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PROCESS FOR THE CONVERSI ON OF C- TERM NAL PEPTI DE
ESTERS OR ACI DS TO AM DES EMPLOYI NG SUBTILISIN I N THE
wWERESENGSE OF AMMONI UM SALTS The invention rel aP€FEPHOS057972

process for selective enzymati c am dati on of

C-terminal esters or acids of pepti de substrates in

sol uti on- phase synthesis of peptides. Many

bi ol ogi cal |y active peptides contain a Cterninal
PROCESS FRRYTHENTONVEREHIL PB rf;- TERMINAEOPRRISPR IHSHER Rt AFHPA, TO AMIDES
EMPLGRENGA FER THEARTN A OpEc BRESENCE |9 AMNONEUN SREFAl st rat egi es

for the synthesis of peptide am des in solution, which

can be roughly divided into four different categories.

In the nost strai ght f orward approach synthesis is

ee C

I i )
The RS el5 10 rracess. 6 Soiprts BoPvndit iaiefigh of C-terminal
ester@rﬁr'dcﬂissé‘ﬁpéiﬂ@e%ub@trbf&% RoltRnomsdsco)tifetis BPPEORIS.

first exam nation, syntheses in solution in the
presence of a free am de function on the grow ng

anE ERp0HER Y Bt FEaRohE Lol R G SmndTRIRR amids upcton. o

gonaﬁorel||ne@kytdﬁlrﬁwrtd‘laﬁglmnen/a@opmfrﬁc'[hdrerEQ‘eSsewleEal ét@egles for the
Di oRaSSP(r) nethod is particularly preferred
synthesisaf pepsiste Qy’gld@sge@oggrpn y@g‘éhcqn be gpughly divi @d |nto four different
ess Res Dev. 2005, 9, 98 -101 ; Eggen I . et al.,
Catesgar%%eptide Sci., 2005, 11, 633-641 ) . In this method.
In thehmogt straightipepariddepptoaich, isgnimesis s sieetes fmmhtheeﬂe'enc terminal
ani.c phase.

nt !
aming, Ay STE: TRITONG e eTioe Ty b rTde Rt AURNG g eetifg synthesis.
AItho@gﬁ%Hétrﬁc‘S‘ét' cﬁdwcﬂ%r hbSrdaeh msgeQé{Ynﬂ%tlBﬁFEi/rﬁ’tﬁeQé’sf ﬁrf‘Qolfutlon in the

adueous washings, especially 1n the earlier es o

presenge of a free amide function on the growing peptide chain are often fraught with
serious solubility problems due to hydrogen bonding. Moreover, for peptide synthesis
on a manufacturing scale, the DioRaSSP® method is particularly preferred (EP-A-
1,291,356; US 6,864,357; Eggen |. et al., Org. Process Res. Dev. 2005, 9, 98 -101;
Eggen |. et al., J. Peptide Sci., 2005, 11, 633-641). In this method, the growing peptide
chain is more or less anchored in a permanent organic phase. However, when using a
free amide function, there is a significant risk of losing a substantial portion of the
growing peptide during aqueous washings, especially in the earlier cycles of the
synthesis.

In order to circumvent the aforementioned solubility problems, the amide function may
be protected during the synthesis, hence starting from the C-terminally protected
amino acyl amide. This approach also ensures the anchoring of the growing peptide in
the organic phase. Protecting groups for the amide function may be selected from
benzyl (Weygand, F. et al., Chem. Ber., 1968, 101, 3623-3641), benzhydryl
(Sakakibara, S. et al., Bull. Chem. Soc. Jpn., 1967, 40, 2164-2167), triphenylmethyl
(Sieber, P. et al., B., Tetrahedron Lett., 1991, 32, 739-742), xanthenyl (Shimonishi, Y.
et al., Bull. Chem. Soc. Jpn., 1962, 35, 1966-1970), and cyclopropylmethyl type
moieties (Carpino, L.A. et al., J. Org. Chem., 1995, 60, 7718-7719), whose lability

towards acid is determined by the substituents attached to this moiety. A general
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synthesis. In order to circunvent the aforenentioned
solubility problens, the am de function nay be
w@embseetsed during the synthesis, hence starti npCT/EPI008/057972
the Ctermnally protected agi no acyl am de. This
approach al so ensures the anthoring of the grow ng
peptide in the organi c phase. Protecting groups for
the am de function nay be sel ected from benzyl
probl%#?égtgggqﬂggag%t%%gwgk%g?;]g’m%r'cgl %g{gﬁ;ébl oﬂqftﬁ%%quﬁ%gg 1amino acid
derivaes, Hipeciahy bf thet@ catéfir Fﬂot@@tbd difb RIMIE. MRERver, cleavage of
(Sieber, P. et al., B., Tetrahedron Lett, 1991 , 32,
the praectmip grovafiometingl arp@lel ivpstiemiupndsr aeidicagcondit®ng may result in the

o G, AL SR8, a0 S Mgy e opis
the cdndifbs féFtRiProtetBGP anf@he Réfur8of Hprotédtpgegroapi I ity

towards acid is determ ned by the substituents o
A thirgt epiiareter the sHnibeqs lemprdspgetitasappn eobdaiminat amigrdmction is to
start 2GRS SAhS! 5%}6%9@?&%@ ki RY Adid8ve tcﬁa‘?/fapkhf%wards the free
starting am acid’derivatives,  especially ese
carbaxytit dumctjpnoinetheqalesentse ohaciddabid pestgeting gtrmeage thd side chains

the protecti n% group fromthe am de function under _
of the,PeRlide cHIRIfEF SREPPRYICTEREHAN isrsubseareRthnariated to allow reaction

. e a ' i t . e
with S TecEq2 R ABHER. SHRNSIE M LBpaitls SEBHIACnoue o
fluorerivimatitylir(Enmyf (Gureimghetrec Bi.Rg egrajypletrehdulron logit j 4994035, 9517-

as20) i Y Dh e SIS SRy DSRS0 s o0 P25 peprice
Res. 22060 56:168C69)MRhieh &% a8 VieaWaidls iR ErRftiG, Boptdinethylsilyl)ethyl
function in the presence of acid-labile protectin

{Tmsg) espass ovhieh @re ictkavendyyn uoridalyieis {Sabetel ., Te/v C&en. Acta, 1977,
60, f@ggm@' %n%“ﬁ%-&i%?ethéxy%‘é%%ﬁﬂH‘SH%') yes?&rtsi \\A//ﬂfc%dart‘eo cfaelalvgw by mild
acidolysis (McMurray, J.S., Tefrahedron Lett.,, 1991, 32, 7679-7682). The main
problem with this approach is that it comprises two potential racemization-inducing
steps of the C-terminal amino acid derivative, i.e. the esterification step and the actual
amidation step. Moreover, the cleavage step may lead to side reactions within the
peptide sequence, such as conversion of internal Asp(OBu’) residues to the
succinimide under basic (Mergler, M. et al., J. Pept. Sci., 2003, 9, 36-46) or fluoridolytic
conditions. Finally, the ester function itself may not be completely stable during the
assembly of the peptide sequence; e.g., benzyl-type esters (Fm and Dmb) are cleaved
during hydrogenolysis, thus ruling out the use of the benzyloxycarbonyl (Z) group for
temporary protection of the amino function.

The last option for the synthesis towards peptides with a C-terminal amide function is
to start from simple primary amino acyl esters, such as methyl, ethyl or benzyl esters,
which are at a later stage converted to the amides via direct ammonolysis. These are
in general widely available and easily accessible starting compounds. However, this
approach is limited by the fact that the ammonolytic conditions also induce side
reactions within the peptide sequence, such as racemization and conversion of internal

Asp(OBU') residues to the succinimide.
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with ammonia c.q. amonium Esters wthin the scope of
this approach include 9- fluorenyl nethyl (Fm
w@ cwonoasgham B. R et al., Tetrahedron Lett, 1BOHEPRBS/057972
951 7- 9520) and 2-(4-nitrophenyl sul fonyl)ethyl (Nse)
esters (Carre o, C. et al., J. Peptide Res., 2000, 56,
63-69) which are cl eaved under basic conditions,
2-(trimethylsilyl)ethyl (Trmse) esters which are
cleaved by fluohdolysis, (S ber, P., Helv. i m Actag, :
It maydoe cog@ugge}ihqt_ t%glalqﬁ of % ple qlra@rﬂegmmggﬁ;%ﬁter@mﬁwe starting
mateﬂﬁfse'irﬁ tHB! §¢htRESs Clowrgs @éép (el yAfi gob‘ﬁa‘rﬁlr(d\/b%ﬁdeamnctlon is
S., Tetrahedron Lett, 1, 32, 7679-7682).

prefermdn lfrihememlmltammbnelyaysmambeu reglacedibyia rrrtldrﬁade@ye method for
the a \A$ tFOt ential racem zation-inducing steps of the

E'Y2YM-nal anino acid derivative, i.e. the

estehfication step and the act uaI am dation step.

Mor eover, the cleavage ste | ead to side reactions
EnZyW&tlﬁirﬁeWﬁQSM?igﬁén tﬁlﬁ@’@@gln ReRtifeasyniiesie durina the past couple of

yearéDaSI CW’I?%% %W:M/ Hég?r?'gﬂg %i aéﬂcgtb%:{%%tlgwef:urthermore

enzyd@s4agually bbertdt@lquwdrwerpndlldlcmM|tldﬁsnaaltlryeuttdprS\I'ames and at
function itself may not be conpletely stable durlnlg
temperRiuress &fHRY-39 Cr nEhyeptneer We,gggdltlgng side reactions can be
cwcuﬁﬁ/ Mg type esters (Fmand Dnb) are cl eaved dur i ng
rogenonS|s thus ruling out the use of the

In ntammﬁlsowraioraymldem)g genzymédr atee nparessedyr otobadingnbifunctional
on. The

Peptylobiins & Aaina a8 WeRootieenzpe (PARE it it aionginggional enzymes
PeptlﬁyﬂﬁtHW}okﬂafnﬁ’g %éﬁdoﬁy@@ﬁb% (ﬂ”ll-lﬁl)péhd'ﬁ:‘ébt@ ﬂ?mé@m%lglcolate Lyase

eSters, such as ers

(PALifHuiatils, Rasbal shiatroanieps 4889076 b hoba onzymes need a
egcngé ?Ctheamnrgln%%' 3nd aqgst%e%fgre not generally applicable. Furthermore,
these isolated enzymes are very costly and have found no application in the laboratory
(Cefovsky, V. et al., Biotechnol. Appl. Biochem., 2001, 33, 183-187).

Cefovsky et al. reported (Cefovsky, V. et al., Angew. Chem. Int. Ed., 1998, 37, 1885-
1887) the application of an enzyme isolated from orange peel in the amidation of the
free acid of a C-terminal peptide. Despite some optimization yields never exceeded
35%. Furthermore, in another publication the yields seemed to be largely dependant
on the substrate used (Cefovsky, V., Kula, M.R., Biotechnol. Appl. Biochem., 2001, 33,
183-187). Finally, the Cefovsky method is based on conversion of peptide with a free
C-terminal acid to the corresponding amide. Since solution-phase synthesis usually
yields a C-terminal ester, an additional synthesis step is required to deprotect the ester
function. Accordingly, it will be very difficult to apply this orange peel enzyme in an
industrial process.

The use of lipases has shown a wide spread application in organic chemistry. Several
publications report the use of Candida antarctica lipase in the amidation of organic
compounds, resulting in substituted and non-substituted amides (Reyes-Duarte, D. et
al., Biotech Lett., 2002, 24, 2057-2061; Sanchez, V.M. et al., J. Org. Chem. 1999, 64,
1464-1470; Torre, O. et al., Adv. Synth. Catal. 2005, 347, 1007-1014; Maugard, T. et
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in general wi dely available and easily accessible
starting conpounds. However, this approach is limted
whyoovhesieact that the amonol ytic conditions aPGDEP2008/057972

i nduce side reactions wthi n4t he pepti de sequence,
such as racem zation and conversi on of internal

Asp(OBu ) residues to the succinimde.lt nmay be
concl uded that the use of si rrpl e primary amno acyl

oL e Erdrorn a0 5 4. 3 R Pl e tE Gt Seon, R A. Journa

Molel@[:/@fw @faW@IQSIS'Ef Eﬁk@/ﬂ%@”ﬂggé ﬁmnmhx SLlfjer‘i‘s'irP\/l be). reeny. acF@ﬁ‘ahedron
d sel'ective method for the anidation.

by

1999E6§yﬂr&41 t1aé1 8 dd enappiicgtion od thiaeszgae inmeptigeianemistry however
S Hesn ) dur| ng the past couple of years. Enzynes

rema s[tg %?%%8 I'gh cheno-, regio- and stereoselectivity.

Finalfyy Cheersar. et aﬁnsymmes:@smsei V8 53 B68t mpm&ethe\@fzymatub(bmldatlon of
conditions, at neutral pH val ues and at tenperature

estergfof 20miBQ ag@s ansLstetmtney pgmqe edlem witadcalaseéfree subtlllsm) in the
preserﬁ:% dé\f'té?ﬂﬁ'noﬁﬂﬂn l&ﬂlo?@:eg/lfﬂggﬁ& aé Bt Sﬁm ﬁnﬁwgq{eq’l Reported yields

I'nc

are UeatWemEOomj 7e’upt(]:f®bﬂ ggpartsnie aa{a(btedlae lamgd&timoof(yigmpagstwe with a
and t he nonofuncti onal enz mes Peptid

68% %Bﬁvh%'ﬁ&(ylnaﬁ RGURD IS TisRIoe @f mp%@epérﬁ)fwwported However,

' ti al
e offdfery Sl Gehy Rl B od g BerBingle Bhign fhaesied
solutiphytiase aynthbgis@ft peptideuto asd suoh higer pifloase tmstmight result in the
desirdilighiat e AERLES” dhBretr T 050 t@b23‘7‘ﬁo' c5BH PEa0i Grfower, are
prefelrr@dt he | aboratory (Cefovsky, V. et al., Biotechnol.

A?o Bi ochem, 2001 , 33, 183-187).
Therefore, despite these positive developments enzymatic amidation of the C-terminal

ester of a peptide by means of a commercially available enzyme with high yields

remains a daunting challenge hitherto.

A new process has now been found for the amidation of C-terminal esters or acids of
peptide substrates in solution-phase synthesis of peptides, comprising amidating one
or more peptide substrates comprising C-terminal esters or acids using the protease
subtilisin in any suitable form in the presence of an ammonium salt derived from an
acid having a pKa above 0.

Surprisingly, it has been found that with the process of the present invention high
yields of the amidated product can be obtained, while endopeptidase activity is

substantially suppressed.

With C-terminal acids of peptide substrates is meant the free C-terminal acid of a

peptide.

Preferred are the C-terminal esters of peptide substrates. Since solution-phase
synthesis usually yields a C-terminal ester, an additional synthesis step is required to
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Cefovsky et al. reported (Cefovsky, V. et ai, Angew.
Chem Int. Ed., 1998, 37, 1885- 1887) the application
w@booanoneyne i sol ated from orange peel in thePCT/EP2008/057972
am dation of the free acid of a C-term nal peptide.
Despite sonme optim zation yi&lds never exceeded 35%
Furthernore, in another publication the yields seened

to be largely dependant on the substrate used
ot echnpl

depr ggat%\ésegér f\ft'/.Q’gtiC?rl‘Jg%rthl\éllfﬁl'?P’gp ﬁbe amydaen Q%frgéhgégr%%l acid of a
peptléé%%&ﬂ SO EthahQRe %?mé?@ﬁ’éd Sﬁth\éﬂ ¢ Renihbesstér.t €r m nal
acid to the correspondi ng am de. Since sol uti on phase

synthesis usually yields a Cterm nal ester,

The %é{gféstr offa ﬂqagl:gstéﬁ%%%]ilgggeﬁ eﬁg]'%slpéﬁ?t‘féj%ﬁt?sthage $X/8teesce ectlélg from the

grou;@llo"ffmqgl(tar)tamya@@terst blgs reétApoetigebré&iE yBEtyl, rar@Nbenzyl esters, in
i ndustrial process. The use of |1 pases has shown a

partl@M'@feorﬁ”ﬁa@/aogapp(arQQiWoﬂSteﬁS oPgAeH |yc|b?élma§){r914§é|®ér%$ters more

prefeféaggséﬁ% Q{Fﬁie rng@tﬂga etle@rsusl%eOfC %’r%hgla rﬁéﬂ@r ,Ce%i[é?aof the peptide

ti"oh~of "of gani'c conpou

substrateub the endsh psefbsed tentisstimeat.non- subst i t ut ed am des
(Reyes-Duarte, D. et al., Biotech Lett., 2002, 24,
2057-2061 ; Sanchez, V.M et al., J. Og. Chem 1999,

Tho SR A3 seeq ot hrovs i asdye G Blorapl rom an
acid 1a9ihg 53pKa abdvel 8%, Sost prefersthy ¢ dleavmg_ca pita aketween 3.5 and 7.
L T R —
phos%ﬁét"eaBﬁﬂﬁ&ﬂumlﬁﬁﬁide'Sér afdfdnitim sﬂﬂﬂﬁ@ hydf2e appl i cati on

hi's enzyme in peptide chemstry however remains to
be reported. Finally, Chen S-T. et ai, Synthesis,

Alterr}a% %1y %ﬁg amsrﬁgmanegﬁ{ ﬁsaytr{%%eetﬂéxfg%v\'nﬁg %We%aéél%?ru%{ure (n:

0
//
R1I—C._

O NH, 0

wherein

R1 is selected from the group of hydrogen, Ci.12 (ar)alkyl, Ce.12 aryl, -N(R2),, -OH, and
R3-0O" NH4",

R2 is selected from the group of hydrogen and/or C1.4 alkyl, and

R3 is a bond, a carbonyl group, or a C14 alkyl carbonyl group, optionally substituted
with one or more hydroxyl groups and/ or -COO™ NH,4",

optionally in hydrated form.

Examples of ammonium salts according to the above-mentioned formula include
ammonium carbamate, ammonium acetate, ammonium tartrate, ammonium benzoate,
ammonium citrate, ammonium formate, ammonium oxalate monohydrate, ammonium
carbonate, ammonium bicarbonate, and mixtures thereof.

Preferably, R1 is selected from the group of C1.12 (ar)alkyl, Ce.12 aryl, -NH», -OH, and
—O" NH4".
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esters of am no acids and C-term nal peptide esters
wWith Al calase (free subtilisin) in the presence of
wa@eownoosm chl oride / triethyl am ne at pH 10. 6PEIEP2008/057972

hi gher. Reported yields are ?etv\een 50 and 70% Chen
reports in a table the am dation of a dipeptide with a
68% conversion in 12 hours. The am dation of a
tripeptide is also reported. However, the conversion

nment i oned her e t hat

Prefertedy SRPOIUTHILS| PEN RSt o RSB YN : reghangie. - ammonium

carbdh@a%' derhEnilEe bidtrhomateh aWﬁ'néﬁruM”a%e"t’ét@htarﬁrﬁéHiurn Igénzoate, and
e destruction of the peptide. Therefore, ml

mlxturemhereohs i.e. a pHof 10 or lower, are preferred.
Theref ore desglthe th se osrtlve qrji]evel;oprrents

AmmoRE T eArEmAIE I8 e most PrafBTed eToRdIiERbat o of a

peptide by neans of a commercially available enzyme
wi th high % ields remains a daunting challenge .
It is Hindesstoed MaieAMPRAHERs CAERAMBR IF8BROT dgndefiyedt e practice from

arb cd%?lﬂi(?r?v%mgf ﬁ@c?ﬂ#at%%?@érﬁ.c %e}&%sdsﬁ.r f|s Brlr&gble compound

rates 1n-so 1on phase syntheslis O

and thoanherssfm doeglabi egisoHovwsverpfar tpers‘alkde)fshée,ireser&snventron it is
rising C-termnal esters or acids using the

def'”ﬁ?' %@ta@,@wmr GIPAM@Le &hah AMMERIun fsartrﬁerrweehféom carbamic acid,
havirfy %?R%Oc?et\maeﬂq AARBY WRS R K I8 %rlvelfetrfarh%m 2005967, 213-229).

ng a pKa above 0. Surprisin It has bBeen found
that with the process of the present i nvention high

| ds of .the 1 da oduct can be obtai ned
The Uiefeeotyetish i 14 2 44 Tes be et $etppres ebffie fvention 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 new process of this invention may conveniently be used in the production of

protected or unprotected peptides.

Preferably, the C-terminal ester or acid of the peptide substrates comprises a C-
terminal acyl residue which is an a-amino acyl residue from natural or synthetic origin.
The C-terminal a-amino acyl residue may be protected or unprotected at the side
chain. In particular preferred are C-terminal a-amino acyl residues selected from Ala,
protected Cys, protected Asp, protected Glu, Phe, Gly, His, (protected) Lys, Leu, Met,
Asn, GiIn, (protected) Arg, (protected) Ser, Thr, Val, (protected) Trp and (protected)
Tyr, wherein the brackets around the word “protected” mean that the residue can be
present in both side-chain protected and unprotected form. The three-letter code for
amino acids is used here according to IUPAC nomenclature (IUPAC-IUB Commission
(1985) J. Biol. Chem. 260, 14-42).

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
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Wth CGtermnal acids of peptide substrates is neant
the free Ctermnal acid of a peptide. Preferred are

wo bmoapases m nal esters of peptide substrates. BITIER2008/057972
sol uti on- phase synthesis usu?l ly yields a Cterm nal
ester, an additional synthesis step is required
todeprotect the ester function. Furthernore, the
am dation of the free Ctermnal acid of a peptide i's

subsgJ tlcegq:osrlngrmh%ﬁ%tg{]@ﬂg;rgﬁaf ﬁ%tg%%ig gglgﬁfﬁgtrefggzﬁgiz Err%qareﬂ @ccordlng to this
procé%%pi*o'r ‘ﬂfplﬁ;&ﬁ&ﬁdﬁ §yrﬁ‘fﬁ¥8|§%fsagb8|§ﬁd@|rf éﬁ'ﬁrgé‘rﬂc%r tl‘bfr a mixture of

esters
orgarmotsgolvenémdheemelssmrmr§lng reneditive cutlas orbstamr(y){zﬂ) 12

( esters prefera 4 .al
(@) ag@ibiud S S pal eSS St AN SR il gbrongat to acyiate
an arfmoeddmhpahertet hyl ester of the peptide substrate is

the nost preferred enbodi ment. The ammoniumsalt is

(b) ad@ppRetingrgapain whidh BaSFaEnEepKa wsrsl d0 oemyeefesidualyactivated

carbifg@?ﬁ%%&iﬁg@%&iﬁgp}@ﬁgegrz@&;’rﬂegi Ei%o Useldf 1%f' e gpetectlon of the

es I'ncC

growihigapeptidieym hydr ogen phosphat e, ammni um di hydr ogen
hosphat e, ammoni um fl uoride, o r ammoni um sul phite

(c) ongar Arose aﬂP?@V%S%‘V%@!C&WS 3Kk ammoni um sal't may have the

- 0 lq e |
optioh8l é)r’elmr? % %Qﬁérr‘agegl i te I%msthze fgrﬁ%\&r%@o &'gér c(r )more aqueous
extraClied® (ar)al kyl, C6-i2 aryl, -N(R2) 2, -OH, and

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 $-alaninate or a salt thereof.

The molar ratio of ammonium salt to peptide substrate may range from 2:1 to 20:1,

preferably 5:1 to 12:1, more preferably 6:1 to 10:1.

The amidation of the process of the present invention may be performed in one or
more organic solvents. 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, tert-butanol, tert-amyl alcohol, dichloroethane
(DCE), tert-butyl methyl ether (MTBE), and mixtures thereof. Preferred are mixtures of
tert-butanol and DMF, tert-butanol and NMP, tert-amyl alcohol and DMF, or tert-amyl
alcohol and NMP.

These mixtures may be used in a ratio of 40:60 to 95:5 (v/v), preferably 60:40 to 90:10
(v/v), more preferably in a ratio of 82.5:17.5 (v/v).

Preferably, a small amount of water is present in the reaction mixture. It has been
found that in a fully anhydrous “dry” system the enzyme is inactivated due to lack of
water. However, when the water concentration is too high in the re action mixture

undesired ester hydrolysis occurs to a significant extent (i.e. formation of a C-terminal
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R3-ONH4 +, R2 is selected fromthe group of hydrogen

and/or G -4 alkyl, and R3 is a bond, a carbonyl
wa@emapoosos a C i -4 al kyl carbonyl group, optiPeEEP2008/057972

substituted with one o r rmrg hydr oxyl groups and/ o r

-COO NH4 +, optionally in hydrated form Exanples of

anmoni um salts according to the above-nenti oned

formul a i ncl ude anmoni um car barmat e, ammoni um acet at e,

free ST 8l B canls TR BT SO R b AALE Of Water n the mixture

may #ERADDOCANBOHY L (U/@?rp?@f@?étﬁy RN H 1 Diog JURPNRYS renspecially

and m xtures thereof eferably, R 1 is selected fro

useful méhegy ibepastertage Df (atgrainkhe migtuge iakbeut! Q.1 1ok %, (VADH,

et ek B Mot G SRR o TR BT LGB Ferts. o
exampl€ anafsat GroseNAREd UBhARRE abggreyyai@d i (CDEXBY Oafee uskdd water is
. m xtures thereof. Ammonium carbamate Is the nost
introgscederuternadadlboinrea reagtion Mixtugadug ©dts preaeneervalEAvs.

oS BABATEY el B nd Sod B Bl B HecEaleABEPLERE farm o an
aqueans UnsfeabBeiteblepbuffiers may be selected from buffers which are generally
used for transformations using proteolytic enzymes. In particular, the aqueous buffer is
a phosphate, borate or 2-amino-2-hydroxymethyl-1,3-propanediol (TRIS) buffer.

The pH at which the reaction is performed may be selected from the range of 5.5-10,
preferably 5.5-8.5, more preferably 6-8, and most preferably the pH is 7.

Reaction temperatures for the amidation may suitably be selected in the range of 15-
60°C, in particular 20 to 40°C. Preferred is a reaction temperature of 30°C.

The amount of enzyme may suitably be selected in the range of 1 to 50 wt.% of
enzyme related to the peptide substrate, preferably 5 to 10 wt.%.

In a further embodiment of the invention, the amidation 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 esters or acids.

In an alternative embodiment of the invention, the amidation is performed by stepwise
adding portions of the ammonium salt to the reaction mixture comprising one or more
peptide substrates comprising C-terminal esters or acids.

The peptide substrates, of which the C-terminal esters or acids are amidated in the
process of the invention, may carry protecting groups in other parts of their peptide
sequence.

The amidation can be carried out with one peptide substrate as well as a mixture
thereof. Such a mixture may comprise peptide substrates having only C-terminal
esters, peptide substrates having only free C-terminal acids, or peptide substrates

having both C-terminal esters and free C-terminal acids.
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30

and thus therefore does not exist. However, for the
sake of the present invention it is defined that
w@eownoosm car bamate is an anmoni um salt deri veRCT/ERPI008/057972

carbam c acid, having a pKa Between 4.2 and 7 (Masuda

K. et al., Tetrahedron, 20057 61, 213-229). The

protease subtilisin (EC 3.4.21 .62) nay be used in the

process of the invention in any form thus it may be
stallized for but also in

. | ubl e
A sulHiBBIdes8 acraRing o BarmebPREBveRi® FafoIus. °i n t he
To alsBlutioRf ofcd Qﬁﬁa‘rﬁr’iﬁ‘l%t@“@r}’é@d Qﬁ%{ 6%%0%?'8&@{%% i®a suitable organic

cross-1linked enzynme crystals The new process
solveot (Qmwtunw@‘mrgenlcmbvema)/ammmw $ait igsasdleidn Thirgeaction mixture

s indppgfeet Bhfe miBeR fild e, foclBRLR ' SEMEE 5 B’ ilron of an enzyme
catalpﬁptrhéeerrzyhﬁé Eah 98 SEY inssSiufori@genstiliske W i gisdbspiite buffer),
which is an a-am no acyl residue fromnatural or

in suspenRgien iof a§r$c§|idrmatﬁﬂ@l ¢ genativRienayaei iBM@eVlised efizyme or cross-
Imke&r@ﬁ 9cu Whee%tﬁﬂ% Hat 8%59%% 6r?ﬂa§trﬁég‘r?ed5 bdc?es‘%tré%' Rvel &.g. higher

ar prefe are
than rgi)s%duees peplidetrady fs@nsdMated pecdrdirigeth Gys, krmm@g:é &d the skilled
Asp, protected Gu, Phe, Gy, H's, (protected) Lys,
PersqQeu, Met, Asn, G n, (protected) Arg, (protected) Ser,
Thr, Val, (protected) Trp and (protected) Tyr, wherein
the brackets around the word "protected” nean that the
The tezsi tubstate’ hergneveansiam botitly whidb- is hainvepedtteca guoduct by the

proteBae sUBHUS EL TN P2 aTs R TRy B Rtind TR e whereby if

presér{tUBASf kB Sronettedi Rivclid®A5kiot Bafls HeREMstiR6@: be deprotected.

Alternatlvely, 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 amidation of a selected peptide comprising a C-terminal ester
functionality or a free C-terminal acid under suitable conditions as described herein
before and following conversion e.g. by HPLC techniques.

It is established that the process is very suitable to prepare amides of short peptides
comprising up to 5 amino acids. Furthermore, a skilled person will also be able to
prepare longer peptides. Peptides may also be prepared with D-amino acids.

The term ‘protected’ means that the functional groups (within 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 functional group. For example, amine
functions present in the compounds may be protected during the synthetic procedure
by an N-protecting group, which means a group commonly used in peptide chemistry
for the protection of an a-amino group, like the tert-butyloxycarbonyl (Boc) group, the

benzyloxycarbonyl (Z) group, or the 9-fluorenylmethyloxycarbonyl (Fmoc) group.
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In a further preferred enbodi nent, protected or
unprotected peptide substrates used in the process of
WO biog/ooasvent i on are prepared accordi ng to D oRaSSEP10)8/057972
Thus, a peptidesubstrate conprising a C-termnal ester
or aC|d is preferably prepared according to this
process for rapid solution synthesis of a peptide in
an organic sol vent or a nixture of organic sol vents,
pr.ocess co risin itive c cles of steps . : :
Overylg)/vs(q{)amlpg)prg B[]%gl @%mqﬁ@@% ﬁh%lg(&%ggvgfls giyen in Geiger

R. arﬁ)CKbH@\Rﬂ(P@éﬂ%ﬁé[ﬁld‘é@”ﬂﬁﬁ%k E9nfesisd oy 2069, Gross E. and
conpofient, (b) a quenching step In which a scavenger

Melenbof@s,edi tedSr éeademie siressl Nawt Yorkt . da9Boand iReptides: Chemistry

ans B4, SBR e NE BRI TOEE, RN, NG5, Aoz, o 143

- 154awa@w@1§es1t ﬂh@%nm¥|a?§e oPFu rmmahlsb,f s(reilaraalsigyadrateferred for the
deprotectlon ste one or nore aqueous

protegsion &ftqtf@ersfur\m@m@lbgrouﬁs &n mﬁa§ldeo¢hza|ﬁ§'cqh§3e ringkdeesbut are not
imitef &P —ProRb AT [5.F R Sh A% diof! SPHRNAGR. 8y aSLAL AN and Tyr side

Ion IS US a scavenger of “resi act at

chalrrsat‘émwtdxgcénmayi Boz) fdritee Proteetions opthef kysahy The BIZ‘JE| chains, trityl
aninate or a salt thereof. The molar rati o of

(Trt) afﬁﬁom%rﬁ@hqqt'of‘o ohefte desrsukder and Wiy sidRg&hpingmapd; 2,2,5,7,8-
pentérﬁetf% Cbromﬁﬁéfbeéﬁgi% | YPind o?rﬁg %? gsé %ﬁté’ﬁ&hgrdﬂ'ﬁ)d%@erﬂzofurane-

e am on o present
5- sulfan\yéﬂ?bfoﬁorrthge preteptorh of thed Arqisideechain {Barangy Gaand Merrifield, R.B.
(198 glp;/l SPpP c:*lpgsr volgil?brosssOI entds eﬁeenr%fgrf %r ' edds ) gcademlc Press,
New York, pp. 1-284; for Trp(Boc): Franzén, H. et al. (1984) J. Chem. Soc., Chem.
Commun., 1699-1700; for Asn(Trt) and GIn(Trt): Sieber, P. et al. (1991) Tetrahedron
Lett. 32, 739-742; for His(Trt): Sieber, P. et al. (1987) Tetrahedron Lett. 28, 6031-6034;
for Pmc: Ramage, R. et al. (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 limitation of this invention.
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organic solvent is selected from
L/, L/-di methyl formam de (DMF), /V-nethyl -
w@yopobisdone (NMP), di oxane, L/, L/-dimethyl acepPErERm®08/057972
(DMA), dichl or omet hane (DCM 1 t et rahydrofuran (THF),
acetonitrile, te/f-butanol, 1te/f-arTyI al cohol ,
di chl or oet hane (DCE), te/f-butyl nethyl ether (MIBE),
and m xtures thereof. Preferred are m xtures of
F)/ but anol and DWF, te/f-butanol and NWP, te/f-anyl
EXAMFL and DVF, or te/f-anyl al cohol and NMP. These
mxtures may be used in a ratio of 40:60 to 95:5
(v/v), preferably 60:40 to 90:1 0 (v/v), nore
The peptidesaltdve beem preducedoac@rdibgitocanventional salutiasy plvdisg methods

for at%all tﬁrmunt of water is present in the reaction
OF PERYEWE Y5 has been found that in a fully anhydrous

The frédey enéwﬁbesubh%nerﬂymslmbﬁa@éd fgre ANBUSzyinfed afffesy otherwise
wat er. However, when the water concentration is too

stategj Qlﬁaulaset rbEfe Sa’mnm @lkOupedmied Co&Aewese obtained from CLEA
r [

TechRPeRe BiP o DT peNAREHARSS AT &b PHimes yfyre urchased from

SigmanAlddth.on. Accordingly, the percent age of water in the
m xture may range from 0.0001 to 5% (v/v), preferably
from0.01 to 2% (v/v). It is especially useful when

_ he perc t turels about 0.1 to

P N”f % (v/ v?lﬂ)b@\gt%?\n—'zm@ ie a deggo'ﬂmpur pose or by

P-OH nt r oded neepiaiee®H; erg. Zi-WahBhedaldent s. For exanpl e,

en cross-|inke nz (CLEA' s) are used,
PO“&gter ?l?ﬁgt@&ugg@ﬁ{ﬁqu%ﬁggg%ﬁisen the reaction
mxture due to its presence in CLEA s. Introduction of

. water in the reaction mxture may be carried out in
Bu'Othe f oEnfedtbianelqueous buffer. Suitable buffers may be

to?'$I ect gdtef’t[ orWyI a%&%'ls whi ch are generally

DMF = N,N-dimethylformamide
NMP = N-methyl-2-pyrrolidone
DMA = N,N-dimethylacetamide
DCM = dichloromethane

THF = tetrahydrofuran

DCE = dichloroethane
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used for transformations using proteolytic enzynmes. In
particul ar, the aqueous buffer is a phosphate, borate
W@e002/0a08i40- 2- hydr oxynmet hyl -1 |, 3- propanedi ol (AGI/BP2008/057972
buffer. The pH at which the eaction is perfornmed may
be selected fromthe range of" 5.5-10, preferably
5.5-8.5, nore preferably 6-8, and nost preferably the
pHis 7 . Reaction tenperatures for the am dation may
e selected in the range of 15- 600C, in
Exargiles 014 omparatvd bamaigs & 1 B0 o o reaction

Gené@ﬁWéHerefonsa%%%ngT% SRRV OF eﬁfy;ﬁ@zy nme may suitably

be selected Iin the range of 1 to . % of enzyne
A stoak aolgtiom d)ftZeN@tﬂhe -Odes i DMEt &OQJrrd\ﬂ)am prezpared 10.5 mmol of

ammiihugh cpmrdnatd WARCR R i) 2% 4f of We e Brogh Kogtion. Next

0.6253 he [ﬂ‘{]lpteﬁ@S43.126bhl BUBDH wdshadded. Dgerliirty 60tHd ehgyhbeused 10
reaction mxture con‘ﬂgrl sSing one Or nore peptl de

phosphaiet buffersOdopipts i gechal hegeastipromigereisvay fcubated at
| f
30° Caé]'lcf1 Fé%t%ilb?f ?/vare%"%l‘épt Wth%t aec’id\,]ﬁ%% B\;ggf}%ogﬂg%fr 1Y %(r)]sm%fOf enzyme.
A satﬁ‘pﬁe ammlr)lvws midetn aftert tWo heaed. lmmlmfxawtenmgpnasladged and the
one or nore peptide substrates conprisin C—termna
m'XtUégtVé@%C%'ﬂt”&dﬂ Thgqgur&rgla ads WRSSt Qﬁ')é?se By HipkenThagesults are
shovxﬁ:r ihefdgdql esters or acids are am dated in the process
the Tnvention, may carry protecting groups in other
parts of their peptide sequence. The am dation can be

T blc?”i ed out with one peptide substrate as well as a
&' xt ure thereof. Such a mixture may conprise peptide
Ex. | SHI0B J'OH/DMIN AVZ Ath-PHY-NH {1 T €2 id3Phe-OH Z-Ala-Phe-OMe Enzyme
ala% ala% ala%
1 0.2/82.5/17.5 86.2 13.4 0.4 Alcalase
CLEA
A 0.2/82.5/17.5 5 2.6 924 Savinase
CLEA
B 0.2/82.5/17.5 0 0 100 CAL-B
CLEA

As is seen from the results in Table 1 Candida Antartica Lipase -B CLEA (CAL-B
CLEA) and Savinase-CLEA are not active.

In similar protocols as described above Carboxypeptidase A (Comp. Ex. C), Lipase CC
(Candida Cylindracea) (Comp. Ex. D), Lipase CR (Candida Rugosa) (Comp. Ex. E),
Esterase HL (hog liver) (Comp. Ex. F), and Lipase CA (AR) (CAL-B immobilized on
acrylic resin) (Comp. Ex. G) were not active. The reaction mixtures were also analyzed
after 16 hours, providing similar results.
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esters, peptide substrates having only free C-term nal
acids, or peptide substrates having both Cterm nal
wesdoenasand free C-term nal acids. A suitabl e pPODEBRR08/057972
according to the present inv1 ntion is as follows. To a
solution of a Cterm nal est or acid of a peptide
substrate in a suitable organic solvent (or m xture of
organi ¢ solvents) ammoniumsalt is added. The reaction

b nbi { dth t
Exarplesi8n3 2GRN X AP B o sat myst - The
Gen@‘ﬁﬁﬁﬂ%e@% @?S@%%ﬂ?g %esé#é&tt bPBfolum3tlrbéi sin Ain

phosphate buffer), I'n suspension or as solid materi al
A stagk. splutiet bt &-Alazhhe-OMerio HDMFsEd mM)yweScnrepamblo Hkentol of the
strate on,.has, r ach

amm R Shorchgfs B854 "AomE BT APERuE BidekADIf o 4 my Bu'OH was

addebe 50s@l gﬁ@gbr@@@wﬁfem) 1 Mg Ko wvdsdaged! Théereélﬂléd @tixture was
person. The term 'substrate' herein neans an enti

ty
Incumﬁedz @t i49°eort ie geacsion Wﬁ@&bﬁftecbthhé gsidifiasaged mg of Alcalase-
upt
CLE%e%ts',lahﬁeoﬁé R% dulg%tfa%ﬁlaftg? t\ﬁcr)ggogjg onI o, %tcﬁ'}l{gltlé]ewtas fdded and
the nhintuce iveaa cestrifleyeth ai hfessnwﬁamn% lwdre direalybasal byEHtIPIe(d The results
Alternatively, this product nay also be a peptide
are sppwgrigd@blthéch subsequently is reacted with other
peptide fragments in a convergent synthesis to obtain
a longer peptide with the required final nunber of
Tablea®i no acids. A person skilled in the art can easily
identify suitable substrates, for instance by

Ex. peAmBeniuay a Spmpedtienceepction Mturen of a sel ected

peiﬂuf?fe corrp isi ng a C-termnal ester functionality or _
a free C—ter A PheNE: ARter| Sl @thii ti ofPlaBhe-OMe ala%

(‘I'\V‘I

2 (mm)z ” hererg 6.8 81.3
3 NHZCOZNH4 16.1 8.7 75.2
H NH,CI 0.4 7.2 92.4
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before and foll ow ng conversion e.g. by HPLC

techniques. It is established that the process is very
w@iovatises t 0 prepare am des of short pepti des PCT/EP2008/057972

conprising up to 5 amino acid Furthernore, a skilled

person will also be able to 1pr epare | onger peptides.

Pepti des nmay al so be prepared with D-am no acids. The

term' protected neans that the functional groups

jthin the peptide) are protected with suitable
Exa"émi&tgcti ng groups. A person skilled in the art will

Proc@&t%’ OPbRLY rhd R aRid Rt S irpBpli@eS€l ect Tor which type
functi onal group. For exarrpl e, am ne functions

A stq@k@éwtton of ZH&adﬁiﬁaALmG&/lemy DibéF §200 evvlewasupriepgracthd.5 mmol of

NG b BB Ran Ll RRehR bl el b 4gm oMF and

4.125 het Bu@reqxlamd@%darrh@- ?éﬁdﬂ@n%%lrme WiakseinthiBated at 30°C and the

te/f-butyl oxycar bonyl gro t he
reactisnyas @J@;tqi ébrﬁlw agg)tlogrqj 1{) A@alase CLEA. A sample (2 ml) was
of%c?éf@nlwgrvése%d?ﬁ and the

takeng aItEP%SW&JFFtM gﬁgp%&oﬂﬁurﬁét faceoniie’ was du

r ot iNg groups an
mixture vmsyeenﬂrnfu@ detfe Bupermndtdfits gvéf‘é a(nalﬁﬁali byiHPLC. The results are

Pe gtl des: Anal ysi s, Synt hesis, Biology , Vol 3, Goss
presgnteq iy TRRICehhof er, J., eds, Academic Press, New York,
pp. 1-99, and Peptl des: Chemi stry and Bi ol ogy , Sewald

N. and Jakubke H.-D., eds, WIley-VCH Winheim 2002,

Tablep. 143 - 154 Functlons of the te/f-butyl type or
fiinet i an of Y aY Lt\v/ Aaran nrafarrarl f or

Time (hours) _ Z-Ala-Phe-A af—-abi -Ald-Phe-Ald-OH" ~ ' ~ "Z-Ala- Phe HAla-OMe
ot écta,qp& F ? ef funct L‘)Bs)oar gr ou?)s on th a9 de

> ClTdl Ilb,69 7IICbC I IIL.I UUC = U Ozdl C IIUl I I III l CU 183 =

q ter f=hulyt \Du ) for—the ppgtection of the ggp, G,
Ser, Thr and Tyr side charns, te/f-butoxycar bonyl

(Boc) for the protection of t he Lys and Trp side

Exanoplai §is, trityl (Trt) for the protection of the Asn,
n,ang Hs side chains
Effecgof “dry’ en\l//ronnl‘lent ont Ie ami a?lon o?a d/pept/de with free subtilisin

All solvents were dried with mol sieves prior to the experiment.

A stock solution of Z-Ala-Phe-OMe in DMF (200 mM) was prepared. 0.5 mmol of
ammonium carbamate was added to 0.25 ml of the dipeptide stock solution. 0.625 ml
DMF and 4.125 ml Bu'OH was added. The reaction mixture was incubated at 30°C and
the reaction was started by the addition of 1 mg of enzyme Subtilisin A. A sample (2
ml) was taken after two hours. 2 ml of acetonitrile was added and the mixture was
centrifuged. The supernatants were analyzed by HPLC. The results are shown in
Table 4.

Table 4
Water/Bu’OH/DMF | Z-Ala-Phe-NH, a/a% | Z-Ala-Phe-OH a/a% | Z-Ala-Phe-OMe a/a%
0/82.5/17.5 1.7 04 97.9
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pent anet hyl chr omane- 6- sul fonyl (Pnt) or
2,2,4,6, 7- pent anet hyl di hydr obenzof urane- 5-sul f onyl

w@ Rwbpodsos t he protection of the Arg side chai PCT/EP2008/057972
[Barany, G and Merrifield, 1 B. ( 1980) in: 'The
Peptides', vol. 2 (G oss, E “and Meienhofer, J., eds.)
Academ c Press, New York, pp. 1-284; for Trp(Boc):
Franzen, H et al. ( 1984) J. Chem Soc, Chem

Co 699-1 700; for Asn(Trt) and G n(Trt):
Exar@‘gggtd et al. ( 1991 ) Tetrahedron Lett. 32,

Effec?% Zaamof)&/f ah'hﬁéﬂ—mr) ca?b@ﬁﬁfe aHd/d?‘t eﬁk mé 6198%)9 am/dat/on of a

Tetrahedron Lett. Ranmage,
dipepdideavherf Sgeﬂljs/rré\t/sakBedron Lett 28 2287 2290; for

A stogk solgBaR oz Aa Fneonit in (P Rao] FIMIEHY Plieieibd g s mmol of

ammBbMiuinh eafodinh S8l gk ayasd ke .25\l oh tHe dipebtitl® skstk solution. DMF and
interpreted as a limtation of this invention. EXAMPLES

Bu‘Olhwagezddes: sofigsleonstieg toribeutatio aivedriai hableod. for a total reaction

volurg RS ”"%?h?‘e%ﬁéé%@@%ﬁgge biRRes ot Sk o hoteagtion was

startdd @Y {NevaauiBh @tnh@s bﬁkméescﬁbﬁérﬁf@o%gasaﬁﬁls@r%|n 200 pl
Savi nase CLEA, and L-B CL wer e obtai ned from CL

phospaetenbyfaei @4 B pH, 7@él(frtltla|wdmrﬁer1|0afmﬂé Z-pAla-Ppet{eMe, 100 mM

NHZC%B%{H?] BEFH}@OL&) asergplga(?rpﬁﬁﬁ%ﬁ gr%pslp 1 gh’gt?s for experiments

6, 9, p@rm I1%e\?<a{d gﬁelg\? IZoM@' foPhexperinfertdey, 8,210, pept Hdeaklye14. 2 ml of
al - Phe- Ove
acetonltrlle was added and the mixture was centrifuged. The supernatants were

analyzed by HPLC. The results are shown in Table 5.

Table 5
Ex.| H,O/BU'OH/DMF | Z-Ala-Phe-NH, | Z-Ala-Phe-OH | Z-Ala-Phe-OMe Comments
ala% ala% ala%

6 | 0.2/82.5/17.5 62.1 11.6 26.2

7 10.2/82.5/17.5 75 10.7 14.2 extra carbamate
(0.5 mmol at 1.5h)

8 |0.2/82.5/17.5 77.2 12.3 10.6 extra carbamate
(0.5 mmol) &
enzyme
(10uhat1.5h

9 | 0.2/70/30 67.3 9.6 23.1

10 | 0.2/70/30 75.8 9.3 14.9 extra carbamate
(0.5 mmol at 1.5h)

11 | 0.2/70/30 81.7 10.9 75 extra carbamate
(0.5 mmol) &
enzyme
(10uhat1.5h

12 | 0.2/40/60 53.6 7.2 39.1

13 | 0.2/40/60 56.5 6.3 37.2 extra carbamate
(0.5 mmol at 1.5h)

14 | 0.2/40/60 68.6 8.4 23 extra carbamate
(0.5 mmol) &
enzyme
(10uhat1.5h

The results show that addition of extra ammonium carbamate and/ or enzyme results

in an increase in substrate conversion and formation of higher amounts of amide.
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Bu OH = terf-butanol AMOH = terf-anyl al cohol DWVF =
L/, L/-di methyl formam de NMP = /V-net hyl - 2-pyrrol i done
wobk9msodsi4 L/ - di met hyl acet am de DCM = di chl or onetTYEP®08/057972

THF = tetrahydrofuran DCE = 1 i chl or oet haneExanpl e 1

and Conparati ve Exanples A - General procedure for

screening the effect of enzynme: A stock solution of

Z- Al a- Phe-OVe in DMF (200 mV) was prepared. 0.5 mmol

of a [ carbamate was added to 0.25 m of the
EX”HP'&@%E%*& ock solution. Next, 0.625 ni DVF and 4.1
Effeo?%f”hd&ﬂoﬁ)a" WamaRitRe caR?é)ﬁBf@ b3 81 HNGdsHGY i HS@Pepfide when

phosphate buffer 0.1 MpH 7.0 was added. The

Alcalae@ﬁLlEaPnISrusetdure was i ncubated at 30 C and the

A stoEg ﬁjl',{l;LIJt mﬁgyﬂgaﬁ &gﬁ%ﬂ@j\fﬂ?@\@g) ?"zﬂ?:ﬁ'%b]%?ﬂ &Kﬁ{mol of the

ammbauns so@rc@w@é a86&d e 012 @l wmeadigéplt.@étobh%ommhuoms ml DMF
was centh The supernatants were analy

and 4526 miTREQIdete 08ee. LhonANRPIRD, bier OFAGH 7@ was added in
expeiﬁ%ﬁg ﬁ?g @rf@j\té%tloﬂ r%@é?ur% \Elam%b%?eﬁgf %{)% %Ad the reaction

was started by the addition of approximately 20 mg of Alcalase-CLEA. A sample (2 ml)
was taken after two hours. 2 ml of acetonitriie was added and the mixture was
centrifuged. The supernatants were analyzed by HPLC. The results are shown in
Table 6 (initial conditions: 10 mM Z-Ala-Phe-OMe, 100 mM NH2COONH4, pH 7, 30°C).

Table 6

Ex.

H,O/Bu’OH/DMF | Z-Ala-Phe-NH, Z-Ala-Phe-OH Z-Ala-Phe-OMe Comments
ala% ala% ala%

15

0/82.5/17.5 90.9 8.4 0.7

16

0/82.5/17.5 91.1 7.8 1.1 extra carbamate
(0.05 mmol at 1 h)

17

0.2/82.5/17.5 84.7 14.4 0.9

18

0.2/82.5/17.5 78.9 201 1 extra carbamate
(0.05 mmol at 1 h)

15

The results show that Alcalase CLEA is highly efficient under the conditions tested.
99% of Z-Ala-Phe-OMe was converted. When no additional buffer was added to the
reaction mixture, the product contained approx. 91% Z-Ala-Phe-NH; and 8% free Z-

Ala-Phe-OH. Addition of water increases ester hydrolysis yielding the free acid.
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CLEA) and Savi nase-CLEA are not active. In simlar

prot ocol s as descri bed above Carboxypepti dase A (Conp.
wEx009Q)0814.i pase CC {Candi da Cylindracea) (ConpPCEEP20D§/057972

Li pase CR {Candi da Rugosa) (Conp. Ex. E), Esterase HL

(hog liver) (Conmp. Ex. F), and Lipase CA (AR) (CAL-B

i mobi lized on acrylic resin) (Conp. Ex. § were not

active. The reaction m xtures were al so anal yzed after

16, hoyrs roviding simlar results. Exanples 2 and 3
Exarﬁﬂ'ﬁs(iﬁ'rﬁgﬁgtoi ve Exanple H General procedure for
Effect8f Saamaﬁa/tzbﬁnﬂeéﬁ ﬁﬁarﬂfda%mb@?gh(yecﬁmén A104se CLEA is used

solution of Z-A he- Ove was prepared.
A stogksaftisin of ZtAle-Riraroil@iin Eddir {200vesMaadsdenepatedi0.6fmmol of the

the di tide stock, sol 4. ,Bu s added. 5
ammpyegh sBifte Wascard & B4n B of 1K, Brelieogf §0ton” DIF and
Bu'OHea@ki &iddd éb#é@p@%n%ﬁ@uﬂh@t edicalivél ik aablletbefor a total reaction

reacti on was started the addition of 5 of

volume | sal- Thepmachon anpqtlge( wag inpcypaied 5ﬂ¢e30°&f tagd thgoreaction was
startdio B Bie Aofhinfon AbRHaMonus AtHe BE AR ANECL R BSafble @ mi was

taker &hér t\AB"ﬁour%S 2l hBoRacetehians was déddEard thd alktire was centrifuged.
2Exanpl e Procedure for enzymatic am dation of

The ww@ptar@% wese anaiyzesobyiHIkC of he.rApGlPAEe Ahawans Table 7 (initial

condfifst i LaliPrBIGHEL o il tTRROOR s PR od G

0.625 mM DWVF and 4.1 25 nl Bu OH was added. The

reaction mxture was i ncubated at 30 C and t he
Table 7

Ex. | H,O/BU'OH/DMF | Z-Ala-Phe-NH, Z-Ala-Phe-OH Z-Ala-Phe-OMe
ala% ala% ala%

19 0/70/30 91.4 7.6 1.1

20 0/60/40 91 74 1.6
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reaction was started by the addition of 20 ng of

Al cal ase-CLEA. A sanple (2 m) was taken after two
whowemomnd after four hours. 2 nl of acetonitrP¢EEPRSS/ 057972

added and the m xture was ce@t hfuged. The supernatants

were anal yzed by HPLC. The results are present ed in

Table 3 . Table 3 Exanple 5 Effect of "dry"

envi ronnent on the ami dation of a dipeptide with free

su solvents were dried with nol sieves
Exarﬁpf Hg’{aﬂe experinent. A stock solution of

Gene&aﬁ'p?)o&’@&u:@'v?oﬁ %c%@n/héoglff@')@ntv\@%@fr%@r §8lth Qt\/éa/%@' CLEA and

ammoni um car bamat e Wwas added to 0.25 m of
ammdnwpcam@mteck soI ution. 0.625 ml DM and 4. 1 25 m
| E/Olﬂwasadd? ereacttonmturevvasin |f§ Iﬂt bstrat
N a YRS SEEIHEN e@gt?stﬁ‘?yv@ WELFUAMEY FRRIOKIGEY o0 GiM substrate

and 10D AV e RHOR uPLEArbbiEItd ifan AnBgamiue Jobdit nix&se bak% % (vol/vol)
after Lwo hours. 2 mM of acetonitrile was added and

DMFiime Bi'@Hirie ﬁ/a@t@erﬁ@@q?tfqmé@mnmeo%Lﬁpéfﬂnaﬂa@lt keagtpe mixture was

nerrfSFegeR pFecte (sBelSElag iRRERR 1 sl gy morm! o

AIcaIﬁ@é@'Eﬂ EREACHR waSZNEtEd b 80at €5 79 Robfs. Aliquot samples were
di peptide when Subtilisin Ais used A stock solution

takerofit 2-l AhRired TOEY and Dve reaciibmesveiepped pyrtbd .additon of an equal
vqurrrlneméJf c%:tfcetonitrile. Samples were analyzed by HPLC. All experiments were

performed in duplo.

Table 8
Ex. Peptide substrate Reaction P-NH: P-OH P-OMe
time (h) ala% ala% ala%
21 2 77.0 16.4 6.7
Z-Val-Phe-OMe 4 82.1 17.2 6.7
75 86.7 13.4 0.0
22 2 41.2 13.1 458
Z-Val-Tyr-OMe 4 44.4 20.0 35.7
75 59.3 40.0 0.8
23 2 734 19.5 7.2
Z-Val-Leu-OMe 1 735 265 0.0
24 2 874 7.7 50
Z-Val-Thr-OMe 1 908 9.0 0.0
25 Z-Val-Ala-OMe 2 88.9 1.2 0.0
26 2 711 28.1 0.9
Z-Val-Met-OMe 1 78 573 0.0
27 2 229 7.2 70.0
Z-Val-Lys(Boc)-OMe 4 33.1 12.2 547
75 74.8 24.0 1.3
28 2 9.7 6.7 1.7
Z-Ala-Phe-OMe 1 929 6.7 05
29 2 82.8 8.5 8.8
Z-Ala-Phe-Ala-OMe 1 920 5.9 10
30 2 6.0 0.3 93.7
Z-Ala-Phe-D-Ala-OMe 4 10.8 0.8 88.5
75 35.4 10.4 54.3

With the exception of Z-Val-Tyr-OMe, Z-Val-Lys(Boc)-OMe and Z-Ala-Phe-D-Ala-OMe,
all substrate peptides were quantitatively converted into products, ie. the

corresponding amide peptide and free carboxylic acid peptide, in 4h reaction time. At
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20

amoni um car bamat e was added to 0.25 m of the

di pepti de stock solution. DM and Bu OH was added
wa@erwsessondi ng to the ratio given in Table 5, POI/EPR2008/057972

total reaction volume of 5 n11 The reaction mxture

was i ncubated at 30C and the “reaction was started by

the addition of 10 m of enzyne solution (20 ny

Subtilisin Ain 200 m phosphate buffer 0.1 M pH 7.0)

longe BaekiRRuliie 455 o0y TeRIL Saist SePader) Siad pulted vaepg: Lys(Boc)
wereﬁot%ll?%melft@c’i : @@%ﬂéin@ﬁ);ttﬁe ﬁneltﬁyl eﬁ& %f%hegﬂge;%gdee\gitlﬁna C-terminal

ours for experinments 7, 8, 10 L3, ‘ .
D-Alafesidee avdst alspeconyertaddétie difldLE natysis at & Swageaction time showed

conv& P LB Blbs ol SuRSHRETR PabaEt 3R 6Ehartoblibiz pe-Phe-D-

Ala-NtHpow that addition of extra ammoni um carbamate and/ or
enzyme results in an increase in substrate conversion
and formation of higher anounts of am de. Exanples 15
to 18 Effect of additional ammoni um carbanmate on the
am dation of a dipeptide when Al cal ase CLEA is used A

Examsplesk3 to 45iaml Obmpakhtivelbxabhpleiln DVF (200 mM) was

repared. 0,5 mmol of the ammoni um source was added to
69”68“6’2/% OrPdufe Tonscihepdin theeeTiach ok ddisrentiawmogiusp Sas  DIVF

n & e S Sa (A b B Agh 14 M pevtice
esterr£#da-Phe-0Me ance: 108snMnaubainégnatalt3d Graadhydreus sabtenb mixture of
17.5 %Z@&g@t[@ﬂgﬁx Iighé 'dfjj%Eci(tglnrm%;ctigﬁ %%)Fri]en% g'r‘XI. 2F%enf%agtfion mixture
was thermostated at 30°C. The reaction was initiated by the addition of the enzyme
(Alcalase-CLEA: 4 mg/ml or Subtilisin A (from SigmaAldrich): 1 mg/ml). Reaction was
incubated at 30 °C for 21 hours. Aliquot samples were taken at 2 h, 4 h and 21 h and
the reaction was stopped by the addition of an equal volume of acetonitrile. Samples
were analyzed by HPLC. All experiments were performed in duplo. The results for
Alcalase CLEA are shown in Table 9. The results for Subtilisin A are shown in Table
10.



was taken after two hours.

added and the m xture was centrifuged. The
WG apenomiant s were anal yzed by HPLC. The resul PGT/EPB08/057972

shown in Table 6 (initial
Z- Al a- Phe- OV, 100 mM NH2

dition

pH 7, 300).

s: 10 mM

The results show that Al cal ase CLEA is highly
efficient under the conditions tested. 99% of

2 mM of acetonithle was

Table 6

Z- Al a- Phe- s converted. When no additional buffer
Tab'@/vgép&%ee?? &/Ef‘ e reaction mxture, the product
Ex. |COAmmoRfarh AP Reactiontima0| Z-AhPhEINe, N Z-AMIPhe&3ONT | 2BAla-Phe-OMe
ZAl asalthe- OH. Addj ti on |@facwat er i ncrgages esterl a/a%
31 %glﬁs yieraing tnhe 1reeact d. Exanpl gg 19 and 20
/ ddi t1 onal DVF on delze am dati on7of a 0
%ég?ﬁnag hen Abcal ase¢ CLEA1I4s used A sg.ock sol ution
32 m%‘FCQE Pheé- OVe 2 n F (20@3V) waks prepared. [0.5 4.1
el anmon um sour ce 8RS added ta28.25 m of 05
t he a. pept| de stack solluti orm1.2DMF aphd Bus.&H was added
33 corrﬁ§ %ndl ng toz2he rati o @evien i n| Tablte95, for a 0.0
Zﬁgt ction vodune of 5 réd8.8 The feactin@n m xture 0.0
was |ncu at ed at 2B0C and t heorseacti pn was2starfed byo0
34 thq\"_{;\g btl on of approxi/nat elgg.720 ng| of Akeal ase- CLEA4
§ ﬁ(z m) was taken af8ber two| hourid3 2 ml of 0
acet oni tf] was atlded and t 188.3m xt ure wdg.7cent hf uged0
35 T%%s%bwmai ants 2were analysAdd by HPLC. 3THe results 85
aréyshown ‘i h_Tabl4e 7 (ilniti&87condi}ion£9.810 nM 15
Z- Al a- Phe-OVe, 160 mM NH2COANH4, pH 7. 30Q). Table 0
36 |7 NEE 21 to B0 Ceneral Prvocedure fde.8screeni ng48.5
i TESHGRt substrates wilth A4d& ase CLEAZ2686d 31.5
21 69.5 30.5 0
37 2 26.9 15.1 57.9
FE':;‘:; o 4 41.2 20.5 38.2
21 71.0 27.0 1.9
P (RGO 3 56 510 %2
Citrate - - -
21 77.6 224 0
39 | (NH,).C.04.H,0 2 3.7 48.2 48.1
Oxalate 4 10.5 62.9 26.6
monohydrate 21 68.1 31.9 0
P aHocho. 3 76 503 e
Tartrate . . .
21 68.2 31.8 0
41 2 2.9 6.1 91.0
NH,),SO03.H,O
S(ulp;)iie h;dr;te 4 72 12.8 80.0
21 60.7 39.3 0
[ 2 6.8 38.8 54.4
Cm‘;%'e 4 14.8 52.9 32.3
21 68.5 315 0

Ammonium carbamate, ammonium acetate, ammonium carbonate, ammonium

bicarbonate, and ammonium benzoate show excellent performance.
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amoni um carbamate In a typical experinent, the assay
m xt ure contai ned approxi mately 10 mM substrate and

wd o@onddsahmoni um car bamat e i n an anhydr ous sol RENEP2008/057972
m xture of 17.5 % (vol/vol) in Bu OHin a total
reaction volunme of 5 nm. The& reaction m xture was
thernostated at 30C. The reaction was initiated by the
addition of 4 ng/m of Al cal ase-CLEA. Reaction was

4 h and 75 h and the reacti on was

Tabl%&ﬁ@%@jﬁggﬁ 30 C for 75 hours. Aliquot sanples were
Ex.

AR Bdurtd ERagoh tidfe, R ZaKla PHENH, V ZLAIA®heIOH | Z-Ala-Phe-OMe
acetonithle. Sanples were|am yzed byalPLC. Al l| a/a%

42 | BMpONRRNt s were pegforned in 3Bl o. [Tabl£88 Wit h the4
Gavepateon of Z-Val -4yr- Ovk, Z-60d - Lys(Boc§.20Ove jand 31.6
Z- Al a- Phe-D- Al a- OME21 al | substdtdft e pepti dE€® werle 0.3

43 | G0N i vel y _conveérted iint o 4%4%0ducts, i7.8. the 49.7
éetatespondi nglani de4peptide arfi®&ree|cartddRylicl aci @98
peptide in 4h reacdlion time 881 onger rdAdtion tined8

44 HHé’@Q’s‘he met hyl est @r ppntldpqﬂﬁﬂﬁdl ng W t$18Tyr and 629

BRPEst vvere4_ol_ai_f‘_y_eom4a!’_t_e4§:6 Ql.nlrprisitJ Iy, the 373

net byl ester of theZ1fripept!de76\;'ch a G287 mn D-A33

45 }Zgaé was al-so co?‘.verted Th@'Z‘HPLC anhal 'Qi S ?lt 75 9.7

r%a%r%al eon t I rre chAauvne ANy |.r ol '1n‘ C A Al Jé/‘on‘ 349
DIIUVV% CUITVCTT S1 1 JHr a7 Ul

,-..Innd-..nd-n + ~ Al A h e .4- ’r‘ al (n) ~f H A Sg‘z\nl 4- 04
s20ubSl1I Adat© U ISl U avguul al a70 Ul L 11 |JIUUU

Z- Al a- Phe- DAl a- NH2 Exanples 3 1 to 45 and Conparatlve

TableEmmh@wls frenesditspoP &Sl LWorvERiors GfEEMIaPHNOMY figtt amide with
of different anmmonium salts

Subtilisin A, with ammonium carbamate, ammonium acetate, ammonium bicarbonate

and ammonium carbonate as source of ammonia. High substrate conversion is

obtained after 21 h reaction for the selected salts. Highest yield (i.e. 86 %) of the

amide Z-Ala-Phe-NHz was obtained for ammonium carbamate at a reaction time of 21

h. More product of the ester hydrolysis is obtained for free Subtilisin A as compared to

Alcalase-CLEA.
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In a typical experinment, the assay mxture contained

approximately 10 nV peptl de ester Z-Al a-Phe-Owe and
wdado@onddsahmoni um salt in an anhydrous sol vent PEREP2088/057972

of 17.5 % (vol/vol) DWVF in OHin a total reaction

volume of 5 m. The reactio 1 Xture was thernostat ed

at 30C. The reaction was initiated by the addition of

the enzyne (Al calase-CLEA: 4 nmg/m or Subtilisin A

fro ' Al dhch): 1 ng/m ). Reaction was incubated
Exar‘épfe%ﬂ@cgg? 2 1 hours. Aliquot sanples were taken at 2
Genefhal ﬁrd?:e@DFb %r%dﬂe@ﬂﬁg td’&?erbﬁﬁ%bﬁfbt@@%wﬁi SBBﬁﬁds//P)l\ éﬁ& ammonium

tion of an equal” volunme of acetonitrile. Sanples

carbama@ anal yzed by HPLC. Al experiments were perfornmed

Ln.duplo. The results r are shown, in .
In a’ﬁé%? groeriment %@?éa%‘P'X@I{EBﬁQW %'P%EW%X'%W ¢1m'\" peptide
esterTail @00MMTaRintorilufhAbfBhatee @Lﬁﬁ)arﬁwmslgbﬁ/@hbmbﬁh of 17.5 %

ammoni um acet at e, anmoni um car bonat €, _anmmoni u
(vol/vgil)c RMioifa B, O'dn'ﬂ aieishreantine naleme @‘h@\ﬁ“eﬂﬂél ne@ﬁtlon mixture was

tnerr RS RHRo on e dradidr WS o968 & o Bt of D il P sutiisin

A (froth @brﬁb\b&ldhdz@' ReActivh WasAAEREHEA# 30T R ©1 rﬁiUi@nAlktmot samples
acetat e, anmmoni um bi carbonate and anmoni um car bonat e

weredakenwt @ehpf raandrmah adqgthestdastiontveas stoppedi nthesaddition of an

ined. afte 1 reaction for the s ed salts.
equaf s o) e §niifies ShgtTes e B ARG PP R EiplTipents were
perfoWédQ@H@pﬂ%iefRés@fﬁ%@ﬂé@ﬂfbéﬂ@tﬁ at a reaction tine
h. More product of the ester hydrolysis is
obtal ned for free Subtilisin A as conpared to
Tabléh‘fal ase- CLEA. Exanpl es 46 to 53

Ex. Peptide substrate Reaction time, h | P-NH, | P-OH | P-OMe
ala% ala% ala%

46 | Z-Val-Phe-OMe 2 14.8 5.6 79.6
4 269 | 107 62.4

21 61.0 | 29.1 9.9

47 | Z-Val-Tyr-OMe 2 5.8 3.0 91.2
4 11.1 5.6 83.3

21 296 | 18.3 521

48 | Z-Val-Leu-OMe 2 14.3 6.9 78.8
4 259 | 121 62.0

21 58.0 | 337 8.3

49 | Z-Val-Thr-OMe 2 18.2 2.3 79.4
4 34.4 4.5 61.1

21 76.7 | 137 9.6

50 | Z-Val-Ala-OMe 2 50.1 10.0 39.9
4 700 | 144 15.6

21 82.1 17.9 0.0

51 | Z-Val-Met-OMe 2 275 7.8 64.7
4 423 | 156 42.2

21 557 | 443 0.0

52 | Z-Val-Lys(Boc)-OMe 2 1.6 0.0 98.4
4 2.9 1.2 95.9

21 105 6.7 82.7

53 | Z-Ala-Phe-OMe 2 36.9 4.8 58.4
4 60.2 8.2 31.6

21 86.8 | 12.9 0.3
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General procedure for screening different substrates
wWith Subtilisin A and anmoni um carbamate In a typical
we@xpenomsent, the assay m xture contai ned appr ORCTEPBDY/ 057972

10 mM peptide ester and 100gg\ﬂ ammoni um car bamate in

an anhydrous sol vent m xtur f 17.5 % (vol /vol ) DM

in Bu OHin a total reaction volume of 5 m. The

reaction m xture was thernostated at 30C. The reaction

was .Lnjti tdb t ition of [m _.of Subtilisin
The 353eEh of dilcpiate Gl TORYALONS delale AERIBa: R0 ez ported in
Exan{pﬂés %11tthG'rlslereAI th@UfdlsuRSEPe F8pYREE otb@éﬁﬁé‘d %r tedling4hB substrate

and the reaction was stopp by the addi'tion

spectﬂt:ltyam)f @@d},ﬁ:}le \ﬁ@lbUhﬁ;noAIIazmt@m subst@te$wﬁyeéganaé®rmed into amides,

out vfifoleS theaclicits dhap o SRS GhSE B usiase RIEA SRS dibsirates were

Z-AlsSPReidMe (&% % Alrsiabagieer QM) fadid Zaydlous- cbreren%gza% amide formed
am no acids was reported in ggleletoB Her e,

after (b Meskibtes ZaVel- L%Bpﬁb@l\&%t\&a% e fwpracs SUbRgAlhdEXtensive ester
hydrcgg%?i‘waaas‘ EoSHGELT 1 %'p\&gé h%?' ‘t‘#ﬁl&séghﬁ’_féﬂt L&Y %u(@llsi%inb% have slightly

strates rans or e nto am
differehttubsmm spetideityi el ds than in the case of
Al cal ase- CLEA. Best substrates were Z- Al a- Phe- Owe
(86.8 %amde after 2 1 h) and Z-Val-Ala-Ow (82 %
am de fornmed after 2 1 h), while Z-Val-Lys(Boc)-Owe
was the worse substrate. Extensive ester hydrolysis
Examplesdibto 68d. |t appears that Al cal ase CLEA and

GonG4hRbb iR O b St Hd G SR ©

In a typical experiment, the assay mixture contained approximately 10 mM Z-Ala-Phe-
OMe and 100 mM ammonium carbamate in an anhydrous solvent mixture containing
82.5 % dry Bu'OH or Am'OH and 17.5 % (vol/vol) of a co-solvent. The total reaction
volume was 5 ml. The reaction mixture was thermostated at 30°C. The reaction was
initiated by the addition of the enzyme (Alcalase-CLEA: 4 mg/ml or Subtilisin A (Sigma
Aldrich): 1 mg/ml). Reaction was incubated at 30 °C for 22 hours. Aliquot samples
were taken at 2 h, 4 h and 22 h and the reaction was stopped by the addition of an
equal volume of acetonitrile. Samples were analyzed by HPLC. All experiments were
performed in duplicate. The results for Alcalase CLEA are shown in Table 12. The
results for Subtilisin A are shown in Table 13.



CGener al

organic solvents In a typical

procedure for screening different polar

experinment,

t he ass

ay

worzoovemsi1£ont ai ned approxi mately 10 nM Z- Al a- PPeF/EENBS/057972

and 100 mM anmoni um car banmat A
m xture containing 82.5 % dr%?
% (vol /vol) of a co-solvent.

was 5 m. The reaction m xture was thernostated at

The t ot al

reaction v

in an anhydrous sol vent
Bu OH or AmM OH and 17.5

ol ume

30C. The reaction was initiated by the addition of the
Tablen2yAra(@®ec@l BAR- CLEA: 4 nmg/ml or Subtilisin A (Si gma
)

E Al dri r\h\(821 1gnl ] _ ea Ct! on_\Was i nr\ubnf ed at C fqr Phe-OM
X. e =Ala a e a-rne- e
2, lingE 1/yol §UOF §%{rﬁb‘ "’?[%rj?fgﬁ f ﬁaf}:t}oafdlﬂ aﬁﬁﬁ ala%
54 y4y & IIBﬁI '.H/bl 4 lupf@\_b U_y lIIC a%\ol lI UI Ul 00
an—equar —vorune of ak4CL ot €2 1oa||p| €S V\gl e—an chuoo
by HPLC—AH—experi IIEZIL s were pErf ormed i llguyupl roate
55 11e BE9 ANmipl O | Al calase CEEA &g Sho M7 gable 1125,
The rTesuf ts for| Subtig i sin[A arg ¢ho I fgble 13 . o3
Al'calase CLEA cpncengyation: 1 gy enzyne / gifl reactiongg
56 M XtBuf0 /diokarl 1| ot herz experi nendggs the enzgme was| used3.2
in concentration of 4 ng /M. T e 13 (SuB2ilisin A) 04
Table 12 shows the rexsults|obta2med for scr7eéeni ng 0.0
57 sol vénioHyPMACt s| when 2usi ng| Al cal2dse CIEA ag.é6catallyst. 05
After 2 hours ipcubattion, in ex32éximents cd@mitai nijng 0.0
solvent mxtures of .5 Bu OH90.317. 5 |X (99dl /voll), 0.0
58 when BHOSWDSMount of Al cal ase CI&A was lused!93 . e. [4 ng 26
enzyme /| m reactiondm xture) t&tfal si bst r & 0.3
conver QI on _was pbtai fed fo nl 1910l vent col$inatilon 0.0
9 us .B” "MHEact jonmxturelcontYihed nore Ban 87 % 07
ami-de, and the amide’viel d incrigsed :bove733 Yot 0.0
| bnger~t eapki onlti rrezszn(}-! BF-OV % t-o—he—an 6;Z"ce! Hept— 90
60 sol Vé’.’r‘gH. orC'tklhe atm dz*‘ of—bi—pent-de et hyBlest erls 0.0
(ﬂll UTl 1 IJ UHLT UucT 11Tl ”yI8.3 SUCT[S. 00
22 91.5 8.2 0.0
61 Bu'OH /DCE 2 89.7 9.3 1.0
4 90.4 9.6 0.0
22 89.0 10.6 0.3
62 Am'OH /DMF* 2 78.0 44 17.7
4 89.9 55 4.6
22 94 6 0
63 Am'OH /NMP* 2 48.1 2.8 49.0
4 65.8 4.5 29.7
22 90.4 8.7 0.9

* Alcalase CLEA concentration: 1 mg enzyme / ml reaction mixture. In all other experiments, the enzyme
was used in concentration of 4 mg / ml.
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When m xtures of AmOH /DVMF (82.5 / 17.5 vol/vol) were
used as solvent m xture, even at a | ower enzyne
waeongeonsiat i on (Al cal ase CLEA added appr oxi mat BA/ER2008)057972
enzyme / m reaction m xtur hi gh yields of am de
(i.e. about 80 % am de) wer %btained after 2 hours of
i ncubation. At |onger reaction tine, at total
substrate conversion, the product ni xture contai ned
nore than 90 % am de. This suggests that AnOH can
Table ¢Bl(8astilisheABu OH as main co-solvent in the reaction

57 Vf?lllrﬁ fnjr§nn 3 m ProON
X ﬁi % i ?-g i-‘! -:ﬁtg - a-Phe-OMe
,E—)\‘ pvut%% )Eab?‘ :g“éﬁﬁfsur?%rcr IB&EE;Z* Hsi-p ¥ crrlo iﬂ ala%
64 PSS ?@9‘—1‘7'[)@ 'fcal a:“ J.Lz" H—a :dege:gjnth 5+5 ott—B5—19% o84
a:."ide Ss—obtad ne‘j aft'?(: 2—% hourﬁo)'zn 8255t "V“. —4F5 316
vall_ TAOLVARYP-N I RUP-N I f‘nnn?ll | ) + o 8\6'8—\||v\+ of £ :rz\gf naonk ;In 03
g WA=t (o LoD A DB A AT X e N il A A
Lo Ul U CU 1T UITIh Co Cl1 II:y4JI Ul y\I 9 1 43.II .!_.jll L) al gunu = - - 51
5 % —Binaty—sotvent LKt e con*ﬁ A-Ag—82- ‘Ean{’ But—H 35
56 © ’I'\‘B Hdlo 117 Sg_QJ of ither1_;¢_;.“v‘F afrd 88.6
NWP—seemto—be—the bcod. sotyetit j“_lég\t €S fu"a4 813
SJUL; I I D; LI I‘\ I T g II; dc ?yllt htb; DIH@“'J: i) Gg 7[5‘ 82 479
67 S1| IIL;CBG‘DH_/I-I-HFCIICJ tU Lf [} VC\I%’ g?}g)ﬁ L,U'DUI VU&lg. LILIL! 733
C JIIUI Ild.ll Ull W l II LJIVI_ cwu |\||vr I Ul B%IIC Cl Lylluts.é., 588
apidation reactipn asshowrin E?ojglpl €S 55’3 t 5769 176
68t 'C:’CA[H’BHV/QMF gt €S, VeTe chlﬂ,lz ™I E J tn:u—: DPITE ~ 743
procedut € TOor SOfE llqul reqct O%g i tATy gse OFER 57
anmd—SottTtTsTmA—for 2%” ffememnt %:‘ptl 0) bUU% rates| ana 54
Mo unT satts; espectivelyResults are grvemr n

Table 14 for AIcaI ase CLEA ( 1 ng/m) and Table 15 for
Table&suRtshowsi the Ae§BIts2olirmed) for Sbeeeminits solsemneftdcts ded using Alcalase

CLEA? )égecratgl‘igtt SAft|e§ 2thhoutrs ma(’[:lgﬂ |%eexper|ments containing solvent mixtures
of 82.5 Bu'OH / 17.5 X (%vol/vol), when high amount of Alcalase CLEA was used (i.e.
4 mg enzyme / ml reaction mixture) total substrate conversion was obtained for all
solvent combination used. The reaction mixture contained more than 87 % amide, and
the amide yield increased above 93 % at longer reaction time.

Am'OH proves to be an excellent solvent for the amidation of peptide methyl esters.
When mixtures of Am'OH /DMF (82.5 / 17.5 vollvol) were used as solvent mixture,
even at a lower enzyme concentration (Alcalase CLEA added approximately 1 mg
enzyme / ml reaction mixture), high yields of amide (i.e. about 80 % amide) were
obtained after 2 hours of incubation. At longer reaction time, at total substrate
conversion, the product mixture contained more than 90 % amide. This suggests that
Am'OH can replace the Bu‘OH as main co-solvent in the reaction mixture for enzymatic
amidation of methyl esters of peptides.

Similar trends were obtained when Subtilisin A was used (Table 13). However,
Subtilisin A performs less than Alcalase CLEA in amide synthesis. About 85 % amide
is obtained after 21 hours in 82.5 Bu‘OH / 17.5 DMF (% vol/vol). Generally, the amount
of free peptide resulted from ester hydrolysis is higher, around 12-15 %. Binary solvent
mixtures containing 82.5 % Bu'OH or Am'OH in combination with 17.5 % of either DMF
and NMP seem to be the best solvent mixtures for Subtilisin A in amide synthesis.
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used to replace Bu OH as cosol vent. Table 14 (Al cal ase

CLEA) Tabl e 15 (Subtilisin A) Exanples 83 to 9 1
w@piwovmi«g t he amount of Al cal ase CLEA i n t he PEHEP10081057972

m xture Previous experiment s%shomed t hat Al cal ase CLEA

is very efficient in the ame synthesis. Experinents

were perforned to determ ne the | owest enzyne

concentration that can be used in the reaction, to

obt a product yield in a reasonabl e reaction
ExanEu l:?ééhﬂoggtypi cal experinent, the assay mxture

s|ncé?ﬁmf@W§é{arﬁ@@'t&bb@¢/@4y3qob@ ésvb@@em ﬂ%o‘h%lﬁéﬁﬁ ﬁntﬁ@MF and NMP
nmM ammoni um car ba e Iin an anh y rous sol vent
for thei gnzyreali¢ agrdation Bracanaas shaws % Examplesl §5 &6 6OVRhese solvent

mixtufls fhel€ 188t S rBtsalRe $PGectss8. Bhsarme dnfié ShbElns with Alcalase

CLEA nhhd aBeBtildint Ae féﬁlddtﬂe@éhto febh@ee@aw&ates and ammonium salts,
Al cal ase- CLEA: 0.2 /m and 2

respgaiiyplye ROselty pre Beet ino %é 4i fﬁb AYealese Q«LEﬁo(Ungﬁml)zerp Table 15

[ a

or S 2Rl RSB oL 5B hubemeily U Apfort cane

usedeg vaplaee Bu®Hs exselvenitiri | e. Sanpl es were anal yzed by
HPLC. All experinments were perforned in duplicate. The
results are |listed in Table 16. Table 16. It can be

Table; déhAlcatasedeLBA) Al cal ase CLEA concentration of 1 ng /

Ex.|Repttiqng Ammaniving Beptide Sulddrate ic onv er samppasitionias reagtien mixtyre
timed) 5- pHRAltQVE| | s obt ai ned [Splvent (82.5:376K % BdNibgt YodhOH | % P-OMe
69 2 INH,COONH,| Z-Ala-Phe-OMe Am'OH /DMF 78.0 4.4 17.7
4 89.9 55 4.6
21 94.0 6.0 0.0
70 2 INH,COONH,| Z-Val-Thr-OMe Am'OH /DMF 47.9 2.8 493
4 64.8 4.6 30.6
21 80.3 14.6 5.1
71 2 INH,COONH,| Z-Val-Ala-OMe Am'OH /DMF 785 8.6 12.9
4 86.2 9.9 4.0
21 87.6 10.6 1.8
72 2 [NH,COONH,| Z-Ala-Phe-OMe Am'OH /NMP 48.1 2.8 49.0
4 65.8 45 29.7
21 90.4 8.7 0.9
73 2 INH,COONH,| Z-Val-Thr-OMe Am'OH /NMP 39.4 2.0 58.5
4 57.1 3.7 39.3
21 85.7 10.4 3.9
74 2 INH,COONH,| Z-Val-Ala-OMe Am'OH /NMP 60.1 7.7 322
4 747 10.3 14.9
21 85.3 13.1 1.6
75 2 [NH,COONH,| Z-Ala-Phe-OMe Am'OH /DMF 78 4.4 17.7
4 89.9 55 4.6
21 94 6 0
76 2 |(NH,),COs | Z-Ala-Phe-OMe Am'OH /DMF 68.7 6.1 252
4 83.5 8.1 8.3
21 90.9 9.1 0
77 2 |CHsCOONH,| Z-Ala-Phe-OMe Am'OH /DMF 39 26 58.4
4 52.8 3.9 433
21 86 9.9 4.1
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The product m xture contained 92 %amde and only 3.5

% of the secondary product of the ester

wok@b/oaside yi el ds were obtained for other

substrate
| onger

S,

reaction tines.
that the concentration of enzyne, i.e.

for this | ow en

can be reduced significantly,

concentrati on,
HoweVdr, these results show
Al acal se- CLEA,

hydr ol ysi s.

peprPCTEP2008/057972

but at

t hus maki ng the process

econoni cal . Exanpl e 92 Am dati on of
Tab'%g\%?ﬂ’gt”ﬁ'rbé‘ a-Phe-Al a-OVe I n a typical experinent,
Ex. | ReB&ionIfie/| Alnionilg [COMPaptiaed dppr oXigeaipdsifion @f RExction mixture
pepth de slubssalat e |anguiditaterM (g oNEMtI(8215:6A6)D 3ARINM, | [V, RFOH [% P-OMe
78 | anhydr ousNa@oeH, [/xtwr-evel [82AR'C BWFOH| anth dL7.[5 Yo 87.3
(volg vol )[ of DVF, [in a total [reaction vol ime21d ng4 754
The2t eactfion m xture was therjnostated at B0G7.0'hg 165 26.5
79 | reaction [NBSCOONH[BVaAIBPMeneg ad@diOH omrFof [4 g ni| 87 60.3
Al cal ase [CLEA. Redction was i|ncubated at BO 49.7 or| 2141 36.2
houps. Al|i quot sanples were tlaken at 2 h, |4 18.and 24k 2.2
80 | h ared t heNHeOINHZ-WaPhsionped Ay GHheviddl t | zae of| aB5 74.3
equal vollune of adetonitrile.] Sanpl es weré¢ ased yzledehy | 57.0
HPLCe! Theg resultsjare listed|in Table 17. [ Tatd.4e 21.1 5.4
81 | 17Bcanpl ¢Nd3),ERz Yy Bhia®has@MEat|i oAmEH 2N ai PhakdOH || n6.8 68.6
typidcal experinent], the assayl m xture contai 3=l 9.2 58.8
appeoxi ndtely 10 nM pepti de Substrate with a69.1 26.5 4.4
82 | C-ter mi ngCH{QGRNHGZ-dladihe-OME) |mVAaIHDPIMEN ¢ ar3tstmatle b.A 63.9
an anhydrlous solvent mxture |of 82.5 % Bu| OHt%hd [179.3 451
% (26l /vdl) of DMF, in a total 73.7 21.0 5.3

Examples 83 to 91

Optimizing the amount of Alcalase CLEA in the reaction mixture

Previous experiments showed that Alcalase CLEA is very efficient in the amide
synthesis. Experiments were performed to determine the lowest enzyme concentration
that can be used in the reaction, to obtain high product yield in a reasonable reaction
time.

In a typical experiment, the assay mixture contained approximately 10 mM peptide
substrate and 100 mM ammonium carbamate in an anhydrous solvent mixture of 82.5
% BU'OH and 17.5 % (vol/vol) of DMF, in a total reaction volume of 5 ml. The reaction
mixture was thermostated at 30°C. The reaction was initiated by the addition of the
enzyme (Alcalase-CLEA: 0.2 mg/ml, 1 mg/ml and 2 mg/ml, respectively). Reaction was
incubated at 30 °C for 21 hours. Aliquot samples were taken at 2 h, 4 h and 21 h and
the reaction was stopped by the addition of an equal volume of acetonitrile. Samples
were analyzed by HPLC. All experiments were performed in duplicate. The results are
listed in Table 16.
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reaction volune of 5 nl.

wadavnosm of 4 ng/ m Al cal ase CLEA. Reacti on WaST/EP2008/057972
i ncubated at 30 C for
taken at 2 h, 4 h and 2 1 h
st opped by the addition of an equal

acetoni t hl e.

2

The reaction m xture was
thernostated at 30C. The reaction was initiated by the

1 hoyrs.

vol une

Al'iquot sanples were
d the reaction was

of

Sanpl es were anal yzed by HPLC. The

results are listed in Table 18 . Table 18 It can be

Tableoecl uded from these experinents that the Cterm nal

free . nentide ||b§fr
Ex. [Rpget %ﬁmﬁwme pretiat'e™ nf ¢ e BHesdncB P Al calaeoi
o AFMS IR oy o esd £or the dm-dationlof
%’?a\,ﬁé@#ﬁ% nal—estgys—or—achds o pepti-desubstrateg=in
au4 tton-phasg synthesis—of 5q%pt. €s; 2@“40."7“.". stfig g
agy dati ng one- @y norep pt U85 subsit aggsS conNprrgEng
ga| Cdermmnal estgrs or acids p14Y tihe grotedse 152
sgptifisin in gny sui tabie fgrmin thg presence; gf on
Op1NMDf € ammoni ym sal ts deri vggd fragm aggaci d havighg a
85| pKka apove 0 . 2 . A process ;gacordi ngsuo cljai m 36
where|l n C-ternpnal ester|s ofg4mepti|de substriates pare
agndated. 3 . A process |accopdling [to c6ai m2 wharein
z-ValPhe-Odgt ers of the C-term nal est ers of the peptl de
hot at o or o ool At A f arn—af i
9 oL at T Al © LIAAYA S >AY] 1 I UIII " UI UU'J 1 A J.L
86 (%J)a Ir\_yl est %Pg A——A pf O%"sﬂ acgcor ']:gng o bl?%;lll 3
_\‘NE?T er—the c:t:fi' s—of—the S5 et sF,]D" ets——of 3‘|'2.|9c
87 2 1 49.8 5.2 44.9
4 1 67.8 7.6 24.6
21 1 87.8 11.8 0.4
88 2 2 69.5 9.7 20.8
4 2 81.7 11.7 6.6
21 2 88.4 11.6 0.0
Z-Val-Thr-OMe
89 2 0.2 56.7 2.6 40.7
4 0.2 76.4 3.9 19.7
21 0.2 93.5 6.5 0.0
90 2 1.2 76.4 3.9 19.7
4 1.2 76.4 3.9 19.7
21 1.2 93.5 6.5 0.0
91 2 2 68.8 4.2 27.0
4 2 84.1 5.8 10.0
21 2 90.3 9.7 0.0

It can be seen that at an Alcalase CLEA concentration of 1 mg / ml reaction mixture,
95 % conversion of the substrate Z-Ala-Phe-OMe is obtained after 4 hours incubation.
The product mixture contained 92 % amide and only 3.5 % of the secondary product of
the ester hydrolysis. High amide yields were obtained for other peptide substrates, for
this low enzyme concentration, but at longer reaction times. However, these results

show that the concentration of enzyme,

significantly, thus making the process more economical.

i.e. Alacalse-CLEA, can be reduced
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peptide substrate are selected fromthe group of
primary G -12 (ar)al kyl esters. 5 . A process
waewondisng to claim4 wherein the esters of thBCT/EP2008/057972
C-termnal esters of the peptide substrate are
sel ected fromthe group of %m&ry G -4 alkyl esters.
6 . A process according to claimb5 wherein the ester
of the Cterm nal ester of the peptide substrate is
thle -term nal nmethyl ester. 7 . A process according
Example one of the preceding clains wherein the
Am:o%ﬂHH'@)b’%bﬁ@'otPfosA%ePhéﬁﬂaf@ME‘ an acid having a pKa
above 3.5. . A process according to claim7 wherein
In a ttymcalrﬁvmﬂrmm&rﬁame Iaasay hf@letmelmtzmged mﬁroamaielyut@ unid peptide
L) 0 _NH ) wher ei 1is | ect e
subsh{g %rpq)@o(gglelh%pp@é Cértéarpgpe) 'QI@( r'anh ous sg?vaq;‘sglmlxture of 82.5
% BU'OHRANd 27 .5 Hvorvd) 83D®’IFN|‘H a*tot512rela§t|§t¢|v@m‘i”@éiof BANN. tTAe reaction

group of hydrogen and/or G -4 alkyl, and R3 is a bond,
mixtuse ceia® dhgimaestaies, abB0SCCThe eaaoyipn ceiaddniiateg bughe addition of 4

mg/mq%céﬁggle ld/LESAJbéééct:tlon was incubated at 30 °C for 21 hours. Aliquot samples
were taken at 2 h, 4 h and 21 h and the reaction was stopped by the addition of an

equal volume of acetonitrile. Samples were analyzed by HPLC. The results are listed
in Table 17.

Table 17
Ex. Reaction time, h % P-NH, % P-OH % P-OMe
92 2 42.15 0.3 57.55
4 60.73 0.55 38.72
21 99.21 - 0.79
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wi th one or nore hydroxyl groups and/ or -COO NH4 +,
optionally in hydrated form 9 . A process according
wo eoogloaism 8 wherein R 1 is selected fromthe grouprmhs/ 37972
(ar)al kyl, C6-12 aryl, -NH2 H, and - ON#4 +. 10 . A
process according to claim QSQAher ei n the anmoni um sal t
is selected from amoni um car bamat e, anmoni um
car bonat e, anmoni um bi car bonat e, anmmoni um acet at e,
anim) | um benzoate, and m xtures thereof. 11. A process
Example?4ii ng to claim 10 wherein the ammoniumsalt is
Enzmrgﬁ%gaﬁgam@,pﬁ@@{pr ocess according to any one
the preceding clainms wherein the nolar ratio of
In a avnmhexﬂemnentt ¢>hep@§tsayjesnlsuxusmmitt@nedrmomrmtelz 10 oM peptide
one of the

subs{ider g G Bl b R0 e bofd JufCpdiall ‘Hoamate in an

anhy8f0TR $SV&8 teule bLBRIT e BREOArafd 1338 9, GOBIRICISESDMF, in a total
C-terminal acyl residue which is an a-am no acyl

reactiassyeluenef ofchmmat be aeatztronsmmtlur@twas drergiastated. atﬁ@éC The reaction

was E\‘gﬂﬂ eg? ggqﬁcorg geqfo A&{Tg‘z qﬁlﬁeaeﬁ_apbtlée@&:é@n?ﬁsnmcubated at 30

°C foPQQUﬁﬁIr@dAIﬁM)t sﬁhﬂilé’é?%?e gléén &hen, Bhyand$.h and the reaction was
protected) Lys, Leu, Met, Asn, Gn, (protected) Ar

g,
stoppger oy dus edgdltlSerof ahhequaya/bjur’(l@Déta@etmylleﬂ&amples were analyzed by
HPLC. The results are listed in Table 18.

Table 18
Ex. Reaction time, | Z-Ala-Phe-NH, Z-Ala-Phe-OH
h ala% ala%
8/ 2 29.14 70.86
34.43 65.57
21 69.86 30.14

It can be concluded from these experiments that the C-terminal free acid of a peptide
substrate can also be amidated by ammonium carbamate in the presence of Alcalase
CLEA.
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- Avligreinacersdipade il élymerrfains@ﬁerr@mfaf)@%te&ef

and (protected) Tyr. 15 .The process according to any

one of the preceding clains wherein the peptide
wGeamshomi€ i s prepared according to a process POI/EPRPS/A57972

sol uti on synthesis of apept ﬁe in an organi c sol vent

or a mxture of organic solvents, the process

conprising repetitive cycles of steps (a)-(d): a) a

coupling step, using an excess of an activated

CLAI&ﬁ{‘bOXyI i c conponent to acylate an am no conponent, b)

uenching step in which a scavenger is used to
renove residual activated carboxylic functions,
wherei n the scavenger may al so be used for

. Adwpresstari tbe anidatien gf dwitemgnipabesteées ot pcisiseoiopeptisieesubstrates in

eous _extractions.and.qptionally. (d).a . separate :

sQRlTGReEY sHbiasts o SRPUAEY B9 Rbrting hisBLAG D g more peptide
SEEtIASS LOMPrisAST 8dinal &8tetsCSAci@NBsiBYChE proteBEOSEBHIisin in any

step b an am ne conprising a free anion or a | atent .
sutabim foren instbe rigsenes al/enger nyIrerasmM@niim satts werived from an acid

' tions. 16 .The process according to any

h%\ﬁé‘g%ﬁ}%%ébé\?ge&di ng clains wherein the protease

subtilisinis of the famly EC 3.4.21 .62. 17 .The

process according to any one of the receding cl ai s

eplide,subgirates are

amidfedr ocess according to any one of the preceding

clal ns wherein the protease

. A process according to claim 2 wherein the esters of the C-terminal esters of the

peptide substrate are selected from the group of C1.12 (ar)alkyl esters.

. A process according to claim 3 wherein the esters of the C-terminal esters of the

peptide substrate are selected from the group of primary Ci.12 (ar)alkyl esters.

. A process according to claim 4 wherein the esters of the C-terminal esters of the

peptide substrate are selected from the group of primary C1.4 alkyl esters.

. A process according to claim 5 wherein the ester of the C-terminal ester of the

peptide substrate is the C-terminal methyl ester.

. A process according to any one of the preceding claims wherein the ammonium

salt is derived from an acid having a pKa above 3.5.

. A process according to claim 7 wherein the ammonium salt has the following

chemical structure (l):

o)

//
e o NH

A ()
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subtilisin is cross-linked enzyne aggregate (CLEA)
subtilisin. 19 .The process according to any one of
wo bmopomseedi ng cl ai s wherei n an organi ¢ sol vePtT/EB2008/057972

used. 20. The process of cl al\%m 19, wherein the organic
solvent is selected fromN, met hyl f or mam de ( DVF),
[/ V-met hyl - 2-pyrrol i done (NWP), di oxane,

N, Ndi et hyl acet am de (DMA), dichl oromet hane (DCM,
betrahydrof uran (THF), acetonitrile, te/f-butanol,

€% anyl al cohol, dichl oroethane (DCE), te/f-butyl

R'”Fﬂé@é\ed?é@%n{ oupPathyarsg e e, tNerehé? &, Tszﬂ'yl -N(R2)s, -OH,

process of claim 20, wherein the organic solvent
amnd KBE NH4't e/ f - but anol and DVF, te/f-butanol and NI\/P,

ReapoeBRteo g el of Mioabhy Pl iafyeid 5"

RBhs bedohdMat @irbdrdyl Rjr %’6@@&% d 0.4 bfkypé%ﬁhgl Qr@'ubeﬁbtlonally substituted
ranging from 0, 0001 to 5% e process

WHR @B TROMeN HOX Y 1850 eps ﬁhé/ Pree@eN hﬂ;‘hct ai ms wherein
%rﬁaﬁl Wh?@gatt%?gfr ction is perforned is selected from

nge 0 24. The process according to
any one of the precedlng cl ai ms wherein the reaction

tenperature for the am dation is 15-60 C. 25. The
9. Appreeess aseerting g damidywhseeifR1 He %ﬂ%@@@uf@“cth& ghoup of Ci.12

(%M&‘F@ﬁfeg _{Zr}ff%/ﬁWRHnt - SRrYeENigrges from1l to 50 wt. %

e pept| de substrate 26. The process
according to any one of the preceding clains wherein
the am dat i
10. A process accordlng to claim 9 wherein the ammonium salt is selected from
ammonium carbamate, ammonium carbonate, ammonium bicarbonate, ammonium

acetate, ammonium benzoate, and mixtures thereof.

11.A process according to claim 10 wherein the ammonium salt is ammonium

carbamate.

12.A process according to any one of the preceding claims wherein the molar ratio of
ammonium salt to peptide substrate ranges from 2:1 to 20:1.

13.The process according to any one of the preceding claims wherein the peptide
substrate comprising the C-terminal ester or acid comprises a C-terminal acyl

residue which is an a-amino acyl residue from natural or synthetic origin.

14.The process according to claim 13, wherein the a-amino acyl residue is selected
from Ala, protected Cys, protected Asp, protected Glu, Phe, Gly, His, (protected)
Lys, Leu, Met, Asn, GIn, (protected) Arg, (protected) Ser, Thr, Val, (protected) Trp
and (protected) Tyr.

15.The process according to any one of the preceding claims wherein the peptide

substrate is prepared according to a process for rapid solution synthesis of a
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performed by stepw se addi ng portions of the protease
subtilisin (in any suitable form into the reaction
WorRoobems1Lonpri sing one or nore peptide substretEEP2008/057972
conprising Ctermnal esters, or acids. 27. The process
according to any one of thes3p°’r ecedi ng cl ai ns wherein
the am dation is perfornmed by stepw se addi ng portions
of the ammoniumsalt into the reaction mxture
conpri.sing one or re, peptide substrates.conprisin
PeRY mn%rrcfl %@?@I%s sg veg&?cgg_a melxture ofr organic srgfven S, gi’he 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,
C) one or more aqueous extractions and
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.

16.The process according to any one of the preceding claims wherein the protease
subtilisin is of the family EC 3.4.21.62.

17.The process according to any one of the preceding claims wherein the protease

subtilisin is free subtilisin.

18.The process according to any one of the preceding claims wherein the protease

subtilisin is cross-linked enzyme aggregate (CLEA) subitilisin.

19.The process according to any one of the preceding claims wherein an organic

solvent is used.

20.The process of claim 19, wherein 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, tert-butanol, ferf-amyl alcohol, dichloroethane (DCE), tert-butyl methyl
ether (MTBE), and mixtures thereof
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21.The process of claim 20, wherein the organic solvent is a mixture of tert-butanol
and DMF, tert-butanol and NMP, tert-amyl alcohol and DMF, or tert-amyl alcohol
and NMP.

22.The process according to claims 19 to 21 wherein water is present in the organic
solvent ranging from 0.0001 to 5% (v/v).

23.The process according to any one of the preceding claims wherein pH at which the

reaction is performed is selected from the range of 5.5-10.

24.The process according to any one of the preceding claims wherein the reaction
temperature for the amidation is 15-60°C.

25.The process according to any one of the preceding claims wherein the amount of
enzyme ranges from 1 to 50 wt.% related to the peptide substrate.

26.The process according to any one of the preceding claims wherein the amidation is
performed by stepwise adding portions of the protease subtilisin (in any suitable
form) into the reaction mixture comprising one or more peptide substrates

comprising C-terminal esters or acids.

27.The process according to any one of the preceding claims wherein the amidation is
performed by stepwise adding portions of the ammonium salt into the reaction
mixture comprising one or more peptide substrates comprising C-terminal esters or

acids.



