1 - CARBOXAM DE DERI VATI VES OF PYRROLI DI NE, PI PERI DI NE, AND
HEXAHYDROAZEPI NE FOR THE TREATMENT OF THROVBOSI S DI SORDERS BACKGROUND OF
THE I NVENTION Pl atel et aggregation constitutes the initial henostatic
regpons€ to curtail bleeding induced by vascul ar injury. However,

pat hol ogi cal extension of this nor )IcCESS Car},d-ﬁ@é;-,bﬂm
t hronmbus for n’ﬁ'ﬂ’&’ﬁ"oﬁqhe final, co SpolBETalAS BEENJt el et aggregation is

the binding of fibrinogen to acti V] t ed, RERPAGER pl afjel et gl ycoprotein
l1b/1lla (GPlIb/lIlla). Agents Wthhln[errupL brreii“ng of fibrinogen to
GPlIb/1lla, therefore, inhibit platel et aggregati on. These agents are,
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I nf | anmat ioHn, TRAROMBOSISSt PISORDERS occl usi ve di sorders. The,fibrinogen
receptor (GPlIb/Illa) is activated by stimuli such as ADP, collagen, and

t hronbi n exposing binding domains to two different peptide regions of
fi brinogen: [BA NDAPR THE/INNENTIQN) and [err]-chain
Hi s-H s-Leu-d y-dy-Al a-Lys-G n- Al a- d y- Asp- Val ( HHLGGAKQAGDV,

on i 1 br ) B SadreRorReliies BHHRAL Ferholiiclesponct ¥°G°W§Pn§2? o
woul d al i@ sebleeding '@#Pc‘éﬁtg@ygﬁﬁcs' far injusya clowsyaropathglogical exiepsioni fn, pot ent
RGD- based antm@mm hbmostadtie Process @ahddadio throminis iormwnn hThe linaljogen

bi ndi t L Al J.
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t hr onbi n- i ndu%@tyafﬁdaﬁép‘&ﬁedaﬂj@?@@ﬂyp@ﬂm%HB"'(‘H (‘-‘EW&Q/ 'af}gé\gﬁ whighal so shown
in vivo effi ciaterrupt bindling &ifibrinoper toaGibAlla therefore sinhibitqdatelst have been

used in ju t st r ept oki nase,
as wel | (1 AsyeRRic; These Mot Wl Sndrdfehdikofls o wredting fgtlert’ " EE0K! 12
denonstrat ed B WV’@%‘DP? e disorders syeh anadedr) |3<5'9IV9§988"€'§"H?9§§'| bed

her ei nafter, ¢u§eawqmacdlalsniai'cttdmeupstabkanﬁngmmerabec:bmeﬂn@ﬂommgle ability to

bl ock fibri O%Por’ﬁb&%é‘ e?éby ad éﬁ?w pisEly! Wﬂbﬂnhﬁaﬂﬁh% a \@ﬂ@@ﬁ&'vasol 39
[err]M, inhi b%;{l %ate 6’1 gﬁ@gﬁ@’ll on _i'n Vltr&ft'm ﬁ senc of a variety
of " platelet® 6t oS8 "RE rHRhiS 8 Kﬁteld % her nor e,
i nhi bit 0 vistimuli wczttas ADPago¥agem;, aod thrombin exposingibindingainmainsital | v,
these agents tnedilibient peptide regions of fibrinogen: o-chain Arg-Gly-Asp (RGD) and
y-chain His-His-Leu-Gly-Gly-Ala-Lys-Gin-Ala-Gly-Asp-Val
{(HHLGGAKQAGDYV, y400-411). Since these peptide fragments themselives
have been shown to inhibit fibrinogen binding to GPlib/llla, a mimetic of
25 these fragments would also serve as an antagonist. In fact, ptior to this
invention, potent RGD-based antagonists have been revealed which inhibit
both fibrinogen binding to GPlib/llla and platelet aggregation e.g., Ro-
438857 (L. Alig, J. Med. Chem. 1992, 35, 4393) has an ICsp of 0.094 uM
against In vitro thrombin-induced platelet aggregation. Some of these
30 agents have also shown in vivo efficacy as antithrombotic agents and, in
some cases, have been used in conjunction with fibrinolytic therapy e.g., 1-
PA or streptokinase, as well (J. A. Zablocki, Current Pharmaceutical Design
1995, 1, 533). As demonstrated by the results of the pharmacological
studies described hereinafter, the compounds of the prasent invention show
35 the ability to block fibrinogen binding to isolated GPlib/lla (IC50's 0.0002-
1.39 uM), inhibit platelet aggregation in vitro in the presence of a variety of
platelet stimuli (0.019-65.0 uM vs. thrombin), and furthermore, inhibit ex vivo

platelet aggregation in animal models. Additionally, these agents exhibit
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efficacy in animal thronbosis nodels as their progenitois had shown
("Ni.pecotic Acid Derivatives As Antithronbotic Conpounds,” application
Serfal No. 08/213772, filed March 16, 1994). The compounds of the present

I nvention show efficacy as antithronbotic agents by virtue Lr.ability
to .5 prevek¥@9a8%| et aggregation. Additionally, becausepﬁg}sté@%%?unds ‘of
this i nvention inhibit integrin-nmediated cell-cell or cell-matrix

adhesi on, t ie#ficapyjn animal dprombsismedels agdhein proganitobnmad shawn bone
resor ption, (NIpsdotiecAdid DRIrRalivis As Antithrombétic CoBmpoaiids, Papplication

Hipsdo
The. pr osent SEHYCNPI OR21 87 7 Tl Mareh %Lf?ﬁﬁ?&cﬁi&ﬁﬂ% i ick
fol | owi ng g@w@ng@n sbawmf@apy)a_s qr@uthq:mbotnc agents by virtue of their ab_mty to
et i ned. " Thogont pieteiSs aBdreGhiiin. ACTIGAl, barss R e pobRas OIS °!  cati n
pl at el et - rreﬁﬁépﬁéﬁ'ﬁ}’%&%ﬁr&:"'%gg{agﬁg%%@g?lg8£t§hm§£nxa#%ersf°£ R M Ahous k
t hr ombosi s, algoheusgigcagaingt inflammatien, honedasompties.dumsr 6all mstasiasisg

thrombol yti etd. ipr €8Y, BRY N@Wis&Pb%_‘ﬁemives1995',|8f|19?[')TatiOn, unst abl e angi na,
and a variety of vaso-occl usive disorders. hese conpounds are al so

useful as antithronbotics used in conjunction - with fibrinolytic
t her apy10e. QISCLOBNRE OFt THBEINKENIYAN. Phar maceutical 25 conpositions
cont ai ni ng such conpounds are al so part of the present I nventi on.

oresent | nvent 1 (1o prosar Vi 5 itsctia i bempoungs Vobrés Bl ind" | V- {1e

following general formula (t):
( |j’ .
n
N
|
X .

. N
15 M-A
| | | )

wherein A, X, M, Rs, R1p, and n are as hereinafter defined. These platelet
aggregation inhibitors are useful in treating platelet-mediated thrombotic

20 disorders such as arterial and venous thrombosis, acute myocardiz.
infarction, reocclusion following thrombolytic therapy and angioplasty,
inflammation, unstable angina, and a variety of vaso-occlusive disorders.
These compounds are also useful as antithrombotics used in conjunction
with fibrinolytic therapy (e.g., t-PA or streptokinase). Pharmaceutical

25 compositions containing such compounds are also part of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

30 More particularly, the present invention is directed to compounds of the
following formula (I): o :



following fornmula (I): 2
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[err] (1) wherein Mis (CH err])mor piperidin-1-yl; 5
wrerein A is selected fromany of piperidin-2-yl, piperidin-3-yl, .

pi peri di n-4-. 097p' pgrazin-1-yl, pyrrolidin-2-yl, pyrrolidi npGrys97/07130

NHR[ err], or [err wherein R err] is selected fromany of H, alkyl,
CH(NH), CMe(NH) or acyl, preferably R grr] is hydrogen; 10

wherein Rerr] is HorC(ONR err]) Yz ‘10 wherein R err] is selected
fromH or cycloal kyl; 15 wh \ s is selected fromany of H,
al kyl or acyl. Preferably, R2 is ydy ogen; wherein R err]
is Hor CCONHQ CHWrCO err] R err]; Woereln Qis selected from CH2,
CH aryl, CH heteroaryl, CH substitutedNheteroaryl or CHal kyl; 20
preferably Qis CHerr], CH substituteg-heteroaryl or CH heteroaryl; Wis

h Y

M-A
)

wherein M is (CH2)m or piperidin-1-yl;

wherein A is selected from any of piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, pyrrolidin-2-yl, pyrrolidin-3-yl,

Q.

NHR2, or “Ro  wherein RAg is selected from any of H, alkyl,
CH(NH), CMe(NH) or acyl, preferably Rg is hydrogen;

10
wherein R1g is H or C(O)N(R1)YZ

wherein R1 is selected from H or cycloalkyl;

15 wherein R2 is selected from any of H, alky! or acyl. Preferably, R2is
hydrogen;

wherein R5 is H or C(O)NHQ(CHW),CO2Rg: wherein Q is selected from
CHg, CH-aryl, CH-heteroaryl, CH-substituted-heteroaryl or CH-alkyl;
20 preferably Q is CH2, CH-substituted-heteroaryl or CH-heteroaryl; W is
selected from H or N(Rg)T-R7, preferably W is H when Q is CH, and N(Rg)-T-
R7 when Q is CH2; wherein Rg is selected from any of H, alkyl or acy!;
preferably Rg is hydrogen, T is selected fron C(O), C(N-CN) or SO2,
preferably T is C{O) and Ry is selected from any of alkyl, aryl, aralkyl, alkoxy,
25 oraminoalkyl; and Rg is selected from H, alkyl or aralkyl; preferably Rg is H.

wherein m is the inteér 1, 2, or 3. Preferably mis 1 or 2;

wherein X is selected from any of C(O), C{0)O, C(O)NH, CHg, or SO2;
30
wherein n is the integer 1, 2, or 3;



selected fromH or N(R6)T-R7, preferably Wis Hwhen Qis CH and N(R6)-T-
Rlerr] when Qis CHerr]; wherein R err] i's selected fromany of H alkyl

or acyl; . preferably R6 is hydreger——Fis Qﬂleu.?d fron C(O, C(NCN

or S02, ° preferably T is C(O gntHIRSHEET HAS 8EENG¢ted from any of al kyl,
aryl, aral kyl, alkoxy, 25 or am roal kylRepeagEpRl err]f is sel ected-from H,
al kyl or ar a2 of er ably R] er r | ~s—+t V\herei'?Ferﬁ‘h’gm?% ‘
integer 1, 2, or 3. Preferably mis 1 or 2; ' wherein X is
selected fromany of C(O, COO C(ONH CHerr], or SQerr]; 30

wherein n is theyHdpbiadss 0br12, or 3; _
3 whereinr is O or 1; wherein Y is selected from any

of (CHerr])[err], CH(R{errl)(Cl—lggrr])[err], (CHerr])[err]CH(R err]),
( CH( COR] er r ] ) CHwherpin[RY is]selqatad tremH pecy¢larkyl; or pi peri di ne- 3-car boxylic
acid; wtgh the proviso that when Y is (CHerr])[err] and p is 2, X is other

t he > O wh i ' ' th H [
5 oty gl i G pHEg o 1 )
(CH(CO err] HCH2RG O, FFHHCPRT _ 2)g _ hig "_CP*BP“Q\"Q@%FGWY"C _

wher ei n p i sadidiowittBthe proviso titat wtien Y is {CHa)p andqris 2, XAs etherabay C(Q)is 1.

\Qferei grg[errl] ies LK (ﬁrerith-ephqarir al kenyl & tkr el ,al&gpyl,
P [kt i h cut Lt st bl

COerr]alkylgHgd err]H - PJerr]Herr] , or 5-tetrazole; provided that at
| east one of err] and Rlerr] is hydrogen;

wherein pis 2 or 3;

15 whereingis 1, 2, or 3. Preferably, gis 1.

wherein R3 is alkyl, C2-Cg alkenyl, C2-Cg alkynyl, aryl, aralikyl or
heteroaryl;

20 wharein R4 is H or alkyl or cycloalkyl. Preferably, R4 is hydrogen.

wherein Z is CO2H, COzalkyl, SO3H, PO3H2 , or 5-tetrazote; provided
that at least one of R5 and R1g is hydrogen;

or the enantiomer or the pharmaceutically acceptable salt thereof.

25 :
Preferably, the group C(O)N(R1)YZ Is attached to the ring carbon of the
central azacycle at the 3- or 4-position (4-position when iarger than a five-
membered ring), and most preferably the 3-position.
30 As used herein, unless otherwise noted alkyl and alkoxy whether used alone or

as part of a substituent group, include straight and branched chains having 1-8
carbons. For example, alkyl radicals include methyl, ethyl, propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, t-butyl, n-pentyl, 3-(2-methyl)butyl, 2-pentyl, 2-methylbutyl,
neopentyl, n-hexyl, 2-hexyl and 2-methylpentyl. Alkoxy radicals are oxygen ethers

35 formed trom the previously described straight or branched chain alkyl groups.
Cycloatkyl groups contain 5-8 ring carbons and preferably 6-7 carbons.
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or the enantiomer or the pharnaceutically acceptable salt thereof.
Preferably, the group C(ON(Rerr])YZ is attached to the ring carbon of the
central azacycle at the 3- or 4-position (4-position when [arger than a
five- ménbered ring), and nost preferably the 3-position. As used
herein, unl esg QLRREM se noted al kyl and al koxy whether usechcawssenonse as
part of a subSPrttent group, include straight and branched chai ns havi ng

1-8 bons. F ... a) kyl i cal s i | : l,

" opropyl - - but The SR Ay eleronTh o Spbeflfod HpteREr a5 fSeBHeraif” OPY

e
ously d rofhatic oL _ Ry e e dvel oal kyl

Or oups. cont ai GHIBOIYF wagie%ga@g@%gﬁgﬁg&;wgﬂ@a 5. Fig sl e vt oal it

97/ 41102 5 means an alky! group substituted with an aryl group. :
PCT/ US97/ 07130 The term"aryl", "heteroaryl"™ or "substituted

heteroaryl" as used herein,, al one.or in conpj I WL ather terns

i ndi-cat es ar omat i \®dpMm acy'h%’t%ﬁfgg%'ﬁmﬁ“gaﬁ %ﬂﬁé@ﬁ%h&;‘g}%ﬁg}?@lgﬁapht hyl ,
pyridyl, .t hi ecarbon atomasidetivestfrom an erganiolacid/by tamaval af thechysdie® i t uent is an
al kyl group. a]lagpgerm "aral kyl" 5 nmeans ‘an al kyl group substituted with

an aryl group: ~ The.term "acyl" rLej organic
radi cal hHing 2-e CONP%'FB&ﬁI"Lﬁ BrﬁﬁeﬁtéPY?fg%"ﬁ%agﬁ bgelr gaegtlaﬁﬂééﬁ% by
renoval of t hflmlnyuirajpd)armaceutiqylmapcemeble salt. Tm@%@ﬁﬁmy of the present
I nvention mﬁy?g b@&sﬂi géﬁé}hng}fhkba%form in WhIgH thé nitrageay omtheut- cal |y

a

acceptabl e sall. ’ The ceutical.l . 1 erally takes ’
a formin whi BRep 8948\'%%' HPGF%"%)-s”bs“‘”%ﬁ'ﬁeasg}}ﬁgg‘{“ﬁaég%@ %fi.di ne, '
pi per azi ne) simosganicienorgasicpacid.o Repeasemative grganic or nesgae asidsingRgani c

ﬁcijd' bRepféseﬁgﬁbkmgﬂafr%P&&gﬁic. !W@ﬁ&ﬁﬁ;ﬁef.@mbﬁ-.@"?‘“@ldﬂtrﬁphowmh' oric,
ydr obrom ¢ riodi ¢, ‘perchlofic, sulfuri - ,

acetic, propi 8HY: p@WiQ& °"‘ééﬁ§@: S %fé}&{{:jnrﬁ%‘,e mfryﬂéig%c %%%Arﬁh&l ic,
tartaric, citric; ibenzaie, mandelice mathanasulfenic ydianeiianesy|ienic,

hydr oxyet hanepghéfniesulfonic, oxallé,imsie s2naphihalenesalforic, ptolvemeasulfonic,

2- napht hal enesul,f.oni > Garin ‘ anesul fam c,
salicylic, Sa%ﬂét}qnxﬁf\gs@ﬁlﬁ{;:%ﬁgglwofggéﬁrﬁg ey tifioRBER! Particularly
pref erred2@onpounds of the present invention include those conpounds
shown in Table 1,pahisilary predsrred coripeaidssofithe ppasant inventibn include those
' compounds shown in Table |, where "Subst" indicates the position of
attachment of the group C(O)N(R1)YCO2H to the central azacycle and where
the letter "R" after the numeral "3" indicates the absolute configuration_
25 (Cahn-ingold-Prelog rules). Those numerals not having any configuration

specified are racemic mixtures.

30

35



attachnment of the group C(ONRerr])YCOJerr]Hto the central azacycle and

wher e the letter "R' after the nuneral "3" indicates the absolute
configuration 25 (Cahn-Ingol ¢=Pret ?hE N fose nuneral s not having any
corffi guration speci fi ed |af RE%LAC D % es. 30 35
> _ WO 97141102 LE | [ $Eklsornmse .-
JABLE |
R1
t
O, N CO,H

SN,
(CHz)m_z N-R

5 ¢ Subst m a X B! B2 Y z _
1 3 2 2 C({O) H H CH(Ph)CH2 CH : *
2 3 1 2 NHCO H H CH2CHMe CH
3 3 1 2 OC{0) H H (RA)-CH{CO2Me)CH2 CH
4 3 2 1 . C(O) H H CH(3-Me-Ph)CH2 CH
10 5§ 4 2 2 C(0) H H CH(Me)CH2 CH
6 4 2 2 c(0) H H CH(4-COgH-PR)CH2 CH
7 3 2 2 C(O) H Me CHoCH2 CH
8 See structure '
) 3 2 2 C(0) H H CH{Me3Si-ethynyl)CH2 CH
15 10 See structure
11 3R 2 2 co H H CH2CH(OH) CH
12 3 2 2 S02 H H CH2CH2 CH
13 See structurg '
14 3 2 2 CcO H Me CH(3,4-OCH20-Ph)CH2 N
20 15 3 2 2 co H Me CH(3-quinolinyl)CH2 N
16 3R 2 2 CcO H H SCH(3,4-OCH20-Ph)CH2 CH
17 3 2 3 co H H CH(3-quinoliny)CH2  CH
1B 3R 2 2 co H H S-CH{3-quinolinyl)CHa CH
19 3R 2 2 cO H H SCH(t-butylethyny)CHz2 CH
25 20 3 2 2 CH2 H H SCH(3,4-OCH20-Ph)CH2 CH
29 3R 2 2 co H H SCH(3-pyridylCH2 CH

—_—
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# Subst m n X Rlerr] Rerr] Y 71
2 2 C(O H H CH(Ph) CH err]
2 3 1 2 NHCO H H CH err] CHWE
3 3 1 2 (O H H (R -CH(CO err] Me) CH err]
4 3 wdywanel (O H H CH( 4- Me- PREIIHES7/07130
5 4 2 - 2 (O H H CH(Me) CH err]
6 4 2 2 C(O H H CH(4-CJ err] H )'PH[err]
7 3 2 2 C(O H Me CH err]CH err]l
8 See structure 9 @3 02 (7] C(O
Me[err] Si-ethynyl

H OH
err] H N CH 13

2 & H Me (3,4-CCH err] O Ph) :

2 CO H 8 Ve CH(3-quinolinyl)CHerr] 4g N 16 3R

2 CO H H S-CH(3,4-CCH err]OPh)CH err] CH 17 3
-3 CO H H CH(3-quinolinyl)CH err] CH 18 3R

2 CO H H S-CH(3-quinolinyl)CH err] OtN 19 3R

2 CO H H S-CH(t-butylethynyl)CH err] 20 3

2 CH err] H Ni(3,4-CCH err]O-Ph)CH err 21 3R

2 CcO Oy “ - QRI( 3- pyri dy1) G;I[\ﬁr] HO

' N
H | Me O OH °
5 13 14
o\
o)
O
Hil jlH |
H
0" OH
16
10 The compounds of the invention wherein Rg is H, R10 is C(O)N(R‘)YZ,

M is (CH2)m and A is piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, piperazin-
1-yl, pyrrolidin-2-yl, pyrrolidin-3-yl or NHR2 may be prepared as shown in
Scheme AA. In this scheme nipecotic acid allyl ester (either the racemic
mixture or either separate enantiomer) may be treated with resin-bound 4-

15 piperidinepropionic acid in the presence of DIC/HOBT and a tertiary amine.
The allyl ester is then removed via palladium-mediated catalysis and the
iterative coupling process continued to give final product upon
saponification with potassium trimethyisilanolate (e.g., compound 1). By
analogy, urea and urethane-based replacements for the tertiary amide

20 {compounds 2 and 3) were prepared by reaction of solid-supported amine
(alcohol) with p-nitrophenyichloroformate and then ethyl nipecotate (S. M.

- Hutchins, Tetrahedron Lett. 1994, 35, 4055).
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[err] 10 The conpounds of the invention
wherein Rerr] is H Rerr] is CCONRerr])YZ, Mis (CHerr])mand A
is piperidin-2-yl, piperidin-3-yl, piperidin-4-yl, piperazin- 1yl

pyrrolidin-2-yl, rrolidin-3-yl or NHR2 may be prepared a
Scheme AA. Iw\étﬂzﬂ“g‘%échene ni pecotic acid allyl ester (eit hZPr e ’sz’il(?%m c’
m xture or either separate enantioner) nmay be treated with resin-bound 4-

15 pi peri di neprDireersubstitutatl 3-amihepropiesionacid ebteditbhitidiamsdvere er ti ary
catal ysis angﬂ"%ai‘“ Hti#5 & modtiéd RAiod (UFREF pitogalte (SEhbHIABTE bR,
product upon¥ 2 rakt..Ghem; ﬁid%ﬁ%ﬁﬁﬁ%@ X&éﬁ%?ﬂeﬁgﬁﬂﬂ"ﬁfltaﬂol ate (e.g.,
conmpound 1) . cépoxylic acid praduct (whera néhcommetdiallyeavailabld).r Theseenents for the

tertiary gm ffertfbdiites Wty §ﬁ>a7fegr?ﬁ e%knﬁ\ﬁﬁéri&ﬂly%ﬁ He@YorﬁfB??Fﬂfbilﬁﬁ
sol i d-supported,amne al co ol}. W t gru ropEeaszy.l chl o ornmat e and
then ethyl nP d'tegolggpn racemic phenylacetamides suc intermediate AG3
(V. A. Soloshonok, Tetrahedron: Asymmetry 1995, 6, 1601). Here, the
undesired R-enantiomer is hydrolyzed by amidase while the desired S-
enantiomer retains the phenylacetyl group. Resolutions may aiso be
10 performed on the (-)-ephedrine salts of racemic three-substituted 3-N-Boc-
aminopropionic acids as published (J. A. Zablocki, J. Med. Chem. 1995, 38,
2378). Ethyl nipecotate and ethyl isonipecotate are commercially-available
intermediates.

18 Synthesis of 5- and 7-membered ring analogues of nipecotamides (4
and 17, respectively) were prepared by solid-phase synthesis using methyl
pyrrolidine-3-carboxylate and methyl hexahydroazepine-3-carboxylate
intermediates for the analogous conversion of AA2 to AA3 (Scheme AA).
Methyl pyrrolidine-3-carboxyiate and methyl hexahydroazepine-3-

20 carboxylate were prepared as published (H. Rapopont, J. Org. Chem. 1974,
39, 893). For example, N-benzyl hexahydroazepin-2-one was reacted with
lithium diisopropylamide/diethylcarbonate and this product then reduced
with lithium aluminum hydride to afford N-benzyl-3-hydroxymethyl-
hexahydroazepine. The benzyl group was removed by hydrogenolysis (H,,

25 Pd-C, MeOH), the nitrogen protected (di-t-butyldicarbonate/sodium
hydroxide).' and the alcohol oxidized with chromium trioxide to give N-Boc-
hexahydroazepine-3-carboxylic acid. The Boc group was removed
concomitant with carboxylate esterification using HCI/MeOH to afford methyt
hexahydroazepine-3-carboxylate.

30 . :

Piperazine analogs were prepared, as exemplified in Scheme AB, as
published (S. G. Gilbreath, J. Am. Chem. Soc. 1988, 110, 6172). Tetrazoles
(13) were prepared from the corresponding nitriles using
azidotrimethylsilane/dibutyitin oxide as published (Scheme AC; S. J.

.35 Wittenberger, J. Org. Chem. 1993, 58, 4139). Hers, the nitrile precursor

AC2 was prepared by standard amide bond coupling with 3-
aminopropionitrile, and reduced on the final synthetic step using platinum



Hut chins, Tetrahedron Lett. 1994, 35, 4055).

7 : WO 97/ 41102

PCT/ US97/ 07130 Three-substituted 3-anm nopropl onic acid ester
i ntermedi ates were prepared utilizing a nodified Knoevenagel , -
procedure (Schene A& E. Profft, J. Prakt. Chem 1965 pC3issu@)3o0
fol | oned by PV % st erification of the carboxylic acid product

(when not conmercially-ayailable), Thes 5. inter ' Reepared in
enant i omer i c&!qxjﬂﬁsmeﬂ!ﬁﬁ%ﬁygpﬂ?ﬂ%"%&ﬁcil }rk?ﬂ(skra, J &Fﬁgdgggﬁ? ﬁ?gs‘lﬁé’on of
racem ¢ phenylsggrt am des such as internedi ate AG3 (V. A Sol oshonok,
Tetrahedron: Asymmetry 1995, 6, 1601). Here, the undesi red
R-enantioner is hydrol yzed, am dase while the desired S, -
retains the phenfirietylpipe anglaguas ¢an, gﬁ‘?ﬁ?ﬂ'ﬁ&i’g %Bo%eagjﬁ]%ﬁ d on the
(-) ~ephedsi nghasé peptide synibesis tadhnigpies dssshown iocsschemendd-(P. Sieber,

am nopr opi ONi feyalefbnEet? 9BTSPE®G 1T, HhoFeptetectitg Irbios WaRM 1995, S8,
2378) . Ethyl nipecotate an@ﬁq&b‘\dfom glecot at e %?&ngn%ﬁ&m al ly-avail abl e
i nt er medi at eleaved by 20% pi  GPUBINGS WRrS. " ng anal ogues of
ni pecot ani deDICAHOBT/OMAdand final pepdixts were/lemaved frome tha msinwith 95%I- phase

ant i oner

synt hesi s usi nmet hyl pyrrolidine-3-carboxyl ate and net hyl
hexahydr oazepi né- 3- car boxyl at e i nternmedi ates for the anal ogous
conversi 3R of AA2 to AA3 (Schene AA). Met hyl pyrrolidi ne- 3- car boxyl at e

and met hyl hexah$diiosernidert2 ®as pbepared las showndn \Gishemsr ABarlatermedigtd| i shed

T A el g g Rt 1

di i so%r opyl a?ﬂygé‘?%“é{‘?%@é?%ﬂaﬂsedaﬁﬂg?% &3 'pbB"téB‘E’t J Heoroayelie &fem™  witn

| i t hi um al uni868), By 80), déadtthemichisridatednusing stapdasgdithinayhebiglide

hexahydr qgz eéﬁz@mtoﬁg@ppﬁ "Hodrstd CREPSYR 3 950/130, BB) Ry giveAEZE IMéisadiateH err]
wag T

25 7 Gy ke i g A0 N kSRR DA A T o

hydr oxi de),
hexahydr oaz esynthesiscd¥.bhHaekstra.ol. dMed Hehepn. 1995038 1#82)r enpved
concomtant with carboxylate esterification using HCI/MeOH to afford nethyl

hexahydr oazepi neP?ﬁe%%ﬁn%%géy?-tn?pec%?amide 20 was prepared as shown in Scheme

20 AF. Ester AF1 was Boc-protected using standard Boc-ON conditions (D. S.
Tarbell, Proc. Natl. Acad. Sci. USA 1972, 69, 730), and then reduced to its
correspdnding primary alcohol with DIBAL-H/THF (E. Winterfeldt, Synthesis
1975, 617) to give intermediate AF2. This compound was converted to its
corresponding tosylate AF3 using p-TsCl (L. F. Awad, Bull. Chem. Soc. Jpn.

25 1986, 59, 1587). Ethyl nipecotate was then alkylated with intermediate AF3
using standard conditions (benzene/heat; |. Seki, Chem. Pharm. Bull. Jpn.
1970, 18, 1104).

Enantiomerically-enriched R-(-)-nipecotic acid ethyl ester was isolated
30 by chiral resolution of racemic material as its corresponding D-tartaric acid
salt (A. M. Akkerman, Rec. Trav. Chim. Pays-Bas 1951, 70, 899)



Pi perazi ne anal ogs were prepared, as exenplified in Scheme AB, as
published (S. G Glbreath, J. Am Chem Soc 1988, 110, 6172). Tetrazol es
(13) wer,e prepared fromthe corresponding nitrites using

azi-dot ri net hyl si | ane/ di butyl tin oxide as published (Scheme AC, S. J. 35

W ttenber gl o g. Chem 1993, 58, 4139). Here, the ni tgorhReRpRseH SO
AC2 was prepaf edl y standard am de bond coupling with 3-

am nopropionitrile, and reduceg ﬂk Ee final 'synthetic step using platinum
8 WD 97/ 41102 CHEM ' |

PCT/ US97/ 07130 di oxi de- nedi at ed hydrogenation (W J. Hoekstra, J.
Med. Chem 1995, 38, 1582) . N- Met hyl pi peri di ne anal ogues
can be prepared by Fnoc-QRased solid- 5 phase peptidg synthesis techniques-
as shown in schene AD ( Si eber, Tetrahedron Lely. 1987, 28, 6147).
The Froc protecti ) IR cleaved by 2 eridi ne/ DVF,

coupl i ngs were ung (Ph4B)4BdHOBT/ fiod HdipRCHuere

renoved fromt in with 95% TMSHGA. 10N Sul fol Z Was
prepared as/Z3gown in Schene AE. |rpegned ‘ AE1 was |s§%n t wo
hydr ogenat i on/ grot ection

1966, 3, 90), and then

steps from¥@yri di neet hanesul fonic acid

as described (Jalxq DeGaw, J. Heterocyclic Chem

chl ori nat ed usi ng ‘standar hi RKlordthityPlesie 15 cf)\rﬁ} tions (P. J. Hearst,
Og. Syn. 1950, 30, 58) t ive AE2. [nternediate AE2 was then carried
forward to final product using standard sol ution-phase synthesis (W
J. Hoekstra, J. Med. Chegmn 19950 38, 1582).

Pi peri di nepropyl - ni pecot fmi de gJ}{ was pgepared as shown in Sc
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racem c material as its corresponding D-tartaric acid salt (A M
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SCHEME AA [err] o
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0 o
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Me

2) aq. LiOH, THF
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1) n-Bu,SnO, TMSN; N N N
PhCH; reflux N H H
2) Hy/PtO, _ 1
5
SCHEME AD
) 0 ,m
Fmoc, /\)L /@ iperidi /\)( & Fmoc-Nip-OH
N o Bpendine N o ®
H DMF DIC/HOBT
DMF
AD1 AD2
= Wang resin
0 0 ,m
H H /\)L
piperidine N N (o]
DMF H
AD4
. COsH '
1) 2 o o o
MeN : ' . Ly /\)‘L
N I':ll OH
DIC/HOBT N
DMF Me
2) TFA 7

12



0,0
2) H-B-Ala-OBn

WO 97/ 41102
SCHEME AB [err]
WO 97/41102
0. .0
S,
OH
. 'N
Y 4
AE1l
H,/Pd-C
aq. HCl
-5
10
15
20

PCT/ US97/ 07130

5
PCT/US97/07130
SCHEME AE
o, .0
s; '
soct, C(\’ ' H-NipOB:
DCE reflux z'N . -NMM

EDC/HOBT

(o]
0P
N N
ISR G4 H
BnO
AE4

/\)LOH

Ofv

13



10 15 WO 97/ 41102
PCT/ US97/ 07130 SCHEME AC
AD ., [err]

[err] . SCHEME

WO 97/41102 PCT/US97/07130

SCHEME AF

1) BOC-ON
OMe EyN OH p-TsCl
2) DiBAL-H N ' pyridine

H | THF Boc
AF1 _ AF2

| o)
g\./\ OTs H-Nip-OEt C(\/\do Et
AN ‘ N
B oc . C6H6 reflox Boc/
AF3 AF4

0\
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1) aq. LiOH o
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SCHEME AG
)
: =
. (\/lr CHO CH,(CO,H), H (o] PhCH,COCl
X, NH,OAc Et3N, ag.acctone
N EOHmfx D2V OH
AGl1 ' AG2
~ - N
l peniciltin amidase |
TH H75 (a) @ THO
Ph\)L pe 1> e ph\)L /()L

N OH N OH

H : H

AG3 AG4

: I NN 2HC
1) 6 N HCl reflux 2
- TH9
2) HCL, MeOH M
H,N OMe
AGS
5 Particularly preferred compounds of the present invention include those

compounds shown in Table 1 (and Table 2), where the letter "R" after the
numeral "3" indicates the absolute configuration (Cahn-Ingold-Prelog rules).
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JABLE I
0 R,
H A COzH
e WY
R
N 3
(o)
NR,
£t b A B2 B3
22 2 H H NHCONH(3-MeOPh)
23 2 H H NHCOOCH,Ph
24 2 H H NHCOOCH,(3-CIPh)
25 2 H H NHSO,CH,Ph
26 2 H H NHCONH(3,5-diMeOPh)
27 See structure below
28 2 H H , NHCONH(2-naphthy!)
29 See structure below
30 2 H H NHCONHCH,CH.Ph
31 2 H 6-Me-3-pyridyl H
32 2 H 5-Br-3-pyridyl H
33 2 CH{NM)  3-pyridy H
CO.H

(o] K .
NN wo 0
H =
g (\/#“/\H‘N—/”
H -
O N o
B
NH
27 NH 29

The diaminopropionic acid antagonists of the invention wherein R5 is

G\.

C(O)NHQ(CHW)CO2Rg, R1p is H. M is piperidin-1-yl and A is Ry
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may be prepared as shown in Scheme AH, Methyl N-a-Z-
diaminopropionate was acylated by HBTU-activated AH1, the Z group
removed by hydrogenolysis to afford AH2 (for 23 the Z group was retained),
and then the resultant primary amine reacted with the requisite isocyanate

5 '(or alkyl chloroformate for 24, alkylsulfonyl chloride for 25) to give AH3. The
Boc group of intermediate AH3 was removed with HC! and the resultant
secondary amine acylated with HBTU-activated AH4 to give AH5. This
material was saponified with lithium hydroxide and the Boc group removed
with HCI to give 22.

10
SCHEME AH
" CO_Me
2
' o MeO NCO
Hco,H NHZ Y COM
(\/T 2 HBTUMHOBT Cj)\,/\( 21
H 4 NH
N 2) HyPd(OH), N H e NMM
Boc Boc
AH1 AH2
e
2 n/\e(co,m 1) HCI, dioxane
H NH
N OA 2) HBTU/HOBT
Boc l':ll OMe g\/cozﬁ
N
AH3 o Boc - AH4
HO : 0
H CO.Me H
N/\‘ : 1) LiOH, ag. THF 2 N/\;‘cozn
H NH ) H i 'NH
N }\ 2) HC, dioxane N )\
0" N OMe ' O N OMe
o H | o7V H
N, NH
ans  oo° 2
-15
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[err]
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The bipiperidine-urea based antagonists of the invention may be
prepared as shown in Scheme AJ. Intermediate AJ1 was prepared as
described in Scheme AG. AJ1 was acylated with p-nitrophenyl
chloroformate and then reacted with Boc-bipiperidine (for a synthesis, see
W. Bondinell, patent application WO 94/14776). The estar AJ2 was
saponified with lithium hydroxide and the Boc group removed with HCI to
afford 27. Substituted piperidine aldehyde intermediates such as AK2 were
prepared by lithium aluminum hydride reduction of their corresponding
nicotinic acid methyl esters (AK1) followed by oxidation with manganese
dioxide (Scheme AK). The aldehydes were then converted to p-amino acids
as shown in Scheme AG. Formamidine AL3 was prepared as shown in
Scheme AL. Amine AL1 was acylated with ethyl formimidate as described
by M. K. Scott (J. Med. Chem. 1983, 26, 534). The ester AL2 was
saponified with 4 N HCI (RT, 20 h) to afford 33. Three-substituted B-amino
acid-type antagonists were synthesized as shown in Scheme AM. Resolved
8-methyl-pyridyl-B-amino ester was acylated with HBTU-activated AM1, and
the coupled product treated with HC! to afford amine AM2. The amine was
acylated with HBTU-activated AM4, the ester saponified, and the Boc group
removed with HCI to afford 31.

18



5 Particularly preferred conpounds of the present invention include

t hose

conpounds shown in Table 1 (and Table 2),

after the numeral "3"
(Cahn-1 ngol d-Prel og rul es). 10 15
15 "WO 97/41102
SCHEME AJ
CO,Me
1) 4-NO,PhOCOC!
SN NMM
#  2)Boc-bipiperidine
DMAP
AJl
CO.H
\\‘H
1) LiOH, ag. THF N
|
2) HC, dioxane F
27 NH
SCHEME AK
0
) P,
Me N 2) Mn02, CHzClz Me
AKl1
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TABLE 11 [err] ' 5 # n Rl R2 " R3
22 ,2 H, H NHCONH( 3- MeOPh) 23 2 H H
NHCOOCH] er r] Ph 24 2 H H NHCOOCH] er r] ( 3- G Ph)
25 2 H NHSO err]CH err] Ph 10 26
NHCONH( 3. 5- dwww 27 See structure bel ow 28 2 ﬁ’a’&’mﬂ’“
NHCONH( 2- napht hyl ) 29 See structure bel ow - 30 2 H
NHCONHCH err]CH err] Ph 15 31 2 H 6- Me- 3- pyri dyl H 32 2
H 5-Br - 3-pyridyl H SSHEME &i(\H) 3-pyridyl H
[err] COMe cozn
o]
\‘H
l N HO(NHDOE: « HCY u l'\N
=
E:OH
« HCl
o .
NH NYH
ALl ALz R=Me NH
33 R=H
5 _
SCHEME AM
c°2M9
1)H,N l =
H N"
A Me
UCO‘H HBTU/HOBT

N~ 2) HCY, dioxane

1

Boc

AM1

1) HBTU/HOBT

2) LiOH, aq. THF
3) HCl, dioxane o}

31
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20 The di am nopropi oni c acid antagoni sts of the invention wherein R5 is
CCONHQ CHWrCOerr]Rerr], Rerr] is H Mis piperidin-1-yl and Ais
[err] 16 WO 97/ 41102
PCT/ US97/ 07130 may be prepared as shown in Schene AH,

Met hyl N—[err_;y- ?’7/41102 di am nopropi onate was acyl at ed by HBdtresstrionas ed,
AHl, the Z gr & renoved by hydrogenolysis to afford AH2 (for 23 the
Z group was retain

t h | t.ant ted
G TR o Soresarh oy ahareAsued Brvabpns o P AR Sherl? e °°'©
al kyl sul f onyl cempoundicof formiia i) oo sgit terdstf thainvention agthe agtivep of

I nternmedi ate
oy o AP, SRR b Ao B bcitinior sccordGB1aY |
saponi f i ed W_Pﬂ"‘rqfl"ﬁpﬂnﬁ’hﬂfﬂ\aﬁ%‘% &H@I‘WHB"'&%&SW SR eRmer MaY ¢ 1
to give 225 {dke a wide variety of forms depending of thE@eiBVEf prepasation desired for
' administration, e.g., oral or parenteral such as intramuscular. In preparing
the compositions in oral dosage form, any of the usual pharmacedutical
media may be employed. Thus, for liquid oral preparations, such as for
sxample, suspensions, elixirs and solutions, suitable carriers and additives
10 include water, glycols, oils, alcohols, flavoring agents, preservatives,
coloring agents and the like; for solid oral preparations such as, for example,
powders, capsules, caplets, gelcaps and tablets, suitable carriers and
additives include starches, sugars, diluents, granulating agents, lubricants,
binders, disintegrating agents and the like. Because of their ease in
15 administration, tablets and capsules represent the most advantageous oral
dosage unit form, in which case solid pharmaceutical carriers are obviously
employed. If desired, tablets may be sugar coated or enteric coated by
standard techniques. For parenterals, the carrier will usually comprise
sterile water, through other ingredients, for example, for purposes such as
20 aiding solubility or for praservation, may be included. Injectable
suspensions may also be prepared, in which case appropriate liquid
carriers, suspending agents and the like may be employed. The
pharmaceutical compositions herein will contain, per dosage unit, e.g.,
tablet, capsule, powder, injection, teaspoonful and the like, an amount of the
25 active ingredient necessary to deliver an effective dose as described above.
The pharmaceutical compositions herein will contain, per unit dosage unit,
e.g., iablet, capsule, powder, injection, suppository, teaspoonful and the like,
of from about 0.03 mg to 100 mg/kg (preferred 0.1-30 mg/kg) and may be
given at a dosage of from about 0.1-300 mg/kg/day (preferred 1-50
30 mg/kg/day). The dosages, however, may be varied depending upon the
requirement of the patients, the severity of the condition being treated and
the compound being employed. The use of either daily administration or
post-periodic dosing may be employed.

35 BIOLOGY

. The compounds of the present invention interrupt binding of fibrinogen
to platelet glycoprotein lib/lita (GPIlib/llla) and thereby inhibit platelet

21



15 17 WO 97/ 41102

PCT/ US97/ 07130 The bi pi peridi ne-urea based antagonists of the

i nvention may be pr epar ed Al. Internediate AJ1l was
prepared as descri bed in & HERE HAS) BEEMY acyl ated with

p- ni t rophen chl or of or ngt e an&EPLAGEDr eact ¢d with Boc}ﬁ@‘éhﬁ@ di ne

(for a synt ry}gg?g:mgze 5 W Bondrnerr, patrent plication
The ester AJ2 was saponified with [ithium hydroxi de and the Boc group

renoved W t lagddgdtion. Sucheédmpelindis. ardLiberdfote, @gefd petreatingeplatefiahy de

I nt er medi at G50 G Rrorhbutic’ @ESrders such as arterial and venous thrombosis,
acute myocardial infarction, reocclusion following thrombolytic therapy and
angioplasty, and a variety of vaso-occlusive disorders. Because the final,

5 common pathway in normal platelet aggregation is the binding of fibrinogen
to activated, exposed GPIib/llla, inhibition of this binding represents a
plausible antithrombotic approach. The receptor is activated by stimuli such
as ADP, collagen, and thrombin, exposing binding domains to two different
peptide regions of fibrinogen: a-chain Arg-Gly-Asp {(RGD) and y-chain 400-
10 411. As demonstrated by the results of the pharmacological studies

described hereinafter, the compounds of the present invention show the
ability to block fibrinogen binding to isolated GPIlb/lla (IC50’s 0.0002-1.39

KM), inhibit platelet aggregation in vitro In the presence of a various of
platelet stimuli {0.019-65.0 uM vs. thrombin), and furthermore, inhibit ex vivo
15 platelet aggregation in animal models.

IN VITRO SOLID PHASE PURIFIED GLYCOPROTEIN IIB/NIA
BINDING ASSAY.

20 A 96 well immulon-2 microtiter plate (Dynatech-Immulon) is coated with
50 uiiwell of RGD-affinity purified GPlib/llla (effective range 0.5-10 ug/mL) in
10 mM HEPES, 150 mM NaCl, 1 mM at pH 7.4. The plate is covered and
incubated ovemight at 4°C. The GP!lib/lla solution is discarded and 150 pl of
5% BSA is added and incubated at RT for 1-3 h. The plate is washed

25 extensively with’'modified Tyrodes buffer. Biotinylated fibrinogen (25 ul/well)
at 2 x final concentration is added to the wells that contain the test
compounds (25 ul/well). The plate is covered and incubated at RT for 2-4 h.
Twenty minutes prior to incubation completion, one drop of Reagent A
(Vecta Stain ABC Horse Radish Peroxidase kit, Vector Laboratories, inc.)

30 and one drop Reagent B are added with mixing to 5 mL modified Tyrodes
buffer mix and let stand. The ligand solution is discarded and the plate
washed (5 x 200 pl/well) with modified Tyrodes buffer. Vecta Stain HRP-
Biotin-Avidin reagent (50 pl/well, as prepared above) is added and
incubated at RT for 15 min. The Vecta Stain solution is discarded and the

35 wells washed (5 x 200 ul/well) with modified Tyrodes buffer. Developing
buffer (10 mL of 50 mM citrate/phosphate buffer @ pH 5.3, 6 mg Q-
phenylenediamine, 6 ul 30% H202; 50 pl/well) is added and incubated at

This Sheet Has Been Re; [ilaced
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prepared by lithium alum num hydride reduction of their corresponding
nicotinic acid nethyl esters (AKl) followed by oxidation with manganese 10
di oxi de (Schene AK). The al dehydes were then converted to [err]-am no acids

as”showi in Scheme AG Fornmanm dine AL3 was prepared as shown in Schene

AL. Am ne AL lated with ethyl form m date as descri g M
?/4%&%’ usoronBy M

K.. Scott (J. . em 1983, 26, 534). The ester AL2 was saponi fi ed

with 4 N HC (RT, 20 h) to afford 33. Three-substituted [err]-am no 15
aci d-type antpyqgt $555miteapdiNer DAH S04 350 Fthto i$ BdSedcTRe AbkoBanes ved
a

6- met hyl - pyri dyl - err%-a ester was acyl ; W t h TU- acti vated AML,
and t he @dﬁﬂ&é@i“ 98%2?“? @HF%G’%’N\%—I@ %Iﬁlf Vani ne AMR. The

am ne was acylated with HBTU-activated AMA, the ester saponified, and
t he Boc group . removed with HCl to afford 31. WO 97/ 41102

PCT/ US97/ 07130 S ..
CT/USe7I oy v vitRo “ThEEITON 'OF "THROMBIN-INDUCED GEL:
FILTERED PLATELET AGGREGATION ASSAY.

The percentage of platelet aggregation is calcuiated as an increase in
light transmission of compound-treated platelet concentrate vs. control-

10 treated platelet concentrate. Human blood is obtained from drug free,
normal donors into tubes containing 0.13M sodium citrate. Platelet rich
plasma (PRP) is collected by centrifugation of whole blood at 200 x g for 10
min at 25°C. The PRP (5 mL) is gel filtered through Sepharose 2B (bed
volume 50 mL), and the platelet count is adjusted to 2x107 platelets per

15 sample. The following constituents are added to a siliconized cuvette:

concentrated platelet filtrate and Tyrode's buffer (0.14M NaCl, 0.0027M KCI,
0.012M NaHCOQO3, 0.76 mM NagHPO4, 0.0055M glucose, 2 mg/mL BSA and

5.0mM HEPES @ pH 7.4) in an amount equal to 350 pl, 50 u! of 20 mM
calcium and 50 wl of the test compound. Aggregation is monitored in a

20 BIODATA aggregometer for the 3 min following the addition of agonist
(thrombin 50 ul of 1 unit/mL). The results are shown in Tables Ill and IV.
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SCHEME AK 5 [err] ~ 19 WD 97/ 41102
PCT/ US97/ 07130 SCHEME AL
WO 97/41102 PCT/US97/07130
JABLE NI
In Vitro Resuilts
Fibrinogen Binding Platelet Aggregation®
5 Compound# 2%Inh. (S0uM) ICs0 (UM} % Inh. (SOuUM) ICsq (WMD)

1 95.0% 0.003 83.0% 3.6
2 83.0% 0.027 95.7% 54.0
3 81.0%. NT 26.2% >100
4 89.9% 0.121 81.0% 26.0

10 5 89.0% 0.012 100% 10.0
6 90.7 0.197 71.2% 73.0
7 100% 0.006 75.6% 2.4
8 93.0% 0.332 94.8% 65.0
9 99.0% 0.002 90.9% 0.37

15 10 91.3% 0.019 85.0% 1.6
11 79.6% 0.004 99.2% 1.55
12 97.0% 0.025 88.0% 15.5
13 95.0% - 1.39 67.0% 25.5
14 99.0% 0.004 91.0% 0.91

20 15 100% 0.0091 92.2% 1.9
16 100% - 0.0005 94.0% 0.028
17 96.0% 0.005 89.6% 0.45
18 100% 0.0002 100% 0.019
19 99.0% 0.021 92.1% 0.079

25 20 99.0% . 0.0007 89.7% 37.0
21 100% 0.0005 100% 0.060
* Thrombin-induced aggregation of gel-filtered platelsts.

30

35
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PCTIUS97/07130

WO 97/41102
JABLE 1V
In Vitro Results
Fibrinogen Binding Platelet Aggregation®
5 Qq.mp.ound_# %Inh. (50 uM) 1C50. (M) % Inh. (SOUM) J-QSQ_(uMl
22 100% 0.0007 94.0% 0.046
23 100% 0.0003 97.0% 0.027
24 100% 0.0004 100% - 0.018
25 100% ~ 0.0003 97.0% 0.007
10 26 100% 0.0003 97.0% 0.016
27 - 100% 0.0006 100% 0.45
28 100%  0.0002 100% 0.17
29 100% 0.068 100% 42
30 100% 0.0008 100% 0.19
15 31 100% 0.0003 100% 0.045
32 100% 0.0004 100% 0.020
33 100% 0.0007 100% 0.30
* Thrombin-_induced aggregation of gel-filtered plateiets.
20 'EX VIVO DOG STUDY
Adult mongrel dogs (8-13 kg) were anesthetized with sodium pentobarbital (35
mg/kg, i.v.) and arificially respired. Arerial blood pressure and heart rate were
measured using a Millar catheter-tip pressure transducer inserted in a femoral artery.
25 Another Millar transducer was placed in the left ventricle (LV) via a carotid artery to
measure LV end diastolic pressure and indices of myocardial contractility. A lead Il
electrocardiogram was recorded irom limb electrodes. Catheters were placed in a
temoral artery and vein to sample blood and infuse drugs, respectively. Responses
were continuously monitored using a Modular Instruments data aquisition system.
30
Arterial blood samples (5-9 ml) were withdrawn into tubes containing 3.8%
sodium citrate to prepare platelet rich plasma (PRP) and to determine effects on
coagulation parameters: prothrombin time (PT) and activated partial thromboplastin
time (APTT). Separate blood samples (1.5 ml) were withdrawn in EDTA to determine
35 hematocrit and cell counts (platelets, RBC's and white ceils). Template bleeding times

ware cbtained from the buccal surface using a symplate incision devise and Whatman
filter paper.
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PCT/ US97/ 07130 To prepare the pharmaceutical conpositions of this
i nvention, one or nore conmpounds of formula (1) or salt thereof of the
i nvention as the active ingredient, is intimately adm xed with a

pharmaceutical carrier according to conventional pharnmaceuti cal
conpoundi ng W@&?ﬁF'&ﬁes which carrier my 5 take a w de "é%’y"?)‘ﬁ forns

dependi ng of the f or m qof eparatio esi.red I stration, g
oral or parefyagrega ?'9 cﬂi Papgfs w%s EMP;E\Y?‘ ysing A %Pbﬁéﬁ iaggregometqrhé\ggregatuon
conposi t i efnwhole bioad usedagcChronniogaimpedandec aggregomsten e and cAPTT were
nedi a WBYdJ%SrrﬁiﬁBb%’r?%nh-erhlés BidDHta! dr0ACY. 8660+ Woﬁ?@faﬁbh Odl¥aly s%‘ﬂChcﬁgs f\%re
exanpl e, suspecPSLﬁ xkr nd solutions, suitable carriers an

addi t i vesCoHEq Wit 30%3'%?’5 ﬁ)gsa%ycol s, oils, alcohols, flavoring agents,
preserdvati ves, coloring agents and the i ke; for solid oral

pr epar af ieons G‘dt‘ﬁﬂbéﬁﬁs vfééa}b I@gfdmea ina smali’%ﬂﬁ{e\s/of em%ﬁﬁma@g% RAF) gﬁggfgs |
di l uents é@%{i iR §?§ ﬁg&ht% F’r@bP‘P’&%ﬁW@?"" ﬁf’/f‘ldbﬁ@‘l‘J W@‘wdét

agent s aradmlhnstérekleby B inisayenbdus hmiute evitheaiHarvard indusion spumn daosasawaet S
m?cca(e:s slgfl d ahar maé Zst,:ﬁgitma’g§€8{ ras ar.e 'g[)t\%&eo of 0.3/ 0RARR, urm(?&a ‘(}Pér?}
oo, 106 Gutieris afdl <BEA < thes ansh o0, Firh BraPeale o fileling, the SR, Bhcia

t echni queadministrafion. eﬁlralréosgs ware agdministaredias|aqueauas isplutionpviassyringe. sterile
wat er, through other |ngred|ents for example, for purposes such as 20

i di | ub f t i ncl d,
SUspens: ons FERAUBgsisBUsPA FRAed Bl & of Suvs Rl oarphsiar eponses.
carri ers, Thuss pisnavhole aglends ﬂaadcompoundse inhipited = cojdaganegtimaiated (or ADP)
phar g e UddiahatiohMiP 8béds® BF 0Nei §irg 'vldtrpﬁ'@n?éd‘ mtﬁlﬁfuoﬁ'%%ﬁaﬁéﬁ Ustinful&ted

201 SL bk e, I E5E) S CRRIG. e oldqnt by

descri beoplansa:eaggragatomhwtphmaﬂsaaelacﬁwm at o@pb3Pt mefkg. hePempownds hashnai n,
per unit feassabe hémodynamie.difect irfddss up «?cDSU /kg) WV ahe drﬂgg Grb@ice an

o ko, ;?é%‘fge%%ﬁ%@rﬁ&s PRI g aemsfkﬁ ] e J6eyely, et Bogmant
abou9200 1N gtfects onpoagyiatipn 47 € or AP TN S wesn obsempﬂg#twag)treatmnhéeé@é@telet
however, white &sd ABO esLiris wensl unghanged dtlady dose of the compounds.

The results indicate that the compounds are broadly effective inhibitors of platelet.

aggregation ex vivo (antagonizing both coliagen and ADP pathways) following iv

25 administration of doses ranging from 0.1-1 mg/kg or 1-10 mg/kg orally (Tables V and

Vi). The antiaggregatory effects are accompanied by increases in bleeding time at the
higher doses. No other hemodynamic or hematologic effects are observed.

30
JABLE V
Ex Vivo Dog Study Results
35 Intravenous Dosing Oral Dosing
Compound #Dose Duration* Dose Ruration®
15 1 mpk 30 min 10 mpk 120 min
16 0.1 mpk 60 min 1 mpk 60 min
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requi renment of the patients, the severity of the condition being treated
and t he conpound bei ng enpl oyed. The use of either daily

adm ni stration or post - peri odi ¢ dosi ng may be enpl oyed. 35 BI OLOGY
The conpounds of the present invention interrupt binding of fibrinogen

to platelet ghyenpgtein IIb/Illa (GPlIb/I11a) and thereby ipeRiURbIoTRieat €] et
21 aggregation. Such conpounds are, therefore, useful in treating
pl at el et - nedi at ed throHtéotiE di ders sugh &s arter@l and vencus

t hrombosi s, acute myoca BPKi nf tion, rad®tusi oMW ng t hronbol ytic
t herapy and angi opBast yQ.1lampka va&0 miny of ¢Yaspk cocl usOvmindi sorders. Because

the final. comonygat hwayndiy nor gy mi at el ¢ regajg mph i S the binding of

fibrinogen to actjyated, .exposed [1b/111ga, 1.nhibitjaon of this binding
represents_a_ pl auéﬁbl e %’F‘Bﬁr om0 BN ppr bR The 1#@0’@]& or is activated
by stinuli®such a%indixates dutatige of >50% inhibiioni of collagars ianADR-intluceddxmai ns t o
two different pep{,i'\,gwgtgm gagreggﬁé,i,_bri nogen: a-chain Arg-dy-Asp (RG) and
[err]-chain 400- 411. As denonstrated by the results of the pharnacol ogi cal
studi es described hereinafter, the conpounds of the present invention show
the ability to block fibrinogen bi ndihABLE Ntol ated GPIIb/Ila (1(err]'s

0.0002-1.39 [err]M, inhibit platey Wvﬁgﬁsf@(hh?nREQUi&t roin the presence
of a vari Qs of platelet stimuli (0.019-65.0 [efr]Mvs. thronbin), and

furtherno inhibit ex vivo platelet aggregation in ani mal nodels.
I N VI TRO SOLI D PHASE PURI"HI’&EBTI&S(W El N 108dlIDdshgBl NDI NG ASSAY. A

96 wel | | mul 1 croppser pla at e nul o | ated with 50
[err]/well of%’ﬂ%}fi&by rifk/g | b/ (effeggf%ﬂ?ange 0.5-10 .
[err]g/nL) in 10nRFHEPESS IBDmV NBEIMN mv err] S8t™BH 7. 4. The plate’is
covered and i ncub8Bed o®dplyht §0 minerr] A mgke GPI 1BAIMING sol ution is

di scardedifnd 150[ err]|0.8fm@Ko BSNT s added3 ajpik | ncuhgbefinat RT for 1-3 h.

The plate is washggd  o3mpk somin 3 mpk 120 min
25 0.3 mpk 30 min 3 mpk 60 min
26 0.3 mpk NT 3 mpk 60 min
27 0.3 mpk 60 min 3 mpk 120 min
20 28 0.3 mpk NT 3 mpk 120 min
30 0.3 mpk 105 min 3 mpk 180 min
31 0.3 mpk 120 min- 3 mpk - >180 min
31 0.3 mpk 60 min 3 mpk 180 min
* Indicates duration of >50% inhibition of collagen-induced ex vivo
25 platelet aggregation.

Compounds 16 and 18 have shown efficacy in a canine arteriovenous
shunt model of thrombosis in a dose-dependent fashion ( method in
_ "Nipecotic Acid Derivatives As Antithrombotic Compounds,” application

30 Serial No. 08/213772, filed March 16, 1994). For instance, compound 16
inhibits thrombus formation at 10, 30, and 100 pg/kg/min cumulative doses
by iv infusion (75%, 37%, 12% of thrombus weight vs. vehicle control,
respectively). Compound 18 inhibits thrombus formation at 3, 10, and 30
ng/kg/min cumulative doses by iv infusion (82%, 41%, 12% of thrombus

35 weight vs. vehicle control, respectively).
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extensively wth nodified Tyrodes buffer. Biotinylated fibrinogen (25
[err]l/well) at 2 x final concentration is added to the wells that contain
the test conpounds (25 [err]l/well). The plate is covered and incubated at
RT for 2-4 h. Twenty mnutes prior to incubation conpletion, one drop of
Reagent A (Vecta Stain ABC Horse Radi sh Peroxi dase kit, 'Vexpé'l%s97/6 130 .
Labor at or | e¥OHH% and one drop Reagent B are added with mxing to 5 ni
nodi fied Tyrodes buffer mx and |l et stand. The ligand solution is discarded
and t he pl aEXAMBLES (5 x 200 [err]l/well) with nodified Tyrodes buffer.
Vecta Stain HRP- Biotin-Avidin reagent (50 [err]l/well, as prepared above)

I s added and incubated at RT for 15 mn. The Vecta Stain solution is

di scarded and tfroteRtad amipa.acids werg purphased ?"PWWE'F'F'? Chemicahi fi ed Tyrodes -
buf f er. DevBhacipem Bitsddrme 106.0 2rhiofotsyl rdsircand Wangriesiypwartecolitafedr @ pH

2 aS’:e d%%_ i[ﬁgﬁbg? &P COs TEMANtiGmbRballylertit o2y RioalGlidrd-bl / we! | )2 2i S

WD 97/ 4110262 oxyl% acid athyl esters were isolated by chiral resolution of racemic
- PCT/ US97/ O7a@berial as publishedr (A3 M AkkermanmdRet cfra@.NChime RayS@as 1951 50

[err] 1/ well ppi ad3diCothdf éh R8s purchasel Fro} jgif _The results
el o A e et s .
The pert®nt basesby basit idreexchggge ghtaruatograpby.) tigratield 1kNMR spectease in
light t ran%fﬂ&%&a &P BTBHIKSF AC 38D 5Spelraimbte? lat 380 ML, dHcPedh nngont rol- 10

treated plate (%t concent ratE{a Hu% . bl'ood 1S Obﬁ:{féi ned romhgr, ree,
normal donofNStafts &g, given in Herz- 8'"@.% SRR Aelarmingq.on BIMe TP i ch .
pl asma ( PRP) meiting poiat apparatus@anad arefunpatrectedofMiatasinalyises weret 200 x g for

;g (bed M perdrmred &rRdbertsoh MiEroht (&bdthtories, 186! Mddidon! Ridwl Jursshinsephar ose

vol une 50 ..and the platel et t . ls.adjusted to
2x10[erﬁ dhglsg'c@?gs ﬁgPr%L %%Mtés.o chﬁ%a?C'ﬁgR%Hﬁgtbﬁﬁﬁé%ts are added to
a si |l i coni zebtaineddvt ®ethods knewn de thasetskilleglinthe ant, ¢.g! by hasicdeni Tyr ode' s
buffer (0. leddahgelpurification/ Nhifké Examples and throughout this application, the

following abbreviations have the meanings recited hereinatter.

20 Bn or Bzl = Benzyl
Boc = t-Butoxycarbonyl
BOC-ON = 2-(t-Butoxycarbonyloxyimino)-2-phenylacetonitrile
BOP-CIl = Bis(2-oxo-3-oxazolidinyl)phosphinic chioride
CP = compound '
25 DCE = 1,2-Dichloroethane
DCM = Dichloromethane
DIBAL-H = Diisobutylaluminum hydride
DIC = Diisopropylcarbodiimide
DIEA = Diiscpropylethylamine
30 DMAP = 4-Dimethylaminopyridine
DMF = N, N-Dimethylformamide
EDC = Ethyl dimethylaminopropylcarbodiimide
EDTA = Ethylenediaminetetraacetic acid
Et20 = Diethyl ether
35 HBTU = 2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
' hexafluorophosphate
HOBT = Hydroxybenzotriazole
iPr = Isopropy!
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0.01 2M NaHCO err], 0.76 mM Na[err] HPQ[err], 0.0055M gl ucose, 2 ng/ni BSA

and 5.0nM HEPES @pH 7.4) in an anount equal to 350 [err]l, 50 [err]1
of 20 MM calciumand 50 [err]1 of the test conpound. Aggregation is
nohitoréd in a 20 Bl ODATA aggregoneter for the 3 min follow ng the
addi ti on of agoni st thronbin 50 [err]1 of 1 unit/ ). ddwo Bés are
shown in Tablg@ 744102 1, 4 IS/. [ ! ) sam

23 WD 97/ 41102 . '

PCT/ US97/ 07130KOTMS = Potassium trimethylsilanolate TABLE |11

In Vitro ResulNMM = N-Methylmorpholine . Fi bri nogen Bi ndi ng

Placel et Adar SF@@?F;I‘%I (RUERHERGl Btridh; Rt dbbstibhpr 11 (Terr TN %
_ T = not teste - :
5 PPT = precipitate

PTSA = p-Toluenesulfonic acid
RT = room temperature
TFA = Trifluoroacstic acid -
TMSN, = Azidotrimethylsilane

10 Z = Benzyloxycarbonyl

15 To a mixture of 3—(4—pyridine)acrylic acid (10.0 g, 0.066 mol) and aqueous
HCI {2.0 N, 50 mL) under a blanket of nitrogen was added platinum (iV)
oxide {0.54 g). This mixture was hydrogenated' at 50 psi and RT for 21 h,
filtered through Celite, and evaporated to give 3-(4-piperidine)propionic acid
* HCI as a white powder (12.9 g, 99%). This powder was treated with allyl

20 alcohol (50 mL) and warmed at 50°C for 2 h. This solution was cooled to RT,
‘evaporated to ca. 10 mL volume, and diluted with Et,0 (250 mL). The
resultant precipitate was collected and washed with Et,O to afford a white
powder (14.5 g, 94%): 1H NMR (DMSO-dg) & 8.7-9.1 (m, 2 H), 5.9 (m, 1 H),
5.25 (dd, J=7, 15, 2 H), 4.53 (d, J=4, 2 H), 3.21 (d, J=8, 2 H), 2.74 {t, J=7, 2

25 H), 2.35(t, J=4, 2 H), 1.72 (d, J=8, 2 H), 1.5 (m, 3 H), 1.3 (m, 2 H); MS m/e
198 (MH*).

30
Phenylacetamide intermediate AG3 was prepared using standard methods
as shown in Scheme AG (E. Profft, J. Prakt. Chem. 1965, 30, 18). A mixture
of AG1 (0.47 mol), EtOH (100 mL), NH,OAc (0.47 mol), and malonic acid
(0.70 mol) was heated at reflux for 6 h, cooled, and filtered. The white solid

35 was washed with EtOH and MeOH and dried. This solid was dissolved in
2:1 acetone/water (360 mL), treated with triethylamine (0.72 mol) and
phenylacetyl chloride (0.36 mol), and stirred for 22 h. The mixture was
evaporated and the residue dissolved in water (500 mL) and adjusted to pH
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15

20

25

30

- 35

1 95. 0% 0. 003 83. 0% 3.6

2 93. 0% 0. 027 95. 7% 54.0

3 81. 0% NT 26. 2% >100

4 89. 9% 0.121 81. 0% 26.0 10

5 89. 0% . 0.012 100%

6 . W a1102 0.197 71. 2% ’"’V?%'p“g'

7 100% 0. 006 "75. 6%

8 a2 oV NaOH). The aqasss layer was adjusted i@pH 2 (conc. Hces 0

i’ 0 9%1!%@9(! with Et,0, aﬂg% %@orated to a white ng YThe foam waspufified®

11 bycsiliea gel chromatography {3% MeOH/DCM) 3o gty@ AG3. A solytionof

12 cOmpdidnd AG3 (0.22 moiDinGdter (600 mL) atdBT @s adjusted to pi3 .75

13

1o 5 %ng (3.0 M) and tra('? with penicilin afhfd §)(91520 unlts.2§3 %a% o

15 myxture was stirreg)fox acsdlf edtop %HCI {conc), and thq_ 9

16 resuitant ppt filtered through centa The filtrate WasOgstracted with Et20 0. 028

17 (Qﬁaél%nL). concentrated@n 995110 and treatecﬁ&rtﬁ%eOH/conc NIQ4éﬁ

18 é ? l'é 0.019

19 (89, Ooyohts product-contalgmgfg ution was pu @dlb)g silica gel 0.079 25

20 10 cheomatography (eluend DM/MeOH/NH4OH, 78184 to give (S)-3-  37.0

f%h i R facetamido-3-(3-py rif@ vl BSpionic acid aﬂaﬁﬂ:ﬁhllmtsalt (19.5 § - 56%R). a5
T oDl n- I NGYE e SRt WIS troatba Wittt fe.6 \C'289 i) ZhSattt refluxior 5 h,

cooled to RT, and extracted with Et2O (3x200 mL). The aqueous layer was
adjusted to pH 12, concentrated in vacuo, and the resultant solid triturated
with MeOH (2x300 mL). This solution was evaporated to give ca. 14 g

sodium salt. This material was treated with MeOH (500 mtL), 2,2-

dimethoxypropane (44 mL}, and HCI (4 Nin dioxane, 84 mL), and stirred far
90 h at RT. This mixture was filtered and the filtrate concentrated in vacuo.
The resultant off-white solid was triturated with Et2O (2 x 150 mL) and dried
fo give compound AGS (16.7 g, 96% ee) as a white, amorphous solid.

A 25 mL sintered glass vessel under nitrogen was charged with 2-chiorotrityl
chioride resin (0.24 g, 0.36 mmol, Novabiochem) and DMF (5 mL). The
resin was agitated with nitrogen for 5 min to swell and the DMF removed.
The resin was treated with DMF (5 mL), DIEA (0.31 mL, 5 eq), and allyl 3-(4-
piperidine)propionate - HCI (0.20 g, 2.4 eq), sequentially, and agitated for 8
h. The resultant dark green solution was removed, and the resin washed
with DMF (3x5 mL), aqueous DMF (25%, 3x5 mL), THF (3x5 mL), DCM (3x5
mL), and Et20 (5 mL). The resin was swelled with DCE (5 mL) and treated
with a mixture of tetrabutylammonium fluoride hydrate (0.28 g, 3 eq),
azidotrimethylisilane (0.38 mt., 10 eq), tetrakis(triphenylphosphine)palladium
(0.084 g, 20 mol %), and DCE (5 mL). The resin was agitated for 15 h and
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TABLE |V ' In Vitro Results

Fi brinogen Bi ndi ng Pl atel et Aggregation* 5 Compound # %

Inh. (50[err]M 1 err]([err]M % Ilnh.(50[err]M Ierr]([err]M .

22 0 0. 0007 94. 0% PCTUSHTO460
23 wo%@% 0. 0003 97. 0% 0. 027

24 100% 0. 0004 ' 009% 0.018

o5 the mgng?e solution remoyegs The resin was waséqt_? p}%}@ DCM (3x5 mL)po7 10
26 DMF (328 wL), THF (3x5 mL)Go@ Et20 (5 mL). The @sinOwas swelled with. 016
27 04 % ni « 4O 45

o DMﬁ%@%IL) and treatgqgg{i}gma« (.18 mL, 3 eqi,g%% nipecotate ng >

29 (0.40903 eq), DIC (0.17 malg 3 eq), and HOBT (1 mghodhe resinwas 4o

30 5 agitatéttor 15 h and thendfi8 reaction solution refd08d. The resin was 19 15
31 washEdWith DMF (3x Ogauaous DMF (25%, 3 M), THF (3x5 mi3; 045
32 0 : . %, . 2020

33 DC mL), and Efp mL). The resin was gl with DCE (5 rgl.)3

EngO 21_? IUB ;{i nduaretitreatgd edthi a mixtofe gfabtrabutylamesbrlmtfitbritie hydiate (0.28 _gEXdVI _Voh
sodi um pent ob%q)blaf'g?m H&I&ldm%.rﬂm?.f)?.ﬁveﬁ ' téﬁa&%{ﬂ#ﬁr&,@:& F F?'ngl iZ(raed\.M t
Arterial 19 oRpligpiay @%adi’?]m%)r g‘ﬂ%% mL). Thefesinwag dgitated 1ar M | | ar
cat heter-tip {5 bandithe brangedohaion nemmvedd The rasihewas whstied with DC¥M  Anot her
artery 1o (o I Ta el ¥ yocar i
contractilit ﬁw%'gﬁé'ﬂﬁ’ @ (5 mL @@W?‘S@W@imgm%@ ré@&&-dﬁ@hﬁgmﬁl imb
el ectrodes. Gramine8phaeyipropicnatel- HC140.23 g, 3 égnDIGL(0.87 el \B eqidandi n t o
cont| nuously HOBT(ME? e sin § £ Bjia Rty ERP 8RS reactiontition. .
S0 MUY reaved; |959983"¥a'@j3@9 with BV (5B 0, Gevenis P @5%.: bes
cont ai ni ng 3.3 mL), THR(3%5 mk)cPCM(3x5tral)p ang &izO (B midl Ehe resimwasasna ( PRP)
(PT) and- act | aeg WRETIF 19 ML) and USRI aBBUIBHTNCTHS (/22811072 & bl ood
sanpl es (1.5 )a'\%eﬁigké e i&ﬂ r?ﬁﬁgﬁ?ﬁgaﬁteﬂé?%?%r@déée% "E"&Ef‘)?'? and cel |
count s ( R0at egakition reEOvedaThe yesin wasavashed with DMt SxBinlddaeetia i mes
ver e obt ai necadid/TRFI(NG, bresR bqlebusTMFYR5%J 386 MLYPTRF§3X3 MLy DomMdevi se and
‘2’26“ man (36 hiLS" aRPEED (5 mL). The resin was treated with TFA'DCM (1:1, 10°
mL), agitated for 15 min, and the resuitant red solution collected. This
solution was evaporated and the resultant ol triturated with Et20 (3x5 mL)
25 and dried to afford compound 1 as a clear glass (0.11 g): TH NMR (DMSO-
dg) 5 8.6 (m, 1 H), 8.42 (d, J=7, 1 H), 8.2 (m, 1 H), 7.3 (m, 3 H), 7.2 (m, 2 H),
5.18 (d, J=6, 1 H), 4.3 (m, 1 H), 3.7 (m, 1 H), 3.2 (m, 3 H), 2.8 (m, 2 H), 2.6 (m,
2H), 2.3 (m, 5 H), 1.1-1.9 (m, 11 H); MS m/e 416 (MH*), '
30 Using the same general solid phase synthesis technique as described
in Example 1, the compounds of indicated examples were made according
to Scheme AA as recited in the particular example.
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Aggr egati on of PRP was perforrred ggregonet er. Aggregation
of whol e bl ood used a Chronol og FﬁﬂdeSHE:H HQSrBﬁEN ter. PT and APTT were
determined on either a BioData of ACL m@_ﬂcﬂpoagul ation anal yser. Cells

wer e %ﬁ&gﬁg%th a Sysnmex K1666- Conpou g4 /61130

sol-ubi | i zed vol une of di net hyl for mam de (DWVMF) and di | ut ed
with saline to a final concentration of 10% DMF. Conpounds were
adnmi ni stered by the intravenous roubSAMBREaZHar vard i nfusion punp. Doses

was adm ni stered over a 15 mn |nterval at a constant rate of 0.33

M/ mn. Datapyes 8i-iqi ahbe C Ol Nt erval s
following th ) ' ' 1 ] e adm nistered -
as aqueous s HIQRIQRIG JCid % ge. Oorrpounds caused- mar ked

inhibiti of of ex vivo pl at el et aggregat I on responses Thus, in whole

bI d, th t t

’n doses &"W?E’%&i% R ke S T
bl at oF et ATPPIRGEAETOthYIRIES (03 mobpHh s Ewelpd wi P i (5 oL SPPiRSE 1

stinul ated with phitophetyleldorotwaiate (V36 mmel) land DIEA (0.36/mavol)) abitatédo/ kg.

Conpounds hageno th@%ﬂHn@PérﬁoWé‘ fw S%gxt%%h%# @%ﬁ%&fﬁpﬂﬁeﬁat 10”‘9/ kg,

The d P and 1-1
o7 koo $0 3blied with BE (5. Weaiad vt alybopergiater U] O-38 mmakand: 1 on (T

or APTT) wer@lEAs(e.l’TQerdmu).lamg dgitatedfent6 an Thal aﬂ\dnew,as removaﬂ,lthﬁ and R:BC
counts were 0 0 The results
i ndi cate tha’?%t;he ngd eeaﬁa‘(arﬁﬂlﬁell) an % mﬁ ve %d I)Q fne |atelet . ~
2gar egat | on ERITGRRRITITE AL dshe £ ! e ta5t0rwasawolsd Wit BME 48 £ ol | owi g
iv 25 adm nimit); thiei aoid cbupled mthrmeglyhg-dmmmzenemylptmmgater(O.BGlanqj)’ kg
orally ({gbl %ﬁd\!ﬁ?gﬁghesns lotdd 85 IRbWAIR Eiggé Y, Sdnfisdund®s ﬁ:a%ccomf’a”' ed
b

e ot G0 e Lo F5g . o«

TABLE V H), 3.10 (d, J=7, 2 H), 2.9 (m, 3 H), £6 (m, 2H)D2P (B, ddy), R (M4 H),
1.7-1.9 (m, 5 H), 1.3-1.5 (m, 5 H), 1.11 (d, J=7, 3 H); MS m/e 355 (MH+).

- 20

25 '
Compound 3 was prepared as shown in Scheme AA. Resin-bound 4-
piperidinemethanol (0.36 mmol) was swelled with DCE (5 mL), treated with
p-nitrophenyichioroformate (0.36 mmol) and DIEA (0.36 mmol), agitated for
1 h, and the solvent removed. The resin was washed (see Example 1),

30 swelled with DCE (5 mL), treated with allyl nipecotate « HCI (0.36 mmol) and
DIEA (0.72 mmol.), and agitated for 16 h. The solvent was removed, the
resin washed (see Example 1), and the allyl ester cleaved to the
corresponding acid (see Exampie 1). The resin was swelled with DMF (5
mL), the acid coupled with H-D-Asp(OBn)-OMe (0.36 mmol), and the

35 synthesis completed as shown in Example 1. Compound 3 was isolated as
a yellow glass (0.019 g): *H NMR (CD30D) 5 4.8 (m, 2 H), 3.9 (m, 3 H), 3.70
(d. J=9, 4 H),3.39 (s,3H),3.3(m,2H), 29 (m, 4 H), 2.8 (M, 2 H), 1.9 (M, 4
H), 1.7 (m, 2 H), 1.4 (m, 4 H); MS m/e 400 (MH*).

Thls Sheet Has Been Reﬁ

§ A




35 I ntravenous Dosi.-ng Oral Dosing Conpound #Dose

Durati on* Dose Dur ati on* 15 1 mpk 30 mn 10 npk-
120 mn 16 0.1 npk 60 mn 1 npk 60 mn :
26 WD 97/ 41102

PCT/ US97/ 0713 O-—3—Hpk 3 rrpifc-rmsg-”%so mn
18 0.1 npw%”"éwzm n 1 fIkIS SHEED SOSBEEN 19 1 npk

30 m'_n 10 npk 90 m n ~ RBRLACEDO: 3 r’dﬁk - 150 m n 1 npk

180 mn 5 * | ndi cat es durattTomof~——=50%1TThi biti on of collagen- or
ADP- i nduced ex vivo platelet aggregation.

TABLE VI veg Dog Study Results 10

I ntravenous Dosi ng Oral Dosin # Dose Duration* Dose
Duration* 22 0.3 npk 180 m n 3 rrpk 60 mn

23 : 4@ipariding DX 4 0.3 npk :
NT o o 'n 24 0.3.rrpk 90 mn 3 npk
120 mn ) Kk 30 mn 3 npk 60 mn

26~ 0.3 npk NT 3 npk 60 mn 27 0.3 npk 60
mn 3 npiCompounti2® wasrprépared as shown in SthamepAA. Intefmediate AA23 npk

éio m 0 k038 ni?gn wasosﬁet@a‘ﬂm h oéﬁ(ﬂfgb trea?edmhh mathy@@roim.ﬂa-aé ok

60 ni n 3%{9@*}! ate + (Qﬁiﬁ miof), DIC (0.72 Fﬁm‘haﬂe&'ﬁdr(at”dﬁm'—) ﬂcsﬁ/o

icghi bi t :j onlgfaguaiz?ggﬁ%ﬁ hndliln‘aembé\éi l\m&t WwasTeiioved, the reénawsbbdm Egarnplen.
mpounas o Yy FE¥F cIEMdd BN i ee
shunt nodel gt:gn?]ple 1 Oﬂeg resm wasdégﬁve:;? Bv?tg eﬁiﬁfm L). 81n yc{i cf?p gﬁlﬁh
methyl 3-amino-3-(4-tolyl)propionate (0.36 mmol), and then the synthesis
15 compieted as shown in Example 1. Compound 4 was isolated as a clear
glass (0.081 g): TH NMR (CD30D) 8 7.19 (d, J=5, 2 H), 7.10 (d, J=5, 2 H),
5.31 (dd, J=3, 10; 1 H) 3.6 {m, 4 H), 3.3 (m, 2 H), 2.9 (m, 4 H), 2.7 (M, 2 H),
23(m,2H),2.1(m,3H),1.9(m,4H),1.6(m,4H),1.3(m, 4H) MS m/e 416
(MH*).
20

25

Compound § was prepared as shown in Scheme AA. Intermediate AA2
(0.36 mmol) was swelled with DCE (5 mL), treated with ethyl isonipecotate
. (0.36 mmol), DIC (0.72 mmol), and DIEA (0.72 mmoL.), and agitated for 16 h.

30 The solvent was removed, the resin washed (see Example 1), and the ethyl
ester cleaved to the corresponding acid with KOTMS (see Example 1). The
resin was swelled with DMF (5 mL), the acid coupled with methyl 3-amino-3-
methyipropionate (0.36 mmol), and then the synthesis completed as shown
in Examplé 1. Compound 5 was isolated as a tan glass (0.033 g): TH NMR

35 (CD30D)54.5(m,1H),4.2(m, 1H),3.9(m,1H),3.3(m,2H),3.3(m, 3 H),
31 (m 1H),29(m,3H),2.7 (m,2H), 24 (m, 2H), 2.0 (m, 2 H), 1.7 (m, 2 H),
1.5 (m, 6 H), 1.3 (m, 2 H), 1.15 (d, J=9, 3 H); MS m/e 354 (MH+),

Sheet Has Been’ RTlaced
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"Ni pecotic Acid Derivatives As Antlthronbotic Conpounds,” application 30
Serial No. 08/213772, filed March 16, 1994). For instance, conpound 16
inhibits thronbus formation at 10, 30, and 100 [err]g/kg/m n cunul ative

doses by iv infusion (75% 37% 12% of thronmbus wei ght vs. vehicle
control, respectively). Conpound 18 inhibits thronbuicéﬁ; g_ég at 3,
1Q, and 30 wo974§162 r] g/ kg/ m n cunul ati ve doses by iv infu s?@ 41%

12% of thronbus 35 weight vs. vehicle control, respectively).
27 WO 97/ 41102

PCT/ US97/ 07130 EXAMPLES Mt ected am no acids were
purchased from Al drich Chemcal o em Bi osci ence | nc.

2-Chlorotrityl resin and Wang re5| n were obtai ned 5 from Novabi ochem
Cor p. Enant No#9RA.FiséAdin® A N-iSorbérs 4 rsdiyly! i ¢ acid
ethyl esters were L9l ey racemc . rmaterial as
publ i shel (S HLEaN " Chi m Pays-Bas 1951, 70, 899).
Al other chemicals were purchased from Al drich Chem cal Conmpany, I nc.

Fi nal produginifdufd® Wak ippépdrad be shawnlis SeaeverARd IntermiedistelAA2 bases by

F’Z‘iL?dLS“oﬁ@épﬁﬁsﬁWa%%%%@@%’%ﬁe@%ﬁ%%&"%ﬁ' Biched,  '°
const ant s af®3§imvoel). O 72 mmal), apd IBA{PS ZV[EF‘QLB@L"Qr%“ﬁ@? oh1 Q%NH -Tenp

Il r?glr mﬂgagﬂb ‘TolvaRPWas redoded] the aeﬁmmshat(sad E:Mmpleamaér;dsm eﬂayleer .o -
pe t hose caggg%%?ég‘g?? hdb“ %oﬁ’l’d&hg{lﬁpga ﬂ#'ﬁg (}ise i rﬁ@ﬁ P?Z‘SJ baseyl s
obt ai ned by resin wasswealledwithddMFdSank) the aei |CﬁUP|ﬁ€ vammetbv 369“‘9%| cion, ’
exchange pugd-thfiymethyl-phéme)prifionite 0 380mindNOHAd then ﬂ'ialsynamﬁ:s cation, the
foll ow ng a?@m%k’et@% §@ﬁ°5ﬂéﬁ F&gﬁggﬁm uﬂglé@gs Iik%"ﬁb&%gtaelran 20 Bn or

Bzl = Benz

Y Glass (0.034 g): 1H NMR (CBa0D) 5 73 (m, 3H) 7.43 (d, J=5, 2 H), 5.4 (m, 1
H), 4.5 (m, 1 H), 4.0 (m, 1 H), 3.3 (m, 4 H), 3.1 (m, 1 H), 2.8 (m, 2 H), 2.7 (m, 2
H), 2.7 (m, 1 H), 2.5 (m, 4 H), 2.0 (m, 2 H), 1.2-1.9 (m, 10 H); MS m/e 460
(MH+).

20

25 ‘
Compound 7 was prepared as shown in Scheme AD. Resin-bound Fmoc--
Ala (1 mmol) was treated with 20% piperidine/DMF (10 mL), agitated for 2h,
and tha solvent removed. The resin was washed with DMF, swelled with
DMF (10 mL), and treated with Fmoc-nipecotic acid (1 mmol), DIC (2 mmol),

30 and DIEA (1 mmol). The resin was agitated for 16 h, the solvent removed,
and the resin washed with DMF and DCM. The resin was treated with 20%

~ piperidine/DMF (10 mL) for 2h, the solvent removed, and the resin washed

with DMF. The resin was swelled with DMF (10 mL), treated with 4-N-
methylpiperidinepropionic acid (1 mmol), DIC {2 mmol), and DIEA (1 mmol),

35 and agitated for 16 h. The solvent was removed and the resin washed with
DMF and DCM. The resin was cleaved with 95% TFA (10 mL) and the TFA
evaporated to afford 7 as a white powder (0.26 g): mp 172-177°C; TH NMR
(CDCl3) 8 4.4 (m, 1 H), 3.7 (m, 1 H), 3.4 (m, 1 H), 3.2 (m, 1 H), 3.1 (m, 1 H),
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BOC- ON = 2-(t-But oxycar bonyl oxyi m no) - 2- phenyl acetonitrile BOP-O =

Bi s(2- oxo- 3-oxazol i di nyl ) phosphi ni c chl ori de CP = conpound 25 DCE =
1, 2- Di chl or oet hane DCM = Di chl or onet hane DI BAL-H =
~Di'i sobutyl al um num hydri de DI C = Diisopropyl carbodiimde .DIEA =
Di i sopropyl et‘m‘lﬁgll&e 30 DVAP = 4-Di net hyl am nopyri di ne PCT/USEFO7E30N, .
N-.Di et hyl f ormam dé EDC = Et hyl di nethyl am nopropyl car bodi i m de

EDTA = Et hyl enedi am netetraacetic acid Et[err] O = D et hyl et§1er 35
HBTU = 2- (1H Behgmt2 HR 28 émJ6 11),)2.21 (s, 3 H), # & (marfelthyi 3 S0 H): M

hexaf | uorophomg%g (MH). HOBT = Hydr oxybenzotri azol e [err]-Pr =

| sopropyl 28 WO
97/ 41102 -

PCT/ US97/ 07130 KOTMS = Pot assium trinethyl silanol ate NVM -

N- Met hyl nogphol i ne Nip = N pecot%mﬂ noted ot herw se, racem c at
3-position NT = not tested 5 = precipitate PTSA =

p- Tol uenesul foni ¢ acid RT = roomtenperature_ . TFA =

Tri fl uor oacet N:3d4iRiperidineprosinnl acotvi-dr0X 26 AGIdI oA 1l 7 =

Benzyl oxycar bonyl Al'lyl 3-(4-piperidine)propionate - HCO (AAl

precursor) Compound 8 was prepared as shown in Scheme AA. Intermediate AA2

10 (0.36 mmol) was swelled with DCE (5 mL), treated with ethyl nipecotate
(0.36 mmol), DIC (0.72 mmol), and DIEA (0.72 mmoL), and agitated for 16 h.
The solvent was removed, the resin washed (see Example 1), and the ethyl
ester cleaved to the cormresponding acid with KOTMS (see Example 1). The
resin was swelled with DMF (5 mL), the acid coupled with methyl 4-oxo-

15 nipecotate (0.36 mmol), and then the synthesis completed as shown in
Example 1. Compound 8 was isolated as a clear glass (0.04 g): 1H NMR
(DMSO-dg) 5 8.5 (m, 1 H), 8.2 (m, 1 H), 6.5 (m, 1 H), 4.3 (m, 1 H), 3.4-3.8 (m,
4 H), 3.2 (m, 2 H), 3.0 {m, 1 H), 2.8 (M, 2 H), 2.2-2.6 (m, 6§ H), 1.8 (M, 2 H),
1.1-1.7 (m, 11 H); MS m/e 394 (MH*).

20

25

Compound 9 was prepared as shown in Scheme AA. Intermediate AA2
{0.36 mmol) was swelied with DCE (5 mL), treated with ethyl nipecotate
(0.36 mmol), DIC (0.72 mmol), and DIEA (0.72 mmoL.), and agitated for 16 h.

30 The solvent was removed, the resin washed (see Example 1), and the ethyl
ester cleaved to the corresponding acid with KOTMS (see Example 1). The
resin was swelled with DMF (5 mL), the acid coupled with methyl 3-amino-3-
(2-trimethylsilylethynyl)propionate (for a preparation, see J. Zablocki, J. Med.
Chem. 1995, 38, 2378; 0.36 mmol), and then the synthesis completed as

35 shown in Example 1. Compound 9 was isolated as a yellow glass (0.12 g):
1H NMR (CDs0OD) 5 3.8 {(m, 1 H), 3.2-3.4 (m, 4 H), 2.9 (m, 3 H), 2.7 (m, 2 H),
2.3-2.5 (m, 2 H), 1.9 (m, 4 H), 1.1-1.9 (m, 13 H), 0.0 (s, 9 H); MS m/e 436
(MH*).

35



15 To a mxture of 3-(4-pyridine)acrylic acid (10.0 g, 0.066 nol) and
aqueous - HO (2.0 N, 50 nL) under a bl anket of nitrogen was added
plati num (1V) oxide (0.54 g). This mxture was hydrogenated at 50 psi
and RT for 21 h, filtered through Celite, and evaporated to give

3-(4-piperid pionic acid - * HCl as a white powde 999 .
Thi s pomder%@@‘?iogat ed with allyl 20 alcohol (50 niL) .andﬁﬁé&ﬁ%ﬁn%’ ‘
50[err]C for 2 h. This solution was cool ed to RT, evaporated to ca.
10 nmL volune, and diluted with Et[err]O (250 nL). The resul t ant
precipitate was collected and washed with Et[err]Oto afford a white

powder (14.5 g, 949 : [err]H NMR ( [err]l) [err] 8.7-9.1 (m 2 H),
(m 1 H, 5.25 (dd, J=7, 15, . (d, J=4, 2 H), 3.21 (d,

, J
H, 2.74 (t, J3=7, 225 H), 2.351t, J=4, 2 H), 1.72 (d, J=8, 2 H), 1.5
> Ald):- Vi a Py ! o]\ ) . .

i nt er medi at #&&3 was prepared usi ng standard net hods as shown in

Scheme AG (E. Profft, J. Prakt. Chem 1965, 30, 18). A m xture of AGL °
0.47 nol), , r a Uanh&g saci d
( ). Crhpbur’90 Wak. pribhiad ds%gpvﬁ?in‘@c AR RedRiB0hG 62C 0

0. 70 nol heat ed at f , )
gol i d gg ) ﬁ%mféipgﬁlcﬁ%ﬂiﬁ U)ﬁﬂg‘r'vﬁéeweﬁg‘g%gi . ?#m'é: teated With, di ssol ved
in 102: pthyd dinscotatm(Q:86 (y8a),RIC (0072 muivead), and IDIEAi(0172yheoiLjeard. 72 1ol )
and plagitaieddsF ¥6 he ltr@(rjsdmdrﬁ Qﬁi%ﬁre%!vgd, thE Yesih Wd’sggd&%e afh g%ge "
e ot e e and B i edier tidihiBd"16 he Earrésponding seid witn KOTHA e([e,eg 2.
WD 97/ 41102 Example 1). The resin was swelled with DMF (5 mL), the acid coupled with

PCT/ US97/ 07 hiéthyl 3-aminot8-($-byhbpiirbhionditeq025t-AfisD), hAY Bher e S\ithedigd to pH 2
(20, {8 oo A r0W T a1, oo AR A e o

The foam was

give AG3. AGESE(0;008 @i 'H NMR (RMSR-de)d 8\B:dmy @ Hi2B.tds) 1 H) Bt7%T (1680 i) at
RT was adj us)eslib, 0B,/ H), 44 (st Ay, 4Pn( BH), & (R H)r 23R 1), bpenicillin

d , ) h,
et ;ﬁgﬁ“@l 2 3(moudiea . 2 M) 229 84 Y B v 0T %ﬂ@*gf-i erad
thr ough Cel ANBH- caieg. for GapHeaNeRe® STTA A2He0 (PE.ROKG, 40:6%H, 4.85; N,

20 7.29;F, 22.25. Found:C, 40.81; H, 4.70; N, 6.12; F, 23.83.

Compound 11 was prepared as shown in Scheme AA. Intermediate AA2
(0.36 mmol) was swelled with DCE (5 mL), treated with ethy! R-nipecotate

30 (0.36 mmol), DIC (0.72 mmol), and DIEA (0.72 mmol.), and agitated for 16 h.
The solvent was removed, the resin washed (see Example 1), and the ethyl
ester cleaved to the corresponding acid with KOTMS (see Example 1). The
resin was swelled with DMF (5 mL), the acid coupled with methyl 3-amino-2-
hydroxypropionate (0.36 mmol), and then the synthesis completed as shown

35 in Example 1. Compound 11 was isolated as a pink glass (0.05 g): TH NMR
(DMSO-dg) 5 8.5 (m, 1 H), 8.2 (m, 1 H), 7.6 (m, 1 H), 4.0-4.4 (m, 2 H), 3.7 (m,
1H),3.2(m, 3H),2.8(m, 3H),2.6 (m, 1H),2.1-2.3 (m, 3 H), 1.8 (m, 4 H),
1.0-1.4 (m, 10 H); MS m/e 356 (MH*).
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(3x300 m.), concentrated in vacuo, and treated with MeOH/ conc. NH err] OH
(9:1). This product-containing solution was purified by silica gel 10
chr.omat Qgr aphy (el uent DCM MeOH NH err] OH, 78:18:4) to give (S)-3-

phenyl acet am do- 3- (3-pyridyl) propionic acid ammoniumsalt (19.5 g, 58%.

Thi's product ‘2@3'{’%“%t ed with HO (6.0 N, 292 nl), heated abcifRishHoridoOr 5

h, - cool and extracted with Et[err]O (3x200 ni). The aqueous
| ayer was adjusted to pH 12, concentrated in vacuo, and the resultant
solid triturated 15 with MeOH (2x300 nlL). This solution was evaporated to
give ca. 14 ¢ sodiumsalt. This material was treated with MeOH (500
m), 2,2- di nmet hoxypropane (44_niL)., and HC (4 N in dioxane, 84 ni),
and stirred for 90 h at RT. THEXAMBLE 32)as filtered and the filtrate -
concentrated in vacuo. . The resultant off-white solid was triturated
wth Et[e\r&] p . Lo by 7 g, 96%
ee) as a i t €, anor prou 0

EXAVPLE 1 25018} 3- (4-Pi peridi neprop| onyl ) - ni pecot yl - (3- am no- 3- phenyl )
propi onic acid TFA(1) A 25 nmL sintered glass vessel under

t d 0 ; 0. 36
T O0Rm s ERHafa 2 e pEltep iﬁ%ﬁm“kﬂ in Sehéie e uofidao hef D 00
for 5 mnto mﬁvnm?a'zsﬁ@vm jn@ grocedure. 2+{4-Fysding)ethangsuionicy wit h
DVF (5 nl)0 Daé&id (8.0. g'iI)MSrrﬁl)ean diasaived inydq. $i1G142.0 N, 12 mL) and this

pi per i di ne) pr g (ikRirGataain pfgin iodd E14 o) 8RA W dloBhbtéa ATSH adi tat ed
I i gt ol A

DCM (3x5 35 atford &(ﬁpﬁah&ne]e{har&suﬁmcm +HEl (3.5vgswhite powden)i t ThiI®CE (5
n) and ”eatS’e or was &fs&{)]vé’dm L“E:f 1,10 EPHltHJT%’ﬁH‘?fHa%BMtHWMﬂe hydrate

0. 28 t |
'Eetraklgs( ﬁo?sﬁﬂ 8 rg;{‘n?ﬂ&% fo%r,]ae @‘35'4 Q}QJ‘F‘%P"Q W8 DCE (5

m.). The resi ﬁt"mds ofi  5tha aeiglifiegrwitibaq. citiig acid, and extracted with CHCI3 {2x100

30 mLY\OTRé /ofddriid 1ayer was dried with Na,SO, and evaporated to afford 2-

N-Z-piperidine)ethanesulfonic acid (2.75 g, gold oil). This oil was
converted to final product 12 in five synthetic steps (Scheme AE, W. J.

20 Hoekstra, J. Med. Chem. 1995, 38, 1582) and isolated as a clear glass
{0.060 g): *H NMR (DMSO-dg) & 8.9 (m, 1 H), 8.6 {m, 1 H), 3.5 (m, 2 H), 3.1-
3.3 (m, 4 H), 3.0 (m, 2 H), 2.6-2.8 (m, 4 H), 2.3 (m, 3 H), 1.65-1.9 (m, 5 H), 1.6
(m, 3 H), 1.2-1.4 (m, § H); MS m/e 376 (MH*).

PCT/ US97/ 0713?4_

30 Compound 13 was prepared as shown in Scheme AC. Intermediate ACt
(prepared as in W. J. Hoekstra, J. Med. Chem. 1995, 38, 1582; 1.9 mmol)
was dissolved in DCM (50 mL) and treated with BOP-Ci (1.9 mmol), NMM
(1.9 mmol), and 3-aminopropionitrile (1.9 mmol). The reaction was stirred
for 18 h, diluted with sat'd NH,Cl, and the layers separated. The organic

35 layer was evaporated and the product purified by silica gel chromatography
(10%EtOH/DCM) to give an oil. The oil was dissolved in toluene (10 mL),

_ treated with azidotrimethylsilane (2.4 mmol) and dibutyltin oxide (1.2 mmol),
and heated at reflux for 16 h. Cooling gave a brown ppt which was triturated
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t he orange solution renoved. The resin was washed with DCM (3x5 nl),

DVF (3x5 nL), THF (3x5 nL), and Et[err]O (5 nL). The resin was swelled with
DM (5 nL) and treated with DIEA (0.18 n., 3 eq), allyl nipecotate = HCI
(0.17 g, 3 eq), DC (0.27 nm., 3 eq), and HOBT (1 ng). The resin was
;agitated for 15 h and then the reaction solution renoved. %@s 153 was
washed wit ORI, 5 1), aqueous DVF (25% 3x5 ml), THF { %

DCM (3x5 nlL), and Et[err]O (5 nL). The resin was swelled with DCE (5 nL)

and tr eat ewith ER,Ch Thistgeli@ wals Hyrdgtna amrﬁlwmﬁhmrdeote dogyipte (0.28 g,

tetrakl s((a'? ?“&ﬁ%ﬂ%@gﬁ %:g' 'Bﬁ?ﬁgr(ﬂ&%ﬁa‘dwﬁ e\{ﬁp@%ﬁdé@gwgﬂa 83nd DCE (5
). The retliRwiaan:(9;Q6k MSQ-glshd 8:&m.HeHb & (. t&)u8.18n renoved. -

The resin wasJuge hed) wz{mtzm 3.2(m, 3355301@1 G35 4T 2.34H (3><5 m),
f‘r:;;g%wfwb?mg@wwwmw ALY eﬁ

3- am no- 3- i propionate = HOJ (0.23 g, 3 eq), DIC (0.17 m., 3 eq), and
15 HOBT (1 ng). The resin was agitated for 17 h and then the reaction

sol ution renmoved. The resin was washed with DMF (3x5 niL), aqueous DV
(25% 3x5 nmL), THF (3x5 nlL), DCM (3X5 nlL), and Et[err]O (5 nlL). The
resin was swelled with THFEEAM.B.LE.nlﬂtreated with a solution of
KOTMS (1@ 23 g, 10 eq) and THF (2 nmL). The resin was agitated for 18 h

and then the & eaGiidfElina _oyﬂ“‘:. oAy K’"‘" e washed wi th DVF

(3X5 m_), aACt X a y B TR 2], agucuu PVE—( 25% 3x5 m_) THF
(3x5 nmi), CERKNULNCUIXVRNAVDIRIQRIGNICIAQA FPIND (FR)11 ). The resin was treated . ~
with TFA/DCM (1:1, 10 agltatedfor 15 min, and the resultant red

Sritur ot eﬁc’%&]”?ﬁl’@q‘{ 14 4 &?&é’%’eﬁt USSP £l BlebdRILfoG 1°0s o
cl ear dPasdnngimasgyd lssq mL), treaggcbwith pepdpyd chigride (8) , 8. 42 (d,
J=7, 1 H), lﬁmm)(and NMM (3 ﬂmibl)( and stitbd fof. 12h.( The %pont was evﬁpd:ﬁtddi, J=6, 1.

0 53 { menb i rediade Hisolela o Siint ikt odan * Ui ng the
sanme gener eﬂ‘etg' PiREIaFIAG 43 W"]ey‘% SP'HE%W@’&HQ"GG'E%‘ °9éﬁ' 15k, in Exanple
1, the conuooledstodRT, and thatsaivenk evaparatede 'Fhenesiclue way partifoned  to Schene
é’i‘ as 2C! iifwbén DEM PFO0 Mty aRd waX&TRDSL), and the layers separated. The
organic layer was dried and evaporated to give a foam. The foam was
dissolved in water, treated with NaOH (3 mmol), stirred for 1 h, and
evaporated to give AB3+Na. The synthesis was completed as illustrated (W.
J. Hoekstra, J. Med. Chem. 1995, 38, 1582) using methyl 3-amino-3-(3,4-
25 methylenedioxyphenyl)propionate (2.5 mmol) to give 14 as a white,
amorphous solid (0.14 g): TH NMR (D20) 5 6.8 (m, 3 H), 5.91 (s, 2 H), 5.0 (m,
1H), 40 (m, 1 H), 3.7 (m, 1 H), 2.8-3.4 (m, 11 H), 2.69 (s, 3 H), 2.4-2.6 (m, 7
H), 1.9 (m, 1 H), 1.7 (m, 2 H), 1.5 (m, 1 H); MS m/e 475 (MH+). Anal. calcd.
for C24H33N40s * Na « H20 (514.56): C, 56.02; H, 6.86; N, 10.89. Found: C,
30 55.72; H, 6.78; N, 10.52.
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EXAMPLE 2 N-3(4-Pi peridi nenet hyl am nocar bonyl - ni pecot yl - (3-am no- 2- net hvl)
Propionic acid * TFA (2) Conpound 2 was prepared as shown in Schene AA
Resi n-bound 4- piperidi nemrethylam ne (0.36 nmmol) was swelled with DCE (5
m.), treated with p-nitrophenylchloroformate (0.36 nmmol) and DI EA (0. 36
mmol ), agitated for 1 h, and the solvent renpved. The resin ypesusemien (see
Exanmple 1), s PEY%i t h DCE (5 n), treated with allyl nipecotate * HC
(0.36 mvol) and DI EA (0.72 nmolL), and agitated for 16 h. The sol vent was
renoved, the resin washed (see Exanple 1), and the allyl ester cleaved to
the corresponding acid (see Exarrple%%ﬁi n was swelled with DVF (5
m.), the acid coupled with nethyl 3- = Z- hyl propi onate (0.36 mol ),
and the synthesis conpleted as shown in Exanple 1. Conmpound 2 was i sol ated
as a clear gl aNg3-(QNiKeth) eradinediyiloa¢ibintpecht aming-3xP (m 2 H, 3.2
(m 4 H, 104, (s Qentir i : 9 , 2.6 (m 2 H, 2.3.(m 1H, 1.9

(m 4 H T 73 = H, 1.11 (d, J=7, 3 H; Ms e
355 (MHH). EXAMPLE 3

N- 3- ( 4- Pi per i dCompeuty 15 wasoptepardd) asdesaribed|in Example 14.cThesynthesis] - net hy|

ester *TFA (3)y as WRStrRBBRW. 9 HER KSR W) MeY, EHepiR984; 3Resi n- bound
e s i i AR
h, and t he0sol Cempourdi5arks iSolatadeas a yabow pavider (1,82 @):BthNMR (DMSQuel | ed
60,2 Tiuanidm By a4 el sy,
V\/a:shed (see 'Eisggﬂnﬂ}ﬁ: sir{ﬂ‘f'ﬂ'b Q‘Igll(V"Bgi')egjéﬁga(%vgipoggﬁ@ dik ggﬁ)@ﬂné ng

aci d (see Exanrht),2.48 (s, I, 1.82.4 (mat2 si)el.Rddb (i 4 HDNWS M/erdBe (MHE. aci d
coupled with H D Asp(OBn)-Owe (0.36 nmol), and the synthesis conpleted as

shown in Exanple 1. Conpound 3 was isol ated as a yellow glass (0.019 g):
[err]H NMR¥Y(CD[err]OD) [err] 4.8 (m 2 H, 3.9 (m 3 H), 3.70
EXAMPLE 16

20
To a cooled (5°C) solution of Boc-R-nipecotic acid (9 mmol) and methyt (S)-
3-amino-3-(3,4-methylenedioxyphenyl)jpropionate (see AG5 example; 9
mmol) in MeCN (100 mL) was added HBTU (9 mmol), HOBT (3 mmol), and
NMM (18 mmol). This mixture was stirred for 15 h, diluted with water (10

25 ml), and evaporated. The residue was diluted with EtOAc (100mL) and the
organic layer dried and evaporated to give a white foam. The foam was
treated with HCI (2 N in dioxane, 20 mL), stirred for 3 h, and evaporated to a
foam. The foam was dissolved in MeCN (100 mL) and treated with Boc-
piperidinepropionic acid (7 mmol), HBTU (7 mmol), HOBT (7 mmol}, and

30 NMM (14 mmol) with stirring for 6 h. The mixture was diluted with water (10
mL), evaporated, and diluted with EtOAc (100 mL). The organic layer was
dried, evaporated, and purified by silica gel chromatography (7%
EtOH/DCM) to give a foam. To a solution of the foam (4.6 mol) in THF cooled
in an ice bath was added LiOH+H,O (6.9 mmol dissolved in 30 mL water)

35 dropwise. This mixture was stirred for 1.5 h, acidified with AcOH (1.7 mL),
and warmed to RT. This solution was diluted with CHCI, (75 mL) and the
layers separated. The organic layer was dried {Na,SO,) and evaporated to
give a white foam. The foam was dissolved in dioxane (20 mL) and anisole
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(d, J=9, 4H), 3.39 (s, 3H, 32.3(m 2H, 29 (m 4H, 2.8(m 2H, 1.
(m 4 B, 7(m2H),14 m 4 H; M8 e 400 (M),
32 . EXAVPLE 4

N- 3- (4- Plperldlneproplonyl) p H,gl EPeR [ 3- am no- (4to|y|)]
Propionic acid * TFA(4) Congoun icéEas shown in _Schene AA
| nt er medi at YOXMILB,. 36 ol ) | (5 nL), EFUYSEHII0 h

met hyl pyrrolidine-3- carboxylate [err] HCO (O 36 nmol), DIC (0.72 mmol),
and DI EA (0. é 6;% %;le%ﬂﬁaﬁgéé B&@rdtrﬁﬂfed]\ﬁi CT me! XOW iNgidxasgpved, the
ﬁ"c?

el e 410 LB 1 G D) i1

correspondl
DMF (5 ), (ﬂb@nac)lamdddaﬁNe(dt)\mh‘.}horgNéWG aSaawhltmpaudér (ﬂo?f&/g)):mp)p!a@nate
(0.36 mml ) ,2088g: ﬂlmm OMBOWLSS 3 (0 naSnﬁ %vm(mm

rorPy s (58, 428, g‘%sﬂgaiﬁ 18067 @Lgsﬁhgﬁﬁ( 28 éﬁad&g:?l ﬁo”éo?

9

(m 4 H, 34, 4111-43 (H) 1 H), 8.7((m, 14'*):‘)3 184d/J«£10, 2H)H.0 (1,3 K27 (i, 2. 1 (m 3H),

1.9 (m4H), H‘)g 4y, 2at dﬁf Jé?r@,z(Npﬁ).z-. m, 11 H MS
EXAMPLE 5 I- (3- - 3- net hyl
pr opi oni c aﬁa 46(01‘#&"82@&0(5&%9' 3 Iegg‘r:gdyaseshovn\)nnlon S(r:rﬁerrg ?AA

Internmediate AA2 (0.36 nmol) was swelled with DCE (5 nL), treated with
et hyl iggni pecotate

15
Compound 17 was prepared as shown in Scheme AA. Intermediate AA2
(0.36 mmol) was swelled with DCE (5 mL), treated with methyl
hexahydroazepine-3-carboxylate « HCI {0.36 mmol), DIC (0.72 mmol), and
DIEA (0.72 mmol.), and agitated for 16 h. The solvent was removed, the

20 resin washed (see Example 1), and the methyl ester cleaved to the
corresponding acid with KOTMS (see Example 1). The resin was swelled
with DMF (5 mL), the acid coupled with methyl 3-amino-3-(3-
quinolinyl}propionate (0.36 mmol), and then the synthesis completed as
shown in Example 1. Compound 17 was isolated as a glass (0.10 g): 1H

25 NMR (D20)89.06 (s, 1 H), 8.9 (m, 1 H), 8.2 (m, 1 H), 8.04 (s, 1 H), 8.0 (t, J=4,
2H),78(tJ=4,2H),55(m, 1 H),3.8(m, 1 H),3.3(m, 4H),3.0(m, 2H),2.7
(m, 4 H), 2.0-2.4 (m, 6 H), 1.7-1.9 (M, 4 H), 1.1-1.6 (m, 8 H); MS m/e 481
(MH+).

30
EXAMPLE 16

inolinyi)lpropionic acid » 2HCI (1 8) .
35 Compound 18, prepared as described in Example 16 starting with Boc-R-

nipacotic acid (7.1 mmol) and methy! (S)-3-amino-3-(3-quinolinyl)propionate
- (see example AGS; 7.1 mmol), was isolated as white flakes (1.11 g): mp 142-
144°C; MS m/e 467 (MH*); [0]24p -173° (¢ 0.1, MeOH). Anal. calcd. for
\'
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(0.36 Mol ), DI.C (0.72 mml), and DI EA (0.72 mmL), and agitated for 16 h.
The sol vent was renoved, the resin washed (see Exanple 1), and the ethyl
ester c]Jeaved to the corresponding acid with KOTMS (see Exanple 1). The
resin was swelled with DMF (5 nmL), the acid coupled with nethyl 3-am no-3-
net hyl pr opi oja$ #4236 Mol ), and then the synthesis conpl eperiusssisown i n
Exanpl e 1. Conpound 5 was isolated as a tan glass (0.033 g): [err]H NI\/R

5.5 (m 31y 1430 BB i el %*@%“N*%Ba"’?'“’ at

(m 2 H, 7FQund2|5)485ti654N.1004)Cl,113:£&m 2 , 1.15 (d, J=9,

M5 nmle 354 (M—|+) 33

WO 97/ 41102 .

PCT/ US97/ 07130 EXAMPLE 6 :
N- 3- (4- Pi geri di nepr opi onyl ) -i soni peEXAMBUE- 3&i no- 3- (4- car boxyphenyl )] 5
propionic acid - TFA (6) Conmpound 6 was prepared as shown I n Schenme
AA. | nt er medi . " ) . d Wit & reat ed
with ethyl isB¥ Sat-k0 ' HR0-3.8- iyl (0.72

mol), and agnmmmm_am_umu] 910- The sol vent vvas- renoved, the resin washed
\(M_S?ﬁ EXO?_WW ?Séb &?Oﬁhlﬁb F&d&)’édasdes&ﬂieﬁﬁn@xﬁﬁxb%ﬁé@tér{'ﬁ tﬁﬁhrm?gdm? aflhg
acid coup'\ﬁ’e @P? 'r?\regj K é"é’ﬁ?ﬁ@"g methyls@(}j} %’H\"B\E’j\gbé?gt hyl - phenyl ) pr opi onat e
ég 36 rrgo|6 ), aemgarl)[émpnmma (sem]:zh A Zablocbmgl gggdggen?ﬂeag. &W@npl e 1.
nmpoun Va3, 2i bR Wes Avlaled a8 ahbhitddpdider(0.3 mieL42

oD , 4.5’
E%D[irr]1 ) gﬁééyl %%f&i@g;%’ %oﬁ &of ficy? .g) @z 46@973;%9%1Hﬁ N
H) (rn 18.4¢, NQBQG(%&QQH)Fouad ($8.92; H)8.58; M- 878 GlnY.820 H); M5 mie 460
(|va) 7. L EXAVPLE 7

EXAMPLE 20

20 thvienedioxvphenviiipropionic acid = 2TEA (20]

Compound 20 was prepared as shown in Scheme AF. Intermediate AF3
(2.8 mmol) was dissolved in benzene (50 mL), treated with ethyl nipecotate
(2.8 mmol), and heated at reflux for 7 h. The reaction was cooled,

25 partitioned between water (15 mL) and EtOAc (70 mL}), and the layers
separated. The organic layer was dried and evaporated to give AF4. AF4
was converted to 20 as previously described (W. J. Hoekstra, J. Med. Chem.
1995, 38, 1582) and isolated as a white powder (0.33 g): TH NMR (CD30D)
5 8.6-8.8 (m, 3 H), 6.7-6.9 (m, 3 H), 5.91 (s, 2 H), 5.1-5.2 (m, 1 H), 3.3-3.5 (m,

30 4H), 28-3.1(m, 6 H),26-2.7 (m, 3H), 1.5-2.0(m, 11 H), 1.2-1.4 (m, 4 H);
MS m/e 446 (MH*).
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N- 3- (4- N- Met hyl - pi peri di nepropi onyl) - pi pecotyl - 3-am nopropionic acid * TFA
(7) 25 Conmpound 7 was prepared as shown in Schene AD. Resin-bound
Frnoc-[err] - Ala (1 mvol) was treated with 20% pi peri di ne/ DM (10 m),
agitated for 2h, and the sol vent renoved. The resin was washed with

DMF, swelled with DMF (1 eated Wi th Fno ' acid-
(: mol), OVe¥¥hyp ), 30 anp T@IsEiH TUHA% BEENThe resin %@@g?@&?‘gd f or
16 h, the solvent renoved, andiEPhACEDEsi n viashed with DMF and DOM The
resin was treated with 20% pi peridine (10 nL) for 2h, the sol vent

renoved, and the resin washed . The resin was swelled with
DVF (10 nL), treated with 4-N Ex%%l peridi nepropionic acid (1
mmol), DIC (2 mmol), and DIEA(l nm)l) 35 and ag|tatedfor 16 h. The

sol vent wasNr0dPiob riginbgromsio nely-Ba(- Maipecdtvl g The resin

) andthe TFA ] evaporated to afford 7

was cl eayedyidintdhids AL(D 1}

as a white ROWIET 0 -0 np 172-177]err]C, [err]H NWVR (CDC[err])
[err] 4.4 (& 2, prenared agidescribed ip Example 1§, Szal@ns withBocB-1 (m 1 H),
34 nipecoMe &cid46.40mmol) and methyl (S)- 3-ammo—3-(3—pyndyl)proplonate

P gsgwlogesgg o m@ 48 iy, ol il o i 2 (7 ¢
EXAIVPLE 8 (160 gkmp (4- 3 "%‘f?é {95 CopHaehuPde @i c acid *
TFA (8)10 CzH&fﬂszr?d'liDm 58)eCade07:8, SMV\N 838SENENRO/ME, 1.89.er nedi at e

A2 10, (0. RSB izt ek g B, OPFalierign, (reated wi th et hyl

ni pecot at e (0.72 nmol’)’, "and DI EA (0.72 molL), and

agitated for 16 h The soI vent was renoved, the resin washed (see | *
Exanple 1), and the ethyl ester cleaved to the corresponding acid w th
KOTMS (see Exanple 1). The rwlled with DM (5 nL), the acid

coupl ed1§/v| th nmet hyl 4-oxo-

Methyl Boc-R-nipécotyt-[(_S)-Z-Z-amino-a-amino]propionate (prepared from
20 methyl N-a-Z-L-diaminopropionate and Boc-R-nipecotic acid as shown in
Example 16; 9.5 mmol) was dissolved in MeOH (40 mL) and hydrogenated
at 50 psi over palladium hydroxide (0.4 g) for 24 h. The mixture was filtered
and evaporated to give white solid AH2. AH2 (9.1 mmol) was dissolved in
DCM (100 mL), cooled {5°C), treated with 3-methoxyphenylisocyanate (9.1
25 mmol) and NMM (9.1 mmol), and stirred for 17 h. The solution was diluted
with sat'd NH,CI (10 mL), the layers separated, and the organic layer dried,
evaporated to an oil, and purified by silica gel chromatography (4%
EtOH/DCM) to give AH3. Intermediate AH3 was converted to 22 in four
steps as in Example 16 to afford a white amorphous solid (1.35 g): mp 72-
30 76°C; 1H NMR (DMSO-dg) §8.7 (m, 3H), 7.8 (m, 1 H), 7.1 (m, 2 H), 6.8 (d, 1
H), 6.5 (8, 2 H), 3.66 (s, 3 H), 3.4 (m, 2 H), 3.2 (d, 2H), 2.7 (dd, 4 H), 2.3 (m, 3
H), 1.6 (m, 3 H), 1.1-1.7 (m, 11 H); MS m/e 504 (MH+). Anal. calcd. for
C25H3a7Ns0g » 1.2 HCI « 1.0 H20 (565.37): C, 53.11; H, 7.17; N, 12.39; Cl,

7.53. Found: C, 53.40; H, 7.44; N, 12.14; Cl, 7.66. |

35 * * »

Using the same general synthesis technique as described in Example
. 22, the compounds of Examples 26, 28-30 were made according to
Scheme AH recited in the particular example. For carbamate analogues,
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15 nipecotate (0.36 mol ), and then the synthesis conpleted as shown in
Exanpl e 1. Conpound 8 was isolated as a clear glass (0.04 g): [err]H NWR
(OVBO-d[err]) [err] 85 (m 1 H, 82 (m 1H, 65(m 1H, 43 (m 1H),

3.4-3.8 (m 4H, 32(m 2H, 30(m 1 H, 28(m 2H, 2.2-2.6
(E>TAI\/I§>LE)9 1. 8ywbBratiod?) - 1.1-1.7 (m 11 H; MS nme 394 (M-M)sm/é‘ﬁso

25\ or ot oni dhecaialing hodas sployel ss, 3 rpropras, ek Siloibtotmals” [ )]
Schene AA. | ni{enalogous econi@rsion of AbI23donAbl3) onss malkar| eqmvalsnt)DCEng m),
treated wth gylry ﬁatﬂid@%cﬂ{eaélﬁfonanng aggm?’@nﬁm}bb wad thelappfepiaNe! dulfomyd DI EA

(0.72 mmol), | at ed The Sol vent was renoved, thé resin
washed (see E>9§' %g epe 'E‘HG' Pﬂ‘é’vﬁlfﬂm ester cleaved to the
correspondbng acid with KOTMS (see Exanple 1). The resin was swel |l ed

with DMF (5 nL), the acid coupled with nethyl 3-am no-3-

(2-trimethyl silylethynyl)propi onat emar ation, see J. Zabiocki, J.

Med. Chem 1995, 38, 2378; 0 d then the synthesis '

conpleted as 35 shown in Exanple 1. Corrpound 9 was I sol ated as a yeI | ow
ey o p\pYe. 2 anb 2 d

gl ass (0.12 gN-3-(4-Pi 4 H),
2.9 (m 3151) 1-1.9
(m 13 H),

35 V\D 97/ 41102
PCT/ US97/ 0713Compound 23, prepared from methyl N-o-Z-L-diaminopfddibmatéO (8.6

N- (6- A nocapr gyl ) dNaRSSERYip st A %aﬁ%m% ) SRR R EXafnpis 18, W : ab

isolated as a white powder (1.65 g): mp 110-113°C; MS m/e 489 (MH*).
15 Anal. calcd. for C25H3gN4Og » 1.15 HCI » 0.5 H20 * 0.5 Dioxane (583.57): C,
55.56; H, 7.41; N, 9.60; Cl, 6.99. Found: C, 65.23; H, 7.79; N, 9.85; Ci, 7.01.

20

Compound 24, prepared by reacting 3-chlorobenzyloxycarbonyl chloride

25 (6.6 mmol) with AH2 (6.6 mmol) as described in Example 22, was isolated
as a white amorphous solid (1.33 g): mp 89-96°C; MS m/e 524 (MH+). Anal.
caled. for C25H35CINgOg * 1.25 HCI « 0.5 H20 « 1.0 Dioxane (637.20): C,
50.88; H, 7.08; N, 8.78; Cl, 12.52. Found: C, 51.10; H, 6.71; N, 8.38; Cl|,
12.20.

30

35

Compound 25, prepared by reacting benzylsuifonyl chloride (5.2 mmol) with
AH2 (5.2 mmol) as shown in Example 22, was isolated as a white powder
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Compound 10 was prepared as shown in Schenme AA. Resin-bound 6-

am nocaproic acid (0.36 mvol) was swelled with DCE (5 nL), treated with 10
ethyl nipecotate (0.36 nmol), D C (0. 72 mol ), and D EA (0.72 molL), and
agitated for 16 h. The sol vent; resin washed (see Exanpl e
1), and the ethyl ester cleavedTHiS SHEETCHAS BEFNrjdi ng acid with KOTMVS(see
Exanpl e 1). Weo74e¥Rn vas swel| ed WRERLABD (5 nll), the aci PN t h -
met hyl 3-am no- 3- (3 pyridyl) propromate \u 36 .rml) and then the synthesis

15 conpl et edg 4501430 | % O LR Iear
e e B R U b R

(m 2 H, 3.CGENWZHB.IZN946;Cl,%85. 4 H, 2.5 (m 1 , 2.3 (m 2 :
1.2-1.9 (m 11 H; M5sS me 391 (M#):- Anal . cal cd for
C[err]H[e&r]N’[err]qerr] * 3TFA * 2H err]0 (768.60): C, 40.63; H, 4.85; N,
20 7.29:; R, 22.25. Found: C, 40.81; H, 4.70; N, 6.12; F, 23.83.

EXAMPLE 11 25 EXAMPLE 26

N- 3- (4- Pi peri di nepropionyl)-R-(-)-nipecotyl - (3 ani no- 2- hydr oxy) propi onic
acid * TFA(1 _ d shown in Schenme AA

| nt er nedi at e A3 A DCE (5 nlL), treated

W th ethyl DO Y = VIgN | O 2100 D|EA(072
moL), ag agltat ed for 16 h. The soI vent was rem)ved the resin
washed (see Ie 1 and the et hyl ester cleaved to

cor r espondi n? 6. reopREed Qtéeﬁﬁ‘ﬁp@é qTethmphenvhse%wmAéO&m | ed

with DMF (5 mthr)\ol)tvhm AﬁQchOtﬁinn&ﬂ) ab tdhownt imy Examplei 22,- Was isolated as a

hyd i - t sh 35-3
e oPy il BT R b Aol e
-4

%
T o 1 s T e B TE A e

H, 3.7 (& C 7271Fbmnd$53(4ﬂ,l-87k38.l\21aq57pl$w 2.6 (m 1H, 2.1-2.3
(m 3 H, 1.8 (m 4 H), 1.4 (m 10 H); M5 mie 356 (NHt).
36 WO 97/ 41102

PCT/ US97/ 07130

20

Intermediate AJ1 (5.5 mmol), prepared as shown in Example 16, was
dissolved in DCM (140 mlL), cooled (5°C), treated with p-

25 nitrophenyichloroformate (5.5 mmot) and (16.5 mmol), and stirred for 2 h.
The mixture was diluted with water (15 mL), the layers separated, and the
organic layer dried and evaporated to an oil. The oil was dissolved in MeCN
(70 mL), treated with N-Boc-4,4'-bipiperidine (7.5 mmol) and DMAP (5.5
mmol), and heated at reflux for 24 h. The mixture was cooled, evaporated to

30 a solid, and partitioned between EtOAc (150 mL) and NaOH (1 N, 20 mL).
The layers were separated, and the organic layer dried, evaporated to a
solid, and purified by silica gel chromatography (8% EtOH/DCM) to give
green glass AJ2 (1.5 mmol). AJ2 was saponified and deprotected as
described in Example 16 to give 27 as a pale yellow powder (0.73 g): mp

35 121-125°C; MS m/e 472 (MH*). Anal. calcd. for C25Ha7NsO4 » 3.6 HCI » 1.0
Dioxane (690.98): C, 50.41; H, 7.09; N, 10.14; Cl, 18.47. Found: C, 50.80; H,
7.31; N, 10.20; Cl, 18.78.
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EXAMPLE 12 5 N-3-(4-Pi peridi neet hanesul f onyl ) - ni pecot yl - 3- am nopr opi oni c
acid * HO - (12) Conmpound 12 was prepared as shown in Schene
AE., I nternedi ate AEl was synt hesi zed by the follow ng procedure.
2-(4-Pyridine)ethanesulfonic 10 acid (3.0 g, 0.016 nol) was dissolved in
aq. Hd (20@1,917%1 ) and this solution treated wth pEpuksdise ]
di.oxi de (0.13 (3 hydr ogenat ed at 50 psi and RT for 18 h. This

m xture was flltered t hrough Celite and evaporated to af ford

2- (4-pi peridine)ethanesul fonic acid * HJ (3.5 g, white powder). This
powder was dissolved in aq. THF (1: RT and treated with NVWM 15
(3.7 nL, 2.2 eq.) and benzyl chl oro?oxrlm%%l%?ﬁz m, 1 eq.). This mxture

was . stlrredfor 15h aC|d|f|ed W|th ag. C|tr|c acid, and extracted

was dried W th
Na[ err] SO grr]F@m , )
(4-N-Z-pi peridine was

converted to final product 12 In five synt heti ¢ st eps (Scherre AE, W J. 20
Hoekstra, J. NampatinshR8.1peparess by TesctingaPaapbibylisasyanatea(&:5 eamol withs

(0.060 g): 1HW(&@W@09[£V§H&M$MBE%I(1 H)as Bofatédnasla 'vbhnte3p5w&6? 2 H,

T 65-1.9 (m 31'§$9)1"'§)’8731& . %“@52 ﬁ?} ‘é' ‘°@§#M ( VHH) .

25 10 1.36 HCl - 0.72 Dioxane (602. 07E>@Jv§§,§ﬁ 7.39; N, 11.63; CJ, 8.01.

N-3- (4- Pi per i (HopRas OPs803] b, 71 P01 ¥.p3 .3tk #87am noethyl ) tetrazole * HA (13)
30 Conpound 13 was prepared as shown in Schene AC. Internedi ate ACL
(prepared as in W J. Hoekstra, .J. Med. Chem 1995, 38, 1582; 1.9 mmol)
was dissolved in DCM (50 nL) and treated with BOP-C (1.9 mmol), NW
(1.9 mol ), and 3-am nopropi O”i”i|ﬁ§§MEIE‘IﬂQ- The reaction was stirred
for 18 h iluted with sat'd NH err and the | ayers separated. The
organi c 3% | ayer was evaporat ed and the product purlfled by silica gel
chr omat ogr aphyd=a={8- 'a'n"f RRISRIDV))-IE2- 18IRG GO A M N META- 25 peei=di ssol ved in
t ol uene (10 : dzblied-20-diohs [ |rrethyI5|Iane(24mmI) and

di butyltin OXIde (1. 2 mml) and heated at reflux for 16 h. Cool i ng

gave a brown Wt which was trjtura
37 3-(4-P|peridsneproplonyl)-R-(-)mpecotyl [(S)-2-(2-

20 benzylamino)carbonylamino-3-amino]propionic acid hydrochloride (0.15 g),
prepared from intermediate AH2 (4.4 mmol) and benzylisocyanate (4.4
mmol) as described in Example 22, was dissolved in aq. HCI (3 N) and
stirred for 18 h at RT. This solution was concentrated in vacuo to give a
white solid. This solid was triturated and dried to give 29 as a white foam

25 (0.144 g): TH NMR (DMSO-dg) 8 9.0 (m, 1 H), 8.6 (m, 1 H), 8.3 (m, 1 H), 7.2
(m,5H),448(s, 2H),4.2 (m, 2H),3.7(m, 1 H),3.4(m, 1 H),3.2(d, 3 H), 2.7
(d, 3H), 2.2 (m, 3 H), 1.7 (m, 3 H), 1.0-1.6 (m, 10 H); MS m/e 470 (MH*).

30 EXAMPLE 30

35 Compound 30, prepared by reacting 2-phenethylisocyanate (4.1 mmol

mmol) with AH2 (4.1 mmol) as shown in Example 22, was isolated as a tan
foam (0.41 g): mp 65-72°C; MS m/e 502 (MH+*). Anal. calcd. for
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WD 97/ 41102

PCT/ US97/ 07130 with Et20 This solid was hydrogenated over platinum
di gxi de ,(0.08 g) in MeOH (12 nlL) at 50 psi for 15 h, filtered, and
evaporated to give 13 as a yel l ow foam (0.065 g): [err]H NWR

DMSO-d[ err err] 8.9 (m 1 , 8.6 (m 1 , 8.13 = 1 ,
El..Z (m[2 H}&J,,,mo%m 3 I(-|) 3.50(m 4 I(—|) 2.;D(m 4 H, 2.‘%‘%"(%7’3%3” JS)S',
H) 1.7-1.9(m 3H, 1.4-1.6 (m 5H, 1.1-1.3 (m 4 H:; M5 me 364
(M) . 39N505 *» 1.2 HCOzH « 1.0 H,0 (574.87): COGBVBBEH12.610Q N, 12.18.

%f’h(yf‘éﬁigfg‘pém&yﬁ Toa b ee T ReT ) T "Gmpound 14 vas

prepared as shown in Scheme AB. Ethyl nipecotate (3 15 mmol) was dissol ved-

in DCM (50 n), treated with acryloyl chloride (3 mol ) and NWM (3
mmol ), apd ;L h. evapor at ed and the residue -
di ssolved i W N- nmet hyl pi perazine (3

mrol ). The mﬂahydenpvmmr m avasG(]{rqnarpd: frortwps steps  using:o#aRdardo RT, and

;E)e SO'dve“t c6H fond! AR ( agﬁsrﬁﬁ?%dﬁélvﬁﬁﬁ ?’H'Fql‘lbdrﬂg cbeleygerBeBYM (100
and wa n r e d ayer was

dried and e Wgh rf'éﬂa \@Bgs éfn gﬁé?ﬁrsgn@? %-H] T"%JS%%‘F’Q‘QA‘% n \>/lvater

treated wt nuammq withraat'd, Ni.Glr wetmedfilterad with CHCl; washgsofaale@ldo gi ve

@Eg* 2 Jhelgggh@?) arafeth! ‘fh@@ ui: idye® twatf @lod \and evapolatedomkstra, J.

em S| NGwTEL. dq’,:l

met hyl enedi g pﬁ@'ﬁ? %?@g ﬁ}ﬂl)egf'? F,}o %’gg m?‘ lk203§nl\.lahtreated

anor phous sulthdMOOg](ZOgg). apa rheatecheRrefioxclor Bd)- ['@Ter mixure was eoglpd, 5 91 (s’

2 H, 50 ('mtered anétﬂ@ sol4erﬁ e(vﬁborktélho @v& Akm (O.hSH)moQaB -a3browmoil. 11 H),

2.69 (s, 3 H, H, 1H, 1.7 (m 2H, 1.5 (m 1

, MBnme 475(M—|+) Anal calcd ' for C[err]H[err]N[err]CIerr] * Na *
H err] Ot$514.56): C, 56.02; H, 6.86; N, 10.89. Found: C, 30 55.72; H, 6.78;
N, 10.52. EXAMPLE 31

20
Compound 31, prepared as described in Example 16 starting with Boc-R-
nipecotic acid (6.8 mmol) and mathyl {S)-3-amino-3-(6-methyl-3-
pyridyl)propionate (see exampies AK5, AG5; 6.9 mmol). Compound 31 was
isolated as a white foam (1.20 g): mp 99-105°C; MS m/e 431 (MH+). Anal.
25 caled. for C2aH34N4O4 + 2.24 HCI » 1.0 H20  0.24 Acetonitrile (534.33): C,
51.70; H, 7.35; N, 11.11; Cl, 14.82. Found: C, 51.32; H, 7.45; N, 11.23; C|,

14.42.

30

35 Compound 32, prepared as described in Example 16 starting with Boc-R-
nipecotic acid (4.8 mmol) and methyl 3-S-amino-3-(5-bromo-3-
pyridyi)propionate (see examples AK5, AG5; 4.8 mmol), was isolated as a
white foam (1.24 g): mp 98-101°C; MS m/e 496 (MH*). Anal. calcd. for
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PCT/ US97/ 07130 ) ' EXAMPLE 15

N- 3- (4- N Met hyl - pi per azi nepropi onyl ) -ni pecotyl-[3-am no-3-(3- 5

qui nolinyl)] propionic acid * 3TFA (1 5) Compound 15 was prepared as
described in @@,p;g 14. The synthesis - was conpl eted a§c¢ ted
(W J. Hoekstra 4|1ﬁ’ﬁ/ed Chem 1995, 38, 1582) using AJ+J%H39

3-am no- 3-(3-quinolinyl)propionate (6 nml) with AB3. 10 Corrpound 15 was
i sol ated as a QQHSJ\BI’éOQdeﬂ?ﬂQ!Q’ 19 :H,L=(598 m\a M)BHSDH. 5.98; N @44 C) [err]

8. 94 1 2 . 7.07 (d, J=4, 1
0 (s, H) 13314 Fﬁﬁndjc'%ﬂ”-i’e('_%‘? »gd%h(r%? w 2 1 L 7 (m(2 0 s

(mzH),ze(mz H, 2.43 (s, 3H),1. 2.4 (m 12 H, 1.2-1.5 (m -
4 H:; MB me 482 (MH+). 15 - " EXAMPLE 16

N- 3~ (4- Pi pgidi nepropi onyl )-R—(-)-nwﬁ%?)-&am no- 3- (3, 4-
nmet hyl enedi oxyphenyl )] propi oni ¢ aci 20 To a cool ed
(5[err]C) solution of Boc-R-ni pecotl c aC| d (9 rrm)l) and rret hyl (S)
3-ami no- 3- (3, {4l Orma: ontpariginen ral-nipacyACS)- $-8a1No-a
mml) in MeCN gdyHep tinte 3614 COHTP (3 HOBT (9 mm')
(18 nmmol ). This mxture was strrred 15 h, d||uted with water (10 25
m.), and evaporated. The residue was diluted with Et QAc (100m.) and the
organi c | dfer Fnrmamidine 33 wes paapaied acgirdingctothe prodentane o M: K. Goottngs
E reated with Higbg(Zhbim. 7 983028) 6347 Gsdnowrs il SchémbOAL3 IhterdBdiafy 301 at ed
0 a (see Example 21; 2.3 mmol) was dissolved in EtOH (20 mL), treated with s
ethyt formimidate-HCI {3.7 mmol), stirred for 22 h, and fitered. The fiitrate }
_ was treated with Et,0 (40 mL), cooled in an ice bath, and filtered to give
15 glassy AL2. AL2 was dissolved in ag. HCI (4 N, 15 mL), stirred for 28 h, and
evaporated to give 33 as a white foam (0.75 g): mp 49-55°C. 'H NMR
(DMSO-dg) 8 9.35 (s, 1 H), 9.1 (m, 2 H), 8.8 (m, 2 H), 8.70 (d, 1 H), 8.5 (m, 1
H), 7.8 (m, 2 H), 5.2 (dd, 1 H), 4.2 (m, 1 H), 3.8 (m, 2 H), 3.2 {m, 2 H), 2.8 (m,
2H), 2.6 (m, 1 H), 2.3 (m, 2 H), 1.8 (m, 3 H), 1.0-1.7 (m, 12 H); MS m/e 444
20 (MH*).

NWM

47



foam The foamwas dissolved in MeCN (100 nL) and treated with Boc-

pi peridinepropionic acid (7 mmel)—HBTU (7 mmol ), HOBT (7 mml), and 30
NVM (14 .mmol ) with stirring for 6 h.. The mxture was diluted with water (10
nL), evaporated, and diluted wi t,mmﬂmﬂmum . The organic | ayer was
dried, evaporated, and purified ' r omat ogr aph A}?%.

EtOH DOV t ¥I%A92 foam To a sol ufioh df thhe *foam (4.6 nﬁé" BYYOTHE coot ed
in an ice bath was added UCH H err]O (6.9 nmol dissolved in 30 nL water) 35
dropwi se. ThWE OLAIMIre was stirred for 1.5 h, acidified with AcOH (1.7 nlL),
and warnmed to RT. This solution was diluted with CHCl [err] (75 nL) and the
| ayer's separated. The organic |ayer was dried (NaJerr]SOerr]) and
evaporated th Acorgpwtgrmae@t%amhwerra!dmmdg (Bt ssol ved i n dioxane (20 .
m.) and ani sol e : _ 39

(0.3 n), cooled in an ice bath, trggjed with HO (15 mL.. 4.0 Nin

di oxane), and stirred for 3 h to, gi ye a t. The ppt was filtered and
washed with Et[err]O (150 nL) a m) to give 16 as a white powder
(1.78 g): np 190- 200[err]C; [err (DVMsO-d[err]) [err] 8.9(m 1 H),
8.6 (m 1H, 84 (m 1H, 6.8 (dy3J=5, 1 H, 6.79 (d, J=5, 1 H), 6.7 (m
1H, 5,95 (s, 2 H, 508 (dd, J=5,})11, 1 H), 4.1-4.3 (m 1 H, 3.7 (m 1
H, 3.15 (d, J=10, 2 H, 3.0 (m 1 , 2.7 (m 2 H, 2.6 (m 3 H, 2.31 (d,
J=7, 2 Hg, 1.81 (d, J=10, 2 H), 1.2-Ipla(m 11 H); M5 mle 460 (MH);
[[err]][err] -0.478[err] (c 1.00, - MeCH). :

EXAMPLE 17 :

N- 3- (4- Pi peri di nepr opi onyl ) - hexahydr oaflépi ne- 3- car bony1- [ 3- ani no- 3- ( 3- _
aui nolinyl)]propionic acid * 2TFA (17) Conpound 17 was prepared as shown
in Schene AA |Mﬁfémdhﬁise(0%3m(&-ﬁ§eﬁmm1) jnas swelled with DCE (5 ni),
treated w th nmethyl hexahydroazepi ne-3-car{)oxyl ate * HCO (0.36 mol), D C
(0.72 ), and DIEA (0.72 mmolL), and agitated for 16 h. The sol vent was
renmoved, the  wherein A is selected from any of piperidin-2-yl, piperidin-3-yl,

pi.peridin-4-yl. piperazin-1-yl, pyrrolidin-2-yl, pyrrolidin-3-yl,

Qe

NHR2, or Rs  wherein Rg is selected from any of H, alkyl,
CH(NH), CMa(NH) or acyl;

15
wherein R1g is H or C(O)N(R1)YZ
wherein R1 is selected from H or cycloalkyl;
20 wherein R2 is selected from any of H, alkyl or acy!;

wherein R5 is H or C(O)NHQ(CHW)CO2Rg; wherein Q is selected from
CH2, CH-aryl, CH-heteroaryl, CH-substituted-heteroaryi or CH-alkyl; W is
selected from H or N(Rg)T-R7, wherein Rg is selected from any of H, alkyl or
25 acyl, Tis selected fron C(O), C(N-CN) or SO2, and R7 is selected from any of
alkyl, aryl, aralkyl, alkoxy, or aminoalkyl; and Rg is selected from H, alkyl or
aralkyl.

wherein m is the integer 1, 2, or 3;
30
wherein X is selected from any of C(0), C(0)O, C(O)NH, CHa, or SOg;
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resin washed (see Exanple 1), and the nethyl ester cleaved to the

corresponding acid with -KOTMS (see Exanple 1). The resin was swelled with

DMF (5 nl), the acid coupled with pethyl 3-am ng-3-(3-

qui nol i nyl ) propi onate (0.36 mpITHIS SAEET HAS BEEN pynt hesis conpl eted as

shown in Exawﬂ[fm oz Conpound 17 was haggd as p glass (0. ,l@nggg-"o{;gﬁr] H
err -H)——-S—@(ﬁm—-l—ﬂ-a

NNR(D[err]O) 906(s 1 8.2 (m 1I—.|), 04(s
H, 8.0 (t, J=4, 2 H. 7.8 ( H2355(m (mlH)
(m 4 H, 3.0 (mwmerﬂymgtfremmeﬂmﬁ, op3D-2.4 (m 6 1

é;é'wéLE (1? 8l\|-|_% B Ty b i aoor b 1)-R(-)- mm”‘,m”# ’H 3-(3
eor opi ony - ni pe -

qui nol i nyl )] proplvéhflélrghgs% QCH(QZHCI (18) Conpound 18, “prépatred as deﬂgrl bed -

in Exanple 16 starting with Boc-R- nipecotic acid (7.1 mmol) and net hyl

()= 3-ani ri- 3- ( 3-whereinl Rig|sefscrad fomtie or Cpeisalipianpl e AGS; 7.1 mol), was

I sol ated as white flakes (1.11 g): rrp 142- 144[err]C MS nls 467 (MH);

LierrI1LerrlD - Li8 aindi fspiociad irom Sny of (BHa)g, CHIR®)CHz)a,

PCT/ US97/ 07 13(CH2)qCH(RY)e (CHIGRRFJCH By (CHAECHOH ar gibetidine:3-elrboxyid

(566.64): C, é&dlﬁuhiﬂe &oﬁ@e tihat vﬁhe%gv is9CH )¢ aR@ p is 2, X i€ 8t thdn c?d)E85: H,

6.62; N, 10.04 XAMPLE
19 10 or when X is C(O) then alther R1 is other than H or R2 is other than H, and

N- 3- (4- Pi peri ummm mpvusnyha)t -when Y i (GHERRYCHE)g X isothaotran(Q(Q)mrt y| et hyny!|
)] propcp, ic acid * HCl (19 Conmpound 19, prepared as descri bed

in Exanple 16 sfarting with Boc-R- 10 nipecotic acid (3.2 mol) and et hyl
(S)-3-am no-3-(2-t- '
wherein pis 2 or 3;

15
wherein gis 1, 2, or 3;

wherein R3 is alkyl, Co-Cg alkenyl, C2-Cg alkynyl, aryl, aralky or
heteroaryl;
20
wherein R4 is H or alkyl or cycloalkyl;

wherein Z is CO2H, COzalkyl, SO3H, PO3H2 , or 5-tetrazole; provided
that at least one of Rg and R1g is hydrogen;

25 or the enantiomer or the pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein Rs is H, R10 is H or C(OIN{R1)YZ,
M is (CH2)m and A is selected from any of piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, pyrrolidin-2-yl, pyrrolidin-3-yi or

30 NHR2 |

3. The compound of claim 1, wherein Rs is H and R2 is hydrogen.
4. The compound of claim 1, wherein Rsis Hand mis 1or 2.

35
5. The compound of claim 1, wherein R5 is H and X is C(O).

6. The compourid of claim 1, wherein Rsg is H and R1 is hydrogen.

~This Sheet Has Been Re[ilaced :
49

A




butyI et hynyl)prop| onate (see J. A Zablocki, J. Med. Chem 1995, 38, 2378;
mmmm ml ed as a white powder (0.33 g): MS me 420 (MH).
Anal I“I MIr]H[err]N[err]qerr] * 1.07 HO * 0.43 Herr]O

(468.97)¢ ¢ B89. 21 8.42; N, 8.96; d, 8.09. Found: C, 58.92; H,
8.58; N, 8.76; , 1. 82 15 - EXAMPLE 20
N 3- (4- Pi pe‘F’PB?’ﬁ’éﬂ? opyl ) - ni pec 3?’3”5— SHEDT- HAS, BERN-|3- (3, 4- 2(FCTIUSITATIZ0 .
met hyl enedi oxyphenyl )] propi oni b aci REPLROEDA (20) Conpound 20 was
prepared as shown in Schene AFTTNUErnedi al € AFJ (2.8 mmol ) was

di | ved i . th t at ., (2.8
s oot B opafy Bt S ST b Sl M B5B BBt s
partitioned between water (15 nL) and EtOAc (70 nL), and the |ayers

separ at ed. Ehel’HU&ﬁﬁbéur{cﬁUﬁ&IalWﬁﬁ whdrém ns;% %ﬁawuehed to give AF4. AF4
was convgrted to 20 as previously descr (W J. Hoekstra, J. Med. Chem

1995, 38y 1582) and isolated as a white povvder (0 33 g): [err]H NMWR
(CD[ err] OD) 9. The eoepaul f qlaim R wiyereie. A5 5. WapdR33Is Eyyl. 5. 91 (s 2 H,
.1-5.2 (m 1 H, 3.3-3.35(m 30 4H, 2.8-3.1 (m 6H, 2.6-2.7 (m 3 H),

5
}1' 5-2.0 (m 441 Me’c&n&d&ﬁfof%ﬂimﬁ,@ﬁerein Rs is'\@a% Reld %yélrl\é'ag)l:

1

10 11. The compound of claim 1, wherein Rs is H and Z is CO2H.

12. The compound of claim 1, wherain the group C(O)N(R1)YZ is attached o
at the 3- or 4-position of the central azacycle.

15 13. The compound of claim 1, wherein the group C(O)N(R1)YZ is attached
at the 3-position of the central azacycle.

14. The compound of claim 1, selected from any of:
20  N-3-(4-Piperidinepropionyl)-nipecotyl-(3-amino-3-phenyl) propionic acid

N-(4-Piperidinemethylaminocarbonyl)-nipecotyl-(3-amino-2-methyl)
propionic acid

25 N-(4—Piperidine‘methyloxycarbonyl)—nipecotyl-D-aspartic acid a-methyl ester

N-S-(4-Piperidinepropionyl)-pyrrolidine-3-carboxy-[3-amino-3—(4-totyl)]
propionic acid

30 N-3-(4-Piperidinepropionyl)-isonipecotyl-(3-amino-3-methyl) propionic acid

N-3-{4-Piperidinepropionyl)- tsompacotyl-[:!-ammo-a (4—carboxyphenyl)]
propionic acid

35 N-3-(4-N-Methyl-piperidinepropiony!)-nipecotyl-3-aminopropionic acid
- N-3-(4-Piperidinepropionyl)—nipecotyl-4-oxonipecotic acid

|/ —
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EXAMPLE 21

N-3- ( Hlﬁﬂ‘tny|) R- (- otyl - [(S)- 3- ami no- 3- (3- pyri dyl )]
pr.api ﬂnmﬁ[l“llmﬂ 21) Conpquh Z&H,EE'brl-hﬂanIEEN s described in Exanple 16
starting Wi Bbc-R- ni pecotic 4cid (REALACEP!) anfl net hyl

(S)-3-am no dyl') pr opi ormate—(see—exanpte—ACh;, 6.4

| sol ated as 3W\%’/{%”’?%a“&zim)rphous solid (1.60 g): np 74- 81[err{ng:l&l)’l\ylsS 417
(MH). Anal. calcd. for err]JHerr]Nerr]derr] * 2.1 err]J]HF[err]Jerr]
* 0.7 H[ er r | (N{3s@RPpBYidineprepiony)-nigecstyB [B-amin@ 348-trimethylsitytethymyl)]1. 89.
Found: C, 47[\@%',,{%‘: Seidl; N 8.41; F, 17.68; KF, 2.00.

EXAMPLE 22 4-Pi peri di nepr opi onyI )-R(-)pi pecotyl [(S)-2-(3-

nmet hoxyani | i no) car bonyl anm no- 3-ami no] proni oni ¢ acid (22) Methyl

Boc- R- ni pecot M(6{Aminogagroytiinipecdtylra-amijne-3rd-pyddyl)propiesie &gid r om net hy |
N-[err]-Zg -di am nopropi onate and Boc- R-ni pecotic acid as shown in Exanple

16; 9.5 mmol) JSS. | ved i.n (40 n d hyd nated at. 50 psi over
pal | adi um hyo’?‘g{s“dg'pﬁff We&oﬂ'%WIYg%.'"Wﬁ%’@ﬂ?‘ﬁ%gg%&% Srpéﬂp'gﬁﬁ’
evaporated toaegidve white solid AH2. AH2 (9.1 nmmol) was di ssol ved in DCM
(100 nL), cooled (5[err]C, treated wi th 3-nethoxyphenylisocyanate (9.1
nol ) and N 9, 1_mmu| dst d for 17 _h. The solution, was dil uted
with sat'd NH'G '(A}BPG('QES'%%“%H &E’P?cggggraé?'gaprw?ﬁ@q)rganl c |ayer
dri ed, evi@orated to an oil, and purlfled by silica gel chronmatography (4%
Et OH/ DCM to Wi ,{égﬁé (2040 Pazolei N four steps
as i n Exanpl elql‘?'é tgﬁ%ﬁﬂ a V\/m Lﬁgﬁs solihl%{:l m)t%S g): np 72-
76[err]C, [err]H NWR (Dl\/BOd[err]) [err] 8.7 (m 3 H), 7.8 (m 1 H, 7.1.
(m 2 H, 6.8NgCd(4-N- Wthyﬁplbe(aglnéprbpnpnsl)me(qptyl?.sminc-&(%m 2 H, 3.2 (d,
2 H), 27(d%eﬂ1|@ned?o Gyl fapionjc Bcigm 3 H), 1.1-1.7 (m 11 H; Ms me
504 (M—|+) Anal . cal cd. err|Herr]NNerr]Jerr] * 1.2 HC1 * 1.0
H[err]0(§65 37): C, 53. 1 1 H 7.17; N, 12.39; Cl, 7.53. Found: C, 53.04;
H, 7.44; N, 12N-B4(deN- Matmspiperazineprnpibnﬂ)ﬂnecoW@aﬁeo-a-(asynt hesi s
techni que as glgsdlinyh Fﬁo i@n@‘&ﬁ?' e 22, the conpounds of Exanples 26, 28-30
wer e made according Schene AH recited in the particul ar exanple. For
car bamate anal ogues, 42
N-3-(4-Plperidmepropionyl)-F(-(-} -nipecotyl-[(S)-3-amino-3-(3.4-

20 methylenedioxyphenyl))propionic acid

N-3-(4-Piperidinepropionyl)-hexahydroazepine-3-carboxy-[3-amino-3-(3-
quinolinyl))propionic acid

25 N-3-(4-Piperidinepropionyl)-R-(-)-nipecotyl-[(S)-3-amino-3-(3-
quinolinyi)jpropionic acid

N-3-(4-Piperidinepropionyl)-R-(-)-nipecotyl-[(S)-3-amino-3-(2-t-butylethynyl)]
propionic acid

30
N-3-(4-Piperidinepropyl)-nipecotyl-[(S)-3-amino-3-(3,4-
methylenedioxyphenyl)jpropionic acid, and

N-3-(4-Piperidinepropionyl)-R-(-)-nipecotyl-[(S)-3-amino-3-(3-pyridyl)]
35 propionic acid.
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WO 97/ 41102 _
PCT/ US97/ 07130 t he acylating—agent—enptoyed was the appropriate al kyl -

chl-or of or mat e (anal og AH2 to AH3; one nol ar
equi val ent). For sul l'ﬂ“ivm @i‘ MHUMI fonati ng agent enpl oyed was
Lhe appr 0D @l fufa! oY/ molar equi Vahgphleniy .
N- 3- (4- Pi peri di nepropi onyl)-R-(-) pi pecotyl -[(S)-2-benzyl oxycar bonyl am no-
10 3-am ne§pr O'FhOnccmpoudd*oH&'laW3)l wherein CRigpdend, 2Rs s ephred from
met hyl N-[err]-Z-L-dian nopropionate (8 8 rTrrEj) and Boc- R-ni pecotic
acid (8.8 nmmol) as shown in Exanple 16, was ated as a white

i SRR O MR RS AN TRy e L

C, 5556H 7.41; N, 9.60; d, 6.99. Found: C, 55.23; H 7.79; N,
9.85 O, {69%he compound of clalm1 wherein Rqo js H and X is C(@)XAVPLE 24 20
N 3- (4-Pi peri dPnepr(?pl onyl) )p| pecotﬂfll [(S)- -(3(-

chl or ob®tnzyl oxy) car bonyl am no 3-am no] propionic acid * HO (24)
Conpound 217. ifhemmpnubgufelahni1nyh9reitnﬁaﬂiﬂidm5ﬂ®ig/(§i1lzl)onyl chloride 25
(6.6 mmol) with AH2 (6.6 nmol ) as described in Exanple 22, was isol ated

oo e GRSl ey v B B sh NS 520 (M.

1.0 Di oxane (637.20): C, 50.89; H, 7.08; N, 8.78; O, 12. 52 Found: C,
E)l(AI%/gL A 5@9 . ¥he Yomipodifid oftiaim 1, whifeif Byo 8H and T is C(O). ,

N- 3- (4- Pi peri di nepropionyl)-R-(-)nipecotyl-[(S)-2-benzyl sul fonyl am no- 3- ' 35
- am no] pr op2@nThe sompotintiof claib )i, wherein BagisddaddHy,is pt. epar ed by reacting
benzyl sul fonyl chloride (5.2 mml) with AH2 (5.2 mmol) as shown in

Bxanpl e 2221 .\A/?‘ﬁe Ic%%p%hﬁ o?cs;laﬁn %%gré%) ws |rs H and Rgis H.
15

22. The compound of claim 1, wherein Rqp is H and Ry is NH(CH_)Ph.
23. The compound of claim 1, wherein Ry is H and Ry is H.

20 24. The oompound of claim 1, wherein n is 2.
25. The compound of claim 1, selected from any of:

N-3-(4-Piperidinepropionyi)-R-(-)nipecotyl-[(S)-2-(3-
25 methoxyanilino)carbonylamino-3-amino)propionic acid

N-3-(4-Piperidinepropiony!)-R-(-)nipecotyl-[(S)-2-benzyloxycarbonylamino-
3-amino]propionic acid

30 N-3-(4-Piperidinepropionyl)-R-(-)nipecotyi-[(S)-2-(3-
chlorobenzyloxy)carbonylamino-3-amino]propionic acid

N-3-(4-Piperidinepropionyl)-R-(-)nipecotyl-{(S)-2-benzylsulfonylamino-3-

amino]propionic acid
-35
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43 (0.87 g): np 145- 149[err]C M5 me 509 (MH). Anal. cal cd.

for C24H36N406S * 1.3 HA * 63 Droxame(568706): C, 50.75; H, 7.04; N,
9.86; G, 8.11. Found: C 51 46 a, 7.85.

EXAVPLE 26 N-3- (4-Pi peridin i@ |pecotyl [(S)-2-(3, 5-

di met hoxyani Li\@)gas bonyl am no«5- n| c acid * HCO Pé—@ﬁggmg%rpound

26, prepared by reactl ng 3, 5-di rret hoxyphenyl i socyanate (10.2 mol) wth AH2
(10.2 mmol ) as shown in Exanple 22, was isolated as a white powder (1.89

g): np 190- ING-¢4-Plparidvidpropiod )R- Mﬁpeco&yle[(S) 243.8d. for

H ) 40): C, 53.35; H,
750, N, 11, SuRAGgARiD)Gorbor efod R amREIBRENE, N, “1h 05 & 6 o7

EXAMPLE 27
N-[ (4, 4' - Bi pNg¢4,#eBipiperigin-) o) tarbghyl}-R-( -hipecetyi{S)-B-dnibp-B{(3rpyridyl]- ( 3- pyri
dyl)] p@pl@ﬁ, 'h% * 3HA (27) “Internediate AJ1 (5.5 nmol ), prepared
as shown 1n grrp e g was di ssolved in DCM (140mL), cooled (5[err]Q,
treated with p-nitrophenylchloroformate (5.5 mmol) and NW (16.5 mmol ),

and stirred NeB-(@Pipend'ﬁ&propmnm-B-Wﬁpeki:dtylt[@n-m(zh water (15 nL), the

| ayers separaainyiahfind)Barbd Ckﬁ%?hgdémﬁ{ot] plopRAicagicevaporated to an oil.

The oil was I'n Me ted wth
N- Boc- 4, 4' - b|p|per|d|ne(75mml) and DVAP (5.5
10  N-3-(4-Piperidinepropionyl)-R-(- )mpecotyl-ammomethyl 5-(S)-(3-N-

benzyl)imidazoline-2,4-dione » HCI

N-3-(4-Piperidinepropionyl)-R-(-)nipecotyl-[(S)-2-(2-
- phenethylamino)carbonylamino-3-amino]propionic acid
15
N-3-(4-Piperidinepropionyl)-R-{-)nipecotyl-[(S)-3-amino-3-(6-methyi-3-
pyridyl)] propionic acid

N-3-(4-Piperidinepropionyl)-R-(-)nipecotyl-[(S)-3-amino-3-(5-bromo-3-
20 pyridyl)] propionic acid, and

N-3-(4-Formamidinopiperidinepropionyl)-R-(-)nipecotyl-[(S)-3-amino-3-(3-
pyridyl)] propionic acid.

25 26. A composition for treating platelet-mediated thrombotic disorders
comprising the compound of Claim 1 in an effective amount for treating such
disorders in combination with a pharmaceutically acceptable carrier.

27. A method of treating platelet-mediated thrombotic disorders comprising

30 administering to a patient afflicted with such disorder an effective amount of

the compound of Claim 1 to treat such disorder.

28. The method of Claim 17, wherein the amount is 0.1-300 mg/kg/day.
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mmol ), and heated at reflux for 24 h. The nixture was cool ed, evaporated to
a solid, and partitioned be and NaCH (1 N, 20 nL). The

| ayers were separated, and th i rdried, evaporated to a solid,

and purified by silica gel chﬁmﬁmﬂgmzﬂﬂadm\o to give green glass

AJ2 (1.5 ﬁjg was sapon " cted.as described:-in Exanple
FTEPUTC, vs

|
16 to qi vgng‘?)’a’é pal e yel |l ow powder (0.73 g): np- 121-P
me 472 (MH). Anal. calcd. for CJerr]JHerr]Nerr]Jerr] * 3.6 HO * 1.0
D oxane (690.98): C, 50.41; H, 7.09; N, 10.14; d, 18.47. Found: C, 50. 80;
H, 7.31;,d\, ; i
44 .'2Si>I A%? /fé\fll&rgégngfa compound of the formula AG4
PCT/ US97/ 07130 EXAMPLE 28

N- 3- (4- Pi peri di nepr opi onyI)-R—(-)ni‘p@-[(S)-Z-(Z- 5
0
n

napht hyl am no) car bonyl am no- 3- am no] g} opijoni ¢ acid * HO (28).

Conmpound 28, prepared by reacting | i socyanate (8.5 mmol) with
AH2 (8.5 mml) as shown in Exar%e 2, ‘YHs||i solated as a white powder
(1.65 g): np 187-193[err]C, M Anal . calcd. for

CerrJHerr]Nerr]derr] * 10 1.36 O.oﬁ D oxane (602.07): C, 55. 86;
H 7.39; N 11.63; d, 8.01. Fou‘g&‘:‘ C, 56.03; H 7.11; N, 11.23; d,
7.97. EXAMPLE 29 15

N- 3- (4- Bi peri di nepropi onyl ) - R-(-) ni pecot yl - ani nonet hyl - 5- (S)- (3-N-

benzyl )i m doamprisiy fedtingl b6mpolitd of 1B8)formula AG3

N- 3- (4- Pi peri di nepropionyl)-R-(-)nipecotyl-[(S)-2-(2- 20

benzyl am no) car bonyl am no- 3- am no] propioni ¢ acid hydrochloride (0.15 g),
N E

10 with penicillin amidase.

30. The process of claim 19, wherein the compound of the formula AG3 was
placed in a water solution and the pH was adjusted to about 7.5 prior to
treatment with penicillin amidase. '

15 :
31. A compound of the formula AG4:

B
L,
L XA,

AG4
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4.63"‘!
~ prepared frominternedi ate AH2 (4 4 mml) and benzylls

BE¥ed in Cl
£ entrat W@%ET
iIrifed to glve 29 as -a white foam

9.0 (m 1 H), 8.6 (m 1H),
42 (m 2 H, 3.7 (m 1H,

25 (0. 144 g) Jerr]H NVR (QvS
8.3 (m 1H, 7.2 (m 5

3.4 (m 1H, 32(d 3H, 2.2 (m 3 H, 1.7 (m 3 H),

EXAIVPLE 30 N- 3- (4- Pi pet EPT op| ony”)' WR-( ) ni pecotyl -[(S)-2-(2-
phenet mmomrmanwmmww OR PPYRAOLIDACEd PIRERMINE] (30) 35

AT A ORNSRGUSESI B SETREIEEBE, UL L

foam (oTHRQMB 5-MYQRROEASMS me 502 (MH+). Anal. calcd. for
WO 97/ 41102

PCT/USQ rr]Herr err]qerr] * 1.2 HCJ err]H * 1.0 Herr]O
(574. 87%“%@“5‘@‘?%'?‘156@ Found: C, 57.12; H, 7.80: N,

11. 85. 5 6-Methyl-3-pyri d| ne- car boxal dehyde (AK2) Al dehyde

E)BeSEEf"fﬁ*é@aﬁ'ﬁ%c%é§ﬁ%g§9vt#‘eﬁﬁ%< RsER helfstalic LARARSE o cunali®™ LLO0S T,
Li Al H[ ePlepding welaces by, vasaulag injurys d However,rpatiniogical spdansion of quenched

wih ﬁgm.gnbmgxrmaf%staﬁebmssfednt@aeqowohnsaaqo[rﬁaﬁhnmmeﬁnazso m), 10

[S S an| c e and evaporat ed to
e n° P PR Plitslel 20BrESHHIN Rabo I GPOAIIETROBEM P00 uL) .
t r eat edactivated, exposed platelat glycoprotsin tib/illa (GPIIb/illa). Agents which

interrupt binding of fibrinogen to GPIib/lila, therefore, inhibit platelet
aggregation. These agents are, therefore, useful in treating platelet-
mediated thrombotic disorders such as artedal and venous thrombosis,
acute myocardial infarction, unstable angina, reocclusion following
thrombalytic therapy and angioplasty, inflammation, and a variety of vaso-
occlusive disorders. The fibrinogen receptor (GPIlIb/lla) is activated by
stimuli such as ADP, coltagen, and thrombin exposing binding domains to
two different peptide regions of fibrinogen: a-chain Arg-Gly-Asp (RGD) and
Y-chain His-His-Leu-Gly-Gly-Ala-Lys-Gin-Ala-Gly-Asp-Val
(HHLGGAKQAGDV, y400-411). Since these peptide fragments themselves
have been shown 1o inhibit fibrinogen binding to GPlib/llla, a mimstic of

- these tragments would also serve as an antagonist. In fact, prior to this
invention, potent RGD-based antagonists have been ravealed which inhibit
both fibrinogen binding to GPlIb/llla and platelet aggregation e.g., Ro-
438857 (L. Alig, J. Med. Chem. 1992, 35, 4393) has an ICsg of 0.094 uM
against in vitro thrombin-induced piatelet aggregation. Some of these
agents have also shown in vivo efficacy as antithrombotic agents and, in
some cases, have been used in conjunction with fibrinolytic therapy e.g., t-
PA or streptokinase, as well (J. A. Zablocki, Current Pharmacsutical Design
1995, 1, 533). As demonstrated by the results of the pharmacological
studies described hereingﬁa_r, the compounds of the prasent invention show

" the ability to block fibriogen birc:ng to isolated GPIIb/IIIa (ICS0’s 0.0002-
1.39 uM), inhibit 'platelet aggregation in vitro in the presence of a variety of

platelet stimuli (0.019-65.0 uM vs. thrombin), and furthermore, inhibit ex vivo
platelet aggregation in animal models. Additionally, these agents exhibit




with MiQerr] (70 g), and heated—=rrmetWEELfor 6 h. The mixture was cool ed,
fiFtered, and the sol vent \ Vel -o~glve AK2 (0.052 nol) as a brown
oil. 15 HXAMPLE 31

Ne3- ( 4- Pi peri di nepr opi onyl [ %ﬁoﬁ’”@‘%mmf ngEET

pyridyl)] propionic acid *§2

% | ni pecotic acid (6.9 muol)
and met hyl (S)-3-am no- 3-( : pyrldyl)proplonate (see exanpl es
AK5, AG5; 6.9 mmol). Conpou Wwas i solated as a white foam (1.20

g): np 99- 108herdihGis Wyrq-e 431 (M) . Anal. 25 calcd. for
Clerr]Herr]Nerr]Qerr] * 2.24 HO * 1.0 Herr]0 * 0.24 Acetonitrile

(534.33): C, wheremMns?ﬁbled:ﬂad?ro%anNof%@H&;,, CHRI{CHI)q, Found: C, 51.32; H,
EXX?/PLE géﬁzﬁq%Héﬁi‘) (CH(Céﬁ“%Hg)q, 2)qCHOH or piperidine-3-carboxylic

N- 3- ( 4- PREE W8S RIpViSAthat when Yris[{Etz)y lant(sis 3- Xin oipes i BXO)D- 3-
pyridyl) br Wil R @: é

Zthet an PROL iRer 'S
sescr e d R SRECTI o (gawz‘*%&z?? A A RN

described in Exanple 16 st

exanpl esChikg, AG5; 4.8 nmmol ), was isolated as a white foam (1.24 Qg):
np 98-101[err]C M5 e 496 (MH). Anal. calcd. for

46 WO 97/ 41102
PCT/US97/071W81’6H1plS@erB}H[err]BrN[err]qerr] * 2.2 HDJ * 1.0 Herr]O
(593.67): C, 44.51; H, 5 98; N, 9.44; d, 13.14. Found: C, 44.17; H,

6.37; N, 9.81; d, 13.
wheremqls1 2 or 3. Preterably, qis 1.

wherein R3 is alkyl, C2-Cg alkenyl, C2-Cg alkynyl, aryl, aralkyl or
heteroaryi;

wherein R4 is H or alkyl or cycloalkyl.  Preferably, R4 is hydrogen.

wherein Z is CO2H, COzalkyl, SO3H, POgHz , or S-tetrazole; provided
that at least one of Rg and R1g is hydrogen;

or the enantiomer or the pharmaceutically acceptabie sait thereof.

Pretarably, the group C(O)N(R1)YZ is attached to the ring carbon of the
central azacycle at the 3- or 4-pasition (4-position when larger than a five-
membered ring), and most prefarably the 3-position.

As used herein, unlés_s otherwise noted alkyl and alkoxy whether used aione or
as part ot a substituent group, inciude straight and branched chains having 1-8
carbons. For example, alkyl radicals include methyl, ethyl, propyl, iscpropy!, n-butvi,
isobutyl, sec-butyl, t-butyl, n-pentyl, 3-(2-methyl)butyl, 2-pentyl, 2-methylbutyl, _
neopentyl, n-hexyl, 2-hexyl and 2-methylipentyl. Alkoxy radicals are oxygen ethe 3
formed from the previously described straight or branched chain alky! groups.
Cycloaikyt groups contain 5-8 ring carbons and preferably 6-7 carbons.



5 . EXAMPLE 33

N- 3- (4- For mam di nopi per di ne %,A,CEM‘I}N’LS_\HEE;‘I pecot yR&REPNGEeMErNTSSﬂEET
pyridyl)] propionic acid * d ’\/&33 10 Fqrqani di ne 33 was prepared
according to the procedure jof CEIBT (9. Med. Chem 1983, 26,
534) as shown in Scheme AL.j Ijnternedi ate Ajl (see Exanple 21; 2.3
nmol ) was dissol ved in Et (20 nmL), treated|with et hyl

form mdate*HCO (3.7 mol)’, bstitred-for.22.hi and filtered. The filtrate
was treated with Et[err]O (40 ni), JARBLEAl in an ice bath, and filtered to
give 15 glassy AL2. AL2 was dissolved in ag. HO (4 N, 15 nL), stirred for
28 h, and evapor at ed tDﬁSgl ve 33 as a white foam (0.75 g): np

49- 55[err]C 1H NWR od err]) [err] 9.35 (s, 1 H, 9.1 (m 2 H),
8.8 (m 2 H), 8.70 (d, 1 H, 7.8 (m 2 H, 5.2 (dd, 1
H),4.2(rn1H) 3.8 (m Y32(m2H) 2.8 (m 2 H, 2.6 (m 1
H, 2.3 (m 2

47

1.8 (m 3ﬁ 1.0-1.7 (m 12 H; MS mie 444 20 (M.

. /.,
(CH)m—2, N-R

gSubst m X Bt 82 Y z
1 3 2 2 (o) H H CH(Ph)CH2 CH
2 3 1 2 NHCO H H CHCHMe CH
3 3 1 2 oc(0) H H (A-CH(CO2Me)CH2  CH
4 3 2 1 C(O) H H CH(4-Me-Ph)CH,; CH
5 4 2 2 C(O) H H CH(Me)CHo CH
6 4 2 2 clo) H H CH(4-CO2H-Ph)CHo  CH
7 3 2 2 c{o) H Me  CHaCHp CH
8  See structure . .

9 3 2 2 c(0) H H CH(MegSi-athyny)CHa CH
10 See structure - .
11 3R 2 2 co H H CHaCH(OH) CH
12 3 2 2 SO2 H H CHoCHap CH
13 See structure

14 3 2 2 co H Me  CH(3.4-OCHZO-PR)CHp N
15 3 2 2 co H Me  CH(3-quinaliny)CHz N
16 3R 2 2 co H H SCH(3,4-OCH20-PhICHy CH
17 3 2 3 co H H CH(3-quinoliny)CH2  CH
18 3R 2 2 co H H - SCH(3-quinoliny)CHz CH
19 3R 2 2 ¢o H H  SCHthutylethynylCHp CH
20 3 2 2 CHa H H  SCH(3,4-0CH20-Ph)CHo CH
21 3R 2 2 co H H SCH(3-pyridyl)CH2  CH



WO 97/ 41102 .REPLACEMENT SHEET| PcCT/ Us97/ 07130

CLAI M . 1. A conpound rep[:‘e"se‘ﬁt‘é’d"b'y"r'r gener a PLMEMENT&&EET
[I\/Eir;](CI—I[err])mor pi peridin-}1 |2219CT1999 V\hereF‘ngAls selected from

any of piperidin-2-yl, piperiditfr—8—y-~ pifperidin-4-yl,
pi perazin-1-yl, pyrrolidin-2-jyl, pyrrolidin-3-y{l, NHR[ err], or
[err] wherein R err] is sel ected fromany-of-m al kyl, CH( NH) ,

CVe(NH) caSssegationt 5Such compoundseam, thébiirs ] usefuHrotraslifd ddtbietr 1) YZ
wher ei n Rh8&iated ﬁwréﬁ#b%?x&ﬁﬁsé#%?% Ebg’g a%y?{a(ﬁ%i kih: ven%Qs\Aﬂrcl;%Fﬂmer ein Rerr]

Is selected . froma lI?Q[err] Is Hor
C( O) NHQ( CIHI? Grycsardint Evaqmcm&@qiua@m icliowing thrembaiic theragandCH- ar y! |
CH- het er canigitplasiy: angsd Véhﬁt?%fh%éfé&‘ﬂgwé)&s%é% kxéecé{yge% e final, sel ect ed
fromH or A}l,(“g% RH wherein R[DE IS sel ected %é al kyl or 25
acyl, Ti% RA[waY i9 StRpSTRSateN s rtﬁ’e %”R[Qirﬁlb}"“%egel ected
from any tofactivatadalekpbsecuGR b itz linlyibitioaldt thiy bimtingrepesddayd 2 and Rlerr] is
sel ected §ibQ&bid aftith¥dmBbtic appr@éc?tl k¥ receptor is activated by stimuli such

as ADP, ccllagen, and thrombin, expesing binding domains to two ditterent

peptids regions of fibrinogen: a-chain Arg-Gly-Asp (RGD) and y-chain 4Q0-

411. As demonstrated by the resuits cf the pharmacsicgical studies

described hereinafter, the comgpounds of the prasent invention show the

ability to block fibrinogen binding to isolated GPlIb/tia (IC50's 0.0002-1.39

#M), inhibit platelet aggregation in vitro in the presence of a various of

- platelet stimuli (0.019-65.0 uM vs. thrombin), and furthermore, inhibit ex vivo
platelet aggregation in animal models.

IN VITRO SOLID PHASE -PURIFIED GLYCOPROTEIN UB/lA
BINDING ASSAY.

A 96 well immulon-2 microtiter plate (Dynatech-immulon) is coated with

S0 wiiwell of RGD-affinity purified GPlibvilla {effective range 0.5-10 ua/mLy in
10mM HEPES, 150mM MaCl, 1mM MgCl, at pH 7.4. The plate is covered and
incubated overnight at 4°C. The GPIIb/IIla solution is discarded and 150p1 of
5% BSA is added and incubated at RT for 1-3 h. The plate is washed
extensively with modified Tyrodes butfer. Biotinylated fibrinogen (25 pl/well)
at 2 x final concsntration is added to the wells that contain the test
compounds (25 ul/well). The plate is covered and incubated at RT for 2-4 h.
Twenty minutes prior to incubation completion, one drop of Reagent A
{Vecta Stain ABC Horse Radish Peroxidasa kit, Vector Laboratories, Inc.)
and one drop Reagent B are added with mixing to 5 mL madified Tyrodes
buffer mix and let stand. The ligand solution is discarded and the plate
washed (5 x 200 pl/well) with modified Tyrodes butfer. Vecta Stain HRP-
Biotin-Avidin reagent (50 ul/well, as prepared above) is added and
incubated at RT for 15 min. The Vecta Stain solution is discarded and the
wells washed (5 x 200 ul/well) with medified Tyrodes butfer. Developmg

~ buffer (10 mL of S50 mM citrate/phosphate buffer @ pH 5.3, 6 mg -
phenylanediamine, 6 ul 30% H203; 50 plwell) is added and incubated at

22



wherein mis the integer 1, &EP’&ACW@ SHEET ~wherein X is selected

fremany of C(O, C(OOQO C( QH CHerr] 0 Jerr]; :
48 wher ei 4 2 NT.SHEED
or 1. wnerer o1 S DA Ls apmarmger 1y 2 of REp) ACEMENT
CH(R[er 19, (CH(COR[err])CH err])[err],

r])(CHerr])a, (CH efr] ! ( _ !

(CH err])[err] CHOH or piperiidi ne-3-carboxyliciacid; with the proviso that
when Y is (CH2)p and p is 2, Xi1s other than C(O or when Xis C(O then
either Rlerr] is other than H or hed than H, and with the proviso

that when Y is (CH(CCIerr]R[err])CI—l[err]—)[err] X is other than (O or
CHerr]; I C V\/n 1, or 3;

wherein R s 1 . Ehey ] al kynyl,
aryl, aralﬂxmzigntg_m&_@mgm whereln R[err] is Hor alkyl or
cycl oal kyl ; wherein Zis CJerr]H CJerr]alkyl, SJerr]H,

PO err] H[ 5-tetrazole; provided that at |east. one of R err] and
Rlerr] %P’Bﬁ% 2 was pregaredias shawhivRaneme fe BARSMRRUNH fral | y
accept abI ep.gexidmadnetmmme .36 Tiraohownosnadlied witreDOEL (5 wher ﬁea:eR{ err] is
gf E[S;” E:rﬁ{ro %ﬁ%&é@%ﬁ . :M h?m&t?‘i%h”b@&’(o“abs HEIE Goiedd O™ any

for 1h, and the salvent ramoved. Thae resin was washed (see Example 1),

swelled with DCE (5 mL), treated with allyl nipecotate « HC! (0.36 mmol) and

DIEA (0.72 mmol), and agitated for 16 h. The solvent was removed, the

rasin washaed (see Example 1), and the allyl ester cleaved to the

corresponding acid (see Example 1). The resin was swelled with DMF (5

mL), the acid coupled with methy! 3-amino-2-methylpropionate (0.36 mmol),

and the synthesis complated as shown in Exampie 1. Compound 2 was

isolated as a clear glass (0.11 g): 1H NMR (CD30D) 83.9(m, 2H),3.2(m, 4

H), 3.10 (d, J=7, 2 H), 2.9 (m, 3 H), 2.6 (m, 2 H), 2.3 (m, 1 H), 1.9 (m, 4 H),

1.7-1.9 (m, 5 H), 1.3-1.5 (m, S H), 1.11 (d, J=7, 3 H); MS m/e 355 (MH+).

Compound 3 was prepared as shown in Scheme AA. Resin-bound 4-
piperidinemethanol (0.36 mmol) was swelled with DCE (5 mL), treated with
p-nitrophenyichloroformate (0.36 mmol) and DIEA (0.36 mmol), agitated for
1 h, and the solvent removed. The resin was washed (see Exampie 1), :
swelled with DCE (5 mL), treated with allyl nipecotate « HC! (0.36 mmol) and
DIEA (0.72 mmoL), and agitated for 16 h. The solvent was removed, the
resin washed (see Example 1), and the allyl ester cleaved to the
corresponding acid {(see Example 1). The resin was swelled with DMF (5
mL), the acid coupled with H-D-Asp(OBn)-OMe (0.36 mmol), and the
synthesis compieted as shown in Example 1. Compound 3 was isalated as
a yellow glass (0.019 g): TH NMR (CD30D) § 4.8 (m, 2 H), 3.9 (m, 3 H), 3.70
(d, J=9, 4 H), 3.39 (s, 3 H), 3.3 (m, 2 H), 2.9 (M, 4 H), 2.8 (m, 2 H}, 1.9 (m, 4
H), 1.7 (m, 2 H), 1.4 (m, 4 H); MS m/e 400 (MH*).
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pi peridin-4-yl,
NHR[ err] .
hydr ogen.
2.. 5. The compound of ¢l
The conpound of claim 1,

49

4- oxo0- ni pecotic acid.

qgis 1.
aryl .

Cderr]H

is attached at the 3- or 4-positiomnm of the central

pi per azi 7R .
3.. The conpoun

4. The conpoynd of cI ai m 1

i
|r122 lﬂ‘)&nR
ein Rerr]l {s

7. The cdnmpound of claiml

L 2-yl,

erein Rerr]
err]
H and R err]
wherein R err]

8.~ -Fhe—conpound—of

9. The conpound 6f claiml1, wherein Rlerr]

10. The conpound of claim1l, wherein R err]
hydr ogen.

11. The conpound of cl

claim1l1, wherein Rerr]
is Hand R err]
Is Hand R err]

ol ERAMRLE T NP
12. The compound of cl

prein R &Eﬁ Lg\ﬁEMEN%F $H]EET‘

is Hand mis
is Hand Xis C(O. 6.
I s hydrogen.

is Hand Y is
is H and
S

S

is Hand Z is.

ein the group C(ONRerr])Yz

azacycl e.

13. The
ached at the

Compound 3 was prepared as shown in Scheme AA. Intermediate AA2
(0.36 mmol) was swelled with DCE (5 mL), treated with methyl pyrrolidine-3-
carboxylate - HC! (0.36 mmot), DIC (0.72 mmol), and DIEA (0.72 mmol), and
agitated for 16 h. The solvent was removed, the resin washed (see Example
1), and the methy! ester cleaved to the corresponding acid with KOTMS (saee
Exampie 1). The resin was swelled with DMF (5 mL), the acid coupled with
methyl 3-amino-3-(4-tolyl)propionate (0.36 mmol), and then the synthesis
complated as shown in Example 1. Compound 4 was isolated as a clear

. glass (0.081 g): TH NMR (CD30D) § 7.19 (d. J=5, 2 H), 7.10 (d, J=5, 2 H),

5.31 (dd, J=3, 10; 1 H) 3.6 (m, 4 H), 3.3 (m, 2 H), 2.8 (m, 4 H), 2.7 {m, 2 H),
23 (m,2H), 2.1 (m, 3H), 1.9 (m, 4 H), 1.6 (m, 4 H), 1.3 (m, 4 H); MS m/e 416 |

(MH#),

Compound 5 was prepared as shown in Scheme AA. Intermediate AA2
(0.36 mmol) was swelled with DCE (5 mL), treated with ethyl isonipecotate
{0.36 mmol), DIC (0.72 mmol), and DIEA (0.72 mmol.), and agitated for 16 h.
The solvent was removed, the resin washed (see Example 1), and the ethyl
ester cleaved to the corresponding acid with KOTMS (see Example 1). The
resin was swelled with DMF (5 mL), the acid coupled with methyl 3-amino-3-
methylpropionate (0.36 mmol), and then the synthesis completed as shown
in Example 1. Compound 5 was isolated as a tan glass (0.033 g): TH NMR
(CD30D) 8 4.5(m, 1 H), 4.2(m, 1 H), 3.9 (m, 1 H), 3.3 (m, 2H),3.3(m, 3 H),
3.1 (m, 1 H), 2.9 (m, 3 H), 2.7 (m, 2 H}, 2.4 (m, 2 H), 2.0 (m, 2 H), 1.7 (m, 2 H),

1.5 (m, 6 H), 1.3 (m, 2 H), 1.15 (d, J=9, 3 H); MS m/e 354 (MH*).
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14. The conpound of claim 1,~sel-ect-ed—tom-any of:

y
N- 3- (4- Pi per i di‘nepr opi onyl ) REBEA@EMENBSHEE’[%D 3- phenyl ) propionic acid _
N 3- (4- Pi peri di nenet hyl am nqcqrbonyt =T pecpt Y| - ( 3- ard Peg 2 M:E
propionic acid N 3- (4- Pilper 'é’b*tf‘é*?ﬁéb\ﬁ' okygar bonylrl%tgjllﬁ%ﬁ mﬂ%ﬂﬁﬂ

acid a-methyl ester .
N-3- (4- Pi peri di nepropi onyl ) {py+oli-di-he~3-car ponyl - [ 3-am no-3-(a-totyl )]
propi onic acid
N-3- (4- Pi @es intll)e86RRI AR ik iR "%‘QW n@thmﬁl% j onic acid
N-3- (4- Pi | r‘n 53 Eﬁﬁ’e |

or gpl( oni Lgﬁé' d nedors Ihotgyg“i zlasb%?l %goppt w fllterad and washed wuthé il

N-3- (4- N- (S0wL) RindeMaGNNERY AR} &)fivi-18 BS @ivitita FoWdeh QP17 O s 136l d
N-3- (4-Pi Q@éd@.lﬁ.??{“ﬁl(emézéu Pl g%cgwl THER R B! §4a(c'r7§ 1 H), 6.83 (d.
N- 3- (4- Pi gedi gmeﬁzgﬂdoh;& O IH) psez(myn H)BS&BG (s 23H), B-08 (d(m’%tjbﬁl s{aj yl) ethynyl)]
propi oni cHYC4 §-4 B 1/}@7 @o;c R 09t 2’3 r’g i3 4 dy pr opi oni c
Sf'ogi ohﬁi’ 2'3' (R.'d ﬂ b 2H) 1?3 (d, J-=1(C) {;;H) ?g OQZ k‘ d

m/e 460 (MH+); [a}24o -O.478° {c 1.00, MeOH).

ox
2-1. 7 (m, 11 H); 2

Compound 17 was prepared as shown in Scheme AA. Intermediate AA2
(0.36 mmol) was swelled with DCE (5 mL), treated with msthyl
hexahydroazepine-3-carboxylate + HC! (0.36 mmol), DIC (0.72 mmol), and
DIEA (0.72 mmolL.), and agitated for 16 h. The soivent was removed, the
rasin washed (sae Example 1), and the methyl ester cleaved to the
corresponding acid with KOTMS (see Exampie 1). The resin was swelled
with DMF (5 mL), the acid coupled with methyl 3-amino-3-(3-
quinolinyl)propionate (0.36 mmol), and then the synthesis completed as
shown in Exampie 1. Compound 17 was isolated as a glass (0.10 g): H
NMR (D20) 5§ 9.06 (s, 1 H), 8.9 (m, 1 H), 8.2 (m, 1 H), 8.04 (s, 1 H), 8.0 (t, J=4,
2H),78(t, J=4,2 H),55(m, 1 H),3.8(m, 1 H),3.3(m, 4 H),3.0 (m, 2 H),2.7

(m, 4 H), 2.0-2.4 (m, 6 H), 1.7-1.9 (m, 4 H), 1.1-1.6 (m, 8 H); MS m/e 481
(MH+).

Compound 18, prepared as described in Example 16 starting with Boc-R-
nipecatic acid (7.1 mmol) and mathyl (S)-3-amino-3-(3-quincliny!)propionate
(see exampla AGS'. 7.1 mmol), was isolated as white flakes (1.11 g): mp 142-
144°C; MS mve 467 (MH*); [a]24p -173° (c 0.1, MeOH). Anal. calcd. for
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N- 3- (4- Pi pers.pdmmoase'(erwmma) (ank- MisRRF 95)-3-drhitlc-3- (@%mﬂpé@p@a{éfedy' )]

%08'7?2'1302@30 example AGS5; 6.4 mmol), was isolated as a ‘1-‘5&'?? @@qrp@ggg;@ohd

(1.60 g): mp 74-81°C; MS mv/e 417 (MH*). Anal. caicd. for CasH3zaN404 « 2.1
C2HF302 < 0.7 HO (668.88): C, 47.07; H, 5.35; N, 8.38; F, 17.90; KF, 1.89.
Found: C, 47.08; H, 5.31; N, 8.41; F, 17.68; KF, 2.00.

Methyl Boc-R-nipecotyl-{(S)-2-Z-aminc-3-amino]propionate (prepared from
mathyt N-a.-Z-L-diaminopropionate and Boc-R-nipecotic acid as shown in
Example 16; 9.5 mmol) was dissolved in MeOH (40 mL) and hydrogenated
at 50 psi over palladium hydroxide (0.4 g) for 24 h. The mixture was filtered
and evaporated to give white soiid AH2. AH2 (9.1 mmol) was dissolved in
DCM (100 mL), cooled (5°C), treated with 3-methoxyphenylisocyanate (9.1
mmol) and NMM (9.1 mmol), and stirred for 17 h. The solution was diluted
with sat'd NH,Cl (10 mL), the layers separated, and the organic layer dried,
evaporated to an oil, and purified by silica gel chromatography' (4%
EtOH/DCM) to give AH3. Intermediate AH3 was converted to 22 in four
steps as in Example 16 to afford a white amorphous solid {1.35 g): mp 72-
76°C; 1H NMR (DMSO-dg) 58.7 (m, 3 H), 7.8 (m, 1 H), 7.1 (m, 2 H), 6.8 (d, 1
H),6.5(d, 2H), 3.66 (s, 3H), 3.4 (m, 2H),3.2(d, 2 H), 2.7 (dd, 4 H), 2.3 (m, 3
H), 1.6 (m, 3 H), 1.1-1.7 (m, 11 H); MS m/e 504 (MH+). Anal. calcd. for )
CasH3:NsOg © 1.2 HCl @ 1.0 H,0 (565.37): C, 53.11; H, 7.17; N, 12.39; Cl,
7.53. Found: C, 53.04;H, 7.44;N, 12.14;Cl, 7.66.

Using the same general'éynthesis technique as described in Example

22, the compounds of Examples 26, 28-30 were made according to
Scheme AH recited in the particular -example. For carbamate analogues,
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Compound 28, preparad by reacting 3,5-cimethoxyphenylisocyanate (10.2
mmol) with AK2 (10.2 mmol) as shown in Example 22, was isolated as a
white powder (1.89 g): mp 190-183°C; MS mve 534 (MH*). Anal. calcd. for L
CagHagNsO7 » 1.2 HCI - 0.2 Dioxane (585.40): C, 53.35; H, 7.20; N, 11.96;
Cl, 7.27. Found: C, 53.48; H, 7.38; N, 12.05; Cl, 6.97.

Intermediate AJ1 (5.5 mmol), prepared as shown in Example 16, was dissolved
in DCM (140mL), cooled (5°C), treated with p-nitrophenylchloroformate (5.5
mmol) and NMM (16.5 mmol), and stirred for 2 h.
The mixture was diluted with water (15 mL), the layers separatad and the O
organic layer dried and evaporated to an oil. The oil was dissolved in MeCN
(70 mL), treated with N-Boc-4,4'-bipiperidine (7.5 mmal) and DMAP (5.5
mmol), and heated at reflux for 24 h. The mixture was cooled, evaporated to
a solid, and partitioned between EtOAc (150 mL) and NaOH (1 -N, 20 mi).
The layers were separated, and the organic layer dried, evaporated to a
solid, and purified by silica gel chromatography (8% E{OH/DCM) to give
green glass AJ2 (1.5 mmol). AJ2 was saponified and deprotected as
described in Example 16 to give 27 as a pale yellow powder (0.73 g): mp
121-125°C; MS m/e 472 (MH+). Anal. caicd. for CagH37NsO4 » 3.6 HCI 1.0
Dioxane (630.98): C, 50.41: H, 7.09; N, 10.14; Cl, 18.47. Found: C, 50.80; H,
7.31, N, 10.20; C|, 18.78.
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conbi nat i og HI% th a pharmaceutically acceptable carrier. 27 A met hod
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admnistering to a patient afflicted with such disorder an effective anpunt

of t he cowpersid pois £bagm 1 to treat such disorder. 28. The
nmet hod of Claim 17, wherein the anount is 0.1-300 ny/kg/ day.

wherain qis 1, 2, or 3;

wherain R3 is alkyl, Co-Cg alkenyl, C2-Cg élkynyi. aryl, araikyl or
heteroaryl;

whersin R* is H or alkyl or cycloalkyl;

wherein Z is CO2H, COaalkyl, SOgH, POaH2 , or S-tetrazole; provided
that at least ona of Rs and R1g is hydrogen;

or the enantiomer or the pharmaceutically acceptable salt theraaf.

73

= 2. The compound of claim 1, wherein R5is H, R1g is H or COIN(R1)YZ,
Mis (CH2)m and A is sslected from any of piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, pyrrolidin-2-yl, pyrrolidin-3-yl or

NHR2,

3. The compound of claim 1, whersin Rs is H and R?2 is hydrogen. -

4. The compound of claim 1, wherein Rsis H and mis 1or 2;

5. Tha compound of claim 1, wherain R5 is H and X is C(O).

6. The compound of claim 1, wherein Rs is H and R is hydrogen.
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7. The compeund of claim 1, wherein Hg is H and Y is 4-oxo-nipacstic acid.
8. The compcund of claim 1, whersin Rs is H and g is 1.

9. The campound of claim 1, whersin Rs is H and R3 is aryl.

io. The compound of claim 1'. wherein Rs is H and R4 is hydrogen.

11. The compound of claim 1, wherein Rs is H and Z is CO2H.

12. The compound of ctaim 1, wherein the group C(O)N(R1)YZ is attached
at the 3- or 4-position of the cantral azacycle.

13. The compound of claim 1, wherain tha group C(O)N(R!)YZ is attached
at the 3-pesition of the central azacycle.

14. The compound of claim 1, selected from any of:
N-3-(4-Piperidinepropionyl)-nipecctyl-(3-amino-3-phenyl) propionic acid

N-3 -(4-Piperidin_emethylaminocarbonyl)—nipecotyl-(3-amino—2-methy1)
propionic acid

N—3-(4—Piperidinemethyloxycarbonyl)—nipecotyl-D—aspartic. acid a-methyl ester

N-3-(4-Piperidinepropionyl)- pyrrohdme~3-carbonyl [3-amino-3-(a-totyl)]
propionic acid

N-3-(4-Piperidinepropionyl)-iSonipecotyl-(a-amino-s-methyl) propionic acid

N'3'(4-Ptpendxneproptony!)-lsompecoty(-[s-amtno—s (4-carbcxyphenyl)]
propionic acid B

N-3-(4-N-Methyl-piperidinepropionyl)-nipecotyl-3-aminapropionic acid

N-3-(4-Piperidinepropionyl)-nipacatyl-4-axonipecotic acid
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N-3-(4-Piparidinepropidhyl)-nipacotyl-{3-amino-3-(2-trimethyisilylethynyl)]
propionic acid '

N-(6-Aminccaproyl)-nipecotyl-3-amina-3-(3-pyridyl)propionic acid

N-3-(4-Piperidinepropionyl)-R-{-)-nipecotyl-(3-amino-2-hydroxy) propionic
acid '

N-3-{4-Piperidineethanesulfonyl)-nipecotyl-3-amincpropionic acid
N-3-(4-Piperidinepropionyl)-nipecotyl-5H-(2-aminoethyl)tetrazole

N-3-(4-N-Methyl-piperazinepropionyl)-nipecatyi-[3-amine-3-(3,4-
methylenedioxyphenyl)]propionic acid

N-3-(4-N-Methyl-piperazinepropionyl)-nipecotyi-[{3-amino-3-(3,-
quinolinyt)]propicnic acid

N-3-(4-Piperidinepropionyl)-R-(-)-nipecotyl-{(S}-3-amino-3-(3,4-
methylenedioxyphenytl)]propionic acid

N-3-(4-Piperidinepropionyl)-hexahydroazepine-3-carbonyl-[3-amino-3-(3- -
quinolinyl)]propionic acid

N-3-(4-Piperidinepropionyl)-R-(-)-nipecotyl-{(S)-3-amino-3-(3-
quinolinyi)jpropionic acid

N-3-(4-Pip‘eridinepropionyl)-R—(-)—nipecoty!—{(S)-3-amino-3o(2-t-butylethynﬁ-)]
propionic acid S

N-3-(4-Piperidinepropyi)-nipecotyi-{(S)-3-aminc-3-(3,4-
methylenedioxyphenyi)}propionic acid, and

N-3-(4-Piperidinepropionyl)-R-(-)-nipecotyi-{(S)-3-amino-3-(3-pyridyl}]
propionic acid.
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