(12) PATENT (11) Application No. AU 199881771 B2
(19) AUSTRALIAN PATENT OFFICE (10) Patent No. 741173

(54)
(51)’
(21)
(87)

(30)
(31)

(43)
(43)
(44)
(71)

(72)

(74)

(56)

Title
Substituted N-[(aminoiminomethyl or aminomethyl)phenyl] propyl amides

International Patent Classification(s)

C07C 257/18 A61K 031/44
A61K 031/215 CO07D 213/58
Application No: 199881771 (22) Application Date: 1998.06.26

WIPO No: WO099/00356

Priority Data

Number (32) Date (33) Country
08/884405 1997.06.27 uUs
Publication Date : 1999.01.19

Publication Journal Date : 1999.03.11
Accepted Journal Date : 2001.11.22

Applicant(s)
Aventis Pharmaceuticals Products Inc.

Inventor(s)
Scott | Klein; Kevin R. Guertin; Alfred P. Spada; Heinz W. Pauls; Yong Gong;
Daniel G. McGarry

Agent/Attorney
WATERMARK PATENT and TRADEMARK ATTORNEYS,Locked Bag 5,HAWTHORN
VIC 3122

Related Art
US 5424334




o e e e MMM i
.+« | AOJP DATE 11/03/99 PCT NUMBER PCT/U598/13550
AU98B1771
IN b
(51) International Patent Classification 6 : (11) International Publication Number: WO 99/00356
CO7C 257/18, COTD 213/58, A61K A1l ) o
. 317215, 31/44 (43) International Publication Date: 7 January 1999 (07.01.99)
(21) International Appllcauon Number: PCT/US98/13550 Drive, Norristown, PA 19403 (US). MCGARRY, Daniel, G.

(22) International Filing Date: 26 June 1998 (26.06.98)

(30) Priority Data:

08/884,405 27 June 1997 (27.06.97) us

(63) Related by Continuation (CON) or Continuation-in-Part
(CIP) to Earlier Application

(72) Inventors; and

(75) Inventors/Applicants (for US only): KLEIN, Scott, I. [US/US];
27 Hampton Court, Norristown, PA 19402 (US). GUERTIN,
Kevin, R. [CA/US]; 800 Kimberton Road, Phoenixville, PA
19460 (US). SPADA, Alfred, P. [US/US]; 473 Painter Way,
Lansdale, PA 19446 (US). PAULS, Heinz, W. [CA/US];
3770 Worthington Circle, Collegeville, PA 19426 (US).
GONG, Yong [CN/US); Apartment P61, 108 Eagle Stream

us 08/884,405 (CIP)
Filed on 27 June 1997 (27.06.97)
? ' (NS P amearce Mookt Prodves \nc
(71) Applicant  (for all designated States except US):
w
< -
4« . ille; ove Ao2-206,
/o Codn RME- G\, Bt

_Ja«_o NS % K0T-0900 0

[GB/US]; Apartment 148, 3000 Valley Forge Road, King of
Prussia, PA 19406 (US).

(74) Agents: MARTIN, Michael, B. et al.; Rhdne-Poulenc Rorer
Pharmaceuticals Inc., Mail Drop #3C43, P.O. Box 5093,
Collegeville, PA 19426-0997 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, GH,
HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS,
LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL,/
PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, T™M, TR, TT,
UA, UG, US, UZ, VN, YU, ZW, ARIPO patent (GH, GM,
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,

P& GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(57) Abstract

This invention relates to compounds of formula
(I) which inhibit Factor Xa, to pharmaceutical compo-
sitions containing the compounds, and to the use of the
compounds for the treatment of patients suffering from
conditions which can be ameliorated by the administra-
tion of an inhibitor of Factor Xa.
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SUBSTITUTED N-[(AMINOIMINOMETHY[. OR AMINOMETHYL)PHENYL]PROPYL AMIDES

Field of the Invention

The compounds of formula I exhibit useful pharmacological activity and accordingly are
incorporated into pharmaceutical compositions and used in the treatment of patients suffering from
certain medical disorders. More especially, they are Factor Xa inhibitors. The present invention is
directed to compounds of formula I. compositions containing compounds of formula I, and their use,
which are for treating a patient suffering from, or subject to, conditions which can be ameliorated by the
administration of an inhibitor of Factor Xa.

Factor Xa is the penultimate enzyme in the coagulation cascade. Both free factor Xa and factor
Xa assembled in the prothrombinase complex (Factor Xa, Factor Va. calcium and phospholipid) are
inhibited by compounds of formula I. Factor Xa inhibition is obtained by direct complex formation
between the inhibitor and the enzyme and is therefore independent of the plasma co-factor antithrombin
III. Effective factor Xa inhibition is achieved by administering the compounds either by oral
administration. continuous intravenous infusion, bolus intravenous administration or any other parenteral
route such that it achieves the desired effect of preventing the factor Xa induced formation of thrombin
from prothrombin.

Anticoagulant therapy is indicated for the treatment and prophylaxis of a variety of thrombotic
conditions of both the venous and arterial vasculature. In the arterial system. abnormal thrombus
formation is primarily associated with arteries of the coronary, cerebral and peripheral vasculature. The
diseases associated with thrombotic occlusion of these vessels principally include acute myocardial
infarction (AMI), unstable angina, thromboembolism, acute vessel closure associated with thrombolytic
therapy and percutaneous transluminal coronary angioplasty (PTCA), transient ischemic attacks, stroke,
intermittent claudication and bypass grafting of the coronary (CABG) or peripheral arteries. Chronic
anticoagulant therapy may also be beneficial in preventing the vessel luminal narrowing (restenosis) that
often occurs following PTCA and CABG, and in the maintenance of vascular access patency in long-
term hemodialysis patients. With respect to the venous vasculature, pathologic thrombus formation
frequently occurs in the veins of the lower extremities following abdominal, knee and hip surgery (deep
vein thrombosis. DVT). DVT further predisposes the patient to a higher risk of pulmonary
thromboembolism. A systemic, disseminated intravascular coagulopathy (DIC) commonly occurs in both
vascular systems during septic shock, certain viral infections and cancer. This condition is characterized
by a rapid consumption of coagulation factors and their plasma inhibitors resulting in the formation of
life-threatening clots throughout the microvasculature of several organ systems. The indications

discussed above include some, but not all, of the possible clinical situations where anticoagulant therapy
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2
is warranted. Those experienced in this field are well aware of the circumstances requiring either acute or

chronic prophylactic anticoagulant therapy.

SUMMARY OF THE INVENTION

5 This invention is directed to a compound of formula I:

R

====-* is asingle or double bond;
10

R, is hydrogen, hydroxy or amino:
R, and R, are hydrogen or taken together are =NR,;
15 R;is hydrogen, -CO,R,, -C(O)R,, -CONR¢Ry, -CH,OR, or -CH,SR;
R, is hydrogen, alkyl, Q-alkyl or thioheterocyclyl, or a group of formula

A

0~

or r,

20
Rs is alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclyl, heterocyclenyl, fused
arylcycloalkyl, fused heteroarylcycloalkyl, fused arylcycloalkenyl, fused heteroarylcycloalkenyl, fused
arylheterocyclyl, fused heteroarylheterocyclyl, fused arylheterocyclenyl, fused heteroarylheterocyclenyl,
aryl, fused cycloalkenylaryl, fused cycloalkylaryl, fused heterocyclylaryl, fused heterocyclenylaryl,

25 heteroaryl, fused cycloalkylheteroaryl, fused cycloalkenylheteroaryl, fused heterocyclenylheteroaryl,

fused heterocyclylheteroaryl, aralkyl, heteroaralkyl, aralkenyl, heteroaralkenyl, aralkynyl or

heteroaralkynyl;
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R¢ is hydrogen or lower alkyl;

R, is hydrogen, lower alkyl, Ar(lower alkyl), lower acyl, aroyl or heteroaroyl,
Ry is hydrogen or lower alkyl;

R, is hydrogen, R,,0,C-, R,,0-, HO-, cyano, R ,,CO-, HCO-, lower alkyl, nitro, or Y"*Y*N-;
R, is alkyl, aralkyl, or heteroaralkyl;

Y'* and Y* are independently hydrogen or alkyl;
A and B are hydrogen or taken together are a.bond;

Qis R,0- or R,S- or Y'Y?N-;

Y! and Y2 are independently hydrogen, alkyl, aryl, and aralkyl, or one of Y! and Y2 is acyl or aroy! and
the other of Y1 and Y2 is hydrogen, alkyl, aryl, and aralkyl;

Ar is aryl or heteroaryl; and
nis0, 1or2;or
a pharmaceutically acceptable salt thereof, a solvate thereof, or prodrug thereof.

DETAILED DESCRIPTION OF THE INVENTION
As used above, and throughout the description of the invention, the following terms, unless

otherwise indicated, shall be understood to have the following meanings:

Definitions

"Patient” includes both human and other mammals.

"Alkyl" means an aliphatic hydrocarbon group which may be straigh? or branched having about 1
to about 15 carbon atoms in the chain. Preferred alkyl groups have 1 to about 12 carbon atoms in the
chain. Branched means that one or more lower alkyl groups such as methyl, ethyl or propy! are attached
to a linear alkyl chain. “Lower alkyl" means about 1 to about 6 carbon atoms in the chain which may be

straight.or branched. The alkyl group may be substituted by one or more halo, cycloalkyl or
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4

cycloalkenyl. Exemplary alkyl groups include methyl, fluoromethyl,
difluoromethyl, trifluoromethyl, cyclopropylmethyl, cyclopentylmethyl, ethyl, n-
propyl, i-propyl, n-butyi, t-butyl, n-pentyl, 3-pentyl, heptyl, octyl, nonyl, decyl
and dodecyl.

“Alkeny!l" means an aliphatic hydrocarbon group containing a carbon-
carbon double bond and which may be straight or branched having about 2 to
about 15 carbon atoms in the chain. Preferred alkenyl groups have 2 to about
12 carbon atoms in the chain; and more preferably about 2 to about 6 carbon
atoms in the chain. Branched means that one or more lower alkyl groups: such
as methyl, ethyl or propyl are attached to a linear alkenyl chain. "Lower
alkenyl' means about 2 to about 4 carbon atoms in the chain which may be
straight or branched. The alkenyl group may be substituted by one or more
halo. Exemplary alkenyl groups include ethenyl, propenyl, n-butenyl, i-butenyl,
3-methylbut-2-enyl, n-pentenyl, heptenyl, octenyl and decenyl.

"Alkynyl" means an aliphatic hydrocarbon group containing a carbon-
carbon triple bond and which may be straight or branched having about 2 to
about 15 carbon atoms in the chain. Preferred alkynyl groups have 2 to about
12 carbon atoms in the chain; and more preferably about 2 to about 4 carbon
atoms in the chain. Branched means that one or more lower alkyl groups such
as methyl, ethyl or propyl are attached to a linear alkynyl chain. "Lower
alkynyl" means about 2 to about 4 carbon atoms in the chain which may be
straight or branched. Exemplary alkynyl groups include ethynyl, propynyl, n-
butynyl, 2-butynyl, 3-methylbutynyl, n-pentynyl, heptynyl, octynyl and decynyl.

“Cycloalkyl" means a non-aromatic mono- or multicyclic ring system of
about 3 to about 10 carbon atoms. Exemplary monocyclic cycloalkyl rings
include cyclopentyl, fluorocyclopentyl, cyclohexyl and cycloheptyl. The
cycloalkyl group may be substituted by one or more halo, methylene (H,C=),
alkyl, cycloalkyl, heterocyclyl, aralkyl, heteroaralkyl, aryl or heteroaryl.
Exemplary multicyclic cycloalkyl rings include 1-decalin, adamant-(1- or 2-)yl

and norbornyl.
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“Cycloalkenyl" means a non-aromatic monocyclic or multicyclic ring

system containing a carbon-carbon double bond and having about 3 to about

10 carbon atoms. Exemplary monocyclic cycloalkenyl rings include

cyclopentenyl, cyclohexenyl or cycloheptenyl. An exemplary multicyclic

5 cycloalkenyl ring is norbornylenyl. The cycloalkenyl group may be substituted

by one or more halo, methylene (H,C=), alkyl, cycloalkyl, heterocyclyl, aralkyl,
heteroaralkyl, aryl or heteroaryl.

“Heterocylyl" means a non-aromatic monocyclic or multicyclic ring

system of about 3 to about 10 ring atoms. Preferred rings include about 5 to

10 about 6 ring atoms wherein one of the ring atoms is oxygen, nitrogen or sulfur.

eselel The heterocyclyl may be optionally substituted by one or more halo,
methylene (H,C=), alkyl, cycloalkyl, heterocyclyl, aralkyl, heteroaralkyl, aryl or
heteroaryl. Preferred monocyclic heterocyclyl rings include pyrrolidine,

tetrahydrothiophenyl and tetrahydrothiopyranyl. The thio or nitrogen moiety of

1.} 15 the heterocyclyl may also be optionally oxidized to the corresponding N-oxide,
S-oxide or S,S-dioxide. |

"Aryl" means aromatic carbocyclic radical containing about 6 to about

::::: 12 carbon atoms. Exemplary aryl include phenyl (Ph) or naphthyl optionally

substituted with one or more aryl group substituents which may be the same

. 20 or different, where "aryl group substituent" includes hydrogen, alkyl, cycloalkyl,

heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl,

aralkyl, aralkenyl, aralkynyl, heteroaralkyl, heteroaralkenyl, heteroaralkynyl,

hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy, carboxy, acyl, aroyl, halo,

nitro, cyano, carboxy, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl,

25 acylamino, aroylamino, alkylsulfonyl, arylsulfonyl, alkylsulfinyl, arylsulfinyl,

alkylthio, arylthio, aralkylthio, -O-(C,,alkylenyl)-O-, Y'Y?N-, Y'Y®N-alkyl-,

Y'Y2NCO- or Y'Y2 NSO,-, wherein Y' and Y? are independently hydrogen,

alkyl, aryl, and aralkyl, or two adjacent Y'Y2NCO- substituents taken together

with the carbon atoms to which the Y'Y?2NCO- substituents are attached form

30 animide (-CONY'CO), or where the substituent is Y'Y2N- or Y'Y? N-alkyl- then

one of Y' and Y2 is acyl or aroyl and the other of Y' and Y?is hydrogen, alkyl,
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aryl, and aralkyl. Preferred aryl group substituents include hydrogen, alkyl,
optionally substituted aryl, optionally substituted heteroaryl, hydroxy, acyl,
aroyl, halo, nitro, cyano, alkoxycarbonyl, acylamino, alkylthio, Y'Y2N-(lower
alkyl)-, Y'Y2N-, Y'Y2NCO-, or Y'Y?NSO,-, wherein Y' and Y? are independently
hydrogen and alkyl.

"Heteroaryl" means about a 5- to about a 12- membered aromatic
monocyclic or multicyclic hydrocarbon ring system in which one or more of the
carbon atoms in the ring system is/are element(s) other than carbon, for
example nitrogen, oxygen or sulfur. The "heteroaryl" may also be substituted
by one or more aryl group substituents. Exemplary heteroaryl groups include
pyrrolyl, imidazolyl, pyrazolyl, triazolyl, furanyl, thienyl, 1,2,4-thiadiazolyl,
pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, oxazolyl, isoxazolyl, thiazolyl,
quinolinyl, isoquinolinyl, indolyl, quinazolinyl, quinoxalinyl, phthalazinyl,
imidazo[1,2-a]pyridine, benzoazaindole.

"Aralkyl" means an aryl-alkyl- group in which the aryl and alkyl are as
previously described. Preferred aralliyls contain a lower alkyl moiety.
Exemplary aralkyl groups include benzyl, 2-phenethyl and naphthlenemethyl.

"Aralkenyl" means an aryl-alkenyl- group in which the aryl and alkenyl
are as previously described. Preferred aralkenyls contain a lower alkenyl
moiety. Exemplary aralkenyl groups include 2-phenethenyl and 2-
naphthylethenyl.

"Aralkynyl" means an aryl-alkynyl- group in which the aryl and alkynyl
are as previously described. Preferred aralkynyls contain a lower alkynyl
moiety. Exemplary aralkynyl groups include phenacetylenyl and.
naphthylacetylenyl.

"Heteroaralkyl" means an heteroaryl-alkyl- group in which the
heteroaryl and alkyl are as previously described. Preferred heteraralkyls
contain a lower alkyl moiety. Exemplary aralkyl groups include pyridylmethyl,
2-(furan-3-yl)ethyl and quinolin-3-ylmethyl.

"Heteroaralkenyl" means an heteroaryl-alkenyl- group in which the

heteroaryl and alkenyl are as previously described. Preferred heteroaralkenyls
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contain a lower alkenyl moiety. Exemplary heteroaralkenyl groups include 2-
(pyrid-3-yl)ethenyl and 2-(quinolin-3-yl)ethenyl.

"Heteroaralkynyl" means an heteroaryl-alkynyl- group in which the
heteroaryl and alkynyl are as previously described. Preferred heteroaralkynyls
contain a lower alkynyl moiety. Exemplary heteroaralkynyl groups include
pyrid-3-ylacetylenyl and quinolin-3-ylacetylenyl.

"Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously
defined. Preferred hydroxyalkyls contain lower alkyl. Exemplary hydroxyalkyl
groups include hydroxymethyl and 2-hydroxyethyl.

"Acyl" means an H-CO- or alkyl-CO- group in which the alkyl group is
as previously described. Preferred acyls contain a lower alkyl. Exemplary acyl
groups include formyl, acétyl, propanoyl, 2-methylpropanoyl, butanoyl and
palmitoyl. _

"Aroyl" means an aryl-CO- group in which the aryl group is as
previously described. Exemplary groups include benzoyl and 1- and 2-
naphthoyl.

"Heteroaroyl" means a heteroaryl-CO- group in which the heteroaryl
group is as previously described. Exemplary groups include nicotinoyl and
pyrrol-2-ylcarbonyl and 1- and 2-naphthoyl.

"Alkoxy" means an alkyl-O- group in which the alkyl group is as
previously described. Exemplary alkoxy groups include methoxy, ethoxy, n-
propoxy, i-propoxy, n-butoxy and heptoxy.

“Aryloxy" means an aryl-O- group in which the aryl group is as
previously described. Exemplary aryloxy groups include phenoxy and
naphthoxy.

"Aralkyloxy" means an aralkyl-O- group in which the aralkyl groups is
as previously described. Exemplary aralkyloxy groups include benzyloxy and
1- or 2-naphthalenemethoxy.

"Alkylthio" means an alkyl-S- group in which the alkyl group is as
previously described. Exemplary alkylthio groups include methylthio, ethylthio,
i-propylthio and heptylthio.

\)STR,q(
4 o
&F?Cﬁo/
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"Arylthio" means an aryl-S- group in which the aryl group is as
previously described. Exemplary arylthio groups include phenylthio and
naphthylthio.

"Aralkylthio" means an aralkyl-S- group in which the aralkyl group is as
previously described. An exemplary aralkylthio group is benzylthio.

"Y'Y2N-" means a substituted or unsubstituted amino group, wherein Y'
and Y2 are as previously described. Exemplary groups include amino (H2 N-),
methylamino, ethylmethylamino, dimethylamino and diethylamino.

"Alkoxycarbonyl" means an alkyl-O-CO- group. Exemplary
alkoxycarbonyl groups include methoxy- and eth-oxycarbonyl.

"Aryloxycarbonyl means an aryl-O-CO- group. Exemplary
aryloxycarbonyl groups include phenoxy- and naphthoxycarbonyl.

"Aralkoxycarbonyl" means an aralkyl-O-CO- group. An exemplary
aralkoxycarbonyl group is benzyloxycarbonyl.

"Y'Y2NCO-" means a substituted or unsubstituted carbamoyl group,
wherein Y' and Y? are as previously described. Exemplary groups are
carbamoyl (H,NCO-) and dimethylaminocarbamoyl (Me,NCO-).

"Y'Y2NSO,-" means a substituted or unsubstituted sulfamoyl group,
wherein Y' and Y? are as previously described. Exemplary groups are
aminosulfamoyl (H,NSO,-) and dimethylaminosulfamoyl (Me,NSO,-).

"Acylamino” is an acyl-NH- group wherein acyl is as defined herein.

"Aroylamino" is an aroyl-NH- group wherein aroyl is as defined herein.

"Alkylsulfonyl" means an alkyl-SO,- group. Preferred groups are those
in which the alkyl group is lower alkyl.

"Alkylsulfinyl" means an alkyl-SO- group. Preferred groups are those in
which the alkyl group is lower alkyl.

"Arylsulfonyl" means an aryl-SO,- group.

"Arylsulfinyl" means an aryl-SO- group.

"Halo" means fluoro, chloro, bromo, or iodo. Preferred are fluoro, chloro

or bromo, and more preferred are fluoro or chloro.
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"Prodrug” means a form of the compound of formula which may or may
not itself be biologically active but which may be converted, for example by
metabolic, solvolytic, or other physiological means, to a biologically active
chemical entity, and is suitable for administration to a patient without undue
toxicity, irritation, allergic response, and the like, and effective for their
intended use, including ketal, ester and zwitterionic forms. A prodrug is

transformed in vivo to yield the parent compound of the above formula, for

- example by hydrolysis in blood. A thorough discussion is provided in T.

Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the A.
C. S. Symposium Series, and in Edward B. Roche, ed., Bioreversible Carriers
in Drug Design, American Pharmaceutical Association and Pergamon Press,

1987, both of which are incorporated herein by reference.

Preferred Embodiments

A preferred embodiment of the invention is a method for treating a
disease state capable of being modulated by inhibiting production of Factor Xa
to a patient suffering from said disease state an effective amount of the
compound of formula I.

A preferred compound aspect of the invention is the compound of
formula | wherein

R, and R, taken together are =NR;

R, is hydrogen, -CO,R,, -C(O)R,, -CH,OR, or -CH,SR,;

R, is hydrogen, alkyl or Q-alkyl, or a group of formula

Ar
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Rs is optionally substituted cycloalkyl, optionally substituted
heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted aralkyl or optionally substituted aralkyny!;

R, is hydrogen or lower alkyl;

A, B, Ry and R, are hydrogen;

Qis R,0-;

nis 1; or

a pharmaceutically acceptable salt thereof, an N-oxide thereof or
prodrug thereof. |

Another preferred compound aspect of the invention is the compound
of formula | wherein R, and R, taken together are =NH.

Another preferred compound aspect of the invention is the compound
of formula | wherein R, is hydrogen, -CO,R,, -CH,OR, or -CH,SR,; more
preferred R, is hydrogen, -CO,R; or -CH,OR,.

Another preferred compound aspect of the invention is the compound
of formula | wherein R, is -CO,R; and Ry is lower alkyl.

Another preferred compound aspect of the invention is the compound
of formula | wherein R, is -CH,OR, or -CH,SR, and R, is hydrogen or lower
alkyl.

Another preferred compound aspect of the invention is the compound

of formula | wherein R, is lower alkyl, R,O(lower alkyl)-, or a group of formula

Ar

where A and B are hydrogen and n is 1.
Another preferred compound aspect of the invention is the compound

of formula | wherein R, is optionally substituted cycloalkyl, optionally
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substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted aralkyl or optionally substituted aralkynyl.

Another preferred compound aspect of the invention is the compound
of formula | wherein R; is optionally substituted phenyl, optionally substituted

5 optionally substituted naphthyl, or optionally substituted heteroaryl.

Another preferred co'mpound aspect of the invention is the compound
of formula | wherein R; as optionally substituted phenyl or optionally
substituted heteroaryl is optionally substituted (phenyl substituted phenyl),
optionally substituted (heteroaryl substituted phenyl), optionally substituted

10 (phenyl substituted heteroaryl) or optionally substituted (heteroaryl substituted
heteroaryl).

Another preferred compound aspect of the invention is the compound
of formula | wherein R is lower alkyl.

Another preferred compound aspect of the invention is the compound

15 of formula | wherein R; is hydrogen or lower alkyl.

Another preferred compound aspect of the invention is the compound
of formula | wherein Ry is hydrogen.

Another preferred compound aspect of the invention is the compound
of formula | wherein Ry is hydrogen.

20 Another preferred compound aspect of the invention is the compound
of formula | wherein R,, is lower alkyl.-

Another preferred compound aspect of the invention is the compound

of formula | whereinnis 1.

Another preferred compound aspect of the invention is the compound

25 of formula | wherein the

moiety is in the meta position to the position of attachment of the phenyl
30.__moiety to th
0 y to the
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moiety.

Another preferred compound aspect of the invention is the compound
of formula | wherein Ar is optionally substituted aryl.

Another preferred cofppound aspect of the invention is the compound
of formula | wherein Ar is phenyl.

Included within the scope of formula | are compounds wherein R, and
R, taken together are =NR,, wherein R, is R,;0,C-, R,,0-, cyano, R,,CO-,
optionally substituted lower alkyl, nitro, or Y'Y?N-. Such derivatives may
themselves comprise the biologically active compound useful for treating a
disease state capable of being moduléted by inhibiting production of Factor Xa
to a patient suffering from said disease state, or may act as pro-drugs to such
biologically active compounds which are formed therefrom under physiological
conditions.

Species according to the invention are selected from the following:
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More preferred species according to the invention are compounds 188,
209-211, 217, 221, 235, 280-281, 284-285, 301 and 304-305.

Compounds of formula | may be prepared by the application or
adaptation of known methods, by which is meant methods used heretofore or
described in the literature, or by methods according to this invention herein.

Scheme A exemplifies a general method for preparing intermediates for

30 use in preparing compounds of formula | according to the invention.
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SCHEME A
0
-~ CHO Ph,P=CHCOOMe - % OMe
THF, r.t. o Z
CN CN
1
H,, Pd/CaCO,
0 0
i % OMe I OH
Z NaOH. THF, r.t. ~
CN o CN
2
3

Oxaly! Chloride, DMF (cat.)

0
©/\)L Sﬁ
CN

| S
TiCl. EtyN, CH,Cl, Me0” N2 .78°C 10 0°C

CH,Cl, then mercaptopyridine
Et;N. CH,Cl,

N

CAN, CH;CN/THF
then separate isomers

Qf+©“rﬂ

7a 7b
Scheme B exemplifies a general method for converting the intermediates prepared according to

Scheme A to compounds of formula I according to the invention.
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SCHEME B

A \_"r/=/Ph 7 \__ - ___Ph
= 4-biphenyl-COCL. Et ;N, Y= J:l/_/ :
NC ) NH iy NC N
DMAP (Cat.), CH,Cl, Y q

Ta

NaOH, THF, r.t.

COOMe

COOH
N(f@\)\.& Ph 1. HCI/MeOH, r.t. H,;N m/@\/‘\\@ Ph
""3_@ _@ 2 NH;/MeOH, reflux  NH HN)“@ _O
0
9

0
10
Scheme C exemplifies a general method for effecting interconversions between com pounds of

formula | according to the invention.
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1. HCl/ MeOH
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1. HpS, EtsN
pyridine

2. Mel;?
3. NH40Ac, 2

CHzOMC
NC A~ Ph
OO
0
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1. AcyO/pyridine/DMAP
2. H5S, EtisN
pyridine

3. Mel;?
4. NH40Ac, 2

CH,0Ac
- Ph

OO
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In addition, the compounds of formula 1 wherein R; is hydroxymethyl may be converted to the

corresponding thiolmethyl compounds by treating the alcohol with an alkyl or aryl sulfonyl halide and
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displacing the alkyl or aryl sulfonate with NaSH. the thiolmethyl compounds may then be alkylated or

acylated to give other compounds within the scope of the invention.

Scheme D exemplifies a general method for converting a nitrile intermediate to a compound of

formula I and additional general methods for effecting interconversions between compounds of formula |

5  according to the invention.

SCHEME D

1. H;S, Et3N
pyridine
—_—

Ph
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o
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1. iPrOCOCI, DMAP
2. H,S, Et3N
pyridine
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Scheme E exemplifies an additional general method for effecting interconversions between

10 compounds of formula 1 according to the invention.
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SCHEME E
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Scheme F exemplifies a general method for preparing compounds according to the present

invention wherein R, of formula I is optionally substituted phenethyl.
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CN
1) TEA/ICH,Cl,

N=
2) —

Et3N/CH >Cl2

"N (V<
WIS o

Ph

1) H2S, pyridine/Et 3N |

2) Mel
3)NH40AC

OMe

X
=

CN

1) Hydrolysis
2) H2S, pyridine/Et 3N
3) Mel

4)NH40Ac

Scheme G exemplifies a general method for preparing compounds according to the present

invention wherein R, of formula I is methyl.
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Scheme G

' : - NH o
/k)J\ LHMDS
OMe Br '

NC

OMe

CN

TFA (Where P = BOC)
Hy/CaC0; (P = CBZ)

NH.
)L/H 2 o]

ArylCOCI/Et3N or
) ArylCOOH/TBTU OMe
OMe .
CN
CN .
1) HCI/MeOH
2) NH3y/McOH
or
1) H,S, pyridine, ByN
<12 Mel :
3) NH(OAc
o
M s
Aryl N o
OMe
HoN NH

It will be apparent to those skilled in the art that certain compounds of
formula | can exhibit isomerism, for example geometrical isomerism, e.g., E or
Z isomerism, and optical isomerism, e.g., R or S configurations. Geometrical

isomers include the cis and trans forms of compounds of the invention having

alkenyl moieties. Individual geometrical isomers and stereoisomers within
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Such isomers can be separated from their mixtures, by the application
or adaption of known methods, for example chromatographic techniques and
recrystallization techniques, or they are separately prepared from the
appropriate isomers of their intermediates, for example by the application or

adaptation of methods described herein.
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The compounds of the present invention are useful in the form of the free base or acid or in the

form of a pharmaceutically acceptable salt thereof. All forms are within the scope of the invention.

Where the compound of the present invention is substituted with a basic moiety, acid addition
salts are formed and are simply a more convenient form for use; and in practice, use of the salt form
inherently amounts to use of the free base form. The acids which can be used to prepare the acid
addition salts include preferably those which produce, when combined with the free base,
pharmaceutically acceptable salts, that is. salts whose anions are non-toxic to the patient in
pharmaceutical doses of the salts, so that the beneficial inhibitory effects on Factor Xa inherent in the
free base are not vitiated by side effects ascribable to the anions. Although pharmaceutically acceptable
salts of said basic compounds are preferred. all acid addition salts are useful as sources of the free base
form even if the particular salt, per se, is desired only as an intermediate product as. for example, when
the salt is formed only for purposes of purification, and identification, or when it is used as intermediate
in preparing a pharmaceutically acceptable salt by ion exchange procedures. Pharmaceutically
acceptable salts within the scope of the invention are those derived from the following acids: mineral
acids such as hydrochloric acid, sulfuric acid. phosphoric acid and sulfamic acid; and organic acids such
as acetic acid, citric acid, lactic acid, tartaric acid, malonic acid, methanesufonic acid, ethanesulfonic
acid. benzenesulfonic acid, p-tbluenesulfonic acid, cyclohexylsulfamic acid, quinic acid, and the like.
The corresponding acid addition salts comprise the following: hydrohalides. e.g. hydrochloride and
hydrobromide, sulfate, phosphate, nitrate, sulfamate, acetate, citrate, lactate, tartarate, malonate, oxalate,
salicylate, propionate, succinate, fumarate, maleate. methylene-bis-B-hydroxynaphthoates, gentisates,
mesylates, isethionates and di-p-toluoyltartratesmethanesulfonate, ethanesulfonate, benzenesulfonate, p-
toluenesulfonate, cyclohexylsulfaméte and quinate, respectively.

According to a further feature of the invention, acid addition salts of the compounds of this
invention are prepared by reaction of the free base with the appropriate acid, by the application or
adaptation of known methods. For example. the acid addition salts of the compounds of this invention
are prepared either by dissolving the free base in aqueous or aqueous-alcohol solution or other suitable
solvents containing the appropriate acid and isolating the salt by evaporating the solution, or by reacting
the free base and acid in an organic solvent, in which case the salt separates directly or can be obtained
by concentration of the solution.

The acid addition salts of the compounds of this invention can be regenerated from the salts by
the application or adaptation of known methods. For example, parent compounds of the invention can be
regenerated from their acid addition salts by treatment with an alkali, e.g. aqueous sodium bicarbonate
solution or aqueous ammonia solution.

Where the compound of the invention is substituted with an acidic moiety, base addition salts

may be formed and are simply a more convenient form for use; and in practice, use of the salt form
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inherently amounts to use of the free acid form. The bases which can be used to prepare the base

addition salts include preferably those which produce, when combined with the free acid,
pharmaceutically acceptable salts, that is, salts whose cations are non-toxic to the animal organism in
pharmaceutical doses of the salts, so that the beneficial inhibitory effects on Factor Xa inherent in the
free acid are not vitiated by side effects ascribable to the cations. Pharmaceutically acceptable salts,
including for example alkali and alkaline earth metal salts, within the scope of the invention are those
derived from the following bases: sodium hydride, sodium hydroxide, potassium hydroxide, calcium
hydroxide, aluminum hydroxide, lithium hydroxide, magnesium hydroxide, zinc hydroxide, ammonia,
ethylenediamine, N-methyl-glucamine, lysine, arginine, ornithine, choline, N,N'-
dibenzylethylenediamine, chloroprocaine, diethanolamine, procaine, N-benzylphenethylamine,
diethylamine, piperazine, tris(hydroxymethyl)-aminomethane, tetramethylammonium hydroxide, and the
like. |

Metal salts of compounds of the present invention may be obtained by contacting a hydride,
hydroxide, carbonate or similar reactive compound of the chosen metal in an aqueous or organic solvent
with the free acid form of the compound. The aqueous solvent employed may be water or it may be a
mixture of water with an organic solvent, preferably an alcohol such as methanol or ethanol, a ketone
such as acetone, an aliphatic ether such as tetrahydrofuran, or an ester such as ethyl acetate. Such
reactions are normally conducted at ambient temperature but they may, if desired, be conducted with
heating.

Amine salts of compounds of the present invention may be obtained by contacting an amine in
an aqueous or organic solvent with the free acid form of the compound. Suitable aqueous solvents
include water and mixtures of water with alcohols such as methanol or ethanol, ethers such as
tetrahydrofuran, nitriles such as acetonitrile, or ketones such as acetone. Amino acid salts may be
similarly prepared.

The base addition salts of the compounds of this invention can be regenerated from the salts by
the application or adaptation of known methods. For example, parent compounds of the invention can be
regenerated from their base addition salts by treatment with an acid, e.g. hvdrochloric acid.

Pharmaceutically acceptable salts also include quaternary lower alkyl ammonium salts. The
quaternary salts are prepared by the exhaustive alkylation of basic nitrogen atoms in compounds,
including nonaromatic and aromatic basic nitrogen atomﬁ, according to the invention, i.e., alkylating the
non-bonded pair of electrons of the nitrogen moieties with an alkylating agent such as methylhalide,
particularly methyl iodide, or dimethyl sulfate. Quaternarization results in the nitrogen moiety becoming
positively charged and having a negative counter ion associated therewith.

As will be self-evident to those skilled in the art, some of the compounds of this invention do not

form stable salts. However, acid addition salts are most likely to be formed by compounds of this
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invention having a nitrogen-containing heteroaryl group and/or wherein the compounds contain an amino

group as a substituent. Preferable acid addition salts of the compounds of the invention are those
wherein there is not an acid labile group.

As well as being useful in themselves as active compounds, salts of comppunds of the invention
are useful for the purposes of purification of the compounds, for example by exploitation of the solubility
differences between the salts and the parent compounds, side products and/or starting materials by
techniques well known to those skilled in the art.

The starting nﬁterials and intermediates are prepared by the application or adaptation of known
methods, for example methods as déscribed in the Reference Examples or their obvious chemical
equivalents, or by methods according to this invention.

The present invention is further exemplified but not limited by the following illustrative
examples which illustrate the preparation of the compounds according to the invention.

In the nuclear magnetic resonance spectra (NMR) the chemical shifts are expressed in ppm
relative to tetramethylsilane. Abbreviations have the following significance: s=singlet; d=doublet;
t=triplet: m=multiplet; dd=doublet of doublets: ddd=doublet of doublets of doublets; dt=doublet of
triplets, b=broad.

EXAMPLE 1

Compound !
0}

|\ X OMe

Z
|

CN

To a stirred solution of 3-cyanobenzaldehyde (20 g; 153 mmol) in 100 mL of dry THF under N2 at room
temperature is added methy| (triphenylphosphoranylidene)acetate (61.2 g; 183 mmol). The mixture is
allowed to stir overnight at rooﬁ temperature and then concentrated in vacuo. The crude residue is
chromatographed (40% EtAc:Hexane) to give 27.3 g (96%) of the acrylate 1. TH NMR (CDCl3, 8): 7.43
- 7.8 (m, 5H), 6.47 (d. ) = 12 Hz, 1H). 3.8 (s, 3H).
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EXAMPLE 2

Compound 2

(0]
OMe

/

To a stirred solution of compound 1 (27.33 g) in 150 mL of EtOH is added 2 g of 10%
Pd/CaCO3. The resulting mixture is hydrogenated under 45 PSI H2 on a Parr shaker for 8 hours at room
temperature. The mixture is then filtered through a plug of celite and the filtrate concentrated in vacuo to
give 26.93 g (98 %) of2.as a clear oil.

'H NMR (CDCl,, d): 7.33 - 7.72 (m, 4H), 3.66 (s, 3H), 2.97 (1, J = 7.8 Hz, 2H), 2.62 (t, J = 7.8 Hz, 2H).

EXAMPLE 3
Compound 3

To a stirred solution of compound 2 (16.8 g; 8 mmol) in 200 mL of THF:MeOH (2:1) at room
temperature is added 9 mL of 10 N NaOH solution dropwise. After 2h. most of the solvent is removed in
vacuo and 30 mL of 5N HCl is added. The resulting mixture is extracted several times with EtOAc. The
combined extracts are dried (MgSO,). filtered and concentrated to give 9.8 g (63%) of pure acid 3 as a
white solid. 'H NMR (CDCl,, 8): 7.35 - 7.55 (m, 4H), 2.98 (t, J = 7.9 Hz, 2H), 2.7 (t, ] = 7.9 Hz, 2H).

EXAMPLE 4
Compound 4

(6]
©,\)k 0
N

To a stirred solution of the carboxylic acid 3 (8.2 g; 47 mmol) an DMF (0.5 mL) in dry CH,Cl,
under N2 at room temperature is added oxalyl chloride (6.1 mL; 70 mmol) dropwise. After | hour, gas
evolution ceased and the solvent and excess oxalyl chloride is removed in vacuo. The residue is
redissolved in 100 mL of dry CH.Cl, and cooled to 0°C. Mercaptopyridine (5.6 g; 50 mmol) is added
followed by triethylamine (7.9 mL; 56 mmol). The mixture is allowed to warm to r.t. and stirred for |
hour. The mixture is diluted with CH,Cl, and washed with | N NaOH. The organic layer is dried

(MgSO0,), filtered and concentrated. The residue is chromatographed (eluent = 50% EtOAc:Hexane) to




5
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give 5.12 g (84%) of the thioester 4 as a yellow oil. 'H NMR (CDCl,, 8): 8.63 (d,J=9 Hz. 1H),7.7 -
7.8 (m, 1H), 7.27 - 7.62 (m, 6H), 3.05 (s, 4H). ‘

EXAMPLE 5
Compound 5
e
N
=
-
MeO

Magnesium sulfate (19.55 g; 162 mmol) is added to a stirred solution of cinnamaldehyde (10.2
mL: 81 mmol) and p-anisidine (10 g: 81 mmol) in 200 mL of CH.Cl, under N2 at 0°C. After 4 hours, the
mixture is filtered and the filtrate concentrated to give 18.87 g (98 %) of the imine compound S as a
gold: brown solid. 'H NMR (CDCl,, 5): 8.28 (m, TH), 7.52 (m. 2H), 7.38 (m, 3H), 7.2 (in, 2H), 7.12 (m,
2H), 6.93 (m, 2H). 3.82 (s, 3H).

EXAMPLE 6
Compound 6

Ph
3 I~
4 N
NC o Q
OMe

To a stirred solution of the thioester 5 (7 g; 26 mmol) in dry CH,Cl, (120 mL) under N3 at -780C
is added TiClg solution (26.1 mL of 1 M solution in CH,Cl,). After 15 minutes. triethylamine (3.6 mL;

26 mmol) is added dropwise. The resulting mixture is allowed to stir for 1/2h at -780C and then a
solution of imine 1 (4.42 g ; 19 mmol in 20 mL CH.Cl,) is added dropwise. The mixture is then warmed
to 0°C. After 1.5 hours at this temperature, the mixture is quenched with saturated NaHCO3 solution
and partitioned with water. The organic layer is washed with 1 N NaOH. dried (MgSO,) and

concentrated in vacuo. The crude product is chromatographed (eluent = 40% EtOAc: hexane) to give 2.42
g (32%) of a 5:1 mixture of trans- /cis-B-lactam 6a and 6b as a gum.

Major trans-Isomer 6a: 'H NMR (CDCIL,, 9):7.2-7.6 (m, 11H), 6.8 (d, J-11 Hz, 2H),
6.65 (d, J=15.8 Hz, 1H), 6.2 (dd, J=15.8, 7.9 Hz, 1H), 4.32 (m, 1H), 3.72 (s, 3H), 3-
3.42 (m, 3H).
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EXAMPLE 7

Compound 7

To a stirred solution of 6a, 6b (1.5 g: 3.8 mmol) in 60 mL of THF/CH3CN (1/3) at -20°C is
added a solution of ceric ammonium nitrate (CAN, 3.13g; 5.7 mmol in
10 mL water). After 15 minutes, another 1.5 g of CAN in 5 mL of water is added. After a further 30

minutes, the mixture is quenched with saturated NaHCO3 solution and allowed to come to room

temperature. The resulting suspension is filtered through a bed of celite, washing the celite pad several
times with CH,Cl, (total ca. 200 mL). The filtrate layers are separated and the organic layer dried
(MgSQO,), filtered and concentrated in vacuo. The crude product is chromatographed (eluent = 60%
EtOAc:hexane) to give 476 mg (43%) of pure trans-isomer 7a together with 85 mg of a mixture of cis-
7b and trans -7a isomers.

Major trans - isomer 7a: 'H NMR (CDCl;, d): 7.17 - 7.65 (m. 9H), 6.52 (d, J = 15.8 Hz, 1H), 6.25 (s,
1H), 6.14 (dd, ] = 15.8, 7.9 Hz, 1H), 3.97 (m, 1H), 3 -3.33 (m. 3H).

Minor cis - isomer 7b: 'H NMR (CDCl,, d): 7.21 - 7.52 (m, 9H), 6.62 (d, J = 15.8 Hz, 1H), 6.45 (s, 1H),
6.1 (dd.J=15.8,7.9 Hz, 1H), 4.46 (m, 1H). 3.7 (m, 1H), 3.02 - 3.17 (m, 1H), 2.8 - 2.93 (m, 1H).

EXAMPLE 8
Compound 8

Q_" l/=/Ph
NC o N

To a stirred solution of the trans-b-lactam 7a in dry CH,Cl, under N7 at r.t. is added

triethylamine (4.04 mL; 29 mmol) dropwise. Biphenylcarbony! chloride (5.05g; 23.2 mmol) is then

added followed by DMAP (50 mg). After 30 minutes the mixture is diluted with CH,Cl, and washed
with 1 N HCI. The organic layer is then dried (Na2SOj4), filtered and concentrated. The crude product is
chromatographed (eluent = 30% EtOAc:Hexane) gave 2.19 g (81 %) of the product 8 as a solid. 'H
NMR (CDCl,, 8):-8:06'(m, 2H), 7.2 - 7.75 (m, 16H). 6.67 (d, J = 15.8. Hz, 1H), 6.23 (dd., J = 15.8, 7.9
Hz, 1H). 4.63 (m, 1H), 3.46 (m, 1H), 3.1 - 3.3 (m, 2H).
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EXAMPLE 9

Compound 9

O

To a stirred solution of the b-lactam 8 (2.19 g; 4.7 mmol) in 50 mL of THF at r.t. is added I N
NaOH solution (13.6 mL) dropwise. After 2 hours, most of the THF is removed in vacuo and 20 mL of 1
N HCl is added. The resulting mixture is extracted with EtOAc. The extract is dried (NaSO4), filtered
and concentrated in vacuo. The crude product is purified by RPHPLC (CH3CN:water, 0.1% TFA, 40 -
100 gradient) and the fractions containing product are lyophilized to give 1.1 g (50%) of carboxylic acid
9 as a white solid. 'H NMR (CDCl,, 8): 7.18 - 7.97 (m, 18H). 6.61 (d, } = 15.8 Hz, 1H). 6.2 (dd, J =
15.8, 7.9 Hz. 1H), 5.14 (m. 1H), 3 -3.22 (m, 3H).

EXAMPLE 10
Compound 10

COOMe
H,N ~ Ph
N OO0
o}

To a stirred solution of the carboxylic acid 9 (105 mg: 0.22 hmol) in 3 mL of dry MeOH atr.t. is
added molecular sieves (ca. 50 mg). Gaseous HClI is then bubbled in for ca. 2 minutes. The mixture is
then allowed to stir over night at room temperature and then concentrated under a stream of N2. A
solution of NH; in MeOH (3 mL of 7 N solution) is then added to the residue and the mixture refluxed
for 1.5 hours, allowed to cool and the solvent removed in vacuo. The residue is purified by RPHPLC
(CH3CN: water: 0.1% TFA, 40-100 gradient) and the fractions containing product are lyophilized to give
73 mg (53 %) of the product 10 as a white solid. '"H NMR (DMSO-dg_ 6): 8.7 (d. J = 8.6 Hz, 1H), 7.92
(d, J =9 Hz, 2H), 7.78 (d. J =9 Hz, 2H), 7.75 - 7.21 (m, 14H), 6.67 (d, J = 16.1 Hz, 1H), 6.4 (dd, J =
16.1, 7.8 Hz, 1H), 4.98 (dd. J = 16.1, 7.8 Hz, 1H), 3.46 (s, 3H), 3.25 - 3.18 (m, 1H), 3.05 - 2.88 (m, 2H).
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EXAMPLE 11

Compound 11

COOMe

NH HN D
o

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. Benzoyl chloride is substituted for 4-biphenylcarbonyl chloride in the b-lactam acylation
step. The final product 11 is purified by reverse phase HPLC (CH3CN:H,0, 0.1% TFA) and
lyophilized. 'H NMR (MeOH-d4, 8): 8.61 (d, J = 11.3 Hz, 1H), 7.83 (d, J = 7.5 Hz, 2H), 7.15 - 7.67 (m,

14H), 6.67 (d. J = 15.8 Hz, 1H), 6.3 (dd. J = 15.8, 7.9 Hz. 1H), 4.98 (m, 1H). 3.55 (s. 3H), 3.27 (m, 1H),
3.1 (m, 2H).

EXAMPLE 12

Compound 12

ZN  COOMe
HyNL s o Ph
NH HN =
FaW

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. o-Toluoy| chloride is substituted for 4-biphenylcarbonyl chloride in the b-lactam acylation
step. The final product 12 is purified by reverse phase HPLC (CH3CN:H,0, 0.1% TFA) and lyophilized.
'H NMR (DMSO-dg, d): 9.3 (s. 1H), 9.15 (s, 1H), 8.7 (d.J = 7.6 Hz. 1H), 7.7 (d, J = 8 Hz, 2H), 7.6 (d. ]
=9 Hz, 2H), 7.2-7.6 (m, 12H), 6.9 (d, } = 8 Hz. 1H), 6.6 (d, ] = 15 Hz, 1H). 6.35 (dd, J = 15, 6 Hz. 1H),
4.9 (dd, J =15, 6 Hz, 1H), 3.55 (s, 3H). 3.2 - 3.3 (m. 1H), 2.8 - 3 (m, 1H), 2.3 (s, 3H).

EXAMPLE 13

Compound 13

COOMe
H,N ~ Ph
NH HN
(0] Q

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. m-Toluoy] chloride is substituted for 4-biphenylcarbony! chloride in the b-lactam acylation

step. The final product 13 is purified by reverse phase HPLC (CH3CN:H,0. 0.1% TFA) and lyophilized.
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'H NMR (DMSO-dg, d): 9.3 (s, 1H). 9.2 (s, 1H), 8.7 (d, J = 7.6 Hz. 1H), 7.7 (d, ) = 8 Hz, 2H), 7.6 (d. J =
9 Hz, 2H), 7.2 - 7.6 (m. 12H), 6.9 (d. J = 8 Hz, 1H). 6.6 (d, J = 15 Hz, IH), 6.35 (dd, J = 13, 6 Hz, 1H),

 4.9(dd, J =16, 6 Hz, 1H), 3.6 (s, 3H), 3.2 - 3.3 (m, IH), 2.8 - 3 (m. I1H), 2.35 (s, 3H).

Other compounds prepared in a manner similar, using the appropriate

NH

starting material, include the following:

CO,CH,

H,N”  SNH;

CO,CH;

(o] HoN NH; and

(T X
F . C0,CH;3

" HoN NH.
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EXAMPLE 14
Compound 14

' COOMe
HZNM Ph |
NH HN
-0~

This compound is prepared in a manner similar to com-pound 10 above starting from imine 5 and
thioester 4. 4'-Ethyl-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in ._t'he B-
lactam acylation step. The final product 14 is purified by reverse phase HPLC (CH3CN:H,0, 0.1%
TFA) and lyophilized. 'H NMR (DMSO-dg, 8): 9.3 (s, 1H),9.15 (s, 1H). 8.9 (d, J = 7.6 Hz, 1H), 8.2 (d.
J=8 Hz. 2H), 8 (d, ) =9 Hz, 2H), 7.4 - 7.9 (m, 12H). 7.2 (d, = 8 Hz, IH), 6.9 (d, ] = 15 Hz, 1H), 6.6
(dd, J = 15, 6 Hz.'TH), 5.2 (dd, J = 16, 6 Hz, 1H), 3.7 (s, 3H), 3.4 - 3.5 (m. 1H), 3.1 - 3.2 (m, 1H), 2.85
(. 2H), 1.4 (t, 3H). |
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EXAMPLE 15

Compound 15

COOMe

HoN - Ph
NH
O
(0]
0-
This compound is prepared in a manner similar to compound 10 above starting from imine 5 and

thioester 4. 3', 4' - Dimethoxy - 4 - biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl
chloride in the B-lactam acylation step. The final product 15 is purified by reverse phase HPLC
(CH3CN:H.0, 0.1% TFA) and lyophilized. 'H NMR (DMSO-dg, d): 9.5 (s, 1H), 9.3 (s. 1H), 8.9(d, J =
7.6 Hz. 1H), 8.1 (d. J = 8 Hz, 2H), 7.9 (d. J = 9 Hz, 2H), 7.8 (s, 2H), 7.4 - 7.7 (m, 11H), 7.25 (d, ) =8 Hz

1H). 6.6 (d,J = 15 Hz, 1H), 6.4 (dd, J = 15, 6 Hz, 1H). 4 (s. 3H), 3.9 (s. 3H), 3.7 (s, 3H), 3.4 - 3.5 (m,
IH), 3.2 - 3.4 (m, 1H).

Y

EXAMPLE 16
Compound 16

COOMe
H,N X Ph
MO0
0 N 4

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. 4-(2'-pyridyl)benzoy| chloride is substituted for 4-biphenylcarbonyl chloride in the b-lactam
acylation step. The final product 16 is purified by reverse phase HPLC (CH3CN:H,0, 0.1% TFA) and
lyophilized. 'H NMR (DMSO-dg, 8): 9.5 (s. 1H), 9.3 (s. 1H), 8.9 (d.J= 7.6 Hz, 1H), 8.8 (s, 1H). 8.4 (d,
J =8 Hz, 2H), 8.3 (d. J =9 Hz, 1H), 8.1 (d. J = 8 Hz, 2H), 7.9 (s, 2H). 7.4 - 7.8 (m. 10H), 7.4 (d. J =8
Hz, 1H). 6.9 (d, J = 15 Hz, 1H), 6.6 (dd, J = 15, 6 Hz, 1H). 5.2 (dd, J =16, 6 Hz, 1H), 3.7 (s, 3H). 3.4 -
3.5(m, 1H),3.2-3.4 (m, 1H).

EXAMPLE 17
Compound 17

COOMe
HoN - Ph
NH HN C O—
0 ‘N

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and

thioester 4. 4-(3'-Pyridyl)benzoyl chloride is substituted for 4-biphenylcarbony] chloride in the b-lactam
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acylation step. The final product 17 is purified by reverse phase HPLC (CH3CN:H,O0. 0.1% TFA) and

lyophilized. 'H NMR (DMSO-dg. 8): 9.5 (s. 1H), 9.3 (s. 1H), 8.9 (d. J = 7.6 Hz, 1H), 8.5 (s, 1H). 8.2 (d,
J =8 Hz, 2H), 8.1 (d, ] =9 Hz, 2H), 8 (d, J =8 Hz, 1H), 7.9 (s, 2H), 7.4 - 7.8 (m, 9H). 7.4 (d, ] = 8 Hz.
1H), 6.9 (d, J = 15 Hz, 1H), 6.6 (dd, J = 15, 6 Hz, 1H). 5.2 (dd, J = 16, 6 Hi. 1H),3.7 (s.3H),3.4-3.5
(m, 1H). 3.2 - 3.4 (m, 1H).

EXAMPLE 18
Compound 18

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. 4-(4'-Pyridyl)benzoy! chloride is substituted for 4-biphenylcarbonyl chloride in the b-lactam
acylation step. The final product 18 is purified by reverse phase HPLC (CH3CN:H.0, 0.1% TFA) and
lyophilized. 'H NMR (DMSO-dg, 8): 9.5 (s, 1H), 9.3 (s, 1H), 9 (d, J = 7.6 Hz, 1H). 8.2 (s, 4H). 7.8 (s,
2H). 7.5-7.8 (m, 11H), 7.4 (d.J =8 Hz, 1H). 6.9 (d, J = 15 Hz. 1H), 6.6 (dd. J = 15, 6 Hz, 1H), 5.2 (dd, J
=16, 6 Hz, 1H). 3.7 (s, 3H), 3.4 - 3.5 (m, 1H), 3.2 - 3.4 (m, 1H).

EXAMPLE 19
Compound 19

COOMe
H,N X Ph
B SV
\_7
) /

This compound is prepared in a manner similar to compound 10 above starting from imine 3 and

thioester 4. 2'-Methyl-4-biphenylcarbony! chloride is substituted for 4-biphenylcarbony| chloride in the

b-lactam acylation step. The final product 19 is purified by reverse phase HPLC (CH3CN:H,0. 0.1%
TFA) and lyophilized. 'H NMR (DMSO-dg, 8): 9.25 (s. 1H), 9.03 (s, 1H), 8.71 (d, J = 8.7 Hz, 1H), 7.86
(d, J =8 Hz, 2H), 7.61 (d.J = 8 Hz, 2H), 7.6 - 7.12 (n, 13H). 6.67 (d,J = 15.9 Hz, 1H), 6.42 (dd.J =
15.9, 7.8 Hz, 1H), 5.0 (dd. J = 16, 7.9 Hz, 1H), 3.32 (s, 3H), 3.3 - 3.15 (m, 1H), 3.11 - 2.9 (m, 2H), 2.21
(s, 3H).
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EXAMPLE 20

Compound 20

COOMe
HaN ~ Ph

NH OO

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. 3'-Methyl-4-biphenylcarbonyl chloride is substituied for 4-biphenylcarbonyl chloride in the
b-lactam acylation step. The final product 20 is purified by reverse phase HPLC (CH3CN:H,0, 0.1%
TFA) and lyophilized. 'H NMR (DMSO-dg. 8): 9.25 (s, 1H), 8.99 (s, IH), 8.68 (d, J = 8.7 Hz, 1H). 7.9
(d.J=9Hz, 1H). 7.75 (d, J =9 Hz, 1H), 7.68 - 7.15 (m, 13H), 6.68 (d, ) = 15.9 Hz, 1H), 6.4 (dd, ) =
15.9, 7.8 Hz, 1H). 5.0 (dd, J = 16, 7.9 Hz. 1H), 3.46 (s, 3H), 3.28 - 3.18 (m, 1H), 3.1 - 2.9 (m. 2H), 2.36
(s. 3H).

EXAMPLE 21

Compound 2]

COOMe
Hsz/@\/\/\, Ph
NH HN
=D

0]
I .

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. 2'-Methoxy-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbony] chloride in
the b-lactam acylation step. The final product 21 is purified by reverse phase HPLC (CH3CN:H,0, 0.1%
TFA) and lyophilized. 'H NMR (DMSO-dg, 8): 9.25 (s, 1H). 9.03 (s, 1H), 8.76 (3. J = 8.7 Hz, 1H), 7.83

(d, ) =9.5 Hz, 2H), 7.65 - 6.95 (m, 15H), 6.64 (d, J = 15.9 Hz, 1H). 6.4 (dd, } = 15.9, 7.8 Hz, 1H), 4.99
(dd, J=16.7.9 Hz, 1H), 3.75 (s, 3H), 3.46 (s. 3H), 3.3 - 3.17 (m, 1H), 3.1 - 2.9 (im, 2H).

EXAMPLE 22

Compound 22

COOMe
H,N -~~~ Ph

NH HN D
o :
O_
This compound is prepared in a manner similar to compound 10 above starting from imine 5 and

thioester 4 3'-Methoxy-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in the
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b-lactam acylation step. The final product 22 is purified by reverse phase HPLC (CH3CN:H,0, 0.1%

TFA) and lyophilized. 'H NMR (DMSO-dg, 8): 9.23 (s, 1H). 8.96 (s, 1H), 8.69 (d, J = 8.7 Hz, 1H). 7.9
(d.J=9.6 Hz. 2H), 7.68 - 7.18 (m. 12H), 6.96 (dd, J =9.6, 2 Hz. 1H), 6.64 (d, ] = 15.9 Hz, I1H), 6.39 (dd,

J=15.9, 7.8 Hz. 1H), 4.98 (dd, J = 16, 7.9 Hz, 1H), 3.81 (s. 3H), 3.47 (s, 3H), 3.28 - 3.17 (m, 1H), 3.08 -
2.86 (m, 2H).

EXAMPLE 23

Compound 23

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. 2-Naphthylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in the b-lactam
acylation step. The final product 23 is purified by reverse phase HPLC (CH3CN:H,0, 0.1% TFA) and
lyophilized. '"H NMR (DMSO-dg,.8):. 9.24 (s..1H),.9.02 (s, 1H), 8.83 (d, J = 8.6 Hz, 1H), 8.4 (s, 1H),
8.08 - 7.85 (m, 4H), 7.68 - 7.2 (m, 12H), 6.68 (d. J = 15.8 Hz. |H), 6.43 (dd, J = 15.8, 7.8 Hz, 1H), 5.03
(dd, J =15.8, 7.8 Hz, 1H), 3.46 (s, 3H), 3.28 - 3.2 (m, 1H), 3.13 - 2.95 (m, 2H).

EXAMPLE 24
Compound 24

COOMe
H,N X Ph

NH HN

0/\

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. 1-Naphthylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in the b-lactam
acylation step. The final product 24 is purified by reverse phase HPLC (CH3CN:H,0, 0.1% TFA) and
lyophilized. 'H NMR (DMSO-dg, 8): 9.27 (s, 1H), 9.11 (s, lH), 8.88 (d, J =8.67 Hz, 1H). 8.18 - 8.07
(m, 1H). 8.05 - 7.9 (m, 2H), 7.7 - 7.2 (m, 13H), 6.73 (d.J = 15.9 Hz, 1H), 6.4 (dd, J = 15.9, 7.8 Hz, 1H),
5.07 (dd, J =16, 7.9 Hz. 1H), 3.52 (s, 3H), 3.28 - 3.17 (m, 1H), 3.12 - 2.95 (m, 2H). |
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EXAMPLE 25

Compound 25

COOMe
HoN ~ Ph

NH HN =
o N\

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. 3'-Ethyl-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in the b-
lactam acylation step. The final product 25 is purified by reverse phase HPLC (CH3CN:H,0, 0.1%
TFA) and lyophilized. 'H NMR (DMSO-dg, 8): 9.25 (s. |H), 9.05 (s. 1H), 8.68 (d. J = 8.6 Hz. IH), 7.88
(d, =9 Hz.2H), 7.76 (d. J = 9 Hz, 2H). 7.62 (m, 2H), 7.55 - 7.15 (m, 11H), 6.66 (d, J = 16 Hz, 1H), 6.4
(dd.J =16, 7.8 Hz, 1H), 4.96 (dd. J = 16. 7.8 Hz, 1H). 3.47 (s. 3H), 3.3 - 3.18 (m, 1H). 3.1 - 2.88 (m,
2H). 2.67 (q, J = 8.5 Hz, 2H), 1.22 (t. J = 8.5 Hz. 3H).

EXAMPLE 26
Compound 26

COOMe
H,N X Ph
NH HN
- OMe
0

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and.
thioester 4. 4'—Methoxy-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in
the b-lactam acylation step. The final product 26 is purified by reverse phase HPLC (CH3CN:H,0. 0.1%
TFA) and lyophilized. 'H NMR (DMSO-dg, 8): 9.23 (s, 1H), 8.96 (s, lHj, 8.66 (d, J=8.7 Hz. 1H), 7.88
(d, J =9.1 Hz, 2H), 7.72 - 7.22 (m, 11H), 7.03 (d. J = 8.7 Hz, 2H), 6.64 (d, J = 16.1 Hz, 1H). 6.4 (dd, ) =
16.1, 7.9 Hz, 1H), 4.97 (dd, J = 16.1, 7.9 Hz, 1H), 3.77 (s, 3H). 3.46 (s, 3H), 3.28 - 3.15 (m, 1H), 3.08 -
2.88 (m, 2H).
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EXAMPLE 27

Compound 27

COOMe
HoN - Ph
NH =
MO~ ome
(6]

/
MeO

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. 2', 4'- Dimethoxy-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbony! chloride
in the b-lactam acylation step. The final product 27 is purified by reverse phase HPLC (CH3CN:H,0,
0.1% TFA) and lyophilized. 'H NMR (DMSO-dg. 8): 9.23 (s, 1H). 9.07 (s, 1H). 8.63 (d, J =9 Hz. 1H),
7.81 (d. J=8.9 Hz, 2H), 7.68 - 7.15 (m, 14H), 6.72 - 6.52 (m. 1H), 6.45 - 6.3 (m, 1H), 5.04 - 49 (m, 1H),
3.78 (s, 3H). 3.75 (s, 3H). 3.51 (s, 3H), 3.21 - 3.15 (m. 1H), 3.08 - 2.85 (m. 2H).

EXAMPLE 28
Compound 28
COOMe
H,N A~ Ph

This compound is prepared in a manner similar to compound |0 above starting from imine 5 and
thioester 4. 2'-Ethyl-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in the b-
lactam acylation step. The final product 28 is purified by reverse phase HPLC (CH3CN:H-0, 0.1%
TFA) and lyophilized. 'H NMR (DMSO-dg. 8): 9.25 (s, 1H), 8.92 (s. IH). 8.69 (d, ] = 8.7 Hz, 1H).
7.78 (d. J =9 Hz, 2H), 7.68 - 7.08 (m, 15H), 6.65 (d, J = 15.9 Hz, 1H), 6.38 (dd, J = 15.9, 7.8 Hz, 1H),
5.0 (dd, J=16, 7.9 Hz, 1H), 3.46 (s, 3H), 3.28 - 3.18 (m, 1H), 2.52(q,J =9.6 Hz, 2H), 0.98 (t, ) = 9.6
Hz. 3H).

EXAMPLE 29

Compound 29

COOMe
HoN X Ph
NH HN D C
0]

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and

thioester 4. 4'-Methyl-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in the
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b-lactam acylation step. The final product 29 is purified by reverse phase HPLC (CH3CN:H,0, 0.1%

TFA) and lyophilized. 'H NMR (DMSO-dg. 8): 9.22 (s, 1H), 8.91 (s, 1H), 8.68 (d, J = 8.7 Hz, 1H). 7.85
(d.J=9 Hz, 2H). 7.75 (d, } =9 Hz, 2H), 7.65 - 7.2 (m. 13H), 6.65 (d. ) =15.9 Hz, 1H), 6.39 (dd, J =
15.9,7.8 Hz, 1H). 4.99 (dd. J = 16, 7.9 Hz, 1H). 3.46 (s, 3H). 3.28 - 3.18 (m, 1H), 3.08 - 2.88 (m, 2H).
2.35(s, 3H).

EXAMPLE 30
Compound 30

This compound is prepared in a manner similar to compound 10 above starting from imine 3 and
thioester 4. 3'-Ethoxy-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in the
b-lactam acylation step. The final product 30 is purified by reverse phase HPLC (CH3CN:H,0, 0.1%
TFA) and lyophilized. '"H NMR (DMSO-dg, 8): 9.22 (s. 1H), 9.05 (s, 1H), 8.7 (d. J = 8.7 Hz, 1H), 7.88
(d, ) =9 Hz. 2H), 7.76 (d. ) = 9 Hz, 2H), 7.68 - 7.12 (m, 12H), 6.98 - 6.85 (m. 1H), 6.67 (d. J = 16 Hz,
1H), 6.4 (dd, J = 16, 7.8 Hz, 1H), 5.01 (dd, J =16, 7.8 Hz, 1H), 4.08 (g, J = 7.5 Hz, 2H). 3.45 (s. 3H),
3.25-3.15(m, 1H), 3.08 - 2.89 (m, 2H), 1.32 (t. J = 7.5 Hz, 2H).

EXAMPLE 31
Compound 31

COOMe
ther:j\¢l\/§yPh
NH HN —
Ra SR WatN

This compound is prepared in a manner similar to compound 10 above étarting from imine S and
thioester 4. 4'-Ethoxy-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in the
[B-lactam acylation step. The final product 31 is purified by reverse phase HPLC (CH3CN:H,0, 0.1%
TFA) and lyophilized. 'H NMR (DMSO-dg, 8): 9.26 (s, 1H), 9.02 (s, 1H), 8.64 (d, ] = 8.7 Hz, 1H), 7.86
(d,J=9 Hz, 2H), 7.72 (d, } =9 Hz, 2H), 7.7 - 7.22 (m, 1 1H), 7.01 (d,J = 10.4 Hz, 2H). 6.64 (d.J = 15.9
Hz, 1H), 6.38 (dd, J = 15.9. 7.8 Hz, 1H), 4.98 (dd, J = 16, 7.8 Hz, 1H), 4.06 (q, J = 8.2 Hz, 2H), 3.45 (s,
3H), 3.3 -3.18 (m, 1H), 3.08 - 2.85 (m, 2H). 1.32 (t. ) = 8.2 Hz. 3H).



10

15

20

25

- WO 99/00356 PCT/US98/13550

65
EXAMPLE 32
Compound 32
COOMe
HaN - Ph
N Ve
(6] N /

/-O

This compound is prepared in a manner similar to compound 10 above starting from imine 5 and
thioester 4. 2'-Ethoxy-4-biphenylcarbonyl chloride is substituted for 4-biphenylcarbonyl chloride in the
[-lactam acylation step. The final product 32 is purified by reverse phase HPLC (CH3CN:H,0, 0.1%
TFA) and lyophilized. 'H NMR (DMSO-dg, 8): 9.24 (s, 1H), 9.11 (s. IH), 8.68 (d. J = 8.7 Hz, 1H). 7.85
(d, J =9 Hz, 2H). 7.6 (d, ) =9 Hz, 2H), 7.59 - 6.95 (m, 13H), 6.65 (d, J = 15.9 Hz, 1H), 6.39 (dd, J =
15.9,. 7.8 Hz, 1H), 4.98 (dd, J = 16. 7.8 Hz, 1H). 4.03 (q,J = 8.1 Hz, 2H). 3.47 (s. 3H), 3.28 - 3.18 (m,
1H), 3.1 - 2.88 (m, 2H), 1.24 (t, J = 8.1 Hz, 3H).

EXAMPLE 33

Compound 33
GM Ne
Sh's!
Z
OMe

' To a stirred solution of 2-Naphthaldehyde (20 g: 0.13 mol) in 200 mL of CH,Cl, at room temp. is
added p-anisidine (15.8 g; 0.13 mol) followed by-anhydrous magnesium sulfate (16.9 g; 0.14 mol). After
3.5 hours, the mixture is filtered and the filtrate concentrated in vacuo to give 31.5 g (92%) of the imine

33. 'HNMR (CDCl;, 8): 8.64 (s, 1H), 8.19 (m, 2H), 7.78 - 7.98 (m, 3H). 7.43 - 7.56 (m, 2H), 7.32 (m,
2H), 6.96 (m, 2H). 3.83 (s, 3H).

EXAMPLE 34
Compound 34

oS
P

Prepared using trans - 3- (2'-naphthyl)acrolein, p-anisidine and anhydrous magnesium sulfate as
described for compound 33 above. 'H NMR (CDCI,, 8): 8.35 (d, ) =9 Hz, 1H), 7.78 - 7.9 (m, 4H),
7.72 (m, 1H), 7.5 (m, 2H), 7.25 (m, 4H). 6.93 (i, 2H), 3.82 (s, 3H).
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EXAMPLE 35

Compound 35

N >
@/EDVV N4~ ow
A

Prepared using trans- 3 - (4-biphenyl)acrolein, p-anisidine and anhydrous magnesium sulfate as
described for compound 33 above. 'H NMR (CDCls, 8): 8.33 (d, J =9 Hz, 1H), 7.2 - 7.68 (m, 13H),
6.9 (m, 2H), 3.82 (s, 3H).

EXAMPLE 36
Compound 36

Prepared using 4-biphenylcarboxaldehyde, p-anisidine and anhydrous magnesium sulfate as
described for compound 33 above. 'H NMR (CDCl,, 8): 8.52 (s. 1H), 7.97 (m, 2H), 7.62 - 7.73 (m,
4H), 7.35 - 7.52 (m, 3H), 7.27 (m, 2H), 6.95 (m, 2H), 3.85 (s. 3H).

EXAMPLE 37

Compound 37
COOMe

Hsz
NH m; )_@

This compound is prepared in a manner similar to compound 10 starting from imine 33 and
thioester 4. Benzoyl chloride is substituted for 4-biphenylcarbonyl chioride in the b-lactam acylation
step. The final product 37 is purified by reverse phase HPLC (CH3CN:H-0. 0.1% TFA) and lyophilized.
'H NMR (MeOH-dg4, 8): 9.01 (d,J =9.4 Hz, 1H), 7.77 - 7.98 (m, 6H), 7.43 - 7.67 (m, 9H). 5.53 (m, 1H),
3.56 (m, 1H). 3.54 (s. 3H), 3.1 (m, 1H), 2.81 (m, 1H).
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" EXAMPLE 38

Compound 38
COOMe

This compound is prepared in a manner similar to compound 10 starting from imine 34 and
thioester 4. Benzoyl chloride is substituted for 4-biphenylcarbony! chloride in the b-lactam acylation

step. The final product 38 is purified by reverse phase HPLC (CH3CN:H.O, 0.1% TFA) and lyophilized.
'H NMR (DMSO-dg, 8): 9.27 (s, 2H). 9.1 (s. 2H), 8.72 (d. 1H), 7.4 - 7.95 (m, 16H). 6.86 (d, J = 18 Hz,
1H), 6.54(dd, J =10, 6 Hz, 1H), 5.03 (m, 1H). 3.48 (s, 3H), 3.32 (m, 1H). 3.04 (m, 2H).

EXAMPLE 39

Compound 39

This compound is prepared in a manner similar to compound 10 starting from imine 35 and
thioester 4. Benzoyl chloride is substituted for 4-biphenylcarbonyl chloride in the b-lactam acylation
step. The final product 39 is purified by reverse phase HPLC (CH3CN:H,0, 0.1% TFA) and lyophilized.
'H NMR (DMSO-dg, 8): 9.25 (s, 2H), 9.11 (s, 2H), 8,74 (d, 1H). 7.30 - 8 (m, 22H), 6.23 (d, J = 18 Hz,
1H), 6.47 (dd. J = 18, 6 Hz, 1H), 5.04 (m, 1H), 3.49 (s, 3H), 3.3 (m, 1H), 3.03 (m, 2H).

EXAMPLE 40
Compound 40

This compound is prepared in a manner similar to compound 10 starting from imine 36 and
thioester 4. Benzoyl chloride is substituted for 4-biphenylcarbony! chloride in the b-lactam acylation

step. The final product 40 is purified by reverse phase HPLC (CH3CN:H,0, 0.1% TFA) and lyophilized.
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'H NMR (DMSO-dg, 3): 9.23 (s, 2H). 9.05 (s. 2H), 8.97 (s, 2H), 7.28 - 7.8 (m, 18H), 5.35 (t. 1H), 3.42

(s. 3H), 3.31 (m, 1H), 2.89 (dd, 1H), 2.6 (dd, 1H).

EXAMPLE 41
Compound 41

CH,OH
NC e Ph

OO

To a stirring solution of the carboxylic acid 9 (980 mg; 2 mmol) and triethylamine (0.44 mL; 3.2
mmol) in dry THF under N7 at 0°C is added i-butylchlorofonnate (0.39 mL: 3 mmol) dropwise. After
IS minutes, a solution of sodium borohydride (153 mg; 4 mmol in 5 mL water) is added dropwise. The
mixture is allowed to warm up to room temperature. After 1 hour, most of the THF is removed in vacuo.
Water is then added and the mixture extracted with ethyl acetate. The combined extracts are dried
(MgSO0,), filtered and concentrated. The crude product is purified by chromatography (eluent = 35%
EtOAc:Hexane) to give 720 mg (76%) of the alcohol 41. 'H NMR (CDCl,, 8): 7.92 (d, J = 9 Hz, 2H),
7.2-7.72 (m, 16H), 6.67 (d, = 15.5 Hz, 1H), 6.27 (dd, J = 15.5, 7.8 Hz, 1H), 4.94 (m, 1H), 3.88 (m,
1H), 3.5 (m, 1H). 3.12 (m, 1H), 2.82 - 3.03 (m, 2H), 1.95 (m, 1H).

EXAMPLE 42

Compound 42
CH,0H

NH H}—@—O

To a stirred solution of the alcohol 41 (106 mg; 0.22 mmol) in 3 mL of dry MeOH at r.t. is added
molecular sieves (ca. 50 mg). Gaseous HCI is then bubbled in for ca. 2 minutes The mixture is then
allowed to stir over night at room temperature and then concentrated under a stream of N2. A solution of
NH, in MeOH (3 mL of 7 N solution) is then added to the residue and the mixture refluxed for 1.5 hour,
allowed to cool and the solvent removed in vacuo. The residue is purified by RPHPLC (CH3CN: water:
0.1% TFA, 40-100 gradient) and the fractions containing product are Iyophilized to give 29 mg (22 %) of

the product 42 as the trifluoroacetate salt.
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EXAMPLE 43

Compound 43

CH,OMe
NC X1
-0
0

To a stirring solution of the alcohol compound (88 mg: 0.2 mmol) in 2 mL of 2:1 THF:DMF
under N2 at 0°C is added NaH (15 mg of 60% dispersion: 0.4 mmol). After 15 minutes, methyl iodide

(0.02 mL: 0.3 mmol) is added and the mixture allowed to warm to room temperature. After 2 hours. the
mixture is quenched with saturated NaHCO3 solution. Most of the THF is removed in vacuo and the
residue diluted with water and extracted with CH.Cl.. The combined extracts are dried (Na2SO4),
filtered and concentrated. The crude product is chromatographed (eluent = 35% EtOAc:Hexane) to give
21 mg (23%) of the product 43 together with 34 mg of recovered alcohol 41. 'H NMR (CDCl,, §): 7.93
(d. J=9.3 Hz, 2H), 7.15 - 7.83 (m, 16H ), 6.57 (d, J = 15.8 Hz, 1H), 6.22 (dd, J = 15.8. 6.8 Hz, 1H). 5
(m, 1H), 3.75 (m, 1H), 3.42 (s, 3H), 3.27 (m, 1H), 2.87 - 3.03 (m, 2H), 2.12 (m, 1H).

EXAMPLE 44
Compound 44

CH,;0OMe
H>N S Ph

Into a stirring solution of compound 43 (20 mg; 0.04 mmol) in 1.5 mL of 2:1 pyridine:Et3N is
bubbled H2S for about 1 minute. The mixture is allowed to stir overnight at room temperature and then
concentrated under a stream of N2 and then taken up into 2 mL of CH,Cl,. VMethyl iodide (1 mL) is
added and the mixture refluxed for 1 hour. The solvent is then removed in vacuo, the residue taken up
into 2 mL of MeOH and NH4OAc (30 mg) is added. The resulting mixture is refluxed for 1 hour and
then allowed to cool. The solvent is then removed in vacuo and the residue is purified by RPHPLC
(CH3CN:H,0, 0.1% TFA, 40 to 100% CH3CN gradient ) and the fractions containing product are
lyophilized to give 13 mg (51%) of product 44 as the triﬂuoroacetalg salt. 'H NMR (MeOH-d4. 8):
8.47(d.J=79 Hz, 1H), 795 (d, J = 8 Hz, 2H), 7.78 (d, J = 8 Hz, 2H), 7.17 - 7.73 (m, 14 H), 6.55 (d, J =

15.8 Hz, 1H). 6.31 (dd, J = 15.8, 7.9 Hz, 1H), 4.77 (m, 1H). 3.7 (dd, } = 9.5, 3.1 Hz, 1H), 3.47 (dd, J =
9.5,3.1 Hz, 1H). 3 (d, J = 7.9 Hz, 2H), 2.35 (m, 1H).
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- EXAMPLE 45
Compound 45

NC
COOiPr

4 A mixture of alcohol 41 (480 mg; | mmol), pyridine (0.40 mL; 4.9 mmol) and acetic anhydride
(0.12 mL; 1.2 mmol) is stirred overnight at room temperature. The next day, 3 drops of pyridine and
acetic anhydride are added. The next day, the reaction is not complete and so 4 mg of DMAP is added.

After 1 hour, the reaction is complete by tlc. The mixture is diluted with CH,Cl, and washed with 0.1 N

§ HCl solution. The organic layer is dried (MgSO,). filtered and concentrated to give 520 mg of 45. 'H
NMR (CDCl,, 6): 7.98 (d, J = 8 Hz, 2H), 7.73 (d, J = 8 Hz, 2H), 7.67 (d, J = 8 Hz, 2H), 7.17 - 7.58 (m,
12H), 6.94 (d, 1H), 6.55 (d, J = 18 Hz, 1H), 6.21 (dd, J = 18, 5 Hz, 1H), 5.1 (m, 1H). 4.38 (m, 1H), 4.08
(m, 1H), 2.68 - 2.97 (m, 2H), 2.51 (m, 1H). |

. EXAMPLE 46
.f:::: Compound 46

Teess® CH0Ac
:..:: H;N N Ph
...ll' NH l{N
' 0 C C

Compound 45 is converted to the corresponding amidine 46 using the hydrogen sulfide /methyl

L]
oo

LA XX Y]
[

iodide: ammonium acetate sequence described for the conversion of 43 to 44. The product 46- is purified
by RPHPLC and isolated as its trifluoroacetate sélt. 'H NMR (DMSO-dg, 8): 9.31 (s. 2H), 8.97 (s, 2H),

8.7(d, 1H), 7.18 - 8 (m, 18H), 6.6 (d. J = 18 Hz, 1H). 6.40 (dd. J = 18, 6 Hz, 1H), 4.83 (m, 1H), 4.02 (m,

1H), 3.84 (m, 2H), 2.95 (m, 1H), 2.57 (m, IH). 1.93 (s. 3H).

EXAMPLE 47
Compound 47
Z COOH
H,N X l X Ph

NH H];)_@_@

V”\) %\ Carboxylic acid 9 is converted to its corresponding amidine 47 using the hydrogen sulfide:
metE"‘! iodide: ammonium acetate sequence described for the conversion of 43 to 44. The product 47 is

R}
l:\%)* ‘
i £d by RPHPLC as its trifluoroacetate salt. 'H NMR (MeOH-d4, §): 8 (d, J =9 Hz. 2H), 7.82 (d, J
Oﬁﬂgyz{, y 4. 8): 8( ) (d.
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=9 Hz, 2H), 7.22-7.77 (m, 14H), 6.73 (d, J=15.8 Hz, 1H), 6.4 (dd, J=15.8, 7.9 Hz, 1H), 4.95 (m,
1H), 3.08-3.45 (m, 3H).

EXAMPLE 49
Compound 49

H,N

To a stirring solution of the carboxylic acid 48 (120 mg; 0.29 mmol) in 5 mL of dry CH,Cl,

: under N2 at room temperature is added triethylamine (0.05 mL; 0.38 mmol). iso-propyl chloroformate

(0.38 mL of 1 M solution in toluene) is added dropwise. After 30 minutes, DMAP (18 mg; 0.15 mmol)

o200 0000

is added and the mixture allowed to further stir for 1.5 hours at room temperature. The mixture is then

L]
L
L)
.
[
L]

diluted with CH,Cl, and washed with 1 N HCl. The organic layer is then dried (MgSO,), filtered and

L3
L
L]

LA concentrated. The crude product is chroyﬁatographed (eluent = 40% EtOAc:Hexane to give 44 mg (33

. %) of the corresponding isopropyl ester. This compound is then converted to the corresponding amidine
.f:::: 49 via the hydrogen sulfide: methyl iodide: ammonium acetate procedure as described for the conversion
f: :;:f ~ of 43 to 44. The product 49 is purified by RPHPLC and isolated as its trifluoroacetate salt. 'H NMR -
".: (MeOH-dg, 5): 8.6 (d, J=7.9 Hz, 1H), 7.85'(d, J = 8 Hz, 2H), 7.16 - 7.7 (m, 12H), 6.69 (d. J = 15.8 Hz,
IH), 6.32 (dd, J = 15.8, 7.9 Hz, 1H), 4.98 (m, 1H), 4.85 (m, 1H). 3.23 (m, 1H), 3.08 (m. 2H), 1.07 (d, J =
' 6Hz3H), 097(d,J=6Hz 3H). '

EXAMPLE 50
Compound 50

z COOiPr
HN_ I - Ph

NH HN C
(O

This compound is prepared by conversion of ;18 to the corresponding amidine using the
h);drogell sulfide: methyl iodide: ammonium acetate sequence described for the conversion of 43 to 44.
The product 50 is purified by IiPHPLC and isolated as its trifluoroacetate salt. 'H NMR (MeOH-d4, d):
8.6 (d, J = 7.9 Hz, 1H). 7.85 (d, ] = 8 Hz, 2H), 7.16 - 7.7 (m. 12H), 6.69 (d. J = 15.8 Hz, 1H), 6.32 (dd, J
=15.8, 7.9 Hz, 1H), 4.98 (m, 1H), 4.85 (m, 1H). 3.23 (m, 1H), 3.08 (m, 2H), 1.07 (d, J = 6 Hz, 3H). 0.97.
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EXAMPLE 51
Compound 51
COOEt
H,N - Ph

NH HN C
(0]

Into a stirred solution of the carboxylic acid 50 (96 mg; 0.18 mmol) in 3 mL of EtOH at room

temperature is bubbled HCI for ca. 3 minutes. The mixture is allowed to stir for 7 hours at room
temperature and then stored in the refrigerator (0°C) over the weekend. The solvent is then removed in
vacuo and the residue purified by RPHPLC. The product 51 is isolated as its trifluoroacetate salt. 'H
NMR (MeOH-d4. 8): 8.63 (d,J=7.9 Hz, 1H), 7.84 (d.J = 8 Hz, 2H), 7.16 - 7.68 (m, 12H), 6.68 (d, ] =
15.8 Hz. 1H), 6.32 (dd. J = 15.8, 7.9 Hz, 1H), 5 (m, 1H), 4.02 (g, 2H), 3.25 (m, 1H), 3.07 (d. J = 7.9 Hz.
2H), 1.05 (t, 3H).

EXAMPLE 52
Compound 52

COOMe
H)N A~ Ph

A mixture of compound and 10% Pd/C (25 mg) in EtOAc (2 mL): EtOH (5 mL) is hydrogenated
under 45 PSI H3 for 19 hours at room temperature. The mixture is then filtered through a bed of celite
and the filtrate concentrated. The crude product is purified by RPHPLC (CH3CN:water: 0.1 % TFA, 10
- 100% CH3CN gradient) and the fractions containing product are lyophilized to give 21 mg of 52. 'H
NMR (MeOH-d4, 8): 8.27 (d, J = 9.3 Hz, 1H). 7.83 (m, 2H). 7.43 - 7.65 (m, 7H), 7.09 - 7.27 (m, 5H),
4.35 (m, 1H), 3.58 (s, 3H). 2.95 - 3.15 (m, 3H), 2.54 - 2.75 (m, 2H). 1.93 (m, 2H).

Resolution of Compound 10

Racemic compound 10 (ca. 650 mg, single diastereomer with the presumed syn-stereochemistry
shown) is resolved into its two enantiomers 53 (late eluting isomer) and 54 (early eluting isomer) using
preparative HPLC (Chiralpak AD column, 50 mm ID x 500 mm, 15 microns). The mobile phase is
heptane (A) with 0.1% TFA and i-propanol (B) with 0.1% TFA, isocratic 20% A, 80% B (Flow =200
mL: minute). The léte eluting isomer is isolated by concentration in vacuo. The yield is 180 mg. The
%ee enantiomer 53 is found to be 100% by analytical HPLC (Chiralpak AD). The 'H NMR spectra for
53 and 54 are identical. 'H NMR (DMSO-dg_3): 8.7 (d. J = 8.6 Hz. 1H), 7.92 (d, J = 9 Hz, 2H), 7.78 (d,
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J=9 Hz, 2H), 7.75 - 7.21 (m, 14H), 6.67 (d, J = 16.1 Hz, 1H), 6.4 (dd, J = 16.1, 7.8 Hz, 1H), 4.98 (dd, J

=16.1, 7.8 Hz, 1H), 3.46 (s, 3H), 3.25 - 3.18 (m, 1H), 3.05 - 2.88 (m. 2H).

EXAMPLE 55
5 Compound 55

p COOMe
H,N Ph ‘
"00
; W)

The hydrogenation of compound 53 (late eluting enantiomer) is carried out as for compound 52
above except ethyl acetate is omitted. The product is purified by RPHPLC (CH3CN:water: 0.1 % TFA,
40 - 100% CH3CN) and the product S5 is isolated as the trifluoroacetate salt. 'H NMR (MeOH-d4, 8):
10  8.3(d,J=9.3 Hz, 1H), 7.84 (m, 2H), 7.07 - 7.8 (m, 16H), 4.37 (i, 1H), 3.6 (s, 3H), 2.97 - 3.17 (m, 3H),
. 2.57 - 2.77 (m, 2H), 1.95 (m, 2H).

oot EXAMPLE 56

Tefee Compound 56

©\)Ni8/oc

o 15 «_-COOCH ; |

.“E’: ' To a solution of N-0-Boc-D-Phenylalanine (38 mmol) in 80 mL of dry tetrahydrofuran is added

:::“: N-methyl morpholine (38 mmol) in a single portion, followed by isobutyl chloroformate (38 nimql) ina
::::E similar fashion, at -20°C. The reaction mixture is stirred for 10 minutes at -20°C and filtered into a
;"°§ preformed ethereal solution of diazomethane (~70 mmol) at 0°C. The resulting solution is allowed to

20  stand at 0°C for 20 minutes. Excess diazomethane is decomposed by the dropwise addition of glacial
acetic acid and solvents are removed in vacuo. The resulting oil is dissolved in 150 mL of dry methanol.
A solution of silver benzoate (8 mmol) in 17 mL of triethylamine is slowly added with stirring, at room
‘temperature. The resulting black reaction mixture is stirred for 45 minutes at room temperature.
Methanol is removed in vacuo and the residue taken up in 700 mL of ethyl acetate. The mixture is

25 filtered through celite and washed sequentially with saturated sodium bicarbonate (3X150 mL), waf:r
(1X150 mL), IN potassium bisulfate (3x150 mL) and brine (1X150 mL). The organic layer is dried over
magnesium sulfate, filtered, c_,oncenfrafed in vacuo, and purified by flash chromatography (3:1 .

hexanes:ethyl acetate).




10

15

20

25

. WO 99/00356 PCT/US98/13550

74
EXAMPLE 57

Compound 57
NHBoc
~~_-COOCH ,

Compound 57 is prepared using the procedure described for Compound 56, substituting N-a-

Boc-D-alanine.

EXAMPLE 58
Compound 58

NHBoc
COOCH 3

Compbund 58 is prepared using the procedure described for Compound 56, substituting N a -

Boc-D-homophenylalanine.

EXAMPLE 59
Compound 59

7z |  NHBoc
N COOCH 3

Compound 59 is prepared using the procedure described for Compound 56, substituting N-a-

Boc-D-3-pyridylalanine.

EXAMPLE 60
Compound 60

NHBoc
/\)\/COOCH 3

Compound 60 is prepared using the procedure described for 56, substituting N-a -Boc-D-

isoleucine.

EXAMPLE 61
Compound 61

NHBoc
COOCH 4

Compound 61 is prepared using the procedure described for Compound 56, substituting N-a -
Boc-D-cyclohexylalanine.
SUBSTITUTE SHEET (RULE 26)
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EXAMPLE 62
Compound 62
NHBoc
\/'\,COOCH 3
|
CN
5 A solution of Compound 56 (11 mmol) in 70 mL of dry tetrahydrofuran is cooled to -78°C and a

solution of lithium hexamethyldisilazane in tetrahydrofuran (33 mmol) is added via syringe at such a rate

that the temperature did not rise above -60°C. The reaction mixture is warmed to -25°C over 40 minutes
and recooled to -78°C. A solution of 3-cyanobenzyl bromide (27 mmol) in 20 mL of tetrahydrofuran is
added via syringe at such a rate that the temperature did not rise above -60°C. The reaction mixture is
10 allowed to come to room temperature and stirred at room temperature for 1 hour. 125 mL of saturated
sodium bicarbonate is added and tetrahydrofuran is removed in vacuo. The remaining material is
partitioned between 500 mL of ethyl acetate and 150 mL of saturated sodium bicarbonate. The organic
phase is further washed with saturated sodium bicarbonate (2x100 mL) and brine. The organic layer is
dried over magnesium sulfate, filtered, concentrated in vacuo. The residue is triturated with 40 mL of
15 4:] hexanes:ethyl acetate. The solid material is filtered off and discarded. The filtrate, containing the

desired product, is concentrated in vacuo.

EXAMPLE 63
Compound 63

NHBoc
_COOCH 3

|
20 CN
Compound 63 is prepared following the method described for Compound 62, substituting the

product obtained in Example 57.

SUBSTITUTE SHEET (RULE 26)
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EXAMPLE 64
Compound 64
NHBoc
| X COOCH 3
=
|
CN

Compound 64 is prepared following the method described for Compound 62, substituting the
5  product obtained in Example 58.

EXAMPLE 65
Compound 65

z | NHBoc
Na _-COOCH 3

|
CN
10 Compound 65 is prepared following the method described for Compound 62, substituting the
product obtained in Example 59.

EXAMPLE 66
Compound 66

NHBoc
/\)\/COOCH 3

|
15 CN

Compound 66 is prépared following the method described for Compound 62, substituting the
product obtained in Example 60. |

SUBSTITUTE SHEET (RULE 26)
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EXAMPLE 67

Compound 67

_ NHBoc
~_-COOCH 3

|
CN

Compound 67 is prepared following the method described for Compound 62, substituting the
5  product obtained in Example 61.

EXAMPLE 68
Compound 68

NH >
~_-COOCH 3

o
10 To a solution of Compound 62 (5 mmol) in 60 mL of methylene chloride is added 20 mL of
trifluoroacetic acid, dropwise at 0°C. The resulting solution is stirred for 2 hours at 0°C. Solvents are
removed in vacuo and the residue purified by reverse phase HPLC using a gradient of 30% to 70%<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>