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IITLE OF THE INVENTION

NOVEL SULFONAMIDE FIBRINOGEN RECEPTOR ANTAGONISTS

A Y

BACKGROUND OF THE INVENTION

The present invention provides novel
compounds, novel compositions, methods of their use
and methods of their manufacture, such compounds
being generally pharmacologically useful as
anti-platelet aggregation agents in various vascular
pathologies. The aforementioned pharmacologic
activities are useful in the treatment of mammals.
More specifically, the sulfonamide compounds of the
present invention act by blocking the molecular
receptor site of the protein fibrinogen. - Fibrinogen
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is a glycoprotein that circulates in the blood
plasma, and whose platelet receptor site is
glycoprotein IIb/IIXa. By blocking the action of
fibrinogen at the receptor (glycoprotein IIb/IIIa),
the compounds of the present invention interfere with
platelet aggregation, which is a cause of many
vascular pathologiés. At the present time, there is
a need in the area of vascular therapeutics for such
a fibrinogen receptor blocking agent. By interfering
with hemostasis, such therapy would decrease the
morbidity and mortality of thrombotic disease.

Hemostasis is the spontaneous process of
stopping bleeding from damaged blood vessels.
Precapillary vessels contract immediately when cut.
Within seconds, thrombocytes, or blood platelets, are
bound to the exposed matrix of the injured vessel by
a process called platelet adhesion. Platelets also
stick to each other in a phenomenon known as platelet
aggregation to form a platelet plug. This platelet
plug can stop bleeding quickly, but it must be
reinforced by the protein fibrin for long-term
effectiveness, until the blood vessel tear can be
permanently repaired by growth of fibroblasts, which
are specialized tissue repair cells.

An intravascular thrombus (clot) results
from a pathological disturbance of hemostasis. The.
thrombus can grow to sufficient size to block off
arterial blood vessels. Thrombi can also form in
areas of stasis or slow blood flow in veins. Venous
thrombi can easily detach portions of themselves
called emboli that travel through the circulatory
system and can result in blockade of other vessels,
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conpounds, novel conpositions, nmethods of their use and net hods of their
manuf act ure, such conpounds 25 bei ng generally phar macol ogi cal | y useful as

anti-pl atel et aggregati on agents in various vascul ar pat hol ogi es. The
af orgnenti oned phar nmacol ogi c activities are useful in the treatnent of
manmal s. More specifically, the sul fonam de conpounds of the 30 present
I nvention act by bl ocking the nol ecul ar receptor site of the protein
fibrinogen. Fibrinogen - 2-
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such as pulmonary arteries. Thus, arterial thrombi
cause serious disease by local blockade, whereas
venous thrombi do so primarily by distant blockade,
or embolization. These diseases include venous

5 thrombosis, thrombophlebitis, arterial embolism,
coronary and cerebral arterial thrombosis and
myocardial inf#rction,_stroke,_cerebral embolism,
kidney embolisms and pulmonary embolisms.

There is a need in the area of

10 cardiovascular and cerebrovascular therapeutics for
an agent which can be used in the prevention and
treatment of thrombi, with minimal side effects,
including unwanted prolongation of bleeding in other
parts of the circulation while preventing or treating

15 target thrombi. The compounds of the present
invention meet this need in the art by providing
therapeutic agents for the prevention and treatment
of thrombi.

The compounds of the present invention show

20 efficacy as antithrombotic agents by virtue of their
ability to block fibrinogen from acting at its
platelet receptor site and thus prevent platelet
aggregation.

25

30
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Is a glycoprotein that circulates in the blood pl asma, and whose

pl at’el et receptor site is gl ycoprotein IIb/Illa. By blocking the action
of fibrinogen at the receptor (gl ycoprotein Ilb/lIlla), 5 the conpounds
of the present invention interfere with pl at el et aggregation, which is a
cause of many vascul ar pathol ogies. At the present tine, there is a
need in the area of vascul ar therapeutics for such a fibrinogen receptor
bl ocki ng agent. By interfering 10 with henostasis, such therapy would
decrease the dity and nortality,of thrombotic dis

Henost asi s is4?ﬁgg§€%ntaneous process 09 st oppi ng bleeg ;g7FPOn1danaged
bl ood vessel s. Precaplllary vessel s contract immedi ately when cut. 15
Wt hin secondggmirRRe 3 aRd platelets are bound to the

exposed matri’X O [ ' process call ed_pl atel et
adhesi on. Platelets algbe Pfgﬁﬁék iﬁvéﬁﬁhoﬂtﬁ@latﬁsatBhEHUFQnon known as

pl atel et asaﬁfaaﬁaenhaexﬁgrﬁhé géﬁéehst srigtuFhilseBkabeher ;20 plug can

p ' &

stop bl eedi ng qur ckly, must
S
Ra
CHy)p R
80,
(c}%)p
R’ R
and the pharmaceutically aceptable salts thereof,
wherein
15 Rl is,
a four to eight member heterocyclic ring
containing 1, 2 ,3 or 4 heteroatoms wherein
said hetero atoms are N, 0 or S and wherein
said hetero ring is optionally substituted
20 at any a:om by H, R® or R7; yrér7
I il
ROR7N-8-; R6RN-C-NH-; or R6-C-NR7-;
g‘“’z)n CH)n
25 s OT
N
RG
wherein RS aﬁd R’ are independently
30 hydrogen and unsubstituted or substituted Cp.jo alkyl

and cycloalkyl wherein said substituents are
C1-10 alkoxy, '
Ci1-10 alkoxyalkyl,
Cy-10 alkoxyalkyloxy,
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reinforced by the protein fibrin for long-term effectjveness, until the
bl ood vessel tear can be pernmanently repaired by growt h of flbroblasts
whi ch are specialized tissue repair cells. 25 An intravascul ar
thrqabus (clot) results from a pathol ogi cal disturbance of henostasis.
The t hrombus can grow to sufficient size to block off arterial blood
vessels. Thronmbi can also formin areas of stasis or slow blood flow in
veins. Venous 30 thronbi can easily detach portions of thenselves call ed
embol i that t¢BHRSP24rough the circulathry system and L8WO7ESult in
bl ockade of other vessels,

Ci-10 alkoxycarbonyl,

C3-10 alkylcarbonyl,

C4-10 aralkylcarbonyl,

Cy.i0 alkylthiocarbonyl,

5 Ci-10 aralkylth1ocarbony1

thiocarbonyl,

C1_10.alkoxythiocarbonyl,

aryl,

a 5 to 6 membered saturated heterocyclic

10 ring containing 1,2,3 or 4 hetero atoms
wherein said heterocatoms are taken from the

group consisting of N, 0 and S,

" C1_4 alkanoylamino,
15 Ci.¢ alkoxycarbonyl-Cy_g alkylamino,
Ci-10 alkylsulfonylamino,
C4-10 aralkylsulfonylamino,
C4-10 aralkyl,
Ci-10 alkaryl,
20 C1-10" alkylthio,
C4-10 aralkylthio,
Ci-10 alkylsulfinyl,
Cs-10 aralkylsulfinyl,
Ci-10 alkylsulfonyl,
25 C4-10 aralkylsulfonyl,
aminosulfonyl,
Ci-10 alkylaminosulfonyl,
C4-10 aralkylsulfonylamino,
oxo, '
30 thio,
unsubstituted and mono- and di-substituted
l-ethenyl, 2-ethenyl and 3-propenyl wherein

_—
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-3- such as pulnonary arteries. Thus, arterial thronbi cause serious

di sease by | ocal blockade, whereas venous thronbi do so primarily by

di stant bl ockade, or enbolization. These di seases include venous 5

t hranbosi s, thronmbophl ebitis, arterial enbolism coronary and cerebral
arterial thronbosis and nyocardi al infarction, stroke, cerebral

enbol i sm ki dney enbol i snms and pul nonary enbol i sns. There i s
a need in the area of 10 cardi ovascul ar and cerebrovascul ar therapeutics
for an agent which can be used in the prevention and atnent of
thronbi, witH3BNEAR side effects, = &mtluding unwant edl%i% Fhgation of

bl eedi ng i n ot her parts of the C|rculat|on whil e preventing or treating

15 target thronbi. The p unds, of the prese entiqn nmeet this
need in the art by pr {%ﬁ:sq:ltuents éjre lerfected nf/rom '&)

group consisting of hydrogen, Ci-10 alkyl
and C4_10 aralkyl,
carboxy,
5 hydroxy,
' amino,.
Ci1-¢ alkylamino,
C1-¢ dialkylamino,
halogen, where halogen is defined as F, C1,
10 Br or I, '
' nitro, and
cyano,

and further wherein said N can additionally be

15 substituted to form a quaternary ammonium ion wherein
said substituent is as previously defined for R® and
R7;

20 RZ and R3 are independently
hydrogen,
aryl and
unsubstituted and substituted CO 10 alkyl
and cycloalkyl wherein said substituent is
25 C1-10 alkoxyalkyl,
a 4 to 8 membered saturated heterocyclic
~ ring system containing 1, 2, 3 or 4
heteroatoms, wherein said heteroatoms are
taken from the group consisting of N, 0 and
30 S,
C4_10 aralkyl,
C1-10 alkaryl,
C1_10 alkylthio,
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t herapeutic agents for the preventi-on and treat nent of thronbi.
The “conpounds of the present. invention show 20 efficacy as antithronbotic

agents by virtue of their ability to block fibrinogen fromacting at its
pl atel et receptor site and thus prevent platelet aggr egati on. 25
30
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R4 is

aryl,

Ci-10
Cs-10
C1-10
Ci-10
C1-10
C1-10
Ci-10

Cs-10

C4-10 aralkylthio,

Ci-10 3lkylsulfinyl,

C4_10 aralkylsulfinyl,
C1-10 alkylsulfonyl,

C4-10 aralkylsulfonyl,
carboxy,

Ci1-10 alkylcarbonyl,

Ci-10 alkylthiocarbonyl,
C4-10 aralkylcarbonyl,
Cs-10 aralkylthiocarbonyl,
Ci.¢ alkoxycarbonyl,

C4-10 aralkoxycarbonyl,
Ci_¢ alkoxy,

C1-¢ alkoxycarbonyl-Cj_, alkyl,
C4-10 aralkoxycarbonyl-Cy_g4 alkyl,
C4-10 aralkoxy,
' C1_¢ alkylamino,

Cy.312 dialkylamino,

C1_¢ alkanoylamino,

C4-10 aralkanoylamino,
Cs4-10 aralkylamino,

alkyl or cycloalkyl
aralkyl,
alkoxyalkyl,
alkaryl,
alkylthioalkyl,
alkoxythioalkyl,
alkylamino,
aralkylamino,
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-4- SUMVARY OF THE | NVENTI ON The present invention relates to
novel conpounds having the general structural fornula I|: 5 Jerr]

N
e

43 /RSP24 -8 - 18197IA

Ci.10 alkanoylamino,
C4-10 aralkanoylamino
C1-10 alkanoyl,
C4.-10 aralkanoyl, and

5 unsubstituted or substituted Cj_jo carboxyalkyl
wherein said sqbstitﬁent is aryl or Cy_39
aralkyl;nfﬁrther wherein any of the substituents
for R4 may be substituted by substituents
selected from the group as defined for Rs;

10
R is
a four to eight member saturated or unsaturated
heterocyclic ring containing 1, 2, 3 or 4
15 heterocyclic atoms wherein said heteroatoms are
‘N, O and S and
8
-C-R8,
20 E 8 \ 3 8
-C-R%, wherein R® is
hydroxy,
Cy-10 alkyloxy,
25 - Cy_3j0 alkaryloxy,

C4-10 aralkyloxy,
C4-10 aralkylcarbonyloxy,
Ci-10 alkoxyalkyloxy,
C1-10 alkoxyalkylcarbonyloxy,
30 Ci-10 alkoxycarbonylalkyl,
Ci-10 alkylcarbonyloxyalkyloxy,
an L- or D-amino acid joined by an amide
linkage or

"l



10 and the pharmaceutically aceptable salts thereof,. wherein R err]

is, 15 a four to eight nenber heterocyclic ring
containing 1, 2 ,3 or 4 heteroatons wherein said hetero atons are
N, Q@ or S and wherein said hetero ring is optionally substituted
20 at any atomby H Rerr] or Rerr]; NRerr]Rerr]
[err]; [err]; or [err]; 25

43 /RSP24 -9 - 181971A

an L- or D-amino acid joined by an amide
linkage and wherein the carboxylic acid
moiety of said amino acid is esterified by
Ci-¢ alkyl or C4_jo aralkyl,

5
-P—0R9
0
]

10 -P-0R?,
5R10,

wherein R% and R0 are selected from the group
consisting of hydrogen, C;_jo alkyl and C4_jq aralkyl;

15 X and Y are independently

NRS,
o,
0 S OH
i y i
s, s0, -C-; ~-C-; —CH-
20 SOZ ’ *
R6R7
~C=C-~,
25 -C=C-,

a 4- to 8-membered ring containing 0,1,2,3, or 4
heteroatoms chosen from N, O and S, wherein said
ring is independently substituted at any atom

30 with RS,

aryl,

This Sheet Has Been Re’place
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wherein Rlerr] and Rlerr] are independently 30 hydrogen and unsubstituted

or substituted Cerr] alkyl and cycl oal kyl wherein said substituents are
C err] al koxy, C err] al koxyal kyl , derr]
al koxyal kyl oxy, ' -5-
43 /RSPZ4 - = 10 - 181971IA
o
i . 6 6
P Huf’/ ' ~-NR®S09-; ~-SOpNR°-; or
5 o '
\ﬁuf;’c‘\
10 2 is an optional substituent that, when present, is

independently chosen as defined for X and Y;
m is an integer of from zero to ten;
n is an integer of from zero to ten; and
p is an integer of from zero to three.

A preferred group of compounds of the
present invention are those defined for general
structural formula II as:

15

3

* ' R
CH,) .R
RN
Y (CH)p
/(CHz)m\x/ 2 I
R : COzR"
25
wherein
‘ Rl is
30 a five to six member heterocyclic ring wherein

said heteroatoms are N, O or S and wherein said
heterocyclic ring is optionally substituted by

This Sheet Has Been Re,p
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( err] al koxycar bonyl, Clerr] al kyl carbonyl, Jerr]

ar al kyl car bonyl , Clerr] alkylthiocarbonyl, 5 Cerr]
ar al kyl t hi ocar bonyl , t hi ocar bonyl , ' derr]
al kexyt hi ocar bonyl , : aryl, a5 to 6 nmenbered
saturated heterocyclic 10 ring containing 1,2,3 or 4 hetero atons
wherein said heteroatons are taken fromthe group consi sting of
N, 0 and S, derr] alkanoy m no, ]
alkoxycarbonyﬁ3éP§P?f al kyl am no, hi C[err] alkyﬁggbﬁaﬁylanino,
Clerr] aral kyl sul fonyl am no, _ Clerr] aralkyl, ~(err]
alkaryl, 20 Cl_scgik&h;abgylthlo, _ C[err] aral kyl t hi o,
NRSR7 wherein R® and R’ are independently
hydrogen,
unsubstituted or substituted C;_jo alkyl
5 - wherein said substituent is
Ci-10 alkoxycarbonyl,
aryl;

Cop-5 dialkylamino-C;_jq alkyl,
Ca-10 aralkyl,

10 and further wherein said N can additionally be
substituted to form a quaternary ammonium ion wherein
gaid substituent is as previously defined for R® and
R7;

15 RZ and R3 are
hydrogen and
Ci-4 alkyl, C4_q10 aralkyl;

R% is
20 aryl, .

C1-10 3lkyl or cycloalkyl,
C4_10 aralkyl,
C1-10 alkoxyalkyl,
Cl—lO alkaryl,

25 unsubstituted or substituted Cj_jo carboxyalkyl
wherein said substituent is aryl, C;_g alkyl, or
C4-10 aralkyl;

Rl ig
30 hydrogen or
Ci-10 alkyl;
X and Y are independently
aryl,
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Clerr] alkylsulfinyl, Clerr] aral kyl sul finyl,

Cerr] alkylsulfonyl, 25 . ( err] aral kyl sul fonyl, .

am nosul f onyl , C err] al kyl am nosul fonyl, - derr]
ar aikyl sul fonyl am no, oxo, 30 t hi o,

unsubstituted and nono- and di-substituted 1- et henyl, 2-ethenyl

~and 3-propenyl wherein

43/RSP24 ' - 12 - 18197IA

0, S0y,
0 0
. [
~CH=CH-; -CNRS-; -NR6C-; SO,NR6-; or -NRSsO,

5 -a 5 or 6-membered ring containing 0,1 or 2
heteroatoms chosen from N or 0;

Z is an optional substituent that, when present, is
0, S0,, -NRbCO-, -CONRS-,
10 Ci_jpo straight or branched alkyl;

m is an integer of from zero to eight;
n is an integer of from zero to two; and
p is an integer of from zero to two.
15
A more preferred group df'compounds of the
present invention are those defined for general '
structure formula III as

20

25 R'-(CH) (+ X-Y-Z CO.H
wherein

30
Rl is

a five or six membered heterocyclic ring wherein
said heteroatoms are N and O and wherein said
heterocyclic ring is optionally substituted by

Ci-5 alkyl;
This Sheet Has Been Replaced




- 6- said substituents are selected fromthe gr oup
consisting of hydrogen, CJerr] alkyl and (err] aral kyl,

car boxy, 5 hydr oxy, ~amno , ’ Cerr]

al kyl am no, C err] dialkyl am no, _ hal ogen, where

hal ogen is defined as F, d, 10 ’ Br or I, nitro, and
cyano, and further wherein said N can additionally be 15 substituted to
form a quaternary anmoni um i on wherein said substituent is as previously
defined for RygyRsraid - 13 - 18197IA

10

15

20

25

30

NROSR7 wherein R® and R7 are independently
Ci-10 alkyl, or
C4-10 aralkyl
and further wherein said N can additionally be
substituted to form a quaternary ammonium ion wherein
said stubstituent is as previously defined for R® and
R7; A .

R4 is
aryl, _
C1-10 alkyl or cycloalkyl, or
C4_10 aralkyl;

X and Y are independently -

phenyl
0, S04
Q 9
-CNR6-;  -nmRrSC-

or a 5- or 6- membered ring containing 0 or 1
heteroatoms chosen from N or O;

Z is an optional substitutent that, when present, is
0, S0,, -NR®CO-, -CONR®-, or -CH,-; and

m is an integer of from zero to six.

DETAILED DESCRIPTION OF THE INVENTION

| The term ''pharmaceutically acceptable salts*
shall mean non-toxic salts of the compounds of this
invention which are generally prepared by reacting
the free base with a suitable organic or inorganic
acid. Representative salts include the following

This Sheet Has Been RTlaced
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Rerr]; 20 Rlerr] and R err] are independently hydr ogen,
aryr and unsubstituted and substituted Cferr] al kyl

and cycl oal kyl wherein said substituent is 25 C([err] al koxyal kyl,
aryl, a 4 to 8 menbered saturated heterocyclic ring
systemcontaining 1, 2, 3 or 4 het er oat ons, wherein said

het eroat ons are taken fromthe grdup consisting of N, 0 and 30

S, C.err] aral kyl, Cerr] alkaryl,
| k
cerrl alkylth Mspoa - 14 - 18197IA

salts:

Acetate
Benzenesulfonate

5 Benzoate
Bicarbonate:
Bisulfate
Bitartrate
Borate

10 Bromide
Calcium Edetate
Camsylate
Carbonate
Chloride

15 Clavulanate
Citrate
Dihydrochloride
Edetate
Edisylate

20 Estolate

' Esylate

Fumarate
Gluceptate
Gluconate

25 Glutamate
Glycollylarsanilate
Hexylresorcinate
Hydrabamine
Hydrobromide

30 Hydrochloride
Hydroxynaphthoate
Iodide

" This Sheet Has Been Replaced




-7- Clerr] aral kylthio, Clerr]

al kyl sul fi nyl, : d err] .aral kyl sul finyl,

Cerr] alkylsulfonyl, 5 C err] aral kyl sul fonyl,

car hoxy, C err] al kyl carbonyl, derr]
al kyl t hi ocar bonyl C err] aral kyl carbonyl, 10

C err] aral kyl t hi ocarbonyl, C err] al koxycarbonyl

43/RSP24 - 15 - . 18197IA

Isothionate
Lactate
Lactobionate
Laurate

5 Malate
Maleate .
Mandelate
Mesylate
Methylbromide

10 ~ Methylnitrate
Methylsulfate
Mucate
Napsylate
Nitrate

15 - QOleate
Oxalate
Pamaote
Palmitate
Pantothenate

20 Phospﬁateldiphosphate
Polygalacturonate
Salicylate
Stearate
Subacetate

25 ' Succinate
Tannate
Tartrate
Teoclate
"Tosylate

30 Triethiodide
Valerate

I
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Clferr] aral koxycarbonyl, Clferr] al koxy,

C err] al koxycarbonyl-Cerr].alkyl, 15 Cerr]

ar al koxycarbonyl -Cferr] al kyl, C err] aral koxy,

Clerr] al kyl am no, Clerr] dialkylam no,

Clerr] al kanoyl am no, 20 Cl err] aral kanoyl am no,

C err] aral kyl am no, Rerr] is aryl, 25 Cerr] alkyl or
cycl oal kyl , Cerr] aral kyl, C err] al koxyal kyl ,

derr] alkar derr] aIkyIthloaIkyI 30 C[er h
alkoxythloalk?3lRSP24 Cerr] al kylantfor - 18197IA

The term "pharmacologically effective
amount' shall mean that amount of a drug or
pharmaceutical agent that will elicit the'biological
or medical reponse of a tissue, system or animal that

5 1is being sought by a researcher or clinician. The
term "anti—coagulaﬁt agent" shall include aspirin,
heparin and warfarin. The term "fibrinolytic agent"
shall include streptokinase and tissue plasminogen
activator.

10 . The term "aryl'" shall mean a mono- or
polycylic ring system composed of 5- and 6- membered
aromatic rings containing 0, 1, 2, 3, or 4
heteroatoms chosen from N, 0, and S and either
unsubstitutued or substituted with R6.

15 The term "alkyl' shall mean straight or
branched chain alkane, alkene or alkyne.

The term "alkoxy' shall be taken to include
an alkyl portion where alkyl is as defined above.

The terms "aralkyl'" and "alkaryl" shall be

20 taken to include an alkyl portion where alkyl is as
defined above and to include an aryl portion where
aryl is as defined above.

The term "halogen'" shall include fluorine,
chlorine, iodine and bromine.

25 . The term '"oxo' shall mean the radical =0..

The term '"'thio"™ shall mean the radical =S.

Compounds of the invention may be
administered to patients where prevention of .
thrombosis by inhibiting binding of fibrinogen to the

30 platelet membrane glycoprotein complex IIb/IIIa
receptor is desired. They are useful in surgery on
peripheral arteries (arterial grafts, carotid

This Sheet Has Been Rerlaced
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Clerr] aral kyl ami no, C err] al kanoyl am no,

Clerr] aral kanoyl am no Clerr] al kanoyl, @ err] aral kanoyl,
and 5 unsubstituted or substituted C[err] carboxyal kyl
43/RSP24 - 17 - 18197IA

o’
endarterectomy) and in cardivascular surgery where
manipulation of arteries and organs, and/or the
interaction of platelets with artificial surfaces,
leads to platelet aggregation and consumption. The

5 aggregated platelets may form thrombi and
thromboemboli. They may be administered to these
surgical patients to prevent the formation of thrombi
and thromboemboli.

Extracorporeal circulation is routinely used

10 for cardivascular surgery in order to oxygenate
blood. Platelets adhere to surfaces of the
extracorporeal circuit. Adhesion is dependent on the
interaction between GPIIb/IIIa on the platelet
membranes and fibrinogen adsorbed to the surface of

15 the circuit. (Gluszko et. al., Amer. J. Physiol., '
1987, 252:H, pp 615-621). Platelets releaSed from
artificial surfaces show impaired hemostatic
function. Compounds of the invention may be
administered to prevent adhesion.

20 Other.application of these compounds include
prevention of platelet thrombosis, thromboembolism
and reocclusion during and after.thrombolytic therapy
and prevention of platelet thrombosis,
thromboembolism and reocclusion after angioplasty of

25 coronary and other arteries and after coronary artery
bypass procedures. They may also be used to prevent
mycocardial infarction.

The compounds of the present invention can
be administered in such oral dosage forms as tablets,

30 capsules, pills, powders, granules, elixers,
tinctures, suspensions, syrups and emulsions.
Likewise, they may also be administered in

This Sheet Has Been Reﬂlaced
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wherein said substituent is aryl or Clerr] aral kyl; further wherein

any of the substituents _ for Rlerr] may be substifuted by
substituents selected fromthe group as defined for Rerr]; 10
Rers] is a four to eight nenber saturated or unsaturated
heterocyclic ring containing 1, 2, 3 or 4 15 het er ocycl i c atons wherein
sai d. heteroatons are N, 0 and S and [err], 20

[err], wherein Rerr] is hydr oxy, C err] al kyl oxy,
25 Q§rhdpah karyloxy, 18 - 18197IA

intravenous, intraperitoneal, subcutaneous or
intramuscular form, all using forms well known to
those of ordinary skill in the pharmaceutical arts.
An effective but non-toxic amount of the compound

5 desired can be employed as an anti-aggregation agent.

The dosage regimen utilizing the compounds

of the present invention is selected in accordance
with a variety of factors including type, species,

. age, weight, sex and medical condition of the

10 patient; the severity of the condition to be treated;
the route of administration; the renal and hepatic
function of the patient; and the particular compound
or salt thereof employed. "An ordinarily skilled
physician or veterinarian can readily determine and

15 prescribe the effective amount of the drug required
to prevent, counter or arrest the progress of the
condition. .

Oral dosages of the present invention, when
used for the indicated effects, will range between

20 about 0.01 mg ﬁer kg of body weight per day
(mg/kg/day) to about 100 mg/kg/day and preferably
1.0-100 mg/kg/day and most preferably 1.0 to 50
mg/kg/day. Intravenously, the most preferred doses
will range from about 1 to about 10 mg/kg/minute

25 during a constant rate infusion. Advantageously, _

" compounds of the present invention may be
administered in a single daily dose, or the total
daily dosage may be administered in divided doses of
two, three or four times daily. Furthermore,

30 preferred compounds for the present invention can be

This Sheet Has Been Rep
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Clerr] aral kyl oxy, Clerr] aral kyl car bonyl oxy,

C err] al koxyal kyl oxy, : ( err] al koxyal kyl carbonyl oxy, 30
C err] al koxycar bonyl al kyl , C err] al kyl carbonyl oxyal kyl oxy,
an L- or D-amino acid joined by an am de | i nkage or
-O-
43/RSP24 - 19 - | 18197IA

administered in intranasal form via topical use of
suitable intranasal vehicles, or via transdermal
routes, using those forms of transdermal skin patches
well known to those of ordinary skill in that art.

5 To be administered in the form of a transdermal
delivery system, the dosage administration will, of
course, be continudus rather than intermittant
throughout the dosage regimen.

In the methods of the present invention, the

10 compounds herein described in detail can form the
active ingredient, and are typically administered in
admixture with suitable pharmaceutical diluents,
excipients or carriers (collectively referred to
herein as ‘'carrier' materials) suitably selected with

15 respect to the intended form of administration, that
is, oral tablets, capsules, elixirs, syrups and the
like, and consistent with conventional pharmaceutical
practices.

For instance, for oral administration in the

20 form of a tablet or capsule, the active drug
component can be combined with an oral, non-toxic,
pharmaceutically acceptable, inert carrier such as
lactose, starch, sucrose, glucose, methyl cellulose,
magnesuim stearate, dicalcium phosphate, calcium

25 sulfate, mannitol, sorbitol and the like; for oral
administration in liquid form, the oral drug
components can be combined with any oral, non-toxic,
pharmaceutically acceptable inert carrier such as
ethanol, glycerol, water and the like. Moreover,

30 when desired or necessary, suitable binders,
lubricants, disintegrating agents and coloring agents
can also be incorporated into the mixture. Suitable
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an L- or D-amno acid joined by an am de | i nkage and wher ei n

the carboxylic acid _ noi ety of said amno acid is esterified by
Cerr] alkyl or CJerr] aralkyl, 5 [err], 10 [err],
wherein R err] and R err] are selected fromthe group consi sting of
hydrogen, Cerr] alkyl and Cferr] aral kyl; 15 X and Y are independently
NR[err], 0] S, SO [err]; [err]; [err]

43/RSP24 - 20 - 181971IA

binders include starch, gelatin, natural sugars such
as glucose or beta-lactose, corn sweeteners, natural
and synthetic gums such as acacia, tragacanth or
sodium alginate, carboxymethylcellulose, polyethylene

5 glycol, waxes and the like. Lubricants used in these
dosage forms include sodium oleate, sodium stearate,
magnesium stearate, sodium benzoate, sodium acetate,
sodium chloride and the like. Disintegrators
include, without limitation, starch, methyl

10 cellulose, agar, bentonite, xanthan gum and the like.

The compounds of the present invention can
also be administered in the form of liposome delivery
systems, such as small unilamellar vesicles, large
unilamellar vesicles and multilamellar vesicles.

15 Liposomes can be formed from a variety of
phospholipids, such as cholesterol, stearylamine or
phosphatidylcholines.

Compounds of the present invention may also
be delivered by the use of monoclonal antibodies as

20 individual carriers to which the compound molecules
are coupled. The compounds of the present invention
may also be coupled with soluble polymers as
targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer,

25 polyhydroxypropylmethacrylamide-phenol,
polyhydroxyethylaspartamide-phenol, or
polyethyleneoxide-polylysine substituted with
palmitoyl residues. Furthermore, the compounds of
the present invention may be coupled to a class of

30 biodegradable polymers useful in achieving controlled
release of a drug, for example, polylactic acid,
polyglycolic acid, copolymers of polylactic and
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20 Sderr], [err], 25 -Cerr]C, a4- to

8-menbered ring containing 0,1,2,3, or 4 het er oat ons chosen from N,
0 and S, wherein said ring i s independently substituted at any atom
30 - with Re, aryl,

43/RSP24 - 21 - 181971A

polyglycolic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanocacrylates
and cross-linked or amphipathic block copolymers of

s hydrogels. : '

The compounds of the present invention can
also be co-administered with suitable anti-coagulant
agents or thrombolytic agents to achieve synergistic
effects in the treatment of various vascular

10 pathologies. '

The compounds of formula I can be prepared
readily according to the following reaction Schemes
and Examples or modifications thereof using readily
available starting materials, reagents and

15 conventional synthesis procedures. In these
reactions, it is also possible to make use of
variants which are themselves known to those of
ordinary skill in this art, but are not mentioned in
greater detail,

20 The most preferred compounds of the
invention are any or all of those specifically set
forth in these examples. These compounds are not,
however, to be construed as forming the only genus
that is considered as the invention, and any

25 combination of the compounds or their moieties may
itself form a genus. The following exampleé further
illustrate details for the preparation of the
compounds of the present invention. Those skilled in
the art will readily understand that known variatioms

30 of the conditions and processes of the following
preparative precedures can be used to prepare these
compounds. All temperatures are degrees Celsius

aced
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- 10 - [err]; -NR[err]SOerr] -
-SC{err]NR[err] or 5 [Jerr] Z is an optional substituent that, when
present i's '

43 /RSP24 - 22 - 18197IA

unless noted otherwise.
Reagent symbols have the following meanings:

BOC: t-butyloxycarbonyl
Pd-C: Palladium on activated carbon
5 - catalyst
DMF: - .Dimethylformamide
DMSO: - Dimethylsulfoxide
CBZ: Carbobenzyloxy
CH,Cly: Methylene chloride
10 CHClqy: Chloroform
EtOH: Ethanol
MeOH: Methanol
EtOAc: Ethyl acetate
HOAc: Acetic acid
15 THF: Tetrahydrofuran

The source for the following compounds is as
shown:

20

r
1. BocN,

25 jg5 described below.

E:::r/~\v/{ﬂi, Fg:::r/~\,/{n{
HN | " Boc-

2~(4-N-t-Butyloxycarbonylpiperidinyl)ethanol

30
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10 independently chosen as defined for X and Y; mis an integer of from

zero to ten; nis an integer of fromzero to ten; and p is.an integer of
fromzero to three. 15 A preferred group of conmpounds of the
present invention are those defined for general structural fornula I
as: [err] 20 25

43 /RSP24 - 23 - 18197IA

4-Piperidine-~2-ethanol (Available from
Aldrich) (130 g, 1.0 mole) was dissolved in 700 mL
dioxane, cooled to 0° C and treated with 3 N NaOH
(336 mL, 1.0 mole), and di-t-butylcarbonate (221.8 g,
5 1.0 mole). The ice bath was removed and the reaction
stirred overnight. The reaction was concentrated,
diluted with water and extracted with ether. The
ether layers were combined, washed with brine, dried
over MgS0O,, filtered and evaporated to give 225.8 g
10 of product (98%).

Rg = 0.37 in 1:1 EtOAc/Hexanes, ninhydrin stain

1p NMR (300MHz, CDCl3) & 4.07 (bs, 2H), 3.7 (bs, 2H),
1s 2.7 (t, J = 12.5 Hz, 2H), 1.8-1.6 (m, 6H), 1.51 (s,
9H), 1.1 (ddd, J = 4.3, 12.5, 12 Hz, 2H).

1. DMSO, Oxalyl
Chloride

2. Carbomet hoxy-
triphenylphos-

H phorane - -
laoc-n'!:::]/\/o . Boc_hg::]/ﬁ\V/N\bCth%

25

Methyl 4-(4-N-t-butyloxycarbonylpiperidinyl)-

30 but-2-enoate
- Oxalyl chloride (55.8 mL, 0.64 mole) was
dissolved in 1 L CH»Cl, and cooled to -78° C under
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wher ein Rlerr] is 30 a five to six nenber heterocyclic ring wherein
said heteroatonms are N, 0 or.S and wherein said heterocyclic ring is
optionally substituted by

43/RSP24 - 24 ~ 181971A

N,. DMSO (54.2 mL, 0.76 mole) was added dropwise.
After gas evolution had ceased, 2-(4-N-t-butyloxy-
carbonylpiperidinyl)ethanol (102.5 g, 0.45 mole)
dissolved in 200 mL CH,Cl, was added over 20
5 minutes. After stirring an additional 20 minutes,_
triethylamine (213 mL, 1.53 mole) was added dropwise
and the cold bath removed. After 1 and 1/2 hours TLC
showed starting material gone. Carbomethoxytri-
phenylphosphorane (179 g, 0.536 mole) was added and
10 the reaction stirred overnight. The solution was
diluted with 300 mL Et,0, extracted once with 800 mL
H,0, twice with 300 mL 10% KHSO; solution, then once
with 300 mL brine. The organic layer was dried over
MgSO,, filtered and evaporated. Column |
15 chromatography (Si0p, 5% EtOAc/Hexanes) yielded 78.4
g (62%) of pure methyl 4-(4-N-t-butyloxy-
carbonylpiperidinyl) but-2-enoate.
s MR (300MHzZ, CDCl3) & 6.9 (ddd J = 15.6, 7,6, 7.6
Hz, 1H), 5.8 (d, J = 15.6 Hz, 1H), 4.0 (bs, 2H), 3.7
20 (s, 3H), 2.6 (¢, J = 12.6 Hz, 2H), 2.1 (t, J = 7.4
Hz, 2H), 1.7-1.4 (m, 3H), 1.4 (s, 9H), 1.1 (m, 2H).

25 | 1.H/Pd on C
2. NaOH

3. BH, .
0;CHy 4, ,
BOC_N(:(\’/'\:: (CsHs)sP, CBr, BOC_NO/WB

30
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Cferr] al kyl; or NR[err]Rerr] wherein Rerr] and R err] are

i ndependent |y hydr ogen, unsubstituted or
substituted Cerr] alkyl 5 wherein said substituent is

( err] al koxycar bonyl aryl ; derr]

di al kyl am no-Cf err] al kyl, Clerr] aralkyl, 10 and further
wherein said N can additionally be substituted to forma quaternary
anmoni um i on wherein said substituent is as previously defined for R6
and Rerr]; 15 Rlerr] and Rlerr] are hydr ogen and

Clerr] al kyl ,43)R8R24 ar al kyl ; Rl efr35is 18197IA

4—(4—N—t—Butyloxycarbonylpiperidinyl)bﬁtyl bromide
Methyl 4-(4-N-t-butyloxycarbonylpiperidin-

yl)but-2-enoate (36.2 g, 0.128 mole), was dissolved
in 500 mL EtOAc. 10% Palladium on carbon (10 g) was

5 added as a slurry in EtOAc and the reaction was
placed under Hy (in a balloon) overnight. The
reaction was filtered through Solka-~Floc, the cake
washed with EtOAc and the ethyl acetate evaporated to
give 34.7 g (90%) of methyl 4-(4-N-t-butyloxycarbonyl-

10 piperidin-4-yl)butanocate. TLC Re = 0.69 in 30%
EtOAc/Hexanes.

1§ NMR (300MHz, CDCl3) & 4.0 (bs, 2H), 3.6 (s, 3H),
2.60 (t, J = 12.3 Hz, 2H), 2.20 (t, J = 7.4, 2H), 1.6

15 (m, 4H), 1.40 (s, 9H), 1.40 (m, 1H), 1.20 (m, 2H),
1.0 (m, 2H).

The butanoate ester (45.3 g, 0.159 mole)
was dissolved in CH30H and treated with 1 N NaOH (500
20 mL, 0.5 mole) overnight. The solvent was removed in
vacuo, water was added and the solution washed with
ether, then acidified with 10% KHSO,; solution. The
agueous layer was washed with ether, the ether layers
were combined, washed with brine, dried (MgSO,), and
25 concentrated to give the corresponding acid as a |
clear oil (41.85 g, 97% yield).

1y mr (300MHz, CDCl3) & 4.0 (bs, 2H), 2.6 (m, 2H),
2.25 (m, 2H), 1.6 (bs, 4H, 1.4 (s, 9H), 1.3-0.9 (9H).
30 |
This acid (20.4 g, 0.077 mole) was treated
with borane (BH3/THF, 235 mL, 235 mmole) in THF at 0°
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20 _  aryl, Clerr] alkyl or cycloal kyl, Clerr] aralkyl,

C err] al koxyal kyl Cerr] alkaryl, 25 unsubstituted or
substituted C[err] carboxyal kyl wherein said substituent is aryl,
Cers] alkyl, or Cerr] aral kyl; Rlerr] is 30
hydr ogen or Cerr] alkyl; X and Y are independently
aryl, :

43 /RSP24 - 26 - 18197IA

for 1 hour. NaOH (1N, 250 mL) was added dropwise and
the solution stirred overnight. The resulting
reaction mixture was concentrated to remove THF and
extracted with ether. The ether extracts were

5 combined, dried over MgSO,, filtered and evaporated
to give the corresponding alcohol as 19.7 g of a
colorless oil.

Re¢ = 0.7 in 2:1 ethyl acetate/hexanes.
10 :
1z mMR (300MHz, CDCl3) & 4.1 (bs, 2H), 3.6 (t, 2H),
2.65 (t, 2H), 2.1 (bs, 1H), 1.65 (bs, 2H), 1.55 (m,
2H), 1.4 (s, 9H), 1.35 (m, 3H), 1.25 (m, 2H), 1.1 (m,
2H). '
15
This alcohol (19.7 g, 76.5 mmole) was
dissolved in THF and treated with triphenylphosphine
(23.1 g, 88 mmole) and cooled to|0° C. Carbon
tetrabromide (39.8 g, 89.9 mmol) was added in one
20 portion, the cold bath was removed and the reaction
stirred overnight. Additional triphenyl phosphine
(11.71 g) and carbon tetrabromide (14.9 g) was added
to drive the reaction to completion. The mixture was
filtered and the liquid was diluted with ether and
25 filtered again. After solvent removal the resulting
liquid was adsorbed onto Si0; and chromatographed
with 5% EtOAc/Hexanes to yield 4-(4-N-t-butyloxy-
carbonylpiperidin-4-yl)butyl bromide as a clear
colorless oil (20.7 g, 85% yield).

30
Rg = 0.6 in 1:4 ethyl acetate/hexanes
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- 12 - 0, Sgerr], -CH=CH; [err]; [err];

SOerr]NRlerr]-; or -NRerr]SJerr] 5. a 5 or 6-nenbered ring

containing 0,1 or 2 het er oat ons chosen from N or O; Zis an

optional substituent that, when present, is O SJerr],

-NR[err]CO, -CONR[err]-, 10 Cerr] straight or branched al kyl;
43 /RSP24 - 27 - 18197IA

1§ NMR (300MHz, CDCl3) & 4.1 (bs, 2H), 3.4 (t, 2H),
2.65 (t, 2H), 1.85 (m, 2H), 1.65 (bd, 2H), 1.4 (s,
9H), 1.35 (m, 2H), 1.3 (m, 3H), 1.1 (m, 2H).

5 2.BocNH(CHy)gBr Commercial H,N(CH;)5CH,0H was
. . protected as the N-Boc derivative -
in standard fashion and this was
converted to the bromide with
Ph3P/CBr, in THF. Utilization of
10 starting amino alcohols of
varying chain lengths provides
the analogous halides in this
manner.

3. /@A ,@/\g:: Purchased from Signe.
HO

L

20 4. BocNO—OH HN H (Aldrich) was N-Boc

protected in the standard

15

rmanner.

25 5. CBZND/\/\CO,CH, :-mD/VOH was N-Cbz protected

in the standard fashion and
converted to final product as

described in US Serial No. 589, 145.
30
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mis an i nteger of fromzero to eight; nis an integer of fromzero to

two; and pis an integer of fromzero to two. 15 - A nore
preferred group of conpounds of the present invention are those defined
for _general structure formula Il as 20 Jerr] 25
43 /RSP24 - 28 - 181971IA
SCHEME 1
NaH, DMF
5 g’] COOH

_mc-@/\/\/ar

o
10 B % _
cm)\)m;:t ,\©
Hog
1-2
82C0;
15 ME
HyI

. R
Pﬁ.&b@

EtOH

25
-
N,
K:I;Cﬂag_}::rhi;n&
[e] .
BOC-N.
1-4

c1-8-R|Nanco,
30 o iEtoac

1-5
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wherein Rlerr] is a five or six nenbered heterocyclic ring

wherein said heteroatons are N and 0 and wherei i said
het erocyclic ring is optionally substituted by Cerr] alkyl;
- 13 - '
43/RSP24 - 29 - 181971IA
__NHSO,R
OACH2)4\O COOCH3
LiOH
5 BOC-N
1-5 THF
. . CH,0H, HO
NHSO,R
10
O/(CH2)4\ COOH
O
BOC-N HC1
1-6 EtOAc
15 NHSO,R
CHp) 4 COOH
: R,
1-7
20 t
25
30
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NRlerr]Rlerr] wherein Rlerr] and Rl err] are independently

Clerr] alkyl, or Cerr] aral kyl and further wherein said N
can additionally be 5 substituted to forma quaternary amoni umion
wherein said stubstituent is as previously defined for R6 and Rerr];
Rlerr] is 10 Laryl, Cerr] alkyl or cycloal kyl, or derr]
ar al kyl ; X and Y are independently 15 phenyl 0, Sgerr]
[err]; gerr or a 5- or 6- nenbered ring containing O or 1

43 /RSP24 - 30 - . 181971A

EXAMPLE 1

P NHCBZ
5 [:::]/((:Hé)4~73’/I::::r/~\l;bfi
BOC-N~_ 12

10

2-S5-(Benzyloxycarbonylamino)-3-[4-(N-t-butyloxy-
carbonylp1per1d1n-4—y1)butyloxyphenyl]prop1on1c
acid (1-2)

15 N-CBZ-L~tyrosine (1-1) (17.58 g, 0.055
mmole) was dissolved in DMF (75 mL), cooled to 0-10°
C and treated with sodium hydride (2.88 g, 0.12
mole). This suspension was stirred at 0-10° C for 1
hour and then N-t-butyloxycarbonylpiperidin-4-

20 ylputyl bromide (17.70 g, 0.055 mole) in 25 mL DMF
was added dropwise over 15 minutes. The reaction
mixture was then stirred at room temperature for 16
hours. The solvent was removed in vacuo and the
residue was taken up in a mixture of 500 mL EtOAc/100

25 pL 10% KHSO,. The organic phase was washed with
brine, dried (NayS0,) and the solvent was removed to
give a viscous o0il. This was purified by flash
chromatography on silica gel eluting with 98:2:0.5
CHC13/CH30H/HOAc to give pure 1-2 (23.75 g), Rg =

30 .35, as a pale yellow oil. |
g NMR (300MHZ, CDC1l3) & 1.00-1.15 (2H, m), 1.20-1.80

" (16H, m), 2.62 (2H, t), 3.10 (2H, m), 3.91 (2H, t),
4.04 (28, m), 5.10 (2H, m), 5.22 (1H, d), 6.78 ( 2,
d), 7.04 (2H, d), 7.35 (5H, m).

-
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20 _ heteroatons chosen fromN or O; Z is an optional substitutent

that, when present, is 0, Serr], -NRerr]CO, tCONRerr]-, or
-CH err]-; and 25 mis an integer of fromzero to six. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The term "pharmaceutically
acceptabl e salts” shall mean non-toxic salts of the conpounds of this 30
I nvention which are generally prepared by reacting the free base with a
sui tabl e organic or inorganic acid. Representative salts include the
followng  43/rsP24 - 31 - 18197IA

EXAMPLE 2

5 ,/[:::]//\\rJHiZBZ
. K O/( CH2> 4 \O ) ” C02CH3
BOC-N

1-3

10

Methyl 2-S-(Benzyloxycarbonylamino)-3-[4-(N-
t~-butyloxycarbonylpiperidin-4-yl)butyloxyphenyl]-
propionic acid (1-3) .
1-2 (10.05 g, 18.1 mmole) was dissolved in
CH30H (150 mL) at room temperature and cesium
carbonate (2.95 g, 9.06 mmole) was added and the
resulting mixture stirred for 15 minutes to give a
clear solution: The CH30H was removed at reduced
pressure and the residue was then dissolved in DMF
(150 mL) and treated dropwise with methyl iodide
(2.57), 18.1 mmole). The resulting solution was
stirred overnight at room temperature. The solvent
was removed in vacuo and the residue was taken up in -
400 mL ether and washed with 3 x 50 mL portions of
Hy0, 50 mL brine and dried (Na;S0O4). Solvent removal
provided 1-3 as an oil.
lg NMR (300 MHz, CbC1l3) & 1.0-1.15 (2H, m), 1.30-1.70
(16H, m), 2.68 (2H, 4t), 3.05 (2H, m), 3.72 (3H, 8),
3.91 (2H, t), 4.08 (2H, d4), 4.61 (1H, m), 5.10 (2H,
m), 5.18 (1€, m), 6.79 (2H, d4), 6.98 (2H, d), 7.35
(5H, m).

15

20

25

30
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- 14 -
Benzoat e
Bitartrate
' Edetat e

10

15

20

25

30

sal ts: Acet at e Benzenesul fonate 5
Bi car bonat e Bi sul fate
Borate 10 Brom de Cal ci um
Cansyl at e Car bonat e Chl ori de
43 /RSP24 - 32 - 18197IA
EXAMPLE 3

' NH2
:'(:j:],(c:Hé)4,73,/[:::]//\:g;zcrg
.BOC—N 1a

Methyl 2-S-Amino-3-[4-(N-t-butyloxycarbonylpiperidin-
4-y1)- ny i - -

To 1-3 (5.0 g, 8.79 mmole) dissolved in
absolute ethanol (150 mL) was added 10% Pd/C (0.5 g)
and the resulting suspension was hydrogenated under
balloon pressure for 12 hours. The catalyst was then
filtered off and the solvent was removed in vacuo to
give 1-4 (3.6 ) as an oil.

1 NMR (300 MHz, CDCl3) & 1.00-1.20 (2H, m),
1.22-1.55 (12H, m), 1.60-1.75 (4H, m), 2.00 (2H, bs),
2.68 (2H, t), 2.87 (1H, dd), 3.05 (1H, dd), 3.72 (3H,
s), 3.93 (2H, t), 4.09 (2H, m), 6.82 (2H, d), 7.10
(2H, 4).
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15'v d avul anat e Gtrate - Dihydrochl ori de
Edet at e Edi syl ate 20 . Estolate ' - Esylate
Fumar at e _ G uceptate A uconate 25 G utamat e
A ycollylarsanilate " Hexyl resorci nate Hydr abam ne
Hydr obr om de 30 Hydr ochl ori de Hydr oxynapht hoat e
| odi de '

43 /RSP24 - 33 - _ 18197IA

EXAMPLE 4

10

15

20

25

30

NH,
J:::]/(Cﬂb)y\O/J:::]/,\ILbCHa
BOC- 14

l NHSO,C, Ho
(:::]/(CT%)4~TD/J::::r/\:;;2C}%
BOC-N |

1-8

Methyl 2-S—-(n-Butylsulfonylamino)-3-[4-(N-t—-
butyloxycarbonylpiperidin-4-yl)butyloxyphenyl]-
propionate (1-8)

1-4 (0.59 g, 1.36 mmole) was dissolved in
ethyl acetate (10 mL) and NaHCO3 (0.7 g, 8.68 mmole)
was added with stirring at room temperature followed
by butanesulfonyl chloride (0.36 mL, 2.76 mmole) and
the resulting mixture was refluxed for 26 hours. The
cooled reaction mixture was filtered and concentrated
and the residue was purified by flash chromatography.
on silica gel eluting with 4:1 hexane/EtOAc to give
pure 1-8 (0.305 g) Rg = 0 7 in 1:1 hexane/EtOAc,
ninhydrin stain.

1y NMR (300 MHz, CDCl3) § 0.82 (3H, t), 1.05 (2H,
ddd), 1.45 (9H, s), 1.1-1.6 (1H, m), 1.7 ( 4H, m),
2.6 (2H, t), 2.6-2.8 (2H, m), 2.78 (1H, dd), 3.05
(1H, dd), 3.7 (3H, s), 3.93 (2H, t), 4.05 (2H, bd),

4.15 (1€, dd), 6.85 (2H, d), 7.15 (2H,d).
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- 15 - | sot hi onat e Lact at e Lact obi onat e

Laurate 5 _ Mal at e Mal eat e Mandel at e
Mesyl at e :
43 /RSP24 - 34 - 18197IA

EXAMPLE 5

J O Vi

CH,), CO,CH,

’ 3 BOC Nd o '
- _ 1-8 l

NHSO,C, H,
E::ILC&h)“D/J:::T/\E;bH
10 HN

2-S-(n-Butylsulfonylamino)-3[4-(piperidin-4-yl)butyl-
llpropioni id hydrochlori 1-

15 1-8 (0.325 g, 0.59 mmole) was dissolved in
1:1:1 CH30H/H,0/THF and LiOH®Hp0 (0.157g, 3.76 mmole)
was added. The resulting solution was stirred at
room temperature for 3 hours, then concentrated,
diluted with 10% KHSO, and extracted with EtOAc.

20 This provided 2-S-(n-butylsulfonylamino)-3[4-
(N-t-butyloxycarbonylpiperidin-4-yl)butyloxyphenyl]-
propionic acid. This acid (0.315 g, 0.59 mmole) was
dissolved in EtOAc (20 mL) and treated with HCl1l gas
at -20° C for 15 minutes. The reaction mixture was

25 then stoppered and was stirred at -5° C for 1 hour at
which time all starting material was consumed. Argon
gas was bubbled through the reaction mixture for 15
minutes and the solvent was removed to give a res1due
that was triturated with ether to provide pure 1-9

30 (0.29 g) as a pale yellow solid.
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thhylbron1de 10 Met hylnitrate Met hyl sul fate

Mucat e
Oxal at e
20 .
Sal i cyl at
Succi nat e
Tosyl ate

e

10

15

20

25

Napsyl at e Nitrate 15 ' A eate
Panaot e Pal mtate Pant ot henat e
Phosphat e/ di phosphat e : Pol ygal act ur onat e
St earate Subacet ate 25
Tannat e Tartrate Teocl at e
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1§ MR (300 MHz, CD30D) & 0.85 (3H,t), 1.2 (2H,dd),
1.2-1.7 (9€,m), 1.7 (28, m), 1.95 (2H, bs), 2.65 (2H,
t), 2.8 (1H, dd), 2.95 (2H, bt), 3.10 (1H, dd), 3.83
(2H, bs), 3.95 (2H, t), 4.1 (1H, dd), 6.85 (2H, d),
7.2 (28, 4).

Analysis for CpoH3¢N7OglSeHC1¢0.8 H,0

Calculated: C = 53.76, H = 7.92, N = 5.70
Found: C = 53.76, H = 7.66,.-N = 5.44.

EXAMPLE 6

NI,
BOC-N -

/l@YNHS%CHzCSH;,
-(:::r(CHb)4\o CO;CHs
BOC-N 1-10

Methyl 2-S-(Benzylsulfonylamino)-3-[4-(N-t-butyloxy-

_ carbonylpiperidin-4-yl)butyloxyphenyl]lpropionate

30

(1-10>

1-4 (0.593, 1.36 mmole) was treated with
benzylsulfonyl chloride (0.263 g, 1.38 mmole) as
described above for 1-8. The crude reaction product
was purified by flash chromatography on silica gel
eluting with 3:1 hexane/EtOAc to give pure 1-10 (0.35
g) as an oil.
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30 Tri et hi odi de Val er at e

- 16 - The term "pharmacol ogically effective anount " shal
mean that anount of a drug or pharmaceutical agent that will elicit the
bi ol.ogi cal or nedical reponse of a tissue, systemor animal that 5 is

bei ng sought by a researcher or clinician. The

43 /RSP24 - 36 - 181971A

1§ NMR (300 MHz, CD30D) & 0.85-1.10 (2H, m),
1.10-1.23 (2H,m), 1.35-1.52 (11H, m), 1.61-1.80 (4H,
m), 2.65-3.00 (4H, m), 3.65 (3H, s), 3.90-4.14 (5H,

s m), 6.85 (2H, d), 7.08 (2H, d), 7.22 (2H, m), 7.30
(3H, m).

EXAMPLE 7

10 mm02CH2C°&
(::J/CCHb)‘\O CO,CH;
BOC-N 1-10

Is l NHSO,CH,CeHs
| HN 1-11 |

2-S—(Benzylsu1fony1amino)—3-[4—(piperidin—4-y1)butyl—
20 nyllpropioni id b [ ri =
Treatment of 1-10 (0.354 g, 0.60 mmole)
with LiOH (0.15 g, 3.7 mmole) as described for 1-8
gave 2-S-(benzylsulfonylamino)-3-[4-(N-t-butyloxy-
carbonylpiperidin-4-yl)butyloxyphenyl]propionic acid
25 (0.35 g) as a viscous oil.

1y NMR (300MHZ CD30D) & 0.84-1.06 (3H, m), 1.23 (4H,
m), 1.34-1.50 (11H, m), -1.60-1.78 (5H, m), 2.65 (2H,
bt), 2.82 (1H, m), 3.02 (1H, m), 3.91 (2H, m),

30 3.96-4.12 (5H, m), 6.83 (2H, d), 7.15 (2H, d4), 7.22
(24, m), 7.29 (3H, m).

" il




term "anti-coagul ant agent” shall include aspirin, heparin and warfarin.

The term"fibrinolytic agent™ shal | include streptokinase and tissue
pl asm nogen activator. 10 The term"aryl" shall mean a nono- or
. pol ywcylic ring system conposed of 5- and 6- nenbered aromatic rings

containing 0, 1, 2, 3, or 4 het eroat oms chosen fromN, 0, and S and

ei t her unsubstitutued or substituted wwth Rerr]. 15 The term
"al kyl" shall nean straight or branched chai n al kane, al kene or al kyne.
The term "al k o |1 be taken to inch4de an al kyl p ' wher e al kyl
IS as defined&)%l(?:‘)%?eﬁ‘ﬁi1 ' The te?zs "aral kyl" and ggfzg?ﬁl" shal | be

20 taken to include an al kyl portion where alkyl is as defi ned above and

to include an aryl porihps y¥6£ae(0.38 gl 0560Smil6ienedasbaissolved _
The term "hal p | ncl uge, fl uori ne, rione, i,odine agd br om ne.

en” shall : | o
25 T £@r%¥"%§%“csﬂ% |tﬁ§éhe§h€1FBd§§£|Sa§o§§ described The term
"thio" shall gepnii9etsagicel pefe 1-11 as a white solid (0.30 g).

5 1H NMR (300MHz, CD30D) & 1.32 (4H, m), 1.40-1.65 (3H,
m), 1.72 (2H, m), 1.92 (2H, d), 2.77-3.08 (4H, m),
3.33 (3H, m), 3.95-4.14 (5H, m), 6.86 (2H, d), 7.17
(28, d), 7.28 (2B, m), 7.31 (3H, m).

10
@T’“’. ————— OZCH-'-CI'I:.I%
Boc N M(CH)O ConCHy Boc N CH,) O €Oty
_ 1-4 1-12
15 1) NaOH
) w1
o,cnhcx-n.u, :
H
m{ Mcmo cos
~ 1-13
20

Methyl 2-S-(2-Styrylsulfonylamino)-3-[4-(N-t-butyl-
oxycarbonylpiperidin-4-yl)butyloxyphenyl])propionate -
(1-12)

25

1-4 (0.647 g, 15 mmoles) was dissolved in
ethyl acetate (20 ml), and NaHCO3 (0.454 g, 5.4
mmoles) was added followed by B-styrenesulfonyl
chloride (0.365 g, 18.0 mmoles) and the resulting
reaction mixture was heated at reflux with stirring

30

-
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Conpounds of the invention may be adm nistered to patients where

prevention of t hronbosi s by inhibiting binding of fibrinogen to the 30
pl at el et nenbrane gl ycoprotein conplex IIb/llla receptor is desired.
They: are useful in surgery on peripheral arteries (arterial grafts,
carotid - 17 - endart er ect ony)

and in cardivascul ar surgery where

43/RSP24 - 38 - : 181971A

for 16 hours. The cooled reaction mixture was
filtered, the solvent removed and the residue was
purified by flash chromatography on silica gel eluting
with hexane (3)/ethy1 acetate (1) to give pure 1-12.

1y NMR (300 MHz, CDC1l3) § 1.10 (2H, m), 1.30-1.55

(14 H, m), 1.65-1.80 (4H, m), 2.68 (2H, t), 3.01

(28, dt), 3.62 (3H, s), 3.88 (2H, t), 4.09 (2H, m),

4.22 (1H, m), 4.98 (1H, d), 6.45 (1H, d), 6.80 (2H,
10 d), 7.06 (2H, d), 7.40 (4H, s).

2-S-(2-Styrylsulfonylamino)-~3-4-[4-piperidinylbutyl-
0 toni . . _
1-12 (0.58 g, 0.97 mmole) was dissolved in
15 THF(l)-HZO(l)—MeOH(l) (15 ml1) and lithium hydroxide
(0.12 g, 5.0 mmole) was added and the resulting clear
solution was stirred overnight at room temperature.
The reaction mixture was diluted with 75 ml
H,0, acidfied to pH 2-3 with 10% KHSO,; solution and
20 then extracted with 3 x 50 ml EtOAc. The organic
extract was dried, the solvent removed, and the
residue purified by flash chromatography on silica
gel eluting with CHC13(97)-MeOH(3)-HOAc(l) to give
the desired acid (Rg=0.2). _
25 This acid was dissolved in EtOAc and treated
with HC1 gas as described for 1-9 to give 1-13.
1§ NMR (300 MHz, CD30D) § 1.15-1.70 (10H, m),
1.70-1.82 (2H, t), 1.97 (2H, t), 2.78-3.12 (5H, m),
3.35 (34, m), 3.87 (2H, t), 4.03 (1H, m), 6.50 (1H,
30 d), 6.69 (2H, m), 7.18 (3H, m), 7.41 (5H, bs).
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mani pul ation of arteries and organs, and/or the

I nteraction of platelets

with artificial surfaces, | eads to pl.atel et aggregati on and consunpti on.
The 5 aggregated platelets nay formthronbi and t hronboenbol i. They may
be adm nistered to these surgical patients to prevent the formation of

t hr onbi and t hronboenbol i . Extracorporeal circulation is

routinely used 10 for cardivascular surgery in order to oxygenate

Pl at el ets adhere to surfaces of the
dependent on

t he interaction between_ GPlIb/llla on the et
h%giﬁ%i t

menbr anes and““%ﬁ?%gen adsorbed to T surface of 15 t

bl ood.

extracorporeal circuit. Adhesion is

(A uszko et. al., Aner. J. Phyiol., 1987, 252:H, pp 615-621). Piatelets
rel eased from artificial surfaces show inpaired henostatic function
Compounds of the invention nay be - admnistered to prevent adhesion. 20

O her application of these conpounds include

t hr onbosi s,

t hr omboenbol i sm and reocclusion during and after

t hronbol ytic therapy

S

10

15

20

<mS@JEDrTL:T&’QJTi+ £:fm&urﬁar\£:?%hvaﬁ

Boc
1-12a 1-14

Boc N

2-S-(2-Phenethylsulfonylamino)-3-[4~(N-t-butyloxycar-
bonylpiperidin-4-yl)butyloxyphenyl]propionic acid
(1-14)

1-12a (0.21 g) was dissolved in 20 ml

. absolute ethanol, 0.1 g 10% Pd/C was added and the

25

stirred suspension was hydrogenated under balloon
pressure. After 4 hours the reaction was stopped and

" the solvent was removed to give the desired product

30

1-14 (0.194 g).
1z NMR (300 MHz, CD30D) & 1.05 (2H, m), 1.30-1.40
(3H, m), 1.47 (14H, m), 1.72 (5H, m), 2.67-2.93 (8EH,
m), 3.13 (1H, m), 3.31 (2H, m), 3.82 (2H, m),
4.00-4.20 (4H, m), 6.82 (2H, d), 7.07 (2H, d), 7.21
(5H, m).

This Sheet Has Been Reilaced '
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prevention of platelet



and prevention of platelet thronbosis, t hr omboenbol i sm and reoccl usi on
after angi opl asty of 25 coronary and other arteries and after coronary
bypass procedures. They may al so be used to prevent

artery

nycocar di al
can be adm nistered in such oral dosage forns as tablets, 30 capsul es,
pills, powders, granules, elixers, tinctures, suspensions, syrups and

enmul si ons.

10

15

20

25

30

i nfarction. The conpounds of the present invention

Li kewi se, they nay al so be adm nistered in
43/RSP24 - 40 - 181971A

2-S—-(2-Phenethylsulfonylamino)-3-4-[4-piperidinyl-
butyl henyl] id hydrochloride (1-15)
1-14 (0.194 g) was dissolved in EtOAc and
treated with HC1l gas as described for 1-9 to provide
pure 1-15 (0.145 g).
1y NMR (300 MHz, CD30D) & 1.25-1.68 (8H, m), 1.73
(2H, m), 1.93 (2H, m), 2.78 (3H, m), 2.91 (4H, m),
3.13 (1H, m), 3.33 (4H, m), 3.86 (2H, m), 4.18 (1H,
m), 6.80 (2H, d), 7.09 (2H, d4), 7.22 (5H, m).

-‘©/\r"“n oaclﬂi
CH,) O — CH,) 0
,w,[:f coschy 5 co,cH,

Boc N,
1-4 ' 1-186

l

C-Ha
O}CH:);
HC1*HN
1-1

7
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- 18, - i ntravenous, intraperitoneal, subcutaneous or I nt ramuscul ar

form all using fornms well known to those of ordinary skill in the

phar maceutical arts. An effective but non-toxic anount of the conpound 5
desi+ed can be enpl oyed as an anti-aggregati on agent. ' The
dosage reginen utilizing the conmpounds of the present invention is

sel ected i n accordance wth a variety of f-actors |nclud|n? type,

speci es, 43JERSBRS ght , sex and nedrc%f condition of thEBIBTHBALient: the
severity of the condition to be treated; the route of adm nistration;

the renal and of at i nd, the particul ar
conpound q@%ft T%Ef%kﬁn ?i%@ﬁyiﬁwﬂ ?bTﬁa 4T€N3§T¥W OXYphysi ci an or
veterinari ancsﬂsonpnpliiwrﬂ@im&mﬂ)wmmlwlpprwiaoﬁtect i ve anount of
the drug req to prevent, counter or arrest the progress of the

condi tion. n
1-4 (0.647 g, 1.5 mmoles) was treated with

5 phenylsulfonyl chloride (0.318 g, 1.8 mmoles ) as
described for 1-8. The crude product was purified by
flash chromatography on silica gel eluting with
CHCl3(98)-MeOH(2) to give pure 1-16 (0.67 g).
1z MR (300 MHz, CDC13) & 1.09 (2H, m), 1.25-1.40

10 (3H, m), 1.42 (9H, bs), 1.60-1.85 (6H, m), 2.66 (2H,
m), 2.96 (2H, d), 3.55 (3H, s), 3.89 (2H, t), 4.09
(4H, m), 5.12 (1H, 4), 6.72 (2H, d4), 6.95 (2H, d),
7.40-7.65 (3H, m), 7.75 (2H, m).

15 2-S-(Phenylsulfonylamino)~-3-(4-piperidin-4-ylbutyloxy-
n ioni . . _ .
1=16 (0.525 g) was treated with lithium
hydroxide as described for 1-8 to give crude product
that was purified by flash chromatography on silica
20 gel eluting w1th CHC13(97)-MeOH(3)-HOAc(1) to prov:de
pure acid (Rg = 0.2).
This acid was treated with HC1 gas in EtOAc
as described for 1-9 to provide pure 1-17.

25 1H NMR (300 MHz, CD30D) & 1.28-1.47 (6H, m),
1.50-1.70 (3H, m), 1.75 (2H, m), 1.97 (2H, d), 2.77
(18, m), 2.95 (3H, m), 3.35 (4H, m), 3.93 (3H, m),
6.72 (2H, d), 7.02 (28, d), 7.41 (2H, m), 7.52 (1E,
m), 7.67 (2H, m).

30
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used for the indicated effects, will range between 20 about 0.01 ng per kg
of body wei ght per day (nmg/ kg/ day) to about 100 ny/ kg/day and preferably
1.0-100 ng/ kg/ day and nost preferably 1.0 to 50 ng/ kg/ day.

I ntravenously, the nost preferred doses will range fromabout 1 to about
10 ng/ kg/ m nute 25 during a constant rate infusion. Advant ageousl vy,
conpounds of the present invention may be admnistered in a.single daily

dose, or the ;ﬁ daily dosage mmyszgpe_admi nistered ingI9yisled doses of
two, three or our ?IHES daily. Furthernore, 30 preferred conpounds for the
present invention can be

o p Y, W < g il

5 .
1-4 l 1-18
o~
!NC)-(CM.O—M
10
1-19

Methyl 2—S-(Z—Thienylsulfonylaminp)—3-[4—(N-t-buty1—

oxycarbonylpiperidin—4;y1)butyloxyphenyl]propionate
15 (1-18).

1-4 (0.304 g, 0.7 mmoles) was treated with 2-
thienylsulfonyl chloride (0.155 g, 0.85 mmoles) as
described for 1-8 to provide crude product. This was
purified by flash chromatography on silica gel

20 eluting with C§913(98)fCH3OH(2) to afford pure 1-18
as a viscous oil, Re 0.3 [silica gel, CHC15(98)-
CH30H(2)]
1y NMR (300 MHz, CDClj) & 1.10 (2H, m), 1.31 (4H, m),
1.36-1.80 (16 H, m), 2.68 (2H, bt), 3.03 (2H, d),

25 3.57 (3H, s), 3.91 (2H, t), 4.08 (2H, m), 4.29 (1H,
m), 5.16 (1B, 4), 6.78 (2H, 4), 7.00 (4B, m), 7.55
(2H, dd).

30

—_—
Thls Sheet Has Been

T



- 19, - adm nistered in intranasal formvia topical use of suitabl e

I ntranasal vehicles, or via transdernal routes, using those forns of
transdermal skin patches wel | known to those of ordinary skill in that
art.- 5 To be adm nistered in the formof a transdernal delivery system
t he dosage adm nistration will, of course, be continuous rather than
Intermttant t hroughout the dosage regi nen. In the nethods
of the present invention, the 10 conpounds herein described in detail can

formthe ag4 Jxephporedient, and are gypically adm nistegeqdria
adm xture with suitabl e pharmaceutical diluents, exciprents or carriers

(collectively referred to herein as 'carrier' materials) suitably
selected with 15 respect to the intended form of adm nistration, that

's, oral tablgle, (SOPRYeSF1s61 480y PaniibIP3- PR (biferidin—t4-y1)-
butyl i 11 ionic acid hydrochloride (1-19)
Treatment of 1-18 (0.22 g, 0.38 mmoles) with
5 LiOH (0.045 g, 1.89 mmoles) as described for 1-8
provided the desired acid, which was purified by
flash chromatography on silica gel eluting with
CBC13(97)-CH30H(3)-HOAc(1).

10 1H NMR (300 MHz, CD30D) & 1.05 (2H, d t), 1.20-1.40
(5H, m), 1.40-1.60 (12H, m) 1.65-1.80 (5H, m),
2.65-2.82 (4H, m), 2.98 (1H, dd), 3.30 (1H, m), 3.92
(2H, t), 4.00-4.13 (5H, m), 6.75 (2H, d), 7.02 (3H,
m), 7.39 (1H, d), 7.67 (1H, d4).

15

Treatment of this acid with HC1l gas as
described for 1-9 provided 1-19 as a white solid
after trituration.

20 Analysis Calcd. for CyH3oN055,*HC1%0.5 H,0:
C, 51.60, H, 6.30, N, 5.47.
Found: C, 51.57, H, 6.20, N, 5.51.

1l MR (300 MHzZ, CD30D) & 1.29-1.45 (4H, m),

25 1.47-1.70 (3H, m), 1.71-1.83 (2H, m), 1.91-2.00 (2H,
bd), 2.79 (1H, m), 2.90-3.04 (3H, m), 3.95 (2H, t),
4.04 (1H, m), 6.76 (2H, d), 7.05 (3H, m), 7.40 (lH,
m), 7.79 (1H, m).

30
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|'i ke, and consistent with conventional pharmaceutical . practices.
For instance, for oral adnministration in the 20 formof a tablet or

capsul e, the active drug conponent can be conbined with an oral,

non:t oxi c, pharmaceutically acceptable, inert carrier such as

| act ose, starch, sucrose, glucose, nethyl cellul ose, magnesui m st ear at e,
di cal ci um phosphate, calcium 25 sulfate, mannitol, sorbitol and the |ike;
for oral adm nistration in liquid form the oral drug conmponent s can
be combi ned wyghrgpy40ral, non-toxic, - 44pharmaceutical | y18492@Aabl e i nert
carrier -such as et hanol, glycerol, water and the |like. Mreover, 30 when
desired or necessary, suitable binders, | ubricants, disintegrating
agents and col oring agents can al so be incorporated into the m xture.

Sui t abl e '

———

BocND—(caz).o CO,CH,
' 1-4
5 ( H-tam,
. . @,\(M‘BO, Q .
| CH) (O ¢

BocN_ )< oucrh

E ,mo—(cm)‘om:: O’m

1-21

2-S—-(Dansylamino)-3-[4-(N-t-butyloxycarbonyl-
15 piperidin-4-yl loxyphenyllpropionate (1-2

1-4 (0.304 g, 0.7 mmoles) was treated with

dansyl chloride (0.208 g, 0.77 mmoles) as described
for 1-8 to provide crude product which was purified
by f£lash chromatography on silica gel eluting with
hexane(75)-EtOAc(25) to give pure 1-20. Rg 0.25
(silica gel eluting with hexane(75)-EtOAc(25).

20

lg NMR (300 MHz, CDCl3) & 1.10 (2H, m), 1.21-1.38
~ (6H, m), 1.40-1.53 (11H, m), 1.60-1.80 (6H, m), 2.68
25 (2m, bt), 2.89 (6H, s), 3.33 (2H, s), 3.89 (2H, t), .
4.05-4.19 (4H, m), 5.24 (1H, m), 6.62 (2H, d), 6.82
(2H, d), 7.18 (1H, d4), 7.50 (2H, m), 8.19 (2H, t),
8.51 (1H, d). - |

30
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- 20 - bi nders include starch, gelatin, natural sugars such as gl ucose
or beta-lactose, corn sweeteners, natural and synthettc guns such as
acaci a, tragacanth or sodiun1a|ginate, car boxynet hyl cel | ul ose,

pol yet hyl ene 5 glycol, waxes and the |ike. Lubricants used in these

dosage forns include sodium ol eate, sodi um stearate, magnesi um st ear at e,
sodi um benzoat e, sodi um acet at e, sodi um chleori de and the |iKke.

D sintegrators i nclude, without limtation, starch, nethyl 10 cel |l ul ose,
agar, bentonlgg r¥ghEhan gumand the Liks. _ ?9 mpaunds of the
pr esent |nvent|on can al so be adninistered in the forn1o I 1 posone
delivery

2-S-(Dansylamino)-3-[4—-(piperidin-4-yl)butyloxy-~
} 11 . . id hydrochloride (1-21)
Treatment of 1-20 (0.275 g, 0.412 mmoles)
with LiOH as described for 1-8 gave the desired acid
5 as a highly fluorescent viscous residue.

lg NMR (300 MHz, CD30D) 5 1.09 (2H, m), 1.22-1.40
(3H, m), 1.40-1.57 (12H, m), 1.65-1.80 (3H, m),
2.60-2.80 (3H, m), 2.90 (6H, s), 3.31 (3H, m), 3.80

10 (2H, t), 3.90 (1H, m), 4.01-4.15 (4H, m), 6.47 (2H,
d), 7.21 (1H, d), 7.42 (2H, m), 7.98 (1H, d), 8.20
(1H, d), 8.46 (1H, d).

Treatment of this acid in EtOAc with HC1 gas
15 as dgscribed for 1-9 provided 1-21 as a white solid
upon ethylacetate trituratiom.

Analysis for C3gH3gN3055¢1.8 HC1eH,0:
C, 56.53; H, 6.77; N, 6.59; Cl, 10.01.
20 Found: C, 56.48; H, 6.66; N, 6.36; Cl, 10.21.

ln NMR (300 MHz, CD30D) & 1.30-1.51 (7H, m),
1.52-1.80 (4H, m), 1.95 (2H, bt), 2.65 (1H, m),
2.95 (3H, m), 3.30-3.40 (4H, m), 3.45 (6H, s),

25 3.84-3.97 (3H, m), 6.45 (2H, d), 6.77 (2H, d4),
7.71 (2H, m), 8.00 (1H, d), 8.16 (2H, d), 8.55
(1H, d), 8.70 (1H, d).

30
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systens, such as small unilanellar vesicles, |arge uni l amel I ar vesicl es
and"rmultilamel | ar vesicles. 15 Liposones can be forned'froma variety of
phosphol i pids, such as chol esterol, stearylam ne or

phosphat i dyl chol i nes. Conpounds of the present invention may
al so be delivered by the use of nonocl onal antibodies as 20 individual
carriers to which the conpound nol ecul es are coupl ed. The conpounds of
the present invention may al so be coupled with soluble polyners as
targetabl e drug carriers. Such polynmers can include

polyvinylpyrrolidone pyran copol ymer, 25

pol yhydr oxypr Eethacrylanide phenol,46 18197 .
pol yhydr oxyet part am de- phenol , of “pol yet hyl eneoxi de= pélyly3|ne
substituted mﬁth pal m t oyl reS|dues. Furt hernore, the conmpounds of
the present invention may be coupled to a class of 30 bi odegradabl e
pol ymers useful in achieving controlled rel ease of a drug, for exanple,
pol yl actic acid, pol ygl ycolic acid, copolyners of polylactic and
5
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-21-, pol ygl ycolic acid, polyepsilon caprol actone, pol yhydroxy butyric
aci d, polyorthoesters, pol yacet al s, pol ydi hydropyrans, pol ycyanoacryl ates
and cross-Ilinked or anphipathic block copolyners of 5 hydrogels.

The -conpounds of the present invention can al so be co-adm nistered with
sui tabl e anti - coagul ant agents or thronbolytic agents to achieve

synergi stic

43/RSP24 . - 47 - 18197IA

EXAMPLE 8

NHCBZ
CO,H

-

Boc-NH( CHz) P1e

2-1
10

2-S-(Benzyloxycarbonylamino)-3-[4-(6-N-t-butyloxy-
. in . s . _

N-CBZ-L-tyrosine (15.0 g, 0.045 mole) was
dissolved in 75 mL DMF and added at 0-10° C to a
suspension of sodium hydride (2.16 g, 0.09 mole) in
25 mL DMF. The resulting suspension was stirred at
0-10° C. for 1.0 hour and then 6-(t-butyloxycarbonyl-
amino)hexyl bromide (12.6 g, 0.045 mole) in 25 mL DMF
was added dropwise at 0-5° C and the clear, dark
reaction mixture was stirred at room temperature
overnight. |

After solvent removal, the residue was taken
up in EtOAc and this was made acidic with 10% KHSO,
solution. The organic phase was separated, washed
with brine, dried (Nap;S0,;) and the solvent removed to
give an 0il. This was purified by column
chromatography on silica gel eluting with 98:2:1
CHC13/CH30H/HOAc to give pure 2-1 as a clear oil.

15

20

25

30

1y NMR (300 MHz, CD30D) § 1.45 (15H, m), 1.75(2H, m),
2.80-3.15 (6H, m), 3.91(2H, t), 4.38(1H, m), 4.95(6H,
m), 6.85(2H,d), 7.06(2H,d)

L
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effects in the treatnent of various vascul ar 10 pat hol ogi es. The
conpounds of fornula | can be prepared readily according to the
foll owi ng reacti on Schenes and Exanpl es or nodifications thereof using
readily avai l abl e starting materials, reagents and 15 conventi onal

synt hesi s procedures. In these reactions, it is also possible to nake
use of variants which are thensel ves known to those of ordi nary skil
in this art, but are not nentioned in greater detail. 20 The
nost preferred_conpounds of the i nvention are any or all %f t hose
specifically 48/RSP2fgrth in these exanmfBes. These conmpoud§d¥4d& not,
however, to be construed as formng the only genus that is considered as

the invention, and any 25 conbinati jﬁe%conpounds or their noieties
may itself forma genus. The foll xampl es further illustrate

details for the preparation of the conpounds of the present invention.
Those skilled in the art will readily understand that known vari ations

b

Boc- HN( CHp) 6O Boc-HN(CH,) 0

;J::j/~wannaz . \ BZ
CO;H /I:j/\g::;
2-1 2-2

10

Methyl 2-S-(Benzyloxycarbonylamino)-3-[4-(6-N-t-
r i n i ' -2

15 Compound 2-1 (10.0 g, 19.43 mmole) in 75 mL
DMF was treated with cesium carbonate (3.16 g, 9.72
mmole) with stirring at room temperature for 1.9
hours. Then, methyl iodide (2.76 g, 19.43 mmole) was
added dropwise, and the reaction mixture was stirred
overnight at ambient temperature. The solvent was
removed at high vacuum (30° C) and the residue was
taken up in 300 mL EtOAc and washed with 2 x 40 mL
protions of saturated NaHCO3 solution, brine and
dried (Na,S0,). Solvent removal provided 2-2 (8.5 g,
83%) as a clear oil.

20

25

1y NMR (300MHz, CDCl3) & 1.25-1.53 (16H, m), 1.76

(2H, m), 2.96-3.17 (4H, m), 3.71 (3H, s), 3.90 (2H,

t), 4.61 (1H, m), 5.10 (2H, m), 5.19 (1H, m), 6.88
30 (2m, d), 6.98 (2H, d), 7.32 (5H, m).
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30 of the conditions and processes of the follow ng

preparative

precedures can be used to prepare these conpounds. -All tenperatures are
. degrees Cel sius - 22 - unl ess
not ed ot herw se. Reagent synbol s have the follow ng neani ngs:
BCC. t - but yl oxycar bonyl
43/RSP24 - 49 - 181971A
EXAMPLE 10
5
y G
Boc-HN(CH,;) 40 CO:CHy Boc-HN(CH;)¢0 CO:CH
2-2 2-3
10

Methyl 2-S-Amino-3-[4-(6-N-t-butyloxycarbonyl-

cn L3 s -

15

Compound 2-2 (8.0 g, 15.1 mmole) was

dissolved in 150 mL absolute ethanol and 1.0 g 10%
Pd/ C was added. This suspension was hydrogenated in
The
catalyst was then filtered off and the solvent

a Parr apparatus (50 psi) for 3.5 hours.

20

removed on the rotary evaporator to give pure 2-3

(5.56 g) as a clear 0il. Rg = 0.4 on Si0Op with 95:5

CHC13/CH30H

1p mMR (300 MHz, CDCl3) § 1.30-1.55 (16H, m), 1.70
25 (28, m), 2.80 (1H, m), 3.00-3.17 (3H, m), 3.71 (38,

s), 3.93 (2H, t), 6.82 (2H, d), 7.09 (2H,d).

30
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Pd- C

A Pal | adi um on activated carbon 5 cat al yst
DIVF: D et hyl f or ram de DVBO Di net hyl sul f oxi de
CBZ: Car bobenzyl oxy CHerr]dJerr]: Met hyl ene chl ori de
+ 10 = CHCl [err]: Chl orof orm Et OH: Et hanol
Me OH: Met hanol Et OAc: Et hyl acetate _ HOAC:
Acetic acid 15 THF: Tet r ahydr of uran The source
for the followi ng conpounds is as shown: 20 1. [err]
43 /RSP24 - 50 - 181971A
EXAMPLE 11
5

.

Boc-HN(CHy) 60 Boc-HN(CH;)O

. H H
. CO,CH, CO,CH; -
2-3 2-4

10

- 2-5-(Methylsulfonylamino)-3-[4-(6-N-t-butyloxy-
15 laminoh hen i 2—

2-3 (0.40 g, 1.01 mmole) was treated with
methanesulfonyl chloride (0.116 g, 1.01 mmole) and
NaHCO3 (0.25 g, 3.0 mmole) as described for 1-8. The
crude reaction product was purified by flash

20 chromatographyron silica gel eluting with 30% EtOAc
/hexanes to give pure 2-4 (0.10g) as a clear oil.

15 NMR (300MEHZ, CDCl3) & 1.36~1.56 (15H, m), 1.77
(2, m), 2.70 (3H, s), 3.78 (3H, s8), 3.92 (2H, t),

25 4.36 (1H, m), 4.90 (1H, d). 6.82 (2H, d), 7.09 (2§,

d).
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25 is described bel ow. _ ' Boc-
2- (4- N-t - But yl oxycar bonyl pi peri di nyl ) et hanol

10

15

20

25

30

44/RSP25 - 51 - 18197IA
EXAMPLE 12
H =
Jo g i ¢ & wen
Boc-HN(CH,),¢0 it H,N(CH,) 40 cou
2-4 2-5

2-S-(Methylsulfonylamino)-3-[4-(6-aminohexyloxy)-
n ioni i i 2-

2-4 (0.1 g, 0.212.mmole) was treated with
LiOH (0.026 g, 1.06 mmole) as described for 1-8 to
provide 2-S-(methylsulfonylamino)-3-[4-(6-N-t-butyl-
oxycarbonylaminohexyloxy)phenyl]propionic acid
(0.125g) as a viscous oil.
1§ NMR (300 MHz, CD30D) § 1.30-1.55 (16H, m), 1.75
(2H, m), 2.63 (3H, s8), 2.85 (1H, dd), 3.0-3.13 (3H,
m), 3.93 (2H, t), 4.17 (1H, m), 6.83 (2H, d), 7.20
(2H, d). ' '

This acid was dissolved in EtOAc (20 mL) and
treated with HC1 gas as described for 1-9. Solvent
removal provided a residue that was triturated with
30 mL Et,0 to provide pure 2-5 as a white solid (0.09
g).

30
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-23-, 4-Piperidine-2-ethano| (Avail able from Al drich) (130

g, 1.0 nole) was dissolved in 700 nL di oxane, cooled to 0 C and treated
W t h 3 N NaCH (336 M., 1.0 nole), and di-t-butyl carbonate (221.8 g, 5
1.0-nole). The ice bath was renoved and the reaction stirred overni ght.
The reaction was concentrated, diluted with water and extracted with

et her. The et her |ayers were conbi ned, washed with brine, dried over
NgSC{err] filtered and evaporated to give 225.8 g 10 of product (98%.

Rl err] 0. 374kPpREPASEL OAc/ Hexanes, ninkggdLin stain ierormaNVR

(300MHz, CDCI[err]) [err] 4.07 (bs, 2H), 3.7 (bs, 2H), 15 2.7 (t, J = 12.5
Hz, 2H), _18 .6 (m 6H), 1.51 (s,

15 MR (300MHz, CD30D), & 1.40-1.60 (4E, m), 1.60
(2H, m), 1.69 (2H, m), 2.68 (3H, s), 2.82 (1H, dd),
2.92 (2H, t), 3.10 (1H, dd), 3.30 (2H, m), 3.97 (2H,
s t), 4.18 (1H, m), 6.83 (2H, d), 7.19 (2H, d).

Analysis for CjgHpgNp0s5S.HC1.0.25 Hy0
Calculated: C = 48.11, H= 6.94, N = 7.01
Found: C = 48.16, H = 6.82, N = 6.98.

10
EXAMPLE 13
15 '
am»mxcm)o cﬁ Bm:mwc&)o C0:CHa
20 )
Methyl 2-S-(Butylsulfonylamino)-3-[4-(6-N-t-butyloxy-
r mi i -

2-3 (0.40 g, 1.01 mmole) was treated with
butylsulfonyl chloride (0.47 g, 3.03 mmole) and
NaHCO3 (0.50 g, 6.0 mmole) as described for 1-8.
Crude reaction product was purified by flash
chromatography on silica gel eluting with 30%
EtOAc/hexanes to give pure 2-6 (0.22 g) as a clear
oil. '
lg NMR (300MHz, CDCl3) § 0.87 (3H, t), 1.35-1.54 (18
H, m), 1.61 (2H, m), 1.77 (2H, m), 2.74 (2H, t),
2.95 (1H, dd), 3.05-3.18 (3H, M), 3.90 (2H, t), 4.32
(14, m), 4.72 (1H, m), 6.82 (2H, d), 7.07 (2H, 4).

25

30
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"9H),. 1.1 (ddd, J = 4.3, 12.5, 12 Hz, 2H). 20

1. DVsO Oxalyl Chl ori de
2. Carbonet hoxy- tri phenyl phos- 25
[ err] Met hyl 4-(4-N-t-butyl oxycar bonyl pi peridinyl)- 30
but - 2- enoat e :
44 [RSP25 _ - 53 - 18197IA
EXAMPLE 14

Boc-~ C. (o]
o-HNCRs HaNCCH, )0

H
. . . ' H
,@A(!:: i °=°4*_¥
CO,H
2-6 .
2-7
10

2-S-(Butylsulfonylamino)-3-[4-(6-aminohexyloxy)-
henyl ioni id hydrochlori =
2-6 ( 0.2 g, 0.39 mmole) was treated

15 in THF (1)/H,0 (1)/CH30H(1l) solution with LiOH
(0.05g, 2.12 mmole) as described for 1-8 to provide
2-S-(butylsulfonylamino)-3-[4-(6-N-t-butyloxycarbonyl-
aminohexyloxy)phenyl]propionic acid (0.235 g) as a
viscous o0il.

20
lg MR (300 MHz, CD30D) & 0.83 (3H, t), 1.35-1.56
(16H, m) 1.76 (2H, m), 2.61 (2H, t), 2.79 (1H, ddd),
3.00-3.14 (3H, m), 3.92 (2H, t), 4.11 (1H, m), 6.82

(2H, d), 7.18 (2H, d).
25

This acid (0.235 g, 0.7 mmole) was dissolved
in EtOAc (30 mL) and treated with HCl1l gas as
described for 1-9. The residue was triturated with a
solution of ether (40 mL)/EtOAc (10mL) to provide 2-7

30 (0.17g) as a white solid.
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Oxal yl chloride (55.8 nL, 0.64 nole) was dissolved in 1 L CHerr]dJ[err]
and cooled to -78[err] C under - 24 -
N err]. DVBO (54.2 nL, 0.76 nole) was added dropw se. After gas
evol-ution had ceased, 2-(4-Nt-butyl oxy- car bonyl pi peri di nyl ) et hanol
(102.5 g, 0.45 nole) dissolved in 200 nmL CH err]C [err] was added over
2005 mnutes. After stirring an additional 20 m nutes,

44 /RSP25 - 54 - 1819714

1z NMR (300MHZ, CD30D) & 0.85 (3H, t), 1.24 (2H, m),

1.35-1.60 (6H, m), 1.70 (2H, m), 1.80 (2H, m), 2.66

(2H, t), 2.78 (1H, dd), 2.92 (28, t), 3.10 (1H, 44),
s 3.30 (1H, m), 6.85 (2H, d), 7.20 (2H, 4d).

Analjrsis for C]:9H32N20.55.HC1
Calculated: C = 52.22, B = 7.61, N = 6.41
Found: C = 51.80, H = 7.61, N = 6.33.

10
EXAMPLE 14A
2-S-(Butylsulfonylamino)-3-[4-(6~acetamidinohexy-
1 ropioni i 2-7
15
H
/©/\|/m°zccﬂo ﬁH
. HN(CH,)40 cosH e,
2-7
o 0 O:C.H%
CHy-C-NH( CH,) 40~ CO.H
25 2-7a '

A solution of 2-7 (1.0 g, 2.29 mmole) in THF
30 (30 ml) is treated with ethyl acetimidate (0.2 g,
2.29 mmol) and the resulting reaction mixture is
stirred at room temperature for 16 hours. The
solvent is then removed and the residue is
recrystallized from ethyl acetate to give pure 2-7a.
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triethylamne (213 nL, 1.53 nole) was added dropw se and the cold bath
renoved.. After 1 and 1/2 hours TLC showed starting material gone.

Car bonet hoxytri - phenyl phosphorane (179 g, 0.536 nole) was added and 10
the rteaction stirred overni ght. The sol ution was diluted with 300 niL
Et[err] O extracted once with 800 niL Herr]O twice with 300 nL 10%
KHSO[ err] solution, then once with 300 nL brine. The organic |ayer was
dried over MgSO err], filtered and evaporated. Columm 15 chromat ogr aphy
(Sigerr], 5%&K¥rISexanes) yielded 488 - g (629% of plL8EITEAhyYI
4-(4-N-t-butyl oxy- car bonyl pi peri di nyl) but-2-enoate. [err]H NMR
(300MHz, CDCl[err]) [err] 6.9 (ddd J = 15.6, 7,6, 7.6  Hz, 1H), 5.8 (d, J
= 15.6 Hz, 1H), 4.0 (bs, 2H), 3.7 20 (s, 3H), 2.6 (t, J = 12.6 Hz, 2H), 2.1
(t, J =7.4 Hz, 2H), 1.7-1.4(%(3, 9H), 1.1 (m 2H). 25

[err]

' H
S N

H;N(CHy) (O

2-7
I H
10 | “H /@/\‘,NHSO-‘.C.H,
PhCNH(CH;) 4O CO;H

2-7b

15

2-S-(Butylsulfonylamino)-3-[4~-(6-benzamidinohexyloxy)-
i ono Y - )
A solution of 2-7 (1.0 g, 2.29 mmole) in THF
20 (30 ml) is treated with ethyl benzimidate (0.34 g,
2.29 mmole) and the resulting solution is stirred at
room temperature for 20 hrs. The solvent is removed
and the residue is taken up in EtOAc, filtered and
recystallized to give pure 2-7b.
25

30
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30

44 /RSP25 - 56 ~ 18197IA

H | ﬂH'
/©/\|/NH50304H¢ 1) CH,;S~CNHNO,
H,N(CH,) ¢O Cco.H 2) H,/Pd-C

10 2-7 L NHS0,C,H,

NH
1 COH
HNCNH(CH,) O

2-7¢

15

2-S-(Butylsulfonylamino)-3-[4-(6-guanidinohexyloxy-

phenyl]propionic acid (2-7c¢c)
20

A mixture of 2-7 (1.0 g, 2.29 mmol) and
N-nitrosomethylthioguanidine (0.32 g, 2.29 mmol) is
heated at 40° for 5 minutes in absolute EtOH (15 ml)
and then is allowed to stand for 1 day at room

25 temperature. The solvent is removed in vacuo and the
residue is purified by f£lash chromatography on silica
eluting with CHC13(95)-CH30H(5)-HOAc(2) to give the
desired nitroguanidino intermediate.

This is dissolved in 10% HC1-CH30H (20 ml)

30 and shaken in a Parr apparatus (50 psi) in the
presence of 10% Pd-C (100 mg) at room temperature for
8 hours. The catalyst is then removed by filtration,
the solvent is removed in v , and the residue
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4- (4- N-t - But yl oxycar bonyl pi peri di nyl ) butyl brom de Met hyl

4- (4-N-t-butyl oxycar bonyl pi peri di n- yl )but - 2-enoate (36.2 g, 0.128

nol e), was dissol ved in 500 nmL Et CAc. 10% Pal | adi um on carbon (10 g) was
5 added as a slurry in EtOAc and the reaction was pl aced under Herr]
(in a balloon) overnight. The reaction was filtered through Sol ka-Fl oc,
t he cake washed with EtQAc and the ethyl acetate evaporated to gi ve
34.7 g (90% of nethyl 4- (4-N—t-buty|oxycarbony| 10

pi peridin-4-y ate. TLC Rf = 0.69gn BOW EtOAc/ [err]H
NVR (300N+E %DZFFS??]) [err] 4.0 (bs 3 0 , HQ%Q?ng CJ =

12. 3 Hz, 2.20 (t, J =7.4, 2H), 1.6 15 (n1 4FD 1 40 (s, 9FD 1.40 (m
1H), 1.20 (n1 2H) , 1. 0 (n1 2H) . The butanoate ester (45.3

g, 0.159 nole led in ] OH.and treate mﬁt 1_.N NaCH (500
9o i 0. B nolisegiSRal s, 1% gaugoye, HOp, o1dnd ou, aRe° heded at", o0 (o0
added and thereﬁluxlﬁormﬁshedr01thThe solvent is removed in vacuo

and the residue purified by chromatography on a Dowex
5 1-X2 column eluting with water to give pure 2-Tc.

EXAMPLE 15

10

J@"""” ,O"'m‘””“‘”’
CO,CH,

Bm>nmcm)o mm-m(ma)o

15

Methyl 2-S- (Benzylsulfonylam1no) 3- [4-(6-N—t— _
n i 2-8

2-3 (0.29 g, 0.735 mmole) was treated with
benzylsulfonyl: chloride (0.14 g, 0.735 mmole) and
NaHCO4 (0.185 g, 2.2 mmole) as described for 1-8.
The crude reaction product was purified by flash
chromatography on silica gel eluting with 1:1
hexanes/EtOAc to give pure 2-8 (0.27 g) as a clear

oil.
25

20

1y NMR (300 MHz, CDCl3) & 1.47-1.69 (15H, m), 1.90
(2H, m), 2.18 (2H, s), 3.08 (2H, d), 3.25 (2H, m),
3.85 (3H, 8), 4.05 (2H, t), 4.19-4.20 (4H, m), 4.80

30 (1B, d4), 6.83 (2H, d4), 7.12 (2H, d), 7.47 (5H, m).
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ether, then acidified wwth 10% KHSO err] solution. The aqueous | ayer was

washed with ether, the ether |ayers wer e conbi ned, washed with brine,
dried (MgSd err]), and 25 concentrated to give the corresponding acid as a
clear oil (41.85 g, 97%yield). [err]H NVR (300MHz, CDCl[err]) [err]
4.0 (bs, 2H), 2.6 (m 2H), 2.25 (m 2H), 1.6 (bs, 4H, 1.4 (s, 9H),
1.3-0.9 (9H). 30 This acid (20.4 g, 0.077 nole) was treated
with borane (BH err]/THF, 235 nL, 235 mmle) in THF at O[err]

44 /RSP25 - 58 - 181971IA

EXAMPLE 16

10

15

20

25

30

MQC&%& /@/\,,M-BO,CH,C,H,

Boc- C o]
o-FN H” ¢ H:N(CHa)eo

2-5-(Benzylsulfonylamino)- 3 {4-(6-aminohexyloxy )-
h ioni i hlori = _
2-8 (0.48 g, 0.875 mmole) was treated with
LiOH (0.105 g, 4.37 mmole) as described for 1-8 to
give 2-S-(benzylsulfonylamino)-3-[4-(6-N-t-butyloxy-
carbonylaminohexyloxy)phenyl]propionic acid (0.4 g)
as a foam.

lg MR (300 MHz, CD30D) & 1.30-1.52 (15H, m), 1.72
(2H, m), 2.81 (1H, dd), 3.00 (3H, m), 3.93 (2H, m),
4.06 (2H, m), 6.81 (2H, d), 7.13 (2H, d4), 7.20-7.32
(5H, m).

This acid (0.4g, 0.75 mmole) was dissolved
in EtOAc (30 mL) and treated with HC1l gas as
described for 1-9. Crude reaction product was
triturated with ether to give pure 2-9 (0.35 g) as a
white solid.
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- 26 - for 1 hour. NaCH (1IN, 250 nlL) was added dropw se and t he
solution stirred overnight. The resulting reaction m xture was
concentrated to renove THF and extracted with ether. The ether extracts
were 5 conbined, dried over MgSO err], filtered and evaporated  to give
t he correspondi ng al cohol as 19.7 g of a colorless oil. Rf =0.71in
2:1 ethyl acetate/hexanes. 10 [err]H NVMR (300WHz, CDCl[err]) [err] 4.1
(bs, 2H), 3.6 (t, 2H, 2.65 (t, 2H, 2.1 (bs, 1H, 1.65 (bs, 2H), 1.55
(m 2H) , }‘.4?5@?25%!), 1.35 (m 3H-591.25 (m 2H), 1.18197IA 2H). 15
Thi s al cohol- (19.7 g, 76.5 mmol e) was di ssolved in THF and treated with
tri phenyl phosphi ne

1§ NMR (300 MHz, CD30D) & 1.38-1.57 (4H, m), 1.65

(2H, m), 1.73 (2H, m), 2.71 (1H, dd), 2.89 (2H, t),

3.02 (1H, dd), 3.30 (3H, m), 3.94-4.15 (5H, m), 6.83
s (2H, d), 7.15 (28, d), 7.29 (5H, m).

10
i
0,CH,CyHs CH,COC,Hs
COH |
HaN(CH;) 60
15 2-8 : /©/\|H/m|sozcn,c,1g
NH
H
2-9a
20 ;

2-S-(Benzylsulfonylamino)-3-[4-(6-(acetamidinohexyl-
oxy-phenyl)]propionic acid (2-9a)
25 A solution of 2-9 (1.0 g, 2.1 mmol) in THF
(30'ml) igs treated with ethyl acetimidate (0.18 g,
2.1 mmol) an described in Example 14A to give pure
2-9a after recrystallization from ethyl acetate.

30
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(23..1 g, 88 nole) and cooled to O[err] C. Carbon tetrabrom de (29.8 g,
89.9 mml) was added in one 20 portion, the cold bath was renoved and the
reaction stirred overnight. Additional triphenyl phosphine (11.71 )

and -carbon tetrabrom de (14.9 g) was added to drive the reaction to -
conpl etion. The m xture was filtered and the liquid was diluted with
ether and 25 filtered again. After solvent renoval the resulting liquid
was adsorbed onto Si(err] and chromatographed with 5% Et QAc/ Hexanes to

yield 4-(4-N-t y- car bonyl pi p di n-4-yl ) butyl as a clear
col orless oil %#? 85% vyield). 30 Egq?[err] = 0.6 in b‘(@gef'ﬁ\

acet at e/ hexanes

EXAMPLE 16 B

5 -
e
/@\T,mso,cmc,ﬁ, 1. CH,S8-CNHNO,
CO.H 2. H,/Pd-C
H;N(CH;) 40 e
10 2.9
<3 /@/\',mso,c‘a,
HzNCNH-(CHz)o
15
2-S-(Benzylsulfonylamino)-3-[4-(6-(guanidinohexyloxy)-
20 - —

A mixture of 2-9 (1.0 g, 2._1 mmol) and
N-nitrosomethylthioguanidine (0.29 g, 2.1 mmol) is
treated as described for Example 14C to give pure

25
~ This Sheet Has Been Replaced
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- 27 -
2.65 (t,
1.3 (m 3H),

2H),

[err]H NVR (300MHz, CDCl[err]) [err] 4.1 (bs,

1.1 (m 2H).

1.85 (m 2H),

1.65 (bd, 2H), 1.4 (s,
5 2. BocNH(CH[err])[err]Br

9H),

2H), 3.4 (t, 2H),
1.35 (m 2H),
Cormmer ci al

Herr]N(CH err])[err]CH err] OH was
the N-Boc derivative

protected as
in standard fashion and this

was
Ph[err] P/ CBr[err]

am no al cohol&t /BSP25 - 61 -

converted to the-brom' de with

in THF. Uilization of 10 start

SCHEME 3

3-1
10
NHCbz
/@’D o CO,CH,
15
| NHSO,CHy
co,cn,
" ©°
/@/\,/N"BOZC‘&
25
- This Sheet Has Been Repl :
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t he anal ogous halides in this manner . 15

3. [err] Pur chased fron1S|gna ) 20 4. [err]
[err] (Al drich) was N Boc ’ protected in
t he *st andard manner . 25 5.
[err] [err] was N-Cbz protected
in the standard fashion and converted
to final product as

- 44 /RSP25 ' - 62 ~ 181971IA

Methyl 2-S-amino-3-[4-(4-hydroxyphenyl)oxyphenyl]-
propionate (3-2).
CH450H (100 ml) was cooled to 0° and treated |
5 with SOCly (47 mmol) with stirring for 15 minutes at
0° and then 3-1 (1.5 g, 5.49 mmol) was added with
stirring for 16 hours as the temperature rose to
ambient.

The reaction mixture was filtered and the
10 Solvent was removed to give an o0il that provided 3-2
(1.57 g) after ether washing.
15 NMR (300 MHz, CD30D) & 3.10-3.30 (2H, m), 3.81
-(3H, s), 6.76-6.90 (6H, m), 7.20 (2H, d).

15 Methyl 2-S-(N-Benzyloxycarbonylamino)-3-[4-(4-hydroxy-
henyl n ion -3).

A water(l)-dioxane(l) solution (10 ml) of -
3~-2 (0.2 g, 0.62 mmol) was cooled to 0°C and treated
with Nap,CO5 (0.131 g, 1.23 mmole) and benzylchloro-

20 formate (0.619 mmol). After 1.5 hours of vigorous
stirring, the dioxane was removed at low pressure and
the residue diluted with H;0 and extracted with
EtOAc. The organic extract was washed with brine,
dried (Nap;SO4) and the solvent removed to prov1de 3=3

25 as an oil.

15 NMR (300 MHz, CDCl3) & 3.06 (2H, m), 3.75 (3H, s),
4.64 (1H, m), 5.10 (2H, m), 5.36 (1H, m), 6.83 (6H,
m), 7.00 (2H, d), 7:37 (5H, bs).

30 Methyl-2-S-(N-Benzyloxycarbonylamino)-3-[4-(4-N-t-
butyloxycarbonylpiperidin-4-yl)oxyphenyloxy]phenyl-
propionate (3-4).

' A benzene (40 ml) solution of 3-3 (0.5 g,
1.18 mmol) was treated with N-t-butyloxycarbonyl-
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piperidin-4-o0l (0.24 g, 1.18 mmol) and PhgP (0.310 g,
1.18 mmol) while stirring at room temperature with
constant N, purging. Diethyl azodicarboxylate (1.18
mmol) was added and the resulting solution was
stirred at room temperature for 16 hours.

The s¢lvent was then removed and the residue
wag purified by flash chromatography on silica gel -
eluting with hexane(70)-Et0Ac(30) to provide pure 3-4.
1y MR (300 MHz, CDCly) § 1.48 (9H, s), 1.80 (2H, m),
1.95 (2H, m), 3.08 (2H, m), 3.36 (2H, m), 3.76 (3H,
s), 4.40 (1H, m), 4.63 (1H, m), 5.10 (1H, m), 5.25
(15, m), 6.80-7.04 (8H, m), 7.36 (5H, bs).

Methyl 2-S-(Butylsulfonylamino)-3-[4-(4-N-t-butyl-
oxycarbonylpiperidin-4-yl)oxyphenyloxy)phenyl-
propionate (3-5).

A solution of 3-4 (0.5 g, 0.082 mmol) in
EtOH (40 ml) was treated with 10% Pd/C (125 mg ) and
this suspension hydrogenated in a Parr flask at 50
psi for 1.5 hour. The catalyst was filtered off and
the solvent removed to give the desired amino ester
as a clear oil.
lg MMR (300 MHz, CDC13) § 1.48 (9H, s), 1.50-1.80
(8H, m), 1.91 (2H, m), 2.82 (1H, m), 3.04 (1H, m),
3.34 (2H, m), 3.76 (3H, s8), 4.20 (1H, m), 7.90 (8H,
m), 8.11 (2H, d).

This amino ester (0.36 g, 0.77 mmol) was
dissolved in EtOAc (10 ml) and treated with NaHCO3
(0.386 g, 4.6 mmol) and n-butylsulfonylchloride (1.53
mmol) with heating at reflux for 48 hours. The
solvent was removed and the residue purified by flash
chromatography on silica gel eluting with
hexane(65)-EtOAc(35) to provide pure 3-5 as an oil.

This Sheet Has Been Reﬂ ced

WA




29

s [err]

10

15

20

25

30

44 /RSP25 - 64 - 18197IA

1§ NMR (300 MHz, CDCl3) & 0.88-1.02 (4H, m), 1.25-1.45
(38, m), 1.50 (9H, s), 1.51-1.80 (2H, m), 1.93 (2H,
m), 2.80 (2H, m), 2.95-3.20 (2H, m), 3.21-3.40 (2H,
m), 3.72 (2H, m), 3.74 (3H, s), 4.38 (2H, m), 4,80
(1H, d), 6.90 (6H, m), 7.10-7.27 (2H, m).

Z—S-(Butylsulfonylamino)—3—[4-(piperidin—4—y1)oﬁy~
1 1 1p] ] . s id bydrochloride (3-6
_ A solution of 3-5 (0.2 g, 0.34 mmol) in

THF(1)-H0(1)-CH30H(1) was treated with LiOH (0.075
g, 1.78 mmol) at room temperature for 8 hours. The
solvent was removed and the residue was acidfied with
10% KHSO, solution and this extracted several times-
with EtOAc. The organic extracts were combined,
washed with brine, dried (NaSO4) and the solvent
removed to give the desired acid. Rg = 0.3 [silica
gel, 97(CHC13)-3(CH30H)-1(HOAC)].

lg MR (300 MHz, CDC13) & 0.85 (3H, t), 1.20-1.30
(3H, m), 1.46 (9H, s8), 1.50-2.0 (6H, m), 2.75 (2H,
m), 2.97 (1H, m), 3.18 (1H, m), 3.33 (2H, m), 3.76
(24, m), 4.35 (2H, m), 5.07 (1H, m), 6.89 (6H, m),
7.13 (2H, m).

This acid (0.15 g, 0.26 mmol) was dissolved
in EtOAc and treated with HC1 gas as described for
1-9 to give pure 3-6 as a white solid. '

1 NMR (300 MHz, CD30D) § 0.89 (3H, t ), 1.32 (28,
m), 1.53 (2H, m), 1.97-2.21 (48, m), 2.75 (2H, m),
2.63 (1H, m), 3.20 (3H, m), 3.40 (2H, m), 4.14 (1H,
m), 6.82-7.05 (6H, m), 7.23 (2H, m).
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. CbzN - (CH2)37<° CO,CH;

CH, CH,

20 ‘ m NHSO,C,Hy
CbzN (cnz)3 7<0 CO,H

CH; CH, 4-4

l NHSO,C ¢ Ho
* | ) Cems co,H

4-5
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2- S-{ Benzyl oxycar bonyl am no) - 3-[4- (N-t - but yl oxy- ,

car bonyl pi peri di n-4-yl ) butyl oxyphenyl ] propi oni c acid (1-2) 15
N CBZ-L-tyrosine (1-1) (17.58 g, 0.055 nmol e) was di ssolved in DVF (75
m.),* cooled to O-10[err] C and treated with sodi um hydri de (2.88
nole). This suspension was stirred at 0-10 C for 1 hour and then
N-t - but yl oxycar bonyl pi peridi n-4- 20 ylbutyl bromde (17.70 g, 0.055

in 25 nmL DWF

was added dropw se over 15 m nutes. The reaction

g, 0.12

nol e)
nixture

was then stirr on1tenperature for hours. The
renoved in vacg‘c{% resi due was6taken up in a mxt@eg\ﬁk 500 mL

Et OAc/ 100 25

dried (Na[err]SO err]) and the solvent was renoved to

L 10@6KHSO[err]. The organi ¢ phase was washed with

oil. This was purified by flash chronatograevé-on silica gel elut

with 98:2: 0. 5 4[4-CNcHenzylozycanbomywladpe nid

-met ~75 g),

30 0.35, as aptanelldaweidy,

10

15

20

25

Methyl 4-(N-Benzyloxycarbonylpiperidin-é4-yl)-
butanoate (4-1) (10.07 g, 0.032 mol) in THF (200 ml)
was cooled to 0°C and treated with CH3MgI (0.095 mol)
for 3.0 hours. The reaction mixture was poured into
ice, acidified with 10% KHSO, and extracted with 3
portions of EtOAc. The combined organic extract was
washed with brine, dried (MgSO4;) and the solvent
removed. The residue was purified by flash
chromatography on silica gel eluting with
hexane(7)-EtOAc(3) to give pure 4-2. Rg = 0.3
(silica gel, hexane (7)-EtOAc(3).

Methyl 2-S-(Butylsulfonylamino)-3-[4~(N-Benzyloxy-
carbonylpiperidin-4-yl)-2,2-dimethyl]butyloxyphenyl-
propionate (4-3).

N—n—ﬁptylsulfonyl—L—tyrosine methyl ester

(7.21 g, 0.023 mole) was dissolved in a mixture of

4-2(1.0g), CHyCly, (30 ml) and benzene (250 ml).
Triphenylphosphine (5.97 g, 0.023 mole) was added and
after purging with Ny, diethyl azodicarboxylate (3.6
ml, 0.023 mole) was added at room temperature as the
reaction mixture turned red-orange in color.

" Reaction mixture stirred at room temperature for 7

30

days. Solvent was removed and the residue was
purified by flash chromatography on silica gel
eluting with hexane(60)-Et0OAc(40) to give pure 4-3.

lg NMR (300 MHz, CDC1l3) & 0.88 (6H, t), 1.10-1.40
(12H, m), 1.43-1.78 (8H, m), 2.70-2.82 (4H, m),
2.95-3.10 (3H, m), 3.75 (3H, 8), 4.18 (2H, m), 4.32

bri ne,

gi ve a vi scous

i ng
Rf =

ThlS Sheet Has Been Reﬂl ced




[err{H NWR (300MHz, CDCl[err]) [err] 1.00-1.15 (2H, m, 1.20-1.80 (16H,

e
m, 2.62 (2H, t), 3.10 (2H, m, 3.91 (2H t), 4.04 (2H, nm), 5.10 (2H,
'm, 5.22 (1H, d), 6.78 ( 2, d), 7.04 (2H, d), 7.35 (5H, m. -
- 3t - EXAVPLE 2
44/RSP25 - 67 - 18197IA

(1H, m), 5.13 (2H, s), 6.88 (2H, d4), 7.06 (2H, 4),
7.38 (5H, m).

s 2-S-(Butylsulfonylamino)-3-[4-(N-Benzyloxycarbonyl-
piperidin-4-yl1)-2,2-dimethyl]butyloxyphenylpropionic
acid (4-4). | _

Dissolved 4-3 (0.64 g, 0.001 mole) in _
THF/H,0/CH30H mixture and treated with LiOH (0.26 g,

10 0.0062 mole) at room temperature for 8 hours.
Solvent removal, acidification (KHSO, solution) and
EtOAc extraction provided crude 4-4 which was
purified by flash chromatography on silica gel
eluting with CHC13(97)-CH30H(3)-HOAc(1l) to give pure

15 4-4. .
1y NMR (300 MH=z, CpCl3y) d 0.86 (6H, s), 1.05-1.50
(13H, m), 1.55-1.80 (5H, m), 2.77 (4H, m), 3.04 (2H,
m), 4.10 (2H, bd), 4.17 (1H, m), 4.85 (1E, d), 5.14
(24, 8), 6.88 (2H, d), 7.13 (2H, d), 7.39 (5H, m).

20 ) '
2-S-(Butylsulfonylamino)-3-[4-(piperidin-4-yl)-2,2-

. h e s . 4
To ammonium formate (0.23 g, 3.65 mmol) in
CH30H (5 ml) was added 4-4 (0.22 g, 3.65 mmole) in

25 10 ml CH30H and then 10% Pd/C (100 mg) was added at
room temperature. After 15 minutes the reaction
mixture was passed thru a Solka Floc pad and the
solvent removed. This residue was purified by flash
chromatography on silica gel eluting with

30 EtOH(9)-H,0(1)-NH,O0H(1l) to give pure 4-5.

ln NMR (300 MHz, CD30D) & 0.88 (6H, §), 1.15-1.40

(128, m), 1.42-1.70 (7H, m) 1.90 (2H, d4), 2.78-3.00
(6H, m), 3.06 (1H, dd), 3.35 (3H, m), 3.93 (1H, m),
6.86 (2H, d), 7.20 (2H, 4).
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[err] Met hyl 2-S-(Benzyl oxycar bonyl am no)-3- 4-(N

t - but yl oxycar bonyl pi peri di n-4-yl)butyl oxyphenyl]- 15 propionic acid (1-3)
1-2 (10.05 g, 18.1 mmwl e) was dissolved i.n CH err]OH (150 nL) at room
tenperature and cesium carbonate (2.95 g, 9.06 mmvle) was added and the -
resulting mxture stirred for 15 mnutes to give a 20 clear solution. The
CH err] OH was renoved at reduced

44 /RSP25 - - 68 - 18197IA

SCHEME 5

5
/@/\rNHCbz )@/\(I:Ebz
(CH;) O COH (CH;) O 0,CH,
10
1-2 5-1
Boc Boc ) l
15
(CH) O "0,CH, (CH;)40 co,CcH,
5-3
5-2
20 Boc ) l Boc
/[::r/\I:fsoﬁth /[::r/\Iifsoﬂhﬂo
25 (CHz) O OzH (CH;) O OzH
Boc Boc
30



pressure and the residue was then dissolved in DVF (150 nL) and treated
dropwi se with nethyl iodide. (2.57), 18.1 mmole). The resulting sol ution

- was stirred overnight at roomtenperature. The solvent 25 was renoved in
vacuo and the residue was taken up in 400 nlL ether and washed with 3 Xx
50 nL portions of Herr]0, 50 nmL brine and dried (Na[err]SOerr]).

Sol vent renoval provided 1-3 as an oil. [err]H NVMR (300 MHz,
CDCl[err]) [err] -1.15 (2H, m, 1.30-1.70 30 (16H, m, 2 68 (2H, dt),
3.05 (2H, n),aﬁ-nsazai s), 3.91 (2H6%) 4.08 (2H, d) 18A¥HTAIH n).
5.10 (2H, m, 5.18 (1H, m, 6.79 (2H, d), 6.98 (2H, d), 7.35 (5H, m.
o
5 D_( CHz) ‘,O OZCH3
5-1

Methyl 3-S-(Benzyloxycarbonylamino)-4-[4-(N-t-butyl-
10 idin-4- 1 n e
G=1).

A solution of compound 1-2 (1.0 g, 1.8
mmole) and N-methylmorpholine (0.21 mL, 1.9 mmole) in
EtOAc (10 mL) was stirred at -15°C and treated with
isobutyl chloroformate (0.24 mL, 1.8 mmole). After
15 minutes the heterogeneous mixture was treated
portion-wise with an ethereal solution of
diazomethane (0.5M:10 mL, 5.0 mmole), followed by
continued stirring at 0° for 1.0 hour. The reaction
mixture was then purged with argon for 10 minutes to
remove excess diazomethane. The organic phase was
washed with 2 x 5 mL portions of H;0, brine, dried
(MgS0,), and evaporated. The residue was then
dissolved in CH30H (15 mL) and treated sequentially
with triethylamine (0.7 mL, 5.0 mmole) and AgO,CPh
(110 mg, 0.5 mmole) while stirring at ambient
temperature to effect vigorous gas evolution.

15

20

25

30
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After 30 minutes the solvent was evaporated and then
the crude reaction product purified by flash
chromatography on silica gel eluting with 4:1
hexane/EtOAc to give 5-1 (0.52 g) as an oil.

TLC Rg = 0.23 {30% EtOAc/hexane)

Methyl 3+S—Amino—4—[4—(N—t-butyloxycarbonylpiperidin—
4-yl)Ybutyloxyphenyllbutyrate (5-2).

To 5-1 (0.52 g, 0.9 mmole) dissolved in
absolute ethanol (20 mL) was added 10% Pd/C (0.25 g)
and the resulting suspension was hydrogenated under
balloon pressure for 12 hours. The catalyst was then
filtered off and the solvent was removed in vacuo to

~give 5-2 (0.35 g) as an oil.

TLC R = 0.15 (9:1:1 CH,Cl,/CH30H/ACOH).
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Met hyl 2-S- Ami no- 3-[4- (N-t-butyl oxycar bonyl pi peri di n-

4-yl) - but yl oxyphenyl ] propi onat e (1-4) 15 To 1-3 (5.0 g, 8.79
nmol e) di ssolved in absol ute ethanol (150 nL) was added 10% Pd/C (0.5 @)
and 'the resulti ng suspensi on was hydrogenat ed under. bal | oon pressure
for 12 hours. The catal yst was then filtered off and the sol vent was
renmoved in vacuo to 20 give 1-4 (3.6 g) as an oil. [err]H NMR (300
MHz, CDCl[err]) [err] 1.00-1.20 (2H, m, 1.22-1.55 (12H, m, 1.60-1.75
(4H, m), 2.00 42/R5P35, 2.68 (2H, +)712-87 (1H, dd), 318¥9(IA, dd),
3.72 (3H, 25 s), 3.93 (2H, t), 4.09 (2H, m, 6.82 (2H, d), 7.10 (2H,

d). 30
/@/\[:I-BozBu
BocN:>—( CH;) 0 0,CH,

5-3

Methyl 3-S-(Butylsulfonylamino)-4-[4-N-t-butyloxy-
nylpiperidin-4- loxyph | -
To 5-2 (0.36 g, 0.8 mmole), triethylamine
(170 pL, 1.2 mmole), 4-dimethylaminopyridine (12 mg,
0.1 mmole), and THF (5 mL) at 0°C was added n-butyl-
sulfonyl chloride (130 pL, 1.0 mmole) with stirring.
The cooling bath was removed and stirring was |
continued for 6 hours. The reaction mixture was
diluted with 10 mL of EtOAc and then washed with 2x5
mL H,0, brine, dried (MgSO,), and concentrated. The
crude reaction product was purified by flash
chromatography on silica gel eluting with 4:1
hexane/EtOAc to give 5-3 (180 mg) as an oil.

10

15

20

1g MR (300 MEz, CDC1l3) & 1.12 (2H, m), 1.25-1.83
(138, m), 1.29 (3H, t), 1.47 (9H, s), 2.68 (6H, m),
'2.87 (2H, d), 3.73 (3H, s), 3.93 (2H, t), 4.08 (1H,
m), 4.72 (1H, d), 6.87 (2H, d), 7.12 (2H, d).

25
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/@\[NHS O,Bu
Boc N:>—( CH,) 0 COH

3-S-(Butylsulfonylamino)-4-[4-N-t-butyloxycarbonyl-
Y » _4_ h | . . Y _4 .
Compound 5-3 (175 mg, 0.33 mmole) in CH50H
(4.0 mL) was treated with 1IN NaOH (1.0 mL, 1.0 mmole)
followed by continued stirring at ambient temperature
for 20 hours. The reaction mixture was diluted with
15 mL EtOAc and then washed with 10 mL 5% KHSO, and
brine, dried (MgSO,), and concentrated to give 5-4
(160 mg) as an oil.

TLC Rg = 0.31 (9:0.5:0.5 CH,Cl,/CH30H/AcOH).

L]
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Met hyl 2-S-(n-Butyl sul fonyl amino)-3-[4-(N-t- but yl oxycar bonyl pi per id

I n-4-yl )butyl oxyphenyl] - propi onate (1-8) 20 - 1-4 (0.59 g, 1.36
nmol e) was di ssolved in et hyl acetate (10 nL) and NaHCO[err] (0.7 g,

8. 68 nmol e) was added with stirring at roomtenperature followed . by
but anesul fonyl chloride (0.36 nL, 2.76 mmvol e) and the resulting m xture
was refluxed for 26 hours. The 25 cool ed reaction mixture was filtered and
concentrat ed

44 /RSP25 - 73 - 18197IA

@/\(:HSOZBU
I'NQ—'( CHz) 40 02H

5-5

3-S-(Butylsulfonylamino)-4-[4-piperidin-4-yl)butyloxy-
10 phenyllbutanocic acid (5-5)
To a stirred solution, of compound 5-4 (160
mg, 0.30 mmole), CHpCl, (2.0 mL), and anisole (100
pL) at 0°C was added CF3CO0H (1.0 mL). After 1.5
hours at 0°C the solvents were evaporated and the
15 crude reaction product purified by f£lash
chromatography on silica gel eluting with 10:0.8:0.8
| ethanol/H,0/conc. NEH,OH to g1ve 5-5 (42 mg) as a
- solid.

20 1lg NMR (300 MHz, D,0/CF5CO,D) & 0.82 (3H, t),
1.10-1.70 (11H, m), 1.80 (m, 2H), 1.98 (m, 2H), 2.48
(28, t), 2.72 (3H, m), 3.00 (3H, m), 3.43 (2H, m),
3.96 (1H, m), 4.10 (2H, t), 7.0l (2H, d4), 7.32 (2H,

d).
25

3

o
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and: t he residue was bhrified by flash chromatography  on silica gel
eluting with 4:1 hexane/ EtOAc to give - pure 1-8 (0.305 g) Rerr] 0.7 in
rr]

1: 1 hexane/ Et OAc, ni nhydrin stain. [err]H NVMR (300 MHz, CDC [e r])
[ervy] 0.82 (3H, t), 1.05 (2H, - ddd), 1.45 (9H, s), 1.1-1.6 (1H m, 1.7 (
4H, m, 2.6 (2H, t), 2.6-2.8 (2H, m, 2.78 (1H, dd), 3.05 (1H, dd),
3.7 (3H, s), 3.93 (2H, t), 4.05 (2H, bd), 4.15 (1H, dd), 6.85 (2H, d),
7.15 (2H,d).
44 /RSP25 - T4 - 181971A
SCHEME 6
s

)@/\‘/NHCbZ /@/\rNHCbZ
—
HO CO,CH; c1- "o CO,CH;,
11
10 /// 6-1

I /\/\O COZ CH3

_ : 6-2
15 _ l
; NHCbz
HN  N-(CH;)3-O COCHs
20 6-3
J@/YNI‘ICI)Z
25 HN ; _( CHz) 3~ COZH
6-4

30
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EXAMPLE 5 [err]

2-S-(n-Butyl sul fonyl am no) - 3[ 4- (pi peri di n-4-yl) butyl -

. oxyphenyl ] propi oni ¢ acid hydrochloride (1-9) 15
mol‘e) was di ssolved in

(0. 157g,

3.76 nmol e)

10

15

20

25

30
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Methyl 2-S-(N-Benzyloxycarbonylamino)-3-[4-(3-chloro-
propyloxyphenyl)ipropionate (6-1).

1-8 (0.325 g,
1:1:1 CHerr]OH Herr]O/THF and LiOH Herr]O0

Treatment of a DMF solution of 1-1 (0.95 g,
2.9 mmol) and 3-chloro-l-tosyloxypropane (0.84 g,
3.19 mmol) w1th cesium carbonate (0.47 g, 1.45 mmole)
gave a solutzon that was . st1rred at room temperature
overnight. The reaction mixture was then diluted
with H70 and extracted with ether. The ether extract
was washed with brine, dried (Na,;S0,) and the solvent
removed to give an oily residue. This was purified
by flash chromatography on silica gel eluting with
EtOAc(5)-hexane(95) to afford 6-1 as a clear oil. Rg
0.5 (silica gel eluting with EtOAc(30)-hexane(70).

Methyl 2-S-(Benzyloxycarbonylamino)-3-[4-(3-iodo-
propyloxyphenyl)propionate (6-2).

A solution of 6-1 (0.6 g, 1.5 mmol) in
acetone was treated with sodium iodide (1.1 g, 7.5
mmol) and the resulting solution was heated at reflux
for 16 hours. The reaction mixture was then diluted
with ether, washed with water, brine and dried
(Na;50,). Solvent removal gave an oil that was
purified by flash chromatography on silica gel
eluting with hexane(90)-Et0Ac(10) to give 6-2 as a
clear oil. '

1 NMR (300 MHz, CDCl3) & 1.85-2.08 (4H, m), 3.04
(28, m), 3.26 (2H, t), 3.71 (3H, 8), 3.95 (2H, t),
4.60 (1H, m), 5.00-5.21 (3H, m), 6.78 (2H, d), 6.99
(2H, d), 7.33 (5H, m).
-
eet Has Been Reilaced
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was -added. The resulting solution was stirred at roomtenperature for 3

hours, then concentrated, diluted with 10% KHSO[ err]*and extracted with
Et OAc. 20 This provided 2-S-(n-butyl sul fonyl am no) - 3[ 4-

(N-t'- but yl oxycar bonyl pi peri di n-4-yl ) but yl oxyphenyl ] - propi oni ¢ aci d.
This acid (0.315 g, 0.59 mmol e) was di ssolved in EtOQAc (20 nL) and
treated with HC gas at -20[err] Cfor 15 mnutes. The reaction m xture
was 25 then s and was stirred at,_-5[err] Cfor 1 whi ch
time all star%gﬁggﬁggerial was consunﬁd}GAFgon gas masagzggﬁéd t hr ough
the reaction m xture for 15 m nutes and the solvent was renoved to give
a residue that was triturated with ether to provide pure 1-9 30 (0.29 g)

as a pale yellow solid.

10

15

20

25

30

Methyl 2-S-(N-Benyzloxycarbonylamino)-3-[4-(2,6-di-
. S h . _
A solution of 6~2 (0.1 g, 0.2 mmol) and 2,6-
dimethylpiperazine (0.068 g, 0.6 mmol) in 1 ml THF
was stirred at room temperature for 20 hours. The
solvents were temoved at low pressure to provide 6-3
as a clear oil.

" 1g NMR (300 MHz, CDCl3) § 1.45 (4H, d), 1.82 (3H, m),

2.65 (2H, m), 2.79 (2H, m), 3.05 (1H, m), 3.18 (Z2H,
bd), 3.60 (1H, m), 3.72 (3H, &), 3.96 (2H, m), 4.62
(1B, m), 5.10 (2H, s), 5.21 (1H, m), 6.79 (2H, d),
7.00 (2H, d), 7.35 (5H, bs).

2-(N—BenzYloxycarbonylamino)—3—[4—(2,6-dimethy1piper—
azin-4-yl)propyloxyphenylipropionic acid (6-4).

6-3 (0.090 g, 0.2 mmol) in methanol was
treated with 1N NaOH (0.7 ml) at room temperature for
16 hours. The solvent was removed to give crude acid
which was purified by £lash chromatography on silica
gel eluting with isopropanol(10)-NH4;O0H(1)-H,0(1) to
provide pure 6-4, Rg 0.25.

1p MR (300 MHz, CD30D) & 1.65-1.85 (4H, m), |
2.60-2.70 (2H, m), 2.80-2.95 (6H, m), 3.11 (8H, m), .
3.52 (28, m), 3.65-3.75 (2H, m), 3.82 (2H, t), 4.17
(1H, m), 4.70 (2H, s), 4.85 (2H, m), 6.63 (2H, d),
6.92 (2H, d), 7.10 (5H, bs). |
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35 -
1.2:1.7 (9H,
2.95 (2H, bt

6.85.(2H, d),

[err]H NVR (300 MHz, CD{err]0OD) [err] O. 85_(3H t), 1.2 (2H,dd),
m, 1.7 (2H, m, 1. 95 (2H, bs), 2.65 (2H, t),
), 3.10 (1H, dd), 3.83 5 (2H, bs), 3.95 (2H, t),

7.2 (2H, d). Anal ysis for
Clerr]Herr]N err]O[err]1S.HO .0.8 Herr]O0

7.92, N =5.70 10 Found: C = 53.76, H= 7.66,".N = 5. 44,

EXAMPLE 6

10

15
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25

30

44 /RSP25

2.8 (1H, dd),
4.1 (1H dd),

Cal cul ated: C = 53.76, H =

- 77 - 18197IA
SCHEME 7
l NHCbz
l;;/lll'r,\l;hCHa
1-1
l /©/\rNHCbZ
BocNC>-( CH;) 30 CO.CH,
7-1
b/\rﬂﬂsz
BocND—( CH,) 30 CO;H
7-2
M‘”‘
BocN,\:>—( CH,) 30 0,CH;
7-3

. (o
HNC)'( CH,)30 H

7-4
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[ err]

25 Methyl 2-S-(Benzyl sul fonyl am no)-3-[4-(N-t-butyl oxy-
1-4

car bonyl pi peri di n-4-yl ) butyl oxyphenyl ] propi onat e (1-10)
(0.59g, 1.36 mple) was treated with benzyl sul fonyl chloride (0.263 g,
1.38 mmole) as 30 descri bed above for 1-8. The crude reaction product

10

15

20

25

30

44/RSP25 - 78 - 18197IA

Methyl 2-S-(N-Benzyloxycarbonylamino)-3-[4-(N-t~butyl-
oxycarbonylpiperidin-4-yl)propyloxyphenyl]propionate
(7-1).

A solution of 1-1 (4.0 g, 2.6 mmol) and

3- (N-Boc-p1per1d1n—4-y1)propy1 iodide (1.1 g, 3.3
mmol) in 40 ml ‘DMF was treated with cesium carbonate
(0.4 g, 1.35 mmol) and the resulting solution was
gstirred at room temperature for 20 hours. The
solvent was removed and the residue was taken up in
EtOAc, washed with water, brine and dried (Na,50,).
Solvent removal provided a residue that was purified
by flash chromatography on silica gel eluting with
4:1 hexane(80)-Et0OAc(20) to give pure 7-1 as a clear
oil.

1 NMR (300 MHz, CDC1l3) § 1.10 (2H, m), 1.37-1.45
(11H, m), 1.65-1.82 (4H, m), 2.68 (2H, m), 3.03 (2H,
m), 3.71 (3H, s), 3.90 (2H, t), 4.08 (2H, bd), 4.61
(1H, m), 5.10 '(1E, s), 5.18 (1H, m), 6.79 (2H, d),
7.00 (2H, d), 7.35 (5H, bs).

2—(S)—(N—Benzyloxycdrbonylamino)-3—[4—(N-t-butyloxy—
carbonylpiperidin-4-yl)propyloxyphenyl]lpropionic acid
(7-2).

7-1 (0.5 g, 0.9 mmol) in methanol (12 ml)
was treated with 1IN NaOH (3 ml) at room temperature
for 16 hours. The solvent was then removed and the
residue acidified with 5% KHSO, solution. This was
extracted with EtOAc several times and the combined
organic extracts were washed with brine and dried
(Na,S04). Solvent removal gave 7-2 as a clear oil.
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was purified by flash chromat ography on silica gel eluting with 3:1
hexane/ Et OAc to give pure 1-10 (0. 35 g) as an oil. -~

- 36 - [err]H NVR (300 MHz, CD{err]0OD) [err] 0.85-1.10 (2H, m,
1.10-1.23 (2H, ), 1.35-1.52 (11H, m, 1.61-1.80 (4H,

44 /RSP25 - 79 - 18197IA

1 MR (300 MHz, CDC1l3) & 1.10 (2H, m); 1.37-1.52
(128, m), 1.62-1.85 (5H, m), 2.66 (2H, t), 3.10 (2H,
m), 4.89 (2H, t), 4.10 (4§, m), 4.62 (1H, m), 5.09

s (1H, 8), 5.19 (1E, m), 6.79 (2H, d) 7.03 (2H, d),
7.34 (5H, bs)..

Methyl 3-S-(N-Benzyoxycarbonylamino)-4-[4-(N-t-butyl-
oxycarbonylpiperidin-4-yl)propyloxyphenyl)butanoate
10 (7=-3).

To a stirred solution of 7-2 (1.6 g, 2.9
mmol) in EtOAc at -15°C was added isobutyl-
chloroformate (2.9 mmol) and N-methylmorpholine (2.9
mmol) and the resulting solution was stirred for 0.5

15 hours at -15°. Then, diazomethane (5.0 mmol in Et;0)
was added and the reaction mixture was stirred at 0°
for 20 minutes. The reaction mixture was purged with
argon, diluted with EtOAc and washed with water. The
organic phase was dried (MgSO;) and the solvent

- 20 removed to provide the desired diazoketone.
1z NMR (300 MHz, CDC1l3) & 1.10 (2H, m), 1.35-1.50
(128, m), 1.55-1.85 (6H, m), 2.68 (2H, bt), 2.95 (2H,
d), 3.90 (2H, t), 4.09 (3H, m), 4.42 (1H, m), 5.06
(1, m), 5.20 (1H, m), 5.35 (1H, m), 6.80 (2H, d),
25 7.06 (2H, d), 7.35 (5H, bs).

This diazoketone (1.63 g, 2.9 mmol) was
dissolved in CH30H (20 ml) and treated at room
temperature with a CH30H solution (5 ml) of silver

30 benzoate (0.22 mg, 0.96 mmoles) and triethylamine
(1.25 ml). After a few minutes the reaction became
black with gas evolution apparent. After 0.5 hours
the solvent was removed and the residue was purified
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m, -2.65-3.00 (4H, n), 3.65 (3H s), 3.90-4.14 (5H 5 m), 6.85 (2H

7.08 (2H, d), 7.22 (2H, m, 7.30 (3H- m.

- EXAMPLE 7 [err]

2- S*(Benzyl sul fonyl am no) - 3-[ 4- (pi peridin-4-yl)butyl- 20
oxyphenyl ] propi oni c acid hydrochl oride (1-11)

44 [RSP25 - 80 - 18197IA

by flash chromatography on silica gei eluting with
4:1 hexane(80) EtOAc(20) to give 7-3 as an oil.

s 1H NMR (300 MHz, CDC1l3) & 1.12 (2H, m), 1.37-1.47
(12H, m), 1.60 (2H, s), 1.65-1.83 (4H, m), 2.49 (2H,
m), 2.62-2.91 (4H, m), 3.67 (3H, s§), 3.90 (2H, t),

. 4.03-4.20 (4H, m), 5.08 (2H, 8), 5.24 (1H, m), 6.79
(2H, d), 7.05 (2H, d), 7.32 (5H, bs).
10
3-S-(N-Benzyloxycarbonylamino)-4-[4-(piperidin-4-yl)-
r hen i i 1-4).
A solution of 7-3 (0.3 g, 0.53 mol) was
treated with 1IN NaOH (1.7 ml) and the resulting

15 mixture was stirred at room temperature for 16
hours. The solvent was removed and the residue
acidified with 5% aq KHSO, solvent and this was
extracted several times with EtOAc. The combined
organics were washed with brine, dried (NaSO4) and

20 the solvent removed to give the des1red acid.

17 MMR (300 MHZ, CD30D) & 1.10 (2H, m), 1.40-1.52

(12, m), 1.65-1.84 (6H, m), 2.54-2.93 (8H, m), 3.92

(2H, t), 4.05-4.12 (3H, m), 5.10 (2H, s), 6.71 (2E,
25 d), 7.08 (2H, 4), 7.35 (5H, m).

This acid was dissolved in CH,Cly; (4 ml) and
anisole (0.41 mmole) was added, followed at 0° with
trifluoroacetic acid (2 ml). After 2.5 hours

30 stirring at 0°, the solvents were removed and the
residue purified by flash chromatography on silica
gel eluting with EtOH(10)-NH40H(1)-H,0(1l) to give
pure 7-4 as a white solid.
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Treafnent of 1-10 (0.354 g, 0. 60 mml e) with LiOH (0.15 ¢g,-3.7 mmol e) as
described for 1-8 gave 2-S-(benzyl sul fonyl am no)-3-[4-(N-t-butyl oxy-
car bonyl pi peri di n-4-yl ) butyl oxyphenyl ] propi onic acid 25 (0.35 g) as a

vi seous oil. [err]H NVR (300MHz CD{err]OD) [err] 0.84-1.06 (3H m,
1.23 (4H, m, 1.34-1.50 (11H, m, 1.60-1.78 (5H, m, 2.65 (2H, bt),
2.82 (1H, m, 3.02 (1H, m, 3.91 (2H, n), 30 3.96-4.12 (5H, m, 6.83 (2H,
d), 7.15 (2H, d), 7.22 (2H m, 7.29 (3H m.

44 /RSP25 - 81 - 181971IA

"1F MR (300 MHz, CD30D) § 1.3-1.5 (4H, m), 1.6 (1H,
m), 1.75-1.85 (2H, m), 1.95 (28, d), 2.54 (2H, m),
2.72 (28, m), 2.93 (2H, t), 3.32 (6H, m), 3.92 (2H,

5 t), 4.11 (1€, m), 4.95 (28, m), 6.75 (28, d), 7.05
(28, d), 7.25 (5H, m).

. “ﬁﬁ*iiﬂ‘fiiilﬁﬂi"i‘ﬂin
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- 37 - This acid (0.35 g, 0.60 mmle) was dissol ved in 20 nmL

Ft OAc and treated with HCO gas as descri bed for 1-9 to give pure 1-11 as
a white'solid (0.30 g). 5 [err]H NVR (300MHz, CD[err]0OD) [err] 1.32 (4H,

m, 1.40-1.65 (3H, m, 1.72 (2H, m, 1.92 (2H, d), 2.77-3.08 (4H, m,
3.33 (3H, m, 3.95-4.14 (5H, m, 6.86 (2H d, 7.17 (2H, d), 7.28 (2H,
m, 7.31 (3H, m. 10 J[err] 15
44/RSP25 - 82 - 1819714
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25 thhyl 2-S-(2-Styryl sul fonyl am no)-3-[4-(N-t-butyl -

oxycar bonyl pi peridi n-4-yl)butyl oxyphenyl ] propi onat e (1-12)

1-4 (0.647 g, 15 nmol es) was di ssolved in et hyl acetate (20 m), and
NaHSO[ err] (0.454 g, 5.4 30 mmol es) was added foll owed by B-styrenesul fonyl
chloride (0.365 g, 18.0 mml es) and the resulting reaction m xture was
heated at reflux with stirring

44 /RSP25 - 83 - 18197IA
| 0
5 . I
O L aln, O
T . CO,CHy; ClCCsH;y 1 CO,CH;,
—————————————— ) .
8-1 Py 8-2
10

Methyl 2-S-(Hexanoylamino)-3-(4-iodophenyl)propionate
(8-2) '

A suspension of 8-1 (1.0l g, 2.96 mmoles) in
15 20 ml CHCl, was cooled to 0° and pyridine (1.43 ml,
17.7 mmoles) was added followed by hexanoylchloride
(1.25 ml, 8.88 mmoles). After 20 minutes all 8-1 was
consumed. Water (25 ml) was then added carefully and
this mixture was extracted with EtOAc (150 ml). The
20 separated organic phase was washed with 10% KHSO,,
brine, dried (Na;S0,) and the solvent was removed to
give a white solid. This was purified by flash
chromatography on silica gel eluting with 5%
.~ Et,0/CHCl; to give pure 8-2 (1.07 g) as a white solid.
25 . _
lg NMR (300 MHz, CDCl3) § 0.88 (3H, t), 1.27 (4H, m),
1.60 (2H, m), 2.09 (2H, t), 3.05 (2H, m), 3.75 (3H,
s), 4.88 (1H, m) 5.93 (1H, m), 6.83 (2H, d) 7.60
(2H, d).

30
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- 38 - for 16 hours. The cool ed reacti on m xture was filtered, the

sol vent renobved and the residue was purified by flash chromat ography on
silica gel eluting wi t h hexane (3)/ethyl acetate (1) to give pure 1-12.
5 +« [err]H NWR (300 MHz; CDCl[err]) [err] 1.10 (2H, m, 1.30-1.55 (14

M, n), 1.65-1.80 (4H, nm), 2.68 (2H, t), 3.01  (2H, dt), 3.62 (3H, s),
3.88 (2H, t), -4.09 (2H, ),

44/RSP25 - 84 - 18197IA

BOCF<::3>——\
CHO

8__3 [ Ph3P—CH2C= C-TIB) +Br-

-

| I~ —
BocDi::>y/ﬁ\v/ﬁ\\::——SJlﬂa3

B8-4
5-(N-t-Butyloxycarbonylpiperidin-4-yl)-1l-trimethyl-1-
silylpent-3-ene-l-yne (8-4). _

A suspension of 3-trimethylsilyl-2-propynyl)-
triphenyl phosphonium bromide (3.0 g, 6.62 mmoles)
(Aldrich) in 50 ml THF was cooled to -78° and treated
with n-BuLi (6.62 mmoles) dropwise. The resulting
solution was allowed to warm to -40° and was then
gtirred for 0.5 hours to give a deep red solution.
After cooling to -78°C the reaction mixture was
treated with 8-3 (1.07 g, 4,73 mmoles) in 15 ml THF
and was allowed to warm to 0° with stirring for 1
hour. The reaction was gquenched with 50 ml H,0 and
this was extracted with EtOAc (200 ml). The organic
phase was separated, dried (Na;SO4) and stripped to -
provide as residue that was purified by flash
chromatography on silica gel eluting with 10%
EtOAc/hexane to provide pure 8-4, (2.02 g); R¢ = 0.3.

10

15

20

25

30
1H NMR (300 MHz, CDC13) & 0.10 (9H, s), 0.70-1.10

(4H, m), 1.10-1.40 (13H, m), 1.40-1.60 (3H, m), 1.83
384, m), 2.40-2.60 (3H, m), 3.85 (3H, m), 5.35 (1HE,
t), 6.00 (1H, m).

This Sheet Has Been Reﬁlaced




4.22 (1H, m, 4.98 (1H, d), 6.45 (1H, d), 6.80 (2H, 10 d), 7.06 (2H, d),
7.40 (4H, s). 2-S-(2-Styryl sul fonyl am no) - 3- 4-[ 4- pi peri di nyl but yl -

" oxyphenyl) propionic acid hydrochloride (1-13) 1-12 (0.58 g,
0.97 mml e) was dissolved in 15 THF(1)-Herr]0(1)-MeOH(1) (15 m) and

| it hi um hydr oxi de (0.12 g, 5.0 mvol e) was added and the resulting clear
solution was stirred overni ght at room tenperature. The
‘reaction m xty4erg@gsdiluted with 75 oigs _Herr]0, acidfigt9ypaApH 2-3 with
10% KHSO err] solution and 20 then extracted with 3 x 50 ml Et OAc. The
organic extract was dried, the solvent renoved, and the resi due
purified by flash chromat ography on silica gel eluting with

CHCl [err] (97)-MeOH(3)-HOAC(1) to give the desired acid (Rf=0.2). 25
This acid was dissolved in Et QAc and treated with HC gas as descri bed
for 1-9-to give 1-13. [err]H NVR (300 MHz, CDlerr]0OD) [err] 1.15-1.70

(10H, m, 1.70-1.82 (2H, t), 1.97 t), 2.78-3.12 (5H, m, 3.35
(3H, ), 3.87 (2H t), 4.03 (1H BHeN6. Sy TN S=——xu
5 | ' |

8-5

5-(N-t-Butyloxycarbonylpiperidin-4-yl)pent-3-en-1-
yne (8-5)

A solution of 8-4 (0.815 g, 2.54 mmoles) in
60 ml THF was treated with 12 ml H70 and lithium
hydroxide hydrate (0.96 g, 2.28 mmoles). The
reaction mixture was stirred at room temperature for
15 6 hours during which time the color became dark
orange. The reaction mixture was then diluted with
Et,0 (75 ml) and the aqueous phase was separated and
washed with 3x75 ml Et;0. The combined organic
extacts were washed with brine, dried and stripped.
The resulting residue was purified by flash
chromatography on silica gel eluting with 10%
EtOAc/hexanes to give 0.63 g pure 8-5.

10

20

g NMR (300 MHZ, CDCl3) & 1.0-1.25 (3H, m), 1.25-1.60
25 (118, m), 1.60-1.75 (3H, m), 2.06 (2H, t), 2.30 (1H,
t), 2.60-2.78 (2H, m), 4.07 (2H, m), 5.51 (1H, m),

6.22 (1H, m).

30
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gg d), 6.69 (2H, n), 7.18 (3H, n), 7.41 (5H, bs).

44 /RSP25 - 86 - 18197IA

_ o)
— I
5 BOCN:}/\A = O / \‘/NHCC5H1 1

8-6 CO,CH,

Methyl 2-S-(Hexanoylamino)-3-[4-(5-N-t-butyloxy-
carbonylpiperidin-4-yl)pent-3-ene-l-ynephenyl]-
propionate (8-6). '

A solution of 8-5 (0. 3 g, 1.2 mmoles) and
8-2 (0.58 g, 1.4 mmoles) in diethylamine (6 ml) was
purged with N, and bis-triphenylphosphine palladium
chloride (0.049 g, 0.07 mmoles) was addéd followed by
cuprous iodide (7 mg, 0.035 mmoles) and the
suspension was purged again. After several minutes
the reaction mixture became homogeneous and this
solution was stirred for 16 hours at room temperature.

The solvent was removed at high vacuum and
the residue was dissolved in pH 7 buffer and
extracted with Ety0. The organic extract was washed
with 10% KHSO,, brine, then dried (Na;S0,;) and
stripped. The residue was purified by flash
chromatography on silica gel eluting with 20%
EtOAc/hexanes to give 0.28 g pure 8-6. Rg = 0.3 (20%
EtOAc, hexanes).

15

20

25

1z NMR (300 MHz, CDCl,) & 0.90 (3H, m), 1.05-1.40
(9H, m), 1.52 (6H, s), 1.58-1.75 (4H, m), 2.07 (2H,
m), 1.70 (2H, m), 3.14 (2H, m), 3.75 (2H, m), 4.10
(2H, m), 4.89 (1H, m), 5.70 (1H, m), 5.94 (1H, m),
6.18 (1H, m), 7.03 (2H, m), 7.38 (2H, m).

30
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5 [err]

15 2- S- (2- Phenet hyl'sul f onyl am no) - 3- [ 4-

(N-t-butyl oxycar- 20 bonyl pi peri di n-4-yt)butyl oxyphenyl] propi oni ¢ aci d

(1-14)

10

15

20

25

30
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0
|

HNC>—( CH,)s NHCC, H, ;
7 g7

_ CO;H
2-S-(Hexanoylamino)-3-[4-(5-Piperidin-4-yl)pentyl-
phenyllpropionic acid (8-7)

8-6 (0.275 g, 0.52 mmoles) was dissolved in
EtOH and 2 ml of H,0 was added along with 5 drops of
HOAc. Pd-C (100 mg) was added and the resulting
suspension was hydrogenated on a Paar shaker (50 ps1)
for &4 hours. The reaction mixture was filtered
through Solka-Floc and the resulting solvent was
removed. The resulting residue was purified by flash
chromatography on silica gel eluting with 35%
EtOAc/hexanes to give 0.22 g of methyl 2-S-hexanoyl
amino-3-[4-5-N-t-butyloxycarbonylpiperidin-4-yl)-
pentylphenyl propionate.

1x NMR (300 MHz, CDCl3) § 0.85 (3H, t), 1.00-1.35
(12H, m), 1.45 (9H, §), 1.50-1.65 (6H, m), 2.15 (2H,
t), 2.50-2.65 (4H, m), 3.05 (2H, m), 3.71 (3H, §),
4.04 (2H, m), 4.83 (1E, m), 5.96 (1H, m), 6.98 (2H,
d), 7.04 (2H, d).

This ester (0.17 g, 0.32 mmoles) was
suspended in 10 ml of 1:1 THF/H,0 and CH30H (2 ml),
lithium hydroxide hydrate (0.067 g, 1.6 mmoles) was
added and the reaction was stirred for 2.0 hours at
room temperature. The solvent was then removed and
the residue was taken up in H,0. This was acidified
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1-12a'(0.21 g) was dissolved in 20 ni absol ute ethanol, 0.1 g 10% Pd/C

was added and the stirred suspensi on was hydrogenated under ball oon 25
" pressure. After 4 hours the reaction was stopped and. t he sol vent was
renoved to give the desired product 1-14 (0.194 9). [err]H NMR (300

MHz, CD{err]OD) [err] 1.05 (2H, m, 1.30-1.40 (3H, m, 1.47 (14H, m,

1.72 (5H,

2.67-2.93 (8H, 30 m, 3.13 (1H, m, 3.31 (2H m), 3.82 (2H,

m, 4.00-4.20 (4H, n), 6.82 (2H, d), 7.07 (2H, d), 7.21  (5H, ).

10

15

20

25

30
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to pH 2-3 with 10% KHSO,, and extracted with EtOAc.
The organic extract was washed with brine, dried
(Na,;50,) and stripped to give 0.050g of the desired
acid.

1g NMR (300 MHz, CDCl3) § 0.85 (3H, m), 0.95-1.42 (15
H, m), 1.47 (9H, s), 1.50-1.70 (7H, m), 2.18 (2H, m),
2.48-2.72 (5E, m), 5.02-5.30 (2H, m), 4.03 (2E, m),
4.84 (1H, m), 6.05 (1H, m), 7.06 (4H, s).

This acid (0.15 g, 0.29 mmoles) was
dissolved in EtOAc (25 ml), cooled to -70° and
treated with HC1l gas for 10 minutes. The temperature
was allowed to rise to -20° over 0.5 hr. The
reaction mixture was purged with N, and the solvent

- was removed. The residue purified by flash

chromatography on silica gel eluting with 9:1:1
EtOH/HZOINH4OH to give pure 8-7, 0.040 g as a white
solid.

1 NMR (300 MHz, CD30D) § 0.78 (3H, t), 1.05-1.30
(%H, m), 1.32-1.56 (4H, m), 1.74 (2H, d), 2.03 (2H,
m), 2.42 (2H, m), 2.70-2.85 (3H, m), 3.04 (1H, dd),
3.21 (2E, m), 4.38 (1H, m), 6.92 (2H, d), 7.00 (2E,
d.

In the -above Schemes and Examples, various
reagent symbols have the following meanings:
BOC: t-butoxycarbonyl.
Pd-C: Palladium on activated carbon catalyst.
DMF: Dimethylformamide.
CBZ: Benzyloxycarbonyl.
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- 40 - 2- S- (2- Phenet hyl sul f onyl am no) - 3- 4-[ 4- pi peri di nyl -

but yl oxyphenyl ] propi oni ¢ acid hydrochl oride (1-15) 1-14 (0.194 9)
was di ssol ved in Et OAc and treated with HC gas as described for 1-9 to
provide 5 pure 1-15 (0.145 q). [err]H NVR (300 MHz, CD{err]0OD) [err]

1.25-1.68 (8H, m, 1.73 (2H, m, 1.93 (2H m, 2.78 (3H, m, 2.91 (4H m,
3.13 (1H, m), 3.33 (4H, n), 3.86 (2H, m, 4.18 (1H, ), 6.80 (2H d),
7.09 (2H, d), 7.22 (5H m. 10 15

44 /RSP25 - 89 - | 18197IA

BOP: Benzotriazol-l-yloxytris(dimethylamino)-
phosphonium hexafluorophosphate.
EtOAc: ethyl acetate
5 DMF: dimethylformamide
CHyCly: methylene chloride
CHCl3: chioroform
MeOH: methanol
HOAc: acetic acid
10

Suitable alternative protecting groups
that can be used in the preparation of the present
invention include benzyl ester, cyclohexyl ester,
4-nitrobenzyl ester, t-butyl ester, 4-pyridylmethyl .

15 ester, benzyloxycarbonyl, isonicotinyloxycarbonyl,
O-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
p-methoxybenzyloxycarbonyl, t-amyloxycarbonyl,
isobornyloxycarbonyl, adamantyloxycarbonyl,
2-(4-biphenyl)-2-propyloxy-

" 20 carbonyl and 9-fluorenylmethoxycarbonyl.

In addition to those compounds specifically
exemplified above, additional compounds of the
present invention are set forth in tabular form
below. These compounds are synthesized by use of the

25 synthetic routes and methods described in the above
Schemes and Examples and variations thereof well
known to those of ordinary skill in the art, and not
requiring undue experimentation. All variables

30
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gern] 20 - 41 - Met hyl
-S- (Phenyl sul f onyl am no) - 3-[ 4- (N-t - but yl oxy-
- car bonyl pi peridin-4-yl)butyl oxyphenyl ] propi onate (1-16).

44/RSP25 - 90 - | 18197IA

listed in the Tables below are with reference to the
following generic structure:

5 ' 3

R
@/(m'lz)n N\SO
2

(CHz)p

Y 7
SCHImy” N2 R |
1 5
10 R R

15
20

25

30
This Sheet Has Been R
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1-4, (0. 647 g, 1.5 nmol és) was treated wth 5 phenyl sul fonyl chloride (0.318

g, 1.8 moles ) as ~described for 1-8. The crude product was purified by
flash chronmat ography on silica gel eluting with CHCl [err](98)-MeOH(2) to
give pure 1-16 (0.67 g). [err]H NVR (300 MHz, CDCl[err]) [err] 1.09 (2H,

m, 1.25-1.40 10 (3H, m), 1.42 (9H bs), 1.60-1.85 (6H m), 2.66 (2H,
m, 2.96 (2Ws/Edp 3.55 (3H, s), 3.89 264 +), 4.09  (4H8IAJIA 5 12 (1H,

d), 6.72 (2H, d), 6.95 (2H, d), 7.40-7.65 (3H, 'm, 7.75 (2H m. 15
2- S- (Phenyl sul f onyl am no) - 3- (4- pi peri-di n-4-yl butyl oxy- phenyl ) propi oni c
acid hydrochloride (1-17). 1-16 (0.523 g) was treated with

l'ithium hydr oxi de a%descr:'hbed f 1-8 .40 givegscrude pr §duct thﬁat was
purified by flash chrontitography onSsilicari20 gelteluting with

CHCl [err] (97)-MeOH(3)-HOAC(1) to provide pure acid (Rerr] =0.2).
This acid was treated with HO gas in EtOAg as described for 1-9 t
provi de pure 1-17. N

(@)
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= 7 ¥ 9 9 s 5
10 g i
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8 e
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25 ferr]H NWVR (300 MHz, CD[err]OD) [err] 1.28-1.47 (6H -m, 1.50-1.70
(3H, m, 1.75 (2H, m, 1.97 (2H, d), 2.77 (1H, m, 2.95 (3H ), 3.35
(4H, m, 3.93 (3H, 6.72 (2H, d), 7.02 (2H, d), 7.41 (2H m, 7.52
(1H, m, 7.67 (2H, m. 30. - 42 -
44 /RSP -92 - 181971IA
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[err] 10 Met hyl 2-S-(2-Thi enyl sul fonyl am no)-3-[4-(N-t-butyl -
oxycar bonyl pi peri di n-4-yl ) butyl oxyphenyl ] propi onate 15 (1-18).

1-4 (0.304 g, 0.7 mmles) was treated with 2- t hi enyl sul fonyl chl ori de
(0.155 g, 0.85 mmol es) as described for 1-8 to provide crude product.
Thi s was

44/RSP - 93 - 181971A
5
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9 o
g 3
« § = 5 £ % % 8§ £
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10 o o 2
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purified by flash chromat ography on silica gel 20 eluting with
CHC [err](98)-CH err]OH(2) to afford pure 1-18 as a viscous oil, Rerr]

0.3 [silica gel, CHO[err](98)- CH err] OH(2)] [err]H NVR (300 MHz,
CDCl[err]) [err] 1.10 (2H, m, 1.31 (4H, m, 1.36-1.80 (16 H m, 2.68
(2H, bt), 3.03 (2H, d), 25 3.57 (3H, 8), 3.91 (2H, t), 4.08 (2H, m, 4.29
(1H, m, 5.16 (1H, d), 6.78 (2H, d), 7.00 (4H, m, 7.55 (2H, dd).
30 44 /RSP . = 9% - 181971A
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- 43 - 2-S- (2-Thi enyl sul fonyl am no) - 3-[ 4- (pi peridin-4-yl)-

but yl oxyphenyl ] propi oni ¢ acid hydrochl oride (1-19). Treat nent
of 1-18 (0.22 g, 0.38 mmvles) with 5 LiOH (0.045 g, 1.89 nmol es) as
descri bed for 1-8 provi ded the desired acid, which was purified by
flash chromat ography on silica gel eluting with

CHCl [err] (9% [err]OH(3)-HOAc(1). .X§ Lerr]H NVR (300;18dz34CD[ err] OD)

[err] 1.05 (2H d t), 1.20-1.40 ~ (5H_ n), 1.40-1.60 (12H, m 1.65-1.80
(5H, ), 2.65-2.82 (4H, m), 2.98 (1H, dd), 3.30 (1H, m, 3.92  (2H
t), 4.00-4.13 (5H, ), 6.75 (2H, d), 7.02 (3H
5 )
o ' PR - q
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m,-7.39 (1H, d), 7.67 (1H, d). 15 Treatnment of this acid with
HCO gas as described for 1-9 provided 1-19 as a white solid after
“trituration. 20 Anal ysis Cal cd. for

C[e’rr]H[err]N[err]O[err]S[err] HCl .0.5 Herr]O: C, 51.60,

H 6.30, N, 5. Found: C, 51.57, H 6.20, N, 5.51. [err]H
NVR (300 MHz err]0D) [err] 1.29-1.45 (4H m, 25 1. 47 1.70 (3H, m,
171183(#1%%[25191200(2H ¥ - 2.79 (1H ), B1%F3 04 (3H ),
3.95 (2H, t), 4.04 (1H, m, 6.76 (2H, d), 7.05 (3H, m, 7.40 (1H,

m, 7.79 (1H, n). 30
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10 . 2-S- (Dansyl am no) - 3-[4- (N-t - but yl oxycar bonyl - 15

pi peridi n-4-yl ) butyl oxyphenyl ] propi onate (1-20). 1-4 (0.304 g,
0.7 mmoles) was treated with dansyl chloride (0.208 g, 0.77 mol es) as
descri bed for 1-8 to provide crude product which was purified by

fl ash chromat ography on silica gel eluting with 20 hexane(75)-Et QAc(25) to
gi ve pure 1-20. R[err] 0. 25 (silica gel eluting with

hexane(75) EtCAcSZ [err]H NVR (3 VHz, CDC [err]) Eﬁgf 1.10 (2H,-
m, 1.21- BoH, m), 1.40-1.53 (T1¥¥ v, 1.60-1.80 (8 . 2.68 25
(2H, bt), 2 89 (6H, s), 3.33 (2H, s), 3.89 (2H, t), 4 05 4.19 (4H, m,

5.24 (1H, m), 6.62 (2H, d), 6.82
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d). 30

Treat nent of 1-20
181971A

8.51 (1H,

t),

8.19 (2H,
- 99 -

7.50 (2H, m),

d),

2- S- (Dansyl am no) --3-[ 4- (pi peri di n-4-yl ) butyl oxy-
44 /RSP

0. 412 mol es)

7.18 (1H,
phenyl ] propi oni ¢ acid hydrochloride (1-21).

(2H, d),
-45-
(0.275 g,

CCFHOJ000D*H LS
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wi th Li OH as described for 1-8 gave the desired acid 5 :as a highly
fluorescent viscous residue. [err]H NMR (300 MHz, CD[err]0OD) [err] 1.09
(2H, m, 1.22-1.40 (3H, m, 1.40-1.57 (12H, m, 1.65-1.80 (3H, m,

2.60-2.80 (3H m, 2.90 (6H, s), 3.31 (3H m, 3.80 10 (2H, t), 3.90 (1H,
m, 4.01-4.15 (4H, m, 6.47 (2H, d, 7.21 (1H, d), 7.42 (2H, m, 7.98
(1H, d), 8.20 (1H, d), 8.46 (1H, d). Treatnent. of this acid

in EtOAc with HO gas 15 as described for 1-9 provided-1-21 as a white
solid upstyReP28/| acetate triturati onl00 - Anal ysis forl8l97IA

Cerr]Herr]Nerr]O[err]S. 1.8 HO .Herr] O C, 56.53; H,
6.77; N, 6.59; Cd, 10.01. 20 Found: C, 56.48; H, 6.66; N, 6.36; d,
10. 21. [err]H NVR (300 MHz, CDO[err]OD) [err] 1.30-1.51 (7H, m,

1.52-1.80 (4H, m, 1.95 (2H, bt), 2.65 (1H m, 2.95 (3H m, 3.30-3.40
(4H, ), 3.45 (6H, s), '
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25 3.84-3.97 (3H, m), 6.45 (2H, d), 6.77 (2H d), 7.71 (2H, ),
(1H, d), 8.16 (2H, d), 8.55  (1H, d), 8.70 (1H, d). 30
58/RSP35 - 101 - 18197IA
EXAMPLE 58

10

15

20

25

30

Blood was drawn into 0.1 volumes of
acid-citrate-dextrose (85 mM sodium citrate, 64 mM
citric acid, 110 mM dextrose) by venipuncture from
normal human volunteers. Platelet-rich plasma was
prepared by céntrifugation at 400 x g for 12
minutes. PGEl (5 mg/ml) was added and platelets
were collected by centrifugation at 800 x g for 12
minutes. The platelet pellet was resuspended into
human platelet buffer (140 mM NaCl, 7.9 mM KC1, 3.3
mM Na,HPO4, 6 mM BEPES, 2% bovine serum albumin, 0.1
% dextrose, pH 7.2) and filtered over Sepharose 2B
that was previously equilibrated in human platelet
buffer. Platelets were counted and adjusted to 2 x
108/ml with human platelet buffer. Human fibrinogen
(10-100 mg/ml and CaCl; (1 mM) were added and
aggregation was initiated by the addition of 10 mM
ADP. Aggregation was monitored by the initial rate
of increase of light transmittance.

While the invention has been described and
jllustrated in reference to certain preferred
embodiments thereof, those skilled in the art will
appreciate that various changes, modifications and
substitutions can be made therein without departing
from the spirit and scope of the invention. For
example, effective dosages other than the preferred
doses as set forth hereinabove may be applicable as a
consequence of variations in the responsiveness of
the mammal being treated for severity of clotting
disorders or emboli, or for other indications for the

compounds of the invention indicated above.
-

"M -

8. 00



- 46 - [err] ' : - 47 -
EXAMPLE 8. :

58/RSP35 . - 102 - 181971IA

Likewise, the specific pharmacological responses
observed may vary acording to and depending upon the
particular active compound selected or whether there
are present phatmaceﬁtical carriers, as well as the

5 type of formulation and mode of administration
employed, and such expected variations or differences
in the results®are contemplated in accordance with
the objects and practices of the present invention.
It is intended, therefore, that the invention be

3p limited only by the scope of the claims which follow
and that such claims be interpreted as broadly as is
reasonable.

15

25

30
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[err] 2- S—(Benzyloxycarbonylan1no) 3 [4 (6-N-t-butyl oxy-
car bonyl am nohexyl oxy) phenyl)] propi onic acid (2-1) & This SheetHaSBeenReplaced
N- CBZ- L-tyrosine (15.0 g, 0.045 nole) was dlssolved in 75
added at 0-10 Cto a suspensi on of sodium hydride (2.16 g,
25 nL DMF. The resulting suspension was stirred at 0-10[err
hour and then 6-(t-butyl oxycarbonyl -

58/RSP35 - 103 - 18197IA

WHAT IS CLAIMED IS:
1. A compound of the strﬁctural formula

5 R’
—_— 3
| CHy)p. l R*
\scb

Y 9 (CE&)p
10 R' R’

and the pharmaceutically acceptable salts thereof,

wherein '

Rl is a four to eight member heterocyclic ring
containing 1, 2 ,3 or 4 heteroatoms wherein
said heteroatoms are N, O or S and wherein
said heterocyclic ring is optionally
substituted at any atom by H, R® or R7; NR6RY

. NR® NR® - NR7
20 RORTN-C—; RORTN-C-NH—; R6-C-NR7-;

Cc!ﬁ)n ' GC}HQ)D
svor

R®

15

25
vherein R® and R7 are independently
hydrogen and = .
unsubstituted or substituted Cgp_jo alkyl and
cycloalkyl whérein said substituents are
30 C1-10 alkoxy,
Ci_10 alkoxyalkyl,
Ci-10 alkoxyalkyloxy,

A



20 am no) hexyl bromde (12.6 g, 0.045 nole) in 25 nL DWVF was added
dropwi se_at 0-5. C and the dl ear, dark reaction mixtlre was stirred at
room t enperature over ni ght. After solvent renoval, the
resi due was taken 25 up in EtOAc and this was nmade acidic with 10%

KHSO[ err ] solution. The organi c phase was separated, washed W th

brine, dried % MaReipalsSd err]) and the saglogent renmoved to 18XMHMEA an oil.
This was puritied by col um chromat ography on silica gel eluting with

98:2:1 30 CHO [err]/CH err]OH HOAC to give pure 2- 1 as a clear oi
[err]H NVR (300 MHz, CD[err]OD) [err] 1.45 (15H, , 1.75( 2H SheetHasBeen

2750335 (6% 1. 5 9121 ) 4 Al eauod P54 IiI |||f|1||
' C1_10 alkylcarbonyl,

C4-10 aralkylcarbonyl,
Ci-10 alkylthiocarbonyl,

5 Ci-10 aralkylthiocarbonyl,
thiocarbonyl,
€1-10 alkoxythiocarbonyl,
aryl,
a 5 to 6 membered saturated

10 heterocyclic ring containing 1, 2, 3 or
4 heteroatoms wherein said heteroatoms
are taken from the group cons1st1ng of
N, O and §,
Cy.4 alkanoylamino,

15 C1_¢ alkoxycarbonyl-Cqy_g alkylamino,
Ci-10 alkylsulfonylamino,
C4_10 aralkylsulfonylamino,
C4..10 aralkyl, '
C1_10 alkaryl,

20 €1_10 alkylthio,
C4.10 aralkylthio,
C1.10 alkylsulfinyl,
C4-10 aralkylsulfinyl,
Ci-10 alkylsulfonyl,

25 C4-10 aralkylsulfonyl,
aminosulfonyl,
C1-10 alkylaminosulfonyl,
C4-10 aralkylsulfonylamino,
oﬁo,

30 thio,

* [ L ] S *

laced
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‘ EXAMPLE 9 [err] 5 .
| i

58/RSP35 - 105 - 181971IA

unsubstituted and mono- and

di-substituted l-ethenyl, 2-ethenyl and

3-propenyl wherein said substituents

are selected from the group consisting

of hydrogen, 01;10 alkyl and C4_ 30

aralkyl,

éarboxy,

hydroxy,

amino,

Ci_g alkylamino,

Cy.g dialkylamino,

halogen, where halogen is defined as F,

Cl, Br or I,

nitro, and

cyano,
and further wherein said N can additionally
be substituted to form a quaternary ammonium
ion wherein said substituent is as
previously defined for R® and R7;

RZ and R3 are independently

hydrogen,
aryl and
unsubstituted and substituted Cg_jo alkyl and
cycloalkyl wherein said substituent is
Ci.310 alkoxyalkyl,
aryl,

) 0N VL

‘his Sheet Has Been RTlaced
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Met hyl 2-S-(Benzyl oxycar bonyl am no)-3-[4-(6-N-t-

but yl oxycar bonyl ani nohexyl ox¥) phenyl ] pr opi onat &his SheetHas Been Replaced Conpound
2-1 (10.0 g, 19.43 mMmmole) in 75 nL DVF was tr mr i um car bonat e
" (3.16 g, 9.72 mmole) with stirring at roomt 1.9 hour s.
Then, nethyl iodide (2.76 g, 19.43 mol e) was added dropw se and the
reaction mxture was stirred 20 overni ght at anbient tenperature. The

sol vent was S&RERAM at hi gh vacuum«€3d06 G and t he resi IBEI WA "t aken
up in 300 nL Et CAc and washed with 2 x 40 nL protions of saturated

NaHCJ err] solution, brine and dried (Na[err]SOerr]). Solvent renoval
provided 2-2 (8.5 g, 25 83% as a clear oil. [err]H NVMR (300Hz,

CDCl [err]) [err] 1.25-1.53 (d6Htd)8 memfered (Paturdted. 96-3. 17 (4H n),
S gs (39 390 (2R Wee b Seydrie flng syrdd toflainidg 117 M-
2, 3 or 4 hetero atoms, wherein said
hetero atoms are taken from the group
5 congisting of N, 0 and S,
C4-10 aralkyl,
Cl-—lO' -alkaryl,
C1-10 alkylthio,
C4_10 aralkylthio,
10 _ Ci-10 alkylsulfinyl,
C4_10 aralkylsulfinyl,
Cl-—lO alkylsulfonyl,
C4-10 aralkylsulfonyl,
carboxy,
15 Ci-10 alkylcarbonyl,
Ci-10 alkylthiocarbonyl,
. C4-10 aralkylcarbonyl,
C4.10 aralkylthiocarbonyl,
Ci_¢ alkoxycarbonyl,
20 : \C4—10 aralkoxycarbonyl,
Cl—ﬁ alkoxy,
C1_¢ alkoxycarbonyl-Cy_, alkyl,
C4-10 aralkoxycarbonyl-Cy_, alkyl,
C4-10 aralkoxy,
25 C1-6 alkylamino,
| C1.12 dialkylamino,
C1.p alkanoylamino,
C4-10 aralkanoylamino,
C4-10 aralkylamino,
30

R R



30 {2H, d), 6.98 (2H, d),. 7..32 (5H, m). '
- 49 - . EXAMPLE 10 [ ] o) -This. Sheet Has Been Replaced

58/RSP35 - - 107 - 18197IA

Ci-j0 alkyl or cycloalkyl,
C4-10 aralkyl,
5 C1-10 alkoxyalkyl,
Ci-10 alkaryl,.
Ci-10 alkylthioalkyl,.
Cy-jo alkoxythioalkyl,
Cy_10 alkylamino,
10 C4_1p aralkylamino,
Ci-10 alkanoylamino,
Cs-10 aralkanoylamino,
Cy_10 alkanoyl,
C4.10 aralkanoyl, and
15 unsubstituted or substituted Ci_jq carboxyalkyl
wherein said substituent is aryl or Cj_jo aralkyil;
further wheérein any of the substituents for R4 may be
substituted by a substituent selected from the group
as defined for R6;
20 R° is
a four to eight member saturated or unsaturated
heterocyclic ring containing 1, 2, 3 or 4
heterocyclic atoms wherein said heteroatoms are
N, 0 and S and
25
%
—C-R8,

30

L



Methyl 2-S- Ami no-3-[4-(6-N-t-butyl oxycarbonyl -
am nohexyl oxy) phenyl | propi onpte (2-3) 15 This mﬁﬁurﬁ#s@m

15.1
mol’e) was di ssol ved in 150 nL absol ute ethan Pd/ C
was” added. Thi s suspensi on was hydrogenated in tus (50 psi)
for 3.5 hours. The catal yst was then fiItered the sol vent 20
renoved on the rotary evaporator to give pure 2-3 (5.56 g) as a clear

oil. Rerr] :%&mﬁiqerr] with 95: 54098 CHC [err]/CH erzgd¥1a

-%-RS, vherein R is
hydroxy,
Ci.10 alkyloxy,
5 C1-10 alkaryloxy,
C4-10 aralkyloxy,
C4-10 aralkylcarbonyloxy,
C3_10 alkoxyalkyloxy,
Ci-10 alkoxyalkylcarbonyloxy,
10 Cy_30 alkoxycarbonylalkyl,
Ci_30 alkylcarbonyloxyalkyloxy,
an L- or D-amino acid joined by an amide linkage
or
an L- or D-amino acid joined by an amide linkage
15 "and wherein the carboxylic acid moiety of said
amino acid is esterified by Cj_g alkyl or C4_3g
aralkyl, '

9 .

20 . —P—OR9,

0
.¥_0R9
OR10, wherein R? and R1° are selected from the
25 group consisting of hydrogen, Cj_jo alkyl and C4_jo.
aralkyl;

30
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[err]H NVR (300 MHz, CDCl[err]) [err] 1 30—I‘§§“TIEH"_—‘_'_?0 25 (2H, m,

2.80 (1H, m,
d), 7.09 (2H,d).

10

15

20

25

3.00-3.17 (3H) ), 3.71 .82 (2H,
. =
58/RSP35 - 109 - 181971IA
X and Y arepptional substituents that, when present
are independently

NRO,

o0 ¢ i

s, §0, -C-; -C; —CH-

5049, . .

R6 R7

_c_c_

-C=C-,

a 4- to 8-membered ring containing 0, 1, 2, 3 or

4 heteroatoms chosen from N, O and S, wherein

said ring is independently substituted at any

atom with R®

aryl,
or '

o)
[ .
’JsﬁNFP'/,. f —NRssOZ—; -SOZNR6—; or
8]
R~

Z is an optional substituent that, when present, is
independently chosen as defined for X and T;

m is an integer of from zero to ten;

n is an integer of from zero to ten; and

30 p is an integer of from zero to three.

e

AL



EXAMPLE 11 [err]
2- S (Met hyl sul fonyl ani no) - 3-/[ 4- (6-N-t - but Jhi een Replaced
car bonyl am nohexyl oxy) phenyl ] pr opi onat e (2 “‘ “ml““‘Z 3 (0.40 g, 1.01

mol e) was treated with

58/RSP35 - 110 - 18197IA
2. A compound of the structural formula
5 )
C
Qj‘“4Mm
Y (CH%)p
/( CHy) ni\x/ ~Z
R' | COZR"
10
and the pharmaceutically acceptable salts thereof,
wherein
Rl is
15 a four to eight member heterocyclic ring wherein

said heteroatoms are N, O or S and wherein said
heterocyclic ring is optionally substituted by
cl—lO alkyl; or
NROR7 wherein‘R6 and R’ are independently
20 hydrogen,
unsubstituted or substituted Cj_jo alkyl
wherein said substituent is
Ci-10 alkoxycarbonyl,
aryl, _
25 Co-5 dialkylamino-Cj_jo alkyl,
C4-10 aralkyl,

and further wherein said N can additionally be
substituted to form a quaternary ammonium ion wherein

30 said substituent is as previously defined for R® and
R7;

T



met hanesul fonyl chloride (0.116 g, 1.01 ' an NaHCO[ err] (0.25 g,
3.0 nmmol e) as described for 1-8. The crugﬁsﬁga@ﬁgg&hpmmﬂumt was purified

by flash 20 chromat ography on silica gel el ut t OAC / hexanes
to give pure 2-4 (0.10g) as a clear oil. \mmml“ WONHZ, CDCl [err])
[err] 1.36-1.56 (15H, m), 1.77 (2H, m, 78 (3H, s), 3.92
(2H, t), 25 4.36 (1H, n), 4.90 (1H d). 6. 82 (2H, d), 7.09 (2H, d).

30 58/RSP35 - 111 - 18197IA

RZ and R3 are 1ndependently
hydrogen,
C1-4 alkyl or C4_30 aralkyl;

5 R% is
- aryl, -
Cy-10 alkyl or cycloalkyl,
C4_10 aralkyl,
C1-10 alkoxyalkyl or

10 unsubstituted or substituted Cj_jg carboxyalkyl
wherein said substituent is aryl or Cy_jo aralkyl;
r11 is

hydrogen or
Cl—lO alkyl;

15
X and Y are independently:
0,
502,
20 —CH=CH-, —CNR®-, -NR6C-, SO,NR®-, or -NR®50,-
aryl,
a 5- or 6-membered ring conta1n1ng 0, 1 or 2
heterocatoms chosen from N, 0 and S wherein said
ring is independently substituted at any atom
25 with RS;
Z is an optional substituent that, when present, is
|
0, S0,, -NR6CO-, -CONRS-, -C-

30 C1-10 straight or branched alkyl;

* [4 L M s *
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10

15

20
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30
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EXANPL E n I-Ea]s Been R’raced

HIl\I\\ I

58/RSP35 - 112 - 181971A

—

m is an integer of from zero to éight;
n is an integer of from zero to two; and
p is an integer of from zero to two structural formula

3. A comﬁbund of the structural formula
3. - 3
CH,)
48 o
¥ (CHb)p
/( CHy) m\x/ ~Z
R cozzz‘1

and the pharmaceutically acceptabie salts thereof,
wherein ’

R! is
a five to six member heterocyclic ring containing
one or two heteroatoms wherein said heteroatoms
are N,0 or S and wherein said heterocyclic ring -
is optionally substituted by Ci-5 alkyl; or’
NROR7 wherein R® and R’ are independently
hydrogen,
unsubstituted or substituted Cy_jo alkyl
wherein said substituent is
C4_10 aralkyl,
and further wherein said N can additionally be
gsubstituted to form a quaternary ammonium ion wherein

said substituent is as previously defined for R6 and
R7;

* c L M S *



laced

h fep
I

hydr ochl oride (2-5) 15 J 2-4 (0.1 g, 0.212. nmole) was
LiOH (0.026 g, 1.06 nmole) as described for 1-8 to provide
2-S- (et hyl sul fonyl ami no) - 3-[ 4- (6-N-t - but yl -

oxycar bonyl am nohexyl oxy) phenyl ] propionic acid (0.125g) as a viscous
oil. 20 [err] NWR (300 MHz, CDOlerr]OD) [err] 1.30-1.55 (16H, m, 1.75
~(2H, m, 2.6358IBSEI5 2.85 (1H, dd), 8.1k3B.43 (3H, m ,1819BI42H, t),
- 4.17 (1H, m, 6.83 (2H d), 7.20 (2H, d). 25 This acid was

di ssolved in EtOQAc (20 nL) and treated with HC gas as described for
- 1-9. Sol vent renoval provided a residue that was triturated with 30

mL Et[err] O t R%r3d 8 RiXe wyrdrdifers; White solid (0.09

2- S- (Met hyl sul f onyl am no) - 3- 4-(6-am nohexyl oxy) - phenyl ] prop| omﬁ;i‘f

R4 is
aryl,
5 Ci-10 alkyl,
C4_10}aralky1,
R1L is

hydrogen or
Ci-10 alkyl;

10
X and Y are independently
0 0
u 1]
0, -NHC-, -C-NH-,
-CB=CH~, -CHy-, or Ci-10 cycloalkyl;
135

Z is an optional substituent that, when present, is
0, S0,, -NHCO-,
Ci.jo straight or branched alkyl;

20 m is an integer of from zero to six;
is an integer of from zero to one; and
p is an integer of from zero to one.

=]

25

30

A



30 . _ -52- [ err Irhis AR Had BEMYREplaced
COlerr]QD), [err] 1.40-1.60‘(4H m, 1.60 (2H, m, 1'69 (2

(3H, s), 2.82 (1H, dd), 2.92 (2H, t), 3.10 (1H dd), 3.30 .(-IMMH"HHWIIHII
(2H,

58/RSP35 - 114 - 18197IA
4, A compound of the structural formula
H
S5 H I 4
| cHz)n\'\ <X
* - : Cb
1/(CH2)m Y - .
R Ny”  Z (CEaDp
X |
CO,H
10 .
and the pharmaceutically acceptable salts thereof,
wherein
Rl is
15 a six member saturated heterocyclic ring

containing one or two heteroatoms
wherein said heteroatoms are N or 0 and wherein
said heterocyclic ring'is optionally substituted
by Cy_3. alkyl; or
20 NRSR7 wherein'R® and R7 are independently
hydrogen or
Ci1-10 alkyl;
R4 is
aryl,
25 Ci-10 3lkyl or
C4_10 aralkyl;
X and Y are independently
' ﬁ o
C1-10 alkyl or cycloalkyl -NHC- or -dNH—;
30

UL



8. 10

5 tJ, 4.18 (1H, m, 6.83 (2H d, 7.19 2H :d) . Anal ysis for
Clerr]Herr] N err]O[err]S. HC}. 0. 25 H[@ﬁ“? Q‘Hasl ﬁi?tded' C = 48. 11,

6.94, N = 7.01 Found: C = 48.16, H-
EXAVPLE 13 [err] Met hyl

2-S-(Butyl sul fonyl ami no) - 3-[4-(6-N-t- bUtonxy-
~car bonyl am nohexyl oxy) phenyl ] pr opi onat & {2- 6)

58/RSP35 - 115 - | 18197IA

Z is an optional substituent that, when piesent, is
0, -NHCO-, or -CONH-
Cy.5 straight or branched alkyl;

5 m is an integer of from zero to six;
n is one or two; and
P is zero or one.

5. A compouhd of the structural formula
10
H H Rt
\\N\ Ed
SO,
1 CO,H
15 R'-(CH,) - Z
wherein
20 Rl is h
_ a six member saturated heterocyclic ring
containing one or two heteroatoms wherein said
heterocatoms are N;
NR6R7 wherein R® and R7 are 1ndependent1y
: H or
25
Ci-10 alkyl;
R4 is- :
aryl
30 Ci-10 alkyl

_C4_10 aralkyl;'

A



2-3-(0.40 g, 1.01 nmole) was treated with
g, .3.03 nmmole) and 25 NaHCO]Jerr] (0.50 g, 6.
Crude reaction product was purified by flash

butyl sul fonyl  aihls@héei@asEerRoniaced

L

chr omat ograph

gel* eluting with 30% Et OAc/ hexanes to give pure 2-6 (0.22
oil. 30 [err]H NWMR (300MHz, CDCl[err]) [err] 0.87 (3H t), 1.35-1.54 (18
H m, 1.61 ( 177 (2H . 2743620 0. 2. 97 g bHradd) ,
ATV (3%351(/}‘%3590 (2H, t), 4.3 il%(lH m, 4.72 ( J’n), 6.82 (2H,
d), 7.07 (2H d).
Z is
S 1
0, -NHC-, -C-NH-, where m is an integer from
two to six.
5

6. A compound as claimed in Clam 5, of

the structural” formula

10

O/ (CHp) 4\0
15

*
20 ’
' C CH2)4\0
HN .
25
N C CHz)4

30 ,HNQ/ o

H
80,0, H,
CO,H
HC1l

SN
e
CO,H

HC1

| N
~50,CH;

CO,H
HC1

* c L M S *



- 53 - EXAMPLE 14 J[err] S3GLFLA
. 2-S(Butyl sudd. I NO) - 3- [{4- (6- am nopexyloxy )- phe pi oni ¢ acid
?,eéﬂgﬁ‘é;( 2y |

~hydcochl ori I

eet Has Been Reﬁaced

TR

W
172]
O

[ })
0

o~

&

- (CHy) 6\ CO,H
: HC1

7. A pharmaceutical composition comprising a
compound as claimed in Claim 1 or Claim 6 and a
pharmaceutically acceptable'carrier.

8. The use of a compound as claimed in Claim 1 or
Claim 6 for the manufacture of a mediéament for blocking
fibrinogen from acting as its platelet receptor site in a
mammal.

9. The use of a compound as claimed in Claim 1 or
Claim 6 for the manufacture of a medicament for the
- prevention or treatment of thrombus formation.

10. The use of a compound as claimed in Claim 1 or
Claim 6 together with an anti-coagulant agent for
blocking fibrinogen from acting at its platelet receptor
site in a mammal.

AT



2-6,( 0.2 g, 0.39 nmmole) was treated 15 in THF (1)/Herr]0 (1)/CH err]OH(1)
solution_with Li OH (0.059, 2.12 mmol e) as descri bélhisfSheet HasBeenRe i de
Z-S?(butylsulfonylanino)-3-[4-(6-N—t-butyIoxycarbonyl-

. amihohexyl oxy) phenyl ] propi onic acid (0.235 g) as a 0

- [err]H NVR (300 MHz, CD[err]0OD) [err] 0.83 (3H, t), 1.35-1.56" (16H, m

1.76 (2H, nm), 2.61 (2H, t), 2.79 (1H, ddd), 3.00-3.14 (3H, m, 3.92 (2H,
. t), 4.11 (1H, BB/RBP8S (2H, d), 7.18 @am -d). 25 18197IA s acid

(0.235 g, 0.7 nmole) was dissol ved in EtOAc (30 nL) and treated with HC

gas as described for 1-9. The residue was triturated with a sol ution

of ether (40 mL)/EtQAc (10nlL) to provide 2-7 30 (0.17g) as a white solid.
11. The use of a compound as claimed in Claim 1 or
Claim 6 together with an anti-coagulant agent for the
ﬁrevention or treatment of thrombus formation.

5 12. The use of a compound as claimed in Claim 1 or
Claim 6 together with a fibrinoljtic_agént for blocking
fibrinogen from acting at its platelet receptor site in a
mammal.

10 13. The use of a compound as claimed in Claim 1 or
Claim 6 together with a fibrinolytic agent for the
prevention or treatment of thrombus formation.

14. The use of a compound as claimed in Claim 1 or
15 Claim 6 togethef with a platelet anti-aggregation agent
' for blocking fibrinogen from acting at its platelet
receptor site in a mammal. '

15. The use of a compound as claimed in Claim 1 or
Claim 6 together with a platelet anti-aggregation agent

20
for the prevention or treatment of thrombus formation.
16. The composition as claimed in Claim 7, further
comprising at least one compound selected from the group
25 consisting of platelet anti-aggregation agents,
thrombolytic agents and anti-coagulation agents.
30

* c L ] S *



= / |
- 54 - & [err]H NVR (300MHz, CD{err]OD) [err] 0.85 (3H, t),
m,. .A.35-1.60 (6H m, 1.70 (2H, m, 1.80 (2H, ), 266 2H;
(1Hs dd) 2.92 (2H, t), 3.10 (1H, dd), 5 3.30 (1H, m, §.8 2H

(2H -d). £ Analysis for err]Herr]Nerr]0o[err]S. HJ  Bean Replaged
152.92, H ="y fpesph 641 Found: C=51.80, H=7.61 N ' (ul n

44 /RSP25
58/RSP35
5
18197IA
10
IITLE OF THE INVENTION

NOVEL SULFONAMIDE FIBRINOGEN RECEPTOR ANTAGONISTS

 ABSTRACT OF THE INVENTJION .
lé' | A series of non-peptide derivatives that are
antagonists of the fibrinogen IIb/IIIa receptor and
thus are platelet anti-aggregation compounds useful
o in the prevent;on and treatment of dlseases caused by
| thrombus f ormatJ. on.

20

25

30

- PR



EXAMPLE 14A

2-S- (Butyl sul f oriyl ani no) - 3- [ 4- (6- acet ani di nohexy-

ony)phenyl]propionic acid (2-7aﬁ{15 [err]

».
L)

.'Wf&ﬁ'
-

- 10

Tetia3—4 2ros

REPLACED SHEETS SG
W] Description : paged .‘.'.'??f'.’.""'g'} d..=..
& Claim{s) :paged..W. to paged ... 8...
1 Drawing(s) :paged........ to paged ..........

[} Abstract  :paged.....topaged ...
DATE CF RECEIPT ..

IITLE OF THE INVENTION

NOVEL SULFONAMIDE FIBRINOGEN RECEPTOR ANTAGONISTS

15 -

20

25

30

.

The present invention provides novel
compounds, novel compositions, methods of their use
and methods of their manufacture, such compounds .
being generally pharmacologically useful as
anti-platelet aggregation agents in various vascular
pathologies. The aforementioned pharmacologic
activities are useful in the treatment of mammals.
More specifically, the sulfonamide compounds of the
present invention act by blocking the molecular

receptor site of the protein fibrinogen.

Fibrinogen




‘A solution of 2-7 (1.0 g, 2.29 nmole) in THF 30 (30 n) is treated with

ethyl acetimdate (0.2 g, 2.29 mol) and the resulting reaction m xture
S stivred at roomtenperature for 16 hours. The solvent is then
renmoved and the residue is recrystallized fromethyl acetate to give
pur e “2-7a. - 55 -

-2 -

10

15

20

25

30

is a glycoprotein that circulates in the blood
plasma, and whose platelet receptor site is
glycoprotein IIb/IIXa. By blocking the action of
fibrinogen at the receptor (glycoprotein IIb/IIIa),
the compounds of the present invention interfere with
platelet aggregation, which is a cause of many
vascular pathologiés. At the present time, there is

“a need in the area of vascular therapeutics for such

a fibrinogen receptor blocking agent. By interfering
with hemostasis, such therapi would decrease the
morbidity and mortality of thrombotic disease.

Hemostasis is the spontaneous process of
stopping bleeding from damaged blood vessels.
Precapillary vessels contract immediately when cut.
Within seconds, thrombocytes, or blood platelets, are
bound to the exposed matrix of the injured vessel by
a process called platelet adhesion. Platelets also
stick to each other in a phenomenon known as platelet
aggregation to form a platelet plug. This platelet
plug can stop bleeding quickly, but it must be
reinforced by the protein fibrin for long-term
effectiveness, until the blood vessel tear can be
permanently repaired by-growth'of fibrqblasts. which
are specialized tissue repair cells.

An intravascular thrombus (clot) results
from a pathological disturbance of hemostasis. The
thrombus can grow to sufficient size to block off
arterial blood vessels. Thrombi can also form in
areas of stasis or slow blood flow in veins. Venous
thrombi can easily detach portions of themselves
called emboli that travel through the circulatory
system and can result in blockade of other vessels,

This is the replacement sheet

Date: 2 8 DEC 19%



EXAMPLE 14B

[err]

2- S—(Butylsulfonylan1no) 3-[4-(6- benzan1d|nohexyloxy)

10

15

20

25

30

-3 -

such as pulmonary arteries. Thus, arterial thrombi
cause serious disease by local blockade, whereas
venous thrombi do so primarily by distant blockade,
or embolization. These diseases include venous
thrombosis, thrombophlebitis, arterial embolism,
coronary and cerebral arterial thrombosis and
myocardial infarction, stroke, cerebral embol1sm,
kidney embolisms and pulmonary embolisms.

There is a need in the area of
cardiovascular and cerebrovascular therapeutics for
an agent which can be used in the prevention and
treatment of thrombi, with minimal side effects,
including unwanted prolongation of bleeding in other
parts of the circulation while preventing or treating
target thrombi. The compounds of the present
invention meet this need in the art by providing
therapeutic agents for the prevention and treatment
of thrombi.

The compounds of the present invention show
effieacy as ant1thrombot1c agents by virtue of their
ability to block fibrinogen from acting at its
platelet receptor site and thus prevent platelet
aggregation.

This is the replacement sheet

Date: 2 8 DEC 1996



phenyl ] propi oni ¢ acid (2-7b) . A solution of 2-7 (1.0 g, 2.29

nmmole) in THF 20 (30 M) is treated with ethyl benzimdate (0.34 g, 2.29
mol e) drd t he resulting solution is stirred at roomtenperature for 20
hrs. The solvent is renoved and the residue is taken up in EtOAc,
filtéred and recystallized to give pure 2-7b. 25 30
-& -
SUMMARY OF THE INVENTION

The present invention relates to novel
compounds having the general structural formula I:

S
R?
50,
| K, (CH)p
10 DASOLS ls '
R : R
-and the pharmaceutically aceptable salts thereof,
wherein
a four to eight member heterocyclic ring
containing 1, 2 ,3 or 4 heteroatoms wherein
- said hetero atoms are N, O or S and where1n
said hetero ring is optionally substituted
20 at any atom by H, RS or R7; NROR7T
NR6 NR® I“R7
1 : \ {
RORTN-C-; RORTN-E-NH-; or R6-C-NR7-;
25 - ; or
N
R®
wherein R® and R7 are independently
20 hydrogen and unsubstituted or substituted Co-lo alkyl

and cycloalkyl wherein said.substituents.are

Ci—10 alkoxy,
Ci1-10 3lkoxyalkyl,
Cy-10 alkoxyalkyloxy,

This is the replacement sheet

2 8 DEC 9%

Date:



- 56 -
[err]

o

10

15

20

25

30

EXAMPLE 14C 5

-5~

Ci-10 alkoxycarbonyl,

Ci-10 alkylcarbonyl,

C4-10 aralkylcarbonyl,

Cj-10 alkylthiocarbonyl,

C1-10 aralkylthiocarbonyl,
thiocarbonyl,

C1_10 alkoxythiocarbonyl,

aryl, | _

a 5 to 6 membered saturated heterocyclic
ring containing 1,2,3 or 4 hetero atoms
wherein said heteroatoms are taken from the
group consisting of N, O and S,

Ci-4 alkanoylamino,

C3_¢ alkoxycarbonyl-Cg_g alkylamino,

C1-10 alkylsulfonylamino,
C4-10 aralkylsulfonylamino,
C4-10 aralkyl,

Ci-10 alkaryl,
C1-10'alkylthio,

C4_10 aralkylthio,.

C1-10 8lkylsulfinyl, :
C4-10 aralkylsulfinyl,
Ci-10 alkylsulfonyl,

C4-10 aralkylsulfonyl,
aminosulfonyl, '

C1-19 alkylaminosulfonyl,

C4-30 aralkylsulfonylamino,

- Ooxo0,

thio, .
unsubstituted and mono- and di-substituted
l-ethenyl, 2-ethenyl and 3-propenyl wherein

Tis is the replacement shees

Date: 2 8 DEC 19%



2- S- (Butyl sul fonyl am no) - 3-[ 4- ( 6- guani di nohexyl oxy- hhenyl]propionic

acid (2.7c) 20 A mxture of 2-7 (1.0 g, 2.29 mmol) and
N—n|trosdnethylth|oguan|d|ne (0.32 g, 2.29 nmol) is heated at 40[err]
for § mnutes in absolute EtOH (15 ) and then is allowed to stand for
1 day at room 25 tenperature. The solvent is renoved in vacuo and the
residue is purified by flash chromatography on silica eluting with
CHC [err] (95)-CH err] OH(5) - HOAc(2) to give the desi red nitroguani di no

i nt er nedi at e.

10

15

20

25

30 .

-6 -

said substituents are selected from the
group consisting of hydrogen, Cj.jo alkyl
and C4_10 aralkyl,

carboxy, '

hydroxy,

amino, .

C1-¢ alkylamino,

Ci.¢ dialkylamino,

halogen, where halogen is defined as F, C1,
Br or I,

nitro, and

cyano,

and further wherein said N can additionally be
substituted to form a quaternary ammonium ion wherein
said substituent is as previously def1ned for R and
R7

RZ and R3 are indeyendently
hydrogen,
aryl and
‘unsubstituted and substituted Cg._j¢ alkyl
and cycloalkyl wherein said substituent is
C1-10 alkoxyalkyl,
a 4 to 8 membered saturated heterocyclic
ring system containing 1, 2, 3 or &
heteroatoms, wherein said heteroatoms are
taken from the group consisting of N, O and
s’
C4-310 aralkyl,
C1-10 alkaryl,
Ci-10 alkylthio,

This ig the replacement sheet
Sheet Has Been Reﬂlaced '

NN e s




This is dissolved in 10% HO -CH err]OH (20 nl) 30 and shaken in a Parr
apparatus (50 psi) in the presence of 10% Pd-C (100 ng) at room

t enperat'ure for

8 hours. The catalyst is then renoved by filtration,

the solvent is renoved in vacuo, and the residue

- 57°-

10

15

20

25.

30

R4 ig

aryl,
Ci-10
C4-10
Ci-10
Ci-10
C1-10
Ci-10
Ci-10
Ca-10

-7 -

. C4__10 aralkylthio,
Cy-j0 alkylsulfinyl,
C4-10 aralkylsulfinyl,
C1-10 3lkylsulfonyl,
04;10 aralkylsulfonyl,

" carboxy,

C1-10 alkylcarbonyl,
C1-10 alkylthiocarbonyl,
C4-10 aralkylcarbonyl,

- C4-10 aralkylthiocarbonyl,
Ci.¢ alkoxycarbonyl,
C4-10 aralkoxycarbonyl,
C1-¢ alkoxy,

Cy—¢ alkoxycarbonyl-C;_, alkyl,
C4-10 aralkoxycarbonyl-C;_, alkyl,
C4-10 aralkoxy,

Ci-¢ alkylamino,

Cy_12 dialkylamino,

C1-¢ alkanoylamino,

C4-10 aralkanoylamino,

C4-10 aralkylamino,

alkyl or cycloalkyl,
aralkyl;
alkoxyalkyl,
alkaryl,
alkylthioalkyl,
alkoxythioalkyl,
alkylamino,
aralkylamino,

This is the replacement sheet

_Da_te: 2 8 OEC .\9%



di ssol ved in 10% aqueous HCO sol ution and heated at reflux for 2 hours.

The solvent is renoved in vacuo ~and the residue purified by

chromat 0graphy on a Dowex 5 1-X2 colum eluting with water to give pure
~2-7c., 10 [err] 15 Met hyl
+ 2-S-(Benzyl sul fonyl am no)-3-[4-(6-N-t- '
,butyloxycarbonylan1nohexyloxy)phenyl]prop|onate (2-8) 2-3

- (0.29 g, O. 735 nmol e) was treated with

-8 -

Ci-10 alkanoylamino,
C4-10 aralkanoylamino
Cy-10 alkanoyl,
C4-10 aralkanoyl, and

5 unsubstituted or substituted Cy_jq carboxyalkyl

~ wherein said substituent is aryl or Cj_jo

aralkyl; further wherein any of the substituents
for RY may be substituted by substituents
selected from the group as defined for RE;

10
R is
a four to eight member saturated or unsaturated
heterocyclic ring containing 1, 2, 3 or & _
15 heterocyclic atoms wherein said heteroatoms are
‘N, 0O and § and
0
-c-R8
20 8 I
-C-R8, wherein R8 is
hydroxy,
25 Ci_10 alkaryloxy,

C4-10 aralkyloxy,
C4-10 aralkylcarbonyloxy,
C3-10 alkoxyalkyloxy,
C1-30 alkoxyalkylcarbonyloxy,
30 Ci_jo alkoxycarbonylalkyl,
C1-10 alkylcarbonyloxyalkyloxy,
an L- or D-amino acid joined by an amide
linkage or

This is the replacement sheef



20 benzyl sul fonyl chloride (0.14 g, 0.735 nmole) and NaHCO[ err] (0.185
g, 2.2 mmole) as described for 1-8. " The crude reaction product was
purifietdsby flash chromat ography on-silica gel eluting with 1:1 -
hexanes/ Et OAc to give pure 2-8 (0.27 g) as a clear oil. 25 [err]H
NVR {300 MHz, CDCl[err]) [err] 1.47-1.69 (15H, m, 1.90 (2H, m, 2.18
(2H, s), 3. 08 (2H, d), 3.25 (2H, m, 3.85 (3H, s), 4.05 (2H, t),
4.19:4.20 (4H, m, 4.80 30 (1H, d), 6.83 (2H, d), 7.12 (2H, d), 7.47 (5H,
n . .

- -9 -

an L- or D-amino acid joined by an amide
linkage and wherein the carboxylic acid
moiety of said amino acid is esterified by
Cy_¢ alkyl or C4_jq aralkyl,

\
~P-ORY,

q
10 "P-ORg ]
or10,
wherein R? and R10 are selected from the group
consisting of hydrogen, Cj_jo alkyl and C4_jq aralkyl;

15 X and Y are independently
NRS,
o,
8§ =
- §, SO0, -C-; -é-; -CH-

R6R7
- =C=C-,

25 ';'CEC' »
a 4- to 8-membered ring containing 0.1,2,3. or 4
heteroatoms chosen from N, O and §, wherein said
ring is independently substituted at any atom

30 with R6,

aryl,

Sheet Has Been Replaced - This is the replacement sheet
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gl

'EXAMPLE 16 [err]

- 10 -

(o}
4 ; 6 6.
L. P ' -NR®509~-; -S§09NR®-; or
3 o
S [
\NRG/C\
10 2 is an optional substituent that, when present,'is
independently chosen as defined for X and Y;
m is an integer of from zero to ten;
n is an integer of from zero to ten; and
P is an integer of from zero to three.
15 A preferred group of compounds of the
' present invention are those defined for general
structural formula II as:
20
(CH)n R
‘S0,
. Y CCHz)p
/(CH) ™ N2
R cozn“
25
wherein
Rl ig .
30 a five to six member heterocyclic ring wherein

said heteroatoms are N, O or S and wherein said
heterocyclic ring is optionally substituted by

This is the repiacement sheet
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2-S- (Benzyl sul fonyl am no) - 3-[ 4- ( 6- am nohexyl oxy) - phenyl ] propionic acid
hydrochl oride (2-9) 15 © 2-8 (0.48 g, 0.875 mmole) was treated with
Li OH (0.°F05 g, 4.37 mmol e) as described for 1-8 to gi ve
2-S-(benzyl sul fonyl anmi no) - 3-[ 4- (6- N-t - but yl oxy-

car benyl am nohexyl oxy) phenyl ] propionic acid (0.4 g) as a foam 20
[err]H NWVR (300 MHz, CDO{err]0OD) [err] 1.30-1.52 (15H m, 1.72 (2H
2.81 (1H, dd), 3.00 (3H m, 3.93 (2H m, 4.06 (2H,  m, 6.81 (2H, d),
7.13 (2H, d), 7.20-7.32 (5H m. _ 11 25 This acid (0.4g, 0.75
mol e) was di ssol ved tn EtOAc (30 nL) and treated with HCO gas as
described for 1-9. Crude reaction product was triturated with ether to
give pure 2-9 (0. %3_g) adkyd; 8 white solid.

NR6R7 wherein R® and R’ are independently
hydrogen,
‘'unsubstituted or substituted C;_jq¢ alkyl
5 wherein said substituent is
Cj_10 alkoxycarbonyl,
aryl,;
Co-5 dialkylamino-Cj_3o alkyl,
C4_10 aralkyl,
10 and further wherein said N can additionally be
substituted to form a quaternary ammonium ion wherein

said substltuent is as previously defined for R6® and
R’

15 RZ and R3 are
hydrogen and
Ci—4 alkyl, C4_ 30 aralkyl;

R% is
20 aryl, .

Ci-10 3lkyl or cycloalkyl,
C4_10 aralkyl,. S
Ci-10 alkoxyalkyl,
Ci1-10 alkaryl, :

25 unsubstituted or substituted C1-10 carboxyalkyl
wherein said substituent is aryl, C;_g alkyl, or
C4-10 aralkyl; -

R1L ig
30 hydrogen or
Ci-10 alkyl;
X and Y are independently
aryl,

Thns is the replacement sheef
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- 59- [err]H NWR (300 MHz, CD{err]OD) [err] 1.38-1.57 (4H, m, 1.65
(2H, m, 1.73 (2H, m, 2.71 (1H, dd), 2.89 (2H, t), 3.02 (1H, dd), 3.30

(3H, mM°%3.94-4.15 (5H, n), 6.83 5 (2H, d), 7.15 (2H, d), 7.29 (5H, m.
EXAMPLE 16A

- 12 -

0, S02,
0 0
_CH=CH-; -CNRS-; -NR6C-; SO0,NRS—; or -NRSs0,

5 a 5 or 6-membered ring containing 0,1 or 2 .
heteroatoms chosen from N or O;

Z is an optional substituent that, when present, is
0, 505, —NR6CO-, —~CONRS-,"
10 Cj_jo straight or branched alkyl;

m is an integer of from zero to eight;
n is an integer of from zero to two; and
p is an integer of from zero to two.
15
" A more preferred group of compounds of the
present invention are those defined for general
structure formula III as

L)

20

25

| | /@/\(NI-BOZ-R_‘
R'-(CH) X-¥-27 X~ 08

vherein
30 Rl is
a five or six membered heterocyclic ring wherein
gsaid heteroatoms are N and O and wherein said
heterocyclic ring is optionally substituted by
Ci1-s5 alkyl; . '
This is the replacement sheet
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[err]
2- S- (Benzyl sul fonyl am no) - 3-[ 4- (6- (acet am di nohexyl -

.
:

- 13 -

NR6R7 wherein R6 and R7 are independently
C1-10 3lkyl, or
C4-10 aralkyl
and further wherein said N can additionally be
s substituted to form a quaternary ammonium ion wherein

said stubstituent is as previously defined for R® and
R7; i

R% is
10 aryl,
' C1-10 alkyl or cycloalkyl, or
C4_10 aralkyl; -

X and Y are independently
15 phenyl
0, 502
: ;
-CNR®-;  -NRSC-
or a 5- or 6~ membered ring containing 0 or 1
20 - heteroatoms chosen from N or 0;

Z is an optional substitutent that, when presént. is
0, S0,, -NROCO~, -CONRS-, or -CH,-; and

25 m is an integer of from zero to six.

DETAILED DESCRIPTION OF THE INVENTION
The term '"pharmaceutically acceptable salts"
shall mean non-toxic salts of the compounds of this
30 invention which are generally prepared by reacting
the free base with a suitable organic or inorganic
acid. Representative salts include the following

This is the reptacement sheet
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oxy- phenyl )] propionic acid (2-9a) 25

mml ) in THF

mol ) ah®described in Exanple 14A to give pure 2-9a after
recrystallization fromethyl acetate. 30

- B0 -

10

15

20

25

30

- 14 -

Acetate
Benzenesulfonate
Benzoate
Bicarbonate
Bisulfate
Bitartrate
Borate

“Bromide

Calcium Edetate
Camsylate
Carbonate'
Chloride
Clavulanate
Citrate
Dihydrochloride
Edetate
Edisylate
Estolate

Esylate
Fumarate
Gluceptate
Gluconate
Glutamate
Glycollylarsanilate
Hexylresorcinate
Hydrabamine
Hydrobromide
Hydrochloride
Hydroxynaphthoate
Iodide

This is the replacement sheef
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EXAMPLE 16 B [err] 5 NH

v o~

- 15 - -

Isothionate
Lactate
Lactobionate
Laurate
5 Malate
Maleate .
Mandelate
Mesylate
Methylbromide
10 ' Methylnitrate
' '. Methylsulfate
Mucate
Napsylate
Nitrate
15 Oleate
‘ Oxalate
Pamaote
Palmitate
Pantoghenate
20 _ Phosphate/diphosphate
Polygalacturonate
Salicylate
Stearate
Subacetate .
25 Succinate
Tannate
Tartrate
Teoclate
Tosylate
30 Triethiodide
‘Valerate

‘This is the replacement sheet
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2-S—(Benzy|su|fony|anino)-3-[4-(6-(guanidinohexyloxy)- 20 phenyl]propiOnic

acid (2-9b) A mxture of 2-9 (1.0 g, 2.1 nmmol) and
N-ni t rosonet hyl t hi oguanidine (0.29 g, 2.1 nmol) is treated as descri bed
for Exanple 14C to give pure 2-9b. 25 30

10

15

20

25

30

- 16 - -

The term “pharmacologically effective
amount'" shall mean that amount of a drug or
pharmaceutical agent that will elicit the biological
or medical reponse of a tissue, system or animal that
is being sought by a researcher or clinician. The
term "anti-coagulaﬁt agent" shall include aspirin,
heparin and warfarin. The term "fibrinolytic agent"
shall include streptokindse and tissue plasminogen .
activator.

The term "aryl" shall mean a mono- or
polycylic ring system composed of 5- and 6- membered
aromatic rings containing 0, 1, 2, 3, or 4
heteroatoms chosen from N, O, and § and either
unsubstitutued or substituted with R6. _

The term "alkyl" shall mean straight or
branched chain alkane, alkene or alkyne. | ,

The term "alkoxy' shall be taken to include
an alkyl portion where alkyl is as defined above.

The terms "aralkyl" and "alkaryl' shall be
taken to include an alkyl portion where alkyl is as
defined above and to include an aryl portion where
aryl is as defined above.

The term 'halogen* shall include fluorine,
chlorine, iodine and bromine.

The term ‘*oxo" shall mean the radical =0.

The term *"thio'" shall mean the radical =S.

Compounds of the invention may be
administered to patients where prévention of
thrombosis by inhibiting binding of fibrinogen to the
platelet membrane glycoprotein complex IIb/IIla
receptor is desired. They are useful in surgery on
peripheral arteries (arterial grafts, carotid

This is the replacement sheet
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-61-

SCHEME 3 [err]

s

10

15

20

25

30

- 17 -

endarterectomy) and in cardivascular surgery where
manipulation of arteries and organs, and/or the
interaction of platelets with artificial surfaces,
leads to platelet aggregation and consﬁmption. The
aggregated platelets may form thrombi and
thromboemboli. They may be administered to these
surgical patiemts to prevent the formation of thrombi
and thromboemboli. _
_ Extracorporeal circulation is routinely used
for cardivascular surgery in order to oxygenate
blood. Platelets adhere to surfaces of the
extracorporeal circuit. Adhesion is dependent on the
interaction between GPIIb/IIIa on the platelet '
membranes and fibrinogen adsorbed to the surface of
the circuit. (Gluszko et. al., Amer. J. Physiol.,
1987, 252:H, pp 615-621). Platelets released from
artificial surfaces show impaired hemostatic |
function. Compounds of the invention may be
administered to prevent adhesion.

Other.application of these compounds include
prevention of platelet thrombosis, thromboembolism _
and reocclusion during and after thrombolytic therapy

and prevention of platelet thrombosis,

thromboembolism and reocclusion after angioplasty of
coronary and other arteries and after coromary artery
bypass procedures. They may also be used to prevent
mycocardial infarctiom.

The compounds of the present invention can
be administered in such oral dosage forms as tablets,
capsules, pills, powders, granules, elixers,
tinctures, suspensions, syrups and emulsions.
Likewise, they may also be administered in

Tt i the replacemeni sheet



- 62 - Met hyl 2-S-am no- 3-[ 4- (4- hydr oxyphenyl ) oxyphenyl ] -

propionate (3-2). CH err]OH (100 M) was cooled to O[err] and
treated B with SOO [err] (47 mml) with stirring for 15 minutes at

O[err] and then 3-1 (1.5 g, 5.49 mmol) was added with stirring for 16
hours as the tenperature rose to anbi ent . .. The reaction

m xture was filtered and the 10 sol vent was renpved to give an 0|I t hat
provi ded 3-2 (1.57 g) after ether washing.

118 -

intravenous, intraperitoneal, subcutaneous or
intramuscular form, all using forms well known to
those of ordinary skill in the pharmaceutical arts.
An effective but non-toxic amount of the compound

s desired can be employed as an anti-aggregation agent.

The dosage regimen utilizing the compounds

of the present invention is selected in accordance
with a variety of factors including type, species,

. age, weight, sex and medical condition of the

10 patient; the severity of the condition to be treated;
the route of administration; the renal and hepatic
function of the patient; and the particular compound
or salt thereof employed. An ordinarily skilled
physician or veterinarian can readily determine and

15 prescribe the effective amount of the drug required
to prevent, counter or arrest the progress of the
condition. D |

Oral dosages of the present invention, when

. used for the i?dicated effects, will range between:

20 about 0.01 mg per kg of body weight per day
(mg/kg/day) to about 100 mg/kg/day and preferably
1.0-100 mg/kg/day and most preferably 1.0 to 50
mg/kg/day. Intravenously, the most preferred doses
will range from about 1 to about 10 mg/kg/minute

- 25 during a constant rate infusion. Advantageously,

- compounds of the present invention may be
administered in a single daily dose, or the total
daily . dosage may be administered in divided doses of
two, three or four times daily. Furthermore,

30 preferred compounds for the present invention can be

‘This is the replacement sheet
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[err]H NVR (300 MHz, CD{err]0OD) [err] 3.10-3.30 (2H m, 3.81 (3H, s),
6.76-6.90 (6H, m, 7.20 (2H, d). 15 Methyl

2-S- (N-Bénzyl oxycar bonyl ami no) - 3- [ 4- (4- hydr oxy-

phenyl ) oxyphenyl ] propi onate (3-3). ‘A wat er (1)-di oxane(1)
solution (10 m) of 3-2 (0.2 g, 0.62 mmol) was cooled to O[err]C and
treated wth NaJerr]CJerr] (0.131 g, 1.23 mmole) and benzyl chl oro-- 20

~formate (0.619 nmol). After 1.5 hours of vigorous stirring, the dioxane
was renoved at | ow pressure and the_ residue diluted with Herr]0 and
extracted with Et OAc. The organic‘e%?ract was washed with brine,

dried (Na[err]SO[err]) and the sol vent renoved to provide 3-3 25 as an oil.

(T . 5. 10 qmliteteRga i ]fbt[r%wlsei $8rh ha"tppled? pebof) ) 00

(5H, bs). 30 smitiable2 istriandsady vehiclesonprraniaotrangdermal ¢ -

but'yl oxycar borpgyiesf u#itig' thoseX ¥oaaY b tkBn8A¥rmal skPhOPaLERES (3-4).
well known to those of ordinary skill in that art.

s To be administered in the form of a transdermal
delivery system, the dosage administration will, of
course, be continudus rather than intermittant
throughout the dosage regimen. |

In the methods of the present invention, the

10 compounds herein described in detail can form the
active ingredient, and are typically administered in
admixture with suitable pharmaceutical diluents,
excipients or carriers (collectively referred to
herein as 'carrier' materials) suitably selected with

15 respect to the intended form of administration, that
is, oral tablets, capsules, elixirs, syrups and the
like, and consistent with conventional pharmaceutical
practices. _

For instance, for oral administration in the

20 form of a tablet or capsule, the active drug
component can be combined with an oral, non-toxic,
pharmaceutically acceptable, inert carrier such as
lactose, starch, sucrose, glucose, methyl cellulose,
magnesuim stearate, dicalcium phosphate, calcium

25 sulfate, mannitol, sorbitol and the like; for oral
administration in liquid form, the oral drug
components can be combined with any oral, non-toxic,
pharmaceutically acceptable inert carrier such as
ethanol, glycerol, water and the like. Moreover,

30 when desired or necessary, suitable binders,
lubricants, disintegrating agents and coloring agents:
can also be incorporated into the mixture. Suitable

‘This is the replacement sheet
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A benzene (40 m) solution of 3-3 (0.5 g, 1.18 mmol ) was treated with

N-t - but yl oxycar bonyl - -63-
pi peri difn-4-ol (0.24 g, 1.18 mmol) and Ph3P (0.310 g, '1.18 mmol ) while
stirring at roomtenperature wth constant N2 purging. D ethyl

azodFcarboxylate (1.18 5 mol) was added and the resulting solution was

- 20 -

binders include starch, gelatin, natural sugars such
as glucose or beta-lactose, corn sweeteners, natural
and synthetic gums such as acacia, tragacanth or

sodium alginate, carboxymethylcellulose, polyethylene

s glycol, waxes and the like. Lubricants used in these
dosage forms include sodium oleate, sodium steéarate,
magnesium stearate, sodium benzoate, sodium acetate,
sodium chloride and the like. Disintegrators
include, without limitation, starch, methyl

10 cellulose, agar.'bentonite, xanthan gum and the like.

The compounds of the present invention can
also be administered in the form of liposome delivery
systems, such as small unilamellar vesicles, large
unilamellar vesicles and multilamellar vesicles.

15 Liposomes can be formed from a variety of
phospholipids, such as cholesterol, stearylamine or
phosphatidylcholines.

Compounds of the present invention may also

. be delivered by the use of monoclonal antibodies as

20 individual carriers to which the compound molecules
are coupled. The compounds of the present invention
may also be coupled with soluble polymers as
targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer,

25 polyhydroxypropylﬁethacrylamide—phenol.
polyhydroxyethylaspartamide-phenol, or
polyethyleneoxide-polylysine substituted with
palmitoyl residues. Furthermore, the compounds of
the present invention may be coupled to a class of

30 biodegradable polymers useful in achieving controlled
release of a drug, for example, polylactic acid,
polyglycolic acid, copolymers of polylactic and

¥hig is the replacement sheet
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stirred at roomtenperature for 16 hours. The sol vent was then

renoved and the residue was purified by flash chromatography on silica
gel €lfuting with hexane(70)-Et OAc(30)-to provide pure 3-4. 10 [err]H NWR
(300 Mz, CDCl[err]) [err] 1.48 (9H, s), 1.80 (2H m, 1.95 (2H, m,

- 3.08¢(2H, m, 3.36 (2H, m, 3.76 (3H, s), 4.40 (1H, m, 4.63 (1H m,

- 5.10 (1H, m, 5.25 (1H, m, 6.80-7.04 (84, m,. 7.36 (5H, be). 15 Methyl
2-S- (Butyl sul fonyl am no)-3-[4-(4-N-t-butyl -

oxycar bonyl pi peri di n- 4-yl ) oxyphenyl oxy] phenyl - propi onate (3-5).

A solution of 3-4 (0a5 g, 0.082 nmmol )~ipl — EtOH (40 m) Wwas treated with
10% Pd/ C (125 ng ) and 20 this suspension hydrogenated in a Parr flask at
50 psi for 1.5 hour. The catalyst was filtered off and t he sol vent
renoved to gi pelygdyeediceacidinpodyepsilongaprelacgons [err]H NMVR

(300 M, CDpr&&bkhrb rhu%yﬁ?c(ﬂt'ids)po%{ﬁ&ﬂogﬁt@ﬁ.(8H, m, 1.91 (2H,
M, 2.82 (1H i, S 0k o atnydopyrans, thlycyasedciyistes 420 (1M
m; 7.90 (8H, Poiyac » PO ydropy » POLYyCYy
and cross-linked or amphipathic block copolymers of
s hydrogels. - '
The compounds of the present invention can
also be co-administered with suitable anti-coagulant
agents or thrombolytic agents to achieve synergistic
effects in the treatment of various vascular

10 pathologies. _

' The compounds of formula I can be prepared
readily according to the following reaction Schemes
and Examples or modifications thereof using readily
available starting materials, reagents and

15 conventional synthesis procedures. In these
reactions, it is also possible to make use of

- variants which are themselves known to those of
ordinary skill in this art, but are not mentioned in
greater detail,

20. The most preferred compounds of the
invention are any or all of those specifically set
forth in these examples. These compounds are not,
however, to be construed as forming the only genus
that is considered as the invention, and any

" 25 combination of the compounds or their moieties may
itself form a genus. The following examples further
illustrate details for the preparation of the
compounds of the present invention. Those skilled in
the art will readily understand that known variatioﬁs

30 of the conditions and processes of the following
preparative precedures can be used to prepare these
compounds. All temperatures are degrees Celsius
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m, 8.11 (2H, d). ' This am no ester (0.36 g, 0.77 mol) was
dissolved in EtQAc (10 M) and treated with NaHCO err] 30 (0.386 g, 4.6
nmol ) ahd n-butyl sul fonyl chloride (1.53 nmmol) with heating at reflux for
48 hours. The sol vent was renoved and the residue purified by flash

chr ohat.ography on silica gel eluting with hexane(65) - Et OAc(35) to

provide pure 3-5 as an oil. - 64 -

- 22 -

unless noted otherwise.
Reagent symbols have the following mean1ngs

BOC: t-butyloxycarbonyl
Pd-C: Palladium on activated carbon
5 catalyst
DMF: - .Dimethylformamide
DMSO: Dimethylsulfoxide
- CBZ: Carbobenzyloxy
CHpCly:  Methylene chloride
10 CHCl3:  Chloroform |
EtOH: Ethanol
MeOH : Methanol
EtOAc: Ethyl acetate
HOAc: Acetic acid
15 THF : Tetrahydrofuran

The source for the following compounds is as
shown:

20

I
1. BOCNO/\/\’B -

25 ig described below.

HN _ Boc- -

2-(4—N—t-ButyloxycarbonY1piperidinyi)ethanol

30

‘This is the replacement éheet '
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[err]H NVR (300 MHz, CDCl[err]) [err] 0.88-1.02 (4H, m, 1.25-1.45 (3H,
m, 1.50 (9H, s), 1.51-1.80 (2H m), 1.93 (2H m, 2.80 (2H, : '
2.95-3.20 (2H, n), 3.21-3.40 (2H, 5 m, 3.72 (2H, m, 3.74 (3H, s), 4.38
(2H, m, 4,80 (1H, d), 6.90 (6H, m, 7.10-7.27 (2H, m.

2-S- (Butyl sul fonyl am no) - 3-[ 4- (pi peri di n-4-yl)oxy-

phenyl oxy] phenyl propi oni ¢ acid hydrochloride (3-6). 10 A sol ution
of 3-5 (0.2 g, 0.34 mol) in THF(1)-Herr]Q(1)-CH err] OH(1) was treated
with LiOH (0.075 . g, 1.78 mmol) at roomtenperature for 8 hours. The

sol vent was renoved ‘&nd the residue was23ct+dfied with 10% KHSJ err]
solution and this extracted several tines 15 with Et QAc. The organic

sol vent - " reroved to yvBiBRELasurreqehnol LhvefLanEedram| ) 2" 1o,
97( CHA [ er r] ) Aldctich)r KABD- g(HDAO) mole) wasr dissbRv¢d0in NHOO oIDC [err])
Lerr] 0.85 (331 cxane’ ¢Boied®to 0° C and treated with 3 N NaOE
(336 mL, 1.0 mole), and di-t-butylcarbonate (221.8 g,
s 1.0 mole). The ice bath was removed and the reaction
stirred overnight. The reaction was concentrated,
diluted with water ‘and extracted with ether. . The
ether layers were combined, washed with brine, dried
over MgS0,;, filtered and evaporated to give 225.8 g
10 of product (98%).

Rg = 0.37 in 1:1 EtOAc/Hexanes, ninhydrin stain

lg MR (300MHz, CDC1l3) & 4.07 (bs, 2H), 3.7 (bs, 2H),
15 2.7 (t, J = 12.5 Hz, 2H), 1.8-1.6 (m, 6H), 1.51 (s,
9H), 1.1 (ddd, J = 4.3, 12.5, 12 Hz, 2H). -

1. DM3O, Oxalyl
Chloride

2. Carbomet hoxy-
triphenylphos-

. - U\,on phorane ) -
CO.C
N | el Y o

Methyl 4-(4-N-t-butyloxycarbonylpiperidinyl)-
30 but-2-enoate

: Oxalyl chloride (55.8 mL, 0.64 mole) was
dissolved in 1 L CH,Cl, and cooled to -78° C under
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20 (3H, m, 1.46 (9H, s), 1.50-2.0 (6H, m, 2.75 (2H, m, 2.97 (1H, m,
3.18 (1H, m, 3.33 (2H m, 3.76 (2H, m, 4.35 (2H, n), 5.07 (1H m,
6.89 (6H~ m, 7.13 (2H, m. 25 This acid (0.15 g, 0.26 nmol)
was di ssol ved in EtOAc and treated with HO gas as descri bed for

1-9 fo give pure 3-6 as a white sol.id. [err]H NVMR (300 MHz, CDjerr]0D)
[err] 0.89 (3H, t ), 1.32 (2H, 30 m, 1.53 (2H, m, 1.97-2.21 (4H, m, 2.75
(2H, m, 2.63 (1H, m, 3.20 (3H, M, 3.40 (2H, nm, 4.14 (1H, m,
6.82-7.05 (6H, m, 7.23 (2H, m. 26 - -

N,. DMSO (54.2 mL, 0.76 mole) was added dropwise.
After gas evolution had ceased, 2-(4-N-t-butyloxy-
carbonylpiperidinyl)ethanol (102.5 g, 0.45 mole)
dissolved in 200 mL CH,Cl, was added over 20

s minutes. After stirring an additional 20 minutes,
tr1etby1am1ne (213 mL, 1.53 mole) was added dropwise
and the cold bath removed. After 1 and 1/2 hours TLC
showed starting material gone. Carbomethoxytri-
phenylphosphorane (179 g, 0.536 mole) was added and

10 the reaction stirred overnight. The solution was
diluted with 300 mL Et,0, extracted once with 800 mL
Hy0, twice with 300 mL 10% KHSO, solution, then once
with 300 mL brine. The organic layer was dried over
MgSO,, filtered and evaporated. Column |

15 chromatography (Si0O;, 5% EtOAc/Hexanes) yielded 78.4

- g (62%) of pure methyl 4—(4-N-t-butyloﬁy-
carbonylpiperidinyl) but-2-enoate.
1g MR (300MHZ, CDCl3) & 6.9 (ddd J = 15.6, 7,6, 7.6
Hz, 1H), 5.8 (4, J = 15.6 Hz, 1H), 4.0 (bs, 2H), 3.7

20 (s, 3H), 2.6 (¢, J = 12.6 Hz, 2H), 2.1 (t, J = 7.4
Hz, 2H), 1.7-1.4 (m, 3H), 1.4 (s, 9H), 1.1 (m, 2H).

25 : : 1.Ha/Pd on C
: 2. NaCH

' 3. BH,
CHy ,
. m 4. (CeHs) P, CBrg Boc_no/\/\/m

30
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SCHEME 4 ~ [err]

- 25 -

4-(4-N-t-Butyloxycarbonylpiperidinyl)butyl bromide

Methyl 4-(4-N-t-butyloxycarbonylpiperidin-
yl)but-2-enoate (36.2 g, 0.128 mole), was dissolved
in 500 mL EtOAc. 1.0% Palladium on carbon (10 g) was
added as a slurry in EtOAc and the reaction was
placed under Hy (in a balloon) overnight. The
reaction was filtered through Solka-Floc, the cake
washed with EtOAc and the ethyl acetate evaporated to
give 34.7 g (90%) of methyl &4-(4~-N-t-butyloxycarbonyl-
piperidin-4-yl)butancate. TLC Re¢ = 0.69 in 30%
EtOAc/Hexanes.

lg mMR (300MHz, CDCl3) § 4.0 (bs, 2H), 3.6 (s, 3H),.
2.60 (t, J = 12.3 Hz, 2H), 2.20 (t, J = 7.4, 2H), 1.6
(m, 4H), 1.40 (s, 9H), 1.40 (m, 1H), 1.20 (m, 2H),
1.0 (m, 2H).

The bﬁtanoate ester (45.3 g, 0.159 mole)
was dissolved in CH0H and treated with 1 N NaOH (500
mL, 0.5 mole) overnight. The solvent was removed in
vacuo, water was added and the solution washed with
ether, then acidified with 10% KHSO, solution. The
agqueous layer was washed with ether, the ether layers
were combined, washed with brine, dried (¥gS0,), and
concentrated to give the corresponding acid as a
clear oil (41.85 g, 97% yield).

lg MR (300MHz, CDCl3) & 4.0 (bs, 2H), 2.6 (m, 2H),
2.25 (m, 2H), 1.6 (bs, 4H, 1.4 (s, 9H), 1.3-0.9 (9H).

This acid (20.4 g, 0.077 mole) was treated
with borane (BH3/THF, 235 mL, 235 mmole) in THF at 0°

Thkistherepmcementéheét
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- 66 - 4[4-(N—Benzyloxycarbonylpiperidin-4-y|)-2-nethy|]-

pent an- 2-ol (4-2). Met hyl

4- (N- BenZyl oxycar bonyl pi peridin-4-yl)- 5 butanoate (4-1) (10.07 g, 0.032
mol) in THF (200 m) was cooled to O[err]C and treated with CH err] Myl
(0.095 nol) for 3.0 hours. The reaction m xture was poured into

ice, acidified wth 10% KHSO[err] and extracted with 3 portions of

Et OAc. The conbi ned organic extract was 10 washed with brine, dried

(MgSg err]) and the sol vent renmoved. The residue was purified by flash
chromat ography on silica gel eluting w _  hexane(7)-EtOAc(3) to give
pure 4-2. Rlerr] = 0.3 (silica gel, "hexane (7)-EtQAc(3). 15

for 1 hour. NaOH (1IN, 250 mL) was added dropwise and
the solution stirred overnight. The resulting
reaction mixture was concentrated to remove THF and -
extracted with ether. The ether extracts were

5 combined, dried over MgSO,, filtered and evaporated
to give the corresponding alcohol as 19.7 g of a
colorless oil.

Reg = 0.7 in 2:1 ethyl acetate/hexanes.
10 '
12 NMR (300MHz, CDCl3) & 4.1 (bs, 2H), 3.6 (t, 2H),

2.65 (t, 2H), 2.1 (bs, 1H), 1.65 (bs, 2H), 1.55 (m, _
2H), 1.4 (s, 9H), 1.35 (m, 3H), 1.25 (m, 2H), 1.1 (m,
2H). _

15 |

_ This alcohol (19.7 g, 76.5 mmole) was

dissolved in THF and treated with triphenylphosphine
(23.1 g, 88 mmole) and cooled to 0° C. Carbon
tetrabromide (g9.8 g, 89.9 mmol) was added in one

20 portion, the cold bath was removed and the reaction
stirred overnight. Additional triphenyl phosphine
(11.71 g) and carbon tetrabromide (14.9 g) was added
to drive the reaction to completion. The mixture was
£iltered and the liquid was diluted with ether and

25 filtered again. After solvent removal the resulting
liquid was adsorbed onto §i0; and chromatographed
with 5% EtOAc/Hexanes to yield 4-(4-N-t-butyloxy-
carbonylpipeiidin-4-yl)butyl bromide as a clear
colorless oil (20.7 g, 85% yield).

30 '

Re = 0.6 in 1:4 ethyl acetate/hexanes

This is the replacement sheet



Met hyl 2-S- (Butyl sul fonyl am no) - 3-[ 4- (N- Benzyl oxy- :
car bonyl pi peri di n-4-yl)-2, 2-di net hyl | butyl oxyphenyl - - propionate (4-3).
N n- ButyISquonyI L-tyrosine nethyl ester. 20 (7.21 g, 0.023 nole) was
di ssolved in a m xture of 4-2(1.0g), CHerr]dJ[err] (30 mM) and benzene
(250 n1) Tri phenyl phosphine (5.97 g, 0.023 nole) was added and
-after purging with N err], diethyl azodicarboxylate (3.6 m, 0.023
.nol e) was added at roomtenperature as the 25 reacti on m xture turned
-red-orange-in color. Reaction m xture stirred at roomtenperature for 7
days. Sol vent was renoved and. the residug, was purified by flash
chromat ography on silica gel elutin iTh hexane(60)-Et QAc(40) to glve
pure 4-3. 30 [err]H NVR (300 MHz, CDCl[err]) [err] 0.88 (6H, t),

1.10-1. 40 1415k &343 i ¢, &ham gé’s Q?B%.%'dt,”hn).
12.95-3.10 (3H m ., ?tg%z 5 (m’a SasH1 s & my, 1.4 (s
9n), 1.35 (m, 2H), 1.3 (m, 3H), 1.1 (m, 2H).

5 2.BocNH(CHy)¢Br Commercial HoN(CH;)5CH,0H was
. protected as the N-Boc derivative
in standard fashion and this was
converted to the bromide with
_ PhaP/CBr, in THF. Utilization of
10 : starting amino alcohols of
' varying chain lengths provides
the analogous halides in this
manner .

15

3 ,@Ac(ozm: Purchased from Sigme.
20 4 aocNO—or-x ' I'IND—OH (Aldrich) vas N-Boc

protected in the standard

ranner.

25 S. CBZN CO,CH, m{:)/\’wm N-Cbz protected

in the standard fashion and
converted to final product as

deacribed in US Serial No. 589, 145.
30

This is the replacement sheet
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- 67 - (1H, 1), 5.13 (2H s), 6.88 (2H, d), 7.06 (2H d), 7,38

(5H, m. 5 2-S-(Butyl sul fonyl anmi no) - 3-[ 4- (N-Benzyl oxycar bonyl -
pi peri din-4-yl)-2, 2-di net hyl ] but yl oxyphenyl pr opi oni c acid (4-4).
Di ssol ved 4-3 (0.64 g, 0.001 nole) in THF/ H err] O/ CH err] OH mi xture
and 1reated with Li CH (0.26 g, '
- 28 -
SCHEME 1
o
" .
5 @ COOH @ NaH, DMF
O 1-1

1-0 | ' O)cno\) D/\z;“o“a&,\Q
’ ' B
) _ . : - O}'cm).\om

H, PA/C
EtOH

25.
| g“"’ﬂ’\om

o
[

C1-8-R|Narco,

30 _ - 8 letoac

1-5
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10 0.0062 nol e) at roomtenperature for 8 hours. Sol vent renoval ,

acidification (KHSO[err] solution) and Et CAc extraction provided cr ude
4-4 whi th was purified by flash chronmat ography on silica gel

eluting with CHO [err] (97)-CH err] OH(3)-HOAc(1) to give pure 15 4-4.
[errJH NVR (300 MHz, CDCl[err]) [err] 0.86 (6H, s), 1.05-1.50 (13H,
m, 1.55-1.80 (5H, m, 2.77 (4H, m, 3.04 (2H, m, 4.10 (2H, bd), 4.17
(1H, m, 4.85 (1H, d), 5.14 (2H, .s), 6.88 (2H, d), 7.13 (2H, d), 7.39
(5H m. 20 2-S-(Butyl sul fonyl ami @) - 3-[ 4- (pi peridin-4-yl)-2,2-

di et hyl ] but yl oxyphenyl propionic acid (4-5). To amoni um
formate (0.23 g, 3.65 mmol) in CH err]OH (5 M) was added 4-4 (0.22 g,

3.65 mmole) in 25 10 M CHerr]OH and then 10% Pd/ C (100 ng) was added at
roomtenperature. After 15 nminutes the reaction xture was passed
thru a Sol ka Fl oc pad and the sol vent renoved.

by fl ash chromat ography on silica gel elutj i tT
EtOH(9)-H err]0(1)-NH err] OH( 1) t(@(w)&% COOCH,
LiOH
5 BOC-N : -
. 1-% THF
. - : CH;0H, H,0
NHSO,R
10 ) COOCH
\0 .
BOC-Q/( HC1
1-6 EtOAc

| H
15 _ | NHSO,R

' CHy) COOH

| - o
by
) 1-7

20 ' b . . .-
25
30
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[err]H NVR (300 MHz, CD{err]OD) [err] 0.88 (6H, s), 1.15-1.40 (12H,

m, 1.42-1.70 (7H, m 1.90 (2H d), 2.78-3.00 (6H n), 3.06 (1H dd),

3.35 (3H"* m
- 68

~
~

10

15

20

25

30

, 3.93 (1H, m, 6.86 (2H, d), 7.20 (2H, d).

- 30 =

EXAMPLE 1

: ' NHCBZ
- E::]/(C}E)4~13/J:::]/,\1;bf1
BOC-N~_~-

1-2

 2-S-(Benzyloxycarbonylamino)-3-[4-(N-t-butyloxy-

carbonylpiperidin-4-yl)butyloxyphenyl]propionic

acid (1-2) -
N-CBZ-L~tyrosine (1-1) (17.58 g, 0.055

mmole) was dissolved in DMF (75 mL), cooled to 0-10°

-C and treated with sodium hydride (2.88 g, 0.12

mole). This suspension was stirred at 0-10° C for 1
hour and then N—t—butyloxycanbonylpiper{din-a-
ylbutyl bromide (17.70 g, 0.055 mole) in 25 mL DMF
was added dropwise over 15 minutes. The reaction
mixture was then stirred at room temperature for 16
hours. The solvent was removed in vacuo and the
residue was taken up in a mixture of 500 mL EtOAc/100
mL 10% KHSO,. The organic phase was washed with
brine, dried (Nay;S0,) and the solvent was removed to
give a viscous oil. This was purified by flash
chromatography on silica gel eluting with 98:2:0.5
CHC14/CH40H/HOAc to give pure 1-2 (23.75°g), R¢ =
0.35, as a pale yellow oil. |

1n mvr (300MHz, CDCly) & 1.00-1.15 (2H, m), 1.20-1.80

" (16H, m), 2.62 (2H, t), 3.10 (2H, m), 3.91 (2H, t),

4.04 (2H, m), 5.10 (2H, m), 5.22 (1H, d), 6.78 ( 2,
d), 7.04 (2H, d), 7.35 (5H, m).

This is the replacement sheet
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SCHEME 5

[err] n - 69 -
-31. -
EXAMPLE 2
5 - | /@/\rNHCBZ
P AN ACH CO,CH.
E::J/( 2) 4 0,CH;
BOC-N , 1-3 .
10
‘Methyl 2-S-(Benzyloxycarbonylamino)-3-[4-(N-
t-butyloxycarbonylpiperidin-4-yl)butyloxyphenyl]-~
15 propionic acid (1-3)

1-2 (10.05 g, 18.1 mmole) was dissolved in
CH30H (150 mL) at room temperature and cesium
carbonate (2.95 g, 9.06 mmole) was added and the
resulting mixture stirred for 15 minutes to give a

20 clear solution: The CH30H was removed at reduced

pressure and the residue was then dissolved in DMF
(150 mL) and treated dropwise with methyl iodide
(2.57), 18.1 mmole). The resulting solution was
stirred overnight at room temperature. The solvent
as was removed in vacuo and the residue was taken up in
400 mL ether and washed with 3 x 50 mL portions of
Hy0, 50 mL brine and dried (Nap50,). Solvent removal
provided 1-3 as an oil. '
1m NMR (300 MHz, CDCls) & 1.0-1.15 (2H, m), 1.30-1.70
0 (16H, m), 2.68 (2H, dt), 3.05 (2H, m), 3.72 (3H, s),
3.91 (2H, t), 4.08 (2H, d4), 4.61 (1H, m), 5.10 (2H,

m), 5.18 (1H, m), 6.79 (2H, d), 6.98 (2H, d4), 7.35
(5H, m). .

This is the replacement sheet
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[err] Met hyl 3-S-(Benzyl oxycar bonyl am no)-4-[4-(N-t-butyl- 10
oxycar bonyl pi peri di n-4-yl ) butyl oxyphenyl ] butyrate A sol ution of
conmpound *1-2 (1.0 g, 1.8 mrol e) and N-net hyl norpholitne (0.21 m, 1.9
mmole) in . EtOAc (10 nL) was stirred at -15[err]C and treated with 15

i sobutyl chloroformate (0.24 nL, 1.8 mmle). After 15 m nutes the
het er ogeneous m xture was treated-" portion-wi se with an ethereal solution
of . diazomet hane (0.5M 10 nL, 5.0 nmole), followed by conti nued
stirring at O[err] for 1.0 hour. The reaction
- 32 -
EXAMPLE 3
T _AACH CO,CH.
E::]/C z)4~13 . Fb 3
BOC-N 1-4
10

Methyl 2-S~Amino-3-[4-(N-t-butyloxycarbonylpiperidin~-
4-y1)— 0% te (1-4)

15 _ To 1-3 (5.0 g, 8.79 mmole) dissolved in
absolute ethanol (150 mL) was added 10% Pd/C (0.5 g)
and the resulting suspension was hydrbgenated under.
balloon pressure for 12 hours. The catalyst was then

- £iltered off and the solvent was removed in vacuo to

,p Bive 1-4 (3.6 E) as an oil.

15 MR (300 MEz, CDCl3) & 1.00-1.20 (2H, m),.
1.22-1.55 (12H, m), 1.60-1.75 (4H, m), 2.00 (2H, bs),
2.68 (2H, t), 2.87 (1H, dd), 3.05 (1H, dd), 3.72 (3H,

25 s), 3.93 (2H, t), 4.09 (2H, m), 6.82 (2H, d), 7.10
(2H, d).

30
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20 mixture was then purged with argon for 10 mnutes to renove excess
di azonet hane. The organi ¢ phase was washed with 2 x 5 nL portions of

Herr]0:-brine, dried (MgSq err]), and evaporated. The residue was then
dissolved in CHerr]OH (15 nL) and treated sequentially W th

triethylamne (0.7 nL, 5.0 mmole) and AgJ err] CPh 25 (110 ng, 0.5 mmol e)

while stirring at anbient tenperature to effect vigorous gas evol ution.
30
T - 33 -
. EXAMPLE &

| | NE,
5 NI:::],(CH[;_,)4\_O/[::]/\l::’zC'H:-J
BOC- NN, 1-4 |
19 o l NESO,C Ho
- E::],(cmg)4_WD,J:::]/ATI;hcng |
BOC-N i-8
15

Methyl Z—S-(n—Butylsulfonylamino)-3-[4—(N;t—
butyloxycarbonylpiperidin~4-y1)butyloxyphenyl]-
propionate (1-8) :

20 1-4 (0.59 g, 1.36 mmole) was dissolved in
ethyl acetate (10 mL) and NaHCO3 (0.7 g, 8.68_mmole)
was added with stirring at room temperature followed
by butanesulfonyl chloride (0.36 mL, 2.76 mmole) and
the resulting mixture was refluxed for 26 hours. The
cooled reaction mixture was filtered and concentrated

25 . . .
and the residue was purified by flash chromatography
on silica gel eluting with 4:1 hexane/EtOAc to give
pure 1-8 (0.305 g) Rg = 0.7 in 1:1 hexane/EtOAc,
ninhydrin stain. '

30 | o
1y NMR (300 MHz, CDC1l3) § 0.82 (3H, t), 1.05 (2H,

ddd), 1.45 (98, s), 1.1-1.6 (1H, m), 1.7 ( 4H, m),
2.6 (2H, t), 2.6-2.8 (2H, m), 2.78 (1H, d4d), 3.05
(1H, dd), 3.7 (3H, s), 3.93 (2H, t), 4.05 (2H, bd),
4,15 (1H, dd), 6.85 (2H, d); 7.15 (2H,d).
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- 70- After 30 m nutes the solvent was evaporated and then t he

crude reaction product purified by flash chromat ography on silica gel
eIutlng With 4:1 5 hexane/ EtOAc to give 5-1 (0.52 g) as an oil. TLC
Rlerr] = 0.23 (30% Et CAc/ hexane) [err]

- 34 -

EXAMPLE 5

; . O/( C Hz) 4 \o COzCH3
: 3 BOC-N :

. 1-8 l
) ) /@/quc‘&
(::IICE&D*NO CO,H
HN : _

10

2-S-(n-Butylsulfonylamino)-3[4-(piperidin-4-yl)butyl-

15 1-8 (0.325 g, 0.59 mmole) was dissolved in
1:1:1 CH30H/H,0/THF and LiOHeH,0 (0.157g, 3.76 mmole)
was added. The resulting solution was stirred at
room temperature for 3 hours, then concentrated,
diluted with 10% KHSO, and extracted with EtOAc.

- 20 This provided 2-S-(n-butylsulfonylamino)-3[4-
(N-t-butyloxycarbonylpiperidin-4-yl)butyloxyphenyl]-
.propionic acid. This acid (0.315 g, 0.59 mmole) was
dissolved in EtOAc (20 mL) and treated with HC1l gas
at -20° C for 15 minutes. The reaction mixture was

25 then stoppered and was stirred at -5° C for 1 hour at
which time all starting material was consumed. Argon
gas was bubbled through the reaction mixture for 15
minutes and the solvent was removed to give a residue
that was triturated with ether to provide pure 1-9

30 (0.29 g) as a pale yellow solid.
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Met hyl 3-S- Am no-4-[4-(N-t-butyl oxycar bonyl pi peridin- 15

4-yl ) butyl oxyphenyl ] butyrate (5-2). To 5-1 (0.52 g, 0.9 nmol e)
di ssol ved in absol ute ethanol (20 nL) was added 10% Pd/ C (0.25 @) and
t'he resulting suspensi on was hydrogenat ed under bal | oon pressure for 12
hours. The catalyst was then 20 filtered off and the sol vent was renoved in
vacuo to give 5-2 (0.35 g) as an oil. TLC R 0.15 (9:1:1
CH err]C[err]/CH err]OH AcOH). 25 30 _

- 35 -

1§ NMR (300 MHz, CD30D) & 0.85 (3H,t), 1.2 (2H,dd),
1.2-1.7 (9H,m), 1.7 (2H, m), 1.95 (2H, bs), 2.65 (28,
t), 2.8 (1H, dd), 2.95 (2H, bt), 3.10 (1H, dd), 3.83

s (2H, bs), 3.95 (28, t), 4.1 (1H, dd), 6.85 (2H, d),
7.2 (2H, d). . . |

Analysis for szﬂ36N20_51$°HCl°0.8 Hy0
Calculated: C = 53.76, H = 7.92, N = 5.70
10 Found: C = 53.76, H = 7.66,-N = 5.44.

EXAMPLE 6
/J:::rf\Tang
15 O/(CHz)c\o CO,CH;,
BOC-N 1-4

. /g[::r/\W’NHBObCHHQJ%
20 O/(cnzx CO.CH; |
BOC-N '

1-10

Methyl 2-S-(Benzylsulfonylamino)-3-[4-(N-t-butyloxy-
carbonylpiperidin-4-yl)butyloxyphenyl]propionate
(1-10)

25

i-a (0.59g; 1.36 mmole) was treated with
benzylsulfonyl chloride (0.263 g, 1.38 mmole) as
30 described above for 1-8. The crgde reaction product
was purified by flash chromatography on silica gel
eluting with 3:1 hexane/EtOAc to give pure 1-10 (0.35
g) as an oil.

- Tms is the replacement sheet
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- 71 -

10

15
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30

.[err]

- 36 -

1y NMR (300 MHz, CD30D) § 0.85-1.10 (2H, m),
1.10-1.23 (2H,m), 1.35-1.52 (11H, m), 1.61-1.80 (4H,
m), 2.65-3.00 (4H, m), 3.65 (3H, s), 3.90-4.14 (5H,
m), 6.85 (2H, d), 7.08 (2H, d), 7.22 (2K, m), 7.30
(3H, m). . -

EXAMPLE 7

| : /@/\rNI-BOzCHzCGHQ,
E::T{Cﬁﬂq\o CO;CH;3
B_OC'N_ 1-10 -

- /b/\rwﬂsozcn,c,ns
CH2)« ~ COH
oL

1-11

2-S-(Benzylsu1gony1amino)-3-[4—(piperidin—4—y1)bqtyl-'

Treatment of 1-10 (0.354 g, 0.60 mmole)
with LiOH (0.15 g, 3.7 mmole) as described for 1-8
gave 2-S—(benzylsulfonylamino)-3-[4-(N-t-butyloxy-
carbonylpiperidin-4-yl)butyloxyphenyl]propionic acid
(0.35 g) as a viscous oil. | ' |

1 MR (300MEZ CD30D) & 0.84~1.06 (3H, m), 1.23 (4H,
m), 1.34-1.50 (11H, m), -1.60-1.78 (5H, m), 2.65 (2H,

bt), 2.82 (1H, m), 3.02 (1H, m), 3.91 (2H, m),

3.96-4.12 (5H, m), 6.83 (2H, d4), 7.15 (2H, d), 7.22
(2H, m), 7.29 (3H, m).
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Net hyl 3-S-(Butyl sul fonyl ami no)-4-[4-N-t-butyl oxy- 10

car bonyl pi peridi n-4-yl)butyl oxyphenyl ] butyrate (5-3). To 5-2
(0.36 g;-0.8 mmol e), triethylam ne (170 [err]L, 1.2 mole),

" 4-di met hyl ami nopyri dine (12 ng, 0.1 mole), and THF (5 nL) at O[err]C
was added n-butyl - sul fonyl chloride (130 [err]L, 1.0 mmole) with
stirring. The cooling bath was renoved and stirring was 15 conti nued
for 6 hours. The reaction m xture was diluted with 10 nL of Et OAc and
t hen washed with 2x5 mL Herr]0O, brine, dried (MgS err]), and
concentrated. The crude reaction pr8duet was purified by flash 20

chromat ography on sili ca gel eluting with 4:1 hexane/ Et OAc to give 5-3
(180 ng) as an oil. " ferr],H NVR (300 WMHz, CDC err 2 (2H, m,
1.25-1.83 (13H, m Thﬂ-s29c(1§H(°t Pg 8.49. éQmme}ngwgé {l ll-?[e& 2. 87
(2H, d), 3.73d 30 o) EtDARS and-trieated @3thlHC1 gas as described

for 1-9 to give pure 1l-11 as a white solid (0.30 g).

s 1H NMR (300MHz, CD30D) & 1.32 (4H, m), 1.40-1.65 (3H,
m), 1.72 (26, m), 1.92 (2H, d), 2.77-3.08 (4H, m),
3.33 (3H, m), 3.95-4.14 (SH, m), 6.86 (2H, d), 7.17
(2H, d), 7.28 (2H, m), 7.31 (3H, m). '

10
mﬂ. —p— %ﬂﬁcm-ﬂa
Boc N CH,) O CO:CHy Boc N CH) O ot
1-4 ' 1-12
15 1) NaoH
2)
® 10, CH=CIC,H,
0 Henyed st
. 1-13
20

Methyl 2-§-(2-Styrylsulfonylamino)-3-[4-(N-t-butyl-
oxycarbonylpiperidin-4-yl)butyloxyphenyl]propionate
(1-12)

25

1-4 (0.647 g, 15 mmoles) was dissolved in
ethyl acetate (20 ml), and NaHCO; (0.454 g, 5.4
mmoles) was added followed by B-styrenesulfonyl
chloride (0.365 g, 18.0 mmoles) and the resulting
reaction mixture was heated at reflux with stirring

30
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25 m), 4.72 (1H d), 6.87 (2H d), 7.12 (2H, d). 30

- 72 -
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for 16 hours. The cooled reaction mixture was
filtered, the solvent removed and the residue was
purified by flash chromatography on silica gel eluting
with hexane (3)/ethyl acetate (1) to give pure 1-12.

1y NMR (300 MHz, CDCl3) & 1.10 (2H, m), 1.30-1.55
(14 H, m), 1.65-1.80 (4H, m), 2.68 (2H, t), 3.01
(2H, dt), 3.62 (3H, s), 3.88 (2H, t), 4.09 (2K, m),
4.22 (1H, m), 4.98 (1H, d), 6.45 (1H, d), 6.80 (2H,
d), 7.06 (2H, d), 7.40 (4H, s).

2-5-(2-Styrylsulfonylamino)-3-4-[4-piperidinylbutyl-
1 1) . id hvdrochloride (1-13)

'1-12 (0.58 g, 0.97 mmole) was dissolved in
THF(1)-H,0(1)-MeOH(1) (15 ml) and lithium hydroxide
(0.12 g, 5.0 mmole) was added and the resulting clear
solution was stirred overnight at room temperature.

The reaction mixture was diluted with 75 ml
Hy0, acidfied to pH 2-3 with 10% KHSO, solution and
then extracted with 3 x 50 m1 EtOAc. The organic
extract was dried, the solvent removed, and the
residue purified by f£lash chromatography on silica
gel eluting with CHC13(97)-MeOH(3)-HOAc(1l) to give
the desired acid (Rg=0.2). |

This acid was dissolved in EtOAc and treated
with HC1 gas as described for 1-9 to give 1-13.
1y mMR (300 MHz, CD30D) & 1.15-1.70 (10H, m),
1.70-1.82 (2H, t), 1.97 (2H, t), 2.78-3.12 (5H, m),
3.35 (3H, m), 3.87 (2H, t), 4.03 (1H, m), 6.50 (1H,
d), 6.69 (2H, m), 7.18 (3H, m), 7.41 (5H, bs).

Thos is the replacement shsaet
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[err] - 3-S-(Butyl sul fonyl am no)-4-[4-N-t-butyl oxycarbonyl - 10

pi peri din- 4- yl) butyl oxyphenyl ] but anoi ¢ acid (5-4). _ Conmpound 5-3
(175 ny, '0.33 mmle) in CHerr]OH (4.-0 nL) was treated with 1IN NaOH (1.0
m., 1.0 mmol e) foll owed by continued stirring at anbient tenperature

for 20 hours. The reaction mxture was diluted with 15 15 nL Et OAc and t hen
washed with 10 nL 5% KHSO[ err] and brine, dried (MgS(J err]), and

concentrated to give 5-4 (160 ng) as an oil. TLC Rlerr] = 0.31
(9:0.5:0.5 CH[err]CI[err]/CH[err]OFVAcCH)
- 39 - .
s i .
s SO, Loty 03—\ Colty
a0l L, O,w..‘*"
Boc N
1-12a 114
10 | ‘

I Cosmnce
o

15

2-S~(2-Phenethylsulfonylamino)-3-[4~(N-t-butyloxycar-
bonylp1per1din—4—y1)butyloxyphenyl]prop1on1c acid
1-14>

20

1-12a (0.21 g) was dissolved in 20 ml

. absolute ethanol, 0.1 g 10% Pd/C was added and the
stirred suspension was hydrogenated under balloon
pressure. After 4 hours the reaction was stopped and.
the solvent was removed to give the desired product
1-14 (0.194 g). -
lg NnMR (300 MHz, CD30D)'8 1.05 (2H, m), 1.30-1.40
(3H, m), 1.47 (14H, m), 1.72 (5H, m), 2.67-2.93 (8H,
m), 3.13 (1H, m), 3.31 (2H, m), 3.82 (2H, m),
4.00-4.20 (4H, m), 6.82 (2H, d), 7.07 (2H, d), 7.21
(5H, m).

25

30
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2-S-(2-Phenethylsulfonylamino)-3-4-[4-piperidinyl-
butyl henvll A id hydrochloride (1-153
1-14 (0.194 g) was dissolved in EtOAc and
treated with HC1l gas as described for 1-9 to provide
pure 1-15 (0.145 g).
1y NMR (300 MHz, CD30D) & 1.25-1.68 (8H, m), 1.73
(2H, m), 1.93 (2H, m), 2.78 (3H, m), 2.91 (4H, m),
3.13 (1H, m), 3.33 (4H, m), 3.86 (2H, m), 4.18 (1H,
m), 6.80 (2H, d), 7.09 (2H, d), 7.22 (5H, m).

HSO,Coly

e
s

1-4 1-16

|
s e

1=-17

| Eolemn
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5. [err] _ ’ _
3- S—(Butylsulfonylan1no) 4-[ 4- pi-peridin-4- yI)butonxy 10 phenyl ] but anoic
aci d (5 5)

- 4] -

Methyl 2-S-(Phenylsulfonylamino)-3-(4-(N-t-butyloxy-
carbonylpiperidin-4-yl)butyloxyphenyl]propionate
(1-16).
1-4 (0.647 g, 1.5 mmoles) was treated with
s phenylsulfonyl chloride (0.318 g, 1.8 mmoles ) as
described for 1-8. The crude product was purified by
flash ch:omatography on silica gel eluting with
CHCl3(98)-MeOH(2) to give pure 1-16 (0.67 g).
1z iR (300 MHz, CDC1l3) § 1.09 (2H, m), 1.25-1.40
10 (3H, m), 1.42 (9H, bs), 1.60-1.85 (6H, m), 2.66 (2E,
m), 2.96 (2H, d), 3.55 (3H, s), 3.89 (2H, t), 4.09
(48, m), 5.12 (1H, 4), 6.72 (2H, d), 6.95 (2H, 4d),
7.40-7.65 (3H, m), 7.75 (2H, m).

15 2-S-(Phenylsulfonylamino)-3-(4-piperidin-4-ylbutyloxy-
1 1) {oni id hydrochloride (1-17
1-16 (0.525 g) was treated with lithium
hydroxide as described for 1-8 to give crude product-
that was purified by flash chromatography on silica
20 gel eluting with CHC15(97)-MeOH(3)-HOAc(l) to provide
pure acid (Rg = 0.2).
This acid was treated with HC1 gas in EtOAc
as described for 1-9 to provide pure 1-17.

25 1 MMR (300 MHz, CD30D) & 1.28-1.47 (6H, m),
1.50-1.70 (3H, m), 1.75 (2H, m), 1.97 (2H, d), 2.77
(1H, m), 2.95 (3H, m), 3.35 (4H, m), 3.93 (3H, m),
6.72 (2H, d), 7.02 (2H, d), 7.41 (2H, m), 7.52 (1H,
m), 7.67 (2H, m). -

30
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To a stirred solution, of conpound 5-4 (160 ng, 0.30 nmole),
CHerr]CJ[err] (2.0 nm), and anisole (100 [err]L) at O[err]C was added
CFlerr]Cerr]H (1.0 m.). After 1.5 hours at O[err]C the solvents were
evaporated and the 15 crude reaction product purified by.flash

chr odat ography on silica gel eluting with 10:0.8:0.8
ethanol /H err]O'conc. NHerr]OH to give 5-5 (42 ng) as a solid. 20
[err]H NVR (300 MHz, Dierr]0/CF[err] err]D) [err] 0.82 (3H, t),

1.10-1.70 (11H, m, 1.80 (m 2H), 1-98Zm 2H), 2.48 (2H, t), 2.72 (3H
m, 3.00 (3H m, 3.43 (2H, m, 3.96 (1H, nm), 4.10 (2H, t), 7.01 (2H,
d), 7.32 (2H, d). 25 30 .

e S W o  sops

' 1-4 I 1-18
| o~
om0 Lo
10 — _
1-19

Methyl 2-5-(2-Thienylsulfonylamino)-3-[4-(N-t-butyl-

oxycarbony1p1per1d1n—4-y1)butyloxyphenyl]prop1onate
15 (1-18).

1-4 (0.304 g, 0.7 mmoles) was treated with 2-
thienylsulfonyl chloride (0.155 g, 0.85 mmoles) as
described for 1-8 to provide crude product. This was
purified by flash chromatography on silica gel

20 eluting with CHC13(98)-CH30H(2) to afford pure 1-18

: as a v1scous oil, Rg 0.3 [silica gel, CHC13(98)-
CH30H(2)] .
1y MR (300 MHz, CDCl3) & 1.10 (2H, m), 1.31 (4H, m),
1.36-1.80 (16 H, m), 2.68 (2H, bt), 3.03 (2H, 4),

25 3.57 (3H, s), 3.91 (2H, t), 4.08 (2H, m), 4.29 (lH,
m), 5.16 (1H, d4), 6.78 (2H, d), 7.00 (4H, m), 7.55
(2H, dd). '

30
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- 74 - SCHEME 6

- 43 -

2-S-(2-Thienylsulfonylamino)-3-[4-(piperidin-4-yl)-
butvl i 1] . s id hydrochloride (1-19)
Treatment of 1-18 (0.22 g, 0.38 mmoles) with
5 LiOH (0.045 g, 1.89 mmoles) as described for 1-8
provided the desired acid, which was purified by -
flash chromatoéraphy on silica gel eluting with
CHC13(97)~CH30H(3)-HOAc(1).

10 15 NMMR (300 MHz, CD30D) & 1.05 (2H, d t), 1.20-1.40

(5H, m), 1.40-1.60 (12H, m) 1.65-1.80 (5H, m),

2.65-2.82 (4H, m), 2.98 (1H, dd), 3.30 (1H, m), 3.92

(2H, t), 4.00-4.13 (5H, m), 6.75 (2H, d), 7.02 (3H,

m), 7.39 (1H, d), 7.67 (1H, d).

15 . ' '

Treatment of this acid with HCl1l gas as

described for 1-9 provided 1-19 as a white solid
after trituration.

20 Analysis Calcd. .for CyoHzoNp05S2°HC10.5 HyO:
' C, 51.60, H, 6.30, N, 5.47.
Found: C, 51.57, H, 6.20, N, 5.51.

lg NMR (300 MHz, CD30D) & 1.29-1.45 (4H, m),
25 1.47-1.70 (3H, m), 1.71-1.83 (2H, m), 1.91-2.00 (2H,
 bd), 2.79 (1H, m), 2.90-3.04 (3H, m), 3.95 (2H, t),
4.04 (1H, m), 6.76 (2H, d), 7.05 (3H, m), 7.40 (IE,
m), 7.79 (1€, m).

30
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BoeNC)—(CH,)‘b CO,CH,

1-4

s | (s,
o BocN CH;) (O @ CO,CH, _
. 1-20 .
NaAT™
10 Oz Q
I-!NC>‘(CH;)‘O @ COaH_ :
' 1-21
1 2—S-(Dansy1amino)—3-[4-(N—t-butyloxycatbonyl-—

1-4 (0.304 g, 0.7 mmoles) was treated with
dansyl chloride (0.208 g, 0.77 mmoles) as described -
for 1-8 to provide crude product which was butified
by flash chromatography on silica gel eluting with
hexane(75)-Et0Ac(25) to give pure 1-20. Rg 0.25
(silica gel eluting with hexane(75)-EtOAc(25).

20

lx NMR (300 MHz, CDClz) § 1.10 (2H, m), 1.21-1.38

(6H, m), 1.40-1.53 (11H, m), 1.60-1.80 (6H, m), 2.68
(2H, bt), 2.89 (6H, s), 3.33 (2H, s), 3.89 (2H, t),
4.05-4.19 (4H, m), 5.24 (1H, m), 6.62 (2H, d), 6.82

(28, d), 7.18 (1H, d4), 7.50 (2H, m), 8.19 (2H, t),
8.51 (1H, d). -

25

30

s is the replacement sheet
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2~-S-(Dansylamino)~3-[4-(piperidin-4-yl)butyloxy-
phényllpropionic acid hydrochloride (1-21>.

o Treatment of 1-20 (0.275 g, 0.412 mmoles)
with LiOH as described for 1-8 gave the desired acid

"as a highly fluorescent viscous residue.

lg MR (300 MHz, CD30D) 5 1.09 (2H, m), 1.22-1.40
(3H, m), 1.40-1.57 (12H, m), 1.65-1.80 (3H, m),
2.60-2.80 (3H, m), 2.90 (6H, s), 3.31 (3H, m), 3.80
(2H, t), 3.90 (1H, m), 4.01-4.15 (4H, m), 6.47 (2H,
d), 7.21 (1H, d), 7.42 (2H, m), 7.98 (IH, d), 8.20
(1H, d), 8.46 (1H, d).

Treatment of this acid in EtOAc with HC1 gas
as described for 1-9 provided 1-21 as a white solid
upon ethylacetate trituration.

Analysis for C30H39N305521.8 HC1eH50:

C, 56.53; H, 6.77; N, 6.59; €1, 10.01.
Found: C, 56.48; H, 6.66; N, 6.36; C1, 10.21.

1y NMR (300 MHz, CD30D) & 1.30-1.51 (7H, m),
1.52-1.80 (4H, m), 1.95 (2H, bt), 2.65 (1H, m),
2.95 (3H, m), 3.30-3.40 (4H, m), 3.45 (6H, 8),
3.84-3.97 (3H, m), 6.45 (2H, d), 6.77 (2H, d),
7.71 (2H, m), 8.00 (1H, d), 8.16 (2H, d), 8.55
(1E, d), 8.70 (1H, d).

This is the replacement sheet



- 75 - Met hyl 2-S- (‘N-Benzyl oxycar bonyl ami no) - 3-[ 4- ( 3-chl or o-

pr opyl oxyphenyl ) propi onate (6-1). - Treatnment of a DMF sol ution
of 1-1 ¢€0.95 g, 5 2.9 nmol) and 3-chl oro-1-tosyl oxypropane (0.84 g,

3.19 mmol) with cesium carbonate (0.47 g, 1.45 nmole) gave a solution
that<was stirred at roomtenperature overnight. The reaction m xture was
then diluted wth Herr]0 and extracted with ether. The ether extract 10
was washed with brine, dried (Na[err]SO err]) and the sol vent renoved to
give an oily residue. This was purified by flash chromat ography on

silica gel eluting with Et OAc(5) - hexane(95) to afford 6-1 as a clear
oil. Rf : :

= - 46 -

5
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£ .
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0.5 (silica gel eluting wth Et CAc(30)-hexane(70). 15 Met hyl

2- S—(Benzyloxycarbonylan1no) 3-[4-(3-iodo- pr opyl oxyphenyl ) pr opi onat e
(6-2). i A solution of 6-1 (0.6 g, 1.5 nmol) in acet one was
"treated with sodiumiodide (1.1 g, 7.5 20 nmmol) and the resulting solution
was heated at reflux for 16 hours. The reaction m xture was then dil uted
with ether, washed with water, brine and dried (Na[err]SOerr]). Solvent
renoval gave an oil that was purified by flash chromat ography on silica
gel 25 eluting with hexane(90)- EtOAc(lgg to give 6-2 as a clear oil.
[err]H NVR (300 MHz, CDCl[err]) [err]™1785-2.08 (4H, m, 3.04 (2H, m,

3.26 (2H, t), 3.71 (3H,_ s), 3.95 (2H t), 30 4.60 (1H, m), 5.00-5.21 (3H
m, 6.78 (2H, d), 6.99 (2H, d), drdpidh M-

S
’/I:::]//\\Pauﬂzaz
Boc-NH[CEE)ﬁo
2-1.
10 '
2-5-(Benzyloxycarbonylamino)-3-[{4-(6-N-t-butyloxy-
15 N-CBZ-L~tyrosine (15.0 g, 0.045.m01e) was

dissolved in 75 mL DMF and added at 0-10° C to a
suspension of sodium hydride (2.16 g, 0.09 mole) in
25 mL DMF. The resulting suspension was stirred at
0-10°* C. for 1.0 hour and then 6-(t-butyloxycarbonyl-

o0 2minodhexyl bromide (12.6 g, 0.045 mole) in 25 mL DMF
was added dropwise at 0-5° C and the clear, dark
reaction mixture was stirred at room temperature
overnight. '

After solvent removal, the residue was taken

25 UP in EtOAc and this was made acidic with 10% KHSO,4
solution. The organic phase was separated, washed
with brine, dried (NapS0O,;) and the solvent removed to
give an oil. This was purified by column
chromatography on silica gel eluting with 98:2:1

30 CHC1l3/CH30H/HOAc to give pure 2-1 as a clear oil.

15 MR (300 MHz, CD30D) § 1.45 (15H, m), 1.75(2H, m),
2.80-3.15 (6H, m), 3.91(2H, t), 4.38(1H, m), 4.95(6H,
m), 6.85(2H,d), 7.06(2H,d)
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-. 76 - Met hyl 2-S-(N-Benyzl oxycar bonyl am no) - 3-[4-(2, 6-di -

met hyl pi per azi n-4-yl ) propyl oxyphenyl ] propi onate (6-3). A

sol utionof 6-2 (0.1 g, 0.2 mmol) and 2, 6- 5 dinethyl piperazine (0.068 g,
0.6 mol) in 1 mM THF was stirred at roomtenperature for 20 hours. The
solvénts were renoved at | ow pressure to provide 6-3 as a clear oil. 10
[err]H NVR (300 MHz, CDCl[err]) [err] 1.45 (4H d), 1.82 (3H m,

- 48 - ‘-

EXAMPLE 9

Boc-HN{ CHy) ¢ o’ : 7 :

Bm:iﬂ(¢ﬂﬂ‘>

10

Methyl 2-S- (Benzyloxycatbonylamzno)-3 [4-(6-N—t—

15 Compound 2-1 (10 0g, 19 43 mmole) in 75 mL

DMF was treated with cesium carbonate (3.16 g, 9. 72
mmole) with stirring at room temperature for 1.9
hours. Then, methyl iodide (2.76 g, 19.43 mmole) was
added dropwise. and the reaction mixture was stirred
overnight at ambient temperature. The solvent was
removed at high vacuum (30° C) and the residue was
taken up in 300 mL EtOAc and washed with 2 x 40 mL
protions of saturated NaHCO3 solution, brine and
dried (Na,SO,). Solvent removal provided 2-2 (8.5 g,
83%) as a clear oil.

20

25

1F NMR (300MHZ, CbCl3) § 1.25-1.53 (16H, m), 1.76
(24, m), 2.96-3.17 (4&,:m), 3.71 (38, 8), -3.90 (21,
t), 4.61 (1H, m), 5.10 (2H, m), 5.19 (1H, m), 6.88

30 (2m, d), 6.98 (2H, d), 7.32 (5H, m).

This is the replacement sheet
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2.65 (2H, m, 2.79 (2H, m, 3.05 (1H, m, 3.18 (2H, bd), 3.60 (1H m,
3.72 (3H, s), 3.96 (2H, m, 4.62 (1H, m, 5.10 (2H, s), 5.21 (1H, m, -
6.79 (2H d), 7.00 (2H, d), 7.35 (5H, bs). 15

2- (N-.Benzyl oxycar bonyl am no) - 3-[4- (2 , 6-di net hyl pi per -

azi n-“4-yl ) propyl oxyphenyl ] propionic acid (6-4). . 6-3 (0.090 g,
0.2 mol ) in nethanol was treated with 1IN NaOH (0.7 nm) at room
tenperature for 20 16 hours. The solvent was renoved to give crude acid
whi ch was purified by flash chromat ography on silica gel eluting with

| sopropanol (10)-NH err]OH(1)-Herr]0(1) 49 - provide pure 6-4, Rlerr]
0.25. " 25 [err]H NVR (300 WHz, CD{err]0D) [err] 1.65-1.85 (4H, m,

2.60-2.70 (2H, nm), 2.80-2.95 (6H, n), 3.11 (8H, m, 3.52 (2H, m,
3.65-3.75 (2H, n), 3.82 (2H t), 4. IBXAMPKEHON), 4.70 (2H s), 4.85 (2H,
M, 6.63 (2H, d), - 6.92 (2H d), 7.10 (5H, bs). 30

5

10

Methyl 2-S-Amino-3-{4-(6-N-t-butyloxycarbonyl-
aminohexyloxy)phenyllpropionate (2-3)

_Compound 2-2 (8.0 g, 15.1 mmole) was
dissolved in 150 mL absolute ethanol and 1.0-g 10%
Pd/ C was added. This suspension was hydrogenated in
a Parr apparatus (50 psi) for 3.5 hours. The
catalyst was then filtered off and the solvent
removed on the rotary evaporator to give pure 2-3.
(5.56. g) as a clear 0il. Rg = 0.4 on Si0y with 95:5
CHC13/CH30H

15

20

15 NMR (300 MHz, CDCl3) & 1.30-1.55 (16H, m), 1.70
25 (2H, m), 2.80 (1H, m), 3.00-3.17 (3H, m), 3.71 (3H,
8), 3.93 (2B, t), 6.82 (2H, d), 7.09 (2H,d).

30
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SCHEME 7 [err]

S >

10

15

20

25

30

-'50 -

EXAMPLE 11

Boc- HN(CH;)¢0

/j::rhiAﬁb 1
@/\lamsozcas
Boc-HN(CH,)0 CO:Cth CO,CH, -
2-4

~z—s-(Methylsulfonylam1no)-3-[4—(6-N—t-buty10xy—

ropionate (2-4)
2-3 (0 40 g, 1.01 mmole) was treated with
methanesulfonyl chloride (0.116 g, 1.01 mmole) and

‘NaHCO3 (0.25 g, 3.0 mmole) as described for 1-8. The

crude reaction product was purified by flash
chromatography on silica gel eluting with 30% EtOAc
/hexanes to give pure 2-4 (0.10g) as a clear oil.

1y mMR (300MHz, CDC1l3) & 1.36-1.56 (1SH, m), 1.77
(2H, m), 2.70 (3H, s), 3.78 (3H, s), 3.92 (24, t),

4.36 (1H, m), 4.90 (1H, d). 6.82 (2H, d4), 7.09 (2H,
d).
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Met hyl 2-S-(N-Benzyl oxycar bonyl am no)-3-[4-(N-t-butyl -

oxycar bonyl pi peri di n-4-yl ) propyl oxyphenyl ] propi onat e (7-1). 5 .
A solution of 1-1 (4.0 g, 2.6 nml) and -  3- (N Boc- pi peri di n-4-yl ) propyl
iodide (1.1 g, 3.3

10

15

20

25

30

-- - 51 -
EXAMPLE 12
H
so vl < 8 vin
Boc-HNCCH,)¢0 OnCTe HN(CH,) 40 08
2-4 2-5

2-S-(Methylsulfonylamino)-3-[4~(6-aminohexyloxy)-"

2-4 (0.1 g, 0.212.mmole) was treated with
LiOH (0.026 g, 1.06 mmole) as described for 1-8 to
provide 2-S-(methylsulfonylamino)-3-[4-(6-N-t-butyl-
oxycarbonylaminohexyloxy)phenyl]propionic acid
(0.125g) as a viscous oil.
g »MR (300 MHz, CD30D) & 1.30-1.55 (16H, m), 1.75
(24, m), 2.63 (3H, 8), 2.85 (1H, d4d), 3.0-3.13 (3H,

m), 3.93 (2H, t), 4.17 (1H, m), 6.83 (2H, d), 7.20
(2H1 d)' '

This acid was dissolved in EtOAc (20 mL) and
treated with HC1 gas as described for 1-9. Solvent
removal provided a residue that was triturated with
30 mL Et,0 to provide pure 2-5 as a white solid (0.09
g). '
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mmol) in 40 Ml DWVF was treated with cesium carbonate (0.4 g, '1.35 mmuol)
and the resulting solution was stirred at roomtenperature for 20 hours.
The 10 solvent was renoved and the residue was taken up in Et OAc, washed
with water, brine and dried (NaJerr]SOerr]). Sol vent renoval provided a
residue that was purified by flash chromatography on silica gel eluting
W th 4:1 hexane(80)-Et OAc(20) to give pure 7-1 as a clear 15 oil.

[err]H NVR (300 MHz, CDCl[err]). [err] 1.10 (2H, n), 1.37-1.45 (11H, m,
1.65-1.82 (4H, m, 2.68 (2H, m, 3.03 (2H, m, 3.71 (3H, s), 3.90 (2H,

t), 4.08 (2H, bd), 4.61 20 (1H, m, 5 &2 (4H, s), 518(1H n)- 6.79 (2H,
d), 7.00 (2H, d), 7.35 (5H, be).

2-(S)- (N Benzyl oxycar bonyl am no) -3-[4-(N-t- butyloxy-
car bonyl pi peri di n-4-yl) propyl oxyphenyl ] propi onic acid 25 (7-2).
7-1 (0.5 g, 0.9 n¥pl ¥MRN(ICOMELO| CHZOD)] )5 1.40 .t60cA%E8] wit,h LLEONaOH (3

m) at roomtepperalurg co (2m, m), 2.68 (3H, s), 2.82 (1H, dd),
2.92 (2§, t), 3.10 (1H, dd), 3.30 (2H, m), 3.97 (2§,
s t), 4.18 (1H, m), 6.83 (2H, d), 7.19 (2H, d).

Analysis for CjgHpgN205S.HC1.0.25 Hy0
Calculated: C = 48.11, H = 6.94, N = 7.01
Found: C = 48.16, H = 6.82, N = 6.98.

10 |
EXAMPLE 13
) - §
” ok ok
‘Boc-HN(CH;)¢0 €O poc-HN(CE) 60
2-3
20 v

Methyl 2-8—(Butylsu1fony1am1no)-3-[4-(6-N-t-butyloxy-
] Pt 3 jonate (2-6)

_ 2—3 (0 40 g, 1. 01 mmole) was treated with
butylsulfonyl chloride (0 47 g, '3.03 mmole) and
‘NaHCO3 (0.50 g, 6.0 mmole) as described for 1-8.
Crude reaction product was purified by flash
chromatography on silica gel eluting with 30%
EtOAc/hexanes to give pure 2-6 (0.22 g) as a clear
oil.

30 'E NMR (300MHz, CDCl3) & 0.87 (3H, t), 1.35-1.54 (18
H, m), 1.61 (2H, m), 1.77 (2H, m), 2.74 (2H, t),
2.95 (1H, dd), 3.05-3.18 (3H, M), 3.90 (2H, t), 4.32
(1€, m), 4.72 (1H, m), 6.82 (2H, d4), 7.07 (2H, 4).

25
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for 16 hours. The solvent was then renoved and the resi due acidified

W th 5% KHSO[ err] solution. This was 30 extracted with Et OAc several tines
and t he conbi ned organi c extracts were washed with brine and dried
(Na[err]Sderr]). Solvent renoval gave 7-2 as a clear oil.

- 79 -

- 53 -

EXAMPLE 14

-
aoe-m(ca,) o - CO;H

HaN(CHp) o°

10

2-S~(Butylsulfonylamino)-3-[4-(6-aminohexyloxy)-

2-6 ¢ 0.2 g, 0.39 mmole) was treated
in THF (1)/Hp0 (1)/CE30H(1) solution with L1OH
(0.05g, 2.12 mmole) as described for 1-8 to provide
2-S-(butylsulfonylamino)-3-[{4-(6-N-t-butyloxycarbonyl-
ammohexyloxy)phenyl]pmpmmc acid (0.235 g) as a

viscous oil.
20

15

lg MR (300 MHz, CD30D) & 0.83 (3H, t), 1.35-1.56
(16H, m) 1.76 (2H, m), 2.61 (2H, t), 2.79 (1H, ddd),
3.00-3.14 (3H, m), 3.92 (2H, t), 4.11 (1H, m), 6.82
(2H, d), 7.18 (2H, d). '
25

This acid (0.235 g, 0.7 mmole) was dissolved
in EtOAc (30 mL) and treated with HCl gas as
described for 1-9. The residue was triturated with a
solution of ether (40 mL)/EtOAc (10mL) to provide 2-7

30 (0.17g) as a white solid.

This ig the replacement sheet
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[err]H NVMR (300 MHz, CDCI[efr]) [err] 1.10 (2H, m, 1.37-1.52 (12H,}ﬁ,
t)

1.62-1.85 (5H, m, 2.66 (2H, , 3.10 (2H, m, 4.89 (2H, t), 4.10 (4H,
m, 4.6Z2°(1H, m, 5.09 5 (1H s), 5.19 (1H, nm, 6.79 (2H, d) 7.03 (2H, d),
7.34 (5H, bs). Met hyl 3-S-(N-Benzyoxycar bonyl am no)-4-[4-(N-t-butyl -

oxycar bonyl pi peri di n-4-yl ) propyl oxyphenyl ) but anoate 10 (7-3).

To a stirred solution of 7-2 (1.6 g, 2.9 nmml) in EtQAc at -15[err] C was
" added i sobutyl - chloroformate (2.9 mmol) and N- et hyl norpholine (2.9
mmol ) and the resulting solution was stirred for 0.5 15 hours at -15[err].
Then, diazonethane (5.0 mml in Et[ert]¥3d -~ was added and the reaction

" mxture was stirred at Of[err] for 20 mnutes. .The reaction m xture was
purged with - argon, diluted with Et OAc and washed with water. The

organi ¢ phase was dried (MgySd err]) and the solvent 20 renobved to provide

e, des e, et esvopms, chios) 4 WY TN, R gam) bt 1 120
EICHEE ol R sn L as cellni iR
(28, t), 2.78 (1H, dd), 2.92 (2H, t), 3.10 (1H, dd),
s 3.30 (1H, m), 6.85 (2H, d), 7.20 (2H, d).

Analysis for CygH3,Np05S.HC1
“Calculated: C = 52.22, H = 7.61, N = 6.41
Found: C = 51.80, H = 7.61, N = 6.33.
10
EXAMPLE 14A

2-S-(Butylsulfonylamino)-3- [4-(6-acetam1d1nohexy-
;gmmﬂummw_cz_m '

15
H
/L::r»\rﬂﬂﬂxﬁdﬁ ﬂH
H,N(CH) O CO,H e

20 :

2-7 o

o Tausocn,

CH,-C-NH(CH,)¢ Co.H

25 2-7a

A solution of 2-7 (1.0 g, 2.29 mmole) in THF
30 (30 ml1) is treated with ethyl acetimidate (0.2 g,
2.29 mmol) and the resulting reaction mixture is
stirred at room temperature for 16 hours. The
solvent is then removed and the residue is
recrystallized from ethyl acetate to give pure 2-7a.

This is the replacement sheet



d), 3.90 (2H, t), 4.09 (3H m, 4.42 (1H, m, 5.06 (1H, m, 5.20 (1H,
m, 5.35-(1H, m, 6.80 (2H, d), 25 7.06 (2H, d), 7.35 (5H, bs).

Thi s di azoketone (1.63 g, 2.9 mmol) was di ssolved in CHerr]OH (20 m)
and treated at room tenperature with a CH err]OH solution (5 m) of
silver 30 benzoate (0.22 ng, 0.96 mmles) and triethyl ani ne (1.25 m).
After a few m nutes the reaction becane bl ack with gas evol ution
apparent.- After 0.5 hours t he sol vent was renoved and the residue was
purified ' ~ 55 _

- H )
o,c.a, NH
H,N(CH,) 6O Co.H i L
. H
S
[}
phc'm:(ca,) 6O coH

2-7b

27
10

15

2—S—(Buty1su1fony1amino)—3-[4—(6-benzamidinohexyloxy)4
phenyllpropionic acid (2-7b)
A solution of 2-7 (1.0 g, 2.29 mmole) in THF

20 (30 ml) is treated with ethyl benzimidate (0.34 g,

' 2.29 mmole) and the resulting solution is stirred at
room temperature for 20 hrs. The solvent is removed
and the residue is taken up in EtOAc, filtered and
recystallized to give pure 2-7b.

25

30

This is the replacement sheet
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- 80 - by flash chronatography on silica gel eluting with 4:1

hexane(80) EtOAc(20) to give 7-3 as an oil. 5 [err]H NWR (300 MHz,

.CDO [erry) [err] 1.12 (2H, m, 1.37-1.47 (12H, m, 1.60 (2H, s),

- 1.65-1.83 (4H, m, 2.49 (2H, m, 2.62-2.91 (4H, m, 3.67 (3H s), 3.90
(2H, ), 4.03-4.20 (4H, m, 5.08 (2H, s), 5.24 (1H, m, 6.79 (2H, d),

7.05 (2H, d), 7.32 (5H, bs). 10
3-S- (N-Benzyl oxycar bonyl am no).- 4-[ 4- (pi peridin-4-yl)-

propyl oxyphenyl ] butanoic acid (7-4). A solution of 7-3 (0.3 g,
0.53 nmol) was treated with 1IN NaOd g} 2 m) and the resulting 15 mixture
was stirred at roomtenperature for 16 hours. The sol vent was renoved

and the residue

EXAMPLE 14C

S
L i
Ozccﬂa 1) CH;S-CNHNO,
H,N(CH,)0 CaRH . 2 mymd-c
H
10 2-7 05CHp
_ W CO.H
: HaNCNH(CH;) ¢O
' 2-7¢
15
2-S-(Butylsulfonylamino)-3-[4-(6-guanidinohexyloxy-
phenyllpropionic acid (2-7c¢)
20
A mixture of 2-7 (1.0 g, 2.29 mmol) and
N-nitrosomethylthioguanidine (0.32 g, 2.29 mmol) is
heated at 40° for 5 minutes in absolute EtOH (15 ml)
and then is allowed to stand for 1 day at room
25 temperature. The solvent is removed in_vacuo and the
residue is purified by f£lash chromatography on silica
eluting with CHC13(95)-CH30H(5)-HOAc(2) to give the
desired nitroguanidino intermediate.
This is dissolved in 10% HC1-CH30H (20 ml)
30

and shaken in a Parr apparatus (50 psi) in the
presence of 10% Pd-C (100 mg) at room temperature for
8 hours. The catalyst is then removed by filtrationm,
the solvent is removed in vacuo, and the residue

s is the replacement sheet
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acidified with 5% aq KHSO[err] solvent and this was extracted several
tinmes with Et QAc. The conbi ned organi cs were washed with brine, dried
(NaSO err]) and 20 the solvent renoved to give the desired acid. [err]H
NVR (300 MHz, CO{err]OD) [err] 1.10 (2H, m, 1.40-1.52 (12, :
1.65:1.84 (6H m, 2.54-2.93 (8H, m, 3.92. (2H, t), 4.05-4.12 (3H, m,
5.10 (2H, s), 6.71 (2H, 25 d), 7.08 (2H, d), 7.35 (5H, n).

This acid was dissolved in CHerr]C[err] (4 m) and ani sole (0.41
mol e) was added, followed at O[err] with trifluoroacetic acid (2 m).

After 2.5 hours 30 stirring at O[err¥, 5The sol vents were trenoved and the
residue purified by flash chronmat ography on silica . gel eluting with
EtOH(10)-NH err]OH(1)-H err]0(1) to give pure 7-4 as a white solid.

dissolved in 10% aqueous HC1l solution and heated at

reflux for 2 hours. The_solvént is removed in vacuo

and the residue purified by chromatography on a Dowex
5 1-X2 column eluting with water to give pure 2-Jc.

EXAMPLE 15

10
. H H
o~ gk
Boc- 1 CH;)¢0 O poc-mwCH,)60 e
2-3 - 2-8 :

15

Methyl 2-S-(Benzylsulfonylamino)-3-[4—(6—N—t—

_ 2-3 (0 29 g, 0.735 mmole) was treated w1th
benzylsulfonyl  chloride (0.14 g, 0.735 mmole) and
‘NaHCO3 (0.185 g, 2.2 mmol€) as described for 1-8.
The crude reaction product was purified by flash
chromatography on silica gel eluting with 1:1

hexanes/EtOAc to give pure 2-8 (0.27 g) as a clear

28 oil.

20

1y mMR (300 MHz, CDClz) & 1.47-1.69 (15H, m), 1.90
(28, m), 2.18 (2H, §), 3.08 (2H, d), 3.25 (2H, m),
3.85 (3H, s), 4.05 (2H, t), 4.19-4.20 (4H, m), 4.80

30 (1H, d), 6.83 (2H, d), 7.12 (2H, d), 7.47 (5H, m).

‘This is the replacement sheet
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- 81 - [err]H NMR (300 MHz, CDjerr]OD) [err] 1.3-1.5 (4H m, 1.6
(1H, m, 1.75-1.85 (2H, m, 1.95 (2H, d), 2.54 (2H, m, 2.72 (2H, m,
2.93 (24 t), 3.32 (6H mM, 3.92 (2H, 5 t), 4.11 (1H m, 4.95 (2H m,
6.75;(2H, d), 7.05 (2H, d), 7.25 (5H, m.

- 58 -
EXAMPLE 16

Boc- m CH,) .0 c&

33105063

10 -

2-S-(Benzylsulfonylamino)-3-[4-(6-aminohexyloxy)-

15 2-8 (0.48 g, 0.875 mmole) was treated with
LiOH (0.105 g, 4.37 mmole) as described for 1-8 to
give 2-S—(benzylsulfonylamino)-3-[4-(6-N-t-butyloxy
carbonylaminohexyloxy)phenyl]propionic acid (0 4 g)
as a foam.

2% 15 MR (300 MHz, CD30D) & 1.30-1.52 (1SH, m), 1.72
(28, m), 2.81 (1H, d4d4), 3.00 (3H, m), 3.93 (2H, m),
4.06 (2H, m), 6.81 (2H, d), 7.13 (2H, d), 7.20-7.32
(5H, m). |
25 : .

_ This acid (0.4g, 0.75 mmole) was dissolved
in EtOAc (30 mL) and treated with HC1 gas as
described for 1-9. Crude reaction product was

triturated with ether to give pure 2-9 (0.35 g) as a

30 white solid.

This is the replacement sheet
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15 20 25

- 59 -

1§ NMR (300 MHz, CD30D) § 1.38-1.57 (4H, m), 1.65

(2H, m), 1.73 (2H, m), 2.71 (1H, dd), 2.89 (2H, t),

3.02 (1H, dd), 3.30 (3H, m), 3.94-4.15 (5H, m), 6.83
s (2H, d), 7.15 (2H, d), 7.29 (5H, m).

b3 .

EXAMPLE 16 A
10
NH
H 8l
U\'/Nﬂsoac&co& CH,COC,Hy
CO;H
H,N(CH,) 40 _
2-9 H .
15 —_— )@,\I,msozcn,c,n,
NH
i H :
CH,CHN(CH;) (0 0 .
2-%9a
20 *

2-S-(Benzylsulfonylammo)-3-[4-(6-(acetamid1nohexy1-
oxy-phenyl)lipropionic acid (2-9a)
25 A solution of 2-9 (1.0 g, 2.1 mmol) in THF
(30 m1) is treated with ethyl acetimidate (0.18 g,
2.1 mmol) an described in Example 14A to give pure
2-9a after recrystallization from ethyl acetate.

30

This is the replacement sheet
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- 82 - J[err]

- 60 —

NH
1]

H
o,cu,c.a, 1. CH,S-CNHNO,
| ENCCH,) O CO;H 2. Hy/Pd-C
| Juso,c,
= &
o

2-9
1]
I, NCNH-(CH) e
2-9b

2-S-(Benzylsulfonylamino)-3-[4-(6-(guanidinohexyloxy)-
phenyllpropionic acid (2-9b) '

: A mixture of 2-9 (1.0 g, 2.1 mmol) and

N-nitrosomethylthioguanidine (0.29 g, 2.1 mmol) is

treated as described for Example 14C to give pure

2=9b. '
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- 83-- [err]

- 61 -

10

15

20

25

30
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Met hyl 2-S- (Hexanoyl am no) - 3- (4-i odophenyl ) pr opi onat e (8-2)

A suspension of 8-1 (1.01 g, 2.96 mmoles) in 15 20 M CHC [err] was cool ed
to O[err} and pyridine (1.43 ml, 17.7 mmol es) was added fol | owed by
hexanoyl chl ori de (1.25 m, 8.88 mmoles). After 20 minutes all 8-1 was
consuned. Water (25 m) was then added carefully and this m xture was
extracted with EtOAc (150 ml). The 20 separated organi c phase was washed
with 10% KHSO[err], brine, dried (Na[err]SJerr]) -and the sol vent was
renoved to give a white solid. This was purified by flash

chr omat ography on silica gel elutlng mn@ﬂ 5% Et[err]O CHC [err] to give
pure 8-2 (1.07 g) as a white solid. ' :

Methyl 2-S-amino-3-[4-(4-hydroxyphenyl)oxyphenyl]-
propionate (3-2), |
CH30H (100 ml) was cooled to 0° and treated
s with SOCl, (47 mmol) with'stitring for 15 minutes at
0° and then 3_1 (1.5 g, 5.49 mmol) was added with

.stitring for 16 hours as the temperature rose to
ambient.

The reaction mixture was filtered and the
10 solvent was removed to give an o0il that provided 3-2
(1.57 g) after ether washing. .
1g nMR (300 MEz, CD30D) & 3.10-3.30 (2H, m), 3.81
(3H, 8), 6.76-6.90 (6H, m), 7.20 (2H, d).

15 Methyl Z—S—(N;Benzyloxycarbonylamino)53-[4-(4-hydroiy-
phenyl)oxyphenyllpropionate (3-3),
A water(l)-dioxane(l) solut1on (10 ml1) of -
3-2 (0.2 g, 0.62 mmol) was cooled to 0°C and treated
with Nay;CO3 (0.131 g, 1.23 mmole) and benzylchloro-
20 formate (0.619 mmol). After 1.5 hours of vigorous
stirring, the_d{oxane was removed at low pressure and
the residue diluted with Hy0 and extracted with
EtOAc. The organic extract was washed with brine,
dried (NapSO,) and the solvent removed to prov1de 3=3
25 as an oil. .
15 MMR (300 MHz, CDCl3) & 3.06 (2H, m), 3.75 (3H, s),
_4.64 (1H, m), 5.10 (2H, m), 5.36 (1B, m), 6.83 (6H,
m), 7.00 (2H, d), 7:37 (5H, bs).

30 Methyl-2-S-(N-Benzyloxycarbonylamino)-3-[4-(4-N-t-
butyloxycarbonylpiper1d1n~4—yl)oxyphenyloxy]phenyl—
pxgnlgnate (3-4),

A benzene (40 ml) solution of 3-3 (0.5 g,
1.18 mmol) was treated with N-t-butyloxycarbonyl-

This is the replacement sheet
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25 [err]H NVMR (300 MHz, CDCl[err]) [err] 0.88 (3H, t), 1.27 (4H, m,

N
1.60 (2H, m, 2.09 (2H, t), 3.05 (2H, m, 3.75 (3H, s), 4.88 (1H m,
5.93 (1H°m, 6.83 (2H, d), 7.60 (2H, d). 30
-84- , :
- 63 -

piperidin-4-o0l (0.24 g, 1.18 mmol) and Ph3P (0.310 g,
1.18 mmol) while stirring at room temperature with
constant N, purging. Diethyl azodicarboxylate (1.18

s mmol) was added and the resulting solution was
stirred at room temperature for 16 hours.

The solvent was then removed and the residue
was purified by flash chromatography on silica gel
eluting with hexane(70)-Et0Ac(30) to provide pure 3-4.

10 1H NMR (300 MHz, CDCl3) & 1.48 (9H, s), 1.80 (2, m),
1.95 (24, m), 3.08 (2H, m), 3.36 (2H, m), 3.76 (3H,
s), 4.40 (1H, m), 4.63 (1H, m), 5.10 (1H, m), 5.25
(l1H, m), 6.80-7.04 (8H, m), 7.36 (54, bs).

15 Methyl 2-S-(Butylsulfonylamino)-3-[4-(4-N-t-butyl-
oxycarbonylpiperidin-4-yl)oxyphenyloxy]phenyl-
propionate (3-5). " :

A solution of 3-4 (0.5 g, Q.082 mmol) in
EtOH (40 ml) was treated with 10% Pd/C (125 mg ) and

20 this suspension hydrogenated in a Parr flask at 50
psi for 1.5 hour. The catalyst was filtered off and -
the solvent removed to give the desired amino ester
as a clear oil.
ln nMR (300 MHz, CDC13) & 1.48 (9H, s), 1.50-1.80

2s (8H, m), 1.91 (2H, m), 2.82 (1H, m), 3.04 (1H, m),

~3.34 (2H, m), 3.76 (3H, s), 4.20 (1H, m), 7.90 (8H,
m), 8.11 (2R, d). '
This amino ester (0.36 g, 0.77 mmol) was
digsolved in EtOAc (10 ml) and treated with NaHCO3

30 (0.386 g, 4.6 mmol) and n~butylsulfonylchloride (1.53
mmol) with heating at reflux for 48 hours. The _
solvent was removed and the residue purified by flash
chromatography on silica gel eluting with
hexane(65)-Et0Ac(35) to provide pure 3=5 as an oil.

This is tha replacement sheet
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[err]

5- (N-t - But yl oxycar bonyl pi peridin-4-yl)-1-trimethyl -1-

silyl pent-3-ene-1-yne (8-4). A suspensi on of
3-trinmethyl silyl-2-propynyl)- 15 ~tri phenyl phosphoni um brom de (3.0 g,

6. 62 mmol es)

10

15

20

25

30

(Aldrich) in 50 nl THF was cooled to -78[err] and treated

- 64 - .

15 NMR (300 MHz, CDCl3) & 0.88-1.02 (4B, m), 1.25-1.45
(3H, m), 1.50 (9H, s), 1.51-1.80 (2H, m), 1.93 (2H,
m), 2.80 (2H, m), 2.95-3.20 (2H, m), 3.21-3.40 (2H,
m), 3.72 (2H, m), 3.74 (3H, s), 4.38 (2H, m), 4,80
(18, d), 6.90 (6H, m), 7.10-7.27 (2H, m).

2-S-(Butylsulfonylamino)-3-{4-(piperidin-4-yl)oxy-
DA e DXV tpnern DIOD1OT acid hvdrochloride =0
A solution of 3-5 (0.2 g, 0.34 mmol) in
THF(1)-Hp0(1)-CH30H(1) was treated with LiOH (0.075
g, 1.78 mmol) at room temperature for & hours. The
solvent was removed and the residue was acidfied with
10% KHSO, solution and this extracted several times:
with EtOAc. The organic extracts were combined,
washed with brine, dried (NaS0,) and the solvent
removed to give the desired acid. Rg = 0.3 (silica
gel, 97(CHC13)-3(CH30H)-1(HOAc)].
5 NMR (300 MHz, CDC13) & 0.85 (3H, t), 1.20-1.30
(3H, m), 1.46 (9H, s), 1.50-2.0 (6H, m), 2.75 (2H,
m), 2.97 (14, m), 3.18 (1H, m), 3.33 (2H, m), 3.76
(28, m), 4.35 (2H, m), 5.07 (1H, m), 6.89 (6H, m),
7.13 (2H, m). S

This acid (0.15 g, 0.26 mmol) was dissolved
in EtOAc and treated with HC1l gas as described for
1=-9 to give pure 3-6 as a white solid.

lm mm (300 MHz, CD30D) & 0.89 (3H, t ), 1.32 (2H,

m), 1.53 (24, m), 1.97-2.21 (4B, m), 2.75 (2H, m),
2.63 (1H, m), 3.20 (3H, m), 3.40 (ZH._m), 4.14 (1H,

-m), 6.82-7.05 (6H, m), 7.23 (2H, m).
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with n-BuLi (6.62 nmol es) dropwi se. The resulting ~ solution was allowed
to warmto -40[err] and was then stirred for 0.5 hours to give a deep
red solwution. 20 After cooling to -78[err]C the reaction m xture was
treated with 8-3 (1.07 g, 4,73 moles) in 15 m THF and was allowed to
warnito O with stirring for 1 hour. The reaction was quenched wi th 50
mM Herr]0 and 25 this was extracted with EtOAc (200 nml). The organic
phase was separated, dried (NaJerr]SO[err]) and stripped to provi de as

residue that was purified by flash chr omat ography on silica gel eluting
with 10% Et OAc/ hexane to provide purgs &4, (2.02 g), Rerr] = 0.3. 30
[err]H NVR (300 MHz,"CDCl [err]) [err] 0.10 (9H, s), 0.70-1.10 (4H, m,
1.10-1.40 (13H, m, 1.40-1.60 (3H, m, 1.83 38H m, 2.40-2.60 (3H, m,
3.85 (3H, m, 5.35 (1H, t), 6.00 (1H m.
SCHEME &
-5

CbzN CH;)3CO,CH; Csz_(CHz)aCCCH:a)zOH

10 |
| 4-1 : 4-2
15
CbzN

20 CbzN  )»—(CHs  coH

CHy CHy 4.4

‘ 10,CHy

25 HND_(CHz)a CO;H

CH, CH,

4-5

30

This is the replacement sheet
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10

15

20

25

30

[err]

- 66 -

4[4-(N-Benzyloxycarbonylpiperidin-4-yl)-2-methyl]-
pentan-2-01(4-2). '
Methyl 4-(N-Benzyloxycarbonylpiperidin-4-yl)-
butanoate (4-1) (10.07 g, 0.032 mol) in THF (200 ml)
was cooled to 0°C and treated with CH3MgI (0.095 mol)
for 3.0 hours. The reaction mixture was poured into

ice, acidified with 10% KHSO, and extracted with 3

portions of EtOAc. The combined organic extract was
washed with brine, dried (MgSO,) and the solvent
removed. The residue was purified by flash
chromatography on silica gel eluting with
hexane(7)-Et0Ac(3) to give pure 4-2. Rge = 0.3
(silica gel, hexane (7)-EtOAc(3).

Methyl 2-S-(Butylsulfonylamino)-3-[4-(N-Benzyloxy-
carbonylpiperidin-4-yl)-2,2-dimethyl]butyloxyphenyl-
propionate (4-3), :
N;n-ﬁptylsulfonyl—L—tyrosine methyl ester _
(7.21 g, 0.023 mole) was dissolved in a mixture of
4-2(1.0g), CHyCl; (30 ml) and benzene (250 ml).
Triphenylphosphine (5.97 g, 0.023 mole) was added and
after purging with N,, diethyl azodicarboxylate (3.6
ml, 0.023 mole) was added at room temperature as the
reaction mixture turned red-orange in color.
Reaction mixture stirred at room temperature for 7
days. Solvent was removed and the residue was
purified by flash chromatography on silica gel
eluting with hexane(60)-EtOAc(40) to give pure 4-3.

lg NMR (300 MHz, CDC1l3) 5 0.88 (6H, t), 1.10-1.40
(12H, m), 1.43-1.78 (8H, m), 2.70-2.82 (4H, m),
2.95-3.10 (3H, m), 3.75 (3H, ), 4.18 (2H, m), 4.32
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5- (N-t - But yl oxycar bonyl pi peri di n-4-yl )pent-3-en-1- 10 yne (8-5)

A solution of 8-4 (0.815 g, 2.54 mmoles) in 60 mM THF was treated with
12 m HE€rr]0 and lithium hydr oxi de hydrate (0.96 g; 2.28 mmles). The
reactjon m xture was stirred at roomtenperature for -6 hours during
which time the col or becane dark 15 orange. The reaction m xture was
then diluted with Et[err]O (75 m) and the agueous phase was separ at ed
and washed with 3x75 ml Et[err] O The conbi ned organic ~ extacts were
washed with brine, dried and stripped. 20 The resulting residue was
purified by flash  ~ chronat ography on&diica gel eluting with 10%

Et CAc/ hexanes to give 0.63 g pure 8-5. [err]H NMR (300 MHz, CDCl[err])
[err] 1.0-1.25 (3H, m, 1.25-1.60 25 (11H, m, 1.60-1.75 (3H m, 2.06
(2H, t), 2.30 (1H, t), 2.60-2.78 (2H, m, 4.07 (2H, m, 5.51 (1H m,
6.22 (1H, m. (1H, m), 5.13 (2H, s), 6.88 (2H, d4), 7.06 (2H, d),

7.38 (5H, m).

5 2-5-(Butylsulfonylamino)-3-[4—(N-Benzyloxycarbonyl-
piperidin-a-yl)—z.2-dimethy1]butyloxyphenylprbpionic
acid (4-4),

Dissolved 4-3 (0.64 g, 0.001 mole) in
THF/H70/CH30H mixture and treated with LiOH (0.26 g,

10 0.0062 mole) at room temperature for 8 hours.
Solvent removal, acidification (KHSO, solution) and
EtOAc extraction provided crude 4-4 which was
purified by flash chromatography on silica gel
eluting with CHC13(97)-CH30H(3)-HOAc(l) to give pure

15 4-4.

~ lg mR (300 MEZ, CDC1gy) § 0.86 (6H, §), 1.05-1.50

(13K, m), 1.55-1.80 (5H, m), 2.77 (4H, m), 3.04 (2EH,

m), 4.10 (2H, bd), 4.17 (1H, m), &4.85 (1H, d), 5.14

(2H, 8), 6.88 (2H, d), 7.13 (2H, 4), 7.39 (58, m).

20 )
2-S-(Butylsulfonylamino)-3-[4~-(piperidin-4-y1)-2,2-
dimethyllbutyloxyphenylpropionic acid (4-5).

To ammonium formate (0.23 g, 3.65 mmol) in
CH30H (5 ml) was added 4-4 (0.22 g, 3.65 mmole) in
2s 10 ml CH30H and then 10% Pd/C (100 mg) was added at

- room temperature. After 15 minutes the reaction
mixture was passed thru a Solka Floc pad and the
solvent removed. This residue was purified by flash
chromatography on silica gel eluting with

30 EtOH(9)-H,0(1)-NB,OH(1) to give pure 4-5.

lg MMR (300 MEz, CD30D) & 0.88 (6H, s), 1.15-1.40
(128, m), 1.42-1.70 (7E, m) 1.90 (2H, d4), 2.78-3.00
(6H, m), 3.06 (1H, dd), 3.35 (3H, m), 3.93 (1H, m),
6.86 (2H, d), 7.20 (2H, 4). |
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(CH2)4 H (CH)¢ H
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[err] Met hyl 2-S-(Hexanoyl am no)-3-[4-(5-Nt-butyl oxy- 10
car bonyl pi peridi n-4-yl) pent - 3- ene- 1- ynephenyl | - pr opi onate (8-6).
A solution of 85 (0. 3 g, 1.2 nmoles) and 8-2 (0.58 g, 1.4 moles) in
diethylamne (6 nm) was .purged with Nferr] and bis-triphenyl phosphi ne
pal | adi um 15 chl oride (0.049 g, 0.07 nmol es) was added fol |l owed by

cuprous iodide (7 ng, 0.035 nmmol es) and the suspensi on was purged agai n.
After several m nutes the reaction m xture became honbgeneous and this
solution was stirred for 16 hours at roogyt enperat ure. 20 The

sol vent was renoved at hi gh vacuum and™

tRe residue was dissolved in pH 7
buf fer and :

BocN::>—( CH;) O 0,CH,
> © ' 5-1 - .

Methyl 3-5-(Benzyloxycarbonylamino)-4-[4-(N-t-butyl-
10 =4
G=1). _

A solution of compound 1-2 (1.0 g, 1.8
mmole) and N-methylmorpholine (0.21 mL, 1.9 mmole) in
EtOAc (10 mL) was stirred at -15°C and treated with
isobutyl chloroformate (0.24 mL, 1.8 mmble). After
15 minutes the heterogeneous mixture was treated
portion-wise with an ethereal solution of
diazomethane (0.5M:10 mL, 5.0 mmole), followed by
continued stiriing at 0° for 1.0 hour. The reaction
mixture was then purged with argon for 10 minutes to
remove excess diazomethane. The organic phase was
washed with 2 x 5 mL portions of Hy0, brine, dried
(MgS0,), and evaporated. The residue was then
dissolved in CH30H (15 mL) and treated sequentially
with triethylamine (0.7 mL, 5.0 mmole) and Ag0,CPh
(110 mg, 0.5 mmole) while gtirring at ambient
temperature to effect vigorous gas evolution.

15
20
25

30
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ext.racted with Et[err]O. The organic extract was washed with 10%

KHSO[ err], brine, then dried (Na[err]SO[err]) and stripped. The residue
was purified by flash 25 chromatography on silica gel eluting with 20%
Et OAc/ hexanes to give 0.28 g pure 8-6. Rerr] = 0.3 (20% Et OAc,

hexanes) . [err]H NVR (300 MHz, CDCl[err]) [err] 0.90 (3H m, 1.05-1.40
30 (9H, m, 1.52 (6H, s), 1.58-1.75 (4H, m, 2.07 (2H, m, 1.70 (2H,
m, 3.14 (2H, m, 3.75 (2H, m, 4.10 (2H, m, 4.89 (1H m, 5.70 (1H,
m, 5.94 (1H, .m, 6.18 (1H, m, 7.03 (2H, m, 7.38 (2H, m.

. T - 70 -

After 30 minutes the solvent was evaporated and then
the crude reaction product purified by flash
chromatography on silica gel eluting with 4:1

5. hexane/EtOAc to give 5-1 (0.52 g) as an oil.
TLC Rg = 0.23 {30% EtOAc/hexane)

10 BocN:>—( CH,) 0 O,CH;

5-2

Methyl 3-S—Amino-4-[4-(N-t-butyloxycarbonylpiperidin—-

15

To 5-1 (0.52 g, 0.9 mmole) dissolved in
absolute ethanol (20 mL) was added 10% P4d/C (0.25 g)
and the resulting suspension was hydrogenated under
balloon pressure for 12 hours. The catalyst was then
filtered off and the solvent was removed in vacuo to
give 5-2 (0.35 g) as an oil. |

20

TLC Rg = 0.15 (9:1:1 CH,Cl,/CH30H/ACOH)..

25

30
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- 87 - [err] )
2- S—(Hexanoyl am no) - 3-[ 4- (5- Pi peri di n-4-yl )pentyl 10 phenyl ] propionic acid

(8-7) - ° 8-6 (0.275 g, 0.52 mmmol es) was dlssolved in EtOH and 2
m of,Herr]0 was added along with 5 drops of HOAc. Pd-C (100 ng) was
added* and t he resul ting suspensi on was hydrogenated on a Paar shaker (50
psi)
- 71 -
SO
5 BocN:>—( CH;) 0O O,CH;
5-3

Methyl 3-S-(Butylsulfonylamino)-4-[4-N-t-butyloxy-
3 by ; -
To 5-2 (0.36 g, 0.8 mmole), triethylamine
(170 puL, 1.2 mmole), 4-dimethylaminopyridine (12 mg,
0.1 mmole), and THF (5 mL) at 0°C was added n-butyl-
sulfonyl chloride (130 pL, 1.0 mmole) with stirring.
The cooling bath was removed and stirring was
continued for 6 hours. The reaction mixture was
diluted with 10 mL of EtOAc and then washed with 2x5
mL Hy0, brine, dried (MgSO,), and concentrated. The
crude reaction product was purified by flash
20 chromatography on silica gel eluting with 4:1
hexane/EtOAc to give 5=-3 (180 mg) as an oil.

10

15

13 MR (300 MHz, CDCl3) & 1.12 (2H, m), 1.25-1.83
(13H, m), 1.29 (3H, t), 1.47 (9H, '), 2.68 (6H, m),

.5 2-87 (28, d), 3.73 (3H, s), 3.93 (2}, t), 4.08 (1R,
m), 4.72 (1H, d), 6.87 (2H, d), 7.12 (2H, 4d).

30
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for 4 hours. The reaction m xture was filtered t hrough Sol ka- Fl oc and
the resulting sol vent was renoved. The resulting residue was purified by
- flash “thromat ography on silica gel eluting with 35% Et OAc/ hexanes to
- give 0.22 g of nethyl 2-S-hexanoyl 20

am no= 3-[ 4-5-N-t - butyl oxycar bonyl pi peri di n-4-yl) - pentyl phenyl

pr opi onat e. [err]H NVR (300 MHz, CDCl[err]) [err] 0.85 (3H, t),
1.00-1. 35 (12H, m, 1.45 (9H, s), 1.50-1.65 (6H m, 2.15 (2H, 25 1t),
2.50-2.65 (4H -m, 3.05 (2H m, 3.71 £312 ), 4.04. (2H, m, 4.83 (1H,
m, 5.96 (1H, m, 6.98 (2H, d), 7.04 (2H, d). This ester
(0.17 g, 0.32 mmles) was 30 suspended in 10 mM of 1:1 THF/ H err] O and
CHerr]OH (2 m), | it hi um hydroxi de hydrate (0.067 g, 1.6 mmol es) was
added and the reaction was stirred for 2.0 hours at roomtenperature.
The sol vent was then renoved and + the residue was tazgg in Herr]O.

Thi s was acidified

s BocNC>—( CH;) (O

5-4

0,H

3-S-(Butylsulfonylamino)-4-[4-N-t-butyloxycarbonyl-

10 - *
Compound 5-3 (175 mg, 0.33 mmole) in CH30H

(4.0 mL) was treated with 1N NaOH (1.0 mL, 1.0 mmole)
followed by continued stirring at ambient temperature
for 20 hours. The reaction mixture was diluted with
15 mL EtOAc and then washed with 10 mL 5% KHSO4; and
brine, dried (MgSO,), and concentrated to give 5-4
(160 mg) as an oil. ' '

15
TLC Re = 0.31 (9:0.5:0.5 CHCl,/CH30E/ACOH).
20 SN

25

30
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- 88 - to pH 2-3 with 10% KHSO[ err], and extracted with EtCAc. The
organi c extract was washed with brine, dried (Na[err]SO[err]) and
stripped’to give 0.050g of the desired 5 “aci d. [err]H NVR (300 MHz,
CDCl[err]) [err] 0.85 (3H, m, 0.95-1.42 (15

=173 -

_ /@/\[:'Hsozau
5 o HNO-(Cﬁz)p O;H .

5-5

3-S-(Butylsulfonylamino)-4-[4~-piperidin-4-yl)butyloxy-
10 phenyllbutanoic acid (5-5) _
To a stirred solution, of compound 5-4 (160
mg, 0.30 mmole), CHZCIi (2.0 mL), and anisole (100
pL) at 0°C was added CF5COpH (1.0 mL). After 1.5
hours at 0°C the solvents were evaporated and the
crude reaction product purified by flash
chromatography on silica gel eluting with 10:0.8:0.8
ethanol/H,0/conc. NH,OH to give 5-5 (42 mg) as a
golid. '

15

20 lp NMR (300 MHz, D,0/CF3C0,D) § 0.82 (3H, t),

1.10-1.70 (11H, m), 1.80 (m, 2H), 1.98 (m, 2ZH), 2.48
(2H, ¢t), 2.72 (3H, m), 3.00 (3H, m), 3.43 (2H, m),

3.96 (1H, m), 4.10 (2H, t), 7.01 (2H, d4), 7.32 (2H,
d). _ ' .
25

30
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H, n) 1.47 (9H, s), 1.50-1.70 (7H, m, 2.18 (2H, m, 2.48-2.72 (5H, m,
5. 02- 30 (2H, m, 4.03 (2H, m, 10 4.84 (1H, m, 6.05 (1H, m, 7.06 (4H,
S). This acid (0.15 g, 0.29 mmol es) was di ssol ved in Et CAc
(25 m ), cooled to -70[err] and treated with HO gas for 10 minutes. The-
tenperature 15 was allowed to rise to -20 over 0.5 hr. The reaction

m xture was purged with N2 and the sol vent was renoved. The residue
purified by flash chromat ography on silica gel eluting with 9:1:1

EtOH/ Herr]ONH err]OH to give pure 87, 0.040 g as a white 20 solid.
[err]H NWVR (300 MHz, CD{err]0OD) [err] O &8_(3H, t), 1.05-1.30 (9H, m,
1.32-1.56 (4H, m, 174(2H d), 203(3,' , 2.42 (2H, m), 2.70-2.85
(3H, m, 3.04 (1H, dd), 25 3.21 (2H, m, 4.38 (1H, m, 6.92 (2H, d), 7.00
(2H, d). In the above Schenes and Exanpl es, various

SCHEME ©

bz th
m T~ " CO,CH;
10 1-1 / 6-1

sz
T /\/\0 CO,CH;

_ 6-2
15 :
' b\rﬂftbz
- NCCHyO CO,CHy
20 - ; 6-3
/b/YNI{:bZ ,
25 HN)_, N-(CH;),-0 CoaH

30
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reagent synbols have the foll ow ng neanings: 30 BOC. t-butoxycarbonyl .

Pd-C. Pal | adium on activated carbon. catal yst. DV
Di net hyl f'or mam de. CBZ: Benzyl oxycar bonyl .
- 89 ; :

=75 -

Methyl 2-S-(N-Benzyloxycarbonylamino)-3-[4-(3-chloro-
propyloxyphenyl)propionate (6-1).
Treatment of a DMF solution of 1-1 (0.95 g,
s 2.9 mmol) and 3-chloro-l-tosyloxypropane (0.84 g,
3.19 mmol) w1th cesium carbonate (0.47 g, 1.45 mmole)
gave a solut1on that was stirred at room temperature
overnight. The reaction mixture was then diluted
with H,0 and extracted with ether. The ether extract
10 was washed with brine, dried (Na;S0,) and the solvent
removed to give an oily residue. This was purified
by f£lash chromatography on silica gel eluting with
EtOAc(5)-hexane(95) to afford 6-1 as a clear oil. Rg
0.5 (silica gel eluting with EtOAc(30)-hexane(70).
15 '
Methyl 2-S-(Benzyloxycarbonylamino)-3-[4-(3-iodo-
propyloxyphenylipropionate (6-2).
A solution of 6-1 (0.6 g, 1.5 mmol) in
acetone was treated with sodium iodide (1.1 g, 7.5 ‘
20 mmol) and the ‘resulting solution was heated at reflux
for 16 hours. The reaction mixture was then diluted
with ether, washed with water, brine and dried
(Na;S0,). Solvent removal gave an oil that was
purified by f£lash chromatography on silica gel
25 eluting with hexane(90)-EtOAc(10) to give 6-2 as &
clear oil.

15 MR (300 MHZz, CDCl3) & 1.85-2.08 (4H, m), 3.04
(28, m), 3.26 (2H, t), 3.71 (3H, 8), 3.95 (2H, t),
30 4.60 (1H, m), 5.00-5.21 (3H, m), 6.78 (2H, d), 6.99
. (28, d), 7.33 (5H, m).
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BOP: Benzotriazol -1-yl oxytri s(di nmet hyl am no) - phosphoni um
hexaf | uor ophosphat e. Et OAC. ethyl acetate 5 DIVF:

di met hyl f or mam de CHerr]d[err]: nmethylene chloride

CHCl [err]: chloroform - MeOH: et hanol HOAc: acetic acid 10
Suitable alternative protecting groups that can be used in the
preparation of the present I nvention include benzyl ester, cycl ohexyl
ester, 4-ni trobenzyl ester, t-butyl ester, 4-pyridylnethyl 15 ester,
benzyl oxycar bonyl, isonicotinyl oxycarborgg ,- 0- chl or obenzyl oxycar bonyl ,
p- ni trobenzyl oxycar bonyl , p- met hoxybenzyl oxycar bonyl , t-anyl oxycarbonyl,
| sobor nyl oxycar bonyl, adamantyl oxycar bonyl , 2- (4- bi phenyl ) - 2- propyl oxy-
20 carbonyl and 9-fl uorenyl net hoxycar bonyl . In addition to

those conpoundgetR§Ei 2L§a(NYBenyz SRy R L bR APINE) - AW (20R3lg icompounds  of
methylpiperazin-4-yldpropyloxyphenyllpropionate (6-3).
A solution of 6-2 (0.1 g, 0.2 mmol) and 2,6-
s dimethylpiperazine (0.068 g, 0.6 mmol) in 1 ml THF
was stirred at room temperature for 20 hours. The
solvents were iemoved at low pressure to provide 6-3
as a clear oil.

10 1H NMR (300 MHz, CDCly) & 1.45 (4H, d), 1.82 (3H, m),
2.65 (2H, m), 2.79 (28, m), 3.05 (1H, m), 3.18 (2H,
bd), 3.60 (1B, m), 3.72 (3H, s), 3.96 (2H, m), 4.62
(14, m), 5.10 (2H, s), 5.21 (1H, m), 6.79 (2H, 4),
7.00 (2E, d), 7.35 (5H, bs).
15 ' :
2-(N-Benzyloxycarbonylamino)-3-[4-(2,6-dimethylpiper-
e . . _ -
| 6-3 (0.090 g, 0.2 mmol) in methanol was
treated with 1IN NaOH (0.7 ml) at room temperature for
20 16 hours. The solvent was removed to give crude acid
which was purified by £lash chromatography on silica
gel eluting with isopropanol(10)-NH,O0H(1)~-Ho0(1l) to
provide pure 6-4, Re 0.25. '

25 1H NMR (300 MHz, CD30D) & 1.65-1.85 (4H, m),
2.60-2.70 (2H, m), 2.80-2.95 (6H, m), 3.11 (8H, m),
3.52 (28, m), 3.65-3.75 (2H, m), 3.82 (2H, t), 4.17
(1E, m), 4.70 (2H, s), 4.85 (2H, m), 6.63 (2H, d),
6.92 (2H, d), 7.10 (5H, bs).

30
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present invention are set forth in tabular form bel ow. These conpounds -
are synt hesi zed by use of the 25 synthetic routes and net hods described in
t he abov¥ Schenes and Exanpl es and variations thereof well - known to
those of ordinary skill in the art, and not requiring undue
experinmentation. Al variables 30

- 77 -
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- 90 - listed in the Tables below are with reference to the
follow ng generic structure: "5 [err]

- 78 =

Methyl 2-S-(N-Benzyloxycarbonylamino)-3-[4-(N-t-butyl-
oxycarbonylpiperidin-4-yl)propyloxyphenyl]propionate

- (I=1).

5 A golution of 1-1 (4.0 g, 2.6 mmol) and
3-(N—Boc-p1per1d1n—4—y1)propyl iodide (1.1 g, 3.3
mmol) in 40 ml DMF was treated with cesium carbonate
(0.4 g, 1.35 mmol) and the resulting solution was
stirred at room temperature for 20 hours. The

10 solvent was removed and the residue was taken up in
'EtOAc, washed with water, brine and dried (Na;50,).

. Solvent removal provided a residue that was purified
by flagh chromatography on silica gel eluting with -
4:1 hexane(80)-EtOAc(20) to give pure 7-1 as a clear

15 oil.

1§ mMR (300 MHz, CDCly) & 1.10 (2H, m), 1.37-1.45
(11H, m), 1.65-1.82 (4H, m), 2.68 (2H, m), 3.03 (2H,
m), 3.71 (3H, s), 3.90 (2H, t), 4.08 (2H, bd), 4.61

20 (1H, m), 5.10 ‘(1H, s), 5.18 (1H, m), 6.79 (2H, d),
7.00 (2H, d), 7.35 (5H, bs).

2—(8)-(N—Bepzyloxycatbonylamino)—3-[4—(N—t-butyloxy-
carbonylpiperidin~4—y1)propjloxyphenyl]p;opionic acid
2s (71-2).

7-1 (0.5 g, 0.9 mmol) in methanol (12 ml)
was treated with 1IN NaOH (3 ml) at room temperature
for 16 hours. The solvent was then removed and the
residue acidified with 5% KHS04; solution. This was

30 extracted with EtOAc several times and the combined
organic extracts were washed with brine and dried
(NayS0,). Solvent removal gave 7-2 as a clear oil.
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1z nMR (300 MHz, CDCly) & 1.10 (2H, m), 1.37-1.52
(12H, m), 1.62<1.85 (5H, m), 2.66 (2H, t), 3.10 (2EH,
m), 4.89 (2H, t), 4.10 (4H, m), 4.62 (1H, m), 5.09
(1H, &), 5.19 (1H, m), 6.79 (2H, d) 7.03 (2H, d),
7.34 (5H, bs)..

Methyl 3-S-(N-Benzyoxycarbonylamino)~4-{4-(N-t-butyl-
oxycarbonylpiperidin-4-yl)propyloxyphenyl)butanoate
(I=3). ' :

To a stirred solution of 7-2 (1.6 g, 2.9
mmol) in EtOAc at -15°C was added isobutyl-
chloroformate (2.9 mmol) and N-methylmorpholine (2.9
mmol) and the resulting solution was stirred for 0.5
hours at -15°. Then, diazomethane (5.0 mmol in Et,0)
was added and the reaction mixture was stirred at.0°
for 20 minutes. 'The reaction mixture was purged with
argon, diluted with EtOAc and washed with water. The
organic phase was dried (MgSO,) and the solvent
removed to provide the desired diazoketone.
lg NMR (300 MHz, CDC13) & 1.10 (2H, m), 1.35-1.50
(124, m), 1.55-1.85 (6H, m), 2.68 (2H, bt), 2.95 (2H,
d), 3.90 (2H, t), 4.09 (3H, m), 4.42 (1H, m), 5.06
(1H, m), 5.20 (1H, m), 5.35 (1H, m), -6.80 (2H, d),
7.06 (2H, d), 7.35 (5H, bs). -

This diazoketone (1.63 g, 2.9 mmol) was
dissolved in CH{0H (20 ml) and treated at room
temperature with a CH30H solution (5 ml) of silver
benzoate (0.22 mg, 0.96 mmoles) and triethylamine
(1.25 ml). After a few minutes the reaction became
black with gas evolution apparent. After 0.5 hours
the solvent was removed and the residue was purified
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by flash chromatography on silica gel eluting with
4:1 hexane(80) EtOAc(20) to give 7-3 as amn oil.

1p MR (300 MHz, CDCl3) § 1.12 (2H, m), 1.37-1.47
(12H, m), 1.60 _(2H, s), 1.65-1.83 (4H, m), 2.49 (2H,
m), 2.62-2.91 (4H, m), 3.67 (3H, s), 3.90 (2H, t),
4.03-4.20 (4H, m), 5.08 (2H, §), 5.24 (1H, m), 6.79
(28, d), 7.05 (2H, d), 7.32 (5H, bs).

3—S-(NLBenzyloxycarbonylaﬁino)—4-[4-(piperidin—#—yl)-
propyloxyphenyllbutanoic acid (7-4). - -
A solution of 7-3 (0.3 g, 0.53 mol) was
treated with 1N NaOH (1.7 ml) and the resulting
mixture was stirred at room temperature for 16
hours. The solvent was removed and the residue
acidified with 5% agq KHSO, solvent and this was
extracted several times with EtOAc. The combined
organics were washed with brine, dried (NaSO4) and
the solvent removed to give the desired acid.

1y MMR (300 MHz, CD30D) § 1.10 (2H, m), 1.40-1.52
(12, m), 1.65-1.84 (6H, m), 2.54-2.93 (8H, m), 3.92
(2H, t), 4.05-4.12 (3H, m), 5.10 (2H, 8),. 6.71 (2H,
d), 7.08 (2H, d), 7.35 (5H, m).

This acid was dissolved in CHpCly (4 ml) and
anisole (0.41 mmole) was added, followed at 0° with
trifluoroacetic acid (2 ml). After 2.5 hours
stirring at 0°, the solvents were removed and the
residue purified by flash chromatography on silica
gel eluting with EtOH(10)-NH,OH(1)-Ho0(1l) to give
pure 7-4 as a white solid.
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1g MR (300 MBz, CD30D) § 1.3-1.5 (4K, m), 1.6 (1H,
m), 1.75-1.85 (2H, m), 1.95 (2H, d), 2.54 (28, m),
2.72 (28, m), 2.93 (2H, t), 3.32 (6H, m), 3.92 (2H,

s t), 4.11 (1H, m), 4.95 (2H, m), 6.75 (2H, d), 7.05
(2H, d), 7.25 (5H,-m).
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o)
/[::]/4\TJH§ ﬂ _ /]::lr/\T,NHCCQm1
T . CO,CH, CICCsHyy g CO,CH;
8-1 Py - 8-2

Methyl 2-S-(Bexanoylamino)-3-(4-iodophenyl)propionate
8-2)

A suspension of 8-1 (1.01 g, 2.96 mmoles) in
20 ml CHC1l, was cooled to 0° and pyridine (1.43 mi,
17.7 mmoles) was added followed by hexanoylchloride
(1.25 ml, 8.88 mmoles). After 20 minutes all 8-1 was
consumed. Water (25 ml) was then added carefully and
this mixture was extracted with EtOAc (150 ml). The
separated organic phase was washed with 10% KHSO,,
brine, dried (NayS0,;) and the solvent was removed to
give a white solid. This was purified by flash
chromatography on silica gel eluting with 5%
Et,0/CHCl3 to give pure 8-2 (1.07 .g) as a white solid.

15 MMR (300 MHz, CDClz) & 0.88 (3H, t), 1.27 (4E, m),
1.60 (2H, m), 2.09 (2H, t), 3.05 (2H, m), 3.75 (3,

s), 4.88 (1H, m), 5.93 (1H, m), 6.83 (2H, d), 7.60
(28, 4).
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CHO

8-3 [ PhyP-CH,C=C-TMS] *Br~

BocN ——SiMe,
10 '

8-4 .
5-(N-t-Butyloxycarbonylpiperidin-4-yl)-l-trimethyl-1-
i —3-ene-1- —4),
A suspension of 3-trimethylsilyl-2-propynyl)-
triphenyl phosphonium bromide (3.0 g, 6.62 mmoles)

' (Aldrich) in 50 ml THF was cooled to -78° and treated
with p-BuLi (6.62 mmoles) dropwise. The resulting
solution was allowed to warm to -40° and was then
stirred for 0.5 hours to give a deep red solution.
After cooling to -~78°C the reaction mixture was
treated with 8-3 (1.07 g, 4,73 mmoles) in 15 ml THF
and was allowed to warm to 0° with stirring for 1
hour. The reaction was guenched with 50 .ml Hy0 and
this was extracted with EtOAc (200 ml). The organic
phase was separated, dried (Nap;SO4;) and stripped to
provide as residue that was purified by flash
chromatography on silica gel eluting with 102 _
EtOAc/hexane to.provide pure 8-4, (2.02 g); Rg = 0.3.

15

20

- 25

30
lg mMR (300 MHz, CDC13) § 0.10 (9H, s), 0.70-1.10

(4H, m), 1.10-1.40 (13H, m), 1.40-1.60 (3H, m), 1.83
38H, m), 2.40-2.60 (3H, m), 3.85 (3H, m), 5.35 (1H,
t), 6.00. (1H, m). '
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<3

- 85 —

BocN — H

5-(N-t-Butyloxycarbonylpiperidin-4-yl)pent-3-en-~1-
yne (8-5)

A solution of 8-4 (0.815 g, 2.54 mmoles) in

60 ml THF was treated with 12 ml H50 and lithium
hydroxide hydrate (0.96 g, 2.28 mmoles). The
reaction mixture was stirred at room temperature for
6 hours during which time the color became dark
orange. The reaction mixture was then diluted with
Et20 (75 ml) and the aqueous phase was separated and
washed with 3x75 ml Et,0. The combined organic
extacts were washed with brine, dried and stripped.
The resulting residue was purified by flash
chromatography on silica gel eluting with 10%
"EtOAc/hexanes to give 0.63 g pure 8-5.

15

20

1 MR (300 MHz, CDClz) & 1.0-1.25 (3H, m), 1.25-1.60
(118, m), 1.60-1.75 (3H, m), 2.06 (2H, t), 2.30 (1H,
t), 2.60-2.78 (2H, m), 4,07 (2H, m), 5.51 (1H, m),
6.22 (1€, m). .

25

30
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O
o I

BocN =—(O)— s,
8-6 co,CH,

Methyl 2-S-(Hexanoylamino)-3-[4-(5-N-t-butyloxy-
carbonylpiperidin-4-y1)pent-3-ene—1-ynepheny1]—
propionate (8-6),

A solution of 8-5 (0. 3 g, 1.2 mmoles) and
8-2 (0.58 g, 1.4 mmoles) in diethylamine (6 ml) was
purged with N, and bis-triphenylphosphine palladium
chloride (0.049 g, 0.07 mmoles) was addéd followed by
cuprous iodide (7 mg, 0.035 mmoles) and the
suspension was putged aga1n After several m1nutes
the reaction mixture became homogeneous and this
solution was stirred for 16 hours at room temperature.

The solvent was removed at high vacuum and
the residue was dissolved in pH 7 buffer and
extracted with Et;0. The organic extract was washed
with 10% KHSO,;, brine, then dried (NayS0O,;) and
stripped. The residue was purified by flash.
chromatography on silica gel eluting with 20%
EtOAc/hexanes to give 0.28 g pure 8-6. Re = 0.3 (20%
EtOAc, hexanes).

1 mMR (300 MHz, CDCl3) § 0.90 (3H, m),.1.05-1.40
(98, m), 1.52 (6H, s), 1.58-1.75 (4H, m), 2.07 (2E,
m), 1.70 (2H, m), 3.14 (2H, m), 3.75 (2H, m), 4.10

(24, m), 4.89 (1H, m), 5.70 (1H, m), 5.94 (1H, m),

6.18 (1H, m), 7.03 (2H, m), 7.38 (2H, m).
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HND—( CHy)s —@—\(NHCCsm 1
© T 87 CO,H

2~5~-(Hexanoylamino)-3-[4-(5-Piperidin-4-yl)pentyl~

8-6 (0.275 g, 0.52 mmoles) was dissolved in
EtOH and 2 m1 of Hy0 was added along with 5 drops of
HOAc. Pd-C (100 mg) was added and the resulting

‘suspension was hydrogenated on a Paar shaker (50 psi)

for & hours. The reaction mixture was filtered
through Solka-Floc and the resulting solvent was
removed. The resulting residue was purified by flash
chromatography on silica gel eluting with 35% |
EtOAc/hexanes to give 0.22 g of methyl 2-S-hexanoyl
amino-3-[4-5-N-t-butyloxycarbonylpiperidin-4-yl)-
pentylphenyl propionate.

1p MR (300 MHz, CDCl3) & 0.85 (3H, t), 1.00-1.35
(12H, m), 1.45 (9H, 8), 1.50-1.65 (6H, m), 2.15 (2H,
t), 2.50-2.65 (4H, m), 3.05 (2H, m), 3.71 (3H, 8),
4.04 (2H, m), 4.83 (1H, m), 5.96 (1H, m), 6.98 (2H,
d), 7.04 (2H, d). '

This ester (0.17 g, 0.32 mmoles) was
suspended in 10 ml of 1:1 THF/H,0 and CH30E (2 ml),
lithium hydroxide hydrate (0.067 g, 1.6 mmoles) was
added and the reaction was stirred for 2.0 hours at
room temperature. The solvent was then removed and
the residue was taken up in Hy0. This was acidified
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. 101 - | ' EXAMPLE 58 Bl ood was drawn

into 0.1 vol unes of acid-citrate-dextrose (85 mMsodiumcitrate, 64 nM5
citric adid, 110 nM dextrose) by veni puncture from nor mal hunman
vol unieers. Platelet-rich plasnma was prepared by centrifugation at 400 x

g for+12 m nutes. PGE1 (5 ng/m ) was added and platelets wer e
collected by centrifugation at 800 x g for 12 10 mnutes. The platel et
pel l et was resuspended into human pl atel et buffer (140 nmH Nad, 7.9 nM
KGO, 3.3 mM Na[err] HPO[err], 6 nmM HEPES, 2% bovine serum al bumn, 0.1
% dextrose, pH 7.2) and filtered over ~S@#ar ose 2B that was previously
equilibrated in human platelet 15 buffer. Platelets were counted and
adjusted to 2 x 108/ M with human platelet buffer. Human fi brinogen

to pH 2-3 with 10% KHSO;, and extracted with EtOAc.

The organic extract was washed with brine, dried

(Na,;S04) and stripped to give 0. 050g of the desired
s acid.

1y MR (300 MHZ, CDC1l3) & 0.85 (3H, m), 0.95-1.42 (15

H, m), 1.47 (98, s), 1.50-1.70 (7H, m), 2.18 (2H, m),

2.48-2.72 (5H, m), 5.02-5.30 (2H, m), 4.03 (2H, m),
10 4.84 (1H, m), 6.05 (1B, m), 7.06 (4H, 8). '

This acid (0.15 g, 0.29 mmoles) was
dissolved in EtOAc (25 ml), cooled to -70° and
treated with HC1 gas for 10 minutes. The temperature

15 was allowed to rise to ~20° over 0.5 hr. The
reaction mixture was purged with N and the solvent
was removed. The residue purified by flash
chromatography on silica gel eluting with 9:1:1
EtOHIHZOINHKOH to give pure 8-7, 0.040 g as a white

- 20 solid. '

lg MR (300 MHz, CD30D) § 0.78 (3H, t), 1.05-1.30
(98, m), 1.32-1.56 (4H, m), 1.74 (2H, d), 2.03 (ZE,
m), 2.42 (2H, m), 2.70-2.85 (3H, m), 3.04 (1H, dd),
25 3.21 (2H, m), 4.38 (1H, m), 6.92 (2H, d), 7.00 (28,
- ).

In the -above Schemes and Examples, various
reagent symbols have the following'meanings:
30 BOC: t-butoxycarbonyl
Pd-C: Palladium on activated carbon catalyst.
DMF: Dimethylformamide.
CBZ: Benzyloxycarbonyl.
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(10-100 nmg/ M and CaC [err] (1 mV) were added and . aggregati on was
initiated by the addition of 10 nM ADP. Aggregation was nonitored by
the initital rate 20 of increase of light transmttance: : Wi | e
the invention has been described and  -illustrated in reference to
certain preferred enbodi nents thereof, those skilled in.the art wl|
appreci ate that various changes, nodifications and 25 substitutions can be
made therein without departing = fromthe spirit and scope of the
i nvention. For ’ exampl e, effective dpsages other than the preferred
doses as set forth herei nabove may bé’dg |Tcable as a consequence of
variations in the responsiveness of 30 the mammal being treated for
severity of clotting di sorders or enboli, or for other indications for
t he conmpounds_of the invention indicated above. : :
BOP: Benzotriazol-l-yloxytris(dimethylamino)-

- phosphonium hexafluorophosphate.
_ EtQAc: ethyl acetate
‘s DMF: dimethylformamide
CH,Cly: methylene chloride .
CHCl3: chioroform o .
MeOH: methanol
HOAc: acetic acid
10
Suitable alternative protecting groups
that can be used in the preparation of the present
invention include benzyl ester, cyclohexyl ester,
4-nitrobenzyl ester, t-butyl ester, 4-pyridylmethyl
15 ester, benzyloxycarbonyl, isonicotinyloxycarbonyl,
O-chlorobenzyloxycarbohyl, p-nitrobenzyloxycarbonyl,
p-methoxybenzyloxycarbonyl, t-amyloxycarbonyl,
isobornyloxycarbonyl, adamantyloxycarbonyl,
2-(4-biphenyl)-2-propyloxy-
20 carbonyl and 9-fluorenylmethoxycarbonyl.
~ Im addition to those compounds specifically
exemplified above, additional compounds of the
present invention are ‘set forth in tabular form
below. These compounds are synthesized by use of the
25 synthetic routes and methods described in the above
Schemes and Examples and variations thereof well
known to those of ordinary skill in the art, and not
requiring undue experimentation. All variables

30
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- 102 - Li kew se, the specific pharmacol ogi cal responses observed
may vary acording to and dependi ng upon the particul ar active conpound
stl ect ed*’or whether there . are present pharnaceutical carriers, as well
as the 5 type of fornulation and node of admi nistration enpl oyed, . and
such <expected variations or differences in the results are contenpl ated
i n accordance with the objects and practices of the present invention.
It is intended, therefore, that the invention be 10 limted only by the
scope of the clainms which foll ow and that such clains be interpreted as
broadly as is reasonabl e. - 90 -

listed in the Tables below are with reference to the
following generic structure:

@/( CHz) n 0;R4
C CHz) P

/(CHz) /Y\Z -
5
10 - R

15
20
25

30
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- 103 - VWHAT IS CLAIMED | S

A conpound of the structural fornula
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5 [err] _ and the

phar maceutlcally accept abl e salts thereof, wherei n Rerr] is a
four to & ght menber heterocyclic ring -15 containing 1, 2 ,3 or 4 -
het er oat ons wherein said heteroatons are N, O or S and wherein
sai d heterocycllc ring is optionally substituted at any atom by
H Rerr] or Rerr]; NRerr]Rerr] 20 [err]; [err]; [Jerr];
- 93 -
5
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[err] 25 wherein R err] and R[err]'are I ndependent |y

hydr ogen and , unsubstituted or substituted (Jerr]al kyl and
cycl oal kyl wherein said substituents are 30 : C err] al koxy,
Cferr] al koxyal kyl , Clerr] al koxyal kyl oxy,
-9 -
= ™ - n ™ - n - <
5
c L) (] 4] m - n [y | [y}
10 £ ~ - o ) « o ™ -
£
& & . i % 2
A T A = =
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- 104 - C err] al koxycar bonyl,

C err] al kyl carbonyl, C err] aral kyl car bonyl ,
C err] albkylthiocarbonyl, 5 C err] aral kyl thiocarbonyl,
t hi ocar bonyl, Cl err] alkoxythi ocarbonyl,
aryl ,» a5 to 6 menbered saturated 10
heterocyclic ring containing 1, 2, 3 or . 4 het eroat ons
wherei n sai d heteroatons -9 - are taken fromthe group
consi sting of N, 0 and S, _ derr]
al kanoyl am no, 15 C(err] al koxycarbonyl-Clerr] al kyl am no,
5 o
£ o PR g
w g & g &5 8 B
] ! % 1 [] ]
= of re
PREEOTTF e
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Clerr] al kyl sul fonyl am no,
Cerr] aral kyl,

al kyl t hi o,

al kyl sul finyl,

[ err] al kyl sul fonyl ,

am nosul fonyl

25

Cerr] aral kylthio,
Clerr] aral kyl sul finyl,

C err] aral kyl sul fonyl am' no,

t hi o,

10

15

20

25

30

ﬂ’

Exanple

(o]
[1]
-C-

GH,CO,CHy

-CH-

~-H -Cl,

32

33

Clerr] aral kyl sul fonyl am no-, -

Cerr] alkaryl, 20 Cerr]

=C2Ca

-Ce

-Br

34

derr]

Clerr] aral kyl sul fonyl,
C err] al kyl am nosul f onyl,
- 96 -

-N(CHy)~

-CH,

oxo, 30
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-_105 - unsubsti tuted and nono- and

di -substituted 1-ethenyl, 2-ethenyl and 3- propenyl
wherein-said substituents: are selected fromthe group
consisting 5 of hydrogen, (err] alkyl and ([err]

aral kyl , car boxy, ' hydr oxy,

am no, 10 C err] al kylam no, Cerr]

di al kyl am no,

hal ogegz where hal ogen is defined as F,
c, Br or I, '

w
-
<\ />
-F
-CN
-ci18
-H
~CH,CN
CO,CH,
F
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nitro, and 15

N can additionally

anmoni un

previ ously defined for

i ndependent |y

subst it uent

aryl,

30
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n

R‘I

Exanple

hydr ogen,
and substituted Cerr] alkyl

-c&;

40

cyano,
be substituted to forma quaternary
ion wherein said substituent is as-

Rlerr] and Rerr];

41

and 25

42

20

aryl
cycl oal kyl wherein said
Cerr] al koxyal kyl ,
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- 106 - a 4 to 8 nenbered saturated

het erocyclic ring system containing 1, : 2, 3 or 4 hetero
atons, wierein said hretero atons are taken fromthe group
5 consisting of N, 0 and S, Cerr]
aral kyl , Clerr] alkaryl, Clerr]
al kyl t hi o, Cerr] aral kylthio, 10 Cerr]
al kyl sul finyl, - 99 -

5

R
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derr]
Cerr]
derr]
derr]
derr]
Cerr]
derr]
25

di al kyl
Cerr]

aral kyl sul finyl,
ar al kyl sul f onyl ,
al kyl car bonyl ,

ar al kyl car bonyl ,

al-koxycar bonyl, 20

al koxy,

ar al koxycarbonyl -C[err] al kyl,
C[err] alkylanlno 100 — derr]

am no,
aralkanoylan1no,

5
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- 107 - Rlerr] is aryl, . (err] alkyl or cycloalkyl,
~(err] aralkyl, 5 C err] al koxyal kyl (err] alkaryl,
C err] akkylthioal kyl,

..]_Q]_..

EXAMPLE 58

Blood was drawn into 0.1 volumes of

acid-citrate-dextrose (85 mM sodium citrate, 64 mM

5 citric acid, 110 mM dextrose) by venipuncture from
normal human volunteers. Platelet-rich plasma was
prepared by centrifugation at 400 x g for 12
minutes. PGElL (5 mg/ml) was added and platelets
were collected by centrifugation at 800 x g for 12

10 minutes. The platelet pellet was resuspended into
human platelet buffer (140 mM NaCl, 7.9 mM KC1l, 3.3
mM Na,HPO4, 6 mM HEPES, 2% bovine serum albumin, 0.1
% dextrose, pH 7.2) and filtered over Sepharose 2B
that was previously equilibrated in human platelet

15 buffer. Platelets were counted and adjusted to 2 x
108/ml with human platelet buffer. Human fibrinogen
(10-100 mg/ml and CaCl, (1 mM) were added and '
aggregation was initiated by the addition of 10 mM
ADP. Aggregation was monitored by the initial rate

20 of increase of light transmittance.

While the invention has been described and
illustrated in reference to certain preferred
embodiments thereof, those skilled in the art will
appreciate that various changes, modifications and

25 substitutions can be made therein without departing

- from the spirit and scope of the invention. For
example, effective dosages other than the preferred
doses as set forth hereinabove may be applicable as a
consequence of variations in the responsiveness of

- 30 the mammal being treated for severity of clotting

disorders or emboli, or for other indications for the
compounds of the invention indicated above.

This is the replacement sheet
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Clerr] al koxyt hi oal kyl, . Clerr] al kylam no, 10 Cerr]

ar al kyl am no, C err] al kanoyl am no, ~(err] aral kanoyl am no,
( err] al’kanoyl, C err] aral kanoyl, and 15 unsubstituted or
substjtuted C[err] carboxyal kyl - Wherein said substituent is aryl or
Cerr} aral kyl ; further wherein any of the substituents for R err] may
be " substituted by a substituent selgﬁﬁfd fromthe group as defined
for Rlerr]; 20 Rlerr] is a four €l ght nmenber saturated or

unsat ur at ed - heterocyclic ring containing 1, 2, 3 or 4

.heterocyclic atons wherein said heteroatons are N, 0 and S and 25
err -

[ ] Likewise, the specific pharmacological responses

observed may vary acording to and depending upon the
particular active compound selected or whether there
are present pharmaceutical carriers, as well as the

s type of formulation and mode of administration
employed, and such expected variations or differences
in the results®are contemplated in accordance with
the objects and practices of the present invention.
It is intended, therefore, that the invention be |

10 limited only by the scope of the claims which follow
and that such claims be interpreted as broadly as is
reasonable. '

15

20 . v

25

30

This is the replacement she_et
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30 . | - 108 - [err],
Rerr] is hydr oxy,

- 103 -

WHAT IS CLAYMED IS:

1. A compound of the structural formula

5 RBRP
R (o B
. "S0,
(CH),

Y 7
SNCH)my” 2 R .
10 R' R

and the pharmaceutically acceptable salts thereof,

wherein

Rt is a four to eight member heterocyclic ring
containing 1, 2 ,3 or 4 heteroatoms wherein
said heteroatoms are N, O or S and wherein
said heterocyclic ring is optionally

15

substituted at any atom by H, R® or R7; NRSR’

. NR® NRG NR’
" { : (]
ROR7TN-C—; RORVN-C-NH-; RO—_C-NR7-:

wherein R® and R7 are independently
hydrogen and
~unsubstituted or substituted Cgy_j¢ alkyl and
cycloalkyl wherein said substituents are

30 - Ci1-10 alkoxy,

Ci-10 alkoxyalkyl,

Ci-10 alkoxyalkyloxy,

20

25

2

wher ei n

Trig s the replacement shest
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Clerr] al kyloxy, 5 Clerr] al karyl oxy,

Clerr] aral kyl oxy,
C err] aral kyl car bonyl oxy, C err] al koxyal kyl oxy, Cerr]
al koxyal kyl car bonyl oxy, 10 d err] al koxycarbonyl al kyl , - (err]
a!ky[carbonyloxyalkyloxy, an L- or D-amino acid joined by an am de
| i nkage or

_ an L- or D-anmino acid joined by an am de |inkage
15~ and wherein the carboxylic aci-d %Piety of said : am no acid
is esterified- by Cerr] alkyl or_C[erﬂ 104 - ar al kyl , 20 [err],

C3-10 alkoxycarbonyl,
Ci-10 alkylcarbonyl,
C4-10 aralkylcarbonyl,
_ _ Cy-10 alkylthiocarbonyl,
5 Cy.1¢ aralkylthiocarbonyl,
thiocarbonyl,
€;_3p alkoxythiocarbonyl,
- aryl, '
a 5 to 6 membered saturated
10 heterocyclic ring containing 1, 2, 3 or
4 heteroatoms wherein said heteroatoms
are taken from the group consisting of
N, O and S, ;
Ci-4 alkénoylamino.
15 -~ C3.¢ alkoxycarbonyl-Cq_g alkylamino,
C1.10 alkylsulfonylamino,
C4-10 aralkylsulfonylamino,
C410 aralkyl,
C]__lo alkaryl,
20 «C1_10 alkylthio,
. Cs4-10 aralkylthio,
Cy_10 alkylsulfinyl,
C4-10 aralkylsulfinyl,
Cy-310 alkylsulfonyl,
25 C4-10 aralkylsulfonyl,
aminosulfonyl,
C1-10 alkylaminosulfonyl,
C4-10 aralkylsulfonylamino,
0%0, | '
‘30 ' thio,

R O R O Tris is the roplacement sfect
. * c L ] s * X
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[err],
of hydrogen,

wherein Rlerr] and R err]

109 - «

10

- 15

20

25

30

are selected fromthe 25 group consisting
Cerr] alkyl and Clerr] ar al kyl ; 30

- 105 -

unsubstituted and mono- and

di-substituted l-ethenyl, 2-ethenyl and

3-propenyl wherein said substituents

are selected from the group consisting

of hydrogen, Cj._jo alkyl and C4_ 30

aralkyl,

carboxy,

hydroxy,

amino,

C1-¢ alkylamino,

Ci-6 dialkylamino,

halogen, where halogen is def1ned as F,

Cl, Br or I,

nitro, and

cyano,
and further wherein said N can additionally
be substituted to form a quaternary ammonium
jon wherein said substituent is as
previously defined for RS and R7;

R%Z and R3 are 1ndependent1y
hydrogen,
aryl and
unsubstituted and substituted Co-10 alkyl and
cycloalkyl wherein said substituent is
Ci.10 alkoxyalkyl,
aryl, '

O] O T VR This is the replacement sheet
* c L M S * ]
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X and Y areoptional
| ndependent |y

said vying is independently substituted at any

[err], 1O

1, 2, 3 or

aryl, or
S
10
15
20
25
30

substituents that, when present are
NR[err], 0O 5 S, SO [err]; [err]; [err]
-Cerr]C, a 4- to 8-nenbered ring containing O,

4 heteroatons chosen fromN, 0 and S, wherein

- 106 -

a 4 to 8 membered saturated
heterocyclic ring system containing 1
2, 3 or 4 hetero atoms, wherein said
hetero atoms are taken from the group
consisting of N, O and S,

94_m aralkyl,

Ci-10 alkaryl,

C1-10 alkylthio,

C4-10 aralkylthio,

C1-10 2lkylsulfinyl,

C4-10 aralkylsulfinyl,

Ci-10 alkylsulfonyl,

C4.10 aralkylsulfonyl,

carboxy,

C3-10 3lkylcarbonyl, .

Ci-10 alkylthiocarbonyl,

C4-10 aralkylcarbonyl,

Cs4-10 aralkylthiocarbonyl,

C1.¢ alkoxycarbonyl,

TC4_1° aralkoxycarbonyl,

C1-¢ alkoxy,

Cy_¢ alkoxycarbonyl-Cy_, alkyl,
C4-10 aralkoxycarbonyl-Cj_s alkyl,
C4-10 aralkoxy,

‘Cj_¢ alkylamino,

Cy.-12 dialkylamino,

C1—¢ alkanoylamino,

C4-10 aralkanoylamino,

C4-10 aralkylamino,

* [ L L S *

"?< 28 DEC 1996
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[err]; -NR[err]'SCIerr]--; -Sgerr]NRerr]-; or

20
[err]; 25 Z is an optional substituent that, when present, is
i ndependenht|ly chosen as defined for X and Y, mis an integer of from

zero to ten;

nis an integer of fromzero to ten; and 30 pis an

i nteger of fromzero to three

- 107 -

R4 is

10

15

20

25

30

aryl,

Ci-10 alkyl or cycloalkyl,

C4..10 aralkyl,

Ci-10 alkoxyalkyl,

C1-10 alkaryl,.

C1-10 alkylthioalkyl,

Ci.10 alkoxythioalkyl,

C3_10 alkylamino, '

C4-10 aralkylamino,

C1-10 alkanoylamino,

C4-10 aralkanoylamino,

Ci-10 alkanoyi,

C4-10 aralkanoyl, and

unsubstituted or substituted Cj_jo carboxyalkyl

wherein said substituent is aryl or Cy_j¢ aralkyl;
further wherein any of the substituents for R4 may be

substituted by a substituent selected from the group
as defined for RS;

R is
a four to eight member saturated or unsaturated
heterocyclic ring containing 1, 2, 3 or 4

heterocyclic atoms wherein said heteroatoms are
N, O and S and '

2
—-C-R8,

) AR Tris e the replzcoment shect
* c L [ s * .
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- 110 - ' 2.

: | A conpound of the structural fornula
err .

- 108 -

S
-3-38. wherein R® is
hydroxy,
Cy_30 alkyloxy,
5 Ci-10 alkaryloxy,
C4-10 aralkyloxy, '
C4-10 aralkylcarbonyloxy,
C3_10 alkoxyalkyloxy,
Ci-10 alkoxyalkylcarbonyloxy,
10 Cy-10 alkoxycarbonylalkyl,
Ci-10 alkylcarbonyloxyaikyloxy,
an L- or D-amino acid joined by an amide linkage
or .
an L- or D-amino acid joined by an amide linkage
15 and wherein the carboxylic acid moiety of said
amino acid is esterified by Cj_g alkyl or C4_jp
aralkyl, ' '

2

20 . —P-0R?,
3
.?_ong |
OR10, wherein R? and R10 are selected f£rom the
25 group consisting of hydrogen, Cj_jqo alkyl and C4_jo
aralkyl; '

30

RN R NN This is the replacement sheet
* ¢ L h s *

Date: 2 8 DEC 1396



10 and the pharnmaceutically acceptable salts thereof, wherein
Rlerr] is 15 ~a four to eight nenber heterocyclic ring wherein

said heteroatons are N, 0 or S and wherein said " heterocyclic ring
Is optionally substituted by Cerr]. alkyl; or NR[err] R err]
wherein Rlerr] and Rl err] are independently 20 hydr ogen
unsubstituted or substituted (Jerr] alkyl wherein said

substituent is d err]_ al koxycar bonyl ,
aryl, 25 . Cerr] dial ky'lallﬂgnO'-C[err] al kyl,
Cerr] aral kyl, and further wherein said N can additionally be

X and Y aréoptional substituents that, when present

are independently
NR6, |
A T W -
5 S, S0, -C-: -é; —CH-
’ SOZ, s .
6 7
W
. =C=C-,
10 -C=C-, _
a 4- to 8-membered ring containing 0, 1, 2, 3 or
4 heteroatoms chosen from N, O and S, wherein

said ring is'independently_substituted at any
atom with R®

15 aryl,
or
o)
L . |
20 " -NR650,-; -SO,NRS-; or
o)
Il
N~
25 | |

Z is an optional substituent that, when present, is
independently chosen as defined for X and Y;

m is an integer of from zero to ten;

n is an integer of from zero to ten; and

30 p is an integer of from zero to three.

“fiis is the replacement sheat

* c L L] S * )
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substituted to forma quaternary anmoni umion wherein 30 said substituent
Is as previously defined for, R6 and Rerr]; R err]
and Rl err} are independently hydr ogen, Cerr] alkyl or

Clerr]-aral kyl;

10

15

20

25

30

- 110 -

2. A compound of the structural formula

R
CH,) Rzl Rr*
b . @A 2 n\‘A\so;
- (CH;),
ACH) g™ 2 |
R' CO,R'!

and the pharmaceutically acceptable salts thereof,
wherein

Rl is .
a four to eight member heterocyclic ring wherein
said heteroatoms are N, O or § and wherein said
heterocyclic ring is optionally substituted by
Cl—lo alkyl; or
NROR7 wherein‘gs'and R’ are independently
~ hydrogen,
unsubstituted or substituted Cj_jo alkyl
wherein said substituent is
Ci-10 alkoxycarbonyl,
aryl, ' R
Co-s dialkylamino-Cj_jq alkyl,
C4-10 aralkyl,

and further wherein said N can additionally be
substituted to form a gquaternary ammonium ion wherein

said substituent is as previously defined for R® and
R7;

I A Thie o the replacement shet
* [ L M s .

Date: 2 8 DEC 1496



5 Rerr] is aryl, ' Cerr] alkyl or cycloalkyl,'

Cerr] aral kyl, C err] al koxyal kyl or 10 unsubstituted or
substituted C[err] carboxyal kyl ' wherein said substituent is aryl or
Clerr] aral kyl; Rierr] is hydr ogen or Clerr] alkyl; 15
X and- Y are independently 0, SJerr], 20 - CH=CH,
[err], [err], SOerr]NRerr]-, or -NRerr]SJerr]- aryl,
a 5- .or 6-nenbered ring containing O, 1lgr 2

; 111 -

RZ and R3 are independently
' hydrogen, -
Cy.4 alkyl or C4_ 30 aralkyl;

5 R4 is
aryl, -
Ci-10 alkyl or cycloalkyl,
C4-310 aralkyl,
Ci-10 alkoxyalkyl or

10 unsubstituted or substituted C;_j0 carboxyalkyl
wherein said substituent is aryl or Cj_jo aralkyl;
r11 js

hydrogen or
Cl-lO alkyl;

15
X and Y are independently
0,
S0,,
' it 9 P
20 ~CH=CB-, ~CNR®-, -NRSC-, SO,NR®-, or -NR®s0,-
aryl, :
a 5- or 6-membered ring containing 0, 1 or 2
. heteroatoms chosen from N, 0 and S wherein said
. ring is independently substituted at any atom
25 with RS; '
Z is an optional substituent that, when present, is
' 0
n
0, S0,, -NRSCO-, -CONRS-, -C-

30 Cy-3jo straight or branched alkyl;

R DO e e e eplzcemem; e
* 4 L N s * )
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het er oat ons chosen from N, O and S wherein said ring is

i ndependently substituted at any atom 25 wth R6; Zis an
optional *8ubstituent that, when present, is 0, sgerr],
-NR[err]CO-, -CONR[err]-, [err] 30 Cerr] straight or branched aIkyI
- 112<- . _

- 112 -

m is an integer of from zero to eight;
n is an integer of from zero to two; and
p is an integer of from zero to two structural formula

5 3. A compbund of the structural formula

. -

CHZ) n R
@’f q;
10 (Cﬁz)p

ACE) g2
R . COZR"

and the pharmaceutically acceptable salts thereof,
wherein '

15
Rl is
a five to six member heterocyclic ring containing
one or two heteroatoms wherein said heteroatoms
are N,0 or S and wherein said heterocyclic iing '
'is optionally substituted by C;_s alkyl; or’
NRO6R7 wherein R® and R’ are independently
hydrogen,
unsubstituted or substituted Cy_jqo alkyl

20

25 wherein said substituent is
C4-10 aralkyl,
and further wherein said N can additionally be
substituted to form a quaternary ammonium ion wherein
said substituent is as previously defined for R® and
30 R7;

Thic iz the raplacement shaet

* < L L] H * '
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mis an integer of fromzero to eight; nis an integer of fromzero to

two;, and pis an integer of fromzero to two structural formula 5
3. .A cempound of the structural fornula
[err], and the pharnaceutically acceptable salts thereof, 15
wher et n

- 113 -

RZ and R3 are hydrogen;

R% is
aryl,
5 ~ Cy_30 alkyl,
C('_lo} aralkyl,
r1l is ' _
hydrogen or . _ )
Ci-10 alkyl;
10 _
' X and Y are independently
S 3
0, -NHC-, -C-NH-,
-CB=CH-, -CHp-, or Cy_jo cycloalkyl;
15
Z is an optional substituent that, when present, is
0, SO,, -NHCO-, '
Ci-10 straight or branched alkyl;
20 m is an integér of from zéro to six;
n is an integer of from zero to one; and
P is an integer of from zero to one.
25
30

MDA TG it tre romiacement<hes
* c L M S *
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Rlerr] is a five to six menber heterocyclic ring containing

one or two heteroatons wherein said heteroatons 20 are N Oor S and
wherein said heterocyclic ring is optionally substituted by ([err]
al kyl; or NR[err]Rerr] wherein R err] and R err] are independently
hydr dgen, unsubstituted or substituted CJerr] alkyl 25
wherein said substituent is Cerr} aral kyl, and further
wherein said N can additionally be <sdd3ét tuted to forma quaternary
"anmoni um i on wherein said substituent is as previously defined for

Rlerr] and 30 Rerr];.

4, A compound of the structural formula

H.
. | | -
5 _
CH,)n ‘l R
ACH)m X ., 5%
1 2
R QLX// \2 (cﬁb)p
| |  CO,H
10 _ _
and the pharmaceutically acceptable salts thereof, -
wherein
Rl is
15 a six member saturated heterocyclic ring

containing one or two heteroatoms _
wherein said heteroatoms are N or O and wherein
said heterocyclic'ting is optionally substituted
by C;_3.alkyl; or '
20 NROR7 wherein'R® and R7 are independently
hydrogen. or
Ci-10 alkyl;
R% is
aryl,
25 Cll_]_'o alkyl or
C4-10 aralkyl;
X and Y are independently
. 0 0
Cc alkyl or cycloalkyl ;NHE— or -HNH—;
1-10 Y y y
30

LT
* 4 L N s * . -
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- 113 - -Rlerr] and Rl err] are hydrogen; R err] is

aryl, 5 Cerr] alkyl, Cerr] aral kyl, Rerr] is
hydr.ogen~or Cerr] alkyl; 10

v

- 115 -

Z is an optional substituent that, when present, is
0, -NHCO-, or -CONH-
Cj.5 straight or branched alkyl;

s m is an integer of from zero to six;

n is one or twp; and
p is zero or one.

5. A compound of the structural formula

10
gl
oN_ R
_ SO,
COH
1
15 R -( CHy) w2 :
wherein
20 Rl is *
a six member saturated heterocyclic ring
containing one or two heteroatoms wherein said
heteroatoms are N;
NRSR7 wherein R® and R7 are .independently
H or
25
Ci1-10 alkyl;
R% is :
aryl
30 Ci.10 3lkyl

C4-10 aralkyl;

Tl
L , e
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X and Y are independently 0, [err], [err],

-CH=CH, -CHerr]-, or (Jerr] cycloal kyl; 15 - Z is an optional
subst.jtuent that, when present, is O SJerr], -NHCO,
Cerr] straight or branched alkyl; 20 mis an integer of fromzero to
Si X; - nis an integer. of fromzero to one; and p is an-integer of
fromzero to one. 25 _ -

: ' - 116 -

Z is

0 0

u o . .
0, -NHC-, -C-NH-, where m is an integer from
two to six.

5
' 6. A compound as claimed in Claim 5, of
the structural® formula
10 | - : HH |
~80,C,H
| (CH2)4\O' CO,H
HN ' - HC1
15
'
H Y
| L AH,;
20 : 50y, \@
\ (CHz)4_\° CO,H .
HN . HC1l
25
H Y
' N~ (CHz) o CO,H
_ 2
30 \O .

HN~_~ HC1

{1 O R O This is the replacement sheet
* ¢ L M s *
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30

- 114 - 4

' . A conpound
of the structural formula [err]

oy

This Sheet Has Been Replaced

-ur- | [l
Y
> ~50,C,.Hy
_~(CHp)g - CO.H
HN o . HC1
Iil? CH, '
N 7
e
CH 0O,H
HN ~( 2)6\0 C 2 -

7. A pharmaceuticél composition comprising a
compound as claimed in Claim 1 or Claim 6 and a
pharmaceutically acceptable carrier.

8. The use of a compound as claimed in Claim 1 or
Claim 6 for the manufacture of a medicament for blocking

fibrinogen from acting as its platelet receptor site in a
mammal .

9. The use of a compound as claimed in Claim 1 or
Claim 6 for the manufacture of a medicament for the
prevention or treatment of thrombus formation.

10. The use of a compound as claimed in Claim 1 or
Claim 6 together with an anti-coagulant agent for

blocking fibrinogen from acting at its platelet receptor
site in a mammal.

[T
* c L M H *
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10 and the pharnmaceutically acceptable salts thereof, wherein

Rlerr] is 15 a six nenber saturated heterocyclic ring cont ai ni ng
one of twh heteroatonms = wherein said heteroatons—a#e—#keﬁ—g—and*__
wher ei.n: said heterocyclic ring is optionally su tltuted

Clerrf alkyl; or 20 NRlerr]Rlerr] wherein Rerr] and e“ Been R h“ﬂ
| ndependent |y hydr ogen or : Cerr] I I"u

- 118 -

11. The use of a compound as claimed in Claim 1 or
Claim 6 together with an anti-coagulant agent for the
prevention or treatment of thrombus formation.

S 12. The use of a compound as claimed in Claim 1 or
Claim 6 together with a fibrinolytic agent for blocking
fibrinogen from acting at its platelet receptor site in a“
mammal. : '

10 13. The use of a cbmpound as claimed in Claim 1 or
Claim 6 together with a fibrinolytic agent for the
prevention or treatment of thrombus formation.

14. The use of a compound as claimed in Claim 1 or
Claim 6 together with a platelet anti-aggregation agent
for blocking fibrinogen from acting at 1ts platelet
receptor site in a mammal.

15

15. The use of a compodnd as claimed in Claim 1 or
20 Claim 6 together with a platelet anti-aggregation agent
for the prevention or treatment of thrombus formation.

16. Iﬁe composition as claimed in Claim 7, further
-:comprising'at.least one compound selected from the group
25 consisting of platelet anti-aggregation agents,
thrombolytic agents and anti-coagulation agents.

30

ARNMAIANEEIE 7o« e repiacement sheet
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" Rerr] . is aryl, 25 C[err] al kyl or derr]

ar al kyl ; X and Y are |ndependently N Cerr] alkyl or
cycloalky¥ [err] or [err]; 30 _ S ‘
< g
7 - 119 -
5
10
IITLE OF THE INVENTION

. NOVEL SULFONAMIDE FIBRINOGEN RECEPTOR ANTAGONISTS
15 A series of non-peptide derivatives that are
antagonists of the fibrinogen IIb/IIIa receptor and
thus are platelet anti-aggregation compounds useful

in the preventxon and treatment of d:seases caused by
. thrombus formation.

20

25

30

o et
"
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Z is an optional substituent that, when present, is 0, %otbarq ey

-NHCO-, .or - CONH- Clerr] straight Oﬁ"bF&nGhed aleI S5.mis

an integer of fromzero to six; nis one or ﬁ e
one. = 5. A conpound of the structﬁo

[err] 15

said substituents are selected from the
group consisting of hydrogen, Cj_jo alkyl
and C4_30 aralkyl,
carboxy,
S hydroxy,
amino ” -
Ci-¢ alkylamino,
C1.¢ dialkylamino,
halogen, where halogen is defined as F, Cl,
10 Br or I, -
nitro, and
cyano,

- and further wherein said N can additionally be
15 substituted to form a quaternary ammonium ion wherein
said substituent is as previously def1ned for 3 and
R7;

20 RZ and R3 are 1ndependent1y
hydrogen,
aryl and
‘unsubstituted and substituted Cqg_jq alkyl
and cycloalkyl wherein said substitueat is
25 C1-10 alkoxyalkyl,aaryl.
a 4 to 8 membered saturated heterocyclic
~ ring system containing 1, 2, 3 or 4
heteroatoms, wherein said heteroatoms are
taken from the group consisting of N, O and
30 S , F7) .
C4-10 aralkyl,
Ci_lo alkaryl,
Ci-10 alkylthio,

This is the replacement sheet
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wher ein Rlerr] is 20 a six nmenber- saturated heterocyclic

ring . cont ai ning one or two heteroatons wherein said

het eroat ons are N, Nﬂew]ﬂew]vmmewlﬂew]amjﬂew]zﬂe
~independently . H or 25 Cerr] alkyl;

Rlerr] is aryl 30 Cerr] alkyl

Cerr] aral kyl;
- -9 -

an L- or D-amino acid joinéd by an amide
linkage and wherein the carboxylic acid
moiety of said amino acid is esterified by
Ci—¢ alkyl or C4_jo aralkyl,

5
2 .
-P-0RY, s
9

10 -P—OR9
drlo,

wherein R? and R10 are selected from the group
consisting of hydrogen, Cy_jo alkyl and C4_jo aralkyl;

15 X and Y are independently
NRS,
o,
0 S OH

i 1
s, SO, -C-; -8-; ~CH-

20 | 5§02, °
6R7
il
—C=C— ')

25 . "CEC“ ]
a &4~ to.8—membered-riﬁg containing 0,1,2,3, or &
heteroatoms chosen from N, 0 and S, wherein said
ring is independently substituted at any atom

30 with R6,

aryl,

This is the replacement sheet
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- 116 - Zis .
two to six. 5 6.
structural formula [err]

Q, [err], [err], where mis an integer from
A corpound as clainmed in Clai m 5, of t he

- 92 -
[ M - - - o o o
5
. o e ™ - ~ - o
10 E - ~ -« © o i
R ) 1 . '
N 1 o ok
- ' '
20 £ B o= " - y
o] 6’_5 o‘.'.‘(;\ % (') L" 5 ;
1
S . £ |
O O-0 § ok ::!‘0_9-0 ._.21—0
m. .| 0-U 3] z o ) o
25 » 13 U-0 ) | '
1 1 B
' \
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conposi tiQn conprising a conpound as clained in aim

Caim6 and a pharmaceutically acceptable carrier.

A pharmaceuti cal
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8. The use of a compound as clained in Jdaiml or daim6 for the

manuf acture of a rredi canent for blocking fibrinogen fromacting as its
platel et receptor site in a manmal . 9. The use of a conpound as
claimed in daimI or daim6 for the manufacture of a nedicanment for the
prevention or treatnent of thronbus forngdi-on. 10. The use of a
conpound as clainmed in daiml or Claim6 together wwth an anti-coagul ant
agent for the manufacture of a medi cament for blocking fi br| nogen from
acting at its platelet receptor site in a mamal .
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-118- 11. The use of a conpdund as claimed in Caim1l or

Cl ai m 6 together with an anti-coagulant agent for the manufacture of
a nedi canent for prevention or treatnent of thronmbus formation. 5
12. :The use of a conmpound as clained- A& am1 or daimb6 together

with a fibrinolytic agent for the manufacture of a nedi cament for bl ocking
fibrinogen fromacting at its platelet receptor site in a manmal .
13. The use of a conpound as claimed in Claim1 or Claim®6 together 10

with a fibrinolytic agent for the manufacture of a nedi canent for the
prevention

HY
~50,C,Hy
~(CHy)¢ COH
H, o . HCl
BY  cm
‘\N\ /
L
CH. CO,H
HéN”/{( 2)5\\3 5 e

7. A pharmaceuticél composition comprising a
compound as claimed in Claim 1 or Claim 6 and a
pharmaceutically acceptable carrier.

8. The use of a compound as claimed in Claim 1 or
Claim 6 for the manufacture of a medicament for blocking
fibrinogen from acting as its platelet receptor site in a
mammal.

9. The use of a compound as claimed in Claim 1 or
Claim 6 for the manufacture of a medicament for the
prevention or treatment of thrombus formation.

10. The use of a compound as claimed in Claim 1 or

Clain G'together with an anti-coagulant agent for the
manufacture of a medicament for blocking fibrinogen from

acting at its platelet receptor site in a mammal. .
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or treatnment of thronbus formation. : 14. The use of a
conpound as clainmed in Claim1l or Caimé6 together wth a platel et
anti -aggregati on agent for the manufacture of a nedi canent for 15

bl ocki ng fibrinogen fromacting at its platelet receptor site in a mammal.

15. The use of a conpound as clainmed in Claim1 or Caim6 together
with a platelet anti-aggregation agent fP{ the manufacture of a nedi cament
for the . prevention or treatnment of %ronbus formation. 20

16. The conposition as claimed in Caim7, further conprising at |east

one conpound selected fromthe group consisting of platelet
anti-aggregation 11.  dhemse of alcompound as claimpdrinClaim 105tGlaine gogetheron
agents. with an anti-coagulant agent for the manufacture of a medicament for prevention

or treatment of thrombus formation.

5 12.  The use of a compound as claimed in Claim 1 or Claim 6 together
with a fibrinolytic agent for the manufacture of a medicament for blocking
fibrinogen from acting at its platelet receptor site in a mammal.

13.  The use of a compound as claimed in Claim 1 or Claim 6 together
10  with a fibrinolytic agent for the manufacture of a medicament for the prevention

or treatment of thrombus formatidn.

. 14.  The use of a compound as claimed in Claim 1 or Claim 6 together
with a platelet anti-aggregation agent for the manufacture of a medicament for
15 blocking fibrinogen from acting at its platelet receptor site in a mammal.

15.  The use of a compound as claimed in Claim 1 or Claim 6 together
* with a platelet anti-aggregation agent for the manufacture of a medicament for the
prevention or treatment of thrombus formation.
20
16.  The composition as claimed in Claim 7, further comprising at least
one compound selected from the group consisting of platelet anti-aggregation
agents, thrombolytic agents and anti-coagulation agents.
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