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~PCT. ] EP97/ 00939 . - SERI NE PROTEASE
1 NHI Bl TORS The invention relatés to a serine protease inhibitor
havi ng a pi peridine side chain, a 1 phar neceuti cal tonposition

contai ning the same, as wsDuabHarntoniciWaveléngtlaBplitiFriquentyokaskor the 5
manuf acture of a medi canent for treating and preventing thronbin-related
di seases. ' Serine proteases are enzynes whi ch, anpongst ot her
things, play an inportant role in gibg JfltiRCRvention coagul ati on cascade.
Menbers of this group of proteases are for exanple thronbin, trypsin,
factors Vila, |WReepresent jvention|is directaddowarsis shenfieltl ofiipterferometryhincpaticylar.sthe he

serine proteasge,which regul ates.the | ast step in-the coagul ati on cascade.
The area-Bﬁ"%"‘f"ﬁ'ﬁEﬂ”ﬁB?ﬁ @Fer'{em%'rn is the cleavage of fibrinogen to
generate fibrin nmononers, which forman insol ubl e gel by
cross-linking. In addition, thronbin regulates its own production by
activating factors V and VII| equCk&rpumgwoffqliestme. It al so has inportant
actions at cellular ' | evel, where it acts on specific receptors to
cause platel et aggregation, endothelial cell 15 activation and
fibrobl ast prol Intéferérce phenbimena ivith ¢aser beahzSs dsed edinaked highlg atairste displaténdnd
haenostasis and thronbys formation. Since inhibitaors of thronmbin may have a
wi de r angemgpsurements, suchagds thecqutrel of wagsistepaers yped in stegratsd EcWtdd@hr ch has

been perfo Lt i : . . . Y, s G
i nhi bitor sﬁ‘g@ﬁg%t{r]?{‘% pro %g%cgs“,‘eag‘ﬁrg‘gr%%e g“&%&&ﬁ?@%ﬁ% Hass é&ht@?#}{p&xﬁbi n,
t he i nt er ehito twoo beamisl Thenreferhcebaanyis relested lfidim fstatiomoagferened niyon) while dleyt i ¢
enzynmes in a 20 : rrann&g simlar to that of natural Sugstrat es, has

i ncr eased. MEAsurement heam is fg _"fféfpf.‘?"élé-“?q"w measurement PRF b A% Y1 been ,
prepared, pdioihbied bb'$ détb@DSvhdre Thedl Whverbhts 'ixﬁbrtfﬁé.s TRE oﬁt&%ﬂﬂ&hﬁty of the The -

search for nore effective and nore selective thronbin inhibitors continues
unabat ed i aombined wavefrontidepends arbitha differéntiahdpticali lerigtliobetween thi referenceande
adm ni stered in | ower dosages and.whi ch hav wer and | ess severe
ol de. e f o M PP GRSy & cathech ALeHore) AR Both gngrhyof L FyeS one tinge o

bi oaval | absd:* dfencéSwhere m is T flibet B pAYR AL gtk RaRE ebwethdbdaR $pliftbreand
clinically effective In acute care settings Tequiring the

treat ment ¢He measorebient mistont diie dhange feoptichidntensity, of pleer combined wayefrons is

i arct . APYREAA TS 25 Haeties sienel by PR gHe SRR St ge provesiéd & lermine
pref er abl y tidtotul ehdnge d0thi agﬁ@m leathi of @ROHEAGFement pith, and thus MRStotdd boditikéh

peptide-like thronbin inhibitors disclosed in prior publications contain
si de chai n€hange in the meagiremenfimirrap by sopntisngl thefringes ofche sigrab Thigugh ne

cont ai ni ng.th in inhibitqrs is that they have | ow oral

o oavar | a gt dolal Balrledih ek diRimdnd Pieciimicl dronter i3 B8c chnai ns
i nst ead of gbtained. argi nine have been reported in literature. The | ower
basicity of lysine, relatjive to argjinine, was expected to result
in increased or AWdbiveesef disiyicpimegsuringantprferomsters 4rei DE 28dACai IAiaddC t hr onbi n
\IQQTIQ E{Dg%/gggrbtglgerometer, the laser emits a single frequency. Only when the measurement mirror is
i nhi bi t or s neoving ib ¢he interferehor sighalMimBvalyingPdge toythe DOphleseffbctl eWhertithev €S
t her eof di scl osed bty ] . . Jones. et al., J. Enzynme Inhjbitjon, 9 (1995),
43- 60, and PRMERAALRYTF & statiopams. tbs intesfesence sigral is a constant. Risrpanges;such as

car boxam d,@f nSéY dndGelddtr j ! ew L.yt r%g‘gp iacid

I—lanem)stasiassfa 54( 4) (199%) , ﬁ?%?giﬁg&%\?\%\?g{mk éﬁ?%eagtaé“&‘% ov<’ar§r§§gré1st:l %s

not obser vewxhen the measuremenemiraxlis statienagy. | Ialan|AQ intafeodmetery thedaser gmigs twdir onbi n
imlar ' s, having an

i nhi bitors bei S .é\o hat Iie orted f ) |nhibit&>r
argi ni ne sioREcH ieaencies pyith ogfhogpnal pelRrzstigns tbe Sravonsisn yessiaraed Wih s
(1995), 11QblatZitiodUdpRiddnbb&abiphittid) idhi dn€ Fieq@éRy Bbing k&&@dfﬂe&nmn%r%ﬁ@@ie -

2

wherein the |ysine or ‘arginine side chan I's repl aced b}/

am nocycl orfsheFIgomsite themeaguiententmifrase They sheddatiector degeratepan AC signal whepptheer s .
10 It has now been f{oungIHalcoerdifieepyotease I nhibitors, and in
particul ar thronmbin, Xa and \A—il Baserintion :D?Giv,@h.i___t_)_itgggi,’s:{;__h;_i,\_/__i‘gng a piperidine
side chain, according to the}for ¥ &T‘;gg M lonazed { wherein 15

A'is H- optionally substitutgg, S(Q](‘{%‘grfgr owaié%tljyuldwﬁi[Tr]

Rerr]-0(Q-, Rerr]-(O- ’érg‘ . L8 6 paged
Rl err] OOC- (CHR err])m SO err] ?-ﬁ*?{'{"’e‘"‘l}looﬁg REP PP
H err] NCO-(CHRl err]).-, or apRIBr 8 edECRE groupy s -t wherein Rerr]
is selected from (1-12C) al kyl, (2-12C)al kenyl, (2-12C)al kynyl and
- (3-8C)cycl oal kyl, which groups may optionally be substituted with

PN A= ] [T




or A and B together are the residue Rerr]Rerr]NNCHRlerr]-C(O -, wherein

R err] and R err] independently are Rerr], Rerr]-0C(O -,
Rerr]-C(O-, Rerr]-SdJerr]-, Rerr]OOC(CHR err]).-S-,
Rl err]00C (CHR[err]). -, Her]NCO (CHR[err])m, or an

N-protecting group, or one of Rlerr] and R err] is connected with Rerr] to
forma 5- or 6-nenbered.ri t oget her with "N C' to_which they are boupd,
whi ch i ngreauement mirfae s salnag s willian AR i3 B o1t dF SasiE nferest BOSRMERY o

ring; and dfRéwdcying stzndlHAPRIRRIcOnstant one. Therefordd AT ifteMerdhRilyifinotd slRubai N
Xis an L -amino acid with a hydrophobic side chain, serine, threonine, a

cyclic anithen BEidye to its superior abilgptd tejest hgiseont ai ni ng an addi ti onal

het er oat om sel gCt. rom,N or_S.. ,and, optional | T titufed
wth (@60 ar kol AplogRiRaRts o YardBtod P gPishaits egy mirpipeh.” HewlbltBackar

. NR[ er r | CHogfnal, v@1( P03 (1970), Dukes, et MEudedad M Interferometer system to make precise
[err] ereknnis 2, 3, or 4, and Wis CH or N,

wh
Y is H -diErpseapurementp.oFor IC maofagruing, heymanily efiategististhe-peomeprical
T CONR o1 }Iﬁifgg*? 9] %ﬁys%{[ inhf ‘Q’g“r?g'&feé?“r’ s ?Péiucﬁ'gp*’.‘hn‘%;‘_ g?@ﬁﬁ{? TPRtsd L 4% al Kyl

or Rlerr] and R err] 15 t being (3-6C)al kylene, or Yis a
het erocycl e sel ected fram[2qhdi gﬂﬁ_ﬂf =i azol i ne, )
2-benzot hi azol e, 2-oxazol € 2-ox&zofink and 2-benzoxazol e, which

het er ocycl es may . optionall'y be substituted with (1-6C)al kyl,

phenyl, ( lwiers afzkidthe indenafrefridtionlof thetimbient medium (usuafl{ @ir) expbesSed as.a 2 O 3;
or a prodrug thereof or a pharmaceutically acceptable salt thereof, are
pot ent andus@ioaafippgition and » | thevalue avesaged along the measurementepaght. Thedlasesnpounds

of the-inw i i {lLabilit ft .. .oral , .

San i st r afterfefinetet iealtthedt Y BL LA Rated e Bl Bactive e of s ichdpsgpmed
usef ul f ortotbeapitially camstantr byvgradticathé Bir QIvAR fhe measurement patfefiapb@ irbuléht,

t hrombi n-assocl at ed di seases. This includes a nunber of thronbotic and 25

pr ot hr ombR&rtEcularkyiia the regign seroundiag dmyefienstremolasienpae Ais turbulencstcen leadite h

i ncl ude, : of - i p I ronbosi s, pul nonary
enbol i sm bgtéh?gsrn@osg#e ﬁs‘l“sefnergr:tnlglrr% fﬁggetgﬁﬁggg% b €4 Ehekl from thronbosis or
enbol i sm art erThel refrectivelindek ofiaitl depends e thaidessity afi gic apd watejength, afishowitiny Si S,
rest enosi lef ol.l o;év_i ng arterial injury or invasive cardiol ogical procedures,
post oper at F¥EH9R Aous WO 97/ 31939

PCT/ EP97/ Q0939 _ A P) =1+a()p(r) @) 4
t hronbosi s or enbolism acute or chronic atherosclerosis,” stroke,

nmyocar di al afA)isthe réfativioadtit expressed as a furitfien BEwavelehgthS Thé Gehntity pﬁr) is the
neur odegener atj ve di seases. The conpounds of the invention may al so be

used as anPfdldugansityiexprensed 25 p finstipnpbeasitiono Jhe opticalipath length ipmeasused 3t i n

di al ysi s € - JThe ownds, of .t he. iaventiong | ' so be
used as i ?1&81 ‘?#rdgggs%\ ?rgtgg&alvgﬁ?%l.‘s' 515”%){?’)W%eres‘hﬁng?’%?efrrgﬁacglg%so‘ﬁﬁg"%&a‘g gthi ng
to the i nvdisgersion. MEhese trieasutenidmts relate th¥vBedridtAcal distanddd to th8lalt@ensity averaged aci d
with a hydrophobi c side chain, serine, threonine or -NRerr]-CHerr]-C(O-.
Ot her pr ef BfeF Eif BLATHGASALPR o5 8% fhowa in Egpationpdaand Hierein A i s as

previ ously defined; B i _ bond, an am no-acid qQf . the formula
- NH CI—|[(CI—|[err])pC(O)d—(f?Jg(651.+%V'lm ester derivative 10 ®® thereof and p

bei o, 1, 2 3, - Neal y = 3y CH Cco,
- EII( ?g 6C) al kenglr)- CH egé.],zag@-ﬁ"b&’z)b) [-erNE Lenzyl ) - CHR[ erp]bzio, DI-Tiq,

D-3-Tiq, Dwhes theAEantD’rtles E’l e tid @a%!&gﬂ{s afle Q‘lcﬁm, R R6dtrical distance J1&Vi NG a
hydr ophobi ¢ side chain, which amno add may optionally be N (I-6C)alkyl

o

substituted, or A and B yagetH&h) are the residue @)
Rlerr]Rerr]N-CHR err] C(O)-l;_lfp.dl(;b{)] s a cyclic anino acid
optionally containing an addi &I onpgh) het eroatom sel ected fromN, 0 or S. and
optionally 15 substituted with (1-6C)al kyl, (1-6C)al koxy, benzyl oxy
or oxo, orwhergs -NR[err]-CH err]C(O- or the f ragnent

[err] Mor e preferre‘c{.a}re conmpounds of fornmula 1, wherein Ais
H. 2-hydroxy- 3-cycl ohexyl - r=—2%_g¢opij onyl ;, (5)

9- hydr oxy-f |l uor ene- 9- car boxyl ,““”R[‘@r)r] , HRerr]-S0[err],

R err]00C- (CH)[err]-SOerr], 20 Rl err]00CC-(CHR[ err]) m,

Herr]NCO (CRerr]m-, or an N-protecting group, wherein Rerr] is selected
from (1-120) al kyl, (2-12C)al kenyl, (6-14Qaryl, (7-15C)arallkyl
and (8-16)aral kenyl; each group Rerr] is i ndependently H or has
the sane nmeaning as Rerr]; Bis a bond, DD1-Tiq, D3-Tiq, DAtc, Aic, D
1-Piq, D-3-Pig or a D-am no acid having a. hydrophobi c side chain, which

am no acid may " optionally be N (1-6C)al kyl substituted, or A and B

e a4 o I



or A and B together are the residue Rerr]Nerr]-CHR err]-C(O-, wherein at
Jd east one of Rerr] and Rerr] is 10 R err]00C-(CHR[err])m and the
ot her independently 1is (1-12C al kyl, (2-6C) al kenyl,

(3-8C)cycl oal kyl, benzyl, Rerr]-SOerrd- or Rerr]OOC(CHRerr]m- and X
is 2-azetidine carboxylic acid, proline, pipecolic acid,

4-t hi azol |mrmeﬁ@6heﬁ-ylg@aﬁ@dsqa add 3b g&dawsdr o- prol i ne, 2-octahydroi ndol e
carboxylic acid or -[N(3 SC)cycIoaI kyI]CB[err] C(O-. Mre preferred are
conmpounds wherein A d@ NCH err]-; Bis DPhe, (@Cha, D- Coa,
D-Dpa, p-d -D- Phe, d\/bthyl e'’ - CEt hy- 15 D- Phe, ,

m Cl - D- Phe, 3, 4-di - orve Phe, DChg; or A and B together are the residue
R[err]R[err]N-CHR[erp:l Q)d’(lW(,@i)‘;t | east one of R[err] ﬂ:d Rlerr] is
HOOC-CH err] - and the a#her ndependently is (14C)a

(14C) al kyl -SO err]- or HOOC-CH err]r and Rerr] is (3- BC)cycIoakyI,
(3-80) cyclaf)l | ky(l-4C)al kyl, phenyl, benzyl, optionally substituted wth

chlorine or (14C) at kgxy. Mbst referred are those conmpounds
wherein Ais HOOC-CH err] ;. B, ig D Cha; X|20 is proline or
-[N(cycl opentyl )-CH err]a L ! wen Ais Rergf-SOerr]-

preferably B is a bond, DU-Tdy,_ gﬂﬁ_g D-Atc, Aic, DI-Pigq, D-3-Piqg or

a D-am no acid having a hydrophobi\c 8tBé|chain; or A and B together are the
resi due 1err]R[err]N—CHR[err] C(O-, wherein at |east one of
Rerr] anleR{f%Fr 3nd I ar¢ thefling8Qounts that mecgentmtedtbh@roquancrférynce sngnals

is (1- 12C) err 2-azetidi car box%sl i c_

brol i ne. e A gy respectvely, “Tetadtaf Pe BaeEas iy frst-order
3, 4-deh dl‘ | |

IVES 8)&) C?téx}ﬁ%%d{ )?Ifé) egr_xlf[égx%crah}é ﬂ") 4 Qﬁﬁr&ﬁd’cﬁ@é}’ th&wa'&lléiigth A: must be accurately
[err] known. For accuracyin gie/caked@n factor (shown in curly braces) the wavelength ratio

PCT/ EP97/ Q0Q3
More pref &' ?)é‘dmgf Be ASSHIRTR HR0 I PRS Tayis far the Wpyelengthstp be hggmonically related.

ge ?:IZ }’:} gg gﬁrre]( O\g@ if ﬁz G tﬂﬁé@gon%“ﬁmf W@rﬂﬁrégth E}Pﬂ. Chan 1 C@@@mﬁo is

3, 4-di - C]Vbdcnﬂ?ﬂlyetﬂatﬂog?; or A and B toget her are the resi due
Rlerr]Rlerr] N at | east .on err] and
Rlerr] is Ethy %@f“ér’ﬁﬁ&é&%ﬁ 8E§°‘sﬁﬂﬁtﬁnﬁ%mﬁﬁ‘féﬁm@ﬁd§ 1°P r method

1-12C) al ky.|
ES 80)2:30% k;lIc?[ 40 a k&/ﬁ,hadge!en ﬁy&%ﬁ.ﬂd et Wg‘al%ﬁ frre?f\fznﬁ

whi ch gr oup&sanemeopwamgﬂyk.sm derivet ftoetia ¥eNB lasla:l mﬂrma:curately known The

(14C) al kox Mpst ef erred are those compounds wherein Ais
Et hyl - So[ € lorBWEge §¢ estare harmonically gslatedcang are generated from aNd:YAG

N(cycl o st preferably r is.1 in the
-[N(cycl opgqt yirhé g&ﬂé{léa} gﬁa@e can be e:f%rgss@ %) P y

conmpounds of forndla protecting group as defined in
the definition of noiety A isfany N-protlecting group as used in
peptides. Suitable N-protectihg grqups dan be found in T.W G een and

P.GM Wits: R ofiéGd i n Organi ¢ Synt he@)s, Second
Edition (Wley, NY, 1991) andji4r Thl(;cl) Peptides, Analysis,
ael jJ.

Synthesis, Biology, Vol. 3 E \&G Mei enhof er, Eds., (Academ c 15
Press, NewYo 1981). The term optionally substituted D, L

et - hydroxy‘ﬁéﬂ?y means a group of the fornula HO CRlerr]Rlerr] (O,
wherein Rierr] and R err] ingapendently are H a hydrophobic side chain, or
Rlerr] and R ef Flo@opaldiey forma 5- or 6-nmenber@ ring, which is
optionally fused with one or two @l i phatic 20 or aromatic 6-nenbered

rings, and whi cOnévariatioonreirtpeioe drt thregcslonmethib® was disclseanbyatiomsy IEN.
optional | y e het eroatom sel ected fromN, 0 and S. Preferred DL

a- hydr oxya% ‘W?g stgmeincludes a He-No laser ipgajing aloy meashesnyent praveiengtly b anthd
9- hydr oxy I C ky neans a
branched o{ Ng%ﬁg%ﬁgg@ﬁﬁgﬁw SS‘EOSS 6‘ 2 a(f/nlmnlI ¥ ﬁ;@&@ gve;'ghe)& measuremg?t(ﬂ%h

such as rreatrwdvp!eaegth;lk.,l ahd hut Sl‘lhe i [ﬁeﬁpﬂéﬂn}/the 0 I iehgth @O EiRGNHéasuRRnl ﬁlﬁh hi ke.
Preferred rou are (I- Gd)" Kyl gr oups, having 1-6 carbon
0

I
at ons. I\/bs‘seb‘x%f"érrr?‘%'é?“"ﬁ“’g'ﬁ'éﬁt F‘WP‘N"QSH‘S qgerr], Rlerr] and
Rlerr] are (1-3C al kyl groups, having 1-3 carbon atons, such as nethyl,
et hyl, isopropyl. A (2-12C)al kenyl group is a branched or
unbranched unsat urated hydrocarbon group having 2 ' to 12 carbon
atons. Preferred are (2-6C)al kenyl groups. Exanples are ethenyl, propenyl,
al lyl, and the liKke. WO 97/ 31939 '
PCT/ EP97/ 00939 7
The term (1- 6C)a| kyI ene neans a br anched or unbr anched al kyI ene group

Y o~ .y L



The .term hydrophobi c side chain neans a (1-12C)al kyl, optionally
sSubstituted with one or nore (3-8C) cycl oal kyl groups or
(6-14C)aryl groups (which may contain a heteroatom eg. nitrogen)
such as cycl ohexyl, cyclo-octyl, phenyl4 pyridinyl, naphthyl,

t etrahydronapht hyl, and the 1|ike, whi ch hydr ophobi ¢ side chain may
optionally be substituted with substituents such as hal ogen, 30
trifluoronmethyl, |ower alkyl (for instance nethyl or ethyl), |ower al koxy
(for instance nethoxy), phenyl oxy, benzyl oxy, and the Ilike.

WO 97/ 31939

PCT/ EP97/ 00939 8
In the definitions, the Jgkn;ﬁubsﬂﬁﬁﬂLedgapapsf Spbstityf@d by one or nore

substituent. Ami no aciXhaviagd a‘ﬁééﬁ@ side chal'n are for
exanple, b not limted to, _arginine and |ysine, . preferably.

ar gi ni ne. ‘#h-éylf’é?‘?ﬂeéﬁi‘ms'% Pegq%é’w Rds shomeytobgiequd! &Eﬁq’iﬁpﬁ IPde & ofdsr imi no
aci ds suchthe air pressure@T hﬂ%}'ﬁéd’? 1Y a8ty ghﬁgﬁ%s ﬂgﬂefi F?acla,' a6 genetates heat Offib la§t
amno acids are for exanple 2-azetldine carboxylic aC|§, proflne, pr pecolic
aci d, 1-anfwecare critical issuesin gteppsosystefis- SCaddition ahdcaisqpoppsighabtadnbige ithe 5SC  or
6C), 4-pipgrldi, rhaoxw ic acid . 4-thiazolidine.carboxylic acid,
3,4 denycr B fiimaRlc 5ke-beRE bécauss she onlingt R cBRETPE are pectormed
acid, and ¢uisidé bfehe lderadaoity, @fd 86 SredneBl@értdi ne carboxylic acid, proline,

pi pecolic acid, .4-thiazolidine carboxylic acid, )

3, 4- dehydr o- pr oYQRBargrRR T SPaNy 684,828 used-aisingle frequeneys iligearlypolarized lagére

t erm prodr i i e nj n m.of the.piperidine
ar oup.of 1 a6 e £GER SRRl ot it A7 oRObIHET nORER Heahitigy RS
hydroxy, (ifitetfe)omidtryxy frequenty §lit of sevundCRIFXIB ydquired at each wawsldtigth. Using an
The i nvention furt.her ipcl L&SS a pr.ocess for preparing a conpound of

ylator satﬁo

formula 1, COHPRYHA gRod N@(ﬂiﬁﬁﬂ?ﬁ_ga rqusnent it of ssyeldenseal MHz 80 ~3 ds or ’
am no aci dvenaleEs AOMY dRWRY: Sk eﬁ(’?y 'frggu%x@ﬁs must be u&ed B QP Ghlelengt, WS
The conpounds according to fornula may be prepared 1 n a nmanner

convent i onfi¢quengy differknce giving the desiredaplitting. Thecosydpidepshdoopitormeahinicahavi ng

t he piperigin? si?e chaLn i s .introduced in a way 20 simlar to

met hods knowt 7’%?’ oTHE _’sa‘f’ﬁ"ﬁlgeré Fds. ~ To that end, suitably Na
protected (and Ailder mbesixﬂumeé@gt Filetates tW8 OvetRphigbRakid' RimidhiRall)-RRedY )
am no acid derivatives or peptides are activated and coupled to suitably
car boxy| pWverelsagthg, with a frequengyspligtingrdféeveral pdHz betwvear oithogonalepolarizatiens at n
solution o i rt. Protection of the [err]- am no
functions %%ﬁgvgyﬁﬁﬁ%gfggﬁgﬁ%ce by urethane functions such as the
acid-labile tert- 25 but yl oxycar bonyl group (Boc), benzyl oxycarbonyl

(Z2) group and substituted anal ogs or the . base-labile

9-f 1 uor enyl - net hyl oxycar bonyl (Fnoc) group. The Z group can al so be renoved
by catal yti c hydrogenation. OQther suitable am no protective
groups include Nps, Bmv, Bpoc, Msc, etc. A good overview of am no

protective groups is given is given in The Peptides, Analysis, :
Synthesis, Biology, Vol. 3 E. Goss and J. Metenhofer, Eds., (Academc

Press, New York, 30 ©1981). Protection of carboxyl groups can take

pl ace by ester formation e.g. base-labile esters i ke nmethyl- or
ethylesters, acid |labile esters like tert-butylesters, or

hydr ogenol ytical ly-labile WD 97/ 31939

PCT/ EP97/ 00939 9
esters |ike benzylesters. Protection of the piperidine side chain may be
acconpl i shed by using t he af orenmenti oned groups. Activation of the
carboxyl group of the suitably protected am no aci ds or peptides

can take place by the azide, m xed anhydride, active ester, or carbodiimde
nmet hod, especially with the addition of catalytic and

racem zati on- suppressi ng conpounds like 5 1- hydr oxybenzotri azol e,

N- hydr oxysucci ni m de, 3-hydroxy4-oxo- 3, 4-di hydro-, 1, 2, 3- benzo- :
triazine, N hydroxy-5-norbonene-2, 3-di carboxi m de. See, e.g. The Pepti des,

Anal ysi s, Synt hesi's, Biology (see above) and Pure and Applied
Chem 59(3), 331-344 (1987). The conpounds of the invention,
which can be in the formof a free base, nay be isolated from 10 t he
reaction mxture in the formof a pharnmaceutically acceptable salt. The
phar maceutical |y acceptabl e salts nmay al so be obtained by treating
the free base of formula I with an organic or i norgani c acid such

as hydrogen chloride, hydrogen brom de, hydrogen iodide, sulfuric acid,
phosphoric_acid,'acetic acid, propionic acid, glycolic acid, maleic acid,



W97/ 31939
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can al so be applied in the formof a solution, suspension, enulsion, e.qg.
for use as an injection prepardtion, or as a spray, e.g. for use
as a nasal spray. For maki ng dosage units, e.g. tablets, the use
of .conventional additives such as fillers, colorants, - pol yneric
bi nders and the like is contenplated. In general any pharmaceutically
acceptable 5 addi tive which does not interfere with the function of
the active conpounds can be used. Suitable carriers with which the
conpositions can be adm nistere se starch,

cellul ose derivatives and the |$%ha&§%ﬁ ?"thereof used in suitable
anmount s. The |nvent|on is further i 11 ustrated by the foll ow ng
exanpl es. The terns -Ppalerr CIIX% OH,

-Pp gp OVe and - ppaingls. l‘ﬂt’,[ g{gbg?\p\)atqﬁégﬁ overlapping beams at tw% v\[ndely]s%@mtf

wherin Y i ﬁa@ggéthmh éf'dhx%h ER‘ l@l&%% hxtghgggr%% 6f\/a%Léf|5te jaécfuracefb Erd%?dtes an

2-azetidine caroox¥ ic acid oxycar
benzyl oxycideal seyree for alf-turbulenms@ﬂecteﬂdistdmeneamdrrpQMcrﬁerauebﬂy At each

EXANVPLE Pr-p A
H D- Cha- o\)ga‘é%"g‘h ‘heH%&@ﬁ[é‘gﬁs& PRIrS gh %B ggon Y z]?? %’eﬂ‘éﬁ“li‘&ﬂ&“h@ws ) vvz(ag)
added dr opfréquendytuplitngdjustdble dvde the 2engdl of ~018-20 MHz to facilitd:d i@ﬂtéf@%orﬁé@S g) was

added and the reacti gn m xture was heated under reflux for hour s

The i xt ur'¥itha ¥anssy oF measrement:migrge velowties. coevapor at ed with net hanol (3
times). The re ed from nethano th ether
yielding HD Ch)é% mﬁéwrséesdtg oﬁ ﬁg‘ﬁ' '{'3%1 ﬁ% twd hofiinea? Hﬁ&g F

WO 97/ 3193@wity frequency doubling. Two doubling crystal stages are positioned in series between
PCT/ EP97/ 00939

TLC Rf= oa"éaﬂpl&.fr'rfea%der firshquatter waysplate  Agaisanediv isqpositigned l@twsmhe

(b) N(t Buﬁg,j W@g{w ﬂaﬁ tate (36
g) was adderd o) utr on ‘E&@"e"&% ABI‘"%“EBQ“‘? eﬁ 400 -
m of acetths quond quaridrevayeplatefand baupling dptics. The gadjmeﬂtmdrstfm-tl?eriouplédrtd\ll\#

di i sopropy Jg&nr%l amine. The m xture was stirred for 16 hours at room

t enper at ure source. evaporated in vacuo. The residue was dissolved in
di chl oronet hane and the sol ution was ' washed with water, dried on
sodi um sul phate and evaporated in vacuo. Chronmatography over silica
gel eluting with heptane/ethyl acetate 9/1 v/v gave 64 g of

N (t-butyl oxycar bonyl met hyl)- 10 D- Cha- Owve. TLC. Rf= 0. 25,
silica gel, ethyl acetate/heptane 1/1 v/v. (c) .

N- (t - But yl oxycar bonyl net hyl ) - N- Boc- D- Cha- Owe The pH of a solution

of N-(t-butyl oxycarbonytnethyl)-D Cha-Ove (64 g) and di-t-butyl 15

di cat bonate (40.3 g) was adjusted to 8.5 with N, N-diisopropyl et hyl am ne.
The m xture was stirred for 16 hours at roomtenperature. The

sol vent was renoved in vacuo. D chl oronet hane and water were added
to the residue. The organic | ayer was separated, washed with-cold IN
hydrochl oric acid, water, 5 % sodi um hydrogencarbonate and water, dried on

sodi um sul phat e and the filtrate was evaporated to an anorphous
solid of N-(t-butyl oxycarbonyl nethyl)-N Boc- 20 - D-Cha-Ov with a
yield of 59.6 g. TLC. Rf= 0.50, silica gel, ethyl acetate/heptane
1/1 v/v. (d) N-(t-Butloxycarbonyl met hyl)- N Boc- D Cha- OH

A solution of N-(t-butyl oxycarbonyl nmethyl)-N Boc-D Cha-Owe (59.6 g) in 900
m of 25 di oxane/water 9/1 v/v was treated with sufficient 6 N sodi um
hydroxi de to keep the pH at 12 for 6 hours at roomtenperature.
After acidification, the m xture was poured into water and _ was
extracted with dichl oronethane. The organic | ayer was washed with water and
was dried : on sodi um sul phate. The filtrate was evaporated and

yi el ded 54 g of N-(t-butyl oxycarbonyl - met hyl ) - N- Boc- D- Cha- OH. - 30

TLC. Rf= 0.60, silica gel, dichloronethane/nmethanol 9/1 v/v.
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(e) N-(t-Butyl oxycarbonyl net hyl)-N Boc-D- Cha- Pro- OBzl To a cold (O
[err]C) solution of N (t-butyloxycarboyl methyl)-N Boc-DCha-OH (13.5 g) in
N, N- di met hyl f ormam de (150 ml) were successively added 1-hydroxy
benzotri azol e (HOBT) (7.09 g), dicyclohexyl carbodiimde (DCCl)
(7.61 g), HPro-OBzIHC (9.31 g) and -5 triethylamne (6 m). The

m xture was stirred at O [err]C for 1 hour and then kept at room
tenperature overnight. The m xture was cooled to -20 4[err]C and

di cycl ohexyl urea was renoved by filtration. The filtrate was
evaporated to dryness. TheBrieBDesteiptios ofltheIawdigsi n et hyl acetate

and washed successively with 5 % sodi um hydrogencarbonate, water, 3 %
citric acid and brine, dried over sodium sul phate and concentrated

i n vacuo. Thg. i ' 10 silica gel eluting with
heptane/ethyfggﬁg!g#@“@?iaé?épgghggﬁgﬁ&§g¥%%tfractions containing N-(t-
but yl oxycar bBigutereillugirated\a Boer. dBthéprebém ikRationer e pool ed and evapor at ed.

Yield: 15 g. . TLC. Rf= 0.70, silica gel, heptane/ethyl acetate 1/1
v/ V. FiguresrIA apd 3B Blystratessollingap and non-coljingar ghassnatching- Pro- o4 15

10 % pal | adi s_added to a solution of

N-(t-Butyl oxl;@'é'? %ﬁ@?{!&gﬂhe(dg%%ﬁg% *N- Boc- D- Cha- Pr o- OBz| (15 g) in

met hanol ( 15Bigiites.SATARI 5B KIu'dfr@teVFSr?e I pHasRERRMmRd at atnospheric
pressure at roomtenperature for hour. The pall adium catal yst was renoved

by filtrati oFigarRi6 illustrates therdoubling stageshownlip Figusedr at i on at reduced .

pressure yie . «“ )

N- (t - but yt Oxi;%g?%%ﬁ%éaétfqﬁyﬂﬁ]kﬂ%t)c- D- Cha- Pro-OH. 20 TLC. Rf= 0. 65,
silica gel, B{ghyéSQM%QMﬁérWMbFF@}Qﬁ_Mt er 213/20/6/11 v/v/v/v.
(g) Diethyl 2-acetam do-2-[(pyridin-4-yl)nethyl]-nmalonate. A 46 ¢
portion of shigus? ﬂ@ﬁaﬁemt&lmwm&tﬁfﬁgﬂf‘e 2t hanol and heated. Diethyl

acet am do . |l onate (,217 and 4-nj colyt chloride hydrochl ori de
(164 g) wer eFigiRlP p@stfﬂgs %ilmrtegﬂ%)d%nt °fplg“5“0¥uti on of sodi um et hoxi de.
The reaction mixture was heated to 100 C for 4 hours, cool ed.

filtered and concentrated in vacuo. The residue was dissolved in

di chl oronet hane filtered over di ace) and silica gel and
concentrated in vacuo. The residue was treated with 11 of diethyl ether,
filtered and washed with diethyl ether. Yield 142 g. TLC. Rf= 0.5
in ethyl acetate:pyridine:acetic acid:water 63/5/1.5/2.75 v/v/v/v on silica
gel. 30 (h) Ethyl 2-acetam do-2-[(pyridin-4-yl)Methyl]-nmal onate-

WD 97/ 31939
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A solution of 142 g of diethyl : _ '
2-acetam do-2-[(pyridin-4-yl)nmethyl]-mal onate, 46 g of pot assi um
hydroxide in 2 1 of ethanol and 800 ml of water was stirred for 16 hours.
The m xture was acidified and concentrated in vacuo:. Coevaporation
wi th net hanol and tol uene gave 187 g of et hyl

2-acetam do-2-[ (pyridin-4-yl)nethyl]-nmalonate (contains potassium
chloride). 5 TLC. Rf: 0.95 in ethyl acetate:pyridine:acetic acid
63/5/1.5/2.75 v/v/v/v on silica gel (i) Ethyl

2- N-acet yl am no- 3- (pyri di n-4-yl) - propanoat e. A solution of 394 g
of ethyl 2-acetam do-2-[(pyridin-4-yl)nmethyl]-malonate in 1.5 1 of NN\

di met hyl formam de was refluxed for 1[err] hour and concentrated in vacuo.
The residue was 10 di ssolved in water and the pH adjusted to 11.5. The
m xture was extracted with ethyl acetate, dried on sodi um sul phate
and concentrated in vacuo. Yield: 158.8 g. . _ TLC. Rf= 0.35 in ethyl
acetate: pyridine:acetic acid:water 63/5/1.5/2.75 v/v/v/v on silica gel.

(j) Ac-Ppa-OEt 15 A solution of 39,5 g of ethyl

2-N-acetyl am no-3-(pyridin-4-yl)-propanoate in 11 ethanol was

reduced under an hydrogen atnosphere using 4 g of palladiumon activated

carbon 10 % as a catalyst. After 18 hours, the catal yst was
renoved by filtration and the filtrate was concentrated to .dryness
to yield 40 g of the desired conpound. 20 (k) H Ppa- OH A
solution of 81.5 g of Ac-Ppa-OEt in 6 N hydrochloric acid was refluxed for
4 hours The reaction m xture was concentrated in vacuo and vyi el ded
90 g of H Ppa-OH. HC . TLC. Rf= 0,97 in 1-butanol:pyridine:acetic
acid:water 8/3/1/4 v/iv/ivliv on silica gel. 25 ( Cbz-Ppa(Boc)-OH

The pH of a solution of 90 g of H Ppa-OH, 51.23 g of copper (I1l) sul phate

T Y T N 1 A N~ o - 1 . N 1 - . . VAV E S Y-



and .washed with di oxane. The filtrate was concentrated to a small vol une

;and the pH was adjusted to 2.5. The residue was diluted with ethyl
acetate. The organic |ayer was washed w.th wat er dried on sodium
sul phate and evaporated to dryness and aave 160 g of the tide

compound. 5 TLC. Rf= 0,77 in ethyl acetate:pyridine:acetic

aci d:water 63/20/6/11 v/v/v/v on silica gel. (m

Cbz- Ppa( Boc) - Owvke T . 0RO 6 of Cbz-Ppa(Boc)-OH in

di chl or onet hane/ met hanol 9/ é@)lgé){()ggclf?{?%éﬂﬁe Brgm%s added 120 8 of

'2-(1|—|—benzotriazo|-| yl)-1,1, 3, 3- tetrarrethyl uronium tetrafluoroborate 10
(TBTU), whreafer e vaas ad usted to 8.5 with triethylam ne. The m xture
was stirred fo rgure iflustrajes H(BUP‘%ﬁ‘W‘?!SW@H{J’@F’atWél““Wé”WP@%SC | ayer was
washed wi tlywipy) WQF&&Q& dut th’é?pgcal wak Sf‘ the cavity 5o tha Jﬁhe’o(? B0t dMre offse e} by
hydrogencar onate solution and water, n sodi um sul phate an

concent r atancngle ¢. When the gasometiunt t:e!rtvensmthenu@r pulpoposten §o dpbitsigaim silica

gel eluti n W th chl or opet hane/ et hyl ) acetate 9/1 v/v. The
fractions W&eﬁq}?dni’ﬁ%a%ﬁws @gﬁ"éF’W%SCH’GEﬂ %@“i‘ﬁ’g" ‘E"Fr’éeleé‘&h\?éﬂ'ch"r@ﬁnved

15 in I e i I
et her/ di etsﬁsf‘» ig%hhgl*rlﬁgggiﬁgia’:'\e}gr a rxrﬁgc%’ﬁ%ﬁgk oﬁﬁgalffrreQrE@nEii'eé éaﬁ)&w th?'ue gesr red
product . 'ﬂmempf:d:tarm of quccawwaél‘heﬂnseﬂmmgo aets oflaxial maﬂetfteqeérmtebyl' anbv'qt e
8/2 vlv and.F g_ e[ng of Chz- Pga(Boc) Owve. TLC. Rf- O. Y%7 in

di chloro REeARSTHIER AT BYEABY\ /v on silica gel. 20 (n) 2-Acetoxy-3
(benzyloxycar bonyl am no) - 4- (I - hvb}rtyl oxycar bony1l) (pi peri di n-4-yl Ybutanitril
e. At -78 [evf EG—@ps—~=9f precool ed diisobuiylal uni num hydri de
(1.0 Msolution in hexane% was 2 added to a stirred solution of 109
g of Cbz-Ppa(Boc)-OVe in dichlgponethane (3 1) at such a rate that
the tenperature was kept=4ee(qow——’£ﬁ-)[err]c The solutiofiuwys stirred for 1
hour at -70 [err]C . d211 of a saturated sol-ution of C|tr|c acid

was added.y, feBer
sol ution an i tr%?g{ﬂ e W@ d| c 1@ %e%%gn%'egftt’l%ﬁ%alr%m oéﬁe&fl c?&i wer e
washed The opticalipath luagth is, th&surh efulie prodayrisfpe refractberindex tmestiid on and

ool o4 10 HOTERIRCEh o7 SBEFRIRYS ity inchdisg b A A6ty Vet B8
Cyan de. | PR PP B oA BKR o, Wl bt e el o BT

stirred faheQWPi:n. The organic |ayer was separated, 30 washed tW| ce
with water, dried on sodi um sul phate and concentr at ed in vacuo. The residue
was VWY 4/ 3 o =L29 12) '

PCT/ EP97/ 00939 bl 53939 2L = (

e T MRS

give the title npoun
i n di chl ortypicatcaviticlength loﬁhalo &b/ @204 N5 GBS A fre@xege} splittingf 10 MHz is

(o) Cbz- Ppa err 6‘%0@3 A stirred suspension of 98 g of
2- acet oxy- - B nyl am no) - 4- (1-t - but yl oxy-

car bonyl ( pi per i giing fodéé iaftid At ithe 6r9nz%ugnsoén gl Hfr'ﬁo%fs daii UXJt .
et her/ nmet hanol 9/1 v/v was P gaseous rogen cﬁl oride
(260 g) atbeorthogenally@olafized witix raspert vmsach lbtl'rer eIh the réguﬁl t{eawednm\é QIWPs

24 hours Then ge.was, cool ed, t err C .and 408 of water was
‘added. The°'ree*5§$ﬁ?‘8ﬂaeféﬂ'° +Uset) s nght 8“%;@'1 4"\2@‘3 ’F@rtrad’eﬁ'ft&ff’gl‘%ﬁ’g}!@“fer rjc
and the orlemrarreurmwcrlama( fﬂﬁvaﬁ@% tﬂ@ﬁﬂPWh@fotﬂeP?e: of modes (¢ hé‘qut?ﬁ?‘ﬁ | ayer

was adjusted to 8 wth 25 anmoni a | owed by extractio s | ayer
with Icp trayeliggte thei rightprd rep travetiog t@ﬂtﬁdeﬁ;t Isl the regiona beteaemiheQWPs ne,

dried on sgdi d to.dryn sand ave 57 g
of Cbz- Ppa[zg‘(rar F{%ﬁg&% &/gn‘q two Sets“""?ﬁ ??P %’Bdi“ﬂzegtaﬁsﬁ t5'each O

acet at e/ pydnidcit Re5wieh rdspétCthw\stemﬁ@d tBQé@Ace%éLQWP// viv on silica. 15

(p) Cbz-Ppa(Boc)]|[ err] CHOHCQ - he pH of a solution of

Cbz- Ppa[ err] ( m@i/@f(fwegogf}’dahw IIIGJ—EQI laknmbolarubmeyween one of the

di car-bonat ormani de was ,adjusted to 8 5 with
triethyl an£|ﬁ ildis ?rﬂpthmadﬁ &HNM X orf!% ‘&é‘éppé?ﬁsf’r‘%m‘e}?‘e&%‘ Himpdst a9dyom

t enperature The sol vent was rem)ved in vacuo. The 20 resi due was

di ssolved in ethyl acetate washed with 0.1 N hydrochloric acid, water, 5 %
sodi um - hydr ogencar bonate and water. The organic | ayer was dried on
sodi um sul phat e and evapor at ed to dryness. The residue was

chromat ographed on silica gel eluti ng wi th heptane/ ethyl acetate

6/4 v/v and gave 31 g of an oil. 25 q

N—(t Butyl oxycar bonyl rret hyI) N-Boc DCha Pro Ppa( Boc)[err][Cl—lO—lCO] Ove

A o B A NN ~ ~ ~N N~~~



sodi.um hydroxi de. The reaction m xture was stirred for 1.5 hours The pH was
;adjusted to 2.5 with 1 N hydrochloric acid and the m xture was
poured into water and extracted with ethyl : acetate. The organic

| ayer was washed with water, dried on s&di um sul phate and evaporated to
dryness. Yield 210 ng of the title compound. 15 TLC. Rf= 0.21 in ethyl
acetate/ pyridine/acetic acid/water 63/5/1.5/2.75 v/v/v/v/v on silica gel.
(s) N-(t-Butyl oxycarbonyl net hyl)-N- Boc- D- Cha- Pro- Ppa(Boc)[err][COCQ - OH

To a soldyky : . ivi

N (t - but yleg%@gb} sl?gﬁz;}ll\%eﬂ{eﬁ;ﬁgl\fﬁé:gggcﬂ t?f]g_\"él;sc‘, each mode of the surviving set would

Ppa( Boc) [ dwavé § GrifHEOhte@sity and 2dinedr pofaridaticl thatamwistddinepases added 177 ng of
1,1,1- 20 triacetoxy-1 1-di hydro-1, 2- benzi odoxql - 3 4 - one
(Dess-Martin r é%‘gﬁ?)'ﬁu%ﬁtés M“ﬁfrw)&%%pmsem mventiogy ﬁjr”Yc’e‘bé"%mg SYRBLFEt room
t enper at uri@a, P28 rafslpdsiticiedinSetidsttebiectfa rothidrbr 1DiaRS b IR WP (15, X gdin

wat er) and extracted with dichl oronet hane. The organic | ayer was washed
with water, dried on sodi um sul phate and concentrated.in vacuo.

Yi el d 340 maglium 18 is positiohedbetReen the first QWP H§ landie s¢cand QWP 260 The! avds oL
acid/water 63/20/6/11 v/v/v/v on silica gel. .25 (t)

HOOC- CHr D-thnfirsPdoutifing kape 1 1684 atGH5° to and the eAxis of etetsetand doubling stae0 ny
of N- (t-butyl oxycarbonyl et hyl ) - N- Boc- D- Cha- Pr o- .

Ppa( Boc) [ 2B hetngcty-4 Ote the % aws obthe secongd QWP 200 gl OWR: haga wstargatiosof ; 1 ed
for 4 hourg, g{ t}{e?@rmamem% Yv%\gleggz’ﬁ!’&rei?tf&&'i ?xesE gﬁﬁﬂa&’ %&hﬁ%@eﬁrﬁf&% ah! Vacuo

and the residue was purl preparative supel cosil LG

18- BD col uitiglelys it réspedtasliefihlotiedr UAl Sour@modouples ikrdd inth th8@aiy C.
0 %to A:ugig_% B: 55 % C 25 %ovlgfrmﬁS mn at gleflowrate of 20 m/mn.
(A 0.5 Mmedium 18. A second mirrop@?2 ds7pasitipged between the second QWP 20. A mode

PCT/ EP97/ . . : 17
phosphat eo%%?%érzs‘plls—il_ozca'fflf?wﬁsn\S\l}gtsgcfo;nd@mgf:% g'rr‘ﬁ[%hrgiﬁlrset:%ezro' 3:2 vlv,

yi el di ng a m xtTheemaode selector 26, prefenablycstalon, iRiybedScatedanywhere within th&t (LC) :
22.65 min; A 20 % B: 80 % C 0 %to A_ 20 % B. 20 % C. 60 %in_40 mn.
5 EXAVPLGaviEy. Mode selection permits the laser to oscillate in a single pair of modes v and v,

HOC- CH - D- Cha- N- | tyl-Avy-P -H '
Novo) oo 2 BPueyAils of o, it Sre separey DipieHEN AT tndne ordsaaf HIQMBhd | n

400 m et g I ' ' rohydri de
(14 g) were g%ggg&gﬁﬁué)tﬁ%hr acfféﬁéﬁéhégﬁfeoémrgg{e;bga%Pgége%GF%)r/&%?}E at room
t enper at urawayT Ehersegid paimofimnodesiare tivegiindmmeanediccbquericles 6 nd wer. dBindfringent aci d-

until pH 2_.and sti.rred fa?émggvrri n room er,at The sol vent

N at e [e
was r emovekitesyand Aifftctien gratingsmay ely be wsed fermogeseicgtion. l"i'lhﬁ 2sermifue was

di ssol ved j VESh ' ' jes: Vol
adj ust ed t%%@lgkﬁ??’g’ﬁdi t %e g%&‘%“ﬁ/%sg%é(}?%hﬁ% P%?%gg ﬁ(ségﬁ"%rtélleg'n\,"“?%gn pr oduct
was and exj=2ap! Secondtharmonihgeneruion badies byasidetie dbhbling cryseal stdgésed over

sodi um sul%hate, fjltered and_ . concentrated under reduced pressure.
The conpout?d IMAERSaLY Eeahencydayblings m et hyl acetate as the " HCl-salt.

Yield : 43.5 0. The second mirfdr92 hi¥ Thigh feflectihéd ?thﬁhdarﬁénmf lwavelength. The
acetat e/ pyridine/acetic acid/ water "88/3 1/18/7 v/v/v/iv. 20 (b)

N- (t - But yl ehegastaristies,ofithe fisst tnirtor B4 @t the-fi@idamentat wavebmgtit ark s@hyas @bifeed

N-(t-Butyl carbopyl 1) 5 c-D- Cha-N-cyqgl opent yl - d y- OH was prepared
accor di ng 6%_% mJSPOP%f’_S rﬁgh{e%ﬁi %%Ig%rrg%&'ﬁ?)l B‘é%ﬁ?%%e{ggﬁ'ﬁ sé“a?{l qu(t)qutlr:ﬁuéﬁmg

di pepti de (&xd.at3% tthasmigadd?] UABhe36dond Rh@honic wavelength, {He)second mirror has a
HOOC[ er r ] - D- Cha- N-cycl opent yl - G y- Ppal er_rL;C_OCI)] -_8—! . The

DCCI / HOBt - Bigl pranstgjttangsde: ). Nelyli-layer dieteriricanobiingsicar b geatlil\dignedacha- N-
cycl opent y} s Q. vy r - HCl,. .saponi fication,
beas b 1) Sepduited 34 AAfpdliRabR o8 bide AR Soke St G RR O RO yisf @Mt e
accordi ng the abkmute vaweldnyth acaierg té thedrddt of | part in !o’exampélenglth stabiflzatnt he
title conppund as a di asteré)aomeri c mxture. 30 Rerr] (LO: 29.72
mn. 20 % ROP: 'BEPPOBUS 0G0k, umbenof welskpovapsatyratignspggrepcppy methods, may

WO 97/ 3193k added to the laser.
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EXAMPLE 3 HOOC-CH err] - D- Phe-Pro-Prof[err] [ COCQ - CH 5

N (t - But yl oxycar bonyl net hyl ) - N- Boc- D- Phe- Pro- OH was prepared as descri bed
in exanple I starting from H D Phe- OH HCI . The

DCCl / HOBt - coupl i ng between N-(t-butyl oxycarbonyl net hyl ) - N- Boc- D- Phe- Pr o- OH
and H Ppa(Boc)[err] [ CHOHCO - Ove. HCI, saponification, Dess-Martin
oxi dation, deprotection and" purification wore done according to
the procedures described in exanple 1. The tide conpound 10 was

obtai ned as a di astereoneric m xture.

~NN NN i PN Y T ~NN NN i NN N7 SN O s

Rlerr] (LO: 17.77 and 18.19



H m.Cl - DL- Phe- OH. HCI was prepared according a sinilar procedure as

.descri bed in exanple 53 starting from 3-chl orobenzyl brom de. Next,
the fully protected tripeptide was assenbl ed according to the sane
procedures as described in exanple 1. THe title conpound was obtai ned 20
as a diastereonmeric m xture. Rlerr] (LO: 22.24/23.07 min. 20 %A
/80%Bt020%A/20%B/60%Cin40n1n EXAI\/PLE5 25
HOOC- CH err] - p- Cl = D- Phe- CCIZO]

N- (t- But yt oxyca %‘b%bf%?ﬂﬁ{ww gaaer%qats asm@' epie of optical sum,f\@ab?navng to
anal 0gous gBkdstRiMU B Surathv (10 g)
was convertedﬂl nt o (t e%ﬁt%ﬁ %ﬁg%laétg{) yﬁg off %ognpgc JaDth?eW%L Yi el d:
16.7 ¢. 3@nnihilated Whil silhktanBo®¥;, a phdtdrcat Mhen@tthgénemﬁatf&haa‘tcbazﬁlol 9/1 vlv.
W7/ 31939
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(b) N-(t- LROR = succinimde).
A sol ution %{&ﬁ(ﬁ(ﬁg y%xycarr{)e}ﬁwoﬁ’gt%% fﬂf-qéggﬁ eﬁ“‘acyﬁg’ Y‘leém@-?r(offfsfﬁ g) in
250 m  This e&"ecememmwehewmo&mmt epkical p&bpéhraydmxuﬁu@ CThaiiffesikty(of- 11 0)
and | -(3-di met hyl am nopr qpyt) - 3- - ethyl carbodi i m de hydr ocF‘;I ori de
(6.16 8) GRe#STR@tAd %@mraé8#946@%sqtapmpertwnhlemrtgm@idmﬁ oftheintepsities of the  was
evaporat e r residue was dissolved in ethyl acetate. The
organic p%é'gsg%&ﬁg&l& aws’sh%d with water, dried over sodium sul phate
and concentrat ed f{o,)pkdal, v 3B(L]D g active ester, wpigh was
directly used in the next step. (c) -

N- ('t - But viwheradisiaorenitant dfipropdrtitmality. -tli}tt-dép@tdeoﬁ’rthn pﬁblperﬂxes of the hbritinearORHC

(10.79 Q) N N—d| forrra and 100 m of
wat er . The\‘%ﬁl %gﬁﬁ)@agagxgg{&frs%mm an %%E ) &Q‘%’}é t&f‘f teraqtiQis o di um
hydr oxi de lengths! ITh8 interaction of intéfRlopaéd] Gelds in a nonlinear cgystal of at least a few

N-(t-butyl ox_ycar bonyl net hyl ) - N- Bocp-_Cl - D- Phe- QSu . g), dissolved in

120 millimeters fenghly ig;reqiired for a significans amauat @f@aeray RELST Y InTaHélupe.act i on

et on s 4P Bhenon e ARFHSE APYEG, ol i

hydr ochl oria Eqeatiod.15The aqueous | ayer. was .extracted wi th dichl oronet hane.
The organi ¢ phasg was washed with water, dried over sodium
sul phate and eva'bng‘E(,fdk-‘i n vacuo. Silicagel purifi c &9 on, using a

grairent S ol TRl W d St tenf e B
acet at e/ "ghdpaiedes@erelatat todRe optical freq[ueﬁéilés by

HOOC-CH err] - p- CI-DPhe Pro- Ppal err The

DCCl / HOBt - coupl |I%g_ Ftken N-(t-butyl oxycar bonyl met hyl ) - N- Boz @ d - D- Phe- N
cycl opentyl - ang H-Ppa(Boc)[err][ CHOHCO - Ove. HCl , sapo } i cation,
Dess-Martin oxi dation, deprotection and EUI‘I fi cation were done
accor di ng X% quﬁ’é“%f’o@é’%‘ﬂé@“ fsefEactipe expeniensd by the beageatftequancy Thénsidet | e
conpound \Q@% ‘gﬁ s a diastereoneric mxture. R err](LO:
23.67 mn. 20 %Bto 20 %A/ 20 %B /60 %Cin 40 -mn.

WO 97/ 31939 Equanon 15 expresses a vector relationship. The vectors may either be collinearly
PCT/ EP97/ 00939 20

EXAMPLE 6.9f non-collinearly phasematches; a9 shgwim@i&xmémiﬁoﬁésomivp&o@qlli@r 5
h i wed f
Sarti g’ utmitefing SRR Bldloedhe highel ol bnisth \HHER oV BN os o

di ast er eorleng distanoes uirethe collmear caseRfhephiselmatching condition becomes
19. 18ni-n. 209 8098t 020 20%B/ 60%UCi n40m n. EXAMPLE 7 10

HOOC- CH[ err ] - D, LY d- Yoo P& er r ] [ COC] - C]—I - (a) COy€I®- oct yl met hyl
b id t h di ssolved in 47 %
or-sotuti on (RSB AP B R Fordrrth Wi G B eRe pEerien The
reaction nixyuve aﬂ@&;@o‘ww st 2 l&&&pmal(émtx%)ﬂm REHEA &g, sodi um

hydr ogencar bonate solution (500 m) was added. The aqueous SO ut 1'on was
ext ract ed Rgwever, the frequenglgcinyelveahare ndduly sephratedofor medhpde, deviiicinphasas wer e

washed wi t. h i ed over sodi um sul phate, filtered
and concerfif4f ‘Ld’ o 'h'r\/tg‘éﬁ'a‘%pﬁhsg"ﬁcégﬁ efysalmust by FrarsRarsay 2 shesg fisauencies, its
silica gel eluting with.toluene as eluent. The fractions contai ni ng

cyct o-octyl met hyl brom de 20 wer e pool ed and evaporated. Yield: 9.85
g. TLC. Rf: = 0.95, silica gel, toluene



(b) .(R S)-Ethyl-2-acetyl am no- 2-cyano- 3-cycl ooctyl - propi onat e
.Potassiumt-butylate (6.85 g) and ethyl acetam docyanoacetate (8.1 g) were -
di ssolved in 25 di met hyl sul f oxi de (100 nl) at room tenperature.
Cycl ooctyl net hyl brom de was di ssol ved 1iOn di et hyl sul f oxi de (25
m ) and added dropwi se to the reaction m xture. The m xture was stirred
at roomtenperature for 44 hours. After pouring onto 500 m water the
precipitate was filtered and driedto yield

(R'S) - Et hy, 5 cIo nat 2. 95 .
I B e b L Bﬁ%i’b sFYGh VpRlent oo g iicopic

WO 97/ 3193Qystals.

PCT/ EP97/ 00939 21
(c) H D.L- Coa- dhaggmatching can be performed in anisotropic, birefringent crystals. By properly

RS) - Et hyl @,?@, was
gus)pendeé SF%C mlp %Ba@&ho% &ﬁégﬁlﬁ‘!s "incg/ﬁ( ﬂk@géﬁ %ﬁtﬁgingéé?%ﬁgﬁjga[?%f Igzjx ed for 22
hours. Theirefringencsreambg vsntbtowau:tla@ompdnsm the ¢fEact §>[¢‘;hspersmn therehydndeking

precipitat E‘EQI%& ered,. washed wi.th die her .and dri ed.
Yield: 2. éﬁ él?ars O"d#‘- ddggzﬁ_pg_mnlmear °°“"°’ °“ ﬁ‘t@e“qﬁ&s— 0.27, silica
gel, ethyl acetHieakfydtiveiniek peplrties 8Eirg/c vfstms dR3¢ritfal BY e thie¥/ Yﬁlypal

In a simlar nmanner as described in exanple

HOOC- CR[ ernpqlm obsefrastign pyo ap and pf (;Wromq crystals, all thrm,smp;mabmdeds arghe title

5. Tom n;: 30587 OB B0E8 STuiF BRSHRAE 3ty beticlbaPinaites arpgpay b5 ket

209N 80‘%Bt®2@ﬁ¥|£@%mw@ll NK@e fhﬂiblpal indices have diffeféNYihles] the ckpstal is called
HOOCCH[err] -D-Nl e-Pro-Ppa[err -OH The tripeptide was

prepared 9%hr to the route fol lowed for exanple 1 starting from H D-N e-

OH to yield thergel e R err]
(LO: 19.50 and 2dﬂ g‘ﬁ&gﬁwgm%ﬁ ‘?@’g{ 5)6%‘ ot P %Aﬂég@e&bé the g, c i n 40
mn. 20  velocity vectgoearl gogp velocity vector. The phase velocity véctor, indicative of the

HOOC- CH er RRI[COCO -OH 25 Thetrlpeptlde was

pr epar ed s#ﬂcﬁi%%vi@(& 8‘%‘[‘% followed for exanple 1 starting fromH D
Dpa-OH to give the t|t11a, corrpound as a diastereonmeric mxture. .

R[err] (LC 29.18 Wvp 26 A/ 0 % B'to 20% A/ 20%B /60 %18)in 40 mn.

b-.

"W 97/ 31939
PCT/ EP97/ Offe3fagnitude of the hase veloci ' 22
EXAMPLE 10 pl - Pr o- pa (2-thiazolyl) (Hpl = 2-hydroxy-3-phenyl
| actic acid) SLV’J_ (a) THP- D- Hpl - Pr o- OH. The @é t hesi s of
THP- D- Hpl - Pr o- OH rtang vvith H D Cha-OH is described in € ﬂple 20.
(b) D Hpl - roPa 2th|azol Coupl i ng of THP- D Hpl - HPr-o- CH

with H Pp ?uR‘ée ?%Wa‘?&ﬁ%l'?dquﬂxe of e Msmwnbyd yelocity of engrgyflowect i on and
pur| fication, accogdild (H]e net hods as described in exag& e 45, yielded
Hpl - Pr 0% Ppa 2"t azolyl) as a mxture of diast dorer s.

R[ er r]( LC)In af sotrdpfitiystd: vo’6 A ﬁ;&rﬁﬁﬁg(;ﬁl xﬁ@%xpﬁ%élr/é;% 2 1 % Q In 40
( a) Fnoc- p:mgalge:mqpt @/Qenam particular directions of propagation. The state of polanzanon of

an optical beam is generally not preserved as it propagates through a birefringent crystal.

For any direction of propagation, there are always two orthogonal directions of linear

polarization (eigenpolarizations) and two respecnve indices of refraction (exgenmdxces)

An incident beam that is initially linearly polarized paralle! to either eigenpolarization

direction will propagate with its polarization unperturbed through the crystal, with a phase

velocity determined by Equation 19 using the corresponding eigenindex of refraction. |

The two eigenpolarizations are called the ordinary and extraordinary polarizations,

and the corresponding eigenindices are often called the ordinary index of refraction n,

and the extraordinary index of refraction n,. The phase and group velocity vectors of the



Frnoc- p- Me- D- Phe-OH (5 g) was dissolved in dichloronethane/ nethanol 9/1 v/v
(50 m). 20 2- (1 Hbenzotriazol-1-yl)-1,1, 3, 3-tetranet hyl uroni um
tetrafl uoroborate (4.4 g) was added and the solution adjusted to
pH 8 by addition of triethylam ne. Theirneaction m xture was stirred for

16 hours at roomtenperature. The m xture was washed successively with cold
I N hydrochl oric acid solution, water, 5% sodi um hydrogencar bonat e,
and water and dried over sodium sul phate. ... The filtrate was

evapor at e@rdjpasy earg ars paraljelyfo thavit propagatey aspn ardingrilyswapld dg pn isptgopic TLC:

Rf = 0. 55, _S)dat C e . 4 :

H p- Me- D- jatel i dibrast ‘thg)bb“r?gg?&p%gé @Bﬁ%@ri gl (é‘g’ge’)‘"‘\‘/%g'"%f?’sbg% o s

m . of NNndi imgiehsthlf paratielyiso efapit eekibich ‘eetraordinary” praplettiean Huthérmoes iff many30 ni n
at roomte eajai‘urﬁ. Tge m xt ure waksg evaporated and the reﬁi dLle 3

was t aken Cstashe vy obedrss not derendio8 RERPAGALGR Brestian WOIFERE ¥lNeohas d. The
pH of the conbi ned wat erl a\{:gars was adjusted to pH 9 by addition of
1 M sodi udresdapend e penprgation direction. Figure 4 illustrates thpogdinagy fapand

PCT/ EP97/ 00939 . _ 23
Aft er ext estradrdinanyi (tel) eifeoprilaizotiant s for atpactiuizs afbitrariy-ohdsenpropagation

chr onmat ograEhed .on,sil. (i.ar#gl eluting with ethyl acetate/nethanol
95/5 v/v. dFReoninsds NLefogenteyittly H p- Me- D- Phe- OVe wer e pool ed
and evapor at ed hpyl : s e - it b d |,

hept ane/ et hyl aTg gtdgkéehog/al gdeg%\;ﬁ nceSOfthe mraom@%e’% ﬁg;ﬁﬁfﬁ Ldf)%get'ggt ed

tri pepti devheeest asbe irdicate the odentitiog of ¢het directiame propagation with sespect to the z
described in .ef<ar’r})l 1. Thﬁ itle compound was, isolated, as a di astereoneric
m xt ure. P““C‘Peaxslﬂ%él?"r‘ifys(‘ cf-orrssponding {q,the syyo siganindiges afrpiraciionfhere Arg o0 oy
B/ 60 % GubRva¥e vBitBr magnifddes \flEfquation 16:

Benzyl SO err]-norLeu(cycClo)-dv-S PpaJerr][ COCO - OH -

nor Leu(cyclo)-Ay maarLJas=&1'S,; ructural fragnent of the .f@qul a

[err] 15 (a¥ 3-(piperidi n-4-vl)-propanoi c acid A .
m xture of,_12.5 g of 344-pyridyl)-acrylic acid and 1.25 g of Pd/C 10 % as a
catalyst-in | | of ethanol and 83 m of | N hydrochloric acid was
shaken in a hydrogen phey e 64 hours. e catal yst was
renmoved by filtrati ona’}agg)d@t'ﬁﬁ(é’ﬁ ate was evaporat ed (%l-omdr yness yi el di ng
13 g .20 of the desiyed conpound JLC. Rt=.0.7, silica gel,
but anol 1 YETSATR VA Gemmonly e (AL o uiizing fh efgegoolarization staceS of 397
-(t- Buty Imajem@e&%?@:am Qﬂfsfyfihé‘plfh;é/h&tc%g R8AdHiSn élﬁ\]hi?ed in order to achivédspensi on
of 3-(piperidin-4-yl)propanocic acid in 500 m of NN-dimethylformanm de was
25 teffigiens gecnnd hamnis genermtion: Type Lagd Tope2r bofuped. pmsemptching, théie
reaction J o8- 5 - i f et ] irred
for 4 hou\rqgé%at%@r"t)%%ﬁjse%%%r anﬁ?rgc bﬁ!l“es aﬁ?g?ﬁ‘fggq%gsﬁ%%#é%%w% tHelr m
of a cool emblatizhticsdireinotiorthogotiall eTypel 1UHas mavdhingéssdesicablé bideaese linik desirablat e.
The aquemﬁ .. haig‘swas cidified wth 2 N hydrochloric.acid pH 2
and extra Eﬂ‘emaﬁ'zétf‘ﬁ‘ﬁ of thedn aadk: fypdamental beams to be identicajgndygrientegn

PCT/ EP97/ Q885the ordinary or extraordi directi hile th t dh i 24
conbi ned organic | ayer?s wer e ﬁ%e‘éecvho?ﬁﬁwbr?Flee,gea?rlag s%cr?nsom%msﬁaghat e

and evaporhas ¢he érthogonal polarizatipa ¢olthetfondamehtd] Bamg (eithet, lestraierdinagycbrc onpound.
TLC. RF= 0.7, dichloronethane/ nethanol 9/1 v/v on sjligca gel 5 (c)
(4S) - 3- [ 3-OFfneR; @i??ﬁtlﬁgg)a:}%éﬁwﬁ‘%é? F&Wﬁtﬁﬁwﬁ pegptiys B ?f%%fgﬁ (">Rebheny! net hy
1)-2 phase mR0Riag lid £hRO&EDLy using the ordinkREpAAMBES fof theXindamedta find the
3-[1-(t-butyl oxycarbonyl ) pi péeridin-4-yl]propanoic acid in 325 nm of
dry t et r argréerdnaanpoladzatioe farshd sshend Haymenie it ordent towsatisfy the phaseimas¢hipg val oy
chl ori de a‘%q ljngn?h s m of triethylamne at -72 [err]C . The m xture
e ?or Rour at 0

was stirr [err]C. To a solution of 18.5 10 g of
S-4- benyl - 2- oxazol i djnae=k O35 m of dry tetrahydrofurapzywas added
dropwi se at -72 [err]C under nitrogen atnosphere 75 m of a 1.4 M

sol uti on oFheprpeass dessribediiafquatine 2+ galled Eooe™ Type | phasgamatshing.r ed for 20 nmin.

at -70 [erg. QR of the abave prepared . m xed anhydride was
Sdded and HES srytilhas SRR RBinfinct IS RO B BB o MelfRaadfmilind . "The
reaction vesoqLien@beid abyreversed in order ROSALIsH Ghd pHaGe MAicRing 36t ds3Bldv W th
et her. The conbined organic |ayers were washed with 1% cold I N

hydrochl oric acid, water, 5 % sodi um hydrogencarbonate sol ution and water.

The solution was dried on sodi um sul phate and evaporated in vacuo
to yield 47.5 g as an oil. Fl ashchr omat ogr aphy on silica gel

eluting with heptane/ethyl acetate 1/ v/v yielded 28.2 g of t he
title conpound. ' TLC. Rf= 0.7 in heptane /ethyl acetate 1/1 v/v on

silica. 20

NS NN ~ [~ A"

(d)

" T T T T T SR T S A 101 a o Y 1



stirring was continued for 30 mn at -75 [err] C under nitrogen atnosphere.
. To the above solution of the potassiunenolate stirred at -75
[err] C was added a solution of 24 g of trisylazide (litt. JCS

Perkin Trans (1991), 1629) in 215 m ot2dry tetrahydrofuran. After 5 mn.

the reaction was 30 guenched with 17 ml of acetic acid. The m xture
was stirred for 20 mn at -75 C and 16 hours at room tenperature.
WD 97/ 31939 ' -
PCT/ E97/ 00939 kg (0,9) +k 2 (8,h) =k, (23) 25

Fl ashchr omat ography on silica gel eluting with heptane/ethyl acetate 7/3
v/iv and t rBetpresess described in Equauonﬁéps called eaod megpd)ﬁsetrtmcmng | Eor@oypound as
a solid. |n di chl or onet hane/ cet te 9/1 v/iv on

silica. pgrtlcular ctyég‘a?(ozg Onf 0| ea%tv@ ?FPC?SSCS QO0¢€ Or eco pro uce p ase

t- f bl]J_tQ yl ox Mﬁ@emﬁgy’rh@twel dépéindd oM htle sigt &Qﬁasiréfnag‘enee as indicated abd¥vea Omel Ut i on
0 g of

(3(29), 4S)switches from goe Blocessto theydtksrsimply bngatatinghe ﬁ@ﬁﬁ“ﬂ%‘l pplarizatics by

oor S Re B pi R0 RER nodon oo obler TRIELBS G o

solid lit hhﬁamhgﬁkreqms&qteaﬁnﬁgﬁes Ssaand Sb. under nitrogen atnosphere. The
m xture was stirred for 30 mn at 0 C under nitrogen 10 at nosphere. A

sol ution of 25 TEhejnymtionariems haeisanpclarizatiqrdireptions of paire pf iaka caaty Tipeof a 5
% re was
raised to lr %mhm&¥msqgﬁ{mé%®g§ %th%‘ _ﬁ% P\gﬁ}‘??‘?’g‘gggﬁ‘é? -ﬁén(;mr? %nue g r 30
m n. The ssolthatrdniythe secmnd\hmhdnm ﬁm{uumesrvdll be generated.t he resi due was :

di ssolved in .er agng washed et h acet at e. The aquegus phase was
acidified with %yg‘r‘%‘éwm @“ﬁ@ﬂ %a L5taass iﬁm @%H?'aefﬂé‘alg\ﬂ'ﬁ? a’f‘mn
acetate. ThRbRg Eﬁﬁﬁﬁ 198" 25 2re Sosxu&‘@eﬁhﬁﬁ behihd Y iR ddil%'tﬁ@pﬂﬁ‘o?ﬂﬂ' um
sul phate and evaporated in vacuo. Crystallization of resi due
f r om et herfuhdameatad bm Harh@gublmg ceystat tagenl12A,ri2Bsiotlizdes one or more Tiled RF=
0.8 in dichloraonethane/ 95/5v/vo. il . . f -
(25 - N vt RO iy obls, 12 s magdestin pfife Ropsriinmietetn QGO Iy 1 pr
opanani de &Qnmum tnba_ﬁtea(lﬂd)lﬁHuSNbxﬁibxt?“\Zalﬂoﬁf

(2S)-2-azido-3-] (b(t-butyl oxycarbonyl)pi peridi ne-4-yl]-propanoic acid

in 150 nl of dilMesrpyiels m@ocmse bmmgegcel(ego phassimagithing).He Asstieystgl ani ne.

HCl d 6.
(ri e?ﬂyl a rﬁ%ngratefﬁebeﬁ]mx tv Vb V\Hé am?_ tr l[sv\g?s vebbéjar& er% s ux?c!dnver?édSpow ng?r{" of

tenper at uryg BO I{élt f a l@@ﬂné’“ 'ft{l_ls%cd}ldr}égia? %E&lre%tlzga ggalrrp%t Ve a= 5# and sy ™

hydr ogeacar wat er ayer sodi um

sul phate, il ek ﬂ&% \3511 the uncorﬁ!ﬁé}f%ﬁﬁﬁ% 6ﬂhé6/\a éﬁ'&fﬁ bRl dhed, v%rtg9 of the

title conpound as an ol l ororret ane/ met hanol
95/ 5 VIV Oportibh bf the Vg beam If the érggtaly‘ﬁﬁwm/ﬂe ative blrefrmgence (ooe phase matchmg)
(2S)-2-azido-3-[(1-t- utyI oxycar bonyl ) pi p r|d| n-4-yl]-propanoi c aci

The pH of the®rder il ®hizh the second harmonics are generated and the directions of their
(2S)-2-azido-3-[.(1-(t-butyl oxycarbonyl)pl eridin-4-yl]-propanoic acid 30
(exanpl e 1BUyrizHensRre Jevgrsgd. Figys § ifustoeesiihe treoyrerigurasineohasld/ met hanol 9/ 1
v/ v was 5 wth triethylamne. The m xture was
stirred fo?dgr uon Lé%?ﬂo énr%%emr gt ure, WO 97/ 31939

PCT/ EP97/ 00939 In blrefrmgent crystals, the group velocity vector v, of the extraordinary beam is 26
then washed with 1 N hydrochloric acid, water, 5 *% sodi um hydr ogencar bonat e
sol uti on aimat parallel to the mnpmloa't;evearogaq; Qfll'ﬂ)bedimm%ezﬂﬁldidepblﬂoﬁ@&hiﬂm sul phate
filtered, evaporated in vacuo and gave .4 g of the title conpound
as an 0|I particular direcfitsG: oflﬂie—wﬁle&ﬁctnmncthebtly@uabrrﬁtshﬂnebmﬁédmylodus%dcﬂbld v 'on
silica %3{ Egé A sol utiop of rrethé/l
(25) - 2- AZ| whagiqnis %BPW g f@bﬁm%‘@@?r%mbgﬁmsmﬁwm diyergsn

(7.4 9), OinSide tﬂéfcrf)s‘ﬂzﬂqg ey %der@dqéfrgétto% t{Poanunln{}I }?gizs?zﬁ htlh ipgedied d 10
tetrahydrofuran (300 ni) rogenafed at atnospheric pressure.
The. cat al ysqra%éuﬁrlnqw:élweﬁb@f fin Ayt thgmoic\@mrat1® the effeetrfends do the angalao t o

yleldafte her, tr t 6. £ istalline sol, TLC. Rf=
85 n ety FulRle L 0GR B tisided bocBnd o o e iais Shesmtal g v/

(i) Chz-S EWGJBQ&)ko@VHk walkofF is prestRE tiHuRdarfent? hid k&@n@ﬁarﬁoﬁm%ems exiting

H S-Ppa(Boc)-OVe and 5.6 g of benzyl oxycarbonyl oxy- 15 succinimde in
70 M of N, N-di met hyl formam de was adjusted at pH 8.5 with trietlylam ne.
The m xture was stirred for 6 hours at roomtenperature, poured
into water and extracted with ethyl acetate.” The conbi ned organic
| ayers were washed with 1 N hydrochloric acid, water, 5 % sodi um
hydr ogencar bonat e and vat er, dried on SOdI um sul phate and evapor at ed in

oy B Y M y" o

IJ




WO 97/ 31939

. PCT/ EP97/ 00939 27
(k) (3S)-2-Acetoxy-3-(benzyl oxycarbonyl am no)-4-[ 1
-t - but yl oxycar bonyl (pi peridin-4-yl)]- 13 butanitrile

Cbz-S-Ppa(Boc)-H (7.5 g) (exanple 120)) was converted to

(3S) - 2- Acet oxy- 3- (benzyl oxy-

carbonyl am no)-4-[I-t- butyI oxycar bonyI (piperidind-yl)]-butanitrile
according to a procedy imlar to the one descrjbed in exanple

I (n). will be lateqally aftiet onrl!soﬁ’ FrdupesHho psAed RAFORIGEORETPN SBSISR REcRe | | | ca

(1) Chz-S c@":'ﬂ!‘%@]m

(3S)-2- Acetroxyggf%&e%yohiycar ony%‘lﬂgye%pfﬂ lts-rf)dl?tcy(f'oxycar bonyl ( pi peri di n4-
yl)]- 10 Ihuiranrtiuldnl:ecmmi:nmwaﬁrtcedhé l@eahhat Mdnkié.,..ebomd)umblaccor ding to
t he procedure described in anple | (0). TLC, Ri= 0.5 in

di chl or onefiefisal aepathsfor thgsps!pwswwc§$m¢ tonbe maximally effectiyeg/jateral beam

H S- Ppa( Bog géim ‘(_;]\/ﬁ.1 BREbRE - Owve. HCl
was prepar eégaé%rlc%r I ng ?l l-%mlérﬁ%foerr?g ?‘?ﬁﬁsge@é Llrgggyc‘l'u e deScri bed

i n exanpl eOftigg)Communication, v. 76;’91)25082&2 199@); Simanta,reoal] Eaugl}t tbatphoivalkdbffm

To a stirred solution of L-[err]-Am np-caprolactam (10 g) in di oxane/ wat er

(2/'1 viv) didktioh ganXe reversed byrastatingithd d axiy ﬁ?ﬂﬂwmlbwmt the vavk wédtoraxis(. 8 )
foll owed by di-t-butyl dicarbonate (18.8 g) . The m xture was

stirred fofs hEwhMEGuARLT. "BPMSideS PR | g@ﬁwmn &t@wmmapuax The
resi due was sdl ssol v%léll in I!‘:'a)fhyl acetgg&g’nlgg F vvatér and br?sne
dri ed overflippeli byni80° relative to sadhpithdrdor driel dfeheedbubling stagesdR2Af €2B,imoreacuo. The
crude material was triturate hexane, din

b
Vacuo 1o yEoH RTBOLEPOPET F SN eptic hetieel e firdamengl anggscond | T ¢
Rf= 0. 85, ﬁ'&rﬁ%hxc%ﬁh@&ﬁ/ YeesbtaAia thdn wx\’l‘f ¥y sxﬂ@e%blsia{:éf length L. Alternatiély, a
Boc- nor Leuécyc 0) - - Boc=L-['err]-Am no-[err]-caprol actam
(10 g) was mbbaamwmawmiudmmf hame)f(d!mblmgiqysta& -20 [err]C a

| M solution of.his thyI sit tetr dro hexane.
1/1 viv (1 equi E’gﬁw :é)xtllustra MT@TS&A 3115%‘" i L#j Qé%cgti rred
for 30 m neryédet Havin %ﬁﬁiﬁﬁi‘cﬁiﬁﬁdé@eﬁd‘kn ain ¥@Bwhich is oriented YO HRYiteHhdx added and

the m xture was sti rred for 2 hour at roomtenperature. Additional
VO 97/ 3193birefringent for light traveling in the direction of the intra cavity beam. The Nd:YAG is

PCT/ EP97/ O 28
bis(trinet E@i IY 9‘1"5‘%"‘1 aé" |a’r?altc°{'ﬁ%ﬁatcf’r ol? r%%r?%las rghoedfgrqgv}ffiewefm\}vas added
to force tivavelampth ovenlaps the absorption baﬁdrpfﬁﬂjm aﬂ' 808 ﬁﬁx)dhezrpampasghdisl ut ed by
di chl or orre hane ,and ric 2{3 d sol ution,

water, 5 9OSHIRIIME tg%%ﬁ%ﬁ)‘f%@bg’ﬁ%h%ﬁiﬁcen%@ﬁ% wadesalectnr; #nd second
dri ed Overgwgwmcaammg%%ﬁm@s&ﬂ@e’%@aﬁng\elalpp szs@rlemasv B and BeisieS! due

was purifi tograp on-s uent et hyl
acetate 6/ Ihvﬁex:)md muyorenis highly réftecting at the Nd: YAGrﬂxmia(myﬁal wiveldngthGH 064

TLC. Rf= 0.55, .eth acet at e/ t ane /v silica. (p)
Benzyl SO ePH** ﬁg‘F hgyut(a"“" ‘878 Ilgg wﬂ)e %tg%bsrﬁﬂ Leu(cycl o)y-dA y-Ove (3 g)
was di ssol ved i Righfe’d ﬂlluﬁi’dtékr DEBeh R of F@lre(ﬁch Blajs el optical gain mediuby I ed
for 1 hour at roomtenperature. The reaction m xture was evaporated in
vacuo. Theacts as the gaingpegiiem A The fkasisdopebitea lasmgdmemtm%ﬁb@mﬁw@m 96 )

and a solu in
di chl orone gﬁ%&h m%%‘ﬂe\%/gé aggd%%y usv\fl © 3?%%@?'?‘?6@% %’/’I am ne was
added to kmpele:kg:hqomhaﬁb& gdinrchediurh i’sq:um%y@naseﬁaiedmmwnepm stirred for

1 hour at room 15 errp rature, whereafter the m xture_was concentrated
in vacuo. TH¥C!PRah aRRIODRAS T SsAbserptipmband of the dopaptippteriale The aumpbistids hed
Wi th 5 9% sqgl,ug R QLESESF RPH Kith 9 Ubpig: 1S)stéR A unty 6udF b2

over sodium sg‘faplhate f(:ﬁlpt ered an e\fap%r t0 Q@% nys\sacuo d\"ﬁ% lrbgs?due was
purified bypliced to the ﬁbemrmp’rd'meogrthipldychmm ﬁbdrlcoaplérenuemtuce the gain medium is a .

di chl or onet hanel.et h tat e 95/5 v/v. i el benz

nor Leu( cycl‘”&)’e%!"g &1%)!55 §s‘§'f’"‘gb‘" a cavity ]ﬂ@‘y\?gi‘g@?ﬂ@e %H %ﬁéﬁ'i‘n‘a’ﬁel et hyl
acet ate 9/ {hefaMdensd! hms and out ot the waveglidd. _

Benzyl SO err]-norLeu(cycl o) - - OH. A sol ution of

benzyl SO err]-norLeu(cycl o) - Gy Ove (3.9 g) in 100 mM of dioxane /water 9/1
was treated with sufficient IN sodium hydroxide to keep the pH at
13 for 2 hours at room 25 tenperature. After acidification, the mxture
was poured into water and extracted w th di chl or onet hane. The
organi c | ayer was washed with water and dried on sodium sul phate The
filtrate was evaporated and yielded 3.6 g of the title conpound.

TLC. RF= 0.60, ethyl acetate/pyridine/acetic acid/water 63/20/6/11 v/v/v/v




The. DCCl/HOBt - coupling bet ween benzyl S err]-norLeu(cyclo)-d y-CH

.and H S Ppa(Boc)[err] [ CHOHCO - Ove. HCl , saponi fi cati on,
Dess-Martin oxidation, deprotection and purification were done
according to the procedures described il4 exanple 1. R(LC): 27.41
mn. 20 %A 80 %Bto 20 %A/ 20 %B/ 60 %Cin 40 mn.

EXAMPLEL13 1-Pig-Pro-Poaferr][COCO -0OH 10

N (Cbz-1-Pi g- OH. N-(Cbz)-I1-Pi g- OH has been synt hesi sed as

descri bed in EP0643073, exanple 1. TLC: Rf= 0.85, ethyl

acetat e/ pyriding/acetic acid/ water 63/20/6/11 v/v/v/v on silica.
(a) N-(Cbz-1 - MigredQillustsates angther variatipg of Figyre2.sThe gaimmediony B ispo) of

N (Cbz) -1 -Bi g el [ Yl or mam 5 . .. were
successi ve ?&gé@:ecg&%%&@(a gl ﬁ%glﬂ—@; Pgﬁé%?éiﬁﬁ&Prﬂgf’éie%‘f‘ Quliss Yiy) and
triethyl arfilng.202 (BB3) The Whwegnide id designéd 16l by oV fitrigestrand hate O [err]C for 1
hour and th?n. kept, at . Joomtenperature overni ght. The reaction

m xture wd® %B‘i“g'ﬁmafpe-“%tﬁé‘f‘fw seironductesoptical amplifier is a laser diode with

di cycl ohexgati ic i ' : ' t ntrated
in vacuo anglutéﬁ?lg%adngwkr{g?ihg%cgtswgsl{egélslgg{cﬁq‘\lfe%eﬁ ér#e‘t“ﬁ% sg%%@?’a‘t?%? IS

sol uti on veeuplingdensdB2#y 32BsThe/semjconidudiotSopticaluntdifier 18 is electricaliyoptinyred
hydrogencarig‘o na,ltnec ol uti op, 3 % aqueous citric acid solution, water and
brine, drig yection U8t sodi um sul phate and concentrated in vacuo. The
resi due was purified by chromatography on silica (eluent:

hept ane/ et hyl acetate 4/1 v/v) to yield NN(Cbz)-1-Pig-Pro-QBu (634 ng).
TLC. RF= 0.90, ethyl acetate/pyridinel/acetic acid/water 63/20/6/11 v/v/vlv
on silica. 25 (b) N(Cbz)- 1-Pig-Pro-OCH N (Cbz-
1-Pig-Pro-Ot-Bu (600 ng) was stirred in a mxture of dichloronethane (1
m), trifluoroacetic acid (3 m), anisole (0.15 m) for 1 hour at
roomtenperature. The reaction m xture was concentrated in vacuo
at low tenperature and the residue was dissolved in water at 30 pH of
9.5. The aqueous phase was washed with diethyl ether, whereafter the
aqueous | ayer was acidified to pH 2.5 by 2 M hydrochloric acid
sol ution. The aqueous | ayer was extracted with WO 97/ 31939
PCT/ EP97/ 00939 30
ethyl acetate and the organic phase was washed with brine, dried over

sodi um sul phat e and concentrated in vacuo to yield
N-(Cbz)-1-Pig-Pro-OH (588 ng). TLC: Rf= 0.54, ethyl

acetate/ pyridine/acetic acid/water 60/3/1/2 v/v/vl/v on silica 5

(c) 1-Pig-Pro-Ppalerr](COCQ -CH The DCCl / HOBt - coupl i ng bet ween

N- (Cbz)-1-Pig-Pro-OH and H Ppa(Boc)[err][ CHOHCO - Owve. HCl ,
saponification, Dess-Martin oxidation, deprotection and purification were
done . according to the procedures described in exanple 1. The title
conpound was isolated as a di astereoneric mxture. 10 R err]
(LC) 19.8 and 20.31 min. 20 %A /80 0% B to 20 %A/ 20 %B /60 % C in 40
m n. EXAPLE 14 H D- Phe, -Pro-PPD érr] [ COCOl - OH 15

Boc- D- Phe- Pro- OH was prepared according to a simlar procedure as descri bed
in exanmple 1. The DCCl / HOBt - coupl i ng bet ween Boc- D Phe- Pro- OH and
H Ppa(Boc) [ err] [ CHOHCQ - OWe. HCl, saponi fication, Dess-Martin

oxi dation, deprotection and purification were done according to the
procedures described in exanple | to give a diastereonenic m xture.

Rlerr] (LC: 16.24 and 16.90 mn. 20 %A /80 %B to 20 %A/ 20 %B/ 60 %
Cin 40 mn. 20 EXAMPLE 15

3, 3- Di phenyl propionyl -Pro-PDa[err] [COCO -OH 25

3, 3- Di phenyl pr opi onyl - Pro- OH was prepared according to a simlar procedure
as described in exanple 1. The DCC/ HOBt - coupl i ng bet ween

3, 3-Di phenyl propionyl -Pro-OH and H

Ppa(Boc)[err] [ CHOHCO - Ove. HCl, saponification, Dess-Martin oxidation,

deprotecti on and purification were done according to the
procedures described in exanple | to give a . diastereoneric

m xture. 30 Rerr] (LO: 36.60 mn. 20 %A/ 80 %Bto 20 %A/ 20 %
B/60 %Cin 40 mn. WD 97/ 31939

PCT/ EP7/ 00939

- 31
EXAMPLE 16 H (N-Me) - D- Cha- Pro- Ppa[ err] [ COCO - CH



5 . (ay Boc=b-Cha-OMe_____ Boc-D-Cha-OH (20 g) was dissolved in
.di chl oroﬁﬂi’ne/ nmet hanol 9/1 v/v (400 m). 2-(IH

benzotri I -tetranmet hyl uroniumtetrafl uoroborate (22.7 g)
was adde mm[m"”m' solution adjU$xed to pH 8 by addition of
triethylanine (10 m)® The reaction mxture was stirred for 16
hours at roomtenperature. The m xture was washed successively with cold I
N 10 hydrochl oric acid solution, water, 5 % sodi um hydrogencar bonat e,
and water and dried over sodi um sul phate. The filtrate was

evaporated and the resi due was chrongtQa{gphed on silica gel
cluting with ethyl acetate/ heptane 2/3 v/v as eluent. The fractions

cont ai ni nd chim: D- Cha- Ove wer e pool ed and evaporated. Yield: 19.38
g. TLC =4 J 4l I 1 y /1 vl/iv. 15
(b) Boc-(l\pl\/b)[&'&dé“-"g(‘/%q““% vafefegdfh, g[&d&‘é&@?ﬁ%gi @8?8‘3‘*“‘@%}3“ i ssol ved in
200 M dry N, Najjursi dopkdeqBOpam de under ni trogen at nosphere.

Met hyl i odide (4.22 m) was added and the m xture was cooled to O [err]C
2.71 g sodium m}frﬁwéa(seeon%@ir@ﬁ@ﬂs%% in oil) was added and the reaction
m xture was stiygethnd df AR 9 e & was
partially concé‘nf'g r at e&seg%nhy@ﬁg%et at gﬁ\\f\géw.m% EP@Edagigg&rg%ed&tQ ﬁﬁg?rﬁég%fc

| ayer was adpstredheritshmirrér\vherdinabfastraxes afthel quanter evaye platds acedhiotated with

hydr ogencar bonat e sol yti.,on and brjne,. dried over sodi syl phate and

concent r affBWECHP &R _otHer by an a&;ugff_[){gfn%{e about the opticg, s tig&e @55'5 silica gel,

ethyl acetate/ Q%%]&fﬁﬁg%nt{?Mlﬂtiga'iion-independen( gain medium 183, interposed between
Coc0) - OH Boc- ( N- Me)'- D-

H (N- Me) - D- Cha- Pro- Ppaf err] oc- ( a- Pro- OH was
prepar ed dbefrstiandsecondquartet wave platscedure as described in . exanpl e

Pl br ][ oHoro8 B G5 s Yedaoh R B ol o caue

depr ot ect itRdjagérdo 3killate ata Hitst ardd Lo Fuk@infent) fiRqashep, wheiéin Ui dplitting
procedures described in exanple 1. The title caonpound " was isol ated
as a di astherursadhe rstind the second fundamental frequyysygy Fatpied by the angle between
PCT/ EP97/ . 32
Rlerr] (L%%:gég‘f‘fi°ﬁ1thﬁ.ﬁ'%“%7§°?d Rt BRSPS /20 % B/ 60 %Cin 40
m n. ( ) r?nsmmxfg stages (123&,lzB);']Iintdx-bcﬁéEéI bevebh ﬂ’keﬁrﬁqunaﬂi&ra;[rmgp]a{tcm -H
Boc- ( N- Me) - D-.Phe- Pr o- wa repared according to sjmlar, procedures as
descri bed thfirst mirror, W%ﬂ%‘h%f’ rst doyblingstage hagits e—%ﬂﬁ“?%”ﬁ%?\ﬂé‘éﬁm the fast

Boc- (N- Me).; 5 p ' 0 Hégﬁggo‘%r -
saponi fi ca%ﬁ%@gg‘%ge?%vo liatgéltn ?(t)hr?,se%dean%raégtﬁgﬁéﬁ(;#e]and ; s

puri fi cat i45M tonthe dast axis ofithedirstiquartérovaviaplaps.ocedur es described in exanple 1
to yield the title 10 conpound as a di astereoneric m xture.

Rlerr] (LCO: 16.26/16.90 min. 20 %A-/ 80 %Bto 20 %A /20 %B /60 %C in
40 m n. 1. A laser, & défihefn@ididn DwhBRIESR JiRRd & doﬁx%@fy% stages

Boc- D- Ch- Pro- OPac (OPac = Phenacyl éster) Boc- D-Cha- Pro-OPac was
prepar ed dd2ayl@Bhgneludésmt least Mpanmeof doublingenystbis @Vi2il) thabargicollinearlyi phgse
Boc-DCha-C]—Iﬁe@;j H Pro-OPac. 20 TLC. Rf= 0.5,

di chl or on€PHEHE! net hanol 95/5 v/v on silica (a)

Et hyl SO err] - D- Cha- Pr o- OPac Boc- D- Cha- Pro-OPac (3.8 g) was

di ssolved in TFA/dichl oronmethane 1/1 v/v (25 mg{r and . stirred for
30 minutes at rbdnlasernprededined in claime, whatsin e danllingresysigs are pirgbingertd in
vacuo. Thec 2§al _ crude am ne was di ssol ved in dichloronmethane (50 m)
and et hanesil pﬁ'onyl chloride (0.8 m) was added at -78 [err]C
Triethyl am ne was added to keep the pH at 8 during the reaction. The

m xture was stirred for 3 hours at 0 [errJhC V\herﬁﬁ?%f;r vvate[s(f(ZS m) was
added. After adHi/ [8aps defined in claigy3, ope pfthe 3 paino ing coyptajsfyrther

t enper at urc%mcﬁrgﬁlér: eaction m xture was concentrated in vacuo. The
resi due was dissdlved in diethyl ether and washed with 1 N hydrochloric
aci d sol ution, 3@rstdoublinatrestal havidg a edillunt ngtly o eneear the fatdamsotalibéaonamhd

rin ri r i | ph fil r : 7/ 31
IECEI'/ Ei:)g(; / ! g gg_\égdhsupn?(lml‘tlu Eatlfln,rl)llca:;[neglc belingt lg thecdp[unc defined by the extr:\x/g?d%a{'y?’ax?%gf

and evaportﬂ{;l@%s@apmymg(pund]mchw&Ia'gqg(}pgn& he crude material w th nethanol

yi el ded et err]-D Pro-OPac (3.0 g). TLC. Rf=

0.6, dichl oronet hane/ net hanol 95/5 v/v on silica. 5 (b)

Et hyl SO err] - D- Cha- Pr o- OH . To a solution of

~ethylSq err]-D Cha-Pro-OPac (10 g) in tetrahydrofuran (250 m) was added |
M sol ution of tetrabutylanmoni um fluoride in tetrahydrofuran (84
m ). The reaction m xture was stirred for 30 mi nutes at room

tenperature and poured into water (1 1). The aqueous sol ution



ms.extMet ate. The combined organic layers were

.successi ed with 10 I N hydrochl oric acid solution and water,
dried ovyi mm@ Mmﬂ”e and concentrated in vacuo. The resi due
was puri sation from ett/| acetate/diisopropylether to

yi el d ethyléqerr] D- Cha- Pro-OH (6.0 g). TLC. Rf=0. 2,
et hyl acetate/pyridine/acetic acid/water 163/20/6/11 v/v/v/v on silica.
15 (c) EthylS( err]-D Cha-Pro-Ppa[err][ COCQ - OH . The

DCCl / HOBt - coupl i ng bet ween et hyl sq err] D- Cha- Pro- CH and

H Ppa(Boc)[err apqnificatio Dos- Marfin
oXi 8a’§| on) [ dep]r oﬁ%ﬁlérﬁjcrﬁﬁ?l lﬁvﬁ‘ﬁﬂ%ﬂk‘@éfl’g‘ﬁ I b)tweént & f““é@&%‘i‘ti‘???@‘ to
t he procedindelse stesmt- h&?ﬁﬂnicfbeﬁmat'l’@ higld bélﬂ%}ﬂ fhlegﬁnla Qefindd! tﬁ@@%%mm% a

di astereoneri c m xture. Rl err 90m n. 209 80 %
Bt 02094/ 2%/@0%?%&14%% fundamental beam EmNPLE 19
N- Me- D- Cha- Azt - Ppa- (2-t hi azolyl) 25 (a) H Azt-0Bzl.Hd

N- Boc- Azt - OH (4. 60 g) was dissolved in dichloronmethane (50 nl) and treated
wi th benzyl 5. A laserpdsaiefindd i 2lafif 4, Gherein the doubling crystals (12A,12B) are Type 1

2- (1H benztri azol e- I-yI) 1,1, 3, 3- tetrarrethyl uroni um tetraffuorobor’falp
(7.40 g) etffli‘télﬂm"&?ﬁﬁe (6 3 mM) and stirred for 1 hour at room
tenperature. The reaction 30 m xture was diluted with 1 N

hydrochl oric acid, whereafter the organic phase was separ at ed,

washed with watéer lagerssiefliedrin lelaith dgehergin e thertvd doublite: std@eb red 1 om)

foll owed b WO 97/ 31939

PCT/ EP97/ (5%@ Jiype 1 phase matched crystal. 34
evaporation in vacuo afforded the crude product, which was purified by
silica get ' chromat ography in heptane/ethyl acetate 3/1 v/v to give
N- Boc- Azt - OBzl 7(aleseg,)as dsfitrsicin elaith 1, wherein the optical gdin efediuie(1Bpis or ot ecting
group in a 3.M drocH rlc Cld solution ipn dioxane (60 m) for 1
hour at rG§PEX Wé’e ngg{qeépryé poration to dryness, the
desired product (5.26 g) 5 TLC. Rf= 0.50, silica gel, ethyl

acetate/ pyridine/acetic acid/water 63/20/6/1 1 v/v/vlv. (b)

Boc- (N- Me) D- Ch#- Azlasetds defined in claim 9, wh&ein thé\gaik mediush (18]I fumgrddyaripies 58)
and 1.5 g4 H- Azt - OBzl . HCI were coupl ed according to the nethods as
descri bed ? exanple | for the synthesis of the dipeptide. 10

Hydr ogenol ysis (see exanple 1) of the benzyl ester afforded 1.22 ¢
Boc- (N- Me) - D- Cha- Azt - TLC. Rf= 0.50, silica gel, ethyl
acet at e/ pyr| di r?eAalé@F(ks)’a?élddﬁmleﬁl&ﬂn&maemﬂwpumpmght is coupled into (hegam

N- MeD- D- lyl). 15 Coupl i ng of
Boc- (N- Me) - %#%—éep %’erg) with H Ppa(Teoc)-(2-thiazolyl). TsOH (610

ng) as descrlbed in exanpl e 48 yi el ded

Boc- N- Me) - D- Cha- Azt - Ppa( Teoc) (2- t hi awzol y) ( , after silica
gel purifi catl df- Adasst, @p Hefinsain Ham?m;hqmn@me 95118 Type 1 p&ﬁssqudadtdonbmg/al
of 2gr [ S afer HPLC
purificati oﬁ l\c/\%ﬁggprg%gg %%HH’?“& ﬁ"*‘% JPZ"%O[e{%ne Ya‘? : Yiel d: 76
ng. Rlerr](LO): 269mn 20 % A, 80 %Bto 2 %A, 20 %Band 60 % C in 40

m n. e 30,3 mn. 20 %A 80 %Bto 20 %A, 20
% B and 60 % C T n.!-\i@e Hgﬁned in Ic‘lmm? whexgippone of theiiggpe | phaseomatched doubﬁng

H- D- Hpl - P s&‘wada srhﬁm@@} QHithium trib AH D- Hpl - H- D- Cha- OH
(1.0 g9 Wa?-dl ssgﬁlgv(ed I'n alsm§< lt‘JIFneno?me‘i\lrg'ﬂyélrochl oric acid (4.8 m), water
(19.4 n1) and acetic acid (9.7 m). At 0 C a solution of sodium '

nitrite (3.4 g) vvate ed sl V\Ay and the m xture

was stirred ove?‘m JHF" é‘fd tb"é’ﬁ]“f ‘el%ﬁ‘ﬂ\év?’a‘f’lﬂﬁr%m WHF@'E V8¢ |lé’ 25eimgatched doubling 370,
(4.8 n) ta$ Sag@qUeAlIbE) adARAs i f or 15 mn at
(4.8 M) et HaEaqUEAling) ARAAE RIphils RE ThAHEBoMBRSryddlS, (R 1.

PCT/ EP97/ 00939 35
tenperature. The reaction Ri xt.ure.was oncentrated and the residue was

i ool ved i n 15 AR BheFhat BB WhRRI T DPRE e Mottt L iR roprtia
concent r affiger afiplfaguo and the crude materi al was stirred in

nmet hanol (25 m) for 18 hours The pH was 1.5. The reaction m xture was
evaporated to dryness and the residue was purified by chronat ography on
silica (eluent: 5 t ol uene/ net hanol 97/3 v/v. to yield H D Hpl-Owe
(612 ny) TLC. Rf= 0.9, ethyl acetate/pyridine/acetic acid/ water
163/ 20/ 6/ 11 v/v/vlv on silica. (b). THP-D-Hpl -Owve. (THP =

t et rahydr opyr an) To a stirred solution of HD Hpl-Owe(450 ng) in
di chl or onet hane (2 rri) was successively 10 added 3, 4di hydr o- 2H pyr an
(0 29 n1) and pyr|d| n| um p- toI uenesulfonate (60 ng) The m xt ure

M I T T ——y



15 TLC. _Rf= 0.64, ethyl acetate/ heptane 1/2 v/v on silica.

_(c) THP-D- Hpl - OH A solution of THP-D-Hpl-Ove (10.3 g) in
di oxe}ﬂ’lm"ﬁﬂmmmb(mo m) at roomtenperature was treated
W th i um hydroxi de tdkeep the pH at 12 for 18 hours.
After Maci di*fication, the nixture was poured into water (500 m)
and extract ed with dichloronet hane. The organic | ayer was washed
wi'th water and dried on sodi um sul phate The filtrate was _
evaporated and yielded 6.6 g of the title conmpound. TLC. Rf= 0.78,
et hyl acetate/pyridine/acetic acid/ water 163/20/6/11 v/v/v/v on silica 25
(d) THP-D- Hpl - Pro- CH. To a solution of THP-D-Hpl-OH (5.87 g) in

acetonitrile (T4 Algseryasdenies asslanely, vareead theldplical gain medium (18) is pumped
(1-(3-dinethyl am nopropyl ) - 3-ethyl carbodiinm de hydrochl oride) (4.84 g) and

N- hydr oxyby alaserdiode.syccininmide (2.9 g). The reaction mixture was stirred
at roomtenperature for 16 hours The m xture was concentrated in
vacuo and the residue was dissolved in ethyl acetate. This solution 30

was washed wit hswatlser, aﬂdefb!’ed Reclaidhi |40V tiedsietidiode sidapled i the gain

concentrated. i n_vacuo. crude material was dissolved in

NN- di et h?’%efi%‘h&l@&rﬁmf@tﬁ)d‘ﬁm?lcé‘mfﬁm to a solution of VO
97/ 31939

PCT/ EP97/ 00939 36

proline. HCl (6189Adhjser,asbEnkdinickayhflowheintaé optical gaid hiedivot (18) 200 ml ),

whi ch was adj ust ed ] ,k.o a pH of 8.5 by sodi um hydroxi de. After
stirring ﬁ‘i“gﬁf‘“l"ﬁﬁcﬁléﬁ’@{‘ ¥ m xture was concentrated in vacuo
and the residue was dissolved in water. This aqueous sol ution was

adjusted to pH 2.5 at O[err]C, followed by extraction with ethyl acetate.
The conbi ned ol @ahilaser, &s defined imgleits 1 waed insanciatesferonestyc syatheth perfolmait er and .-
brine, dri eg over sodi HH\ sulghate and concentrated in vacuo. The
crude rmat SFPYFSEROmSEtEr AistAich Peafr SRRt b gr aphy .on silica (eluent:

ethyl acetate/nethanol, 8/2 to 6/4 v/v) to yield THP-D-Hpl-Pro-OH (6. 75 Q).
TLC. Rf= 0.52, ethyl acet ate/ pyridine/acetic acid/ water 163/20/6/11 v/v/v/v
on silica. 108. An l(lteyfemmqo pirfurbulepee-correpfed GisGncOmeasurement sytem, as

e, i QS R B R i onoh G BB

purificat r@Rav@fRrdlone according to the procedures described in
exanple | to give a diastereoneric m xture. Rlerr](LCO: 31.05
m n. 209 80%Bt 020% 2098/ 60%C n40m n. 15 EXAMPLE 21

3, 3- Di phenyl propi onyl - Pro-Ppa[err] [ COCQ - Owe '

3, 3- D phenyl propi onyl - Pro- OH was prepared according to simlar procedures
as described in 20 exanple 1. The DCCl/ OBt - coupling between

3, 3- Di phenyl propionyl -Pro-OCH and H .

Ppa(Boc) [err] [ CHOHCO - OMe. HO, Dess-Martin oxi dat | on, deprotection and

purification were done according to the pr ocedur es described in
exanple 1 to yield the title conpound as a di astereoneric m xture.
Rlerr] (LO: 21.7 min. 20 %A 60%B /20 %Cto 2000A 80%Cin 30 mn. 25
EXAMPLE 22 Et hvl SO err] - D- Cha- Pro- Ppa[ err] [ COCQ - Owve
EthylSJerr]-D-Cha-Pro-CH is described in exanple 18. The -

DCCl / HOBt - coupl i ng between 30 ethyl Sq err] - D Cha- Pro- OH and

H Ppa(Boc)[err] [ CHOHCO - Ove. HCl , Dess-Martin oxi dati on, WO
97/ 31939

PCT/ EP97/ 00939 ' 37
deprotection and purification were done according to the procedures '
described in exanple 1 to give the title conpound as a

di astereonmeric m xture. R[err] (LO: 39.06 mn. 20 %A 80 %Bto
20 %A /20 %B /60 %Cin 40 mn. EXAMPLE 23

HOOC- CH err] - Cha- Pro- Ppa[ err] [ COCO - Che

N-(t-Butyl oxycarbonyl met hyl)-N-Boc-D-Cha-Pro-OH is descri bed in exanple 1.
The 10 DCCl / HOBt . coupl i ng bet ween

N- (t-butyl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pro. OH and H

PP(Boc)[err] [ CHOHCO - Ove. HCl , Dess-Martin oxi dation, deprotection and
purification were - done according to the procedures described in
exanple | to give a diastereoneric m xture. Rlerr] (LO: 25.75 mn
20 % A 180 % B to 20 %A /20 %B/ 60 %Cin 40 mn. 15 EXAMPLE 24



Et hyl $J err] - D- Cha- Pro- Ppa[err][COCO] OEt
:Ethyl SO err]-D- Cha- Pro- OH was prepared accordi ng to si mlar procedures as

described in 20 exanple 18. (a) Cbz-Ppa[err][ CHOHCQ - OEt

A sol ution of Cbz-Ppa(Boc)[err][CHOHCO -Owve.- (1 g) in 50 Ml of a 3 M

hydr ogen chloride/ethanol at -20 [err]C was stirred for 4 hours
while raising the tenperature to roomfﬁg tenperature. The m xture was
evaporated in vacuo yielding 0.9 g of title conpound as an :
oil. TLC. Rf= 0.85, silica gel, ethyl acetate/pyridine/acetic

aci d/ water 63/206/ 11 v/v/v/v. (b) Cbz-Ppa(Boc)[err][ CHOHCO - CEt
30 The pH of a solution of 0.9 g of Cbz-Ppa[err][CHOHCO - OEt and 0.55
g of di-t-butyl di carbonate in 10 m of NN-di net hyl f or mam de was
adjusted to pH 8.5 by addition of WO 97/ 31939

PCT/ EP97/ 00939 38

triethylamne. The mxture was stirred for 1 hour at roomtenperature,
extracted with ethyl acetate. The conbi ned

RSP ESAbY a———————

extracts were washed with 1 M hydrochtoric -aetd, water, 5 % sodium
hydr ogencar bonat e- sol uti on and water, dried ove{ sodi um sul phate and
evaporated in vacuo, yielding 0.99 g. of the title conpound as an oil. 5
TLC. Rf= 0.60, silica gel, heptane/ethyl ac®t atg¢ 1/1 v/v. _(e)~

Et hyl S err] - D- Cha- Pro- Ppa[err][COGO] Cet R —

Cbz- Ppa(Boc) [ err] [ CHOHC] - was hydrogenat ed accor di néxarrpl e 2(q) to
give H Ppa( Bobé[err] [ CHOHCQ - OEt . HC . HNEQBY coupl i ng

bet ween ethyl S err] - D' Cha- Pro- 10 H a

H- Ppa( Boc)[err] [ CHOHEO'- OEt. HCl, Dess-MarT t| on, ddotection and

purification were-dage- accor d| ng

toyield the titIe v cQr |astereorreric-n1xture, R
(LC: 41.58 mn. 80 0 %A/ 20 B/ 60 %Cin 40 nmin. 15
EXAMPLE 25 @ Ch rr] - Cha- Pro-Ppal err] [ COCQ - CEt _

N (t-Butyl oxy Y1) - N Boc- D Cha-Pro-OHli s described in exanple 1.
The 20 t «a@upl i ng between _ -

N-(t-butyl oxycarhgpyl mgt hyl ) - N- Boc- D- €ha- Pro- OH and H
Ppa(Boc)[err] [ CHOHCO - OEt . HCI , _Dess-Martin oxidation, deprotection and

purification were - —ddne according to the procedures described in
exanple | to yield the fitle conmpound as a di astereoneric m xture.
R[err] (LC) 28.20 min. 20 %A/ 80 %Bto 20 %A /20 %B/ 60 % Cin 40

m n. EXAVPLE26

Et hyl Sqerr] D- Phe- Pro-Pna[ err] [ COCQ - CEt 30 :
Et hyl Sq err] - D- Phe- Pro- OH was prepared according to simlar procedures as

descri bed in exanpl e The | / HOBt - co i ng bet ween
et hyl SO err] - D- Phe- Pr 0-OH Pg @URE ﬂ—%c @?T%%

PCT/ EP97/ 00939 39

H Ppa(Boc)[err] [ CHOHCO - OEt . HCI , Dess-Martin oxidation, deprotection and
purification were done according to the procedures described in
exanple 1 to give a diastereoneric mxture. Rlerr](LO: 34.89 mn.
20% A/ 8098t 020% A/ 2098/ 60% C in 40 m n. 5 EXAMPLE 27

Et hyl SO D- Cha- Pro- Ppa(Eoc)[err] [ COCQ - CEt (Eoc = et hoxycarbonyl)

(a) EthytS( err] D Cha-Pro-Ppa[err][ CHOHCO - CEt 10

Et hyl SO err] - D Cha- Pro-Ppa(Boc)[err] [ CHOHCO - CEt -was prepared according to
a simlar manner as described in exanple 24. The

hydr oxy-et hyl ester (200 ng) was treated with trifluoroacetic

aci d/ di chl oronmethane 1/1 for 1 hour at roomtenperature yielding 210 ng of
the tile " compound. TLC. Rf= 0.85, silica gel, ethyl
acetate/ pyridine/acetic acid/ water 63/20/6/11 v/v/v/v. 15 (b)

Et hyl SO err] - D- Cha- Pro- Ppa( Eoc) [ err] [ CHOHCQ - OEt
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The pH of a solution of 210 ng of

.ethyISC{err] D- Cha- Pr o- Ppa[ er r] [ CHOHCQ - OEt and 43. 6 [err] et hyl
chloroformate in 10 m N. N-di net hyl f ormam de was adjusted to pH 8.5 by

addi tion of triethylam ne. The m xture was stirred for 1 hour at
room tenperature, poured into water .and 20 extracted with ethyl
acetate. The conbi ned extracts were ?Eﬁp with 1 M hydrochloric acid,
water, 5 % sodi um hydrogencar bonat e-so 1 on and water, dried over sodium -
sul phate and evaporated in vacuo, yielding 220 ng of the title
conmpound as an oil. TLC. Rf= 0.50, silica get, ethyl

acetate/ pyridine/acetic acid/water 463/20/6/11 v/v/v/v. 25 (c)
EthyISC{err]J Cha Pro- Ppa(ECc) [err] [ COCT - CEt _ The Dess-Martin

oxi dation an rification were done accor g to the procedures descri bed
in nple | to yield the title ound as a di astereoneric

m xt ure. Rlerr] (LC: 13.95 mny %)/ 30% C to 30% B 70% C in 40
m n. 30 WD 97/ 31939 Y,

PCT/ EP97/ 00939 / .y - F 40
EXAVPLE 28 v__ ¥~ —~yc%,

Et hvl S err] - D Cha- N-cvcl opentvl -3 v- SIPpa_LZ t-tri a'i Vi) A ‘3

Ethyl SO err] D-Cha-N-cyclopentyl -G y-CH c- P Cha A . was

cordi ng

| h
Po tive'g oup in
L sul fonyl ati on,

coupled with N-cyclopentyl-dy-Owe. HCl| (See exanpl b &
to the dipeptide synthes a&-descrlbed |n exa
N- Boc- D- Cha- N- qzyr,'l opentyl -
purification. Subsequent reHDvaI 0
TFA/ di chl oronet hane 1/1 v/\v S
10 as descri bed |n ex N

ethyl SO err] - D-_Cha- | & I-Gy{Nm(14g) Hydr ol ysi s of
the nethyl e gf f orr#d according'to the.prbcedures as described in
example 2, yi g yl' S ;ﬁﬁha N-cycl opentyl - d y- OH. TLC. Rf=
0.2, silica ge ,’dlcpH@rone hane/ met hanet 9/1 v/v. 15 (b)

(2S) - 2- Azi do- 39X-pi peri di n- 44yl L=propanoi ¢ aci d A soluion of 3.7 g
of (2S)-2-azido-3-[1-(t- butbrbxycarbonyl)plper|d|n4 yl]-propanoi c acid

(exanmple 12(e)) was treated with 30 ml of 3M hydrogen chloride in ethyl"
acetate. The m xture was stirred for 30 mn. at roomtenperature,
evaporated in vacuo and gave 3,0 g ofa crystalline solid. 20

TLC. Rf- 0.35 in ethyl acetate/pyridine/acetic acid/ water 63/20/6/1)

vivlivliv on silica. ‘ég)ﬁ%é§)-

-2-azido-3-1-[(2-trinethvlsil cafBonyl ] pi peri di n-4-yl ] - propanoic

aci d The pH of a mxture of 3.0 g of

(2S) - 2-azi do- 3-(pi peridin4-yl)-propanoic acid and 1-[2-

(trimethyl silyl)ethoxycarbonyl oxy] pyrrolidin-2,5-dione (TeocOSu, reference:
Synt hesi s 1987, 25 346) was adj usted at pH 8.5 with triethylam ne The
reaction nixture was stirred for 30 mn at roomtenperature,
poured into water and extracted with ethyl acetate. The conbi ned extracts
were washed with I N hydrochloric acid, water, 5 % sodi um

hydr ogencar bonate, and water and dried on sodi um sul phate.
Evaporation in vacuo gave 4.93 g ofthe desired conpound as an oi

TLC. Rf= 0.85 in ethyl acetate/pyridine/acetic acid/ water 63/20/6/11
v/iv/v/iv on silica. 30 WO 97/31939

PCT/ EP97/ 00939 ' : 41

(d)

(2S) - N- - Met hyl - N—nethoxy 2-azi do- 3- [1 [(2-trinmethysilyvl)ethoxycarbonyl]pip
eridin-4-yl]- pr opanani de

(2S) - N Met hyl - N- net hoxy- 2- azi do- 3- (-
-[(2-trinethylsiIyI)ethoxycarbonyI]piperidin-A—yI]- pr opanam de
was prepared according to simlar manner as described in exanple 12(f)
using 5 '
' r|nethyIS|IyI)ethoxycarbonyI]plper|d|n4 yl ] pr opanoi c
aC|d TLC = 0.85, silica get, ethyl acetate/pyridinel/acetic

acTiis. 39?’1 vivivlv. . (e) H S-Ppa)(Teoc)- N(Me) Ove
Fydr -through a m xture of 4.9 g of
(28) hoxy-2-azi do-3- 1- 10

[(2-trinetylsilyl)ethoxyearbonyl]pipendin-4-yl]-propanam de and 0.5 g of
Pd/C (10 % in 100 : m of tetrahydrofiran and 13.3 m of | N
hydrochloric acid until all starting material had . di sappeared. The
catalyst was flltered of f and the solvent renoved in vacuo to yield 5.7 g

s N N 1 Y 1 — e e ~ o~ " I T 1



25 | (g) Boc-S-Ppa(Teoc)-(2-thiazolyl) "To a solution of 31.7
.m of 1.05 Mn-BuLi in ether at -78 C under nitrogen atnosphere was :
added 5.46 m of 2-bronothiazole. The resulting precool ed yell ow sol ution

(2.5 eq) was added via a cannula to a solution of

Boc- S-Ppa( Teoc)-N(Me)OVe in 46 m of dry tetrahydroful ran at . -78
[err] C under nitrogen atnosphere. The 3192 ctlon m xture was stirred for 30
mn at -78 [err] C under 30 nltrogen at nrosphere, poured into 5 %
sodi um hydr ogencar bonate and extracted with et hyl acetate. The

conbi ned organic layers were washed with water, dried on sodi um sul phate
and WD 97/ 31939

PCT/ EP97/ 00939 _ 42
evaporated in vacuo and to give 5.0 g of an oily residue.

Fl ashchr omat ogr aphy |1 n hept ane/ et hyl acetate 7/3 v/iv on silica
yielded 1.7 g ofthe title conpound. TLC. Rf = 0.75 in

hept ane/ et hyl acetate 7/3 v/yson silica. [[err]Et + 31.9 (c =0.45
in CHCl [err]) (h k\H—S—Ppa(Teoc7472 thlazolyl) TsOH To
a solution of 1.54 g of Bee=S—+Ppeaipot . P14.2 ml of dry ether
were added a SOl 0--9% seredp phoni c aci d. nono
hydrate in 2.8 m of dry ethanol. The ' solutlon was kept 2lhour at

30[err]C and the ether was renoved. The resulting solid was washed 10

with dry ether and gave 1.5 g of the title conmpound as a solid.

TLC. Rf= 0.85 in dichloronethane/ nmethanol 9/1 v/v (i)

Et hyl SO2- D- Cha- N- cycl opentyl - d y- S- Ppa- (2-t hi azol yl). Cbupllng of
et hyl SO err] - D- Cha- N-cycl opent H F&MREHIZ 395 ng) with H S-Ppa(Teoc)- (2-

t hi azol yl). TsOH, ‘according to the nethods described-in exanple 48, afforded
400 ng of fully - protected tripeptide. The Teoc group was renoved
(see exanple 48) to give 300 ng crude

ethyl S err]-D Cha-N-cycl opentyl -A@ y-S-Ppa. (2-thiazolyl). TFA. This salt

(150 nmg) was purified by HPLC to yield 112 ng of the target
conpound. Rerr](LC: 32.06 mn,20 %A 60 %B and 20 % C to 100 %
Cin 40 mn. 20 EXAMPLE 29

Et hylSO err] - D- Cha- N-cycl opentyl -d y- S- Ppa( Eoc) - ( 2- thlazolyl) 25

Et hyl SO err] - D Cha- N-cycl opentyl -3 y-S-Ppa- (2-thiazolyl). TFA (150ny)
(exanpl e 28) was di ssol ved in NN-di net hyl formam de (10 ml) and
treated with ethyl chloroformate (38 [err]) at pH [err]8.5
(triethyl amne) and stirred for 2 hours at roomtenperature. The reaction
m xture was diluted with ethyl acetate (100 m), washed with IN
hydrochloric acid, water, 5 @6§3piun1 .ﬁigrogencarbonate and water.
The organi ¢ phase was drled ovVed, S rug filtered and 30
evaporated to dryness to yield

et hyl Sg err] D- Cha- N-cycl o yl-dy- S—Rpa(Eoc) (2-t
ng WO 97731939

PCT/ EP97/ 00939 : 43
TLC. Rf[err] 0.45, silica, dichloronethane/ nmethanol 9/1 v/v.

EXAMPLE 30 5 HOOC- CH[ er rg:'-l%:ug%- I;g]Ppa[ err][COCO -NH[ err]

- (a) N-(t-Butyl oxycarbonyl net hyl) - - a- Pro- Ppa(Boc)[err] [ CHOHCO - OH
N-(t-Buttl oxycar bonyl met hyl )-N Boc-D Cha-Pro-CH is descri.bed in exanple
1. The DCCl / HOBt . coupl i ng bet ween

N-(t- butyloxycarbonylnethyl)ethyl) N- Boc- D- Cha- Pr o- CH and H 10
Ppa(BOO) [err] [ CHOHCO - OMe. HCl ,  and the saponification were done according
to the procedure described in exanpl e 1. TLC. Rf= 0. 80,
silica get, ethyl acetate/pyridine/acetic acid/ water 63/20/6/11 v/v/v/v.
15

N- (t - Butyl oxycabonyl net hyl ) - N- Boc- D- Cha- Pr o- Ppa(Boc) [ err] [ CHOHCO) - OH (400

lyl) (100

ng) was - dissolved in N-Ndi nethyl formam de (12 ml). The sol ution
was cool ed on a ice-water bath and 91.3 ng of HOBT, 91.3 [err] of
N- met:hyl nor phol i ne, 50.5 ng of ammoni unchl oride and 102 ny of EDCI

wer e subsequently added. The reaction m xture was stirred for 16 hours at
roorﬂ'hlsSheetHasBeeﬁmba e. The m xture was poured out in a |IMhydrochloric

acid a th ethyl 20 acetate. The conbined extracts were
mashed % sodi um hydr ogencar bonat e sol ution, water,
dried over SO |un1 phat e and evaporated in vacuo to yield 400 ng of the
title conpound. " TLC Rf: = 0.25, silica gel, ethyl

acet at e/ pyri dine/ acetic acid/ water 63/20/6/ 11 vivivlv. 25 (c)

HQOC CH[err]D-Cha Pr o- Ppa[err][CIII] NH[err] The Dess Nhrtln

B N . - N 1 o, S I o - M



procedure described in exanple 1. Yield: 94.2 ng of the title conpound as a
di astereoneric m xt ure. Rerr] (LO: 22.97 mn. 20 %A
/80 %Bto 20 %A /20 %B /60 %Cin 40 mn. 30 WD 97/ 31939
PCT/ EP97/ 00939 44
EXAMPLE 31 HOOCO-CH err] - D- Pro- Ppa[ err] [ COCO - NHVe

N-(t-butyl oxycarbonyl met hyl ) - N- Boc- Pqgha- Pro- Ppa(Boc) [ err] [ CHOHCO] - NHVe

was 5 prepared accordi ng to exanple 30 using nethyl am ne. The
Dess-Martin oxidation, the deprotection and purification were done
according to the procedure described in exanple 1 to gi ve the
title conpound as a diastereoneric m xture. Rerr] (LO: 24.22 and
24.99 min. 20 %A/ 80 %Bto 20 %A /20 %B/ 60 %Cin 40 mn. 10
EXAMPLE 32 HOOC-CH err] -D- Cha-Pro-Ppalerr] [ COCO - (1-azeti di ne)
N- (t-Butl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pr o- Ppa(Boc) [err] [ CHOHCQO - ( 1-

azati di ne) was prepared according to exanple 30 using

azetidine. HCI. The Dess-Martin oxidation, the 15 deprot ecti on and
purification were done according to the procedure described in exanple | to
give a diatereoneric mxture. Rlerr] (LC): 28.05 and 28.34 mn.
20% A/ 80% Bto 20% A/ 20% B/ 60% C in 40 'm n. EXAMPLE 33 20
HOOC. - CH err] - D- Cha- Pro- Ppa[ err] [ COCQ - (NH-( ' Phenyl )

N- (t-Butyl oxycar bonyl net hyl ) - N- Boc- D-€na=+R Ppa(Boc)[err] [\CHOHCO - (4-(CH e
rr])[err]-Phenyl) prepared acgording to exanpl g 30 using

2- (pheny)) et hyl am ne. The Desk- Martin oxi d&ti on,

and purification were done accyprding to the egdure descrNbe in example 1
25 to give the title conpoynd as a di astefeokeric m xturk.

Rerr]l (LO: 38. 82 mn. 20% 80%B'ko 20% 20%Bl60%C i 40 mn.

30 VO 97/31939

PCT/ EP97/ 00939 Y 45

EXAVPLE 34 HOOC- /

N-(t- Butyloxycaboyl nmet hyl ) - N- Bag- = ‘ Y[ err] [ CHOHCO - NH-CH[ err
]-Phenyl) 5 was prepared accor d| ng to exanple 30 using benzyl am ne.

The Dess-Martin oxidation, the deprotection and purification were
done according to the procedure described in exanple | to yield the
title conpound as a diastereoneric M xture. Rerr] (C: 36.46 mn.
20% A /80 % B to 20% A /20 %B/6 %)%H'R@ rmn. 10 EXAMPLE 35

Et hyl SO D- Cha- Pro- Ppa[ err] [ COCQ -

Ethyl S err]-D Cha-Pro-CH is described in exanple 18. The DCC/ HOBt - coupl i ng
bet ween 15 ethyl SO err] - D Cha-Pro-OH and .

H Ppa(Boc)[err] [ CHOHCQ - Ove. HCl, saponification and EDCM X coupling
wi t h anmmoni unchl ori de were done accor di ng to the procedures described in
exanpl e 30. Dess-Martin oxidation, deprotection and purification
wer e done according to the procedures described in exanple 1 to
give a diastereoneric mxture. Rlerr] (LC: 36.70 m'n. 20 % A/ 80
%Bto 20 %A /20 %B 60 %Cin 40 mn. 20 EXAMPLE 36 .

Ethvl S err]-D Cha-Pro-Ppa[err][ COCO - (NH CH err] Phenyl } 25

Et hyl S err]-D Cha-Pro-OH was prepared as described in exanple 18. The

DCCl / HOBt - coupl i ng bet ween et hyl S err] D- Cha- Pro- CH and

H Ppa(Boc) [err] [ CHOHCO - Ove. HCl, saponi fication and EDCI - coupl i ng
wi th benzyl am ne were done according to the procedures described in exanple
30. Dess-Martin oxidation, deprotection and purification were done
according to the procedures described in exanple | to give the
title conpound as a diastereoneric m xture. 30 Rlerr] (LC: 28.76
and29.1 mn. 20%V 60 %8/ 20%t 020 % A/ 80%C n30mi n.
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EXAMPLE 37 Et hl yl SO err] - D- Cha- Pro- Ppa[err] [ COCQl - NVe, 5

Et hyl SO err] - D Cha- Pro- OH was prepared as described in exanple 18. The
DCCl / HOBt - coupl i ng bet ween et hySQ err] - D- Cha- Pro- OH and

H Ppa(Boc) [err] [ CHOHCO - OVe. HCl, sapory Apcation and EDCJ- coupl i-ng

wi t h di met hyl am ne were done accor di ng to the procedures described in
exanpl e 30. Dess-Martin oxidation, deprotection and purification were done

according to the procedures described in exanple I to give the
ti de conpound as two diastereoners. 10 A. Rerr] (LO: 41.96 mn. 20
%A/ 80 %Bto 20 %A 20 %B/ 60 %Cin 40 mn. B: Rerr] (LO.

43.49 mn. 20 %A/ 80 %Bto 20 %A/ 20 %B'/_;QO%Crn 40. m n.
EXAMPLE 38 15 Et hYLS err] - D- Phe- Pro- Ppa[ ergo], -NH[ err]
Et hyl S err] - D- Phe- Pro- OH was prepare =¥ : gr ocedures as

descri bed in exanpl e bet ween

et hyl SOr D- Phe-Pr o-~eH -Ove. HCl,
saponi fication and _ e wer e done
according to the procdeH .®elcr= in-exampl e 30. Dess-Martin oxidation,
20 deprotection -and”purifjCation were done according to the
procedures described in exanpl e®l to " give the title conpound as a
di astereonmeric m xture. - Rerr](LC: 28.81 and 29.25 mn. 20% A 80%
t020 %A 20 9B / 60%C i n40m n. -EXAMPLE 39 25 :
HOOC--CH err] - p- d - Phe- Pro- CC%] NH[ err]

N-(t-Butyl oxycarbonyl met hyl )%%M&E— PAPhe- Pro- CH was prepared as
described in ' exanpl e 5. The DCCI/ HOBt - coupl-i ng between

N- (t - buty)oxycarbonyl net hyl ) - N- BOc- p-d - D Phe- Pro- OH and

H Ppa(Boc) [err] (CHOHCO - Ove. HCl, saponi fication and EDCI - coupling with 30
ammoni unchl ori de were done according to the procedures described in exanple
30. Dess- WD 97/ 31939

PCT/ EP97/ 00939 ' 47

Martin oxidation, deprotection and purification were done according to the

pr ocedur es described in exanple 1 to give the title compound as a

di astereoi meric m xture. R[err] (LO: 23.35 mn. 20 %A/ 80 %B

to 200A /20 % B /60 %C in 40 mn. EXAMPLE 40

HOOC- CH err] - p- O - D- Phe- Pr o- Ppa[err][COCO] (NH-CHPhenvI)

N- But yl oxycabonyl net hyl ) - N- Boc- p- Cl - D- Phe- pi;gp‘ar ed as descrr bed
P—-‘

in exanpl e 5. The DCCl=sHC
N- (t-butyl oxycar bonylsset hyl ) -
H- Ppa(Boc) [err] [mmd@;:ove )

and
it i cat i off and GagolHRPhg i t h

benzyl am ne we ] he- provedewtes descri bed in exanpl e 30.
Dess-Martin ew oxr dation,adeprotection and purification were done
according to the procedures descrrbed in exanple | to give two
di ast er eoners. A Rerr] (LO: 19.29 min. 20 %A /.60 %B/ 20 %
Cto 20% A/ 80 %Cin 30 mn. 15 B:Rerr] (LC:37.61 mn.20%V 80 % B
to 209 2098/ 60%Ci n40 m n. EXAMP| E 41 _ [ 1- Oxo- 2
[ 3- (phenymet hysul phonyl ami no) - blﬁd&& pBBlin-1-ylletyl][err] [COCO] 20
( NH CH[ er r] Phenyl ) (a)

- [ 3- (Phenyl net hyl sul phonyl am no) - 2- oxo- 2H-pyridin-1-yl]-acetic acid
(3-am no-2-oxo-2Hpyridin-1-yl)-acetic acid ethyl ester is described in J.
Med. Chem, 1996, 37, 3090- 3099, Subsequent sui phonyl ati on and
saponification is performed accordi ng exanple 12. 25 TLC. Rf: = 0.4,
silica gel, ethyl acetate/pyridine/acetic acid/ water 63/20/6/11 v/v/v/v.
(b) Benzyl SO err]-3-NHerr]- 1

- car boxynet hyl pyri di n-2-one-Ppa[err] [ COCO - (NH CH[ err] Phenyl ) .. The
coupl i ng bet ween benyl SO err]-3-NH err]-1-carboxynet hyl pyri di n- 2- one
and H Ppa(Boc)[err] [ CHOHOQ - Ove. HCl (see exanple 1), the

saponi fication, the am de-coupling, the 30 Dess-Martin oxidation, the

depfo{—ec{—r—eﬂ—aﬁd—t-he—purr fication were done according to the
procﬁiggﬁge?Hgngee]s'% I&g&l in exanple 34 to give tw diastereoners A and B.
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A Rerr](LC: 21.6 min, 20 %A, 60 %B and 20 % Cto 100 % Cin 40 mn.
B: Rerr](LO: 22.8 nmin, 20 %A 60 %B and 20 % C to 100 % C in 40 mn.
EXAMPLE 42 5 ' '

Benzyl S err]-norLeu(cyclo-dy-S- Ppa[gf r.] [ COCQ - (NH:. CH[ err] Phenyl)

Benyl S err]-norLeu(cycl o)-d y-OH was epared according to simlar
procedures as descri bed in exanple-12. The DCCl/ HOBt - coupl i ng

bet ween benzyl SO err]-norLeu(cyclo)-Gyl-OH and H S-

Ppa(Boc)[err] [ CHOHCO - Ove. HCl (exanple 12(m), saponification and

EDCl - coupling with 10 benzyl am ne were done according to the
procedures described in exanple 30. Dess-Martin oxi dati on,.
deprotection ,ar&d purification were done according to the procedures

descri bed i 2. exanpl e 1. R (LO: 23.46 mn. 20% A /60% B
/120 % Cto 20 %A/ 80%Cin 30 mn 15 EXAMPLE 43

HOOC- CH[ err ] - D- Cha- Pr o- Ppa- ( 2- benzot hi azol yl) (a)

Boc- Ppa( Cbz) Ove 20 Boc- Ppa(Cbhz) - Ove was prepared from Boc- Ppa(Cbz)-OH
(exanpl e 45) according a simlar’ procedure as described in exanple
(). (b) Boc Ppa(Cbz-(2-benzothiazolyl) Texa g0l d
(-30[err] C, stirred solution of n-BuLi in hexane (3.9 ni; 1.3%4) Wa?.?’iw,-
added, dropwi se, a 25 sol ution of benzgt hfazol e—-675—tmEgei n >
tetrahydrdfuran (25 nt). The sol g gn was stierf €& aty- , JR0Lerr S
for 15 mir], whereafter it was ad#®dlsiow y'to B solutiengof~~ 2 b,y
Boc=RpayCljz) - OVip=ET: fr— d yrahydrof iran, (25 ) at-®wo
[er gy [THe mixfure wds sticred far =28 THor Feheted —hemS %

aqueou gdi Lmfhy : : waE(anj- M Yhe mxture was allowed to warm
to room3 ¢ L tenpd - t-he layers were separ'&&. The aqueous

| ayer wa§{eyt ragt’ed w et hyl- acetate. 30 The conbi ned organic

| ayers wefe wasRed witHByater, dried over sodiumsulphate, filtered and

WD 97/ 31939
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evaporated yielding 1.83 g of an oil. The residue was purified by

chr omat ography on silica el uent: heptane/ethyl acetate 1/2, v/v)
to yield the title conpound (ZEO\ MRE o TLC. Rf= 0.35, silica gel,
hept ane/ et hyl acetate 1/2 v/v. 5 C _

N (t-Butyl oxycar bonyl nmet hyl ) (Boc) - D- Cha- Pro Ppa(Cbz) - (2-benzot hi azol yl)

The deprotection of Boc-Ppa(Cbz)-(2-benzothiazole) and the coupling to
N-(t- But yl oxycar bonyl net hyl ) (Boc) - D- Cha- Pro- OH was perfor nmed
according to the procedure . descri bed in exanple 45. Purification
by chronmat ography on silica get eluting with a gradient of _

hept ane/ et hyl acetate 1/1 v/v to heptane/ethyl acetate 1/2 v/v yielded 200

nmg of the title 10 conpound. TLC. Rf= 0.5, silica gel,
hept ane/ et hyl acetate 1/2 v/v. (d) L
HOOC- CH err ] - D- Cha- Pr o- Ppa- ( 2- benzot hi azol yl) To a mxture of 6 m

of trifluoroacetic acid and 0.6 ml of thioanisole was added at room 15
tenperature 0.45 g of

N- (- but yl oxycar bonyl net hyl ) ( Boc) - D- Cha- Pr o- Ppa( Cbz) - ( 2-

benzot hi azolyl). After 4 hours the reaction m xture was concentrated and
t he residue dissol ved in water. The aqueous phase was washed with
di et hyl "ether and concentrated in vacuo. The crude material was
purified on a preparatieve HPLC Del |l apack C18 15 [err] | QOA col umm usi ng
a gradient lution systemof 20 %A/ 80 %B/ to 20 %A/ 35 %B/ 45 % C
over 45 mn at a 20 flowrate of 50 M/mn to give the title conpound
as two di astereoners. Yield: 197 ng. Rt (LC): 38.70 mn, 20 % A
/80 %Bto 20 %A/ 20 %B/ 60 %Cin 40 mn. Yield: 151 ny.

Rt (LC): 41.75 min, 20% A/ 80%B to 20% A/ 20 % B /60 ‘%C i n40 min.

EXAMPLE 44 25 HOOC- CH[ err ] - D- Cha- Pr o- Ppa- 2- ( 2- oxazol yl )

(a) |

| - trds §hd i et hoxyl carbonyl ] 4-12- (t-but | onyl car bonyl ami no) - 3- hydr ox
y3- s badfRle é‘é ch -yl ) propyl pi peridi ne 30 To a solution of 3.03 g
of BJMMMHH ) Ove (exanple 48) in 50 WA of "~ di chl oronet hane
at - trogen at nosphere was added 20 M of 1 M

WO 97/ 31939
PCT/ EP97/ 00939



50 . . di i sobutyl al um ni umhydri de solution in hexane. After one hour
t he cooling bath was renoved, 100 m of 0.25 M hydrochloric acid
and addi ti onal dichloronethane were i medi atel y added, - and after 5
mn the resulting suspension was filtered. Brine was added to the filtrate,
the organic | ayer was separated, dried (sodium sul phate) and
concentrated to give 2.36 g of Boc- 57/10 Ppa(Teoc)-H as an oil. This

al dehyde (2. 36 %A and 1.86 g of 2-(trimethylsilyl)oxazole (Edwards,

P.D., Wl ani J, Andisik D.W, and Davis W J. Med. Chem 38, 76 (1995))
were nixed and heated at 50 C for 3 hours. Then the reaction

m xture was allowed to cool to room tenperature and after three
days the reaction m xture was concentrated. The residue was

dissolved in 10 ml of tetrahydrofiran and I m of 1 N hydrochloric acid.
After 1 hour at room 10 tenperature ethyl acetate and brine were added
and the organic |ayer was separated. The aqueous | ayer was
extracted three tinmes with ethyl acetate and the conbi ned organic | ayers
were dried (sodiumsul phate) and concentrated. The hydrolysis was not

conpl ete and the resi due was again dissolved in 10 m) of
tetrahydrofuran and I m of 1 N hydrochloric acid. After one hour
at roomtenperature ethyl acetate and brine were added and the organic

| ayer 15 was separated. The aqueous |ayer was extracted three tines
with ethyl acetate and the conbi ned organic yers were dried
(sodi um sul phat €) an R-c-04 4ri fication by col L
chromat ogr aphy on &

i th REGY ag Ryt Ares VAo
yi el ded ?709 of npouhd " NC R=D.3 s |i;E5‘ )
gel, - ¢rherty H-—v ) = ——

Boc- Ppaf ec) - 2- gxqaol - §€E35ion off 0.70 g of €y
1. {2-(ttinethyl & ox\ ecar e F 4- [2-(t-buty|9x,)/l-ca.r'bd'ﬁ.>71-',L.'? ==
am no) - 3- hydr oxy- 3- (oxazol - 2-yT) pr opyl ] pi peri di ne TFmto~m—of—

di chi oronet hane was added 0.6 g of Dess-Martin reagent. After one
hour stirring at roomtenperature 50 m of aqueous 5 % 25 sodi um

t hi osul phate was added and the m xture was stirred for 45 mn at room

t enper at ur e. The organic | ayer was separated, washed with water,
aqueous 5 % sodi um hydr ogencar bonat e and brine, dried over sodium
sul phate and concentr at ed. Purlflcatlon by chronatography on

silica gel eluting with hept @td(lggace te 3/2 v/iv yielded 455 ng of the
title conpound. ica gel, heptane/ethyl acetate
1/1 ,v/v. 30 MD 97/ 31939

PCT/ EP97/ 00939 51

(c) N-(t-Butyl oxycarbonyl nethyl)-N Boc- D Cha- Pro- Ppa( Teoc) - ( 2- oxazolyl)

To a solution of 477 ng of Boc-Ppa(Teoc)-(2-oxazolyl) in 12 m- of diethyl
ether and 2 nl et hanol was added 213 ng of p-toluenesulfonic acid
nono hydrate and the ether was renoved - under reduced pressure at
30 [err]C. The oily residue was heated at 60[err]C for 20 min, then the 5
et hanol was renoved under reduced pressure and the residue was dried in
vacuo to yield 0.5 g of H Ppa(Teoc)-(2-oxazolyl).TsOH To a
solution of 0.29 g of N-(t-butyloxycarbonyl nethyl)-

N- Boc- D- Cha- Pro- OH (described in exanple 1) in 10 m NN-di net hyl f or mam de
under a nitrogen atnosphere at -20 [err]C was added 0.078 mi

i sobutyl chloroformate and 0.208 m NN\ - di i sopropyl et hyl ami ne.
After 30 min a solution of 0.25 g H Ppa(Teoc)-(2-oxazolyl).TsOH in 10

N, N- di met hyl f ormam de and 0. 050 ml NN-dii sopropyl et hyl ami ne was added and
the reaction . m xture was allowed to warmto room tenperature.

After two hours the reaction m xture was concentrated under
reduced pressure. The residue was dissolved in ethyl acetate, washed with a
5% sodi um hydr ogencar bonat e sol ution and brine, dried (sodium sul phate) and
concentr at ed. Purification by chromatography on silica gel eluting
mﬁth“é“grad%enLﬁgL_ngé?ne/ethyI acetate 1/1 15 v/v to heptane/ethyl
acet'l:mseshgé v/iv yie 200 ng of the title conpound. TLC. Rf=
0.5, s een Repihage/ et hyl ~acetate 1/2 v/v. (d)

HOOC- r o- Ppa- ( 2- oxazoyl) - To a solution of 0.20 ¢
N-(t- | met hyl ) (Boc) - D- Cha- Pro- Ppa( Teoc) - (2- oxazol yl ) 20
in2m of dichlor t hane was added 2 ml of trifluoroacetic acid and
stirred at room tenperature. After 4 hours the reaction mxture
was concentrated and purlfled on a preparati eve HPLC Del t apack C18
15 pm 100 A colunn u5|ng a gradlent elutlon systen1of 20 % A /80 %
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147_g of -benzyl oxycar bonyl oxysucci ni mi de was adjusted to 9 with 2N sodi um
. hydr oxi de. The m xture was stirred for 16 hours at room
tenperature. The precipitate was coll ected and washed well with
water. The filtercake was dissolved in dioxane and the pH adjusted to 12.5
10 with 4 N sodi um hydroxi de and 129 g of di-t-butyl dicarbonate were
added.- The mi xture was stirre®/t®r 16 hours The precipitate was
coll ected and washed with dioxane. The filtrate was concentrat ed
to a small volune and the pH was adjusted to 2.5. The residue was diluted
W th ethyl acetate. The organic |ayer was washed with water dried
on sodiunlsulphate and evaporated to dryness to give 100 g of an
oil. 15 IbC = 0.77 in dichloronethane/ methanol 9/1 v/v on silica
get. (b) Boc Ppa( Cbz) - N( Me) (Owe) . To a solution of 22-5g
of Boc-Ppa(CBz)-OH in 500 m of dichloronethane was added 7.54 ¢

of N, O di net hyl hydr oxyl ai ne. HCl and 24.75 g of TBTU. The pH was adjusted at
pH 8.5 with 20 triethylam ne. The m xture was stired for 2 hours at
roomtenperature, then washed with IN hydrochl oric acid, water, 5
% sodi um hydr ogencarbonate solution and water, dried on sodi um

sul phate and evaporated in vacua to yield 15. 4 g as a white solid on

crystallization from di i sopropyl et her . TLC. Rf= 0.5 1in
di chl oronet hane/ et hy) acetate 8/ 2 v/v on silica 25 (c) yBoc- Ppa
(Cbz)-2-thiazolyl) To a co%g (-78 [err]Q), kFUEd squLLg?
n-BuLi (0. 11 mol) in diethyl ether’(&400-m-), "was add

ok

a solution of 2-bronothiazole (18fg’q1, 0.11 nol) in &le n Soifx
m). After the ‘ sol ution had been st ed {
A . 41‘ P

a sol ution of Bagc- Ppa(Cbz) - N Me) QW R dry

t et rahydr of uran (30Q - ' .ﬂﬂﬁw w hg 'xt mﬂs sti réﬁ at 4%8
[err]C ’ ol 'oaqueou% sodluﬁ#hydmngencarhgmate was
added. The T\ - ., 20 . 97/31939

PCT/ EP9#7/ 00939 ' 27 T - - 53

to warmto rooatjenﬁaﬁhture and t he Iayers were separated. The aqueous

| ayer was -extract ed. . with ethyl acetate. The conbi ned organic

| ayers were washed with water, dried over sodium -sul phat e,
filtered and evaporated yielding 15.1 g of an oil. The residue was purified
by chromat ography on silica (eluent: dichloronethane/ nethanol 99/1
viv) to give 3.2 g of the title 5 conpound. TLC. Rf= 0. 45,
silica gel, dichloronethane/methanol 95/5 v/v

(d)- H-Ppa(Cbz) (2- thlazonI)T Boc Ppa(Cbz) - (2-thiazolyl) (500
ng) was dissolved in 10 nm r¥:LG5bhgérl aci d/ di chl or omet hane 1/1
v/iv:and stirred for 1 hour at roon1tenperature The crude am ne was
isolated as an oil in quantitative yield after renoval of the solvent by
evapor ati on, and used i medi ately to prepare

N- (t - butyl oxycar bonyl net hyl ) - N--Boc- D- Cha- Pr o- Ppa( Cbz) - (:2-

t hi azol yl) TLC. Rf= 0.40, silica gel, ethyl

acet ate/ pyridine/acetic acid/ water 63/20/6/11 v/v/v/v. 15

| sobutyl chloroformate (130 [err]) was added to a stirred solution of N-(t-
but yl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pro- OH (490 ng) and

NN- di i sopropyl et hyl am ne (170 [err]) in dry N, 14-di et hyl f or mam de
(12 mM) at -15 [err] C under nitrogen atnosphere. After 15 mn 20

H Ppa(Cbz)-(2-thiazolyl).TFA dissolved in dry NN-dinethylformamde (10 m),
was added dropwi se to the cold m xed anhydride sol ution,

mai ntaining the pH at 8.5 by addition of NN\

di dsopropyl et hyl am ne. The reaction m xture was stirred for 60 mn at -15

[err]C. The reaction m xture was evaporated to dryness. The

resi due was dissolved in ethyl acetate and successively washed
with 2 % aqueous citric acid-solution, water and brine, dried over sodium
sul phate and 25 concentrated in vacuo. The residue was purified by
chromat ography on silica (eluent: ~di chl or onet hane/ met hanol 99/ 1
vivto yretrd 470 g of N-(tert-butyl oxycarbonyl nethyl)N-
Bocfd Sriedr iisBRR RepiBgad 2- t hi azol yl ). TLC: Rf= 0.65, silica gel

di chl anol . 95/5 v/ v. 30 WO 97/ 31939
PCT/ Eﬂﬂ@ J | s
(f) . * Cha- Pro- Ppa- (2-thi azol yl) A solution of 470 ng

of N-(t-butyloxycarbonyl methyl)-N Boc- D- Cha- Pro- Ppa(Chz) . (2-
thiazolyl) in 5 m trifluoroacetic acid and 0.5 nm thioanisole was stlrred
for 4 hours at room tenperature The sol vent was renoved in vacuo
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The_ synthesis of N-(t-butyl oxycarbonynethyl)-N Boc-p- MeO- D- Phe- Pro- OH has

.been 15 described in exanple 6. The coupling to

H Ppa(Cbz)-(2-thiazolyl) (135 ng), subsequent deprotecti on and
purification were done according to the procedure described in exanple 45
resulting in two separated di astereoners. Yield: 37 ng, R: 27.17

mn., 20 %A 80 %B, 0 %Cto 20 9/18, 20 % B, 60 %Cin 40 mn.

Yield: 47 ng. Rerr]: 30.15 mn., 20 %A, %B, 0% Cto 20 %A 20 %B,
60 % Cin 40 mn. 20 EXAMPLE 47

HOOC- CH err] - p- O - D- Phe- Pr o- Ppa- (2-t hi azol yl) 25 The hesi s of
N- (t - butyl oxycar bonyl net hyl ) - N- Boc- p- Cl - D- Phe- Pro- OH has been scri bed

in exanple 5. The coupling to H Ppa(Cbhz)-(2-thiazolyl) (322 ng),. subsequent
deprotecti on and purification were done according to the procedure
described in exanple 45 resulting in two separated di astereoners.-
Yield: 73 ng.Rerr]: 31.07 mn., 20 %%é %gB, 20 % Cto 20 %A 0 %B,
80 %Cin 30 mn. 30 Yield: 94 8721 min., 20 %A 60 %B, 20

%Cto 20 %A 0 %B, 80 %Cin 30 _mn. WO 97/ 31939 .
PCT/ EP97/ 00939 ‘ 55
EXAVPLE 48. HOOCACH err] -D- N & 0- Ppa- (2-thiazolyl). 5

The synthesis of N-(t-butylo ycarbonylm% ) - N- Boc-D- Nl e- Pro- OH has been

described in exanp : e a) Boc- Ppa- N( M) Ove

To a solution of Boc-Ppg§Cb (Me) Ove (exatpl e 45b) (820 ng) in NN 10

di met hyl formam de (25 m) waS¥added 2N hydr§ghloric acid (0.915 m) and 10
% Pal adi um on car bo 00 ng) whereRfter the m xture was

hydr ogenat e uring 1 hoqi a m t enper at uyfe. ) The reaction

m xture was _fi\l tered over di atef, washed witf{ N, N-di met hyl f or manmi de and
neutral i sedth triethylepine 15 § Thg_product was used crude in the
synt hesi s of. Boc- oPpa :

(b) Boc- Ppa( Xgoc) - N( Me) Ove _
Boc- Ppa- N( Ove were successi vel
(trimethylsi yI)ethoxycarbon%ko } _
Synt hesi s 1437, E 346) r(58ZAy) a
stirred for 4.5 hours at roor#tenpdrat
at nosphere. The pH of the sol ution wag
sol vent was renoved by evaporation
added and the sol ution was
m), water, 5 % sodi um hydrogen-

dri ed over magnesi um sul phate and co
resi due was purified by chronatog?aph
/ethyl acetate 8(2 v/iv 25 a
0.37, silica gel, heptane/ethyl acetat§
Boc- Ppa( Teoc) - (2-t hiazolyl) . i T
n-butyllithiumin diethyl ether (68.4
ni trogen at nosphere, was slowy addrd

-2,5-dione (TeocOSu, reference:
triethylamne (0.350 nl) and
0 under a nitrogen
epty at -8 with triethylam ne. The
ﬁ@duc d pressure, dichloronmethane was

ed wth 0.1N hydrochloric acid (100

catbonate solution and water,
dentrated in vacuo. The :
Y\ on sillca gel eluting with heptane
nt. Yidld: 784 ngy. . TLC. Rf=
1/1 viwv. (c)
a cold (-70 [err]C) solution of
1.07 ADI/I), under a 30
3y ut i or\dof 2- br onot hi azol e (6.59
e

m) in diethyl ether (50 Qﬁ)- Ystirr for 30 mn. at -70 C
This lithiunthiazolide solution was adde ery slhowy WO
97/ 31939 _ \

PCT/ EP97/ 00939 § ;:i‘r< 56
toacold (- 70 [err]C solution of Boc- ?‘eer\N(I\/E)OVb (16.8 g) in dry
tetrahydrofuran (150 : m ) and st 4ﬁghuidi_; hour at -70 [err]C

¥
under a nitrogen atnosphere. The reac%tﬂ’iure was diluted with
r ’ '

0.2 N hydrochloric acid (200 m ), extr¥ctey

di chl or onet hane, the organi c | ayer33MRre washed with water, 5 %
sodi um hydr ogencar bonate sol uti on and vat gk A —< dried over magnesi um
sul phate and concentrated in vacuo. Thegsesi chr omat ogr aphed

on silica gel eluting with heptane/ethyl acet 2 viv as eluent. Yield:

11. 35 g. ~TLC. Rf= 0.68, silica gel, ane/ et hyl acetate 1:1 v/v.
(d) H-Ppa(Teoc)(2-thiazoyl).TsCH 10 To a-Ralgut i on of

Boc- .(2-thiazolyl) (2.5 g) in dietﬁ%l ether (100 mM) was added p-
tolu e '%??2 g). The reaction m xture was sl-owly evaporated at
30 [err for 1.5 hour at 15 nbar. Yield: 3.03 g.

(e) e- Pro-Ppa-(2-thiazolyl). 15 The coupling of

N- (t-butyl oxycar bonyl net hyl )- N-Boc-D-N e-Pro-OH to H Ppa(Teoc) - ( 2-
thiazolyl). TsOH (307 ng), subsequent deprotection and purification were
done according to : exanple 45 resulting in tw separated

di astereoners. Yield: 96 ng. Rerr]: 23.45 min., 20 %A, 80 %B, 0

7 o~ a1 ~NSN N7 NN NSNS ~~N N7 e - ~NN S ~r @



20 .. . EXAMPLE 49 ' '
.HOOC-CH[ err]-m d -D. | - phe-Pro-Ppa-(2-thiazolyl). The synt hesi s of
N-(t-butyl oxycarbonyl met hyl) - N-Boc-m C - DL- Phe- Pro- OH has been 25

described in exanple 4. The coupling to H Ppa(Teoc)-(2-thiazolyl).TsOH (32S

ng), the subsequent deprotection and the purification were done
according to the procedure described 4 /10 in exanple 48 resulting in
four separated diastereoners. ifeld: 80 ng. Rerr]: 28.68 mn., 20
%A 80 %B. 0 %Cto 20 %A 20 %B, 60 %Cin 40 nin. Yield: 40
ng. Rlerr]: 31.02 min., 20 %A 80 %B, 0 %Cto 20 %A, 20 %B, 60 %C in
40 mn. 30 Yield: 72 mg. Rerr]: 32.62m n., 20%A, 80%B, 0%t 020%A,

2098, 60%Ci n 40m n. Yield: 52 ng. Rerr]: 34.22 mn., 20 %A 80 %
B, 0 %Cto 20 %A 20 %B, 60 %Cin 40 mn. WD 97/ 31939
PCT/ EP97/ 001439 57
EXAMPLE 50 HOOC- CB[ err] - D- Dna- Pr o- Ppa- ( 2-t hi azol yl). 5

(a) Boc- D Dpa- Pro- OBzl Boc- D- Dpa- Pro- OBzl was obtai ned by
reacting Boc-D-Dpa-CH (4.77 g) with H Pro- 0Bzl (3.8 g) according

to the coupling conditions described in exanple 1. Yield: 8.4 g.
TLC: Rf= 0.95, silica gel, ethyl acetate/pyridine/acetic acid/ water

560/ 31/ 18/ 7 v/v/vlv. 10 (b) Boc-D- Dpa- Pro- Ch

Boc- D- Dpa- Pro- OH was obtained by catal ytic hydrogenati on of v

Boc- D- Dpa- Pro- OBzl (7 Q) according to the procedure descrf bed_3n
exanple 1. Yield: 5.5 g. TLC. Rf= 0.59 sily ca,,gpl et hyI TN

acet at e/ pyri dine/acetic acid/ water 520/31/18/7 v/v/ v/ '1§ 15
Boc- D- Dpa- Pr o- Ppa( Teoc(2-t hi azol yl The cou

Boc- D- Dpa- Pro- OH (500 ng) to H Ppd(Teoc)-(2-thiazol yI')

was done according to,bhe, procedure BescgiijRed in e

TLC. Rf= 0.44, silica gel;, heptane/ et Myl acet

Boc- D- Dpa- Pr o- Ppa( Ted&y™( 2- t hi azoy| JABEZwy

sul fonic acid v accordipg tlo -:ﬁ

to yield H D Dpa- Pro-p Teo 1) (761 ng).
N-(t-butyl oxycar ban oc) ?{12 hi azol yl ) was

obt ai ned fro@t n of H-DDp Ppa( Teoc) - (2-t hi azol yl) (761
ny) W|tht bro tate (0. 8n1) according to the
ohe |bed in e

ed WBt 2 Av- t ol uene
e e deq& i bed in exanple 48

procedur e” le 1. Yield: 6155' TLC. Rf- 0. 54,
silica gel, tht anef ¢ hyI acetate 3/7 v/v. (e)

HOOC- CH err] - 0- Ppa- (2-thiazolyl). - The subsequent
deprotection the purification were done according to the procedure 30
described in exanple 48 resulting. in two separated di astereoners.

Yield: 64ng. R 35.16 mn., 20%\% 9 YC 209, 20% B, 60%Ci n40mi n.
VO 97/ 31939 |&URe™) 8

PCT/ EP97/ 00939 _ 58
Yield: 96 ng. Rerr]: 3680 mn., 20 %A, 80 B, 0 %Cto 20 %A 20 %B,
60 % Cin 40 mn. EXAMPLE 51 5 .

HOOC- CH[ err] - D- Cha- Ohi - P(2-t hi azol yl). (a)

N (t - Butyl oxycar bonyl net hyl ) - N- Boc- D- Cha- CH -

N- (t - But yl oxycar bonyl net hyl ) - N- Boc- D- Cha- OH was prepared as described in
exanpl e 45. 10 (b) HOhi-Ore, HC To a -15 [err] C sol ution of
dry nmethanol (10 m), 0.43 m (0.7 g) of thionylchloride was added

dropwi se. The m Xure was stirred for 20 min at -10 [err]C after which

oct ahydr o i ndolin-2- carboxylic acid (HOni-OH) (0.5 g) was added
and the solution was refluxed for 3 hours. The m xture was -
concentrated and coevaporated with methanol in vacuo to yield 665 ng H Chi -
15 Ove. HCl . TLC. Rf= 0.68, silica gel, butanol/pyridine/acetic
acid/water 4/1/1/2 v/ivi/vlv. (a)
N- (t-Bytyl oxycar bol met hyl ) - N- BocD- Cha- Chi - Ove To a cold (O[err] O
solution of N-(t-butyloxycarbonyl methyl)-NBoc-D-Cha-OH (1.2 g) in

[
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RIS oot d
20 . di chl oronet hane (40 m ) were added 1-hydroxy benzotriazole (460
:ng), dicycl ohl exyl carbodiimde (700 ng) and stirred for 20 mn at
O [err]C. Next H Chi-QOwe. HC (665 ng) and
N, N- di i sopropyl et hyl ami ne (0.075 m) were added to this reaction m xture.

The m xture was stirred at O[err]C for I h. and then kept at room
tenperature during 7 days keepi ng theIJ El of the solution at 7 with
NN- di i sopropyl et hyl ami ne. The m xture Rl ed to -20 C and 25

di cycl ohexyl urea was renoved by filtration. The filtrate was evaporated to
dryness. The residue was di ssolved in ethyl acetate and washed
with I'N hydrochl ori cAdnial, HemionieWate Tith 'Spli t-Frequedtdt.aggncar bonat e and
brine, dried over sodium sul phate and concentrated in vacuo. The

resi due was chromat ographed on silica gel eluting with heptane/ethyl
acetate 3/1 v/v as eluent. Yield: 1.07g. 30 TLC. Rf= 0.41,
silica gel, heﬁlﬁn@#ﬂéﬁmﬁ foc eir-durbulgnck-cpfrected distance-measuring mt&ﬁ@ﬁkfﬂ%ﬂ@

PCT/ EP97/ 00939
(d) N-(t- BHEISRSE a5 SR0STHE PISHIPPige BsunR NG Yirlsly epparated wavelengths ., angl Lhz: on

of N (t- btttk yReasRe Wavdédpiis) ad\wElDss the WadelGhtith ¥R, MnbstdR @hbwhio high

di oxane/water 2/1 v/v (30 m) lithium hydroxide m)nohydrat e(0.32 g) was
added. Theegresy @fraécuracy Furthevmresqt|eaqhema‘@!engﬁwometl@q¢pehoai¢mredmra mfpfhour s.

Di th
acet at e waSsbGiHNS bolbiaEY BERERULODIS reguonsy splfRE AR aBRBRPEF Be 1Y
and the waimge dfayﬂjbxhﬂételgmi MHsz 20 MIg£tot facititate A Chinteifbionedicedistasce The
organi c | ayer was washed with water and brine, dried on sodium

sul phat e AHASHEWERS it R variely Qffesrsurement-mir yglocifiss
chromat ographed on silica gel eluting with heptane/ethyl acetate 1/2 v/v as
el uent. TheFigure 2) fractions containing

N (t-butyl oxycar bonyl met hyl ) - N- Boc- D- Cha- Chi - OH were pool ed and 10

evaporated. Yield: 500 ng TLC. Rf= 0.25, silica gel, ethyl
acetate/ heptane 2/1 v/v . (e)
HOOC- CH err] D- Cha- Ohi - Ppa- (2-t hi azol yl). The coupling of

N-t - but yl oxycar bonyl net hyl ) - N- Boc- D- Cha- Obi - OH and H- Ppa(Teoc)-(2- 15
thiazolyl). TsOH (428 ng), subsequent deprotection and the purification were

done accordi ng to the procedure described in exanple 48 resulting
in two separated diastereoners. “Yield: 85 ng. Rerr]: 37.72 m n,
20 % A, 80 %B, 0 %Cto 20 %A 20%B, 60 %Cin 40 mn. Yi el d:

127 ng. Rerr]: 42.46 min., 20 %A 80 %B, 0 %Cto 20 %A 20 %B, 60 %C
in 40 mn. 20 EXAMPLE 52

HOOC-CH err] - D- Cha- Pro(4-ci s-ethyl)-Ppa-(2-thiazolyl) _ (a)

N (t-Butyl oxcar bonyl net hyl ) - N- Boc- D- Cha- Pro(4ci s-ethyl)-CEt. 25

N (t - Butyl oxycar bonyl net hyl ) - N- Boc- D- Cha- OH was prepared as. described in
exanpl e 45. To a cold (O [err]C) solution of

N- (t-butyl oxycar bonyl net hyl )-N-Boc-D-Cha-OH (3.7 g) in

di chl oronet hane (15 m ) were added 1-hydroxy benzotriazole (1.43 g),

di cycl ohexyl carbodiimde (2.18 g) and stirred for 15 mn at 0
[err]C. Next HPro(4-cis-ethyl)-CEt.HC (1.99 g), which was
prepared according to WD 95/23608, and. NN-di i sopropyl ethylam ne (0.150 m)
30 were added to this reaction mxture. The m xture was stirred at
O[err]C for 1 hour and then kept at roomtenperature during 2
hours keeping the pH of the solution at 7 with NN\ WO
97/ 31939 _

PCT/ EP97/ 00939 60
di i sopropyl et hyl ami ne. The m xture was cooled to -20 C and di cycl ohexyl urea
was renoved by filtration. The filtrate was evaporated to dryness.
The residue was dissolved in ethyl acetate and washed with | N

hydrochl ori ¢ acid, saturated sodi um hydrogencarbonate, water and brine,
dried over sodlun1sulphate and concentrated in vacuo. The residue was
chromat ographed on 5 silica gel eluting with heptane/ethyl acetate
3/1 viv as eluent. The fractions containing N-(t-

but yt oxcar bonyl et hyl ) - N- Boc- D- Cha- Pro( 4-ci s-ethyl )-CEt were pool ed and
evapor at ed. Yield: 3.87 g. TLC' Rf = 0.46, silica gel

hept ane/ et hyl acetate 3/1 v/v. 10

(b-N-(t-butyl oxycabonyl netyl)-N Boc- D Cha-Pro(4-cis- ethyl) CH To a
solution of N-(t-butyl oxy-carbonyl nethyl)-N Boc-D Cha-Pro(4-cis-ethyl)-CEt
(3.85 g) in di oxane/water 9/1 v/v (50 ml) IN sodium hydroxide (7.5
m) was added ‘The nlxture was stlrred at roon1tenperature After

~r~ 1 ——~ " I Y L Y T D T o A ~ .



S oa i . toso~f Zras
Yield:!77.5 mg. R: 36.61 mn., 20 %A 80 %B, 0 %Cto 20 %A 20 %B, 60
% C’in 40 mnin. Yield: 104 ng. R 40.05 mn., 20 %A 80 %B, 0 %C
to20 %A, 20 %B, 60 %Cin 40 mn. 30 WO 97/ 31939
PCT/ EP97/ 00939 S Y

HOOC- CH err ] - D- Coa- Pr o- Ppa- ( 2-t hi anol yl ) 5 i
2- acetyl am no- 2- (cycl ooct | met hyl ) - mal onat e P

g
4

suspensi on of sodi um hydride (5.36 10in di oxaney/ >
dropwi se (very slow) dry ethanol (134 nl) and sti or | . 9. our -
derr] C under a nitrogen : at nosphere. {Thi §7resul ti'Ag=sodl tim=™"~ "

et hanol ate sol ution was added dropwise to a sdlution of

cycl ooct yl net hyl bromi de (exanple 7(a)) (27.49 ig,)f‘:f}ifrfsf';Qd’fr_.}'lf_J.rf'fi-'-i-‘-%a'ﬁifiﬂe-%\‘é‘?lﬁqu)u and
di et hyl 10 acet yl ai ni nomal onate (29.10 g) in dioxane (200 m)/ethanol
(20 mM) and stirred vigorously for 165 hours at 80 [err]C. The

sol vent was renoved by evaporation at reduced pressure, ethyl acetate

was added, washed with water, 5 % sodi um hydrogencarbonate sol uti on and
brine, dried on \. magnesi um sul phate and concentrated in vacuo. The
resi due was chronm&t ographed on silica gel eluting with

hept ane/ et hyl acetate 7/3 y/v as cluent. The fractions contaiing the
desired 15 gltiyerke pool ed and evapor at ed. : ET_(i eld: 19.60 g
TLC. Rf= 0.53 ,silff hept ane/ et hyl acetate 7/3 v/v. <

(b) H D Coa- OH am no acid H Coa-0OH was obtai ned refluxing a
sol ution of diethyN 2-ageyyl am no-2- 20 - (cycl ooctyl nmet hyl- nal onat e
(19.60 g) in 4N hydrechlgric acid/acetic acid 2:1 v/v (450 for

75 hours After cooling, th crystals were collected by filtration and
washed wi th diethyl ether. Yield: 9.83 ¢ TLC. Rf= 0.59,
silica gel, ethyl acetate/pyridine/acetic acid/ water 63/20/ 6T v/ v/ v/ V.

25 (c) N-(t-Butloxycarhonyl nmet hyl)-N- Boc-D. L- Coa- Pro- OBzl

The synthesis of N (t-butylo O@}! net hyl ) - N- Boc- Coa- Pro- @z was

per f or med accor di ng/ % procedures described in &anple 1.

(d) HOOC- CH[-err] - D-$50g~ R-0fna i.zon.wg_ﬂ;O The
- N

N- (t-butyl oxycar bonyl ngt hyl )\ Boc@oa- Pro was obtai ned by Jydrogenati on
of N (t-butyl*oxycarsan oc- Coa- Pr o- OBzl 9.61 Q)
according to the proceddxe WO 97/ 31939

PCT/ EP97/ 00939 \ \
-'descri bed in exanple 1. Thg resulti ng oi
after which both : i,ast ere

N-(t - butyl oxycar bonyl net hyl )\ N- Bo
filtration. The filtrate was ‘evapor\at ed,at
and used for coupling to H pa(\'(1eoc
t he subsequent deprotection and,the puyrif
according to the procedure descr\i bed i
separated di ast ereoners.\ ieM; 137my Rlerr]: 36.10 mn.,
20 % A 80 %B, 0 %Cto 20 %A 2Q %B\H0 % C \n 40 myh. . Yi el d:
139ng. Rlerr] :38.94nmin., 20%A, 808, QU 02NYA, 20°
EXAMPLE 54 HOOC- CH[ er r ] - Q- Cha-Yzt - B
(a) N-(t- -Butyloxycarbonyl net hyl)-N Boc-D Cha-0O
N- (t - Butyl oxycar bonyl met hyl ) - N- Boc- D- Cha- CH wagi R

et hyl )

62

\
was tr\eat ed with diethyl ether

e ed\pressure (yield 9.34 g.)
2-thi\azol yl).TsOH (400 nmg), -

catNon 5 wer e done

exanpl & 48 re§u|ting in two

B, 60%Ci n40m n. 10

@d as \described in

exanpl e 1. (b) N-(t-Butylo ar bonylf neyhyl \- N Boc-\{- Cha- Azt - OH
| sobutyl chloroformate (0.71 ml) was ed fdro g8 1§ a cooled (-15 - -20
[err]C ) solution of N (t-butyl@xycar¥ et hyl ) - N- Boc- D- Cha- OH
(1.90 g) and N-nethyl norpholine (0.6.nm) iM™M20 m

di chl oromet hane. After 45 nmin, HAzt-OH (0.50 g) wag$a
the organic _ phase was extracted with waterf/ the or
dried on sodi um sul phate, filtered and:- . "t he\sol vent] was renoved
under pressure. Yield: 2.3 g of the title conpound as_a A

(c)

colorless oil. g FAB-MB: nj.e .. 469 (MrH err]).

HOOC- CH| err] D- Cha- Azt - Ppa- (2-thiazol ¥l ). = '+ :The coupl Mng to

H Ppa( Teoc) - (2-t hi azolyl) (428 ny), t'he subsequent “deprot echion and the
purification were done according to the procedure described in exanple 48

resulting in tw - separated di astereoners. 3@his is theYieplatement gheet
Rlerr]: 28.10 min., 20 %A 80 %B.O%Cto 20 %A 20 %B, 60 %C in 40
m n. 2 6 JUN 1897
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Yield:788 hy. R: 31.46 min., 20 %A 80 %B %Cto 20 %A 20 %B, 60 %

Cinn 40 mn. WD 97/ 31939

PCT/ E97/ 00939 ' 63
EXAMPLE 55 HOOC- (CH[ err] ) - D- Cha- Pr o- Ppa- ( 2-t hi azol yl ). 5
(a) N-(2-t-Butyl oxycarbonyl)ethyl)-D Cha-Owe To a suspensi on of

7.11 g of D-Cha-Ove. HCl in 25 m of aceyomitrile was added 2.6 m of
N, N-di i sopropyl ethyl ami ne and 25 ml of tert-butyl acrylate. This reaction

m xture was heat ed at - 40[err] C and mantai ned at pH 8 (spot test on
a noi st pH pa;)erusi ng NN-dii sopropyl et hyl am ne. After one week
the reaction 3" ur was concentrated. The residue was dissolved in ethyl
10 acet at(g, vwash&d=wi t h water and brine, dried (sodium sul phate) and
concentrated Yo akford 11.78 g of the title conpound that was used
w t hout furthe i ¥ication. ~ TLC. Rf= 0.7, silica gel, ethyl

acet at e/ hept ane™f v/v. : (b)

) et hyl ) - N- Boc- D- Cha- Ove 15 According to the
@but yl oxycar bonyl net hyl ) N- Boc- D- Cha- Ove

ytar bonyl ) et hyl ) - D- Cha- Ove (11.78 Q)

(2-(t-butyl oxyearbonyl) et hyl)-N Boc- > Cha- Owe
silica gel, ethyl acetate/hepta 1/2 vlv.
T bbonyl ) et hyl - N- Boc- D- Cha- OH )Accor di ng
N- (t - but yI oxycar bonyl met hyl ) - N- B@ Cha- CH

N-(2-(t-Butyl oxycarbyes
procedure descri bed/
(example 1) N-(2-(t
transforned into N
(8.78 g).

20 (c) N—?Z\'(t"g
to the proceduresdescrib
(exanpl e 1) N (2-%t Putgb
saponified to \ Ai §
(4.31 9g). T&:

25 (d) N-(2%(t-But
According to the pros 5V
N- (t-butyl oxycar bonyl nmdt hyJ ) -
N-2(t - butyl oxycar bonyl ) &t hgl kg
with Pro-OBzI HCl to give\ 7
N- (2- (t-butyl oxycarbonyl ) &t \f) -
TLC. Rf= 0.5, silica gel ,>efthyl At e/ p.Lane_%/Z v/ v. WO
97/ 31939

PCT/ EP97/ 000939 \ N 64

(c) N-(2-(t-ButloxycarbonyL)ehhyl)-N Bog Sha- Pro\COH According to

Xxbong ) et hyl ) - N Boc- D- Cha- Ove ( 10. ) was
but yl oxycar bonyl ) et hyl ) - N- B Cha- OH
{|ica gel, ethyl acetate/hept arh\ll5 v/v.
yl ) et hyl ) - N Boc- D- Cha- Pr o- OBzl

3. Lor

2D Cha- Pro- OBzl (exanple 1)
c-D-Cha-OH (3.14 g) was coupl ed

-Pro-0Bzl (4.36 g). 30

CH (exanple 1) N-(2-(t-butyl oxygarbonyl)et\hyl-)x N- Boc-{) Cha- Pro- OBzl (4.33
g) was hydrogengted to gjive \ _

N- (2-(t-butyl oxycafbonyl ¥@t hyl ) - N Boc- D\Cha- Pr 0-\0 é3. % g). TLC Rf=
0.15, silica gel, ethyl acetate. \ f{) \

N-(2-(t-Bul oxycarbon e - N- Boc+AD- Cha\Pr O-Epa eoc) - (¢-thiazol yl)
According to the protedyre described for .
N- (t-butyl oxycar bonyl xetlhyl ) - N Boc- D\Cha-

Ppa( Teoc) - ( 2- oxazol yl) Wexagplle 44) \ / -\ .

N- (2- (t-butyl oxycar bonyl ) et RyL) - N- Boc-B:\Cha- Phg- OM 10 (34 ny) was
coupl ed with H-Ppa(Teoc)-(2-thiazobyl). TsOH (dscri\t{e in exangle 48) to
gi ve

N-(2-(t-butyl oxycarbonyl)ethyl)-N Boc-D Cha- Pro- Ppa( (&t hiazol yl)
(468 ny). TLC. Rf= 0.25, silica gel\ ethyl eptave 1/1
v/v. (g) HOOC-CH err] CH err]-Cha->R@- Ppa{/( 2~ hi agol yl) 45

According to the procedure described for
HOOC- CH[ er r ] D- Cha- Pr o- Ppa- ( 2- oxazol yl ) (exanpl e. ,
2- (t-Butyl oxycar bononyl ) et hyl ) - N-Boc- D- Cha- Pip- Pd4(Toc)-

ng ) .. was deprotected to give

N(HOOC-CH err]CH err]) - D- Cha- Pro- Ppa- (2-thi azolyl) as t

di ast er eoners. : Yield: 123 ng. Rerr] (LC: 30.2 %A 80 %
Bto 20 %A 20 %B, 60.%Cin 40 mn. 20 Yield: 138 err] &‘LC)
33.6 min, 20 %A 80 %Bto 20 %A, - 20 % B, 60 %Cin 40 mn: '
EXAMPLE 56 BPOC-CH err]- (N - Me)-D- Cha- Pro-Ppa- (2- (\7f) 25
(a) Boc-D- Cha- Owe Boc- D- Cha-OH (20 g) was dissol ved "

di chl or onet hane/ met hanol 9/1 v/v (4QQ.m. 2- :
benzotriazol-1-yl)-1,1,3,3-tetraneth 'ﬁr’%meuﬁ#&erma%tusgreghor at & 9)
was added and the * solution adj uste%\/\ﬁoJ@Hggpy addi ti on of
triethylamne (10 m ). The reaction pipekure S itred 30 for 16 hours

at roomtenperature. The m xture was washed successively with cold I N
hydrochloric acid solution, water, 5 % sodi um hydrogencarbonate; -and wat er



WD 97531939 .

PCT/ EP97/ 00939 65

sodi um sul phate. The filtrate was evaporated and the residue was

chromat ographed on silica gel eluting with ethyl acetate/heptane
2/3 viv as eluent. The fractions jggat ai ni ng Boc- D- Cha- Ove were
pool ed and evaporated. Yield: 19. . TLC. Rf= 0.90, silica gel,
et hyl acetate/ heptane 3/1 v/v. 5 (b) Boc- (N Me) - D Cha- Owe
Boo- D- Cha- Ove (19.35 g) was dissolved in 200 m dry NN-dinethyl formam de
under nitrogen .at nosphere. Methyliodide (4.22 mM) was added and the
m xture was cooled to O[err]C. 2.71 g of sodium hydride (60 %

di spersion in oil) was added and the reaction m xture was 10 stirred
for 3 hours at roomtenperature. The m xture was partially concentrated,

et hyl acetate was added and the organic | ayer was washed with 0. 1
M hydr ochl ori ¢ aci d, ; % sodi unr—= hydr ogencar bonate sol ution
and brine, dried over |1um sul ;kate ak® concentraged. Vi el d:

21.07 g. TLC Rr— 0. 55, PS11Lga gel, ethyl etate/ heptane 3/7 v/v.
15 A sol ution of Boc- ( N- Me}- DChaOVE(ZO g) in 400 mM of

di oxane/ water 9/ 1 v/v—was—treatet————wi-+-h—stiPPci ent 2 M sodi um

hydr oxi de solution to keep the pH at 12 for 16 hours at room

tenperature. After acidification, the mxture was poured into water and was

extracted wth 20 di chl oronet hane. The organic | ayer was washed with
wat er and was dried over sodium sul phate. The filtrate was
evapor ated and yielded 21.2 g of Boc-(N Me)-D- Cha- CH. TLC. Rf=

0.75, silica gel, ethyl acetate/pyridine/acetic acid/ water 63/20/6/1 1

vivivlv. (d) Boc- (N ‘? Boc- (N- Me) - D- Cha- OH
(2 g) was dissolved in dichlor owlggfga Aenzyl_al cohol (0.76

g) and 2- (I H benzotriazol-1-yl)-1, ,3,3-tetranethyl uroni um

tetrafl uoroborate (2.24 g) were added and the solution adjusted to
pH 8 by addition of triethylamine (10 m). The reaction m xture
was stirred for 1 hour at roomtenperature- The m xture was washed
successively with cold I N hydrochloric acid solution, water, 5 %
sodi um hydr ogencar bonate, and water and 30 dried over sodium '
sul phate. The filtrate was evaporated and the residue was chromat ogr aphed
WD 97/ 31939

.PCT/ EP97/ 00939 . 66

on silica gel eluting with ethyl acetate/ heptane 1/3 v/v as eluent. The
fractions containing (N Me) - Boc- D- Cha- OBzl were pool ed and
evaporated. Yield:- 1.56 g. TLC. Rf= 0.75, silica gel, ethyl

acet at e/ heptane 3/ 1 v/v. 5 (e) H(NMe) -D Cha-OB zl

Boc- (N-Me)-D-Cha-0OBzl (1.56 g) was treated with 50 % trifluoroacetic

aci d/ di chl or onet hane ' (20 mM) for 1 hour at roomtenperature. The
reaction m'xture was evaporated to dryness yielding 1.6 g of the
title conpound. - TLC _Rf= 0.50, silica gel, ethyl :

\gv/v/v 10 (f)
t - But yl
lution of H (N Me)D Cha- OBzl

acet at e/ pyri di ne/ acetic aci d{
N- (t - But yl oxycar bonyl met hyl ) )(va

bronpacetate (0.81 g) was gd to a—strrre

(1.6 g) in 40 of acet oni tfBe. Tetra anmoni um odi de (150
ng) was added and th&ptof—tte mxturewaPPadj usted to 8.5 with
NN- di i sopropyl et hyl am ne. The m xture was stirred for 16 15 hour s at
50 [err] C and evaporated in vacuo. The residue was dissolved in ethyl
acetate and the solution was washed with 5 % sodi um

hydr ogencar bonat e sol uti on and wa dri ed on di um sul phate and
evaporated in vacuo. Chronmatogr a;ﬁ[ el eluting with

hept ane/ et hyl acetate 4/1 gave 1 11 g of C

N (t - butyl oxycar bonyl net hyl ) - (N- Me) - D- Cha- OBzl . TLC. Rf= 0.95, .
silica gel, ethyl acetate/pyridine/acetic acid/ water 63/20/6/11 v/v/v/iv. 20
(g) N-(t-Butyl oxycarbonyl net hyl)-(N M)-D Cha- OH 10% Pal | adi um on

charcoal (100 ng) and 1.43 m of a 2 M hydrochloric add were added to a
solution of N-(t-butyloxycarbonyl nmethyl)-(NMe)-D Cha-OBzl (1.11 g) in.

met hanol (20 m). The reactiopg, nm xt.ur ated at

at nospheric pressure at roomtenper atu&g'sf'ﬁrtH?L%é@aeagm our. The pall adi um
catal yst was renoved by filtration and the so,iver‘lmw mved by evaporation
at reduced pressure yielding 970 ng of pate: : -
N-(t-butyl oxycarbonyl met hyl) - (N-Me) - D- Cha- OH. . TLC. Rf = 0.75,
silica gel, et hyI acet at e/ pyridine/acetic acid/water 163/20/6/11 v/v/v/v.

7 1.\ 1 17~ Nlr_._._'l ~l ~ ~ 7~ 2+ 1. * 1 1\



EXAMPLE 57 Et OOC- CH err] - D- Cha- Pro- Ppa- (2-thi azolyl) 10

N-'(t - But yl oxycar bonyl net hyl ) - N- Boc- D- Cha- Pr o- Ppa( Teoc) - (2-t hi azol yl) was
pr epar ed according to the procedure described in exanple 48.
Deprotection was carried out with 3M hydr ogen chl ori de/ et hanol .
Purification yielded two diaster egy@ ng and 44 ng. - A Rerr]
(L): 35.24 min. 200A/80% B to 2 A/20%B/60%C|n 40 mn. 15 B:
Rlerr] (LCO: 38.12 min. 20% A/80%B to 20 % A/ 20% B/ 60% C in 40 mn.

EXAMPLE 58 H (N- Me) - D- Cha- Pro- Ppa(2-thiazolyl) 20

Boc- (N-Me) - D- Cha- Pro-OH . The synthesis of Boc-(N M)-D Cha-Pro-OH
is described in exanple 16. N- Me- D- Cha- Pr o- Ppa- (2-t hi azolyl). 25
According to the nethods as described in exanpl e 45,

Boc- (N-Me) - D- Cha- Pro- CH (400 ny) was coupled with

H Ppa(Cbz)-(2-thiazolyl). TFA. The obtained tripeptide was treated in a

m xture of TFA and thi oanisole (see exanple 45) and purified by HPLC to
afford the title conpound (218 ng) as a m xture of diastereoners.
R(LO: 31.96 min 20 %A 80 %Bto 20 %A 20 %B and 60 % C in 40 mn. 30
WD 97/ 31939

PCT/ EP97/ 00939 68
EXAMPLE 59 Et hyl SO err] - D Cha- Pro-Ppa-(2-thi azol yl). 5

(a) Ethyl SO err]-D Cha-Pro-OH. The synt heS| s of

ethyl SQerr]-D Cha-Pro-OH is described in exanple (b)

Et hyl SO err] - D Chg 3 pr

et hyl S02- D- Cha- Prfo- OH ( 300 mJ) _ as_in exanpl e
10 45, affor 60 ny)
after purificatio pr ot ectl on andeourl f| cation accordling to the
nmet hods in exanpl e\5 gave ethyl sq err] D- Cha- 2-t hiazol yl)
(190 ng) as a diastég R . 26.67f/and 22. 20

mn, 20 %A, 60 %k

(exampl e 47),
af forded the full protected tripeptide. After deprotec |on (see

exanple 48), two eoners coul d be seperated by HPLC. Yield of
the two di ast ergbners: 80 ng. Rerr](LO: 39.87 mn, 40% A, 80 %B
-to0 20% A, 20% B\ and 60% C in 40 m n. 69ng R err] (LC): ¥2.45 mi n,

20% A, 80% B td, 20% A, 20% B and 60%Cin 40 m n. 25
Benzyl S err]-no
Benzyl SOr nor Leu( cy.cTe

der the Sam

H Ppa( Cbz) - ( 2- th| azol yI ). ondi t| ons as

‘descri bed in exanple 45. Renpbval of the 30 protecting group fromthe
obtai ned tripeptide (exanple 45) gave, after HPLC purification, the

two separate di astereoners: WO 97/ 31939

PCT/ EP97/ 00939 69

Yield: 99 my. Rlerr](LC): 37.99 min, 20%A 80%B to 20% A 20% B and 60% C
in 40 nin. Yield: 86 ngﬁ [j],(éq 8.68 nmin, 20%A, 80%B to
20% A, 20% B and 60% C in 40 min. ﬁ MPLE 62 5

Sol i d- phase synthesis of conpounds of formula
HOOC- CH err ] - D- Cha- X- Ppa- ( 2-t hi azol yl : (Tabl e 62)

This is the r.éplacement sheet
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(a) _Te‘oc-Pfoa( Boc--OH 10 To a solution of 18.4 g of H Ppa-OH and 6.8 g of
copper (I1) sulfate pentahydrate in water (312 m) and di oxane
(234 M) was added 33.9 g of di-t-butyl dicarbonate while the pH was
adjusted to 9 with 4 N sodjum hydroxide. The m xture was stirred for 16
hours at room t enper at ure. The precipitate was-coll ected and -
washed with water. The filter caRBOwa suspended i n di oxane and
the pH adjusted to 12.5 with 4N sodi um hydroxi de. 24 m of 2- 15

trimethyl silylethyl oxycarbonyl chloride was added in two portions with 0.5

hour interval. The m xture was stirred for 16 hours. The
precipitate was filtered and washed wi th di oxane. The filtrate was
concentrated to a small volunme and the pH was adjusted to 2.5. The m xture
was diluted with ethyl acetate, washed with water, dried on sodium
sul fate and evaporated to dryness to give 24.9 g of an oil. 20
TLC. Rf=0.79 , silica gel, ethyl acetate/pyridine/acelic acid/ water

63/ 20/ 6/11 v/v/v/v. - (b) Teoc- Ppa(Boc) - N( Me) OMe To a
solution of 29.8 g of Teoc Ppa(Boc)-OH and 7.54 g of

NO- di net hyl - hydr oxyl am ne hydrochloride in 370 m __a#

di chl oronet hane was added 23 g of O (benzotr] -1- IQW)ZSK(V _

NN, N, N -tetranmethyl uroniumtetrafl uor at 2 n@ill am ne
and the m xture was stir, our§, e r gﬁ?‘ nk ure was
extracted with water and aqueous 0.9 M _--7"" sodium g’gencar bonat e,
dried with magnesstnt sul phate an cEnt at,é.d_ ~-Thelresildue was

chr omat ogr aphed VS | Kd®) h q_erf]’ anol in dichloronethane to
give 32.2 g of the tit1 e=forpotrd. 30 TLC. Rf= 0.42,silica
gel, toluene/acetone 3/1 v/v. O WD 97/ 3191 9 :

PCT/ EP97/ 00939 70
(c) Teoc-Ppa(Boc)-(2-thiazolyl) 70 M of n-Butyllithium (0.72 Min
di ethyl ether) was added dropw se F m[err]q

solution of 4.55 m of freshly dis (ggyggd azole in 40 m of

di ethyl ether. The reacti.on m xture was stirred for an additional
15 m nutes whereupon 7.2 g of Teoc-Ppa(Boc)- 5 N(Me) OMe di ssolved in

40 M tetrahydrofuran was added slowy. After stirring for 30 mn the
reaction m xture was poored into aqueous sodi um hydrogencar bonate sol ution
(200 mM). The et her |ayer was separated and the aqueous | ayer was
.extracted with ether. The conbi ned et her extracts were washed with
wat er, dried on magnesi um sul.phate and concentrated. The residue

was purified by silica gel chromatography to give 6.43 g of the title
conpound. 10 .. TLC. Rf=0.61, silica gel, in toluene/acetone 3/1 v/v.
(d) Teoc-Ppa-(2-thiazolyl)TsCH 3.16 g p- Tol uenesul phonic acid (1
Herr]O was added to a solution of 8 g of Teoc- Ppaggec -(2-

thiazolyl) in 116 m diethyl ether. The m xture was

ncentrated on

a rotavapor at 30 [err]C 15 The oily re Her an
additional 2 hours on the rotavapor in give 9- k(ZW t he
p-t ol uenesul phonate salt. i caggely) et hyl

acet at e/ pyridine/acetic aci d/ wat ¢ L/—GTIJ, v/ v/iviv. (e)

| mobi |l i sation of Teoc-Re i prdr oxynet hyl pol styrene
(Teoc- 20 tﬁ ; [ yl) To a suspensi on
of 10.0 g of hy : pol ysty§e '[err]PoI) (0.97 MM g) and 12.9
g of dIEM)SUCCI n| m dyl ) carbonate in acetonitrile (50 m) and

di chI oronet hane (50 m ) was added 7 m triethylam ne. The

resulting mxture was shaken for 2 hours at roomtenperature. The resin
was filtered, washed successively wi th di chl or omet hane,

| - met hyl - 2- pyrrolidi none and 25 F&tyﬂ r‘?fﬁ The resin was
resuspended in acetonitrile (50 m or hane (50 ).

Then, 8.3 g Teoc-Ppa-(2-thiazolyl).TsOH and 3 7 m of triethyl am ne were

added and the m xture was shaken for 17 hours. The resin was
collected by filtration, washed successively with

di chl or onet hane, 1-nethyl-2-pyrrolidinone, dichloromethane and di et hyl

et her, and dried in vacuo tot give 13.3 g of resin. 30

W97/ 31939

PCT/ EP97/ 00939 _ gistheremaceme“tSheet 71
() FLPpa(CXC»CCH[err]PoI)-(2-th|azol).ﬁa 1.5 n1 of a m xture of

trifluoroacetic acid and di chl oronethane (1:1 Z/GIM ded to 50 ny of
Teoc-Ppa(C(O CCH err] Pol) - (2-thi azolyl') pad:th ion m xture was shaken
for 30 mn The re5| n was filtered, washed W|th di chl ororrethane

~ r~ A A e N L N L T T oAl - = 'l N 1 I L T T



- was washed 30 with

20 . ()

N-'(t - Buoyl oxycar bonyl et hyl ) - N- Bo- D- Cha- Phe- Ppa( C(0) OCH err] Pol ) - 2-t hi azol y

1) - - N-(t-But oxycarboxynet hyl )-N- Boc- D Cha-OH was attached to

H Phe- Ppa( C( O) OCH2Pol ) - ( 2- thiazolyl).HCl in a simlar fashion as

descri bed above for the attachment of Boc-Phe-OH with

H Ppa(C(O OCH err] Pol ) - (2-thiazol gt1o. 25 (1)

HOOC- CH D- Cha- Phe- Ppa- (2-t hi azol yl) The resin was treated with |

m trifluoroacetic acid/thioanisole Q1 v/v and shaken for 4 hours

The reaction mxture was filtered, washed with trifluoroacetic acid and

t ol uene. The conbi ned filtrate and washi ngs were concentr at ed.

Hept ane was added to the resi )fa‘nd the m xture was vort exed

vi gorously. The heptane | aye renoved and the insoluble oily residue
é& ~ After drying in vacuo the residue was

hiugh a 0.45 u filter and

purified by preparative size exclusion

redi ssolved in water, fil
| yophil'ized. The crude pepﬁjde
WO 97/ 31939

PCT/ EP7/ 00939 \ W 72
chr omat ogr aphy (col um: Suga ide HRLO 3G flow 0.75 m/mn;
el uent: wat er / acet &hi rl\l e 41 v/ v). Lyophilisation of the

appropriate fractions gave 6.
' (k)

(dmabl e 62) Conmpounds of
al (Z-thi ZBl yl) were prepared as descri bed
hevr Pa\(2-thiazolyl). Al conpounds were

e liquid chromatography on a

the\fQIIovvlng condi tions: flow
Si u osphate buffer (pH 2.1); buffer B:

formul a HOOC- CH err] - D- Cha- X-
for HOOC-CH err] - D Ch
characteri sed by reversed-

Supel cosil LC 18-DB col um usin
1.0 M/mn; buffer A- 0.5 M pota

wat er; buffer 10 D:. acet ef! ter (9:1). Gadient: O[err]30 mn:
20% A/ 65% B/ 159D to 20% 2598/ 559 UV-detection at 210 nm
Retention tines in Table 62 are r@or ed i n mnutes. WO 97/ 31939
PCT/ EP97/ 00939 N 73 Tabl e 62 [err]

X Ret enti on X Re?@ti on _ time

tinme (a) Phe 27.5 15.8 ) Pro

21.7/23.8 (1) Ay 18.5/19.9 (,5_)I ni ) 20. Q21.1 (i)

-dn 15.8/16.6 (d) Sar . ~ (k) O 12.0/12.8

(e) Ile 15.7 (1) Qu £9.8/19.3 (o Phe 21.8

(m Cha 20.8 (g) B-Ala 1950/19.6W  Ini = isolgpecotic acid

(4- pi peridi necarhoxylic acid) Sar ?_ar cositne (N-nethylglycine) One
ornithine (S-(+)-2,5-di am nopent andiLt agi

. \‘
\
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EXAMPLE 63 The foll ow ng
nmet hods of the present invention:

N- Me- D- Phe- Pr o- Ppa- ( 2-t hi azol yl)

HOOC- CH| er r | - D- Phe- Pr o- Ppa[err][CCIIZ/i@—|

HOOC- CH err] - D- Phe- Pro- Ppa- ( 2-t hi azo

HOOC- CH err] - D- Cha- (N-cycl opentyl ) - d y- Ppa- ( 2-t hi azonI)
[ coCq -.OH

HOOC- CH err ] - D- Cha- Pec- Ppa| erhb
HOOC- CH[ er r ] - D- Cha- Pec- Ppa- ( 2-¥hi azo
HOOC- CH err] - D- Cha- (N- cycl ohexil Je=

HOOC- CH err ] D- Cha- ( N- cycl ohexyl ) - A y}

HOOC- CH err ] D- Cha- (N-cycl opropyl ) -d
HOOC- CH err] - D- Cha- ( N-cycl opropyl ) - G
N- Me- Phe- (N-cyct opentyl )-d y-Ppalerr
N- Me- D- Phe- (N-cycl.opentyl)-Qy

74
conpounds can be prepared by u5|ng t he

lyl)

—

) 10

-Ppa[err][COCO] H
a- (2-thazol yl)

y-Ppal err] [ COCJ - OH
y- Ppa- (2-thi azol yl)

[COCO) - OH 15

azol yl)

Labor at ori um voor Bl oedtransfus
in TNP buffer to give
| medi ately before use this sol

2- propyl - pent anoyl - Asp( Owe) - Pri er r ] \COC(Q - CH -

2- propyl - pent anoyl - Asp( Owe) - Pr oy Hpa- ( azol yl) -

2- propyl - pent anoyl - Asp- Pro- Ppaff grr] [ OH -

2- propyl - pent anoyl - Asp- Pr o- Pp -t ) 20 -

1-Pig- (N-cycl opentyl)-dy- Ppa[ur T ) - OH -

| - Pi g- (N-cycl opentyl )-Q y-Ppa-|{(2}{th azollyl -

Di phenyl propi onyl - Pro- Ppa- ( 2-tjhf aizop yl ) | !

N- Me-D- N e- Pro-Ppal err] [ COCQ -|CH 11 N Me- Dl\/e Pr o- Ppa (2-thiazolyl)
25 - EtSqerr]-D- Phe-Pro- err][QoLg - OH

Et SO err] - N( Me) - D- Cha- Pr o- Ppa[ & g OH -

Et S err] - N( M) - D- Cha- Pro- Pp&ge i pzol y:l -

Et S err] - N( Me) - D- Cha- Pr o- Ppa- (p{-exagekyld -

HOOC-CH err]-N(Me) - D- Cha-Pro-Ppg| arr] [ -OH 30 -

HOOC- CH err] - N(Me) - D- Cha- Pr o- Ppa} (j2- hi azdf yl ) -

HOOC- CH[ er r ] - N( Me) - D- Cha- Pr o- Ppa-(|Z-oXazor yl ) WO 97/ 31939
PCT/ EP97/ 00939 _ {; o 75
EXAMPLE 4 Asti - tcyr onbi | ajssay Thr onbi Q*Fact or Ha) is a
factor in the coagul ati on qgscade. 5&9 The anti-thr o%n activity of
.conpounds of the present invemtor wesguassessed by neasuri
spectrophotonetrically the rate of| hy§ olysis of the chro nic substrate
s-2238 exterted by thromdi n is assay for anti- onbin activity
in a buffer systemwas used to asgesjs the 1(Jerr]- val ue of a test
conpound. Test medi um Tr omet ham ne- NaCl - pol yet hyl ene gl ycol 6000
(TNP) buffer. Reference 10 onpound: 12581 (Kabi) Vehicle: TNP
buffer. Solubilisation can be ijstled wth di et hyl sul phoxi de,
nmet hanol , ethanol, acetonitril ert.AAbutyl al cohol which are w thout
adverse effects in concentratilol 't’o'{ 5 %in the final reaction

m xt ure. Techni que {1 eqgents 1. Tromet ham ne-NaCl (TN)
buffer. Conposition of the buflfey: thani ne (Tris) 6.057 g (50
nmmol ), Nad 5.844 g (100 mml)., er t|o, 11. The pH of the solution is
adjusted to 7.4 at 37[err]C | (10 pmol ). 2. TNP buffer:

Pol yet hyl ene gl ycol 6000 is di s]s-o ved in TN buffer to give a
concentration of 3 g-1'" 3. S lutionf One vial S-2238 (25
ng; Kabi Diagnostica, Sweden) SOl \,Ie'd in 20 M TN buffer to give a
concentration of 20 1.2 [erru 2 mol -l[err]). 4. Thronbin
solution: Human thronbin (16 OQO| nKat-vigl{err]; Central

m's’['érilj

ck so

am The Net herl ands) is dissol ved
LtPon of 835 nKatmi[err].
is - diYuted with TNP buffer to

‘give a concentration of 3.34 nKat-m
are of anal ytical«grade 25 . H
(MI1li-Q quali ty)Ngfs used.

[errf@ - *All ingredients used
or aqueous solutions ultrapure water
Preparation of test and reference

conmpound sol utions The test
in MIli-Qwater to give stock con
Each concentration is stepw se di If'

concentrations of 30 10[err],WoO
dilutions, including the stock sol ut
WD 97/ 31939

PCT/ EP97/ 00939

T o

and reference conpounds are dissol ved
of 10[err] mol[err].

2\t r at i ons
e[ with the vehichgid B @ief@placement sheet

rr] and 10[err] mol-I[err]. The
ion, are used in the as?ag jﬂ“ nag7

76
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Procedtre. 5 At roomtenperature 0.075 nml and 0.025 m test conpound
or 'réf erence conpound -sol utions .. .. or vehicle are alternately
pipetted into the wells of a mcrotiter plate and these solutions are
diiluted with 0.115 mM and 0.0165 m TNP buffer, respectively. An aliquot of
0.030 mM S-2238 solution is added to each well and the plate is
pre-heated and pre-incubated with sHﬂ“Png in an i ncubat or
(Arersham for 10 min. at 37 [err]C. Follow ng pre-incubation the
hydrol ysi s of S-2238 10 is started by addition of 0.030 m thromnbin
solution to eatl=yel|. The plate is incubated (with shaking for 30
s) at 37 [err]# agting after 1 mn of incubation, the absorbance of each
sanpl e at ‘ 05 nmis neasured every 2 mn. for a period.of 90 mn
usi ng a kineti grotiter plate reader (Twi nreader plus, Flow

Laboratories) .- \ Al'l data are collected in an | BM personal conputer:
usi ng LOTUS- MEASURE of Rach 15 conpound concentration (expressed in
nmol -1 [err] reactio 'Fe) and for the blank the absorbance is -
pl otted versus the act™@» tine in mn. - Eval uation of response:

For each finaf Tofcel
fromthe assay plok 4
[err]mol-1[err], cagin
t he bl ank) was cal cdl at &
according to Hafneg et_.a
1871-3) . Intsh

on the maxi mum absor bance was cal cul ated
elg]-value (final concentration, expressed in
@  inhibition of the maxi mum absor ce of
g the logit - transformation angfysi s
\Zhei m - Forsch./Drug Res. 1977; 27(11):

lowing table, I (Jerr[-val ues of corrpmw’s of
the invention are |iste§ ¢, Exanpl e N~
| err]-val ue _\,\’ 3 l'L’a
0.54 - > -
0.95 \ A\
0. 245 \ \
1.8 \ \
2.83 N \
2.6 Y N \ 77
REPLACEMENT SHEET 1. A cor’r&ou d haviN& the formula |
[err] wherein Ais op{i onal \y substituted D, L

R®r]-c(O-, Rerr]-SJerr]-,
R err}Qm

[err]-hydroxyacetyl, Rerr], R[é r]-
Rerr]O0C-(CRlerr])mSJerr] -, RE
Herr] NCO (CHR[ err]), m or an N-p gr oup, wherein Rerr] is
selected from (1-12C) al kyl, (2-12C)al kew (2-120)al kynyl and
(3-8Q) cycl oal kyl, which groups nmay opti onae suhstituted with
(3-8C) cycl oal kyl , (1-60C) al koxy, oxgy_ OH '%‘?’ CF3 yor hal ogen, and from
(6-14C aryl, (7-15C) aral kyl and (8-16)ar ﬁ thAe aryl groups of which
may optionally be substituted with (1- N (& 8C) cycl oal kyl ,
(1-6C) al koxy, OH, COOH, CF3 or hal ogen; ‘each ¢ Nerr] is '
i ndependently H or has the sane neaning as R & [ _ ;
bond, an am no-acid of the forrmula -NH CH (CH C(Q)C]—l]-C(O)- or an

C Ry N
,"‘O‘- j]1-CO-, -N((2- 1

ester derivative thereof and p being 0, 1, 2 or

- =-N((I-12C) al kyl ) - CH2- CO-, -N((2- 1 2C) al kenyl) - @

20C) al kynyl >CH err]-CO, -N(benzyl)-CH2-CO, D 1- , D3-Tiq, D Atc,
Aic, DD1-Piq, D-3-Pigq, or Bis a L- or D-anmno aci diaw\ng a hydrophobi c
.side chain, the side chain being a (1-12C)al kyl, opti |y substituted

w th one or nore (3-8C)cycloal kyl groups or (6-14C) gr oups (whi ch may
contain a heteroatom e.g. nitrogen) such as _

cyclo-octyl, phenyl, pyridinyl, naphthyl; |, and the
| i ke, which hydrophobi (;gil de chain may optionally he su W th
substituents such as h gen, trifluoronethyl, |ower alk¥l. oQ i nst ance
nmet hyl or ethyl), | ower al koxy (for instance nethoxy), Rhely Y,

benzyl oxy, and the like, or Bis a L- or D am no. aci d hd @ basi ¢
side chain, which is for exanple, but not Iimted to, argin -~-’@: '

lysine, or Bis a L- or D-anmino acid having a neutral side chayf h as
nmet hi oni ne sul phon and the like, which hydrophobic, .neutral i
am no acid may optionally be N (1-6C) al kyl substituted;
REPLACEMENT SHEET _ : I . '
and B together are the residue R err]Rerr] .N,CH {tGhest
Rlerr] and R err] independently are R[erp‘}",L ‘??]“f%;lr%r‘fé%mé%@ -, Rerr]-C(O-,
Rlerr]-SOerr]-, Rerr]00C (CHRerr])_SOerr]-, Rerr]00C(CHR err])m
Herr] NCOQOCHR[ err]) m, or an I\I—protectingaw:oupzepu%ﬁ(ﬂf Rlerr] and
- me

- Rerr] is connected with Rlerr] to forma 5- or ered ring together
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the like, or Xis serine, threonine, or Xis a cyclic amno acid, being for
exanple 2-azetidine carboxylic acid, proline, pipecolic acid,
| -am no- | - car boxy- (3-8C)cycl oal kane, 4-pi peridine carboxylic aC|d,
4-thiazolidine carboxylic acid, 3,4-dehydro-proline, azaproline,
2-oct ahydro- indole carboxylic acid, ¢angl the |ike, which cyclic am no acid
optionally contains an additional heteroatomselected fromN, 0 or S, and
is optionally substituted with (1-6C)alkyl, (I-6C)al koxy, benzyl oxy or oxo.
or Xis -NRerr]-CHerr]-C(O- or the fragment Jerr]
wherein nis 2, 3, or 4, and Wis CHor N, Yis H -CHFerr], -CFerr],
-CONH( I -60al kerne-r]H[err] -COOR[err] and Rlerr] being H or _
(1-6C)al kyl, -CONR[ err] RFerr\\ and R[err] and Rl err] being independently H
or (1- 6C)a|ky| or Rerr} Rl err] together being (3-6C)al kylene, or Y is
a heterocycle selected f t hi azol e, - 2-thi azol i ne, 2- benzot hi azol e,
2- oxazol e, 2-oxazoline and nzoxazol e, which heterocycles nmay optionally
be substituted with (1 -6C) enyI, (I -6C)al koxy, benzyl oxy or o0xo;
and r is 0, 1, 2 or 3; or a\p thereof or -a pharmaceutically
acceptabl e salt thereof
79 - 2. The conpound>oL.€ .Y
hydr ophobi ¢ si de chai n, ser
3. The compound of claiml,
bond, an anino-acid of the fowfu
ester derivative thereof and p
-N((I-6C)al kyl ) - CH2- CO-, >--N(-(
-N(benzyl)-CH2-CO, D-1-Tiq, D 3-8 | INA
D-am no acid having a-hydrophoblc“siﬁe s
optionally be N-(I-6C)al kyl substjutef
residue RlerrJ]Rlerr]NNCHR err] - GG = —

<"\’L\tl:lereln Xis an L-amno acid with a

threonine or -NRlerr]-CHerr]-C(
N i g as previously defined; Be¥s a
S (c{err])pa(004-C0. or B
3, .Q’

e-nyl) CH[err] Cco,
Aic, D1-Piq, D 3- Piu\or a
1o Whi ch amino acid nmay .

*or A and B together are the
Xis acyclic amno acid
sfom sel ected from N, O or S,

- &) al koxy, benzyl oxy or

oXxo, or X is -NR[err]-CHerr]-C(® - or tagnment [err] 4. The
conpound of claim3, wherein Ais H 2-hyd Ctycl ohexyl - propl onyl -

9- hydr oxy- fl uorene-9-carboxyl, R&rr], ] ergo]-sq err]-

Rlerr] 00C- (CHR[ err])m S err]-, - RlerrNoOC (CMN e®r])m ,

Herr] NCO-(CHR[err])-, or an N-protectlné grcffgo, erein Rlerr] is selected
from(1-12C)al kyl, (2-12C) al kenyl , (6- 140) ary 7-15C) aral kyl and
(8-16)aral kenyl ; each group R2 is i ndep 8y <has t he sane

nmeaning as Rerr]; Bis a bondy D1 -
D-3-Piq or a D-ami no aci d having<a

a}c, Aic, D 1-Piq,
G ain, which am no

Op
substl tut Qd ’
are the residue Rerr]Rerr]N err] (O - \_ i 8

qO

C
-CONH(I-6C) al kylene-Clerr|H eff], COCR[err] r], or Yis a
het erocycl e sel ected from 2-{tthi azol e, 2-thi az%-l penzot hi azol e,

2- oxazol e, 2-oxazoline and 2-bek¥oxazol e. 5. The co BndN\e¥ claim 4,
wherein Ais H Rerr]-SJerr]- Rl err]00C (CHR[ err]) K
iq, DAtcC Aic, D ol D3 Piq or a

80 Bis a bond, D1-Tiq, .. ,
D-am no acid having a hydr op i de chai n; or A TR ctuoget her
(B} -, wherein at |eaf A of Rlerr]
or Rerr]-Sgerr]-1 e ot her
senyl (2-12C) al kyn

are the residue Rerr]R err]-CHR
and Rlerr] is R err] 00C (CHR[ ¥

S err]- or R[err]OGC((‘:UR[err])m
pai n; Yis

i ndependently is (1-12C)al kyl, (2-

(3-80C) cycl oal kyl, (7-15C)aral kyl, '

, and Rlerr] is a hydr ophobi c s

-CONH (I-6C)al kylene-Clerr]Herr], Q gR[and Rlerr] being H or
(1-30C alkyl, -CONRlerr]Rerr], Rerr err] being independently H
or (1 -3Calkyl or R7 and R[err] toethr ng ( 3-5C) al kyl ene, or Yis
a heterocycle selected from 2-thi azg[' zot hi azol e, 2-oxazole or

2- benzoxazol e. 6. The conpound of cl a| mp, \wherein Ais
Rlerr]OOC-(CHRl err] ) m; is a Damno aciﬁh{lavi ng a hydrophobi c side
chai n; or A and B toget are the residue err]Rlerr] NCHR[err]-C(O _,
wherein at | east one of Rerr] and Rl err] is Rl err]00C (CHRerr])m and
the other independently is (1-12C alkyl, (2-6C) alkenyl,

(3-8Q) cycl oal kyl, benzyl, Rerr]-SQ[err]- orhiRigthd pdifladenriitainek) - ;

and X is 2-azetidine carboxylic aci'd, proline, pipecolic acid,

4-t hi azol i di ne carboxylic acid, 3, 4- dehydro prolcgrg:Ju&mahydrm ndol e

carboxylic acid or -[N(3-80 cycl oal kyI] CH[ he conpound of
cIa|m6 V\/nerelnAls HOOCCH[err] Bis DPhe D Cha, D Coa, D- Dpa.
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D-N-e, ;' m Cl - D- Phe,- 3, 4-di - OMe- D- Phe, D- Chg; or A and B together are the
residue Rlerr]Rlerr]NNCHR[err]-C(O -, wherein at |east one of Rerr] and
Rlerr] is HOOC-CH err]- and the other independently is (1-4C)alkyl,
(1-4C) al kyl-Sg err]- or HOOC-CH err] - and Rlerr] is (3-SC) cycloal kyl,
(3-8C) cycl oal kyl (1-4C) al kyl, phenyl, benzyl, optionally substituted with
chlorine or (1 -4C)al koxy. 8. Thel 041 Qrpound of claim7. wherein Ais
HOOC-CH2-; B is D-Cha; X is proline or -[ N(cycl opentyl))-CH err]-C(O) -
9. The conpound of claim5, wherein Ais Rerr]-SO[err]-;

81 Bis a bond, D1-Tig, D-3-Tiq, D Atc, Aic, DI-Piq, D3-Piq or a
D-am no acid having a hydr ophobi ¢ si de chai n; or A and B together
are the residue Rlerr]Rlerr[N-CHR err]-C(O -, wherein at |east one of
Rlerr] and R er R er]- SQerr] and the ot her independently is

" (1-12C) al kyl or XSO[err]- X is 2-azetidine carboxylic acid,
proline, pipeco i d, 4-thiazo|idine carboxylic acid, 3,4-

dehydr o- proli ne, gCt ahydr oi ndol e carboxylic acid,

-[ N(3-8C) cycl oal kyl ‘ \rpﬁle ¢(O-, or the f ragnment [err] 10.
The conpound of cls4j rein A is Ethyl-SO err]- or Benzyl-S(err]-
Bis a bond D- Phé& “D-Coa, D-Dpa, p-Cl-D Phe, p-Oweth D Phe,

p- CEt hyl - Phe, & - D- Phe, 3,4-di-Owe-DPhe, D-Chg;™~ or A and B
t oget her are th%'r Bert]Rlerr] NNCHR[err]-C(O) -, wherein at |east one
of Rlerr] and Rlerr] i Nyl ST err]- or Benzyl - Sqerr]- a@ t he ot her
i ndependently is (1-12%)¢ oNRlerr]-SOerr]- and Rerr] i

(3-8C) cycl oal kyl, (3-80 pe\kyl (1-4C)al kyl, "phenyl, benzyl

di phenyl net hi nyI, ‘whi ch yauP¥Care optionally substituted V\@ chl or| ne
sonpound of claim 10, wherein A hy B

or (1 -4C)al koxy. I—ﬂié'
is D-Cha; X is praline or® ¢ (c clopentyl)]-CHerr]-C(O)- 12 The
conmpound of any one of cIaN:rs ,‘ AlL whereinr is 1. 13. A

phar maceuti cal conposi tlgn conpr | g the conpound of any one of clains 1
to 12 and pharmaceutically sr—tabl e auxiliaries. 14. The conpound of any
one of clainms | to 12 for use i <

REPLACEMENT SHEET
conpound of any one of clains 1t

for treating or preventing thronbi

82 15. Use of the
the rranuf acture of a nmedi canent

This is the replacement sheet

Date: 26 JUN 1997



