Processes for the Manufacture of Macrocyclic Depsipeptides and New

I ntermedi ates Summary of the Invention The invention relates to a nethod
or proceswoforz/bsssmanuf act ure of nmacrocyclic depsi pept PdEdB201Z0F1I0TW
intermedi ates and their manufacture, as well as related invention

enbodi nents. Background of the Inventi,on Cyclic depsipeptides have

numer ous uses in pharmacol ogy. As an exanpl e, the depsipeptides disclosed

i n W2009/ 024527 are useful for treatnment of various di seases. For exanpl e,
t he conpound of fornula Il mentioned in W2009/ 024527 is useful for the
treatment and pr evention of inflammatory and/or hyperpolifer at| ve and
pruritic skin m%a&%?ré'ﬂﬁzwaaﬁhﬁf‘ﬁﬂ%N'&S'E"r?é{ﬂ"i Pepsipepfidesand Ney st ul ar
psoriasis, rosacea, kel oids, hyperitéppddistescars, acne, Netherton's syndrone

or other pruritic dernaposes such as prurigo nodul aris, unspecified itch of
the el derﬁ;&@gﬂaﬁme—la@ﬁﬂher di seases with epithelial barrier dysfunction
such as agRqnation rdhasd B%erl%t'th @F\H%Qessff&* tH@HaMufaét‘aF@&f%‘i’acfrddectJé%&-

cyanobacteri um Nostoc, was iIsolated also from M crocystis. "Nostopeptin
BN920 mkﬁ%ﬁ'@%t%WW@ﬂﬁ@?ﬁs\ﬁm Weﬁﬁ“qr@ﬁ?tl&?%l%é’v%lfasﬁ'a‘tﬁ’ﬂ’l"(v@@@”\]em%t Pr od.
68(9), 13B4edts(2005)). These conpounds can be produced by fernentation

(usi ng chondronyces croactus, mnyxobacteria) along with other depsipeptides
conprising the so-call ed ahp-substructure (ahp:

3- am no- GBétj(g_xd'oﬂh@ﬁfvbdﬁdm-Z one) and the correspondi ng dehydro-ahp

cal T od - AP PIESIRe P EERE LR o PP RRr S N PG s

f er ment atpe@ndew didclosed ar W200v094 52 7regé esadidl fohiesemadopoariods dissaseat Far | ow.

The present vent i S€e h w obt ai ni ng
such cycl TE™ gepgiepcé)?q 'gdsgftvtng'tsr?l a||r|1(I§:2nr CS ﬁv@%ﬁ@}og?gﬁ b g%fg 8rt§ur| ty. 2 -
a manuf acttaatmerg apdomssﬂonmfgﬁlenmtq;yeodfplrhlmen@hfara’wezam prugficgwl | d phase
peptide s u oduce cyclic
dopsi pept(%l%%aggg%&Padg%t§p?@§érh% g%rﬁagﬁs @Js‘ﬁﬁa ﬁ%%sg'résg%a tk8|8|%|%,

st er eoi sdmei‘tr@ahlmmrchneé%@wms gyndr@me orlothar th;@germ@spa svehrsce t he
amount  of o g o%aqléﬁgﬁinseé@.e%g@ﬁomee HPUE Wl 84 BinePHisCRRY Gfth bhithefiyCh

by- products especi al d% p substructure and/or ah anal ogue of
t he desi r@dr'QiniSfé@?‘r'BPlSﬁ@m@S?ﬂQ@ Bts with a five-menbered ring instead of

t he ahp, into the desired f| naI products. This allows to further increase
yi el d. synthesis has so cone to our attention maeking use of solid

phase ped‘t“?%%p%%PH%%(? éorm?r'v I‘?Pb”‘tefq f&r@the((iyﬁ%‘)baPWr'amqusglc wapisaeieEnt , t he
i nvent i onal§ehérh ®fcrbéysis. nﬁ@él@&apﬂlﬁ BRIO2G B8ibitE@Enyinktrypsie Rath ahilo50 \Qaﬂueaofcy clic

depsi p6pt§1drﬁv|%s%%c_) gProd %Q@ 1%22“4' 3065

These compounds can be produced by fermentation (using chondromyces croactus,
myxobacteria) along with other depsipeptides comprising the so-called ahp-substructure
(ahp: 3-amino-6-hydroxy-piperidin-2-one) and the corresponding dehydro-ahp substruc-
ture (dehydro-ahp: 3-amino-3,4-dihydro-1H-pyridin-2-one), also called “dehydrate”
herein, respectively. Therefore, the yield of fermentation with regard to any single of

these compounds is rather low.

The present invention relates to processes or methods that allow obtaining such cyclic

depsipeptides with increased yield and/or in good purity.

In view of the many risks, such as epimerization, tautomerization and the like in the

synthesis of a complex molecule with many possible isomers, it has been possible to find



O R3yl ?---11 1 especially of the formula A I A wherein AL is a bival ent
noi ety of an amno acid with a term nal carboxy or carbanoyl group,

especi al Iwoaspauaggsne or gl utam ne, and is bound at it sPcirghoityesd7si de in
formula | (corresponding to the C-termnus) via a carbonyl (preferably the
carbonyl of an a- -3 carboxyl group thereof) to the rest of the nol ecul e;
or is Cl_8-al kanoyl or phosphoryl at ed "hydroxy-Cl_8-al kanoyl; X is bound via
an N of Al and is acyl, or is absent if Al is Cl_8-al kanoyl or

phosphoryl at ed hydroxy- Cl_8- al kanoyl ; _ _ _
a manufacturing process, preferably comprising a mixture of solid phase peptide

synthesis and reactions in solution, that allows to produce cyclic depsipeptides of
formula | in good yield and/or the required stereocisomerical purity, especially both. It is
possible to reduce the amount of by-products, and even to improve yield, by converting
such by-products, especially the dehydro-ahp substructure and/or an analogue of the
desired ahp-comprising products with a five-membered ring instead of the ahp, into the
desired final products. This allows to further increase yield. No synthesis has so far
come to our attention making use of solid phase peptide synthesis in this field.

(i/a) In a first embodiment, the invention relates to a method or process for the
preparation of a cyclic depsipeptide compound of the formula |,
O
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wherein

A is a bivalent moiety of an amino acid with a terminal carboxy or carbamoyl group,
especially asparagine or glutamine, and is bound at its right hand side in formula |
(corresponding to the C-terminus) via a carbonyl (preferably the carbonyl of an a-



R2 is Cl1_8-alkyl, especially methyl; R3 is the side chain of an am no acid,
especially of leucine, isoleucine or valine; R5 is the side chain of an

am no aciwp 2prefssssabl y of phenyl al ani ne, | eucine, isol ekcirnB2oaz/osafi ne; R6
is the side chain of a hydroxy ami no acid, especially of tyrosine; R7 is
the side chain of an am no acid, preferably of the am no acid |eucine,

I sol eucine or valine; and Y is hydrogen or Cl_8-alkyl; or a salt thereof,
sai d nethod conprising selectively deprotecting a conpound of the fornula

I I
carboxyl group thereof) to the rest of the molecule; or is Cq.s-alkanoyl or phosphorylated

hydroxy-C.s-alkanoyl;

Xis bound via an N of A; and is acyl, or is absent if A, is Cy_g-alkanoyl or phosphorylated
hydroxy-C.s-alkanoyl;

R, is Cyg-alkyl, especially methyl;

R; is the side chain of an amino acid, especially of leucine, isoleucine or valine;

Rs is the side chain of an amino acid, preferably of phenylalanine, leucine, isoleucine or
valine;

Rs is the side chain of a hydroxy amino acid, especially of tyrosine;

Rz is the side chain of an amino acid, preferably of the amino acid leucine, isoleucine or
valine; and

Y is hydrogen or C,_g-alkyl;

or a salt thereof,

said method comprising
selectively deprotecting a compound of the formula Il

OProt

Ir=z
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especially of the formula IlTA I1A wherein Prot is a protecting

group, Y is as defined for a conpound of the forrmula I and X*, Al*, R2*,

R3*,

R5* , wB@b12/1a8888R7* correspond to X, Al, R2, R3, R5, PRO/IB2N20RF71 n

formula I, respectively, but with the proviso that reactive functional
gr oups on these noieties (such as amno, imno, hydroxy, carboxy,

sul fhydryl, am di no, guani di no, 0-phosphono (- 0-P(=0)(0OH)2) are present
prot ect ed format |east if they could participate in undesired side

reactions, to result in a conpound of the fornmula |11, 5
espemally of the formula 1A
OProt
0
R,* o
N
H
0 NH
NH R
A W R,*
x+= s *R* 0O 0
0L A N
N Y
H
0 R,*

A

wherein Prot is a protecting group, Y is as defined for a compound of the formula | and
X*, A*, Ry, R3*, Rs*, Rg*, and R;y* correspond to X, Ay, Ry, Rs, Rs, Rs, and Rz in formula
I, respectively, but with the proviso that reactive functional groups on these moieties
(such as amino, imino, hydroxy, carboxy, sulfhydryl, amidino, guanidino, O-phosphono (-
O-P(=0)(OH),) are present in protected form at least if they could participate in

undesired side reactions, to result in a compound of the formula 111,

S



especially of the fornula I11A, [ITA wherein X*, Al*, R2*, R3*, R5*,
R6*, and R7* have the neanings just defined, reacting the free hydroxyl
group undeo 20xidBss8ng conditions to forma conpound of wPhe/BmKs1a71 V

|V
especially |VA,
-5-
especially of the formula IlIA,
OH
@]
R,* o
N
H
@) NH
NH R
W R *
X*/ Tay AN 2 87* O O
o) H N
N Sy
H
O R.*

A
wherein X*, A*, Ry*, Rs*, Rs*, R¢*, and R;* have the meanings just defined,

reacting the free hydroxyl group under oxidizing conditions to form a compound of the

formula IV
R3*
O NH ‘

m“Y



| VA and renoving remai ning protecting groups to yield a conpound of the
formula I, or a salt thereof, and, if desired, converting a free conpound
of the fowoube/143888r especially IA into a salt, a salt pofi/iB20aonfetund of
the formula | into a different salt of a conpound of the formula I, or
especially 1A, or into the free conpound of the formula I, or especially

I A, and/or converting a dehydrate analogue and/or five ring anal ogue of a
conmpound of the formula I, or especially IA into the corresponding
conmpound of the formula I, or especially I A Suitable oxidizing conditions
for the caPEgeNdMAof a compound of the formula I11 or especially I11A are
usual ly using IBX in DVSO (J. O em 1995, 60, 7272-7276); Pyridinium
di chromate or Pyridini um chl oroc ‘ te (Tetrahedron Lett. 1979, 5, 399-
402); oxalyl chloride, dinEt ul f6xi def/and a tertiary anmine (J. Peptide
Sci. 2006, 12, 140-146), oxoa niumAgalty, (J. Og. Chem 1985, 50,
1332-1334); aIkaIi hypoch i N i

Chem 1989, 54, 2970-2972);
5671-5672), Rud 2(PPh3)§ (T
mol % in the presencekof Nbdl
2177-2180); Nal04, TEMPO, MNaBr 006, 62, 8928-8932); 5i02
supported vanadi un( | V) oxi de and Mg ed Synthe5|s & Catal ysis
2007, 349, 846-848). Preferably, |[the Heactlion is performed with IBX in DVBO
or preferably in an inert solven®, such aftetrahydrofynan, in the presence
of DMSO, at a tenperature between 0-50C, preferably between 20-25 C. - 7 -
(ii/a) A dngrremeying raseaining protasting areupsiperald 8 ompdwndof the formeulabionagalbr

process dfsehf bed above, in addition conprising manufacturing the conpound
of the fornula IV or especially IVA by a conbination of Solid Phase Peptlde
Synthesis (especially For synthesis of the precursor XX or especially XXA

gi ven bel gy, ff@ésuﬂehec&mlvé@ﬁ?’ﬁ%b@@m@é%ﬂﬁ@feﬂﬁul& her basang AVlidtd a%élt
espeC|aI;¥§VIIIA I ven ow, or of the ollgﬁ)(H ptide precursor of the

fornul a at 2 coERauIGef the oRPYA | Yt AifsENG IRl Y@ oRwoUNd gidpe frMHE lpr ecur os
of t Ee f errgsb@cuéﬂWA er n?@ n%crreﬁl doynp&ﬁ\@oghywamb@h Qw)espémbcll@mA Lﬁnﬁ@iﬁf Phalse

synt hesi s eC| romthe co unds tioned to the fina

o) oduct) S SaEna detie BB R Ol Ve Hilo A aySR pregm e Kot oA

pr ecur sorisor dspetialy)IAYiato the torrdsperdientoahoman of ik férheild INvesdpecaliyial ates to a
met hod or process as descri bed above, further conprising, for the synthesis

of a conmpound of the forrmula Il above, reacting a conpound of the fornula
VI, OPr otSuR8bleNpddizing conditions for the oxidation of a compound of the formula Il or

especially llIA are usually using IBX in DMSO (J. Org. Chem. 1995, 60, 7272-7276);
Pyridinium dichromate or Pyridinium chlorochromate (Tetrahedron Lett. 1979, 5, 399-

xoam ni u trahedron Lett. 1988, 29,
ralgedron Letg) 981, 22, 1605-1608); TEWMPO (1
rahedron Lett. 1990, 31,

402); oxalyl chloride, dimethyl sulfoxide and a tertiary amine (J. Peptide Sci. 2006, 72,
140-146), oxoammonium salts (J. Org. Chem. 1985, 50, 1332-1334); alkali hypochlorites
catalyzed by oxoammonium salts (J Org. Chem. 1989, 54, 2970-2972); oxoaminium
salts (Tetrahedron Lett. 1988, 29, 5671-5672), RuClx(PPhs); (Tetrahedron Lett. 1981,
22, 1605-1608); TEMPO (1 mol%) in the presence of sodium hypochlorite (Tetrahedron
Lett. 1990, 31, 2177-2180); NalO,, TEMPO, NaBr (Tetrahedron 2006, 62, 8928-8932);
SiO, supported vanadium(IV)oxide and t-BuOOH (Advanced Synthesis & Catalysis
2007, 349, 846-848). Preferably, the reaction is performed with IBX in DMSO or
preferably in an inert solvent, such as tetrahydrofuran, in the presence of DMSO, at a
temperature between 0-50°C, preferably between 20-25 °C.



H2N R6* VI

as defined for a conpound of the fornula I
are as dewvprrett/f48888a conpound of the fornmula ||

formula VII

especially VIA, H2 VI A wherein Prot

A*

x**1 "OH VIl or

and R2*,
above,

Is a protecting group,
R3*,

Yis
R5*, R6*, and R7*
RCThB20M2/6819TY of t he

a reactive derivative thereof,

-7-

(iiYa) A further embodiment of the invention refers to the method or process described
above, in addition comprising manufacturing the compound of the formula 1V or
especially IVA by a combination of Solid Phase Peptide Synthesis (especially For
synthesis of the precursor XX or especially XXA given below for the oligopeptide
precursor of the formula VIII or especially VIIIA given below, or of the oligopeptide
precursor of the formula XXIV or especially XXIVA given below fot the oligopeptide
precuros of the formula XXV or especially XXVA given below) and Solution Phase
synthesis (especially from the compounds just mentioned to the final product) from the
corresponding starting amino acids and side chain precursors.

(iii/a) Yet a further embodiment of the invention relates to a method or process as
described above, further comprising, for the synthesis of a compound of the formula Il

above, reacting a compound of the formula VI,
OProt

Iz

Re VI



wherein X** is an am no protecting group or is X*, and wherein X* and Al*

are as defined for a conpound of the formula Il above; and, if X** is an
am no provecbixg3ggsoup, renoving said am no protecting @COAR20XZHSHT yi el d
the derivative of fornmula Il (especially Il A) wherein, instead of X*, H (a

hydrogen) is present and coupling the %(esul ting amno group with an acyl
group X* using the corresponding acid OH wherein X* is as defined for a
conmpound of the fornmula Il defined above, or a reactive derivative thereof.
(iv/a) Another enbodi ment of the invention relates to the nethods or
processests@egelNi\Y8d above, especially in the precedi ng paragraph, further
conprising cyclization under |actanpzati on of a linear, that is, not yet
cyclic, precursor peptide of theonmpound of the formula VI, carrying an
N-term nal am no group and a C-terwgnal carboxy group, under reaction
conditions that allow for the for ion of an am de bond from said am no

and sai d carboxy group, pr ef rabl ' usi ng Sol ution Phase chem stry. -9
Lactam zations in sol uth; e u |1 y"carried out at very | ow
concentrations of the subs rateﬂi n order to avoid oligomnerizations and

pol ymeri zations. ThisggquiNAes huge amiunts of solvents and very |arge
reactors to carry out t reactions. Fo¥de aﬁpl e, the nmacrol actam zati on of
an ol i gopeptide is perfofmed;at a concent ation of 2 mwbls/liter in
reference Yokokawa e el N\ T et rhedicon 2098;5 61, 1459-1480. This difficulty
can be circunvented by di ssol vmg t terfiary base and the coupling
reagent and, in a controll@ H\§0I ution of the oligopeptide to
this solution. The controlle , esgeci ly slow, addition of the

ol i gopepti de-sol uti on generates permarently | ow concer\?lr ations of the
activated oligopeptide in solution and thus prevents o IAgorrerl zation and
pol ymer i 2eltérein Prdthea adddting groupt e isafs delfiaed)ﬂo'rgopmpolirtdie)fslm fatrhwa | gah be

adj ust ed agcording,t.o t cr I| if the
macr ocy cI'? C[Qﬁ g% ’?RS ”fd}zEt afe asc#e?'g%é{% %CO%BPU %cgﬁeo P’ﬁ%g” ?\ééoprtane can
be added gcisof.the formbie\/rhiacr ocycl ization is slow, the addition of the

sol ution nust be slow to ensure permanent | ow concentration of the
activated ol i gopeptide. Thus the controlled addition of the oligopeptide
enables to work with much ] | vent anounts and still maintaining the
concentration of the acti 6at ed §P| gopepti de bel owVllo-3 mM' e.g. in the
range from 10-4 to 10-6 mMor even lower. This variant of controlled
addition of the oligopeptide to the coupling reagent solution is an

enbodi nerd’ agpagtiye deryaiMe IN6FROT(via) In yet a further enbodinent, the

i nventi onyk&biatk@siskA diiko ﬂ%%e'&ﬁ’r@b é’rbu;%rqg%sar@ﬁurﬁﬁéﬁw Begaabpy §s g&xfRgCi al |y
in the precedl ng para ere the lLinear (this term where used neani ng

not yet c9t# P@?p%‘r”@@uﬂ@cf?mﬁ%lﬂ PlRve; angff X his MY Brotacting 9epPot OH H2N NH
NH  Pr ot *®oving said amino protecting group X** to yield the derivative of formula Il (especially

[IA) wherein, instead of X*, H (a hydrogen) is present and coupling the resulting amino
group with an acyl group X* using the corresponding acid X*-OH wherein X* is as

defined for a compound of the formula Il defined above, or a reactive derivative thereof.

(iv/a) Another embodiment of the invention relates to the methods or processes
described above, especially in the preceding paragraph, further comprising cyclization
under lactamization of a linear, that is, not yet cyclic, precursor peptide of the compound
of the formula VI, carrying an N-terminal amino group and a C-terminal carboxy group,
under reaction conditions that allow for the formation of an amide bond from said amino

and said carboxy group, preferably using Solution Phase chemistry.



especially VIIITA VIIIA wherein Prot* is a protecting group that can be

cl eaved off selectively without affecting other protecting groups present
and is stwbl2e12d4s8s8g depr ot ecti on steps during synt hesi #CofiB2thz0310TRRAr
precursor peptide (e.g. allyloxycarbonyl) and R2*, R3*, R5*, R6*, and R7*
are as defined for a conpound of the formula VI as described above, further
conprising, after cyclisation of the conpound of the fornmula VIII,
especially VIII A renoving the protecting group Prot* in situ to yield the
compound of the formula VI, especially VIA (vi/a) In another enbodinent,

t he i nverkackmizdiras @ssottkyom%@e#éwiwamed@#b@e@y lge sen¢epEatiasef e especi al I y

in the prepeFtath AaeAsLIGH oh@(&i?ﬁﬁr@at‘id?ﬁ anti PBRMeRFRBHE STPis BERFdsdRgef the
formula VIIIl, especi al Ié is synthesized fromthe corres ondi ng am no

aci ds by ARPYnEs Yrsawentsepe vy '%f%fff?&oir%t%ﬁHVQHB‘Q%cﬁ%?éﬂ?”scF RERXRG¥S I5m t he
enpl oyed madroldctampRos of dn\dligdseptideisgERoahateita d@ﬁcérﬂ@tlmrﬂdﬂlmm%/lftwrﬁ her

s B e LR o PRER R B PO B FRRRR b

coupl i ng raumeentewbb\adissbiviig thb eerfiary vaseaaddhe couglhy keggent and, in a controlled
way adding a solution of the oligopeptide to this solution. The controlled, especially slow,
addition of the oligopeptide-solution generates permanently low concentrations of the
activated oligopeptide in solution and thus prevents oligomerization and polymerization.
The addition rate of the oligopeptide solution can be adjusted according to the reaction
rate for the macrocyclization: if the macrocyclization is a fast reaction, the solution of the
oligopeptide can be added fast. If the macrocyclization is slow, the addition of the solu-
tion must be slow to ensure permanent low concentration of the activated oligopeptide.
Thus the controlled addition of the oligopeptide enables to work with much less solvent
amounts and still maintaining the concentration of the activated oligopeptide below 10
mM,, e.g. in the range from 10™ to 10° mM or even lower. This variant of controlled
addition of the oligopeptide to the coupling reagent solution is an embodiment of the

invention.

(v/a) In yet a further embodiment, the invention relates to the method or process as
described above, especially in the preceding paragraph, where the linear (this term
where used meaning not yet cyclic) precursor peptide is of the formula VI,

OProt
0]
OH
R3* O
H,N
@) NH  H
R.”
R
Prot*NH R, 0] 0]
0] N
N Sy
H
O R.*

VIII,



especially of the fornula | XA, OH I XA wherein R3* is as defined for a
conpound of the formula Il above and Prot** is an am no protecting group
that can we 20evm@ss8d on the resin without cleaving other POOnB12/0519%
reactive derivative of said amno acid, via an oxygen to a cl eavable |inker
L which is bound to a solid resin RES,{e.g. by reaction with a resin of the
formula (X-L),-RES wherein L and RES are as just defined, X is e.g. halo,
e.g. chloro, and z is a nunber |arger than zero, e.g. a natural nunber) and
renoving the protecting group Prot”; coupling the obtainable resin bound
ami no aci®r8yaollll2ed by the fornula X,

OProt
0
R, OH 0
H,N
O NH W
R,”
WA LR,
Prot*NH" R* 0O 0
O A N
N Y
H
R*
© 5 VIIA

wherein Prot* is a protecting group that can be cleaved off selectively without affecting
other protecting groups present and is stable during deprotection steps during synthesis
of the linear precursor peptide (e.g. allyloxycarbonyl) and Ry*, R3*, Rs*, Rs*, and R;* are
as defined for a compound of the formula VI as described above, further comprising,
after cyclisation of the compound of the formula VI, especially VIIIA, removing the
protecting group Prot* in situ to yield the compound of the formula VI, especially VIA.

(vi‘a) In another embodiment, the invention relates to the method or process described
above, especially in the preceding paragraph, where the linear precursor peptide of the
formula VIII, especially VIIIA, is synthesized from the corresponding amino acids by solid
phase peptide synthesis and subsequent cleavage from the employed solid support.

(vii/fa) An embodiment of the invention further relates to the method or process as

described above (especially in the preceding paragraph (vi/a)), further comprising either

in a variant a), coupling an amino acid of the formula IX,

R,*

Prot**NH
OH 1X



especially XA, - 12 - in which RES and R3* are as defined for a conpound
of the formula I X, nis a (e.g. natural)nunber |larger than zero and L is a
cl eavabl ewbi2nie#r38ssi t h an ami no acid of the fornmula X, pCegpma/edlby’ XI A, OH
X

-11-
especially of the formula IXA,
R,*
O
Prot**NH
OH IXA

wherein R;* is as defined for a compound of the formula Il above and Prot*™* is an amino
protecting group that can be removed on the resin without cleaving other bonds, or a
reactive derivative of said amino acid, via an oxygen to a cleavable linker L which is
bound to a solid resin RES (e.g. by reaction with a resin of the formula (X-L),-RES
wherein L and RES are as just defined, X is e.g. halo, e.g. chloro, and z is a number
larger than zero, e.g. a natural number)

and removing the protecting group Prot**;

coupling the obtainable resin bound amino acid symbolized by the formula X,

R,*
O
H,N
O-LRES
L —hn
X
especially XA,
R,*
O
H,N
O-L{RES
I —_hn

XA



OH XIA wherein Prot* is as defined for a conpound of the fornmula VIII

above and R2* is as defined for a conpound of the fornula Il above, or a
reacti ve wornizassse of said am no acid, coupling the obtaernamizosesi n bound
di peptide synbolized by the formula Xl I, OH especially XA

-12 -

in which RES and Rs* are as defined for a compound of the formula IX, nis a (e.g.

natural)number larger than zero and L is a cleavable linker, with an amino acid of the

formula XI,
@) OH
RZ*

Prot*NH

especially XIA,
@) OH
W RZ*
Prot*NH®
OH XIA

wherein Prot* is as defined for a compound of the formula VIl above and R,* is as
defined for a compound of the formula Il above, or a reactive derivative of said amino
acid, coupling the obtainable resin bound dipeptide symbolized by the formula XlI,

R,*
<
O NH 0-L-|RES
R,”
Prot*NH
I OH —n

Xl



XI TAin which Prot* is as defined for a conpound of the fornula VIII

above,
and n,

free hydroxy group with an amno acid of the formula X111,

XA,

R2* and R3* are as defined for a conpound of the fornula II

above,

L wiodoRAS3%e8e as defined for a conpound of the fecEROB21X)51977a t he

HO NHProt** XlII HO NH—Prgtlg_
especially XIIA;
R,”
—
@)
NH O-L{RES
w RZ*
Prot'NH"
| OH _n

XA

in which Prot* is as defined for a compound of the formula VIII above, R,* and Rs* are as

defined for a compound of the formula Il above, and n, L and RES are as defined for a

compound of the formula X, via the free hydroxy group with an amino acid of the formula

XI,

HO
NH-Prot**

O Xl
especially XIIA,

*

7

HO
\n/\NH-Prot**

O XIIA

wnZg

wherein Prot** is as defined for a compound of the formula IX and R;* is as defined for a

compound of the formula Il above, or a reactive derivative of said amino acid, and remo-

ving the protecting group Prot**;

especially



XI1TA wherein Prot** is as defined for a conmpound of the forrmula I X and
R7* is as defined for a conmpound of the formula Il above, or a reactive
deri vat i weoab12giaBgssamnm no aci d, and renovi ng the protect Pag/IB20OLPSIPTOL * * |
WO 2012/ 143888PCT/ 1B2012/ 051977 - 14 - or, in a variant b), coupling a
di peptide of the formula XXVII, OH Proj*NH NHProt** XXVI | especially of
the formula XXVl A, OCH

or, in a variant b), coupling a dipeptide of the formula XXVII,

o) OH
R,*
Prot*NH R
o)
NHProt**
O XXVII
especially of the formula XXVIIA,
o) OH
W RZ*
Prot*NH® R,*
O =4
\n/\NHProt**
O XXVIIA

wherein R3* and Prot** are as described for a compound of the formula 1X, especially
IXA, and Prot* is as defined for a compound of the formula VIl above, or a reactive
derivative of said dipeptide, to an amino acyl moiety, bound via an oxygen to a cleavable
linker L which is bound to a solid resin RES, having the formula X,

O-LRES




wherein R3* and Prot** are as described for a conpound of the formula IX
especially I XA, and Prot* is as defined for a conpound of the fornmula VIII
above, orwea?oeaasssse derivative of said dipeptide, to amCanBroz/exiyt7 noiety,
bound via an oxygen to a cleavable linker L which is bound to a solid resin
RES, having the formula X OL ES _QS_especi ally XA

especially XA,

O-L4RES

T —n

XA
that can be obtained as described under variant a), in which RES, and R;* are as
defined for a compound of the formula IX and L and RES are as just defined;
and removing the protecting group Prot**;

and, after the reactions of variant a) or of variant b),

(viii/a) coupling the obtainable compound of the formula XIV,

R,
I
o
NH O-L-|RES
R,"
Prot'NH R,
o)
NH,
o
I —Fdn

XV



XA that can be obtained as described under variant a), in which RES, and
R3* are as defined for a conpound of the fornmula | X and L and RES are as

j ust def iweapizzmesssenovi ng the protecting group Prot"; a&aa/Bafit/eF191he
reactions of variant a) or of variant b), (viii/a) coupling the obtainable
conpound of the formula XV, especial Iy XI VA, 0

especially XIVA,

3
HO
O O-L{RES

Prot"NH"™

XIVA

wherein Ry*, R3* and R;* are as defined for a compound of the formula Il above, Prot* is
as defined for a compound of the formula VIII above and n, L and RES are as defined for
a compound of the formula X, with an amino acid of the formula XV,

O I'i’rot**
N
HO Y
Re XV
especially the formula XVA,
0 I'i’rot**
N
HO Y
Re XVA

in which Rg* and Y are as defined for a compound of the formula Il above and Prot** is
as defined for a compound of the formula 1X above, or a reactive derivative of said amino

acid, and removing the protecting group Prot**;



RES Prot*NHey: 0 Xl VA wherein R2*, R3* and R7* are as defined for a

conpound of the formula Il above, Prot* is as defined for a conpound of the
formul a \WORomb@ssssand n, L and RES are as defined for a&Czoppondioof the
formula X, with an am no acid of the formula XV, R6* XVA

-17 -

(ix/a) preferably coupling the obtainable compound of the formula XVI

@]
R,*
@)
NH O-L-|RES
R,
Prot*NH R.* O T
O N
N Y
H
0 Ry*
I —_—lhn
XVI
especially the formula XVIA,
R,* o)
O >/kO-L- RES

NH
W RZ*

Prot'NH" R O T

o ’ N

N Y
H
o] Ry*
I —_—lhn
XVIA

wherein Y, Ry*, R3*, Ry* and Rg* are as defined for a compound of the formula Il above,

Prot* is as defined for a compound of the formula VIl above and n, L and RES are as

defined for a compound of the formula X, with an amino acid of the formula XVII,
Prot**-NH R*

o)

HO XVII



in which R6* and Y are as defined for a conpound of the formula Il above
and Prot** is as defined for a conpound of the fornula I X above, or a
reacti ve wornizassse of said am no acid, and renovi ng t h@Cpnbiezdivg group

Prot"; - 17 - (ix/a) preferably coupling the obtainable conpound of the
formula XVI especially the formula XVIA, XVIA wherein Y, R2*, R3*, R7* and
R6* are as defined for a conpound of the fornmula Il above, Prot* is as
defined for a conpound of the formula VII|l above and n, L and RES are as

defined for a compound of the fornmula X, with an am no acid of the formul a
XVI I, Prowspeciflydpmpulp Xt | - 18 -

Prot**-NH R.*

0
HO XVIIA

wherein Rs* is as defined for a compound of the formula Il above and Prot*™ is as
defined for a compound of the formula IX, or a reactive derivative of said amino acid, and
removing the protecting group Prot**,

and preferably
(x/a) finally coupling the resulting compound of the formula XVIII,

Rs) 0-L-|RES
© : o)
NH H,N |
e 2NN
* 2 *
Prot*NH ( R7 O N/=O
N Sy
H
o} R,
______ —_—lhn

XVII



especially formula XVI A Prot**-NHR5* 0 HO XVIIA wherein R5* is as
defined for a conpound of the fornula Il above and Prot** is as defined for
a conpourmioabiztasssBormul a | X, or a reactive derivative efCT4B2d2/e3mWT0 aci d,
and renoving the protecting group Prot**, and preferably (x/a) finally
coupling the resulting conpound of tber\g[orrrul a Xviil,

especially XVIIIA,

R,* 0-L} RES
0
NH O hN
2N R
o LR
Prot*NH" *R* O 5
oL A N
N Y
H
o) R,
I —n

XVIIA

wherein Y, Ry*, R3*, Ry*, Rs* and Rs* are as defined for a compound of the formula Il
above, Prot* is as defined for a compound of the formula VIII above and n, L and RES
are as defined for a compound of the formula X above, to an unnatural amino acid (=
synthon) of the formula XIX,

Prot**
“NH
HO OProt
o XIX
especially the formula XIXA,
Prot*
HO OProt
(0]

XIXA

wherein Prot is as defined for a compound of the formula Il above and Prot** is as
defined for a compound of the formula IX, or an activated derivative of said synthon, and
removing the protecting group Prot** to yield a compound of the formula XX,



especially XVIIIA, XVIIIA wherein Y, R2*, R3*, R7*, R6* and R5* are as
defined for a conpound of the fornmula Il above, Prot* is as defined for a
conpound wb 20te#14B838ul @ VI 1| above and n, L and RES arepras/18sf/nad7f or a

compound of the fornula X above, to an unnatural am no acid (= synthon) of
the formula XX, Prot** NH HO OProt XX

© O-L{RES
OProt
R,*
0
0

NH NH .

R.* LN R

* 2 *
Prot*NH O R, O N/=O
N Sy
H
O R6* n
- T XX
especially XXA,
© O-L{RES
OProt
R,*
0
0

NH NH .

R.* N \~Rs

Prot"NH"" “RYO —0

0 : N/
\n/\N Sy
H
O R6* n
- T XXA

wherein Prot, Y, Ry*, R3*, R7*, Rs* and Rs* are as defined for a compound of the formula
Il above, Prot* is as defined for a compound of the formula VIl above and n, L and RES
are as defined for a compound of the formula X,

and
(xi/a) cleaving the solid phase bound peptide in formula XX off the solid phase L-RES to
yield the corresponding compound of the formula VIII, especially VIIIA, as shown above.

Another embodiment of the invention relates to the synthesis of a compound of the

formula Il as given above according to section (i/a), preferably preceded by the reaction



especially the formula Xl XA, Prot** NH OProt Xl XA wherein Prot is as
defined for a conpound of the fornula Il above and Prot** is as defined for
a conmpouroabitasssBor mul a | X, or an activated derivati vecCofiBga/os19ynt hon,
and renoving the protecting group Prot** to yield a conpound of the fornula

XX, - 20 - especially XXA XXA Wner(_a'?p_Prot, Y, R2*, R3*, R7*, R6* and R5*
are as defined for a conpound of the formula Il above, Prot* is as defined
for a conpound of the formula VIII above and n, L and RES are as defined

for a conpound of the formula X, and (xi/a) cleaving the solid phase bound
pept i de |FFCOEINLIP SSOURN §/P) ar meOre prefefallk aserdingiosection (iii/a); preferably

preceded by the reaction according to section (iv/a) or preferably (v/a), preferably

preceded by the reaction according to section (vi/a), preferably preceded by the reaction

according to section (x/a), preferably preceded by the reaction according to section

(ix/a), preferably preceded by the reaction according to section (viii/a), preferably

preceded by the reaction according to section (vii/a).

(i/b) Another embodiment of the invention relates to a method or process above,
comprising, for the synthesis of the compound of the formula Il given above, cyclization
under lactamization of a linear, not yet cyclic, precursor peptide of the compound of the
formula Il, carrying an N-terminal amino group and a C-terminal carboxy group, under
reaction conditions that allow for the formation of an amide bond from said amino and

said carboxy group, preferably using Solution Phase chemistry.

(iiYb) A further embodiment of the invention relates to the method or process according to
the preceding paragraph (i/b), where the linear precursor peptide is of the formula XXV,

OProt
0
OH
Ry" o
H,N
Os. NH o
R’
A" R,*
x* NN R Q 0
H
o N
N Y
H
0 R,

XXV



yield the correspondi ng conpound of the fornmula VIIIl, especially VIIIA as
shown above. - 21 - according to section (ii/a) or nore preferably

accor di ngvoaop#asssen (iii/a); preferably preceded by thecCranmug/esiozccor di ng
to section (iv/a) or preferably (v/a), preferably preceded by the reaction
according to section (vi/a), preferapk%_preceded by the reaction according
to section (x/a), preferably preceded™y the reaction according to section
(ix/a), preferably preceded by the reaction according to section (viii/a),
preferably preceded by the reaction according to section (vii/a). (i/b)
Anot her e3fpBeiietV/df the invention relates to a method or process above,
conprising, for the synthesis of thepeonpound of the formula Il given
above, cyclization under |actam zgtion of a linear, not yet cyclic,
precursor peptide of the coppound the formula I'l, carrying an N-term nal
amno group and a C-termn car boxy” group, under reaction conditions that
allow for the formation of i
group, preferably usingRS ion P emstry. (ii/b) A further

enbodi ment of the invention|refHfes toXthe nethod or process according to

the preceding paragrapb. i/, where the |inear precursor peptide is of the
formula XXV, XXV - 2287 especially _R.*
Ar o R*
xS RS Q 0
H s
0 o N
N Y
H
O R,*

XXVA

wherein X*, A*, Ry*, Rs*, Rs*, R¢*, Ry* and Prot are as defined for a compound of the

formula Il above.

(iii/b) Another embodiment refers to the method or process according to the preceding
paragraph (ii/b), further comprising, for the synthesis of the compound of the formula
XXV, cleaving a compound of the formula XXIV,

0
N\ O-L{RES
OProt
R,
0
o)
NH
Prot**NH N s
. . \Rs
/A'I ~ R2
X" H R7* O /=O
o} N
N Y
H
o} Ry*
—_—lhn

XXIV



XXVA wherein X*, Al*, R2*, R3*, R5*, R6*, R7* and Prot are as defined for
a conpound of the fornmula |l above. (iii/b) Another enbodinent refers to

t he net howloan12prsssess accordi ng to the precedi ng par agr &pi/ig2oi2/my1977f ur t her
conprising, for the synthesis of the conpound of the fornula XXV, cleaving
a conpound of the formula XXV, espgcially XXI VA, XXI VA

especially XXIVA,

O
N\ O-L{RES
OProt
R3*
O
O
NHp, g NH .
Prot NH N R,
*/ 1\ \‘\
X N '? =0
\n/\ )kr ~y
I —_—lhn

XXIVA

wherein X*, A*, Ry*, Rs*, Rs*, R¢*, Ry* and Prot are as defined for a compound of the
formula Il above, L is a cleavable linker, RES is a solid resin, n is a natural number and
Prot** is an amino protecting group that can be removed without parallel removal of the
protecting group Prot and with the product remaining on the resin, and (before the
cleavage, in parallel or subsequently to it) removing the protecting group Prot** to yield

the compound of the formula XXV.

(iv/b) A further embodiment of the invention relates to the method or process according
to the preceding paragraph (iii/b), further comprising, for the synthesis of the compound
of the formula XXIV, coupling an amino acid of the formula XIX,

Prot*__

NH
HOWOProt

0 XIX,
especially XIXA,

Prot**_

NH
HO\[H\/\/OProt

o XIXA



wherein X*, Al*, R2*, R3*, R5*, R6*, R7* and Prot are as defined for a
conpound of the formula Il above, L is a cleavable linker, RESis a solid
resin, n we:eixssssal nunber and Prot** is an am no proPeTIBHg2/0510Up t hat
can be renoved without parallel renpval of the protecting group Prot and

wi th the product remaining on the resblp and (before the cleavage, in
parall el or subsequently to it) renmoving the protecting group Prot** to
yield the conpound of the formula XXV. (iv/b) A further enbodi ment of the
invention relates to the nethod or process according to the preceding

par agr aphvigrein At is ag,defied f%@rﬁ@ﬁ]p@l”ﬁfbo“ theyforpuia llsapevpand Bradf is#fe conpound of
t he for mdetingddoYa c6M Quddtgti?é‘foﬂﬁﬂjlaﬂxﬁ%ﬁbv@fortd?ﬁacftl%téalh&wé|\?éof|§b@t** NH HO

OP rot Xl X, especial g
amino acid, with a ompound ofthe formula XXIII,

R, O-L-|RES
o >/\(

I=z
zi
}
4

/ N\
-

O

0 Rg*
I —_—lhn
(XX
especially XXIIIA,
O-L-[RES
R,”
@)
NH © hN
2 R.*
. N2 s
/A1* A RZ
X \H“ 87* Q /=O
o H N
N Sy
H
0 Ry*
L R— ¢ ]
XXIA

wherein X*, A%, Ry*, Rs*, Rs*, R¢* and R;* are as defined for a compound of the formula
[l above, L is a cleavable linker, RES is a solid resin, and n is a natural number.



HO OP rot XIXA - 24 - wherein Prot is as defined for a conpound of the
formula Il above and Prot** is as defined for a conpound of the formula
XXI'V abows0 20r2/1@s8s8act i vat ed derivative of said am no acipdI/IBRoiyoz9ITONMPoOUNnd
of the formula XXII1, (XXI11)

-25-

(v/b) Yet a further embodiment of the invention relates to the method or process
according to the preceding paragraph (iv/b), further comprising, for the synthesis of the
compound of the formula XXIII, coupling an amino acid of the formula XVII*

Prot***-NH R,

0]
HO XVII*,
especially XVIIA*,

Prot***-NH R,*

o
HO XVIIA*

wherein Rs* is as defined for a compound of the formula Il above and Prot*** is an amino
protecting group that can be cleaved off selectively without affecting other protecting
groups present and with the product remaining on the resin , or a reactive derivative of

said amino acid, with a compound of the formula XXII,

R,* @)
0 >//\O-L- RES
NH
A* R.*
x" SN RO
H |
o N
N Y
H
0 R
______ —_1n

XX



especially XXII1A, XXI'I'l A wherein X+, Al*, R2*, R3*, Rb6*, R6* and R7*
are as defined for a conpound of the fornula Il above, L is a cleavable

| i nker, REG2082/1@3888lid resin, and n is a natural nunber PCTAB282/0510%7 b) Yet
a further enbodi nent of the invention relates to the nmethod or process
according to the preceding paragraph_%y/ b), further conprising, for the
synthesis of the conpound of the fornufra XXII1, coupling an am no acid of
the forrmula XVII* Prot***-NHRS5* especially XVIIA*, 0

especially XXIIA

R, O
o >//KO-L- RES
NH
* “ R *
X*/ Ta g, AN 2 87* 0 T
o) H N
N Y
H
o R*
I —_1n

XXIA
wherein X*, A%, Ry*, Rs*, R¢* and R;* are as defined for a compound of the formula Il
above, L is a cleavable linker, RES is a solid resin, and n is a natural number, and
removing the protecting group Prot***.

(vi/b) In yet a further embodiment, the invention relates to the method or process
according to the preceding paragraph (v/b), further comprising, for the synthesis of the
compound of the formula XXII, coupling an amino acid of the formula XV*,

(0] I'i’rot***
N
HO Y
Re XV*
especially XVA*
O I'i’rot***
N
HO Y
Rs XVA*

in which Rs* and Y are as defined for a compound of the formula Ilabove and Prot*** is
an amino protecting group that can be cleaved off selectively without affecting other



HO Prot***-NH \ i R5* /LO HO XVI1*, XVIIA* wherein R5* is as defined
for a conpound of the formula Il above and Prot*** is an am no protecting
group thavocare/138888| eaved of f sel ectively w thout affectPcmgBmies1977
protecting groups present and with the product remaining on the resin , or
a reactive derivative of said amno agid, with a conpound of the formula
XXI'l, - 26 - especially XXI1TA XXII A"wherein X*, Al*, R2*, R3*, R6* and
R7* are as defined for a conpound of the fornula Il above, L is a cleavable
linker, RESis a solid resin, and n is a natural nunber, and renoving the

pr ot ect i NYOGEBPPrRyRstPresent and with the product remaining on the resin, or a reactive
derivative of said amino acid, with a compound of the formula XXI,

3
=
O O-L-|RES

XXI,

especially XXIA,

NH O-L: RES

XXIA
wherein X*, A*, Ry*, Rs* and R;* are as defined for a compound of the formula Il above,
L is a cleavable linker, RES is a solid resin, and n is a natural number, and removing the

protecting group Prot**.



(vi/b) In yet a further enbodinent, the invention relates to the nethod or
process according to the precedi ng paragraph (v/b), further conprising, for
t he synt hwei2g120f43¢88e conpound of the forrmula XXl |, couplPCmgBzn2/esmwmo acid
of the formula Xv*, HO Prot*** N XV* especially XVA* HO Prot*** N XVA*
in which R6* and Y are as defined for ﬁ_corrpound of the formula Il above and
Prot*** |s an am no protecting group ? at can be cl eaved off selectively

wi t hout affecting other

(vii/b) Another embodiment of the invention relates to the method or process according
to the preceding paragraph (vi/b), further comprising, for the synthesis of a compound of
the formula XXI, reacting an amino acid of the formula XIII*,

R

HO
NH-Prot***
o X1
especially XIIA*,

*

7

HO
\n/\NH-Prot***

O XIIA*

wizg

wherein Prot*** is an amino protecting group that can be cleaved off selectively without
affecting other protecting groups present and with the product remaining on the resin,
and R;” is as defined for a compound of the formula Il above, or a reactive derivative of

said amino acid,

with the hydroxyl group of a compound of the formula XXVI,

R
I
0 L
. O-L-[RES
/A1*\N R,"
X+ H
OH

XXVI



- 27 - protecting groups present and with the product renmaining on the
resin, or a reactive derivative of said amno acid, with a conpound of the

formul a XX0,20esp8s88al |y XXI A, XXI A wherein X*, Al* RET/IBR3Z0:pW R7* are
as defined for a conpound of the fornmula Il above, L is a cleavable linker,
RES is a solid resin, and n is a nat 95?&[ nunber, and renoving the
protecting group Prot***, - 28 - (vii7b) Another enbodi nent of the

invention relates to the nethod or process according to the preceding

paragraph (vi/b), further conprising, for the synthesis of a conpound of
t he for mASREXHIY X%¥\EActing an amino acid of the formula Xl I1*, especially
X Ax,

R*

|
@) -L4
N:H O-L{RES
/ 1*\N\\“ 2*
X H
OH

XXVIA
wherein X*, A.*, Ry* and R;* are as defined for a compound of the formula Il above, L is
a cleavable linker, RES is a solid resin, and n is a natural number;

and removing the protecting group Prot***.

(viii/b) In a further embodiment, the invention relates to the method or process according
to the preceding paragraph (vii/b) , further comprising, for the synthesis of a compound
of the formula XXVI, especially XXVIA, coupling a resin bound dipeptide symbolized by
the formula XII*,

R,*
=
O NH o-L{RES
R,"
Prot****NH
I OH —n

XIr*



HO NH-Prot*** XlIl* HO NHProt*** XIIIA* wherein Prot*** is an am no

protecting group that can be cleaved off selectively without affecting

ot her provecbing3gggsoups present and with the product
and R7* is as defined for a conpound of the fornmula Il above,

resin,

reactive derivative of said am no aci_go_with t he hydroxyl group of a
conpound of the formula XXVI, RES

especially XIIA*

R *
3) EO
@) O-L1 RES
NH
' RZ*
Prot****NH
| OH __In

XIA*
in which Prot*** is a protecting group that can be cleaved off selectively without
affecting other protecting groups present in a compound of the formula Il as defined
above and with the product remaining on the resin, Ry,* and R3* are as defined for a
compound of the formula Il above, L is a cleavable linker, RES is a solid resin, and nis a
natural number, after removal of the protecting group Prot*** via the thus obtainable
free amino group, with.an acid of the formula VI

A*
**/ 1=~

wherein X** is an amino protecting group or is X*, and wherein X* and A,* are as defined
for a compound of the formula Il above, or a reactive derivative of said acid;

and, if X** is an amino protecting group, removing said amino protecting group X** to
yield the derivative of formula Il wherein, instead of X*, H is present and coupling the
resulting amino group with an acyl group X* using the corresponding acid X*-OH wherein
X* is as defined for a compound of the formula Il above, or a reactive derivative of said
acid.

(ix/b) A yet further embodiment of the invention relates to the method or process
according to the preceding paragraph (viii/b), further comprising, for the synthesis of a
compound of the formula XlI, coupling a resin bound amino acid symbolized by the

formula X,

r eraICABIg2/03191he

or

a



n - 29 - especially XXVIA XXVI A wherein X, Al*, R2* and R3* are as
defined for a conpound of the fornula Il above, L is a cleavable |inker,
RES i s a wol2ott/mess8n, and n is a natural nunber; and remoWIIRY1L/DHEITT
protecting group Prot***,  (viii/b) In a further enbodi nent, the invention
relates to the nmethod or process accggg[ng to the precedi ng paragraph
(vii/b) , further conprising, for the synthesis of a conpound of the
formula XXVI, especially XXVIA coupling a resin bound dipeptide synbolized
by the formula XI1*, OH XII*

R3*
O
H,N
O-L-|RES
L —_hn
X
especially XA,
R,*
O
H,N
O-L1 RES
I —ln
XA

wherein R3* is as defined for a compound of the formula Il above, L is a cleavable linker,
RES is a solid resin, and n is a natural number,

with an amino acid of the formula XI*,

@) OH
e R,*
Prot***NH
OH XI*,
especially XIA*,
@) OH
R R,*
Prot***NH" ’

wherein Prot**** is a protecting group that can be cleaved off selectively without affecting

other protecting groups present and with the product remaining on the resin , and R,* is



especially XIIA* XI 1A* in which Prot**** |s a protecting group that can
be cl eaved off selectively without affecting other protecting groups
present iwoaorompssand of the formula Il as defined abovecans2oaz/birorhe
product remaining on the resin, R2* and R3* are as defined for a conpound
of the fornmula Il above, L is a cleavghle linker, RESis a solid resin, and
nis a natural nunber, after renoval Of the protecting group Prot**** via

t he thus obtainable free am no group, with.an acid of the formula VII A*
x**1 "OH VIl wherein X** is an am no protecting group or is X*, and

wher ei n X8 qafaehiDF agpepadn i theeemylat aﬁo&ﬁbém’“tﬁ deriyativegf gaidgmino above,

or a reacddigye derivative of said acid; and, if X** is an am no protecting
group, renoving said am no protecting group X** to yield the derivative of

formula Il wherein, instead of X*, His present and coupling the resulting
3/21 no gr qum)wfmdthea@nmwnegwfumb Mberioh RgatbH & 106 hic@siiun rovgsasiddrdiiy OH
erein

react i Veﬁagpfe\?gﬁ pg,garggragaf gbézlfr c?rhjgrgsw%f c;[r rc])gtafln(ljr{g Ie‘?lesllnI boutr)m arﬁlnoor a

acid of the formula X, coupling an amino acid of the formula IX*,

R,*
@]
Prot***NH
OH IX*
especially IXA*,
R,”
@]
Prot***NH

wherein R3* is as defined for a compound of the formula Il in claim 1 and Prot*™** is an
amino protecting group can be cleaved off selectively without affecting other protecting
groups present and with the product remaining on the resin ; or a reactive derivative of
said amino acid of the formula IX, to a cleavable linker L which is bound to a solid resin

RES, and removing the protecting group Prot™*.

(i/c) Another embodiment of the invention relates to the method or process according to
any one of the preceding paragraphs (i/a) to (x/b) where the symbols A;, R2, R3, R5, R6,
R7, X and Y or the corresponding unprotected or protected moieties Ry*, Rs*, Rs*, Rs”,
Rz*, X* and Y3 are selected so that, in the resulting compound of the formula I, or a salt
thereof,

A is the bivalent radical of L-glutamine bound via the carbonyl of its a-carboxy group to
the amino group at the right of A, in formula | and via its a-amino group to X, or is 2S-(2-
hydroxy-3-phosphonooxy)-propionyl;

R, is methyl;

R; is isopropyl, isobutyl (2-methyl-n-propyl wherever used) or benzyl, especially isobutyl;

Rs is sec-butyl or benzyl, especially sec-butyl;



(ix/b) A yet further enbodinment of the invention relates to the nethod or

process according to the precedi ng paragraph (viii/b),
for the syothesis3sssf a conmpound of the forrmula Xl

am no acid synbolized by the fornula X, -
Is as defined for a conpound of the f

i nker,

RES is a solid resin,

Rs is 4-hydroxybenzyl;

31 -
formula ||
and n 1S a natural

above,

further conprising,
couplirng2ma2/0887M bound
RES n XA wherein R3*
L is a cleavable
nunber,

Rz is isopropyl or sec-butyl (1-methyl-n-propyl wherever used), especially sec-butyl;

X is acetyl or isobutyryl, or is absent if A, is 2S-(2-hydroxy-3-phosphonooxy)-propionyl

and

Y is methyl. This paragraph is also named paragraph a) below.

(i/d) In another particular embodiment, the invention relates to a method or process for

converting a dehydrate of a compound of the formula | given above or in particular with

the substituents as defined in the preceding paragraph (i/c) into the corresponding

compound of the formula |, where the dehydrate has the formula V,

especially VA,

0
H
N 0
N
- R,
2
R, O 0
N
N Y
H
0 R,

VA

in which'Y, X, A;, Ry, Rs, Rs, Rs and R7 are as defined for a compound of the formula |

above;



with an amno acid of the fornula XI*, OCH especially XIA*, OH X *,

OH
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or especially a method or process for shifting the equilibrium of a mixture of a compound
of the formula | and its corresponding dehydrate, and/or its corresponding hemiaminal
analogue with a five-ring instead of the ahp structure in formula | which may also be

formed as byproduct and has the formula V*,

HO
o
Rs\)\N o
o NH NH

R5
- A1 ~ R2
X H R, O (o)
o N.
N Y
H
o) R,

especially the formula VA*,

V*

HO
o
Rs\)\N (0]
o NH N
R5
AL
X 1~N\\‘ o

R2
R, O
i, N
”//N)H/ Y
H
0 R,

in which'Y, X, A;, Ry, Rs, Rs, Rs and R7 are as defined for a compound of the formula |

VA*,

above, respectively;

in favor of the compound of the formula I,

said method or process comprising using an aqueous acid as reactive solvent to drive
the reaction. This method can be used independently (e.g. also for the product of
fermentation or biosynthesis) or in addition to the other processes or methods described

above and below to increase the yield or to re-convert a compound of the formula V,



XIA* - 32 - as defined for a conpound of the fornmula Il above, or a
reactive derivative of said amno acid. (x/b) A further enbodi nent of the
i nvent i orwoebetes3ssso t he nmet hod or process accordi ng toPChaBmneesdimg

par agraph (ix/b), further conprising, for obtaining the resin bound am no
acid of the forrmula X, coupling an agbgp acid of the formula I X*, OH X*
especi al ly | XA*, OHl XA* wherein R3*1s as defined for a conpound of the
formula Il inclaiml1l and Prot*** s an am no protecting group can be

cl eaved off selectively without affecting other protecting q&gups pr esent

and wi t h eRecipibodh@ndice igianriegue itk Rave-asperedgingdnsteadqfitheafer i vat i ve of
sai d am ngrydfkdin@brniuiel, fn@s Mk lcBrréshontifg dombameaR kiR tbinlter. L which is bound
to a solid resin RES, and renoving the protecting group Prot***,

The method described for the conversion of the dehydrate and /or the five ring analogue

(always regarding the desired ahp ring) into the desired compound of the formula | or

especially 1A, e.g. of Compound A -dehydrate from Example 3 B into Compound A,

enables a straight-forward synthesis of this class of compounds. Up to now, an acidic

treatment as final step had to be circumvented in order to avoid the dehydration of the

product.

(ie) A further embodiment of the invention relates to the method according to the
preceding paragraph (i/d), wherein the acid is a carboxylic acid, especially a halo

substituted C,_salkanoic acid, more especially trifluoroacetic acid or trichloroacetic acid.

(if) The invention, in yet a further embodiment, relates to a compound of the formula Il,

OProt
O
R3* O
N
H
@) NH
NH R.*
W R.*
X*/ Tay AN 2 B.,* o o
o H N
N Sy
H
O R.*

6 Il
wherein Prot is a protecting group, Y is as defined for a compound of the formula | in the
first instance above or in particular as or claim 17 and X*, A+*, Ry*, Rs*, Rs*, Rs*, and
Rz* correspond to X, A+, Ry, Rs, Rs, Rs, and Rz in formula | as defined in claim 1 orin
paragraph (ia) given above, respectively, however with the proviso that reactive
functional groups on these moieties are present in protected form.

(i/g) In a further embodiment, the invention relates to a novel compound selected from
the group consisting of compounds of the formula Il, lIl, 1V, V, VI, VIII, X, XII, XIV, XVI,



(i/c) Another enbodinment of the invention relates to the nethod or process
according to any one of the preceding paragraphs (i/a) to (x/b) where the
synbol s AYQ2R2/14B88 R5, R6, R7, X and Y or the correspomrdrngunpiiotect ed or
protected noieties R2*, R3*, R5*, R6*, R7/*, X* and Y3 are selected so that,
in the resulting conpound of the for éa I, or a salt thereof, Al is the

bi val ent radi cal of L-glutam ne bound Vi a the carbonyl of its a-carboxy
group to the amino group at the right of A1 in formula | and via its
a-amno group to X, or is 2S-( %droxy 3- phos honooxy) - propionyl; R2 is

met hyl ; V'I'sX'KsﬁiSr)é)ﬁyP(X'h)%BLPWV XV X HyAnd QYT Ib 9 eqprsialy eF thased) o

benzyl , esp@ta ﬂ}\' YAl IW\bW\W/IA RhiA, XASREA, b(ﬂ/b('X\W\ fQVHAykLXAeXRﬁCXﬂIAJ y
sec- butyI dr oxybe or sec-butyl

(et hy O ST e Sodr S rE 8B Lbinar vy e eStRAT o we0tcer yi o
i sobut yr ydonsieting & tt@é)@mmg torﬁﬁoUnas 3%er thhyékmp{es?»-Fﬂhﬁ)Sblh@ﬁl@ﬂ)Xy) propi onyl
R LRPULEN L e A i S S
for convdrdukm@eal?céelhwdcmmagm Esarmﬂerpl@r);d:mxfc-THleLethmLRed;m gtocedinglmove or in
BN L g e T R B e
has t he fleotmiyrg-GIn(Trt)-Thr-Leu-Linker-Resin according to Example 1B(5); Isobutyryl-
GIn(Trt)-Thr(lle-Fmoc)-Leu-Linker-Resin according to Example 1B(6); the product of
Example 1B(7) = Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-Fmoc)-Leu-Linker-Resin
(previously named: Isobutyryl-GIn(Trt)-Thr(lle-N-me-Tyr(tBu)-Fmoc)-Leu-Linker-Resin);
Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-lle-Fmoc)-Leu-Linker-Resin (previously named:
Isobutyryl-GIn(Trt)-Thr(lle-N-me-Tyr(tBu)-lle-Fmoc)-Leu-Linker-Resin) according to
Example 1B(8); Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-lle-Synthon 1-H)-Leu-Linker-
Resin (previously named: Isobutyryl-GIn(Trt)-Thr(lle-N-Me-Tyr(tBu)-lle-Synthon 1-H)-
Leu-Linker-Resin ) according to example 1B(9). Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-
lle-Synthon 1-H)-Leu-OH (previously named: Isobutyryl-GIn(Trt)-Thr(lle-N-Me-Tyr(tBu)-
lle-Synthon 1-H)-Leu-OH )according to example 1B(10) and Scheme 3; H-Thr-Leu-Resin
according to example 1B(12); H-GIn(Trt)-Thr-Leu-Resin according to example 1B(13);
Isobutyryl-GIn(Trt)-Thr-Leu-Resin according to example 1B(14); Isobutyryl-GIn(Trt)-
Thr(lle-H)-Leu-Resin according to example 1B(15); Isobutyryl-GIn(Trt)-Thr(lle-
Tyr(tBu)Me-H)-Leu-Resin according to example 1B(16); Isobutyryl-GIn(Trt)-Thr(lle-
Tyr(tBu)Me-lle-H)-Leu-Resin according to example 1B(17); Isobutyryl-GIn(Trt)-Thr(lle-
Tyr(tBu)Me-lle-Synthon 1-H)-Leu-Resin according to example 1B(18); from Scheme 3,
Compound 6 and/or 7 (the latter preferred); from Scheme 4: Compound 8 and the 5-ring
hemiaminal-isomer; from Scheme 5, precursor peptide 2, compound 9, compound 10
(this one being preferred in the present enumeration regarding Scheme 5), and/or
compound 11; Fmoc-Thr-Leu-Trt-Tentagel-S from Example 2A(1); Fmoc-GIn(Trt)-Thr-
Leu-Trt-Tentagel-S according to Example 2A(2); Ac-GIn(Trt)-Thr-Leu-Trt-Tentagel-S
according to Example 2A(3); Ac-GIn(Trt)-Thr(Val-Fmoc)-Leu-Trt-Tentagel-S according to
Example 2A(4); Ac-GIn(Trt)-Thr(Val-Tyr(tBu)Me-Fmoc)-Leu-Trt-Tentagel-S (previously
named: Ac-GIn(Trt)-Thr(Val-N-Me-Tyr(tBu)-Fmoc)-Leu-Trt-Tentagel-S) according to
Example 2A(5); Ac-GIn(Trt)-Thr(Val-Tyr(tBu)Me-Phe-Fmoc)-Leu-Trt-Tentagel-S
(previously named: Ac-GIn(Trt)-Thr(Val-N-Me-Tyr(tBu)-Phe-Fmoc)-Leu-Trt-Tentagel-S)



V, especially VA 0 VA - 34 - or especially a nethod
shifting the equilibriumof a m xture of a conpound of the

or process for
formula I and

its correspentingssdehydrate, and/or its correspondi ng hegrastmabsiamal ogue

with a five-ring instead of the ahp structure in fornula I
be formed as byproduct and has the fgggyla Vx|

whi ch may al so

according to Example 2A(6); and Ac-GIn(Trt)-Thr(Val-Tyr(tBu)Me-Phe-Synthon1-H)-Leu-
OH (previously named: Ac-GIn(Trt)-Thr(Val-N-Me-Tyr(tBu)-Phe-Synthon1-H)-Leu-OH)
(precursor peptide 2) according to Example 2A(7).

The following definitions (or also definitions already included above) can replace more
general terms used in invention embodiments above and below in order to define further
embodiments of the invention, with either one, two or more or all general terms being

replaceable by the more specific terms in order to define such invention embodiments:

A bivalent moiety of an amino acid with a terminal carboxy or carbamoyl group is
preferably an alpha-carbamoyl or carboxyl-C,.s-substituted amino acid, especially the
bivalent moiety of asparagine or glutamine, and is bound at its right hand side in formula
| via a carbonyl (preferably the carbonyl of its a-carboxyl group) to the rest of the

molecule.

C..s-alkanoyl or phosphorylated hydroxy-C_s-alkanoyl (C,_-alkanoyl carrying both a
hydroxyl and a phosphono (-O-P(=0)(OH),) group) A is e.g. 2,3-dihydroxy-propanoyl
(preferably in S-form) or 2-hydroxy-3-phosphono-propanoyl (preferably in S-form).

R, and R,* are C,s-alkyl, especially methyl wherever mentioned.

R; is the side chain of an amino acid, especially of a natural amino acid. Preferably, it is
Ci.salkyl which may be branched or linear. Most especially, C,salkyl is n-(2-
methyl)propyl ( isobutyl), n-(1-methylpropyl (sec-butyl) or methyl, that is, the amino acid

carrying the moiety is leucine, isoleucine or valine.

R3* is the corresponding side chain in protected form if a functional group is present that
has to be hindered to participate in a reaction. Preferably, it is Cq.salkyl which may be
branched or linear, especially as defined in the preceding paragraph.

A “side chain of an amino acid” may be selected from any moiety, e.g. a mono- or
polycyclic, linear, saturated, unsaturated (e.g. with conjugated double bonds) or partially
saturated organic moiety, e.g. with up to 20 carbon atoms and 0 to 5 heteroatoms in the
basis structure independently selected from N, O and S replacing the corresponding



HO O especially the formula VA*, HO VA*, in which Y, X, Al, R2,
R5, R6 and R7 are as defined for a conpound of the fornula | above,
respect i webyp1zrm3gsavor of the conmpound of the formula | PCT/IB2012/051977
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number of carbon atoms, and may be substituted by up to three moieties selected from
amino, imino, hydroxy, carboxy, carbamoyl, sulfhydryl, amidino, guanidino, O-phosphono
(-O-P(=0)(OH),). Preferably, the side chains are selected from those of the 20 standard
alpha-amino acids arginine, histidine, lysine, aspartic acid, glutamic acid, serine,
threonine, asparagine, glutamine, cysteine, glycine, alanine, leucine, isoleucine,
methionine, phenylalanine, tryptophan, tyrosine, valine and further proline (then with
internal cylization including the alpha-amino group).

For the amino acids, either their names or the customary three letter codes are used in
the present disclosure, in accordance with the following table:

|[Amino acid |[Three letter code|
|Alanine || Ala |
Arginine Arg
Asparagine Asn
Aspartic acid Asp
Asparagine or aspartic acid Asx
[Cysteine | Cys |
|Glutamic acid | Glu |
|Glutamine || GIn |
Glutamine or glutamic acid Glx
Glycine Gly
[Histidine | His |
lisoleucine | lle |
ILeucine | Leu |
LLysine I Lys |
|Methionine || Met |
|Phenylalanine || Phe |
|Pro|ine || Pro |
Serine Ser
Threonine Thr
|Tryptophan || Try |
|Tyrosine || Tyr |
IValine | Val |




said nethod or process conprising using an agueous acid as reactive sol vent
to drive the reaction. This nmethod can be used i ndependently (e.g. also for
t he prodwwO 20f2/f48888€ent at i on or bi osynthesis) or in addi PconB2/b31e70t her
processes or mnethods descri bed above and below to increase the yield or to
re-convert a conpound of the formula ¥, - 35 - especially VA and/or the
anal ogue with a five-nmenbered ring ins?ead of the ahp structure in formul a
|, into the correspondi ng conpound of the formula I. The nethod described
for the conversion of the dehydrate and /or the five rlng anal ogue (al ways

r egar di ngReifdheguds ¢hain Qfiep amirycid. mreferehly afdandasdiamiprssidndredrakinegt if or nul a |

or eSpeCl@'JaMyl'vﬁncrﬂngyb@BraQ@fG@iQﬂﬂﬁ‘ea?xan@%%ﬁ@h@subﬂﬂﬁﬁbgéamﬂsﬁtu?‘ed Byl nto
Compound A , ehabl es a strai ght forvva ¥nt hesis of this class o

conpounds® hepy- Mestifshecially it Penzy!. éé’ﬂ roRy!: ISPRY! s et AkptiS e

ci r cunvendrgiflo btid @athahg the neviety & sHaAyldRyer1atdigs) isefeutine opvaidect . (i/e) A
further enbodinent of the invention relates to the nethod according to the
precedi ng paragraph (i/d), wherein the acid is a carboxylic acid,

especi al | B ia tHeadide chabsdfia hidexty Ginir@eddida eepaxiatig btityrasee especi al |y
trifluoroacetic acid or trichloroacetic acid. wherein Prot is a protecting
group, Y is as defined for a conpound of the formula | in the first

i nst ance Rdete side ¢hairpefraniaouh@acidespeciglyaf mnatira acinG gcidAPrefedaBly, it R3*, R5*,

R6*, and R7* [t n , : rmula | as
def| ned |(§Ballkgiqmﬂqﬁggy Blengrggé%aed%“ﬂg% a§§ esé’é giall C.)%@"(‘Eple%g&g@ P@él y, however
with the ipotsiso-(1 n@tthyi)e@@yh s@btuyimnrmtbyl theigsfke aminotasisecanyingthees ar e
present inniafe8 %g{:,ﬁg .&%ua ?Qnel_ n a further enbodiment, the invention
relates to a ' nove corrpoun ected fromthe group consi sting of conpounds
of the formula IIl, IIlIl, 1V, V Vi, Vill, X XII, XIV, XVI, - 36 - XVIII,
XIX, XX, oXLaliohehd be %Pébld)r ordRne oMY mz%\ﬂm@nﬂxwm i @beagpeci al |y of
the formula I I'A |I11A VIA VIITA XA XIITA XIVA XVIA XVIIIA
XI XA, XXANERWDEoPYcRr( 1r%eth%?|r<myh0r MENYIVA,  XXVA, XXVI A" and XXVI 1A, yet nore
especially to t he group consisting of the follow ng conpounds given in the

exanpl es: m Schene C : ound 3, ound 4, nt hon 1;
oy o LOraR A, PRI TG PURLSICh 23 o8SF BB &0 SR o 18( 2) :
Frnoc- Thr - drerurnbl orieerdiRgsips, a@coatrdoxWOItmeEﬁIR:rm'H&)x&IBér%)p,resent be used in

Froc-d n(,Trt)-Thr-L Li nker -Re5| ccorp ﬁx éo
Isobutyryf P 119 #ﬁPri SRR e g e ’P%n N e%evﬁt)? TB(5);
| sobut yr ypaBhd {STmentionbd, (thik éclates pH these k;nrraalntsr F&tesdiampiec basicgnogps magExanpl e

o ot yr VPR e SRSy dBh o dtids e g | sutturic apid or proanic apids i o e

named: | swishieyegéticEcisl; Whig acitie gioups Mayrformyaalts Bill pesiine)ionse a-g9LBmMRer - Resi n) ;
'( ;‘r)te)\ljlt ngr}mrg Ak Téd%r)norT ithh (il el hbEr EMGlishsel o LEakGS, NER & Li

| sobut yr yqai@]%()ﬂ'th?)“kﬁrhr (I'l e-N-me-Tyr (tBu) -1l e-Fnoc) - Leu- Li nker - Resi n)
accordi ng to Exanpl e 1B(8);

| sobutyry] - ﬁ%rt) Thr (Il e- Txr(tBu)l\/E I | e- Synt hon H|)l Leu- Li nker Resi n
(previ ousy ri?a.' dor "PRO BN y PheemgrHsey wrﬁﬁn,s@nqc@_sm'_epv@fer? QiPeigct 2é- Synt hon
1-H)- Lethhéerﬁélfn'aRﬁa%lt@tﬁosélﬁ@hhéhe@@ré&d B Expk&sn are known to the per-

namod: | SO RS P45 AR oY hEepe o (q@gﬁﬁs”anc'épc@bm%'ﬁnéfreVLSﬂS'o.y-I

) accor di nghérenthoaimsngs, IB({tAOIkeaaod S0b etnelikd; mby PEdelkaud-iResd or moe@rdiing to
exanpl e l\g a‘ H-G(Ijn Trt) Thr - Leu- Resi n according to exanple 1B(13);

| sobut yr yYEM? $PPYYRRRS| eu- Resi n according to exanpl e 1B(14):

| sobutyryl-A n(Trt)- Thr(lle-H)-Leu-Resin accordl ng to exanple 1B(15);

| sobutyry: rt)s ( { N ' ar .0 exanpl e
1B(16); I-Lhoegptg Q@@ﬂr@??ﬁrﬁ#e,ﬁp W/e Wq{eﬁ?w&%cﬁ{ﬁ%ccor ding to
exanpl e m@apﬁ)presmblmtmrmiettdsrﬁ(*mi ) RSI*hR(*I RETR" (Xmee\deenSymrt@dn

1-H) - Leu- ound 6
and/or 7 (R?) E’gﬂftgtﬁtre gérg%oérhg (Léér%rnggﬁwfd fc(l)a}nﬁé]%éérsneslg&g%%ounéééwgﬁgp the 5-ring
heni am nadrthogena protgatiotn Scheme 5, precursor pepti de 2, conpound 9, conpound
10 (this one being preferred in the present enuneration regardi ng Schene
5), and/or conpound 11; Fnoc-Thr-Leu-Trt-Tentagel -S from Exanpl e 2A(1);
Frnoc-A n(Trt)-ThrLeu-Trt-Tentagel -S accordi ng to Exanple 2A(2);
Ac-@n(Trt)-Thr-Leu-Trt-Tentagel -S according to Exanple 2A(3);

Ac-A n(Trt)-Thr(Val - Fnoc) - Leu-Trt-Tent agel -S according to Exanple 2A(4);
Ac-@n(Trt)-Thr(Val - Tyr(tBu) Me- Fnoc) - Leu- Trt - Tent agel -S (previ ously naned:
Ac-@n(Trt)-Thr(Val -N-Me-Tyr (tBu)-Fnoc)-Leu-Trt-Tentagel -S) according to
Exampl e 2A(5); Ac-dAn(Trt)-Thr(Val - Tyr(tBu) Me-Phe- Fnoc) - Leu-Trt - Tent agel -



according to Exanple 2A(6); and

Ac-A n(Trt)-Thr(Val - Tyr (t Bu) Me- Phe- Synt honl- H) - LeuOH (previously naned:

Ac- G n( Trwp-20terie3&sB- N- Me- Tyr (t Bu) - Phe- Synt honl- H) - Leu- OPCT(Ip20e2/0519TY

pepti de 2) according to Exanple 2A(7). The follow ng definitions (or also
definitions already included above) can. repl ace nore general ternms used in
i nventi on enbodi nents above and below'in order to define further

enbodi mrents of the invention, with either one, two or nore or all general
ternms being replaceable by the nore specific ternms in order to define such
i nvention enbodi nents: A bivalent noiety of an amno acid with a term nal

car boxy abrtscjoRaPRtbctdh QP sirfte Y RloRirRfthy dédtoRLRIMof Rt lece
carboxyl -Cl 8-substituted anm n ecially the bival ent noiety of

0 acid, es _ . : y
aspar agi rEOGS YEpmPirdut Bpfpll at tB%t'fHGWé"?P% tESIeG G WiRIdRII R $FLPbr nul a |
via a ?arr’ﬁaawhlcbmnlﬁﬁrgrvgt_nbgt éf]}égtir@&hslé)@myé} prﬁfeciirﬁ@gralu@(ar@mod hyibls @rr@sl%éi, ethD. ItEe |
rest of the. ecul e, - al kanoyl or osphoryl at e oXY- - al kanoy
(S RJE-S g o by AR g W el 2
group ipgotectigg gups by reripy @ght dhemiéfaematihanisnis, asiny or
2- hydroxy 3 ohy %H%R”rgﬁﬁ{pg%ﬁn%’# ﬁ@rr‘?ésgr %@h{eé A _sifs%&ﬂ%r' R RAG T are
Cl_8- al kyi:ghis%égl a 'ylbb tnj/z v?jess BveﬂbIO n 1@;%@ S fg tengI & &g,tc_hai n of
an am no gk spaEttiealbe wondideredas arcalbognpmt@c oupreferably, it is
Cl_8alkyl which nay be branched or linear. Mst especially, C _salkyl is
n-(2- methyl)propyl ( isobutyl), n-(1-nethyl propyl (sec-butyl) or nethyl,
that is, Rreterably, e proledtingagrpyisraye selectadpefoiows | euci ne, i sol euci ne or
valine. R3* is the corresponding side chain in protected formif a
functional group is present that has to be hindered to participate in a
reacti on.T'TBr@P’@PtHEI%FQUF! ferot i p@fi@ﬁlyléﬂec\ﬁﬁiséﬁsrﬁ%&ﬂsl‘a"éreﬂioé{ﬁ'cfﬁédy @‘_rheli near,
eSng}' al |Mg@§tir@f2jrb{k%§;s?80¥ Br%sé}{t%ﬁﬁrﬁbt 1R sPRhEGE 8RB rdiry fbihéjiﬂ?/&hiéh Pfé’f fiﬂ am no
aci may be selecte romany noiety, e.g. a nono- or polycyclic, linear,
Sat ur at otlePSRERIIS 8caPIF B SN Oassh|erg k). BEUBIevaitm i) Tropian i al |y
sat ur at ede@fdriy Gnddiafhytiro® dnditibid), 81§. BIONZO (A iPEBatal M&ituaed. &itg® S
het er oat o L&_t. e |l_oa i ruc% re in end qtgl se ed. fr N, O and S
repl aci ngé@He cW 'ésbg'ﬁ@i %{;W'th éj{ro-""”' E‘%éty‘"tgf E,%‘?VHB ’e%t%r%e,thyi%rnay be
subst i t utmeidioy-HR HFAn UeapEtNHRY (wiherae Etis e )for twliae] wiere theisolventiy dr oxy,
(0- P Loy Corg B Rttt e i e A e r e BB om t hose of < e
20 st andashibrafophardtetrabydcfucsear gi ni ne, hi stidine, |ysine, aspartic acid,
glutam c acid, serine, threonine, asparagine, glutamne, cysteine, glycine,
al ani ne, |eucine, isoleucine, nethionine, phenylalanine, tryptophan,

t yr osi ne, Preterabhye Paotds aruethbieproiecioid greur, ehieecially sklectad &omahe gxpup zandisn

i ncl udi ngtinb*b?siﬁ{l/ﬂr%"f’écﬁﬁ@ ?I‘e&# Ahich thOkin hﬁie%%d?l‘?e?tﬁi W3hreE bl2Rlc hdlglds nanmes

or the custonmary three er codes are used In the presen i sclosure, in
accor danceoupf vig a easbarolopiiniiatyyvia grivrgher Si atom), such as tert-butyldiphenylsilyl,

trimethylsilyl, triisopropylsilyl, tert-butyldimethylsilyl, triphenylsilyl, diphenylmethylsilyl, ti-
tert-butyldimethylsilyl, tert-butylmethoxyphenylsilyl, tris(trimethylsilyl)silyl or the like.

Prot* is a protecting group that can be cleaved off selectively without affecting other
protecting groups present, and also without affecting the depsipeptide forming ester
bond or a linker to a resin RES, and is stable during deprotection steps during synthesis
of the linear precursor peptide (e.g. removal of allyloxycarbonyl); it is preferably a
protecting group removable by specific triphenylphosphin complexes in the presence of
metal hydrides or other reductants, e.g. (PH3P),Pd preferably in combination with di-n-
butyl tin hydride or tri-n-butyl tin hydride, phenylsilane, sodium borohydride or dimedone,
in an appropriate solvent, e.g. tetrahydrofurane, and is preferably not cleavable under
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conditions that allow for the removal of a protecting group Prot**; for example, and Prot*
is selected from the group consisting of C3-Cgalk-2-enyloxycarbonyl moieties, e.g. allyl-
oxycarbonyl (Alloc), 1-isopropylallyloxycarbonyl, 4-nitrocinnamyloxycarbonyl and 3-(3’-

pyridyl)prop-2-enyloxycarbonyl.

Prot** is a protecting group that can be removed on the resin without cleaving other
bonds (no cleavage of an amino acid or peptide bound via the carbonyl of its (especially
a-carboxyl group to the binding via a linker L mentioned below; also without cleaving off
the protecting group Prot once present), especially a protecting group removable without
cleavage of an ester (instead of an amide) bond in a depsipeptide or depsipeptide pre-
cursor and under conditions other than those for the protecting groups Prot* and Prot,
while preserving the binding via the linker to a resin RES where present; it is preferably
removable by a mild base e.g. piperidine, morpholine, dicyclohexylamine, p-dimethyl-
amino-pyridine, diisopropylamine, piperazine, tris-(2-aminoethyl)amine in an appropriate
solvent, e.g. N,N-dimethylformamide, methylene chloride; Prot** is, e.g., selected from
the group consisting of fluoren-9-ylmethoxycarbonyl (Fmoc); 2-(2’ or 4’-pyridyl)ethoxy-
carbonyl and 2,2-bis(4'nitrophenyl)ethoxycarbonyl.

Prot *** (an amino protecting group that can be cleaved off selectively without affecting
other protecting groups present and with the product remaining on the resin) and
Prot**** (a protecting group that can be cleaved off selectively without affecting other
protecting groups present in a compound of the formula Il as defined above and below
and with the product remaining on the resin) are preferably protecting groups that can be
removed as Prot*™ and are, e.g., selected from those mentioned for R**, e.g. fluoren-9-
ylmethoxycarbonyl (Fmoc).

The preferred orthogonal synthesis method in this case makes use of the Fmoc method
known in general for peptide synthesis using solid phase peptide synthesis combined

with solution phase macrolactamization and further chemical conversions.

Alternatively, e.g. the Boc protecting group might be used instead of Fmoc Prot**, Prot***
and Prot™**,
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However, this will require different side chain protecting groups and also the hydroxy-
group of N-methyl-Tyr will then have to be protected in a different way to maintain
orthogonality of the protection groups.

Other protecting groups present as well as the binding linker to a resin RES where
present are preferably not removable under conditions under which Prot* and Prot** can
be removed, e.g. in A*, the amide can be N-protected e.g. with trityl (triphenylmethyl)
(cleavage e.g. with trifluoro acetic acid (TFA); in Rg* a tyrosine hydroxy can be protected
as t-butyl-ether, or protected by tert-butyldimethylsilyl, methoxymethyl, Boc (tert-
butoxycarbonyl) or arylacetate (cleavage with TFA).

Appropriate protecting groups are known in the art, as well methods for their introduction
and removal. For example, the protecting groups, their introduction and removal
methods may be selected from those described in standard textbooks such as
“Protective Groups in Organic Synthesis”, 3 ed., T.W. Green and P.G.M. Wuts (Eds.).
J. Wiley & Sons, Inc., New York etc. 1999.

The protecting groups Prot, Prot*, Prot**, Prot**, Prot*** and other protecting groups
are thus not limited to those mentioned above — rather they should fulfill conditions that
make them appropriate for orthogonal protection, e.g. as described above or below.

It is recommended to avoid too basic conditions (though the bases described for Fmoc
cleavage, such as piperidine, are usually allowable) to avoid cleavage of the
depsipeptide (ester) bond.

Among the possible solid support for Solid Phase Peptide Synthesis (SPPS), the

following may be mentioned:

- Gel-type supports without or with spacer: These are highly solvated polymers with an
equal distribution of functional groups. This type of support is the most common, and
includes:

Polystyrene: Styrene cross-linked with e.g. 1-2% divinylbenzene; Polyacrylamide or
polymethacrylamide: as hydrophilic alternative to polystyrene; Polyethylene glycol
(PEG): PEG-Polystyrene (PEG-PS) is more stable than polystyrene and spaces the site
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- 39 - RRis the side chain of an amno acid, preferably a standard am no
aci d. Preavenatd/m3ssst is Cl_8alkyl which nay be branchedron/Bimezesioand whi ch
i's unsubstituted or substituted by phenyl. Mst especially it is benzyl,
n-(2-methyl)propyl, isobutyl or nethyl, that is, the amno acid carrying
the noiety is phenylal anine, |eucine, Tsoleucine or valine. R6 is the side
chain of a hydroxy am no acid, especially of tyrosine.

of synthesis from the polymer backbone; PEG-based supports: Composed of a PEG-
polypropylene glycol network or PEG with polyamide or polystyrene (these already
include a spacer, PEG);

- Surface-type supports: Materials developed for surface functionalization, including
controlled pore glass, cellulose fibers, and highly cross-linked polystyrene.

- Composites: Gel-type polymers supported by rigid matrices.

Usually these gels carry reactive groups to which a linker L as mentioned for various
precursors above and below can be bound. For example, such groups include
aminomethyl groups, polyethyleneglycol groups with a terminal hydroxy, and the like.

Any such support can be used in the embodiments of the present invention.

Gel type supports are used in another special embodiment of the invention, Among
these, polystyrene (divinylbenzene crosslinked); polyacrylamide and polymethacrylamide
resins are especially preferred.

Among the possible linkers, all commonly known and appropriate may be used.

Examples in possible embodiments of the invention are the 2-methoxy-4-benzyloxy-
benzyl alcohol linker (a Sasrin-Linker, Sasrin stands for superacid sensitive resin, binds
the amino acids or peptides via alcoholic OH); the trityl linker family (e,g, Trityl, 2CI-Trityl,
which bind the amino acids or peptides via OH); the 4-(2,4-dimethoxyphenylhydroxy-
methyl)phenoxymethyl-Linker (Rink-Acid-Linker, binds the amino acids or peptides via
OH); or tris(alkoxy)benzyl ester linkers (HAL-Linker, binds the amino acids or peptides
via OH).

Where reactive derivatives of acids, especially amino acids, or peptides, e.g. dipeptides,
are mentioned, they may be formed in situ or may be used as such.

Reactive (or active) derivatives used as such include the acyl-halides, e.g. acyl-
chlorides, -fluorides or -nitrophenyl esters, e.g. the 2,4-dinitrophenyl esters, or acid
anhydrides (symmetric or e.g. with acetic acid) of the carboxy groups of the acids to be
reacted.



R7 is the side chain of an am no acid, especially of a natural am no acid.
Preferably, it is Cl1_8alkyl which may be branched or |inear. Mbst

especi al Iwoi2012/=3888 ( 2- net hyl ) propyl ( isobutyl), n-(1-meCgBlope/egyt7
(sec-butyl) or nmethyl, that is, the amno acid carrying the noiety is

| euci ne, isoleucine or valine. Cl_8- alé yl can be linear or branched one or
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50 °C.



It is recommended to avoid too basic conditions (though the bases descri bed
for Fnoc cl eavage, such as piperidine, are usually allowable) to avoid

cl eavage w0 20tee146888si pepti de (ester) bond. Anong t he po®srhB®i1yedwt support
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Cel -type supports without or with spa gr: These are highly sol vated
polymers with an equal distribution of functional groups. This type of
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Anong the possible linkers, all comonly known and appropriate nmay be used.
For example, the synthon of the formula XIX can be prepared as described in Example 1

A(4) (which is a specific embodiment of the invention) or in analogy thereto. The
synthesis of the intermediate compound 1 (Scheme 1) is described in Tetrahedron 61,
1459-1480 (2005).

The coupling reactions for dipeptides make use of the corresponding carboxylic groups

of amino acids in free form or in activated form.



Exanpl es in possi bl e enbodi nents of the invention are the

2- met hoxy- 4- benzyl oxybenzyl al cohol |inker (a Sasrin-Linker, Sasrin stands
for superwoi2di2¢@sssst i ve resin, binds the am no aci ds or PpeBide8s1977a

al coholic OH); the trityl linker famly (e,g, Trityl, 2ClL-Trityl, which
bind the ami no acids or peptides via_ ; the

4- (2, 4- di met hoxyphenyl hydr oxynet hyl ) phenoxynet hyl - Li nker (R nk- Aci d- Li nker,
binds the am no acids or peptides via OH); or tris(al koxy)benzyl ester

| i nkers (HAL-Linker, binds the am no acids or tides via OH . Were
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in situ cid acti o] 11 6nary coupling agents may be appli ed.
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(TBTU) Zw_slhgcci ni m dol, h? q3 toet rgorretnhyl uroniumtetrafl uoroborate (TSTU),
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hexaf | uorlBphosphat e (HBIbifﬁU;d pectroscopy

3- hydr oxyjt4- oxo- 3, 4- di hyf&fakedpsalenzot ri azi ne (HODhbt ),

1- hydroxy- 7- azabenzotri azol e and its correspondi ng uroni um or %hosphonl um
salts, e’gﬁ'iﬁ’iéﬁiséd HAPyUNéﬂJfU w@aased test to monitor deprotection in SPPS (see

1- cyano- 2- et hoxy- 2- oxoeaukt, cﬂeue@@[bmxa glmmgé,am n@oap,rmiag,h.tg]ocar beni um
hexaf | uor ophosphat e (%?Ch or yrrol.idino hos oni um

hexaf | uor ophosphat e (Py misty 1871@3 3I2|519é) T EEHER] th é:rékltjréls gieans

di cycl ohexyl car bodi i m deucd¥séfadrdbpraédiipham nopr opyl ) - N - et hyl car bodi i m de,
1-tert-butyl - 3-ethyl car boclir%m de,

N-cycl ohe®X§! - N - 2- nor phgf et hyl ) carbodi i m de or diisopropyl carbodiimde
(especi aIN/Iy for ester fMasaGpearosbemO acyl urea formation of the carboxylic

group); = - acti t

2- mer capt OIS)enzot hi azol 6‘4?(5(%% é)glmgg% g%ﬁn%n?gqn%dse, e.g. diphenyl
phosphor yWMBzi de, acid Mh&derthcﬁ@eWme ppetpeasepyphosphoni ¢ aci d
anhydri des d hal ogen S

1- chl or o- I\YE%%Z trinmet hy?gq%rl%gg{r: on%ﬁlﬁgrrohdwoghospklorhum

N, N -bi s(tetramet hyl ené?*ﬁﬂﬁﬂ@ﬁh@ﬁphﬁ@m tetrafl uoroborate or

hexaf | uor ophosphate, chloro-N, N, N , N -tetranethl fornmam di ni um

hexaf | uor ophosphate, fluoro-N,N, N , N -tetrametyl formam di ni um

hexaf | uor ophosphate, fluoro-N, N, N , N -bis(tetranethyl ene)formam di ni um
hexaf | uor ophosphat e,



or the like, or mxtures of two or nore such agents. Al so for the ester

coupling of conpounds of the fornmula XIl or XIIA with those of the formula

X1l or XvOI2A12/mssspecti vel y, or of conpounds of the formraraB2ii2ps9or Xl || A*

with those of the fornmula XXVI or XXVIA, respectively, the correspondi ng

reactive carboxyl conpounds can be usgd or formed in situ. Here, especially

MSNT is preferred as coupling agent as this allows for the maintenance of

hi gh stereospecificity. The reaction nmay, where appropriate, be conducted

in the presence of a mld base }e. g. N-nethyl norpholine, a trialkylam ne,

e.g. et hy®@Pi sopropyl aniBgazotaazgie-1-draytiaidmepyrnarnehosieuas

N, N- di net hyl am nopyri di Iﬂgxaﬂgbroﬁh@sdhbiée (taking care that the conditions are

not so basic as to allow for the hydrolysis of ester groups, e.g. the

depsi peptfde ester grouReVpPeSERTSE n precursors of the conpound of the

formul a IRT/wher e appr opsdnatetngekattirequi red in the presence of an appropriate

sol vent o | vent m xtyr .g.,an N_N di al kyl f ormam de, such as

di met hyl f%Fr)Fr?Tirn' de, a hal 8@%‘?5?%&3%8‘? 8¥'§E%%§1, e. g. dichl oronet hane,

N-al kyl pyTBMEi dones, suddrt-BstyNnataylbpepyrrol i done, nitriles, e.g.

acetonitrile, or further_ an arqnati ocar bon, : | uen or m xtures

of two Or+i|i®rdﬁvy O%)q;e%,raé%];@efoagﬁ'cfﬁ'dg%% of cou§|’%?%’§'T§§r§rﬁ‘gﬁ‘?’§1'pr esent,

al so wat hay l)e ‘present.” The tenperatures nmay be anbi ent tenperature or

| oner or gggher, e.g. i ®khEusRNAE fsPm-20 Cto 50 C. - 46 - The amino

acids of the formula I X, XA X, XIA X II, XIIIA XV, XVA XVII, XVIIA,

XXVI1 (obtainable e.g. by Solution Phase synthesis), XVII*, XVIIA* XV*,

XVA* - XITT*, XITTA*, XI*, XIA*, | X* and | XA* are known or they can be

synt hesi zed according to nethods known in the art, they are comrercially

avai | abl ;9T &AtB7CIY ﬁ&FG‘EQW”Bée%Wﬁt"‘P@%PQ%’G- in anal ogy to nethods known in

the art. Also the remaining starting materials, e.g. the acid of the

formul a >%x or Vi l\l or the dipeptide of the fornmula XXVII or XXVI | A are

known or YHERPULHNBR'eSynt hesi zed according to methods known in the art,

t hey ar e Tremmissi diieyopaviahbialbligopeptidbsdiavé begh danedaceydibdiesi zed i n anal ogy
i slynt hon ?f Q rmLa XI X

can'be pr 8P et e s G SERTPA By B Sima e L g Bl

enbodi mentniof oft ee Bnd AppliedrOhearistiyhashdhtegatidriaéUeibo of Biloehesyistrfipsi s of t he

nt i : : . 61,
150 1250 PIVEETT PR AptioF T 1okl 4 59EBEY, PhEodly ISIAATERIRE S 0r ¢ he
cor r esponHntigy eenvbobtonl was uped ipyshese campaendsc s priemiofis eeméspamopenim act i vat ed

form - Al sndo@nples: The followi ng exanples illustrate the invention
without I'Tmting its scope. Abbreviations



aq. aqueous Boc/ BOCt ert - But oxycar bonyl brinesodi um chloride solution in
wat er (saturated at RT) Bzl benzyl

COMUL- cy amo-2B812¢14B838 Y - 2- oxoet hyl i deneam nooxy- di met hyl amPO@ABRDIN2/051977
phol i no- car beni um hexaf | uor ophosphat e DCMli chl or onet hane

DI PEAN, N- di i sopr opyl et hyl am ne DVAP4- [} met hyl am nopyri di ne

DVFN, N- di net hyl f or mam de Fnoc/ FMOCO- f I'Uor enynet hoxycar bonyl Et et hyl
HATU2- (1H 7- Azabenzotri azol -1-yl1)--1, 1, 3, 3-tetranet hyl uroni um

Example 1: Synthesis of Compound A

1A Synthesis of Synthon 1
(i) Alternative 1:

Reaction Scheme 1:
0)< J<
A j;
Qe — QL
\H)\/Y O\H/V\/\/OH —
H
o]

o) o)

Boc-Glu-OBzl (Commercial) 1

4 Synthon 1



hexaf | uor ophosphat e Met hanam ni um HFI PHexaf | uor oi sopr opanol HPLCH gh
Per f ormance Li qui d Chromat ography HR- MSHi gh Resol uti on Mass Spectroscopy
| PAl sopr opgl2acxi4adse | PCl n- Process Control |RInfrared SpecrnBzapior7
| Tinternal tenperature Kaiser testN nhydrin-based test to nonitor

deprotection in SPPS (see E. Kaiser, Ry L. Colescott, C. D. Bossinger, P.

Cook, Analytical Biochem stry 1970, 34 595); if nmentioned to be OK

means successful deprotection. nenethyl MSMass Spectroscopy
VBNT1- (Mesityl ene-2-sul fonyl)-3-nitro-1,2,4-triazole

1A(1) Preparation of compound 1
(S)-Benzyl 2-((tert-butoxycarbonyl)amino)-5-hydroxypentanoate

Compound 1 was prepared by a procedure similar to the procedure reported in R. K.
Olson, K. Ramasamy, T. Emery, J. Org. Chem. 1984, 49, 3527. BOC-Glu-OBzl (50g,
148.2 mmol) was dissolved in tetrahydrofuran (800 mL) and triethylamine (47.3g, 467.4
mmol) was added. The solution was cooled down to IT=-10 °C. Ethyl-chloroformate
(51.8g, 98% purity, 467.8 mmol) was added slowly, maintaining the temperature at IT = -
10 to -15 °C. The suspension thus obtained was stirred for an additional hour. IPC
(HPLC) indicated the disappearance of the starting material. The reaction mixture was
allowed to warm-up to 0 °C and water (800 mL) was added at 0-5 °C within 25-30
minutes. Separation of the mixture into 2-phases became visible. Under intensive
stirring, sodium-borohydride (11.8g, 299.4 mmol) was added in 10 portions at 0-5 °C.
Caution was exercised as hydrogen gas evolved during addition of sodium-borohydride.
The reaction mixture was stirred for additional 5 minutes at 0-5 °C and the temperature
was increased to 20-25 °C within 30 minutes. Caution was required as hydrogen-gas
continued to evolve during temperature increase. The reaction mixture was stirred for 15
minutes at 20-25 °C before work-up.

For work-up, water (1250 mL) was added to the reaction mixture, followed by the
addition of ethyl acetate (1250 mL). The phases were separated and the aqueous phase
was extracted with ethyl acetate (600 mL). The organic layers were combined and were
washed with brine (2x 600 mL). The organic layer was dried over magnesium sulfate, the
solvent was evaporated at reduced pressure and 40-45 °C to obtain 50.8g crude
product. HPLC purity: 94 a%. The crude product was purified by flash chromatography
on silica gel with hexane fraction/ethyl acetate (7:3 to 1:1) as mobile phase.

Yield: 40.85g (85.2%). Purity: 98% (HPLC). MS and NMR confirmed the proposed

structure.

1A(2) Preparation of compound 2:(S)-Benzyl 2-((tert-butoxycarbonyl)amino)5-((tert-
butyldiphenylsilyl)oxy)pentanoate

The alcohol (compound 1) from the previous step (40.3g, 124.6 mmol) was dissolved in
dimethyl formamide (200 mL) and imidazole (12.8g, 99.5% purity, 186.9 mmol) was
added. The mixture was stirred at room temperature, until a solution was formed (5-10

this



NMVRNucl ear Magneti c Resonance Spetroscopy

PyBOPbenzotri azol - 1-yl -oxytri pyrrolidi nophosphoni um hexaf | uor ophosphate -
48 - BOPBr020t7143888| e- 1- yl - oxy-tri s- (di net hyl am no) - pho®pinaBR2oaen51977

hexaf | uor ophosphat e RPReversed Phase RT/rtroom tenperature SPPSSolid Phase
Peptide Synthesis TBMEtert-Butyl-neth Jlgt her TFAtrifl uoroacetic

aci dTEMPQ2, 2, 6, 6- Tetranet hyl-1- pi peridi nyl oxy, free radical.

min). tert.-Butyl-diphenyl-silyl-chloride (41.9g, 98% purity, 149.5 mmol) was added
dropwise within 10 minutes and stirring was continued for additional 15 minutes at room
temperature. IPC (HPLC) indicated disappearance of the starting material (alcohol).

For work-up, isopropyl acetate (400 mL) was added to the reaction mixture, followed by
the slow addition of a half-saturated aqg. sodium bicarbonate solution (400 mL). Caution
was exercised as the addition was exothermic., gas evolution takes place. The phases
were separated and the aqueous phase was extracted with isopropyl acetate (400 mL).
The organic layers were combined and extracted with water (400 mL). The organic layer
was dried on magnesium sulfate and the solvent was evaporated at 40-45 °C under
reduced pressure. The residue was dried over night in vacuo at 25 °C to obtain 83.25¢g
crude product as colorless oil. HPLC analysis indicated the presence of 81 a% desired
product and 18.6 a% of the corresponding silanole. The crude product was used without
further purification for the next step. NMR and HR-MS of a purified sample confirmed the
proposed structure. HR-MS: calculated for Ca3H4sNOsSi: [M+H]™: 562.29833; [M+NH,]":
579.32488; [M+Na]": 584.28027. Found: [M+H]": 562.29848; [M+NH,]": 579.32489:
[M+Na]": 584.27995.

1A(3) Preparation of compound 4:
(S)-Benzyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-5-((tert-
butyldiphenylsilyl)oxy)pentanoate

83.25g crude product from the previous step (corresponding to 70g theoretical yield of
compound 2, 124.6 mmol) was dissolved in dichloromethane (650 mL) and trifluoroacetic
acid (358.8g, 99% purity, 3115 mmol) was added dropwise to the intensively stirred
solution. IPC (HPLC) after 30 minutes indicated complete cleavage of the BOC
protecting group. The reaction mixture (clear solution) was transferred into a 6 L 4-
bottomed flask with mechanical stirrer and was diluted with 1000 mL of dichloromethane.
Aqueous half saturated sodium carbonate solution (1800 mL) was slowly added to the
intensively stirred solution. Caution was exercised as strong gas evolution was observed
during addition of sodium carbonate. pH of the agueous phase after completion of the
addition: 9-10. The reaction mixture was stirred for additional 15 minutes and the phases
were separated. The aqueous phase was extracted with dichloromethane (1000 mL) and
the organic layers were combined to obtain a solution of the product in dichloromethane.



RBFRound bottoned flask For am no acid abbreviations see the table above.
Conmpounds Nanes... The nanes of the open chain oligopeptides have been
derived awoant/1ag8s80 reconmendati ons of the Joint Comm $€raR200moBYTChem cal
Nonmencl ature ("International Union of Pure and Applied Chem stry" and

"I nternational Union of Biochem st ry"%) publ ished in Pure & Appl. Chem
1984, 56, 595-624. Previously, a sinple peptide nam ng convention was used
for these conpounds. The previous names are given in parenthesis. Exanple
1: Synthesis of Conpound nthesis of Synthon 1 (i) Alternative 1:
Reaction Woﬂwasﬁo%@””atﬂ?ﬁés% - p HPYRTITRHICEH PEESAYBIhd final v mBetizy |

2-((tert @B%mafob@iéﬂek%mwm@|H&6§t@dﬁm%ﬂé§yﬂ@@bﬁ8(ﬁ‘5)mlé6ﬁépéu%ﬁ§ prepar ed
by a procedure simlar to the E}H]ocedure reported in R son

Ranasany, . 19a%slanple inthe styfion, 1984, 49, 3527. BOC- G u- OBz1 (50@, 148. 2
ol ) WasFaHFREDE Watdn| satd r@feﬂ@ltqyﬁ)“dnfml bizArbb 548 soluiora@do hill) @tab ¥loamy dtled 47. 39,

467. 4 muol) ution was.coonl ed do to. | T= - C.

Et ! - ol 8% BEAREED PUEhIing fmaipd saBRE hO 4l ahErOeT ow y.

mai nt ai ni entpridb €36. 85 OF @ipwrity, 37 iniol). Cadtdntwas-ekbrclSed b gas eaph@iosivas t hus

obt ai ned irred f gf‘H’r hour PLC). 1 ndj ca d t he

di sappear Ul @)Purr%thgggg fl?n (?g(reli?'a t'mnpnwasr%)é]gw ?r{orn‘?sxmm {e%\ﬁktta P81 | owed to
war m up ttemcer@ttaerdkm\rECe(HP(_%Oftht))rgaas layed dicated @isap@amandeiaf ti25- 30 m nut es.
Separati ensr ve
stirri ng?ﬂggﬁ?ﬁ%ggﬁnéﬁwﬁ %ﬁb‘%@@@@é@%@&’ﬁ?ﬁ(iﬁeﬁoﬁp&géﬁ goré)g ﬁ{ud portr ons
at 0-5 C. lagasivewmseparsateskanddhe eguenys np@eowwasteévdhrd@blommeth@m@a@tr on of
sodi um bopENyQE b:%%mgTe%rsr W&AE CbABinEY Xhd!BreB&Erastel Wtﬁ%aié? 665%‘%9!‘8 rppal S

m nutes at 0-5 enperature was I ncreased wthin 30
m nut es. TG BHEWERS drieq GvereaagesHaIUgerangdie sadvant Wﬁ%éﬁ”ﬂ%’%@bﬂ‘?f@ during

L enper at U, ddie fedBsa prliird @A M12TbSENEE piiBSt I TTed for 15 minutes at
20-25 C before wor k- up.

The crude product was suspended in ethanol/isopropanol/water (89:5:6; 2400 mL) and
the suspension was heated to IT 50 °C to obtain a solution. The solution was cooled
down to 45 °C, seed crystals were added and the temperature was continued to cool
down to 20-25 °C within 1 hour. Crystallization started at ca. 40 °C. The suspension was
stirred at 20-25 °C over night, then cooled down to IT 0-5 °C within 30 minutes and
stirring was continued for additional 2 hours at 0-5 °C. The product was isolated by
filtration, the filter cake was washed with ethanol/isopropanol/water (89:5:6; 240 mL) and
dried under reduced pressure to obtain pure compound 4 (100 a% purity according to
HPLC). Yield: 669 (77.4%). The product was fully characterized by MS and NMR HR-
MS: Calculated for C43H4sNOsSi: [M+H]": 684.31398; [M+NaH,]": 701.34053; [M+Na]":
706.29592. Found: [M+H]": 684.31392; [M+NH,]": 701.34021; [M+Na]": 706.29539. The
mother liquor gave 30.6g of a foam comprising 30 a% product and 29 a% silanole
according to HPLC.

1A(4) Preparation of Synthon 1 from compound 4:
(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-5-((tert-
butyldiphenylsilyl)oxy)pentanoic acid

Compound 4 (669, 96.6 mmol) was suspended in ethanol/isopropylalcohol/water (89:5:6;
3000 mL) and the suspension was heated to IT 45 °C to obtain a solution. The solution
was cooled down to IT 30 °C. After inertization with Argon, palladium-catalyst (10% on



For work-up, water (1250 nL) was added to the reaction m xture, followed by
the addition of ethyl acetate (1250 nlL). The phases were separated and the
aqueous pNaze1wvasssextracted with ethyl acetate (600 nli) PCThB2002/gHPTTC | ayers
wer e conbi ned and were washed with brine (2x 600 nL). The organic |ayer was
dried over magnesium sul fate, the solggnt was evaporated at reduced
pressure and 40-45 C to obtain 50.8g cfude product. HPLC purity: 94 a% The
crude product was purified by flash chromat ography on silica gel with
hexane fraction/ethyl acetate (7:3 to 1:1) as nobile phase. Yield: 40.85g

(85. 29 . wipmwlfa@s%gmsadde HRGONKTD wasler PR ﬁw”tsﬁéafﬁr'aﬁ)%’@@’%!"?ﬁlcture

1A(2) Prepak ﬁ&dr@ﬁbn@fed%ﬂ&%lﬁ'ﬁj (gge@ esl%ﬁﬂazé{lbht above the atmospherlc ressure
2-((tert-but oxycar bony| ﬂ%f? tertbutéed_ heny |SI| ‘);E ent anoate The

al cohol (¥oRpBufrd TAg NYdr presneRieted e C§@rd'
di ssol vedehdtiodintlfywad fMterairsveea (;@QJQ)S%)asétﬂﬂter ablcd@élmbek 4(1%eﬁigose99 5%

Puri £y, 100 DL L1280 RAURS: 0T s Maghell it ERadoh a0 Tad £FPer at ure.
t ert. - Butgdo-rdi )p Beappratien loy the sblvent whele bdu &g, pr%%emir%tsp °ClgtRe 59r580! ) was

added dropw s hi n 1 a [rin nue ditiona
15 mnute aszfﬂ%%ﬁ%“%ﬁera?ﬁﬁgg ‘ﬁ@ngéiﬁﬂﬁmgefﬁi §§%§e§r g of the
starting imatpertioas (dlkgaiiioa pel GB())usm@dichlommetrmpfmmmnoa@@ﬁm&OQGGS) m.) was
added to [ f f

hal f - sat urlpa ec?mgé. Yﬁ)éc?)%llrg &éﬁ%{? gné) t-)r(cp)]% %éﬁgto\% My *‘?’4%3&%%?%@?@0%@%5

exer ci sedHRMS: H‘@Icaldﬁﬂﬁzct fobBseiad QaRidivtet] 11524 26 1985 [MeNHLAit 6 b223aR Y Hlatice. The
phases wes @ SEORNRLAG (AR 56 AFUSONRNMIASE! VRBESAMART Cch i ddiol SOPT OpY|
acetate (400 ni). The organic lTayers were conbined and extracted with water
(400 nL). The organlc | ayer was dried on magnesi um sul fate and the sol vent
was evaporated at 40-45 C under reduced pressure. The residue was dried
over night in vacuo at 25 C to obtain 83.25g crude product as col orl ess
oil. HPLC analysis indicated the presence of 81 a% desired product and 18.6
a% of the corresponding silanole. The crude product was used w thout
further purification for the next step. NVR and HR-M5 of a purified sanple
confirmed the proposed structure. HR-MS: cal cul ated for C33H4A3NOBSI : [ MtH|
562.29833; [ MtNH4] +: 579. 32488; [ M+Na]: 584.28027. Found: [M+H: 562.29848;
[ MENH4] +: 579. 32489; [ M+Na]: 584.27995. 1A(3) Preparation of conpound 4:
(S)-Benzyl

2-((((9H-fl uoren-9-yl) nmet hoxy) car bonyl ) am no) -5- ((tertbutyl di phenyl silyl) ox
y) pent anoat e 83. 25g crude product fromthe previous step (corresponding to
70g theoretical yield of conpound 2, 124.6 mml) was dissolved in

di chl oronet hane (650 nL) and trifluoroacetic acid (358.8g, 99% purity, 3115
nmol ) was added dropwi se to the intensively stirred solution. IPC (H PLC
after 30 m nutes indicated conplete cleavage of the BOC protecting group.
The reaction mxture (clear solution) was transferred into a 6 L 4-
bottoned flask with nechanical stirrer and was diluted with 1000 nL of

di chl oronet hane. Aqueous half saturated sodi um carbonate solution (1800 mi)
was slowy added to the intensively stirred solution. Caution was exercised
as strong gas evol uti on was observed during addition of sodium carbonate.
pH of the aqueous phase after conpletion of the addition: 9-10. The
reaction mxture was stirred for additional 15 m nutes and the phases were
separated. The aqueous phase was extracted w th dichl oronet hane (1000 i)
and the organic |ayers were conbined to obtain a solution of the product in
di chl or onet hane.



- 52 - The solution was concentrated at 40-45 C under reduced pressure to a
final volume of ca. 650 nm.. for the next step. HPLC indicated the presence
of 80.5 wof20rompssand 3 and 19.5 a% silanole in the sol RCIrOR201E031977
FMOCyl ati on, saturated aq. sodium bicarbonate solution (650 nL) was slowy
added to the intensively stirred soI/Baon of conpound 3, followed by the
addition of FMOCchl oride (36.55g, 97% purity, 137 mmol). Caution was

exerci sed as gas evol ution was observed during the addition of FMOC-C .
Stirring was continued for 15 m nutes at roomtenperature. An IPC (H PLC)

of the or@hflternaty@?: i ndi cat ed di sappearance of the internediate compound 3
and conpliRticPaMdnsd 2n i nto conpound 4. For work-up, the |ayers were
separated and the aqueous phase was extracted w th dichl oronmethane (650
m.). The orga 673, wer e conbi ned and weTe acted with water (650
m.). The orgaf as dried over magn&gi U ate and the sol vent was
renoved at 40- 0 in 112. 6g crude product.
The crude product as suspended in ethanol /i sopfopanol/water (89:5:6; 2400
m.) and the suspefhsion was heated to IT 50 C ©0 obtain a solution. The
solution was co ed down to 45 C, seed crystqﬂe wer e added and the

t enperat ure Wa§ |nued to cool down to 26- 25"'@2 within 1 hour.
Crystallizati ® ca. 40 6~ The sys ' WaOHst iTTedat 20-25 C
over ni ght, then cooled down to IT 0-5 Cwithiln 30 m nutes and stirring was
conti nued f dfi ti onaPH2 hours at 0-5 h& product was isol ated by
filtration, filter cake was washed et hanol /i sopr opanol / wat er
(89:5:6; 24 ) and dried under reduced P essur$ to obtain pure conpound 4
(100 a% purity according to HPLC). Yield: 66g (77.4% . The product was
ful l y chafmot-Glu-08dl (GonMieraial) NVR HR- MS: Cal cul ated for C43HAS5NCESI @ [ MrH]
684. 31398; [NHNaH4]+ 701. 34053; [MtNa] +: 706.29592. Found: [ M+H|

684.31392; [ MrNH4] +: 701.34021; [M+Na]: 706.29539. The nother |iquor gave
30. 6g of a foam.conp ing 30 a% product and anol e according to
HPLC. 1A(4) P @ of Synthon 1 from co

(S)-2-((((9H yl ) met hoxy) car bonyl ) am™ 2
| ) oxy) pent anoi ¢ ac d Compound 4 (66g, 96.6 mmol) wWas suspended in

et hanol /i sopropyl a cohol /water (89:5:6; 3000 nlL)oand the suspension was
heated to IT 455$it0 obt ai n ol ution. The sol yfion was c07 down to IT
30 C. After in tion w gon,—pakl adi uneTawal yst (10 - 53 -
barium sulfate 6.Ppg) was a to the soluti uldder an @r gon’ stream The

ertbutyl di phenylsily

product was t nder a hydrogen esSure” sl i y above the
at nospheri c res ure at 30 35 The hydrogenati®n was coppheted after 1.5h
according t LC. The re on m xture was filtered overel | ul ose based
filter aid | f1 ock 40; Iulose based filtering ald) Md " the filter aid
was washed with ethanol /i sopropanol /water (89: 5 3““@‘8’9 Evapor ati on of
t he sol vent under reduced pressure at 45-50 C gg §8g foam as crude
product. The crude product was purified by chromatography on silica gel in
2 portions (2x1 kg silica gel 60) using dichloromethane/ methanol 95:5 to

8g 20 ?s mbL ORepbeBRpaMtRINGf coRtholPa 46P0m Fﬁhﬁc-eruod?iz))lgvi:srvgsm]‘og@;.Iu[y\K,/:Pr H
characterlLze e 0 .
594. 2670 mmﬁ{y@% g%l?%QEWFWR%Cﬁ%%E t 36%9{”%8&5@?“%%; 594. 26743;

[ MENH4] +: tri6thla@$d§5.3g [ 3dttNajol \oils. &34800The s(olutib)n Aat essied doven @:-1:Re@abd on
Scherme 2:ethyl chloroformate (7.3g, 67.27 mmol) was added to the solution over 30 minutes at -12
°C. The suspension thus obtained was stirred for an additional hour at-10 to -15 °C and
the temperature was elevated to 0 °C. Water (80 mL) was added dropwise to the
reaction mixture, maintaining the temperature at 0 °C. Sodium borohydride (total 0.805
g, 21.27 mmol) was added in 3 portions (1 portion every 10 minutes) at 0 °C and the

reaction mixture was stirred for additional 1h at O °C. Caution was exercised as



Frnoc- d u- OBzl (Commerci al ) 4 Synthon 1 1A(5) One-pot Preparation of
conpound 4 from Fnoc-d u- OBzl via conpound 5: Fnoc-d u-0Bzl (5g, 10.88
mrol ) waswoi2epni4%ssd i n tetrahydrofurane (80 ni) and tri eChgBae/n&9(73. 39,
32.6 mml) was added. The solution was cool ed down to -15 C and et hyl
chloroformate (7.3g, 67.27 nmol) was ggided to the solution over 30 m nutes
at -12 C. The suspension thus obtained”was stirred for an additional hour
at -10 to -15 C and the tenperature was elevated to 0 C. Water (80 nlL) was
added dropwi se to the reaction m xture, maintaining the tenperature at 0 C
Sodi um bdPEMEERi9ae (A idall hereggiprymixipe was A wilheatgtid@a Mmn @3dpor ti ons (1

portion eéé@bytea%tmg&gk%gl)acetat@@@oam ah@ﬂ]er@?&é wer §égélta!€deTM‘@§qL§Job§red for
additional |h at uti on was exercise

ro
evol ved. PRRE® WaaEXYRPIRIANVE) RRRMORN! PERtatE (PG ’F?'—%%RdetF‘e E’fﬁ?é'c @r%‘ﬁ Cext ract ed
Wit h i sopicpmedatiod edrﬁouﬁéeﬁ&gamd pledd@ vidsavdshge ivith WelF eatsremrs@tﬂedw chidigleaqueous

h t ed th 0 nmL d. t i
oy s s ltoh i Sl g Shiorer PR Bt e A Psde B el ey 12

sat ur at edvohumek ormacﬂ(b oii Tee &micelmtramenl $dh}<t|05®va$lc)eaa-ﬂlﬁbredh ancsmbtﬂuttercresuwes

concentrated ced |n I he
concent ravf'aesdwso aty ﬂﬁn O\Raéjy'c%% ate I‘gr rclle OIL&' ﬁﬁ)e ?m&unﬁ% & 'ne s washed
wWith i sopﬂamyansaam@tjattea(rledruo)tom?édéaskﬁndtlmmz@é (téopadsd rﬁnolhwas obt ai ned

was ”anséo%gg ﬁ1 @%f&reawéféiﬂ%d%ﬂsorﬂﬁ%th Qrt?&‘te?t gutk]”ﬂ &%%éﬁyl(c]n 0?438 21.89

ure was stirred
t ert - but (#145di ¥htthipmosiwagladded. dine deadtian abgyre heis BOredior i 5 et rtalodiedrk-The

reaction yg Mebgugpél\%ﬁ)n%ésr dllﬁfédfm% idopr é%ﬁéce’t’ét L \¥NaksxHBeted iR RdRPENST ON

was diluted with isopropyl acetate 2 ex tracted wth water (3x50

m.). The §?‘%’ﬁ|—bTh&?@a”\%@/%é’ﬁﬁﬁﬁ‘?%e@ﬁﬂd h@éob’éﬂv@ﬂe\ﬁﬁgraw&b‘@?%t ed under

reduced pﬁ’e@§c~°édrp‘?e§sgre%b€iaﬂ1 @9&3’5&u§é Hr@@ucﬁrﬂ@é‘rhde JrBGu& Mg%u@ﬁéa%ct was
purified by colum chromatograp K\gon si | i cagel

SO
acet at e/ CW?”‘@‘P%’@“YTB'P)P'I‘"@QE %'S?Wo%?a?tﬁteé‘%@”eo(? 8§a§61qbﬂp PRdsech was
E us ]Pe:’\dedoloﬂtah%g@gf @&ﬂlds\fvhlblﬁo Q/%s E@dpedblectih hekaneldil SBFr8€ fRi3h et & MRS | Z ol a}g ed
Yy Iltrati an n rre t un G res ure to obtai g o
DY hound BreaRIa as eaGieg Mg S ied SA0N B vnBat Bl OO EosiTsNE S
[ MtH] : 68816333 DBIpoliMH-M YidiH+75% Oler3wO 5teps [HRNIS: calc0bted 3o X2 :H 90 81: [ MtH] :

684. 31430, | M-NEWL 00 TRANTFET 31 S MENBMNGPO 76020562, Found: [M+HT"

684.31430; [M+NH,]": 701.34073; [M+Na]": 706.29577.

1A(6) Alternative one-pot preparation of compound 4 from Fmoc-Glu-OBzl| via
compound 5 using isopropyl-chloroformate instead of ethyl-chloroformate:
Fmoc-Glu-OBzI (60g, 130.579 mmol) was dissolved in tetrahydrofuran (550 mL) and
triethylamine (40.8g, 403.202 mmol) was added. A cloudy solution was obtained with
some precipitate. This cloudy solution/suspension was transferred into a dropping funnel
and was added to a pre-cooled solution of isobutyl-chloroformate (54.96g, 402.41 mmol)
in tetrahydrofuran (300 mL) in a 4.5L reactor at -35 to -30 °C, maintaining this
temperature during the addition. Residuals in the dropping funnel were washed with
additional tetrahydrofuran (50mL) and the reaction mixture was stirred at -35 to -30 °C
for another 2 hours. Water (960 mL) was added to the reaction mixture within 45
minutes, allowing the temperature to increase until 0 °C. A suspension was formed.
Sodium borohydride (14.4g, 380.625 mmol) was added in 20 portions within 1h at 0°C
and the reaction mixture was stirred for an additional hour at 0°C. Caution was exercised
as hydrogen gas evolved.



1A(6) Alternative one-pot preparation of conmpound 4 from Frnoc-Qd u-0Bzl via
conpound 5 using isopropyl-chloroformate instead of ethyl-chloroformate:
Froc- A u-voB2b12eegss 130. 579 mmol ) was di ssol ved in tetraboydpoiemnan’l 550 nl)
and triethylam ne (40.8g, 403.202 nmol) was added. A cloudy solution was
obtained with sone precipitate. This §éoudy sol uti on/ suspensi on was
transferred into a dropping funnel was added to a pre-cool ed solution
of isobutyl-chloroformate (54. 969 402 41 mmol) in tetrahydrofuran (300 ni)
ina 4.5L reactor at -35 to -30 mai nt ai ni n8%th|s tenperature during the

addi t i on. THREWISBRNSICD Was nqwedonr@bbbtﬁtj rpeiivieiherdsPe mha andieipagionfieikt i onal

tetrahydrmM%eemmtam@GME m%ﬁwa@%dﬂédﬁo‘tﬁ@p%ﬁct%rktﬁfc—?@ p%bses35 to -30 C
f or another 2 hours. Water 960 was added to the reaction m xture

within 45 Wﬁﬁt@?%%werélsﬁet)\ﬁ‘?& Wﬁé‘"ett%ri’ﬁ@?%‘f"ﬁ? gxtiasted yihdbaby-msthyleterc, A
susggnSI oBovaR.) hied ﬂied)rglaﬁﬁﬁbh hagwwerdermﬁrbmée THedordanic BRdietfs washkd wmz ?dded
in portion t at nd the reacti s stirre or an
nddr ti oaarana et MhRoiey Ger o iR seer e r-BRe oot MR e e g < - he
- The suspmosed)tmdwmquoeﬂ gdssund Onttlebrutho’runr&idffyllLertdsearch(eﬁ&ﬂ Thit solatieh t he
reactlonfla hed h was d to the

pr oduct Mm% Ir'tee\g?vﬁthvﬁigt% Ifomgﬂtm'&%ﬁu()%@%)g \ﬁgh%s { nt g(\{lapc{r?,tg&i ch Cr phase was
extract ecrevlmt.teld predsutey Lintivetfingll \@tdmof(460(DnerrB)acraavbdt fﬁbe solgtamiof cphpees wer e

conbi ned. 5 Ihe PLARR WS J@ﬁ%@rré{\%@g"?%ﬁﬁ&’b%e R <?a?§Q|QQ1 %2&9’%&20' over

anhydr ous magnesi um sul und
reduced m‘l@gb wae added to the PMfrasiolujion aheonefound 5\ead th;&:rhlxweewas Fireedsol ut i on was

di | ut ed viinliediofR! b AEBRSIC @008 oPRtANE Bl R b B SRy 3ROr at ed under

reduced pressure, unt f1na unme of I's achi eved.” The sol ution
of corrpodﬁtﬂUGStah%@'Zéf)@éP%&@ RAGion Mmixiyreds pEERd; fat an addittonaldaybettbifed 1 ask.

| m dazol eefpéraftfe. 211. 524 nmol ) was added to the DIVF soI ution of conpound 5
and the mxture was stirred for 5 m nutes at TBDPS- Cl (39. 69,
144. 07 mmB1e)repeioq dueredyasiiies OWed Prig edy! ?ﬁertﬂi? é?Oth'-é@”Qﬁqe(l‘“%‘Htﬂe VAR

reaction gxinsttd Wrttha&ir(?DO@rﬂ. fote I%r@d@iéde@ﬂ@temrth@brgbh|b$eybEW§§r ature. The

reacti on m xt revva and t he
T o e it Ty (DR Pl P o Gon ) Y SHEST 4p o c EP PSSP AR and ¢ he
organic I’E(wgrcrmaormhed wi th water (3x300 m.) . Evapor ation of the solvent

under re res ave 1 crud uct crude nro t (106
nae o oo B SRR ToBR Gas bt G honal B Sl 5506 96 i 50 2 ang
seed crygdtaDSSO(Gﬁtglseedprysmt}k @ﬁgwemeomiﬁ@)dverél‘bdzded Xheimixtwasvaalallowst t o cool

d

Coor et B EMRRE Rl BBt ol Bitedbr 17580t riSind uspdBer WP eTS DT By
filtratiowoledhie-40 1 and stigrke fax@hrevasBe ACwW ttehorodrect veh tserateorthtltm’uen the

Et hanol /| fapreanglya ggt@rﬂtt ﬁt% s@lv@m rﬁ&%@@Emaﬁolﬁ&%f%{ahgﬂNl ey £, under

reduced pressure to oun over 2 steps).
HPLC i ndi ft?@@@dﬂ-:\’ged etk 0t ¢ Urnéer rteﬁeceﬁrnﬁ%ﬁwe to mat@in 663%@1‘ qermpaued 4can be

| sol ated (71,0 fiblg IR IS inkiR4Ba3 kb, AUAPRE B ARIRL Lhe sol vent),

whi ch cont ai_ns’ ca. npound 4 accordi ng - 57 - 1B Synthesis

of Pr ecurwt'oﬁélrﬂr?q}é"t _eLarb@e @«pip@d Ffrpgbtae gmtheﬁ@ﬁqqrd%glafter evaporatron of the
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Precursor peptide 1 has been prepared using 2 different Solid Supports

Equi pnent: Solid phase synthesis reactor with a filter cloth or sintered

gl ass filwenoplassssat the bottom A nitrogen nanifol d alPCoaB20ivosivdi n t he
reactor contents via filter cloth or sintered glass filter plate and bottom
val ve. 1B(1) Coupling of the trityl-[gpker to the solid support: 200g of

Am nonet hyl - pol ystyrene resin (crosslinked with 1% di vinyl benzene, | oading
of am nonet hyl groups I nmol/g) (supplier: Senn Chem cal s AG

Di el sdorf/Switzerland) were stirred alternately with several portions of

di met hy| 63 Aupthgeisof nerursorprptide JdNoPAR®I (1600m) After two final washes
wi th di neplakifser BBPHIELET: 1566ULY§F-Gn(TRAR ThARETPRtBM)ME-IR-SYRNOPYH) X el! epar ed

sol ution of 4-hydroxy-di phenyl net hyl -benzoic acid (91.3g 300mmol ),

1- hydr oxyP8enzot ri azol e nonohydrate (45.9g, 300mmml) and

di i sopropyl carbodiimde (75.7g, 600muvl) in dinethylformam de (1600nL). The
reaction mxture was stirred for 1.5h and a N nhydrin test was perforned.
The test still showed free am no groups and thg& i i sopropyl carbodii m de
(7.6g, 60nmmol) was added and the - 58 - _react stirred over night. A
further ninhydrin testN ls: ¢ and the reaction m xture
was filtered off. The r
i sopropanol alternating /
dry linker-resin. The matérial was usgeF% or tRNe=Hext synthesis step wi thout
further analysis. 1§(2 Bpling of eu- OH Preparation of

Froc- Leu- Li pkerHResjjn Linker gRegin (1 147. 8mmol ) was swol | en by
stirring i Neueufﬂ& .

C was filtered off and replaced by
a sol ution of 't ol §eneH(1400nL) chloride (53m., 1478mm1). This
mxture was sPipred for 2R~
whi ch was stirrg¢d for anoth

Y S , replaced by an identical mxture
2H beffore filtering off. The chlorinated
resin was wagmg oW ce wi t hOt ol uene aerXxhree times with dichl oronet hane.
In a round bo{.rtlolmflask, a solution ofc-L u-OH (104.8g, 296mvl) and of
N—thhylnnrphoﬁ?ne (49nL, 444mmol) in thehbhgronet hane (600nL) was prepared.
This solution was adestuisompeptider1and stirred over night. In the
norning, the solution was filtered of and the resin was washed with
di chl oronet hane and i sopropanol alternatingly. The resin was dried in vacuo
and yi el dedcdsér peptide fihis bE&EplePdrdd Uiy 2 diffdrent SOIRI $Wppdirsg Wit h
Frmoc- groups was determned at 0. 787mmpl/g what led to a yield of 185muol
(125% of theory). Amino acid analysis at an external contractor confirned
<0. 1% D- Lequipmant:i oner. 1B(3) Coupling of Fnmoc- Thr-OH

Solid phase synthesis reactor with a filter cloth or sintered glass filter plate at the bottom.

t§e norning
si njjwas wash

A nitrogen manifold allows to drain the reactor contents via filter cloth or sintered glass
filter plate and bottom valve.

1B(1) Coupling of the trityl-linker to the solid support:

200g of Aminomethyl-polystyrene resin (crosslinked with 1% divinyl benzene, loading of
aminomethyl groups 1mmol/g) (supplier: Senn Chemicals AG, Dielsdorf/Switzerland)
were stirred alternately with several portions of dimethylformamide (1600mL) and
isopropanol (1600mL) After two final washes with dimethlyformamide, the resin was
treated with a previously prepared solution of 4-hydroxy-diphenylmethyl-benzoic acid
(91.3g 300mmol), 1-hydroxy-benzotriazole monohydrate (45.9g, 300mmol) and
diisopropylcarbodiimide (75.7g, 600mmol) in dimethylformamide (1600mL). The reaction
mixture was stirred for 1.5h and a Ninhydrin test was performed. The test still showed
free amino groups and thus diisopropylcarbodiimide (7.6g, 60mmol) was added and the



Preparati on of Fnoc-Thr-Leu-Li nker-Resin Fnoc-Leu-Linker-Resin (140g,
109nmol ) was swollen by stirring in tw successive portions of

di et hyl fworzareyidassg1100ni) for 30m n each. Fnoc pr ot ect iPOT/IB20OLIPSINETS

cl eaved by two subsequent washi ngs of 20% pi peridine in dinethylfornmam de
for 5mn and 15m n respectively. The g5| n was washed by several
alternating washes with dinethyl fomani'de and i sopropanol . Phenol phtal ein
and water were added to a sanple of the final wash solution. The absence of
pi nk col our confirnmed successful renoval of piperidine. The resin was
washed wi "eACtioastiEed eves NignaAduithey oathy§rin \pide the Mersingavasmegalive andithe he

fol | owl ngreg&idAIniGreSk & iltered o‘$f9Tne teRinBwdsOMathe 8 Aith ARdhyioatdmide aRY Ut | on of
Froc- Thr-OH (112, 1% 328nmD droxgbenzotrl azal e mpnohydrate (51.25g,

334mol) 'éméQﬂrP%% ’Z?;S'W'Xa?%dﬁ?'[‘ A3 dNeS PfeCuUGEERHEIF] £ % tdFya'HB‘fG of uran

(600m.) wasinpTiepasedal e used fir tiemeaxasynddrdtdowitioat fustRéranandist he pH checked
imediatelly (pH= 6.5). The reaction mxture was stirred for 1.5h until a

ni nhydrin test showed conplete reaction. The solution was filtered off and
t he resi mBr(/a)sCumhrgobf\ﬂmdt: beurdHhy| f or mam de and i sopropanol al ternatingly.

A smal | Sj N r| d and sent for am no acid
anal ysi s(OrnE t@\ﬁ%ﬁ%o CeJ' %’ es"? .1% L-allo-Thr, <0.1% D-allo-Thr), the

bul k of tlhekemiesini(&0onas7 . Smb]oéa\taectvvbtbertth@tlnmgtm gﬂla@ew;il‘t(}ﬁ)oﬂn) Ther t her dryi ng.

1B( 4) Co f
Froc-d n(Tr Jeﬁg\ﬁ‘%fnr cﬂ‘%rﬂn(r-gf)l ee'5| %%&Q@naotflt% 2 1400m 8? af?egl n fromthe
previ ous Cé‘ﬂcé}de\(@%nls\ﬂ/émrémohyﬂm mixture gyap ﬁtll“teﬁb‘osllb%qa@nﬁ rpplacecopsarof

di met hyl figs fRA Hfukel RO ks Eﬁ}red%gm%m@h be%@ﬂteﬂﬁgaﬁcmerw éﬂlh%ﬁyl S o de

cl eaved by two subsequent washings wt 0% pi peridine In
for 5nmi n "&88 WBSHashe@ieecwiih felugne ?'Fféthf%esﬂmﬁﬁfwﬁ" dighderereti@ngever al

alternatipg rWWtoW ﬂdékdd Mtbﬁ'off PH%@LQ@-O@-F‘QOM %QPI%%&W andpd?‘NJbePublt alein
and water were ad to a sa i nal wash sol ution. The absence of

pi nk col PP 50 TSk AREDa h PERRPAI e PRt o opees. TBEAIER verohed
wi th di meviyidoen ieimedesif APl dvbr @ightt InMBS mbmindy, eRaoRItIbA wab Akerb@bl owi ng
coupling st and tﬁe resin was washed with dichloromethane and isopropanol alternatingly. The resin
was dried in vacuo and yielded 234.7g of dry Fmoc-Leu-linker-Resin. The loading with
Fmoc-groups was determined at 0.787mmol/g what led to a yield of 185mmol (125% of
theory). Amino acid analysis at an external contractor confirmed <0.1% D-Leu

enantiomer.

1B(3) Coupling of Fmoc-Thr-OH

Preparation of Fmoc-Thr-Leu-Linker-Resin

Fmoc-Leu-Linker-Resin (140g, 109mmol) was swollen by stirring in two successive
portions of dimethylformamide (1100mL) for 30min each.

Fmoc protecting group was cleaved by two subsequent washings of 20% piperidine in
dimethylformamide for 5min and 15min respectively. The resin was washed by several
alternating washes with dimethylfomamide and isopropanol. Phenolphtalein and water
were added to a sample of the final wash solution. The absence of pink colour confirmed
successful removal of piperidine.

The resin was washed with tetrahydrofurane (1200mL) three times to prepare for the

following coupling step.



In a round bottoned flask a solution of Fnoc-A@ n(Trt)-0OH (138. 6g, 226mmvl),
HATU (86.2g, 226mmpl) and Et hyl dii sopropyl am ne (58.4g, 452mvl) in

di et hyl fworearydsssg400nL) was prepared. The sol uti on wagCadsmd2/b:19the resin
and the pH checked imediately (pH= 10). The reaction m xture was stirred
for 3h until a ninhydrin test showed gerpI ete reaction. The sol ution was
filtered of and the resin was washed Wth di net hyl f or mam de and i sopr opanol
alternatingly. The resin was dried in vacuo and yielded 170g of dry

Frnoc- A n(Trt)-Thr-Leu-Li nker Resi n. The | oadi ng?vvlth Frnoc- gr oups was

det er mi nelg adpunyl Romeslagk @ Aelvaaaf hgog- Wr-8h(108. 1903l 94% of theory over

the | ast Hyﬂﬁbx%ﬁﬁéﬂnezd}&ﬁbﬂo%rﬂe B§4rﬂr¥no Bn@duﬁs@b%?}lc@@ﬁ&ufnﬂ@é or led to
the foll ow ng val ues DLeu <0 1% D- hr 1% L-al l o-Thr, <0.1%
D-al | o- THPM 5§%”E§2')G'P trahydro%’éa” (CORNE) WRSRIBPIRY of I|sobutyric acid

IF:>r eparG at |(1%1@ smiu#ﬁﬁmfstayied tﬁ@m(e“s'rnte)ndﬂl%%meuedkeakﬁhe&?@@nm pH= 6.5). The

noc n(Trt r-Leu-Lin stirrin
N tvio sdseféﬁméwftui?oqui%H&gécrﬁd’?w&“f@Pwﬂmﬂ?mﬁ%%%m@e?5%0@%*# Seach.
Frnoc pr otmutubng/agmmerpdmﬁsn@lmauﬁdmymmmlhs@qumﬁomsmm@m with 20%
B MR MO TSP AR vk B R A R RO REG e
and |sopranaaasls(0133h@|clcﬂuph®a%dbﬁhaﬁﬂ et -aio-Wer, soaelédléﬁialloﬁha tbantvplk@f of the
final wash. S eLHFL\%]S sﬁ‘e%t@o%?ﬁbc X?%teg,:"‘nﬁ qu ﬁtéﬁ p@yed fsuccessful r enoval

of pi periarne. e T eST N Was wash rmam de (1100nmL) three
times to prepare for the follow ng coupling step In a round bottomflask a

sol ution r 203nmol ), PyBOP (105.5g, 203mmol) and
Et hyl di i sﬁo%%ﬁ%%ﬂ%ﬁ{ﬁ& élr& )Oggnml ) in dinethylformam de (550n) was

pr epar ed. rvﬁeraé'snmffm?w@'@( Hftu-Ley-LinkerrResil and t he pH checked

i mredi at efHeYFrﬁéH‘Hﬂnra_e@)LlnkEhﬁeélﬁ%H A8 pREvituY ERpWRAS stoliér l%ﬂstfr g iRweh until a
ni nhydrin test showed conplete reaction. The solution was tered off and

the resi @%@%&W%qﬁ'”&”ﬂ%&f?ﬁ%”ﬁ'@? Fﬂéﬁp@é @haom@c?ﬁ%panol al ternatingly.
The bat chrespridicc®®d drivuswhs eehe@ dyawb t@@bsreqméntwa@ﬁmm Wio 0% Giperidige and

Further a(?lr%l Ilforfnamlo(erz)r gollrjmpalnldqgmcl)nf reggeoc ively. el'th'eS|rl1E\§vta§5vla£rlle% tyi s%r\)%ral
alternating washes with dimethylfomamide and isopropanol. Phenolphtalein and water
were added to a sample of the final wash solution. The absence of pink colour proved
successful removal of piperidine.

The resin was washed with dimethylformamide (1100mL) three times to prepare for the
following coupling step.

In a round bottomed flask a solution of Fmoc-GIn(Trt)-OH (138.6g, 226mmol), HATU
(86.2g, 226mmol) and Ethyldiisopropylamine (58.4g, 452mmol) in dimethylformamide
(400mL) was prepared.

The solution was added to the resin and the pH checked immediately (pH= 10). The
reaction mixture was stirred for 3h until a ninhydrin test showed complete reaction. The
solution was filtered of and the resin was washed with dimethylformamide and
isopropanol alternatingly.

The resin was dried in vacuo and yielded 170g of dry Fmoc-GIn(Trt)-Thr-Leu-Linker-
Resin. The loading with Fmoc-groups was determined at 0.60 mmol/g indicating a yield
of 102mmol (94% of theory over the last two steps). Amino acid analysis at an external
contractor led to the following values: (0.13% D-Leu, <0.1% D-Thr, <0.1% L-allo-Thr,
<0.1% D-allo-Thr, <0.8% D-GIn).



Preparation of Isobutyryl-G@n(Trt)-Thr(I1le-Fnoc)-Leu-Linker-Resin

| sobutyryl-@n(Trt)-Thr-Leu-Linker-Resin (wet from step above, 101lmmol) was
swol | en byOo=birmBssg i n three subsequent portions of dicirConBrar/hbaney
(1200m.) for 20m n each. The solvent was filtered off and NMSNT (88g,
297mmo1l) and Fnoc-11e-0OH (105g, 297m_18&) wer e added as solids.

Di chl or onet hane (500nL) was added as well as a solution of N-nethyl

i mdazol e (18.2g, 223mmol) and et hyl dii sopropyam ne (51.2g, 396mmvpl) in

di chl oronet hane (100nL) The reaction m xture was stirred for 2h until HPLC
i n procesBEbReVRIiNgHdseutyitptidi e reaction. The solution was filtered off

and the r@gphratioh ofisobaty ry-Gin(tiLAR-IRRLLIhRASR&in di chl or onet hane, three
portions of dipe or mam and three portions of isopropanol

t hyl f m de_and r opal

subsequen'%rﬂ?/C.-Gﬂ*f(fbrt)%Lr AU AR (ORI V1O AP Mllgie BY 8ip Bwarr y
:jsobut yr yéub&ql(gﬂifrbdrtjldfgrdf Hin/%tﬂ'rwfﬁm)arbieg_(1lsi00@ﬁerfol?s@hj ilﬂl.egEIﬁI']?C I oad: ng7\:/Lvoa/s

etermned to : nmo t hus indicating.a yje mol . . o over
Che'l ast s wpEstjo rouyas depAbyeBtishin o hebbBorn R edG PPRyRbE ALy o
Pr epar at i dimetblyiformamide (1300mL) for 5min and 15min respectively. The resin was washed by
| sobutyryl -d n(Trt)-Thr(lle-Tyr(tBu -F -Leu-Lin -Resin (Previously
naned: 1 SEbae) P Phsho iy b YRR B BB oRmBt bR R )

| sobut yr ywat& were ratiiledrtorg $dnep!¢-ofabd fihal wakh nédetionRéBe abgebé@ gf pifkenimlr) was
swol | en I i guent portions of dinethylformam de
(1300n) rg\?édS%Jr%bénggyéc%hrﬁo Irrogé%%ﬁg'ﬁ%cti ng group was cleaved by two
subsequentheyasinivegsvashehwitodansthyderindginide (1A0dnkethiegltimesi@ piegere(fadtbent) f or
Smon and ity EGPRGFdbye! Y. The resin was washed by several alternating
washes wi th dinet h%l omam de and isopropanol . Phenol phtal ein and water were
added t o 'Bagawl Rotiem fask arspiyaen aisePudsic @Ciddn? ST HESEINEYNREB@P (1198 col our
proof ed sypaRssH aHd Et }éégy laRin@g52 44 D6 i BitdeinyiBEn A BxB oMLY h
di et hyl formam'j(cje (1?%%71_ ro?%eraeen '?i rrggs tommaare for the foll ow ?19
coupl i ng @BYePEedol uti on of Fnoc- N-net hyl - Tyr (tBu)- OH (68.7g, 144mmol) and
HATUh( 55. %sglﬂiémb)ad?édl tlditmaetet@ml drartrepm gﬁec_(kzaﬂﬁqcnédiw@ﬂsyl @H_er:%)e?h@nd added
to the peptide-resin, fq the additio a, sol uytion
byl ROy aia e TaPTAY SABIbA nn R R YL SRR e o0 A P under
sti rri ng.sontlon es Kikeredo# dhatrel rgsiaivae waaletl witrodimethytférenacidegdndng sol uti on and
after 1h iof rcr)eaa}]cfilﬁp ave the sane result (pH 10) The solution was stirred
for 2h unt?HOFERI# ﬂﬂgp%y‘t est showed conpl ete reaction. The sol uti on was
filtered Dfe tmatch winedireety subjarsedia dteetexivstep withow tdhyhd ardnfartietenalgsis.i sopr opanol
alternatingly. The batch was directly subjected to the next step w thout
drying and further analysis. 1B(8) Coupling of Fnoc-Ile-OH Preparation of

| sobut yr y1B(6) G¢upling ofthiniad-ke-Oyk (EsBuifivetidm)e Fnoc) - Leu- Li nker - Resi n.
(Previou ed: ) R ) el i Reci

| sobut yrﬁ%&gﬁ ! ﬁt?f-Isﬂ?rumryle(-;_lll\ql-(-l;rrrts)--[lh)/rgl(et'I:Bnt]?(-:)ll'leeu- II'—"H’(IS%r)R se"CI- Li nkerResin.) The
wet | sobusQauNTYIIR(TTYT he-bew-kinkes-Rpgin((wBLTore ser@bpva. d A1 mmak avas Reellen ( 72mmol )

was swol |t?yr5tipr}f183ﬁ tHréd Qﬂ)sb(gljén%orﬁé%scﬁ‘ﬂi%lb‘%orﬁ&ﬁéﬂé)@§0(§?1f1L)%rTMNbé&‘{ mam de
(1200nL and 1300ni) for 30mn e roul_ngvas cl eaved by

_ ach. Frmoc protecting ﬂ

two subsetipetolveibuht figsed et ancden pissr RORHEON AN MEEFSIATOrREH de (1400m)
f|0r om n_ZQT%rﬂcﬁmérera_ﬁéﬁﬁﬁé $d(i@é.)[|)i(]:,rﬂ'616m_ég@hél(M&LW%Q@GH&?@%I&JS&{ ht al e
alternatin .Wasgs t._gl t 0 mearrﬁlfg sqQpr opanol . enol pht al el n
and wat erSAEPRO 'g'd”é%vl!‘wﬁm aﬁ%&l%@go%%d?? ?thvlﬁ'@ﬁpfgay%m'%éé?%me absence of
pi nk col agenpicMedichloesrestbind (10@MDVENe refctiph pextl@i wes. stirred for 2h until

HPLC in process control showed complete reaction. The solution was filtered off and the

resin was washed with three portions of dichloromethane, three portions of

dimethylformamide and three portions of isopropanol subsequently. The resin was dried

in vacuo and yielded 172g of dry Isobutyryl-GIn(Trt)-Thr(lle-Fmoc)-Leu-Linker-Resin.

Fmoc loading was determined to be 0.418mmol/g thus indicating a yield of 72mmol (71%

over the last two steps).



- 62 - The resin was washed with di nmethyl formam de (1100nlL) three tinmes to

prepare for the follow ng coupling step. In a round bottom flask a solution
of Fnoc- IWe-20H/143€38. 9g, 294nmopl) COMUJ (125.9g, 294nmpl) PamdB2012/051977

Et hyl di i sopropyl am ne (76g, 588mmmo1) in dichl oronethane (440ni) and

di et hyl f or mam de (440nL) was prepareg The solution was added to the resin
and the reaction mxture stirred for bh After that tinme a ninhydrin test

was done, showi ng conplete reaction. The solution was filtered off and the

resin was washed w th dinethylformam de and i sopropanol alternatingly. The

resi n was!B{f) eauplingefdimpeaNdansthyl-baBygOHsg of dry
| sobut yr ypre mllihtohswuwrbleawm)&mm Eyrasﬁ hnleeyLbu-nmr-Remnn The

| oadi ng with Fnoc grou ps was g Thus a

quant i t at PURVIQusly g @P%‘&H%IVW'@UIW& hr(i'B("b?‘edi’uﬁBFhﬁ’“B igbbA™1 and

cl eavage R&gﬁ)nal Frnoc protectlng group: Preparation of

I sobutyry A n t)y-T t Leu- Li nker Resin
(Previ ouspsP b e Fopdreh e Rerf (T128. RERRSipbs SREI i non

1- H) - Leulstinicgrin Ressubsequent portlons of dimethylformamide (1300mL) for 30min each.

| sobutyry, Thr |l e-Tyr (B | R . (309,
ool ) VRSLRBRFlE 08 s et S beehual b b A5G wRan8 il
d|nethylf@ma@yﬁdmaﬁﬂﬁﬂﬂﬂﬁhﬂdf@ﬂﬂmﬂpnd05m®0aunm@&thhEnnmwwa&Waﬂwhmg group
was cl eav, i

di met hyl f%??r%}r/ﬁal A ggg’éﬁg&r mg{r%/an %%ﬂgﬂg%é EQr’?cIII. I-ﬂe%lph.%lem aensOI n was
washed bwg@l\/\wralada(td @rmﬂmomts Fiesd wgishh holdilqurhqab&tﬂmaﬁpﬂ@maq?moursopr opanol .

Phenol pht&b&bg %,tho\\/xéﬁbfap, to a sanple of the final wash sol ution.
The absence o p|n our proved successful renoval of piperidine. The

resin was hﬁa§ﬁéd"aﬁn"\t3ﬁh%ﬁ YYih IE'IVIGFIUF@I’EI%”H@B (1280mb) thiegrtigestto pepatedopthepar e for
the foll qug\gng:@u@h,}dwge@ ep. I n a round bottom f I ask a sol ution of of
synthon 1 (14.6 2 859,
Et hyl di | s%?'BWI%Wé N- @em@{' T%BQ 1§87 I&ﬁﬁ‘ﬁtOIIﬁ”fI&I%%ég( 120mL) was
prepar gdf14'ﬁhﬁr;]cﬂﬂhldtméllﬁylfﬁﬁﬁarﬁldémom wgg pfepated @i%dﬂ@fgdtaagéptw@ rFsmt ure
stirre 0 ter that t ydrin test c r C ete
" eact | on. lecty e L arsoles alE BrhEoniEting e pd MR w t b
di met hyl f @mptgifcmamivd (1 s@pl)opddrctiriab gt oadcky ghryediately after addition of the
coupling solution and after 1h of reaction gave the same result (pH 10) The solution was
stirred for 2h until a ninhydrin test showed complete reaction. The solution was filtered of
and the resin was washed with dimethylformamide and isopropanol alternatingly.

The batch was directly subjected to the next step without drying and further analysis.

1B(8) Coupling of Fmoc-lle-OH

Preparation of Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-lleFmoc)-Leu-Linker-Resin.
(Previously named: Isobutyryl-GIn(Trt)-Thr(lle-N-me-Tyr(tBu)-lle-Fmoc)-Leu-Linker-
Resin.)

The wet Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-Fmoc)-Leu-Linker-Resin (72mmol) was
swollen by stirring in two subsequent portions of dimethylformamide (1200mL and
1300mL) for 30min each. Fmoc protecting group was cleaved by two subsequent
washings with 20% piperidine in dimethylformamide (1400mL) for 5min and 15min
respectively. The resin was washed by several alternating washes with
dimethylfomamide and isopropanol. Phenolphtalein and water were added to a sample
of the final wash solution. The absence of pink colour proved successful removal of

piperidine.



- 63 - The resulting peptide-resin was swollen by stirring in two
subsequent portions of dinethylformam de (250nL) for 30m n each. Fnoc

prot ecti fyogoumg3ssas cl eaved by two subsequent washi ngs PeirihR2@2951p77per i di ne
in dinethylformam de (250nL) for 5mn and 15m n respectively. The

pepti de-resin was washed by several abéer nating washes with

di met hyl f omam de and i sopropanol. Finally the peptide-resin was washed
three tinmes with dichl oronet hane (250m_) to prepare for the cleavage of the
peptide. 1B(10) C eavage of Precursor tide 1 fromsolid Support

Pr epar at i B¢ 7680 I"‘@éB‘@ﬁW@/Y"U@ ﬁ\eﬁhy{ftyrmﬁm@q ﬁéoqu)(tf"@ﬁ)tw&sltq’ Bregpiet fapihe

1- H) - Leu-1Bldwing &5 q peptide 1) (Previously naned:

| sobutyry I-Gn Trt IIe

%) (t Bukélle Synt hon 1- I& LeuO@ To the

wet |sobdf‘3?rr9vf‘@(ﬁ fﬂfie)s ?WPM'%OHF;}%Q Y1932 GyAnAeR COMU (125.99,

1- H) - Leu-294niedly dreisEtRyldiRoprolsyiaimmeqf 6 688 mmon @i @lciddmathanahodiLg Bh@r omet hane

(125m) V\@S %Sll ed an(f th@nsusqoenm on stirred for 2h. The suspensi on was

filtered ARAMYFEMAMGS EFHIMLIYISRERAYn a round bottoned flask (filtrate 1).

The resi nTheaslutias hed ativede thé tels».mclarﬂhhe)reamhmmre(ﬂa@:n‘m)rmndAmérehewashes wer e

conbined with f 1. TIh 5|n reate fres ortlon of

aceti o adie 7 1ok e8P obAF T SRD AR BELE The SR MR e

suspensi camdvibs refsin was eashad avith rdenéthjrlibrraarelde ahtl sopeganal adematingty. bot t oned

flask (fi thane (250m)
and the viEraa vasgnadf VB3 Hd FiBalFIASS bk Rob L LS B e,

d| chl or onBtritBwndlefIBom9c)her-dinkddBesin. oTHGH@edirthh famer g'héDSSW@%J@?ﬁ%ﬁ”Dmﬁdstl rred

over i gh oo RIHSREARI oW biskieH 780Rof Beulddl trate col Tected as
filtrate 3. The thrée filtrates were worked up separately to assess the

effectiveness of the cleavage nethod. The filtrates were concentrated in a

rotary evmxgrea@,snr@m# §y*hﬂ16|¢13 hﬁ&leiea%@é 610fm9a¢ Fﬂmobmtéeﬂn@yr&z.@ot ropic

distillation with t I\$I resi dues were
then dri ePJEPﬂraHPgr?f\'/%?@HB"&'rGQ(T%BH('|erE\ﬁ£tBP) erl'%*lsé("tfﬁnﬂrlf'hlh%u kinkey 5q,
filtrate Resik- 19, filtrate 3: 0.3g. The crude material, Precursor peptide

L e e B T8 AR 2L RS A BRSO 2 o
8. 509 (48%ihker-Réxin) ast two steps). The pr oduct was characterized by, 1H
Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-lle-Fmoc)-Leu-Linker-Resin (30g, 12mmol) was
swollen by stirring in two subsequent portions of dimethylformamide (240mL and 250mL)
for 30min each.
Fmoc protecting group was cleaved by two subsequent washings with 20% piperidine in
dimethylformamide (250mL) for 5min and 15min respectively. The resin was washed by
several alternating washes with dimethylfomamide and isopropanol. Phenolphtalein and
water were added to a sample of the final wash solution. The absence of pink colour
proved successful removal of piperidine.
The resin was washed with dimethylformamide (250mL) three times to prepare for the
following coupling step.
In a round bottom flask, a solution of of synthon 1 (14.6g, 24.6mmol) PyBOP (12.85g,
24.6mmol) and Ethyldiisopropylamine (6.4g, 49.2mmol) in dimethylformamide (120mL)
was prepared.
The solution was added to the resin and the reaction mixture stirred for 3h. After that
time a ninhydrin test confirmed complete reaction. The solution was filtered off and the
resin was washed with dimethylformamide and isopropanol alternatingly.



- 64 - NVR, 13C-NWR and HR-MS. The spectra confirned the proposed
structure. The NMR spectra indicated the presence of several conformations.
HR- M5S: cawoubetwessior C85HL16N8013Si: [ MtH]: 1485. 85039 PCEaBId2/0318H] :

1485. 84929. Second SPPS-synthesis of Precursor peptide 1 using a
chliorinated resin 1B(11) Immobilizatign of the first amno acid
(Froc-Leu-OH) 2-Chlorotrityl chloride’fesin (30 g, L= 1.2 nmmol/g; Merck
Novabi ochem 855017) was swelled with 240 m of dried DCM for 10 min and
then the solvent was drained, the solid phase reactor was kept close under
a sof t ni tNedgeting RePHAG-TasH WEFeSWREERPY AETING 1 tO SERAFGUEBIPEBIRNS Plask were mi xed

Fnoc- Leu-dieltifor®@mided@5Gniny¥el JoraRdad0 m of dry 1,4- D oxane. The sol vent
was evapor ated under vacuum at 45C, then a second portion of 1,4 dioxane

was added, MGHRIOESIREGPURAES EEaYSAoYTtwa SukssaHertN@ehin VAP APIPEEENE N i | a
col orl esscfi?bihyllf(ﬁ?ﬁlgdcﬂ"vl@ (m@@m55 D)bbr%rﬁigehgijTemtmggpeiiiﬁy.%éh)dpﬁerﬁﬁiﬁ widaen adggdd
sequent|a I ] an . , the solut]jon was a e
e & ashed Y s el v e e e e s o St Tt o
second poFibalignheopepDbiEesin( dés wastel thvas timadd @dth dithlercsustparsddmiyas stirred for

2h and the reg?ti on_nedi %g}\ﬁgs groai ned. In order to quench potenti al
hi'e HFPY

non-r eactBar L loorrtrimed%l,eav?g : equenchi ng sol uti on of DCM MeOH DI PEA

(70/ 15/ 15, v/v) was added and the m xture was stirred for 10 mn. A |oading

of 0.95 mhbpﬂ%ﬂ%ﬁ%ﬁéﬁ%ﬁéﬁ%ﬁ{%@10'?5'%3%?{?#{@5”':”0(: cl eavage: To the

pre-swol l en resin a so n of 25% pi peridine in DVF,
t he suspéfreparatinnof tzabutyrl-Glo Tr)-Thr(llet Ba (tBuiMe-HeSynthenred Lew®HniExt ur e was
r enoved qyret:“s%?ﬁ&bl‘?&ﬂt hen a second portion of the same sol ution of

pi peridine was added, the suspension was stirred for 15 m nutes and then

t he sol velfrevipusly eameddlsphutyrylGlagTirgd hriteN-menkys(iBullleSynthapiribg-atown: The
resin wasoMpshed as follows: 250 nl of DVF (6x2 min) 250 nml of IPA (3x2

mn) 250 mM of TBME (6x2 min). The_resin was dried overnight under vacuum at
40 Cto O'[ﬁtgpHveé\t;_olyutgryb@lnﬂr}_)eT@_r(lt@-ngt_Bu)Me-lIe-Synthon1-H)-Leu-L|nker-Resm,a

mixture of acetic acid (125mL) and dichloromethane (125mL) was added and the
suspension stirred for 2h. The suspension was filtered and the filtrate collected in a
round bottomed flask (filtrate 1). The resin was washed twice with dichloromethane
(250mL) and the washes were combined with filtrate 1.

The resin was treated with a fresh portion of acetic acid (125mL) and dichloromethane
(125mL) for another 2h. The suspension was filtered and the filtrate collected in a round
bottomed flask (filtrate 2). The resin was washed twice with dichloromethane (250mL)
and the washes combined with filtrate 2.

Acetic acid (200mL) and dichloromethane (50mL) were added to the resin and the
suspension stirred over night. The suspension was filtered and the filtrate collected as
filtrate 3.

The three filtrates were worked up separately to assess the effectiveness of the
cleavage method. The filtrates were concentrated in a rotary evaporator and the residual
acetic acid removed by azeotropic distillation with three portions of toluene (100mL). The
oily residues were then dried in high vacuo at a lyophilisator. Yield: filtrate 1: 12.5g,
filtrate 2: 2.1q, filtrate 3: 0.3g.

The crude material, Precursor peptide 1, was purified by RP-chromatography, the
fractions concentrated in a rotary evaporator and the concentrate freeze dried. Purity:
98.8% Yield: 8.5g (48% for the last two steps). The product was characterized by, 'H-



- 65 - 1B(12): SPPS synthesis of H Thr-Leu-Resi nH Leu-Resin (30g) fromthe
previous step was swollen with 270 mM of DMF for 30 min then the sol vent
was drai rwo.2012m438880und bottomed fl ask (RBF) were m xedPERGB20TR0519H ( 25. Og,
73.2 mol ), BOP (40.4g, 91.5 mmol) and DMF (250 niL), the m xture was
stirred for 2 mn and then DI PEA (18.8g, 146.4 mmol) was added. The mixture
t hus obtai ned was added in one portion to the pre-swollen peptide-resin and
the reaction mxture was stirred for 2.5h. The Kai ser test was positive and

therefore a second coupl i n% was done according to the conditions previously
descri bedYMRf t erNMR@Rd HireMRa T lespecka confisesh bgarerased auciye. Thet¥Ron was

consi der eghebpa RAIcERAMIEHBsEHE of & ef £ a6ifb@rbtiBRgdi um was renoved Vi a
filtration. The res 4x2 mn) 250 m

in was washed as follows: 250 m DVF

| PA ( 3x2nii M sgICHipte RS s BxNafias) MTHE: T@éi%%\%&%?ﬁ’ié‘&*%bér ni ght under
vacuum at1448.8¢gpyi el ding 52.2 g of Fnoc- Thr-LeuResin ready for the
Frmoc-cl eaving step. Fnoc cl eavage: The resin (52.2g) was suspended in 272
m of DMF and stirred for 1.0h then the solvent was renoved by filtration.
The Fnoc $ecaindSRRSysyitbesls v Bretiuesorgeptide tl sirgparehipeinated resindescr i bed f or
1B(11) and the peptide-resin was washed as follows: 250 m DWVF (6x2 min)

1B(11) Immobilization of the first amino acid (Fmoc-Leu-OH)

2-Chlorotrityl chloride resin (30 g, L= 1.2 mmol/g; Merck Novabiochem 855017) was

swelled with 240 ml of dried DCM for 10 min and then the solvent was drained, the solid

phase reactor was kept close under a soft nitrogen stream. In the meantime, in a round

bottom flask were mixed Fmoc-Leu-OH (42.6g, 120.8 mmol) and 100 ml of dry 1,4-

Dioxane. The solvent was evaporated under vacuum at 45°C, then a second portion of

1,4 dioxane was added. The solvent was evaporated again under vacuum at 45°C until a

colorless oil residue was obtained. To this oily residue were then added sequentially dry

DCM (155 mL) and DIPEA (40.4 mL), the solution was added in one single portion to the

pre-swollen resin and then 5 min later a second portion of DIPEA (16.5 mL) was added.

The suspension was stirred for 2h and the reaction medium was drained. In order to

guench potential non-reacted chloride, 240 ml of a quenching solution of

DCM/MeOH/DIPEA (70/15/15, v/v) was added and the mixture was stirred for 10 min. A

loading of 0.95 mmol/g was measured.

General protocol for Fmoc cleavage:

To the pre-swollen resin were added 240 ml of a solution of 25% piperidine in DMF, the

suspension was stirred for 5 minutes and then the reaction mixture was removed by

filtration, then a second portion of the same solution of piperidine was added, the

suspension was stirred for 15 minutes and then the solvent was removed by filtration.

Resin washing with drying down:

The resin was washed as follows:

250 ml of DMF (6x2 min)

250 ml of IPA (3x2 min)

250 ml of TBME (6x2 min)

The resin was dried overnight under vacuum at 40 C° to obtain 35.7 g of H-Leu-Resin.



250 m I1PA (3x2mn) 250 m TBME (6x2 min) The resin was dried overnight
under vacuumat 40 COvyielding 39.9 g of H Thr-Leu-Resin 1B(13): SPPS

synt hesi swof20t3/1@Bs38 Trt ) - Thr - Leu- Resi n H Thr - Leu- Resi n f POmIBIva2/p31@Vi OouUS

step (39.99) was swollen with 270 ml of DMF for 30 mn then the sol vent

was

drained. In an RBF were m xed Frmc-GlgérTrt)-O-l (44.79 g, 73.2 mol ), BOP

(40.4g, 91.5 mmol) and 250 m of DWMF.

he m xture was stirred for 2 mn and

then DI PEA (18.9g, 146.4 mmol) was added. The resulting m xture was added
in one portion to the pre-swol|en HThr-Leu-Resin and the reaction m xture

was sti rrﬁtﬂ?bﬁPESEﬁY"thﬂﬁ@ ofdi-dbr-LewResipiklategesin (399) o the aviews:#eR on was

consi der Qﬂaéé?/vdﬂ@n mnpir@hﬁeoﬂmlﬂf&%orrﬁia%énqne gadémmawsa.rﬁe@mved vi a
filtration. ere5|n was hed as_fal | ows: DME (4x2 m

n)

250 m |F11&a(r95k'zdn*?9%‘?”@§é'a?h %W@@@Wﬂfmﬁgﬁhﬂ“ epei 6%2 FE%‘?'%B%’S used for

t he Fnoc- abagvmn@rrﬁrtcmranwm\hromsoamo fne tikigre watiRgl #dri2afin ahisencbiegnage:
e DO ke oD R ke YR B L hybined S BERSRTYRE 8550 ed
the pre-swollen peptide-resin and the reaction mixture was stirred for 2.5h. The Kaiser
test was positive and therefore a second coupling was done according to the conditions
previously described. After 1.0h the Kaiser test was negative and the reaction was
considered to be complete and the reaction medium was removed via filtration.
The resin was washed as follows:
250 ml DMF (4x2 min)
250 ml IPA (3x2min)
250 ml TBME (5x2 min).
The resin was dried over night under vacuum at 40 C° yielding 52.2 g of Fmoc-Thr-Leu-
Resin ready for the Fmoc-cleaving step.
Fmoc cleavage:
The resin (52.2g) was suspended in 272 ml of DMF and stirred for 1.0h then the solvent
was removed by filtration.
The Fmoc protecting group was cleaved in the same manner as described for 1B(11)
and the peptide-resin was washed as follows:
250 ml DMF (6x2 min)
250 ml IPA (3x2min)
250 ml TBME (6x2 min)
The resin was dried overnight under vacuum at 40 C° yielding 39.9 g of H-Thr-Leu-Resin

1B(13): SPPS synthesis of H-GIn(Trt)-Thr-Leu-Resin

H-Thr-Leu-Resin from the previous step (39.9g) was swollen with 270 ml of DMF for 30
min then the solvent was drained.

In an RBF were mixed Fmoc-GIn(Trt)-OH (44.7g g, 73.2 mmol), BOP (40.4g, 91.5 mmol)
and 250 ml of DMF. The mixture was stirred for 2 min and then DIPEA (18.9g, 146.4
mmol) was added. The resulting mixture was added in one portion to the pre-swollen H-
Thr-Leu-Resin and the reaction mixture was stirred for 2.5h, the Kaiser test was
negative, then the reaction was considered to be complete and the reaction medium was

removed via filtration.

The
in



250 M DWF (4x2 min) 250 m |1 PA (3x2min) 250 m TBME (5x2 min) The resin
was dried overni ght under vacuumat 40 CO yielding 54.4 g of

H d n( TrtwoBhraesssResi n. 1B(14): SPPS synt hesi s of PCT/IB2012/051977

| sobutyryl-A n(Trt)-Thr-Leu-Resin The peptide-resin fromthe previous step
(54.49) was swollen with 270 nml of DN 6for 30 min, then the solvent was
drained. In a RBF were m xed |sobutyrrc acid (6.4 g, 73.2 nmmol ), PyBop
(38.1 g, 73.2 mol) and 230 m of DMF, the m xture was stirred for 2 mn
and then DI PEA (28.3 g, 219.6 mml) was added. The solution was added in
one portimrﬁﬁnt"‘ﬁé"‘fﬂsge%%‘iol'@\’ﬁipepti de-resin and the reaction mxture was
stirred foy nd.oMIF (dd2eniKpi ser test was negative, then the reaction was
considered to be conpl ete and the reaction nmedi umwas renoved vi a
filtrati o THEARE W was washed as fol lows: 250 m DMF (4x2 min) 250 mi

| PA ( 3x2n50)mid50aF @dx2iiYE (5x2 min). The resin was dried overnight under

vacuum at_40 . el ding 55.8 f Lsobutyryld n(Trt)-Thyr-Leu-Resin.
Toi15) SHissveprtliEeandyes st B e i Hedins samp ik apg i reai n The
pept i de- rrasnipulstmm ng from the previous step (55.8g) was suspended in 250 m
of dry DCI‘;\I/I“forI 1.0h. Then the solvent was renoved by filtration and the wet

pepti de-res %c\fﬁ‘s'a%épt under a soft stream of nitrogen and the tenperature
was adj usTredmoo pBtedding gradip was cleaved according to the procedure described in step

1B(11). Then the resin was washed as follows:

250 ml DMF (4x2 min)

250 ml IPA (3x2min)

250 ml TBME (5x2 min)

The resin was dried overnight under vacuum at 40 C° yielding 54.4 g of H-GIn(Trt)-Thr-
Leu-Resin.

1B(14): SPPS synthesis of Isobutyryl-GIn(Trt)-Thr-Leu-Resin

The peptide-resin from the previous step (54.4g) was swollen with 270 ml of DMF for 30
min, then the solvent was drained.

In a RBF were mixed Isobutyric acid (6.4 g, 73.2 mmol), PyBop (38.1 g, 73.2 mmol) and
230 ml of DMF, the mixture was stirred for 2 min and then DIPEA (28.3 g, 219.6 mmol)
was added. The solution was added in one portion to the pre-swollen peptide-resin and
the reaction mixture was stirred for 1.5h. The Kaiser test was negative, then the reaction
was considered to be complete and the reaction medium was removed via filtration.
The resin was washed as follows:

250 ml DMF (4x2 min)

250 ml IPA (3x2min)

250 ml TBME (5x2 min).

The resin was dried overnight under vacuum at 40 C° yielding 55.8 g of Isobutyryl-
GIn(Trt)-Thr-Leu-Resin.

1B(15): SPPS synthesis of Isobutyryl-GIn(Trt)-Thr(lle-H)-Leu-Resin

The peptide-resin coming from the previous step (55.8g) was suspended in 250 ml of dry
DCM for 1.0h. Then the solvent was removed by filtration and the wet peptide-resin was
kept under a soft stream of nitrogen and the temperature was adjusted to 0-5°C.



In a RBF were m xed Fnoc-1le-OH (51.7 g, 146.4 mmol ), and 150 m of dry

di oxane. The sol vent was evaporated under vacuum at 45C until an oily

resi due waio 20i»¢8888d. The distillation process was repeatCedBznzioithegn to t he
resi due were added 150 mi of dried DCM the solution was cooled to -10C and
MBNT (43.3 g, 146.4 mmol) was added, E?e suspension was stirred for 3 mn
and then N-methyl-imdazole ( 14.2 g, "173 nmmol) was added, the m xture was
stirred for 2 mn and the solution was added dropwise in 10 mn to the
above prepared peptide-resin. After the addition was finished the

suspensi of aRE" weiermiged Tmaerle-@hid ’dy dAb 4twpdiheer d 59 ol obdryHioxaRe- T88i n was
washed assgiveht \Qéi@eva%éﬁétéﬂ url¥vdchid dTuBIC rPaibinBWEid(SKAgbhderEie THE!

peptide-resin was used for the Frnoc-cleavi n% ste Wi t hout anf/ further
mani pul at{'YHAIGBRICCESP 24§ AReAteARIERILIo Mhootes it e W eg%iﬁﬂ TRE& ef digfed
accor di ngDCr, thbgowasewad civléd ¢ ol caeriaSve ¢43.31g, 16 Ulhmbf) ek atifed, e

Lo RSO et B Tl IS MBI 320 T
under vacaddedahe th@ewaslsdrre\@fdﬁz .n2dn gnothe squtlon was added dropwise in 10 min
| Sobut yr Y RS AR piebthe bl Rl e ech St R SR B e
com ng f rsimet Iuedepmvtr(ngm asm%ph(eEeﬁoQ@ph was suspended in 250 m DWF for 30
mn. for swellints e L8 G- vent was renoved by filtration.

250 ml DMC (4x2 min)

250 ml DMF (3x2min)

The wet peptide-resin was used for the Fmoc-cleaving step without any further

manipulation.

Fmoc cleavage:

The Fmoc protecting group was cleaved according to the general protocol described in

1B(11)

After the Fmoc cleavage was done, the resin was washed as follows:

250 ml DMF (5x2 min)

250 ml IPA (3x2min)

250 ml TBME (5x2 min)

The resin was dried overnight under vacuum at 40 C° yielding 57.2 g of Isobutyryl-

GIn(Trt)-Thr(O-lle-H)-Leu-Resin.

1B(16): SPPS synthesis of Isobutyryl-GIn(Trt)-Thr(O-lle-Tyr(tBu)MeN)-Leu-Resin
The peptide-resin coming from the previous step (57.2g) was suspended in 250 ml DMF
for 30 min. for swelling, then the solvent was removed by filtration.

In a RBF were mixed Fmoc-NMeTyr(tBu)-OH (52.0 g, 109.8 mmol), HATU (41.7 g, 109.8
mmol) and 230 ml of DMF and the mixture was stirred for 2 min. Then DIPEA (28.3 g,
219.6 mmol) was added and the solution was stirred for 2.0 min. The resulting solution
was then added to the pre-swollen peptide-resin.

The reaction mixture was stirred for 1.0 h and a Kaiser-test was performed. The Kaiser
test was negative. The reaction was considered to be complete and the reaction medium
was removed via filtration.

The peptide-resin was washed as follows:



In a RBF were m xed Fnoc- NMeTyr (tBu)-OH (52.0 g, 109.8 mmol ), HATU (41.7 g,

109.8 mmol ) and 230 m of DVMF and the m xture was stirred for 2 mn. Then

Dl PEA (28wW®0 2012/123$886 mmol ) was added and t he sol uti on wasTdBime/edofor 2.0

mn. The resulting solution was then added to the pre-swollen

pepti de-resin. The reaction m xture \_Ngg_stirred for 1.0 h and a Kai ser-test

was perfornmed. The Kaiser test was negative. The reaction was considered to

be conplete and the reaction nediumwas renoved via filtration. The

pepti de-resin was washed as follows: - 68 - 250 ml DWF (4x2 min) 250 m |PA

(1x2mi n) 20ehiYF (fBptTiBk-resin was used for the Frnoc-cl eaving step without

any furthey mapapwloatihon. Fnoc cl eavage: The Fnoc protecting group was

cl eaved according to the general protocol used in 1B(11), After the Fnoc

cl eavage %W%}c?ﬁgﬁ'defrﬁé'” iUseRhins tNEFTRRGCISRY IR IPRINEROUS BY WhelVE (5x2 ni n)

250 m | RAadipwaionn) 250 nl DMF (5x2 nin) The obtai ned

i sobutyryl -d nlfﬂTrt -Thr (1l e-Tyr(tBu)Me-H)-Leu-Resin was used for the next

step wit hdlPC 8PV 1B(17): SPPS synt hesis of

| sobut yr yThe@GmdcTproleciity drblieway cléavBd)dvkerting tddhelgeue@esotocol used in

I sobutyry4E§g| N(Trt)-Thr(lle-Tyr(tBu)Me-H)-Leu-Resin fromthe previous step

was swoller{ ith 270 m of DMF for 30 min, then the solvent was drained.
After the Fmoc cleavage was done, the resin was washed as follows:

250 ml DMF (5x2 min)

250 ml IPA (1x2min)

250 ml DMF (5x2 min)

The obtained isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-H)-Leu-Resin was used for the next
step without drying.

1B(17): SPPS synthesis of Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-lle-H)-Leu-Resin
Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-H)-Leu-Resin from the previous step was swollen
with 270 ml of DMF for 30 min, then the solvent was drained.

In a round bottomed flask were mixed Fmoc-lle-OH (38.8 g, 109.8 mmol), HATU (41.7 g,
109.8 mmol) and DMF (250 mL), the mixture was stirred for 2 min and then DIPEA (28.3
g, 219.6 mmol) was added. The solution was added in one portion to the pre-swollen
peptide-resin and the reaction mixture was stirred for 2.0h, The Chloranil test was
positive and then a second coupling with Fmoc-lle-OH was performed. 3h after the
second coupling, the peptide-resin was isolated by filtration.

The peptide-resin was washed as follows:

250 ml DMF (4x2 min)

250 ml IPA (3x2 min)

250 ml DMF (4x2 min)

The wet peptide-resin was used for the Fmoc-cleaving step without any further
manipulation.

Fmoc cleavage:

The Fmoc protecting group was removed in the same manner as described in 1B(11),
and the peptide-resin was washed as follows.

250 ml DMF (5x2 min)

250 ml IPA (3x2 min)



In a round bottoned flask were m xed Fnoc-11e-OH (38.8g, 109.8 nmol), HATU
(41. 79, 109.8 mml) and DVMF (250 nL), the m xture was stirred for 2 mn and
t hen DI PEWO(2BR/133838 219. 6 nmol ) was added. The sol uti onPeagBzdelesioim one
portion to the pre-swollen peptide-resin and the reaction m xture was
stirred for 2.0h, The Chloranil test W@s positive and then a second
coupling with Fnoc-11e-OH was perforned. 3h after the second coupling, the
peptide-resin was isolated by filtration. The peptide-resin was washed as
follows: 250 mM_ DMF (4x2 min) 250 m [PA (3x2 mn) 250 mM DMF (4x2 mn) The
wet pept i 2RO-PleME {(fx2 Migked for the Froc-cl eaving step without any further

mani pul atTI@'bepFH@Fésﬁw'\ﬁ@chﬁ% ovam@thrpé&mpétlmq: YR 7 g rcffmoveﬂ h n the
resin was washe as

same nmanner as desc éMf} and the pepti

fol | ows. 'SEWOHYF %N)E“ 59%”%T¥ft5 ter b F8¥2 nmin) - 69 - 250 Ml TBME (4x2
mn). The peptide- re5| n was dr| ed overni ght under vacuum at 40 CO yi el di ng
67.0 g of Tr Thr (11 u-Resin,. 1B(18):
sps synt RAPLSEPSIyasls st enshn-clocHH) %FR@—%H@M?M RS fon 1 1) -

Leu- Resi nLdwsRésihyryl -A n(Trt) - Thr(I | e-Tyr(tBu) Me-11e-H)-Leu-Resin fromthe

pr evi Ousmgébe@rg?@]g@"r&%rﬂw Eéﬂ) I‘Iee H agswmfror%fthe prewous st%B (5,9, g'g} hen the

sol vent
was suspended in 150 ml of DMF for 30 min then the solvent was drained. In a RBF

were mixed Fmoc-Synthon 1-OH (34.3 g, 57.8 mmol), PyBop (30.0 g, 57.7 mmol) and
113 ml of DMF, the mixture was stirred for 2 min and then DIPEA (14.9g, 115.2 mmol)
was added. The solution was added in one portion to the pre-swollen peptide-resin and
the reaction mixture was stirred for 2.0h.The reaction medium was removed by filtration.
The peptide-resin was washed as follows:

150 ml DMF (4x2 min)

150 ml IPA (3x2min)

150 ml DMF (4x2 min)

The wet peptide-resin was used for the Fmoc-cleaving step without any further
manipulation.

Fmoc cleavage:

The Fmoc protecting group was removed in the same way as in 1B(11) but using 150 ml
of the piperidin solution,and the peptide-resin was washed as follows.

150 ml DMF (5x2 min)

150 ml IPA (3x2min)

150 ml TBME (4x2 min)

The peptide-resin was dried overnight under vacuum at 40 C° yielding 36.0 g of
Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-lle-Synthon 1-H)-Leu-Resin.

1B(19): Alternative SPPS synthesis: cleavage of peptide from solid support
Isobutyryl-GIn(Trt)-Thr(lle-Tyr(tBu)Me-lle-Synthon 1-H)-Leu-Resin from the previous step
(29.75g) was treated with 350 ml of dried DCM for 1.0h, the solvent was removed by
filtration and then 350 ml of a solution of 30% v/v HFIP in DCM was added. The mixture
was stirred for 10 min and then the solvent was removed by filtration and kept aside. To
the wet resin was added a second portion of the same HFIP solution and the solution
was stirred for 10 min, then the solvent was removed by filtration and pooled with the



were m xed Fnoc-Synthon 1-0H (34.3 g, 57.8 mmol ), PyBop (30.0 g, 57.7 mmol)
and 113 m of DMF, the m xture was stirred for 2 mn and then D PEA (14.9q,
115. 2 mMmow 20es143888ed. The sol uti on was added i n one poPCIraR20120310%
pre-swol | en peptide-resin and the reaction mxture was stirred for 2.0h. The
reacti on nmedi um was renoved by fiItra%} The peptide-resin was washed as
follows: 150 m DWMF (4x2 mn) 150 ml A (3x2m n) 150 mM DMF (4x2 mn) The
wet peptide-resin was used for the Fnoc-cleaving step without any further
mani pul ati on. Fnoc cl eavage: The Fnoc protectin was renoved in the
Same. way BEVIPYS BI9N) The eSSk ARvaed s W'W@%\%;ﬁgﬁq@ ) And BeasHAS and ¢ he

pepti de- rﬁ@rb'&o%ﬁued\@ﬁh% ééavé ¢ b@Wgons150 m DVF (5x2 min) 150 nmi | PA
(3x2m n) 150 TBVE {4x2 m n) The é)er[])tl de-resin was_dried overni ght under

vacuum at r@d;o&g riﬁdeqogﬁ |ﬂr§]w§%c c&n%@te der vacuum until an oily residue was

IA|SObUt yr ydbsaé/gggha Jheh P00 Intl f ﬂslweﬁta Ry Madéd me':“wmed h?ﬂas’l-e\ld})oﬂaﬁw-d el n. 1B(19):
ternativ S eayage. 0 e e i d support

| sobut yr yF~ @elq(pﬁs[sif eﬂqg'? q?gnu%gp()tﬁg%s l"l’%l%%é&%‘?ﬂo 1Iml hE’éﬁPe in fromthe

previ ous sidep a(mdﬂme?éﬁgbenm Wars&tredifoMZhhTBé@olvréntMasdasm@xéd[b@ﬂltfamon énd)h, t he

sol vent v b f||tr |on 0 oI utlon 30% v/ v

HFIP in %ﬁv&agglé%\g%%%aﬁk}?g htex? &)/gs"glgtl rr%’t aF% ngﬁﬁ em' hen t he

sol vent wesuure@b9&C tbyield 1924H;wf@ru0@mted?wpbr peptitie. 1 (Fdsmdme/rylmm(r'l'_dm n was

added a Sﬁrﬁﬁl%dryﬁ]f&fl\/lgﬂlecgy{wh%m ul—gwg sol ution and _the so! uti on was

stirred for e solve s renoved by filtration and pool ed
wi t h t he Partgfghe cigdepiesursospsptide &6.0Dhveasrmesified B PwhyimeaioBaptynthe wi t h DCM

(350 m ) &B?LCT'L RSctiths heR c‘/&%@nt:%‘?émh %Qgtaw é\}&pér%%r%h@?n\é%ﬁcéﬁﬂa%wg's The

conbi ned sol ution was concentrated under vacuumuntil an oily residue was
obser ved TEaede drehtozteind . 2g0f pye perfarspagerigaddn 99 R0z Bynpeftrodwss evapor at ed

under rediypeshi Ry S8S HARioAs wéFéQrééEEd élmﬁ’sﬂly% bMtafneaﬂdﬁlUﬁaIV%nge%b B@r‘é 350 m of
hexane was added and the suspensi was stirred 2h. The sol vent was

removed BYEEY P PRGN Zhd "{ofheurftv ﬁxér@p‘e!é‘ﬁ@ fordle ‘O(B@ﬁéal%\i“t% CR¥Rane (50 nl),
thedwet C@B@er%eﬁtrde?’g 19mgnnr?@wumdebrr?/@guwfaTat)sgﬁ;&ﬁetpeewr@dncbe]g%dzzig of
-(|:-rhlrj( |e| gr %%JTE ﬁ%{ﬂ'ﬁ@&hlng%géﬁ ﬂm%ﬁ?ﬁégeé?ua%r} ep 21& 1 (in 71.4 %a purity) from

side fractions.

1C Solution Phase Synthesis of Compound 8
Reaction Scheme 3



Part of the crude precursor peptide 1 (6.0g) was purified by

RP- chr omat ogr aphy, the product fractions were concentrated in a rotary
evapor at owoant/tbsssconcent rate was freeze dri ed to obt aPATABAY2/0319PUr €
precursor peptide 1 in 99.3 % purity. Product containing side fractions
were treated simlarly to obtain addlyﬁonal 1. 259 of |ess pure precursor
peptide in 71.4 % purity. Extrapolated for the whol e anbunt of crude
precursor peptide 1 (19.24g), this would correspond to 7.05g pure precursor
peptide 1 frommajor fractions and additional 4.01g precursor peptide 1 (in
71.4 % purity) fromside fractions. 1C So y on Phase Synt hesis of

Compound 8 Reaction Schene 3 72 yntheS|s of Cbnpound 6
(S)-N1-((3S, 6S, 9S, 12S, , D8S, 19R) butoxy)benzyl) 3,9-di ((S)-sec
-butyl)-12-(3-((tert-

butyldlphenyI5|IyDoxy) ro}yl? 185 s tyI 9 di net hyl -2, 5, 8, 11, 14, 17- hexa
oxo- 1- oxa- 4, 7,10, 13,4 &

pent aazacycl o onahec n-&8; - -|so nldo N5-trityl pentanedi am de A

cl oudy sol utfon pew | olY” Preecur peptlde 1 (1.9 g, 1.28 mol) in

o

acetonitrile (MQO ) waso = ureng 90 min to a stirred mxture of HATU

(972 ngy, 2.56 ng%?Land (ﬁ68 6 mg, 3.84 mmmol) in acetonitrile (100 nl)

at 35 C. The, dn bng funnél was with acetonitrile (30 nL). An IPC

(H PLO) a<la> addition of the s ”?ij i ndi cated the absence of the
et |

precur sor d the conpletion™f ®he>cyclization. For work-up, the
sol vent was ¢ avedPREESO RRRHGRI pressure until a final volune of ca.

50 nL and thexresi due was di|l uted wi sopropyl acetate (250). The organic
phase was extracted with water (2x 0 and the sol vent was evapor at ed
under reduced pressure to o taln crude product. The crude product
was purified by flash-chr natographylo licagel with ethyl acetate as

nobi | e phase to obtain
The product was charact

confirmed the proposed, st
ed for C85H114N8012Si :

several conformatione.
[ MEH] @ 1467. S%QQ%,N Na]: 1489.82177. Found:

[ M-H] : 1467. 8398K;  [IM-NHA]Y : o[ MkNa] : 1489. 82073. Second exanpl e
for the synthesPs Conp8 £ scal e)

( conpound 6 as a foam Yield: 95%
<1HNNR 130- NVR and HR- M5. The spectra
re pectra indicated the presence of

O Compound 7



A solution of the precursor peptide 1 (15.09) in t-butyl-nmethyl-ether (750
m.) was added slowy during 1.5h to a pre-cool ed solution of DVAP (2.809)
and HATU wb.28i2g43888 acetonitrile (375nm) at OC. The rea®CirarR2om/silare was
stirred for additional 30 min at roomtenperature. The reaction m xture was
then diluted with t-butyl-nethyl-ethe32(750nL) and poured onto

hal f -saturated aq. NaCl-sol ution (150 The phases were separated and

t he organi c phase was extracted again mnth hal f - saturated aq. NaCl sol ution
(1500 nL). The organic |ayer was separated and the solvent was partly
evapor at ed under reduced pressure to a final volume of ca. 175 nlL. This

sol ution 45s) §ynthesiséf CvRipothbieca gel (colum with 225g silica gel) using

t-butyl - nethyl -ether as m)bl I e - 73 - phase Evaporatl on of the sol vent
and drying in vacuo ve corrpoun in 97.53% E?o(“ ty according
to HPLC. YiéP¥ @E@L?ﬁglzf b% 187%9’” 61‘6:(( mb??@%ﬁ%? o LRvelateteli| tert-

(S) - N1- 43SPegdigeyisiopgpry g &-igahmyl- 769@41 Yl@id.d bl H%W%@ﬁ 2y L18:1814i ((S) - sec-
but y 1) 12- ( 3- hydr oppytpqz@ymnynadecan 18-yl)-2-isobutyramido-N>-tritylpentanediamide
15-isobutyl -7,19-di methyl -2, 5, 8, 11, 14, 17- hexaoxo- 1- oxa- 4, 7, 10, 13, 16- pent aaz

?clzyg gonoﬂﬂd@GMd{ﬁmW%hsp%nsbﬁ @f)p.teznr@m ;%B?{(tl&@;l] (1.0gyh. Q@ﬁ{rﬂﬂﬁiﬁla@éﬁbﬁiﬁllecoggkl ?a F§53
ved in tetra

(6 62 3 GabTmep hodiEndnB B8 mif G & iR B AT o 2 o 2P oROf: wt on & s
sti {rted e(aézng{)mwwt(‘eﬁammgwsenfm |BaEetbmmres100h&r)ad35werdeWrddpmlgs‘vmwme0p3d/Ll i
acetate e.re n us slo adde 0
an i ntensﬁ’/se‘?'?/S §P|W%E@88t85 rlﬁ a% %W@ﬁ?”ﬁ ﬁq'P%ﬁ? gani cyphase was
separ at ecbuapmse)mlncacatedjthmabbenmtoéthe(pl@@nsdr)oeptﬂeaapﬂrtla& canpletfontdi¢hesol vent
0S¢ LR SRR BR e L8 BL GBI Lor LN SRR o e BY

fl ash- chr ogra on 5| ica ge ace sopropanol (95:5) as
mobi | e prfa@évqllun@bftcaz RO MmL2ahddhg r_‘eswl@e maald)lutecﬂ wiloisoptond atetayd @Pd). TBR2% The

pr oduct V@'i ju&%ﬂé@e%r&ﬁmé%ﬁﬁgg?éc %34 06“@43 ngolv%—m%acs%%&%{eﬁonf' rmed

E r|\1/|?+|]Ior gzggﬂdw@ggeco;r%wq to obpaip2 3@8@?Jogmmaqct The snude pgmiy ct vsupidified MrH]
1229. 72128; ndseNotatde? Wgﬂfeageh MhN@lhéoﬂé’éiatggé’%bnéﬁ%e% syafplm dor the

preparati on of conpoun fg scal e n?oun 537 nmol ) was
di ssol ved i3 reaeh acpmm%fi@r%ﬁ p@@onLO% 98kd The IPIG@WW@FHS}W@?W 16 ) was
added. ThevROPEINMIaWRISRIMS atheGpibttdcdatidhddihe Blopds&Pdiuchive AMPRVépREE: t i on

within 10 mnutes. The reaction mxture was stirred for 24h at room

t enper at Jrgicat %P"%?%”B?)Oft%erraé%lfqrm? iPASxt ure was diluted with
t - but yl - neRnygd: calcbiated(f&rC sl )Nondi: t[IheHITlmBIlBEQS@aNMTG‘dmBB@B?hal f

For 30 mINPAR THe Al o R aPaban e B ElP SR dUPNAR ox r et ea

wi th wat et489320731L) . Bot h aqueous phases were extracted with

t butyl -nmet hyl -ether (380 nL) and the organic phases were conbi ned. The
organi ¢ phase was dried over anhydrous M504 (8.0g) and the sol vent was
partly eviguondtexdmpiwifor theesinthesipot€ampeund 64139 sedle)vol une of ca. 100 ni.

Tol uene (&é&umof\f\@espr@aggéjr p%Bﬁjdet {1(3] 5.09) in t-butyl-methyl-ether (750 mL) was added
slowly during 1.5h to a pre-cooled solution of DMAP (2.80g) and HATU (5.879g) in
acetonitrile (375mL) at 0°C. The reaction mixture was stirred for additional 30 min at
room temperature. The reaction mixture was then diluted with t-butyl-methyl-ether
(750mL) and poured onto half-saturated aq. NaCl-solution (1500 mL). The phases were
separated and the organic phase was extracted again with half-saturated aq. NaCl-
solution (1500 mL). The organic layer was separated and the solvent was partly
evaporated under reduced pressure to a final volume of ca. 175 mL. This solution was
filtered over silica gel (column with 225g silica gel) using t-butyl-methyl-ether as mobile



- 74 - solvent was evaporated again to a final volunme of 80 nL. This
solution was diluted with t-butyl-nethyl-ether (70 nL) and the product was
preci pi t avodotzy143888w addi ti on of heptanes (140 ni) duri mgT3B20M2/M519The
formed suspension was heated to 50-55 C and stirred for 30 min at this
tenperature. The suspension was then ¢poled down to OC within 30 mn,
stirred at 0 C for 2h and the product Wwas isolated by filtration. The
product, a white precipitate, was dried in vacuo to obtain 11.08g of
compound 7. (94.5%yi el dE]fF. HPLC of the product indicated 97 a%purity.
1C(3) Syrﬂﬂ@é%%’%f’ragﬁfhﬁd aolaer(tgéfédu@sd@ VHWOSE Aefta °G 9PKR CATRQYRE Gri)

(S) - NL- ( (S55Bp0iy baSrdioaL.A I bro og((b87 46 DUt 0xy) benzy1) -3, 9-di () - sec
-butyl)-15-i soBut yl -

di met hyl -2, 5, 8, 11, 14 17 hexaoxo- 12- ( 3- oxopropyl ) - 1- oxa-4, 7, 10, 13, 16- pent aaz
acycl ononﬂ:te):syhtﬂa&isb}campbﬁ@@ut yram do- N5-trityl pent anedi am de Conpound 7
(1.2g, 0.98 mml) was dissolved in a mxture of tetrahydrofuran (190 m)

d dineth d 1-oxid
?InBX)I ?123 4 é ng% Eﬁ*‘l%qgs (4%”'_%/?0%@%(% %%ﬁﬁ %%CI bq‘gﬁﬁ)é hﬁo(rx ropg) Frregx:‘ ore
ca. 4.5 hou) §S°bué7% vﬁiﬁyc%’ls ST“ ﬁﬁg@o ifsil Calté 1% %aﬁﬁﬂélﬁ?oﬁaﬁ%%nl fy the
starting material (conmpound 'Y HHEY ER¥PTEHUATS: ur e was then poured onto

Sreh o ereofithunbideTR e gl haDGs e bR S IBTECALYBAD |

dlchlororret ani c | ayers were coO
washed wi ktiNWde(p-622x 400 ”ﬂﬁl9| WEYy &t reom wmperturg ol RegigectipRdeixtureeduced

pressure \QﬁsVé%@reéjagro%Fn te Pgn%td?é RABSH hdss, %JnQﬁlmethﬁ |Qp¥t%rl Redbigloonas
purified bépflas-c rona on silicagel wt

acet at e/ i SbpPRHRRGESY DI 395“ 9'@53‘69(9?@@'% ‘ﬂ!aﬁé'@WUfadQe(ﬂ)quﬂUBé”fﬁﬁ’@JY Bited conpri sing

at | east s%tmé@dlaqtﬁambpsdum%ndeﬁé dsrgdm ﬁéselvVesJ&pb@tedTé”lﬂ atra@lb,l@w.tm Xture was
oner) ?é ated for

used as such f% H_S]eElnext st ep. ;
069Ho4NsOe (1RA ML) Evapgratigrefghe fci\)#%—lﬂ deri £° B@@%“repf% 997949, 68834.
Found: [l\ﬁlrbﬂluctlz@%\ﬂmme(ﬂ IH-INidh] chrdm#tdgrd R0 siliddtgsalith 8tA¢9. 68733. HR- MS
(m nor |so : 27..70640 IVENHA] -
1244, 7325€ 9[‘%\4?‘ pa’ﬁﬁ‘%ﬁe%%é‘lf’bq 6%3'}8?%%%{54{%170@ 9 Ri%ii]d%\l
1244. 73198eld] M%Ja] 1249. 68751. Second exanple for the synt hesi s of
conpound | ed in
tetr ahydrﬁ}etpjr %%%ﬁhn{&ggﬁg%r%bﬁlhyﬂg@ﬁfa@?l@ %p?ﬁ@gg@o aﬁbgsol ution,
1- Hydroxyper@iebenmtwﬁoxol 3(1H)-one 1-

HR-MS: calculated for CeoHosNgO12: [M+H]":1229.72205; [M+NH,]": 1246.74860;

[M+Na]": 1251.70399. Found: [M+H]": 1229.72128; [M+NH,4]":1246.74780;

[M+Na]":1251.70310.

Second example for the preparation of compound 7 (14g scale)

Compound 6 (14.0g, 9.537 mmol) was dissolved in tetrahydrofuran (220 mL) and t-butyl-
methyl-ether (116 mL) was added. The solution was treated with EtsN(HF); (23.05g) by
slow addition within 10 minutes. The reaction mixture was stirred for 24h at room
temperature. For work-up the reaction mixture was diluted with t-butyl-methyl-ether (570
mL) and the mixture was poured onto half saturated ag. NaHCO3-solution (632 mL). The
biphasic mixture was stirred for 30 min and the phases were separated. The organic
phase was extracted with water (280 mL). Both aqueous phases were extracted with t-
butyl-methyl-ether (380 mL) and the organic phases were combined. The organic phase
was dried over anhydrous MgSQO, (8.0g) and the solvent was partly evaporated under
reduced pressure to a final volume of ca. 100 mL. Toluene (140 mL) was added and the



- 75 - oxide (I1BX) (15.18g, 45 % m 24.4 mmol) was added under intense
stirring at roomtenperature. The reaction m xture was stirred for 16h at
room t enpEOab1r@388¥he reacti on m xture was then poured ®@OTAB2G2/051977
NaHCO3- sol ution (500 nL) and ethyl acetate (250 nL) was added. The bi phasic
m xture was stirred for 30 mnutes and,the | ayers were separated. The
organi ¢ phase was washed with hal f-saturated ag. NaCl -solution (250 nL) and
the | ayers were separated. The water |ayers were extracted with ethyl
acetate ((250 nL) and the organi c phases were conbined. The conbi ned

or gani ¢ pivAset WRse\RPPEER LAIeHhR \AIINELIL 4Ry At Mim 19UA $olttien aveg diwed ¥8hvent was
partly eviap@yi-aledt)-bMeP0RN fhd theoHBdF® Wak bRRipitdiet By SRWHdJdRBN wRs f 1 ashed
over a silica gel colum (100g silica gel) using ethyl acetate/nethanol
(98: 2. v/ V)ePRDeH A0 B 128 30 T Thp SRTTIEH SUSRaRPBNAESSYed ) SHRUSC GBY ai ned was
treated witirad f@l30ene af th3Xembgratungl Theeusmsidiohiwg s ddolediowaso omncent r at ed

to 1129 fipal.weight b t ti f ot | yent 45C und
oduced prgeal B et uth i pry TEBP R Biaddineitdfted B Hbes T hept anes
(135 nl) praduchddeldtechredipigite Sagidried Fhacsalbptsh 0h08dokconipoanth@dowas stirred

f h QC, d . isql by fil i d hed with
hg[)t ;negty(lgéiabﬁagﬁ)og?h%lf:%ﬁ%cr@ﬁ'tclﬂ%gS?E%Qlfr}{}(/\/als I:Ii?fai:loinna\r/]ac\lljvgsa'? 42”(3 over

night to obtain 8.824g of a m xture of conmpound 8 and its

(9. Nia( oS BESHERsn Y Befpolii §sad RpaUR EREREN L SIEHOD 51 1y ony- 5. (4.

hydr oxybenzyl ) - 15-i sobutyl -4, 11-di net hyl - 3, 6, 9, 13, 16, 22- hexaoxo- 10- oxa- 1, 4,

7. 14, 17- (S)-N'-((35.65.9S.128,153,185,19R)-6-(4-(tert-butoxy)benzyl)-3,9-di((S)-sec-butyl)-15-isobutyl-7,19-
pent aazabi épethydp-18! 13f‘»!ﬂ@@@@éétﬁ:%@my}i)%1—-.0251-‘?»751(95%t?gpﬁwa@e‘ﬁéweaﬁééﬁylét?ﬁ de
Reaction Schene 4: WO 2012/d% fiyIBREEI081977 - 76 - Conpound 7 ii

Compound 7 (1.2g, 0.98 mmol) was dissolved in a mixture of tetrahydrofuran (190 mL)
and dimethyl sulfoxide (62 mL). 1-Hydroxy-1,2-benziodoxol-3(1H)-one 1-oxide (IBX)
(2.429, 45% g/g, 3.9 mmol) was added and the solution was stirred for ca. 4.5 hours,
after which time HPLC indicated disappearance of the starting material (compound 7).
The reaction mixture was then poured onto saturated, aq. NaHCQO3-solution (300 mL)
and was extracted with dichloromethane (2x300 mL). The organic layers were combined
and were washed with water (2x300 mL). Evaporation of the solvent under reduced
pressure gave2.31g of crude product as a foam. The crude product was purified by
flash-chromatography on silicagel with ethyl acetate/isopropanol (95:5) to obtain 1.16g of
a product mixture, comprising at least 2 products with the desired mass in LC-MS. The
product mixture was used as such for the next step.

HR-MS (major isomer): calculated for CggHosNgO1o: [M+H]": 1227.70640; [M+NH,]":
1244.73295; [M+Na]": 1249.68834 . Found: [M+H]": 1227.70599; [M+NH,]": 1244.73200;
[M+Na]": 1249.68733.

HR-MS (minor isomer): calculated for CeoHosNgO1o: [M+H]": 1227.70640; [M+NH,]":
1244.73295; [M+Na]": 1249.68834 . Found: [M+H]": 1227.70598; [M+NH,]": 1244.73198;
[M+Na]": 1249.68751.

Second example for the synthesis of compound 8 (10g scale)
Compound 7 (10.0g, 8.13 mmol) was dissolved in tetrahydrofuran (127 mL) and
dimethylsulfoxide (42 mL). To this solution, 1-Hydroxy-1,2-benziodoxol-3(1H)-one 1-



5-ring hem amnal isomer - 77 - Conmpound 8 (2.0g) was dissolved in

di chl oronet hane (400 niL) and the solution was cooled dowmn to 0 C

Trifl uor osioavixi4agssd (115.99g) was added to the stirred ®oraB2omoay’0 C and
the reaction mxture was stirred for 4h at 0 C. Dichl oronet hane (400 nL)
was added at this tenperature, follo Q by the addition of water (20g). The
reaction mixture was allowed to warmup to roomtenperature and stirring
was continued for additional 5 hours at roomtenperature. For work-up, the
reaction m xture was poured onto a stirred solution of sodium acetate

(165. 1g) P¥IOHRO( 13- 88D 45i%mish @4t Me) #esedeed ynsointanse fiENaaHeE™ o obtai n a

sol ut i on.terhBEratf®erhel ra@ibn RAURAMES s‘ﬂhé&fb} 16@& rb@ﬁi%rﬂﬁerﬁﬂu@e tTing ré48h Or gani c
phase (dichl oronmet hane phase) was was wat er é2x20 L?,?PThe wat er

| ayers wePBUEVESHERFO eﬁwn@t%lﬂa%&aa??@%@@omw age gihyireeig P ayer s
werg Ccc)onbuéﬁhdeahﬁleﬁﬂﬂ)he%mtmlm% \:ymmd f@rrﬁﬂ)&ﬁlnﬂl@_glaﬁ@mepém§w&% to obt aiSnh
crude S a mXxture O 1.S see e | ONn chene
o cormaated 108 o el SaR sl el A S e e RO B o e
crude pr oducdndviaes lapensiviere sepzyated- Tmlawmmtla;@m\pm eatraed wmaeilﬁylcnmmtd

100- 10- C8 th .a nt. et oni r|Ie S bi | se, The
oroduct  cGCang R RN RhedS Pl Sbarhped S0 B PRREBRENE R Wt I e. ¢ he
preci pi t atredwasandydsed meghdsivmesuifpte anddhats@va'rhWas Ipertlgekm%tedvasommnoved

under reduc u f - 1% The
pr oduct \j\‘é/aésgg%%fla%ﬁhg@%% ert zedsn%gh%ﬁ)li\%a(r%i '“‘Ié/% %&%ﬁmbf%&[ T the
product vising cht)éﬁwtefa!metbar@d)@@&ww) a& mekdmphasaré he atddost. SOIbRO'IVS'>37G®D cul at ed
for CAOHIRAIaNned Witlrzodd R i e (LU M 1o R ARG NEAR] - 951, 21610
Found: 929. 53445 946 56129; [ MNaJ]: 951.51624. 1H NWR
(600 M-lz C%@ermmtoéﬂﬁg tmalwe(gi@ @prt'w&vaﬁ)omﬂmo the salvem@t 45nC urgler7 (3H, d,
J= 6. 2|‘|Z)redl§)oe% rés%lﬂe tI'Ine r]esul?m E&ﬁtionQN&%o()%'dtodT%nd?leﬂah@ 139{7&5%3"' d, J=
6. 6Hz), 1.02 ( 6. 7Hz), 1.09
(lH n, @ o6 d(]lf‘)hl"g 3Qjm|nJIh%s%qusmqthggobtﬂqedmas SH_IT%O( 1Ip_|atQTf thf 51 (1H, m,
75 (6H prBduct WaS&olaidd byﬁltratlg;naad (hkhedWith r?ep%eé@%\?omﬁlhél gLnéT lﬁéH30n'% 1H2 %8
4 34 (1H prprguctixaﬁgn%gllplvawo g]t_dfglg og)przlylght ogétaplq_&ﬁg)ofaim Tre( H d J=
9. 2Hz), A4conripo(iddHs add jts Bem@niinal-sobides). Yiedd: 88.4¢04H, s), 5.05 (1H, dd, J= 11.4,
2.6 Hz), 5.48 (1H, m, 6.07 (1H, d, J= 2.6Hz), 6.64 (2H d, J= 8.4Hz), 6.73
(1H, s), 6.99 (2H, d, J= 8.4Hz), 7.25 (1H, s), 7.35 (1H, d, J= 9.2Hz), 7.64
(1H, d, JtDSyﬂIiE%soTcaﬁlpbihh’dAd J=9.2Hz), 8.01 (1H, d, J=T7. 7Hz) 8.42

(e %3@?%)58&%”%&5%65@@&%@59 %%ggﬁv%’% 2089, ;|

21.75, CHOraxgheaay!)Chiobats-4.4]-domthy-246.213, 16RR-hexaoxe; 10CHa:1,27.1887- CHR;

29. 78, 2 - 78 - 33.76,
o 37, ar oA B g g P o ag G 5417 o

54.70, CH, 55.31, CH 60.66, CH 71.89, CH, 73.97, CH 115.32, 2 x CH

127. 34, GgachidPsefome2aX CH, 156.27, Cg; 169.12, Cg; 169.29, Cg; 169.37, Cg;
169.79 Cg; 170.65, Cg; 172.40, Cqg; 172.53, Cg; 173.87 Cg; 176.38, Cg.
Second exanple for the synthesis of conpound A (8.5g scale) Conpound 8
(8.5g9, 6.924 mol) was dissolved in dichloronethane (595 nL) and the
solution was cooled to O C. A solution of trifluoroacetic acid (127.5 nlL)
in dichloronmethane (127.5 nL) was added to the cool ed sol uti on, naintaining
the tenperature at 0-5 C. The reaction m xture was stirred for 5.5 h at 0 C
and was diluted with dichloromethane (850 nmL), followed by addition of
water (42.5 nL). The reaction mxture was allowed to warmup to room
tenperature and was stirred for 17.5h at roomtenperature. For work-up, the
reaction m xture was poured onto a stirred, biphasic m xture of aqueous
sodi um acetate (169g sodium acetate in 722g water) and ethyl acetate (700
m.). The phases were separated and the organi c phase was washed again with
aqueous sodi um acetate solution (169g sodium acetate in 722g water). The

| ayers were separated and the organi c phase was washed with water (2x850
m.). The individual agueous phases were extracted with ethyl acetate (700
m.) and the organic | ayers were conbi ned. The organic | ayer was dried over
anhydr ous magnesi um sul fate and the solvent was partly evaporated at 40-45
C under reduced pressure to obtain 187g of a thin suspension. Heptane
(187g) was added within 15 mnutes and the suspension formed was cooled to
0 C. The suspension was stirred for Ih at 0 C and the product was isol ated
by filtration. The crude product was dried in vacuo at 40 C to obtain 5.65g
crude conpound A Crude yield: 87.8% 0.96g of the crude product was
pur|f|ed by RP-chronatography on Slllca Krona5|l 10010 08 mnth a gradlent

. . —— N .



- 79 - Exanple 2: Synthesis of Conpound B (Nostopeptin BN920)
(S)-2-acetam do- N1-41S, 2S, 5S, 8S, 11R, 12S, 15S, 18S, 21R) - 2- benzyl - 21- hydr oxy- 5-
(4- WO 2012/143888

PCT/IB2012/051977
hydr oxybenzy1) - 15-i sobut yl - 8-i sopropyl -4, 11-di net hyl - 3, 6, 9, 13, 16, 22- hexaoxo

-10-oxa- 1,4,7,14,17-pentaazabi cycl o 16. 3. lldocosan- 12-y1) pent anedi am de
Reacti on Schene 5: Precursor peptide 2 Conpound 9

Compound 7
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Conmpound 10 H2N O HO Conmpound B (Nostopeptin BN920) 2A Synt hesis of
Precursor Peptide 2 by SPPS:

Ac- G n( TrwP-201wiusés8- Tyr (t Bu) Me- Phe- Synt honl- H) - Leu- OH EqGirgREne/051977

Pepti de-synt hesi zer equipped with a 250 ml glass-reactor with frit and
mani fold for automatic sol vent deli verLy, shaki ng and sucking off reagents.
2A(1) Synthesis of Fnoc-Thr-Leu-Trt-Tentagel -

Frnoc- Leu- Trt - Tent agel - S-Resin (18. 7g | oadi ng 0 37rrm)|/g (supplied by Rapp
Pol ymere GvBH, Tubi ngen/ Ger many)) were swollen in DVF by shaking for 30

mi n. TheCW”Hﬁd?@éiWﬁﬁd'gM ingighleramgiraner§0q fie) %%@@éﬁ'ém” Véeat nment s

wi th 20% @oRArdodnAE 0i°6. ﬂ"fFoifo@E:et'f%chm am§19é)5ﬁ@snadd§§Wﬁb'sﬂ@éd’sehﬁfeﬁ%ﬁ oresin
washi ng by several alternatin opanol the conplete

Famoval o HHUB8 RO HUBREHOR AL TP e HBb IO Al 0D MePer
Phenol phtahﬂib@ enthmémpafa&rre asldiviet ®p tﬁet)addh@nloawtatew@@by Mhe $éflon \414x7.’lge of
Froc- Thr - X2 . / and 8 (JD wer e di soI Verdaol q | of DM
AfLer S YPAIBE i g G iR DPGHEToStBe 1 Y BB RRBT B 2OeBR Shecki ng
t he pH (>oly)s zhtheon'ntemmﬁraurwﬁoraﬂkﬁmdlpt thetrém;tudepﬂmnemaeqboumsl|ontoemst|rmldaken for
a1t er nat |y GRS B Ten BT SRS A ELD HRGS BB Mher n Vet gt
was 19. Olagidemcsmihlh asamibe 'Nvasuppbrdaym((iacwledus:bfmske)waéol;emepemand\tr@i ngl e main
peak showgd. a,SAGEESRE Wicii8RMREREhE Bhase) was washed with water (2x200 mL). The

water layers were extracted with ethyl acetate (200 mL) and the organic layers were

combined. The solvent was removed under reduced pressure to obtain crude Compound

A as a mixture of 5- and 6-ring isomers (see Reaction Scheme 5), accompanied by trityl

alcohol and other byproducts of the reaction.

The crude product was purified by RP-chromatography on Silica Kromasil 100-10-C8

with a gradient of acetonitrile/water as mobile phase. The product containing fractions

were evaporated to remove acetonitrile, the precipitate was dissolved in ethyl acetate

and the solvent was removed under reduced pressure to obtain 0.895g of compound A;

yield: 59.1%. The product was fully characterized by NMR and MS and the spectra of the

product were identical to Compound A from fermentation.

HR-MS: Calculated for C4sH72012Ns: [M+H]": 929.53425; [M+NH,4]": 946.56080; [M+Na]":

951.51619. Found: [M+H]": 929.53445; [M+NH,]": 946.56129; [M+Na]": 951.51624.

"H-NMR (600 MHz, ds-DMSO) 8 -0.11 (3H, d, J= 6.2Hz), 0.64 (4H, m), 0.77 (3H, d, J=

6.2Hz), 0.81 (3H, t, J=7.3Hz), 0.84 (3H, d, J= 7.0 Hz), 0.88 (3H, d, J= 6.6Hz), 1.02 (3H,

d, J=6.7Hz), 1.02 (1H, m), 1.03 (3H, d, J= 6.7Hz), 1.09 (1H, m), 1.20 (3H, d, J= 6.2Hz),

1.24 (1H, m), 1.39 (1H, m), 1.51 (1H, m), 1.75 (6H, m), 1.83 (1H. m), 1.92 (1H, m), 2.12

(2H, m), 2.47 (1H, m), 2.58 (1H, m), 2.67 (1H, m), 2.71 (3H, s), 3.16 (1H, d, J= 14.2Hz),

4.30 (1H, m), 4.34 (1H, m), 4.42 (1H, d, J= 10.6Hz), 4.45 (1H, m), 4.61 (1H, d, J=

9.2Hz), 4.71 (1H, dd, J= 9.5, 5.5Hz), 4.93 (1H, s), 5.05 (1H, dd, J= 11.4, 2.6 Hz), 5.48

(1H, m), 6.07 (1H, d, J= 2.6Hz), 6.64 (2H, d, J= 8.4Hz), 6.73 (1H, s), 6.99 (2H, d, J=

8.4Hz), 7.25 (1H, s), 7.35 (1H, d, J= 9.2Hz), 7.64 (1H, d, J= 9.5Hz), 7.73 (1H, d, J=

9.2Hz), 8.01 (1H, d, J=7.7Hz), 8.42 (1H, d, J= 8.8Hz), 9.17 (1H, s).

BC-NMR (150 MHz, ds-DMSOQ) &¢: 10.35, CHs; 11.21 CHs; 13.85, CHs; 16.00, CHs3;

17.68, CHs; 19.52, 2 x CH3; 20.89, CH3; 21.75, CHy; 23.30, CH3; 23.74, CHy; 24.21, CH,;

24.48, CH,; 27.35, CHy; 29.78, CH,; 30.08, CH3; 31.49, CH,; 33.18, CH; 33.24, CHy;



- 81 - 2A(2) Synthesis of Fnoc-An(Trt)-Thr-Leu-Trt-Tentagel -S 19. 01g

Frmoc- Thr-Leu-Trt-Tentagel -S-Resin (6.6 nmol) were pre-swollen in DVF and

t he Fnoc woabexsssg group was cl eaved by two subsequent pCrantoreniig7of 20%
pi peridine in DMF for 5min and 15m n respectively. After resin washing by
several alternating washes with DW aggl i sopropanol the conplete renoval of
bases was checked with the absence of a pink color after Phenol phthal ein
and water addition to the |ast washing step. 8.07g of Fnoc- Gn(Trt) OH,
5.01g of HATU and_3 8 of DI PEA were dissolved in 50m. of DMF. Afte

checki ng 3h&. GH. B241) CHnid 23, GHar 8- §h £HhEAEY. €9 T, &%’bﬁéﬂ@&"&@“ﬁ@m n and

shaken f otH 15524y, C]Zh%ol%rélqr'fﬂe@b 'é?el $@r97t@|st11~m %Cﬂ-’ﬂdif?@& C@S1|30 3rag washed
by several alternatin e resulting resin

was direct¥§ 1R 49 hars &qr &@Pr’ra %ﬁ] ;§9b°?él 8%168r7p93P°a1§9r95|C%éﬁ%l48 was

cl eaved ang 17hsckeg 1rg. ARl 178\38ia@l e mai n peak showed successf ul
conversion. 2A(3) Synthesis of Ac-A@n(Trt)-Thr-Leu-Trt-Tentagel -S The

Frmoc-A n(Trt)-Thr-Leu-Trt-Tentagel -S resin from above was re-swollen in DVF
by shaki ngedomdeiamipby fot the syntfdels Efm@mpblﬂﬂdEAt(g 59 sgaleup was cl eaved by two

b t ' 2096 nd 15
Fespect | verPSHE Pt Fotnur Rl e ARy M P el he R IR W ¢ o
and |soprsqhalnolwasléh@ad)tmf@laﬂmlwtloarmtﬂtnﬂad)reacauelaeldaﬂsze@mLo)ma sanpl e of the
final ful | of
bi por i d rcgolbliaRe (1273 ALARAERGRl PUBEGE) B HEIMAHRGRE® ' 1y B fer
di ssol vedel‘nne@mab@ -5 DVFThepfeaetionghist ke wigp ?eth@d;m J>h 8) 0 {Gandrivgs ditdedvas added
to the depgpligfissrhelnghs s@r‘rﬁL S#aﬁéﬂ/@éu Bwédd%roﬁfzsfwm? 4@%%9{ Ffﬁgré%%’nér?r test was

K and the resin was was several alternati ng washes w th DVF and
i sopr opan®kturerwas ployedite ngﬁ é@f‘%roﬂﬂ‘ste@ﬂp?r@&r ¢ gndiwasgistirredtae! 4.9 aPtd(?\ﬁ)'ri‘ig step

bel ow, OrlleMpéraﬁﬁ@mor%qupﬁtW@r%a@tloﬂ&N%tdrémé’s Wu‘?é‘&&ﬂo B%tn"l?d—%phés@' ngl e main
peak showed successful conversion.

B B TP AP B, Sestars ¢ PO 208 BT R e Hatey) anshiley
?ﬁ GlAn( géc)atTaTélU(ovaﬂlL FmécaThatls@sle&retseﬂ;@r@te@%m&é orfgShid phedeal s wadhed Ia@é.{a Ftt i on)

e C- n eu- Ir e SIn rom S_re-swo en in
Ve by SHA S SoeY Breias o RCTE 00 i e Jes o SR NAoD. Hi5 B1TD) PeA war ¢
di ssﬁl ved/vere saﬁm’ﬂttedfang)@{‘é orgaihlcptamaaslelv@s wAshég wilh wiyiBNR2x860 desz]SO:‘ ;/ed |3n

t her SOl U on N a er mn
o et i aRThigh sRus PRRSes it bk B ed i il AR 700 BE) apd S Bank; ™me
washed byageyees conlbiredniite orgamiatdyeswas diedaVer amy dicsis pragpesiah suffdie
[eSul L NG R QR WAL AL LialRady bl O € M MNGLTHRG et oMol v @ sl |

sanple was ¢ eave
successf ul87¢gohadhis sumpens_am Flep®yat(heQi g/agfadded W|th|n 15 mmutes and the

Ac- G n( Tréu%sp%r%’c%ﬁf@#meﬁ%éé%% 5 bPBCIR Egﬁg‘lQl_ é%%ﬂr%h’fo?‘ 1hR s%t %“kﬁ‘%‘r‘n'dy named:

Ac-@n(Trt u) - Fnoc) - nt agel -
Ac- d n( Trthg DWFJQWS-'WW bY.é' tﬁﬂt I fr@ﬁftudg@rodsctrw;@ Q’ileﬂﬂbeﬁCHB@%O vat

re- swol | edbtain 51355 cRide BRI ACHYE yieRr 8289 N.

0.969 of the crude product was purified by RP-chromatography on Silica Kromasil 100-
10-C8 with a gradient of acetonitrile/water as mobile phase. The product containing
fractions were evaporated to remove acetonitrile, the precipitate was dissolved in ethyl
acetate and the solvent was partly removed under reduced pressure to obtain 40g of a
solution. Heptane (40g) was added to the stirred solution during 30 min at room
temperature and the resulting suspension was stirred at room temperature for additional
2h. The product was isolated by filtration and washed with ethyl acetate/heptane (1:1,
2x10mL). The product was dried in vacuo at 40-45 °C for 16h to obtain 0.702g of
compound A. Yield after RP-chromatography and precipitation: 64%.



The Fnoc protecting group was cleaved by two subsequent treatnents with 20%
pi peridine in DM for 5min and 15m n respectively. The resin was washed by
several avDepnadssg washes with DMF and i sopropanol . Pheooliptuipediein and

wat er were added to a sanple of the final wash solution. The absence of

pi nk col or proved successful renoval 95 plperldlne 6. 1g of

Frmoc- N- Me- Tyr (t Bu) - OH, 4.8g of HATU and 3.3g of DI PEA were dissolved in
50mL of DMF. After checking the pH (>11) the nixture was added to the
deprotected resin and shaken for 2.5h. The perforned Kai ser test was OK and
the resin was washed by several alternating washes wth DVF and

| sopr opan@tamplé @: Sv@béib'@ﬂdoﬁdﬂmﬁ@(%sﬁgﬁﬁm BNg@) i n the follow ng step
bel ow, only a small sanple was cleaved and checked be HPLC. A single main
peak showed successful conversion. 2A(6) Synthesis of

Ac- G n( Trt ) {NE-{ovamidoy¥ {-((BE P I/BS. Bh &L MSC)SSLBE2 TR 2- ey ledj elyd®x§Br@vi ousl y

2 arrad ( $c£ )@y@l_lﬁ);[%g\?)lz TTrs( lzfiadml}lrg Tdﬁ&z( 1 Bulimkne1-Beoc)3; leen- HEE;&&E@ITO?QQJ S{)
C n r r I N rom above
was re-swollen |n%6NﬁM]7 %ﬁ%ggbwﬂgﬁﬁ%kﬁﬂPlk&lgﬁph&%%%aéfﬁgg protecting

group was cl eaved by two subsequent treatments with 20% pi peridine in DW
for 5mn and 15m n respectively. The resin was washed by several
aIternatlﬁga%@sg '%h DMF and i sopropanol . Phenol pht hal ein and water were
added to a sanple ‘he final wash solution. The absence of pink col or

proved successful renoval of p|p ridine. 9.66g of Fnoc- P fs 9. 48g of
HATU and 6.4g of DI PEA were ﬁed in 100m. of DMF. A ecking the

pH (>11) the m xture was ad he deprotected resin and} ken for 2h.
The perforned Kaiser test and the resin was washed By )seyveral - 83
- alternating was an i sopropanol . The result}ng in was
directly used in the oIIo ep below, only aYsmgl | g€anpl € was cl eaved
and checked be HPL AO§|ngP i n peak showed su onversion. 2A(7)

t) - Thy{ VaNe.T rC%Bu}Nb Phe- nthonl- H\yLeu- OH

Synt hesi s of Ac- r
(PreV|ous y na
Ac- (Hn(Trt °T r(vhl- "e-Syn n&é%ﬁf = sor

peptide 2) PAc<d n( Tra~T .\\Tyr(tBu)Nb i;Fn%c)O NIent agel - S

resin from ahove was wojlen in DVF by shaking infD\MF flor 10m n. The
Froc prot é8ti g group €l eaved by two s ments with 20%

pi peridi ne TH DVF f WA and 15m n respem&uvel esin was washed by
several alternating mashes wi th DMF and i sopropanol . Phenol pht hal ei n and
wat er were add&p to a sagpge of the final wash solution. The absence of

pi nk col or pr ovEFUEFEREL! renoval of piperidi n€°™8°¥*Y of Synthonl, 5.9g
of PyBOP and 2.95g of DI PEA were dissolved in 100m of DVMF. After checking
the pH (>11) the m xture was added to the deprotected resin and shaken for
2h. The perfornmed Kai ser test was OK and the resin washed by several

quent t

alternating washes with apd i PBpanol . After taking a snmall sanple
for a HPLC check, the Fnoc| prjptefting group was cl eaved by two subsequent
treatments with 20% pi peri N n for 5mn and 15m n respectively. The

resin was washed by se%ep al fer nati n shes with DVF and i sopropanol .
Finally the resin agg, aﬁﬁgggiiﬁ DCM d eava e of the
syntheS|zed—peptlﬁé/ftonﬂ resifh eved™bhylAlds in a.mxture of
80 % of acetic acif ghts The resul ti n@’c "%Ef@""s%]uti on was
filtered off and th reS|n m@s agshed two tines with DCM The conbi ned
filtrates were evéfordted and aIIy purified by REogtewit)ddr aphy using a
gradi ent system TH® col | ect&d>Fracti ons were anal yzed by HPLC and the pure
fracti ons were pool ed, evaporated and finally |yophilized.

Compound 10



Yield: 3.54g (42% Precursor peptide 2. HR M5 Cal cul ated for
C85H108N8013Si : [ MrH = 1477.78779; Found: [MrH = 1477.78691. - 84 -
(S)-2-acevannthorbEBe41S, 2S, 5S, 8S, 11R, 12S, 158, 18S, 21R) - 2- lpemaBi1 20510ydr oxy- 5-
(4- hydroxybenzyl)-15-i sobutyl-8-isopropyl-4,11-dinmethyl -3

, 6,9, 13, 16, 22- hexaoxo- 10-oxa-1, 4,7, 14,17- pentaazabi cyclo [16.3

. 1] docosan- 12-yl ) pent anedi am de 2B(0) "Synt hesi s of Conpound 9

(S)-2-acet am do- N143S, 6S, 9S, 12S, 15S, 18S, 19R) - 9- benzy1-6- (4- (tert-but oxy) ben
zyl)-12-(3-((tert-

but yl di phenyl si | y1) oxy) pr opyl -bsobutyl-S-isopropyI-? 19-di net hyl -2, 5, 8,
11, 14, 17- hexaoxo- 1- oxa-
4,7,10, 13, 16- pentaazacyclonona Hﬁ y hE trityl pentanedi am de The

Iactanlzatlon of Precursor tigey 2t ain Conpound B was perforned
under simlar condltlonﬁ d cr ed for th RLEPQ on of Conpound 6. The
product, Conpound 9

re

e | NVR and MS. The spectra
confi rnedTh‘e"propos struc ed for C85H1I06N8012Si :
[ MeH] : 1459. 77723; 1 +: 147@ [ MPH] : 1459. 777109;
[ MENH4] +: 1476. 80291 /Ef

Compound B (Nostopeptin BN920)

2A Synthesis of Precursor Peptide 2 by SPPS:
Ac-GIn(Trt)-Thr(Val-Tyr(tBu)Me-Phe-Synthon1-H)-Leu-OH

Equipment:
Peptide-synthesizer equipped with a 250 ml glass-reactor with frit and manifold for
automatic solvent delivery, shaking and sucking off reagents.

2A(1) Synthesis of Fmoc-Thr-Leu-Trt-Tentagel-S

Fmoc-Leu-Trt-Tentagel-S-Resin (18.7g loading 0.37mmol/g (supplied by Rapp Polymere
GmBH, Tibingen/Germany)) were swollen in DMF by shaking for 30 min.

The Fmoc protecting group was cleaved by two subsequent treatments with 20%
piperidine in DMF for 5min and 15min respectively. After resin washing by several
alternating washes with DMF and isopropanol the complete removal of bases was
checked with the absence of a pink color after Phenolphthalein and water addition to the
last washing step.

4.7g of Fmoc-Thr-OH, 5.26g of HATU and 1.8g of DIPEA were dissolved in 50ml of
DMF. After Smin of stirring additional 1.8g of DIPEA were added. After checking the pH
(>11) the mixture was added to the deprotected resin and shaken for 2h. The performed
Kaiser test was OK and the resin was washed by several alternating washes with DMF
and isopropanol. After drying the resin weight was 19.01g. A small sample was cleaved
and checked by HPLC. A single main peak showed a successful conversion.



2B(1) Synthesis of Conpound 10

(S)-2-acetam do-N - ((3S, 6S, 9S, 12S, 15S, 18S, 19R) - 9- benzy1l-6-(4-(tert-butoxy)b
enzyl ) - 12W(032012/143888 PCT/IB2012/051977

hydr oxypr opyl) - 15-i sobut yl - 3-i sopropyl -7, 19-di net hyl - 2, 5, 8, 11, 14, 17- hexaoxo
-1-oxa-4,7,10, 13, 16- pentaazacycl ononggecan 18-y1) - N5- tr| tyl pent aned| am de
The de-sil yI ation reaction to obtain conpound 10 was perforned under
simlar conditions described for the prepar ation of conmpound 7. The product
was fully characterized by IR _NWVR and . The spectra confirmed the

proposed %A(?h\%m}heSISHRch @Q(TGUTTﬁFéGUfTGPTQIHQQQ 012: [M+H: 1221. 65945;

[ MENHA] +:1gl@ rﬁ&ﬁﬂar-llelb{k"hb’rentég%‘ilé Rekind@.6 rﬁﬂfé%@«eré Mébﬂmﬂleﬂ%ajmﬁéﬁ@4

M-NH4] +: 12 68518; 1243, 64001, 2 nt hesi s ound 11
| o2 DipSaahS
(Al dehydetf‘e Fmoc protecting roup as ‘cleaved by two subsequen tre ments of 20% piperidine

(S) - 2- aceh @MmRr Bnf(ahd, BiP Bspesivadlp A fid eslPsHihdagsaydrabalfefndtingr t - but oxy) be

1) -15- bt
) oy IaENE W IR 7 sonsoRanph g omplelIe gyl of BaSes R SHPEE M0 N e 4. 7. 1

0, 13, 16- gephaadfaqyni aiwriderizmobthalkin Nt watet ydditien tahedast Wadieind he
oxXi datlon of Compound 10 to obtain Conmpound 11 was performed under simlar
- 85 -

8.07g of Fmoc-GIn(Trt)-OH, 5.01g of HATU and 3.4g of DIPEA were dissolved in 50ml of

DMF. After checking the pH (>11) the mixture was added to the deprotected resin and
shaken for 1.5h. The performed Kaiser test was OK and the resin was washed by
several alternating washes with DMF and isopropanol. The resulting resin was directly
used in the following step below, only a small sample was cleaved and checked by
HPLC. A single main peak showed successful conversion.

2A(3) Synthesis of Ac-GIn(Trt)-Thr-Leu-Trt-Tentagel-S

The Fmoc-GIn(Trt)-Thr-Leu-Trt-Tentagel-S resin from above was re-swollen in DMF by
shaking in DMF for 10min. The Fmoc protecting group was cleaved by two subsequent
treatments with 20% piperidine in DMF for 5min and 15min respectively. The resin was
washed by several alternating washes with DMF and isopropanol. Phenolphthalein and
water were added to a sample of the final wash solution. The absence of pink color
proved successful removal of piperidine.

0.774g of acetic-acid, 6.707g of PyBOP and 3.33g of DIPEA were dissolved in 50ml of
DMF. After checking the pH (>11) the mixture was added to the deprotected resin and
shaken for 2.5h. The performed Kaiser test was OK and the resin was washed by
several alternating washes with DMF and isopropanol. The resulting resin was directly
used in the following step below, only a small sample was cleaved and checked be
HPLC. A single main peak showed successful conversion.

2A(4) Synthesis of Ac-GIn(Trt)-Thr(Val-Fmoc)-Leu-Trt-Tentagel-S (Previously
named: Ac-GIn(Trt)-Thr(Val-Fmoc)-Leu-Trt-Tentagel-S) (side-chain esterification)
The Ac-GIn(Trt)-Thr-Leu-Trt-Tentagel-S resin from above was re-swollen in DMF by
shaking in DMF for 10min.

8.7g of Fmoc-Val-OH and 8.3g of DIPEA were dissolved in 25ml of DCM. In parallel
2.76g of MGNT were dissolved in another 25ml of DCM. Both solutions were combined



conditions described for the preparation of Conpound 8. LC M anal ysis
showed several peaks with the desired nmass, indicating the presence of a

m xt ure oVotzhe/wabssehyde, 5-ring-hem am nal e and 6-ri ng- Ir€wiTBI12/031€77 The

m xture was used as such for the next step. HR-MS (major peak): Cal cul ated
for C69H86N8012: [ MtH]: 1219.64380; [ MrNH4]: 1236.67035; [ MtNa]:

1241. 62574. Found: [M+H : 1219. 64404; "T M+NEI 4] +: 1236. 67053; {M+Nar:

1241. 62524. 2B(3) Synthesis of Conpound B (Nostopeptin BN920) from Conpound

11
(S) - 2- acAKANGHINDN- BreCHBIng pyHo thepaptide 1655) A hRke) (Op 2R elipyesinp WaRy dr oxy- 5-

(4- washed by several alternatlng washes with DMF and |sopropanol The resultln resin
hydr oxybe quy -15-isqbutyl -8-isq % 11-di meth 16, 22- hexaoxo
O e 20 oty 1570 T ey aionate Qo FUpeor 4 piBb e 195 et ineds an do

Conpound(shecked HelHBIGS. Asifide AN peakdBollés Stcesulicon@rgién. or onet hane (200 nl).
Trifluoroacetic acid (57.89) was added at 15 to 25 C during 10 m nutes and
the reaction mxture was stirred for 45 hours at roomtenperature. The
reaction 21'\(5) Syrehesis of k\eJrGld('nrt)tTehd(W;ﬂ-Tyr(tﬂwMémnmmJearret-Téiﬁﬁgms and wat er

10 nL {l t
{ empor at AP R4S Rpamatt AEIIHTIBInERALNHE D A AR Bl Fonedlis) & oo
NaHCC3- soThﬁtAaaGln('l?rt)a' hn(lypl RinodjiLieuZi0t- ‘ﬁemaged}§ resid frdinciove ovastrerawellgn500 nl) ,

i sopr opanlgl{,lrﬁjgghg%raq ﬂwly\%tre{ (nSOO nm.) were added sequentially. The | ayers

wer e separate e aqueous | ayer was extracted with a solution of
i sopr opanbie Kragc proteciing Q]‘D@mW@a‘s oa@tcdbydwo Sosequgnt trehlndniswiths2Gfer e agai n

separ at edyaiirfiz D@wrépssﬁ.nlm%mmssé&ofwtﬁ@ (85N GhBlabhdRSy ShbhI

di chl or omet hane (5x300 ni organi ¢ layers were conbi ned an

sol vent v@@”@@/ﬁ%b’?@ﬂ%d‘”iﬁ‘ 539@659@@63@94 ﬁ%@@hW6le@ﬁ@IWt@rW%aﬁ¢%Qct

m xture (dsdn@e of BERRAIWHSASolulieh. RE ab&HcDBBHIRIRERNEA floRNWMBcakRng Wi th trityl
al cohol and ot her b%/fgroducts of the reaction. The crude product was

puri fi ed "B§ORI9f BRSHHIS: chr ot ogr aphy wi t h di chl or onet hane/ i sopr opanol  as
nobi | e phaisgot EmebNaINTRYBE)-OBSA. 8 8PHATU BNY3Bg(0? D Emwe R iR PUI i tY) .

Collectio f S pure frac S ve additi onal Product with 90
ven ©por LRy og R SARS sGegind the Bk SRuFe Bk iy 0950 OINEISHORHEE was full y
char act ernezle(inb)shdzl@n oS mde berfdrheddqeet a3t wandKramadnd feeinpvaspasadd
structur %E it Cal.cul at ed f% 6HG4N8012: [.M;?I% 21 47165; [ M-NH4] :

038, 49820° fherigifing yashes Wi PG AN (SePROPagd 1 TE PEY IS 'RRIRMYAS: 938. 49861

[ MENa] : %@cﬂh&ﬂﬁeﬁ! in the f@lﬁmﬂng:‘stemp)élmv&nlﬁsmall sHmie wab tlbavasandRbactedon Schene

4 shows t CuPl Sfﬂﬁ@e%ai&%%k%ﬂgx%@ec eés?ulrgpme(%g ou_nd A It has now b_een

di scovered tha can conver easi Ck) into Conpound A using a
sinple procedure for hydration of the dehydrate formdepicted in the

fol I ow NG £(BRE§rtABsiS SF RERGIn(IFH ThirQAI-PETETHEMEPhEF RO NS A e BN b aL s
(Previously named: Ac-GIn(Trt)-Thr(Val-N-me-Tyr(tBu)-Phe-Fmoc)-Leu-Trt-
Tentagel-S)

Ac-GIn(Trt)-Thr(Val-Tyr(tBu)Me-Fmoc)-Leu-Trt-Tentagel-S resin from above was re-
swollen in DMF by shaking in DMF for 10min.

The Fmoc protecting group was cleaved by two subsequent treatments with 20%
piperidine in DMF for 5min and 15min respectively. The resin was washed by several
alternating washes with DMF and isopropanol. Phenolphthalein and water were added to
a sample of the final wash solution. The absence of pink color proved successful
removal of piperidine.

9.669g of Fmoc-Phe-OH, 9.48g of HATU and 6.4g of DIPEA were dissolved in 100ml of
DMF. After checking the pH (>11) the mixture was added to the deprotected resin and
shaken for 2h. The performed Kaiser test was OK and the resin was washed by several



- 87 - This allows to inprove the yield of Conpound A in any type of
synthesis (be it chemcal as in the present disclosure or by use of

f er ment atworzoes148838\W 2009/ 024527) . For exanpl e, during ecCeaszgzosb7aci d
sensitive protecting groups in a conpound conprising the ahp-subunit, e.g.
Compound A in Exanmple 1, the fornatrog of | arge anounts of the

correspondi ng dehydrated byproduct is observed Thi s byproduct is usually
separated e.g. by chromatography and di sposed. This |eads to | oss of

val uabl e product and to lowyield for this step. For exanple, if the

oxi dat i orﬁ"ﬁfr@dﬂ%W@%*)eSdY'th(Ede)éﬁ%&oBroﬁ?@' S r@%}t”é‘tﬂ’ regin #@p directly iser i ons t o

cl eave thge ?cﬂlb\R/Mb-ste%rBéldw BHky ¥ sk exﬂ& QSRR BNE SREKEE b4 HPLEI gni fi cant
anount s of Conpound- A—de%gdrate are fornmed as byproduct. Dependi ng on the

aci d conc¥M§ Q‘?I”oor?aéﬁﬁo"i’ SUCFET U SRS Bhns, Corrpound Adehydrate m ght be

formed even as major product in this product m xture. For exanple, a ratio

Conpound ound A d : s .observed when trifluoroacetic

aci d/ di cfﬁ%‘?ﬁ% Hﬁﬂﬁ 0{3 8‘%"%&'\%\&?%&% ”9@9'3’?‘83?3@“?% i (ﬁ‘é‘b i ng groups

after the(P@emoiaﬂynamede@o-(!ﬁﬂartprrbr(w;a|.-N4Me-thubr@hef3yrnd1caﬂaﬂ)eltmd0H¢r ways to

convert theP %e lgg ﬁépﬁ roduct into the desired product. It has now been
4

f ound tha(t h| eved by acid catal yzed equilibration of the
pr oduct m\oeGluK'Ert)annr(t\/laéT;pﬁBs)Mvacléh&amee)tlau -UhderagetiS| resie fromeboe@wds td-ons.

Addi tion %{O"WF"%ME% er%rﬁﬂeﬁm igﬁ)ﬁﬁ]ure of exanple 1 and subsequent

stirring room gave a product mxture with a ratio
Conpound WeCGongoriagcinadahyrivas eleafeddy. twgsubseqwmérea@mmrawnwa% water to the

reaction pﬂbéﬂdWeQn @M%r 5hR aﬁ'@‘r@'fénﬁ%@bé&@&y dﬁre%é?ﬁ %E WaBhexf @%e(/ér%hene 4)

changed t rati o of Conpound Conmpound -dehydrate from (1:2) under

wat er fr cBEEGHDG WREIRS Wik QM%am) IsaprOéanquaRr@ﬂolamharerncﬁﬂdarﬁﬁereftﬁre PA®ICHRi on. The
f ormat | oy edm e BPAL rﬂﬁar/wasﬂebnaﬁkrratrﬂefabwncgeﬂmréadoﬁsr@m%c@é‘sw

de-protection conditions was confirmed by conversion of pure Conpound A
into Conp80WYe! AT PIPEEHYRIr at e using trifluoroacetic acid in DCM Treat nent of

Corrréoutnd @Aﬂ;@ éfmyagr%cg \dgdofT@Eomamfbef,gnéf EﬂPEAtwerr@@l@%cg\\ﬂimﬁﬁ a@mrrcﬁ Em;le7g -
roduc ure o u -. ge N a rati o O

P Cor di ngids chisiRo U BR aety i Yok pasases T G le G d BB AB0BKS on when
wat er absfor h. Mye pgenrired KaisshteaaswapORGMdalie Bseweshee besacdeditéroatidge reacti on
m xt ure. re e of JTEA/DCMin
The pr oseftenpabi AtRor i B AIERIBRR e Slal sBndedol S P ot o b6 55 -
guant i t atkFreec poleding/grelgwasn deaed [y8waselasé it Cepumants/wi(re2@aplperi®n®) . Ther e
were stil . eao : ; r i .

Cor oot U AP SRR Sl ARG VR BSE Vb P LR BRARNEL .
denonst rarf@dj\ebwiteﬂMFrzian@usmramﬁmhdmu)d@hyemrawes wastdidoib dmeswithdeéM.i n t he
presence &Ba&e{ e fok 1R g%@&k& ide 94 AL d;!ég%ﬁl%b@d §y§r)ak| hﬁaprOdUCt thus

obt ai ned conp |sed 95.6 area oun ar ea o Conpound A
- dehydr atfé'Xb&E%@erﬂ R@f aecticrrid i 'n R&dtPVeH NigBE Fréﬂraeswtmg:@ﬁreidsﬁ@luson was

filtered off and the resin was washed two times with DCM. The combined filtrates were
evaporated and finally purified by RP-chromatography using a gradient system. The
collected fractions were analyzed by HPLC and the pure fractions were pooled,
evaporated and finally lyophilized.

Yield: 3.54g (42%) Precursor peptide 2.

HR-MS: Calculated for CgsH10sNgQ+3Si: [M+H]" = 1477.78779; Found: [M+H]" =
1477.78691.

2B Synthesis of Compound B



CH2Q 2/ TFA De- protection 1 + CH2A 2 + H20 Conpound A Experi nent al

details for Exanple 3 3A: 23 ng product m xture from oxidation (conmpound 8

and cycl iwoanizabsssderi ved fromit) was di ssol ved i n DCRCTABN1wDI19zand TFA

(0.3 m) was added to the solution under intensive stirring. The reaction

m xture was stirred for 5h at roomtepgperature, until an IPC (H PLC)

I ndi cat ed conpl ete cl eavage of the protecting groups. Conpound A and

Conmpound A-dehydrate were present in the reaction mxture in a ratio of

1: 2, along with additional byproducts. The reaction m xture was diluted

with DCM (5.7 nL) and the - 89 - intensively stirred solution was treated

with water (0. 29 2reyamidqpy ' @(I8R6.6F.819R. 1351554 85 Rt 3-brazyat I -ydomy-§-Enper at ur e

i ndi cat ed aydratyboozydfl>-B6buyl-BaroprQuirpoudidetidylS,6C0 Prpoliridxadxo- Watvy-dr.at 417
pentaazabicyclo[16.3.1]docosan-12-yl)pentanediamide

2B(0) Synthesis of Compound 9

(S)-2-acetamido-N1-((35,65,95,125,155,185,19R)-9-benzyl-6-(4-(tert-butoxy benzyl)-12-(3-((tert-
butyldiphenylsilyl)oxy)propyl)-15-isobutyl-3-isopropyl-7,19-dimethyl-2,5,8,11,14,17-hexaoxo-1-oxa-
4,7,10,13,16-pentaazacyclononadecan-18-yl)-N>-tritylpentanediamide

The lactamization of Precursor peptide 2 to obtain Compound B was performed under
similar conditions described for the preparation of Compound 6. The product, Compound
9, was fully characterized by IR, NMR and MS. The spectra confirmed the proposed
structure.

HR-MS: Calculated for CgsH10sNgQO12Si: [M+H]": 1459.77723; [M+NH,]": 1476.80377.
Found: [M+H]": 1459.77719; [M+NH,]": 1476.80291.

2B(1) Synthesis of Compound 10

(S)-2-acetamido-N '-((35,65,9S,125,155,185,19R)-9-benzyl-6-(4-(fert-butoxy)benzyl)-12-(3-
hydroxypropyl)-15-isobutyl-3-isopropyl-7,19-dimethyl-2,5,8,11,14,17-hexaoxo-1-oxa-4,7,10,13,16-
pentaazacyclononadecan-18-yl)-N>-tritylpentanediamide

The de-silylation reaction to obtain compound 10 was performed under similar conditions
described for the preparation of compound 7. The product was fully characterized by IR,
NMR and MS. The spectra confirmed the proposed structure.
HR-MS: Calculated for CeoHggNgO1o: [M+H]™: 1221.65945; [M+NH,]": 1238.6860;
[M+Na]": 1243.64139. Found: [M+H]": 1221.65894; [M+NH,]": 1238.68518; {M+Na]":
1243.64001.

2B(2) Synthesis of Compound 11 (Aldehyde)

(8)-2-acetamido-N'1-((35,65,95,1285,15S,18S,19R)-9-benzyl-6-(4-(tert-butoxybenzyl)-15-isobutyl-3-
isopropyl-7,19-dimethyl-2,5,8,11,14,17-hexaoxo-12-(3-oxopropyl)-1-oxa-4,7,10,13,16-
pentaazacyclononadecan-18-yl)-N>-tritylpentanediamide

The oxidation of Compound 10 to obtain Compound 11 was performed under similar



For wor kup, the reaction mxture was poured onto a solution of sodium
acetate (1.62g) in water (23 nL) and ethyl acetate (35 nL) was added. The
phases wewo epass8ed and the organic | ayer was extract edTaBioh2/o&wer (2x25
m.). The water |ayers were extracted with ethyl acetate (35 nL) and the
organic | ayers were conbi ned. The solé gnt was evapor at ed at reduced
pressure to obtain 22 ng of crude product as a foam The crude product was
purified by flash chromat ography on silica gel with ethyl acetate/nethanol
95:5 to 90:10 to obtain Compound A in 96.8 area% purit acco anied by 1.8
ar ea% of GORditigns desgribesdarine PamaratigRpbueraPINdAsd- ang S'éhsﬁg‘éi ed in

di chl or ongl/Bangedkd Witilie @ditted Friaks, Liﬁh’lc%%ﬁ 'EHeCprééé'nGe bPa Mixturé@sthadded, fol | owed
by the addition of nol ecul ar sieves C) after Ih indicated a

H
ratio of q@efygef%?nmammle@wd&m a?&'”a!?eﬁé)%%t © WHSYISPRERBYDNn ni xture
wals st: I rigektht dextastdpd HR-MEf(m4jdh pédk) reuuIdtedior CadHIN O, -+ Njor1iRug.64 8408 4
nmol ecul ar S v t (o) i,0 .poure
onto sat J"Vghi_h]e 1&%@(29&@9 rg%ut |%A{11 éz%k% é’d’l’]ggﬁg Hlt] %fg %@4\9{&[ )Q@@]c ed With
et hyl acet23667058 {MitNa]" Tied1@2g2hi ¢ phase was vvashed with water (20 nL) and
t he sol vent was evaporated at reduced pressure and the residue was dried in
vacuo to obtain quantitative yield (245 ng) crude product as a foam HPLC

anal ysi s 2B(3] $ntbesid of Soogoond iBniNostipeptin RN920pFemceoropolshpbund A /
Compound A-dehydrate at a ratio of ca. 4:96 area% HR-Ms: cal cul ated for

CA6H70N8011 [ % Qll 5 13&5‘% [5%%??%]12 E% g §%§ n%}ggglg)]d = %%} 50563; found
MtH = 911.5 ME truct f
A LA DA e ] ﬁﬁS R gL o

0.06 (3H, d, J= 6.6 Hz)PenEagoeypighio3 41 009san12 3”%3%@‘1@1% (3H, d, J= 7.0 H),

d = d, =

0,7 (ot cedmgf S B b s Moso 9 o obrpre B35 41,9 79,
( 1H Zn% ) 'ﬂr;‘lﬂﬂroédéﬁc atld, (51.8¢)lwdsldddetpt 18t055 °(Cldhl;r|ng)10 ndinités érﬁi—theri@?%?tldnl al (2H,
3 118 (1H, r%r%d’re n%%ﬁtlrfeéikpr(%{houig %tdo?rtjl??r%?ﬁratuip gﬁe (%g‘tl(gnnsnixt%g %/g z (d Jr_r) 9 5
Hz), 4. 77l with dlc}ﬂordjﬁ]elﬁalhdz()ZOO&]L’])&nd Beter 0, r(rj15) R8s §dddd. Byriindbwd ( 1H q J=
6.6 Hz , -

5o~ oL g thadondigli iyl rodn ipdefibreiThersalich Fbdur Bl bolielt 9,
(1H, d, Jeni®aSatupeied au. w HCOHsotiitio 09, mL) Mathin 20, roiBuies ind dlchl@mr@tﬂaﬂqz) 8. 50
(1H d, Jsofnft) '*g&pr p%ngﬂsé %&%waéﬁ{ OWW éﬁ &’érﬂl%f?y &ﬂéﬂaya@ from

exanpl e 2 was d| sso ved 1n vvater ) wer e
added andveéRéecpaietiapd the sauares ey “ﬁsletxﬂé‘éi% WHh Q@ﬁ'UHQ” @fqup@ﬁglé%t ure. For

wor kup,  the) ik 8RAbtethAnst so@mwsﬂmayeegm@mégaﬂ@pbraa@@wtﬁe65&0%) and the
ethyl acetate solution was extracted with a saturated ag. NaHCO3-sol ution

(50 L) . 'aYRs e gxtacted sgyeral imes with P@Elp@me\m%nﬁ (Wet08ymlo) 2@%@8%@?% sol vent
was eVapQK/@]rb%dmb'ﬁBGah@ﬁe@é&ewﬁﬁa&é\@ SlaveidindBr REHEd RERUAL 1B/ob&mPEgganol 9: 1

The sof varPeEE ETEILP 3 SHTRAHE TFaRsEatior esetr ENaRY BAS Fihue was dri ed
in vacuo @tohdbar@ dtnerdybmdnctiﬁf)ﬂhig ré:a“dude Theetldetproddel Wasparlfigs bg siicalgeat ed t he
P ey ar atgrorogn L FRLb ReRRHRleiParo R el o R Y hBBTRHEY ot on of a
cyclic deypsstqpeptin BN 920 (P8 umyl 96 7% (Ahpuritgr Golleatidn of less pure fractions gave

additional 402 mg Product with 90 %(A) purity. Yield from all fractions: 614 mg (81%).

The product was fully characterized by IR, NMR and MS.The spectra confirmed the

proposed structure.

HR-MS: Calculated for C4HesNgO1o: [M+H]™: 921.47165; [M+NH,4]": 938.49820; [M+Na]":

943.45359. Found: [M+H]": 921.47167; [M+NH,]": 938.49861; [M+Na]": 943.45337.



wherein Al is a bivalent noiety of an amno acid with a term nal
car banoyl group, especially asparagine or glutamne, and is bound at its
ri ght harwslo=ntei48ss8f ornula | via a carbonyl to the rest pofi/iBa2/nmibeECUl €; OF

is Cl_8-al kanoyl or phosphoryl ated hydroxy-Cl_8- al kanoyl; X is bound via
an N of Al and is acyl, or i

is absent pf Al is Cl_8-al kanoyl or
phosphoryl at ed hydr oxy- Cl_8-al kanoyl ; is ClL 8-alkyl, especially methyl;
R3 is the side chain of an amno acid, especi ally of | euci ne, isol eucine or
valine; R5 is the side chain of an am no acid, preferably of phenylal ani ne,
| euci ne, Exampled; abifiof Eguilibfium

MR6 is the side chain of a hydroxy am no
acid, espr&dchbh Bcimd ¥ ERSINBe P%Eehc% drie &rﬁérafé"@hﬁ oPEompPodidi At 1Rl d,
preferabl of the amno acid | eucine, isoleucjine or valine, and Y is
hydr ogen Reengliscopsrpd that this can ke qoplerindreasbyibackHinta GampaHistA 45ing

sel ect i vedivipldgpideti@etidntydatieon oPee dghriratt e dpratddain ke following reaction
scheme:

car boxy or
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- 92 -
conpound of the formula I and X*, Al*, R2*, R3*, R5*, R6*, and R7*

correspormiono12x43s88, R2, R3, R5, R6, and R7 in fornmula PCTABEPZOILVEl Y,
with the proviso that reactive functional groups on these noieties are

Il wherein Prot is a protecting group, Y is as defined for

a

but

present in protected form at | east if8J}bey could participate in undesired

side reactions, to result in a conpound of the fornmula |11,

X*,

Al*,

R2*, R3*, R5*, R6*, and R7* have the neani ngs defined above,
reacting the free hydroxyl group under oxidizing conditions to forma
conmpound BTS gllewstte ipripye ey yield aff ompoprd A in any type of synthesis (be it chemical

as in the present disclosure or by use of fermentation as in W02009/024527).

For example, during cleavage of acid sensitive protecting groups in a compound
comprising the ahp-subunit, e.g. Compound A in Example 1, the formation of large
amounts of the corresponding dehydrated byproduct is observed. This byproduct is
usually separated e.g. by chromatography and disposed. This leads to loss of valuable
product and to low yield for this step. For example, if the oxidation product(s) of
Compound 8 are subjected to acidic conditions to cleave the trityl- and t-butyl protecting
groups (scheme 4), significant amounts of Compound-A-dehydrate are formed as
byproduct. Depending on the acid concentration and reaction conditions, Compound-A-
dehydrate might be formed even as major product in this product mixture.

For example, a ratio Compound A/Compound A-dehydrate (1:2) was observed when
trifluoroacetic acid/dichloromethane (5:95 v/v) was used to cleave the protecting groups
after the oxidation step (Example 1).

It was therefore searched for ways to convert the dehydrate byproduct into the desired
product. It has now been found that this can be achieved by acid catalyzed equilibration
of the product mixture in the presence of water under well defined conditions. Addition of
water to the reaction mixture of example 1 and subsequent stirring at room temperature
for 19h gave a product mixture with a ratio Compound A/Compound A-dehydrate of ca.
96:4. Thus, addition of water to the reaction mixture after the acid-catalyzed de-
protection step (scheme 4) changed the ratio of Compound A / Compound A -dehydrate
from (1:2) under water free conditions to (96:4) after water addition and equilibration.

The formation of Compound A -dehydrate from Compound A under acidic de-protection
conditions was confirmed by conversion of pure Compound A into Compound A -
dehydrate using trifluoroacetic acid in DCM. Treatment of Compound A with 33% (v/v)
TFA in DCM for 2h at room temperature gave a product mixture of Compound A -
dehydrate/ Compound A in a ratio of 78:22 according to HPLC. The dehydration could
be driven to >95% conversion, when water absorbing agents, such as molecular sieves
were added to the reaction mixture. Thus, stirring of pure Compound A in a 1:2 mixture
of TFA/DCM in the presence of molecular sieves gave the dehydrated-product in

(I'11) wherein



and renoving renmaining protecting groups to yield a conpound of the fornula
I, or a salt thereof, and, optionally, converting a free conpound of the
formul a Iwonbre/a3ssalt, a salt of a conpound of the fornmeCa/IB20120T19%
different salt of a conpound of the fornmula | or into the free conmpound of
the formula | and/or converting a dehgglr ated anal ogue of a conpound of the
formula | into the correspondi ng conpound of the formula |I. 2. The nethod
or process according to claim1l1, wherein the conpound of the formula IV is

synt hesi zed by a conbi nation of Solid Phase Peptide ?/nt hesi s and Sol ution
Phase syrﬂ%@%tﬁgvef‘%r% Yield apd 2. Srarfe M LSt RUFity (ﬁﬁafﬁlﬁ"? Jatheds warfstdi de chai n

Precur sor&. 4 afea%d BECHRSIIAE AOfre IR HEIRS cREE PFHiug to any one of the preceding
claims, further conprising, for the synthesis of a compound of the formula
| sh_ovvn inclaiml, reacting a conpound of the fornmula VI, - 94 - VI

wher ei N Re@rvetsfonaof @ofipethd AGdeyatats from iEs(arapledm inlftEOorﬁpdSun@ A:wa@ound of the
formul a asd I\cﬁfor a_conp ound of
the for mﬂeéncinlsﬁ?%ﬁd ey §¥"HP9_8°WP?W“%%8®P§3%W OrPB‘P K p/ﬁse%@‘i
trifluoroacetic acid and water (Example 3 C). The product thus obtalned comprised 95.6
area% Compound A and only 4.4 area% Compound A -dehydrate according to HPLC.

Reaction Scheme 7:

Compound 8

CH,CL/TFA l De-protection
(o]
H o}
(o} N///,
0O O _NH / )\fo )
1L " A
= HN W
HN\)J\ W E)H Y N\\
T N o o + H

o] N N /
H
o HN™ 0
HN™ Yo
Compound A

OH Compound A-Dehydrate

+ CH,CI,
+H,0

Compound A
Experimental details for Example 3

3A:

23 mg product mixture from oxidation (compound 8 and cyclic aminals derived from it)
was dissolved in DCM (5.7 mL) and TFA (0.3 mL) was added to the solution under
intensive stirring. The reaction mixture was stirred for 5h at room temperature, until an
IPC (HPLC) indicated complete cleavage of the protecting groups. Compound A and
Compound A-dehydrate were present in the reaction mixture in a ratio of 1:2, along with

additional byproducts. The reaction mixture was diluted with DCM (5.7 mL) and the



VI or a reactive derivative thereof, wherein X** is an am no protecting
group or is X*, and wherein X* and Al* are as defined for a conpound of the
formul a Iwoiznixi4388 1; and, if X** is an am no protecti RgTABTARPSIOENDVI Ng
said am no protecting group X** to yield Hinstead of X* and coupling the
resulting amno group with an acyl gr gyp X* using the correspondi ng acid
X*-0H wherein C* is as defined for a conpound of the fornmula Il in claiml,
or a reactive derivative thereof. 4. The nmethod or process according to
claim3, further conprising cyclization under |actam zation of a |inear

pr ecur soriNSEHYFElrtsd sohdoe wap sariad with tuater (@ Painla HALC &fter A 9h AYria;timet er ni nal
ani no gr o4RodHA bndbetath RNiNAiEAEd § AHtIBOX Y6 A FGUEbmpGuAE A fAIouRd ACBEiEdtONs t hat
allow for the formati on of an am de bond fromsaid am no and sai d carboxy

group, preferably using Solution Phase chem stry. - 95 - 5. The nethod or

]E)r ocelss aEst Yorkupgthe Gegdtiah MixdurewWRBp@uidaentd Neditiopre sodis@racpapt (1dagjid of the
ormula VII|I

I 11, wherein Prot* is a pro tin roup that can be cl eaved
of 1 sel ectTFR) T FROGEY AP [rgroh B R b Lo Ry PR SEPRPEaaRe and | <
st abl e duhé ngyadiepayet @at extractioepth Watei @g25 b}, Tas wateplayelsavdre Beiddictgal ecur sor
peptide (e.q... allyl arbon and . R2* * Re* * nd.R7* are as
Geri nea 191 e arslatide B AL PRt Firtsoinest T p B Bt 1 51 g,
af t er cycdvaparaicorat cfduteedpressye tnabtainh 22 neg dferurel mwioddct &s a &sypredhalctudeVi | 1 A,
renovi ng ] * ' =] of the
Formul a-\rooeeE ek BB, 9500 ot Biarefly Oh Ul Qe bhE e A GERRIG 7
| i near pr¥cuios¥r1GlepbiaieComnpeound A oratf aredfolpurityesgnooiprahieg by|8 gxeato of
synt hesi zgd 5figRdnfe. corresponding amino aci ds by solid phase peptide
synt hesi s and Subsequent cleaving-off fromthe enployed solid phase. 7.
The net hod according to claim®6, conprising either in a variant a),
coupling gt am no acid of the fornmula I|X

Compound A (250 mg) was dissolved in dichloromethane (10 mL) and trifluoroacetic
acid (5 mL) was added, followed by the addition of molecular sieves (1g). IPC (HPLC)
after 1h indicated a ratio of 17:83 for Compound A /Compound A -dehydrate. The
reaction mixture was stirred for a total of 72h at room temperature. For workup, the
molecular sieves were removed by filtration and the solution was poured onto saturated
ag. NaHCOs-solution. The aqueous layer was extracted with ethyl acetate (50 mL). The
organic phase was washed with water (20 mL) and the solvent was evaporated at
reduced pressure and the residue was dried in vacuo to obtain quantitative yield (245
mg) crude product as a foam. HPLC analysis of the crude product indicated the
presence of Compound A / Compound A-dehydrate at a ratio of ca. 4:96 area%.
HR-MS: calculated for C,sH7oNgO+4 [M+H]'= 911.52368, [M+NH4]"= 928.55023,
[M+Nal+= 933.50563; found [M+H]'= 911.52372, [M+NH4]'= 928.55029, [M+Na]'=
933.50538. The structure of Compound A-dehydrate was confirmed by "H-NMR.
"H-NMR (600 MHz, de-DMSO) 81 0.06 (3H, d, J= 6.6 Hz), 0.67 (3H, t, J= 7.3 Hz), 0.70
(3H, d, J=7.0 Hz), 0.77 (3H, d, J= 6.6 Hz), 0.81 (1H, m), 0.87 (6H, m), 1.00 (3H, d, J=
7.0 Hz), 1.02 (3H, d, J=7.0 Hz), 1.06 (1H, m), 1.16 (3H, d, J= 6.5 Hz), 1.17 (1H, m), 1.30
(1H, m), 1.41 (1H, m), 1.53 (1H, m), 1.74 (2H, m), 1.91 (2H, m), 2.01 (1H, m), 2.11 (2H,
m), 2.45 (3H, m), 2.73 (3H, s), 2.74 (1H, m), 3.18 (1H, m), 4.32 (2H, m), 4.50 (1H, m),
4.54 (1H, m), 4.64 (1H, d, J=9.5 Hz), 4.77 (1H, d, J= 11.0 Hz), 5.18 (1H, m), 5.26 (1H,
m), 5.42 (1H, q, J= 6.6 Hz), 6.25 (1H, d, J= 7.3 Hz), 6.32 (1H, d, J= 7.7 Hz), 6.67 (2H, d,



OH X - 96 - wherein R3* is as defined for a conpound of the fornula Il in
claim1l and Prot** is an am no protecting group that can be renoved on the
resin w twoubixi4esssi ng ot her bonds, or a reactive deri vaCirus2t/ozaid am no
acid, via an oxygen to a cleavable linker L which is bound to a solid resin
RES, and renoving the protecting gI‘Ol_JBOI_:’I‘Ot "; coupling the obtained resin
bound am no acid synbolized by the forful a X OL ES

J= 8.4 Hz), 6.75 (1H, 8), 7.04 (2H, d, J= 8.4 Hz), 7.25 (1H, s), 7.30 (1H, d, J= 8.8 Hz),
7.89 (1H, d, J= 9.2 Hz), 7.98 (1H, d, J= 8.1 Hz), 8.50 (1H, d, J= 8.4 Hz), 9.24 (1H, s).

3C:

Compound A-dehydrate (110 mg) from example 2 was dissolved in DCM (20 mL). TFA
(1g) and water (0.2 mL) were added and the reaction mixture was stirred for 20h at room
temperature. For workup, the reaction mixture was poured onto ethyl acetate (50 mL)
and the ethyl acetate solution was extracted with a saturated ag. NaHCOs-solution (50
mL). The organic layer was extracted with water (20 mL) and the solvent was evapora-
ted. The residue was dissolved in ethyl acetate/isopropanol 9:1 (20 mL) and the solution
was clear filtered over a 0.45 micrometer filter. The solvent was evaporated under
reduced pressure and the residue was dried in vacuo at 45 °C to obtain 100mg crude
product. HPLC analysis indicated the presence of ca. 95.6 area% Compound A and ca.
4.4 area% Compound A -dehydrate.



X in which RES and R3* are as defined for a conpound of the formula I X, n
Is a natural nunber and L is a cleavable linker, with an amno acid of the
formul a XVO 200443488 wherein Prot* is as defined for a cecpaBrd2/os19the

formula VIIl in claim5 and R2* is as defined for a conpound of the formula
Il inclaiml, or a reactive derivatiye of said amno acid, coupling the
obt ai ned resin bound di peptide synbolized by the formula Xil, - 97 -
Xl |

Claims

1. A method or process for the preparation of a cyclic depsipeptide compound of the

formula |,
TR
R, N o
O NH N
R5
A R OH
x~ N "R, Q 0
H
0] N
N Y
H
0 Re
wherein

A is a bivalent moiety of an amino acid with a terminal carboxy or carbamoyl group,
especially asparagine or glutamine, and is bound at its right hand side in formula | via a
carbonyl to the rest of the molecule; or is Cq.g-alkanoyl or phosphorylated hydroxy-C.s-
alkanoyl,

Xis bound via an N of A; and is acyl, or is absent if A, is Cy_g-alkanoyl or phosphorylated
hydroxy-C.s-alkanoyl;

R, is Cyg-alkyl, especially methyl;

R; is the side chain of an amino acid, especially of leucine, isoleucine or valine;

Rs is the side chain of an amino acid, preferably of phenylalanine, leucine, isoleucine or
valine;

Rs is the side chain of a hydroxy amino acid, especially of tyrosine;

Rz is the side chain of an amino acid, preferably of the amino acid leucine, isoleucine or
valine; and

Y is hydrogen or C,_g-alkyl;

or a salt thereof,

said method comprising
selectively deprotecting a compound of the formula Il



in which Prot* is as defined for a conmpound of the formula VIl in claimb5,

R2* and R3* are as defined for a conpound of the formula Il in claiml, and
n, L and Walomrw3ss defined for a conpound of the fornulPaTXB20u2/65101e free
hydroxy group with an amno acid of the formula XIl1l, HO NHProt"” X1l
wherein Prot** is as defined for a cogpound of the fornula | X and R7* is as
defined for a conpound of the fornmula™|l in claiml, or a reactive
derivative of said am no acid, and renoving the protecting group Prot"; or,
in a variant b), coupling a d| peptlde of the formula XXVI1, NHProt** XXVII

Rty

A*
i R R* O o)
o) N
N Y
H
o) R.*

wherein Prot is a protecting group, Y is as defined for a compound of the formula | and
X*, A*, Ry, R3*, Rs*, Rg*, and R;y* correspond to X, Ay, Ry, Rs, Rs, Rs, and Rz in formula
[, respectively, but with the proviso that reactive functional groups on these moieties are

Iz

present in protected form at least if they could participate in undesired side reactions, to

result in a compound of the formula 111,

OH
O
% O
3 \)kN
H
NH w

mMY

wherein X*, A*, Ry*, Rs*, Rs*, R¢*, and R;* have the meanings defined above,

/1\

reacting the free hydroxyl group under oxidizing conditions to form a compound of the
formula IV



derivative of said dipeptide, to an am no acyl noiety, bound via an oxygen
to a cleavable linker L which is bound to a solid resin RES, having the
formul a XvOo 20143888 X that can be obtai ned as descri be@#Cunszm20apizant a),
in which RES, and R3* are as defined for a conpound of the fornula I X and L
and RES are as just defined; and rerrpg%pg the protecting group Prot"; and,
after the reactions of variant a) or of variant b), coupling the obtained
conmpound of the fornmula XV,

g
gose3 |

and removing remaining protecting groups to yield a compound of the formula I, or a salt

A *
x+

thereof,

and, optionally, converting a free compound of the formula | into a salt, a salt of a
compound of the formula | into a different salt of a compound of the formula | or into the
free compound of the formula | and/or converting a dehydrated analogue of a compound
of the formula I into the corresponding compound of the formula I.

2. The method or process according to claim 1, wherein the compound of the formula IV
is synthesized by a combination of Solid Phase Peptide Synthesis and Solution Phase
synthesis from the corresponding starting amino acids and side chain precursors.

3. The method or process according to any one of the preceding claims, further com-
prising, for the synthesis of a compound of the formula 1l shown in claim 1, reacting a
compound of the formula VI,



XI'V wherein R2*, R3* and R7* are as defined for a conpound of the fornula
Il inclaiml, Prot* is as defined for a conpound of the fornmula VIII1 in
claim5 awmo202/14388d RES are as defined for a conpound eCTuBmit/oesivul a X,
with an amino acid of the formula XV, in which R6* and Y are as defined
for a conpound of the fornula Il in (_:E3 im1l and Prot** is as defined for a
conpound of the formula I X, or a reactive derivative of said am no acid,
and renoving the protecting group Prot"; coupling the obtained conpound of
the formula XVI XVl wherein Y, R2*, R3*, R7* and R6* are as defined for a
conpound of the formula Il in clai ¥ prot* is as defined for a conpound
of the formula VIIl in claim5 an®n, L and RES are as defined for a
conmpound of the formula X, with an ino acid of the forrmula XV,
Prot **- NHR5* 0 HOXVI I wherei QR5* /S as defined for a conpound of the
fornula I'l in claim1l agd Prof** i§ as d¢efined for a compound of the
formula I X, or a reactive i f said am no acid, and renoving the
protecting group Prot *5,

= <)

NH
NH R.*

R,"
H,N R* O 0
0 N
N Sy
H
o R,"

wherein Prot is a protecting group, Y is as defined for a compound of the formula | and

VI

R>*, R3*, Rs*, R¢*, and R;* are as defined for a compound of the formula Il in claim 1,
with an acid of the formula VIl

A*
**/ 1=~

or a reactive derivative thereof,

wherein X** is an amino protecting group or is X*, and wherein X* and A,* are as defined
for a compound of the formula Il in claim 1; and, if X** is an amino protecting group,
removing said amino protecting group X** to yield H instead of X* and coupling the
resulting amino group with an acyl group X* using the corresponding acid X*-OH wherein
C* is as defined for a compound of the formula Il in claim 1, or a reactive derivative

thereof.

4. The method or process according to claim 3, further comprising cyclization under lac-
tamization of a linear precursor peptide of the compound of the formula VI, carrying an
N-terminal amino group and a C-terminal carboxy group, under reaction conditions that
allow for the formation of an amide bond from said amino and said carboxy group,
preferably using Solution Phase chemistry.



- 100 - XVII1 wherein Y, R2*, R3*, R7*, R6* and R5* are as defined for a
conpound of the formula Il in claiml, Prot* is as defined for a conpound
of the fowoube/iB888 in claim5 and n, L and RES are as aefimBad2Han7a
conmpound of the formula X, to a synthon of the forrmula XI X, Prot** NH OProt
XI X wherein Prot is as defined for a_ggnpound of the formula Il in claiml
and Prot** is as defined for a conpound of the fornmula I X, or an activated
derivative of said synthon, and renoving the protecting group Prot** to

yield a cor_TIpound of the formula XX, - 101 - _ o
5. The method or process according to claim 4, where the linear precursor peptide is of

the formula VI,

OProt
0
OH
R" o
H,N
Os. _NH W
R.”
R,”
Prot*NH R* O 0
0 N
N Y
H
© Rs VI,

wherein Prot* is a protecting group that can be cleaved off selectively without affecting
other protecting groups present and is stable during deprotection steps during synthesis
of the linear precursor peptide (e.g. allyloxycarbonyl) and Ry*, R3*, Rs*, Rs*, and R;* are
as defined for a compound of the formula VI in claim 4, further comprising, after
cyclisation of the compound of the formula VIIl, especially VIIIA, removing the protecting
group Prot* in situ to yield the compound of the formula VI.

6. The method or process according to claim 5, where the linear precursor peptide of the
formula VIII, especially VIIIA, is synthesized from the corresponding amino acids by solid
phase peptide synthesis and subsequent cleaving-off from the employed solid phase.

7. The method according to claim 6, comprising either

in a variant a), coupling an amino acid of the formula IX,

R,*

Prot**NH
OH IX



XX wherein Prot, Y, R2*, R3*, R7*, R6* and R5* are as defined for a
conpound of the formula Il in claiml, Prot* is as defined for a conpound
of the fowoube/iB888 in claim5 and n, L and RES are as aefimBad2Han7a
conmpound of the formula X, and cleaving the solid phase bound peptide in
formula XX off the solid phase L-RES yi el d the correspondi ng conpound of

the formula VI, especially VIIIA as shown in claim5. 8. The nethod or
process according to claiml or claim2, corrpri sing, for the synthesis of
t he conpound of the formula Il of claiml, cI i zing under | actam zation of

a |inear WieseinRsol agégiinagdons CQ’H@”@SI%E@H@F a il ReC3igy n@NAPTPY) 1IS@8r ryi ng an

N-term naémlﬂﬂbﬂﬁecﬁih@gnféuﬁ%t@a@bé ﬁin%v@ébn%u@@%%uﬂb&%av%@%{er b@ﬁ’d%t' on
conditions that allow for the formati on of an am de bond from sai d ami no

and sai d ¥&EBYYEJPaaYve B?%‘F%?’B‘HP;?C'GsY'ﬁS” VNI A Ciﬁﬁ‘é%%e UHeRt P IS 9. The
met hod orpbdquh@es solrRicesih®Esg to claim 8, where the linear precursor peptide

I's of t heanfdorremovmg %ﬁé\{irotectm]g%zroup Pr%%y

coupling the obtained resin bound amino acid symbolized by the formula X,

O-LRES

L —Jln

X
in which RES and R3* are as defined for a compound of the formula 1X, n is a natural
number and L is a cleavable linker, with an amino acid of the formula XI,

@) OH
R,*
Prot*NH

wherein Prot* is as defined for a compound of the formula VIl in claim 5 and Ry* is as
defined for a compound of the formula Il in claim 1, or a reactive derivative of said amino

acid, coupling the obtained resin bound dipeptide symbolized by the formula XII,



wherein X*, Al*, R2*, R3*, R5*, R6*, R7* and Prot are as defined for a
conpound of the formula Il in claim1. 10. The nethod or process according
to cl ai mwWQ 2b1evt4Be88 conpri sing, for the synthesis of thecrtapmozindiovf the
formul a XXV, cleaving a conpound of the fornula XXV, XXI'V wherein X*
Al*, R2*, R3*, R5*, R6*, Rr* and Protgare as defined for a conpound of the
formula Il inclaim1, Lisa cleavablé& linker, RESis a solid resin, nis a
nat ural number and Prot** is an am no protecting group that can be renoved
wi t hout parallel renmoval of the protecting group Prot and with the product
remai ning on the resifp— and (before the =—103 - cleavage, in parallel or
subsequently to it) renoving the protecting| group Prot** to yield the
conmpound of the formula XXV. 11. The nethod| or process according to claim
10, further conprising, for the synthesis of the conpound of the fornula

XXI'V, coupling an am pho acid of Rhe fornul a| X X, Prot** NH
RO
0 o-L|RES

NH

R,
Prot*NH

OH
Xl

in which Prot* is as defined for a compound of the formula VIIl in claim 5, Ry,* and R3*
are as defined for a compound of the formula Il in claim 1, and n, L and RES are as
defined for a compound of the formula X, via the free hydroxy group with an amino acid
of the formula XIllI,

R*

7
HO
NH-Prot**

o XIII

wherein Prot** is as defined for a compound of the formula IX and R;* is as defined for a
compound of the formula Il in claim 1, or a reactive derivative of said amino acid, and

removing the protecting group Prot**;

or, in a variant b), coupling a dipeptide of the formula XXVII,

Prot*NH R,*

NHProt**

O XXVII

wherein R3* and Prot** are as described for a compound of the formula 1X, especially
IXA, and Prot* is as defined for a compound of the formula VIl in claim 5, or a reactive



HO OP rot XIX, wherein Prot is as defined for a conmpound of the formula
Il inclaiml and Prot** is as defined for a conpound of the fornmula XXIV

i n clai mwO,20v143888act i vated derivative of said am no aecaiBmi/bsia7conpound
of the formula XXII1, (XXI'l'l1) wherein X*, Al*, R2*, R3*, R5*, R6* and
R7* are as defined for a conpound of the formula Il inclaiml, Lis a
cleavable linker, RESis a solid resin; and n is a natural nunber. 12. The
nmet hod or process according to claim 11, further conprising, for the

synt hesi s of the conpound of the fornmula XXI1l, coupling an am no acid of
t he for mAeiivatiye|of said dipeptide, to an amino acyl moiety, bound via an oxygen to a cleavable

linker L which is bound to a solid resin RES, having the formula X,

O-LRES

L —ln

X
that can be obtained as described under variant a), in which RES, and R;* are as
defined for a compound of the formula IX and L and RES are as just defined;

and removing the protecting group Prot**;

and, after the reactions of variant a) or of variant b), coupling the obtained compound of
the formula XIV,

R,
I
o)
NH O-L-|RES
R,"
Prot'NH R,
o)
NH,
o
I —Jn

XV

wherein Ry*, R3* and R;* are as defined for a compound of the formula Il in claim 1,
Prot* is as defined for a compound of the formula VIII in claim 5 and n, L and RES are as

defined for a compound of the formula X, with an amino acid of the formula XV,



- 104 - Prot***-NHRS5* /LO HOXVII*, wherein R5* is as defined for a conpound
of the formula Il inclaiml1l and Prot*** is an am no protecting group that
can be clweaver/waBgsssel ectively w thout affecting other pCOUBDRZ/ONRIITY oupS
present and with the product remaining on the resin, or a reactive

derivative of said amno acid, with ag ompound of the fornmula XXII, XXII
wherein X*, Al*, R2*, R3*, R6* and R/*"are as defined for a conpound of the
formula Il inclaiml1, Lis a cleavable linker, RESis a solid resin, and n

is a natural nunber, and renoving the protecting group Prot***. 13. The
met hod or process according cl 8% 12, further conprising, for the
synt hesis of the conpound of Jit he grnula XXI'l, coupling an am no acid of
the formula Xv*, Prot*** In ¥hich R6* and Y are as defined for a
conmpound of the forrmula Il in aiml and Prot*** is an am no protecting
group that can be cleaved off sé&l ectively w thout xXgffecting other

in which Rg* and Y are as defined for a compound of the formula Il in claim 1 and Prot**
is as defined for a compound of the formula IX, or a reactive derivative of said amino
acid, and removing the protecting group Prot**;

coupling the obtained compound of the formula XVI

O
R,*
O
NH O-L-|RES
Rz*
Prot*NH R.* 0 T
O N
N Y
H
o) R,
I —_1n

XVI

wherein Y, Ry*, R3*, R;* and Rg* are as defined for a compound of the formula Il in claim
1, Prot* is as defined for a compound of the formula VIl in claim 5 and n, L and RES are
as defined for a compound of the formula X, with an amino acid of the formula XVII,

Prot**-NH R.*
0

HO XVII

wherein Rs* is as defined for a compound of the formula Il in claim 1 and Prot*™ is as
defined for a compound of the formula IX, or a reactive derivative of said amino acid, and
removing the protecting group Prot**,

and finally coupling the resulting compound of the formula XVIII,



- 105 - protecting groups present and with the product remai ning on the
resin, or a reactive derivative of said amno acid, with a conpound of the
formul a XX0D,2012/1438€8, wherein X+, Al*, R2*, R3* and R7* ace/1Bmigeiivrred for a
conmpound of the formula Il inclaiml, Lis a cleavable linker, RESis a
solid resin, and n is a natural nunbey,, and renoving the protecting group
Prot***  14. The method or process according to claim 13, further
conprising, for the synthesis of a conpound of the formula XX, reacting an
amno acid of the formula XIl11*, HO NHProt*** X ||*

R;) O-L-|RES
o ) i\

NH OhN .
o 2N Rs
* 2 *
Prot*NH ( R, ) N/=O
N Sy
H
o) R,*

XVII

wherein Y, Ry*, R3*, R7*, Rs* and Rs* are as defined for a compound of the formula Il in
claim 1, Prot* is as defined for a compound of the formula VIl in claim 5 and n, L and
RES are as defined for a compound of the formula X, to a synthon of the formula XIX,

Prot**__

HO\[H\/\/OProt

o XIX
wherein Prot is as defined for a compound of the formula Il in claim 1 and Prot*™ is as
defined for a compound of the formula IX, or an activated derivative of said synthon, and
removing the protecting group Prot** to yield a compound of the formula XX,



wherein Prot*** is an am no protecting group that can be cl eaved off
sel ectively without affecting other protecting groups present and wth the
product rwoabrmgsssn the resin, and R7* is as defined fecTaBworpigrd of the

formula Il in claiml, or a reactive derivative of said amno acid, - 106
- XXVI wherein X*, Al*, R2* and R3* .are as defined for a conpound of the
formula |1 inclaiml,Lisacleavab1|elinker, RES is a solid resin, and n

is a natural nunber; and renoving the protecting group Prot***. 15. The
nmet hod or process according to claim 14, further conprising, for the

synthesis of a cempound of the fornmula XXVI, cetpling a resin bound
di pepti de synbol |zed by the for a Xl|* O-L{RES
OProt
R,*
0
0
NH NH .
R.* N e
* 2 *
Prot*NH O R, @] N/=O
N Y
H
0 R,
I —n

XX
wherein Prot, Y, Ry*, R3*, R7*, Rs* and Rs* are as defined for a compound of the formula
Il'in claim 1, Prot* is as defined for a compound of the formula VIl in claim 5 and n, L
and RES are as defined for a compound of the formula X,

and cleaving the solid phase bound peptide in formula XX off the solid phase L-RES to
yield the corresponding compound of the formula VIII, especially VIIIA, as shown in claim
5.

8. The method or process according to claim 1 or claim 2, comprising, for the synthesis
of the compound of the formula Il of claim 1, cyclizing under lactamization of a linear
precursor peptide of the compound of the formula Il, carrying an N-terminal amino group
and a C-terminal carboxy group, under reaction conditions that allow for the formation of
an amide bond from said amino and said carboxy group, preferably using Solution
Phase chemistry.

9. The method or process according to claim 8, where the linear precursor peptide is of
the formula XXV,



XIl* in which Prot**** is a protecting group that can be cleaved off

sel ectively without affecting other protecting groups present in a conpound
of the fowoube/148888s defined in claiml1l and with the pr@eduaB2mzo#pTi ng on
the resin, R2* and R3* are as defined for a conpound of the fornmula Il in
claiml, L is a cleavable linker, RE§4,s a solid resin, and n - 107 - is a
nat ural nunber, after renoval of the protecting group Prot**** via the thus
obtained free amino group, with an acid of the formula VII A* X**|' OH VI |
wherein X** is an amno protecting group or is X*, and wherein X* and Al*
are as defined for a conpound of th&¥rnula Il in claiml, or a reactive
derivative of said acid; and, if is an am no protecting group, renoving
said ami no protecting groupoX** to yneld H instead of X* and coupling the
resulting amno group with acyl oup X* using the corresponding acid
X*-0H wherein X* is as fin conpound of the formula Il in claiml,
or a reactive derivative®o saichiN

Os. _NH
NG R
A R,*
x+ 1\” R Q 0
o N

N Y

H
R*

© 6 XXV

wherein X*, A*, Ry*, Rs*, Rs*, R¢*, Ry* and Prot are as defined for a compound of the

formula Il in claim 1.

10. The method or process according to claim 9, further comprising, for the synthesis of
the compound of the formula XXV, cleaving a compound of the formula XXIV,

0
N\ O-L{RES
OProt
R,
0
o)
NH
Prot**NH N s
. . \Rs
/A'I ~ R2
X" H R7* O /=O
o} N
N Y
H
o) R,"
—_—lhn

XXIV

wherein X*, A*, Ry*, Rs*, Rs*, R¢*, Ry* and Prot are as defined for a compound of the
formula Il in claim 1, L is a cleavable linker, RES is a solid resin, n is a natural number
and Prot*™* is an amino protecting group that can be removed without parallel removal of
the protecting group Prot and with the product remaining on the resin, and (before the



16. The method or process according to claim 15, further conprising, for

the synthesis of a conmpound of the fornula XIl, coupling a resin bound
am no aciwoymrhabssgsed by the fornula X O L- RES X wirerTaBmiR83197%s as
defined for a conmpound of the formula Il in claiml, Lis a cleavable

linker, RESis a solid resin, and n ig,a natural nunber, with an amno acid
of the formula Xl *, OCH

cleavage, in parallel or subsequently to it) removing the protecting group Prot** to yield
the compound of the formula XXV.

11. The method or process according to claim 10, further comprising, for the synthesis of
the compound of the formula XXIV, coupling an amino acid of the formula XIX,

Prot**__

HOWOProt

o XIX,

wherein Prot is as defined for a compound of the formula Il in claim 1 and Prot*™ is as
defined for a compound of the formula XXIV in claim 10, or an activated derivative of
said amino acid, with a compound of the formula XXIII,

R, O-L-|RES
o >/‘(

NH H,N J
. 2NRs
AP R,
X" H R7* Q /=O
0 y NSy
H
@) R,"

(XX

wherein X*, A%, Ry*, Rs*, Rs*, R¢* and R;* are as defined for a compound of the formula

Il'in claim 1, L is a cleavable linker, RES is a solid resin, and n is a natural number.

12. The method or process according to claim 11, further comprising, for the synthesis of
the compound of the formula XXIII, coupling an amino acid of the formula XVII*



OH XI*, - 108 - wherein Prot**** is a protecting group that can be cl eaved
of f selectively without affecting other protecting groups present and with
t he prodwwO 20evmB8388Ng on the resin, and R2* is as defi nedTiABro1zosompound of
the formula Il in claiml, or a reactive derivative of said am no acid.

17. The nethod or process according tg,claim16, further conprising, for
obtaining the resin bound am no acid of the fornmula X, coupling an am no
acid of the formula I X*, OH X* wherein R3* is as defined for a compound of
the formula Il in cIa|m1 and Prot*** is an am no protecting group can be
cl eaved off selectively Riot hait Recting other protecting groups present
and with the product renmaining dn the resi n, or a reactive derivative of
said amno acid of the forrmula I=co a hydroxy group bound via a cl eavabl e
linker L which is bound to a g@fid resin RES, an% enmoving the protecting
group Prot***, 18. The nethod or process accordf ¥4 to any one of clains 1
to 16, where the synbols Al, R2, R3, R5, R6, R7, Xand Yor t he

correspon pr ti . o R7*, X*
and Y3 argﬁeggpec"’t@%%%g erc%lje{?{a?(gnr% e%r%g;sh%ﬁ{’r%maﬁm ao"?ﬁ]n1 nd Prfl?ﬁ '?gr?rrul al, or
a salt t henieoprotekling g roluh@dmicarabenleav@chfmlecb\feliwmm afrfeqtleg bthend vi a the

car bonyl L& = ] - | of Al in
For mul 3 11355y GoGRAMEReK R APk Brodi BB i, bPE rédcild

hydr oxy - 3eiMetiveied Az Rnordcih wih pl comraundofiiee foymulapXlli s i sopropyl, isobutyl
or benzyl, especially isobutyl;

Ry’ 0
0 %O-L- RES
NH
R *
xS *R* O H
H |
o N
N s
H
o R,"
______ p— ) 1 ]

XX

wherein X*, A*, Ry*, Rs*, R¢* and R;* are as defined for a compound of the formula Il in
claim 1, L is a cleavable linker, RES is a solid resin, and n is a natural number, and
removing the protecting group Prot***.

13. The method or process according to claim 12, further comprising, for the synthesis of

the compound of the formula XXII, coupling an amino acid of the formula XV*,

0 I'i’rot***

N
HO Y

R Xv*

in which Rg* and Y are as defined for a compound of the formula Il in claim 1 and Prot***

is an amino protecting group that can be cleaved off selectively without affecting other



R5 is sec-butyl

i's iIsopropyl

or benzyl,
or sec-butyl,

especially sec-butyl;
especi ally sec-butyl;

R6 i s 4-hydroxybenzyl; R7

X is acetyl

or

i sobutyryl,

or i s abswot20if143€88i s 2S- ( 2- hydr oxy- 3- phosphonooxy) - pr opConBLO1aN&9Y | S

met hyl . -
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19. A method or process for converting a dehydrate of a

conpound of the formula 1 given in Qjﬂ§n11 or with the substituents as

defined in claim18 into the correspon

t he dehydrate has the fornmula Vv, v,

R7 are as defined for a conpound of the formula |

grng conpound of the formula I,

in which V. X Al,

in any

wher e
R2, R3, Rs, R6 and
one of clains 1

and 18; aRBIEGYNG ArQURSHY PREOpMLIVHTYINR FRCLA EIFINSAIYR &SI Oha &ackiVRe- 1 i ng
i nstead oferit BRI Baid bRt 4HicE with af BFTFBLAY of tibioRhulBBXIal SO be formed as

byproduct and has the fornmula V*,

3
=
O O-L-|RES

XXI,

wherein X*, A*, Ry*, Rs* and R;* are as defined for a compound of the formula Il in claim
1, L is a cleavable linker, RES is a solid resin, and n is a natural number, and removing

the protecting group Prot***.

14. The method or process according to claim 13, further comprising, for the synthesis of
a compound of the formula XXI, reacting an amino acid of the formula XIII*,

R*

7
HO
NH-Prot***

o XIII*

wherein Prot*** is an amino protecting group that can be cleaved off selectively without
affecting other protecting groups present and with the product remaining on the resin,
and R;” is as defined for a compound of the formula Il in claim 1, or a reactive derivative

of said amino acid,

with the hydroxyl group of a compound of the formula XXVI,



HOO V* especially the formula VA*, WD 2012/143888PCT/ 1B2012/ 051977 -
110 - HOO X NR7 0 , Al. \WNO. 112

WO 2012/143888 PCT/IB2012/051977
- 106 -
R,
HO
0 L
M O-L-[RES
/A1*\N R,"
X+ H
OH
S —_—n
XXV

wherein X*, A*, Ry* and R3* are as defined for a compound of the formula Il in claim 1, L
is a cleavable linker, RES is a solid resin, and n is a natural number;

and removing the protecting group Prot***.

15. The method or process according to claim 14, further comprising, for the synthesis of
a compound of the formula XXVI, coupling a resin bound dipeptide symbolized by the
formula XII*,

R,*
<
O MH o-L{RES
R,"
Prot****NH
I OH —_n

XII*
in which Prot*** is a protecting group that can be cleaved off selectively without
affecting other protecting groups present in a compound of the formula Il as defined in
claim 1 and with the product remaining on the resin, R,* and R3* are as defined for a
compound of the formula Il in claim 1, L is a cleavable linker, RES is a solid resin, and n



HIIl O,/,/ NN, YHVA* inwichY, X Al, R2, R3, R5, R6 and R7 are as
defined for a conpound of the fornmula | in any one of clains 1 and 18,
respect i webyp120i43888 et hod or process for shifting the egarhBmne/smwof a

m xture of a conpound of the fornmula |I and its correspondi ng dehydrate
and/or hem am nal in favor of the co und of the formula I, said nethod or
process conprising using an aqueous acld as reactive sol vent to drive the
reaction. 20. The method according to claim19, wherein the acid is a
carboxylic acid, especially a halo substituted Cl.8al kanoic acid, nore
especi al |'§atnuam'@arr@ae:@ft@rde@@m opthetretedting o, et c ™ waithe th2§0btﬂ\'”§@)rrpound of
the for mied drhino §Bup, with an acid of the formula VII

A*
**/ RS

wherein X** is an amino protecting group or is X*, and wherein X* and A,* are as defined
for a compound of the formula Il in claim 1, or a reactive derivative of said acid;

and, if X** is an amino protecting group, removing said amino protecting group X** to
yield H instead of X* and coupling the resulting amino group with an acyl group X* using
the corresponding acid X*-OH wherein X* is as defined for a compound of the formula Il

in claim 1, or a reactive derivative of said acid.

16. The method or process according to claim 15, further comprising, for the synthesis of
a compound of the formula XlI, coupling a resin bound amino acid symbolized by the

formula X,

O-L-|RES
n

wherein R3* is as defined for a compound of the formula Il in claim 1, L is a cleavable
linker, RES is a solid resin, and n is a natural number,
with an amino acid of the formula XI*,

@) OH

Prot***NH"
OH XI*,



|1 SUBSTI TUTE SHEET (RULE 26) wherein Prot is a protecting group, Y is as
defined for a conpound of the formula | in claiml or claim18 and X*, Al*,
R2*, R3* ,wBep12R@3888and R7* correspond to X, A, R2, R31PRIIBRG2/0:AT R7 in
formula | as defined in claiml1 or in claim18, respectively, however wth
the proviso that reactive functional foups on these noieties are present
in unprotected or protected form 22. /& conpound of the formula IIl, R6*
(I'11) wherein Y is as defined for a conpound of the formula | in claim1l or
claim18 and X*, Al*, R2*, |V, R5* Re*, and R7* correspond to X, Al, R,
R39 R59 R®NergiAdrat7 ™ iR 2fPEtAEHng gro%)sth%féﬁﬂﬁé&'qaﬁe%@féﬁﬂﬁmiw@vWi'tHOlEIaﬁﬁ‘%H”%

respect i vgheft, pr&l@%ﬁ%}rrodwstpﬁ’esbhﬁarwﬁmw the pFof&I@&t réﬁh@i‘h P\bfh thelRGIN 9RdAR,*3§ oUpPS
ot her thantheh rox eresented at the top ormula Il on these

noi eti es aa%(@flﬁﬁé ﬁtCO f thesfofraga Y,in 15'?'81 %é{rédeqcély?rperlvatlve of said

amino acid.

17. The method or process according to claim 16, further comprising, for obtaining the
resin bound amino acid of the formula X, coupling an amino acid of the formula IX*,

R,*

Prot***NH
OH IX*

wherein R3* is as defined for a compound of the formula Il in claim 1 and Prot*™** is an
amino protecting group can be cleaved off selectively without affecting other protecting
groups present and with the product remaining on the resin; or a reactive derivative of
said amino acid of the formula X, to a hydroxy group bound via a cleavable linker L
which is bound to a solid resin RES, and removing the protecting group Prot***.

18. The method or process according to any one of claims 1 to 16, where the symbols
A4, Ry, R3, Rs, Rg, Ry, X and 'Y or the corresponding unprotected or protected moieties
R>*, R3*, Rs*, Re*, R7*, X* and Y3 are selected so that, in the resulting compound of the
formula |, or a salt thereof,

A is the bivalent radical of L-glutamine bound via the carbonyl of its a-carboxyl group to
the amino group at the right of A, in formula | and via its a-amino group to X, or is 2S-(2-
hydroxy-3-phosphonooxy)-propionyl;

R, is methyl;

R; is isopropyl, isobutyl or benzyl, especially isobutyl;

Rs is sec-butyl or benzyl, especially sec-butyl;

Rs is 4-hydroxybenzyl;

Rz is isopropyl or sec-butyl, especially sec-butyl,

X is acetyl or isobutyryl, or is absent if A, is 2S-(2-hydroxy-3-phosphonooxy)-propionyl
and

Y is methyl.
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19. A method or process for converting a dehydrate of a compound of the formula |
given in claim 1 or with the substituents as defined in claim 18 into the corresponding

compound of the formula |, where the dehydrate has the formula V,

(o]
H
R, N O
O, NH N
” — R
A R
X/ 1\n 2 R7 0 o
O N
N D'
H
o R Y

in which Y, X, A;, Ra, R3, Rs, Rs and R; are as defined for a compound of the formula | in
any one of claims 1 and 18;

and/or its corresponding hemiaminal analogue with a five-ring instead of the ahp
structure in formula | which may also be formed as byproduct and has the formula V*,

HO
(o]
o} NH NH
RS
x’A1

R,
N o
N R, o}
o N.
N Y
H
o Rg

especially the formula VA*,

V*

SUBSTITUTE SHEET (RULE 26)
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HO
0
RJ\KU\N o

o NH N

R, 5
o 2 N.
71)"’”)]\( Y
H

0 R,

VA*,
in which Y, X, A4, Rz, Rs, Rs, Rs and R; are as defined for a compound of the formula | in

any one of claims 1 and 18, respectively;

or a method or process for shifting the equilibrium of a mixture of a compound of the
formula | and its corresponding dehydrate and/or hemiaminal in favor of the compound

of the formula I,

said method or process comprising using an aqueous acid as reactive solvent to drive

the reaction.
20. The method according to claim 19, wherein the acid is a carboxylic acid, especially a
halo substituted Cy.galkanoic acid, more especially trifluoroacetic acid or trichloroacetic

acid.

21. A compound of the formula 11,

OProt
0
R3 O
N
H
N R,"
Wy /K(
o

SUBSTITUTE SHEET (RULE 26)
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whereln Prot is a protecting group, Y is as defined for a compound of the formula | in
claim 1 or claim 18 and X*, A/*, R>*, R3*, Rs*, Re*, and R;* correspond to X, A, Rz, Rs,
Rs, Re, and Ry in formula | as defined in claim 1 or in claim 18, respectively, however
with the proviso that reactive functional groups on these moieties are present in
unprotected or protected form.

22. A compound of the formula [il,

R,* z<
N
H
¢) NH

OH
O
NH R
At R,
x= N *R* 0 o
@) 4 N
N >y
H
°c Re ay
wherein Y is as defined for a compound of the formula | in claim 1 or claim 18 and X*,
A% R, R3*, Rs*, Rg*, and R;* correspond to X, Ay, Rz, Rs, Rs, Rs, and Ry in formula | as
defined in claim 1 or in claim 18, respectively, however with the proviso that reactive

functional groups other than the hydroxy represented at the top in formula 11 on these
moieties are present in unprotected or protected form.

SUBSTITUTE SHEET (RULE 26)



