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PCT/ US96/ 08456 PEPTI DYL HETEROCYCLES USEFUL | N THE TREATMENT
OF THROVBI N RELATED DI SORDERS Thi s
invention relates a series of peptidyl heterocycles, internediates 5 used

i n their manuf actm@gﬁl& phar neceut i cal conpositions:contai ni Ng peTUSIEIBSS
The conpounds are inhibitors of serine proteases, particularly [err]-

thronbin and may be used in a variety of thronmbin rel ated di sorders such as

venous thronbosis and art

EACKEROUD. G THE | vEnT! BRPTIDVE HETEROGy oL ES YSEFUILNTHE TREATMENT SF
di seases of the vascul ar system ar e THROMBIN RELATERDBIRORDERS Ur soci et y.
Arterial thronbosis is the major cause of death in the form of heart

b o oh Secarn. ot THR ol ASS sesie Y peBiS Hfailet bt ARy

Thronmbi i is a nulsti fusedtin their nmﬁammrmdephﬂmaeubcakdomposmons comaimnoosi S

and henostasis has hfgm. dNeEBABASh 18 inMBsTS dggeﬁﬁy?ﬁgases,

general Ly Tapparelli, et  al. TIPS 1993 14 hr S as _2

pr ocoagul ant througﬁhW%GWW beusedina d‘P“FWlﬂf% t’ﬁ‘a*%*%F?

as an anti coagul ant mnslgimu!bnsisaand)anelialﬁlmnmwsel n C pat hway. (foI I owed
by inactivation of coagulation factors V and VIII. ) The concentration of
active t hr inis limted by J I SNB

I nvol vi ng gﬁgogenous factors aﬁ&%@%’ﬁ'@éﬁmm\’g@ﬁm protein C
antithronbin Ill is 25 another regulating protein which forms a conpl ex

wi th endogenous heparin. yyp aéﬁi@@éﬂﬁﬁ{pﬁ@uﬁh&#%@ 5tdf ¥fie VASQHIY %rﬁ‘ﬁ?e

i nactivating it. {1 coagul’an er apy CoOnsi s
three cl asses of of greatconaesn touls societly. thrambesis is the majoraause of

wei ght hepari ns. deailinsthedbnn of AGar aRtdtksand Mrél(bs' whild véﬂ&sctﬁm' on

of active thro r pat |

with antithr orrbnﬁ{ I I%goagﬁ%\mﬁ %H@Mﬁ%‘g ‘Hﬁ.ﬁp cgg%ﬁﬁ]%rsuagé}\v/ﬂr %%’
dependent coagul at i deeriods of jngetivitys. Al t hough these drugs-are prescribed for
di seases associ ated wi t h Thrombincis @ multiinsiional serimeCprotdasei witose voleiosi s,

their use is ImiLequy Tkwesé‘aefenamosxafguaé%eaoapﬂsn@gé@ﬁ@%.una;eﬁbpwea@

of action and only. the counmarins are
di cumarol ). (See gangrally: tTappatelihiehal. HP8i 1993 16 vE617&In Thrempin:acts as

| ess effective 20 a procoagliant throgptaprotesigticocleavateosicibrinbgen 4o ferad fibrin and -

thrombin i nhi bi tors. oy antidiagulant through activation of the protein C pathway. (followed:
by inactivation of coagulation factors V and VIil. ) The concentration of active
thrombin is limited by a number of feedback mechanisms involving
endogenous factors and proteins . in addition to protein C, antithrombin 1l is

25 another regulating protein which forms a complex with endogenous heparin.
This complex binds to active thrombin, thus inactivating it.

Current anticoagulant therapy consists of three classes of
compounds: heparins, coumatrins and low molecular weight heparins.
These drugs act indirectly to limit the concentration of active thrombin.

30 Heparins and low molecular weight heparins interact with antithrombin il
and the coumarins inhibit a number of vitamin K dependent coagulation
factors. Although these drugs are prescribed for diseases associated with
venous thrombosis and arterial thrombosis, their use is limited. They have a
number of side effects, a slow onset of action and only the coumarins are

35 orally active (warfarin and dicumarol).

Indirect thrombin inhibitors have been shown to be less effective at
controlling associated diseases than direct thrombin inhibitors. Thus the
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search for orally active direct thronbin inhibitors is underway in a nunber
of , | aboratories. These efforts have produced a nunber of snal
pepti dyl conpounds which directly inhibit thronmbin. PPACK, argatroban,

(D) - NAPAP and SWH‘% are exanpl es of the direct .thronbin i”ﬂﬂbﬁ%ﬁﬁgf
I nterest. [erT [err] ar gat r oban

DUP 714 [err] ' o ' [err]
( D) - NAPAP search for orally active direstatromin inhibitors is ungeoyayina sumbepaf v

sone of these co jedl € Weakly orally active and nost have a poor
selectivity for throng n versus other serine prote . 1her r a
need remains for dire eﬁﬂﬁé‘ﬂﬁﬁmﬁvﬁmﬁ%ﬁa WBH'@%?’@"?;&B& coﬂp%uﬁds
sel ectivity over wiitledireetly inbibitrthtorabins PRACIK rargatrabay, (R)tNARAP znd
2 5 DUP 714 are exampies of the direct thrombin inhibitors of interest.
CHs3
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Unfortunately, only some of these compounds are weakly orally active

and most have a poor selectivity for thrombin versus other serine proteases.
Therefore, a need remains for direct thrombin inhibitors which exhibit good
selectivity over other serine proteases and are orally active.
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PCT/ US96/ 08456 SUVMMARY OF THE | NVENTI ON

The invention relates to new conpounds of the Fornmula I:

wher ei n: Ais sel ected fromthe group consi sti ng of
Cerr]al kyl, cawnhpegsetasrr]lal kyl, 10 ([ err] al koxycar bony E] skY!
phenyl C err]al kyl, substituted phenyl ([ err] al kyl . ere t

phenyl substituents are independently sel ect ed from one or nore

of, (Jerr]alkyl, perfluorod err]al 83YMMARY OF THE INUENTIOMI koxy, hydroxy,
hal o, am do, nitro, a r .

d err]di al kyl am no, czh%gg‘)’/é;gﬁn ﬂegi}tﬁkf‘]j%@gg}pogrqgf of theo‘r:?rglnll?laé[ err] 15

4al koxycar bonyl, ([ err]al kyl carbonyl, phenyl C[err]al koxycar bonyl, Cerr]
7cycl oal kyl car bonyl , phenyl carbonyl, substituted phenyl carbonyl

(wherg the phenyl substituents are |ndepen nt(Dy sel ected from one

or nore of, Cferr]alkyl, perfluoro( err] aI er.E] al koxy, hydroxy, hal o,
am do, nitro, amno, err] al kyl am no, 9I am no, carboxy or 20

d err].al koxycaﬁ bonyl), (err]alkyl sul fonyl r] al koxysul f onyl ,
perfluoroCferr]alkylsul fonyl, phenylsul fonyl Isubst I tuted phenyl sul f onyl
(where the phenyl F%?'II‘I tuents are i ndependent |y selected from one

or nore of, Cler r]vﬁ perfluoroCferr]alkyl, C[err]al koxy, hydroxy, halo,
am do, nitro, am no ‘é[err] al kyl am no, Cerr] di al kyl am no, carboxy or 25

SL g; ” ?Lrgéycar ﬁ;’%t) ,seulf(etmrm rotreugron >donsbh ot cl[@?ndyaldamwmo.{arkyr
perfluoroderr aI kyl su '1‘% ‘%ﬂi@ﬁ \f'?a lraphléék@sj‘fﬂﬁll{%eﬂ’b&'&ﬁﬁgsul finyl

(where the phenyl subspheny t-galieyl Wh&n%phﬁrpbenyl)subaiiwentsoamrlodepemenﬂy :
or nore of, Clerr]al kyéeled?éﬂfﬂ‘oﬁpéﬁé:b‘?wi Idf'yd; Q]( a2l roxy, hal o,
e

30 am do, nrtro err i‘ | am no
car boxy or P?“]en e BRIG Amigo. e, @m"rr nyl ,
substituted C1.4¢lhlhy]amli19r carboky los mfdahgdxycarbnaymtfbymyu IGyonyl ,

naphthyl substtuents ‘koxycarbonyl, @”]ﬁ'”'“@gwa?“é‘“”‘%‘m%?%“? ed e
m)Ee 01}/ Clerr]al kyl, ?@?oalkylcarbggif PU%?’&%@P?‘] aF &Eﬁeé fy ']
hydroxy, hal o, ami do, @where the pheayl substituents are indemnmyly selected irom one
C[ err]al koxycar bonyl )or rhord8R T {diRy)] péribroC)Janentdy haikeky, Mydroxy, halo,
amido, nitro, amino, C1.4alkylamino, C1.4dialkylamino, carboxy or
20 C1.4alkoxycarbonyl), Ci.4alkylsulfonyl, C1-4alkoxysulfonyl,
perfluoroC4.4alkyisulfonyl, phenylsulfonyi, substituted phenyisulfonyi
{where the phenyl substituents are independently selected from one
or more of, Cy.4alkyl, perfiuoroC4.4alkyl, Cq-4alkoxy, hydroxy, halo,
amido, nitro, amino, Cy.4alkylamino, C1.4dialkylamino, carboxy or
25 " Cy-4alkoxycarbonyl), 10-camphorsulfonyl, phenylCj.4aikylsulfonyi,
substituted phenyiC4.4alkyisulfonyl, C1.4alkyisuifinyl,
pertiuoroCy-4alkylsulfinyl, phenyisulfinyl, substituted phenyisulfinyl
(where the phenyl substituents are independently selected from one
or more of, Cq.4alkyl, perfluoroC4.salkyl, C4.4alkoxy, hydroxy, haio,
30 amido, nitro, amino, C1.4alkyiamino, C1.4dialkylamino, carboxy or
C1.4aikoxycarbonyl), phenylCq.4aikylisulfinyl, substituted
phenylC1.4alkylsulfinyl, 1-naphthylsulfonyi, 2-naphthyisulfonyl or
substituted naphthyisulfonyl (where the naphthyl substituents are
independently selected from ane or more of, Cq.4alkyl,
35 perfiuoroC.4alkyl, C1.4alkoxy, hydroxy, halo, amido, nitra, amino,
carboxy or C1.4alkoxycarbonyl ), 1-naphthyisulfinyl, 2-naphthyisulfinyl
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PCT/ US96/ 08456 or substituted naphthyl sul finyl (where the
napht hyl substituents are i ndependent|y sel ected from one or
nore of, (C[err]alkyl, perfluoroCferr]al kyl, Cerr]alkoxy,

hydr oxy, hal o, %g‘gmm tro, am no, C err]al kyl am
([ err]dial kyl am no, carboxy or Cferr]al koxycarbonyl); 5 Berruss a B

L am no acid which is coupled at its carboxy termnus to the
ni trogen depicted in forrsubstitutedanrphtiylsdfieyt(whiere the nmtgylau@sumwmg

CC):]E al ?n: Eel ?spar agi nﬁnd@péiﬂ@htlﬂ‘sél@éﬁﬂ%'drﬁ &Chbre &, 05 L4tk d 10
err]a ygycme n c_aci

t hi azol i di ne- 4- car boxﬁé’@”%f’&“@%?‘é. ‘??é‘f"%’r bﬁ@fg%@‘h%ﬁ'ﬁcﬁ%mwg acid,
oxazol i di ne- 4 car boxy| Ce-salsylaming, Secadialkylaming,dcarbaxy aeCqaliaxyoarenyl);
cysteine, serigie, threonine, norleuci ne | euci ne, tert-Ieucine, isoleucine,

henyl al ani ne, 1-naphthal ani ne, 2-n al-ani n 2-1 hi enyl al ani ne,
!tohi e%yl al anine, [1, 2 Saﬁ Be \ ﬁsrﬁﬂupﬁéi @ﬁ%ﬁ&ﬂ@&m&{mﬁf"éﬂﬁ 15
[1, 2, 3, 4] -t et rahydr oi smtmgemuepietea indomxalllandas isdlected from the group consisting
where the amino term ”b'PalQﬁIHEaésS:a?%QIHQ 2euliReEaBARRIbiG, giycine, N-

to a nmenber selected fromt cohsi's

tetrazol -5-yl-C[err]al &yaa !8%@;@)’9{@% él‘%‘?l"o't:[C!F'PFa galkylcarboxylic acid,

é[al koi<y|cle(1r Fo ?m der { ]haih?adoludmbdncarsbaylrd atidy 5,5-dinimthyithiazelidinesacartidkylic acid,
err]a ere the n

sel ected 1¥r om one or n%’?%ﬁﬁglheal%}’&*@ daé'ﬁ?#@ﬂﬁ%?gﬁr ?é1 Ii%”methlomne,

d err]al koxy, hydr oxy cymieine, Sﬂﬂ"&omfﬂpﬁlﬂeg n@mtmme dpuging. dB@tjleueinecisoleucine,

Cf err]di al kyl ani no, hé% al@fing] ¢iriaphthedanifa) bQi%)bhihalamna 2-thienylalamne, 3-

ie

L3, phery er 11t o b ddghy (72 AR B oA B acid ana

1 hydroxyéth Icarbony
1 -car bo_nyl, , 2, 3, 4] (b eigoquinplinex2Tarbexylin acid 1-

rlethh)d” ani n(i 1 - |CYE| ohexanecar bO'iM'lere the amino termmusI of said ammo acid is connected
- hydr oxy- 1- cycl ohexanecar bgn 21 nyl ace

1- cycl ohexyl - 1- hydr oxyacet y‘g g@bﬂﬁ’ P{efﬁ%/é?%gs ﬁ%’fgm@ﬂ? of C14alkyl,

3, 3-di phenyl - 2- hydroxyproplbtrﬁqu-%yb ﬂz@lkukpﬁ@xycw;alky! Ci-

hydr oxypr opi onyl , fornyl, Cg ét'itgfédpheny(

fl kyl kyl |

Subst i tut %%@ﬁw neers r%aﬁﬁrﬁ&ﬁemépﬁgﬁﬂgﬁﬁé&yﬁs%% dépsndenty
substituents are i ndependenssigcted from cde for mareof, Gy-salisylec perfiuosiCy.4alkyl,
Crerr]al kyl, perfluoro( er rbwmbxy,qﬁwyahhwxlmlad%ﬁéyamﬁﬁ' e,.mtwmmno.

nitro, amno, Clerr]al kyla

d err]al koxycar bonyl) 1, 1- d 'ﬁﬁy&@}’?] ﬁ?"%f‘%g{'%n@ﬂ?ko’gﬁﬁ ted

1, 1- di phenyl derr] al kyl car bzonymphmdeeml Bphenyl24hydroxyprpionyt, &,2-diphenyi-

4 WB596/ 40748 1-hydroxyethyicarbonyl, [1,2,3,4]-tetrahydroisoquinoline-

PCT/ US96/ 08456 . N
1-carbonyl, [1,2,3,4]-tetrahydroisoquinciine-3-carbonyi, 1-
methylamino-1-cyclohexanecarbonyi,
1-hydroxy-1-cyclohexanecarbonyl, 1-hydroxy-1-phenylacetyl,
1-cyciohexyl-1-hydroxyacetyl, 3-phenyi-2-hydroxypropionyi,

30 3,3-diphenyl-2-hydroxypropionyl, 3-cyciohexyl-2-
hydroxypropionyl, formyl, C1-4alkoxycarbonyl, C1.12alkylcarbonyi,
perfiuoroC1.-4alkylCo.4alkylcarbonyl, phenyliCs.4alkylcarbonyl,
substituted phenyiC1.4atkylcarbonyl (where the phenyl
substituents are independently selected from one or more of,

35 Ci.4alkyl, perfiuoroCi.4alkyl, Cy.4alkoxy, hydroxy, halo, amido,

' nitro, amino, C1-4alkylamino, C1.4dialkylamino, carboxy or
C1.4atkoxycarbonyl) 1,1-diphenyiC+.4atkylcarbonyi, substituted
1,1-diphenylC4.4alkylcarbonyl (where the phenyl substituents are

4




i ndependently sel ected fromone or nore of, Clerr]alkyl, perfluoro
Cerr]al kyl, Cerr]al koxy, hydroxy, halo, am do, nitro, am no,

Clerr]al kyl ami no, C([err]dialkylam no, carboxy or

C err]al koxycarbonyl), perfluoro(err]alkylsulfonyl, (err]al kyl sul fonyl,
5

wot/ffks al koxysul fonyl, phenyl sul fonyl, Substi
phenyl sul f onyl (where the phenyl substi tuen?’g&g)rg%m““

i ndependently sel ected from one or nmore of, (Jerr]alkyl,
perfluoro Cferr]al kyl, (] einqepangently sgigeied\from one or mare of, C1.salkylpertiucro

ani go’ ni t rcc):t arr} nlok Clerr ]t%l@lgﬁml:gﬁalk&yﬁﬂfyh#ay, hﬁ{?%ﬂéiﬁo, nitro, amino,
car poxy or err|a axycar {;@ . - C [ on
henyl | kyl sul f onyl , YIRInsy i ReRmind. ¥Y,Pf ony!
phenyi Leral ot sulfony!, SRR relRp It PRy o
substituted pigenylsul finyl d%%@k&:ﬁsﬂﬁom,e?ﬁén%?ﬁhghLﬁiﬁsﬁt&éd;rhenylsulfonyl

i ndependent|ly selected fro ne qr- nore, of, | kyl erfluoro
CJerr]al kyl, Cerr]al koxy, 4 8re e phenyl subsit ,tsrﬂ'?r’%‘;‘é%pﬂ‘{? ly gglected from

Cerr ].a: tyl ani ng, CI[ err] ﬂi aneydromoreoof, Clar.dabvyy parfluoro Cq-4alkyl, C1.4alkoxy, hydroxy,
err]al koxycar bonyl ), e a : , . .

%eny} Cerr ]yal kyl sﬁl 12 i nSI ?ﬂ‘g%‘{%hﬁé%‘yﬂ"‘%%{s{‘?‘?ﬂ@md&b‘? g.qmalkylammo,

i ndependently sel ected frorfaPRXY%er Gpualkexycathanyl), AGgamppesuitaaylo

Clerr]al kyl, W@ err]al koxy, ghehyiGy.alkybalforsi]isidstittitéd @heapiOiyalidlsulionyl,
err]al kyl am no, err]di 110 r

g[[er r% al kgxycar bon)(/:l[) , ]1 n?p%ﬁ‘h Qr@é%&anﬁﬂ lsé'éﬂ’}ybrﬂﬂ‘{"yfs"'ﬁ“y'-

substi tuted napht hyl sut f onygu @ pheryisiifimd Kwheea ihe phemyh substituents are

DT, T2 o "t CoTatgeorty e b isblor o, sl pruor,

u , X X , | ,

IOC[ err]al kyl am no, >Cl:[ err]di a‘]r‘w?‘gmyﬁdﬁ%ﬂ%%%& "B’Fy’, hafi‘o, ar%ido, "ﬁ'ro an'ﬁno.

Clerr]al koxycH bonyl ), 1- nafBt-aglkylantine,C1-sdialkyisimingl satbioxyyr, and

Thdopendent |y el oot od 1 ron iakakfedrbinyIRNeRYIC LILIRVIBARATL SuSkifuted

perfluoro(err]al kyl, Cer r?'éﬁﬂyégwg'ﬁv‘ﬁ'r"ﬁsw,(ﬂﬁ‘&r%,kh%#aw %bﬁﬁ%’,eng‘rﬁrﬁo, 30

Clerr]al kyl ami no, [ err]di dndgpendently selactedfromrone or more of, C.4atkyl, perfluoro

C err] al koxycar bonyl ) ; Ci-salkyl, c1.&lko%gpﬁ}dfoi?ﬁﬁ’iélg.earﬁﬁ&)hhl%?‘&nﬁﬁo.t wo

am no acids, ere flrst_amno.,acid is a Dor L

anino acid, bo%nd via its §5.4alky¥\a'hmme,a{>bﬂg@lgym9u§am9xyﬁg ni trogen

depicted in formula | and i €1gakexyeatbonyl), 1-naphthyisuifonyl; Beaphthyisuifonyl,

consisting of glycine, N q@ﬁ?ﬁtﬁhtb&'r‘%bﬁﬁig@oﬁ%%ih@% e naphthyl substituents are
Y

azetidi necarboxylic acid, pyoline, thia ne-4- car boxyl l.c.aci 5, 5-
di met hyl t hi azol i di ne- 4- car b(S‘Q?PPE‘-"%[B Felest ﬁPFH%%P&-"l%{%%??%‘ﬂﬂci d,

5 WO 96/ 40748+  perfluoroCi.4alkyl, C4.4alkoxy, hydroxy, halo, amido, nitro, amino,

PCT/ US96/ 084565 W \ - Al ré&qoxyl i ¢ acid,

3- hydr oxyprol I ne, Cs - &grogggéhﬁiﬁ@in&% I‘E%xwlgrlpl i ne',l

4- ([ err]al koxy)proline, 3, Qj.d.a‘k ycal yl), 1-naphthylsultinyl, 2-napht ulfinyl, and
substituted naphthyisulfinyl (where the naphthyl substituents are
independently seiected from ons or more of, Cy.salkyl,
perfluoroCi.4alkyl, Cy.4alkoxy, hydroxy, haio, amido, nitro, amino,

30 C1-4alkylamino, C4.4diatkylamino, carboxy or '

C1-4alkoxycarbonyl);

or a poly peptide comprised of two amino acids,
where the first amino acid is a D or L. amino acid, bound via its
35 carboxy terminus 1o the nitrogen depicted in formula I and is selected
‘from the group consisting of glycine, N-C4.galkylglycine, alanine, 2-
azetidinecarboxylic acid, proline, thiazolidine-4-carboxyiic acid, 5,5-
dimethyithiazolidine-4-carboxylic acid, oxazolidine-4-carboxylic acid,

5



dehydroproline, 2,2-dinmethyl-4-thiazolidine carboxylic acid, 2,2-

di net hyl - 4- oxazol i di ne carboxylic acid, pipecolinic acid, valine, 5
nmet hi oni ne, cysteine, asparagine, serine, threonine, |eucine, tert-
| euci ne, isol euci ne, phenyl al ani ne, 1-naphthal ani ne, 2-
napht hal ani ne, Zed bd | al ani ne, 3-thienylalanine, [1,2,3,4]-
tetrahydroisoquﬁﬁ%ﬁ#ﬁ2¥l-carboxylic acid, [1,2,3,4]- PCT/US96/08456
t et rahydr oi soqui nol i ne-2-carboxylic acid, aspartic acid-4-Clerr]- 10
[err]al kyl ester and gtamiasticcyciv@s-paiyicarbjoxylig laciss 3ehydroxyproline,

and the second D or L4aijidiexypfoiihe, qu;webxy rblife, 3 Of.4alkoxy)proline, 3.4-

Lo of 5o s A9gb i S Al 22
4- car boxyphenyl al ani ndimethyk4é-okazgliditie: caibaixilj¢ apids pipadotinicracid,1¥aline,
bstituted | al | ; : : 1 : ;

substy ut et obeny! ! S gohactubig, BTN B84 AGRAIY, aucine, ton-

perfl uoroCferr]al kyl , laycine. jispiegsige. MY@!?F'nﬁaﬂtﬂapﬁ'ﬂ%/ﬂ!%ﬂmﬁi gro, anino,

g[ gr r] alt ﬁyl arr} ”f’- d emabﬁih_aldmﬂearz-meqmamy3thea&uadin¢.k[qmggo]bonyI ),
- benzot hi enyl al ani ne,_.4- . | ne,

oct ahydr oi ndgl e-2-car Wpﬁgﬁ%%@%ﬁﬂ?P#&gWg%?%llﬁgg;ék| dyl al ani ne,

4-thi azol yal ani ne, 2- ﬁwmvﬂr@ismuin@linqsz\carmwaanider&;pamcaanlﬂé,-C&

t hi enyl al ani n@, trypt Qaik§hestey %ilﬁanﬁ@aaiaa&m&alkr ester
¥ 0 |

3-tri-Clerr]al kyl silylalanin c hexyl gl vci ne, .di.pheny] Cl ne
phenyl gl yci ne, net hi oni ne ?ﬂﬁlﬂ& ,ncﬁétq{?'o#wg f'grl?gf’xggé¥he amino
2, 2- di'cycl ohexyl al ani deyminug of saig Hirst/amineracid)andis selected from the group
(2-napht hyl al ani ne), %%%iin&%?%;bhﬂhﬂﬁiri&]%%ﬁi@ﬁbm hg, t he

Sy or Tl Kony. i ovy SRR Mste: - (calis Cepdky bRk

Jerr]dial kylt@ni no, caubstitytest pi@inyialinin qwhere tnenghgnyi sspstittentsared, 30

aspartic acid-4-Clerr]; naBhfiSaleBled fAdth Gn@drimo oft 87l id-5-Cerr]
TR TRl tr nineyrpagit G Cprit coy TS
C err] al koxycar bonyl d@1-satkylamind) w4diatkplaming, wdarboxyab =€y aalkanyicarbbnyl),
chope Chertl oo, o boammmaaide s SttgR RS Rimoflanainine
unsubst i t ut e or nonos‘?i%%li‘xdc'ﬁipgg'e\'é Fﬁ@*ﬁ@@@iﬂ %f“@%?’&% 3-pyridylalanine,
consi sting of fornyl, 4thiazdlydlanine, 2dbieaylalaning;| {:-beihzdthignyl)atanine, 3-

gar boxyd err]al kyl , C?&?@H@Wﬁtﬂfpﬂﬁﬁf%Hym?i’ﬁ'é?!ép&hﬁfn"el al kyl ,

PCT/ US96/ 0845\é\0 90740 3-tri-C1-qalkyisitylalaniag, ¢yslohexylglysines diphenyiglysineuner e t he
phenyl substituents arphenylglycine, methionine suiforidee mbathioninessultorieed f r om one
O orv1 1 ok By oy B gormnpyianing 2(-nBBHWAMARE 2] 2 YL,
d err]al kyl ani no, C[-er‘aj'@ﬁ&t‘l‘aﬁ'ﬁm"ﬁb, Pherwl substitited phenylalanine (where the
[ err] al koxycar bonyl ) , substitugintsh ang ise€leeted tadrh\C+1.-4alkyl, perfluoroCq.4alkyl,
C1.4alkoxy, hydroxy, halo, amido, nitro, amino, C4-4alkylamino,
C1-adialkylamino, carboxy or Cs.satkoxycarbonyl), aspastic acid,
30 aspartic acid-4-C1.4alkyl ester, glutamic acid, glutamic acid-5-C1.
salkyl ester, cycloCa.galkylalanine, substituted cycioCg3.galkylalanine
(where the ring substituents are carboxy, C1.4alkylcarboxy,
C1-salkoxycarbonyl or aminocarbonyl), 2,2-diphenylaianine and all
alpha-C1.salkyl of all amino acid detivatives thereof, '
35 where the amino terminus of said second amino acid is
' unsubstituted or monosubstituted with a member of the group
consisting of formyl, C1.q2alkyl, tetrazol-5-yiC4.2alkyl,
carboxyCy.galkyl, carboalkoxyC1.4alkyl, phenyl Cy.4alkyl,

6




C"err] al koxycar bonyl, phenyl C[ err] al koxycar bonyl

d err]al kyl carbonyl, perfluoro(err]al kyl ([err]alkyl carbonyl,
phenyl ([ err] al kyl carbonyl, substituted phenyl ([ err]al kyl car bonyl
(where the phenyl substituents are independently selected 10

Lrgm one ﬁrl rmrwa_ﬁds,mﬁe'[r] al kyl, peg{l uo]roI (k:[Frr] al kyl, [ er r pEnssvéx0s4s6
ydroxy, halo, am do, nitro, am no, err] al kyl am no,
C err]dial kyl am no, carboxy or, Cerr]al koxycarbonyl), 1,1 - i
gi[ phe]ny: ck:[ err] ﬂ kyl Icar bonmfwﬂtg@ ]pa]zn%.yid%gzﬁmwh:re the pf;:;\yul)f;bstﬂrenti 5are
err].al koxysul fonyl, perfinde ettt e oé or phere\ots .
substituted phenyl suf onyl %%éfqg hg l?ﬂeg I git Jg{g Saf. & zm] it
i ndependent |y sel ected frofmc 1'% ’ ',48%P ’r'i %f', » &Mid0, nitro,
per f | uoa)C[ e]r r} El IkyI e egm;ﬁalk{mm,cmwkymmoﬁ carboxy pr
am no, err] gl kyl am no, r NPa. :
ek oo o oty
phenyl ([ err]al kyl sul fonyl , ' r nyl ,
C errlal kyl sul finyl, perfl Gorealkylearioryk\perfiliéroG.salkyiCosaiiyldarbonyl,
substituted phenyl sufinyl “\Qﬁ; t S 4 ;
I ndependently selected f roél 0 498?‘9%%%+Ylf&% l}l&#?ﬁwr’ﬁn@f@.ﬁlkylcarbonyl
perfl uoa)C[ e]r1L } El IkyI . d eé‘?‘&@?ﬁ?fh@ﬁ?ﬁ%ﬁ?ﬁ@z?;ﬂl Q!’@gnﬁP"P:Y:),sg'EB’ed
am no, err yl am no, ront of mor@ of, .4 uofro Gy.qaikyi, alkoxy,
d err] al koxycar bonyl), phegy&&ﬁrﬁ%)ﬁlg% uInFti,tpy in u?st- fa?ﬁ*:o 1-4 Y
phenyl C[ err]al kyl sul finyl 1naphthyrsuftonyl,™ -"Haéh I’IVHSHS ony1,
substitut ed napht hyl sul f onfds kylaminge ca Craglkoxycasbenyll 1,1-
?]elject ed Lr Iom d er (rj] al kylt : dmefnylmf.&ﬂ;ﬁéélb@r u:c1-ﬁnwxé&wdmxy, 30
ydroxy, halo, ami do, nitr kT
(lerr]dialkyl am no, car box& 16%%&??& I&,Oé%a¥?§?wr%?$ylsulfonyl, phenyisulfony,
1- napht hyl sul¥8 nyl , 2- naphsHbstiuled; plianyisuionyl fwherathecphenyl substituents are
]papht gl sui f: Ey: (\Nhe][le thmgu?ahabw{s(y ?Mbabutfktﬁﬁ}ogb%ﬁﬁ%@gé@¢1.4aéky||, -
romferr]alkyl, perfluorg rrﬁf Y. errjal kgx ?/rpx hal g
ami do, nitro, am no, err A SIRYb G t-a5PRY, FYRERAY ,“cé?’ﬂ itro,
or ([err]al koxycar bon?l[) : fa)mir%f C1.4alkylagino, ;-mmmwno. carboxy O%yn
|73CT/ US96/ 084 WO 96/ 40748R[ C1-4atkoxycarbonyl), 10-camphor.;sulfon l, o
Lr el.e r r
consi sting ofhydrogen and y‘(.]ﬁaﬁwls,ulfonyl, su%siltufqiSp‘rnﬁ@ﬁaﬁ(y%u%gyl.
-sel ected fromthe group corli-ealkylsultinylaperiiuareCalsalkyisulfinyl, phenyisulfinyl,
guani di no(ferr]al kyl, ( er rgpfitvtettgRariiisiAinlyE(wHctb e phanyl substituents are.
diQerr]al kyl guani dinod er) g hdently selectad from ohe of mord of, C+.4alkyl
- perfiucroC1.4alkyl, C1-salkoxy, hydroxy, halo, amido, nitro,

25 amino, C4.4alkylamino, C1.adialkylamino, carboxy or
C1.4alkoxycarbonyl), phenylCq.4alkyisulfinyl, substituted
phenylCq.4alkylsulfinyl 1-naphthyisulfonyl, 2-naphthylsulfonyi,
substituted naphthyisuifonyl (where the naphthyl substituent is
selected from Cy.4alkyl, perfluoroC1.4alkyl, Cq.4alkoxy,

30 hydroxy, halo, amido, nitro, amino, C1.4alkylamino,
C1.4diatkylamino, carboxy or Ci-4alkoxycarbonyi),
1-naphthyisuifinyl, 2-naphthyisuifinyl and substituted
naphthyisulfinyl {(where the naphthyl substituent is selected
from C1.4alkyl, perfluoroCi-4alkyl, C1-4alkoxy, hydroxy, halo,

35 amido, nitro, amino, C4-4alkylamino, C4.4dialkylamino, carboxy
or Cq.4alkoxycarbonytl); '



al:kyl amdinoCerr]al kyl, diCferr]al kylam dinoCerr]al kyl, C[err]al koxy

Cerr] al kyl , phenyl, substituted phenyl (where the
substituents are 10 i ndependent|ly sel ected fromone or nore of,
am no, am di no, guani di no, Cerr]al kyl am no,

C err]di al kyl amwe sedyphgooen, perfluoro - d err] al kyl PCT/US96/08456

Cerr]al kyl, Cerr]alkoxy or nitro), benzyl, phenyl substituted

benzyl (where the S;tijft ituents are independently selected from one

or nore of, am no, i @i no, 'guanidino, (err]alkylamno, Cerr] 15

di al kyl am no, hal ogen, g@géfed4rin® isti Wirdderl and € £ .koxy or

nitro), hydroxy(ferr] alskyl , hC[ er }r]ga?':(y Ea&n‘%ﬁﬁoCE[né:Pri]“'zsa,I kﬁé, an ?géﬂ@i,

C err]dial kylam no([ err]al kyl, 4-am nocycl ohexyl ([ err]al kyl and

\(l\:[,herr]al_kylé)3 R3_F!2ispi300r 1, 20 Bis [err] t .
erenis O- is aag\ s y o is

bound to E 255 Ehlaételg[sff‘d’rﬁ]tﬁé 59dup s‘a%@?%r%@%#@'g%e &écted fromthe

group consisting of ox8uanidinofasalkyl, Ci-alkylguanidineGesalkyly |, t hi azol - 2-yI,

Z hi azolz- S-yl, tlh! azgl -ﬁli@halkh@;@a‘tﬂ&in&@:@dlk |,I amidinoCa.salkyl] Gydazol - 2-yl,

- 0X0- 2- qui noxal i n- 2-y s DViT 3= PY LdY -
benzo[ b] t hi ophen- 2-yl %‘gﬁ?ﬁ?gg%ﬁaﬁa%ye @Qﬂﬁ@%ﬂﬂ'@%@?ﬁlk’ylv C1-zalkoxy Co.
benzot hi azol - 2-yl, tri salyl phenyl, sutstitted phenyl (wbereiths substituents are

pyrim di n-2-yho independéntiysdiédied fiom oh8 & Imote)ti, aminbaafididoy | .
4,5, 6, 7-tetrahydr obenz

h ol - o 25 naphthol 2 1
-d]thiazol - 2-yi, napht %hﬁ'ae%ﬁwdﬁw%v&w.%Pmﬂ'%'k%aml > Hiogen, perfluoro, |
i soqui nol i n-1-yl, i soq&walkyh-Gr.yaikylp©naalkioky or aitra), bénzy) phenylsubstituted -

8 WO 96/ 407 4gnzyl (where th i re independently sel
PCT/ US96/ 08456 VI fhere the ubptiuagts pro | sog?fi' geé"él;ﬁ 8cted trom one

I, n-2-yl, -
i sot hi azol =3-yl, puri n-%-@ﬁrgzﬂna ing, amidino, Qalaé'l'ﬂig?'i it 'B&o@fv'cl e where
t hef Isubst i ajensls iark eI s qiiatkydamine| halogdn, perfluoro C1.48tkymG3Lamtky),aCicgaikoxy or
erfluoro CJerr]a , ,ﬁf@r ;%
I?\i tro, amno, (er r{al %ﬁ@:@;ﬁﬁ' %Er?%d@qa%krln ngto ér%

Xy, 5
[ err] al koxycar bonyl , le Ar3rBINOGY el ﬂ!ﬁg;-%'mll and C1.salkyl;

or pharmaceutically acceptable salts thereof. The ternms used
in describing the inﬁngiogmare commonly used and
20
Bis
Y
R3
where n is 0-3, R3 is H or C4.salkyl and the carbonyl moiety of B is
bound to E;
25
Eis

a heterocycle selected from the group consisting of oxazolin-2-yl,
oxazol-2-yl, thiazol-2-yl, thiazol-5-yl, thiazol-4-yl, thiazolin-2-yl,
imidazol-2-yl, 4-oxo-2-quinoxalin-2-yl, 2-pyridyl, 3-pyridyl,

30 benzolbjthiophen-2-yl, benzoxazol-2-yl, benzimidazol-2-yl,
benzothiazol-2-yl, triazol-4-yl, triazol-6-yl, tetrazol-2-yl, pyrimidin-2-yi,
quinolin-2-yi, indol-2-yl, pyrazol-2-yl, 4,5,6,7-tetrahydrobenzothiazol-
2-yl, naphtho[2,1-d]thiazol-2-yl, naphtho[1,2-djthiazot-2-yl quinoxatin-
2-yl, isoquinoiin-1-yi, isoquinolin-3-yl, benzo{blfuran-2-yl, pyrazin-2-



10° known to those skilled in the art. However, the terns that could have

ot her nmeani ngs are defined. "lndependently" neans that when there are
mos e than one substituent, the substitutents may be different. The
term"alkyl" refers to straight, cyclic and branched-chai n al kyl
groups and "al kepowsapager s O al kyl where al kyl is as defi

"CBZ" refers to benzyl oxycarbonyl. "BOC' 15 refers to t-butoxycarbonyl and
"Ts" refers to toluenesul fonyl. "DCC' refers to

1, 3-di cycl ohexyl car bgijlquinaznlin-2k\iSothiazel:Syl; sothidzdl-Bylesurint-8-yl anggr i di ne

G met hy! i no- 1- naph R A HBTSE WiER e QDSH.Bms oF{Rlppto Sofdcied © ©

f 1 uor enyl met hoxycar b3 C1-48ikyl, perfiuoro C1-4aikyl C1-salkopyrhydroxy.aigramidooN OF

THE ::\IVEL\ITI tON nitro, amikee Oy &00(':1.‘;45%"{;‘!&9{&0 Qarb®uy, be pr epar ed
as illustra in us

corrpound \/\/ne(rasfaj Ais ac‘zsgﬁﬁ’gﬁg%%‘ é.ﬂgﬁﬁgﬂ %:ﬁlg%&&%@

L-proli ne and the second ami no aci d | s N-net hyl - D-phenyl al ani ne,
benzoxazol -2yl O har PharmiaBeafealy BecbbRtle s ioredt,  From this
general schene are listed below with the appropriate nodi fi cati ons.
30 A nat ural ofhestermswused inrdesoribing the nviention taxe icomngriy nsed andt he
Scheme. 10 ect af%dggsﬁr@samwa@yub 08, ke Mwaawépgt%é@ give
with CBZ and meanings &g Fﬁﬂaﬂﬁi noinfep aﬂﬁttha?a‘%'l'e" G?Ofeéham

J. Chem Soc. D.ofd®8&@bstituent, the subifittients hﬂymwdlﬁetemg Thecom "alhyl tefersoi ed

stabi e 1o moder abRpEYgie S oenef il iy %ﬁé’%&""‘"@ﬁ Sitioh

are mutual'ly excwheiekylds asslefiged supra. "GBZ]yptesp to bepzylogyearmpnvhd"B
[err]-am no 15 ot esféisite tdutoNyeationyl and €1$” refers to foRsaIRSUIRIRILY "Dé@@efiﬁs to

FMOC- err] and f
A NT V\l) oy l@ég%ﬁéﬂlcarﬁ%iuﬁm%ﬁiﬁ refir2$b SN dimethylaminopyriding |
protecti ng gr oupdnd EHOBTE daferstabrnydepxybgnaotriazalg hydwies "Pansy'gafars to 5-
Synt hesi s; John diheétyl&niie-3 -nditithalendsulidbRrhide and "FMoc" refers to RGBEVE |
[err] fluorenyimethoxycarbonyt).
20 '
DETAILED DESCRIPTION OF THE INVENTION

The compounds of the invention may be prepared as illustrated in
Schere 1. The Hlustrated example prepares a compound where Aisa °

25 polypeptide where the first amino acid is L-proline and the second amino
acid is N-methyl-D-phenylalanine, R1 is hydrogen, Rz is amidino C4 alkyl, p
is 0 and E is benzoxazol-2-yl. Other compounds which may be prepared
from this generai scheme are listed below with the appropriate
modifications.

30 A natural or unnatural amino acid is the starting point for the scheme.
Compound 13 is prepared by known synthetic procedures to give the
protected amino acid, where the a-amino group is protected with CBZ and
the a-amino is protected with a Ts. Culvenor, gt al, J. Chem . Soc. D. 1969
19,, 1091. The protecting groups can be varied . In Scheme I the e-amino

35 and w-amino protecting groups must be stable to maderately acidic
conditions and removed by methods that are mutually exclusive. Examples
of appropriate c-amino and w-amino protecting groups are listed
respectively: FMOC-TS, FMOC-NO2 and CBZ-NO2, For exampies of other

9
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[err] Compound la is coupl ed
tQq 1,1 -carbonyl diimdazole in THF at 0-10 C, followed by treatnent
wi'th Dl BA/hexane at -42 [err]C to give aldehyde Ib usi ng the net hod
described by G Qgfoepiagd! - Journal O The American 5 Chemi cal pgqnjsoéisass
1995, 117, 1225. A direct conversion of la to Ib may be acconpl i shed
usi ng bi s(N-net hyl pi perazi nyl ) al um num hydride in tol uene at 0Cto

reflux. (Hubert, seitabié pratectingagrogps Seg&reen,Chrendaray Prgeating/Groupsin) .

Anot her et hod f @yghiie Shnifddis; JORKHSWTdyO8 Sehs! RehOybik, 488#, bor ane-
dinethyl sul fide in" THF at 25 Cto reflux. Brown, at al. Synt hesi s 1979,

SCHEME I
H H O
Cbz COH Cbz” H
CDi KCN
DIBAL
TsHN NH TsHN NH
Ia Ib
. NH2
H, HO CN W OH H0\©
Cbz' H Cbza ' OCH3
. HC! NH Ie
: *HCI
MeOH
TsHN NH .. TsHN N
Ie Id
H OH
0 OH
1
w———
TsHN
NH TsHN NH
5 If Ig

10
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PCT/ US96/ 08406 704. Yet another nethod is to convert the carboxylic
acid to the - correspondi ng Wei nreb Ami de using triethylam ne, BOP and
N, O di et hyl hydr oxyl am ne hydrochl ori de. Reduction of formed amde with
LAH i n THF gi vegoddiae®®’ r espondi ng al dehyde. 5 @anohyﬁﬁ' ,?b&?'.,
prepared by the addition of KCN to an emnul sion of t he al dehyde %gﬁn
Herr]O MOH and ethyl acetate at room tenperature. Al ternatively

conpound | C can prepar, o] ni ng al dehyde Ib, CHQEQ H O}anohydri n

and trlethylamne in of ogt hane at roomte | nhdate 1d,
is prepared by tr C gogaseous HGe ne ha 10 Beliz 0 ole If
is prepared by h i n dwthle in ethano eflux N~4€i§§ine
g is prepared by hydfiogenol ysis of If usi ng O—I)[err]/C S a

catal yst at room tenperatihe under_atnospleric or el evated Rressure using

enpl oyed usi ng sui tlgHe reaction c ions. her rea t hat may be 15

a hydrogen donor solvent. O her ca§ﬁ§?§ts such as Pd/ C or Pg bl ack can be
t
used t,0 renove the CBZ group include: hydrazine, iodotrinethiyHsilane

met hanesul foni ¢ aci d/ ani sol e and boron tribrom de. Ii Conpound I g
may be coupled with acid I h HOBT and DCC i n CH3CN at room tenperature
to give the coupled alcohol Ii. Qher suitable coupling reagents

i nclude: BOP, BOP-C and PyBrOP. 20 Conpound Ii is oxidized to
conpound i using periodinane in an anhydrous aprotic solvent. The
final step of the Schene | is deprotection of i using HF in the
presence of a carbocation scavenger such as _ani sol e, t hi oani sol e,

pent amet hyl benzene, OesseMéibsul fi de and GH3 by reverse

phase chor omat ogr aphfenesingne e the fin 0. To produce the
conpounds of the invention where ACBE’L r |  err]al kyl
and substituted phenyl (err]al kyl, the arting iaN Schene

is nodified. Treatnent of corrpound la with two equiyal ents sodi um

hydride in DMF fromO[err]C to roomtenperature fol
hal i de gives the N-al kyl ated carboxylic acid. This
under 30 the sane reaction conditigpns used in JsHN!

cid can be treated
Nh to dijve the desired

conpounds as illustrated in Sgge I A
12 anisole
CH3 O H.O
H.N N rl-0
0 N<4
H
2N N
Ik

Compound Ia is coupled to 1,1'-carbonyidiimidazole in THF at 0-10°

C, foliowed by treatment with DIBAL/hexane at -42 °C to give aldehyda Ib
using the method described by Greco, et al. Journal Of The American

5 Chemical Society, 1995, 117, 1225. A direct conversion of Ia to Ib may be
accomplished using bis(N-methyipiperazinyl)aluminum hydride in toiuene at
0 °C to refiux. (Huber, et al, Journal Of Organic Chemistry 1984, 49, 2279).
Another method for the direct conversion of Ja to Ib uses borane-
dimethylsulfide in THF at 25 °C to refiux. Brown, gt al, Synthesis 1979,

11
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PCT/ US96/ 08456
[err]

WO 96/40748 PCT/US96/08456
704. Yet another method is 10 convert the carboxylic acid to the
corresponding Weinreb Amide using triethylamine, BOP and
N.Q-dimethylhydroxylamine hydrochioride. Reduction of formed amide with
LAH in THF gives the corresponding aldehyde.

Cyanohydrin [ is prepared by the addition of KCN to an emuision of
the aldehyde [b in H2O, MeOH and ethy! acetate at room temperature.
Alternatively compound Ic can prepared combining aldehyde Ib, acetone
cyanohydrin and triethylamine in dichloromethane at room temperature.
imidate Id, is prepared by treating J¢ with gaseous HCI in methanol.
Benzoxazole If is preparéd by heating [d with [e in ethanol at refiux.

Amine ]g is prepared by hydrogenolysis of If using Pd(OH)2/C as a
catalyst at room temperature under atmospheric or elevated pressure using
a hydrogen donor soivent. Other catalysts such as Pd/C or Pd black can be

- employed using suitable reaction conditions. Other reagents that may be

used to remove the CBZ group include: hydrazine, iodotrimethylsilane
methanesulfonic acid/anisole and boron tribromide.

Compound g may be coupied with acid Ih HOBT and DCC in CH3CN
at room temperature to give the coupled alcohol [i. Other suitable coupling
reagents include : BOP, BOP-C! and PyBrOP.

Compound Jj is oxidized to compound ]j using periodinane in an
anhydrous aprotic solvent. The final step of the Scheme I is deprotection of
Ij using HF in the presence of a carbocation scavenger such as anisole,
thioanisole, pentamethylbenzene, dimethylsulfide and cresol followed by
reverse phase choromatography to give the final product Jk.

To produce the compounds of the invention where A is C1.4alkyl,
phenylCy.4alkyl and substituted phenylC4.4alkyl, the starting material of
Scheme 1 is modified. Treatment of compound Ia with two equivalents of
sadium hydride in DMF from 0°C to room temperature followed by an alkyl
halide gives the N-alkylated carboxyiic acid. This acid can be treated under
the same reaction conditions used in Scheme 1 to give the desired
compounds as illustrated in Scheme IA.

12



3 WD 96/ 40748

PCT/ US96/ 08456 If Ais (err]al koxycarbonyl,

phenyl [ err] al koxycar bonyl , d err]al kyl car bonyl

G err]cycl oal kyl carbonyl, phenyl carbonyl, and substituted

phenyl car bonyl . Sch | may be nodified once again. The CBZ pprrnws»m0s4sé | a

I s renmoved andw ulting free amine is reacted with an appropriate 5
car bonyl compound. Exanpl es of such conpounds are benzoyl chloride,

propi onyl chloride, nethyl chl cBGCHEME &A cycl ohexane carbonyl chloride,
benzyl chlorof ormatefand the Iike. This startingEkat®rial is used in Schene
| B. under the same cg djgopns used in Schene dbé[' t he desired

conpounds. Cbz SCHEME | B erf ]
———— ——
DIBAL
. . TsHN \H TsHN NH
Ia
NH2
Et. HO_CN e P “°*©
Cbz” H Cbz’ 3
HCl NH Ie
HClI
M&OH _
TsHN NH TsHN NH
Et. OH o | OH
Cbhz” 1 EtHN
. TTEy
—————- :
TsHN
NH TsHN NH
0
1-Periodinane EtHN o
1
To— O
2- HF/anisole
NH2"



14 WD 96/ 40748

PCT/ US96/ 08456 Simlarly, when Ais: (err]alkylsul fonyl,
perfluoro C err]alkyl sul fonyl, phenyl sul fonyl, substituted
phenyl sul fonyl, Cerr]al kyl sul finyl, perfluoro Clerr]al kyl sul finyl,
phenyl sul finyl, wgh ﬁydbuted phenylsulflnyl , 1- napt hyl s pdiainssk/osese
2-napthy|su|fony| substituted napthylsultonyl, [err] 5

napt hyl sul fi nyl, 2-napthylsul finyl or substituted napthylsulfinyl; the
desired conpoundl AnisyCtaaikorycariohyi,r pheryl@4.salkoxyaasipamdi ng
comrer i al |y c,ﬂ.\éﬁlﬁ%ﬁré%i&&&ﬂﬁg)lcﬁﬂgnﬂméheﬁ%l:é:!bBM{n Qﬂh'éi‘ﬁ%nﬂﬁé&‘g

Schene | B. am no

connected to anophevxvlcarbonﬂr Sehemed mabe "Pﬁ&i' %Oﬁ%%égﬂgal.'frhe gﬁ% QVOUP of
[err]-coupled anigfig @moﬂeemrﬂttﬁstvéghltﬂrfg fréé aﬁm@%watiedwm anethprdpricie Schene

2- azet 1 di nocas boBHETYLENTBORH, ERtoles o sheh ihbupRE ARG BhEW crjgpce.

val i ne, net hioni peop:owlmlomte mtlnyh@hlumiounatea@yclobesampanbonyt chiatdee,
conneated 11 'o”?:[ e o HfRGtorAale Wiy e/ ”Wi s::ug? a‘?’ﬁﬁ’?’ "““’"ps"ﬁé'ﬁe
Clerr]al kyl), ('i“‘ié/'cﬂ‘?)% ]‘Eﬁl} Bé\ onyl ),

(2, 2-di phenyl - 1 compounkisdroxyet hyl car bonyl ),

([1,2,3,4]-tetrahydroi soqui nol i neSGHﬁMEﬂB)
([1,2,3,4]-tetrahydres nol i ne- 3- car bonyl ),

cyclohexanecarbonyl dreéﬂdl cycl ohexaneqg .
| ohexyl - 1- hydr¥

3 -rret ylamno 1 -

(1- hydr oxy- 1- phenyl PE phenyl - 2- 20
hydr oxypr opi onyl, 3, 3-di yl - 2- hydr oxypr opi onyl , cyg! ohexyl - 2-
hydr oxypr opi onyl, formyl?; err] al koxyd®bonyl , | kyl car bERHNI |

perfluoro(err]al kyl (Jerr]
substituted phenyl ([ e
al kyl carbonyl, substityte

perfluoro(err] alkyls ?ﬂ@n derr] aIkyIsulfonyFlH55
substituted phenyl sul fonyl, perfluoro(err]alkyl sul finyl,
Clerr]al kyl sul finyl, phenygsul finyl, substituted

r]aIkyIcarboﬁmL, 1,1 -diphepyyl (err]
, 1- di phenyl ([ err

phenylsulfonyl

phenyl sul fi nyl, 1- napt hyl sul f onyl , 2- napt hyl sul fonyl, substituted
napt hyl sul fonyl , 1- napt hyl sul fi nyl, 2- napt hyl sul finyl, and
substituted napthyl sul finyl. If Als a dlpeptlde mho;ghanlno
termnus is connected anqﬁnsrCN

E ?HC!
MeOH
TsHN TsHN

Nt mﬁ@ N EKKQ

2- HF/anisole
TsHN NH

10
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30° group, once again Scheme | may be used. One exanple is the replacenent
of Ih, with Nnethyl-N CBZ-D phenyl al anyl - L-azeti di necarboxylic acid to

give t he correspondi ng final product using substantially the sane
reaction conditions as Schene I. To prepare conpounds
where Rerr] is err] is amnoClerr]al kyl, 35 )

guani di no(f err] ﬁ%’@m dino(err] alkyl, Cerr] alkoxy(d err]ng,Eflylsfosm
phenyl , substituted phenyl (where the substituents are selected from
ami di no, guani gliriarly GvRén Adisk T 24aiRAsulforyh gimiudrer €| YakgisGlisnyi)

al kyl, C(err]alk I nd. nit o), benzyl r

substituted benzé{"e'zmtpgylf %B%‘hh&*'%%w?%%my" &'43*%'%%”"%9%”0'0

15 WO 1ogiydsulfinyl, phenylsulfinyi, substituted phenylisulfinyl , 1-

PCT/ US96/ 08456 i el

al kyl ani no, h |o"§ﬁth%g'rf?m'§%gs&ﬁy'ﬂ:gﬁﬁﬂﬁ] %’_kfém%ﬁgﬁir a)Il rxl’fd’rfy Y 1l

al koxy and ni ro?‘?P'@‘M@W'ﬂYhzm%mWﬂﬁ‘i“ gyl féﬂbﬁﬁ'é*%!/ apthylsulfinyl; the desired

(Pfér: di n- 3- él %anbompﬁiimw inalykod preplared frohk Yhealrtowesgotidingtémim | erciatly C gr r]

a e che s | a nm e

rep?/aced 5wt Epaf‘:'%'#ﬁigérl %%%ﬁgvﬁﬁgﬁ%a%'n@‘%g&@" i%%ﬁég% I:d'ar gi xi ne,

| euci ne, phenyl alf Alsan aming agid. whese amingpieEminusds gannectegte goatheropy |

gl ycine and groups; Seyemayl may dei wsid adier.c ThN-soapied EreindWLId fsrotiekdd as
th ti ' t, ' TS O

oy oL o1 Wmoessard B 8B FUSTd Bh bood Rsq Bp bl

avai | abl e, as i s Alarine.:rsparagine,2-azetidinecarbpxylia aciddglyriaey profine, sipecoliniot ed

benzyl, the desi I, 35 Méthdnlf) chsteine, sefd) tARkinkf ! @uciﬁel,b%wéﬂe,

chem cal procedures.. See .D. A FEvan$ et al et rahedron , ,

5525- 55 40')0 : .and |so§euep5e maeyp;aq gsgg?&)mﬁlaghqmg&&se@‘ i?lgelr amlpo groups are

g— ﬁxo- 2|— gui nogal iconfected to C1-4albyint;llharwﬁﬂualkym (sab.dtltbtmtphm)dm!-dﬁlkyﬂ)., I
cheme may 4lge : j e Ji : -3, eno

gives the benzot “H?S'S%P?“ﬂc‘ 4TS g vgﬁﬁ?xﬁm,ﬁﬁéﬂjﬂe!ﬁs‘g?ea hhpers

condi tions as Sc Myethyiqarbemd). ([1.2,3.4etahydsaisopuinlingyi-eareom)t o renove

the CBZ group. Hdofk22i4)4etyalvjdroisequinoline-tdarbony), (d<methyldmitiocar | i er may be

used. | - § | = | may be
nodi fied to give ?Jﬁ{é’hgbéﬁefe%g?ﬁé@?gg%ﬁ@s?@émlﬂﬁ%ﬁ%wy'n Schene 1c.
Repl acement of cdipfigrery-1-phenylacelybn 1:Sysiobexy- tshygroxyasetyl. Borhemnior i de
gi ves the t hi2gzol hytroxipropionyly 8,3-diphbnyl-2-hydroxgpropionyhr 3-eyclohasyles
CH err]C[err] asﬂi& P 6!(1)yl Qerigh, .ﬁ‘Hlkéa&EaH&f\XE @1‘-Fﬁlk?fcﬁﬁb&nyl _of
conpound |1 with ro rﬁtﬂg éram%ves [azole 1m I‘'dat i.on of
the hydroxyl grouPRrByorofaAlky Blky L RiYenyHet -4alkyicasbonyl. substituled | s
25 with HF/ ani sopkergiCeaalidgiearmonylct hadiphatgiC i3 talkybcdrbonyl, substituted 1,1-To
prepare ester derjwall mﬂﬁ'ﬁ Qifon |t
or Immy be nodi ?‘Pgﬁ‘l“ﬁgfﬁg}ﬂgﬁ&% ﬁlé%%st ry. egé)eé"%n prn XEeac?eie 4[?9'#%?4’@6\% ng
ester deri vat3%esphenyisulfonyls substituted; phenylsufaayly pertiuorGl d@lkyigulfswhr bony! |
am do, fornyl andCqt4atkylsailfinyl\pbienyigutfinyhsubstiyted paenylisulfinyl, 1-napthylsulfonyt,
2-napthyisulfonyl, substituted napthylsulfonyl, 1-napthylsulfinyl, 2-
napthyisulfinyl, and substituted napthyisulfinyl.
if A is a dipeptide whose amino terminus is connected ta another

30 group, once again Scheme I may be used. One example is the replacement
of Ih with N-methyl-N-CBZ-D-phenylalanyl-L-azetidinecarboxylic acid to give
the corresponding final product using substantially the same reaction
conditions as Scheme L

To prepare compounds where Ry is H and Rz is aminoCz.satkyl,

35 guanidinoCaz.salkyl, amidinoCa.s alkyl, C+.3 alkoxyC 2.5 alkyl, phenyi,
substituted phenyl (where the substituents are selected from amidino,
guanidino, C1-4alkylamino, halogen, perftuoro C1.4 alkyl, C1-4alkyl,
Cy.zalkoxy and nitro), benzyl, aryl substituted benzyl (where the substituents

15
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SCHEME I C  [err]

Anot her nethod of preparing the conpounds of the invention is
illustrated in Scheme I1. The illustrated exanple prepares a conpound
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are selected from amidino, guanidino, C1.4 alkylamino, halogen, perfluoro
C1.4 alkyl, C1-4 alkyl, C4.3 alkoxy and nitro), (pyridin-4-yl)amino C1.4 alkyl,
{pyridin-3-yl)amino Ci.4alkyl, C1.salkylamino Ca.salkyl, and C1.s aikyl;
Scheme I may be used once again. Starting material [a may be replaced
with commaercially available amino acids, such as : arginine, leucine,
phenylalanine, lysine, p-amidinophenyl alanine, methoxypropyl giycine and
2-(3-pyridyljalanine; where the o amino group, as well as any other reactive.
substituents are protected with CBZ, Ts or FMOC as appropriate. If the
desired substituents are not commerically available, as is the case when Ra
is substituted phenyl and substituted benzyl, the desired amino acid may be
synthesized by published chemical procedures. See D. A. Evans et a/
(Tetrahedron 1988, 44, 5525-5540).

To prepare compounds where E is 4-oxo-2-quinoxalin-2-yi,
benzimidazol-2-yl and benzothiazol-2-yl, Scheme I may be used again.
Replacement of Je with 2-aminothiophenol gives the benzothiazole
derivatives following the same reaction conditions as Scheme I; with the
caveat one must not use Pd to remove the CBZ group. Howevar any of the
other methods listed earlier may be used.

It E is 5-carboethoxythiazol-2-yl, Scheme I may be modified to give the
desired compounds, as illustrated in Scheme Ic. Replacement of compound
Ie with cysteine ethyl ester hydrochioride gives the thiazoline derivative Il at .
room temperature using CH2Clz as a solvent. Oxidation of the thaizoline fing -
of compound 1l with MnO_ at room temperature gives thiazole Jm. Oxidation of
the hydraxyl group of Im, followed by remaval of the amino protecting groups
with HF/anisole gives the carboethoxy derivative m

To prepare ester derivatives of In, the carboethoxy group in either I, In
or Im may be modified using known chemistry. One can prepare the following
ester derivatives in this manner: carboxy, phenylC+.4alkylaminocarbonyli,

-amido, formyl and other alkoxyCs.4carbonyl groups.

16



5°*where Ais L-proline which is connected at its N-termnus to
(1, 1-di phenyl C
guanidino C3 alkyl, pis 0 and E is t hi azol -2-yl. O her conpounds which

2 al kyl carbonyl ), Rerr] is hydrogen, Rlerr] is

nmay be prepared fromthis gener al schenme are |listed below with the
appropriate no ns. :
WO 96/ 40748 Wo/siAlra8 PCT/ US96/ 08456 T Cr/VSI6A84S6E

SCHEME | |

[err]

SCHEME 1C

2N X
HS

CO,Et

MnO.
*HClI COzEt
TsHN
TsHN
Id
0
1-Pericdinane Et.
H 1 S
N
COzEt 2- HF/anisole CO.Et
NH2 NH
Im In

-

Another method of preparing the compounds of the invention is
illustrated in Scheme II. The illustrated exampie prepares a compound
where A is L-proline which is connected at its N-terminus to (1,1-diphenyl C
2 alkylcarbonyl ), R1 is hydrogen, Rz is guanidino Cz alkyl, pisOand E is
thiazol-2-yl. Other compounds which may be prepared from this general
scheme are listed below with the appropriate modifications.

17
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A commer ci ally available acid Ila is the starting point for this schene.
Said acid is converted into the activated ester derivative |Ilb by treatnent

with : 18 WD 96/ 40748

PCT/ US96/ 08456 DCC and 2, 4, 5-trchl orophenol at - 20 - 0 [err]C in an
inert solvent syedodifpr4pHF- The proline derivative I1d was m&lﬁ y
treating Ilb wwth Ilc, triethyl am ne and pyrindine. Alternatively Ild

coul d have been prepared directly bé treating acid Ila with am no acid
llc in the presence any of the peptSCGHEME &bupling agentg listed in Schene
I The Weinrgb agide of Nerr]Boc-Nerr]-tos gynine, Ile,

was prepared by litqratyre procedures fronPlyhe Gr of £d aci d. Di Mi o,
et al. Journal of piyeEth ChenistTP™ 19 5 % 3% _AThi s —anT e was
treated with I'If at -78 [err]Cin THF to ve ketonelllg. This ketone
may be reduced with a 10 jpqdride reducing agent sucpnas Godiu

borohydride, at -20 to room tenperature follo by trea O t h
TFA at roomtenperature to give the correspondi ng am ne | H.

in acetonitrile gives the codpl ed al ' QHer peptide coupling
reagents 15 which can be used for t i ol include:

Coupling Ilb and Il1d in the presenceﬂi\(&w HOBT at room tenper ggir e
|
s rea

benzotri azol - 1-yl oxy- tri s(di met hyl - ami nd®phosphoni um

hexaf | uor ophosphat e, bis (2-oxo-3- I azol i di nyl ) phosphi ni ¢ chl ori de,
2-di net hyl am noi sopropyl chloride hydrochl ori de and
bromo-tris-pyrrolidi npphg@sphoni um . hexaf | uor ophosphate. Oxi dation of

i to the ketone_usiNg er igtdisnane ing20 CHerr]Cyerg], followed by
removal of the [eB®§>a nd".g[_lg{t%cti r’égoup with HFq“ dfi S~ anisole gives
the desired product 1I\. 3 F0 prepar edgge n df the

i nvention where Ais err]al kyl N

\H IIf
HN=X T e—— NH ——
hH un=X
Ts NH
He Ts g
OH s
NH2 > | Ph O H  OH
Id 2
3 S
N S T—— PMQ( & ]
. 0 N
HN NH NH
Ts IO HN’<NH
ITh Ts
Prh O H 0]
\ S
PMB@]’N > ]
> 0 N
' 10j NH
HN=

. NH2
A commercially available acid ]Ia is the starting point for this scheme.-
Said acid is converted into the activated ester derivative IIb by treatment with
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phbnyl Cerr] alkyl, or substituted phenyl(err] alkyl, the starting

mat eri al of Schenme |l can nodified and used as illustrated in Schene
I 1A ' 19
WO 96/ 40748 PCT/ US96/ 08456
SCHEME 11 A W delaoras PCT/US96/08456

DCC and 2,4,5-trichlorophenol at - 20 - 0 °C in an inert solvent such as THF.
The proline derivative JId was prepared by treating jIb with IIc, triethyl amine
and pyrindine. Alternatively IId could have been prepared directly by
treating acid [Ia with amino acid ]Ig in the presence any ot the peptide
- 5 coupling agents listed in Scheme L
The Weinrab amide of NoBoc-No-tosylarginine, [Ie, was prepared by
literature procedures trom the protected acid. DiMaio, et al, Journal of
Medicinal Chemistry 1992, 35, 3331. This amide was treated with IIf at
-78 °C in THF to give ketone JIg. This ketone may be reduced with a
10  hydride reducing agent such as sodium borohydride, at -20 °© to room
temperature followed by treatment with TFA at room temperature to give the-
corresponding amine ifh.
Coupling IIh and ]Id in the presence of DCC and HOBT at room temperature
in acetonitrile gives the coupled alcohol IIi. Other peptide coupling reagents
15  which can be used for this reaction include: benzotriazol-1-yloxy-
tris(dimethyl-amino)phosphonium hexafluorophosphate, bis (2-oxo-3-
oxazolidinyt)phosphinic chloride, 2-dimethylaminoisopropy! chioride
hydrochioride and bromo-tris-pyrrolidinaphosphonium
hexafluorophosphate. Oxidation of IIj to the ketone using periodinane in
20 CH2Ci, followed by removal of the w-amino protecting group with HF and
anisole gives the desired product IIj.-
To prepared compounds of the invention where A is Cy.4alkyl,
phenylC1.4 alkyl, or substituted phenylC4.4 alkyl, the starting material of
Scheme II can modified and used as illustrated in Scheme IIA.
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The starting material for Schenme 1A is nmade fromthe protected Wi nrab

amde, Ile. The amde is deprotected with TFA, reductively al kyl at ed
wi{ h an appropriate substrate and sodi um cyanobor ohydri de and 5 protection
with BOC to the N-al kylated starting naterial. The illustrated exanpl e

uses benzal dehydwoaguprsgubstrate for the reductive al kyl ati on. pEfises/sass
al kyl ated material can be treated with the sane conditions and reagents as
Schenme Il to give the desired conpounds. If Ais fornyl,

d err] al koxycarbonyl, phenyl(err] alSOKMEMBEIAI, 10 Cerr]al kyl carbonyl,
( err]cycl oal kyl car bonyl phenyl carbonyl, and substituted

phenyl car bonyl, Sch be nodi fi ed olr_lce again. The BOC group of

lle I's renoved vvit eratur andthe resu ngbfree amne S
reacted with an ap co caIIy Iable ?:

Exanpl es of such corrpounds are Q3 c aC| etic .- §

chl oride, propionyl chloride, nethyl chloroformate, ycloh xane rbonyl

chlorideand the like. This{starting material is used under ¥he same
conditions used in Scherre INH to give the desired conpoundg.

Simlarly, when A is: =] al kyl sul f ony+—perfuoro J err]xkyl sul fonyl ,
phenyl sul fonyl, substi tut edNHhenyI sul fonyl, (err]alkyl ﬁﬁlﬁ(l nyl, perfluoro

20 (Jerr]al kyl sul finyl, phefglsul finyl, substi t ut ed phe IstfinyI,

20 WO 96/40748 Ts

PCT/ US96/ 08456 1 -napt hyl sul fonyl, 2-napthyl sul fonyl and substituted
napt hyl sul fonyl , 1- h&*ﬁulflnyl 2-napt hyl sul finyl and substituted
napt hyl sul finyl; t conmpounds nmay be prepared fromtheir
correspondi ng conme Iable aryl sul fon nd QFy Osulfi nyl
hal i des usi ng Schene 5 If A is an am no tﬁo
termnus i% connected to angt her ~greup»Schene || may b gai n.
The N-coupled am no acid be pur chased or prepared by known
procedures. This amno acidng!! replace I1d in Schenme JYI using the
same reaction conditions, & ani ne, asparagine, 2-azetidiygecar boxylic

acid, glycine, proline, peNH)I inic acid, valine, 10 mtm‘%' ne, cysteine,
serine, threonine, |eucine, g£rt-1eucine, and isoleuci ne y be used

in this schene where their amno groups are connected t err]al kyl,
phenyl ( err]al kyl, subsihestastingmatsrial fgr&ehemedIA is made from the protected

1, 1- di phenyl C[ er r | A&iitab annhemﬂ TReleynlde ie/geprotediod with, TFA] irgduttiyelyl-
hydr oxyet hyl car bong..ﬂ,.%;o' Soqw n%ﬁbhﬂgédéd&'sgrg&“w&'sbaﬁm-?cf&{&‘a%ydnde and

[1,2,3,4]- 15 tetr
1- met hyl ami no- 1 cycﬂ"@ﬁﬁ%l'h\y B BQMia the N'alkY'aIe%'ﬂtﬁ*’B&S'"Pt%Wi dheiiystratedony | |
1- hydr oxy- 1- pheny| axatiple useslyen te as a substrate tiraky aeductive altkylation. The

3 byel shexyl -2y 'ﬁiﬁép%ﬁ*%ﬁ?%aﬁ ;'%é%&%ﬂth o sanid CoRHEHL S foflgents as
Clerr] al kyl car bonySchepig |t9(§N9 thedesired FRWW@@ r] 20 al kyl car bonyl ,
phenyl Cerr] al kyl car bdt lis fosmpls Citadlieskycarbonyl phenyiCHl-& alkoxptdrpbayll bonyl ,
1, 1-diphenyl  Chygy r 1ol SIkyRBFRANY 'C3.88dikyit&Bonyl, phenyicarbonyl, and substituted
phenylcarbonyi, Scheme II may be modified once again. The BOC group of
IIe is removed with TFA at room temperature and the resulting free amine is
reacted with an appropriate commercially available carbonyl compound.
Examples of such compounds are formic acid/acetic anhydride, benzoyl
15§ chioride, propionyl chioride, methyl chioroformate, cyclohexane carbonyi
chlorideand the like. This starting material is used under the same
conditions used in Scheme IIA to give the desired compounds.
Similarly, when A is: C1-4alkyisulfonyl, perfiuoro C1. alkylsulfonyl,
phenylsulfonyl, substituted phenyisuifonyl, C1.-4alkylsulfinyl, perfiucro
20 C1i-4alkyisulfinyl, phenyisulfinyl, substituted phenyisulfinyi ,

20



1,1-di phenyl Cerr] alkylcarbonyl, pertluoroCerr] alkylsulfonyl,

( err]al kyl sul fonyl, phenyl sul fonyl, substituted phenyl sul fonyl,
perfluoroCerr]al kylsulfinyl, Cerr]al kyl sul finyl, phenylsulfinyl,
substituted 25 phenyl sul finyl, 1-napthyl sul fonyl, 2-napthylsulfonyl, and

substituted wo dédpvday| sul fonyl, 1-napt hyl sul finyl, 2-napthyl PTG and
substituted napt hyl sul fi nyl . If Ais a dipeptide ose
amno termnus is connected to anot her group, once again Schene |1

may be used. Onelmapthyisulfosyl, 2enathyiselfdnyt andsubstitutéd napthylsulfonyl, 1-
N- et hyl - phenyl ahé?lﬁm bﬂiﬁ @ﬁ%ﬂhﬁ%ﬁlﬂn{yl%dﬂ %élﬂﬁed nagthﬂ&iiﬁﬁﬁ?ﬂi%ddé:ﬂreﬁ' nal

Iplroduct usi ng sub %‘g% sarre Eﬁﬁct%'on ng?'n Spbo m 'RFE"?'?']V cheme
CJlerr] alkyl, avallablagaajllsuﬁongl anck anj stinit haildeshusmg:ﬁeheineallmyl Cerr]

al koxy C [errgal kyl, i%yén amitd aﬁ&%ﬁbé¥éﬁ$m%¥ﬂu§|§*b%h@e{:tﬁa another

substituents are sel ect e

al kyl ani no, hal o §EHP, &@hﬁﬂ%ﬂdﬂ@y be used AgRin. Tt@g M-equpled @mino acid may-be
[err]al koxy and putdhased bﬁ??ddared&:g' kridwrspriotbbiimésb eThiy lanting atid wilterepiace

z‘ibSt ' tuents a{,@@g}»%@g&e TTUSAY 1he' ditne Pé‘aac%ﬂ'c’&%dngn‘ér "AiafthbY 28 rGine,
PCT/ US96/ 08456  2-azetidinesghexyjie atidu glysing, srolines pigacolicic-acidi vafine, Cl er r ]
<(’vl| k?i()dll ﬁ”g nlﬂ)lgo)metﬁlbhmadb?stéme, serin, thPgBniry, % ﬁ& ahﬁﬂleucme, and lsoleucngﬁd
Cpyei i v1) oy 61 Gk 51 sename s Wi ioklcnDiels A phndiii i 0

Di Mai 0, et al. J&N-Aﬁ'ﬁybphﬁﬁﬂpdl-wkylmébﬁt@ﬂw phenyhGoxal 3331, the

Wi nreb ani des off, fupipHangl .Q,ﬁll@ﬂ R éﬁyl@h rBﬁ%)roplonyPr!?Qfﬂ‘ igitbnyliese

conpounds repl ac h at the
sanme reaction co Mf‘%ﬁ@wqu \F"aﬁ 5 'tgmmﬁﬂqw Roling-1-carbor Eﬁé ;fj'ggvl“i
be used oncel&g altetrahyqlmquumohneqsecarﬂsnyif 1trhethylaminiort~eptiobexarenatbdnyl,s

|-2-yl; thiag . t
al kyli m dazol - 2. ylﬂhy rpgy% cﬁ'ﬁé@bﬁﬁ#m 3 ::ﬁ1?%ﬁb:t!%f  ieysRReY: | .
benzoxazol - 2-yl; RJ??!U' t 2~

ﬁ;k#[ |h BF(ZJI 12d]y![ 8 gﬁx:g?ememylaﬂmeﬂﬂfﬂ-hyszhﬁgdny{ég%w §1-4

b ) Cal fifuora! e
din- 2- Jcaroonyl, i i 2.yl

gﬁlﬂn;nzo: |nn 2 B qé“éﬂ?ﬂ'%&%ﬁ F!ﬁ/e;ﬂy ge b8 °"§(' ?"b%ié??‘{he 1% aZInlntroéen
at position 1 is phanybCiesl a!kyldarhomdsda 1sdlahlanylrﬂo.healkylugrbgnpupubstgﬁuted

TMS, Boc, Ts et c Qgr pds of the
Tron where. ol BHERECy 4 % ASaRAE.
'Itp:/ggo: 02 yl; ere &g S@M"ﬂ PF‘ Y|§ 1%af’ H""Z‘«Vy'l i ndol - 2-yl ;

i soqui nol i n- 1 =yl perﬂuoroC1|-4aihyisulﬁhyln(asgalkyladﬂnylu phanﬁsylfmflr sqhstltetad

Phe known 11t} ?Sfedé%"“"% t’f%“h‘f'&“ﬁq‘a' 2”'&9*38@““‘#‘Eaﬁ‘agﬁbé‘“ﬁ‘ééfo%oa%s°f
Anot her met hod of N@RtBYEY f‘m}'  HRaptbyipdfifid c 2owaptivisultipdnand gubsfituted
illustrated in Schapttylsulfinyllhe illustrated exanple prepares a conpound

e

where A is a polypepti ﬁ'ﬁa dipeptitfe Wwhbsd afiid Rrifrul isTohnB&tal' S anditert Ne

group, once again Scheme II may be used. One example is the

30 replacement of IId with N-methyl-phenylalane-pipecolinic acid to give the
corresponding final product using substantially the same reaction conditions
as Scheme IL

To prepare compounds where Rq is H and Rz is amino C 2.5 alkyl,

guanidino Ca.5alkyl, amidino Cz.s alkyl, C4. alkoxy C 2.salkyi, phenyi,

35 substituted phenyl (where the substituents are selected from amidino,
guanidino, C 1.4 alkylamino, halogen, perfluoro C 1.4 alkyl, C1-4 alkyl,
C 1-galkoxy and nitro), benzyl, aryl substituted benzyl (where the
substituents are selected from amidino, guanidino, C1.4 alkylamino,
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25 second anino acid is N net hyl - D- phenyl al anine, Rl err] is hydrogen,

Rerr] is (guanidino (Jerr] alkyl), pis 1l nis O, RBis Hand Eis
t hi azol - 2-yl .

22 WD 96/ 40748 PCT/ US96/ 08456
SCHEME |11 [ er 'vo 96740748 H PCT/USY6/08456

halogen, perfluoro C1.4 alkyl, C1-4 alkyl, C1.3 alkoxy and nitro), (pyridin-4-
yl)amino Cq.4alkyl, {pyridin-3-yljamino C1.4alkyt.
C1.5 alkylamino Cy.5 alkyl, and Ci.5 alkyl; Scheme II may be used once
again. Using the methods of DiMaio, gt al, Journal of Medicinal Chemistry
5 1982, 35 3331, the Weinreb amides of known protected amino acid may
prepared. These compounds replace compound [le, in Scheme II and are
treated under the same reaction conditions illustrated in Scheme II.
Scheme II may be used once again to prepare compounds of the
invention where E is oxazol-2-yl; thiazol-2-yt; thiazol-5-yl; thiazol-4-yl; 1-
10  alkylimidazol-2-yl; 2-pyridyl; 3-pyridyl; 4-pyridyl; benzofbjthiophen-2-yi;
benzoxazol-2-yt; 1-alkylbenzimidazol-1-yi; benzothiazol-2-y; 1- '

. alkylindol-2-yl; 4,5,6,7-tetrahydrobenzothiazoi-2-yl; naphtho[2, 1-d]thiazol-2-
yi; naphtho[1,2-dlthiazol-2-yi; pyrimidin-2-yl; quinoxalin-2-yl; benzofb}furan-
2-yl; pyrazin-2-yl, quinazolin-2-yl, isothiazol-5-yi, isothiazol-3-yl. When the

15 nitrogen at position 1 is protected with a base-stable protecting group (eg.
TMS, Boc, Ts, etc), Scheme II may be used to prepare compounds of the
invention where E is imidazol-2-yl; pyrazol-2-yl; triazol-2-yl; triazol-4-yi;
triazol-6-yl; tetrazol-2-yi; quinolin-2-yi; indol-2-yl; isoquinolin-1-yl;
isoquinolin-3-yl; and purin-8-yl (requires protection at position 7 instead of

20 1). Replacement of IIf with any of the known lithiated heterocycles listed
gives the desired compounds. '

Another method of preparing the compounds of the invention is
illustrated in Scheme III. The illustrated exampie prepares a compound
where A is a polypeptide where the first amino acid is L-proline and the

25 second amino acid is N-methyl-D-phenylatanine, R4 is hydrogen, R2 is
(guanidino Cga alkyl), pis 1, nis 0, R3 is H and E is thiazoi-2-yl.
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Conmpounds of the invention where E is equal to pyrazo3-yl is can be
prepared via the |, 3-di polar addition of diazoketones to al kynes (Padwa et
23 WD 96/ 40748

PCT/ US96/ 08456 al, "1,3-D polar Cycloaddition Chemistry," 2 vols.,
Wley, New YorK,wé384074s which is exenplified in Scheme | Yer/wsosnsass
Di azoketone internediate IVa (U.s. Pat ent 4.318.904) can be reacted
with al kyne 1Vb in refluxing benzene to gi ve pyrazole IVc, which can
be el aborated further to pyrazole IVd as SC‘HEME\II'[bust descri bed.

SCHEME |V [err]

BOC

BOC TFA
k,s | OH c ‘ H OH
ll'j N “’ S
N NT
e IIid
H
. CO2H
BOC
H 9 o
BOC” .
+ II1d HOBT H j)
y pce N
(NO2)HN At 2 M
IIle
e (NO2)HN \H
© 1)HOI
/ 2) CH3 O Q
0 0 BOC/VL COzH
OH
Boc” .S
® /
N
H 1) Periodinane :
H
(NOHN—S B2 0
NH \ ” :yl c
2) HF -
m, : Y
4
NH2 NH

IITi

Compounds of the invention where E is equal to pyrazo3-yl is can be
prepared via the1,3-dipolar addition of diazoketones to alkynes (Padwa et
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Gonpounds of the invention where E is equal to thiazol-2-yl and

oxazol e-2-yl can al so be prepared as shown in Schene V. Cyclization of

al cohols Va and Vb with the Burgess reagent to the correspondi ng thiazoline
0 and oxazoline followed by oxidation with MnJerr] or NNJerr] wll
furnish Vo and oo oc.oMd (P. Wpf et al Tetrahedom Letters, 199grns6/08456
6267-6270). Si m“1a9|ﬁf al dehyde Ve can be converted to Vd with

tri phenyl phoshi ne/ i od| ne in the presence of triethylamne (P. Wpf et

al, Journal of | gani g M8 Bigdihycycldadaition Cherﬁi’étry?‘éovﬁs%@ge W York, 1964)

SCHEME V [err] which is exempilified in Scheme 1V. Dlazoketone mterm iate %a'?u_s.
Patent 4.318.904) can be reacted with alkyne IVb in reﬂuxm benzene to
give pyrazole IVc, which can be elaborated further to pyrazole IVd as

5 previously described.

SCI'!E_MEIV
H o _
. H3C02C —==CO02CH3 Nt
benzene, A COZCG?Z 3
\IOz)HN"NH (NO2)HN NH

PS£ @N{ cozcﬁQZCHs

H
HaN"4 NH
Ivd
Compounds of the invention where E is equal to thiazol-2-yl and
oxazole-2-y! can:also be prepared as shown in.Scheme V. Cyclization of
alcohols ‘Va and Vb with the Burgess reagent to the corresponding thiazoline -
10 and oxazoline followed by oxidation with MgOg or NiO2 will furnish Ve and
vd (P. Wipf et al Tetrahedorn Letters, 1992, 33, 6267-6270). Similarly,
aldehyde Ve can be converted to Vd with triphenylphoshinefiodine in the
presence of triethylamine (P. Wipf et al Journal of Organic Chemistry 1983,
58, 3604-3603).

24
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Al't hough the clai med compounds are useful as thrombin or trypsin

I nhibitors, the preferred conpounds of Formula | [nclude:
25 WD 96/ 40748 PCT/ US96/ 08456
[err] .
WO 96/40748 PCT/US96/08456
SCHEME V
H H
) OSEM§ O } OSEM
CBZ'NF/\rN‘.’UOMe 1) Burgess Reagent CBZ‘N;/\eNJjOMe
{ o & THF, 70°C -
{ SH - i
2) MnO3
< | T
TsHN NH TsHN NH
Va Ve

H OSEMi 0O H  osem
csz-N\/'\”',N\)IOMe 1) Burgess Re%gent CBZ’N;./\éﬁjOMe

& : THF, 7
0 1 9 . 0
OH 2 Nio,
~ ; - ¥
TeN _ TN
Vb vd
Dess-Martin
periodinane PhyP/l,
EL,N
H osem o

CBZ'N;’H{NJOMe

S
H

‘ -4
TSHN™

Ve

Although the claimed compounds are useful as thrombin or trypsin
inhibitors, the preferred compounds of Formula I include:

25
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WD 96/ 40748

PCT/ US96/ 08456 [err] The particularly preferred "A's are:

1 napht hyl sul fonyl, 2-naphthyl sul fonyl, substituted 5

rmapht hyl sul f onyl s (where t he substituents are selected from
Clerr]alkyl, p é# &((:[err] al kyl, ([ err]al koxy, hydroxy, halpcr/es966456
nitro, am no, g' ? yl am no, Cl 4di al kyl am no, carboxy and

([ err]al koxycarbonyl); 10 an L am no acid such as glycine or

proline, where the am@no ¢ term nus i s un N ufedQor
nonosubsti t ut ed m{;sauneﬂb@rww&r Meld 9 Sof 1
2- raphts I subs

napht hyl sul f onyl , hylsu
napht hyl sul f onyl s (vvher(t he su fitue are sel ec
Clerr]al kyl, perfluord&§e®r]al , C[err]al koxy, hy

or0xy, hal O am do, 15
nitro, amno, {err]al kgham ngn®@ugr r] di al kyl anmi no, car boxy anif

({ err] al koxycarbonyl ), fornyl, and phenyl carbonyl; or a poly
peptide conprised of two am no aC| ds, where the f| rstHacbd

L- proline or L-pi second aci M’go
or (2,3,
t er m/nus Gf N@F

D- cycl ohexyl al an
osubsti t ut ed

pent af | uor ophenyl ) al anj & @
ubsti tut
isting o C[err]al kyl perfl uoroC[er gai Eg
en and

second amno acid is
menber of the group c

fornmyl. 25 The parti cul arIlepzreferred "R[err]"s are h
nmet hyl . The particularly preferred "R err]"s are selected fromthe
group consisting of am no( err]al kyl, guani dino( err]al kyl,
am di no( err] al ky %[err]al kyl am noqerlr‘]a ky
Clerr]dial kyl amn er] % 4- amgpockcl Igerr]aslky,
3-am nocyc.l ohexyl HO € a ‘ﬂ'u?’r
preferred "E's ar Posycl fromthe gropc”s @*h-@o
27
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26



WO 96/ 40748

PCT/ US96/ 08456 t hi azol -2-yl, thiazol-5-yl, thiazol-4-yl,
thi azolin-2-yl, benzoxazol-2-yl, benzi m dazol - 2-yl,

i m dazol - 2-yl, 4-oxo-2-quinoxalin-2-yl, benzot hi azol - 2-yl,
triazol-4-yl, twm.{- -yl, tetrazol -2-yl, pyri m g-PusdeMsese
qui nolin-2-yl, pyrazo 4-§2-yl , [4,5,6,7]- 5 '

t et rahydr obenzot hi azol - 2-yl, naphtho[ 2, 1-d] t hi azol - 2-yl,

napht ho[ 1, 2- d] t hi azoly- 2gy
e

e

| A qui n%zol in-2-yl, isothi axlﬂol 00~ 1
I sot hi azol - 3-yl, glur,i - d%a’rﬁi d sybstituted hetergsychle erf t&es
substituents are e sdl ecke N«iiom Cerr]al k'Shc, per fifuolfo 7 W
Clerr]al kyl, Cerr]al koxy, HdpoxyMNfal o, amido, nit ani n8, ¢10 “‘Q
Clerr]al kyl ami no, C ] di al,wrarri no,COkr boxy, ([ er rialkoxygggbonyl

hydr oxy. h q&aﬁg_pnds of the invention were LSt for their
ability to inhibit t ironbi>n medi ated hydrolysis. An in vit¥o enzyne
assay was perforned as 15 well as an ex vivo assay. In addition, the

conpounds were t eshg@attiduldrlyprefeffed “A"s ard eir ability to inhibit trypsin,
as an indication of therr sglectivity. Thr.onbi n-cat al yzed
hydrol ysis rates were n%gﬂﬁhyfsuumyﬂ?ﬁ@%?%ﬂﬁm%?"i’ t9"usi ng

cogn}[ar Cj[ al (guni? al ph<[51- napmhwst(nfqm(wm the substmlamcm'eiselag&mfrom onogeni ¢
substrate (Spectozyne[ ep %%‘afk P can

Di agnostica) in aqueous%ﬁ?ﬁlﬁ' rs,. yligﬂ.ﬂﬁf M’s ?SW'MG ,
0.1% PEG pH 7.4), and Ao amipg. & e4alkyiagiino, Cr-sdighiyiamineorarbeyy ags)
Changes in absorbance aCy4@fkoxycaronyl)pnitored (Sof t max, Mol ecul ar
Devi ces), upon addition of enzyme, both with and wi t hout i nhi bitor

present at 37C over 30 mnutes. ICerr] were determned by 25 fixing the
enzyme and sub8trate coRBdn@Ming acid sieh asglyging) ot prolinghwhprethe amino

Kﬂonﬁenlt rat :vgnt (1 nMt hrwmiintms iBrisabsiit\tepeorhedystisttutéd With.a member of the
chael i s- Ment on .

sl opes. | nhibition consEmg&g'%_'%geowm\ﬁﬁ&yk&fféﬁﬁi ?g'l'aédég'l"f'%@?’?ﬁ l%ﬁg
enzyme and i nhi bitor cosubstituted raphthylgulionyls (whers the)submtituents @re selected
M chacl | o Nongan Kinet| aeme R e e 1o 2l
using.the pr oé?’am K- Cat %?g%“-?rﬁg? ] %g(yf#@hi 01'4&%‘@‘3'{‘&8’ Eé%x? Hf
Trypsi n- cat al yzed "hydr olGassalkoxycagaonyl) e farewt @ndphesyiegrbonylieime

nmet hod as the thronbin procedure. Bovine type 1 trypsin (Sigm) and

Dot ony e Ler ] TR (o bl oA dad v Shind YR BB 038 i °
trypsin and 0.1-0.3 mv $pqroling-onb-pipecolinic and the sgeend@dcis P-phenylalanine,
represent at i vegeonpoundp.gysiohbgfiadning E@ipﬁeﬁ*lalanine or {E8/4went ati ve
g %[Ber s are listed in plpae%?afmcont:p eerltyﬁa{‘aenrit{‘l whére" e]c gr%in%etleﬁ%}n%% of said

second amino acid is unsubstituted or monosubstituted with a

member of the group consisting of C1.salkyl perfluoroC4.4alkyl or

~ formyl.
25
The particularly preferred "R4"s are hydrogen and methyl.

The particularly preferred “Rz2"s are selected from the group consisting of
aminoCaz.salkyl, guanidinoCa.salkyl, amidinoCa.salkyt,
30 C4-5alkylaminoCa.5alkyl, C4.sdialkylaminoCa.salkyl,
4-aminocycichexylCg.-2alky, 3-aminocyclohexyiCg.gatky and C1.salky.

The particularly preferred “E”s are heterocycles selected from the group
consisting of
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WO 96/ 40748 -
PCT/ US96/ 08456 conpounds. N Me PPACK al dehyde and argatroban were

used as reference standards and their values are |listed below The
conpound nunbers in the table correspond to the exanpl es descri bed
her ei nafter. An ex vivo assay was conducted to det '
duration of actlonmg (% the conmpounds of Fornmula I. For this 1.v. assay
mal e rats (Long Evans, 350 -500 g) were inplanted with a teflon

cannul ae via the fenor dhiazoltPyly thiazol-Sm, tdazoidieyl, thiazdline2-yh bieneokadui2oyl] al
P STy kG AL opfffrolal, imicesB Tl £cHE Ealkalindal| v housed

| n standard cages, fed wt nti nuously

i nfused with physi ol oglb&ﬁ'lzo@!ﬁzphg G"Q@"‘fﬁﬂ'r Hiazak Bzl tef %‘leency, (0.5
Connect od Lo an |t Ui et e oo g pres 2711 e recover
for at least 24 h afte(rwyﬁe.ﬁrﬁéB Nt a%‘? ?llagﬁ{h%[Z 1~d]th%20?\éiﬂ3arml e of

bl ood was drawn fromt mnﬁm%ﬂﬁmlﬁ'ﬂeﬂwqbkﬁﬂb isothiazgl-Styl: he

Sl g, Sodi um ortrate) . ek pulh & b IBSORIEhAeRLICIS WRernd> O
delgl vered to the ani nmsu(:%ﬂtggmﬁl_a)e g"‘i‘?ﬂes? ﬁ'{?fjsarF ﬁ‘n"a'm'ep?'ﬁHPmtor was
given at a concentrat i din-4aigyinC)-qalisdxy hydoaky; bdlcs @midemitsor amincef Vi err] in
a pl asmggsanpl e atc154élkﬁaﬁfdoerc1'.£ﬂ|§l%ylﬁﬂ1ln§| é&éa%%f&ﬁk@xic&??aﬁph%na

arterial i ne (bl qod; sodlumC|trate 0. 25/°0. 025 L
I nterval s after dosing Y5 10, 15, 30. 60 and 120 mn) and placed in a
centrifuge tube. A plasna sanpl e was obtained by centrifuging the

bl ood at 10, 000 rpm f"m A n-ﬁg'o"‘l the mvenﬁ@rVWg?e ié&%@ﬁiﬁﬁﬁpaﬁfﬂ{y foihRBR N

i nhi bition using the enl c

The rate of incre PH | SJWGEP )&?’gAé\Q inxitee enzyine assay wappegermed as( 50
[D_er rmMm tS!oec§ a5/ newell 8§ anlgx(vivd adddy: Ahadémnpﬂw&m&tbndsmlteﬁadlm txnm for
agnostica) is e opl ate
reager (Mol ecul am\lﬁbﬂﬂtég@mbﬂg gﬁll' "an%dﬁkﬁéﬁrﬁf Wefr'&e?%ﬂ}l‘% Io( 10 mM
Tris, 10 mM Hepe %'?’Eﬁ,esp‘ﬂ#'? measuted puffer was
added to t hspeutrephetometgidally L(slngL):ouhIﬂemabhuman(alpiha}tmmm (Americarne
;ﬂeglro gglt ate § )1 5O?Pghg38stiéa) ﬁ#brmégd?!?é st §tg}|adﬁéigﬁé? d;n—‘tgr:gﬁ ,; 100
Dat um was colgéctéﬂg B&é’é/"&c Mfmcan '%989 imaaueaus; by
substrate hydrol ysiM Heppsyr ‘rEID mmm I %REG; pH 7.4); ahd a micropiatetreader

hait pl ashe ol i 'ﬁ?‘gm 89)° EftinddRlihsbroance st 405 "'@%"ng"‘t"’"@?& °
V[err] vs. tinme, F‘EH' RAeYigeDg URen aad '1'9"92“3@36 lanfhese

dat um are present uthout lﬁblblter prasent at 37°C over BDaninatdsaliCsps Wemdemmmw med
by an ex vivopgsSginglihg Bazyme and 'sIBSHRE' BnBdnt A &l Varjifbhe inRBRSH U0
29 Mr@yg% ?1 Al thrombin, 50 1M Spectozyme® TH). Michaelis-Menton
PCT/ US96/ 08456  kinetitshwereaappiiedieitie initial reactionpsiepes. ehibltiohcconstired (Ki)ove
with a teflon tubgers determined by fixing the enzyme and inhibitor concentrations and
varying the substrate concentration (1 nM thrombin, 5-100 uM Spectozyme®
30 TH). Michaelis-Menton kinetics were applied to the initial reaction slopes
using the program K-Cat (Bio Metallics Inc.).
Trypsin-catalyzed hydrolysis rates were measured using the same
method as the thrombin procedure. Bovine type 1 trypsin (Sigma) and
Spectrozyme ® TRY (Cbo-Gly-D-Ala-Arg-pNA*AcOH, American Diagnostics)
35 replaced their thrombin equivalents in a concentration range of 3.2 U/mi
trypsin and 0.1-0.3 mM Spectrozyme.
The IC 5 for representative compounds are listed in Table A.
Representative Kjs are listed in place of the IC sp value for selected
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inmplanted in their fenoral artery. Blood was drawn fromthe animals 15 min
before dosing with the inhibitor (0.25 nL bl ood was drawn into a syringe
containing 0.025 nL of Sigma sodiumcitrate) and set aside for anal yS| s. 5
The test conpound was dispersed in water (0.3-3.0 ng/nL final conc.) and

delivered to th | s (0.25 nlL) either i.v. or p.o.. Blood %@m
from t he araltcgiry{ line (blood:sodiumcitrate, 0.25/0.025 er‘r\.i'i,‘& 6
regul ar intervals after dosing (0.25, 0.5, 1.0, 2.0 and 3.0 h) and
pl asma was obt ai n@finddt s N%@TF*F h@h&&@aﬁh%@aﬁbbéﬁmﬁ?@uﬁﬁﬂa&or 5 mn.

R R i e e
?EE Dnm H?'f Alsyn:[A\ hetnul\mlAbglystmdbe table correésgoricctorthi! esamples wiestribed hareinafter.

a- Ar
t he presence ofgploasnaﬂmway%?mdumeg wm@e’bﬁ | iar Be§| cderl;
at 37 [err]C &irfthe cammgsmfpanulﬂo FRRthis i.¢, assay errmsmeaea vggs.
NaCl . 0.1% PEG p3&0-~ werdimp iaftedaithaal esfibnt cannulae viache fernoral Snepy
1:1) dilut t f
{inal “pl asrm_ di f”M‘%%Qﬂeﬁfféﬁeﬁﬁ%ﬂ%%en?@%%@ﬁ%ﬁ%gf%& ?Weameg e o
enzyne (1 nM huna@himals were individually masechinstandasd icages.dfedwith at Thowi n
period and the lnHarﬂénr#éSD fan%aﬁuhaé@s mngéem.ﬁm Ms%iéduéa]faa(nﬁb%) vas

AR ot N e S

[err]L) to whol e swivellingdether eonhedted to an\mfdsxby\ systarmatThecgnirsalsiwgreand

centrifuging alidWed B RicdvBt bt & joat'24 B ffé?’iﬁé‘gﬁr@&%l Qird) i nhi bi tion
was cal cul ated by ar| b?QQS‘rW%% err e\,%}ué\a Tir?;é r%mdgﬁntghe
drug treated sanples.

statistical pac kagnth(tﬁé\ﬁ)hlbitor (0.25 mgeblmdiisedramxt iatolarsyringe centaining 0.025 mi

Th t f
T i it o st o Y
obt ai ned from elivergdtedh ﬁ@&Smk)éﬂam%éﬂm%' Ve’f‘he'n‘ﬁéf‘

i nhi bition was apgiveacatiapcdieenttion (mganiLowhich \rodacet: 80%sdhibitionadf Visinra

the statistical pmséﬁé@ a@%ﬂnn after m@ﬂforﬁ”ﬁi&&bﬁ%a&ﬁﬁ%ﬁ%h’lh& f&?tefli{m

was extrapol at ed

fromthe plots of ipadblood:sodin citrase. aﬂ 3@’%9%"‘1'—& abiaguiaratervaisafteL,Hosiag h
i.v. and p.o. 20dmi(8; $0,r18, BONE0 and 1203hinY ahd pldced iava ocentrifugettuloe: A glasma

KB'OO"’“C’E‘L l/e / ;E Iea . Sampie %\g‘gﬂﬁ@@? %Y Bnfiuding thé Bibod S ,660 rpfn s min! "HHils
30 VO S@mple issanalyzed for thrombin inhibition using the chromogenic assay,
PCT/ US96/ 08456 described below. Table A Cpd

;(#%Thr tCqerr] (TerrlM vl ged & ﬁﬁf&as@ i abédtbance Gt 865 hm bigyhthetid pibtidles-
25 (50 uM Spectozyme® TH (H-D-HHT-Ala-Arg-pNA-2AcOH), American
Diagnostica) is measured in the presence of plasma with a microplate
reader (Molecular Devices) at 37 °C using an agqueous buffer (10 mM Tris,
10 mM Hepes, 150 mM NaCl, 0.1% PEG; pH 7.4). The butfer was added to
the plasma samples (1:1) dilution prior to defivery to the microplate (1:5 and
30 1:50 for final plasma dilutions of 1:10 and 1:100 respectively) followed by the
enzyme (1 nM human o thrombin). Datum was collected over a 30 min
period and the initial rate of substrate hydrolysis (Vo (mOD/min)) was
calculated with an analysis program (Softmax, Molecular Devices).
The time to half plasma elimination (t 1/2) was calculated from the
35 slope of Vg vs. time, using the following equation: t 1/2 =-1.6 slope. These
datum are presented in Table A
Bioavailability was determined by an gx vivo assay which
incorporated hydrolysis rates from drug administered both i.v. and p.o. in
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1° Ki =0. 00023 Ki =0. 0031 19 1.2 2

Ki =0. 0009 Ki = 0.013 5 3 0.011 Ki =0.022

6. 4 0. 019 0. 006 16 5 0.11
0. 28 18 6 42.0 6. 34 7 26
0.012 10 a?owfg“ 7.74 11 Ki =0. 42 PCT/US

Ki =6. 01 12 0. 003 0. 003 43 15 13

0. 0070 this assay maftDeats were prepared as dbscribed abidve with a0@fion tube

0. 0030 15 . . : .16
0. 6830 ﬁnpla k @%’ femon.'al arﬁry 31'89‘88’%9 dfawn from the. angﬂ%ﬁ AS min

8 20 18 0. 2belore dosing with the inhibjfor; (0.25 mL blogg was ¢rawg into a syringe

0. 005 contairfidg 0.025 mL of @igma@odfum citrate) and set asidd)fdidhalysis. 21
0. 024 0. 05 , . '

18.404 25 523 The tasts -n&ound was dispersed in av_aﬁebréo.s-%%)élmghﬁb?‘&\%%conc.) and
0.014 25 delivered to the animals (0.25 mL) eiihergay. or p.o.. Blood wasidrawn from
§'1:38 V\Dthe ar.terialSIiﬁe (blob®sodium citrate, 0.25/0.025 mL ) at regular intervals

PCT/ US96/ 08456 a?t%/r %ggiﬁg (0.25, 0.5, 1.0, 2.0 and 3.0 h) and plasma was obtained by
centrifuging the blood at 10,000 rpm for 5 min. This sample was analyzed
10 for thrombin inhibition using the chromogenic assay, described below.

The rate of increase in absorbance at 405 nm of synthetic peptides
(50 uM Spectozyme® TH (H-D-HHT-Ala-Arg-pNA.2AcOH), American
Diagnostica) was measured in the presence of plasma with a micropiate
reader (Molecular Devices) at 37 °C using an aqueous buffer (10 mM Tris,

15 10 mM Hepes, 150 mM NaCl, 0.1% PEG; pH 7.4). The buffer was added to
the piasma samples (1:1) dilution prior to delivery to the microplate (1:5 and_
1:50 for tinal plasma dilutions of 1:10 and 1:100 respectively) followed by the
enzyme (1 nM human o thrombin). Datum were collected over a 30 min
period and the initiat rate of substrate hydrolysis (Vo(mOD/min)) was

20 calculated with an analysis program (Softmax, Molecular Devices).

A standard curve was generated by adding of drug or vehicle (100
L) to whole blood. (900 uL) foliowed by incubating (5 min) and centrifuging -
to obtain plasma. The percentage of thrombin inhibition was calculated by
compating the Vg of the vehicle to that of the drug treated samples. Datum

25 from several runs were normalized with a statistical package (SAS) to
generate a standard curve.

The percentage of thrombin inhibition in the treated animals was
calculated by comparing the Vg prior to treatment with the Vo obtained from
samples collected after treatment. The percent inhibition was applied to the

30 standard curve (generated above) using the statistical package (SAS) and
the quantity of drug in the sample was extrapolated.

Bioavailability (Bioavail.) was calculated from the plots of the
extrapolated drug in sample vs. time for both i.v. and p.o. administration
using the following equation:

35 %Bioavail. =(i.v. dose administered/p.o. dose administered) x (area under
p.0. curve/area under curve i.v.) '
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27

29

6.5
33

26

0. 001
38. 7
0. 002
0. 0020
0.015
0. 684
25 51
8 53
32

1.2

= 12

31

28 0.111 1.199 15
0. 002 14 30 0. 029 0. 002
50. 0 0. 0800 32 0. 0020 0. 0020 19
0. 0070 ~0.0020 18 34 0. 0380 0. 0030
35 0. 0020 11 10 36 - 0.
37 g"%%@%ﬂ 0. 0010 38 29.8&"’”‘”‘”"‘5‘5
100 40 20.5 7.01 15 41
. 0.001 42 0. 0040 Table 3020 43 0. 200
44 50. 0 4.38 45 0.371 0.009 20 46
0.0 . 00 {uM) 0. O0#/2 (mim43 _Blodh@f. (o)
. 6.88 0. 002 Ki = 0.0020
0.017@ Ki=000023  Ki=0.0831 52 19 0. 014.2 0. 005
45. 7. 44 4 11 .01 1
>3 Ki = 0.0009 5Ki-o.01:=9 0.013 °
5 3 0.011 Ki = 0.022 6
4 0.019 0.006 18
5 0.11 0.28 18
6 42,0 6.34
Y 26 50
10 8§ 3.5 19
9 4,0 0.012
10 40.15 7.74
1 Ki = 0.42 Ki = 6.01
12 0.003 0.003 43
15 13 0.0070 0.002 25
14 0.005 0.0030
15  0.0070 0.0030 16
18 0.8830 0.2380
17 0.007 0.004 8
20 18  0.21 0.13
19 0.026 0.005 14
20 045 0.058
21  0.024 0.051 5
22 1.519 18.404
25 23 0928 0.238
24  0.106 0.014
25 = 0.003 - 0.003 14
26 Ki =38 Ki= 180



WO 96/ 40748

PCT/ US96/ 08456 55 0. 83 0.0086 .56 21.0
0.02790 57 19.6 0.182 5 N Me PPACK Ki =0. 010
Ki = 0.0039 Ar gat r oban Ki =0. 010 Ki = 2.9

As indicated bywlpd@rg the compounds of Fornula | may be us 96/08456
phar maceuti cal conpositions to treat patients (hunmans and ot her prinates)
10 with thronbotic disorders in a simlar manner as known heparins and
coumarins. The cogfoundKi=<ai2 be adniKii=sst2red by any parenteral route
(i ntravenous, intraperitoneal, subcut ous, derma1 patch), where the
preferred route i 88i ntrgﬂéﬁous i nf us1|§)l | nf usi on ‘Foses can range from

about 0.1-30 [errb g/ mn ofg’ﬁ:bitor adnil ed with a

pharmaceutical caf*i er als5 p rangi ng fromseveral mnutes to
several days. Sel ggted ounds 006?” al so be gadnmini stered by the oral
route in doses raﬁ'gi ng about 100 ny/ kg. The.

phar maceut i calg CoBRosi tsgrys can be pgy@geped using convent i onal

phar maceut i cal excr pi ents and conpoundi ng techni ques. Oral 20 dosage forns
may be elixers, sgpups, 00020ul es t ald.e020and the |1%Xe. Were t he

typical solid carri er is an inert substance such as |actose, starch,
gl ucose, methyl c@d ul 09Q0%agnesi ur@-808Pat e, di cam:i um phosphat e,

mannitol and the |ike; and t p| cal i 8 or al exc |ents i ncl ude et hanol,
gl ycerol, water aﬁd:theq'q >&1%b§ nts may b mxed as needed wth 25

di sintegrants, dilyuents uI atl ng | ubrigants, binders and the
i ke usi ng @ﬁlventq techmﬁ@ggaknown to fﬂose skilled in the art
of preparing osa rms. Parg ral dosage forns may be prepared
usi ng water 090 a'éj angfgéef sterile ?gﬁrler Typically the
conpounds of For | agrep2c0l at ed gob1@sed as the2r 30 pharnmaceutically
acceptabl e salts. anpl es of such salts include hydr obr om c,
hydr oi odi ¢, hydro@8 ori 29.8erchl ori c38§ul furic, maleic, fumaric,
malic, tartatic, citric, benzoic, 8§|IC, met hanesul f oni c,
hydr oet hanesul f oniRd ben%esul fonl c xal i c, panoic, 2-
napht hal enesul fonl [er%tiI t ol uenesukf ic, cyclohexanesul fam c and
saccharic. 35 In Ftl on tot reat nent of thronbotic disorders,
t he conmpounds g Fepoe! @ | may gagpeised to prevent coagul ation of
stored bl ood sarrpl%ls and as coatings on nedical devices such as
stents and orthopedc de§i004s. 0.0020
33

43 0.200 0.0020

44 50.0 4.38

a5 0.371 0.009

20 46 0.015 0.003

47 0.003 0.004

48 100 0.684

49 12.8 6.88

50 0.002 Ki = 0.0020

25 51 0.0170 0.0070 17

82 0.012 0.005 8

53 45.5 7.44

54 0.11 0.013 15
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PCT/ US96/ 08456 Cenerally they may be used in any circunstance where
one seeks to inhibit coagul ati on by placing the conpounds in contact
with the nmedi um contai ning thronmbin. Those experienced in the use of
anti coagul ant agadbéser4s may find a variety of other uses f opct

thronbin inhibitors of this invention. 5 These uses are consi dere 8‘569
within the scope of this invention, for this i nventi on contenpl at es

the use of conmpod@lls of0.8drnul a | 28.0086i t hr onbot i ¢ agents.

Yet anot her use E)Qr t he corrpounds of the invention is as trypsin
I nhi bitors. Inhi ors 50 trypsin h278en used clinicall y in the

treatnment of 10 ncre@téc di sorde q%s/uch as pancreatitis. The I(err]
val ues for the co%ound of ention conpare favorably with the
pancreati c agents canost at rre5| I ate and nafanostat (ICerr] s, 1 X

10[err] and 153 XN-\é PPACK esPgLoysby) - The G905 Rapds of For rrul a |
may be used in th ﬁgéﬁ manneréﬁ bﬂsse t her apeuti agents. 15
In order to illu ab2Re |y dep thefollowné&é?a%ples are incl uded.
These exanples do not limt the invention. They are only neant to suggest a
T ot "t ac i ACEEAEE P Tool S 1 PPl gt
those 20 net hodsPharinageutisal compesitians 19 reatpatiants gmans agd mwrmreates)
34 10 with thrombotic disorders in a similar manner as known heparins and
coumarins. The compounds can be administered by any parenteral route
(intravenous, intraperitoneal, subcutaneous, dermal patch), where the
preferred route is intravenous infusion. Infusion doses can range from about
0.1-300 pg/kg/min of inhibitor, admixed with a pharmaceutical carrier over a
15  period ranging from several minutes to several days. Selected é_ompounds
can also be administered by the oral route in doses ranging from about
1-100 mg/kg.
The pharmaceutical compositions can be prepared using
conventional pharmaceutical excipients and compounding techniques. Oral
20 dosage forms may be elixers, syrups, capsules tablets and the like. Where
the typical sotid carrier is an inert substance such as lactose, starch,
glucose, methyl caliulose, magnesium sterate, dicalcium phosphate,
mannitol and the like; and typical liquid oral excipients include ethanol,
glycerol, water and the like. All excipients may be mixed as needed with
25 disintegrants, diluents, granulating agents, lubricants, binders and the like
using conventional techniques known to those skilled in the art of preparing
dosage forms. Parenteral dosage forms may be prepared using water or
another steriie carrier.
Typically the compounds of Formula I are isolated and used as their
30 pharmaceutically acceptable salts. Examples of such salts include
hydrobromic, hydroiodic, hydrochloric, perchloric, sulfuric, maieic, fumaric,
malic, tartatic, citric, benzoic, mandelic, methanesulfonic,
hydroethanesulfonic, benzenesulfonic, oxalic, pamoic, 2-
naphthatenesulfonic, p-toluenesulfonic, cyclohexanesulfamic and saccharic.
a5 In addition to the treatment of thrombotic disorders, the compounds of
Formuia I may be used to prevent coagulation of stored blood samples and
as coatings on medical devices such as stents and orthopedic devices.

1
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EXAMPLES 1 and 2

N-.METHYL- D- PHENYLALANYL- N- [ 4- [ (AM NO M NOVETHYL) AM NQ -

-1 S-[ ( BENXOTHI AZOL- 2- YL) CARBONYL] BUTYL] - L- PROLI NAM DE

Cpd#1 5 N- Npd bbkariy PHENYLALANYL- N-[ 4- [ (AM NO M NOVETHYL) AbdNebos/osese
1R- [ ( BENXOTHI AZOL- 2- YL) CARBONYL] BUTYL] - L- PROLI NAM DE
Cpd#2 STEP a [err] A m xture

of N-CBZ- N- net hy| Gengnaliviihey may beiusgddn gny iqirsurmstarge. whereqing sreks to inhibit

al dethg (9. S(Bi g, coagulativhtty; leSnBQﬁ@&tbmﬁ:oZﬁ@s ﬂaéama(aﬂmh thd iiddilm, acet one
cyano rmn . .) . . S
5ot tred at ¢ oo Bhadninbh: s e’gbgé%e?ﬁn%ﬂﬁ.%xﬁéfz%ﬁfﬁ?éﬁéﬁp%%eﬁon
of acet one cyaayHipgia variety of ether usesfonihe thrombimimbibitorsop thiscdavention.

another hour 5 Vhesd iisdd & cohBRlefad o i within thExeBRb o1 tiRElinventias Uer sl
partitioned betwegn

. water and ethyl acetate. Th esul ting organi .
| ayer was washed WFH*’%F?’?‘BWE%teS ﬁ'ﬁf‘}lﬁﬁa&eﬁo%'ﬁ% ﬁeﬁormu*aetjag antithrombotic
(Na[err] SO err]) agentsoncentrated in vacuo The residue 20 was triturated
w th several portions é}ﬁ{fﬁgﬁls gaw i e 0 ] ;
was dried in vacuo, {Q ?létve the cfgﬁg}'uﬁf??onrﬁl n é‘rsn@gpgﬁéa‘}q%gaégggggﬁlg
STEP b [err] inhibitors. Inhibitors of trypsin have been used clinically in the treatment of
10  pancreatic disorders, such as pancreatitis. The {Csg values for the compounds
of the invention compare favorably with the pancreatic agents camostat
mesilate and nafamostat (ICsp s, 1 x 10-8 and 1.3 x 108 respectively). The
compounds of Formula I may be used in the same manner as those therapeutic
agents.

15
In order to illustrate the invention the following examples are inciuded.
These examples do not limit the invention. They are only meant to suggeét a
method of practicing the invention. Those skilled in the art may find other
methods of practicing the invention, which are obvious to them. However those
20 methods are deemed to be within the scope of this invention.
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Gaseous HCO (51 g) was bubbled into a solution of cyanohydrin l1a (9.3 g,
13.1 nmol ) and MeOH (200 nmL) at -50 to -70 [err] C under an atnosphere of
argon over 1.5 h. The reaction m xture was placed in a refrigerator at
Oferr] C, nonitogxRslogugras ( TLC and NVR) over 3 days, and triansf S9608456
separatory funnel un43.<,ar 5 argon. The reaction m xture was adde rropw se
to a stirred mxture of water (700 nL), ethyl acetate (250 nL) and
NaHCO3 (159 g, 1.4 nol), at 0-6 [err] EXANMPLES 1 and 2f t he quenchi ng

ot one orSaa o “@’ﬁi‘?ff ENTOL Arey LR RE AKIG M ‘éf@e“ﬁm‘“@”a'
heasurod pH) unt il t HASTEERNKG GV AR DTN LHRRROLINAMIRE

mxture 10 was filtered through a filter aCpd#{eaving a filtrate, which

ﬁéaﬁ?-ihfiyé“ré“mZ?Z%&%W%%b’?ﬂ%@fmﬁﬁ?r@@g@ﬁgﬂ RRiNO)-

concentrated in vacuo1BRJ(BENXOTHIAZOL-25¥1L)CARBONYIJBY TYb]-L-PROLINAMIRE) j d.
15 i STEP gpd#derr]

1c 2- Am not hi ophenol (18.53, 18.52 mnq f yas added to a degassed
solution of 20 imdate 1b (7.23 g, 9.26 m uft)'Plan absol ute ethanol (290 nli)
at room t enperature under an atnosphere of argon. The resulting

m xture was heat ed at reflux forCHs @5 colH &q room tenperature,
exposed to atnospheric oxygen AN Nka)kfe for 18 h atnosphere

and concentrated in vacuo. The CBZrey dudd pairi 4 ed by chromat ography
on silica gel eluting with 25 CH[erF; [err] OretRanol (95:5) to give the

hydr oxy benzot hi azole internmediate Ic as a ite foam
NH
10 HNa\NH-CBZ
la
A mixture of N-CBZ-N-methyi-D-phenylalanyl-L-prolyl-NG-CBZ-L-arginine-
aldehyde (9.92 g, 14.5 mmol; 7 , CH2Cl2 (48 mL), acetone

cyanohydrin (4.0 mL, 43.4 mmol), and triethylamine (1.2 mL, 8.7 mmol) was

15  stirred at room temperature under argon for 3 h. An additional portion of
acetone cyanohydrin (1.3 mL, 14.2 mmol) was added followed by another hour
of stirring. The mixture was concentrated jn_vacuo and partitioned between
water and ethyl acetate. The resulting organic layer was washed with portions
of . water and brine, dried (Na2S04) and concentrated in.vyacuo. The residue

20 was triturated with several portions of hexane, and the resulting solid precipitate
was dried [n_vacuo to give the cyanohydrin intermediate 13, as a solid.

STEP b

£
o5 HN"* \HecBz
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PCT/ US96/ 08456 STEP d [err]

5 ;The Dess-Martin periodinane (1.59 g, 3.76 mmol) was added to a sol ution
of 1c (3.08 g, 3.76 mml) in CHerr]Cd[err] (40 nL) at room

t enperature und at nosphere of argon. The resulting

stirred for 45 ﬁ‘?n% addi tional portion of periodi nane ’t}ﬁﬁﬁ’%
2.83 nmol ) was added, foI | owed by another 15 mn of stirring. The
excess peri odi nanGagesus HGS \has bhisbld@ mta@lséluﬁm of cyanthydfin 4a993g,

| ut 25 Na
L2 55 A i S o i o o
tenperature for 16vefikS hr h'B'IQ @@Qtlm Wd@@é&@’%@e‘ﬂ aeafrigeratas @ @ *Gamonitored
extract ed Wi (ﬂoa&eWnpévérlaoaﬁysoénetﬂawhfafeaﬁtaes nﬁmuﬁe&

' h
br (o, a1 ed (A2 S8 T TESENRIL Mol Aaeg GERIRSE 1P 8 epustimuEe of

as a white foam (700 mL), ethyl acetate (250 mL) and NaHCOj3 (159 gSTEFrnel), at O-Eé’O ]The

[err] 20 H of the g SQ EG@m gr?s monitored and not e}li Jo
The i ntermedi ate E p an| so
placed in a Teflo %‘e&&‘?‘f‘ tpeﬂ@"gmeﬂFa aﬁcﬁ by tha

condi tions and coemeasuted pH)/Gftitthe feactibn qiikturd was)neuamhﬂedst The eesultine mikture

wns i loved ¢ 307 VeS8t il & AeY dibBayind s, HERE Vileh frpf walspBa Wit ddvral
concentrated in viodionsef ethyl agetatesdThe combquprgeo@rlaversoveremasr\ed withbrine,

to give a yell ow gfbd{NadbD3), Eal dndesrated Y the OISR
HPLC usi ng wat er/%getgqf'l ril §)e/ TFA (70 30é %ﬁg‘.’%’e & aitotifiiddte 10,

15 STEPc

CH3 0 »~,  OH
c8z” t@(” NS
RS

L

2-Aminothiophenoi (18.53, 18.52 mmol) was added to a degassed solution of _

20 imidate 1b (7.23 g, 9.26 mmol) in absolute ethanol (290 mL) at room
temperature under an atmosphere of argon. The resuiting mixture was heated
at reflux for 4.75 h, cooled to room temperature, exposed to atmospheric oxygen
at room temperature for 18 h atmasphere and concentrated jn vacuo. The
residue was purified by chromatography on silica gel eluting with

25 CHaCla/methanol (95:5) to give the hydroxy benzothiazole intermediate 1cas a
white foam.
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PCT/ US96/ 08456 conpounds 1 and 2. Each diastereoner was |yophilized to
gi.ve the desired products as white foanms where conpound 1 is 91. 5% of
the material coll ected. Compound 1 (L-arginine diaster eorrer) FAB- M5 m z
550 (MH+); [[er ﬂ,ﬁ‘{ ] = -72.5[err], (c 1.00, MeOH). 5 9%@5d
for (err] H[err?kl\)ll[ err ‘&err] S-2.75 TFA. 0.5 Herr]O: Cal cul at ecf

46.12; H, 4.47; N, 11.24; Herr]O 1.03. Found: C. 46.13; H,

4.37; N, 11.35; Herr]O 1.27. ConpouSTEP dD- ar gi ni ne di ast ereoner):

FAB-M5 mz 550 (M+); [[err]]Derr] =10 -67.5[err] (c 0.67, MOH).
Anal . Calc'd for Jerr]JHerr]Nerr] bl—( FA 20H[err]0
er

Cal cul ated: C, 44.01; H 4.56;N, 10/

44.11; H, 4.34; N, 10.96; Herr]CBz?

EXAMPLE 3 STEP 20 A
sol ution of dicycl ohexyl carbodiini d€hW(18. 24 g, n THF (35 ni)
was added dropwi se to a stirred sol ution of 3-di nyl propi oni ¢ aci d
(20.0.9, 88.4 mol ), 2,4,5-trichl orophenol (1NH45 g. 88.4 mol) and
THF (50 nli) under argon at -20 C. The rea Nl m xture was stirred at
-20 [err]C for 2.5 h, placed in a refrigerator NkCBZ- for 16 h, and
filtered through filter aid. The nother Ilqug_iZS was concentrated in

vacuo and ecgysiril haSIariNhiRMHs (5Pb. 576 e hieq 1 p sORKEN e

Found: C,

as a solid.
Activated ester $3.081;.3076 mmal) i GHpCle (4asni)datedonptemparatune undér an pr ol i ne

E 3r 2 ]609, 37. 0 Mignrhospiierd dhdrgsn. "Phd restitinGLrixfire Wals siifrét®idr 45 iln) arid an
additional portion of periodinane (1.2 g, 2.83 mmol) was added, followed by
another 15 min of stirring. The excess periodinane was consumed by the

10  addition of 8 mL of quench solution (25 g NazS203 in 100 mL saturated
aqueous NaHCOQO3) diluted with ethyl acetate (300 mL), and stirred at room
temperature for 15 min. The resuiting aqueous layer was isolated and extracted
with several portions of ethyl acetate and the combined organic extracts were
washed with successive portions of water and brine, dried (NazSO4) and

15 concentrated in vacuo to give the ketone 1d, as a white foam.

STEP e
CH3 O H 9 CH3 O TR
< 1 ]
e RO O
i P
| 9t(le ==LNH
HN=>NH, . NN
20 Compounds 1 Compound 2

The intermediate ketone 1d (2.97 g, 3.63 mmol) and anisale (10 mL) were
placed in a Teflon reaction tube of an HF apparatus under anhydrous
conditions and cooled to - 78 °C. HF (15-20 mL) was distilled into this tube and
upon cbmpletion of addition, the temperature of the mixture was allowed to rise
25 10 0°C. This mixture was stirred for 2 h, concentrated in vacyo and triturated
with several portions of ether to give a yellow solid. This solid was purified by
reverse-phase, HPLC using water/acetonitrile/TFA (70:30:0.2) ‘o give
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PCT/ US96/ 08456 under argon. The reaction m xture was allowed to warm
ta roomtenperature, stirred for 76 h, and concentrated in vacuo. An
aqueous sol ution of NaHCO3 (3.42 g/ 130 m.) and ether (100 niL) were
added to the resygugqgdiyl the resulting m xture was Sstirre

tenperature for 45 mn. The organic |layer was 5 extracted several tines
with water. The conbi ned aqueous | ayer was extracted with two portions
of ether, acidificempaungs i apd£) %t:é digstergomed was: lyopbilizecito give the desireths

gf et hyl}I acgt at e ﬂmmﬂgﬁﬁosﬁﬁwh@é%ﬁfp@uﬁﬂtﬂ B@ﬁSWthW&ﬂatholledﬂﬁt h
"ht or red ate Sb. ampodn £CaRiARE UdsrEEmer): ‘PABMS In's8d (MRS oo
c J[err] -712.5°,2(cd .00, M&DHy.| |ithi unl hexane (16 nL, 25.6 mml) was

dded t ti , ' . 3.9 | d
:nhsdr oﬁsaTsngbtjl@rﬁ:%[;’ 19' %?g @3@9% leen’pc‘iéfgbrzogn. Tmr éa??i on
m xture was stir (eRiCHEtedig oG 48-15H. A4 TN, HnegdidH20, 1.0350) uti on of

N-[err]-Boc-N er rfoundsy! - L- ar@ 48.18; .43 74iNyeX 1095; s OR27800 ng, 1.69
mol ; D Mai o,- et al. Journal of Medicinal Chem stry 1992, 35, 3331) and THF

20 (43 L) was ded vi annul a whil e keepjn he te at ure hel 70 C.
The resulting m %F‘Eo‘égzgpﬁm'éﬂ‘ef@?s@fe@mﬂ):a Ab"?@ ‘I_"g) %Qiﬁﬁﬁljr[ﬁb%/m 0 a
sat ur at ed 10 agRSoYE 067, MaOld). sol ution (600 nmL), stirred vigorously for
15 mn, and extr d  t Verad b .of ethyl acetate. The

conbi ned et hyl ag@ﬁtga"gﬁﬁ%g@nﬁﬁziéh Ws’ﬁ%@ W th successive portions
of water and bri rfealculateds Q\A4dt;H>@56:N] 10.5%0H2053.880ncent rated in vacuo.

The residue vas [gurd:ed b, aalmy, aeretiozerzo, 380, on silica gel
eluting with ethyl acetate/hexane (5:2) to give the %enzot hl azol e

derivative 3c as an oil.
15 EXAMPLE 3

STEP a

a

Ph O cl

o)
Cl
33 :

20 A solution of dicyclohexylcarbodiimide (18.24 g, 88.4 mmol) in THF (35 mL) was
added dropwise to a stirred solution of 3,3-diphenyipropionic acid (20.0 g, 88.4
mmol), 2,4,5-trichlorophenol (17.45 g, 88.4 mmol) and THF (50 mL) under
argon at -20 °C. The reaction mixture was stirred at -20 °C for 2.5 h, placed in
a refrigerator at 0°C for 16 h, and filtered through filter aid. The mother liquor

25 was concentrated jn_vacuo and recrystatlized from ethanol to give the activated
ester 33, as a solid.

STEP b

30 0
3b
Activated ester 33 {15.0 g, 37.0 mmol) was added to a mixture of L-proline

(4.26 g, 37.0 mmol), triethylamine (5.15 mL) and pyridine (45 mL) at § °C
a8
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PCT/ US96/ 08456 STEP d [err] 5

Sadi um borohydride (63.8 ng, 1.69 mmol) was added dropwi se to a solution of
benzot hi azol e 2¢(307 ng, 0.563 nmml) in MeOH (10 nlL) at -20 [err] C under

argon. This mx Sedifa stirred at approximately -20 [err] C f opcfidsstosassnd
acet one (2 was slowy added. The resulting m xture was allowed to

warmup to 10 roomtenperature over 1.25 h, concentrated in vacuo, and
partitioned betwamder argos. e reattieh eniztutie waiscallowbdctoawanan tesrdomy temparsture,

t ted with | [ t j
Soet at e extract o Sied 1009 by 84 conperiatéd M‘@ﬁ?eﬁﬁ?ﬂé’fgﬁ? fgﬁ‘%ﬁ o 20
concentrated in Vi@e4o480 datdand.ethar (fomiy wese agdpad te the residiiq apg thayrasulting
STEP e [err] mixturea¢as stindudt rabmotentetaturd fordis( Mirk 7The ofgatiic [ayel wasn 10

argon for L5 SrEelepEra it wadl' The Cofbireah lgtiR Thabe s BpEHeo
gi ve the TFA sal t with tee potions of ether, acidified with 1N HCl and extracted with several
. portions of ethyl acetate. The combined ethyl acetate extracts were washed
with brine, dried (MgSO4) and concentrated in.vacuo to give the proline
intermediate 3b, as a solid. '
10

STEPc
Hoo
e’y N

NH

=
HN NH-Ts

3¢

15 1.6 M p-Butyl lithium/hexane (16 mL, 25.6 mmol) was added to a solution of
benzothiazole (3.7 mL., 33.9 mmol) and anhydrous THF (114 mL) at - 78 °C
under argon. The reaction mixture was stirred at -78 °C for 15 min and a
solution of N-o-Boc-NG-tosyl-L-arginine N.Q-dimethyl amide (800 mg, 1.69
mmol; DiMaio, st al. Journal of Medicinal Chemistry 1992, 35, 3331) and THF ..

20 (43 mL) was added via cannula while keeping the temperature beiow 70 °C.
The resulting mixture was stirred for 1.66 h at - 78 °C, poured into a saturated
aqueous NH4Cl solution (600 mL), stirred vigorously for 15 min, and extracted
with several portions of ethyl acetate. The combined ethyl acetate extracts were
washed with successive portions of water and brine, dried (NagS0Og4) and

25 concentrated [n vacug. The residue was purified by column chromatography
on silica gel eluting with ethyi acetate/hexane (5:2) to give the benzothiazole
derivative 3¢ as an oil.

39



40 VO 96/ 40748

PCT/ US96/ 08456 STEP f [err] 5
A solution of the TFA salt of amine 3e (0.49 nmmol), triethylam ne (0.25
m.), intermediate 3b (158 ng, 0.49 mmol ), hydroxybenzotriazol e hydrate
(111 ny, O.Wwlougake in acetonitrile (10 nmL) was treated Weebubdshsdss 3
ng, 0.54 nmol) and stirred at room tenperature under argon for 20 h.
The resulting m xture was filtered and the solids were washed with
several portions of acetonitrile. 10 The fi STBR@ and washi ngs were

conbi ned, concentrated in vacuo and partitioned between ethyl acetate

and water. The organic |layer was washed H @#Hth successive portions of 1
N HO, water, saturated aqueous NaHCJ err]y akd S Qri ne; dried
(Na[err]SOerr]) and concentrated in vBoeo.¥Th sree was purified

-

using preparative TLC on silica gel, eluti wi tN"CNE [ err]/ MeOH
benzot hi azole 3f. 15 as a tacky solid. r?

STEP ¢ [err] A mxture of 31(7.2 ng, 0.0096 mmol)
CHerr]d[err] (1 nL) and Dess-Martin i odi nane (8.1 ng, 0.019 mmol)
was stirred at roomtenperature under yy=Xitrogen for 1 h, treated with 4
mL of quench solution (25 g Na[err]S[err| &#HTsin 100 ni sat ur at ed

aqueous NaHCJ err]), and diluted with water a CH err]C[err]. The -
resulting 25 rgani c | ayer was washed with water, dried (Na[err]SOerr])
and concentrat &d

Sodium borohydride (63.8 mg, 1.69 mmol) was added dropwise 10 a solution of

benzothiazole 2¢ (307 mg, 0.563 mmol) in MeOH (10 mL) at -20 °C under
argon. This mixture was stirred at approximately -20 °C for 40 min and acetone
(2 mL) was siowly added. The resulting mixture was atlowed to warm up to

10 room temperature over 1.25 h, concentrated in vacuo, and partitioned between
ethyl acetate and water. The aqueous.layer was extracted with several portions
of ethyl acetate. The combined ethyl acetate extracts were washed with brine,
dried (NagS04), and concentrated inyacuo to give the alcohol 3d, as a pale
yellow foam.

15

STEP e

OH
HaN E)\(‘SD
§ N
NH

HN=(
NH-Ts

a8
20 A solution of alcohol 3d (0.27 g, 0.49 mmoi) in 10 mL of TFA/CH2Clp (1:4) was
stirred at room temperature under argon for 1.5 h. The resulting mixture was
concentrated in vacuo to give the TFA sait of 3e, as an oil.

40



in vacuo to gi ve the ketone 3g, as a foam

41 WD 96/ 40748

PCT/ US96/ 08456 STEP h [err]

Conpound 3 5 A mxture of anisole (1 nmL) and ketone 3g (137 ng, 0.17 nmol)
was placed in awg | on reaction tube, attached to an HF a 164 gnd
cooled to -78 [err’]ﬁd F (5 m.) was distilled into the reaction tube
and the resulting m xture was stirred at O [err]C for 3 h. The HF was
renmoved in vacuo and the mxture was trituSHERIfwi th three portions of

ether. The resulting precipitate was filtered, air dried, 10 dissolved in

acetonitrile/water (1:1) and purifpgd by gvqyse- ghase HPLC usi ng
CHerr]CN + 2% TFA/H err] 0 +0.016 Y T qel ughtg g desired fractions
wer e concentrated in vacuo OPIN“T I '_yeound 2 as a 1:3

m xture of D and L arginine diastereonegs; IR (K err])

1674, 1450, 1204, 1135; [[err]][err] = -74.0 §c 0.60, MeOH); nmp = 106-120
[err]C. Anal. Calc'd for CJerr]Herr]Nerr]3[egfr]S.1.75 15 TFA 0. 33

H err].O Cal culated: C, 52.96; H, 5.02; N, NH.15; Herr] O=3.81.

Found: C, 53.27; H, 5.13: N, 10.34; Her . 86.

EXAMPLE 4 20 Hﬁm.qrs [err] 4a

3t
S5 A solution of the TFA salt of amine 3e (0.49 mmol), tristhylamine (0.25 mL),

intermediate 3b {158 mg, 0.49 mmol), hydroxybenzotriazole hydrate (111 mg,
0.54 mmoil) in acetonitrile (10 mL) was treated with DCC (73 mg, 0.54 mmol)
and stirred at room temperature under argon for 20 h. The resulting mixture
was fiftered and the solids were washed with several portions of acetonitrile.
10  The filtrate and washings were combined, concentrated in vacuo and

partitioned between ethyl acetate and water. The organic layer was washed
with successive portions of 1N HCI, water, saturated aqueous NaHCOQO3, and
brine; dried (Na2S04) and concentrated in vacuo. The residue was purified

using preparative TLC on silica gel, eluting with CHCl3/MeOH benzothiazoie 3f,
15 as atacky solid.

STEP g

NH
HN=

NH-Ts
20 3g
A mixture of 3f ( 7.2 mg, 0.0096 mmol) CH2Cl2 (1 mL) and Dess-Martin
periodinane (8.1 mg, 0.019 mmol) was stirred at room temperature under
nitrogen for 1 h, treated with 4 mL of quench solution (25 g NaxS203 in 100 mL
saturated aqueous NaHCO3), and diluted with water and CHaClp. The resulting
25 organic layer was washed with water, dried {Na»S04) and concentrated
invacuo to give the ketone 3q, as a foam.
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1,1' - Car bonyl di | mi dazol e (0.65 g, 4.05 nmmol) was added to a mixture of 25
N-[err]-Boc-Nerr]Nerr]-di-CBZ-L-arginine (92.0 g, 3.69 mmmol ) and THF at O

[ err] C under argon and the resulting mxture was stirred for an hour
at 0 [err]C. The m xture was cooled to -48 [err]C and a solution of 1
M DI BAL/ hexane ywbbedetds. 10.3 PCT/U!

WD 96/ 40748 PCT/ US96/ 08456

mol ) was added at a rate which kept the reaction tenperature between -48
and -42 [err]C. The resulting mxture was STER &d for another 15 min at -

48 [err] C and an aqueous sol ution of Kqu err] (1.4 g/5.0 nL) was added
at a tenperature of bet ween - 4Gyan [er_‘r]CO The m xture was al | owed
to warmup to room5 tenperature, [ Rr ] [err] d, and the
resulting solids were filtered a dcﬁwal portions of
CHerr]A[err]. The collected filtrates wer¢ wa Shed N th water, dried
(MgSH) and concentrated in vacuo. The residue S purified by
crystallization fromi-PrOH and hexane to give {he al dehyde 4a, as a

solid. 10 STHiHDb [err] 15 A
m xture of al dehyde 4a, (0.765 g, 1.36 mol ), &lerr]Cferr] (5 nL) and 2-
(trimethylsilyl)thiazole (1.07 g, 6.8 mmol) % S Nf§jrred at roomtenperature
under argon for 16 h. The reaction r'&xture g\%s concentrated in vacuo
to give 4b as an oil. 20 STEP ¢

[err] 4c 5 A mixture of anisole (1 mL) and ketone 3g (137 mg, 0.17 mmoi) was piaced in a
Teflon reaction tube, attached to an HF apparatus, and cooled to -78 °C. HF (5
mL) was distilled into the reaction tube and the resuiting mixture was stirred at
0 °C for 3 h. The HF was removed in vacug and the mixture was triturated with
three portions of ether. The resulting precipitate was filtered, air dried,

10  dissolved in acetonitrile/water (1:1) and purified by reverse-phase HPLC using
CH3CN + 2% TFA/H20 +0.016 % TFA as an eluent. The desired fractions were
concentrated in vacuo and lyophilized to give compound 2 as a 1:3 mixture of
D and L arginine diastereomers; IR (KBr, cm -1) 1674, 1450, 1204, 1135; [ajp1®
= -74.0 (¢ 0.60, MeOH); mp = 106-120 °C. Anal. Calc'd for C33H33N5035-1 75

15 TFA<0.33 H20:

Calculated: C, 52.96; H, 5.02; N, 10.15; H20=3.81.
Found: C, 53.27; H, 5.13; N, 10.34; H20=3.86.

- EXAMPLE 4
20 STEP a

H 0
Boc'N})LH
,N
CBZ-HN=X

NH-CBZ
42
1,1’-Carbonyidiimidazole (0.65 g, 4.05 mmol) was added to a mixture of
25 N-o-Boc-NG,NG'-di-CBZ-L-arginine (92.0 g, 3.69 mmol) and THF at 0 °C under
argon and the resulting mixture was stirred for an hour at 0 °C. The mixture
was cooled to -48 °C and a solution of 1 M DIBAL/hexane (10.3 mL., 10.3
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Tr'i f 1 uor oacetic acid (6 nL) was added slowly to a stirred m xture of
thiazole 4b 25 (1.36 mmol) and CH err]d[err] (30 nm.) at roomtenperature
under argon. The reaction m xture was stirred for 6 h and
concentrated in vacuo. The residue was purified by flash

chr omat ogr aphy i Johiaa gel using CH err]Cd[err]/MeOH NH err]

43 e w6l Ferussaoness
PCT/ US96/ 08456 (95:4.5:0.5) as an eluent to give a single diastereoner.
The isol ated produmiol) wasiaddedi atssorate dvhiich kepthe frédiation] temperatire between -48
(Klerr] 00lerr]) . qd lipotoedig fbsAg it s gﬁmqupaa;%eé s'(psg. iheagbe ahg

4c as a gl assy err]

4d DCC (0. 079RMadueous saition RiKHSQRed 1149/8-Gnky) was Ademperatyre of
g, lfJ.BElSJSl(FJ) tmwrol ) betweBa }40\ane t28/*C DTiheanixtira wds-ditopeal torwarn® upAogoofh 35 ag
Mol ; al e . .
mol ) "and CH3 temp%ﬁ%@%mﬁ%&lz %%rr?_ %de%%?\ g?hé Zééupﬁ‘e& ¥§§§’§ ‘lﬁgﬂré)wégﬂ%end\?vas
stirred for 3.5 hwashed with additional partieas sbCHaCle: cEhroliacted filtrates mere washed
_portions of CH3CNwitH Watér0 Bhed @lgSO4) idndidorcentrared ¢n YA6GE N TThat Ikdidud Wasuo

o part i oned O e BBt o S ol oA AL

and concentrated $olidsacuo. The residue was purified by chronmat ogr aphy
(silica gel, {glerr]Cllerr]/MeOH (95/5)) to give the coupl ed al cohol
4d white f 20 STEP
as a ite foam STEPb e [err]
i otMs
Boc=Ny

YYD
{

CBZ-HN={
NH-CBZ

4b
15 A mixture of aldehyde 43, (0.765 g, 1.36. mmol), CH2Cl2 (6 mL) and 2-
(trimethyisilyl)thiazole (1.07 g, 6.8 mmol) was stirred at room temperature under
~ argon for 16 h. The reaction mixture was concentrated in vacuo to give 4h as
an oil.

20 STEPC

OH

lS
ZVN/

CBZ-HN-¢
NH-CBZ

4c
Trifluoroacetic acid (6 mL) was added siowly to a stirred mixture of thiazole 4b

25 ({1.36 mmol) and CH2Cl2 (30 mL) at room temperature under argon. The
reaction mixture was stirred for 6 h and concentrated in vacuo. The residue
was purified by flash chromatography on silica gel using CH2Cl2/MeOH/NH4OH
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A solution of the alcohol 4d (0.14 g, 0.15 nmmol) and CH err]Cl[err] (3 nL)
was added 25 in one portion to a mxture of Dess-Martin periodi nane (76
ng; 0.179 mmol ) and CH err]C[err] (4 nL) at roomtenperature. The
reaction m xture was stirred for 35 mn and a | ow additional
mlligrams of Degpobfigisg N peri odi nane was added. The ’

WD 96/ 40748 i ' P&‘H’B%%@W&SG
resulting m xture was stirred for another 10 min and 10 niL of quench

sol ution ( 2585:4&i0 ) e sreeiupay torgive a singbe diastergomest dbed ¢product
NaHCO err]) was aggedissalve@WeEHAC!,, driedqR-6GH) ! ifitBAld dRd BbRcdtitraiéd [déﬁﬂﬁg to
The resulting m Xt'uéﬁ'@r\l\gls l?Halrtltlon d bet.ween ethyl acetate and water
and stirred for a#¥ gohigi 4c. 35 3 ?ﬁ%Yrﬁ'lc | ayer was 5 washed with several
portions of water and brine, dried (MgSJ err]) and concentrated in
vacuo to give g he ketone 4e, as a colorles .
STEP f [err] 8 : TP Compound 4 (RW 50026)
Ketone 4e (0.13 g, 0.144 mmol) and anisole (1 n) were placed in a Teflon
reaction tube of an HF apparatus underCHm mtions and cooled to
-78 [err]€ HF (5-10 nlL) was di Stitéf & flask, the
tenperature of the 15 m xture was rr]C and this
m xture was stirred for 1.5 h. The P HE was @ vacuo and the

residue was triturated with several portions f ether to give a solid.
This solid was purified by reverse-phase HPLC el ut\yng W th
wat er/ acetonitril e/ TFA (50:50:0.2) and concegntrat I n vacuo. The residue

was di ssolved in water and adjusted to pH SBLHN; féﬁihly ri nsed
Anberlite[err] 20 [IRA-400 (OH) ion exchange resi NHy aqueous 0.1 M TFA
The solid precipitates were isolated byddiltration and the filtrate

was | yophilized t ' b | 2 g f Or

e i e RS b e e P

Cal cul at ed: = C1Y9 44 T8O, (CBL)Rmepliyl-Drpienyaignyl-Lmpling (0314 §50.38 spmgl; US Pgtent

44.49; H, 4.93; N4.703.086), hdroxyjb@nzatriazole hydrate (0.053 g, 0.38 mmol) and CH3CN
(4.5 mL) at room temperature. The reaction mixture was stirred for 3.5 h and the
resulting solid precipitate was washed with portions ot CH3CN. The combined
filtrates were concentrated in vacuo and partitioned between in ethyl acetate

15 and water. The organic layer was washed with successive portions of water

and brine, dried (MgSO4) and concentrated jn vacuo. The residue was purified
by chromatography (silica gel, CH2Cla/MeOH (95/6)) to give the coupled
alcohot 4d, as a white foam.

20 ' STEP e
CH3 O @H 0
Bz’ N?’“ﬁrs
nb)L 0 \ NJ

A
CBZ-HN™ hcez
40

A solution of the alcohol 44 (0.14 g, 0.15 mmol) and CH2Clz (3 mL) was added
25 in one portion to a mixture of Dess-Martin periodinane (76 mg, 0.179 mmol) and

CH2Cl2 (4 mL) at room temperature. The reaction mixture was stirred for 35 min

and a few additional milligrams of Dess-Martin periodinane was added. The
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45 VO 96/ 40748
PCT/ US96/ 08456 EXAMPLE 5
STEP a [err] 5 5a

1,1 -Carbonyidiimdazole (9.89 g, 0.053 mmol) was added in one portion to a
stirred sol uti ogwodkudfag €' r]-CBZ-Nerr]-tosyl -L-arginine (25.2 US9BbeuseNd
THF (160 m.) at 0-10 [err]C. After 1 h, the reaction mxtlﬁyrre was s¢
cooled to -42 [err]Cand 1 M Dl BAL/ hexane (130 m., 130 nmol) was added
over 30 nin. Theraspitingtmixturevasnstirreg for ansther i1 0rmin ang 1Ak ctquaThrsalutian

HEL (365 ) and i aSa0ain 400 R Rkied aqued RAMUCH) wesl B tolloweld by
tenperature. Thi 8B ﬁﬁ?’?‘&?@'t téglitg ng't"éiﬂgwiﬁﬁ rgsiditing mpclure was(%gthﬁsrg between
CHC1[err] (400 nethybacstate and:water andcstimed fprearotheeSimin. Zte orgaficdayer was
aqueous - phas e va ygsfisd Ghtn WevBral PYRidHs iidibPaita Bhine! BheE (hsenfiahde
conbined 15 organic extracts re washed w th successivVv rtl ons of

¢ \ 0
wat er, dried m?m‘éﬁ‘fmtﬁgi%twm Ag; ag g eolo lags.gi ve the
.al dehy.de 5a as a solid; FAB- M5 mlz 447 (VH) +
STEP b 20 [err] STEP §

HN=(
10 NH2

Compound 4 (RWJ 50026)
Ketone 4a (0.13 g, 0.144 mmol) and anisole (1 mL) were placed in a Teflon
reaction tube of an HF apparatus under anhydrous conditions and cooled to
~78 °C. HF (5-10 mL) was distilled directly into this flask, the temperature of the
15  mixture was allowed to rise to 0 °C and this mixture was stirred for 1.5 h. The
HF was removed In vacuo and the residue was triturated with several portions
of ether to give a solid. This solid was purified by reverse-phase HPLC eluting
with water/acetonitrile/TFA (50:50:0.2) and concentrated [n vacuo. The residue
was dissolved in water and adjusted to pH 6.48 with freshly rinsed Amberiite®
20 IRA-400 (OH-) ion exchange resin and aqueous 0.1M TFA. The solid
precipitates were isolated by filtration and the filtrate was lyophilized to give
compound 4 as a white solid. Anal. Calc'd for Ca4H33N703+2 C2HF304+0.2
H20:
Calculiated: C, 44.88;H, 5.03; N, 13.08; H20, 2.88.
25 Found: C, 44.49; H, 4.93; N, 12.98; H20, 2.64.
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KEN (6.0 g, 92 mmol) was added to a stirred m xture of al dehyde 4a (22.0 g,

49 nmmol) in MeOH (60 nL), Herr]O (60 nL) and ethyl acetate (110 nlL)
and stirred at 25 22 [err]C for 16 h. The resulting aqueous |ayer was
extracted with several portions of ethyl acetate and the conbi ned
organi c extract shed with water, '

46 Wou- i PCT/US6108436
PCT/ US96/ 08456 dried (Na2SO4) and concentrated in vacuo to give the
nitrile 5b as a foam FAB-MS ml z 474 BXAMPLE 5

STEP ¢ 5 STHreA' ] Anhydr ous

HCl (g) was bubbled into a solution of nitrile 5b (8.0 g, 16.9 nmol)
and anhydrous MeOH (162 nL) at -78 [err]C at a rate such that the
tenperature 10 does not exceed -40 [err]C At ter the addition the reaction

was stirred for 30 mn at O [err]C. - nmxture was added to
a vigorously stirred saturated aqueous HCO3 V\/m | e mai ntaining the pH
above pH 6. After neutralization, the pH was adjusted to pH 4.0 with
gl acial acetic acid and ethyl acetate (350 ni) S added. The m xture
was stirred for 4 h, separated and the aqueous \ayer was 15 extracted with
ethyl acetate three tines. The conbi ned et hyl ate extracts wer e
washed with water, saturated aqueous NaHCTH as well as brine, dried
(Na2S™4) and concentrated in vacuo to give the NH date 5¢c as a white solid;
FAB-MS nfz 5075(MVH) +. 20 Sa STEP d [err]

1,1-Carbonyidiimidazole (9.89 g, 0.063 mmol} was added in one portion to a
stirred solution of N-0-CBZ-NG-tosyi-L-arginine (25.2 g, mmol) and THF (160
mL) at 0-10 °C. After 1h, the reaction mixture was cooledto -42°C and 1 M
DIBAL/hexane (130 mL, 1.30 mmol) was added over 30 min. The resulting

10  mixture was stirred for another 30 min at -42 °C. The reaction was quenched by
the slow addition of 1.2 M HCL (365 mL) and the reaction temperature was
allowed to warm to room temperature. This mixture was treated with 0.6 M HCI
(360 mL) and CHCIl3 (400 mL) and stirred at room temperature for 2.5 h. The
aqueous phase was washed with several portions of CHCl3 and the combined

15 organic extracts were washed with successive portions of water, dried
(Na2S04) and concentrated in vacuo to give the aldehyde §a as a solid; FAB-
MS m/z 447 (MH)*

. STEP b
20
H. HO CN

caz“\%

~
Ts-HN NH

5b
KCN (6.0 g, 92 mmol) was added to a stirred mixture of aldehyde 43 (22.0 g, 49
mmol) in MeOH (60 mL), H20 (60 mL) and ethyl acetate (110 mL) and stirred at
25 22°C for 16 h. The resulting aqueous layer was extracted with several portions
of ethyl acetate and the combined organic extracts were washed with water,
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A ;ol ution of imdate 5¢ (1.00 g, 1.84 mml), 2-am nophenol (0.22 g, 2.03
nmmol) 25 and absolute EtOH (40 nL) was heated at reflux under Nerr] for

24s h and concentrated in vacuo. The residue was purified by
chromat ography on silica gel eluting with CHerr]C[err]/MOH (95:5)
to give the benz‘g b& 5d as a white
47 BeP4BTR, PCTUSIGBSS
PCT/U896/08456 foam np 81-91 C, [[err]][err] -2.9 (c, 0.868,
CHCl [err]). Anal . ddeti{Ne23Qs) @hc coheéntratpdiiryadud torgiys the nitrite Sb[asra joam;
Cal culated: C, S5&apd MS 7344 ®+ 12.15; Herr]OQ 1.87 Found: C
58.32; H 5.14; N, 11.9 l\fl 1.67 5
STEP e [err] 10 A mxture of 5d (0.87 g, 1.53 nmmol), 20%
Pd(OH)[err]/C (0.21 g) and absol ute Et @TER®8 nlL) was placed on an
at nospheri c hygrogenator and stirred under Herr] for 16 h. The
resulting mxture was filtered, through af'P_'It aid and concentrated
in vacuo to give the free am ne 5e as a yel Isow agl H15
STEP f. [err] CBZ"™ ™% CHs

\ NH

» HCI
—‘H
Ts-HN
NH
S¢

Anhydrous HCI {g) was bubbled into a soiution of nitrile 5b (8.0 g, 16.9 mmol)
and anhydrous MeOH (162 mL) at -78 °C at a rate such that the temperature -
10 does not exceed -40 °C. After the addition the reaction was stirred for 30 min at
0 °C. The reaction mixture was added to a vigorously stirred saturated aqueous
NaHCOj3 while maintaining the pH above pH 6. After neutralization, the pH was
adjusted to pH 4.0 with glacial acetic acid and ethyl acetate (350 mL) was
added. The mixture was stirred for 4 h, separated and the aqueous layer was
15 extracted with ethy! acetate three times. The combined ethyl acetate extracts
were washed with water, saturated aqueous NaHCOg3 as well as brine, dried -

(NazS04) and concentrated jn vacup to give the imidate Sc, as a white solid;
. FAB-MS m/z 507 (MH)+.

20 STEP d

H o oH
CBZ‘"\./\.*OE
Zw A
<
Ts-HN NH

8d
A solution of imidate 5¢ (1.00 g, 1.84 mmol), 2-aminophenol (0.22 g, 2.03 mmol)
25 and absolute EtOH {40 mL) was heated at reflux under N2 for 24 h and
concentrated jn vacto. The residue was purified by chromatography on silica
gel eluting with CH2Clo/MeOH (95:5) to give the benzoxazole £d as a white
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20 A solution of DCC (0.25 g, 1.1 mol) and CHerr]CN (1 nL) was added

dr opw se to a solution of 1-hydroxybenztriazole hydrate (0.16 g, 1.2
nmol ), am ne 5e (0.47 g, 1.1 mol ), CBZ N-nethyl - phenyl al anyl - prol i ne
(0.44 g, 1.1 mvol ) and CH err]CN (15 nlL) under N2. The reaction

mxture was stirgafbelis3- 5 h, filtered and the resul ting g e
was washed with severa portlons of CHerr]CN. The 25 conbi neﬁh{st%rﬂg'?%k
was concentrated in vacuo , dissolved in ethyl acetate, washed with

successi ve porti ofsarRf mpai1edt e 0@25”-9:9@"0% @%Q{lmaﬁldcmc'd 1T TPy NRORS
I n vacuo. The res%éjﬁﬁz&s purified by colum chromatography o
48

PCT/ UtSﬁG/ 0845|6 g Cal@.llh‘liedgt g€, 58/34t HNS. 1‘4&[' thHBeH&DW [BFrr]/ MeCOH (93:7) to
give e couple 0
STEP g 5  [err] FoliRb 58,3 t K Yar Rl ek Pray V& 45 g, 0.56 mol)

and anhydrous 8HC 2 (5 nL) was added to a stirred m xture of
Dess-Martin periodinane (300 ng, 0.73 mvl ) gyEp 40 anhydrous
CHerr]C [err] (20 nL) at roomtenperature under argon. The reaction
m xture was stirred for 30 mn and anot her portion of Dess-Martin

peri odi nane (50 nmg, 0.12 mmol) was added %I | oned by anot her 10 m n of
stirring at room tenmperature. To th Oeactlon m xture was
added 30 nL of quench solution (25 g Naferrds ]Qerr] in 100 nL
saturated aqueous NaHCO err]) followed by a Y5 @ of ethyl acetate.
The resulting organic | ayer was washed with essi ve portions of
saturated aqueous NaHC( err] and brine, drie lvgsq err]) and
concentrated in vacuo to give the ketone 5g, a foam FAB- M5 m z 882
(M) +. 20 Ts-HN"(i' Ph [err]

10

A mixture of 5d (0.87 g, 1.53 mmol), 20% Pd(OH)4/C (0.21 g) and absolute
EtOH (19 mL) was placed on an atmospheric hydrogenator and stirred under
Hz for 18 h. The resulting mixture was filtered, through a filter aid and
concentrated in vacuo to give the free amine 5e as a yellow foam.
15
STEP f

R«”z < £y

Ts-HN NH

- af
20 A solution of DCC (0.25 g, 1.1 mmol) and CH3CN (1 mL) was added dropwise

to a solution of 1-hydroxybenztriazole hydrate (0.16 g, 1.2 mmol), amine Se
(0.47 g, 1.1 mmol), CBZ N-methyl-phenylalanyl-profine (0.44 g, 1.1 mmol) and
CHaCN (15 mL) under N2. The reaction mixture was stirred for 3.5 h, filtered
and the resulting filter cake was washed with several portions of CH3CN. The
25 combined filtrate was concentrated in vacuo , dissoived in ethyi acetate,
washed with successive portions of water and brine, dried (MgSO4) and

concentrated jn vacuo. The residue was purified by column chromatography on
48



Cc;rrpound 5 Ketone 5g. (0.45 g, 0.54 mmvol) and anisole (ca. 2.0 nL)
were placed In a Teflon 25 reaction tube of an HF apparatus under anhydrous

canditions and cooled to -78 C. HF (0.5-1.0 nL) was distilled
directly into this flask, the tenperature of the m xture was al |l owed
toriseto O [V\g%%/%g thls mxture was stirred at 0 [err]C fgindcosnsass
49 48

PCT/ US96/ 08456 h. The HF was renoved in vacuo and the residue was
triturated wth seilicagel eluting withtCldgGloMe@HNEB: 7) do giveethe garipladhalcohold®t, as a
whi ch was purifi.eg qglﬁ_"rg rse- phase HPLC eluting with

wat er/ acetonitril 7 A Fé?g 30:0.2). The fractions containing t he

desired product were concentrated in vacup and |yophilized to give 5
corrpound 5 as a powder; np 81-91 [err]C [[&STBRgerr] -63.3 (c 0.58, MeOH):

FAB- M5 % 534 (MH)+. Anal. Calc'd for

ClerrHerr]Nerr]gerr]. 4. (C[err]HF[(g_ésrbq r g H[err]O

Calculated: C, 41.97; H 4.25; N, 9 @ Found: C,
42.26;, H, 4.42; N, 9.87; Herr]O céz Y rO

EXAMPLE 6 o) STER a/ \ [err] 15
1 ,1-Carbonyidiimdazole (1.8 g, 1 D nmol ) was §dded # sol ution of
N-[err]-Fnoc-Nerr]-tosyl-L-arginine (6.0 g, 10. mmol) 1h anhydrous THF
(30 nmL) at O [err]C under argon and stirred O [err]Cfor 1.5 h. The
reaction m xture was cooled to 48 [err DI BAL (28 mL, 28 mmol)
was added dropw se over 20 mn. The re §1HN'§N xture was stirred for
another 1.5 h and 1.2 N HCL (67 nL) was 20 added th stirring. The

m xture was allowed to warmup to room tenper &Qire and partitioned

bet ween 0.6N HO (£BoKitidn 8Nalc6hbIBIT A5G, 0156 nmirfisly lahtthhydrous CH2Cla (5 mL) was
' added to a stirred mixture of Dess-Martin periodinane (300 mg, 0.73 mmol) and
10  anhydrous CH2Cl2 (20 mL) at room temperature under argon. The reaction
mixture was stirred for 30 min and another portion of Dess-Matrtin periodinane
(50 mg, 0.12 mmol) was added followed by another 10 min of stirring at room
temperature. To the stitred reaction mixture was added 30 mL of quench
solution (25 g Na2S203 in 100 mL saturated aqueous NaHCO3) followed by a
- 1§ portion of ethyl acetate. The resulting organic iayer was washed with

successive portions of saturated aqueous NaHCOg3 and brine, dried (MgSOa4)
and concentrated in vacuo to give the ketone £g, as a foam; FAB-MS m/z 882
(MH)*.

20 STEP h

M0 A H O
Wj}&l\)kfo
SAREE:S

£
HN"

Compound §
Ketone 5g (0.45 g, 0.54 mmol) and anisole (ca. 2.0 mL) were placed in a Teflon
25 reaction tube of an HF apparatus under anhydrous conditions and cooled to
<78 °C. HF (0.5-1.0 mL) was distilled directly into this flask, the temperature of
the mixture was allowed to rise to 0 °C and this mixture was stirred at 0 °C for 4
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aqheous | ayer was washed with several portions of chloroform The conbined
organi c extracts were washed successive portions of water and brine, dried

(Na[err]SOerr]) and concentrated In vacuo to the al dehyde 6a as a vvhite
flakey 25 solid.

WD 96/ 40748 WO 96/40748 - PCT/ US9BLP Cﬁé?ﬁm
STEP b [err] 5 A solution of KCN (1.44 g, 22 mmol) an err[O
(125 nL) was added to a solution of al dehyde 6a (5.9 g, 11.0 nmmol) in

ethyl acetate (250 The HFwas hemoeed i vauo and thextesiduevwas trituratertiwith sevérah
at room tenper at %cﬁtbﬂ&j@l" %tﬁ[a\gfa"?nvl r%ﬁ(eﬁl‘i:gﬁ‘élilxﬁ which' \QXE buﬂﬁﬂlﬁfi’e;\{:é?ﬁﬁhééﬁghe

t he aqueous | aye portlons

conbi ned et hyl ac@%ﬁéé@mr“d@? wajarfacelpilflafToA (F0 800\ ﬁ@e rﬁ?‘i%“ nmg
(Na[err]Serr]), thecdvstreﬂmmbtlwareammemmdtm@dmmntih pheilzedoer giv

d
ﬁir_]) e;nd arsaturﬁ&dj@ﬂ%eous %ngolt%ﬁeag%t@W%%bém H‘BOMS
mai nt ai ned at 7. OM¥ES3IHMH)* AaddCelQﬂmestasUasmwaﬁ Z'ﬂ'éHQQI i d

NaHﬁog watshr ermvecaieulaft?dtraelws?m 4.0s; N, 9.5271450/ 3.989 ag;_eouz | ayer was
washed wi sever rtions . conbi ned organic
| ayer was washed ?bw% wth %'r‘{%géhév?géew:gg 'néi?' concentrated in
vacuo to give the cyanohydrin 6b as a white soli d FAB- M5 m z 562
(MH) +. 10 _ EXAMPLE®

STEP a

H 0
Fmoc-N\‘/"\H

Ts-HN—S

NH

| éa
15  1,1-Carbonyldiimidazole (1.8 g, 11.0 mmol) was added to a solution of

N-a-Fmoc-NG-tosyi-L-arginine (6.0 g, 10.0' mmol) in anhydrous THF (30 mL) at
0 °C under argon and stirred at 0 °C for 1.5 h. The reaction mixture was cooled
to -48 °C and 1M DIBAL (28 mL, 28 mmol) was added dropwise over 20 min.
The resulting mixture was stirred for another 1.5 h and 1.2 N HCL (67 mL) was
20 added with stirring. The mixture was allowed to warm up to room temperature
and partitioned between 0.6N HCI (65 mL} and chioroform. The resulting
agueous layer was washed with several portions of chloroform. The combined
organic extracts were washed successive portions of water and brine, dried

{(Na2SQ4) and concentrated in vacuo to the aldehyde 84 as a white flakey
25 solid.
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20 [err] HC (21 g) was bubbled into a solution of nitrile
6b (3.0 g, 5.34 mmol) and nmet hanol (53 nmlL) under argon of at a

tenmperature of less than -40 [err]C over 20 25 mn. This reaction vessel
was cl osed under nitrogen and placed in a freezer at -15 [err]C for

46 h and concen %)z” vacuo at roomtenperature. The resi dUSeTrus96/08456
51

PCT/ US96/ 08456 was partltloned bet ween sat urated aqueous NaHCO err]
solution (250 nL) and ethyl acetate. TheTEPgani c | ayer was washed with

two portions of brine, dried (MgS™) and concentrated in vacuo to give
the imdate 6¢c as a solid. 5 STEP d [err]

Cysteine ethyl ester hydrochloride (1. 9 g, }1 |) was added to a
solution 10 of imdate 6¢c (3.30 g, 5. 3 ’%([err](}[err] (100 ni)
and the resulting m xture was stlrred und r arlgdn at room tenperature
for 3 h. The solid precipitate was renoved by filtration and the
filtrate was concentrated in vacuo The residu was purified by HPLC
using CH err]Cl[err]/ methanol (97:3) as an el t to give the

t hi azol i ne derivative 6d, as a solid, FA%JI_\{E Z 694 (MH)+. 15

NH
gb
5 Asolution of KCN {1.44 g, 22 mmol) and H20 (125 mL) was added to a solution
of aldehyde §a (5.9 g, 11.0 mmol) in ethyl acetate (250 mL) and the resulting
mixture was stirred for 40 h at room temperature under argon. The organic
layer was separated and the agqueous layer was washed with three portions of
ethyl acetate. The combined ethyl acetate extracts were washed with brine,

10 dried (Na2S0Og4), concentrated in vacuo and stored in the refrigerator under
argon. The residue was partitioned between ethyl acetate (100 mL) and
saturated aqueous NaHCO3 (200 mL) and the pH was maintained at 7.0 by the
addition of solid NaHCO3. The solid NaHCO3 was removed by filtration and the
resulting aqueous layer was washed with several portions of ethyl acetate. The

15 combined organic layer was washed twice with brine, dried (MgSOg4) and

concentrated in vacuo to give the cyanohydrin b as a white solid; FAB-MS m/z
5§62 (MH)*. '

STEPc

20
H3CO

NH ¢ HCI
Fmoc-HN
& OH
ivH
TsHN=$

gc
HCI (21 g) was bubbled into a solution of nitrile 6b (3.0 g, 5.34 mmol) and

methanol (53 mL) under argon of at a temperature ot less than -40 °C ovar 20
25 min. This reaction vessel was closad under nitrogen and placed in a freezer at
-15 °C for 46 h and concentrated in vacuo at room temperature. The residue
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STEP e [err] 20 Diethylamne (2.5 nL, 24.2 nmml) was added

dropwi se to a stirred solution of derivative 6d (2.20 g, 3.17 mmol) in
anhydrous acetonitrile (50 nL) at -5[err]C and the reaction was
allowed to warmup to roomtenperature over 18 h. The resi due was

concentrat ed i n I ssolved in anhydrous CHerr]d[err],
52 Wil S

concentrat ed |n vacuo again. The residue was triturated with several

glolr ti g RSB ] IVBOf fr:ie;anas panitioNEE BEfwetincshtinateth 4o diis glammbeommezfmm? and
ot | Mo A Sl 758 groanic layer was washed with tyg portBlis gt orn) Ghed

ani ne 6e (2.21 {(MgSO4) and concentrated jn vacug to give the imidate 8¢, as a solid.
5 STEP d

S/\’ CO2CH2CH3

=N
Fmoc-HN
s OH

-
TsHNS

6d
Cysteine ethyl ester hydrochloride (1.97 g, 10.6 mmol) was added to a solution
10 of imidate 6¢ (3.30 g, 5.3 mmol) and CH2Cla (100 mL) and the resuiting mixture
was stirred under argon at room temperature for 3 h. The solid precipitate was
removed by filtration and the filtrate was concentrated jp vacuo. The residue
was purified by HPLC using CHaClo/methanol (97:3) as an eluent to give the
thiazoline derivative 8d, as a solid; FAB-MS m/z 694 (MH)+.
15 '
STEP e

“ J/k-LCOzCHzCH:;

O-S ~NH

i.

HN-$
TsNNH

ge
20 Diethylamine (2.5 mL, 24.2 mmoi) was added dropwise to a stirred solution of

derivative 6d (2.20 g, 3.17 mmol) in anhydrous acetonitrile {50 mL) at -5 °C and
the reaction was allowed to warm up to room temperature over 18 h. The
residue was concentrated jn vacuo, dissolved in anhydrous CH2Clp, and

52



10 g, 3.1 mmol) and CHerr]Cl[err] at -5 [err]C under argon. Upon

conpl etion of addition, the reaction mxture was stirred at room
tenperature for 1 h. The resulting m xture was concentrated in vacuo
and partitioned between CHCl[err] and sat urat ed agueous NaHCO3. The
organi c | ayer vwﬁmdwith brine, dried (K[err]Q0[err] s
concentrated in vacuo. The residue was purified. by 15 chromatography on
silica gel eluting with CHerr]dJ[err]/MOH (97:3) to afford prot ect ed

am ne 6f; FAB- MScohéentfited Hidvacuo again. The residue was triturated with sévBral gbrtions
gg/r %7 48 of hexane and concentrated in vacuo to give the 4ine 68 a5 3y FABMS
Activated MhQ er i/ZAT2AMH)F. was added to a solution of anmine 6f (0.70 g,
1.49 mol ) and CH err]Cl[err] (25 nmL) and the resulting m xture was
stirred overngght at room t enper at ure. i ditional portion of
Mgerr] (0.7%5 g) was added and this n1s re was stirred for 4 h at
roomtenperature. Yet another portion of MiQ2 5 (0.75 g) was added and the
"resulting mxture was stirred fHgCL6OMzat room t enperature. The
reaction-mxture was filtered once yhrough filter aid and then t hr ough
a Nylon 66 filter (0.45 [err]m u [err]/MeOH to wash the filter

cakes. The conbi ned washi ngs ég ( r] SJerr]) and
concentrated in vacuo. The rest du® wa using silica
gel and CHerr]d[err]/MOH (97:3) 3= el ue{%t to give the thiazole
6g, as a solid; FAB-M5s m z 701(M—|)+.o S

STEP h [err]

H

=
Ts-HN NH

6t
Dansy! chloride (890 mg, 3.3 mmol) was added to a solution of amine 6e (2.21
10 g, 3.1 mmol) and CH2Cl2 at -5 °C under argon. Upon completion of addition,
the reaction mixture was stirred at room temperature for 1 h. The resulting
mixture was concentrated in vacue and partitioned between CHCl3 and
saturated aqueous NaHCOg3. The organic layer was washed with brine, dried
(K2COg3), and concentrated jn vacuo. The residue was purified by
15 chromatography on silica gel eluting with CH2Cl/MeOH (97:3) to afford
protected amine &f; FAB-MS rmv/z 705 (MH)*.
STEP g

. . \7/(1 CO2CH2CH3

O—S ~NH

| TsH-N—4
20 &g
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15 Conmpound 6 A sol ution of thiazole
6g (141 ng, 0.20 mmol) and ani sole was placed in an HF appar at us
reaction vessel under anhydrous conditions and cooled to - 78 [err]C .
Anhydr ous HF (4 5-6.0 nL) was distilled into the vessel and the reaction

m xture yed to warmto 5 [err]C and stirred at 5 ,E@Wr
3.5 h. The HF vvas rem)ved I n vacuo and the residue was tri a th
several portions of et her to give a solid. This solid was purified by

h HPL t
[:uexgr ;ﬁ 8I ?SeThl S Ol (%igf? v%)d ﬁﬁﬂs‘ﬁq% QQ‘L@BF\]O%T@A‘# ?78%1&43) [ zgd
to pH 6.20 by t heMmRei) Pﬂ‘iﬁ: ’-i ard the resulting mixtyreywas stirred oyeaight athe
solution was fil t ryom temperaiurahiAn additicnal portionai eOs d0.95a) wassaddet andihxsrp
gg 98 [err] G FAB; %&aé‘slt?rrém4 h at room temperature. - Yet ancther portion of MnOz
PCT/ US96/ 084560  (0.75 g) was added and the resulting mixture was\stiwrad for 16 h at room
?)TEEF ?er ! [ EL[ LX Cfam perature. The reaction mixture was filtered once through filter aidhd then
Hssner . ot al - SPAEN 2 ael B8 The’ @ ) IR BCIteds: Suydch ine it papee.
2- (tri et hyThelgombineciwashinge wise giried {Na254) andtcancentratediinvacupe The
d : t
with aﬁL%Pou “%%tﬂ”ﬁﬂ ﬁ“”%"%ﬁ?%ﬁ"%ﬁ* J"W"ﬁa% MO0 (£7.3) &'an
f1 uori de/ THF t| P ?‘bg"’ﬁmﬁ Olﬁ)ﬁg.. as aFolidRABMRBR 7 t@@ﬁ] R vacuo.

The residue was dissolved in ethyl acetate and washed with saturated

aqueous NaHCO err], dried (Na[err]SOerr]) gggg concentrated in vacuo
to give thiazole 7a, as a solid; FAB-M5 mz lE'M—I)

H3C - ' CH3

' l f‘}cozcuzcm

0-5 ~NH

{

A
H2N “NH

15 Compound §
A solution of thiazole §g (141 mg, 0.20 mmol) &nd anisole was placed in an HF
apparatus reaction vesse! under anhydrous conditions and cooled to - 78 °C .
Anhydrous HF (4.5-6.0 mL) was distilled into the vessel and the reaction mixture
was allowed to warm to 5 °C and stirred at 5 °C for 3.5 h. The HF was

20 removed |n vacuo and the residue was triturated with several portions of ether
to give a solid. This solid'was purified by reverse-phase HPLC eluting with
H20/CH3CN/TFA (30:20:0.2) to give an oil. This oil was dissoived in distilled
water an neutralized to pH 6.20 by the addition of Amberiite® IRA 400 (OH")
resin. The solution was fitered and lyophilized to give compound § as a solid;

25 mp 90-98 °C; FAB-MS m/z 547 (MH)+.
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15 STEP b [err] A sol ution of
thiazole Za (3.22 g, 9.0 mmol), CHerr]dJ[err] (100 nL) and TFA (20 nL) 20
was stirred under argon at roomtenperature for 3 h and concentrated

i n vacuo. The residue was partitioned between CHCl[err] (100 nL) and 50%

aqueous NaCH (20@6,4 4g€n stirred under argon at roomtérrperatlggﬁnﬁy% er
portion of CHC [err ?.;180 nm.) was added and the m xture was stirre yew

agai n. The organic | ayer was renoved and the resulting aqueous | ayer
was washed 25 wth several portions of CHEXAKPLE 7The conbi ned organic
washi ngs were dried (K[err]CJerr]) andwﬁntrated I n vacuo. The
resi due was purified by chr omat ogr aphy IFica gel, eluting with

Et OAc/ MeOH/ NH[ err] OH (97:3:1) to give t he pi peridine derivatives 7b as
separ at ed di ast er eoners. B?C OH 55
WD 96/ 40748 S. PCT/ US96/ 08456
STEP ¢ [err] 5 N-Met hyl nor phol ifhe YO. , 4.68 mmol) was added
to a mxture of N-[err]-Boc- N err]-ni L-adg¥nine. 2/3 Et[err]0O 1/4
Et OAc and anhy\c,i\{_,ous THF (20 nL) at -20 [err]C. | sobut yl chl or of or nat e
was added dropwse to this mxture at -15 to -Z@[err]C t he resul ting

m xture was stirredtFNdefButoxycarbonyl-2ipiperdiriecartsoxaldetyddi (@1 Tgy 1 0.8t mmol;

Hassner, gt al, Journal Of Organic Chemistry 1991, 56, 2775) was added to 2-
(trimethyisilyl)thiazole (2.03 g, 11.0 mmoi) at room temperature under argon.
The reaction mixture was stirred for 6 h, then diluted with anhydrous THF (100

10 mi)and 5 mL of 1.0 M tetrabutylammonium fluoride/THF, stirred for another 40
min and concentrated jn vacuyo. The residue was dissoived in ethyl acetate
and washed with saturated aqueous NaHCO3, dried (Na2S04) and
concentrated jn yacuo to give thiazole 7g, as a solid; FAB-MS m/z 299 (MH)+,

15 STEP Db

H OH
S
)
)

Ih
A solution of thiazole Za (3.22 g, 9.0 mmol), CH2Cl2 (100 mL) and TFA (20 mL)
20 was stirred under argon at room temperature for 3 h and concentrated
invacuo. The residue was partitioned between CHCl3 (100 mL) and 50%
aqueous NaOH (20 mL), then stitred under argon at room temperature. Ancther
portion of CHCl3 (100 mL) was added and the mixture was stirred yet again.
The organic layer was removed and the resulting aqueous layer was washed
25 with several portions of CHClz. The combined organic washings were dried
(K2CO3) and concentrated in vacug. The residue was puritied by
chromatography on silica gel, eiuting with EtOAc/MeOH/NH4OH (97:3:1) to give
the piperidine derivatives Zh, as separated diastereomers.
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7b (0.85 g, 4.2 mmol) and anhydrous THF (30 nL) was added under argon at 10
-20 [err]C. This mxture was stirred at -15[err]C for 45 mn , allowed to
warmto room tenperature over 3 h and placed in the refrigerator at 0
[err]C for 16 h. The reaction mxture was filtered and the fiItrate
was concentr at e%bgayoq&uo The resi due was di ssolved in sas@nd
the organic | ayer waS washed with successive portions of sa urat egl
aqueous NaHCO err] and brine, dried (Na2SO4) 15 and concentrated in vacuo
to give the arginine derivative 7c as a sol BYgpRAB- M5 m z500 (IVH) +.
STEP d [err] 6N HC /EtOH (40 nL) was added under argon
to a solution of arginine derivative (.75 g, 3.5 nmmol) and
anhydrous THF (30 nL) at room tenp@rat re. ®Rge reaction m xture was
stirred for 1 h and another portion gfoc8™NN .S

56 WD 96/ 40748 N W
PCT/ US96/ 08456 HCl /EtOH (10 nL) wasya foN d by additional
stirring (2 h). Yet another portion ¢ 6N HC/EtOH (10 nlL) was added,
foll owed by another hour of stirring. Ihe reaction m xture was
concentrated in vacuo and triturated W|th ﬁF to give a solid. A
portion of this solid (1.26 g, 2.30 d wi th anhydrous THF 5
(45 mL), and triethylamne (0.75 nL). Dan %é?orlde (0.63 g, 2.33 nmol)
added and the reaction m xture was stirred fogg3 h at room tenperature.

Qggtege][ olploz)\t/vlegabgf Mdﬂﬁil h(ﬂ)’ﬁhﬁ@ d. QB > 4988 ﬁ‘lﬁﬁi)l Sgﬁqﬁtﬁcé@@{cpé inst@turd o?ﬂ, &-Bodes
N st argiming s Etaéﬁ LEGhe a0d ARhvaRous THE o MLy ancagrC.

reaction m Xt
with several port iisgtutyiéhlorfforaidte wastaddeddrapwiseitd thiShmixturel&t d15as -200C thed

2 o e o o TR n oo S R it e e gy
(VH) +. .85 g, 4.2 mmol) and anhydrous THF {30 mL) was added under argon at
10 -20 °C. This mixture was stirred at -15°C for 45 min , allowed to warm to room
temperature over 3 h and placed in the refrigerator at 0 °C for 16 h. The
reaction mixture was filtered and the filtrate was concentrated in vacuo.. The
residue was dissolved in CHCI3 and the organic layer was washed with
successive portions of saturated aqueous NaHCOg3 and brine, dried (Na2SO4)
15 and concentrated jn vacup to give the arginine derivative 7¢ as a solid; FAB-
MS m/z 500 (MH)*.

H3C.,,-CH3

.N'

=

6N HCVEtOH (40 mL) was added under argon to a solution of arginine
derivative 7¢ (1.75 g, 3.5 mmol) and anhydrous THF (30 mL) at room
temperature. The reaction mixture was stirred for 1 h and another portion of 6N
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STEP e 15 [err] Conmpound 7
The Dess-Martin periodi nane was added to a stirred solution of derivative
7d (0.19 g, 0.30 nmol) and CH err]JC[err] (10 nmL) at roomtenperature
under argon. The 20 reaction m xture was stirred for 1.5 h and treated

with 30 nmL of ¢ | ution (25 g Na[err]S[err]Qerr]
saturat ed aqueo@ ﬂ?ﬁ& err]). The resulting organic I ayg?r%s washed
with brine, dried (Na2SO4) and concentrated in vacuo. The resi due was

blaced 11 the ! CAUEBOMLTE flL) Wesiddn BAGE by adiridha? Stidlg23H)C Vet another
led to -78 . 5y t and the
Cenperat ure 25 PATIORS! GCHGERE (18 Mbhwtasiasden Blowed n sngiber Rt et stiming.
naidnt ai ned t hgr e The réhﬁ:tioh mixture was doncentrateddn wasuc talmdetriturataldduitm THFClogive
and triturated w f H ¢ 1?6?511
purifi eduby reverés(g?g#iaggoh&_n%&f\é@f%ghﬂgg?re 902&-% g‘{r?’b 'gﬂﬁgﬁm drh s THF
(60: 40: 0. 2) t & gi (45 Bblysaditethylamiae (9.Burk). oPapsy shigridet-€3 gng.33mmnd)

[err]C added and the reaction mixture was stirred for 3 h af room temperatifa.
96/ 40748

. . : PCT/, U 08456
Perrilerr] +60. sAPRIGT BaMion! Histhviamine-1Q:25.@) Ang dsmy, SHpTce D B Wik, 4
for - (err] H eadded tollowvel by dnsthertoucpt stirfing[at rodmof temperature. HTbe rgaxtion
ﬁal Z ULZF e% + G 421;:%&:5%8& gg&hd!\bo&éan‘é%ted“w&d triturdt6d With sevefal Eﬁb‘hﬁ&&
g 11]0 > of Ioj%af to give a s%lid. This soligpwas Burifiecf gy rc]oiu% chromatograp%'\t/:%
8a silica gel eluting with EtOAc/MeOH/NH4OH (96:3:1) to give Zd as a solid; FAB-
' MS m/z 633 (MH)+.

STEP e
18
H3C.N,CH3

Compound 7
The Dess-Martin periodinane was added to a stirred solution of derivative 7d
(0.19 g, 0.30 mmol) and CH2Clz (10 mL) at room temperature under argon. The
20 reaction mixture was stirred for 1.5 h and treated with 30 mL of quench solution
(25 g Na2S203 in 100 mL saturated aqueous NaHCOQg). The resulting organic
layer was washed with brine, dried (Na2SO4) and concentrated jn vacuo. The
residue was placed in the reaction vessel of an HF apparatus with anisole and
cooled to -78 °C. HF was distilled into the reaction vessel and the temperature
25 of the vessel was aliowed to rise to 5 °C and was maintained there for 40 min.
The mixture was concentrated in vacuo and triturated with ether to give a tacky
solid. The solid was purified by reverse-phase HPLC using HoO/CH3CN/TFA
(60:40:0.2) to give compound Z as a mixture of diastereomers; mp 85-100 °C;
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Met hyl (tri phenyl phosphoranyli di ene)acetate (4.89 g, 114.6 mmol ) was added
portionwise to a solution of ()-N-(tert-butoxycarbonyl)pi perdi ne-2-

car boxal dehyde (3.12 g, 14.6 mol) and anhydrous THF (30 nL) at room
tenperature under argon. The reaction mxture was stirred at room
tenperature 15 h and concentrated in vacuo. The resi dl’&’l")ﬁ%ﬁkﬁ ted
wth ether (25 ﬁ@ﬁa&#&s and the resulting precipitate was renoved by d
filtration. The filtrate concentrated in vacuo and the residue was

pur i }‘ i edt b%/ chr orrp%]ggefsm; (Q?.QS, CHOH); FABINIS nsiS 586 WHWeAllﬁlhgglc(d%l) as

an eluent to give & depi vagive. a as an oil.

STEP b [err] czﬁssﬁ?ﬁﬁﬁﬁ?@%@ |d§1% '{22).‘04 g, 24.5 mmol) was added to a

sol ution of esterCalcui@edDd G, 4444; 13, £53nN)] 11.820H2@hydBous THF (24 nl).

Sodi um bor ohydri dggfiRd93 91?2\?4256'H 4442‘@? 54e8,00098 to this mxture,
(29 ') "and the '

fol |l owed by absol ute et hano resulting m xture was

‘stirred at rootmtenperature for 48 h. The m xture was cooled to O

- [err]C and 10% aqueous citric acid was addEXAMPLE8ng the pH to 4.

The resulting m xture was concentrated in v issolved in Herr]O (40
m.) 30 and adjusted wth 10% aqueous citric acid to pH 4. The aqueous

| ayer was extracted with several portions of CHerr]dOJ[err] and the
conbi ned organi c extracts were wast3e€ with brine, dried

(Na[err]SOerr]) and concentrated in vac ,602CH3  the al cohol
derivative 8b as an oil: GO M (E) mz Wrr].
58 WO 96/ 40748 .

PCT/ US96/ 0845§ STEP ¢ [err] 5 A

solution of alcCohol (2.06 g, 8.2 mmol) and rr{O err] (20 nmL) was
added over 2 Mathyldtiphenytohospharapylidienaircetatni 4B gar d4H: mmol) was gdded
1t2i fr QJDL Lr agg - pofiidrvisd £ & Sblutiontof ;(ﬁpmmaf&yuamﬁwpeidimyee was |
;r ecipitate was f #@&é 95‘%8?%?59' g})‘rq Wd?g&gg"&géyﬁég%\ﬂfﬁbs'hbg&arﬁgk*
portions of et her f€Rperatgre ynger prgan. 1The rractine nixsivee wag stigredat reom tempagature
organi ¢ washi ngs vgr £6 GGiH étﬁféeaﬁdteﬁir‘;gmﬂ. Theesidueiwasreated with ethé'lhﬁs
organi ¢ sol ution vas did &d CERARTHIISHaTE Wt TohidhEH by in¥aiod® Trid Atk e
concentrated jn.vacuo and the residue was purified by chromatography on
silica gel using hexane/ether (4:1) as an eluent to give the the ester derivative .
8a, as an oil.
20

STEP D
Boc

@’\/‘OH

ﬁh .
Lithium chioride (1.04 g, 24.5 mmol) was added to a solution of ester 83 (2.20 g,

25 8.2 mmotl) and anhydrous THF (24 mL). Sodium borohydride (0.93 g, 24.5
mmol) was added to this mixture, followed by absolute ethanol (29 mL) and the
resuiting mixture was stirred at room temperature for 48 h. The mixture was
cooled to 0 °C and 10% agueous citric acid was added to bring the pH to 4.
The resulting mixture was concentrated in vacuo, dissoived in HaO {40 mL)

30 and adjusted with 10% aqheous citric acid to pH 4. The aqueous layer was
extracted with several portions of CH2Cl2 and the combined organic extracts
were washed with brine, dried (Na2SO,4) and concentrated in vacuo to give
the alcohol derivative 8b as an oil: GC/MS (El) m/z 227 (M)*-.
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al:dehyde derivative 8c as an oil. STEP d

15 Jerr] 2-Trinmethylsilylthiazole (1.63 g, 8.8 mvbl) was added to
al.dehyde 8c (1.93 g, 8.0 mmol ) under argon at roomtenperature. The
resulting reaction mxture was 20 stirred for 3.25 h, diluted with
anhydrous THF aggh derfdray! t €t rabut yl ammoni um fluoride/ THF (FeRusvehsiss
stirred for 30 mn and concentrated in vacuo. The resi due was

di ssolved in ethyl acetate, washed with saturated agueous NaHCJ err],
dried (Na[err]SO err]) and concentrated in 3TEPcto give the thiazole
derivative 8d as an oil. 25 STEP e
[err] 30 Trifluoroacetic add (16 nlL) add to a solution of

t hi azol e derivative (2.48 g, 7.6 molg) and
room t ernperature under argon. The
WD 96/ 40748

PCT/ US96/ 08456 reaction mxture was stirred for 2 h, concentrated in
vacuo and dissolved in CHCl [err] (60 nlL).8CThis solution was basified

with 50 % aquegus : : I '
o o e o T
extracts were dri - n
o] Ih | This oil /vvas OHuClai at doarh temperegurp [ TTheomixtireiwas stirred for 30emirt | ethen{200
ethyl acetate/ Me § e 90 7% Qe O\ : .
deprot ected thi a%gf%@;& 4}%& b@& gﬁ% }Q%SW@?Bre&&t&e Wad fiftered off. This solid
STEP f 10 [err] Wwas washed with several portions of ether/CHzCl2 (2:1) and the combined

10 filtrate and organic washings were combined and filtered through silica gel.

The organic solution was dried (Na2SQ4)and concentrated jn vacuo to give the
aldehyde derivative 8¢ as an oil.

[err]Cl[err] (50 nL) at
H 5

STEP d

Boc OH
S
82
8d

2-Trimethylsilyithiazole (1.63 g, 8.8 mmol) was added to aldehyde 8¢ (1.93 g,
8.0 mmol) under argon at room temperature. The resuiting reaction mixture was

.20  stirred for 3.25 h, diluted with anhydrous THF and 1.0 M tetrabutylammonium
fluoride/THF (4.0 mL), stirred for 30 min and concentrated in vacuo. The
residue was dissolved in ethyl acetate, washed with saturated aqueous
NaHCOé. dried (Na2S04) and concentrated in vacuo to give the thiazole
derivative 8d as an oil.

15

25
STEP e

H OH
S
YD
8e
30 Trifluoroacetic acid (16 mL) was added to a solution of thiazole derivative 8d
(2.48 g, 7.6 mmol) and CH2Cl2 (50 mL) at room temperature under argon. The
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| sobutyl chl oroformate (0.39 g, 2.87 mmvol) was added dropwi se to a sol ution
of N-[err]-Boc-Nerr]-nitro-L-arginine-2/3 Et[err]O 1/4 EtOAc (1.12
,« 2.87 mol), N 15 nmethyl norpholine (0.32 g, 3.20 mmol) and anhydrous
THF (20 nlL) at -20 [err]C under argon. The reaction m xture was
stirred stirred = 0 -10 [err]C for 30 mn and cool 95/083
[err]C. A sol ut i@]’%@"'{‘hi azole derivative 8e (0.65 g, 2.87 mmo 56a
THF (20 nL) was added dropwi se over 2-3 min and the resulting m xture

was stirred at- 1fsaction hixthrs whe stioed 46r 2rhpcanceritated ddyadug andrdissoiveddn ur e

16 h. 20 A ' : b lof AT G
Bt err]0 1/4 & orCTEBEE ‘ﬂ??‘-ﬁ‘“s%ﬂ”ﬁ%ﬁfBaﬁ“'sﬁé%'h@FPT{!%’ SBUFLIENEOH (20 mL)
1.6 nmml) and isof }*F%gﬂ‘éﬁ%’ﬁdwﬂt‘@s wash thfgsy\fgraljpmgnﬁm &H 2prepanald
as above and sti r (2041 }atThelCorhbined @rdanic etrdcs werb dried (K2803) addedntenttdted

Mo [arr]cforS1 Riaalo N ah Bl TS WekinlhfiolThrSlnalddidhit pn siiga gf o ©

was 25 filtered ghingwibethylacetate/MeQR/DIHLOW (97 Ssbto/8%713) tcpive[ther ] . The

nd

or gani c sol deprfectad thidols daVFAB-MS 7R ID7V@MRR: t i ons of saturated
aqueous NaHCJ err] b and bl’lg'%, dried (Nai erg\?sgerr]) and concentrated
I n vacuo. The residue was purified by HPLC eluting with ethyl
acetate/ MeOH/ NH err] OH (30:3:1) to give theSTEPf arginine derivative 8f as
a solid. 30 1qg 60 WO
96/ 40748 . '\(liT/ US96/ 08456
STEP g [err] : 7
S OH
X o)
Boc-HN._X
'HNa(NH
NH(NO2)
8f

Isobutyichloroformate (0.39 g, 2.87 mmol) was added dropwise to a solution of
N-o-Boc-NG-nitro-L-arginines2/3 Etp0+1/4 EtOAc (1.12 g, 2.87 mmol), N-

15 methylmorpholine (0.32 g, 3.20 mmol) and anhydrous THF (20 mL) at -20 °C
under argon. The reaction mixture was stirred stirred at -5 to -10 °C for 30 min
and cooled to -20 °C.” A solution of thiazole derivative 8e (0.65 g, 2.87 mmol )
and THF (20 mL) was added dropwise over 2-3 min and the resulting mixture
was stirred at - 15 to -10 °C for 45 min and stirred at room temperature for 16 h.

20 Another portion of N-a-Boc-NG-nitro-L-arginine«2/3 Et,0+1/4 EtOAc (0.56 g, 1.44
mmol), N’ methylmorpholine (0.16 g, 1.6 mmol) and iscbutyichloroformate
(0.195 g, 1.44 mmol) was prepared as above and stirred at-15t0-10°Cfor1 h
and added to the initial reaction mixture. The resulting mixture was stirred at
~15t0 -10 °C for 1 h and at room temperature for 16 h. The reaction mixture was

25 filtered and concentrated jn vacyo and dissolved in CHCl3 . The organic
solution was washed with successive portions of saturated aqueous NaHCO3
and brine, dried (NaaS04) and concentrated jn vacuo. The residue was
purified by HPLC eluting with ethyl acetate/MeOH/NH4OH (30:3:1) to give the
arginine derivative 8f as a solid.

30
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5 " Ethanolic 6N HC (20 m.) was added slowy to a stirred solution of

ar gi ni ne derivative 8f (0.87 g, 1.65 mmmol) and anhydrous THF (15 nli) at
room t enperature under argon. The reaction mxture was stirred for 45

m n, concentrated in vacuo and dissolved in THF (20 niL). Triethylanine
(0.75 g, 7. was added foll owed by dansyl chloride (

nmol ) and the 1 resdfting m xture was stirred at roomtenpera ure u

argon for 18 h. Another portion of triethylamne (0.50 g, 4.9 nnDI)

foll owed by dansyl chloride (0.23 g, 8. 58TEPl g was added and the
resulting mxture was stirred for 24 h. The m xture was filtered and
the filtrate was concentrated in v Eﬂ@&ﬂ&htriturated w th several
portions of ether to give the dansép tive 8g N solid which 15 was
used without further purification; FAB z 661 (YHir.

STEP h  [err] 20 'S OH 61

WO 96/40748 :

PCT/ US96/ 08456 Dess-Martin perlodlg. et O- 1.70 mmol ) was added
portiaonwi se to a stirred m xt ure of ~dansy ive 8f (1.20 g, 1.36
mol ) and anhydrous CH2Cl 2 (40 m.) at 5 [@rr]§ unfler argon. The
reaction mxture was allowed to warmup to r oo enperature, stirred

for 1.5 h, treated with 100 nL of quench solufion (25 g 5
Na[err]S[err]derr] in 100 niL saturated aﬁheown NaHCO err]) and extracted

with CHC [err] (50 m.) and the resul ' aqueous | ayer was washed with
several portions of CHCl [err]. The conmbiNH({#O»)gani c extracts were
washed with brine, dried (hb[err]SC{err]) nd concentrated in vacuo.

The residue was pur| fied chromat ography(silica gel) eluting with
et byl Cacet at o ¥ OLENBle B HEbE 28 ML) wasadder algwdy 1.8 sfifed aisian,od peginin

concentrated jn vaduWatﬁeﬁqb 874, 165ty akd kahydrous THRY15 mL) at room

temperature under argon. The reaction mixture was stirred for 45 min,
concentrated ip vacuo and dissoived in THF {20 mL). Triethylamine (0.75 g,
7.4 mmof) was added followed by dansyi chloride (0.46 g, 1.70 mmol) and the

10  resulting mixture was stirred at room temperature under argon for 18 h. Another
portion of triethylamine (0.50 g, 4.9 mmol) followed by dansyl chlaride (0.23 g,
8.5 mmol) was added and the resulting mixture was stirred for 24 h. The
mixture was filtered and the filtrate was concentrated in vacuo and triturated
with several portions of ether to give the dansy! derivative 8¢ as a solid which

15 was used without further purification; FAB-MS m/z 661 (MH)+.

STEP h
C. CH
H3 3 (/,P
S \20
0

SOz'NH\/[L
HN =(NH

NH(NO2)
20 gh
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(I\’]a[err]SCIerr]) and concentrated in vacuo to give the ketone derivative 8h
as a solid; FAB-Ms nmiz 882 (IVH) +.

STEP i 15 [err] Conmpound 8
Ket one derivative 8h (160 ng, 0.2 nmmol) was placed the reaction vessel of

an HF app anhydrous anisole (2 nL) was added and i,@ﬁ“gp‘m*ﬂge
was cool ed %Serrr]C HF ( 5 mM) was distilled into the vessel and
t he reactlon m xture was allowed to warmup to O [err]C. After 1 h,
the HF was renovetess-Martihperisdimanet(da2 d, 2157crrtrbm wasditRibd ortibewise 10 digirred

ron for 16 he e bPdahdy 8“"%}"%@6?{’ qeésa‘"%’g%“‘g apfidites €l31e (a0
triturated with sdéfdratis Yorndenargen. diedeactionomintue was aliewed to warmup e uo.
The residue was pltébrh'téﬁ'lfbbatﬁt@ gtiffed RiraNS h O1gaRE8 Wi F0C rfLeof quench sohAivn)(25 g

el v 15hgh e N 0Bt i s o

m xture of dia te
MeOH) ; FAB- M5 mL)rand mzresulmg agaeatls {aget wasl washed with several portions of

e o 51 1 Pl B Wty i
42.76: H, 4.44: NS 54) And copeentrated e residue was pun%ed by
62 WO 9ﬁzhmﬂéﬁgraphy (silica gel) eluting with ethyl acetate/MeOH/NH40OH {95:5:1).

PCT/ US96/ 0845 ; :
STEP & [err] 10 The desirad fractions wers concentrated in yaoig Wesolyel | " Hegla g
20 mmol ) and et her{Na2804) and concentrated i _n_xgmto give the ketone derivative

solid; FAB-MS m/z 882 (MH)+.

STEP
15
H3C.N.CH3

_ Compound 8
Ketone derivative 8h (160 mg, 0.2 mmot) was placed the reaction vessei of an
HF apparatus, anhydrous anisole (2 mL) was added and the mixture was
20 cooled to -78 °C. HF { 5 mL) was distilied into the vessel and the reaction
mixture was allowed to warm up to 0 °C. After 1 h, the HF was removed
in vacuo, ether {25 mL) was added to the residue and the mixture was stored in
the refrigerator at 0 °C under argon for 16 h. The ether was removed and the
solid residue was triturated with several portions of ether, isolated and dried
25 invacuo. The residue was purified by column chromatography (reverse-
phase) eluting with CHzCN/H20/TFA (83:7:0.2) to give compound 8 as a 1:1
mixture of diastereomers: mp 65-70 °C; [«]p25 +35.6 {¢ 0.52, MeOH); FAB-MS
m/z 614 (MH)*. Anal. Caic'd for CogHagN704S2.3.5CoHF302+0.5 Ha0:
Calculated: C, 42.71; H, 4.29; N, 9.59; H20, 0.88.
30 Found: C, 42.76; H, 4.44; N, 9.67; H20, 0.81.
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(56 m.) was added to a stirred solution of glycine (1.5 g, 20 mmol) and 1N
NaCH (40 nL) at roomtenperature. This mxture was stirred for 6 h, the
ether 10 | ayer was separated and the aqueous | ayer was washed with several

portions of ether. The aqueous | ayer was adjusted to pH 1 with 1N HC
and diluted wt err]O (50 nL). The resulting solid pregl.Qj S’é,qﬁ! S
I sol ated by fil hg??"(‘)“rzuand dried I n vacuo to give the aci gbg}ggas o
solid. 15 STEP b [err] A

solution of DCC (0.55 g, 2.67 mml) and CH err]CN (10 nL) was added 20
dropwi se to a solution of 1-hydroxybenzotri I§L§§drate (0.49 g, 3.64
nmol ) , the D-arginine epiner of am ne%éﬂta_ﬂ g, 2.43 mmol ), acid 9a
(0.64 g, 2.43 mml ) and CH err] CN (20 n8Y! er argon. The mixture was

stirred at room tenperature for 2 h, filtered and concentrated in
vacuo.  The residue was di ssol ved R wagerwashed with successive

portions of saturated aqueous 25 4@@ brine, dried (Na[err]S(err])
et oL o vacuo, | s ool MeT ST SRR Y ) e
an eluent The desired fractions were conbined, 88ried (Na2SO4) and
concentrated in vaAushitionf eendpifaleRe@liRshyl BRIBREE {4829, 20 Mol dhd bittig? Of
diastereoners: FABSE ] fad blabdtd & stird solution of glyeine (1.5 g, 20 mmol) and 1N
PCT/ US96/ 08456 NaOH (40 mL) at room temperature. This mixtusa Brscstinfeefot 6 h, the ether
10 layer was separated and the aqueous layer was washed with several portions
of ether. The aqueous layer was adjusted to pH 1 with 1N HC| and diluted with
H20 (50 mL). The resulting solid precipitate was isolated by filtration and dried

in.vacuo to give the acid 93 as a solid.

NG

15 ' STEP b
2
SOZNH/\J S:)—C02CH2CH3
N =‘,NH
NH-Ts
Sb

A soiution of DCC (0.55 g, 2.67 mmol) and CH3CN (10 mL) was added

20 dropwise to a solution of 1-hydroxybenzotriazole hydrate (0.49 g, 3.64 mmoi),
the D-arginine epimer of amine 6e (1.43 g, 2.43 mmol), acid 93 (0.64 g, 2.43
mmol) and CHaCN (20 mL) under argon. The mixture was stirred at room
temperature for 2 h, filtered and concentrated in vacuo. The residue was
dissolved in water,washed with successive portions of saturated aqueous

25 NaHCO3 and brine, dried {Na2S0O4) and concentrated jn vacuo. This residue
was purified by chromatography eluting with ethyl acetate/MeOH/NH4CH
(95:5:1) as an eluent. The desired fractions were combined, dried (NazSO4)
and concentrated jn vacuo to give the coupled intermediate Sh as a mixture of
diastereomers; FAB-MS m/z 719 (MH)*.

30
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5 Activated vMndJerr] (0.90 g, 10.4 mvol) was added to a stirred solution of
internmediate 9b (0.85 g, 1.18 mmmol) and CH err]dJ[err] (35 nL) at room

t enper at ur e. The reaction mxture was stirred at roomtenperature for
48 h, filtered through a Nylon 66 Filter (0.45 [err]mand concentrated
in vacuo. The rgg s purified by chromat ography on sil]c.Fl?@s' o8/584

el uting ethyl ace?g#&]ﬁm (95:5) as an eluent. 10 The desire ractlg%s
wer e conbi ned, dissolved in CHerr]C[err], dried (Na[err]SJerr]) and
concentrated in vacuo to give the thiazole &&¥ER&tive 9c as a nixture of

di astereoners; FAB-M5 mlz 717 (M—l)[err]
STEP d 15 [err] 2 rtin periodi
was added to a stirred soluti of thi az%e
and CHerr]C[err] (5 nL) at T SYRUBING
stirred for 1 h at roomtenperature. The reagti S
by adding 5 nL of quench solution (25 g Na[err]XYerr]Jerr] in 100 nmL
saturated aqueous NaHCJO err]), ethyl acetate ( m.) followed by stirring
for 40 mn. The resulting organic |ayer vvai_' epRHat ed and the aqueous | ayer
was washed with portions ethyl acetate. I ned organic extracts were
25 washed with successive portions of saturatNH-Tsqueous NaHCO err] and

(160 ny, 0.0246 rmol)
reaction m xture was
Y/ QeUnaCiais guenched

bri ne, dri ed (Na2s®™) and concentrat ed i%uo to give ketone 9d as a
m xt ure of er eoner M il z +,
64X ! V\D596/ %%y,ggedo Mnosz (© 90 g. 104mmo|) was added to a stirred solution of

PCT/ US96/ 08456 intermediate 9b (0.85 g, 1.18 mmol) and CH2Cl2 (35TR) at rdoet témperature.
The reaction mixture was stirred at room temperature for 48 h, filtered through a
Nylon 66 Filter (0.45 um)and concentrated in vacuo. The residue was purified
by chromatography on silica gel eluting ethy! acetate/MeOH (95:5) as an eluent.
10 The desired fractions were combined, dissolved in CH2Clp, dried (NaxS0Q4) and
concentrated in vacuo to give the thiazole derivative 9¢ as a mixture of
diastereomers; FAB-MS m/z 717 (MH)+.

STEP d
15
SOoNH >
2 ’\g s fCOzCHzCHs
HNa(NH
NH-Ts
od

Dess Martin periodinane (105 mg, 0.248 mmol) was added to a stirred solution
of thiazole 9¢ (160 mg, 0.0246 mmol) and CH2Clz (5 mL) at room temperature.

20 The reaction mixture was stirred for 1 h at room temperature. The reaction
mixture was quenched by adding 5 mbL of quench solution (25 g NaS203 in
100 mL saturated aqueous NaHCOj3), ethyl acetate (20 mL) followed by stirring
for 40 min. The resulting organic layer was separated and the aqueous layer
was washed with portions ethyl acetate. The combined organic extracts were

25 washed with successive portions of saturated aqueous NaHCO3 and brine,
dried (NapS04) and concentrated in vacuo to give ketone 9d as a mixture of
diastereomers; FAB-MS m/z 715 (MH)*.
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5 Conpound 9 Ket one 9d (190 ng, O0.26
nmol ) and anisole (2 nL) were conbined in a Teflon reaction tube and
pl-aced on an HF apparatus. HF (10 nL) was distilled into the flask at
-78 [err]C, the resulting mxture was warned to O [err]C and stirred at O
[err]C for 3h. woosddiey HF was renoved in vacuo, ether (25 ni) "f@ﬁ’ﬁw&
and the stoppered flask 10 was placed in the refrigerator for . The
resulting solid precipitate was isol ated by filtration, washed with
several portions of ether and dried under a stream of nitrogen. This
solid was purified by reverse-phase HPLC el 8TER enM t h
Herr]OCHerr]CNTFA (60:40:0.2) to give a solid. This solid was

| yophilized to give compoynd, 9 as a solid: np 105-110 [err]C, Anal.
Calc'd for 15 derr]Herr] N [ err] S[err] . yletr|H[err]Jerr]. Herr] O

Cal cul ated: C, 45.08 H, 4.51;N¥AI2NE3: Ot Found: C,
44.96; H, 4.26; N, 11.97; Herr]Q 2%‘“ I )—CO2CH2CH3
EXAMPLE 10 20 O & sterfa  Terr] A

soluti.on of di-tert-butyl dicarbonate (21.8 g, .10 nol) and anhydrous
‘CHerr]CJ[err] 25 (200 mM) was added dropw se a stirred solution of

() - 2- pi peri di neet hanol (12.9 g, 0. 10HMsy ‘and CHerr]d [err] (200 ni)
at 0 [err]C under argon over 30 min. The Nggaotion was allowed to warm
up to roomtenperature and stirred for 5h._The reacti on m xture was
extracted with®wce with 1 N HC, once wi®empaund & ed aqueous

NaHCGB, and once vikétonbiQddS0ang, 028 imely ahd@hizole (2 fil) warocenibinédih a Jefion
L0 vacuo to g ve !peciehibeldih fltdfor BR HIF aPafths. HF (10 mL) was distiled into the
PCT/ US96/ 08456 flask at -78 °C, the resuiting mixture was wargredrio® °C aad stirred at 0°C for 3h.
) The HF was removed in vacuo, ether (25 mL) was added and the stoppered flask
10 was placed in the refrigerator for 16 h. The resulting solid precipitate was isolated
by filtration, washed with several portions of ether and dried under a stream of
nitrogen. This solid was purified by reverse-phase HPLC eluting with
H20/CH3CN/TFA (60:40:0.2) to give a solid. This solid was lyophilized to give
compound 8 as a solid: mp 105-110 °C; Anal. Caic'd for
15  Cp4M2gNg0sS2°CoHF302°H20:
Calculated: C, 45.08 H, 4.51; N, 12.13; H20, 2.60.
Found: C, 44.96; H, 4.26; N, 11.97; H20, 2.99.

. EXAMPLE 10
20 STEP a

OH

N-Boc

102
A solution of di-tert-butyl dicarbonate (21.8 g, 0.10 mol) and anhydrous CH2Cl2
25 (200 ml) was added dropwise to a stirred solution of (+)-2-piperidineethanol
(12.9 g, 0.10 moi) and CH2Cl2 (200 mL) at 0 °C under argon over 30 min. The
reaction was allowed to warm up to room temperature and stirred for Sh. The
reaction mixture was extracted with twice with 1 N HCI, once with saturated
aqueous NaHCOj3, and once with brine, dried (Na2S04) and concentrated
30 invacuo to give the protected amine 10g as an oil.
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5 A solution of am ne 10a (10.3 g, 45 mol) and CHerr]C [err] (100 nl)

was added

over 15 min to a stirred solution of pyridinium

chi orochromate (14.5 g, 67.5 nmol ) at roomtenperature. The resulting

m Xture was

vacuo to give th

stirred for 4 h and diluted with ether (600 nL). The entire

de 10b as an oil.

reaction m xtur gy, id tered through 10 filter aid and c¢once lr:ﬁbgﬂﬂuh[ks
e ai %Jé’#y b
15

STEP ¢ [err]

Met hyl t ri phenyl phosphor anyl i dene) acetate (13. 46

g, 40.3 mml) was added in portions to a solution of aldehyde 10b (9. 14
g, 40.3 mml) and THF (100 ni) at roon1§%EEﬁ%ature under argon. The
reaction mxture was stirred for 16 h and oncentrated in vacuo. The
residue was triturated with several portions of 20 ether. The conbi ned

et hereal extracts were dried (Na[err]SOerr]) arfd concentrated i n vacuo
to give the ester 10c as an oil. STEP d
[err] 25 A solution of ester 10c 5 d 27.3 mml) and LiC
(3.49 g, 82 mmol) in anhydrous THF ( BMeS treated with NaBH[ er]
(3.12 g, 82 mml) while stirring 66

WD 96/ 40748 PCT/ US96/ 08456

at room tenperature under argon. EtOdH (97

s added and the resulting

R,
m xture was stirr8FOHIONRS AMIBRINAA1 030,140 "%P’h?”¢ﬁé*2qgﬁ1qq i) wastaddedas
cool ed to O[ er r] Coverdi Saniinits adtitred gbluioniof byASiviua ehiouschromatec(14c8 3. 678 s

m xture
| ayer was

Was CRIHGHf Rloffterbarafuls, The Poddifith Afixtfd RES'Stirkdl for 4 H Bha
diluted with ether (600 mL). The entire reaction mixture was filtered through
10 filter aid and concentrated jn vacuo to give the aldehyde 10b as an oil.

STEP ¢

~CO2CH3
J
N=Boc

15 ' : 10¢c
Methyltriphenylphosphoranylidene)acetate (13.46 g, 40.3 mmol) was added in
portions to a solution of aldehyde 10h (9.14 g, 40.3 mmol) and THF (100 mL) at
room temperature under argon. The reaction mixture was stirred for 16 h and
concentrated in vacug. The residue was triturated with several portions of

20 ether. The combined ethereal extracts were dried (NasSO4) and concentrated
in.vactio to give the ester 10¢ as an oii.

STEP d

OH

N=Boc

. : 10d
A solution of ester 10¢ (7.75 g, 27.3 mmot) and LiCl (3.49 g, 82 mmol) in
anhydrous THF (80 mL) was treated with NaBH4 (3.12 g, 82 mmol) while stirring

25
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5 readjusted to pH4 with 10%citric acid, stirred at roomtenperature for
30 m n, and extracted with CHerr]Cl[err] several times. The conbi ned
or-gani c extracts were washed with brine, dried and concentrated in
vacuo to give the al cohol 10d as an oil. 10 _

STEP e J[err] A solution of the alcohol 10d (6.06 g SoeRsdsb0! )
and CHerr]d [err?%’g’& m.) was 15 added to a m xture pyridini um'%

chl orochromate (7.60 g, 35.3 mmol) and CH err]d [err] (150 nL) over 10
mn and the resul &t rwmﬁentperatumsmdeﬁ amged. &tOHASMmEEwas added and thefresulfind).

Di ethyl ether (25, H‘;I W W\Aﬁt ﬁ%?'n {dMipdrafire fdr'@lﬂ‘ ghﬂrrﬁﬂlﬁﬁgflﬁl%%%s

G er P I or 1/ £t ppleg i 45 gho adiustectfR.pH 4 with d S vBRURSURRITEMES T s mixture
concentrated in vamgoadenttdted 18 YR ta’ Bifordash gaudctsddydry Tiats Uayer was
chromat ogr aphyg on r%siéusggd %eﬁlgi With 18ed'bitrl: &hidDetirred at rodRTbAPAAEHS RSE F0%min,

gi ve the al dehyde

STEP f [err] and mxtracted with CH2Clp several times. The combined organigoextracts were
2- (Tri.met hyl si | yl )ﬁdéhaé With Hrine/ Qirigd dhcPedrivehiralédsnadend tb(y%v'é fiRABhbI0Rd as
(2.07 g, m’IiD|) at roomterrperature under argon he reaction

m xt ure was stlrr@& for 4 h, diluted with THF (60 nL), and 1.0 M

t et rabut yl amoni um f | uori d/ THF 67
WD 96/ 40748 STEP PCT/ US96/ 08456

foll owed by another 15 mn of stirring. The resu?ti ng m xture was
concentrated I n vacuo, diluted with ethyl acetate.. washed with several
successi ve portions of saturated aqueous NaHCgl err] and brine, dried

(Na2S™4) and concentrated

A soiution of the alcohol 10d (6.06 g, 23.5 mmoi) and CH2Clz (50 mL) was

15 added to a mixture pyridinium chiorochromate (7.60 g, 35.3 mmol) and CH2Cl2
(150 mL.) over 10 min and the resulting mixture was stirred at room temperature .
for 2 h. Diethyl ether (250 mL) was added and the resuiting mixture was filtered -
through a plug. of silica gel, which in turn was washed with CHClo/Et20 (1:1).
The filtrate was dried {(NaxS04) and concentrated in vacuo and the residue

20 was:purified by column chromatography on silica gel eluting with ethyl -
acetate/hexane to give the aldehyde 10 as an oil.

STEP {

SN

OH

N-Boc

10t
2-(Trimethyisilyl)thiazole (1.70 g, 8.2 mmol) was added to aidehyde 10e (2.07 g,
8.1 mmol) at room temperature under argon. The reaction mixture was stirred
for 4 h, diluted with THF (60 mL), and 1.0 M tetrabutylammonium fluoride/THF

67
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in vacuo to give the thiazole derivative 10f as an oil. 5

STEP g [err] 10 Trifluoroacetic acid (16 nL) was added to a
stiirred solution of thiazole 10f (2.90 g, 8.0 mmol) and
CHerr]C[err] (90 nL) at room tenperature under argon. The m xture was

stirred for 1 h_concentrated in vacuo, and diluted with CH er r
(150 m.). The r&qﬁﬁ{ 5 m xture was neutralized (K2C03), fiIte?%@'%
concentrated in vacuo. The residue was purified by chromatography uon
silica 15 gel el followgd bytzmotheniiS mireotstiring OfihaHpsultihn@irnixese wag)conTertrated

desired fractions; ‘&Qﬁlﬁté‘ooﬁﬁl‘i‘ Bty la@etatd). VidsHEd wittPS&Vet8lsidtessive portions
RIS CHARN: Ay e akesodv e Ty mmpncor o O
STEP g 20 [err] invacuo to give the thiazofetartyativelQfrasanwilt e (0.55 g, 4.0
mmol ) was addeg to a stirred m xture of

N-[err]-Boc-Nerr]-nitro-L-arginine.2/3 Et[(?srTréFggl/4 EtOAc (1.56 g, 4.0

nmol ), WO 96/ 40748
PCT/ US96/ 08456
SITN
OH
NH
10g

10  Trflucroacetic acid (16 mL) was added to a stirred solution of thiazole 10f (2.90
g, 8.0 mmol) and CH2Cl2 (80 mL) at room temperature under argon. The
mixture was stirred for 1 h, concentrated in vacyo, and diluted with CHaCla
(150 mL). The resulting mixture was neutralized (K2COg), filtered and
concentrated in vacuo.. The residue was purified by chromatography uon silica

15 gel eluting with ethyl acetate/MeOH/NH4OH (95:5:2). The desired fractions
were concentrated jn vacuo, dissolved in CH2Clz , dried (K2CO3) and
concentrated. in_vacuo to give the amine 10g as a mixture of diastereomers

STEP g
20

0
-HN
BN I
e
HNJ\ NH(NO2)

Isobuty! chioroformate (0.55 g, 4.0 mmol) was added to a stirred mixture of

N-o-Boc-NG-nitro-L-arginine«2/3 Et20-1/4 EtOAc (1.56 g, 4.0 mmoi),
" 68



4- et hyl nor pholine (0.44 g, 4.4 mol) and anhydrous THF (25 nL) at -20 to
-15 [err] C under argon and the reaction tenperature was mai ntained at -15
to--10 [err]Cfor 1.5 h. A solution of am ne 10f (0.85 g, 3.54 mmol)
and THF (5 nL) was added over 60 seconds at -10 [err]C. The reaction

mxture was stifhw@ogaes 10 [err]C for 5 1 h, allowed to war mpep ,Ukﬂwmm
tenperature, and stirred for 16 h. A drop of DVF was added

resulting mxture was stirred for another 2 h at room terrperature and
was filtered. The 4f-mbthylmm‘phalme;(;m4elgt 48& Mdlmmaubydmds THF (2$i mEphay<ad ton

CHCl [err]. The orgqsb V, . .
sat ur at ed aqueous ?ﬂ,%&;gr‘r r%@?aﬁ@l ne 'E’néi ! e@‘ra]‘g d£1 1510 -10
concentrated 10 pat @"t‘ﬁ@"?!ﬁ% gi 32t l)(?é‘ -EHE (8 mli)vas

STEP h [err] added oved 60 seoonds at-10°C. The reaction mixture was stirredE3k10 °C for

B hanal Tc 6 N 4ol A\g@@@ﬂ%@%&&@O@@é#}oﬁpﬂﬁeﬁ%ﬁg{%ﬁéﬁd Sirisathor 2630 s B

m xture was Ahe rﬁsulmwﬁweawasjsnrmedé@rmmgs%h\a&mm THF

i ssolved i n THE (SoPoRtUreirl wal Tiefdt! Th g‘t"?‘wa%mb""% oreted
with dansyl chlori ? m%fl&k’ "he Qrgan i “éasﬁ\ s§'P’FrH°§€P"<§t

room t enperature Lammwweau& NaHCQ3 and brina:lﬂﬂade(sNaaSO:@ andxeancentrated
filtered, theqpilt t he resi due was
; . %P%%@'Bduﬂéﬂjdé a‘ﬁg‘f H_ggaé?a solid.

trlturatedtvvlcevm to give the dans rivative 10h as a
white solid which used in the next step wi thout purification. 25
69 WD 96/ 40748 STEP h PCT/ US96/ 08456

s’

. =N
Hi3C 'N'CH3

0,

SOz-HN\-/‘LN

HNJ/z

HNJ" NH(NO2)

15 : 10h :
Ethanolic 6 N HC| was added to a solution of derivative 10g (1.60 g, 2.95 mmol)
and THF (30 mL) at room temperature under argon. The rasuiting mixture was
stirred for 2.5 h, concentrated in vacuo, dissolved in THF {25 mL) and
concentrated once again to give an oil. The residue was dissoived in THF (40

20 mL) along with triethylamine (15 mmol) and treated with dansyi chioride (0.84 g,
3.1 mmol). This mixture was stirred at room temperature under argon for 16 h.
The resulting mixture was filtered, the filtrate was concentrated in vacuo and
the residue was triturated twice with ether to give the dansyl derivative 10h as a
white solid which used in the next step without purification.

25
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STEP i [err] 10i 5 Doss-Mrtin periodinane (0.90 g, 2.1 mmol)

was added to a stirred solution of derivative 10h (1.02 g, 1.5 nmol)
and CHerr]dJerr] (30 nL) at roomtenperature under argon. The m xture
was stirred for 1.5 h at roomtenperature, treated with 50 nmL of quench

solution (25 g I\@b%,rd,,g err]err] in 100 nL saturated aqueouspernseso8sss
NaHCO err]), and stirred for 40 mn. The organic |ayer was separated and

the 10 aqueous |layer was extracted twice with CHerr]dJ[err]. The conbined
CHerr]d[err] extracts were washed witBTBPiine, dried (Na[err]SOerr])
and concentrated in vacuo, The residue was dissolved in ethyl acetate
(10 m.) and MeOH (3 m ), purified by chronmat ogr ap on silica gel
eluting with ethyl acetate/ MeOH NH err] CH (95: 5: he desired

fracti ons were conbi ned di ssol ved iH3CHL.&H3] C [err] iNad 15 (Na2s®™) and
concentrated in vacuo to give the ketong 10 as a d.

STEP f J[err] Conpound P@

70

HN

-

HN™ "NH(NG?)
101
5§ Dess-Martin periodinane (0.90 g, 2.1 mmol) was added to a stirred solution of

derivative 10h (1.02 g, 1.5 mmol) and CH2Cl2 (30 mL) at room temperature
under argon. The mixture was stirred for 1.5 h at room temperature, treated with
50 mL of quench solution (25 g Na2S203 in 100 mL saturated aqueous
NaHCO3), and stirred for 40 min. The organic layer was separated and the

10 aqueous layer was extracted twice with CH2Cl>. The combined CH2Cla
extracts were washed with brine, dried (Na2SO4) and concentrated in vacuo.
The residue was dissolved in ethyl acetate (10 mL) and MeOH (3 ml), purified
by chromatography on silica gel eluting with ethyl acetate/MeOH/NH4OH
(95:5:1). The desired fractions were combined dissolved in CH2Cl2, dried

186 (Na2SOs) and concentrated in vacuo to give the ketone 10i as a solid.

STEPf{

s/

H3Cop-CH3 =N

HN'r

HNJ~ NH2
20 ‘Compound 10
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The ketone 10i (0.32 g, 0.47 nmmmol) and anisole (5 nL) were placed in a

Tefl on reaction tube of an HF apparatus under anhydrous conditions and
cooled to -78 [err]C. HF (20 m.) was distilled directly into this
flask and the t Q& € of the m xture was allowed to ri 56
[err]C. This mxture was stirred for 1 h, the HF was 5 renoved I n vacuo
and the residue was dissolved in ether (25 nL) and stored in t he

refrigerator under Te@K§iane 18l (:32i0: PATsmawl) andyanisoleTifemb) were placed inasTeflon

rehrmved and the reﬁeabﬁar}ﬂmbbaﬁlha_ivﬁﬂml_ atrémhWnﬂb?fﬁnh%&r’&u?x%ﬁﬂ%nﬁ%rnh'&%fed)lfo

Gsing - Herr) o e HF &0 Tl Wi ol aedly ipfR o e Bhe e BRitpralire of e

m xture of 10 di apixuresvas allowed ©lIriseito[G7C. Thishixturp]was sfirrecford K, cthe. S was

MeCH) ; FAB-MB n§Z Gifoviyd | -th8'18kidu '&s&fb in ether (26 mL) and stored in

SRUREREEAL: o cioves s ol it Ao

T,l 4.56; N, &Ei\/gg ; rérﬁ@:,ec{ld(]!ai;@me rémlti@%?sif%z év@ﬁr;&%ated with s;\éeﬁ@ll ﬁon§¥%h&o

. -e \ = = g g

S%Ep[ gBEF%(?rT | AL I-EOICiCNn‘FA (60:40:0.2@1 give the compound 10 as amixture of A

SE gs pegsi orI; of RILOCL diasiefenmklﬁl: anBI‘li-Qge"(Zﬂg]DQSme c 0.28, MaﬂH);M4O Nﬁgi/zl 5268)9
war das, - oes ' rat ) ) -

in 60 mL of mzﬁ‘é'f"mé\éa'bgéf“e‘gf‘%'?@ é@? Qgéﬁ(?&ﬁ%% S adjusted to

11.0 with 3N NaoH. Caleulated; \C, 457 Grkdy 469:N($980H0, 182. ol ) was added

dropwi se over 4 h \Mauhe: C, 48.77/H458NNE10.009RR021 82, [err] C. The
reaction was allowed to slowy warmto 22 [er]C over 16 h and then
extracted three tines with ether. The aqueous | ayer was cooled to 5

[err]C, adjustd8 to pH 2.0 with 3N HO , anEXAMPEEAd with three

portions of ethyl acet HYIE DEPHENMLAL AN FONR IR AMINOIMIROMERY IUAMIN D) ©
FAENEE AU vtk bt i oo nid

stirring under argon. The reaction was S¥ERP@aed to slowy warmto 22
[err] C over 16 h, the pH was adjusted to 11.0 with 3N NaCOH, and
anot her portion of di-tert-butyl di cargonat e0(38. 2 g. 175 mmol ) was
added and stirred at 22 [err]C over 24 h. Thﬁ CH3
71 Boc™ 3 “OH
20 - NH-CBZ
12

A suspension of L-C2-methylornithines2HC} (7.03 g, 35 mmol; Zhenping, Z.;
Edwards, P.; Roeske, R. W. Int. J. Peptide Protein Res. 1992, 40, 119-126) in 60
mL of water was cooled to § °C and the pH was adjusted to 11.0 with 3N NaOH.
25 Benzyl chloroformate (6.00 mL, 42 mmol) was added dropwise over 4 h while
stirring under argon at 5 °C. The reaction was allowed to slowly warm to
22°C over 16 h and then extracted three times with ether. The aqueous layer
was cooled to 5 °C, adjusted to pH 2.0 with 3N HCI, and extracted with three
portions of ethyl acetate. The cold acidic agueous layer was readjusted to pH
30 11.0 with 3N NaOH and diluted with 175 mL of dioxane. Di-tent-butyl |
dicarbonate (38.2 g, 175 mmol) was added in one portion at 5 °C while stirring
under argon. The reaction was allowed to slowly warm to 22 °C over 16 h, the
pH was adjusted to 11.0 with 3N NaOH, and another portion of di-tert-butyl
dicarbonate (38.2 g, 175 mmol) was added and stirred at 22 °C over 24 h. The
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di oxane was renoved in vacuo at 40 [err]C and the reaction m xture was

adj ust ed to pH 11 with 3N NaOH, extracted three tines with ether,
cooled to 5[err]C, and saturated with NaC . Ethyl acetate (100 nL) was
added and the awooeuoysg ayer was adjusted to pH 4.0 wi th 2peTrusesnsiss
citric acid (CAUTIION: evolution of 5 CO[err]) while stirring at 5 [err]C.
The | ayers were arat ed and the acidi c agueous | ayer was extracted
five nore portiorfE ’@ﬂee\mreraemqawcun@éﬁ 1 A tha fon mixfuEq Weg adjusted

extracts were dr |teqbl-( My Wil 3N NaOH, fextracteddhisiertimes with | etharpcdoléd 4o 57T, and

concentrated i “ {f l%c@%a‘(&(fb&ﬁl.? wasbiddes ant me%u@oﬁé @i
lass: °  FAB M%@ 85
% ""er rl Was g@us@;?;gmd 01with 28%grAugous Sitiaacid (GALTHON: avplion pt1 80

nL of nethanols anCOz) whilé efiringedt 5*0.h The 3ayeps Werd @tpaftbd hnd the acidizdad eﬁiﬁd

TheCreact | on was BNk ARclier e FRfP gB ﬂg%‘?§%3§s@"’£xﬁ%§§ﬁ&%ﬁ Vour

150 L portions ofcetate extrastewere(dirdriiMIGO4) Hiered throughyiGelatom:EWahé and

t t filédhca Oiadfacks! {
:;( LSC[ Zr\rN]erCet 0I ﬁt&‘é ﬁg&w i IV )%}W:Od%%%lﬂ%g% 6‘156%%931&%% felehf‘ i%;ﬁ';m

FAB- M5 ml z 247 ( STEP c [err]
Conpound 11b 1®.40 g, 13.8 mml) was conbined with triethylanmne (5.77 ni,

41.4 nmol) in DVF (75 nL) and to the resul tgpgpyy/spensi on was added N. N -
72

0

) CHj
Boc:'N\!/lL OH

NH2
b

15 Compound 113 (6.86 g, 18 mmol) was dissoived in 180 mL of methanol and
combined with 1.37 g of 20%Pd(OH)2/C and placed under 60 psig of Ha on a
Parr hydrogenation apparatus for 18 h. The reaction was filtered and the filter
cake was extracted with four 150 mL portions of hot methanol (CAUTION). The
combined methanol extracts were filtered through Celatom FW-14 and

20 concentrated in vacug at 40 °C to give 3.50 g (79%) of compound iibas a
white solid; FAB-MS m/z 247 (MH)*.

STEP ¢

E: CHs Q
Boc™ 3 TOH
NH

25 CBZ-HN™ ~N-CBZ

: 1lc .
Compound 11b (3.40 g, 13.8 mmol) was combined with triethylamine (5.77 mL,

41.4 mmol) in DMF (75 mL) and to the resulting suspension was added N,N"-
72
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bi s(benzyl oxycar bonyl)-S-nethylisothiourea (7.42 g, 20.7 mmol; ibid.). The
resulting mxture was stirred at 22 [err] C under a nitrogen atm)sphere for
40 h, treated with triethylamne (2.0 nL, 14.4 mol) and N, N -

bi s(benzyl oxyc S-met hyl i sothiourea (0.78 g, 2.2 mmol) f or
24 h, 5 treat(aa‘ggggéyi&#wthtrlethylamne(20rrL 144mm|)rgz§’b,N'- :
bi s(benzyl oxycar bonyl )-S-net hylisothiourea (1.48 g, 4.1 mmol), and stirred

at 22 [ er r] Gid(penzyishcarbohiyh- lisemidurea (W4 g 20.%afimbl; ibieh)e The

t hrough Cel at om rFVth E!X’E' lodeh S

The oily residue rﬁ%’ét' reawgfgﬁﬁg glamge%'%% EPL o&e gac‘ﬁ.%ﬁ kgréiogié %00

mL of ether. The tmnbwimtnetqwemm (29 ol i4t @molhanddViNar tines with

FIST5 ST ety eonostaih e el gt
03I yith iethyiamige [ 0 by fi§ mmo . Th

saueols [ oyer “ﬁmemmmwwmwimmem A i

through Cel at om Fgﬁ"c“mr@.ﬁﬂa “'F}%'&rhab‘? n"rﬁ&ﬂﬂe%aé‘ﬁl érat'th %eﬁlét%&h due

was 15 purified ndﬂle(é 35 Yarmpved In Ve & 405 rT?‘kEP

(95:5) to give 5
(MH) +, partmoned between 200 mb of 0.1 N NaQbang 20q milLrgf ether. The basic

T | fi
ag dg dS(Z) 0(‘31/; 138? E %ﬂ%débt Lola? tsﬁ'legmﬁltﬁ eiﬁbrzﬁgolgg t0's d@ﬁ%}% wWifte
of hydr ogerPtBY\‘ agetale, a’l‘ﬂlgﬂb'%?l% éﬁﬂ'&‘? 5%‘0% ac)ﬂ‘ t Ehe ?A’efﬁ WEFROt her
portion of 25 208épasdtetilanarthé/aCididadfecis Iapsr was estracddifber times Withrathgls

hae 111 Lerad ¢ hr CRRREIE, The mOiNes U85 il eyl e (RBSCAD ”°

afford 3.03 g (10WweughsCelatpra&VY-1dhand concentrated i vEQED BE4A,°C. JHw residue was
(M) [err]. {3 purified by HPLC on silica gel eluting with CHaGI2le®H (85:5) to give 5.94 g
3 (77%) of 11¢ as a white foam; FAB-MS my/z 557 (MH)*.

STEP d

l;' CHs Q
Boc’N S OH
?NH
20 ' HaN~ ~NH
1id
To a solution of compound 11¢ (5.86 g, 10.5 mmo!) in 210 mL of methanol was
added 20% Pd(OH)2/C (1.47 g) and the mixture was placed under 60 psig of
hydrogen on a Parr hydrogenation apparatus. After 24 h, another portion of
25 20% Pd(OH)2/C (0.74 g) was added and the reaction was placed under 60 psig
of hydrogen for 6 h. The crude reaction mixture was filtered through Celatom

FW-14 and concentrated in vacuo to afford 3.03 g (100%) of 11d as a white
foam; FAB-MS m/z 289 (MH)*.

30 : STEP e
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[err] | 1e Conmpound 11d
(519 ng, 1.80 nmol) was dissolved in 2.7 nL of 4N KOH and diluted with
9.0 nL of acetone and cooled to -18 [err]C. To this solution was 5 added a
solution of p- ?HWulfonyl chloride (686 ng, 3.6 mMl) i n prfussontts
acetone over 15 mn ile stirring vigorously. After 1 h at -18 to -15
[err]C, the reaction was allowed to slowwy warmto 22 [err]C over 2.5
h. The acet one was removed in vacuo 34 20 |prr]C and the aqueous

resi due was diluted 25 nL of water a Macted three tinmes with

et her. The aqueous | ayer was sat ur at egod R , layered with ethyl
acetate, cooled to 5 [err]C and adjusted to$pH 3.5 with 1 N HC. The
aci di c aqueous | ayer was extracted four noreYines.with ethyl acetate
and the conbi ned ethyl acetate extracts were{washed twice with brine,
dried (Na[err]SOerr]), and concentrated in vilo to give 720 ng (90% of
| 1e as a white foam FAB-MS nifz 443 (IVH) +.

STEP f [err] 20 A stirring sofgiy cNHllein 29 nmL of
CHerr]d[err]/MeOH (9:1) was cooled to 5 I[EJ{. and treated dropw se
over 10 mn with 2M (trinethylsilyl)diazo ne in hexanes (4.3 ni,
8.63 mol ). Aft Compoundrild (549rmg.ct.BOmmal} wasndissnived ind2.7rmL of 4N\Qd anst

22[err] C and T heiBaviitiFg (AL Y Bebiohe dnd dddida & 19 PCoT s Shithidmia t h
ethyl acetatgl ! R ?o 3t pol oriyl Snforiae’ (686 mg, 3.8 Fnrfolf Th 58 LY
FAB- 25 Nson added a@qlq;t n of toluenesu e’( g, 2
acetone over 15 min while stirring vigorously. After 1 hat-181t0-15 °C, the
reaction was aliowed to siowiy warm to 22 °C over 2.5 h. The acetone was
removed in vacuo at 20 °C and the aqueous residue was diluted 25 mL of
water and extracted three times with ether. The aqueous layer was saturated
10 with NaCl, layered with ethyl acetate, cooled to 5 °C and adjusted to pH 3.5
with 1N HCl. The acidic aqueous layer was extracted four more times with ethyl
acetate and the combined ethyl acetate extracts were washed twice with brine,
dried (Na4S04), and concentrated in vacuo to give 720 mg (90%) of 11 as a
white foam; FAB-MS m/z 443 (MH)+.
15

~"

NH

Ts-l-lN/k NH

11t
20 A stirring solution of 11e in 29 mt of CH2Cl2/MeOH (9:1) was cooled to 5°C
and treated dropwise over 10 min with 2M (trimethylsilyl)diazomethane in
hexanes (4.3 mL, 8.63 mmol). After 10 min, the reaction was concentrated in
yacuo at 22 °C and the residue was purified by HPLC on silica gel eluting with
ethyl acetate/hexane (3:2) to give 1.06 g g (81%) of 11 as a white foam; FAB-
25 MS mv/z457 (MH)*.
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STEP ¢ [err] 5 A sol ution of benzothiazole (2.63 g, 19.5 mmol)
iTn 20 nL of THF was cooled to -75 [err]C while stirring under
nitrogen. n-Butyl lithium (1.6 Min hexanes, 9.46 m., 15.1 nmol) was

added dropw segny, mn at -75 to -65[err]C and then 'ﬁ%@“ﬁ -75
to -65[err]C for ;‘rg mn. To this solution was added dropw se %(y(‘ar

mn a solution of 11f (461 ng, 1.0 mml) in 10 mL of THF at -75 to -70
[err]C. The 10 reaction was stirred at -7®8TERr Q] C for 2 h, quenched with
160 nL of saturated aqueous NH err] O, saturated with NaC, and
extracted three tinmes with ethyl aqggt ate, The conbi ned et hyI acetate
extracts were washed three tines with CHypn dried (Na[err]SOerr]),
and concentrated in vacuo. The resi dggcw t ed three tines with
hexane, dissolved in 150 nL of ethyl acetatfe/ hekan :2). 15 filtered

t hrough Celatom FW1 4, and purified by HPLS on™s gel eluting with

et hyl acetate/ hexane (3:2) to give 0.42 g ( 4% of g as clear gl ass;

FAB- N5 mz 560 (MH) +. STEP h 20
[err] Compound 11g (0.389 g, 693 I) was dissolved in 14 nL of
CFlerr]COerr]H CH err]dJ[err] (1:4), “4 22 C for 2 h under a

ni trogen atnosphere, 25 and concentrated n vacuo at 10 C. The residue was

partitioned between 20 nL of aqueous 11MINaOH previously saturated
with NaC and520 Asolofion of benzathiazsle (R63rd,]119. STMdD)GmIZD AALUSIOTHF lWasséodi@to

‘;ét racted three ngactyiiRSstittihg urtbPhittogth h Buty! fithium (1.6 M in hexanes,
' 9.46 mL, 15.1 mmol) was added dropwise over 15 min at -75 to -65°C.and then

stirred at -75 to -65°C for 15 min. To this solution was added dropwise over 15
min a solution of 11f (461 -mg, 1.0 mmol) in 10 mL of THF at -75 to -70 °C. The

10  reaction was stirred at -75 °C for 2 h, quenched with 160 mL of saturated
aqueous NH4Cl, saturated with NaCl, and extracted three times with ethyl
acetate. The combined ethyl acetate extracts were washed three times with
brine, dried (Na2S04), and concentrated jn vacuo. The residue was triturated
three times with hexane, dissolved in 150 mL of ethyl acetate/hexane (3:2),

15 filtered through Celatom FW-14, and purified by HPLC on silica gel eluting with

ethyl acetate/hexane (3:2) to give 0.42 g (74%) of 11g as clear glass; FAB-MS
m/z 560 (MH)*.

20

Ts-HN" " NH

11h
Compound 11g (0.389 g, 683 mmol) was dissoived in 14 mL of

CF3CO2H/CH2Cl2 (1:4), stirred at 22 °C for 2 h under a nitrogen atmosphere,
25 and concentrated jn vacuo at 10 °C. The residue was partitioned between
20 mi of aqueous 1N NaOH previously saturated with NaCl and 20 mL of
CH2Cl>. The basic agueous layer was extracted three more times with CH2Cla
75
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and the conbined CH err]C[err] extracts were washed with brine, dried
(Na[err]SOerr]), and concentrated in vacuo to give 319 ng (100% of
1%h as a brown anor phous solid;, FAB-Ms mz 462 (M)+. 5

STEP i [err] Asolutlon of

(CBZ) - N- net hyl - ﬁogﬁ’é‘?\’)ﬂal anyl -L-proline (0.309 g, 0.753 nmol: Bg"fggmlggtsent
4. 708.036) and diisopropylethylamne (132 [err]l, 0.758 mmol) in 10 nlL of
anhydr ous CH2Cl 2 apdd e@on@metd)csapwmquacmwe@ washed wdthibring: driad {Nge%i0a),

gt gggpherf) Bi s( Zn@tdnéettaen lin didid toRinas 810 e ( mdﬁ?; bd_%ﬁﬁ@éﬂ?gwnol 1?3 g,

: mrol ) was e e, Jred for m n sol ution
of | Oh (O. S%g&ggh@%ﬂ{anﬁéﬁfﬁgdﬁgﬁ%Htpyl et hyl am ne (119 [err]l,
0.684 mml) in 15 10 nL of anhydrous CH err]C [err] was over 10 mn added
at 5 [err]C agd the reaction was al | ovepepq warmto 22 [err] C over 4.5
h. The reaction was concentrated in vacuo at 40 [err]C and the residue
-was partitioned between ethyl acetate and aqueé)#s 1 MKHSO err]. The
organi c | ayer was extracted two norHz 'Hh H3 aqueous 1M KHS( err],
three tines with saturated aque h 20 brine, drled
(Na[err]SOerr]) and concentrate resi due was

in

purified by chronmat ography on sili i ng acet at e/ hexane
(4:1) to give 0.381 g (65% of 11i as a whitfge foan™=FAB-MS niz 855
(MH) +. STEP MH25 [err]
CHNER
HN™ NH-Ts
11
A solution of (CBZ)-N-methyl-D-phenylalanyl-L-proline (0.302 g, 0.753 mmol:US
10 Patent 4.703,036) and diisopropyiethylamine (132 ul, 0.758 mmot) in 10 mL of

anhydrous CH2Cla was cooled to § °C while stirring under an argon
atmosphere. Bis(2-oxo-3-oxazolidinyl)phosphinic chloride (BOP-Cl; 0.193 g,
0.758 mmol) was added and the reaction was stirred for 15 min. A solution of
10h (0.316 g, 0.685 mmol) and diisopropylethylamine (119 pi, 0.684 mmol) in

15 10 mL of anhydrous CHxCl> was over 10 min added at 5 °C and the reaction
was allowed to warm ta 22 °C over 4.5 h. The reaction was concentrated in
vacuo at 40 °C and the residue was partitioned between ethyl acetate and
aqueous 1M KHSO4. The organic tayer was extracted two more times with
aqueous 1M KHSQ4, three times with saturated aqueous NaHCO3, twice with

20 brine, dried {Na2S0O4) and concentrated in vacuo at 40 °C. The residue was
purified by chromatography on silica gel eluting with ethyl acetate/hexane (4:1)
to give 0.381 g (65%) of 11i as a white foam; FAB-MS m/z 855 (MH)+.

STEP

At e

H

“N’LNH-Ts
S b
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PCT/ US96/ 08456 Compound 11i (0.359 g, 0.420 mmol) was dissolved in 6
nmL of anhydrous CH err]CL[err]. The Dess-Martin penodi nane (0.304 g,

0:717 mol) was added and the reaction was stirred under argon at 22

[err]C for 3 h. m}%’ ess peri odi nane was consuned by twﬁ' Jok43p Of
20 nmL of quenchwso lf?‘l}(‘gn (25 g NaJerr] S[err]derr] in 5 100 m. satt‘rgated
aqueous NaHCO err]) diluted with ethyl acetate (60 nm), and stirred at
room t enper at ure Compound 1ii (0136915 ©420 mmalwas uiissoimestinveamL of anhysicdus ed

and extracted witEHRS] gmg%s%-miﬁqgeﬁbamhne 130450 2117 nGiP UalsBilied and

OrganiC extracts re Wg h sSuccessi ve P r°|0 (0} %ﬁéer a . ]

dr Ped ( Na2SOW@ ERaRtion was Stiradiindes argenat 22 °G 108 3ch-35he @xcess/pegedinane

g_el_'ltE gnE 11j, : as a Was cunsumedosynhefatiditida of 20 Aft3of ddénch solution {25 g NaxS203 in
er

Conpound 11] (%] 3§8°gr?'é5 ?%i‘e%‘ﬁmbﬁzs”aé? %98‘ g/itiauée? h it§1 %woaﬁgﬁﬁgga&ﬂ}é’ and
t hi oani sol e, pl ac&tirred ad roam temperadureifon 13 min. Jhexiesulting ggueeus layenwas
oY El Ted into ( hhatedEAdOalEetsd With Evaral bbfond etyf dzatchs Gifd fhe boritied
of “the 50 i xt ur STAEHE BPiits TR R FHMD SyctiesBlve il o1 lpath SRg biine Gre
stirred at 0 [err(NagSOas}iand concentratesh in:uacug teigive 0,336:0 (84%) of ketonat 11, as a

with several port iviie Bams FAB-MSOmZ 853 FMH?]*- white solid. This solid was
purified by reverse phase HPLC el uting wt Herr]Q acetonitril e/ TFA

(60:40:0.2). The fractions containing conpound |0 were conbi ned,
concentrated in vacuo and | yophilized to af fSTEBP®X 094 g (28% of 25
conpound 11 as a white solid; np 122-130 [err]C, [[err]] -85.3 (c 0. 26,

MeCH) ; FAB-MS ml z 853 (MH) +. In TAC
il[or . H CH3Q gulated: C 46.92;
H 5.05; N, 11.40; F, 15.24; Herd %/ C, 46.59; H,
AN

C[errjH[er-r]N[err]CIerr]S.2.3TFA—1.
. n
5.00; N, 11.17; F, 15.16; Herr] O 3_JO0. ? N

156 Compound 11

Compound 11} (0.336 g, 0.394 mmol) was dissaived in 3 mL of anhydrous
. thicanisoie, placed in a Teflon reaction tube of an HF apparatus under
anhydrous conditions, and cooled to -78 °C. Anhydrous HF (3-4 ml) was
. distilled into this tube and upon completion of addition, the temperature of the

20 mixture was allowed to rise to 0 °C. This mixture was stirred at 0 °C for 4 h,
concentrated [n vacuo, and triturated with several portions of ether to give a
white solid. This solid was purified by reverse phase HPLC eluting with
H20/acetonitrile/TFA (60:40:0.2). The fractions containing compound 10 were
combined, concentrated in vacug, and lyophilized to afford 0.094 g (28%) of

25 compound 11 as a white solid; mp 122-130 °C; {«]p25 -85.3 (¢ 0.26, MeOH);
FAB-MS m/z 853 (MH)+. Anal. for CagHa7N7035+2.3TFA+1.9 H20:
Calculated: C, 46.92; H, 5.05; N, 11.40; F, 15.24; H0, 3.98
Found: C, 46.59; H, 5.00; N, 11.17; F, 15.16; H20, 3.40.
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EXAMPLE 12 N- METHYL- D- PHENYLALANYL- N-[ 4- [ (AM NO M NOVETHYL) AM NQJ -
2S- [ (6- METHOXYCARBONYLBENXOTHI AZOL- 2- YL) CARBONYL] BUTYL]

- k- PROLI NAM DE Cpd#12 5 STEP a [err]

1.6 M n-Butyl Mﬁ%. 3 nm, 128.4 mmol) was added dropw S?Ctr S?Y&g g red
10 solution of benzothi azol e-6-carboxylic acid (11.5 g, 64.17 nmo I'n THF
(100 m) at -78 [err]C under nitrogen at a rate that kept the reaction
tenperature bel ow -70 [err]C. Upon c&XAMPLEH20f addition, the reaction

m xture was stirred ﬂMEﬁQYL-D-PHEN\QIALﬂW(l[-& {@\ﬂm‘ONmME'T‘HYLQhMI QOl-

ks b Va0, et 41 25 KR EFCAYGARRONTLEERCH bbb on )cARB BN R GT)

(2.52 g, 5.35 nmol) in THF (150 m) -\MBRQH.H%M@Eede#ﬂ& t hat mai nt ai ned

t he reaction genperature below 70 C. The r pigng m xture was stirred for
2 h at -78 C, warned to -20 C, and diluted wth saturated aqueous
NH4Cl (700 m.). The resulting orgénl c layer was separated and the
aqueous | ayer was washed with sev@ral Q ions of EtOAc. The conbined
organi c extracts were 20 washed wgh-Wais (irqﬂd (Na[err]SOerr])
and concentrated in vacuo. The crud& m as purlfled by
chromat ography on silica gel eluting wt Merr]Cl[err]/MeOH (8:1) to
gi ve the coupl ed benzot hi azol e derivativg, 12a as a solid. 25
STEP b [err] NH 78 -
=«
HN NH-Ts
12a

1.6 M p-Buty! lithium (80.3 mL, 128.4 mmol) was added dropwise to a stirred

10 soiution of benzothiazole-6-carboxylic acid (11.5 g, 64.17 mmol) in THF (100
mi) at -78 °C under nitrogen at a rate that kept the reaction temperature below
-70 °C. Upon completion of addition, the reaction mixture was stirred for 30
min at -78 °C and a solution of N-o-Boc-NG-tosyl-L-arginine N,O-dimethyl amide
(800 mg, 1.69 mmol; DiMaio, et al. Journal of Medicinal Chemistry 1882, 35,

15 3331) (2.52 g, 5.35 mmol) in THF (150 mL) was added at a rate that maintained
the reaction temperature below 70 °C. The resulting mixture was stired for2h
at -78 °C, warmed to -20 °C, and diluted with saturated aqueous NH4Cl (700
mL). The resulting organic layer was separated and the aqueous layer was
washed with several portions of EtOAc. The combined organic extracts were

20 washed with water, brine, dried (NazSO4) and concentrated jn.vacug. The
crude mixture was purified by chromatography on silica gel eluting with
CHzxCla/MeOH (8:1) to give the coupled benzothiazole derivative, 12a as a
solid.

25 STEP b
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Sodi um bor ohydride (1.42 g, 37.6 mmol) was added in one portion to a

sol ution of 12a (3.5 g, 5.9 mol) in MeOH (130 nL) at -25to -20 [err]C
-and the reaction was stirred for 40 min. Acetone (20 nmL) was added, the
m xture was all S warmup to roomtenperature and conc 56
vacuo. The residue S di ssolved in water, acidified with acetic acid
(pH 3-4) and extracted with several portions of Et OAc. The conbi ned
extracts were washed with water and brine, 12biried (Na2SO4) and

concentrated in vggdidm BohyERdé ¢Ra2RE 3@)'@&%& Washdded uﬁlﬂxﬁr;sd f % &l<olifer

(xahed)  ues hidedl a6 oS b e O Ao RECRT SR s et

t he reaction MetsturMOelnm‘. oAcatooe (20 nt) wasraddeite tmemturmgasrauowemwas

1 ted i
Sf?ﬁe% Ba% /ehexg newams reafh %ﬁé?jréﬁﬁ’e *éhd%h&@ﬁl@@ﬁ?ﬂ?@@ arhy r@élﬂlfré gﬁs 5
STEP ¢ [err] disso dn wm%roa j m \B'Fh aewme (R 3-¢ a&de évwmeveral

fTFA (1 Zﬁ rrszI i n CHpertioh€lof EtOAc( Thé ¢dmbinéd emactstwmemlasltedrwmrwatwmairlme

Crper 1 Ler ‘ff’”ceﬁf" G188 50) B Banedird d%%&.?%mm Thé ot whis dlssplved in

product 12c as an gC f2/MeOH (6:1) and cooled to 0 °C Tnmethylsdyld:azmﬁa@ez(gM in

[err] 10 hexanes) was added dropwise over 5 min until a ¥8llow color persisted and the
reaction was stirred for another 25 min. The resulting mixture was concentrated
in.vacuo and puritied by column chromatography eluting with EtOAc/hexane
(3:1 to 6:1) to give the aicohof 12b, as a solid.

15 STEPc

NH-Ts
12¢
A solution of compound 12b (3.1 g, 4.56 mmol, TFA (26 mL) in CHaClz (104 mL)
20 was stirred at room temperature for 1 h and concentrated jn vacuo. The residue
diluted with CH2Cl2 and concentrated under high vacuum to give the crude
product 12¢ as an oil.

STEP d

CH3 O H OH
Gyﬁn})\rs

25
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solution of 12c (2.3 g, 4.56 mmol) and HOBT (1.32 g, 9.12 mmol) in CH3CN
(210 nL) was neutralized by the addition of triethylam ne (approx. 5 ni)

under N2. DCC (1.41 g. 6.84 mmol) and _

N- met hyl - N- CBZ- Q{(ﬂ Sgygat ani ne-L-proline was added to thi Spesicoéisass | N
one portion and IS mxture was stirred for 2 h at 5 roomtenperature and
filtered. The filtrate was concentrated in vacuo and di ssolved in

Et OAc. The or gani & sohitioniof 1 2e62.3vgs &S mimol) and BICBE{1.881g: Q52 mmol) in CH3CN
C'Z?f err ]gI V\gat er 245%9;' gﬂiﬂaﬁﬂbd b?&% BadHbR o me:a;adnw\ taBpro& LS thi) under
Step e [err] %&9% ‘ﬁ 'i gﬁ Hlﬁtﬁ&'ﬁ@%%%é? “RjenylaianingrLraroline
added to a soluti wasaﬂdeadb ﬂﬁs scmnmg oné postiomahd this rbfure vad $tared forh at
m) at roomtenpe :@‘n? ggpaﬁreaa?ﬁ fnlteré& ”Dﬁﬂi‘ﬁftPathwQ? cﬁﬁ%ﬁﬁ&eﬁm%d

m xture was stirr di nane, was

the addition of 3 sﬁQ‘VQﬂ iny E2QAs. sBl%@rgéﬁ‘c(S_Qﬁlt@" Was Wﬁh@ﬁr‘]’@[ FQWG@CFBPHS

#:0 . S?t urated RaHOODS$, Waldedner brind, @rith(N?ESUﬁfhrfde@md deﬁﬂ'aféd(M&&l uo to give
e resulting aqu e nd extracted wth severa
portions of 20 ﬁ%@f@?ﬁ%?ﬁé%&ﬁbl ned organi c extracts were
washed with successive portions of water and brine, dried

(Na[err] S erqfg) and concentrated in vacuo tsqesgiave " the ketone 12e, as
a solid. EP f 25 [err] Conpound 12
80

CH3 O Q{H O
Bz ))L
{ Q-COzCHg
H

Ts-NH=E
s-N NH

12¢

Dess-Martin periodinane (680 mg, 1.60 mmol) was added to a solution of 12d
15 (720'mg, 3.76 mmol) in CH2Cl2 (40 mL) at room temperature under an

atmosphere of N2 and the resulting mixture was stirred for 25 min. The excess

periodinane was consumed by the addition of 30 mL of quench soiution (25 g

NazS203 in 100 mL saturated aqueous NaHCOg3)to the stirred reaction mixture.

- The resulting aqueous layer was isolated and extracted' with several portions of

20 CH2Cl2 and the combined organic extracts were washed with successive

portions of water and brine, dried (NaSO4) and concentrated jn vacup to give

the ketone 12g, as a solid.

STEP f

ﬁ@“f@%

NH

£
Ha2N NH

Compound 12
80

25



WQ 96/ 40748 PCT/ US96/ 08456
The internedi ate ketone 12e (730 ng, 0.81 mmol) and anisole (3 nL) were
placed in a Teflon reaction tube of an HF apparatus under anhydrous
cenditions and cooled to -78 [err]C. HF (15-20 nL) was distilled into this

t ube and upPQR etion of addition, the tenperature of the gg,w,g@
was allowed to rls!‘g’w@b to O [err]C ThIS m xture was stirred for

concentrated in vacuo and triturated wi th several portions of ether to
give a solid. THhHrhe intérmbdiaie kptonef]2e(730 mgve.tasemmol) ancpamsel,e 8AnL) wereng

/ lid
L T ST Sy iy e e,
Calc'd for C[err Gopigdto,8 ° SHE:If[‘@Tzﬂ@Q Eﬁaﬁ]q'ﬁt!' di ﬁ@eﬁi‘
Eal Cgl at ed: vgorbcompl etldn 6Badditid; t4é terhp e@%r@Zaf thi enixiure w’hs%lowed to rise
ouna.

EXAMPLE 13 9 ﬁM‘ﬁf‘@Eﬁﬂ%&m@ %’P? P(é‘iﬁ%ﬁrﬁf 34 tyrated,
1 S ((6- CARBOXYBWitixsevgrapprtions/of eshaptongive BUsOld; - This solid was purified by reverse-
IiBPZR(?wI x'\/' oDEnd iddd, HPLC using water/acetonitrile/TFA (70:30:0. 2% ive comp _Fz
anhydr ousrerO—| (4 %%% Y?%B\%ét"y# r*i @@{EA 553&% hgﬁszl rred
sol uti on of conp&nakd (. Ga0okiaZN 7592l © 3@Qafd»aa71élaQoo nL) at room
temper at ur e.1gheCaloudted: We8, @sszmd«: b8/ F 45BN 10BAR LG, Raal portion of

dHa,
O o 3 15200 BBungZ ©_ Bl Js ki 10 85 £ 1ol 193 SA9ER 8)! oved By L

HOAc (pH 3-4) and extract ed several tinmes with Et OAc. The conbi ned
organi c extracts were washed with pEgqgbrine, dried

Na S d ' h’l ? |
Ger | vat1 ver - hi s NUETHR- G BN VEAL Vi ptriandavonanatE FERLADARG T,y ' ©
following steh e (quende—ﬂ&GﬂRBOXWX@HHB\Z@L@FYEﬁHRBOWBlJJ]'Y&pd 30

step f of Exanple 12 to give corrpound %mﬁ%@ np 125 G [[err]][err]
-79.6 (c 1.0, MeOH); FAB-MS Anal . Calc'd for
Cerr]Herr]Nerr]dJerr]S 2.5 CF[err] err]H Herr]O:

f@f{ 2o

ol Compound i3 -

20 Compound 13 was prepared by modifying Example 12. A solution of
anhydrous LIOH {400 mg, 16.7 mmol) in water (12 mL) was added to a stirred
solution of compound 12d (5.0 g, 5.57 mmol) in dioxane (100 mL) at room
temperature. The mixture was stirred for 4 h and an additionat portion of LIOH
(300 mg, 12.5 mmol) in water (7 mL) was added, followed by another 3 hours of

25 stiring. The resulting mixture was acidified with HOAc (pH 3-4) and extracted
several times with EtOAc. The combined organic extracts were washed with
water and brine, dried {Na2S04) and concentrated to give the 6
carboxybenzothiazole derivative. This derivative converted to the desired
compound by following step e (quenching with 25% aqueous NazS203) and

30 step f of Exampie 12 to give compound 13 as a solid; mp 125 °C; [a]p25 -79.6
(c 1.0, MeOH); FAB-MS m/z 594.4 (MH+). Anal. Calc'd for C2gHasN7055+2.5
CF3CO2HH20:

81
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Cal culated: C, 45.54; H 4.44 ; F, 15.89; N, 10.93; Herr]O 2.01

Found: C, 45.59; H 4.59; F, 15.60; N, 10.76; H20, 2.09.

EXAMPLE 14 5 N- METHYL- D- PHENYLALANYL- N-[ 4-[ (AM NO M NOVETHYL) AM NQ -
1 S[(6- CARBOXWFN&(OT HI AZCQL- 2- YL) CARBONYL) BUTYL] PCT/US96/08456

- L- PROUNAM DE err Conmpound 14
10 Corrpound 14 was prepared by nodifyin I e 12. HOBT (138 ny,
0.102 mol ) Calklatess ( 1 4@540"0‘584 39 @3@5'2% 2P%tirred

sol uti on of Founthound 1Qc485.89; KHp4.59; ©,3v6.607N,) 10.76, POy 2.p81 [ err] / DVF

(4:1, 2 nL) at room tenperature under N2. The reaction m xture was
stirred for 30 min and 15 aqueous 29% NH err C]—I 50 [err]L, 0.38 nmol) was
added. The m xture was stirred for BXA dRot her portion of HOBT (7

ng), DCC (7 ns) ang-ﬁavﬁwsoﬁ%nvLALNNWﬂJ(ﬂummcbmmba)lmﬂmml-

“CHerr]alerr e ratbaABoRAWBOHRNEotAZOl S cprratbiauTYLL

portions of water and brine, driedl{fROENANIOErr]) and concentrated
to give t-he correspondi ng 20 G{mgoozg:nber&ot hi azol e derivative. This
I r

derivative was converted to the_& ﬁ%)lmp und by follow ng steps e
and f of exanple 12 to give chh)o as jd: np 130-143 [err]C

hd N

[[err][err] -76.0 (c 0.3, Me AB- M5 Y z\593N Anal .
Calc'd for Jerr]Herr]Nerr]derr]S. 2.9 CFlerr] ] .'?H[err]Q 25
Calcul ated: C, 42.61; H, 4.65; F, 16.85; 11.42.; Herr]O 5.87.
Found: C, 42.16; H 4.35; F, 16.19; N, 1 H45. ; H[err]O, 5.37
82
Compound]_g
10

Compound 14 was prepared by modifying Example 12. HOBT (138 mg, 0.102
mmol) and DCC (14 mg, 0.068, mmol) was added to a stirred soiution of
compound 12¢ (30 mg, 0.034 mmol) in CH2Cl2/DMF {4:1, 2 mL) at room
temperature under N2. The reaction mixture was stirred for 30 min and

15 aqueous 29% NH4OH (50 ul., 0.38 mmol) was added. The mixture was stirred
for 5 h and another portion of HOBT (7 mg), DCC (7 mg), and aqueous 29%
NH4OH (20 ul.) was added. After another 2 h of stirring, the mixture was diluted-
with CH2Clz. The resulting organic layer was washed with successive portions
of water and brine, dried (NazSO4) and concentrated to give the corresponding

20 &-carboxamidobenzothiazole derivative. This derivative was converted to the
desired compound by following steps e and f of example 12 to give compound
14 as a solid: mp 130-143 °C; [)p25 -76.0 (¢ 0.3, MeOH); FAB-MS m/z 593
(MH+).
Anal, Calc'd for C2gH35Ng§04S:2.9 CF3CO2H3.2 H20:

25 Calculated: C, 42.61;H, 4.65;F, 16.85; N, 11.42.; H20, 5.87.
Found: C, 42.16; H, 4.35 ; F, 16.19; N, 11.45.; H20, 5.37

82
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EXAMPLES 15 and 16

N- METHYL- D- PHENYLALANYL- N- [ 4- [ (AM NO M NOVETHYL) AM NOJ - 1

S:[ ( 6- HYDROXYMETHYLBENXOTHI AZOL- 2- YL) CARBONYL] BUTYL] -

L- PROLI NAM DE W “;'EK?? PCTIUSI608456
N- METHYL- D- PHENVLAI AL - N- [ 4- [ (AM NO| M NOVETHYL) AM NO -

1R- [ ( 6- HYDROXYMETHYLBENXOTH AZQL- 2- YL)%Q!\E;S] % é_]1

L- PROLI NAM DE Cpd# 16 & STEP a 10 [err]
15a: X =0 N-METHYLD-PHEN YLALANY L@ {4 {{AMINOIMINOME EHY LIAMINO]-
nodi fyi ng Exanple 12¢g 1@(“ tﬁ(\gm ) ERFY e
to a stirred sol uti on cgir?goun %%Y{%E ;i‘ % b%"\%&ﬁ? Lﬂéﬂﬁ*‘\‘ﬁ
CHerr]d [err] (160 ni) at - 78 [errf-(?’ﬂq 9# S terrperature of

t he reaction @ xt ureMMEWDWENNLA&AbMU&-@-{MM!N@IMW@MET HY&)AMINOD.

Aucous Nper ) an (sOPHg PYRHORYERR fﬁﬁﬂﬁﬁiﬁ'm%%%‘?ﬁﬁwgl?&ﬁﬁ'&h ne

separation of the aqueous and organi & PBOY Ore#Bsul ti ng aqueous
| ayer was washed with CHerr]dJ[err]. The conbl ned organi c extracts
were washed with successive portions of sat d NaHCO[err], water and
brine, dried (Na[err]SJerr]) and concentra t® gi ve 1lba and t he
corr espondi ngt0 met hyl ene derivative 15e as a m xture which was used
W t hout purification. 25 H OH 83
H)ACZ(N\)\,S
Q‘CHon
—6NH
Ts-NH
NH
18a:X=0 15e; X=H,H

Compound 15 was prepared by modifying Example 12. 1.0 M DIBAL (10
15 mL, .10 mmol) was added dropwise t0. a stirred solution of compound 12¢
(1.5 g, 1.67 mmol) in dry CH2CIi2 (160 mL) at - 78 °C under N2, The
temperature of the reaction mixture was kept below -74 °C during this
addition. The mixture’ was stirrad for 45 min and quenched with
concentrated aquegus NH40H (50 mL). A portion of 1N HCl was added to
20 aid in the separation of the aqueous and organic layers and the resulting
aqueous layer was washed with CH2Ci2. The combined organic extracts
were washed with successive portions of saturated NaHCOg3, water and
brine, dried (Na2S04) and concentrated to give 15a and the corresponding
methylene derivative 15e as a mixture which was used without purification.
25

83
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STEP b [err] 15b: X = O 15f: X=H, H DVAP
(61.2 ng, 0.50 mol ) and triethylam ne (140 [err]L, 1.00 nmmol) were

added to a stirred solution of 15a and 15e (9.2 ng) at O [err] C under N2. A

solution of ter d;ét? rimethylsilylchloride (45.3 ny, 0. 30 MPedr,
CHerr]dJ[err] ?V ‘BJI&WL) was added in one portion and the reac%ll’s(b)ﬁo“vxs/ass

allowed to warmup to roomtenperature and stirred for 8 h. The
resulting mxture was diluted with CH &8RP err] and washed with
successive portions of 10%citric acid, saturated aqueous NaHCO err],

(Na[err] SO err]) and concent (At e tve a m xture of 15b and the

Herr] O and brine. The resul CHfiX (@ru—b I@},ler was dried
15 correspondi ng net hyl ed@Zdery vatl v 15~ \é}; used without further
eri odi

purification.

;
15¢: X = O 15g: X=H, H P’bess VBt ﬁ@'ﬁg (eBu),, ol )
was added to a solution of 15b and f (160 ng) in CH2Cl 2 (20 nL) at
room tenperature under an 25 at rmsphere ofNH\[ err] and the resulting m xture
was stirred for 30 mn. The £griodi nane was consunmed by the
addition of 10 nL of quench soI nM|.25 g Na[err]S[err](err] in 100
mL saturated aqueous NaHCO err]) to the
84

5 158b: X=0 15f:X=H,H

DMAP (61.2 mg, 0.50 mmol) and triethylamine (140 uL, 1.00 mmol) were
added to a stirred solution of 153 and 15¢ (9.2 mg) at 0 °C under Na. A
solution of tert-butyitrimethyisilyichloride (45.3 mg, 0.30 mmol) in CH2Clz (15

10 ml) was added in one portion and the reaction was allowed to warm up to
room temperature and stirred for 8 h. The resulting mixture was diluted with
CH2Cl> and washed with successive portions of 10% citric acid, saturated
aqueous NaHCOg3, H20, and brine. The resulting organic layer was dried
(Na2SO4) and concentrated in vacuo to give a mixture of 15b and the

15 corresponding methylene derivative 15 {, which was used without further
purification.

STEP ¢

CH3 X Q(
A
%q “D—cuzos:Mez(t-au)

20
15¢:X=0 159.X=H.H

Dess-Martin periodinane (142 mg, 0.334 mmol) was added to a solution of
15b and 15¢ (160 mg) in CH2Cl2 (20 mL) at room temperature under an
- 25 atmosphere of Na and the resulting mixture was stirred for 30 min. The
excess periodinane was consumed by the addition of 10 mL of quench
solution (25 g NapS203 in 100 mL saturated aqueous NaHCO3) to the
84
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stirred reaction mxture. The resulting aqueous |ayer was isolated and
extracted with several portions of CH2Cl 2 and the conbi ned organi c extracts
were washed with successive portions of saturated NaHCJ err], as well as
brine, dried (l@ég&rdﬁqerr]) and concentrated in vacuo to Qi perRisoess €
of 5 ketone 1 3% he correspondi ng net hyl ene derivative 159 as a
solid. Step d [err]
[err] . Compound . 16, 10

| nt er nedi at es and lsggregr{&amn% néq‘edef'f"'mq}'eg‘l’ﬁi'axﬁ' g’ﬂ??‘ﬁ% g

were placed in a Teditractecbwith severalpostions ahCHEClzpand the wombined omawamms

condi i ons and ool aghel iashbl it ldsesse Gorins dFeBNLBINANOOHN & Wl ¢ ube

and upon conpl |on ion, . the t ature Qqf the was
allowed to 15 ris aﬁgr‘@fgéé"l’h?%d fiPg @) %G"ﬁao?r@xé‘?ﬁ%‘
concentrated i nfwad@tom] and the carresposding mntmrdﬁﬂvpm 18gas® selicher t o

. give a solid. This solid was purified by reverse-phase HPLC using
wat er/ acetonitrile/ TFA (70:30:0.2) to gi F conmpounds 15 and 16 as pure
sol i ds: Conpoun #e

[err]C, [[err]] Dlerg

Compound, 16: np 75-85
Anal . Calc'd for CHd
Cal cul ated: C, 43.7

'r%’f'(coo 2, MeOH); | 10 580 (M)

Mﬁér%] S. 2. HCRFEMN 7 Herr]O:
4.8 N\, 340 : . O T\

9.95 25 @ 17 and 1 CIZ@OH

N- METHYL- D- PHENYLALANYL- N- [ 4- [ NO M NOVETHYL) AM NQ -

1S- [ (6- FLUORCBENXOTHI AZQL- 2- RBONYL] BUTYL] - H
L- PROLI NAM DE Cpd# 17 %*Zn_'k HZN"‘NH 85
Compound i5 Compound 16

10
intermediates and 15¢ and 15g (170 mg, 0.17 mmol) and anisoie (2.5 mL)
were placed in a Teflon reaction tube of an HF apparatus under anhydrous
conditions and cooied to -78 °C. HF (5 mL) was distilled into this tube and
upon completion of addition, the temperature of the mixture was allowed to

15 rise to 0 °C. This mixture was stirred for 3.5 h, concentrated in vacug and
triturated with several portions of ether to give a solid. This solid was:
purified by reverse-phase HPLC using water/acetonitrile/TFA (70:30:0.2) to
give compounds 15 and 16 as pure solids: '

Compound 15: FAB-MS m/z 580 (MH+).

20 Compound 16: mp 75-85 °C; [a] D25 =-82.6 (c=0.32, MeOH); FAB-MS m/z
580 {MH+); Anal. Calc'd for C3gH37N705S-2.5 CF3CO2H+1.7 H20:
Calculated: C, 43.74 H, 4.85; N, 10.09
Found: C,43.96; H, 4.76; N, 8.95

25
EXAMPLE 17 and 18
N-METHYL-D-PHENYLALANYL-N-{4-[(AMINOIMINOMETHYL)AMINO]-
1S-[(6-FLUOROBENXOTHIAZOL-2-YL)CARBONYL]BUTYL]}-
L-PROLINAMIDE Cpdit 17

85
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N- METHYL- D- PHENYLALANYL- N- [ 4- (AM NO M NOVETHYL) AM NQ -
1S- [ ( 6- FLUOROBENXOTHI AZOL- 2- YL) CARBONYL] BUTYL] -

L- PROLI NAM DE 5 [err] . ' [ PEFAUS96/08456
Conmpound 17 %8%61}3148 Conpound | 8 Conmpounds 17 and 18
were prepared by nodi fying Exanple 12. The starting benzot hiazol e of

12 Step A was replaced with 6-fl uorobenzothiazole 10 and the renaining
steps of the sequence were carried through with only m nor
nodi fications. The pr NMETHYE-DPHENYLALANE M AA(AMNQIMINOMEEHYWAMINO]-

sol ution of sodi um ni trit eg-Ré-FLUDREBENXOTHIAZOL-24LJCARBONVLIBURYLRdded
dropwi se to a stirred solution of 2a$8ﬁ5€-l+éw %%@Pﬁll azole (10.0 g,
59.5 mml) in 85%Herr]PJerr] S _ ? at the reaction
tenperature diddnot 15 exceed - 4[err]C. This mxture was maintained at -8
[err]C for 1 h, pourdHg Ot HC

%W O Herr]PJerrfHatQ
‘to warmup to roomt neello.§. Vater .
H t r suL-“ting ure wik e
eous Ide an @ ¢ id cipitat

total volune of 3 L"an
extracted with several portions gf CHCIY&fr]/EtOAc (1:1) and £ he co ed

Na[err]CJ err]. The

20 organic extracts were washed\w th brine, dried (Naferr]$S r]) and
concentrat ed I n vacuo to gi 6-TT uor obenzot hi azole as a lid.
Conpound 17: np 65-80 [err]q-izlﬂ{’&r]] Dierr] =-72.9 (c=0.HN OH) ; FAB- M5
m z 568 (M#H); Anal. Cal c' d Ndr Cerrl]Herr]FNerr]Jerrf5:3.0

CFlerr]COerr]H 1.1 H err] O CompouihiZul at ed: C, 43.94; [Conyibund 18 4. 25;

Herr| o 2o " Ompell o Euid e leaihuld iadde b W7
(c=0.85, MeOH): FASIREN c':ienzothlazggof( tep T Wi |'L§- orobenzothiazole
C[ err] H er r] FN[16r r | alickthe] rEn@ining 5{eps of GE sequdrnce viereizarried throughl with anlyd: C,
44.99; F, 19.39, H mthof modiicatiSng O Thébfiparationlofé-idérobbRztiniazole féllowi- Al;
P 19-0L Ho4.240 Lok driodidt hirts'(24:8%! 35.7 mmol) in water (80 mL) was added
dropwise to a stirred solution of 2-amino-6-fluorobenzothiazole (10.0 g, 59.5
mmol) in 85% H3P0O4 at -10 °C, so that the reaction temperature did not
15 exceed - 4°C. This mixture was maintained at -8 °C for 1 h, poured into 50%
N H3PO4 at 0 °C and allowed to warm up to room temperature over2 h. Water -
was added to give a total volume of 3 L and the resuiting mixture was
neutralized with Na2CO3. The aqueous layer and the solid precipitate were
extracted with several portions of CHCI3/EtOAc (1:1) and the combined
20 organic extracts were washed with brine, dried (Na2504) and concentrated
in.vacuo to give 6-fluorobenzothiazole as a solid.
Compound 17: mp 65-80 °C; [oi] p25 =-72.9 (¢=0.32, MeOH); FAB-MS m/z
568 (MH+); Anal. Calc'd for CogH34FN7035+3.0 CF3CO2H+1.1 H20:
Calculated: C, 43.94; F, 20.44, H, 4.25; N, 10.55; H20, 2.13
25 Found: C, 43.96: F, 20.57; H, 4.22; N, 10.82; H20, 2.22

Compound 18: mp 85-100 °C; [} p25 =-61.6 (¢=0.85, MeOH); FAB-MS m/z
568 (MH+); Anal. Calc'd for CogH34FN703S+2.7 CF3C02H+0.9 H20:
Calculated: C, 44.99;F, 19.39, H, 4.35; N, 10.99; H20, 1.82

30 Found: C. 45.01;F, 19.61; H, 4.24; N, 11.15; H20, 1.84
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EXAMPLES 19 and 20

N METHYL- D- PHENYLALANYL- N-[ 4-[ (AM NO M NOMVETHYL) AM NO - 1

S<[ (4- ETHOXYCARBONYLTHI AZOL- 2- YL) CARBONYL] BUTYL]

- L- PROLI NAM DE W,&%ES '

N- METHYL- D- PHE ALA -N-[4- (AM NO M NOVETHYL) AM NO - PCT/US56R8456
1S- [ (4- ETHOXYCARBONYLTHI AZOL- 2- YL) CARBONYL] BUTYL]

- L- PROLI NAM DE Cpd# 20 [err] EXAMPLES 18 and 20 [err] 10
Conmpound 19 . METHYL-D-PHENYLAEQW?H@[@RAMINo:mnwm&)%mmbﬂ0
were prepared by no

CBZ- N- net hyl - D- phenyl al §R§?Eq’ﬁ8ﬁe§g% r‘hﬂé’é"‘tﬁeﬁ’ﬁt@%ﬁm e 9a
and 15 the remmining steps of the r-é.dBBOMNAM@E ##$e carried out on
the respective argnine epinmers, with only minor nodifications to give

e} s e o i asasne SN E Y o

Cal ¢’ d for Cerr]H err1SH4-ETHEXVCARBONYETHIAZOX2:YLJOARBONYLIBIUT VL] 20

Cal cul ated: C, 44.08; H, 4.95 N, 11, Found: C, 4.25;
H 4.68; N, 11.29; Herr]O 3.29 Lgﬁﬁﬁﬁéﬁﬁ%é;@?"#msa 100 C, [a]Dferr]
=61.6 (c=0.85, MeCOH); FAB-MS niz 572 (MH); Anal. Calc'd for

Cerr]Herr] M@grr]O[err]S.2.75 CF[err]CQerr]HZOH[err]OOZ
Cerr]Herr] N 25 ul edy C,Q42.51; H 4.81 ICHNO H[@rr]O 3. 88
Found: C, 42. 17 \ 4 MS% H20, 4. 2

N

87

0
{ CO2CH2CH3 COzCHzCH3
H NH
NHz—$ 4
2 'NH - NH2™\w
Compound 19 Compound 20

Compounds 18 and 20 were prepared by modifying the method of Example 9. N-
CBZ-N-methyl-D-phenylalanyl-L-proline was used in place of intermediate 9a, and
15 the remaining steps of the reaction sequence were carried out on the respective

arginine epimers, with only minor modifications to give the title compounds as a
solids:

Compound 19: mp 85-100 °C; [¢] D25 =61.6 (c=0.85, MeOH); FAB-MS m/z §72
 (MH+); Anal. Calc'd for C27H37N705S+2.3 CF3CO2H+1.5 H20::
20 Calculated: C, 44.08; H, 4.95; N, 11.39; H20, 3.14
Found: C, 44.25; H, 4.68; N, 11.29; H20, 3.29

Compound 20: mp 85-100 °C; [a]p25 =-61.6 (¢c=0.85, MeOH); FAB-MS m/z 572

(MH+); Anal. Calc'd for C27H37N7055+2.75 CF3CO2H«2.0 H20-0.2 CoH3N:
25 Calculated: C, 42.51;H, 4.81; N, 10.85; H20, 3.88

Found: C,42.17; H, 4.66; N, 10.88; H20, 4.21

87
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EXAMPLE 21 [err] Compound 21 5
Conmpound 21 was prepared by nodifying the nethod of of Exanple 5. 1,2-
RPhenyl enedi am ne repl aced 2-am nophenol in Step d of that exanple to give

the corresp&a%ﬁaenm m dazol e derivative. This derivati per/usssosiss r ed
t hrough the Il ng steps with mnor nodifications to give the title

conpound as a solid: np 70-80 [err] C Derr] =-63.1 (c=1.00,
Herr]O; FAB-MS mz 533 (M—I+) Anal . F%ﬁé‘oéhi

Cerr]Herr]Nerr]derr].3.75 CFlerr]CdOerr]HHerr]0: Cal cul ated: C,

43.59; H, 4.30; N, 11.45; H[err]O CHj?»Q Hourfd: H C, 43.66; H 4.37,
N, 11.45; H20, 1.84 N EXAMPLE 22 15 [err]
d

Compound 22 Compound 22 wasHpr ar | 1w n} general procedure
of Exanple 12. N- et hyl i mi d e was @sed\ i n WceNof benzot hi azol e
in step a, to give the 20 imdazol'e anal og of /ntermieedte 12a. This

i ntermedi ate was carried through the rene\ ni ng steps to give conpound
22 as a solid: np 85-100 [err]C [[err]]D[err] NH 61. 6 (c=0. 85,
MeOH) ; FAB-MS miz 497 (M#); Anal. Calc'd

Cerr]Herr]FNJerr]derr]S-2.7 CF[err'fzgquH]H 0.9 H20:

Cal cul ated: C, 44.99; F. 19.39, H 4. 35 54 H20, 1.82 25 Found:

C, 45.01; F, 19.61; H 4.24; N, 11.15;
5 Compound 21 was prepared by modlfynng the method of of Example 5. 1,2-

Phenylenediamine replaced 2-aminophenol in Step d of that example to give the

corresponding benzimidazole derivative. This derivative was carried through the

remaining steps with minor modifications to give the title compound as a solid: mp

70-80 °C; [o] D25 =-63.1 (g=1.00, H20); FAB-MS m/z 533 (MH+); Anal. Calc'd for
10 C2gH3gNg03°3.75 CF3CO2H-H20:

Calculated: C, 43.59; H, 4.30; N, 11.45; H20, 1.84

Found: C, 43.66; H, 4.37; N, 11.45; H20, 1.84

EXAMPLE 22
R (2 AR
' N
H’p)L R 8
- N /
P 0

H
“NHo=4&
NH2\H

- | Compound 22

Compound 22 was prepared foltowing the general procedure of Example 12.
N-methylimidazole was used in place of benzothiazole in step a, 10 give the

20 imidazole analog of intermediate 12a. This intermediate was carried through the
remaining steps to give compound 22 as a solid: mp 85-100 °C; [c]D25 = -61.6
(c=0.85, MeOH); FAB-MS mvz 497 (MH+); Anal. Calc'd for C2gH34FN703S+2.7
CF3C02H+0.9 H20:
Calculated: C, 44.99; F, 19.39, H, 4.35; N, 10.89; H20, 1.82

25 - Found: C, 45.01; F, 19.61; H, 4.24; N, 11.15; H20, 1.84

15
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EXAMPLE 23 [err] Conmpound 23 5
Compound 23 was prepared using the nmethod of Exanple 12. Benzot hi azol e- 6-
carboxylic acid was replaced with 2-bronopyridine to give the title
conpound as a Wf np 40-68 [err]C FAB- MS mf z 494 ( NH+)porhivodesdss
Calc'd for C[err]o err[FNJerr](Jerr]S. 2.7 CFlerr]COerr]H=0.9 Herr]C
Calculated: C, 44.99; F, 19.39, H, 4.35; N, 10.99; Herr]O 1.82 10 Found:
C, 45.01; F, 19.61; H 4.24; N, 11.15; HBXANIBLER3B4

EXAMPLE 24 [err] 15 Conpound 24
Conmpound 24 was prepared usi-ng the Eiglarrp e 5 replacing

2- am nophenol with anthranilic acid il ¥ tifyl e gconpound as a solid:
nmp 122-138 [err]C, FAB-MS - cy for

Cerr]Herr]Nerr](Jerr]=2.6 Herr]O 20
Calculated C, 45.08; H, 4.93; N, ¥PK . Found: C, 45.05;
wH 4.79; N, 12.57; Herr]O 5.99 EXAMPLE
25 . N- METHYL- D- PHENYLALANYL- N-[ 4- [ ( AM NO HNOVETHYL) AM NQ - 25

1S- [ ( 6- HYDROXYBENXOTHI AZOL- 2- YL) CARBONYL] BUTYLL‘(
L- PROLI NAM DE \H 89

Compound 23
5 Compound 23 was prepared using the method of Example 12. Benzothiazole-6-
carboxylic acid was replaced with 2-bromopyridine to give the title compound as a
salid: mp 40-68 °C; FAB-MS m/z 494 (MH+); Anal. Calc'd for CogH34FN7038+2.7
CF3C0O2H-0.9 H20:
Calculated: C, 44.99;F, 19.39, H, 4.35; N, 10.99; H20, 1.82
10 Found: - C,45.01;F, 19.61; H, 4.24; N, 11.15; H20, 1.84

EXAMPLE 24
CHs3
")/“\ N: :
. ‘d
0
‘«NH
HN
15 Compound 24

Compound 24 was prepared using the method of Example 5 replacing
2-aminophenol with anthranilic acid to give the title compound as a solid: mp
122-138 °C; FAB-MS mv/z 561 (MH+);Anal. Calc'd for CagHagNgO4°2.6
C2H204+3.0 H20:

20 Calculated C, 45.08; H, 4.93; N, 12.30; H20, 5.93
Found: C, 45.05; H, 4.79; N, 12.57; H20, 5.99

EXAMPLE 25
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO}-
25 18-{(6-HYDROXYBENXOTHIAZOL-2-YL)CARBONYL)BUTYL}-
L-PROLINAMIDE

89
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Conmpound 25 Conmpound 25 was prepared using the nethod of Exanple 12 by
repl aci ng benzot hi azol e- 6-carboxylic acid with

5=(tert-butyl di phenyl sl yi oxy) benzot hiazole 5 to give a solid: np 118.128

C, FAB-M5 nlz 569 ?%)ﬂ_{[Anal. Calc'd for Clerr]Herr] N er ;gglg{o];é‘z

C[err]H[err]CIerr err]O: Calculated C, 46.83; H, 4.
11.95; H20, Found: C, 46.79; H 4.79; N, 12.15; Herr]O 3.29
10 EXANGMA-LP 6 dﬂr]O
Compound 26 Compound 26 was @; _.§eparating the
i ndi vidual 15 di astereoners of &eveF"s ase HPLC the to
give the title conmpound as a rrp 61B- M5 mz 614
(M) .
4NH
HaN
N

Compound 25
Compound 25 was prepared using the method of Example 12 by replacing -
benzothiazole-6-carboxylic acid with 5-(tefi-butyldiphenyisilyloxy)benzothiazole
5 togive a solid: mp 118.128 °C; FAB-MS m/z 566 (MH+); Anal. Calcdfor ~
C28HasN704S+2 CaH204°1.5 Ho0:
Calculated C, 46.83; H, 4.79; N, 11.95; H20, 3.29
Found: C, 46.79; H, 4.79; N, 12.15; H20, 3.29

10 EXAMPLE 26

H3C.,,.CH3

1} &y

Compound 26
Compound 26 was prepared by further separating the individual
15 diastersomers of compound 8 by reverse-phase HPLC the to give the title
compound as a solid: mp 80-110 °C; FAB-MS m/z 614 (MH+).

20
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PCT/ US96/ 08456 EXAMPLE 27 [err]

Compound 27 5 Conpound 27 was prepared by further separating the

i iidi vi dual di astereoners of conpound 8 by reverse-phase HPLC the to
give the title ound as a solid: np 60-75 [err] C FAB- Mgopiidoshiass
(VHH) . WO 9T EXANPLE 28 10 [err] §
Compound 28 Conmpound 28 was prepared using the nmethod of Exanple 12 by
repl aci ng benzot hi azol e- 6- car boxyl | EXAMBLRIZTh 1 - net hyl benzi i dazol e
to give a solid: np 15 118-128 [err]C, FAB-Ms m 566 (MH); [[err]] Dlierr]
=57.8 (c=1.0, MeOH); Anal. Y€ d @qg CerrJ]Herr]Nerr]Jerr].3.2
CerrJHerr](Jerr].1.1 H20: Ce?lc ated C, 45 F, 19.58; H 4.70;

.19; H 4.51; N,

N, 12.03; Herr]GQG 2.13 Found: 45. 66; F).
12.02; Herr]O 1.77 @O S

Compound 27
5 Compound 27 was prepared by further separating the individual
diastereomers of compound 8 by reverse-phase HPLC the to give the title
compound as a solid: mp 60-75 °C; FAB-MS m/z 614 (MH+).

EXAMPLE 28
10
PR 2 H R
* N
H gl g
nb/l o) ‘{ N-Z
P, H
NH2 NH
Compound 28

Compound 28 was prepared using the method of Exampie 12 by replacing

benzothiazole-6-carboxylic acid with 1-methylbenzimidazole to give a solid: mp
15 118-128 °C; FAB-MS m/z 566 (MH+); [o] D25 =-57.8 (c=1.0, MeOH); Anal.

Calc'd for CagHagNg03+3.2 CoHa04+1.1H20:

Calculated C, 45.65; F, 19.58; H, 4.70; N, 12.03; H20; 2.13

Found: C, 45.66; F, 19.19; H, 4.51; N, 12.02; H20; 1.77
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PCT/ US96/ 08456 EXAMPLE 29

N- METHYL- D- CYCLOHEXYLALANYL- N-[ 4- [ (AM NO M NOVETHYL) AM NQ

- 1S- [ ( BENXOTHI AZOL- 2- YL) CARBONYL] BUTYL] - L- PROLI NAM DE  [err]

Compound 29 29 was prepared foll ow ng the general ASRweise of
Exanpl e 12. @@%ﬁ?azol -6-carboxylic acid was replaced w {ﬁf %
benzot hiazole in step a and N CBZ- N- et hyl - D- phenyl al anyl - L- prol i ne
was replaced with N Boc-N nethyl-D- 10 (E)(AM%&-@*&I anyl -L-proline in step

d to give the titlK-METHYLD-CYCLOBEXYIALARYLON-[4-[(ABICIMINOMETH YD) AMNOF

Co8HAINT03S 3 O er ] Y BPENARTHAZRL 2 OCARE AN FRiOLINAMIDE, ¢

H 4.35; N, 10.76; Herr]O 1.48 Found: C, 44.92; F, 18.83; H, 5.03;
N, 10.80; Herr]O 1.37 15 CHs H O EXAMPLE 30
[err] N nd g30 20 Conpound 30
was prepared follow ng the generaIHpr cedi¥e 3 arrplre N-
CBZ- N- net hyl - D- phenyl al anyl - L- pr g¥iNge was repIQacééi will oc- N- net hyl - D-
4NH
H2N
5 2% NH
Compound 29

Compound 29 was prepared following the general procedure of Example 12.
Benzothiazol-6-carboxylic acid was repiaced with benzothiazole in step a and N-
CBZ-N-methyi-D-phenyialanyi-L-proline was reptaced with N-Boc-N-methyi-D-

10 cyclohexylalanyl-L-proline in step d to give the title compound as a solid: mp 980-
100°C; [o] D25 = ~40.96 (c=0.708, MeOH); FAB-MS m/z 497 (MH+); Anal. Calc'd for
C28H41N703S+3 CF3C02H-0.75 H20:

Calculated: C, 44.81;F, 18.76, H, 4.35; N, 10.76; H20, 1.48
Found: C, 44.92; F, 18.83; H, 5.03; N, 10.80; H20, 1.37
15

EXAMPLE 30

Rl 2 8K
FHN '@r s u’s
°§ N
SR
F F NH

—~£
H2N NH

Compound 30

20 Compound 30 was prepared following the general procedure of Example 12. N-
CBZ-N-methyl-D-phenylalanyi-L-proline was replaced with N-Boc-N-methyi-D-
(pentafluorophenyl)alanyl-L-proline to give the title compound as a solid: mp 98-
125°C; FAB-MS mv/z 640 (MH+); Anal. Calc'd for C2gHagFsN70352.25
CF3CO0O2H+1.25 H20:

25 Calculated: C,42.48;F,24.29, H, 3.81; N, 10.67; H20, 2.45
Found: C, 42.75; F, 24.12; H, 3.85; N, 10.66; H20, 2.61

02



(pent af | uor ophenyl )al anyl -L-proline to give the title conpound as a solid:
np 98- 125[err]C, FAB-MS mz 640 (M#); Anal. Calc'd for
Cerr]JHerr]F[err]NJerr]Jerr]S-2.25 CFlerr]COerr]H=1.25 Herr]0: 25
Cal cul ated: C, 42.48; F, 24.29, H 3.81; N, 10.67; Herr]Q 2.45

Found: C 4 24. 12: H 3.85 N 10.66; Herr]O 2.6
03 Wkt aaiadr er] berussensiss

PCT/ US96/ 08456 EXAMPLE 31 [err]

5 Compound - Compound 31 was prepared using
the nethod of Exanple 12. Benzot hi azol e- BXAMPLE81boxylic acid was repl aced
w th benzot hi azol e and N CBZ- N- net hyl - D- phenyl al anyl - L- prol i ne was
repl aced with cycl opentane carboxylic_acid to give the title conpound
as a solid: np 60-70 [err]C [[err]]{ 471 (C=0.68, MeCH); FAB- 10
M5 mlz 388 (M+); Anal. Calc'd for > &r]lJerr]S.

1. 25CF[err]COerr]H 0.75 Herr] O Cal .50; F, 13.10; H,
5.14; N, 12.88; H20, 2.48 Found: - @ v . 503 3.19; H, 4.99; N,
13.19;. Herr]0, 2.37 EXAMPLE 32 15

N METHYL- D- ( 4- FLUOROPHENYL) ALANYL- N-[ 4-[ (AM M NOVETHYL) AM NQ -

1S- [ ( BENXOTHI AZOL- 2- YL) CARBONYL] BUTYL] - L- PRONHNAM DE [ err]

Conpound 32 NH
w 2 'NH

5 Compound 31

‘Compound 31 was prepared using the method of Example 12. Benzothiazole-6-
carboxylic acid was replaced with benzothiazole and N-CBZ-N-methyi-D-
phenylalanyl-L-proline was replaced with cyclopentane carboxylic acid to give
the title compound as a solid: mp 60-70 °C; [a] p20 =-+5.1 (C=0.68, MeOH); FAB-

10 MS m/z 388 (MH+); Anal. Calc'd for C1gHa5N502Se 1.25CF3C02H+0.75 H20:
Calculated C, 47.50;F, 13.10; H, 5.14; N, 12.88; H20, 2.48
Found: C, 47.50; F, 13.19; H, 4.99; N, 13.19; H20, 2.37

, EXAMPLE 32
15  N-METHYL-D-(4-FLUOROPHENYL)ALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO}-
1S-{(BENXOTHIAZOL-2-YL)CARBONYL]BUTYL}-L-PROLINAMIDE

| 3@({@

Compound 32

20 Compound 32 was prepared using the method of Exampie 12. Benzothiazole-6-
carboxylic aicd was replaced with benzothiazole and N-CBZ-N-methyi-D-
phenylalanyl-L-proline was repiaced with N-Boc-N-methyl-D-(4-
fluorophenyi)alanyl-L-proiine to give the title compound as a solid: mp 70-125 °C;
{0)p25 =79.7 (C=1.0, MeOH); FAB-MS m/z 568 (MH+); Anal. Calic'd for

25 CoagH3agN7038:2.1 CF3CO2H+1.1H20:
Calculated C, 46.77;F, 16.77; H, 4.67; N, 11.86; H20, 2.40

23



2Q Conmpound 32 was prepared using the nmethod of Exanple 12.

Benzot hi azol e- 6- carboxylic aicd was replaced with benzothl azol e and

N- CBZ- N- et hyl - D- phenyl al anyl -L-proline was replaced with

NsBoc- N- net hyl - D- ( 4- fl uorophenyl)al anyl -L-proline to give the title
conmpound as a s%' 70-125 C [[err]]Derr] =79.7 ( Cfcguw
FAB-M5 m z 568 ( nal. Calc'd for 25 derr]JHerr]Nerr]Qerr]S2.1
CFlerr]CJerr]H 1.1 H[err]O Cal culated C 46.77: F, 16.77; H 4.67;

N, 11.86: H20, 2I_=%nd C. 46.42;F, 16.69; H, 4.67; N, 11.82; H20, 25@3 VO
96/ 40748 PCT/ US96/ 08456

Found: C, 46.42; F, 16.69; H 4. 6FyAl (10, 2.54
EXAVPLES 33 and 34 ExAMPLES™S ahbiY

N- METHYL- D- PHENYL GL SMETRILaDrREENYEE Y Goft et (AUNGIMINOMETHYL)AMINO]-

1S- [ (BENXOTHI\ZOL- 2- Y{S{{SRMROTHAZD-2- Y1) CRABOKRYLIBUTYL]-L-PROLINAMIDE
Cpd#33 # 34 J[err]

Compounds 33 and 34 Compound 33 was ppgﬂgg d using the nethod of
Exanpl e 12. Benzot hi azol - 6- carboxylic acid was replaced with
benzot hi azol e and N CBZ- N-net hyl - D- Pd kgl anyl - L- proline -was

repl aced with N-Boc-N-nethyl -D, L-phenyl gl ycyl-L- 15 proline to give

di astereonmers 33 and 34 which were separated by reverse-phase HPLC.
Conpound 33; np 60(s)-125 [err]C mr] eMr] O=-43.0 (C=1.0, MeQOH);
FAB- VS nf z 536 (M) ; Anal . wa 8rr]N[err]qerr]821

CFlerr]CJerr]H 1.9 Herr]O 20 CaIuI e Cs 46.18 14.78; H, 4.84,

N, 12.1 1; H20, 4.23 Found: 46.5Q; N, 15@, 4.84; N, 12.29;
125 [err/C; [[e Derr] =1.3

); Anal \ Calc'd for

H20, 4.53 Compound 34: np 6
(C=1.0, MeOH); FAB-MS mz 536

CerrJHerr]Nerr]derr]S. 2. 25CFerr]CO[err]H INBSH err] O
H2N

10 NH
Compounds 33 and 34
Compound 33 was prepared using the method of Example 12. Benzothiazol-6-
carboxylic acid was replaced with benzothiazole and N-CBZ-N-methyl-D-
phenylalanyl-L-proline was replaced with N-Boc-N-methyl-D,L-phenylglycyi-L-
15 proline to-give diastereomers 33 and 34 which were separated by reverse-phase
HPLC:

Compound 33; mp 60(s)-125 °C; [a] p20 =-43.0 (C=1.0, MeOH); FAB-MS m/z
536 (MH+); Anal. Calc'd for C27H33N703S+2.1CF3C02H+1.9 H20:

20 Calculated: C, 46.30;F, 14.78; H, 4.84; N, 12.11; H20, 4.23
Found: C, 46.52; F, 15.09; H, 4.84; N, 12.29; H20, 4.53

Compound 34: mp 65(s)-125 °C; [a] p20 =-1.3 (C=1.0, MeOH); FAB-MS m/z 536
(MH+); Anal. Calc'd for Ca7Ha3N7035+2.26CF3C02H1.75H20:

25 Calculated: C, 45.93;F, 15.57; H, 4.74; N, 11.90; H20, 3.83
Found: C, 46.21; F, 15.67; H, 4.90; N, 12.09; H20, 4.22
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25: Cal cul ated: C, 45.93; F. 15.57; H 4.74;, N, 11.90;, H20, 3.83

Found: C, 4621; F, 15.67; H, 4.90; N, 12. 09; H20, 4.22
94 WD 96/ 40748
PCT/ US96/ 08456 EXAMPLE 35

N- METHYL- D- ( DI PriGd¥drdotdg®NYL- N-[ 4- [ (AM NOl M NOVETHYL) AM NOL - perrusoensdss
S- [ ( BENXOTHI AZOL- 2- YL) CARBONYL] BUTYL] - L- PROLINAM DE  [err]

Compound 35 Conmpound 35 was prepared usi ng t he net hod of Exanple 12.
Benzot hi azol - 6- car boxylic acid was r i t h benzot hi azol e and

N-CBZ- N-met hyl - D N-METH¥iLyD{DIPMENYL)ADANYE- N4 MWMN@METHYL)AMINO]

Soria; mp 65 125 [err ] CUBROTMAS B%Ybﬁéﬁsamﬁwﬁ&?%}wﬁaﬁs

CerrJHerr]Nerr]derr]S=1.4 CF rr]CQerr]H H err]O: Cal cul ated: C,
50.57;. F, 10.56; H, 5.12; N, 12. H Bound C, 50.77; F,
10.39; H, 5.03; N, 13.17; Herr]Q 2 70

EXAMPLE 36 [err] yoN ]Ql'

o

NH

-4
HaN NH

Compound 35

Compound 35 was prepared using the method of Example 12. Benzothiazol-6-

carboxylic acid was replaced with benzothiazole and N-CBZ-N-methyl-D-

phenylalanyl-L-profine was replaced with N-acetyl-D-phenylalanyi-L-proline to
10  give the title compound as a solid: mp 65-125 °C; FAB-MS m/z 578 (MH+) Anal.

Calc'd for CogHasN704S+1.4 CF3CO2H-H20:

Calcuiated: C, 50.57;F, 10.56; H, 5.12; N, 12.98; H20, 2.38

Found: C, 50.77; F, 10.39; H, 5.03; N, 13.17; H20, 2.70

15 EXAMPLE 38
CH3 H O
NS
0 ¢
h 2

4NH
H2N NH

Compound 36
Compound 36 was prepared using the method of Exampie 12. N-Boc-N-methyi-
20 D-diphenyialanyl-L-proline replaced N-CBZ-N-methyi-D-phenylalanyl-L-proline
and benzothiazole replaced benzothiazole-6-carboxylic acid to give the title
compound as a solid: mp 65-125 °C; FAB-MS m/z 578 (MH+); Anal. Calc'd for
CagHasN7035+2.25 CF3CO2H+1.9H20:
Calculated: C, 50.45; F, 13.99; H, 4.95; N, 10.69; H20, 3.73
25 Found: C, 50.20; F, 10.70; H, 4.78; N, 13.62; H»20, 3.34
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Conmpound 36 Conmpound 36 was prepared using the nmethod of Exanple 12.
N- Boc- N-net hyl - 20 D-di phenyl al anyl -L-proline repl aced

N- CBZ- N- et hyl - D- phenyl al anyl - L- proi i ne and benzot hi azol e repl aced
benzot hi azol e- 6-carboxylic acid to give the title conpound as a solid:
np 65- 125[err] mz 578 (M#); Anal. Calc'd for

Cerr]H err] N[err?g@ﬁ’hqss 2.25 CF[err]CJerr] H 1. 9H20: Tcr %?’g?i‘ssc
50.45; F, 13.99; H, 4.95; N, 10.69; Herr]0, 3.73 25 Found: C, 50. 20;
F, 10.70; H, 4.78; N 13.62: Herr]O 3. 3EXAMPLE 37

95 WO 96N491§1‘$~IYL-D CYCLOHEXYLGLYCYL-N-[4-[(A NOIMINOMETHYL)AMINO]-

PCT/ US96/ 08456
N- METHYL- D- CYCLOHEXYL G PHRENXPTHIAZRGY MG PR lrﬁHQ"L‘PROUNAM'D%

S- [ ( BENXOTHI AZOL- 2- YL) CARBONYL] BUTYL] - L- PROLI NAM DE [err]

Conpound 37 Conmpound 37 was prepGhis gt h rret hod of Exanple 12.

N- CBZ- N- net hyl - D- phenyl al anyl - BNprai Laged with

N- Boc- N- et hyl - D- cycl ohexyl gl ycyl - L- B‘r ot neg andl

benzot hi azol e- 6- carboxylic acid was | aced QWi t zole 10 to give
the title conpound as a solid: np 5 [err]G FAB- 2542(M-|+)

Anal . Calc'd for Jerr]JHerr]Nerr] rr]S. 2.0 err]CCIerr]HZOH[err]O

Cal cul ated: C, 46.21; F, 14.15; H 5.63; N, 12 1 HH20 Found:
C, 45.96; F, 14.39; H 5.71; N, 12.07; H20, NH
EXAMPLE 38 [ers] Conpound 38

_ ' Compound 37
Compound 37 was prepared using the method of Exampie 12. N-CBZ-N-methyl-
D-phenylalanyi-L-proline was replaced with N-Boc-N-methyl-D-cycichexylglycyi-
L-proline and benzothiazole-6-carboxyiic acid was reptaced with benzothiazole
10 to give the title compound as a solid: mp 65-125 °C; FAB-MS m/z 542 (MH+)

Anal. Cale’d for Ca7H3aN7038+2.0 CF3CO2H+2.0H20:

Calculated: C, 46.21;F, 14.15; H, 5.63; N, 12.17; H20, 4.47

Found: C, 45.86; F, 14.39; H, 5.71; N, 12.07; H20, 4.41

15 EXAMPLE 38

CH3 Rr
Compound 38
Compound 38 was prepared using the method of Example 12. N-a-Boc-

20 NG-tosyl-L-arginine N,Q-dimethyl amide was replaced with N-Boc-L-
phenylalanine N.Q-dimethylamide and benzothiazole-6-carboxylic acid was
replaced with benzothiazole in step a. The remaining steps of the sequence
were carried through with only minor modifications to give the title
compound as a solid:mp 74-95 °C; [o]p25 =-45.3 (C=1.00, MeOH); FAB-MS

25 m/z541 (MH+);

Anal. Caic'd for C31H32N4031.5 CF3CO2H-0.7 H20:
Calculated C, 56.38;F, 11.8; H, 4.86; N, 7.73; H20, 1.74 -
Found: C, 56.62;F, 11.48; H, 4.48; N, 7.61; H20, 1.76
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Compound 38 was prepared using the nmethod of Exanple 12. N-[err]-Boc- 20
N[ err]-tosyl-L-arginine N, Odinethyl am de was replaced with N Boc-L-
phenyl al ani ne N. O di net hyl am de and benzot hi azol e- 6-carboxylic acid was
repl aced wi th benzothiazole in step a. The renmi ning steps of the sequence

were carried thvgg ith only minor nodifications to give th%&g’%@&ﬁ
conpound as a s 74-95 [err] G [[err]]D[err] =45.3 (C=1

FAB-M5 25 niz 541 (M—I+); Anal. Calc'd for
Cerr]Herr]Nerr]O[err]-1.5 CF[err]CQerr]H 0.7 Herr] GO Cal cul at ed
C, 56.38; F, 11.8; H, 4.86; N, 7.73; Her Found: C, 56.62;
F, 11.48; H, 4.48; N, 7.61; H20 1.76 EXRMPLE 89

96 WD 96/ 40748 :

PCT/ US96/ 08456 CH3 O XAVPLE 39 [err] 5
Conpound 39 Conpound 39 was pH 8t hod of Exanple 12.
-N-[err]-Boc- N err]-tosyl-L-argi I met hy{\‘lI ' was repl aced
‘with N-Boc-L-norl euci ne N, O di hyl am a

benzot hi azol e- 6-carboxylic acid was replaced w 10 othiazole in step

a. The remai ning steps of the sequence were car éﬁd through with only
m nor nodifications to give the title conpound a 3 solid: [[err]][err]

= -80.7 (C=1.08 MeOH); FAB-Ms miz 507 (M-Gpmpawad.3Falc' d for
CerrJHerr]Nerr]derr].1.5 CFl[err]CJerr] H 0.3 H20: Cal cul ated C,

?g gé E éz 332 NEOI'%%d %U%sz Hzgd ugmg%h%Smetlﬁ% oq Examp% 15 L?—a-sbc-

EXAMPLE 40 [err NG-tosy! -L-arginine N,O-dimethyl amide was replaced with N-Boc-L-norieucine

N.O-dimethylamide and benzothiazole-6-carboxylic acid was replaced with

10 benzothiazole in step a. The remaining steps of the sequence were carried -
through with only minor modifications to give the title compound as a solid: [ajp25
= -80.7 (C=1.0, MeOH); FAB-MS m/z 507 {MH+); Anal. Calc'd for
C2gH34N403°1.5 CF3C02H+0.3 H20: .
Calculated C, 54.51; F, 12.52; H, 5.33; N, 8.2; H20, 0.79

15§ Found: C, 54.6; F, 12.28; H, 5.38; N, .8.18; H20, 0.60

EXAMPLE 40

CH3 O CH3 O
W Qr“\)\rs
*y O
NH

—~
NH2 NH

20 Compound 40
Compound 40 was prepared using the method of Example 12. N-c-Boc-
NG-tosyl-L-arginine N.O-dimethyl amide was replaced with N-a-Boc-N-
a~-methyl-NG-tosyl-L-arginine N,Q-dimethylamide and benzc:hiazole-6-
carboxylic acid was replaced with benzothiazote in step a and carried

25 through steps b and ¢. Step d required the use of bis(2-oxo-3-

- oxazolidinyl)phosphinic chioride (BOP-CI) as the coupling agent. The

remaining steps of the sequence were carried through with only minor
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20 Compound 40 Compound 40 was prepared
using the nethod of Exanple 12. N-[err]-Boc- N[ err]-tosyl-L-arginine
N, O di mret hyl am de was replaced with N-[err]-Boc-N
[err]-methyl-[err]-tosyl-L-arginine N, Odinethylam de and benzo: hi azol e- 6-
carboxylic aci d w@oedoosd aced with benzothiazole in step a and gpErssedssdb
through steps b and c. Step d required the use of bis(2-o0xo-3-

oxazol i di nyl ) phosphinic chloride (BOP-Cl) as the coupling agent. The

remai ni ng steps ofmadificationstongive the titie compound Bs asptidnfalb2o=1-§1.3i (G1.00,

97 WO OpMetHHY EAB-MS m/z 564 (MH+); . .
PCT/ US96/ 08456 d ] d lid:
[[err]]Derr] = - @PagDQQI!EI.dﬁQa;&%EW%‘%3}3&%5‘455%%2%?8 2 SOAlnal .
g: C'ld Iotrj g[err7 ] lﬂimmmﬁrglﬂ.ezfﬁ.gles;ad.q;fésnv] 0687 HIOG| 2.34 H20: .

cul ate ' Y225 h . 5; : : . B9 . und:
C 47.58 F, 1§. 63%"&5' 4. 89 ﬁ‘l%%&‘%:?@: '1'2.5%8'“'2?1'5%' #30,2.98°

EXAMVPLE 41 D- PHENYLALANYL- N- [ 4- [ (AM NO M NOMETHYL) AM NQ -
1S- [ ( BENZOTHI AZOL- 2- YL) CARBONYL]-BUTYL] - L- REXAMPEEIAIE 10 [err]

N CBZ N mothyl - D o ﬁﬁilﬁ' (AR N ANO SRS P il 1
N- CBZ- D- phenyl al any! - LASr{BENZO OLi2= ¥ )CARBON VA IBUTYLLL-BROLINAMID BV S

repl aced wi thqgenzot hiazole to give the title conmpound as a solid:

FAB-MS mz 540 (M#); Anal. Calc'd for Clagrlpglerr]Nerr]Jerr]S. 2.4
CFlerr]CJerr]H 0.9 H20: CaIcHI te '
11.8, Herr]O 1.96 Found: 2CNYIENY

M NOVE

7; {F, 16.57; H 4.54; N,

NIF ST H 4.59: N, 12.02,
Herr]O 1.6 20 0 XA
N- METHYL- D- PHENYLALANYL- N- [ 4- [ ( AM THYL) AM NOJ 3
P, H
HoN NH

Compound 41
Compound 41 was prepared using the method of Example 12. N-CBZ-N-methyi-
D-phenylalanyl-L-proline was replaced with N-CBZ-D-phenylatanyi-L-proline and
15  benzothiazole-8-carboxylic acid was replaced with benzothiazole to give the title
compound as a solid: FAB-MS m/z 540 (MH+); Anal. Calc'd for
Co7H33N703S8+2.4 CF3CO2H0.9 H20: '
Calculated C, 46.27;F, 16.57; H, 4.54; N, 11.8, H20, 1.96

- Found: C, 46.22; F, 16.01; H, 4.59; N, 12.02, H20, 1.6
20
EXAMPLE 42
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINQ]-
1S-{(BENZOTHIAZOL-2-YL)CARBONYL]BUTYL]-
2S-PIPERIDINECARBOXAMIDE
25



1S [ ( BENZOTH AZOL- 2- YL) CARBONYL] BUTYL] -
2S- Pl PERI DI NECARBOXAM DE 25 [err]

98 WD 96/ 40748
PGT/ US96/ 08456 Conmpound 42 Conpound 42
was prepared usj met hod of Exanple 12. Benzothiazol -6- porafsBEbiasy!ic

acid was replaced with benzothiazole in step a and N CBZ- N-net hyl -
D-phenyl al anyl -L-proline was replaced with N-Boc-N- nmethyl phenyl al anyl-L- 5
homoproline in step d to give the title copppauad#2 a sol i d: FAB-MS nfz 564

(M) : Anal. Calccg ﬂébn@[%wh@bﬁ%ﬁdr% %fnb%érrﬁ&tﬁoa &Eiﬁhﬁiléh@q@éﬁi'rhlézé‘l-e-

H O Cal
721 Founa: - darBbsilc s 4ids Sbiacscith Pansdtyiszoly in sien & ang - CBE i mashy-
10 D-phenylalanyl-L-prohEa(AMa_teptaz:ed Wigh u -Boc- N-methylphenylalanyl -L-

Compound 43 5 GomRBIAedR sHERSd BS BREMRE titlé bBMpbAd ERI8sld F AR z 584
oo s b N o hiwgwﬁxéd%s r SrePomiTGI A %H"akﬁ?%éz@eﬁfacéd' Wi th

- N Boc- N- net hyl - D- Callgulatedpr olG,47.16; F, 18c83] H, 4.92; é\h 14.3% HpQ,L.¥8e title

ggir)?ijaﬁe-?f] 6l\ll[ Z?lrrgregf\?sl-vs gédl‘—ﬁ?zgrif % rl‘ﬁ}a%—? er'r 1]1 3ﬁ2¢0%§cul at ed C

47.06; F, 15.76; H, 5.00; N, 11.78, Herr]0, 2.16
10 EXAMPLE 43
CH3 CH3

mﬁﬁw
{

NHz

Compound 5_3_
Compound 43 was prepared using the method. of exampie 12. Benzothiazole-6-
15 carboxylic aicd was repiaced with benzothiazofe in stap a and N-CBZ-N-methyi-
D-phenylalanyl-L-proline was replaced with N-Boc-N-methyl-D-valyl-L-proline
acid in step d to give the title compound as a solid: FAB-MS m/z §52 (MH+); Anal.
Calc'd for C2gH37?N7038+2.3 CF3CO2HH20:
Calculated C, 47.06; F, 15.76; H, 5.00; N, 11.78, H20, 2.16
20 Found: C, 46.89; F, 16.22; H, 5.06; N, 12.11, H20, 2.76

EXAMPLE 44

Y‘%}oj\r ‘Q
W

. NH
25 Compound 44
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2Q Found: C 46.89; F, 16.22: H 5.06: N, 12.1 1, H20, 2.76

EXAMPLE 44 [err] 25 Conmpound 44
99 WD 96/ 40748
P&CT/ US96/ 08456 Compound 44 was prepared by treating internedi ate 3e

with refluxing e@vmkmg‘s formate, oxidizing the resulting prodggfuidsiossbess
Martin Periodi nane an deprotecting the ketone product with HF to give

the title conpound as a solid: FAB-MS mlz 560 (M+); Anal. Calc'd for
Clerr]H err] N er r |@repogrel 44 sdaspregaiedrhy] mtmgr:pmrmematel[qutmreﬂuxmg ethyl

Cal cul at ed C, énﬁﬁe. Emdﬂ:ﬁr e rbsulfing prodiict With Hesd Kiarti’PERodinane BRYN:
C, 41.04: F, 15. 49 97 14. 84: er.r

; 2 26 o
EXANPLE 45 10 deprotecirig'the Ketorg-RTp @prm%m&ﬂﬂmﬁs a sofid:
N- [ 4- [ (AM NOI M NONEABHIAS Atve S6P-(Mbi+); Anal. Cale'd for Cy4H17N5025+1.32

[ (BENZOTHI AZOLg2- Y. gl YL]-L-PROLINAM DE  [err] 15
Conmpound 45 nﬁ g \/éa pared using the nethod of Exanple 12.
Benzot hi azol e- 6-ca %'G!!WQQ: aci ‘@ﬁgg-r':eﬂlseﬁ%éﬂ W 12 Mehd:o0:H20.2-66 1 step a
and N-CBZ- N-met hy| Feurieny| al aDydt.043F, 05,49 H\@s07:99) RE84} H0,2.26 (N Boc-

N- net hyl ami no) - 1- cycl ohexanecar bonyl -L-proline in step d. The remaining
EXAMPLE 45
10 1-(N-METHYLAMINO)-1-CYCLOHEXYLCARBONYL-
N-{4-[(AMINOIMINOMETHYL)AMINO}-1S-
{(BENZOTHIAZOL-2-YL)YCARBONYL]BUTYL]-L-PROLINAMIDE

CH3 O
3 QN\/"\
IOl E g s
HN=<
NH2

15 Compound 45
Compound 45 was prepared using the method of Example 12.
Benzothiazole-6-carboxylic acid was replaced with benzothiazole in step a
and N-CBZ-N-methyl-D-phenylalanyl-L-proline was replaced with 1-(N-Boc-
N-methylamino)-1-cyclohexanecarbonyl-L-proline in step d. The remaining
20 steps in the scheme were carried out with minor modifications to give the title
compound as a solid: FAB-MS m/z 528 (MH+);
Anal. Calc'd for CogHz7N7035¢2.3 CF3CO2H-1.8 Ho0:
Calcuiated C, 44.69; F, 15.94; H, 5.26; N, 11.92; H20, 3.94
Found: C,44.37;F, 15.8; H, 4.89; N, 11.75; H20, 3.11
25
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2Q steps in the scheme were carried out with mnor nodifications to give

the title conpound as a solid: FAB-M5 nfz 528 (MH); Anal . Calc'd
for Jerr]Herr]Nerr](err]S. 2.3 CFlerr]CJerr]H 1.8 Herr]O

Cal cul at ed C, 44.69; F, 15.94; H 5.26; N, 11.92; H20, 3.94 Found:
C, 44.37; F, 1548 .89; N, 11.75; Herr]Q 3.11 25

100 vo 30 i - PCTUSe/edse
PCT/ US96/ 08456 EXAMPLE 46

2, 2- DI PHENYLGLYCYL- N- [ 4- [ (AM NO M NOVETHYEXANMRLE 46

1S- [ (BENZOTHI AZOL- 2- YL) ENFB(C YRR AR ORING E‘ﬂH O]
comound 46 Comou g AL S NG B Lo AGHE.

and N- CBZ-net hyl - Dphenyl atanyl -L-proline was replaced W|th N- CBZ- 10

di phenyl gl ycyl proline in step d to give@h i t4 e gompound as a solid:
- FAB- VS Mz 598 (MH); A @;
]

Cerr]Herr]Nerr]dJerr]S-2.6 CF[er . Hﬁ?? . Cal cul at ed
C, 48.79; F, 16.18; H 4.40; N, 10. H'err]®, 36N ound: C,
48.70:" F, 15. 78; H 4.22; N, 10.63; H[err]O 1.3

EXANPLE 47

[ err] - METHYL- D- PHENYLALANYL- N- [ 4- [(AMNC] R%E )AMNO]
1S- [ ( BENXOTHI Aé& 2- YL) CARBONYL] BUTYL] -

Compound 9._&
Compound 46 was prepared using the method of Example 12.
Benzothiazol-6-carboxylic acid was replaced with benzothiazole in step a
and N-CBZ-N-methyi-D-phenylalanyi-L-proline was replaced with N-CB2Z-
10  diphenylglycylproline in step d to give the title compound as a sofid: FAB-MS
m/z 598 (MH+);
Anal. Cale'd for C3a2H3sN7035-2.6 CF3CO2H-1.2 H0:
Calculated C, 48.79; F, 16.18; H, 4.40; N, 10.71; H20, 2.36
Found: C, 48.70; F, 15.78; H, 4.22; N, 10.63; H20, 1.37
15 -
EXAMPLE 47
u-METHYL-D-PHENYIALANYL-N-M-[(AMINOlMlNOMETHYL)AMlNO]—
1S-[(BENXOTHIAZOL-2-YL)CARBONYL]BUTYL]}-L-PROLINAMIDE

HZN?JL } N@

20 NH
_ Compound 47
Compound 47 was prepared using the method of Example 12. Bsnzothiazole-6-
carboxylic acid was replaced with benzothiazole in step a and N-CBZ-N-methyi-
D-phenylalanyi-L-proline was repiaced with N-Boc-u-methyl-D-

25 phenylalanylproline in step d to give the title compound as a solid: FAB-MS m/z
550 (MH+); Anal. Calc'd for C2gH3sN703S+2.6 CF3C02H-1 5 Hao
Calculated C,45.67;F,16.97; H, 469; N, 11.23
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[err] Compound 47 Compound 47 was
prepared using the nethod of Exanple 12. Benzot hi azol a- 6- carboxylic
acid was replaced with benzothiazole in step a and N CBZ- N-net hyl -

D-phenyl al anyl -L-proline was replaced with N-Boc-[err]-nmethyl-D 25

phenyl al anyl proI €gmAd:;4ftep d to give the title conpound as a ,ngogﬁ V5

n z 550 Calc'd for (Jerr]JHerr]Nerr]Of[err]
CF[err]qurr]H-l 5 H[err]O Cal cul at ed C, 45.67; F, 16 97; H, 4.69:
N, 11.23 Fou C, 45.28;F, 16.91; H, 4.48;(N, 11.00 VWO 96/ 40748
PCT/ US96/ 08456 Found. ~C, 45.28; F, 16.91; H, 4.46; N, 11.00

EXAMPLE 48 [err] Conmpound 48
Compound 48 was prepared using the mnet hooE%%MB!‘Enﬁe 12. Benzot hi azol e
repl aced benzot hi azol e-6-carboxylic acid in step a and N Boc-L-proline

repl aced N- CBZ- N- et hyl - D- phenyl a IHL ;ﬁollne in step d to give the
title conpound as 10 a solid: FAB- ; Anal. Calc'd for
[er

CerrJHerr]Nerr]dJerr]S. 1.9 erll] 9 Herr]O:

Cal cul at ed C, 42.14; F, 17.43; H, @[err]o 2.58
Found: C, 42.30; F, 17.69; H, 4. 20 ;} 13 [err]O 2.61 15
EXAMPLE 49

5 NHz
Compound 48 -
Compound 48 was prepared using the method of Example 12. Benzothiazole
replaced benzothiazole-6-carboxylic acid in step a and N-Boc-L-proline replaced
N-CBZ-N-methyl-D-phenyialanyi-L-proline in step d to give the titie compound as
10 asolid: FAB-MS m/z 389 (MH+); Anal. Calc'd for C1gH24Ng025+1.9

CF3CO2H+0.9 H20:

Calculated C,42.14,F, 17.43; H, 449 N, 13,53, H20, 2.58

Found: C, 42.30; F, 17.69; H, 4.20; N, 13.18, H20, 2.61
15 EXAMPLE 49

H3G GH3 O
HN S
0 ‘2 Y
4NH
NH2 NH
Compound 49
Compound 49 was prepared by the method of Example 12. Benzo[bjthiophene
20 replaced benzothiazole-6-carboxylic acid in step a and the ramaining steps in the
sequence were carried out with only minor modifications to give the titie
compound as a solid: [o]p25 =-78.3 (C=1.00, MeOH); FAB-MS mvz 549 (MH+);
Anal. Caic'd for CogHagNg03S+2.4 CF3CO2H+1.5 H20:

Calculated C. 47.80; F, 16.10; H, 4.91; N, 9.89, H20, 3.18
25 Found: C,47.68; F, 15.81; H, 4.82; N, 9.74, H20, 3.18
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[err] Compound 49 Compound 49
was prepared by the nmethod of Exanple 12, Benzo[ b]thi ophene 20 replaced
benzot hi azol e- 6-carboxylic acid in step a and the remaining steps in the
sequence were carried out wwth only mnor nodifications to give the title

conpound as a s%gg,&herr]]D[err] =-78.3 (C=1.00, MeOH); FAB-I}@I Zg?
.5

(MH) ; Anal . I'c™d for err]Herr]Nerr]derr]S. 2.4 CFlerT

H err]O: Cal cul at ed C, 47.80; F, 16.10; H 4.91; N, 9.89, H20, 3.18
25 Found: C, 47.68; F, 15.81; H AJ4EXAMALE 8074, Herr]O 3.18

102 WD 96/ 4QA4 N NLI4. N
L S96/ 08458 RAAETHYL-D-PHENYLALANYL-N-[4 LANINQIMINOMETHYL)AMINO]

N- METHYL- D- PHENYL ALANYL 1 8={6-MENIQXY BENXSTHAZ QRN ICARBONYL]BUTYL}-

1S- [ (6- METHOXYBENXOTHI AZQOL- 2- YL) CARBONYL] -PEDIUNAMIDE

L- PROL] NAM DE [err] ' Conpound 50
Conmpound 50 was prepared using t"ﬂi%rmt hod of Exanple 12. Benzot hi azol e- 6-

carboxylic acid was replaced w't b€Hadd hi azole in step a. The 10
0 } nor nodifications to
[[eFr]d O r}, =; 76.6 (C=0. 73,

remai ning steps in the sequence VAN
gi ve the title conpound as a solfi d:

MeOH): FAB-MS miz 549 ( NH#) ; |. cal@d orN~Q~0M
CerrJHerr]Nerr]derr]S. 2.3 CFHlerr]COerr]HA. 75 H &al cul at ed C,
47.80; F, 16.10; H, 4.91; N, 9.89, Herr]O 3.8 Found: C, 47.68;
F, 15.81; H 4.82; N, 9.74, H20, 3.18 15 "(NH
NH
2 'NH
Compound 50

Compound 50 was prepared using the method of Example 12. Benzothiazole-6-
carboxylic acid was repiaced with 6-methoxybenzothiazole in step a. The

10 remaining steps in the sequence were run with only minor modifications to give
the title compound as a solid: [¢]p25 =-76.6 (C=0.73, MeOH); FAB-MS m/z'549
(MH+); Anal. Calc'd for CogH37N7048+2.3 CF3CO2H«1.75 Ho0:
Calculated C, 47.80; F, 16.10; H, 4.91; N, 9.89, H20, 3.18

Found: C, 47.68; F, 15.81; H, 4.82; N, 9.74, H20, 3.18
16
EXAMPLE 51
N-METHYL-D-PHENYLALANYL-N-[4-[(AMINOIMINOMETHYL)AMINO}-
18-{(4,5,6,7-TETRAHYDROBENZOTHIAZOL-2-YLYCARBONYL]BUTYL}-
' L-PROLINAMIDE
20

CH3 Q H o
o CZ'(N\,& .
N ¥
o § D
ﬁ”
HaN NH

Compound 51
Compound §1 was prepared using the method of Example 12. Benzothiazole-6-
carboxylic aicd was repiaced with 4,5,6,7-tetrahydrobenzothiazole in step a, and
25 the remaining steps of the sequence were followed to give the title compound as
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EXAMPLE 51 N- METHYL- D- PHENYLALANYL- N-[ 4-[ (AM NO M NOVETHYL) AM NQ -
1 S[(4,5,6,7- TETRAHYDROBENZOTHI AZCQL- 2- YL) CARBONYLI BUTYL] -
L- PROLI NAM DE 20 [err] Compound 51

Conmpound 51 was prepared using the nmethod of Exanple 12. Benzot hi azol e- 6-

carboxylic ai cd w@sedosss aced with 4,56, 7- t et r ahydr obenzot hi aZRLTPUSIE/0SHsE P
a, and 25 the remaining steps of the sequence were followed to give the
title conpound as

103 WO
96/ 40748 a solid: mp 50-60 °C; FAB-MS nvz 554 (MH+); AnalbCgle'giny GaptizgN703S+3.6
solid: np 50-60 CCFgCB M dH(54 (MH); Anal. Calc'd for
Cerr]Herr]Nerr 6 I
Cal cul ated: C, 45@@19@1@.94355%&%%’#@ %Hﬂﬂjzlﬂcg %%é) Found:
C, 45.71: F, 17.16oupg: 5 31C, 4$7Lf3116ﬂ2b5321%19 .34; H20, 2.96
EXAMPLE 52 5 N- METHYL- D- PHENYLALANYL- N-[ 4-[ (AM NO M NOVETHYL) AM NQ -

1 S [ (NAPTHO[ 2, 1- D] THI AZOL- 2- YL) CARBONYL]
L- PROLI NAM DE 10 EXAIPLE 52 nEound 52

Conpound 52 was pr epd-METHVLG-RHENNBALAN Yas N4 4(AMNQIMINOMEPHYLIAMINO]-
8- car boxybenzot hi 3gRAPTHO[2 A DITRRAZOL-2- #LICARBONY LIBUTYEE @ sol i d:
[Terr]]Derr] = L-PROLINAMIDE
10
CH3 O H O

Compound 52
Compound 52 was prepared using the method of Example 12 by replacing
6-carboxybenzothiazole with naphtho(2,1-d]thiazole to give a solid: [x]p25 =
15 -103.0 (C=1.00, MeOH); FAB-MS m/z 560 (MH+);
Anal. Calc'd for C32H37N703S+3.46 CF3CO2H+1.3 H20:
Calculated. C, 45.93; F, 19.38; H, 4.26; N, 9.36; H20, 2.30
Found: C, 45.60; F, 19.06; H, 4.03; N, 9.70; H20, 1.96

20 EXAMPLE 53
STEP a

25 A solution of 5-methoxypentanoic acid (6.80 g, 0.052 mol;Kirmse, K.; Jansen, U.
Chem. Ber. 1985, 118, 2607-2625) and triethylamine (6.80 g, 0.067 mol) in 100
mL of anhydrous THF was cooled to -78 °C while stirring under argon. Pivaioyl
chioride (6.80 g, 0.057 mol) was added to the reaction mixture dropwise over 15
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15 -103.0 (C=1.00, MeOH); FAB-M5 mlz 560 (MH); Anal . Calc'd for

Cerr]Herr]Nerr]O[err]S. 3.46 CF[err]CJerr]H 1.3 Herr]O0: Cal cul at ed
C, 45.93; F, 19.38; H, 4.26; N, 9.36; H20, 2.30 Found: C,
45.60; F, 19.06; H 4.03; N, 9.70; Herr]O 1.96 20

EXANVPLE 53 096/ STEP a * .[er rl!]crlus%m&?s A
sol ution of 5-net hoxypent anoic acid (6.80 g, 0.052 nol;Kirnmse, K ; Jansen,
u. Chem Ber. 1985, 118, 2607-2625) and triethylam ne (6. 80 0.067
mol) in 100 mig at 78 36k Mer kb mitr the teactionavas warmgdeo (. ?8rf97 hd h.

under argon. Pi vairelihen recooleldltor-78eC( 6. 80 g, 0. 057 nol) was added to the

rlgi(:t lon mxture @éé’%%g n‘ﬂﬁﬁﬁ (},ﬁ ml of 1.6M in hexanes, 0.093 mol) was added dropwise

PCT/ US96/ 08456 10 a soitiomof (4R5Rk(r)remethylf-phenylidoxazelidinenet(16.4 9.8-093
warnmed to O [egr] ﬁol%%i nooeﬁl.i:f)anﬁydimhs THF ove?'30 mhewmaemnﬁg under Z?drﬁétf 1C

e i1 oot 782G Tl 13 itk MBSRIF s it 8w g A0 ity o
0.093 5 nol) in amwdnuecreamwhmmmng under a3gomrah -Th?C.c Thei reattion mixture
argon at - T 8yh& i) q:;»; gf&%hlyl%mﬂe réﬁm%?ﬁ-@%%tb%‘ov&sl@ﬁ%ﬁdh%‘mﬁ ?N

t he above m xed- e Teaction e stirr under -
156, SOMB IV IBrS, BV BLIRBHSLA 40,500 e

[err] C. The react 34
t enperature oler fesidue was patitioned tbetviedn water arl ChisClxKatdtve afjuecusiaybewas

sol vents were rengﬁ%%@ 334%@0@&%&(3 e é%rﬁmnaaebﬁgbzr&?ﬂa%%mswgshed twice

partitioned between wa |"ayer

extracted 3x wi t hwithjbsing} dried over a‘T’Pﬁ@’@@rﬂaﬁS@@aﬂ rGancenisated iByacuR At 405G

was hedt t WIt cg mtrbsﬁﬂeﬂ\%s ;simfned chromatogtaphy ohadiiivar geb@uting] wittend
concentrated in v o
chr omat ograph %ﬁ‘?@gt%ﬁ: ﬂtgr%ve Bﬁg%kfw %%S‘Terr%ﬁgeggym
to give 8.2 g1¥ MHRNa asavvhlte solid; FAB-MS mlz 15 292 (MH).
STEP b [err]
STEP b
Boc
Boc-HN" N\’U\ j
H3C® ‘\’
J/ 3 Pn
H3CO
20 23b

Compound 533 (3.81 g, 0.013 moi) reacted with di-tept-butyl azodicarboxylate
(0.48 g, 0.015 mol) according to the general method of D. A. Evans et a/
(Tetrahedron 1988, 44, 5525-5540) to give crude 53b. The crude product was
purified by chromatography on silica gel eluting with

25 CHgaClo/hexane/acetonitrile (70:30:7) to give pure 53b (2.33 g, 33%) as a white
solid; FAB-MS m/z 522 (MH+).
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2% Compound 53a (3.81 g, 0.013 nol) reacted with di-tert-butyl

azodi car boxyl at e (0.48 g, 0.015 nol) according to the general nethod
of D. A Evans et al (Tetrahedron 1988, 44, 5525-5540) to give crude
53b. The crude product was purified by chromatography on silica gel

eluting with 2§8ye ﬁf ]/CI[err]/hexane/acetonitriIe(70:30:7%('.{](!& '
pure 53b (2.33 g, % Has a white solid; FAB-Ms niz 522 as'hﬁf&s
105 WD 96/ 40748

PCT/ US96/ 08456 STEPC STEP ¢ [err] 5

Conmpound 53b (2.33 g, 0.0045 nol) was dissolved in 18 nL of THF, cooled to
0 C, and treated with a solution of LiO—P*H[eBp};OdOAG g, 0.0107 nol) in 9
mL of Herr]O Aqueous Herr](Qerr] (1.1, 30% 0.010 nol) was
added and the reaction was stirred BecINC ©pr GH. The reaction nixture
was partitioned between aqueous 1 N | and [err]C[err] and the acidic
aqueous | ayer was extracted with 10 CHerr]CJerr]. The conbi ned

CHerr]C [err] extracts were washed with c , dried over anhydr ous
MySO err], and- concentrated in vacuo at err] C. The residue was

purified by chromatography on silica gel elu@38y with Et OAc/ hexane/ HOACc to

afford 53c as g “WQbipobRd 54D (2.:48¢)0.0045 6l wddtidsolved in 18 mL of THF, cooled to
: 0 °C, and treated with a solution of LIOH+H20 (0.46 g, 0.0107 mol) in 9 mL of
H20. Aqueous H202 (1.1 mL of 30%, 0.010 mol) was added and the reaction
was stirred at 0 °C for 3h. The reaction mixture was partitioned between
aqueous 31 N HC! and CH2Cl2 and the acidic aqueous layer was extracted with
10 CH2Clo. The combined CH2Clo extracts were washed with brine, dried over

anhydrous MgSQO4, and concentrated in vacuo at 40 °C. The residue was
purified by chromatography on silica gel eluting with EtOAc/hexane/HOAc to
afford 53¢ as a white solid; FAB-MS m/z 363 (MH+).

15 : STEP d
H
..
f e TFA

H;CO
83d

‘ Compound 53¢ (2.15g, 0.0593 mof) was dissolved in 215 mL of TFA/CH2Cl2
20 (1:4 viv) and stirred at room temperature under argon for 1.5h. The soivents
were removed in vacuo at 20 °C to furnish 53d (2.07 g); FAB-MS m/z 163
(MH+).
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15 STEP d [err] ' Conmpound
53c(2.15g, 0.0593 nol) was dissolved in 215 nL of TFA/CH err]CJ[err] 20
(1:4 v/v) and stirred at room tenperature under argon for 1.5h. The
selvents - were renoved in vacuo at 20 C to furnish 53d (2.07 g); FAB-Ms

mz 163 (
VO 96/ 40748 \id sgravras PCT/ us'é%%%’ﬁé%ﬁs

STEP e [err] 5 Conpound 53d was di ssol ved in absol ute ethanol (100
m.), conbined with Ptderr] (0.300 g), ShEPp aced on a Parr

hydr ogenati on appar at us under hydrogen pressure (55 psig) at room
tenperature over 24h. The reaction m xture was filtered through filter
aid and concentrated in vacuo. The resi d@gRcMNE dossol ved i n met hanol
(50 m.) and the pH was adjusted to pH 8 with EE3NQHta. 2 nl). The 10

sol ution was cooled to O [err]C, treated with di-tert-butyl dicarbonate
(2.0 g, 0.009 nol), and allowed to slowy warmto roomtenperature
over 20 h. The reaction was concent H@C@ in vacuo at 40 [err]C and

partitjoned between EtOAc (50 i)
S3e

‘5 Compound 53d was dissolved in absolute ethanot (100 mL), combined with
PtO2 (0.300 g), and placed on a Parr hydrogenation apparatus under hydrogen
pressure (55 psig) at room temperature over 24h. The reaction mixture was
filtered through filter aid and concentrated in vacuo, The residue was dissolved
in methanot (50 mL) and the pH was adjusted to pH 8 with EtzN (ca. 2mL). The

10 solution was cooled to 0 °C, treated with di-tert-butyl dicarbonate (2.0 g, 0.009
mol), and allowed to slowly warm to room temperature over 20 h. The reaction
was concentrated jn_vacyo at 40 °C and partitioned between EtOAc (50 mL)
and cold (5 °C) aqueous 1N HCI (50 mL). The organic extract was extracted
with cold aqueous 1N HCI (50 mL), washed with brine, dried over anhydrous

15 NazSO04, and concentrated /n vacuo at 40 °C to give §3¢ (2.15 g) as a white
solid; FAB-MS m/z 248 (MH+).

STEP f

0
Boc-HN \.)k N OCH3
2 )

J/ CHs3

20 H3CO
83t

Compound 53¢ (1.48 g, 0.0060 mol) was dissoived in 70 mL of anhydrous
CH2Clz, combined with N,O-dimethylhydroxylamine hydrochloride (0.878 g,
0.0090 mol). The resuiting mixture was adjusted to pH 8 with EtaN and treated
25  with bis(2-0x0-3-oxazolidinyl)phosphinic chloride (BOP-Cl; 2.29 g, 0.0090 mol)
while stirring at room temperature under argon. After 2 h, the reaction was
partitioned between CH2Cl2 and cold aqueous 1N HCl. The organic layer was
extracted with saturated aqueous NaHCOg, brine, dried over anhydrous
MgSO4, and concentrated /n vacuum. The residue was partially dissolved in
30 methanol and the insolubles were removed by filtration. The filtrate was
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and cold (5 [err]C) aqueous 1 N HCl (50 nmL). The organic extract was
extracted with cold agueous 1 N HCI (50 nlL), washed with brine, dried
over anhydrous 15 Na[err]SOerr], and concentrated in vacuo at 40 [err]C
te give 53e (2.15 g) as a white - solid; FAB-M5 nlz 248 (MH).

STEP f [er Conpound 53e (1.48 g, 0.0060 nol)

in 70 nmL of anhyd’d?ggwm8 CHerr]d [err], conbined with V‘ﬁﬁ'fﬁ’éﬁlﬁﬂk&’

N, O di met hyl hydr oxyl am ne hydrochl ori de (0 878 g, 0.0090 nol). The
resul ting mxture Menﬁﬁmdtlﬁd'ab@ow'hﬁomﬁm(ﬁc@u B7%)tascaivhiite 20lid,WABMMS m/z
bi s(2- oxo- 3- oxazol gli Jphosphinic chloride (BOP-ClI; 2.29 g, 0.0090 nol)
while stirring at roo ﬁperature under argon. After 2 h, the reaction was
partitioned between CH[err] Cl[err] and cold gﬁﬁ@cﬂus 1 NHC. The organic

| ayer was extracted with saturated aqueous NaHCGB, brine, dried over
anhydr ous MmgSq err], and concecgée@e gum The residue was
partially dissolved in 30 nethanol t r% bl e were renoved by
filtration. The filtrate was H _ 107
WD 96/ 40748 ; PCN 08456
concentrated in vacuo to afford 53f ¥ffl. 00 g, 57)5 as a e solid; FAB-MS
ml z 291 (MHt). STEP g [err] ' H

Conpound 53 5 Ani de 53f was converted to égﬁpound 53 by follow ng the
general procedures of Exanple 3. Conpduenipedid &3s react ed vvith

2-1i t hi gbenzot hi azwnadaga{wasesmrtém ¢6mpstnd 54 g@auw g'thelgRing P procedu

ntermod ate was Cof ElSne 4 thMroing et L0 e 35 LS HaL S, B

described for 3¢. The resuiting ketone intermediate was carried through the

10 procedures used to prepare 3d and 3¢ and the resulting amino aicohol was
subsequently coupied with (CBZ)-N-methyl-D-phenyialanyl-L-proline by
following the method of step 3f . This intermediate was analogously carried
through the remaining steps of Exampie 3 to give compound §3, which was
purified by reverse-phase HPLC eluting with HaO/acstonitrile/TFA (50:50:0.2) to

15 afford compound 53 as a white solid; [x]p25 -85.3 (g 0.26, MeOH); FAB-MS m/z
853 (MH)*. Anal. for CogH34N404S+2.15 TFA+1.1 H20:
Calculated: C, 51.12; H, 5.33; N, 7.85; F, 11.98; H20, 2.77
Found: C, 51.16;H,5.17; N, 7.87; F, 11.58; H20, 2.45.

20 EXAMPLE 54
N-METHYL-D-PHENYLALANYL-N-[4-[{AMINOIMINOMETHYL)AMINO]-
18-{(4-CARBOXYTHIAZOL-2-YL)CARBONYL]BUTYL]-
L-PROLINAMIDE
STEP a

CH3 H OH
CBZ’ T Qf 3
2 CO2Et

S
g™
Sda

25
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subsequent |y coupted with (CBZ)-N nethyl-D phenyl al anyl -L-proline by
follow ng the nethod of step 3f. This internedi ate was anal ogously carried
t hrough the remai ni ng steps of Exanple 3 to give compound 53, which was
purified by reverse-phase HPLC eluting with H20/acetonitril e/ TFA

50:50:0.2) to d conpound 53 as a white solid; err -85. 3
Ec.o.ze, n/zem);]‘%lé- A 853 (MH) 4. Anal. for Llerr] blitisbdonadd®

Cerr]Herr]Nerr]XS. 2. 15 TFA 1.1 H20: Cal cul ated: C, 51.12; H, 5.33;

N, 7.85; F, 11.98; ; : 0da. 6 N 5%
E 1188 Herr] O,A ﬂﬁﬂﬂe]c@mt@nﬁiduate 1598109 g, 6.52 famdtlad® L-dystdind éthyN

N- METHYL- D- PHENYLRE%(BAP%—:'I\@[Z’%- 8 IRPRATPRE AHKAPUR g Cle LY wés stirred

1S- [ ( 4- CARBOXYTH At eom temperarzavndepenoarn over 16 h. The resulting mixture was

i)gRO_I NAM DE filterad through filter aid, concentrated in%Bello2ar® pahiidnkd between

_ 6/ 4074 ,
PCT/ US96/ 08456¥\0 %""R %‘{%‘BY‘@"B’F&%{%‘P&QHBQP§ laypr was exjractedwith sayeral ong
'L-cystei ne ethyl porticns afrethillacetatd ang tha 2oabinetbbiganic exirtacts wese dried

Cri err] O [er ] ( 13%e35b,)hq Bohéé thted in Sheti Tk SBRALE WHLOUHIE e 00"
16 h. Th wa d
concentrai ed i n viRARMARGTIANAN Sk gelelipa b ChpChMARH-HHOH G40 to

The aqueous | ayer give 54xaszovkite fuiah) sever al portions of ethyl acetate
and the corrbiq d organic extracts were dried (Na[err]Sderr]) and
concentrated in vacuo. The residue was purified by chr omat ogr aphy on
silica gel eluting with CH err]Cd[err]: MeOH SFEBR ] OH (90:9:1) to gi ve
54a as a white foam 10 STEP b

CH3 H OH
cm.ﬁi@rvf/g
Ph 0 2 N

CO2Et

—‘(NH
BN
S4b
15 A mixture of 543 (1.0 g, 1.18 mmol} and MnO2 (1.00 g, 14.38 mmol) in.

anhydrous CH2Cla (28 mL) was stirred at. room temperature under argon for
4.5 h. An additional portion MnO2 (0.25 g) was added and the mixture was
stirred for another 2.5 h. The resulting mixture was filtered through filter aid,

and concentrated jn vacuo to give thiazole 54b as a crude solid.

20
STEPC
CHs H OH
mzp)\@r&kﬁj?
P o N
COH
-y
S
S4¢

25 LIOH (65 mg, 2.64 mmol) and Hz20 (0.1 mL) in dioxane (0.9 mL} was stirred
under argon for 3 h. The resulting mixture was diluted with H20 and
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[err] 54b 15 A m xture of 54a
(1.0 g, 1.18 nmol) and Mhiderr] (1.00 g, 14.38 mml) in anhydr ous

CH err]C[err] (28 nmL) was stirred at roomtenperature under argon for

4:5 h. An additional portion MiQerr] (0.25 g) was added and the m xture

was sti rrng(%%w%ot her 2.5 h. The resulting m xture was lid'llll?ﬁ@
, ol'e as

through fliter and concentrated in vacuo to give thiaz

a crude solid. 20 _ ) STEP ¢ [err]

54c 25 Li OH (65 earactedswithseverahpartions of etherniThejaquepus iaker wasosseparatpgs

SH t2 i)r r eg_ undgnd atigified t® pH34 With ¥ HO? Sndte xt@ctsiowvith Sevéral foionsdfwi t h
an

. L 0748
PCT/ Us96/ 08456  CHizlla TS sembings %’3%%’?5""885%‘?’%’%2“’%?".%‘? with .b%éagé eous
| ayer was separ at {¥a2SO4)ang cancentrateg invacto 1o giverthenaaigbdbas @ gelidict ed

with several pgrtions of CH err]C [err]. The conbined CHerr]C [err]
extracts were washed with brine, dried ggjgkerr]SQerr]) and
concentrated in vacuo to give the acid 54b doiid. 5
STEP d [err]
: CH3 HoQ
C8Z" S
P 0 3 N‘/g
2 COzH
4NH
Z-N
8 H NH
54d

10 A mixture of 54¢ (252 mg, 0.31 mmol) and periodinane (197 mg,
0.464 mmol) in CH2Cl2 (10 mL) was stirred under N2 at room temperature
for 1 h . Additional portions of periodinane were added (132 mg, 0.31
mmol) were added over 3h and the resuiting mixture was quenched with
aqueous NazS203. The aqueous layer was acidified to pH 3.0 with acstic

15 acid, then washed with several portions of CH2Clz, The combined organic
extracts were washed with brine, filiered through diatomaceous earth and
and concentrated in vacuo. The residue was putified by reverse-phase
HPLC using CH3CN:H20:TFA (50:50:0.2) to give the ketone 544 as a solid.

20 STEP e
CH3 O H 0
H.'b)L,QrN\)k(s
s U/
P 0 N“\)
i COzH
H

<
HzN NH

Compound 54
The intermediate ketone 544 (140 mg, 0.17 mmol) and aniscle (4 mL) were
25 pilaced in a Teflon reaction tube of an HF apparatus under anhydrous conditions
and cooled to -78 °C. HF (8 mL) was distilled into this tube and upon completion
of addition, the temperature of the mixture was allowed to rise to -10 °C. This
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10: A m xture of 54c (252 ng, 0.31 mmol) and periodi nane (197 ny,

0.464 mmol) in CHerr]dJerr] (10 nL) was stirred under N2 at room

t enperature for 1 h. Additional portions of periodinane were added
(32 ng, 0.31 mml) wer e added over 3h and the resulting m xture was

quenched with ous Na[err]S[err](ferr]. The aqueous |a
acidified to pH 3. % W th acetic 15 acid, then washed with sev¥§gqy§%a;°ﬂssons
of CH err]d[err]., The conbi ned or extracts were washed with

brine, filtered twm%waﬁlsém%b?‘sateﬁpﬂﬁ -1 &C. conceptratedhinaaguo-anditriturated
vacuo. The resi dudth'sevepalipdriierts shethenmergiee Bvatid. This sdxlaﬁaslaumed by reverse-

g%[zgr re] CN-H err] QjL56 l-‘lﬁ.(b Mitfhg Wit \?la%r}'a%e{&?tnﬁ%?ﬂewmpﬁ%%n@Eyop?nhz

i nt er medi at e ket @@ compounthbSdgs asolid:edn?S)=-868 &iw0s89.412Q); FAB-WS 9'1/2560
placed, In a Tgf | qMHB2ARER Cled ford sﬁs N ogsng?laiceaﬂer drous

o B ana up AR oG AR reor fhe

erature of the
‘mi xture was al |l ovieolindo ri se t@, 41.69;Hy4.58; N,Thi1.84; H20, 3.40

110 WD 96/ 40748
PCT/ US96/ 08456 m xt ure was StII’I’ f&}_é O to -10 [err]C
concentrated in vacuo and triturated E 50599691 portions of ether to
give a solid.t0rhis solid was purified by reverse- phase HPLC el uting
w th wat er/ acet oni tQH3I e/ HO: 3]) 0 2) and | yon §1| [ gi ve
conpound 54 as a s @ -86.5 (Cho mz 860 5
(M) ; Anal . Calc or effr errﬁ' err]qur . Herr]O
Cal cul at ed 3; 41; H[ﬁ,r d:
C4159H453N1184H .40 0
EXAMPLES 55 and 56 10 HN HN
NH
NHz—$
Compound 55 Compound 56

Compounds S5 and 56 were prepared by modifying Example §4. BOP-C! (13
mg, 0.03 mmol) was added to a stirred mixture of intermediate 54¢ (21.8 mg,

15 0.027 mmol), triethylamine (5.6 ul, 0.077 mmol) DMF (1.5 mL) and
phenethylamine (5. uL, 0.041 mmol) at S °C under argon. The resulting mixture
was stirred for 16 h, concentrated in vacuo, and partitioned between ethyl
apetate and saturated aqueous NaHCOj3. The aqueous layer was extracted with
several portions of ethyl acetate and the combined organic extracts were dried

20 (Na2S04) and concentrated jp_vacuo to give the protected amide. This amide
was deprotacted in the manner of Example 54 to give the raspective title
compounds as solids:

Compound 55:[a]p25 =-67.5 (C=0.74, MeOH); FAB-MS m/z 647 (MH+); Anal.
25 Calc'd for CagH4aNg04S+2.6 CF3CO2H-1.2 H20:

Calculated C,41.93; H, 4.56; N, 11.41; H20, 3.56

Found: C. 41.59; H, 4.53; N, 11.84; H20, 3.40

Compound §6: FAB-MS m/z 647 (MH+)
30
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[err] [err] Compound 55
Conmpound 56 Conmpounds 55 and 56 were prepared by nodifyi ng Exanpl e
54. BOP-d (13 ng, 0.03 nmol) was added to a stirred m xture of
intermediate 54c (21.8 ng, 15 0.027 nmol ), triethylamne (5.6 [err]L,
0.077 nmol ) DWVF wile and phenet hyl am ne (5. [err]L, W

at 5 [err]Cundev?&zgaégon. The resulting m xture was stirre or
concentrated in vacuo and partitioned b acetate and
saturated agqueous NaHCJ err]. The aqueo an s extracted with

several portions of ethyl acetate and the €b®Biged organic extracts were
dried 20 (Na[err]SOerr]) and concentrated in vacuo to give the protected

am de. This am de was deprotected In the ngnner of Exanple 54 to give
the respective title conpounds as Bocid N Compound
55:[[err]][err] = -67.5 (C=0.74, MeOH); FAB- VB 311 047 (MH); Anal.- 25

Cal cul at ed C, 41.93; H, 4.56; N, 11.41; ¢rr] O, 3.56 Found:

C, 41.59; H, 4.53; N, 11.84; Herr]O, RC40 Conpound 56: FAB-MB nlz
647 (M) 30 WD 96/ 40748

PCT/ USO6/ 0845% 878  ExAWPLE 57

STEP a [err] L-4Cyanophenyiaianing (36 iga049i mol; (5% 0513678 A1) wasl conttiined with
0513675 Al) was 2‘63ﬁ': WDH'@ mol) irF550NmLc cui-rga Qhé? ﬁghﬂng samﬁﬁﬁvfé}nféatad

Calc'd for C[err]H[err]N[err]CIerr]S.Z.G @ ']CCIerr]Hzl H20:

H O Th l. t

o bonat o %SS” ul pnr@“éahsé#e (4506, 0. aarmrzv)\&-ﬁms& #100B\iemperaturs:oyer
and cool etcj:l to g [18rh ]aﬁd dﬂolacbﬂd 528. JhppH ads adjusted tovpHM adthcontemtratdd 10
aqueous H C C
(500 )l Ttr?@aé ﬁ:‘é‘f” afleoli fayBt Wek %f‘fgé‘“% W‘@ﬁ?@ﬁ‘(%ii
m), dri ed é}YS!E werq waghed twige %’f"&j@oﬁ Mk

The residue was ovar anhydrous NaaSO4. and concentrated in vacuo. The residue was
triturated with hexane to give 573 as a light-pink solid (50.0 g, 87%); mp = 145-
147 °C (decomposition); [«]p2S +3.3 (¢ 1.0, MeOH); FAB-MS m/z 291 (MH)*.
15 STEP b

l
CH3

NC
A solution of 57a (25 g, 0.086 mol), N, O-dimethylhydroxyiamine hydrochioride
20 (12.7 g, 0.130 mol) in anhydrous DMF {500 mL) was cooied to 0 °C while
stirring under argon and treated with Et3N (23.3 g, 0.230 mai). Benzotriazoi-1-
yioxy-tris(dimethylamino)phosphonium hexafluorophosphate (BOP; 42.1 g,
0.095 mol) was added portionwise over 10 min and the.reaction was stirred at
0-5 °C over 18 h while maintaining the pH at pH 8-9 by the addition of EtaN.
25 The reaction was concentrated jn vacuo and the residue was partitioned
between CH2Cl2 (500 mL) and H20 (250 mL). The organic layer was v.cshed
with 50 mL of 5% aqueous NaHCO3, 50 mL of aqueous 1 N HCI, 100 mL of
H20, dried over anhydrous NaxS04, and concentrated jn vacuo,. The residue
was purified by chromatography on silica gel eluting with CHCla/MeGH (85:5)
30 togive 57b as a yellow solid (22.1 g, 70%); FAB-MS m/z 334 (MH)*.
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triturated with hexane to give 57a as a light-pink solid (50.0 g, 87%; np
= 145- 147 [err] C (deconposition); [[err]][err] +3.3 (c 1.0, MeOH);
FAB-M5S nmlz 291 (MH)+. 15 STEP b [err]
Aol ution of 57a (25 g, 0.086 nol), N, O dinethyl hydroxyl am ne

hydrochl ori de 2Gyoo¢kpres 9. 0.130 nol) in anhydrous DVF (500 nlpoppSosiasscd

to O [err]C while stirring under argon and treated with Et3N (23.3 g,
0. 230 nol).. Benzotriazol -1 - - yloxy-tris{gdiget hyl am no) phosphoni um
hexaf | uor ophosphate (BOP; 42.1 g, 0.0 19 was added portionw se
over 10 mn and the reaction was stirred at 0-5 [err]C over 18 h while

mai ntaining the pH at pH 8-9 by the addition of (Et[err!N 25 The reaction
was concentrated in vacuo and the resi duSogdiN bet ween
CHerr]CJ[err] (500 m) and H20 (250 nmL). The d@rga |c | ayer was washed
with 50 nL of 5% aqueous NaHCG3, 50 ni of gad®ebus CHAl HCl, 100 ni of
Herr]O dried over anhydrous Na[er %ﬁQe and concentrat ed in vacuo.
The residue was purified by chr gr&phy on silica gel eluting with

CHCl [err]/MeOH (95:5) 30 to give 57b asca yellow solid (22.1 g, 70%;
FAB-MS mlz 334 (M) +. WD 96/ 30748
PCT/ US96/ 08456 2IC  STEP ¢ [err] 5

Conpound 57b @28. Gompoind §Zh (28.7)g, D0BE mof)rand EthDD(‘ll@D mD, 0.22rmbl) weed €
di ssol ved pyri di n@isédhblili Ftv\ldmé\%b’djﬁﬂ.zc A_l‘ﬁﬁ dlstis ﬁ#’@ Hﬁléh Eﬁib?hl.%%hﬂhi'oﬁn

over 3 h at roomte ra t en s

vesse
al | owned to stOVR RMpRAtHIgy (ﬁqed,eag@lhve “@ﬁﬁﬁ%ﬁ%ﬁﬁd @llowed
vacuo at 30 [err]¥0.stand afl'tmm mmmtumsmldm i and ehhbertfated [rO/AD 0 atrB3d °C.

led to 5 i beed
and extract efu{@g&&@é%dﬂg&%ﬁa@ (5981l SRSl bo' 86 aBER 13 pH 45
twice with 258 m With cgi qawms HEliape exirasted W"%@@pﬁﬁ@ﬁ 0 ml)ndhedri ed
over anhydrous Méiganicriayeranss exraxted twice diih 256 Ailoof dqueous AN BICINKide Wwith

(27.8 g, 88%; F%d\/ﬁ“_rr&zbﬂ?h(p dﬁyld")over anhydrous MgSQy4, and concentrated jn vacyo_to
give the 57¢ (27.8 g, 88%); FAB-MS m/z 368 (MH)+.

16 STEP d

Boc-HN\)k OCH3

CH3
Hi o KN

SCH3
S7d
A solution of §7¢ (27.0 g, 0.074 mol) and methyl iodide (75 mL, ) in acetone
20 (750 mlL) was heated at reflux while stirring under argon for 1 h. After cooling to
room temperature , the reaction was concentrated jn yacuo to give crude 57d as
an amber glass, which was used directly in the next step; FAB-MS m/z 381
(MH)*,
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15 STEP d [err] A sol ution of
57c (27.0 g, 0.074 nol) and nethyl iodide (75 nL, ) in acetone 20 (750 nlL)
was heated at reflux while stirring under argon for 1 h. After cooling to

roomtenperature , the reaction was concentrated in vacuo to give crude 57d

as an anbe which was used directly in the next stggp VS
mz 381 (Wﬂm‘ﬁ“ F‘P"ﬁgﬁi'

WD 96/ 40748 PCT/ US96/ 08456
STEP e [err] 5 Conpound 57d(38.0 gSTBPOF5 nol) was added to a
sol ution of anmmoni um acetate (8.70 g, 0.112 nol) in nethanol (200 niL)
and heated at reflux while stirring under argog for 3.5 h. After
cooling to roomtenperature, the reaction Bope- oncHPHzat ed in vacuo and
the residue was partitioned between CHC [err] z (! m.) and saturated
aqueous NaHCO3. The CHO [err] was filtered, washe d 1py,With brine, dried
over anhydrous Na[err]SJerr], and concen vacao to give
Hi e HaN
NH
S7e

5 Compound 57d (38.0 g, 0.075 mol) was added to a solution of ammonium
acetate (8.70 g, 0.112 mol) in methanol (200 mL) and heated at reflux while
stirring under argon for 3.5 h. After cooling to room temperature, the reaction
was concentrated in.vacuo and the residue was partitioned between CHCl3
(500 mL) and saturated aqueous NaHCO3. The CHCl3 was filtered, washed

10  with brine, dried over anhydrous NaxSO4, and concentrated ip vacuo to give
§7e as a light yeilow giass; FAB-MS m/z 351 (MH)*.

STEP t

Boc-HN\,U\
Q -
ch-©—§-HN
o]

A solution of §7¢ (24.3 g, 0.069 mol) and tosyl chioride (14.6 g, 0.076 mol) in
acetone (500 mL) was cooled to -15 °C. 1,8-Diazabicyciof{5.4.0]undec-7-ene
(DBU; 21.4 g, 0.139 mol) was added dropwise while stirring at -15 °C over 45

20 min. and this mixture was aliowed to siowly warm to room temperature over 3 h.
The reaction was diluted with 100 mL of methano! and concentrated in vacuo.
The residue was purified by chromatography on silica gel eluting with
EtOAc/hexane (3:1) to give 57t (14.4 g, 41%) as a white solid; FAB-MS m/z 505
(MH)+,

15
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57e as a light yellow glass;. FAB-M5 niz 351 (IVH)+.

STEP f [err] A solution of 57e (24.3 g, 0.069 nol) and tosyl
chloride (14.6 g, 0.076 nol) in acetone (500 nL) was cooled to -15
[err]C. " 1,8-D azabicycl o[ 5. 4. 0] undec- 7-ene (DBU;, 21.4 g, 0.139 nol)

was added dropwiﬁ; Jse stirring at -15[err] C over 45 20 mi

M,ﬂ“#s
m xture was allowed 1o slowy warmto roomtenperature over 3 ﬁcr e
reaction was diluted with 100 nL of nethanol and concentrated in vacuo.

The residue was purified by chronatGMy @p on . sil@a gel eluting with
Et OAc/ hexane (3:1) to give 57f (li_éll,.fqﬂ, : gﬂhrige solid; FAB-M5 iz
z ] 114

505 (M) +.
N@SQG/ 08456 [err]
Nd 57 ol ow ng the

WD 96/ 40748 0]

Conpound 57 Ami de was converted to Co s i

general procedures of Exanple 3. Conpoun¥y f was reacted with
2-1ithiobenzothiazole as 5 described f N"} / The resulting ketone
i ntermedi ate was carried through the 2pro

ffpures used to prepare 3d and
3e and, the resulting am no al cohol was subsequent |y coupled with
(CBZ) - N- net hyl - D- phenyl al anyl - L- prol i ne bpmpound 57

Amide 57f was converted to Compound 57 by foliowing the general procedures
of Example 3. Compound 57f was reacted with 2-lithiobenzathiazole as
5 described for 3¢. The resulting ketone intermediate was carried through the

procedures used to prepare 3d and 3g and the resulting amina alcohol was
subsequently coupled with (CBZ)-N-methyl-D-phenylalanyl-L-proline by
following the method of step 3f. This intermediate was analogously carried
through the remaining steps of Example 3; note that the HF cleavage step

18 (STEP h) required 6h at room temperature instead of 3 h at 0 °C. The resulting
compound $7, was puritied by reverse-phase HPLC eluting with
HzO/acetonitrile/TFA (65:35:0.2) to afford compound 57 as a white sotid; FAB-
MS m/z 583 (MH)+. Anal. for C3oH34Ng03S+2.25 TFA1.0 H20:
Calculated: C, 51.14; H, 4.50; N, 9.80; F, 14.96; S, 3.74; H20, 2.10

15 Found: C, 50.96; H, 4.39; N, 9.60; F, 14.66; S, 3.77; H20, 1.72.

EXAMPLE 58
STEP a

0
Boc-HNJK COH

4

H’N\
20 CH3

S8a
N-e-Methyl-L-lysine was reacted with 4-methoxy-2,3,6-trimethyibenzenesulfonyl

(Mtr) chioride according to method used to prepare N-g-Mtr-L-lysine described
by M. Fujino et al. in Chem. Pharm. Bull. Jpn. 1982, 30, 2766. The resulting N-
25 e-methyl-N-e-Mtr-L-lysine (5.00 g, 0.0134 mol) was dissoived in dioxane (52
mL), diluted with H20 952 mL), cooled to 0 °C,.and adjusted to pH 11 with
aqueous 3N NaOH. Di-tert-butyi dicarbonate (8.79 g, 0.040 mol) was added
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follow ng the nethod of step 3f . This internedi ate was anal ogously carried
t hrough the renmai ning steps of Exanple 3; note that the HF cl eavage step 10
(STEP h) required 6h at roomtenperature instead of 3 h at 0 [err]C. The -
resul ting conpound 57 was purified by reverse-phase HPLC eluting with

H err] O acetoni {ri TEA (65:35:0.2) to afford conpound 57 as '

solid; FAB- %‘%’ 583 (MH)+. Anal. for Cerr]Herr] N[err]@.@??i S.2.25
TFA-1.0 Herr]O Cal cul ated: C, 51.14; H 4.50; N, 9.80; F, 14.96; S.
3.74; H20, 2.10 £6d the(eastion was stirecsat ®8C whilezmaimainingghe H &t pHA0GHT ower
3.77; Herr]O 148%h. The solvents were removed jn vacyo and the feéiiel was Bartitioned

e oy 574 6. oopalh @100 M e ‘e Bﬁi O T

net hod used to preXiaeted rageuwﬁh iether{2xk caeledrto adjustgg tapHJ jwstncaqueous 3
in Chem Phar sm hBku anamhraé&%?wuﬁﬁto&??& The copfinéd BEOAL exfracts were

[err]-nethyl - - I he , ssol ved I,n d| oxane
(52 m), d| | 500!'@’%1% roegﬁ)ag)édﬁ [°é’:“F ptra dta

adj usted to pH 1togivelE8a (3. 341gu53%e) asha Mai&-foaal EﬁeBN&m@H?ﬂl(mﬂhonate
(8.79 g, 0.040 nol) was added 115

WD 96/ 40748 PCT/ US96/ 08456

and the reaction was stirred at 0 [err]CV\/rﬁT%PPai ntai ning the pH at pH
10- 11 over 1018 h. The solvents were renoved in vacuo and the residue was
partitioned bet ween H20 (100 nL) and ether. Thg® basi c aqueous |ayer (pH -
11) was extracted again with ether (2xjg ~E)Lto OCHgerr] C, adjusted to
pH 3 with aqueous 3 5 N HO, and extracte W|t c (3x). The conbi ned

Et OAc extracts were washed with bri ne, dries OVEHg anhydr ous

Na[err] SO err]. and concentrated in vacuo tofgi ve 58a (3.34 g, 53% as
a white foam FAB-M5S miz 473 (IH) +. CH3o

STEP b 10 errg

H3CO
HsC CH3
S8b
Compound 58b was reacted with N,O-dimethylhydroxylamine hydrochlioride
according to the general procedure used to prepare 57b to yield 58b as a white
15  solid; m/z 516 (MH)+.

CH3

cazp‘%sjr@(”\)\rs

20 88¢c
Amide 58b was converted to 58d by following the generat procedures of
Example 3. Compound 58b was reacted with 2-lithiobenzothiazole as
described for 3c. The resulting ketone intermediate was carried through the
procedures used to prepare 3d and 3g and the resulting amino alcohol was
25 subsequently coupled with (CBZ)-N-methyl-D-phenylalanyl-L-proiine by
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Compound 58b was reacted with N, O di net hyl hydroxyl am ne hydrochl ori de
according to the general procedure used to prepare 57b to yield 58b as a
white 15 solid; nfz 516 (IVH) +. STEP
C: [err] Am de 58b was converted to 58d by follow ng the
general procedu ,ﬁfg,, ' Exanpl e 3. Conpound 58b was react egﬁm, $98/084
2-11ithi obenzoth@o e‘gs descri bed for 3c. The resulting tone 56

i ntermedi ate was_carried throu procedures used to re are_3d

and 3e and the r@ﬂwmgﬁgemth@gai s,?@ncai -wals Jerrgadiate, was oxidi ite thePess-

(CBZ) - N- net hyl - Dviaitinpéritidiviatle s 8ésdribed fby3g to furnish 58d; m/z 883 (MH)+
116 WO 96/ 40748

PCT/ US96/ 08456 foll owi ng the method of SIng 3f . Thi s internmedi ate was
oxidized with the Dess- Martin peri odi nane as descrl bed for 30 to
furnish 58d; nmz 883 (M) +. CH3 STEP d
[err] e N
H‘N
5
Compoundi&

Compound §8d (0.025 g, 0.028 mmol), pantamethylbenzene (0.32 g), and
dimethyisulfide (0.63 mL) were dissoived in 3 mi of anhydrous triflucroacetic
acid and cooled to 5 °C while stirring under argon. Anhydrous HBr gas was

10 bubbled through the solution over 15 min. and the reaction was allowed to
slowly warm to room temperature over 15 h. The solvents were removed in
yacuo and the residue was triturated with anhydrous ether and purified by
reverse-phase HPLC eluting with HaO/acetonitrile/TFA (60:40:0.2) to give
Compound §8B as a white solid; FAB-MS m/z 536 (MH)*+.
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Conpound 58 Conmpound 58d (0.025 g, 0.028 nmol), pentanethyl benzene

(0.32 g), and di met hyl sul fide (0.63 nmL) were dissolved in 3 nmL of
anhydrous trifluoroacetic acid and cooled to 5 [err]C while stirring
under argon. Anhydrous HBr gas was 10 bubbled through the solution over 15
mn. and the reysdb@dpayes allowved to slowly warmto I 00M BEHPREAR4SE ©
over 15 h. The so vents were renoved in vacuo and the residue was
triturated with anhydrous ether and purified by r everse- phase HPLC
eluting wth H eNhatsRlimegiishl e/ TFA (60:40:0.2) to give

as a white solidi. AéGmpbund of theGotmidib £ T

17 i 56) 0748 HIIllll 1) lllll I IIII
PCT/ US96/ 08456 VWhat is clained is: A conpound of the f8rmila*l:

A’NXIL(B)D

whaerein:
Ails

selacted from the group consisting of C4.galkyl, carboxyC1.4alkyl,
Ci-alkoxycarbonyiC+.4alkyl, phenylC1.4alkyi, substituted

10 phenyiC4.salkyl (whare the phenyi substituents are independently
selected from one or more of, C1.salkyl, perfluoroCq.4alkyi,
C1.4alkoxy, hydroxy, halo, amido, nitro, amino, C4.4alkylamino,
C1.4dialkylamino, carboxy or Cy.4alkoxycarbonyt), formyi, C.
aatkoxycarbonyl, Cy.q2alkyicarbonyl, phenylC44alkoxycarbonyl, Cs-

16 7cycloaikylcarbonyl, phenylcarbonyl, substituted phenyicarbonyi
{(where the phenyl substituents are independently selected from one
or more of, Cy-4alkyl, perfluoroCq.4alkyl, C1.4alkoxy, hydroxy, halo,
amido, nitro, amino, Cq-salkylamino, C4.4dialkylamino, carboxy or
-Cy-aalkoxycarbonyl), Cy-qalkylsulfonyl, C1.4atkoxysulfonyl,

20 perfluordc1'.4aikylsulfonyl, phenyisulfonyl, substituted phenyisutfonyl

' {where the phenyi substituents are independently selected from one

or more of, Cy-qalkyl, perfluoroC1.4alkyl, C.4alkoxy, hydroxy, halo,
amido, nitro, amino, Cy-4alkylamino, C4.4dialkylamino, carboxy or
C1-4alkoxycarbonyl), 10-camphorsulfonyl, phenyiC+.4alkyisulfonyl,

25 substituted phenylCi.4alkylsulfonyl, C4-4alkylsulfinyl,
perfluoroC-4alkylsulfinyl, phenylsulfinyl, substituted phenyisulfinyi
(where the phenyl substituents are independently selected from one
or more of, C1.4alkyl, perfluoroC.4alkyl, C1-4alkoxy, hydroxy, halo,
amido, nitro, amino, C1-4alkylamino, Cy-4dialkylamino, carboxy or

30 ~ Cq-qalkoxycarbonyl), phenylC1.4alkyisulfinyl, substituted
phenylC_4alkylsulfinyl, 1-naphthylsulfonyi, 2-naphthylsulfonyi or
substituted naphthylsulfonyl (where the naphthyl substituents are
independently seiected from one or more of, Cy.4alkyl,
perfluoroC4.4alkyl, C1.4alkoxy, hydroxy, halo, amido, nitro, amino,

35 carboxy or Cy-4alkoxycarbonyl ), 1-naphthyisulfinyl, 2-naphthylsulfinyi
or substituted naphthylsulfinyl (where the naphthyl substituents are
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wher ei n: Ais sel ected MHSI sting of

C err]al kyl, carboxy(err]alkyl, !
d err] al koxycarbonyl C err]al kyl, phenyl ([ er ”‘!’” m uﬂfl ed 10
phenyl ([ err] al kyl (where the phenyl substituénts ar

sel ected from ongoogseidy € of, Cferr]alkyl, perfl uoroC[ err] Al kchrlusnmsm
d err]al koxy, hydroxy hal o, am do, nitro, amno, (err]alkylam no,

C err]dial kyl am no, rboxy or err] al koxycar bonyl formyl, Cerr]

al koxycar bonyl , C[er‘F epandeptly selested HpmaRATaPPIR Pl Syedk¥ony |, Cerr] 15
cycl oal kyl car bonyl wmmwmwmmm hwmyphemybmdsomsrb amino,

(where the oheny! ) Eealishi T JBASRIIAS Uarbody b7 T CROBRRRRY: 1 o

am do, nitro, amno, (err]al kylam no, Cerr]dialkylam no, carboxy or

Cl err]al koxygarbonylg p ﬁ@éﬁin’& &mh%ﬂuéwwdou Hdi‘étrlls'ib#mm@ ernfiAle to tAB
(her e the. phenyl - Suitese dRpictelf By S“@%&%&wf#@?@?@?‘ fiit1% L raneishiio
or more of, C err] al ¢fyalanipey asparaompeefqmnmecarqosyhc} at:fdoggypme;(%oxy hal o,

am do, nitro, am no, it

d err]al koxycar bonyl cg‘lg-, or, suf?bon@%ﬁm&'w&b%?a I su?ﬁ;ng/

substituted phenyl C[@Hzf’ g gasoxylic @I‘ fle-4-carbo ylic ac'd

per fl uoroC #0r] al kyl exdzbhd:y:b-«&-pamwyhmhéldnmbecelubstacidlt\&aﬂnphmeﬂhlemhm nyl
where the phenyl e 7

f)r nore of, IOC[ e?/r] al é'hH §§rﬁ1ueart§r Gf ﬁﬁﬁ‘f‘m‘g 186 ﬁ?k%féuﬁmgog?{/eucmg

ami do, nitro, amno,P "&'gﬁﬂ!ﬂﬁyl a!mmh @I"@Fr tﬂaeﬂm I8RiNgo ;

C err] al koxycar bonyl ihuemdldamh@[ £, W]MtraWdromhmmhe¢1l~¢atbedyhc acid and

B lbsti Cuteth napht hyl CePEetk ‘%ff?%ﬁ& BOLRIoIASE carpo iR ol 01 oare
i ndependent 1§ sel ected from oriéhese tﬁﬂraémﬂﬁ terq*eus phsaig amino acid is connected
perfluoroCerr]alkyl, C epra aemmber, sd!btﬂé@ff‘ﬁm t Wé;ouﬁmodﬁstmg bf Gy4akypo, 35

car boxy, or cLertal koxy oofaRgil syl RN iy, of. nopc 1 sul i ny
118 VO 96/ 4@|14gxycarbonylc1.4aikyl enyl 1-4alkyl, substituted phenyi

PCT/ U89|6{( 0|8456 alkyt petnsrerthe phe l@imdtddmmfhdé eﬂmml hal
g[me(rj(r)] anl %/r gO am no, 8&52{3% rgrqﬁ&ﬁé’ﬁ %ea&/ﬁr‘*&?@aw T‘Hr%?%o oo
carboxy or (err]al koxycafaaitoxy, VCB’OXY. halo, amidoopitro, amine Graakylaming.is
fCOUIoI Ied ?t aln fj sI ga; 2|0>é>ét te gqnmk i@mirds carboxy or c1.4amoicvmw)epl cted in N

' ag[);nrJ agl ne, 2-azetidi necaﬂb{'gﬁh% y‘z&%i’@‘& %Bﬁﬁéyl—%ﬂydmxypropmnyl QE dﬂ:%ﬁ
Clerr]al kyl glycine, proli ﬂéwdxomthwcarbopm be2S:4ltiermpydmisequinalipeaci d,

25 1-carbonyl, [1,2,3,4]-tetrahydroisoquinoline-3-carbonyl, 1-
methylamino-1-cyctohexanecarbonyl,
1-hydroxy-1-cyclohexanecarbonyl, 1-hydroxy-1-phenylacetyl,
1-cyclohexyl-1-hydroxyacetyl, 3-phenyl-2-hydroxypropionyi,
3,3-diphenyl-2-hydroxypropionyl, 3-cyciohexyl-2-

30 hydroxypropionyl, formyl, C1.4alkoxycarbonyl, C4.12alkyicarbonyl,
perfluoroC1.4alkyiCo.4alkylcarbonyl, phenylCy-4alkylcarbonyl,
substituted phenylCq.4alkylcarbonyi (where the phenyi
substituents are independently selected from one or more of,
C1.4alkyl, perfluoroCy.4alkyl, Cy-4alkoxy, hydroxy, halo, amido,

35 nitro, amino, C1.4alkylamino, C1-4dialkylamine, carboxy or
C1.4alkoxycarbonyl) 1,1-diphenylC4.4alkylcarbonyl, substituted
1,1-diphenyiC1.4alkylcarbonyl (where the phenyl substituents are
independently seiected from one or more of, Cy-4alkyl, perfiuoro
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t hi azol i di ne-4-carboxylic acid, 5,5-dineLhyLLbLg;gLLngﬁaflsarboxylic aci d,
10 oxazol i di ne-4-carboxylic acid, pipecolinic ac al i ne,

nmet hi oni ne, cystei ne, serine, n uci ne, | euci ne,
tert-1eucine, isoleucine, phem ummm”"m)mgm hal ani ne,

2- napht hal ani ne, wiydgppfagy! al ani ne, 3- t tiienykal ani 6/0845
[1, 2, 3,4]-tetrahydroi soqui noline-| - car boxylic acid and Ferss d

[1, 2,3, 4] -tetrahydroi soquinol i ne- 2- carboxylic acid 15
where the amino term nus Bfi-46il Gealixye hudrosy chalacamide. nitro, amino,

to a menber sel ected fronCyhaligidminos Cqsidrilkytsmivio, Chfsioxyarky! ,
tetrazol -5-yl-Cerr]al kyl

al koxycar bony( err]al kyl , cﬂﬁ%ﬁ’ *'iémhg@gﬁ*ﬁ'%foﬂﬁé 5y-alkylsuifonyl,
Clerr]alkyl (where the phSnyialkexpsulfonybmlienisalionylepubsiituiedphemylsulfonyl

sel ected frog one or nore wﬁere%érﬂﬂei\ykédbstlﬁﬁnié B m@bﬁéﬁdékh&%elected from
( err] al koxy, hydroxy, haI 0, .am do,

Cl err]dial kyi ani no, car boP)®&F mareafy g!*ﬁ&%@&?ﬁ@ﬂﬁ%""&kﬁ @1'4&&0"3} hydroxy,
i, ﬁ adi phetnKi IC[er L] al IkyI haiop aanigd,- itrbyaminoy ©aqaikytarhino? C3:qtiiatkylamitio,
roxye car bon ujy
1- c;r bongl {1 2,3, 4]y tetra@%ﬁ%%ﬂ%ﬁ@@ggh g@ahﬁﬁugiﬁfonyl.
i hydr O)r(\y 1|-1<q1/cLogexanecarpbﬁu;droCMWrsuKMyﬂ CRiatkyisutfimgly phenyisulfinyl,
cyci ohex roxyace rLQRI
3, 3yd| pheng[ 2- hgdrox%proﬁgﬁwﬁtwg]ﬁ@ﬁw& tgg p‘ﬁ@)ﬂn substituents are
hyd][ ?)xypr (():FI on]yl I kf FE:[ myl , ]mlmeﬂﬁaﬂmbﬁﬁédﬁﬂd% Ogg[;ﬂzgﬁgly%afgghfemuow
perfl uoro(err]al ky err I amido), | rifee o,
bstituted ph | | .
Substi tuents are i ndepend %iﬁ%ﬁ@ﬁ éﬁr”%ﬁ)/%wim@@a%% o
Cerr]al kyl ,erf | uor oC] erGi4alkauycattianyl)] pheewC;-4elyisolfipyl, isubstituted do, 35
Lo e, Gerrlal liy'l"*{"““mr?‘ng *“"F‘“}'|‘L"h?’é§a‘r"‘§on | s 2re
1, 1-di phenyl ( err] al kyl car "% ﬁf% ﬁ’ed?g Jﬁgﬁ ésfugrs\t“é'?ﬂ'e“muom
i ndependent |y sel ected f rcﬁn-cﬁlhylo@lmﬂ@mfhyd@m h]ibl. Rgmido, itro, amino,
WO 96/ 40748 Ci-4alkylamino, Cj. dnalkylammo. carboxy or

Egr {),Usger;{ gg itro, amno, Cr-qalkoxyca ony'i Q-nélp % Lﬁogb Eﬁgﬁmg%gﬁgﬁw

Cl err]dial kyl anmi no, car bo>@0b5ﬁ1llted naphthylsulfonyl (where[tbe miaphthyk substituents are
perfluoro(err]alkyl sul foriﬁﬂa %bié&e’ﬂlﬂrérﬁrbdeor more of, C4 .4a|ky|

d err]al koxysul f onyl phe ul f st ut e eny, _
(where the phenyl subst It rg?% ;Q ?’? yg'!gmé%’t@g %ﬁﬁé mt?o amino,
one or nore of, Cerr]al kyC14#BYfamm.ch¢iaﬂ<}[mm cagbexy pal koxy, hydroxy,
hal o, amido, 2gitro, amno,g¢ ﬂkbii&dfﬁérﬂm ﬂaapﬁh?rsidmkw'éﬂuémﬂauxfmyl and

car bo or err] al koxycar bgon on
phenyqu/:[ err ]C[al ky} sul f)(%yl s‘&?@% &?@ﬁ‘ﬁgﬁaﬁw@"ﬁwﬁﬁwgﬂmﬂ&wﬂ% are
perf1 uoroC] err]al kyl sul f i niptlepezjdantly selegted fromrane ompmore ot Ghisalky,,
substituted phenylsul finylp éfﬂb@fc@MﬁRﬂ@fX&lkﬁW?\ nhao@mdo nitro, amino,
I ndependent |y sel ected fro&_‘a&y@m‘ﬁrgr 1.4dialk %r“;‘ éak% (;rf uor o

30 C1.4alkoxycarbonyl);

or a poly peptide comprised of two aminc acids,
where the first amino acld is a D or L. amino acid, bound via its
carboxy terminus to the nitrogen depicted in formula I and is selected
35 from the group consisting of glycine, N-C4.galkylglycine, alanine, 2-
azetidinecarboxylic acid, proiine, thiazolidine-4-carboxylic acid, 5,5~
dimethylthiazolidine-4-carboxylic acid, oxazolidine-4-carboxylic acid,
1-amino-1-cycloCs.galkylcarboxylic acid, 3-hydroxyproline,
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Czerr]al kyl, Cferr]al koxy, hydroxy, haI o, am do, nitro, am no,
C err]al kyl am no, { err]dial kyl am no,
d err] al koxycarbonyl ), phenyl ([err]al ky

I fi nyI substituted
phenyl ([ err]al kyl sul finyl (where the pj ” "! mﬂ are
i ndependent |y sgly fromone or nor per f Il‘!ﬁ"nfkssmsdss

Cerr]al kyl, Cerr]alkoxy, hydroxy, halo, amdo n|tro anm no
C[err]alkylamno Clerr]dial kyl am no, carboxy or 20

d err] al koxycar bonyl f-hyﬂrommhnnylecmf@imxy)motmm#}mdmamrohne 3.4-
lsugst It gt efll naphlt hylt awidrawonﬁweeunﬁhﬁm?pm&dnd?wbéémbwméc@r22-
naependen sel ec 0 er
per {1 uor oCf ef 1] al kyl Sq'é*@?@@?%‘ﬂ&?‘"raﬁéﬁ'PS%V""qﬁ‘ﬁ% Sipghalpic arid. yalingy; oo
Clerr]al kylam no, matl]ﬂunlaekws&emaoasmmoeysmnegahreomne, leucine, teft-
| k bonyl | d
Subst 1§ ut 66 gapht nyl ‘Slﬂw ﬁ e P ‘a‘agﬂaﬁ@md?”‘ﬁ??ﬁ'ﬁfg e
“independent |y sel ect 88P "lhﬁrﬂ 'W agn! é[\é %‘We' 4l
perfluoroCerr]al kyl 1ettirwdrt}|s¢qumlmekm/-datboxyh¢labu, [a,majb]- nitro, amno,
(err]al kyl am no, thWd?A:&dduﬁﬁBlﬂx‘ész-‘&QFd&gf{ %E: Barttc acid-4-C

( err]al koxycar bonyl ), & e conpri se¥ of two
am no aci ds, aalkyl ester and glitamic Fﬁ'@'ﬁ sQa"&fhW"am disaDor L

am no acid, 100und vi a it sand the second D of 4 dmino dcid,isbotnd ¢o theeaming ogen

depi cted I 100l 2 Joriifd 5t 584 ShbaindSacic, and i'debRbd ol BLrBEF° 5! 9

of glycine, NCferr] cl ne
azeti di necar boxyl i ¢ &-‘@DI‘S W@f phenylaianine 4- benzoylphenwdlpinec acid, 5, 5-

di met hyl t hi azol i di ne-#dcardbR@ptidnytalating, 4:()@@@53,4 ga*yggﬁmbhm@m d,
1 -amno-1 -cycl o0l erg Lablocte AN i 3ahire tha MRLILBEMDRs are

120 :
PCT/ US96/ 08486 independentiy gelected fram ione, oranerg ok Crasalleyky) prol i ne,

4-(C[err]al koxy) prol i u&oéMaIkyI CMalkoxydﬁWr‘é&?Pﬁélb' &fido, nitro, amino,
2, 2-di met hyl -4-thi az

di met hyl - 4- oxazol i di (rjél o Pﬁﬁcar ?'XM%“%BF}H&%&%’R%Y ok Pasalkoxycrrbonyi),

met hi oni ne, cysteine 3-hamthbnvlalamm.|4rbiphdﬂlylaiamme. hbmphaeylataame.

| eucine, isol eucine, réindde @ca%oﬂ?@h )‘l’ﬂiyla'iamne. -pyridylalanine,
napht hal ani 2-t hi epn I al ani.ne al. ani yf

t et r ahydr oi %@qui ndl i nE Yalamhe; EEQEM'\QH"P% %?%an&“%" )alanine, 3-

t et rahydr oi soqui nol i dbimywanmywmomrdtymmn BeEparaging, 4- Cl err]

al kyl ester and 9' Ut Ja&y'l%ilﬂdﬁdiﬁ@@dolﬁi&lﬁlycme diphenylgiycing, and

t he second D or 'S b term nus of
said first am no aC| 0p EG'Y“Q" &8& ﬁﬁﬂrlﬁf“ﬁ‘@ (5?%‘&5’“‘"9 sulfone, ,
consi sting~of phenyl a&&rﬂmmlohmdyta!mm p2$mmnaphthylalanine), 2- -

subot 1 Lut od henyl al 2T Q&%’?@*ﬂ q*%’* PM*EW ﬁa‘“‘“ {whers the

i ndependent | y sel ect eﬂ"tﬁ? é’[ éﬁ'&‘ uomaé1'4
C1-4alkoxy, hydroxy, halo, amido, mtro. amino, C1.4a|kylammo.
C1.4dialkkylamino, carboxy or Ci.4atkoxycarbonyl), aspartic acid,
aspartic acid-4-C1.4alkyl ester, giutamic acid, giutamic acid-5-C4.

30 4alkyl ester, cycloCs.galkylalanine, substituted cycloCg-galkylalanine
(where the ring substituents are carboxy, C1.4alkylcarboxy,
C1.4alkoxycarbonyl or aminocarbonyl), 2,2-diphenyialanine and all
alpha-C1.salkyl of all amino acid derivatives thereot,

where the amino terminus of said second amino acid is
35 unsubstituted or monosubstituted with a member of the group
consisting of formyl, C1.12alkyl, tetrazol-5-yiCq.zalkyl,
carboxyCq-galkyl, carboalkoxyC1.salkyl, phenyl Cy.salkyl,
substituted phenylC1.4alkyl (where the phenyt substituents are
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perfluoro(err]al kyl, (err]al koxy, hydroxy, halo, amdo, nitro, am no,
Clerr]al kylam no, C[err]dialkylam no, carboxy—er_Clerr]al koxycarbonyl),

3- benzot hi enyl al ani ne, 4-bi phenyl ai ani ng, henyl al ani ne,
oct ahydr oi ndol e- 2- car boxylic acid, 2- pyamy%@’mﬂ" mwri dyl al ani ne, 20
4-thi azol yal ani Rge oggabdsl €NY! @l ani ne, 3- (& : . J ani NepcPUsI6/o8456

t hi enyl al ani ne, tryptophan, tyrosine, asparagine, *

3-tri-C[err]al kyl silylal ani ne c] ohexyl ci ne, diphenyl glycjne,

phenyl gl yci ne, net hi oni ne'"gﬁpéﬁ%‘ﬁ&,s%?#hﬁ%%né8ff‘§?f§,°¥' C1-4alkyl;

2, 2-di cycl ohexyl al ani ne, peffitora(adikylaCeaalikoxy, tRdr@fy, hato, amido, nitro,

(2- napht hyl al ani ne), phenygha ' i '

substituents are sel ect edﬁ?r'ﬁ@ eéﬂgﬁkﬁ]@%%lﬁﬂhﬁg% rigi‘)L?/F

d err]al koxy, hydroxy, hapd#amﬂ" earbanyl -o!-%iﬁ??ﬂ?w 1 BYh| kyl ami no,

d err][_di al kygazi ?f, c?r Pﬁmﬂk@pﬁmbnylkmnnﬁcbwmycam f,i c aci d,C[ |
aspartic acid-4-Clerr]a e : r -5-Clerr]-
30 al kyl ester, eéi/‘@?’(‘)‘%{c@ ﬂ'%ﬁ@?@%#ﬁéﬂsﬂggfg‘@!%gbgﬂﬂ

cycl od err] al kyl al ani ne phenyiCq-salkylcarkenyh substitutad phenylG-4aliylearhpayl

2 oot bony )| 2. 3+ i pho g ne phenyl substhudnts 8rd maspendemy dgcted, | |
of all amino acid derivat %h@l"ﬁ%?ﬁﬁggﬁ%‘-ﬁ“‘y" perfiuoro c1.4a|?<y€c9[.4 Ye t he
amino term i@ of sai d se&ydwxynhalo, awide, nisro, amino, C1.4alkylamino,
unsubstituted or nonosubsig,t ' M -
consisting of formyl, ([ eﬁ‘%‘liék{ l,ﬂfngr{h[.?g ol -gir Glr)g:ée'?%gﬁ I ,yl), K

carboxyd err]al kyl, car boﬂ&wvg‘eﬁ‘ﬁ% Pf‘ylpﬁé kyig for']yZ\I kyl ,

substitut ed phenyl d err] alOgydaikorysukonyhepgriieoniC 1s4diisylisultomyt, phanyisuifonyl,

PCT/ Usos/ 0gags o Shbstituted prenfELion rIere e pen e P
of Jerr]al kW, independently,gelectad tam gne ofmore ofcCamalifhkoxy,

hydroxy, hal o, ami do, nit rperfluoroCq.4 alkyl, Ci.4alkoxy, drytiraxy, Gale;, ahwudditragi no,
C err]dial kyl am no, car boXxym : o rbonyl ),
1, 1-di phenyl ( err]al kyl , ?l%’ C1-salkylami e??ﬁ?&(g%ﬁgﬁi%@w%

phenyl [ er r] al koxycar-bony|G1-4alkoxycarbonyl}, 10-ca M‘l‘lf"&! yl car bonyl ,
perfluoroC err]al kyl C er r |phenylCpnidiyisuifonyl, substituted phenylCq.4alkyisulfonyl,

phenyl ([ err]ggkyl carbonyl ,cﬁ Sﬁ%&ﬁlﬁﬂﬂg 8@@5@ g..f;%g gf{aﬁmulﬁnyl.

(where the phenyl substitue

re | nt | ect
fromone or nore of, d er r§ubstituted pheny I'(wheire the 9§PPY Substituanis A, 10
g%/dr oiq(;, Ihﬁl Io, am do, nibt rindepamdently Selecteldfrde lone aromore of, Cq.4alkyl,
err]dial kyl am no, carbo r 1 :
di phenyl ([ err]al kyl car bonﬁé@%ﬁ%rg}%gﬁ%&?ﬂ%w’hém amido, nitro,
d err]al koxysul fonyl , perf%@Po(é[wPHV WPSGI‘#@@}‘Ma’BW@nWm&WI ,
_sugst it gt edl aSen?/I sut gn%/l cmakox)tdmbm?)hen]dmualmwmmrwbhﬁtmed
i ndependently selected fr [ 'q. -
perfluoroCerr] alkyl, géﬂr mgﬁ?{:@%&gﬁ%‘x“ %ﬁgﬁ%h%hgbz nrﬁpthp'(ly’lsulfonyl.
am no, derr]alkyl am no, Cﬂii’}‘ﬂ?‘& RMWH ony} {where thg naphthyl substituent is
Cl[ err]al koxycar bonyl ), 10-selegtedfrom Cqalkyl, perfluoroCq-sgalkyl, Ci-galkoxy,
hydroxy, halo, amido, nitro, amino, C4.4alkylamino,

30 C14diglkwamino, carboxy or C1-galkoxycarbonyi),
1-naphthylisulfinyl, 2-naphthylsuifinyl and substituted
naphthylsulfinyl (where the naphthyl substituent is selected
from Cy-4alkyl, perfluoroCy4alkyl, Cy-4alkoxy, hydroxy, halo,
amido, nitro, amino, C4.4alkylamino, C1.4dialkylamino, carboxy

35 or Cy-4alkoxycarbonyl);

Ryis
sslected from the group consisting of hydrogen and C.salkyl.
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phenyl ([ err] al kyl sul fonyl, substituted phenyl ([ err]al kyl sul fonyl. 20
Cerr]al kyl sul finyl, perfluoro (Jerr]alkylsulfinyl, phenylsulfinyl,
substituted phenyl sufinyl (where the phenyl substituents are

i rdependently selected fromone or nore of, (ferr]alkyl,

e o e L M e

d err]al koxycarbonyl ), phenyi (err]al Kyl Sul i n¥%l ,s substituted
phenyl ([ err]al kyl sul fi nyl 1-naphthyl sul fonyl, 2-naphthyl sulfonyl,
substi tuted napht igul fonyl (where the naphthyl substituent is

Py oxy. halo. am deseIReHIFom the,gro °=%€4r{=}s§néy'f§£he&” sakl

([ err]dial kyl ami no, gaahidinoCyu.sdlkyl; Chablkyigpanidinogbysalkyl,
ﬁaBﬁFE‘yPZLF??L'yPV'(m% ejﬁ*ﬂﬁbéﬁﬁbw ﬁ}% e éﬁﬂg 237
fromdderr]al kyl, pe 2 -3 2-
anido, - nitro, am no, galkgy phehﬁyhmstlmted %enyl](%k&ﬁwmuum arxy 35

or (err]al koxycar bomﬁn%?ngy %9'3%‘8“@’“ r+%|°i more of, amino, a“,“aﬁ.'lt.’ect ed from

the group consisting O X
1-4alkylamino, Cy.4dialkylamino, halogen, perfluoro

122 Gamdm
PCT/ US96/ 08456 01.4a|16ﬂ ¢ .kalkﬂ, C1-zalkoxy or nRRJ)EB&RAY f;ﬁﬁh’ﬁy\ Seodinned
consisting of am nogbﬁéﬂl]a(gft ff tha.substituents &%aﬂdgbé‘,%’é%,& "deiddids from one

d err]al kyl guani di n

di d err]al kyl guani di noqqrerqf.aammo, amidino.rgueniging oC kg laikytimsino) Cq-

Ger) O MO O el o ekt LBt O, B Bl et
u u itu

are ' | ndepgﬁ@énﬁﬁf%%é F‘E‘d #tﬁﬁﬁfﬂé“ Vi'f am no, am di no,

guani di no, dferr]al kﬂ1asd1albylaqmo€}z.dakkykyﬂ-mnnwyclbaemso,zaﬂqf ahd Ecatkyl;

Cerr]alkyl, Cerr]alkyl, Cerr]al koxy or nitro), benzyl, phenyl

substituted Qenzyl (where the substituents are independently
sel ected from one Pis0OoOr or nore of, am no, am dino, guanidino, (err]
al kyl am no, C1. . 4di al kyl am no, hal ogen, perfluoro (err]alkyl,
Cerr]alkyl, C[errggskoxy or nitro), hydroxy(err]alkyl,
Clerr]al kylam noClerr] & kyl, 15 Clerr]dial kyl am no(f err] al kyl,

4- am nocycl ohexyl J erw

0 kyl and,C[err]alkyl; pis O0or 1
Bis [err] :: (CHZ)%JQ

20 R3 .
where n is 0-3, R3 is H or Cy.salkyl and the carbonyl moiety of B is
bound to E; '
Eis
25 a heterocycle selected from the group consisting of oxazolin-2-yl,

oxazol-2-yl, thiazol-2-yl, thiazol-5-yl, thiazol-4-yl, thiazolin-2-yl,
imidazol-2-yl, 4-oxo0-2-quinoxalin-2-yl, 2-pyridyl, 3-pyridyl,
benzo[bjthiophen-2-yl, benzoxazoi-2-yl, benzimidazoi-2-yi,
benzothiazol-2-yl, triazoi-4-yl, triazol-6-yl, tetrazol-2-yl, pyrimidin-2-yl,
30 quinolin-2-yi, indol-2-yl, pyrazol-2-yi, 4,5,6,7-tetrahydrobenzothiazol-
2-yl, naphtho[2,1-djthiazol-2-yl, naphtho[t,2-d]thiazol-2-yl quinoxalin-
2-yl, isoquinolin-1-yl, isoquinolin-3-yl, benzo[bjfuran-2-yi, pyrazin-2-
yl, quinazolin-2-yl, isothiazol-5-yl, isothiazol-3-yl, purin-8-yl and &
substituted heterocycle where the substituents are independently
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2Q R3 where n is 0-3, R3is Hor (err]alkyl and the
carbonyl noiety of Bis bOH—Hd—{——e——E———————E Is 25 a

het erocycl e sel ected fromthe group con n-2-yl,
oxazol - 2-yl , th| azol -2-yl, thiazol-5-yl, m |H i | azolin-2-yl,
I m dazol - 2- yI f&dﬂu' noxal i n- 2-yl , dyI

benzo[ b] t hi ophen- enzoxazol 2-yl, ben2| m dazol 2- yI PCT/US
benzot hi azol - 2-yl , tr| azol - triazol - tetrazol -

pyrimdin-2-yl, 30 selected timrQMalkﬁr perﬂupmen.@ikyh C1pﬂm hydspxy,
4,5,6,7-tet rahydrobemm; inti@®), nitro, amino, Cy.4alkyfariiino, Cy.4dialkylamino, carboxy,

e 22l iy R e RSl Loy B GRBR ,.

yl', quinazolin-2-yi, isothiazol-5-yl, isothiazol-3-yl, purin-6-yl and a

bstituted het d dent |
ig?,s Ituted hp er%ygdg/%ggﬁﬁgébdtﬁﬂllfﬂééédtéﬂﬁ%ﬁs?ﬁ&ebﬂ ependently

PCT/ US96/ 08456 selected from Cerr]al kyl, perfluoro
(err]alkyl, C[err]al koxy, hydroxy, ‘hal o, am do, nitro, am no,

d err]al kyl am no. !ﬁﬁhﬂ oxy,
( err]al koxycar b%nﬁ}éaéél gé%@(ao l"ﬁeéerr al kyl am nocar bonyl; 5
or pharnmaceuti cal |l '&@:EQ!Y&SP@%@‘P’FB“-’!%@@MP amino acids.2. The corrpound of

gl)ai m 1 whertg n: where tite first samirkpacidés a ©7or L amtinofacidy@oand via i | de
viaits Gl e} 1o 79 %ﬁéh%ek’%% " @gb&%ﬁ%ﬁ’%‘? al
and is selected from the graupheansistigs & glyeings iNsCi olygine. algnine

N-C[ err]al kyl gl yci ne, z-ahacmmuharboxync acud profine? RlazdIRE-A- BB EkYie A8,
proline, thiazolidineg

5, 5-di net hyl t hi azol | %éf @‘Xf'ﬁ%"&ﬁe éﬁfb"m%fz%‘f'ﬁj'd?i‘%z%d% ‘55?9?9’9"&5
acid, 1-am nt81-cycl o@idrt memfdﬂw@alky&a{boxyhcm&-hxﬁmpmhae. :
4- hydroxyproline, 3-(&h§éarok t‘&ﬂﬁh’) 911911 hﬂﬁoxﬂ) fdHne! al d 1RO proiine 3,8- 4-

i met by - 4 oxazol | 3.25@5?%059 i *EP FAfReDiG ardi s s 22-

met hi oni ne, cysteine, eﬂgomzobg@eu oxyliceagid, nnlpecelmw geid, veline,
norl eucine, tert-I| eucinathioni® GYstding, asparayiné! sulindS thréoRinB)iebainai ne,
2- napht hal an 2-t hi Sy, | al a |.al ani ne

t et rahydr oi s%ﬁw nol i n@mi ‘{Fmgﬁ'ﬁ?‘t‘”%l’ﬁ&efjﬁm 'a’L"he' %-naphthaianme

t et r ahydr oi soqui nol i na-lmpbthalamyﬁd&tmmlaampaBtth@nutdmm.@62.3.]44-.
tetrahydroisoquinoline:1-carboxylic acid, [1,2,3,4}
tetrahydroisoquinoline-2-carboxylic acid, aspartic acid-4-C4.
4alkyl ester and glutamic acid-5-C4.4atkyl ester -

25 and the second D or L amino acid, is bound to the amino
terminus of said first amino acid, and is selected from the group
consisting of phenylalanine, 4-benzoylphenylalanine,
4-carboxyphenylalanine, 4-(carboxy Co.2alkyl)phenylialanine,
substituted phenyialanine (where the phenyl substituents are

30 independently selected from one or more of, Cy.4alkyi,
perfiuoroC4.4alkyi, C1-4alkoxy, hydroxy, halo, amido, nitro, amino,
Ci-qalkylamino, C1-qdialkylamino, carboxy or Cq.4alkoxycarbonytl),
3-benzothienylalanine, 4-biphenyialanine, homophenyialanine,
octahydroindole-2-carboxylic acid, 2-pyridylalanine, 3-pyridylalanine,

35 4-thiazolyalanine, 2-thienylalanine, 3-(3-benzothienyijalanine, 3-

' thienylalanine, tryptophan, tyrosine, asparagine,
3-tri-C1-4alkylsilylalanine, cyclohexylglycine, diphenylglycine,
phenylglycine, methionine sulfoxide, methionine sulfone,
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alkyl ester and glutamc acid-5-C[err]al kyl ester 25 and
the second Dor L anmino acid, is bound to the am no t er m nus
of said first amno acid, and is sel ecte rom

ected fromthe group
consi sting of phenyl al ani ne, 4- benzoyu ' )
4-car bo henyl ' 4-(carb I | ani ne,
substitﬁ%/gd p%e?&/ a‘gﬁl‘ne valnergx%/hg[ pﬂ!gimlg!@"ﬂjgut 2niap: 3 FUS96/08456
i ndependent |y sel ected fromone or nore of, Clferr]alkyl, ] _
perfluorod err]al kyl cydpEosepikylaianine.sunstiiuted ieyctoCasealiglaniner (whateithe,
S benzot i enyl al ani na g opoEunta Brd Sarse iy ICamon), T LK yCabihy!
oct ahydr oi ndol e- 2- caﬁf)@%ﬁ{’%}ﬁg&aﬁ gﬁ'ﬁ(ﬁ?ﬁfﬁ%ﬁ%né-ﬁ QI%IS{}’PEBIIY'QI%‘III%, 35
4-t hi azol yal ani ne, 22t(1rraphtiylalanine), 3-{2-haphtwialaniney, phenyhsubstitBted
t hi eny] al ani ge, tr ' LS,
3-![ ri }I'C[ er ri gl Kyl srrgggﬂg%fé‘%gg;?gh@é g tﬂgﬁg%gﬁéfeﬁ&ﬁogﬁ%ftﬁ ::"
phenyl gl yci ne, net hi 1-AFRYd ,148{%5 0 niao, ' )
éé#/ US.96/ 08456 VO 9@ +44alkyamino, C1.4dialkylflmino,|carboxy or c1.4al_kox¥carbonyl),
. o a S % .
cyclo( err]al kyl al aniaﬁ. a \%haec?d/e’ %%g'ﬁé EL@'A&E"“&W' %%teguﬁgfﬂ%‘ééﬁ 93?‘@"‘"’
carboxy, derr]al kyl @ith8-saliy eplesians.glbalphafyt-salkyl derivatives thereof,
gm( roar E?Eylb)i 2, 2- ;Jll pgenyl al mefﬁﬁhe%ﬁm@mlmﬁ%ﬁa&im?mino a5dd is
-(1-na al anine), 2-(2- .bhe _
phenyl_aloani %e (where the gﬁﬁ@#@h@%?@%@b?@%ﬁ*@W%ﬁg%gmw
perfluoroderr]al kyl, C ecepsisinggf formyk Sayizatiev,detrareldoyiCaizalkyl, am no,
derr]al kyl amino, O err] dicattiogy IO RC G ki] BT IR )
u

. . . . GYligBiky! .
t d, t -4 | I I
actd- 5 (1 Z‘?'Hsﬁl oD st or - ShEsdhReo Gy saky (rard ik P ShbStmErBAR S0
where the ark

o term nus dfdependentiyceaidctadifram anedor sore of, Cy.4alkyl,

unsubstituted or nonosubs ai'ﬂlld?d? | fﬁﬂf‘d :

consisting of formyl, C etrﬁrﬁial k W‘A‘EY'?% - 5%;%@&? ,g{iﬂb‘,}o?mido. nitro,

carboxyd err]al kyl, car bo@MiB%e1-a2lKYIZmMine, Crusialiyiamioe, carbpxy or

substituted phenyl d err] alCyialketyearbanyt), pitediphesyiSit4alkybnt s are 15

i ndependent|y sel ected frqs. i

per fl uoroQ d:i] alkyl, d e(rcﬂ éfll oﬁe;awlg}'%?ﬂgié#%%go%‘% o,

ani no, der %{ | kyl ami no, &eradityl "R?#/ nPRBluoKg Erd?@y -4aliylcarbonyl,

Cl err]al koxycarbonyl), 1, phiinylCyydikiflearbbayl substituted phenylCi.4alkylcarbonyl

C err] al koxycarbonyl , phenk ,

d err]al kyl carbonyl , perfl wcl).'rg[cr)éa gﬂﬂ‘ﬁ?@?ﬁ%&r@q%ﬁ eé‘ﬁ?f“,‘y selected

phenyl ([ err] al kyl car bonyl , o 98gof @G"éh N ua AHOF0 L1 ity G 1-4aikoxy,

(where the phenyl substit uemirexyahelo, advige, witro; amires IGyc4atkylamino,

fromone or re of, Cerrgal s I %ar% ] akkoxy,

hydr oxy, hal%g,) am do, nit rd:,?"‘glrxhik 'g?ﬁ%err gf%gavﬁ%% fiy). i

d err]dial kyl am no, car box‘&pﬁ?" trp Imﬂy - Gondlkylsulfonyl,

di phenyl  err] al kyl car bonyCy.4atkexysuifoayll, petfiunmgCg.-4alkylsuifonyl, phenyisulfonyl,

Qerr]al koxysul fonyl,  perf4tatiRitdd phemhéioh (WHrb thd BREM) SUbsRDEhts are
independently selected from one or more of, Cy.4alkyl,

30 perfluoroCy.4 alkyl, Cq.4alkoxy, hydroxy, haio, amido, nitro,

amino, Ci.4alkylamino, Cq.4dialkylamino, carboxy or
C1-4alkoxycarbonyt), 10-camphorsulfonyi,
phenylC1.4alkyisulfonyl, substituted phenylC1.4alkylsulionyi,
C1.salkyisulfinyl, perfluoro Cy.4alkyisulfinyi, phenyisulfinyl,

35 substituted phenylisufinyl (where the phenyt substituents are
independently selected from one or more of, Ci.4alkyl,
perfluoroCy.4alkyl, Ci.4alkoxy, hydroxy, haio, amido, nitro,
amino, Cqi4alkylamino, C4.4dialkylamino, carboxy or
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substituted phenyl sufonyl (where the phenyl substituents are

I ndependently selected fromone or nore of, (Jerrlalkyl, 30
perfluoroCerr] alkyl, ([err]al koxy, hydroxy, halo, am do, nitro,

arino, (Jerr]al kyl amino, C[err]dial kyummm“m“mmw _

d err] al koxycar kg yéderagl 0- canphor sul f Wi US96/08456
phenyl ([ err]al kyl sul fonyl, substituted*phenyi C["err] al kyl sul fonW

C err]al kyl sufinyl, perfluoro CJerr]al kyl sul finyl, phenylsulfinyl, 35
substituted phenyl sufi nyl Cawalsoxycarbopyihrphenyibsadikylsulfisylasubstituted

indfeloendently se: Eclt ed fraﬂhﬁ*l%%wﬁ'ugirﬂh-ﬁwm}lahﬂaﬂ . 2-naphthylsuifonyl,
perfluoroCferr]alkyl, Clerr @py@éﬁﬁ&?@ﬁﬁ%?%@ﬂ%&@%ng“‘?‘l"?é‘%s‘““em is

am no, (err]al kyl am no, a‘

125 W96 selactetl from Cy.qalkyl, perfluoroCq.4alkyl, Cy-4alkoxy,
PCT/ US96/ 084 ar ban :
phenyl ([ err] §I6kyl sul finyl hy‘s”[%‘!t tli?lg%ﬁfdo]. %J&)%ﬁ&’ 91.Xhﬂ<ylammo.

phenyl ¢ err] al kyl sul fi nyl Ci-4sigkylaming, cagioxy, orC haglkexyaarbonhy | |

sulbst It t gt fed nag{ﬂ hyi s:Jka lonyhadmhrﬁémﬁiér.ezmphﬂ%ulw&hutstmsiituwd

sel ecte rom [ err]al ky r

hydr oxy, hal o, am do, nit P@BEQMSW"? @%}ﬁ%ékﬁﬂﬁfﬁ&gﬁhm)‘s selécted

d err]dial kyl ani no, car botipmE1apiikyh RArlusI9E auBliil (G1-4alkoxy, hydroxy, halo,

1- napht hyl sulgri nyl , 2- naphintidid,snitrb] aminca 0. saiKliAdrnin, €_sdialkylamino, carboxy
napht hyl sul fi nyl (where t?ﬁ aﬁwo%l 5%6[3 |$¢J nt is selected
fromderr]al kyl, perfluo é ﬁ? A @'e fal koxy, hydroxy, halo, 10
am do, nitro, am n®isQ err]al kyl ami no, C[err]dial kyl am no, carboxy

or (err]al koxycarbonyl); and pis O. 3. The conpound of

claim 2 wherein: the first amno acid is an L amno acid sel ected
fromthe gfoup 2.'The compourggﬁgq:lgw %d‘%ﬁ’%r ycine, N-Jerr]alkylglycine,

2-azeti di necHy boxyl i chadirst,amino acid is an L pmino aeid selechenhfroni the-gtoumr boxyl i ¢
acid, 5.5-dinethylthi . RRTE-Yay : ;
oxazol 1 di ne- 4. ca¥box;§?‘§$§ m;‘";é'; ;;;;f;‘%sgﬁgﬁéﬁmggﬁ aci,
1-am no-1-cycloCerr ’ - Y- AYdr By ) g
g- ngr(ﬁxgprgl i lng[ 3- g%taq%%%xz;ﬁﬁg;ﬁ%@@ﬁh%ﬁ.kEé(Y) przlgi ng, ,

, 4-dehydroproline, 21.gnfih loC3 galkiiéarob lﬁeaéia.rérgﬁ Xypfdiine, = =
di net hyl - 4- o, olidine _carboxyllc , ecol | nic alin

et hi oni ne. 28uci ne. Soyeemxyp ne, S'r(bméﬁ@?}‘?&!°'f%eio|4é 1:-4?4’5‘\’/"Y)F|"°ﬁ*'9-
phenyl al ani ne, 1 -napB#kdshydroprolirne, &-dirhethyih4-tiazdlidite easdoxyliciacid, 225
S-thienylalanine, " dimethyl-4-oxazolitine Eitokfift A680PReBSAAE 2Bk, Vaiife.2 D

am no acid, bound to the, °, mr_loterlTn ) lsél, irst am no
acid, and is sel ect ed“'PﬁHﬂﬂ"’f‘ﬁele“cme' norleucine, JpH7BUFBRsisRleuRiBe
phenyl al ani ne, 4- car bpitemialaginal 4rmaphthalanine, 2-naphthalafine; Bakignylalanine, -~

d err]al kyl )Q?enyl al agivhen @mgét ut ed phenyl al ani ne 30 (where the
phenyl substituents are m&eé)en enty sel ected _froB1 one .
: and the second amino acid is a D amino acid, bound to the

amino terminus of said first amino acid, and is selected from the
group consisting of phenylalanine, 4-carboxyphenylalanine,
4-(carboxy Cg.zalkyl)phenylalanine, substituted phenylalanine

30 {(where the phenyl substituents are independently selected from one
or more of, Cy_salkyl, perfluoroC4.salkyl, C4.4alkoxy, hydroxy, halo,
amido, nitro, amino, C4-4alkylaming, C4-4dialkylamino, carboxy or
Cq-4alkoxycarbonyl), 3-benzothienylalanine, 4-biphenylatanine,
homophenylalanine, octahydroindole-2-carboxylic acid,

35 4-thiazolyalanine, 2-thienylalanine, 3-(3-benzothienyl)alanine, 3-
thienylalanine, tryptophan, tyrosine, asparagine, cyclohexyiglycine,
diphenylglycine, phenyiglycine, methionine suifoxide,
methionine sulfone, cycloCa.galkylalanine, substituted
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or-nore of, Cferr]alkyl, perfluoro( err] al kyl, d err]al koxy, hydroxy, halo,
am do, nitro, amno, (ferr]al kyla err] d| al kyl am no, carboxy or
d err]al koxycarbonyl), 3-benzot hi enﬁ'al ani ne, yI aI ani ne,

honophenyl al ani ne, oct ahydr oi ndol e- mm’mn '@
y! )a' ani ”erc?lusyslouss

4-t hi azol ysl ani Rgg oglaghkl €NY! al ani nel
t hi enyl al ani ne, tryptophan, tyrosine, aspadradine, €ydohexyl glycin

di phenyl gl yci ne, phenngIyC|ne met hi oni ne sul f oxi de,
met hi oni ne sul fone, ey@PGapalkylalanize iwherethe ringsubstityants are carboxy,

126 WO @5 lAIkM&rboxy. C1-4alkoxycarbonyl or aminocarbonyi), 2,2-
PCT/ US96/ 08456 pgryiaditfs 2SN g Igagg@%gp%ﬁﬂs:anmg 2.

substituents ar e carg
C[ err] al koxycar bony| (-nhaphthytaianinel phpnylsubstituted phenylalaning fwheretheni ne,

2, 2-di gycl ohgxyl al anig{iBstitderts- aﬁoéﬁlambek:%m G‘%).;all&l perﬂuoroc1.4alky|
G 2oL ne) ey ok e, b Ao Eselifiind

C err]al koxy, hydr oxﬁ1.¢daalhyiammaiccarbnnyrar Cﬁmlkoxycarbomm)alabpaamamd '
d err]dial kyl am no, éyad?&'4%ﬁ4&i‘ﬂlé§%y§mw£%‘dt gﬁ{gﬁnﬁl d@g% orrl.

aspartic acid-4- C[er ster tam ¢ m c acl
4al kyl ester and al | 48 BIEF‘FFHI aqwa%&qi%@ e thepeot.1 o
where the artino term nus of sawllleseatrwwtnmtannmscbﬂsmd second amino acid is

unsubstituted or nonosubs
consisting of fornyl, e%@%ﬂw t@t@%@%@gﬁ uﬁd rofthe group
carboxy([ err]al kyl, car bo&PReIFYeg f formicf1; 123%'\)’?"@@&'}'@“@%‘”‘

substituted phenyl C[ err] aldayﬁo;@mga&yu Inarbdjmm*y(}ﬁmkylt phenyl Gy.salityl,
per {1 uor o0 ey ]S a1 kol - o o BpERG PRI Gk ke iy pheny supstituents are
am no, d err{%l kyl am no, nqr@patikwaﬁﬁeﬁdrormnmwefe of, Cq.4alkyl,

([ err]al koxycarbonyl), errﬂ rs Vdalkoxy, hydroxy, halo, amido, nitro,
phenyl ([ err] al koxycar bonyl mevbmt y !d y

perfluoro(err]al kyl err]aﬂ“cbfg %ﬁwé"’%gﬁh nyPHQ??TgIokﬁ%xMcﬂIyl
substituted phenyl Clerr] alﬁﬂdhﬂwowﬁh@naaimypa&my.
substituents are i ndepend%ﬁw Qﬁéﬂjéafﬁd?m @?1éﬁlk afhonyl,
I kyl fl I k h I

2 do. i tr 2Ba no. & er rRCMESEKtiHARE-sAkyBEhar. RO LA 'Sgggrbzgv'
or C[err]al koxycarbonyl), stbstiiuted WBB!ICIIQSWICSGPW ](whn&mli
pﬁf fl :JOF ]90[ elr r ]( %kw S;“hf Oﬁdbstiﬁ]&fybémtxﬁéﬁbﬂt dently Réidcted fi8m one or more of,

enyl suf on ere the u uant s
Pndegendent I>/y sel ected froer? %@Y‘;P ﬁ{’J‘P § @L%I“‘]‘%\?' » hydroxy, halo,
perfluoroCerr]-alkyl, Cil- aaidmxxixro. [aping,G 1 -4allylaming: Qosdialkylasninoscarboxy

I no, | kyl am
STer] ko B 10 oS RNSRRMIAR C b, Cr eyt
phenyl ( err]al kyl sul fonyl, %‘H@qu @h@PVFHIfRWIsﬁ‘I"M'{}Fd

C[err]al kyl sul finyl, perf I pmwlsqtemyl](whnrﬁ thel phanyl substduents @re i ny|
independently selected from one or more of, Cy.4alkyl,
perfluoroCy.4 alkyl, Cy-4alkoxy, hydroxy, halo, amido, nitro,

30 amino, Cq-4alkylamino, C4.4dialkylamino, carboxy or
Ci-4alkoxycarbonyl), 10-camphorsulfonyl,
phenylC1-4alkylsulfonyl, substituted phenylC1.4alkylsulfonyl,
C1-4alkylsulfinyl, perfluoro Cy.4alkylsulfinyl, phenyisuifinyl,
substituted phenyisufinyl (where the phenyl substitusnts are

35 independently selected from one or more of, C:.4zikyl,
perfluoroC.4alkyl, Cy-4atkoxy, hydroxy, halo, amido, nitro,
amino, C1.4alkylamino, Cq-4dialkylamino, carboxy or
C1.aalkoxycarbonyl), phenyiC4.4atkylisulfinyl, substituted
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sybstituted phenyl sufinyl (where the phenyl substituents are 35
| ndependently selected fromone or rereof _[err]
perfluoroCerr]al kyl, Cerr]al koxy, h[idro[ﬁ IhaI o, am do, nitro,

arino, Cerr]al kylam no, (err]dialk

d err]al koxycar Wbi? henyl C[ err] al Hﬁ mﬁuust i futed PCT/US96/08456
127 Mggl 40748

PCT/ US96/ 08456 phenyl (lerr]al kyl sul finy

1- napht hyl sul fonyl , 2- naphPh?'I'!dGh-f-téHﬁylsu’ﬂnY' 1-naphthyisulfonyl, %mthylau!&nvl
naloht thyljsgl fomél[ (\M]welrﬁ lthﬁumi&hbh)dapﬁﬂi?ts‘ulfbmr(wmm the naphthyl substituent is
sel ecte romCerr]a

hydr oxy, hal o, am do, n|>/t rgagg{%h g %‘4\& ﬂ%ﬁ%&% 4'@' ke1.4alkoxy,
Cerr]dial kyl ani no, car boxywpxz;[l@alaq amidox pitre: mm)émalkvlammo

ﬁ;gﬁfﬂ; lhg{“s ]tg: fre];ylnyl( anr galtOE Y lamﬂo. %aﬁbo%ylb?tciwlﬁdxycarbonyn

from derr]al kyl, perfl uorg aﬂ%‘} q!(}"ylf &@PP‘?‘X{SHBSW?3H§(§U§§§‘Ut%| 0,

am do, nit Ir (lz, am ng, Cl[er r haphthiyisuifing] (wheze tﬂeinabluylybmbahtuarm&seﬁ;ctéﬁ
or err]al koxycar bon : m{}ﬁ'ﬁ

theC1[i I’S][ am ng acid iys) anfrfm c‘*é'kgdfi’?'@%?%?f%‘ ﬂ’ g;]ﬁka f}rhalo,
consi sting of N-([err]al kyPgHge:, nio. aminpe Ci1adiiylamingy {14 ’t‘XB‘e“"&i SArexy 15
1-am no- 1-cydd] er r] al kyl cariByxqdikaxysasbdnyly- (C err] al koxy) proline,

4-(C err]al koxy)protine, pipecolinic acid, valine, nethionine,

| euci ne, norl euci ne,_tert-Ieucine, |soIeUC|ne phenyl al ani ne, 1-

napht hal ani ne, 2-ﬁa‘B1ﬂmmnndao claim2avhareinani ne, 3-t hi enyl al ani ne,

and the second ami no ahé firstiatifo BcRiism i2g@mfho A6t Beidcted fiomAfle group ami no

term nus of said first s

consi sting ofbé)henyl awgﬁ%ﬁ@%ﬁ% ag#%éﬂgégr&mlg a%lﬂo proline,

4- (carboxy O] r]al kyl)-Bming ysinGeegal oxxi@eapx%rﬁr@mal&nmerolme.

E, \r/vhrenrD reet gfe pg[egxrflr] ZFE% GHQ?I]!(&xﬁbﬂzlin@d blamﬁa}ambedweimaﬁmnexy hal o
25 am do, nit rolbugﬁgﬁ‘ghg%gﬂ fezi{ '199*: §§1 WS%'{g’ﬁ@gM%ﬁ

car boxy or napitthalaninek @xyaphthalaning, ZﬂBEaMWWQBWG’QNB@(yI ic
aCI d, 2-thi enydny maldaeonaa(nh&aaawsm Prarhing! dbid, 'found to the

e 7 SPRE o e S ki SR Yl o v o

met hi onine sul fone, cyeansistiagrgf-phenyialanine.c4-catboxyphenylalapine, t ut ed
cycLoC[ erz:][ al k?/l ?Ikalm Ng-( é&bak%gmmylgm Bﬁl;iﬁélesfﬂb‘stlﬁitéd phen anine
car box err]a ca

LR o o S i 3 el oo e
2- (+2- napht hyl al ani ne) , opmore, bf, ﬁzbﬁlk)dmﬂiﬁlmﬁmy e hydroxp h
substituents gse sel echafflid, rnﬁPa G[rﬁhb] e\ pkylaRfid, O ; igra?ﬂ:ﬁbkddrbox\ﬁér

( err] al koxy, hydroxy, hta’I?& ﬁ Itr %[PQ@H m no

(err]dial kyl am no, ca 8P¥l§1a‘?(ﬁ aci d
glutamic acid, and al | 2dhienylaizinine,] a(wpnwmenut)a!aemer, ﬁemwlalanine.

tryptophan, cyclohexyiglycine, diphenylglycine, phenyiglycine,
methionine sulfoxide, methionine sulfone, cycloCa.galkyialanine,

30 substituted cycloCa.galkylalanine (where the ring substituents are
carboxy, Cq-4alkylcarboxy, C4.4alkoxycarbonyl or aminocarbonyl),
2,2-diphenylalanine, 2,2-dicyciohexylalanine, 2-(1-naphthylalanine),
2-(2-naphthyialanine), phenyl substituted phenyialanine {(where the
substituents are selected from C4.4alkyl, perfluoroC4.4alkyl,

35 C1-4alkoxy, hydroxy, halo, amido, nitro, amino, Cq.4alkylamino,
C1-4dialkylamino, carboxy or Cs.4alkoxycarbonyl), aspartic acid ,
glutamic acid, and all alpha C.salkyl derivatives thersof,
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128 WD 96/ 40748

PCT/ US96/ 08456 ' Wner e the—amno term nus of said
second amno acid is r nonosubstituted
with a nmenber of the group ”“IW |F “g of d err]al kyl,
tetrazol -5-yl al ky S96/084
car boal koxy( err a% L# C[ err] al koxycar bonyl 5 lrcrm 56

phenyl C[ err] al koxycar bonyl, ([ err]alkyl car bonyI
perfiuorod err]al kyl O err] al ky Were 8 BminsHienpinyscet 3aid sgcend aavna acid is

substituted phenyi ( err] alnsubstittRadr zﬁéﬁ@s’&sﬂﬁﬁe@hﬁtﬂ% member of the group
substituents are independentl éf'ﬁ@:c’ 8@[ Ikygrp one 'cg] ?;?%}8'

Clerr]al kyl, perfluoro [ 9P ~h ‘hal 0. 10

am do, nitro; amino, Cer rqaibw&maﬂwl carbnalkaxk@i.aaﬂ(nb Cicgalkoxygarbonyl,
or (Jerr]al kaxycarbonyl), uI fonyl,
per fl uor o eﬁ(] al kyl sul fon x?ééon |ng§‘élfl( le%h ICF Ik

phenyl suf onyl (where the ;#/Péﬂ‘}& lﬂf' EVQF onyl, phenylC1.4alkylcarbonyi,
i ndependent |y sel ected fr csubstituted ptrengCqelsaik¥carbdmyl K(wherelthe phenyi
perfluoroCerr]al kyl, (erglay %% iﬁyﬂ&@ﬁ‘é/ndel?tﬂ&%elﬂ%&'ﬁonﬁéﬁé 8r more of,

am no, (err]al kylamno err |

[ err]al koxycarbonyl), 1 Y\'OPGU upE (n -aatkyl, C1-4afk0xY- hydroxy, halo,

g?enyi C|[ Er lr ] ‘Nli]‘fw S:JI f ony:{ | ammhitwwdn@fenxélfymmml Bylhdialkyteitino, carboxy
err]a sul fin er S

substi t ut gd phenyl>/suf Pnyl #‘pvxg ‘F'éikg es‘ﬂ’ﬂw'?ﬂmme‘r‘gé'“%bmga

i ndependent |y sel ect ed f roﬂ?’ﬂﬂ@m&1 4ﬂ9ﬁ!€5l8 ﬂVb[Pé\elﬂ)!@NK?'FY' substituted

perfluoroCferr]alkyl, ' pheriyiguifonyl quﬁéraxm phidnyl sabétigentsiaré O,

| kyl
Jerr] aﬂﬁi%ir oyl ”°phe pbeteel <eBEdPmf0RRE B ride of, Gyredlion,
phenyl ([ err] 3Pkyl sul finyl peniuprmCys slvk Snydalkaxynbydronyl kale.f amido, nitro,
substi tut ed napht hyl sul tong}m,(d/\@r‘&; an\%p@h jalk gﬁ-{md L@gﬁo,@or

sel ected from C[err]alkyl

per uoro | koxy,
hydr oxy, hal o, am do, nit r9 1-43{ox¥ea %Yl ﬁ%’F‘QHP ﬁ
C[err]dial kyl am no, car boxphmy!cﬁaalkylslllfouglpwmnweﬁ pl@mylC1-4atkylsulfonyl,

1-naphthyl suffinyl, 2-naphgy o"?HQ? .4&!N9!§Qlﬁnyl henylsulfinyl,
from lerr] Ol port ?&P%@{‘%ggf%w @Ryﬁ%ﬁv St §§9smmma are
ami do, nitro, amino, err]ndepgndammsetezgted froth ahe pr maraof, Caaaliyl,
or e:r_r] al koxycar bonyl ) ; pgﬁluoroC1.4aIEyl @saﬁ@gpq\w}og ’@@.Iéﬁlﬂo\l\%’ei n:
Rlerr] is amino, Ci.4alkylamino, C1.4dialkylamino, carboxy or

- Cy.qalkoxycarbonyl), phenylCq.4alkylsulfinyl, substituted -

25 phenylC4.4alkyisulfinyi 1-naphthyisulfonyl, 2-naphthylsulfonyl,
substituted naphthyisuifonyl (where the naphthyl substituent is
selected from Cq.4alkyl, perfluoroCy-4aikyl, Cy-qalkoxy,
hydroxy, halo, amido, nitro, amino, C1-4alkylamino,
C1.4dialkylamino, carboxy or C1.4alkoxycarbonyl),

30 1-naphthylsulfinyl, 2-naphthyisulfinyl and substituted
naphthylsulfinyl (where the naphthyl substituent is selected
from C1.4alkyl, perfluoroCi-4alkyl, Ci-4alkoxy, hydroxy, halo,
amido, nitro, amino, C1.4alkylamino, C1.4dialkylamino, carpoxy
or C1.4aikoxycarbonyl);

35

5. The compound of claim 4 wherein:
Rais
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sel ected fromthe group consisting—of—amnoderr]al kyl,

guani di no([ err]al kyl, am di no( err] | am noC err]al kyl,
Clerr]dial kyl ami noCferr]al kyl, 4-a @l‘ m l r]alky,
3-am nocycl ohexy@vgﬂé&gl Ky and C[ | @ % s *6. The conp 94084862 M

5 wherein: a heterocycl e sel ected fromthe group
consi sting of oxazolin- oxazol - t hi azol - 2-yl,
thi azol -5-yl, thiazof® QCS?F' trom, the, grqup-gangisting ef am'"°c2-5ﬁ§kbﬂazol 2-yl

4- ox0- 2- qui noxal i n- Zguhmdﬁlomersaﬂwll,, al’uﬂﬂamﬂ;é)];alkylomifsalléylammng.saIkyl, yl,
benzoxazol - 2-yl, ben rgggﬂﬁg z t -4-yl,
triazol-6-yl, tet razo‘- -y '22 4“"%68 dgh&mgé g?‘ﬁ;'i ndol - 2-yl,
pyrazol -2-yl . [4,5, 638miNecYCoRaxY aé'lsmﬂ 15 Ky |

napht ho[ 2, 1-8] t hi azol - 2-yl, naphtho[ 1, 2-d] t hi azol -2-yl, quinoxalin-2-yl, 15

i soqui nolin-1-yl b]furan-2-yl, pyrazin-2-yl,
qui nazol i n-2-yl, 6. f?@t%@'r@f%% ss@ﬁﬁfaé -3-yl, purin-8-yl and a
substituted heteroEy&l e where the substltuents are seI ected sel ected
from qerrjalkyl. perfnetrog éF&%ar :Ebgrbzl« jt ?ng*no
carboxy, 20 Wlﬂ' ¥ 'ﬂo Y ‘y' hlazolm-z—%

phenyl C[ err 18I kyl ami mumzblem-yl 4-0xo-2—qurﬁoxaTh€2-ybI&mel Cﬁendofb]thlﬁphdm&ei n:

Eis 25 h t
i A
benzoxazol - 2-yl , ben2iaRarEAb tetrazol-z-y PVﬂm'd'E‘%?Y; QFWP!!'&'?OY f-2-yl,

4- oxo- 2- qui noxal i n- 2pykazabexyz.quts.azptetéawdmﬁernzamaézol-z-yl 4-yl,

t | -6-y tet

Wt s e 7] tet ﬁZﬁ@&P‘B’*’L 3 4fleRol o e G 29 ‘E'Qfga?'b'h @!‘é@b{? g9
napht ho[ 1, 2]t hi azoliSequjoling Vnéﬁﬂﬂuﬂ'?ﬂ'ﬂ‘%ry qeé‘é?ﬁl? Hias-2yl.pyrazigd-m azol -
3-yl, purin-8-yl and quiragolif-2ty) t:sdtmﬁwseﬂyisbmuamraeyu banmbﬂtamnts

are sel ected sel ect e%&f&me}grgétérlo%%lé gyhé}‘é the ggﬁ&u@%ﬁtégré Ewcted selected

d err] al koxy,
d err] al kyl ani no, C[ dRM&1 gmrf,'lupro C1~48"<Y’ 01-4a’k@6¥-M§°xY- halo, amido,

[ err] al koxycar-bonyl mrof‘afdihﬁxm.‘raﬁ?lammo, C.4dibliylaminppoavbory, cl ai m 7
wherein: a9 E 1S g alkoxycarbonyl, hydroxy or phenylCy.salkylaminocarbonyll 30

7. The compound of claim 6 wherein:

Eis
25 a heterocycle selected from the group consisting of thiazol-2-yl,
thiazol-5-yl, thiazol-4-yl, thiazolin-2-yl, benzoxazol-2-yl, benzimidazol-
2-yl, imidazol-2-yl, 4-o0x0-2-quinoxalin-2-yl, benzothiazol-2-yl, triazol-
4-yl, triazol-6-yl, tetrazol-2-yl, pyrimidin-2-yl, quinolin-2-yl, pyrazol-2-
yi, [4.5,6,7)-tetrahydrobenzothiazoi-2-yl, naphtho[2,1-djthiazol-2-yl,
30 naphtho(1,2-dithiazol-2-yl, quinazolin-2-yl, isothiazol-5-yi, isothiazol-
3-yl, purin-8-yl and a substituted heterocycle where the substituents
are selected selected from Cy-4alkyl, perfluoro Cy4alkyl, Cy-4alkoxy,
hydroxy, halo, amido, nitro, amino, C4-4alkylamino, Cy.4diatkylamino,
carboxy, Cy-4alkoxycarbonyl or hydroxy.
35
8. The compound of claim 7 wherein:
Eis
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het erocycl e selected fromthe gro azol - 2-yl,

t hi azol -5-yl, thiazol-4-yl, thiazolin- azoI 2-yl,
4,5, 6, 7- tetrahydrobenzoth| azol - 2- ylu“m ﬁ!“l“ﬂﬁ g t hi azol - 2-yl ,
napht ho[ 1, 2- d] t higRyddlen | sot hi a t

h+ azol - 3-yl , {653508456

substituted heterocycle mhere t he suBstltuents are sel ect ed selec
fromCerr]alkyl, perfluoro Jerr]al kyl, Jerr]al koxy, hydroxy, halo,

am do, ni ta betem sla safpeted]fram fhagioup, consistingdif Ahiagok2dyho,

g?r gloglym 1 N methyl Q-I Otm&a b‘f\iﬂ‘ythldiﬁllﬂmfw OB¥nzothidzol2-yf,ne conpound
[ (ami noi i nonet hyl )an‘Pﬁt%f -feir q’l@%ﬁﬂz}‘ﬁ higzat-2yly paphthelm | rdlthiazah2-yi.

prol i nam de. 1Onaphitieo{d (2+gthiazoleZ-yL; isnthiaZol-5-yl, isothiazol-3-yl, and a

[Nigﬁ} Eﬁé: mDnggt”%' f"): bs}?h.ﬁéd rocycle wher t % stuuenésh a j’sele?te d se ected
N- et hyl - D- phenyl al anuitwj\h(nho, C1.4alkylammo Cy 4dxalkylam|no, carboxy,

[ (am noi m nomnet hyl ) angn t bonyl benzot hi azol - 2- 20

yl ) car bonyl ] butyl]- nb?%k"‘ﬁ%néééﬁom J}W The conmpound of claim1,

N- et hyl - D- phenyl al anyl N[ 4-

[ (ami noi i nowgt hel Yre'compoufia o eiehfr KAk eee-Bherplataykhaar bony! ] but yi ] -

L- prol i nam de.

N- et hyl - D- ph enyf(ammpu@rpgftﬂyﬁamu%’] 18 ?(benzocthxazg] %—y!)carbonyl]butyl] L-
[ (ami noi i nomet hyrglamide.- 1S- [ (6- car boxani dobenzot hi azol -
yl ) carbonyl ] butyl - L-proli nam de. 30 14. The conpound of claim1l,
N- net hyl - D- phenyl al | - N-[ 4- .
[ (ami noi ni nomet hQﬁ) iﬁ#ﬁBj"ngl‘?é’-f ROl NrmatyR:pog pHalay)-IbIS-
yl ) car bonyl ] 86t yi[{amingiminomattyiiamino]- 1 S-[(bebzothiazob-2ry uanbomy pentyilt.-
1, N-net hyl - D- phemybiflamiigs; N-[4- 35
[ (am noi m nonet hyl )am no] -1 S-[ (6-fl uor obenzot hi azol - 2-yl ) car bonyl ] butyl]-L-
prol i nam de. ’ 131
11. The compound of claim 1, N-methyl-D-phenylalanyi-N-{4-
{(aminoiminomethyl)amino]-2S-[(6-methoxycarbonylbenzothiazol-2-

20 yl)carbonyilbutyl}-L-prolinamide.

12. The compound of claim 1, N-methyl-D-phenylalanyl-N-{4-
[(aminoiminomethyl)amino}-1S-{(6-carboxybenzothiazol-2-yl)carbonyilbutyi]-
L-prolinamide. _ -

25
13. The compound of claim 1, N-methyl-D-phenylalanyl-N-{4-
[(aminoiminomethyl)amino]-1S-[(6-carboxamidobenzothiazol-2-
yl)carbonyl]butyl}-L-prolinamide.

30 14. The compound of claim 1, N-methyl-D-phenyialanyi-N-[4-
{(aminoiminomethyl)amino}-1S-[(6-hydroxymathyibenzothiazoi-2-
yi)carbonyijbutyl]-L-prolinamide.

15. The compound of claim 1, N-methyl-D-phenylalanyl-N-[4-

35 [(aminoiminomethyl)amino}-1S-[(6-flucrobenzothiazol-2-yl)carbonyi]butyi]-L.-
prolinamide.
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16. The compound of claim1, N-nmethyf=

[ (am noi m nomet hyl ) ami no] - 1S-[ (4- et hox
yl<) car bony] but yl ] - L- pr ol i nam de. Hﬁm 1 ﬂ Iof claim1l,
N- et hyl - D- phenyw xJMsN- [ 4-

[ (am noi m nonet hyl )am nol - 1S-[ (4- car boxyt h| azol 2 yI )car bonyl ] buthsi“i 56
prol i nam de. 18. The conpound of claim

1, N- net hyl - D- phen§) Theoompbuhdl of di@im 1, N-methyl-D- phenylalanyl-N,~[4-

[(am n0|mnorreth .
yl ) car bonyl ] buty ;i'ﬁ'm Moﬁéﬂ&ggmﬁﬁ]q@(ﬂ?%%w oun ol “claim
1, 1- net hyl - D- pheWfarPanyljoutylj-k-prolinamide.

[ (am noi m nonet hyl ) am no] - 1S-[ ( 6- hydr oxybenzot hi azol - 2-yl ) carbonyl ] butyl ] -

h ﬁet hylor 3' L; | oﬁZxTﬁ‘%PSWP“N? Fﬁclaﬁr? rT’)Blfmethyfl Dc-bﬁtier%%l’anyl-u-[&

[ (ami noi mi nomet hWa;mmlnm]uormemy[)amumfﬂs-ﬂéwarmmmaaolbzrryg)cgrbonylﬂt}utw]-b
prolinam de. 20 lin eThe conpound of claimil,

N- et hyl -DphenyPr? anyl - :

[ (am noi m nonet hyl ) am no] 1S— [ (napt ho[ 2, 1-d] t hi azol - 2-yl ) carbonyl ] butyl]-L-
prol i nan de. 251821‘heibmpoun¢mmalmf1 u_memylb phenylalanyl-N-[4-

N- et hyl - D- (4pf | t hyl 1
S [ (benzothi gzol fﬁus—meth&é;ﬁ@*fﬁég‘rﬁzﬁpfe YDA The

conpound of cl ai M CM@P‘W J-EP']?H jder yeyl - N-[4- 30
[ (am noi m nomet hyl )am no] - 1S-[ (benzot hi azol - 2-yl') carbonyl [ butyl ] -L-

le (r)rlelt Rilm g_e (di ph J r?lefl | h‘& ‘é%’mqlf NEh%1D-phenylalanyl-N-{4-

[ (am noi ni momet h (WHPMPO'I‘S”[ )ﬁéﬂEQ]I’?ﬁ’ﬁﬁd?)ldloW@%P%ﬁ%‘)ﬁ)m‘iﬁrwwub%}‘

prol I nam de. 15 L-prolinamide.

20. The compound of claim 1, N-methyl-D-cyclohexylalanyl-N-[4-
[(aminoiminomethyl)amino]-1S-[(benzothiazol-2-yl)carbonyl]butyl]-L-
profinamide.

20
21. The compound of claim 1, N-methyl-D-phenylalanyl-N-[4-
[(aminoiminomethyl)amino]-1S-{{napthc{2, 1-d]thiazol-2-yl)carbonyl]butyl]-L-
prolinamide.

25 22. The compound of claim 1, N-methyl-D-(4-fluorophenyl)alanyi-N-[4-
[(aminoiminomethyl)amino}-1S-[(benzothiazol-2-yl)carbonyi]butyl]-L-
prolinamide.

23. The compound of claim 1, N-methyl-D-phenyiglycyi-N-{4-
30 [(aminoiminomethyl)amino}-1S-{{benzothiazol-2-yl)carbonyl]butyl]-L-
prolinamide.

24 The compound of claim 1, N-methyl-D-(diphenyl)alanyl-N-{4-

[(aminoiminomethyl)amino}-1S-{{benzothiazol-2-yl)carbonyi]butyi]-L-
35 prolinamide.
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25. The conpound of claim1l, Nnethyl-D¢C X IgI ycyl -N-[ 4-

[ (am noi m nomet hyl ) ami no] -1 S-[( ben 2 yI onyI ] butyl]-L-
prolinam de. 5 26. The corrpound - D- phenyl al anyl- N-[ 4-
[(amnmmnorretbﬁgfﬁx, 1 S[(4,5, 6, ?- te nzothlazol ,Umsm

yl ) car bonyl ] butyl']-L- p‘ir&ol I nam de. 27. The’ conpound of cl lélél‘

D- phenyl al anyl - N[ 4-
Do ol i nonet @51 Theiceppoundaf sisimd, R-meshylsDpyplehexpelyeybidg: | - L.
prol i nani de. [ﬁamlﬂ&mxﬁbmemﬁﬁuﬂé! -18-[®edzBthlazol-2-yl)carbonyl]butyi]-L-

N- et hyl - D- phen an

[ (am noi m nomet %\/’&}'&fﬁﬁq [ 1S-[ (benzot hi azol - 2-yl ) carbonyl ] butyl]-2S- 1 5
pi peri di necar boxam de. 29. The conmpound of claim 1,

2, 2-di phenyl gl y -

[(am n'gl m norret %/S:H)'am nn]; n_d o cmrzno;g%l met yl 0 engtabani/ [),utg i L-

prol i nam de. inoIrRigy Mﬂl]gJ 5.@|. -tﬁhydrobe othiazol- -

[err]-methyl - D meyﬂbuiyﬂ“lrbmmamlde [ (ami noi m nonet hyl ) ami no] - 1

S-[ (benzot hi azol - yI )car bonyl ] butyl ] - prol i nam de. 25 31. The
conpound of claim1l (N- et h'yl am no -1 - cycl ohexyl car bonyl - :
[ 4- [ (ami noi mi norfdt: H‘M%nwmndlo <laiph tﬁhﬁ"é{ﬁ*#ﬂ h{rﬁ -car bonyl ] butyl]-L-

prolinan de10 [(ammaamnenmwlmau; tlsqtbmﬂamlt—ml)cmﬂahyﬁmgu-b

phar maceuti cal | ‘gg i Ie 30 carrier and an therapeutically effective
anount of a con‘pR)un ¢laim1. 33. A pharnaceutical conposition
conpri sing pharmaceutically acceptabl e carrier and an effective

amount of a corrpzm%eo{:orﬁb@.hnﬁdfél@iﬁﬂssnrmdr?l-br-ﬂ@én ylalanyl-Nip-onbi n nedi at ed

glorsrgtrfi;sg?néncgngmﬂﬁmg'@mgﬂm"‘@m 1Snﬁb otz 9‘ %h' g g’%‘%ﬂ#’%ﬁ%t ai ni ng

t hr onbi n. 15 piperidinecarboxamide. 133

29. The compound of claim 1, 2,2-diphenyliglycyl-N-[4-
[(aminoiminomethyl)amino}-1S-[{benzothiazol-2-yl)carbonyljbutyi]-L-
prolinamide.

20
30. The compound of claim 1, a-methyl-D-phenylalanyl-N-{4-
{(aminociminomethyl)aminoj}-1S-{(benzothiazoi-2-yl)carbonyi]butyi}-L-
prolinamide.

25 31. The compound of ctaim 1, 1-(N-methylaminc)-1-cyclohexyicarbonyi-N-
[4-{(aminoiminomethyl)amino}-1S-[(benzothiazol-2-yl)carbonyi}butyl}-L-
profinamide.

32. A pharmaceutical composition comprising pharmaceutically acceptable
30 carrier and an therapeutically effective amount of a compound of claim 1.

33. A pharmaceutical composition comprising pharmaceutically acceptable
carrier and an effective amount of a compound of claim 1 necessary to treat
thrombin mediated diseases in a mammal.

35
34. A method for inhibiting thrombin comprising contacting a compound of
claim 1 with a medium containing thrombin.
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35. A nethod of claim34 where the conpound contacts_the nmediumvia an

ort hopedi c or a surgical device. mn(“mm“ﬂ!“ﬂ!kcl ai m 34 where the
nmedi um manmmai | i an bl ood. 37. A where the mamual is
a human. 3o feiddRdghod treating a hforbi n” nedi at ed 'di S eagReTisogyodss el
conpri si ng dom nistering an effective anount of a corrpound of claim1.

10 39. Ane i.bjti tr nco risin tacti.n
compound of 3814 mathod B et A ke B38, arRphue Epfieidfe Medilaga an
met hod of treatmghcpedlqpsatﬁurgidmtdedlcmsorder in a marrmal conprising 15
adm ni stering an effective amobunt of a conpound of claim1.
134 .

36. A method of claim 34 where the medium mammaiiian blood.

5
37. A method of claim 36 where the mammal is a human.
38. A method treating a thrombin mediated disease in a mammal comprising
administering an effective amount of a compound of claim 1.
10

39. A method tfor inhibiting trypsin comprising contacting a compound of
claim 1 with a medium containing trypsin.

40. A method of treating a trypsin related disorder in a mammal comprising
15 administering an effective amount of a compound of claim 1.
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