Met hod for preparing |ysobactin derivatives The present invention relates to
it method for preparing cyclic depsipeptides of the followng formula (1) O
NHz O HO NMNHOI R ROOHNOOCH RNNHW HCH3 ROR ONH/ OHOO
ONH HNN H3C CH3 HCH3 CH3 HM /NH NH2 (1) in which R is Hor CH3, in
which Rz is hydrogen, C, -C, -cycloal kyl, Cs-C, -cycloal kenyl, C3-G

cycl oal kyl - nethyl, 5- to 7-nmenbered heterocyclyl nmethyl, nethyl, ethyl,

n- propyl, isopropyl, 1-nethylprop-1-yl, 2-methyl prop-1-yl,

2, 2-di net hyl prop-1-yl, 1,1-dinethylprop-1-yl, 1-ethylprop-1-yl,

1l-ethyl -1 -methyl prop-1-yl, n-butyl, 2-nethylbut-1-yl, 3-nethylbut- 1-yl,
l-ethyl but-1-yl, tert-butyl, 4-nethylpent-1-yl, n-hexyl, alkenyl or aryl, 2

Method for preparing lysobactin derivatives

The present invention relates to a method for preparing cyclic depsipeptides of the

following formula (I)

A, XIV r @ = CHR

I?NQ

\(CH
CH, HN\(NH

W

in which R!'is H or CHs,

in which R? is hydrogen, C;-Cs-cycloalkyl, Cs-Ce-cycloalkenyl, C;-C, cycloalkyl-
methyl, 5- to 7-membered heterocyclylmethyl, methyl, ethyl, n-propyl, isopropyl,
1-methylprop-1-yl, 2-methylprop-1-yl, 2,2-dimethylprop-1-yl, 1,1-dimethylprop-1-yl,
1-ethylprop-1-yl, 1-ethyl-1-methylprop-1-yl, n-butyl, 2-methylbut-1-yl, 3-methylbut-
1-yl, 1-ethylbut-1-yl, tert-butyl, 4-methylpent-1-yl, n-hexyl, alkenyl or aryl,



whereby RI may be substituted with 0, 1, 2 or 3 substituents sel ected

i ndependently of one another fromthe group consisting of hal ogen, hydroxy,
am no, cyano, trimethylsilyl, alkyl, alkoxy, benzyloxy, C -C,,-cycloalkyl,
aryl, 5- to 10-nenbered heteroaryl, alkylam no, arylam no,

al kyl car bonyl am no, aryl carbonyl an,ino, al kyl- carbonyl, al koxycarbonyl,
aryl carbonyl and benzyl oxycar bonyl am no, wherein aryl and heteroaryl in turn
may be substituted with 0, 1, 2 or 3 substituents selected independently of
one another fromthe group consisting of hal ogen, hy- droxy, am no, cyano,
nitro, alkyl, alkoxy and phenyl, in which R3 is hydrogen or C -C, -alkyl, or
in which RI and R together with the carbon atomto which they are bonded
forma C -C -cycloalkyl ring or a 5- t®& 7-nenbered heterocyclyl ring,
whereby the cycloal kyl ring and the heterocyclyl ring may be substituted
with 0, 1, 2 or 3 substituents selected independently of one another from
t he group conshe$¢biyri@ npf be sutfskitupedowieh Ry1,,2 ordl skpdtituealskebeyted imdiepdrkighttyar bonyl ,
in which R i @lek¥lothé® frdd tﬁé/(\glr(ﬁﬁl MIEI’SUI% ott Qalziox fﬂ%{oﬁg Bﬁfn%r Qﬁbﬁ%l yl, aryl,

5- or 6- nmenbered heteroaryl | car oné car bony
C, - 06- cycl oal KieaBHEngikyl 3“«3{% be?zyh%b&r ucyrﬁl@ﬁléyloé%|§r|feawd8ﬁwered
aryl car bonyl ,heferodyl, 6H<§7ﬂeﬂibﬁf edyliirihe aaylydreaivtanbiod) ydryledrbalykyhias) siwgar bonyl ,

wher eby al kyl I oaryl, al koxycarbonyl ,
cycl oal kyl - é%?oxﬁ %ﬁ“ﬁéFUXQCaQWBf wbSHbPU¥EVVP§§PgamI het er oar yl car bonyl
and al kyl am nocar - bonyl may be substltuted with 0, 1, 2" or :3 substituents

ﬁsld(ragisfj ;nmde‘%rgﬁ?ﬁ{/" ? dnd’ EEtgoafgl I%Qﬁrtnq% 3 gegs%mtltt ged AlRYP1 CPNSS SHING.9f hal ogen,

selected mdependently of one another 'from the group consisting of halogen, hy-

droxy, amino, cyano, nitro, alkyl, alkoxy and phenyl],
in which R?*is hydrogen or C;-Cs-alky],
or

in which R? and R® together with the carbon atom to which they are bonded form a
Cs-Ce-cycloalkyl ring or a 5- to 7-membered heterocyclyl ring, whereby the cycloalkyl
ring and the heterocyclyl ring may be substituted with O, 1, 2 or 3 substituents
selected independently of one another from the group consisting of trifluoromethyl,

alkyl, alkoxy and alkylcarbonyl,

in which R* is alkyl, Cs-Cs-cycloalkyl, 5- to 7-membered heterocyclyl, aryl, 5- or 6-
membered heteroaryl, alkylcarbonyl, alkoxycarbonyl, Cs;-Cs-cycloalkylcarbonyl, 5- to
7-membered heterocyclylcarbonyl, arylcarbonyl, 5- or 6-membered heteroarylcar-

bonyl or alkylaminocarbonyl,

whereby alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxycarbonyl, cycloalkyl-
carbonyl, heterocyclylcarbonyl, arylcarbonyl, heteroarylcarbonyl and alkylaminocar-
bonyl may be substituted with 0, 1, 2 or 3 substituents selected independently of one
another from the group consisting of halogen, hydroxy, amino, alkylamino and

phenyl,



wher eby al kyl carbonyl is substituted with an am no or al kyl am no
substituent, and whereby al kyl carbonyl may be substituted with a further O,
1 or 2 substituents selected independently of one another fromthe group
consi sting of hal ogen, hy- droxy, trinmethylsilyl, alkoxy, alkylthio,
benzyl oxy, Ca-C6-cycl oal kyl, phenyl, naphthyl, 5- to 10-nenbered
het eroaryl, al kyl carbonyl am no, al koxycarbonyl am no, aryl carbonyl am no,
aryl car bonyl oxy, benzyl oxycarbonyl and benzyl oxycarbonyl - am no, whereby
phenyl and heteroaryl in turn may be substituted with 0, 1, 2 or 3 substitu-
ents sel ected i ndependently of one another fromthe group consisting of
hal ogen, hydroxy, nitro, alkyl, alkoxy and phenyl, or two substituents on
t he sane carbon atomin the al kyl carbonyl together with the carbon atomto
whi ch they are bonded forma C3-C;cycloalkyl ring or a 5- to 7- nenbered
het erocyclyl ring, whereby the cycloal kyl ring and the heterocyclyl ring may
be substituteddwith O, 1, 2 or 3 substituents sel ected independently of one
anot her fromthe group consisting of trifluoronethyl, alkyl and al koxy, or
wher eby the cycloal kyl ring may be benzo-fused, in which R is hydrogen,
Ci - C4- al kyl , veheedbyplkglegrbomid ispybdtivpgedpih awarhiplo or dlkylamifosuptitednt,R4 and Rs
together with the nitrogen atomto which they are bonded forma 5- to
7- menbered heterocyclyl ring, whereby the heterocyclyl ring nay be substi -
tuted with 0,278, 2 or 3 substituents selected i ndependently of one another
fromthe group consisting of hal ogen, hydroxy, am no, cyano, alkyl, al koxy
and al kyl am no,

whereby alkylcarbonyl may be substituted with a further 0, 1 or 2 substituents

selected independently of one another from the group consisting of halogen, hy-

droxy, trimethylsilyl, alkoxy, alkylthio, benzyloxy, Cs-Ce-cycloalkyl, phenyl,

naphthyl, 5- to 10-membered heteroaryl, alkylcarboenylamino, alkoxycarbonylamino,

arylcarbonylamino, arylcarbonyloxy, benzyloxycarbonyl and benzyloxycarbonyl-

amino,

whereby phenyl and heteroaryl in turn may be substituted with 0, 1, 2 or 3 substitu-
ents selected independently of one another from the group consisting of halogen,
hydroxy, nitro, alkyl, alkoxy and phenyl,

or two substituents on the same carbon atom in the alkylcarbonyl together with the
carbon atom to which they are bonded form a C;-Cg-cycloalkyl ring or a 5- to 7-
membered heterocyclyl ring,

whereby the cycloalkyl ring and the heterocyclyl ring may be substituted with 0, 1, 2
or 3 substituents selected independently of one another from the group consisting of
trifluoromethyl, alkyl and alkoxy,

or

whereby the cycloalkyl ring may be benzo-fused,

in which R® is hydrogen, C:-Cs-alkyl, cyclopropyl or cyclopropylmethyl,



as well as conpounds useful in this nethod. The cyclic depsipeptides

depi cted above include inter alia the two natural products depicted bel ow,
which are referred to as |ysobactin and katanosin A These substances are
inhibitors of the cell wall biosynthesis and thus have anti bacteri al
activity. 0 HO, N2 OHONH CH3 NHO ~') I\ HNO O CH3 0 0O OH HZN NH
HNHC CH3 CH3 O/ ~R ONHOONH CH3 HOOONHN] H3CHH---r CH3 CH3
HN' /NH NH2 |ysobactin, R = CH3 katanosin A, R = H J The bacterial cel
wal | is synthesized by a nunber of enzynes (cell wall biosynthesis)

or

in which R* and R® together with the nitrogen atom to which they are bonded form a
S- to 7-membered heterocycly!l ring, whereby the heterocyclyl ring may be substi-
tuted with 0, 1, 2, or 3 substituents selected independently of one another from the

group consisting of halogen, hydroxy, amino, cyano, alkyl, alkoxy and alkylamino,
as well as compounds useful in this method.
The cyclic depsipeptides depicted above include inter alia the two natural products

depicted below, which are referred to as lysobactin and katanosin A. These substances

are inhibitors of the cell wall biosynthesis and thus have antibacterial activity.
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and is essential for the survival and reproduction of mcroorgani sns. The
structure of this macronol ecule, as well as the proteins and bi osynthesis
internedi ates ("precur- sor") involved in the synthesis thereof, are highly
conserved within the bacteria. OmsMng to its essential nature and
uniformty, cell wall biosynthesis is an ideal point of attack for novel
anti biotics. Vanconycin and penicillin are inhibitors of the bacterial cel
wal I biosynthesis and represent successful exanples of the antibiotic
potency of this principle of action. They have been enpl oyed for several

decades clinically for the treatnment of bacterial infections, especially
with gram positive pathogens. Due to the grow ng occurrence of resistant
m crobes, for exanple nethicillin-resisfant staphyl ococci, penicillin-

resi stant pneunococci and vanconycin-resi stant enterococci, and recently
also for the first time vanconycin-resi stant staphyl ococci, these
subst ances arkheibagerzdselngdlyis sinokesizgd bhenvmbdief apeoes Celbivhil bmeynthdsigsobact i n

has to date %@ns éa@nam&dmpyurmmga V%rraoca&l&%mafog{a mm%@sthy&&p@pter sp.
SC 14067, it is further known from 99239 &I to renove the two

| euci ne uni t ShigmasprEabicriet #evill 2idhs PokgiteRt bianthess giemedidm WPEH!Tot her

groups. A V\QMr”Dﬁnvi@[v@@alﬁltHQS)ierS@Q&ﬁErde‘f, aﬂéahgmp&bxﬁ\seﬁe@rmdﬁfﬁ itvabicves. t her eof
havi ng varlaQSOns ellwr’%lete ynthe3|s i S not known

to date. Itlslflﬁmﬂsesseo%me(f{gu ?&ﬁﬁﬁ%ﬂlon AOSHRLER BETAIFERHBY f or

preparing cycﬂ@bmﬁé@ukwﬂpepmpdgs of the abovenentloned formula (1). This
obj ect is achieved by a nethod for preparing cyclic depsipeptides of formula

(1) by intramol ecul ar cyclization of a conpound of the follow ng formula
(11) 6 PG OWrpgydq and penicillin are inhibitors of the bacterial cell wall biosynthesis and

represent successful examples of the antibiotic potency of this principle of action.
They have been employed for several decades clinically for the treatment of bacterial
infections, especially with gram-positive pathogens. Due to the growing occurrence
of resistant microbes, for example methicillin-resistant staphylococci, penicillin-
resistant pneumococci and vancomycin-resistant enterococci, and recently also for
the first time vancomycin-resistant staphylococci, these substances are increasingly

losing their therapeutic efficacy.

Lysobactin has to date been obtained by fermentation using for example Lysobacter
sp. SC 14067. 1t is further known from WO 2004/099239 Al to remove the two
leucine units which form the linear segment and replace them with other groups. A
way of preparing lysobactin, katanosin A or derivatives thereof having variations in

the linear segment by complete synthesis is not known to date.

It is thus an object of the invention to describe a method for preparing cyclic dep-

sipeptides of the abovementioned formula (1).

This object is achieved by a method for preparing cyclic depsipeptides of formula (I)

by intramolecular cyclization of a compound of the following formula (II)



PGOONH HO R RR HNOOPG NNROHNCH3 XOOylO~ ONHR H2N N
vhse- HV N CH=Hpl CH3 PGCH3 CH3 HW JNH PG NH (Il) in which R to
Rs are as defined above, in which Xis OH an active ester, a pseudohal ogen
(e.g. an azide) or a halogen, and in which PGis Hor a suitable protecting
group, and subsequent deprotection of the cyclic internediate to formthe
cyclic depsipep- tide of fornmula (1). This nethod is characterized in that
the (i-hydroxy a-amno acid (here (3-phenyl- serine =

( 3- hydr oxyphenyl al anine) esterified on O is chemcally activated in the
cycli -

6

(1D)

in which R! to R* are as defined above,
in which X is OH, an active ester, a pseudohalogen (e.g. an azide) or a halogen, and

in which PG is H or a suitable protecting group,

and subsequent deprotection of the cyclic intermediate to form the cyclic depsipep-

tide of formula (I).

This method is characterized in that the B-hydroxy a-amino acid (here B-phenyl-
serine = B-hydroxyphenylalanine) esterified on O is chemically activated in the cycli-
zation step and then behaves as acyl donor. The cyclization takes place by an amide

linkage (lactam formation) and not by an esterification reaction (lactone formation).

The method is further characterized in that the cyclic segment of the depsipeptide
lasso structure is prepared by a cyclization at the bridgehead amino acid (here B-

hydroxyphenylalanine).



zation step and then behaves as acyl donor. The cyclization takes place by
an am de |inkage (lactamformation) and not by an esterification reaction
(lactone formation). The method is further characterized in that the cyclic
segnent of the depsipeptide Ilasso structure is prepared by a cyclization at
the bridgehead am no acid (here (3- h ydroxyphenylalan ine). 7 For the

pur pose of the present invention, substituents have the foll ow ng neaning
unl ess specified otherw se: A kyl per se and "al k" and "al kyl" in al koxy,

al kyl am no, al kyl carbonyl, al koxycar- bonyl, al kyl am nocarbonyl and

al kyl carbonyl am no represents a |inear or branched alkyl radical generally
having 1 to 6, preferably 1 to 4, partlcularly preferably 1 to 3 carbon
atonms, by way of exanple and preferably’nethyl, ethyl, n-propyl, isopropyl,
tert- butyI n-pentyl and n-hexyl. Al koxv by way of exanple and preferably
represents nethoxy, ethoxy, n-propoxy, isopropoxy, tert-butoxy, n-pentoxy
and n- hexoxy.FORHKelHPOSE OpFRESRIATE! WVELHOai Giveutieidt Ravsrihp falieeiredmadrieny |

radi cal havi ngues §pecifiecath&rafte: at ons. Preference is given to a straight-chain
or branched al kenyl radical having 2 to 4, particularly preferably having 2
to 3 carbon atons. Exanples which may be preferably nentioned are: vinyl,

allyl, h In propodk | | y d "ana'talua -2k@iN-id alkbxy, Atky AR | bnﬁnalk%)éﬂ:aranﬂ
2- et hy! pr op-.2- en- m ng I epresent s m no_r.adi avi ng
one or two alfoprl-aisgamindgar i el &%WPP§¥ 1“8%é“§ﬁ3¥ﬁ%{) by way

of exanple awmr@f@kmmnmam 1 tafri puegferaigy Rytb dnpareulariypprefeseblnt toc3

i sopropyl am erdir oyt Wb
N, N- di net hy!| oo s ﬁm N amplt ﬁﬁ'yé%’f&‘@*fw e, he’i‘hﬁeﬁ%lo%?‘ R8propyl,

N- et hyl - N- n-{BFBEyh éﬁF%%ImKPWEQ%POpyI .N-n- propylanlno
N-tert-butyl - N—nethyl am no, N-ethyl- N—n-pentylanino and
N- n- hexyl - N-net@yl

by way of example and preferably represents methoxy, ethoxy, n-propoxy,

isopropoxy, tert-butoxy, n-pentoxy and n-hexoxy.

Alkenyl represents a straight-chain or branched alkenyl radical having 2 to 6 carbon
atoms. Preference is given to a straight-chain or branched alkenyl radical having 2 to
4, particularly preferably having 2 to 3 carbon atoms. Examples which may be
preferably mentioned are: vinyl, allyl, n-prop-l-en-1-yl, n-but-2-en-1-yl, 2-
methylprop-1-en-1-yl and 2-methylprop-2-en-1-yl.

Alkylamino represents an alkylamino radical having one or two alkyl substituents
{chosen independently of one another), by way of example and preferably methyl-
amino, ethylamino, n-propylamino, isopropylamino, tert-butylamino, n-pentylami-
no, n-hexylamino, N,N-dimethylamino, N,N-diethylamino, N-ethyl-N-methylamino,
N-methyl-N-n-propylamino, N-isopropyl-N-n-propylamino, N-tert-butyl-N-methyl-

amino, N-ethyl-N-n-pentylamino and N-n-hexyl-N-methylamino.

Arylamino represents an arylamino radical having one aryl substituent and option-
ally a further substituent such as, for example, aryl or alkyl, by way of example and

preferably phenylamino, naphthylamino, phenylmethylamino or diphenylamino.



Aryl am no represents an arylam no radi cal having one aryl substituent and
option- ally a further substituent such as, for exanple, aryl or alkyl, by
way of exanple and preferably phenyl am no, napht hyl am no, phenyl net hyl am no
or di phenylam no. 8 Al kyl carbonyl represents an al kyl carbonyl radi cal
havi ng one al kyl substituent, by way of exanple and preferably

nmet hyl car bonyl , et hyl carbonyl, n-propyl carbonyl, isopropylcarbonyl,
tert-butyl carbonyl, n-pentylcarbonyl and n-hexyl carbonyl. Al koxycar bonyl
represents an al koxycarbonyl radical having one al koxy substituent, by way
of exanple and preferably nethoxycarbonyl, ethoxycarbonyl, n-propoxy-
carbonyl, isopropoxycarbonyl, tort-butoxycarbonyl, n-pentoxycarbonyl and

n- hex- oxycarbonyl. Cycl oal kvl carbonvl Bepresents a cycl oal kyl car bonyl

radi cal having one cycl oal kyl substituent, by way of exanple and preferably
cycl opropyl carbonyl, cycl obutyl car- bonyl, cyclopentyl carbonyl and

cycl ohexyl carfispgdrbonyb represenyte y labaicrbayi! rpdienl dgwing ong akkat sybstetperity bear bonyl
radi cal havi naayoeﬁee;tb%tp@er Qﬁd’gre@érwly swex%tmam%p]t 7et}QfYca%Mlefn &eswkmand
preferably tetraggdrofuran

é’ ¥ ero i | carbonyl
pyrrol i din- 3- SPREIPBBFRPPY! f53fiom WFHVP@a ﬁﬁﬁ??rbﬁpﬁé?qﬂPﬁV¥ &Pnybonyl
nor phol i nyl car bonyl and perhydroazeplnylcarbonyl Aryl carbonyl represents an

aryl carbonyl radi cal havin one g ngtituth’HE% way of exanple and
pref erabl y pheAGAEHPHRyIPe Fﬂ;{bh‘fa@? HEFBIRy FOEAT PSR I U S bony | .

Fbteroarylcarbommyofepﬁmsemhspﬂﬁh@ﬂgnmamqwcamh@nyﬁmﬁ@thﬁWIhammp@wene
heteroaryl s o] ) ar bonyl ,
furyIcarbonyl&gﬁ%&$?§£h¥€ggﬁﬁgxw iy ﬁé@g?&?%ﬁﬁﬁ @$$8%§§%% %g?%%% |,

i mi dazol yl car ®oaPoypyri dyl - car bonyl , pyrlnldylcarbonyl

pyri dazi nyl carbonyl, indolyl carbonyl, indazolylcar- bonyI

benzofuranylcarbonyl benzothlophenylcarbonyl qU|noI|nyIcarbonyI and i so-
CycloalKylcarbonyl represents a cycloalkylcarbonyl radical having one cycloalkyl

substituent, by way of example and preferably cyclopropylcarbonyl, cyclobutylcar-
bonyl, cyclopentylcarbonyl and cyclohexylcarbonyl.

Heterocyclylcarbonyl represents a heterocyclylcarbonyl radical having one heterocy-
clyl substituent, by way of example and preferably tetrahydrofuran-2-ylcarbonyl,
pyrrolidin-2-ylcarbonyl, pyrrolidin-3-ylcarbonyl, pyrrolinylcarbonyl, piperidinylcar-
bonyl, morpholinylcarbonyl and perhydroazepinylcarbonyl.

Arylcarbonyl represents an arylcarbonyl radical having one aryl substituent, by way
of example and preferably phenylcarbonyl, naphthylcarbonyl and phenanthrenyl-

carbonyl.

Heteroarylcarbonyl represents a heteroarylcarbonyl radical having one heteroaryl

substituent, by way of example and preferably thienylcarbonyl, furylcarbonyl,
pyrrolylcarbonyl, thiazolylcarbonyl, oxazolylcarbonyl, imidazolylcarbonyl, pyridyl-
carbonyl, pyrimidylcarbonyl, pyridazinylcarbonyl, indolylcarbonyl, indazolylcar-
bonyl, benzofuranylcarbonyl, benzothiophenylcarbonyl, quinolinylcarbonyl and iso-

quinolinylcarbonyl.

Alkylcarbonylaming represents an alkylcarbonylamino radical having one alkyl

substituent, by way of example and preferably methylcarbonylamino, ethylcarbonyl-



qui nol i nyl car bonyl . Al kyl car bonyl am no represents an al kyl car bonyl am no
radi cal having one al kyl substituent, by way of exanple and preferably

met hyl car bonyl am no, ethyl carbonyl 9 am no, n-propyl carbonyl am no,

i sopropyl car bonyl am no, tert-butyl carbonylam no, n-pentyl carbonylam no and
n- hexyl car bonyl am no. Aryl carbonyl am no represents an aryl carbonyl am no
radi cal having one aryl sub- stituent, by way of exanple and preferably
phenyl car bonyl am no, napht hyl carbon- yl am no and phenant hr enyl car bonyl ani no.
Al kyl am nocar bon represents an al kyl am nocar bonyl radical having one or two
al kyl substituents (chosen independently of one another), by way of exanple
and preferably nethyl am nocarbonyl, ethylam nocarbonyl,

n- propyl am nocar bonyl , iso- propylam no€arbonyl, tert-butylam nocarbonyl,

n- pent yl am nocar bonyl, n-hexyl - am nocarbonyl, N, N-di net hyl am nocar bonyl,

N, N- di et hyl ar ni nocar bonyl, N-ethyl-N nethyl am nocar bonyl ,

N- et hyl - N- n- priopy heninysedrbdapine, Nopwpprapylylashine, prgpytylcadiennecabonyl ,

N-tent - butyI - No o %@Mggﬂhﬂgﬁgggpg%bwkuﬁggﬂmhAN—n pentyl am nocar b- onyl and
N- n- hexyl - Phy am nocar bonyl cl oal represents a cycl oal kyl group

general ly haV|ng 3 to 6 carbon atons by way of exanple and preferably

cycl opropyl, ;Kﬁﬁbl@ﬂﬁlé/{hmocﬂéﬁrleﬁﬁﬁnatd/ Lryﬁﬁ@o&%&hﬁb e%dital haOMG Qrl keiNyb.

represents a cycl oal keny roup generally haV|n 5 to 6 carbon atons and

one or two doUBiatPInYy, Otﬁgarﬁﬁlﬁ f PESIARY Bhepyigaihpeylaping) paphthylcarbon-

cycl opent - | - eylarhingland pogrehapayicadoanarhingl , cycl opent - 3-en-1 -yl ,

cycl ohex-1-en-1-yl, cycl ohex-2-en-1-yl and cyclohex-3-en-1-y|. Aryl

represents a nono- to tricyclic aromatic, carbocyclic radical generally

havi ng 6 to Adyleambanbatydmepreskyts wayalilflangradploeylandicplr bévéngabhe opleny| |

naphthyl and BM'su&ﬂﬂkn{s%Qﬁ’Jsen independently of one another), by way of example and
preferably methylaminocarbonyl, ethylaminocarbonyl, n-propylaminocarbonyl, iso-
propylaminocarbonyl, tert-butylaminocarbonyl, n-pentylaminocarbonyl, n-hexyl-
aminocarbonyl, N,N-dimethylaminocarbonyl, N,N-diethylaminocarbonyl, N-ethyl-N-
methylaminocarbonyl, N-methyl-N-n-propylaminocarbonyl, N-isopropyl-N-n-propyl-
aminocarbonyl, N-tert-butyl-N-methylaminocarbonyl, N-ethyl-N-n-pentylaminocarb-

onyl and N-n-hexyl-N-methylaminocarbonyl.

Cycloalkyl represents a cycloalkyl group generally having 3 to 6 carbon atoms, by
way of example and preferably cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

Cycloalkenyl represents a cycloalkenyl group generally having 5 to 6 carbon atoms
and one or two double bonds, by way of example and preferably cyclopent-1-en-1-yl,
cyclopent-2-en-1-yl, cyclopent-3-en-1-yl, cyclohex-1-en-1-yl, cyclohex-2-en-1-yl and
cyclohex-3-en-1-yl.

Aryl represents a mono- to tricyclic aromatic, carbocyclic radical generally having 6
to 14 carbon atoms; by way of example and preferably phenyl, naphthyl and phe-

nanthrenyl.

Heterocyclyl represents a mono- or polycyclic, preferably mono- or bicyclic, hetero-
cyclic radical generally having 5 to 7 ring atoms and up to 3, preferably up to 2

heteroatoms and/or hetero groups from the series N, O, S, SO, SO.. The heterocyclyl



ek B e e i .

Het erocycl yl represents a nono- or polycyclic, preferably nono- or blcycllc
hetero- cyclic radical generally having 5 to 7 ring atons and up to 3,
preferably up to 2 heteroatons and/or hetero groups fromthe series N, O,

S, SO SOz. The heterocyclyl 10 radicals nay be saturated or partly
unsaturated. Preference is given to 5- to 7-nenbered nonocyclic saturated
het erocyclyl radicals having up to two heteroa- tons fromthe series 0, N
and S, such as by way of exanple and preferably tetrahy- drofuran-2-yl,
pyrrolidin-2-yl, pyrrolidin-3-yl, pyrrolinyl, piperidinyl, norpholinyl and
per hydroazepi nyl. Heteroarvl represents an aromatic, nono- or bicyclic

radi cal generally having 5 to 10, preferably 5to 6 ring atons and up to 5,
preferably up to 4 heteroatons fromtheloseries S, 0 and N, by way of
exanpl e and preferably thienyl, furyl, pyrrolyl, thiazolyl, oxazolyl,

i mdazolyl, pyridyl, pyrimdyl, pyridazinyl, indolyl, indazolyl, benzofu-
ranyl, benzothiioghenal be gaiuncstd wylpaghyd unsioqatedoPrefeydnee Cargbonyto- bonded ami no
acid represent.s, AR ATAMoAGkE Whl6h Ae_%er&g dedaihi® hiif W6a6RABHeHouP of the
am no acid aci unction. Preference 1s given in 'S c nnec- tion

a- am no aci dstopy fropethesedss G A S, BN GT#Y &f FHIPIS ndorieteraly] taﬁfawat ur ally
occurring a- a(ﬂfbf\u@arﬁ@yld?pyﬁbllmn-a%/l py@doli@xamp| ByrrdinyC ipigridlnyal médpAdinyl- val i ne,
L- | euci ne, euci ne -proline, L-phenylalanine, L-tryptophan or

natural |y occd}lmﬁa Ka%PM%i0 acids in the unnatural D-configuration such as,
for exanple, D-alanine, D valine, D-leucine, Disoleucine, D-proline,
&ﬁgggy't g' fﬂ' ﬁ_gjtgmt_%‘g%reﬁl% enPs a%” xf.eht}é”moﬂat “Bf%kchgrr‘%d‘cal %%Ierqﬁy P%‘fﬁgﬂm%s' de group
Cs- C6- cycl oal kyfermbtyhiyfo, 6 ng a(%nSca]@I@aﬂOK%/Ipref@@HW bp tm4 heteopaydms from the

2, 2-di met hyl prapyg, Oatnem bgwaybﬁex%mgﬁtahab@&wly thn X1, Q}Vrrcﬁlylllr}‘ﬁazol?lr the side

chaln fornms a rlng e a-carbon atom of the am no acid such f or
exanpl e, cycPop p&‘Pld(’éOrWInBY%‘M dPYTHRId; HquaZIB%I%‘Eﬂ%fpﬁ‘r?é%%fleWPfuc aci d),

cycl obutyl, cwabipbenzothiophenyl, quinolinyl and isoquinolinyl.

Carbonyl-bonded amino_acid represents an amino acid which is bonded via the
carbonyl group of the amino acid acid function. Preference is given in this connec-
tion to a-amino acids in the L- or in the D-configuration, in particular naturally
occurring o-amino acids such as, for example, glycine, L-alanine, L-valine, L-leucine,
L-isoleucine, L-proline, L-phenylalanine, L-tryptophan or naturally occurring a-
amino acids in the unnatural D-configuration such as, for example, D-alanine, D-
valine, D-leucine, D-isoleucine, D-proline, D-phenylalanine, D-tryptophan or un-
natural amino acids having a side group bonded to the o-carbon atom of the amino
acid, such as, for example, C;3-Cs-cycloalkylmethyl, Cs-Ce-cycloalkyl, ethyl, n-
propyl, 2,2-dimethylpropyl, tert-butyl, 3-methylbutyl, n-hexyl or allyl, or the side
chain forms a ring with the o-carbon atom of the amino acid such as, for example,
cyclopropyl (amino acid: 1-amino-1-cyclopropanecarboxylic acid), cyclobutyl, cyclo-
pentyl or cyclohexyl, or B-amino acids (for nomenclature, cf.: D. Seebach, M. Over-
hand, F. N. M. Kiihnle, B. Martinoni, L. Oberer, U. Hommel, H. Widmer, Helv. Chim.
Acta 1996, 79, 913-941), such as, for example, B-alanine, B-phenylalanine, B-Aib (a-
methylalanine) or derivatives of 2,3-diaminopropionic acid (e.g. 2,3-diamino-3-

phenylpropionic acid).



pentyl or cycl ohexyl, or R-amno acids (for nomenclature, cf.: D. Seebach,
M Over- hand, P. N. NI. Kuhnle, B. Martinoni, L. Ooerer, U Hoinnel, H
Wdmer, Hely. Chin], Acta 1996, 79, 913-941), such as, for exanple,

P-al ani ne, R-phenyl alanine, R-Aib (a- nethylal anine) or derivatives of

2, 3-di am nopropionic acid (e.g. 2,3-diam no-3- phenylpropionic acid). 11
Hal ogen represents fluorine, chlorine, bromne and iodine, preferably
fluorine and chlorine. The termactive ester includes all active esters
known to the nman of the art. Exanples of active esters preferred in the

i nvention include cyanonethyl esters, p-nitrophenyl esters, o-nitrophenyl
esters, 2,4-dinitrophenyl esters, 2,4,5-trichlorophenyl esters,

pent achl or ophenyl esters, pentafl uorophényl esters (Pfp),

N- hydr oxypht hal i m de esters, N hydroxysuccinin de esters (0-Su),

1- hydr oxypi peri di ne esters, 5-chloro-8- hydroxyquinoline esters. The

i ntranol ecul dtalesge [represeite dlupring [chlegne, Heorfige pat iighno frrederaldpiflderiiomdl whi ch can
in principle fer@ehi eved by any process known to the man of the art. The
cyclization thereby takes place by the nucl eophilic attack depicted bel ow.
PGO1 0,,, NPG H PGOO\ NH NHO R R H O OHN 00-PG NN

The term active ester includes all active esters known to the man of the art. Examples
of active esters preferred in the invention include cyanomethyl esters, p-nitrophenyl
esters, o-nitrophenyl esters, 2,4-dinitrophenyl esters, 2,4,5-trichlorophenyl esters,
pentachlorophenyl esters, pentafluoropheny! esters (Pfp), N-hydroxyphthalimide
esters, N-hydroxysuccinimide esters (O-Su), 1-hydroxypiperidine esters, 5-chloro-8-

hydroxyquinoline esters.

The intramolecular cyclization involves the formation of an amide bond which can

in principle be achieved by any process known to the man of the art.

The cyclization thereby takes place by the nucleophilic attack depicted below.

PG—q Qﬁ [f;
R’ \/I;NH04A\7

H.N, H

2 T,
N N
CH,: H



RE ~HNHCOCH3 XOO} OIyOONHR H2N,,,, H\V NN CH3 H O  /CH3 PG
CH3 CH3 H\W /NH PG NH 12 |If X represents an active ester, a pseudohal ogen
or a halogen, the reaction generally takes place in inert solvents, where
appropriate in the presence of a base, preferably in a tenperature range
from-30C to 50 under atnospheric pressure. Exanples of inert solvents are

t et rahydr of uran, nethyl ene chloride, pyridine, diox- ane, chloroform

di ethyl ether, terl-butyl methyl ether, ethyl acetate or dinethylfor-

mam de, with preference for nethylene chloride or dinmethyl formam de.
Exanpl es of bases are triethylamne, triisopropylethylam ne or

N- et hyl norpholine, wth preference for triisopropylethylamne. If X
represents OH, the reaction generally tdkes place in inert solvents in the
presence of a dehydrating reagent, where appropriate in the presence of a
base, preferably in a tenperature range from-30C to 50C under atnospheric
pressure. Exalpl @gregmts Wﬁivwwem%m?@bﬁm oy el esear Benwcyer Bengelly

di chl or onet hap@esflack fih inceHoReAEBI RN Gpréptdi-as anbpRENsUSHL B hrazens,
ni tromet hane,  di oxane, diﬁEéﬁyI3 R?fmﬁﬂiq§ or acetonitrile. It is also
possibl e to el SPPEIHSEUFE B Lo et S0IpAPRPRAFC pressure.

Examples of inert solvents are tetrahydrofuran, methylene chloride, pyridine, diox-
ane, chloroform, diethyl ether, fert-butyl methyl ether, ethyl acetate or dimethylfor-

mamide, with preference for methylene chloride or dimethyl formamide.

Examples of bases are triethylamine, triisopropylethylamine or N-methylmorpholine,

with preference for triisopropylethylamine.

If X represents OH, the reaction generally takes place in inert solvents in the presence
of a dehydrating reagent, where appropriate in the presence of a base, preferably in a

temperature range from -30°C to 50°C under atmospheric pressure.

Examples of inert solvents are halohydrocarbons such as dichloromethane or tri-
chloromethane, hydrocarbons such as benzene, nitromethane, dioxane, dimethyl-
formamide or acetonitrile. It is also possible to employ a mixture of solvents. Particu-

larly preferred solvents are dichloromethane and dimethylformamide.

Examples of suitable dehydrating reagents are carbodiimides such as, for example,
N,N’-diethyl-, N,N-dipropyl-, N,N-diisopropyl-, N,N-dicyclohexylcarbodiimide, N-(3-
dimethylaminoisopropyl)-N’-ethylcarbodiimide hydrochloride (EDC), N-cyclohexyl-
carbodiimide-N’-propyloxymethyl-polystyrene (PS-carbodiimide) or carbonyl com-
pounds such as carbonyldiimidazole or 1,2-oxazolium compounds such as 2-ethyl-5-
phenyl-1,2-oxazolium 3-sulfate or 2-fert-butyl-S-methyl-isooxazolium perchlorate or
acylamino compounds such as 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline or
propanephosphonic anhydride or isobutyl chloroformate or bis(2-oxo-3-
oxazolidinyl)phosphoryl chloride or benzotriazyloxytri(dimethylamino)phos-
phonium hexafluorophosphate or O-(benzotriazol-1-yl)-N,N,N’,N’-tetramethyl-
uronium hexafluorophosphate (HBTU), 2-(2-oxo-1-(2-H)-pyridyl)-1,1,3,3-tetra-



| arly preferred solvents are dichloronethane and di net hyl f or mam de. Exanpl es
of suitable dehydrating reagents are carbodiim des such as, for exanple,

N, N -di ethyl -, NN-dipropyl-, N Ndiisopropyl-

N, N- di cycl ohexyl carbodiiniide, N-(3-

di met hyl am noi sopropyl )-N -et hyl carbodiinri de hydrochl oride (EDC),

N-cycl ohexyl - carbodii m de-N - propyl oxynet hyl - pol ystyrene (PS-carbodiim de)
or carbonyl com pounds such as carbonyl diim dazole or 1,2-oxazolium
conpounds such as 2-ethyl-5- phenyl -1, 2-oxazolium 3-sul fate or
2-tert-butyl-5-nmethyl -i sooxazolium perchlorate or acylarnino conpounds such
as 2-et hoxy-1-ethoxycarbonyl -1, 2-di hydroqui noli ne or propanephosphonic
anhydride or isobutyl chloroforrnate orl3bi s(2-ox0-3- oxazolidinyl)phosphoryl
chloride or benzotriazyl oxytri (di met hyl am no) phos- phoni um

hexaf | uor ophosphate or O (benzotriazol-1-yl)-N,N,N,N -tetrarnethyl -

ur oni ur n hexahdthynophos phadtio(ddBEtd) (TIAU| 2010 X7 -hzab2radjriqayirli-dy NNV, N5 3, 3-tetra

13 et hyl urqgﬁréﬁq@tﬂ)ﬁﬁJoﬁ{u}rﬂjﬁgxg*?&frgﬂk%s;(h-EPT(H)ATQforhl Tydro benzo riazol iHOBt

O (7-azabenzotri azo tranet Ur oRi um exa uorophosphat e
(HATU) or 1- dew9bé\ﬁ%10]t-ylpé}2t5p(gu(lq_qbﬂfxyunquhosphomum hexafluorophosphate

benzotri azol -goy) @xylbernlz@tﬁdzonmiytbym@tw@almms@mdmmrﬂex@fahmmwapr&@éﬂat e
(BOP) or benzg 1{]617?2% ‘él oxy tris rrot |d|thno g &Eghoni um
hexaf | uor ophdSPHA? 8 VB Cérr]‘l HY FHORGEUEETChIH d&8¢6r i xt ures t her eof

wi th bases. Exarrpl es of bases are aI kali netal carbonates such as, for
XAl & S0 Wik Bl BOLES 5 LI SRLORNAN SLLPLEHLIRNALE QU 8r d3Nlg bases
4- et hyl nor phsmm rcerbowtmkmapbq@@tel ol nr@ama-batﬁs rsetthys amlkbdpymmue@ tor

di i sopr opyl etéﬁa@hﬁmn@e N-H;Qt%yfnﬁﬁ‘ﬁﬁdli%@ isSmBhakerARliNe, C@[rﬁétﬁﬁpﬁ)‘e‘ﬂdlmt h. HATU in
the presence of 4- t hyl mor phol i ne. The corrpounds of formula (I'l) carry

protecting gr%ﬂﬁ@ym@yﬁﬁﬁ? Bbﬁilisﬁlfrépyl‘é%yli“ﬂ%i‘? in these cases the
i ntramol ecul ar cyclization of the conmpound of fornmula (I1) is fol-

The reaction is preferably carried out with HATU in the presence of 4-

methylmorpholine.

The compounds of formula (II) carry protecting groups where appropriate, so that in
these cases the intramolecular cyclization of the compound of formula (1) is fol-
lowed by a removal of the protecting groups by methods known to the man of the

art.

The term “suitable protecting group” as used herein includes all protecting groups
which are known to a man of the art and can be used to mask a specific function and
can thereafter be removed again without initiating further alterations in the molecule

to be deprotected.

For example, primary or secondary hydroxy groups can be protected as cleavable
ethers, in particular as methoxymethyl, benzyloxymethyl, p-methoxybenzyl-
oxymethyl, benzyl, tert-butyl, tetrahydropyranyl, allyl, p-chlorophenyl, p-nitrophenyl
or triphenylmethyl ethers. Silyl ethers represent a further possibility for protecting
hydroxy groups, for example trimethylsilyl (TMS), tert-butyldimethylsilyl (TBDMS),
triisopropylsityl (TIPS), tert-butyldiphenylsilyl (TBDPS) or triphenylsilyl ethers.

Hydroxy groups can further also be protected by ester groups, for example by acetyl,



| owed by a renoval of the protecting groups by nethods known to the man of
the art. The term "suitable protecting group”" as used herein includes al
protecting groups which are known to a nan of the art and can be used to
mask a specific function and can thereafter be renoved again w t hout
initiating further alterations in the nolecule to be deprotected. For
exanpl e, primary or secondary hydroxy groups can be protected as cl eavabl e
ethers, in particular as nethoxynethyl, benzyl oxynet hyl, p-nmethoxybenzyl -
oxymet hyl , benzyl, ter]-butyl, tetrahydropyranyl, allyl, p-chlorophenyl,
p-ni trophenyl or triphenylnmethyl ethers. Silyl ethers represent a further
possibility for protecting hydroxy groups, for exanple trinmethylsilyl
(TMS), ter]-butyldinmethyl silyl (TBDVS)I# triisopropylsilyl (TIPS)
tert-butyl di phenylsilyl (TBDPS) or triphenylsilyl ethers. Hydroxy groups
can further also be protected by ester groups, for exanple by acetyl, 14
benzoyl, propenivyl ,prefiboioaldetoptetylt tricklrawdglc dtifpdoroacetyt, | arosroyt estyls., or

crotyl ester sBes,lde@Qﬁes@eérﬁdagée,su@aséo@&aéx%pleSha@ﬁlyagarbérfafe %mnaalb%natget hyl
car bonat e, aIIyI carbonate, 'benzyl carbonate are also suitable for

protecting albednbrabonae Eir%alf%?‘t‘tﬁ}éli@ f%é’é%?%’l“é alcphqis &t 1s Buther BosgiPledpibicuri ¢ aci d
or sul fonic agikd®fsuGkicasd of Qﬂfoexamak ﬁxch&Wf&Br&etx@mplaJ Juythe W1fyRoRdrRtze, p-

t ol uenesul f onat e S é) ul f onat tin roups for
al cohol s. P? 211“ eer%egs%lgmgteg ° c?te) I¢ metﬂgﬁsblzforfate rydr C(%?)% grou8u90§ % e(gst crt-butyl

ethers or silyl ethers espeC|aIIy tert- butyldlnethyIS|IyI et hers.

P i . h
Prot ecting gralRRg oazﬁreamﬁ b8, AP By AN SOOI OLR ATy o DL GELS e same

(2,2,5,7, 8- péﬁﬁﬁmﬂﬁﬁV%U@kwﬂﬂayhy@ﬁﬁwgkkchronen 6-yl)sul fonyl group (PMC
group). Carboxy groups can be protected in the formof their alkyl, silyl,
arylal kyl or ary- testers, for exanple as nethyl, ethyl, tert- butyl
trimethylsil Wroteqtl@gtgrm ytplmbwefphWegupvpmo group are in pr1nc1p1e the same as for

hydroxy groups, with preference in this case for the (2,2,5,7,8-pentamethyl-3,4-
dihydro-2H-chromen-6-yl)sulfonyl group (PMC group).

Carboxy groups can be protected in the form of their alkyl, silyl, arylalkyl or ary-
lesters, for example as methyl, ethyl, tert-butyl, trimethylsilyl, tert-butyldimethylsilyl,
benzyl, picolyl, trichloroethyl or trimethylsilyl esters. Carboxy groups can also be
protected in the form of various amides, anilides or hydrazides, for example as N,N-
dimethylamide,  pyrrolidinylamide,  piperidinylamide, o-nitroanilide, = N-7-
nitroindolylamide or N-phenylhydrazide. Besides these, they can also be protected as
orthoesters, for example as trimethyl orthoesters. Carboxylic acids are preferably

protected in the form of their esters, especially as methyl or trimethylsilylethyl esters.

Groups particularly suitable for protecting amino groups are those which afford
cleavable carbamates, for example methoxycarbonyl, tert-butoxycarbonyl (Boc),
benzyloxycarbonyl (CBz or Z), allyloxycarbonyl (alloc), 9-fluoroenylmethoxy-
carbonyl (Fmoc), 2-trimethylsilylethylcarbonyl, 1-adamantylcarbonyl, m-nitrophenyl
groups. Amino groups can further also be protected in the form of easily cleavable
amides or imides, for example as formamide, chloroacetamide, trichloroacetamide,
trifluoroacetamide, benzoylamide, o-nitrophenylacetamide, phthalimide, tetrachloro-
phthalimide or nitrophthalimide. A further possibility for protecting amino groups is

to form cleavable amines with particular alkyl groups such as, for example, the tert-



benzyl, picolyl, trichloroethyl or trinethylsilyl esters, Carboxy groups can
al so be protected in the formof various am des, anilides or hydrazi des,
for exanple as N, N dinethyl am de, pyrrolidinylam de, piperidinylamde,
o-nitroanilide, N-7- nitroindolylam de or N phenyl hydrazi de. Besides these,
they can also be protected as orthoesters, for exanple as trimnethyl
orthoesters. Carboxylic acids are preferably protected in the formof their
esters, especially as nmethyl or trinmethylsilylethyl esters. G oups
particularly suitable for protecting am no groups are those which afford

cl eavabl e carbamates, for exanpl e net hoxycarbonyl, tert-hutoxycarbonyl

(Boc), benzyl oxycarbonyl (CBz or Z), allyloxycarbonyl (alloc),

9-f | uor oenyl net hoxy- carbonyl (Fnoc), 2lirimethyl silylethylcarbonyl,

1- adamant yl car bonyl, mnitrophenyl groups. Am no groups can further also be
protected in the formof easily cleavable am des or imdes, for exanple as
f or mam de, chbwylogieer athi desthylrdredn, dho ad@reartingdyl gtoupf theofenacarimrite,

benzoyl am de, 58giok rtHPQﬁﬂY%@G&b@rv@H@%ﬁ_yl RRpalsidl de.fol etdndnd! @k Oz 4-BOt hal i m de
or nltrophtha%Jnlde. A further possibility for protecting am no groups is

to form cl eavAlbPBReHY 8%P-wi t h particul ar al kyl groups such as, for exanple,
the tert 15 butyl group, the nethyl group, the triphenyl nmethyl group, the
ferrocenylnethxl qroup or. the akggl roup or with aryl %rou s. such as, for
exanpl e, the 9YRIGTES HrtHIPRRKYISE Ooa%.tec bAMEP S0y PP ABYEE dBTSY used to
protect the apirnaigrtetpytosyrarbamdnBod heaeylodycarpaiyt i(Chtl @arz)tertflaudeaxly car bonyl
(Boc), benzyl ) or 9-fluoroenyl- nmethoxycarbonyl groups
(Frmoc). The p?%%%g%gﬁgxg#%% §(§$§%ed here serve nerely as exanple and do not
represent an exhaustive listing of all the possibilities. A nore extensive

treat ment of j ! - i I bard n . P. G M
. iy %’o%rc@@g $r§u1§SQ1stela%e§eO§éM 1*18&19 as @ag%lélghéid?(% l}{\([))tnr,%%%ﬁg m\1N ey &

Wits Protective UPS nACX%?nIC Synt he- sis, 1
Sons | nc. 199%khaustive listing of all the possibilities. A more extensive treatment of this area is to

be found inter alia in T. W. Greene, P. G. M. Wuts Protective Groups in Organic Synthe-
sis, 3" Edition, John Wiley & Sons Inc. 1999.

The groups represented by PG as used herein may in one molecule be the same or
different suitable protecting groups or combinations of identical or different protect-

ing groups with H or exclusively H.

The compound of formula (II) is preferably a compound of the following formula
(Ila)



The groups represented by PG as used herein may in one nol ecul e be the sane
or different suitable protecting groups or conbinations of identical or
different protect- ing groups with H or exclusively H The conpound of
formula (11) is preferably a conpound of the following formula (lla) 16 PG

0O 10,,, N'PG H PGOOill NH NHHOPGN ROOHNOGOPG NHR HNO
HN'IH3SC CH I I, OO0OOONHR 100l HN,,, HNA\N CH3 0 yCH3
16
ITG 0O
0., PG
N
H

o
X 1
0 O« _NH R'
| 0
H2N/,/,
CH.:
0O ? CHa
[
CH
PG 3 CH, HNYNH
_NH
PG (Ila)

in which X and R! are as defined above,

in which R® is isopropylmethyl, tert-butylmethyl, 2 2-dimethylbut-1-yl, 2-ethyl-2-
methylbut-1-yl, 2,2-diethylbut-1-yl, 2,2-dimethylpent-1-yl, 3-pyridylmethyl, 4-
trifluoromethyl-3-pyridylmethyl, benzyl or trimethylsilylmethyl,

in which R’ is isopropylmethyl, tert-butylmethyl, 2,2-dimethylbut-1-yl, 2-ethyl-2-
methylbut-1-yl, 2,2-diethylbut-1-yl, 2,2-dimethylpent-1-yl, trimethylsilylmethyl or
benzyl, and

in which PG is H or a suitable protecting group.

R® is preferably isopropylmethyl, tert-butylmethyl or 3-pyridylmethyl and in particu-
lar R® is isopropylmethyl.



which R is isopropyl nethyl,
2-ethyl -2- methyl but-1-yl,
3- pyridyl met hyl ,
trimethylsilylrethyl,
2, 2-di met hyl but - 1-yl
2, 2-di met hyl pent -1 -yl ,

tert-butyl nmethyl,
2, 2-di et hyl but - 1-yl,

4- trifluoronethyl-3-pyridyl nethyl,
in which R7 is isopropyl nethyl,
2-et hyl -2- nethyl but-1-yl,
trimethyl silyl methyl

or

2, 2-di met hyl pent -1 -yl ,
benzyl or
tert-butyl nmethyl,
2,2-di ethyl but-1-yl,
benzyl ,

or a suitable protecting group. Ris preferably isopropyl nethyl,

tert-butyl net hyl
i sopropyl met hyl .
trimethylsilylnmethyl
preferably OH R
i nvention, the conpound (

17 R
and i

or 3-pyridyl net hyl

is preferably CHS.

1) is prepared by coupling a conp

and in particu-
is preferably isopropyl nethyl,

Re is
tert-butyl nmet hyl

| ar

n particuladd R7 is isopropylmethyl. Xis

In a further enbodi nent of the

ound of the

PG CH3 CH3 H\\ /NH NH PG (lIla) in which X and R are as defined above,
2, 2-di met hyl but-1-yl,

or

n

and in which PGis H

fol | owi ng forfit @refarahly isqircpyanetiofp stbdtybnethyieorf Binpadulnyineshyl angl @ (1V) Ol |
PG OH PG Hﬁ@c@a@R’NﬁsoMy]methyl.

X is preferably OH.

R' is preferably CHs.

In a further embodiment of the invention, the compound (1) is prepared by coupling

a compound of the following formula (III) with a compound of the following for-

mula (IV)

(11D

(IV)



NH2 R RRHOOR N /N I, Ittl ROOPG(IIl) R CHCH3 0 0 HC O NN
NYHHPG HBCOONHOHIC 4 PG>CH3 PG HNNI HPG(IV) 18 in which R
to R5 are as defined above, in which Y is OH an active ester, a

pseudohal ogen or a halogen, and in which PGis Hor a suitable protecting
group, and, where appropriate, partial or conplete deprotection of the
internmedi ate, and where appropriate conversion of the carboxy group of the
3- hydr oxyphenyl al anine into a group of fornula -C(=O X in which Xis as
defi ned above. The conpound of fornula (Il11) is in particular a conmpound of
the followng fornula (Illa) O

18

in which R! to R® are as defined above,
in which Y is OH, an active ester, a pseudohalogen or a halogen, and

in which PG is H or a suitable protecting group,

and, where appropriate, partial or complete deprotection of the intermediate, and
where appropriate conversion of the carboxy group of the 3-hydroxyphenylalanine

into a group of formula -C(=0)X in which X is as defined above.

The compound of formula (III) is in particular a compound of the following formula
({Ila)

o)
., PG
PG~ N
H
PG—0O Oy
\l\ NH
\//,,,"' NH
o)
. /E NH,
0O R o~ Yo
H H
. N
PG j/mN/'\”/
. H
R 0 o
PG (I1la)

in which R® and R’ are as defined above, and

in which PG is H or a suitable protecting group.

The coupling can take place under the same or different conditions as described
above for the intramolecular cyclization. The coupling thereby takes place by the

nucleophilic attack depicted below.

The conversion of the carboxy group of the 3-hydroxyphenylalanine into a group of

formula -C(=0)X can take place by methods known to a man of the art.



PGO,.,,,,~NPG HPGON NHOIHINHzZz )ANOR OOHY PGNN\ R 0 OPG
(I'tta) in which R and R are as defined above, and in which PGis Hor a
suitabl e protecting group. The coupling can take place under the sane or
different conditions as described above for the intranol ecular cyclization.
The coupling thereby takes place by the nucleophilic attack depicted bel ow
The conversion of the carboxy group of the 3-hydroxyphenylal anine into a
group of formula -C(=0 X can take place by nmethods known to a man of the
art. 19 OPG G.. N PG JJ~~H PGOONHT NHO RCH3 H NHz O HO H3H
~1 0HCO0O

19

NH, o
R3 R2 H O O
R >QH/N Y
N [ j
R® O o H,C
Q PG

The protecting groups present in the intermediate may correspond entirely, partly or
not at all to those of the desired product. These can be removed, replaced or attached

where appropriate by methods known to a man of the art.

In a further embodiment of the invention, a compound of formula (IIl) is prepared
by coupling a compound of the following formula (V) with a compound of the

following formula (VI)

(V) (V)

in which R? to R® are as defined above,
in which Z is OH, an active ester, a pseudohalogen or a halogen, and

in which PG is H or a suitable protecting group,



R R RIIl NNNNNNPG RO HCONHOHCOOGO PGFINN CHPG PG3 H
PG The protecting groups present in the internediate nay correspond
entirely, partly or not at all to those of the desired product. These can
be renoved, replaced or attached where appropriate by nethods known to a
man of the art. In a further enbodi nent of the invention, a conpound of
formula (I111) is prepared by coupling a conpound of the follow ng formula
(V) with a conmpound of the following formula (VI) OPG O PG HzN / NH PG
0O,,.. V1 O0OOR"'" ylO I H 4RANO1IPGZ NNxv NN PG RRHHO (V) 0 (V)
in which Rl to Rs are as defined above, in which Zis Of, an active ester,
a pseudohal ogen or a halogen, and in which PGis Hor a suitable protecting
group, 20 and, where appropriate, partd0al or conplete deprotection of the
i ntermedi at e,

and, where appropriate, partial or complete deprotection of the intermediate.

Compound (V) is thereby in particular a compound of the following formula (Va)

R’
: H
PG A N
N/\H/
@]

R (Va)

in which R® and R’ are as defined above, and

in which PG is H or a suitable protecting group.

The coupling can take place under the same or different conditions as described
above for the atorementioned coupling or the intramolecular cyclization. The cou-

pling thereby takes place by the nucleophilic attack depicted below.

The protecting groups present in the intermediate may correspond partly, completely
or not at all to those of the desired product. These can be attached, removed or

replaced where appropriate by methods known to a man of the art.



Compound (V) is thereby in particular a conpound of the follow ng formula
(Va) ;0 PG HZN O/ 01, PG NMN" NO-PG z 111 I HOR 0 (Va) in which
RI and R are as defined above, and in which PGis H or a suitable
protecting group. The coupling can take place under the sane or different
conditions as described above for the aforenentioned coupling or the

i ntranol ecul ar cyclization. The cou- pling thereby takes place by the

nucl eophilic attack depicted below O'PG PG NHPGOOHN/ OHROO,...
A,.,HNPGR 0, PG ORRHO The protecting groups present in the

i nternedi ate may correspond partly, conpletely or not at all to those of
the desired product. These can be attacE?d, renmoved or replaced where
appropriate by nmethods known to a nan of ‘the art. 21 The invention further
relates to a conmpound of the following formula (111) 0 PG H PG

The invention further relates to a compound of the following formula (III)

PG (111

in which R? to R® are as defined above, and

in which PG is H or a suitable protecting group,

in particular a compound of the following formula (I1la)

NH

I O
N
O R’ 0" o k
§ N
PG~ N K
. H
R o)
9
PG (IlTa)

in which R® and R’ are as defined above, and

in which PG is H or a suitable protecting group,



HPGOONH NHNHR R R HOORN- N\ ttl R O/ O0PG(IlIl) in which

R2 to Rs are as defined above, and in which PGis Hor a suitable protecting
group, in particular a conpound of the following fornmula (Ilia) 0 PG ON PG
H PGOO~NHNH ~ }IOR OONHL PGN7 NNVH R I 001 FU/(1l11a)
in which R and R7 are as defined above, and

22

and especially a compound of the following formula (111b).

HO.,
CH
HaC O\\l NH
CH NH
L ’
HN_. O
0 \f
A L
0 he O
0
CH, K]
H,C— Sl
CH

3 (I11b)

The invention further relates to a method for preparing a compound of formula (I1I)
by coupling a compound of formula (V) with a compound of formula (V1) and,

where appropriate, partial or complete deprotection of the intermediate.

The invention further relates to a compound of the following formula (V1)

(VI

in which Z is OH, an active ester, a pseudohalogen or a halogen, and



in which PGis Hor a suitable protecting group, 22 and especially a
conpound of the following fornmula (Il1lb). 0O CH3 HONH2 H3C-0 0 . .......
NH CH3 CH3 NHO O CH3 O HNrO OHNNOCH3 HN Il HCH 0 CH3 OH3C 3 OO0
CH3 H3C-Si-CH3 CH3 (11Ib) The invention further relates to a nethod for
preparing a conpound of fornmula (I111) by coupling a conpound of formula (V)
with a conpound of forrmula (VI) and, where appropriate, partial or conplete
deprotection of the internediate. The invention further relates to a
conmpound of the following formula NO PGNHPG | OO0 O

23
in which PG is H or a suitable protecting group,

in particular a compound of the following formula (VIa).

(VIa)

As well as a method for preparing a compound of formula (V1) by coupling a com-
pound of the tollowing tormula (V1) with a compound of the following formula
(VIID)

(VII) O (VIII)
in which PG is H or a suitable protecting group,
and, where appropriate, complete or partial deprotection of the intermediate.

The compounds of formulae (VII) and (VIII) thereby are in particular compounds of

the following formulae (Vl1la) and (VIIla), respectively.



H NNPG HO (VI) in wiich Zis OH an active ester, a pseudohal ogen or a
hal ogen, and 23 in which PGis | | or a suitable protecting group, in
particular a conmpound of the following formula (Via). NHz OH OI0 CH3 HO
NNHOOC CH3 (Via) As well as a nethod for preparing a conpound of formula
(M) by coupling a com pound of the followng formula (VIl) with a conpound
of the following formula (VIIl) PG I OO0 10 OPGXx N NOvVv LPG PGO
,,NHZ 0 (Vi) O (M11)
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o
0
" H CH
NH, N /U\/N o/ °
0 \”/ CH,
0 O  CH

* HC! (Vlla) 3 (VIla)

The preparation methods of the invention and the preparation of the compounds of
the invention are explained in more detail by the following synthesis schemes

relating to the synthesis of lysobactin.

The method is based on a modular construction of various fragments which are then
combined to give a compound of formula (11). The compound of formula (1l is then
subjected to an intramolecular cyclization and, where appropriate, deprotected in

order to obtain the desired final product.

It has surprisingly emerged in this connection that, influenced by the choice of the
building blocks and the sequence in which these are coupled, the open-chain mole-
cules of formula (II) already having an ester linkage in their chain can be prepared. It
has further been found that these open-chain compounds can be cyclized in the

presence of the ester linkage to give the desired cyclic depsipeptides.

According to synthesis scheme 1, a fragment 1 is synthesized starting from (28,3S)-2-
amino-3-hydroxy-4-methoxy-4-oxobutyric acid and Boc-glycine N-hydroxysuccini-

mide ester.



RS-

in which PGis Hor a suitable protecting group, arid, where appropriate,
conplete or partial deprotection of the internedi ate. The conpounds of
formulae (VI1) and (VII1) thereby are in particular conpounds of the
following fornulae (Vila) and (Villa), respectively. 24 NHZ OH 00 HOO
NH2 VNFNOH CH3 ON*CH3 HC (Vila) 0 0 CH3 (VIlla) The preparation nethods
of the invention and the preparation of the conpounds of the invention are
explained in nore detail by the follow ng synthesis schenes relating to the
synthesis of |ysobactin. The nmethod is based on a nodul ar construction of
various fragnments which are then conbined to give a conpound of formula
(11). The conmpound of fornmula (Il) is then subjected to an intranol ecul ar
cyclization and, where appropriate, depPotected in order to obtain the
desired final product. It has surprisingly energed in this connection that,

i nfluenced by the choice of the building bl ocks and the sequence in which

t hese are coupl ed, the open-chain?nol e- cul es of %@rnula (I'1) already having
an ester linkage in thelr chai nfc nob prepared.9’It has further been found

t hat these open- C@%IO onpounds e cyoli zed-shpotthe presence of the
ester |inkage to gi e de'slredO I|c de Bbh@ep,lgﬁg/HAQp f«ding to
synt hesi s schene 1}’a”%ragnent i sk synt hesi zed tﬂrtlndﬂTr i 2S, 3S) - 2-
anino-3-hydroxy-4-tnethoxy-4-oxabﬁiyr|c aci d and® Boc- gl y€i n&*
N- hydr oxysucci ni - H,C™ CH, l
NH,
NH,
OH

fragment 1

Synthesis scheme 1

A fragment 2 is prepared according to synthesis scheme 2 starting from 3-

hydroxyphenylalanine.
oH O
di-tert- buly( lrlmelhylsﬂyl
OH

NH, d|carbonale diazomethane
HC CH, HC CH,
J TFA
OH O

*TFA

fragment 2

Synthesis scheme 2



mde ester. 256 0 CH3 CHOHO

OHONHHO" ~NYOCHHCH OOO0CH3 H3C H3C CH3 NH3 NH OH 0 Jiol~"
HON' "~ N\yO*CH HO O CH 3 fragnment 1 Synthesis schenme 1 A fragnment 2 is
prepared according to synthesis schene 2 starting from 3-

S
hydr oxyphenyl al anine. ,,,, OHOOCH O : " 1YJy(t\ di-tent-butyl OH
trimelhylsilyl- O CH3 ~ CH

26

A fragment 3 is prepared according to synthesis scheme 3 starting from N?-
(benzyloxycarbonyl)-D-leucine and methyl L-leucinate according to synthesis scheme
3. Compounds of formula (I) with any R* to R® radicals can be prepared by replacing

the two leucine derivatives in this step.

Fragments 2 and 3 are then coupled according to synthesis scheme 4, partly depro-
tected and the resulting intermediate is reacted with N?-(tert-butoxycarbonyl)-O*tert-

butyl-L-serine in order to obtain after a further deprotection a partly deprotected

fragment 4.
HATU
Y o . CHy ¢ o CH
3
HN o. NMM
OH  HN CH, HN N O<ch
H,C 0 H s
H,C 0
CH,

fragment 3

Synthesis scheme 3

NOO21II JDMVMOOHO ~I AOH+ OHN D EA
0



Bi car bonat e HN~O di azonet hane / HNyO / NH H3C~~~~////0O H3Cyyy 0 H30 CH H3C
CH a3 TEA OHO CYY OCH3 NH_ 'TFA fragnent 2 Synthesis schene 2 26 A
fragnent 3 is prepared according to synthesis schene 3 starting fromN
(benzyl oxycar bonyl )-D-teuci ne and nethyl L-leucinate according to synthesis
schene 3. Conpounds of fornmula (1) with any R to R radicals can be
prepared by replacing the two |eucine derivatives in this step. Fragnents 2
and 3 are then coupled according to synthesis schene 4, partly depro- tected
and the resulting internediate is reacted with

NL- (tert-butoxycarbonyl)-O -tert- butyl-L-serine in order to obtain after a
further deprotection a partly deprotected fragnent 4. HATU O HNOH HzN
OUCHL NMMHC™" O Y1 NCH OH 27

HN. N oH oS HATU
—_——
HC "o NH, 4-methyimorpholine
' HC

3

©\/ CH:
CH,
0.0 s
\f 0 CH, O
g
HN N, .
N
H
0
HO
CH

fragment 3 fragment 2

2-(trimethylsily)ethanol \f H®
- — — HN N,
DCC N " OH
HSCXCHJ DMAP H CWJ/KH 0
3
H,C o) o Ho
\r? 0 CH,

+ H OH
™o CH,
>LCH3
H,C
0CC
OMAP

fragment 4

Synthesis scheme 4

Fragment 4 obtained in this way is coupled with fragment 1 according to synthesis

scheme 5 in order to obtain after partial deprotection a fragment 5.



HBC OCH CH LIiOH O1 ~ O0OCH CH HNNOH HNC O CH fragment 3
Synthesis schene 3 27 CH OO0 4", HO\ OO CH HHOHI \ OGH HAnJ O
A4HH O HN /N, A CH, H G NH_ 4 nenyi morpnone MH HO CH'TFA CH IraBnenl3
Cagmanl2 CH, / OY0O o CHO LiOH YJ1I,HII N” HC oHO cH3 CH CH

2)Vinet hyl aily)ethanel ca, ~O0 ~OH,, 0 NI

28
NH,
(0] OHO
HO
N hid CH, CH,
0 0 CH H,C
H/I‘L 4,
fragment 1 o
(0] 0]
CH,
TFA
HATU
4-methylmorpholine fragment 4

CH \'a H
CH, % ™ N
NH,
H @ EH % © fragment 5
N

H,C—Si=CH,
CH,

Synthesis scheme 5



DDC NOH HO CH DVAP HGHO HC OY0O O CHHN'~(CH OCH H G DCC DVAP HC

HGOHa HCCH A CH kOHCOCH CH, OTEAH H O NHOam 0 O0.... \

HC-00,.. \ 1T H CHN O HNN a, Si H\N,,~~ 0~0 LCHO HC CHe 0 0 CH,

CHGCHCGCH3 CHB FFA gnent4 Synthesis schene 4 Fragnent 4 obtained in this

way is coupled with fragnent 1 according to synthesis schene 5 in order to
t

i
btain after partial deprotection a fragnent 5.

o
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Fragment 5 is then coupled with a fragment 6 according to synthesis scheme 6. This
fragment 6 is a pentapeptide which can be prepared by known methods. Instead of
lysobactin, it is possible to prepare katanosin A by replacing the leucine in position 2
in fragment 6 with a valine. Deprotection of the resulting intermediate results in a
fragment 7 which represents a compound of formula (I1). An intramolecular cycliza-
tion and subsequent deprotection according to synthesis scheme 7 results in the

desired cyclic depsipeptide, in this case lysobactin.



28 NH HCCH OHCH OO HCHa O HOH-Nyo CH, + CH3 RN O. 0 0 CH
HCH3 HN, NNOfragnent 1 CH OHZC ~O0OO0CH 'TFA HATU

4- el hyl mar pholina fragnent 4 O CHa HO +NH z ,C+O 0"T NH CH, CH, NHC/ J
OCH COHN~O OyNNYl O/CH OO0/ HC\CH O CH3 OHS
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CH,
0
o 0 H .
N
HO N7 T
o _N N . H i H
N (o] 0 HC w, O
T H H,C” TOH  NH J/ OH
CH, O
° * T 0" ,U\ CH,

HNT N
CH, H
TFA *TFA
H,C—Si
CH;§ HATU fragment 6
4-melhylmorpholine
fragment 5
o]
CH, HO
Fo R e as
O o
HC 9 ﬁ NH
o] CH, \' NHo
0=< 7 /E HN O
N
H FHa o
N N |
H,C H MG o
o o TFA
CH,H,C o] o 3
\ o]
HC™ S o Oy NH
3 \ H fo)
CH, o. N H
N N
MG CH H

—_—
H " 0 © N
0N, N\)J\N Ho 3'\(CH3
H,GC !
c

3 3 ) HNYNH *2TFA NH,
NH

2 fragment 7

Synthesis scheme 6

H C



H3GSi-CH CH TFA ~/1OC + HNH, HI CONHCHCH NH\ CCH3 0 0 NH
fragnent 5 YN OCHO O/ CH TFA H CSi-CH3 CH Synthesis Schene S 29
Fragnent 5 is then coupled with a fragment 6 according to synthesis schene
6. This fragment 6 is a pentapeptide which can be prepared by known

met hods. Instead of |ysobactin, it is possible to prepare katanosin A by
replacing the leucine in position 2 in fragnent 6 with a valine.
Deprotection of the resulting internediate results in a fragnment 7 which
represents a compound of formula (11). An intranol ecular cycliza- tion and
subsequent deprotection according to synthesis scheme 7 results in the
desired cyclic depsipeptide, in this c%ﬁe | ysobactin. 30 IOx~lyll CCl,~H
HONH,

H o]
o] © HN‘NH;‘C CH; fragment 7
CH, HO 5 o ; CH,

Q NH
o] y 0
H,N \)J\
N y N
cH,i H
HO \\T/CH3
CH, CH, HN NH

o]

HO.,
o
Oﬁr NH
CcH, HO™ NHO)H

CH O
]A) © HN H,G CH
H, M/CH:;

NH,
HATU
4-methylmorpholine

O

OxTZ

“TFA

H, O

CH, I\(\/u\

*2TFA CH, HN NH

\¢u/¢ r @ HN HC CH lysobactin
C

Synthesis scheme 7



HCG{-OONHG4, CH CH NHCH JI~ / CHO O0 OHC?

; O\ 0 CH O-ONH N
," ~NXx *"NOCH, ONN+HONII H HCH Il 1T H( HOCH OO0/ JCH O
HNNCH 1I/J H AFFAH HGCSI-CH CH HA FU tragnenl 6 4-nel hyl norpholinc
fragrnenl 50 H,CCH HON\H HCOO NHOCH NHO O- 0 HHCH OOHN COH
HBCHNVAHNH CCHCH HCoOOOH TFA HCS OONHH CH O, /N'",N
32

Example

De novo synthesis of lysobactin

Abbreviations

abs. absolute

aq. aqueous

Boc N-tert-butoxycarbonyl

cornc. concentrated

DCC dicyclohexylcarbodiimide

DIEA N,N-diisopropylethylamine

DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

EDC 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

EDTA ethylenediaminetetraacetic acid

eq. equivalent(s)

tmoc 9-fluorenylmethoxycarbonyl

h hour(s)

HATU O-(7-azabenzotriazol-1-yl)-N,N,N’,N'-tetramethyluronium hexafluoro-

phosphate

HOBT 1-hydroxy-1H-benzotriazole hydrate

LHMDS lithium hexamethyldisilazide

min minute(s)

MTBE methyl tert-butyl ether

NMM N-methylmorpholine

Org. organic

RT room temperature

sat. saturated

TBAF tetrabutylammonium fluoride

TBTU N-[(1H-1,2,3-benzotriazol-1-yloxy)(dimethylamino)methylene]-N-



Hc N OHOt '"t,J_C HH ,
HO, ~NH H C CH, HO .

NCH OOHN_ ~O N
CH, TFA CH, HO O/
HHj CH 'YO N,

TFA
THF
™G
XPHOS

G CH CH CH HN NH.  TBAF
rNiz \ HOONH HCO ~NH 0~0 O CH
lYT\O HCH OOHNOOH HGHHH
CH CH OQ'\F "I / OOCH 10« O NH Ha
CNNHOCHCH HA OHO '* CH, HH
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methylmethanaminium tetrafluoroborate

trifluoroacetic acid

tetrahydrofuran

N,N,N,N-tetramethylguanidine
dicyclohexyl(2',4’,6'-triisopropylbiphenyl-2-yl)phosphine



CH CH7 CH HNy CNH 2 TFA NH., NH Iragnenl 7 Synthesis scheme 6 31

HO,..NH, ~VJ HOO NNH 0~0 GH HO- Hc A~ HNHc CH oHI,aenmepl ~ 00
~CH Ho~\. Oo0NH N ~ HOYCH 2 TFAGH CH HNIT-' NHNH HATU 4. m
etMlyl pntphol ,ne O N4, ~ ONH O CH HNH y0 0 CH20 0 HN OOH
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Material and methods

Analvtical methods - HPLC/UV

Method 1

HPLC instrument type: HP 1100 Series; UV DAD; column: Phenomenex Synergi 2 p
Hydro-RP Mercury 20 mm x 4 mm; eluent A: 1 1 of water + 0.5 ml of 50% formic
acid, eluent B: 11 of acetonitrile + 0.5 ml of 50% formic acid; gradient: 0.0 min 90%A
-2 2.5 min 30%A 2 3.0 min 5%A < 4.5 min 5%A; flow rate: 0.0 min 1 ml/min,

2.5 min/3.0 min/4.5 min. 2 ml/min; oven: 50°C; UV detection: 210 nm.

Method 2

Instrument: HP 1100 with DAD detection; column: Kromasil 100 RP-18, 60mm x 2.1
mm, 3.5 pm; eluent: A =5 ml of HCIO, (70%)/1 of H,O, B = ACN; gradient: 0 min
2%B, 0.5 min 2%B, 4.5 min 90%B, 9 min 90%B, 9.2 min. 2%B, 10 min 2%B; flow

rate: 0.75 ml/min; column temp.: 30°C; detection: UV 210 nm.

Method 3

Instrument: Agilent 1100 with DAD (G1315B), binary pump (G1312A), autosampler
(G1313A), solvent degasser (G1379A) and column thermostat (G1316A); column:
Agilent Zorbax Eclipse XDB-C8 4.6 x 150 x 5 mm; column temperature: 30°C; elu-
ent A: 0.05% 70% perchloric acid in water; eluent B: acetonitrile; flow rate:

2.00 ml/min; gradient: 0-1 min 10% B, ramp, 4-5 min 90% B, ramp, 5.5 min 10% B.

Method 4

HPLC instrument type: HP 1050 Series; UV DAD; column: Zorbax 300 mSB-C18
3.5y, 46 mm x 150 mm; eluent A: 11 of water + 0.1% TFA, eluent B: 60% aceto-



HN1 ) ~1 ) N~~"

H CH OH3.

AHNCH HCCH OO0ONHOCH CH HOY-0 OONH HNH Hc CH CH,
,FACH3 HN --f~-NH Pd,O H NH, OHONH OP~r, NHH"" :C HNOH
HYNHNHN HCCH ly-baollncH 0 /UG, ONHOCH Ho O 1OXONH Fr- -~I

2rFA CH, HN~NH NH2 Synt hesis schene 7
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nitrile in water with 0.1% TFA; gradient: 0.0 min 10%B, ramp, 18.0 min 80%B,
20.0 min 100%B, 25.0 min 100%B. Flow rate: 1 ml/min; oven: 40°C; UV detection:
210 nm.

Method 5

HPLC instrument type: HP 1050 Series; UV DAD; column: Zorbax 300 mSB-C18
3.5y, 4.6 mm x 150 mm; eluent A: 11 of water + 0.1% TFA, eluent B: 60% aceto-
nitrile in water with 0.1% TFA; gradient: 0.0 min 10%B, 2.00 min 10% B, ramp,
50.0 min 80%B, 52.0 min 100%B, 55 min 100% B. Flow rate: 0.7 ml/min; oven: 40°C;
UV detection: 210 nm.

Method 6

Agilent 1100 with DAD (G1315B), binary pump (G13124A), autosampler (G1313A),
degasser (G1379A) and column thermostat (G1316A); column: Phenomenex Gemini
5 p C-18, 50 x 2 mm; oven temperature: 40°C; eluent A: water + 0.1% formic acid;

eluent B: acetonitrile; flow rate: 2.00 ml/min; gradient: O-1 min 0% B, ramp, 0-5 min
100% B, 5.50 min 100% B.

Method 7

Daicel Chiralpak AD-H S pm 250 mm x 2.0 mm, n-heptane/ethanol 95+5, flow rate:
0.2 ml/min, UV detection at 220 nm.

Analytical methods - HPLC/MS, MALDI, HR-MS

Method 8

MS instrument type: Micromass ZQ; HPLC instrument type: Waters Alliance
2795/HP 1100; column: Phenomenex Synergi 2 u Hydro-RP Mercury 20 mm x 4 mm;

ti

OH

N



32 Exanple De novo synthesis of |ysobactin Abbreviations abs. absolute
ag. aqueous Boc N-tert-butoxycarbonyl conc. concentrated DCC

di cycl ohexyl carbodiim de DI EA N, N-diisopropyl et hylam ne DVAP

4-di net hyl am nopyri dine DVMF NN-di nmet hyl t or mam de EDC

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de EDTA

et hyl enedi am netetraacetic acid eq. equivalent(s) fnoc

9-fl uorenyl met hoxycar bonyl h hour(s) HATU

O (7-azabenzotriazol-1-yl)-N,N,N , N -tetranet hyl uroni um hexaf | uor o-
phosphat e HOBT 1-hydroxy-| H benzotriazole hydrate LHVDS Iithium
hexanmet hyl di silazide mn mnute(s) MIBE nethyl tert-butyl ether NW
N- net hyl mor pholine org. organic RT roonftenperature

eluent A: 11 of water + 0.5 ml of 50% formic acid, eluent B: 1 1 of acetonitrile + 0.5
ml of 50% formic acid; gradient: 0.0 min 90%A - 2.5 min 30%A - 3.0 min S%A >
4.5 min 5%A; flow rate: 0.0 min 1 ml/min, 2.5 min/3.0 min/4.5 min 2 ml/min; oven:

50°C; UV detection: 210 nm.
Method 9

MS instrument type: Micromass ZQ; HPLC instrument type: Waters Alliance
2795/HP 1100; column: Phenomenex Gemini 3 p C-18 100 A, 30 mm x 3 mm; eluent
A: 11 of water + 0.5 ml of 50% formic acid, eluent B: 1 | of acetonitrile + 0.5 ml of
50% formic acid; gradient: 0.0 min 90%A - 2.5 min 30%A - 3.0 min 5S%A - 4.5
min 5%A; flow rate: 0.0 min 1 ml/min, 2.5 min/3.0 min/4.5 min 2 ml/min; oven:

50°C; UV detection: 210 nm.
Method 10

UV detection: 210 nm. MS instrument type: Micromass ZQ; HPLC instrument type:
Waters Alliance 2795; column: Phenomenex Synergi 2p Hydro-RP Mercury 20 mm x
4 mm; eluent A: 11 of water + 0.5 ml of 50% formic acid, eluent B: 11 of acetonitrile
+ 0.5 ml of 50% formic acid; gradient: 0.0 min 90%A - 2.5 min 30%A -> 3.0 min
5%A 2 4.5 min 5%A; flow rate: 0.0 min 1 ml/min, 2.5 min/3.0 min/4.5 min 2

ml/min; oven: 50°C; UV detection: 210 nm.
Method 11

Instrument: Micromass Platform LCZ with HPLC Agilent Series 1100; column:
Thermo Hypers’il GOLD 3p 20 mm x 4 mm; eluent A: 11 of water + 0.5 ml of 50%
formic acid, eluent B: 11 of acetonitrile + 0.5 ml of 50% formic acid; gradient: 0.0
min 100%A - 0.2 min 100%A - 2.9 min 30%A - 3.1 min 10%A - 5.5 min 10%A;

oven: 50°C; flow rate: 0.8 ml/min; UV detection: 210 nm.



sat. saturated TBAF tetrabutyl ammoni um fl uori de TBTU

N-[(1H 1, 2, 3-benzotri azol - 1-yl oxy) (di met hyl am no) net hyl ene] - N 33

met hyl met hanami ni um tetrafl uoroborate TFA trifluoroacetic acid THE
tetrahydrofuran TMG N, N, N, N-t et ranet hyl guani di ne XPHOS

di cycl ohexyl (2',4',6' -triisopropyl bi phenyl -2-yl)phosphine 34 WMaterial and
nmet hods Anal ytical nmethods - HPLC UV Method 1 HPLC instrunment type: HP 1100
Series; WV DAD; columm: Phenonenex Synergi 2 Hydro-RP Mercury 20 mmx 4
mn; eluent A- 11 of water + 0.5 m of 50%formc acid, eluent B: 1 1 of
acetonitrile + 0.5 mM of 50%formc acid; gradient: 0,0 mn 90%A 4 2.5 mn
30%0A 4 3.0 min 5%\ -3 4.5 mn 5%A, flowrate: 0.0 mn 1 mM/mn, 2.5
nmn/3.0 ninf4.5 rain. 2 n/nin; oven: 58C UV detection: 210 nm Method 2
Instrument: HI' 1100 with DAD detection; columm: Kromasil 100 RP-18, 60mm Xx
2.1 mm 3.5 pm eluent: A=5n of HOO (70%9/1 of H2O, B = ACN
gradient: 0 mMfthSoB 0.5 nin 2%B, 4.5 nmin 9098, 9 nin 90%B, 9.2 mn.

20/ 9B, 10 min 298; flow rate 0 75 mM/mn; colum tenp.: 30C, detection: W
210 nm Method 3 Instrunent: | ent. 1100 with DADr&lGl3158 bi nary punp
(Glalon).  aut CSTHBFEF MEEESEs ARIogR Fent o dds e L s7em) | AhaeeLam

t her nost at ( GI'8drad) HyRUmlITMAGuastar 3u 50 mm x 2.1 mm; eluent A: 11 of water + 0.5 ml of
S0% formic acid, eluent B: 1 | of acetonitrile + 0.5 ml of 50% formic acid; gradient:
0.0 min 100%A - 0.2 min 100%A 2 2.9 min 30%A > 3.1 min 10%A -2 5.5 min
10%A; oven: 50°C; flow rate: 0.8 ml/min; UV detection: 210 nm.

Method 13

Instrument: Micromass LCT; ionization: ESI positive/negative; HP1100 with DAD and
autosampler; oven 40°C; column: Waters Symmetry C-18, 50 x 2.1 mm, 3.5 pm;
eluent A: 0.1% formic acid/acetonitrile, eluent B: 0.1% formic acid/water; flow rate:
0.5 ml/min; gradient: 0-1 min 0% A, 1-6 min 90% A, 6-8 min 100% A, 8-10 min
100% A, 10-15 0% A.

Method 14

TOF-HR-MS-ESI+ spectra are recorded with a Micromass LCT instrument (capillary
voltage: 3.2 KV, cone voltage: 42 V, source temperature: 120°C, desolvation tempera-
ture: 280°C). A syringe pump (Harvard Apparatus) is used for sample delivery for this
purpose. Leucine-encephalin (Tyr-Gly-Gly-Phe-Leu) is used as standard.

Preparative separation methods - HPLC, gel chromatography

Method 15

Instrument: Gilson Abimed HPLC; binary pump system; column: Nucleodur Cis
Gravity, Macherey-Nagel, 5 pm; 250 x 21 mm; eluent A: water/0.05%-0.1% TFA,
eluent B: acetonitrile; gradient: 0-8 min 5%B, 8-40 min 5-60%B, 40-60 min 60%B,



Agi | ent Zorbax Eclipse XDB-C8 4.6 x 150 x 5 mm colum tenperature: 30C

elu- ent A: 0.05% 70% perchloric acid in water; eluent B: acetonitrile; flow
rate: 2.00 mi/mn; gradient: 0-1 mn 10%B, ranp, 4-5 mn 90%B, ranp, 5.5
mn 10% B. Method 4 HPLC i nstrunent type: HP 1050 Series; UV DAD;, col um:
Zorbax 300 nSB-C18 3.5 p, 4,6 mmx 150 mm eluent A- 1 1 of water + 0.1%
TPA, eluent B: 60% aceto 35 nitrile in water wwth 0.1% TFA;, gradient: 0.0
mn 1098, ranp, 18.0 mn 80%B, 20.0 mn 10098, 25.0 m n 100%B. Flow rate: |
m/mn; oven: 40C, UV detection: 210 mm, Method 5 HPLC instrunent type: HP
1050 Series; UV DAD; columm: Zorbax 300 nSB-Cl18 3.5 p, 4.6 nmx 150 mm
eluent A- 11 of water + 0.1% TFA, eluent B: 60% aceto- nitrile in water
with 0.1%' PFA; gradient: 0.0 min 109B,3%2.00 min 10% B, ranp, 50.0 nin
8098, 52.0 min 10098, 55 mn 100%B. Flowrate: 0.7 m/mn; oven: 40C W
detection: 210 run. Method 6 Agilent 1100 with DAD (Gl315B), binary punp
(Gl312A), autWsampind0-10e81 3450 mingkiy¥dsad the sepengyrationPidls tpmetRernost at
(G1316A); colpmmrolubhenewenex-1Ganlmin; UY deteod B0 M. X 2 nm oven tenperature:
40C; eluent A: water + 0.1%formc acid; eluent B: acetonitrile; flow rate:
2.00 M/mn; gradient: 0-1 min 0%B, ranp, 0-5 mn 100%B, 5.50 m n 100% B.
Met hod 7 Dai cebthediag al pak AD-H 5 pm 250 nm x 2.0 mm n- hept ane/ et hanol 95+5,
flowrate: 0.2 m/mn, U detection at 220 nm Anal ytical nethods - HPLC M5
MALDI . HR- MS

Instrument: Gilson Abimed HPLC; binary pump system; column: Kromasil-100A Cis,
S pm; 250 x 30 mm; eluent A: water/0.05-0.5% TFA, eluent B: acetonitrile; gradient:
0-5S min 5%B, 5.01-10 min 10%B, 10.01-20 min 40%B, 20.01-27 min 50%B, 27.01-
40 min 60%B, 40.01-45 min 909%B, 45.01-60 min 100%B; flow rate: 15-60 ml/min;
UV detector 210 nm.

Method 17

Gilson Abimed HPLC; UV detector 210 nm; column: Kromasil RP-18 5 pm, 100 f\,
250 x 20 mm; eluent A: water + 0.05% TFA, eluent B: acetonitrile + 0.05% TFA: flow
rate: 10 ml/min; 0-3 min 5% B, ramp, 35 min 90% B.

Method 18

Gilson Abimed HPLC; UV detector 210 nm; column: Gromsil ODS-4HE 10 um, 250 x
40 mm; eluent A: water + 0.05% TFA, eluent B: acetonitrile + 0.05% TFA: flow rate:
20 ml/min; 0-3 min 10% B, ramp, 30-35 min 90% B, 35-40 min 90% B.

Method 19

Gilson Abimed HPLC; UV detector 210 nm; column: Waters Symmetry-Prep™ C-18,

7 um, 300 x 19 mm; eluent A: water + 0.05% TFA, eluent B: acetonitrile + 0.05% TFA:
flow rate: 10 ml/min; 0-3 min 10% B, ramp, 30-38 min 90% B, 38-45 min 10% B.



Met hod 8 M5 instrunent type: Mcromass ZQ HPLC instrunment type: Waters
Al'liance 2795/ HP 1100; columm: Phenonenex Synergi 2 p Hydro-RP Mercury 20
mmx 4 mm 36 eluent A- 1 1 of water + 0.5 nl of 50%w form c acid, eluent
B: 1 1 of acetonitrile + 0.5 m of 50%formc acid; gradient: 0.0 m n 90%A
-9 2.5mMn 30/0A -* 3.0 mMn 5%\ 4.5 mn 5%\, flowrate: 0.0 mMmn 1 mM/mn,
2.5mn/3.0 mn/4.5 mn 2 mM/mn; oven: 50C UV detection: 210 nm Method 9
M5 instrunent type: Mcromass ZQ HPLC instrunent type: Waters Alliance
2795/ HP 1100; col umm: Phenonenex Gemini 3 p C18 100 A, 30 mmx 3 nmm el uent
A 11 of water + 0.5 m of 50%formc acid, eluent B: 1 1 of acetonitrile +
0.5 mM of 50%formc acid; gradient: 0.0 mn 90%A -9 2.5 mn 30%A -9 3.0
mnb5S/ % -4 4.5 nmin5% flowrate: 0.¥ min 1 m/min, 2.5 mn/3.0 min/4.5
mn 2 m/mn; oven: 50C, UV detection: 210 nm Method 10 UV detection: 210
nm MS instrunment type: Mcromass ZQ HPLC instrunment type: Waters Alliance
2795; col urm:Mphed nex Synergi 2p Hydro-RP Mercury 20 mmx 4 mm el uent
A 11 of water + 0.5 mM of 50%formc acid, eluent B: 1 | of acetonitrile
+ 0.5 m of 5011/0 formc acid; gradient: 0.0 min 90%A 9 2.5 mn 30%A -4 3.0
mn 5% 4 4. Gl hiemsggrappy Ma’r%fié?“t@l@fphi‘dﬁx FHRAO/ (R asmagia)gvipon) Bregiuii n/ 4. 5 i n
2 m/mn; oveitiobdfk tdilvh dBCEGkPI0 Zaklom ddliebdt)acbrdihg lké ST Acareint (UVM cromass

2L WAL FE A L 1158 0p O SRR RS | S0
1 1 of acet onlttx4¢re F0B1Gumb! efale50B% f Demmi (€0-aeind] sgeadMetrianolOis Qused as

eluent.
Method 21

Gilson Abimed HPLC; UV detector 210 nm; column: Biotage Flash40 RP-18 or com-
patible module Varian Metaflash C18 40M, 35 pm, 150 x 40 mm; eluent A: water +
0.05% TFA, eluent B: acetonitrile + 0.05% TFA: flow rate: 40 ml/min; 0-3 min 10% B,
ramp, 30-38 min 90% B, 38-45 min 10% B.

General working methods

Procedure 1

The starting material is taken up in 30% TFA (solution in dichloromethane) and
stirred at room temp. for 30 min. The solvent is then distilled out in vacuo, during
which the bath temperature should not exceed 30°C. The product is then dried to

constant weight under oil pump vacuum.



mn 100%A -4 0.2 min 1009A 4 2.9 min 30%A -4 3.1 min 10%A -9 5.5 m n 10%A,
oven: 50C, flowrate: 0.8 mM/mn; UV detection: 210 nm 37 Method 12
Instrunent: Mcronmass PlatformLCZ with HPLC Agilent Series 1100; col um:
Thermo |-1yPURITY Aquastar 3p 50 mnmmx 2.1 mm eluent A- 1 1 of water + 0.5
m of 50%formc acid, eluent B: 1 1 of acetonitrile + 0.5 mM of 50%formc
acid; gradient: 0.0 mn 100%A -) 0.2 min 100%A -, 2.9 mn 300 %A 4 3.1 mn
10%A 4 5.5 min 10%\;, oven: 50C, flowrate: 0.8 m/mn; UV detection: 210
nm Method 13 Instrunent: Mcromass LCT; ionization: ESI positivel/negative;
HP1100 wi th DAD and autosanpler; oven 40C;, columm: Waters Symmetry C- 18, 50
x 2.1 mm 3.5 pm eluent A 0.1%formc acid/acetonitrile, eluent B: 0.1%
formic acid/water; flowrate: 0.5 m/ni%l; gradient: 0-1 min 0% A, 1-6 nin
90% A, 6-8 nmin 100% A, 8-10 min 100% A, 10-15 0% A Method 14

TOF- HR- M5- ESI + spectra are recorded with a Mcromass LCT instrunent
(capillary vék ratign of Lhe co | tage: 42 V, source tenperature: 120C,
desol vation tenpera- ture: 2800) A syringe punp (Harvard Apparatus) is used

for sanple deljvery for this ose. Leu hal i n
(Tyr-dy-d y- PHETP ’jc‘?lgp‘l}‘éléidl”‘aglg @‘E'é'ﬁ‘ﬁ&’fyﬁar 3@5@%‘5&@1 8%paration nethods -
HPLC, gel chromatography Method 15 Instrunent: G lson Abinmed I1PLC, binary
punp system col um: Nucl eodur Cd Gravrty Macherey-Nagel, 5 pm 250 x 21
mn; eluent A water/0.051% 0. 1% TFA, Iuth B: acetonitrile; gradient: 0-8
mn 598, 8-40 mn 5-60%8, 40-60 mn 609 ’o}g\

Hry/go

HO,, 0

CH

3

CH OH

3

L-allo-Threonine (3.15 g, 26.44 mmol) is dissolved in water-dioxane (1+2, 75 ml), di-
tert-butyl dicarbonate (6.35 g, 29.09 mmol, 1.1 equivalents) and triethylamine (4.79
ml, 34.38 mmol, 1.3 equivalents) are added, and the mixture is stirred at room
temperature overnight. The solvent is then removed in vacuo. The residue is taken
up in ethyl acetate and extracted with 1 M citric acid. The aqueous phase is extracted
several more times with ethyl acetate until product is no longer detectable therein
(HPLC, method 3). The combined organic extracts are then dried over sodium
sulfate, concentrated and dried to constant weight under oil pump vacuum. The

product is reacted further without further purification. Yield: 6.5 g of crude product.

HPLC (method 3): R, = 3.23 min. LC-MS (method 11): R = 2.51 min, MS (ESIneg):
m/z (%) = 217.8 (100) [M-H]J-.

'H NMR (400 MHz, d,-DMSO) & (ppm) = 1.08 (d, ] = 5.4 Hz, 3H), 1.38 (s, 9H), 3.72-
3.84 (m, 2H), 6.77 (d, ] = 7.4 Hz, 1H).



60-75 mn 60-10098, 75-80 m n 100% B, and then regeneration of the

chromat ogra- phy colum; flowrate: 7-15 ml/mn; UV detector 210 urn. Method
16 Instrunent: Gl son Abinmed HPLC, binary punp system columm: Kronasil-100A
Cs, 5 pm 250 x 30 mm eluent A water/0.05-0.5% 0 TFA, eluent B:
acetonitrile; gradient: 0-5 mn S/%B, 5.01-10 mn 1098, 10.01-20 m n 40/ 98,
20.01-27 mn 5098, 27.01- 40 min 6098, 40.01-45 min 9098, 45.01-60 mn
10098; flowrate: 15-60 m/mn; UV detector 210 nm Method 17 G | son Abi ned
HPLC, UV detector 210 nm colum: Kromasil RP-18 5 pm 100 A, 250 x 20 mn;
eluent A: water + 0.05% TFA, eluent B: acetonitrile + 0,05% TFA: flow rate:
10 M/mn; 0-3 mn 5%B, ranp, 35 mn 90% B. Method 18 G | son Abi med HPLC,
UV detector 210 nm colum: Gonsil ODSH4HE 10 pm 250 x 40 mm el uent A
water + 0.05% TFA, eluent B: acetonitrile + 0.05% TFA: flow rate: 20
mM/mn; 0-3 min 10%B, ranp, 30-35 min 90% B, 35-40 mn 90% B. Method 19

G | son Abi nedE’iqPLRlﬁrYW“ﬂé‘E‘é‘E@%rBeQ&Yé)Nz HT R PRYRHPO R et Ot ERRIBAE v - Pr epTM C- 18,
7 pm 300 x 19 mm eluent A: water + 0.05% TFA, eluent B: acetonitrile +
0.05% TFA: flowrate: 10 m/mn; 0-3 mn_10%B, ranp, 30-38 mn 90% B,
38-45 mn 10%B. 39 Mthod 20 Gel chrOMQ%graphy is carried out on Sephadex
LH 20 (Pharnacia) without pressure. F ions are taken (I SCO Foxy 200
fraction collector) according to W actqvitys(UV detector for 254 nm
Knauer). Columm dinmensions: 32 x 7 cm/d%ooo 100 pnol scale); 30 x 4 cm
(100-10 prol scale); 25 x 2 cm (10- HNonoi©scal e). Methanol is used as

HO,, WO

The method was carried out in analogy to the following literature: S. B. Cohen, R.
Halcomb, . Am. Chem. Soc 2004, 124, 2534-2543. W. Jiang, ]. Wanner, R. ]. Lee, P.-Y.
Bounaud, D. L. Boger, /. Am. Chem. Soc 2003, 125, 1877-1887.

Exemplary compound 1A (6.8 g of crude product, 26.44 mmol) is taken up in
methanol (177 ml), and cesium carbonate (5.56 g, 17.06 mmol, 0.63 equivalents) is
added and the mixture is stirred until dissolution is complete. The solvent is then
removed by distillation, DMF (42 ml) and then benzyl bromide (4.06 ml, 34.12
mmol, 1.26 equivalents) are added. The mixture is left to stir for 16 h and then most
of the DMF is removed in vacuo. The residue is taken up in water and extracted with
3 portions of dichloromethane. The combined org. phases are dried over sodium
sulfate, filtered and concentrated in vacuo. The crude product is purified on Biotage
RP18-Flash (water-acetonitrile gradient: 0-5 min 10% ACN, 3-30 min 10-90% ACN,
30-35 min 90% ACN; flow rate: 20 ml/min). Product-containing fractions are com-
bined and lyophilized. Yield: 5.00 g (16.16 mmol, 52% of theory) of the title com-

pound.
HPLC (method 3): Ri = 4.36 min.

LC-MS (method 8): R = 2.39 min, MS (ESIpos): m/z (%) = 332.6 (25) [M+H]".



el uent. Method 21 G I son Abinmed HPLC, WV detector 210 nm colum: Biotage

Fl ash40 RP-18 or com patible nodule Varian Metaflash C18 40M 35 pm 150 x
40 mm eluent A: water + 0.05% TFA, eluent B: acetonitrile + 0.05% TFA:
flowrate: 40 M/mn; 0-3 mn 10%B, ranp, 30-38 mn 90% B, 38-45 mn 10%
B. Ceneral working nmethods Procedure 1 The starting material is taken up in
30% TFA (solution in dichloronethane) and stirred at roomtenp. for 30 mn.
The solvent is then distilled out in vacuo, during which the bath
tenperature shoul d not exceed 30C. The product is then dried to constant
wei ght under oil punp vacuum 40 A. Preparation of the conpounds Exenplary
conpound | A: ; N2-(tert-butoxycarbonyl)-L-allothreonine CH3 H3C- 0 CH
HN11~O HO,,, O CH3 OH L-all o-Threonine %3.15 g, 26.44 mmmol) is dissolved in
wat er - di oxane (1+2, 75 m), di- tert-butyl d| carhonate (6.35 g, 29.09 nmol,
1.1 equivalents) and triethylamne (4.79 34.38 mmol, 1.3 equival ents)

are added, andHiéR MORMFz 4-BMSP) ¢ (rpe) gt 1- ?906%1 = benpBt dt3lre Blet ﬁ@ ght . The
sol vent is tham)remoued 4 Havacso Hz)The)sr(QSﬂ dye stm)ak@@ (d,YR 12y Bt hy), acetate

and ext racted 1 UMGL 1161 Fy TN, 2949947 PDgRCshs oxtract ¢

Exemplary compound 3A: Benzyl L-allothreoninate trifluoroacetate

NH

- 2

HO,, A0
]/\f * TFA
CH, O

530 mg of the exemplary compound 2A are reacted according to procedure 1 with
8.0 ml of the TFA solution. The crude product (589 mg, quant.) is reacted further
without further purification.

HPLC (method 3): R, = 3.18 min.

LC-MS (method 11): R, = 2.24 min, MS (ESlpos): m/z (%) = 210.0 (100) [M+H]*.

'H NMR (400 MHz, ds-DMSO) & (ppm) = 1.15 (d, J = 6.6 Hz, 3H), 4.09-4.10 (m, 2H),
5.26 (s, 2H), 7.36-7.44 (m, 5H), 8.34 (br. S, 2H).

Exemplary compound 4A: Benzyl [N?(tert-butoxycarbonyl)-L-isoleucyl]-L-

allothreoninate

CH,

\CHS
0 ) CH,
H ’ /lt /I<CH3
0 NT 70T e,
0
H,C” YOH



several nore tinmes with ethyl acetate until product is no | onger detectable
therein (HPLC, nethod 3). The conbi ned organic extracts are then dried over
sodium sulfate, concentrated and dried to constant wei ght under oil punp
vacuum The product is reacted further without further purification. Yield:
6.5 g of crude product. HPLC (nethod 3): R = 3.23 min. LCM (nethod 11):
R =2.51 mn, M5 (ESIneg): mz (%9 = 217.8 (100) [MH -. 'H NWR (400 MHz,
r4,-bvsO) 6 (ppm = 1.08 (d, J = 5.4 Hz, 3H), 1.38 (s, 9H), 3.72- 3.84 (m
2H), 6.77 (d, j = 7.4 Hz, 1 H. 41 Exenplary conpound 2A: Benzyl
N2- (tert-but oxycarbonyl)-L-all othreoninate CH3 H3C~ 0 CH3 HN\-O HO,,,, O
CH3 0 The nethod was carried out in analogy to the following literature: S
B. Cohen, R Halconb, J. Am Chem Sac %3004, 124, 2534-2543. W Jiang, J.
Wanner, R J. Lee, P.-Y. Bounaud, D. L. Boger, J. Am Chem Soc 2003, 125,
1877-1887. Exenplary conpound |A (6.8 of crude product, 26.44 mmol) is
taken up in FEERRIAY QIRCENH $4 @R ge ﬂanWEEWbBﬁgﬁgaﬁﬁp@@xﬁ?ﬂT7ﬂb% nmol |
0. 63 equi val endosicing (2.add@ed.2andmbhel Ireqditti@ts) ars dissded wnbDMF di.ssal)ution i s
conpl ete. The lvent i.S,. N, I e istillatiaon, and t hen
benzyl broni déﬁ%gg@oﬁﬁl‘,oﬁgﬁﬁml’%\é,IQTBPZIé'C}ee bivolefis) B nENE (L2 T 20
m xture is | efmelpl3tefivivlegits) e 4fldgthdnd Heermipisg is sifred Haomvemperstarddied i n
vacuo. The resikdu@nt SohpkRMmikRuré it hat Bhrifdthyeortdaabashiyl tiht adoR@kd {oons of
di chl or onet hane. The copnbi ned 0{9.(Phases are dried over sodlup1_

method 20 and subsequently~according to method 21. Product-containing fractions

are combined and lyophilized. Yield: 1.75 g (4.14 mmol, 58% of theory) as a pale

beige-colored amorphous solid.

HPLC (method 3): Ry = 4.59 min.

LC-MS (method 8): R: = 2.56 min, MS (ESIpos): m/z (%) = 423.8 (70) [M+H]".

'"H NMR (400 MHz, ds--DMSO) & (ppm) = 0.74-0.78 (m, 6H), 1.01-1.07 (m, 2H), 1.10
(d, ] = 6.3 Hz, 3H), 1.37 (s, 9H), 1.64-1.66 (m, 1H), 3.86-3.94 (m, 1H), 4.28 (dd, ] =
7.3,]=7.3 Hz, 1H), 5.05(d, / = 5.6 Hz), 5.09 (d, ] = 12.7 Hz, 1H), 5.13 (d, ] = 12.7 Hg,
1H), 6.70 (d, ] = 9.0 Hz, 1H), 7.31-7.36 (m, 5H), 8.11 (d, ] = 8.1 Hz).

HR-TOF-MS (method 14): C;2H3sN:Os calc. 423.2490, found 423.2489 [M+H]".

Exemplary compound 5A: Benzyl L-isoleucyl-L-allothreoninate trifluoroacetate

*TFA

ZT

0 “NH,
0
HC™ YOH

3

Exemplary compound 4A (224 mg, 0.53 mmol) is treated with 8.0 ml of the TFA

solution according to procedure 1. 253 mg of crude product of example SA (about



sulfate, filtered and concentrated in vacuo. The crude product is purified
on Biotage RP18-Flash (water-acetonitrile gradient: 0-5 mn 10% ACN, 3-30
mn 10-90% ACN, 30-35 min 90% ACS; flowrate: 20 m/mn).

Product -containing fractions are com bined and |yophilized. Yield: 5.00 g
(16.16 nmo[, 52% of theory) of the title com pound. | [PLC (nethod 3): R =
4.36 mn. LCM (nethod 8): R =2.39 min, M5 (ESIpos): mz (%9 = 332.6 (25)
[ MiH -. 42 'H NWR (400 MHz, d6-DVsO) S (ppm = 1.09 (d, j = 6.4, 3H), 1.37
(s, 9H, 3.82 (m 1H), 3.95 (dd, f =6.4, j =8.1 Hz), 4,98 (d, ] = 5.4 Hz,
1H, 5.09 (d, j =12.7 Hz, 1H), 5.16 (d, J= 12.7 Hz, IH), 7.10 (d, J=8.1
Hz, 1H), 7.31-7.37 (m SH). Exenplary conpound 3A: Benzyl L-all othreoninate
trifluoroacetate NH 2 HO,,, O/ r y TF¥ CH3 O 530 ng of the exenplary
conmpound 2A are reacted according to procedure 1 with 8.0 m of the TFA
solution. The crude product (589 ng, quant.) is reacted further w thout
further purif{lidapie SHPrCL (Watthed @ing and age egeted witheutfveher petificsd 11) 1 R,
=2.24 min, Mpf{ESIpos): mz (% = 210.0 (100) IMtH -. 'H NWR (400 MHz,
dfi-DMSO S (ppm) = 1.15 (d, I= 6.6 Hz, 3H), 4.09-4.10 (m 2H), b5.26 (s,
211), 7.36-7.44 (m 511), 8.34 (br. S, 211). Exenplary conpound 4A: Benzyl

[ N2- (t ent - but exycC@idaayd))r E3issehigucyl ] - L- al | ot hreoni nate CH3

LC-MS (method 8): R, = 1.58 min, MS (ESIpos): m/z (%) = 323.6 (100) [M+H]".
'H NMR (400 MHz, d-DMSO) & (ppm) = 0.77-0.86 (m, 6H), 1.02 (m, 1H), 1.15 (d, J =
6.4 Hz, 3H), 1.45 (m, 1H), 1.77 (m, 1H), 3.97 (m, 1H), 4.34 (m, 1H), 5.11 (d, J = 12.5

Hz, 1H), 5.16 (d, ] = 12.5 Hz, 1H), 7.37-7.39 (m, SH), 7.47 (m, 1H), 8.07-8.08 (m, 3H),
8.69 (d, ] =7.3 Hz, 1H).

Exemplary compound 6A: Benzyl [N*-(tert-butoxycarbonyl)-D-arginyl]-L-isoleucyl-L-

allothreoninate
CH,

CH,

o) 0
H H

N 0 CH,
0O ‘N ;

N é \H/ \KcHs *TEA

' 0 : O  CH,
H,C OH ( NH
'l:li NH,

Exemplary compound 5A (253 mg 91% pure, 0.53 mmol) and N*(tert-
butoxycarbonyl)-D-arginine (145 mg, 0.53 mmol, 1 equivalent) are dissolved in DMF
(3.0 ml). 4-Methylmorpholine (76 ul, 0.70 mmol, 1.3 equivalents) and HATU (221
mg, 0.58 mmol, 1.1 equivalents) are added, and the mixture is stirred at room tem-
perature for 16 h. The complete mixture is then put onto an HPLC column and
purified by chromatography (method 18). Product-containing fractions are combined

and lyophilized. Yield: 364 mg (0.53 mmol, 99% of theory) of the title compound.



LCH3 00CH3 CH 0 HOCH3 H3C OH 43 Exenplary compound 3A (2.30 g, 7.12
nmmol ) and N-(tert-butoxycarbonyl)-L- isoleucine (2.14 g, 9.25 mmol, 1.3

equi val ents) are dissolved in DM (21.0 m). 4-Methyl norpholine (1.3 nil,
12.02 mol, 1.7 equivalents) and I-1ATU (3.52 g, 9.25 mol, 1.3

equi val ents) are added, and the m xture is stirred at roomtenperature for
16 h. The conplete mxture is then purified by chronmatography, first
according to nethod 20 and subsequently according to nethod 21.
Product-containing fractions are conbined and |yophilized. Yield: 1.75 g
(4.14 ol , 58% of theory) as a pale beige-colored anmorphous solid. 1-1PLC
(rrethod 3): R =4.59 mn. LGM (nethod 8): R = 2.56 mn, M5 (ESlpos): mz
("% 423. 8 (70) [ MF1 " H NVR (400 MHz, 4&6 DMSO) 6 (ppn) = 0.74-0.78 (m
61|)101107(m211)110 (dI 6.3 Hz, 3H), 1.37 (s, 9H),
1.64-1.66 (in, 1H), 3.94 (m 1H), 428(dd|:

7.3,J=7. 3Hz, 1IJI)PL§(@5‘{}’6d§E§**6F1§}“En09(d J-12. 7Hz, | H), 5. 13(d, J=12. 7Hz, 1H),
6,70 (d, J= 9.0 Hz, 1H), 731736(m 5H), 811(d J-81Hz) HR- TOF- M5
(method 14): Czz HB%\IZO calc. 423.2490, found 4 ]'". Exenplary
conpound 5A: BEMSYIMetbedk| Rt ’EmaMISéEcSIIﬁOé)oﬁ‘i/%%(f65t7|919fq é)%ﬂéet ate CH3 O
,CH3 H TFA O NHz

H NMR (400 MHz, ds-DMSO) 8 (ppm) = 0.72-1.16 (m, 8H), 1.37 (s, 9H), 1.46 (m, 2H),
1.60 (m, 1H), 1.69 (m, 1H), 3.06 (m, 2H), 3.93-4.01 (m, 2H), 4.25 (m, 1H), 4.33 (m,
1H), 5.07-5.14 (m, 2H), 6.96 (d, ] = 7.8, 1H), 7.35 (m, SH), 7.45 (m, 1H), 7.66 (d, ] =
8.8), 8.33 (m, 1H).

Exemplary compound 7A: Benzyl D-arginyl-L-isoleucyl-L-allothreoninate bis-

trifluoroacetate

CH,
0
’ )J\/NH
/N ,
H :

*2TFA

NH,

Iz

Exemplary compound 6A (237 mg, 0.34 mmol) is treated with 2.0 ml of the TFA
solution according to procedure 1. 255 mg of crude product of exemplary compound
7A (94% pure, 0.34 mmol, quant.) are obtained and are reacted without further

purification.

HPLC (method 3): R, = 3.42 min.

LC-MS (method 11): R = 2.42 min, MS (ESIpos): m/z (%) = 479.3 (50) [M+H]".



HC OH O Exenpl ary conpound 4A (224 ng, 0.53 nmmol) is treated with 8.0 m of
the TFA solution according to procedure 1. 253 ng of crude product of
exanpl e 5A (about 44 91% pure, 0.53 mmol, quant.) are obtained and are
reacted without further purifica- tion. HPLC (nethod 3): R, = 3.51 mn.
LC-M5 (nethod 8): R, = 1.58 min, M5 (ESIpos): mz (% = 323.6 (100) [ MtH] 4.
"H NVR (400 MHz, d -DMSO) S (ppm) = 0.77.0.86 (m 6H), 1.02 (m 1H), 1.15
(d, / = 6.4 Hz, 3H), 1.45 (in, 111), 1.77 (in, 1H), 3.97 (m 1H), 4.34 (m
1H, 5.11 (d, J= 12.5 Hz, 1H), 5.16 (d, J= 12.5 Hz, 111), 7.37-7.39 (in,
5H), 7.47 (m 4H), 8.07-8.08 (m 3H), 8.69 (d, / = 7.3 Hz, 1H). Exenplary
conmpound 6A: Benzyl [N -(tert-butoxycarbonyl)-D-arginyl]-L-isoleucyl -
allothreoninate CH3 CH3 OO0 N\n/OH3 OH ~I CH3 TFA HC OH 0O CN O CH3 NH2
Exenpl ary corrpound 5A (253 ng 91% pure, 0.53 mml) and N2 (tert-
but oxycar bony n|ne 145 , 5 ent i ssol ved
T O (30" T RS SRR R 7870k cro ST 103k T vt ) and
HATU (221 nyl1.49@b3BHynr4 (d,. 3H)efu wal 2ent398- a9 (ng daie . 25a(|tld rhesnmixture is
stirred at roQmuerisg g, j=7.3, /=88 Hz, 1H), 5.09 (d, / = 12.5 Hz, 1H), 5.15 (dd, / = 12.5

Hz), 7.36 (m, SH), 7.61 (m, 1H), 8.10 (m, 2H), 8.51 (d, / = 7.6 Hz, 1H), 8.57 (d, /= 9.0

Hz, 1H).

Exemplary compound 8A: Benzyl {N?-(fert-butoxycarbonyl)-L-leucyl]-D-arginyl-L-

isoleucyl-L-allothreoninate trifluoroacetate

CH

o Xy M? .

HN

CH,

*TFA

Exemplary compound 7A (240 mg, 0.34 mmol) and N-(feri-butoxycarbonyl)-L-leucine
(79 mg, 0.34 mmol, 1 equivalent) are dissolved in dichloromethane-DMF (5+1, 6 mi).
Diisopropylethylamine (296 ul, 1.70 mmol, 5 equivalents) and HATU (194 mg, 0.51
mmol, 1.5 equivalents) are added, and the mixture is stirred at room temperature for
24 h. The complete mixture is then put onto a gel chromatography column and
purified by chromatography (method 20, eluent is methanol). Product-containing
fractions are combined and concentrated. Yield: 146 mg (0.18 mmol, 53% of theory)

of the title compound.

HPLC (method 3): R, = 4.15 min.

LC-MS (method 8): R, = 1.92 min, MS (ESIpos): m/z (%) = 692.8 (100), [M+H]".



perature for 16 h. The conplete mxture is then put onto an HPLC col um and
purified by chromatography (nethod 18). Product-containing fractions are
conbined and |yophilized. Yield: 364 ng (0.53 nmol, 9904, of theory) of the
title conpound. 45 HPLC (nethod 3): R, = 3.91 mn. LCGM (nethod 8): R =
2,04 mn, M5 (ESIpos): nmlz (94)) = 579.9 (100) [MtHt. '"H NVR (400 MHz,
d,-DVsO) S (ppm) = 0,72-1.16 (in, 8H, 1.37 (s, 9H, 1.46 (m 2H, 1.60
(in, 1H), 1.69 (in, 1H), 3.06 (in, 2H), 3.93-4.01 (in, 2H), 4.25 (m 1H),
4.33 (m 1H), 5.07-5.14 (m 2H), 6.96 (d, J=7.8, 1H), 7.35 (m 5H), 7.45
(m 1H), 7.66 (d, J= 8.8), 8.33 (m 1H . Exenplary conmpound 7A: Benzyl
D-argi nyl -L-i sol eucyl -L-al | ot hr eoni nat e pis- trifluoroacetate CH3 CH3 0 O
NN v N2 H2 TFA 1-13C OH NH N NH2 Eﬁenplary conmpound 6A (237 ng, 0.34
mmol) is treated with 2.0 Ml of the TFA solution according to procedure 1.

255 nmg of crude product of exenplary conpound 7A_(94% pur 0,34 _mmol ,
quant ) ar 6 ot ARRIA0 G DVAB G G CHOREr i CREE | b Shobbbeal FpLC
(method 3): Rm,3H3,. A& m,mH‘),L{BIMSOQ et ds. 26l )m, 1R), £3324.42 (i 2Y), M-6.ESI pos) :
mz (% = 479(11% z(fﬁ,oe).%[ M}'ﬂ 7.8 fﬁ,GlH), 7.35 (m, SH), 7.47 (m, 1H), 7.88 (d, / = 8.1 Hz, 1H),

7.93 (d, /] =9.0 Hz, 1H), 8.35(d, J=7.3 Hz, 1H).

Exemplary compound 9A: Benzyl L-leucyl-D-arginyl-L-isoleucyl-L-allothreoninate
bistrifluoroacetate

CH CH,

e

CH,
o) =0 HC -
i ), L H
O '
o} - 0
H,C OH Ji /(
HNT N

H
*2TFA

Exemplary compound 8A (220 mg, 0.27 mmol) is treated with 2.0 ml of the TFA
solution according to procedure 1. 223 mg of crude product of example 9A (0.27

mmol, quant.) are obtained and are reacted without further purification.
HPLC (method 2): R, = 3.80.
LC-MS (method 11): R, = 2.54 min, MS (ESIpos): m/z (%) = §92.4 (2) (M+H]".

'H NMR (400 MHz, d,-DMSO) & (ppm) = 0.73-1.11 (m, 13H), 1.22-1.74 (m, 12H), 3.11
(m, 4H), 3.60 (m, 2H), 3.87 (m, 1H), 3.95 (m, 1H), 4.25 (m, 1H), 4.38 (dd, J=7.8, ] =
8.6 Hz, 1H), 4.64 (dd, J = 7.8, J = 13.7 Hz, 1H), 5.09 (d, J = 12.7 Hz, 1H), 5.13 (4, ] =
12.7 Hz, 1H), 7.35 (m, 5H), 7.58 (m, 1H), 8.07 (m, 2H), 8.25 (d, J = 8.8 Hz, 1H), 8.39
(d, ] = 7.6 Hz, 1H), 8.77 (d, ] = 8.3 Hz, 1H).



73-0.81 (m 5H), 1.11-1.19 (m 5H),

5 (dd,

0 (m

"H NVR (400 MHz, d6-DMSO S (ppm) = 0.73 8

1.33- 1.49 (m 3H, 1.74 (m 3H), 3.10 (m 2H), 3.88-3.95 (m 2H), 4.2

| =6.8, f =7.1 Hz, 1H), 4.46 (dd, / =7.3, f =8.8 Hz, 1H), 5.09 (d, /
12.5 Hz, 1H), 5.15 (dd, / = 12.5 Hz), 7.36 ( 5H), 7.61 (m 1H), 8.1

2H), 8.51 (d, | =7.6 Hz, 1H), 8.57 (d, j = 9.0 Hz, 1H. Exenplary conpound
8A: Benzyl [N2-(tert-hutoxycarhonyl)-L-1eucyl]-D arginyl-L-

i sol eucyl -L-all othreoninate trifluoroacetate CH3 CH3 O C H3 O HC O CH CH3
OHU~HOCH3 OO0 H3C OHNH H2N H TFA Exenpl ary conmpound 7A (240 ng,
0.34 mml) and N-(tert-hutoxycarhonyl)-L-leucine (79 ng, 0.34 mol
equi val ent) are dissolved in dichloronethane-DMF (5+1, 6 m).

Di i sopropyl et hyl am ne (296 |,

0.51 mmol,

1.5 equivalents) are added, and the m xture is stirred

tenperature for 24 h. 'the conplete mxture is then put onto a gel
chr omat ogr aphixegutignmm camgouylir 194 eBersy! dRONetceigrapmapere oty d2@y-lel uent s
met hanol ). Predygti-ieeit Blafiing L-i{daehiionsdmikeninadaand concentrat ed.
Yield: 146 ng (0.18 mmol, 53% of theory) of the title conmpound. HPLC
R =4.15 mn. LGM (nmethod 8): R =1.92 mn, M5 (ESlpos): nlz
(%46) = 692.8 (100), [M+H". CH, CH

(et hod 3):

0
SASOASSP
H,C
I

Exemplary compound 9A (223 mg, 0.27 mmol) and N-(tert-butoxycarbonyl)-(3R)-
3-hydroxy-L-leucine (89 mg, 0.33 mmol, 1.22 equivalents) are dissolved in DMF
(6 ml), and the solution is cooled to -20°C. 4-Methylmorpholine (150 pl, 1.36 mmol,
S equivalents) and HATU (165 mg, 0.44 mmol, 1.6 equivalents) are added, and the
mixture is stirred at room temperature for 16 h. The complete mixture is then put
onto a gel chromatography column and puritied by chromatography (method 20,
eluent is methanol). Product-containing fractions are combined and concentrated.

Yield: 188 mg (0.20 mmol, 74% of theory) of the title compound.

HPLC (method 3): Ry = 4.24 min.

LC-MS (method 9): R; = 1.99 min, MS (ESIpos): m/z (%) = 821.9 (100) [M+H]"*.

'H NMR (400 MHz, d-DMSO) § (ppm) = 0.71-0.90 (m, 15H), 1.00 (m, 1H), 1.10 (d, / =
6.4 Hz, 3H), 1.24-1.26 (m, 3H), 1.38 (s, 9H), 1.42-1.71 (m, 6H), 3.06-3.17 (m, 3H),
3.45 (m, 1H), 3.61 (m, 1H), 3.93 (m, 1H), 4.05 (m, 1H), 4.26 (m, 1H), 4.35 (m, 2H),
4.54 (d, / = 7.8 Hz, 1H), 5.07-5.15 (m, 2H), 5.45 (d, / = 9.0 Hz, 1H), 7.35 (m, 5H), 7.46
(m, 1H), 7.85 (d, / = 7.8 Hz, 1H), 7.89 (d, / = 8.8 Hz, 1H), 7.97 (d, / = 8.1 Hz, 1H), 8.35
(d, J = 7.6 Hz, 1H).

, 1

at

1.70 mmol 48 5 equi val ents) and HATU (194 ny,

room



47 '"H NWR (400 MHz, db-DMSO S (ppm = 0.72-1.23 (m 22H), 1.37 (s, 9H),
1.38-1.71 (in, 3H, 3.08 (m 2H), 3.91-4.00 (m 2H), 4.26 (m 1H),
4.33-4.42 (m 2H), 5.07-5.15 (m 2H), 6.92 (d, J =7.8 Hz, | H, 7.35 (m
5H), 7.47 (m | H, 7.88 (d, J =8.1 Hz, 1H, 7.93 (d, J= 9.0 Hz, 1H), 8.35
(d, J= 7.3 Hz, 1H). Exenplary conpound 9A: Benzyl

L-1 eucyl -D-argi nyl -L-i sol eucyl -L-all othreoninate bistrifluoroacetate CH3
CH3 CH3 O00 HBCNH2 OH ~/ HCOHO- ~0 H2N H 2 TFA Exenpl ary conpound
8A (220 ng, 0.27 mml) is treated with 2.0 mM of the TFA solution according
to procedure 1. 223 ng of crude product of example 9A (0.27 mol, quant.)
are obtained and are reacted without further purification. HPLC (nethod 2):
R, = 3.80. LCGM (nmethod 11): R = 2.544%n, MS (ESlpos): mz (% = 592.4
(2) [MrH'. "H NWR (400 MHz, d,-DMSO 6 (ppm = 0.73-1.11 (m 13H),
1.22-1.74 (m 12H), 3.11 (m 4H), 3.60 (m 2H), 3.87 (in, 1H, 3.95 (m |
H), 4.25 (m Bxepplary ggnpeithd J1a&: F(38)-Nj-(ted-Bugoxgcasbonyl)-3Hyydrakyg4e¢dt:l-j = 7. 8,
j = 13.7 Hz, ieldy- Dirég@yl-(quolducyi ngloﬁlré’gmneltnhuoro&et%é (d, j = 12.7 Hz, IH),

7.35 (m 5H), 7.58 (m 1H), 7 (in, 2H), 5 (d, J= 8.8 Hz, IH), 8.39
(d, j = 7.6 Hz, 1H), 877(dj 83HzIH).48
\P CH
HEN N
H
*TFA

Exemplary compound 10A (100 mg, 0.11 mmol) is dissolved in glacial acetic acid (4.3
ml), 10% palladium on activated carbon (22 mg) is added, and the mixture is hydro-
genated under atmospheric pressure at room temperature for 2 h. The catalyst is
filtered off and the filtrate is lyophilized. The crude product is purified by chromatog-
raphy (method 17). Product-containing fractions are combined and lyophilized.

58 mg (60 pmol, 55% of theory) of the title compound are obtained.

HPLC (method 3): R = 3.75 min.

LC-MS (method 9): R, = 1.80 min, MS (ESIpos): m/z (%) = 731.8 (100) [M+H]".



Exenpl ary conpound 10A: Benzyl [(3R)-N2-(tert-butoxycarbonyl)-3-hydroxy-L-

| eucyl ]-L-1eucyl-D-arginyl-L-isoleucyl-L-allothreoninate trifluoroacetate CH
CH3 CH3 OHCO HHIU/ HNNCH I~~H~-OCH3 OO0 H3I COCH3 OHC OH NH r
OH HZN H TFA CH3 Exenpl ary conpound 9A (223 ng, 0.27 mmol) and
N-(tert-butoxycarbonyl)-(3R)- 3-hydroxy-L-leucine (89 ng, 0.33 mol, 1.22
equi val ents) are dissolved in DMV (6 m), and the solution is cooled to
-20C. 4- Met hyl norpholine (150 |, 1.36 mmol, 5 equival ents) and HATU (165
ng, 0.44 mmol, 1.6 equivalents) are added, and the mxture is stirred at
roomtenperature for 16 h. The conplete m xture is then put onto a gel
chromat ography col umm and purified by chromatography (nmethod 20, eluent is
met hanol ). Product -containing fractions dre conbi ned and concentr at ed.

Yield: 188 nmg (0.20 mmrol, 74% of theory) of the title conmpound. HPLC
(method 3): R_=4.24 min. LGNS (nethod 9): R = 1.99 min, M (ES|pos): nz
(% = 821.9 (FEOPPRREHfemPoYRdNVRAL 406 RIBU OS2 BRRSY) 818 - dexy-70. 90 (m
1SH), 1.00 ( mmetidlL-abpatcdctd j 6.4 Hz, 3H), 1.24-1.26 (m 3H), 1.38 (s,
OH), 1.42-1.71 (m 6H), 3.06-3.17 (m 3H, 3.45 (m 1H), 3.61 (m 1H), 3.93
(m 1H, 4.05 (m 111), 4.26 (m 1H), 4.35 (m 21h, 4.54 (d, J = 7.8 Hz,
1H), 5.07-5.15 (in, 2H), 5.45 (d,.C8= 9.0 Hz, IH), 7.35 (m 5H), 7.46 (m
1H, 7.85 (d, J= 7.8 Hz, 111), ¥%.89 (d, J=8.8 Hz, IH), 7,97 (d, J= 8.1 Hz,
1H), 8.35

0O O  CH,

(38)-3-Hydroxyaspartic acid is prepared according to the method of G. Cardillo, L.
Gentilucci, A. Tolomelli, C. Tomasini, Synlett 1999, 1727-1730, and converted in
analogy to P. G. Mattingly, M. ]J. Miller, J. Org. Chem. 1983, 48, 3556-3559, using
microwave radiation in a closed reactor into (2§,35)-2-amino-3-hydroxy-4-methoxy-

4-oxobutyric acid hydrochloride.

(25,35)-2-Amino-3-hydroxy-4-methoxy-4-oxobutyric acid hydrochloride (447 mg,
2.24 mmol) are dissolved in DMF (9 ml). The solution is cooled to 0°C, Boc-glycine
N-hydroxysuccinimide ester (763 mg, 2.91 mmol, 1.3 equivalents), DMAP (14 mg,
0.11 mmol, 0.05 equivalents) and finally DIEA (1170 nl, 6.72 mmol, 3 equivalents)
are added. The mixture is allowed to warm slowly to room temperature and is then
stirred for a further 2 h. The mixture is acidified with glacial acetic acid, mixed with
acetonitrile and chromatographed on Sephadex LH 20 (method 20). Product-
containing fractions are combined, concentrated and chromatographed again
(method 21). Product-containing fractions are combined and lyophilized. The
resulting product (761 mg, quant.) is reacted further without further purification. For

analytical purposes, a pure sample is obtained by HPLC (method 19).

HPLC (method 3): Ry = 3.15 min.

LC-MS (method 8): Ry = 1.17 min, MS (ESIpoS) = 321.2 [M+H]*.



(d, J= 7.6 Hz, 1H). 49 Exenplary conpound 11A:

[ (BR)-12-(tert-Butoxycarbonyl)-3-hydroxy-L-1eucyl]-L-

| eucyl -D-arginyl -L-isol eucyl -L-allothreonine trifluoroacetate CH3 CH3 CH3 O
O HBCON~HO/CH3 HO\/ HT7f pl i~CHII Il 3 HCOHO/ 0 HCOO
CH3 CH3 3H2N H H TFA Exenplary conpound 10A (100 ng, 0.11 mml) is

di ssolved in glacial acetic acid (4.3 m), 10% pal | adium on acti vat ed
carbon (22 ng) is added, and the m xture is hydro- genated under atnospheric
pressure at roomtenperature for 2 h. The catalyst is filtered off and the
filtrate is Iyophilized. The crude product is purified by chromatog- raphy
(method 17). Product-containing fractions are conbined and |yophilized. 58
ng (60 pmol, 55% of theory) of the titl2! conpound are obtained. HPLC (nethod
3): R =3.75 mn. LCM (nmethod 9): R = 1,80 mn, M5 (ESIpos): mz (% =
731.8 (100) [MH—l]'. 50 Exenplary conpound 12A:

[N2- (tert- But@kwcarﬁ%rﬁyF)OSél Me9H) - (3S) - 3- hydroxy- O net hyl -L-aspartic acid

'H NMR (300 MHz, de-DMSO) & (ppm) = 1.40 (s, 9H), 3.49-3.60 (m, 2H), 3.61 (s, 3H),
4.29 (m, 1H), 4.73 (d, ] = 6.6 Hz, 1H), 7.01 (m, 1H), 7.49 (d, ] = 6.99 Hz, 1H).

BC-NMR (d¢-acetone, 126 MHz, DEPT) 8 (ppm) = 28.5 (CH3), 42.2 (CHz), 51.8 (CHsy),
53.7 (CH), 56.0 (CH), 79.2 (quat), 169.6 (quat), 169.7 (quat), 172.8 (quat), 173.8
(quat).

HR-TOF-MS (method 14): Ci2H22N:O0s [M+H]* calc.: 321.1298, found: 321.1299.

Exemplary compound 13A: [N?-(fert-Butoxycarbonyl)-glycyl]-(35)-3-hydroxy-L-

asparagine

O  CH,

Exemplary compound 12A (353 mg, 1.10 mmol) is dissolved in 25% aqueous ammo-
nia (1.70 ml), and the mixture is stirred at RT for about 2 h. As soon as the reaction is
complete (detection by HPLC, method 3), the mixture is concentrated to dryness
under oil pump vacuum, and the residue is purified by HPLC (method 17). Product-
containing fractions are combined and lyophilized. Yield: 172 mg (51% of theory) of

the title compound as a colorless solid.

HPLC (method 3): R, = 2.70 min.

LC-MS (method 11): R = 2.21 min, MS (ESIpos): m/z (%) = 306 (70) [M+H]*.



OCH3 OH O OHHONO\ /CH3 HI CH3 00 CH3 (3S)-3-Hydroxyaspartic acid
is prepared according to the nethod of G Cardillo, L. Gentilucci, A
Tolonelli, C ‘'lomasini, Synlett 1999, 1727-1730, and converted in anal ogy
to P. G Mattingly, M J. Mller, J. Og. Chem 1983, 48, 3556-3559, using
m crowave radiation in a closed reactor into

(2S, 3S) - 2- am no- 3- hydr oxy- 4- net hoxy- 4-oxobutyric acid hydrochl ori de.

(2S, 3S) - 2- Am no- 3- hydr oxy- 4- met hoxy- 4- oxobut yri ¢ aci d hydrochl oride (447 ny,
2.24 mol) are dissolved in DVF (9 m). The solution is cooled to 0C,
Boc- gl yci ne N-hydroxysuccini mde ester (763 trig, 2.91 nmol, 1.3

equi valents), DVAP (14 ng, 0.11 mmol, 0.05 equivalents) and finally DI EA
(1170 at, 6.72 mmol, 3 equival ents) ar82added. The nixture is allowed to
warn slowy to roomtenperature and is then stirred for a further 2 h. The
m xture is acidified with glacial acetic acid, mxed with acetonitrile and
chr omat ogr aph&¥erBplasegempaard 1EA2GR EYHew PRoyYlal@iRfduct - contai ning fracti ons
are conbi ned, concentrated and chroni at ographed again (nethod 21).
Product-containing fractions are conblned and | yophilized. The resulting
product (761 ng, quant.) is reacted furf i thout further purification.

For anal ytical purposes, a pure oht ai ned by |1 PLC (nmethod 19).
HPLC (inethod 3): R = 3.15 nin. ' gt ho®"8): R = 1.17 nin, M
(ESIpoS) = 321.2 [MHIi]*. S [a]k +NB9 (c = 0.55, MeOH).

This exemplary compound is synthesized according to the method of Belokon (Y. N.
Belokon, K. A. Kochetkov, N. S. Ikonnikov, T. V. Strelkova, S. R. Harutyunyan, A. S.
Saghiyan, Tetrahedron: Asymmetry 2001, 12, 481-485).

LC-MS (method 12): R, = 0.41 min, MS (ESIpos): m/z (%) = 182.1 (100) [M+H]".
[a]*na =-21° (¢ = 0.1, MeOH). Lit (D. Alker, G. Hamblett, L. M. Harwood, S. M.
Robertson, D. ]J. Watkin, C. E. Williams, Tetrahedron 1998, 54, 6089-6098): [a]?%n, =

-20° (¢ = 0.8, MeOH).

'H NMR (400 MHz, D;0) & (ppm) = 3.84 (d, ] = 4.5 Hz, 1H), 4.64 (d, ] = 4.5 Hz, 1H),
7.30-7.36 (m, SH).

Exemplary compound 15A: N-Butoxycarbonyl-(3R)-3-hydroxyphenylalanine

OH o]
OH
HN\T70
H,C e)

s



| H NVR (300 MHz, d6-DMSO) S (ppm) = 1.40 (s, 9H), 3.49-3.60 (m 2H), 3.61
(s, 3H, 4.29 (m | H, 4.73 (d, J =6.6 Hz, 1H), 7.01 (ni, 1H), 7.49 (d, J
= 6.99 Hz, 1H). "C NWMR (dam acetone, 126 MHz, DEPT) 8 (ppm) = 28.5 (CH),
42.2 (CH2), 51.8 (CH), 53.7 (CH), 56.0 (CH), 79.2 (quat), 169.6 (quat),
169.7 (quat), 172.8 (quat), 173.8 (quat). HR TOF-M5 (nmethod 14): Cl12H22N2GCs
[ MPFH] “talc.: 321.1298, found: 321.1299. Exenplary conpound 13A:

[ N2- (tert - But oxycarbonyl)-glycyl]-(3S)-3-hydroxy-L- asparagine NH2 CH O O
HH ~ OCH HO . H'-OH3 O O CH Exenplary conmpound 12A (353 ng, 1.10
mmol ) is dissolved in 25% aqueous ammo- nia (1.70 m), and the m xture is
stirred at RT for about 2 h. As soon as the reaction is conplete (detection
by HPLC, nethod 3), the mixture is concehtrated to dryness under oil punp
vacuum and the residue is purified by HPLC (et hod 17) Product - contai ni ng
fractions are conbined and | yophilized. Yield: 172 é 1% of theory) of
the title conpSpENamRPoEBS it €5%8 Lol6 MmO igkqnngt olgt-dipxarg water 22449 m n,

LC- M5 (et hodo Ldi),: arid, trretl‘%fle%lmén(mo dvss(sEShm@sh 3 leqélzalé&@) mﬁﬁﬁte;(t%(}byl [ MFH]
52 Exenpl ar ydlcar%%%én(% mg, "3. (§4 R?nolg 1.3 eq&val(e)r)l%/) a?ee apd%eg lT% 1xture is s%rreg at H
room temperature for 16 h and then stopped using 1M citric acid. The mixture is
extracted with several portions of ethyl acetate until product is no longer detectable
in the aqueous phase by HPLC (method 3). The combined organic phases are dried
over sodium sulfate and concentrated. 759 mg (2.70 mmol, 98% of theory) of the

title compound are obtained as a colorless oil in the residue.
HPLC (method 3): R = 3.89 min.
LC-MS (method 8): Ri = 1.87 min, MS (ESIpos): m/z (%) = 282.3 (40) [M+H]".

'H NMR (400 MHz, d-DMSO) 8 (ppm) = 1.27 (s, 9H, COC(CHs)s), 4.21 (m, 1H), 5.09
(s, 1H), 6.30 (d, J = 9.8 Hz), 7.22-7.34 (m, SH).

Chiral HPLC (method 7): e.e. 94.1%.

Exemplary compound 16A: Methyl N-butoxycarbonyl-(3R)-3-hydroxyphenyl-

alaninate

OH O

CH,

0]

HN \I%O
H,C 9]
HC  cH,

Exemplary compound 16A (331 mg, 1.11 mmol) is dissolved in dichloromethane-

methanol (5+1, 12 ml), cooled to 0°C, and trimethylsilyldiazomethane (2M in THF,



NH2 This exenpl ary conpound is synthesized according to the nethod of

Bel okon (Y. N. Bel okon, K A Kochetkov, N S. Ikonnikov, T. V. Strel kova,
S. R llarutyunyan, A S. Saghiyan, Tetrahedron: Asynmmetry 2001, 12,
481-485). LC-Ms (nethod 12): R, = 0.41 min, M5 (ESIpos): nmz (%9 = 182.1
(100) [MtH 4. [a]20Na =-21 (¢ = 0.1, MeAl). Lit (D. Alker, G Hanblett, L.
M Harwood, S. M Robertson, D. J. Watkin, C E. WIIlians, Tetrahedron
1998, 54, 6089-6098): [a]22N, -20 (c = 0.8, MA1l). "HNW (400 M 1z, DzO
6 (ppm = 3.84 (d, 4.51 |z, 1H), 4.64 (d, J= 4.5 Hz, 111), 7.30-7.36 (m
SH). Exenplary corrpound 15A: N But oxycar honyl - (3R) - 3- hydr oxyphenyl al ani ne
OHOOH HN H3C~/( / O H3C 'H3 53 Exenplary conpound 14A (0.5 g, 2.76
mmol) is taken up in 1, 4-di oxane-water (¥+1, 9 m), and triethylani ne (500
pl, 3.59 mml, 1.3 equivalents) and di-tert-butyl dicarbonate (660 ng, 3.04
rrrml 1. 3 equival entsé are added. The m xture is stirred at roo

t erper at ur e f Jro6T8l R-3AMMelha KIS HFPEds thsied gropise; The IBIXé‘HFGPStrFﬁ%ahPﬁ ure is
extracted wit hoxsmlﬁfr@k 3p@flhla@a&h@f a @b yitopa Getral Qreuiddell upkiode@lorizsidno | onger

detectable in the thod 3).. The conbin rgani c
phases are dri%d™ g %?O Vec?g %aal%fjf(%[tft %nandr(%?% fcehe léeda&e?%npnoﬁ‘ 533 0 ol ,
98% of t heory)mmpPShipere atccqrdlegaoﬂti@rrrdq@n@ta@mmld@da gglogistalilor | ess oil in the
residue. HPLC (nethod 3): R = 3.89 mn.

HPLC (method 3): Ri = 4.26 min.
LC-MS (method 8): Ry = 2.11 min, MS (ESIpos): m/z (%) = 296.3 (50) [M+H]}".

'H NMR (300 MHz, de-DMSO) & (ppm) = 1.27 (s, 9H, COC(CHs)3), 3.60 (s, 3H, OCHy),
4.31 (dd, J = 3.8, ] = 9.3 Hz, 1H), 5.03 (d, ] = 3.4 Hz, 1H), 5.68 (br s, 1H), 6.62 (d, ] =
9.1 He, 1H), 7.23-7.34 (m, SH).

Exemplary compound 17A: Methyl (3R)-3-hydroxy-phenylalaninate trifluoroacetate

OH O

CH
0 “TFA

NH

Exemplary compound 16A (345 mg, 1.17 mmol) is dissolved in 30% TFA in di-
chloromethane (10 ml) and stirred at RT for 15 min. The solvent is then distilled off.
The residue is dried to constant weight under oil pump vacuum. Yield: 401 mg
(quant.) as a yellow oil which is employed without further purification in the next

step.
HPLC (method 3): Ry =2.51 min.

LC-MS (method 8): R, = 0.30 min, MS (ESIpos): m/z (%) = 196.1 (20) [M+H]".



LC-Ms (nethod 8): R, =1,87 min, M5 (ESIpos): mz (% = 282.3 (40) [MH] -.
"H NWVR (400 MHz, d6-DVMSO) S (ppm = 1.27 (s, 9H, COC(CH3)3), 4.21 (m 1H),
5.09 (s, 111), 6.30 (d, J = 9.8 Hz), 7.22-7.34 (m 5H). Chiral HPLC (nethod
7). e.e. 94.1% Exenplary conpound 16A: Met hyl

N- but oxycar bonyl - (3R) - 3- hydr oxyphenyl - alaninate OH O O .CH3 HNM x

Exenpl ary conpound 16A (331 ng, 1.11 mmol) is dissolved in dichlorornethane-
met hanol (5+1, 12 m ), cooled to OC, and trinethylsilyldiazoniethane (2Min
THE, 54 1.66 m, 3.32 mml, 3 equivalents) is added dropw se. The m xture
is stirred at OC for a further 30 mn and then a few drops of TFA are added
until decolorization occurs. The solvent is distilled off, and as residue
remains the title conpound (345 ng, 95% pure according to HPLC) in
guantitative yield as a yellow sh oil. HPLC (rrethod 3): R 4 26 mn. LC M

(method 8): R, = 2.11 min, M (ESI pgz (% _2963(50)1 [ MEH *. " H NMWR
(300 MHz, d(, E’Bmfysowﬁﬁmd 18/*1 Née?hY(l @ﬁil}zylé:’@eeféﬂ?s&)l@? leugylpplquginatgy  ocH; ) |
4.31 (dd, J = 3.8, f Hz, | H, 5.03 (d, J =3.4 Hz, IH), 5.68 (hr s, 1
H, 6.62 (d, J = 9.1 Hz, 1H) 7.23-7,34 (m 5H). Exenplary conmpound 17A
Met hyl (3R) - 3- hydr oxy-phenyl inate trifluoregcetate OH 0 O-CH3 "TFA

QM?

N?-(Benzyloxycarbonyl)-D-leucine (BACHEM Cat No z13351.) (6.37 g, 24 mmol) and
methyl L-leucinate (3.49 g, 24 mmol, 1 eq.) are dissolved in DMF (75 ml) at 0°C, and
then NMM (5.28 ml, 48 mmol, 2eq.) and HATU (13.69 g, 36 mmol, 1.5eq.) are
added. The mixture is stirred at room temperature for three hours. MTBE and a
saturated sodium bicarbonate solution are added, and extraction is carried out. The
aqueous phase is extracted again with a second portion of MTBE, and the combined
organic phases are then washed with 1M citric acid and again with a saturated
sodium bicarbonate solution, dried over sodium sulfate, filtered and concentrated in
vacuo. The residue is purified by chromatography in two portions (Biotage 40M,
cyclohexane/ethyl acetate 3+1). Product-containing fractions are combined and

lyophilized. Yield: 7.85 g (80% of theory) of the title compound.

HPLC (method 3): R, = 4.82 min.

LCMS (method 8): R, = 2.65 min; MS (ESIpos.): m/z (%) = 393 (100) [M+H]".
[0)?ns = -5.2° (¢ = 0.52, MeOH).

'H NMR (400 MHz, d,-DMSO) 3 (ppm) = 0.77-0.92 (m, 12H), 1.31-1.66 (m, 6H), 3.60
(s, 3H), 4.10 (m, 1H), 4.28 (m, 1H), 5.02 (s, 2H), 7.25-7.38 (m, 6H), 8.23 (d, 1H).



/' NH, Exenplary conpound 16A (345 ng, 1.17 mmol) is dissolved in 30% TFA in

di - chl or onet

distilled off.

hane (10 m) and stirred at RT for 15 mn. The sol vent

is then

The residue is dried to constant wei ght under oil punp

vacuum Yield: 401 ng (quant.) as a yellow oil which is enpl oyed w thout
ication in the next step. HPLC (method 3): R = 2.51 mn.
LCG-Ms (nmethod 8): R =0,30 mn, M5 (ESIpos): mz (/,) = 196.1 (20)
55 Exenpl ary conpound 18A: Met hyl

[ N2- (benzyl oxycar bonyl )-D-l eucyl | -L-1eucinate CH3 O O 'Ifs O CH3
H 4~CH, H3C O CH3 N2-(Benzyl oxycarbonyl)-D-| euci ne (BACHEM Cat No z13351.)
(6.37 g, 24 mmol) and nethyl L-leucinate (3.49 g, 24 mmol, 1 eq.) are

DMF (75 m) at 0C, and t hth NwM (5.28 mM, 48 mml, 2 eq.) and
HATU (13.69 g, 36 mmol, 1.5 eq ) are added The m xture is stirred at room
or three hour s. sat urated sodi um bi car bonat e

sol ution are 'detfdR 1%(9’%6(??‘88&59% P%m)carzl1 ildHout! S This), agtiéets Hhhse is

further purif

di ssol ved in

tenperature f

extract ed agaacrmg)wzn b (@H$e@m1¢mprsblmmfs1waﬁag,

phases are th

[ MeH] *.

HN N O

 Be.ocamyi e (CHr gani ¢

sodlun1b|carb €%¥§§29?6m&%n“%d 2@3 §V9w<§0§%fﬁﬁgha?§ g %¥($@§FZ%E Lgted

concentrat ed H%S(@amwaNcwﬁéﬂﬂ®$ﬂd&é(¢QU@UEKDJ@@9U9<th6ﬁ@Iography in two
portions (Biotage 40M

Exemplary compound 19A: [N?-(Benzyloxycarbonyl)-D-leucyl]-L-leucine

CH,
0. _0
\T7 0 CH,

HN OH

H,C O

3

CH

Exemplary compound 18A (7.70 g, 19.62 mmol) is taken up in 200 ml of THF/water
(3+1), cooled to 0°C, and lithium hydroxide monohydrate (1.65 g, 39.24 mmol,
2 eq.) is added. The mixture is left to stir at 0°C until according to HPLC monitoring
(method 3) the reaction has proceeded to completion (about 45 min). Most of the
THF is distilled off in vacuo, the mixture is adjusted to about pH 4 by adding citric
acid, and the mixture is extracted with 2 portions of ethyl acetate. The combined org.
phases are dried over sodium sulfate, filtered and concentrated. The product is
obtained as a colorless amorphous substance in a yield of 6.87 g (89% of theory) of

the title compound.
HPLC (method 3): R, = 4.45 min.

LC-MS (method 8): R, = 2.39 min, MS (ESIpos) m/z (%) = 379 (100) [M+HJ*, 757 (40)
[2M+H]".

(@] e = +4.7° (¢ = 0.50, MeOH).



cycl ohexane/ et hyl acetate 3+1). Product-containing fractions are conbi ned
and |yophilized. Yield: 7.85 g (80% of theory) of the title conpound. HPLC
(method 3): R =4.82 mn. LCVMS (nmethod 8): R = 2.65 mn; M (ESIpos.):
infz (%9 = 393 (100) IMrH +. (u]20Ny = -5.2 (¢ = 0.52, MeOH). '"H NWR (400
MHz, d,,-DMSO 6 (ppm) = 0.77-0.92 (m 12H), 1,31-1.66 (m 6H), 3.60 (s,
3H, 4.10 (m | H, 4.28 (m 1 H, 5.02 (s, 2H), 7.25-7.38 (in, 6H), 8.23
(d, 1 H. 56 ' 3CNWR (126 MHz, d,-DVsO) S (ppm = 21.1 (CH3), 21.5 (CH3),
22.8 (CHs), 22.9 (CH ), 24.2 (CH), 41.0 (CH2), 50.0 (CH), 51.8 (CHs,
OCRs), 52.9 (CH), 65.3 (CH2, OCH2Ph), 127.6 (CH, ar-C), 127.7 (CH, ar-Q),
128.3 (CH, ar-C, 137.1 (C quat, ar-C, __155.8 (C quat, NCOC(CH,)3), 172.4
(C quat, C=O, 172.9 (C quat, C=0O. Exer?ﬁl ary conpound 19A:

[ N2- ( Benzyl oxycar bonyl ) -D-| eucyl ] - L- Ieuci rre \ CHI 00 O CH O—I HBC INO
CH3 Exenplary corrpound 18A %@57 %CP aken up in_ 20 of
THE/ wat er  ( 3+HNME 6P Az DHEO) 4 nPH%”uPrPWHrr]&@dé%ﬁ%ﬁyofrfat‘éo‘t—l 65 g,
39.24 mmol, 2.28qm) 2HS 58ddedy), The-7msxinyer), BI2 (@fit), t10.56 (brr's, aH).0C unt i |
accordi ng to HPLC nmonitoring (nethod 3) the reaction has proceeded to
conpl etion (about 45 mn). Modst of the THE is distilled off in vacuo, the
m xture i s adjHrRT@EME anethodit4)pElois hyDs ddeliinchlCcBTT.2228, facndl37%aed6t he m xture i s
extracted with 2 portions of ethyl acetate. The conbi ned org.

Exemplary compound 20A: Methyl [N*(benzyloxycarbonyl)-D-leucyl]-L-leucyl-(3R)-
3-hydroxyphenylalaninate

Irz

Exemplary compound 19A (550 mg, 1.45 mmol) and exemplary compound 17A
(449 mg, 1.45 mmol, 1 equivalent) are dissolved in DMF (12 ml) at 0°C. 4-methyl-
morpholine (320 pl, 2.9 mmol, 2 equivalents) and HATU (663 mg, 1.74 mmol, 1.2
equivalents) are then added, and the mixture is stirred at 0°C for 15 min. Subse-
quently further 4-methylmorpholine (160 pl, 1.45 mmol, 1 equivalent) is added, and
the mixture is stirred at RT for 16 h. The mixture is then extracted between ethyl
acetate and conc. sodium bicarbonate, and the organic phase is washed with 0.5M
citric acid and again with conc. sodium bicarbonate, dried over sodium sulfate and
concentrated. The residue is purified by chromatography (method 17). Product-
containing fractions are combined and lyophilized. Yield: 626 mg (1.13 mmol, 78%

of theory) of the title compound.

HPLC (method 3): R, = 4.69 min.

LC-MS (method 8): R, = 2.58 min, MS (ESIpos): m/z (%) = 556.5 (100) [M+H]*.



phases are dried over sodiumsulfate, filtered and concentrated. The product
is obtained as a colorless anorphous substance in a yield of 6.87 g (891%
of theory) of the title conpound. HPLC (nmethod 3): R = 4.45 mn. LCM
(method 8): R =2.39 min, M5 (ESlpos) mz ((% = 379 (100) [M+H ~, 757 (40)
[2MtH] ' . [a] 20N, = +4.7 (¢ = 0.50, MeOH). 57 'H NWR (300 MHz, d6-DMSO) S
(ppm = 0.77-0.92 (m 12H), 1.34-1.68 (m 614), 4.04- 4.26 (m 2H), 5.02 (s,
211), 7.25-7.38 (m 6H), 8.12 (d, 111), 12.50 (br. s, 1H). HR TOF- M5
(method 14): C20H31IN20O 5 [M+H]' cal c, 379, 2228, found 379.2216. Exenplary
conpound 20A: Met hyl [ N2-(benzyl oxycarbonyl)-D-I|eucyl]-L-leucyl-(3R)- 3- hy
dr oxyphenyl al anirateCHd8 y 000CHH 0 NNN,, OCH3
H3C: 0 HO CH3 Exenpl ary conpound 19A (¥50 ng, 1.45 mmol) and exenpl ary
conmpound 17A (449 rrg, 1.45 mol, 1 equi val ent) are dissolved in DWW (12 m)
at 0C. 4-net h¥1| hol i ne (320 mol , 2 equival ents) and HATU (663
ny, 1.74 nmol ] biMﬁ (3 R RIS 5&9@%7}%?16 Q8% Ew, 128hd 3heodmtaiPe3 545 stirred

at 0C for 15 @i3m, oBabseos-quenh) yf uas fuars ds sethyloms phplisaedd, 16Q.1pf , 1. 45
mol, 1 equivalent),\ss 8468 a8 <7 @, )= 4.5 Hz, 1H), 7.20-7.40 (m, 11H), 8.01 (d,

] =8.7 Hz, 1H), 8.08 (d, ] = 8.5 Hz, 1H).

Exemplary compound 21A: [N?%(Benzyloxy)carbonyl-D-leucyl]-L-leucyl-(3R)-3-

hydroxyphenylalanine
©\/ L
0] 0]
\( 0
HN
H,C
CH

Exemplary compound 20A (650 mg, 1.17 mmol) is dissolved under argon in THF-
water (2+1, 30 ml). At 0°C, an aqueous solution of lithium hydroxide (57 mg,
2.40 mmol, 4 equivalents in 8.65 ml of water) is added dropwise. The reaction has
proceeded to completion after 45 min (HPLC, method 1). Glacial acetic acid is added,
and the mixture is concentrated. The crude product is purified by chromatography
{method 16). Product-containing fractions are combined and lyophilized. Yield: 618

mg (98% of theory) of the title compound.

HPLC (method 1): R = 2.44 min.

LC-MS (method 13) R, = 6.04; MS (ESIpos) m/z (%) = 542.5 (100) [M+H]*, 183.8 (80)
[2M+H]*; MS (ESIneg) m/z (%) = 540.4 (40) [M-H]; 1081.70 (100) [2M-HJ-.



the m xture is stirred at RT for 16 h. The m xture is then extracted between
ethyl acetate and conc. sodium bi carbonate, and the organic phase is washed
with 0.5M citric acid and again with conc. sodium bicarbonate, dried over
sodium sul fate and concentrated. The residue is purified by chromatography
(method 17). Product- containing fractions are conbined and | yophilized.
Yield: 626 ng (1.13 nmmol, 78% of theory) of the title conpound. HPLC
(method 3): R =4.69 min. LGM (nethod 8): R = 2.58 mn, M5 (ESIpos): niz
(%9 = 556.5 (100) [M+H *. 58 'H NWR (300 MHz, d6-DVSO) S (ppm) = 0.76-0.88
(m 12H), 1.23-1.60 (m 6H), 3.54 (s, 3H, OCH3), 4.06-4.11 (m 1H), 4.43

(dd, 1=8.3, / =14.9 Hz, 1H), 4.52 (dd, / =4.1, j] = 7.7 Hz, 1H),
5.02-5.06 (m 3H), 5.87 (d, J= 4.5 Hz, ¥H), 7.20-7.40 (in, 11H), 8.01 (d, J
= 8.7 Hz, 1H), 8.08 (d, I = 8,5 Hz, 1H). Exenplary conpound Z1A: |

2- (Benzyl oxy)carbonyl-DIeucyl]-L-IeucyI-&SR)-S- hydr oxy phenyl al
ani n e CHExemplry “qompognd G343 o TNmeshylsilyliephyl-M3bengylpigrarioms!-Bxenpl ar y
conmpound 20A 16@50-Ln@icyll(38)73-Rymby-li-shedlyismAind@d under argon in THF- water
(2+1, 30 m). At OC, an aqueous solution of |ithium hydroxide (57 ng, 2.40
mol , 4 equivalents in 8.65 mM of water) is added dropw se. The reaction has

Exemplary compound 21A (150 mg, 277 pmol) and 2-(trimethylsilyl)ethanol (790 pl,
5.54 mmol, 20 equivalents) and some 4 A molecular sieves are dissolved in dry
dichloromethane (3.0 ml) and stirred at -30°C for about 1 h. DCC (114 mg, 553 mol,
2 equivalents) and DMAP (34 mg, 277 pmol, 1 equivalent) are then added, and the
mixture is stirred overnight and allowed to reach room temperature slowly during
this. The mixture is then concentrated in vacuo and chromatographed (method 16).
Product-containing fractions are combined and lyophilized. Yield: 108 mg (60% of

theory) of the title compound.

HPLC (method 1): R, = 3.14 min.

LC-MS (method 10): R, = 2.97 min, MS (ESIpos): m/z (%) = 642.3 (100) [M+H]".



proceeded to conpletion after 45 mn (HPLC, nethod 1). G acial acetic acid
is added, and the m xture is concentrated. The crude product is purified by
chromat ography (nmethod 16). Product-containing fractions are conbi ned and

| yophilized. Yield: 618 ng (980% of theory) of the title conmpound. HPLC
(method 1): R = 2.44 min. LGM (nethod 13) R = 6.04; M5 (ESIpos) mz (%
= 542.5 (100) [MtH "', 183.8 (80) [2MtH'; MS (ESIneg) mz (% = 540.4 (40)
[MH ; 1081.70 (100) [2MH -. 59 Exenplary conpound 22A:

2-("I"rinmethyl silyl)ethyl-N2-[benzyl oxycarbonyl -D- |eucyl] -L-le ucyl-(3

R) - 3- hydr oxy-L-p henylalanin ate CH3 O O X~ "~ 0 CH3 0 HCHH,, 3 CH3 HN
NHOiS CH3 H3C OHO CH3 Exenplary conmpound 21A (150 ngy, 277 pnol) and
2-(trimethylsilyl)ethanol (790 pl, b5. 58%mol , 20 equi val ents) and sone 4 A
nol ecul ar sieves are dissolved in dry dichloronethane (3.0 mM) and stirred
at -30C for about 1 h. DCC $1114 nmy, 553 rml,l, 2 eﬁ]gi val ent s) End DVAP (34
my, 277 pnol, EeBRRRY dosmepnd; 234 &R TTapRRESIVRgYY A [ORRaYogPSaPAYYE R ¢ ed
over ni ght and lakylawedyt-GRy-8dh(teranvtyenpatydtQir @rtdugWlysedllokyd- this. The

m xture is th%ﬂa??arl‘cn?r?}tr ated in vacuo and chromat ogr aphed (nmet hod 16).

Pr oduct - cont ai ni r?’g fracti ons are conbined and | yophilized. Yield: 108 ny
(60% of

Exemplary compound 22A (104 mg, 162 pmol) and N?-(tert-butoxycarbonyl)-O-tert-
butyl-L-serine (47 mg, 178 ymol, 1.1 equivalents) are dissolved in dry dichloro-
methane (2.0 ml) and some 4 A molecular sieves are added. DCC (70 mg, 340 mol,
2.1 equivalents) and DMAP (23 mg, 194 nmol, 1.2 equivalents) are then added, and
the mixture is stirred overnight and allowed slowly to reach room temperature
during this. The mixture is then concentrated in vacuo and chromatographed
(method 16). Product-containing fractions are combined and lyophilized. Yield: 120

mg (84% of theory) of the title compound.

HPLC (method 1): R, = 3.49 min.

LC-MS (method 10): R = 3.38 min, MS (ESlpos): m/z (%) = 885.6 (100) [M+H]".

HR-TOF-MS (method 14): C4sH73NaO1:S8i calc. 885.5040, found 885.5031 [M+H]*.



theory) of the title conmpound. HPLC (nmethod 1): R = 3.14 min. LC M (nethod
10): R =2.97 mn, M5 (ESIpos): mz (%9 = 642.3 (100) |MH'. 60 Exenplary
conmpound 23A: 2-(l'rinmethylsilyl)ethyl N2-[(benzyl oxy)carbonyl]-D
| eucyl -L-1eucyl - (3R)-3- ([ N2-(tert-butoxycarbonyl)-O "-(tent-butyl)-L-Beryl]
oxy[-L- phenyl al aninate HC H3C CH3 \ /CH3 OH3C O CH3 CH3 OF H3CO 0.,
/CH3 HNC Si CH3 0 CH3 O H3C CH3 Exenplary conmpound 22A (104 rug, 162
prol ) and N3-(tert-butoxycarbonyl)-O -tert- butyl-L-serine (47 ng, 178 pnol,
1.1 equivalents) are dissolved in dry dichloro- nethane (2.0 m) and sone 4
A ol ecul ar sieves are added. DCC (70 ng, 340 nol, 2.1 equivalents) and
DVAP (23 ng, 194 }unol, 1.2 equivalentsg are then added, and the mxture is
stirred overnight and allowed slowy to°reach roomtenperature during this.
The m xture is then concentrated in vacuo and chronmat ographed (nethod 16).
Product -contai ning fractions are conbi ned and lYO hilized. Yield: 120
Exemplary compound 24A: 2-(Trimethylsilyl)ethyl N?-[(benzyloxy)carbonyl]-D-

leucyl-L-leucyl-(3R)-3-{[O*-(tert-butyl)-L-seryljoxy}-L-phenylalaninate trifluoroacetate

3 * TFA

Exemplary compound 23A (117 mg, 132 pmol) is dissolved in dichloromethane
(3 ml). 15% TFA in dichloromethane (20 ml) is added and, after 10 min, the mixture
is concentrated to dryness. The residue is purified by chromatography (method 16).
Product-containing fractions are combined and lyophilized. Yield: 100 mg (83% of

theory).

HPLC (method 1): R, = 2.40 min.

LC-MS (method 10): R, = 2.28 min, MS (ESIpos): m/z (%) = 785.4 (100) [M+H]}".



rug (84% of theory) of the title conmpound. HPLC (nethod 1): R = 3.49 mn.

LC-Ms (nmethod 10): R, = 3.38 mn, Ms (ESIpos): mz (%9 = 885.6 (100) [ MtH]".
HR- TOF- M5 (et hod 14): C4H73N4OLlI $i talc. 885.5040, found 885.5031 [ M+H ' .
61 Exenplary conpound 24A: 2-(Trimethylsilyl)ethyl
N2- [ (benzyl oxy) car bonyl | - D-

| eucyl -L-leucyl -(3R)-3-([O'-(tert-butyl)-L-seryl]oxy}-L-phenyl al ani nate
trifluoroacetate H3C \ /CH3 O X\ CH3 O CH3 H2ZN H3C O % H3 HN' i
OCHI13C00 3 OCH3 TFA Exenplary conpound 23A (117 ng, 132 pnol)
di ssolved in diehloromethane (3 m). 15% TFA in dichl oronet hane (20 m)

added and,

residue is purified by chromatography (?ethod 16).

is

after 10 mn, the mxture is concentrated to dryness. The
Pr oduct - cont ai ni ng

, CH3

fractions are conbined and | yophilized. Yield: 100 ng (83% of theory).

Exemplary compound 25A: 2-(Trimethylsilyl)ethyl N?-[(benzyloxy)carbonyl]-D-
leucyl-L-leucyl-(3R)-3-{[N*-(tert-butoxycarbonyl)glycyl-(3S)-3-hydroxy-L-asparaginyl-
O*-(tert-butyl)seryl]oxy}-L-phenylalaninate

o "o
b, H
mc—?—om
CH

Exemplary compound 24A (96 mg, 107 pmol) and exemplary compound 13A (33
mg, 107 pmol, 1 equivalent) are dissolved in DMF (2.0 ml) and cooled to -30°C.
HATU (122 mg, 320 umol, 3 equivalents) and 4-methylmorpholine (86 mg, 854
pmol, 8 equivalents) are added, and the mixture is then allowed slowly to warm to
about 4°C and is left to stand at this temperature for 12 h. The crude reaction solu-
tion is chromatographed (method 15), and product-containing fractions are com-

bined and lyophilized. Yield: 92 mg (89% of theory) of the title compound.

HPLC (method 1): R, = 3.22 min.

LC-MS (method 9): R. = 3.21 min, MS (ESIpos): m/z (%) = 1072.6 (100) [M+H]*; MS
(ESIneg): m/z (%) = 1070.5 (100) (M-HJ-.

is



| IPLC (method 1): R = 2
(ESIpos): mz (%9 = 785.4
2-(Trimethylsilyl)ethyl N2-[(benzyl oxy)carbonyl]-D

| eucyl - L-1eucryl -(3R)-3-([N2-(tert-butoxycarbonyl)glycyl-(3S)-3-hydroxy-L-as
paragi nyl - 03-(tort-butyl)seryl]oxy]-L-phenylalaninate 0 HO,, CH3 NH2 H3C,
ONH CH3 NHHO HW/O H3 OOy OIVNp\ Ox/c H3 O0Oyo O/ H3BCCH3 0O
CH3 H3C i i-CH3 CH3 Exenplary compound 24A (96 ng, 107 pnol) and

exenpl ary conpound 13A (33 ng, 107 prnol, 1 equivalent) are dissolved in DV
(2.0 M) and cooled to -30C. HATU (122 ng, 320 pnol, 3 equivalents) and

4- met hyl nor pholine (86 ng, 854 pnol, 8 equivalents) are added, and the
mxture is then allowed slowy to warm®b about 4C and is left to stand at
this tenperature for 12 h. The crude reaction solu- tion is chromatographed

(et hod 15), and product-containing fractions are com
HR-TOF-MS (method 14): Cs;Hs2N7O15Si calc. 1072.5633, found 1072.5667 [M+H]".

,40 mn. LCM (nmethod 10): R = 2.28 mn, M
(100) [M+tH'. 62 Exenplary conpound 25A:

2 -
[

Exemplary compound 26A: 2-(Trimethylsilyl)ethyl NZ?-[(benzyloxy)carbonyl]-D-
leucyl-L-leucyl-(3R)-3-{[glycyl-(3S)-3-hydroxy-L-asparaginyl-O*-(tert-butyl)seryl}oxy}-L-

phenylalaninate trifluoroacetate

CH,
* TFA

Exemplary compound 25A (90 mg, 84 pmol) is dissolved in dichloromethane (3.0
ml). 15% TFA in dichloromethane (20 ml) is added and, after 10 min, the mixture is
concentrated to dryness. The residue is purified by chromatography (method 16).
Product-containing fractions are combined and lyophilized. Yield: 73 mg (80% of

theory) of the title compound.
HPLC (method 1): R, = 2.65 min.

LC-MS (method 10): R, = 2.13 min, MS (ESIpos): m/z (%) = 972.6 (100) [M+H]*; MS
(ESIneg): m/z (%) = 970.7 (100) [M-HJ".



bi ned and |yophilized. Yield: 92 ng (89% of theory) of the title conpound.
HPLC (nethod 1): R = 3.22 min. LCGCM (nethod 9): R = 3.21 min, M
(ESIpos): mz (/,) = 1072.6 (100) [M:tH *; M5 (ESIlneg): mz (%) = 1070.5
(100) [MH-. 63 1 IRTOF-M (nmethod 14): C52H32N70aSi talc. 1072.5633,
found 1072.5667 [MtH]'. Exenplary conmpound 26A: 2-(frimethylsilyl)ethyl

N2- [ (benzyl oxy) carbonyl]-D- | eucyl -L-1eucyl -(3R)-3-{

[ gl ycyl - (3S)-3-hydroxy-L-asparagi nyl-O -(tert-butyl) Beryl] oxy)-L-

phenyl al ani nate trifluoroacetate 0 CHHO,, NH2 2 H3CG~-ONH CH3 NH CHO
ONH, HHCHHH3 OO Oy NH 0 CH3 0 O(J0O CH3 TFA H3C Si-CH3 CH3

Exenpl ary conpound 25A (90 ng, 84 nol) i6§ di ssol ved in dichl oronethane (3.0

HR-TOF-MS (method 14): C4;H75N;01:8i cale. 972.5109, found 972.5103 [M+H]*.

Exemplary compound 27A: 2-(Trimethylsilyl)ethyl N?-[(benzyloxy)carbonyl]-D-
leucyl-L-leucyl-(3R)-3-{[N?-(tert-butoxycarbonyl)-(3R)-3-hydroxy-L-leucyl-L-leucyl-D-
arginyl-L-isoleucyl-L-allothreonyl-glycyl-(3S)-3-hydroxy-L-asparaginyl-O’-(tert-
butyl)seryl]oxy}-L-phenylalaninate trifluoroacetate

CH, H,C 0
N/ o
Ho—S 0 O _NH
3 \ O
CH,
° N H\)k
' N
HG \\\/ - H
o) CH,:
e HO YCHa
3
CH
’ CH, CH, HN NH
* TFA

NH,

Exemplary compound 26A (10.0 mg, 9.2 pmol) and exemplary compound 11A (8.2
mg, 107 ymol, 1 equivalent) are dissolved in DMF (0.5 ml) and cooled to -30°C.
HATU (10.5mg, 27.6 ymol, 3 equivalents) and 4-methylmorpholine (7.5 mg,
74 umol, 8 equivalents) are added, and the mixture is then slowly allowed to warm

to about 4°C and is left to stand at this temperature for 12 h. The crude reaction



m). 15% TFA in dichloronmethane (20 m) is added and, after 10 mn, the
mxture is concentrated to dryness. The residue is purified by

chromat ography (nmethod 16). Product-containing fractions are conbi ned and
| yophilized. Yield: 73 ng (80% of theory) of the title conpound. HPLC
(method 1): R = 2.65 mn. LGM (nethod 10): R, = 2.13 mn, M (ES] pos):
mz (% = 972.6 (100) [M+H'; M5 (ESlneg): mz (%9 = 970.7 (100) [MH -
64 HR-TOF-MS (nethod 14): CA7H7/4N7OL13Si talc. 972.5109, found 972.5103

[ MiH] ' . Exenpl ary conpound 27A: 2-(Trinethylsilyl)ethyl

N2- [ (benzyl oxy) car bonyl ] - D-

| eucyl - L- 1 eucyl - (3R) - 3- ([N2 (tert-but ox%/écar bonyl ) - (3R) - 3- hydr oxy-L-1| eucy

| -L-leucyl-D arg i nyl-L-i sol eucyl

| I ot hreonyl - gl ycyl - (3S) - 3 hydroxy -asparagi nyl-0"-(tert-
butyl)seryl]oxy }-L-phenyl al ani nate trifl uoroacetate 0 H3CCH3 HO ., NHZ H
3 C\ NH CH3 solutiop INHhICSnat@r&Phefilmﬁtml\ﬁ«/af@ PIQIRGN Rt raCtiQRE HF HN' H3C
CH3 0 CH3 H&Grr@m@btﬁndﬁfoﬁhlhzed Yield: 10.7 mg (65% of theory) of the title compound.

HPLC (method 1): R, = 2.99 min.

LC-MS (method 9): Ri = 2.40 min, MS (ESIpos): m/z (%) = 1685.8 (50) [M+H]*; MS
(ESIneg): m/z (%) = 1683.8 (50) [M-H]J,, 1728.8 (100) [M+HCOOH]".

HR-TOF-MS (method 14): CsoHi34N;502:5i calc. 1684.9592, found 1684.9573 [M+H]".



H3C, O ONHH CH3 NO,, p H3CCH3_ HOCH3 H3C CH3 CH3 CH3 H\\ /NH TFA
NH 2 Exenpl ary conmpound 26A (10.0 ng, 9.2 pnol) and exenplary conpound 11A
(8.2 ng, 107 pnol, 1 equivalent) are dissolved in DM (0.5 m) and cool ed
to -30C. HATU (10.5 ng, 27.6 pnol, 3 equivalents) and 4-nethyl nor phol i ne
(7.5 my, 74 pnol, 8 equivalents) are added, and the mxture is then slowy
allowed to warm to about 4C and is left to stand at this tenperature for 12
h. The crude reaction 65 solution is chronmatographed (nethod 15), and
product-containing fractions are conbined and |yophilized. Yield: 10.7 ny
(65% of theory) of the title conpound. HPLC (nmethod 1): R = 2,99 mn,
LC-Ms (nethod 9); R =2.40 min, M5 (ESIpos): mz (% = 1685.8 (50) [ MtH] " ;
M5 (ESIneg): mz (% = 1683.8 (50) [MP', 1728.8 (100) [ M+rHCOCH] *
HR- TOP- M5 (et hod 14): CtloH,. 4N 50228i calc. 1684.9592, found 1684. 9573
[ MtH] -. 66 Exenpl ary conpound A
N2- { ( Benzy! ox’f}’j?%{flﬁ)‘é’nﬁﬂ'ﬂpﬁnfie%ﬁf‘yw LCBF’&XWWC%@‘FE)Y]?{QFN’J LleusyrCRut-8Xyc arb o n
yl1)-(3R) - 3- hydbutexyarbohy@UGH) 3-hydr@tyaylendpt-Bleugyl- 3tkinkki-isSléudyl-eu cy!
L-allothreonyl-glycyl-(3S)-3-hydroxy-L-asparaginyl-O’-(tert-butyl)seryl]oxy}-L-

phenylalanine trifluoroacetate

HN NH

*TFA

Method A:

Exemplary compound 27A (10 mg, 5.6 umol) is dissolved in abs. THF (0.5 ml). TBAF
(17.4 mg, 67 pmol, 12 equivalents) is added, and the mixture is stirred at RT for 1 h.
According to HPLC analysis (method 1), the reaction is complete, and the reaction is
stopped with glacial acetic acid (6 pl), and the mixture is concentrated and chroma-
tographed (method 15). Product-containing fractions are combined and lyophilized.

Yield: 2.5 mg (about 69% pure, 18% of theory) of the title compound.



L-all of hreonyl-glycyl-(3S)-3-hydroxy-L-asparaginyl-P -(tert-butyl)seryl]
oxy}-L- phenylalanine trifluoroacetate 0 H3CCH3 HONH2 H3C O O NHONH O \
ONHCH3 HHW/0O NNHH3 OOHC\ H\-H3C CH3 CH3 HOI / OCH3 0 0 O NH
HN,, HC\/\NN CH3 HO  CH3 H3CIY CHCH3 CH3 H\WwNH "~ TFA NH2

67

Method B:

Compound 27A (25 mg, 13.9 umol) is dissolved in abs. THF (2.5 ml). Sodium sulfate
(anhydrous, 200 mg, 1.4 mmol) is added and the suspension is stirred for 30 min.
TBAF solution (1M anhydrous in THF, 84 pl, 6 equivalents) is added, and the mixture
is stirred at RT for 45 minutes. According to HPLC analysis (method 1), the reaction
is complete. The reaction is stopped with glacial acetic acid (16 pl), and the mixture
is filtered, concentrated and chromatographed (method 15). Yield: 21 mg (>95%
pure, 89% of theory) of the title compound.

HPLC (method 6): R, = 2.99 min.

LC-MS (method 9): Rc = 2.34 min, MS (ESIpos): m/z (%) = 1585.6 (20) [M+H]*; MS
(ESIneg): m/z (%) = 1583.4 (100) [M-HJ-.

HR-TOF-MS (method 14): C7sHi121N15O:3 calc. 1584.8884, found 1584.8843 [M+H]*.



Met hod A: Exenpl ary conpound 27A (10 ng, 5.6 pnol) is dissolved in abs. 'FHF
(0.5 mM). TBAF (17.4 ny, 67 pnol, 12 equivalents) is added, and the m xture
is stirred at RT for 1 It According to HPLC analysis (nmethod 1), the
reaction is conplete, and the reaction is stopped with glacial acetic acid
(6 pl), and the m xture is concentrated and chroma- tographed (nethod 15).
Product -containing fractions are conbined and |yophilized. Yield: 2.5 ng
(about 69% pure, 18% of theory) of the title conpound. 67 Method B:
Compound 27A (25 ng, 13.9 pnol) is dissolved in abs. THE (2.5 nml). Sodi um
sul fate (anhydrous, 200 ng, 1.4 mmol) is added and the suspension is
stirred for 30 mn. TBAF solution (IM anhydrous in THF, 84 pl, 6
equi val ents) is added, and the mixture %8s stirred at RT for 45 ninutes.
According to HPLC anaIyS|s (method 1), the reaction is conplete. The
reaction is stopped with glacial acetic acid (16 1%@ and the mxture 1is
filtered, concEmpaYedoaIURYr St o@{r&%ﬁ*ﬂ@do’(yh‘iéfqﬁ’ﬁﬂl pucylh-tugrl-(38-3ng  (>95%
pure, 89% of {BRM:y)dredy-1LBecyl-LdueyleoarpiauindisoléikG -firseh ey 1 Qlycylfs)3- 2, 99 mi n.

L o Rl Ll 00 (a0 ot

C7sH, 2i NsO23 cal c. 1584. 8884, found 1584. 8843 [MtH ' . 68 Exenplary conpound
29A: N2-[(Benzy|oxy)carbonyl]-D—IeucyI-L-IeucyITKSR)-S-

([ (3R) - 3- hydroxy-L-1eucyl -L-1eucyl -Darginyl -L-i[sol eucyl -L-all oth
reonyl - gl ycyl - (3S)-3- hydr - L- aspar agi nylHOser QxY} - L-phenyl al ani ne

bi strifluoroacetate O / 2

N \ii’iH
H,C \\“;-!SC o,
CH, O;A\E/)\\V/CHS
N
HN_ __NH
*2 TFA NH

Exemplary compound 28A (2.5 mg, 1.5 pmol) is reacted with triisopropylsilane (12.5
pl) and water (2.8 pl), and 0.5 ml of TFA is added. The mixture is then stirred at room
temperature for 1 h and finally the solvent is removed in vacuo. The residue is
chromatographed (method 15). Product-containing fractions are combined and

lyophilized. Yield: 2 mg (82% of theory) of the title compound.

HPLC (method 6): R, = 2.00 min.



HONH 2 CH3 ::HO NN CHa HN O OH HBC HN O HN' H3C CH3 CH3 HOIl COCH3 OO0
ONH H2NHIIO \NN CH3_ HO ° /CH3 CH3 CH3 HNyNH ' 2 TFA NH2 Exenpl ary
conmpound 28A (2.5 ng, 1.5 pnol) is reacted with triisopropylsilane (12.5
pl) and water (2.8 pl), and 0.5 nil of TFA is added. The mi xture is then
stirred at room tenperature for 1 h and finally the solvent is renoved in
vacuo. The residue is chromatographed (nmethod 15). Product-contai ni ng
fractions are conbined and |yophilized. Yield: 2 ng (82% of theory) of the
title conpound. HPLC (nmethod 6): R, = 2.00 mn. 69 LCM (nethod 9): R =
1.60 mn, M5 (ESlpos): mz (% = 714.9 (100) [Mt2H'; M5 (ESIneg) mz (/n)
= 1427.7 (100) [MH'. HRTOF-M5 (nethod 14): C66H 06N 50 0 cal c. 1428. 7734,
found 1428. 7700 [ M+H]'. Exenplary conp??und 30A:

N- Benzyl oxycar bonyl -1 ysobactin trifluoroacetate 0 HO ,

LC-MS (method 9): Rc = 1.60 min, MS (ESIpos): m/z (%) = 714.9 (100) [M+2H]*; MS
(ESIneg) m/z (%) = 1427.7 (100) [M-H]-.

HR-TOF-MS (method 14): CeHi06N1sOy calc. 1428.7734, found 1428.7700 [M+H]*.

Exemplary compound 30A: N-Benzyloxycarbonyl-lysobactin trifluoroacetate

NH,

%] NH
., _NH
HO/ )ﬁ

ks G35 %
f@t IH

Exemplary compound 29A (1.0 mg, 1.1 pmol) is dissolved in DMF (0.9 ml) and

O

NH2

cooled to -15°C. HATU (1.2 mg, 3.3 pmol, 3 equivalents) and 4-methylmorpholine
(11 pl of a solution of 100 pl of 4-methylmorpholine in 0.9 ml of DMF, 8.7 nmol, 8
equivalents) are added, and the mixture is then slowly allowed to warm to about 4°C

and is stirred at room temperature for 3 h. The crude reaction solution is chroma-



NH2 NHCHHONHOOYOaHIINOOCHHH3 OOCH HNHHH3C CH3 CH3 OO/
0O=CH3 NHCHB HOOONH O H\-NH3CCH3 H /CH3 " TFAY CH3 HNyNH NH2
Exenpl ary conpound 29A (1.0 ng, 1.1 pnol) is dissolved in DVF (0.9 m) and
cooled to -15C. HATU (1.2 ng, 3.3 pmol, 3 equival ents) and

4- et hyl norpholine (11 | of a solution of 100 pl of 4-nethyl norpholine in
0.9 M of DVF, 8.7 pnol, 8 -equivalents) are added, and the m xture is then
slowy allowed to warmto about 4C and is stirred at roomtenperature for 3
h. The crude reaction solution is chroma 70 tographed (nmethod 15), and
product-containing fractions are conbined and |yophi- lized. Yield: 1.2 nyg
(73% of theory) of the title conpound. %PLC(method 1): R =2.17 mn.

tographed (method 15), and product-containing fractions are combined and lyophi-

lized. Yield: 1.2 mg (73% of theory) of the title compound.
HPLC (method 1): R, =2.17 min.

LC-MS (method 9): R, = 2.00 min, MS (ESlpos): m/z (%) = 1410.8 (100) [M+H]*; MS
(ESIneg) m/z (%) = 1408.7 (100) [M-HJ".

HR-TOF-MS (method 14): CesH104N15O10 calc. 1410.7628, found 1410.7639 [M+H]*.

Exemplary compound 31A: Lysobactin bistrifluoroacetate

0
HO,,
“ NH,
Osl
H %l NH
NH



LC-M5 (nethod 9): R 2.00 mn, M5 (ESIpos): nmz (% = 1410.8 (100) [ M+H| *;
M5 (ESIneg) mz (% 1408.7 (100) [MH-. HRTOF- M5 (nethod 14):

C66H, 04N, 50,9 cal c. 1410.7628, found 1410.7639 [ MtH *. Exenpl ary conpound
31A: Lysobactin bistrifluoroacetate 0 HO, NH2 O+ NHCH3 NHOHHN O O
CH3 00 OH H2N HT-~ N CHCH3 CH3 0O CH3 O NHO CH3 HOO O NH HN JN H3C
CH3 H CH 2 TFA CH3 HNyNH NH2 71 Exenpl ary conmpound 30A (1.0 ng, 0.66
prmol) is dissolved in dioxane (0.5 M), 0.75 m of 0.1%aq. TFA and a
spatula tip of 10% Pd/ C are added, and the m xture is hydrogenated under

at nospheric pressure at RT for 15 min. The product is filtered to

71

. Exemplary compound 30A (1.0 mg, 0.66 pmol) is dissolved in dioxane (0.5 ml), 0.75
ml of 0.1% aqg. TFA and a spatula tip of 10% Pd/C are added, and the mixture is
hydrogenated under atmospheric pressure at RT for 15 min. The product is filtered to
remove the catalyst, concentrated and purified by chromatography (method 15). Yield:
0.6 mg (61% of theory) of the title compound.

HPLC (method 4): R, = 16.31 min. The identity of the synthesized product 31A was
confirmed by coinjection with authentic lysobactin (obtained by the method de-
scribed in WO 2004/099239 (A1)).

HPLC (method S) R, = 38.10 min. The identity of the synthesized product 31A was
confirmed by coinjection with authentic lysobactin (obtained by the method de-
scribed in WO 2004/099239 (Al)).

LC-MS (method 9): R, = 1.40 min, MS (ESlpos): m/z (%) = 638.9 (100) [M+2H]*,
1276.8 (5) [M+H]"; MS (ESIneg): m/z (%) = 637.0 (100) [M-2H]?%, 1274.7 (40) [M-HJ".

HR-TOF-MS (method 14): CssHosN15Oy7 calc. 1276.7260, found 1276.7264 [M+H]*.

B. Assessment of the physiological activity

The in vitro effect of the compounds of the invention can be shown in the following

assay:

Determination of the minimum inhibitory concentration (MIC):

The MIC is determined in the liquid dilution test in accordance with the NCCLS
guidelines. Overnight cultures of Staphylococcus aureus 133, Entercococcus faecalis
ICB27159 and Streptococcus pneumoniae G9a are incubated with the described test
substances in a 1:2 dilution series. The MIC determination is carried out with a cell

count of 10° microbes per ml in Isosensitest medium (Difco, Irvine/USA), with the



renove the catal yst, concentrated and purified by chromat ography (nethod
15). Yield: 0.6 ng (61% of theory) of the title conpound. HPLC (nethod 4):
R, = 16.31 min. The identity of the synthesized product 31A was confirnmed
by coinjection with authentic |ysobactin (obtained by the nethod de- scribed
in WO 2004/099239 (Al)). HPLC (nmethod 5) R, = 38.10 min. The identity of the
synt hesi zed product 31A was confirned by coinjection with authentic

| ysobactin (obtained by the nmethod de- scribed in WO 2004/ 099239 (Al)).
LC-M5 (nethod 9): R, = 1.40 min, M5 (FStpos): mz (/,) = 638.9 (100) [ Mt2H 2
, 1276.8 (5) [MH'; M5 (ESlneg): mz (% = 637.0 (100) [M2H 2, 1274.7
(40) [MH-. HRTOP-M5 (nethod 14): Cs8HQMN15SOL7 cal c. 1276. 7260, found
1276. 7264 [M-H] *. B. Assessnent of the 7ﬁhhvsi ol ogicai activity The in vitro
effect of the compounds of the invention can be shown in the follow ng
assay: Determination of the m ninmum.inhibitory concentration %M Q) : The MC
i s det er ni ned*FPUPRET 1Si HUFEHIY WHiGns f8&e P PGSR dRHER THRAVIHe

gui del i nes. Qwer ovgtetseitd itur @8 codnt St aEhyicobaqet s deeusurtSae 1rEnbzﬁéd:ococcus
raecalis i.n re incubated with the
descri bed tes%%%%gﬁ{gg%%oﬁﬁoa(},g% g%e %qggpg%gg%(%llg%ac he M C determ nation
is carried out with a cell count of 105 m crobes per nil in Isosensitest
rredium(Difc hae, which
s tested i n B DR Rk IR R b R Byl d nARRMERRIED Ml
count of 10 rErBHEEPBOCGHS awh@lgéuﬂbﬁmvaéveéaieﬁemtétﬂ@uug/alﬂ 37C for 18-24
hours, S. pneurnonine in the presence of 10% COz. The MC is defined as the
| owest concent ration of each substance at which no visible bacterial growh
occurs any | ovgy&pnifigans differsnges| igdle ahwidlegial 1Eyity Ampigrdrpetween lysobactir

prepared by complete synthesis and fermented lysobactin.



No significant differences in the physiological activity energed between

| ysobactin prepared by conplete synthesis and fernented | ysobactin. 73
Claims Method for preparing cyclic depsipeptides of the follow ng formula
(I') 0O HO, NH3 OHONH NHO HINN O HOOOH R N/NTI( HN H3C 3C CH3 RS
OR ONHOHOOONH HNN H3C CH3 H YCH3 CH3 H\\ /NH NH2 (1) in which R
is Hor CH3

73

Claims

1. Method for preparing cyclic depsipeptides of the following formula (I)

HN._ O
R: R* 4 o OH
R;N N o,
, HN' H,G "CH,
R® O )\)\/R‘
07" “NH 0 x
HOW ~_ .0 _ Os_ _NH
TS
eI
H,C CHy ”

in which R' is H or CHj,

in which R? is hydrogen, Cs-Cs-cycloalkyl, Cs-Ce-cycloalkenyl, Cs-Cs cycloal-
kylmethyl, 5- to 7-membered heterocyclylmethyl, methyl, ethyl, n-propyl,
isopropyl, 1-methylprop-1-yl, 2-methylprop-1-yl, 2,2-dimethylprop-1-yl, 1,1-
dimethylprop-1-yl, 1-ethylprop-1-yl, 1l-ethyl-1-methylprop-1-yl, n-butyl, 2-
methylbut-1-yl, 3-methylbut-1-yl, 1-ethylbut-1-yl, tert-butyl, 4-methylpent-1-
yl, n-hexyl, alkenyl or aryl,



in which R2 is hydrogen, C3-C, cycloal kyl, Cs-C6-cycloal kenyl, C, -C,
cycloal - kylnethyl, 5- to 7-nmenbered heterocyclyl nmethyl, nethyl, ethyl,

n- propyl , |sopropyl 1- net hyl prop- 1-yl, 2-nmethyl prop-1-yl,
2,2-dirnethy|prop I-yI, 1, 1- dinethyl prop-1-yl, 1-ethylprop-1-yl,

1l-ethyl -1-met hyl prop-1-yl, n-butyl, 2- methyl but-1-yl, 3-nethylbut-I-yl,
l-ethylbut-I-yl, tert-butyl, 4-rnethylpent-1- yl, n-hexyl, alkenyl or aryl,
74 whereby R2 may be substituted with 0, 1, 2 or 3 substituents selected

i nde- pendently of one another fromthe group consisting of hal ogen,
hydroxy, am no, cyano, trinmethylsilyl, alkyl, alkoxy, benzyl oxy,

C- Co-cycl oal kyl, aryl, 5- to 10- nenbered heteroaryl al kyl am no, aryl am no,
al kyl car bonyl am no, aryl car bonyl ani no,’ alkylcarbonyl al koxycar bonyl ,

aryl carbonyl and benzy- onycarbonylanlno wherein aryl and heteroaryl in

turn may be substituted with 2 or 3 substituents selected
i ndependently of UH@EQhBtWéYbFFHHVWH@‘@ﬂbﬁpld%ﬁ%?é@ﬁﬁﬁwnﬁﬁeﬁﬁﬁbgéﬁ hydr oxy,

am no, cyano, nltp@mk@ﬂ%yﬂon@hMﬂMMiaﬁdtmhgmemohﬂum@kﬁhmR%ah&nMﬁdyogen or
C -C4-al kyl, or |n qn atom to which

they are bonded ? inc, ga&%az&gleﬂlyls ?Saf’lggl alboxa/g‘é\énzyblox%ec oalk ST ld
het erocycl yl ringy- mhé}@@Vbﬂﬂh@e@y@héaﬂMW¥mnpngyhmmxthéwhéﬁenﬁéyﬁmyl ring

may be substitut eai ﬂbbnﬁamﬂao &kgsarb&yﬁth%w{&a%ﬂ ﬁaaeéa@&oh?ﬂaw@@r%ndently of
one anot her fronlt gﬁﬁup consist- ing of trifluoronethy al kyl , al koxy

and al kyl car bony! 1OXYSRRRYERIR4 i s al kyl, C3-C6-cycloal kyl, 5- to 7-nenbered
het erocycly], aryl, 5- or 6- menber ed heteroaryl alkylcarbonyl,

alkoxycarbonyl Ca- C %E{E r bon nber ed
het er ocycl yl car bowp?rema ryll é Fry?gl tL6¥ r%a_yr@wu%stltuted with %, 1, 2 or 3
substituents selected mdependently of one another from the group consisting

of halogen, hydroxy, amino, cyano, nitro, alkyl, alkoxy and phenyl,
in which R* is hydrogen or Ci-Cs-alkyl,
or

in which R? and R* together with the carbon atom to which they are bonded
form a Ci-Ce-cycloalkyl ring or a S- to 7-membered heterocyclyl ring, whereby
the cycloalkyl ring and the heterocyclyl ring may be substituted with 0, 1, 2 or
3 substituents selected independently of one another from the group consist-

ing of trifluoromethyl, alkyl, alkoxy and alkylcarbonyl,

in which R* is alkyl, C;-Cs-cycloalkyl, 5- to 7-membered heterocyclyl, aryl, S-
or 6-membered heteroaryl, alkylcarbonyl, alkoxycarbonyl, C;-Ce-cycloalkyl-
carbonyl, 5- to 7-membered heterocyclylcarbonyl, arylcarbonyl, 5- or 6-mem-

bered heteroarylcarbonyl or alkylaminocarbonyl,

whereby alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxycarbonyl,
cycloalkylcarbonyl, heterocyclylcarbonyl, arylcarbonyl, heteroarylcarbonyl
and alkylaminocarbonyl may be substituted with 0, 1, 2 or 3 substituents se-
lected independently of one another from the group consisting of halogen,

hydroxy, amino, alkylamino and phenyl,



bered heteroaryl carbonyl or al kyl am nocarbonyl, whereby al kyl, cycloal kyl,
het erocyclyl, aryl, heteroaryl, al koxycarbonyl, cycloal kyl carbonyl,

het er ocycl yl carbonyl, aryl carbonyl, heteroaryl carbonyl and

al kyl am nocar bonyl nmay be substituted with O, 1, 2 or 3 substituents se-

| ected i ndependently of one another fromthe group consisting of hal ogen,
hydr oxy, am no, al kyl am no and phenyl, 75 and whereby al kyl carbonyl is
substituted with an am no or al kyl am no substitu- ent, and whereby

al kyl carbonyl may be substituted with a further 0, 1 or 2 substituents

sel ected i ndependently of one another fromthe group consisting of hal ogen,
hydroxy, trinethylsilyl, alkoxy, alkylthlo benzyl oxy, C3-C, -cycl oal kyl,
phenyl, naphthyl, 5- to 10-nenbered hetéroaryl al kyl car bonyl ani no, alkoxy-
car bonyl am no, arylcarbonylanlno arylcarbonyloxy, benzyl oxycar bonyl and
benzyloxycarbonylanlno wher eby phenyl and heteroaryl in turn may be
substituted with ™41, 2 or 3 substituents sel ected i ndependently of one
anot her fromthe group consisting of hal ogen, hydroxy, nitro, alkyl, alkoxy
and phenyl, or two substituents on t me carbon atomjn. the alkylcarbonyl
toget her  with t hEPEEPLYR G HWL b Smtl&%“fwgi} A4 EIRY KHAY PBI Frbstitu:
C3-CS-cycl oal kyl entng or a 5- to 7-nenbered heterocyclyl ring, whereby the
cycloal kyl ring and the heterocyclyl ring may be substituted with 0, 1, 2
or 3 substituents sel ected i ndependently of one another fromthe group
consi sting of tri#fddioronethyl, alkyl and al koxy,

whereby alkylcarbonyl may be substituted with a further 0, 1 or 2 substituents
selected independently of one another from the group consisting of halogen,
hydroxy, trimethylsilyl, alkoxy, alkylthio, benzyloxy, Cs;-Cs-cycloalkyl,
phenyl, naphthyl, 5- to 10-membered heteroaryl, alkylcarbonylamino, alkoxy-
carbonylamino, arylcarbonylamino, arylcarbonyloxy, benzyloxycarbonyl and

benzyloxycarbonylamino,

whereby phenyl and heteroaryl in turn may be substituted with 0, 1, 2 or 3
substituents selected independently of one another from the group consisting

of halogen, hydroxy, nitro, alkyl, alkoxy and phenyl,
or two substituents on the same carbon atom in the alkylcarbonyl together
with the carbon atom to which they are bonded form a C;-Cs-cycloalkyl ring

or a §- to 7-membered heterocyclyl ring,

whereby the cycloalkyl ring and the heterocyclyl ring may be substituted with
0, 1, 2 or 3 substituents selected independently of one another from the group

consisting of trifluoromethyl, alkyl and alkoxy,
or
whereby the cycloalkyl ring may be benzo-fused,

in which R® is hydrogen, C;-Cs-alkyl, cyclopropyl or cyclopropylmethyl,



or whereby the cycloal kyl ring may be benzo-fused, in which R5 is hydrogen,
G C4-al kyl, cycl opropyl or cyclopropylnmethyl, 76 or in which R4 and RS
together with the nitrogen atomto which they are bonded forma 5- to

7- menbered heterocyclyl ring, whereby the heterocyclyl ring may be
substituted wth 0, 1, 2, or 3 substituents selected independently of one
anot her fromthe group consisting of hal ogen, hydroxy, am no, cyano, alkyl,
al koxy and al kyl am no, by intranol ecular cyclization of a conpound of the
following formula (I1) PGOO,,, PG H PG-00NH HR RRHO O HN
00-PG N RO ?NT HzN,,,,, HN N\ CH H 4 37 '"CH3 PG H3

76

or

in which R* and R® together with the nitrogen atom to which they are bonded
form a S5- to 7-membered heterocyclyl ring, whereby the heterocyclyl ring may
be substituted with 0, 1, 2, or 3 substituents selected independently of one
another from the group consisting of halogen, hydroxy, amino, cyano, alkyl,

alkoxy and alkylamino,

by intramolecular cyclization of a compound of the following formula (II)

FIDG @]
0., e
H
PG—0o Oij“ NH
m“ NH
(@]
)% ‘E [O""G

H,N.,,
3'\(CH
PG (I

in which R' to RS are as defined above,

in which X is OH, an active ester, a pseudohalogen or a halogen, and



CH3 H\W /NH _NH PG (Il) inwhich R to R are as defined above, in which
Xis OH an active ester, a pseudohal ogen or a hal ogen, and 77 in which PG
is Hor a suitable protecting group, and subsequent deprotection of the
cyclic internmediate to formthe cyclic depsipeptide of forrmula (1). 2.

Met hod according to claim1l, characterized in that the conmpound of fornula
(I'r) is a conmpound of the followng formula (Ila) PGO 1 0,,, NNPG H PG
pO \ ill NH I* NHHO PGN // R HOOHNOGOPG RHNHNHCO3CH XO
O 00 NHR

77
in which PG is H or a suitable protecting group,

and subsequent deprotection of the cyclic intermediate to form the cyclic

depsipeptide of formula (I).

2. Method according to claim 1, characterized in that the compound of formula

(1I) is a compound of the following formula (I1a)

PG 0
O.,. Fe
PG H
\OO

“TSNH
VY

in which X and R! are as defined in claim 1,

in which R® is isopropylmethyl, tert-butylmethyl, 2,2-dimethylbut-1-yI, 2-
ethyl-2-methylbut-1-yl,  2,2-diethylbut-1-yl,  2,2-dimethylpent-1-yl,  3-
pyridylmethyl, 4-trifluoromethyl-3-pyridylmethyl, benzyl or trimethyl-
silylmethyl,



o b e

1001 H2N,,, =\ NN CH3=H1 /CH3 PG CH3 YI CH3 H\ /NH NH PG (Illa)
in which X and R are as defined in claiml1, in which R'" is isopropyl nethyl,
tert-butylnethyl, 2,2-dinmethylbut-l-yl, 2- ethyl-2-nmethylbut-I-yl,

2, 2-di ethyl but-1-yl, 2,2-dinethylpent-1-yl, 3- pyridyl nethyl,
4-trifluoromethyl-3-pyridyl methyl, benzyl or trimethyl- silylnethyl, 78 in
which R7 is isopropyl nethyl, tert-butyl nethyl, 2,2-dinethylbut-1-yl, 2-

et hyl - 2-net hyl but-1-yl, 2,2-diethylbut-1-yl, 2,2-dinethylpent-I|-yl,
trinethyl- silylmethyl or benzyl, and in which PGis Hor a suitable
protecting group. 3. Method according to claim?2, characterized in that R
is isopropylnmethyl, tort-butylnmethyl or_ 3-pyridylinethyl, and R is

i sopropyl nethyl, tert-butyl nethyl or t??nethylsilylnethyl. 4. Met hod
according to claim3, characterized in that R= R and is isopropyl- nethyl.

5. Method according to any one of clains | to 4, characterized jn that Xis
OH, 6. Method adﬁg‘?’}af}h& tid 1SeRIPPEIE YT @T@PW@“‘TW]O 25 Cﬂ@ﬁ&'ry &P Z8d i n t hat
R is CH4. ethyl-2-methylbut-1-yl, 2,2-diethylbut-1-yl, 2,2-dimethylpent-1-yl, trimethyl-

silylmethyl or benzyl, and

in which PG is H or a suitable protecting group.

3. Method according to claim 2, characterized in that

R¢ is isopropylmethyl, tert-butylmethyl or 3-pyridylmethyl, and

R’ is isopropylmethyl, tert-butylmethyl or trimethylsilylmethyl.

4. Method according to claim 3, characterized in that R® =R’ and is isopropyl-
methyl.

5. Method according to any one of claims 1 to 4, characterized in that X is OH.

6. Method according to any one of claims 1 to 5, characterized in that R! is CHs.

7. Method according to claim 1, characterized by the preparation of the com-

pound of formula (II) by coupling a compound of the following formula (III)

with a compound of the following formula (IV)



7. Method according to claim1l, characterized by the preparation of the com
pound of formula (11) by coupling a conpound of the followng formula (I111)
with a conpound of the following formula (IV) 79 0 PGO ..... N PG HPGO
ONH NHO~L) NH2 HOORMN/N | Ittl ROOOPG(IIl) RCHCH3 0 H3C
O NNNYN7NPG HIIl HHBCO ONHO HW0 0O PG2 HNNCH3 PGH PG (IV)

79
0
o, PG
PG~ N~
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_— (@)
PG O\ ﬁ NH
", _NH
OLO
N
R\'Tl><”/N “y,
R O
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PG (111
0
Y
H.C

1v)

in which R to R’ are as defined in claim 1,

in which Y is OH, an active ester, a pseudohalogen or a halogen, and

in which PG is H or a suitable protecting group,

and, where appropriate, partial or complete deprotection of the intermediate,
as well as where appropriate conversion of the carboxy group of the
3-hydroxyphenylalanine into a group of formula -C(=0)X in which X is as de-

fined in claim 1.



in which R to R5 are as defined in claiml1, in which Yis OFi, an active
ester, a pseudohal ogen or a halogen, and in which PGis Fi or a suitable
protecting group, and, where appropriate, partial or conplete deprotection
of the internediate, as well as where appropriate conversion of the carboxy
group of the 3-hydroxyphenylalanine into a group of fornula -C(=0) X in
which X is as de- fined in claiml. 80 8. Method according to claim7,
characterized in that the conpound of formula (I11) is a conpound of the

following formula (Ilia) 0O PGOHPGH PGOO\.,,,... NHNHO~ }IAy WO
ONHZ PG HII R7 0 OO0PG(Ilia) in which Rand R are as defined in
clains 2 to 4, and in which PGis | | or a suitable protecting group. 9.

Met hod according to claim?7, char act er i%ed by the preparation of the com
pound of formula (I111) by coupling it conpound of the follow ng fornula (V)
with a conpound of the foll|low ng formula (,Vld),

8. Method according to claim 7, characterized in that the compound of formula

(IIT) is a compound of the following formula (I1la)

0
o, PG
PG~ N
H
PG— O\ O%]\\\“‘\‘ NH
“, _NH
o)
S s
0O R o~ Yo
H H
- N e,
PG %N&“/ r /,/©
. H
R o)
0" "o
[
PG (1lla)

in which R® and R’ are as defined in claims 2 to 4, and

in which PG is H or a suitable protecting group.

9. Method according to claim 7, characterized by the preparation of the com-
pound of formula (III) by coupling a compound of the following formula (V)

with a compound of the following formula (VI)



81 0OOPGOPGNHPG HZN'" 01", 1\ 00 ROXH "RANNO, PGz ?NNPGH R
R OO(M) (V) inwhich RRto R are as defined inclaiml1, in which Zis
OH, an active ester, a pseudohal ogen or a halogen, and in which PGis H or
a suitable protecting group, and, where appropriate, partial or conplete
deprotection of the internediate. 10. Method according to claim9,
characterized in that the conpound of the fornmula (V) is a conpound of the
followng formula (Va) LPG 0O HzN, 0/ R OPG ~ /N ONtt HPG OR O
(Va) inwhich R and R are as defined in clains 2 to 4, and

81

(VD)

in which R? to R® are as defined in claim 1,

in which Z is OH, an active ester, a pseudohalogen or a halogen, and

in which PG is H or a suitable protecting group,

and, where appropriate, partial or complete deprotection of the intermediate.

10.  Method according to claim 9, characterized in that the compound of the

formula (V) is a compound of the following formula (Va)

(Va)

in which R® and R7 are as defined in claims 2 to 4, and



82 in which PGis Hor a suitable protecting group. 11. Conpound of the
following formula (I111) 0 J< PG'0111111 NPG H PGOO NHNHG'~ NH2 R
R OORNN ROOO PG inwhich RZto Rs are as defined in claim1l, and
in which PGis Hor a suitable protecting group. 12. Conmpound according to

claim11l, having the followng fornula (lIlla) 0O PGON-PGH PGO O\."" NH
NH O ONH2 Rs PG NN~ N

82
in which PG is H or a suitable protecting group.

11.  Compound of the following formula (1)

R’ R°® H
R\w>§”/N
R° O
0" o
]
PG

in which R? to R® are as defined in claim 1, and

in which PG is H or a suitable protecting group.

12.  Compound according to claim 11, having the following formula (Illa)

PG—O O\\l\ Et
6 WI
o Ylk )\W r

NH,

@)

(lla)



7HR7 000 I PG(llla) 83 in which R6 and R are as defined in clains 2
to 4, and in which PGis Hor a suitable protective group. 13. Conpound
according to claim12, having the following fornula (11th) O CH HONH a z
H3C-0 0.... N\H, . CH3 NHCHO HN3 OCHOO\yOl ONNH NHCH O
CH3 0 H3C3 OCH3 H3C-Sii-CH3 CH3 (Itlb) 14. Method for preparing a
conpound according to claim 11, conprising the

83

in which R® and R” are as defined in claims 2 to 4, and

in which PG is H or a suitable protective group.

13.  Compound according to claim 12, having the following formula (IlIb)

o)
HO.,
CH, NH,
LR
CH, ',
CH, ° ;ENH
HN
-0 CH, 07 >0 \(O
H
0 N N o, o) CHS
g N
H
o CH, O H,C CH,
0" "o
CH, H
H,C—Si—CH,

3 (IIIb)

14.  Method for preparing a compound according to claim 11, comprising the

coupling of a compound of formula (V) with a compound of formula (VI)




coupling of a conmpound of formula (V) with a conpound of formula (VI) O ~PG
OPGNHPG H2ZNROO,,, OOOII IXI / RN OPGzNvV N~PG II~~H R R
00(1) (V) 84 inwlich R to Rs are as defined in claiml1, in which Zis
OH, an active ester, a pseudohal ogen or a halogen, and in which PGis H or
a suitable protecting group, and, where appropriate, partial or conplete
deprotection of the internediate, 15. Conpound of the follow ng fornula
(M) PGNHPG I OOH ZNNPG HO(VI) inwhich Zis OH an active
ester, a pseudohal ogen or a hal ogen, and

84
in which R? to R’ are as defined in claim 1,
in which Z is OH, an active ester, a pseudohalogen or a halogen, and
in which PG is H or a suitable protecting group,
and, where appropriate, partial or complete deprotection of the intermediate.

1S. Compound of the following formula (VI)

in which Z is OH, an active ester, a pseudohalogen or a halogen, and

in which PG is H or a suitable protecting group.

16.  Compound according to claim 15, having the following formula (VIa)




in which PGis Hor a suitable protecting group. 16. Conmpound according to
claim15, having the following formula (Via) NHz OH O 100l HO.,,,N" N-O
'f-CH HO O CH3 (Via) 85 17, Method for preparing a conmpound according to
claim15, conprising the coupling of a conpound of the follow ng formula
(M1) with a conmpound of the followng formula (MIl1) PG | OO0 10 O O PG
11 N NO\/ LPG PGONH2 O (MI) O (V1) in which PGis Hor a suitable
protecting group, arid, where appropriate, conplete or partial deprotection
of the internediate, 18. Method according to claim 17, characterized in
that the conmpound of formula (VIl) is a conpound of the follow ng formula

(Vila). NH2 OH
85

17.  Method for preparing a compound according to claim 15, comprising the
coupling of a compound of the following formula (VII) with a compound of

the following formula (VIII)

(VID) o (VII)
in which PG is H or a suitable protecting group,
and, where appropriate, complete or partial deprotection of the intermediate.

18.  Method according to claim 17, characterized in that the compound of formula

(VII) is a compound of the following formula (Vl1la).




O HO"NH2 O HC (Vila) 86 19. Method according to claim17 or 18,
characterized in that the conpound of fornmula (VIIlI) is a conpound of the
following formula (MIla). 00 ~HCH3 NMNM/OO0OnCH3 00 CH3 (VIlla)

86

19.  Method according to claim 17 or 18, characterized in that the compound of

formula (VIII) is a compound of the following formula (VIIa).

0
0
H CH,
N N O
o) \[( CH,
0 O  CH,

(Vllla)





