the ring atoms are
heteroatoms;

R® is -CO,RY or -CO,M, where R® is hydrogen, Ci alkyl or
optionally-substituted Cs.g cycloalkyl, and M is a cation;

R’ is Cs.3 cycloalkyl, Ce.19 aryl, 5- to 7-membered heteroaryl wherein 1
or 2 of the ring atoms are heteroatoms, (Cs_g cycloalkyl)alkyl, (Ce.10 aryl)alkyl,
(heteroaryl)alkyl in which the heteroaryl portion contains 5 to 7 ring atoms
and wherein 1 or 2 of the ring atoms are heteroatoms, or 5- to 7-membered

saturated or partially unsaturated heterocycle wherein 1 or 2 of the ring atoms



each instance of Ra is independently halo, Cl_6 alkyl,
C2.6 al kenyl, C2.6 al kynyl, cyano, C3.8 cycloal kyl,

whganoi34 CL 6 al koxy, carboxy, (Cl_6 al koxy)Per/bs2094/012240

Cl1_6 acyl, carbanoyl, (Cl1_6 al kyl)am nocarbonyl,

amno, alkylthio or nitro; nis O; or nis 1 and Ra
occurs at the 7- or 8-positispn; or nis 2 and Ra
occurs at the 7- and 8-positions; R5 is C3_8

cycl oal kyl, C6_10 aryl, 5- tq 7-nenhered heteroaryl
-wirer beteroatomsy i3 ghigtheash f Hico PESCEHIBEN8IOUPY AIf opRiionally
( cl oal kyl)al kyl, (C6_10 aryl)al kyl,

(%Ptzt}lge\gfyl Jal kyl in which the heteroaryl portion

cont ai R$isiCgcyéloalkyl CGit;pamyl,\MOte DoddiitddBHeteroaryl wherein 1

PCT/ US2004/ 012240 _-157 and erein_| 0 the..rin
aPlohe! e sing atapare deisrogtems; ( f-bCYFl‘??élfaﬂaﬁléVi @a«t ahelal
0 ' r r ' ZoRib
SHERHRBILY, PSRRI g e il eolgl 0 3 s
pareCetlerein §jron @psf the ring atomalarg hetstratams, wor d ;to Remembered

C3 8 cycloalkyl, C6 1 ryl, 5: tp 7-nmpnber .
s oy Paviiy apipteteg ekhgy Sl BREERGT A 68 thting atoms
hgkehaaioafns, ( 3 vhidy Wasi! &Y k| pkadedingCarokPs is optionall
aryl)alkyl, “(heteroaryl)al kyl in which the heteroary
psubstimtedcontains 5 to 7 ring atonms and wherein 1 or 2

of the,ri.n tons are_he oa 19 . 5-~10

sat ur alked® gﬁ%@?’i"i g]"i §ﬁ1(¥f‘1 géai*fsu(tf}% ok 5@ e(freqcaéycg ;Ié)qaﬁg?féﬁg
la@d 2 of the ring atons are heteroatons, in which
each of ;.the preceding ﬂ{youps is optionally

subst i Ruisdwrdrggenios Giyabggen, C1 6 al kyl, C3_8

cycl oal kyl or (C3_8 cycloal kyl)alkyl; R8 is hydrogen
or C1.6 alkyl; RO is hydrogen, Cl1_6 alkyl, C3.6

cycl oapkyl , Thy doapyidl aGordihg yo clairani, vafe@lin®” ialtajd, ,Co-s

S B Pl i -

car banoyl (C1.6) alkyl, (Cl.6 al kyl am no)carbonyl or
(C1_6 al kyl am no) carbonyl (C1_6) al kyl; and @ . .
3. The compound according to claim 1, wherein R" is iodo,

bromo, propynyl, chloro, ethynyl, acetyl, methoxycarbonyl, carboxy or

carbamoyl.
4. The compound according to claim 1, wherein R® is iodo.
5. The compound according to claim 1, whereinn is 1.
6. The compound according to claim 1, wherein X is a bivalent

radical of: a C;.¢ alkane, optionally-substituted benzene, optionally-substituted

furan, optionally-substituted thiophene or optionally-substituted pyrrole.

7. The compound according to claim 1, wherein X is a bivalent
radical of: methane, ethane, n-propane, n-butane, n-pentane, r-hexane,

benzene or furan.



R10 is hydrogen or C1_6 al kyl. 28. The conpound
according to claim27, wherein Ra is halo, C2 6

w@bdoy9d134 car boxy, (Cl_6 al koxy)carbonyl, Cl. 6PEr/Y52004/012240

car banoyl. 29. The conpound according to claim?27,
wherein Ra is iodo, brono, chloro, ethynyl, propynyl,
acetyl, methoxycarbonyl, chQoxy or carbanoyl. 30.

The conpound according to claim 27, wherein Ra is
iodo. 31. The compound according to claim 27, wherein
nis 1. WO 2004/ 096134 PCT/U82004/012240 -158 32. The

conmpound accordi n cl ai .

op?ip ongr ly- clg]ﬁbcé’f’ﬁ’f)ﬂ?%a cﬁ’ﬁ@ﬁ%lto ¢ m h‘gh%em %d%& bivalent

agsiédiong-tuane! @i m 27, wherein RS is phenyl

substituted once in the 4-position or twice in the 3-

and 4-positions, wherein each occurrence of

substi tgut i Ofy | t.e B

conei &t ng. aPeRarROSRE REPHlng ERGR S BrehiLy a5 EhakTor

ni- C@N@Meﬁﬁh@hy%geﬂbﬁcg@maﬂumﬂi Kisarcdiitlg t o cl ai m

27, wherein R5 is 4-chlorophenyl,

j EL:gLuorgnethlpheny: 4- trlfluoronFthoxyphePyI )
| 0 0

3 bromighenyie SRUGTH ecedfl Gafnl T, MERIET) sPOOK"

Whetreed R R&lydﬂ)geﬂor:ﬁilmaldmhenyl 36. The conpound

according to claim 27, wherein R6 is optionally-

substituted phenyl, optional!y-substituted benzyl ,

optionglly- W%B%Hﬁ&gaccgﬁﬁﬁﬂ%g)yélaiﬁf 1, wherein R is -COOH.

optional | y-substituted naphthyl. 37.” The conpound

according to claim 27, mherein R6 is optionally-

o' m 27 Cwibpantioeuny seopiing RO BRIRL, ATERSF KO B bftoneltr

O@g‘@sﬂuﬁteabﬁer@i position or twice in the m and
p- posi tions,

13.  The compound according to claim 1, wherein R’ is phenyl
substituted once in the 4-position or twice in the 3- and 4-positions, wherein
each occurrence of substitution is independently selected from the group

consisting of halo, trifluoromethyl, trifluoromethoxy, nitro and amino.

14. The compound according to claim 1, wherein R’ is
4-chlorophenyl, 4-trifluoromethylphenyl, 4-trifluoromethoxyphenyl, 4-chloro-
3-nitrophenyl, 3-amino-4-chlorophenyl or 3-bromophenyl.

15. The compound according to claim 1, wherein R’ s

4-chlorophenyl.

16.  The compound according to claim 1, wherein R® is optionally-
substituted phenyl, optionally-substituted benzyl, optionally-substituted
pyridyl or optionally-substituted naphthyl.



or twce at the o- and p-position, wherein each
occurrence of substitution is independently selected

wo e@niopdie4 gr oup consi sting of halo, nitro and BOT/N82004/012240
39. The conpound according to claim?27, wherein R6 is
phenyl, 4-chl orophenyl, 3, 4-dichlorophenyl,
2- am no- 4- chl or ophenyl, 2-aibdhe-
4-chl or o- 5-f | uorophenyl, 3-am no-4-chl orophenyl or

T/ Usobbay oo ABAF et R T o &) s omgorai-
cl aubstitdted phbeylei n R6 i s 2-am no- 4-chl orophenyl. 41,

The conpound according to claim27, wherein R7 is
hydrogen, Cl1_6 alkyl or C3_6 cycloal kyl. 42. The

conmpoungk ac [ Lal 27, ihn 1:S 16 :

hydr ogegff' ﬂf&%ﬁ%‘%’&cﬁ%ﬁé&?maﬁl’ T\«ﬁ%r%lgin%o%ghenyl
accemionilysubstituteal onca Tn thehepesition ot tiviceria tie/Ar- addtp-pdkidions,
cquound ﬁﬁcordig% to.claim?27, wherein R8 is o
hyfr Bgemat thener AYY PorosEiang) Whersin eprb oeesaan @f seksitutiongs
t Oin@b Rk i | il Sng QRRLNG
ac cr:l 0 r%:nn g tg’ oselc/:%ageprqnw%% B?év%g?ﬁ]e %{(%{S%gﬁ? S £ hég’r%gg %?& 6

al kyl', hydroxy(Cl1_6) alkyl, amino(Cl.6) alkyl or

clai m 20 L PRmRdIdS AFioeBg . Ret e K phenyl,
2- RyRlofopheRY | 3,438 EMEFoPKYRN O PY hmirs- 8 FhIORSIHNYL,  2-amino-4-
carban§ﬁ¥né?¥yl.or cgﬁggﬁgylethil. 48.g$%eﬁg%n%5ﬁﬁ304
actuerapkapyl @-aniapri-chloronhélueiophetyd or 4-chiode-Gegmitroplaanyl.
ClL 6 alkyl. 49. The conpound according to claim 27,
wherein R10 is hydrogen, nethyl or ethyl. 50. The
conmpourD. ac ChedédigpdundCacbftinyl to WaRA &, iHdiéin IR’ is 2-amino-

hyfr ogen. 2004/ 096134 PCT/ US2004/ 012240
-chlorophenyl.
21.  The compound according to claim 1, wherein R’ is hydrogen,

Ci-¢ alkyl or Cs.¢ cycloalkyl.

22.  The compound according to claim 1, wherein R’ is hydrogen,

methyl and cyclopropyl.
23.  The compound according to claim 1, wherein R’ is methyl.

24.  The compound according to claim 1, wherein R® is hydrogen,

methyl or ethyl.
25.  The compound according to claim 1, wherein R® is hydrogen.
26.  The compound according to claim 1, wherein:

each instance of R is independently halo, C,.s alkynyl,

carboxy, (C1.¢ alkoxy)carbonyl, C;.¢ acyl or carbamoyl;



-160 51. The conpound according to claim 27, wherein:
each instance of Ra is independently halo, C2 6
w@bdogydi34 car boxy, (CLl_6 al koxy)carbonyl, Cl BCHU§1000012240
carbamoyl; nis 1 and Ra occurs at the 7-position; or
nis 2 and Ra occurs at the 7- and 8-positions; R5 is
optional | y-substituted phgng; R6 is
optional |l y-substituted phenyl, optionally-substituted
benzyl, optionally-substituted pyridyl or .
opt i onal | y- suibdtand i @gcuraphthpyHposition; er hyal? audR, ogurseat
al.k Qr. .cycloal kyl; R8 is hydrogen; RO is
hbﬁ%%ﬁgﬂﬁggfﬁ %%1kyl, hydroxy(Cl_6) al kyl, am no(Cl. 6)
al kyl or casbamypivaleht Gadidl loyla; Candikmid) dpsiohalti-adetituted
52. The conpound according claim1, wherein [

d
cbeissand Priongly-selistifnted ofHrahe @ti@agllké%ﬁgﬁgd? g thipphege,
*pht AP0y PIOOETE ooy by ppicine

benzo[ e] [ 1, K’disagepRher 206,M| oere RY is hydrogen or Cy alkyl,
1, 3-Di hydro-4-[ 1-(2-am no- 4-chl orophenyl )ethyl]-3-(4-c
heed ¥bB&KAP7- i odo- 1, 4- benzodi azepi ne- 2, 5- di one; c.
4-[ 1-(2- Amigigg 'tﬂ}b QpheRHed %-]

-3-(4-ch|oroph%§§ -g??@%%- + ﬁ%%%’4-

nor phol i no) &°hyi | optignéllpentztitited e phersd,2 , opfionalyesibstitted

(s;?lh@’ﬂa(93}19&@1b?§%ﬁ‘%e-dd’)'é‘ﬂiylo?rd’aﬁ@%zlﬂ%‘é%%??‘ﬂ‘qu‘la(l’ﬁt-hé’ﬁ| oro
phenyl) - 1- [ R7(2hydBEHOCY ShIROKM CLIWcloalkyl; and
7- (propyn-1- 8I.) -1, 4-benzodi azepi ne-2, 5- gl one

hydr ochl or i d%;ls bydrpgen.

S)-4-[(R)-1-(2- Ami no- 4-chl orophenyl )et hyl ] -3-(4-chloro
phenyl)-1-[2-(4-

mor phohki7no) et bythpousd(afFepuila Ik | ) - 1, 4- benzodi azepi ne- 2
, 5-di one hydrochl ori de;

8
@) )R<R7
N R
(R R® ur
N=
N__R‘I 0
Lo

“or a solvate, hydrate or pharmaceutically acceptable salt thereof; wherein:

each instance of R? is independently halo, Ci.¢ alkyl, C,.¢ alkenyl, Cy.6
alkynyl, cyano, Csg cycloalkyl, hydroxy, Ci.s alkoxy, carboxy, (Cis
alkoxy)carbonyl, Cj.s acyl, carbamoyl, (C; alkyl)aminocarbonyl, amino,
alkylthio or nitro;

nis 0; or nis 1 and R? occurs at the 7- or 8-position; or n is 2 and R?
occurs at the 7- and 8-positions;

R’ is Cs. cycloalkyl, Ce._19 aryl, 5- to 7-membered heteroaryl wherein 1
or 2 of the ring atoms are heteroatoms, (Cs.g cycloalkyl)alkyl, (Ce.10 aryl)alkyl,

(heteroaryl)alkyl in which the heteroaryl portion contains 5 to 7 ring atoms



WD 2004/ 096134 PCT/ US2004/ 012240 -161 f. 4-]
1- (2- Am no- 4- chl or ophenyl ) et hyl ] - 3- (4-chl or ophenyl ) - 7-
w0 o@a2134¢ di hydro-1 H 1, 4- benzodi azepi n- 5- oNePCTUS2004/012240

4-[(R)-1-(2-am no-4-chl orophenyl)ethyl] -(3

S) - 3- (4-chl orophenyl ) - 7-i odo-

1-[2- (ﬁ m(et hoxyet hoxy) et rlyHTl 4- benzodi azepi ne- 2, 5-di

one; . (3

S)-4-[(R)-1-(2- Ami no- 4-chl orophenyl )ethyl ]-3-(4-chloro

pimdnyh@reﬁi—] odl@-oftthe [rmg (adom® ppehladtenaatpash o1 }5 -membered
nzod|

@atu(r 8 0% PtAy Raidid BeistaedRivhergin g, or.2 Yidhe sing atoms

l&ti@i@)(ﬂo}ns hOGVBIch each of the preceding groups is optionally
3 (4- met hyl - pi perazi n- -propyl% 3, 4-di hydro-1
Hubktﬁnwd[ e][l 4] di azepi ne- 2 5 di one; and j. 5-{

(32) - ol & SRISERRASTE )5 il 6% # Aeﬁb%mﬂe?&nw%eﬁw

[]-7-i
dirOxeF tﬁe ﬁné ,a’ﬁ_brﬁﬁatré abigebatorhs (€] el cblldlaikyt« M i dryhalkyl

entanoi ¢ aci d; and pharmaceutically accep tabl,g salts

t (heteewstyl) gyl mh\@hlébﬁlp%bﬁaroaaécﬁoaﬁl% corjaigh 3j i, 53ing atoms
Cadﬁs é%relshai %F %05@3@1% gﬂmg 4SS Sk & fLERaf ot BE 1§79 Bmbered

Séﬁmﬁai[eﬂ B:}L pirztb(ﬂzﬁmammﬁdf}htaﬁomﬂhér)am Thent 2 oﬁ‘dfeéhrrgﬁtgme
phen - rphol.in thyl ]-7-(propyn-. .
-3IR) K%ewﬂ'@@ﬁz odhi fach (Ef) g‘?eo rPé‘Jceiz‘l‘;?ér g@ﬁ\é% (s ggptiqpally
sdb%@uf - (2- am no- 4-chl or ophenyl ) et hyl ]-(3S)-3-(4-chlo
rophenyl -7-1o0do-

1- [ 2- (R isstydoogees Gosallds Gyt $ycloadky on f6ui eetnsikydalkyl. di
one; %/09613?1 % S2004/ 012240 -162 h. (3

S) - 4- [ TRIS-OFCERAT Ivés -¥hI or ophenyl ) et hyl ]-3-(4-chloro
phenyl R® Tis Hﬁd}o gen, Cp¢ alkyl, Css cycloalkyl, hydroxy(C1 6) alkyl

P

1-[2-(4-nor Imo%et |1-1, 4- benzodi azepi ne- 2, 5-di
- amino(Cy.¢) alkyl, oxy(Ci-6) alkyl (Ci6 alkoxy)carbonyl

o?l%gf_ﬁ?g?ﬁb ]jlyléf?“ g 4é a‘ﬂkﬁhl 8&%&918913’ ! )caﬁ;aHY(Jyl(dg)S) aﬁ<y( 4- f(ﬂl_ﬁ

1alﬂ<Z}ahﬂn®Eﬁlbvﬂlylmr REJ. @ﬂkﬂaﬂmnd)%rb@@rb(ﬂl]s) kol dndhydr o- 1

en el 1, 4] di 5-di d
R Eh drogbloePally 2 o oner an

28.  The compound according to claim 27, wherein R” is halo, Cy.6

alkynyl, carboxy, (Ci.¢ alkoxy)carbonyl, C;. acyl or carbamoyl.

29.  The compound according to claim 27, wherein R* is iodo,
bromo, chloro, ethynyl, propynyl, acetyl, methoxycarbonyl, carboxy or
carbamoyl.

30.  The compound according to claim 27, wherein R* is iodo.

31.  The compound according to claim 27, wherein n is 1.



j- 5-{ (35-3 -(4-Cnhl orophenyl) -4-
[(R) -1-(4-chl orophenyl)-ethyl] -7-i0 do-2, 5 -

Wal2@ex09A38, 4, 5-t et rahydr o- benzo[ e] [ 1, 4] di azepi PeT/ugiop4/@i2240

entanoi ¢ acid and pharmaceutically-acceptable salts

t hereof. 54. A conpound according to claim1, in the
formof a hydrochloride, -atgg-ate, trifluoroacetate or
fumarate salt. 55. A pharmaceutical conposition,

conprisjng: La) a conpound.of claj , or a [t, .
hydr at eali;r pfllf%"r%‘&"’ nEéFcé’cS‘flng fngla n?}o‘ﬁléer@ln liﬁg‘?épuonauy‘
PhaksmaRdiphed)l! Y- accept abl e excipients. 56. The
conmposition of claimb55, wherein the conposition is

sterile. 57. The conposition of claimb55, further

conprising: £c) at |least one additio subst apce
sel ect ?d;n fr oﬁrl?% RYMBY paCCSHﬁ%g 9 iché‘“;?) » SUPREPIg Bt & phenyl
st bbtitheld s b HeafH6StioR B WO 8t 3-Ca:ﬂ94’—gl)§tions, wherein
anticancer agents, and cytostatic agents. 58. Thé
c ovpl steensencef ofc pehishiwidn ishidepandentiyd seloetpd Uem i the group

. ) b .5 .and ab
B Y S R P S
The conposition of claimb55, suitable for

adm nistration by a subcutaneous, intravenous, . s .
i nt rameul abhe jompoyed i eenseding Bucelaim &Y, ovhgreip R is
ro l 1 ) _I ] LN -
LR | g RALEI ALY, LLSANELS TR o
nadaitrophergy,. 3-&inoI4rehlomphersyl tor B+bromophenyin 55, suitabl e
for parenteral admnistration, wherein said conpound
is present in an anount between about 0.5 and about

100 mi 145 gr afe Rhpoll® SQAT@RLT tPNci%im - 29! alBran: RS is
suitable for parenteral admnrstration, wherein said

cohpdorephénylpr esent in an anobunt between about

36.  The compound according to claim 27, wherein R® is optionally-
substituted phenyl, optionally-substituted benzyl, optionally-substituted
pyryidyl or optionally-substituted naphthyl.

37.  The compound according to claim 27, wherein R® is optionally-

substituted phenyl.

38.  The compound according to claim 27, wherein R® is phenyl
optionally substituted once in the p-position or twice in the m- and p-positions,
or twice at the o- and p-position, wherein each occurrence of substitution is

independently selected from the group consisting of halo, nitro and amino.

39.  The compound according to claim 27, wherein R® is phenyl,
4-chlorophenyl, 3,4-dichlorophenyl, 2-amino-4-chlorophenyl, 2-amino-
4-chloro-5-fluorophenyl, 3-amino-4-chlorophenyl or 4-chloro-3-nitrophenyl.



0.5 and about 10 mlligrans. 62. The conposition of
claimb55, suitable for oral adm nistration, wherein
wa@ anod/ogaaspound i s present in an anount bet weenP@bU81004/012240
0.5 and about 100 mlligrans. 63. The conposition of
claim55, suitable for oral adm nistration, wherein
said conpound is present insgan anount between about 25
and about 100 milligranms. 64. A nmethod of inhibiting
the binding of p53 to a protein encoded by hdn? .
conprl 40ng dbatcasmpred poording éhelagp %W@eﬁﬂbl{ellﬁg'ammo‘
%?o%gplpéﬁly dn2, with one or nore conpounds of claim

1, hydrate or prodrug thereof. 65. A nethod

of treating a condition that results fromthe

|nh|b|t|on of one or nore functions_of a cel,]
pr ot ei Alt hatlbesgupeunprserdiag &o claigygéeyhergi R uqsg)(ydrogen

deat e jthe cell cycle by an HDV2 protein,
cg’a Iralk %rb gg&m ni t'eri ng to a patient in need of such

treat rrent a pharmaceutical | y- effective amount of a
corrpound of claim 1. 2004/ 096134 ECTLUSZ / 1ﬁ240
-164 662 A WGBlPSFn ACFIETRG (U Bk §¢i Wherg Ydgpeen,

Exﬂafﬂ?gtahﬁ'Q I@gy with a conposition conprising a
phar

ceut effective amount of at |east one
conpound of cI aiml, or a salt, hydrate or prodrug

her eof,,, 67..Th h i |
Sai o odApos FEGRTIPUN aprithin famLe R R gy eEbE

pharmaceuti cal | y-accept abl e exci pient. 68. A nethod of
preventing or treating cancer or a condition %_hat
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45. The compound according to claim 27, wherein R® is hydrogen.

46.  The compound according to claim 27, wherein R’ is hydrogen,

C1.6 alkyl, hydroxy(Cy.¢) alkyl, amino(C;.¢) alkyl or carbamoyl(C;.¢) alkyl.
47.  The compound according to claim 27, wherein R’ is hydrogen,
methyl, 2-hydroxyethyl, 3-hydroxypropyl, 2-aminoethyl, carbamoylmethyl or

carbamoylethyl.

48.  The compound according to claim 27, wherein R is hydrogen

or Ci alkyl.

49.  The compound according to claim 27, wherein R'? is hydrogen,

methyl or ethyl.

50.  The compound according to claim 27, wherein R is hydrogen.
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a. 4-(2-Amino-4-chlorobenzyl)-3-(4-chlorophenyl)-7-iodo-3,4-dihydro-1H-
benzo[e][1,4]diazepine-2,5-dione;

b. 1,3-Dihydro-4-[ 1-(2-amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-
iodo-1,4-benzodiazepine-2,5-dione;

c. 4-[1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-1-[2-(4-
morpholino)ethyl]-1,4-benzodiazepine-2,5-dione;

d. (3S)-4-[(R)-1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-1-[2-(2-
methoxyethoxy)ethyl]- 7-(propyn-1-yl)-1,4-benzodiazepine-2,5-dione
hydrochloride;

e. (3S)-4-[(R)-1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-1-[2-(4-
morpholino)ethyl]-7-(propyn-1-yl)-1,4-benzodiazepine-2,5-dione
hydrochloride;
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h. (35)-4-[(R)-1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-
1-[2-(4-morpholino)ethyl]-1,4-benzodiazepine-2,5-dione;

‘1. 4-[(R)-1-(2-Amino-4-chlorophenyl)-ethyl]-(35)-3-(4-chloro-phenyl)-7-iodo-
1-[3-(4-methyl-piperazin-1-yl)-propyl]-3,4-dihydro-1H-
benzo[e][1,4]diazepine-2,5-dione; and

J- 5-{(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-iodo-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl}-pentanoic acid;

and pharmaceutically acceptable salts thereof.

53.  The compound according to claim 52, wherein said compound

is selected from the group consisting of:

e. (3S)-4-[(R)-1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-1-[2-(4-
morpholino)ethyl]-7-(propyn-1-yl)-1 ;4-benzodiazepine-2,5-dione
hydrochloride;

g. 4-[(R)-1-(2-amino-4-chlorophenyl)ethyl]-(3S)-3-(4-chlorophenyl)-7-iodo-
1-[2-(2-methoxyethoxy)ethyl]-1,4-benzodiazepine-2,5-dione;
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h. (3S)-4-[(R)-1-(2-Amino-4-chlorophenyl)ethyl]-3-(4-chlorophenyl)-7-iodo-
1-[2-(4-morpholino)ethyl]-1,4-benzodiazepine-2,5-dione;

i. 4-[(R)-1-(2-Amino-4-chlorophenyl)-ethyl]-(3S)-3-(4-chloro-phenyl)-7-iodo-
1-[3-(4-methyl-piperazin-1-yl)-propyl]-3,4-dihydro-1H-

benzo[e][1,4]diazepine-2,5-dione; and

j. 5-{(35)-3-(4-Chlorophenyl)-4-[(R)-1-(4-chlorophenyl)-ethyl]-7-i0do-2,5-
dioxo-2,3,4,5-tetrahydro-benzo[e][1,4]diazepin-1-yl }-pentanoic acid

and pharmaceutically-acceptable salts thereof.

54. A compound according to claim 1, in the form of a

hydrochloride, acetate, trifluoroacetate or fumarate salt.

55. A pharmaceutical composition, comprising:
(a) a compound of claim 1, or a salt, hydrate or prodrug
thereof; and

(b)  one or more pharmaceutically-acceptable excipients.

56. The composition of claim 55, wherein the composition is

sterile.

57.  The composition of claim 55, further comprising:
() at least one additional substance selected from the group
consisting of synergists, stabilizing substances, antineoplastic agents,

anticancer agents, and cytostatic agents.

58.  The composition of claim 55, wherein said compound is

present in an amount between about 0.5 and about 100 milligrams.
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59.  The composition of claim 55, suitable for administration by a
subcutaneous, intravenous, intramuscular, intraperitoneal, buccal, or ocular
route, rectally, parenterally, instrasystemically, intravaginally, topically,

orally, or as an oral or nasal spray.

60. The composition of claim 55, suitable for parenteral
administration, wherein said compound is present in an amount between about

0.5 and about 100 milligrams.

61. The composition of. claim 55, suitable for parenteral
administration, wherein said compound is present in an amount between about

0.5 and about 10 milligrams.

62. The composition of claim 55, suitable for oral administration,
wherein said compound is present in an amount between about 0.5 and about

100 milligrams.

63.  The composition of claim 55, suitable for oral administration,
wherein said compound is present in an amount between about 25 and about

100 milligrams.

64. A method of inhibiting the binding of p53 to a protein encoded
by hdm2, comprising
contacting p53 or one or more proteins encoded by hdm2, with

one or more compounds of claim 1, or a salt, hydrate or prodrug thereof.

65. A method of treating a condition that results from the inhibition
of one or more functions of a cellular protein that induces apoptosis, induces
cellular death, or regulates the cell cycle by an HDM2 protein, comprising
administering to a patient in need of such treatment a pharmaceutically-

effective amount of a compound of claim 1.
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66. A method of inducing apoptosis, comprising
contacting an animal with a composition comprising a
pharmaceutically-effective amount of at least one compound of claim 1, or a

salt, hydrate or prodrug thereof.

67.  The method according to claim 66, wherein said composition

further comprises at least one pharmaceutically-acceptable excipient.

68. A method of preventing or treating cancer or a condition that

results from the uncontrolled proliferation of cells, comprising
contacting an animal with (a) a composition comprising a
pharmaceutically-effective amount of an antineoplastic agent, and (b) a

compound of claim 1.

69. The method of claim 68, wherein said cancer or condition is
selected from the group consisting of breast cancer, ovarian cancer, cervical
carcinoma, endometrial carcinoma, choriocarcinoma, soft tissue sarcomas,
osteosarcomas, rhabdomyosarcomas, leilomyomas, leiomyosarcomas, head and
neck cancers, lung and bronchogenic carcinomas, brain tumors,
neuroblastomas, esophogeal cancer, colorectal adenocarcinomas, bladder
cancer, urothelial cancers, leukemia, lymphoma, malignant melanomas, oral
squamous  carcinoma, hepatoblastoma, glioblastoma, astrocytoma,
medulloblastoma, Ewing’s sarcoma, lipoma, liposarcoma, malignant fibroblast
histoma, malignant Schwannoma, testicular cancers, thyroid cancers, Wilms’
tumor, pancreatic cancers, colorectal adenocarcinoma, tongue carcinoma,

gastric carcinoma, and nasopharyngeal cancers.

70. The method of claim 68, wherein said cancer or condition is

selected from the group consisting of breast cancer, choriocarcinoma, soft
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tissue sarcomas, osteosarcomas, rhabdomyosarcomas, lipoma and

liposarcoma.

71. A method of treating an inflammatory condition, comprising
administering to a patient in need of such treatment a pharmaceutically-

effective amount of a compound of claim 1.

72. A method of treating an autoimmune disease or condition,
comprising administering to a patient in need of such treatment a

pharmaceutically-effective amount of a compound of claim 1.

73. The method of claim 72, wherein said autoimmune disease or
condition is selected from the group consisting of Hashimoto’s thyroiditis,
Grave’s disease, multiple sclerosis, pernicious anemia, Addison's disease,
insulin-dependent diabetes mellitus, rheumatoid arthritis, systemic lupus
erythematosus (SLE or lupus), and dermatomyositis, Crohn’s disease,
Wegener’s granulomatosis, Anti-Glomerular Basement Membrane Disease,
Antiphospholipid  Syndrome,  Dermatitis = Herpetiformis,  Allergic
Encephalomyelitis, Glomerulonephritis, Membranous Glomerulonephritis,
Goodpasture Syndrome, Lambert-Eaton, Myasthenic Syndrome, Myasthenia
Gravis, Bullous Pemphigoid, Polyendocrinopathies, Reiter's Disease and Stiff-

Man Syndrome.

74. The method of claim 72, wherein said autoimmune disease or

condition is rheumatoid arthritis or systemic lupus erythematosus.

75.  The method according to claim 64, wherein said effective

amount is between about 1.0 and about 100 milligrams per kilogram per day.



