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WO 20071082890PCT1EP20071050409 SELECTI VE ENZYMATI C
HYDROLYSI S OF C-TERM NAL tert-BUTYL ESTERS OF
PEPTI DES The invention relates to a process for
sel ective enzymatic hydrolysis of G term nal
tert - but I 5 esters of peptide substrates

OEBIR0 of peptides. In the synthesis of bg%&ﬁ&7f050409
the proper selection of protecting groups is very
inmportant. In the chem cal synthesis of peptides,

el ongation of poccurs in

N-t erm nal $@ﬁ%%§%ﬁ5@m %g)n of the
constitutingrﬂmnﬂmUﬂmbmﬁUTRlEﬂTER&QHEEEMEE&Ase
el ongation 10 of the grow ng peptide in N-termna
direction, the protecting group for the N-term na

THY rﬁﬁgﬂmfnl,k@ﬁ{eg @ alipBoceds far §e&€£ﬁ>ﬂ:r @Eydtia thydrelysisTol G-tegninal pers-butyl

is selectively cleave (g ﬁﬁ?e peptide in each cycle
esighs OBPIPERR TGy it HEYIEeS o REHESSaf f ecti ng t he

.sem - per manent protecting groups on the functiona

side chains and the C-term nal Functi onal, ups on
In Eisesyahiohs ol PSTHES W DIORE TBTHORIOL BTSSR IOTRS 'L OLIRR. In the

chéﬁ%l:iﬁ‘ sy ¥ eBiS OF fiphigd éléhggﬁ(ﬂaff heOprawRl Perftiiel SsublBAGLIr® B]SN—termmal

15 1n  the chem cal synthesis of. peptides, ejther

dum Itceatveidy'ﬂqemﬂé%ﬁﬂ o&&srcel&ewu%% angine et bt ﬂ%‘?ﬁf?i‘%’é% Flongation
?gﬂuﬁg\ﬁgN-témﬂlal &k cARD HRFEHedifg ‘éféﬂul@ kbr tgheN-idrRmhl amino

pep assenbled fromprotected p @f
ﬁutcnagmm tsmpthvey Tiakiee: Biis e B aBerYdy gt Eny @e prplidedp pash cycle

ofh %%ptild Q%QJ?%FIF W&& ectlﬁé € §enBEMmBhint ﬁo@cﬁ!@ ﬁ(ﬁu%s on the functional

r an ragments may E epared.in
s1dp Fhaind il thee@@rmmlg Fimstiepak grovRsean 1By @#@a?hﬂméy D) epsiguting amino

, ggp 3 sh&iondl | fragments but
am?%ﬂ@pgmg¥ﬂ? ﬁyg“ ééﬁiﬁgﬁﬁust %ﬁ protected at their

In Ghet eremiiqab bynitictih ol ppnﬁdcse sttheng ¢ommiatqly Hngap gppreagh op@ convergent
a Srgl EC}‘E];I), VEI ¥o ]ﬁl;v?tfvfeed an, S&ﬁ%ca/hl&eﬂiglfglnl ﬁe)ﬁﬁ&ehﬁsdsémgﬁd from
PROE0I Y 3’sup or thi's nction 1s usually provided by .

pmedmmpmemgmhns Fhpletertepproash isf gengelly pydprrddder lengprugplided since

o1 SR BRHEA PSP L oP OB BB St

shé?ae taverll apithyesipriinfiee fin @dcangergens )%mthﬁels,l gt ﬁ@@mﬂt’fl g theo C-terminal

e e
cles@ddUln e @ﬂ‘;&ﬁtﬁiepysrﬂh@Ssan(aEBhA@p,pﬁﬂl’fhlS Si@rctiqySs 8s8h7prgEded by a

en | et oce )
a@eg ) _i[he %aacgﬁ 1t§elf gérg%elpg ep : é%ﬂﬂfa;é ’ Scil% solution-phase
sylﬁﬁa'ﬁzs Gs} :bbwev'Eh q:reﬂ:‘erteé rom:rr‘sahd plﬁbeesynﬂ]asma Pwnimlabrgeqﬂ:rred is a synthesis

the he 1590 f
a.cqqr' %égéf a f(ﬁlﬁ;«)ﬂ é’ ? B‘g g gﬁucﬁ comb tngD Q of the solid-
phﬁéaammﬁ@labmammﬁn-pm ﬂe&rs@mumm 656 UISes, s;sg 357 Eggen L etal,

orcpeaseht oo S BaenBl oS a P2l s Al e

ot her hand, the N—tern1na| protectlng group and
protecting groups of th |de chai.ns
T R ORI sPETF PO SBRG WOuA T grepErhhs the conditions of the

assdRBiE T SChe Gepas Ninll Rose sbigtly alddr e Corlditiond BAthei deprotection of the

renpbved prlor to the act fragnment co li
tepOEp G I§TIATA AFRjEHRS SrauR, é"#%dil S TR SRR °1ﬁﬁ€a Rt ypthesis.
Or_f Bk AP HERE RN miniep bredtRiE MErdp) anﬂfprdté’d:ﬂng) gptfsde the side chains
fragments and several options are available for
chem cal deprotection, none of the avail abl e nethods
is generally applicable. Mdst of these esters are of
a primary 5 nature, e.g. nethyl esters, and thus give
rise to di ketopi perazine formation at the stne of the
deprot ected di peptide. Mreover, introduction of the
ester function often requires a relatively strong
activation of the carboxylic function resulting in
| oss of the enantioneric integrity of the esterified
amno acid. Finally, the ester function is often




10

15

20

25

30

reportedly has resulted in the effective hydrolysis
of peptide esters (Schultz M et al., Synlett. 1992,
I, 37-38). However, thennitase has not found w de use
-in peptide synthesis fromthe tinme 10 when this was

r gorted This mght, anongst other reasons,, be ngM”
0 PPUBP t ed commercial availability (famcratebda
EC 3.4.21.66), which severely hanpers upscaling to
industrial scale. Thus, there is still a need for

ne8f Ebefeaiainym@ﬂwtddcaﬁénethe REAMR the qa;emes seembesd priveny alle actual
of C-termnal esters, n pargﬁcul ten- bugﬁl ester

fragpens Sptpling Aé'ﬁ@rﬁh@twe %SB&}? O hih aY G & o rateeprbof the

CREBRADP BR pe ¥e&nd s@SraBbhtidhd £¢ Rallibefot chedi@ndepdiection,
synthe3|s o es there is a gro ItiIEle%hlnterest in.

nop ef @ﬁﬂy%bl? @13§3§?#t K eespegaligr applisablp- d‘éest of thefih fsss fgof @ primary
nafuf Qg' ngthﬁr@tegeﬂquﬁ&céﬁ@ﬂsestb ANStofBMH AR fIBShiBH @ﬁthbytage of the

spécific enzynes. Since coupling steps nedi ated,

depiategad gientigh Mprsoveaciaidsaiiana thesestsh PSR Aign mélres 2 relatively

str&l;hg?mn Lm at S LB HEANGIR RGRhOR 18E of e BN integrity of the
e 1n enzymatic synthesis of 20 peptides may

esigiiadraniipp @rid.eFindllyalthedpstes demcgipn iSolem %Pbgoykﬁih'é@fﬁrsw@c jof basic
CO?(L (8 thaPlef 3 iR, cﬁﬁ% é@%ﬁl@%&hﬁ peftidMBLCRe bAG FEil %fgmsﬁ&hty, its
ragment Is replace an amino acid derivative;
casea Erdrothlvtierednd rite uhqlel@mn@@lqb ﬁ@ﬂlﬁhlhtf e PR W%}eﬂt“’e
de rotegt?olﬁ% é:@ se?@e%f’s&@-gh }?‘H aﬂﬁ@éﬁﬁ%df Abwever, chemical
erm nal ers, artlcular ten- butyl
depsteettcals RSerfliyrat hpplicabhéorahdapmpl ity of generally
appl i cabl e processes for removal of C-termna
esters, in particular tert-butyl esters, would be
Eri!Zﬁiizy{lc mliedfod:t Bk egained pegpest thepepiidet dyebess @onmrhesqa«ﬁg:ouple of years.

LS RS 1S A .l

opézatelmﬂfm b emldh:andatxcmy,dt namt:l whsdlues Subdt tampetaburestof Rr§0°C. Thus,

ake | ace i sol u
ungaﬁ’b%rc?n aH aflﬂgnTI’ &5t p(?gelc ulﬂlfegs‘:(tf;él |ch %ﬁ’é‘%%‘?‘%é gi aits
1t M SHinnEd arﬁhatamﬁb ﬁﬁtecﬁ}@i gicup8 Bre clhavably by ruayess which can be used

. according to |rst ect,, has .now.hee 0
in f e Pk R el B 8 S i Rl By hoteed by
liphsR4, tes@ﬂﬁeﬂan@?io&hﬁes OfipRefinit (é&erﬁﬂ&b&é luaiaﬁrﬁcanmdetrbcbas more generally

syntheS|s of , h droI S n
sPRSPR SR HEE SROUPIIE BONPI ST . Vap ek of lbsses i
thdt @fesmta w& h}%dlj%é Peptie Bends had@rpidagsetidiy) tRlebemﬂy,m was found that

cei%ppsa#;st ab!cs%ﬁefsgsz])ryaagu r LS ngA Xxgtllfl é‘.f(?&é@i% ? 8 lé'lenotes glycme

anf) WO L) SR Chofd! RAUGH Eﬁﬁyﬁleb en@gy@mame ekplasddrsy audnae,pex)ome\amld and
subtilisin, while endggeptldase activity H d rolated
seleeiiye repvRlafl 47 P fh PRE SRECFCCITR SRS T FBRR 4 d gleriyaiye and relate

coﬂﬂfné&hé) SHKRs RBLRBNIRRIE BidivulBewdsedyhd, BRSpNBBLethiifnt p-
protected or unprotected peptides. The S

niffohenssy esiaae P00 BeGiaBibdls Ao Brset Geht) e&ﬁngﬁg’ 2111’8*?6 A from
chark hﬁjfﬁr%tzcda(‘ﬁi‘é%z@ln@sg) 428 bR GORNEhaR RAGhHc RS té Seave fert-butyl

e S R RV i o0tk BB iR &) The

actifidR o g%@e B2y BERRE Ploer! FANIBN teSied 8n RLGRBAE eeﬁ_bum esters of
accor to a process as defined above. According

peptideh ik ﬂsssegxeepﬂmn phencelinegtidsrigighaiding shrorgSeigr Tlteﬁelubﬂlty of
st epwi se. enzymati c synthesis of a peptide in
C-termnal direction according to a process as
defi ned above. According to a fourth aspect, there is
provi ded a process for peptide synthesis conprising
pepti de cyclization involving the Ctermnal of the
| i near precursor according to a process as defined
above. Preferably, the Ctermnal tert-butyl ester of
the peptide substrates conprises a C-termnal acyl
resi due which is an a-am no acyl residue fromnatura
or synthetic origin. The C-termnal a-am no acyl
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conprising Ctermnal tert-butyl esters is not
significantly reduced by the presence of nore than
one peptide substrate A suitable process according to
the disclosure is as follows. To a stirred solution
of atert-butyl ester of a peptide in a m
m%ﬁ%qsga%rgam c solvent (or nmixture of orééﬁlﬁﬁowﬂsgﬂg
solvents) and a buffer, subtilisin is added [for
i nstance: to 0.1 mol of atert-butyl ester of a
pratERddi RBtideNwal prbbeb rpesecafpraﬂ&n ﬂdth%exﬁmybta&m&hﬂh hgedieemapplied
phosphate buffer (0.1 ngangdlthletheras
fors teping| the epryre 25HaEs) us%@rpag}fglg{ F‘%ﬂ 62'01}166%} sion has

cofBRRRCH 8enf8S iHoRBvdreMBlecte® peptidti gllieespichilp 18fy Poteeisd peptides
determ ned by HPLC),  an armung)]vﬁ: @E\%ﬂ (L cet e |ﬁslethm01 or
recaiifel ogllar AfepEe SRl t figsave e n Mg ﬂﬁé%‘:&“’ fie

acQ5@aR) c phase is extracted twice with sodiumchloride
solution and concentrated in vacuo. The Ctermnally
deprotected peptide or peptide fragnent is isolated

In Q?l eogfet’ﬁé Ric Lﬁ]ltcﬂ tMel RrePleRORere@dd4as lisel d)fkﬁpxdte@e fhﬁ]lned themutase
ert-butyl ether or hept
remtedlﬁh@ﬂonmﬁzcwl ther 2avEve ol 2§ Reptils eﬁi“% d@ et al., Synlett
|t R h
T s . e wﬁ i,
witeh ehlpwas: epertedf Thahemghﬁ\ﬁ@wpg% RIOEhTeATe)s, fbérdﬁ? & ﬁ%}émlﬁi cigpereial
avmﬁblﬂtﬁ_goa%x{l Neoad g&ftélor A %&ﬁéﬁi &?%Sﬁﬁh@'{o 15%&111@'3&%

ize solubeform eoé
Thik) ehefeoiss milb4 need ﬁsgederaﬁk emhmbmm’ﬂag@PféWé T IR Grtfﬂ‘mmf*1

cross-|inked r industrial-scale
eSSy IS F‘%’f‘g ﬁere neahs gd entit EQS% ecflfl (r:r%)nverted
préc@sses. product by the protease subtl l[isin in any form

This product may be a final peptide product whereby

if present only the protected side groups have still
Miéreoweg asl e:pﬂmmeetd cheshitad syreiteisi of peptiddsi therp isorigrevingqpjerest in the

al sq be a fra
oot B BT e JOLER B IARIUEDE Ly b ot
b Sgbe&dﬁemmw Si)h:t:ajoﬁplﬁg |szpg Glﬁdlp%‘btbv ctezmes IWQkﬁeno racemization as

opg% F.oe g l{?ln{l al nger ol faonlor%%ne%vﬁi?%% ok ta t1c synthesis of
eﬁﬁaageﬁaﬁyab@ﬁn in 00 rohifE Hﬁemfim Bychpesyfthsivisrigeffecsd qppveegep esis in

ydrol ysis. of _a sel ect tide.co |
wiith 6 TR AT TERET o GRCET ST (o B would thercfor
HkSWst ABEErEGHOME bl gy afpetkelyrabiliablherpnaic pekeses fa mednoval of C-
fall ow ng conver si % g . by HPLC techniques. It has
teragahestesy FPeBiFU A AP OPY S8 ™o ~ nodel  di pepti des of the

general structure Z-Val-X-0But in the presence of

Al cal ase CLEA and % v/y DMI (see for.d L in
Filsignsr VSRR AL ST BPACHRD BOOPEY TR0 G bATE e i
pakifafal keYd-Bu¥yl feQeErst %ﬁ@ baReg| profithisd apepideconbedes congprining peptide
C—term nal” ten-b é est erfeJS_l ECtI onal i t)n(’ a]]é%{)t il and taikto-
W@W‘F@éa"hﬂ%ﬂ%"oﬁvédlm 4t BEhPEFEIDN-X d feans
su’f_?:(};hﬁﬂ aﬁbﬁsg SR %cﬁilel)& r%@&akﬁ{?ﬁ@iﬂ)&&l&tﬁbngﬁﬁ dlse tn Giatigd support

: eu er g, yr

Wlil_fgné]quéléar mWOfN%@C@E?deW?Mé regurel pr 8§66 i er si on t o

t he hydrol ysed product Arg(Pbf), d u(OBut) Val, 4y,
Trp, Trp(Boc) Bad neans 1 to 5% conversion Cystine,
Tyr(Rd), Ser(But), Asp(OBu5 Unresponsive neans | ess

than 1% conversion Ile, Pro, Thr(But), Hs(Trt) b5If

the reactivity is indicated to be "unresponsive”,

al so after optim zation, the sel ected peptide is not

a substrate according to the invention. Based on the
structure of these nodel peptide substrates the

results are considered indicative of the reactivity

of the selected am no acid derivative X towards

protease subtilisin in any suitable form This is

corroborated by Exanple 5 in which it has been tested
whi ch amino acid 10 combi nations are susceptible to




WO 20071082890PCT1EP20071050409 The term ' protected
nmeans that the functional groups (wthin the peptide)
are protected with suitable protecting groups. A
person skilled in the art will know which type of
protection to select for which type of functiona

group. For exanple, am ne functions present jn the .
A BOWpRIUERIS PEGIURE (7 Gt Hit el RTghTh ey Vit for (b8 setective

enBntiEie qwﬁr%ly}@ﬁé R -l RALHURY cGERWP pephtieGlibsrabeR am ﬂ&e@ynthesm

of megtg%@f gﬁrgspn%ﬁygrogﬁnﬁomgetr Iag gn(g:rlfg ?Hrgga% éu]];S%'r&tE:tS comprising C-
terfr@fat E:Hztbﬂtﬂk}{t@@ﬁﬁﬁfgythe (BRaje YbOKY int 41§ suitable form.

ST gL e ot SRy RO kR o s, viels o Badvdplysed

pr&fitin@nPboobigethed @is@E abp pracde ebtiloids Widle ¢rtlepeptidesvoacdivity is
]égn i n iger it and Kenig W (1981) in
Smﬁ%ﬁﬁ? eSPPIRAf ysis. Synthesis, Biology, Vol 3, Gross
E. and Nblenhofer J, eds, Academ c Press, New York,

0 I
Th%e%gl HrOR[%ss ao%th afgf) glﬁgdrgﬁf?ag g]‘ﬁ)ghl%ﬁw @qg{:)gﬁ tR9%roduction of
proféstadhe improt@Bgi2peppides. T4 procgSuis mtpm@pulghfﬂvgmablﬁgn convergent
pe or functions of simlar lability are
Sﬂ%ﬁ%?%@%%h %%r the protection of other functiona
groups on the side chains; these include - but are

Ac@?’ffdmﬁ écmlts%nﬂ qupecf RHre El—ﬂrw;déd Tf)x)océsﬁ’ E‘oﬂ'tﬁ@ cPvRERAL dydthesis of

Ser, Thr r side chains,

a paptifle mw@mdﬁw E%’é‘é‘? f’faémef“ﬁewai‘%‘tle‘gt ket e ¢fhie peptide
frabent8 hrdfaRdHcbiGdmbB b ﬁ%rocﬁsfs'ats WEfidelirabyvd, or the 15
protection of the G n and Hi s side chains and
2,2,5,7, 8- pentanethylchronane 6-sul fonyl (Pnt) or

Ao%@rai 0. d 't]ilﬁﬂﬁé}ﬁ@ﬁ hls(éréllmpﬁd'\@mni(ﬁ)ﬁdﬂem&)r&hs rSItefpm‘Bel enzymancr

NIRRT TN et e s o
Peptldes voI 2 (G?oss E and Mei enhofer, 3.,

Acﬁ)r t))é& f%g%rrfe[ﬁglb 1seqr0\§ R@)g%s f%r &%ﬁde gy%@jesm comprising

peﬁhbraﬂyclﬁamwmvolvik@gﬁe CAODindl @f th&slm(:ﬂirg@cuasm a@ordifly to)a process
as%% %85 ‘E and 20 Riniker, B. (1991) Tetrahedron

et @% 739-742; for Hls(Trt): Si eber, P. and

Ri ni ker, B. (1987) Tetrahedron Lett. 28, 6031-6034;

Pr{f@r]%?l?% &%%3312 gkf Iﬁ.l? S'f the: n{)tﬁ:ll%@@lb&ﬁ&ésa&ﬁ%r%@s a C-
ter(nirgd gyl T@uduah’eludm aLnewmanacyii sezgiuv o nataralrpesynthetic origin.
Thk V& anlna Iuiouéctyh ?Js1dut3 |n¥h§ztﬁeaﬁr§féctga of hﬁprﬁﬁéhﬂe@‘é’t 12 side chain.

exanp 'S not bhe interpreted a g
In p:,irﬁpqigt prgﬁa;rr@ﬁ aqerﬁl—@erqnm@éﬁtqngﬁo acyggsidues se]ected om Ala, protected

Cy% 0}98’{139@3 &%9 P&Eﬂe@?eaqul BRO4NY, w&ﬁe@_fﬁfs Leu, Met, Asn, Gln,
tet rapepti de o le igé d t he, t t|de 05 N

(prE;@ﬁtﬁ@ arg (Hm@lc@fi}‘l S?( rgjecicr) rﬁ’g Oéegteg} Thg" erein

the BralieeRa&HRAAKE E%r&-“ﬂ;r@&ﬂed?’ Héan UBatGh8 6k B Tan ('B‘eggresent in both

md?-r éﬁ%ﬁm?@%{( r@glggaroti%eg g%@gggg&re%’g? chyge??{ ame ac1|ds is used

he@i peptiing @sTURAC pepiehdaare (HABACHER €omapsijoni (428501, Biol. Chem.

26F§%g§he 5 wherein X=Arg have been produced accordi ng
2 ventional solution phase nethods for peptide
synthesis. The other tetrapeptides of Exanple 5 are
prepared according to conveptional solution phase
nmet hods applying a split and m x protocol. Split and
m x protocol has been applied in order to reduce the
anount of preparative 10 work. The free enzyne
subtilisin A (S. Carlsberg) used in Exanple 1 was
pur chased from Sigma Al drich. The free enzyne
subtilisin A used in the other Exanples was purchased
from Novozynes. 15 Al cal ase CLEA was obtained from
CLEA Technol ogies B. V., Delft, The Netherl ands.
Exanpl e! Free subtilisin General procedure Subtilisin



Z-Val -Ala-OH Z-Val -Leu-0Bil 99.1/ 0.9 Z-Val -Leu-OH

Z-Val - Phe-Qthe 99.4 / 0.6 Z-Val -Phe-(H

Z-Val -Lys(Boc)-0B2 96.8 / 3.2 Z-Val -Lys(Boc)-CH

Z- Al a-Phe-0But 94.7 / 5.3 Z-Al a-Phe-OH Exanple 2 5

0..05 nrnol of Boc-Q@ y-Phe-Phe-Leu-0OBut was dissol ved

in a thernostated m xture of 2.5 i NWP and 2.5 m
Praférasiph @tc&edﬁaﬂf be run@roid\dte{ain&)tx d& osubktiagess odexdt inotheSprogesefof this

dzs/_}ﬁ%tgs g{ee%regz}re%& Soll 10n-p¥uas?a ntﬁ%s grl‘ %gﬂllrgﬂse)rgtpg%fgrg r%'?l:éodiment,
preta@mdests ingrrotiested eieptide nubdtrisys HRAGn thheracesscofl this disclosure are

prerggr% l@tcgo gﬁf%ttgm% W @%@E{yn%ﬁ%edséﬁﬁaﬁ gctn:g 1%gna (-terminal
tertiodel estelpwmrdeablbyprﬁ\p@ad aseordmEAcatids Prsess fcsl ﬁplﬁl solution
r al 4 e
synﬁfég[% Fla F}&E I&nglge[nmgﬁﬁ% g(!»sl{é r é“m&tﬁ}i\"eoofjor Fﬁﬁ@é{{l@éﬂs ﬁx‘éll)rocess
Commmren@tte’e@b@%q)ﬁﬁéﬁpsl(ﬁ @)5 m phosphate buffer 0 1
t hei PRRS ¢60x90¢ WbihBshent! ﬁeac late an
(a)Mcg}gFﬂn%&% xtu eﬁ\j\d%%gslsndgl?%at ed at 40C§ffor apt ot al
amgiocoRwaRENt, The reaction nixtures were anal ysed after
)8 Pt diép@ WIRkC %deﬂg@f Nﬁsecﬁﬁr raﬁﬁeer Rbididl aedee:arboxyllc
Al.'cal ase CLEA: 0.1 unnol H rg gtl def(s)h
FungligoSEF I T SRS DN, it Tenied ot derBie gy Opfhe growing
efiiigynme were added along with 2.5 nl phosphate buffer
pefitidéy
0.1MpH 7. The reaction m xture was incubated at 40C
for a total of six hours. The reaction m xtures were
anal ysed after 6 hours using HPLC and LC/Ms. WO
20071082890PCT/ EP2007/ 050409 Tabl e 2 Substrate
Product vs. Substrate (/0 area) Alcalase CLEA
Subt di sin A 50-100% Conversi on using Al calase CLEA in
50 v/ v% DMVF

4a



(Good conversion) Z-Val-G n-0But 10010 100/0

Z-Val - Al a-0131.? 100/0 100/0 Z-Val -Met-OBil 99.8/0.2

100/ 0 Z-Val -Asn-013-te 100/0 99.6/0.4 Z-Val - Hi s- 0B2

99.7/0.3 73.5/26.5 Z-Val -Leu-OBi|l 98/2 100/0

Z-Val - Ser-0131.? 98.3/1.7 100/0 Z-Val - Arg-0132

95.9/4.1 95.5/4.5 Z-Val - Phe-OThe 95.2/4.8 95.5/4.5
(c)Dn¥al mdyeraqObdhis @& trdoti®nHar@9. 9/ 0. 1 Z- Val - Lys(Boc) - 0131. ?

optionally, (d} a separate deprotection step, followed by one or more aqueous extractions,
whereby in at least one cycle in process step b an amine comprising a free anion or a

latent anion is used as a scavenger of residual activated carboxylic functions. The amine

is preferably benzyl B-alaninate or a salt thereof.

The hydrolysis of the process of the disclosure may be performed in an aqueous buffer.
However, for solubility purposes and/or for suppressing endopeptidase activity, the
“ hydrolysis of the process of the disclosure is preferably performed in a mixture of an
agqueous buffer and one or more organic solvents. Suitable buffers may be selected from
buffers which are generally used for transformations using proteolytic enzymes. In
particular, the aqueous buffer is a phosphate, borate or TRIS buffer. Polar organic
solvents are preferred, and in particular the organic solvent is selected from N,N-
dimethylformamide  (DMF), N-methyl-2-pyrrolidone (NMP), dioxane, N.N-
dimethylacetamide (DMA), dichloromethane (DCM), tetrahydrofuran (THF),
acetonitrile, and fert-butanol. Particularly preferred is DMF. Accordingly, the percentage
of the organic solvent in the mixtare may range from 0 to 60% (v/v), preferably from 30
to 60% (v/v). It is especially useful when the percentage of the organic solvent in the
mixture is about 50-60% (V/v). '

The pH at which the reaction is performed may be selected from the range of 6.5-10, in
particular 6.5-8, and preferably the pH is 7.

Reaction temperatures for the hydrolysis may suitably be selected in the range of 20-
60°C. Preferred is a reaction temperature of 40°C.

The arhomt of enzyme may suitably be selected in the range of 1 to 50 wt.% of enzyme
related to the peptide substrate.

In a further embodiment of the disclosure, the hydrolysis is performed by stepwise adding
portions of the protease subtilisin (in any suitable form) to the reaction mixture
comprising one or more peptide substrates comprising C-terminal fert-butyl esters.

The peptide substrates of which the C-terminal tert-butyl esters are hydrolysed in the
process of the disclosure, may carry protecting groups in other parts of their peptide
sequence.

The hydrolysis can be carried out with one peptide substrate as well as a mixture thereof.
It has been established that the performance of the hydrolysis of a mixture of peptide

substrates



85.9/14.1 94.8/5.2 Z-Val -Thr-0But 56.7/43.3 74.9/25.1

5-50% Conversi on using Al calase CLEA in 50 vfir')/0

DMF (Medi ocre conversion) Z-Val-Arg(Pb0-0B2 45.5/54.5

82.7/17.3 Z-Val -Au(OBO-ORtil 39.5/60.5 54.5/45.5

Z-Val -Val -01.32 29.2/70.8 15.4/84.6 Z-Val -dy-0132

16.4183.6 12.2/87.8 Z-Val-Trp-0132 10.6/89.4 6.5/93.5
compriEng Ti-iseBie) taoButyl eptayp issnat pigyifrantly tedgogdohy s Bicgsce of

mdte tHAf ofb pEltRAS SulkER i n 50 ) (1v% DME (Bad conversion)
(Z- Val - cgs- OBA 2.5/97.5 12.7/87.3 Z-Val-Tyr(B0-0131?
2.5/97.5

A suitable process according to the disclosure is as follows.

To a stirred solution of a tert-butyl ester of a peptide in a mixture of a suitable organic
solvent (or mixture of organic solvents) and a buffer, subtilisin is added [for instance: to
0.1 mmol of a fert-butyl ester of a peptide in a mixture of 2.5 ml DMF and 2.5 ml sodium
phosphate buffer (0.1 M, pH 7.0, 40 °C), 5 mg of subtilisin is added]. When substrate
conversion has reached a desired level, e.g. higher than 95 % (as determined by HPLC),
an amount of ethyl acetate is added. After separation of the aqueous phase, the organic
phase is extracted twice with sodium chloride solution and concentrated in vacuo. The C-
terminally deprotected peptide or peptide fragment is isolated by precipitation with a non-
solvent like diethyl ether, methyl Lfert—butyl ether or heptane. In case of an immobilized

enzyme, the enzyme is removed by filtration prior to the described work-up procedure.

The protease subtilisin (EC 3.4.21.62) may be used in the process of the invention in any
form, thus it may be used in soluble and/or crystallized form, but also in immobilized
form or other insoluble form, e.g. in the form of cross-linked enzyme aggregates (CLEA)

or cross-linked enzyme crystals (CLEC).

The term ‘substrate’ herein means an entity which is converted to a product by the
protease subtilisin in any form. This product may be a final peptide product whereby if
present only the protected side groups have still to be deprotected. Alternatively, this
product may also be a peptide fragment which subsequently is reacted with other peptide
fragments in a convergent synthesis to obtain a longer peptide with the required final
number of amino acids.

A person skilled in the art can easily identify suitable substrates, for instance by
performing a simple test hydrolysis of a selected peptide comprising a C-terminal tert-
‘butyl ester functionality under suitable conditions as described herein before and
following conversion e.g. by HPLC techniques. It has been found by hydrolysis of model
dipeptides of the general structure Z-Val-X-OBu' in the presence of Alcalase CLEA and
50% v/v of DMF (see for details Example 3) that
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6.3/93.7 Z-Val-Ser(B0O-0But 1.5/98.5 1.7/98.3 WO
2007/ 082890PCT/ EP2007/ 050409 Substrate Pr oduct VS.
7 Substrate (% area) Al calase CLEA Subtilisin A
5;)Val - Asp( OBO- g(E)iut 0.9/99.1 2.4/97.6 Less than 1%
nversion in v/ v% D1VL1? (unresponsive
MOZWTFPY. 0BUt traces of product 0/100 Z- Viz; o GBut
0/100 0/100 Z-Val-Thr(Bul)-0But 0/100 0/100
Z-Val -Hi s(Trt)-0But 0/100 0/100 Exanple 4 0 .
thd fgmﬁﬁgy gﬁsb@ﬁ]st ?Jnate sﬂﬁ’ﬁs atet confpeisidgnr Celerpimt! gervebuiy] weeri fecfignality
.e . : a
can be divided into four categoges:

Conversion , X

Good means 50 to 100% conversion to the | Gln, Ala; Met, Asn, His, Leu, Ser, Arg, Phe,
hydrolysed product Tyr, Lys(Boc), Thr

Mediocre means 5 to 50% conversion to the Arg(Pbf), Glu(OB), Val, Gly, Trp, Trp(Boc)
hydrolysed product

Bad means 1 to 5% conversion Cystine, Tyr(Bu), Ser(Bu), Asp(OBx)

Unresponsive means Toss than 1% conversion | ile, Pro, Thr(Bu), His(T1t)

if the rea,ctivityris indicated to be “unresponsive”, also after optimization, the selected peptide is
not a substrate according-to the invention. '
Based on the structure of these model peptide substrates the results are copsidered indicative of
the reactivity of the selected amino acid derivative X towards protease subtilisin in any suitable
¢orm. This is corroborated by Example 5 in which it has been tested which amino acid
combinations are susceptible to endopeptidase activity of the protease subtilisim. More
particularly, model tetrapeptide substrates of the general structure Z-Val-Val-X-Leu-OBu' were
hydrolysed in the presence of Alcalase CLEA and 50% viv of DMF (see for details Example 5).
Moreover, Example 5 demonstrates that esterase activity in relation to amino acid derivative X is
indicative for endopeptidase activity in relation to that amino acid derivative X. However, it is
cmphasized that under optimized conditions of the process of the present invention
endopeptidase activity is significantly lower than esterase activity. '

It is established that the process is very suitable to prepare short peptides, such as dipeptides,
tripeptides, and tetrapeptides. Furthermore, based on the above-mentioned arguments on the

 ‘basis of Examples 3 and 5 a skilled man is also able to prepare longer peptides comprising amino

acid derivatives which are expected to have bad or mediocre reactivity in any but the C-terminal

position of the peptide. In this sense, D-amino acid derivatives can be comsidered as

‘unresponsive amino acid derivatives and thus peptides may be prepared as well with D-amino -

acids in any but the C-terminal position.
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General procedure 0 1 mmol of each of the peptides
was dissolved in 2.5 nil DWF. Subtilisin A was
di ssolved in 2.5 m phosphate buffer 0.1 MpH 7 and
agged to t?edpeptige solution. The reaction m xture

| ed at 40C. The reaction m xtur -
gﬁﬁﬁP@%%§¢ the indicated reaction tinesuaﬁgc¥%?ﬁmwwmwg
anal ysed by HPLC. When needed extra portions of
enzynme were added at 2-hour intervals. WO

The f@@ﬂ ‘@ﬁ%ﬁgﬁﬂéhEmO&E/fﬁt&ﬁd@Q ooyl (eitn Sepaspiide) are ARRTHAC Wit
of enzyne Reacti,on tinme.Pr t NS tee :
e Rt S G fcion
5cB8 b vH:@8iyhe of Guiomioml heréw. o7 SxBnple, pmigpefipptipgs gresent in the
compounds may be protected durmg the syzithetic p;’ocedure by an N-protecting group, which

means a group commonly used in peptide chemistry for the protection of an (t-amino group, like
the ters-butyloxycarbonyl (Boc) group, the benzyloxycarbonyl (Z) group, or the 9-
fluorenylmethyloxycarbonyl (Fmoc) group. Overviews of amino protecting groups and methods
for their removal is given in Geiger R. and Konig W. (1981) in Peptides: Analysis, Synthesis,
Biology, Vol 3, Gross E. and Meienhofer, J., eds, Academic Press, New York, pp. 1-99, and
Peptides: Chemistry and Biology, Sewald N. and Jakubke H.-D., eds, Wiley-VCH, Weinhem,
2002, pp. 143 - 154. Functions of the tert-butyl type or functions of similar lability are preferred
for the protection of other functional groups on the side chains; these include — but are not
limited to — fert-butyl (Bu) fof the protection of the Asp, Glu, Ser, Thr and Tyr side chains, zert-
butoxycarbonyl (Boc) for the protection of the Lys and Trp side chains, trityl (Trt) for the
protection of the Asn, Gin and His side chains and 2,2,5,7,8-pentameﬂiylchromane-6-swfonyl
(Pmc) or 2,2.4,6,7-pentamethyldihydrobenzofurane-5-sulfonyl (Pbf) for the protection of the
Arg side chain [Barany, G. and Merrifield, R.B. (1980) in: ‘The Peptides', vol. 2 (Gross, E. and
Meienhofer, J., eds.) Academic Press, New York, pp. 1-284; for Trp(Boc): Franzén, I ef al
(1984) J. Chem. Soc., Chem. Commﬁn., 1699-1700; for Asn(Trt) and Gln(Txt). Sieber, P. and
Riniker, B. (1991) Tetrahedron Lett. 32, 739-742; for His(Trt): Sicber, P. and Riniker, B.

'(1987) Tetrahedron Letr. 28, 6031-6034; for Pmc: Ramage, R. and Green, J. (1987)

Tetrahedron Lett. 28, 2287-2290; for Pbf: Carpino, L.A. et al. (1993) Tetrahedron Lett. 34,
7829-7832). '

The invention is further illustrated by the following examples, which is not to be interpreted as a
Timitation of this invention.
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6h 27.3/72.7 2x5 ng 4 h 20.3179.7 3x5 ng 6 h
56.5/43.5 Z-Val-Leu-OBut 5 ng 2 h 100/0 2.5 ng 2h
100/0 0.5 ng 2k 56.9/43.1 4 h 66.1/33.9  6h

WO 2007/682890 PCT/EP2007/050409

EXAMPLES

The tetrapeptide of Example 2 and the tetrapeptide of Example 5 wherein X=Met have been
prepared according to DioRaSSP® (EP-A-1,291,356; US 6,864,357, Org. Process Res. Dev.
2005, 9, 98-101; Eggen I et al., J. Pept. Sci. 2005, 11, 633-641), whereas the dipeptides,
tripeptides, and the tetrapeptide of Example 5 wherein X=Arg have been produced according to
conventional solution phase methods for peptide synthesis. The other tetrapeptides of Example 5
are prepared according to conventional solution phase methods applying a split and mix
protocol. Split and mix protocol has been applied in order to reduce the amount of preparative

work,

The free enzyme subtilisin A (S. Carlsberg) used in Example 1 was purchased from Sigma
Aldrich.

The free enzyme subtilisin A used in the other Examples was purchased from Novozymes.
Alcalase CLEA was obtained from CLEA Technologies B.V., Delft, The Netherlands.

Example 1

Free subtilisin

General procedure Subtilisin A:

0.1 mmol of each of the peptides was dissolved in a thermostated mixture of 2.5 ml DMF and
2.5 ml phosphate buffer 0.1 M pH 7. 5 mg of enzyme were added to the peptide solution. The
reaction mixture was incubated at 40°C for a fotal of two hours. The reaction mixtures were
analysed after 2 hours using HPLC.

(Some selected results of good subtilisin substrates are shown.)
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67.9/32.1 2x0.5 ng 4 h 98.5/1.5 3x0.5 ng 6 h
99.6/0.4 5 Exanple 5 Identification of peptide
substrates susceptible to endopepticiic cleavage.
General procedure Al calase CLEA: 0.1 nmol of each of
the tetrapeptides (or tetrapeptide m xtures) were
gveswtaseshoin 2.5 nil DMF. 10 To this sol ut iRGA/EB20KHOSEHS
enzyme were added along with 2.5 nil phosphate buffer
0.1 MpH 7 and were added to the previous sol ution.
The reaction m xture was |10%5J ted at 40C. Reaction

m xtures were anal ysed af t'e} hours and 6 hours b

HPLC. I n case thej rodadti/Sabdiaek not feached conpl etijon
Swbsirateonal porti onq';‘,{ of enzyme [5 ny; Rdat were adddd
at the end of six| {ba¥8 and over ni ght (approx. 24

YL Sla @Byl eact 1 on 1ooTbe I ast aI [ quotzmsAhmH ysed hy
LC/IMS to \Ierf\If ‘A 20 0RC

ZVadE B of t he d;e%%lr"eQ:I9 conpound an

7 NaBHIomS Del Ng oAl g.y/al - X- OF and pwvakbnslem- OA.
Tabhle 4 X in 7Z-Val -Val - X- | eu=-CBut i i

Z?H@HWS@%)O‘B@ﬁti das®-8/dirity vs. DesfveblyRsaet (%

Z‘AE; oiGRy 0 DESTTESy FrP3iuct Vs, SUDEE, @_&ekdﬁareéj
°n"2.6/97. 4 {Z-Val - Val -X-011) 8/ 71.2

Example 2

0.05 mmol of Boc-Gly-Phe-Phe-Leu-OBu’ was dissolved in a thermostated mixture of 2.5 ml
NMP and 2.5 ml phosphate buffer 0.1M pH 8. To this solution 5 mg of Alcalase CLEA were
added. The reaction mixture was incubated at 40°C for a total of 17 hours. Substrate conversion
is determined by HPLC. The reaction resulted after 17 h in >95 % yield of Boc-Gly-Phe-Phe-
Leu-OH.

Example 3
Deprotection of model dipeptides by Alcalase CLEA and subtilisin A

General procedure Subtilisin A:

0.1 mmol of each of the peptides was dissolved in 2.5 ml DMF. 5 mg of enzyme were dissolved
in 2.5 ml phosphate buffer 0.1 M pH 7 and were added to the peptide solution. The reaction
mixture was incubated at 40°C for a total of six hours. The reaction mixtures were analysed after
6 hours using HPLC and LC/MS.

General procedure Alcalase CLEA:

0.1 mmol of each of the peptides was dissolved in 2.5 ml DMF. To this solution 5 mg of enzyme
were added along with 2.5 mi phosphate buffer 0.1M pH 7. The reaction mixture was incubated
at 40°C for a total of six hours. The reaction mixtures were analysed after 6 hours using HPLC

and LC/MS,

10



6 h 2.8/97.2 (Z-Val -Val - X-OH) 63.4/36.6 24h 72/ 28
(Z-Val -Val - X-OH) 5.9/94.1 (H X-Leu-OH) 100/0 Arg 2 h
ad. 97.7/2.3 6 h n.d. 100/0 1) GM (nix A) 2 h
3.5/96.5 (Z-Val -Val -X-OH) 82.5/17.5 6 h 8.6/91.4
(Z-Val -Val - X-OH) 100/ 01) Len (mix A) 2h 2.9/97.1
(WoVabesdalo- X-OH) 94.4/5.6 6 h 10.2/89.8  PCI/EP2007/050409
(Z-Val - Val - X- OH) 100/ 01)

Table 2
Substrate Product vs. Substrate (% area)
Alcalase CLEA Subtilisin A
50-100% Cenversion using Alcalase CLEA in 50 v/v% DMF
{Good conversion)

Z~Val-Gin-OBv’ 100/0 100/0
Z-Val-Ala-OBu' 100/0 100/0
Z-Val-Met-OBu’ 99.8/0.2 100/0
Z-Val-Asn-OBu’ 100/0 99.6/0.4
Z-Val-His-OBu' 99.7/0.3 73.5/26.5
Z-Val-Leu-OBu' 98/2 100/0
Z-Val-Ser-OBu’ 98.3/1.7 100/0
Z-Val-Arg-OBu' 95.9/4.1 95.5/4.5
Z-Val-Phe-OBu' 95.2/4.8 95.5/4.5
Z-Val-Tyr-OBu' 91.4/8.6 99.9/0.1
Z-Val-Lys(Boc)-OBu’ 85.9/14.1 94.8/5.2
Z-Val-Thr-OBy' 56.7/43.3 | 74.9/25.1

5-50% Conversion using Alcalase CLEA in 50 v/v% DMF

(Mediocre conversion)

Z-Val-Arg(Pbf)-OBd’ 45.5/54.5 82.7/173
Z-Val-Glu(OBu)-OBY' | 39.5/60.5 54.5/45.5
Z-Val-Val-OBy’ 29.2/70.8 15.4/34.6
Z-Val-Gly-OBUf 16.4/83 6 12.2/87.8
Z-Val-Trp-OBU’ 10.6/89.4 6.5/93.5

Z-Val-Trp(Boc)-OBu’ | 9.4/90.6 27.9/72.1

1-5% Conversion using Alcalase CLEA in 50 v/v% DMF

{Bad conversion)

(Z-Val-Cys-OBu'), 2.5/97.5 12.7/87.3

Z-Val-Tyr(Bu)-OBu’ 2.5/97.5 6.3/93.7

Z-Val-Ser(Bu’-OBu’ 1.5/98.5 1.7/98.3

11
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Ala (nix A 2 h 0.8/99.2 (Z-Val-Val -X-OH 89.8/10.2

6 h 2.9/97.1 (Z-Val-Val -X-OH) 100/0 1) Ser (mix A) 2h
n.d. 98.3/1.7 6 h n.d. 100/0 1) Am (nix B) 2h n.d.
100/0 6 h 0.7/99.3 (H X-Leu-OH 100/0 24h 3.1/96.9
(H X-Leu-OH) 6.8/93.2 (Z-Val -Val - X-OH) 100/0 48h

390 260608220 ( Z- Val - Val - X- OH) 11.3/88.7 (H X- [REHERRP7/050409
100/ 0

Substrate Product vs. Substrate (% area)
Alealase CLEA Subtilisin A
Z-Val-Asp(OBu)-OBy' | 0.9/99.1 2.4/97.6
Less than 1% conversion in 50 v/v% DMF
(unresponsive)
Z-Val-1le-OBu' traces of product 0/100
Z-Val-Pro-OBv 0/100 0/100
Z-Val-Thr(Bu’-OBu'’ 0/100 0/100
Z-Val-His(Trt)-OBu' 0/100 0/100

Example 4
Optimization of the amount of enzvme for a good and a mediocre peptide subsirate

General procedure

0.1 mmol of each of the peptides was dissolved in 2.5 ml DMF. Subtilisin A was dissolved in 2.5
ml phosphate buffer 0.1 M pH 7 and added to the peptide solution. The reaction mixture was
incubated at 40°C. The reaction mixtures were sampled at the indicated reaction times and

analysed by HPLC. When needed extra portions of enzyme were added at 2-hour intervals.

1z
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Tyr (mx B) 2h n.d. 42.1/57.9 6h ad. 90.1/9.9 WO
2007/ 082890PCT/ EP2007/ 050409 X in Z-Val -Val - X-

Leu- OBut Reaction tine Ratio endopeptidase Inpurity
vs. Desired Product (% area) Rati o Desired Product
vs. Substrate (% area)
WeA&so( M x B) 2h ad. 23/ 77 6h n.d. 81I%9Q/EP2007/050409

24 h n.d. 98.2/1.8 48 h ad.

Table 3
Substrate Amount of enzyme | Reaction time Product ys. Substrate (% area)
Z-Val-Gly-OBu' | 5mg 2h 9.9/90.1
4h 11.5/88.5
6h 11.9/88.1
10 mg 2h 24.1/75.9
4h 26.7/73.3
6h 27.3/72.7
2x5mg 4h 20.3/79.7
3x5mg 6h 56.5/43.5
Z-Val-Leu-OBu’ | 5 mg 2h 100/0
2.5mg 2h 100/0
10.5mg 2h 56.9/43.1
4h 66.1/33.9
6h 67.9/32.1
2x0.5 mg 4h 98.5/1.5
3x0.5 mg 6h 99.6/0.4
Example 5

Identification of peptide substrates susceptibie to endopeptidic cleavage.

General procedure Alcalase CLEA:
0.1 mmol of each of the tetrapeptides (or tetrapeptide mixtures) were dissolved in 2.5 ml DMF.
To this solution 5 mg of enzyme were added along with 2.5 m! phosphate buffer 0.1 M pH 7 and

were added to the previous solution. The reaction mixture was incubated at 40°C. Reaction

mixtures were analysed after 2 hours and 6 hours by HPLC. In case the reaction had not reached

completion additional portions of enzyme [5 mg each] were added at the end of six hours and
overnight (approx. 24 hours of reaction). The last aliquot was analysed by LC/MS to verify the

13




24 h 13.6/86.4 (Z-Val-Val -X-OH) 97.9/2.1 48 h
50.9/49.1 (Z-Val -Val -X-OH) 100/ 0 Lys(Boc) (mix B) 2 h
1.1/98.9 (Z-Val-Vval-X-OH) 61.1/38.9 6 h 4.4/95.6
(Z-Val -Val - X-OH) 90.819.2 24 h 18.5/81.5

(Z-Val-Val -X-OH) 95.7/4.3 48 h 63.3/36.7

( Fo\dad7od4ad0- X- OH) 100/ 0 Arg(Pbf) (mix C 2 heduERt®@oH409
(Z-Vval -val -X-OH) 31.5/68.5 6h 0.7/99.3
(Z-Val -Val - X-OH) 0.1/99.9 (H X-Leu-OH) 49.2/50.8

presence of the desired compound and of any impurities being Z-Val-Val-X-OH and/or H-X-
Leu-OH.

Table 4
Xin Reaction | Ratio endopeptidase Ratie Desired Product ys.
Z-Val-Val-X- | time Imparity ys. Desired Product | Substrate (% area)
Leu-OBu’ (% area)
Met 2h 2.6/97.4 (Z-Val-Val-X-OH) 28.8/71.2
6h 2.8/97.2 (Z-Val-Val-X-OH) 63.4/36.6
ok 72/28 (Z-Val-Val-X-OH) 100/0
5.9/94.1 (H-X-Leu-OH)
Arg 2h n.d, 97.7/2.3
6h nd. 100/0
Gin 2h 3.5/96.5 (Z-Val-Val-X-OH) 82.5/17.5
{mix A) 6h 8.6/91.4 (Z-Val-Val-X-OH) 100/0 ¥
Leu 2h 2.9/97.1 (Z-Val-Val-X-OH) 94.4/5.6
{mix A) 6h 10.2/89.8 (Z-Val-Val-X-OH) | 100/0 V
Ala 2h 0.8/99.2 (Z-Val-Val-X-OH) 89.8/10.2
(mix A) 6h 2.9/97.1 (Z-Val-Val-X-OH) 100/0
Ser 2h n.d. . 98.3/1.7
(mix 4) 6h nd. 100/0
Asn 2h n.d. 100/0
(mix B) 6h 0.7/99.3 (H-X-Leu-OH) 100/0
o 3.1/96.9 (H-X-Leu-OH) 100/0
6.8/93.2 (Z-Val-Val-X-OH)
sh 39.1/60.9 (Z-Val-Val-X-OI) 100/0
11.3/88.7 (H-X-Leu-OHj)
Tyr 2h nd. 42.1/57.9
(mix B) 6h n.d. 90.1/9.9

14




24 h 3.2/96.8 (Z-Val -Val -X-COH)

1/ 99 (H X- Leu- OH)

84.5/15.6 48h 20.1/79.9 (Z-Val-Val -X-OH) 2.3/97.7

(H X-Leu-OH) 100/0 Tl ar

determ ned 2)

oo otoskeo det er m ned 2)

(niX C 2 h n.d
6 h 0.9/99.1 (Z-Val -Val - X-OH) cannot
be determ ned 2)

cannot be

24 h 7.1/92.9 (Z-Val-Val -X-0OH)

48 h 44.1/55.9

PCT/EP2007/05040%

(Z-Val -Vval - X-OH) cannot be determ ned 2) d u(0Bu)
(mx © 2 h ad. 27.3/72.7 6h ad. 41.8/58.2

Xin Reaction | Ratio endopeptidase Ratio Desired Product vs.
Z-Val-Val-X- | time Impurity vs. Desired Product | Substrate (% area)
Len-OBu’ (% area)
24h n.d. 08.2/1.8
48 h n.d. 100/0
Phe 2h n.d. 23/77
(mix B) 6h n.d. 81/19
24 h 13.6/86.4 (Z-Val-Val-X-OH) | 97.9/2.1
48 h 50.9/49.1 (Z-Val-Val-X-OH) | 100/0
Lys(Boc) 2h 1.1/98.9 (Z-Val-Val- X-OH) 61.1/38.9
(mix B) 6h 4.4/95.6 (Z-Val-Val-X-OH) 90.8/9.2
24h 18.5/81.5 (Z-Val-Val-X-OH) 95.7/4.3
48 h 63.3/36.7 (Z-Val-Val-X-OH)} 100/0
Arg(Pbf) 2h 0.5/99.5 (Z-Val-Val-X-OH) 31.5/68.5
(mix C) 6h 0.7/99.3 (Z-Val-Val-X-OH) 49.2/50.8
0.1/99.9 (H-X-Leu-OH)
oih 3.2/96.8 (Z-Val-Val-X-OH) 04 5/15.6
1/99 (H-X-Leu-OH)
81 20.1/79.9 (Z-Val-Val-X-OH) 160/0
2.3/97.7 (H-X-Leu-OH)
Thr 2h n.d. canmot be determined ?
(mix C) 6h 0.9/99.1 (Z-Val-Val-X-OH) cannot be determined
24h 7.1/92.9 (Z-Val-Val-X-OH) cannot be determined ?
48 h 44.1/55.9 (Z-Val-Val-X-OH) | cannot be determined ”
Glu(OBu") 2h n.d. 27.3/72.7
(mix C) 6h n.d. 41.8/58.2
24 h nd. 83.4/16.6
48 h nd. 100/0
Trp(Boc) 2h 32.1/67.9 (H-X-Leu-OH) 3/97

15




24 h n.d. 83.4/16.6 48 h n.d.

32.1/67.9 (HX-Leu-OH) 3/97 WO
2007/ 082890PCT/ EP2007/ 050409 X in Z-Val - Val - X-

Leu- OBut Reaction tine Ratio endopeptidase Inpurity
vs. Desired Product (/o area) Ratio Desired Product
vwo 2Babmsmwat e (% area) (mx C) 6h 20. 1/ 79. PCI/EP2007/050409
(H X-Leu-OH) 10.2/89.8 24h 4.9/95.1 (H X-Leu-OH)
6?.9/30.1 48 h 3.5/96.5 (H X-Leu-OH) 100/0 Val (mx

100/ 0 Ttp(Boc) 2h

Xin Reaction | Ratio endopeptidase Ratio Desired Product vs.
Z-Val-VakX- | time Impurity vs. Desired Product | Substrate (% area)
Leu-OBu’ (% area)
(mmix C) 6h 20.1/79.9 (H-X-Leu-OH) 10.2/89.8
24h 4.9/95.1 (H-X-Leu-OH} 69.9/30.1
48 h 3.5/96.5 (H-X-Leu-OH) 100/0
Val 2h n.d. 98.8/1.2
(mix D) 6h n.d. 100/0 V
24 h n.d. 100/0 ©
48 h 0.5/99.5 (Z-Val-Val-X-OH) 100/0
Gly 2h n.d. cannot be determined
(mix D) 6h n.d. cannot be determined *
24h n.d. cannot be determined
48 h n.d. cannot be determined
Trp 2h 0.3/99.7 (H-X-Leu-OH) 18.8/81.2
{mix D) 6h 0.4/99.6 (H-X-L.eu-OH) 52.7/47.3
24h 2/98 (H-X-Leu-OH) 96.4/3.6
48 h 6/94 (H-X-Leu-OH) 99.9/0.1
Tyr(Bu') 2h 5.9/94.1 (H-X-Leu-OH) 6.2/93.8
(mix D) 6h 2.6/97.4 (H-X-Leu-OH) 30.6/69.4
24h 0.6/99.4 (H-X-Leu-OH) 95.3/4.7
48 h 0.3/99.7 (H-X-Leu-OH) 99.2/0.8

Ytraces of substrate detected in LC/MS;

2 Retention Time of substrate equal to that of Z-Val-Val-Arg(Pbf)-Leu-OH;

? Retention Time of substrate equal to that of Z-Val-Val-Tyr(Bu')-Leu-OH.

n.d. = no endopeptidase impurity detected
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2h Itd. 98.8/1.2 6h n.d. 100/01) 24 h n.d. 100/0"
48 h 0.5/99.5 (Z-Vval-Val-X-OH) 100/0 Ay (mx D) 2 h
n.d. cannot be determined 3) 6 h n.d. cannot be
determined 3) 24 h n.d. cannot be determ ned 3) 48
h ad. cannot he determined 3) Tip (mx D)
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Example 6
Scaling up of the procedure

To a stirred solution of 606 mg (1 mmol) Z-Val-Trp-Leu-OBu' in 25 ml DMF 25 mg of Alcalase
CLEA were added along with 25 ml of phosphate buffer 0.1 M pH 7. The mixture was stirred at
40°C. The reaction progress was monitored by HPLC. Extra portions of enzyme (25 mg of
Alcalase CLEA each) were added after 24 hours and after 48 hours. After 6 days the reaction
was stopped. The reaction mixture was acidified to pH 2 and DMF was evaporated. The product
was extracted with ethyl acetate. The organic layer was dried using sodium sulphate,
concentrated in vacuo and the final product precipitated from heptane. No endopeptidase-related
impurities were identified during the analysis of the final compound both by HPLC and 1L.C/MS.
Yield : 96.2%

HPLC purity: 96.5 a/a % (the final compound also contained 2.5 a/a % of the starting material).

17



10

15

20

25

30

2 h 0.3/99.7 (H X Leu- 18. 8/ 81. 2

(H X-Leu-OH) 52. 7/ 47. 3OH)24 h 2/98 (H-§)<- Eegl‘gfgﬁ
96.4/3.6 48 h 6/94 (H X-Leu-01-1) 99.9/0.1 Tyr (Bui)
(mix D) 2 h 59941 (HXLeu-OH) 6.2/93.8 6 h
2.6/97.4 (HX-Leu-01-1) 30.6/69.4 24 h 0.
gw;rz;gwg@ageooﬂ) 95.3/4.7 48 h 0.3/99.7 (Hx-ﬁ‘é’g&@ﬁ)"’%"‘m

CLAIMS

1. A process for the selective enzymatic hydrolysis of C-terminal fert-butyl esters of peptide

substrates in the synthesis of peptides, comprising hydrolysing one or more peptide
substrates comprising C-terminal tert-butyl esters using the protease subtilisin in any suitable

form.,

. The process of claim 1, wherein the peptide substrate comprising the C-terminal fert-butyl

ester comprises a C-terminal acyl residue which is an -amino acyl Tesidue from natural or

'synthetic origin.

. The process of claim 2, wherein the g-amino acyl residue is selected from Ala, protected

Cys, protected Asp, protected Glu, Phe, Gly, His, (protected) Lys, Leu, Met, Asn, Gln,
(protected) Arg, (protected) Ser, Thr, Val, (protected) Trp and (protected) Tyr.

. The process of any one of claims 1 to 3, wherein the peptide substrate is a di-, tri- or

tetrapeptide.

. The process of any one of claims 1 to 4, wherein the peptide substrate is prepared by

sohition-phase synthesis.

. The process of claim 5, wherein the peptide substrate is prepared according to a process for
~ rapid solution synthesis of a peptide in an organic solvent or a mixture of organic solvents,

the process comprising repetitive cycles of steps (a)-(d):

a2) a coupling siep, using an excess of an activated carboxylic component to acylate an
amino component, |

b) a quenching step in which a scavenger is used to Temove residual activated carboxylic
ﬁmctiéns, wherein the scavenger may also be used for deprotection of the growing
peptide, K

¢) one or more aqueous extractions and

optionally, (d) a separate deprotection step, followed by one or more aqueous extractions,
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1) traces of substrate detected in LC M5 2)
Retention Tine of substrate equal to that of

Z-Val - Val - Arg( Pbf) - Leu- OH; -3) Retention Tinme of
substrate equal to that of Z-Val-Val-Tyr(But)- Leu OH. -
5 n.d. = no endopeptidase inpurity detected
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7. The process of any one of clainms 1 to 6pcWaeioei80409
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3.4.21.62. 8. The process of any one of clains 1
to 7 wherein the protease subtilisin is free
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' 0f20! WRer€ih G ITiytrotysis vie prrformed by stepwise
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th§dh 959}¥§is is 20-60C. 19. The process of claim
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hydrol ysis is 40C 20. The process of any one of

lai mg 11 &ln g,ms sﬁ%&‘] f feptB 2y ORerfraRD@Rctidhammording
2%'5%"?55%\%%@3%% e tatg@t e pg%t%eg substrate. 21. :
Thea procsestang bnegfiglaperel 91cl ai ns 1- 20, wherein the

hydrol ysis is perforned by stepw se addi ng portions
of the protease subtilisin into the reaction mxture . f‘
26 O procas g poptiele Gynthesis soppyrinedeptidstsrelization STvobRs e G 0
Ctermnal tert-but m&Qﬂ : ss for
t Hée 1&“8ﬁ\?é‘?’cﬁré‘?ftac%oy}‘%f%igsaﬁjz&g{s%g peptgﬁ%céﬁ?fggngtqv\o or
nmore peptide fragnments wherein at |east one of the
peptide fragnents is prepared according to a process
of any one of clains 1 to 21. 23. A process for
the stepwi se enzynmatic synthesis of. a peptide in
C-termnal direction according 20to a process of any
one of clainms 1 to 21. 24. A process for peptide
synthesi s conprising peptide cyclization involving
the Ctermnal of the linear precursor daccording to a
process of any one of clains 1 to 21.
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