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characterized by abnormal thrombosis.

N-SUBSTITUTED GLYCINE DERIVATIVES AS INHIBITORS OF FACTOR Xa

The present invention discloses pepnde aldehydes which are potent inhibitors of factor Xa, their phannaceuucally acceptable
salts, pharmaceutically acceptable compositions thereof, and methods of using them as therapeutic agents for dnsease states in mammals-
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t hronbus resulting in reduced or conplete | ack of blood flowto the
affected organ. The bl ood coagul ati on response is the cul m nation
of a series of anplified reactions in which several specific 5
zymogens of serine proteases in plRESRIEIZIONCt| vated by limted
pcoteolysis. This series of reactions results in the formation of an
i nsol ubl e matrix conposed of fibrin and cel lul ar conponents which is
required fo L h epPpFaator Xal ug or
t hr ombus. "rhféit f’{éér'{éz‘?m g?g{)‘éégsagf grndhgfm?bﬁg proteol ytic
activation reactions occurs through a series of anplified pat hways
which are localized to nenbranous surfaces at the * site of vascul ar-
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1112-112 |s response appears to be exclusively regul ated by the
exposure of subendothelial TF to trace C|rculat|ng | evel s of factor

VIla and i tBechieg] Fieldgctor VII, follow ng a focal breakdown in
vascul ar |nte rit
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coagulation in vitro and in vivo in mammals. In yet

15 another aspect, the invention relates to methods of using
these inhibitors as therapeutic agents for disease states
in mammals characterized by abnormal thrombosis. 1In a
further aspect, the invention relates to methods of using
these inhibitors as in vitro diagnostic agents.
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Normal hemostasis is the result of a delicate balance

between the processes of clot formation (blood
coagulation) and clot dissolution (fibrinolysis). The

25 complex interactions between blood cells, specific plasma

’ proteins and the vascular surface, maintain the fluidity
of blood unless injury occurs. Damage to the endothelial
barrier lining the vascular wall exposes underlying tissue
to these blood components. This in turn triggers a series

30 of biochemical reactions altering the hemostatic balance
in favor of blood coagulation which can either result in
the desired formation of a hemg;tatic'plug stemming the
loss of blood or the undesirable formation of an occlusive



35 J.H (1992) Sem Hematol ogy 29: 213-226.). It is factor | Xa[err]
in conplex with activated factor VlIlla, which appears to be responsible

for the pro tion of significant guantities of fac ch
subse ‘Ugﬁﬂlg'ggat al yzes the WO 96/ 19493 {’8'}10)%11%

PCT/ US95/ 16866 penul ti mate ep in the bl ood coagul ati on cascade; the .
formati on of the serine protease thronbin. 'Factor Xa catalyzes the ¥
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the surfacengf na6bavabaduPhelch efés&gi%" is t3% efﬁiﬁﬁgsgﬁese@e site of

i njur Fuster, V Ba ] mon, J.H (1992)
New Eftg erjes pf mplified %ePfF-tQ-PB’F in Whﬁ-ﬁb geverall spectfiat ure, the

re§ulh zymggens| of i eeri Mrﬁotﬁséﬁhﬁﬁpl&sﬁﬂnai'ét aeewate&%fl yzed mﬁy ]

pr ot S y | ev ease which is
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In additjoen, the coa atron response pr opagat ed 't hr ough t he
t hr onBERPIRHZAEERA (P t@'&ﬁ ﬁq:@ary mﬁéékcapiugaorothmmbﬁm non- enzymati c

ceof agher snycmlﬁo afd |pﬁc&ﬁdét'1% oF Eﬁéeg%eéaiﬁﬁ@é ”ﬁse for ml ' ?2932;’
essel s

subseggg EhI’OI’TbI n_generation
Haemo8Tast3-2! “%Sﬂﬁs CERTLER 3&9?’( 9n§§§1ﬁ;ﬁ|%ﬁ ampkified in the
procepstbt&amd; oahh.ch am= dopdadtiized taanh\emb&aubagtgﬁrf@a@s heenpglenonstrated to

be 25 q;:p ts | Ly,eat mept  and prevention of
thron’?)otlc di sord%rs ﬁ e'gt Eg9: 97s5-112S and
Cai r nGhugch, ereﬁialﬁy' |Bowiand Krlshn@swaﬂesnSko(/J.QS_O) BlwbdTher oux, P.

(159276 Ches16 10id LawstRBSTABLS) RalREatHE! it | YSEPQ#’.OV d, nical 30
.anti cgaqul ﬁgt(? h@t%een %&sggl ated W|th a_nunb € verse effects
owi n el Y 263: 1233923366 o effect on the
bl ood c_oagmﬂtimmmdﬂje blood coagulation response to
vascglar injury follows the formation of a catalytic
complex compésed of serine protease factor VIIa and the
_20 non-enzymatic co-factor, tissue factor (TF) (Rappaport,
S.I. and Rao, L.V.M. (1992) Arteriosclerosis and. N
Thrombosis 12: 1112-1121). This response appears to be !
exclusively regulated by the exposure of subendothelial TF - . |
to trace circulating levels of factor VIIa and its zymogen
25 - factor VII, following a focal breakdown in vascular
integrity. -Autoactivation results in an increase in the
number of factor VIIa/TF complexes which are responsible
for the formation of the serine protease factor Xa. It is
believed that in addition to the factor VIIa/TF complex,
30 the small amount of factor Xa which is formed primes the _
coagulation response through'the proteolytic modification = -
of factor IX to factor IXalpha which in turn is converted
to the active serine protease factor IXap by the factor
VIIa/TF complex (Mann, K.G., Krishnaswamy, S. and Lawson,
35 J.H. (1992) Sem. Hematology 29: 213-226.). It is factor
IXap in complex with activate§ factor VIIIa, which appears
to be responsible for the production of significant
quantities of factor Xa which subsequently catalyzes the



(Levine, MN., Hrsh, J., Landefeld, S., and Raskob, G (1992) Chest
102: 352S-363S). This has stinulated the 35 search for *’&’ﬁé&&%

ant i coagwWeas¢1M8®nt s whi ch can nore effectively contr vity of
the coagulation - cascade by selectively interfering with specific
reactions in this process whi ch ' ndiy have a positive effect in
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protein, Lipoproteln-Assoclate ation
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three ContSQPUt B ikonl, t Z.¥2 aﬂan@hé§elbﬁ§ hean. r@@i)}?@le?ﬁﬁn?('ll 3Ut tge .
enzyne i c I.n a.factor ependen
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a- Macrogl o " t si s,
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et al. 1994his pratepma whaghnés §ﬁ§9magbr¢ﬁomat§1¢) o8, and the

cloned prot@i}MPSHERAL! edrtRebareciuibhest! 3¢ A ahiorf fla%l%%@, dal.t ons
and contain 276 _am no aC| ds roze, and Gra Pat ent
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from TFPI the h@tdvatdon' efothedtrahsglutdminase kyideh factor EP
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propagated through the thromb:.n-medlated proteolytic

feedback activation of the non-enzymatic co-factors V and
20 VIII resulting in more: prothromblnase formation and
subsequent thrombin generatlon (Hemker, H.C. and Kessels,
H. (1991) Haemostasis 21: 189-196).
Substances which interfere in the process of blood
coagulation (antlcoagulants) have been demonstrated to be
25 important therapeutic agents in the treatment and
prevention of thrombotic disorders (Kessler, C.M. (1991)
Chest 99: 97S-112S and Cairns, J.A., Hirsh, J., Lewis,
H.D., Resnekov, L., and Theroux, P. (1992) Chest 1Q2
4565-481S). The currently approved clinical
30 anticoagulants have been associated with a number of
adverse effects owing to the reiatively non-specific
nature of their effect on the blood coagulation cascade
(Levine, M.N., Hirsh, J., Landefeld, S., and Raskob, G.
(1992) Chest 102: 3525-363S) . This has stimulated the
35 search for more effective'anticoagulant agents which can
more effectlvely control the activity of the coagulation
cascade by selectlvely interfering with spec1f1c ‘reactions
in this process which may have a positive effect in



30 Patent No. 5,106,833, col. 1, (1992). Antistasin, a protein
conprised of 119 ami no acids and found in the salivary gland of the
Mexi can | eech, - Haenmenteria officinalis, has been reported to inhibit
the woesiogese activity of factor Xa. Tuszynski et al. RCRHESP§/16866 35 pjof .
Chem 262:9718; Nutt, et al. (1988) J. Biol. Chem 263:10162. A 6,000

dal tons reconbi nant protein con#éai ni ng 58 anmino acids with a high degree*
honol ogy to antistasin's - amno-term nus am no acids 1 through 58 has
beenredpmine the complicaoigas 16#98nticoagulant therapy .
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s been r rt t,oin - enz act i ctor Xa but not .
12 et d Sh2olithl vhe ATE A 0t M, F1008 Thp aade by
r ecordaguldticet lvadcaldes bErnaddpvioed. vatboisk hémdtoptiagkdusl ., EP 419, 099

(199#0%ﬁ1%"t<vmr e Rg‘eﬁ] lﬁbegkigaye§ bec%gét ef'ttrheaﬁrS @.20?5.%. %58 (1993) .

The st ona ¥nf ect humans,
has %eceffegidmedy ?@tésnﬁguhaaepbhenblood rerl chaginign@ndsubst ance. A

cani £ fifhg TUiaY b %ﬁe&?“hééﬂsaségl%’ié@ﬂ@ e/i/{a B;Be@hhla\r%ed coagui ation

of bl ood in vitro. Loeb Proc.” Pat hol .
. e‘F‘PﬁYeﬂjéf&ﬂ%’-"? 2pticoaguiant 8EEatRgies dﬂ?ﬁ%rﬂ% reported to
pr ol eef Y G hiEvapeticie agdnﬁﬁtt i al t hronbopl astin tinme in human

P by dh ikei Bt e Pabep R b L SEhaRRt R P RRAGH A O 5 2 00
Nossmhibitlor (LACT)O®Y) récently Phgxmned. Tiékﬂﬂe %&&7.9&_1%9 recently,
S?Lt P (R " EbBr A tpdogr ERLOY RIS RS v pl asia i n
% t ”dpmaing haa kesngyerArteds tet mhsblt themmm eetaisyt ri butable to

i nhid¥ tfayted XaudreblyOhnd, :.?faabﬂéci&? AdUefinBentappel 10, M et al.
(19%1a2nri] ,l nfn% Holt the enzyme actxv;ty the factor VIIa-t:.ssue

factor complex. Salvensen G., and Pizzo, S.V. “Protelnase_

Inhibitors: a-Macroglobullnes, Serplns, and Kunls"
20 "Hemostasis and Thrombos1s, Third Edltlon, pp. 251-253,
' J.B. Lippincott Company (Edit. R.W. Colman et al 1994) .

A cDNA sequence encoding TFPI has been:reported and the

cloned protein was repoxted to have a molecular weight of

31,950 daltons and oontain 276'amiho 'a..cids_.;Bz',:oze,= G.J.
25 and Girad, T.J., U.S. Patent No. 5,106,833, col. 1,

(1992). vVarious recombinant proteins derived from TFPI

have been reported. Girad, T.J. and Broze,'G.J.L_EP

439,442 (1991); Rasmussen, J.S. and Nordfand, 0.J., WO

91/02753 (1991); and Broze, G.dJd. and Girad, T J.. U.S, _ ' i
30 Patent No. 5,106,833, col. 1, (1992)

Antistasin, a proteln comprlsed of 119 amino ac1ds
and found in the salivary gland pf.the Mexlcan leech, _ ; |
Haementeria officinalis, has,been reoorted_to_ihhibit the !
enzyme activity of factor Xa. Tuszynski et al. (1987) J.

35 Biol. Chem, 262:9718; Nutt, et al. (1988) J. Biol. Chem,
263:10162. A 6,000 daltons recomblnant proteln contalnlng ”
58 amino acids with a hlgh degree homology to antlsta51n s -
amino-terminus amino acids 1 through 58 has been reported



D seases, 167:1474-1477. 30 Sunmmary of the Invention The present
invention is directed to.novel conpounds whi ch are peptide argininals
whi ch i nciyggnbygaubst i tut ed glycine groups as part of HCINYSeMI686E
backbone. These conpounds are potent inhibitors of factor Xa in vivo
and 35 in vitro. Thus, in ome aspect, the. present invention is
directed to conpounds of the forrrul a: . WD 96/ 19493

PCT/ US95/ iBdmhibit the enzyme activity of factor X&. Tung, J. et

E:g::"lg sting sp EP 4@% @RE (1?91)'&?{[‘%? '{) @5# ﬂ%a gjeg)fhsmogeo?rour)

- NH- C( O)-5 189, 049 ¢ ¢rr])- and a direct link, wherein.Rlerr] is
~hydrogen, Aol 2ititoagualaut péosamoorﬁtprrsa prtleid! cUaHisld O

about 14 carbgn at.ons or, .aral kyl o 16 carbon atons,
and R[ et r]°% S\@mingracigs apg "5&3?%‘@ #‘vaﬁafeh ﬁ#té' ickyr ovi so t hat
Rl err] i s owmiitdddodds HpubatSH hasdbeerl Oreported to imHibitRithwer] is
selected fro CQRS W gl) al kyl of
1 to about a%b Q,Léﬂ?_ gt EEE%B?I ona]?'gg 1'Eéluftu reallvﬁﬂ‘h .
(2) al kylLofet] alo d@@@MsSgaeasﬁ 22485 35 suWiM%d’Mth cyclic al kyl of
about 5 { o il dfartARRAtRogs nAkCBBEAPLESEALLY. SHRAIK V@ et he ring wi th
Y[err], Yl[err Y3
10 ‘al., EP 419,099 (1991) and Vlausk, G.P. et al., U.S.

Patent No 5,239,058 (1993). '

The dog hookworm, Ancylostcma caninum, which can also

infect humans, has been reported to contain a potent

anticoagulant substance. A. caninum was reported to
15 contain a substance which inhibited coagulation of blood

in vitro. Loeb, L. and Smith, A.J. (1904) Proc. Pathol.

Soc. Philadelphia, 7:173-178. Extracts of A. caninum were

reported to prolong prothrombin time and partial .

thromboplastin time in human plasma with the anticoagulant
20 effect being reported attributable to inhibition of factor
Xa but not thrombin. Spellman, Jr., J.J. and Nossel, H.L.
(1971) Am. J. Physiol., 220:922-927. More recently,
soluble protein extracts of A. caninum were reported to
prolong prothrombin time énd partial thromboplastin time
25 in human plasma in vitro. The anticoagulant effect was
reported to be attributable to inhibition of human factor
Xa but not thrombin. Cappello, M, et al. (1993) J. Infect.
Diseases, 167:1474-1477. ' '

30.s.\man&ﬁ_th§_:m.z§nugn _

The present invention is directed to novel compounds
which are peptide argininals which include N-substituted
glycine groups as part of the peptide backbone. These
compounds are potent'inhibitors of factor Xa_in vivo and

35 in vitro. | _ |

Thus, in one aspect, the present invention'is

directed to compounds of the formula:



(3) cyclic alkyl of 3 to about 15 carbon atons, which optionally |s
substituted on the ring with 20 Y[err], Y[err] and/or Y[err],

(4) heterocycloal kyl of 4 to about 10 ri ng atomns m%g,?%ng at ons
0

sel ecQI9¢19493 car bon and het er oat ons, wherein the are

sel ected fromthe gr oup con5|65t| ng of oxygen, nitrogen, and S(OfJerr],
wherein i 25 is 0, 1 or 2, optionally substituted on the ring with Y[err],
Y[err] and/or Y[err], - (@) heterocyclo of 4 to about 10

ring atoms with the ring atons sel ect edNf{r opiNtar bon and
het er oat ons, wherein the heteroatons are [Sel ed{ed fromthe 30 group

consi sting of oxygen, nitrogen, and S(O)[jerr], l-ilnC| udi ng [err]

, Wherein i.s a ARt o 7 RBgenberO het erggCycl e ki 3 to 6 ring carbon
atoms, where Vis - [err]l—;—/O"\-S( ) -, | WO 96/ 19493

PCT/ US95/ 16866¢—N Ne——~n H 7 -S(O[err]-

-S-, and which i Hoptidghal |y SubstiRutedjpn the ring carbons wth
Y{err], Y[err] and/or Werr] Rq o (Gx) al kenyl of about 2
to ahout .6 carbon atoms which is optionally substituted with cyclic

al kYI*B®%5 about 5 to about 8 carbon atoms, which optionally is

substi tuted on{alhe X iy s=dcioted firoh Yhe yfoupdd:amsi)@;mg of

(7) -es(\d)é;-f a.mm')Gst(o)gbout-(aﬁoparb(-m:(-o) -3t caW-g=oh-i,s optionally nono-,
di- or tri-substituted wth Yerr], Yﬁieerr] and/ or Y[err] :
respREAQMA"Y - apd a direct link, whegein. &progens to 14 atons with

t he a1xyl igFJ 12keMBbeat et 88rbeR M EshDONafd cifetawo%t @Meo Wherein the
het er,0oat o are sel ected from Of%&ﬁ ni.t rorgf g? S(Oi, and which ‘.s
opt iIEHY g'srrﬁﬁﬁ onjatops pf;ara A AR F H BEr AP Y{err], and/or
Y[erda]r,bareamomel,veha R15is NR', OR', R', or (R', aizhkyheof about 7 to about

ﬁﬁ{ﬁ&&r °x§,‘h8§t gféé’”hSE gﬁ 081%' Oﬁa'éxy s?&‘b%&;& uted on the alkyl chain

or’ tr|-SUbst|tuted in the aryl
1 ng with Yiert), Vord se&mﬁ@ﬂ ‘fF@F‘rf- e FEPR 1FIRFI5ting
(10)gfneteroaral kyl of 6 to 11 atoms wWith 20 the ring atoms selected from

car bon and heteroatom; re| n the heteroatons are sel ected from
oxygen, (1) alkyl of 1 to about 12 carbon atoms

optionally substituted with Yi,
(2) alkyl of 1 to about 3 carbon atoms

15 substituted with cyclJ.c alkyl of about 5 to about 8 carbon
atoms optionally substituted on the ring with Y1, Yo

and/or Y3,

(3) oyclic alkyl of 3 to about 15 carbon

atoms, whlch optlonally 1s substltuted on the ring with.
20 Y3, Yy and/or Y3,

(4) hecerocyoloalkyl-of 4'to"about_10
ring atoms with the ring atoms selected from carbon and
hetercatoms, wherein the heteroatoms are selected from the
group consisting of oxygen, nitrogen, and S(0)ji, wherein i

25 is.0, 1 or 2, optionally substituted on the ring with Yq,
Yo and/or Y3, ' |

(5) heterocyclo of 4 to about 10 ring

atoms with the ring atoms selected from carbon and

heterocatoms, wherein the heteroatoms are selected from the

30 group consisting of oxygen. nltrogen, and S(O)l, 1nclud1ng
N Vv N
\—/ , wherein \-/ is a 5 to 7 member heterocycle of

3 to 6 ring carbon atoms, where V is -CH2-, -O-, -S(=0)-,



nitrogen, and S(O)i, and which is optionally substituted on the al kyl

chain with hydroxy or hal ogen and optionally nono-, di- or
tri-subsiyigtdghiegdhson the ring with Y[err], Y[err], 25 and/ ®CTRHIS/16866
respectively, (11) aralkenyl of about 8 to about 15
carbon atons which is optlonally monol, di-, or tri- substituted in the
aryl ring with Y[err], Y[err], and/or Y[err] respectively, 30

(12) heteSd@ﬂaerny+Sof andcwhxchuxanppmuamally'smbsmnngtadoqa theéected from

carbon anqnReLgrPsh8™With Yj vag il fdie et eroatons are sel ected from
oxygen, nitrogen, and 015 and which is.optionally nono-, di- or

tri-substituted on the Hﬁﬂg‘wbkhnYPepﬁ]abwpbra]toanb¢@t &[ ea¥Pon 35

respecti
pCT/U395%%§§§6Wh1°h is °Pt¥ghé¥i§£¥§5§tltuted w1th c clic alkyl of

5 about 5 to about 8 carbon atoms, which optlonally is
substituted on the ring carbons with Y31, Y7 and/or Y3,

(7) aryl of about 6 to about 14 carbon
atoms which is optionally mono-, di- or tri-substituted
with Y1, Y2, and/or Y3, respectively,

10 - (8) heteroaryl of 5 to 14 atoms with the
ring atoms selected from carbon and heterocatoms, wherein

the heterocatoms are selected from oxygen, nitrogen, and
S(0)i, and which is optionally mono-, di- or tri-

substituted with Y1, Y2, and/or Y3, respecﬁively,

15 " (9) aralkyl of about 7 to about 15 carbon
atoms which is optionally substituted on the alkyl chain
with hydroxy or halogen and mono-, di-, or tri-substituted
in the aryl ring with Y1, Y2, and/or Y3, respectively,

(10) heteroaralkyl of 6 to 11 atoms with

20 the ring atoms selected from carbon and heterocatoms,
wherein the heteroatoms are selected from oxygen,
nitrogen, and S{(0)ji, and which is optlonally substltuted
on the alkyl chain with hydroxy or halogen and optlonally
mono-, di- or tri-substituted on the ring with Y1, Y2,

25 and/or Y3, respectively,

(11) aralkenyl of about 8 to about 15
carbon atoms which is optionally mono-, di-, or tri-
substituted in the aryl ring with Y31, Y2, and/or Y3,
respectively, | | _

30 (12) heteroaralkenyl of 7 to 12 atoms with
the ring atoms selected from carbon and heteroatoms,
wherein the heteroatoms are selected from oxygen,
nitrogen, and S(0)ji, and which is optionally mono-, di- or
tri-substituted on the ring with Y1, Y2, and/or Y3,

35 respectively,



(17) difluoronethyl or perfluoroal kyl of 1 10 to about 12 carbon atons,

(18) perfluoroaryl of about 6 to about 14 car bon at ons,

(19) perfluoroaral kyl of about 7 to about 15 carbon atons,. and 15

(20) hWexe6ga493 wherein Y[err], Y[err], and Y3 are [CI/US9$/16866

(i) independently selected fromthe group consisting of hal ogen,

cyano, nitro, tetrazolyl, am no, 8guani di no, am di no, nethylam no, and *

20 net hyl guani di no, - CF3, ﬁ -CH(CF3)2, -C(OH)(CF3)2, - -CCF[err],

-OCF[err]CF[err], G:(O)NH[er ROC(ONHZ[err], -OC(O Nz[err]Z[err],

-NHC( O Z[ err], -NHC(O NH er A} -NHC(O)NZ[err], -NHC(O Nz[ err] Z[ err], '
-C(O OH, -C(OQzferr], )[err]H, -P(OJ[err]Herr],

-P(O[err](Z[err])[egf3) oSO 3H -S(Oferr]Zerr], -Zerr], -QZerr],

-OH, -NHerr], -NHZ[erri “Nz[err]Z[err], and N- 25 norpholino, wherein m

is 0, 1 or 2, and Z[err] an cZ[ err] are i ndependently sel ected from

t he group consisting of al k¥ CHsof 1 to about 12 carbon atons, aryl of

about 6 to about 14 carbo# atoms, heteroaryl of about 5 to about 14

at ons W) 96/ 19493 : '

PCT/ US95/ 16866 - 9 having 1 to about
9 carbon atons, aral k¥4) oHOabout 7 ,to about 15- carbon atons, and

het er oar al kyl of about 6 to about 11 atons havi ng about 3 to about 9

(ii) Y[err] and Y[err] are

carbon atons, or
Z[err])(Z[err])O wherein Z3 and Z4 are

H
sel ected together 5 to be”-

i ndependent |y sel ecte romthe group consisting of hydrogen, alkyl of
1 to about 12 carbon B, aryl of about 6 to about 14 car bon
at®nms, heteroaryl of (pdput 7o) apout 14 atons . having 1 to about 9 ‘

carbon atons, aral kyl of about 7 to 10 about 15 car bon atoms, and
het er oar al kyl of about 6 about 11 at ons "havi ng about 3 to about 9
car bon at ons, W th thea S so that if Xis not a direct link, then

Rl err]

(16) OH ,

(17) difluoromethyl or perfluoroalkyl of 1
10 to about 12 carbon atoms,: | |
(18) petfonroaryi of about 6 to about 14
carbon atoms, . o _
(19) perfluoroaralkyl of about 7 to about -
15 carbon atoms, and '
15 (20) hydrogen,
wherein Y1, Y2, and Y3 are
(i) 1ndependently selected from the
group conSisting of haiogen, cyano, nitro, tetrazolyl,
amino, guanidino, amidino, methylamino, and
20 methylguanidino, -CF3, -CF2CF3, -CH(CF3)2, -C(OH) (CF3)3,
-OCF3, -OCF2CF3, -OC(O)NH2, -OC(O)NHZ1, -OC(O)NZ1Z3,
-NHC(0)Z1, -NHC(O)NH2, -NHC(O)NZ1, -NHC(O)NZ1Z2, -C(O)OH,
-C(0)0z;, -P(O)3H, -P(0)3H2, -P(0)3(21)2, -S(0)3H ,
-S(0)p2y, -23, -0Zy, -OH, -NH2, -NHZ1, -N21Z2, and N-
25 morpholino, wherein m is 0, 1 or 2, and Z, and Z2 are
independently selected from the group consisting of alkyl

of 1 to about 12 carbon atoms, aryl of about 6 to about 14
carbon atoms, heteroaryl of about 5.toc about 14 atoms



I's not hydrogen, (c) R['err] I's selected fromthe group
' i sti 15 of hyd :

C‘(’&i'[ Zr Irmﬁmeeng 93NH) NH er r ] Fe[E]CH[ err]) BS( O [ er?/] rCa?Zpr] , PCTIUSseRee
~(CHerr])pldOzlerr], -(CHerr])plOpQZferr], -(CHerr])pXONerr],
-CH[err]S(O)[err](Cl-l[err])pC(O)Z[err]

Ol or ] SR 1 G REPRY) B RER H"ﬁ er¥aLloq % A s ofPerr1 Zl er ],

- € CH[ er r |ghoivid é.l5l’ ‘earbon- &€bfnsy r@qﬁ(hé))&ﬂ@aa]}lﬁ{]eraq about 6 to
oL er I Do’k nabvihh ot % "dodifid o risdCHeiis]) B¢ (0)
p IS cfia

wher ei n ege Z[err]
is -OH -OCHerr], -OCH err] dﬂ[ maé'rer PR @FFFd together _
Z[err]Si s:calbq/l-om‘(zz)t(zmboutwheramoﬁ?, aamirsu @ane xslependentidys to about

14 carbon atons,_ or aral kyl of about,K 7 g 16_car‘bon og?rs,

Rlerr] i SMRETGGFToBy thegrpup consisting of hygragen, §%15®’ 8&eh or cyclic
al kyl 'gf &t&oghplluhhgrbon aabiasg afleBoﬁgébém?(lé Ytdmmbutfjililﬂl orf- ) ;
tri-substituted wt err re or err] .. Ar of about to
about 15 atoms, g‘ﬁELBBFhﬁaﬁy 'ﬂgé 41% t]tr:'14:a§31:l§’§'iéltut ed with
Y[err], hav:':f{geﬂr]toaa&bbult 9[ ear]:pnhetemsarqtabkyB ab abbutt Intowi t h- t he ring

at oy gel 1 YB:EDAR AR Qﬁ&%g@%f&&:@g@@g |d Uisue. ¢ g e oatoms are
sel ected Trom oxygen, ni tro en, wh Is optionally
nmono-, diabayt il ademst hamlés @bput 3 to about 9 carbon atoms,

PCT/ US95/hvidfibGdhe prow@s@cth8493f X is not a direct link, then R 10

Y[err], Y[err], and/or Y[err], quinuclidine, or adanantyl,
[err] is ¥ Ak MMGFEEE™ 2, 3, 4 t et r ahydr oi soqui nol i nyl, 4- hydr oxy
pi peridyl, 4-keto (C)pi%aﬁ4§h§%1Q$§ﬂ9;ﬁﬁﬂm e gr@nﬁesﬁ9FEﬁEem%xybenzy| 5
pi perazi nyl, 4- | pi perazinyl optionally nono- substituted with
fluoro, chloro, | %pxy, or trifluor hyl, or 4-ben \i per azi nyl
optionally non N —CH;S(0) (CHp—X [} l :

. P\ N~ N

15 of H, H , -(CH2)p Z,

hydrogen, -(CH2)pNHC (=NH)NH2, - (CH2) pS(0) 2CH3,

- (CH2)pC(0)25, -(CH2)pC(0)0Z6, -(CH2)pC(O)NZg,

~CH2S (0) 2 (CH2) pC (0)Z5, -CH28(0) 2 (CH2) pC (0)OZ6,

-CH2S(0) 2 (CH2) pC{O)NR5R6, =-(CH2)pS(0) 226, - (CH2)pNH2,
20 ~-(CH2)pC(O)NRSRg, -(CH2)pC(0)Zg, -(CH2)p0Zg and

'-(CHz)pC(O)J(:} wherein

p is an integer from 1 to 6,

.25 is -OH, -OCH3, -OCHzCH3, or -NR5Rg,

Zg is alkyl of 1 to about 4 carbon atoms, aryl

25 of about 6 to about 14 carbon atoms, or aralkyl of about 7

to 16 carbon atoms,

R5 is hydrogen, or Zg,

Rs is hydrogen or cyclic alkyl of 3 to about 15

carbon atoms optionally mono- di- or tri-substituted with
30 Y3, Yy and/or Y3, aralkyl of about 7 to about 15 carbon

‘atoms optionally mono-, di- or tri-substituted with Y3,
Y2 and/or Y3, heterocaryl of 5 to 14 atoms with the ring

atoms selected from carbon and heteroatoms wherein the
hetercatoms are selected from oxygen, nitrogen, and S(0)ji,

35 and which is optionally mono-, di- or tri-substituted with



substituted wth fluoro, chloro, nethoxy, or trifluoromethyl, 10

and pharmaceutical Iy acceptible quaternary ammni um salts thereof;

(d) R3is seI ected fromthe group consisting

(1) hy¥e 8¢/t : (2) alkyl of 1 to abRTTES%SA0HE  at ons
optionally substrtuted with -CH 10 (3) cyclic al kyl of
about 3 to about 10 car bon at ons; (4) alkyl of 1 to*
abo 3 garhg to subst it ut ed vvrt i.c al kyl of about 5 to about

8 ca&:b’or};z ang quiRtieTialst P %ﬁ% of about 3 to about 10

car bon gr 8@{“ y nQng) g4-di-, or tri-substituted

wth Y[err] Y[err] I'or err 2% (6) alkyl of 1 to

abome&mmmolmyéubéthvdr@wmnmdsélr.mllrreldet@ar bon with aryl of
abo%lﬁedrldylcarl\p-%:%hgﬂnbo 8baUhed %fé{é@ib,@} K&z hi ch i's optional Iy

nono- | ,or tri- rtyted wth [err] and/or Y[err];
() mimgrazinyl.( - %&WEGP&HFBBF%Y%#QA ¥ WA~ branching at the
al prmbéﬁwt@mzz Fddodel, tehloror:aﬁé)maqﬂf dc to about 6 carbon atons; and

ot T PRI o8 Batl D “BiBERIA N el pataY BRRET benzy oxy and

al kysuhﬁtmuuedamim SBuBroarbbhOHODrmeishmm,r tated on the term nal carbon

at ongy; £ i lof about ‘4 carbon atonms to about 10 carbon atons whi ch
I S op?r' onamfb bﬂg : or, tri-substituted with Y1, Y2 and/or Y3.

D 96/ 19493 ~ and pharmaceut:.cally acceptible quaternayyy U895/ 16866

Peptarthdniamdisailte zhdebydes have been reported to exr st in equilibrium:

structures in ue I s ajUsz (1990) J. Med.
Chem, 33: 1726& O%Lé ﬁégltructdurfggﬁ Jgiggs S b%ﬁg% StHY ude the ar gi ni n§

al dedfyde, 5 A, al dehyde hydrate, B, and two am no cycl ol forms, C and
(1) hydrogen; |
15 ~ (2) alkyl of 1 to about 8 carbon atoms
optionally substituted with -OH; |
~ (3) cyeclic alkyl of about 3 to about 10

carbon atoms; S
(4) alkyl_of 1l to about 3 carbon atoms

20 substituted with cyclic alkyl of about 5 to about 8 carbon

atoms; | |
(5) aryl of about 3 to about 10 carbon

atoms which is optionally mono-, di-, or tri-substituted
- with ¥3, Y2 and/or Y3; . :

25 (6) alkyl of 1 to about 3 carbon atoms
substituted on the terminal carbon with aryl of about 4
carbon atoms to about 10 carbon atoms which is optionally
mono-, di-, or tri-substituted with Y31, Y2 and/or Y3;

. (7) alkyl of 1 to about 6 carbon atoms

30 with alkyl branching at the alpha, beta, gamma, and delta

carbons of 1 to about 6 carbon atoms; and |

(e) R4 is selected from the group consisting of
hydrogen, alkyl of 1 to about 7 carbon atoms optionally
substituted with -OH or bénzyloxy and alkyl of 1 to about

35 3 carbon atoms substituted on the terminal carbon atom

' with aryl of about 4 cafbbn atoms to about 10 carbon atoms

which is optionally mono-, di-, or tri-substituted with
Y1, ¥2 and/or Y3. '



D. The R group woul d represent the renainder of a given conmpound
enbodi ed_i n the present invention. The peptide al dehy degcRiisds/igsesr esent

i nvent i oNvQ P4 Wi thin their: definition all the equilibriumforns. 10
[err] Amongy? ot her factors, the present invention
I s based on our finding.that the novel corrpounds of our invention

are active as potenf .i nhihitors_of taor 10 V] V. vitro. In
parti cul ar, ?Pat(féifloﬁfglﬁ*gﬁ & Fleg;{ﬁeafhave ?ﬁ A P%%% (é(;npounds of
the pr eseahstnvienteqmle.btmhm strucadraatagemew estnlumm}'tsu n that they are
very pot E‘ﬁgej (z, ighhi @tt g S qﬁgFggtgr Megbuthéh e, i factimy or heawi ficantly

| ess activ several ers of magnitude less) in 20 i nhibitin pl asm n
and are s$tnidtuxes. as @éssvwacbie\lew nlnC]-u@ﬁh\'-]b?t#Wrt%rﬂ%q?h e, In.
anot heg agpepigeryde I@{y&%& I BveahaoawbSaﬂiﬁecé ol £dmmdha mR@eut i cal
corrp05|t|ons conprisin th era eutlc tlve amount _of a

conpound Bf tThe & |‘ﬂ°“|1FFvé'ﬁPF8 eqhqgt pﬁm CAREL W d&ept abl e
carrier. compound embbdi®id dmotcher pzepent, itbenpi@sentThenpeptice i s

Vo 96/ 1949]?dehydes of the present invention include wﬁéﬂ?gé{e]l@%
definition all the equilibrium forms.

10
NH-C(NH,) :': p H-C(NH,)2

R “CHO "He0 CH(OH)2

.\
Vo~ =

H C(NHp), -~ C(NHp),
c . D
Among other factors, the present invention is based
on our finding that the novel compounds of our invention
are active as potent inhibitors of factor Xa in vivo and
15 in vitro. 1In particular, we have found that certain of
the preferred compounds of the present invention exhibit
advantageous selectivity in that they are very potent
inhibitors of factor Xa but are inactive or significantly
less active, (several orders of magnitude less) in
20 lnhlbltlng plasmin and are 51gn1f1cantly less active in
inhibiting thrombin.
In another aspect, the present invention is directed
to pharmaceutical compositions compr1s1ng a
therapeutically effective amount of a compound of the
25 present invention and,a pharmaceutically acceptable
carrier. ' _
In yet another aSpec;, the present invention is



12 directed to nethods of using the conmpounds and phar maceut i cal

conposi tions of the present invention for the prevention of thronbosis
in a mammsal gspected of having a conditi'on charact g&hpestnassabnor nal
t hr ont¥QP1M9% - hpri sing administering to said mammal & therapeutically

effective amount of a conpound of12 he present invention or . .
pharnaceutical composi tion conprising such a conpound Definitions 10

I th t d herein, th
Fol | SUPRGEFS: Fe AP EhARy FEd e I FSPPSIrRS 20 eani ngs.  unl ess.
explpharmgceuaiedlo¢¢mpasxnnons of the Phreseptmihwekthgh forfers to

unsakie n#:fgygﬁff '0f throfdUiR® HAY Ruihl §ﬂ§ge898dd8f‘b' e bond. 15

The erss to saturate i ncl udi ng-
straheﬁﬂ-nﬁhal ﬁm@*%@fhe‘%?l%f@%dcw n@méﬁsthmmb%ls The terns

" &l kewMpraging chaniylsteeiny to said Qiaﬂunal ahahea ﬁelé@I la, RO,
mhere R iis an al kyl g d of L term aL carbo | " refers to
eGHEY S| AMIPRR 9 %ﬂééﬂp°un of t eTREQ?§Pﬁ1lﬁY R%?@WQ refers to an
aIkepmhrgaoeptlcalsmmmpos1nxnh\MdﬂpnmSngybughoapcompound The term
"aral kyl" refers to an al kyl group . Substituted with an aryl group.

Sui tabl e aral kyl groups 25 include benzyl, picolyl, and the-Iike,.aII of _
whicpﬁﬁi¥15692§ optionally substituted. The term"aryl" refers to

glponat i ¢ &h%l@éo%&ﬁ@e hﬁ‘i’@l’x the a;sréseeaﬁ:t 19%nrt'1891 BAMI B9 @sg£gni ugated pi

el ecfron system I ncl udes carbocyelic aryl, heterocyclic aryl and

bi ar FrSGngrBhﬁsf°%&?wkﬂgvﬁﬁ?ﬂ?rﬁﬁF géféﬁﬁﬁoﬁalh9V§u5§llQW&Qﬁi The

terMelaﬁ!hgsy"uﬂBéﬁ Semﬁmlqummm@thbemse formula, RO, wherein R l‘
an ary

For mil a, “IBE veger atiendTs anfdhs e uiBbysated 1) Bndefloup, having the
acidgroBParhavnnmoah lsﬁsnzpne doulbleabond. amino acids in their Dand L
ey ! SOTeschin wiffL!, AL 0 GUCAICLISpRACSLopRGL T S
96/ 14ng3uding stralght-chaln, branched-chain and ¢yglisosrawsss

The terms "alkoxy" and "alkoxyl" refer to a group

having the formula, R-O-, wherein R is an alkyl group.
- The term “alkoxycarbonyl" refers to —C(O)Oﬁ wherein

20 R is alkyl. | |

The term "aralkenyl" refers to an alkenyl group

substituted with an aryl group.
The term "aralkyl® refers to an aikyl group
substituted with an aryl group. Suitable aralkyl groups

25 include benzyl, picolyl, and the like, all of which:may be
optionally substituted. ' | . |

The term "aryl" refers to aromatic groups which have
at least one ring having a conjugated pi electron system
~and includes carbocyclic aryl heterocycllc aryl and blaryl

30 groups, all of which may be optionally substltuted '

The term "aryloxy" refers to a group having the
formula, R-O-, wherein R-is an aryllgroup; '

The term "aralkoxy" refers to a group having the
formula, R-O-, wherein R is an aralkyl group.

35 The term "amino acid" refers to both natural
unnatural amino acids in their D and L stereo;somers if
their structure allow such stereoisomeric forms, and thelr
analogs. Natural amino ‘acids include alanlne (Ala),



13 arginine (Arg), asparagine (Asn), aspartic acid (Asp), cysteine
(Cys), glutamne (An), glutamc acid (G u), gl yci ne (G%*E nUsHYfeskgli ne
(Hs), | SHPAHIM4R (I'e), leucine (Leu), lysine (Lys), nethionine (Mt),
phenyl al anine (Phe), 5 proline (Pro), @erine (Ser), threonine (Thr),

t rypt ophan (Trp), tyrosi.ne (Tyr) and valine (Val). Unnatural anind

aci ds include, -but not_limted t tidinecar box C acid

2- anmi noadi PFEHLRY, a?“QW1ﬁ5§5FﬁﬁEn§b &sngetﬁsg?ﬁﬁ?ﬁe da (B8R)topr opi oni ¢
aci d, 2-antystedre i (Cy)i dgliitaminebGla) ¢ dlusamilc &eidi (Ghbe)pr oi ¢ aci d,

h i d,
£ an nonentsgol s il , nysk IO BRY1 VS4B LTSRN € 26
2,2' -di am tbgahel lysing dLys)3- giethioninepi(¥ats, phenylalanine hiBhglyci ne,
N-et hyl §Spﬁ£§9iﬂé (ﬂ%f Oﬁéﬁiﬁé"%seﬁ a'theeemﬁexwﬂ r,f%éagsmwprol i ne,

4- hydr oxyprol i ne esnD5|ne al | o-1sol euci ne, cine, N
met hyl i sol &&Phe, t¥¥9ﬁ&4§ﬂﬂﬁ¥ﬁ n@ndnHPJ&PPnévaﬁbrleﬂ%?ﬂﬁural aW%ﬁﬂtlﬂ ne and

pi pecolic agids ﬁm&md@,mmmara&*eomﬂ ndimided to abetﬂdiué@érwdswywmat ur al
am no aci ds ig? are ch calkygﬁ? bl ocked reverSL eversibly,

modi £ i ed oRCIfe] B efiseRapiE At ret S ups ao
for exaapinopnupinmxnr&cxﬂﬂ123amimpbm£wwncnanedsu&%amenobutyrxc

T (caraQ/mE Ayl 4- GXMSLdEro S (RAIdOYN BRI RMhLEEKALEE TEo1a, SUl T 0xi de and

S- (car boxyne cystel term "am no acid anal og"
refers to anaahn¢ws@k#%yr1c agtich-eidraminedsobusyticepfidal car boxy group,

the N 2LgnihoSimelid didUR & dila@lanféligbauf:yesélaefa group has been
chenlcally nodi fied t gno her, functi.qnal grou exanpl e, aspartic

Sor G (et 20RBERSINEs 2,3 Tl S AR 136" 2clE a AP oHL ORI neRETRIRIR | o
N- et hyl gl yaebe, ln-emhgmglytlne,aNHeihyﬂﬂsp@rablgbychydroﬂylyéﬁmene

b 1 deg i ] The t
o oo e B3 RURE P ysine {3 RIRR -1 B T e ovpr ot dage . | (1)
- C( O - R- NHisodesmesing® tghladidolargine,- M@R@yﬂ-};ﬂ-yplnﬁerﬁrn Rlerr] is Hor
a carbon Cﬂ@Eﬁ%ﬂiQ&ﬁgu%}ne, N-methylvaline, nork8ilihe, nor1SYOShdtuent; or

(2) , wherein
ornithine and plpecolic ac1d Amino acid analogs include

the natural and unnatural amino acids which are chemically

20 Dblocked, reversibly or irreversibly, or modified on their
N-terminal amino group or their side-chain groups, as for
example, methionine sulfoxide, methionine sulfone, '

'S—(carboxymethyl)-cysteine; S-(carboxymethyl) -cysteine
sulfoxide and Sf(carboxymethyl)—cysteine sulfone.

25 The term *amino acid analog” refers to an amino acid
wherein either the C- term1na1 carboxy group, the N-
terminal amino group or side-chain functional group has
been chem;cally modified to another functional group. For
example, aspartic acid-(beta-methyl ester) is an amino

30 acid analog of aspartic acid; N-ethylglycine is an amino
acid analog of glycine; or alanine carboxamide is an amino
acid analog of alanine.

The term "amino acid residue" refers to radicals
having the structure: (1) -C(O)-R-NH-, wherein R typically

35 is -CH(R')-, wherein R' is H or a carbon contalnlng
(CH,),

(S

substituent; or (2) | , wherein p is 1, 2 or 3



PCT/ US95/ 16866 WD 96/ 19493 .14

representing the azetidi necarboxylic acid, proline or pi pecolic acid
resi dues, respectively. "Biaryl" refers to ph tuted by
car boy@U6/E9493 or heterocyclic aryl as defined herein, g@#bﬂ%gnﬁ&¥a or

para to the point of attachment ofg the phenyl ring. "Brine" refers
-to an aqueous saturated sol ution of sodi um chl ori de. " Canphor
derivative" refers_to the, groups 4(Nr ' "Car bocyclic
aryVTQR§E§ﬁ§tﬂ69aFBﬁa@Fetﬁgkﬁﬁﬁﬁﬁﬁﬁﬁ¥%%F aci h®*PLABeaPBns on the aronatic

r|ngﬁ@@ﬁdaaﬁboacaaog551dues;zwégﬁa@%i«eryqﬂ groupslinclude mﬁnocyclbrc15
car bocycl i rou ap ro a ch may be
optional | y%§1?53' %Fggrs Eﬁ sﬁ c%?%%%’y%ﬁ%do%yyrca&a’ﬁ% i ncl ude
phenyh-mmdemaphbmyb aﬁyltasldeﬁrmedrhenemh orthar, bmeyeal be aryI groups

[ rg:l gge_.ar Q@eQﬁe glﬂgeP¥I rtacﬁh%}zé |5yt‘§% gﬁae‘ﬁ% 9 bwo substituents such

advant geous ower a Iomer al koxy, |ower 20
alkoxycarbéﬁype"h§963§ﬁ tPrﬁﬁI%§¥%WH§rﬁétuﬂﬁQQQJSQ%“§1°n &fano. Substituted
rwu”ﬂéad;ume&ansriael or 2- naphthyl substrtuted by | ower al kyl, |ower
al koxy, or, haI C¥f al kenyl" refers to a cyclic aIkenyI
gr oup. QeEﬁgFBéVﬁen§ 3¥%UE% bﬁﬂQRﬂ¥ PSor exanple, 25
cycl opent enyl and cycl ohexenyl . "Cycloalkyl" refers to a cyclic
al kyl gr OUPH;,C ur t abl Ha cd;n I kyI s i ncl udeyy cf QEH exanpl e,
cycl ohexyl, ropyI Iopentyl %ycloheptyl

Cyclohexyl I" refer a cycloh group 30 ched to CH2.
The term"h refer fluorin hIorrne m ne and i odi ne.
ket er oar a4? e yI "-refep td an al kenyl and subs oed with a

heteroaryl "Het er oar al kyl " refers to an aIk | group substituted
. “Carbocycllc aryl“ refers to aromatlc groups whereln

the ring atoms on the aromatic rlng are carbon atoms
Carbocyclic aryl groups include monocycllc carbocycllc
aryl groups and naphthyl groups, all of which may be

15 optronally substituted. Suitable carbocyclic aryl groups
include phenyl and naphthle Suitable substituted_
carbocyclic aryl groups:inolude indene and pheﬁyl
substituted by one to two substituents such'being
advantageously lower alkyl hydroxy, lower alkoxy, lower

20 alkoxycarbonyl halogen, trlfluoromethyl, nltro, and
cyano. Substituted naphthyl refers to 1- or 2-naphthyl
substituted by lower alkyl, lower alkoxy, or halogen.

"Cycloalkenyl® refers to a cyclic alkenyl group.
Suitable cycloalkenyl groups 1nc1ude, for example,

25 cyclopentenyl and cyclohexenyl.

“"Cycloalkyl" refers to a cyclic alkyl-group.
Suitable cycloalkyl groups include, for example,
cyclohexyl, Cyclopropyl, oyclopentyl and cycloheptyl.

"Cyclohexylmethyl" refers to a cyclohexyl group

30 attached to CHa,

The term "halogen" refers to fluorine, chlorine,
bromine and iodine. p | -

"Heteroaralkenyl" refers to an alkenyl group
substitued with a heteroaryl.

35 "Heteroaralkyl" refers to an alkyl group substituted
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15 wth a heteroaryl. "Heteroaryl" refers to gijrsedfessss

havi ng f NP1 o . carbon atons and the remainder of the atons are

het er oat ons. Sui t abl e het eroatons incl ql(ge oxygen, - 5 nitrogen, S(Oi,
wherein i is 0, 1 or 2, and suitable heterocyclic aryls include furanyl,

t hienyl, pyridyl rrolyl, pyrimdyl, pyrazinyl, imdazolyl, and the-
like. With %"H§P5F§§§¥$Of refers to a reduced heterocyclic ring

syst em conpri seHedfervaryd, refersgta, aoxy geroupsl/kaving finom 0 &oofs.

"Het er ocy L'y f ' r : 5%3ﬁ§i ed with a

het erocyclcéoa%%S,tog%ds%ﬁgfzgaggeﬁ?s{%eg Qﬁg;[%er ocycli catrlé%/st ens described in
" Handbook hsftezeatriomsry Suisablenherercatoms HaghudePxygs®s, R C. \\ast,

edi t or ;Fhenikrogesy)i 4D) Rubbheréin, i Geve] ahdr @Y. £HrE swdtablel arl y

Section C,_ Rules fqr, Nam Organic ounds,, B. * _Fundanent al

Het er ocyc e SEPSYGHC aryld 1ng$ﬂéetg$%pn§ﬂme¢m’?r§f]er WE‘%@qﬁerei nin
connect i orpyrroliylh eyvgidnidyladpgrasinyl coimidaxtsl ylef ianes theclikieth up to 20
and including 5, 3Ly, apd Lngludj 4 @QH . t ageously
one or two car bglré{;e[ c?%&.%liﬁc%ggrggﬁpggn%y%a‘%%% 1%?ral gcf}'fdcl?a?gi\éﬁggr branched
chai n. system 'cRypiisedoafkgarbenf cnitregem ayderyrandy oxhisvl fhxs

every drpgen replaced with fluorine. 25 "Perfluoroaryl" refers to

an aryl group V\:I'hi ch has every hydrogen replaced with fluorine.
"Perfluoroaryl ‘Flebgrocyeloadian "argERYF EPoRP #HKYL IXGHRh every hydrogen

on the arydudBdighitdd withl acheterbbyclo dtows) Nehd Hhcludes those

e el SR A B LAk S Sl o il pagpounds o
and an or gard Physiiasor,gddith editaond. 1968 prRcCi dReddte, LesH tafr ;tMhe salt form
35 ar eihe iR cal, ibKed cBEL I QUiadly GRTT N il et AHIRPET T POy "
consi der ecBestiny & Wullesn fomeNawdpg Srganic Compoundsit B.nventi on.
The term "Bl fldiva HETRRoEFcIaLt SyEebREs 10 |
The term "lower" referred to herein in connection
with organic radicals or compounds defines such with up to
20 and including 5, preferably up to and including 4 and
advantageously one or two carbon atoms. Such groups may
be straight chain or branched chain.
"Perfluoroalkyl" refers to an alkyl group which has
every hydrogen replaced with fluorine.
25 "Perfluorcaryl"” refers to an aryl group which has
every hydrogen replaced with f£luorine.
"Perfluoroaryl alkyl" refers an aralkyl group in
which every hydrogen on the aryl moiety is replaced with
fluorine.
30 "Pharmaceutically acceptable salt" includes salts of
the compounds of the present invention derived from the
combination of such compounds and an organic or inorganic
acid. 1In practicé the use of the salt form amounts to use
of the base form. The compounds of the present invention
35 are useful in both free base and salt form, with both
forms being considered as being within the scope of the
present invention. —
The term "quaternary ammonium salt" refers to
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16 conpounds produced by reaction between a basic nitrogen in an
R2 substituent and an al kyl hal i de, aryl halide, and g&ﬁb&#ﬂ%l de.

Ot her WOA6M98s wi th good | eavi ng groups may al so b , such as

al kyl 5 trifluoronmethanesul fonates, alkyl nethanesul fonates, and al kyl
p-tol uenesul fonates. ‘A quaternary amoni um salt has a positively

charged nitrogen in the R2 substituent. Phar raceutical |l y acceptabl e

counteonraundsh girgduced bypreaction | betwggn g hgadconisx@oen enr] (O O-.  The.
countai iRy substivuentcandlfn atkykhel idée ngarylhadidegngad esin col ums.

N5t Argtonbaiidar oERRE; ceppkered SiEeh Yook Yeamips oroups

- ( CHmeay |9leisHbey sedwheuehnay atkps defined in  conjunction with fornula”

| @aboyve. hil f | : c ain basic

ni§ oLt ghn €8 res | UYL BB S BhaTRe, "2

- ( CHakky)) (5t uenesBlSonptes( CHiequd feIiad\RmmoriiRe seflt has  and |
(CH o rdosi¥iVeg ichargeear aiBrdgenr in HerR] sulistituentlerr], and [err]
are as defined_in conjunction with fornula _| above. = For exanpl e,
the fEPaITMAGRYACadly pscepkablf saunkeripndincdude Cl-R) Bxainucl i di ne,

3- ( S)F-guiCRaE (Q)i0re and TH32{0) Oyl - 4TBé) coRdfenmiomzd ichaiee eahyl norpholi ne,

et byl Di | 4j - (2= h r L cH an . :
4i?%ﬁ?%;f?*%?ﬁﬁngéféBFﬁgpﬁ?§§3¥£ggx %é##@h%&arnﬁi%ﬁ%ﬁps with The term
" Ar g-basicq grigmogens: facludednCHEHRCH2NHC (aNHINHRal  whi ch has the fornul a:
25 : [err] _

(

-CH2 ”N. -(CHZ)pNHZ, wherein p is as defihed in .
conjunction with formula I_above,_ In addition, the
following R2 groups may contain baSic.nitrogens;.

15 -CH2S(0)2(CH2)pC(0)2Z5, f(cHz)pS(d)zzs. -(CHz)pC(O)NRsRs,

and j(CHz)pC(O)'ﬂ::i}wherein 25, 26. R5, Rg, and “::5 are
as defined in conjunction with formula I above. For
example, the following Rg groups contain basic amines: 3-
(R)-quinuclidine, 3-(S)-quinuclidine, 3-yl—2-ethy1-4(3H)-
20 quinazolinone, ethyl morpholine, ethyl piperidine, 2-(2-
ethyl)pyridine, and 4-(methyl)-5-hydroxy-6-methyl-3-
pyridine methanol.: -
The term "Arg-al" refers to the residue of L-
argininal‘which has the-formulé:
25 '

—HN
CHO

NH

a

The term "N-alpha-t-butoxycarbonyl-N9-nitro-L-
arginine" refers to the compound which has the formula:
30



The term "N-al pha-t-butoxycarbonyl-Nerr]-nitro-L- arginine" refers to
the conmpound which has the formula: 30 WO 96/ 19493
PCT/ USO5/WG96H493 17 PCT/USIS/6866

[err]

Rlerr] groups wilth basic ni-trogens include

-CH[err]CH[err]CH[err]NHC( NH)NH[err] [err]
JPNH err], wherein 5 f|n | N conjunctlon with formula I

-(CH err]
above.. In additLon, t he f s may contain basic
nttrogens: -CHerr]S(OJferr] (CH rr pC( Z[err],
-(CHerr])pS(O[err]Zerr], ' (CH[err] pCXC»NR[err]R[err] and
-(CHerr])pC(O [err] wherein each Zerr Zlerr], R[err] Rerr], and .
[err] is as defined in conjunction with gormula 10 | above. For exanpl e,
the follow ng R6 groups contain NNOoges: 3-(R) -quinuclidine, 3-
(S) -quinuclidine, 3-yl-2-ethyl -4(3H) - qui nazol i none, et-hyl norpholi ne,
et hyl pi peridine, 2-(2-ethyl)pyridine, and 4-(nethyl)-5-hydroxy-
6- met hyl - 3- pyr igh nerowishariah basic nitrdgenseincludeni nal carbon” refers to
t he carbon atom of a straight chain I which is furthest fromthe
par ent structure. I n addi the foll ow ng abbreviations
stand for the fol | ow ng: :

5

10

15

20

25

30

-CH2CH2CH2NHC (=NH)NH2, -CH2 ”N' - (CH2)pNH2, wherein
p is as defined in conjunction with formula I above. In
addition, the following R2 groups may contain basic
nitrogens: -CH2S(0)2(CH2)pC(0)Z5, -(CH2)pS(0)2Z6,

- (CH2) pC(O)}NR5R6, and —(CHz)pC(Oi‘N::B,ﬁherein each 25, Zg,

‘Rs, Rg, and is as defined in conjunction with formula
I above. For example, the following Rg groups contain
basic amines: 3-(R)-quinuclidine, 3-(S)-quinuclidine,
3-yl-2-ethyl-4(3H) -quinazolinone, ethyl morpholine, ethyl
piperidine, 2-(2—ethyl)pyridine, and 4-(methyl)-5-hydroxy-
6-methyl-3-pyridine methanol.

The term "terminal carbon" refers to the carbon atom
of a straight chain alkyl Which is furthest from the parent
structure.

In addition, the following abbreviations stand for the
'follow1ng '

"Boc" of *BOC" refers to t—butoxycarbonyl

"BOP" refers to benzotriazol-1l-yl-oxy-tris-
(dimethylamiho)-phosphonium hexafluorophosphate.

"Bz1S02" refers to benzylsulfonyl.

*DCC* refers to N, N'-dlcyclohexylcarbodl1m1de

"EDC" refers to l1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride salt.

"HATU" refers to O- (7-azabenzotriazol-1l-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate. _

"HBTU" refers to 2-(lH-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate.

“HC1" refers to hydrochloric acid.

"HOAt" refers to l-hydroxy-7-azabenzotriazole.



20 "Boc" or "BOC' refers to t-butoxycarbonyl. "BOP" refers
to benzotriazol -1-yl-oxy-tris- (di met hyl am no) - phosphoni um
hexaf | uor ophosphat e. "Bzl S err]" refers to benr&lsulfonyL.
"DCC' W@PEIM93 o N, N err]-dicycl ohexyl carbodiim de. 25 refers to
1- et hyl - 3- (3-di net hyl am no- prtgyl ) car bodi i m de hydrochl oride salt.
"HATU' refers to 0O-(7-azabenzotriazol-1-yl)-1,1, 3, 3- t et ranet hyl uroni.um*

hexafluorQ ph " HB
2- (IH-benzopgﬁazo%f??§I5° 13?%? zgfqﬁggféﬁEPhﬁlEPBﬂhﬂﬂ?ate
hexaf | uor SBRbEPhrefers to high prd@surecfléguitiochycnachyedpiey Aci d.

;) gTolAtU S gg/e;:n%m@" Irége o TAAARAN2AUMIAGR! Rydride. 18 VOo6/ 1?%t .
refers to g ggﬂ? KBHE2 ARESES G LithdpgprAeinum dihydridepLC' refers to

hsghdpeehoxide! i qui d chronatography "LiAlH err]" refers to
l'ithium al, dnde Nf{eHJ(OB)[erH refers to lithium
al um num dr’r'%g S @® é\lmgl'g@.morphol "NWM' refers to

N- et hy| nbNaOBt i nefers to sodium\®PdroxtHer s to sodi um hydr oxi de.

"THF" ref ehgpt "TBTU' refers to
2- (1FLbenzg§r|gE% %gﬂggjé?g#gﬁigrofar?ﬂrranethyluron|un1tetraf|uoroborate
TLC' ref ef TBTY" ttﬁfﬁ#&aym ZLHildrbengoaplinzol-1-ylPDel Al )2 d-Descri ption of the

lDVeﬂ%tf&hefhyﬂuronﬂ%&?E%k&%ﬁlﬁgggﬂﬂggée15 Cbnpounds of the present
i nvention_have the
[err] "TLC" refers to thin layer chromatography

1. Preferred Compot ;.ng.'és '

15 Compounds of the present invention have the formula

H
N NH,

. NH-

oy L

o

o (I)
wherein
(a) X is selected from the group consisting of
20 -5(0)z-, -N(R')-S(0)3-, -(C=0)-, -OC(=0)-, -NH-C(=0)-,
-P(0) (R")- and a direct link, wherein R' is hydrogen,
alkyl of 1 to about 4 carbon atOms,farYl of about 6 to
about 14 carbon atoms or aralkyl of about 6 to about 16
carbon atoms, and R" is NR', OR', R', or SR’, w1th the
25 proviso that R" is not NH, OH, H, or SH, and ;
(b) Rj1 is selected from the group conSLStlng
of: ' ' '
(1) alkyl of 1 to about 12 carbon atoms
optionally substituted with Yj,
30 (2) alkyl of 1 to about 3 carbon atoms

substltuted with cyclic alkYI of about 5 to about 8 carbon
atoms optionally substituted on the ring with Y1, Y,

and/or Y3,



wherein (a) X is selected fromthe group consisting of 20

-S(0)[err]- ON(Rlerr])S(O[err]-, -(CG0O-, -0(=0 - NH-

-P(O (R wioderoasnd a direct [ink, wherein Rerr] is hydro@’&%"s’;’l‘s&f kyl of
1 to about 4 carbon atons, aryl of abgut 6 to ~about 14 carbon atons or
aral kyl of about 6 to aboutmlﬁ carbon atons, and R err] is NRerr],
OR[err], Rerr], or SRlerr], with the 25 proviso that Rerr] is not NH
CH, H or SH and ; (3} cyclic @lkylRbér B] tbsabehect®dcdrlmon t he group
consistin f t 12 carbon
o Shome. Shich oppipneliy te, pybsinyndt g ke kibg atgH 17 O

al kyl of Yot §2a896/°% Xarbon at onms substituted with cyclic alkyl of
about 5 to about 8 carbopy égéyg%yy@adgﬂ§hlgfsgbgglgyé@@ o the ring with
Ylerr], Ylerr] and/or Y[err]

PCT/ USH5/Tiggs@toms with the ring atoms selected gpﬂ@ carbon and

(323 cycClheteddatione @heee@hothe lhet&iddioms axd @éa.edmiedcY Ifremt r.naal ly is
su stltut rr I

(4) het &%‘I%&%Sk&gg%kt oxﬁgeg[ :Bir%ger? Jnadte1 o@( th%te F ng at ons
sel ect ed ¥% aaﬁ’&tmna%YeFB]aFEhEUt%e‘?%l"rhq r@-%t“@rt@at dns are
selected-f GRd /e Y3, 9roup consi sting of oxygen, nitrogen, and S(Oi,

wherein i is 0,71 or 2, optionally substituted on the ring with Y[err]
Y{err}0and/or Y[err], 10(5) heterocyclo of dsfo RbPBEO}cYR®f 4 to about

10 1iNg apomd YRHNCHR YiBgr hREmSt SBTeSLAECEAsh [dABRRRRN and
het er oat qns, wherein the heteroatons are selected fromt he

consi st i MPLETREARS, wheredgekh eahﬁtﬁ%?ﬂf%ﬁ$]ar?rﬁﬁ%ﬁEQﬁ? from H%9
-N V grdup donsistdng of okggeh, i sitréogem, 7amirded) metmcdmyaahg of 15 3
toermcﬁ%m1mmm where Vls-G{aﬂ -0-, -S(=0) - -S(0)[err]-

or -S-, and\wpf Chw & ill onUY subgtsted of! MEdde hetercd@16abEONS Wi th
Y[errls \gerr]s rlng 'ca errgtoms, where V is -CH2-, -0-, -S(=0)-,

-5(0)2- or -S-, and which is optionally substituted on the

ring carbons with Yj, Y3 and/or Y3,

(6) alkenyl of about 2 to about 6 carbon
atoms which is optionally substituted with cyclic alkyl of

20 about 5 to about 8 carbon atoms, which optionally is
substituted on the ring carbons with Y, Y7 and/or Y3,

(7) aryl of about 6 to about 14 carbon
atoms which is optionally mono-, di- or tri-substituted
with Y1, Y2, and/or Y3, respectively,

25 (8) heteroaryl of 5 to 14 atoms with the
ring atoms selected from carbon and heteroatoms, wherein
the heterocatoms are selected from oxygen, nitrogen, and
S(0)i, and which is optionally mono-, di- or tri-
substituted with Y1, Y2, and/or Y3, respectively,

30 : (9) aralkyl of about 7 to about 15 carbon
atoms which is optionally substituted on the alkyl chain
with hydroxy or halogen and mono-, di-, or tri-substituted
in the aryl ring with Yj, ¥2, and/or Y3, respectively,

(10) heteroaralkyl of 6 to 11 atoms with

35 the ring atoms selected from carbon and heteroatoms,

wherein the heteroatoms are selected from oxygen,
nitrogen, and S(0)ji, and which is optionally substituted



(6) al kenyl of about 2 to about 6 carbon atons which is optionally
substituted with cyclic al kyl of 20 about 5 to about 8 carbon atons, which

optionally is substituted on the ring carbons with Y1 Y or Y3,

(7) arwbeesedout 6 to about 14 carbon atons whi ch ?gr’gﬁq%(l |1y nono-,
di- or tri-substituted with Yerr], Y[err],'and/or Y[err], _
respectively, 25 20 (8) heteroaryl of 5 to 14 atons with ~
t he ring atons sel ect ed_from carbon. and heteroatons, wherein t he

het eppatbesabinel sthain ot b SWOsRRYeRr RrlPggeman@ePtionaly[err], and
whi Cliohé- 9pdionst |ba:':m!ubst::.<tlutedr ohr the ringubithtyd edravith Y[er r] Y[err],

and/ or res td.V , (9) aralkyl of" about 7 to
abou?"”@gL H)orf ﬁ)e rﬁ?‘ Vhi ch is optionally substituted on the alkyl
chain W th hydr Q1Y) oaradkeggd ofichbautn-§ td abowt U6i - substituted in

t 1., Y. h 18R Y ti ly, :
(%0) &’8” ng?ﬁ%( h'”0‘1[‘ 6{4 (?pﬁ%rg{ah'rrga&?g{lﬁrS L(re]?rl" Sgrrlsvge%/ect ed from
car bgnbahdtlh@@r-’d'at% aryl ximgr wilkht Ka, hgﬂer@a@()‘% e selected from

oxyg ogen, and S(Oferr], and Whl ch is optionally substi tut ed
OEPrpsgyively! PCT/ US95/ 16866

20 on the al kyl (B heﬁﬂ'ﬂa’ﬂ"?%llﬁml 624 ﬁalt&géﬁ a%emspWibhal | y nono- ,

di - ehet ﬂ éuaéémg Weérbcted o Iaﬁrwohhaxaehéleraﬁ@éxﬁd and/or Yl[err],
respectiv el}% aral ken of about 8 to about 15 5
&4 bUHeEFbﬂfsﬁ%l ?F?%o"’lfpﬁ“fsoﬁfq Feisrsed from substituted in the

aryl nitnggent hanles €Q) i Y[and whighd/isr opp:gpn]ally monespe@x-r vast y,
(12) t?@ngﬂﬁfeﬂwloﬂ)ftﬂe e} ﬁttgnq%vm Yh  anaybe ¥{ng atons selected from

carbon an t eroat.ons ereint &l eroatons are selected from
oxygeespectiveélyogen, and S(Oi, and which is optionally nono-, di- or,
tri-substituted on the ring with Y[err], Y[err], and/or Y[err],
rlgspecti vely, 15

HsC, CHy

a3 o v,

scz ],cl-l,

(14) HO

| HyC_CH;

20 ' (15)

(16)

(17) difluoromethyl or perfluorocalkyl of 1
25 to about 12 carbon atoms, '
{18) perfluoroaryl of about 6 to about 14

carbon atoms, - : :
(19) perfluéroaralkyl of about 7 to about



[err]

(17) difluoronethyl .or

perfluoroal kyl of 1 25 to about 12 carbon atons, 18
per f | uor W 9¥1983 about 6 to about 14 carbon atons, PCT/US9S/16866 (18)
(19) perfluoroaral kyl of about 7 to about - WD 96/19493 -
PCT/ US95/ 16866 ' 21 21 15 car bon

at ons, and (20) hydrogen, wherein Y[err],

Ylerr], ah8 s@Epen afqms, and

(1) independently

sel ected fromthe 5 groyporongaségey, of hal ogen, cyano, nitro, tetrazolyl,

10

15

20

25

30

35

wherein Y1, Y2, and Y3 are

(i) independently selected from the
group consisting of halogen, cyano, nitro, tetrazolyl,
amino, guanidino, amidino, methylamino, and
methylguanidino, -CF3, -CF2CF3, -CH{(CF3)2, -C(OH) (CF3)2,
-OCF3, -OCF2CF3, -OC(O)NH2, -OC(O)NHZ3i, -0C(O)NZ12Z2,
-NHC(0)21, -NHC(O)NH2, -NHC(O)NZj, -NHC(O)N2122, -C(O)OH,
-C(0)0Z,, -P(0)3H, -P(0O)3H2, -P(0)3(21)2, =-S(O)3H , '
-S(0)p2Z1, -Z3. -023, -OH, -NH2, -NH2Z1, -NZ1Z2, and N-
morpholino, wherein m is 0, 1 or 2, and Z; and Z2 are
independently selected from the group consisting of alkyl
of 1 to about 12 carbon atoms, aryl of about 6 to about 14
carbon atoms, heteroaryl of about 5 to about 14 atoms
having 1 to about 9 carbon atoms, aralkyl of about 7 to
about 15 carbon atoms, and heteroaralkyl of about 6 to
about 11 atoms having about 3 to about 9 carbon atoms, or

_ (ii) Y1 and Y2 are selected together
to be -0C(23) (24)0-, wherein Z3; and Z4 are independently
selected from the group consisting of hydrogen, alkyl of 1
to about 12 carbon atoms, aryl of about 6 to about 14
carbon atoms heteroaryl of about 5 to about 14 atoms _
having 1 to about 9 carbon atoms, aralkyl of about 7 to.
about 15 carbon atoms, and heteroaralkyl of about 6 to
about 11 atoms having about 3 to about 9 carbon atoms,
with the proviso that if X is not a direct link, then R;

is not'hydrogen, -
(c) Ry is selected from the group consisting

~N
w A ¥ Nen
— -
( N’ —CHaSOR(CHy, —{N_g
PN\ - ! .
Of H ’ ' H ’ - (CHZ ) p '

hydrogen, =-(CH2)pNHC (=NH)NH2, -(CHzipS(O)2CH3[

- (CH2)pC(0)25, -(CH2)pC(0)0Zg, -(CH2)pC(O)NZg,

~CH2S (0) 2 (CH2) pC (0) 25, -CH2S(0) 2 (CH2) pC(0)0Z6,
~CH2S(0) 2 (CH2) pC (O)NRSRg, = (CH2)pS(0)226, - (CH2)pNH2,
- (CH2)pC(O)NR5Rg, -(CHZ)pC(O)ZG, -(CHZ)pOZG and



am no, guani di no, am di no, nethylam no, and met hyl guani di no, --CF[err],
-CF[err]CF[err], -CH(CF[err])[err], -C(OH) (CF[err])[err], -OCF[err],
-OCF[err]CF[err], -OC(ONH err], -OC(ONHZ[err], -OC(O errlZlerr],

- NHC( OY@P6/19493 - NHC( O) NH[ err], - NHC(O) Nz[err], -NHC(O)!\E?{’!FJ’JZféﬁ‘
-C(OMH, 100 -COQz[err], -P(Oferr]H -P(Oferr]Herr],

-P(O)[err](Z[err])[err] -S(O [ erppH -S(O)[err]Z[err], -Z[err],
-QZ[err], -OH err], -NHZ[err], -NZ[err]Zerr], and N nor phol i no,
wher el(ch)pe (Q)~° Zf]harﬁﬁ.‘rZ[ err] and Z[ er r] are i ndependent |y
selected fromthe _grou - of 1 to about 12 carbon
atons, aryl of g‘ganGRngggﬁu r ’g 115 'bon atons, heteroaryl of about 5

to about 14 at &%sis 'Oﬁavr%ﬂltttﬁ@ﬁﬁﬁﬁ&Q warB®sRst, ons, aral kyl of about 7

to about 196caEbankgloss, 1268 ASseE PrAlrodn @ltomBoURrf1t O about 11
at ons havi ng about 3 to about 9 carbon atons, or : Co

(i5 ) of] abpptafdteabeyt k4 earken @famsgeomerradkyl cofeabout 7

- OC( goen]l taEbSh atéhs, Wherein Z3 and Z4 are independently sel ected
fromthe groupgeongi h en, alkyl of 1 to about 12 carbon
atons, aryl of bg%tﬁ%h?ggg{)b %‘gl g carbon atons heteroaryl of about 5

to about 14 at &ésis hydnegengoxn c!ﬂhimmllellcaﬁadntat eboutaldl kyl of about 7

to 2 u eteroaral k f_about 6.to about 11
t o & %\glgnE u&gi)&' Ol'g]c‘ﬂb % at5 &sgltﬂf ‘# YH proviso that if
20701 Y2 apdder ¥3nkarq LIl N A1 R

(C) Etefns] opﬁ:.&ﬁhﬂ.?ir afonnd-ondihe o m-%%&t&i:haed with Y1, -

L Crifar PPIESE oFpr P cpansyls of '8 0 (i 5 fﬁkiézmqmg O
- ( CHaebink) 5616 €88 ef£dm cdBdrerand Mt%&ﬁ:@fné] wherein the’ )

g% gﬁ;ﬁ%’%@ﬂﬁ%ﬁ%g&g%@%@h@n nitrogen, and 5(0)"1 L

AGH[ end] shirheis]| ¢pt{enal )y QaBNR] ei~] Bretr]-subStieutdd pitB [err] Z[err],
- (CHysr r ¥hpNahar et Y§5 qi i erid i NBhamahElerrl. -(CHerr])pl(O Z[err],
-CHerr])pQZ[ er;@ WO 96/ 19493
PCT/ US95/ 16866 - is 6,7-dimethoxy-1,2,3,4-

tetrahydroiséquinolinyl, 4-hydroxy'piperidyl, 4-keto
piperidyl, N-morphdlino, 3,4-methylenedioxybenzyl
20 piperazinyl, 4-phenyl piperazinyl optionally mono-
substituted with fluoro, chloro, methoxy, or
trifluoromethyl, or 4-benzyl piperazinyl optlonally mono-
substituted with fluoro, chloro, methoxy, or
trifluoromethyl,
25 and pharmaceutlcally acceptlble Quaternary
ammonium salts thereof;
(d) R3 is selected from the group consisting
of |
(1) hydrcgen;
30 ' (2) alkyl of 1 to about 8 carbon atoms
optionally substituted with -OH;
{3) cyclic alkyl of about 3 to about 10
carbon atoms; i
(4) alkyl of 1 to about 3 carbon atoms
35 substituted with cycliC;alkyl of about 5 to about 8 carbon
atoms; : _ | ; |
(5) aryl 6f.about 3 to about 10 carboﬁ |



22 [err] wher ein pis an integer from1l to 6,

Zlerr] is - OCH[err] -OCH err]CHerr], or -NR err] R pEtiiseses66

Z[err] %O QF’RW to about 4 carbon atons, aryl 5 of about 6 to about
14 carbon atons, or ar al kyl -of. about 27 to 16 carbon atons,

Rlerr] is hydrogen or Zferr], Rlerr] is hydrogen or cyclic
al kyl of to a iongll D

trr-subst?Fﬁ‘f‘%dwb}w lh])ﬁ) thé.roﬁa%.y[ @ro §§L et\rhr: ,&g?% ,y"f oq about 7 to
about 15 WhtBoWl. Y2 AMMOHNMFional |y m)no- di- or tri-substituted with
Y[err], Y[err] and/ oggylgik: * SEtEr r&ﬂoxﬁ:f P da3pbh agbmgs With the
ring at ons sel ected rom ca )bon and eteroatoms wherei n the

het er oat ossbatbtuked Qe dhe FRMdRgdn cagbeRoyaRh arYL SPH)#PAUE 4ind which is
optiongl | $aPBER-atéths €5 dBduts UlDs idalriord atboie whicl| €srdptddedXly and/ or

Y[err], qu cli r

6, 7- di net g gi 4010 t@%t&t&dsg&lﬁpngﬂ'i ny?, aﬂqﬁydroiy pi peri dyl,
4-keto p| perr dyI N {B) phallkgd, o8, 1- tet dlydwen &l aagbiven atlomz0

pi perazin W e @P | 1 no S t £d with
fluoro, ﬁﬁglr"o %?h%&%aﬂr?& dt t %foltat} ?%r’re?’ﬁgg 8&“%abe#z?§laépr perazi nyl
opti onal | yaanns of 1sthsaboun & qgrthqu laoms ; énﬁor o, nethoxy, or

triflagromethyl, 25(e) Rq is seledflda@hﬁfdm(xﬁw igrdupy comedtiihgeofuater nary
ammoni um sal ts ther eof ; R3 is selected fromthe group
consi st i n§YArogen. alkyl of 1 to about ('71 ngosgﬁms:%gptlonally (2)

?'3;6" 0}‘, éublgﬁibﬁﬂféd&gﬁﬁ&?bm{%ﬁfﬁenzylw Ia@ii&ng.ky&Ubit Lt ubedbsart h - OH;
CycCl | a (6] apou car.no a ;
(4) al kyl of =$bon °anaRe et SoRsd orl Yoe seBRiARY, 242 PRPERAESR i ¢ al kyl of

about 5 twighoaryB ofiraibout 4 carxbnn atoms to about 10 carbéy atgmsof about
3to caLb 6/ 93 : . .
il i} - tit
PCT/ U /&’gﬁgg #5P8Btionally RSS! 193 or tri-substituted with
1. Y2 and/or Y¥Y3. -

Preferred X groups include -S02-, -NH-S(0)2-, and
-N(R')-S(0)2. Especially preferred X groups include -S032.
Preferred R] groups include alkyl, aralkyl, and aryl

20 groups. Suitable aralkyl and aryl groups include
substituted or unsubstituted'benzyl and naphthyl,
respectively. Preferred substitutions include{ -C(O)OH,
-C(0)0Z1, -S(0)mZ1, and -CF3. Meta and ortho substitution
is preferred. Ortho substitution is particularly

25 preferred. Especially preferred Rj groups include aralkyl
groups. Particularly preferred R] groups include

substituted or unsubstituted benzyl groups. Cyclohexyl
and cyclohexylmethyl also are especially preferred R3

groups. :
30 Preferred Ry groups include -CH2CH2CH2NHC (=NH)NH2,
-CH2CH2S (0) 2CH3, -CH2S(0)2(CH2)pC(0)25, -(CH2)pC(O)NR5RE,

‘e
- (CHp ) pCOOH, ana (CHCONS |

-CH2CH2CH2NHC (=NH)NH2, -CH2CH2S(0)2CH3, and
- (CH2) pC(O)NR5R6 . Especially preferred is

35 -CH2CH2CH2NHC (=NH)NH2. Preferred R5 groups :anlude
hydrogen. Preferred Rg groups include hydrogen. 3-(R) -

Particularly preferred are

quinuclidine, 3-(S)-quinuclidine, 4-trifluoromethyl-7-yl-
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Y[ er
3 ca

5 car bSO MMM t 0 about 10 carbon atoms which is opti onZGHPS?

or t
(7)
al ph
10
hydr

subs

atons which is optionally nono-, di-, -or tri-substituted W th

r], Y[err] and/or -Y[err]; (6) alkyl
rbon atons substltuted on the termnal carbon with ar

ri-substituted with Y[err], Yjerr] and/or Y[err];

al kyl of 1 to about 6 carbon atons wth aIkyI branch
a, beta, ganna and delta carbons of 1 to about 6 car
coumarin, 4-mefhpl-7syleteumanis,r Imvilreogmerpncodsyd+2ag

of 1 to about
&h of about 4

“ﬁﬁno-, di -

ng at the
bon atons; and
of

QR lagugﬁb &ﬁlﬁaEBIEQ&Mi 7§;§¥Jggﬁig€%g§zgggloga% substltufed

enzyl oxy and of 1 to abou ar bon at

ons

19@9&9&& 8Fithe3 r¥t nd naydranRanzaismacid. wArRydrgxyot - about 4 car bon

aton&mkmyabeubh&ﬁymaspr-erﬂﬁkéﬁiiﬁﬁnéi badontaaaahhu 10N&Gr

t%

X=gr
Espe
grou
aryl

resp

- S(Oxher, R¥FeNLhet

r.ef
ef
Rl er
Cycl g

grou

S et cpond Sidectiid) 219 et ratge,

di-, or
Preferred
)-S(O[err].

di-hlyidyopyphenethy X, gtRJerBlphaHmetxhyl‘Banyﬂ.], (S)-alpha- Preferred R err]

N S N T N T e T

MM@P} ' (bRe%) T é@-ml-tl*lrt {1oreshydd ) bepzyl CéD;thl
U5 CH ettty Wi z311d aqebhels ubski SR L Ag-

-OQ Oerr],
is

3051 BRF BN g@b@%"ﬂ@écﬁﬁ%f“ 25 bbbt st oot ot ed

e}:.hgﬂ.o) Upenzyt| aliechol, saridht4- (Metthydn) -BRAVESbIY Y6 SneBIOPEY |
ps

gr oups.

Q gx ohexyl met hyl also are especially preferred R err]
Bdlne fid %irred Rl err] groups include - CH2CH2CH2NHC( =NH) NH2,

-CH[err]CH[Drﬁﬁstcrﬁegr?@P{QﬁrquatQZﬂa;wrP@@@pﬁamr?éIt%eon]ﬁméxC»Z[err]

Part

- (CHRer gkppp( &réRtRssé RiBkylated w1th @gg&rbk)mcgg}kbéﬂg {grr]

icularly preferred are [ err] CH err] NHC( =NH)

NH[err]

1EH eprPeR éFPl]ﬂ%( 0) Parricyfasrly Praf&rred S(—'—Eﬂf—@h'ﬁ] $hEim) NR err [ R err] .
quakkynargf anmeniin é‘éﬁlts GRChHHSSNWEE RN b é’él@}ﬁ”ed Rlerr] groups

KiBpyn aBUSERERT AT TR aé?xhg&ﬁ#‘ en. 3 (R

Espe
i ncl
guin
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25

30

35

ammonium salts include isopropyl, isobutyl, isopentyl, and
isocamyl. Preferred cyclic quaternary ammonium ealts
include cyclohexyl, cyclopentyl, and cyclohexylmethyl.
Another preferred group of quaternary ammonium salts are
those alkylated with aralkyl of 7 to about 15 carbon
atoms. Particularly preferred aralkyl groups for
quaternary ammonium salts include benzyl and phenethyl.
Another preferred group of Quaternary ammonium salts are
those alkylated with aryl of 6 to about 14 carbon atoms,
optlonally substituted.. -

Preferred counterions to the quaternary ammonium
salts include chlorine, bromlne, iodine, acetate, and
trifluoroacetate. :

Preferred R3 groups include alkyl groups of 1 to

about 7 carbon atoms optlonally substltuted with -OH on a
terminal carbon atom. Other preferred R3 groups include

methyl, cyclohexylmethyl, phenyl, and benzyl.
Particularly preferred R3 groups are methyl, and

cyclohexyl. :
Preferred R4 groups include hydrogen and alkyl groups

of 1 to about 7 carbon atoms optionally substituted with

-~
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24 coumarin, 4-nethyl-7-yl-coumarin, 7-yl-coumarin, 3-

et hyl - 4( 3WP-9§(1P493z 0l | none, 2-yl - benzot hi azole, 3-yl- bé’ﬁfmses’m
3-yl -4-hydroxybenzoi c acid,  4- hydroxg

met hyl - 6- phenyl - 3-yl -2(1H) - pyrl done, 5omd 1- adamantyl, or 5 ethyl

mor phol i ne, ethyl piperidine, 2-(2-ethyl)pyridine, 4- hydr oxyphenet hyl ,
(R) - al pha- ne hgR b rksrminad) c@lrm;x atom. meEﬁVFbEH%?Fly preferred ‘is

4-( met hyI) I\€é PXY- 6- rret hyl - 3- pyri d| ne met hanol , (1R

2S) - (N- net hyI él e h )%Flp)enz | alc

(1S, 2R) - (N- met HFSRE 11 @t r&é(hBFefFEReéR?s?ﬁFtﬁo

et hyl - N (prevhied )dmem ompuunsisolof EDSMEIp- TANWHBEajh- Kt {1--5 (0) 2-,
ethyl)) e“ﬂ' i8l &mztﬁ% %5l '?Efé%ﬂs)u%ul?)éér Qif‘XlﬁyirEtQB{é Ry is 3-pyridine

met_ hano pr ef erred group of quaternary_afmoni um salts on the

R2 group ar@i%&@%ﬂ‘@ﬁﬂf@m't I$3alll§yF‘eGPYi t 8n@bBat 19 MYEreI/hon at ons.
Particularly pr Séﬁ ﬁsaf@iamaﬂfaa'ﬁe rx@aafa%baeeyaemamﬂaﬁ ts are

those with h Pref ed br ed al kyl
quat er nar y® of*S éﬁ‘% r?‘\'%%ﬁ?’é‘ 8{1 d'galg 3pr'o B 5355{'% ?@o‘ﬁ%ntyl , and
i soanyl . Punéabseﬁtwgfedlarml]m]ar raac@Rznmm—ucﬂgaﬁnsﬂzmcmmmnﬂmz,ycl.ohexyl :

it of A0 YR B8 TR PR, s iy SYRPRSRL VPR B |

about 15 CGSESﬁt is %ﬁﬁt@atrq isaba Qoppuads: Wagrer RLkis groups f or
quat er nar y capupii ?%éaé{. %Aé]ﬂéﬂ%lﬁ%@zﬂ 394 phenet hyl . 25 Anot her
preferred group uat ernary anmoni um serﬁ ‘are those_al kylated with

aryl of 6 to abBﬁﬁfsure@rmm ln':luQﬁJtQ'&Wh?@HBgPFY&t ed.

Preferred agﬁafe{zlogéréébiﬂ@ LSRR AR UBkampl8alb§, i pel ude
chlorine, brom ne, e, acetate, d 30 trlfluor acetate,

Pref er ted RAWBROTSNLFOR: f &o@%ﬁﬂeﬂ%’?'@fzeflfzoa“ S§BbEPSI®ar bon at ons
opt } onal Lyggbﬁinéuiwehydél (Etanplen 44), DeicaimphbrealBenydtpm Q her
preferre t QU

benzyl . 350R% f‘?% \g%i%?‘é? esfﬁ%reﬁt%g'}/egﬁﬁ%g Ohe%nﬁyagl ﬁ%g%pnyl cyglnghexyl .

Preferred BB)grbepsylsmifmnylnmkaggmnxna}sﬂﬁqﬂ51geeapeln1nefaldehyéﬁout 7
carbon at ong,Qphi 8NPk} Y £3Psiibdtiéhddy)benzenesul fonyl- (D) -
20 argininyl-sarcosine-argininal (Example 21), N-
benzylsulfonyl- (D) -methioninylsulfone sarcosine argininal
(Example 35), benzylsulfonylmethioninyl(sulfone)N- '
cyclohexylglycinylargininal (Example 50), (D)-
camphorsulfonyl aspartyl sarcosine arginine aldehyde
25 (Example 56), (D)-camphorsulfonyl-3-(3-pyridyl)-alanine
sarcosine arginine aldehyde (Example 62), benzylsulfonyl-
3-(3-pyridyl) -alanine sarcosine arginine aldehyde (Example
67), {D)-camphorsulfonyl-glycine-sarcosine-arginine
aldehyde (Example 73), d-camphor sulfonyl-glutamyl (O-
30 methyl)-sarcosyl-argininal, benzylsulfonyl-glutamyl (O-
methyl)-sarcosyl-argininal, d—camphorsulfonyl-glutaminyl-
sarcosyl-argininal, d-camphorsulfonyl-glutamyl-sarcosyl

argininal,



WD 96/ 19493
25
hydr ogen.

substituted or
- CH2 CH2 CH2 NHC(

Anot her particularly preferred aspect are gggpounds

-CH on a term na

car bon

PCT/ US95/ 16866
atom Particularly preferred is

: According to a particularly preferred aspect,
provi owWo 9énM9I3onpounds of forrmula | wherein Xis -S(O)[E@‘I/PS”HWR[ err] is

unsubsti tuted aral
=NH)NH[ err], Rlerr]

|,,and Rlerr] is
s methyl, and R err] is hydrogen.

-of formul a |

wherein Xis -S(Oferr]-

is substitfited or

R eH, ]

unsubsti t ut ed

aral kyl, and Rerr] is - CH[drr]CH[err]Cﬁﬂ
cyclohexyl and R4 is hydr&sg&F=0A very
such conpounds where R err] VJs CH,

referred

MRHC(=NH) NH err ],

aspect

10 R3 is

is directed to
subgtituted or unsubstituted benzyl.

Preferred co

ot

Rds |nnlud D-canp onyl as

partyl sarcosine

argi ni ne al deNy

cyst ei nesul fone @

D- canphor sul f onyl -

|1 aqqd
net

noy

sul fonyl
- arginine al dehyde (Exanple 44),

(Exanpl e
(Exanmpl e 16),

28),

benzylsulfonyl

sarcosH}e ar gi ni ne al dehyde
D- ar gi ni ne- sar cosi Nne- ar gi ni ne aldehyde

_(2-carbonethoxy)benzenesulfonyI

(D)- 2

0

ar gi ni nyl

- sar cosi ne- ar gi ni nal

(Exanpl e 2y N

benzyl sul f onyl
benzyl sul f onyl
(Exanpl e 50),

(D) - met hi oni
nethlonlnyl(§*¥
tF0sul

| sul f one sarfgosi ne arglnlnal
fone) N yn” @, ohexyl gl yci nyl ar gi ni nal

(Exampl e 35),

fon aspartyl sarcosi ne arginine al dehyde

25 (D)-ca

(D -
(Exanpl e 56), orsul fony - 3-(3-pyridyl)-al ani.ne

sar cosi ne

ar gi ni ne al dehyde (Bxanplle 62M, nzy ul fonyl - 3-(3-pyridyl)-al ani ne
sar cosi ne arginine_g d ' L 6. (D - {
- canphor sul f onyl -4 m s#r cosj ne- aNgl ne al dehyde (Exanple 73),
d- canphor sulf @Iutarry (O t hyd ) - sar cosyl - argi ni nal ,
benzyl sul f onyl tanmyl (O | ) - sar cosyl - ar gi ni nal
d- canphorsulfonyl gl ut am nyl - ar cosyl - ar gi ni(@al,,
d- canphor sul f onyl - gl ut anyl - sar cosyl _argininal
HO,C CHa o
o]
N
'g—N ‘/lk H
il
o] o
5 . (e),
NH
C|.-|3 A
| HNJLnn,
. O=8=0
CH, _ CH
Oo : | 3 o]
SN N
I H H -
o ° (@),
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[err] [err] 6/19493
PCT/ USO5WIBS9493 . | [ é’r"rff"s\gg“?'“
[err][err] WO 96/ 19493 :

PCT/ US95/ 16866 27 28 [err] '
Thus, preferred conpounds of fornmula (1) also igglude t he conpounds of
the following Exanples: 56 and WA 16 5 anff 116A, 116C, 117, 115C
118E, 115D, 116F, 108 and 120E, | = 114 and dg Nﬁ}B and 120G and 120J.

entlon IS directed to salts
|ncludes within its definition,
ntion derived fromthe

Accordi ng to anot her aspect, tasqﬁasent i
of the conpounds of fornmula (I).J" Sghk

salts of the conpounds of dD th pre
conmbi nati on of suc db rga ic gr inorganic acid. In

o

practi ce, " T H _
o (e),

AAANE

(£),

CH, L
o=é=o N NH;
o [ u ©
2-—");(":)\"&('*
I H o g H .
H NH
CHs |
| |
BN
- N H
@‘ﬁ-W Y
o H o H O (h), and

10



the use of the salt formanounts to use of the base form The conpounds
of the present invention are useful in both free base and salt form
with both forns being considered 15 as being within the scoge of the

pr esenWa96{18493i on. .These salts include acid addition 25166  exanpl e,
salts of hydrochl ori c acid, hydrzgrom c acid, acetic acid, benzene
sulfonic acid and other suitable acid addition salts. These salts
i nclude salts formed from conpounds contai Ngg 20 quaternary ammoni um

- salts. 2. Prepar attz Preferred ounds The conpounds of
the present invention may prepar edy rhl; preferred reaction schenes
depicted in 25 Figures 1, 4 and 5 anples 1 through 4 provide the
details of a preferre tho of making the commonly utilized
i nt er nedi at e, h‘_-\nl ro-E- ar|.g| nPnal. hyl cyclol. - As shown in
Figure 1, vari o 2=BoC o acigls are coupled to sarcosine

benzyl ester. O her N 30|.|al kil at ed arN noJpci ds may be used. The Boc group

i's renmoved with hydrochlorYc acid. Hrhe ydroc(r]_)orl de salt of t he
termnal free amne is reacted with triethylam né,;” "and WO 96/ 19493
PCT/ US95/ 16866 29 - Rlerr]Sqerr]d in

acetonitrile to giv sul f ona which_is t hen hydrogenated with

hydr ogen gH&4¥&m qr&'(ﬁ H°B'P°ung‘§aPSoﬁ°mu%a P} Rk dmclydeenove the
benzythe stampounds @ife thienfodlowiing ThRafpbes ACiSh ighd auphed160 Ng-nitro-L-

Bl Ref, Mg, HSR0GRHRPuct B ctasl ng e and 12080 0T 1 0

groupl®d and 1203 ctl13s anded2PGnoand 130J. hy.drogenat.i on with hydrogen gas

and pall a f I d ci;d. Then the

conmpound %%@égt%%&ﬁ%@%%?gch or| &gk'd ‘iﬁe u&Fophosphorl C

aci d ¥rented Fo sadtsr ginthal comapends of ﬁqmnulﬁ/e(ﬂt)l on*Salt" Preferred

rreansm&mamvﬁaﬂm Q.Qﬁphleﬁlniﬁioﬁorsalts %ﬁmﬂee,c&d%uha&%fstep in Figure

1% rﬁude foq{{ygtlon %t‘ a P gé e bo .conventional coupling
%ge reseiotvER SHRE QFF VeRLE k%;‘ PdeSERBM stry,

compounds and an organic or 1norgan1c acid. In practice,

the use of the salt form amounts to use of the base form.

The compounds of the present invention are useful in both

free base and salt form, with both forms being considered
15 as being within the scope. of the present invention. These
' salts include acid additipn salts, for example, salts of

hydrochloric acid, hydrobromic acid, acetic acid, benzene

sulfonic acid and other suitable acid addition salts.

' These salts include salts formed from compounds containing

20 quaternary ammonium salts.

2. Preparation of Preferred Compounds
The compounds of the present invention may be
prepared by the preferred reaction schemes depicted in
25 Figures 1, 3, 4, and 5. Examples 1 through 4 provide the )
details of a preferred method of making the commonly
utilized intermediate, NY-nitro-L-argininal ethyl cyclol.
As shown in Figure 1, various Boc protected amino -
acids are coupled to sarcosine benzyl ester. Other N-
30 alkylated amino acids may be used. The Boc group is
removed with hydrochloric acid. The hydrochloride salt of
the terminal free amine is reacted with triethylamine, and




pp. 55-73, Springer-Verlag, New York (1988) and references cited
therein. The chem cal coupling may be either by nmeans #5 iragao
two-step VOIS, 1 n one- step 20 coupling, the two coupl?y R%g?’f rs are
coupl ed directly. Pref er.red cou@di ng reagents. for one-step coupli ng

I ncl ude N, N -di cycl ohexyl carbodiinmide wi th 1-hydroxybenzotriazole -

- hya oy HHATE A e dRERara) 58 BERE,PRY S FEGEMAAE Umscn el

32/I.— |O)|E|¥bt ri cléh r@fﬁﬂgﬂnmhﬂahhhyduagéﬁxgéb um@mmlﬁn o:} l. .
nzot r £ T amet r t
or(2 (1I?I- Eé’?ﬁ%‘%f?‘e&oﬁ ngl'fl)s}lfif% tt% rgm”gv?g#ﬁ%%ﬁﬂ{”%ﬁ exat | uor ophosphat e

t etraf | uorphotecting gnonp.st She freecapidngs coupbed o NP -gsitgo-d-
anhydri ge 1€r, n artner is
anhyar § é&gl A toe?t??tc ggqighaﬁ?abeéms&ﬁae Qéle Eorpidd G e

er coup I'hg, partner.
For corrpou@%l%cﬁ Qd]é-fbrmleisn efbreHgBoA] obYii FRrbodiimidayl or aryl
noi eties sghgpiinged w th hal ogen, cyano nitro, or -S-Zerr], it is
preferred to av0|dt e use of 35 hydr as W, th aIIadlum carbon
ot end. it i o he NG Froun oF bBRcAdIRRL 151 Fhen, Sameted Ay
B( OCOCF3) 3hydrogéxm&ldmmtﬂ'h<hyﬂg'oglehr gaar ahdcpadbiadiem adryi ddrisdry r;@up The

"eagent ol SR REY eddbed "arPaEkRe 8E:1ED 1A0H h2OHldha i vo

96/ 194

30 di mmm&mébhth}@rach]loncms1deagehexa§1mmpmmmrﬂcal |y
avai | abl €. alFd 8 poovidi® dit AroiAinATPEY oh.gdtéfat":ﬁg nvel# {dh Dor on
trls(trlfluoroacetate oroace I C Fi eser, M

and Fieser, L. Pref ﬂé"é%éﬁl‘%aqsop chemigldysgrupding, (ﬁs ger John Wley &

Sons, New é’saé:hple, t(ﬂ@7f‘b)rsﬂ°|st%‘§> 131 F:.gﬂéeBMeinthdé 1fdeatimews Chem ,
Internﬁ.’ Ed, 12 _147 or e, pr ef eiled method is to use the

di a peR MY MS&F@CF°H§93F&8B3%OF°PB B FRIFHSE noi ety 10
for groupskhowenimttles easti t h Seed Bogianszkyn Ni.{ hPgptiddi Ciiemistmn carbon.

|
g%g:xag}) ﬁ?t %’?g%({t:ér 0 aS?"ﬁl% éolﬁgﬂ Ygglél 3;‘29@) a’i‘% %%%?z('ﬁﬂcﬁ% l e and
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to formal a- N- benzyl oxycar on)i
20 -coupllng, the two coupling partners are coupled directly.

Preferred coupling reagents for one~step coupling include.
N, N'-d1cyclohexylcarbodllmlde with 1-hydroxybenzotr1azole
monohydrate, l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
with l-hydroxybenzotriazole monohydrate, benzotriazol-1-

25 yl-oxy-tris(dimethylamino)phosphonium hexafluorophosphate,
2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium |
hexafluorophosphate or 2-(lH-benzotriazol-1l-yl)-1,1,3,3-
tetramethyluronium tetrafluoroborate. In two-step
couplihg, an activated'éster or anhydride of the C-

30 terminal carboxy group of one coupling partner is formed

prior to its coupling to the other coupling partner.

For compounds of the present invention containing
alkenyl or aryl moieties substltuted with halogen, cyano, .
nitro, or -S-231, it is preferred to avoid the use of

35 hydrogen gas with palladium on carbon. -Insteéd, it is
preferred to use boron tris(trifluoroacetate), B(OCOCF3)3,

to cleave the NY-nitro protecting the arginine group. The
reagent is prepared by the reaction of BBr3 and CF3COOH in



onega, onega'-di-Nt-butoxycarbonyl-L-arginine | actam The lactamis
opened by treatnent with LiAlHerr] in tetrahydrofuran at -70C to

prov'Qﬁg@ﬁﬁg@B benzyloxycarbonyl;ogega,

onega but oxycar bonyl -L- 20 argini'nal. This aldeﬁggg&ﬁgﬁﬁ%nected as
t he di et hyl acetal by treatm3fit with ethanol and hydrochloric acid.
The N-benzyl oxycarbonyl protecting group is renoved by treatnment with
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'556%t955§&&okh95n E{a”PbQ§ to prov1de alpha-N-

benzyloxycarbonyl-omega. omega'’ -dl-N- -butoxycarbonyl L-

20 argininal. This aldehyde is’ protected as the dlethyl
acetal by treatment with ethanol and hydrochlorlc acid.
The N-benzyloxycarbonyl protect1ng group is removed by
treatment with hydroéen gas end palladium on carbon to
give omega, omega'-di-N-t-butoxycafbonyl—L-argininal

25 diethyl acetal, hydrochloric acid salt. This protected L-
argininal moiety can then be coupled to a desired '
carboxyllc ac1d by treatment with N-hydroxybenzotrzazole
and 1-ethy1 -3- (3-d1methylam1no—propyl)carbodllmlde
hydrochloric acid salt. The diethyl acetal and the di-BOC

30 protecting groups are removed by treatment with
hexafluorophosphonic acid'in_acetoﬁitrile'at 0°C. The
reaction is quenched with 2.5 M agueous sodium acetate

until pH 4 is reached. The mixture is filtered through a
2 micron filter. Preparative HPLC using 0.1% CF3COOH in

35 10-40% aqueous acetOnitrile provides the trifluoroaCetate
salt of the desired substltuted L-arglnlnal compound
In Flgure 3, the Boc protected methlonlne sulfone
sarcosine benzyl ester, prepared in Example 74a, is N-



74a through 78 describe such a synthesis. 15 Figure 4 illustrates a

preferred nethod of synt hesi zi ng conpounds with an N lcfiisaé/fed32
group. "WNO96/19493| \y| at ed" enconpasses N-al kyl ated, N-arylated, and N
aral kyl ated quaternary amoni um saits. Exanples 79 through 89 provide
the details of this synthetic 'schenme. 20 The Boc protected glumatic

aci d benz st er Qupl e am naquinucl i.di ne di hydrochl ori de
usi ng iéfgﬁﬂﬁ¥h“ﬁfabé& 8@ :gBV?b Egﬁhfﬂ%s 2%iébe uggd Strohg acid

renoves t&kk Rt imo tagrenitisg cgnobe. u$kd. anThe benz nesterreact ed with
~triethyl am If I qFﬁgp galot ectin

group is ?5£§v§23§§%%§¥%f§tl%%%ngﬁ g?o%ﬁﬁ%&?%%@ free acid |s t hen °
~ coupl ed tandpalladismesucerbenEx afprerasultiad steeRIAEEE il i ng reagents.
The bagi coaipIéa Ko e Ron: cmsa b¥ Ehaﬂpneaatsyl ¥éédement akltH i1odi de. The
Ng-nitro grou |s rqué}aﬁwl t he ‘a i % g grou r%guced by treatment wth
hydr ogen §8&Y ViAminopgepyl) FBRPOHIMISRt i ¥ ar gi ni ne et hyl ani nal
i's Openedhydf&}f]ber%iwm'fl dzldﬂ.&@phﬂﬁplﬂemlechymlrﬂonphﬁlﬂxéiydr‘nwmﬁ-i c acid in
water to giLve the fina s a preferred
reacti on BEHERIFYP 35 ¢ °vu§gyattfrgﬁtglﬁnﬁ-%g%lgy?%aﬁ%nylﬁsgcystgl ne
SE;(.H f one- SpalladiwR)om|qaxbost iyl pethancd:, begethtdasid aard svakerr gi ni nal . f

a S u '

TPh§S REEUEQUONMI ARaGid G diRE et ek Ian36BEMEs dBened /bfgoc group o

buty € cyStelnes one 493
PCT/ U895/ tseatment with hexafluorophosphoric ac:.d ipn water b’éfhzg/’f"ﬁast er,

pr epar ed EﬁQOfﬁ;ém produdp| Q%g%@et hr ce8 a schéméeﬁ@iv’e@hé)y treat ment

wi t h anhydr ous h hIorlc t er,yi nal reacted with an
i e basVARReSLS OF FTESyIER [Eene, HoAs, PBLFRBE ShERRarE AR ¢ - buty)
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acid The aci h EQSEP benzyranine usi ng
1- eth&F 3-(3- glgﬁﬁg g hfﬁﬁg%§gkéé)é[a(xu %Q% ﬁggrochlorige salt and
1- hyamkpsehzwslm@nd#we%aﬂ N-ddkydates R2 grewP10 eated with
hydrogen aiﬁyiaéeaa'% scwmq}lfatgd heERYSatBa, DERd - ester
protecting gro e resu acid 1_.s cou to the compound of
Exanpl e 4ag§;hg ated quaternary ammonlum salts. ples 79 .
through 89 provide the details of this synthetic scheme.
20 The Boc protected glumatic acid benzyl ester is

coupled to 3-(R)-aminoquinuclidine dihydrochloride using
standard procedures. Various_amines can be used. Strong
acid removes the Boc protecting group. The amine is then
reacted with triethylamine and'benzylsulfonyl chloride.

25 The benzyl ester protecting'grdup is removed by catalytic
hydrogenation. The free acid is then coupled to the
compound of-Example 4 ueing standard coupling_reegente.
The basic amine of the R2 group'is then reacted with
allyliodide. The N9-nitro group is removed and the allyl

30 group reduced by treatment with hydrogen gas and palladium
on carbon. The cyclic argiﬁine ethylaminal is opened with
hexafluorophosphoric acid or 6 M hydrochlorlc acid in
water to give the flnal product

Figure 5 illustrates a preferred reaction scheme for

35 the preparation of N-benzylsulfonyl-L-cysteine sulfone-S-
((R)-alphamethylbenzylcarboxyamide)-sarcosine argininal.'
Examples 90 through 9é_describe_the reaction scheme. The
Boc group of butyl'acetate cysteinesulfone sarcosine-O-



standard coupling techniques. The Ng-nitro group is renoved with
catal ytic hydrogenation and then the 15 argininal ethyl cyclol amnal is

openedgi 493 hexafluorophosphoric acid or 6 M hydroclycqnisosaégel | N

water to give the argini:nal product, 3. Sel ection of Preferred
Conmpounds 20 The conpounds the present invention are screened
for their ability to inhibit thronbin, plasmn, reconbi nant tissue
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water to give the arglnlnal product.

20 The compounds of the present 1nventlon are screened
for their ability to inhibit thrombln, plasmin,
recombinant tissue rlasminogen activator (rt- PA),
activated protein C (aPC). chymotrypsin, and tryps1n as
set. forth below. Certain of the preferred compounds are

25 distinguished by their ablllty to inhibit factor Xa, while
not substantlally inhibiting thrombin, plasmln, t-PA, aPC,
chymotrypsin, and trypsin. With respect to factor Xa and
the other enzymes and es used herein, the term “"not
substantially 1nh1b1t1ng" means that the ICsp (or Ki) for

30 thrombin, plasmin, t-PA, aPC, chymotrypsin, and trypsin
for a given compound is greater than or equal to its ICsg
(or Ki, respectively) for factor Xa. ‘

The compounds of the present invention are dissoived
in buffer to give solutions containing concentratlons such

35 that assay concentratlons range from 0 to 100 mlcromolar
In the assays for factor Xa, thrombin, plasmin, t-PA, aPC,
chymotrypsin, and trypsin,'a'chromogenic synthetic
substrate is added to a solution containing test compOund



concentrations. Ki is that concentration of test'conpound gi ving 50%
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present 15 invention. 2. Cert 5 of the preferred compounds of t he
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I nventi on encdnpasses rmaceuti cal “conpositions prepared for storage
or adrisfayis Asiesh teheehkeesnphe seompevrdsy i tthamsesentect i ve 5 anmpunt
of a cogpayertfidnie present invention in a- pharmaceutical |l y ‘accept abl e
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The ther ally effective anpunt of a conmpound of
the present irnRﬁEWQi?\ﬁﬁlt eﬁéﬁgeﬁﬁxghE°WBﬂ?%§%f£¥)ék%uﬁﬁﬁﬂ%?@ration, t he
type of nemuentisimnfavecat &, ofingbout Q00@hysd cabbowthA0cmdx iist the of the
speci fic nBE®r Wil@ssay. Especially preferred compounds have a Kj

of about 0.001 to about 50 nM. The more especially
20 preferred compounds have a Ki of about 0.001 to about 10
nM.

-Certain of the preferred compounds of the present
invention have a ICs59 for thrombin, plasmin, t-PA, aPC,
chymotrypsin, and trypsin which is at least 10 times

25 greater than its ICsg for factor Xa. Especially preferred
compounds have an IC50 for thrombin, plasmin, rt-PA, aPC,
chymotrypsin, and trypsin which is about 20 to about
100,000 times greater than its ICsg for thrombin. More
especially preferred compounds have an ICs50 for thrombin,

30 plasmin, rt-PA, aPC, chymotrypsin, and trypsin which is
about 100 to about 1,000,000 times greater than its ICsg

for factor Xa. In the event that a compound of the
present invention has an IC50 with respect to thrombin,

plasmin, rt-PA, aPC, chymotrypsin, or trypsin which is

35 greater than the highest concentration of compound tested,
the ICgg is taken to be that highest concentration of

compound.



consideration. These factors and their relationship to determning this
anmount are well known to skilled practitioners in the nmedical arts.

Thi s d the met hod of administrati on can be o achi eve
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15 op i cacy but will depend on such factors as di et
concurrent medication and other f&étors whi ch t hose ski I led in the
nmedi cal arts will recognize. The therapeutically effectiveé anpunt

of a onpgﬁnd of !. tEeﬁgresenE i nvention can range, broadly dependi ng upon
t he de peutic indication. Typi cal ly,
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Tl GRS oEnar EBﬁﬁH&h&aéf the SEEURS n%%'ﬁl'égb&hsg' ng Co. (A R Gennaro

edlt 1985) . For exanpl e, sterile s I ne an osphat e- buf f er ed 'sal i ne
at pmr&aG&PE&FaﬂaWnﬁﬁc%tm CEXTI&Lvat i ves, 30 stabilizers, dyes and

even fl avmuewghegaﬁeetﬁraalby effwméiedndumt o Bh%ﬁiﬁsﬁﬂa' &8l composition.
For ng ent sodéﬁglbenzqg% sor i d_an %ers of p-

hydrga?b $EPRE P °B SR r°é§ =l § o at 1449.. |n

addi edministrasicdanthe atybe ushonatimad depcdmigs tm‘e;taa hﬁdueled I d.
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formil ate S use as ta%%ets capst erixrresfor oral
admi rﬁ@FﬂéﬁF@ﬁlo§upp'B§¢$%rf%tqziﬁ and their\ypedgtionsBip to

PCT/ deterk8f®fg this amount are well known to skilled rectal
adnlnlstraklon sterile s ?é; éﬂs and suspensi ons for_injectable (

admi REECEALAORETS (iRt HRe | Srddse 3 is ameERfk o@ndf theini ni strati on can
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35 | BptShal esdlShoy BN LAN dRIL A QU AGagEL Lactors  which those

ecogn| en adninistration is
to bwedghtnt diat, coreumrent mﬁdﬂqaﬂmgmoa@dontheuafaqtbas|s i nj ectabl e

phar geeut thdke skilled in the medical arts will recognize.
The therapeutically effective amount of a compound of
the present invention can range broadly depending upon the
20 desired effects and the therapeutic indication.
' Typically, dosages will be between about 0.01 mg/kg and
100 mg/kg body weight, preferably between about 0.01 and
10 mg/kg, body weight.

Pharmaceutically acceptable carriers for therapeutic

25 use are well known in the pharmaceutlcal art, and are
described, for example, in Bgm;ng;gn_g_ghg;mgggg;;ggl
s§;§ng§§ Mack Publishing Co. (A.R. Gennaro edit. 1985).
For example, sterile saline and phosphate-buffered saline
at physiological pH may be used. Preservatives, .

30 stabilizers, dyes and even flavoring agents may be
provided in the pharmaceutical composition. For example,
sodium benzoate, sorbic acid. and esters of p- ' _
hydroxybenzoic acid may be added as‘preservatives - 1d. at
1449. 1In addition, antioxidants and suspendlng -agents may

35 be used. Id. _ _

The pharmaceutical compositions of the present
invention may be formulated and used as tablets, capsules
or elixirs for oral administration; suppositories for



conpositions can be prepared in conventional fornms, either 10 as |liquid

sol utions or suspensions, solid forns suitable for sopeiiedkngics
suspensWﬂﬂ’WHM??quid prior to injection, " or as enul sions. Suitable
excipients are, for exanple; wat 8b, saline, dextrose, mannitol, .
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enhancing preparations (e.g., llposomes) may be utilized.
20

5. Utility and Methods

Compounds of the present inveﬁtion when made and

selected as disclosed are useful .as potent inhibitors of

factor Xa in vitro and in vivo. 'As_such, these compounds
25 are useful as in vitro diagnostic reagents to prevent the

clotting of blood and as in vivo phafmaceutical agents to '

prevent thrombosis in mammals suspectéd'of having a

condition characterized by abnormal thrombosis.

The compounds of the present invention are useful as
30 in wvitro diagnostic reagents for inhibiting clotting in
- blood drawing_tubes. The use of stoppered test tubeé

having a vacuum therein as a means to draw blood obtained

by venipuncture into the tube is well known in the medical

arts. Kasten, B.L., “Speéimen Collection", Laboratorv Test
35 Handbook, 2nd Edition, Lexi-Comp Inc., Cleveland pp. 16-17

(Edits. Jacobs, D.S. et al. 1990). Such vacuum tubes may

be free of clot-inhibiﬁing additives, in which case, they

are useful for the isolation of mammalian serum from the



bl ood drawn into them The conpounds of the present invention are
used 10 alone, in conbination of other conpounds of the present

i nvent i on in conbination with other known inhibitor 68g#}otti ng,
in thekm%fb‘g"é |l ection tubes. The anount to be ad3’°3"{o such tubes is

that amount sufficient to I nhi bit the formation of a clot when

~mammal i an bl ood is 15 drawn |nto 51e tube. The addltlon of the conpounds
to h t known in =~ the art,
such 2% 8‘ #p%au iq o %&gﬁ%ﬁ%ﬁ in 1}?30%:'rré%f as a solid

corrposﬁdh-bhveﬁef%‘mh ag he:qmldl Saltoonﬁbs‘At samta,hlciltraté yoph| lized to a
S0l | dga) ¥8€0R Oox& PR Wi £, tﬁew{]@:ﬁee& LenVEHé Oarélr&s d to bl ood

coll ection tubes i n, such anDunts en co i ned ' 2 to 10 nlL of

manmeEPENERE oHEP1RHOT B AAmmalign slasmantfrom Ebﬁp‘@lfm% wiThe be suffi ci ent
t 05i nBblapbundistof lehmtpﬁsent 1nTrmltG.&h| &ret Bstéﬁguiﬁmwm rat ion will

be abgyt OOn vmthl n fer :

The " co?fpo%%%é) ot He cgraésses B0 F8R 8n15F8r88€?E? %“C‘,':g b maceut i cal
agent solbecpien ctubew) tmmﬂmmts clot&ing ofathel mamsgkidred of havi ng a
condi ) 983 CaRERS L Bt & abnor mal thronbosis. 30 Condi ti ons
characteri zed by abnornal thronbosis are wel | known in the nedical arts
and i ncl udERehEEPPRAS Wwhdhe nuesent: dnventinn geeowsedascul at ure of

maoMRAsone Y 1) conis RAfSin (GF UkReEOEBABLNAS ! 6F | Bhe YNSRI Ur e, abnor mal |

t hrombosi s, (t hronbus for n) chmct ei:ll zes the _rupture 35 of an

est abtMFERRT 2R ne? §tﬂéﬁ5ﬁ a&lgﬁ’u(‘-ﬁ’ i ORRPE kpewn inhibatassise of acute
nmyocaefli alotting ctiro rthen blooet a:bll&ectlongtﬁhes as Tied lansurd $Q .
char 864 Shaddd % BB Chltale/ Us e’ QRBLNe" BLPEPYRL TRt T on resul ting frord

pCT/ Uiphibhipaehe formation of a clot when manmalBé‘n bloctdnrxmbol ytic therapy

015 PeaFalnd NBvLtS tHARIET nq*hecaaaa%&ks oﬁaﬁ'ﬂ Oeéxgﬁé% ‘Wth respect
to the venouys - va cul ature bnor maf1 r onbosi ar ac erl zes t-he
condi YR Gﬁqm dePYyomathads ovellirkpovwn iim 5 the | over

ext r etheéi mt,Orsucﬂﬁ aﬁod@zﬂm&oaue%wﬁ%ef deliquid lﬁcfx&!oéﬂt@.@rf‘ hrombus
for ”Béﬂ;&eéf‘ t he aV . u% \é%%\(p%ls?. lJj.on thereof, or liquid
composition whlch is 1yoph111zed to a solid. The

20 compounds of the present invention are added to blood
collection tubes in such amounts that, when combined with
2 to 10 mL of mammalian blood, the concentration of.sueh :
compounds will be sufficient to 1nh1b1t clot formation.
Typically, the requlred concentratlon will be about 1 to'

25 10,000 nM, with 10 to 1000 nM belng preferred

The compounds of the present invention are useful as
pharmaceutlcal agents for preventlng thrombos1s in a
mammal suspected of hav1ng a condition characterized by
abnormal thrombosis. ) .

30 _ Condltlons characterlzed by abnormal thromb051s are
well known in the medlcal arts and include those 1nvolv1ng
the arterial and venous vasculature of mammals. With
respect to the coronary arter1a1 vasculature, abnormal
thrombosis (thrombus formatlon) characterlzes the rupture

35 of an establlshed atherosclerotlc plagque whlch is the
major cause of acute myocardlal 1nfarctlon and unstable
angina, as well as also characterlzlng the occlusive _
coronary thrombus formatlon resultlng from elther



resulting in reduced blood flow to the affected extremty and a

predi sposition to pul nonary enbolism Abnor nal t hr onbos peTirgss1s8é6

char act erWOE&NM R seni nat ed” 10 i ntravascul ar coagul opat hy whi ch conmonly
occurs within bot h vascul ar systﬁﬁz during septic shock, certain viral
infections and cancer, a condition rein there is. rapid consunpt i on of
coagul at i n Tﬁp@ég, | guk he
formati on%g?oﬁ‘%%ﬂ&‘s'ig g)flﬁi%%}?em r% % rowgd%{)éc%&%%gﬁghgougbgaagr% _

i cr ovasc @ingtiopdassydil RECAb- wi WtEhrerspentyd® tdi9 yieaous The present
i nvent.i On\} Hdearest QBHSnEQI BhEMBS 1Y charatt@didicsi @Rei N @ manmal
suspect ed having a conditj|on . characterized by .abnormal thronbosis,

conpri si n@@’@lt&&ﬁl HP?FEVFﬂgllﬁop%%ﬂ-%Pﬁ eTgqing MFIQEi SYFEF ¥ +Bcti ve
amount f thet QN éxtiremnipbes noe ethie calbdanimzls idrdean who oftehhe present

b esent 1 FHERSTo 5P CAARTRS: EYEREHIC: b Ui feiue YARSRIRLARE L e
pref er abl ywesulaimgmin. refincedpbbgodgfidertad the afifepted lextrempsynds or
phar maceuld £fla G2TISH ls?lﬁoﬁa@obﬁﬁmoné’ﬂ?‘éﬁﬁo Bl  QporhamRl in a

vari ety of ways, , parenterally, intravenously,
subcut anedzmoynbosm |fHFFHﬁﬁs§bF§?F§/er%%ﬁF%rﬂksa‘-’ﬁ“}/mqr"éﬁ ally, nasally or 30

i ntrapgdi taeavascuadR @bh@lép&@hj{%ﬂlﬂfl SeaReel ¥ GdBurs withdmi ni stration

is preferably parenteral , su ntrave on a dail ba I'S. :

Al t ernat i \)th?jn vasc ﬁV§FP§F| 3Hr1’-§gp§%%+% rl’ip‘g?al tabl ets

Capﬁuges ]?In%dﬁﬁldﬁs landecanses, dai tgndasion Wdterein therrqor:zsctnaspudg t he

net hods of _t he nt 0 har naceut i cal
qnpp[tﬁ.so% of @}Qggé%ggion £ &Qgrg 5@8%&{ &

conposi ti S AVentTon are a ered alone or in
conbi nat i czpagulagiicn @mchnwﬁéltsolnl ghe ofermatiom off tlif&her therapeutic

WO 96/ @49&1reaten1n§ thrombi occurrlng throughout tﬂ?@T / US95/ 16866
38 or In vivo dlagnostic a rent to one

skill ed i imi¢rovRRSEAtUEe 1 eg.d:.% FHeW&ﬂ%ﬁ??%%ﬂll?r%‘?rf %‘r €&nount of the
conpounds or - m@fﬁ‘ém&wtﬂrﬁa@ntﬁwaﬁbuuaaa Réthbdds pfes apteventainig on Wil |

a condition in a mammal suspected of having a condltlon
characterized by abnormal thrombosis, comprising

20 administering to said mammal a therapeutically effective
amount of a compound or a pharmaceutical composition of
the present invention. '

The compounds or pharmaceutical compositions of the
present invention are administered in vivo, ordinarily in

25 a mammal, preferably in a human. In employing them in
vivo, the compoﬁnds or pharmaceutical compositions can be
administered to a mammal in a variety of ways, including
orally., parenterally, intravenously, subcutaneously,
intramﬁscularly, colonically, rectally, nasally or

30 intraperitoneally, employing a variety of dosage forms.
Administration is preferably parenteral, such as '
intravenous on a daily basis. Alternatively,
administration is preferably oral, such as by tablets
capsules or elixirs taken on a daily basis.

35 In practicing the methods of the present invention,
the compounds or pharmaceutical compositions of the
present invention are administered alone or in combination
with one another, or in combination with other therapeutic



5 vary dependi ng upon the age, weight and manmal i an speci es treat ed,
the particular conpounds enpl oyed, the particul ar node of

adm ni and the desired effects and the t her gReMbii6h {kd .cation.
Becaus@gt’ﬁ}ééégf actors and their relationship to detg% ni'ng this anount
are well known in 10 the nedicnh%arts the determ nation of therapeutically

effective dosage |l evels, the a nt necessary to achieve th]e desired :
result of e thronb05|s wll be within the anbit of one
ski I?’éd"?nﬂﬁ%s@%ﬂ’%ss'uf:y gc?i’i'ltl y, -.adm ni stration of the conmpounds or

phar maceubscié dppaxvenfostia iones sikililled pnetbatmedieal iawt, sa conmenced at

| ovegy gﬁ?%gtfifi f’fé&l%s%uh%VSEstﬁg'g&nﬂé@&{&sasﬁd _until the

desire preventlng In vivo thr IS achi eved which woul d
def | RRAFMAFRY BIRAL |QARRFidions: Pfethe PraseRnt . inveptior widdpounds of the
pEesgaty i Aaseidiny e and age, %l@ﬁﬁt aff Mamhel 18e WPdGals conposi tion,

such_dosges.ar waen about 01 nd 100 /%glbody wei ght ,
B SRTS pethp PRI, GERERYR0E ROPLEYe R0 R To assi st
P:leumdéeszﬁrﬂnmlsﬁm@msaémﬂ itheedesdred efﬂed:ﬂ:strﬁhmﬂ llfhel‘ u;t hter ltlhl ustrated
. ey elate to IS
Ib%Vtegﬁl o#élgﬂ?guﬁa&aér% %g&:a-ggiegﬁéggp%%?Hg%s ptgtqlfrl cally limting
t he rel$¢WQnﬂh¥91quﬂqnﬁﬂmlmangathaﬁsambunhearavwsﬁl(knownmmnknomm . or
hot eendenesoped ahd Cftﬁw@e@eﬁlw&ﬂbﬂ %?etﬂé'f' & t one skilted in the

art are copsidered tq fall wthin scope. o RQentlon as.
desc?fg RIS A9FagR) Ynviedisnatther am°“€FaPﬂ§ﬁssarY 125 a@l’e!-rﬁﬂee 1

Pr epehiat desti yéd Nedultaof pireveneangotionbesid ; MiT0ge arginine  lactam
Vo 9611:%':? 3t:he ambit of one skilled in these arts 'Ip‘y%-l;./cgsggl 16866 ‘
39 !

administration of the compounds or pharm_a_ceut__::.cal
15 compositions of the pre_e_nt invention is comtnen_ced at

lower dosage levels, wi;h dpsage levels being increased

until the desired effect of preventing in vivo thrombosis

is achieved which would define a therapeutically effective

amount. For the compounds of the present invention, alone
20 or as part of a pharmaceutical con:lposil_tion, sﬁch doses are

between about 0.01 mg/kg and 100 mg/kg body weight;,

preferably between about 0.01 and 10 mg/kg,. body weight |

To assist in understand:.ng, the present invention
will now be further :Lllustrated by the following examples

25 These examples as they relate to th:.s invention should

not, of course, be construed as specifically limiting the
" invention and such variatibns of the_invention, now known
or later developed,_which.would be within_the purview of
one skilled in the art are considered to fall within the
30 scope of the inventionlas described herein and hereinafter
claimed.

35




[err] N- al pha-t - but oxycarbonyl -N err]-nitroarginine (2.00 g,

5 6.3 mmple) was dissolved in tetrahydrofuran (100 ) by
sol uti onWQ968493r r ] C.. The solution was allowed to cool

tenperature. N-nethyl piperidine (0.84 ni, 6.9 mol e) was added, and the .
solution was cooled in an . ice ba3h. |sobutylchloroformate (0.83 nL, 6.3

nnDIe) was 10 added, and the reaction mixture was stirre
hours. The reaction mxture was stirred fqr
the dewar was allowed to nelt gyersi ght.
vacuum The crude product cH, s d|}ssol ZCNQeth yl
acet at e/ di chl or onet hane ( ~R S 3 ed by
chromat ography through a 8 3x5 cmcHl u of gilica gel
acet at e/ di chl oronet hane as eluent. 125 niL of eluﬁ@

9:g (74

sol vent was renoved under vacuumto afford

t he
peidieed

d at O[err]C for

18 hours while the ice in
The sol vent was renobved under

flash

usi ng 20% et hyl
col |l ected. The

% crude yield) of

the title conmpound as a white 20 foan1 ' = 0.44 (silica gel, 95:5
-di chl or onmet hane: |soprop nol ) reseni as ‘an inpurity.
Thi s conpound Nt sUﬁQP‘Y 3 Hé-m.tr 2FIAnE | 2489 & from

di chl og oretjwa:wme)x WASS dQBsolvedt hnnﬁétmhpdroﬂfran (1D0amu)e by
D igk‘éa} o el W3R hoxucapbeny ol &l ddudidd %ﬂ&gﬁ%gg' nal

40 cool to room temperaturper r N-methylpiperidine (0.84 mL,

6.9 mmole) was added, and the solution was cooled

in an

ice bath. Isobutylchloroformate (0.83 mL, 6.3 mmole) was
10 added, and the reaction mixture was stirred at 0°C for 6
hours. The reaction mixture was stirred for 18 hours
while the ice in the dewar was allowed to melt overnight.
The solvent was removed under vacuum. The crude product
was dissolved in 20% ethyl acetate/dichloromethane (10..
15 mL), and was purified by flash chromatography through a

3x5 cm column of silica gel using 20% ethyl

acetate/dichloromethane as eluent. 125 mL of eluent was
collected. The solvent was removed under vacuum to afford

1.39 g (74% crude yield) of the title compound as
20 foam. Rf = 0.44 (silica gel, 95:5,

a white

dichloromethane:isopropancl). Isobutanol was present as
an impurity. This compound may be further purified by

recrystallization from dichloromethane/hexanes or
ethanol/water. '

25
Example 2

6



(a) Procedure 1 To a stirred solution of LiAlH err] in _
tetrahydrofuran 5 (3.8 nL'of a 1.0Msolution, 3.8 nmole), cooled in an ice

bat h, vvai StfSid dropwi se ethyl acetate (0.43 nL, 3.8 peffatsRhicsss
tetradyﬂ ol n (5-m.). The solution was’ stirred for 30 m nutes at

Oferr]Cto preforn1L|AIH[err](dEt)[err] _ The solution of this
LiAlH err] (CEt)[err] mas added dropmﬁse 10 to a stirred.solution of
conmpound of Exanpl e 1 ool e) in tetrahydrofuran (5 ni).
After 30 m nutes, ;jk%Qﬁn€n |s uenched wi th 1. ON aqueous

hydrochl ori c aci d/ t@Hf ahylt o m. of a 1:1 mixture). 1.ON
aqueous hydrochloric acid (20 nL) wes added, and the 15 solution was
extracted three tinmes with ethyl acetate (20 nm. each). The conbi ned
organic |layers were washed with wajer (5 mL), saturated sodi um

bi carbonate (5 nL) and twice withdrine (2x5 nmL), dried over anhydrous
magnesi um sulfate, filtered andNHhe sol vent was renoved under vacuum 20
to give 0.94 g (100% yield) of the’ﬂ§}le conmpound as an - off-white
solid. (b) Procedure 2 HzN NatM@y natively, the title conmpound was
made by the 25 procedures which foll ow - A 12 liter four-necked
round bottom fl ask equi pped with an overhead stirring apparatus was
flanﬂadrlgﬂggggg;g_l a strong streamof nitrogen. After the flask ‘had

(376 mhol 30 & BEAFERR AR ISIRR AfiddA R Am, CaFrabERrofuran 1 7 oodn" " %0

(9| a3ed f sheaagci sdich, |39 smh )5 088 in an 140 96/ 15493
ga g was added dropw15e ethyl acetate (0. 43 mL, 3. 8 " (
mmole) in tetrahydrofuran (5 mL). Thg solutlon was

stirred for 30 minutes at 0°C to preform'LiAlﬁz(OEt)z
The solutlon of this L1A1H2(0Et)2 was added dropwise
10 to a stirred solutlon of compound of Example 1 (0.92 g,
3.1 mmole) in tetrahydrofuran (5 mL). After 30 minutes,
the reaction is quenched withll.ON aqueous hydroechloric
acid/tetrahydrofuran (2 mL of a 1:1 mixture). 1.0N
aqueous hydrochloric acid (20 nL) was added, and the
15 solution was'eXtracted three times with ethyl acetate (20
mL each). The combined organic layers were washed with
water (5 mL), saturated sodium bicarbonate (5 mL) and
twice with brine (2x5 mL), dried over anhydrous magnesiﬁm
sulfate, filtered and'the solvent was removed undef vacuum
20 'to give 0.94 g (100% yleld) of the title compound as an
off-white solzd '

(b) Procedure 2 _
Alternatively, the title compound was made by the
25 procedures which follow. |
A 12 liter four-necked round bottom flask equipped
with an overhead stirring apparatus was flame dried under
a strong stream of nitrogen. After the flask had cooled,
120.0 g of N-alpha-t-butoxycarbonyl-N9-nitro-L-arginine
30 (376 mmole, 1 equivalent) was added under a blanket of
nitrogen followed by.the'addition of 6 liters of anhydrous



tetrahydrofuran (Al drich sure-seal) via cannula. The flask was then
fitted Wydo 6& gyer noneter and the resulting suspensi on RETIUSASN68EE t O
SO[err]Cwth a heat gun while stlrrlng The reaction m xture was cool ed
to 5[err]Cwith an 5 ice bath and fdhther cooled to -5[err]C with an.
|ce/acetone me.it took for this solution to
reach - tet B?EYS%Qﬁu%EFGEKHhGE¥N ﬁ@?thN}GrS??P%ﬁ?ne T®ir ochl ori de
(376 mo| €ladk Owas Uthver efi ftethwinti ghatediiomete 808 the lfestltitlg and
suspended in 300, nL of dichloronethane. . This suspensi on was sparged.

wi th nitr8YERERSEOn Was Waaned 5 &POC with ¢ Bﬁﬁ}:cgaﬁdwl% @l of

N-met hyl pgggggﬁge ('fhg Pgél:’:é’fér?%l)xtur § %ﬁg‘igdvhé §W:'x9:9@n
ni t rogen ture soni cated f0 I'nsuré comple

di ssol gt i qeef beerxbaﬁe ﬂﬁrﬁmerr&toolredamb r—es@molwadht anOfeeyacetonén | ce bath
whi |l e stipth under nitrogen. The resulting solution of free base was
used | ater”. When t he above arginine solution had reached -5[err]C,
45 . of NDnEinglphpetimkriivﬁapkuﬁnnjuhi; spdhmgenfoblnaeth-ZO m nut es

| at er by on o chl for 0.95
equi val en ) VI ggs%l%g‘é I#h%n&l Wg&yﬁ%ﬁgﬂﬁp%ﬁy&ﬁ g? PFI% for 15
m nut es at(375[mmol€, 1.0 dﬁmzyaldnha wﬁueumnbheﬁreatbaneasﬁomtmbn of N,O

di met Ryl hyelg yLﬁH‘Q&s Lt &@1 @rRansann fsover about
O g v e e

15 m nut es. S contlnu anot 1.5 hours at
which ti nﬁusnensmgewas sp%wmno‘zjr mﬁrqgﬁn |f@sr gemmmtee. 9@091:@&. c acid /

nmet hanol I onet at_ the.reactio

conpl et e. t?h(e)bFeé% [ Oé] lﬁr?x?u;}?mé{&ﬁ?% q:é'(ﬁ] (g gt Ffl}ngﬁfﬂ%%?ﬁ the salts
washed w was4edded viacsydinge rundel ofihnogen. She mistbhretwase

concent r atseﬂleaéea BAEHHTY O ARLAL ycomplé%@mrs@,b%tag%f%é Olgayé" | ow

f oam he crude Tnternedi ate was taken up in
di chl aﬁonibtmamandaaqipre_edoled ate DWnmimfarsiildec baghl whille 86i2B0 nesh,

[50 i bR | iha' -Vt etba'ad) Faon ot (358 Hhad gL orort hane
fol | owed weél &@Fsﬁ , WD 96/ 19493
PCT/USQ5/16866When the above arginine solution had“éeached -50C, 45
mL of N-methylpiperidine was added via syringe followed 5
20 minutes later by the addition of 46 mL of isobutyl

chloroformate (0.95 equivalent) via Syringé. The

\J

resulting solution was stirred for 15 minutes at -5°cC.
After this time, the free base solution of N,O-
dimethylhydroxylamine generated above was added via

25 cannula over about 15 minutes. Stirring was continued at

-50C for another 1.5 hours at which time thin layer
chromatography (silica gel, 1:10:90 acetic acid / methanol
/ dichloromethane) indicated that the reaction was
complete. The reaction mixture was filtered while still
30 cold, the salts washed with 400 mL of cold tetrahydrofuran
| and the filtrate concentrated under vacuum on a rotary
evaporator to yield a yellow foam. _
The crude intermediate was taken up in 300 mL of
dichloromethane and applied to a column of silica gel (70-
35 230 mesh, 7x50 cm). The column was first eluted with 2
liters of dichloromethéne followed by 2 liters of 2%
‘methanol in dichloromethane. This was followed by elution



wi th 5% nmet hanol in dichloronmethane until all of the product had been

eluted (the eluent was checked for UV activity and five one-liter
fractions col | ected once this UV activity was ﬁ?@‘&%f

Fr acti%ﬁ?‘@g{ﬁai ning pure 5 product were pool ed and conceﬁ’Fra ed under
vacuum and pl aced under a hi vacuum overnight to yield 120.1 g (88%

yi el d) of N-al pha-t-butoxycarbonyl-N err]-nitro-L-arginine-

(N, Owgmtslsytnbrﬂaﬁéyl £i1i db¢hbPerometiiitie \RIdiawalioage Ehis foam was taken
up I n .

ni. of. chloro 00 of ol_u and the vol atil es
ver e PEOSRCE RAT glsﬁﬁvﬁ%ugeé Eéhé € r‘ﬂatsocg’éﬁk?g gﬁ P¥si dual water or
met haotlivity and fltéOOneglIﬂer\I-fm:ja;ﬂa) dnsbutemeyeeﬂ.theayédl\lgn@?t rk o-L- -
e aken up in
?lrgle?yl%fby %g%wyﬁgsur@%ﬁ Fs F% é%n%mg:]oﬁgzgﬁnéﬂ% PPEfsfer eg to a
dry priodust weﬁecneqled an@mmtmﬁerd amdeerquappum andh a nechani cal
stir fiaceddunderaal RYGH FR@nEh lH\féﬂdl%‘HH)g%g 1e13h?2§ﬁ}L¢Afﬁ¥"as cool ed to

-70[err]C with a dry-rce/acetone bath an err]
t et r atipdddf of aN-adBhardtido tgxycarhdny i-NhsficrodLracgiginé- from 100 n1_

A dr'(wgsa&ﬁeéﬁgihm bpfamidd) Al hagdle g@lgow ggi,qf ML A Herr] in

t et rahydr of uran, was a via syrin %urlngthe
addi tﬁ%waﬁhéaksacwow 300 (daf stighd oxemekbpnebeB o mBO@érr] C. The

rgac ticdhenas and Bhé rv6Tht ed v&éﬂ@t&n’izeatagaiﬁ[ eemblred! B8a&PO! i ng bath
renoved. 25 __and the reaction &s sl.o allog/;dto warmto O[err] C (about

2.5 NEGRER tR-FRBRYS. %@fe’??ﬁ’é waf@[rePF] mefhapedk sI urry resul t ed.

Wien the neachi gn mﬁiy]’_?,é).b‘g.%mfg;q;}%r {guot was renoved and
partltloned bgt %e‘é acet ate ?bg aSSI um |suI fate. The organi c(
| ayePTAZBLE8~ (M- ‘EH&?E%Q&‘ Q’ﬁﬁlﬁm’%ﬁér Blofemmgtebrwagsilica gel,
et hylkakeat apein 2.8 litersViem die (mmbnnsweeé kudgpd to be conplete, it

ot assium hi sul-fate was
‘aﬂ%de&e\t;.f-%ﬂ o%%'ls%gnfgﬁet{llﬁsaf;erﬁ%g% eﬁogﬂf Eﬂaﬁé tep keR$FRA the reaction
terrpa,fpapdrbogwovxfl&ﬂf eaqyippethavitholki mgchanhical sefrrencasal and the

[ 94
reackl 98y rl%ézh%éfawfe YRR SERLCOMR e soluty\gﬁ 954 4% $§1e(ﬁ §91C over the

cour s208€ witbuasdxy ide/dvetione dawhi Bed 300 mL of 1M LiAlHg

in tetrahydrofuran was added by cannula transfer dJ.rectly
20 from 100 mL Aldrich sure-seal bottles. 2n addltlonal S0
mL of 1M L1A1H4 in tetrahydrofuran was added via syr:.nge

(total 331 mL). Durlng the addltlons, the reaction
temperature was_kept below -60°C. The reéétion was
stirred for 0.5 hours at_¥70°c,_the cooling bath removed,
25 and the reaction was slowly allowed to warm to. 0°C (about
2.5 hours). Between -30°C and -20°é a thick slurry.
 resulted. When the reaction mixture obtained 0°C, a small
aliquot was removed and partitioned between ethyl
acetate/2M potassium bisulfate. The organic layer was

30 then analyzed by thin layer chromatography (silica gel,
ethyl acetate).

When the reaction was judged to be complete, it was
cool_ed to -70°C and 503 mL of 2M potassium bisulfate was
added via dropping funnel at a slow enough rate to keep

35 the reaction température'below -309C. The cooling bath
was removed and the reaction mixture was allowed to come



precipitate was filtered off. The solids were washed with 500 nmL of cold
tetrahydrofghéa‘p The filtrate was concentrated under V&g rotary
$ s

evaporat%? 5 nost of. the tetrahydrofuran was renoved a
remai ni.ng whi te sl udge was nost | §3 agueous. The crude product was
taken up in 1.5 liters of ethyl acetate and washed with 0.2 M

hydr ochl qid @oeciobelr? the288ubbe - oi he PP Y WHich tige @ Ghikacts were
back-extracted w th 400\/\/EL of eé %;10 cet ate and the orggnl CS were
conbi ned PRRFIBIHALE WaS\fiftered & GRS mexeo yRghed( wikh200 ni).

The bz hanaife ceitr setsaipdro fhfan harte e2ditaeiced waist h 400 ni of
i ned _and d.with brine

t hyl t at th sh

((320% nf;:ec?c%ﬁee&%gé%a gry: %Zv%g,fégmﬁgg# P SEHTRAEG ngél The sol ution
was f|5tema1: of thentesrahyduofvuan was uesnwred arst ahe eempdnangr and
placed o giu\a@@u%ggogﬁggej_ghiqﬁ Yé el ik V%l,%ﬁ %q.lsﬁgl £89.0 g) of

crude tit e conpoynd hi s was- omat ogr ap ca gel and el uted

with a griffemudnod . @ Ldtens, ﬁ%tﬁm 3¢ RS IR veshefe Withe pure
fractiong \aem@mf@bmaraadaeyapozak@baw el ebﬂ&@;yurwcalonccorrpound as a .

whi t I 2,5 Pr epar n o
N al ShZC’t Ico\jf sk5E érﬁﬁrﬁ[ basks ?ﬁ‘%? cied with, @%nr“ﬁm e ¥lcyel ol
[err]10 acetad®@ and théherganposmdené domimiiesi Ard bxiFagtel #3¥hnol €) was

di ssol ve% %ﬁ%@%‘w&%&%&&ﬁ&ﬂae&“?@w e(fqnlb)y o rochl oric acid (1 m)

was adde ter the reaction (5| lica gel, 10%
net hanol bifarbongtehextsastranere akgo s@%ﬂxﬁmm 4@@emLvacuum

of ethyl acetate. The qrganlcs were then combined and
washed with brine (200 mL) followed by drying over

15 anhydrous sodium sulfate. The solution was filtered,

 concentrated under vacuum on a rotary evaporator and

placed on a high vacuum overnight to yield a white solid
(89.0 g) of crude title compound. This was
chromatographed on silica gel and eluted with a gradient

20 of 0 to 10% methanol in dichloromethane. The pure
fractions were combined and evaporated to yield the title
compound as a white solid (75 g, 74%).

Example 3 _
25 i - -t- -N9-ni -L-
ininal ethv] 1ol
CH; ©
CH, N_ _NH,
cu,?’\o)LN |
H o N_
&n, NO,

30 - The compound of Example 2 (41.60 g, 0.137 mole) was

dissolved in ethanol (200 mL) and concentrated
hydrochloric acid (1 mL) was added. After the reaction
was complete by TLC (silica gel, 10% methanol in
dichloromethane), the solvent was removed under vacuum.
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44 The crude product was purified by flash chronatography t hr ough
a colum Ofﬁﬁl|lca gel (230-400 nmesh) using 0 to 16 X/46866

acet aP WM r onet hane as el uent. The conbi ned fractions y| el ded 36. 88
g (81% of the title conpound as445 pal e yellow foam Rerr] 0. 62
(silica gel, 95:5, CHerr]C [err]: nethanol). : Exanpl e 4
Prepahatcnudafpquu¢q-waanpyn;iaﬁdlbyninaehhghrcwatqgraphy hydr ochl ori de

Salchf d%hd? ?}umn of Sﬁ}ICF Efl (230 400 m%zh) us{ﬁﬁrd

To .

a so e conpoun anple 3 (35 15 500 nmL of absol ute
et hahBt ethy} Acqtatp/dichdoroneshppespg fluen ofT%s‘-?ﬂ“ﬁ?tléeét hanol

Satufﬁaééléhé Fyfuaéa:fﬂs)raec gamsd%()g)af the thtEe néoghplithavas al [ owed to warm .

hecke i n=l,a er ography. The appearance
%%f QMQQ qﬁélag gﬂg%und Most of the
hydrgﬁgtpﬁtﬁegﬁhﬁglyj\Mas rennved wth a streanlof dry nitrogen and the

resulting organi c solvent was renoved under vacuum - The resulting 33 g
of the title conmpound as a yellowwhite solid was. used without further
puri  @n 25 Exanple 5 Preparation of

(E»fﬁfé@%+grﬁ1err] arglnlne sarc05|ne benzyl ester

h

10

To a solution of the compound of Example 3. (35 g) in

15 500 mL of absolute ethanol at 0°C was added slowly 500 mL
of absolute ethanol saturated with hydrochloric¢ acid (g).

This mixture was allowed to warm to 25°C and checked by
thin-layer chromatography. The appearance of a very polar
product was the desired compound. Most of the hydrochloric

20 acid was removed with a stream of dry nitrogen and the
resulting organic solvent was removed under vacuum. The
resulting 33 g of the title compound as a yellow-white
solid was used without further purification.

25 Exgﬁnlg_i | |
. . _ _ ‘2-._. ) Y . r . n .



hydrochl ori de salt WD 96/ 19493

PCT/'US95/ 16866 45

[err] WO096/19493 . Tg a stirring solution of PCTIURISIG6S

Boc-D-N err]-nitroarginine (6.2 g, 49.4 mvole) in 100 nL of dry

di met hyl f or mami de was 5 added sarcosi ne benzyl ester para-tol uenesul fonic
acid salt (8.2 g, 23.3 mmolNJM-NOged by benzotriazol -1-yl -

oxy-tris-(di net hyl am no) - phosphonlun1hexaf|uorophosphate (8.6 g, 19.4
meol €) and N-net hyl mor phol i ne (10NB.nL, 97.1 mmol e). The m xture was

stirred for 16 hours at room 10 t rature. The reaction m xture was

di ssolved. in 900 nm_ of et hyl a§ e nd washed with 300 nL each of
water, 1 M aqueous hydrochl orj ma er . saturated aqueous sodi um
bi car bonate and bri ne. Thé"QJrgﬁaN ) over anhydr ous
magnesi um sul fate, filtered and theOSOIvent 15 gnoved in-vacuo. Rf = 0.39
(1:9 met hanol : di chl or onet hane). The resulting oil was di ssolved in
di chl oronet hane (50 nmL) and treated with 50 m. of 4.0M sol ution of

hydr ochl ori c aQﬂé’d'EﬁyfgﬁﬁgesolutléﬁtSE BolOHIN99 - A 1t ddd i icRMREURd
precipitated when the 2 reaction m xture, was oured i.;nto ether (500 ni)
with W g rods “E’lqlﬁr)l 8. 10§BL ppE cABY tFine maside ¥RS dri ed in

vacuo tm maaédi%a&a@sﬁ.ﬁeabén&ﬂl&gtured:ﬁaonfommésdﬂ&mc aeq@pound as an
?1":); \é\glrr:)ﬁcﬁp%rfjf g( D)23E§a$$‘ffﬁg £?H°‘&?‘§q?¥ ?f%lrgzn"to?frz@&s sdl5enzyl ester
oxy-tris- (dimethylamino) -phosphonium hexafluorophosphate
(8.6 g, 19.4 mmole) and N-methylmorphollne (10.6 mL, 97. 1
mmole). The mixture was stirred for 16 hours at room
10 temperature. The reaction mixture was dissolved in 900 mL
of ethyl acetate and washed with 300 mL each of water, 1 M
aqueous hydrochloric acid, water, saturated aqueous sodium.
bicarbonate and brine. The organic phase was dried over
anhydrous magnesium sulfate, filtered and the solvent
15 removed in vacuo. REf = 0.39 (1:9
methanol:dichloromethane). The resulting oil was
dissolved in dichloromethane (50 mL) and treated with 50
mL of 4.0M solution of hydrochloric acid in dioxane.
After 5 hours, the title compound precipitated when the
20 reaction mixtﬁre was poured into ether (500 mL) with

vigorous stirring. The precipitate was filtered and dried
in vacuo to provide 8 g (guantitative yield) of the title
compound as an off-white powder. o

25
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46 [err] - To a solution of the
conmpound of Exanple 5 (4.19 g, 10.1 mmle) in 10 nL PR
dlnetﬁypﬁﬁﬂﬂgﬁrde and 50 nL 5 tetrahydrofuran was addgénﬁﬁkna“6

(D) - canphorsulfonyl chl ori de © (48.7 g, 15.1 mvole) foll owed by
triethylamne (7.0 niL, 50.3 nnnle) - The mixture was stirred for 16
hours at room t enper at ur eH,N THR-NGBact ion m xture was di ssolved in 800

mL

of ethyl acetate and mesh with 200 nL each of water,

aqueous hydrochl oric acid, water NHksaturated aqueous sodi um

and brine. The orgs
sulfate, filtered afd
was di ssol ved i nHC
first 15 wth dichl orege .Se-gt

nmet hanol : di chl or onet hane (10810 ) O The
fracti on was concentrated to prOV|de 5.7 g

.vaent CHg
«oronethane nd

compound as an off- white foam 0.45 (1:9 nethanol:

di chl Oromil‘ 1084 EHB'S oun Féh? 1Y fg. 19
(0)- oo FSEED R St ik fg

5

10

15

20

25

err -arg
dry dlmethylformamlde and 50 mL

tetrahydrofuran was added (D)-camphorsulfonyl chlorlde
(3.7 g, 15. 1 mmole) followed by trlethylamlne (7.0 mL,

1 .M10
bicarbonate

i c_phase was dried over anhydr ous magnesi um
ved in vacuo. The resulting oi
iltered through sili-ca, eluting

nhol : di chl or onet hane
%yield) of the title

sarcogrne [err] [er

50.3 mmole). The mlxture was stlrred for 16 hours at room"

temperature. The reactlon mlxture was dissolved in. 800 mL
of ethyl acefate and washed w1th 200 mL each of water, 1. M
aqueous hydrochlorlc ac1d water,:saturated aqueous sodlum
bicarbonate and brlne | The organlc phase was dried over
anhydrous magne51um sulfate, flltered and the solvent
removed in vacuo. The resultlng 011 was dlssolved in
dichloromethane and filtered through silica, elutlng first
with dichloromethane (500 mL), then 1:9
methanol:dichloromethaae (1000 mL). The
methanol:dichloromethane fraction was eoncentrated to
provide 5.7 g (95% yield) of'the title_compound as an off-
white foam. Rf = 0;45'(1:9 methanbl; dichloromethane) .

Example 7 _
= =(D) -NI-NO2-arginine
sarcosine
_HzN\'FN'N.Oz_
NH
. o CH3 o
3
S-—N N\/JLQH
T
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47 10% pal | adi um on carbon (2.5 g) was added to e,s sﬁ%lon of
t he conp¥09/IMI3Exanple 6 (5.7 g, 9.57 mmmol e) in 300 nfCTP nol
under a nitrogen bl anket. The m xt4fre was hydrogenated at 1 atnosphere

for 16 hours. 5 The mxture was filtered and then concentrated to provide
4.5 g (96% yiejgh) f11de8und ke Q%Bﬁumé gsgﬁ whi t gad&dnio a Exarrpl e 8

Preparat|on of D)-ca horsulfo err ]- ar i ni n

sar cosi ne¥Nf g‘ éﬁ’rrpﬂ CQF'EPHP Ey@g‘ é ﬁﬁlg' mmole) _
[E(rjr] ) 11511 30h0 mL of methaaneundéroanﬂwfodjmarmla—ﬂéet(l &zhe;;a 6. 1I rrrrgl_ e)
and the t re dissolve

wWith sti rW"ﬁE}"II'%%%?WTO%& gé%gngmzt%gngspéexl? n%oé efs %uﬁsur e was added
1- hydr BxyTHe amtjmmmasaiall@e@edzang then Qcmcembteet;e@rtcb provide

O (7-azabg

hexafluorogﬁq% atey?% ) ok ka éltle %ﬁb?@ﬁ? netﬁvrnnrpholine

(1.7 nm., 15.8 nmole). After 16 hours t he reactlon m xture was dil uted
with 600 gxamle &8 hyl acetate and extracted with 150 nL.each of water,

= _ wl- (D) -NI-NOp-arginine-
10 sarcosine-NI9-NOo-arginirn ic-

HN___N=NO,
: NH
CH, o _) CHs o
H,C - AN
3 )ﬁs_u/ﬁr \/u\
- ° No2

c|-|3

The compound of Example 4 (1.64 g, 6.1 mmoie) and the
15 the compound of Example 7 (2 g, 4.1 mmole) were dissolved
with stirring in 20 mL of dry acetonitrile. To this
mixture was added l-hydroxy-7-azabenzotriazole (0.28 g,
2.0 mmole) and O-(7-azabenzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (1.5 g, 4.1 mmole)
20 followed by N-methylmorpholine (1.7 mL, 15.8 mmole).
After 16 hours, the reaction mixture was diluted with 600
mL ethyl acetate and extracted with 150 mL each of water,
1 M aqueous hydrochloric acid, water, saturated aqueous
sodium bicarbonate and brine. The organic phase was dried
25 over anhydrous magnesium sulfate, filtered and the solvent
removed in vacuo. Chromatography of the resulting oil
(silica, 4:1:4 hexanes:methanol:dichloromethane) afforded
1.25 g (43% yield)'of the title compound as an off-white
foam. Rf = 0.26 (1:9 methanol:dichloromethane).
30



1 M aqueous hydrochloric acid, water, saturated aqueous sodi um
bi carbonate and brine. The organic phase was dried 25 over anhydrous

magnew‘)g ug{ i‘&qu ate, filtered and the sol vent renovegd.n]sm

Chro y of the resulting oil (silica, 4:1:4
_hexanes: net hanol : di chl or omet hane) af forded 1.25 g (43%yield) of the
title conpound as an off-white 4oam Rf = 0.26 (1:9 ' i
nethdhﬁhﬂﬂﬁnﬁloronethane) 30 Vo 96/19493 ' :
cycl igediigin@nicnellic-OEt aminal [err] 5
1.25 g of 10% pal | adi um on carbon was placed in a 500 m. PARR bottle to
which 10 nmL of water and 4 nL of gl aci al acetic acid was added. To this
m xture was added a 10 solHgNiopN®Wf the conmpound of Exanple 8 (1.25 g, 1.74
nmol e) in 100 nL. of nethaffol. The m xture was then shaken under a
hydr ogen at nosphere at 40 psiNHor 3 days. The catal yst was renoved by
filtration and the filtrate con entrated in vacuo. The resulting oi
was azeotroped Ghst hLolgene to @r@ve th emai ning acetic acid to
afford about-Hl‘c _ _uﬁntlt&tlvé | d). the title conpound
I H o H ¢
_ o) \1 NH
5 ' _ CH,

1.25 g of 10% palladium on carbon was placed in a 500
mL PARR bottle to which 10 mL of water and 4 mL of glacial
acetic acid was added. To this mixture was added a
10 solution of the compound of Example 8 (1.25 g, 1.74 mmole)
in 100 mL of methanol. The mixture was then shaken under
a hydrogen atmosphere at 40 psi for 3'days. The catalyst _
was removed by filtration and the filtrate concentrated in ,
vacuo. The resulting oil was azeotroped with toluene to
15 remove the remaining édetic”acid to afford'about lg
(quantitative yield) of the title compound.

20

The compound of Example 9 (1 g, 1.7 mmole) was
25 dissolved in 20 mL of 50:50 water:acetonitrile with



Preparation of (D) -canphorsul fonvl- (D) -araini-ne-sarcosine- 20 arginine

al dehyde [err] ound
of Exanwe9s/®491 g, 1.7 mole) was 25 dissolved in 20 ntcggg%(’()l

wat er: acetonitrile with WD 96449493 ,

PCT/ US95/ | 6866 49  stirring and cool ed

to Ofer ] GushAhd %%d"‘?%%&eﬁaw 38 i jooQatld:Onaths Shavkysgdded 50 n

of a60vvt uorop osphoric acid I1n water. Ater 1
heur, the q&lutlc’@f wase stewdyi eddadxBArel oS ad Ldttdy sod uksen: ofH 4 using " 5

sat ur at ed W%r%%%p:@ﬁ%awm R Gatex! Urﬁﬁ/&S 1 houfrl | theegnt hrough a
plug of Celite. The tit ng{ S taln rlflcatlon of the
filtrate RE Fhe Feaction mix | ol ?t‘é%“*&ﬁ]‘g 4u8548% gr adi ent
CO_”?: St$ ngsaturatied’ amedd sodiami acetaten \Am:es motmmewma@ 0. 1% 10
trifluoro 0y t it 5yhp 1

mL/ m nut e?fﬁ]tfcﬁ%# %%ht élgg gﬁ Héff?%d ﬁ%éc%%see °R}é‘d JW’%pec( FAB)
confir med ebtaiced dHyapaa ifdcasipar Oﬁ/etbhtflltriﬁe guB prepargdiFeanpl e 11
Preparati GRpif EANGRY REdRKS Le8r eBYLAR! B¥ingSd Gradiedty HRElseinge salt

of 7 to 28% acetonitrile in water containing 0.1%

10 trifluorocacetic acid run over 60 minutes at a flowrate of
115 mL/minute) and lyophilization of the pooled fractions.

Mass Spec(FAB) confirmed the calculated molecular weight
of 598.7.

15

20
To a solution of Boc-sarcosine (30 g, 158 mmole) in

500 mL dichloromethane was added with stirring carbonyl
diimidazole (25.7 g, 158 mmole). After 15 minutes, 9-
fluoreﬁe-methanol'(29.5 g, 150 mmole) was added and

25 stirring was continued. After 16 hours, the reaction
mixture was diluted with 1200 mL ethyl acetate and
extracted with 300 mL each of water, 1 M agueous
hydrochloric acid, water, saturated aqueous sodium
bicarbonate and brine' The organic phase was dried over

30 anhydrous magnesium sulfate, filtered and the solvent |
removed in vacuo. The resulting oil was dissolved in 500
mL dichloromethane and treated with 100 mL of a 4.0M
solutlon of hydrochlorlc acid in dioxane. After 12 hours,
the title compound was prec1p1tated by pouring the



[err] 20 To a solution of Boc-sarcosine (30 g,

500 nL di chl oronet hane was added with stirring carbonyl

(25.7 158 nmmol e). After 15 mnutes, 9- f1 uor ene peqigsa8regsed 29. 5 0,

150 9%93 added and 25 stlrr%fg was continued. After
reactlon m xture was dil uted

di i m dazo

16 hours, t

th 1200 nL ethyl acetate and

158 mmol e)

| e

he

extracted with 300 nL each of water, 1 M aqueous . hydrochlorlc'aC|d

wat erreged ior necktagec dntos edheam (100@|mm bt er:zgutdmrs ne.

The organi

Corventeoring. o ankibe ¢ BRRKEL YR PRETER O B ', L YR 7T 00"

dlchlnmqmﬂnhdhe3én¢ ﬂﬂé&tydemdihoioﬂheitxﬁleichmpﬂund asolaot i on of

hydro di oxane. After 12 hours, =~ the title conpound was
pgl[ Q,? &%@%ﬁ?& ng the PCT/ US95/ 16866

preci

c

VO

in

mL

96919493 | 50 reaction mxture into ether
(100QE£Ednlgj12.vigorous stirring. The precipitate was filtered and dried
in vacuo to prOV|de 35 ¢g (7396y|eld) of the t|tIe conpound as an

ester

To a stirring solution of Boc-(D)-N9-nitroarginine _

© (10 g, 31.3 mmole) in 150 mL of dry dimethylformamide was
added the compound of Example 11 (21.2 g, 40.7 mmole)

15 followed by benzotriazol-l-yl-oxy-tris-(dimethylamino) -~
phosphonium hexafluorophosphate (13.9 g, 31.3 mmole) and
2,4,6-collidine (120.7 mL, 156.5 mmole). The mixture was

stirred for 16 hours at room temperature The reaction

mixture was dlssolved in 1200 mL of ethyl acetate and

20 washed with 350 mL each of water, 1 M agueous hydrochloric'

acid, water, saturated agueocus sodium bicarbonate and
brine. The organic phase was dried over anhydrous
magnesium sulfate, filtered and the solvent'removed in
vacuo. Rf = 0.45 (1:9 methanolﬁdighloromethene).

25 The resulting oil was dissolved in dichloromethane.

(500 L) and treated with 100 mL of 4.0M solution of

hydrochloric acid in dioxane. After 12 hours, the title
compound was precipitated by pouring the reaction mixture
into diethyl ether (SOO-mL) with vigorous stirring. The

30 precipitate was filtered and dried in vacuo to proyide 

15



To a stirring solution of Boc-(D)-Nerr]-nitroarginine (10 g, 31.3

mmle) in 150 nL of dry dinethyl formam de was added t of
Exanpl e WOAMB ¢ 40.7 mmole) 15 fol | oned by FerrURANRE
benzotriazol -1 -yl -oxy-tris-(di #ethylam no)- =~ phosphoni um

hexaf | uor ophosphate (13.9 g, 31.3 mmole) and ~ 2,4, 6-collidine (120.7 nL,
156. 5 nmol g) (9FeyieXdUref itte titdld lconpolind 46 KAULSEakhi®e®M tenperature.
The reaction m xture was dissolved in 1200 nL of ethyl acetate and 20
washed witROY8BT M. each of water, 1 M aqueous hydrochl oric acid, water,
sat urat ed aqueous sodi um bi car bonate and brine. The organi c phase was
dried over gﬁﬂéggg magnesi um sul fate, filtered and the sol vent renoved
in vacu®G. = U. 45 (1:9 nethanol : di chl oronet hane). 25 The

resultisg o %ﬂaggghﬁgeNgzzég%QQiﬂ%) and treated
ydrochloricTacid 1 n di oxane. After 12

with 100 nt of 4.
hours, theskikcbsine conpound was precipitated by pouring the reaction

m xture into diethyl ether (500 nL) with vigorous stirring. The 30
precipitate was filtered and dried in vacuo to provide 15 WO 96/ 19493
PCT/ US95/ 16866 HN _PDINO; g (95%vyield) of the title
conpound as an off-white powder . Exanpl e 13 5 Preparation of
benzylsulfonyl-(D)-N[err]-hKIerr]-argiﬁtje i E :
_ _ ﬁ - ?Ha¢>

S=—N NJLOH

L

o

10 To a solution of the compound of Example 12 (7.5 g,

14.8 mmole) in 30 mL of dry dimethylformamide and 45 mL
acetonitrile was added alpha-toluenesulfonyl chloride (4.2
g, 22.3 mmole) followed by diisopropylethylamine (12.9 mL,
74.3 mmole). The mixture was stirred for 16 hours at room

15 temperature, then piperidine (7.3 mL, 74.2 mmole) was
added to remove the fluorenylmethyl group. After another
12 hours, the reaction mixture was dissolved in 600 mL of
ethyl acetate and extracted ipto saturated aqueous sodium
bicarbonate (2x200 mL). The combined aqueous fractions

20 were washed with 200 mL ethyl acetate and then acidified
to about pH 4 using concentrated hydrochloric acid. This
was then extracted with ethyl acetate (2x300 mL) and the
organic fractions were washed with 300 mL brine, dried
over anhydrous magnesium sulfate, filtered and the solvent

25 removed in vacuo to provide 3.28 g (50% yiéld) of the
title compound as an off-white foam. Rf = 0.15 (1:9
methanol:dichloromethane).

Example 14
30 Preparation of benzylsulfonyl-(D)-NI-NO>-arginine-
wgw



sar cosi ne ' [err] 10 To a

sol ution of the conpound of Exanple 12 (7.5 g, 14.8 mmole) in 30 nL of
dry dbﬁ?? $rmam de and 45 nlL acetonitrile was adga¥uses/16866
al pha-to uenesulfonyl chloride (4.2 g, 22.3 mmle) foll owed by

di i sopropyl ethylamine (12.9 nmL, 52 74.3 mmole). The nixture was stirred
for 16 hours at room 15 tenperature, then piperidine (7.3 nL, 74.2 mol e)
was added to renmove the fluorenyl nethyl group. After another 12
hours, the reaction nm xHN.E NMNO,di ssolved in 600 nL of ethyl acetate .
and extracted into saturafﬁﬁ aqueous sodi um bi carbonate (2x200 ni). The
conbi ned aqueous fracti onsNH) were washed with 200 nL ethyl acetate and
then acidified to about gH 4 using concentrated hydrochloric acid. This

was t hen extract et h ?Uet te (2 m.) and the or gani ¢
fractions were w d it h 300 n?jgglne driled ¢ over anhydrous nmagnesium -
sul fate, f||tered axd Jmn 0 vl pNHacuo to prOV|de 3.28 ¢
(50% yield) of the || t H | egconpoundyas Sﬁp white foam Rf 0.15 (1:9
met hanol : di chl or omet hane) . 30 Prepar Pﬁomﬂﬂoz

benzyl sul fonyl - (D) -N err]-NJ err]-argi ni.ne-
sarc05|ne N err]-NJ err]-arginine cyclic- OECPHani nal

The compound of Example 4 (2.25.g, 8.42 mmole) and

5 the compound of Example 13 (3.12 g, 7.02 mmole) were
dissolved with stirring in 10 mL of dry dimethylformamide {
and 30 mL of dry acetonitrile. To this mixture was added
l-ethyl-3-(3-dimethylamino-propyl)carbodiimide
hydrochloride salt (2.02 g, 10.5 mmole) and 1-

10 hydroxybenzotriazoleimonbhydrate (1.42 g, 10.5 mmole),
followed by diisopropylethylamine (6 mL, 4.5 mmole).
After 16 hours, the reaction mixture was concentrated in
vacuo then diluted with 600 mL ethyl acetate and extracted
with 150 mL each of water, 1 M aqueous hydrochloric acid,

15 water, saturated aqueous sodium bicarbonate and brine.
The organic phase was dried'over anhydrous magnesium
sulfate, filtered and the solvent removed in vacuo to give
3.29 g (71% yield) of the title compound as an off-white’
foam. TLC gave two spots, Rf = 0.40 and 0.50 (1:9

20 methanol:dichloromethane). ' '

Example 15

25
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52 [err] - : The :
Exanpl e WQ/1949%), 8.42 mmole) and 5 the corrpound of Exar%‘?‘@%gﬂ%ﬁm g,
7.02 mmol e) were di ssolved with stggring in 10 nL of dry
di met hyl f or mam de and 30 nL of dry acetonitrile. To this mxture was
‘added 1-et hyl - 3- (3-di net gy agNmo- propyl ) car bodi i m de hydr ochl ori de
salt (2.02 g, 10.5 mmole) and 1-Y 10 hydroxybenzotri azol e nonohydrate (1.42
g;: 10.5 mmle), fol |l owed by NH.i sopropyl et hyl am ne (6 nL, 4.5 mole).
After 16 hours, the r ion nlxtu e was concentrated in vacuo then
diluted with 600 niL e aoetat 3e6tract with 150 nL each of
wat er, 1 M aqueous hy: hifjric aC| E st urat ed aqueous sodi um
blcarbonate and brine. SheNor n| over anhydrous
magnesi um sul fate, flltﬂreﬂ argl t he sohweng,re jved in vacuo to give
3.29 ¢ (71@6y|eld) of the tPtie conpound as an O -Mhite foam TLC gave
two spots, Rf 0.40 and 0.50 (1:9 20 net hanol : dighl or onet hane) .
Exanpl e 15 Preparation of benzyl sul f onyl - (D) - 'ar%ai ni ne- sar cosi ne-
argi nine cyclic-OEt am nal 25
1 g of 10% palladium on carbon was placed in a 500 mL
PARR bottle. To this was added 10. mL of water and 10 mL
5 of glacial acetic acid. To this mixture was added a

solution of the compound of Example 14 (3.29 g, 5 mmole)

in 100 mL of ethanol. The mixture was then shaken under a

hydrogen atmosphere at 40 psi for 5 days. (The catalyst

was removed and replaced 2 times). The catalyst was then

10 removed by filtration and the filtrate concentrated in
vacuo. The resulting oil was azeotroped with toluene to
remove the remaining acetic acid to afford about 2.8 g

(quantitative yield) of the title compound.
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53 [err] 1 g of 10% pal | adi um on
car borh,&/gé,l%l, gced in a 500 niL PARR bottle. To thispmgsedfigieg 10- nL of

wat er nm. 5-of glacial acetic acid. To this mxture was added a
solution of the compound of ExangLe 14 (3.29 g, 5 mmol e) in 100 nL of
et hanol. The m xture was then shaken under a . hydrogen atnosphere at 40

psi fE¥ampkendd (The catalyst was renoved and replaced 2 times). The

cat al and the filtrate concentrated in
vacud RS S remove the
remrmlamm to afford about 2. 8 g- (quantitative yield) of the
title conpound. WD 96/ 19493
PCT/ US95/ 16866 54 Exanpl e 16
Preparati on of benzylsulfﬁ@yl-ﬁﬁ» ar gi ni ne- sNHcosrne- ar gi ni ne aldehyde
[err]
NH HN NH,
Q3 Jons
S=—=N""N N\)I\N ' H
_ -H _ :
I 0 H
5 o] "0
The compound of Example 15 (2 8 g, 5 mmole) was (

dlssolved in 40 mL water and cooled to 0°C in an ice water
bath with stirring. To this solution was-slowly added 40

10 mL of concentrated hydrochloric acid. After 1.5 hour, the
reaction was judged complete by HPLC and the pH of the
reaction mixture was adjusted to about pH 4 using
saturated aqueous sodium acetate. This mixture was _
filtered through a plug of Celite. The title compound was

15 obtained by purification from the filtrate by preparative
HPLC (2 inch Vydak C18 column using a gradient consisting
of 5 to 17% acetonitrile in water containing 0.1%
trifluoroacetic acid run over 55 minutes at a flowrate of
115 mL/minute) and lyophilization of the pooled fractionms.

20 Mass Spectroscopy (FAB) confirmed the calculated molecular
weight of 539.6. |



The conpound of Exanple 15 (2.8 g, 5 nmmle) was di ssolved in 40 nL
wat er and cooled to O[err]C in an ice water bat h vmtrré?f
this sol WYY sl owly added 40 10 nL of concentrated hyadr OC%#OI’I C aC| d.
After 1.5 hour, the reaction was ggdged conplete by HPLC and the pH of
t he reactlon m xture was -adj usted*to about pH 4 using - saturated
aqueous S(EKamplacdbate. This m xture was filtered through a plug of
Celite. The t|tIe conpound was 15 obtai ned by purlflcatlon fromthe

axiakion f = s 2t hep end fonyidr (D3FNE-a gradi ent
g 0.1%
trifluorod YWET 55 M NUtes. ’ 115 L/ m nute)
and Iyoph|I|zat|on of t he pool ed fractlons 20 Mass Spectroscopy (FAB)
confirmed the calculated nol ecyj,fr  n.nggi ght of 539.6. WO 96/ 19493
PCT/ US95/ 16866 55 ° Exanple 17
Preparation of (2- carbonethoxy) besenesul fonyl - (D)-Nerr] -
ni t roar ai ni nyl - sarcoskgpoc>fluoren.LEethyl est
[err] LIidine @Q,g_ 7. l e) was added to

Collidine (0.99 mL, 7.5 -mmole) was added to
suspension of the compound of Example 12 (1.5 g, 3.0
mmole) and 2-carbomethoxybenzenesulfonyl chloride (0.77 g,

10 3.3 mmole) in acetonitrile (25 mL) at room temperature.
After stirring for 18 hours, distilled water (30 mL) was
added, the reaction mixture was concentrated under vacuum,
and the residue was extracted into ethyl acetate (2x50
mL), washed with 3% aqueous hydrochloric acid (50 mL),

15 brine (50 mL), dried over anhydrous magnesium sulfate, and
concentrated under vacuum to yield the title compound as a
pale yellow foam (1.7 g, 84%). Rf=0.81 (9:1
dichloromethane:methanol).

20 Example 18
. ! .. R ] _ ,
H,N___N-NO,
NH
CH;0 j
oﬁ = ?Ha o
H_AL__N

S—N \/u\ou

Il 0o
25

Piperidine (2.5 mL, 25 mmole) was added to a solution
of the compound of Example 17 (1.7 g, 2.5 mmole) in



suspensi on of the conmpound of Example 12 (1.5 g, 3.0 mol e) and
2- car bonet hoxybenzenesul fonyl chlori-de (0.77 g, 10 3.3 nmole) in

acet ORyd bé/ioqe3 25 nL) at roomtenperature After stirpgrngs9snessés hours,
~distilled water (30 nL) was 356 the reaction nixture was concentrated
under vacuum and the residue extracted into ethyl acetate (2x50

m.), washed with 3% aqueous hydrochloric acid (50 nL), 15 brine (50 ni),
dr i eacetenritrhlelr A% Magnedfters gtiaringahdS hoursrmemaaat ed under vacuum

to- Yt&hﬂei-i'@ufé“tﬁaé@%t&@naﬁaé concaﬁtfawa'&aaépaméuw g9, 84%. R=0.81

(9 di chl oy pret hane; no Exa . Preparation of

(2- c%?@oﬁ%? tﬁﬁ%‘ﬁ‘lﬁ]i’@% ﬁ&ﬁa g“ ﬂ[:gy}]acetatq“ (er)d‘FIdl ni nyl - sar cosi ne

[err]axtracted with agueous BoptumdbiieatBohaté, (250nHl)e) was added to a
é#g@hg ed %1éﬂ]eco%%rgfﬁ9:g@e8f Eé‘ai‘ggiufoxl'zc(alc:. LO %ﬁ?ﬂ Sgl €) in

5/ 16866
56 extractedrintg ethy20 agetate/)f washedi thhngomme hamrisdat room

“tenp éﬂﬁ’ j 1S nt e Hggﬁg and the residue
was gf’ tfjtuéed W t get e(ayg'g?gtg‘eﬂ %86 éﬁ& éoex ract?equmt% aqueous sodi um

bi caVBBWHAR etQ Hdichit ‘%{‘e titde grrpeund; 88 @oMeisr rkaaml (yd Gehloric acid to
PH 180%). erf+@CiCcd 9N @ichhvroneehahe mueRdest i th brine, dried

10

H,N?N-No,-

| 'NH -
N

oo £ SMo ~

I H AN : : :
Wan il iy i g i

0 | N N-no,

15 ' " CH

The compound of Example 18 (1.0 g, 2.0 mmole) and the
compound of Example 4 (0.66 g, 2.5 mmole) were suspended
in acetonitrile (20 mL), followed by l-ethyl-3-(3-

20 dimethylamino-pfopyl)cafbodiimide hydrochioride sait'(0.48
g, 2.5 mmole) and l-hydroxybenzotriazole monohydrate (0.34
g, 2.5 mmole). The reaction mixture was stirred for 30
minutes, then N-methylmorpholine -(0.70 mL, 6.0 mmole) was
added. After stirring for 48 hours at room témperature,

25 the reaction mixture was concentrated under vacuum, and
the residue was extracted into ethyl acetate (2x50 mL),
washed with 3% aqueous hydrochloric acid (50 mL), brine
(50 mL), dried over anhydrous magnesium sulfate, and
concentrated under vacuum to yield the title compound as a

30 pale yellow foam (0.77 g, 55%). REf=0.73 (9:1
dichloromethane:methanol) . ' -



over anhydrous magnesi um sul fate, and concentrated under vacuum to
yield the title conpound as a white foam (1.0 g, Soqa'Pgﬁﬁ§P§Q“&3:l

di chl or onWO6f184%3et hanol ). 10 Exanpl e 19 Prepar at i

(2- car borret hoxy) benzenesul fonyl - (D)-N etr] -

ni troarai ni nyl - sar cosi ne- Ng- n|troarg|nﬁﬂe et hyl anlnal

[err] The conmpound of Exanple 18 (1.0 g, 2.0 nnnle) and
t he coggoung og;Exaane 4 (0.66 g, 2.5 mmle) were suspended in
acetonitri , follomed by 1- ethyl 3-(3- 20 - o

di met hyl anmplapBs8BY b¢ X : RsH 04 g, 2.5
nmmol e) and .ygroxy-enzotrlazole nono yorate (0.34 g, 2.5 mmole). The
reacti on makddBaily e £ agdlathen N- net hyl nor phol i ne
(0.70 mMg 6.0 nnDIe) mas added. After stlrrlng for 48 hours at room
tenperature, 25 the reaction nué& was concentrated under vacuum and

the residue was extracted into hf Hicetate (2x50 ), washed with 3%
aqueous hydrochloric acid (50 nL) brlne (50 nmL), dried over anhydrous
magnesi um sul fate, and concent ed under vacuumto yield the title
conmpound as a 30 pal e CHe®l ow foam( 559 . Rf=0.73 (9:1

di chl or onet hane : net hanol =0 o s 91949
PCT/ US95/ 16866 N NH,
: S—N _N T
g ° H OW NH
CH,

The compound of Example 19 (0.77 g, 1.1 mmole) was

dissolved in methanol (20 mL), acetic acid (5.0 mL), and

10 distilled water (5.0 mL), and the solution was placed in a
250 mL Parr bottle. The vessel was purged with argon and
then 10% palladium on carbon catalyst (0.3 g) was added.
The reaction mixture was shaken under hydrogen (50 psi)
for 2.5 days, then was filtered thrdugh Celite and

15 concentrated under vacuum to give the title compound as an
off-white foam.
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Exanpl e 20 Preparation of (2-carbonethoxy)benzenesul fonyl-(D)-

argi ni nyl -sarcosi ne-arginine ethyl amnal 5

[err]

The ¢ f Exanple 19 (0.77 g, 1.1 mmole) was E¥ Ekgg N et hanol
(20 nt’ QVBQHgﬂch acid (5.0 nl), and 10 distilled water zgﬁyén) and t he
solution was placed in a 250 gg Parr bottle. The vessel was purged with

argon and

t hen 10% pal | adi um on carbon catal yst (0.3 g) was added.

The ﬁBﬁ@Dﬂ&uZ&lxture was shaken under hydrogen (50 psi) for 2.5 days,
() s

t hen 4y under. vacuumto give
y WD 96/ 19493
36 Exanpl e 21
Preparat|on of (2 carbonethoxy)benzenesulfonyI (D) -
aralnlnyl sarc03|ne arai ni nal - [err]
NH
A
H

10

15

The compound of Example 20 (0.3 g, 0.49 mmole) was
dissolved in 6N hydrochlorlc acid (8.0 mL, 48 mmole) at
0°C. The reactlon mlxture was stlrred at 0°C for 4 hours,
then at room temperature for 1.5 hours. The reactlon
mixture was recooled to 0°C, and saturated sodium acetate
(20 mL) was added (to PH 4). Purification on reverse
phase HPLC, followed by lyophlllzatlon, gave the product
as a white powder. Fast atom bombardment mass _
spectrometry confirmed the theoretical molecular weight of
583.

- Example 22

20

25

benzvl ester.

cm
o-s-o

S0

To a solution of L-methionine sulfone-O-benzyl ester
hydrochloride salt (3.86 g, 12.5 mmole) in 120 mL of dry
50:50 dimethylformamide:tetrahydrofuran, was added D-

camphorsulfonyl chloride (4.7 g, 18.7 mmole) followed by

=



The conpound of Exanple 20 (0.3 g, 0.49 mol e) was di ssolved in 6N
hydrochloric acid (8.0 nL, 48 mmol e) at Oferr]C.  TheptfRisbds I Xture
was stirweeeaM[err]C for 4 hours, 10 then at roomtenperature for 1.5
hours. The reaction m xture was 5%®cooled to O[err]C, and saturated
sodi um acet at e (20 m.) was added (to pH 4). Purification on reverse

phage HPLG; rphianedeby sl yombj | 6228 ingiblayave THee mikedret was as a white
PO e BBy oo RS OO
of (D) - cafipituirelwasndisbolreedi ini 80 soll fahetByl2@detarel asdt er | '
coter 25 VRARSLIEH 300.8F, Spdfet (kG e TP RRRD pRdcbeRRo gL BN
di met hy| fagidhnivederet sakpgabedr aguecks seftium Bicarbonaksnardul f ony!l
E?:'T?Usgg/ e 0 The brgaRie) phaklones dYied over AMRIRBOLEI93

magnesium sulfate, filtered and the solvent removed in

vacuo. The resulting oil was dissolved in dichloromethane

and filtered through silica, eluting first with

10 dichloromethane (500 mL) then 1:9 methanol:dichloromethane

(1000 mL). The methanol:dichloromethane fraction was

concentrated to provide 5.4 g (88% yield) of the title

compound as an off-white foam. Rf = 0.65 (1:9

methanol:dichloromethane) .

15

20
To a solution of the compound of Example 22 (5.4 g,

11.1 mmole) in 400 mL of methanol under a nitrogen
blanket, was added 10% palladium on carbon (2.5 g). The
mixture was hydrogenated at 1 atmosphere for 16 hours.

25 The mixture was then filtered and concentrated in vacuo to
provide 4.1 g (94% yield) of the title compound as a white
foam. Rf = 0.2 (1:9 methanol:dichloromethane).



triethylamne (8.7 nL, 62.5 mMmuole). The m xture was stirred for 16 hours
at roon1tenperature. The reaction m xture was di ssolved in 800 nL of

et hyl and - washed with 300 nL each of water, ptrhisss|nesess
2 s

hydr o acid, water, saturated aqueous sodi um bi carbonate and
brine. The organic phase was driggd over anhydrous magnesi um sul f at e,
filtered and the solvent renoved in ° vacuo. The resulting oil was '

hl_or onet hane

concentrated to
l e s i4 (-IRApzyile led conpound as an off-white foam

Rf = 0.65 (1 9 nethanol di chl oronet hane). 15  Exanple 23

d|sSEﬁﬂmﬂULﬁﬁblchloronethane ' and flltered through silica, eluting first

Preparatlon of (D)-canphorsul fonyl -L-nethi oni ne sul fone
[err] : 20 To a sobHyji on of the conpound of Exanple 22 (5 4
g, 11.1 mmol e) in 400 nmL of nﬂthanol under a nitrogen bl anket, was

The m xture was hydrogenated at
e Was then filtered and
g (94% vyield) of the title
o) ol : di chl or onet hane) .
PCT/ US95/ 16866

added 10% pal | adi on car bon
1 atnosphere for
concentrated iwﬁ
conpound as a e
WD 96/ 19493

68. o

To a solution of the compound of Example 23 (3.7 g,

9.4 mmole) in 47 mL of dimethylformamide, was added with- | ‘
stirring sarcosine-O-benzyl ester para-toluenesulfdhate

10 salt (3.3 g, 9.4 mmole), followed by N-methylmorpholine
(5.1 mL, 47 mmole) and benzotriazol-l-yl-oxy-tris- _
(dimethylamino)-phosphdnium hexafluorophdsphate.(5.4 g,
9.4 mmole). The stirring was continued for 16 hours. The
reaction mixture was dissolved in 700 mL of ethyl acetate

15 and washed with 250 mL each of water, 1 M aqueous
hydrochloric acid, water, saturated aqueous sodium
bicarbonate and brine. The organic phase was dried over
anhydrous magnesium sulfate, filtered and the solvent
removed in vacuo to provide 5.16 g (96% yield) of the

20 title compound as an off-white foam. Rf = 0.3 (1:9
methanol:dichloromethane) . o



Exanpl e 24 Preparati on of (D)-canphorsulfonyl-L-nethionine sulfone-

sar cosi ne- O benzyl ester r
To a sol WO MM t he conpound of Exanple 23 (3.7 g, Q.W}“ﬁn 47 m
of di met hyl f ormam de, was added with stirring sarcosine-O benzyl ester

par a-tol uenesul fonate 10 salt (3.3 S? 9.4 mol e), followed by
N-nethqugiiﬁﬁgéug? (5.1 m., 47 mmole) and benzotriazol - 1-yl-oxy-tris- =
(di met hyl'am no)-p osphonlun1hexafluorophosphate (5. 4 g,_ 9.4 mmol e). The

stirring Boeparaitiom@l fidgh ~CAMDOOKE 1 1-L-meti Y fonevas di ssol ved

in 700 nlL_of acetate 15 and mashed wi th 250 nL each of water, 1 M
" agueous Egnﬁ%%ﬁ%%hlorlc acid, water, saturated aqueous sodi um

bi carbonate and brine. The organic phase was dried over anhydr ous

magnesium sul fate, filtered and the solve renoved in vacuo to provide

5.16 g (96%vyield) of the 20 title conpo as an off-white foam Rf

0.3 (1:9 nmet hanol : di chI or ormet hane) .g=g=0 WO 96/ 19493

PCT/ US95/ 16866 Exampl e 25

Preparation of (D)- canpho Qé met |on ﬁ%{xulfone sar cosi ne
ferr] H,c |

S-—N
5

To a solution of the compound of Example 24 (5.16 g,
9.01 mmole) in 300 mL of methanol under a nitrogen
blanket, was added 10% palladium on carbon (4 g) and the
10 mixture was hydrogenated at 1 atmosphere for 16 hours.
The mixture was then filtered and concentrated in vacuo to
provide 3.79 g (88% yield) of the title compound as a
white foam. Rf = 0.2 (139 methanol :dichloromethane) .

15 Example 26
i = nvl-L-methionine sulfone-
sarcosine-N9I-NOo- =
CH3
o-s-o
CHa cu, o
"'3° ' ' N_ _NH
w T
I
Oﬁ N-NO,
CH,
20

The compound of Example 4 (0.85 g, 3.1 mmole) was
dissolved with stirring in 6 mL 6f'dry dimethylformamide
and 16 mL of dry acetonitrile. To this mixture was added
N-methylmorpholine (1.7 mL, 15.8 mmole) followed by the

25 compound of Example 25i(1.15 g, 2.38 mmole), 1-
hydroxybenzétriazole'monohydrate (0.65 g, 4.7 mmole) and



To a solution of the conmpound of Exanple 24 (5.16 g, 9.01 nmmole) in 300

nmL of nethanol under a nitrogen bl anket, was added 10% pal | adi um on
carbq&n&én 3and the 10 m xture was hydrogenated at 1 ptyosesmesss for 16
hours. m xt'ure was then %Qltered and concentrated in vacuo to

provi de 3. 79 g (88%yield) of the t|tIe conpound as a white foam Rf =
0.2 (1:9 nethanol : di chl or onet hane) . Exanpl e 26 Preparati on of

( D) Zdigiriengotsaarol- ey h) ohi hed einqqﬁfémethyluromum |

sar mdﬁu&@bhbsﬂﬁaeérhasagnma @ndlie)-.CEafaekNak hours, .

f Ex le 4 (0.85 g,
3. 19“ﬁﬂ§§?cﬁ&§n mlx&#E?d%%%d@ﬁ&???@uW*ﬁh|€§% ngg£EYgfga?§a€$RE$hyl§ornan?de
and aifd xtefcted atehoR00 rml ceadln dhivaterst Ur M agaeadded

RSB ULyl BT gl 125 oS
(()(ﬁiqgrbmnatgngn bgnue The organic phase was dried over

anhydrous magnesium sulfate, filtered and the solvent

removed in vacuo. Chromatography of the resulting oil on

silica eluting with 4:1:4 hexanes:methanol:dichloromethane
10 afforded 0.61 g (35% yield) of the title compound as an

off-white foam. Rf = 0.45 (1:9 methanol:dichloromethane).

15 ine-argini ic-

o o=8=0 |

CH;3 oo ?Hs-o

HsC T N

ﬂs_N _ \)J\N/OT

- Il H o H
0 _ _ j NH
' CH;

0.5 g of 10% palladium on carbon was placed in a 500
20 mL PARR bottle. To this was added 6 mL of water and 2 mL
of glacial'acetic acid. To this mixture was added a
solution of the compound of Example 26 (0.61 g, 0.84 .
mmole) in 60 mL of methanol. The mixture was then shaken N
under a hydrogen atmosphere at 40 psi for 3 days. The
25 Catalyst was then removed by filtration and the filtrate

concentrated in vacuo. The resulting oil was azeotroped
with toluene to rembve'the remaining acetic acid to afford
0.5 g (87% yield) of the title compound.

30 Example 28




PCT/ US95/ 16866 WD 96119493 . 62

2- (I H benzotriazol-1-yl)-1,1, 3, 3-tetranet hyl uroni um he Re&osphat e
(1.8 g, WOP6HIIBe) . After 16 hours the reaction nixt u?gi‘%gsmm | ut ed
with 600 nmL ethyl acetate : -and ex?%acted with 200 nL each of water, 1 M
aqueous 5 hydrochlorlc acid, water, saturated agueous sodi um

-blcarbona- SaFa i o [ Gintbhdrsul fefel Wasme o @rsulfaudyydr ous
removed in vacuo.

I AL oy = silica eluting with 4:1:4
hexanes: nethanol dlchloronethane 10 afforded 0 61 g (3596y|eld) of the
title conpound as an off-white foam Rf = 0.45 : 9
met hanol : di chl or onet hane) . Exanp ﬁ - Preparjgti on of
(D) - canphor sul f onyl - L- met hi oni ne sul f gn&- 15 safﬁh arglnlne cyclic-Oet

am nal O0=Ss=6'"] 0.5 g of 10%
pal I adi um on carbon wgg. pl aced in a 500 nL PRRR bottle. To this was
added 6 nL of water a ob of aci Iy acid. To this mxture was
added a sol uti omH,0 t conmound f (0. &1 g, 0.84 nmol e)

in 60 nmL of nethanol. Mas [it hen” sh under a hydrogen

at nosphere at 40 psi for 3 day% e 05 catal yH then renoved by
filtration and the filtrate concentrated in vac The resulting oil was
azeot r gped with teluene to renove the remaining acetic acid to afford

0.5 g (87%yi elrgx)e 82&3&&'3%%}9&%&% (0.%0g,E)66}%| ﬁmgﬁe) was
' dissolved in 20 mL of 50:50 water:acetonitrile with - '

stirring and cooled to 0°C in an. ice water bath. To this
solution was slowly added 30 mL of a 60 wt% solution of

10 hexafluorophosphoric acid in water. After 1 hour, the pH

- of the reaction mixture was adjusted to about pH 4 using
saturated aqueous sodium acetate. This mixture was
filtered through a plug of Celite. The title compound was
obtained by purification from the filtrate by preparative

15 HPLC (2 inch Vydék Cl8 column using a gradient consisting
of 15-35% acetonitrile in water containing 0.1%
trifluoroacetic acid run over 40 minutes at a flowrate of
115 mL/minute) and lyophilization of the pooled fractioms.
Mass Spec (FAB) confirmed the calculated molecular weight

20 of 605.7. |



WD 96/ 19493 PCT/ US95/ 16866

63 Preparation of (D)-canmphorsulfonyl-L- nethlonlne sul f one-

sarco ni ne al dehyde PCT/US95/16866

[e ]%#6'5‘5‘/1%% The conpound of Exanple 27 (0.5 g, 0.73 mmol e)
mas dlssolved in 20 nL of 50:g30 water:acetonitrile with stirring and

cooled to O[eir]C n an ice water bath. To this sol ution was slowy

add a 60 wt % sol ution of 10 hexafluorophosphorlc acid in water.
Af t epy g ‘ ¥ 3 9 . ~ & GhAd) usted to about pH 4.
usi ng ~sa urateo aqueous SOolun1acetate I's mxture was filtered

t hroegten plug of Celite. The title conmpound was obt ai ned by
purification fromthe filtrate by preparative 15 HPLC (2 i nch Vydak C18

col umm using a gradi ent consisting of 15-35% acetonitrile in water
contai ning 0.1% trifluofbdgacetic acid run over 40 minutes at a flowate
of 115 nm./ mnute) and | Yophilization of the pooled fractions. Mass
Spec(FAB) confirned the cal ulated nDIecuIar wei ght 20 of 605. 7.

WO 96/ 19493 PCT/ US95/ 16866
CH, - o

CH,
CHy

; | ﬁ
N-Boc- (D) -methionine (17.1 g, 68.58 mmole) and _ (

sarcosine benzyl ester_tosylate salt (24.08 g, 68.60
mmole) were suspended in 110 mL of acetonitrile and 25 mL

10 of dimethylformamide at 0°C, then'benZOtriazol-l-yl—oxy-
tris-(dimethylamino)-phosphonium-hexafluorophosphaté
(30.34 g, 68.58 mmole) and N-methylmorpholine (20.83 g,
205.83 mmole) were added. The ice bath was removed after
30 minutes and the reaction was stirred for 18 hours at

15 room temperature. The reaction mixture was reduced in

" volume under vacuum at 25°C to give“an oil. The oil was
dissolved in ethyl acetate”(?SO mL), then successively
washed with 1N hydrochlorlc acid (1x50 mL), saturated
sodium bicarbonate (1x50 mL) and brine (1x50 mL). The

20 organic layer was dried with énhydrous magnesium sulfate
and evaporaied under vacuum to give crude product. The
crude product was purified by column chromatography on
silica gel, eluting with 60:40 hexane:ethyl acetate to
yvield 26.07 g (92.6 %) of the title compound as an oil.

25 Thin layer chromatography analysis of the title compound
showed a single spot with Rf = 0.55 (silica, 3:2 ethyl
acetate/hexane) . |



64
ester

Exampl e 29 Preparati on of N-Boc-(D)-nethioninyl sarcosine benzyl

[err] PCT/US95/16866

N- Boc- (Eywmﬁﬂvﬁﬂhlne (17.1 g, 68.58 mml e) and sarcosi ne benzyl ester
tosylate salt (24.08 g, 68.60: mol e) were suspended in 110 nL of -
acetonitrile and 25 nL 10 of di nmethy6% ormanm de at O[err]C, then

benzotri a
hexaf | uor
(20.83 g,
30 m nute
tenperatu

qgﬁm%ﬂﬁLigxy- tris-(di nmethyl am no)-phosphoni um
ophosp ate‘ : 68. 8 m I_, 3 daN-nethyInDrphollne”

¥Fved after

ﬁgﬁﬁﬂq%EESEEaCt'on was stlrred for 18 hours at 15 room
) € reaction m xture was reduced in vol une under vacuum

at 25[err]Cto give an oil. The oil was di ssolved in ethyl acetate (250
m.), then successively washeggM th 1IN hydrochloric acid (1x50 ni),

sat ur at ed

sodi um bi carbonat e | £x50 nL) and brine (1x50 ni). The 20

organi c layer was dried with a@R&8FOus nagnesi um sul fate and evapor at ed
under vacuumto give crude produ 1TK%H crude product was purified by
col utm chr omat ogr aphy on CH@NOlc gel %ﬂQﬂlng wi th 60: 40 hexane: et hyl

acetate to yield 26 t|

Thin | ayer chromat ograpﬁl}h an® ysﬁ’ﬁ’ titQe
spot with Rf = 0.55 (sili 2

VO 96/ $9493 .

single

10

15

20

| e .conmpound as an oil. 25
-}und showed a
2t at e/ hexane) .

PCT/ US95/ 16866

ethyl

The compound of Example 29 (26.0 g, 63.3 mmole) was
dissolved in 335 mL of glacial acetic acid. Sodium
perborate tetrahydrate (48.7 g, 31s6. 5 mmole) was added

and the mixture was heated to 550C. After 2.5 hours at
this temperature, the reaction mixture was diluted with
1.1 liters of brine, the agueous layer was extracted with
ethyl acetate (4x250 mL) and the combined organic
extracts were dried with anhydrous magnesium sulfate.
This solution was filtered and evaporated under vacuum,
then repeatedly azeotroped with toluene (200 mL) under
vacuum to remove acetic acid. The residual slurry was
dissolved in ethyl acetate (200 mL), filtered and the
filtrate evaporated to yield 24.15 g (86.2 %) of the
title compound as a white solid. Thin layer
chromatography analysis of the title compound showed a
single spot with Rf = 0.30 (silica, 2:3 ethyl acetate:
hexane).. | '



65 Exanpl e 30 Preparati on of N-Boc-(D)-nethioninylsul fone sarcosine
benzyl ester I )[err] § gmy' SsghﬁL f
conpo anple 29 (26.0 g, 63 3 Mol e) was | SPOYeRnkdss o]
glacig?sacgtﬁﬁ aci d. Sodi um perborate tetrahydrate (48.7 g, 316.5
nmol e) was added 10 and the mi xtu66 was heated to 55[err]C. After 2.5 hours
at this tenperature, the reaction mxture was diluted with 1.1

||terExamul&¢5k the aqueous |l ayer was extracted with et hyl acetate
.gani : dri ed wi th anhydrous

o

vaor at ed under

magne ;

o 3 ] nzleaisa@hy azeotroped with toluene (200 nL) under
vacuun1to renove acetlc acid. The residual slurry was di ssolved in
et hyl acetate (200 nL), filtered and the filtrate evaporated to yield
24.15 g (86.2 %9 of the 20 tgHj e conpound as a white solid. Thin layer
chr omat ogr aphy anaIyS|s o] guatltle conpound showed a single spot with
Rf = 0.30 (silica, 2:3 et VT E%tate hexane) . W96/ 19493
PCT/ US95/ 16866 ' 66 Exanpl e 31
Preparation of N—benzylsuffonya (ED h|on|nylsulfone sar cosi ne
benzyl ester E::]/ﬁ\s"N /~\[::]

5 o -

A solution of the compound of Example 30 (7.0 g, 15.8 (

mmole) in 5 mL of dichlcroméﬁhéne was prepared 27 mL of
4M hydrochloric acid in dioxane was added and the mixture .

10 was stirred for several hours at room temperature until -
all starting material was consumed. The mixture was
‘evaporated under vacuum and the resulting oil was
dissolved in acetonitrile and then evaporated under
vacuum. This was done three times. The remaining oil

15 was suspended in 17 mL of acetonitrile and 5 mL of
dimethylformamide, cooled to ice bath temperature, then
benzylsulfonyl chloride'(5.28 g, 23.7 mmole) and N-
methylmorpholine (4.80 g, 47.5 mmole) were added. The
reaction mixture was removed from the ice bath after 30

20 minutes and stirred at room temperature for 18 hours.
The reaction mixture was reduced in volume under vacuum
to an oil. The oil was taken up in 200 mL ethyl acetate
and washed:Successively with 1N hydrochloric acid (1x50
mL), saturated sodium bicarbonate (1x50 mL) and brine

25 (1x50 mL). After drying with anhydrous magnesium
sulfate, the organic layer was evaporated under vacuum to
give crude product. The crude product was purified by
columnpchrométography on silica gel, eluting with 3:7

. hexane:ethyl acetate to yield 4.42 g (56.3 % yield) of

30 the title compound as a solid. Thin layer chromatography
analysis of the title compound showed a single spot with
Rf = 0.70 (silica, 95:5 dichloromethane:methanol) .



[err] A sol ution of the conpound of Exanple 30 (7.0 g,

15.8 nmmole) in 5 nL of dichloronethane was prepared IAM
hydr ochl $¥Q @FH i n di oxane was added and the m xture 10i§%§§%£¥$$ed for
several hours at roomtenperature until all starting material was
consuned. The m xture was evaporggt ed under vacuum and the resulting oi
was di ssolved in acetonitrile and then evaporated under vacuum
This was done hhrgi times. The remaining oil 15 was suspended in 17 niL of
acetonitri of dlnethylfornanlde cooled to ice bath '

t enper at Urgedai@itjon off efigv ] S |e) and N-

met hyl nor phol'i ne (4.80 g, 47’5 nnDIe) wer e added A‘Tﬁé*}rk

‘reaction mxture

was renovERuGesinendcide bath after 30 20 nminutes and stirred at room
tenpergture for 18 hours. The reaction m xture was reduced in vol une
under vacuum to an oil. The oil was taken up in 200 nL ethyl acetate

and washed- successively with 1IN hydﬁ%khlorlc acid (1x50:

m.), saturated

sodi um bi carbonate (1x50 niL) and @£$ﬁ5025 (1'x50 m). After drying with

anhydr ous nagnesi um sul f at e, organlc | ayer was evapor at ed under
vacuumto gi ve crude product cru@ﬂapboduct was purified by

col um chromat ography on silica d%l & ut il th 3.7 hexane: et hyl
acetate to yield 4.42 g ( DR title conmpound as a
solid. Thin layer chromat phwl H amal ysis of the title conpound showed
a single spot with Rf =Y0.70 9Qsilica, 95:5 dichl oronethane: net hanol ).
VO 96/ 19493 . _ - PCT/ US95/ 16866

The compound of Example 31 (4.42 g, 8.9 mmole) was
dissolved in tetrahydrofuran (200 mL), 0.8 g of 10%
10 palladium on carbon was added and the mixture was stirred

under hydrogen gas at atmospheric pressure for 18 hours.

After the catalyst was filtered off the reaction mixture,

the solvent was removed under vacuum and the resulting

0il was taken up in a solution of saturated sodium

15 bicarbonate. This solution was then extracted with ethyl

acetate (1x150 mL) and the organic layer was decanted

off. The remaining aqueous layer was layered with 100 mL
of ethyl acetate and acidified with 3N hydrochloric acid

to pH 2 (pH papers). After the phases_separated,

the

20 organic layer was saved and the agqueous layer was then

further extracted with ethyl acetate (3x100 mL).

The

organic extracts were combined and washed with brineh
dried with anhydrous magnesium sulfate, filtered and

evaporated under vacuum to give_3.17 g (yield 87
25 the title compound as a foamy solid. Thin layer

.6 %) of

chromatography analysis of the title compound showed a

single spot with Rf = 0.50 (silica, 90:10:2
dichloromethane:methanol:acetic acid).

30 Example 33

- _ l1fonvl- -methioninylsul

sarcosine nitroarginine ethyl aminal



67 Exanpl e 32 Preparation of
N- benzvl sul f onvl - (D) - net hi oni nyl sul f one sarcosine acid 5
[err] 96719493 The conpound of Exanple 31 (4. ﬂ»&rmssﬁlsﬁsmnol e) was
di sso in tetrahydrofuran (200 nL), 0.8 g of 10% 10 pall adi um on carbon
was added and the m xture was stirred under hydrogen gas at atnospheric
pressure for 18 hours. Aftergg he catal yst was filtered off the reaction -
m xture, t he sol vent was renoved under vacuum and the resulting oi
was taken up in a soluti en,0f saturated sodium 15 bicarbonate. This
solution was then extracﬂea wi th ethyl acetate (1x150 nL) and the
organic | ayer was decd®TE&8FO  off. The remaini ng aqueous | ayer was |ayered
with 100 nL of ethyl Jeetapg. and acighfied with 3N hydrochloric acid
to pH 2 (pH papers). Aﬁtergthe|pﬁa es spparjated, the 20 organic |ayer was
saved and the a Il apeA B f AN sextracted with ethyl
acetate (3x100 ﬁ::jwﬁ> - rgani c d*tr ts re conmbi ned and washed with
bri ne, drie t h ganhydr Ous mag'nesiguﬁ sulMate, filtered and

[

3

evapor at ed under vacuumto give 3.17 ¢ el d §ﬂ05 %9 of 25 the title
compound as a foany solid. Thin |ayer ; chronatography anal ysis of the
title conpound showed a single spot with Rf 0.50 (silica, 90:10:2

N bensy | e GFESEL ik BRERPAS| 381 for2 5’.03%‘%?%% Peoar i hine et hyl
agn ngbmpound of Example 4 (1.6 g, 6 mmole) were suspended in
15 mL of acetonitrile and 9 mL of dimethylformamide, then
1-hydroxybenzotriazole monohydrate (0.61 g, 4.5 mmole), o ‘
2-(1H-benzotriazol+1—yl)-1,1r3,3—tetramethyluroniuﬁ -
hexafluorophosphate (1.71 g, 4.5 mmole) and N-
10 mmthylmorpholine (1.5 g, 15 mmole) were added. The
reaction mixture was stirred for 3 days at room
temperature. The reaction mixture was reduced in volume

under vacuum at 25°C to give an oil. The oil was
dissolved in ethyl acetate (600 mL), then succeséiVely
15 washed with 1IN hydrochloric acid (1x150 mL), saturated
sodium bicarbonate (1x150 mL) and brine (1x150 mL). The
organic layer was dried with anhydrous'magnesium sulfate
and evaporated under vacuum to give crude product. - The
crude product was purified by column chromatography on
20 silica gel, elutlng with 97.5:2.5
dlchloromethane.methanol to yield 0.6 g (32.3 %) of the
title compound as a solid. Thin layer chromatography
analysis of the title compound showed a single spot with
. Rf 0.60 (silica, 90:10:2 dichloromethane:methanol:acetic
25 acid). | | |



WO 96/ 19493 ) PCT/ US95/ 16866
68 [err] The
Exanpl e WD9%6M9493 g 3 nmole) and the 5 conpound of Exa li E %

mol e) were suspended in - 15 nL of acetonitrile and 9 nL of

di met hyl f ormam de, then 1- hydr oxy#enzot ri azol e nonohydrate (0.61 g, 4.5
mol e) , = enzotriazol-1-yl)-1,1, 3, 3-tetranet hyl uroni um
hexafluor%ﬁﬁ%%%%g?g (1.71 g, 4.5 nnDIe) and N- 10 nethylnnrphollne (1.5 g,
15 nmol e) Preparatiienl is NS yd -iDY roeshjesinylsulfoner 3 days at

room ed .in vol une under

vacuum at =2 ' A ) o1 T ~dl ssol ved i n ethyl
acetate (600 nL) then succe35|vely 15 washed with 1IN hydrochloric acid
(1x150 nlL), saturated sedl um bi carbonate (1x150 nL) and brine (1x150
m.). The organi c Iayer|mhs dried wi th anhydrous magnesi um sul fate

was purified by colum c togreghy on 20Asilica gel, eluting with
97.5:2.5 dichloronethnne thgndlOto yeld 0.6 g (32.3 % of the

title conmpound as g di ® Ingan t 8iQr 3 NHY anal ysis of the
title conpound sh 'ﬁb‘l, pot vmtﬁ‘ "RF]f0. 60 (silica, 90:10:2
di chl or onet hane: ne®Rga oI: cetic025 acid r,O NH - CHECO4] 19493 '

PCT/U%?5/16866 CH,

and evapor at ed under vacdvﬁigzlgive crude product. The crude product
hro

The compound of Example 33 (0.50 g, 0.80 mmole) was
dissolved in 40 mL of methanol, 7 mL of water and 0.3 mL
of ‘glacial acetic acid. 0.25 g of 10% Palladium on

10 carbon catalyst was added to the solution and the mixture
was placed on a PARR shaker at 40 psi hydrogen for 18
hours at room temperature, at which point the starting
material was consumed. The catalyst was filtered and the
reaction solution was reduced in volume under vacuum at

15 25°C to leave an oil. Toluene was added and evaporated
| several times, then methanol was édded and evaporated to
yield 0.48 g (95 %) of the title compound as a white

solid. '

20 Example 35

P 3 - : -me i inyl
) [ L] » ]
g :
CH NH
o 3 O .

25



69 Exanpl e 34 Preparation of

N- benzyl sul f onyl - (D) - net hi oni nyl sul f one sar cosi ne arai ni ne ethyl

am naly @g(e sal t [err] PCT/US95/16866 The
conpound 0 anplé 33 (0.50 g, 80 nmol e) was di ssolved in 40 nL of .
met hanol, 7 nL of water and 0.3 of glacial acetic acid. 0.25 g of

10@6Pa||ad|un1on 10 car bon catalgst was added to the solution and the

m xture Theygemeaund PHERMPARR34h4ReA8 T, 10 T3 iMRAR)od@E for 18 hour s
at r radeaﬁaaratpnast@& féa@@laoleésstéleasidaatmaalved ppterial was consuned. .

The C tered and § ction_sqglution S reduced in
vo|uﬁéﬁﬁﬁéep-“§c&uﬂia?% 1%¢ %ﬁ%&?ﬁ%&%c?%ﬁg& aﬁfoﬁﬁl°ﬁb?ﬁ ne was added and
evapgi I TheS8¥ehRiohi WRS cddRiE "B om0l cwen addpgl gpd evaporated to
yield 0.48 g (95 % of the title conpound as a white solid. 20

ESaniexafiuoropRoephouitoncid (60ferwhs Sdl Watelr) methPBai wassul f one
sarcxgﬂdga.ar%hgiQ%Lction mixture was stirred at Bsarkor 2.0 25
hours at which time all the scarting material was
consumed. The reaction was quenched with 100 mL of 2.5 M
sodium acetate, this raised the pH to pH 5. The title
10 compound was isolated by preparative HPLC purification (2
inch Vvydak C-18 at 115 mL/minute, gradient 6 to 25%

acetonitrile in water. containing 0.1% TFA run over 50 ‘
minutes). Mass Spectroscopy (FAB) conflrmed the
calculated molecular weight of 546. 6.
15 _
Example 36
CH,
CH,y !
IS0
CHj 2::0
_ S
OH
’ HzN
0
20

'A 360 mL aqueous solution of L-cysteine hydrochloride
monohydrate (60.0 g, 341.7 mmole) and sodium hydroxide
(27.33 g, 683.4 mmole) at room temperature was treated
with a solution of t-butyl bromoacetate (72.3 g, 370.6

25 mmole) in 130 mL of dioxane over 30 minutes. This
reaction mixture was stirred for 18 hours, during which
"time a thick precipitate formed. The solid was filtered
off, washed with diethyl ether (100 mL) and dried under

high vacuum at 40°C to give 82.5 g (103.8% crude yield
30 includes occluded inorganic salt) of the title compound.
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70 The conpound of Exanple 34 (0.48 g, 0.75 mmol e pl aced
in a pl awo /19493t i on. vessel and di ssol ved by addi ti or*)q#@s@s’Mf :
acetonitrile and 5 nL of deionized wat er. The. solution was cooled to

O[lerr]C, then 10 nL of 5 hexaflugnophosphoric acid (60%w. in water) at
O[err]C &§ﬁ¥§%§r3§ded. The reaction m xture was stirred at O[err]C for 2.0
hour s at 1 me al | the startlng naterlal was consuned. The = -
react i on Ruepapacaon N+-Bod 68 s, g L chHowsit e , this raised
the pHto pH 5. The t|tIe 10 conpound was |solated by preparatlve HPLC

purification (2 I nch Wdak C-18 at 115 nL/mnute, gradient 6 to 25%
acetonitrile in water containing 0.éﬁ§1¥%\run over 50 m nutes). Mass
Spectroscopy (FAB) confirned the celcul at ed nol ecul ar wei ght of 546. 6.

15 Preparation of S-(t-butyl a®Hgaten-L-cysteine [err] 20

A 360 nmlL aqueous solution of L-cysteine h Bchl ori de nonohydrate (60.0
g, 341.7 mmol e) and sodi um hydr oxi de (R7.33 g, 683.4 nmole) at room
tenperature was treated withomgsgl utiga®of t-butyl bronpacetate (72.3 g,

370.6 25 mmole) in 130 nL dgHﬁﬂ\fa e ovir %8 m nutes. This reaction
m xture was stirred for 18 h Qﬂﬂhk H time a thick precipitate
fornmed. The solid was flltere -

5
The compound of Example 36 (82.5 g, 341.7 mmole) and

sodium bicarbonate (33.96 g, 404 mmole) were suspended in
600 mL of deionized water. A solution of di-t-butyl
dicarbonate (80.88 g, 370 mmole) in 350 mL of dioxane was

10 added and the slurry was stirred for 18 hours. The slurry
was extracted with diethyl ether (2x100 mL). The slurry
was layered with ethyl acetate (200 mL) and acidified with
1IN hydrochloric acid to pH 2 (pH papers). The resulting
organic layer was saved and the remaining aqueous layer

15 was further extracted with ethyl acetate (2x200 mL). The
organic extracts were combined, washed with brine, dried
with anhydrous magne51um sulfate and the solvent
evaporated under vacuum to yield 84.3 g (74.6 %) of the
title compound as a clear oil. Th;n layer chromatography

20 " analysis of the title compound showed a single spot with |
Rf = 0.55, (silica; 90:10:2 dichloromethane:methanol:
acetic acid). '



of f, washed with diethyl ether (100 nL) and dried under hi gh vacuum at
40[err]C to give 82.5 g (103.8% crude yield 30 includes occluded inorganic

salt) itIe conpound. WO 96/ 19493 PCT/US95/16866
PCT/Uggé?%géﬁ% 71 Exanpl e 37

Preparation of N-Boc-S-(t-butyl acetate)-L-cysteine

[err! 5 The céépound of Exanple 36 (82.5 g, 341.7 nnnle) :
and

blcarbonate (33 96 g, 404 mmol e) were suspended in 600 nL
R ' ) onate (80.88 g, 370

"ad 0 ) Ofry was stirred for 18

garcobrnetOrngr gstaxxtracted with dlethyl et her (2x100 nL). The
slurry was Iayered with ethyl acetate (200 nL) and acidified with IN
hydrochloric acid to pH 2 (pH papers). The resulting organi c | ayer was i
saved and the remaining ::gsigf | ayer 15 was further extracted with ethyl !
ou

acetate (2x200 nL). The rgani c extracts were conbi ned, washed with
brine, dried with an magnesi um sul fate and the sol vent
evapor at ed under vacuumto yhﬂér%ﬂ 3 g (74.6 % of the title conpound
as a clear oil. Thin layer chr ography 20 analysis of the title

conpound showed a S|ngh pot = 0.55, (silica; 90:10:2
di chl or orret hane: nﬁ"h 6 E(':'e/tﬂ\i d).

The compound of Example 37 (57 32 g, 170.9 mmole) and
sarcosine benzyl ester tosylate salt (60 0 g, 170.9 mmole)
were suspended in 300 mL of acetonitrile and 60 mL of

10 dlmethylformamlde at O°C,_then benzotriazol-1-yl—oxy-tris-
(dimethylamino) -phosphonium hexafluorophosphate (75.2 g,

. 170.9 mmole) and N-methylmorpholine (51.9 g, 512.7 mmole)
were added. The ice bath was removed after 30 minutes and
the reaction was stlrred for 48 hours at room temperature

15 The reaction mixture was reduced in volume under vacuum at
25°C to give an oil. The ozllwas dissolved in ethyl
acetate (250 mL), then sudcessively washed with 1N
hydrochloric acid (1x50 mL), saturated sodlum blcarbonate
(1x50 mL) and brine (1x50 mL). The organic layer was

20 dried with anhydrous magnes;um sulfate and evaporated
under vacuum to give crude product. The crude product was
purified by column chromatography on silica gel, eluting
with 60:40 hexane:ethyl acetate to yield 68.1 g (80.2 %)
of the title compound as an oil. Thin layer

25 chromatography analysis of the title compound showed a
single spot with Rf = 0.64 (silica, 3:2 ethyl
acetate:hexane).
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72 ‘B&é@ Prepar ation of N-Boc-S-(t-butvl acetgpbfnsdsngasgt €l ne
I

sar005|n ester - Jerr]

The conpound of Exanple 37 (57.32 g, 170.9 mmole) and sar cosi ne benzyl
ester tosylate salt (60.0 g, 170.9 n#dl e) wer e suspended in 300 nL of

acetonltrEkgmahd_EE mL of 10 dlnethylfornan1de at O[err]C t hen

benzotri azol -

hexaf | uor &f ':" = : =5
g, 912.7 gEPLEs] QVIBEIE 23 Bvide-8

EBtmytror phol i ne (51 9
pgoved after 30 m nutes

and t he reactlon was stlrred for 48 hours at roomtenperature. 15 The
reaction mixture was reduced in vol'ume under vacuum at 25[err]C to give
an oil. The oil was dissol ved incaj hyl acetate (250 nL), then
successively washed with 1IN GHgchl oric acid (1x50 nL); saturated

sodi um bi car bonat e (1x50 d brine (1x50 nlL). The organic | ayer was
20 dried with anhydrous ma i umGHsl f at e and evapor at ed under vacuum
to give crude product. Theacryde product was purified by colum

chromat ography on silica gg$~s

) Itnlrmbu wi th 60: 40 hexane: ethyl acetate
to yield 68.1 g (80.2 % g”of

he tlt conpound as an oil. Thin |ayer 25
chromat ography anal ysis of the t

|
Rf = 0.64 (silica, 3:2 etHgl'HN

i é d a single spot with
ilica, 3: ) etate héxan
5 ' - 0 .

The compound of Example 38 (55.6 g, 111.96 mmole) was
dissolved in 580 mL of glacial acetic acid and then sodium
" perborate tetrahydréte (86.1 g, 559.8 mmole) was added.

10 This mixture was heated to 55°C. After 2.5 hours at this
temperature, the reaction mixture was diluted with 1 liter
of brine, the aqueous layer was extracted with ethyl
acetate (4x250 mL), and the combined organic extracts were
dried with anhydrous magnesium sulfate. This solution was

15 filtered and evaporated under vacuum, then'repeatedly
azeotroped with toluene (200 mL) under vacuum to remove
acetic acid. The residual slurry was dissolved in ethyl
acetate (200 mL), filtered and the filtrate evaporated to
vield 50.6 g (85.5 %) of N-Boc-S-(t-butyl acetate)-L-

20 cysteine sulfone sarcosine-O-benzyl ester as a white
solid. Thin layer chromatography analysis of the title
compound showed a single spot with Rf = 0.50 (silica, 3:2
ethyl acetate:hexane).

To a cooled (0°C) solution of acetyl chloride (48.6
25 mL, 683 mmole) in dry ethyl'écetate_(l33 mL) was slowly
added with stirring dry methanol (27.7 mL, 683 mmole).
After 10 minutes, the reaction mixture was allowed to warm
to room temperature for 30 minute and then recooled to

0°C. To the reaction mixture was slowly added a solution
30 of N-Boc-S-(t-butyl acetate)-L-cysteine sulfone sarcosine-
O-benzyl ester (20.78 g, 42.7 mmole) in dry ethyl acetate
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73 Exanpl e 39 Preparation of 'S-(t-butyl acetate)-L-cysteine sulfone

sarco nzvl ester hydr ochl ori de salt PCT/US95/16866
e %8‘36/949? The compgund of Exanple 38 (55.6 g, 111.96 mmol e)
mas di ssol ved in 580 nL of gIaC|aI acetic acid and then sodi um

perborate tetrah ggate ?g: 559.8 mml e) was added. 10 This m xture was °
heat 44008 BB} errg en4 et Q§sh€Gr§eQP°Fﬁ|Eemper%ﬁﬁﬁﬁweﬁ e, the reaction

m xt weacWGnd»ésltwbmd tbohﬂ]tenﬁ by TLef (Repne, the aqueous |ayer was
and. t he conbi ned organic

extrac acetate (4x25
extr #Eaﬁé$emeéﬁ§¥EQQqu&qﬁ% Hyd rﬁﬁaﬁég?uﬂ?iulfate Thi s sol ution was
- 15 fcbneeadrahddeuapmaquantquahautva@@umL ahdnthepeitbzll vy azeot r oped

Wigt h f@%% VR @cid. The residual
5 CB% Hgl ved |n e?{¥ ng:g%{tsng}{gﬁﬁlﬁa&f%&ﬁt ered and the

f| | t Fgflére\g'éﬁ%r’&’f)ed tThe tl%eé Fopopng vas. Ss%a'éﬁd NPYBoc- S- (t - but yl

acet gigkratidh &SIl S MR @eCcagEBedOLbeszy | (eBt afidaay)a white

solid,. Thi %ayer hronatography analysis of the title conpound showed

a sifi§igy¥ %b 0.50 (silica, 3:2 ethyl acetat e: hexane) .

To a cool ed (0[err]C3 solution of acetyl chloride (48.6 25 nL, 683 mmuol e)

hp d l4@cetate (133 nL) was slowy. added with stirring dry
nmet h Z2T. 7 L, 683 nnole) : After 10 mnutes, the reaction mxture

was Bkénars , ponsdif - £) igtee)and then recool ed
to 0 err] C T. the reactlon ture was slomﬁy added a solution
CH3
o- CH,3
Oo=(  CH,
. o\.
N
CH; o 4 .cl:l-l,o .
H.C ﬂo' N ~N
- s— - °/\©
_ o o
15

The compound of-Example 39 (3.9 g, 9.22 mmole) and
(D) -camphorsulfonyl chloride (3.5 g, 13.8 mmole) were
dissolved with stirring in 20 mL of dry dimethylformamide
and 20 mL of dry tetrahydrofuran. To this mixture was
20 added triethylamine (6.4 mL, 46.1 mmole). After 16 hours,
the reaction mlxture was diluted with 600 mL of ethyl |
acetate and washed with 150 mL each of water, 1 M aqueous
hydrochloric acid, water, saturated agueous sodium
bicarbonate and brine. The organic phase was dried over
25 anhydrous magnesium sulfate, filtered and concentrated in
vacuo to afford 3.89 ¢ (70% yleld) of the title compound
as a yellow1sh foam. Rf = 0.84 (1:9 '
methanol:dichloromethane) .

30 Example 41



30 of N-Boc-S-(t-butyl acetate)-L-cysteine sulfone sarcosine- O benzyl
ester (20.78 42.7 mmole) in dry ethyl acetate / 493
o3 - 74 Fﬁf@g’a After

PCT/ US95WVO5H#49 o

4.5 hours at reduced tenperature, tR® reacti on was deened conplete by
TLC (1:9 net hanol : nethylene chlorlde) The reactlon was

concent r agyq

A G g
ether (600 nL) The

S ; 126 RRRgE 2filtration and dried in vacuo to afford
11.5 ¢ (6196y|eld) of a mhlte powder . 10 Exanpl e 40 Preparation

of N-(D) -canphorsul fonyl-S-(t-butyl acetate)- L-cysteine sul fone
sar cosi ne- O benzyl ester CH, [err]
15 The conpound of Exanple 39 CH: 9.22 nmmle) and

(D) - canphor sul fonyl chloride (3.5 g,..15-8 Ie).mere di ssol ved with
stirring in 20 nL of dry dinethylfo 'de and 20 nL of dry
tetrahydrofuran. To this m xture wa®g2 added triethylamne (6.4 nL, 46.1
mmole). After 16 hours, CHs seaciiqn m BHsrg was diluted with 600 ni
of et hyl acetate and e h°15 . gach of water, 1 M aqueous
hydr ochl oric acid, wat HyC SO H :

The compound of Example 40 (3.89 g, 6.49 mmole) was
- dissolved in 300 mL of methanol with stirring and purged
with nitrogen. To this mixture was added 2 g of 10%
palladium on carbon and stirred vigorously under 1
10 atmosphere of hydrogen. After 16 hours, the palladium was
removed by filtration and the solvent removed in vacuo.
The resulting oil was dissolved into 100 mL of ethyl
acetate and the product was extracted into 150 mL
saturated aqueous sodium bicarbonate. This was washed
15 with 100 mL ethyl acetate and acidified using concentrated
hydrochlorlc acid. The product was then extracted into
ethyl acetate (3x%200 mL) and the combined organic layers
were washed with 200 mL brine and drled over anhydrous
magnesium éulfate, filtered and concentrated in vacuo to
20 1.9 ¢g (57%-yield) of the title compound as a white foam.



bi carbonate and brine. The organic phase was dried over 25 anhydrous

magnesi um sul fate, filtered and concentrated in vacuo to afford 3.89 ¢

(70% Wepédginagd the title conpound as a yell ow sh fo®crUsPs/16866®. 84 (1: 9

met hanol : di chl or onet hane) . 30 Example 41 WD 96/ 19493

PCT/ US95/ 16866 76 . 75 Preparation of

N- (D) - canphor sul fonyl -S-(t-butyl acetate)- L-cystei ne sul fone sarcosine

[errFBEngﬁ—iz 5 The conpound of Exanple 40 (3.89 g, 6.49 mmol e)

| W Do *5d pur ged W th

( — It adi um on car bon and

. After 16 hours, the

pal | adi y renoved i n vacuo.
The eménBling oil was dissolved:into 100 nL of et hyl acetate and the
p@pduct was extracted into 150 niL sat ur at ed aqueous sodi um bi car bonat e.
Thi s was washed 15 with 100 nL ethyl acetate and acidified using
concent r at ed hydrochl oric 2&Mgd. The product was then extracted into
ethyl acetate (3x200 ni) and t hk-€Hsrbi ned organic |ayers wer e washed
with 200 nL brine and dried ery nhydr ous

_ A _

CH, o, o SHs o
00
HoC Il N\* NH,
S—N \n’

g_ "o o\] N-NO, (
CHg

The compound of_Egample_4 (1.50.g, 5.59 mmole)'and
~ the compound of Example 41 (1.9 g, 3.72 mmole) were

10 dissolved with stirring in 10 mL of'dry dimethylformamide
and 20 mL of dry tetrahydrofuran. To this mixfure was
added 1l-hydroxybenzotriazole monohydrate (0.76 g, 5.6
mmole) and 2- (1H-benzotriazol- l-yl) -1,1,3,3~-
tetramethyluronium hexafluorophosphate (2 12 g, 5.6 mmole)

15 followed by N-methylmorpholine (2 mL, 19 mmole). After 16
hours, the reaction mixture was diluted with 600 mL ethyl
acetate and extracted with 150 mL éach of water, 1 M
aqueous hydrochloric acid, water, saturated aquéous scdium.
bicarbonate and brine. The organié phase was dried over

20 anhydrous magnesiﬁm sulfate, filtered and the solvent
removed in vacuo. Chromatography of the resulting oil
(silica, 4:1:4 hexanes:methanol: dichloromethane) afforded
1.16 g (43% yield) of the title compound as an off-white
foam. TLC gave two spots, Rf = 0.40 and 0.47 (1:9

25 methanol:dichloromethane). |



magnesi um sul fate, filtered and concentrated in vacuo to 20 1.9 g (57%

yi el d) of my’,gl e corrpound as a white foam R CRArsd$)16866

PCT/ US95/ 76 Exampl e 42 _
Preparation of (D)- canphorsulfonyl S ﬁ; but yl acet at e) cyst ei nesul f one
sarcosi ne- N| err! ﬂg err]-arginine cyclic-Oet amnal 5

[err] EX _ The conpound of Exanple 4 (1 50 g, 5.59 mol e)
and 3 0 3 _di ssol ved

dry
t et r ahydr oW | SaxicoL - pic DE/E] r aach
nonohydr at e (0 76 g, 5 6 nnDIe) and 2- (IFLbenzotrlazoI 1-yl)-1,1, 3, 3-
t et ramet hyl ur oni um hexaf | uor ophosphate (2.12 g, 5.6 nmole) 15 followed by
N- et hyl nor pholine (2 nL, 19 mmole). Cﬂﬁter 16 hours, the reaction
m xture was diluted with 600 nL eth CH3 acetate and extracted with 150 ni
each of water, 1 M aqueous hyd ch ric acid, water, saturated aqueous
sodi um bi car bonate and bri n@=X The® Bgani c phase was dried over 20
anhydr ous nagnesi um sul f at e, flonp ed and the sol vent removed in vacuo.

Chr omat ogr aphy of th€Hges
di chl or onet hane) af f Qhegte

?thé ca, .4 hexanes: net hanol :
H
SN

WNH

s - | - CHy

1l g of 10% palladium on carbon was placed in a 500 mL

PARR bottle. 10 mL of water and 3 mL of glacial acetic
acid was added. To this mixture was added a solution of

10 the compound of Example 42 (1.16 g, 1.6 mmole) in 100 mL
of methanol. The mixture was then shaken under a hydrogen
atmosphere at 40 psi for 1 day. The catalyst was then
removed by filtration and the filtrate concentrated in
vacuo. The resulting oil was azeotroped with toluene to

15 remove the remaining acetic acid to afford about 1 g of
the title compound.

Example 44

OH J

o HN  NH,

c|-|30
H
s-—-N -
o



1.16 g (4396yie|d) of the title conpound as an off-white foam TLC gave.
two spots, Rf 0.40 and 0.47 (1:9 25 nethanol :dichl oronethane).
v096/ PCT/ LbOInise3a6%56
19493 .
lﬁé%l ? 43  Preparation &f (D) - canphor sul f onyl
a

cystelnesulfone s-(t- butylac te) sarcosine arainine cyclic-Oet am nal
[err] 1 of 10% pal | adi um on carbon was placed in a
500 L m&mmqumi Ommmﬂ-ewdﬁel(laﬂd B.rimmdle) aEisal acetic aci d
aﬁé vén i %cmf} BrfesuHSoaaQeéraaéaééaimré wi@H he _conpound of
Exanp (1 16 g, 1.6 mmole) - of nmethanol. The m xture was

t hen stl:eukmngnam:’r codiedr ¢geACC :Latmspchemamr Amgysi fMor thiday. The
cat al ¥§i|1ht‘é\.?€nes ¥ slovil‘izm&dﬁgdbmffni.téf‘téoéb amfjk té@.xft.':.'otnr dge concentrated in

vacuo was _.azeotroped with to uene to_15 renove the
reﬁalh¢¥EFkRRRQRPQﬁH H%S arigr dnaNatera Abfer 1 duni the Pnpound.
Prepagat tigd ¥dadtddon %asa&h%swhfsoaabugtéaceé | focid H 20 ugdagei nesul f one
sar cosi ne arajni ne al dehvde
saturated agueous sodlum acetate. Thls mixture was -
filtered through a plug of Celite. The tltle compound was
obtained by purlflcatlon from the filtrate by preparative
10 HPLC (2 inch Vydak C18 ‘column using a gradlent consisting
of 8 to 27% acetonitrile in water containing 0.1%
trifluoroacetic acid run over 60 minutes at a flowrate of _
115 mL/minute) and lyophilization of the pooled fractions. ‘
Mass Spectroscopy (FAB) confirmed the calculated molecular

15 weight of 635.7.

20

Carbonyld;zmldazole (4 9 g. 30 mmole) was added to a
suspension of benzylsulfonylmethlonlne sulfone (8.0 g,

25 28.5 mmole) in dichloromethane (60 mL) at 0°C. The
reaction mixture was allowed to warm to room temperature
and was stirred an additional 17 hours. Methanol (2.3 mL,
57 mmole) was added and stirring was eontinued for 17
hours, at which time the reaction mixture was concentrated

30 under vacuum. The residue was extracted 1nto ethyl
acetate (2x100 mL), washed with 3% hydrochlorlc acid (aq)
(75 mL), brine (75 mL), saturated sodium bicarbonate
solution (aqueous) (75 mL), dried over anhydrous magnesium
sulfate, and concentrated under vacuum to yield the title



[err] WD 96/ 19493

PCT/ US95/ 16866 78 cT/iRssegpound of
Exanpl e NP3 1 6 mol e). was d7| ssolved in 30 mi of 8050

wat er: acetonitrile with stirring @nd cool ed to Oferr]Cin an ice water
bath. To this solution was slowy added 50 nL of a 60 wt % sol ution of

5 hexaf | wonrpeundpasr acwhitd foama(&r0 g/ﬁikﬁ):lﬂﬁaﬂullbhé pHethylof the

reaction n1xt # usted to about pH 4 using sat urated agueous
sodi um acHR té: $%§§ﬁ%%xture was filtered through a plug of Celite.
The title conpound was obtained by purification fromthe filtrate by
preparati$§g$&ﬂ§5§5$ (2 inch Wdak C18 columm using a gradi ent consisting
of 8 to 27% acetonitrile in mater contalnlng 0.1% trifluoroacetic acid
run oves Erepana s p L lygEne te) and Iyophilization
of the pool ed fractlons Nhss Spectroscopy (FAB) ‘confirmed the

cal cul ated nol ecul ar 15 wei ght of 635.7. Exanpl'e 45 Preparation
of benzvl sul f onvl net hi oni ne(su £) net hyl ester 20

[err] Car bonyl ¢ dazole (4.9 g, 30 mvl e) was added to a
suspensi on of benzyl sul f onyl net

Oni ige scHEone (8.0 g, 25 28.5 mvle) in
di chl oronet hane (60 nL) at OC. Re |! CHi on mixture was allowed to
warmto roomtenperature and ﬁ“ additional 17 hours.-

Met hanol (2.3 ni,

t-Butyl bromoacetate (7.6 mL) was added over 10

10 minutes to a solution of cyclohexylamine (11.7 mL) in
tetrahydrofuran (200 mL) at 0°C. After the addition was
complete, the ice-water bath was removed and the reaction
‘'was stirred at room temperature for 20 hours. The
reaction was filtered through Celite and concentrated

15 under vacuum. The product was purified by flash
chromatography on silica gel eluting with a hexane-ethyl
acetate (4:1 to 2:1) gradient yielding a clear oil (10.8
g, 99%). Rf=0.22 (1:1 ethyl acetate:hexanes).

20 Example 47
3 m ioninvl (su -
L5 '
_ =8=0

|| N )<CH3
S—N \)L
I H
o)

25

To a solution of the cdmpound of Example 46 (5.0 g,
23.5 mmole) in tetrahydrofuran'k40 mL), was added over 15
minutes a 2M solution of trimethylaluminum in toluenc
(11.5 mL, 23 mmole) at 0°C. After stirring for 1.3 hours,



57 mmol e) was added and stirring was continued for 17 ‘hours, at which
time the reaction mxture was concentrated 30 under vacuum The residue was

ext r agloRignbdeo et hyl acetate (2x100 m.), washed w pOT/BSHSME8E6OCH] Ori C
acid (aq) (75°'mL), brine (7% sat urat ed sodi um bi car bonat e
solution (aqueous) (75 nlL), dri & over anhydr ous nmagnesi um “sulfate, and,

concentrat ed under vacuumto yield the title . ' WO 96/.19493
PCT/ benzylsighfpnylmethionine sulfone methyl ester (1. %&péuﬂd as a white

f oamnh§18) guag Jézaded?fnp tbl:.rahyarelfh!‘hn (1aGRt pt srdexanes. 5 Preparation .
of t-butyl |Oh [err]
t- Bu{“ﬂ‘u%?% Zé'{% tf'%g‘lﬁﬁﬁﬁﬁ ¥Ered F A F ¥ ™hut es to a sol ution of

cycl cempgtature, (J:II:L vasristirred foreBrdaysr of Thanrdaffian ) at O[err]C. After

- BacPERkbEE lE Tnen AR URee) BB SS B ol P R ™ eact on

was MLDtém@detthnﬁﬂﬁuaﬁﬁ ﬂéoam&)coﬁéﬁﬁtaéﬁéd axtrarted widbum The product
was euﬁyilséemcélﬁﬁdﬂmm, %rsa@at w&apbs gpa%&nr&ﬁelac@aﬂl ng with a

.hexane eth cetate (4. | ding a clear oil (10.8
g, 999§ f?g Ll ( ‘f‘eetﬁgﬁ “‘é‘éet QFée e ‘éﬁ’és? <¥-"*2"(3"9|Exarrpl e 47
Pr epﬁaghe@mmfsmm /S @rid epheehbiratedyuhdet fwa@jun\- cycl ohexyl gl yci ne

Eob”£¥¥1ff Elon by silica gel chromatography using a
dichloromethane, methanol gradient (2-5%) gave the title
compound as an orange oil (0.36 g, 16%). Rf=0.91 (9:1
dichloromethane:methanol) . _ - ' ‘

15 Example 48

SNy

N-No,
cus
20 _ .

‘The compound of Example 47 (0.36 g, 0.76 mmole) was
stirred with trifluorocacetic acid (5.0 mL) and
dichloromethane (5.0 mL) at room temperature for 3.5

“hours. Toluene (5.0 mL) was added and.the reaction was
25 concentrated under vacuum to give a residue. |
_ The residue was dissolved in acetonitrile (5.0 mL),
and the compound of Example 4 (0.223 g, 0.76 mmole), 1-
ethyl-3-(3-dimethylamino-propyl)carbodiimide hydrochloride
salt (0.18'g, 0.91 mmole), l-hydroxybenzotriazole
30 monohydrate (0.12 g, 0.91 mmole), and finally N-
methylmorpholine (0.25 g, 2.3 mmole) were added. The
reaction mixture was stirred at room temperature for 20



[err] 25 To a solution of the conmpound of Exanple 46 (5.0
g, 23.5 mmole) in tetrahydrofuran (40 niL), was added 1

m nut es WORMIMILtion.of trinethylaluminumin toluene - q%ﬁqpéghf, 23
mmole) at O[err]C. After stirringf%? 1.3 hours, WO 96/ 19493
PCT/ US95/ 16866 80 '
benzyl sul fmuwﬁtﬂnemwa% sdhbeneraeedyhndst evaduurd th give a mmole) was

added in tetrahydrofuran (1 Qv t th ti
e o o e Lot T8 B oA e B o A (e react on
:rE?Ct i gn &ma«iejr@xm mlhenwpsheédwthB%chyﬁﬁ%hMmIﬂ@d dagi d (50 .
and et et 5 hyl t at
(50 1y “widh a0 Beae ol |or8.a%ﬁ%§%°§f‘“’?£*§ %‘3, B80S0 )
dried oBer(S@Wmhk&nﬁrled qwggneghuerHSfa@@ne%#mm a8 under vacuum
10 Purificaf %é’éh ééd '&ﬁe&ekraﬁﬁhﬂnﬁbogiépbyu‘z@'ﬁﬂo&hct asﬂla:@aqreorret hane,

met hanol gradi ent ave e ti as an orange oil (0.36
g, 16%. R?J:l)o‘iblf‘laj“ 1(€ 'cﬁlzﬁr’oneﬁﬁaﬂeg%?gpaﬁol ). 15 Exanpl e 48
Pr epar at i 08 €h1estrettnd @iethagioli)oni nyl (sul f one) N-

cycl ohexyl gl ycinyl-N err]-nitrocycl oargi ni ne ethyl am nal

10Examp.l§_"l9. )

The compound of Example 48 (0.30 g, 0.47 mmole) was
dissolved in methanol (12 mL), acetic acid (2.0 mL), and
.distilled’water (2.0 mL) and the solution was placed in a
250 mL Parr bottle. The reaction vessel was purged with

20 argon and then 10% palladium on carbon catalyst (0.15 g)
was added. - The reaction mixture was shaken under hydrogen
(45 psi) for 2.8 days, then was filtered through Celite
and concentrated under vacuum to give crude title
compound. This was purified by reverse phase HPLC on a

25 two inch Vydak C-18 at 115 mL/minute, gradient 20-50% over
50 minutes and lyophilyzed to give the titlelcompound as a
white powder (0.2 g, 74%).

Example 50

30 i b ' n ethioninvl (sulfone)N-



[err] 20 The conpound of Exanple 47 (0.36 g, 0.76 nmol e)

was - stirred with trifluoroaceti-c acid (5.0 nL) and di chl or onet hane
(5.0 })9‘3‘}19 9gom'terrperat ure for 3.5 hours. Tol uenpctiusés/etés Was added
and the reaction was 25 concentrated under vacuumto give a residue.

The resi due was di ssolved in acetonitrile (5.0 n), and the conpound of -
Exanple 4 (0.223 g, 0.76 mmol e), :
et hyl - 3- ( 3- di et hyl am no- propyl)%%rbod||n1de hydrochlorlde salt (0.18

g, 0.91 mmle), 1-hydroxybenzotriazole 30 nonohydrate (0.12 g, 0.91 mmole),
and finally N met hyl nor phol i ne (0. 25 g, 2Nﬁ mmol e) were added. The
reacti on m xture was stlrredﬂgt ‘room tenperat fjre for 20 WD 96/ 19493

PCT/ US95/ 16866 hours, then was

AH _
concentrated under vacuurﬂT ' % r |Hue The residue was then
extracted into et acet\sj e 0 mL), washed:with 3% hydrochloric acid
(aq) (50 nm), (&0 nL 50| umi caybonate solution (ag) 5 (50 nl),
dried over anhydro maghes| Nfat gl an concentrat ed under vacuumto
yield the product as & pgl e el l f ON .EO g, 62%. Rf=0.90 (9:1
di chl or onet hane: net hanolg. 1¢ Exanpl e H9 Preparation of
benzyl sul f onyl net hi oni nyl (sul f one) N cycPohexngchinylcycloarginine
et hyl am nal :
5 The compound of Example 49 (0.20 g, 0.34 mmole) was
dissolved in acetonitrile_(B.O mL), cooled to 0°C using an
ice bath, and 6N hydrochloric acid (8.0 mL) was added. ‘

The ice-water bath was removed and the reaction was
stirred at room temperature for 3 hours. An additional

10 (1.0 mL) concentrated hydrochloric acid was added. After
1.0 hour, saturated sodium acetate (15 mL) was added. The
solution was then filtered and then subjectedlto
purification by HPLC. The'produCﬁ was purified by reverse
phase HPLC (2 inch Vydak'c-le at 115 mL/minute, gradient

15 13 to 45% acetonitrile in water containing 0.1%
trifluoroacetic acid run over 40 minutes) and lyophilyzed
to give the title compound as a white powder. Fast atom.
bombardment mass spectrometry confirmed the theoretical
molecular weight of 614 based on formula of C2H42Ng07S3.

20



[err] 15 The conpound of Exanple 48 (0.30 g, 0.47 nmol e)
was ggﬁag £d in methanol (12 nl), acetic acid (2.0 nggrmsH8aesss

distill er (2.0°'n.) and the solution was placed in a 250- mL Parr
bottle. The reaction vessel was purggd wi th 20 argon and then 10% pal | adi um
on carbon catalyst (0.15 @) was added. The reaction m xture was shaken

under hy@xeypmle S1 (45 psi) for
and conc unde s
purified ] ' ' v g 15
mL/ m nut eallowladivex LDabs 50 minutes and |yophilyzed to give the
title conpound.as _a whi t owder (0. 749 . 30 reparation of
benzyl sul fonqu‘.r‘ﬁﬁ TR Fs(éFESﬁé$ﬁ9 ln%%%e%l%r\?@ggnspar ai ni nal

WO 96/99483 used to prepare other preferred compound2CtHfUsh®/ 16866

?grr] present invention which are shown below._'*é'prepare these

2.8 days, then was filtered through Celite
| V.6 4 AN payng. This was

compounds, other substituted amines are used in the place
of cyclohexylamine in Example 46. For example, other
substituted amines would include cyclohexylmethylamine, 4-
10 hydroxycyclohexylamine, aniline, bgnzylamine,
cyclopentylamine, isopropylamine, isobutylamine, R and S
sec-butylamine, l-ethyl-l-aminopropane, n-butylamine, n-

15 | o o,

propylamine.

X
o
Iz

o , and
20



5 The conpound of Exanple 49 (0.20 g, 0.34 nmole) was di ssol ved
in acetonitrile (3.0 nL), cooled to-0O[err]C using an I ce bath and 6N
hydr o 5&& 3acid (8.0 nL) was added. The ice-wat ep ékﬁy reaned
and the Te I on was stirred at roomtenperature for ours.
additional 10 (1.0 nml) concentrgfged hydrochloric acid was added. After
1.0 hour, saturated sodium acetate (15 nL) was added. The sol uti on was
then filtered and then sthFcted to puriMHcation by HPLC. The product
was purified by reverse *phase HPLC (2 hdhb Vydak C-18 at 115 nl/m nute,
gradient 15 13 to 45% aognts:notrll wailgn coaining 0.1%
trifluoroacetic g and | yophilyzed to give the
title conpound om bonbar dment mass
spectrometry conN_r4 nmol ecul ar wei ght of 614 based on
formul a of C26H4A2N6BZSE : '
PCT/ US95/ 16866 Il ' 83 Exanpl e 51
Preparation of other béhzylsulfonylnethlon (sul fone) N
al kyl al yci nyl ar ai ni nal s _ . The procedures described in Exanples 45
through 50, 5 are used to prepare other preferred conpounds of the
presﬁnﬂmnhaeﬁilon mhlch are shown below. To prepare these conpounds,
| of cycl ohexylam ne in
"~-4‘”!. d include

) et ian] e Hrds e ok Pe ani | i'ne, benzyl am ne,
cyclopentylan1ne |sopropylan1ne |sobutylan1ne R and-S : :
sec- butyl am ne, 1-ethyl-1-am nopropane, n-butylam ne, n- propylanine‘
[err] '

_ To a stirring solution of sarcosine-O-fluorenylmethyl
10 ester, hydrochloric acid salt (5.6 g, 18.3 mmole) in 90 mL
of dry dimethylformamide, was added N-Boc-aspartic acid

beta-benzyl ester (6.5 g, 20.2 mmole) followed by
benzotriazol-1-yl-oxy-tris-(dimethylamino)Qphosphonium
hexafluorophosphate (8.12 g, 18.4 mmole) and 2,4, 6-

15 collidine (5 mL, 36.7 mmole). The reaction mixture was
stirred for 16 hours at room temperature, then was
dissolved in 800 mL of ethyl acetate and washed with 200
mL each of water, 1 M aqueous hydrochloric acid, water,
saturated aqueous sodium bicarbonate and brine. The

20 organic phase was dried over anhydrous magnesium sulfate,
filtered and the solvent removed in vacuo. Rf = 0.85 (1:9
methanol:dichloromethane) . , .

The resulting oil was dissolved in dichlorométhane
(200 mL) and treated with 50 mL of 4.0M solution of

25 . hydrochloric acid in dioxane. After 12 hours, the title

‘compound was precipitated by pouring the reaction mixture



W06/ 1949
84

Pr epar at Wn96594%% sar t y|

ester, hy
To a stir

3 PCT/ US95/ 16866

[err]
- bet a- benzyl ester sarcosine-O 5qquﬁﬁﬂﬁvﬁethw
drochl oride salt 85 [err]
ring solution of sarcosine-Ofluorenyl nethyl 10 ester,

gydrOCh' 0l h‘i;oafégﬁe?a'(koéﬁaﬁ) gw;éﬁ VidERhE éﬂr‘%‘in@‘- let@ieéré{n
i met hyl f or mam was a Boc- aspartic_ acid bet a- benz ester (6.5
g; 20.2 méslied €5 vasEa B9 Pro"h@?nz%t ihz§6% ¥ieldly of Fhe FﬂFiﬁt hyl ani no)
-phosphomdampoundhaéaahuefﬁpms)ﬁ@éwﬁ@ud& 12 RE =18.4 maebe) and 2,4,6- 15
col l'idi ne The reactlon m xt ure was stirred for 16
hours at FE&#PP@&paﬁﬁpgnD°m%ﬁ% di ssol ved in 800 nL of ethyl
acet at s and washed with 200 nL each of water, 1 M aqueous hydrochloric
aci d, “at%&amnlg_il ‘ .
i = tyl- ~benz
CHs Oo OJX(?HS o
HyC i it%_ﬂ ' N\)LOH
10 X 1 o
To a solution of the compound of Example 52 (8.2 g,
15.7 mmole) in 30 mL of dry dimethylformamide and 50 mL
acetonitrile was added (D)-camphorsulfonyl chloride (5.9
15 g, 23.6 mmole) followed by diisopropylethylamine (14 mL,
78.7 mmole). The reaction mixture was stirred for 16
hours at room temperature, at which time piperidine (10
mL, 100 mmole) was added to remove the fluorenylmethyl
ester. After another 12 hours, the reaction mixture was
20 dissolved in 600 mL of ethyl acetate and extracted in to
saturated aqueous bicarbonate (2x200 mL). The combined
aqueous fractions were washed with 200 mL ethyl acetate
and theh~acidified to about pH 4 using hydrochloric acid.
This was then extracted with ethyl acetate (2x300 mL) and
25 the organic fractions were washed with 300 mL brine, dried
over anhydrous magnesium sulfate, filtered and the solvent
‘removed in vacuo to provide 6 g (55% yield) of the title
compound as an off-white foam. Rf = 0.38 (1:9
methanol:dichloromethane) .
30

Example 54

P i - tvl-beta-benz



sat ur at ed aqueous sodi um bi carbonate and brine. The 20 organ
dried over anhydrous magnesium sul fate, filtered and the

renov

(86%vyield) of the titl®
met hanol : di chl
(D) - camphors
[err]

npound as an off-white powder.

Bxgiyple 53 Prepar-ati-on of
t - bt a-penfvl esSher sarcosine

p

ul f
HyC Tdl a s&

c phase was
sol vent

g&ukﬂP cuo. Rf = 0.85 (1:9 met hanol di chl or o ppirfuRos16866

The r oi | was dissolved in dichl oronet hane (200 nL) and treated
with 50 nL of 4.0M solution of 25 hydrochloric acid in dioxane. After 12
hours, the title conpound.masagrecipitated by pouring the reaction

- mxture -~ WD 96/ 19493 - ' ' _

- PCT/ US95/ 16866 , ' 85 into ether (500 i)
wi th vigorous stirring, tered and ~ dried in vacuo to provide 8.2 g

R =0.5(1:9

he J¢o unpipf Exanple 52 (8.2 g,

15.7 mmole) in 30 of Jky I mehyl f or an |50 L acetonitrile
was added (D)-canphorsul@onyl chtoride (59 Q—-Ne; 6. ol e) followed by
di i sopropyl et hyl am ne (14 i, 78.7 mmol e). [The reaction mxture was
stirred for 16 hours at room tenperature, &Hswhich tine piperidine (10

m., 100 mmol e) was added to renove the fluorenyl nethyl

ester. After

anot her 12 hours, the reaction m xture was 20 dissolved in 600 nL of ethyl
acet at e arfhegompeuad pf Esxample 4 (1.18 g, 4.41 mmole) and '

5

10

15

20

the compound of Example 53 (2.1 g, 4.01 mmole) were
dissolved with stirring in 10 mL of dry dimethylformamide
and 30 mL of dry tetrahydrofuran. To this mixture was
added 1-hydroxybenzotriazole monohydrate (0.81 g, 6.02
mmole) and 2- (1H-benzotriazol-1l-yl)-1,1,3,3-
tetramethyluronium hexéfluorophosphate (2.28 g, 6.02
mmole) followed by N-methylmorpholine (2 mL, 20 mmole).
After 16 hours, the reaction mixture was diluted with 700
mL ethyl acetate and extracted with 150 mL each of water,
1 M agqueous hYdrochiOric acid, water, saturated agqueous

.sodium bicarbonate and brine. The organic phase was dried

over anhydrous magnesiﬁm sulfate, filtered and the solvent
removed in vacuo to afford 2.65'g (91% yield) of the title
compound as an off-white foam.'TLC gave*tWO spots, Rf =
0.43 and 0.54 (1:9 methanol:dichloromethane).



sat urated aqueous bicarbonate (2x200 nmL). The conbi ned agqueous
fractions were washed with 200 nL ethyl acetate and then aC|€b dto
about pH wowsiseahydr ochl ori c aci d. This was then extr 2&EE8” et hyl
acetate (2x300 nL) and 25 the organic fractions were washed with 300 niL
brine, dried over anhydrous magne81 um sul fate, filtered and the sol vent
renmoved in ﬁacua %5provide 6 g (55%yield) of the title conpound as an
off-white f = 0.38 (1:9 met hanol : dlchloronethane) 30

Exanpl.e 54 prepa¥iztiidnaiofo n,;'u.‘,.,;: , g yardosieies
ester sarcosine- N[err! hKIerr] arg Elne cycllc CEt an1na| WO

96/ 19493 PCT/ US95/ 16866

86 [err] The conpound of Exanpl e
4 (1.18 g, 4.41 mmole) and 5 the cogpound of Exanple 53 (2.1 g, 4.01 mmol e)
were . di ssolved witQ.stirring in g0 nL of dry dlnethylfornan1de and 30
mL of dry tetrahydrof Hy _ ded

1- hydroxybenzotrlaq% ydI te (0}81 .02 | e) and

2- (1H benzotri azol yl) N BRaf | uor ophosphat e
(2.28 g, 6.02 mol e) fo Iomﬂu byHN- ﬁholine 2 m., 20 nmole).
After 16 hours, the reaction n&ture was diluted w U788 m. et hyl

acetate and extracted with 150 nL each of water, CH
5 _ o 3

1 g of 10% palladium on carbon was placed in a 500 mL

PARR bottle. 10 mL of water and 7 mL of glacial acetic
acid was added. To this mixture was added a solution of

10 the compound of Example 54 (2.6 g, 3.5 mmole) in 100 mL of
methanol. The mixture was then shaken under a hydrogen
atmosphere at 40 psi for 1 day. The catalyst was then
removed by filtration and the filtrate concentrated in
vacuo. The resﬁlting oil was azeotroped with toluene to

15 remove the remaining acetic acid to afford about 2 g of
the title compound which was purified by HPLC on a two
inch Vydak C-18 column at 115 mL/minute, gradient 20 to
60% over 50 minutes to give 0.7 g (30% yield) of the title
compound as a white powder.

20 _
Example 56
| i = fonyl
X
o HN NH,
: 0
CH ,
HyC 1] '
3 S N N\)kN H
1 H o H
25 ' . 0

The compound of Example 55 (0.7'g, 1.2 mmole) was
dissolved in 20 mL of 50:50 water:acetonitrile with



1 M aqueous hydrochloric acid, water, saturated aqueous 15 sodi um

bi carbonate and brine. The organi c phase was dried over anhydrous
magnesi um'sul fate, filtered and the sol vent rermveldﬁ%] %ﬁw to afford
2. 65 WOoP¥1IMYi el d). of the title conpound as an of f ¥ Poam TLC gave
two spots, Rf = 0.43 and O. 52?8(1 9 net hanol : di chl or onet hane). 20

MD 96/ 19493 PCT/ US95/ 16866 '

EAMIE ooﬁ.’%apeF,abbenlﬂfamc&w BUehONYlroAFRIEL ! sarcosi ne-
ar gi nY Ae oEt F r]

1g cﬁoh-U%%IWaédlsl}WéN addedn4 0l PR £0 Wtk smdution °l5ARR bottle. 10 ni
of %ﬂ:ﬁﬂe o&hecaehdasﬁtwster aqx&éﬂaq @Mr Tenkhi s- m xture was

added a soI ion of ,10 the, conpoun Ie%%ﬂﬁé! 3.5 mole) in 100
. ofPH THECtiRE RUEEUPE VHS APiVSC BH Ay dr ogen
?F?Dsﬁﬁ&ﬁgisatuﬁ&q@ﬂ atjaeoilisdspdiumecacetatey st Thhis: mMikture WQEDVfd_by _

iltr n te V.a ulting oil was
azeotf’bjpg%%]& gﬂgfhe b? hsléergﬁg#eét hceir}#é;n%ltn]ieng:%gggmg g%?d to afford
aboutdﬁtgpnﬁd by pumgfncateoooﬁpganﬁhewﬁxitmanﬁ;hnwnnap@ray1MELc on a two
i nch @ ﬂﬁ:l'PQ)yd@k éﬁslélééilﬂnﬁm %‘i‘ﬁ%ea ﬁ?&fﬁféﬁt Prisdst ing60% over 50

n1nutes to give 0O 30% conpounggas a white
powdePE Qcpo 25% acetonltrlle in water containing 0.1%

10 trifluorcacetic acid run over 55 minutes at a flowrate of
115 mL/minute) and lyophilization of the pooled fractions.
Mass spectroscopy (FAB) confirmed the ‘theoretical :
molecular weight of 557.6. ' - : ‘

15

HCI* HyN

20
To a stirring solution of Boc-3-(3-pyridyl)-L-alanine

(10 g, 37.5 mmole) in 190 mL of dry dimethylformamide was
added sarcosine-o-benzyl ester, p*toluenesulfonic acid
salt (1312:g,'37.5 mmole) followed by benzotriazol-1l-yl-

25 'oxy-tris-(dimethylandno)-phosphonium hexafluorophosphate
(16.6 g, 37.5 mmole) and N-methylmorpholine (21 mL, 187.7
mmole) . The mixture was stirred for 16 hours at room
temperature. The reaction mixture was dissolved in 1000
mL of ethyl acetate and washed with 200 mL each of water,

30 1 M aqueous hydrochlorig acid, water, saturated aqueous
sodium bicarbonate and brine. The organié phase was dried
over anhydrous magneszum sulfate, filtered and the solvent
removed in vacuo to glve an oil. Rf_ 0.57 (1:9
methanol:dichloromethane) .



Prreparati on of (D)-canphorsul fonyl aspartvl sarcosine ar ai ni ne al dehyde

[err] ‘The conpound of Exanple 55 (0.7 aﬂﬁyole)
was Wo3P4R3d i n 20 . of 50: 50_wat er: acetonitrile WIP%‘IUS&SI

96/ 19493 89 PCT/ US95/ 16866 _

88 stirring and cooled to O[err]Cin an ice water bath. To this

ﬁ'ol u]'E : on waﬁ LT pladeb;ag aﬂsgbloédallgody!eﬂlfhséﬁméﬁm&f(zso mﬁ) and

exaf | uor Qsp .C.a n e pH o e
reaction z;aafﬁego \Wéghaéjbug‘t‘ea%% g%o%?f‘%%% qsg]qu’facg’gf’ﬁfgt ﬁﬁléqueous
sodi um aceiratdi.oxangi. s Mfzeur&v\]aeurs. the ttirde tdm\mgtlndawplsug of Celite.
The titl efﬁgﬂﬂ idd | I t ltrate by
preparati %HE%L %2 |ﬁcﬁp%ﬂ% ﬁﬁ%f%%%ﬁﬁlﬁ#ﬁﬁiﬁq?} l%zgdggn%kcon5|stlng
of 8 t® 25R04c BLdnWiER ngﬁrﬁhﬁe?tk’ém%ﬁm gl teres f@dt iedoiBaceti c aci d

run over Sédﬁwltbe@ramaef bovgage(ois yididh rafl AUtk 1@Neotmp8RAd! | zat i on
of the pooled fr % 3 g ghss spectroscopy (FAB) confirned the
n odEsuBiie per

t heoreti c&® ft - of 557.6. 15 Exanpl e 57 Preparation of
3-(3-pyridyl)-al ani ne sarcosi ne benzyl ester hydrochl oride salt
Example 58
10 i - -3-(3-pyrij - ine
sarcosine benzv] ester
N |
CH, o CH; o
(o} |
HyC il N
S—N o
_ Il H O
o _
15 To a solution of the compound of Example 57 (3.3 g,

9.07 mmole) in 20 mL of dry dimethylformamide and 25 mL
acetonitrile was added (D)-camphorsulfonyl chloride (3.4
g, 13.6 mmole) followed by triethylamine (6 mL, 45 mmole).
The reaction mixture was stirred for 16 hours at room
20 temperature. The reaction mixture was dissolved in 700 mL
of ethyl acetate and washed with 100 mL each of water,
saturated agueous sodium bicarbonate and brine. The
organic phase was dried over anhyarous magnesium sulfate,
filtered and the solVent removed in vacuo to give an oil.
25 The oil was dissolved in dichloromethane and filtered
through silica, eluting first with dichloromethane (500
' mL) then 1:9 methanol:dichloromethane (1000 mL). The
methanol: dichloromethane fraction was concentrated to
| prov;de 3.33 g (68% yield) of the title compound as a
30 brownish-yellow foam. Rf = 0.52 (1:9
methanol :dichloromethane) .

Example 59



[err] | o To a stirring solution of Boc-3-(3-pyridyl)-L-al anine

(10 g, 37.5 mmole) in 190 nmL of dry dinethylformam de was added

sar cosine- O benzyl ester, p- tquenesquonic acid S , 37.5

nmol e)wf’é'fiﬂl d by- benzot riazol - | ﬁ %’G%IM

oxy-tris-(di net hyl am no) - phosphonl nthexafluorophosphate (16.6 g, 37.5°

- nol e) and N-nethylnnrphollne (21 nL 187 7 nnnle) The m xture was i
ha v S( DAt g L3 DYy \ xture was

dlssolved |n 1000 mL of ethyI acetate and 00 nmL each of

wat er SABERRINRE aqueous hydrochl oric acid, water, saturated agqueous

sodi um bi carbonate and brine. The organic phase was dried ~over

anhydr ous nagnesiuntsulfate, filtegred and t he sol vent renoved in vacuo

to give an oil. Kf 'nethanol di chl or onet hane) .

PCT/ US95/ 16866 MD 9@“,9493 Ha ! 89 . The

oil was dissolved in d ‘d‘;y— 25@\:E£ and treated with 50 nL of

: A

4.0M sol ution of hysdk xane. After 12 hours, the
title conpound was 8 by Woou¥i n@H he reaction nmixture into
ether 5 (500 nL) with V|gorog% sﬂlrrphg, filtered and dried in vacuo
to provide 5.78 g (42% yi el d) the title conpound as an off-white
pofder . Exanpl e 58 10 Preparation of..

(D) - canphons u fasikle sl 32 kel UohpBbAR B8 meamSfl W1 8 HeR7Y1 ester

' 6.15 mmole) in 200 mL of methanol under a nitrogen
blanket, was added 10% palladium on carbon (2.5 g) and the ‘
mixture was hydrogenated at 1 atmosphere for 4 days. The

10 catalyst was removed and replaced 2 times during'ﬁhe
course of the reaction. The mixture was-then'filtered and
concentrated in vacuo to provide 2.0 g (72% yield) of the

title compound as a white foam.

15

CHy

20
The compound of Example 4 (1.54 g, 5.76 mmole)'and_

the compound of_Example'SS (2 g, 4.4 mmole) were dissolved
with stirring in 10 mL of dry dimethylformamide and 10 mL
of dry acetonitrile. To this mixture was added l-ethyl-3-

25 (3-dimethylamino-propyl)carbodiimide hydrochloride salt |
(1.3 g, 6.6 mmole) and i1-hydroxybenzotriazole monohydrate .
(0.9 g, 6.6 mmole) followed by diisopropylethylamine (3 |
mL, 22 mmole). After 16 hours, the reaction mixture was



[err] 15 To a solution of the conpound of Example 57 (3.3 g,

9.07 mmole) in 20 nL of dry dinethylformam de and 25 ni acetonitrile
was addewaq $gr19egsphor sul fonyl chloride (3.4 - g, 13.6 mﬁﬁrégs’is@f%med by
triethylamne (6 nL, 45 mmole). Tlge reaction mxture was stirred for 16

hours at room 20 tenperature. The reaction mxture was dissolved in 700

I

aqueous sodPHATBIcar ani c i ed over
anhydr ous aagneteuam@Lﬁxtmagted wﬁﬁhIlﬂ@emLaﬂdchhefsw&Veht safwated n vacuo

to give an auleou§5so&ﬂ%n%icavs?sqrpaht%s lnhwaewlaed' c*rhereﬁgmfaepmf' | tered

t hr ough SIFIC& eluting first | Qr onet hane m.) then 1:9
met hanol : dWaK| BFbR8t P¥Ee DO GHS magpesium Sﬁéf‘-ﬁ’&ﬁol Lyl esred #rd hane

fraCtlog WQ&eCQBEGﬁhtafémE?éalzn WAy 4o 3fidra 26896yleVd% vielde title
conpound a wWni s e f oam
met hanol : Péth ﬁégﬂﬁnﬁﬁmpghn a8 ‘e qﬁé'@%ﬂf§45§am 8LC gave two
PCT/ US95/ 1ep6fis, Rf = 0.35 and 0.40 (1:9 methanol®@ichloréfmephbame) on of
(D) - canphor sul fonyl - 3- (3- pyridyl)-al ani ne sar cosi ne
[err]

Example 61

10 i ' - =3-(3- i —alanir

15 2 g of 10% palladium on carbon was placed in a 500 mL
PARR bottle. 10 mL of water and 6 mL of glacial acetic
acid was added. To this mixture was added a solution of
the compound of Example 60 (2.07 g, 3.11 mmole) in 100 mL
of methanol. The mixture was then shaken under a hydrogen

20 atmosphere at 40 psi for 3 days. The catalyst was then
removed by filtration and the filtrate concentrated in
vacuo to give an oil. The oil was azeotroped with toluene
to remove the remaining acetic acid to afford about 1.9 g
(quantitative yield) of the title compound.

25

Example 62

io - nyl-3-{(3-pvyxri -alanij



To a solution of the conmpound of Exanple 58 (3.33 g, 6.15 mmole) in 200
nmL of nethanol under a nitrogen bl anket, was added 10% pal | adi um on

car bon (2 5 gg ‘and the m xture was hydrogenat ed at o0dReere for 4
days. W atalyst was renoved and replaced 2 tinmes during the

course of t he reaction. The nixtu ? was then filtered and - concentrat ed
in vacuo to provide 2.0 g (72%yi éld) of the title conpound as a white
f oam 15 Exanpl e 60 Preparati on of NH -

(D) - canphor sul fonyl - 3-(3-pyridyl)-al ani ne

sarcosine-Nerr]-NJ err] -arajga{ne cyclic- Cet mmna!ﬂl'lz

[err] 20 The ony und of Exanple 4 (1.54 g, 5.76 nnnle) and
the conpound of BEGHy! .59 4. cﬁqnle) re di ssol ved with stirring
in 10 nL of dry di Porm d 109l ] of dry acetonitrile. To this
m xture was addHgC 1- -34 25 A 'Nnkad- o;¥r opyl ) car bodi i m de
hydr ochl ori de salt (13 . 1ol e) d iff hydr oxybenzotri azol e
nonohydrate (0.9 g, 6.6 e) Toll owed by @liisopropyl ethylam ne (3

m., 22 nole). After 16 hours, the reaction m xture was W06/ 19493
PCT/ US95/ 16866 91 concentrated in vacuo

and then ditie esilmwohhdSBQ EkampDgl 61 (ROPIR! S Anthnle)awaed with 100

eacr'(glssgived %%tgbamﬁdof 50:50 water:acetonitrile with

5 stirring and cooled to 0°C in an icé water bath. To this -
solution was slowly added 40 mL of a 60 wt% solution of
hexafluorophosphoric acid in water. After 2 hours, the pH ‘
of the reaction mixture was adjusted to about pH 4 using
saturated agqueous sodium acetate.. This mixture was

10 filtered through a plug of Celite. The title compound
was obtained by purification from the filtrate by
 preparative HPLC (2 inch Vydak Cl18 column using a gradient
consisting of 8 to 25% acetonitrile in water containing
0.1% trifluoroacetic acid run over 55 minutes at a
15 flowrate of 115 mL/minute) and lyophilization of the
pooled fractions. Mass spectroscopy (FAB) confirmed the
theoretical molecular weight of 591.7.



aqueous sodi um bi carbonate and brine. The organi c phase was dried over
anhydrous magnesium sulfate, filtered and 5 the sol vent gﬁﬁﬂﬁﬁgl. vacuo
to af f orwo®e09493 ( 70% yi el d) of the title conpound as e foam
TLC gave two spots, Rf ="0.35 and 6340 (1:9 nethanol : di chl or onet hane).
Exanpl e 61 10 Preparation of (D)-canphorsulfonyl-3-(3-pyridyl)-alanine

sarc05|ne;ﬂé#§1%FE§ycllc CEt am nal . Jerr] 15
2 g of 10% palTadi um on carbon was placed in a 500 nL _._PARR bottle. 10

m. of wat cPreparatian of benzvisulfg eAARON'A FaERti=T0 this m xture
was added §Eﬁ§§#£4égﬁégéﬁl_§§%gi conpound of. Exanple 60 (2.07 g, 3.11 mmol e)
in 100 mL m xture was then shaken under a hydrogen 20
at nosphere at 40 psi for 3 days. The catal yst was then - renoved by

filtration and the filtrate con
oil was azeotroped with toluen

trated in vacuo to give an oil. The
to renmove the remaining-acetic acid to

afford about 1.9 g. (0 anti N yicpyd) of the title conmpound. 25
Preparation of (D)-canp | f@nyl -3 (3§Pyr dyl) - al ani ne sar cosi ne
argi ni ne al dehyde . N\O B6/ 194

PCT/ US95/ 16866

§ = A < M
[err] 5 g; Hoo _ /\qlii

The title compound was prepared under the same manner
as described in Example 58, using 2.44 g (6.7 mmole) of
the compound of Example 57 in 10 mL of dry

10 dimethylformamide and 25 mL acetonitrile, alpha-
toluenesulfonyl chloride (1.9 g, 10.1 mmole), and
triethylamine (5 mL, 34 mmole). This afforded 0.86 g (27%
yield) of the title compound as a brownish-yellow foam.
REf = 0.45 (1:9 methanol dichloromethane) .

15
Example 64
i =3-(3- idvl) ~ n
sarcosine
NS CH o
o
: N
QA I A,
Il H o]
20 o

_The title compound was prepared in the same manner as
described in Example 59 using the compound of Example 63
(0.86 g, 1.78 mmole) in 100 mL of methanol and 0.5 g 10%

25 palladium on carbon to provide 0.37 g (53% yield) of the
title compound as a white foam. -



The conpound of Exanple 61 (1.9 g, 3.1 nmole) was di ssolved in 30 nL of
50: 50 water:acetonitrile with 5 stirring and cooled to O[err]J]C in an ice

wat er é#M9Tb this solution was slowy added 40 wpeTalsosi1686s W %
sol ut hexaf | uor ophosphoric acid in water. After 2 hours, the pH
of the reaction m xture was adjusg&d to about pH 4 using sat ur at ed

aqueous sodium acetate. This m xture was 10 filtered through a plug of
Cbllﬂﬁﬁmmﬂﬁyﬁiltle conpound mas obtalned by purlflcatlon fromthe
filtr ) e, 4 A m using a gradient .

consi*stt 0 Tt ar T 1mg 0.1%
trifléﬂ[ﬁ#ﬂ%ﬂl_ﬂb%_g 1 flowate of 115
nmL/ m nu an yop I'zatl on O pool'ed fractions. Mass
spectroscopy (FAB) confirned the theoretlcal nDIecuIar wei ght of 591.7.
WD 96/ 19493 "~ PCT/ US95/ 16866
93 Exanpl e 63 fép ratlon of benzylsulfonyl 3-(3-pyridyl)-alanine
sarcosi ne benzyl gsteMa A CH; A . [err]
SUBPE el
n . ;
N NH
Se=N° N 2
g " ° H o \»!rno
‘1 2
5 : .' - . CHy.
The title cdmpound was prepared in the same manrier as - ‘

described in Example 60 using the compound of Example 4
" (0.33 g, 1.23 mmole), the compound of Example 64 (0.37 g,
10 0.95 mmole), 5 mL of dry dimethylformamide and 5 mL of dry
acetonitrile, l-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride salt (0.27 g, l.4.mmole)
and 1l-hydroxybenzotriazole monohydrate (0.2 g, 1.4 mmole)
and diisopropylethylamine (1 mL, 1.3 mmole) to afford 0.32
15 g (70% yield) of the title compound as an off-white foam.
TLC gave two spots, Rf = 0.30 and 0.35 (1:9
methanol:dichloromethane) .

Example 66 _
20 vl-3-(3- i -~ in

CH,

25 The title compound'was prepared in the same manner as
described in Example 61 using 0.3 g of 10% palladium on



The title conpound was prepared under the sanme manner as described in

Exanpl e 58, using 2.44 g (6.7 nmol e) of t he conpound of$¢¥ﬁﬂgghgmé7 in 10
mL of dr WQ96/19%49het hyl f or mam de and 25 nl acetonitrile, al -

t ol uenesul fonyl chloride (1.9 g, 10.1 $mwle), and triethylanfne'(S m.,
34 mmole). This afforded 0.86 g (27% yield) of the title conpound as a

bl i sh- f = 0. : - dichl thane). 15
Bcanpl o 6aCrBOR, BBL of wlrey Dyl e dIRRIRTclb el SEORT O

[err] compound of THeample %o @ s 53r apaled in 3Bemkae® manner as
described jarEXABR! €0 Sf £5+d Gbdie: cu;.@;@iggu%téﬁmbe $Pe1q) 6980 1.78

nmmole) in 1Q00_nL of net hanol and O. 25 pal I adi um on carbon to-

provi de 0. $2t3e(SWPOWRE ) of t-he title compound as a white foam
WO 96/ 18493 PCT/ US95/ 16866
94 Exanpl e_ 65 Preparati on of benzyl sul fonyl -3-(3-pyridyl)-al ani ne
sar cosi ne ﬁggmﬁ}g%éierr]-arginine cyclic-OFt aninal
nz =3-(3- idvl)-alanin
in
X
HN  NH;
N ' H

10

The title compound was prepared in the same manner as

in Example 62 using the compound of Example 66 (0.29 g,
0.5 mmole), 10 mL of 50:50 water:acetonitrile and 20 mL of

15 a 60 wt% solution of hexafluorophosphoric acid in water.
After 4 hours, the pH of the reaction mixture was adjusted
to about pH 4 using saturated aqueous sodium acetate.
This mixture was filtered thru a plug of Celite. The
title compound was obtained by purification from the

20 filtrate by preparative HPLC (2 inch Vydak C18 column
using a gradient consisting of 5 to 15% acetonitrile in
water containing 0.1% trifluorocacetic acid run over 60
minutes at a flowrate of 115 mL/minute) and lyophilization
of the pooled fractions. Mass spectroscopy (FAB)

25 confirmed the theoretical molecular weight of 531.6.



[err]

described in Exanple 60 using the conpound of Exanple 4 (0.33 g, 1.23
Mol e)g % gpmpound of Exanple 64 (0.37 g, 10 0.95 nmseshesgs of dry
dlnethy? ornan1de and 5 nL of dry acetonitrile,

1- et hyl - 3- (3-di net hyl am no- pP@pyI)carbodiinide hydr ochl ori de sal t
(0.27 g, 1.4 mmol e) and 1-hydroxybenzotri azol e nonohydrate (0.2 g,-1.4
nnDIeEZEmnlEnﬂ§d||sopropylethylan1ne (1 n, 1.3 nmle) to afford 0.32 15 ¢
(70% v h I ] d..a -white foam - TLC gave two )
spot s;=R 0 £ et ’ or onet hane) . Exanpl e
66 20hxatggglgrigg_giL@enzylsulfonyl 3- (3 pyrldyl) al ani ne sar cosi ne
argi nine cyclic-Oet am nal [err]

25 The title conpound was prepared in the same manner as

descri bed in Exanple 61 using O. :-I:lg, Bf 10% pal | ad| um on WO 96/ 19493

PCT/ US95/ 16866

10

15

The title conmpound was prepared in the sane manner as

WP
RARA®!

To a stirring solution of Boc-glycine (5.7 g, 32.5
mmole) in 160 mL of dry dimethylformamide, was added
sarcosine benzyl ester p-toluenesulfonic acid salt (17.1
g, 48.8 mmole) followed by benzotriazol-l-yl-oxy-tris-
(dlmethylamlno)-phosphonlum hexafluorophosphate (14.4 g,
32.5 mmole) and N-methylmorphollne (18 mL, 162.7 mmole).
The reaction mixture was stirred for 16 hours at room
temperature. The reaction mixture was dissolved in 1000
mL of ethyl acetate and washed with 300 mL each of water,
1 M aqueous hydrochloric acid, water, saturated aqueous'
sodium bicarbonate and brine. The organic phase was dried

.over anhydrous magnes1um sulfate, filtered and the solvent

20

25

removed in vacuo. Rf = 0.78 (1:9 methanol :
dichloromethane) .

The resulting oil was dissolved in dichloromethane
(100 mL) and then treated with 50 mL of 4.0M solution of
hydrochloric acid in dioxane. After 5 hours, 8.8 g
{(quantitative yield) title compound was isolated as a off-
white foam by removing the solvent in vacuo and
azeotroping with toluene.



carbon, 5 nL of water, 1 nL of glacial acetic acid, the conmpound of
Exanple 65 (0.32 g, 0.53 nmmle) in 30 nL of nethanol to ag{ 9 out 0.3
g (quantwiodehy®syi el d) of the title conpound. 5 sggl

Preparation of benzyl sul fonyl -3-( 3- pgfldyl) al ani ne sarc05|ne arglnlne
al dehyde NH

[err] . The title conmpound was prepared in the sane nmanner
as |h'%§§ﬁ%¥%i%5 usi ng the conpound of Exanple 66 (0.29 g, 0.5

épanfa b @ fraliDn =came f ’ I ine50 Wt % sol ution
of hexafluoroggosgaorlc acid in water. After 4 hours the pH of the
reaction dj ust ed to about pH 4 using saturated aqueous

sodi um acet at e. This mxture was filtered thru a plug of Celite. The

title conpound was obtakmgq by purificathﬂifrontthe 20 filtrate by
preparative HPLC (2 inch >O18 col um 3 Q@sing a gradient consisting of

5 to 15% acetonitril enig vfte“ cont "&thlqb ri £l uoroacetic acid run
over 60 m nutes at a fl &y areSe~N15 [/ m nUOE -I yophi l'i zat.i on of

the pooled fractions. Mass spect@psd&py‘?FAB) 25 co ed the theoretical
nol ecul & wei ght of 531.6. WO 96/ 19493
PCT/ US95/ 16866 96 Exanpl e 68

To a solution of the compound of Example 68 (8.8 g,
32.3 mmole) in 20 mL of dry dimethylformamide and 150 mL
tetrahydrofuran was added (D)-camphorsulfonyl chloride
10 (12.1 g, 48.4 mmole) followed by triethylamine (22 mL, 161
mmole). The mixture was stirred for 16 hours at room
temperature. The reaction mixture was dissolved in 1000
mL of ethyl acetate and washed with 300 mL each of water,
1 M aqueous hydrochloric acid, water, saturated aqueous
15 sodium bicarbonate and brine. The organic phase was dried
. over anhydrous magnesium sulfate, filtered and the solvent
removed in vacuo to give an oil. The oil was dissolved in
dichloromethane and filtered through silica, eluting first
with dichloromethane (500 mL) then 1:9 methanol:
20 dichloromethane (1000 mL). The methanol :dichloromethane
fraction was concentrated to provide 13.37 g (91% yield)
of the title compound as an off-white foam. RE = 0.77
(1:9 methanol:dichloromethane). '

25 Example 70
i ) = -glvcin rcosine
CH, 0 CHy o
HyC’ 62 " t!l\)k
I3 - :
- s—n" Y OH
: ] H o]
o
30 To a solution of the compound of Example 69 (13 g,

28.9 mmole) in 600 mL of methanol under a nitrogen
blanket, was added 10% palladium on carbon (5 g) and the



Preparation of glycine sarcosine benzyl ester hydr ochl ori de salt

[err] To a stirring solution of Boc-glycine (5.7 g, 32.5
nmol e) b nL of dry dinmethyl formam de, was added pcrosssnsssse benzyl
esterﬁg uenesulfonlc acid sal% (17.1 10 g, 48.8 nmole) fol |l owed by
benzotriazol -1-yl - oxy-tris- glnethylan1no) - phosphoni um

hexaf | uor ophosphate (14.4 g, 32.5 mmmol e) and N-nethylnnrphollne (18 m_,
162. 7mmue¢ was hyrirogenestedh atnilxagmospheret for elb figuriss hours at room

t empe e UhEx tuifﬁ%dgﬁa&# rfoﬂegrwdeawascdhééﬁw&éea%%lﬂéeat of ethyl

acet a each_of water eous hydrochloric
aci d, ghueecan bt ur sFhe) Aduadmss 1550%8&§uh¥b4@%r%r%&@%q%?qarl ne. The

organh&uabagesa@mﬁlrbi&ﬁrbona&\ée@nanmahea8wﬂennmmLtmseﬂl-f te filtered and
S sol vent in va hanol
h

BFEERERanchS Bducoud’ Staction Wee, shah G ials < ditine
d| chl hydﬁ‘ethhm:.c ac:(d(lib rﬂl:)om:n@lit Keantlr eateacted hwith- rdi:hyfl 4 oM soI ution

quan?cpégﬁgg%g : ?I Iellthceglc(z’g‘%ﬁ = Agégﬁf'gt g?dé’ééior?s ?*eg:eZS whi te foam by

rermvwnghedewsbhmn¢ n@?@?cﬂﬂoﬂﬁ-dd drigdeovespanigyd¥ous t ol uene. WO
96/1963§§e51um sulfate, filtered and concentratéd/ HPOR4 88 6%

Ly prosiib 558 ¢ (S0 pe Ol BRI AGSSLLgYI 2! Vol ne sarcosi ne

white foam. Rf = 0.31 (1:9 methanol:dlchloromethane).

CH,

The compound of Example 4 (2.37 g, 8.85 mmole) and
20 the the compound of Example 70 (2.12 g, 5.90 mmole) were
-dissolved with stirring in 8 mlL of dry dimethylformamide
and 20 mL of dry acetonitrile. To this mixture was added
1-hydroxy-7-azabenzotriazole (0.4 g, 2.95 mmole) and O-(7-
azabenzbtriazol-l-yl)-l,1,3,3-tetramethyluronium
25 hexafluorophosphate (2.2 g, 5.9 mmole) followed by N-
~ methylmorpholine (3 mL, 29.5 mmole). After 16 hours, the
reaction mixture was concentrated in vacuo and then
diluted with 600 mL ethyl acetate and extracted with 200
ml, each of water, 1 M'aqueous hydrochloric acid, water,
30 saturated aqueous sodium bicarbonate and brine. The
organic phase was dried over anhydrous magnesium sulfate,
filtered and the solverit removed in vacuo to give an oil.
Chromatography of the oil on silica gel (eluting with
4:1:4 hexanes:methanol: dichloromethane) afforded 2.0 g



To a solution of the conpound of Exanple 68 (8.8 g, 32.3 mmole) in 20 nL
of dry dinethyl formam de and 150 ni t et rahydr of uran was a&%@lm

(D) - canpwwaresad4e3nyl chloride 10 (12.1 g, 48.4 nmol e) foll &

triethylamne (22 nL, 161 ..tmple). ggne m xture-was stirred for 16 hours
at room tenperature. The reaction mxture was di ssolved in 1000 mL of

eéthyl acet a@l}l‘&ﬁﬂ%‘%"tﬂe‘ Q&rﬁgg glmg Qdoa( | Hes-wniteAdeous

hydr ochl or T tér, sat ueous Yicarbonat e and
bri ne. TheTls @ave twWeasponss BEi 8d0.36 Mr0a4f\41ytﬂr-(ﬁjs magnesi um sul f at e,

filtered kR 15 loromech@fABYed in vacuo to give an oil. The oil was

di ssolved I n di chl oronet hane and filtered through silica, eluting first
wi t h di chl oronet hane (500 ni) t-hen 1:9 nethanol: 20 dichl oronethane (1000
). The rpkdwsled 2P chl or onet hane fraction was concentrated to provide
13.37 g (9] ' as an off white foam Rf =
0.77 (S By o i et =Pr epar ati on of
(D) '—'nr;, = L) : gm; .ne [err]

30 To a solufron o e corrpound of Exanple 69 (13 g, 28.9 mmol e)
in 600 mL of nethanol under a nitrogen bl anket, was added 10% pal | adi um

on carbon (5 g) and tdw,

o
PCT/ US95/ 16866 )<‘\ z 0 9
HsC 1 N .
3 a—nN \)\N NTNH2
H

10 . _ _
1 g of 10% palladium on carbon was placed in a 500 mL
PARR bottle. 10 mL of water and 7 mL of glacial acetic
acid was added. To this mixture was added a solution of
the compound of Example 71 (2 g, 3.48 mmole) in 100 mL of
15 methanol. The mixture was then shaken under a hydrogen
atmosphere at 40 psi for 1 day. The catalyst was removed
by filtration and the filtrate concentrated in vacuo to
give an oil. 0.57 g (31% yield) title compound was
obtained from this o0il by purification by preparative HPLC
20 (2 inch Vydak C18 column using a gradient consisting of 10
to 30% acetonitrile in water containing 0.1%
- trifluoroacetic acid run over 55 minutes at a flowrate of
115 mL/minute).



m xt
t hen
di ss
300

hydr
m).

drie

ure was hydrogenated at 1 atnosphere for 16 hours. The m xture was

filtered and concentrated in vacuo to give an oil. The oi |l was )
ol ved in 400 nL saturated aqueous sodiun1bicar é? washed with
WO8¢/I4#3 5 acetate. The aqueous fraction was then acl Ied using

ochloric acid to about pH 4 @ﬂd extracted with ethyl
The combi ned or ganic fractf

acetate (2x500

S were washed with brine (2x300 m),

qhgmﬁQﬁgghydrous magnesi um sul fate, filtered and concentrated in
0 ' prOV|de 2 12. g (21% yi el d) of t he t|tIe conpound as a white

nex anpl

The

I i:'géo 'nphorsulfonyl egC|ne sarc03|ne7N[err]
- i c- CEt am nal [err]
conpound of Exanple 4 (2.37 g, 8.85 nmpble) and 20 the t

Example 70 (2.12 g, 5.90 nmole) were di ssol ygd with stirr

dry dinethylformamde . and 20 nL of dry ace n|tr|Ie To this m xture
was added 1- hydr oxy- 7 azabenzotri azol e ( 4Rg .95 mol e) and O (7-
azabenzotriazol -1-yl)-1,1, 3, 3-tetranet hyl onlun12 hexaf | uor ophosphat e
(2.2 g, 5.9 mole HfoIIowed by N met hyl nor pholine (3 nL, 29.5 mmol e).
After 16 hours, t tion mx U?d)mas concentrated in vacuo and then
diluted with 604, ncet aL.e and traktedyw th 200 nL- each of
water, 1 M aqueous h oshSer-NC adll d,  warlBr, sat urated agueous sodi um
bi carbonate and brine. Thell H or@anic phise gas dried over anhydrous

nesi um sul f at e, fll?ered-and the solvent renobved in vacuo to give an
oil. Chr omat ogr aphy of the oil on silica gel (eluting with 4:1D4‘

hexanes: MHARYmpotingbe" BRERSPE%)2 3{0 HFY! 2.989mole) was

10

15

20

dissolved in 20 mL of 50:50 water acetonitrile with

stirring and cooled to 0°C in an ice water bath. To this
solution was slowly added 30 mL of a 60 wt% solution of
hexafluorophosphoric acid in water. After 1 hour, the pH
of the reaction mixture was adjusted to about pH 4 using
saturated aqueous sodium acetate. This mixture was
filtered thru a plug of Celite. The title compound was
obtained by purlflcatlon from the filtrate by preparatlve
HPLC (2 inch Vydak Cl8 column using a gradient consisting
of 7-27% acetonitrile in water containing 0.1% :
trifluoroacetic acid run over 60 minutes at a flowrate of

e 71
15

he conpound of -

ing in 8 nL of

115 mL/minute) and lyophilization of the pooled fractions.

Mass spect:oscopy_(FAB) confirmed the theoretical
molecular weight of 500.6.



W06/ 19493 PCT/ US9S/ 16866

99 (59% vyield) of the title conmpound as an off-white TLC
gave twoVSpIVI493Rf = 0.36 and 0.44 (1:9 . met’hanol : di ch|géﬁ2'$é’ﬂ%
Exanpl e 72 Preparatlon of (D)- canphorsulfonyl gl yci ne- sar cosi ne-

argi nine cyclic-Oet am nal [err] 10 :

1 g of 10%?&@#@&%L%ghon carbon was placed in a 500 nL PARR bottle. 10
nm. of wate of gIaC|aI acetlc aC|d was added To this mxture
was added = f Bodel X i e g, e8téf mMmmole) in
100 nmL of 15 nethanol The n1xture was then shaken under a hydrogen

at nosphere at 40 psi for 1 day. The catal yst was renoved by filtration
and the filtrate concentrated in vacugn%o give an oil. 0.57 g (31%
yield) title conmpound was obtainefl Tromthis oil by purification by
preparative HPLC 20 (2 inch Vydak ©E8S&® unm using a gradi ent consisting of
10 to 30% acetonitrile in water c taining/:' % trifluoroacetic
acid run over 55 m nutes at | o¥t at e Jof nL/m'nute).

WO96/ 19493 o o PCT/ US95/ 16866 -
- L

To a. solution of N-Boc-L-methionine sulfone (50 g,
178 mmole) in dry THF (500 mL) which had been chilled to

0°C, carbonyl diimidazole (34.6 g, 214 mmole) was added in -
small portions. After 30 minutes, the mixture was warmed
10 to room temperature for 2 hours until all of the CO2

evolution ceased. After this time, benzyl alcohol (27.6
mL, 267 mmole) was added and the reaction stirred for 12
hours.
The reaction mixture was then reduced in volume under

15 vacuum and the resulting residue was diluted with ethyl
acetate (500 mL). The organic phase was then washed with
saturated bicarbonate (1x100 mL), brine (100 mL), then
saturated aqueous citric acid (1x100 mL), dried over
MgSO4, filtered and the solvent removed under vacuum to

20 provide a white solid. The white solid was washed with a
1:1 mixture of diethyl ether/hexanes (300 mL) and filtered
off on a Bilichner funnel to provide 50.0g (92%) of the
title compound. Thin layer chromatography analysis of the
title compound showed a single spot with Rf=0.18 (silica,

25 3:2 hexanes/ethyl acetate). '



100 Exanple 73 Preparation of (D)-canphorsul fonyl-glycine-sarcosi ne-

argi ni ne al dehyde . [err]

The cggg&agg%ff Exanple 72 (0.57 g, 1.08 mmole) was FUTHGSISM6886i n 20 L

of 50: acetonitrile with stirring and cooled to O[err]C in an

ice water bath. To this 10 sol uti{0p was slowy added 30 nL of a 60 w %

sol ution of hexaf | uor ophosphoric acid in water. After 1 hour, the pH

of thgxamppléi Pgbm xture was adjusted to about pH 4 using sat ur at ed
aqueous sodlun1ace ate, ‘This: n1xt . _LflLtgred hru a plug of ‘Celite. .
The t ~ERB2Empeire =9 Sietch ) StEeEreatrontromthe filtrate by
prepa§§5§§§in§_ﬁgﬁé¥igﬁggﬁ@ Vydak C18 colum using a gradient consisting

of 7- pacetonitrile 1n water containing 0.1% trifluoroacetic acid run

over 60 mnutes at a flowate of 115 nlL/ m nute) and |yophilization of
thg pool edrbr ackb2igior ofasBsiac-netaionineraBl f6a8f sar@esihe theoreti cal

pCr UBsBPYbasater, Exampls 74a, (417 9. 18°3°mmgle) imdnpinua
Prepagaikey?’ sdemfide TEIGIRN Rt 90, 0ne- Qelgazys- est er
iodoethyl)benzene (2.9 mL, 20.0 mmole) followed by sodium
hydride (60% dispersion, 400 mg, 10.0 mmole). The
10 reaction is allowed to warm to room temperature and
stirred for 24 hours. The reaction is diluted with ethyl
acetate (200 mL) and washed successively with saturated | ‘
sodium bicarbonate (1x75 mL), brine (1x75 mL) and 1 M-
aqueous hydrochloric acid (1x75 mL). The organic phase is
15 dried over MgSO4, filtered and the solvent removed in
vacuo to provide the crude alkylated material. This
material is purified on a flush silica gel column to give
purified material. -

20 Example 75
. i

To a solution of Example 74 (5.7 g, 10.0 mmole) in
25 methanol (200 mL) is added 1.0 g 10% palladium on carbon
and the reaction subjected to atmospheric hydrogenation
for 24 hours. The reaction mixture is then filtered
through a short plug.of celite and the reaction volume
reduced in vacuo to provide the desired acid.
30 '



[err] 5 To a solution of N-Boc-L-nethionine sulfone (50 g,
178 mmole) in dry THF (500 nL) which had been chilled to Pcﬁﬁﬁﬁﬁhﬁk

car bony| WO9%4¥0l e (34.6 g, 214 mmol e) was added in sna portions.
After 30 mnutes, the m xture was warned 10 to toomtenperature for 2 hours
until all of the CO[err] evol uti 88 ceased. After this tinme, benzy

al cohol (Zﬁxﬁmnbiﬁmi’ 267 mmol e) was added and the reaction stirred for 12

hour s. The action mxture was _then reduced in volune under 15
vacuum andEreRaLEBELS hie RARNC L b e AUEL NS liongctate (500
m.). The oLgaALE:RHASE~YVE an), W ] ygf at ed bi carbonate
(1x1 00 ni)* shpie el niteo il '
m.), dried over MgSO err], filtered and the sol vent renoved under
vacuum o 20 prQui de : 'ﬂ:':gargﬂ | ts€ g5@l | d gWaSMesaediM th a
1:1 nix%ure of 3legh§?1§?%é$/§€xane Q%é%ﬁn%&'a%% frlte?ég -? loff on a
Buchner fuNaSrdimephyyi fermonise (@hynldf. tige added; LreEhybndoldd. - Thin | ayer
chromat ogr tBY2hMShSpLépy Ifcarbodi in i pRRRWRH16ROBEdsa16i (PI® spot with
Rf =0. 18 (si |ca,925 B:gphg%;nes/ tlg}/l %lcec{ ate’q)b. o 9?/ 19493
PCT/ US95/ 188640.0 mmole) followe 1-hydro ef@gtrlazongi%a Fion of
#Ir BOC-I\Ilrphg.lsebh?ﬂnon.emEathOﬂhé\er@a&tiime stirredr fosi B0 hénayesestTuen 5 '
o0 a sqlution.of N:Boc-L-methion syl f one hne. epzyl ter,
Exanpl °74§?’°8‘&.‘:7nb,r‘iﬁ.r%{rﬁh€?e§%% a%“%%\khﬁ%g’?%t‘ﬁ?l (?bgn%'m?é (20 )
at O[ err] Crmiodedddeda@ded followed by N-methyl morpholine (2.2 ml,
20.0 mmole). The reaction is then stirred at room

temperature for 18 hours. The reaction mixture is diluted
with ethYl acetate (300 mL) and washed successively with

15 saturated sodium bicarbonate (1x100 mL), brine (1x100 mL)
and 1 M aqueous hydrochloric acid (1x100 mL). The organic
phase is dried over MgSO4, filtered and the solvent

removed in vacuo to provide the desired coupled product.

20

To a solution of Example 76 (6.9 g, 10.0 mmole) in

water (60 mL), acetic acid (20 mL) and methanol (600 mL)
25 in a 2000 mL Parr bottle is added 5.0 g of 10% palladium

on carbon. The mixture is then shaken under a hydrogen

atmosphere of 40 psi for 3 days. The catalyst is then

removed by filtration and the filtrate concentrated in

vacuo. The product is azeotroped with toluene to remove
30 residual acetic acid to afford the title compound.



| odoet hyl ) benzene (2.9 nL, 20.0 mmvole) followed by sodi um hydri de (60%
di spersion, 400 ng, 10.0 mmole). The 10 reaction is allowed to warmto room

t enper wigysAspHad stirred for 24 hours. The reaction pgrAisédriesss W t h

et hyl acetate (200 nL) and washed successively with saturated

sodi um bi carbonate (Ix75 nli), brhgg (I x75 m.) and 1 M aqueous
hydrogglorﬁc ?ﬁid (I x75 mL). The ©Organic phase is 15 dried over MySH4,
filte sol vent renoved in vacuo to provide the crude al kyl ated
nmat er iRdepaliaits falNebhéhet 1oy DAL inkd a0k 3 i fchyd Ansl kipasgel.colum to give |
purified material. 20 Ex Preparati on ol N '

N- B0 C -“piapfieiniien 02 L AR s ROROACRLANE S8 sarcosi ne acid To a
solution of Exanple 74 (5.7 g, 10.0 nmole) in 25 nethanol (200 nmL) is
added 1.0 g 10% pal | adi um on carbon . and the reaction subjected to

at nospheric hydrogena®Hen =~ for 24 hoyrs. The reaction mixture is then
filtered throug=g=stort plug of c H' -nng'the reaction vol une

reduced in vacuo to pjovide the desirfgd agjd. 30 WO 96/ 19493

PCT/ US95/ 168 CH, NH 103  Exanmple 76 :
Preparation Boc- N- henﬁizéi;L- t hi oni ne sul f one sarcosine cyclic
nitro araini ne™et R N H a sol ’GRsCQeH Exanple 75 (4.8 g,

10.0 mmol e) in N, Nddi nBt hyl f omanilde (25 ni), is added 1-ethyl-3-(3-

diﬁbthylaninopropyl)carbo i imde hydr9ch|oride salt (1.9 g, 10.0 mol e)

fol | oed bfhé- bympousBen? Exigzd 71 26349, 1016 YD} )cand the reaction
; 91 hy

hyar octFedtye J A8F Sty S ks SRon FEE ety M- et hyl  mor phol i ge
(2.2 stirring and cooled to 0°C in an ice water bath. To this a
solution is slowly added 300 mL of a 60 wt% solution of
10 hexafluorpphosphbric acid in water. After about 1 hour,
analytical HPLC (20 to 60% acetonitrile/water containing
0.1% trifluorocacetic acid) will indicate complete '
hydrolysis of the starting compound. The pH of the .
reaction mixture is adjusted to pH=4 using 3.0M aqueous
15 sodium acetate. This mixture is filtered through a short
plug of celite and then purified by preparative HPLC to
provide the title compound.

Example 79 .
20 i -Boc=L— . - -3-({S) -

7\01.,@@

To a solution of N-Boc-L-glutamic acid- (beta-acid) -
benzyl ester (3.3 g, 10.0 mmole) in N,N-dimethyl formamide

25



20.0 mmol e). The reaction is then stirred at room tenperature for 18
hours. The reaction mxture is diluted w th ethyl acet "#%% ) and
washed sWe68849%3ecly with 15 saturated sodi um bi carbonate F% , brine

(1x100 ni) and 1 M aqueous hydrod@Boric acid (I xI00 ). The organic
phase is dried over MySO4, filtered and the sol vent renmoved in vacuo to
provi de theg @%ﬁﬁ.{ edi £ UHS RSy -7 - QQabgﬁﬂaﬁffaic?le (2 Rygparation of

N- Boc- N- phenet hy

nethlonlne sul f one C c araini ne ethyl
am nal acet@a:@ =8} e) and O- (g BFFbﬁZB Lg g%?%ﬁ? Y g, 10.0

"“D|e) I N tetrifétlylHfomiym hweifilaozoptoéphate) (Angl metl&uﬂﬂnm@ﬂ@ﬂ m) 25
bottle is .adde on carbon. The

in a 2000 r f
m xture |saPﬂeﬁhihﬁﬁiﬁF%ﬁﬂkﬁtﬁfr%% %t r%oﬁ € égggéﬂere for 3
days. TBe manatgst i Themheair (R) ammm@m@dnbyliduneadibwd%9@h¥¢ﬁ9 ﬁltrate

concentrat gd png, 15YRGHEL1NE P lRIHe fbilé%@étlwpﬁ@ﬁ\llﬂ“h toluene to renove
30 resi dual ace?lc acid to afford he title co VO

06/ 19493 diisopropylethyl amine (10 mL, 60. ﬂgg?eggklﬁ%%G%be

104 Exgenkeids stlrf@d?nﬁ atdc teimpdraltanet Byi- L8 Meslroni reheul f one
?2;$f5|ne reac%£g£QEfq blSIFI{ﬁUﬁQ%?C teF§Y5taf8t2t§ (ﬁﬁP L) o) is

di ssol 16d and2@ashedosudcdssinreldy addfosiaturasedi shdium kicarbonatand cool ed

Lo eIl ygRaBE hEP 8 €§rb€é>&ooT9u.t Nizha brid@! YokeBol ALp! OWye added 300

organic phase is dried over MgSO4, filtered and the

solvent removed in vacuo to provide the title compound.

L@

20 To a solution of Example 79 (4.5 g, 10.0 mmole) in
dry ethyl acetate (100 mL) is added 4 M hydrochloric acid
in dry dioxane (100 mL) at room temperature. The mixture
is stirred for 3 hours and then evaporated -in vacuo to
provide the crude dihydrochloride salt. This compound is

25 then dissolved in dry N,N-dimethyl formamide (50 mL) and
benzylsulfonyl chloride (2.1 g, 12.0 mmole) is added
followed by triethylamine (7.0 mL, 50.0 mmole). The
reaction mixture is stirred at room temperature for 15
hours and then the reaction is diluted with ethyl acetate

30 (400 mL). The organic phase is washed successively with
saturated aqueous sodium bicarbonate (2x100 mL), water
(2x100 mL) then brine (2x100 mL). The organic phase is

15 Example 80

O=;n=0
I—-Z



10 hexafl uorophosphoric acid in water. After about 1 hour; anal yti cal
HPLC (20 to 60% acetonitril e/ water containing 0.1%trifluoroacetic

aci d) i cate conpl ete hydrol ysis of the star und The
pH of %ﬁ%kﬂh&greaction m xture is16€justed to pl—l:4'usin{'b§G aqueous 15
sodi um acetate. This mxture is ffftered through a short pl ug of
celite and then purified by. preparative HPLC to provide the title
conpouhried over EigSUpLefi’Bté?:Bed Ruspagled isylveéint removed in

N- Boc- L- (3 ut anat e- gh % anlno aui nucl i di nyl) -al pha benzyl. ester

[ err] Vacuo to p_fgv e 1e GMRIWIE-0f N-Boc-L-gl utam c

aci d- (bet a-acid) - benzyl ester (3.3 g, 10.0 mmole) in N, Ndinethyl

fornag§%¥¥%§6gl WO 96/19493 o
PCT/ U SRR : 105 (50 nL), is. added

tet rarret ylaronium
TOT=E 3t s 2ai and the reaction stirred at
roon1tenperature for 30 5 n1nutes Then - am noqui nucl i di ne
di hydr ochl ori de (3.0 g, 15.0 mmol e) ed followed by N, N
di i sopropyl ethyl -amne (10.5 ni, 6@, 0 and the = reaction stirred

at roomtenperature for 18 hours. T
o) a
[:::]\\,fu' J
° o)

To a solutlon of Example 80 (4.0 g, 10.0 mmole) 1n
10 methanol (200 mL) is added 1 0 g of 10% palladlum on
' carbon and the suspension subjected to atmospheric
hydrogenation for 10 hours.. The reaction mixture is
filtered through a short plug of celite and the solvent is
removed in vacuo to provide the t1t1e compound as the free
15 -acid. '

Example 82

20
To a- solutlon of Example 81 (3. 1 g, 10. 0 mmole) 1n _
N, N-dlmethyl formamide (40 mL) is added l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride salt (2.1
g, 11.0 mmole) and 1-hydroxybenzotriazole (2.3 g, 15.0
25 mmole). The mixture is stirred for 15 minutes-at room
temperature, then sarc051ne benzyl ester p-
toluenesulfonate salt (3.5 g, 10.0 mmole) is added
followed by N-methyl morpholine (2.2 mL, 20.0 mmole). The .
reaction is stirred for 15 hours, then diluted with:ethyl
30 acetate (300 mL) and washed successively with saturated
sodium bicarbonate (2x100 mL), water (2x100 mL) and brine



reaction mxture is diluted with ethyl. acetate (500 nL) 10 and washed
successivel&@rﬁth saturated sodi um bi carbonat e (2x|00 59 (2x100
m.) and WWO9A993100 n). The organi c phase is dried over ﬁg@@é
filtered and the sol vent .renoved iT vacuo to provide the title
conpound. 15 Exanple 80 Preparation of N-benzyl sul fonyl-L-glutamate

(bet a- 3(S) (2xlooaﬂit.l)10 Ovh8USHy s T | ghad P his Rrizd o%&eMgSO4, _
[err] a sol ution of Exiggle 79 (4.5 g, 10.Q nmple) in

dry ethyl afaé-tt@@rsd( 99@ e palyemiedremaves diib A 6—°a§’ir8"1de FRedry

di oxane (1QG¢lle catmpbaAd.tenperature. The mxture is stirred for 3
hours and then evaporated in vacuo to provi de the crude di hydrochl oride
salt. This compound is 25 then dissolved in dry N Ndinethyl formanm de (50
m) and s gExagindel 88! fonyl chloride (2 19, 12.0 nnnle) i s added
f ol | owed bytrlethylmn e (7. | e). on m xture
i s stirred&RER2ESS : S-St et
di luted W tdys hiaoel alen & £ organlc phase is washed
successively Wt saturateo aqueous Sodi um bi car bonat e (2x100 ni),
wat er (2x1 00 m.) then brine (2x100 nL). The organic phase is

M596/19493 To a solution of Example 82 (4.7 g, fﬁ?ﬂ'ﬁﬁﬁi@lﬁﬁﬁﬁ

106 drie f||t red.an V. removed in

Vacuo tq.)op q’@éxcﬁhé%g%g %Jﬁp ag f d16s£‘ aSlQ.l.a 1um on carbon
and the reaction is subjected to atmospheric hydrogenatlon
for 12 hours. The reaction is filtered through a short

=action is

plug of celite and the solvent is removed in vacuo to
provide the desired title compound.
15



Exanple 81 5 Preparation of N-benzyl sul fonyl-L-glutam c al pha acid-

(beta-3(S)-am no guinuclidinyl) . [err]
To a sol d of Exanple 80 (4.0 g, 10.0 nmole) in 10 ,Bagﬁ] 200-m) is
added é &@? 10% pal | adi um on carbon and the suspeRsron subjected to
atnDspherlc hydr ogenati on for é‘ hours. The reaction mxture is _
filtered through a short plug of cEl®ite and the solvent is . renpved in
vacuo ﬂbﬁﬂﬂﬂﬂLﬂé the title conpound as the free 15 aci d. Exanpl e 82

Prepar gl ion_q L - am no

gui nucF*arTiyt 2y r~este : = FE oFtEi on of Exanple
81 (3. hmir ;| Mo N reH 1R X1 2 68 .5 added

1-et hyl - 3- d|nethylan1nopropyl)caroOol|n1 y oride salt (2.1
g, 11. ) and 1-hydroxybenzotriazole (2.3 g, 15.0 25 nmmol e). The

m xtsure is stirred for 15 m nutes at roorn(3 tenpegagure lt?en saagozlne
benzyl este - t ol.uepegul fopat e salt , nmol e) ‘i s adde
follgwed by anPW?P uRg: B Eoﬁ*?mp ®. %? 3-89 019WBI@$°1e#hés reaction is

sti r r edissolvBdhinr N, Nt dime thylit fetmsintidect(Bpl m89 aAgepatey{ 300 n) and

(o oo pRHetERThkBI 1 WA - 2P 3 Stberankily 1l BhEGROON! ¢ (2100 ML), water

hexafluorophosphate (4.2 g, 11.0 mmole) is added, followed.
10 by 1-hydroxybenzotr1azole monohydrate (2.3 g, 15.0 mmole)
The reaction mixture" 1s stirred for 15 mlnutes, then the
cyclic nitro arginine ethyl aminal hydrochlorlde salt (3.7
g, 10.0 mmole) is added, followed by N-methyl morpholine . ‘
(2.2 mL, 20.0 mmole) and the reaction mixture stirred for .
15 12 hours. The reaction mixture is diluted with ethyl
acetate (300 mL) and washed successively with saturated
sodium bicarbonate (2x100 mL), water (2x100 mL) and brine
(2x100 mL). The organic phase is dried over MgSO4,
filtered and the solvent removed in vacuo to provide the
20 crude title compound.

25

To a solution of Example 84 (7.0 g, 10.0 mmole) in
acetonitrile (25 mL) is added allyl iodide (1.8 mL, 20.0
mmole) and the reaction stirred at room temperature for 15

30 hours. The reaction is diluted with ethyl ether (250 mL)
and the precipitate obtained.is filtered off and dried in
vacuo to provide the title compound.



W06/ 19493 PCT/ US95/ 16866

107 .W | m.). The organi c phase is dried over MyS@cayss/16866
filtered e sol vent reaned in vacuo to prOV|de t he title
conpound. 5 Exarrpl e 83  Prepar atlonmgf co

N benzyl sul f onyl - L- al ut amat e- (beta-3(S)- am no aui nucl i di nyl)-sarcosine
aci d mﬁ.solutlon of Exanple 82 (4.7 g, 10.0 nmmole) in 10

met hanol  ( ] ] , Q{%Bg{,iaﬁj’lyﬂp‘ aﬁﬁf-bﬁp ! a- E (gid t he
rreaction i rConydt Ugendtl 0 rs. The
reaction i w tdaerca e solvent is

renoved in vacuo to "Wpfov{di the di3|red tltie conpduhdh 15 WO
96/ 19493 PCT/ US95/ 16866

108 .&xanpl e 84 Preparation of

N- benzyl sul f onyl - uta t e- ) - ‘

gui nucl i di nyl ) - §%? rg;ﬂﬂ %&?%&g@%& rﬁﬁnﬁﬁe e?hy}o -0 mugle) in 5

The conpounahmérEb@mile Bacekis g;::.aiO(BOnmJ) eand smetharnbIs s(@ 00e ¢hli)n

N, N-di et hy}_for ?’égrﬂt) 5

benzotri azot® é) q@' t et rtg%et %’yl é!ri%ﬁdumo g %exa% lPoropahosmrhate (4.2
g, 11.0 m"rmré)cal@qmded‘hq oipsnzre is tbﬁnlshgﬂse@xvlb@?mﬁrhmggnrmnohydrate

(2.3 9,145 Kare of 4@dicEel @ndﬂ}rétur@héscéééwﬁd {rerlen M nut es,
thenthe cyc |c mtro arglnln m nal drochloride salt (3.7

g, 10.0 moFreyoved R ddleal l@we&néytnenéﬂhyraﬁsrﬁmwerate 2 nl, 20.0

ol e) and fra@udseacm@rpwdddtr dssaizebetoped whtR2toDudre tierdnfAed i on

mxture is dééléuéa ace 1c ééld to afford the tltle compound.

20 The compound of Example 86 (8.1 g, 10.0 mmole) is
dissolved in 200 mL of 1:1 water:acetonitrile with

- stirring and cooled to 0°C in an ice water bath. To this
solution is slowly added 300 mL of a 60 wt% solution of
- hexafluorophosphoric acid in water. After 1 hour
25 analytical HPLC (20 to 60% acetonitrile/water containing
0.1% trifluoroacetic acid) indicated complete hydrolysis
of the starting'compound. The pH of the reaction mixture
is adjusted to pH=4 using 3.0 M aqueous sodium acetate.
This mixture is filtered through a short plug of celite
30 and is then purified by preparative HPLC to provide the
title compound. |



acetate (300 nL) and washed successively with saturated sodi um

bi carbonate (2xI 00 nL), water (2x100 nlL) and brine (2x100 nmL). The .
or ganp ogliees is dried over MgS(err], filtered anBCI/HES46866cnt r enpved
in vacuo to provide the 20 crude title conpound. Exanpl e 85
Preparation of N-benzyl sul fonyl - LA40ut amat e- (bet a- 3(S) - am no-
guinuclidinvl-Nerr]-(3-(1-pronenyl))iodide)-sarcosine- 25 cyclic nitro
arglrnﬁﬁimﬂl%Hﬁﬁé

n1na| o To a solution of Exanple 84 (7.0 g, 10.0

,30 hours. The
auLIios UINWCAA ANy : 5 Kol - =1 de precipitate
obt ai flltered of f and drled in vacuo to provide the title

conpo : WO 96/ 19493
PCT8 US95/ 16866 Exanpl e 86

Preparatio S Uf Ohyit e ( am no
QU|nucI|d|:kﬁ)ﬁV[err é&’bgIf EQXth 59 f§ﬁ§ COSIne- %hegy&Plc ar ai ni ne
et hyl water (60 mL), acetfg acid| (29 d@bfmmm (896 L) 10.0 nmole) in

vat er {6G rdgoo %@,efpherasbétizo 1d) adeidh r?tdﬂagwf (moquhaa;r n a 2000 nL

Parr bottle_.is. ad 10% pal | .adi um on carb m xture i s
then FRIGAFRIRer TthW?‘BgEﬁ i® LReRSThaken Fnder ﬁs?‘yfjb'Pgsndays. The
cal®l ysimospHdian of 40r peRvVESrby days ! atTiw cavhlviad filsl thahe concentrated in

...J1h I dual [
et o e 35 FaTeRaRio8 AR Y Rt Mo e RS g o1 O O 1 €
N—benzwaeudf(nﬂhe-bzgﬂutanmseageetrpﬁﬁdQW1th tolvene to remove | ‘
gui nuctddidir MoRkiil- BE9BY Lol 88k8Fa S )¢ A LelrfiBung. 3731 NP nal

15 Example 89

20

The compound of Example 88 (6.4 g, 10.0 mmole) is
. dissolved in 200 mL of 1l:1 water:acetonitrile with

stirring and cooled to 0°C in an ice water bath. To this
solution is slowly added 300 mL of a 60 wt% solution of

25 hexafluorophosphoric acid in water. After 1 hour
analytical HPLC (20-60% acetonitrile/water containing 0.1%
trifluorcacetic acid) indicates complete hydrolysis of the
starting compound. The pH of the reaction mixture is
adjusted to pH=4 using 3.0 M agqueous sodium acetate. This

30 mixture is filtered through a short plug of celite and



20 The conpound of Exanple 86 (8.1 g, 10.0 mmole) is di ssolved in
200 mL of 1:1 water:acetonitrile wth stirring and co ﬂ%$ é%kgrr]c I n
an i ce vwo®o6/1d48h. To this solution is slowy added 3§5$ @* 60 wt %

sol ution of hexaf | uor ophosphoric adifd in water. After 1 hour
ana#rtlcal HPLC (20 to 60% acetonitrile/water containing 0. 1%)
trifluoroac |c aci, i cated_co ol f startin
conpound. rbﬁ"{ﬁl(glﬁ gXaE’FFBﬁrﬁggY Igpﬁé(dé? salz%aﬁuset tg%t 55'8' €4 usi ngg3. 0
M aqueous semhipourglet at e. This mxture is flltered t hrough a short plug
of celite 30 and is then purified by preparative HPLC to provide the

title conpound. WO 96/ 19493

PCT/ US95/ 1 cxcample 90 ) 110 Exanpl e 88
Preparatd o : h . : v - a1 no

gui nucl i di ' 0 a solution
of Exanpl e & €60 nL), acetic acid (20 nl)

and met hanol (éb ¥ L 2 ‘ bﬁ f 10%
pal | adi um rﬁcﬁ%ﬁf@n ‘ﬂqfe% xl%%f“glo?‘sga{ gnﬁ;sf%ﬂéléenlﬁgndgérj agﬁ %r oggn 10
at nospher e mfoXé) pigi ¥0fr n@ ey sievehdriedaeyByliacetaye is nﬁan@x
filtration rfé‘drhﬁ{% 3¢ irdted %Oacsanms,agohe ¥dr8€&9ﬂ6’r1c s d ' S

azeotroped W't | uene 1o réno resid acetic acid to af ord t he
title chporeeitate 168k Hs g@gratedp,agpgggy, frompfacetyl chloride

N-benzyl sul fqay a.?hﬂéeﬁm)ez@araaea( &ropwisedm TRi§uhikelteliiny |
N err]-propyl de salt)-sarcosine
stlrred at room temperature for 8 hours until all starting

material is consumed. The mixture is evaporated in vacuo
and.then azeotroped with toluene (3x50 mL). The resulting

15 o0il is suspended in acetonitrile (35 mL), cooled to ice
bath temperature, then benzylsulfonyl chloride (2.1 g,
11.1 mmole) and_pyridine (2.9 g, 37.1 mmole) are added.
The reaction is removed from the ice bath after 30 minutes
and allowed to stir at room temperature for 18 hours. The

20 reaction mixture is reduced in volume in vacuo. The oil
is taken up in 200 mL ethyl acetate and washed
successively with 1 N hydrochloric acid (1x50 mL),
saturated sodium bicarbonate (1x50 mL) and brine (1x50
mL). After drying with MgSO4, the organic phase is

25 reduced in vacuo to provide the desired sulfonamide
product. | '

Example 91
30 cysteipe sulfone sarcosine benzvl ester

To a solution of the compound of Example 90 (5.5 g,
10.0 mmole) in dichloromethane (100 mL), is added
trifluoroacetic acid (100 mL) and the mixture is stirred
35 at room temperature for 4 hours, at which time starting '
material is consumed. The mixture is evaporated in vacuo
to provide the desired acid.



[err] The conpound of Exanple 88 (6.4 g, 10.0 mmle) is

dissolved in 200 nL of 1:1 water:acetonitrile with “stirring and cool ed
to O[err%@ <x#]%an ice water bath. To this sol uti on pcynsdosnésss added 300
L of VP W6 sol-ution of 25 hexaf | uor ophosphoric acid in water. After 1
hour anal ytical HPLC (20-60% acetonitrile/water containing 0.1%
trifluoroacetic acid) indicates cdmdl ete hydrolysis of the starting
conpound. The pH of the reaction mxture is adjusted to pH=4 using 3.0
M aque i acetate. This 30 mixture is filtered through a short plug
of cel _ MD 96/19493

jde the title

o CT-Dut yiaceta ) Vst el N ==gar cosi ne- benzyl
est 8r ester A solutlon of the conpound of Exanple 39 (5 0g, 9.7
nmmole) in 100 nL of sieve dried ethyl acetate is prepared. To this, 26
mL of 5.7 M- anhydrous hydrochloric acid/ethyl 10 acetate (that is generated
in situ frovoasesylutivmwrofieche compebuddyoteEhamplé 95 esloed gjr opwi se. This

marer | 59+ 0 ol A R IR TRERSRILE, 190 ALICUES Aded 1T, PLAT N
azeot r epbyl vd + tB-tdﬂm’wl(mmpleherbeéuimdg hydrochloride -
10 salt (2.1 g, 11.0 mmole) and l-hydroxybenzotriazole
monohydrate (2.3 g, 15.0 mmole). The mixture is stirred
for 15 minutes then (R)-alpha methyl benzyl amine (2.5 mL, ‘
20.0 mmole) is added ‘and the reaction stirred at room '
temperaturs for 12 hours. The reaction mixture is diluted
15 with ethyl acetate (300 mL) and washed successively with
saturated sodium bicarbonaté (1x75 mL)f brine (1x75 mL)
and 1 M hydrochloric acid (1x75 mL). The organic phase is
dried over MgSO4,'filtered and the volume reduced in vacuo
to provide the desired carboxyamide.
20

Example 93

25 To a solution of the compound of Example 92 (5.97 g,
10.0 mmole) in methanol (100 mL), is added 1.0 g of 10%
palladium on carbon and the mixture is stirred under
hydrogen gas at atmospheric pressure for 24 hours. The
mixture is then filtered through a short plug of celite

30 and the volume is reduced in vacuo to provide the |
corresponding acid. '

35




15 oil is suspended in-.acetonitrile (35 nlL), cooled to ice bat h

tenperature, then benzyl sul fonyl chloride (2.1 g, 11. dchRRbSrss@d
pyri di neWO26M9493 37 1 nple) are addef The reaction iié' renoved fromthe
ice bath after 30 mnutes - .-and al lﬂl\ed to stir-at roomtenperature for

18 hours. The 20 reaction mixture is reduced in volume in vacuo. The oil
is taken up in AR avlscdultibnaset Bkempld IBsiBA g, IlPudcemdiled! ynwith 1 N

hyd hl ori i,d 0_.nL . ted - j bi t 1x50 nL d
o i ne. ( 1xs0N-SinerhYY e rhamidn 25 AR e ARG PRERIRIRA- L0012
rEiduc:ad |92 dmrhyﬂam;inoprdpylhearﬂaediflem&dmlmfd@rlde pad\?ﬁélﬂ-jﬁl_ -

anpl e repalathon g : . I - L-

mp 107 0C Ridoa k) fgg%ghg&fe@g%&m&yb%@ﬁg&wa y

cystei ne sfi*f one “sar cosi he 0 sol ution of the

conmpoundd ofmcBehVdrateo (25359g, 15.0 mpolehnpintd thenyitde &§8FELRBNe (100 nl),

is added pidthidd Yo' rgetia 86+036 1RDnwtds andrHdis Byelldce  is stirred 35 at
roomtenperature f is

qQr 4 hours, at which ti tartin er.i al
consuned. W%mnﬁseég?%{ﬁo?’a%ﬁﬂiiw T °né§ o(qlprOO\gi‘d t5t'ﬂe desi red
aci d. mmole) is added, followed by N-methyl morpholine (2.2 ml,
PCT/ US95/ 1 96/ 19493 . . . .
Exanpl e 92%6‘%33'51??%&1 o#?’gf rﬁ?ﬁéﬁ%ﬁ Igfﬂﬂf%ﬂ?/lli%-t(}tﬁ -sé:llgﬁgr(rietaﬁy%% égnzyl
car boxyh@®t hyemperatarel foysl8i houral f oTke steackiore mixture is ddduted -
To a sol uti Of d ; : witel e) in
N, N- di met hy 1gremat ' de%%%}%‘&%)(?biogfﬁggg%ﬁd%}aél@e@”s&c?ssw%qw
et hyl - 3- ( 3-spmaRed HASS o P ERERPBBER| MBE0 %k bc M 1300y (2.1 g,
11.0 mol e)agd I hiflieueb eyaebthddeie acid (1x100 mL). The organic
' phase is dried over MgSO4, filtered and the solvent

15 removed in wvacuo to provide the desired coupled product. -

20 ‘s vl aminal

To a solution of Example 94 (8.6 g, 10.0 mmole) in
water (60 mL), acetic acid (20 mL) and methanol (600 mL)
in a 2000 mL Parr bottle,.is added 5.0 g of 10% palladium
25 on carbon. The mixture is then shaken under a hydrogen
atmosphere of 40 psi for 3 days. The catalyst is then
removed by filtration and the filtrate concentrated in
vacuo. The product is azeotroped with toluene to remove

residual acetic acid to afford the title compound.




nmonohydrate (2.3 g, 15.0 mvole). The m xture is stirred for 15 mnutes -
then (R)-al pha nethyl benzyl amne (2.5 ni, 20.0 mmol e) is added and the .
reactww%gg,g g3 ed at room temperature for 12 hours. PCRAISPHEE866 on mi xture

is dilut 15 wth ethyl acetate (300 nmL) and washed successively with
sat urat ed sodi um bi carbonate (1x75%M.), brine (1x75 nl) and 1 .M
hydrochloric acid (I x75 nL). The organic phase is dried over

Hol une reduced in vacuo to provide the

MpSO err], filtered and th
' “«Ekanple 93 PrQRaration of . -

desi red carboxyam de. 2

N- benzyl sul fonvl-S-(( met hyl benzyl carboxy met hyl
am de)-L-cysteine sulf 'é osi ne acid ﬁ H, To a solution of the
conpound of Exanple 92 (5. , 10.0 e) |n met hanol (100 nL), is

added 1.0 g of 10% pal®gd/um on_carboq_and the nmixture is stirred under
hydrogen gas at at nospheri cy hours. The m xture i s then
filtered through a short IQm) f cefyi td] 30 andche volunme is reduced in

vacuo to provide t OF | i g™ ATl Exampl e 94
Preparation of N Isulfo -cysteln% su fone-S-((R) - 35 .al pha
met hyl benzyl carb am d®@) - sarcosine cyclic nitro ar gi ni ne. et hyl

| WO 96/ 19493 CT/ US9 6 113
?glgasolutlgheo?°%9%. %ég?gmg' %%18% 1 ﬁﬂo%g)olmm°le¥d¥§dlnethy

f or mndlles¢Poediin lzooadite@ﬂ-leﬂ.hyfatar( dcetonitrile with
dlnethylanlnag op carbodllnlde hydroghl oride salt (1.9 , 10.0 mmol e),
f ol | onBBLFHHLT hﬂfg |°a£-'ollé‘ JnRRBHYRESY P3Bh 3 o @1@ mol e), and

thep tbeluehen i e slovﬂllxxtatlﬂ&éd sosemnu eg £060 3Pt ® selSion Uieln cycli gd " |
I Aol PG (LD a0 s i) L5 2000
m xt ur anatytieml HRLQ e Gitta 6O acetonltrlle/water containing
0.1% trifluoroacetic acid) will indicate complete
" hydrolysis of the starting compound. The pH of the
10 reaction mixture is adjusted to pH=4 using 3.0 M agueous .
sodium acetate. This mixture is filtered through a short
plug of celite and is then purified by preparative HPLC to
provide the title compound.

15 Example 97

Using the methods_describéd in Examples 1-96, the
following additional compounds were synthesized:

°=é= HMN NH;
CHs
Hs—~4 )
H

20 ' o (97a),



10 tenperature for 18 hours. The reaction mxture is diluted W th

ethyl acetate (300 nL) and washed successively with satl;&.ﬁ}sg ﬁﬁfji um
bi car bonwﬁ(lPéﬁJOO nm.), brine (IxI00 niL) and 1 M aqueous hy s%c oric
acid (1x100 nlL). The organic phase is dried over MgS err], filtered and
the solvent 15 renoved in vacuo to ptid/ide the desired coupl ed product.

Exanpl e 95 Preparati on of N-benzyl sul fonyl -NHcystei nesul fone-S- ((R) -
al pha net hyl benzyl carboxvam deHs- sarcosine cliclic 20 arginine ethyl

am nal To a solution lof Exanple AR (8NB2g, 10.0 nmole) in
water (60 mL), acetic acid (2=8F0%and nethanol (600 m) in a 2000 niL
Parr bottle, is added 5.0 g of %paldadi m 25 on carbon. The mxture is
t hen shaken under a hydr &en aHmospherefjof 40 psi for 3 days. The
catalyst is then renrg/edy rtNeatNoNn_AQd _Hhe filtrate concentrated in
vacuo. The product i zgptrgpeg witb tolgeneffto renove resi dual acetic
acid to afford the agonmpound. 30 Poepar ati on of
N- benzyl sul f onyl - L- ei nesul f one- S- ( @ al pha net hyl benzyl
car boxyani de) - sar cosi ne ar ai ni nal | WO 96/ 19493 (97B), -
PCT/ US95/ 16866 114
[err] )’t‘
HN NH,
3
g '
=N NN :
do ° " o
: | (97C),
NH
i
NH
0=S=0 HN | 2
CH, o N CHy g
' o] g
H,C™ i N
3 )ﬁs—N/\H/ JI\N H
I H o H
5 0 : o (97D),
X
CH,
_ | HN  NH;
=8$=0
CH
) o

0. " (97E),



The conpound of Exanple 95 (8.1 g,

1:1 water:acetonitrile
wat er Wolokogde this 5

10.0 mmole) is
wth stirring and cooled to O[err]Cin an ice
solution is slowy addded 300 nipefrusestiésest %

di ssolved in 200 nL of

sol uti on of

hexaf | uor ophosphoric acid in water.

After about 1 hour

anal yti cal

HPLC (20 to 60% acet oni

trifluoroacetic acid) wll

i ndi cat

ffs

r.i | e/ wat er -cont ai ni ng 0.1%

w

conplete

conpound. The pH of the 10 reaction m xtur

hydr ol ysis of the startlng
is adjusted to pH=4 using 3.0 M

aqueous sodi um acet at e. S mxture i iltered through a short plug .
of celite and is then pu76j_|se.d by prepghitt i VHHPLC to provide the title
conpound. 15 Exanple 9 Preparat{on of additional conmpounds

Usi ng the met hods de rib in . 1-96, the - follow ng additional

conmpounds were synth plze

[err] VW96/1 / ] H 115
[err] 94@3 o H -
PCT/ US95/ 16866 0 116
[err]
(97F) ,
" NH
CH;
| HNJJ\Nl'Iz
0=S=
\ s—nN NN
o -\ o (97G) ,
5
(97H), and
H,NYNH NH
Nj HN  NH,
U BEN
0” N ' H
T
. O (971).
10
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COzMe

Ci

To 182 g (1.2 mole) of methyl 2-methyl benzoate
and 3.6 g (0.022 mole) of 2,2'-azobis(2-methyl
propionitrile (AIBN), at 60°C was added chlorine gas
through a gas dispersion tube. The temperature was
maintained at 64 to 66°C by the rate of the chlorine
addition. The addition p:oceeded'for'S hours,
nitrogen was passed through the mixture to remove
most of the gases, then the mixture was filtered.
The filtered material was dissolved in 500 mL of

ether, the solution was washed twice with 200 mL of
saturated NaHCO3 and 200 mL of brine, dried over

MgSO4 and then evaporated in vacuo to yield a mixture
of products (237 g). NMR(CDCl3) indicated the
composition of product to be 65% desired monochloro
product, 33% of dichloro product'and 2% of starting
material. -

Note: It is helpful to mbnitor the reaction by
NMR at 0.5 hour intervals and stop the chlorination
when the monochloro product formation reaches 65
mole%. This keeps ring chlorination to a minimum
(2nd type of benzyl protons in NMR)} It appears that
the maximum yield of the monochloro product is 65%.

Example 99
i =In z sulf
] J [] : l [] !] (] [} J! ]
CO,Me o ' ' COyMe
-NHHCI
o SO0,Cl
s NHy
Ex. 99A - ' - Ex. 99B

PCT/US95/16866



Exanpl e 98 Preparation of nethyl -2-chl oronet hvl benzoate W06/ 19493
PCT/ US95/ 16866 117

[err] To 182 g (1.2 nole) of nethyl 2-net %BH te and
3.6 ng39ﬁyﬁmhnle) of 2,2'-azobis(2-nethyl 5 proplonltrl‘h?'il &ﬁ§ at

60[ err] C was added. chlorlne gas 118hrough a gas dispersion tube. The
tenperature was = naintained at 64 to 66[err]C by the rate of the chlorine i
add|t|-n : | ; : S_hours, ni trogen was passed

’ T )Tt he gases, then the m xture was .
filtered. A Iif:l:nettire taﬁ enherttee:tzwél Chégrddesﬁrdexamzsm 98 of et her, the

sol uti@g ﬁva% v&a@%f%%admt}l?oggganh@f V%psgtyr‘.@;ﬁd ;N HCGB and 200 n1_ of

bri ne over orated I'n vacuo to yield a

m xt ur 30Q5nL RE e was eefivgpd IRKREGIRNTRr rg9oledi @mced t he
SOWEFStﬁéOébP&erEE Q@agsd tzﬁ)}xa@fobﬁf@a‘;/uﬁe%ead nvn@@mégicaue wald oag;:t 3|3‘t% of

i chloro ct an 0.0f , startin e: is
hel pf uFB 'Pg"‘l‘%#'ﬁf dr irated. pish ﬂ?ﬁ Rﬂgaé’f ?ESt%é‘Urexqﬂerval s and stop
t he chl26i@maef dthe thighaenikm ﬁBﬁGchNMR@D%$©d&dtImdnﬂatedn reaches 65
nmol e% , T, bhaabo mum (2nd type of benzyl
protong ?gaef#é¥mh%ﬂ%¥1 aF@ P% %E Qei?hgsgggénun1yleld of the nonochl oro
pr oducdichlesggetiyl bwn@aﬁwsﬁegsgerate@repatb&|Eﬁﬁnﬁr§;nﬂa:hoxycarbonyl
bepgvl of Uth&Ridnochi Y @éﬁ%a@ikré thi ouroni um salt)

A mixture of thiourenium salt (63 g; Example

99a) in 1650 mL of water was mechanlcally stirred at

15 ambient temperature for 30 minutes, cooled to 0° C
and stirred for an addltlonal 30 minutes. The
mixture was filtered throﬁgh a 0.2 micron nylon .
filter, keeping the mixture at 0° C throughout. (The
filtered precipitate contained the dichlordmethyl-

20 and methyl methokycarbqnyl benzenes, byproduct and
starting material from the preparation of the
compound of'Exemple 98). The adueous filtrate was
cooled to 0°C, and with mechanlcal stlrrlng chlorlne
gas was bubbled through the solution. After the

25 green color persisted, nitrogen was passed through
the mixture to remove the excess chlorine, then 700
mL of ether was added and the layers were separated.
The aqueous layer was again washed with 700 mL of

ether. The combined ether solutions were in turn
30 washed with 500 mL of 1% NaHSO3, twice with 500 mL

saturated NaHCO;, 200 mL of brine, then dried over
MgSO4 and evaporated to yield 36.5 g of produet. The
crude sulfcuyl chloride (90 g) was crystallized from
70 mL EtOAc. Product was filtered and washed with

35 cold EtOAc to give 67 g of solid. An additional 10 g
was obtained from the -filtrate (yield for the 2 steps
= 23.6%).



[err] WD 96/ 19493

PCT/ US95/ 16866 118 Ris9&)adsas | on of
Thi our onW@A6424953 : A mxture of the benzyl chlorlde rom Exanpl e 98
(142 g, 0.5 nole) and thiourea (38.1 g, 0.5 nol) | 500 nL of MeOH was
refluxed for 4 hours, cooled, and 5 1the solvent mas evaporated in vacuo.
The residug wasJ Pghhoroughly triturated with ether and dried to yield
126 g of t um sal t NNR(DNBC)dG) i ndi cat ed 2 types of benzyl
pr ot ons as Bpegarationeof ihwh| 2 e RAELALEgenerated in the
preparation 10 of the nDnochIoro derlvatlve B. Preparation of
Sul fonyl Chloride A mxture of tedouroniumsalt (63 g, Exanple
99A) in 1650 nL of water was nechanically]stirred at 15 anbient
tenperature for 30 m nutes, cool ed g OLefr]C and stirred for an
addi tional 30 m nutes. The m X1 \W»s filtered tthrough a 0.2 mcron

nyl on filter, keeping the m xt ajl O[err] C throughout. (The
filtered precipitate contained the™d cé@ﬂﬁﬂhy|- 20 and net hyl

met hoxycar bonyl benzenes, byproduct and starting material fromthe
prepar atdon of the conpound of Exanple 98). The aqueous filtrate was
.goglbfaddt?ho[err] Midrie f&;ﬁ@%h??' oStbluhfe ¢Ds002ng, 0. 1@?@(}@3 t

u e ro er e e ni trogen
was passede ﬁ#eq &lf?t %&e t'oal’%irol{'}%g eﬁle@eg@'c orcls'l' t hen 700

nL of et herw&@%ﬁk&f%eﬁ%yuh@elraxea& WL R15gpad 20850 mole)The Theueous | ayer
was agaln washed with

Q nL of . ether. T conb e r tions
were in turftSERr m&%ﬁﬁrﬁ%oérﬁdﬂx?gf\% K&Q@d e?\lu# a&m%{gvﬁ]’t%ﬁh 00 L
sat urateol NeeK¥gdrid reflinnl offtieri 48, hohea, dthedsolation wa\*agSO4 and
evaporated to | d- g % he i de (90
g) was crys?%?¥?§ :'f’l’ﬁ‘:oe%eqEl Sr’%gé% ed. Pr‘(I)‘ ﬁc?éév:/g@'l?% ;ﬁdcf washed
wth by flash chromatography on smllca gel using a gradlent
system of hexane, methylene chloride: 20:1 to 2:1 and
finally eiuting with methylene chloride to afford 15.88 g
15 (69% yield) of product as a pale yellow oil. TLC (silica

gel; hexane, ethyl acetate): Rf= 0.3.
Example 101

20
SCOCH;

CO,Me

To a solutioh of the cbmpound of Example 100 (15.87

g, 0.0693 mole) in 140 mL dry DMF at room temperatiure

25 under N2, was added potassium thiocacetate (9.49 g, 0.083
mole, 1.2 equivalents) portionwise over about 20 minutes
so as to maintain a temperature of 25 to 35C°. After 1
‘hour, the reaction mixture was poured into 500 mL of water
with stirring. The mixture was extracted with 3 X 100 mL

30 portions of ether. The combined organic phase was washed
with 3 X 50 mL water, 1 X 50 mL brine, and then dried over



35 cold EtOAc to give 67 g of solid. An additional 10 g was obt ai ned

fromthe filtrate (yield for the 2 steps = 23.69%. WO 96/ 19493
PCT/ US95/ 16866 - 119 -

- EPc o8 16466
Prepa™@ ¥4 Methyl 2- brononet hyl benzoat e . |
[err] To a mxture120 nethyl o-toluate (15.02 g, :0.10 nol e,
14.0 nmL) and NBS (19.58 g, 0.11 nol) in 200 nL of Ccl[err], was added

ez OHogB5h o4 Sody Tt 19l Bpey (RERITAGR S

t he sobftppoduets as a oaxllley ofill, tgudgednﬂuseabprmced(sinhe:ar esi due was

purified I Lagr ya0R silica gel using a gradient
systen98+ H% %%Eg qﬁ?hq$ené ¢ Io?? 0. go 1to 2:1 and finally eluting
wi th et hyl ene chlorlde to afford 15.88 g 15 (69%yield) of product as a

pal ¢ yEk%@%lQ;Uﬂ% TLC (5|I|ca gel ; hexane, etthyl acetate): Rf= 0.3.
Exanpl g B _ : |th|0nB hbe nzoate 20
[err] abl ] ROMELAOXY D SHLLE 2\

10 _
To a solution of the compound of Example 101 (14.88

g, 0.0664 mole) in 110 mL of acetic acid at 60°C, was
added 30% H202 (41.4 mL, 0.332 mole) dropwise, carefully
maintaining_temperature at ~60 to 65°C. 1In spite of very

15 slow addition and careful monitoring, after ébout 30
minutes addition time the reaction rapidly exothermed and
refluxed at 108°C. After the exotherm subsided and the
reaction cooled to 60°C, the remainder of the H202 was
added over a one hour period. After 2 hours at 70 to

20 75°C, the reaction mixture was cooled to ambient
temperature and stirred overnight. The solvents were
azeotropically removed with heptane (water bath < 50°,
SHIELD) and the residue was pumped in vacuo at < lmm for
20 hours to afford 17.63 g (>Quantitative crude yield) of

25 sulfonic acid as a viscous yellow oil. The oil was
dissolved in 300 mL of water and neutralized carefully
with ~75 ml, of ‘1 N NaOH solution until the pH was 7. The
solution was extracted with 3 X 100 mL portions of ether
and briefly placed on the roto-vap to remove traces of

30 ether. The water layer was lyophilized and afforded 17.45
g (104% yield) of product as a voluminous, colorless
solid. TLC (silica gel; methylene chloride, methanol, _
acetic acid: 27, 3, 3): Rf= 0.2. NMR analysis showed the
presence of ca 20% of the disodium salt resulting from

35 ester hydrolysis. Subsequent runs on similar or larger



To a solution of the conmpound of Exanple 100 (15.87 g, 0.0693 nole) in
140 nL dry DVMF at roomtenperatiure 25 under N2, was adde?Fg@\%fﬁ '

t hi cacetWOSABIA9 g, 0. 083 nol e, 1.2 equival ents) por se over
about 20 m nutes so as.to maintaingsy temperature of 25 to 35Cferr].
After 1 hour, the reactlon m xture was poured into 500 nL of water

Wth stirrin Them tur rtions of

et her. The g&ﬂ' E’eﬁhggéﬁv\gg ﬁ%g#e%%& évé"&%a?jﬁ%%dg water, 1 X
90 nL bri nG;yp’ilBi]I]JiﬁﬁﬁiblrﬂddOpﬁbduct containindP A A2 0% disodium

PCT/ US95/ 168 120 - MySO err]. Sol vent
renoval af fHtded 14.88 g (96% crude yield) of product as a yellow oil,
judged pure by TLC (silica - gel; hexane, ether: 9, 1): Rf= 0.2. 5
Exanpl e 40 Zmi%nnlmat i on of o- Car bonet hoxybenzyl sul foni c acid, sodium
[err] ] Toasolutlon of the co df Ex pl e 101 (14. 88
g, 0.0664 noiSBARALIRIY O OFhdh oy S e added 30%
H2 err] (41.4 nm, 0.332 m)le) dropvmse carefully mai ntal ni ng
tenperature at -60 to 65[err]C. In spite 800kery 15 sl ow addition and
careful nonitoring, after about 30 m futes addition time the reaction

rapi dly exot herned and ref | uxeg ™ [err]C. After the exotherm
subsi ded and the react i on cooI

60[err] C, the renmi nder of the
H20[ err] was :

c°2M9

10 To the compound of Example 102 (3.16 g @ 80%, 2.53 g,
0.010 mole) was added PCls (2.08 g, 0.01 meole) and the-

resﬁltant slurry was stirred and cooled in an ice bath

while POCl3z (11.50 g, 0.75 mole, 7.0 mL) was added slowly.

The reaction mixture smoothly exothermed to 40°C and was
15 allowed to stir at ambient temperature. After 15 hours,

' the mixture was heated to 40°C for 5 hours, cooled,
diluted with acetonitrile, and then transferred to a one
neck flask. The solvent and excess reagent were removed
on the roto-vap. The crude residue was purified by rapid

20 passage through a short silica gel column, eluting with
hexane, ethyl acetate: 2, 1 to afford 2.00 g (80% yield)
of product as a colorless, amorphous solid. TLC (silica
gel; hexane, ethyl acetate: 2,1 ): Rf~ 0.5, noted a
concentration-dependent streak.

25
Example 104 :
Preparation of (2-Carbomethoxv)benzvl-sulfonvl-D-NY =NOo -
inin \

The above-identified compound is prepared by
30 coupling the product of either Example 99 or 103 with the
~product of Example 12 following procedures ‘similar to
those set forth in Example 13. '

Example 105



added over a one hour period. After 2 hours at 70 to 20 75[err]C, the

reaction m xture was cool ed to anbi ent tenperature and stirred.

over ni gpe solvents were azeotropical ly renovesemidddbgpt ane

(wat er %3?““ : SHI ELD) and the residue was punped in vacuo at < | mm
for 20 hours to afford 17.63 d2¢>Quantitative crude yield) of 25

sul fonic acid as a VISCOUS yellom/0|l The oil was - dissolved in 300 nL
of watg RHRAEY 1\ T 1 Ry-NaOH sol ution

unti | SO utlon was - extracteo zx 100 nmL portions .

of et WM@@WHM traces of 30
et her e water layer was philized. an orded 17.45 g (104%

yield) of prialHIl sals od lt-ﬂnencws,llcbrgl(NéslsOEt amsiglald. (OTIS6 @silica gel;

met hyl chl ari.de, et hanol t 27 3, 3): RR=0.2. NMWR
anal ys fn(?% Wgtf)t ﬁ(gompoug@eggnggaxgsfé Lgoé}’%qu e d| sodiumsalt resulting
fr ogn 35 Lsdnfst HusE) Wzl suS¥BAQUUDANI L NOS- DFg T iTid Far@osiaeder WO
96/ 19493 L o i PCT/ USQ&%/ 16866

121 (compouns of Exasplieed OOl oP S NGHERY 8 MMalsy) Wawer al i zat i on
- tEilp' C?&ié/lsocgi\féli d‘gctrprs@qﬁtmgo?hanouag éﬁ% a%%,d. l?'l‘ld:t]l}'ﬂ\s Sﬁ:t | 5
anpl e, re r (0] 0, enz Su (0] C ori de
[err] mixture jps adc ed%‘“%hégcéﬁpgung “"Bé%’p %6 4¢ @80% 2.53 g,
0. 010 gl ®)1 o Jaid efi IRCiedr by FEMO81gl 6L 0110/d ec)moémd thafter resul tant

AT 0GRt I PbcBherikRudD LS BPiltea wit 'RARENL eTT] (1150 0

was a
ethyl acetate and extracted WJ.th 100 mL each of water, 1 M ‘
aqueous HCl, water, satp.rated agqueous sodium bicarbonate

and brine. The organic phase was dried over anhydrous
magnesium s_ﬁlfa_te, filtered and the solvent removed in
15 wvacuo. Chromatography of the resulting oil (silica, 1:9
methanol : methylene chloride) afforded 0.5 g (33% yield)
of the title compound as an off-white foam. Rf = 0.39

(1:9 methanol : methylene chloride).

20

To the compound of Example 105 (0.5 g, 0.83 mmole) in
100 mL of 4:1 ethanol: acetic acid, was added 0.5 g moist
25 Pearlman’s catalyst. The mixture was then stirred

vigorously under hydrogen at atmosphere pressure for 16
hours. The catalyst was then removed by filtration and
the filtrate concentrated in vacuo to afford about 0.45 g
(quantitative yield) of the title compound.

30




The reaction m xture snmoothly exotherned to 40[err]C and was 15 allowed to
stir at anbient tenperature. After 15 hours, t he mxtur lﬁ%l%ted to
40[ err] CWwowe/i94dur s, cool ed, diluted with acetonitri I%

transferred to a one neck flask. The, sol vent and excess reagent were
renoved on the roto vap The crude Tesidue was purified by rapid 20
passage through a shRy hbl ca um1 eluting with hexane, et hyl
acetate: 2, 1to affor 2.00 g (8 &;%yl el d) of product as a colorless,

anor phous solid. TLC '(':;Dl ca H7ge
0.5, noted a Ot GQNCEE Haoe,—de

; hexane, ethyl acetate: 2,1 ): Rf-
dent streak. 25 Exanmpl e 104

Preparation o (2 9&% be zvlgsul fonyl -D-Ng-NJ err] - arai ni ne
sar cosi ne he abole-ifentified conmpound i s prepared by 30
coupling th odRt of & ther BxanPle 99 or 103 with the product of
Exanmple 12 foll owi ng procedures simlar to t hose: set forth in Exanple
13. WOrné/ ¢omSdund of Example 106 (0.45 g, 0.83 mmole) was '

L Rt n 1 ko S 2, e B0l 0 0

~ar gi ni ne- sastbsrimg N €fo |tING acfl]ut‘amm wase adgletli ¢- bt ofiniMagodium The

'(ﬂnf)g'uﬁg OP&IE%DQ!&E %fi i(_}gerr tg,:‘t l?“h&%lrsﬁotﬁ@ Peaction WSkt e).

car bonet hostemﬂ-eﬁl iBan - ww['f@ftﬁt Retey Apd,50; BEneEsar cosi ne.

(forrpound OEggééHEi:&té@"ﬁci lw&‘S dided .09 AFFelre)l .6ehBur, tHeSséhdeIbn th
stirring 1 n

L _of ur s added, EDC (0. 60 g,
3.1 ol e) aWBSHIRAIED. & ébe ¢ tfrﬂﬂﬂé")hefgh B%Eg%SyrﬁW 1 m, 104
nmol e) Af eikthPe Wwas hmj\sstédne;cs eaamdumupmwusuagwsatdraueédaquedmﬁoo m_
et hyl tate and ed f q@&eO0US HO
wat er tuPSfléHmagﬁégggésod%%]ﬁﬂl‘ggc%ng%g] ﬂlt‘@%ﬁban e organi c
phase was dprepavativenByu¢ caffordedrthe $ilfkhes gompounds PPPéred and the
sol vent remyyedpifization of the pooled fractioms.

Exanple 108 _
15 i 2- vls 1-D-arginine-
NHa NH, NH‘T‘ NH;

H'D
CHs o

e H
Fryr

H o

CO.Me

The compound of Example 106 was hydrolyzed according
20 to the procedure in Example 21 to afford the title
compound.

"Example 109

25 ine-argini ic-




15 vacuo. Chromatography of the resulting oil (silica, 1:9 met hanol

net hyl ene chloride) afforded 0.5 g (33%yield) of the title conpound as
an off-white foam Rf = 0.39 (1: 9 nethanol rmethy i de) . 20
ExampV@ 988493  preparation.of (2:-carbonet hoxv) benzyl stﬁ@ﬁﬁaagdar ai ni ne-

sar cosi ne-argi nine cyclic-Cet. amipgl To the conmpound of Exanple

105 (0.5 g, 0.83 nole) in 100 nL of 4:1 ethanol:acetic acid, was added
0.5 g noist 25 Pearl nman's nn;phuﬁt. The m xture was then stirred

vi gorously under hydrogen at.nNatnosphere pressure for 16 hours. The -
catal yst was then renoved g@ filération and the filtrate concentrated

In vacuo to afford abogp 0. 45 g ﬂﬁ o(qu ative yield) of the title
conpound. 30 Exaipl & ~ N LoN O} _
(2-carboxv) benzvl s ya -#D- ar Ai ni ne-1 oga?fosine-arginine al dehyde

WD 96/ 19493 H NH: pCT/ US95/ 16866
123 _ [err] The conpound of  Exanple 106 (0.45 g,
0.83 mmle) was - dissolved in 20 nL of 50:50 water:acetonitrile with

stirring. TRetbObmpsehditirorExsagladded (8.6Lgof 0184 safblen Sweydr oxi de

nat or SR e "t B W 'F <chaghian, 8 s fyagacasi e, ' 1 8 hour,
t hé r 2Mcsodium hydioxideedliucilon.coAfktered anourse PHmI afhd:leacti on
M Xt UEenifig) adbdel e thdfa R dida) Eéhgswégty%aé%* FBEWPSLEO  sodium
acetate. IS mxture was filtered and-subsequent _
Pearlman’s catalyst and the mixture was stir:ed'under
hydrogen at atmospheric pressure for 16 hours. The ' | ‘
catalyst was then removed by filtration and the filtrate o
10 concentrated in vacuo. The mass spectrum showed both the
title compound and some of the 2- |
qarboethoxybehzenesulfonamide.' Thejresulting oil was
again dissolved in 20 ml of 50:50 water and acetonitrile
with stirring. To this was added 2 mlL of 1M sodium
15 hydréxide solution. After 2 days, HPLC showed only one
peak. The pH was neutralized using 1M HCl and the .
reaction mixture was concentrated in vacuo to give the

above-identified product.

20 Example 110
. - - -D- r : L] - .
[ - v l. 13 ]:] :
NH - NH, 3 NH*—NIl-Iz
H-Nj H‘N
CH
COzHO H '30
é“N N\)kN H
oH g ) _
H O
25

The compound of Example 109 (0.5 g, 0.8 mmole) was
dissolved in 20 mL of 50:50 water and acetonitrile with

stirring and cooled to 0°C in an ice water bath. Tc this
solution was added 50 mL of concentrated HCl. Aafter 5



preparative HPLC afforded the title conmpound upon | yophi l'ization of the

pool ed fractions. Exanpl e 108 15 Preparation of

( 2- car bowovbreeag3 benzvl sul f onyl - D- ar gi ni ne- sar cosi ne-%ﬂ:ﬂpﬁﬁml dehyde
[err] The conpound of{2Bxanpl e 106 was hydrol yzed accordi ng
20 to the procedure in Exanple 21 to afford the title conpound. -

Exanpl e 109 Preparatiaqn _of (2-carbagxy)benzenesul | - I ni,ne- 25
sar cosi ne-B9YFH n@%fcﬁqc&la?t WE Hgﬁgeg Xz’mfe%e@é/}gé%?n% e B’
RCT/ US95/ 16B86the reaction mixture was adjusted #@4about pH=4 using
[err] ' d_i npl &y, i, 5 mol e) was
di ssol ved ??\t%a‘%ﬁ_d o?qugzﬁ"asno : oa%:%itgé\%és g%%%cfﬁ%(ﬁ{&of&% 1M sodi um
hydr oxi de §blteres and ianbseqwents preparative4HRLC afforded the .

5 title compound upon lyophilization Qf the gooled

fractions.

10

The title compound was synthesized according to the
procedures of Examples 17 to 21 usi_ng 3-carbomethoxy
15 benzenesulfonyl chloride as the sulfonyl chloride in the
procedures of Example 17.

Exm.ls_l.lz.

20 ine-

NHay NH, ""Y NH,
H.‘Nj H-N
CH
o reQ
HO,C §—N N Ay H
H )
| U° 0 H O

The title compound was synthesized according to the

procedures of Examples 17 to 19, 109 and 110 using 3-
25 carboxy-benz'enesulfonyl chloride as the sulfonyl chloride
in the procédure of Example 17.

Example 113



et hanol : acetic acid was added, followed by 0.5 g of noist Pear| man' s

catal yst and the m xture was stirred under hydr ogen at at nospheric
pressure for 16 hours. The catal yst was then renoveﬂ%% Jsh ation and
the fiWOPIMII0 concentrated in vacuo. The mass spectr Howed bot h t he

title conpound and some of the 2- qpgarboet hoxybenzenesul f onani de. The
resul ti ng 0|I was agal n d| ssolved in 20 n of 50:50 water and

e
owed only . The pH was

react lon m Xt ure was concentrated in

vacuo to g| ve the above |dent|f|ed product .’ 20 Exanple 110
Preparation of (2-carboxv)benzenesul fonyl-D-arainine-
sar cosi ne-arai ni ne al a# dmz . M g NH, [err] 25
The conpound of Exarrpl ﬁg (0.5 |9'N0 8 Mol e) was di ssolved in 20 nL of
50: 50 water and acetonitri vmth stirring and cooled to O[err]Cin an
ice water bath. To ohl St @tlo s added 50 nL of concentrated HO .
After MeO.C W\D-86 4&4—9&n/ H
PCT/ U895/216 ) o H 125 hours, the reaction
was j udged g0 | ete by HPLC and f"he BH of the reaction m xture was
adj sted to about pH=4 usin 'saturated aqueous sodi um acetate. This
gure wasthe §itle Gomponads wascsyehhest 2edrarqording Coatther ded t he

procedures in Examples 105 to 108 using (3-
carbomethoxy)benzylsulfonyl-D-N9-NO2-arginine sarcosine as

a starting material in the procedure of Example 105. (

10-mmni§_114.

M-i,.r NH, N NH,

H J ~ u-N
CHy o

HO,C ﬁ-N N\)k H
\©/—o H o Yo

15 The title compound was synthesized according to the
procedures in Examples 105 to 108 using (3-

carboxy)benzylsulfonyl-D-Ng-sz -arginihe sarcdsi_ne as a
starting material in the procedure of Example '105.

20

By following synthetic procedures such as those
described in the Detailed Deséription of the Invention and
25 in the Examples herein and using the appropriate reagents,
the following compounds were made. Mass spectroscopy was
"used to confirm molecular weight. -



5 title conpound upon |yophilization of the pool ed fractions

10

* Mass spectroscopy value

The above compounds were prepared using procedures
similar to those set forth in Examples 5 to 10, 22 to 28,
36 to 44, 52 to 62 and/or 68 to 73, using the Ry reagent

noted in the Table below to supply the Ry group which had

the stereochemical configuration of the Ry reagent.

Rp_Group
- (CHp) 3NHC (=NH) NH
~CHoC (O) NHp

~ ~CH,COOH

15

20

25

-CH,C (0) OCH3

~CH3 S (0} 2CHCOOH

-(CH2)2C(0)NH2

- (CHp) 2COOH

- Rp_Reagent
Boc-D-N9-nitroarginine
Boc-L-Asparagine Acid
Boc-L-Aspartic Acid-f-Benzyl

ester

Boc-L-Aspartic Acid-f8-Methyl

ester

'L-Cysteine hydrochloride

monohydrate

Boc-L-glutamine

Boc-L-glutamic acid-f-benzyl

ester

ni ne

Exanple 111 Preparation of (3 carbonethoxy)benzenesulf Q-%&gknrne-
- 10 sar cwo 9%a9493gi ni ne al dehyde [err] 1US9s/

The title conpound was synthesrzed accordrng to the procedures of
Exanmples 17 to 21 using 3-carbonet hoxy,%5 benzenesul fonyl chloride as the
sul fonyl chloride in the procedures of Exanple 17. Exanpl e 112
Preparation of (3-carboxy)benzyl sul fonyl -D-arainine- 20 _sarcosine-arQqi
al dehyde R [err]X R The titRe co&goh@g*me
synthesizeo accordi%g to the proceflures of Exanplesj1/ tp 19 109 &nd
110 using Mo 25 dar boxy- benzenegul fony| chloride as the| sul fpnyl| chl orifde
in the procEIEE T P4-CEAPRBE 17 | -SO5- | ~CH2COOH CH; |H |557.6

115B | d-Camphor -S02- | -CH2C(O)NHy CH3 |H |558

115C d-Camphor -805- | -{CHp) 2COCH CH3 |H |573

115D d-Camphor ~-S02- | -(CH2)2C(O)OCH3 |CH3 |H | 587

115E d-Camphor (OH) | -SO2- | ~CH2COOH CH3 |H | 561



WD 96/ 19493 PCT/ US95/ 16866

126 Preparation of (3-carbonethoxy)benzyl sul fonyl - D-argi ni ne-

sar cosi ne-ar ai ni ne al dehyde [err] 5 The
title WOAHMAY was synt hesized according to the pr JETIPF984686f Exanpl es
105 to 108 using (3- 12
carbonethoxy)benzylsuIfonyl-D—N[err?-hKIerr]-arginLne sarcosi ne as- a
startin | i@l t he procedure of. Exan S, a0 o e 114

Pr epar a??gﬁ}ﬁ t?%q%}gar boxy) benzyl sul f%ﬁgﬁ?} a"?%%n%rcnea-u]ao 5 E%?@g’é'

al dehyde [err] ester 15 The title conpound was
synt hesi zed according to the procedures in Exanples 105 to 108 using
(3- car boxy) benzyl sul fonyl -D-N[err]-NJ err]-argi ni ne sarcosine as a
starti n¢CHpl 28 (Q)2CGHB t he procedure ob-Eethpbmindsulfce-Dehepkzyllls
General Procedures for Preparing Cbngggggsh§g%géﬁ&é¥yggugélt Derivatives

at err]

Benzvl at Ry

10 The following compounds were prepared as set forth -
below. Mass spectroscopy was used to confirm molecular
weights. _ . ‘.
Ex. B |X  |R2 . B3 |Bi |ms"
No, o
116a | Benzyl |-SOp- | -(CHg)3NHC(-NHINH, |CH; |H |-
116B | Benzyl | -SO3- - (CH2) 2COCH CH3 H 513
116C Benzyl | -SO3- .-(CH2)2C(O)OC33 CH3 H 527
116D | Benzyl |-SO3- -(CH2)2C(O)NH2 | CH3 H 512.
116E | Benzyl | -SO3- |-CH2C(O)NHp CH3 |H 498
116F | Benzyl |-SOz- | -CHZS(0) 2CH2c00H" CH; |H 577
116G | Benzyl | -SO3- - (CHp) 3NHC (=NH) NH2+ | CH3 H

5 Mass spectroscopy value
+ L-Configuration '

The above noted compounds were prepared using’
procedures similar to those set forth in Examples 11 to
20 16, 29 to 35 and/or 63 to 67 using the Ry reagent noted in

the Table below to supply the Ry group which has the

stereochemical configuration noted for the R; reagent.

i'ne-arginine



By follow ng synthetic procedures such as those  described in the
Detail ed Description of the Invention and 25 in the Exanpl es herein and

usi ng t hwomgs19483r i at e. r eagent s, the foll ow ng conpoun&§WM§§!ﬂ§ﬁe. Mass
spectroscopy was used to. confirm ggd ecul ar wei ght. W96/ 19493
PCT/ US95/ 16866 127 115A

d- Canphor - err]- -CH err] COOH F%%éfﬁﬂfggr[err] H 557.6
115B d-Cgﬁpﬁgpﬁg -SJerr]- -CHerr CHerr] H

Gerr] ri-op SR TRNBLE, o ooy~ 3o BRRFGFPLEbLIARE

Canmphor
(CH[err])[Jay' [err] CHerr] H BdﬁiL-Aspar&§SEe Adz&anphor(CH)
-SO[err] err CH err] 561 Mass
spectroscopﬁﬁhéﬁﬁﬁl The above éEWbéuﬁGQGW§#€ ﬁFéﬁa$Ed usi ng
pr ocedureges S|n1lar to those set forth 4% 5to 10, 22 to 28,
36 to 44, 52 to 62 and/or 68 to 73, using t reagent noted in the
Tabl e below to supply the R2 group which had t he stereochem cal
confi guratiQiy )@%H?Z reagent. 10 -ﬂﬂﬁgﬁgktgeoggld-g-
R err] Reagent CH err])[err] NHX( NH)NH[err] :
Boc-D-N err]-nitroarginine - CH[ er r | G @stier
Boc-L-Asparagine Acid -CH[ err] COOH Boc L- Aspartlc
Acid-[err]-Benz 15
10 -CHp (O)2CH2COOH | L-Cystelne hydrochlorlde
monohydrate
- (CH2) 2C(O)NHp Boc-L-glutamine
15 -(CHp)2COOH Boc-L-glutamic acid-f3-
benzyl ester
- {CHp) 2C (O) OCH3 Boc-L-glutamic acid-f-
methyl ester
20 '
-(CH2)25(0) 2CH3 _ Boc-L-methionine sulfone
- (CHg ) 3NHC (=NH) NH3y + . - Boc-L-NY-nitro arginine

25 Exml.e_lll-

Arginine Aldehvd

The compound having the substituents noted below was

prepared using procedures similar to those described in
30 the Examples herein, using commercially available N-

methyl-O-benzyl serine tert-butyl ester (in place of Boc-

Sarcosine). Boc-N9-D-Nitroarginine was used as the Rj

reagent. Mass spectroscopy was used to confirm molecular
weight. ’
35 '



-CHerr]C(OOCH err]
ester 20
hydr ochl ori de
- (CH WO 36/194%% ] C(O NH err]
-(CH err])[err] COCH

Boc- L- Aspartic ACId [err]-Methyl
-CHerr]S(0)[err] CH err] COOH L(yﬁeum

Boc- L- glugggﬁ ﬁé@?

138oc-L-gl utanic acid-[err]-benzyl

ester W 96/19493
PCHVLE;%EFTGSG ' ~— 128" *
- (oH JF])[err‘]xC(O)G}ll[%r] Bdoc- B4 ut ami d M
aci d-f TEUMEo, - | - NHC (SNH)NH, | CH3 | ~CH-OBn 880G
-(CH[errzgy %L@Uerr](ég[ze)lsr (=N N 3 1L wethi oni e
sul f one- benzyl 5 ' ester
hydroc,hlorldga 116 CGeneral Procedures For Preparation
of Conpoun pectroscggﬁ qPiaF Rlerr] 10 The foll ow ng conpounds
were prepared as set forth bel ow. Mass spectroscopy was used to
confir |4y wei ght s. Ex. Rl err] "Rlerr]
Rl err] 116A Benzyl i
(G—{[ Gaerlera: » ] : X e pIXIL - PERBY.. Benzyl
-SO[ err ! E ffﬂ! ErrE! l'tﬁiéﬁfﬁﬂ el ! é:H[err] H 513
The following compounds were p;epared as set forth
below. Mass spectroscopy was used to confirm molecular
weight. ' _ . ' -
10 ‘
EX. Ry P4 R2 R3 Ry |Ms*
118A Benzyl | -SO3- |-CH2C(0)OCH3 | iso-propyl H 541
118B Benzyl | -SO3- |~-CH2C(0O)OCH3 | 3-pentyl. H 569
118C | Benzyl | -SOz- |~CH2C(O)OCH3 |cyclopentyl H 567
118D | Benzyl |-SO3- | -CH2C(O)OCH3 | cyclohexyl H 581
| 118E Benzyl | -SO3- -CHZC(O)OCH3 i-butyl H 555
118F Benzyl |-SO2- | ~-CH2C(O)OCH3 | Chy-CHp~ H 595
118G | Benzyl |[-S03- | ~CH2C{0)OCH3 |benzyl H |589
118H Benzyl | -SOz- | -CHC(O)OCH3 | n-propyl H 541
1181 | Benzyl |-SOz- | -CHaC(O)OCH3 |cyclobutyl H | 553
* Mass spectroscopy value
15 The above-noted compounds were prepared. using
procedures similar to those described in Examples 45 to
51, except that Boc-L-Aspartic Acid-R-methyl ester was
used as the Ry reagent and the below noted R3 reagents
~were used. The compbuqu had the same stereochemical
20 configuration as the Ry reagent.




éésc Bﬂé)tl)l B—Sq?arr]- [-(Cl-l[err])[err]C(O)OCI-l[err] CH err] H
enzy -SO[err] - (CH err])[err] C(O NH
Fi@%ﬁﬁmr]

CH err] WQ96/1949312 - 116E  Benzyl -SO[err] -CH er

CH err] H 498 116F Benzyl 131-sqerr]-
-CI-l[err]S(O)[err]Cl—l[err]COC]—l CH[err] H 577 116G  Benzyl
-SJerr]- =t CHferT)Terr] =R er 71+ CH err] H- 15 VES
spect r oscd f%; val ue + “Con gﬁr ation The above note(d
eorrpo:mds Vielgropiydpar ed usi 1g-1soppopy]3dgllmlme-mém-huytlhmeeset forth in
Exanpl es H—4-60—r0—tE6r—20—6 B trst ed

in  thd 3rRSEYHel ow to s|i I@’Pﬁgtﬁgyﬁ%ﬁf%-%%&h§ o este ggeTTe

st er eocheiallopefitydsr at i ohNReyellopentyhegRPcimsgmantt - butyl e\éﬁe%/ 194p3
PCT/ US95/ 16864 429 Rierr]

G oup vc\i’\aidﬁ’%{llr] Reage Siia cyclohef&]-%}yﬁrr% tﬁﬁ—l&“%ﬁb ﬁﬁlt'gfr] T

Boc- D- N er]rq -};mt-,tyaoargl ni ne N-lssuheyl]gl@ﬁlxéeﬂ:eﬂt butyl ester

Boc- L- Aspa —re—Ac+-e S -COo0-+ —Aspeaftic
nold-Torr ] "'%%SCHZ "N-cyclohexylmethyl-tert gg.h% eés&eérr
-CH err ] C(I¢y ME[[J_ _ '
Met hyl estje 11() CH err] }\](')PFpr [ ?(%Hﬁﬂél%éft ﬁﬁh&ﬂ ester L-CQysteihe
hydr ochl or |rd-epropyl N-propyl-glycine tert butyd RERRH ate
-(CH err])if FeTT] - - 1 =
(HerrD ﬂél _ Y N cyclobutyl gl ¢ gfrlhépgé‘:';';'t} : ﬁgr?l.r e_sEer
benzyl est|eghx ' N-cyclohexyl-glyc:.ne tert-butyl ‘ester
sec-butyl N_-sec-butyl-glyc:me-tert-butyl-ester
Example 119
tolv] Groups at Ry
5 The following compounds were prepared as set forth
below. Mass Spectroscopy _was used to confirm molecular
weight. '
ExX. R b4 2 R3 R4 ms*
No. , |
119A | 4-tolyl | -SOg- | -(CHg)3NHC(=NH)NHp | CH3 H 540
1198 | 4-tolyl | -SOz- | -(CHz)2C(O)NH2 CH3 H 512
119C | 4-tolyl | -SO2- | ~(CH2)2S(0) 2CH3 CHy3 - |H 547
10 * Mass spectroscopy value

The above. noted compounds were prepared using
procedures similar to those set forth in the Examples
except that 4-toluene sulfonyl chloride was substituted

15 for benzene sulfonyl chloride and the respective 'R2

reagents noted below were used. The product conpounds had
the same stereochemical configuration at Rz as the Rp

reagent used.



-(CHerr])[err]C(OOCH err] Boc-L-glutam c acid-[err]-
nmet hyl ester 20 -(CH err])[err]S(O[err]CH err]

Boc- L- net hi-oni ne sul f one -(CH err])[err] NHC(=NH)

- Boc-L:“%%W@?@ﬁitrO'arginine 25 Exanple 117 . Pr epara |on o

Benzyl sul fonyl - (D) - Arai ni ne N-Met hyl (O Bn) - Ar ai ni ne Al dehyde

The conpound havi ng the substituent!82noted bel ow was prepared using
procedures simlar to those described in 30 the Exanples her ei n, using

C OIMTE {-eet— -ttt e—Nmer—F% gter (in
pl ace| B2 Boc- Sar cosi ne 323_ -D-Nitroarginine was used|as the R2
reage DY s UREUm ! O: .COIN T T IIT.T0T ecal ar werght. 35
PCT/UBgéfgggg%ﬂeF%ﬂB 194pdoc-D-N9-nitroarginine | 130
Benzyl -cHpCUOPREZ - - (CHl er Lbb{:ew}séibﬁa@&ﬁé\ﬂd[wd] CHerr] -Cherr]-

660 hss anr‘frn,r‘nn\/ value 5 Ceneral Procedures for
Pr epaf rR§2€8@8ounds FHV|ng BEﬁiyL’ASPa%ﬁl¢{%ﬂﬂq ﬁmh?n&YE A§§€€W@) $i de Chain
at Rp ~CHC (0) OCH3 z forth

~CH3S (0) 2CH2COOH . | L-cysteine hydrochloride monohydrate

-IIIC IU

- (CH) 2C (O) NHg o Boc-L—glutamlne

-(CH2)2C(O)OCH3 — Boc- L-Glutamlc ac1d-3-benzyl ester
-{CH)2C(O)JOCH3 : Boc-L-Glutamic ac1d_3fme;hyl ester
—(CH2)25(0)2C33' — Boc-L-methionine éulfdne _ ‘

By following procedures similar to those set ﬁorth in
the Examples 98 to 114 herein the following compounds were

made:
10
Ex. |By X B2 B |E|ms"
No. N 1 e
120a Ph(Z?CQZMe)- -Sng‘:;(Cﬁz)3NHC(=NH)N32I methyl |H | 584
1208 | Bh(2-COgH) - | -805- | = (CHz) 3NHC (=NH)NH, | methyl |H | 570
120C | Ph(3-COMe) - | -SO2- | - (CH2) 3NHC (=NH)NH2 - | methyl | H | 584
120D | PR(3-COzH) - | -S05- | - (CHg) 3NHC (=NH) N | methyl |H | 570
120E | Bh(2-COMe) - | -SO2- | - (CHz) 3NHC (=NH)NH, | methyl | H | 598
CH,-
120F | Ph(2-COpH) | -SO2- | - (CHg) 3NHC (=NH)NH, |methyl |H | 584
- | | | |
120G | Ph(3-COMe) - | -S02- | - (CHz) 3NHC (=NH)NHp | methyl |
- | e | :




bel ow. Mass spectroscopy was used to confirm nol ecul ar wei ght. 10

Rl err] X R err] erUL No.
118A Bewewbneasz SO err]- -CH err]C(O OCH err] i so- propyPCI/US9516866 5,1
118B  Benzyl -SJerr]- ?-CH[err]C(g%ggﬁ[err] 3-pentyl. H 569
118C  Benzyl -Sgerr]- -CHerr] [ err] cyclopentyl H 567
118D Ben -=c- '\‘IILI’ . et OO UIT\.;I\ : A AY]
118E  Ben R EG92H) - g %?ZIC(d%%QﬁCi(“‘W“ vl Hethyl B L 555
148F Ben - err]- ~Herr]OOCHerr] Chx-CHX- H 595
118G Ben [err]l- -CHerr] MO OCH err] benzyl 589
"118H Ben - B 3rCQoMe )- HF80p 1 (( O OTH $¥H] (=NH) DEHpgy|l CH3 HH 541
118l Ben el O CﬁDCHfﬂLL ﬂ"ﬂ'“h el } 8§53
* Mass thEaal ue | -882- | - (CHy )ﬁgﬂb é%hpou &s| wer ¢
prepared upt CIpPT UC SERLTar to
51, except BOC- L- Aspartip Acfd-ferr]# vyl este g3 Sefl as |t he
R2 reagent and the béTOW/noted‘RB reagents were used. The conpounds
had the sang ste&gochenicg conﬁhgyration as the R2 reagent. WO
96/ 19493 38"sBLErodcopy VA | PCT/ US95/ 16866
131 R3 + L-Configur&Biéteagent
5 Example 121
f u v -
Butvl at Rp

By following the procedures described herein,
including Example 37 wherein methylchloroformate is
10 substituted for di-t-butyl dicarbonate and D-leucine (Rj

reagent) is substituted for the compound of Example 36,
such that these starting materials produce
methoxycarbonyl-D-leucine for Rj-X-NH-CH(Ry)COOH, the
. following compounds were made. The resulting compounds
15 had the same stereochemicai configuration at Ry as noted

for the Ry reagent.

. |B1 : 13 R2 R3 Ry MsS*
No. ' .

121A | methyl-O- Co i-butyl methyl -CH,0H 431
121B | methyl-O- co i-butyl methyl -CH(CH3) o | 443
* ° Mass spectroscopy value

20

By following the procedures described in the Detailed
25 Description of the Invention and the Examples, including



I - propyl N-i sopropyl -glycine-tert-butyl ester 3- pentyl

N-(3-pentyl)-glycine-tert-butyl ester cycl opentyl -

N-cycl 50l ycine-tert-butyl ester cycl ohexyl Pcrmss 1

N-cycl gﬁg%?b!‘g?yci ne-tert butyl ester i - butyl s ug‘utyl
glycine-tert butyl ester Chx- CH3rr ] N-cycl ohexyl met hyl -tert
butyl ester benzyl N-benzyl -glycine-tert butyl ester

n- pr opy#sing the R3Nr§|a§§?Fsglly§T-ﬁ@ iprExamnls 14K end usdpgl 2but vl

N-cycl [ srer
N ool SRRkl ko pbi by sE8HEing matBria) for Ry, the
N sec- bﬁ&Moug.lmgcu&ﬂprahasbw&yé REAE! Boc-zﬁﬁyﬁaér%l 18cig-feneral Procedures

for P t f Co 4-_ € t 5
e 1 oty SEoRoHARG SHEHcafr HhA el SRASSHE 1 oThe BrogbFbw  Mss

The fol
spec r haaedhwsaﬁefstate&m | Rierr]

Rl err] err] Ms* 19A 4-tol ylégl- Scorigr‘i%ﬁ%toln st R2

- (CH eraq )ther ReNKepgrRAlrNH] err] CHerr] ~ H 540 119B 4-tolyl
-Sgerr]- -(CHerr])[err]C(ONH err] CH err] H 512 119C
4-tolyl __-SO[err]- -(CHZ)[err]S(O)[err]CH[err] : CH[err] H 547
10 * | Ex.MapR1Spectroscopx va . ﬁigorrp"_qo nds were
pr epar us né procedures o2 fLEE e Bqdanpl es
except t|4-tol uene suljf ony [ ed 1 for bgnzene

wer e

sul f onfyIZ22eN| GCHYEHZ Ronfi duration

used. | The ptoduct commoumds h

at R2-|dL2Bhp (GH3CHy ) 2CHag &M | isEHC(0) OCH3 H 553 ‘
122C | (CH3CHz) oCH- | CO | -CHaC(0)OCH3 | i-Butyl |8 [3527
122D | (CH3CHz) oCH- | CO | -CHZC(O)OCH; |see-  |® | 527
Butyl ' '

* Mass spectroscopy value

By following the procedures described ih the Detailed
15 Description of the Invention and the Examples herein,
including using the Rj reagér_lts set forth in Example 115

to obtain the appropriate R2 group and using

- menthyloxycarbonylchloride as start:.ng material for the
R1-X group, the follow1ng compounds were made:

20
Ex. R X R . ' *
o 1 2 R3 R4 |Ms
123A |menthyl-0O- CO |L-CysO2-(S- |methyl |H |681
-COOH) -
123B (=)menthyl-0-{CO |L-Glu(OMe) methyl [H
1123C__ | (-)menthyl-0-}CO |L-Glu methvl |H
123D (-)menthyl-O-|CO |L-Met(02) methyl |H

> Mass spectroscopy value



PCT/ USO5/ 16866 WD 96/ 19493

132 R2 Rl err] Reagent ’

- (CH err |wpesn94BiC( =NH) NH[ er r ] Boc-D-N err]-nitroargini ﬁgrmssvsnm
-CHerr]C(ONH err] - Boc-L-Asparagi ne acid -CH[ err] COOH
Boc-L-Aspartic acid-[err]-benzyl ester13s -CHerr]C(OOCCHerr] - '
Boc-L-Asparﬁ?gpgggg%#grr]-nethyl ester -CHerr]S(OJ[err]CH err] COOH
L-cysteine de nonohydrate -(CHerr])[err]C(ONH err]
Boc-L-quta%.E, son(SEL$LF4) 1 butan-2-8R8-L- A utam c
acid-[err]- ] - errj)lerr - err

Boc-L-G utam c acid-[err]-methyl ester -(giH[err]_)[err]S(O)[err]CH[err]
Boc- L- net hi oni ne sul fone Exanpl e 120 General Procedures for
Compounds Having D-Ara or L-Ara 5 ge 4 at Rerr] By
foll owi ng procedures simlar to thos t forth in ° the Exanples 98 to

114 herein the foll owm ng conpounds made: 10
EtO,C

5 .
Argon was bubbled through a suspension of ethyl 4-
bromobenzoate (7.5 g), 3-buten-2-0l (3.6 g),
triphenylphosphine (0.17 g), palladium acetate (0.073 g),
and sodium bicarbonate (3.5 g) in DMF (40 mL) for 30
10 minutes. The reaction vessel was then placed in an oil
bath at 100°C. After 3 days, the reaction mixture was
cooled, filtered through celite, diluted with ethyl
acetate (150 mL), washed with brine (2 X 300 mL), dried
over magnesium sulfate, and concentrated. Silica gel
15 chromatography using hexane and ethyl acetate (4:1) as
eluent gave the titled compound (4.7 g) in 57% yield. Rf
(Hexanes/EtOAc 1:1) was 0.59.

Example 125
_20 i 4~(2- 12

oY

To a solution of the compound of Example 124 (4.4 g)
25 in chloroform (100 mL) was added 50% m—chloroperbenzoié
acid (13.8 g). The solution was refluxed for 19 hours,
then an additional portion of 50% m-chloroperbenzoic acid
(6.9 g) was added and reflux was continued for 24 hours.
The reaction mixture was cooled to room temperature and
30 the solvent was removed under reduced pressure. The
residue was diluted with ethyl acetate (150 mL), washed
with sodium bicarborate solution (100 mL), sodium
thiosulfate solution (100 mL), and brine (100 mL), then



120A Ph(2-Cd err]Me)- -Sderr]- - (CHerr])[err]NHC(=NH)NH err] nethyl H

584 120B Ph(2-COerr]H - -SJerr]- -(CHerr])[err] NHC(=NH) NH err]
methyl H 570 = - 120C Ph(3-CJerr]Me)- -SOerr]-

- (CH wodeytoasr ] NHC(=NH) NH err] nethyl H 584 126§fﬁ|§8§!‘&ﬁierr]m-
-Sgerr]- -(CHerr])[err]NHC(=NH)NH[ err] nethyl H 570 120E
Ph(2-COerr]Me)- -SO[err]- -(CH dB®])[err]NHC(=NH)NH err] methylr H 598
CH err]- 120F Ph(2-CJerr]H) -Sgerr]-

- ( CH edtlhipBeovEdHoiohis Nuh esul fateetand cncB8drated. ‘Silica @dlerr]-

120G P thyl H
120G PhbToRt SLEMIEY s S Hdhine i (REH) LELELIL ANy T oty
PCT/ US95L160864:1) as eluent gave the titled compound3(2.2 g) 2gH

Ph(3- C%%r&]ié'id R§OE1@é>Ealnes/ﬁt‘Bﬂ@ INHG( i) bi-Ho . nmethyl H

CHerr]- 3-Cderr]Me) -SOerr]-

(Cﬁ[err])[err]NHC( NH)NH[err]+ CH err] H 120J- Chx-CH err] -
-SC{erE&ampiﬁngﬁrr])[err]NHC( NH)NH[err] CH[err] H 120K CHx
-Sq er FE ] K H * Mass
spectrd g T 9 Gener al
Procedure for Preparatlon of Conpounds having |- Butyl at R err]

Et0:C .

10 e | o

To a freshly prepared solution of sodium ethoxide
(from 0.20 g sodium in 25 mL ethanol), was added the
compound of Example 125 (2.1 g). The reaction mixture was
heated in an_cil_bath-at 65°C for 1 hour, then cooled to
15 room temperature and;neutralized with 3% hydrochloric
acid. The solvent was then removed under reduced
pressure. The residue was extracted into ethyl acetate
(100 mL), washed with brine (50 mL), dried over magnesium
" sulfate, and concentrated. Silica gel chromatography -
20 using hexane and ethyl acetate (gradient; 9:1 to 2:1) as
eluent gave the titled compound (1.2 g) in 70% yield. Rf
(Hexanes/EtOAc 1:1) was 0.41.

25 i 2-(4- ' car -{dq) -
. NY-NO3- i

— ST
cos JH. e
Y

30 A solution of the compound of Example 126 (1.0 g) and
collidine (2.7 mL) in dichloromethane (10 mL) was added



By follow ng the procedures described herein, i ncl udi ng Exanpl e 37
wherei n net hyl chl orof ormate is 10 substltuted for di-t-but nat e
and D- | e O MY .reagent) is substituted for the conﬂ%ﬁ@%&&@gaml e
36, such t hat these starting mat erlal s produce

net hoxycar bonyl - D-1 eucine for Rl err] H CH(R[err]) COOH, the fol |l ow ng

conpounds were made, The resulting conpounds 15 had the sane stereochemn cal
conf i gurat i ovexnt 2RRinvtesttel a solfupiamhefRphosggast (2.7 mL; 1.9214

ggiﬂzl tlbnbEﬁYEoluQEEPY1n dictHdRindtddne (15 nd3l 0°c121B

* Va ;

spect roscop@ Fugszﬁlxute%(a@yéqglﬂ)z a gé%’ﬁé&lal'l)s %?"é]ééﬂﬁre for Preparati 2?\

gf fColrrFoundsltbiareﬂglmethﬂ kg%t& Q'dehll@{zﬁﬂe] s?l.'ld XzagSé_;aD;bew\h_ ct:; .

ol lowin e_pr es_des ed in criptian o e
I%vent [ o\# a%& gﬁ%‘%%g rrg#l wa§ ‘fe q.‘ one p%r'%% %P?gﬁ@% :|.ngpnat9h

PCT/ US95/ 16888 removed and the reactlon mixture wasl8sirred asingomhe R3

reagents || t%%ﬁge%rggﬁi‘ég?éf zlgnﬂﬁds US'A&Q-]%O neutraﬁ Q.piiilr;{ dEﬁQt ﬁlﬂ?i:&ré‘c' d as

starting ma err W n wer e nad
Boc- L- aspar Wishadkdhydresbloric maid and re§éaga§ntiﬁ§ F{F@W?dreagent
The product préssﬁ?gpoﬂﬁésréélﬂiﬁéawﬁr&lﬁt@@ﬂﬁ&ﬁ%‘ﬁﬁ&lcQBEtS’e'éa'(@@@ at
Rl err] as t he rea‘g_el[llt
10 ), washed wit 3% hydrochloric acid (50 mL), brine (50

mL), sodium bicarbonate solution (50 mL), dried over

magnesium sulfate, and concentrated to give the titled

compound (3.4 g) in 95% yield. REf(CH2C1l2/MeOH 95:5) was

0.19. ' '
15

Example 128

N Nu,
SO 'VIL QT

The ester of Example 127 (3.4 g) was deblocked using

piperidine as described in Example 18; the resulting
carboxylic acid was coupled to NY9-NOzarginine ethyl aminal

20

25 hydrochloride salt as described in Example 19; and
hydrogenolysis of the nitro groups as described in Example
20 gave the title compound (1.8 g) in 59% overall yield.




Ex. Rerr] X R err] 122A (CHerr]CHerr])[err]CH CO

-CHerr]COOCCH err] i-Propyl H 513 122B (CH[err]CH[err])[err]CH—
CO -CHerr]C(OOCCH err] Chx- H 553

 (CH e™9 9é1‘-’r])[err]cn+ CO -CHerr] (O OCH err] .-B@’U”ﬁf“’“
122D (CHerr]CHerr])[err]CH Cgés -CHerr]C(OOCCH err] sec- ~H
527 But ylI * Mass spectroscopy val ue 10
Exanpl e 123 Preparati on of: Conpoury ds ﬁﬁylng anthy axy Car bonyl at
Rl err] : By follow ng the o turés de 1n the Detailed 15 |,
Description _of the Invention and th Ex Ies he e| I ncl udi ng usi ng
the R2 reagé orth in &x -t gp~obt & H ‘the appropriate R2
group and usi ng nthylox car ony c |de as startlng material for the
Rl err]-X group, 6@#; EX. R err]
X Rerr] R err] &[er ] M5* 123A  nenthyl -O
CO L-CysOerr]-(S- nethyl H 6819 - COOH)
123B  (-)menthyl-O CO L-d u(Owe) nethyl H 1230 (-)menthyl-O CO

L-Au nmet hyl - H 123D t hyl - err])
methyl H The Sotpdind 1 prefinle agh IS s g g
PCT/ UQesdtRbéd in Example 21 to give the title compound (0.54

5 g

10

The compound of Example 128 (1.8 g) was dlssolved in
ethanol (5.0 mL) ‘and lithium. hydroxlde (6.0 mL) was added.
15 The reaction mixture was stirred for 4 hours, then was
neutralized with 3% HC1l (to pH=6), and concentrated to
give the title compound.




135

Exampl e 124

[err] 5 - Argon was bubbl ed through a suspension of ethyl 4-
br onoben¥a96/194935 o), 3-buten-2-ol (3.6 g), tri phenyl pﬁﬂ’%ﬁﬁ‘l’é‘%o. 17
pal | adi um acetate (0.073 g), andy3godi um bi carbonate (3.5 g) in DW
(40 nL) for 30 10 mnutes. The reaction vessel was then placed in an oi

9),

bath at 100[err]C_ After 3 yS,
filtered through T8 i"t@}p%’*%ipédwl& kP (1-9c8¢t avas

the reaction. nlxture mqi cool ed,
(A

h¥zed @shed

Preparation of 3-(4-carboet hoxyphenvl)butan-2-one

with brine (descriBiedriin Blampde 21lover gikgnehée uvisle fadnpowdid (©@a3®ent r at ed.

Silica gel 15 chromatography using hexane and ethyl acetate (4:1) as

el uent gave Q%E titled conmpound (4.7 g) in 57%vyield. Kf (Hexanes/ Et QAc
1:1) was 0.59. Exanpl e 125 20 Preparation of Ethyl

4- (2-acetgx To a

sol uti on of

refluxed for 19 hours, t hen an additional'portion of 50%

m chl or oper benzoi ¢ acCH, (6.9 g) was added and reflux was continued for

24 hours.

t he sol vent was re@®%8&Qinder

with
(100
t hen

et hyl
m.),

10

15

20

25

30

so&n;j\ﬂt osyl fa

3]l fone-O-benay

yﬁ@ﬂmate ' [err] |
! 4 (4. 5 in chloroform (100 ni)

The reatdtion mixture was cooled to roomtenperature and 30

Hol ution (100 nL), and brine (100 ni),

reduced pressure. The resi due was dil uted

acetate (1 m.), c}lld wi t h sodi um bi carbonat e sol ution

N o

To a solution of N-Boc-L-methionine sulfone (50 g,
178 mmole) in dry THF (500 mL) which had been chilled to
0°C, carbonyl diimidazole (34.6 g, 214 mmole) was added in
small portions. After 30 minutes, the mixture was warmed
to room temperature for 2 hours until all of the CO2
evolution ceased. After this time, benzyl alcohol (27.6
mL, 267 mmole) was added and the reaction stirred for 12
hours.

The reaction mixture was then reduced in volume under
vacuum and the resulting residue was diluted with ethyl
acetate (500 mL). The organic phase was then washed with
saturated bicarbonate (1x100 mL), brine (100 mL), then
saturated_aqueous citric acid (1x100 mL), dried over
MgSO4, filtered and the solvent removed under vacuum to
provide a white solid. The white solid was washed with a
1:1 mixture of diethyl ether/hexanes (300 mL) and filtered
off on a Blichner funnel to provide 50.0g (92%) of the
titie compound. Thin layer chromatography analysis of the
title compound showed a single spot with Rf=0.18 (silica,

3:2 hexanes/ethyl acetate).

Example 133 _
i - ioni 1fone-O-be ster
n _ . 3



WD 96/ 19493 PCT/ US95/ 16866

136 dried over magnesium sul fate and concentrated. Silica gel
chronato §£ K usi ng hexane and et hyl acetate (grad|ent to 4:1) as
el uentWQAGP%e titled conmpound (2.2 g) in 7@6y|eIanE§ ? xanes/ Et OAc
1:1) mas 0.70. 5 Exanpl e 126 Preparati on of Ethyl

4- (2- hvdr oxyet hyl ) benzoat e 140 [err] ~10

To a freshl gHgrepared sol ution of sodluntethOX|de (from 0.20 g sodi um
in 25 nmL etHanoI) was added the conmpound of Exanple 125 (2.1 g). The .
reacti on @FS=Re was heated in an oil bath at 65C f or 1 hour, then
cooled to 1 oontte ature and neutralized with 3% hydrochloric

acid. The sol en n renoved under reduced pressure. The residue
was extH@CHR acetate (100 m.), washed with brine (50 nm),
dried over nagm25|un1 sul fate, and concentrated. Silica gel

chromat ogr aphy 20 using hexane-and ethyl acetate (gradient 9:1to 2:1) as
el uent gave the titled conpound (1.2 g) in 70% vyi el d.

( Hexanes/ Et @ac the] fompeund sof Exampl Héol@g)ZSZOpr@%a©ﬁtaon of
2-(4- cattdoeettttewﬁhsﬂvﬁ&:etml&ﬁmwas( ehded The solid

‘N er err rg |n¥Is rc05|qf fl uoreny ng é ester

[err% tua isso over 2 hours an d no starting

material by thin layer chromatography. The solution was
then reduced in volume under vacuum and the resulting
- solid was washed with diethyl ether to provide 55.0 g
(100%) of the title compound as a white solid. _ (
10

15
To a suspension of the compouhd of Example 133,(4.6
g, 15 mmole) in dry CH3CN (35 mL) cooled to 0°C in an ice
bath, benzylsulfonyl chloride (3.46 g) as a solution in
CH3CN (10 mL) is added, followed by pyridine (3.8 mL, 45
20 mmole). The reaction is a116Wed to stir in the ice bath
for 15 hours while slowly warming to room temperature _
The solvent is evaporated under vacuum to give a residue.
The resulting residue is dissolved in ethyl acetate
(200 mL) and the solution is washed with saturated aqueous
25 bicarbonate (50 mL), brine (50 mL), saturated aqueous |
citric acid (50 mL), and dried over MgSO4. The solution
is filtered and evaporated under vacuum to provide an oil.
This crude product is purified by silica gel flash



30 A solution of the conpound of Exanple 126 (1.0 g) and col i di ne

(2.7 m) in dichloronethane (10 nlL) was added : VI)QG@%&%%%,
PCT/ US93¥Q 861393 : 137 mnutes to a

solution of phosgene (2.7 fL; 1.93 M solution in toluene) in
di chl or onet hane (15 nL) at Oferr]C. After 45 m nut es,

(d)-Nerr] - err nrnylsarco |ne f ore | met ester

hydr ochl ori %§ opPERYide §h %ft i%w added in one
portion. The coollng bath was renoved and the reaction m xture was
stirred at enperature for 22 hours. After neutralizing the

m xture é%éﬁa%sf}zﬁydrochlorrc aci d and concentratrng under reduced
pressure, tRrepaxration zdsul tonyd Sracsie: ), washed
with 3%dydrochloric acrd (50 m), brrne (50 m), sodlunrblcarbonate
solution (50 nm), drlexicngﬁ magnesi um sul fate, and conecentrated to give -
the titled conpound (B.4 g) in 95%yield. RI(CHerr]d[err]/MCH 95:5)
was 0.19. 15 Preparation of _

2-(4- carboethoxyphenyl)e hyl car banmoyl - (d) - ar ai ni nyl sar cosi nyl ar ai ni ne
ethyl am nal - [err]

To a solution of the compound of Example 134 (1.6 g)’
10 in CH30H (50 mL), 250 mg 10% palladium on carbon is added.
This mixture is then subjected to atmospheric
hydrogenation at room temperature for 12 hours. The
reaction mixture is then filtered through a pad of celite
and the solvent is evaporated under vacuum to provide the
15 title compound.

Example A
| . . £ ICs0.

The ability of the compounds of the present invention

to act as inhibitors of factor Xa catalytic activity was

20 assessed by determining the concentration which inhibited
enzyme activity by 50%, (ICsQ), using the purified human
factor Xa. '

The buffer used for all assays was HBSA (10 mM HEPES,
pH 7.5, 150 mM sodium chloride, 0.1% bovine serum

25 albumin).

The assay was conducted by combining in appropriate
wells of a Corning microtiter plate, 50 microliters of
HBSA, 50 microliters of the test compound diluted in HBSA
(or HBSA alone for uninhibited wvelocity measurement), and

30 50 mic:oliters of the enzyme diluted in HBSA (prepared
from purified human factor X obtained from Enzyme Research



The ester of Exanple 127 (3.4 g) was debl ocked using pi peri di ne as
described in Exanple 18; the resulting carboxylic acid was coupled to
N[err ]arginine ethyl aminal 25 hydrochloride spkf f#8&cr 1 bed in
*@ﬁ%@&&é - hydrogenol ysis of thé nitro groups as described in
Exanple 20 gave the title conpuhnd (1.8 g) in 59% overall yield.
‘Exanple 129 30 Preparation of 2-(4- carboethoxypnenvl)ethylcarbanDyI (d)-

ar ai ni NAhERE i ey latic@drding to the methd¥ A&4dPUER by Bock,
PCT/ US95/ 16866

[err] P-E- et al. (1989, Archixss, qf Pieghem, eBJloé"y(sl &l 38 hydrol yzed as
descrifgsl énzymen W cmuttedqhneot HBSAilbi:iaor:owouml ddsayt ih Q) _Exarml e

10 LR A b Rl S AT 20
[ erB] minute incubation at amblent temperature, 50:'microliters
of the substrate S2765 (N-alpha—benzyloxycarbonyl-D—
argininyl-L-glycyl-L-arginine-p-nitroanilide |
dihydrochloride, obtained from Kabi Diagnostiqa and made
up in deionized water followed by dilution in HBSA prior
10 to the assay) was added to the wells yielding a final
total volume of 200 microliters and a final concentration
of 250 micromolar (about 5-times Km). The initial |
velocity of chromogenic substrate hydrolysis was measured ‘

by the change in absorbance at 405mm using a Thermo Max®

15 Kinetic Microplate Reader over a 5 minute period in which
less than 5% of the added substrate was utilized.

The concentration of added inhibitor which caused a.
50% decrease in the initial rate of hydrolysis was defined
as the ICsp value. ' _

20 Table 1 shows the IC50 (nM) for certain preferred
compounds (described in the noted Example) of the present
invention.

Table 1. ICsp of Preferred Compounds.

25 Compound _ ICso_ (nM)

o 8.2 (Ex. 10)



The conpound of Exanple 128 (1.8 g) was dissolved in et hanol (5.0 )
and |ithiumhydroxide (6.0 nmL) was added. 15 The reacti on gp-pebsAessas
stirred MWO%NMBUrs, then was - neutralized with 3% HO (to pﬁG), and

concentrated to give the title conpmsnd. Exanpl e 131 20 Preparation
of 2-(4-carboxyphenyl) et hylcarbanoyl - (d) ar ai ni nyl sar cosi nyl ar gi ni nal
[err] WD 96/ 19493 NH

PCT/ US95/ 16866  HiN<pNH JU 139 The conpound of
Exanpl e 130 (1.0 g) hydrol yz¥¥ a8 described in Exanple 21 to give
the title c und (\5§ch g) L 5 Exanple 132 Preparation of

N- Boc- L- met@ﬁe SUuf one‘-ﬁ bengyl ester [err] 10
To a solution sb&-—&j‘b&" e -H5ul fone (50 g, 178 mmole) in dry
THF (500 ni) whi @h Kad dheen chHl | to Oferr] C, qcarlbppyl1gl i m dazol e
(34.6 g, 214 mmole) was added in smal |l portions. After 30 m nutes, the
m xture was war ned to roomtenperature for 2 hours until all of the

CJerr] 15 evolutio egsed. After NRis time, benzyl alcohol (27.6 m.,
267 mmol e) was addeg’% he react i/g-nmgti rred for 12
NH HN 2

CH30

=

N
b

o H o 32 (Ex. 21)
X
CHy
| N
o=s=0 HN NH,
CH, (o) CHy o '
HyC i Ili\)k
5 0 ° "o 1.8 (Ex. 28)
e :
0=$=0 N
o N Sho NH
HE - |
Y Y |
I o 0 637 (Ex. 35)
NH
OH
o HN NH,
Oy
CHs % ;,,s Gy o
5 i "
0 ° 7.3 (Ex. 44)

10



hour s.

vacuum and the resulting residue was diluted with ethyl
j ¢ phase was then washed with

). TReo &
(1'x100 m),
m.), dried over

brine (100 nlL), then

MySHA,

di ethyl ether/hexgmyes (300 nL) an Hiltered of f on a Buchner funnel to
provi de 50. Og g_}J o f the l ,ﬁonpound. Thin | ayer chromatography
anal ysis of the t co und showed a single spot with Rf=0.18 _
(silica 3:2 Xa ethyN acetate). 30  Exanple 133 Prepar ati on
of L-nme niﬁk sullif on ;Eigfpzy ester hydr ochl ori de salt WO
96/ 19493 S—N . N H PCT/ US95/ 16866

140 Irr"] o H
200 nL of a &k

eventuab0y di ssol ved over 2 hours and showed no starting
thin | ayer chromatography. The sol ution was
solid was washed with diethyl

under vacuum and the resulting

provide 55.0 g (100% of the'ﬁftl
° HN  NH,
Hac‘j’hﬁoﬁ HO : EHS o
- Y
0 ° o
5 -
NH

NH

HN

10 0 o

filteredl4hd the sol vent _
provide a white solid. The white solid was washed with a 25 1:1 m xture of

The reaction m xture was then reduced i n vol une under

20 acetate (500
sat ur at erhisosridagsat e

sat urated aqueous citric acid (1x100

To the conpourrd of Exanple 132 (50.09),
4M sol ution of H® in dioxine whesaderan 2fhedBExolid 5

mat eri al by
t hen reduced in vol une
ether to
e conpound as a white solid. 10

4.6 (Ex. 56)

101 (Ex. 62)

926 (Ex. 67)

NH,

614 (Ex. 73)

renoved under vacuumto



Preparation of N-benzyl sul fonyl -L-net hi oni ne sul fone-O benzyl ester

[err] 15 To a suspension of the corrpoungfyus%m e 133
(4.6 W@ 96/11%4% vl e). in dry CH3CN (35 nl) cooled to O[err in an |Ice
bat h, benzyl sul fonyl chloride (3.46 g)44 a solution in CH err]CN (10

m) is added, follomed by pyrldlne (3. 8 nL 45 20 nnDIe) The reaction is
allowed to s fQ ; by Warming to
roomtenpera T e, s evapora edunder vacuum To give a

resi due. - TheTabildtyl of ngommum o% the qiessti inyenglioncteat e
(200 nlL) ang.t 0 tdE SEIde 5 bicarbonate
(50 nm), br%:érg'eg% 3 EH&?EE?%%@%@&%S}S oeilg‘(rll %qggggez 0 n), and

dri.ed overaWESEEtYTWESSBFﬁ?$§ﬁﬁ by ¢%F#kaﬂﬁﬂﬁj:&ﬁUC€F§§6FEPEH°GnG§r vacuum

to provigle AkeRithin compbluAd Cwkiieh Pirtisitdd the lafdtqehlw okl taasgel flash
WO 96/ 19493 866

141 chBRPSgPXpRI¥ o (FF3 ﬂearf%ecqr?qar’@'%rﬁs&fna'q &2 %gﬁk'arrpl e 135
Prepar at i odetleritibedz ¥bguai Dyt - som@tdf A FAUSWInNG Telated serine
[err] proteases: thrombin, recombinant tissue plasminogen
activator (rt-PA), plasmin, activated protein C,
10 chymotrypsin, and trypsin. o
. The buffer used for all assays was HBSA (10 mM HEPES,
pH 7.5, 150 mM sodium chloride, 0.1% bovine serum
albumin) . - |
The assay for IC50 determinations was conducted by

15 combining in appropriate wells of a Corning microtiter
plate, 50 micfoliters of HBSA, 50 microliters of the test
compound at a spécifiéd concentration (covering a broad
concentration range) diluted in HBSA (or HBSA alone for Vo
(uninhibited velocity) measurement), and 50 microliters of

20 the enzyme diluted in HBSA. Following a 30 minute
incubation at ambient temperature, 50 microliters of the
substrate at the concentrations specified below, was added
to the wells yielding a final total wvolume of 200
microliters. The initial velocity of chromogenic

25 substrate hydrolysis was measured by the change in
absorbance at 405nm using a Thermo Max® Kinetic Microplate
Reader over a 5 minute period in which less than 5% of the
added substrate was utilized. The concentration of added
inhibitor which caused a 50% decrease in the initial rate

30 of hydrolysis was defined as the ICgg value.

The factor Xa assay was conducted according to the
procedure in Example A.

Thrombin Assay
35 Thrombin catalytic activity was determined using the
chromogenic substrate Pefachrome t-PA (CH3S02-D-

hexahydrotyrosine-gl?cyl-L-arginine—p-nitroaniline,



To a solution of the conpound of Exanple 134 (1.6 g)'10 in CHerr]OH (50

m.), 250 ng 10% pal | adi um on carbon i s added.

Thi s nixture is then

subj ected to atnospheric hydrogenation at roomte 12

hour SWOPGH9493  reaction nmixture is then filtered throug a pa of celite
and the solvent is evaporated undegvacuum to provide the 15 title
conmpound. Exanple A Determ nation of 1CJerr]. . The

a]?l :c i t ybohihée from@ettapiarinhetd.¢senthenyebitoate wad et ugs |hnh| bitors
of factor Xa c yii,c S J1g the ‘
concenf‘?a??b?f‘%‘u% "S ﬁfa?qlét?%dm%gn%%gégﬁl ggt@%ﬁ%&‘ EEI Clerr]), using
t he puthéiasisayinim whicl adieofixal concentrathen wds e¥0Qsed for all assays

vas FEGLA0o L Rl s-ciigs’ iy 159uPbEsed MY plle. O- 1% bovi ne
serum

he assay was conducted by combining in

appPopEhge@bin Wﬁﬁﬂ¢§$%ﬁ“§9(§ﬁ9ﬂ Fezamer Bepearch| bakoragpriasiol i ters of
HBSA, 38chi criedi étymefwdd @illeledcompounssai price td tiRSAssay (or HBSA

al one for upinhjbit veIOC|t neasur ement 30 50 n1croI|ters of the
enzyme? a.vﬁ eR Fhe Féiﬁ?% g2 %l°an8ﬁ1éu?$f t human factor X obtai ned
fron1Enzyne Research ' mD 96/19493 g ' '
PCT/ U . e Laboratories
accor [ e TTEL NOU f -

10 rt-PA catalytlc act1v1ty was determlned using the

15

20

25

30

35

substrate, Pefachroms t~-PA (CH3SOz-D-hexahydrotyros;ne-

glycyl-L-arginine-p-nitroaniline, obtained from Pentapharm

Ltd.). The substrate was made up in delonlzed water

- followed by dilution in HBSA prior to the assay in which

the final concentration was 500 micromolar (about 3- tlmes

Km). Human rt-PA (Activase®) was obtalned from Genentech
Inc. The enzyme was reconstltuted 1n delonlzed water and
diluted into HBSA prior to the assay in Whlch the final
concentration was 1.0 nM.

Plasmin Assay
Plasmin catalytic activity was determined using the

chromogenic substrate, S-2251 [D-valylfL-leucyl-L-lysine-p-
nirtoanilide dihydrochloridel, which was obtained from Kabi
Diagnostica. The substrate was made up in deionized water
followed by dilution in HBSA prior to the assay in which

the final concentration was 300 micromolar (about 2. 5- tlmes
Km). Purified human plasmin was obtalned from Enzyme
Research Laboratories, Inc. The enzyme was diluted into
HBSA prior to assay in which the final concentration was
1.0 nM.

Act] 3 in C (apC)
aPC catalytic activity was determined using the
chromogenic substfate, Pefachrome PC (delta-carbobeazyloxy—

D-lysine-L-prolyl-L-arginine-p-nitroaniline
dihydrochloride), obtained from Pentapharm Ltd.). The
substrate was made up in deionized water followed by



P.E. et al. (1989) Archives of Biochem Biophys. 273: 375. The enzyne
was diluted into HBSA prior to the assay in whi ch the final

concent rewipiogn9d®as 0.5 nM. Following a 30 5 minute i ncubRCFBFOUI68G 1 ent
tenperature, 50 rricroliters of the substrate 82765
(N-al pha- benzyl oxycar bonyl 147

argininyl-L-gl yeyl - L-aggini ne nitroanilide . drochl_ari de, obtained
from Kabi Soigrden & §An86é8r toubh?naﬂe%rm fynaiarde, by
-?ilution irtdﬂﬂﬁhqr&udbnlﬁastQSUhmlessmglaMBEabmuth4U1ﬁéseKwelIs yi el ding a.
I nal t.0t f 0 o centration of
250 m crorm@‘hﬁ%'f(laeb %[mg?; a%B wg‘ﬁj 58%13%& f{-‘&v%éﬂ Hoggi%ty of chronogenic
substrat e IBephgiolsigiesas IMasuTba enzymg wae d,ﬂem’gﬁd iimtgh EBSBapséont 405nm

using a grheddmuddax, k3 Khaeh enM eiAR) abonBeseesr e was 3 r@ pwt. e period in
whi ch | ess than 5% of the added substrate was utilized The

concentration of added inhibitor which caused a = 50% decrease in the
initial ratghwiotdywasdnysi s was defined as the 1Cferr] value. 20

Table 1 shows the 1C50 (nN) for certain referred descri bed
in the noted Ex PSR @i@!ﬁf‘-c actiRYEX( Y37, detem’liélﬁcg Clerr] of
Preferred Gingahrimogenit sGbepeeabd, S-2586 (methoxy-succinyl- L- I Clerr]

I(DQZ'II\'/; USQ% 16%%1n1ne—LJp§'orl]yl-L tyrg\gy? é) g“@%oanallzﬂsde) , which was[ err]
WD 96/ 19493btained from Kabi Diagnostica. The substIREteSoEIslggéle up
in deionized water followed by dilution in HBSA prior to
the assay in which the final concentration was 100
. micromolar (about 9-times Km). Purified (3X-crystallized;
15 CDI) bovine pancreatic alpha-chymotrypsin was obtained from
Worthington Biochemicai Corp. The enzyme was reconstituted
in deionized water and diluted into HBSA prior to assay in
which the final concentration was 1.0 nM.

20 TIrypsin
' Trypsin catalytic activity was determined using the

chromogenic substrate, S5-2222 (benzoyl-L-isoleucine-L-
glutamic acid [gamma-methyl ester]-L-arginine-p-
nitroanilide), which was obtained from Kabi Diagnostica.

25 The substrate was made up in deionized water followed by
dilution in HBSA prior to the assay in which the final
concentration was 250 micromolar (about 4-times Km).
Purified (3X-~crystallized;TRL3) bovine pancreatic trypsin
was obtained from Worthington Biochemical Corp. The

30 enzyme was reconstituted in deionized water and diluted
into HBSA prior to assay in which the final concentration
was 0.5 nM.

- The ICs0 values (nM) for certain compounds according
35 to this invention are shown in Table 2, and demonstrate
the selectivity of compounds of this invention for Factor
Xa compé.red to related serine proteases.



144
PCT/ US95/ 16866
Assays for
the prEQERISeR,

catal ytic

[err]

entiron to

WO 96/ 19493

ecificity determ nation
act as a selective inhibit
activity was assesse4B by determ ning the concentration of

145
The abili

a certain conpound which inhibited the activity of this

In vitro

enzyne

h)f{rlgégs@mounds of

5

enzyne by 50%

(I1Cerr]), and conparing this vphbEet®d that deternmined for all or sone
of- the followi ng related serine prot eases: thronbin, reconbinant tissue
pl asm nogen activator (rt-PA), plasmn, activated protein C, 10
chynotrypsi n, af@xkfppel h. Xa pl8shEAT € USpEat Of [al Teprosays was HBSA
(10 mv HEPES, pH 7.5 150 mM ¢odi um chl or{de, 0.1% povi ne serfum
al bum n). The apsay for JClerr] detefm. nationsjwas condycted by 15
conbining in appropiroat el weBl g60f |a Cargpong ni crcgsdoer BsgE, |50
mcroliters of EB&%—EG—@%@L—H-@N: of—the—tedt corpPpeid—at—adspeci fi ed
concentration (¢ove an 2 brioad conZZZt r at on range) | di |l uted ifn HBSA (or
HBSA al one for Y|er2l (unszhi bift ed 25ggoci ty) measurefrent), and 50
mcroliters of- %—g@e—e»ryffh-t-tiﬁ =i SA o -ow-hg—a—30—mil nut e
i ncubation at anfbie t epper ‘thre 50>H158pol [ e‘rr%awvten 2508 p4trate at
the concentrati ¢ns 3peci vv%mndded inadtiviepinattsveijel ding a
final total vol u.it""a =t
chromogeni ¢ 25 arél vdi s 342 Pnaas | PG Venp 2ePah °||n
absor bance at 4 np alybermp Maxps00] Klnetic Mc| pI ate Reader
over a 5 m nut e Hpet ok . - strate
utilized. The ca)nceﬁf’r at | on?of added-aC 1Y, DIWWGC'I caused 4 50%
decrease in the |n|62al Fat 130 o ¥t was defingd as the IC[err]
val ue. Fre—factpr—irassty— Pt M%—S(-e—u#u
procedure in Examg , 926“ inactive | inactive 00

73 614 | inactive | inactive | inactive

97A 25.5 1920

97D |inactive| inactive inactive | inactive

97E 3.42 1310 inactive 2500

97G 13.8 2.5-25 2500-2500f >2500

97H >2500 >2500 '

971 22 >2500

115¢C 4.22 >2500 inactive >2500

115D '2.55 >2500 inactive | 250-2500

115 '59.2 >2500 - -

116D 10.3 >25_00 - -

116C 3.57 ~2500 - -

116F 10 >2500 - -

117 4.56 4.33 - -

118E 11.9 ~2500 - . >2500 inactive

1181 $36.9 >2500 >2500 inactive

118B 74.8 ~2500 >2500 inactive

119B | 8.06 1960 inactive | 250-2500

120E 11.1 ~2500 . - -

120H 9.6

120G 2.8 o

120B 20.4 >2500 - -



Thronbi n Assay 35 Thronbin catal ytic activity was determ ned using
t he chrormg&%nl c substrate Pefachrome t-PA (CH3SX2- D peTUs9s/16866
hexahydr e-gl ycyl - L-argi ni ne-p-nitroaniline, WO 96/ 19493
PCT/ US95/ 16866 149 146 obt ai ned from
Pent apharm Ltd.). The_substrate was made up i n_deionized water followed
by dilution in HBSA pri1g0Jo 111'53 a;say I n V\/ni ch the~fi nal] concentgation:
was 300 m cr onol H&buut -o—+-+res \u, Pet-f rcu ‘rtrrrerr—at-pites )
thronbi n was obt ai ned fromiknzyne Research Laboratori es, Inc. The
enzyme was di | utmdanstmotiEtexmiored\o t he assay- in which the final
concentration was 0.25 nM - Reconbi nant tissue plasm nogen activator
(rt-PA) 10 rt-PA cat al ytlc activity was determ ned using the
substrate, Rsmlﬂ_cﬁre t- PA (CH err] S err] Dhexahydrotyrosr ne-

|ni aniq 4 Fole f

gl ycyl - Lyar %%ﬁ% Ltd.). The
; y dal i on in HBSA

subst raté :
rdigimenall ing an vpkasmd. nm cr onol ar

prior to theg oyl | gaxdvstine B

(about 3t|rres ctiv ) _was obta f.rom
Genent ech I n?heTﬁn% ¥ Y?n%“%a??%‘g%%tt af}[eegg Jﬁ aeFBWPTéﬁ Eetrh%nd

di | ut ed i nt pré&BéAt pinvent on he(Rissamphonsuildenyheatpantyl sax:mmﬁ ration

1.0 nM t PR
o ermnod BE3tiPRCAAGhaE PRlmne sq), RegoBefefgighatby activity vas
[ D-val yROL- meaeynngr the rmrcplongat:mn tqfamuer astdvapedopartialie], which was

obt ai ned fr %ést 1 agpe t { P h&einsmfaelﬁadepw éedei oni zed
ovved

wat er dllutlo_nln HBSA t e in whigch t he
final conceﬁt Pﬁ?ﬁ@ncﬂﬁﬁeﬂb@’ﬁ’r% FRNGE "(pgakyg'{?( agdﬁgt gxmr KnySin%Pyri fi ed
human pl asngalo\l@adﬁbmneﬂmﬁHaBﬁs)rpﬁmw:e Research Lalﬁorat o]rr es, Inc. The
gg?c/rerﬁt \rN:tS i oln a,;g‘ gt %rozen cf\:?aégé poofesds Horma h%\ant p?Lasx'nQavlvas

15 obtained from George King Biomedical, Overland Park, KA.
The measurements for the APTT and PT were made using the
Coag-A-Mate RA4 automated coagulometer (General :
Diagnostics, Organon Technica, Oklahoma City, OK) using

Platelin® L or Simplastin® Excel (Organon Technica,

20 Durham, NC) as the initiators of clotting, respectively,
according to the manufacturers instructions. The assays
were conducted by making a series of dilutions of the test
compound in rapidly thawed plésma followed by adding
either 200 microliters or 100 microliters to the wells of

25 the assay carousel for ;he APTT and PT measurement,
respectively. _ _

As shown in Figure 2, (D)-camphorsulfonyl aspartyl
sarcosine arginine aldehyde prolonged the APTT in a dose
dependent manner in human plasma demonstrating an

30 anticoagulant effect in humans. This would lead one

| skilled in the art to conclude that this compound will be
an effective antithrombotic agent in humans.
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1.0 nM Activated Protein C (aPQC aPC catal ytic
determ ned using the 35 chronogeni ¢ substrate, Pefachrone PC

activity was
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shunt model that allows for oral dos;ng of test agents and
‘subsequent evaluatlon_of efficacy over a two to three hour
window in time. _ _ - _
Briefly, male Harlan Sprague Dawléy rats'(420-450'g)
were acclimated at least 72 hours prlor to use. The
animals were fasted for 12 hours prlor to surgery with
free access to water. Unanesthetlzed animals were grouped
into four dosage groups (six or seven animals per group)
and administered test agents orally via gavage needle, at

et er m ned
| ne-L-"
i de), which

up in
assay in ‘

doses of 1.0, 3.0, 10 and 50 mg/kg. Immedlately after oral

dosing, animals were a_nesthet:.zed w:.th_ sodium
pentobarbital (Nembutal) given intraperit_'_.oneally at a dose
of 50 mg/kg body weight, and placed on a isothermal pad to

" maintain body temperature. The level of anesthes:.a was

monitored every 15 mlnutes by neuro-response to a tail
pinch, respiration and.core temperature. The deSLred
depth of surgioai anesthesia was maintained by
administering subsequent doses (5 mg/kg) intravenously.
The left femoral artery Was'oatheterizéd using standard
procedures for blood'preésure monitoring and blood
sampling, with polyéthylene tubing (PES50). The left
femoral vein was catheterized with PES0 tubing for
delivery of anethestic: -

The exteriorized shunts were assembled by connecting
two pieces of saline filled 12.5 cm PE90 tubing with a 6



concentration was 250 m cronol ar (about 4-tinmes Kn). Purified
(3X-crystallized; TRL3) bovine pancreatic trypsin was obt ai ned from
Wor t hi ngwomwe498heni cal Corp. The 30 enzyne was reconstit BCTYS PH16888 oni zed
wat er and dil uted into HBSA prior &y assay in which the fina
concentration was 0.5 nM+ The IC[err] val ues (nM for
certain co r n e 2, and
denonstr at n‘]’%ﬁ?Lﬁ'd%fﬁéaccss\fe)Iﬂi'l rh?)v%?"baggt Ebﬁthgﬁ o? Gac:ErE | nventt?f;ns-lifai(tzér Fact or
Xa conpar edstoure| ke %m%@qsmeéayégh hemostw o6/Aoempgll 0.5 cm

PCT/ US95/ 1656ftion of the silk thread protrudééBfrom the junction of

Table 2 Exampl e PCa t PA
10 . 8. 1the chambq:gzr@.th the f@@@t Thgz ggt jugular vein apd 1.1
72200 5 rlght cadotid art¥ry were catheferized with the X#hds of 1.8

> 500 6 2500

I nactive #%go shun The snﬁft was nggiamped ééSSE&POd I nactive
250- 2500 allowed to fEiw from thed carotid>aB0ery., through the 54 4. 63
| nactive %ﬂéﬁﬂé¥e and exits the shint v1a Eﬁé jugu1990$é¥ﬁ After

67 92 I nactive | nactive >25 73 614

inactive LRaminykes; derth sides of the Cha-“@?;'ﬁ\ were glhamped and fig)

227%?0 U.OaCE:hEtﬁre t@ﬁ@éiﬂﬁug tHdliote rekti&ﬁ@'dl ¥6llowing detachméhi- of - 3.42
gc ive

2500- 2500 g56§ter1af end of thﬁ”ghambe;25oghe clo§553501mmedlaté&y 97
22 >#Be@6hed and recorded.15@his pto2edure taka@s0Place amactive

e predeterm&ﬁég)lnte£§£¥§ (60, 9525Q90 anh”%SB'thuééQ 2500
after oral dosing) to allow assessment of efficacy over a
15 large window in time. Four shunts were placed with flow °
initiated at 45, 75, 105, and 135 minutes after oral
compound administration. Clot weight from the four shunts
was the primary endpoint of the protocol. Blood pressure,
heart rate core temperature and tespiration were monitored
20 continuously. Following termination of the experiment the
animal was euthanized with a 120 mg/kg dose of Nembutal.
One experiment was performed per animal.
Table 3 presents the data from this procedure, and
demonstrates the oral activity of the compound of Example
25 56 in inhibiting thrombosis. At every dose tested,
animals treated with the compound of Example 56
demonstrated smaller clots than animals treated with
water. The compound's ability to decrease clot formation
was maintained over time. '

30 : .
Table 3. Size of clot over time after oral dosing with
test compound or water
Clot size (mg)
Minutes after oral dosing
Oral dose 60 min 90 min 120 min 150 min
water 32.77 34.60 ~ 32.42 32.33




115E 59. 2. >2500 . 116D 10. 3
>2500 116C 3.57. - 2500 :
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pl asma. The €x VIVvO antlcoagul ant effect: of _a compound or_tne
present invention, (D)-canphorsulfonyl aspartyl sarcosine argi ni ne
aldehgﬁgmg%ﬁg%ple 56), mas det erm ned by 10 neasurlng t he prol ongation of
t he agis i aOp -4 ANPTddeg@and prothronbin tine
(PT) over a broac concentratlon range 0 e added |nh|b|tor usi ng
pool eCGARRRR i - =¥ 2d pooled nor mal
hugan ai_neg frqn1GEorge Ki ng Bi onedi cal, Overland Park,
KA “EFtE=APTT and PT were made using the
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acute vascular thrombos1s
The rat FeCl3 model is a well characterized medel of

platelet dependent} arterial thrombosis which has been '

used to evaluate potential antithrombotiC—eompounds.

K. D., Main,
269-280 (1990).

thrombus is formed in a segment of the rat carotid artery
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In this model a- platelet r1ch occlusive

" treated locally with a~ fresh solution of FeCl3- absorbed to
The FeCl3 is thought to dlffuse
into the treated segment of artery and cause de-

20

25

30

a piece of filter paper.

endothelialization of the affected vessel surface.

results in the exposure of blood to subendothelial
structures which in turn cause platelet adherence,

thrombin formation and platelet aggregaticn.

result is occlusive thrombus formation.

The net
The effect o

test compound on the incidence of -occlusive thrombus
formation following application of FeCl3 is monitored by

ultrasonic flowtometry and is used as the primary end

point.

This

f a

The use of flowtometry to measure carotid artery

blood flow, is a modification of the'eriginal procedure in -
which thermal detection of clot formation was employed. -

Kurz, K. D.,

Main,

B. W.,

Res., 60: 269-280 (1990)

E Male Harlan Sprague Dawley rats -(420-450 g) wete '
acclimated at least 72 hours prior to use and fasted for
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wer e conducted by making a series of dilutions of the test conpound I n

rapidly thawed plasma foll owed by addi ng either 200 m 100
m crol i tWo96K198Bhe wel | s of 25 the assay carousel for t heP %HA% :
measur enent , respectively. 1 3As shown in Figure 2,

(D) - canphorsul fonyl aspartyl - sarcosine arginine al dehyde prol onged the

APTT in a dept ti an 30
anti coaqgul g‘%sioﬁecg%ggg E@ SHPS%E*’ wﬁ%%%ﬁ% %mgkgrtraedq‘gn the art
to concl udenimelst megecawpyanedw anegehetized wiftthe dammtadt foRlewsst i c

agent in hlﬁ{ﬁr&xe 1nsert§6ﬁ”9kec£)tﬁété@$tf&l: pledd Fxyfn@al Shunt Mdel in
Rats Utilizi'ng I WD 9 493

PCT/ US95/ 1mtor?|’.ng, drug and anesthes:.a del:.velngg The left t¢ conmpound

of Exanmd e &frovis erdlettdt Relsi is8latedlby i mdlaiiera Anddidhenicermdehli n rats.

The A-V shunt _.mdel th t d || d syst
Lo | oval (R HR EORIRHGE BYCRPBRHIEec S T ok SR CUNEL o, 5 A M Br

J. Phar macaiechnifuez0t38sepeddre an2t tmssegrent of the omadseﬂedrotnot made up

Csnand R thd Hrdtid GReRRET ) p SEAR! Eufrd"ts RO rdld cHETTR
223-232  pYopdmml) ani%dti«sﬁ:h:éde@ﬁsmfaﬁbef;w%aéﬁhtﬁﬁcﬁﬁjerﬁ%pmﬁﬁé@e' 10

(typicajdy & SR %hbkp%ceﬁéhenofhae@ﬂ&rm;?é nebw prdbe a sialstic
chanber which is part of an exierioriz etween the carotid

artery and |IRRRSHRARY groupd,the pﬁpﬁﬁ’éﬂﬁrﬁnﬂeggr‘?’lb%d’?ﬁ'?ec isTBeanple is a
nodi fi ed Aptobe mlﬁlier{r@éehrbﬂam.ahl athéf):l:om)aﬁ}' alasi ng of test agents and -

15 subsequent J 0 f t £ W W ndow in
tinme. ?ﬁ#ﬁ% nilaﬁ%é' g%%pl Spr %gDaé\\?%yP?‘ﬁém ﬁeﬂ% 450 g) wer e
accl i mat ed eitheas cmldmlrs(Spﬂ-n-ue)tgruSEeach@t (cemponrd ofere fasted for
12 hour g5 PreQdmd 1 R Ley %039 TheetascesSmbp Oyt Rlas Unanest heti zed

ani mal s were_groupe Into four dosage groups (six or seven ani mals per
gr oup) administered as a single intravenous bolus at various

doses after placement of the flow probe and 5 min prior to
the thrombogenic stimulus. At t=0, a 3mm diameter piece
of filter paper (Whatman #3) soaked with 10 UL of a 35%

20 solution of fresh FeCl3 (made up in water) was applied to

the segment of isoclated carotid artery distal to the flow
probe. Blood pressure, blood flow, heart rate, and
respiration were monitored for 60 minutes. The incidence
of occlusion (defined as the attainment of zero blood
25 flow) was recorded as the primary end point.

The efficacy of compounds of this invention as
antithrombotic agents in preventing thrombus formation in
this in vivo model was demonstrated by dose-dependent

reduction in the incidence of thrombotic occlusion. The
30 EDsp values for test compounds and

for several well known anticoagulant agents in this model

are shown in Table 4, below, and demonstrate the efficacy

of the invented compounds.

35 ~ . Table 4



and adm ni stered test agents orally via gavage needl e, at doses of 1.0,
3.0, 10 and 50 ng/kg. Imediately after oral dosi ng, animals were

anest i oyi th sodium 25 pentobarbital (Nenbutal) gj
intra&*’i’%’gﬁ‘gg |y at a dose of 50 ng/ kg body wei ght anc? pf“ged on a

i sothermal pad to mai nt ai n body54 enperature. The |evel of anesthesia
was noni t or ed every 15 m nutes by neur o- response to a tail " pi nch,
respiration and cq = dept h of surgi cal

anest hesia was maij equent doses (5 ny/kg)

i ntravenously. et eri zed using standard
procedures for bl gad sanpling, with

pol yet hyl ene t ubi ilh was catheterized with
PE50 tubing for The exteriorized shunts
wer e assenbl ed by k ijne filled 12.5 cm PE9O
tubing with a 6 -
PCT/ US95/ 16866

t ubi ng contai ni ng

- cm pi ece of PE160 -
ize 3 and clanmped with
henpstats. A small ffead protrudes fromthe
junction of t he Sl : jugul ar vein and 5
right carotid artery wer e, catheterlzed with the .ends of t he PEQO shunt.

The shg ﬁ&gg I 0 e carotid
artery, gbﬁ&gugha%ﬁ da%r}%’b hg)% F %g{:gh%?%%‘él%e% ugul ar vein.
After of ¢5mpiaueeshr¢mhdtxp(hncLNSubhelnhaﬁb%roﬁeanum&f&whﬁhﬁwﬂithe 10
suture containing the clot renpved follow ng detachnent of the arteri
end of the chanber. The clot was immediately  wei ghed and recorded. Th§§s
procedure takes place at - predetermned intervals (60, 90, 120, and 150
m nut es after oral dosing) to allow assessnent of efficacy over a 15

| arge wi ndow in tine. Four shunts were placed with flow initiated at
45, 75, 105, and 135 minutes after oral conpound adm ni stration. C ot
wei ght fromthe four shunts was the primary endpoint of the protocol.

Bl ood pressure, heart rate core tenperature and respiration were
nonitored 20 continuously. Followi ng term nation of the experinent the




ani mal

vmspeﬁonmd
procedur

was eut hani zed with a 120 ng/ kg dose of Nenbutal. - One

Exanpl e 25 56 in inhibiting thronbosis. At every dose tested,
treated with the conpound of Exanple 56195  denpnstrated snal | er
ani mal s treWEedLALMh wat er. The conpound's ability to decreas
formation was nai ntai ned over tinme. 30 Table 3. Size of ¢
time after oral desind @Pmpound ¢fstheofgroubd:or wat er

Cl ot size (nm) M nutes after ora
Oral dose 60 mn 90 m n 120 mn H 150 mn

32.77

PCT/ US95/ 16866 152

25.72
18. 65
18. 33
10. 3

conpounds in the rat nodelHof F [erri-lnduted p

34. 60 32.42 32. 33

, .0 ng/ kg
3.0 i kg

16. 63
14, 37

19. 15 20. 82
24. 10 1RH8 Ry 10
15. 57 50 ng/ kg

Exanpl e g—x—EN

21. 63
/ kg

telet- 5 depe

arterial thronmbosis The@ant i thy onbotic ([ evention of th
fornatiog) whe gigpertles of conmpounds according to this inventio
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experi ment
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| ot over

dosi ng
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usi'ng an established experinental-rat nodel of acute vascul ar
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a platel et - gllkiyl e€CLusbvabout 4 carbon atoms, aryl of about 6 to

10 about 14 carbon atoms or aralkyl of_about 6 to about 16
carbon atoms, and R" is NR', OR', R', or SR', with the
proviso that R" is not NH, OH, H, or SH, and ;

used to
n, B. W,
hIS nDdeI

(b) Rl is selected from the group consisting

of:

15 (1) alkyl of 1 to about 12 carbon atoms

optionally substituted with Y1,
(2) alkyl of 1 to about 3 carbon atoms

substituted with cyclic alkyl of about 5 to about 8 carbon

atoms optionally substituted on the ring with ¥, ¥
20 and/or Y3,

(3) cyclic alkyl of 3 to about 15 carbon

atoms, which optionally is substituted on the ring with
Y1, Y2 and/or Y3,

(4) heterocycloalkyl of 4 to about 10
25 ring atoms with the ring atoms selected from carbon and

heteroatoms, wherein the heterocatoms are selected from the
group consisting of oxygen, nitrogen, and S(0)j, wherein i
is 0, 1 or 2, optionally substituted on the ring with Yj,

Yo and/or Y3,

30 (5) heterocyclo of 4 to about 10 ring
atoms with the ring atoms selected from carbon and

heteroatoms, wherein the heterocatoms are selected from the
group consisting of oxygen, nitrogen, and S(0)j, including

AR ) 0



15 thronmbus is formed in a segnent of the rat carotid artery treated
|l ocally with a fresh solution of FeCl[err]-absorbed to a piece of

filter r The FeC [err] is thought to diffuse eat ed
segrrenﬁg&ﬁg??ery and cause de- endot hel i alization o?r %QM ected
vessel surface. This 20 results in the exposure of blood to subendotheli al

structures_which in turn cause pl ajgg et adherence, “thronbin formation
and pl a.t_e(e't\ aggregati on_me net result is occlusive thronbus

f]9r mat i on thewnéfem ng istgss @@lrrp%éhdaéinﬁe't%rbES{bQ@nst Fed [ ]

of - -oc V W |ca ion,of Fed[err
noni to%ﬂ & £1@{98{H[&‘ri%§§natgﬁ%mh89 \9 "Iéén)d L!se B)rl mary end

poi nt . ﬂ%@)%'e S¢i ‘fa'oma@ﬁet"hycholﬁe%m@%hhms@md on bheod flow, is
a nodi fiigd icdrbtng Rd er ivgi, ngg Bha¢sd whi ch thermal detection of
clot_formation was enpl oyed 0 Kur Main; B. W, and Sandusky, G
E., Thronb. Res., 6(f) 2emlkeny J(Eﬁa@ybout 2 to about 6\Muazber|an Sprague

and fast.ed f
PCT/ USQ%"? "B%g% to abou 8 carbon atoms, which o&tg.ynallylgshours prior to

sur ger ySWpaH futed gacéhe réngararbormavith i nalzs am}/@rplngar ed,
anest heti zed with Nenbpg,al cat het ers for
{9) ;&L %%bo anes?hgé %’Jll

bl ood pressure nmoni t ori ng, drug an nThe left 5
cartR i ;atansemhighs iiss opgionably nmaner, adin din ma:‘leesrublstaltutedl nci si on

f ol | oweslitity Wl , urety ,dian@geki 3, aﬁdsﬁeé@gﬂé%g technigues to separate a 2 cm
segnent of the vessel from the carotid sheath. A silk suture is inserte"d

under the proxi mal €hd ditetgreazryd ef BhEoi 341 atems wektlelthe provide 1

cl ear ansimd @rtoniae sléllaeeeanfrexi\ éa#lbéﬁ aémllrkééx@é(d&x%bewhereﬁr ansoni c)
probe is then secured with a

ar ound hel%:om end _of t?e ve sg{ﬁ
station heroa o arecge SV\F?\? ’569’9’9% é’r:l'ltﬁﬁ’9§nwe1i‘€ randoni zed in
ei ther S{Qdnt @d whdichndp. eptienalky modeonptimemitris Exanpl e 56 or 16)

group. smglwtéa)mgﬂanlgv\@ , andpgpfg St&d, %{?“%ﬂ? ngl e intravenous

bol us at various dosés after pl acerent o probe and 5 mn
prior to t he t hr ontfogerdraldlngifusbont 7= ab&utn kb arextbem pi ece

atoms which is optionally substituted on the alkyl chain
with hydroxy or halogen and mono-, di-, or tri-substituted
20 in the aryl ring with Y1, Y2, and/or Y3, respectively,
(10) heteroaralkyl of 6 to 11 atoms with
the ring atoms selected from carbon and heterocatoms,

Dawl ey &edms (ARRHAER %gt%hallg saB6tiemas it QR 1R NRYISRr i OF To Use

wherein the heterocatoms are selected from oxygen,
nitrogen, and S(0)i, and which is optionally substituted

25 on the alkyl chain with hydroxy or halogen and optionally
- mono-, di- or tri-substituted on the ring with Y1, Y32,
and/or. Y3, respectively,
(11) aralkenyl of about 8 to about 15
carbon atoms which is optionaily -mono-, di-, or tri-
30 substituted in the aryl rlng with Y1, Y2, and/or Y3,
respectively,
-(12) héteroaralkenyl of 7 to 12 atoms with
the ring atoms selected from carbon and heteroatoms,

wherein the heterocatoms are selected from oxygen,
35 nitrogen, and S(0)i, and which is optionally mono-, di- or
tri-substituted on the ring with Y3, Y2, and/or v3,

respectively,

O



of filter paper (Whatman #3) soaked with 10 [err]L of a 35% 20 sol ut.i on of

fresh FeC[err] (nade up in water) was applied to the s

| sol at edwn96s19498 artery distal to the flow. pr obe. B|o&5§@ﬁ§§éﬂ$§, bl ood
flow, heart rate, and respiration were nonitored for 60 m nutes. The
I_.nci dence of occlusion:{defined as- the attai nment of zero bl ood 25
flow) was recorded as the primry end P The efficacy of
conpounds of this invention as anti ronbotlc agents in preventing
t.hronbus formation in this in VIVO nodel was denonstrated by _
dose-dependent . reduction in tie gﬁfdence of thronmbotic occlusion. The
30 EJerr] values for test conpound a for several well known

anti coagul ant agents in this nodel are shown in Table 4, below, and
denonstrate the efficacy of t §nvent ed conpounds. 35

Tabl e 4 WO 96/ 19493 (13) o , ,

PCT/ US95/ 16866 154

Conmpound ED[ err] |1c St andard Heparin 200 U kg
Ar gat r oban 3.8 ng/ kg "I\CH; - Hirul og[err] 3.0
ng/ kg Compound Ex. 16 >5 ng/ kg Conpound
Ex. 56 4.5 nygl/ kg alerr] i fined as the dose that prevents the

i nci dence of conplete thronbotic usion in 50% of aninals tested-

WO 96/ 19493 . (14) HO PCT/ US95/ 16866

 HiC_CHy
\
(15) 2
HyC_CH,

dﬁ

(17) dlfluoromethyl or perfluoroalkyl of 1

' (16)
10

to about 12 carbon atoms, :
- (18) perfluorcaryl of about 6 to about 14
carbon atoms,
15 _ -(19) perfluoroaralkyl of about 7 to about
15 carbon atoms, and
(20) hydrogen,
wherein Y1, Y2, and Y3 are
| . (i) independently selected from the
20 group consisting of halogen, cyano, nitro, tetrazolyl,
amino, guanidino, amidino, methylamino, and
methylguanidino, -CF3, -CF2CF3, -CH(CF3)2, -C(OH) (CF3)2,
-OCF3, -OCF2CF3, -OC(O)NH2, -OC(O)NHZ1, -OC(O)NZ122,
-NHC({0)Z1, -NHC(O)NH2, -NHC(O)NZi, -NHC(O)NZ122, -C(O)OH,
25 -C(0)0Z;, -P(O)3H, -P(O)3H2, -P(0)3(Z1)2, -S(O)3H ,
-S(0)p2y, -2, -0Zj, -OH, -NHz, -NHZ1, -NZ1Z2, and N-
morpholino, wherein m is 0, 1 or 2, and Z; and 22 are

independently seleéted_from the group consisting of alkyl

A T




155 VE CLAI M 1. A compound of the fornmnul a:

[err] 5 wherein . (a) X-is selected fromthe group
consi sti ng. of -S(0)[err]-, -N(Rerr])-S(Oferr]-, -£C=Q)-..z =0) -,
-NH (V@943 _p.o)(Rlerr])- and a direct |ink, where#’??f L1808, ¢

hydr ogen, alkyl of 1 to about 4 carbon atons, aryl of about 6 to 10
about 14 carbon atons or aral kyl of 18out 6 to about 16 car bon at ons,
and Rlecr]l is err errl, err or .SRlerr], with the provi so
that RP r#] L?S%R%‘ftl\#—% %—%{b‘ﬁ a&”%ﬂ a%k& of HSitle 8 ar'1’°’~’(tb)14R[ err] is
sel ect edrbonnatdms grietpermarilstafngbout &f tol&bout 14 atoms (1) alkyl

of 1t t C t I oQ ubst i.t ut.e ith Y[err],

(2) al &??%J %Ll%% %’&P %%&n a&?g‘%ﬁ gggh’%ﬁ%s?ft?ﬁ%%\?\}n }[Igr? cyclic al kyl of
about 8beutabducaxrberirafams, angt deteyparahkylyof ddseutt i ¢ on the ring with
Y1, 5Y2aR8uent Cdtos having about 3 to abouf3)d 8%(@56:? %}Aﬁg, Yy 3 tO about 15
car bon atoms, which opltI gpa&l Yahd §ubst|tutle on, the rbng wth
Y[err], Y[err] and/or Y[er i\ﬂ _1 2 are se e.cte'él)toggg; Pocycl oal kyl of
4 to abBuPe1PR3) (g iionwhenein: Bg AandgZ4tare irderensderttlym car bon and

het er o rein.the eroat .are gselected from.the rou

consi s?%’ggés?&g%/%%n%,ﬁ%igt’{]o eﬁP%Eﬁ-gEéf’%) f’gr#{r%%?'eﬁ?'lﬁyq: of ilsgo, E or 2,
opt i on&bl gbeubsi? teaxhbroatdms, r arylwofhalkpetr§, to abo(teryqd and/ or Y[err],
30 ' er, o] t o, aby |."g atons with
th:emri ﬁarg?%n%t%%?'ec%ée%ﬁ%ﬁlcgggﬁbgﬁdg-éo %%?‘%?gfa% (jz)a%so,rrds\?\herei n the

het er oB8%#RY ot cte akute P Gaghomatoms, gasapkybnef sabbour & toxygen, nitrogen,

and S(&boetrls dawdoitlidtdms, and heteroaralkyl of about 6 to ‘
about 11 atoms having about 3 to about 9 carbon atoms,
with the proviso that if X is not a direct link, then Rj

15 is not hydrogen,
(c) . Ry is selected from the group consisting
-~N
N

\ _
N N-n
| N —CH, S(O) (CH,—¢ I ~
( p \ ‘N'. ) - N
Of H ’ H ’ - (CHZ)p 4 ¢

hydrogen, - (CH2) pNHC (=NH)NH2, = (CH2) pS (0) 2CH3,
- (CH2)pC(0) 25, -(CH2)pC(0)0Z6, - (CH2)pC(0)NZg,

20 -CH25(0)2(CH2)pC(0)2Z5, -CH2S(0)2(CH2)pC (0)03Z6,

+ =CH25(0) 2 (CH2)pC(O)NR5Rg, =(CH2)pS(0)2Z6, -(CH2)pNH2,
- (CH2)pC(O)NR5Rg, = (CH2)pC(0)Zg, -(CH2)p0Zg and

‘(CHZ)pC(O)-N::B wherein
p is an integer from 1 to 6,
25 Z5 is -OH, -OCH3, -OCH2CH3, or -NR5Rg,
Z6 is alkyl of 1 to about 4 carbon atoms, aryl
of about 6 to about 14 carbon atoms, or aralkyl of about 7
to 16 ca>:»n atoms, - - '
%5 is hydrogen, or Zg,
30 <6 is hydrogen or cyclic alkyl of 3 to about 15

carbor. 8 optibnally mono- di- or tri-substituted with
Y1, Yo ~'or Y3, aralkyl of about 7 to about 15 carbon
atoms - "nally mono-, di- or tri-substituted with Y1,
Y2 and,. '3, heteroaryl of 5 to 14 atoms with the ring

35 atoms se.::ted from carbon and heteroatoms wherein the

I
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156 err [err] ' wher ei n [ 5to 7
menber h 3 e of . 3 to 6 ring carbon atons, V\herep?rlrs liﬁ?‘e

-0, -S(=0-, -S(0)[err]--or -S-, and which is optionally substltuted
on the ring carbons with Y[err], W%rr] and/or Y[err], 5

(6) al kenyl of ahout 2 to atons_whi ch Lonal ly-
subst i t ut edPSFFEPRIHS (,araﬁ I?ﬁ eS%:eg %raﬂoW%e?b Ié’b%{ﬁg%’ CM%D‘Q)WB whi ch
optional |y asd whichi/lisd idptiiosha0nyt fenbk- ngdgar@ﬁnsryuédbs\é[ﬁdded Wiieh |

and/ or Y[err ar 1 6 to about 14 carbon
10 atons Wmi:’h Y7s opﬁd/or IYI3 %%gycléalne %/ su st ut ed with Y[err],

Y[err], and/or Y[err]s @sg_e,ctg Vﬁ‘J&imethoxy-l 2,3,4- (8) het er oar yl
of 5to 14 atons with the ring atoms sel ected from carbon and

het er oat énste‘&mléqrrPl”q‘H?@lﬁé’ﬁ’ép 04rBHRTar¥ RIPEIIH 1 kb8 gen,
ni trogen, apgpdbidyX) emd rmdnwhl gh4l—ﬁeanylem@aidxmy1 di- or tri-
Eerrb

substitute WlthYerr] respectively,

(9) aral kyl PHpe ) ?3‘ 85?56}"! g’g’t i%4P9s optionally
substi t ut edsuhstmwéd(ydlulhalumoro, chilbrbydmetlyoxy, hatt ogen and nono-, di-

O ek UDSEEL b Gtk " ekl BRIAEA] ont Stidunypihe Yo,

respectively, eroar Tt oms wi th
t he rin§0at swbstibtuked Wittty flyervonchAgrpet BeBRAONYE, 0  wherein the

het er oat omse 21 £1.96¢+&rdtafl,2f,” om oxygen, ni trogen, and S(Oferr], and
which is optionally subst Ituted 25 on the al kyl ,chain with hydroxy or

hal ogen and opt i onal | $1d Phamgmaceutdicaldy aCceptiblr: GuaESER e ring with

Y{err], Y eamthonium sald<rehér@iof];, respect ively, (11)
ar al kenyl of about 8 abgut tﬂt}, L ally
nmono-, di-, or-tri- 3885ub§ |:tL%te e arnsl #vapt ﬁbéfgfmr:iRgY[e

and/ or Yperof, respect | veI y, (12) heteroaral kenyl
of 7 to 12 atonms with I8 sel ected from carbon and

het er oat ons, wher ein the he ero oms are sel ected from oxygen, 35

nitrogen, and S(O[err], ahd)waiknlief obttohqur $osarbogi atems
tri-substi tabeﬂoﬁalwesdbmw&éa viiem' lomYlerr], and/or Y[err],

respectively, (3) cyclic alkyl of about 3 to about 10
20 carbon atoms;

(4) alkyl of 1 to about 3 carbon atoms
substituted with cyclic alkyl of about 5 to about 8 carbon
atoms;

(5) aryl of about 3 to about 10 carbon

25 atoms which is optionally mono-, di-, or tri-substituted
with Y1, Y2 and/or Y3; '
' (6) alkyl of 1 to about 3 carbon atoms
substituted on the terminal carbon with aryl of about 4
carbon atoms to about 10 carbon atoms which is optionally
30 mono-, di-, or tri-substituted with Y3, Y2 and/or Y3;

(7) alkyl of 1 to about 6 carbon étoms
with alkyl branching at the alpha, beta, gamma, and delta
carbons of 1 to about 6 carbon atoms; and

(e) R4 is selected from the group consisting of

35 hydrogen, alkyl of 1 to about 7 carbon atoms optionally
~ substituted with -OH or benzyloxy and alkyl of 1 to about

3 carbon atoms substituted on the ;erminal carbon atom

with aryl of about 4 carbon atoms to about 10 carbon atoms
- T T

[
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(17) difluoromethyl or perfluoroal kyl of 1 to abou at ons,
(18) MOW¥8Boaryl  of about 6 to about 14 car bon a?&?usﬁ%g |
(19) perfluoroaral kyl of about 7 tdeabout 15 carbon atons, and

(20) hydrogen, wherein Y[err], Y[err], and Y[err] are

(1) 'Qﬂ%ﬁf”%2?%m¥1iﬁkii§e%oL£9”‘él , Or tri-substituted with

Y1, Y2 and/or Y3.

2. A compound according to_claim 1, wherein X is
5 selected from the group consisting of -802-, -NH-S(0)2-,
and -N(R')-5(0)2.

3. A compound according to claim 2, wherein X is

-S02-.
10 _
4. A compound according to claim 1, wherein Rj is
selected from the group consisting of alkyl, cycloalkyl, ‘
alkyl substituted with c¢cyclic alkyl, aralkyl;, and aryl
groups all of which are optionally substituted.
15

5. A compound according to claim 4, wherein Rj is

selected from the group consisting of unsubstituted

naphthyl, substituted naphthyl, nsubstituted phenyl,

substittued phenyl, unsubstituted benzyl and substituted
20 benzyl. '

6. A compound according to claim 5, wherein Rj is a
substituted benzyl or a substituted naphthyl.

25 7. A compound according to claiﬁ”G, wherein R3 is
substituted with a substituent selected from the group
consisting of -C(O)OH, -C(0)02z1, -S(0)mZ1, and -CF3.

8. A compound according to claim 7, wherein the
30 substituent is meta or ortho on the ring.

9. A compound according to claim 4, wherein Rj is

cyclohexyl or cyclohexylmethyl.

35 '10._ A compound accordlng to clalm 1, wherein R2 is

selected from the group cons;stlng of
-CH2CH2CH2NHC (=NH) NH2, -CH2CH2$(O)2CH3,

A




20 group consisting of hal ogen, cyano, nitro, tetrazolyl, am no,
guani di no, am di no, nethylam no, and nmet hyl guani di no,_ -
-CFlerr | ®R9618493 - CH(CF[err])[err], -C(C]—I)(CF[er'r])[err],Pcrﬂggg%err],
-OCF[err]Crlerr], -OC(OQNHerr], -OC(QNHZ[err], -OC(OQ NZ[err]Z[err],
-NHC(O Z[ err], -NHC(O)NH[err] -NHC(O Nz[ err], -NHC(O)NZ[err]Z[err],
C(O H, 25 § e

-P(O)[err](ﬁHerr )?arr ,)h(:é?gﬁ?errr(@kfbncﬁ6 C?Eerr]Z[err] -Z[err],
=0Z[err], -@:Hz)ndw rh, -NHZ[err], -NZ[err]Z[err] and N

rmrphollno wher ei n s0, 1 or 2, and Z[err] and Z[err] are

| ndependently selected fromthe group consisting of alkyl

96/ 19493
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carbon ag ongeldwied Grionl thie ghoup Gohsiabimg dﬂ atoms having 1 to about
9 carbon ato 15 rbon atons, and
het er oar al ky#ﬁ%qﬁzac%wcé Wﬁggabou?89§2 égﬁgé%%l\ll nrgdiabout 3 to about 9
carbon at ons(CHJ)nC(O)NRSRg. (i) Y[err] and Y[err] are

sel ect ed toget her to be -OC(Z[err])(Zerr])O, wherein Z3 and.Z4 are

| ndependent |y sel ected fromthe group consisting of hydrogen, alkyl of
1 to about 122 cardorompeunrs] acdrdihgaltoutl@imolabowheddid R arshon
atons, heter oa I of abouma’%{o about 14 atons - having 1 to about 9

car bon 3P onsCHE (= 27 to about 15 carbon atons, and

het er oar al kyI of about 6 to about 11 atons havi ng about 3 to about 9
carbon atons, with the proyiso that if X is ﬁ irect link, then
rl

Rlerr] 15 i s notlhydrdgespound accor ing £ E)J'aﬁf“e WRETELR B3 etf from t he

group consigydrégen. [err]

[err] hydr ogen, -(CH err]) pNHC( =NH) NH[err],
-(CHerr])pS(Qferr]CHerr], -(CHerr])pC(O Z[err],

-(CH erab) pC( O Crher ri, cerpdimd rd9qudind/[ter claif0l, wherein Rg is

:gﬂ%:;;}ggg%%i }ééi%err] C%é&f%&%?}sting of 3-(R)-quinuclidine,
- CH er r] S( O3k ¢8¥ $ éiihecYigipte, OdNRirdiflusremekhyl ¢ THy 2+ coumes(iD) | o ] Z6,
(CHerr])piy 1-cousfddidl," b 2inl FBeYils-ethyl-4 (31) -
(m[errl)p?fbﬁ’éferr‘f »%8# '%Z'?"
qulnazollnone, —yl-benzothla e, 3-yl -benzoic acid, 3-
20 yl-4-hydroxybenzoic acid, 4-hydroxy-l-methyl-6-phenyl-3-
y1l-2(1H)-pyridone, and l-adamantyl, or ethyl morpholine,
ethyl piperidine} 2-(2-ethyl)pyridine, 4-hydroxyphenethyl,
(R) ~alpha-methylbenzyl, (S)-alpha-methylbenzyl, 4-
{methyl) -5-hydroxy-6-methyl-3-pyridine methanol, (1R,2S)-
25 (N-methyl-N-(l-ethyl))benzyl alcohol, (1S,2R)-(N-methyl-N-
(1-ethyl))benzyl alcohol, (1R,2R)-(N-methyl-N-(1- |
ethyl) )benzyl alcohol, (1S,2S)-(N-methyl-N-(1-
ethyl) )benzyl alcohol, and 4-(methyl)-5- hydroxy 6-methy1-
3—pyr1d1ne methanol.
30
15. A compound according to claim 1, wherein R3 is

selected from the group consisting of alkyl of 1 to about
7 carbon atoms optionally substituted with -OH on a
terminal carbon atom, cyclohexylmethyl, phenyl, and

35 benzyl. '

16. A compound according to claim 15, wherein R3'is

LT




- (CHerr])pC(0) [err] wherein pis an integer from1l

to 6, 25 Z[err] is -OH, -OCH err], -OCCH err]CH err], or
-NR[err]Rerr], Z[err] is alkyl of 1t ar bon

at orsWOAGP493  of apout 6 to about 14 carbon atons, o?cgﬁgﬁﬁﬁﬁ“ﬁf about 7
to 16 carbon atons, 162 Rlerr] is hydrogen, or Z6, 30

Rl err] is hydrogen or cyclic aIkyP_of 3 to about 15 carbon . [err]s
opt i of@lthy1MeROcyfloh@kyl i -substituted with Y[err], Y[err] and or
Y[err], aral kyl of about 7 to about 15 carbon at ons [err]nally
nmono-, di- or tri-substituted wth Y[err], Y[err] and, or Y[err],

het eroaryl 10f. 5 eoiwouatoascording heo reegin83 6 ,awtvexedal Rgt #d from car bon
gg% []J ; r%%tggggr\/@ﬁq% no}. I}F to abovt\xlg 976/015.?:%%% atnggopticpféqJe]%at ONE are
selsecisathstiontedygith fOH rayen;temdnd1O0cheboh atomnd which is optionally
nono-, di- or tri-substituted with Y[err], Y[err], and/or Y[err],

qui nucl i di ne, or adamantyl, ) .lerr] is 6,7-dinethoxy-1,2,3, 4-
5 t et rahydd8i-soduicenbprupd, agcayding \toipaimid7, sheyesn R4 psperi dyl,
N—nnrg@g&%ggn 3, 4- net hyl enedi oxybenzyl pi perazi nyl, 4-phenyl

pi per aZinyF optionally nono- substituted with fluoro, chloro, nethoxy,
or trifluoronmethyl, or 4-benzyl piperazinyl optionally nono- 10

supti tut edowi t B idoBbAndChELEPRIRG I T V1aiN 1, whHekkihugr ggethyl -

and pharmaceutically accepti bl uat er nary, ammonj um sal.ts thereof;

(d) R3S(9)2ar eBieasfﬁ%‘Eﬁ%‘%?‘iLﬁ?r’ psubstityted gralkyl, R2 is (1)
hydr ogeinCHoCH2NHC (=NH)NH2, R3 (9 niddny1,0bnd R 2BOM{afogéy bon atons ‘
opt i onal Fy AR e e N i ey " 13 O‘*(@‘%cnc al kyl of ‘

- about 3 to about 10 20 carbon atons; (4) alkyl of 1 to

-about 3 camon al eFpoundSHEELLEURE M dXniGyal,i whaleyh &f igbout 5 to about
8 arboq atons; . Qﬁ) aryl of ﬁbfut 3 to about 10
c ofS(0)2-, Rl is substituted or unsubstituted aralkyl, R2 is

~CH2CH2NHC (=NH)NH2, R3 is cyclohexyl, and R4 is hydrogen.

21. A compound according to claim 20, wherein Rj is
substituted or unsubstituted benzyl. |

20 _

22. A compound according to claim 1 selected from
the group consisting of D-camphorsulfonyl aspartyl .
sarcosine arginine aldehyde, D-camphorsulfonyl -
cysteinesulfone-acetic acid sarcosine-arginine aldehyde,

25 D-camphorsulfonyl-L-methionine sulfone sarcosine-arginine
aldehyde, benzylsulfonyl-D-arginine-sarcosine-arginine
aldehyde, (2-carbomethoxy)benzenesulfonyl-(D)-argininyl-
sarcosine-argininal, N-benzylsulfonyl-(D)- '
methioninylsulfone sarcosine argininal,

30 benzylsulfonylmethioninyl (sulfone)N-
cyélohexylglycinylargininal, (D) -camphorsulfonyl aspartyl
sarcosine arginine aldehyde, (D)-éamphorsulfonyl-3—(3-
pyridyl)-alanine sarcosine érgininé aldehyde, | _
benzylsulfonyl-3-(B-pyridyl)-alanine sarcosine arginine

35 aldehyde, and (D)-camphorsulfonyl-glycine-sarcosine—
arginine aldehyde,

* [+ L N S *



25 atons which is optionally nono-, di-, or tri-substituted W th

Y[err], Y[err] and/or Y[err]; (6) al ky#wh #s,lgg“about 3
carbon atWwe86/19493 substituted on the termnal carbon with a ¥ out 4
carbon atons to about 10 carbon atons which is optionally 30 nono-, di-, or
tri-substituted with Y[err], Y[err] andhdr Y[err]; - (7)
al kyl of 1 to about 6 carbon atons wi th al kyl Npr anchi ng at the al pha,
beta, gamm, and delta carbons QHy 1 to about carbon atons; and

(e) R4 is selected fromthe group cénsisting ofy rogen, alkyl of 1 to
about 7 carbon atons optionally O=S&®stitutgd with -OH or benzyl oxy and
al kyl of 1 to about 3 carbon aponmewubstituted on the term nal carbon
atom with aryl o out @ carlfon ato to gpbout 10 carbon atons

WO 96/ 19493 %_g__ N H  PCT/ US95/ 16866

160 which is optTo yjimorw-, fdi -, or W - bstituted with

Y[err], Y[err] and/or Y[err]o 2. A C ound qg;ordi ng to claim
1, wherein Xis 5 selected fromthe group consisting of -SJerr]-,

-NH-S(O[err]-, and -N(Rlerr])-S(Oferr]. 3. A conpound
according to claim2, wherein Xis -SO[err]-NH 10 4. A
conpound according to claiml, wheHgin Rlerr] i sel ected fromthe
group consisting of alkyl, cycloallkyl, al tituted with cyclic
al kyl, aral kyl, and aryl giUTESRI | of yhich are optionally
substituted. 15 5. A_gonpou akcording to claim4, wherein
Rerr] is selected fro@the pro cgnsi sty ng of unsubstituted

napht hyl , substituted naph |_LI

N ed Qhenyl , substittued
phenyl, unsubstituted befizyj apd Fubstd tut
o

(b),

i _ _
gt
5 ' (c),

NH
P '
NH
_ 0=S=0 HN 2_
CH, o J Sy o

o) g
HC Il N
3 )KS—N/Y \)KN H

I H o

o o (d),

+ ¢ L M 5 *



6. A compound according to claim5, wherein Rerr] is a substituted

benzyl or a substituted naphthyl. 25 7. A conpound according-to
claim@a,bledosi N Rlerr] is substituted with a substpéppgdsnsggeect ed from
t he group consi'sting of -C(OOH, -C(OQzerr], -S(O]ferr]Zerr], and
-CF[err]. 8. A corrpolﬁgd according to claim7, wherein the 30
substituent is neta or ortho on the ring. 9. A conpound
according to claim4, wherein Rerr] is NHycl ohexyl or cycl ohexyl net hyl .
35 10. A conpound accofl!a’ ng to cl ai , Wherein R2 is sel ect ed
fromthe group consisting of o-CH[err [ eMNHCH err ] NHC(=NH)NH err ],

96/ 19493

161 :
CHerr])nCCONRerr]R err], and
mpound according to claiml10,

-CH err]CH err]S(0)[err] CHP&TYT,
PCT/ US95/ 16866
-CH err]S(O[er eﬁ‘r])n
-(m[err])[err@cﬂﬁlesr—]-n |
wherein R2 is el eclledHr
-CH err]CHerr]CH err ] ®HC(=NH)NH[ err], -CHRerr]CH ¢ef] S(O[err]CHerr], and
- (CHerr])[err]CCONR[err]Rerr]. 12.- A compound according to
claim1l, wherein R2 is 10 -CH err]CH err]CH err] NHC(=NH)NH err].
13. A conpound according to é:'!lai m1, whereNH R5 is

. 3

O=S=

i W
ol

(£),

o
5 (g),
o
o=8=0
P A
S_N/\H/N
Q_n !
O H o ~H (h), and
10

: * c L M H *



hydr ogen. 15 14. A conpound according to claimi1, wherein R6 is
sel ected fromthe group consisting of 3-(R)-quinuclidine,
3-(S) - quiwookmsieme, 4-trifluoronethyl-7-yl-coumarin, 4-  PCI/US9S/16866

met hyl - 7-yl -coumarin, 7-yl-coumarin, 3-yl-2-ethyl-4(3H)- qui nazol i none,
2-yl -benzot hi azol e, 3-yl-benzoic acid, 5 20 yl -4-hydroxybenzoi c aci d,

4- hydr oxy- 1- net hyl - 6- phenyl - 3- yl -2(1H)-pyrid , and 1-adamantyl, or
et hyl norpholi ne, et hyl pipgNJgdNHe, 2-(2-ethy Epyrldlne

4- hydr oxyphenet hyl , (R) -al phd- et hyl benzy al pha- nethylbenzyl

4- (et hyl ) - 5- hydr oxy- 6- net hy -pyridine HythahHF (IR 25)- 25
(N-met hyl - N-(1-et hyl))benzyl al cohol], (1S,2R)-(N—nethy|

N-
(1-ethyl))benzyl al coh (1FRQFO- t hyl - 1- et hyl)) benzyl
al cohol , (1S, 2S)-(N Lﬂ; net iyl )) bgnzyl al cohol , and

4- (met hyl ) - 5- hydr oxy- 6 thyO ’\Ip . hol . 30 15. A
conpound according to claim1, mﬂerc:n R[errﬂ S sel ected fromthe
group consisting of alkyl of 1 to about 7 caPoon atdhs optionally
substituted with -OH on a term nal carbon aton1 cyCIohexyInethyI

h I | . I 1
\R/ngpgi,n E[ngr?S Ibsezn32y ‘A compound accordlngcggpg aim %{edzl'eri% tRO G M 15,

PCT/ US95/ 16§@fho-, WR-9603+9483- substltuted with Y1, Y2 and/or Y3 afa

met hyl or cyclohex | . A compound according to cIa|n116
wherein R ¥, Y2 ﬁp@#@QéKBoﬁrﬁlk9¢33$n4¢4%i¥&ﬁﬁkecﬁqgaﬁE@W aFdﬁ%OHptlonally
5 substitute -CH aL rbon atom 18.

conmpound accg:r(gjl)nglto gﬁg)mz& erce:f R4 is

24. A compound according to claim 12 wherein X is
-S(0)2-. '
10 ' .
25. A compound according to claim 24 wherein Rj is

alkyl, cyclic alkyl, alkyl substituted with cyclic alkyl,
aryl or aralkyl, all of which are optionally substituted.

15 26. A compound according to claim 25 wherein R1 is

mono-, di-, or tri-substituted with Y1, ¥2 and/or Y3 and

| Y1, Y2 and/or Y3 are independently selected from -C(O)OH,
-C(0)0Z1, =-S(O)mZ1, and -CF3.

20 27. A'compound according to claim 25 wherein R} is

unsubstituted naphthyl, substituted naphthyl,
unsubstituted phenyl, substituted phenyl, unsubstituted
benzyl or substituted benzyl.

25 28. A compound according to claim 27 wherein Rj is

benzyl.

29. A compound according to claim 25 wherein Rj is

cyclohexyl or cyclohexylmethyl.
30
30. A compound according to claim 1 wherein R2 is

R D A




hydr ogen. 10 19. A conpound according to claim1, wherein X is
-S(0)[err]-, Rerr] is substituted or unsubstituted aralkyl, R2 is

-CH err err]CH err] NHC(=NH) NH[err], Rlerr] is nethyl is
hydro&‘}l%‘{’; - 20. A conmpound accordl ng to claim fﬁ%’ﬁﬁ% Xis 15

-S(0)[err]-, Rerr] is substituted or -unsubstituted aralkyl, R2 is
-CH[err]CH[err]NHC( =NH)NH err], R[16fr] is cycl ohexyl, and R4 i s hydrogen.

21. A cORPCHySI(GIHYi ng to cIa|m20 wherein Rerr] is substituted or

unsubstituted benzyl. 20 22. A conpound according to claim1.
~selected from ~ the group consisting of D-canphorsulfonyl aspartyl

sargom ne a3pi nlnecahﬂamcfl%c ZSQBSEU.EQﬂYBO Y?efylﬁ{q ri%SEI f one- ace][ :c c

acid s ni,ne _a canphor sul f ony met hi oni ne sul f one

sar cos?%g&; g‘m '

bengyl sul fonyl Dar gi ni ne sar c05| ne- ar gl ni ne al dehyde,

(2- car bonet hoxy) pe LS fon sar cqsi ne-argini nal ,
N- benzyl sul hyIR( m% Fiﬁﬁ% 3L vherein Fgil® nal, 30
benzy| mohd-onydinst vaOfUﬁi)Llsthltﬁ.Qﬁeé&Pwa.th eyl ehand Ay §isnghar gi ni nal

(D-c har sul ch? as arty sar cosi ne_ ar gl ni ne al dehyde,
(D) - cg‘zrgh oY% A ﬁ%ﬁ P:’fe 1ndeB?P@ﬂ9F}Ya$%¥ﬁ¢f@§aﬁ*%|'§é0aﬁ§b ni ne al dehyde,
benzyl sgitd - 35 (032" 1 drk) _@i;-gnl ne sarcosine arginine 35 al dehyde, and
(D) - canphor su fonyl g yC| ne- sar cosi ne- ar gi ni ne al dehyde, - WO
96+99493 : PCT/ US95/ 16866 [err]
163 33. A compound ac{c%&"'dhng to claim 1 of the formula:

HaN NH

o X «

. NH : HN NH; .

Q_° g o
I H o H
- _ o
34.
15
35.. A compound accbrding to claim 1 of the formula:
NH :
Hz
o HO c“a o
H, H
20 36. . A compound according to claim 1 wherein X is

A T R



WD 96/ 19493

PCT/ US95/ 16866 T C [err]
[err] [e wooenoddf 96/ 19493;3 PCT/US95/16866
PCT/ US95/ 16866 165 _
[err] 23. A conpound %cordingto claiml wherein R err]
i's mono-, di-, or tri-substituted vmt I%ﬁrr] Y[err] and/or Y[err] and
5 Ylerr], Y[err] and/or Y[err]3 are independén sel ected from-C(O OH,
-C(OQz[err], -S(Oferr]Zerr], and -CF[err]. 24. A conpound
according to claim 12 wherein X is -S(err 25. A
conpound according to claim24 wherein R err] j al kyl, cyclic alkyl,

ar aI ke ,lglrdet@lfylmhl ch are

al kyl substi wi g sx%ta i<yand F2 & yl
optionally s?ggﬁgt ut eg @ 2 A corrpound accor di ng to claim25

wherein R erqy]cl.obexylmgghml ﬁheanf QIi" ez Bt BAni ShDYREREED - Y err ]

and/or Y[err] and Y[err], Y[err] and/or Y[err] are independently
selected from-C(O) OH, C(O)OZ[err], [err] S(O éerr] and -CF[err].
37. A compound according to claim 36 wherein R1 is

5 unsubstituted benzyl or substituted benzyl.

38. A compound according to claim 37 wherein Y3 and
Y2 are independently selected from -C(O)OH, -C(0)0Z3,
-S(0)mZ1, and -CF3.
10

-—_— .
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20 27. A conpound according to claim25 wherei n Rerr] is

unsubsti tuted naphthyl, substituted naphthyl, - unsubstituted yl,
substi t uma6(IB4d3y| , unsubstituted benzyl or substitut TS {}P&n 25
28. A conpound according to claim27 wherein Rerr] is benzyl .
29. A conpound according to claim?25 wherein Rerr] is cycl ohexyl or
cycl ohexyl nmet hyl . 30 _ 30. Altonpound according to claim 1 wherein
R2 is WD 96/ 19493
PCT/ US95/ 1Bpeure 1 166
-CHerr]CHerr]S(O)[err]CHerr]. . 31. A compound according to
claim30 wherein X is -S(0)[err]- and R err] is aralkyl. 5
+ 32. A conpound according to cllaim 31 wherein Rerr] is nono-, di-, or
tri-substituted with Y[err], Y[err] and/or Y[err] and Y[err] Y[err]
and/or Y[err] pendentl;zu@ | ected from - C(O)O—l é’OZ[ err],
-S(O) [err] ZEng f%u - (Gl egr j 33. A ef ading to
claim1 of ch hn 2 y CHy rgio N\)L
“formfHs” © N °
34. A conmpound accUrdong to claim1l he for
CH. R, CH,
ii) fla [™8q iif) 0 I
— /H‘/N‘)LO —_— Il N\)LO
HN '\© Ri=8—HN" I ’\©
R, CH fle ?Hso
. 2 3 0
v) 0 | v I J\’ru N._NH
"~ Ry=S=HN _ Il o H 0 N
I o o r NO,
o CH,
X
) . HN  NH,
Vi
—_— Ry ?H’o
vii) ﬁ N H
Ry=S—HN N
1 ' o H



[err] 35. A compound according to claim1 of the

f or mul a: NH

HN NH2 W0 96/19493 - [err] 20 "cﬁ’gf"s"&“é onpound
according to claiml1 wherein X is

PCT/ US95/ 16866 WO 96/ 19493 167

[err] -S(0)[err]-, Rerr] is aralkyl and R2 is . , Rerr] is

nmet hyl , yl get hyl., phenyl, or benzyl, and R4 is hydrogen.

37. A c-orrpomﬁil?dig to claim36 whergg'gn Rlerr] is 5 unsubstituted
benzyl or substituted benzyl. . A compound according to claim
37 wherein Y[err] and
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Y[err] are independently selected from-C(OOCH, -C(OQZ[err],
-S(O)[err]Z[err;, and -CF[err]. 10
WO 96/19493 . PCT/US95/16866
Figure 3 3/5
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Figure 4
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