WD 2004/ 052817 PCT/ EP2003/ 014082 PROCESS FOR THE

SYNTHESI S OF PEPTI DES CONTAI NI NG A 4- HYDORXY- PROLI NE
WEUBSIRIBCTURE The present invention rel ates toPCT/EP2003/014082

processes for preparing peptides and internedi ates

involved in such processes. In one aspect, the

invention relates to: (A) a process for preparing a

compound of formula |l \' 1 / RA RR R3 RS wherein Rl

PROCESE cEQR ITHR SYUBERIISUC (PESFIRGAS EINTAERNFENR 4-GIYAORHI-PROLINE

PHRES8YCTIRE | s a reactive substituent; and R3, R4 and

R5 are each independently hydrogen or one or nore

@%&Z%%gégﬁﬁn‘gﬁ]ﬁL%}%%%@jzr&c%ﬁ?eﬁsg’g%ggagﬁg gz(fee%ﬂe? Ind %?ermediates involved
iCguch(predeie®®dy, Cl- 10- al kyl ami no, di - Cl1-10-al kyl ani no,

car banoyl, C1-10-al kyl car banoyl , :

di - C1- 10- al kyl car banoyl , hal o- C1- 10-al kyl, hal ogeno

I3 RBe ATREFD thej idvenirerelsitesdal + f or m conprising (a)

(M agirbdegs for prspam S cethpdual BioAnih | W t h an
electrophile: VI RA Ro RO R3/ R5 wherein R3, R4

and R5 are as defined above”  RQ is -OHl -OM or - QWX
5 Rpphi lic substituent;

where Mis netal and X is

wherein R is a reactive substituent or an attachment to a solid phase;

Rz is a reactive substituent; and
Rs, Rs and Rs are each independently hydrogen or one or more substituents attached to

each benzene ring and selected from hydroxy, amino, Ci.jp-alkyl, Ci.i-alkoxy, Ci.1o-
alkylamino, di-C.so-alkylamino, carbamoyl, Ci.ip-alkylcarbamoyl, di-Cy.4p-alkylcarbamoyl,
halo-C.p-alkyl, halogeno and nitro;

in free or salt form; comprising
(a) reacting a compound of formula Vi with an electrophile:

VI

wherein R3, Rs and R; are as defined above;
Ry is =OH, —OM or -OMX, where M is metal and X is a nucleophilic substituent;
Rio is =M or -MX, where M is metal and X is a nucleophilic substituent;

in free or salt form;



Riois -Mor -MX, where Mis netal and X is a
nucl eophilic substituent; in free or salt form WO
wQoe4nNs32817 PCT/ EP2003/ 014082 -2 and hydr ol yrCT/gP100&014082
resulting conmpound to forma conpound of fornula I
wherein R2 is hydroxy; (b) Etl onal ly converting a
conpound of forrmula | wherein“R2 is hydroxy to a
compound of fornula | wherein R2 is other than
hydr ox optionally converting RlL in a conpound of
thvﬁrogfzmgtt © a%u&ne&ompmﬂetoﬁfr@raowpouoa)of dpmumamhgrein R is
gikpt ecting a compound of fornmula | in protected
orny. apd (e) where re onvertl .a,C ound_of
(PR cuba B poromikel Torula | esse i 1SRRG egppound o
forrug | vaiterain Beis\othes than(hidgirogy; pr ocess for the preparation
f a. i S DL epari ng
& oAl AnyR M BRGbo T2 R BT 100 Blchibuft BRGRLB
(doeplienally depreteaiing en@onmvgn@efrfprowﬁjl inprotected foun;tangl y
(g)e\&ﬁéfé‘l;éqﬁﬁé& @anfeH Pta' &%bhrﬁﬁg t6tRlulad oBR#ER iRESfokAlinto the desired

a conpound ormul a in free or salt form QR4 V
SR" Qe ‘P(S‘"‘P‘@@a V\,her ein R3, R4 R5, and RO are as
defi ned above; and R7 is a nucleophilic substituent;
n f f I AN I [t forml .
(5P oSBT R Sbas R He s e SRRy B oGy o =
campoarsl ddbirmiad! bypa\pegceamds defined above, and coupling the compound with a
suitably derivatised or functionalised solid phase material;

(C) a compound of formula V in free or salt form

\'
wherein Rj; Rs, Rs, and Rg are as defined above; and
Ry is a nucleophilic substituent;
(D) a compound of formula VI in free or salt form

Vi

wherein Ra, R;, Rs and Rg are as defined above; and
Ryp is =M or -MX, where M is metal and X is a nucleophilic substituent.



R10 is =M or -MX, where Mis netal and X is a
nucl eophilic substituent. WO 2004/ 052817

wEOMBPR00D3/ 014082 -3 The present invention pPOVERNS3/614082
sinple route for the preparati on of conmpounds of
formula I, which are useful fgar solid phase chem cal
synthesis. The process of the invention may directly
produce a conpound of fornmula | attached to a solid
phase, or where Rl is a reactive substituent, the
conpound of formula | can easily be coupl ed to a solid ‘
phapesent inyentipndgyrovides geimpleieute)fos therpsepagation j9é coraprunidg ef formula |,

wuiaﬁtdré laséfm staﬁr Phdss dh@ﬁnc‘dﬁ@yn@fesfsheﬂ@%@é%déf #k invention may
fornul a | linkers in t he ol i omsrs

BB?‘SW@EO Ucesﬁjﬁqmpggn% PV@BE‘@%{ ﬁataa@ged tomh%a%s&e rwhere R1 IS a reactive
pmbstnaemts 1heemmuadi o/ fdrnnurahecaaoéaswy b@asmaym hesiid pmise at a later

rticul
T T T
éﬁ}]lenltasl aanhnl@rsonetbelaygthem@t oligeaiers) podi pelymersy . suelvian @ylysopeptides,

g?&%o@iéé(s AhQu teln's bedangah & nEJ‘iﬁsbl'fase ya%eeeﬂep$egt$des The

or nmul \/ are"gse ful as interned _
e@n@mﬁsjgf fPH“‘f'%é papiculgey whererR=ds halegRioumay ab'rP biedfsﬁﬂlaé protecting
hgenfs foPprofietieh fQhctioRdl @%L?s\é .9."8INE HRBRRASBUpN ¥h chemical synthesis.
reacting a conpound of formula V with a netal or
organonetal lic conmpound: \ V R7/ R4 R R3/ R
Theroempoldis &4 forivblaaWdak Var&e asetldfdasnimtbrmbdiaie; canpounds in the
| S.: |I tituent. A conpound of
%P%@P‘%‘Wﬁ%@&% 8#@{)@@23 by: (i) reacting a conpound
of formula Il with a netal or organonetallic conpound

R corﬂpbun@ 5torida VI may be prepared by reacting a compound of formula V with a
metal or organometallic compound:

wherein Rs, R4, Rs and Rg are as defined above; and
Ry is a nucleophilic substituent.

A compound of formula V may be prepared by:
(i) reacting a compound of formula Il with a metal or organometallic compound

wherein Rg and R; are each a nucleophilic substituent and R; is as defined above and is
protected if necessary by a removable protecting group; and



wherein R6 and R7 are each a nucl eophilic substituent

and R3 is as defined above and is protected if
woewessm1y by a renovabl e protecting group; anpCTAEP2003/014082

2004/ 052817 PCT/ EP2003/014082 -4 (ii) reacting the

conmpound obtained in (i) with,a conpound of fornula

Il Olll R4 RS wherein R4 %hd R5 are as defi ned

above and are protected if necessary by a renovabl e

protecting group. The process of the present |nvent|on

may (8 geacting l%e sRMpRUNA Ghiaingd;in (Nawiy %@r@w&%eftfpw Y8ssel

W thout internediary isolatpon. Ternms yged in the

speci fication have the foll ¢w ng nmeanings: "Al kyl"

may be straight or bra ¢ erably al kyl is

Cl-4-al kyl. "Al koxyﬁ4 : R,or branched

al koxy. Preferably al X al koxy. "Acyl am no"

denotes a group of formula -NHC(O-R where Ris

viHebsih Giatand IRy dve @i definett Aiesle dntl- 30 -padtlsted ﬁoyecémky«w agemovable

aryl Preferably Ris Cl-4-alkyl. "Acyloxy" denotes a
pé?%f} 98°%or nul a -OC(O-R where Ris as defined

above. "Aryl" is preferably C6-10 aryl, e.g. phenyl.

f | le reaction vessel

1R RS WA Byl B8 BRI 8Bl e
Vtﬁbmltdmalnp@;ﬁi!af}"§@i9%ct"rtut ed by one or nore, for exanple
one, two or three hal ogen at ons, preferably fluorine

or chlorine ato Pre hal oal k is Cl.4-al kyl
M%Pﬁqﬁ’gﬁsﬁﬁc'g‘%@o”{’ %‘?PO#‘K‘?"Q%"’PPW?Q ne or chlorine
atons. “Organonetallic conmpound” denotes a conpound

PRI Pa P 3P BARLRE, ShoPROR I B8P 1 21 o abl

an al kylnetallic conpound for exan‘pl e an
‘ﬂIkGy iy Ihle Wihig Rt oY brecifdd kB! PREerBbIR BREEds ChakiRosyl- 10

['Tthium “conpound or may alternatively be an
arylnmetal lic conpound, for exanple an aryllithium WO
AR 28héteRGTdr Gl 3/l ORR-C(Op RMitete Briebieaigitl chainite branched

@d%%’l‘l [ tyglbglml QWPLH?&era%uﬂq ‘C%M a%llfyi l'i thi um conmpound,

“Acyloxy” denotes a group of formula —O-C(O)-R where R is as defined above.
“Aryl” is preferably Ce.1o aryl, e.g. phenyl.
“Halogeno” means fluoro, chloro, bromo or iodo.

“Haloalkyl” means straight chain or branched Ci.ip-alkyl, substituted by one or more, for
example one, two or three halogen atoms, preferably fluorine or chlorine atoms. Preferably
haloalkyl is Cy.4-alkyl substituted by one, two or three fluorine or chlorine atoms.

“Organometallic compound” denotes a compound in which a carbon atom of an organic
group is bound to a metal. The organometallic compound is preferably an alkylmetallic
compound, for example an alkyllithium, e.g. a straight or branched chain Cy.4o alkyllithium
compound or may alternatively be an arylmetallic compound, for example an aryllithium.



butyllithiumor hexyllithium Alternatively, the

organonetal | i ¢ conpound nmay be an organonagnesi um
w@ormposesd; for exanple a straight or branchedpCivaPwo3/014082

al kyl magnesi um or aryl magnesi um conpound, preferably

a Cl.6 al kyl magnesi um conpound. Ogganomagnesi um

conpounds are conmmonly known as Gignard reagents.

The organonagnesi um conpound is preferably an

organona hal.i de, rally. a

AR P B bR B B3kl R Bhppoun, su o
batyitanan@thakylitsiumonpound nmay be an al kyl - or aryl zinc
compound, for exanple a Cl.6-al kyl zi nc conpound, or an
Cl.6-al kyl- or aryltin conpound. Mis preferably

Altérndtivelyn the magmmtmlm campavny nay be pBatganpmagigsiti cg@peund, for

%Tﬂﬁléabi Quhght or rﬂ%ﬁbﬂe alncgﬂﬂﬁlﬁ%ﬁeé&n by éé%h@gﬁ@s’iﬁﬁ compound,

surtab
pmﬁq@lm% alkylmgmmm CQI’NFQURd O&anp@e@g@um %I‘t%ﬂ'oé'[“fi\s age commonly

k:gdma Féﬁ a@rr naecrbagaﬁspenﬂﬁnbkganhmdgmm @ompburai gt preferably an
rancne

1 |, R12
ORI Ph cbreat 8 3y oo ' 2 5kl and

X is a nucleophilic substituent, preferably halogeno

In fL?(heic g'lt@%?ﬁveR&m gﬁ{étﬁ\@ yrﬁgﬁ‘qn nhdlalfid'€oRBSid. RLY MR 8k alkyl- or

el ab e para position.
a@dztrsr quweﬂyfql? emm;olebe @ns ApizinenpEPoupd, ar 38| P Piaksar anitin
wal, e.g. polystyrene. Preferably the attachnent
ofbS, . ol “Q(O-P, -C(O-0P, -C(O-NR -P,
-R12-NR -P, -R12-OP, - NR-P, -C(O-R12-P,
M iEpkNer&i) Bthfdm orGidgnediin: R12- P, - R12- NR - R12- P,
-R12-0R12-P, -NR -R12- P or -R12-P, wherein R, R' and
R12 are as defined above and P is a solid phase
Ryredagbead reactVe rsebstituehtsuitbbly faRlinkisg the(compaymd to a solid phase. Ry may

sw%g) %%mﬁ?r " n?cé,\)%R E%) N@F@) ﬁ\'ﬂuﬁﬂﬁémpaﬁdﬁﬁ RIRRP & -C(0)X,

whpsha A5y erp gagh depestemb iy oden QL RiEst & *rrapchefirﬁwﬂky' e.g-

c hexpompp iénﬁréléht ebr tﬁrﬁ%cﬂgd a3li,-alloh,i @9ITE. 4-@ll’<ylp thcy IXels, a atucleophilic
MDNOMEr

BRRRT S, S, P Ao 00 v o s

pasiydno ieferalsly inahe parh pogittam. sul f hydryl, CL1. 10- aI koxy or

C6- 1o- aryl oxy, preferably hal ogeno. WO 2004/ 052817

PCT/ EP2003/ 014082 -6 Each benzene ring shown in

AftemativelydRi mayche\an atisalimend taa belidi phasemaisyialong- RAyshgene. Preferably

iR’ &H488ment is of the formula —C(0)-P, -C(0)-OP, -C(O)-NR’-P, -Rz-NR-P,  -R2-OP, -
NR*-P, -C(0)-R2-P, -C(0)-ORyz-P, -C(O)-NR-R12-P, -R12-NR"-Ri2-P, -R12-OR12-P, -NR"-Ryz-
P or —R>-P, wherein R’, R” and R, are as defined above and P is a solid phase material.
More preferably Ry is -C(0)-OP, -C(O)-ORyz-P, -C(0)-NH-P, -C(0)-NH-R2-P, -NH-R2-P or
—Ry2-P, wherein Rz is methyl, e.g. -CHz-P.

R, is preferably a reactive substituent suitable for linking the compound to a biological
oligomer or polymer, or a monomer unit thereof, e.g. an amino acid or polypeptide. Rz may
suitably be hydroxy, acylamino, acyloxy, amino, halogeno, sulfhydryl, Ci.ip-alkoxy or Ce.10-
aryloxy, preferably halogeno.



For exanple R3 may designate one to four substituent

groups, preferably one or two substituent groups,
w@taaohsd’ t o t he benzene ring shown in fornul aeCT/EP10D3/014082

and IVto VII. R4 and R5 may designate one to five

substituent groups, preferably.one to three

substituent groups, attached to each of the benzene

rings shown in fornulae I, Il and IV to VII. Each

Eé’c%sl%éntzgﬁenﬁnqg %IQO ﬂq‘Xran?aeplrtgs\ﬁ{Wa%e %HM?EML& gleoﬁe or more groups.
poOSi 110N on 1he benzene rings I C ey are
Bort exampde Rybmey plesitieate fxing tRMoamgwbaﬁtuRBt geoups, preferably one or two

sc'tﬁﬁﬁthéﬁtlﬂ?Mpsg Eﬁ’ébﬂeélﬁ mLH%%eﬂEéH&QIn@rshBﬂﬁ an fMRRlab il oln aﬁ@ IV to VII. R4

benzene ring it is attached. Each
and Bmmamsiwaﬂseorﬁr@tf%ﬁéastwnhgwéﬁwo{sﬂe@biyr eneet% ‘ihf?ﬁ substituent
GroQpH) attécanss;aaf Mt th@ -b@nzendhigs showromtiainidaean II-4ad 1o VII. Each

oes not participate in the reacti
BB RudH PR res L A R ARG o e I which they
gresattachertl, Mooe pestemaplly &3, and/dt Rsds ecsubstitue@ grops at the ortho or para
| et al., John Wley &
osﬁg)nloﬁé@ glzén%géal-&{m\é\ﬁ}t '%tgagng ‘Preferably each of
R3i R4 or R5 is a group which does not require

PA &G, ﬁP an@ RY n@?%e‘ifrote&&?bﬂ& %ﬂﬁ&ablb%ﬁ‘&ﬂctﬁ\@ @Y&Jin he&essary, e.g.
t han _hydr am no or_ni

WB‘Frbg'}eﬁQf‘ta'P s~ QHepreriib: )quqpu{‘%f)h dﬁgﬁ rﬂ°6rR?”'°m&% 'rh§‘e reaction.
F%tél:tmd?ﬁrolu[ss theit pabduction tind erovalfaee dbdeyibed, for example, in “Protective

o AT DR Hoeeg - W Gods o oy Y4l Yo, e eqona Eation

i 98ic Pefetelly bgchCE R4, BJ dryHsdsa branp which does not require protection, e.g any of
O%;W ~itlar 1 T 1 uor onet hyl

?1 gﬁugégrébé Foro re %nh?’ %%QQMAAEMROS are the sa¥re

Preferably the nucl eophilic substituents R6 and R7 are
Wh Handﬁnﬁme’etﬂa!bfgbﬁé qg%n;srefe luol% @f ehisk. ywaear&, ®; or Rs is
RGOS

h%@ﬁlgfufttl%meyerakﬂ\z r‘?lHortoH@tr%la re weq‘ﬁg'i‘ppgg ano or?’nydrogen

Pretdrasia i, yarndnR§ laee pact‘falnpqmntjemly C1l4ralkytoarbarrbgld |dn§m-almcarbamoyl,

e

forma conmpound of formula IV: R IV ORB R3 wherein
Bt%féim :"ﬂ[c?eoﬁﬁlll(g §uﬁsﬂﬁgnt§m\éﬁd EFG%rB@aél’SmdéﬁéﬁHemMﬁalogeno more

Bier 1o 1 4 AT WS ERIAHE R TCYP EB0BS1 4y Sulably

be in the para, ortho or meta position, preferably in the para position.

In one embodiment of the invention, the compound of formula Il is first reacted with the

metal or organometallic compound to form a compound of formula IV:

A 1\
Rs

wherein R; and R; are as defined above and R is -M or —MX, where M is metal and X is a

nucleophilic substituent, preferably halogeno.



-7 Where the netal is lithiumor the organonetallic
conpound is an organolithiumconpound, R8 is -Li.
wob@resshe netal is magnesi um or the or ganonet BCT/ER2003/014082
compound is a Gignard reagent, R8 is -MgX, and X is
preferably hal ogeno. The co und of formula IVis

then reacted with a conpound of formula Il to forma
conmpound of formula V. The conpounds of formulae IV

and V need not be separated or isol ated i?_‘

VR o EHE IR oS AT meIAlct POBAIDS AchrORaUtALEn compound,
Hghe -Ior ogrse th@ﬁ{ewies aRbRsunt oo hed@ganobataliinedmsound is a Grignard

nitriles yl phgs ead] tQ
E306 SRSV BR b %4 PRl R8BSR RS ) o ren
redotadoaiith Ronipeundeifornyyla tiae bammydompalid didembdady | or

acyl. Alternatively the el ectrophi I e may be a

derivatised solid phase materia a Merrifield

The| sempeundsnefformulae dV rangt Vd’tﬁ?ﬁl nqt] é)%?epﬁr?éef& Shizsiated dpt may be
f,éyargal,ﬁs,‘,{j to a solid phase. In one enbodi nent the

eI ectrophile is a conpound of formula X -(CH2)"-

wherein X is a nucleophilic substituent e.g.
Smaém@erwtrmhués)ﬁylmnyn tine bmc@as |h¢1ud£gearbdn'eﬂméa itoeyadatds, nitriles,
GBIty PAobnbs RO o GHAARR LS o Siouncs o
fgrmefaet atbleyeirc Ghpisi castsoxfyi p@bam@d\c @'klﬁ@ﬁf I@q{@oyl ] n??dh ncfligfnatively the
ﬁe%frﬁfi'!”n@ na V‘E)é Q \?Hﬁ;?% s&lfd %Q@ﬂﬁf@%ﬁléd @ M@ﬁ?ﬁ@l@%lﬁﬂér enabling

aco rmul'la VI as defi ned ove

n
dreRicorPigD HriBe @pa\epw #f fermpyia Vi i 339D HORTP- ¥ wsrﬂlﬂ@&'mm the
eMctropHilk s & BoRPBurl Mbﬂﬂlla Yha@Hg) i evheterc Kr isph hbc&edp&lllc substituent
chi.l rq% Bﬁn@gclﬂgrx Iod x Virnlels %E)'S %é%e&ﬁnﬁ eIU%d fpr%&ra \%! PRéS a solid
phase @stedaf | ned above; and R11 is -OH, -OMor - C]\/D(,
where Mis netal and X is a nucleophilic subst i tuent,

preferably hal ogeno, in salt or free form
\pioge treselertrpphiTis mgmgmsmowpromsmr@fesaﬁb(tqowrl?% firpfgreacting the

c%%@@?&y ofabinflla 91 %ih & OREYI oF BfyahBmetallib Gomps@iEPRUBEM @f compound of

formula V wit
formula VI as deﬂned above and reacting, preferably in situ, the compound of formula Vi

with carbon dioxide.

Where the electrophile is carbon dioxide, preferably a compound of formula Vil is formed:

Vil

wherein Rz, Rs, Rs and R are as defined above; and
Ry is —OH, —OM or -OMX, where M is metal and X is a nucleophilic substituent, preferably

halogeno, in salt or free form.



carbon dioxide in the presence of a netal or
organonetal li ¢ conpound, to forma conpound of
wo cooriob®1%1 | . The hydrol ysis step preferably cPOPEPHEX014082
reacting a conpound of formula VII wherein R11 is -OM
or -OMX and/or RO is -OMor -OMW with water or an acid
yi el ding a conmpound of fornula |I wherein Rl is
carboxy and R2 is hydroxy, in salt or free form
Sui tabl e acids include anmmonium chloride, acetic
acid, sul phuric acid and hydrochloric acid. A
Mﬂdrrﬁtlflélﬁrtﬁéi ca&ﬁkyl&tioﬁnstéia)combﬁ@sb&amda derrpbendof orenula V with

cwenog c@cﬁldgfln tp&es%ncerrgf/ %E?r orﬁ q’f&én{n&?)e}e{"rca mﬁ:@[uﬁd gglforrﬂlét compound

af tovmelaiint |y be -50 to 50C, preferaby -10 to 10C

Alternatively the conpound of fornula VII where Rl11 is
-OMor -OMX may be reacted with a anucleoph|l e.%._ \

He WﬁiOWé'SéFePI’FHPfP@@'y OBPFigRSFRRCRE RFOTRGURst Off igrmia Y1l wherein Ry is

Mg o LOMRL adfor € 1©) OI\NB'r R'C)M)(f wrth(rv@ef Xr anchcld yleIEi'ng anebmpound of
are as def.i acess of

(BRI [ R PRl e PRoAR (At 66|l BBk inctuce
amhmemh chicpidef eamblqcmarslmhbm asidl Mhydrb@ﬂor@xambl eA pH-buffered

%axl%isgebr rysh! m&%ﬁ@ fd i %E%d Qhﬁ/éﬁj thg‘céﬁ%yrlﬁay be carried

Srnat vel §rdcar on sol vent o
cuseda piiieé 4 teac Thereattiondemagratuee ey caivepientiyie 759 to 50°C, preferaby
Sonyepently -30 to +10C, preferably -5 to -0C. The
reaction may, for exanple, be carried out using 0.5
to 2 equivalents, preferably 0.8 to 1.2 equivalents

AiRchatisy the rc@anbtfHﬂ' of forabramll ihe B Mg oM orcfONDh mambteabacted with a

SR 75 o AR 5 BBt e s 00
R &F er -al(0y-X0and R’ 0R"arid >éqn9|a$adeérrrﬁtdeab9f/et he corrpound of
formula Il may be used per equival ent of the conpound

of formula Il. The tenperature during the reaction of
Ehecomprsarad tiost lny@}tmugay\pqﬂv?merglym Garrigsy out in an inert organic solvent,

%%% @ih_l;e_iz gol\fém”?_@ﬂ%nf[ﬁlé/ dféiHW@thte fﬂétfa]ﬁy@ﬁfuﬂart or tb'ﬁl&ﬁ,tyl methyl
B el oo sol by B! PSR o e
(@pm\kﬁﬁve&ﬁﬁnily/—fsmtoOHOf@, pr&@@blypﬁetb endb| VYhe eatipn-rhaéy, ®r example, be
z%—arr]r?ed1 e Pg @{n@ 35} o3t %%He@{ﬁ pr gblf&b% @%uﬁ%@%@@n@%és‘l preferably
Fhogf éembva}ermosthe oetal gq@fge@r@gﬁql@ cqmognd pReagivalsnt of ghegcompound
<§fofon:|'nlﬁa gqud L Q'Hq%lvglten@ Hi%?é‘ébl)pb 80l 9P ‘égﬁ%ﬁbﬂ»té ®f the compound of

nmpoun

er equi val ent oun formula V
farrwlﬁﬁlgaav 'wyszg@&v %@@Wt <Pf<tﬁv ng eﬁ&m@

The temperature during the reaction of a compound of formula V with a metal or
organometallic compound may conveniently be 0 to +50°C, preferably +20 to +30°C. The
reaction temperature for the reaction with an electrophile (e.g. CO,) may conveniently be 0
to -30°C, preferably -5 to -10 °C. The hydrolysis step, e.g. with acid, may conveniently be
performed at -10°C to +10°C, e.g. 0 to +5 °C. Preferably 0.5 to 2 equivalents, more
preferably 0.8 to 1.2 equivalents of a metal or organometallic compound per equivalent of
the compound of formula V are used.



The groups RlL and R2 may be converted to alternative
R1 and R2 groups specified above by standard
wEe@eesses, such as by esterification, am datiPCI/BP2003/014082

nucl eophilic substitution. For exanple, a conpound of
formula | wherein R2 is hydro§y may be converted to a
conpound of fornula | wherein R2 is hal ogeno by
reaction with an acyl halide, e.g. acyl chl ori de.
Preferably the conpound of fornula is in free for.

TR OOUARIB AL oY PR LI APORINE Re e BRI et Tohebove by
§tBfdar® bfﬁc9§sehy$1rcat$8by0éstaﬁicm&ihe amidatibraion hutgectphttlo |substttution. For

used, for )
s, et G | BeoliaRRONIR G0 ey B BibBrod 63 compound
of formauleylewhicireim B isrhalogeno bynhect@na\nthuan@cw@ﬁkﬂm ﬁ@sa@‘i chloride.
formula Il or formula Il are known or nay be prepared
by nethods anal ogous to those known_jn the ar
Brefsaliyriieatormpeuh o ina | #falp fi5e fa%pah%aomawéf inligg gr satt form

P pasSsRgined &f 18X 3oml &f MydFR&C bt Gaivafes atonedidyd =0rsolaent! used for
halide with -a netal, for exanple lithium or

AgAltiotn  suspended in diethyl ether or
tetrahydrofuran. The organonetal lic conpound is

géﬁégﬁn%gyof pf%) i Eq:aﬁrb% lLé%g\%l‘é({' #0f {hR&f EctﬁaﬂXMﬂﬁPe fah&Surified in a

rous a SPe o GT I hat ance under ni trogen. The
pmnemsmahwmmeding to the invention nay suitably
include a further step of coupling the conpound of
formula | wherein RL is a reactive substituent to

$op isrtingacunnerpds plaformula | b prauEo |l ﬂeplfﬂ%@ al'BY |b§I Rrepared by
eﬁhoﬂé 8RAISHRE to those IO e drth (MEarBRAARICOApouBadedmay be prepared

g{aég?ﬂd @?%%?{F%EL‘% e?%{ﬁfaglbly n%aﬁ(gat ey ?ﬁ gﬁg&l’ & a(?yl%ﬁ(’ié:w% ‘a metal, for
beade lithiumpret megidsiumassuspendetaine dietyk ,et@n q; @u’phmféran The

bgﬁmme:tglﬁ@té'o%g?mﬂtlse grébrabﬁxﬂ'gﬂrgé M usel il inert (oxygen-free)

materi a l'ude crosslinked polystyrene,
enfg'drqyéIaymsph@ﬁéovnﬁénce@md%mgemw DVA pi ns and HEMA
pi ns. The conpound of fornmula | may conveniently be

A
péragstintedfeiomalla prvéfeesialit,yis co mgactise subrstitieni toe agyolidiphase material.
ég?arinlﬁ soh?rBh Vﬁ %E%Hgl%frg Egélgée%bk)& &am?l@"ﬂ%@‘%@émg A1, and include

IS a caf boxy group or an
nstuiallnoechningr dosythglio gpganis, ¢f. ingrganie dalymersninypariipulate form, e.g. as

baROBY B@ﬁé’réb@yf 208} dGayet 3n %\es%ﬂ&kﬁéi ingttSibSrapd htéf@?iél Examples of
earing free am no %r oups. gpound

of f
Ripblggoobian mRSEras IS CroseHRG I BB OEe 69 BB eI BI-HIVD-
MP@DMA;]!) I’Hn'ld(HEMmumﬁ Fhe Sathpaubl bf fdfmhladimaa convenieatly be coupled to

St 5 Cb[ﬂ'lﬁs age(slaﬂg/ rF%c%gg g%?c?u(lglwnpg%s%gt on '(E'ln%!)l% é%h’as? wnth R4. Thus the solid
bhaﬂeogateadtl podfergblyrepmprises obgative grqglps,asunb @ae pYino groups Preferably a
compound of formula I, wherein R; is a carboxy group or an activated carboxy group, e.g. by

reaction with diisopropyicarbodiimide, is reacted with a polymer bearing free amino groups.

A compound of formula | may be used as a linker. Thus the process according to the
invention may also suitably include a further step of coupling the compound of formula I,

optionally bound to a solid phase material, to a biological oligomer or polymer, or a monomer



WD 2004/ 052817 PCT/ EP2003/ 014082 -10 unit thereof.
The conmpound may conveniently be coupled to the
whr@kosseal nol ecule, e.g. an amno acid or PCT/EP2003/014082
pol ypepti de, by reacting a group present on the
bi ol ogi cal nolecule with R2. ,For exanple, where R2 is
hydroxy and the biological nolecule is a pol ypeptide
amno acid, the termnal carboxylic acid group of

b I be esterif]
EV‘ e, P me s For S0 pR 5 conbipd j-Se BiPisg Gt molggie, e.g. an
am"pm°m°'&fpepmel by feasiiigha @rouaqyrésehtibi the biblegickl mpléaule with R..

Fgr %Pﬂk&l éwnérg'ﬁ lrg Ihlafbx? fané‘“}%rb?&c\y/ge&)% mﬁéklﬂg %rhop I)é)%p?tg or amino acid,

spect esen provi
B\eof@é@@alf@rboesvl@p%wd l@ua of ding biglegicel mpl@wm lcan \blelerstwfled by the Rp

drbxy d%@p DRHONE@ \@'ﬁnfﬂaﬂe%@n ot therEbApdtisd & 1Brmitied @ﬁ}dan acyl halide

cting group and R12

rote
§'“3F‘b’”eﬂt‘l’ ?‘QSB‘HPC’" °f&‘b5 }‘3}0 haP9eBSct i ng a conpound of
formula IXHIX R13~- --\/NO(]—|HONO H wth a

ui le R1 onor . (F). internedi ates useful
Frha {uﬁgera%g%ci, ﬁ 8%:3%’& mrrg nféﬂx%' the general fornula
XIV HXIV R16"- NNW\O OGR17 HO N |
(E) a process for preparing a compound of formula Vi

Y 0=

12

Vil

wherein Rjz and Ry; are each a removable protecting group and Rj, and R,; are different;

comprising reacting a compbund of formula IX

LG R oSy

with a suitable Ry, donor compound;

IX

(F) intermediates useful in the above process, defined by the general formula XIV

16\N/\/ \n/ m Ry,

18

XV

wherein Rig is a removable protecting group other than fluorenylmethoxycarbonyl, and is
different to Ryg;

Ry7 is hydrogen or a blocking group removable by hydrolysis or hydrogenolysis; and

Rss is hydrogen or a removable protecting group other than fluorenylmethoxycarbonyl.



R18 wherein R16 is a renovabl e protecting group other

than fl uorenyl net hoxycarbonyl, and is different to
wWORR4/0RBT7 i s hydrogen or a bl ocki ng group renoREDER2003/014082

hydrol ysis or hydrogenolysis; and R18 is hydrogen or

a renovabl e protecting group. gther than

f1 uorenyl net hoxycar bonyl. WO 2004/ 052817

PCT/ EP2003/ 014082 -11 The present invention provides

a sinple and efficient route for the preparation of

compounds of forrmula VIII, which are useful in the

Theniresesi isvartiop providdes sinfplg ar@b@mﬁr@- rogite feethe mirgnasation of ggmpounds

&%éﬂwqﬂaqg’lll TAkh Ca?éfBQéf@qﬁ ol s;fnﬂ{égiéldi pﬁ)ﬂée@ﬁ%r @%?f‘l;blb a8%described in

ermedi at e conpounds in eparatio
OGRS 0T GRERBIS/P! oG oo Gt SSrnPgReRlate cppounds i
tﬂégrelasraﬁére&% olifderex reaEnaund of formula X H X

/ NO O 5HONO 1 R4 wherein R13 is as

defi ned above, R14 is a renovable protecting group and
Thidconpodid dfdoranda IXandyli: @ephréd Bom aredmpeurs! of oreula X
bl ocki ng group rermvab'I_le by hydrol ysis or
hydr ogenol yR s, PrQt ecfii n t hei rp, i ntrod¥cti on
and renoval dPeNdeserT bexy, , R pr otective
G oups in Orgaan Synt heg s, LT. eene et al.,
John Wley & Sons Inc. econd 1991. Suitable
protecting group donor conpoundg, e.g. amno group
protecting agents, are well -knoO\?h to a skilled

\pﬁgrg.ﬂrpqm,gagdefﬁ{émégwedes hal i des, car barrat es or N
hydr oxysucci ni m des whi c

Bredt 2tamavePly P&fﬁgn%wpuwndrﬁ@ ! @%f&%t?? ﬁ‘gf G %ﬁb P2 is

RJ: & £blokling drbuipreatvyabie b bydyapeidamytiog®blsisr R16 i s
preferably a protecting group other than

f1 uorenyl met hoxycar bonyl, and is preferably nore
Pretsctingagioups theirsnbeduictianyandiemersl sre d%ﬁcﬂ?ede%ﬁr?ﬁfﬁ@me’ in “Protective

BA%6s FRORJaNE SYnR¥SIs O Y. BrechBdt @F, JoyA MBS BaBaHSIIAc.f Bedond Edition
1991. Suitable protecting group donor compounds, €.g. amino group protecting agents, are
wel-known to a skilled person, e.g. anhydrides, halides, carbamates or N-

hydroxysuccinimides which provide one of the protecting groups below.

The protecting group Ry is preferably fluorenylmethoxycarbonyl. Ris or Ry is preferably a
protecting group other than fluorenylmethoxycarbonyl, and is preferably more resistant to
removal by hydrolysis (for example base-catalysed hydrolysis) and/or hydrogenolysis than
Ry and/or R4, €.g. more resistant than fluorenyimethoxycarbonyl and/or benzyloxycarbonyl.

More preferably Rqs or Ryg is tert-butoxycarbonyl.

The protecting group Rys or Ryg is preferably more resistant to removal by hydrolysis than
Riz, €.9. more resistant than fluorenylmethoxycarbonyl. Ris or Ryg is preferably removable
by hydrogenolysis. Suitable Ris or Ris substituents include benzyloxycarbonyl, 1,1,-
dimethylpropynyloxycarbonyl,  vinyloxycarbonyl, N-hydroxypiperidinyloxycarbonyl, ~ 9-
anthrylmethyloxycarbonyl and phenylaminothiocarbonyl, allyl, nitrobenzyl, triphenylmethyl,
(p-methoxyphenyl)diphenylmethyl, diphenyl-4-pyridylmethy! or benzylsulfonyl. Preferably Ris
or Ryg is an oxycarbonyl-containing protecting group, e.g. benzyloxycarbonyl (carbobenzoxy).



R12 and/or Rl14, e.g. nore resistant than
f1 uorenyl net hoxycar bonyl and/ or benzyl oxycar bonyl .
woeog/opset er ably R13 or R16 is tert-butoxycar bPO/EP20081&14082
protecting group R14 or R18 is preferably nore
resistant to renoval by hydrojg/sis than R12, e.g.
nore resistant than fluorenyl met hoxycarbonyl. R14 or
R18 is preferably renovable by hydrogenol ysis.
Suitabl e R14 or R18 substituents include
benzyl oxycar bonyl, 1,1,- dinethyl propynyl oxycarbonyl,
Rys oy Reyeyasuibabiiytie: N- hydr oxypi peri di nyl oxycar bonyl, 9-
ant hryl net hyl oxycar bonyl and phenylaninothiocarbonyl
allyl, nitrobenzyl, triphenyl nmet

@p- lﬁahdﬁiw @@@Hﬂwbﬁ@ﬁvpmmyl e¥hyl propyl or butyl other than tert-butyl,
,qb,{éq)eé}g,lab nithyl. dyl met hyl or benzyl sul fonyl . Preferably
or 8 is an oxycarbonyl - contai ning protecting
group, e.g. benzyl oxycarbonyl (carbobenzoxy). WO .
@polttsQ&%da?kyPGﬂichﬁm;OﬁIb%ﬁtmm&g one dPMoR1 Gy..alkyRE7D. regihyl. Preferably
€ Cl-10-al kyl, e.g. Cl-4-alkyl,
%’PI@?&% %?V C%el%ﬂp( I, et hyl, pr opyI or butyl ot her than

tert-butyl, nore preferably nethyl. (ii)

SCC %p’ﬁyﬂaﬂy QlEHshﬁf&'i' Hg%’og%éb??&ré Hﬁaggﬂlllib(’) glﬂj&ﬁtuwnté;ﬂérgehalogeno

Kk
@smeo dif hieyT s PRy oetnaly. sbgutEg BY Byt hreS halogend, o
Sihstituted by one or nore stabilising substitutents,
e.g halogeno or nitro. Preferably aryl is phenyl,
optionally substituted by one, two or three halogeno
V) 9. (Co.prarg) 9 Cr.{ialkyl, (oPBorblly au@dt)ue@omlhel@%lgmp by (i) one or more

thl&hs?r{bal%db%tltﬁemsc‘t gé E%Ig%engrbr L, & i bﬁfwfb‘%b?ﬁ‘tuéﬂté wARR t&ﬁether with

He rnpicpriey atanes tourdeh thawy ﬁ't%gath%fogrege’{ r%nfaf'?‘i%efglf’ g optionally
5drﬁ‘egnlﬁ%ﬁh@ Br A& Hﬁrobéh vhogjyeh Wns%f €Co-1RatyBCEdo-BIRyINs Preferably (i)
ey Pb‘g@W‘? orporgxg;aé}:?bf}{)befgzgla dlp\éeny(fme}hﬂ onrI tﬂghe?\%:ne%yl optionally
§uBRtitldaby | dabh 3b&ikedd -ringk by orse, piwef er dlrey (ialdgeno, e.g chloro, (i)

oA A BT R o

substltuted on each benzene ring by one, two or three

gfy‘ erl éi“h Y- @E$a|k§| ;)br)eferﬁildérn!%ws@tﬁamyl e.g.

ant , or (i11) piperony (v)
C6- 10- aryl a. 4 al koxy- Cl1. 4-al kyl, preferably

BRNZ. Xy FRIBaHI-C:.faty), pRferdBly pharlacgiar bony - CL. 4- al kyl ,
preferably phenacyl. Preferably R15 or RL7 is a group

whi ch is renovabl e by hydrogenonS|s such as benzyl,
Preferably Ris -or Ry is a group which is removable by hydrogenolysis, such as benzyl,

benzyloxymethyl, phenacyl, triphenylmethyl, piperonyl or 9-anthrylmethyl, preferably benzyl.

The compound of formula IX ‘may be prepared by (i) hydrolysing the ester compound of
formula X to obtain the corresponding carboxylic acid and (i) removing the protecting group
Rys. Preferably the hydrolysis step is performed before removal of the protecting group Ria.
The protecting group Ris may conveniently be removed by reductive hydrogenation
(hydrogenolysis). This route, involving a hydrolysis step, is suitably followed when Rs is not
removable by hydrogenolysis. The hydrolysis step is preferably a base-catalysed hydrolysis,



benzyl oxynet hyl , phenacyl, triphenyl nethyl, piperonyl

or 9-anthrylnmethyl, preferably benzyl. The conpound
wo@tooosasut a | X may be prepared by (i) hydrol ysPeEP1ve3/014082

ester conpound of formula X to obtain the

correspondi ng carboxylic acid %pd (ii1) renoving the

protecting group R14. Preferé 'y the hydrolysis step

is perforned before renoval of the protecting group

R14. The protecting group RU may conveniently he

fob FsoEBle Ly NOCRAGT PICTRER GORrTER SHIADY | RRP LRSS 2 Asgolar solvent,

dQinsettiaidt.€, involving a hydrolysis step, is suitably

foll owed when R15 is not renovable by hydrogenol ysis.

The hydrolysis step is preferably a base-catal ysed )

Ryetnativglgi s com@ RGO/ 06R84 TX PR EPeedaity leogepared Dyfydrogenation

g@@@gé@gg%} BPa §&q¢mwg§r%la@?wﬂ&ginﬁ‘¥ iS4 gicaB \WhidR8s removable by

rfor n a pol ar solvent, ‘e.g.nethanol. .

pydregenalysisie. g bepzyk Jihp bydragertation sigh may|crnyapiently be performed using a

CRRKRLRANE Yo 16V iR RBaliliv-dheB&088dll on _

(hydrogenol ysis) of a conpound of fornula X wherein

R15 is a group which is renovabl e by hydrogenolysis,

€ofpolreingt Jormulihembay e prgparet] ibp resstitgpa neypand weformenla Xy

be perforned using a suitable catalytic ent, for

i nstance pal | adi 0 har goal . Ggrﬁ)ound of formula X
may be prepared by feact) ng\a_cenpoufid of fornula Xl
XOXl Y ORL5 ON 1 RlvvhbeinXisa

nucl eophil i c substituent amd R14~”and R15 are as

defi ned above, with a cong 4und of formula XII 1313~-
N,-~NH2 XIl H wherein RL3 is as defined above. This
sheRinTRYis ke npeledphilicetibétituent yang UR{, adrideR arayardsc defined above, with a
sol vent,, . pref bly in a hydrocarbon sol vent, nore
5?'8?03@8{@"?‘8?@%_ The conmpound of formula X is

protected et hyl enedi By N oneXdmi no group has

been protected with a r vabl e protecting group. The

nucl eophilic substituent X in formula Xl is

phefcky BRl iy dsadafiged @abowuc Thiasstép vwydye pérfaymed ibreppuiiable organic

is&%?’it, pq&re%b@rir?; ﬁ)r/oqgéaYbOQNOWeﬂt, m-gnaepreferably toluene.

The compound of formula XII is protected ethylenediamine, whérein one amino group has
been protected with a removable protecting group. The nucleophilic substituent X in formula
Xl is preferably halogeno, such as fluoro, chloro, bromo or iodo, more preferably chloro. The
compound of formula X wherein X is halogeno may be formed by reaction of a compound of

formula Xl
HO . X
[?j O
F{14

with an acyl halide, for instance phosgene, tri-phosgene, phenylchloroformate or 4-
nitrophenylchloroformate, preferably 4-nitrophenylchloroformate. This step may suitably be
performed in the presence of an organic base, e.g. dimethylaminopyridine, in a non-polar

solvent, e.g. toluene.



conpound of forrmula Xl wherein X is hal ogeno nmay be

formed by reaction of a conpound of fornmula XiIl HO
WXRG0ok/053121315 N O 1 R14 with an acyl halide, POF/EP2003/014082

i nstance phosgene, tri-phosgene, phenyl chl oroformate

or 4- nitrophenyl chl or of or mat ﬁ4' preferably

4-ni trophenyl chl orof ormate. This step may suitably be

performed in the presence of an organic base, e.qg.

di met hyl am nopyri dine, in a non-polar solvent, e.g.

t ol uene. WO 2004/ 052817 PCT/ EP2003/ 014082 -14 The

Tl peisudingd fof farmual Xlithay bereymiverotadiynaedilabie| byy. when Rys is methyl or

BT b o ol ik i o,
foe titetahse Kyyovaaciion wite kengyl aldabpl phatethanel. byThe dgedliingnester is then
w.g*eﬁ?g ﬁW Yeachbe Wl a OfuitdBE NRD Honor lREmp&l té.g{! gb&Rl&ZISﬁycarbonyl-N-

~protected by reaction with a suitab
Bskhoysucsidmd, e. g. benzyl oxycar bonyl - N
hydr oxysucci ni m de. The conpound of fornula Xl need

7% SRR Bl okl B ind B GRRUfy Bhrootg of o
Khiemgyr mcheattedivitth hi acyl balideiaod theuledugtiehibis yeactior segequently reacted
Wb B &n&o%ﬁ%fﬁ%ﬁ’l& thl% | Qrlvbsd) the sanme vessel. The

aadi f ion o ote

e pr cting group R12 to the conpound
of formula I X nay suitably be performed in the

?ﬁ@?&&iﬁo@u &f the YbtEEInGg HrBP AL 3RE LBMpéUnd! & fofatUP DXIMELY suitably be
of formula VIII

1 can be.r recovered fromthe reaction
rerarmedindheipissenceiok aodivm SRt/ as9WHSt nanner. In the

compounds of fornulae VI1I1-XI and Xl Il above, the oxy

ubstituent on t roline j i [ ified i
?P'ﬁ'ﬂ%‘fndﬁroéﬁoépg!ﬁ {)zﬁlt $a£'n%9 refﬁ‘g&%? ggﬁr{hg rrglérjlcir'b':-1 ggﬁ%&s%ﬁﬁ urified in a
benventnalincdareet.y prepared, using the corresponding cis
or trans hydroxyproline as starting material. Insofar

as the production of the starting materials is not .
frethe icembeunely otfioerylan VX afs X1 aRgsw L% SUORkHERROR fhe proline may

BBYh P&sitRhedRAbeilard) pldgap§ tnand.o TRetclsostsrdne dgameéra nidyebe individually

art or a . . . .
prepared, usnsng the corresponding cis or trans hydroxyproline as starting material.

Insofar as the production of the starting materials is not particularly described, the
compounds are known or may be prepared analogously to methods known in the art or as

described thereafter.

In a further aspect, the present invention relates to a process for producing a compound of
formula VIII, wherein Ry, is fluorenylmethoxycarbonyl and Ris is a removable protecting
group other than fluorenylmethoxycarbonyl, comprising reacting a compound of formula L
with a fluorenylmethoxycarbonyl donor compound, e.g. fluorenylmethoxycarbonyl-N-

hydroxysuccinimide.

The invention will now be described with reference to the following specific embodiments, in

which the following abbreviations are used:



described thereafter. In a further aspect, the present
invention relates to a process for producing a
waeooposesd? of formula VIIT, wherein RL2 is PCT/EP2003/014082
fl uorenyl met hoxycar bonyl and R13 is a renovabl e
protecting group other than_{4uorenyl met hoxycarbonyl,
conprising reacting a conpound of formula VIII wth a
f 1 uor enyl met hoxycar bonyl donor conpound, e.g.
| uor enyl met hoxycar bonyl - N- -1 i nimde. The
F'ﬁ'\?‘énti on will now be g'@%@?‘f'%‘é@&&{égﬁgﬁgfer ence to the
Bot | owi ng speci fic enbdefi-bwoxysarbpmyl whi ch t he
| ow ng ahbreviation ' 817
C8%) 2h08sr aacte 15%E%§e@§§ﬁ88¥@ﬁ§%é&giycar bonyl
B8S§¢ = tert-But oxycar bodyhydreggiceiniifgobenzoxy

(pepzyl oxycarbonyl) O$wpmanbidstdhoxysucci ni m de HPTF
= Heptane fraction JT 5) t nBerature HPLC = Hi gh

= Jacket

PEr f or mance=l i qui d chr df’rﬁl‘teggmﬁ Y THE =
Met€ahydr of gr an TBMVE = Higir terfotrbarice tigyith ghrosatographpVF =
| .get hyl f or mam de WO 2 PCT/ EP2003/ 014082
Hilge Exanpl e 1 Prepar a?fgﬁé&@fﬁ&zn
IBWIEi phenyl =hydr o) y- netlieyttbptyb@athyletheici d

di bronohenzene (47.3mghyiRrRartkel s added to THE
240 m). The clear solution is cooled to -65C A
butyllithiumsolution (0.22 M 94 m of a 20% sol ution
in CHX) is added over 30 mnutes. After 5 mnutes of
stirring a solution of benzophenone (36.4 g, 0.2 Min
180 mM THF) is added over 30 m nutes (exothermc).
The m xture is stirred for a further 30 mnutes at -



65C. Then over 30 mnutes the tenperature is raised to
-10C and the solution is stirred at this tenperature
w0 ooo405e81hour . The reaction mixture is then rer€CDBP®A3/014082

to -65C. Over 30 minutes a butyllithium solution
(0.22 M 94 m of a 20% sol utjon in cyclohexane) is
added. The resulting suspension is diluted with 200 ni
THF. Then carbon di oxide gas is introduced over 90
m nutes at -65C. The tenperature is raised to 20C and
the m xture stirred overnight. The mxture is then

Bemipkdit o 0OC and an aqueous sol ution of amoni um

e i s added over 30

ﬁrllﬁg{a 1(9'1 ofA(%égeﬂJI -h cfrwﬁ/rélgt Ar}é&EQP? benzoic acid is
formed at this stage. The n1xture i s evaporated at 45C

VE%%?orﬁob\éﬁEéHé'm? Ihﬁofzqw |9 'é@déostoaqi-lFU 1@ ¢hiy. ortidarWolubion is cooled

‘ %2,%%5 ngguwnmnysggut@gdo A2 Nblgﬁml 0 %gg? o0 thﬁ-H‘bélag)glgﬁ%ged over 30

plhates are extracted again with 100 ml water. The
combi ned EST- phases are shaken with a 10% aqueous
pot assi um hydroxi de solution (2 x 120 m ). The ,
Aiterts mérditasgofesiningph asletioraofchendppienene (36.498 9-22Myipt180 mi THF) is

%2%%5 %Q#%(R/Eﬁmq%e x&h cg a{fp% '\/Hln___;?ﬁ[:baggésﬁlrg??ﬁéj )f(lYeHdHeh 38 minutes at —

6 CniThempear 3Oawaut5@thmterg@ﬁr@w@t'% eﬁlngoa0°%ndéae W'HW” is stirred at

ﬂ@ggﬁﬁ@gﬂh§ﬁkgmg&ﬁ"and evaporated at 45C under vacuum
to obtain a crude product. 38.3 g crude product is

di ssolved in TBME (300 m) at 40C. The cl ear yell ow
$d Eaklioh infkture @enttentré-abc&@li ton-65°G.0l Quee 30fmiBOtenia §EABhipm solution

ot Tt o ke e PhARAO G ae8 o 06 o

the mxture is cool ed to OC and stirred WD 2004/ 052817
?g(e’éawgdsg%ﬂﬁ%s d‘l\}fgd @ﬁh é& horHA ﬁ%ﬁear@hacﬂ&(uﬂ gefégs introduced
sh

and wa

tane fr
ovaE r99; glmutegt at4=85°Gn dE?e Wﬁ[ﬂﬁ"? "8il% dais IgS&, ‘? éhes¥n|)29re stirred
Hdraght ”B'Hé nidfturd i< Ghel beowsd to YT Beg a1 bmlebyd; $ellh1tmsz amn@oiuch chloride

0GR enrE RO Sskagyey Spaar ARPepH oy g beneoi
hydemb&mzmﬂﬂsaa@ée is dissolved in 140 nl DM by
stirring for 15 min. 15.3 m

di -i sopropyl carbo-di-imnmde is added and the solutio
Kepmiddre i BYAPOEAIGsbalANE andesra WgURn TheHgsides iftacfFigeRto pH 4 with

LORR atld AREhbRUEKI add nﬁ‘l—l.o_@OOEﬂtrabﬁm)Ef;ﬁdrﬂéfrﬁed KMth frex 150 mi ethyl
gﬁr:egq?fggcmehg %frgaanm Sh%ggst 2%&' eaxgrgc(:jtecﬁJ 3/ r? WJ\ qBS mI wa er escrc]almnbgned EST-
phases are shaken with a 10% aqueous potassium hydroxide solution (2 x 120 ml). The
combined aqueous phases are adjusted to pH 1-2 with hydrochloric acid at 20°C and then
extracted with 2 x 150 ml TBME. The combined TBME phases are mixed with 50 ml water
and 50 ml saturated Na,SO,, dried with magnesium sulphate and evaporated at 45°C under

vacuum to obtain a crude product.

38.3 g crude product is dissolved in TBME (300 ml) at 40°C. The clear yellow solution is
concentrated in a volume of 60 ml (240 mi TBME distilled off). The mixture is stirred for one
hour at 40°C (crystallisation). 50 ml HPTF is added, the mixture is cooled to 0°C and stirred



met hanol and THE the |inker derivatised support is

dried under vacuum Exanple 2 Preparation of
wd2qodiopaseny| - hydr oxy- met hyl ) - benzoi ¢ aci d (al t BCTYEP2008014082

method) To 12 It TBME in a well dried 100 It

Hast el | oy- Reactor, 3,0 kg n-butyllithium (20%in

cycl ohexane; 9,37 nol) is added during a period of 20

mn, keeping the tenperature at -5C (clear solution).

During a perigd of 30 mn 2 00 k 4-di br onobenz :

RE5a0n T Pt Everua P o M KT B RE g and cring

Svemidhe BpS°alunde vaaiuvegives-vihitlaredys@®. The addi ti on

container is rinsed with 3 1 TBVE. After 30 mn

stirring at -5C a solution of 1,55 kg benzophenone

AdcbMeniodf ¥-(dinha@yl-hydrawimetiy))-henaeiel acid fa agelid A5ass od of

20 mn keeping the tenperature between -5 and 0C. The

addition container is rinsed with 3 It TBVE. A very . .

bﬁmﬂ-(dip&wﬁmhwdreaw-@em-wzgﬁ|an Wi 7f%4r91M°XYiH‘é?"'¥€% iligoolved in

$40 ol IDMF BY stiifg do 15 & 150 Al rdblsopr@pyitabd-tiRn@ells adsled and the

%ﬁ?'ﬁi%gikeg;h rr & qtml Boen%%ne u%%gnihg g &8 tsélhgoq-ﬁia ﬁi%’n sftiHE& Ia%rni%ﬁt at room

tenipatagtire i hhel pres@@ss ofnancipohethyxiad eolys§raDe. nditgr washing with DMF,
' ' bA i BRhA& ViaB&um.

%g%%g?' GG T8 o BRE: ylisod Qi s SRARNAG vabim.

slightly exothermc and the colour turned to slightly

E&Eﬁﬂ%gSone precipitate and froth are forned. After 20

mn st

rrring a process control sanple.is .take PLC
Piepamterit tipreR B eEe b eeR kel Sod g
n-buthyllithiumis added after stirring at +25C for 35

1N, Af 15 m gL I nQac ithi % i
P, R0 2,010 BLT00% AR08 Babtl, o iar BBy o
nydohiekeriel 9,8Timehinadtied idovingaa perjodrps 29 mint keepingdhe tempgfiptiire at -5°C

j . . int - LEH28 48 mo!) dissolved
i BB ol aa pefod gRAFEgIZ00 %?‘i“f"é‘é’:f‘i’%% S
i I B isingred icerig th{@maerﬁg?q beiwgen 59 ﬂ‘? A G d B aRgtion container
ihRsed REPer ptvee between -10 and -5C. The reaction is
exotherm c and a slightly yellow precipitate is
formed. After 15 min stirring at -10C 11 | TBME are .
Aflelesh mimcstiting at e5e€t a evlutiomiof t11H5egi enaephepeha 8,59anolkin 8 It TBME is
1484 sy | GnAtfib o i °C. The addition
RSN 8 PRty 8 22n RospindBfic fripr i Rniuen SR 0°G, T
aordaing ds ringed withds it iT@Nﬁ)Ei. A verp3malk ameunt aha white solid is formed. After 15

R ShrRhd 8f SobSa Picesq! dmflol(fipre (HPLC TR tak&tRIThe abadtion mixture is
I's transferred to a separati gn tangs%nd the reactor is

stirrpsider fufthey 25 mip at -5°C and warmed up to +

3,2 kg n-butyllithium (20% in cyclohexane; 10,00 mol) is added during a period of 25 min
keeping the temperature between +25 and 27°C. The addition is slightly exothermic and the
colour turned to slightly green. Some precipitate and froth are formed. After 20 min stirring a
process control sample is taken (HPLC 2). Depending on the result of HPLC 2 further 0,3 kg
n-buthyllithium is added after stirring at +25°C for 35 min. After 15 min stirring a sample for
process control is taken (HPLC 3). The lines of the n-buthyllithium addition are rinsed with
1,5 It TBME and the reaction is cooled to -10°C.



TBME. After separation of the agueous phase the
organi c phase is washed with 20 It water. After

wa@epassion of the two | ayers the organi c phaseCi/BP2003/014082

extracted with 13 It 5% aqueous KOH solution. The
basi c water phase is separateggand the organic |ayer
is extracted again with 13 It 5% aqueous KOH

sol ution. The conbi ned basic aqueous | ayers are

f d 100 R | . .
L (5 b B SRR 4 8 s o
tewgeraure plegtwesh of0 20d b, aThaa rQae:mma risateyotberndt \epdna Glightly yellow
El%glgﬂ'aﬁg is fUﬂﬁ qf“e" 48 gnlﬁ §tlrﬁ?§§)tah Q056 91 rEME ardiahisd and the reaction

di ssol ves agal n at a | ow
manwallwrmﬂ te:0°Q. 5df18% aquepus ygknchloss peid Trddad dyiingea period of 15

frfid ké%@%' t@&péﬁttﬁ’@ Beivadh o anaf-@rcethd adatiGtRastHeARic and the
t ank, \)éers are separated and the aqueous phase

P@”@W?E&'?&' S Wth 16 | TBME. After separation

of the layers the conbi ned organi c phases are

TRASER L0 QR e i oSO, € s
aausdAfta?rsepanaMrpe!rtm aqueolis phasi Shjorgpnie ohm alﬁ@hezlo'vilh 20 It water.

NANE segér%tlﬁ'ﬁgfqge ﬁ/\lloqg‘@e)‘s %tot'baglﬁ:%a% isre'idr&ged \Mﬂﬁ 3 KBét Rueous KOH

precipitate is stirred acked
svionr T pasiq \gatpréﬁ'@p%is@gpadgteg@ngm orgqr]lq. Ifayeﬁés ?)gracted again with 13

ke éd’ﬂiéS@’s R®Asolitiét) tThé E6mbihed Bésﬁd éhﬁleﬁﬂwlayéiﬁm ttdrefeared to the 100
uspe tere

EROS S0l 5 o T el S50 TBA e e v

pariddesf 20i rgincat a t&imperatues between 8° aind €8fCafThd BAitIoh iaredethermic and a

@%ﬁl—gf&&%&g ;E"‘?&Hedt tght qp?éﬁo%% e\’&%\‘nggllt (ISW eer @l&h&)—l s 1 after HCI-

par ati
2‘Ehe4m)>dtwe dg aﬂr@@oitmm dAemiorgndNiFarBiRETed AP as tepRfating tank. The

fSlSIé]’g‘ eﬁ@l%e 5%&43)% {ﬂéo&ﬂmgﬁt‘) pR¥R ié- extracted agam with 16 | TBME. After
gﬁ{é?%tlgé o enlgy%% I}peld%enb%gg otg{)a%lcg)%ases aje 82"?1'3&5 rajte%?tESOO mbar / 45 °C
ar ssal \Xbﬁiﬂné Bfl ﬂﬁ: u@ne TEMD ard Jestifeds off)udridoseedf crystals are added. The
4-nitro encooq cal -
{e&p&a%r |§ ser;fi| |jp éo 8928 rlg-iP'ﬁ: afd Oo]d?é isg;@o%nm E%ond sat{mng. The
Wﬁltet me@pn@t@msnrred)for ahrau5@°§ Hn'd]hs ppkqﬂéamp@‘atuamis regulated at 0°C and
ﬁﬂtﬁ Ol u%drm}él: ﬁrthtTP atl Qn l?r}/e ﬁ@gbﬁélcﬁptooé C2 The white

§Qﬁpg@<1!~lfg1nl§ Q@gem%;:f agﬁ a'nesrlepq.t?r i @ln%ﬁd H‘BF%W&"‘ fdh of the motlner liquor. The

Riglflé AR at ST ARHAEI3/004H 82 0 mikd) th eomAA Walght (o0sr n]g?rht

hours. A solution of concentrated sulfuric acid (43.7
g, 450 nmmol) in water (873 m) is then added while
Beamgl@Bni ng a tenperature of 20 Cto 25 C. The white

? @B’%ﬁé}’? I’:ﬁ’f (éér% eﬁfO&YOEB 8?11 %nl-}j I\Wé&‘? QDFW sttgflng from Cbo-

uene p
(28,4R)-Pro(4-OH)- OMe

1. Dimethylaminopyridine (30.5 g, 250 mmol) and Cbo-(2S,4R)-Pro(4-OH)-OMe (34.9 g,
125 mmol) are dissolved in toluene (870 ml). A solution of 4-nitrophenylchloroformate (31.5
g, 157 mmol) in toluene (206 ml) is added dropwise to this solution at 0°C to 5 °C over 20
minutes and stirred for an additional 2 hours. This is followed by addition of a solution of
Boc-ethylenediamine (80.1 g, 500 mmol) in toluene (205 ml) and stirring at ambient



washed with water (450 m ), sodium carbonate (10% w w,
450 M) and three tines with water (450 ml each). The
wWo olwemsiphase is azeotropically dried by di stPCT/ERPZP03/014082

off 300 m, which 1is continuously replaced by dry
toluene (2 x 300 m). Heptane,d130 nml) is added to the
dry toluene solution at 50 C and cooled to OC over
two hours. The preci pltated product is flltered
washed two 1]

wth t /h 0
iamaoaRre T Bore hiauion GatTaRIALY Supas al(8.7%,Meb mmob in
\ﬁzasr (625 Rk -tHRsnod déte ORGH A DGR tdthpeBatode- @I “@sto@5 °C. The white

Ite.

S‘&Bertsfé 'il&@erﬁ fU%ﬂiWewthﬁﬂu%ne 5300\/% The toluene phase is

wighed mwitbl Wates(%pgelblapdtym tarbepaie {10% \Wwir £50oml) and thre% times with
\&ﬁéﬂ’ @ g[ﬂ @k, aﬂ'xeateﬂeﬁ@ﬁmﬁﬁ(ﬂi aie%ﬁ@plé'ﬂl& dneﬁd M;tﬁllh@ldﬂmoo ml, which

ut I on
i SouinPYRY FAPlaced BY oo hene Bl 300 b FEPhe 413 T (s added to the cry
bRERE LalutirEat §01eC ant xbulee to $)°(ad:jveI|St\nE:dhdLms Piie3prbgipitated product is

addi ng sul furic a dr of (03
leteghitorhes B v fRgpPhepdul 2 APHoda i b 300 under
vaguiiri td leave Sbd-(BSHRY-Rio(@t@TCO-NFheHs-€haNHBag)-OMel éksya White solid.
solution is diluted with isopropyl acetate (113 m)

and water (57 nl), the phases are separated and the

i sopr acetate phase is washed with sodiu or | de,

2ol (RHHES(EDFrol-DAD NhHaPHe SOTERENPVEAZaD g1 1 PaRrngl f dissoived
&1501 Cmnﬁ@re"ﬁ?@éﬂah @ottitl ghdanéthaisl (3‘80@1)3 A28 sbidjunPinyakekide solution

@ Dl et RER s rirerrFe firepte 4 RAf =) S Simosgature. The
ﬂﬁ&tdr@d& @justed cthaptt Gabby &ddng salfgid agid (F94mI, niml)) Tetgahydrofuran and

% g%)a%,r tﬁ%d&a?ﬁhwwbm%ﬂn further solventsgdlstllélérhg remaining

mmkyl olytioniis diteshwitfoisoprepy) agptpte ERY rrwa@rg, wr(atgr7 r)ﬂ) the phases are
%’%‘gfeﬁ’&?Qnd %eh%ﬂ?&?ﬂ abduie %Hsé R vﬁasﬂbéKW»th Qodiioh chidfidelslution (10%,

e cat IS I he [ eg I due
ko dTiag Savent i dePLoB150 LopodRERbIo el Angam ik Charas 4)-Prots
6B0-NHICH,-CHLENH-BOSF O 2108 4), Wetichr washased without further purification in the
qégotrq?ically dried by distilling off 2/3 of the
OB (FREYRahi ch™ i's continuously repl aced by a
tol uene/i sopropanol. mxture (1:1 v/v). The remaining
dry solution is concentrated in vacuo to dryness (50

5: Z%aah%f %n tcﬁaljcé‘él €0%2$.94R),- d42( Anm added to a solution of Cbo-

RSeAT PHOPONH-CHe P He D ok Bt o 2.0 ol fBpBsnot as0 mi
GRS, idRer (3700 - ﬁﬁﬂagjﬂlﬂ- |€Hﬂblﬂé&iﬁﬂbkghom)s rabdufesod 4ghouts the catalyst is

eroecﬁ ?{bl gﬂ,lt SSal; U%IS évas r;“x ré) ﬁfd%'i@ﬂ’xngl%ﬁorﬂ} ;nd"W%er (50 mi).

msomaﬁmwawwage IP@I¢CEIPQ@®|B'/0U@4(98 dlistilligpoft@g of thegrglume, which
& cohffind rﬁqgl ) regfécéﬁ’tf %&: an Bélﬁédeﬁs&?oia%l) mixfir@ ¢ e ) 0 Thé @emaining dry
c ear "sol Ut i on ove

m nut e
solution is concentrated in vacuo to dryness (50 °C, 200 mbar) to leave (2S,4R)-Pro(4-OCO-

NH-CH,-CH,-NH-Boc)-OH as a brownish solid, which was used without further purification.

ot

4.  (2S,4R)-Pro(4-OCO-NH-CH,-CH,-NH-Boc)-OH (5.0 g, 15 mmol) is dissolved in a
mixture of water (25 ml) and triethylamine (1.5 g, 15 mmol) at 40 °C. A solution of Fmoc-



and stirred for 2 hours. Then the reaction mxture is

adjusted to pH 3 with hydrochloric acid (1 m 13 m)
wa@pa4m5i8iTed for a further hour. Acetonitril e PGI/EP2003/014082

distilled off (40 C, 80 nbar) and replaced by

i sopropyl acetate, affording.sylwo-phase m xture. The

| ower aqueous phase is separated off, whilst the

remai ning organic layer is washed with water and

(S\é,%k,‘#%% 1ac'é‘{”ab %edpr}vihlgg lclg %?C?Eglﬂé 33{4 &by ar splution over 30 minutes

drolstrred fir2 HicoeemThers thei rssqsilov @dxtww i adipstepid lddétvat@y@z@hlonc acid
(g‘r% ANt aé#\qesqrrgrﬁ RPY fﬁﬁhérchohie %@ﬁﬁltr{lggodléﬂlléd \Sﬁg&@bd éd“ﬁlbar) and

oduct precipitated he solid is [tere
plered BojspeB Eeri efqu@as oA RITGAE. TP Dy Buseus phase is
AR afatddofl, @ANEE the remaining organic layer is washed with water and distilled two times
\Eutlrr%'%@ ég@%{?@hﬁ{#&%byiaceta’?'&a%é%ﬁc@#rgg& ?o_aq)_#'owr[%i)éﬁl %%lme. This foam
|Eﬂl%§0|(/élﬁn f58propyladelat @B rhiHaiHd deH2i dyivisede he@ihe (290 milhghereby the

T
%Bgmf féﬁﬁﬁélé%d‘l ﬂ %gs&@d %élleesdc\piﬁ"bé%??&d}ﬁ%bl%té?ﬁegtane and dried
ihlvaemt 8 sCe legve Frapaig,4R)-Praft RC@hbheHa8d 2 NHeRec)-OH.
1038-1042. The process of exanple 3 is repeated, but

usi ng Cbho-(2S,4R)-Pro(4-0H)-0Bzl in place of

Cbo-gzg 4R)-Pr6(4-0OH) -Ove and performng steps 1, 3
nly (omtting step 2). Exanple 5 Preparation of

PraparatiaR, of RFmB-(454 REEs (4H0 CRINHEER,- RH,-BibeSoa@HT redarting  from  Cbo-

f Ie 3 or exanple 4 is repeated but
usi'&g%ﬁq ) -Pro(4-0OH)-Owve or

Cbo- (2R, 4R) - Pro(4 OH)-0Bzl in place of
Cho- (2S,4R)-Pro(4-OH) - Ove or Cho-(2S, 4R) -

TSyt asls- dPo- 2§>4R§IPP@4 ®HpOomRIsaddsatbedfin T. Makoto, H. Guoxia, V. J.

B%Bxeézf?fg ﬁb;@n% . Seoi ) T MorRE hipbly ie ropeated, but
mg@bﬂﬁ-{@&?@(&plﬂr@f@ﬂw@&&w@t@bodﬁs 4R)- Pro(4 OH)-OMe and performing
zl in place of
oé%% ﬁ% r&@%ﬂ'@%@b or Cho-(2S, 4R) -
Pro(4-CH)-0Bzl . WD 2004/ 052817 PCT/ EP2003/ 014082 -21-
Clainms 1. A process for preparing a conpound of

Einipk 8 |

Preparation of Fmoc-(2R,4R)-Pro(4-OCO-NH-CH,-CH,-NH-Boc)-OH

The process of example 3 or example 4 is repeated but using Cbo-(2R,4R)-Pro(4-OH)-OMe
or Cbo-(2R,4R)-Pro(4-OH)-OBzl in place of Cbo-(2S,4R)-Pro(4-OH)-OMe or Cbo-(2S,4R)-
Pro(4-OH)-OBzl.

Example 6
Preparation of Fmoc-(2S,4S)-Pro(4-OCO-NH-CH,-CHz-NH-Boc)-OH

The process of example 3 or example 4 is repeated but using Cbo-(2S,4S)-Pro(4-OH)-OMe
or Cbo-(2S,4S)-Pro(4-OH)-OBzl in place of Cbo-(2S,4R)-Pro(4-OH)-OMe or Cbo-(2S,4R)-
Pro(4-OH)-OBzl.



g35:~~ R4 R wherein Rl is a reactive substituent or

an attachnent to a solid phase; R2 is a reactive
waadmsossuent ; and R3, R4 and R5 are each i ndepPC{&P1003/014082

hydrogen or one or nore substituents attached to each

benzene ring and sel ected from hydroxy, am no,

Cl. 10-al kyl, Ci-10-al koxy, G -10- al kyl am no,

di - C1. 10- al kyl am no, carbanoyl, Cl.10-al kyl carbanoyl,

gizq;.lo-alkylcarbanoyl, hal o- C1. 10- al kyl , hal ogeno

itro; in free or salt form conprising (a)

reacting a conpound of fornmula VI with an

¢l eck E%Qéslfgr prgbélnng BtompOurdi forBIaFS  wherein R3, R4

and are as defined above; RO is -CH, -OMor -QOWX
where Mis netal and X is
R10 is -Mor -MX, where Mi
nucl eophi |l i ¢ substituen,
hydrol yzi ng the resul t/H
of formula | wherein &
converting a conpound \ft 4
hydroxy to a conpound oR, f
ot her than hydroxy; (c) opt Ry converting R1L in a
conmpound of formula | to amalternative RL group; WO
2004/ 052817 PCT/EP2003/014082 -22 (d) optionally
whereitfids A repcivecuhgituantionndn dtiachmprt to ajspli s&Ct ed
Porsrgreaaﬁeg@astm‘arsnd equi red, converting a conpound of

tained in free forminto the desi ed
Rs, R4 and Rs are each independently hydrogen or one or more substltuents attached to

eophi lilc substituent;
etgl, and X is a

ee or salt form and
pound to forma. conpound

yetRaxy; (b) optionally
ula | wherein R2 is
al wherein R2 is

each benzene ring and selected from hydroxy, amino, Ci.jo-alkyl, Cj.io-alkoxy, Ci-o-
alkylamino, di-Cy.ip-alkylamino, carbamoyl, Ci.jo-alkylcarbamoyl, di-Ci.p-alkylcarbamoyl,
halo-C,.1p-alkyl, halogeno and nitro;

in free or salt form; comprising

(a) reacting a compound of formula VI with an electrophile:

\'!

wherein Rs;, R; and Rs are as defined above;

Rs is —OH, —OM or -OMX, where M is metal and X is a nucleophilic substituent;

Rio is =M or -MX, where M is metal and X is a nucleophilic substituent;

in free or salt form; ‘

and hydrolyzing the resulting compound to form-a-compound of formula | wherein R is
hydroxy;

(b) optionally converting a compound of formula | wherein R; is hydroxy to a compound of
formula | wherein R; is other than hydroxy;

(c) optionally converting R, in a compound of formula | to an alternative Ry group;



salt form or vice versa. 2. A process according to

claim1l, wherein conpound of fornmula VI is prepared by
WO e@asasgy7 a conpound of fornmula V with a mnet al POT/EP2003/014082

organonetal lic conmpound: QR4 V RS wherein R3, R4, R5

and R9 are as defined above; gn9d R7 is a nucleophilic

substituent. 3. A process according to claim 2,

wherein the conmpound of formula V is prepared by: (i)

actin c ound of for tal or
i Geteolh SRS A somRa i of formulad nerblgRe T apd g
(&} whee requited aconuertirgop borhpaund wbiimula ¢ pbttaiand inRBeel fernaipito the desired
gaqtffoﬂﬁ(ﬁr%@vcﬁ and is protected if necessary by a
enmovabl e pro ectlng group; and (ii) reacting the
conmpound obtained in (i) with a conpound of fornula

bl | AGrddeks a?é’oréilr&é?% /clalrﬂhﬁr\ﬁ#éﬂelﬁ‘boﬁiﬁgu%oﬁf&maﬁ VI is prepared by

defi ned above and are protecte necessary g a.
BRI BPOUR pdeRY BB At S5aRpOE3g pompdr
PCT/ EP2003/ 014082 -23 4. A _grocess for the
preparation of a solid phaf gPort sygten]
conprising preparing agco yd*+of forrmula | by a
process as defined in &R clainms 1 to 3, and
coupling the conpound 3 itably derivatised or
i hterfal. 5. A conpound of
formula VI in free or 54 t L6 4 q,5 RV

3

Rs

wherein Rj, R4, Rs and Ry are as defined above; and
R; is a nucleophilic substituent.

3. A process according to claim 2, wherein the compound of formula V is prepared by:

(i) reacting a compound of formula Il with a metal or organometallic compound

wherein Rs and R; are each a nucleophilic substituent and Rj is as defined above and is
protected if necessary by a removable protecting group; and
(ii) reacting the compound obtained in (i) with a compound of formula il
0 1]

wherein R, and Rs are as defined above and are protected if necessary by a removable

protecting group.



RS wherein R3, R4 and R5 are each independently,

hydr ogen or one' or nore substituents attached to
we@awh/ossnzene ring, and are sel ected from hydr BRI/EP2003/014082

amno, C-io-alkyl, C-1lo- al koxy, G -1lo-al kylam no,

di -G -io-al kyl am no, carbanoybg_Cl_i o-al kyl car banoyl ,

di -G -1o- al kyl carbanoyl, hal o-C -io-al kyl, hal ogeno

or nitro, optionall y prot ect ed by a renovabl e

Bt off Bl O @ Bronnial o oot b Pyl oAb g preparing o
edvhmund K formblar lbyMa ipocass as datmdm aey af elaigisebpshBl ang coupling the
j nd of
et wra Wﬁ\)qitﬂlsu@ab \)/Adle:ﬁ(/é’&gég ifuﬂ{\lloﬂél(%g_'@Eél?@_%hgs{lﬂﬁ%ﬁglm2

wherein R12 and R13 are each a renovabl e protecting

gr OUR casbuiRd &f RAAUIRYBINGFR Hishif ®FRNt; conpri sing
reacting a conpound of formula IXHIX 1313~- NOOH T
HONO H wth a suitableRy{2 donor cgppound. WO
2004/ 052817 PCT/ EP2003/ 014 R24 7. A process
according to claim®6, Rhe 't he conpound of fornul a
I X is prepared by (i drql ysing a conpound of
formula X

9

wherein Rs, R; and Rs are each independently hydrogen or ‘one or more substituents
attached to each benzene ring, and are selected from hydroxy, amino, Ci.i-alkyl, Ci.10-
alkoxy, Ci.ie-alkylamino, di-Cy.qp-alkylamino, carbamoyl, Ci.je-alkylcarbamoyl, di-Ci.10-
alkylcarbamoyl, halo-Cy.ie-alkyl, halogeno or nitro, optionally protected by a removable
protecting group;

R, is —OH, —OM or -OMX, where M is metal and X is a nucleophilic subtituent; and

Ryo is =M or -MX, where M is metal and X is a nucleophilic substituent.

6. A process for preparing a compound of formula VIi|

RS 0=

12

Vil

wherein Ry, and Ry; are each a removable protecting group and Ryz and Rys are different;
comprising reacting a compound of formula IX

H

R13\N/\/N\ﬂ/o

OH
H m
o 0

N
H

IX

with a suitable Ry> donor compound.



Hx RLI3~- N---"/NOORI5 T HO N-~"O R14 wherein

R13 is as defined in claim6, Rl4 is a renovabl e
w@e@iessing group and R14 is different to R12 mOmMERLS3/014082

and R15 is a bl ocking group renovabl e by hydrol ysis

or hydrogenol ysis, to obtain.she correspondi ng

carboxylic acid, and (ii) renoving the protecting

group R14 in the resulting carboxylic acid. 8. A

conpound of formula XIVHXIV Rl6-- N-, INOORg |

HONO 1 RI18 wherein R16 is a renovable protecting

Gr oubpPieeeRsracEd R 19 elaime hateinibs gerarBHe wf foraplg IX és prepared by

Qi)ﬁ;teﬁélgdﬂﬁgé@onﬁiél&thﬂfB_nhaaRydrogeh or a bl ocking group
renovabl e by hydrol ysis or hydrogenolysis; and RI18 is
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to obtain the corresponding carboxylic acid, and
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8. A compound of formula XIV
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wherein Ry is a removable protecting group other than fluorenylmethoxycarbonyl, and is
different to Ryg;

Ri7 is hydrogen or a blocking group removable by hydrolysis or hydrogenolysis; and

Rs is hydrogen or a removable protecting group other than fluorenylmethoxycarbonyl.

9. A compound according to claim 8, wherein Rys is tert-butoxycarbonyl.

10. A process for producing a compound of formula VIl as defined in claim 6, wherein Ry
is fluorenylmethoxycarbonyl and Ry; is a removable protecting group other than
fluorenylmethoxycarbonyl, comprising reacting a compound of formula IX with a
fluorenylmethoxycarbonyl donor compound.



