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WO 2006/008050 PCT/EP2005/007625 1 Method of peptide synthesis

The present invention relates to the field of pharmaceutically useful
polypeptides, namely to a respective method of chemical derivatization
enhancing biological activity of such 5 peptides. It devises a method of
chemically amidating the C-terminus of a polypeptide. Small peptide
warags/bge® gained importance as a distinct, useful classRfT/EP2005/607625
pharmaceutically active ingredients. For instance, anti-infective peptides,
particularly cationic peptides whose industrial biotechnological

Mdaawpgtptaiissgarigad in US2003/0219854 Al, are a 10 new class of
broad spectrum antimicrobial substances which may help to combat the
rapid spread of multi-drug resistance towards standard antibiotics
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downstream processing step. Chemical amidation approaches described
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-hydroxy-9-azabenzotriazole. The alleged o .

Peptide Protein Res. 30, 1987, 206-216), the more Cost-effective biotechnological route
processing single peptide from large head-to-tail peptide concatemers lacks this possibility.
Hence a biotechnologically manufactured peptide according to US 2003/0219854 Al must
be C-terminally amidated in a downstream processing step. Chemical amidation
approaches described so far entailed a considerable degree of racemisation of the peptide

backborne though.

US 2003/0219854 describes terminal amidation of a tryptophan-tich, Boc-protected 12-
mer by reaction with an excess of ammonia and a base reagent (20 eq) in aprotic solvent,
DMEF, in the presence of near stoichiometric amounts (6 eq.) of an uronium coupling
reagent (HATU: O-(1H-9-azabenzotriazole-1-y1)-1,1,3,3-tetramethyturonium
hexafluorophosphate)} and of the co-activator N-hydroxy-9-azabenzotriazole. The alleged
yield of the amidated, deprotected peptide derivative was 47% .

Careful reproduction of this reaction sequence and reaction product analysis (s. exp.
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yield of the amidated, deprotected peptide derivative was 47%. Careful
reproduction of this reaction sequence and reaction product analysis (s.
exp. 2 section) shows that the low yield is mainly due to unwanted
epimerisation of the C- terminal amino acid, giving rise to two amidated
diastereomers in almost 1:1 ratio as confirmed by electropherograms
obtained with both a Tween 20 and a Cyclodextrin CE methods. This ratio
obtained was also confirmed by a reverse-phase LC/ESI-MS tandem 5
chromatography using Marfey's reagent as a chiral derivatizing agent of
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yield only of about 60 to 70% of the desired amidated diastereoisomer of

the peptide. A similar approach with ¢ differ
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a-amino function of said
The aim of the present invention is to avoid the disadvantages of the prior art and to devise
another or improved method of chemical, non-enzymatic amidation of a non-protected ¢~
carboxyl group of an peptide or amino acid. According to embodiments of the present
invention, this aim is solved by a method for amidating the free g-carboxyl group of an
amino acid or peptide, comprising a first step of reacting said amino acid or preferably said
peptide with 2 peptide coupling reagent in an organic solvent in the presence of a base and
further in the prosenoe of an ammonium salt of at least one peptide coupling additive
wherein the ammonium cation is selected from the group consisting of ammonia, primary
amine and secondary amine and wherein the side chain and c-amino function of said

amine acid or peptide are protected with non-base-labile protection groups.

According to a first aspect, there is provided a method for amidating the free o-carboxyl
group of an amino acid or peptide, comprising the first step of reacting said amino acid or

peptide, with a peptide coupling reagent in an aprotic organic solvent in the presence of a



amino acid or peptide are protected with non-base-labile protection
groups. 30 According to a first aspect, there is provided a method for
amidating the free a-carboxyl group of an amino acid or peptide,
comprising the first step of reacting said amino acid or peptide, with a
peptide coupling reagent in an aprotigaorganic solvent in the presence of a
2a first base, with the exclusion of an a-amino function of a peptide or
amino acid, and in the presence of an ammonium salt of at least one
firgidaeri ey eb tplitg Helgriveanvhansin fiectiamphomienideatiemisogsidcted frdm
préb& @ on aaisising Ridnioraieshohaaveesip! .pgcyma&@dwpé}mfweamine
and protonated seco ?d é mine, wherein the pH is co IIed during
ang
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provided a method for amidating the free a-arboxyl group of an amino
acaié?a%P%&ra@f%ﬁ?ﬁrmﬁgl?ﬂé%ﬁ%&Nﬁ‘ra@é‘fﬁﬁ@%&aﬁaﬁq.no acid or peptide

with a peptide coupling reagent in an aprotic organic solvent in the
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controlled during réaction to be th theR ﬁ}égoofal B8 8% WRETERIGigee of an
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w-carboxyl groups oflndlwdual aspartyl or é;lutamyl residues, and
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colitdhe:prBsentehoffiae irshdasa, aitlp thehexedusion of an a-amino function
of a peptide or amino acid, and further in the presence of an ammonium
salt of at least one peptide coupling additive, wherein the ammonium

Acsatibreity selsedaapdnthaneigrouides nsisting doidrime thafrmeniaboxy! group
of REIGNRIBR WPWWPWRRK, comprising the first step of reacting said
ILRWPWWPWRRK with a peptide coupling reagent in an organic solvent in the presence of a
first base, with the exclusion of an a-amino function of a peptide or amino acid, and further in
the presence of an ammonium salt of at least one peptide coupling additive, wherein the
ammonium cation is selected from the group consisting of protonated ammonia, protonated
primary amine and protonated secondary amine, wherein the pH is controlled during reaction
to be in the range of 8 to 9, and wherein the side chain and a-amino function of said

ILRWPWWPWRRK are protected with non-base-labile protecting groups.

According to a fourth aspect, there is provided a method for amidating the free a-carboxyl
group of an antimicrobial peptide; preferably a cationic antimicrobial peptide, comprising the
first step of reacting said peptide with a peptide coupling reagent in an aprotic organic solvent
in the presence of a first base, with the exclusion of an g-amino function of a peptide or amino

acid, and further in the presence of an ammonium salt of at least one peptide coupling additive,



primary amine and protonated secondary amine, wherein the pH is
controlled during reaction to be in the range of 8 to 9, and wherein the
side chain and a-amino function of said ILRWPWWPWRRK are protected
with non-base-labile protecting groups. According to a fourth aspect, there
is provided a method for amidating thg,free a-carboxyl group of an
antimicrobial peptide; preferably a cationic antimicrobial peptide,
comprising the first step of reacting said peptide with a peptide coupling
wieage el nnancaprotiatanganides ey éntn it heoppeserisengfod firstb lbastanitbnia,
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further in the presence of an ammonium $Salt of at least one peptide .
dyidpoie B RtRren b TWhsrelif tA-arthidRTerh Eattl R pdedRbmitnetion of
sgiqidpicensisiegdratonaiedsampirpaepioionatgs primary amine and

protonated secondary amine, wherein the pH is controlled during reaction

to be in the range of 8 to 9, and wherein the side chain and a-amino
Itfigre fio trokreiaid Pepthtdaierpreseicedithvisnasnipasatiabié thysadidlnfgrably are
n@rRRealt dSdtReRe: Understoad b at the RASLeRILRLARIRNG AR a first
bcatiorc'lu of the(fgltgrq{efablé/ aﬁ‘h nat identical and he[nce are not Iorming a

EOGATE ACiTbasE Par RatHer, hat thereea fist"35sE ald'a second
base which second base is the ammonium cation according to WO
2006/008050 PCT/EP2005/007625 3 the present invention. In the
following, the term “base' shall always be construed as to refer to said
first base only. The second base will always be referred to as the
ammonium compound or cation. 5 The method of the present invention
has the advantage of minimizing adverse epimerisation of the a-carbon
atom of the amino acid residue that is actually amidated at its a-carboxyl
group. In di- or higher n-mer peptide, this amino acid residue is the
C-terminal residue of a peptide which is a particularly preferred
embodiment of the present invention, to The peptide or polypeptide
according to the present invention may be any peptide, The protection of
side chains and a-amino function will allow of achieving a sufficient
solubility of a suitably protected peptide or amino acid in the organic
solvent. It goes without saying that the solvent conditions according to the
present invention prove
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favorably for efficient amidation under retention of configuartion, but may
prove 15 denaturing in view of leaving secondary or even tertiary structure
of longer peptides unharmed, espercially were such secondary or tertiary
structure is not stabilized by covalent intrachain bonds or similar, possibly
non-natural structural elements. Preferably, a peptide according to the
waresembsosention comprises 100 or less amino acid residuasgproaren762s
preferably 50 or less amino acid residues, most preferably 20 or less
amino acid 20 residues. This defini?on includes peptides comprising

s RA AL RAR LSS BUE L A8 N A IR AGINT alva9k b2 BMIRRACIYS WP

modified or unusual side chains or eventual non- amino-acid building
to FLRE AR it eTTe PR Wik Peprids eHemriRrmibtarerwntym

cop@ptintboiSalickphase synthesis allows of efficient synthesis of peptides
close to 50 residues, though further liquid phase segment condensation
reaction allow of producing even more 25 lengthy fully synthetic peptides.

ThyBiithen giibeaaietioRveRisR ey e pliaenthimBirTisng adisisehnological

epphogiictians Redustion abihe Matemconianienfibereacinnimdiieeas: its
well as suita xclyding other protic solvents, in particular exclyding.
ket il SR ilion N Sl v ST
resiipapbt, Heppie fehieltifcrrEgstede nrcfipasraidie dbocPirefdra biysatidnyepticte
is an antimicrobial or anti-infectious, bactericidal peptide, preferably is a
ILRWPWWPWRRK

tioni timicrobjal id h ..
T e R O S T BRI S AT A o e
profevtiionfeltidecipaptiad sopanoflaxdiicpatidiniopeptitbe-eugh asicoticidin
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ILRWPWWPWRRK whose industrial biotechnological manufacture is
Witheytsu e tyB0euNGReEER NS A HR I BBt ISR T
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microbes. 5 Preferably the amidation reaction is carr ‘Having a water
unpiteshiSRAERY theh IShE ORI HrBfalaBIy rds SehgrPRETY Bv),
cotaRst prefarabbolrssibamibypivéniylioa-fafiif®Eiructural elements. Preferably, a

peptide according to the present invention comprises 100 or less amino acid residues,
more preferably 30 or less amino acid residues, most preferably 20 or less amino acid
residues. This definiton includes peptides comprising non-natural composites such as D-
amino acids, L- or D- amino acids with modified or ummsual side chains or eventnal non-
amino-acid building blocks linking different parts of the peptide chain within afore said
peptide. Solid-phase synthesis allows of efficient synthesis of peptides close to 50 residues,
though further liquid phase segrnent condensation reaction allow of producing even more
lengthy fully synthetic peptides. Now length restriction exists for peptides obtained from
biotechnological production. Reduction of the water contents of the reaction mixture, as’
well as suitably excluding other protic solvents, in particular excluding beside water lower
C1-C5 alikyl alcohols such as methanol, isopropanol or ethanol, is preferred for the present
invention.

Preferably, the peptide is an antimicrobial or anti-infectious, bactericidal peptide,
preferably is a cationic antimicrobial peptide such as e.g. LRWPWWPWRRK,
indolicidin, which are more active in their C-terminally amidated form. Anti-infective

peptides, particularly cationic peptides such as indolicidin derivatives and in particular
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preferred embodiment, the reaction is carried out under essentially
water-free conditions. This may include using e.g. freshly distilled solvent
or using protective nitrogen 10 atmosphere. Preferably the organic solvent
is an aprotic organic solvent, more preferably it is a polar aprotic organic
solvent. Suitable examples are acetonitrile, dimethylsulfoxid, dichloro-
woethanaand N,N-dimethyl-fonnamide. Most preferably thewrganimapsstic
solvent is 15 N,N-dimethylformami%e. Preferably the amidation reaction is
carried out of from -15C to 50C and that the pH is controlled during

1L ESAsHAR I RRINIS s anaeehahauRE Bl praierakl ik erairglled at
about pH 8.5. 20 The type of reagents referred to 'ab%\%:%iﬁl ch as coupling
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masthsigasadpeptide syndrpsis] wihichitidegseddents arwadaidatibndresittioirs

amﬁﬂ%%ﬁl%%éﬁﬂ%gr@eqman e.g. in Bodansky, M, , Principles of Peptide
Synthesis, 2"a ed. Springer Verlag Berlin/Heidelberg, 1993). 25

Non-base-labile protection groups are well-known in the art, the term
PrdiageHabiarbainign cepanrdasde saRiiapbstrcionataasicathansipr

inolysis by, primary or.se ary amines as.is com in art.
T R o E RS IS SR N P

Profyaelayhodimath Smecib srreistarbern csgpbaistvalor-free conditions.
ThiUbdpticashenyl)-c Braa Boidhiph enyint dseprepyexyeaigyl)-group.

at}[I]L(%rstt]%geonal protection schemes including base labile protection are of
Course excluded from the present invention. Whether global protection

with a single type of protection group or protection by different types of

Pra}sRIBGHion SroMRSRe SaMeRARILE.AL 35NBR, aritkis Eagiiied. ideReRAs
the source of the 5 peptide from chemical or bigotechnological synthesis

PR PR SRR A TS RIS e A°SI B pae O At Herpro-

mehetaby] Mehidiattbfisticnmodsbbisst labiled iy tiporpaychereffectechbiy

Nﬁﬁﬁﬁ%ﬁﬁrmﬁﬁﬁﬁlﬁw nder different reaction conditions. For instance, the
Nps (o- hitro-phenylsulfenyl-) group is favorably removed by suithydryl
nucleophils, Z-groups are

Preferably the amidation reaction is carried out of from -15°C fo 50°C and that the pH is

controlled during reaction to be in the range of about pH 8 to 9, preferably is controlled at
about pH 8.5.

The type of reagents referred to above such 2s coupling agents, coupling additives and
protection groups are well-known from standard peptide synthesis, which in essence is an
amidation reaction, and are described in detail e.g. in Bodansky, M. , Principles of Peptide
Synthesis, 2" ed. Springer Verlag Berlin/Heidelberg, 1993).

Non-base-labile protection. groups are well-known in the att, the term base-labile being
construed as to refer to abstraction at basic pH and/or aminolysis by primary or secondary
amines as is common in the art. Suitable examples are e.g. Z-nitro-methoxyphenylsulfenyl-
» Aloc(aliyloxycarbonyl}-, Z{benzoxycarbonyl}-, Boe(tert.-butyloxy-carbonyl}-, Bpoc-
(biphenyl-yl-isopropyloxy-carbonyl)-group. Orthogonal protection schemes including base
labile protection are of course excluded from the present invention. Whether global
protection with a single type of protection group or protection by different types of

protection groups in the same peptide or amino acid is required, depends the source of the
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5 removed by hydrogenolysis or ABoc groups may be removed by
Pd(l)-catalysed hydrogenation. According to the present invention,
suitably non-base labile protection groups are preferably removed after
amidation by acidolysis as e.g. feasible for Boc-, Z-, trityl-, lops- or
Bpoc-groups. to From the gist of the present invention, it is apparent that
protection of aspartyl- and glutamyl- side chains that might be present in
the peptide according to the present invention deserves special attention
and requires suitable carboxyl protection groups for selective protection

r masking of w-carboxyl ving.t - ilé 0 p.
Rt B e b
in the arpEdy oy rotips arith AR BeRAvEbd gEshidercsheigbapEREpidats e
aﬂe{%ﬁ%@‘myaﬁgﬁif%&%@é%éhéﬁﬁ%@ﬁgﬁéﬂﬁ%mgﬁlf%sm lik-) deetone-
. ryant, P. e . PR em. S0cC,,.P. .).0r eleclive
st AR o BRSNS e e BB B
remofeddy(M)dsaitsirhasking ihezefm ctiontdutingres terifiddtioriapebmplex
nyadQMation ALedaet JRelBs-Ausiatid, Ghemy 18:14e7 finidsmmetastion of

the co-carboxylgroup may alsg be 20 facilitated by Cu(]]).catalysis
BoURs SRR ST VBT EHEM U S S AR TR S ther prefarred™ <
tritverpadimepbokthepresent invention, the peptide or amino acid to be
amidated is free from carboxyl groups other than the C-terminal
a-carboxyl group to be amidated, preferably is free from glutamyl- or
Frota §niit pESIBBEECTIPONER-tHaT SRREFROGIR PR Geiner atisR Y18 minyl- or
ghitaspRaginghsesidkes hyboaRcaniitariaprrboxyligaus srdesireable
.___and has been taken into account in the . overall.synthetic strateqy of
v A S e s e el e
seleffitfe pertertion ainmetidns of Avesteon | eraunddenaiva 8th SdiFoPiamh RIsENG e
groufee1Rs 3065 BNV G QbR 360 BR RS ke ROPIER s COMINSIRG IS8R D
of reacting said amjno aciq or tide with a peptide coupling reagent in
= b REREP O 1t PRSIV RY TRE PASHES BT AR AThoRium
esteseitiol thAtteastoon Eppptide €elipliif atl ditivs. WhereiBBHEE Anmpnium
seleSEVPLERIREIPGE OmANG LoD oS SN0 Gl AEABANIPRYRER, AERINC
and 6 secondary amine and wherein the'side chain and a-amino function
Cu(H} salisimarinng 35 g-dynction during esterification by complex formation (Ledger,
R., 1965, Austral. J. Chem. 18:1477f); deprotection of the e-carboxylgroup may also be

facilitated by Cu(IT) catalysis (Prestidge, R., 1975, J. Crg. Chem. 4013287

In another preferred embodiment of the present invention, the peptide or amino acid to be
amidated is free from carboxyi groups other than the Cerminal a-carboxyl group to be
amidated, preferably is free from glutarayl- or aspartyl residues.

Given that eveniually the generation of glutaminyl- or asparaginyi-residues by
concomitiant w-carboxyl gronps is desireable and has been taken into account in the
overall synthetic strategy of a pepfide or amino acid according to the present invention, it is
a furtber independent aim of said invention to devise a method for amidating the free o-
carboxyl group of an amino acid or peptide, comprising the step of reé,cﬁng said amino
acid or peptide with & peptide coupling reagent in the presence of & first base and further in
the presence of an arnmonium salf of of at least one peptide coupling additive wherein the

ammeonium cation is selected from the group consisting of ammonis, primary amine and
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peptide are protected with non-base-labile protection groups with the
exception of the o- carboxyl groups of individual aspartyl- or
glutannyl-residues and wherein said a)-carboxyl groups are amidated
concomittantly with the free a-carboxyl group in the reaction. This 5
second aim is particularly preferred when using ammonia for the salt
compound for obvious reason of yielding natural amino acid amides,
namely asparagizyl and/or ghttanginyl. All technical explanations and
descriptions of preferred embodiments of the invention 10 given above or

seccihitbe daliondng.sections and whickrelatedadhe-firshaimaf thenhyaaten

extend likewise t0 this secqnd, aim unless apparently incompatible, with
PP AR S RER GORRAE BT PREEHOTE F%i%ﬁ? e HER SRR Y the
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odanszky, .supra). Coupling reagents may. bé& mjxed anhydrides (e.g.
secor g i RS TRSBRSH AL A G 4 DR AU AaHts uch
chvRsackvaied LElBrg erasidhalogenidasi(e, ganrt€Bhsparaginy and/or

isobutyl-chloroformiate), or they may be carbodiimides, activated
t%rglr? otriazin- derivatives (DEPBT:
3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one) or 20 uranium or
Al Rhepsphonivm saltopd vativesial ke pzetazekdnana pretered:.aepgegiment
_of the present invention, the coupling reagent is a coupling reagent other
VR ARH T BOARANRY 1R TP RE T fﬁ%afg?ﬁ%éﬁf}lﬂfgseé%ﬁﬁ&?é%eéﬂ?'fs
ext@Rlegted & amilhecgsnd pinandistingpatnironickmsaltse phasptiofitina: sattsd
._which have been found tq give ' r '

s B L R e e
gluigperbrratdys thEiethdtdupling reagent is selected from the group consisting
of uranium salts and phosphonium salts of the benzotriazol capable of

activatin id a- . r lon.is carg in the
Cougresgerr?%ée%?a% Bagggé%lsgg%% elgagr%%%gﬁ%e%vﬁggn %Cg%?gg%& rgg es oPl/.s’uch
SUPTRaRRIPHEE FIESHREINIPS BHp MSYeafssitte 1 Hiopape phosphonic acid
m@i&kji&%gﬁtaﬁ@zfiggl Aty fsNad\ictatham et FPRii Ralogenides (e.g.

xafluorophosphate),. B N .

o Bl A e B SR g pomaotiesi
derivesesUBBYROspid o PyBDRIyloxy)-1,2,3-benzotriazin-4(3H)-ons) or
clals0 X EiRMRUAIDOREOSRRORIM AeRiNaroRhaRRhALR) of

ure .
PyAOP, WO 2006/008050 PCT/EP2005/007625 .
the pr%sant inventfion, the couphng reagsnt%s a coupi?ng reagent other than 2 carbodiimide.

In & prefemred embodiment, the coupling reagent is sslected from the group consisting of
uronium salts, phosphonium salts which have been found to give best foia] yisids and best

protection against racemization in the method of the present invention.

Further, more preferred is that the coupling reagent is selected from the group consisting
of uronium salts and phosphonium salts of the benzotriazol capable of activating said o-
carboxyl group and that the reaction is carried ouf in the presence of a base. Suitable and
likewise preferred exampies of such wwonium or phosphonium coupling salts are €.5.
HBTU (O-1H-benzotriazole-1-yI)-NNN" N’ tetramethyluronium hexafluorophosphate),
BOP (benzotriazole-1-yl-oxy-tris-(dimethylamino}-phosphonium hexafluorophosphate),
PyBOP (Bené:otfiazob1-y1—0xy—t:’1pyrm2idimphosphonium hexafivorophosphate), PYAQP,
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7 HCTU (O-(1H-6-chloro-benzotriazole-l-yl)-1,1,3,3- tetramethyluronium
hexafluorophosphate), TCTU (O- 1H-6-chlorobenzotriazole-1-yl)-1,1,3,3-
tetramethyluronium tetrafluoroborate), HATU
(O-(7-azabenzotriazol-1-yl)-1,1,3,3 tetramethyluronium
hexafluorophosphate), TATU (O-(7-azabenzotriazol-1-yl)-1,1,3,3- 5

wetrssnattuguronium tetrafluoroborate), TOTU (O- PCT/EP2005/007625
[cyan(ethoxycarbonyl)methylenean?ino]-N,N,N',N"-tetramethyluronium
tetrafluoroborate), HAPyU

rdR RsraetiarollahemhisRyRiding):- woplimhexafiorophosphate.

to Preferably, the base or first base is a weak base whose conjugated acid
herpRuorRasRAAG: BF THOIR-pRE PICTSPFRZGRIBRE Bristetdnty of from pKa 7.5 to
tetrhhetifhuihewax clusino:ofand RATDqdufTetiahwobapeplitdeidn Arbjko acid

[ AINARARI et | Prslarahiisadertiapy, siefically
e ﬁﬁﬁ@ﬁ“@%@?’%@%@g Xgﬁbﬁ]ﬁ%s%r her preferred areﬁlfliihi’g-’base
tetaibeiisepEp ey Rt NI®TdHARylaniline, 2,4,6-trialkylpyridine 15 or
[cybhaikybpemhaling aitictemateynsing, Straighisenibranshad C1-C4 alkyl,
re preferably jtis N-methylmorphaline .ar collidir .

R T R BT s A B AR rrec
heaiipuelitmspistelescribed above and below are particulary preferred being

worked in combination with a first weak base reagent as described in this

ion..2Q | th f bodi t, th idat] thod i
S P A e b
fropmpRpafica b yis canfedtinoifeherbiessned biathiitiarghamine. Alore
i iErRRY: P8 LAtRe dimide Sarpingisadaniis.selectad famhhg. group

consisting of diisopropyl-carbodiimide, dieyclghexyl-carbqodiimide and
Do S5 AR RRGh BT P BB Py AL BrOFERABIY
are] HithigH i8S thiNedliydaropyrvipyiroarhbididald el b dtHitidek dpgrfoine

ical rindustri line C '
or A AL P RS Uil R WIRGRIo LA e
pfﬁé@f@bﬁ%@1%&\&@@&%*}@5??@%%%&6@%@@@@6%&@5&%:@anﬁéembly
it idgleliigeORIef WTanaaidtaoHRan descsabiawbios aeomchedeliigcday
pré?é?r%%%%EES Wotkedan combination with a first weak base reagent as described in this

section.

In another preferred embodiment, the amidation method is carried out with a carbo-diimide
as the coupling reagent and preferably and particularly is carried out in the presence of a
tertiary amine. More preferably, the carbo-diimide coupling reagent is selected from the
group consisting of diisopropyl-carbodiimide, dicyclohexyl-carbodiimide and 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide}, most preferably is 1~ethyl-3-(3-
dimethylaminopropyl}-carbodiimide. Carbodiimides are for technical reasons less snited

for industrial upscaling of synthetic processes, though. Preferably, the reaction using a

~ carbodiimide as the coupling reagent is carried out in the presence of a second coupling

additive other than said ammonium salt which second additive is a profonated, i.e. non-
ionic N-hydroxy benzotriazol or N-hydroxy benzotriazol derivative compliant with the

immediately below given definitions.

The use of coupling additives, in particular of coupling additives of the benzotriazol type,
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30 ionic N-hydroxy benzotriazol or N-hydroxy benzotriazol derivative
compliant with the immediately below given definitions. The use of
coupling additives, in particular of coupling additives of the benzotriazol
type, WO 2006/008050 PCT/EP2005/007625 8 is also known. Hence it is
further preferred that the coupling reagent additive is a nucleophilic

whysimegsoampound capable of forming activated esters, maremnesenadly
having an acidic, nucleophilic N-hygroxy function wherein N is imide or is
N-acyl or N- aryl substituted triazeno, most preferably the coupling

is ﬁ%qmy@ﬂsfﬁe&éehmrmé Q@&%ﬁﬁ@é@dh@%@ﬁﬁﬂ‘@ré@gﬁnt gdditive isa
enzotriazol derivative) or Is an enzotri
S R BT T 08 KR S R A e
havdesen badhmﬂmigepaﬂd Wu@mmmmmmﬂwzmg Origt-ard evhbse
arﬂ%ﬁf?&ﬁﬂ%éﬁ tgﬁsﬁm@t'ﬁr@%aw@@&mgﬁaﬁﬂ%% SRIgyEXIPles are

N-hy drog%/ succinimide,

RS G Stsert g o s N-bycrony-
benlzdmaimxﬁ&r@ambmwmm@ anditNeT0-Inytloaxydenaatiidaotcheen

t
dedcri gg{l%éegm%ngﬂ%&gm%%t%@gggﬁﬁﬁ%ﬁ%ﬁ%%?ﬂ)ﬁd’&%‘%&@a@pé@@e mos

preferre Ing reagent additive is

disploaendy Bceramiad purehRenae hescle FE B 46 AaMTBHIERTYsaigcinimide,

N-BRMROBMIS B GeuURing mjsiwastﬁﬁmkdw oviRdane/Teamaaenr-ieskriaed-for
b ng}}ar}lj%gzl r%@&pg (% In afurther artl{:ulara}/egreter ed em e%%l %ng
Ythe {IroATIm orp os?ﬁ 0 mum. sa couplng reagentis an urgﬁlum salt

mob arpeptedriinpeéfarabl st CoPpLITRCRERH ARG EhodeYen3 tétedro-4-

Oxmq@%ggig,ggg in the reaction in combination with an ammonium salt of

11}3 ,4-dih dro 4- -0X -b enz triazine. 20 In the ontegxt oithe
Eﬁ‘ﬁ‘% VT oy o"’%“é’ H’cﬂ% i WRAPETG bl dewrRe
1115bmcencéiﬁﬁ)8ﬂ§ééﬁ by the term 'uranium salt reagent' despite that these

compounds and its analogues of formula | have been shown by means of

rystal structure ana is to comprlse an ISOI’]ItI’OSO m0|ety rather than an
ﬁpzﬁ:ﬂﬁ mar&%i, Pat dl}'@mum or phosphorium salt coupling

reageni is an uronium salf reagent and prefcrably 1s HCTU, TCTU or HBTU and even
more preferably is used in the reaction in combination with an ammonium salt of N-

hydroxy-3,4-dihydro-4-0x0-1,2,3-benzotriazine.

In the context of the present invention, it is {o be noted that HCTU and TCTU are defined
as to be encompassed by the term “vronium salt reagent’ despite that these compounds and
its analogues of formula T have been shown by means of crystal structure analysis to
comprise an isonitroso moiety rather than an uronium moiety (0. Marder, Y. Shvo, and F,
Albericio *HCTU and TCTU: New Coupling Reagents: Development and Industriol Applications”, Poster,
Presentation Gordon Conference February 2002), an N-amidino substifuent on the heterocyclic
core giving rise to a guanidium structure insfead. Hence such class of compounds
according to formula I is termed guanidium-type subclass of uronium salt reagents

according to the present invention:



16

15

20

25

25 Albericio "HCTU and TCTU. New Coupling Reagents: Development
and Industrial Applications ", Poster, Presentation Gordon Conference
February 2002), an N-amidino substituent on the heterocyclic core giving
rise to a guanidium structure instead. Hence such class of compounds
according to formula | is termed guanidium-type subclass of uronium salt
weagentsoaccording to the present invention: 30 WO 200&/008006/ 067625
PCT/EP2005/007625 9 R3\/R1 RANYN~RZN\-N R5 A, NXI_ ol
wherein RI,R2,R3,R4 each are alkyl, preferably are independently ethyl or
methyl and wherein atom #gis N or C ang wherein R5 is H or, preferably,
is an electron-withdrawing 5 sh;@stltuna/nt more preferably is chioro, and
wherein preferably X is a d&#aple anioR2amore preferably is
hexafluorphosphate or tetrafluoroherate. As for the ammonium cation to
be used in the salts of th pr?s nt'imyention, the ammonium cation is
+H2NRIR2 with R¥82 [ eridently beln@(H or being CI-C10, in
preferably being CI-C5, alipfatic &, alone or together, alicyclic
hydrocarbon that may optionally fgrther be substituted with aryl, alkoxy,
aralkoxy, alkylaryl, aryloxy hydroxy or halogen prelferably excluding

T R e SARY ST AR AU RN EIaEig RO o
whareth R8rsirise¥y C@@prmyl?énx@é prq;zxyfmm, E%’Zd:ap@tb“mmﬁthérmmg
sutRR AL IS AT ML 18 AR:819%8 Rﬁ%ﬁ%ﬁ%@ef@r&%ﬁ?@%ﬁ DRECANISIEe

after the first reaction step, the amidated amino acid or peptide is isolated
PrefsiePly 5 h‘?ﬁ%@?@ﬁﬁ@@@ﬁr%‘t&f@@%@f&ﬁﬁhe free side chains and a-amino

function, preferably the amidated amino acid or peptide is partly or entirely
As m%t%gn% cation to be used in the salts of the present invention, the
ammonium cation is "H;NRIR2 with R1,R2 each independently being H or being C1-C10,

preferably being C1-C5, aliphatic or , alone or together, alicyclic hydrocarbon that may
optionally further be substituted with aryl, alkoxy, aralkoxy, alkylaryl, aryloxy, hydroxy or
halogen, preferably excluding N-heteroaromatic moieties. Preferably, R1, R2 is not further
substituted and is independently alkyl as defined above. More preferably, the R1 is H and
R2 is methyl, ethyl, propyl oz isopropyl or R1,R2 are both H, ie the cation is NH,". NH, is

most preferred.

Preferably in a second step after the first reaction step, the amidated amino acid or peptide
is isolated and in a third step is deprotected ta yield the free side chains and o-amino
function, preferably the amidated amino acid or peptide is partly or entirely deprotected by
acidolysis. In one possible though less preferred embodiment of the present invention, an
amino acid is amidated in this way and the pure L-amino acid carboxamid is obtained,
suitably retaining side chain masking or protection groups, for use of such amino acid amid
in excess in a normal segment condensation peptide synthesis scheme with a second
peptide fragment. In this way, the more expensive peptide as arising e.g. from solid phase
synthesis is spared from unnecessary losses due to amidation caused racemisation wilst
the more cheaply available amino acid amid may be used in large excess for efficient
coupling. Such embodiment is particularly suited for use of ammeonia or lower alkyl

amines as described above in the amidation reaction according to the method of the present
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20 acidolysis. In one possible though less preferred embodiment of the
present invention, an amino acid is amidated in this way and the pure
L-amino acid carboxamid is obtained, suitably retaining side chain
masking or protection groups, for use of such amino acid amid in excess
in a normal segment condensation peptide synthesis scheme with a
vaecondogosptide fragment. In this way, the more expensive PEPtdRcaE:25

arising e.g. from solid phase 25 syphesis is spared from unnecessary
losses due to amidation caused racemisation whilst the more cheaply

invay@ilable amino acid amid may be used in large excess for efficient
coupling. Such embodiment is particularly suited for use of ammonia or
lower alkyl amines as described above in the amidation reaction

In adctreipg fortdentethoentftthemprasaiteplic: 2008/06868Gnvention is coupled

to E&JJE@@QQ%99%93;:%%;}%/%&!&&%&9&9&@5&55&%%%ﬂam@m&a}-, the

0

protected peptide of the present invention is coupled to a conv_entionﬁl
moieiAfpISR BiPNsa e SR ENA SHCFSRGHS BHE tanChioRUrHRRer
suppaiatnobdheyresin chiencelihecCitatminusds {ENCre&tgotidapufipidsesof. In

ﬂug{ﬁ,nﬁ'g,,% 100 RHG e ﬁl%pﬁ%%énmﬁ%%ﬁ\@méu} 8&@@&9@%9&?%@ At sue

Wang or Merri resin. In this way, the method of the present
of th/srifsHRIRIREEH efficient recovery and deprotection of the amidation

Fuheoyetefred thefaprefauea dsihalia asasopaaiepsaifetihafitstereaction
tep,.the amidated, 10 protected aming .acid ot preferabl ide |s.

SRR s e A R R

demiclectddding Qhthe feanils Abhaetend prafesa Bmatipngaplsrably drigirsgly or

enHEeRrOlsRIRARbRGIHBlYRIS. In a further embodiment of the present
invention, a method of amidating e.g. a 15 biotechnologically produced,
unprotected peptide having a free a-carboxyl group is devised,

In edmtpeisimyafisste phtof mpRedoverting anddbothtihgniddtdngeptide from a

bitQAGRIGHIGHS J&bﬂ@&m{ﬁé&&{@g&ﬁe Ridies WhiEhfusion pretsip may
farther comprise interspersed linker 20 sequences, b) derivatizing at least
deyiieda SarRHE e REIFAPE PEhe unprotected peptide with

a) Recovering and isolating said peptide from a concatemeric fusion protein of
said peptide, which fusion protein may further comprise interspersed linker
sequences,

b) derivatizing at least the a-amino function of the unprotected peptide with
non-base-labile protection groups, preferably also protecting nucleophilic
groups of individual amino acid side chains by non-base-labile protection
groups,

¢} preferably recovering the protected peptide by precipitation with water,

d) amidating the C-erminal carboxyl group by the method described in the
preceding sections,

e) preferably isolating the amidated peptide,

f) and deprotecting the side chains and g-amino function.

All the above described, preferred embodiments drawn to peptides of the present invention
likewise specifically and preferably apply to (C-terminally) amidating antimicrobial

peptides, preferably to antimicrobial peptides, more and most preferably to
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non-base-labile protection groups, preferably also protecting nucleophilic
groups of individual amino acid side chains by non-base-labile protection
groups, 25 c) preferably recovering the protected peptide by precipitation
with water, d) amidating the C-terminal carboxyl group by the method
described in the preceding sections, c) preferably isolating the amidated

vaepheegsiisand deprotecting the side chains and a-aminodonetiomns/@6sAll
the above described, preferred emﬂodlments drawn to peptides of the
present invention likewise specifically and preferably apply to

L RSVISTWPGRamideting antimiciohialRgprides, preferably to antimicrobial
peptides, more and most preferably to WO 2006/008050

PCT/EP20051007625 11 ILRWPW WPWRRK and/or other indolicidin
derivatives. 5 Examples Boc-protection of a 12neer (N to Cterminus, OH
indicating free a-carboxyl group: to ILRWPWWPWRRIC OH Protection of
Exgpplsptide was carried out essentially as described in published
application US2003/0219854 Al, except for the fact that the product was
recovered by precipitation instead of lyophylization. The Di-Boc-
ILRWPWWPWRRK-OH (ESR-MS: nn/z 1980) 15 was used in the
Bosyheectient/and tiatiad with surfimth e 9 inifionfraniBoeylationivagparried
1L RWAHWERkieHtyl dicarbonate (BOC20) in acetonitrile/IN NaOH/H20
. The reaction mixture was stirred at room temperature, the pH was then
adjusted until pH 4.6 and the organic solvents were removed under
Protaciingmf fibeeptittovass theirdgaicsadijiadieds tbRrivwadiepuEsiaddepiiaritithe

U%@%@%@A,C&P'%Qcélﬁ‘@ﬂ“ ﬁ%‘%&t befare &Qdﬁ&' @J&Q ?eQJJQ%cPJ ?ﬁ@éﬁﬁf&ﬂ&ﬁus

formed. The Sofl de was washed in water and then dried in 'Vacu0. 25
ms@%?ﬂﬁ?&ﬁ&%?&éﬂo@ﬁ%@@ﬂﬁ%ww&w&@ws m/z 1980)
waOiBdGrRptide«ddd) amidation without further purification.

Bocylation was carried out using Di-tert.butyl dicarbonate (Boc,O) in acetonitrile/IN
NaQH/H;O . The reaction mixture was stirred at room temperature, the pH was then
adjusted until pH 4.6 and the organic solvents were removed under vacuum. The pI was
then again adjusted to 2. Water was added and the suspension cooled down to 4°C before
isolation of the precipitated thus formed. The solide was washed in water and then dried in

vacuo.,

C-terminal amidation of Boc-ILRWPWWPWRRK(Boc)-OH (diBoc-peptide-OH)

HCTU (209 mg, 0.5 mmol) is added to a solution of diBoc-MBI 11B7 (900 mg, 0.455
mmol), N-methylmorpholine (150 pl, 1.365 mmol) and NHy/HOOBt (250 mg, 1.365
mmol) in DMF (36ml) and stirred at 25°C under nitrogen atmosphere. If required, the pH
is adjusted with N-methylmorpholine to pH 8.5 {:0.5). The reaction mixture is stirred at
25°C for 2h and controlled to maintain a pH of 8.5 (£0.2).

DMPF is then evaporated under reduced pressure (water bath temperature <50°C). Water is
added (90 ml) and the suspension kept at 4°C for at least 2h before isolation. The solid is
filtered and the cake washed with water (iwice 25 mi). The crude peptide is dried under
vacuum for 15h (temperature <50°C). A white powder is obtained (910 mg) that is
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HCTU (209 mg, 0.5 mmol) is added to a solution of diBoc-MBI 1187 (900
mg, 0.455 mmol), N-methylmorpholine (150 pi, 1.365 nnnol) and
NH3/HOOBt (250 mg, 1.365 mnnol) in DMF (36m1) and stirred at 25C
under nitrogen atmosphere. If required, the pH 30 is adjusted with
N-methylmorpholine to pH 8.5 (0.5). The reaction mixture is stirred at 25C
vor:8ivamdscontrolled to maintain a pH of 8.5 (0.2). DMF isdh&r2e0s/067625
evaporated under reduced pressurg, (water bath temperature <50C).
Water is added (90 ml) and the suspension kept at 4C for at least 2h
sullgiRIEslatian I solid is filtered and the cake washed with water
twice 25 ml). The crude peptide is dried under 35 vacuum for I5h
(temperature <50C). A white powder is obtained (910 mg) that is WO
2006/008050 PCT/EP2005/007625 12 subjected for further analysis.
AndlgabdaticetimdtRedy Detivatisatigh afsinglalanfincacidedictdysispitte
pefigigrolysis of 5 peptide NHx NH, yH{ N~NNHHIi ~'A,L 4NH N'-IN H 00
HNHNSPNOJ\INNHONHOHNHX NH NH " ~N NH H NH, UsmHga
6N HCI treatmeit, the peptide is hydr

{During 10 thig treatment the C termin
B

ofre s 0 ano Lys- ktkﬁi
r berg Res: C uh.,048§ {1 821)05 1) Ex éptopossikly
for Cy\:{ such complete hydrol%«does not promote race\tmsayon ofl}(
amino acids. In rt, the methoel devises to derivatize optlc?ﬂ isomers
amino acids in the hydrolysate with FDAA

Usﬁtgfttmqa@m&ﬁttemﬁeﬂtﬁaﬁqtm9aecme #R sinRlamian vetizationng

rocedure is completed within 90 minute
thlg treatment the e-tengf!naﬁegysme amide 15 converted into the corresponding carboxylic

acid (Lys-OH) as described by Marfey ¢t al. (Marfey, P., Carlsberg Res. Commun., 49,
(1984), 591). Except possibly for Cys, such complete hydrolysis does not promote

‘racemisation of amino acids. In short, the method devises to derivatize optical isomers of

amino acids in the hydrolysate with FDAA (1-fluoro-2,4-dinitropheny!-5-1.-alanine). The

simple derivatization procedure is completed within 90 minutes.

In the present context, the lysine derivatives can be casily separated and quaniified by
reverse phase HPLC. Derivatives have an absorption coefficient of ~3 x 10* and can be
detected by UV at 340 nm with picomole sensitivity. First the L-Lys-NH; and the D-Lys-
NH, were hydrolysed and derivatized. — Conversion rate and hence total yield (Conv. %)
was determined by HPLC separation of the amidated diastereomers from fhe educt. The
product retaining L-configuration at the terminal lysine-amid was identified by the method
of Marfey et al., and the relative excess of the non-epimerised L-Lys product vs. the D-Lys
product (%P) was determined by HPLC. An HPLC method was developed for the
diastercoisomer analysis essentially as described in Matfey et al. and a good separation

was obtained.

For the amidation of the same peptide, different combinations of coupling reagents and
additives have been tested (Table I). For comparative purposes, where indicated
exceptionally aqueous ammonia along with separate coupling additive was used instead of

the ammonium salt of the coupling additive devised according to the present invention
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In the present context, the lysine derivatives can be easily separated and
quantified by reverse phase HPLC. Derivatives have an absorption
coefficient of -3 x 104 and can be detected by UV at 340 rim with
picomole sensitivity. First the L-Lys-NH2 and the D-Lys 20 NH2 were
hydrolysed and derivatized. - Conversion rate and hence total yield (Cony.
wortaasggtermined by HPLC separation of the amidated:diastereniners
from the educt. The product retaln{gg L-configuration at the terminal
lysine-amid was identified by the method of Marfey et al., and the relative
(TEEES S NE R0 RIMRSIZE by o RGANEIMSIRRKIRLY R ORf PO RL(YoP)
was determined by HPLC. An HPLC method was developed for the 25
diastereoisomer analysis essentially as described in Marfey et al. and a
Tabledd separation was obtained. For the amidation of the same peptide,
different combinations of coupling reagents and additives have been
, tested (Table I\ For comnaratlve purposes, Where |nd|cated 3Q _

\?\%{’s us@&mstead of tﬁkﬁémmbwﬁm satﬁ%ﬂtﬁ@moupllngfaddltl\?é Welvised
atBordifglo the-preseRtifiveridh WO DEgBIEBE050 100 92.5
PET/BEBIN051007625N43 (Tabl). "SNHAdRRES the &nount%Bf7
Bleft- IL RR¢PWINHOR/R RMEB oC) IO re2Et&HOFEbiekl 5 S m C.9R39t
Ed-actfPBasE-88Rie MR HS PEBNV. % WEH028:0 T3P INMM BRIF
R 3/HBGBL 80 92.0 5MP HCAF- NMMIBNAONH3/HO®Bt 1080925 51.2
EPETU BRIMIM DMF NHBfRIOOBYB3 93, MH¥HOSEDC C15OBt AP DIMIF
RAF3IHESTBYCUCI2 79008 SPIFEDC ERSORRTMP DWIF NHEHIQOB!
$8/95. 80,0 IBEF - NI DMPRH3/HEO@BT 8% 80.1 56.4 IBCES- TMP

%BM’F WHOSU 88 8¥MM50 BPYETU - NIWRPERVIF NHIHOOBYE9 b4.2
MK 13 g IEATROB 100 94.8

The use of an ammonium salt of an co-activating reagent eunhances the retention of the C-

terminal amino acid configuration.

Deprotection of Boc-lLRWPWWPWRRE(Boc)-OH

Deprotection of 100mg DiBoc-peptide takes place in 0.8 m! DMF to wich 0.2 mL
trifluoroacetic acid were added. The mixture is stirred for 30 min. at room temperature.
The unprotected peptide-amide is then further purified by reverse phase HPLC and is
finally lyophilized (ESI-MS: m/z 1779).



304.0 HCTU - NMM DMF NH3/HOOBt 94 943 49.8 HCTU NMM DMF
NH3/HOOBt 100 94.8 The use of an ammonium salt of an co-activating
reagent enhances the retention of the C- terminal amino acid
configuration. 10 Deprotection of Doc-ILRWPWWPWRRK(Boc)-OH
Deprotection of 100mg DiBoc-peptide takes place in 0.8 nil DMF to with
0.2 mL trifluoroacetic acid were addeg. The mixture is stirred for 30 min.
at room temperature. The unprotected peptide-amide is then further
purified by reverse phase HPLC and is finally lyophilized (BSI-MS: m/z
ClAia79). 15 14 Claims 1 Method for amidating the free a-carboxyl group of

an amjno acid or peptide, comprising the first step af reacting said amino,
i DI B B e QBT bRt ST AHBLY G ot
solventipithmptbsdinse sofpadfrstdotise, saiidharthiecexdllsiopepfide) a-aiminpeptide
functj ptide or amino. acid, and in the. presence of a nium .
calt o B e L RS B A B W
catiotiés Belsgted fload tHeaugioopwshsistiiglopgarodenatangfo zavichonid, in the
protanalesPrMaNAMR.ANLRTINARY SSCARHATY AMiEe WHRIRIR WiRren

pH is controlled during reaction to be in the range of 8 to 9, and wherein
the $ie?CHARMERTY SRBRRIND TEITCHch E1m8albrafiiig sorrshpepide dpaated of

pr:otf%ifﬁﬁlomﬁhbpm?nbﬁepﬁ;hﬂ%/pmﬁﬁﬁétiﬁlﬁéﬁf@iﬂtﬂ‘ﬁ&t% Methaeforamidatingein
the free a-carboxyl gr of an amina acid. or peptide, comprising the |
Siop O R TV SETH S B e R SRS Bl wherin th
reageiicinham aprbtiemiganinsdiveritsnidhenpre sencer pbptikshisaseiasitd with
the %ﬁl_%%%r_’h%ﬁ%R)%iggﬂ;%oﬁfi%ﬂgyon of a peptide or amino acid, and in

a m

the presence o ammoni alt of at least one peptide coupling
additive, wherein the ammonium cation is selected from the group

2. consﬁ@%@f@mﬁq@gﬁﬁm%@@m@wimaax AMIRG 808 or peptide,
protonated secondary amine, wherein the pH is
comprising the step of reacting said amino acid or peptide with a peptide coupling
reagent inn an aprotic organic solvent in the presence of a first base, with the
exclusion of an 0-amino function of a peptide or amino acid, and in the presence
of an ammonium salt of at least one peptide coupling additive, wherein the
ammonium cation is selected from the group consisting of protonated ammonia,
protonated primary amine and protonated secondary amine, wherein the pH is
controlled during reaction to be in the range of 8 to 9, and wherein the side chain
and a-amino, function of said amino acid or peptide are protected with non-base-
labile protecting groups with the exception of the w-carboxyl groups of individual

aspartyl or glutamy] residues, and wherein said w-carboxyl groups are amidated

concomitantly with the free a-carboxyl group in the reaction.

3. Method according to claim 1 or 2, characterized in that the first base is a weak

base whose conjugated acid has a pKa value of 7.5 to 15, preferably of 7.5 to 10.

4, Method according to claim 3, characterized in that the weak base is NN-
diisopropylethylamine, 2.4,6-trialkylpyridine or N-alkylmorpholine, preferably
with the alkyl being straight or branched C1-C4 alkyl.
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controlled during reaction to be in the range of 8 to 9, and wherein the

side chain and a-amino function of said amino acid or peptide are

protected with non-base- labile protecting groups with the exception of the
w-carboxyl groups of individual aspartyl or glutamyl residues, and

wherein said w-carboxyl groups are amidated concomitantly with the free
a-carboxyl group in the reaction. 3. Method according to claim 1 or 2,
characterized in that the first base is a weak base whose conjugated acid
has a pKa value of 7.5 to 15, preferably of 7.5 to 10. 4. Method according

to clavmtBoshataciatizesd thdhat the weakibaselisniN,Nharacterized in that the

diisopropylethylamine, 2, 6-tr'a$ Ipyridine or N-alkylmor goline_,
prefer B "Rl Bk LETTS SHETGNEOrRTARCHE KP4 BRI 7 gals and
Methgthgreondingstdtoné dfethepradetihy claiiis, charscteiizedaid thatthexyl
coup%ggléeagent is selected from the group consisting of uronium salts

h

and phosphonium salts of the benzotriazole capable of activating said
ci-carboxyl group. 6. Method according to one of the preceding claims,

.charagterizeddnthatihe QroRiensoleniiis g PRIAL2RENS QEIBRIE RPMERt the

7. Method according to claim 6, characterized in that the solvent is
seletBAHOM YR GrBEE ROMHERINM G EiPiT 8t Hiiile, dimethyl sulfoxide,

dimethylacetamide, dichloromethane and N,N-dimethylformamide,

ne? o onia of éz{e
preceding cIAmMS, craracterzed in E°Col Agent AtV &g om
nuclebphgiicuN - lepd sosiy g oo pougtshcajzabdérefthid rmitiyadtiv ated- tistecstathide,
Meth ing.to clai )i j [ t th ing reagent :
i R R (REnR v
N-hyéiogijg @rfwideo-4-oxo-1,2,3-benzotriazine,

1-hydroxy-7-azabenzotriazole and N - hydroxy-benzotriazo | e. 10.
Method according to claim 9, characterized in that the coupling reagent

- additjgthod according to one of the preceding claims, characterized in that the

coupling reagent additive is a nucleophilic N-hydroxy compound capable of

forming activated esters.

Method according to claim 8, characterized in that the coupling reagent additive
is selected from the group consisting of N-hydroxysuccinimide, N-hydroxy-3,4-
dihydro-4-ox0-1,2,3-benzotriazine,  1-hydroxy-7-azabenzotriazole and  N-

hydroxy-benzotriazole.

10. Method according to claim 9, characterized in that the coupling reagent additive

1.

is hydroxy-3,4-dihydro-4-ox0-1,2,3-benzotriazine.

Method according to one of the preceding claims, characterized in that the pH is
controlled during reaction to be in the range of 8 to 9, preferably is controlled at
about 8.5,

12, Method according to claims 1 or 2, characterized in that the method is carried

out with a carbodiimide as the coupling reagent and, preferably, in the presence of

a protonated N-hydroxy benzotriazole as second coupling additive.



is hydroxy-3,4-dihydro-4-oxo-1,2,3-benzotriazine. 11. Method according to
one of the preceding claims, characterized in that the pH is controlled
during reaction to be in the range of 8 to 9, preferably is controlled at
about 8.5. 12. Method according to claims 1 or 2, characterized in that the
method is carried out with a carbodiimide as the coupling reagent and,
preferably, in the presence of a protgnated N-hydroxy benzotriazole as
second coupling additive. 16 13. Method according to claim 5,
characterized in that the coupling uronium or phosphonium salt reagent is

13an unoitsd srfcidagens anehpreferbheierbed th heTHotdiBldd arshium or
more preferably is ysed in the reaction in combination with apn ammonjum
N R T TN (e R
accoidifid’tordhie'1af the! precadifgretdynispshbnacherizadiim thatdihdination with
ammonjum cation.is,H2\V vith R1, R2 independently being.H or
Cl-Cé:}L%% pre'?jer%{;iy %-CS@Z%%%?& o?‘%:ﬁ%écé]coﬁ?; r%%%rl%%%oj? ?%\nghod
according to claim 14, characterized in that Rl is H and R2 is methyl,

14ethyhRRRY| QLIRARORY! AL IBhat Blald B 286t A YeIiREd in that the

according to one of the g;egediﬁic‘aims, characterized in that in a
r i

secoffd BRSPATER R irse Pe B onvsiB i tnEaMrsarauieprstbetes Aol -C 10,
acid prefeeplide isdspimadanst iayihichstepisteprotected to yield the

free side chains and a-amino function, preferably is partly or entirely
deprotected by acidolysis. 17. Method for amidating the free a-carboxy!

[ Sgroupleftadepticiéink RWWEMY\WR ViR K e ciambiisthgtiRa fis 3t stepRIHf is methyl,
reactj ' RWP P\ i _ ide cqupling reagent in an
orgaréFl%:gysfo?\%%e’ar‘}%T i%%gg%\?ég’\e/éﬁeﬁ @%ﬁrﬁa %%E‘%(,j%r\ﬁt the exclusion of an
a-amino function of a peptide or amino acid, and further in the presence

160f amaminenaaal of ahleasinnerReptite saURIng AdiEeWhE &Rt in a
the ammonium cation is selected from the group consisting of protonated

ammiAMRdpTsR ARSI sifisiyeantion sif Brotordisulsaespristy arTingcid or
whergipiifie iplitdsae@irl ROa0uTHaG kAR IR0 vield the free side chains

and a-amino function, preferably is partly or entirely deprotected by acidolysis.

17. Method for amidating the free a-carboxyl group of a peptide
ILRWPWWPWRRK, comprising the first step of reacting said
ILRWPWWPWRRK with a peptide coupling reagent in an organic solvent in the
presence of a first base, with the exclusion of an a-amino function of a peptide or
amino acid, and further in the presence of an ammonium salt of at least one
peptide coupling additive, wherein the ammonium cation is selected from the
group consisting of protonated ammonia, protonated primary amine and
protonated secondary amine, wherein the pH is controlled during reaction to be in
the range of 8 to 9, and wherein the side chain and a-amino function of said

ILRWPWWPWRRK are protected with non-base-labile protecting groups.



the range of 8 to 9, and wherein the side chain and a-amino function of

said ILRWPWWPWRRK are protected with non-base-labile protecting

groups. 17 18. Method for amidating the free 0-carboxyl group of an

antimicrobial peptide; preferably a cationic antimicrobial peptide,

comprising the first step of reacting said peptide with a peptide coupling

reagent in an aprotic organic solvent;in the presence of a first base, with

the exclusion of an 0-amino function of a peptide or amino acid, and

further in the presence of an ammonium salt of at least one peptide
1scouplingradditvenvidiereindhReppracniuok satien s selactadifipentia peptide;

group cansjsting of protonated ammonia, protonated primary amine and

protolf5t&d T ORYAR AHR N ?éiﬂeﬂ%@%pﬁ‘?g‘BBFfﬁglféa (it Peciranting

to beshid theptidngetbf:Spp8dancuplheresadhe sidemchaiianc:fhamiicent in the

function of sai tide are.protected with non-hase:labjle protecting ..
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that inzirseeoidd atdpfuzther ihelfirgtrrsestfonfseepatitecamidatdd ofratdetsidone
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cationic peptide is Isolated and in a third step is deprotected to yield the
free SIRERNEHRYEHHE 0CANTHSTARS oA RO ra B INAHIyPsY e Yiretine  and
deproigelestdaysacif@lyismine, wherein the pH is controlled during reaction to be in

the range of 8 to 9, and wherein the side chain and a-amino function of said

peptide are protected with non-base-labile protecting groups.

19. Method according to one of claims 17 or 18, characterized in that in a second step
after the first reaction step, the amidated, protected ILRWPWWPWRRK or anti-
microbial peptide, preferably anti-microbial cationic peptide is isolated and in a
third step is deprotected to yield the free side chains and G-amino function,

preferably is partly or entirely deprotected by acidolysis.



