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WD 2007/ 082890 PCT/ EP2007/ 050409 SELECTI VE ENZYMATI C
HYDRCOLYSI S OF C-TERM NAL tert-BUTYL ESTERS OF PEPTI DES
waba7iogpgemt i on rel ates to a process for sel ect POEEP2007/050409
enzymatic hydrolysis of Ctermnal tent-butyl 5
esters of peptide substrates in the synthesis of
peptides. In the synthesis of peptides the proper

I f I
the. chem caf EoRneEne oy HERG YR EREOn o ' The

growi ng pe@-rd@Misual kor-BUTWISESTERS toar PrEmiIDEs
direction to avoid racem zation of the constituting

am no aci ds. To all ow the stepw se el ongati on 10 of
t| de | r.m nal
The 18\{%]{[1%8 n geg qu{c8§s cﬁg r?ﬁzP{%ah%ﬁlyarg ys%su rf@#[erﬁuna tert-butyl
estersadf p@pﬁ&fﬂﬁ%t@dté’s ﬁ%ﬁ@&yﬁtheﬂ@ oSp&tiep is selectively
cleaved fromthe peptide in each cycle of a peptide
synt hesis without affecting the sem - per manent

tn th VRS o el B AEaneh ReP P GU FECRTh e s gorant. In the
chem®@fl §ylﬂﬁle§1@ R kb itlek n&m?ﬁh@ﬁ’ of A Q%W%Epétﬁfdélulsﬂalﬁfr 6&:@1@1@@\1 terminal
in order to aVDld si de reactions I'n the chem cal

directsynip hesidsaaimipepni of ¢l coastutheng amgorgoldst B ylldw feastepwise elongation

of thq gg)r ngg] ?)g}%%i,e(a}g r‘[]%/rﬁ‘lrl d&rﬁc‘rtl Eﬁqaﬁrgfe%gé%gre(afgoéog thevelgf’-terminal amino
t
960 AP L PERIL Ao it e v

ofa mppﬂe siethessiwmideut offetial ltheyscaligermaarent plotdonsg (gaiulpy on the functional
gher and fragments nay be prepared.in paralle

side qhé%laflf‘ﬁl@e {riegningly Sppctiong) &Pyt Orsm%s?@qsquéhe Fpnsgituting amino
t: but the Cterm nal
acids %%q%éﬁglgﬁn@% %e%brégsl{?% ee%or%{olclec}:%lg% at t§e| r Gtermnal with
In tha chemical syrmgesisual pemitlet,hethee ancd)ﬁplstelyehhd:ateipproach or a convergent
cl eaved., In case of peptide synthesis on a soli
approgefp pswt be tpllawedy et iapnanpsoagh ualelcbrtB‘?/lf@éb Pélgﬂdﬁ is assembled from

protea@@rg%ﬁ%c%g{agﬁ%n%uﬁfeo {a&t,etl %%Fcluatcp é)gnﬁ gt‘p %cKH)tr I?(Sisg]elspe%@ldes since

rrng sca

overal) GNENIE tire ﬁfrﬁlﬁﬁﬁll}eﬁ1gﬁM€ﬁndSﬁhé1ﬂaﬁ§1 ane ‘tﬁayp’l%ﬂﬁéd 1] parallel resulting in a
Particularly preferred is a synthesis according t
shortqm @m@lspmt)leﬂ% tlm@l dnuaoﬁmpwa&e@t rEhtheds, Wi diageenbi lmésthe C-terminal

fragmegF II]%I? ant a%g%d 6 ’ e% 0| ; daA%v?thfS}%%%g@Qg @tgg 01@@% 3 e selectively

cleav&ggﬁ"&aie ofpepdille s nt@sﬁb orPﬁ%@Ii‘&%uﬂ%& tlﬁ?‘funcﬁ@t@% usQlall r0V1ded by a
98-101; Efg%epgl.yet al J. Pept. Sci. 2005, 11, yP d

handlg3@- 61418)uppqihet861f t Bempepdide eyndesis pnaa @mu@p@lemg scale, Solutlon-phase
sta l.e .under .t he gondltl ons .of t.h

Symh%%‘“s@rrﬁ?‘?“c?f Rrﬁ%rrﬁg PP Qrif&laﬁeo@fnﬂ?ﬁ%‘tsa PYCHRGRPeffipd 1S 8 synthesis

accorﬁﬁ?% DS e, N L HRRLHRRCHEGDI Whléh%mb%%stﬂ%‘mﬁﬁtﬁg’es of the solid-
N-Cerm nal protecting group, whi is repeated in each
phasecand| the olfassacap etiiiateplsaga phessss(EP- A-l ,291,356; US 6,864,357; Eggen 1. et al.,

Org. Process Res. Dev. 2005, 9, 98-101; Eggen 1. et al., J. Pept. Sci. 2005, 11, 633-641).

The C-terminal ester in a convergent synthesis should be stable under the conditions of the
assembly of the peptide and most notably under the conditions of the deprotection of the
temporary N-terminal protecting group, which is repeated in each cycle of a peptide synthesis.

On the other hand, the N-terminal protecting group and protecting groups of the side chains
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On the other hand, the N-term nal protecting group and
protecting groups of the side chains WO 2007/ 082890
wEOn/aPR07/ 050409 need to remai n unaffect ed MIEEP100B050409
ester at the CGtermnal is renoved prior to the actua
fragnment coupling. Although a range of esters is known
whi ch may be used for protection of the GCtermnal of
need tdhecrpaptund&edtedigrient Be asr s ke &l-teopinabssrearayed prior to the actual
avai | abl e for chem cal .deprotection,. K none of e :
Iragmgyekon At ABPHELE MG GERTPAN §appr hish B beed Kjerotection of he
C-tertH@BEr S g@%@deaﬁfgn%tsaarﬁrée@ﬁb’oﬁ_ﬁoﬂé‘lﬁ%rﬁaﬂ@olg forMRERcaI deprotection,
esters, and thus give rise to diketopi perazine _
none b theahvaiiablatméthelssis agecrafly tapglicabllep Mutse of eliesdigsept aeol a primary
Mor eover , introdﬂcgion.of.the ster functjon oftenh f i
naturg, giefly PEISYlaesPaEt A RIS 81VE 156 gy IR INRE 173 fg at the stage of the
O ke QP hESHdbRD it b8 i lativel
deprof AP e, MIELABE, DESHIAMRDN B baS A HTE e requirey a rlatively
strond-h¢tdlaliyn of the cagiorylid fimctibroresilangin s deihleenkedmamideantegrity of the
acidic or basic conditions that |ead é nﬂd'ficatiqgs )
esterifigfl prwnoa@eidalt iyt ilife oSten fyngob A% dicpy ke gider acidic or basic
: bi | i i . ' SH i. - ity it
condiFhR bl 1 b RSty e hbd BEHE. B BORlit S e sty s
case offinB&lRGoh ¥Rl itdepicaiogahdroinl mnilbbidtyp reesemglecsad is preferred if selective
side-chain protecting groups can be achi eved. However, .
deprogdesinn itathe perspicstod sidFGhaindrefesime:areypsisa baagliigedpHaweys, chemical
hi.s purpose. Enz th C t.h ave gai ned interest
depm}[%“ﬁ% %tgeg“érag%// Hﬁ%’?@ab@f ufro:gﬁlés ?"ﬁéo%ast coupl e of years.
15 Enzynes often show high cheno-, regio- and
stereosel ectivity. Furthernore, enzymes usually
Enzympiér scthodndieve gaingd imterdstcis mgptidorgithests dvsingrth¢ ppyy couple of years.
Enay G ATaL S PeRis e dregle g eyl e B sngges usually
operat@in R vEiy RN EHishs, dttnclifalkIOWAuE ardd t@hperhtifds oFQUES0°C. Thus,
protecting groups are cleavable by enzynmes, which can
undetrachusedlitians, ddikodtmtst-oataiysyl vde wegtong ean by eirquarentedl ar
. esters m e applied, which can he hydrol ysed by, .20
it s Hppgaaete s e A58 bl ebitns scto A o8 g ifes hidean be used
in th&dHf ARfs (HSURh |4 R OB bH8Kk 8fayase AYIiRd.99R8R hd ¥e hydrolysed b
- appl?ca %@%%lprote?ting grous c?2n12${§ in peptidg oY Y
lipases y¢stdiassh, sandgirnicesea. dipassh ack cgtrapsorensely icensiddnet astthesg generally

I hydr ol ti bor, d tid .
oo GG 5 SR BP0 RO RSB R o s
o LIPS FRL OO0, KL o vnd

certaiadipdsesiand astéravesdraymetbhe améngiod mdf GEE@PKeddrebyG denotes glycine
al ani ne, A) show mld and 25 sel ective renoval. of :
and X apy 2B{RoyacididR @rlcy HruRes orp Prenps feplagsh Moalaging A) show mild and

select(tfI ee;.te\ﬁﬁ)tviaf/ oF {e@‘?—g}lé/f le?[EIe grot&%ég E#H%%Q%Lm@@%&@ rd%é\lf"aﬁ‘l%gs and related

In particu WO enzy (reconbi nant
compPundy¥l tIf QRENEykluasd eiase paraculBacid leusysahtBsubSNBE (recombinant p-

nitrobpeil(z)}(fjlugs?e?asienfrgﬁlcglczi'i}lusar;gbt%Li)erd&éeidp%S%.célig ra(r)lgin CAL-A (lipase A from
Candida antarctica (Novozymes)) can be used in synthetic organic chemistry to cleave fert-butyl
esters from various substrates (Schmidt M. et al., J. Org. Chem. 2005, 70, 3737-3740). The
activities of those enzymes have, however, not been tested on C-terminal fert-butyl esters of

peptides, with the exception of one dipeptide which did not show any activity. The solubility of
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Candi da antarctica (Novozynes)) can be used in
synthetic organic chem stry to cl eave tent-butyl
W@ 3102082800 om vari ous substrates (Schm dt M et PEI/EP20d7/050409
O g. Chem 2005, 70, 3737-3740). The 30 activities of
t hose enzynes have, however, not been tested on
Ctermnal tent-butyl esters of peptides, with the
protec&mt peritidonwaf poheblgippsga prdlenhincthe e®lderﬁcsvst@h@whmh;}ﬂave been applied

act|V|t The so ublllt 07/ 082890
fiso i Besioueop bt of curulie G AonG g Jey! cther as
cosol&‘ﬁ?se I# é)é'ngﬁlll e & ek hprodhae Bep tﬁhé§ta%ﬁses?&!laﬁl} nﬁgepﬂ@%@fkd peptides
applied” for testing the enzyme activities, using
requirp agctlarcorigamic tsolvgetseto disvdveateg. amtMBi SR dlehlhenneéﬂsane methanol or
cosol vents. In general, however, protected peptides
a“ﬁméﬁédkspe0|ally | ong protected peptldes require polar
organi c solvents to dissolve (e.g., DVF, NWP,
di chl or onet hane, nethanol or 5 acetonitrile). In
In spi@iof ehofact hieat f;ﬁmt:asteh atre pasotpeafsesd dreeudeesiSa [prc&éaezﬁ rrmdled thermitase
the use of a protease naned thermtase

reporicdy i aastlied thdcet hesbs Padrlygis cﬂprgc?eow ﬁg?‘a’i é\ﬁt grdl. Synlett
1992 %%9%8:) H%e@e‘i érggta%% gllsﬁltg%t f?%rﬂdg\g%\vlem uge nﬁéegﬁlﬁ%] S}I]Oné%ets}s Cfreom the time

When&Mi@t\h@St oﬁéd) MTHi Srighit BmdkksWothar rdtssns\ads dueporitselinited commercial
~This m anongst ot her reasons, be due to its
availabilify (e xmﬁe&@ B é‘l21 &) avhigh peviers)y pampars ypssaling tedndustrial scale.

Thus,%H%fﬁ J3 5 thg% h%e\g‘}’pr gene a%p%qg&%%ﬁatt@@?@ésEQth I%]nloval of C-terminal

estersg eRepatitylad RO beBD| &t ZINMpEhidcP CREBISSES efpRtiallg Ny aihdustrial-scale
Ctermnal esters, in particular tent-butyl

pﬂweaRSers, in peptide chen1stry, especially for
i ndustrial -scale processes. 15 Mdireover, as an
alternative to chem cal synthesis of peptides, there
Morebver 8a O8O eghtivR & LRShichNsyhiMsis @ p¥Rfck Cthensnt AeSdwingfinterest in the
peptides, in which both coupling and deprotectlon
enzyma;t@pssmﬂmsys bepapidesairedhichypothpesipting alghdqpm@gctwg stppe may be mediated

coupling steps nedi ated b evoke no
Y SIESLErTYAFO OB COBPISEIT O PUACH R LA ) T8kh I (gemization as

oppoéaeldqggﬁ’é LR aﬁ&ﬁa@eo%ﬁgat%ﬁ%&&egrb{%l@g%?ﬂﬁé inCenzymaUc synthesis of

synthesi s of 20 peptides may occur erm nal
peptidtis meyt doonr. inSiredmménas inedtiesi Suchs: synthedif son efficet o worrogaent synthesis in

i Lo TSt e R BY g AT 1 ol hrtr

11kew§sg E)E(ﬁ{t o tHe! %ﬁﬂbgll?}é %etn'eltall? g;mctaﬂ% eﬁ%ﬁh&tﬁgﬂrpde@és &r removal of C-

erally app ica processes f renoval
termiﬁeﬂ eCerst @rpartivalar est-®uty] edters.parti cul ar tent- butyl

esters.
Finally, the availability of generally applicable processes for removal of C-terminal esters, in
particular fert-butyl esters, would be very profitable in peptide syntheses comprising peptide
cyclizations which involve the C-terminal of the linear precursor (i.e., head-to-tail and tail-to-
side chain cyclizations). Such cyclizations may take place in solution, but also on a solid support

when the linear precursor is anchored via its N-terminal or a side chain.
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25 Finally, the availability of generally applicable
processes for renoval of C-termnal esters, in
w@20oviogasbar tent-butyl esters, would be very proOf/EPRbT/@50409
in peptide syntheses conprising peptide cyclizations
whi ch involve the CGtermnal of the |linear precursor
(i.e., head-to-tail and tail-to- side chain _ _
A newyrédegahisomsy begQubdundyfot iheaselastive wagymagikdygrahyses ¢ihC-terminal rert-

| ution, Qut al ljd. t, when the li
bt OB P R B 2SR R AE 1R g one o
more %Q@t’lc{é suPQrBe VB PR THLE 283 0ndt oA A RAURASAMOHA H6Mhse subtilisin in
rocess has now been found for the selective enzynatic
any suigatliedbysi s of C-termnal tert- butyl esters of peptide

o S R B AL S S o
be obtgfir%tﬁ Iruﬁhg ?l{lqe érﬁ{éﬁs'ebsl&)bﬂisiﬁ %ffe%nﬂ'@ﬁ@?ﬂdés@ GciNiQlie ﬁﬁﬁtanﬂaiﬂ%y suppressed.

su any suit e for 5 Surpri'singly,
has been found that high, up to quantitative, yields

of the hydral ysed product can be obtained using th
The ngpoRragesa o8 YHe FVCRlion ManicrBY&Hady iﬁtqsafggbﬁ@dw%gg)n of protected or
tanti all u sed. '
et BRI BRESS K, e B2 o PAOBRE Sy Bl BBy, s o
peptiddk. protected or unprotected peptides. The process is

in particular favourable in convergent syntheses of
10 peptides. Preferably, the C-termnal tent-butyl

he i.d C ' - ' .
pots i LR SS) S4B SRR By Tl

residudVRicRls @h oB¥RBeichE rQidubiffom Th@rdb-dr &fhthBdd ofgin. ¥AE WOterminal o-
acyl residue may be protected or unprotected at the

amincsaayé reshiie rmayl e prafecieduir anprotastasat gl sidechpin. dn pattigilanpreferred are
C-tery gl e A roRpes TesteLot Sl arotpisl Cafytofetsd Asp. protected
r d Leul, t , { d) Ser. Th
o 4 ANl 161y, B s s
Val, (fpétettedt €6 add (provdeedeiTyr,t Wherbinathk dirsckatsoarnand He wordd*“protected”

“protected” nmean that the residue can be present in
meanpgpthths rerducn@AnnbG PESEEK tie O derkii PEIEERd £BY prPrpifsted form. The

e LR FiROARE! Ry Rlepl, BEbnd AP B froture quPAC-UB
ComiER{HH 8BI8GNJ (Fi8BBYesh. 268, ak-426hem 260, 14-42).

Preferably, protected or unprotected peptide
substrates used in the process of this invention are

Prefe%]i)&) %hﬁ%c&g%ﬁrzg@%%ﬁ{é? %%?)f:f) eesg gttaangsf 1i1sse'd i1!1 K[heaprf()ygsg '8? this invention are

prepared by solution-phase synthesis. In a further preferred embodiment, protected or

unprotected peptide substrates used in the process of this invention are prepared according to
DioRaSSP®. Thus, a peptide substrate comprising a C-terminal terz-butyl ester is preferably
prepared according to this 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):

(a) a coupling step, using an excess of an activated carboxylic component to acylate an amino
component,

(b) a quenching step in which a scavenger is used to remove residual activated carboxylic

functions, wherein the scavenger may also be used for deprotection of the growing peptide,
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unprotected peptide substrates used in the process of
this invention are prepared according to 25
WOe@RASSBR(r). Thus, a peptide substrate conpriBCTIBPR07/050409
C-termnal tent-butyl ester is preferably prepared
according to this process for rapid solution synthesis
of a peptide in an organic solvent or a mxture of
«Donemganﬂ@a$mbu@ﬂﬂswﬁmﬁ6m§rocess conprising repetitive

optionge 8 o e BwpGhiLh Y bnr s Brbanh s S 6] Pucfles
where®§) iR M Bt oﬁ@@@f?@r%%roce%@ stpb a8 aﬁﬁﬁ@é‘(ﬂlﬁ?&n@aﬁﬂed th1é’ivhd)ICJ1latent anion

a”scavenger i's used to renove residual activated
is used @k hoxytenger dfupsddiad netjvawideragionylih Binstense e amimgyis ategaably benzyl
be used for deprotection of the grow ng peptide, 4 WO
B-alanyster PioB89HCIORT/ EP2007/ 050409 (C) One or Nore aqueous
extractions and optionally, (d) a separate
deprotection step, foll owed by one or nore aqueous
The hgadiolyaed ofohs proceksesfethy praseat inbe@dish nmyebepaiemed ipaoegesus buffer.
step b an_am ne conprising a free anjon a Iatené .
Howexgr dor solubilig BHIPRECSANG QR QIyBPICET g Seloninifasfeqt e dhe hydrolysis of

| i l,
the pré@{sg VA ae r%ﬁxa%liﬁgﬁ’ ggrﬁgégag%etr g?rng% ﬂ é’nﬁ%&&{g%gqg gléefﬁgglg?ilfer and one or
B Qtesss. Guithble bpffesenty baveettddo floss which ar lly used
?manﬂfgh SQerus Eu;ffa Fb&;vEr %ﬁé@ggzi%lllz;b ﬂbjﬁ?hji;;£z;
or Urgn$rqyB8 BaNSa¥FHTEOPIOFCOrY U LHBRYBSS il §2 hepR fises du
boratefa ﬁ{/ﬁ'ﬁﬁ %%ffﬁttrhﬁol ?rg %01%619[]; Iﬂ’g REQ%hdSn g%m‘é&lﬁr trhe organic solvent

5 pre Iy Ber formed Th @ m xture

is scl@ededes NN diEthaetnRREdODNID), rmn%t@n gq:rymha@iev(erms) dioxane, N, N-
Sui tabl e buffers may be selected from buffers which

dlmethyleceg@mép g(DM:A)J ghchlorpmethape (BEd rdetrabpdrofipm éTHF) acetonitrile, and

e oA B BT PE LBl P BHEH G EHLE s
the nﬁahﬁéerﬁhy% e R T0etor &1 (a/mﬂl profeRdNt ekl 30 td be%qrvg@nncls especially
solvent” is selected fromN, N-di net hy Ifornan1de

usefulNvhat thy peizegyga @l thelorgenic NMS)):nt i |t1¢¢>(tan<@4re M ppout 50- 66% (V/V‘)

th t hl th :
The g%?’?a‘ﬁ@’ﬁﬁ&ﬁ% ?%g?ﬁ'&lfﬁ)p 2f8‘8‘é?‘€ magr:l?elngelecgﬁcg fr%éx'gge’ range of 6.5-10, in
part1c'i1ﬁﬁt6 Sbgjtaﬁﬁyefeﬁ@l&tth&ﬂl{@sr 1y preferred is DWVF.

Accor di’ngl the " percentage of the organic solvent in
Reactidre temipetatures rfory thealmgkolsiormdy swtabodd weledted pr diceraalge yof 20-60°C.
frin130 to 60% (v/ % %* is especially wuseful when
Preferpd IsfeicagindgaPgrurhe 4% Gani ¢ sol vent in the nmixture

The dnfou PQiué ?916 aéP §uYt/a ébe-gg% Rl i theWhh &bt lh% 5(}9@'9% &’%n&?me related
per orne cted ron1the range of 6.

unh¢pmﬁﬁeuﬂ3&mﬁ.5 8, and preferably the pHis 7

In a further embodiment of the invention, 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 fert-butyl esters are hydrolysed in the process of

the invention, 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
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20 Reaction tenperatures for the hydrol ysis may
suitably be selected in the range of 20-60C
woe@essed is a reaction tenperature of 40C TPET/BPIOTIOS0409
of enzynme may suitably be selected in the range of 1
to 50 wt.% of enzyne related to the peptide
substrate. In a further enbodi nent of the invention,
comptisieg Bytdroihglseg-tiugyl petefsds meldsigyfigndpwidsiecdbld thegresggee of more than
ortions of the protease subtilisin (in any suitable
one peRideysubsiaide reaction ni xture conpriging o%e or nore
peptide substrates conprising C-term nal tent-butyl
esters. The peptide substrates of which the Cterm na
A suitablatprduets/dccestireyte ta prebopd mykytsads anfdllhespr ocess of

To s plrecs Ocn 1 (Fp <L SR ANEL Tt R Fo g g solvent
(or mi@irk '0?%@%&: é@lxte%ts?tﬁﬁ% g?ﬁﬁ%%%%ﬁﬂﬁﬁlt i Al GedATorRbthn @S td’iO.el mmol of a

m Xt ure er eof . een established that th
tert-bpwt Exerrodngeptde inllemhxyde of §.Sirsl DMFaandi2xd ot soddfim pbpsphdie buffer (0.1
substrates 5 WD 2007/ 082890 PCT/ EP2007/ 050409

M, pE g0 SChg e ok prkifain 1t askded b WY selt‘iscqnyerigp has reached a desired
Si | 0 s -

e, SRR 0L Rk L6150 81 TR B . e

separdth@ of ﬂféezit%ueblﬁkvﬁhiﬁsb,othei &gatic fphhdeoissextiacifo taiet with eddium chloride
solution of a tent-butyl ester of a peptide.in a

solutiph gadipencentraods i tian-el fsrigaarminadly| dpprateciodgephi prpeptige fragment is
ot B RSSO SRR i S o) 3.5 g e
In caRePt ardBninBbifizdH éﬂz?}fn% e chzbmelis RMovad by 2ilbratidn poeti tanthe described
phosphate buffer (0.1 M pH 7.0, 40 C, 5 ng of
workgiplprodedgion i s added]. Wien substrate conversion has

reached a desired |level, e.g. higher than 95 % (as
determined by HPLC), an anount of ethyl acetate is

The REERE - subtilts®l (HO 35ePRé Blh&NbOlseling tl?&%l@@é{lﬁ obfiasi@vertiog in any form,
organi ¢ phase is extracted twice with sodiumchloride

thus i ohayt heomsednd solwhlcemidraatasystiliizedafot,. burrdsoGntimnidbiligeql yiorm or other

. protected peptide or peptide fragment is i ed .
imsohgi BB - B (4 SONGHSSIDATE Freedral GHER) B crosslinked
enzyn%&?gtals'(@tt’@b. tert-butyl ether or heptane. |n case of

an inmmobi li zed enzyne, the enzyne is renoved by

filtration prior to the described work-up procedure.

The {Ein (HFRECBEE oM eRTeH FUBAOTBR ot piany provuct B the protcase
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 fert-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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thus it may be used in soluble and/or crystallized
form but also in inmobilized formor other insoluble
wo e0oms®og. in the formof cross-Iinked enzynmePCT/EP2007/050409
aggregates (CLEA) or cross-linked enzynme crystals
(CLEC). 20 The term "substrate' herein neans an entity
which is converted to a product by the protease
the reguffpifyl fosithesi rmerdey silptiaics Thimpriping duCitenminal er+-dusyl gaer functionality

roduct reby if present only the protected
canb%&&@eaﬂgg&mﬁg@gowr| | to be deprotected.

Alternatively, this product may al so be a peptide
fragnent which subsequently is reacted with other

peptide Coagireiohs in a convefgent 25 syntheXs to

ptide—wththerequiredtipal—nurber
Goodomegti o taci s R savgno gk | (ba AR M 5?1%, Ié‘énL%‘és$qryArg’ Phe,

f sui tabl e substrates I
hydroﬁ%g(?éll %M%g a sinple test hydr Tto/ngg@%? a sel ect ed

MediR@Phhdals GOIP50%% | dddvérsion tiertht halrgPent GhuOBu’)e8hleGly, Trp, Trp(Boc)
functionality under suitablé¢ conditions as descri bed
hydrobéﬁ@’epwdb@fore and fol | owing gonversion e.g. by HPLC

Bad it SOCOBr NG goneral ot SOVTILT ZUBRY. SHH X CaR )

0 i £ oD see
AT T e St

PCT/ EP2007/ 050409 the reactivity for these nodel

ubstrates conprising a C-term nal  tent.-hut st er S
IF thegHENIORAMIEYOd (abF BRTEPRIG P¢ 8 t?f&mm%&%aoﬁﬁ gglected peptide is

“"taé?%&%%g@&ﬂ)ég t%ﬂn&%@ﬂﬁ 50 to 100% conversion to the

Leu, Ser, Arg, Phe,

Basedyiil (1@ srsethr 6 Othogt mdyel ,pepiyd( slﬁd)@t)atesTlhe rddatli eereensdand iddicative of
to 50% conversion to the Arg(Pbf), G u(OBut)

the regpijvityofghe welpgtehaminopgyy @qryg‘@ﬁe grt@‘a@@@ pgggps‘arélélﬁglsm ingny suitable

form. 5]/?u<§onve r%%gﬁtegﬁé I?l&mgo]%’ r5( E{J}% 1chs$tr il%uﬁazten ff%ts%(ﬁ}lﬂch amino acid

Unres onsi ve mnean conversi on

combﬂaﬁérﬁu afe stb&PlbIL) td dnﬂoﬁe?ﬁdﬁseaﬁét[\ﬂﬂyt yfithel pldte@m adbiilsin. More
be "unresponsive", also after optim zation,

partlcg@rlgcmedelgetmpea@dq spbsiiges af Eh@tg@tl@rak Hrughee ZdVﬁ‘gV%lc?(TLﬁé -OBu’ were
BT P RS B LS Y157 s RRE RSl s Example .
Moreb%ili, E%ﬂlﬂ@ 5Qfemonstrates 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
emphasized 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 considered 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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the reactivity of the selected am no acid derivative X
towards protease subtilisin in any suitable form
wakiog/oss9cor r obor at ed by Exanple 5 in which itP¢EHEPIHIEBOS0409

tested which amino acid 10 conbi nations are

susceptible to endopeptidase activity of the protease

subtilisin. More particularly, nodel tetrapeptide

The teub§irpetied’ meamshélagéneﬁumtlogla} groups evithin the peptide) are protected with

- Val - Val - X- Leu- OBut rese

suitabfy RNl SE0GRER BHEPTSOUGY) Y B e | baividicRBTR: paprotetion t
select%%ﬁch@aygt i MOIERVISRal S6BFPIFEr xHBPRN SRS 8ncliBAS present in the

est erase vity in refation to amno acid derivative
compourids mayniti patdcwel dwingethd speheticdpreecdant by ian yN-protecting group, which
relation to that am no. acid derlva ive X.. However, it
means %g@PéﬁMﬂ&w R AEPIARGEFMBHY i Beardemian < 8he- o eroup, like
e HIREIREEIROR PTARRY! IhOMEA R ABRHOPSEN! 4855, or o o

fluorcagliretiylokycdrboiyd (Bgibabgroghedivdriiatys bl empfoomessting gtoapy and methods
suitable to prepare short peptides, such as

for thdir prélpi@mi es glVeli iR E@pﬁer degnd d‘?fdllg & r @88bt indsptides: Analysis. Synthesis,

o DEL RS, FOREN, P8, AOOLE GBS 2ARUTFOS 1.0,

Pepti&é@! @h&rﬁls’@(f %ﬁarmollogﬁp&rwam@ Bt iad@ Salamrp H . shNgdamnviley-2QH, Weinheim,
acid derivatives which are expected to have bad or

2002,medil 62 F 4 54 Amctions of the t@mputwutm prefugcticas mf ﬁimilar lability are preferred
oSi ti of e In t
ror ificiplafivn 8L ottt BEMenRCrauP i il SR Bupe RreReIihg bu are no
lumte@% d tQ@JBhiS@tBNFﬁ)rQﬁijrstéﬁo@ 6Pt dep, GRY SBE TRF 8RBT RGi@Schains, fert-
D-amno acids in any but the C-terninal

butoxpcm’bdmyb r(B0<7) WD thopréto82890f PETLEP2BD 711058l 0hainke tritgl (Art) for the

oceR*HE58 By TSR S 2381 0SSl e -sons

(Pmc oP %24 6'y-p&H gt tﬁﬁ&hﬁﬁﬂhklht%geﬂzﬁﬁﬁﬁ% ALk oMy |(Pl5<ﬂ§‘Q‘e9f ‘ﬂﬁt‘ fdtection of the

ection to select for which type
Arg sidﬂ:rrchhmo[r]ihtangr Gupnd MerrifetdbBe(1980) me 'mmndm \ml esénoss, E. and

in th ds b t ect ed [ h .
Mo oS TRUEe Tl PSP bEh S SKE B g Bosk e, 1. vt
(1984@‘?}6"&%91 %9“%&9”&%%%%99 i1Ro® Rt A@ﬁg@ﬂ%ﬂﬂ%lﬁ&’rﬁ)@@ieber, P. and

he protection of an a-am no group, t he

Rinikb€IB - bl@@}’] GXV@/@é‘cbmn)lJett( BECY?:SQ}W@MpfortIHn@(Trt) Sieber, P. and Riniker, B.
benzyl oxycar bony| $ group, or_t

(1951 doveghorotig 238 BRI (PRORTC o Roiee Ofer Hidkrogh. . (1987
T etra?%glrgnv eeﬁtobg %%s{‘g%érﬁomf&s P@tn% ﬁhg\(ﬁﬁ( ffé é)}.) (tlb%)rpg %‘?ﬂ%ﬁ%n Lett. 34,

7829/433bysi s, Synthesis, Biology, Vol 3, Goss E. and
Mei enhofer, J., eds, Academ c Press, New York, pp.
1-99, and 10 Peptides: Chem stry and Bi ol ogy, Sewal d

The ir’?'ﬁen%gn is ﬁllﬁﬂer 1ﬁustratela By t%d %ollowmg gxamplés V\%wrl]lh@ h o be interpreted as a

limitation of this invention.
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2002, pp. 143 - 154. Functions of the tent-butyl type
or functions of simlar lability are preferred for
wo bm7pssbect i on of ot her functional groups on PCEEBRI00B050409

chains; these include - but are not Ilimted to -

tent-butyl (But) for the protection of the Asp, Qu

Ser, Thr and Tyr side chains, tert- butoxycarbonyl
EXANIBbEY for the protection of the Lys and Trp side

chains, trityl (Trt) for the 15 protection of the Asn,

G n and H s side chains and
The tgtr%) g‘uge §f PeahARES byd ol QIBRNG e DYIHx@Mple 5 GREIn X=Met have been

pent anet hyl di hydrobenzof ur ane- 5- sul f onyl

prepa(elabefc):orfdmg tdnB1qRaSS@®t (K Aet,29 hd56; AvY 6s36de3Sdhalrg. Process Res. Dey.

e LGP S AP R 2R, e e e
trlpepﬁgg‘s )é f‘f\‘@qgﬂﬁéfeﬁ) EleeéﬁEx h a?%ﬂ%{elﬁ’@( Alr% %%e&bée%rproduced accordmg to

conve@h@tml s@ativiuphase hz@Hdd T@Giepfide syﬁﬁ'@éf{r The ather t@rayfcpritlys: of Example 5
Si eber, P. and 20 Riniker, B. (1991) Tetrahedron Lett

are pggparcy3 gccpyfcgng ftgr cogveptngal solafigp, dhasp methodls panpleg 2 gplit and mix

proto 119§éﬁt aggtnﬁﬁﬂ%gtég& ﬁa":s‘tb%en @gg%ﬂ) Qﬁ% ﬁedgl% tﬂ:e)rgfnount Sgprepara‘uve

ron Lett.
work2287-2290; for Pbf: Carpino, L.A et al. (1993)
Tetrahedron Lett. 34, 7829-7832]. 25 The invention is
further illustrated by the foll ow ng exanples, which

e 5, R AU CO8T 9680 et A1 kR o i

Aldrid@XAMPLES The tetrapepti de of Exanple 2 and the
tetrapepti de of Exanple 5 wherein X=Met have been
The fige epamescsubgloson 4 ngd trothpiodra ESPyplys WEPPAchased fromggevaggmes.

Alcalﬁﬁggﬁiﬁ %P%&ed frj)m é@%@%eeé@iloqe%&)%% 2]§01? Egé %Iz%erjlands

whereas the dipeptides, tripeptides, and the

tetrapeptide of Exanple 5 wherein X=Arg have been
Exangledluced according to conventional solution phase

ns}hods for peptide synthesis. The other tetrapeptides
}Wgeﬁf”éﬁgnple 5 are prepared according to conventiona
Generscﬂ pHdcB-PBRR B hods applying a spiit and mix

toco Split and m x protocol has been applied in

0.1 mmnajejf ehch petheqeptidis easodissolvefl iprepanmsiated mkQuraf R, 5 ml DMF and

The free e nme subti]Jisin A Carl s sed
2.5 RGNS OV ERged T G oty the peplidt solution. The
reaction mixture was incubated at 40°C for a total 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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The free enzyne subtilisin A used in the other

Exanpl es was purchased from Novozynes. 15 Al cal ase
w@EhdaAoses0 obt ai ned from CLEA Technol ogi es B. V. pCDEPI0D7/050409

The Netherlands. Exanple 1 Free subtilisin CGeneral

procedure Subtilisin A: 20 0.1 nmmol of each of the

peptides was dissolved in a thernostated m xture of

2.5mM DW and 2.5 m pho¥pbletle buffer 0.1 MpH 7. 5

nnnnn nont i1 do oAl it AN Tha

nn—af npa—weor o addad +~ + h~
Ilu UT CIILyIIb LAWY L (ZAY] \ v | U cIrre PbPLI A7 SUT OUCT UTT, TITCO
Subbaglion mixture JFxedvet! Sbsteates 40(31;‘r§r g total of
PWo ‘hours. The re%%i%g%gi Xtures were ﬂ'é‘f ysed after
L C. 0

2 hours usi ng HPI sel ected results of good

Z-VsluhhiOB8i n substndvesoOare shown.) 2% 79VARAORA/ 082890

——PCT/EP2007/ 050409 Table 1 Product / iSubstrate |
Z-Vagleir PBue Pr oduct 9 (10%%f ea) z- Val - A jizﬁﬁﬂilrL%@H/ 0
Z_Vél:_%gé;_(?gjﬁn'v‘l L= )@2;48{-6&6 DU IJI. LU 5 al— he—

e- OBut 94 Z- Val - Phe- CH

Z-VE-MABAYSABEC) - OBgb 896 B/ 3. 2 Z- Val - Lys(Bac) yskbe)-OH
Z- Al a- Phe- OBut 94, 7/5.3 Z- Al a- Phe- OH| Exanple 2 5 0.05

Z-AlmRile-QBuBoc- d y- P4 77163 Leu- OBut was | di-Akefhec@Hi n a

thormmcot nt ad i vtliiran nf 2 E |\‘|p/D nd 2 5
A3 IT s J LILIL T v CATTU — \J LELIL)

CIrel TTooT AT T nr /AT

phosphate buffer O 1M pH 8. To this solution 5 ng of
Exanﬁh‘é%' ase CLEA were added. The reaction m xture was

I'ncubated at 40C for a total of 17 hours. Substrate

conversion is determ ned by HPLC. The reaction

resuylted after 17 h in >95 %yield of Boc-Q y-Phe-Phe-
0.05 pwpl gfy 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 ml 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



10 Exanpl e 3 Deprotection of nodel
Al cal ase CLEA and subtilisin A GCeneral

w®niioisso n A: 15 0.1 mol

to the peptide

incubat ed at 40C for

solution. T
a tot

I"\’J

di pepti des by
procedure

of each of the peptPUPEPWAT050409
dissolved in 2.5 M DW. 5 ng of enzynme were dissolved
in 2.5 m phosphate buffer 0.1 MpH 7 and were added

he reaction
dhubkf2 si x hours.

| \u—nrJ 'J'F . =Y

The

m xt ure was

R hnnrj IICI na

VA ET4
\Jll UII III I\Lu

S“bSPﬂ@E"c and LC/ MS.
0.1 mmmol of ead

\PZGdE%trf’ér %ﬂlb%?%%éémﬁr@a)m cal ase CLEA:
mﬁ B{RS(.” ved T 2;

m_DMF. To thi

IK]Q%] %é @Lﬁgp“ de§s
g solution ny

enzyne were added

5

al 3090004 ICodv&rsivn wies ARalBe WITE £in §0 tMopHMF The
reaction m xture was i ncubated
The reé@??‘bﬁpnﬁekslw)es were anal ysed after 6

si X hours.

at 40C for

WY aNilleYaYatw X

a total

J;f

VR BBo071 0504

08 anle 2 Subok IHG. Produst  ve,

Z-vababsopat e (% ar

50-100% Conver di on using Al cal

qabo Alcara

se CLUBERomybtiTrsin A
se CLEA in 50 v/v% DVF

Z-Val-Bxo®Bonver si qi9p.8/@2Val - G n- OHut001M0/ 0 100/ 0

1nn/ 0—100/l0

Al A OBt

Z-\3l

Z \/'3|
o opat

Z-Val Ag @Buz Val - As

VRN T

LT Uo7

al - Mot -OBut99-8/0. 2
61%0/4-4 z- val - Hi s- OBUt
'/g\r g-OBut 95.9/4.1

Z-VaRbe® OB D 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’ §5.9/14.1 94.8/5.2
Z-Val-Thr-OBu’ 56.7/43.3 74.9/25.1

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

(Mediocre conversion)

Z-Val-Arg(PbD)-OBu' | 45.5/54.5 82.7/17.3
Z-Val-Glu(OBW)-OBu’ | 39.5/60.5 54.5/45.5
Z-Val-Val-OBu' 29.2/70.8 15.4/84.6
Z-Val-Gly-OBu' 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 12.7/873
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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Z-Val - Phe-OBut 95.2/4.8 95.5/4.5 Z-V al - Tyr- OBut

91.4/8.6 99.9/0.1 Z-Val-Lys(Boc)-0OBu' 85.9/14.1
w©@4003/0828% Z- Val - Thr-OBut 56. 7/ 43.3 74.9/ 25. 1 BecBHBP?007/050409

Conversion using Al calase CLEA in 50 v/v% DW

(Medi ocre conversion) Z-Val -Arg( Pb f)-0OBut 45.5/54.5

82. 7/17.3 7Z-Val - u(OBu")-OBu" 39.5/60.5 54.5/45.5

Subsg-at@al - Val - OBut |Foro@ndt0us8Silstrt8 (%dbared) Val - G y- OBut
16 4/836 122/Q7 QJ \I-;I Tr_n m..f MRIQO /LR '—'\/0_5

Z- Val - Tr p( Boc) -|ctlase G186k 6 27| Sybplisin A1 5%

Z-Va B o@ﬂjz R;Fgﬁgsgsﬁ)mzmz %/;gg 5 12.7/87.3 |

Z- Val - Ty L&y ithariOBY, cohversivh fn iﬁ) VA OSDMF
Z-Val -Ser (But)-OBu” 1.5/98.5 1.7/98.3 11 WO
2007/ 082890 PCT/ EPZguwspgmm Substrate Pr oduct VS.

VB o Cout )| B 8759, & A WT0h. 6 Less than 14

Z-VaLPreBs on I n 3@/ mov% DME (unr espogis! ve)
Z-Val -1l e-OBut [traces of product 0/100 Z-Val - Pr o- OBut

Z-VabTh@Bu/Q®O  Z-|\&l00Thr ( But ) - OBUt0/00CLO0 0/ 100

Z \al L s(TrtV1OBut 0/100 0/10

Z-ValrHis(Trt)-OBY 7 [ 07100 0/100

Example 4

Optimization of the amount of enzyme for a good and a mediocre peptide substrate

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.

12
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Exanple 4 Optim zation of the anpbunt of enzyne for a
good and a nedi ocre peptide substrate

W@ L@co82spE

0.1 nmol

5 CGener al

of each of the peptides WaBCT/EP2007/050409

dissolved in 2.5 nl DMF. Subtilisin A was dissolved in
2.5 m phosphate buffer 0.1 MpH 7 and added to the

pepti de sol ution.

The reacti on m xture was

i ncubat ed

at 40C. The reaction m xtures were sanpled at the

i ndi cated reaction tines arf e
When needed extra portions ghle

0 anal ysed by HPLC.
zyme were added at

Subs@raflour 1 n % 0P of difzyiile Zﬂgz( t%ﬁztﬁﬂgw"lbfd{ﬁé‘tys{/ﬁ%yﬁ%é (% area)
Tabl e 3 Substrate Amdunt enzynme tion tine
Z-VaRGbdoBu' viss mBubstrate (% 2ahea) Z-Val f@owodBut 5 ng 2
h9.9/90.fl4h11.5/88.5 6 h 11.9/8811 10 ng 2 h
24.1/75.9 4 h 26.7/73.3 %hh 27.3/ 72. 11268§5ng 4 h
20.3/79.7 3x5 ng 6 h 56 4352 VatF 22—
h 100/0 P.5 ng 2 h 100/06)110 5 my 2 h LEOsRdS 14t
66.1/33. 9 1P 67.9732. I 2 8x0.5 ng 4 ppP780I. 5 3X0.5
ng 6 h 99 6/0.4 5 Exanple 5
4h 26.7/73.3
6h 27.3/72.7
2x5 mg 4h 20.3/79.7
3x5mg 6h 56.5/43.5
Z-Val-Leu-OBu’ | 5mg 2h 100/0
2.5mg 2h 100/0
0.5 mg 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 susceptible 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 ml 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 cach] 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




Identification of peptide substrates susceptible to
endopeptidi c cl eavage GCeneral procedure Al cal ase
wERdA08B9d ol of each of the tetrapeptides (BET/EP2007/050409
tetrapeptide m xtures) were dissolved in 2.5 m DW.
10 To this solution 5 ng of enzyne were added al ong
wth 2.5 mM phosphate buffer 0.1 MpH 7 and were
preseacideldtheodesined porepdumdsandodfugnyoimpufities baag Vi bal- ialxX @t and/or H-X-
s incubated at 40C. Reaction m xtures were anal ysed

Leu- er 2 hours and 6 hours by HPLC. In case the
reacti on had not reached conpletion additional
portions of enzyne [5 ng each] were added at the end
of six hours and overni ghTablegpr ox. 24 hours of
- reactiom)—TFhetast—alaguot—was anal yse bv LG/ M5Sto
Xinyerify fReactipy dRatoendwpzatdaect/ ep2007RatioBysired Product vs.
vhARES8ACE,:Qf t he f
ZVENRNE e oy R PR ey | S P el
Leu-B8acti on Rati o gnédppeqi)i dase Rati o Desifred Product vs.
Z-Val -Mal - X- tinme lnpurity vs. Desired |Product
Met Substrat2h( % ar €2).6/9LduZOBalt VLK -D1ea) Me28.8/7h.22. 6/ 97. 4
(Z-Val -Mal-X-OH)} 28.8/71.2 6 h 2 8/97 P
(Z- Val - Mah- X- oH) 35@.971/21@.-%611-\7321?@@()2- |6w|36>6 o) 24
h 100/ OS9-S e —Arg 2 hino—97 7/2 3
6 h n.d,100/0 1)/28 #-¥ihVe-%08)'s (z-vfaqo/ al - X-
82. 5/ 17.75 (m x A§9/§4h Br-RL1%h-8H§ Z- Val -
100/01)| Leu 2h|2.9/97.1 (Z-Val-Val - X-QH) 94. 4/5 6
Arg (m x A)| Bhh 10. 2/88. 8 (Z-Val -Val - X-OH) |1©070.31) A a 2
h 0.8/99.2 (Z-Vdl-Val -X-CQH) 89 8/1Q 2
6h n.d. 100/0 V
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 V
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 V
Ser 2h n.d. 98.3/1.7
mix A
( ) 6h n.d. 100/0 ”
Asn 2h n.d. 100/0
(mix B) 6h 0.7/99.3 (H-X-Leu-OH) 100/0
3.1/96.9 (H-X-Leu-OH)
24 h 100/0
6.8/93.2 (Z-Val-Val-X-OH)
39.1/60.9 (Z-Val-Val-X-OH)
48 h 100/0
11.3/88.7 (H-X-Leu-OH)
Tyr 2h n.d. 42.1/57.9
(mix B) 6 h n.d. 90.1/9.9
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(mix A) 6 h 2.9/
hnd 98.3/1.7

Wal2002082800 (mix B) 6 h 0.7/99.3 (H X-Leu- OH)

97.1 (Z-Val -Val - X-OH) 1
(nix A) 6 h n.d. 100/0

00/0 1) Ser 2
1) Asn 2 h n.
1901/8P2007/050409

3.1/96.9 (H X-Leu-OH) 24 h 100/0 6.8/93. 2
(Z-Val - Val - X-OH) 39.1/60.9 (Z-Val -Val -X-OH) 48 h 100/ 0

11.3/88. 7 (HX-leu-OH) Tyr 2 h n.d 42.1/57.9 (mx B)
Xin6 h n. d| Redxtiph9. |RaticleMDp2p€dae82890 PCTR&M2 DR¥il&bPrA@RIct vs.
X eacti on RAtj o endopepti . d se Ratlo Desired
ZVa G | G0t 2 JARETIORS DR TRINFE 3] FUotesde (Sactres)
Leu-ORduct| Substrat ahea) Leu- CBut (%jarea) 24 h n.d.
W98 0/ 1. 8 48hne(of(’ 100/ 0 Phe 2h n.d. 23/77 (nix B)
6 h n.d ,Bg 19 13.6786. 4 (Z- Val - Val 935 /)
97.9/2. 1L 48 h J0. 9/49 1 (Z-Val-Val-X-QH) 100/0
Lys(Boc)4@2nh 1.1/88.9 (Z-Val -Val - X-OH) [6flpold 38.9 (mi x
B) 6 hd 4/95 6|(7-Val-Val-X-QH) 90.8/9 2
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
24 h 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(Pbl) 2h 0.5/99.5 (Z-Val-Val-X-OH) 31.5/68.5
(mix C) 0.7/99.3 (Z-Val-Val-X-OH)
6 h 49.2/50.8
0.1/99.9 (H-X-Leu-OH)
3.2/96.8 (Z-Val-Val-X-OH)
24 h 84.5/15.6
1/99 (H-X-Leu-OH)
20.1/79.9 (Z-Val-Val-X-OH)
48 h 100/0
2.3/97.7 (H-X-Leu-OH)
Thr 2h n.d. cannot be determined *
(mix C) 6 h 0.9/99.1 (Z-Val-Val-X-OH) cannot be determined *
24 h 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) 6 h n.d. 41.8/58.2
24 h n.d. 83.4/16.6
48 h n.d. 100/0
Trp(Boc) 2h 32.1/67.9 (H-X-Leu-OH) 3/97
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24 h 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) 2 h 0.5/99.5

W@ Zo0vakswal - X- OH) 31.5/68. 5

(mx C 0.7

/ 99. 3 PCT/EP2007/050409

(Z-Val-Val-X-OH) 6 h 49.2/50.8 0.1/99.9 (H X-Leu- OH)
3.2/96.8 (Z-Val-Val -X-OH) 24 h 84.5/15.6 1/99
(HX-ley-OH) 20.1/79.9 (Z-Val-Val-X-OH) 48 h 100/0

X in 2. 3/ 97. [TR¢aétiinL dURDH) erfdupeptitlase. d. cannoRatie Desired Product vs.
riiped 2) (mx C 6 h 0.9/99.1 -|val - val - X-
Z'V”S'ggr?ﬁ?;{g bEM¢et er nhr?ﬁ'élb“‘)i'?’ vsolje refl.Plr/"gEfg'Q ubstrate (% area)
Leu-Ofuval - Val - X- OH)| canpgp be determned 2) 48 h
e 44.“1/ 55| 9 (Z-Vall-Val - X-)O—|) cannot be det erm ned 2)
(mix G u( OBUk kpZ h n. 020.12/79.3/(?12X-7Lehfﬂ)ﬁgc) 6 n1g1nM9.8
41.8/58.2 24 hin.d. 83.4/16.6 48 h n.[d. 100/0
Tr p( Boc)22h 32. 1/469/99.1((H-X-LewoBh) 3/ 97| 69.9/300
2007/ 08R890 PCTHEP2007/ 050409 X in Reaff ion Ratio
endopept #tlise Rytd-&0edH-Ed-wr@ict vs.| 100/Wal - val - x-
et +ty—vs—Destred—Product—Substiraie (o area)—
Val | oy oBuf 2 % ared)™fm x O 6h 20.1/79. 9 (1% Zeu- OH)
(mix Y. 2/ 891 § 24 T |4, g7 95. T (FF X-Leu-OH) 6P $0- L
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
24 h 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) 6 h 0.4/99.6 (H-X-Leu-OH) 52.7/47.3
24 h 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) 6 h 2.6/97.4 (H-X-Leu-OH) 30.6/69.4
24 h 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

Yiraces of substrate detected in LC/MS;

? 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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48 h 3.5/96.5 (H X-Leu-OH) 100/0 Val 2 h n.d. 98.8/1.2
(mx D) 6 hnd 100/0 1) 24 h n.d. 100/0 1) 48 h
WO 2&/70%08% (Z- Val -Val - X-0OH) 100/0 Ay 2 h n.d. PemBEPR100DES0409
determined 3) (mx D) 6 h n.d. cannot be determ ned
3) 24 h n.d. cannot be determned 3) 48 h n.d.
cannot be determned 3) Trp 2 h 0.3/99.7 (H X-Leu-CH)
Exanff8e 8/ 81.2 (nix D) 6 h 0.4/99.6 (H X-Leu-OH) 52.7/47.3
.24 h 98 H X-Leu-OH) 96.4/3.6 48 h 6/94
Scali du® 9/0.1 Tyr(Bu) 2 h 5.9/94.1
(H-X-Leu-OH) 6.2/ 93. 8 (mx D) 6 h 2.6/97.4
(H X-Leu-OH) 30.6/69.4 24 h 0.6/99.4 (H X-Leu-OH)
To a &brel sbhidiond8 6A6 ng3(138m3dl) (AN X LguE HPBAOInZSanBDME) 25 mg of Alcalase

CLE}ﬂrv&%:geegﬁd%é @gglgf{%élbﬁiagg Sl%%glgqﬁég fgg ONFM ;2> R%ilﬁet rr-ll’}l)lit?nne was stirred at
o~ Z f
40°C. les%eragtﬂéén ?g(%g{) Qt\)éast Hm %7'3’/ FE 'trQ JP;% (%fe %1’1283.6 (25 mg of

AlcalizerCIdEA =acio) eerd adead aﬁﬂaSEl hogesiand ylfteieét&h(bl,&d Aﬁer\/@days the reaction
2007/ 082890 PCT/ EP2007/ 050409 Exanpl e 6 Scal i ng

was sgppethel lﬁrrsafé@arr@xfpée WasiGiqifigdy tOsRﬁI atarﬂé PMF V@G@Vﬁﬁ’f%@d The product

was %&PAC% éig é’é{ a \%Eé}eggfl%e 3 e%g%? Tt ﬁggqlaﬁ% nglpg sodium sulphate,

concdaffeeghab ecilpudniiane Gnal phddukct ﬁrec@)'iﬁz&edl”fr&mtﬂe@thN@ thdopeptidase-related
at  40C. The reaction progress was nonitored by HPLC.
impuities veerp isten i isglsduging dieApaty sig 26 thegingt compound both by HPLC and LC/MS.

Yield : 96.2%

HPLC purity: 96.5 a/a % (the final compound also contained 2.5 a/a % of the starting material).
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. Thgprogess o dladpn]. wh ererlﬁé

Al cal ase CLEA each) were added after 24 hours and
after 48 hours. After 6 days the reaction was
WG L@ppgas90 The reaction m xture was acidified tBCPEPRD07/050409
and DVF was evaporated. The product was extracted
with ethyl acetate. The organic |ayer was dried using
sodi um sul phate, 10 concentrated in vacuo and the

CLAIMSal product precipitated from heptane. No

endopeptidase-related inpurities were identified
during the analysis of the final conmpound both by HPLC

: A%gcésgﬂl)\fsthe lee@tll\% enz9RRYhlIb G sRWI ¢ YormA %@-ﬁ@tyiy‘éitéﬂ@ &f peptide

final conpound al so Contained 2.5 a/a % of
subbtaatts rmg that fﬁ’nﬂmkl} of pBptikdes, V\O)@Ql@ﬁlﬁ@fiﬁ’é@ﬂ)ysmg one or more peptide
PCT/EP2007/050 .CLAI racess for
Subsirales ¢QRaPs {ﬁﬂ Ptygeséergflm@g rffﬁ)tﬁgﬁe subtlhsm in any suitable
nt - but yl esters of peptide substrates in the
synthesi s of peptides, conprising hydrolysing one or
nore peptide 5 substrates conprising C—ternina
t ent - butyI esters u5|n the rotease subtilisin_ in an
égss $iralg gPIRprisin rGiteng tert-butyl
esgeg?ton%%se:’rs;?itggtmgm]g&np %sfc’dug gvhtl(ﬁle SgPteOg 5@:@6‘4\% Feﬁltduplﬁlo}ﬂ natural or
sydttRit 6Aag@acy! residue frontnatural or 10 synthetic
origin. 3. The process of claim2, wherein the a-am no
acyl residue is selected fronrAIa protected Cys,

. T %gﬁ%tgﬁlm@y% %rﬁfr:lt toc alﬂglﬁ ac& Fesm%t: ﬁ 8%18%[?% gr)on'NAéa protected

rebeek )spT$)Eoteellt£5H Glty af’he (oSt BbicdED BRI Leu Met, Asn, Gln,

C%rirotecte e process of any one of
(pedtaétns) Arg, GprdtectekdpBen, A ht, ﬁéal,p(pmtecd@l)éﬁlb shd fpretecedh Ty -
tri- or tetrapeptide. 5. The process of any one of

claims 1 to 4, wherein the peptide substrate is

: T%eg ?P&%&dof&gf ofle %glc onr PN3S G ey lﬂf‘esiééptld@ -subdite is a di-, tri- or

cess ereln t he peptide substrate is
teptppakied accordlng to a process for rapid solution
synthesis of a peptide in an organic solvent or a
m xture of organic solvents,

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

solution-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):

a) a coupling step, using an excess of an activated carboxylic component to acylate an
amino component,

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

¢) one or more aqueous extractions and

optionally, (d) a separate deprotection step, followed by one or more aqueous extractions,
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10.

11

12.

13.

14.

15.

16.

the process conprising repetitive cycles of steps

(a)-(d): 25 a) a coupling step, using an excess of an
w@edo7esased car boxylic conponent to acyl ate an PEIVEPm07/050409

conmponent, b) a quenching step in which a scavenger is

used to renove residual activated carboxylic

functions, wherein the scavenger may al so be used for
wtiegbyiredt e ooé cytle impoetssgteppemt anee @peiingaefresranion or a latent

nore agueous extractians and tiqnal . d) a

o R b O EEr G G gy SR Ok B Fohas: ror e

aqueous extractions, 18 WO 2007/082890

PCT/ EP2007/ 050409 whereby in at |east one cycle in

The poesss of ey bneanf alime | donprwisireig the fprateasarsubtilisor isaof the family
IatfnL anion is used as a scavenger of residua
EGck 9 402d carboxylic functions. 7. The process of any

one of clains 1 to 6, wherein the protease subtilisin

is of the famly 5 EC 3.4.21.62. 8. The process of
Thdyrooss ob hnycbiad ofecldimt @ td 7whieren thetphetepe stigtdBm is free subtilisin,
subtilisinis free subtilisin. 9. The process of any

one of clainms 1 to 7 wherein the protease subtilisin

' i y ta ( e I
ThS BTHRRSPh M el e BEY LR TOPERD! iechbleRly sitplisp fpgrosslinked
eymehgpeisic(OBERY digiliyiai S is performed in a mxture of

an aqueous buffer and an organic solvent. 15 11. The

process of claim 10, wherein the organic solvent is a
BERRER B by DTS BLASERSR PSRRI PBHEL I  misre o
alhRbIY bRk BRdhEl rgbfldlvelt: Met hyl - 2- pyrrol i done (NWVP),

di oxane, N, N- di net hyl acet ani de (DWVR), dichl oronethane

(DCM, tetrahydrofuran (THF), acetonitrile, 20 and

ert-butanol. .13., The process aqf cl.aim,12, . wherein the
- ThEBRRY oLBRL A e B QRT3 s vl s BTN ot of
clains 10 to 13, wherein the percentage of the organic

solvent in 25 the mxture is 50-60% 15. The process
Thé progessnefoftlaghailis Whereinl4he whieneicn spiMestt inhisadéctedhefrom N N-

di%l%t %rtl OIQnQar{li eper&)%lg)t’sd Iﬁ-methyl&-pyrrolidone (NMP),  dioxane, N,N-
dimethylacetamide (DMA), dichloromethane (DCM), tetrahydrofuran (THF), acetonitrile,
and tert-butanol.

The process of claim 12, wherein the organic solvent is DMF.

The process of any one of claims 10 to 13, wherein the percentage of the organic solvent in

the mixture is 50-60%.

The process of any one of claims 1 to 14, wherein pH at which the reaction is performed is

selected from the range of 6.5-10.

The process of claim 15, wherein the pH is selected from the range of 6.5-8.
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19.
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21.

22.

23.

24.

sel ected fromthe range of 6.5-10. 30 16. The process
of claim 15, wherein the pHis selected fromthe range
wo@booB/o%2s80 19 WO 2007/ 082890 PCT/ EP2007/ 050408CT/EF2007/050409
The process of claim 16, wherein the pHis 7. 18. The
process of any one of clains 1-17, wherein the
reaction tenperature for the hydrolysis is 20-60C 5
Th®proTese opclome $6, licrah diapld &, 7.wher ei n t he reacti on
tenperature for the hydrolysis is 40C. 20. The process
of any one of clains 1-19, wherein the anmount of
Tﬁ@gﬂéﬁ‘@ss lb?ageSnd 5%111:1st1°1"/59vhe¥$m UeerEARbR "E'etﬁﬁerﬁtﬁl% for the hydrolysis is
pepti de substrate. . The process of any one of
2@baitrs 1- 20, mhereln the hydronS|s is perfornmed by
stepwi se adding portions of the protease subtilisin
into the reaction mxture conprising one or nore
TR@{%&: igﬁ%"lé‘tﬁﬁ r&ﬁ'{fﬂ?efﬂe e tﬁnﬁé’r&ﬂﬁw‘ﬂ e rdWAiy s 40°C.
esters. rocess or t he” conver gent sy esi s
of a peptide fron1tmo or nore peptide fragnents
wher ei n at | east one of the peptide fragnents is
Tb«? Broses Pl anx opeirhglaies & 1gr WE@@@ the agwmo?fembme Eqngespirom 1 to 50

ﬁéiu%ﬁ?pén%%%ﬁﬁﬁﬁuéor the stepwi se enzymatic

syn ﬁes 1S O ein Ctermnal direction
according 20 to a process of any one of clains 1 to
21. 24. A process for peptide synthesis conprising
Theptacas efyaly ora pbalaimy dt3f derdie e edrpdypialis gerfomngd by stepwise

DR BREEHRYBrg PGSR 180 FPFRERT SRl uB W BEE e or more

peptide substrates comprising C-terminal zert-butyl esters.
A process for the convergent synthesis of a peptide from two or more peptide fragments
wherein at least one of the peptide fragments is prepared according to a process of any one

of claims 1 to 21.

A process for the stepwise enzymatic synthesis of a peptide in C-terminal direction according

to a process of any one of claims 1 to 21.

A process for peptide synthesis comprising peptide cyclization involving the C-terminal of

the linear precursor according to a process of any one of claims 1 to 21.
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