4—32797/Ahg%%§%ﬁéf SS FOR THE SYNTHESI S OF PEPTI DES CONTAI NI NG A

. 4- HYDORXY- BSTRUCTURE. The present invention relates to processes
for preparing peptides and internediates involved in such processes. In one
aspect, the invention relates to: (A) a process for preparing a conpound of
formula | R, R3/ R wherein Rl is a reactive substituent or an
attachnen X s_a reactive substituent; and R3, R4 and
R5 are eatcgr@,éggq gegdig 'ﬁ?geﬁﬁ%?'ég%# PEFTIBRE CONTABYINGA iy DORXYRRAILINEC hed t 0
each benzene ring an sel ected from hydroxy, am no, C, _,o-alkyl,

C, _,o-al koxy, C, _,o- alkylamno, di-C, .10-alkyl am no, carbanDyI,
C,_,o-alkylcarbannyl di -C, _, o-al kyl carbanoyl, halo-C, -, o0-al kyl, 'hal ogeno
and nitro; in free or salt form conprising (a) reacting a conpound of

formul a VIThwiptehelatrin\@hétm netapem' tb procesdes i@ prépaoing pfptideRandintermbdiates invABed R4 and
RS are as flgfd ahave; is -OH -OMor -OUW, where Mis netal and X is a .
nucl eophil'i c su tltuent Rlo is -Mor -MX, where Mis netal and Xis a
nucl eophi li ¢ substituent; '

In one aspect, the invention relates to:

(A) a process for preparing a compound of formula |

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

R; is a reactive substituent; and

Rs, Ry and Rs are each independently hydrogen or one or more substituents attached to
each benzene ring and selected from hydroxy, amino, Cj.g-alkyl, Cjqo-alkoxy, Ci.io-
atkylamino, di-Cs.ip-alkylamino, carbamoyl, Ci.i-akkylcarbamoyl, di-Cy.qe-alkylcarbamoyi,
halo-Cy.ye-alky!, halogeno and nitro;

in free or salt form; comprising

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

Vi

wherein Rs, R4 and Rs are as defined above;

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

in free or sait form;



infree or salt form 4-32797/N32799 -2- and hydrolyzing the resulting
“conpound tH3FCHMHE8npound of fornula | wherein R2is hydroxy; (b) .
optionally converting a conpound of forrmula | wherein R2 is hydroxy to a
~conmpound of forrmula | wherein R2 is other than hydroxy; (c) optionally
converting R, in a conpound of fornula Ito an alternative R group; (d)
optionally deprotecting a conpound of f&mula | in protected form and (e)
where required, converting a conpound of fornula | obtained in free form
into the desired salt form or vice versa; (B) a process for the

pr epar at i omdofiydeolyzisioi e prrsidings eamrsund 49 deranp coowpunds phipripulegawhergingR; s
conpound q{yd{?gg;rml al by a process as defined above, and coupling the
conpound w'th a suitably derivatised or functionalised solid phase

mat eri al ; (PoerHonadyipeystingra samneund o formula § wdergin Baisthydorytq agompound o R
R wher eitBmitik | WHereilfR, idtfertBariydraky; defi ned above; and R7 is a

nucl eophi |l ic substituent; (D) a conmpound of fornmula VI in free or salt form
OR W R CRostbralererie ingkorReuadl lpniz 30 20 SRt eRet IR, and Ri o ) <
-M or - MX (dwhmioealiyldegrotaeting a asrtpoind ®f tormula | Bqpbtetted fembartd t uent .

4-32797/ A/(g’lszl?e%e required, converting a compound of formula i obtained in free form into the desired

salt form, or vice versa;
(B) a process for the preparation of a solid phase support system, comprising preparing a
( compound of formula | by a process as 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

A"/
wherein Ry, Ry, Rs, and Ry are as defined above; and
R; is a nucleophilic substituent;
{
(D) a compound of formula VI in free or salt form
VI

wherein Rj, Ra4, Bs and Ry are as defined above; and
Ry is =M or -MX, where M is metal and X is a nucleophilic substituent.



-3- The pr i tion provides a sinple route for the preparation of -
_conpounds %?%zmée whi ch are useful for solid phase chem cal -

synt hesis. The process of the invention may directly produce a conmpound of
‘formula | attached to a solid phase, or where Rl is a reactive substituent,
t he conpound of fornula | can easily be,_coupled to a solid phase at a | ater
stage. The presence of the reactive subStituent R2 permts the use of the
conpounds of formula | as linkers in the synthesis of oligoners and

pol ymers, such as gl ycopeptides, nucleotides and proteins, especially in
the solid phase synthesis of peptides. The conpounds of formula I,

par ti cul arhg présehEintEhtioh providesgeithle foRe fBf Hie pbébatt&iﬁﬂ oBSoripcuih@s bi fagmutagent s
for protec func nal nQ._or dr ox .nh. chem cal

bont heat < amdaret el RS PHES cntrafy Slege LPe Heedsh 8% Fvenb i i ¢
conpounds cﬁrac’ilylpeodtpe epampburshoféérmetmizstaitsi tofa sblid phdse, ¢r.where Bijsauedctive

f la Vi f. f i t t |
o s lBHyeRE (R SBARSPY GG I Mo RO o QLT Aol T2
RO are as St?@ﬁl nd erb@er@e chifep rqavtmess@smu@ntébmﬂrmns:tf@um ¢fttner¢pmpwrt§i@rqﬁound

of formul %rMu@VaQQ‘nPérgﬁﬁrﬂ?éjsmhes(s' &f 6!%691%}5“&1@@%%@“@@&%5‘: c éﬁdéé with
a netal or organonetallic conpound R wherei n and R7 are

each a nu®reedisesi ands prateing. esneciali lR3he solid RiaFe fvAthasisve ReRlides: The

compounds of formula |, particularly where Ry is halogeno, may also be used as protecting

agents for protecting functional groups, e.g. amino or hydroxy groups, in chemical synthesis.

The compounds of formula V and VI are useful as intermediate compounds in the

preparation of compounds of formula I.

A compound of formula VI may be prepared by reacting a compound of formula V with a

metal or organometallic compound:

( wherein Rs;, R4, Rs and Rq are as defined above; and

R; is a nucleophilic substituent.

A compound of formula V may be prepared by:
(i) reacting a compound of formula 1} with a metal or organometailic compound

wherein R; and R; are each a nucleophilic substituent and R, is as defined above and is

protected if necessary by a removable protecting group; and



protected if by a renovabl e protecting group; and 4-32797/ Al 32799
-4- (1) r‘e‘gg?ﬁ’gé?ﬂéegyconpound obtained in (i) with a conpound of formHda

[1l Olll R R5 wherein R4 and R5 are as defined above and are protected if
necessary by a renovable protecting group. The process of the present
invention may suitably be perforned in a single reaction vessel wthout
intermediary isolation. Ternms used in the specification have the foll ow ng
meani ngs: "Alkyl" may be straight or branched. Preferably alkyl is

Cl4-al kyl . "Al koxy" may be straight or branched al koxy. Preferably al koxy is
1- 4-al koxy. " AByeagtingdhe ersioved obaiged indl) sfthraomprend ofProfuy UIR where R i s
strai ght chain or branched CI.10-alkyl, cycloalkyfy or aryl. Preferably Ris
Cl _4-al kyl. "Acyl oxy" denotes a group [pf formula -O-C(O-R where Ris as
defined above. "Aryl" is prefera o~ Zatyl, e.g. phenyl. "Hal ogeno”
means fluoro, chloro, bronmo oR; .
branched 1-10-al kyl, substitute& by re, for exanple one, two or

t hree hal ogen atons, preferably fluorine or chlorine atons. Preferably

hal oal Kyl WEerbhR 24y Rs SHDES tbfiHeBhbaYe BAG ard PRt&ed N hecaskhydhy AReMbvabll ori ne
atons. "Organonetal lic conpound” denotes a conpound in which a carbon atom
of an or gafPEMGrBEY-i s bound to a metal. The organonetal lic conpound is
preferably an al kylmetallic conpound, for exanple an alkyllithium e.g. a

strai ght branched,.chain C110 al kyl|ithium c ound _of. al.t ernat,j vel y
be. anary! MR BPRES & df 8 aner rpn bl e AP 0 bl Yoo R 5345 L L.
Mor e pr ef ewittobi/intelreedihry ydolatiomi um conpound is a C3-6 al kyl I'ithium conpound,
such as

¥R, neans straight chain or

Terms used in the specification have the following meanings:
“Alkyl” may be straight or branched. Preferably alkyl is Cy.4-alkyl.
“Alkoxy” may be straight or branched alkoxy. Preferably alkoxy is Cy.4-alkoxy.

“Acylamino” denotes a group of formula —-NH-C(O)-R where R is straight chain or branched

Ci.0-alkyl, cycloalkyl or aryl. Preferably R is Cy4-alkyl.

"Acyloxy” denotes a group of formula —O-C(0O)-R where R is as defined above.

“Aryl" is preferably Cq.4g aryl, e.g. phenyl.

“Halogeno” means flucro, chioro, bromo or iodo.

“Haloalkyl” means straight chain or branched Ci.ip-alkyl, substituted by one or fnore, for
example one, two or three halogen atoms, preferably fluorine or chlorine atoms. Preferably
haloalkyl is C,.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.1o alkyllithium
compound or may alternatively be an arylmetallic compound, for example an aryllithium.



butyllit h| ithium Alternatively, the organonetallic conpound.may
be an orga %&F@gﬁ% conpound, for exanple a straight or branched chain

al kyl magnesi um or aryl magnesi um conpound, preferably a Cl.6 al kyl magnesi um
conpound. Organonagnesi um conpounds are commonly known as Gignard
reagents. The organomagnesi um conpound i s preferably an organomagnesi um
hal i de, especially an iodide or brom dé37In further alternative enbodinments,
the organonetal Iic conpound may be an alkyl- or arylzinc conpound, for
exanpl e a Cl.6-al kyl zi nc conpound, or an Cl.6-alkyl- or aryltin conpound. M
i s preferdbey picfarrkimtos aled UEPMPRUNGEY HCaa ABARRIIMecYTRRIND: Safh as

sui tabl e fmyulm,,mhlonge Menisiepound to a solid phase. R nmay suitably be
-C(OR, -C(O-CR, O-NRR', -RI2-NR R', -R12-OR, -NR R', or -C(O X,
wherein R and R’ are each |ndependently hydrogen or straight or branched
Cl. 10- ?LklyAltenﬁiigely, 168 .ofgamloingtallic Rbfhposnds triai tghan ergahomaghseiinCtomhPewrldkydr, €. g.
C -4-a y

fj { nucL # Lfip tituent, reflerab haI 2aeno
chioro. R EAEGES G PEAh o DFARCRaH: ol RAPRgmsSi sB(aimsdasatny SoMmPlt bl
in the parplefpcmyta O aIlAdlmagneaUm\oempoR)d @Qam@mewummmmumdstmeaomubnld phase
mat eri al , I fe ly. .ach i royl a
"&b, Eply. Bp, SN Rp i “T. dpph et Bbolch 4, e BT,

- C( O) - OR1 xrganomgg@ysivgrhalidepegpecialfyiap-ipgide @ brompide. R12- OR12-P, -NR -Ri 2- P or
-R 2-P, wherein R, R'" and Rig are as defined above and Pis a solid phase
material. More preferably R is -C(O-0P, -C(O-OR12-P, -C(O) -NH-

- C( O) - NH R Jugther_ N&"’R"‘Z" pmyodimeptsy e “ojgrapmeta ’Pel%’r?@”ﬂ%tw ¢y a'kY'CF?Z P. R2

| S pref er afiziné compeiridy dors eRshplé L ITh -8MYIELIAS | dmipbiind, lmkamgzﬁeka&ypomm@rvmd to a
bi ol ogi cal __oligpnmer or polyner, or a nononer unit thereof, e.g. an am no

acid or pd¥RePtHde. R2 may suitably be hydroxy, acylam no, acyl oxy, anino,
hal ogeno, sul fhydryl, C, .,o-al koxy or C6.,0- aryloxy, preferably hal ogeno.

4-327971N3q ?sgp?efégbly lithium or magnesium.

R, may be a reactive substituent suitable for linking the compound to a solid phase. R;may
suitably be -C(O)R’, -C{O)-OR’, -C(O)-NR'R”, -R>-NR'R”, -R2-OR’, -NR'R”, or -C(O)X,
wherein R’ and R” are each independently hydrogen or straight or branched C,.10-alkyl, e.g.
Cy4-alkyl, Ry; is straight or branched C,.jp-alkyl, e.g. Cis-alkyl, and X is a nucleophilic
substituent, preferably halogeno, e.g. chloro. R, may suitably be in the para, ortho or meta

position, preferably in the para position.

Alternatively Ry may be an attachment to a solid phase material, e.g. polystyrene. Preferably

( the aitachment is of the formula -C(Q)-P, -C(0)-OP, -C(0)-NR-P, -Ri2-NR’-P,  -Ry-OP, -
NR'-P, -C{O)-R2-P, -C{O)-OR;2-P, -C(O)}-NR'-R2-P, -R>-NR’-R2-P, -R12-OR2-P, -NR'-R»-
P or —R.-P, wherein R’, R” and Ry; are as defined above and P is a solid phase material.
More preferably R, is -C(0)-OP, -C(0)-OR;.-P, -C{O)-NH-P, -CG(O)-NH-R12-P, -NH-R,,-P or
-R2-P, wherein R,z is methyl, e.g. -CH,-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. R, may
suitably be hydroxy, acylamino, acyloxy, amino, halogeno, sulfhydryl, Cy.q¢-alkoxy or Ce.1o-
aryloxy, preferably halogenc.



‘Each benzene ring shown in fornulae | to VII may be substituted by one or
nore group%'.sz % 3%3?e§’rrpl e R3 may designate one to four substituent groups,
preferably one or two substituent groups, attached to the benzene ring

'shown in fornmulae I, Il and IVto VII. RA and R5 nmay designate one to five
substituent groups, preferably one to three substituent groups, attached to
each of the benzene rings shown in formfiae I, Il and IV to VII. Each

substituent group nmay be present at any suitable position on the benzene
rings to which they are attached. More preferably R4 and/or R5 is a
subst i t uenadijrhenpens rinchehawint ihdorolagalria Vibmsy be snbgittedh by baepe mere gregps.o

Whi ch it i Sorad R f, rﬁa\%eainaﬁﬁ onB%afaQr Béosmnpsro%@t &féf]eegba%g & vabl e

protecting group i f necessar gi_*e when 1t contal ns group
whi ch doesSURslituent Fqups paltashet ta he hepzane; risg. shopp in kxmplag fg'l' aupdY ta Ki R.

i ntroduct i gy ﬁpﬁhap muﬁéte&rna tQQﬁE rshibgttbient gfousga.meéw éhe' B BFRCSUDLRueds OUPS

in Oganic Synth ene et at ons I nc., Second
Edition 1994Ps PP%‘%*‘@P&%P?%%HG Sf’"@e rpgs 8’?0"?'?5‘“'}8'"5"‘13%/ ' ﬁ;ﬁ’\ﬂﬂvéﬂ Viod=hot

require prbsgtiidrdgroup.niaycbtypredent hinehyguitibitspdsitish ed tralisuneerad dieys té Whigh hegir oxy,

amno or nitr Vhen [ hal ageno ref abI fluoro or
chl oro. V%aé% aﬁgeheﬂA ,BdrR%?gre ega '3(15? a&ﬁi? ?:1 ? bp‘)"-'{ruztaI r%{ﬁ?p a r| % uor%rn%? ﬁyl

Pr ef er abl ypo=ition sn(ttb.txbnaéwin,gth&lhlogairmattaohedzydrogen Pr eferabl y R4 and RS
are each independently Cl4-al kyl carbanoyl, di-Cl. 4-al kyl car banoyl ,
carbanoyl, trifluoromethyl, fluoro or chloro. Preferably R4 and R5 are the
same. Pr efEachisf Vat Recansidd fé@‘ph@ ptqtecsama fanayelje Reoteaing Rougienasgesery, e.g.

' ndependenjien RalopeiiOan ”IQWF or PLigh EYWIQ&P'HBeanot Qﬂﬁmp@féd inaRd rddchéer ably
R6 ‘and R7 are each brono. 'Xpswta be in the para, ortho or neta

posi ti on, FIPEFEIGHPYPS PPGEFH@'%P Nyl remgial af?\d‘iﬁ?ﬁb%’nﬁﬂcﬁxﬁﬁ‘ﬁl@ i¥ “Praiective
i nvention Gﬁoh& iﬁ@?@@:ﬂé\@ymﬁe&wmwaelréenb%t b, rJohn WERG 136Sond 1hd), Sé@nd rEetnah or

P L MR R WA R

is a nuc Itﬁmgﬂoubs iistexl dimive bithenthan pydrbey, afding ohaitrogen.

When Rs, Rs or Rs is halogeno, it is preferably fluoro or chloro. When Ry, Ry or Rs is
haloalkyl it is preferably trifluoromethyl. Preferably R; is Cy4-alkyl, halogeno, or hydrogen.
Preferably Ry and Rs are each independently Cq4-alkylcarbamoyl, di-C,.-alkylcarbamoyl,
carbamoyl, trifluoromethyl, fluore or chloro. Preferably R, and Rs are the same.

Preferably the nucleophilic substituents Rg and R; are each independently halogeno, more
preferably bromo or iodo, and most preferably R and R; are each bromo. R; may suitably
) ( be in the para, ortho or meta position, preferably in the para position.

In one embodiment of the invention, the compound of formula 1l is first reacted with the
metal or organometallic compound to form a compound of formula IV:
R,

‘ Y
@Ha
R,

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.



4-32797/ N = L ere the netal is lithiumor the organonetallic
.conmpound i g%éz%éf‘égﬁ%&l t hi um conpound, R3 is -Li. Wiere the netal is -

magnesi um or the organonetallic conpound is a Gignard reagent, Re is -MX,
and X is preferably hal ogeno. The conpound of forrmula IV is then reacted
with a conmpound of formula Il to forma, conmpound of fornula V. The
conpounds of formulae IV and V need not be separated or isolated but may be
prepared in situ. Suitable electrophiles for use in the process include

car bon di oxi de, isocyanates, nitriles, acyl halides (such as phosgene),

| eadi ng t oY¥Ngee thsetel is dithiym of te asganepietallicompaiitlis astf oraanalitilm compgtdfei n R1
i Is c ?r b0>r<]_yln,, ceambagmdre éﬁé Kiekat a9 hlgﬂﬁééiiqn@ or ﬂff‘eYd»rgadNtrﬁéﬁllitfi&dﬁdﬁthtibﬁ Grignard -

el ectrophil e nmay_be rivati.sed,sol i ase erial, e.g. a Jifie

ol yrer eHAB TG Ruc VR SNebl i PSR PABO R By Dt chrioung et iraioi 1§ herto
phase. | n meaetedwithci cvenpoundef foredutcifine fdnml asconpoand offpronukdVof f or nul a

X -(CH2), P, wherein X is a nucleophilic substituent e.g. hal ogeno or
tosyloxy, nis an integer between 1 and 4, preferably 1, and Pis a solid
phase nat efhalcomppunds ofhierretiaedyY apdi V enced rohibeosepdiated de isoldted brboey e
preferabl y,comagisg, first reacting the conpound of formula V with a nmeta
or organon%tallic conpound to forma conpound of fornula VI as defined
above and reacting, preferably in situ, the conmpound of forrmula VI wth

carbon di oxiigigle MB&FphiidieiorLEE i GRNproBess Snéhaleb@ibéH anskide,, isé%ﬂﬁﬁéﬁMiMle@,
conmpound of Igrrrul VIl is forned: 'r(n\ 11, / O RO R11 /| R

acyl halides 6zsuc:h as phosgenngi leading to the formation of, for example, compounds of

( formula | wherein R; is carboxy, carbamoyl, alkylcarbamoyl or acyl. Alternatively the

electrophile may be a derivatised solid phase material, e.g. a Merrifield polymer, enabling

direct coupling of the compound of formula VI to a solid phase. In one embodiment the

electrophile is a compound of formuta X'-(CH,),-P, wherein X’ is a nucleophilic substituent

e.g. halogeno or tosyloxy, n is an integer between 1 and 4, preferably 1, and P is a solid

phase material. -
Where the electrophile is carbon dioxide, the process preferably comprises first reacting the
compound of formula V with a metal or organometallic compound to form a compound of

formula VI as defined 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 Rs, R4, Rs and Rq 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.



~ wher ei 5 and R9 are as defined above; and R11 is -OH -OMor
. O\/D( V\hergsgﬁ??éﬁﬁad; and X is a nucl eophilic substituent, preferably -

hal ogeno, in salt or free form 4-32797/ A/ 32799 -8- Alternatively, the
carboxyl ation step conprises reacting a conmpound of fornmula V. with carbon
di oxide in the presence of a netal or oraganorret allic conpound, to forma
compound of formula VI1. The hydrolysis®step preferably conprises reacting
a conmpound of forrmula VIl wherein RI1 is -CMor -OMX and/or RO is -OM or
-OMX with water or an acid yielding a conpound of formula | wherein Rl is
carboxy and R2 is hydroxy, in salt or free form Suitable acids include
ammoni um Chié?ﬁétﬁ@ly, ﬂfée&érﬁo)@%hén sﬁéﬂ:l éﬁh?ﬁrls@s 36d¥in mc&hﬁélﬂWbpfdrﬁm@CVQMtrA

pH- buffered . sol ut lﬁéﬁmé Pr eferagx cid is used

P/ or 1 neCbRLINHGF BaPe Mesria of B e or ardRPBPIallc Fomounanis 1Pk acpBRoI

t enper at ur ef formulcdihveni ently be -50 to 50C, preferaby -10 to 10C.
Alternatively the conpound of formula VIl where R11 is -CMor -OMX may be
reacted with a a nucleophile, e.g. an amne or halide, to forma. conpound
of fornul aThe hydeatysisnstert pieteraldy raprigRs Reacting a ggrapeurdafidprRula VY wherdinBiaise as

defined aboyg.or R AGRP R, ¥ —ORELr -Q%ﬁi@tvhtﬂrhe{?@ryoﬁé?ﬂé{&&"y%’}%%’ g?:%m‘fa@&rﬁq gd out

in an inert organic sol vent referabydy an et her sol vent exa
di et hyl et'l?é?“faf‘éhwaﬁﬁr'%ﬁlb%aéﬂ Reds m}wn s%@ﬁwe fog. h%\‘"ab}ﬁ Q@Sﬁ%ﬁ'lﬂdﬁel y a

hydr ocar bogmsehianinisrdé, Reetits adld, '&mﬁnrra@as&d %ﬁdt@mhﬁh&”a%ucf ora Sp‘i-ﬂﬂjffe(e%) is
conveni ent | -30to +10C pref er i on

ct
e o Aot b cntn s cyolrabo & wasl Ge cisstAoalcs 14 PR By Hs by 1.2
eq uéval ent sutand pAas 4 1o 7efTee addcion Rhpetatdre @ty conveditntipbe L@ tdBI°E| preferaby
or ganonet al |0I c1§ ound per equivalent of the conmpound of formula Il. 0.5
to 2 equi valdhie "preferably 0.8 to 1.2 equivalents of the conpound of
formula I'l'l may be used per -equi val ent of the conmpound of formula Il. The

t enper at ur g e%nb&ﬁ#e%a{p%aﬁ& 98 P @ﬁg@%gﬁm Bg@k%aferagp%d Wha O

or ganomnet aI I1C CO conveni en to +
+30C. The a nucleophile, e.g. an.amine or halide, to form a compound of formu!a I wherein Fh is -C(O)-

NR'R” or —C(O)-X and R’, R” and X are as defined above.

The process of the invention may conveniently be carried out in an inert organic solvent,
preferably an ether solvent, for example diethyl ether, tetrahydrofuran or tert-butyl methyl
ether. Alternatively a hydrocarbon solvent may be used. The reaction temperature for step
(a) is conveniently =30 to +10°C, preferably -5 to —0°C. The reaction may, for example, be
carried out using 0.5 to 2 equivalents, preferably 0.8 to 1.2 equivalents and most preferably
about 1 equivalent of the metal or organometallic compound per equivalent of the compound
(_ of formula Il. 0.5 to 2 equivalents, preferably 0.8 to 1.2 equivalents of the compound of

formula 11l may be used per equivalent of the compound of formula Il

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.



reaction ten'gerature for the reaction with an electrophile (e.g. CO2) may
.conveni entf‘f hY/Ry3e -30C, preferably -5 to -10 C. The hydrol ysis step,

e.g. wth acid, may conveni ently be perforned at -10C to +10C, e.g. 0 to +5
'C. Preferably 0.5 to 2 equivalents, nore preferably 0.8 to 1.2 equivalents
of a netal or organonetallic conmpound per equivalent of the conpound of
formula V are used. 4-32797/ A/ 32799 -9--%The groups R, and R2 may be
converted to alternative R, and R2 groups specified above by standard
processes, such as by esterification, am dation or nucleophilic

subst i t ut i b giFups Rexwinfid may be convpoeshtd alibrrativenid| and Ryrepid speRified sbévpdyoxy

may be congghdedlp Fo@e&egofmg%dby Qitengfgé{ﬂﬂ 3 |dé€i’8ﬁro?'nﬂcl5§pﬂllﬁ %Eﬁ%‘dﬁo Pt

reaction wth an ac g oride. Preferabl e conmpound of
formula | $@mMPie farce@PPwrdrﬁf fomaula wmfa'ﬁ& is Rydrexgamay be spaverted (A a compend

obt ai ned i & témifild I04HEr1 RN HaRigBso BY reSatlonaditianGRPtHalidd, BG. acy ehiwedy, used for
crystallization. Conpounds of formula |I can be recovered fromthe reaction

m xture and purified in a conventional manner. The starting conpounds of
formula |1 Pl@reréﬁbf el cmipblindaoiefokemaaun :sOIh fmyfontme phe pampourialg in ret oo dsit amal Ogous

to those kpno 0 0e arty. %rﬁ]angq% dd g, s%g?%gggofﬂt{ﬁf{g be stvgﬁaH&? G% with

st andard proce s% a'n‘? exa ctlon ot aryl

a netal, faystaligatiorpl e I i thium or magnesi um suspended in diethyl ether or
tetrahydrofuran. The organonetallic conpound is preferaby prepared and used
in an inert (oxyggn free) anhydrous atnosphere, for instance under

ni trogen. GMEPQWNEE @k dormulsol GRm et isceveesd Homnthe gRachiep mBiXiuraisng puiiediieaa

fub(t her stgpvétioffWRInh&9 the conpound of formula | wherein R is a reactive
substituent to a solid phase material. Suitable solid phase materials are
di scl osed, for exanple, in DE 4306839 A, and include naturally occurring
or synt hetTK‘e gég:a@idérr@buﬂda%fgmhma pobiy feemelal I frarknodt| @t ay Gepregargd bys

beads, ra sur.face. | ayer a sul t.abl e |ne t sugstrat

rereria BB SBlohet TR i Phah. edeHaRiterpalidm s blBhge

pol yst yr ertsy, standgrd pokysey.rfenexamphs by &agtiddV-an alkyl or aryl hahde with -a metal, for
example lithium or magnesium, suspended in diethyl ether or tetrahydrofuran. The
organometallic compound is preferaby prepared and used in an inert (oxygen-free)

anhydrous atmosphere, for instance under nitrogen.

The process according to the invention may suitably include a further step of coupling the
compound of formula | wherein R, is a reactive substituent to a solid phase material.
Suitable solid phase materials are disclosed, for example, in DE 4306839 A1, and include
naturally occurring or synthetic organic or inorganic polymers in particulate form, e.g. as
(\ beads, or preferably as a surface layer on a suitable inert substrate material. Examples of
suitable polymer materials include crosslinked polystyrene, e.g. polystyrene pins, Gly-HMD-
MA/DMA pins and HEMA pins. The compound of formula | may conveniently be coupled to
a solid phase material by reacting a group present on the solid phase with Ry. Thus the solid
phase material preferably comprises reactive groups, such as amino groups. Preferably a
compound of formula |, wherein R, is a carboxy group or an activated carboxy group, e.g. by

reaction with diisopropylcarbodiimide, 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 cligomer or polymer, or a monomer



MV DVA pi n pi ns. The compound of fornula | may conveniently be-
.coupl ed togsg%gwéshase material by reacting a group present on the solid

phase with RL. Thus the solid phase material preferably conprises reactive
groups, such as am no groups. Preferably a conpound of forrmula I, wherein
R, is a carboxy group or an activated Cﬁéboxy group, e.g. by reaction with
di i sopropyl carbodiimde, is reacted wifh”a pol yner bearing free am no
groups. A conpound of fornmula | nay be used as a linker. Thus the process
according to the invention may also suitably include a further step of

coupl i ng tY teesagfodhE Cewppmdrmmacqnvemmibnb@ﬁavwlw b ficlagica! melesye. s g8
material, 4m@ind abittQr Biyp&ttiae) lb)gﬂﬁeﬁngoé 720 xm@m é'}{t}'r'é maagmrmdlec%%mm{ RL.32799

10- unit thereof, The eni g t]

bi ol ogi cal FHEIABRIPeneLe Bz e A, R SRS FBbeE R COPRFS EATI gr oup
present orhé haminablcadhorgit acki group ef et bnolaancal rrolectdx aap lbe, esidrified bR2he R,

hydr oxy a i ol 0gi I 1 00 I he
torm na - aaisa gl LA ERnAGH Fodo oPuBRarBERd BBy SN RE Ehanh T, oy
by the R2 leddjmgrtoxysiprswbgiftutippto bydlb)tyyby\haa)gemtl al reaction of the conpound of
formula | with an acyl halide leading to in situ substitution of hydroxy by
hal ogeno. In a further aspect, the present invention provides: (E) a process
for preparlnﬁdU@ecamwaf Rsesenpinwentignpravidesc H Vi 11 Rt3~NI\/NYO~', ~ ,OH H O
~~--~ N O R12 wherein R12 and R13 are each a renovabl e protecting group

and R12 and R13 are different; conprising reacting a conpound of formula I X
H X Rla~b) N@ Progegg, prepgying a compound of forrmula VII|

(.
R g o Vil
NN \n/ OH
H m
. O 'i\l 0
R

12

wherein R,z and Ry3 are each a removable protecting group and Ry, and R; are different;

comprising reacting a compound of formula IX

H
N O

SN N OH
LA SRS
O

N
H

IX

with a suitable Ry, donor compound;

(F) intermediates useful in the above process, defined by the general formula X1V

H
Rfs\ﬁ/\/N\n/o mo—ﬂw
0O rl\l 0O

I:118

XV

wherein Rys 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

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



HIl ONQ,. ' sui tabl e R12 donor conpound; (F) internedi ates useful
in the abo@gb%?@%éggé defined by the general formula XIV H XV -
Rl1s~H~/ NYO~-I\ ,ORn ON O Rte wherein R16 is a renovable protecting group
ot her than fl uorenyl met hoxycarbonyl, and is different to RIB;, Rl7 is
hydrogen or a bl ocki ng group renovabl e R _hydrolysis or hydrogenolysis; and
RIB is hydrogen or a renovable protecti é group ot her than

fl uor enyl met hoxycar bonyl . 4-32797/ A/ 32799 -11- The present invention
provides a sinple and efficient route for the preparation of conpounds of
formula VIIl, which are useful in the synthesis of peptides, for exanple as
descri bed The pri¥eanDidd/dfdibe providee acimgle undl efficiéntfroutatdraheprépatborusiebiipo@sis

I nt er medi hnt Iy ration of oynd f.forpula VIl1. The
compound o PEMLIH Fgiicbre satiP iR et SLp BB 1 Safbie st e ed iy
R13~N~/ N~Q¥O-0ZDRD3. OTNe Compountdt Af farmetacXIN 4Re Jsefyl asintemiedie® @bweendsRb4 is a
renovabl e b ﬂﬁ% ' ifferent to R12 and R13, and R15 is
a bIockin&ngpﬁﬁg%pgﬂgegﬁﬁguby fﬁ%ﬁgaégﬁé or hydrogenol ysis. Protecting
groups, their introduction and renoval are described, for exanple, in

" Prot ecti Vhe compound of formula IX may be prepared from a compound of formula X
H
R13\N/\/N\rro O—R;,
H m
' ' |
(' R14

wherein Ry, is as defined above,

X

R4 is a removable protecting group and Ry, is different to Ry, and Ry, and

Ris is & blocking group removable by hydrolysis or hydrogenolysis.

Protecting groups, their introduction and removal are described, for example, in “Protective
Groups in Organic Synthesis”, T. W. Greene et al., John Wiley & Sons Inc., Second Edition
1991. Suitable protecting group donor compounds, e.g. amino group protecting agents, are
well-known to a skiled person, e.g. anhydrides, halides, carbamates or N-

hydroxysuccinimides which provide one of the protecting groups below.

The protecting group Ry is preferably fluorenylmethoxycarbonyl. Ry; or Ryg 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
Ri2 and/or Rys, e.g. more resistant than fluorenylmethoxycarbonyl and/or benzyloxycarbonyl.

More preferably Ry3 or Ry is tert-butoxycarbonyl.

The protecting group Ry or Ryg is preferably more resistant to removal by hydrolysis than
Rz, e.g. more resistant than fluorenylmethoxycarbonyl. R, or Rqg is preferably removable
by hydrogenolysis. Suitable R,s or Rs substituents include benzyloxycarbonyl, 1,1,-
dimethylpropynyloxycarbonyl,  vinyloxycarbonyl,  N-hydroxypiperidinyloxycarbonyl,  9-
anthrylmethyloxycarbonyl and phenylaminothiocarbonyl, allyl, nitrobenzyl, triphenylmethyl,
(p-methoxyphenyl)diphenyimethyl, diphenyl-4-pyridylmethyl or benzylsulfonyl. Preferably Ry,

or Rys is an oxycarbonyl-containing protecting group, e.g. benzyloxycarbonyl (carbobenzoxy).



G oups in j thesis", T. W Geene et al., John Wley & Sons Inc..,
‘Second Edi%%%zghggg%g Suitabl e protecting group donor conpounds, e.g. an no
group protecting agents, are well-known to a skilled person, e.g.

anhydri des, halides, carbamates or N hydroxysucci ni m des which provi de one
of the protecting groups below. The prog cting group R12 is preferably

f 1 uor enyl met hoxycarbonyl. R13 or R16 is gfeferably a protecting group other
t han fl uorenyl met hoxycarbonyl, and is preferably nore resistant to renoval
by hydrolysis (for exanpl e base-catal ysed hydrol ysis) and/or hydrogenol ysis
than R12 and/or R14, e.g. nore resistant than fluorenyl met hoxycarbonyl

and/ or benRrylop Ry cafitybly be:MOre preferably R13 or R16 is
tert-butoxycarbonyl. The protecting group R14 or R18 is preferably nore
resistant to renoval by hydrolysis than R12, e.g. nore resistant than

f I uor enyl ngit haXygalkyoayg! CFlkyl, qrefBRbBlyirsetiyl edtiey givbyyl oe atyladiher thivy tert-butyl,

hydr ogenol ysj i R14 or R18 substituents include benzyl oxycarbonyl,
1,1,- di m%ﬁ%%ﬁ?fg%?m‘ﬁ%@bar bonyl, vinyl oxycarbonyl,

N- hydr oxypi peri di nyl oxycar bonyl, 9- anthryl nmet hyl oxycar bonyl and

phenyl am ngi hi ©CaLHONM, opibrat} subttiftAF R or nidrd BREAKNINBE bthyi. Preferabl

(p- et hoxy@ en%“a)%gi phe))n' 0Ipmet hif/lm,j cii phgﬁyl -40:rpyrri di/Tene%’hy? or %enzrillersaulyf onyl .
Pr ef er abl yeyRipakylds Cragycloalkdn oxycar bonyi - cont ai ni ng protecting group, e.g.
benzyl oxycar bonyl (carbobenzoxy). 4-32797/ A/ 32799 -12- Al5 or R17 may

suitably be: (i) C . ,o-alkyl, e.g. C-4-alkyl, preferably nethyl,K ethyl,
propyl or it ypﬁ-tﬁ’taﬁ@r°pf’1>ﬂfﬁyls%'?5pt-”&ﬁt§)ﬂ?ne %S‘P‘ée Bpgﬂ'gp%ﬁﬁ’ t'ﬁ@?rﬁ?lgg E‘?’f’ge"%
C3-e- cycl ol rtyd. ,Prefpiablyrayiliyy plienyk optianabdsubgtitoled byroneptwe ¢, threedialogeno, &.@.
metthyl . Pr erfger ably cycloal kyl is C36-cycloal kyl. (iii) C6.,o0-aryl,
optional | yc Ubstit ut ed by one or nore stabilising substitutents, e.g

hal ogeno ( or nitro. Preferably aryl is phenyl, optionally substituted by

opt 1 onal 1y LGP EERAE onefy sbucd Vi he o ST 0 Fnior o V1

subst i t uenstabilisinggsubetiterids ¢-dhalegane®r nige, i G)'/') byhivor sipstuerys whige negethsnivéth

t oget her Whbhing carbon atoms to which they are attached form a 5- or 6-membered ring, optionaily
containing one or two nitrogen or oxygen atoms. (Cesio-aryl}s-Ciap-alkyl is preferably (i)
{phenyl)1.a-Cy4-alkyl, more preferably benzyl, diphenylmethyl or triphenylmethyl, optionally
substituted on each benzene ring by one, two or three halogeno, e.g chloro, (ii)

anthrylmethyl, e.g. 9-anthrylmethyl, or (iii) piperonyl.
(v} Cgqp-aryl-Cig-alkoxy-C,4-alkyl, preferably benzyloxymethyi.
(_k (vi) Ce.jo-aryl-carbonyl-C,4-alkyl, preferably phenacyl.

Preferably Rys -or Ryz is a group which is removable by hydrogenolysis, such as benzyl,
benzyloxymethyl, phenacyi, 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} rermoving the protecting group
Ru. Preferably the hydrolysis step is performed before removal of the protecting group Ri..
The protecting group R4 may conveniently be removed by reductive hydrogenation
(hydrogenolysis). This route, involving a hydrolysis step, is suitably followed when Rys is not
removable by hydrogenolysis. The hydrolysis step is preferably a base-catalysed hydrolysis,



the ring carbon_atons to which they are attached forma 5- or 6-nenbered.
ring, opti OfA7PYAB2E9] ai ni ng one or two nitrogen or oxygen atons. .
(C6.,0-aryl),_3-Cl.,o0-alkyl is preferably (i) (phenyl)1_3-C'-alkyl, nore
preferably benzyl, diphenylnmethyl or triphenylnethyl, optionally
substituted on each benzene ring by one, two or three hal ogeno, e.g chloro,
(ii) anthrylmethyl, e.g. 9-anthryl nethy®- or (iii) piperonyl. (v) Cr

| o-aryl -C, _4-al koxy-C, d-al kyl, preferably benzyl oxynethyl. (vi)

C5. 10-aryl -carbonyl -C, . 4-al kyl, preferably phenacyl. Preferably R 5 or R17

i s a groupfaxdxamplesusirgrseditrh chybipxide cindgaay isyitably, bes getforaedbiana ypolar solvent,
benzyloxyng&ﬂ*&hmﬂmenacyl, triphenyl net hyl, piperonyl or 9-anthryl nethyl,
preferably benzyl. The conmpound of forrmula I X nay be prepared by (i)
hydrol ysi ng the ester conpound of forrmula X to obtain the correspondi ng
car boryl ! CAﬁ?hﬁiiv_@f?g a(doh)poum;méidfﬁgunhhg lﬁéyﬂb‘?ﬁrb?ia?gglﬁ@ﬁﬁbtpal%#lby Rﬁ&tﬁrﬂ%rﬁ t he

ydrol ysis step i rformed befagre r v 0 e protect.in r ou :

The pr ot ec{VHEOGRR 94 3 OB AR R G Birct 84S WL b FORvEDI By

hydr ogenat hgdrogenbiysie 0ge.rahys. The. hydfovigsnation step nhayvohverientia bbydHoimesl &ingtep, i S
suitably faql. i.S.,0 r I hydr ogenol ysis. The

hydr ol ysi sg‘é'{a%e"?‘%a\f\@rggﬁg'gB% '55‘3'9 $ gg?@ﬁ%ﬁoﬁygg@ﬂydr olysis, 4-32797/ Al 32799
-13- for exanpl e using sodi umhydroxi de and may suitably be perforned in a
pol ar solv . ' mul a | X may
conveni ent Ie?/hggurgjr(gB%F&g%%g@%%5%%3%%2»3%“?%@8%%@%% stsc?@)uragil a conpound of
formula X wherein RL5 is a groupgy which is renmovable Xy hydrogenolysis, e.g.
benzyl. The hydrogenation st nﬁﬁg:ﬁgzgg{@ﬁﬂ?m be perforned using a
suitabl e catal ytic agent, forllinstlanc | adi um on- char coal . Conpound of
formula X may be prepared by Peact i ? a co@pound of formula XI XYO O -R15 °
I~/ \~-Rls. ONO 1 ‘ R

14

wherein X is a nucleophilic substituent and Ry; and Ry are as defined above, with a
compound of formula Xl
R NH Xl
13\N/\/ 2
7 H
wherein R,; is as defined above. This step may be performed in any suitable organic

solvent, preferably in a hydrocarbon solvent, more preferably toluene.

The compound of formula Xll is protected ethylenediamineg, wherein 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 XI wherein X is halogeno may be formed by reaction of a compound of

formula XIIl
Xl
HO\E>_<C)—“F{15
[|\| 0
lq14

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

solvent, e.g. toluene.



R14 wherein nucl eophilic substituent and R14 and R15 are as defined
above, mﬁtﬁ5§79 ﬁﬁGﬁhd of formula XIl R13~1 N,-~NH2 Al H wherein R13 .is as
defined above. This step nay be perfornmed in any suitable organic solvent,
preferably in a hydrocarbon solvent, nore preferably toluene. The conpound
of formula XIl is protected ethylenedlan1ne wherein one am no group has
been protected with a renpvabl e protectilfg group. The nucl eophilic
substituent X in formula Xl is preferably hal ogeno, such as fluoro, chloro,
brono or iodo, nore preferably chloro. The conmpound of formula XI wherein X
I s hal ogeno may be forned by reaction of a conpound of formula X1l HO Xl

O Rls N Orlg cﬁi’zﬂoun\ﬁ" df hoﬁrfhfzﬁﬁbﬂ' mQ?'bb%mrﬁéP&allyrh%%%e e@“%ﬁﬁrﬁis id fethgsgene,

phenyl chl orof ornate or 4- orof ormat e, prefer

ophe
4-ni t r ophef¥ ERIfey F’t?f’d’b’ r?é%eé'f'ca’f'ﬁ” &f %*h)éfiSO’ﬁWO'ﬁ\?l eayy Fj'{/‘g B‘émeﬂ‘@F’F 69%&'” the gRe
presence Ofor aRstaHc@alY Ged2BSE with - ibnz¢ll AIB3HY loR Fhalednel. | dThaer,esumn@ eBRen wqﬂe’mr

sol vent A4-32 97/A/3 79 4 The conpound, of | a 1 may
be. conmer cPeclpabR PR Wb § SRR Resdiror BPRON S 0 R e R Gt sy

est eri fi cabydooxysdccibinhigielr oxy - pr oI i ne according to nmethods known in the art,
for instance by reaction with benzyl al cohol or nethanol. The resulting
ester is then protected by reaction with a suitable R14 donor conpound,

e.g. benzy]‘lag(s}qrmo[yoﬁyt toNnthg(angdyrm beiseparatde or isolated, as the compound of formula
Xlli may be reacted with an acyl halide and the product of this reaction subsequently reacted

with a compound of formula Xl in the same vessel.

The addition of the protecting group Ry, to the compound of formula IX may suitably be

performed in the presence of sodium carbonate/acetonitrile.

Compounds of formula VIit can be recovered from the reaction mixture and purified in a

conventional manner.

In the compounds of formulae VHI-XI and XIil above, the oxy substituent on the proline may
be in position cis or trans, preferably trans. The cis or trans isomers may be individually

prepared, using the corresponding cis or trans hydroxyproline as starting material.

Insofar as the pfoduction 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 thereatter.

In a further aspect, the present invention relates to a process for producing a compound of
formula VHI, wherein R, is fluorenylmethoxycarbonyl and Ri; is a removable protecting
group other than fluorenylmethoxycarbonyl, comprising reacting a compound of formula VI
with a flucrenylmethoxycarbonyl donor compound, e.g. fluorenyimethoxycarbonyl-N-

hydroxysuccinimide.

The invention will now be described with reference to the following specific embodiments, in
which the following abbreviations are used:



The’ COWOU?%@%{&% | a XI need not be separated or isolated, as the
conmpound of” 11 may be reacted with an acyl halide and the pr-oduct
of this reaction subsequently reacted w th a conpound of formula XIl in the
sane vessel. The addition of the protecting group R12 to the conpound of
formula | X may suitably be perfornmed ir]' t he presence of sodium

carbonat e/ acetonitrile. Conpounds of for Mila VI11 can be recovered fromthe
reaction mxture and purified in a conventional manner. In the conpounds of
formulae VII1-XI and Xl above, the oxy substituent on the proline my be

in positiofMees or trans, preferdbPienyimethoxyeponydi s or trans i soners may be
i ndi vi dual gye prepared, using thaegBioRpdfMAYING Cis or trans hydroxyproline
as starting material. Insofar as the grodu tlor? of%he starting materials is
not partictP@riy described, the cc"‘g‘??f? parers (RePeIRNSIROBP rmay be pr epar ed
anal ogousl gstio net hods known i n tNMaydrotysoecirdmidedescri bed thereafter. In a
further as , the present inventj relates to a process for producing a
conmpound OPSIE%or mula VIII, Mereﬁé%f%‘:ﬁéq uor enyl net hoxycar bonyl and R13
is a renovdibl e protectH ng group Jeckaterogesiztufel uor enyl net hoxycar bonyl ,

conpri sing cting a_conpound ofy A\

fl uorenyl rrgFﬁgxycar bonyl donor coﬂr’%@ﬁ%rﬁlﬁ%% qu]‘hllld\l%t%na?ﬁgr%%hﬁoxycar bonyl - N-
hydr oxysuc€hi m de. THe i nventi onfefiahydrefdi@nbe described with reference to
the fol | owrggespeci fi c embodi mentyen-tuby My binéhe fol | owi ng abbrevi ations
are used: 4-327971A/ 32799 -15- Fnmpc = Tl uorenyl net hoxycar bonyl Boc =
tert-but oxPMir bonyl €bo = car bodmetYYCMBEYAEy | oxycar bonyl) ~OSu =
N-h(droxysucci nimde HPTF = Heptane fraction JT = Jacket tenperature



HPLC = Hi gan%erfor mance | i quid chromat ography THE = Tetrahydrofuran TBME =
Tert-butyl RYYVYAR2r DVF = Dinet hyl formani de 4-32797/ A132799 -16-
Exanpl e 1 Preparation of 4- (di phenyl - hydr oxy- met hyl ) - benzoi ¢ aci d

1, 4-di bronobenzene (47.2 g, 0.2 M is added to THF (240 m ). The cl ear
solution is cooled to -65C. A butyllithiumsolution (0.22 M 94 m of a 20%
solution in CHX) is added over 30 minut%s. After 5 mnutes of stirring a

sol ution of benzophenone (36.4 g, 0.2 Min 180 ml THF) is added over 30

m nutes (exothermc). The m xture is stirred for a further 30 mnutes at -
65C. Then over 30 minutes the tenperature is raised to -10C and the solution
is stirredg@lmpkhi s terrperature for one hour. The reaction mxture is then
re-cooled fo - Over 30 minutes a butyllithiumsolution (0.22 M 94 m

of a 20% s&f%ﬂaf%’ﬁnloﬁ“é‘i’/@’?%ﬁe’?ygf?é’y"ﬂ%hyélcﬁféé"cq‘H% resul ting suspension is
diluted with 200 m THE. Then carbon dioxide gas is introduced over 90

m nutes at -65C. The tenperature raj sed C and.the mxture stirred
Cvornteht. rrmebenens b2 b e iied T aHE AR n dne ober st s Rbgird
anmmoni um chd -85°de A HutyRihiom sofutien (02 IMEd4lini 6y 20% selditiketin @HX) iSBddddruveeso
4- (di phenyl éV%droxy met hyl )-benzoic acid is formed at this stage. The

mxture is ??Orat ed at 45C under a vacuum The residue is adjusted to pH 4
with acetic acid and m xed with 400 M H2O Extraction is performed with 2

x 150 m ehpyl Ine@%égﬁstﬁﬁiso&%gh Gt %Qﬁz%ﬁﬁer?cfnﬁ 884 ﬁ%am W%d’rﬁi“ﬁﬂe 10 m

water. The co es are sha ueous pot ass
hydr oxi de 8ddagh oush 3OZNIRUt£Q®9W|’99fm'¢heTh%m'PBWﬁé%i stieribion @ fﬁﬁfa%'e'@ mf@f@dﬁfust ed

I\/EH 1-2 ghdd) ﬁ%ﬂr&emd)ﬁlngtea%é#e%e.%m?e %ﬁgusécﬁ‘ﬁ‘ﬁ—m%%@%%h)%ﬁ B irrdd 460 N
The conbi ned TBME phases are mxed with m wat er
this temperature for one hour.

The reaction mixture is then re-cooled to —65°C. Over 30 minutes a butyllithium solution
(0.22 M, 94 ml of a 20% solution in cyclohexaneg) is added.

The resulting suspension is diluted with 200 ml THF. Then carbon dioxide gas is introduced
over 90 minutes at —65°C. The temperature is raised to 20°C and the mixture stirred
overnight. The mixture is then cooled to 0°C and an aqueous solution of ammonium chloride
(120 ml of a 10% solution) is added over 30 minutes. 4-(diphenyl-hydroxy-methyl}-benzoic

acid is formed at this stage.

The mixture is evaporated at 45°C under a vacuum. The residue is adjusted to pH 4 with
( acetic acid and mixed with 400 ml H;O. Exiraction is performed with 2 x 150 ml ethyl
acetate. The organic phases are extracted again with 100 ml water. The combined 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 upder

vacuum io 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 mi {240 ml 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



and 50 m s 2804 dried with magnesi um sul phate and-evaporated at
45C under &&Zéﬁ%&%é Ubtain a crude product. 38.3 g crude product is .

di ssolved in TBME (300 m) at 40C. The clear yellow solution is

concentrated in a volunme of 60 mM (240 m TBME distilled off). The m xture
is stirred for one hour at 40C (crystallisation). 50 m HPTF is added, the
m xture is cooled to OC and stirred 4- 327971A132799 17- at 0C for 1 hour.
Evaporating and washing with 2 x 15 m heptane fraction and drying

overnight at 45C under vacuum gives white crystals. Attachment of

4- (di phenyft 8\ fasxdybers: HEMaporating and washinp wih 2 % dFiral spiane fraggon and drying

4- (i pheny bodighiox s epirist Jadlanzales wfd dhydthkh 7.54 g hydoxybenzotriazol e i's
di ssolved in DVMF by stirring for 15 min. 15.3 m

di -1 sopropyl carbo-di-imde is added and the solution kept at room

t enper at ur atth@imeddoMi-[tiphERE-hperokt-ineihyi)-behdorrackl folarsefid phazeni ght at room
tenperature in the presence of am nonethyl ated pol ystyrene. After washi ng
with DMF, nethanol and THE the |inker derivatised support is dried under
vacuum Exasgpéd-adigheRyldpydraay-nmethydbedzdidagichweitty 7.54 g diydoxyberebhiiakdle isedizsnived &ci d
(alternati t e l. I 0p. L,k actor,
3,0 kg n- bx‘?oyﬁﬁi[ml?&% S?‘E%é to 13—%1?) 8)?3%@ Ao@%‘%gr%)l%%qfr‘éﬁ%ggégg%ﬁu%{%gﬁ a
period of emjutmnmepk@terp@mgemmatu@rfpe:d%mm eThetsolugion is(ther atirrasiovernight pt roday i ng a

period of t%%ﬂd?ur&|Qth$réseﬂcéibp5ﬂ%%%%% ﬁcﬁysﬁﬁeﬁ@l hset %Qllnﬁﬁqwth' HMES |

TBME i s adde eeping the tenperature bétween he addition

cont ai ner mieg"aﬁ?'r?@é i theylinkey derfypifsed AppRart igdrisg Wd§EYqCFP"Hg at -5C a sol ution
of 1,55 kg benzophenone (8,50 nol) in 8 It TBVME is added during a period of
20 ‘m n keepi ng .the tenperature between -5 and OC. The addition container is
rinsed vvitg—aé&i—?—TBlvE A very small anmount of a white solid is forned. After

15 mn st Prepargombf 4-flphenyhgdressmethipl)-behzovatl (aitdrhithve nigihed) t aken. The
reaction mxture is stirred for further 25 min at -5C and warned up to
+25C. 3,2 kg n-butyllithium (20%in cycl ohexane; 10,00 nol) is added during
a period ofo22 WTWBME in a well dried 100 It Hastelioy-Reactor, 3,0 kg n-butyllithium (20% in

cyclohexane; 3,37 mol) is added during a period of 20 min, keeping the temperature at -5°C
(clear solution). During a period of 30 min 2,00 kg 1,4-dibromobenzene (8,48 mol) dissolved
in 16 | TBME is added keeping the temperature between -5° and 0°C. The addition container
is rinsed with 31 TEME.

After 30 min stirring at -5°C a solution of 1,55 kg benzophenone (8,50 mol) in 8 It TBME is
added during a period of 20 min keeping the temperature between -5° and 0°C. The addition
container is rinsed with 3 it TBME. A very small amount of a white solid is formed, After 15

( min stirring at -5°C a process control sample (HPLC 1) is taken. The reaction mixture is
stirred for further 25 min at -5°C and warmed up to +25°C.

3,2 kg n-butyllithium (20% in cyclchexane; 10,00 mol) is added during a peried 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 controf 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.



keepi ng the ten?erature bet ween +25 and 27C. The addition is slightly )
exot her ni ¢ 4%l 27831 our turned to slightly green. Some precipitate and
froth are formed. After 20 nin stirring a process control sanple is taken
(HPLC 2). Depending on the result of HPLC 2 further 0,3 kg n-buthyllithium
i s added after stirring at +25C for 35 nin. After 15 min stirring a sanple
for process control is taken (HPLC 3).-%he lines of the n-buthyllithium
addition are rinsed with 1,5 It TBME and the reaction is cooled to -10C
4-32797/ A/ 32799 -18- 1,99 kg dry ice (solid C02) is added portionw se during
a period ofl,90kgridry kedpdiigCOhels addagh erdivawiee Iswting enpsritd AP mBCeeping the

reaction i Sterﬁﬁ%i‘&tt]r?er 'Ebﬁve@ﬂd-1§ &ld Eel h\éeﬁala%n §r @fdtl@érﬁﬁé %nbsa fsﬁﬁmydyeu&@t er

15 min stirrin TBME are ad reactl on ure 1's

war ned to O¥Ec a‘fl'B%’ﬁ't?deéﬁ%’ Hyainodiming atc 186 1 IEBMEQ%EI agdded Ayl Wegeactien of
15 min keepk@ it harrh&per-at 81 e8RAGUERR r@a@eﬂofr&&m E%ua&dnﬁdgcmpérﬁ;d of 15
exotherm c and the rEeeem‘%(t ate i.s dissoly °C£, -Et (11%) @I ear solution

i s transfeMBEeeRng ! YR l?eé‘ﬁ%e’hﬂda't“i’]é’s cofdditon, is ratpelipie 1png the

TBMVE. Af t efprepiftatedsd dt@ﬁbl\m‘d (pH& faqueous phase the organi c phase is washed with
20 It water. After separation of the two | ayers the organic phase is

extracted with 13 It 5% aqueous KOH solution. The basic water phase is
separ at ed dhd ddae solutjemiisc trirsjared © eﬁepamﬁcmdtaalgahd tg réncl@ is Irins&dovitig elbus
KCH sol uti Th@ gg]gg &q i \ 18k FARSIHel W Jb 100
It Hastell 8(@- IEeac?'gr H@ °p€1§ %%%%H}Q%&" g aﬁ‘éﬁéjs S%[ % %rg@ I o?tl‘éﬁgrm d
are added eN/telr separgijen pbmeéwo lageraithe erganic Pb@ﬁ@éi’ axtmc@dw@h@éh% agHepus3@©H The

addi tion 1 o, ffRE Bho ﬁaré l_Phas\Q"Hé aREEIR thabRiah® 1dy3F RRAkrBlEd biaiflvRieed ves
agar'n at anpr—va ue after HCl - Ition). The m xture is

stirred duftidfyaaeous ﬁoéhﬁ'%tpﬁnwep@aé‘c%b%q“ét"i‘yﬁfﬁ Frafiensiered 191he dPd are
separ at ed amhstdney-ReaRsUIS2 DH&WE an@ Bl batddRe 189akyardbhloRc 46d lareT&dad obért £1

separation of e Ia ers nbi_ ned or anl C s, e conce ntrat ed at 500
oo 1 45 esnosl2g s feeanS sefieeR s g SR ot HELPT 14 BB S seed
crystal s améitagdmipitaiEhie fotreerpbutal iissolves lagauseml aujowt pH58IGe dpd 20 :hftdleHtFl are

dded s| oy i ¢ h for 2 h
at 50C o7 eiplirh e RSl £ Pl ot 1 SR RRLEER I g ol B Phe

layers are separated and the aqueous phase is extracted again with 16 | TBME. After
separation of the layers the combined organic phases are concentrated at 500 mbar / 45 °C
JT to a volume of 4-5 | {32 | TBME are destilled off} and seed crystals are added. The
temperature is raised up to 50°C and 20 | HPTF are added slowly with good stirting. The
white precipitate is stirred for 2 h at 50°C JT. The jacked temperature is regulated at 0°C and
stirring is continued over night (16 h) letting coo!l down the suspension to 0°C. The white
suspension is filtered off and the reactor is rinsed 5 times with 5 It of the mother liquor. The

( residue is dried at 45°C JT under vacuum (210 mbar) to constant weight (over night).

Example 3
Preparation of Fmoc-(28,4R)-Pro(4-OCO-NH-CH,-CHx-NH-Boc)-OH  starting from Cbo-

(25,4R)-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 mil). 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



stirring i [ over night (16 h) letting cool down the suspension to
0C. The \/\hﬁ%ggé’ﬁg%g%%ion is filtered off and the reactor is rinsed 5 tines

with 5 It of the nother liquor. The ( residue is dried at 45C JT under
vacuum (210 nbar) to constant weight (over night). Exanple 3 Preparation of
Frnoc- ( 2S, 4R) - Pro( 4- OCO- NH CH2- CH2- NH- Boc) - OH starting from Cho- (2S, 4
R)-Pro(4-OH) -Owve 1. Dinethyl am nopyridine (30.5 g, 250 mvol) and

Cbo- (2S,4R) -Pro(4-OH)-Owve (34.9 g, 125 nmol) are dissolved in toluene (870
m). A solution of 4-nitrophenylchloroformate (31.5 g, 157 mmol) in toluene

(206 m) i dereperedrediob i ours: &\ solutionsef| epnreiiratad eutiuie agid {43 ey, 458 mmehdt es
and stirregafep Wsﬁ%ﬁqmihbh QQaéd ahiWEﬁtalnTﬂy e tén%:ef’zﬂbrleQWQ@ *BYtoBHCL ITRE wﬂfte a

| ut f B th (205 d
StiTri g aCURBTEnts WSS By Photas A0g et wirelna, 08 ior 103 lgeriohase ¥
sol UL i on gguam\em watee 450 i sbdiumceatbdrate {10gks ;Nﬂgmaml))andmhraaaﬁ@és w3 )
is then adde a.tenperature ite
suspensi on "o 1Rl B TR Rphs bt deantdr i prR g Aumg sty by Yl
tol uene phise@ntiziousiysémaced tydryidieane((2 B0 ). Septanm{iS@mbpisaidded 10%ewly, 450
m) and t hacﬁ% nb ds:’SFJ% a‘ |38| A rl?c{ céé}glp onb°c,e89§)two\ﬂil5%rst Gtha'‘%ﬁ‘@cl;mf%@e%epr'o§|]1ct is

azeot I’Opl Cc cont 1 nuous

repl aced biﬁltfﬂlﬂil Vféb’heféﬁ@ timex “{BDOOFW')G/hQH@@ﬁah% v{v1(30 ™, )anH Irigd b §01°6 *@"H’éf dry

tol uene SObé&xhﬁ’ﬂo@éavé@:b@-(@@dﬂﬁﬂb‘(ﬁ@dﬁNﬂ%f@V@ﬁ NMBoBOOKS as'Eh/éh iRls8fd.pi t at ed
product is filtered, washed times with tol uene/ heptane 1:2 v/v (70 m),

and dried at 50 C under vacuumto | eave
((2844R) Pro(4- OCO- NH CH2- CH2- NH-Boc)-OVe as a white solid. 2.

d 0-Y( |28 3R)3 Pr Ot ¢2SCARR) Nibro @HIE CHIBA - NH@-@DE)NFW&C}C He (RO gﬁ& @lmmm)l } dins1%olved
issolved .in ture of tetr 0 thano 380
Sod um hydPd 3amre o EEpRtrat hod MEBR A aflol 1 fE PRI ekt
stirred fof514 inbus sddet zmdbherﬁsult:egrpmnmm:ﬁed fbhd honis)at Lanéalan'stead:jecmmedmeo pH 3
by addi ng st ! i 5 r 129 @N0ret quoe
distilled ?##Jrgtlé ‘égﬁn%{egnt& %@n%:ad nei ﬁmwca%?t (Se?ﬁ sol l?/ﬂ;ntes fstl %Jn
remai ni ng MeihaRY ase Higtilledrpffi & 50i°Cand $Ovmban uptiserfefiar selventa distil( I*l%fema)”'%d
vater (57 My sdiltBnRHAMAE Mtk isopropyl acetate (113 ml) and water (57 ml), the phases are
separated and the isopropyl acetate phase is washed with sedium chloride solution (10%,
113 ml). The s_oivent is distilled off (50 °C, 50 mbar) to yield a foam of Cbo-(25,4R}-Pro(4-
OCO-NH-CH,-CH,-NH-Boc)-OH (19.8 g), which was used without further purification in the

next reaction.

_ 3.  Palladium on charcoal (10%, 1.94 g, 0042 mmol) is added to a solution of Cbo-

('- (2S,4R)-Pro(4-OCO-NH-CH,-CH,-NH-Boc)-OH (19.4 g, 43.0 mmol) in isopropanol (350 mi)
and water (37 ml). Hydrogen is bubbled through this mixture for 4 hours, the catalyst is
filtered off, and the residue is wash'ed with a mixture of isopropanol (50ml) and water (50 m}).
The isopropanol/ water phase is azeotropically dried by distilling off 2/3 of the volume, which
is continuously replaced by a toluenefisopropanol mixture (1:1 v/v). The remaining dry
solution is concentrated in vacuo to dryness (50 °C, 200 mbar) to leave (25,4R)-Pro(4-OCO-
NH-CH2-CH,-NH-Boc)-OH as a brownish solid, which was used without further purification.

4,  (25,4R)-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-



separated gr I ropyl acetate phase is washed wth sodi um chloride .
sol ution (%8’%3’5#%??%0) The solvent is distilled off (50 C, 50 nbar) t-o

yield a foam of Cbo-(2S,4R)-Pro(4- OCO NH CH2- CH2- NH-Boc)-OH (19.8 g), which

was used without further purification in the next reaction. 3. Palladiumon

charcoal (10% 1.94 g, 0042 mmol) is ad% d to a solution of Cbo-

(2S, 4R) - Pr o( 4- OCO- NH- CHZ- CH2- NH- Boc) - OH ?19. 4 g, 43.0 mmol ) in isopropanol

(350 M) and water (37 m). Hydrogen is bubbled through this m xture for 4

hours, the catal %st is filtered off, and the residue is washed with a

m xture of OP¥4HFRFanbmmuoiniaretaniliiladzodpl) s5dag jo theTicar sAvianRYSh3Y MiRites

phatS_e i's ampstrrﬁlaif@,a% haurs.rﬂt%lthyréér:ﬁdri rhixiMiscéloius?dd&o@H 3 bmrl Yx?d/lrbd)ﬂﬂorjlg\r/]ﬁ!:iid?h i's

continuously r ced, h ol yenel i sopropanql .m xt ure gAY : e

Formi ni ng. g TR gk ahed tic BERET AL e b dEBIRGEDS Y 88 babRs bar

to | eave (2Plad&) bPisoprbpPlketaid;-aBbiRirgHR tid-pHas e JnidbieaTha ldwep \wijusdussiak e js whi ch

was used w r r i £l i 4. . , - .

(25, 4R - pr ST kD BBl R el yaghed it mates and dsgied o trges, |

m xt ur e of wikateplac¢rpentiith isopebpyiacetateand theneo(dengalgd ta. 8 bravmish faam4DhiCioam

solution o =20 i ifrile
fs d&gggeﬁg%ﬁ’ggdg%ég%qg? i Gind Sled dtofins Gio rgeﬁtdﬁaa?én%o hﬂ'“ﬁ’%%g9w§tr A

(25 n) is a . | ear sol ut'ion over 30 m nutes stirr i

hours. TheProflend isr rraeipitaded. fibg solidds fikergdj washedwithyisppropylagetaieRortror ANGHIRd aci d
(1 m 13 ny)vagdifharsiotns thal® Fmde {28, AResro00CO-MM-EHOH, INH-Bod)soidi sti | | ed of f
(40 C, 80 nbar) and replaced by isopropyl acetate, affording a two-phase

m xture. The | ower aqueous phase is separated off, whilst the remaining
orgﬁni c layer is washed with water and distilled two tines wth replacenent
wi th i soprbBmampeét ate and then concentrated to a browni sh foam This foam

is di | LNl i 200
) wher ebg PRATD B RS REERD ol ocBl SRE EAPERO ] REahd POHLERE (L
i sopropy! aff&G4telro@dpPan@Bznd dried in vacuo at 40 Cto | eave

Frnoc- (2S, 4R) - Pro( 4- OCO- NH- CH2- CH2- NH- Boc) - OH. Exanpl e 4 Preparation of
Frnoc- ( 2S, 4R) - Pro( 4- OCO- NH- CH2- CH2- NH- Boc) - OH starting from Cbo-

(25, 4R) - Pr o s red | Cho-(25,4R)-Pro(4-OH)-OBzl is described in T. Makoto, H. Guoxia, V. J.
Hruby, J. Org. Chem. 2001, 66, 1038-1042. The process of example 3 is repeated, but
using Cbo-(2S,4R)-Pro{4-OH)-0OBzl in place of Cbo-(2S,4R)-Pro{4-OH)-OMe and performing
steps 1, 3 and 4 only (omitting step 2).

Example 5
Preparation of Fmoc-(2R,4R)-Pro(4-OCO-NH-CH,-CH.-NH-Boc)-OH

s

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-(25,4R)-Pro{4-OH)-OMe or Cbo-(25,4R)-
Pro(4-OH)-OBzl.

Example 6
Preparation of Fmoc-(28,4S5)-Pro(4-OCO-NH-CH,-CH,-NH-Boc)-OH

The process of exampie 3 or example 4 is repeated but using Cbo-(2S,4S)-Pro(4-OH)-OMe
or Cbo-(25,4S)-Pro(4-OH)-OBzl in place of Cbo-(25,4R)-Pro(4-OH)-OMe or Cbo-(2S,4R)-
Pro(4-OH)-OBzl.



The synthesis of Cho-(2S,4R)-Pro(4-0OH)-0Bzl is described in T. Mkoto, H.
GQuoxia, V. J. Huby, J. Og. Chem 2001, 66, 1038-1042. The process of
exanple 3 is repeated, but using Cho-(2S,4R)-Pro(4-0H)-0Bzl in place of
Cbo- (2S,4R) -Pro(4-OH) - Owe and perforn}pg steps 1, 3 and 4 only (omtting
step 2). Exanple 5 Preparation of

Froc- (2R, 4R) - Pro(4- OCO- NH CH2- CH2- NH Boc) - OH The process of exanple 3 or

exanple 4 is, repeated but using Cho-(2R 4R -Pro(4-0H)-Ove or

Cho- ( 2R, 4F%2 (40H) OBzl in place of Cho-(2S,4R)-Pro(4-OH)-OMVe or

Cho- (2S,4R)- Pro(4-0OH)-0Bzl. Exanple 6 Preparation of

Frmoc- (2S, 4S) - Pr o( 4- NH CH?2- CH2- NH- Boc) - The process of exanple 3 or
exanple 4 ¥s M é’ﬂ% ‘rf@"'ﬁﬁ@'!aL o(4-CH)-OVve or

Cbo- (2S,4S)-Pro(4-0H) OBzI in place of Cbo (28 4R) Pro(4-O—I)-OVb or

Cho- (2S,4R) - Pro(4-0OH)-0Bzl. -21; Cains: 1. A process for preparing a
conpound of formul a Vp_l1l Ay OHylll  0O\V-Q 1 R12Vilhherein Ris I's
t kar anyknei hozycsrbonyl’ ﬁx/a no pr kbt i ng group and Rt and
R1,4 are diet; conprisinglreactin np of formula I X R13*- OH I X HH
TOr0~" 'O N Y

Ry

wherein R,, is fluorenyimethoxycarbomyl, R,; is 8 removable protecting group snd R,; and
Ry; are different;
comprising reacting a compoimd of formula IX

- TTH

with fluorenyimethoxycarbonyl-N-hydroxysuccinimide.

2. Aprocess according to claim 1, whereln the compound of formula IX is prepared by
() hydrolysing a compound of formula X

Nee e
N 0

|
Ry,

wherein R,y is as defined in clalm §,

Ry is @ removable protecting group and Ry, is different to Ry, end Ry, and
Ry I8 a blocking group removable by hydrolysis or hydrogenolysis,

to obtain the corresponding carboxylic acid, and

(i) removing the protecting group R, in the resulting carboxylic acid.

3. A compound of formula XIV



wi th |l uorenyknaf hozycar bonyl - N- hydr oxysuedni m de, 2. A process accordklg to
daim 1, wherein the conmpound of formula I X is prepared by (i) hydrolysing a
conmpound of forrmula X R13-1t4l11 ,A 0 4Rle x HO N O R1{ wherein Rls is as
datkred in claiml1, R . |Is a renovabl.esprotecting group and Ru is different
to R, end R13, and Rol Is a blocking group renovabl e by hydrolysis or
hydrogenoysis, to obtain the cornspondirg carboxybc acid, and fa) renoving
the protecting group R1L, in the ream ng carboxyl c¢ add. 3. A conpound of
formula XIV 22 Ftips-- OR? N 0 \ NO I As whereigpyR |s a renovabd
protecting group ot hEme™t Er\ixﬁ axyc bBeyl, and I's Meted to Rig;
Rn i s hydrogen or a bl ocKi ng gr.;gﬁ y hydrol ysis or hydrogenoysis;
and R/1 is hydrogen or a renovab¥e pr nctlngogroup ot her than

Quanwi | hWhoxycarborriff. 4. A conpound hccording to claim3, whardn Rio is
tart - but oryearbonyl . ¢

whersin R. is 8 removable protecting group other than fluorenyimathoxycarbonyl, and Is
different to Ryg; '

Ry is hydrogen or a blocking group removable by hydrolysis or hydrogenolysis; and
R is hydrogen or a removable protacting group other than fluorsnyimethoxycarbonyl.

4. A compound according to claim 3, wherein Ry, is tert-butoxycarbonyl.



