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{54) Title: ANTIBACTERIAL AMIDE MACRCCYCLES

(54) Bezeichmuing: ANTIBAKTERIELLE AMID-MAKROZYKLEN

106480 A1l

T— (57) Abstract: The invention relaies (o antibacterial amide macrocycles, to methods for the production thereof, and to the use of the
g sarne for producing pharmaceuticals for the treatment andfor prophylaxis of illness. especially bacterial infections.

© (57) Zusammenfassung: Die Erfindung betrillt antibaklerielle Amid-Makruzyklen und Verfahren zu ihrer Herstellung sowie ihre
Verwendung zur Hersiellung von Arzncimiticin zur Behandlung und/oder Prophylaxe von Krankheiten, inshesonder: von bakteriel-
jen Infektionen.
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Q GVM. MR NE SN TD TG. [OE DE]; . N belungensn. 65, 42653 Solingen
(DE). WEI GAND, pranbylaxkenf -dissagssqin maptouisrof bagienal pptgelipnss,. 42115 V\ﬂppertalg
(DE). - Wth International Search Report. - Before the expiration ofthe tine
limt for amending the clains (74) Joint Representative: BAYER HEALTHCARE
AG Law and Parenis2,iiRtheis ofBRIULMROBS iShgigalt I368ersity, cGéns@R 1(00E) thesindft 0
be republished in the event of receipt of anendnents. For an expl anation of

the two-1etter Vcdddentengers hattgam divessing &armanoh8], iSynthesis dé993, el d25-t he
explanations (S pice, S0t es.gh Eadse) GRS PYALETE" dudh. L. Rt "0
10 Commun. (1991), (10), 744, Synthesis (1991), (5), 409-13, J. Chem. Soc., Chem.
Commun. (1991), (5), 275-7, J. Antibiot. (1985), 38(11), 1462-8, J. Antibiot. (1985),
38(11), 1453-61, describe the natural product biphenomycin B as having

antibacterial activity. The structure of biphenomycin B corresponds to formula (1)
hereinafter, where R', R%, R*, R*, R”, R® and R’ are hydrogen, R’ is 3-amino-2-

15  hydroxyprop-1-yl, and C(O)NR’R® is replaced by carboxyl (COOH). Some steps in
the synthesis of biphenomycin B are described in Synlett (2003), 4, 522-525.

Chirality (1995), 7(4), 181-92, J. Antibiot. (1991), 44(6), 674-7, J. Am. Chem. Soc.
(1989), 111(19), 7323-7, J. Am. Chem. Soc. (1989), 111(19), 7328-33, J. Org. Chem.
20 (1987), 52(24), 5435-7, Anal, Biochem. (1987), 165(1), 108-13, J. Org. Chem.
(1985), 50(8), 1341-2, J. Antibiot. (1993), 46(3), C-2, J. Antibiot. (1993), 46(1), 135-
40, Synthesis (1992), (12), 1248-54, Appl. Environ. Microbiol. (1992), 58(12), 3879-
8, J. Chem. Soc., Chem. Commun. (1992), (13), 951-3 describe a structurally related
natural product, biphenomycin A, which has a further substitution with a hydroxy

25  group on the macrocycle.

The natural products do not in terms of their properties comply with the requirements
for antibacterial medicaments. Although structurally different agents with
antibacterial activity are available on the market, the development of resistance is a
30  regular possibility. Novel agents for good and more effective therapy are therefore

desirable.
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and to the use of the en sane for produci ng pharmaceuticals for the
statenent and/or prophylaxis of illness, Cspcially bacterial infections. C)
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SD, SL, SZ. TZantl¥ectedbl aciVity. Eurasi an Patent (AM AZ, BY, KG Kz, MD, RU,

TJ, TM, European Patent (AT, BE, BC, CH CY, CZ DE, DR EE, ES, Fl, FR
&B, GR HU It, IT, LU M N.. PT, RO SE, SI, SK, TR), OAPI Patent (BF,

BJ, CF G ClrfiMnv@ition Thadse c%ounds of the formula

10

in which

15 R is hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, alkylcarbonyl, arylcarbonyl,
heterocyclylcarbonyl, heteroarylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylsulfonyl, arylsulfonyl,
heterocyclylsulfonyl, heteroarylsulfonyl or a carbonyl-linked amino acid
residue,

20
where R' apart from hydrogen may be substituted by 0, 1, 2 or 3 substituents
R, where the substituents R'"' are selected independently of one another
from the group consisting of halogen, alkyl, trifluoromethyl,
trifluoromethoxy, nitro, cyano, amino, alkylamino, dialkylamino, cycloalkyl,

25 aryl, heteroaryl, heterocyclyl, hydroxy, alkoxy and carboxyl,

R’ is hydrogen or alkyl,




M., MR NE, SNLeTO35TOPSE; man DE Le A 35722(PCT) - | Antibacterial amde
macr ocycl es The 1nvention relates to anti bacterial am de nacrocycl es and
processes for their preparation, and to their use for producing nedi canents
for the treatnment and/or 5 prophylaxis of diseases, in particular of
bacterial infections. US 3,452,136, thesis of R U Meyer, Stuttgart
University, Germany 1991, thesis of V. Leitenberger, Stuttgart University,
Germany 1991. Synthesis (1992), (10), 1025- 30, J. Chem Soc., Perkin Trans.

1 (1992), (1), 123-3Q, J,2Ch Sac... Ch 10 : 9 10)... 744,
Synthest s (1061) - ( SHeriB St Trgm dkogenany O wRRHedyt el 2 or 3 dlbhrinubiid
(1991), (5),275-7, J. RAAL ifpeft the (shBSent8 R hke sdif&éd SndeperitintlPi o1t one( ddBHet
38(11), 1453-61, describe the natural product bi phenomycin B as having

anti bacterial acti viftom thEfgrow cansisting obhalbgenhaminey alkylaBico anddipkytixnine,
formula (1) _ hereinafter, where R, R2, R3', R R7, Re and R9 are hydrogen,
R3 is 3-am fo-2 15 hydr oxyprop-1-yl, and C(O NRSR6 is replaced by carboxyl
(COOH). Sorme stogps in the synthesis of biphenonmycin B are described in
Synlett (2003), 4, 522-525. Chirality (1995), 7(4), 181-92, J. Antibiot.
(1991), 44(6), 674.7, J. Am Chem Soc. (1989), 111(19), 7323-7, J. Am
Chem Soc. (1989), 111(19), 7328-33, J. Og. Chem 20 51987), 52(24),
5435-7, Anal, B oambR" togethey withsthel nitrogep-atam tp which theyedic bendgdsiormsgg) |

i b £ A i
(1992),58(18) ., 3879- sHbstituent R aftdSelectéed fflep&rdehittn of A8 AAdthed Sond He- group

describe a structurally related natural product, biphenonycin A, which has
a further substi tuticonsigtinghof hajageox yriflagomedyb aminohalkidanimey didkykmeno,

tural ducts do not jn, t f_thei i ly mith t
aqui rempnts for afPRRalYbr Aa o baen Bt Mo OERR e PR Aoty ont

agents with alkoxycarbony! and aminocarbonyl,

15 R is hydrogen, alkyl or the side group of an amino acid, in which alkyl may be
substituted by 0, 1, 2 or 3 substituents R*! where the substituents R*! are
selected independently of one another from the group consisting of
trifluoromethyl, nitro, amino, alkylamino, dialkylamino, cycloalkyl, aryl,
heteroaryl, heterocyclyl, hydroxy, alkoxy, carboxyl, alkoxycarbonyl,

20 aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, guanidino and

amidino,

in which cycloalkyl, aryl, heteroaryl and heterocyclyl may be substituted by
0, 1 or 2 substituents R*2 where the substituents R*? are selected
25 independently of one another from the group consisting of halogen, alkyl,

trifluoromethyl and amino,

and in which free amino groups in the side group of the amino acid may be
substituted by alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,

30 heterocyclyl, alkyicarbonyl, arylcarbonyl, heteroarylcarbonyl,
heterocyclylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, arylaminocarbonyl, alkylsulfonyl, arylsulfonyl,
heterocyclylsulfonyl or heteroarylsulfonyl,




anti bacterial ggtARsy¥@CT)avail able on the market, the devel opnent of

resistance is a 30 regular possibility. Novel agents for good and nore
effective therapy are therefore desirable.,Le A 35722(PCT) One object of
the present invention is therefore to provide novel and alternative
conpounds with the sane or inproved antibacterial effect for the treatnent
of bacterial diseases in humans and aninmals. 5 It has surprisingly been
found that derivatives of these natural products in which the carboxyl

group of the najsural. pr ¢t 4 s replac y. .2 i de group have
anti bacteri al tivi't &&%‘?—P’ ?ﬁ&énﬁ?’g%’rﬁ%@tc&féﬁgﬁomounds of the fornula 10
in which 15 R is hydrogen, alkyl, aryl, heteroaryl, heterocyclyl,

al kyl car bonyl , aryl carbonyl, heterocyclyl earbonyl, heteroaryl carbonyl,

al koxycar bony! R'ami nebydrogany IC,;-Cesedlkylloa ki {aecyclvalbyl,, di al kyl ami nocar bonyl ,
alkylsulfongl, aryl sul fonyl, heterocyclylsulfonyl, heteroarylsulfonyl or a
carbonyl -1inked amno acid residue, 20 where R apart from hydrogen may be

substituted by, 1, S ti t vl e S i -
are selected i rllgeperllsdglﬁ‘?[lrogg%fé{gﬂébgﬁgﬂhgydg?lﬁ%lfn%’ehgﬁ)u l’cgﬁgii:dscwiﬂzg%fag

hal ogen, al kyl, tri famine-inlddaphino atidirédidwe; oret hoxy, nitro, cyano, am no,

al kyl am no, di al kyl am no, cycloal kyl, aryl, heteroaryl, heterocyclyl,

hydr oxy, al koxy and carboxyl, is hydrogen or alkyl, Le A 35722(PCT) where Rt

cpart [ om byt osen i B¢ PSS EY, | 25001 i ST
the group ¢onsi sti ngubdtititamkBE areasslevted hldepdraontho ofinde dinathlsy frafi te, group
consisting of halogen, alkyl, trifluoromethyl, trifluoromethoxy, nitro, cyano,
amino, alkylamino, dialkylamino, cycloalkyl, aryl, heteroaryl, heterocyclyl,
hydroxy, alkoxy, carboxyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, aminosulfonyl,
15 alkylaminosulfonyl, dialkylaminosulfonyl, arylaminosulfonyl,

heterocyclylaminosulfonyl, heteroarylaminosulfonyl, aminocarbonylamino,

hydroxycarbonylamino and alkoxycarbonylamino,

in which alkyl, alkylamino, dialkylamino, cycloalkyl, aryl, heteroaryl
20 and heterocyclyl may be substituted by 0, 1, 2 or 3 substituents R>%,
where the substituents R> are selected independently of one another
from the group consisting of hydroxy, amino, carboxyl and

aminocarbonyl,
25 R® is hydrogen, alkyl or cycloalkyl,
or

R® and R® together with the nitrogen atom to which they are bonded form a

30 heterocycle which may be substituted by 0, 1, 2 or 3 substituents RM, where
the substituents R> are selected independently of one another from the group

consisting of halogen, alkyl, trifluoromethyl, nitro, amino, alkylamino,

dialkylamino, cycloalkyl, aryl, halogenated aryl, heteroaryl, heterocyclyl,



5 or R and R2Leqg3ST3AP@TY h the nitrogen atomto which they are bonded form
a heterocycle which may be substituted by 0, 1 or 2 substituents R -2,
where the 10 substituents R1"2 are sel ected independently of one another
fromthe group consisting of hal ogen, trifluoronethyl, am no, alkylam no,

di al kyl am no, cycloal kyl, aryl, het eroaryl het erocycl yl, hydroxy, al koxy,
carboxyl, al koxycarbonyl and am nocar bony 15 R3.is hy dro al kyl or t he
side group of an anmhHéroxy: alkoxy byl ’aiiliwllcafrl?ﬁ?)’lbé‘lkoé‘l}i‘b'gk"?‘% até’éF”Wa onyl, 2

or 3 substituents Rgn(inag)p/ﬁg#a??grn mfd;&)xﬁfk&aﬂﬁ%c%r "1 are sel epted

i ndependent|ly of one gr oup consi g ing of trifluoronethyl,
nitro, am no, al kylam no, dial kyl am no cycloal kyl, aryl, heteroaryl,
heterocyclyl, hydroxy, alkox car boxyl, al koxycar bonyI 20 am nocar bonyt

al kyl ami nocar b8Ay! , ichysregenaki-Foakiob lcarmmhpaCnéCséﬁ@loalé% di no, in which

cycl oal kyl , _aryl, heteroaryl and heterocyclyl may be substituted by 0, 1 or
2 substitue%ts R3"2 where the substituents R3"2 are sel ected 25

i ndependent | y Pﬁ ong @m%é@grorfg]cuggmﬁ gHpup consisting of hal ogen, al kyl,
trifluoromethyl and arino, and in which free amino groups in the side group

of the amno acid may be substituted by al kyl, al kenyl, alkynyl,
et er oar vl car binyl > HEBES G i bonyl . 4 ooyl garbonyl ary car bony.
al kyl am nocar bonyl, di al kyl am nocar bonyl, aryl am nocarbonyl, al kyl sul fonyl,
aryl sul fonyl , heterocycl yl sul fonyl or heteroarylsul fonyl, Le A 35722(PCT) 5
R3 i s hydr d@enandiheGaksaihkseof,@r thEXsolatesythéreat dogithe sdatéssoftthiel saltgahereof.
Ct - C6-al kyl or C3-Cg-cycl oal kyl
Compounds of the invention are the compounds of the formula (I) and the salts,
solvates and solvates of the salts thereof, the compounds which are encompassed by
formula (I) and are of the formula (I') mentioned below, and the salts, solvates, and
15  solvates of the salts thereof, and the compounds which are encompassed by formula
(I) and/or (I') and are mentioned below as exemplary embodiment(s), and the salts,
solvates and solvates of the salts thereof, where the compounds which are
encompassed by formula (I) and/or (I') and are mentioned below are not already
salts, solvates and solvates of the salts.
20
The compounds of the invention may, depending on their structure, exist in
stereoisomeric forms (enantiomers, diastereomers). The invention therefore relates to
the enantiomers or diastereomers and respective mixtures thereof. The
stereoisomerically pure constituents can be isolated from such mixtures of
25  enantiomers and/or diastereomers by known processes such as chromatography on a

chiral phase or crystallization using chiral amines or chiral acids.

The invention also relates to tautomers of the compounds, depending on the structure
of the compounds.

30
Salts preferred for the purposes of the invention are physiologically acceptable salts

of the compounds of the invention.




R5 is hydrogen Leah BR§722(RBCEENyl, cycloal kyl, aryl, heteroaryl, heterocyclyl
or an amne-linked amno acid residue, where R5 may be substituted by 0, 1,
2 or 3 substituents R5-', where the 10 sulstituents R5" are sel ected

i ndependent|ly of one another fromthe group consisting of hal ogen, alkyl,
trifluoronmethyl, trifluoronet hoxy, nitro, cvano, amno, alkylam no,

di al kyl am no, cloal kyl, aryl, het eroaryl het erocyclm hydr oxy, al koxy,
carboxyl , al koi’%am@wylly a&?ﬁﬁ%?%@rﬁﬂt e cwmm(wo@ s@ng/ud addition salts of

ai 2 kol anti nosTRay PR SRR ISR 4 Y, SSHCTATTE R of dudorting acic

het er oar yl am nagdtobestivic, #id, NosdkieNydcl) PhospHayidr oaty@arrh@mmhe@mfmC angdid,
al koxycar bonyl am no, in whi ch al kyl, al kyI am no, dial kyl ani no, cycl oal kyl,

aryl, het er oar gthanemulfani¢ hetagidocy clojuenasitfonic sutpsid.t ut meﬂllfomlc 2 ol
substltuent e. substi t ents R5- 2. are sel ected i.ndependent]y of
one anot her fﬁaﬁl?‘bﬂgneéf%@g“{?oﬁ% ’s?‘f § HHNDIPIORIF a?iﬁn ﬁ%?"cc%ﬁ"g 5?& J
ami nocar bonyl , 2hicRRid, ScittédscdlSimadic kald, %aleixcdcﬂﬁlthnborogéetﬁ5aa@@n5%%ehﬂg@t her
with the nltrogen atomto which they aré bonded forma 30 heterocycle which
may be substituatidd by 0, 1, 2 or 3 substituents R54, where the substituents

R5fi are selected i ndependent |y of one another fromthe group consisting of
hal ogen, al kyI trifluoronmethyl, nitro, am no, alkylam no, dialkylanm no,

cycl oal kyl a | et.eraar
35722(PCT) -5 #hésrlg%ﬁgﬁ?k%ﬁgp&%%r c}{)%yItO? @’I%k%’?gr onyf"?yﬂfﬁo’x“&%“?? bShy Of

am nocar bongl , comdnﬁbﬁdhblamauﬂowbymgl offierdrkyle and prederablnylkali Rétdl Saltsy(drgogen,
Cl- C6- al kyl, al kyl carbonyl or C3-C3-cycloal kyl, 5
sodium and potassium salts), alka ine earth metal salts (e.g. calcium and magnesium
salts) and ammonium salts derived from ammontia or organic amines having 1 to 16
C atoms, such as, by way of example and preferably, ethylamine, diethylamine,
triethylamine,  ethyldiisopropylamine, = monoethanolamine,  diethanolamine,
15 triethanolamine, dicyclohexylamine, dimethylaminoethanol, procaine,
dibenzylamine, N-methylmorpholine, dihydroabietylamine, arginine, lysine,

ethylenediamine and methylpiperidine.

Solvates refer for the purposes of the invention to those forms of the compounds
20 which form a complex in the solid or liquid state by coordination with solvent
molecules. Hydrates are a special form of solvates in which the coordination takes

place with water.

For the purposes of the present invention, the substituents have the following

25  meaning, unless specified otherwise:

Alkyl and the alkyl moieties in substituents such as alkoxy, mono- and dialkylamino,
alkylsulfonyl include linear and branched alkyl, e.g. C,-C)3-, in particular C,-Cs- and
C,-Cy4-alkyl.

30
C-Cs-Alkyl includes methyl, ethyl, n- and i-propyl, n-, i-, sec- and tert-butyl, n-
pentyl, isopentyl, neopentyl, hexyl,



R8 is hydrogenLerA &72026P@rkyl, and R9 is hydrogen or Cl -C6-al kyl, 10 and
the salts thereof, or the solvates thereof and the solvates of the salts
thereof. Conpounds of the invention are the conpounds of the formula (1)
and the salts, solvates and solvates of the salts thereof, the conpounds
whi ch are enconpassed by formula (1) and are of the fornmula (I') nentioned
bel ow, and the salts, solvates, and 15 sol vates of the salts t hereof, and
the conpounds &hilarAbybinghdenmathybthy. i GR&irPEOPYL I, inse-@ndtertpulyly ar e
menti oned bel ow as exenplary enbodi nent(s), and the salts, solvates and
solvates of the salts thereof, where the conpounds which are enconpassed by

formula (1) angfleyledrbonyl aipcfoutiee peiposaaned theeinountivnepreiratsll re sutyighiselairs or
sol vates and solvates of the salts. 20 The conpounds of the invention my

dependi ng on t heanghesk alkrk tadical Bavisg litg 6 ot drtedi easbryy plemso h@se(‘éfh’éhtm@hb? s,

di ast er eone The inventi t her.ef or es .t tih

i ast or eomey o MAURSTE P BF iR @Bt Brisfalh enrBenbieErBAR SRIRIRAPE ne
constituents cgfbpgﬁ;afmypq%rgﬂym zhaﬂﬂtxﬁdﬂileﬁ'bﬁﬁ yl25 enantiomers and/ or

di ast ereoners nown processés such as chromatography on a chiral phase

or crystallization usi ng Chl ral am nes or chiral acids. The invention also

relates to taut conpo .on the str u f
conpounds. Mﬁ%‘f‘ r @W?o@ﬁ]g@“ﬁg‘?ﬂgggiuofmt W’e’“?‘flefeﬁgl% % 'é

physi ol ogi cal I f e t A
35722( PCT) Phy)éllkg gi C&Hlsi fgli%:%ﬁ%pé I‘ghgla s?g%:wt]ﬂgngo R{@w%fl b?ﬂcl: eh@e
acid addition bai—l%nplt butmlnz-}da:hylabuudsl 3-dﬂ:mpbxyl ic aci ds and suI fonl c acids,
e.g. salts of hydrochloric acid, hydrobromc acid, sulfuric acid,
phosphoric acid, nethanesul fonic acid, ethanesulfonic acid, toluenesulfonic

aci d, benzenesm Gn@Gh& linear and branched Cy-Cy3-, in particular C;-Cg- and Cp-Cy-

alkynyl, such as, for example, ethynyl, propargyl (2-propynyl), 1-propynyl, but-1-
ynyl, but-2-ynyl.

15
Cycloalkyl includes polycyclic saturated hydrocarbon radicals having up to 14
carbon atoms, namely monocyclic C;-Ci;-, preferably C;-Cg-alkyl, in particular
C5-Cs-alkyl such as, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclononyl, and polycyclic alkyl, i.e, preferably bicyclic and

20  tricyclic, optionally spirocyclic C7-Cjs-alkyl, such as, for example, bicyclo[2.2.1}-
hept-1-yl, bicyclo[2.2.1]-hept-2-yl, bicyclo[2.2.1]-hept-7-yl, bicyclo[2.2.2]-o0ct-2-yl,
bicyclo[3.2.1]-oct-2-yl, bicyclo[3.2.2]-non-2-yl and adamantyl.

Aryl is for the purposes of the invention an aromatic radical preferably having 6 to

25 10 carbon atoms. Preferred aryl radicals are phenyl and naphthyl.

Alkoxy is for the purposes of the invention preferably a straight-chain or branched
alkoxy radical in particular having 1 to 6, 1 to 4 or 1 to 3 carbon atoms. A straight-
chain or branched alkoxy radical having 1 to 3 carbon atoms is preferred. Those
30 which may be mentioned by way of example and preferably are: methoxy, ethoxy, n-

PIopoxy, 1S0propoxy, t-butoxy, n-pentoxy and n-hexoxy.




5 napht hal enediLg W 88792¢P@T) d, acetic acid, propionic acid, lactic acid,
tartaric acid, malic acid, citric acid, fumaric acid, maleic acid,
trifluoroacetic acid and benzoic acid. Physiologically acceptable salts of

t he conpounds (1) also include salts of 10 conventional bases such as, by
way of exanple and preferably, alkali netal salts (e.g. sodium and pot assi um
salts), alkaline earth netal salts (e.g. calciumand nagnesium, salts) and
amoni um sal t s Adkaxyearonyl g, ahfh?nplﬁp@ﬁes & ghh inveaHPm Peeterablyng siraight-ghaun er
atons, such as ref er ab Iﬁmg [ ne,
triet hyI am ne, brat%ﬁ k(g)%(propqﬂ’g‘mg(fl t?rgngrglt ﬁba#\)cé) gﬁé Eé) di e? hag\c}ﬁﬁ(?nykgm
triethanol am nearbdmylyg‘rbﬁ}h%)straighﬂazanﬂbﬂbtdmthmm@ﬁﬁdaﬂdmyl, radical haviag 1 to 4

di benzyl am ne, N-nethyl norphol i ne, di hydroabi etyl am ne, arginine, lysine,

et hyl enedi ani nearhpn atasmsisipsefoaed.diase vebieh, maw derraentionge by iy gﬁew@r@%a@d t he

I nvention t thoeforms of the 20 whi ch, form a _co X|n

solid or Ilgw g ?rﬁl?lé byaISOOrd?erIrg?’&%ﬁr \'Rﬂ’slh sc?ltl%{ﬁ’gar%?yétul é'sprnE@/ glibgnylare a
speci al form ofsopR] ﬁﬁ%@bdﬂylmp&tgmaﬂﬁ@pﬂl nation takes place with water.
For the purposes ofp e présent invention, the substituents have the

follow ng 25 meaning, unless specified otherwi se: Al kyl and the al kyl
noieties in substityents s as .al k , - d | k ' .
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i -propyl, n-, ec- ert-b entyl, 1sopen , heopenty
hexyl , Le 0] 35?&2(&@ dr B -carboAl dtarhs. |Ancstra(ghschmm oy Ibranehm/monqalkyalnnhmo p:dcq@ill
n-, i-, sec- and tert- bUta%/g Al kvl car onvI s for. ses t he f
i nvention pref 82%BEY tg 4¢ ‘P’bﬁ‘?“’éﬂép SWC‘H %{/) Wa\)’?)ﬁ@

6 or | to 4 car to nt Ie
and preferably a Q;Q-[é}p]@ %Pf?yl ar nw,%gzt' hy Sa onl?/?’, %@9%&8’ Wﬁym%yl%ﬁﬁp

isopropylamino, t-butylamino, n-pentylamino and n-hexylamino.

15 Dialkylamino is for the purposes of the invention an amino group having two
identical or different straight-chain or branched alkyl substituents, which preferably
each have 1 to 6, 1 to 4 or 1 or 2 carbon atoms. Straight-chain or branched
dialkylamino radicals having in each case 1, 2, 3 or 4 carbon atoms per alkyl
substituent are preferred. Those which may be mentioned by way of example and

20  preferably are: N, N-dimethylamino, N,N-diethylamino, N-ethyl-N-methylamino, N-
methyl-N-n-propylamino, N-isopropyl-N-n-propylamino, N-t-butyl-N-methylamino,
N-ethyl-N-n-pentylamino and N-n-hexyl-N-methylamino.

Monoalkylaminocarbonyl (alkylaminocarbonyl) or dialkylaminocarbonyl is for the

25  purposes of the invention an amino group which is linked via a carbonyl group and
which has one straight-chain or branched or two identical or different straight-chain
or branched alkyl substituents each preferably having 1 to 4 or 1 or 2 carbon atoms.
Those which may be mentioned by way of example and preferably are:
methylaminocarbonyl, ethylaminocarbonyl, isopropylaminocarbonyl, t-

30  butylaminocarbonyl, N, N-dimethylaminocarbonyl, N,N-diethylaminocarbonyl, N-
ethyl-N-methylaminocarbonyl and N-t-butyl-N-methylaminocarbonyl.




propyl carbonyl LeifS8s122RCTRr bonyl and t - butyl carbonyl . Al kenvl includes
| i near and branched C2-C, 2, in particular C2-C6- and C2-C4- al kenyl, such

as, for exanple, vinyl, ally], prop- |-en-lgyl, isopropenyl, but- I-enyl,

10 but-2-enyl, buta-1.2-dienyl, buts-1.3-dienyl. A kynyl includes |inear and
branched C2-C, 2-, in particular C C6- and CrC4- al kynyl, such as, for
exanpl e, ethynyl, propargyl (2-propynyl), r opynyl but 1- ynyl, :

but - 2-ynyl . 15Acylamiggcathonyhs| fgg dlae B@P?Wé]fl ge S‘&FHK%‘?@HW‘%W%hh@ﬁEﬁ cal s

having up to 14 op .at TORAGY
C3- Cs-al kyl , regé?w(;ﬁ tgr W‘é@rh@@nﬁb%s, sucglh&agﬁkefggovge%ar?gﬁ ﬁ&f O%Pi gwu&w
cycl obut ylI , qu?kéf@@éﬁ pdicalyaee plh&ivyldmmo&!'lﬁﬂr@hﬁﬁi I&ﬁphtma?hmbwrbdmylcycl ononyl ,
and polycyclic alkyl, i.e, preferably bicyclic and 20 tricyclic, optionally

spirocyclic C7-Cl4- al kyl, such as, for exanple, bicyclo[2.2.1]- hept-1-yl,

b ovel o1 2%} EBka g HBl bt bR s L R,

purposes of thgaiRy aritraipht- éﬁm&bﬁﬁﬁhb&draﬂﬁhlﬁﬁl subsefuentabhizh lp%fenablyﬂnatsd toZH 10
carbon atons. Preferred aryl radicals are tﬁ and naphthyl . Al koxy is for
£6

t he purposes ofl toHeorilmréntarkon Epﬂmﬁ en@lﬁl I;nkgd yiar wbomﬁarwnar‘\ BORPASHNino

al koxy radical i rticul ar 4 or

strai ght- chai f@ ?al?g‘?}élﬁg etf %F é ﬂﬁ’édﬂréfﬁﬁeﬁs Oie w(?]%' e8 gg%ﬁ%@@g
preferred. Tho%&ﬁ;?*Qf Véihﬁl leTRHd bﬁreﬁ%bw oned f&mam&o Ohce@atidn! Prépionadiighenabl y
are: met hoxy, et pr opoxy, i SOpropoxy, butoxy, n- pent oxy and

n- hexoxy. L@ Abﬁ@?é&ﬁ(dl@@ii)ipu&loedlamndocar bonvl is for the purposes of the

i nvention preferably a straight-chain or branched al koxy radical having 1
to 6 or | to 4 carbon atonms, which is linked via a carbonyl group. A

strai ght-chain ﬁﬁkoﬁ[c%}b%ﬂﬁ%n%d‘&%?ﬂ{eqﬁﬁ%se& fltieahvéiaohn dmihe douRd
atons is preferre 0se be nmentioned by way of exanple an
pref erabl y ar estraightichayc ar branghed &kdx&yxgrbamﬁ(snbﬁtl,tuem pihéghoprytezatiy ”Eys 1to6 or
1 to 4 carbon atoms in the alkoxy radical and is linked via the carbonyl group. An
15  alkoxycarbonylamino radical having 1 to 4 carbon atoms is preferred. Those which
may be mentioned by way of example and preferably are: methoxycarbonylamino,

ethoxycarbonylamino, n-propoxycarbonylamino and t-butoxycarbonylamino.

Heterocyclyl (heterocycle) is a mono- or polycyclic, heterocyclic radical having 4 to
20 10 ring atoms and up to 3, preferably up to 1 heteroatoms or heterogroups from the
series N, O, S, SO, SO;. 4- to 8-membered, in particular 5- to 6-membered
heterocyclyl is preferred. Mono- or bicyclic heterocyclyl is preferred. Monocyclic
heterocyclyl is particularly preferred. N and O are preferred as heteroatoms. The
heterocyclyl radicals may be saturated or partially unsaturated. Saturated
25  heterocyclyl radicals are preferred. The heterocyclyl radicals may be linked via a
carbon atom or a heteroatom. 5- to 6-membered, monocyclic saturated heterocyclyl
radicals having up to two heteroatoms from the series O, N and S are particularly
preferred. Those which may be mentioned by way of example and preferably are:
oxetan-3-yl,  pyrrolidin-2-yl,  pyrrolidin-3-yl, pyrrolinyl, tetrahydrofuranyl,
30 tetrahydrothienyl, pyranyl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-
yl, thiopyranyl, morpholin-1-yl, morpholin-2-yl, morpholin-3-yl, perhydroazepinyl,
piperazin-1-yl, piperazin-2-yl. A nitrogen heterocyclyl ring is in this connection a

heterocycle which has only nitrogen atoms as heteroatoms.




i sopropoxycar bpew 357p(RC Pt oxycar bonyl . Mnoal kyl am no (al kylam no) is for
t he purposes of the invention an am no group having one straight-chain or
branched al kyl substituent which preferably,has 1 to 6, 1 10 to 4 or | or 2
carbon atons. A straight-chain or branched nonoal kyl ami no radical having 1
to 4 carbon atons is preferred. Those which may be nmentioned by way of
exanpl e and preferably are: nethylam no, etylam no, n-propyl am no,

i sopropyl am no, t-butylam no, n-pentylam no and n-hexyl am no.

15
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or branched dial kyl am no radical s havi ng in each case 1, 2, or 4 carbon

atoms per al kybp tahihsteratems ararmefprred erhedeterqayseadigal mayrbajmﬂsedmrﬂmh@u by

way of exa le and 2 re era N, N- di rreth N, N:=det hy] am po,
N—gt hyl - thﬁtf)gfnoﬁ OSfN_ 1&‘?(55 bes mgt 1onednby wdy of exam\p/ie and'

N-|sopropyl N- I NRienvy: t t
N- et hyl - N- n- pegirege‘frg@nyn?@and’el\#-»L fugql ?bﬁNgenfﬁﬁgﬁgﬂnn?Quﬁéﬂoéwgﬁzgmnocar%onyl
(al kyl am nocar py_mmi@ylor pyridazioyl, amndobré.r bowgrolyls flenzefumnyRs pzpthiephenyl, t he
i nvention an am no which is |inked via a carbonyl group and which has
one straight- cﬂ'ér‘i“ﬂh ‘5) Rlor two i dentical or different strai ght-chain
or branched al kyl substrtuents each preferably having | to 4 or | or 2
carbon atons. Those which may be nentioned by way of exanple and preferably

zgr;a:l net hio ab arboazlg&ra?C(O?EmldpaﬁbnespaEdﬁng}fyl arlﬂll\l_@gninﬁbyrbarooyomgbbmyl and 30
Ry T Sk U e A T
35722( PCT) Ary{ 0 for the purposes of the invention an
aromati c radica %vﬁﬁggg%e{%lf%‘?abl y 6 to 10 carbon atons, which is |inked

via an am nocar bonyl group Preferred radicals are phenyl am nocar bonyl and
napht hyl am nocar hon 5 Al ky] car bonvl am no (acyl am i S r the purposes
of the inventi 7 ar‘ﬁ N gr%@z BEHPN gL ATEPPH lgaltyacwirhu@?n r aff¥lsationyl,

al kanoyl sppst Bét&%@cl%ﬂ?&ly@ LAd ﬁEt%MaYleﬁﬁm&rl 52 fbstituted on the sulfonyl group by

the appropriate radicals, i.e. alkyl, aryl etc.

Aminosulfonyl is an -S(O);NH; group. Correspondingly, alkylaminosulfonyl,
dialkylaminosulfonyl, arylaminosulfonyl,  heterocyclylaminosulfonyl  and
20 heteroarylaminosulfonyl are substituted on the amino group by the appropriate

radicals, i.e. alkyl, aryl etc.

Halogen includes for the purposes of the invention fluorine, chlorine, bromine and
iodine. Fluorine or chlorine are preferred.
25

The side group of an amino acid means for the purposes of the invention the organic

radical of an a-amino acid molecule which is linked to the o-carbon atom of the
amino acid. Preference is given in this connection to the residues of naturally
occurring a-amino acids in the L or in the D configuration, especially naturally

30  occurring oi-amino acids in the natural L configuration.

These include for example hydrogen (glycine), methyl (alanine), prop-2-yl (valine),
2-methylprop-1-yl (leucine), 1-methylprop-1-yl (isoleucine), a (3-indolyl)methyl



1to 4 or | or1gA3sP@rpns and is linked via the carbonyl group. A
radi cal

nonoacyl am no having 1 or 2 carbon atons is preferred. Those which
may be nentioned by way of exanple and p[?L_erany are: formam do,

acet am do, propionam do, n- 10 butyram do ahd pival oyl am do.

Al koxycarbonvlam no is for the purposes of the invention an am no group
having a straight-chain or branched al koxycarbonyl substituent which

pref erabl y has gfoupo (GyRipphan).t ¢ henzal bgraupt @henylalabing), ap kogihythigedal spwp i s

| i nked Vi h bony| . | bony|.ai i cal , havi
4 carbon at ons CrEnRie), HASRmaRy Griiel PR bRl Bitsiily RSBl o
and preferabl yyRr gthréRiiMgX Yy GRTE&th@&RVINO (cysRIMPXY eabRabYInRMYIO, (asparagine),

n- propoxycar bonyl am no and t-butoxycarbonyl am no. Heterocvclyl (heterocycle)
is a nono- or pabgwyrlethy] (gutasriney cirbexymethyla(aspaatic aeid) qapboxyethyb (gliagiat ons
and up to 3, preferaply. up t et.er.oatons_.qgr_ het erogroups.from t.he ries
N0 Ts Csor Segifa FaingBukhul, DGR s Enineaforet S0, bRy mtdazot i
heterocyclyl i ln%tﬁirlepﬁﬁﬁljné}’,bB%ei%prﬁb-QYW {crlIBAS! ?&%)t‘@dedetlgﬁ (BbRbEYst@Rke),
Monocyclic heterocyclyl is'particularly preferred. N and are preferred as
het er oat oms. Thedrokpdthyloc (fluinydsering)i c al-amimey3-bpdresyhue-didd Crydpeylyside)y 3-
unsat urated. Saturated 2? het er%ﬁé&ll)fél radi cal s arg E{heferred.. Th

het erocycl yl r ABHRORFP- It (BBIRING) & YOToxy 2 -2BHOBER- Ly bV GroxY Ot ifiedat om -
to 6-nmenbered, nonocyclic saturated heterocyclyl radicals having up to two
heteroatorns fromthe series O, Nand S are particularly preferred. Those
whi ch may be méatbonmklinked ansivo afidaesidyd B aaranipo efidrratiiye wheh is dinkedmia3dhy| |
pyrrolidin-2-yl, pyrrolidin:3-yd, . pyrrolinyl, .tetrahydrofuranyl, 30, )
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ni trogen het er geyfhiNg cldriflo a&ids th thbindtued I \@mbeQtion, e eyese) ¢-ganie ahd has
only nitrogen atons as heteroatons. Le A 3572Z2(PCT) - Het eroarvl is an
aromati c, nonopradmebi cyclic radical having 5 to 10 ring atons and up to 5
heteroatoml; fromthe series S, 0 and/or N. 5- to 6-nenbered heteroaryls
havi ng 3

Amine-linked amino acid residue is an amino acid residue which is linked via the

amino group of the amino acid. Preference is given in this connection to o-amino
acids or B-amino acids. Particular preference is given in this connection to a-amino
acids in the L or in the D configuration, especially naturally occurring a-amino acids
20  in the natural L configuration, e.g. glycine (R® is carboxylmethyl), alanine (R is 1-
carboxyleth-1-y1). The acid function of the amino acid may also be in the form of an
ester, e.g. methyl, ethyl, tert-butyl ester, or of an amide, e.g. aminocarbonyl,

alkylaminocarbonyl, dialkylaminocarbonyl, benzylaminocarbonyl group.

25 Amino protective groups means for the purposes of the present invention those

organic radicals with which amino groups can be protected temporarily from attack
by reagents, so that reactions such as oxidation, reduction, substitution and
condensation take place only at the desired (unprotected) sites. They are stable for
the duration of the protection under all conditions of the reactions and purification
30 operations to be carried out and can be eliminated again selectively and with high

yield under mild conditions (Rémpp Lexikon Chemie — Version 2.0, Stuttgart/New




up to 4 heterogeQuss7IXPETEf erred. The heteroaryl radical may be linked via
a carbon 5 atom or heteroatom Those which nay be nentioned by way of

exanpl e and preferably are: thienyl, furyj, _pyrrolyl, thiazolyl, oxazolyl,
i m dazolyl, pyridyl, pyrimdyl, pyridazi nyF, i ndol yl, indazolyl,

benzof uranyl, benzot hi ophenyl, quinolinyl, isoquinolinyl. 10 Carbonyl is a
-C(O group. Correspondingly, .aryl carbonyl, heterqeyc|ylcarbonyl and .

het er oar yl car bomyk: aeeresiiveme (Markeg 1889 Fﬁe%éﬁ‘lﬁéﬂf’ylp-ér b}ﬁﬁssﬂ’meﬁévea%ww ate

radicals, i.enarVyl &y Gl Vil : L§ | n -5(0)2 group.

Cor r espondi ngl Prg%?iﬁﬁ‘g@f‘%ﬁyﬁ%g?‘&‘??ﬁfﬁﬁﬂ’% 51%(3?& ocycl yl sul fonyl and
het eroaryl sul fonyl are substituted on the sulfonyl group by the appropriate
radicals, i.e. alkyl, aryl etc. Am nosulfonvl is an -S(0Q0)2NH2 group.

Cor r espondi ngl YPrefatekos tsrgivensinl thisopnnectign 40 RyYcarhonssderivaHyes, such as carbamates
aryl am nosulLfonyl, heterogcyclylamn | fonyl and 20 h r 1 nosul f,onyl
are substit te&x‘én. tﬁ‘g’egﬁﬁ%o g%’up %H?Wéigapprg(r) urplg'aft eege?]g@?%g4ag§gqyge. él kyl ,
aryl etc. Hal ogesimbbtalitdscatting!, "2-cRIsrGRALH R cattitRyl, MLeRlotdhentyloRfdart@dnyl,

chlorine, bromne and ~iodine. Fluorine or chlorine are preferred. 25 The
si de group of aichlorobenzabixpicarbemyd, f of.4+dinetboxyhssadoxycartioayl, nv Snt-Hisnethory-

organic radical of an a-am no i | ecule which is,linked to the a-carbon
atom of the aPEREY I aicarbopYlef _erggﬁlgmf:_ 0 CR?BW IPW %0k onn -&qt%%yfbsn%yﬁé(y-
residues of natyghly  ASeH6ERS0R RN ACT HitioBeriyforycbory], { Ne-nRro-4 5-

configuration, ‘espetially naturall 30°occurring a-amno acids in

natural L donfidguethbxybenzylbemartiongl, ude3,# Srtrimethoxlyberizy ipeprhor(yd] y ¢ imreghoxy-
t hyl | ani , -2-yl li , 2-Jret hyl -1 -yl (1 ' ,
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(tryptophan), %sogﬁfbmar%@pp ( @Pﬁﬁﬁl&){f’éaﬂﬂ:’n?g) ,pcﬁtdf%é}“d)r%ﬂ,' ofbp¥totycartdnyl,

(met hi oni ne). hydroxynet serine), p-hydroxybenzyl (tyrosine),
1- hydr oxyet h- | -heyoxychtborplnicyelphexuaycabonyleodttykycathosyki 2rethylhesotyzatbphyletZay |

(asparagine), jodohexoxycarbonyl, 2-bromoethoxycarbonyl, 2-chloroethoxycarbonyl, 2,2,2-
15 trichloroethoxycarbonyl,  2,2,2-trichloro-tert-butoxycarbonyl, ~ benzhydryloxy-
carbonyl,  bis-(4-methoxyphenyl)methoxycarbonyl,  phenacyloxycarbonyl,  2-
trimethylsilylethoxycarbonyl, phenacyloxycarbonyl, 2-trimethylsilylethoxycarbonyl,
2-(di-n-butylmethylsilyl)ethoxycarbonyl, 2-triphenylsilylethoxycarbonyl, 2-
(dimethyl-tert-butylsilyl)ethoxycarbonyl, methyloxycarbonyl, vinyloxycarbonyl,
20 allyloxycarbonyl, phenoxycarbonyl, tolyloxycarbonyl, 2,4-dinitrophenoxycarbonyl,
4-nitrophenoxycarbonyl,  2,4,5-trichlorophenoxycarbonyl,  naphthyloxycarboyl,
fluorenyl-9-methoxycarbonyl, valeroyl, isovaleroyl, butyryl, ethylthiocarbonyl,
methylthiocarbonyl, butylthiocarboyl, tert-butylthiocarbonyl, phenylthiocarbonyl,

benzylthiocarbonyl, methylaminocarbonyl, ethylaminocarbonyl, propylamino-

25 carbonyl, isopropylaminocarbonyl, formyl, acetyl, propionyl, pivaloyl, 2-

chloroacetyl, 2-bromoacetyl, 2-iodoacetyl, 2,2.2-trifluoroacetyl, 2,2,2-trichloroacetyl,
benzoyl, 4-chlorobenzoyl, 4-methoxybenzoyl, 4-nitrobenzyl, 4-nitrcbenzoyl,
naphthylcarbonyl, phenoxyacetyl, adamantylcarbonyl, dicyclohexylphosphoryl,
diphenylphosphoryl, dibenzylphosphoryl, di-(4-nitrobenzyl)phosphoryl,

30  phenoxyphenylphosphoryl, diethylphosphinyl, diphenylphosphinyl, phthaloyl,
phthalimido or benzyloxymethylene.




car banoyl et hyl [ gst_@q car boxynmet hyl (aspartic acid), carboxyethyl
(glutamc 5 acid), 4-amnobut-I-yl (lysine), 3-guanidinoprop-1-yl
(arginine), imdazol-4- ylmethyl (histidi nej . 3- ur ei dopr op- 1- vyl
(citrulline), nercaptoethyl (honobcysteine),” hydroxyethyl (honoserine),

4- am no- 3- hydr oxybut - 1-yl (hydroxylysine), 3- am noprop-1-yl (omthine),

2- hydr oxy- 3- am _noprop-1-yl (hydroxyom_thine). 10 Carbonyl-Ilinked_am no acid
residue i s an Zaitisslasci @refersnefue ighi @vens [t nk éer-PhtylaxyearbeaylbordPockr olp of

the amno acidacidigc f tion. Pref IS, given. in this tign,to
a-amno acids i ofeﬂéﬁlﬁaﬁlgf%&{r\?%ly c@ﬂ\g?’gﬁ’r atl?%lr?]%&%%n%qné’;ll y(gg%l{rjz? |1 3"‘:1
occurring a- arrianplogyéaglgoﬂym&ml@@)_nat ural L configuration, e.g. glycine,
L-al anine and L- proline. 15 Am ne-linked am no acid residue is an am no
acid residue which is linked via the am no group of the am no acid.
Preference s given ip this copnecti,on t -am no.. acids ,or n-am no acids.
Parti cul ar %re%e?yéﬂioéaioél ag'?q}’@rf{%flﬂtefiheémggr?ﬁz@%%ﬁnpbe Ingﬁliﬁﬁ'o acids in the L
or in the D configuration, especially naturally occurring a-am no acids 20
in the natural L configuration, e.g. glycine (R5 is carboxyl nethyl), alanine
(Rs is 1- car b®@xeferehte is- givyn foihthe puimbséunf thegpresent imenton o campoundsywhitko be
in the formof an ester ef . .methyl, ethyl, tert-butyl ester, or of an
am de, e.g. antABERPB FMh,e O%F‘}li‘ll am nocar bonyl , di al kyl am nocar bonyl ,
benzyl am nocar bonyl group. 25 Am no protective arouns neans for the purposes
of the present invention those organic radicals with which am no groups can
be protected tenporarily fromattack by reagents, so that reactions such as
oxi dation, reduction, substitut nsation take place only at the
desit refl_ (unprgt ect Ield) Si fjé;tso siOR td1e du_r?_ti otn_ of gge
protection under all conditions ons and purification
operations to be carried out anmd can be el i niRated again selectively and
with high vyield under nild §ondi tRns (80mp Lexi kon Chemie -g, ersion 2.0,
9

Stuttgart/New Le A 35722(PCT] -12 ork: [eorg Thiene Verlag 1 ;o T. W
Greene, P.G Wits, ProR&sty7e G0 i D NR°R®
o R H }{q“ o)
10
in which R! to R® have the same meaning as in formula (I},
and the salts thereof, the solvates thereof and the solvates of the salts thereof.
15
Preference is given for the purposes of the present invention to compounds of the
invention in which
R! is hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, alkylcarbonyl, arylcarbonyl,
20 heterocyclylcarbonyl, heteroarylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylsulfonyl, arylsulfonyl,
heterocyclylsulfonyl, heteroarylsulfonyl or a carbonyl-linked amino acid
residue,
25 where R' apart from hydrogen may be substituted by 0, 1, 2 or 3 substituents

R, where the substituents R are selected independently of one another

from the group consisting of halogen, alkyl, trifluoromethyl,



Organi c Synthegjesa 387X(PAT) John Wley, New York, 1999). Preference is given
in this connection to oxycarbonyl derivatives such as carbamates 5 and

especially the foll ow ng groups: benzyloxygg[bonyl, 4

br omobenzyl oxycar bonyl, 2-chl orobenzyl oxycar bonyl ,

3-chl orobenzyl oxycar bonvl, di chl orobenzyl oxycar bonyl ,

3, 4-di met hoxybenzyl ox carbon |, 3, 5-di nethoxy benzylo car.bony

2, 4- di met hoxybenzy!l @xﬁw&mﬁh@r{y mﬁﬁe‘%mﬁ,yfﬁ@lﬁ,@yﬂlﬂl?ml%rc%% Pmmo cycloalkyl,

di et hoxybenzy! oxycAnprCagl e BREN L RGBT AR "ot hoxy-

car bonyl, ethoxvcarbonyl, propoxycarbonyl, isopropoxycarbonyl,
butoxycarbonyl |sobutoxycarbonyl terr-but oxycarbonyl, pentoxycarbonyl,
|sopentoxycarb6hyl ISMﬁkmxdemﬂwhyl cycl ohexoxycar bonyl , oct oxycar bonyl ,
2- ethylhexogycarbonyl 2- |odohexoxycarbonyl, 2- br onoet hoxycar bonyl ,

2- chl or oet hoxycar bonyl, 2,2,2 15 trichl oroet hoxycarbonyl,
2,2,2-trichloro-tertpt RXYgA Q&Bmydrdg%ﬂ%wdilﬁéﬂmteﬁady@ﬂ¥b,or 3 substituents
bIS (4- nethoxyphenyl)nethoxycarbonyl gnacyloxycarbony

trinethylsilyl et hoxRé b/hmyzl the ;shbsmwitsnRy(‘:ardoeeigdtgd mdependently of one another

2111 phenyi <111 ot RO REEBA consSinsCRHRFR aBpe. ST mirq 519 SRR bony

met hyl oxycar bonyl , vi nyl oxycarbonyl, 20 allyl oxycarbonyl, phenoxycarbonyl,

t ol yl oxycar bonyl , 2,4-dinitrophenoxycarbonyl, 4-nitrophenoxycarbony|,
2,4,5-trichborephenoxycar bonyl, naphthyl oxycarboyl,
fl uor enyl - 9- met hoxycar bonyl , val eroyl, isoval eroyl, butyryl,

et hyl t hi ocar bonyl , nethylthiocarbonyl butyl t hi ocar boyl ,
ten- but yhhi Oca%n t g thérh'\ﬁﬁla{lgoﬂi)ﬁlo en l%l%}ﬁyt{ t%ﬁﬁag'@?n%le bonded form a

nmet hyl am nocar ar ni nocar bonyF, propyl am no car bony|

i sopr opyl ani nocar borhyierocfyolrerwﬂlch magby |subsmltul¢ﬂ b}ﬂQJ 1 op2 Wﬁsuydentsﬂl 2 where the
chl oroacetyl, 2- bronnacetyl gzlodoacet I, 2-trifluoro ceg

2,2, 2-tri chor oacet ylsu btigusatsoR %9?”1)’40%{1%65% &h 56 the group

4-nitrob |, 4- h I I
adglnaFn? y?ggbonyl ! :ﬁ:&g@% ﬁ}e‘ﬁ(y alp grgph%ﬁl{")?%ggp%h%@pgﬁgéxﬂﬁ@w dialkylamino,

di benzyl phosphor yI , clieloqlityl)i hrydbeittarbarphohpleucytlyl, 3hydroxy, alkoxy, carboxyl,
phenoxyphenytphosphoryt dlethgwghosphlnyl di phenyl phosphi nyl , phthal oyl ,
pht hal i mi do” or benzplkexyeaseoml aminocarbonyl,

R’ is hydrogen, alkyl or the side group of an amino acid, in which alkyl may be

20 substituted by 0, 1, 2 or 3 substituents R*!, where the substituents R*" are
selected independently of one another from the group consisting of
trifluoromethyl, nitro, amino, alkylamino, dialkylamino, cycloalkyl, aryl,

heteroaryl, heterocyclyl, hydroxy, alkoxy, carboxyl, alkoxycarbonyl,

aminocarbonyl, alkylaminocarbonyl and dialkylaminocarbonyl,

25
in which cycloalkyl, aryl, heteroaryl and heterocyclyl may be substituted by
0, 1 or 2 substituents R*2, where the substituents R*? are selected
independently of one another from the group consisting of halogen, alkyl,
trifluoromethy! and amino,

30

and in which free amino groups in the side group of the amino acid may be
substituted by alkyl, alkenyl, cycloalkyl, alkylcarbonyl, arylcarbonyl,

heteroarylcarbonyl, heterocyclylcarbonyl, alkoxycarbonyl, aminocarbonyl,



It A 35722PPCTLe-AL35P2A(RCTUlI ar preference is given to |ert-butyl oxycarbonyl
(Boc), 9- fluorenyl nethyl oxycarbonyl (FMOC), benzyl oxycarbonyl (Cbz-1Z-) and
al 'yl oxycarbonyl (Aloe). 5 A synmbol * on ajéond denotes the point of Iinkage
in the nolecule. Preference is given for the pur poses of the present

i nvention to conmpounds which correspond to the fornmula NRSR6 10 15 in which
R to RO have the sanpe , neaning as in formula (1),, and the salts, thereof, the
sol vat es thereof andlk¥lansetageanyt of ¢ Hialkylamigogarhonsds . paprlamigsarbpaylgi ven

for the purposes of

which R is hydr ogeﬁfkggflﬁéﬁﬁ’eéa}&ﬂﬁgﬁg{}ée?%géﬁlﬁﬁg@gygg@%ﬁ?%ngﬁuwacgﬁ ibgzy: n

aryl earbonyl, 20 heterocyclyl carbonyl, heteroaryl carbonvl, alkoxycarbonyl,
am nocar bonyl , Rﬁl kyl am nocar bonyl , di al kyl am nocar bonyl, al kyl sul fonyl,

aryl sul fonyl, Rhet etsduigdeagenotiCidrsalkylnet er oaryl sul fonyl or a carbonyl -1i nked
am no acid .residue, 25 where R apart from hydrogen nmay be substituted by
0, 1, 2 or 53 substituents R -', where the substituents RI'' are selected

i ndependent |y @f ong aeddear C,-Cr-amyl BECHOePcleaRSl sting of hal ogen, al kyl,
trifluoronethyl, Le A35 22(P1CT) -f4 trigfl ugr onet hoxy, nitro, cyano, ani no,
al kyl am no, dial kyl am no, cycloal kyl, aryl, heteroaryl, heterocyclyl,

hydroxy, al koxﬁsandiscﬁ)cdggée}ﬂ, ’alkF}\)f%, Eillﬁexpﬂ,déy%gc%rfkﬁ,r ar?r&,l%/eltéroaSryl, heterocyclyl or an
amine-linked amino acid residue,

10
where R’ may be substituted by 0, 1, 2 or 3 substituents R*!, where the
substituents R*"! are selected independently of one another from the group
consisting of halogen, alkyl, trifluoromethyl, trifluoromethoxy, cyano, amino,
alkylamino, dialkylamino, cycloalkyl, aryl, heteroaryl, heterocyclyl, hydroxy,

15 alkoxy, carboxyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbony! and

dialkylaminocarbonyl,
R® is hydrogen, alkyl or cycloalkyl,
20 or

R® and R® together with the nitrogen atom to which they are bonded form a
heterocycle which may be substituted by 0, 1, 2 or 3 substituents R5'6, where
the substituents R>® are selected independently of one another from the group

25 consisting of halogen, alkyl, trifluoromethyl, nitro, amino, alkylamino,
dialkylamino, cycloalkyl, aryl, halogenated aryl, heteroaryl, heterocyclyl,
hydroxy, alkoxy, carboxyl, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl,

alkylaminocarbonyl and dialkylaminocarbonyl,
30 R’ is hydrogen or C;-Cg —alkyl,

rR® is hydrogen or C,-Cg¢-alkyl




where Rl apart [rOnsR4POgen may be substituted by 0, 1, 2 or 3 substituents
R2"', where the substituents R2"' are selected i ndependently of one anot her

fromthe group consisting of hal ogen, am D?(,_a| kyl am no and di al kyl am no, 10
or R and R2 together with the nitrogen atomto which they are bonded forma
het er ocycl e which may be substituted by 0, 1 or 2 substituents R1"2, where
the substituents R'2 are selected i ndependently of one another fromthe
group 15 consi 8 ng of hal ogen, trifluoromethyl, amno, alkyl anino,

di al kyl am no, cycl oal kyl, aryl, heteroaryl, heterocyclyl, hydroxy, alkoxy,
carboxyl, al koxycarbonyl and am nocarbonyl, R3 is hydrogen, alkyl or the

si de group of @i amiRydspch orl@)-Qalkl. al kyl may be 20 substituted by 0, 1,
2 or 3 substituents R3-1, where the substituents R3-7 are sel ected
i ndependently of one another fromthe group consisting of trifluoromnethyl,

[ , i no, | ani . di al kyl am | oal kvl . |, .0 I
et orbcycl yo. RGNS Copinghgor e PSts S¥Fe SREL, ins@on aschi eiBioy of
al kyl am nocar begyinvaitfdbndh Hfol am nocar bonyl, 25 in which cycl oal kyl, aryl,

het eroaryl and heterocyclyl may be substituted by O, 1 or 2 substituents
R3"2, where the substituents R3"2 are selected independently of one another

f h I,St] f h | Kyl irifl I d i no, 30
and | n which [ Roe. aft B aPEbe Ay rdraitoriho Y HIRG ahere OV Is e e
substituted by al ky'hﬁte%akﬁeaﬁbmqumk cﬁaﬂonyladr%yaa%ngpmed Ahinb GaResN e,

het er oaryl car bonyl , heterocycl yl carbonyl, al koxycarbonyl, am nocarbonyl, Le
A 35722(PCTd -15 al kyl am nocar bonyl, di al kyl am nocar bonyl

R aaror PPyl ehene R¥ phr? Bom hfdrbes'may BE' subiuBadR6, 1'o? Y LBt
R'"!, where the substituents R are selected independently of one another
from the group consisting of halogen, trifluoromethyl, amino, alkylamino,
dialkylamino, phenyl, 5- to 6-membered heteroaryl, 5- to 6-membered

15 heterocyclyl, hydroxy and alkoxy,

R’ is hydrogen or methyl,

R} is aminocarbonylmethyl, 3-aminopropyl, 2-hydroxy-3-aminopropyl, 3-
20 guanidinopropyl,  2-aminocarbonylethyl,  2-hydroxycarbonylethyl,  4-
aminobutyl, hydroxymethyl or 2-hydroxyethyl, 4-amino-3-hydroxybutan-1-

yl,

and in which free amino groups in the side group of the amino acid may be
25 substituted by alkyl, alkenyl, C;-C¢-cycloalkyl, alkylcarbonyl,
phenylcarbonyl, 5- to 6-membered heteroarylcarbonyl, 5- to 6-membered
heterocyclylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, phenylaminocarbonyl, alkylsulfonyl, arylsulfonyl, 5-
to 6-membered heterocyclylsulfonyl or 5- to 6-membered heteroarylsulfonyl,
30
R* is hydrogen,

R? is hydrogen or methyl,



5 10 R is hydiregessm(P-T6-al kyl, R is hydrogen, C, -C6-alkyl or
C3-C8-cycloal kyl, R5 1s hydrogen, alkyl, alkenyl, cycloal kyl, aryl,
heteroaryl, heterocyclyl or an amne-linkeg am no acid residue, where R5
may be substituted by 0, 1, 2 or 3 substituents R5-1, where the
substituents R -1 are sel ected i ndependently of one another fromthe group
consi sting of hal ogen, alkyl, trifluoronethyl, trifluoronethoxy, cyano,

am no, al kyl am no, dial kyl am no, cycloal kyl, aryl, heteroaryl,

het er ocycl yl, hydr ox I Gar I VE:& ) ' yl,
al kyl am nocar b?){nyl é%%lyd}(gg%’ E@/‘?gr%nc?c%?g%!\kﬂﬁ’hggﬁr ga{?%%éigﬁ%g‘a%%%&rg?@
cycloal kyl, 20 or Ry amerRerédaéideyclylidriantahendihkedg@ninaboitsidyd)i ch t hey
are bonded forma heterocycle which may be substituted by 0, 1, 2 or 3

substituents R5, where the substituents R5-a are sel ected independently of
one anot her_from the group.25_consi Sthn h en.yalkyl . trifluoromethyl,
o tror am, ol kyl SO g A BRER ROR Al SatiaReioBgY of 5 o, b EHEL Y
heteroaryl, heterocygleydcyclylVHe Qtter by BéYsubsituRaxby 0, al ki hcamhemphs R,

al koxycar bonyl, am nocarbonyl, al ké;_zam nocar bonyl "and di al kyl am nocar bonyl,
30 Rr is hydrogen omhgre ths sabskijientsi K rayelsadepted independaslyadflone anether 86mak¢ PCTI

-16 and R9 is hydrogen or Cl-C6-al ..o Preference is . given for .the .

our poses of ¢ he. pr eSBNP S<rsiiEs shalfl el datngy Y HEa, FakylgHinen

whi ch C;-Ce-cycloalkyl, phenyl, 5- to 6-membered heteroaryl, 5- to 6-membered
10 heterocyclyl, hydroxy, alkoxy, carboxyl, alkoxycarbonyl, aminocarbonyl,

alkylaminocarbonyl and dialkylaminocarbonyl,
and

15 where in the case where R’ is phenyl or 5- to 6-membered heteroaryl, the
latter may be substituted by 0, 1 or 2 substituents R*?, where the substituents
R*? are selected independently of one another from the group consisting of
halogen, trifluoromethyl, trifluoromethoxy, amino, alkylamino, dialkylamino,
C;-Cg¢-cycloalkyl, 5- to 6-membered heteroaryl, 5- to 6-membered
20 heterocyclyl, hydroxy, alkoxy, carboxyl, alkoxycarbonyl, aminocarbonyl,

alkylaminocarbonyl and dialkylaminocarbonyl,
and

25 where in the case where R’ is amine-linked amino acid residue, the latter may
be substituted by 0, 1 or 2 substituents R**, where the substituents R>* are
selected independently of one another from the group consisting of halogen,
trifluoromethyl, trifluoromethoxy, amino, alkylamino, dialkylamino, C;3-Cg-
cycloalkyl, phenyl, 5- to 6-membered heteroaryl, 5- to 6-membered

30 heterocyclyl, hydroxy, alkoxy, carboxyl, alkoxycarbonyl, aminocarbonyl,

alkylaminocarbonyl and dialkylaminocarbonyl,

R® is hydrogen, alkyl or C3-Cg-cycloalkyl,




i's hydrogen, allkw 35H%BCTar bonyl, aryl earbonyl, heterocyclyl earbonyl,
het er oaryl car bonyl, al koxycarbony) or a carbonyl-1linked am no acid residue,

to where R apart from hydrogen nay be sub§§ituted by 0, 1 or 2 substituents
R -', where the substituents R -' are selected independently of one anot her
fromthe group consisting of halogen, trifluoronethyl, amno, alkylam no,

di al kyl am no, phenyl, 5- to 6-nenbered heteroaryl, 5- to 6-nenbered 15 20
R2het er ocycl yl, hydroxy and al koxy, is hydrogen or nmethyl, R3is
aninocarbonylnﬁ}hyl, 3-am nopropyl, 2-hydroxy-3-am nopropyl, 3-
guani di nopropyl”, 2-am nocar bonyl et hyl, 2-hydroxycarbonyl et hyl, 4- am nobutyl,
hydroxynet hyl or 2-hydroxyethyl, 4-am no-3-hydroxybutan-1- yl, and in which
free am no groups in the side group of the am no acid may be 25 substltuted

by alkyl, al keﬂyland@?-twtwmmvogﬂnkgﬁvmdebﬂnw they jsen honded femy p 5-40 6t o
6- menber ed ﬂet eroar e@ﬁ.} &ﬁy?terogyﬂé%h%h g’ge%onyqsﬂﬁﬁ%{ 8?363'1%9%218& tllent

al koxycarbonyl, am l'am no Kyl am nocar ony
phenyl ani nocar bonyl R4 khbeuht aabdtitushiy RS é”af@ﬁ&léctecﬁmde elﬁfeﬂﬁﬁmr@h@ another

het erocycl yl sul fonyl or 5- to 6-nenbered heteroaryl sul 30 is tgdrogen
R4 is hydrogen or néltomlthe Lgoyﬁp 3eneisimCof amino salé)g) 1a$[yk3;nmo Ce-
C3- C6- cycl oal kyl , phe nber teno y ere

het erocyclyl or an & ﬁ%lk}']l’ BygnHﬁSg‘?@&g ,pﬁgrfyauﬁ- émem%eredw%ggroary,

hydroxy, alkoxy, carboxyl and aminocarbonyl,

10
R’ is hydrogen,
R® is hydrogen,
15 and

R’ is hydrogen or methyl.

Preference is given for the purposes of the present invention also to compounds of

20  the invention in which

R is hydrogen, alkyl or alkylcarbonyl,

R? is hydrogen,

25
R’ is alkyl or the side group of an amino acid, in which alkyl may be substituted
by 0, 1, 2 or 3 substituents R*!. where the substituents R*>" are selected
independently of one another from the group consisting of trifluoromethyl,
nitro, amino, alkylamino, dialkylamino, cycloalkyl, aryl, heteroaryl,
30 heterocyclyl, hydroxy, alkoxy, carboxyl, alkoxycarbonyl, aminocarbonyl,

alkylaminocarbonyl, dialkylaminocarbonyl, guanidino and amidino,




5 where in the|gag8s peTRS is al kyl, C3-C6-cycloal kyl or 5- to 6-nenbered
heterocyclyl, the lTatter may be substituted by O, 1 or 2 substituents RS 2,
where the substituents RS-2 are sel ected iﬁ@ﬁe_pendently of one anot her from
the group consisting of alkyl, trifluoro hyl, am no, al kyl am no,

di al kyl am no, C3-C6-cycl oal kyl, phenyl, 5- to 6-nenbered heteroaryl, 5- to
6- menbered 10 heterocyclyl, hydroxy, al koxy, carboxyl, al koxycarbonyl,

ami nocar bonyl ,  al kyl ami nacwhisbnygiclaailyldi ativky hetetoatd a b rheteroeiredyl 1 Baghbee in

the case where R5 is phen r.5- to .6- er.ed eroaryl .. the ..lattensmy
be substituted by 0, 1 ors}lléStg'ﬂtﬁ‘gtbﬁ't(geln?rgf %%?ue%ﬁg#e’t”ﬁﬁ%ﬂﬁsﬂ%ﬁt&gm%ﬁ R5
are sel ected independent | ¥e ofle@EE iRiRpédHRALIF LPBhE BﬁotﬁépEQmCt%Sgr&%P BéhsRling
hal ogen, trifluoronethyl, trifluoronethoxy, am no, alkylam no, dialkylam no,

C3- C6-cycl oal kyl, 5- to &fihelvgen atkyhati@nommethyl 8nd amig, nenber ed 20
het er ocycl yl., hydroxy, al koxy, carboxyl, al koxycarbonyl, am nocarbonyl,
al kyl am nocar bonyl and di al kyl am nocarbonyl, and 25 where in the case where

R5 is am ne-Ilinked ] i Lelie - I b 4t 0,
1 or 2 substi tuentsadggqﬂ,“ﬁﬁmﬂfej?g@?ﬁg{bs%rgg |%nu@%%§{e%'§%p 3?giesfgﬁggggdﬁgy B

i ndependent |y of oneubsivathéby hlkyin t he group consi sting of hal ogen,
trifluoronethyl, trifluoronethoxy, am no, alkylam no, dialkylam no, C3-C6-
cycl oal kyl, phenyl, 5- to 6-nenbered heteroaryl, 5- to 6-nmenbered 30

het er ocycl yl , dro _(CE _cal bonyl , am nocar bonyl,
al kyl am nocar bg%r?yl g%}c]iycglhéﬁﬁg;ll g%aﬂr\lgggggrﬁtégéé&?g hydr ogen, al kyl or
C3-C6-cycl gal kyl, Le A 35722(PCT) -18 or R5 and R6 together with the

nitrogen atomtq which they are bonded forma 5- to 6- 5 nenbered
het erocycl e whifeh ndyhytoaim &t iGaalied opfs¢s-cycloalkyl.supbst it uent s

R’ is hydrogen, alkyl, alkenyl, cycloalkyl, aryl, heteroaryl, heterocyclyl or an
amine-linked amino acid residue,
15
where alkyl, alkenyl, cycloalkyl, aryl, heteroaryl and heterocyclyl may be
substituted by 0, 1, 2 or 3 substituents R*!, where the substituents R*' are
selected independently of one another from the group consisting of halogen,
alkyl, trifluoromethyl, trifluoromethoxy, nitro, cyano, amino, alkylamino,
20 dialkylamino, cycloalkyl, aryl, heteroaryl, heterocyclyl, hydroxy, alkoxy,
carboxyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl and

dialkylaminocarbonyl,

in which alkyl, alkylamino, dialkylamino, cycloalkyl, aryl, heteroaryl
25 and heterocyclyl may be substituted by 0, 1, 2 or 3 substituents R¥2,
where the substituents R*? are selected independently of one another
from the group consisting of hydroxy, amino, carboxyl and

aminocarbonyl,
30 R® is hydrogen, alkyl or cycloalkyl,

or




R54, where thelgub3s722POTY RS' 6 are sel ected i ndependently of one anot her
fromthe group consisting of am no, al kylam no, dialkylam no, C3-C6-
cycl oal kyl, phenyl, hal ogenated phenyl, 5- bo 6- menber ed het eroaryl,

hydr oxy, al koxy, carboxyl and am nocar bony?, 10 R7 is hydrogen, is hydrogen,
15 and R9 is hydrogen or nethyl. Preference is given for the purposes of the
present inventiqQn alsq@ to conpounds of 20 the invention in which R is

hydr ogen, al kyR ogndg Reytogethpionith theo njtepgay dtergels, Whrhrthey sarg| kgnded formea si de

group of an am no agji i i I tht ut,e s 2. 0r 3
substituents R3-i, &ﬁ%’?oeclyplﬁ%g S &@éesﬁlgg}{ﬁg&b?’;b?g’gé’?écsglggm?rﬁ%gpénw 0l y
of one anot her fromtidwbgtitaems ROPaicsdeled@dahddpenddnt@ofoRé Axdther fdrh i grdp NO,
al kyl am no, dial kyl am no, cycloal kyl, aryl, heteroaryl, 30 heterocyc%yl ,
hydroxy, al koxy, carcpessing af belogear plkuli amingi mdodamiaay (dialkylamino, hydroxy,

al kyl am nocar bonyl , _di al kyl anmi nocar bonyil uani di no_ and 1.di-no, .Le
S5752(PCTE 210 1 WKV SerBEkITe SROR R ony h BBLE R R PlaifGactoRy and, e
substituted by O, 1 4pilkylahifecirbbsgnts R3"2, where the substituents R3a are

sel ected i ndependent|y of one another fromthe group consisting of hal ogen,
al kyl, trifluoronmethyl and am no, and in which free am no groups in the side

group of the algpno g l!lygdrrr)gi , ?—CG-SaH%?,ta{llEy"fEa? onb of h?—%g-’cyg'l%alkyl,

10 R? is hydrogen,
and

R’ 1s hydrogen.
15
Preference is given for the purposes of the present invention also to compounds of

the invention in which

R' is hydrogen,
20
R is hydrogen,

R’ 1s alkyl or the side group of an amino acid, in which alkyl may be substituted

by 0, 1, 2 or 3 substituents Ra'l, where the substituents R*! are selected

25 independently of one another from the group consisting of amino,
alkylamino, dialkylamino, cycloalkyl, heteroaryl, heterocyclyl, hydroxy,

alkoxy, carboxyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,

dialkylaminocarbonyl, guanidino and amidino,

30 in which cycloalkyl, heteroaryl and heterocyclyl may be substituted
by 0, 1 or 2 substituents R3'2, where the substituents R** are selected
independently of one another from the group consisting of alkyl and

amino,



15 R is hydrogem 3912@@1 kyl or C3-Cg-cycloal kyl, R is hydrogen,

C, - C6-al kyl or -(8-cycloal kyl, R is hydrogen, alkyl, alkenyl, cycloalkyl,
aryl, heteroaryl, heterocyclyl or an am ng;linked am no acid residue, where
al kyl, al kenyl, cycloal kyl, aryl, heteroarga'and het erocyclyl may be
substituted by 0, 1, 2 or 3 substituents R5"', where the substituents R5"'
are selected independently of one another fromthe group consisting of

hal ogen, al kyl, trifluoronethyl, trifluoromethoxy, nitro, cyano, am no,

al kyl am no, 20 .di al k%/%)gc{ji no, cycl oal kyl, aryl, heteroaryl, heterocyclyl,

hydr oxy, al koxy; cd % >al koxycar bonyl , am nocar bonyl ,

al kyl am nocar bonyl and di al kyl am nocar bonyl, in which al kyl, al kylam no,

di al kyl am no, cycloal kyl, aryl, heteroaryl 25 and heterocyclyl may be
substituted byR0, 1isbydsegen, SufstallevlonCs-Ugstyeloalitydr e t he substituents R5' 1
are sel ectﬁg i ndependently of one another fromthe group consisting of

hydr oxy, anmrno, carboxyl and am nocarbonyl, 30 R6 is hydrogen, alkyl or
cycl oal kyl, or plie Aj; 2Q 8¢ [2Tot r hebdb vk i dnyf .atom
to which they gr_ e bés’rglgg%%% (E)’]?Lélléyl, %%gé’?]gggcﬁ’&m gahﬁrrénge&guiggto?t@t g‘gﬁ%y 0,
1, 2 or 3 substi t uelinked®minoweel residuie substituents R3's are sel ected

i ndependently of one another fromthe group consisting of hal ogen, alkyl,
am no, al kyl am no, dial kyl am no, hydroxy, 5 al koxy, carboxyl,

o oryerbonyl: o AR Y o MG oris Bt o aeapggen |

hydr ogen, 10 by 0, 1, 2 or 3 substituents R '1, where the substituents R° are selected

independently of one another from the group consisting of halogen, alkyl,
trifluvoromethyl, trifluoromethoxy, nitro, cyano, amino, alkylamino,
dialkylamino, cycloalkyl, aryl, heteroaryl, heterocyclyl, hydroxy, alkoxy,
carboxyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl and

15 dialkylaminocarbonyl,

in which alkyl, alkylamino, dialkylamino, cycloalkyl, aryl, heteroaryl
and heterocyclyl may be substituted by 0, 1, 2 or 3 substituents R*?,
where the substituents R*? are selected independently of one another
20 from the group consisting of hydroxy, amino, carboxyl and

aminocarbonyl,
R® is hydrogen, alkyl or C;-Cs-cycloalkyl,
25 or

R®> and R® together with the nitrogen atom to which they are bonded form a
piperidinyl, morpholinyl, piperazinyl or pyrrolidinyl, where piperidinyl,
morpholinyl, piperazinyl and pyrrolidinyl may be substituted by 0, 1, 2 or 3

30 substituents, where the substituents are selected independently of one another
from the group consisting of alkyl, amino, alkylamino, dialkylamino,

hydroxy, alkoxy, carboxyl, alkoxycarbonyl and aminocarbonyl,



and R9 is hydmgs@_mgnz}zﬁcgj eference is given for the purposes of the present
invention also to conpounds of the invention in which R is hydrogen, 20

R2 is hydrogen, R3 is alkyl or the side gr 941p of an am no acid, in which

al kyl may be substituted by O, 1, 2 or 3 Substituents R'', where the
substituents W are selected 25 independently of one another fromthe group
consi sting of amino, alkylamno, dialkylam no, cycloal kyl, heteroaryl,

het erocyclyl, Rydroxshydregenoxy, carboxyl, al koxycarbonyl, am nocarbonyl,

al kyl am nocar bonyl, di al kyl am nocar bonyl, guani di no and am dino, 30 in

whi ch cycl oal kyl, heteroaryl and heterocyclyl may be substituted by O, 1 or
2 substituentspR' 2, iéﬁf}}%’r dnhe substituents R3"2 are selected independently
of one anot her fromthHhe g%ohp consisting of alkyl and amno, Le A
35722(PCT) -21 5 R is hydrogen, R' is hydrogen, C -C6-alkyl or
C3-Cs-cycloal kyl, R5 is hydrogen, alkyl, cycloal kyl, aryl, heteroaryl,

heterocycly5 oAl@an am ne- |inked am no acid residue, where alkyl,
cycloal kyl, aryl, heteroaryl and heterocyclyl may be substituted to by O,
1, 2 or 3 substituents RS ', where the substituents R5'' are selected

i ndependently @f ongs wpbdear fromthe group consisting of hal ogen, alkyl,

Preference is given for the purposes of the present invention also to compounds of

10  the invention in which
R' is hydrogen,

R? is hydrogen,

15
R} is aminocarbonylmethyl, 3-aminoprop-1-yl, 2-hydroxy-3-aminoprop-1-yl, 1-
hydroxy-3-aminoprop-1-yl, 3-guanidinoprop-1-yl, 2-aminocarbonylethyl, 2-
hydroxycarbonylethyl, 4-aminobut-1-yl, hydroxymethyl, 2-hydroxyethyl, 2-
aminoethyl, 4-amino-3-hydroxybut-1-yl or (1-piperidin-3-yl)methyl,
20

R*  is hydrogen,

R is hydrogen, methyl, ethyl, isopropyl or cyclopropyl,

25 R® is hydrogen, C,-Cg-alkyl or C;-Cs-cycloalkyl,

where alkyl and cycloalkyl may be substituted by 0, 1, 2 or 3 substituents
Rs'l, where the substituents R*' are selected independently of one another
from the group consisting of halogen, C,-Cg-alkyl, trifluoromethyl,
30 trifluoromethoxy, amino, C;-Cs-alkylamino, C;-C¢-dialkylamino, C;3-Cs-
cycloalkyl, C¢-Co-aryl, 5- to 10-membered heteroaryl, 5- to 7-membered
heterocyclyl,  hydroxy, alkoxy, carboxyl, C;-Ce-alkoxycarbonyl,

aminocarbonyl, C,-C¢-alkylaminocarbonyl and C;-Cs-dialkylaminocarbonyl,




trlfIuoronethytﬁ,qgsjjgggg Pyet hoxy, nitro, cyano, amino, alkylam no,

di al kyl am no, cycl oal ky aryl, heteroaryl, heterocyclyl, hydroxy, alkoxy,
car boxyl, al koxycarbonyl, an nocarbonyl, gktylaninocarbonyl and 15
dialkylaninocarbonyl, 20 in which al kyl, yl am no, di al kyl am no,
cycl oal kyl, aryl, heteroaryl and heterocyclyl nmay be substituted by 0, 1, 2
or 3 substituents R5-2 where the substituents R5-2 are sel ected

i ndependently of one another fromthe group consisting of hydroxy, am no,

car boxyl and g1 nocar bon hydr ogen, al kyl or C3-Cs-cycloal kyl, 25
or R5 and R6 t et hé-srah r?é‘/?“toﬁéner’t‘lﬁr ogen atomto which they are bonded form a
pi peridi nyl, norpholinyl, piperazinyl or pyrrolidinyl, where piperidinyl,

nmor phol i nyl , piperazinyl and pyrrolidinyl my be substituted by 0, 1, 2 or 3
30 substituentgr where the substituents are selected independently of one
another fromthe group consisting of alkyl, am no, alkylam no,

di al kyl am nd, hydroxy al koxy, carboxyl, alkoxycarbonyl and am nocar bonyl ,

Le A 35722(PCTs 28 B {ofell¥\R8he nifdebs A4 BIGHich thed e ! Sord¥d BRR

Preference is pur poses e prese inventlo
conpounds of 10 thﬁquMﬁﬂﬂbﬂmonmoﬁﬂﬂCh i s hydrogen, R2 is hydrogen, 15

R’ is hydrogen,
10

R® is hydrogen,

and

15 R 1s hydrogen.

Particular preference is given for the purposes of the present invention to compounds

of the invention in which
20 R is hydrogen,

R’ is hydrogen,

R? is 3-aminoprop-1-yl or 2-hydroxy-3-aminoprop-1-yl,
25

R’ is hydrogen,

R* is hydrogen or methyl,

30 R is hydrogen, C;-Cg-alkyl or cyclopropyl,

where alkyl may be substituted by 0, 1, 2 or 3 substituents R, where the

substituents R*"! are selected independently of one another from the group



R3 is am nocar penyBsER(BCT) 3- am noprop- 1-yl, 2-hydroxy-3-am noprop-1-yl, 1-
hydr oxy- 3-am noprop- 1-yl, 3-guani di noprop-1-yl, 2-am nocarbonyl ethyl, 2-
hydr oxycar bonyl et hyl , 4-am nobut - 1-yl, hyg%ggynethyl, 2- hydr oxyet hyl , 2-

am noet hyl, 4-am no- 3-hydroxybut-1-yl or (I-piperidin-3-yl)nmethyl, 20 R is
hydrogen, R4 is hydrogen, nethyl, ethyl, isopropyl or cyclopropyl, 25 R5 s
hydrogen, Cl-C6-al kyl or Cl-Cg-cycloal kyl, where al kyl and cycl oal kyl may be
substituted by 0, 1commigingdidnfyeiometsamirg, hydrgxe rdarbosl, aapaegarhasyt ans:
are sel ected indepengenﬁly of one another fromthe group consisting of

hal ogen, C1-C6-al kyP?*®tifl uoromethyl, 30 trifluoronethoxy, anino

C- C6- al kyl am no, G -C6-di al kyl am no, C3-C8- cycloal kyl, C6-Cc-aryl, 5- to

| O- menbered heteroaryl, 5- to 7-nmenbered heterocyclyl, hydroxy, alkoxy,
carboxyl, Cl-CR al kisdywdaogenroyimethydsri nocar bonyl, Cl- C6- al kyl anmi nocar bonyl and
Cl-CB-diaIkglaninocarbonyl, Le A 35722(PCT) _23 is hydrogen or nethyl, or 5
R5 and R6 together with the nitrogen atomto which they are bonded forma

pi peri di nyl oarDrpmgjdg%éen R7 is hydrogen, 10 R8 is hydrogen, and 15 R9
i s hydrogen. Particul ar eference is given for the purposes of the present
invention to conpounds of the invention in which

R® is hydrogen
10 and
R’ is hydrogen.

Preference is given for the purposes of the present invention also to compounds of

15 the invention in which R' is hydrogen.

Preference is given for the purposes of the present invention also to compounds of

the invention in which R? is hydrogen.

20  Preference is given for the purposes of the present invention also to compounds of

the invention in which R® is 3-aminoprop-1-yl or 2-hydroxy-3-aminoprop-1-yl.

Preference is given for the purposes of the present invention also to compounds of

the invention in which R* is hydrogen.

25
Preference is given for the purposes of the present invention also to compounds of

the invention in which R* is hydrogen or methyl.

Preference is given for the purposes of the present invention also to compounds of

30 the invention in which

R’ is hydrogen, C,-Cs-alkyl or cyclopropyl,



20 R is hydroqgmg,ﬁ@ztpchydrogen, noprop-1 -yl or 2-hydroxy-3-am noprop- |
-yl, 25 R3. isThydrogen, I s hydrogen or nethyl, 30 R5 is hydrogen,

Ci - C6-al kyl or cycl opropyt, where al kyl may be substituted by 0, 1, 2 or 3
substituents R5'', where the substituents 1:1?5-' are sel ected independently
of one another fromthe group Le A 35722{PCT} -24 consisting of

trifluoronmethyl, amno, hydroxy, carboxyl, am nocarbonyl and phen RRiIs

| ’
hydrogen or met hyl, whgre slkyilythap dersubstitBiteRdyi @ hydipbgemdstitgeran & | swggfdrtbgen.
Preference is given for. th Yf pose f, the present.invention.alsg to
conpounds of 15 thém?sr"l'\tﬂfﬁfsi gn g‘?? wicgeﬁl ﬁlaeﬁ"g‘dw - 8F,8ne a?’?tb?reﬁgﬁlcglei%mﬁ? ven
for the purposes of cbRgstibesTaRHubRYRA CdinibS Bydrox £ WY Snfthocatiithyl and
invention in which R2 i's I%ydrogen. 20 "Preference is givenh for the plrposes
of the present invephemth al so to conpounds of the invention in which R3is
3-am noprop-1-yl or 2-hydroxy-3-am noprop-1-yl. Preference is given for the
pur poses of“the present invention also to conpounds of the invention in

which R3 is hy@ragefce %5given for the purposes of the present invention also to compounds of

the invention in which R® is hydrogen or methyl.

Preference is given for the purposes of the present invention also to compounds of
10 the invention in which R’ and R® together with the nitrogen atom to which they are

bonded form a piperidinyl or morpholinyl.

Preference is given for the purposes of the present invention also to compounds of
the invention in which R is hydrogen.

15
Preference is given for the purposes of the present invention also to compounds of

the invention in which R? is hydrogen.

Preference is given for the purposes of the present invention also to compounds of

20  the invention in which R’ is hydrogen.

The invention further relates to a process for preparing the compounds of the formula

(I), where the compounds of the formula

25




Preference is gievgR3sfm(PCe purposes of the present invention also to
conpounds of the 1nvention in which Ris hydrogen or nethyl. Preference is

gi ven for the purposes of the present inngBLon al so to conpounds of 30 the
invention in which is hydrogen, C-C6-al kyl "or cyctopropyl, Le A 35722(PCT)
-25 where al kyl may be substituted by 0, 1, 2 or 3 substituents R5'', where
the substituents R5" are sglecteﬂ in Rgndently of one another fromthe

yo R

group consi st iimgvieh thi 9 BorandeR Yeothenygawing indigated appye, where the

am nocar bonyl and h . Preference. i iven for. th oses of the
present invent iCSngﬁ%cgsqﬂg néag/%lbeaﬁggprgﬁnat? ﬁ%g} ?f@é’ﬁ&eﬁ(gﬁ ﬁac%ﬁid&ﬂ?)r? i s
hydrogen or nethyl. Preference is given for the purposes of the present

i nvention also to conpounds of 10 the invention in which R5 and R6 together
Wi th the nitrogenreactodmith oghipoundsefithefaemubonded form a pi peri di nyl or

nor pholinyl . Preference is given for the purposes of the present invention
al so to conpounds of the invention in which Rt is hydrogen. 15 Preference
is given for the purposes of the presentyNpightion also to co unds of the
i nvention in which R8 is hydrogen. Preference is given for the purposes of
the present invention also to conpounds of 20 the invention in which RO is

hydrogen. The invention furdher relates tqQ a process for preparing the
conmpounds of tH@“ﬁ’éﬁhr%l%‘dti%lbﬁvemm%'“gﬁﬁi?aﬁﬁﬂ‘é&of the fornula 0 25 Le A
35722( PCT)

10 Where appropriate, reaction of compounds of the formula (II) with compounds of the
formula (IIT) is preceded by blocking of reactive functionalities (e.g. free amino
functions) in compounds of the formula (II}. This takes place by standard methods of
protective group chemistry. Preference is given to acid-labile protective groups on R’
(or R?), or as substituents in the radicals R® and R*’, with particular preference for

15 Boc. Reactive functionalities in the radicals R* and R® of compounds of the formula
(III) are introduced already protected into the synthesis, with preference for acid-
labile protective groups (e.g. Boc). After reaction has take place to give compounds
of the formula (I), the protective groups can be ¢liminated by deprotection reaction.
This takes place by standard methods of protective group chemistry. Deprotection

20  reactions under acidic conditions are preferred.

If, for example, R? in compounds of the formula (I) is a protective group which can
be selectively eliminated, deprotection (e.g. hydrogenolysis in the case of R?=2Z)
can be followed by functionalization of the exposed amino function (R? = H) with

25  the desired substituent R

Suitable for converting the compounds (II) into the activated form (acyl donor) are,
for example, carbodiimides such as, for example, N,N’-diethyl-, NN’ -dipropyl-,
N,N’-diisopropyl-, N,N’-dicyclohexylcarbodiimide, N-(3-dimethylaminoisopropyl)-
30 N’-ethylcarbodiimide hydrochioride (EDC) (where appropriate in the presence of
pentafluorophenol (PFP)), N-cyclohexylcarbodiimide-N-propyloxymethy!-
polystyrene (PS-carbodiimide) or carbonyl compounds such as carbonyldiimidazole,

1,2-oxazolium compounds such as 2-ethyl-5-phenyl-1,2-oxazolium 3-sulfate or 2-



-26 5 in whichiRa3o78¢pepf Rr to RO have the neaning indicated above, where
may

the conpounds ere appropriate be in activated form (acyl donor),
are reacted with conpounds of the formula NRSR6 in which R5 and R6 have
t he neani ng i ndi cated above. 10 Were appr% fiate, reaction of conpounds of
the formula (I1) with conpounds of the formula (111) is preceded by

bl ocking of reactive functionalities (e.g. free amino functions) in
conpounds  of tkwt-boﬂytrﬁlrmet{lylis))xaz'ﬁﬁhm paicbryt.aoe abylaWWdamﬂowmshwh af 2-

rotective gro c en to d- | t

B oups on R BRI e boutin e AR TOl e MaBReReSPRaM s AT
ticul : t |

e g RS o r?%ﬁ’%%ﬁé‘%?"é’ﬁ“ﬁ?ornﬁie?%*%“??)%ar’@%d"ﬁﬁ‘%&é""?ﬁ‘é’ |r§§8§@é’ A

protected i ntobtihmirsazotybesits(dimethilamies)phesphenifunr  hexaftuotaphiobphaper otoect Ove

roups (e. Bee). After reaction has take place to give ¢ un f the
Pormuta (195 1 Reonapioeesti-yo TNaN LY -arSE NP A THgroR B TDE G AP EER). 2

reaction. Thi t

Chomi sory. DopisPRETrERD PRI RItarn DA S eRiRlofor e FPI or 0r
If, for exanpl ¢7-albehZot6RIUNHN JON INTeteframBily Rirddidmi S a [HeRafedrbppo spliare!p
whi ch can be selectively elimnat ed deprotection gde;. g.. hydrogenol ysis in

the case of R2(HAIU) can beor ol | omberﬁyma@ﬂ]ciﬂlﬂxwﬂs medwlmlno)véommag@u

am no function t he desi ubstituent Suitable for
converting thehé%ﬂﬂﬂi%gsmapc)(ﬁ)oof X chif 856: \‘VBL af%?c;w EFOW?préaﬁ%m f or
exanpl e, cafbogid ﬂfl:é?:ﬁée §P€dﬁpﬁﬁg addiﬁve%aefp&sel hyhrb&ybyn@étmole POy, - di propyl -

N, N -diisopropyl-, N N -dicyclohexyl carbodiini de,

N- ( 3- di net hyl am n0| sopropyl) 30 N -ethyl carbodiim de hydrochl ori de ( EDC)
(where appr opr t resence. of pen afl uoro heno
-Gy ooyl o B8Pl oS Ao RR ek ety SUoly ahelor el sodium 6By o
car bonyl COWOPB&%@H%@&M@@%%&HM&@ ‘39%9¢£m based sﬁél@%?'thélﬁ}l%ﬁi RUBds
such as 2-ethyl-5-phenyl -1, 220oxazolium 3-sulTate or

tricthylamine, N-methylmorpholine, N-methylplperldme, 4-dimethylaminopyridine

15  ordiisopropylethylamine.

Solvents which are suitable in this case are inert organic solvents which are not
changed under the reaction conditions. These include halohydrocarbons such as
dichloromethane or trichloromethane, hydrocarbons such as benzene, toluene,
20  tetrahydrofuran, dioxane, acetonitrile or dimethylformamide. It is likewise possible
to employ mixtures of the solvents. Anhydrous dichloromethane and

dimethylformamide are particularly preferred.

Activation with O-(7-azabenzotriazol-1-y1)-N,N,N’ N -tetramethyluronium

25  hexafluorophosphate (HATU) in dimethylformamide 1s preferred.

The compounds of the formula (III) are known or can be prepared in analogy to

known processes.

30 The compounds of the formula (II) are known or can be prepared by cleaving the

ester in compounds of the formula



Le A 35722( PCT)Le-275tEqPchyt yl - 5- net hyl i soxazol i um perchl orate, or acylam no
conpounds such as 2- ethoxy-I-ethoxycarbonyl -1, 2-di hydroqui noli ne, or
pr opanephosphoni ¢ anhydri de, or isobutyl ggégrofonnate, or
bi s(2- oxo- 3-oxazol i di nyl ) phosphoryl chl ori Qeor
benzotri azol yl oxytri (di met hyl am no) phosphoni um hexaf | uor ophosphate or0- 5
(benzotriazol-1-yl)-N,N,N , N -tetranet hyl uroni um hexaf | uor ophosphat e (HBTU).
2- (2-0x0-1-(2H)-pyridyl)-1,1, 33<tetrapethyl uroni umtetrafl uoroborate
(TPTU) or 0- (7-azabenzog)j,azo N'-hﬁtranethyluronium
hexaf | uor ophosphate (HA 0 O
benzotri azol -1 -yl oxytri s(di megkhy-2
(BOP), or mxtures of theserW thJsases, whereé~appropriate in 10 the
presence of coupling additijes sych as
Exanpl es of bases are_alxka met aj._ car so for exHapl e, sodium
or potassiun1carbond353“br bigar bo f ses such as

hy!l mor phol i ne, N-net hyl pi peri di ne,

trial kylam nes, e.g. triethyllam pg’ ébneﬂ
4-di net hyl am nopyri dine 15 oF)di?Qop opylRet hyl af ne. Sol vents which are
suitable in this case are inert organic solvents which are not changed
under the reaction conditions. These include hal ohydrocarbons such as

di chl oronet hane or trichl oronet hane, hydrocarbons such as benzene, tol uene,
20 tetrahydrofgr%ﬂic di oxane, acetonitrile or dinmethylformam de. It is

| i kew se possi bl e po enpl oy m xtures of the solvents. Anhydrous

di chl oronet hane and dinethylformam de are particularly preferred.
Activation with O (7-azabenzptriazol-1-yl)-N NN N -tetranmethyluronium 25
hexaf | uor ophospnae B” ap\RUjo Rin havertbe maanimgriedicaled akpvgraider red.  The conpounds
of the formula (I111) are known or can be prepared in analogy to known
processes. 30 The conpounds of the forrmula (11) are known or can be prepared

by cl eaving th!® esegenz{il @RS fR TN 4 bl dr kD). 35722( PCT)

This ester cleavage takes place when R'® is benzyl preferably with hydrogen in the
10 presence of palladium on carbon. Suitable solvents in this case are inert organic
solvents which are not changed under the reaction conditions. These include
halohydrocarbons such as dichloromethane or trichloromethane, hydrocarbon such as
tetrahydrofuran, dioxane, dimethylformamide or alcohols (with preference for
methanol, ethanol and isopropanol), where appropriate in the presence of acid with
15 one or more acid equivalents. It is likewise possible to employ mixtures of the
solvents. Formic acid in ethanol, aqueous acetic acid and THF are particularly

preferred.

An alternative possibility is also to cleave the esters (R'C = benzyl, alkyl) to the
20 corresponding carboxylic acids by basic hydrolysis. Bases which are preferably
employed are aqueous lithium or sodium hydroxide. Suitable solvents in this case are
organic solvents which are partly or infinitely miscible with water. These include
alcohols (with preference for methanol and ethanol), tetrahydrofuran, dioxane and
dimethylformamide. It is likewise possible to employ mixtures of the solvents.

25  Methanol, tetrahydrofuran and dimethylformamide are particularly preferred.




2S_ ORt in whilehrAB5R2(PETR and Rr to R9 have the neaning indicated above,
and RL is benzyl (alternatively for alkyl, e.g. nethyl or ethyl). This
ester cleavage takes place when R10 is benéyl preferably with hydrogen in
the 10 presence of palladiumon carbon. Suitable solvents in this case are
inert organic solvents which are not changed under the reaction conditions.
These include hal ohydrocarbons such as di chl oronet hane or trichl oronet hane,
hydr ocar bon such as tetrahydrofuran di oxane, dlnethylfornanlde or al cohol s

(wth preference fpor at hangl and i soprgpan ]ppropri ate
in the presence of ) nore acid é%ﬁ ) ORI kewi se
possible to enpl oy m xtares of—tRN sol vents. Form c agrd nol ,
aqueous acetic acid ang ﬁé ae particularly preferred. \n abt ennati ve
possibility is aﬂﬁp t ol cl gavellt he esters‘tﬁt@" henzyl ta the”{ZO

correspondi ng car boX
preferably enployed &
solvents in this case are organlc sol vents which are partly or'in |n|ter
m scible with water. These jnclude alcohols (with préfierence for,snet hanol
and et hanol ), tetrahydrofur@ﬁ di oxane and dlnethylfornanldeHN4 |§m)

| i kewi se possible to enploy m xtures of the solvents. 25 hanoigs

t etrahydrof uran and di nmet hyl formam de are particularly preferred Le A
35722(PCT) -29 Rs HNC (ill) R7 ,R5 Schene |: Syntheg -

enbodi nents 5 The conpounds of the formla (l1la)
cyclizing conpounds of the

Scheme 1: Synthesis of the exemplary embodiments

5  The compounds of the formula (Ila) can be prepared by cyclizing compounds of the

formula

10  in which

R'toR*and R’ to R"® have the meaning indicated above,




formul a R10 10Ue0&%'7122ﬂP@\.‘ to Rand Rto R10 have the neaning indicated

above, Le A 35 -30 where these conpounds are in activated form
where appropriate, by peptide coupling. A? alternative possibility is a
mul ti stage process in which conmpounds of ?ué formula Rto (IVa), 5 10 in
which R to R4 and R7 to R10 have the neaning indicated above, Rl1l after
activation is pentafluorophenol, and R12 is an am ne protective group

(preferably BooWherel Bheseecoropaunds eatebip petovatest iform gGwvherp aiproprivdg.i g}ﬁ peptidéie

am ne protective group (t ive R.2.equal to.hydrogen) .and.subseguent
Cye 2t on- undERPliEs o' DERHHVE ASSIPERTS S BRSOt i it SRR S pf
Sui table for cepv@uhbRY the conmpounds into the activated formare, for
exanple, 20 carbodiimdes such as, for exanple, NN -diethyl-,

N, N, -di propyl-, N,N diisopropyl-, N N -dicyclohexyl carbodiim de,

N- ( 3-di net hyl am noi sopropyl )-N - ethyl carbodi i m de hydrochl ori de ( EDC)
(where appropriate in the presencg > or ophenol (PFP)),

N-cycl ohexyl car bodi i m de- N &g it ene (PS-carbodiim de)
or carbonyl conpounds such as car\y 25 1, 2- oxazol i um
conpounds such as 2-ethyl-5-phepyt-T, 2- oxazol T 3-sul fate or 2-
terr-butyl-5-nmethylisoxazoliu perch@%rateo or acyl am no conpounds such as

2- et hoxy- 1-et hoxycarbonyl - 1, 2 di hydf oqui nffl i ne, ¢r propane honi ¢
y y y Lhydr >q(ﬂ\ T Propaneplpsp
o) s N

anhydride, or Le A 35722( OR'"

3 |
Y R" R R O
5
in which
R'toR*and R” to R have the meaning indicated above,
10
R'"'  after activation is pentafluorophenol, and

R is an amine protective group (preferably Boc),

15  are converted by protective group elimination of the amine protective group (to give
R" equal to hydrogen) and subsequent cyclization under basic conditions into

compounds of the formula (Ila).

Suitable for converting the compounds into the activated form are, for example,
20  carbodiimides such as, for example, N,N’-diethyl-, NN’ -dipropyl-, N,N’-
diisopropyl-, N,N’-dicyclohexylcarbodiimide, N-(3-dimethylaminoisopropyl)-N’-
ethylcarbodiimide hydrochloride (EDC) (where appropriate in the presence of
pentafluorophenol (PFP)), N-cyclohexylcarbodiimide-N’-propyloxymethyl-
polystyrene {PS-carbodiimide) or carbonyl compounds such as carbonyldiimidazole,
25  1,2-oxazolium compounds such as 2-ethyl-5-phenyl-1,2-oxazolium 3-sulfate or 2-
tert-butyl-5-methylisoxazolium perchlorate, or acylamino compounds such as 2-

ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline, or propanephosphonic anhydride, or




-31 isobutyl chko(9d7m®CE) or bis(2-oxo-3-oxazolidinyl)phosphoryl chloride
or benzotriazol yl oxytri (di nmet hyl am no) phosphani um hexaf | uor ophosphate or O

(benzotriazol-1-yl)-N,N, N, N -tetranet hyl ygf_ni um hexaf | uor ophosphat e (HBTU),
2- (2-ox0-1{2H)-pyridyl)-1,1,3,3-tetranmethyluroniumtetrafl uoroborate (TPTU)
or 0 5 (7-azabenzotriazol-1-yl)-N,N,N , N -tetranethyl uroni um

hexaf | uor ophosphat e

HAT
benzot ri azol - | 15¢betylt lgh@(?L})Pﬁgi[tﬁsyl ki R HRYePrxazalidinyphasnhesylo pHuemdeat er

(BOP), or mxt f - L -appr ' e presgnce
o 1 hydr oxybel BTz st 5 R pisphchi §°) RBLIMRbfophiarlt® BECS
carbonat es, sugendstriazsl¥]-gYNTNIL, NSediath@tsluropairibadaflibophdsphate g HBIU), 2-

bi carbonate, or preferably organic bases such as trial kylam nes, e.g.

tri et hyl ani ne, (voxetd HgHorpy péid)-l ded,3 ftetrametlyy piopium detrafluonpborate (TPTU) or O-

di met hyl am popytsidine or diis ,et,hyl am ne. 15 Sol vents I ch,ar
suitable i ng| t h{%a@g%zogqgoi-rgggﬁﬁgg,&ﬁ [Stgé%”?}gﬁ‘ﬂ’éc’wch ar &eﬁ%@uor%gﬁégﬁe
under the reacgigrrugondi ti ags. Thessedzeﬁiauael-gﬁkﬁmdﬂﬁ@&@Mﬁows&heﬁium
di chl oronet hane or trichl oronet hane, hydrocarbons such as benzene, tol uene,
t et r ahydr of ur ahexaffiuosaphesphdien@OR), oo minraseofathesecwith basesi Mherel apprepridtk éwi se
possible to enploy m xt s, of .the solve Di chl or omet hane and
di net hyl f or mant é’réﬁegce %@'ﬁ&#ff’ﬂh?%‘?wmﬁ? Q%@Pped. Activation in the form of
a pent afl uorophenyl ester (R' = C6F5) and subsequent base-catalyzed ring
closure is particularly preferred. 25 The conmpounds of the formula (1V) are
known, canlie pxapplesdfibasenateogitali ondtalovanbomatasc eschess, dor leyxamplkec tsodigm or
conpounds of the forrmula Le A 35722(PCT) -32 m%agat?lé i n whi Qbh 5 R to R and
ohan

R7 to RO and RAESHUDe CADEN3Ea A PIGaRANAIE: oOF o6 greamic bases such as
trialkylamines, e.g. triethylamine, N-methylmorpholine, N-methylpiperidine, 4-

dimethylaminopyridine or diisopropylethylamine.

15 Solvents which are suitable in this case are inert organic solvents which are not
changed under the reaction conditions. These include halohydrocarbons such as
dichloromethane or trichloromethane, hydrocarbons such as benzene, toluene,
tetrahydrofuran, dioxane, dimethylformamide or acetonitrile. It is likewise possible
to employ mixtures of the solvents. Dichloromethane and dimethylformamide are

20  particularly preferred.

Activation in the form of a pentafluoropheny! ester (R'' = C¢Fs) and subsequent

base-catalyzed ring closure is particularly preferred.

25  The compounds of the formula (IV) are known, can be prepared in analogy to known

processes or by reacting compounds of the formula




R' is a silyl peqt@StayPCOyoup, in particular 2-(trimethylsilyl)ethyl, after
elimnation of the protective group on R', with fluoride, in particular with
10 tetrabutyl ammoni um fluoride. The suitabke solvents in this case are inert
organi ¢ sol vents which are not changed undéer the reaction conditions. These
i ncl ude hal ohydrocarbons such as dichl oronet hane, hydrocarbons such as
benzene, toluene, tetrahydrofuran, dioxane 15 and dinethylformamde. It is
| i kewi se possible to enploy m xtur of the—sQlvents. The preferred
solvents are tetrahydrofuraﬂaﬁnd i or mayi d RfThe conmpounds of the
formula (1Vb) are known, ca g& to known processes, or
. w.Le A 35722(PCT) -33 5in
which R, Rz, R R7, Re and Rlrhave gshe neani ng hyndi cat ed above, It" is a
silyl protective group, W th conpounds of Yhe forjnula H 10 15 in which R3,
R3', Rv and R 2 have thgs Hnor! A above,|_and whapsdI¥VhE conpounds
may where appropriate i ; converting the
conpounds into the activateg fgam”are,s fige exignpl e, Il carbodiim des such as,
for exanple, N. N -diethyl-, RQN',-diS%op'l-, , N 28 diisopropyl -,
N, N - di cycl ohexyl car bodi i m de, N-(3-di net hyl am noi sopropyl)-N -
et hyl ear bodi i m de hydrochl oride (EDC) (where appropriate in the presence of

in which
5 R'toR*andR’to R' and R" have the meaning indicated above, and
R isasilyl protective group, in particular 2-(trimethylsilyl)ethyl,

after elimination of the protective group on R'?, with fluoride, in particular with

10 tetrabutylammonium fluoride.

The suitable solvents in this case are inert organic solvents which are not changed
under the reaction conditions. These include halohydrocarbons such as
dichloromethane, hydrocarbons such as benzene, toluene, tetrahydrofuran, dioxane
15 and dimethylformamide. It is likewise possible to employ mixtures of the solvents.

The preferred solvents are tetrahydrofuran and dimethylformamide.

The compounds of the formula (IVb) are known, can be prepared in analogy to
known processes, or by reacting compounds of the formula

20




pent af | uor ophenagls g%lpgﬂ\l- cycl ohexyl car bodi i m de- N - propyl oxymnet hyl -

pol ystyrene (PS-carbodi1tm de) or carbonyl conpounds such as

car bonyl di i m dazol e, 1,2-oxazoliun1conpog?gs such as

2- et hyl - 5- phenyl -1, 2- oxazol i um 3-sul fate or-2 25
terr-butyl-5-nmethylisoxazolium perchlorate, or acylam no conpounds such as
2- et hoxy-I|-ethoxycarbonyl -1, 2-di hydr oqui nol i ne, or propanephosphonic
anhydride, or isobutyl chloroformate, or

bi s(2- oxo- 3- oxazol i di nyl ) phosphoryl chloride or

benzotri azol yl ¥ di net hyl ani no) phosphoni um hexaf I uor ophosphat e or 0-
(benzotriazol-1-yl)-N,N,N , N -tetranet hyl uroni um hexaf | uor ophosphat e (HBTU),
2 30 (2-0x0-1-(2H)-pyridyl)-1,1, 3, 3-tetranet hyl uroni umtetrafl uoroborate
(TPTU) or O LeRA\,BEWZRIE,’ )and?éfb have the meaning indicated above,
(7-azabenzotriazol-1-yl)-N,N,N , N -tetranet hyl uroni um hexaf | uor ophosphat e
(HATU) or bénzotriazol-l-yloxytris(dinethylanino)phosphonium
hexaf | uor ophospghat e ; , ] s of these with bases, where
appropriate wt ad%?ﬁﬁ@ﬁ“%?“@%ﬁ%ﬁ@ﬁg addi tives such as

1- hydr oxybenzotri azole (HOBt). 5 Exanples of bases are al kali netal
carbonates, such as, for exanple, sodiumor potassium carbonate, or

bi car bonat e, oﬁﬂﬁ?@mﬁﬁaﬁﬂyoﬁ$§§ﬂpﬂﬂ%ases such as trial kylam nes, e.g.
triethylam ne, N nethyl norpholine, N-nethylpiperidine, 4-

di met hyl am nopyri di ne or diisopropylethylamne. 10 Sol vents which are
suitable in this case are inert organic sol vents which are not changed
under the reaction conditions. THese pncl ude hal ohydrocarbons such as

di chl or onet hane or trichlorogﬁgbﬂ@e, ydr ocar bons such benzene, tol uene,
acetonitrile, tetrahydrofitran, di &y dinet hyl for de. It is |likew se
possible 15 to enpl oy m xtures of ¥sol vents. Anhydrous di chl or onet hane

and di et h&l formam de are particularly preferred. Reaction in the presence
of HATU and NN- di i sopropyl ethylam ne is particularly preferred.

in which

R* R*, R’ and R'? have the meaning indicated above, and
15

where the compounds may where appropriate be in activated form.

Suitable for converting the compounds into the activated form are, for example,
carbodiimides such as, for example, N/N’-diethyl-, N,N’,-dipropyl-, NN’-
20  diisopropyl-, N,N’-dicyclohexylcarbodiimide, N-(3-dimethylaminoisopropyl)-N’-
ethylcarbodiimide hydrochloride (EDC) (where appropriate in the presence of
pentafluorophenol (PFP)), N-cyclohexylcarbodiimide-N’-propyloxymethyl-
polystyrene (PS-carbodiimide) or carbonyl compounds such as carbonyldiimidazole,
1,2-oxazolium compounds such as 2-ethyl-5-phenyl-1,2-oxazolium 3-sulfate or 2-
25  tert-butyl-5-methylisoxazolium perchlorate, or acylamino compounds such as 2-
ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline, or propanephosphonic anhydride, or
isobutyl chloroformate, or bis(2-o0xo-3-oxazolidinyl)phosphoryl chloride or
benzotriazolyloxytri(dimethylamino)phosphonium  hexafluorophosphate or O-
(benzotriazol-1-y1)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HBTU), 2-
30 (2-oxo-1-(2H)-pyridyl)-1,1,3,3-tetramethyluronium tetrafluoroborate (TPTU) or O-




20 The conpoun
to known proc
hydr ochl ori des
processes, or

which R, R2,

silyl protecti
Boc, by deprot
protective gro
chloride in di
"R-N fv HN '

10

15

20

25

ds AB51IpepETymul a (V1) are known or can be prepared in anal ogy

esses. The conpounds of the formula (V) and their salts (e.g.

) are known, 25 can be prepgﬁgd i n anal ogy to known

by preparing conmpounds of thé  forrmula Le A 35722(PCTI -35 5in

R4, R7, R$ and Rl have the neaning indicated above, R' is a

ve group, and R13is an am ne protective group, in particular

éCarahengpirigzol4l-y)-MaNEN Mk etrapethy uirpgiugy andarhexafueropkosphate

mstry, when R 3_.is. Boc, ,preferably wth. hydrogen.
gﬁéﬁgﬁ Le A 38722 PCT%W%“%&“biéﬁo"é’&ﬁ?%?}/eﬁ‘?i‘%"@ﬁ%%fg‘ow‘h o
W&k aflBrogEBspiate @GOPYRor m¥@lire¥of thesdNwith(bdbds, where appropriate with
addition of coupling additives such as 1-hydroxybenzotriazole (HOBt).

Examples of bases are alkali metal carbonates, such as, for example, sodium or
potassium carbonate, or bicarbonate, or preferably organic bases such as
trialkylamines, e.g. triethylamine, N-methylmorpholine, N-methylpiperidine, 4-

dimethylaminopyridine or diisopropylethylamine.

Solvents which are suitable in this case are inert organic solvents which are not
changed under the reaction conditions. These include halohydrocarbons such as
dichloromethane or trichloromethane, hydrocarbons such as benzene, toluene,
acetonitrile, tetrahydrofuran, dioxane or dimethylformamide. It is likewise possible
to employ mixtures of the solvents. Anhydrous dichloromethane and

dimethylformamide are particularly preferred.

Reaction in the presence of HATU and N, N-diisopropylethylamine is particularly

preferred.

The compounds of the formula (VI) are known or can be prepared in analogy to

known processes.

The compounds of the formula (V) and their salts (e.g. hydrochlorides) are known,
can be prepared in analogy to known processes, or by preparing compounds of the

formula



12 R (11) ™ (lya)A B7RPEN) Schene 2: Synthesis of protective derivatives of
bi phenonycin 5 The conpounds of the forrmula (Va) are known, can be prepared
in anal ogy to known processes, or by reagg&pg conpounds of the formula Le A
35722(PCT) 37 in which 5 Ra and Rr have the meaning indicated above, Rl is
benzyl or alkyl, and R13 is an am no protective group (preferably Boc), O
with conpounds of the formula I 15 in which R, R2 and RB have the neaning

i ndi cated above, and Ris a silyl spro{ectiys=gyoup, in particular
2-(trimethylsilyl)ethyl. ZGR s { n_asgihe Suzuki reaction
(Synleit 1992, 207-210; Chem Rev 457-2483), takes place in the
presence of palladiumcatal ysts a e A 35722(PCT) -38 preferably

and cesium carbonate. Suitablefsolvents in this case are inert organic
sol vents which are not geeiunder 5 tikexeaction cahdi® (Waks. These

11RO R O

in which
5 R,R:LRY, R’, R¥*andR'  have the meaning indicated above,
R'""  isasilyl protective group, and
R is an amine protective group, in particular Boc, by deprotection on R".
10

This takes place by standard methods of protective group chemistry, when R"? is Boc

preferably with hydrogen chloride in dioxane.




t et r ahydr of ur ane A3SKARCTHI net hyl f or mam de or di methyl sulfoxide. It is
| i kewi se possible to enploy m xtures of the solvents, D nethylformam de and
di methyl sul foxide are particularly preferged. 10 The conpounds of the
formula (VI1) are known, can be prepared in analogy to known processes, or
by reacting conpounds of the formula 15 in which R4 and Rr have the neani ng
i ndi cated above, 20 R10 is benzyl or alkyl, and R13 is an am no protective
group (preferably Boc), (pi nacol at o) di boron. #h gac{ i on, known as
a special variant ©f greaction (J Crg—CheY
Tetrahedron Lett., , , takes place in ts
pal | adi um cat al ysts and a base, ‘preferabty—n the
bi s(di phenyl phosphi no)f errocenepal I adi un(I1) chl ori dg rbi of pot assi um
acetate. Le A 35782(RE Wk Mii Sytase Wy iCoeR
organi c sol vents ich are not Iphang’ed under the lnea ORON cml tions. These
i ncl ude hydrocar bonsf suMff as bBnzene, tol uene, tetrahydrofuran di oxane,
di met hyl f onnani de and di metdyyl sul foxide. It is I(\f)kevn\% p055| bI eto
n

enpl oy m xtures of the solvents. Dinethylformam de a vpul f oxi de
are particularly preferred. The conpounds of the for IaR@ re known,
can be prepared in analogy to known processes, or by reag conpounds of
the formula 10 in which 15 R and Rr have the neaning |nd|cat d above, and
R13 is an am no protec (preferably Boe)

*rO OR’
R! R
R R
HO

Scheme 2: Synthesis of protective derivatives of biphenomycin

5  The compounds of the formula (Va) are known, can be prepared in analogy to known

processes, or by reacting compounds of the formula




after activati Qg NQ85711%PECTee carboxyl ate function with 19R-OH (preferably
benzyl 20 al cohol, allyl al cohol and | ower aliphatic alcohols) in the
presence of 4- dinethyl ai ni nopyridine. Suitable for converting the
carboxylic acids into the activated formare, for exanple, carbodiimdes
such as, for exanple, N, N -diethyl-, N N,-dipropyl-, NN 25 diisopropyl-,
N, N - di cycl ohexyl carbodi i m de, N (3-dinethylam noi sopropyl)-N -

et hyl car bodi i m de hydrochloride (EDC), N cyclphexyl carbodiim de-N -

propyl oxynet hyl - pol ystyrene (PS-c i iﬁor car bonyl conpounds such as
carbonyl dii m dazole. Le A 35 Sui f able solvents in this case are
inert organic solvents which are chanqgﬂgﬁﬁder the reaction conditions.
These i ncl ude hal ohydrocarbons syth as di ehl dr omet hane or trichtoronet hane,
hydrocarbons such as benzene, tofuene, ,acetonitrile, 5t hydr of ur an,

di oxane or di methyl formami ga. |+~Ns-PR<ewi se possible to enploy nixtures of
the sol vents. Anhydrous di'¢thl ome hane and acetonitrile are particularly
preferred. Reactions with actiRati©On by EDC or DIC in absolute acetonitrile
or dichlorome 10 at |ow tenperature (-10C) are preferred. 15 20 The
conpounds of the formula (VII1) are known, can be prepared in analogy to
known processes, or by reacting conpounds of the formula in which R, R2 and
R$ have the neani gy ndicated above, after activation of the free
carboxyl ate function with '1R-OH (preferably 2- trimethylsilylethanol) in
the presence of 4-dinethyl am nopyridine. Suitable for converting the
carboxylic acidg intg th&aac i vat ed tg&nng for exanple, 25 carbodiim des

such as, fo?f eXafBfi& N, Revgihemganing IRIER ég*i”%’reopyl-, N, N

R"  isbenzyl or alkyl, and

RP®  is an amino protective group (preferably Boc),

10
with compounds of the formula
RO |
\ oR" (VII),
Ry
R' O
15 inwhich

R', R? and R® have the meaning indicated above, and

R"  isasilyl protective group, in particular 2-(trimethylsilyl)ethy}.

20
The reaction, known as the Suzuki reaction (Synletr 1992, 207-210; Chem. Rev.
1995, 95, 2457-2483), takes place in the presence of palladium catalysts and a base,



di i sopropyl -, NeM s3d7eypCohexyl carbodii m de,

N- ( 3- di net hyl am noi sopropyl )-N - ethyl carbodii m de hydrochl ori de (EDC),
N-cycl ohexyl carbodii m de-N Le A 35722( PC'_I')C, -41 propyl oxynet hyl - pol ystyrene
(PS-carbodiimde) or carbonyl conpounds su ﬁ'as car bonvl di i m dazol e.
Suitable solvents in this case are inert organic solvents which are not
changed under 5 the reaction conditions. These include hal ohydrocarbons
such as di chl opseferahiinia the prasprdsl of iastéiphemdphasphinefermressnspaiadividH) shiozidae,

t ol uene, acetoni éri .. e. Lot rtahydr of uran, di oxane or dinmethylformamde. It is
| i kewi se possi B c'fsémgr?ﬁ]l' 8§}a8f t he sol vents. Anhydrous dichl oronet hane and
acetonitrile are 10 particularly preferred. Reactions with activation by EDC
or DDCin absolute acetonitrile or dichloronethane at |ow tenperature
(-100) are prefSaitad solvants amthingaseiace meitasganic stleerftowiighear¢ nxaghanged wdswn,

can be prepared in anal o to 15, known progcesses, or by deprotecti
compounns of ¢ i feithan ecthdiiions; Thest e Reph R bR sh Fh et rigdene.

i ndi cat ed abov%mﬂ‘lgéroﬁﬂé, disxaP cﬁﬂieﬂglﬂ‘ahﬁ&:ﬁﬁfeio\‘ﬁirﬂétﬁﬂ%ulfbﬁid@.arti cul ar Boc,
25 in the first stage on R15. This takes place by standard nethods of

protective group chemstry, when R15 is Bee preferably with hydrogen
chloride in dioxane or. with, hﬁs A 35722(PCT) -4 trLfI uoboactgquc aci,a in
di chi or omet handt 1sritkeRdsepessibifcte FRPIQyIMIKIETRRMINE spivepist Bimethykiyrmasygr epdg
free am ne 8Rodimethyl sulfoxide are particularly preferred.

10
The compounds of the formula (VII) are known, can be prepared in analogy to
known processes, or by reacting compounds of the formula
'RO |
10 a),
. OR (Vila)
L
R O
15
in which
R*and R’ have the meaning indicated above,

20 R'"  isbenzyl or alkyl, and
R"  isanamino protective group (preferably Boc),

with bis(pinacolato)diboron. This reaction, known as a special variant of the Suzuki
25 reaction (J Org. Chem. 1995, 7508-7510; Tetrahedron Lett., 1997, 3841-3844),
takes place in the presence of palladium catalysts and a base, preferably in the
presence of bis(diphenylphosphino)ferrocenepalladium(II} chloride and of potassium

acetate.



HN' It R 5 OLlemA 88T2XP®T) and Rs have the neani ng indi cated above, 10 where
the am ne may where appropriate be in the formof a salt, preferably
hydrochl oride or trifluoroacetate, is reactgd in the second stage with R2-X
in which R2 has the neaning indicated above, and X is a |eaving group, in
the presence of a base in inert solvents, where 15 appropriate in the
presence of potassiumiodide, preferably in a tenperature range fromOC via
roomtenperature to reflux of the solvent under atnospheric pressure
around. Mesyl atee; I . ' . f Lth
ahi ori ne. — br oty el 3HbENS in SHECLEULiRE RROEI P WBIE' S BEEL s dunds
bases are al kalthe #&iceibn cehdiivat.eThescCihchrle hwiro€xboml suchs adibenzeme, telagssi um
carbonate, or bicarbonate, or organic bases such as trial&ylanines

0

S, €. J.
triethyl am ne, Ealisdipfirpnpdipxanendimethdformamdeasnddimatindisuogde. It 1s likewise

di i sopropyl et hyl am.ne. [ le.s n .0 tRi | tg: I C
sol vents Wns C h%ggc’én% lﬁotfJ %ﬁgﬁgeﬁ%&wgér&l ﬁ%egoﬁ‘é%% |ﬂgir{§%§)ﬂgoﬁ-ﬂ%éﬁ%é %ﬁﬁecgg{egﬁ'rgl ude
hal ohydr ocar bogglfgtgdarkpaticabirigreRirb@ne or trichl oronet hane, hydrocarbons
such as benzene, toluene, acetonitrile, Le A 35722(PCTt -43 tetrahydrofuran,
di oxane, acetone or dinmethylformamde. It is |ikew se possible to wuse

mixtures of theysolvent s B BR! LAY R 5. 308 Sl BN S Fhsfoey o

particularly pr
known processes, or by reacting compounds of the formula

10

in which
15 R'andR’ have the meaning indicated above, and
R  is an amino protective group (preferably Boc),

after activation of the free carboxylate function with R-OH (preferably benzyl
20  alcohol, allyl alcohol and lower aliphatic alcohols) in the presence of 4-

dimethylaminopyridine.

Suitable for converting the carboxylic acids into the activated form are, for example,
carbodiimides such as, for example, N,N’-diethyl-, N,N’,-dipropyl-, N,N’-
25  diisopropyl-, N,N’-dicyclohexylcarbodiimide, N-(3-dimethylamincisopropyl)-N’-
ethylcarbodiimide hydrochloride (EDC}, N-cyclohexylcarbodiimide-N’-
propyloxymethyl-polystyrene (PS-carbodiimide) or carbonyl compounds such as

carbonyldiimidazole.




MO (Villa) 5 1@ 5eHEIEPGT) Synt hesi s of bi phenyl -bi sam no acid derivatives
R2 can optionally be a protective group (e.g. Z, i.e, benzyl oxycarbonyl). In
an alternative process, the conpounds of t_gg_fornul a (Val can be prepared by
reacti ng conpounds of the fornula Le A 35722(PCT) -44 (Vlla), 5in which R
and R have the neaning indicated above, Rlis benzyl or alkyl, and Rl13is an
am no protective group (preferably Boa), 1 0O with conpounds of the formula
(Mlla), 15 in which R, R2 and R$ have the neaning indicated above, and R’

is asilyl pro ' I |- r.t [ ' i e e A
35722( PCT) - 45 &éﬂ’]ﬁ%@?‘uﬂgﬁ? thfedie a%ésﬁﬁghgor%‘ﬁ’%‘i(;i‘fwﬁgg’ﬂcgn&%Lé%’/tn‘%%ﬁedl%f
207-210; Chem tiReiéactiohOnditidhs. PSd indAfild)haldhalRgaiboas sudhrastdichigroaeeiage opf
pal | adi um catal ysts and a base, preferably in the presence of

bi s(di phenyl phé@@tereniethane.oc didigsanbars ursoeh ) ashl Senagae. atrluenssi Laretoaittnat e.
5 Suitabl | in this. inert iC. t ' t
Changes undsy VERLSHERebfoSBRSe TSR ARF kS BB e Y

benzene, tol ueR@xiures of the solvents. Anhydrous dichloromethane and acetonitrile are

particularly preferred.

Reactions with activation by EDC or DIC in absolute acetonitrile or dichloromethane

10  at low temperature (-10°C) are preferred.

The compounds of the formula (VIII} are known, can be prepared in analogy to

known processes, or by reacting compounds of the formula

15
in which

R', R? and R® have the meaning indicated above,
20
after activation of the free carboxylate function with ''R-OH (preferably 2-

trimethylsilylethanol) in the presence of 4-dimethylaminopyridine.

Suitable for converting the carboxylic acids into the activated form are, for example,
25  carbodiimides such as, for example, N,N’-diethyl-, N,N’,-dipropyl-, N,N’-
diisopropyl-, N,N’-dicyclohexylcarbodiimide, N-(3-dimethylaminoisopropyl)-N’-
ethylcarbodiimide hydrochloride (EDCQC), N-cyclohexylcarbodiimide-N’-



t et r ahydr of ur ane A3oXEMPCTYi et hyl f or mam de and di methyl sulfoxide. It is

| i kewi se possible to enploy m xtures of the solvents. D nethylfornmam de and

di methyl 10 sulfoxide are particularly prg{erred. The conpounds of the
formula (M I[a) can be prepared fromthe conpounds of the forrmula (VIIIl)
t he process described for conpounds (VII). 15 The enantionmer pure conpound
of the fornul ae (IX) and | Xb) are known_or _can be obptained fromracemc

precursors by [PARRMP @@kvstsgm(%%—carb@qinrés@amrecarbwwomm“ﬂ% SBEh @ t h

by
S

chiral am ne ba hr.omat ogr aphy on chiral stationary phases. 20 The
%‘%ﬁaﬂ%ﬁ*" et

conpounds of t iy X) and (1 Xb) are known, can be prepared in

anal ogy to known processes, or by decarboxylating corrpounds of the fornul ae

COCR14 _15 .. A-COORla N l1la 1 COOR R (Xa), in which 25 10 and R and R an

d

Rs have the rre@mtnlg\emhrmtatl@duab@o@re inert ATEETY sql Pty whigh amg goksiangedsundes an

am no protet| ou I rl r.ef ).
Thi o romct i on perarin PR Phele Bl bt Br MM S S0 Gohe i o
m xture. The C‘ﬁ‘?@rﬁb&%ﬁﬁt}%eth% ficambae (sidh angd (Xenzepee kolowme, Ccavetdfrile,
prepared in analogy to knomn processes, or by reacting conpounds of the
formul ae tetrahydrofuran, dioxane or dlmethylformamlde It is likewise possible to employ
mixtures of the solvents. Anhydrous dichloromethane and acetonitrile are
particularly preferred.
10

Reactions with activation by EDC or DIC in absolute acetonitrile or dichloromethane

at low temperature (-10°C) are preferred.

The carboxylic acids of the formula (IXa) are known, can be prepared in analogy to

15  known processes, or by deprotecting compounds of the formula

*rO [

in which
20

R'and R® have the meaning indicated above, and
R!® s an amino protective group, in particular Boc,

25  in the first stage on R'%. This takes place by standard methods of protective group

chemistry, when R" is Boc preferably with hydrogen chloride in dioxane or with

5




10 (XI'la) in wiech33BAIPCaNd R8 have the nmeaning indicated above, wth
conpounds respectively of the fornulae RI3 N.,.,q-COOR14 14 COOR R 20 in
which R15 r4,,7-COOR74 R COOR 4 R4 and Ryyhave the neaning indicated
above, Le A 35722(PCT) -47 R13 and R15 are an amno protective group, and
R' is alkyl (preferably ethyl). 5 This reaction preferably takes place with
al kali metal alcobolate in alcohol, in particular with sodi um et hOXI de in
et hanol . The céfrlr%‘éﬂiﬂ%tléfactdh’él qhéhlﬁtﬂ%hé(nm in)they peesenqe) o) saalb amaunis of aiehe

prepared in anral 0 rocesses, or by reacting conpounds of the
fornul ae 10 HC}Iﬁl ‘Ea% %%nghl ch 15 R and R$ have the neaning indicated

above, with phosphorus tribromde. The reaction preferably takes place in
tol uene. The conpounds of the forrmulae (XIlb) and (Xllc) are known, can be
prepared in 20 analogy to known proce S. or by reducing compounds of the
formul a 5RO |

OH (]XC):

in which
R'and R® have the meaning indicated above,

10  where the amine may where appropriate be in the form of a salt, preferably

hydrochloride or trifluoroacetate,

is reacted in the second stage with R%-X, in which R’ has the meaning indicated
above, and X is a leaving group, in the presence of a base in inert solvents, where
15 appropriate in the presence of potassium iodide, preferably in a temperature range
from 0°C via room temperature to reflux of the solvent under atmospheric pressure
around. Mesylate, tosylate, succinate or halogen are preferred for X, with chlorine,

bromine or iodine being preferred for halogen.

20 Examples of bases are alkali metal carbonates such as, for example, sodium or
potassium carbonate, or bicarbonate, or organic bases such as trialkylamines, e.g.
triethylamine, N-methylpiperidine, 4-dimethylaminopyridine or

diisopropylethylamine.

25  Suitable solvents in this case are inert organic solvents which are not changed under
the reaction conditions. These include halohydrocarbons such as dichloromethane or

trichloromethane, hydrocarbons such as benzene, toluene, acetonitrile,




(XHe) Le A 35722(A8F)2xBBTH in which R7 and R8 have the nmeaning indicated

above. The reductron preferably takes place wth diisobutylalum num hydride
solution in dichloronethane with subsequegg addition of a saturated

potassium sodiumtartrate solution. 10 The” compounds of the formulae (X Id)
and (XlI'le) are known, can be prepared in analogy to known processes, or by

reacti ng 2-hydroxy-5-i odobenzal dehyde with conpounds respectively of the
formul ae 15 20t xdr@ﬁdamsdlwcal(exmqtqne(w dmhylfwrml% IR bkRvire PRsIRIC e

di d ab ,
aporopri ate | niehcpesnan b ofaly, TP ShRHRe) Bl Fichiotgn R o 0L ©

pot assi um i odi %gmcg[ag Prétehryd.i N a tenperature range from nom tenperature to
reflex 25 of the solvént under atnospheric pressure. Mesylate, tosylate or
hal ogen are preferred for X, with chlorine, brom ne or iodine being
preferred for hal ogen. Exanples of inert solvents are hal ohydrocarbons such
as net hyl ene chl ori de, i chl oro hane or 2-gli/chl or oet hane, ethers such
as di oxane, tetrahydred @ ior 'R Ldi're t@ ®t hane, or other solvents
such as acetone, dineth ormgm g¢e, _dipget m de, 2-butanone or
acetonitrile, prefergbl ot ra%g ffr an, pmetdwl ene chloride, acetone,
d.

2- but anone, acetonit r$g4eP di yI% or manTfe Ior 1, 25 di m;‘bh
D net hyl formam de is preferre Viia) il

2R_N
. R' OoR" R
n RO |
(Va)
"R N R-N PO
F'i‘ ORﬁ

(1Xb) (1Xc) (iXa) vy
R 1
10
ﬂRN OR o or’
X >_ (O
(Vila)
R-N"FO PRNTCORY
o I'.\,'l oRr" F"Z‘
*R i *RO B_Oi va)
RN RN
é1 OR" ha OR“
(Vi) (Vilia)
5
Scheme 3: Synthesis of biphenyl-bisamino acid derivatives
R® can optionally be a protective group (e.g. Z, i.e. benzyloxycarbonyl).
10

In an alternative process, the compounds of the formula (Va) can be prepared by

reacting compounds of the formula




Le A 35722( PCTLe.4957BXP0OMI es of bases are al kali netal carbonates such as
cesi um car bonate, sodiumor potassium carbonate, or sodium or potassium
nmet hanol ate, or sodiumor potassium ethanglate or potassiumrert-butoxide,
or am des such as sodam de, 5 lithiunbis(trimethylsilyl)amde or

l'i thi undiisopropyl am de, or organonetallic conpounds such as butyllithium
or phenyllithium tertiary am ne bases such as triethylamne or

di i sopropyl et hyl am ne, or other bases—guch as sodi um hydride, DBU,
preferably potassiumtert-but aggi @ my car bonat e, DBU, sodi um hydri de,
pot assi um car bonate or sodi um bo / Potassium carbonate is preferred.
10 The conpounds of the fornulae ( and (Xllla) are known or can be
prepared in analogy to known procgsses. The preparation of the conpounds of
the invention can be illustrated by tha_15 follow ng §yliehesis schene. In
this, to inprove clarity, tﬁéLL~ als used in the description are
retalned but the schene shows in,song cases specific enbodinents, in
particular R14 in (Xl) and (Xlaf3|s<@thyl and R13 and RI$ is Boc. (IX)°
(D(b) (IX). (in) (X), (Xa) (XI1), (Xila) 20 Schene 4: Synthesis of
phenyl al ani ne derivatives Le A 35722(PCT) -50 In an alternative process, the
substinents R$ and Rb can al so be introduced into the synthesis via the
conpounds of thewhighmula (VI1) or (Vila). For this purpose, the acidic
function of the conpounds of the formula (VIl) or (ViIla) is |liberated under
conditions known to the skilled worker and reacted with conpounds of the

formil a 5 R'andR’  have the meaning indicated above,

R is benzyl or alkyl, and

RY®  isanamino protective group (preferably Boc),

10
with compounds of the formula
CH,
ot cn
8 3
RO B
O/T'CH3
CH,
, oR" (VIIa),
R—N
s
R 0O
15 in which

Rl, R? and R® have the meaning indicated above, and

R  isasilyl protective group, in particular 2-(trimethylsilyl)ethyl.



S5 (I'11) under ¢endds7ZBCKPown to the skilled worker. The conpounds of the
i nvention show an i nval uabl e range of pharnacol ogi cal and pharnmacoki netic

ef fects which could not have been predict@gs_lo They are therefore suitable
for use as nedicanents for the treatnment and/or prophylaxis of diseases in
humans and ani mals. The conpounds of the invention can, because of their

phar macol ogi cal_ properties, be enployed alone or in conblnatlon W t h ot her

active ingredi dRegepgion; I‘FEO‘t"FeBétWérﬁuZl@ ganet (PrdrenPon2®r21Giiem Rey.
di seases, in pgphi gy %5 %ﬁc{aﬁé baed ﬁftﬁghre%gﬁze dft a'll§da X a't}ﬁgsq%];&[ ?l@as%”pl €

to treat and/or “prevent r Sys ause

fol l ow ng pat h@%ﬁ%bl@rmhhe presénteas m(dﬁahau)ﬂﬁl{dsprd&hﬂp‘er&%eh%%ﬁémnﬁﬁ ) chloride
Gram positive cocci, e.g. staphylococci (Staph. aureus t a epl derm di s)
and st rept ocodad C?Sﬂméﬁbmﬁgal actiae, Strept. faccalis, Strept. pneunoni ae,
Strept. éogenes) gram negati ve cocci (neisseria gonorrhoeae) and

gram negative rods such as enterobacteriaceae, e.g. Escherichia coli,

Hermophi | us i nf IsupERl@gelvents IIPBACERE ard fekt lodfanid S@vHIE Whickidrd At c}ﬁh%&hﬁhd‘é),

Sal nonel I a and Shigella; also klebsiellas (Klebs. 25 pneunoni ae, Klebs
oxytocy), Ent ethehaeaction (@nditioasr Sheseeinclugat hydaopgrbamsr wueh) as bemmc,atol%m atia

Sen. b t
Coontcones - e e Bt sufnt T e
al so includes 5&%19&@%51%@%9&@@@%(&% soMnd| Dipsdhyl Rmaifidd QRA dik@ihyRnd
strictly anaer ob| c bacteria such as, for exanple, Bact erol des fragili s

r epr esent al 9 vesulfsxiddare partigelaoly Mpﬂ@toccus Pept ost rept ococcus, and t he
genus Costridium also nycoplasmas (M pneunoniae, M homnis, M
ureal yti cum and nycobacteria, e.g. Mycobacteriumtuberculosis. Le A

35722( PCT) - 51 ThBQompeifds dfSthe ¥R NPORYSah Be 'ﬁ?é;ﬁ}éd ttwmwm/ c%ﬁ@mﬁh@nd

is by no neans to be |nter€reted restrictively. Exanples whic

ment i oned of diferendaeVNhibyihaprpcessdessaibsd forivpmphungsgdiVibgens or mxed
i nfections nentioned and be prevented, inproved or cured by the
preparations of the invention which can be used topically

15 The enantiomer pure compounds of the formulae (IX) and (IXb) are known or can be
obtained from racemic precursors by known processes, such as, for example,
crystallization with chiral amine bases or by chromatography on chiral stationary

phases.

20  The compounds of the formulae (IX) and (IXb) are known, can be prepared in

analogy to known processes, or by decarboxylating compounds of the formulae

RO | *rO |
COOR™ COOR™
13__ 15__
RN “coor™ RN “coor™
04 (Xa),

in which
25

R*and R’ and R' and R® have the meaning indicated above,




5 are: infecti qusAds3EABET)I n humans, such as, for exanple, septic
i nfections. bone and joint infections, skin infections, postoperative wound

i nfections, abscesses, phlegnon, wound i@ﬁggtions, i nfected buns, burn
wounds, infections in the oral region, 10 infections after dental
operations, septic arthritis, mastitis, tonsillitis, genital infections and
eye infections. Apart from humans, bacterial infections can also be treated
in other species. Exanples which may be nentioned are: 15 pigs: col

di arrhea, enterqs 154, I S0 r sal ponel | osi s,
netritis-nasti#?sgéggglaé§$%§&§§ﬁd¥§%€ﬁ£H%QW%PP%; rum nants (cattle, sheep,
goats): diarrhea, sepsis, bronchopneunonia, salnonellosis, pasteurellosis,
mycopl asnosi's, genital infections; 20 horses: bronchopneunonias, joint ill,
puer peral and post puealsek@artichlady refprably ethiylhonel | osis; dogs and cats:
bronchopneugnnia, di arrhea, dermatitis, otitis, urinary tract infections,
prostatitis; poultry (chickens, turkeys, quail, pigeons, ornanental birds
and others):  AidPeeaRINGTERAILEy takes SN d inibaki€ GlcdAR® in & WaRNethafbll MBture.

di sorders, salnonellosis, pasteurellosis, psittacosis. It is |Iikew se
possible to treat bacterial diseases in the rearing and managenent of

productive and _grnanental fish. in i.ch the antibacterial spectrumis
Ext ended. 30" bey B orRELs ot b e (ko e CE s KadinsaE Re Presar Aot ch
as, for exanpl g, ;n&eshRidERtd, 3 bﬁféé%ﬁﬁ% EomPAHRY bPRR Foulad- | Steria, _
Erysi pelothris, corynebacteria,” Borellia, Treponema, Nocardia, R kettsie,
Yersinia. 1@ A 35722(PCT) -52 The present invention additionally relates to

conmpounds of the formula (1) for <controlling diseases, especially bacteri al
di seases, to nedi canents conprisi.ng

Br Br

(XT0) (XTIa)

in which
15 R’andR® have the meaning indicated above,

with compounds respectively of the formulae

14
1 COOR™ 15\~ _COOR
RN Ncoor™ RN “coor™
R R
(XD (XTIa)
20
in which

R* and R’ have the meaning indicated above,



conpounds of the £ 957 PCT)) and excipients, and to the use of conpounds of

the fornula ( or producing a nedicanent for the treatnent of bacteri al
di seases. 5 The present invention further_pelates to nedi caments which
conprise at | east one conpound of the invention, preferably together with
one or nore pharmacol ogically acceptable excipients or carriers, and to the
use thereof for the aforementioned purposes. 10 The active ingredient may
act systenical Ry anddRor aesca amino petegtiieLroin pae, it can be admi ni stered
in a suitable manner such as, for exanple, by the oral, parenteral,

pul nonary, nasal, sublingual, l|ingual, buccal, rectal, transdermal,

conj uncti val oRlbneisgmﬂt@r@érag etiyp).ant . 15 The active ingredient can be
adm nistered in adm nistration torns suitable for these admnistration
routes. Suitable for oral adm nistration are known adm ni stration forns

whi ch deli 20.act | [ di ent i dl ' ifi ,
Such as. o elbpraciOLryPebRoiieh iieer Al o AR pl P SeBfeH e
provi ded with ogaihRgwitheslmhPdthodi@e BAdthdriof juice, or filmcoated tablets),

capsul es, sugar-coated tablets, granules, pellets, powlers, enulsions,
suspensi ons, solutions and aerosols. 25 Parenteral adm nistration can take

pl ace with avoi dance of an SOoLptipn p_(lhtravenous, intraarteri al

i ntracardi ac, i'RErR5H° ‘% BEEEnf%P%ﬁb@hﬁ e m‘ﬂ "frﬁrcl?"ﬁé‘inoﬁan 5F %{ﬁparec?m
absorption (in fHbifwn HHES M2 HER R actiddl doRfpSLATCS Y Be fdRIuget aneous, or

i ntraperi toneal%‘a%m ni st rp;tti on Sf or 1’s g%idt%at?l?@éf or parenteral

adm ni stragpon are, inter alia, preparations for injection and infusion in

the formof solutions, suspensions, 30 enulsions, |yophilizates and sterile
powders. Suitable for the other_adm nistration routes are, for exanple,

pharmaceutical forns for,inha Qn (inter aliagp Nbal ers,
nebul i zers), nasal drops/ $PU prays; Le A B '
HO HO
(XIIb) (XIIc)

in which

15 R’ andR® have the meaning indicated above,

with phosphorus tribromide. The reaction preferably takes place in toluene.

The compounds of the formulae (XIIb) and (XIIc} are known, can be prepared in

20  analogy to known processes, or by reducing compounds of the formula




-53 tablets or leap3stX@ePCOy |ingual, sublingual or buccal adm nistration,
suppositories, preparations for the ears and eyes, vagi nal capsul es,
aqueous suspensions (lotions, shaking nixay[es), | i pophilic suspensions,

oi ntnments, creans, mlk, pastes, dusting powders or inplants. 5 The active
i ngredi ents can be converted in a manner known per se into the stated

adm nistration forns. This takes place with use of inert nontoxic,
pharmaceutically suitable excipients. These include inter alia carriers
(e.qg. nicrocryﬁgg%h%ne cellulose), solvents (e.g. liquid polyethylene
glycols), emulSitiers (e.g. sodium dodecyl sulfate), 10 dispersants (eg.

pol yvi nyl pyrrolidone), synthetic and natural biopolyners (e.g. albumn),
stabilizers (e.g. antioxidants such as ascorbic acid), colors (e.g.

i norgani ¢ pi gifedd Rsuch have the gicapingdedivated abayski ng tastes and/ or odors. It
has generally proved advant ageous on parenteral adm nistration to adm nister
15 anmounts of about 5 to 250 ng/ kg of body weight every 24 h to achieve

ef fective resulths. redit€ion Prefetabbn taReaplarelRiith Atisobityddluisnuah drliride s6uli&P imo/ kg
of body weight every 24 h. It may neverthel ess be necessary where

appropri at e t oditdldremethane withHabsaqaertcaddit®napfou pataratadrpiassiung spHHMatarigate
function of the bady weight, adm nistration route, individual behavior
towards the acP?W@ogngredient, nature of the preparation and tinme or
interval over which adm nistration takes place. Thus, it may be sufficient
in some cases to nmake do with |less than the aforenenti oned m ni nrum anount,
wher eas i nl0ot Ade compenndshef the fownulap (XHd) and (XHe)k arebienoays sat d. proased in

| arger anmounts are 25 adm nistered, it, may be vi sabl e .t o.di Vi t.hese into
L bt arity of aTIAgY do dged BUErSeY. s wihjeachie LGN TittuRn i fhviparih
fol l owi ng test goRPRehRKEPLARF 6 tREFGRAIRIES by weight unless indicated
ot herwi se; parts are parts by weight. Solvent ratios, dilution ratios 30 and

concentration data for liquid/liquid solutions are in each case based on
vol une. Le A 35722( PCT) R%.X and RLX

15 (XIID) (XIIla),

in which

R’ and R® have the meaning indicated above, and
20

X 15 a leaving group, in inert solvents,

where appropriate in the presence of a base, where appropriate in the presence of
potassium iodide, preferably in a temperature range from room temperature to reflux
25 of the solvent under atmospheric pressure. Mesylate, tosylate or halogen are

preferred for X, with chlorine, bromine or iodine being preferred for halogen.

Examples of inert solvents are halohydrocarbons such as methylene chloride,
trichloromethane or 1,2-dichloroethane, ethers such as dioxane, tetrahydrofuran or
30  1,2-dimethoxyethane, or other solvents such as acetone, dimethylformamide,
dimethylacetamide, 2-butanone or acetonitrile, preferably tetrahydrofuran, methylene
chloride, acetone, 2-butanone, acetonitrile, dimethylformamide or 1,2-

dimethoxyethane. Dimethylformamide is preferred.



-54 A Exanpl eg.cADBSBA(RCTYPNS used: 5 Al oe allyloxycarbonyl aq. aqueous
But benzyl Boc tert-butoxycarbonyl CDCI3 chloroform 10 CH cycl ohexane D

dublet (in 'H NVR) Del dublet of dublets_4pCM dichloromethane DCC

di cycl ohexyl carbodiimde 15 DI C diisopr opyl carbodiimde D PEA

di i sopropyl et hyl am ne DMSO di net hyl sul f oxi de DVAP

4. WN- di et hyl am nopyri di ne DM di net hyl fonnam de 20 EA ethyl acetate
(acetic acid ethyl ester) EDC N -(3-di net hyI am nopropyl ) - N- et hyl car bodi i m de

x HCl eq eqw Ien e i Mﬁ)

O (7- azabenzot es °§yqa§esl\i|%\lﬁﬁ(%ﬁ Iﬁ%(tglrre yq%u@rS %g?l&?npﬁexa F@-cg’rl&gate’zg’dl lTcl)é’mr)hate
HBTU O (benzot rpbﬁl%ﬁbml carbomatdNr Roditigi 6 idnUhibﬂia!dmakbemfsb&iQﬁp&hﬁt&@é%ﬁIn@

HOBt 1- hydroxy- IH-benzotrlazoIe X H20 H hour (s) HPLC hi gh pressure, high

per f or mance | i gthadolater onnt ptaspivgn  3g7-bwonilec ows| eamideguisich as  sodamide,

chronat ogra?hy Titiambis t%?rgertl? 1%1@ or lithiumdiisopropylamide, or organometallic

compounds such as butyllithium or phenyllithium, tertiary amine bases such as
triethylamine or diisopropylethylamine, or other bases such as sodium hydride, DBU,
preferably potassium fers-butoxide, cesium carbonate, DBU, sodium hydride,
potassium carbonate or sodium carbonate. Potassium carbonate is preferred.

10
The compounds of the formulae (XIII) and (XIIla) are known or can be prepared in

analogy to known processes.

The preparation of the compounds of the invention can be illustrated by the
15  following synthesis scheme. In this, to improve clarity, the roman numerals used in
the description are retained but the scheme shows in some cases specific

embodiments, in particular R in (XI) and (XIa) is ethy! and R'"* and R" is Boc.

OH H  RM—x R™ K OR™
o (i
{xin o OH
(Xlita}
! 1 i (XIIb) (xNc)
(xtid), (Xtte)
RH
I R'
R\ COEL pocr'N co R
CO,Et
(X1 cozet é/\
(X)7, (IXbY (1), (IXb) ), (xa) (), (Xila)

20

Scheme 4: Synthesis of phenylalanine derivatives




Mnmultiplet (i De'M%PC:lM n mnutes M5 nmass spectroscopy Le A 35722( PCT)

-55 MeCH net hano nucl ear magneti c resonance spectroscopy MIBE net hyl
tern-butyl ether Pd/C palladiunm carbon 5, %quartet (in "HNVR) Rq retention
index (in TLC) RT roomtenperature R retentlon time (in HPLC) S singlet
(in "HNWR) 10 sat. saturated T triplet (in' H-NNR) TBS
tert-butyldimethylsilyl THE tetrahydrofuran, F (trimethyl silyl)ethyl
15 TPTU 2- ( 2- okoarl pltemptyie prorgss,ithe sebssuwe@ﬁ&mdﬁ Gmﬁlsgrbﬁtleitr@@cpdumtobhﬁ ate

b | b - C
colunmn’ YWE geRTulsicHE o8 Samemias s dpipils (VI ox ) Pt s ithes i
mlmn; tenp.: ;g8 fud&iRCsHs Ge (Mi’ﬁp%i!lﬁdﬁ@f th'é’%ﬁﬁ‘ﬂa :EV([F)"%E@VIIEQ % HB&ateHhﬁia&S' |

C18, L-R terrperature 30C, flow rate: el uent 01 M HC1O4,
el uent B: acet omnmmonsdsnogmamlthmklllﬂd @oskamand r%t@mth\cemmlmdmof thodormula 6. 5

mn 10% A. t HPL umm sjl CS 602 nm L, R tenperature:
30C; flow (D?Se}n Sgl)‘l‘f)ﬂ E‘E“ﬂb‘rﬁ’ttﬁ%& %Wo&eﬁ?,Pm el uent B:
acetonitril e, gr adi ent :

The compounds of the invention show an invaluable range of pharmacological and

pharmacokinetic effects which could not have been predicted.

10 They are therefore suitable for use as medicaments for the treatment and/or

prophylaxis of diseases in humans and animals.

The compounds of the invention can, because of their pharmacological properties, be
employed alone or in combination with other active ingredients for the treatment

15  and/or prevention of infectious diseases, in particular of bacterial infections.

It is possible for example to treat and/or prevent local and/or systemic diseases

caused by the following pathogens or by mixtures of the following pathogens:

20  Gram-positive coccl, e.g. staphylococci (Staph. aureus, Staph. epidermidis) and
streptococci  (Strept. agalactiae, Strept. faecalis, Strept. pneumoniae, Strept.
pyrogenes); gram-negative cocci (neisseria gonorrhoeae) and gram-negative rods
such as enterobacteriaceae, e.g. Escherichia coli, Hemophilus influenzae, Citrobacter
(Citrob. freundii, Citrob. divernis), Salmonella and Shigella; also klebsiellas (Klebs.

25 pneumoniae, Klebs. oxytocy), Enterobacter (Ent. aerogenes, Ent. agglomerans),
Hafnia, Serratia (Serr. marcescens), Proteus (Pr. mirabilis, Pr. rettgeri, Pr. vulgaris),
Providencia, Yersinia, and the genus Acinetobacter. The antibacterial range also
includes the genus Pseudomonas (Ps. aeruginosa, Ps. maltophilia) and strictly
anaerobic bacteria such as, for example, Bacteroides fragilis, representatives of the

30 genus Peptococcus, Peptostreptococcus, and the genus Clostridium; also
mycoplasmas (M. pneumoniae, M. hominis, M. urealyticum) and mycobacteria, e.g.

Mycobacterium tuberculosis.




0.5 mn 90%A-41m BSTOVPCH S min 109%A. 30 Method 3 (HPLC): col um: Kronasi l
Cl8, 60.2 mm L-R tenperature: 30C, flow rate: 0.75 m/mn; eluent A: 0.005

M HCl 04, eluent B: acetonitrile, gradient:a{l 0.5 mn 98%A 4 4.5 mn 10% A

4 6.5 mn 10% A Le A 35722(PCT) -56 Method 4 (HPLC): colum: symetry C S

2.1x150 turn, columm oven: 50C, flow rate: 0.6 mImn; eluent k 0.6 g of

30% hydrochloric acid/|l of water, eluent B: acetonitrile, gradient: 0,0 mn
90% A 3 4.0 m Ahe@beye listofimathogens is meelydyhway of exammlepnd 5,8y o fReaps to be

M cromass Quattro LCZ: | S r 18 .
Yenper at ur o 40CRPStSiciVely " LRI ity may Be Hibrtiofed of Fseade® wigh may
form c acid, ebeegusd byaihRr pathfpehdodromited irfe@idnghentfdbned rand BO%prévehted, m n
90% A 4 6 min 90% A. 10 acid, Method 6 (LC-Ms): Instrument M cronass,
Platform LCZ; doprovad oyawet by the @repagtionsokthe. invention vichy aan be nprs iepisabdy
40C, flowrate: 0.5 m/mn; eluent A acetonitrile + 0.1%form c acid,
el uent B: tef™™ 0.1%formc acid, gradient: 0.0 min 10% A -3 4 nin 90% A
36 min90%A 15 Method 7 (LC-MS): Instrument Mcromass Quattro LCZ; col um
symmetry C18, 50 mmx 2.1 mm 3.5 m tenperature: 40C, flowrate: 0.5
m /min; el uent ikfecticus alissases in humans) sudh dsp fariezampledsepsic irfactiads, beneeand jomt 1%
form c acid, grfadient: 0.0.m.n 5% A3 1.mn 5%dAn%§g mn.90% A 4 mn 90%
A" 20 bt hod 8 RIEICE: SKB] Bfons PONaRRAIRE QYA injesgont, shucessél, phleghon
temperature. ﬁ%ggglfin?é’c‘.’tiﬁﬁé,einféctéﬁ bHd; bRkt 8RdLnd8.C BifedionS | i€ thed YrANKEgfon2 %
perchloric aci %!

10 infections after dental operations, septic arthritis, mastitis, tonsillitis, genital

infections and eye infections.

Apart from humans, bacterial infections can also be treated in other species.
Examples which may be mentioned are:
15
pigs: coli diarrhea, enterotoxamia, sepsis, dysentery, salmonellosis, metritis-mastitis-
agalactiae syndrome, mastitis;
ruminants (cattle, sheep, goats): diarrhea, sepsis, bronchopneumonia, salmonellosis,
pasteurellosis, mycoplasmosis, genital infections;
20 horses: bronchopneumonias, joint ill, puerperal and postpuerperal infections,
| salmonellosis;
dogs and cats: bronchopneumonia, diarrhea, dermatitis, otitis, urinary tract
infections, prostatitis;
poultry (chickens, turkeys, quail, pigeons, ornamental birds and others):
25 mycoplasmosis, E.coli infections, chronic airway disorders, salmonellosis,

pasteurellosis, psittacosis.

It is likewise possible to treat bacterial diseases in the rearing and management of
productive and ornamental fish, in which case the antibacterial spectrum is extended
30  beyond the pathogens mentioned above to further pathogens such as, for example,
Pasteurella, Brucelia, Campylobacter, Listeria, Erysipelothris, corynebacteria,

Borellia, Treponema, Nocardia, Rikettsie, Yersinia.




WV detection: R23Q\ 3gm2228CPethod 9 (LCG-MS): Instrument: Waters Alliance 2790
LC, colum: symetry C18, 50 mmx 2.1 one, 3.5 pm eluent A: water + 0.1 %
formc acid, eluent B: acetonitrile + 0.1%formc acid, gradient: 0.0 mn
5%B 3 5.0 mn 10%B 4 6.0 mn 10%B; tenperature: 50C flowrate: 1.0
m/mn; W detection: 210 am 30 NEt hod 10 (LG-M5): ZND Waters; col um:
InertS|I ODS3 50 mMm x 2.1 nm nperature: 40C, flow ra | m n;
el uent A wat efhe ReEROLIREIHPE a&éitwnabé TPl‘f’%?‘EZ%‘P’GH‘)undSP e‘lhﬁe&’F“‘Bla 8) ntjo

acetonitrile + (V ac 0 % % B
4 15 min 100% égm%é %%a‘i géfg‘is cflsﬂ/ES gi’ﬁ/ﬂdﬁ%@ d#&ﬁ%qsgatﬁ WE‘?"%A@E%%Q"%B“%%O
X-terra 5 50 gbmpounds dfMthe Forltniliaiql) dn@rexelpidny, @ind 20 Ghe Ubeovf tampourds ofithé M n;
eluent A water + 0.01%formc acid, eluent B: acetonitrile + 0.01%formc

aci d, gradi ent forowda ¢h for producmes medigament fonhe reatment of bactowd diseases hod 12
(LG IVB) TSQ 7000, Finnigan MAT, Brenen; columm: Inertsil ODS3 10 50 nm X
2.1 mm 3 p tenperature: 25C, flowrate: 0.5 nUmn; eluent A water +

0.05% form c aqhg, r@eﬂﬁﬁiveﬁamﬁﬁﬁﬁféf”rélﬁtbk@om&h&ﬁ%nfsowmcﬁ codipiise Gt agliseohe 0.0
mn 15% B 4 15 mn 4 100% B 330 m n10098. Method 13 (LC-MS): 7 Tesla Apex

Il W th externabmpbusk wfdhpnwnu@m peefarably, toethriewith pse pamore pharmacelopiglly
X-terra C18 50 mm X rat r OW,.I at

e. n;
el uent A wat ePcQPP@b%OA)e¥%P'ﬁP§ %{CF%H'CIE tto a"ggtztgﬁfe# 97 thf Oi%}ner?lgp
acid, gradient pu%og qin 5%B 4 13 mn 3 100% B 4 15 min 100% B. Met hod 14
(HPLC) col um erraTM from Waters, RPs, 5 lun, 3.9 x 150 mm 20 start:
95% A, 5% BY 12 mn: 5% A, 95% B. Eluent A wat er +001%trif|uoroacetic
acid; eluent B, _acetonjitrile + 0.01%¢tri.f flow rat

| i.d:
e et hod The SE4Ye lpsediapsmaR 26t ietcally Jod oot i PURLE I het Pirent
type: \aters Ahllnhiﬁgﬁdzlﬁgé’suﬁﬁlé”ﬁi‘annwgﬁdh Q’W@f“ékb&ﬁle&?@%@@aﬁ%&ﬂ&@crﬁo X

4.6 mm 25 eluent wat er + of 50% formc acid/ |’ eluent B:
acetonitril e +pilfodady, mhszﬂimzﬂ)]mgual lingual, buccal, rectal, transdermal, conjunctival or otic

route or as implant.
15
The active ingredient can be administered in administration forms suitable for these

administration routes.

Suitable for oral administration are known administration forms which deliver the
20  active ingredient rapidly and/or in a modified manner, such as, for example, tablets
(uncoated and coated tablets, e.g. tablets provided with coatings resistant to gastric
juice, or film-coated tablets), capsules, sugar-coated tablets, granules, pellets,

powders, emulsions, suspensions, solutions and aerosols.

25  Parenteral administration can take place with avoidance of an absorption step
(intravenous, intraarterial, intracardiac, intraspinal or intralumbal) or with inclusion
of an absorption (intramuscular, subcutaneous, intracutaneous, percutaneous, or
intraperitoneal). Administration forms suitable for parenteral administration are, inter
alia, preparations for injection and infusion in the form of solutions, suspensions,

30 emulsions, lyophilizates and sterile powders.

Suitable for the other administration routes are, for example, pharmaceutical forms

for inhalation (inter alia powder inhalers, nebulizers), nasal drops/solutions, sprays;,




formc acid!!; LgradtBHPCD) 0 min 10%B 4 3.0 min 95% B 4 4.0 min 95% B
oven: 350C, flowrate 0.0 mn 10n1|mn430mn30n1/mn440mn 3.0
m/mn; UV detection: 210 nm 30 Method 163(LC-MS): M5 instrunent type:
M cromass ZQ HPLC instrunent type: Waters Alliance 2795; colum: Merck
Chronolith SpeedROD RP-18e 50 x 4.6 mm eluent A: water + 500 pl of 50%

e A 3572

f i id/l; | %
form o acidf I IS1S O bSO o ipepah ub gk B, bhCes G IS Eatipry ST ROSURISD:
oven: 35C ?YE EAkiBhs SorOthTedrslarfd Ses M dhidhl ?ca u'I@s” aéu&)umsﬁé'ﬁeﬂsﬂnﬁlgnﬂs? 3.0

mMlimn, W de tion: 210 run. 5 Méthod 17 (L I nst runent cronmass
Pl at f or m LCZ wshdkingPhiixwargs), dipophBier suspentib@s); omtmhamm -cra@memnSiN, [paste QRvsUngHE,
50 mx 2.0 mm 3 .n eluent A- | | of water + 1 m of 50%formc acid,
eluent B: | | 8PWHRROBHPPAMSe + | ml of 50% formic acid; gradient: 0.0 min
t00"/ A3 02 min 1000A 4 2.9 min 30%A 4 3.1 nmn10%A 4 4.5 mn 10% A
oven: 55C, flowrate: 0.8 mM/mn; UV detection: 10 210 nm Method 18
(LGMS): M5 i nThe untvd ifgyqitentd/can bewosver @ iHFa_ﬁahmrtlummnperts,eﬁato theattated
Al'liance 2795; colum: I\/Erck Chromplith SpeedRCD RP— 18e 50, x | uent
A water + 500afmypstrionemms. Jhgcgg;cqpagq tusg:of 4pcst Bpmtexicy Bharmﬁ%mlca@\‘ 50%

oven aec 1| st 8RS, Thell BihudetdtePafta Sadlely (g itfortsthe Rellufyagh T
3.0 m/min; Ubdeiteed. gqmulceﬂ)ayauhyleh@gmdls),wmﬁﬁe@xe gMBdiws dbdeosh bulfatge:

M cr omass ZQ HPLC i nstrunent type: 20 Waters Alliapce 2790; col um:
GomSil 120 o@qursaqgss(@gmmkmnyimfrreh ngin systhesikt anst nageeloRiopplymes: (92050

formc acid, Hent + 0,05% [ r . B 4
2.0 mi a0k & AR sRbBEEE s aRR AR CHEnaE el RGP Biore e, Mdfeatl o
r2n18 0.75 m | m Iislg‘inéh@su&hlas Gor Oxidkd)ror nadking Sastdstand/br 38org] / mi n; UV det ecti on:
nm
It has generally proved advantageous on parenteral administration to administer
15 amounts of about 5 to 250 mg/kg of body weight every 24 h to achieve effective
results. The amount on oral administration is about 5 to 100 mg/kg of body weight

every 24 h.

It may nevertheless be necessary where appropriate to deviate from the stated
20 amounts, in particular as a function of the body weight, administration route,
individual behavior towards the active ingredient, nature of the preparation and time
ot interval over which administration takes place. Thus, it may be sufficient in some
cases to make do with less than the aforementioned minimum amount, whereas in
other cases the stated upper limit must be exceeded. Where larger amounts are
25  administered, it may be advisable to divide these into a plurality of single doses over

the day.

The percentage data in the following tests and examples are percentages by weight
unless indicated otherwise; parts are parts by weight. Solvent ratios, dilution ratios

30  and concentration data for liquid/liquid solutions are in each case based on volume.



25 Method 20 (LeAVBA722MBCTNStrunent type: M cromass ZQ HPLC instrunent
type: Waters Iance 2790; columm: Uptisphere C 18, 50 nmx 2.0 nm 3.0 m
eluent B: acetonitrile + 0.05%formc acigy_eluent A: water + 0.05% formc
acid; gradient: 0.0 mn 5%B 3 2.0 mMn 40%B a 4.5 mn 90%B 4 5.5 mn 90%
B; 30 oven: 45C; flowrate: 0.0 mn O0.75 M/mn 4 4.5 mMmn 0.75 mMlImn 4 5.5
mn 1.25 mM/mn; WV detection: 210 run. Le A 35722(PCT) -59 Method 21
(LC-MB): | nstraent Examplesass Quattro LCZ with HPLC Agilent Series 1100;
colum: UPTI SPHERE HDO, 50 nun x 2.0 mm 3 m eluent A I | of water + 1 ni
of 50% formc acid, eluent B: 1 1 of acetonitrile +1 m of 50%formc

aci d; gradi ent AHbreviationsl@®e A '4 0.2 min 100 A 3 2.9 mn 30%A 3 3.1 mn5
10% A 3 4.5 min 10%A; oven: 55C flowrate: 0.8 m/mn; WV detection: 208-
400 run. Method 22 (LC-M5): Ms instrunent type: Mcromass ZQ HPLC

i nstrument Tgnyp%a HP 1]1PX Ser | es W DAD; colum: GomSil 120 ODS-4 HE 50 x
2 our, 3.0 0%l uend! VIOXSFAPEPIL 500 pl of 50% formic acid/l: el uent B:
acetonitrile +,900 I1d gfuea formic acid |; gradient: 0.0 min 0%B 4 2.9
mn 70%B 3 3.1 mn 90%B 3 4.5 mn 90%B; oven: 50C, flowrate: 0.8
mlImn; U detdmion: B@yhm Method 23 (LC-MS): M instrunment type:

M cromass ZQ HPLC instrunment type:. 15 Waters Alliance 2795; col um:
Phenomenex Synd&o§i 2 &/ ‘B‘-’W%P@ury 20 x 4 mm eluent A: 1 1 of water +
0.5 mM of 50% f i C ' ent B: I | of acetonitrile + 0.5 nm of 50%
fornmic acid; grcgjd@ént?&B f‘ﬁ]hpn 90% A (flowrate: 1 m/mn) --) 2.5 nmin 30%
A (flow rage: ZHr | m ngychbohgxéhemrin 5% A (flowrate: 2 m/mn) 3 4.5 mn 5%A
(flowrate: 2 mi/mn); qven; ,SIbi)C detection; 20 210 nm Method 24
(LC-MB): MB i ndd rument dyBjgidin - ss ZQ HPLC instrunent type: HP 1100
Series; W DAD;Dd:oI umg, iTRerAuEReX Synergi 2 Hydro-RP Mercury

DCM dichloromethane
DCC dicyclohexylcarbodiimide
15 DIC diisopropylcarbodiimide
DIPEA  diisopropylethylamine
DMSO  dimethy! sulfoxide
DMAP  4-N N-dimethylaminopyridine
DMF dimethylformamide
20 EA ethyl acetate (acetic acid ethyl ester)
EDC N -(3-dimethylaminopropyl)-N-ethylcarbodiimide x HCI
eq equivalent
ESI electrospray ionization (in MS)
HATU O-(7-azabenzotriazol-1-yl)-N, N, N’ N -tetramethyluronium  hexafluoro-
25 phosphate
HBTU O-(benzotriazol-1-yl}-N,N,N’, N -tetramethyluronium hexafluorophosphate
HOBt 1-hydroxy-1H-benzotriazole x H,O
H hour(s)
HPLC high pressure, high performance liquid chromatography
30 LC-MS coupled liquid chromatography-mass spectroscopy
M multiplet (in 'H-NMR)
Min minutes

MS mass spectroscopy




20 x 4 mm el ugrtA AS7A2(PCD water + 0.5 nl of 50%formc acid, eluent B: | |
of 25 acetonitrile + 0.5 M of 50%formc acid; gradient; 0.0 mn 90% A
(flowrate: | n/mn) ! 25 mn 30%A (flowrate: 2 m/mn) 4 3.0 mn 5%A
(flowrate: 2 mlImn) 3 4.5 mn5%A (flowrate: 2 m/mn); oven: 50C W
detection: 210 ran. 30 Method 25 (LC-M5): M instrunent type; M cromass ZQ
HPLC instrunent type: HP 1100 Series; W DAD, colum: GomSil 120 ODS-4 HE
50 x 2 mMm 3.01‘6? : olA: water + 500 | of 50%fornic acid/l, eluent B:

elg
acetonitrile + I o 0 . 3 - rmc acid/l; gradient: 0.0
mn 70% B -+ 4@% n 9@?%{%%3%# %g@%%c%)ﬁc?(gﬁggﬁf 0.8 mM/mn, Wdetection:
210 am Met hod MBBELC MEhyl lershutyinatiiér: M cromass Quattro LCZ with HPLC
Agilent 5 Series 1100; colum: GomSILI20 ODS-4 HE, 50 mrmx 2.0 mm 3 m
eluent A 1 1 &d/wat erpalladivm/cagbors0% fornic acid, eluent B: | | of
acetonitrilg + m of 50% ,.f ' cid; gradient: 0.0 mn 100% A 4 0.2 mn
100% A 4 2.9 nmih 30% Aq‘ﬁ?m%(.‘&@ﬁiﬁﬁﬁ%A -4 4.5 nin 10% A; oven: 55C, flow
rate: 0.8 m/mpy; W deiegibhatex (FOBAOP run. 10 Chemical synthesis of the
exanples Synthesis of the starting conpounds: 15 Synthesis of substituted
phenyl al ani ne &®&ri vat i e iginparagury - 3- ( 2- benzyl oxy- 5-
i odophenyl )-2(9 -tert-but oxycarbon L nopropionic acid [(-)-6A] as exanple
20 Synthesis of“tprot ec’feéeﬂ‘%ﬂi{g‘ﬂgr@ﬂ ﬁhﬁ@ﬂm no acids with
2(S)-trimethyl g I anyl egihykt @ B1-NMR)
benzyl oxycar bonyl am no- 3=[ 4, 4' - bi sbenzyl oxy-3' - (2(S) benzyl oxycar bonyl -2(S) -t
ert- but oxyBar kanyl am sabaatesd| ) bi phenyl - 3-yl ] propi onate (12A) as exanple Le A

35722(PCT) -61.(-}6A triplet (in 'H-NMR)
TBS tert-butyldimethylsilyl
THF tetrahydrofuran
TMSE  2-(trimethylsilyl)ethyl
15 TPTU 2-(2-ox0-12H)pyridyl)-1,1,3,3-tetramethyluronium tetrafluoroborate

Z benzyloxycarbonyl

General LC-MS and HPLC methods

20  Preparative RP-HPLC: column: YMC gel; eluent: acetonitrile/water (gradient),
flow rate: 50 ml/min; temp.: 25°C; detection UV 210 nm.

Method 1 (HPLC): column: Kromasil C18, L-R temperature: 30°C; flow rate:
0.75 ml/min; eluent A: 0.01 M HCIQ,, eluent B: acetonitrile, gradient: = 0.5 min
25 98% A ->4.5min 10% A - 6.5 min 10% A.

Method 2 (HPLC): column: Kromasil C18, 60*2 mm, L-R temperature: 30°C; flow
rate: 0.75 ml/min; eluent A: 0.01 M H;POy, eluent B: acetonitrile, gradient: <>
0.5 min 90% A - 4.5 min 10% A - 6.5 min 10% A.

30
Method 3 (HPLC): column: Kromasil C18, 60*2 mm, L-R temperature: 30°C; flow
rate: 0.75 ml/min; eluent A: 0.005 M HCIQy, eluent B: acetonitrile, gradient: >
0.5 min 98% A -> 4.5 min 10% A = 6.5 min 10% A.




O O IDA t1A O Byt BERIXPOT) prot ect ed hydroxy ornithine derivatives with 5-
benzyl oxycar bonyl am no- 2(S) -t en- but oxycar bonyl am no-4(R)-(tert 5
but yt di met hyl si | yl oxy) pentanoi c acid (14A)sas exanple O BocHN-".f( BocHN. Ji
NHZ ' NHZ 13A 14A OTBS NHZ Synthesis of protected bi phenonycin derivatives
with (8S,11S, 14S)-14-[(tert- 10

but oxycar bonyl )am no] - 11-{(2R)-3-[ (tert-but oxycar bonyl)am noj -2
hydr oxypr opyl }-5, 17-di hydr oxy- 10, 13-di oxo-9, 12-di azatricycto[ 14.3.1.1 2 1

heni cosa- 1(20)
A 35722( PCT} -

NHBoc
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rate: 0.6 ml/min; eluent A: 0.6 g of 30% hydrochloric acid/l of water, eluent B:
acetonitrile, gradient: 0.0 min 90% A =2 4.0 min 10% A = 9 min 10% A.

Method 5 (LC-MS): Instrument Micromass Quattro LCZ; column symmetry C18,
50 mm x 2.1 mm, 3.5 um; temperature: 40°C; flow rate: 0.5 ml/min; eluent A:

acetonitrile + 0.1% formic acid, eluent B: water + 0.1% formic acid,

gradient: 0.0 min 10% A -> 4 min 90% A - 6 min 90% A.

Method 6 (LC-MS): Instrument Micromass Platform LCZ; column symmetry C18,
50 mm x 2.1 mm, 3.5 um; temperature: 40°C; flow rate: 0.5 ml/min; eluent A:

acetonitrile + 0.1% formic acid, eluent B: water + 0.1% formic acid,
gradient: 0.0 min 10% A = 4 min 90% A -> 6 min 90% A.

Method 7 (L.C-MS): Instrument Micromass Quattro LCZ; column symmetry C18,
50 mm x 2.1 mm, 3.5 um; temperature: 40°C; flow rate: 0.5 ml/min; eluent A:

acetonitrile + 0.1% formic acid, eluent B: water + 0.1% formic acid,

gradient: 0.0 min 5% A 2 1 min 5% A - 5 min 90% A -» 6 min 90% A.

Method 8 (HPLC): column: 250*4 mm, Kromasil 100, C-18, 5 um; temperature:
40°C; flow rate: 1 ml/min; eluent: acetonitrile 15% and 0.2% perchloric acid 85%;

UV detection: 210 nm.

Method 9 (L.C-MS): Instrument: Waters Alliance 2790 LC; column: symmetry C18,
50 mm x 2.1 mm, 3.5 um; eluent A: water + 0.1% formic acid, eluent B: acetonitrile
+ 0.1% formic acid, gradient: 0.0 min 5% B - 5.0 min 10% B = 6.0 min 10% B;

temperature: 50°C; flow rate: 1.0 ml/min; UV detection: 210 nm.

Method 10 (LC-MS): ZMD Waters; column: Inertsil ODS3 50 mm x 2.1 mm, 3 pm;

temperature: 40°C; flow rate: 0.5 ml/min; eluent A: water + 0.05% formic acid,

e Le
1A




BocHN 0 OBn ZHYet D36722PCTP2Bn TMBEO ~OTBS 16A NHZ OBn N- "CO Bn Le A
35722(PCT) -63 Starting conpounds Exanple 1A 2-Hydroxy-5-iodobenzal dehyde 5
OH H A solution of 250 g (1.54 nol) of iodispe chloride in 600 m of
anhydrous dichl oronet hane i s added dropw se over the course of 2 hto a
solution of 188 g 10 (1.54 nDt) of salicylaldehyde in 1 1 of anhydrous

di chl oronet hane in g heat-dr]j sk under arggon. After stirr ﬂzat for

3 days, a sat urehiesl Bi pgetonitr o'EhOLQﬁ/a demie gacids gradientin 00dmigqefadB Wy6f ous
stirring. The opganhCyARass jodesgparated off, washed once with water and
saturated aqueous sodi um c]hl ori de’ sol ution and dried over sodiumsulfate.
The solvent is evaporated and the residue is recrystallized fromethyl 15

acetate. 216 g 57% of theory% of the product are obtained. LC M5 (ESI
Met hod 10): ethpds 11 ML&-MB) MARL (20 FrnigappMAT; Bremep; ﬁot%m.Xrl)errw 77

(dd, 111), 8%(9 dﬂﬁeﬁg{él%@hgg é&%emll;%r% o Be 8?ﬂg\§r’rat]él._?).5 Rafpat i 'efuehif'A: water

2- Benzyloxy

+ 0.01% formic acid, eluent B: acetonitrile + 0.01% formic acid, gradient: 0.0 min
10% B = 15 min = 90% B = 30 min 90% B

Method 12 (LC-MS): TSQ 7000, Finnigan MAT, Bremen; column: Inertsil ODS3

10 50 mm x 2.1 mm, 3 um; temperature: 25°C; flow rate: 0.5 ml/min; eluent A: water +
0.05% formic acid, eluent B: acetonitrile + 0.05% formic acid, gradient: 0.0 min 15%
B =2 15 min = 100% B <> 30 min 100% B.

Method 13 (LC-MS): 7 Tesla Apex Il with external electrospray ion source, Bruker
15  Daltronics; column: X-terra C18 50 mm x 2.1 mm, 2.5 pm; temperature: 25°C; flow
rate: 0.5 ml/min; eluent A: water + 0.1% formic acid, eluent B: acetonitrile + 0.1%

formic acid, gradient: 0.0 min 5% B = 13 min 2 100% B =2 15 min 100% B.

Method 14 (HPLC): column: X-Terra'™ from Waters, RPg, 5 um, 3.9 x 150 mm;
20  start: 95% A, 5% B; 12 min: 5% A, 95% B. Eluent A: water + 0.01% trifluoroacetic

acid; eluent B: acetonitrile + 0.01% trifluoroacetic acid; flow rate: 1.2 mi/min.

Method 15 (L.C-MS}): MS instrument type: Micromass ZQ; HPLC instrument type:
Waters Alliance 2795; column: Merck Chromolith SpeedROD RP-18e 50 x 4.6 mm;
25  eluent A: water + 500 pl of 50% formic acid/l; eluent B: acetonitrile + 500 pl of 50%
formic acid/l; gradient: 0.0 min 10% B ->» 3.0 min 95% B - 4.0 min 95% B; oven:
35°C; flow rate: 0.0 min 1.0 ml/min < 3.0 min 3.0 mi/min < 4.0 min 3.0 ml/min;

UV detection: 210 nm.

30  Method 16 (LC-MS): MS instrument type: Micromass ZQ; HPLC instrument type:
Waters Alliance 2795; column: Merck Chromolith SpeedROD RP-18¢ 50 x 4.6 mm;
eluent A: water + 500 pl of 50% formic acid/l; eluent B: acetonitrile + 500 pl of 50%



Le A 35722( PCTLe+635B2(PCH) (0.48 not) of potassium carbonate are added to a
sol ution of 100 g (0.40 mot) of 2-hydroxy-5-iodobenzal dehyde (Exanple | A)
in 1.5 1 of dinethylformam de and, after_ggfew nminutes, 51 m (0.44 not) of
benzyl chloride are added. The reaction mxXxture is sti rred under reflux at
120C for 24 h. After stirring at RT for a further 5 24 It and addition of

1.5 1 of ter, lid | | h

i th lt:Nad\f(@rgn@a% gm0 Dt O s s oo s+ i 9504 B Pt
recrystallize f -1 9 -
product are Eg(? n%eé‘gqﬁ%( Q/@ Tﬁsraqﬂéqlﬁloéz E%)rgmg?@ @ﬂé@gbeﬂmoé %@m
CDC13): S = 5. 18/ dstectzdd) 216084 (d, 1H), 7.33-7.45 (m 5M, 7.78 (dd, 1H),

8.12 (d, 1H), 10.4 (s, 1H). 10 Exanple 3A
(2- Benzyl oxy-5-i odophenyl ) met hanol OBn OH 15 100 ml of | M

ol ution. cvor SRt UEC-S) closinbl: Ancihnpis? PRAGHICHC7uRHIEPLE Agient
i odobenzal dehy dg dEx AP LEIuaR) GomeR.100 GHSH KR! §0 Ak kPaNem, A L@k eRfehf AL Ng

at OC for 2 h, a saturated potassium sodiumtartrate sol ution i s added
whi | e cool i ng (Higfhwater2 lanbbﬁ&(ﬂ%forrmeactd ehient Bndl ltofi@cetenitriieon 1 milxafud08si s

stirred for a further 2 It se ation of . t t he nigc
phase is was hedomi @sidpigradientt @5 “&iﬁd”ﬁrgt r? mé’hﬁ]@?’g ’gds A8y é%s)g%
chloride sol uti 01”@?}{‘9?093‘% A)%‘l%}’lﬁ{n ﬁf%j'Au'B’v@ﬁleSaée oW ite: éﬁ'nm;?ifn weytéaﬁfng]t ed

of f in vacuo. eor e pro uct are obtained. Le A
35722(PCTI 10 210 nm.

Method 18 (LC-MS): MS instrument type: Micromass ZQ; HPLC instrument type:
Waters Alliance 2795; column: Merck Chromolith SpeedROD RP-18¢ 50 x 4.6 mm;
eluent A: water + 500 pl of 50% formic acid/l; eluent B: acetonitrile + 500 pl of 50%

15 formic acid/l; gradient: 0.0 min 10% B - 3.0 min 95% B - 4.0 min 95% B, oven:
35°C; flow rate: 0.0 min 1.0 ml/min < 3.0 min 3.0 ml/min = 4.0 min 3.0 m{/min;
UV detection: 210 nm.

Method 19 (LC-MS): MS instrument type: Micromass ZQ; HPLC instrument type:
20  Waters Alliance 2790; column: Grom-Sil 120 ODS-4 HE 50 mm x 2 mm, 3.0 pm;
eluent B: acetonitrile + 0.05% formic acid, eluent A: water + 0.05% formic acid;
gradient: 0.0 min 5% B - 2.0 min 40% B > 4.5 min 90% B -> 5.5 min %0% B;
oven: 45°C; flow rate: 0.0 min 0.75 mY/min 2 4.5 min 0.75 mU/min =2 5.5 min
1.25 ml/min; UV detection: 210 nm.
25
Method 20 (LC-MS): MS instrument type: Micromass ZQ; HPLC instrument type:
Waters Alliance 2790; column: Uptisphere C 18, 50 mm x 2.0 mm, 3.0 pm; eluent
B: acetonitrile + 0.05% formic acid, eluent A: water + 0.05% formic acid;
gradient: 0.0 min 5% B - 2.0 min 40% B > 4.5 min 90% B - 5.5 min 90% B;
30  oven: 45°C; flow rate: 0.0 min 0.75 ml/min = 4.5 min 0.75 ml/min = 5.5 min
1.25 ml/min; UV detection: 210 nm.




-65 ' H NWR (40Q.eMI35700PCE): 6 = 2. 17 (t, 111), 4.68 (d, 2H), 5.1 (s, 2H),
6.72 (d, IM 7.32-7.42 (m 5H), 754 (dd, 1H), 7.63 (d, IH. Exanple 4A
1- Benzyl oxy- 2- br ononet hyl - 4-i odobenzene 5_3¢3 n (35 mmol ) of phosphorus
tribrom de are added dropwi se to a solution of 35 g (103 mmol) of
(2-benzyl oxy-5-i odophenyl ) met hanol (Exanple 3A) in 350 ml of 10 tol uene at
40C. The tenperature of the reaction mxture is raised to 100C over the

course of 15 nmiMethad 3k (GEC-MSyqIngtrupgns Missoraass: QuaitrpokCa with (HBEC 14gitang

After cooling d.h .ph S he _qQrgani ¢ phase;. | ashe
twice with di e 41 BORRES | AR RRRENB, s} Mind PAME L URE SR ERT S, ce
solution. The Qi@a ¢ mhT% Sorfiié 8ld, Au&Tt B adl sfacetonitAlecr Al VSR Forhfe -
The yield amounts to 41 g (99% of theory). 15 'H NVR (300 MHz, CDC13): 6 =

4.45 (s, 2H), BeidsgtadienzH).) mindO0VmA BH).2 niinakf§Pe A5A BiSanin/30% A > 3.1 min
242- benzyl oxy- 5 |)-2-tert-butoxycar bonyl ani | ¢ Le A
357200 PCn) s 1A & BT B0 i fevAieven: B oyt TRaRERE HY GetEiAM: ene

(Exampl e 4A) apgpgadded to a solution of 28 g (101.7 mol ) of diethyl

2-[N-(rert- butoxycarbonyl)am no]mal onate and 7.9 nl (101.7 nmol) of sodium
ethoxide in 300 tall of ethanol. After stirring at RT for 3 It, the

preci pitated product is fj] r off 5 wth ction. t rying in vacua,
55 g (90% of t Adethod %f(%%éﬁ%%@%?%WB@%’WWW&ﬂ@BL%? tiypei g =
1.12 (t, 6 H), .91 70.8 2 Q3 ( , - 5 (m
219 5.0 (s, 21 T Serist? P DAD i Ordim-oF: E70BSAHE 302 S Sy |
H) . Exanpl g6Aelyent A: water + 500 pl of 50% formic acid/l; eluent B: acetonitrile + 500 pul of 50%
(+1-)-3-(2-Benzyl oxy-5-10dobeenyl)-2-tert-but oxyear bonyl am nopr opi oni ¢ aci d
10 formic acid/l; gradient: 0.0 min 0% B - 2.9 min 70% B 2 3.1 min 90% B >

4.5 min 90% B; oven: 50°C; flow rate: 0.8 ml/min; UV detection: 210 nm.

Method 23 (LC-MS): MS instrument type: Micromass ZQ; HPLC instrument type:
15 Waters Alliance 2795; column: Phenomenex Synergi 2 p Hydro-RP Mercury

20 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 (flow rate:

1 ml/min) <> 2.5 min 30% A (flow rate: 2 ml/min) = 3.0 min 5% A (flow rate:

2ml/min) - 4.5min 5% A (flow rate: 2 ml/min}; oven: 50°C; UV detection:
20 210 nm.

Method 24 (LC-MS): MS instrument type: Micromass ZQ; HPLC instrument type:
HP 1100 Series; UV DAD; column: Phenomenex Synergi 2 p Hydro-RP Mercury
20 x 4 mm; eluent A: 11 of water + 0.5 ml of 50% formic acid, eluent B: 11 of

25 acetonitrile + 0.5 ml of 50% formic acid; gradient: 0.0 min 90% A (flow rate:
1 mlV/min) = 2.5 min 30% A (flow rate: 2 ml/min) 2 3.0 min 5% A (flow rate:
2ml/min) 2 4.5min 5% A (flow rate: 2 ml/min}), oven: 50°C; UV detection:
210 nm.

30 Method 25 (LC-MS): MS instrument type: Micromass ZQ; HPLC instrument type:
HP 1100 Series; UV DAD; column: Grom-Sil 120 ODS-4 HE 50 x 2 mm, 3.0 pm;
eluent A: water + 500 pl of 50% formic acid/l, eluent B: acetonitrile + 500 pl of 50%



H 400 m of | NHesds72P(PET) oxi de solution are added to a suspension of 58 ¢
(97 mmol ) of diethyl 2-(2-benzyl oxy-5-iodobenzyl)-2-tert 15

but oxycar bonyl am nonal onate (Exanple SA) igg800 nml of a m xture of ethanol
and water (7:3). After 3 h under reflux and after cooling to room
tenperature, the pH of the reaction mxture is adjusted to about pH 2 with

conc. hydrochloric acid. The reaction mxture is gﬁ?pﬁrat ed. ge residue is
Or-

taken up in MTEermiA RCigdk @radientel. Udpinetlie Bhrhded min ¢ Puen: 130 e OB Wi t h
MIBE. The COITbI re 20 dried over sodiumsulfate, filtered
and concentr at e?g@{g%fﬂﬁ&gg%gzlfﬁé}g}ﬂ tsin 47 g (97%of theory) of the
product. tH NWR (400 I\/Hz DVSO): & = 1.32 (s, 911), 2.68 (dd, IH) 3.18 (dd,
1H), 4.25 (m 1H), 2 88 (d, 1 : d, 111) 30-7.40
(m 3 H, 7. 45Me®9d(2ﬁ (b&rMS)LH@sm@smYlmpassaﬁumané% \(Vﬂ; %&LC Agllent

b ST 5 SR T S S RIS,

but oxycar bonyl gnji gfoRAEPHANf 01390‘5-’“ folmicSRRATRIAE BON l%f%btbﬁitrll‘étwatlhﬂln@fr 50%
silica gel phase based on the selector from pol y(N-net hacryl oyl - L-1 euci ne

di cycl opr opyl n‘efbnlmy:bamd;leg}adlmtng Oamini 10984 #ne¥ &hyin 40¢%ah > Qtlmnewéi/s Aefdent .

The 10 enanti orrer eluted firs 9 ‘%ee X{,r or ot at qQr n .

di chl or onet hane-1 ("[‘%1 J0%.A St ﬁbg 0)"'8 csrﬁqgr ﬂ’é(trﬁtﬁhé‘ﬁ ‘r‘.’&l%éWéS‘ﬁB‘mi‘s' to
the (R) enanti c%ﬁg Exanpl e (+) 6A, as was determ ned by single-crystal
X-ray structura anal ys'i s. The purity of the second, |evorotatory

enanti oner 1Bxanple (-)-6A i.e. the (S) enantioner, is > 99% ee. 15 Exanple
7 Benzyl . .

3- (2- benzyl oxy-04nHE?

but oxycar bonyl am nopr opi onat e

Synthesis of the starting compounds:

15  Synthesis of substituted phenylalanine derivatives with (-)-3-(2-benzyloxy-5-
iodophenyl)-2(S)-tert-butoxycarbonylaminopropionic acid [(-)-6A] as example

CozEt BocN. _C on
0.El
- COEL oy .
COE Br
boc\ ————ne
|
]

{ )'SA 5A 4A

20  Synthesis of protected biphenyl-bisamino acids with 2(S)-trimethylsilanylethyl 2(S)-
benzyloxycarbonylamino-3-[4,4’-bisbenzyloxy-3’-(2(S)benzyloxycarbonyl-2(S)-tert-
butoxycarbonylaminoethyl)biphenyl-3-yl]propionate (12A) as example




Le A 35722(PCT)Le £8sumteCTar gon, 10 g (20.11 nmol ) of
(-)-3-(2-benzyl oxy-5-1 odopheny2(S)-rert- butoxycarbonyl am nopropi onic acid
[Exanple (-)-6A] are dissolved in 200 m _ggetonitrile. To this are added
246 ng (2.01 mmol) of 4-dinmethylam nopyridine and 4.16 m (40.22 mol) of
benzyl al cohol. The m xture is cooled to -10C, and 4.63 g 5 (24.13 mmol ) of
EDC are added. The m xture is allowed slowmy to reach RT and is stirred
overnight. After about 16 It, the m xture is concentrated in vacuo, and the
residue is purifieds YB ogrg.h n . ca gel (nobile phase

di chl or onet hane). Yiel)# 10. 65 g¥88% of 'th y? #LC (Method 3): R = 6.03
mn; LCGM (Method 9)f R, =270 nmin—5 (BCl): ni = 605 (M:Ni 1) . 'H-NNR
(200 MHz, CDCl a) : eofhiN= Y L3 .
4.70 (m 11D, 5.0Q38 10 (m 4H), ap. 22 ( I
7H), 7.37- 7.52 (ny 511). 10 Exanple SA Benzyf
3-[2-benzyl oxy-5-(4,4,5 5-tetramethyl-[1, 3, 2] di oxabgr ol an-
2(S) -t ent - but oxycam (52. 6070
acetate are added to olution ¢/10.30 g (53 nol) of b8 Yl 12a

3- (2-benzyl oxy-5-i odpp -tert- Buto ycar bonyl am nopr opi onat e
(Exanple 7A) in B®H e oxygenat ed by passing
argon through the vigé&rously stir?ed solutiondor 15 mn. Then 5.17 ¢
(20.16 mmol) of bt*¥pi nacol at 0) d'¥or ane and 5% ng (0. 70 nmmol ) of

bi s( Bi phenyl phosphi no)ferrocenepal | adiun{ll) chloride are added. The m xture
is Le A 35722(PCT) -69 then heated to 80C under a gentle stream of argon and

after 6 h is cooled again. The . o )
Synthesis  of  protected  hydroxy  ormnithine  derivatives  with  5-

benzyloxycarbonylamino-2(S)-zert-butoxycarbonylamino-4(R)-(tert-
5  butyldimethylsilyloxy)pentanoic acid (14A) as example

BocHN\v,ﬂ\ )41 BocHN._ P BocHN\U,ﬂ\
NHZ NHZ NHZ
13A 14A

Synthesis of protected biphenomycin derivatives with (8S,11S5,145)-14-[(tert-
10  butoxycarbonyl)amino]-11-{(2R)-3-[(tert-butoxycarbonyl)amino]-2-
hydroxypropyl}-5,17-dihydroxy-10,13-dioxo-9,12-diazatricyclo[14.3.1.1 6.
henicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxylic acid (21A) as example




m xture is purilfei2d5H2(B6TumMm chr omat ography on silica gel (nobile phase:

di chl oronet hane). DMSO resi dues present are renoved by Kugel rohr
distillation. The residue is again purifige_ by colum chronmatography on
silica gel (nobile phase: 5 cyclohexane:ethyl acetate 4:1). Yield: 8.15 g
(79% of theory). HPLC (Method 3): R(= 6.26 min. LGM (Method 6): Rt = 5.93
and 6.09 mn. M-(Ely mz =588 (MtH . "HNWR (200 MHz, CDC 3): S = 1.26
(s, 6FD, 1.33 (s, 9FD 1.36 (s..611), 2.91-3.10 (m -3.28 (m IH),
4.49-4.68 (m 111) ) 11 (dd, 2

111), 727737(|EF{‘° : .@" 50 (™

1H). Exanple 9A 10 2(Sy- Anlno 3-Y 2- benzyl ox -5 |odo-henyl)pro-|on|c acid
hydrochl oride x HCl 12l g (24.13 Dl ) of :

3-(2-benzyl oxy-5-ig %ﬁr 15 but gxyearbonyl amyrionc@pnLoni ¢ aci d
[ Exanple (-)-6A] are p arg iMto 60 n1 ﬁ £ M hydfochlor c acid
solution in di oxane andQ@M&ﬁredzﬁzjﬂ'for 2 h. * eaction sqkption is
concentrated and dried under high vacuum Yield: 10.47 (100@6of t heory).
HPLC (Method 3): R =4.10 min. 20 M5 (El): nfz = 398 (MH{H LGl Le A
35722(PCT) -70 ' H-NMR (200 MHz, CDCL3): 5= 3.17-3.31 (ny 1H),Y3.-98-3.47 (m
1H), 4.22 (t, 1H), 5.13 (s, 2H), 6.69 (d, 1 H), 7.24-7.}40 (m ’BS 14A
7.41-7.45 (m 211); 7.48 (d, 1H), 7.52 (d, 111), 7.60 (@, 1H), '§,66 (br.

2H). Exanple | 0A B

2(S) - Benzyl oxycar bony, nic acid
Bn
BnO
ZHN C0,Bn i N coAn

NHZ 16A NHZ

TMSEQ
HO \L_OH \EOTBS
17A 1




59.25 m (53. 02 ABS2WPCI Ndi i sopropyl et hyl am ne are added to a solution of
10.46 g (24.13 mmol) of 2(S)-am no-3-(2-benzyl oxy-5-i odophenyl ) propi onic
acid 10 hydrochloride (Exanple 9A) in DVF_g6.615 g (26.54 mmol) of N
(benzyl oxycar bonyl ) succi ni m de (Z-OSuc) are added thereto. The resulting
solution is stirred overnight and then evaporated in vacuo. The residue is
taken up in dichl oronmethane and extracted twice each with 0.1 N
hydrochl oric ach d saturated aqueous sodium chloride sol ution.
The organic phase is dried, filtered and 15 concentrated. The m xture is
purified by colum chromatography on silica gel (nobile phase:
cycl ohexane/ di ExamipletAer 9:1 to 8 2). Yi eI d: 8.30 g (65% of theory) HPLC
(Method 3): R =5.01 mn. I\/B(] ;. ink = 532 (MtH)'. "H NWR (200 MHz,
DI\/SO) 8 = 3. 1z2uI:JerW‘r5-MQPFn@ gehydess (m 1H), 4.97 (s, 2H), 5.14 (s,
688(& 7.20-7.56 (m 12 H), 7.62 (d, 1 H), 12.73 (br.s, IH. 20
Exarrple I (2- TrlrrethyIsHyI)ethyI
2(S) - benzyl oxycar bonyl am no- 3- (2- benzyl oxyg 5y i odophenyl ) propi onate Le A 3
722(PCT) -71 8.35 g (15.7 mmol ) of
2(S) - benzyl oxycar bonyl am no- 3- ( 2- benzyl @
(Exanple 10A) are introduced into 150 mi THE, and 2.14 g (18.07 nmol) of
2-trinethylsilylethanol and 250 ng (2.04 pl ) of 4- dinmethyl am nopyri di ne
are added. The mixture is cooled to 0, and 2.38 g (2.95 ml, 18.86 nmol) of
NN - di i sopropyl carbodiimde dissolved in 40 mMl of THE are added. The
mxture is stirred at RT overni ght and evaporated in vacuo for working up.

The 10 residue | ke dj.c h. a c Wi e ith
0.1 N hydr ochrr 1R @teaide; UrPhRans g PaPeaiisib " e mimol pBF Bl
solution. The d@&ﬂl@ﬂhﬁﬂﬁh@ﬁ@au@eddaio@dasefwetr&heedo@@a o€ rl¢ entar @ibn dhess g

m xture is purified by colum

10 (1.54 mol) of salicylaldehyde in 11 of anhydrous dichloromethane in a heat-dried

-~B6 i odophenyl ) propi onic acid

flask under argon. After stirring at RT for 3 days, a saturated aqueous sodium sulfite
solution is added with vigorous stirring. The organic phase is separated off, washed
once with water and saturated aqueous sodium chloride solution and dried over
sodium sulfate. The solvent is evaporated and the residue is recrystallized from ethyl

15  acetate. 216 g (57% of theory) of the product are obtained.
LC-MS (ESI, Method 10): m/z = 246 (M-H).
'"H-NMR (400 MHz, CDCL): § = 6.7 (d, 1H), 7.77 (dd, 1H), 7.85 (d, 1H), 9.83 (s,
1H), 10.95 (s, 1H).

Example 2A
2-Benzyloxy-5-iodobenzaldehyde

20

OBn H




chronat ogr aphy LeA B3722(B@T) nobi |l e phase: cycl ohexane/diethyl ether 9:1 to

8:2). Yield: 8.2 g (83%of theory). HPLC (Method 3): R =6.42 mn M
(El): mz =532 (MH) . 15 'H NWMR (300 M4 CDC13): 8 = 0.01 (s, 911), O0.88
(t, 211), 2.96 (dd, 1H), 3.33 (dd, IH), %4 4.17 (in, 213), 4.51-4.62 (m
IH), 4.95-5.05 (m 411) 544(d 111) 664(d 1H), 725733(m 7 H,

Z( %)7 E)gﬁ zyﬁé}&éaw{?[ﬁ)ﬂff H@ED @p@gs%m olag@égézagq: (ég-gpl ggtahs%luiloln of 106 y0 40 mol)

2(S)-b I ]
(203 - Denzy ! ot s atRgRys 2 d bk JUERUSTSRN AP h0E) BYHURApio o,

bi s(di phenyl pbafipha rfowf minucsse 5 & el (0l niolf |df ) beabylodhlotide are(ddded. quopéa)c)xomnd
0.325 g (1.0 mmul ) of cesium carbonate are added tqQ a sol utiaon gm_ 316 g
(0.5 nmol) of @EXFY Hetthtadsindgr yeshwyat 120%) feedd I RyT itmaaAt 4t HY-Bfyrthe

benzyl oxy- 51 odaRheAVl R aRlAne] & (RSP TPk Ra bhfhiiddl o hg@@pég%ﬁfg@ssﬁﬁ&ew

under argon at reac I'on- m xture Ts (0] e course of

go[g‘g a |50| U’bgiowmf s@cu%ﬂ4 \@ash&l IwigeD hjithOwakeen@d dried in vacuo. The solid is
enzyl oxy-

tetramet hyl -[ 1,r@cn?.s]tdhmdaﬁgnbwhmmﬁ|e)h@neln>ll2]2~9a €)0% ef ttheory) of the product are
but oxycar bonyl ag1 noBropl onate (Exanple 8A) in 2.5 m of degassed DMF is
added dropw s@ reaction mxture is stirred at 40C for 4 h and at 50C

for a further L.t _Th | ve S, ev d and the residue is taken up in
et hyl acetate. Ifﬁé“ @@aﬁf@h@hﬁgé’]{s %@%ﬁed twice with water, dried over
sodium sul fate gﬂ%ﬁ% Wﬁﬁfk‘, 5Ihr,e1 5 BIRAGUCIH), 3.3pLT.45 (m,cEH))yT 78

Sl |(ca AGxa) d

chr omat ogr aphy on W t h di chl oronet hanel et hyl acetate (30/1).
0320 g (66% of (ddet¥r)y®. laf(dllié) p0ddsidtDi s obt ai ned.

10
Example 3A
(2-Benzyloxy-5-iodophenyl)methanol
OBn
OH
|
15

100 ml of 1 M diisobutylaluminum hydride solution in dichloromethane are added to
a solution, cooled to 0°C, of 33.98¢g (100.5mmol) of 2-benzyloxy-5-
iodobenzaldehyde (Example 2A) in 200 ml of dichloromethane. After stirring at 0°C
for 2 h, a saturated potassium sodium tartrate solution is added while cooling (highly
20 exothermic reaction), and the reaction mixture is stirred for a further 2 h. After
separation of the phases, the organic phase is washed twice with water and once with
saturated aqueous sodium chloride solution and dried over sodium sulfate. The
solvent is evaporated off in vacuo. 31.8 g (93% of theory) of the product are

obtained.



Met hod B: 20 AlsoAgG6722(PEM)Y6.99 g (11.06 norel) of (2-trinethylsilyl)ethyl
2(S)- benzyl oxycarbonyl am no- 3- (2- benzyl oxy- 5-i odophenyt) pr opi onat e ( Exanpl e
| 1A) and 6.50 g (11.06 nmmol) of benzyl _gs5.

3-[ 2- benzyl oxy-5-(4, 4,5, 5-tetranet hyl -

1, 3, 2] di oxaborol an- 2-yl ) phenyl ] -2(S)-tert-butoxycarbonyl am nopropi onat e
(Exanple 8A) in 40 mMl of DWF is degassed by passing argon throu%h about 25
30 min.). Then SH:NMB (@00 ¥MEmEIDCleE 6=2.17 (t, 1H), 4.68 (d, 2H), 5.1 (s, 2H), 6.72 (d, 1H),

bi s(di phenyl pho [ ernre ' | l.),.&hl oride (PdCl2(dppf)) and 7.21
g (22.13 mol )%gfgig&{%%aﬁggﬁgzﬂg&gﬂﬁ’dgg thereto. A gentle stream of
argon is Le A 35722(PCT) -73 passed over the reaction m xture, which is
heated at 80C for 2.5 h. The m xture is cooled and purified by col um

chr omat ogr aphy ﬁn sill i4ga gel (nobil e phase: cyclohexane/ethyl acetate 7:3).
Bef or e evapor at yness is conplete, diisopropyl ether is added to
the mxture. TheBe@slody-2Gbrémyfieiyl-Liodobéddepé ed of f with 5 suction and

dri ed under high vacuum Yield: 6.54 g (61% of theory). HPLC (Method 3): K
= 7.65 min B (BEl): mz = 987 (M:Na), 965 (MrH)'. 'H- NMR (200 MHz, CDO 3): 6
= 0.00 (s, 911), 0.90 (t, 211), 1.37 (s, 911), 3.02-3.35 (in, 4H 4.06-4.25
(m 211), 4.55-4.73 (in, 211), 4.98-5.180wm, SH), 5.40 (d, 111), 5.63 (d,
111), 6.88-7.00 (m 2H), 7.19-7.39 (m 2(Q11), 7.42-7.53 (in, 411). Exanple
13A 10

No- (t ort - But oxycar bonyl)-N(benzyl oxyca
| act one BocHN 15 A solution of 7.60 g
5- benzyl oxycar bonyl am no-2(S)-tert-

but oxycar bonyl am no- 4( R) - hydr oxypent anoat|le (preparation described in Og.
Lett. 2001, 3, 20, 3153-3155) in 516 m {of dichloronmethane and 516 m of
trifluoroacetic

) - (2 4R) - hydr oxyor ni t hi ne
nmmol ) of tert-butyl

3.3 ml (35 mmol) of phosphorus tribromide are added dropwise to a solution of 35 g
(103 mmol) of (2-benzyloxy-5-iodophenyl)methanol (Example 3A) in 350 ml of
10 toluene at 40°C. The temperature of the reaction mixture is raised to 100°C over the
course of 15 min and is stirred at this temperature for a further 10 min. After cooling
the two phases are separated. The organic phase is washed twice with distilled water
and once with saturated aqueous sodium chloride solution. The organic phase is dried

over sodium sulfate and evaporated. The yield amounts to 41 g (99% of theory).
15 'H-NMR (300 MHz, CDCl3): 8 = 4.45 (s, 2H), 5.06 (s, 2H), 7.30 (m, 8H).

Example SA
Diethyl 2-(2-benzyloxy-5-iodobenzyl)-2-fert-butoxycarbonylaminomalonate

CO,Et

N CO,Et
boc

BnO I




acid is stirredeA 3RRIPCTE h. The solvent is evaporated. The remnaining
crude product 1s dissolved in 2.61 of anhydrous nethanol and, while

stirring at 0C, 6.3 g 20 (28.8 mmol ) of di_(ert-butyl dicarbonate and 7.3 ni
i

(52.43 mmol ) of triethylam ne are added. ter 15 h, the reaction solution
I's evaporated and the residue is taken up in 1 1 of ethyl acetate. After

t he phases have been separated, the organic phase is, extracted twice with a
5% strengt h ci t4lig (3l dmyeplhaf obrbenzyl e -Jebromarpgtbyl-4rindobenzene dExampleo 44pcT

-74 with saturated yeoys sodiym chl gri S t 4 ried SO
sul fate and c%ﬁ%eﬁ?&é’feg’. %’h%ot:{lrwﬁ e °$ o%eu%t ?!(gl'%ﬁ%?l?eg?bf?%ﬁlon%ﬁgg%tﬁhy
on silica gel Vﬂuﬁdkycir‘bbt&'ﬂytﬁ‘p’liﬂﬁ Aeatd ard )7.9 i %A 00.7(niB%0)0df sediamy gthokide He

product are obtai ned. LCGHR-FT-1CR-M5 (Method 13): talc, for CL8H28N3Ce
(MFNH4) ' 382. 15800an! ¢fmihanobgbftersriome atR Nk Yok megipitapdiprodust is filtered of

OH), 2.3-2.4 (m..,dH).. 2.45-2 55 {( | H) 5 1 - m IN),
4.17-4.28 (3n, it Q"HF")-&E%‘ d(’?”r‘?,g(“rimkﬁ‘i“"s%g g?@/g%( ﬁw?g))z?ﬁf?‘)d’z‘.c%??%‘ ?“51, 511) .
5 Exanpl e 14A SR = ) , 3.8-3.9 (m,

5- Benzyl oxyear b&ﬁyﬁ%ﬁ ﬁgQ%-qDeg}f)i %utlélg'y(tégrl-g(’)wlﬁ gsrhglfl%-34ts(slig)512(1%)e?t - (o

but yl di met hyl si banyyd. pscy 2Bt amYi 00 ac2H), 6. BEc HY), GH3@EBEINA28 A (bt 66 74 2 n
of I M sodi um hydroxi de solution are added to a solution of 0.73 g (2 nmol)

of Na-(tart-bufékyHarbonyi)-N (benzyl oxycarbonyl)-(2S, 4R) - hydr oxyor ni t hi ne
| act one

Example 6A
(+/-)-3-(2-Benzyloxy-5-iodophenyl)-2-tert-butoxycarbonylaminopropionic acid
10
H
-
boc COH
BnO |

400 ml of 1 N sodium hydroxide solution are added to a suspension of 58 g
(97 mmol) of diethy! 2-(2-benzyloxy-5-iodobenzyl)-2-tert-
15  butoxycarbonylaminomalonate (Example 5A) in 800 m! of a mixture of ethanol and
water (7:3). After 3 h under reflux and after cooling to room temperature, the pH of
the reaction mixture is adjusted to about pH 2 with conc. hydrochloric acid. The
reaction mixture is evaporated. The residue is taken up in MTBE and water. The
aqueous phase is extracted three times with MTBE. The combined organic phases are
20  dried over sodium sulfate, filtered and concentrated. Drying in vacuo results in 47 g
(97% of theory) of the product.
'H-NMR (400 MHz, DMSO): § = 1.32 (s, 9H), 2.68 (dd, 1H), 3.18 (dd, 1H), 4.25 (m,
1H), 5.15 (s, 2H), 6.88 (d, 1 H), 7.08 (d, 1H), 7.30-7.40 (m, 3 H), 7.45-7.55 (m, 3 H).




15 (13A) in 50 pdAgh7R(PETY oxane at OC. The reaction solution is stirred for
2 It and then evaporated. The residue is taken up in 50 m of

di chl oronethane. 1.12 m (8 mmol) of triethylam ne are added to this
solution and, after a short tinme, 1.38 nj mmol )  of
tert-butyldinmethylsilyl trifluoronmethanesul fonate are added dropw se. After
stirring at RT for 3 It, the reaction mxture is diluted with

di ehl or onet handxanyple $0-6& gani ¢ phase is washed with | N sodi um bi carbonate

solution, dried Qvar dj f . t is

di ssolved in Y%i&ﬁﬁ e@?%ya_-mdglﬁgﬁ@lﬁéﬁbg%é%ﬁg&gﬁﬁ%%I{lﬁw%gg&ﬁgfrﬁc%3 roxi de
solution are added. After stirring at RT for 3 It, the reaction solution is
evaporated, and the residue is taken up in water and ethyl Le A 35722(PCT)
-75 acetate. The organic phase is extracted fFhToe tines with ethyl acetate.
The conbi ned organic phases are dri e?n s gl fate and evapor at ed.
0.90 g (90% of theory) of the product is Met hod B: A solution
of 14.0 g (38 nmol) of benzyl 2(S)-tert-but

g of palladiumon carbon (10% and hydroggnated under atnospheric pressure
at RT for 24 h. The mxture is filggyed throughHki esel guhr, and the
filtrate is mxed with 14.7 g 10 (114 nNdl) f dii sopropyl et hyl am ne. Then
11.4 g (45.6 nmmol) of N (benzyl oxycar bbnyl odxly) succi ni m de are added, and
the mixture is stirred at RT for 4 It The s8lution is concentrated, and the
residue is taken up in dichloronmethane and extracted twice with 0.1 N
hydrochl ori g acid. The organi c phase is separated off and nmade al kaline

with 14.7 g (114 nmol ) of diiso&opyl amne. The solution js cooled to 15 0C,
30.1 g (114 nmolhe chcathatet frpm tlxamme b d(3/Pr3-{3-benzyloxyriciodaplanylr Hakies-ar e

added, and the ,m xture i stirred at R f.or 2. T [ I: i
neaned artnt e MidsEaotdamiidriiiafth ahk i sefited on' B0 8GR0 IR el

sul fate and evapasat edased Theord esiidue éetectirsSofryi@d i polpV-etipbrydoyNakacingi xed
with 200 mM of 0.1 N sodium hydroxide solution and stirred at RT for 3 It

After extract i alicyséopsepplmethytamide) usieg Ry |i-hexane/ethy] acetate mixture as eluent. The

10 enantiomer eluted first (98.9%ee) is dextrorotatory in dichloromethane
({a]¥: +3.0°, ¢ =0.54, dichloromethane) and corresponds to the (R) enantiomer
Example (+)-6A, as was determined by single-crystal x-ray structural analysis. The
purity of the second, levorotatory enantiomer Example (-)-6A, ie. the (S)

enantiomer, is > 99% ee.

15

Example 7A
Benzyl 3-(2-benzyloxy-5-iodophenyl)-2(S)-fert-butoxycarbonylaminopropionate

BnO |

OBn
BocHN




20 acetate, thE&epBIEIAPOTPrgani c phases are dried over sodium sul fate and
concentrated in vacuo. The residue is chromatographed on silica gel (nobile
phase: dichloronethane/ ethanol 20/1, 9/1)¢e8.11 g (43% of theory) of the
product are obtained. M5 (ESI): mz = 497 (MtH'. 25 '"H NtvlR (300 MHz,
d6-DMSO): 5 = 0.00 (s, 6H), 0.99 (s, 9H), 1.33 (s, 911), 1.59 (m 1H),1.80
(in, 1H), 2.75-3.15 (in, 2H), 3.81 (m 1(5!), 3.98 (m.  1H),. 4.96 (m ZI—P, 7.04
(d, 1H), 7.19 Undenargom 30g( 0. Elymmoly of7 (Pir(2-kenzylaxy-SeiedepheayhohS)-rer:-

2- (Trimet hyl si 13- - a = zyl oxyco. r I ' -
bi shenzyl oxybi %ﬁ@g#g}g&‘?ﬁ?@? %§°$ g)@lcz%moxﬁggarrgﬁgy?g%qogf ogﬁgérqgfinx io{ffmft
hydrochl ori de keeténiGié2P4 BES re-addedB04b @3 24HNnmo0 dfi2Ndimetiy@BmopyiidiaOaid HCl
50 M of a 4 M hydrochl oric aci d/di gxane sol ution are added over the course

of about 5 204niormt G02258mael)iofbened gleohok dho@ixyre B aggled to 2 19% . and| 496308

2-(trinmethylsil t hyl . . .
2(S) - bonzy! Sxy G bOAANPREDS. 15 24deds T ARiRgHTS 1 AU & oS3 oRT By 1 -
2- tert-but oXyGaFEP BYeAIBhOAEEY hBduit ABa!) the BniXtukdiOpbrieBatrfted X a8RIE andAhei N
50 m of anhydrous di oxane. After stirring for 3 It, the reaction solution

i s evapor at ed aesitluedis guirifiedeby hiajtmnachromatogtaphiyeon: silionogedf (melter yhasep C
(Method 3): R o Rsragethane). YRid: 5065 Sl88o7 o BRoly M) " -
HPLC (Method 3): R; = 6.03 min; LC-MS (Method 9): Ry=4.70 min
MS (DCI): m/z = 605 (M+NH,)".
'"H-NMR (200 MHz, CDCly): & = 1.38 (s, 9H), 2.97 (dd, 1H), 3.12 (dd, 1H), 4.50-
4.70 (m, 1H), 5.00-5.10 (m, 4H), 5.22 (d, 1H), 6.64 (d, 1H), 7.28-7.36 (m, TH), 7.37-

7.52 (m, 5H).
10
Example 8A
Benzyl 3-[2-benzyloxy-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)phenyl]-
2(S)-tert-butoxycarbonylaminopropionate
CH,
P~Lch,
BnO B\
O/rCH3
CH,
OBn
BocHN
o
15

5.15g (52.60 mmol) of potassium acetate are added to a solution of 10.30g
(17.53 mol) of benzyl 3-(2-benzyloxy-5-iodophenyl)-2(S)-tert-
butoxycarbonylaminopropionate (Example 7A) in 70 ml of DMSO. The mixture is
20  deoxygenated by passing argon through the vigorously stirred solution for 15 min.
Then 5.17 g (20.16 mmol) of bis(pinacolato)diborane and 515 mg (0.70 mmol) of
bis(diphenyiphosphino)errocenepalladium(ll) chloride are added. The mixture is



Exanpl e 16A 15]1Ren3¥722(PCT)

2(S)-[ S benzyl oxycar bonyl am no-2(S)tert-but oxycarbonyl am no-4(R) -
(tort-butyldi methylsilyl oxy)pentanoyl am nokg3-{4, 4' - bi shenzyl oxy-3'-[2 (S)-
benzyl oxycar bonyl am no-2-(2-tri net byl sil yI e?hoxycar bonyl ) et hyl | bi phenyl - 3-
yl }propi onate Le A 35722(PCT) -77 OBn N 'CO2Bn TM EO H OIBS NHZ 0. 219 ¢
(0.58 mol ) of HATU and O, 082g (0.63 mol ) of diisopropylethylamne are
added to a sol thdrdipateddel883C updere gsmtle sgam gf argonandaRen 6 s igooled again. The

2- hyl si | hyl 3= 2 2-b
bi sbenzyl oxybi PHEHGT 5. piitie & bEhoRl SRS BaRTHa i SBlcg o Rl Shibhe “phast.
hydrochl ori de Me&aﬁzﬁ'ﬁMs@drted%g; pebsét 8 réR@led 8% Kugelrohr distillation.

5- benzyl oxycar bonyl am no- tert-

but oxycar bonyl dmenwldm&pagmgmnﬁad bl ¢ohamirhghirgmptpgaphy pesilzaget(maehils phase:
(Example 14A) in 7.3 m anhydro s DVF, After stirring at OC for 30 mn,
an 10 addi tﬁon&b’cbhqme@%(ﬂa%atﬁﬁﬂ ) of NN-diisopropylethylanine i s added.

The reaction l?wugq5§s(g§%5frtﬁ%rgt RT fo_r 15 It The solvent is then

evapor ated, and ere ue 1s en up in ethyl acetate. The organi c phase

i's washed threeH_p cﬁd VL8 26 pg, once with saturated aqueous sodium
chl ori de sol ution, ver SOdI um sul fate and concentrated. The crude

product is purllcedsmetﬂmd(ﬁ)ﬁtgegi%hydﬁﬁ9M| ca gel with 15
di chl or onet hanel et h acet atlﬂ\é1 adl ent 30/1 4 20/1 4 10/1). 533 ng (66% of
theory) of the Mso@i)c LC-MS (ESI, Method 12): nmiz = 1342

(MrH) ", 1365 (Mg (200 MHz, CDC13): & =1.26 (s, 6H), 1.3 (s, 9H), 1.36 (s, 6H), 2.91-3.10
(m, 1H), 3.12-3.28 (m, 1H), 4.49-4.68 (m, 1H), 5.05 (dd, 2H), 5.11 (dd, 2H), 5.30 (d,
1H), 6.90 (d, 1H), 7.27-7.37 (m, 7H), 7.38-7.42 (m, 3H), 7.55-7.62 (m, 1H), 7.67 (dd,

1H).

Example 9A
10 2(S)-Amino-3-(2-benzyloxy-5-iodophenyl)propionic acid hydrochloride

BnO ]

x HCI
OH
H,N

12¢g (24.13 mmol) of 3-(2-benzyloxy-5-iodophenyl)-2(S)-tert-
15  butoxycarbonylaminopropionic acid [Example (-)-6A] are put under argon into 60 m|
of 4 M hydrochloric acid solution in dioxane and stirred at RT for 2 h. The reaction
solution is concentrated and dried under high vacuum.
Yield: 10.47 g (100% of theory).
HPLC (Method 3): R; = 4.10 min.
20 MS (EI): m/z = 398 (M+H-HCI)".



Exanpl e 17A 20 Le A 35722(PCT)
2('S) - Benzyl oxycar bonyl am no- 3-{4, 4’ - bi sbenzyl oxy-3' -[ 2(S) - benzyl oxycar bonyl -

2- (5- benzyl oxycar bonyl am no- 2('S) - t ent - but gxycar bonyl ami no- 4(R) -
hydr oxypent anoyl am no) et byl | bi phenyl -3-yl ] propionic acid Le A 35722(PCT) -78
N HZ Method A- 0.80 ml of a 1.0 Msolution of tetrabutylamoniumfluoride in
THE is added to a 5 solution of 0.360 g (0.27 nmol) of benzyl

2(S)-[5-benzyl okmqquo(ﬂﬂd)ﬁﬂﬂz;@ﬂllﬁ)s 317331(m 1H), 3.33-3.47 (m, 1H) 4.22 (t, 1H),
tert - but oxycarbonyl am no-4(R)-(te but t hyl k p noyl.agi-po] - 3-
(4, 4' - bi shenzyl &Xp-@ 2268 (ﬁaehggb 70357?,‘3 iﬁb%‘ﬂsﬂ'@/ % 9%% )\ 752
trimethylsilyle C enyl - 3-yl } propi onate (Exanple 16A) in
22.5 mM of anhyk‘?’%é %ﬁﬁ?‘{]ﬁﬁ)er s¢b} ﬂﬂg at RT for I h, the reaction m xture
is 10 cooled to OC, and water is added. After addition of ethyl acetate, the
phases are separated. The organic phase is washed with a 1.0 M sol ution of

pot assi um bi sulﬁggggle lﬂl’el ed over sodium sul fate and evaporated. 0.331 g of
t he crude prod ned. The crude product is reacted w thout further

purification. snﬁi ﬁ%ﬁb cHEbdh}(llmﬁﬁ))oJ A2-bemiy16)§ -}-idddphenyl)s-opiviRT adidR- VS
calc. for C&&E169N4014 (Ml -1)" 1129.48048 found 1129.48123. 15 Method B
1.8 M of IN tetrabutylammoniumfluoride in THE are added dropwi se to a
solution of 800 ng (0.6 nmol) of benzyl
2(S)-[ 5-benzyl oxycar bonyl am no-2(S)-tert-
but oxycar bonyl am no-4(R)-(tert-butyl &nie yt-bxy) pent anoyl ami no] - 3-
(4,4 20 bisbenzyl oxy-3'-[2(S)-benzy[ oxycanNzeny| am no- 2- ( 2-

trimethyl silyl ethoxycarbonyl)ethyl]bi phenyt-3-yl}propionate (Exanple 16A) in
26 m of absolute DMF at RT. After 25 mnfat RT, the mxture is cooled to OC
and a OH

ZHN

9.25 ml (53.09 mol) of N,N-diisopropylethylamine are added to a solution of 10.46 g
(24.13mmol)  of  2(S)-amino-3-(2-benzyloxy-5-iodophenyl)propionic  acid
10 hydrochloride (Example 9A) in DMF. 6.615g (26.54mmol) of N-
(benzyloxycarbonyl)succinimide (Z-OSuc) are added thereto. The resulting solution
is stirred overnight and then evaporated in vacuo. The residue is taken up in
dichloromethane and extracted twice each with 0.1 N hydrochloric acid solution and
saturated aqueous sodium chloride solution. The organic phase is dried, filtered and
15 concentrated. The mixture is purified by column chromatography on silica gel
(mobile phase: cyclohexane/diethyl ether 9:1 to 8:2).
Yield: 8.30 g (65% of theory)

HPLC (Method 3): R,=5.01 min.

MS (EI): m/z = 532 (M+H)".

'H.NMR (200 MHz, DMSO): & = 3.14-3.3 (m, 2 H), 4.25-4.45 (m, 1H), 4.97 (s, 2H),
5.14 (s, 2H), 6.88 (d, 1 H), 7.20-7.56 (m, 12 H), 7.62 (d, 1 H), 12.73 (brs, 1H).

20 ExamplellA
(2-Trimethylsilyl)ethyl 2(S)-benzyloxycarbonylamino-3-(2-benzyloxy-5-

iodophenyl)propionate




| ar ge anount oOff ¢l £85 BCThSs added. Ethyl acetate and sone IN hydrochloric

acid Le A 3572 - solution are i medi ately added. The organi c phase
is dried with magnesi um sul fate, concent r_a)t]gd and dried under high vacuum
for I It. The crude product is reacted wthout further purification. 5

Exanpl e 1SA Benzyl

2(S) - (5-benzyl oxycar bonyl am no-2(S)-ter(-butoxycarbonyl am no-4(R) -

hydr oxypent anoyl am uo) - 3-[ 4, 4' - hi shenzyl oxy-3' - (2(S)-benzyl oxycar bonyl -
am no- 2- pent af | uor ophenyl oxycar bonyl et hyl ) bi phenyl - 3-yl | pr opi onat e BocHN
r'oO 10 Method A: 90 ng of pentafl uoropheno .49 mol ), dissolved in a
little dichloronethane, and 1.1 ny %rfno Wyl am nopyridine (10 M and
19.4 ng (0.10 mmol) of EDC are 15 a

104 ng (92 Mmol) of 2(S)
benzyl oxycar bonyl am no- 3-{4, 4' - bi sbhenzyl gky-3' -[ 2(S) - benzyl oxycar bonyl - 2- ( 5-

hydr oxypent anoyl am no) et hyl ] bi phenyl - 3-
m  of dichloromet hane under argon. ZdMer gfirring for 15 h, the reaction
m xture is 20 concentrated. The crude prody¢t is reacted wi thout further
purification. Le A 35722(PCT -80 LC-M5 (ESIT Method, 11): ntz = 1317
(M:Na) ', 1295 (MtH)°. LG HR-FT-1CR-MS: calc. for C'HagF5N4AOL4 ( M+H)®
1295. 46467 found 1295.46430. Method B: 691 ng (crude m xture, approx. 0.6

mol) of 2(S)- b&??g E' OX)(PS% R’&Q&'IB am gp- 3'i(ﬂ')-ﬂéﬁzyloxycarbonylaminod—(2-benzyloxy-5-
5  iodophenyl)propionic acid (Example 10A) are introduced into 150 ml of THF, and
2.14 g (18.07 mmol) of 2-trimethylsilylethanol and 250 mg (2.04 mmol) of 4-

oPITMBEe aci d (Exanple 17A) in 3

dimethylaminopyridine are added. The mixture is cooled to 0°, and 2.38 g (2.95 ml,
18.86 mmol) of N, N -diisopropylcarbodiimide dissolved in 40 m1 of THF are added.
The mixture is stirred at RT overnight and evaporated in vacuo for working up. The

10  residue is taken up in dichloromethane and extracted twice each with 0.IN
hydrochloric acid solution and saturated aqueous sodium chloride solution. The
organic phase is dried, filtered and concentrated. The mixture is purified by column
chromatography (silica gel, mobile phase: cyclohexane/diethyl ether 9:1 to 8:2).
Yield: 8.2 g (83% of theory).

HPLC (Method 3): R, = 6.42 min

MS (ED): m/z= 532 (M+H)".

IH-NMR (300 MHz, CDCly): 5 = 0.01 (s, 9H), 0.88 (t, 2H), 2.96 (dd, 1H), 3.13 (dd,
1H), 4.04-4.17 (m, 2H), 4.51-4.62 (m, 1H), 4.95-5.05 (m, 4H), 5.44 (d, 1H), 6.64 (d,

s D 7.25-7.33 (m, 7 H), 7.37 (dd, 4HD), 7.45 (dd, 1H).

Example 12A
2-(Trimethylsilylethyl 2(S5)-benzyloxycarbonylamino-3-[4,4’-bisbenzyloxy-3’-
(2(S)-benzyloxycarbonyl-2-tert-butoxycarbonylaminoethyl)biphenyl-3-

20  yl]propionate




5 Le A 35722(PCT)
bi sbenzyl oxy-3'-[ 2(S) - benzyl oxycar bonyl - 2- (5- benzyl oxycar bonyl am no-2(S) -ter
t- butoxycarbonyl am no- 4(R) - hydr oxypent angyhani no) et hyl ) bi phenyl - 3-yl ;
propionic acid (Exanple 17A) are introduced into 25 m of dichl oronethane,
and 547.6 ng (2.98 mmol ) of pentafl uorophenol, dissolved in 6 m of

di chl oronet hane, are added. 7.3 ng (0.06 mvl) of DMAP are added, and the
m xture is cooled to -25C 10 (ethanol/carbon dioxide bath). At -25C, 148 ny
(0.774 mmol ) of EDC are added. The warns to RT overnight.
The reaction m xture is concerBn® bCOBxf |y dried under high
vacuum The crude product is reacted her purification. 15
Exanpl e 19A Benzyl

14. 3. 1.1="al- henicosa-1(19), > (B ( e ne- 8(S) - carboxyl ate
NHZ Le A 35722(PCT) -81 Met ho&ﬁ“ 4 rﬂof g&%hydr@@hﬁﬁri c acid solution
in |,4-dioxane are added to a solutio T‘Rﬁ g119.3 ny of benzyl

2(S)-(5-benzyl oxycar bonyl am no-2(S) -t rt-%ut oxycar bonyl -

am no- 4(R) - hydr oxypent anoyl am no) - 3-[ 4, 4' - bi sbenzyl oxy-3'-(2(S)-benzyl oxy 5
car bonyl am no- 2- pent af | uor ophenyl oxycar bonyl et hy] ) bi phenyl - 3-yl ] propi onat e
(Exanple 18A) in 2.7 .mM of 1,4-dioxane. Until the reaction is conplete, a
further 1.5 nmM@aodAy hydrochl oric acid solution in 1,4-di oxane i s added.
The reaction | Ut 1.0RA | opat L Shi i o] Mk Ce.
The crude prodit TECK PRTEIT o MR a R Shing ) Ro el AR e KT gt
(M-H) ' 11955412PdC1{dppfiyl add0.329F.(1.04Mmpl)icf ceimmaarbedate rard Sdilerdito afsobitionodf or m

and added dropwi se over the,  course of 3 h t very efficiently stirred
suspensi on of 20068 B4 rampeb, Bgégﬂﬂ@ﬁﬁlyﬁﬂﬁﬁetﬁyﬁg{ %&naylatwr%wi%@éa Tum
bi car bonat e soluti h ' g ' i 0§..0 i 0 It
attor the tuo SRS dEARNRERE {ERpBle IMAICCYS M St BEERsCO DM
under argon at RT. The reaction mixture is heated to 40°C. Over the course of
30 min, a solution of 0294 g (0.5 mmol) of benzyl 3-[2-benzyloxy-5-(4,4,5,5-

10  tetramethyl-[1,3,2]dioxaborolan-2-yl)phenyl]-2(S)-fert-

-

butoxycarbonylaminopropionate (Example 8A) in 2.5 ml of degassed DMF is added
dropwise. The reaction mixture is stirred at 40°C for 4 h and at 50°C for a further
2 h. The solvent is evaporated and the residue is taken up in ethyl acetate. The
organic phase is extracted twice with water, dried over sodium sulfate and

15 concentrated. The crude product is purified by chromatography on silica gel with
dichloromethane/ethyl acetate (30/1). 0.320 g (66% of theory) of the product is
obtained.

Method B:

200 A solution of 699g (11.06 mmol) of (2-trimethylsilyl)ethyl 2(S)-
benzyloxycarbonylamino-3-(2-benzyloxy-5-iodophenyl)propionate  (Example 11A)
and 6.50g (11.06 mmol) of benzyl 3-[2-benzyloxy-5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)phenyl]-2(S)-tert-butoxycarbonylaminopropionate
(Example 8A) in 40 ml of DMF is degassed by passing argon through (about

25 30 min.). Then 812 mg (1.11 mmol) of
bis(diphenylphosphino)ferrocenepalladium(Il) chloride (PdCl(dppf)) and 7.21¢g

(22.13 mmol) of cesium carbonate are added thereto. A gentle stream of argon is



phase is extraqlees 3372(PCimh or of orm The conbi ned organi c phases are washed
with 15 5% strength aqueous citric acid solution, dried over nmagnesi um

sul fate and evaporated to dryness. The cr_u'ée_ product is washed with
acetonitrile and dried under high vacuum Yield: 60.5 ng (65% of theory)
LCMs (ESI, Method 11): mz = 1011 (M+rH)'. 20 Method B: About 0.595 mmol of
benzyl 2(S) (5- benzyl oxycar bonyl am no- 2 S£ tert- o ) )

but oxycar bonyl aamd-wm}lwwywtmypewtranwﬁlc % heatedsay 50°% fogiZshnlhe Byxturs is (o ( s

)- benzyl oxycar bo 0- e fhuoro r t byl yhi 3 25
yl ] propi onat e Eﬁp?‘ga ﬁﬂ%eg @Zﬁ lis{@'l" &Q&Hh’mgéﬁfi? &P&Ylgc)%agﬁ 39188?;%3%

0C, 16 m of 4; Blohéf%%hiy@rh@etﬁ@l d:35.0| Bforen evipdatiorang @kvnhessldigd cdmptm se
After 45 mn, g rot of N hydrochl oric acid solution in dioxane are again
added, and aftehlsaﬁopylrﬁther is addddeto the mixtare: The desyltinpherysinkstage Bltpred off withd at

OCfor 30 mn before th rea tlag]i1 solution is concentrated under mld
condi ti ons, cod;iUS‘E?q ‘7“@0‘f SPOMH: (tvm' ce) 30 and briefly dried under

hi gh vacuum T @%Jﬁtth ok .59 mmol) is dissolved in 1000 m
of chloroformhgiﬁ ' t I on o%'g)zm of trlethylamneln 50 m  of
chloroformis aE@g@%& e R, IPgsHixture is stirred at RT overnight. The
m xture is wor oratl ng under mld conditions in vacua and

stirring the reMSI(E): Imiz.ﬁe QWG\Z{-NE)T%SMH)] acetonl trile. The resul ting
crystals are fiftered off wth suction vvaE e%g E&etonltrl e and dried
under hi gh vaquhNh@e(IZBQh@é@ GRChidos BOOH 990 (HB I-RE(haE)s3-0 ﬁ{35—
5.59 m : - '

13y Mg W P st S 5575 b A il shofd npd 653. n,

IH), 4.47-4.56 (dn1H)6.88-7406d; 4HY,7.10n7.39 b, 208),7B424783 (i, #H).211), 4.88-5
(m 4H), 5.09 (s, 2H), 5.14-5.20 (in,

Example 13A

10 N*-(tert-Butoxycarbonyl)-N°(benzyloxycarbonyl)-(25,4R)-hydroxyornithine

lactone

BocHN

..../Lo

~

NHZ

15 A solution of 7.60 g (17.3 mmol) of zers-butyl 5-benzyloxycarbonylamino-2(S)-tert-
butoxycarbonylamino-4(R)-hydroxypentanoate (preparation described in Org. Lett.
2001, 3, 20, 3153-3155) in 516 ml of dichloromethane and 516 ml of trifluoroacetic
acid is stirred at RT for 2 h. The solvent is evaporated. The remaining crude product
is dissolved in 2.61 of anhydrous methanol and, while stirring at 0°C, 6.3 g

20  (28.8 mmol) of di-tert-buty! dicarbonate and 7.3 mi (52.43 mmol) of triethylamine
are added. After 15 h, the reaction solution is evaporated and the residue is taken up
in 11 of ethyl acetate. After the phases have been separated, the organic phase is

extracted twice with a 5% strength citric acid solution, twice with water and once




4H), 6.29 (d, LA 3F7IMPCRY1 (in, 4H), 7.21-7.40 (m 20H), 7.41-7.48 (in,
9H), 8.77 (d, 1H, 8.87 (d, 111). 5 Exanple 20A

14('S) - Ami no- 1 1(S) - (3-am no- 2(R) - hydr oxypr Qpyl.) - 5, 17- di hydr oxy- 10, 13- di oxo-
9,12-diazatricyclo[ 14.3.1.1

t' b] heni cosa-1(19), 2, 4, 6(21), 16(20), 17- hexaene-8(S)- carboxylic acid

di hydrochloride 10 x 2 HCI NHz Method A: A sol u_tiog .of 10 ng (9.9 %Q of
benzyl 5, 17- bi s¥thzgtnepsd aqyegps spdium chioride solution, dried over sodium sulfate and

10, 13- di oxo. o, Eonamralh Thpiert HRH6E 1 RORBRD Y Caig Gl o HRL g oK)
16(20), 17- hexagmendicloneI5NPayd B 78058 pMRbE) Ot paddhicbreAbtadted or mi ¢ acid
in 10 mM of ethanol is vigorously stirred in the presence of 10 ng of Pd/C

under hydrogen @iC-HRIFDSORNIE (Methed 10):ecdifor TsHsNIDe(M-SaE)T 382. K9RGt i on i s
evaporated, and the residue is Le A 35722(PC]3% -gﬁ)taken up in 1 N
hydrochl oric acid solution and fil t er edfounphe 3874 3product Is purified on

an RP 18 cartri it AL et watser, % 2t 0 he
product are ob?gm fhgﬁ mor%b Ei:d%lé\@r‘r‘g (z’oﬁ?gg ?3%2?&&%5 q}g} Hbiﬁg?llm, tH,

5, 17- bi sbenzyl 0x%ys-4.4((®), -18HNZ $1 305 it6,AHP AT AR (m, 1H), 4.7-4.8 (m, 1H), 5.0-5.15 (m,

11 (S)-(3-benzyl oxycarbonyl am no-2(R) - hydr oxypr opyl ) - 10, 13- di oxo-9, 12-

di azatricycl o[ 14H3, 1374 é},ﬁ’@ﬁi cosa-1(19), 2, 4,6(21),16(20),1 7-hexaene-8(S)-
carboxyl ate (Exanple 19A) are put into 220 ml of an acetic

aci d/water/éthanol 4:1:1 10 m xture (ethanol can be replaced by THF). 73 ny

of 10% pal | adi carlb (10% PdtC) are added, and then hydrogenation is
carried out unM@heri C pressure

5-Benzyloxycarbonylamino-2(S)-tert-butoxycarbonylamino-4(R)-(tert-
butyldimethylsilanyloxy)pentanoic acid

o)
BocHN\/IL
OH

OTBS

-

NHZ
10

Method A:
2 ml of 1 M sodium hydroxide solution are added to a solution of 0.73 g (2 mmol) of
N2 (tert-butoxycarbonyl)-N°(benzyloxycarbonyl)-(2S5,4R)-hydroxyomithine lactone
15 (13A) in 50 ml of 1,4-dioxane at 0°C. The reaction solution is stirred for 2 h and then
evaporated. The residue is taken up in 50 ml of dichloromethane. 1.12 ml (8 mmol)
of triethylamine are added to this solution and, after a short time, 1.38 ml (6 mmol)
of rert-butyldimethylsilyl triflucromethanesulfonate are added dropwise. After
stirring at RT for 3 h, the reaction mixture is diluted with dichloromethane. The
20 organic phase is washed with 1 N sodium bicarbonate solution, dried over sodium
sulfate and evaporated. The crude product is dissolved in 7.4 ml of 1,4-dioxane, and
36.2 ml of 0.1 N sodium hydroxide solution are added. After stirring at RT for 3 h,

the reaction solution is evaporated, and the residue is taken up in water and ethyl




for 15 h. The NeakBb?2(BCXyure is filtered through prewashed kiesei guhr, and
the filtrate is concentrated in vacuo. The residue is mxed with 4.95 m of
0.1 N aqueous hydrochloric acid and conceptrated. The residue is stirred
with 10 m of diethyl ether 15 and decantered. The remaining solid is dried
under high vacuum Yield: 103 ng (95% of theory). HPLC (Method 3): R =

3.04 min; LC-MS (Method 6); & = 0,38 nin_ NS (El): mz= 473 (Mr11)' ' H NWR
(400 MHz, D20) Bcgate. .‘68@21.“?(9%6’?%1,5 eﬁ‘.‘ﬁ!’iﬁt?gﬁl.f?@'ﬂfu&%g”@ierﬁl}ylfFﬁ‘?teﬁ%ﬁgé‘T‘b@eQm

IH), 3.12-3.25 (i 5 : o

1) 453 (s, opudtf Pidyes e Bel Sygr sgtun Sybs dhd aplflyed oy Blodolthety )
7.07 (s, 1kl), of theQpréducdifobtainedd), 7.51 (d, 1H). Exanple 21A 20

(8S, 11S,14S) - 14-[ (Teri - but oxyear bouyl )am no] - 11 -[(2R)-3-[ (tert-

but orycar bonyl ) am no] - 2- hydr oxypropyl ) -5, 17- di hydr oxy- 10, 13- di oxo- 9, 12-

di azatricyeko[ 14..3. B_126] heni cosa-1(20), 2(21), 3,5, 16, 18- hexaene- 8- car boxyl i c
acid Le A 3 72%&%1*%4 Method A: 5.2 ng (9.5 nmol) of 14(S)-am no-1

| (S) - (3-am no- A Rhhliar 6R YIRIP@Y(BB nmdly - ofd bengl 2(S)-tert-butoxycarbonylamino-4(R)-

di hydroxy- 10, 13-di oxo-9, 12-di azatricycl o[ 14. 3. 1. 126] heni cosa- |

1(18), 2, 4, B( 21 hyderedy nitppemssansireire§ay mb of sdiappieagt Pdl i mpepdowith drd6ie of

brgont vni 1 ¢ genspiRgR g 0P T ARk gL SR PRepsits R HC

sodi um bi car bongie The Miskir®1k filferdd ﬂﬂ&%hl k)ie@l_’?@hf, hea tie fikRaRehixed $ohuli pg of
di-tert-butyl carbonate 10 (0.1 M 5701, 5 nol ) are added dropw se.

Conpl et e cdfver(iomnied) r @fc hbgopopyethykindoe. 1%Zerda)1é-.4 ZThé4d.6awmoln ofi xMare

is evaporated in vacuo and dried under, high, K vacu The resul.ti e
product | o pur i(bszatyegBom i dherBRds g pdinatt e st Stk Ao R %)
sodi um bi car bonat erhaQbhikibRfs EckicCntRL ahd t3FefBud B3R up in dichloromethane and

extracted twice with 0.1 N hydrochloric acid. The organic phase is separated off and

made alkaline with 14.7 g (114 mmol) of diisopropylamine. The solution is cooled to
15 0°C, 30.1 g (114 mmol) of dimethyl-tert-butylsilyl trifluoromethanesulfonate are
added, and the mixture is stirred at RT for 2.5 h. The organic phase is washed with
saturated sodium bicarbonate solution, dried over sodium sulfate and evaporated.
The residue is dissolved in 50 ml of dioxane, mixed with 200 m] of 0.1 N sodium
hydroxide solution and stirred at RT for 3 h. After extraction several times with ethyl
20  acetate, the collected organic phases are dried over sodium sulfate and concentrated
in vacuo. The residue is chromatographed on silica gel (mobile phase:
dichloromethane/ethanol 20/1, 9/1). 8.11 g (43% of theory) of the product are
obtained.
MS (ESI): m/z = 497 (M+H)".

'H-NMR (300 MHz, ds-DMSO): & = 0.00 (s, 6H), 0.99 (s, 9H), 1.33 (s, 9H), 1.59 (m,
1H), 1.80 (m, 1H), 2.75-3.15 (m, 2H), 3.81 (m, 1H), 3.98 (m, 1H), 4.96 (m, 2H), 7.04

(d, 1H), 7.19 (m, 1H), 7.30 (m, 5H), 12.37 (br. 5, 1H).
25

Example 15A
2-(Trimethylsilyljethyl 3-[3’-(2(5)-amino-2-benzyloxycarbonylethyl)-4,4’-
bisbenzyloxybiphenyl-3-yl}-2(S)-benzyloxycarbonylaminopropionate

30 hydrochloride




theory) of prodiecA 3872(PETai ned. 15 HPLC/ UV-Vis (Method 14) R = 7.4 min. X
(qualitative) -193 nn(s), 206 (sh), 269 (m, -284 (sh) (H20/acetonitri|e +
0.01% TFA [4:6]). LCG-HR-FT-1CR-Ms: calc. C3g44MNa0L i [MrH " 673.3079 found
673.3082. 20 Method B: 50 ng (0.09 mmol ) of 14(S)-amn no- |

| (S)-(3-am no-2(R)-hydroxypropyl)-5,17-

di hydr oxy- 10, 13-di oxo-9, 12-di azatricycl o[ 14. 3. 1. 12' 6] heni cosa-
1(19),2,4,6(21),16(20), 17- hexaene-8(S) - carboxylic acid di hydrochl ori de 25
(Exanpl e 20A) are introduced into 8 m of a nethanol/water (9:1) mxture. To

this Le A 35722(PCT) -85 are added &s68di um bi car bonate sol ution
and then 80 ng (0.37 rnnol) of &i BIC tein 2 m of

Bp Rt Pnight. The sol ution

acets e and 30 ml of water. The

met hanol /water (9:1). The m xt
is worked up by mxing with 60 m of
organi ¢ phase is washed once with 0.4 normal hydrogchloric acid, 5 dried and
concentrated in vacuo. Yield: 49 ng|(79% of theory). LC-M (Method 9): Rl =
2.56 min. M (El): mz =673 (MH)' RA t ent - Butyl
(2R)-3-[(8S, 11S, 149) - 8- (am nocapeny Q. Ba bonyl ) -
am no] - 5, 17-di hydr oxy- 10, 13- di oxo-9, 12- d| azatri eycl o[ 141Z 3. 1. 124] heni cosa-
1(20), 2(21), 3,5, 16, 18- hexaene- 1IFM3EO2- hydr oxypr opyl carbamate 15 NHBoc

x HCI

50 m! of a 4 M hydrochloric acid/dioxane solution are added over the course of about

5 20 min to a solution, cooled to 0°C, of 2.65 g (2.75 mmol) of 2-(trimethylsilyl)ethyl
2(S)-benzyloxycarbonylamino-3-[4,4’-bisbenzyloxy-3’-(2(S)-benzyloxycarbonyl-2-
tert-butoxycarbonylaminoethyl)biphenyl-3-yl]propionate (Example 12A) in 50 ml of
anhydrous dioxane. After stirring for 3 h, the reaction solution is evaporated and
dried under high vacuum.

10 Yield: 100% of theory.

HPLC (Method 3): R, = 5.96 min
MS (EI): m/z = 865 (M+H)".

Example 16A
15 Benzyl 2(S)-[5-benzyloxycarbonylamino-2(S)-fert-butoxycarbonylamino-4(R)-

(tert-butyldimethylsilyloxy)pentanoylamino]-3-{4,4’-bisbenzyloxy-3’-[2(S)-
benzyloxycarbonylamino-2-(2-trimethylsilylethoxycarbonyl)ethyl]biphenyl—3-
yl}propionate




Met hod A: 4.1 m@ A 85220p0fr) of
(8S,11S,14S)-14-[ (tert-butoxycarbony])am no]-11-{(2R)- 3-
[ (tert-butoxycarbony])am no]-2-hydroxypropyh}-5,17-di hydr oxy- 10, 13- di oxo-9, 1

2- 20

di azatricycl o[ 14. 3. 1. 1zb] heni cosa- 1(20), 2(21), 3,5, 16, 18- hexaene- 8- car boxyl i c
acid (Exanpl e21A) are dissolved in dry NNdi nethyl fornmam de (anal yti cal

grade, 0.5 nml) under a protective DS ofargon gas. Addition of
solid sodium disulfite (6.1 Wol) % se addition at RT of
a freshly prepared solution dn@ITS ; 7.9 ny, 61 pnol),

J 46rrg 12.2 pnol) in
dlnethylfornamde(OS , solution -86 A). Solution A nust
be added twice nore (after a reactilo 1.51]It and after a reaction
time of 2 h) until conversion of pr conpl ete. The m xture is
stirred for a further 20 mn, zgN¥ th i 0 (D;Bn;topped by addi ng
water (0.5 m). The reaction mxture is f EozerHand then freeze dried. The
resulting crude product is 5 purTMBE® by ge dg)gr aphy [ Sephadex LH 20;
met hanol /acetic acid (1:0.0001) doped with spdiumdisulfite]. Yield: 2.2 ng
(52% of theory). HPLC-UV-Vis (Method 14): Itg= 7.06 mn. X (qualitative) =
-202 nm(s), 268 (m,-285 (sh), (H2OQacetonitr §HZ 0.01% TFA 10 [4:6]).
LCHR-FT-ICR-MS (Method 13): calc. for C33H46NsClo [ M+H] ' 672.3239 found
672.3239. Method B: 15 49ng (0. 07mmol ) of

(8S, 11S,14S)-14-[ (tert-butoxycarbonyl)am no] - 11-{(2R) - 3-

LLtert-butoxyeq pRry] >(%f?s“meﬁ 8" AR Solkad MEEP S Lar I e%e- O L
d' azatricycl 0[ i %r!a Eﬁﬁh@&%ﬁhd&é@@a g&&;an %ﬁ)gleé-ﬁ) i bﬁ@agmlgéeﬁsamh@myl ic
acid (Exanp f g

I ssol ved DVF under argon and cooled to
0C. Then 42 rrg)f(O utmmuhylsdyl)ewlu ar3e[3éﬁl(§h+mnam2{bh@zm»wmbenyl§thyt)r4r4 ed at

0C for 10 mn. bisbenzyloxybiphenyl-3-y1}-2(S)-benzyloxycarbonylaminopropionate hydrochloride

(Example 15A) and 0.287 g (0.58 mmol) of 5-benzyloxycarbonylamino-2(S)-ter:-
butoxycarbonylamino-4(R)-(tert-butyldimethylsilyloxy)pentanoic acid
(Example 14A) in 7.3 ml of anhydrous DMF. After stirring at 0°C for 30 min, an
10 additional 0.164 g (1.26 mmol) of N,N-diisopropylethylamine is added. The reaction
mixture is stirred at RT for 15 h. The solvent is then evaporated, and the residue is
taken up in ethyl acetate. The organic phase is washed three times with water and
once with saturated aqueous sodium chloride solution, dried over sodium sulfate and
concentrated. The crude product is purified by chromatography on silica gel with
15  dichloromethane/ethyl acetate (gradient 30/1 = 20/1 -> 10/1). 533 mg (66% of
theory) of the product are obtained.
LC-MS (ESI, Method 12): m/z = 1342 (M+H)", 1365 (M+Na)".

Example 17A

20  2(S)-Benzyloxycarbonylamino-3-{4,4’-bisbenzyloxy-3’-[2(5)-benzyloxycarbonyl-
2-(5-benzyloxycarbonylamino-2(S)-fert-butoxycarbonylamino-4(R)-
hydroxypentanoylamino)ethyl]biphenyl-3-yl} propionic acid




20 1.46 m (0. lgm’gjzgpt'@ 0.5 nol ar solution of ammoni a in di oxane are

added dropwi s€é, and the mxture is stirred at RT overnight. After about 18
h, the sane anounts of reagents are addeg-,gr_lce again. After 3 days, the

m xture is concentrated in vacua and purified by preparative RP-HPLC
Yield: 16 ng (33% of theory). 25 HPLC (Method 3): R(= 3.83 mn. Exanple 23A
tent-Butyl (2R)-3-1(8S, 11S, 14S)-8-1(benzyl am no) carbonyl]-14-[(tert-butoxy-
carbonyl)am i noj -5, 17-di hydr oxy- 10, 13—€H0Xx0- 9§I di azatricyclo [14. 3. 1.124]

[
30 benicosa-1(20),2(21),3,5,1 : % oxypropyl carbanmate Le
A 35722(PCT) -g7 ~ NHBoc 7.9 ATU-are added to a
solution, cooled to 0C, of 7 ny

di azatricycl o[ 14. 3, 1. 1" 6] heni cosa- Jt20), 3, 5A6, 18- hexaene- 8- car boxylic
acid (Exanple 21A) in 0.5 m @&HMNabsoOlgFe DVF UNder "@0gBn. After 10 min at
0C, 2.3 ng (0.021 mmol) of benzyl ani nhe arz adddd, and the nmixture is
stirred at RT overnight. The reactitd m xt ©H concentrated in vacuo, and
the residue is separated by 10 preparative -HPLC. Yield: 1.5 ng (18. 9% of
theory). LC-M (Method 6): R = 4.4 mn. M5 Izpos): mz = 785 (M-Na) *,
762 (M+H)'. 15 Exanple 24A tert-Butyl

(2R)-3-[(8S, 11S, 14S)-14-[(tert-but oxycarbonyl)am no] -5, 17-

di hydr oxy- 8- ([ (2- bydr oxyet hyl ) (et hyl ) am no] car bonyl }-10, 13- di oxo-9, 12-

di azatricyclo[ 14.3.1.12'6l heni cosa-1(20), 2(21), 3,5, 16, 18- hexaene-1 1-yl11-2-
hydr oxypr opyl e '

0.80 m! of a 1.0 M solution of tetrabutylammonium fluoride in THF is added to a
5  solution of 0.360 g (0.27 mmol) of benzyl 2(S)-[5-benzyloxycarbonylamino-2(S)-

tert-butoxycarbonylamino-4(R)-(tert-butyldimethylsilyloxy)pentanoylamino}-3-

{4,4’-bisbenzyloxy-3’-[2(S)-benzyloxycarbonylamino-2-(2-

trimethylsilylethoxycarbonyl)ethyl]biphenyl-3-yl}propionate ~ (Example 16A) in

22.5 ml of anhydrous DMF. After stirring at RT for 1h, the reaction mixture is
10 cooled to 0°C, and water is added. After addition of ethyl acetate, the phases are

separated. The organic phase is washed with a 1.0 M solution of potassium bisulfate,

dried over sodium sulfate and evaporated. 0.331 g of the crude product is obtained.

The crude product is reacted without further purification.

LC-MS (ESI, Method 10): m/z = 1129 (M+H)".

LC-HR-FT-ICR-MS: calc. for CgsHgsN4O14 (M+H)" 1129.48048

found 1129.48123.

15
Method B:
1.8 ml of IN tetrabutylammonium fluoride in THF are added dropwise to a solution
of 800mg (0.6mmol) of benzyl 2(S)-[5-benzyloxycarbonylamino-2(S)-tert-
butoxycarbonylamino-4(R)-(fert-butyldimethylsilyloxy)pentanoylamino]-3-{4,4’-

20  bisbenzyloxy-3’-[2(S)-benzyloxycarbonylamino-2-(2-
trimethylsilylethoxycarbonyl)ethyl]biphenyl-3-yl} propionate ~ (Example 16A) in
26 ml of absolute DMF at RT. After 25 min at RT, the mixture is cooled to 0°C and a

large amount of ice-water is added. Ethyl acetate and some IN hydrochlonc acid




Le A 35722(PCT)Le-8851B(RGT{0. 022 mmol ) of
(8S,11S,14S)-14-[(tert-butoxycarbonyl)am no]-11-{(2R)- 3-

[ (tert-butoxycarbonyl)am no] - 2- hydr oxypropyk}-5, 17- di hydr oxy- 10, 13-di oxo-9, 1
25

di aaatricycl o[ 14. 3. 1. 1="e] heni cosa- 1(20) 2(21), 3,5, 16, 18- hexaene- 8- car boxyl i
c acid (Exanple 21A) are d| ssol ved in 0.5 nl of DV under argon. and cool ed

to OC. 102 ny Sphitiop roimnydiate Mﬂrﬂ@ﬂaﬂw @earic phases g59d mit magiesim\sulfate,
di i sopropyl et hy' ﬁé@uﬁ%(eg @&Hﬁgodrlgn&‘e?frﬁ@?’va@ﬂﬂ?%1fﬂ " Gy aé ?&d hed fredlie§C

for 10 mn. am noét ha ded, and the
m xture iIs stl rwlqﬁ,uﬂ.ﬁlrgfer ifaagibpl ght . The reaction mxture |s concentrat ed
and purified by Glson HPLC. Yield: 3.8 ng (23% of theory). LC M (Method

21): R = 3.90 mn. Exanples 25A to 32A listed in the follow ng table can be

prepared in ana!‘lF ogﬁ ltjﬁ 15 Exanpl e 24A. Le A 35722(PCT) .8qg_ Exanple
StructureAngl yt No. 25Af \HPLC (Method 3): OH HOC & = 3.15 mn. H

Ha N Nw  BOCHN liengﬁ‘ 2(5)-(5-benzyloxycarbonylamino-2(S)-tert-butoxycarbonylamino-4(R)-
hydroxypentanoylamino)-3-[4,4’-bisbenzyloxy-3’-(2(S)-benzyloxycarbonyl-
amino-2-pentafluorophenyloxycarbonylethyl)biphenyl-3-yl]propionate

10

Method A:
90 mg of pentafluorophenol (0.49 mmol), dissolved in a little dichloromethane, and
1.1 mg of 4-dimethylaminopyridine (10 uM) and 19.4 mg (0.10 mmol) of EDC are
15 added to a solution, cooled to -25°C, of 104mg (92 pmol) of 2(S)-
benzyloxycarbonylamino-3-{4,4’-bisbenzyloxy-3"-[2(S)-benzyloxycarbonyl-2-(5-
benzyloxycarbonylamino-2(S)-tert-butoxycarbonylamino-4(R)-
hydroxypentanoylamino)ethyl}biphenyl-3-yl} propionic acid (Exampte 17A) in 3 ml
of dichloromethane under argon. After stirring for 15 h, the reaction mixture is

20  concentrated. The crude product is reacted without further purification.




O OH O NHBCc 26AfA b CWpthod 3): j OH HOR = 3.18 min. H NOFf, |
BOCHN ne vy o*}—s%% BOC Le A 35722(PCT) -99

Exanpl eStruct ureAnal yti cal data No. 27Af" I_—I%C (Method 3): OH HOR ,= 3.10
mn. NN i

LC-MS (ESL Method: 11): m/z = 1317 (M+Na)", 1295 (M+H)".
LC-HR-FT-ICR-MS: calc. for CriHesFsNyOr4 (M+H)™ 1295.46467
found 1295.46430.

Method B:
691 mg (crude mixture, approx. 0.6 mmol) of 2(S)-benzyloxycarbonylamino-3-{4,4’-
5 bisbenzyloxy-3’-[2(S)-benzyloxycarbonyl-2-(5-benzyloxycarbonylamino-2(S)-fert-
butoxycarbonylamino-4(R)-hydroxypentanoylamino)ethyl]biphenyl-3-yl} propionic
acid (Example 17A) are introduced into 25 ml of dichloromethane, and 547.6 mg
(2.98 mmol) of pentafluorophenol, dissolved in 6 ml of dichloromethane, are added.
7.3 mg (0.06 mmol) of DMAP are added, and the mixture is cooled to -25°C
10 (ethanol/carbon dioxide bath). At ~25°C, 148 mg (0.774 mmol) of EDC are added.
The mixture slowly warms to RT overnight. The reaction mixture is concentrated in
vacuo and briefly dried under high vacuum. The crude product is reacted without

further purification.

15 [Example 19A
Benzyl  5,17-bisbenzyloxy-14(S)-benzyloxycarbonylamino-11(S)-(3-benzyloxy-
carbonylamino-2(R)-hydroxypropyl)-10,13-dioxo-9,12-diazatricyclo| 14.3.1.1%9)-
henicosa-1(19),2,4,6(21),16(20),17-hexaene-8(S)-carboxylate




BacHN H CHI O @ 03572 28A1 -LC-Ms (Method 21): HO/ bH - N NR = 3.97
mn. 89cHN N O—H_ﬁ—d%m NHBoc 29A- HPLC (Method 4): f ° OH HO HCR(4-15

mn. BocHN H O CHO NHBCC 30AHPLC (Method_$):
Method A:
4 ml of a 4 M hydrochloric acid solution in 1,4-dioxane are added to a solution of
1193 mg of benzyl 2(S)-(5-benzyloxycarbonylamino-2(S)-rert-butoxycarbonyl-
amino-4(R)-hydroxypentanoylamino)-3-[4,4’-bisbenzyloxy-3’-(2(S)-benzyloxy-

5  carbonylamino-2-pentafluorophenyloxycarbonylethyl)biphenyl-3-yl]propionate
(Example 18A) in 2.7 ml of 1,4-dioxane. Until the reaction is complete, a further
1.5ml of 4 M hydrochloric acid solution in 1,4-dioxane is added. The reaction
solution is evaporated and codistilled with chloroform twice. The crude product (LC-
HR-FT-ICR-MS, Method 13: calc. for CgsHgoFsN4Oyz (M+H)" 1195.41224, found

10 1195.41419) is dissolved in 100 ml of chloroform and added dropwise over the
course of 3 h to a very efficiently stirred suspension of 200 ml of chloroform and
100 ml of saturated aqueous sodium bicarbonate solution. The reaction mixture is
vigorously stirred for 2 h. After the two phases have been separated, the aqueous
phase is extracted with chloroform. The combined organic phases are washed with

15 5% strength aqueous citric acid solution, dried over magnesium sulfate and
evaporated to dryness. The crude product is washed with acetonitrile and dried under
high vacuum.
Yield: 60.5 mg (65% of theory)
LC-MS (ESI, Method 11): m/z = 1011 (M+H)".

20
Method B:
About 0.595mmol of benzyl 2(S)-(5-benzyloxycarbonylamino-2(S)-tert-
butoxycarbonylamino-4(R)-hydroxypentanoylamino)-3-[4,4’-bisbenzyloxy-3’-(2(S)-
benzyloxycarbonylamino-2-pentafluorophenyloxycarbonylethyl)biphenyl-3-

25  yllpropionate (Example 18A) are dissolved in 8 ml of dioxane and then, at 0°C,
16 ml of 4 N hydrochloric acid solution in dioxane are added dropwise. After 45 min,
6 mt of 4 N hydrochloric acid solution in dioxane are again added, and after 15 min a
further 8 ml are added. The mixture is stirred at 0°C for 30 min before the reaction
solution is concentrated under mild conditions, codistilled with chloroform (twice)

30 and briefly dried under high vacuum. The crude product (732 mg, 0.59 mmol) is
dissolved in 1000 ml of chloroform, and a solution of 6 ml of triethylamine in 50 ml
of chloroform is added dropwise. The mixture is stirred at RT overnight. The mixture

is worked up by evaporating under mild conditions in vacuo and stirring the residue




OH HO 1/ R =38 33722(PETYCF ~ , BacHN - N OOH 0 H8M Le A 35722(PCT) -91
Exanpl e No. StructureAnalytical data 31A- LCM (Method 15): f ~ \ f H OH
R =2-18 min Hh xIO EIl CM N -87-

10

15

in acetonitrile. The resulting crystals are filtered off with suction, washed with
acetonitrile and dried under high vacuum.

Yield: 360 mg (60% of theory).

HPLC (Methed 3): R, = 5.59 min.

'H-NMR (400 MHz, ds-DMSO): 8 = 1.52-1.65 (m, 1H), 1.73-1.84 (m, 1H), 2.82-
3.01 (m, 3H), 3.02-3.11 (m, 1H), 3.46 (s, 1H), 3.57-3.68 (m, 1H), 4.47-4.56 (m, 1H),
4.64-4.71 (m, 1H), 4.73-4.85 (m, 2H), 4.88-5.00 (m, 4H), 5.09 (s, 2H), 5.14-5.20 (m,
4H), 6.29 (4, 1H), 7.00-7.11 (m, 4H), 7.21-7.40 (m, 20H), 7.41-7.48 (m, 9H), 8.77 (d,
1H), 8.87 (d, 1H).

Example 20A
14(5)-Amino-11(S)-(3-amino-2(R)-hydroxypropyl)-5,17-dihydroxy-10,13-dioxo-
9,12-diazatricyclo[14.3.1.1*°henicosa-1(19),2,4,6(21),16(20),1 7-hexaene-8(S)-
carboxylic acid dihydrochloride

x 2 HCI \E

Method A:

A solution of 10mg (9.9uM) of benzyl 5,17-bisbenzyloxy-14(S)-
benzyloxycarbonylamino-11(S)-(3-benzyloxycarbonylamino-2(R)-hydroxypropyl)-
10,13-dioxo-9,12-diazatricyclo[14.3.1.1*]henicosa-1(19),2,4,6(21),16(20),17-
hexaene-8(S)-carboxylate (Example 19A) and 50 pl of formic acid in 10ml of
ethanol is vigorously stirred in the presence of 10 mg of Pd/C under hydrogen at

atmospheric pressure for 16 h. The reaction solution is evaporated, and the residue is




1NV O ):

4): HO OH H! ~

in the following table can be prepared in ?ggl ogy to Exanple 24A using 2 eq
u

of HATU and 3
(Met hod 3):

10

15

20

Me'A 30202(BOCHN2 834 O H (M H)+ O4 O CH, NHBoc 32AHPLC (Met hod
,=4.16mn H BOCHN O OH O NHBoc Exanples 33A and 34A |listed

eq of amne. 5 Exanple Struc

taken up in 1 N hydrochloric acid solution and filtered. The crude product is purified
on an RP 18 cartridge with acetonitrile/water. 2 mg (42.8% of theory) of the product
are obtained.

Method B:

200 mg (0.20 mmol) of benzyl 5,17-bisbenzyloxy-14(S)-benzyloxycarbonylamino-
11(S)-(3-benzyloxycarbonylamino-2(R)-hydroxypropyl)-10,13-dioxo-9,12-
diazatricyclo[14.3.1.1*henicosa-1(19),2,4,6(21),16(20),17-hexaene-8(S)-
carboxylate (Example 19A) are put into 220 ml of an acetic acid/water/ethanol 4:1:1
mixture (ethanol can be replaced by THF). 73 mg of 10% palladium/carbon (10%
Pd/C) are added, and then hydrogenation is carried out under atmospheric pressure
for 15 h. The reaction mixture is filtered through prewashed kieselguhr, and the
filtrate is concentrated in vacuo. The residue is mixed with 4.95 ml of 0.1 N aqueous
hydrochloric acid and concentrated. The residue is stirred with 10 ml of diethyl ether
and decantered. The remaining solid is dried under high vacuum.
Yield: 103 mg (95% of theory).

HPLC (Method 3): R; = 3.04 min;

LC-MS (Method: 6): R,= 0.38 min

MS (EI): vz = 473 (M+H)".

'H-NMR (400 MHz, D;0): 8 = 2.06-2.20 (m, 1H), 2.74-2.89 (m, 1H), 2.94-3.05 (m,

1H), 3.12-3.25 (m, 2H), 3.53 (d, 1H), 3.61-3.72 (m, 1H), 3.97-4.07 (m, 1H), 4.53 (s,

1H), 4.61 (d, 1H), 4.76-4.91 (m, 12H), 7.01-7.05 (m, 2H), 7.07 (s, 1H), 7.40-7.45 (m,

2H), 7.51 (d, 1H).

Example 21A

(85,115,145)-14-[( Tert-butoxycarbonyl)amine]-11-{(2R)-3-[(fert-
butoxycarbonyl)amino)]-2-hydrexypropyl}-5,17-dihydroxy-10,13-dioxo-9,12-
diazatricyclo[14.3.1.12|henicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxylic acid

reAnal yti cal data No. 33A-HPLC




HO OH R(=3. 18 eA 37R2(PCTY~x N 'N fYHN B HN- OC OOH ONHBoc Le A
35722(PCT) -92 Exanple StructureAnal ytical data '.. No. 34A] "HPLC (Met hod
3): Ho ti / H -84 -

Method A:
52mg (9.5 umol) of 14(S)-amino-11(S)-(3-amino-2(R)-hydroxypropyl)-5,17-
5  dihydroxy-10,13-diox0-9,12-diazatricyclo[14.3.1.1**Jhenicosa-
1(19),2,4,6(21),16(20),17-hexaene-8(S)-carboxylic acid dihydrochloride
(Example 20A) are dissolved in dry methanol (analytical grade, 0.5 ml) under argon.
While stirring vigorously at room temperature, firstly an aqueous sodium bicarbonate
solution (1 M, 100 pl) and then a methanolic solution of di-fert-butyl carbonate
10 (0.1 M, 570 pl, 57 pmol) are added dropwise. Complete conversion is reached after
about 1-2 days. The reaction mixture is evaporated in vacuo and dried under high
vacuum. The resulting crude product is purified by gel chromatography [Sephadex
LH-20; methanol/l M sodium bicarbonate solution (1:0.0001)]. 5.3 mg (83% of
theory) of product are obtained.
15 HPLC/UV-Vis (Method 14) R, = 7.4 min.
Amax (qualitative) = ~193 nm(s), 206 (sh), 269 (m), ~284 (sh) (H.O/acetonitrile +
0.01% TFA [4:6]).
LC-HR-FT-ICR-MS: calc. C33HyN4Oy [M+H]" 673.3079
found 673.3082.
20
Method B:
50mg (0.09mmol) of 14(S)-amino-11(8)-(3-amino-2(R)-hydroxypropyl)-5,17-
dihydroxy-10,13-diox0-9,12-diazatricyclo[ 14.3.1.1**]henicosa-
1(19},2,4,6(21),16(20),1 7-hexaene-8(S)-carboxylic acid dihydrochloride
25  (Example 20A) are introduced into 8 ml of a methanol/water (9:1) mixture. To this




"R =3.37 min [glA3s2BET)~'/ BOCHNNT "NN ~OH OHO ~NHB c o
Exanpl es 35A and 36A [isted in the following table can be prepared in

anal ogy to

Exanpl e 24A using 2 eq of HATL 52 €q of am ne and w t hout

addition of D PEA. 5 Exanple No. StructureAnal ytical data 35AHPLC ( Met hod
OH Rz=3.04nin HHBocHN NN-'~OHH O\{ OHO]j

3):

HO ~ |

10

15

20

25

are added 1 ml of I N sodium bicarbonate solution and then 80 mg (0.37 mmol) of
di-tert-butyl dicarbonate in 2 ml of methanol/water (9:1). The mixture is stirred at
RT ovemight. The solution is worked up by mixing with 60 ml of ethyl acetate and
30 ml of water. The organic phase is washed once with 0.1 normal hydrochloric acid,
dried and concentrated in vacuo.

Yield: 49 mg (79% of theory).

LC-MS (Method 9): R; = 2.56 min.

MS (El): m/z = 673 (M+H)".

Example 22A

tert-Butyl (2R)-3-{(8S,118,14S)-8-(aminocarbonyl)-14-[(fert-butoxycarbonyl)-
amino]-5,17-dihydroxy-10,13-dioxo-9,12-diazatricyclo[14.3.1 .1**|henicosa-
1(20),2(21),3,5,16,18-hexaene-11-yl]-2-hydroxypropylcarbamate

NHBoc

Method A:

4.1 mg (6.1 umol) of (8S,115,145)-14-[(tert-butoxycarbonyl)amino]-11-{(2R)-3-
[(tert-butoxycarbonyl)amino]}-2-hydroxypropyl}-5,17-dihydroxy-10,13-diox0-9,12-
diazatricyclo[14.3.1.1*)henicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxylic  acid
(Example 21A) are dissolved in dry N N-dimethylformamide (analytical grade,
0.5 ml) under a protective atmosphere of argon gas. Addition of solid sodium
disulfite (6.1 pumol) is followed by dropwise addition at RT of a freshly prepared
solution of diisopropylethylamine (7.9 mg, 61 pmol), ammonium chloride (1.6 mg,

30 umol) and HATU (4.6 mg, 12.2 pmol) in dimethylformamide (0.5 ml, solution




NHBoC 36A1 ~ - HRLACIOREXNREE)1): H1 ONOH R 1.75 min. HOH N4, A) NN" Y

BOOHN ~OH O NHBoc Le A 35722(PCT) -93 Exanple 37A Bnzyl

2- (benzyl oxy) - N-(tert-butoxyca rbonyl)-5-iggo-L-phenyl al anyl -
phenyl al aninate 5 0.4 g (0.8 nmol) of

2- (benzyl oxy)-N-(tert-but oxycar bonyl) 5-i odo- L- phenyl al ani ne (Exanpl e 6A)

and 0.282 g (0.979 eq) phenyl al_ ani ne henzyl este
hydr ochl ori de &)espmﬁ&%ﬁt Pfhf“éfioeé chdpowﬁernwaca?rgswca{d 3 Btan‘lﬂQ'P,ﬁeUBSZ g

10 (1.01 nmol, %act?lgn ) all @&%e?mé? dgéeraélﬂ'ﬁ%% om l%tesTﬂ‘QEIﬁ{(lwegi'sgtig‘?a R'(I)'f

di i sopropyl ethy am ne are successive e mxXLure I's Stirre
for 12 hours. féf i &urtlreA0tmianaref thtﬁ%erﬁeaaiomﬁts&rpped be addiag uedters@undt ke out

in the formof white crystals. The crystals are filtered off wth suction,
washed with watedctigndniftyreds frozen and then freeze dried. The resulting crude product is
5  purified by gel chromatography [Sephadex LH-20; methanol/acetic acid (1:0.0001)
doped with sodium disulfite].
Yield: 2.2 mg (52% of theory).
HPLC-UV-Vis (Method 14): R, = 7.06 min.

Amax (qualitative) = ~202 nm (s}, 268 (m), ~285 (sh), (HaO/acetonitnle + 0.01% TFA

10 [4:6]).
LC-HR-FT-ICR-MS (Method 13): cale. for C33H4gN509 [M+H]+ 672.3239
found 672.3239.
Method B:

15 49mg (0.07 mmol) of (8S,118,145)-14-[(tert-butoxycarbonyl)amino]-11-{(2R)-3-
[(tert-butoxycarbonyl)amino]-2-hydroxypropyl}-5,17-dihydroxy-10,13-dioxo-9,12-
diazatricyclo[14.3.1.1%¢]henicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxylic  acid
(Example 21A) are dissolved in 1 ml of DMF under argon and cooled to 0°C. Then
42 mg (0.11 mmol) of HATU are added, and the mixture is stirred at 0°C for 10 min.

20 1.46ml (0.73 mmol) of a 0.5 molar solution of ammonia in dioxane are added
dropwise, and the mixture is stirred at RT overnight. After about 18 h, the same
amounts of reagents are added once again. After 3 days, the mixture is concentrated
in vacuo and purified by preparative RP-HPLC.

Yield: 16 mg (33% of theory).
25  HPLC (Method 3): R, = 3.83 min.

Example 23A
tert-Butyl (2R)-3-{(8S,115,145)-8-[(benzylamino)carbonyl]-14-[(fert-butoxy-
carbonyl)amino}-5,17-dihydroxy-10,13-dioxo-9,12-diazatricyclo[14.3.1.1*5]-

30  henicosa-1(20),2(21),3,5,16,18-hexaene-11-yl]-2-hydroxypropylcarbamate



in vacuo. 15 YilelA35028BATY (quant.) LCMS (Method 15): R, = 3.11 min. M
(EBl): mMz=735 (MtH)' Exanples 38A to 41A listed in the follow ng table can
be prepared in analogy to 20 Exanple 37A. k/g A 35722(PCT) -94

Exanpl eStruct ureAnal yti cal data No. LC M5 33 thod 15): R = 2.86 mn 38A0 M5
(El): mMmz =659 HO\ ~ 0 H11(MtH" 0 0 H3CCN CF~ LC- M5 (Method 15):

(R =2.96 min. 39A\ ~H M (El): ntz =659 o Ho (M:FI'}, O

NHBoc

7.9 mg (0.021 mmol) of HATU are added to a solution, cooled to 0°C, of 7 mg
(0.0l mmol) of ((85,118S,148)-14-[(tert-butoxycarbonyl)amino]-11-{(2R)-3-[(tert-
5  butoxycarbonyl)amino]-2-hydroxypropyl}-5,17-dihydroxy-10,13-dioxo-9,12-

diazatricyclo[14.3.1.1%%]henicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxylic  acid

(Example 21A) in 0.5 ml of absolute DMF under argon. After 10 min at 0°C, 2.3 mg

(0.021 mmol) of benzylamine are added, and the mixture is stirred at RT overnight.

The reaction mixture is concentrated in vacuo, and the residue is separated by
10  preparative RP-HPLC.

Yield: 1.5 mg (18.9% of theory).

LC-MS (Method 6): R; = 4.4 min.

MS (ESI-pos): m/z = 785 (M+Na)", 762 (M+H)".

15 Example 24A
tert-Butyl (2R)-3-{(8S,118,14S)-14-[(tert-butoxycarbonyl)amino]-5,17-
dihydroxy-8-{[(2-hydroxyethyl}(methyl)amino]carbonyl}-10,13-dioxo-9,12-
diazatricyclo[14.3.1.12’6]henic0sa-l(20),2(2 1),3,5,16,18-hexaene-11-yl]-2-
hydroxypropylcarbamate




HC CFta CHa L@ABSTMEPETY 15): / o0 \R=2.85 min. 40A 1 8 MH M8 (FI): ntz

644 HO ( \(MH+ H C-CH3 CH3 / LG-MS (Method 15): o/ \ R = 2.93 nin.

41A1 \ fOI MS H

10

15

659 oH( ): mz = CH (M-M+_lggC CHs CHa Le A 35722(PCT)

NHBoc

15 mg (0.022 mmotl) of (8S,11S,14S)-14-[(tert-butoxycarbonyl)amino]-11-{(2R)-3-
[(tert-butoxycarbonyl)amino]-2-hydroxypropyl}-5,1 7-dihydroxy-10,13-dioxo-9,12-
diazatricyclo[14.3.1.1*%Jhenicosa-1(20),2(21).3,5,16,18-hexaene-8-carboxylic  acid
(Example 21A) are dissolved in 0.5 ml of DMF under argon and cooled to 0°C.
102mg (0.027mmol) of HATU and 8.64mg (0.067mmol) of N,N-
diisopropylethylamine are added thereto, and the mixture is stirred at 0°C for 10 min.
3.34 mg (0.045 mmol) of 2-methylaminoethanol are added, and the mixture is stirred
at RT overnight. The reaction mixture is concentrated and purified by Gilson HPLC.
Yield: 3.8 mg (23% of theory).

LC-MS (Method 21): R; = 3.90 min.

Examples 25A to 32A listed in the following table can be prepared in analogy to
Example 24A.




-95 Exanpl e 42Ae2a 33T32RCHY| si | yl ) et hyl

2-(S)-benzyl oxycarbonyl am no-3-[3'-2-[tert- butoxycarbonyl am no(3-am no-|
1- (S) - benzyl oxy-1| - oxo- 2-phenyl ethyl ]-3- _gg.

oxopropyl)]-4, 4" -bis(benzyl oxy)-1,1"-bi phenyl -3-yl])propanoate 5 0.593 ¢
(0.939 mml) of 2-(trinmethylsilyl)ethyl 2- (benzyl oxy) - N-
[ (benzyl oxy) car bepy4—5—~4+4-5-5—+tet+rarethH 2=t

32 +oaboeroel id%ti-l_ 10
pbenyl al ani nat e (E%&H‘iﬁ‘ll’e §4A) and O. E“‘@f“('b 939 mol ) |of ARA %‘W‘
2- (benzyl oxy) -
N-(tert-but oxyclar bonyf ) - 5{i odo- L- phenyl al anyl - L- phenyl al ani nate_(Exanpl p
37A) are dissqglvedsag 6 of DMSQ der _argon. The reﬁy gq& |gytion|is
flushed with argon for 3¢ mn.,, : 81094 M ﬁﬁ})a
bi s(di phenyl phagsphi no) f er jocenepal chI ori de c# 1 (1 88
mmol, 15 2.0 eq) of cesium carbonate are ter fittshi'ng W|th ar gpn
for 10 mnutes,|the mxture is hateﬂ\/gihzo 3?133 dayls, continuing to
flush with argon. After caqol iggs0 X \ | utlion is purified py
chromat ography pn silica gel (cycl hexanelet hyl acetatle 2:1). The
concentrated prijoduct-contgi ning fractions then purfified by preparafive
RP-HPLC. 20 Yield: 0.367 d (29% of theory LG M5 (MetRod 15): R = 3.5D

mn. Le A 35722( PCT) -96 Exanpl es 43A to 4o6wddersted in |the follow ng table
can be preparedlin _anal ogy to Exanple 42A—ExarpteStrdet-treAnatytiecat—Tat a
No. VI LCM (Met h%lS). HPLC (Method 3):

R,=3.18 min.




/R=3.39 mn. 43AM 3570(BCoMS (El): mz = 1036 ~"+c cy"'~ (MHI3)* KO. tLC M
(Method 15): 44A0 - \ /| R =3.42 min. P" ppMs (El): mz = 1036 A" 4 "
( ME~+ "c CHo fLGM (Method 15): 45Ag.@y-Ra=3.38 min. M5 (El): mz =
1022 15C ~ LCG-M5 (Method 15): Y. 46Ao0 ex
Example Structure Analytical data
No.
27A HPLC (Method 3):
Rl=3.10 min.
28A LC-MS (Method 21):
R,= 3.97 min.
29A HPLC (Method 4):
R, =4.15 min.
30A HPLC (Method 3):
Ri=3.42 min.




R = 3.40 mn. le A3WRIPCT) mz = 1036 o, o0 yc mac" NCI (MHW Le A
35722( PCT) -97 Exanple 47A 2- (Tr| met hyl silyl)ethy |

2-(S)-benzyl oxycar bonyl am no-3-[3" 1-2-[ amjjno(3-am no- |

| - (S)-benzyl oxy-1| -oxo-2-phenyl et hyl ] - 3- oxopr opyl ) 1- 4, 4' - bi s(benzyl oxy)-1,1' -
bi phenyl -3-yl]] propanoate 5 0.37 g (0.27 nunol) of 2 (trlnethyI5|IyI)ethyI
2- (S) - benzyl oxygar-berHamno—3—F3—
2-[tert-but oxycaEHBH‘)H‘]faNPn D( 3- ani no- [Is-t(‘S)‘“'Efenzyl oxy-| - ()onﬂab’WQHW%‘f‘hyl 1-3
10 OXOpI‘ Opyl )] -I- 7 'UI 5\[)8 lzyl ny) J_ T 'UI }JITETTYI =" _yl JJ pT ul.rarlucu.c 'Vl_/\u | e
42A) is dissol Jed BRALO M of (i on of hydr og@iC-848 Quéthel 13):

di oxane under afgon and sfti HPed F . The solption is concent#
in a rotary evaporator and ¢ The crude p]ﬁdtgcfgrhﬁl react ed
further wi thout|further chiaracté¢ 5 Ex |l es 48A to 51A listed

at ed

n

the follow ng tpble can be prepa _
Exanpl eStructurg No. \ f \[BpeHN"(Q | ; B@q%§(ﬁﬁ-ﬁfﬂ& 834
CH, M+H)"
32A HPLC (Method 4):
H,  [Re=4.16 min.

Examples 33A and 34A listed in the following table can be prepared in analogy to
Example 24A using 2 eq of HATU and 3 eq of amine.

5
Example Structure Analytical data
No.
33A HPLC (Method 3):

R;=3.18 min.
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Example Structure Analytical data
No.
34A HPLC (Method 3):
R;=3.37 min.

Examples 35A and 36A listed in the following table can be prepared in analogy to
Example 24A using 2 eq of HATU, 2 eq of amine and without addition of DIPEA.

Example No. Structure Analytical data
35A HPLC (Method 3):
R;=3.04 min
36A HPLC (Method 1):

R;=1.75 min.

@)




, H C- Le A 332226PTIXPCYY Exanple 52A

2-(Trimethylsilyl)ethyi2-(S)-benzyl oxycar bonyl am no-3-[3'[-2-[5-benzyl oxy-
car bonyl am no-2(S)-tort-but oaycarbonyl am ng34(R) - (tert-butyl di nethyl -

si |l yl oxy) pent anoyl am no(3-am no-[t-(S)-benzyl oxy-I|-oxo-2-phenylethyl]-3 5
oxopropyl )] -4, 4" -bis(benzyl oxy)-1,1"-Dbi phenyl-3-yl]]propanoate 0.27 g (0.27
nmml ) of 2-(trinmethylsilyl)ethyl 2-(S)-benzyl oxycarbonylam no-3-[3'[- 10

2- [ am no( 3- am M&ibenzyl oxy- | - oxo- 2- phenyl et hyl ] - 3- oxopr opyl )] -4, 4'

bi s(benzyl oxy) Bzelnzé 2- QRGN -R- e IR RRRAS ) SHGHERL pribhHalddf L2 16 9
(0.32 noral, 1. es

5-benzyl oxycar heyyRtanigaté( S) - t ert - but oxycar bonyl am no-

4(R)-(reri-butyl di met byl silyl oxy)pentanoic acid are dissolved in 5 m of
anhydrous DM under argon. At RT. 0.13 g (0.34 mmol, 1.25 eq) of HATU and
0.16 m 15 (0.12 g, 0,95 nmmol, 3.5 eq) of NN-diisopropyl ethylamne are
added. The reaction mxture is stirred at E Qr 12 h. The reaction m xture
is purified directly by preparative RP-HPL
characterization. Yield: 0.288

¢ 20 Exanple 53A to 56A
¥ prepared™ n analogy to Exanple 52A. Le
alytical data No. \ - o\ ! p LCM

A 35722(PCT) -100 Exanpl eStructure
(Met hod 15): X

0.4 g (0.8 mmol) of 2-(benzyloxy)-N-(tert-butoxycarbonyl)-5-iodo-L-phenylalanine
(Example 6A) and 0.282 g (0.970 mmol, 1.2 eq) of L-phenylalanine benzyl ester
hydrochloride are introduced into 6 ml of DMF under argon and, at RT, 0.382 g
10 (1.01 mmol, 1.25eq) of HATU and 0.49ml (0.36 mg, 2.8 mmol, 3.5eq) of
diisopropylethylamine are successively added. The mixture is stirred at RT for 12
hours. After addition of 150 ml of water, the product separates out in the form of
white crystals. The crystals are filtered off with suction, washed with water and dried
in vacuo.
15 Yield: 0.669 g (quant.)
LC-MS (Method 15): R;=3.11 min.
MS (EI): m/z = 735 (M+H)”

Examples 38A to 41A listed in the following table can be prepared in analogy to
20 Example 37A.




1 53A" I xf RLeEA"BI2HPCT)O O NPs" N.Ms (El): tn/z=7415 |/ LC- M5 ( Met hod
15): x xN 54AHR =3.92 min. "H I x,C HCOO. .cx,M5 (ES): nlz = 1415
(MW gx o LM5 (Method 15): HN "/~0 _ogg.

Example Structure Analytical data
No.
LC-MS (Method 15):
Ry=286min.
38A
MS (El) m/z = 659
(M+H)”
LC-MS (Method 15):
Ry=2.96 min.
394
MS (EI): m/z = 659
(M+H)"
LC-MS (Method 15):
R;=2.85 min.
404
MS (EI): miz = 644
(M+H)"
LC-MS (Method 15):
41A R:=2.93 min.
MS (EI: m/z = 659
(M+H)*




97 min SSAl  qie R3EHIEPBTO 0 /  ~~, . T ~~J"" M8 (El): mz = 1401 N G |
CN, CHH(M'HT H ol ti o LCGM (Mthod 16): N56A o N HN oR = 2.98
mn CIMCCH CHM (El): nmiz = 1415 H ,_ ggMH) NH CH,

Example 42A

2-(Trimethylsilyl)ethyl 2-(S)-benzyloxycarbonylamino-3-[3’[-2-[tert-
butoxycarbonylamino(3-amino-[1-(S)-benzyloxy-1-0xo-2-phenylethy!]-3-
oxopropyl)}-4,4’-bis(benzyloxy)-1,1’-biphenyl-3-yl]|propanoate

3

0.593 ¢ (0.939 mmol) of 2-(trimethylsilyl)ethyl 2-(benzyloxy)-N-
[(benzyloxy)carbonyl]-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-L-

10 phenylalaninate (Example 84A) and 0.734 g (0.939 mmol) of benzyl 2-(benzyloxy)-
N-(tert-butoxycarbonyl)-5-iodo-L-phenylalanyl-L-phenylalaninate ~ (Example 37A)
are dissolved in 6 ml of DMSO under argon. The resulting solution is flushed with
argon for 30 min. Then 0.069 g (0.094 mmol, 0.1 eq) of
bis(diphenylphosphino)ferrocenepalladium(I) chloride and 0.612 g (1.88 mmol,

15 2.0 eq) of cesium carbonate are added. After flushing with argon for 10 minutes, the
mixture is heated at 80°C for 3 days, continuing to flush with argon. After cooling to
RT, the crude solution is purified by chromatography on silica gel
(cyclohexane/ethyl acetate 2:1). The concentrated product-containing fractions are
then purified by preparative RP-HPLC.

20  Yield: 0.367 g (29% of theory)

LC-MS (Method 15): Ry = 3.50 min.

C




Le A 35722( PCT)LeAGI7EXRChe S57A

2- (S) - Benzyl oxyear bonyl am no-3-[3' [ - 2-[ 5- benzyl oxvcar bonyl am no-2(S)-tert-
but oxycar bonyl am no- 4(R) - (hydr oxyoxy) pent a@gyl am no(3-amno-it-(S)-

benzyl oxy- 1- oxo- 2- phenyl et hvl | - 3- oxopr opyl ) 1- 4, 4' - bi s(benzyl oxy)-1,1"- 5
bi phenyl -3-yliipropionic acid 1.2 mni of a 1.0 Msol ution of
tetrabutylammnlumfl ride in THE (1 3 eq) are added to a

sol ution of 0.2%agple, A rﬁ?rﬂp)“‘ btedin fbre g’ﬁomgst Bkﬂ‘ﬁ br prepated)in analogy to

benzyl oxyear boryl aﬁ.@ll %[3 [ - 2-[ 5- benzyl oxycar bonyl am no-2(S)-tert
but oxycar bonyl amno- 4 (tert-butyidi nmet hyl silyl oxy) pent anoyl am no( 3- am no-

1-
ES)-benzy| 0)(y-| oxXo-2- p! nnul et h\ll 'I =2 OXOpF nn\ll \'I 4. 4 bi-s{benzvl oxy) -1
bi phenyl 3-yI 1] pF chamelce (Exanpl e 52Hruere i of DVF. | Af mlﬁtqaldmg at
for 15 4 h, thelr t|on m xture is cooled to OC, and $0 nml of water arle
added. After addi %n df 50 M of et hyl acetate and | |[m of | N agueous
hydrochl oric acfd, the |phases are separated. The aquepus phase is extnacted
several tinmes wth ethyl| acefqte. After the 81 gani ¢ phase Rsdriied
over magnesi um sul fate ift i f acuo anﬁg?\{[ggﬁﬁ g& )ﬂl gh
vacuum The crufe produdt is reactg out furt DR B8P fmisat i on. |Le A

|

35722(PCT) -102| Exaspl eq 58A taj 6 A lidited kn the DW._ N able c e

prepared in analogy to 5@@ BT 55 Te No[ St'ruc Mé EEI& /g t?&‘{ oxN
HN " o 58AON OHN O O J/"H,c Lo M)
MO '

RT

©_\0 Q O /—Q LC-MS (Method 15):

A j\N j\ EH‘ R;=3.42 min.
©/\o N /T\cﬂ I o’@ MS (EI): m/z = 1036
HE J/ 0 " w’ﬂl (M"'H)+
n-l,c:’?i

LC-MS (Method 15):

R;=3.38 min.
A MS (ED): m/z = 1022
(M+H)"
LC-MS (Method 15):
46A R, =13.40 min.

MS (ED: m/z = 1036
M+E)"
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Example 47A
2-(Trimethylsilyl)ethyl 2-(S)-benzyloxycarbonylamino-3-[3’[-2-[amino(3-amino-
[1-(5)-benzyloxy-1-0x0-2-phenylethyl]-3-oxopropyl)}-4,4’-bis(benzyloxy)-1,1°-

biphenyl-3-yl]|propanoate

@oo@

0.37 g (0.27 mmol) of 2-(trimethylsilyl)ethyl 2-(S)-benzyloxycarbonylamino-3-[3'{-
2-[tert-butoxycarbonylamino(3-amino-{1-(S)-benzyloxy-1-oxo-2-phenylethyl]-3-

10  oxopropyl)]-4,4’-bis(benzyloxy)-1,1"-biphenyl-3-yl]]propanoate (Example 42A) is
dissolved in 10 ml of a 4 M solution of hydrogen chloride in dioxane under argon
and stirred at RT for 3 h. The solution is concentrated in a rotary evaporator and

dried in vacuo. The crude product is reacted further without further characterization.

15 Examples 48A to 51A listed in the following table can be prepared in analogy to
Example 47A.




H OO0l \ ExandleAGRRRPAUIAf | uor ophenyl

[ -2-[5-benzyl oxy 5

car bonyl am no-2(S)-ter[-butoxyearbonyl am n

am no( 3-am no-[

2-(S)-benzyl oxycar bony
@ga(R) - (hydr oxyoxy) p

| am no- 3-13'

ent anoyl -

| -(S)-benzyl oxy-1-o0xo-2-phenyl e(hyl ] -3-oxopropyl)]-4,4'-bis-

(benzyloxy)-1,1'-b ip he nyl-3-yl] Jpropionate Le A 35722(PCT) - 104 0.25 g
(crude mxture about 019 mpl)—of 2(S)-benzyH-oxyearbormyarmno-3-[ 3' [ - 2-
[ 5- benzyl oxycar boRyameind- 2(S) -t ert - but oswaﬂ!’ényl ani no- 4(R) -
(hydr oxyoxy) pent anoyl am no( 3- am no- [1 (S) - benzyl oxy-1 - oxo- 2- phenyl et hyl ] - 3-
oxopropyl)]-4,4-bi s("benzyl oxy)-1,1"'-bi phenyl -3-yl]]propionic jacid (Exanple
57A) 5 are mtro‘duced Intjo 4 ni of DCM and 0.18 g 97 mmol ,} 5.0 eq) of
pent af | uor ophengt and 0.Q2 g @ ] }_@!\/AP are ddded. The
m xture is cooled to -25C ang/0. (¢ ol 3 eq) of| EDC i s added.
The m xture is |slowy wdgrned ¥ ni The reacti xture is
concentrated i n|vact8 and bri hiigh vaggﬁhe crude
product is reacfed w thouyt N Buri stcayi o 63A to 66A
listed in the foll ow ng tja can Bk prepared i anal‘bgy to BExanple 62A. 15
Exanpl e No. Strugture f-, |O/\ \. L!CO HN NO' 63A1 o F' o SXNH' o o O F t
" F ~si
me L
49A
50A

S51A




FFNHOO[ \ Le A3MI23PCT)I tI \/ jl~64Af \ 0" TI O"Nol , F' o eow'" o
F~° OHOtl ~ \ Le A 35722(PCTlI -105 5 Exanple 67A Pent afl uor ophenyl

2- ('S) - benzyl oxycar bonyl ami no-3-[3' [-2-[5-kgnzyl oxy-

ear bonyl am no- 2(S) - am no- 4(R) - (hydr oxyoxy) pént anoyl am no(3-am no-[ 1-(S) -
benzyl oxy-1 - oxo- 2- phenyl et hyl | - 3- oxopropyl )] -4, 4' - bi s(benzyl oxy)-1,1"-

bi phenyl - 3-yl ] !propi onate Le A 35722(PCT) -106 0.28 g (0.19 nmol) of

pent af | uor ophe enzyl oxycar bonyl am no- 3-[ 3" 1- 2-[ 5-

(s oxy oxy) pert-aE PR s s 2R bR B o B 2 Issbemayionys | 5.
oxopropyl )] -4, ‘karbbﬁ(lbﬁiﬂd‘t@)élért%ntdxyth)tmﬂh‘iﬁma-é(m Jseranitplddmethyxanpl e

62A) are dissolvedin 4 n a M hy drosgen chl oride solution in di oxane

at RT. AL t er. 3dsnylo?y)penmnowmnme&amm Ho(Qthepaylosy-dorreehpherdethyl]l-BoC i n
;’3?? ﬁe?npur rs.:: ?(,‘ELUDBB‘?I; lﬁdgb-bls&)enzy%x}:l;bﬁl’gﬂlpge rf ?lllllcproi)asnora 3 cted w thout

N Si 3.CH;
H,C | HC CH, CIJH CH,
CH, NH ° CH,

0.27 g (0.27 mmol) of 2-(trimethylsilyl)ethyl 2-(S)-benzyloxycarbonylamino-3-[3°[-
10 2-[amino(3-amino-[1-(S)-benzyloxy-1-oxo-2-phenylethyl]-3-oxopropyl)]-4,4’-
bis(benzyloxy)-1,1’-biphenyl-3-yl]]propanoate =~ (Example 47A) and 0.16 g
(0.32 mmol, 1.2 eq) of 5-benzyloxycarbonylamino-2(S)-tert-butoxycarbonylamino-
4(R)-(tert-butyldimethylsilyloxy)pentanoic acid are dissolved in 5 ml of anhydrous
DMF under argon. At RT, 0.13 g (0.34 mmol, 1.25eq) of HATU and 0.16 ml
15 (0.12 g, 0.95 mmol, 3.5 eq) of N,N-diisopropylethylamine are added. The reaction
mixture is stirred at RT for 12 h. The reaction mixture is purified directly by
preparative RP-HPLC and is reacted without further characterization.
Yield: 0.288 g (71% of theory).

20 Example 53A to 56A listed in the following table can be prepared in analogy to
Example 52A.



to Exanple 67A
|l / FOOOp F  /OHF NH p~
OO0l HFFFFFNOO"

PCT)
01\ 1\ ~\
\ Le A 35722(

Exanpl es 68A tq;eza@g\s’y;_i%p@tﬂgi n the follow ng table can be prepared in anal ogy
e ( -107 Exanple No. Structure \ |

pp / O\ 68Ap
\'l " HNO\ }~N o 69AFH Ha N

1 -108 Exanple No. Structure

Example
No.

Structure

Analytical data

Lh
(X
>

LC-MS (Method 15):
R, =3.84 min.

MS (EI): m/z = 1415
MRy’

54A

LC-MS (Method 15):
R;=3.92 min

MS (EI): m/z = 1415
(M-+H)*

55A

\?%

) H 'CH._,

LC/MS (Method 15):
R, = 3.97 min

MS (EI): m/z = 1401
(M+H)"

S6A

LC-MS (Method 16):
R, =2.98 min.
MS (ED): m/z = 1415

M+H)




\' FNnNc 0O ‘Lemg\mjgp&[f NHF OOI V't f 71A 0" "~6\ | F1~ OS1 ~
F" F F Exanpl € enzyl

N-{[(8S, 1IS, 14S)-5, 17- bi s(benzyl oxy) - 14-{[f(ﬂenzyl oxy) car bonyl ] am no) -

11- ((2R)-3-{ [ (benzyl oxy)carbonyl ] T

am no} - 2- hydr oxypropyl ) - 10, 13- di oxo-9, 12- di azatricyclo[ 14.3.1.12' 6]

heni cosa- 1(20), 2(21), 3,5, 16, 18- hexaene-8-yl] carbonyl}- L-phenyl al aninate Le
A 35722(PCT) - Exasple528 g (0.19 mmol) of pentafl uorophenyl

2- (S) - benzyl oxyc onyl am noz 3-[3' [.- 25 [ 5; .

benzyl oxycar bom%eﬂ%y@(‘&‘)a-"aﬂ?hﬂmE?‘R#[? Hfd[%?ﬁﬂﬂ’%é?ﬁbﬁﬂﬁwné’ﬂ?ﬁmeﬁfm no 5
o phenyl - 3 y e RAban IGHE ARNAI g PoLIp ARG duagafas ) -1
chl or of or m and beasyloxly-d+wqovl-phemylethyl]43coxupropy)jed, 4 4bis(benaylaxgpl,dt-i on of 2000
m of chloroform and saiurat,ed_ aqueous sodi um bi carbonate sol ution at RT.

Stirring i sScohipkerydr3sxpropienicacids; addition is conplete. The phases are
t hen separated. The aqueous phase is

1.2ml of a 1.0 M solution of tetrabutylammonium fluoride in THF (1.2 mmol,
10 6.3 eq) are added to a solution of 0.29 g (0.19 mmol) of 2-(trimethylsilyl)ethyl 2-(S)-
benzyloxycarbonylamino-3[3°{-2-{5-benzyloxycarbonylamino-2(S)-tert-
butoxycarbonylamino-4(R)-(terr-butyldimethylsilyloxy)pentanoylamino(3-amino-[1-
(S)-benzyloxy-1-oxo0-2-phenylethyl]-3-oxopropyl)]-4,4’-bis(benzyloxy)-1,1"-
biphenyl-3-yl]]propancate (Example 52A) in 3 ml of DMF. After stirring at RT for
15  4h, the reaction mixture is cooled to 0°C, and 50 ml of water are added. After
addition of 50 ml of ethyl acetate and 1 ml of 1 N aqueous hydrochloric acid, the
phases are separated. The aqueous phase is extracted several times with ethyl acetate.
After the organic phase has been dried over magnesium sulfate it is concentrated in

vacuo and dried under high vacuum. The crude product is reacted without further

20 purification.




10 washed tw ceLat33720@0Th) of DCM The conbi ned organi ¢ phases are washed
with 2000 mM of 0.1 M aqueous hydrochloric acid, dried over sodiumsulfate
and concentrated in vacuo. The residue is é%srpended in 15 m of
acetonitrile:nmethanol (2:1) and stirred atl T for | h. The undissol ved
solidis filtered off and dried in vacuo. The solid is boiled in nethanol
for 15 mn for further _purification., The 15 product is obtained by renewed
filtration and kekapmpies $8A vadlé listpdlin theofadlowing tablosass be peapared. in analogg to
(Method 15): Rr = ?f)l?l??g\ n. M (El): mz= 1158 (M+H)" 20 Exanples 73A to
76A listed in t%@n}o owi ng tabl e can be prepared in analogy to Exanple
72A. Le A 35722(PCT) -110 Exanpl eStructureAnalytical data No. I \ I \ LC ~S
| '-M(Method 15): 73AR, = 2. 97min. o o M5 (El): Mz = 2082 (MH + oLC M
(Met hod 15): 74AExample Bo0() mm r Structure
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off M5 (El): rﬂLzeg3g@pgTh(M+H)+f 10I1IV\VI " HQ HRLCWS (Method i5):
HNO ~ 75A0 . = Z. mn | HHol M5 (El): mz = 1068 OH o~0 | (MW
LG MS (Method 15): 76A= 2 95 min Ro . , 2103

Example No. Structure

o)
61A o)l\n ° HN nYﬁ\O
©/\ H OH OYHI, o © CH,

Example 62A
Pentafluorophenyl 2-(S)-benzyloxycarbonylamino-3-[3’[-2-[S-benzyloxy-

5  carbonylamino-2(S)-ferf-butoxycarbonylamino-4(R)-(hydroxyoxy)pentanoyl-
amino(3-amino-[1-(S)-benzyloxy-1-o0xo-2-phenylethyl]-3-oxopropyl)]-4,4’-bis-
(benzyloxy)-1,1’-biphenyl-3-yl]]propionate

0O
X NP
O
F O =
O BocNH, o
F OH
F
F
F NH




"M (E): m Zem 3983PEE) A 35722(PCT) - 11l Exanple 77A
Benzyl 2('S) - [ S- benzyl oxycarbonyl am no- 2(S) - tert - hut oxyear bonyl am no-
pent anoyl am no[ - 3- (4, 4' - bi sbenzyl oxy-3"'-[2 - benzyl oxycar bonyl am no- 2- ( 2-
trimethylsilyiethoxycarbonyl)ethyl}-bi phenyl™-3-yl }propionate 5 0 0
Preparation takes place in analogy to Exarrple 16A from0.47 g (0.51 nmmol) of
the conmpound from Exanple 15A and 0.19 g (0.51 mml) of N
Boc- N5- Z- L- oni g (cradammixius, atgug 0(16. rsmomm(%bemtvyaarbomylwlnﬁéﬁI@s

o) of"  holt FE SRR B ABTET B P B Ry Y ' 5, 20,9
15 Examl e 78A(hydroxyoxy)pentanoylam1no(3 -amino-[1- (S)-benzyloxy l-oxo 2-phenyleth 1]-3-
2( S) - Benzyl oxycar bonyl am no- 3= (4, 4" - bi shenzyl oxy-"3' - enzgl oXycar bonyl -

2- (5- benzy! oxy eaopropyl) péHnbis(tagyloxgrl, lbblpbcmﬂrér)ﬂ]jpgﬂpmmmcqgght( xm‘mble 57A)
am noj et hyl %bl %xr']een};ltroﬁuéleld) plrn?cp n| C %‘CISClble A 3572128( PCB 97 r%‘&r%olHN eq) of
pentafluorophenol and 0.02 g (0.02 mmol, 0.1 eq) of DMAP are added. The mixture
is cooled to —=25°C, and 0.048 g (0.25 mmol, 1.3 eq) of EDC is added. The mixture is

slowly warmed to RT overnight. The reaction mixture is concentrated in vacuo and
briefly dried under high vacuum. The crude product is reacted without further

10  purification.

Examples 63A to 66A listed in the following table can be prepared in analogy to
Example 62A.

Example No. Structure

63A ©/\0 L sooNH, o) 0
F

(l:Ha o
OiN G HN \)LO

15



0 Preparation t@é(ggspbggﬁ)n anal ogy to Exanple 17A from0.82 ¢
rom

of the
fluoride

conpoun

LC-MS (Met hod 20):

(0.68 mol )

anple 77/Awth 2 eq (L3 m) of tetrabutyl amoni um

5 (1 Mn THF)in 30rat dry DMF. i
R 1.62 mn.

ﬁgld: 772 mg (94% of theory).
MB: nSz =1112 (MrH)t 10 Exanple 79A

Benzyl 2( S) - (5- benzyl oxycar bonyl am no-2(S)-tert-butoxycarbonyl am no-

pent anoyl am no) -

3-14,4" -

t aleac Nl

bi sbenzyl oxy-3' -
pentafluorophenyloxycarbonylethyl)blphenyl

|
I Uuvio L] ullul U

nmal o 10A /I\lhfhnrl A\

nﬂ\:

(2(S) - benzyl oxycar bonyl am no- 2-
3 yI ] propi onate Le A 35722( PCT)

-113 Preparation
nmg (0.38 mmol)

I.U |_/\u|| LAY LU LAAYASLEAYAY] I'\}

firom 422

Eigﬁél%ﬁplound from Exarrpl Strughucend 349 ng (1.9 mpol) of 5

pent af | uor ophenat

DVAP in 4 m of
(Method 20): R
2(S)-(5-benzyl ox
bi sbenzyl oxy- 3’
car bonyl et hy]) bi
m of 4 M di oxan
of

66A

N
o
E O BocNH, o ©

W th 30 (U nnUI) of EDCI and 4, g (0. nmol ) of
di chl or onet 0 5% ory). LG M
= 3.13 mn. anpl e 80A|Benzyl
year bonyl am ent altoy.am no) 53- 14, 4" -
{(2- () - benz \e/‘&o hen Logy-
phe%-S-yl l’) -114 5
e/ h %gen dded to 215 (0. 17 nmot)

5 Example 67A
Pentafluorophenyl 2-(S)-benzyloxycarbonylamine-3-[3’[-2-[5-benzyloxy-

carbonylamino-2(S)-amino-4(R)-(hydroxyoxy)pentanoylamino(3-amino-[1-(S)-

benzyloxy-1-o0x0-2-phenylethyl]-3-0xopropyl)]-4,4’-bis(benzyloxy)-1,1°-

biphenyl-3-yl]]propionate



t he conpound frm@sqm@ngA while stirring in an ice bath. The m xture is
one hour an

stirred 5 for evaporated to constant weight in vacuo. Yield:
200 mg (92% of theory). LC Ms (Method 20)_']05, = 4.25 mn. M mz = 1178
(Mtg) + 10 Exanpl e 81A )

Benzyl 5, 17- bi sbenzyl oxy- 14(S) - benzyl oxycar bonyl am no-11 (S)-(3-benzyl oxy-
car bonyl am nopropyl ) - 14, 13- di oxo-9, 12-di azatricycl o[ 143. 1. 12' ] - heni cosa-

1(19), 2,4,6(21),16(20), 17- aene- 8(S)-carboxylate Le/A~85722(PCT) -115 1.35
g (0.912 mml) of the conp m | are'cedintoBlof
chtorofonn and, while stir g vigoa bty (18—=2“unrol | of

triethylarnine in 5 50 m of chl orof ed over the course of 20 mn
at RT. The mxture is stirred porated¢to dryness in vacuo.
The residue is stirred with 5 acetonitrillg, ed and dried to
constant weight of th { : “93M J- VS
(Method 20): R = 5.1 . X [

(88, 11S, 14S) - 14- Ami no- ( ' h3- dMOX0- 9, 12-
di azatricycl o[ 14. 3. 1. 126] - henfeq
acid 15 di hydrochloride Le A 35 -1167%2HCI 50 ng™~(0.05 mmol ) of the
conpound from Exanpl e 81A are pgnded in 50 [rat of glacial acetic

aci d/ wat er/ et hanol (4/1/1), mxed with 30 ng of Nd/C (10% catal yst 5 and

hydrogenated at RT for 20 hours. After the cat @;Lst as_been renoved by
0~ "O” \[ fj

0.28 g (0.19 mmol) of pentafluorophenyl 2-(S)-benzyloxycarbonylamino-3-[3'{-2-[5-
benzyloxycarbonylamino-2(S)-tert-butoxycarbonylamino-4(R)-

5  (hydroxyoxy)pentanoylamino(3-amino-{1-(S)-benzyloxy-1-oxo-2-phenylethyl]-3-
oxopropyl)]-4,4’-bis(benzyloxy)-1,1’-biphenyl-3-yl]Jpropionate (Example 62A) are
dissolved in 4 ml of a 4 M hydrogen chloride solution in dioxane at RT. After 3 h at
RT, the reaction solution is concentrated at 30°C in vacuo and dried under high
vacuum. The crude product is reacted without further purification.

10
Examples 68A to 71A listed in the following table can be prepared in analogy to
Example 67A.




filtration thrquglkyEgpCTY
strrring, 2 5mM of 0.1 N hydrochloric acid are added. The
d dried to constant wei ght
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0.924 9 (3 64 mEnt sslpeey) of

4,4,4' 4

nmol 3 eq) of potaSS|un1acetate and 0. 116
bls(dlphenylphosphlno)ferrocenepalIadlun(
degassed sol ution of

-octanet hyl -2,2'-bi-1, 3, 2- di oxaborol ane, 0.932 g (9.50
5 (0.160 mol, 0.05 eq) of

N& chloride are added at RT to a

.00 g (3.17 mmol) of (2-trimethylsilyl)ethyl

2(S)-benzyi0xycart am no- 3- -bhen 0 - 1 odopnhen Nr oplonate Exan‘p|e
11A) in 20 m of E)I\Exaliipbhhoxture is sti rred Strugbwmefor 6 hours. It [s taken
up in water and ghy—acetate—the—phases—are——separatet—anctire—ay sgleous

phase is washed 1(
phases are dried dver sodium/ sul fat
product is purifigd by chromns
acetate 10:1).

in. 15 M5 (El): |m z5,632 (NF
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acetate. Th onblned organic
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t ogr aphy
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-119 Exanple No. |Structure Analytical da jLC— thod 15): ~ (IR =
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71A

Example 72A

Benzyl N-{[(SS,IlS,l4S)-5,17-bis(benzyl0xy)-14-{[(benzyloxy)carbonyl]amino}-
11-((2R)-3-{[(benzyloxy)carbonyl]amino}-2-hydroxypropyl)-10,13-dioxo-9,12-
diazatricyclo[l4.3.l.12'6]henicosa-1(20),2(21),3,5,16,1S-hexaene-S-yl]carbonyl}-

L-phenylalaninate




85A) M5 (E
mn. '

(Met hod 15):

HyC

10

15

20

1): mza3s7OXPOTEH, i CCH Y LC-MS (Method 15): O gQO Ri = 3.48
86AHVV5‘(‘EI’@WE: 2 =687 N(MH NO OH-CCHy H3C OCHy LCM
HR =314 nin. 87AH OO | MgdFEl): C

0.26 g (0.19 mmol) of pentafluorophenyl 2-(S)-benzyloxycarbonylamino-3-[3°{-2-[5-
benzyloxycarbonylamino-2(S)-amino-4(R)-(hydroxyoxy)pentanoylamino(3-amino-
[1-(S)-benzyloxy-1-ox0-2-phenylethyl}-3-oxopropyl)]-4,4’-bis(benzyloxy)-1,1°-
biphenyl-3-yl]]propionate (Example 67A) are dissolved in 200 ml of chloroform and
added dropwise over the course of 4 h to a solution of 2000 ml of chloroform and
saturated aqueous sodium bicarbonate solution at RT. Stirring is continued for 1 h
after addition is complete. The phases are then separated. The aqueous phase is
washed twice with 500 ml of DCM. The combined organic phases are washed with
2000 ml of 0.1 M aqueous hydrochloric acid, dried over sodium sulfate and
concentrated in vacuo. The residue is suspended in 15 ml of acetonitrile:methanol
(2:1) and stirred at RT for 1 h. The undissolved solid is filtered off and dried in
vacuo. The solid is boiled in methanol for 15 min for further purification. The
product is obtained by renewed filtration and drying in vacuo.

Yield: 0.022 g {10% of theory).

LC-MS (Method 15): Ry = 3.13 min.

MS (EI}: m/z = 1158 (M+H)"

Examples 73A to 76A listed in the following table can be prepared in analogy to
Example 72A.




CHs CHs Exanpl q&&%\ngp@@f\ listed in the follow ng table can be prepared in

anal ogy to Exanple . Le A 35722(PCT) -120 Exanpl eStructureAnal yti cal
data No. LCGMS (Method 16): 88A( g ft R _:fI.U‘S_Q mn. ~ QQQX XMs (El): nl2 =
1078 NL f\r _LCM (Mthod 15): r -0/ & = 3.49 min. Y/ 89A = 1064 M5

El gol ): mYx

Example Structure Analytical data

Ne.

LC-MS (Method 15):
T3A R(=2.97min.

MS (EI)} m/z = 1082

(M+H)"

LC-MS (Method 15):
74A R;= 3.00 min.

MS (EI): m/z = 1082

M+H)"

LC/MS (Method 15):
75A R; = 2.94 min.

MS (EI: m/z = 1068

M)

LC/MS (Method 15):
76A Ri=2.95 min.

MS (ED): m/z = 1083

QU+E)*




A~( L (MEH) + Vipeea 3¥7oPcny _LCG- M5 (Method 15): g R -3.55 min 90AX M5 (El):
Mz = 1078 o ~ 10 U +° I ML~+~ x fi Exanples 91A to 93A listed in the

foll owing table can be prepared in anal ogylf1 Exanpl e 47A. Le A 35722( PCT)
-121 Exanpl eStructureAnal ytical data No. T oLC-M5 (Method 16): o

Example 77A

Benzyl 2(S)-[S-benzyloxycarbonylaminoe-2(S)-tert-butoxycarbonylamino-
pentanoylamino|-3-{4,4’-bisbenzyloxy-3’-[2(S)-benzyloxycarbonylamino-2-(2-
trimethylsilylethoxycarbonyl)ethyl]-biphenyl-3-yl}propionate

o)

)\ CO,Bn

i T

Me,Si
N
H

O

| /\\CH3
H,C

3 CH3

Preparation takes place in analogy to Example 16A from 0.47 g (0.51 mmol) of the
compound from Example 15A and 0.19 g (0.51 mmol) of Ny-Boc-N;-Z-L-omithine
10 with 0.19g (0.51 mmol) of HATU and 0.35ml (1.65mmol) of N,N-
diisopropylethylamine in 5.55 ml of dry DMF.
Yield: 0.58 g (92% of theory).
LC-MS (Method 18): R, = 3.46 min.
MS: m/z = 1212 (M+H)"
15
Example 78A
2(S)-Benzyloxycarbonylamino-3-{4,4’-bisbenzyloxy-3’-[2(S)-benzyloxycarbonyl-
2-(5-benzyloxycarbonylamino)-2(S)-tert-butoxycarbonylaminopentanoyl-
amino)ethyljbiphenyl-3-yl}propionic acid




R=2.59 m n. 91%%50%2. 2 = 1673 Qo o NN j "/ XGQ~ p~i HO
Y(Mtx)  © Qnn Exanple 94A to 96A listed in the follow ng table

can be prepared in analogy to Exanple 52A“i.e A 35722(PCT) -122
Exanpl eSt ruct ur eAnal yti cal data No.

i BnO?—ﬁOBn

CO.Bn

sy

o
)m
H,C :

CH,

Preparation takes place in analogy to Example 17A from 0.82 g (0.68 mmol) of the

compound from Example 77A with 2 eq (1.3 ml) of tetrabutylammonium fluoride
5 (1 Min THF) in 30 ml dry DMF.

Yield: 772 mg (94% of theory).

LC-MS (Method 20): R, = 1.62 min.

MS: m/z=1112 (M+H)"

10 Example 79A
Benzyl 2(S)-(5-benzyloxycarbonylamino-2(S)-tert-butoxycarbonylamino-
pentanoylamino)-3-[4,4’-bisbenzyloxy-3’-(2(S)-benzyloxycarbonylamino-2-
pentafluorophenyloxycarbonylethyl)biphenyl-3-yl]propionate




LC- M5 (Method T@A3S7TOARCT)IN R, = 3.40 min. 'lc' " M (El): mz = 1457 cx

c Nc

10

cn,

(MFH) N, r"+ NMWS ~JrLGC-MS (Method 16): |  95A" ( |

-113 -

(g

Preparation takes place in analogy to Example 18A (Method A) from 422 mg
(0.38 mmol) of the compound from Example 78A and 349 mg (1.9 mmol) of
pentafluorophenol with 80 mg (0.42 mmol) of EDCI and 4.63 mg (0.04 mmol) of
DMAP in 4 ml of dichloromethane.

Yield: 502 mg (95% of theory).

LC-MS (Method 20): R;=3.13 min.

MS: m/z = 1278 (M+H)"

Example 80A

Benzyl 2(S)-(5-benzyloxycarbonylamino-2(S)-aminopentanoylamine)-3-[4,4’-
bisbenzyloxy-3’-(2-(S)-benzyloxycarbonylamino-2-pentafluorophenyloxy-
carbonylethyl)biphenyl-3-yl]propionate hydrochloride

N



R = 3.17 nin Ne A3¥MBPEN): mz = 1442 LC-M5 (Method 16). 4bA~It = 3 33

mnoyn, . ~c "~ ~"""y~ ~s~ "4 "' M5 (E): mz = 1457 ay ~, cH,
(MH14)t - p | Exanpl es 97A to 99A |isted i4n_thefollovvingtable can be
prepared in analogy to Exanple 57A. Le A 13]5722(PCT) -123

O
HN CO,Bn
o
santtnill
F

° H,N —\ P
N~
O

x HCI

5 ml of 4 M dioxane/hydrogen chloride solution are added to 215 mg (0.17 mmol) of

the compound from Example 79A while stirring in an ice bath. The mixture is stirred
5  for one hour and evaporated to constant weight in vacuo.

Yield: 200 mg (92% of theory).

LC-MS (Methed 20): R;=4.25 min.

MS: m/z = 1178 (M+H)"

10 Example 81A

Benzyl S,17-bisbenzyloxy-14(S)-benzyloxycarbonylamino-11(S)-(3-benzyloxy-

12.6

carbonylaminopropyl)-10,13-dioxo-9,12-diazatricyclo[14.3.1.1°"]-henicosa-

1(19),2,4,6(21),16(20),17-hexaene-8(S)-carboxylate




Exanpl e No Strupéwgﬁz@'r)o f\ 2e\ 0 MO 97A"~ HN/ OH O-N, 0 O YCH Hoc

OCHCH HGAOH 0 OJi N9BAO' T! OHNNY O\ HO/ HyNs 0 O
HON OH, H5,0 OHt5C CHI NHO o--11 1 O\-QTé H gp 99A~-0" N HN No~ H OHO
tvH 0 HC o H O CH CH )

1.35 g (0.91 mmol) of the compound from Example 80A are introduced into 31 of
chloroform and, while stirring vigorously, 2.54 ml (18.2 mmol) of triethylamine in

5 50ml of chloroform are added over the course of 20 min at RT. The mixture is
stirred overnight and evaporated to dryness in vacuo. The residue is stirred with 5 ml
of acetonitrile, filtered and dried to constant weight of the residue.
Yield: 890 mg (93% of theory).
LC-MS (Method 20): Ry = 5.10 min.

10 MS: m/z =994 (M+H)"

Example 82A

(85,115,145)-14-Amino-11-(3-aminopropyl)-5,17-dihydroxy-10,13-dioxo-9,12-

diazatricyclo[14.3.1.12‘6]-henicosa-1(20),2 (21),3,5,6,18-hexaene-8-carboxylic acid
15  dihydrechloride



HCNCHNHS Beapbe(PODA to 102A listed in the follow ng table can be
prepared in analogy to Exanple 62A. Le A 35722(PCT) -124 Exanple

No. Structure t f I f Qo f p N J( p~N OHNXN "Q O 140A" p 6owH, 0 " | F OH
CH 1f FFFNHpP~0\ f 1t pf (lilAH ~f, FF pBH 0HCACH F  /
OH Op \

0
0

x 2 HCI

50 mg (0.05 mmol) of the compound from Example 81A are suspended in 50 ml of
glacial acetic acid/water/ethanol (4/1/1), mixed with 30 mg of Pd/C (10%) catalyst

5 and hydrogenated at RT for 20 hours. After the catalyst has been removed by
filtration through kieselguhr, the filtrate is evaporated to dryness in vacuo and, while
stirring, 2.5 ml of 0.1 N hydrochloric acid are added. The mixture is evaporated to
dryness in vacuo and dried to constant weight.
Yield: 17 mg (63% of theory).

10 TLC (methanol/dichloromethane/25% strength ammonia = 5/3/2): R¢= 0.6

LC-MS (Method 9): R; = 0.28 min.
MS: m/z = 457 (M+H)"

Example 83A

15  (8S,11S5,14S5)-14-[(tert-Butoxycarbonyl)amino-11-[3-{(tert-butoxycarbonyl)-
amino]propyl}-5,1 7-dihydroxy—l0,13-diox0-9,l2-diazatricyclo[14.3.1.12‘6]-
henicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxylic acid



L0 F 1~/ QA 3BT~y F p OoctIH. QH p 102AF OH CHF F F NH 0~0 ~

5 Exanples 103 0 isted in the followng table can be prepared in
anal ogy to Exanple 67A. Le A 35722(PCT1 - Exanpl e No. Structure N ~O F
HN 103AF H HN..OO/ ONFNHO-O(\ /"T00'Hv OHN p 104AFH OH N' OH Cy

225 mg (0.42 mmol) of the compound from Example 82A are dissolved in 2.25 ml of
water and 2.25 ml of 1 N sodium hydroxide solution, cooled in an ice bath and, while

5  stirring, 278 mg (1.27 mmol) of di-tert-butyl dicarbonate are added. The temperature
is raised briefly after the addition to 30°C, and reaction is allowed to continue at RT
overnight. The mixture is acidified to about pH = 5 with 0.1 N hydrochloric acid and
cautiously evaporated to dryness in vacuo at RT. The residue is stirred with diethyl
ether, filtered and dried to constant weight thereof.

10 Yield: 259 mg (93% of theory).

LC-MS (Method 18): R; = 1.96 min.
MS: m/z = 656 (M+H)"

Example 84A
15  2-(Trimethylsilyl)ethyl 2-(benzyloxy)-N-[(benzyloxy)carbonyl]-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-L-phenylalaninate



ORFo/ ro eg%mFWT)105AFoW+ogye/ FORHCSr FFFNHOOI

Exanpl es 106A I'sted in the followng table can be prepared in
analogy to 5 Exanple 72A. Le A 35722( PCT) 1-8126 Exanpl eSt ruct ur eAnal yti cal
data No. t ~f \ . J\ t 106AHHi F HOM8 | c M5 (Method 15): Ri=3.10
mn. CH M (El j ( = 1124 I ~(yH): m

CH,
CH,

? CH,

O B<o” "CH,

0924g (3.64mmol, l.15eq) of 444 ,45,5,5 5 -octamethyl-2,2’-bi-1,3,2-
dioxaborolane, 0.932g (9.50 mmol, 3eq) of potassium acetate and 0.116g
5 (0.160 mmol, 0.05 eq) of bis(diphenylphosphino)ferrocenepalladium(Il) chloride are
added at RT to a degassed solution of 2.00 g (3.17 mmol) of (2-trimethylsilyl)ethyl
2(S)-benzyloxycarbonylamino-3-(2-benzyloxy-5-icdophenyl)propionate  (Example
11A) in 20 ml of DMF. The mixture is stirred at 80°C for 6 hours. It is taken up in
water and ethyl acetate, the phases are separated, and the aqueous phase is washed
10  several times with ethyl acetate. The combined organic phases are dried over sodium
sulfate and concentrated in vacuo. The crude product is purified by chromatography
on silica gel (cyclohexane/ethyl acetate 10:1).
Yield: 1.12 g (56% of theory).
LC-MS (Method 22): R, = 4.50 min.
15 MS (EI): m/z = 632 (M+H)"
'H-NMR (200 MHz, CDChL): & = 0.92 (dd, 2H), 1.31 (s, 12H), 2.95-3.95 (m, 2H),
4.11 (m, 2H), 4.55 (11 (m, 1H), 4.99 (s, 2H), 5.08 (s, 2H), 5.53 (d, 1H), 6.90 (4,
1H), 7.15-7.47 (m, 10 H), 7.58 (d, 1H), 7.67 (dd, 1H).

Examples 85A to 87A listed in the following table can be prepared in analogy to
Example 37A.




"z ~+ . o (M&sedpcTy H MG MS (Method 24): 107Ar HRi = 3.31 min. MS
(En: miz = 1110 + (MFH) E-I\/B(I\/bthod 24): R =3.32mn. % H off ( ~

108AO0 | i 1z = 1124 Y HNCVS E1 ): ni ( +_fM+-M
Example Structure Analytical data

No.
LC-MS (Method 15):
R;=3.12 min.

85A
MS (EI): m/z = 701
(M+H)"
LC-MS (Method 15):
Rt=308 min.

86A
MS (ED): m/z = 687
M+H)
LC-MS (Method 15):

87A
MS (EI} m/z = 701
M+H)'

Examples 88A to 90A listed in the following table can be prepared in analogy to
Example 42A.



Exanpl e 109A dthe% bSﬂzZ%FcTﬁFe follow ng table can be prepared in analogy to
Exanpl e 24A ) -127 Exanple No. StructureAnal ytical data LC M

(Met hod 24): 109AHo/off R1:194mno£1 MNHET ~0 = 729 "~/ ~. ..~ S (
©): m"z nOCHN N NH, }+ O ~OH o NH oc Ex:dfile | |0A
2- (Benzyl oxy) - N-(tert-butoxycarbonyl )i odo- N-net hyl - L- pheny | al ani ne 5

Example Structure Analytical data
No.

Q_\ ave ,_Q LC-MS (Method 16):

R;=2.59 min.

88A Oj\N ’Lfo j\N ﬂ\/ﬁ\o MS (ED): m/z = 1078
SRS P AR Qe
I HC CH,“CH’ Y (M+H)+
HC

LC-MS (Method 15):
R;=3.49 min.

A MS (EI): m/z = 1064
(M+H)"
LC-MS (Method 15):
Ry=3.55 min.

204 MS (El): m/z = 1078
M+H)"

Examples 91A to 93A listed in the following table can be prepared in analogy to
Example 47A.
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Example 94A to 96A listed in the following table can be prepared in analogy to
Example 52A.
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Examples 97A to 99A listed in the following table can be prepared in analogy to

Example 57A.
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5 Examples 100A to 102A listed in the following table can be prepared in analogy to
Example 62A.
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Examples 103A to 105A listed in the following table can be prepared in analogy to
Example 67A.
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LC- M5 (Met hod
117A Benzyl 5
2(S) - [ met hyl - (5- benzyl oxycar bonyl ami no) - 2{ 5 ~tert-but oxycarbonyl -

am no-4(R) - hydr oxypent anoyl ] am no-3-[4, 4' - bi shenzyl oxy-3'-(2(S)-benzyl oxy-
car bonyl am no- 2- pent af | uor ophenyt oxycar bonyl et hyl ) bi phenyl -3-yl] propionate
Le A 35722(PCT) -133 OBn O 1-13C~-N" A- COZBn I C]—I O=C NH2 F 7 ~/ Boc-HN

9 mn. M (ElI): mz = 1142 (M+H)" 15 Exanple

F Preparation t akes—plaece—i+rn—analo o6y to—bBsae |\, HSA I\vne{hﬁd A) f+oem 330 ny
(029 mmol) of thet%‘ﬁﬂgaﬁﬂ from Exanpl e 116 "2‘6‘5"% (1.44 mol) pf 5
pent af | uor ophengt——3753 g (0. U3 nmcl ) of uvm-' dnm{ g (U, 32 nnol ) of
EDC in 10 m of |di chl oronet hane. Id 271 rrg (69% of ory) LG M5
(Method 23): R {= 3.38 mn. L H) arrpl e 11SA Benzyl
2(S)-[ nmet hyl - (5-{benzyl oxyeay bonyl am no) R) - yd r oxy-

103A

104A

105A

Examples 106A to 108A listed in the following table can be prepared in analogy to
5 Example 72A.



pent anoyl | am n@e3s B4728(POTSbenzyl oxy-3' - (2(S) - benzyl oxyear bonyl am no- 2-
pent af | uor ophenyl oxycar bonyl et hyl ) bi phenyl - 3-yl | propi onat e hydrochl ori de Le
A 35722(PCT) -134 130 nmg (0,1 nmol) of the @onpound from Exanpl e 117A are
dissolved in 0.5 m of dioxane. and 5 ml of 4 M di oxane/ hydrogen chl ori de
solution are cautiously added 5 (ice bath). After 30 mnutes, reaction is
allowed to continue at roomtenperature for a further 2 h Th%__m_x_t_l,“'_g_is
evaporated to drl/?uempld n vacuo and d$treeture constant wei gAnalytigaldatpgh

vacuum Yiel d: 130 70% of theory). LC-M5 (Method Ib): R = 2.68 mn.
10 MS (EI): iz iy MrH) Exanpl e 119A Benzyl

(8S, 11S, 149) - 5, [7-bi s(benzyl oxXy) - I4-{] (benzyT oxy) car bonyTTam no; - I 1-

((2R) - 3-{[ (benzyl oxy) caJr bo @ 2- hyd rax Q hopyl - 9 met hyl - 10, 13- di pxo-
15 9, 12-di azatr|cyclo[14. 3. & g ¢ 20 (21), 3} 5, 16, 18- hexaene{ 8-

carboxyl ate Le A 35722(PCT) - 135 1 mml) of t HeC-06Enidethad 1 5lom

Exanpl e 118A arg introducgd intio 22 ylchlLorofprm Wile stirring
at room tenperat un@gA23 @(/‘2\8 ex) iy m‘he R,>= M0 efin,
di chl or onet hane| are adde ver the Tourgetof 2T The m xture is

stirred overnight. It ijs then evaporated to dry ss |n MASUET) Tltﬁpz Leﬁndue i's
stirred with agetonitrjiile. Drying of t s\readue resul{s in 44 of

product. Further product (30 ng) is obfal om t he A+ Ilquor by
RP-HPLC. Yield:|74 ng (69% of theory). 10 LC— (Methodj 15); Rr = 3.13 min.
M5 (Bl): mz= 1024 (M+H)~ Exanpl e 120A

LC-MS (Method 24):

1074 R,=3.31 min.
MS (EI): m/z = 1110
(M+H)"
LC-MS (Method 24):
108A R;=3.32 min.

MS (El): m/z = 1124
M)

Example 109A detailed in the following table can be prepared in analogy to
Example 24A.




(8S, 11 S, 14S)-

14- A5 TPET) (2R) - 3- am go- 2- hyd roxypropyl | -5, 17-di hydr oxy- 9-

15
nmet hyl -

10, 13- di oxo0-9, 12-di azatri eycl o[ 14. 3
6, 18- bexaenecarboxylic acid ditrifluoroacétate Le A 35722( PCT)
(0.032 nmmol ) of the conmpound from Exanple 119A are cautiously treated wth
dilute trifluoroacetic acid. The resulting clear solution is then

| yophilized. 5 Yield: 23 ny (quant itati ve) LC- M5 (Met hod 15):

1t' 6[ beni cosa-1(20),2(21),3,5,1
-136 33 ngy

R =0.92 mn.

M5 (El): mz = ag6(CwWHE anpte—12%t 0 :

(8S, 11S, 14S) - 5, 1@3ﬁh£(°3«gﬁ-zy| oxy) - 14- {?B’é‘:‘f%‘&fﬁoxycar bonyl | anfhRAVUERLYRR) b ¢
[ benzyl oxycar bommhyl - 10, 13- dl 0X0- 9, 12-

di azatricyclo[14.3.1. 1z' s]|henic 0T, R(21), 3,5,16, 1 2% boxyl |
c acid Z-HN Le A 35(®A( PCT) "43% I) of the conpound from
Exanpl e 119A arg dissolved in 2 M , 0.14 of |R¢N194trhinum hydr ¢xi de
solution is added, and the m xt reHls t|rred at Oroom enperature for B It
It is then acid|fied vvithloy NQ/achk r@lpdnt/o «rjavess
under high vacupm 5 Yiel d o5y eory) HEC— %I\/_pt hod 23): R =
2.90 nin. M (Fl): ntz =934 ( & 122A 10 |((M+H)

(8S, 11S, 14S) -5, L7- Bi s(benzyl oxy) - 14- ([ enzyl oxycar bonyl | am no}-11- ( 2R) - 8-

([ benzyl oxycar bpnyl [ am no}|- 2- hydr oxypr o Q-nethyl - 10, 13- di oxo-9, 12-

di azatricyel o[ 14. 3.11z' 6} heni cosa- 1(20), 31) 3,5,16, 18} hexaene- 8- car boxam d

e Z-FIN

Example 110A
2-(Benzyloxy)-N-(tert-butoxycarbonyl)iodo-N-methyl-L-phenylalanine

Qs

CH, O
o WP
HC™ ~O7 N

CH

COH

3

Under an argon atmosphere, 500 mg {1 mmol) of the compound from Example 6A
are dissolved in 20 ml of THF, 90.5 mg (3.02 mmol) of sodium hydride and 0.51 mi
(1141.6 mg; 8.04 mmol) of methyl iodide (80% pure) are added, and the mixture is

10

stirred at room temperature overnight. It is diluted with 25 ml of ethyl acetate and
25 ml of water and adjusted to pH =9 with 0.1 N hydrochloric acid. The mixture is
concentrated to a small volume in vacuo. 10 ml of ethyl acetate and 10 ml of water

are added, the mixture is shaken vigorously, and the organic phase is separated off.

15

(19% of theory).

Drying with sodium sulfate and concentration in vacuo result in 140 mg of product




15 30 ng (003 nuoA 3sedrphgyconmpound from Exanpl e 121A are dissolved in | m
of DMF, and 0.01 ni (14 eq% of triethylam ne is added. After the reaction

sol ution has been cooled in an ice bath, _ 6 ng (2 eq) of isobutyl
chloroformate are added, and the reaction Ts allowed to take place for 30
m nutes. After stirring at room 20 tenperature for a further hour, 0.64 m
(10 eq) of 0.5 N di oxane/ammonia solution is added, and the mxture is

stirred over ni gie.aqupeusinhesedis acidifiedr(PHonékeandrextraeiad thies, imgs withaOgnl oftatlad by

Lo A 35722( PoTisies bk Bh jb:VaEld aad dhaingn iR b T e itbafiel

in the foll ow r(gg%qgltﬁe@y)e prepared fromthe appropriate precursors in
anal ogy to the nethods detailed above for Exanples | | 5A 5 to 122A: Le A
35722(PCT) - 134.E&EMSMetbod i) B &2 panat i onAnal ytical data No. anal ogous to

123A115ALC- thod 25) . R\ = 4.85 min M (El): miz = 1226 OTMSEO BOC- HN
NN 2 128A8 16 AN B Eﬁ%ﬁéﬁ(%ﬁ) Al (B): mz

Example 111A
Benzyl 2-(benzyloxy)-N-(tert-butoxycarbonyl)-5-iodo-N-methyl-L-phenylalaninate

.

H, O
e
o!
H,C” 07 N
CH

O

2

10

Preparation takes place in analogy to Example 7A from 350 mg (0.68 mmol) of the

compound from Example 110A, 829mg (0.07mmol) of DMAP, 148 mg

(1.37 mmol) of benzyl alcohol and 157.46 mg (0.82 mmol} of EDC in 3 ml of
15 acetonitrile.

Yield: 382 mg (93% of theory).

LC-MS (Method 17): R, = 4.8 min.

MS (ED): m/z = 601 (M+H)"

20 Example 112A
Benzyl 2-(benzyloxy)-N-(tert-butoxycarbonyl)-N-methyl-5-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)-L-phenylalaninate



2.04 mn. z-

cqbgrmg'sqz%pgnws (El): nilz = 1126  125A117ALC M5 ( Met hod

25): P, _ 3.79 mn. ~ON,c.~fMBS Mz = 1292 F FAO h. . T~. . ~NH-2(MtH) + F

126Al |1 SALC-Ms (Method 25): R 3.72 mn. éj%/_cw i coinMs (El): nlz = 1192
n

~c xs' F 127A119ALC-MS (Method 25): R(

-

\ f OBn 4.39 in, M5 (El): nfz

= 1008 Z-H N N CQZzen(Mt. CH, Z

10

15

In analogy to Example 8A, 380 mg (0.63 mmol) of the compound from Example
111A are introduced into 4 ml of DMF in a heat-dried flask and, while stirring at
room temperature, 184.5 mg (0.73 mmol) of 4,4,4°,4°,5,5,5’,5’-octamethyl-2,2’-bi-
1,3,2-dioxaborolane, 186 mg (1.9 mmol) of potassium acetate and 23.15mg
(0.03 mmol) of bis(diphenylphosphino)ferrocenepalladium(II) chloride are added.
Reaction is allowed to take place at 80°C for 4 h. The product is obtained after
workup and chromatography (silica gel 60, mobile phase: cyclohexane/ethy} acetate
=4/1).

Yield: 196 mg

LC-MS (Method 17): R;=4.9 min.

MS (EI): m/z = 601 (M+H)"

Example 113A
2-(Trimethylsilyl)ethyl  2(S)-benzyloxycarbonylamino-3-[4,4’-bisbenzyloxy-3’-
(2(S)-benzyloxycarbonyl-(2-tert-butoxycarbonyl-2-methyl)aminoethyl)biphenyl-
3-yl]propionate



HN1 - Le A 357%%(5@72%ﬁé@}Examl e Preparation No.Structureanal ogous

Anal ytical datato LC-M5 (Method 26): R, _ Bn 3.64 mn. N M5 (En:
mz =918 2-HNNCOHi o HAG 1~ 1-+' 1~ Z- 129A0 / \ [ \ 122ALC- M5 (Met hod
25): f _en pan - -3.8 min MNi,,~rm (Bl): mz - 917 Z+w (Mr1}' 0 j O
H.C
Z-HN C=0 * "N~ ~CO,Bn
OTMSE
0] O
HC%\CH
" CH, °

Preparation takes place in analogy to Example I12A (Method B) from 190 mg
(0.32 mmol) of the compound from Example 112A, 199.5 mg (0.32 mmol) of the

5 compound from Example 11A, 195.5 mg (0.63 mmol) of cesium carbonate and
23.15 mg (0.03 mmol) of bis(diphenylphosphino)ferrocenepalladium(Il) chloride in
1.5 m] of DMF under an argon atmosphere.
Yield: 212 mg (66% of theory).
LC-MS (Method 25): R, = 4.86 min.

10 MS (ED): m/z =978 (M+H)"

Example 114A
2-(Trimethylsilyl)ethyl  2(S)-benzyloxycarbonylamino-3-[4,4’-bisbenzyloxy-3’-

(2(S)-benzyloxycarbonyl-2-methylaminoethylbiphenyl-3-yl]propionate
15  hydrochloride

H\
Z-HN c=0 N~ CO,Bn
OTMSE  CH,

x HCI




I1( Z-HN Exanplie 4364 Bpr7y!

2(S)-tert-but oXxycarbonyl am no-5-nitro-4-oxopentanoate 5 A solution A of 10 g
(30.9 tnnmol) of 2(S)-tert-butoxycarbonyl amposuccinic acid |- benzyl ester
and 5.27 g (315 mmol) of 1,1'-carbonyldiinttazote in 100 nl of 10
tetrahydrofuran is stirred at RT for 5 h. 18.8 g (30.9 mml) of nitronethane
are added dropwise to a solution Bof 3.2 g (34.2 mmvpl) of potassium
tert-butoxi de iBrepat@®nrthkesfplacstinangldgp tuEsample 166. fraol930inen((B9F mnwal) of hd

while warm ng to RT d Le A 357 PCT) o5 141 t hen | uyti on,A,i s added.

dr opwi se at e compaupE Hart ExgmRRdreand 221 iyl ol B Wdtoiso draef ahlpride

adj usted to pHgubhin 29%19F AR hydrochloric acid. The solvent is

evaporated. The remai ning crude product is taken up in ethyl acetate/ water.

After separatiYialdoP13 hng (B8%sdshearye or gani ¢ phase is extracted twice with

water, dried ove diu ul fate_and concentrated. 13 g (99% of theory) of

EjgeDIF\)/rB(C))?UCg ar é‘d)‘ﬁfsdm‘ég.og]z%%&E%ﬁmﬁbz :33?;1 EMH_?H) I—ZNZ/E (?QO I\/Isz) c 1
- : o] S ; m , 3. m , 4. in, , 5.

(s, 2H), 5.81 %flnﬁ%@ﬁl’n/?hy%&éﬁ?% 5H). Exanple 131A 10

Benzyl 2(S)-tert-butoxycarbonyl am no-4(R)-bydroxy-5-nitropentanoate A

solution of 11.3 g (30.8 mmol) of benzyl

2(S)-tert-but oBxammMeldAni no-5-nitro-4- 15 oxopentanoate in 300 m of

t et rahydrof uram,J K Rr& I M GOL UL )
L-Sel ectrid(r) %eﬁ%gﬂ?;ﬁ%ﬁ@# lﬁ%“?ﬁg"’gﬂ?ﬁéﬁ@ﬁvﬁg’? 'léglrtléﬁt@% c%lg(otng} eis
stirred at 1078Gniiab-4R)-(teAf-betyldinredhylgilylexyyfentansylfamiiad}-3ndphibisbeakyloky-de
solution is cautiously added to the solutiaon. The reaction solution is

concentrat ed, rd2¢denzexyngsbonylamino2-@rivimethylulylethoxysaphenylettydl-c. The

aqueous phase i G 20 times with ethyl acetate. The conbi ned
organi ¢ phases bg?gé%'? ?3&?%\9E§H’n§gedi um sul fate

H,C
Z-HN ¢=0 * N7 TCO,Bn
OTMSE 0
BocHN™
BSO™
HN-Z

Preparation takes place in analogy to Example 16A from 922 mg (1.01 mmol) of the
compound from Example 114A, 0.5g (1.01 mmol) of the compound from
Example 14A, 421 mg (1.11 mmol) of HATU and 0.7 ml (518 mg; 3.27 mmol) of
DIPEA in 4.2 ml of DMF.

Yield: 703 mg (51% of theory).

LC-MS (Method 16): R;=3.17 min.

MS (EI): m/z = 1356 (M+H)"




and evapor at ed.LeTAgs5gpu@#€TYr oduct is prepurified on silica gel 60 (nobile
phase: cycl ohexanel ethyl acetate 10/1), and the collected fractions are
concentrated and stirred with cycl ohexaneigjhyl acetate 5/ 1. The renmaining
crystals are filtered off with suction and dried. 2.34 g (21% of theory) of
the desired di astereoner are 25 obtai ned. Chromatographic separation of the
not her |iquor on Lichrospher Diol Le A 35722(PCT) -142 10 M (nobil e phase:
et hanol | i so- hexane 5/ 95) results ina further 0.8 g (6.7% of the product.

M5 (ESf): mz -—FFBGQ&!;@‘ "H NVR (300 MHz, dfi-DVMBO): 6= 1.38 (s, 9H), 1.77

(m 1H), 1.97 ( 4.10- 4.44 (m 3H), 4.67 (m IH), 5.12 (m 211),

5.49 (d, 1 2 t
The s§/nt hels_? S (7)21‘ge?é@imgmyé?@rﬂ%‘ggngisstggzzﬂ?ﬁ% ﬁg‘??lfﬂ nawxpfﬂg?gg?pn >
¢

bi phenonycin de?r-{m uyédvxyasrbofnaiamarﬁﬁb;embumxyc&@mxb\mhle-«m-

(8S, 11S, 14S).- 1 no I [l’f%’ 8% 5, 17-di hydr oxy-
10, 13- di 0x09, XYRens3 i‘r‘" 15‘231“’ %ﬁ-ﬂa&ﬁlﬂw%ée21),s,5, 16, 18- 10
hexaene- 8- car boxam de di hydrochl ori de Le A 35722(PCT) - 144 H2 x 2 HCl NH2
Method A: A 4 Msolution of hydrochloric acid gas in dioxane (1.0 m) is

added dropwi se to a

H,C
Z-HN COH ™

Preparation takes place in analogy to Example 17A from 360 mg (0.27 mmol) of the
10 compound from Example 115A and 0.8 ml (3eq) of 1 M tetrabutylammonium

fluoride solution (THF) in 20 ml of DMF.

Yield: 159 mg (53% of theory).

LC-MS (Method 23): R=3.19 min.

MS (EI): m/z = 1142 (M+H)"

15

Example 117A

Benzyl 2(S)-[methyl-(5-benzyloxycarbonylamino)-2(S)-tert-butoxycarbonyl-
amino-4(R)-hydroxypentanoyl]amino-3-[4,4’-bisbenzyloxy-3’-(2(S)-benzyloxy-
carbonylamino-2-pentafluorophenyloxycarbonylethyl)biphenyl-3-yl| propionate




5 solution of 3.,1538mABCT prml) of

tert-butyl (2R TF('B'SAETS_{ 45) - 8- (am nocar honyl ) -

14-[ (tern-but oxycar bonyl )am no] -5, 17-di hydg%xgy 10, 13- di oxo0-9, 12-di aza-
tricyclo[14.3.1.12" 6] heni cosa- 1(20), 2(21) 16, | 8- hexaene-| 1-yl ] - 2- hydr oxy
propyl - carbamate (Exanple 22A) in dry dioxane (analytical grade, 1.0 nl)
under argon. Conplete conversion is reached after about 30 mn. The
reaction mxture is frozen 10 and ed to renove sol vents.
Purification takes pl ace by@%ﬁb C ?gﬁhadex LH 20;

met hanol / concentrated hydro ri 01y -doped with sodium
disulfite], resulti ng in 1.4 ngy (86% ) of product. HPLC-UV-V is
(Method 14): It, = 3.09 mn. Al,, / ) = -204 nm(s), 269 (m,
-285 (sh) (H20taceton|trlle + ] ]). Le A 35722(PCT) -145

"H NVR (500 MHz, CD30D): %1 13.6, 9.2, 5.9Hz), 1.99
(ddd, IH, J = 13.6, 9.6, ), NCA, 092312 8, 9.6Hz), 2.87 (dd,
IH J =17. 1, 12.182), 3.04 (dd, 1H, | =12. I8, 29HzpH 3. 11 (dd, IH, J=

14. 8, 3. 0Hz) , 3.38 (dd, 1H, J=16.9,Y1.9HHTQ. 57 (d 1H _NH-Z 11.7, 5.4Hz),
3.92 (tt, IH J = 9.4, 3.5Hz),g4.23 (dq; IN o ~3.0Hz), 4.90 (m
1H),4.91 (m 18), 6.79 (d, 1H : : 5(d 11, J = 8.4Hz), 7.10
(d, 1H, J = 2.3Hz), 7.25 (dd 1H, 8. CBDCZ'"SHZ) 7,36 (dd, 1H, J = 8.5,
2.482), 7, 44 (d, 1H 1| = lHZG% L (125.5 MHz, CD3OD): 6 = 30.3, 30.8,
39.5, 454 50. 6, 518, 55. 3 3156 16. 3,120.8, 125.3, 126.2, 126.8,
127.0, 130.9. 132.7, 133.5, 155.0, g55.7, 168.4,172.8,177.0. LCHRFT-1CR M5
(Method 13): Sc, for C23H3ON5O6 [ MPH] - 472.2191 found 472.2191. Method B: 5
Under argon, 14.8 ng (0.02 mml) of tert-butyl (2R)-3-[(8S, 11S, 145S) - 8-

(am nocarbonyl)-14-[ (tert-butoxycarbonyl)an no] -5, 17-di hydr oxy- 10, 13- di oxo-

9, 12- di azat ri cypgb@irditbn3 taked Il BN iaffIsgy 16 20 andile 13A3(Method 18y HEoraeIBd thi - y1]
" (0.29 mmol) of the compound from Example 116A, 265.6mg (1.44 mmol) of
5  pentafluorophenol, 3.53 mg (0.03 mmol) of DMAP and 60.87 mg (0.32 mmol) of
EDC in 10 ml of dichloromethane.
Yield: 271 mg (69% of theory).
LC-MS (Method 23): Ry= 3.38 min.
MS (EI): m/z = 1308 (M+H)"

10
Example 118A
Benzyl 2(S)-[methyl-(5-benzyloxycarbonylamino)-2(S)-amino-4(R)-hydroxy-
pentanoyl]amino-3-[4,4’-bisbenzyloxy-3’-(2(S)-benzyloxycarbonylamino-2-
pentafluorophenyloxycarbonylethyl)biphenyl-3-yljpropionate hydrochloride



hydr oxypr opyl cqjcbﬁrjgym(pgl-gnpl e 22A) are introduced into 0.5 m of dioxane.
The mxture is coole C, and 0.8 m of 4 Mhydrochloric acid solution

in dioxane is 10 added dropwi se. After 45 mpn, the mixture is concentrated
in vacuo, and the residue is taken up twi ce nore in dioxane and again
concentrated in vacuo. The product is dried under high vacuum Yield: 12 ny
(100% of theory). HPLC (Method 8): R, = 4.87 min. 15 M5 (El): mz = 472
(MtH 2HC1) +. ' H- NMR (400 MHz, D20): .53-0.67 (m 211), 1.65-1.86 (m
3H), 1.88-1.95 (m 1H), 2.03%?013 87§02(m 4H), 3.09-3.19 (m
2H), 338 (u, 1H), 3.59- 3.69 ( - 96 IH), 4.46-4.51 (m | H),
4.85-5.01 (m 5H), 6.98 (dd, : 736(s IH), 7.43 (dd,
Ur), 7.50 (dd, IH. Le A 35722(PCT - 146 Exarrpl e 2 (8S,11S, 14S) - 14- Am no- |

| -[ (2R) - 3- am no- 2- hydroxypro%)_/l ]
di hydr oxy- 10, 13- di oxo-9, 12-di azatr| cosito[ 1
1(20), 2(21) 3, 5, 16, 18- hexaene8- car box mde ydroe Horlﬁi.tg 50.5mM of 4N

. 1.498rheni cosa-

hydrochl oric acid solution in di oxan is 6 a solution of
tert-butyl (2R)-3-[(8S,1 1S, 14S)F yI am no carbonyl] 14-[ (tert-but oxy
10

car bonyl ) am no] -5, 17- di hydr oxy-1 o- 9 12 di azatricyclo[14.3.1.1z' 6] -

heni cosa-1(20), 2(21), 3,5, 16, 18- hexaehe- 11 -yl ]-2- hydmyqr opyl ear bamat e
(Example 23A) in 0.5 m of 1,4-dioxakhe while cooling in ice. The ice cooling
is renoved and the mxture is stirred at RT for 2 h before being
concentrated in vacuo and dried under high vacuum The residue is taken up
in a mxture of 15 dichl oronmethane and net hanol, and the solvents are

evapor ated of f Poahgi@ntimmolh 6f Me doviidnad from Efampled10R art dissolBed ES0.5moisyf:

Mz =562 ( M+HdzionCa1ne and 5 ml of 4 M dioxane/hydrogen chloride solution are cautiously added
5  (ice bath). After 30 minutes, reaction is allowed to continue at room temperature for
a further 2 h. The mixture is evaporated to dryness in vacuo and dried to constant
weight under high vacuum.
Yield: 130 mg (70% of theory).
LC-MS (Method 15): R, = 2.68 min.

10 MS (EI): m/z = 1208 (M+H)"

Example 119A

Benzyl (8S,118,148)-5,17-bis(benzyloxy)-14-{[(benzyloxy)carbonyljamino}-11-

((2R)-3-{[(benzyloxy)carbonyljamino}-2-hydroxypropyl-9-methyl-10,13-dioxo-
15  9,12-diazatricyclo[14.3.1.1*|henicosa-1(20),2(21),3,5,16,18-hexaene-8-

carboxylate




"H NVR (400MHz

(m 2H),

Lel 29932BcE 1. 70-1.81 (m 113), 1.82-1.91 (m 1H), 2.71-2.84
89-_2_97_(_(_2'F&m , 3.15 (d, 1H) 342353(nt 1H), 3.67-3.73 (m

1H), 4.21- 4.26 (m 113), 4.29 (d, IH), 433(m 1H), 4.34 (d. 1H),
6.80-6.83 (m 211), 6.89 (s, 1H), 7.10- 7 2 (m 4H), 7.26-7.31 (m 313),

7.35 (d, 111).

20 Exanples 3 to 14 listed in the follow ng table can be

prepared in analogy to Exanple 1. Le A 35722(PCT) - 147
- VB (A

Exanpl eStructureAnal ytical data No.
mn. O HNN~M5(ESIPos): mz= NIiN
HOOH R, = 2.09 ntBnGrm

(Met hod 20):

10

15

od 20): HOCOOH R = 1.13

"\ry OHO540 (M+H) +

Z-HN

130 mg (0.1 mmol) of the compound from Example 118A are introduced into 220 ml
of dry chloroform. While stirring at room temperature, 23 ml (20 eq) of triethylamine
in 5 m] of dichloromethane are added over the course of 20 minutes. The mixture is
stirred overnight. It is then evaporated to dryness in vacuo. The residue is stirred with
acetonitrile. Drying of the residue results in 44 mg of product. Further product
(30 mg) is obtained from the mother liquor by RP-HPLC.

Yield: 74 mg (69% of theory).

LC-MS (Method 15): Ry =3.13 min.

MS (EI): m/z = 1024 (M+H)"

Example 120A
(8S,118,148)-14-Amino-11-[(2R)-3-amino-2-hydroxypropyl]-5,17-dihydroxy-9-
methyl-10,13-dioxo-9,12-diazatricyclo[14.3.1 .1**Ihenicosa-1(20),2(21),3,5,16,18-

hexaenecarboxylic acid ditrifluoroacetate

C%-(X 2 HCI NH2 4/\ /LG MS




OH x 2HG NH  Br\s hsyiodgpdB) (Met hod 20): HOOH R, =1.44 nin. OCH, ' NN-CH, M5

(ESI po&) :

mZ

+ OH x2HCG NH, Le A 35722(PCT) -148

Exanpl eStructureAnal ytical data No. 6/ | J \6hC-IVB (Method 20): H OH R
0

0. 35 mn.

JCH,

10

N O NVS (ESIpos): mz = H,

HN x 2 CF,CO,H

33 mg (0.032 mmol) of the compound from Example 119A are cautiously treated
with dilute trifluoroacetic acid. The resulting clear solution is then lyophilized.

Yield: 23 mg (quantitative)

LC-MS (Method 15): Ry = 0.92 min.

MS (ED): m/z = 486 (M+H)"

Example 121A
(8S,118,148)-5,17-Bis(benzyloxy)-14-{[benzyloxycarbonylJamino}-11-(2R)-3-
{[benzyloxycarbonyl]amino}-2-hydroxypropyl-9-methyl-10,13-dioxo-9,12-
diazatricyclo[14.3.1.1**|henicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxylic acid

Z-HN




500 (MrHf OH Orz AX52AETINH, 7/ ° / “LC-MB (Method 20): Ho OH R=0.32 nin.
NN%NB(ESlp‘—W%&Los : =HNNOHO 486 (MH)' off X 2 HCO NH, 8LC MS

(Method 20): HO off R =0.35 min. N M (ESpos): mz -' CH HEN N O H C 516
( MEW -

37 mg (0.04 mmol) of the compound from Example 119A are dissolved in 2 ml of
THF, 0.14 ml of 1 N lithium hydroxide solution is added, and the mixture is stirred at
room temperature for 3 h. It is then acidified with 1 N hydrochloric acid and
evaporated to dryness under high vacuum.

5  Yield: 33 mg (71% of theory).
LC-MS (Method 23): R;=2.90 min.
MS (EI): m/z = 934 (M+H)"

Example 1224

10  (8S,118,145)-5,17-Bis(benzyloxy)-14-{[benzyloxycarbonyljamino}-11-(2R)-3-
{{benzyloxycarbonyl]amino}-2-hydroxypropyl-9-methyl-10,13-diox0-9,12-
diazatricyclo[14.3.1.1>|henicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxamide

Z-HN

15
30 mg (0.03 mmol) of the compound from Example 121A are dissolved in 1 ml of
DMF, and 0.01 ml (3 eq) of triethylamine is added. After the reaction solution has
been cooled in an ice bath, 8.76 mg (2 eq) of isobutyl chloroformate are added, and
the reaction is allowed to take place for 30 minutes. After stirring at room
20  temperature for a further hour, 0.64 ml (10 eq) of 0.5 N dioxane/ammonia solution is
added, and the mixture is stirred overnight. The residue after concentration in vacuo
is purified by RP-HPLC.
Yield: 11 mg (37% of theory).
LC-MS (Method 23): R; =2.91 min.




OH x 2 HO NHLOAGSHR (@M hod 21): OH OH ?R = 2.79 nin. N, M5 (ESIpos): mz
=H, H CH O530 (MH)' OH X 2 HO NH, Le A 35722(PCT) -149

Exanpl eStruct ureAnal ytical data No. 10/ \ _f3gLCMs (Method 21): H OH -=
2.85 mn. 0 t'

MS (EI): m/z = 934 (M+H)"

Examples 123A to 129A listed in the following table are prepared from the
appropriate precursors in analogy to the methods detailed above for Examples 115A

5 tol22A:




~ N M5 (ES| pos)le A3372(ACT} HYN Y "H O OH542 (MtH)' x2HCI NH LC MS (Met hod
21): HO OH - &=3. mn. } o NN/ \NHG-7P M5 (ESIpos): mz =Hy OHO
576 ( M+Hf OH x21-4C1L "L NH 12LC M5 ( Met {'S(yi 21): Ho OH R=2.SSnt. p N. |1
NF M5 (ESlpos): mz = H
Example Structure Preparation Analytical data
No, analogous
to
123A 115A  |LC-MS (Method 25): R, =
4.85 min.
MS (ED): m/z = 1226
(M+H)"
HN-Z
124A 116A LC-MS (Method 25): R, =
2.04 min.
MS (EI): m/z = 1126
(M+H)"
1254 117A  |LC-MS (Method 25): Ry =
3.79 min.
ZHN T:_—o”=°‘~p|4 coBe MS (ED): m/z = 1292
. F0=c - NNH—Z (M +H)+
Boc-HK
F
F
126A Bnt Q Q oBo 118A LC-MS (Method 25): R; =
3.72 min.
&N o"’c‘*al: COZBn MS (EI) miz = 1192
. Fo=c}m Nnu-z M) +
H;N
F
g xHO
127A 119A LC-MS (Method 25): Ry =
BnO
4.39 min.
MS (EI): m/z = 1008
Z-HN +
(M+H)




HZN F HO't Qesﬁgsq&wpmg -OH z 2 HO NHs 13LC-Ms (Method 21): HO OH

R =3.10mn. H (ESIPos): MZ=F1 H HN 2 .OHo
- 140 -
Example Structure Preparation Analytical data
No. analogous

to

128A 121A  |LC-MS (Method 26): R, =
3.64 min.
MS (EI): m/z = 918
(M+H)

129A 122A LC-MS (Method 25): Ry =
3.8 min.
MS (EI): m/z = 917
M+H)

Z-HN

Example 130A

Benzyl 2(S)-tert-butoxycarbonylamino-5-nitro-4-oxopentanoate

A solution A of 10 g (30.9 mmol) of 2(S)-tert-butoxycarbonylaminosuccinic acid 1-
benzyl ester and 5.27 g (32.5 mmol) of 1,1’-carbonyldiimidazole in 100 ml of
10  tetrahydrofuran is stirred at RT for 5h. 18.8 g (30.9 mmol) of nitromethane are
added dropwise to a solution B of 3.2 g (34.2 mmol) of potassium tert-butoxide in
100 mi of tetrahydrofuran at 0°C. Solution B is stirred while warming to RT, and



576 (M+Hy t ~L>é@351g2(pt1~e NH, Le A 35722(PCT) -150 Exanple
Struct ur eAnal yfTCca at a . 14H-NMR (400MHz, H4 J f t OHD2O : OHS=
1.78-1.88 (m 1H), o ~aH 1,93-2.00 (m ||_D1421H H2.78-2.88 (m2H) , HpJ 'Y

""H, 2.98-3.06 (m 2A), o o0 3.17-3.30 (m

10

15

20

25

H),

then solution A is added dropwise at RT. The resulting mixture is stirred at RT for
16 h and adjusted to pH 2 with 20% strength hydrochloric acid. The solvent is
evaporated, The remaining crude product is taken up in ethyl acetate/water. After
separation of the phases, the organic phase is extracted twice with water, dried over

sodium sulfate and concentrated. 13 g (99% of theory) of the product are obtained.
MS (ESI): m/z = 334 (M+H)"

'H-NMR (300 MHz, d-DMSO): & = 1.37 (s, SH), 2.91 (m, 1H), 3.13 (m, 1H), 4.44
(m, 1H), 5.12 (s, 2H), 5.81 (m, 2H), 7.2-7.5 (m, SH).

Example 131A
Benzyl 2(S)-tert-butoxycarbonylamine-4(R)-hydroxy-5S-nitropentanoate

A solution of 11.3 g (30.8 mmol) of benzyl 2(S)-tert-butoxycarbonylamino-5-nitro-4-
oxopentanoate in 300 ml of tetrahydrofuran is cooled to —78°C, 30.8 ml of a 1M
solution of L-Selectrid® in tetrahydrofuran are added dropwise, and the mixture is
stirred at —=78°C for 1 h. After warming to RT, saturated ammonium chloride solution
is cautiously added to the solution. The reaction solution is concentrated, and the
residue is taken up in water and ethyl acetate. The aqueous phase is extracted three
times with ethyl acetate, The combined organic phases are dried over sodium sulfate
and evaporated. The crude product is prepurified on silica gel 60 (mobile phase:
cyclohexane/ethyl acetate 10/1), and the collected fractions are concentrated and
stirred with cyclohexane/ethyl acetate 5/1. The remaining crystals are filtered off
with suction and dried. 2.34 g (21% of theory) of the desired diastereomer are

obtained. Chromatographic separation of the mother liquor on Lichrospher Diol




OH 3.33 (d, IHpe 8347222(PCF HCI3 57 (m 3H), 3.73- NH, 3,84 (m 1H), 4.68-
4.82 (m 2H), 7 (d, 1H, 7.24 (m IM 7.32 (d, IH), 7.40
(d, 1H. I\/B(EI) mz = 546 CIIII 568 +Na) anple 15 N-{

| (8S, 11S, 14S) - 14- Ami no- 11 ] (2R) - 3- ani no- 2- h%/ﬁr(oxyp ropyl]-5,17- 5

di bydr oxy- 10, 13- di oxo-9, 12-di azatricycl o[ 14. 3. 1. 1z' 4] heni cosa-

1(20),2(21), 3,5, 16, 18- bexaen- 8-yl ] carbonyl ) - L- phenyl al ani ne di hydr oehl ori de
10 0.02 g (0, 020nxi (mabile phagey letienol/ is8Betdns, V95) reSullis7inkd fifrtien D8 pX§.V5dbf

{[ (benzyl oxy) car bonyl ] am no}-11-((2R)-3-{ [(benzyl oxy)carhonyl]am no}- 2-
hydr oxypr opyl ) thopredueli oxo- 9, 12- di azatri cyclo[14.3.1.1z' b] heni cosa Le A
35722(PCT) -15 . - +

1(20), 2(21), 3, éM§éE§H W/ezxagﬁgéM;H)car bonyl } - L- phenyl al ani nat e are suspended

yar ogenat i on 1 SR (P bEE GHBR: hoaphets et o A7 Tnglii 430

stirring for 48 AM(Jhﬁ{) ngqﬁll ?R), %Oﬂzl{H QH') issadf (dl 1Y, 8%s5-ThehSH)due is m xed
with 0.25 m of 0.1 N hydrochloric acid. "Concentration in a rotary
evaporator is foll owed by drying in vacua, Further purification is achieved
by stirring in isopropanol:diethyl ether (1:1). Yield: 0.0037 g (28% of
theory). LCM (Method 15): R = 1.27 mn. M (El): mz = 620 (MH)'. 10




Exanpl es 16 anqew3571§g(pm' n the follow ng table can be prepared in anal ogy
to Exanple 15. anpl € ructureAnal ytical data No. f HO OH LC- M5 ( Met hod

15): NNOH R =10.701 nmin. ,,~Y M5 16H2N EI1 Hi =144 ( ): n2o0 o O
~( M+ - 143 -

Exemplary embodiments

The synthesis of exemplary embodiments can start from partially protected

biphenomycin derivatives (such as, for example, 21A).

Example 1
(8S,115,145)-14-Amino-11-[(2R)-3-amino-2-hydroxypropyl]-5,17-dihydroxy-
10,13-dioxo-9,12-diazatricyclo[14.3.1.1*°|henicosa-1(20),2(21),3,5,16,18-

10  hexaene-8-carboxamide dihydrochloride



X 2 HG NH f lle A 3&bdfet® (Method 17): 17CHz 0 R = 1.55 min. HIIN HQN H
OHVE (El): mz = ~ OH (M+H14). x 2 HG NHz 15 The

L- orni t hi ne-cont ai ni ng am des (Exanpl es 181440 24) listed in the follow ng
table can be prepared starting from(8S,1° 7"

'S, 145) - 14-[ (tert-but oxycar bonyl)am no-11-[ 3-

[ (tert-butoxycarbonyl)am nol propyl }-5,17-di hydroxy-10, 13-di oxo0-9, 12 Le A

35722(PCT) - 152 diazatricyclo[ 14. :

126Jheni cosa-1(20), 2(21), 3,5, 16, 18- 3 3 Roxylic acid (Exanple 83A).
Exanple No. Structure Anal yti d¥P—dd OH

O

H,N

x 2 HCI

Method A:
A 4 M solution of hydrochloric acid gas in dioxane (1.0 ml) is added dropwise to a
5  solution of 2.15 mg (3.2 umol) of fert-butyl(2R)-3-{(8S,11S,145)-8-(aminocarbonyl)-
14-[(tert-butoxycarbonyl)amino]-5,17-dihydroxy-10,13-dioxo-9,12-diaza-
tricyclo[14.3.1.1*%]henicosa-1(20),2(21),3,5,16,1 8-hexaene-11-yl]-2-hydroxypropyl-
carbamate (Example 22A) in dry dioxane (analytical grade, 1.0 ml) under argon.
Complete conversion is reached after about 30 min. The reaction mixture is frozen
10 and freeze dried to remove solvents. Purification takes place by gel chromatography
[Sephadex LH-20; methanol/concentrated hydrochloric acid (1:0.0001) doped with
sodium disulfite], resulting in 1.4 mg (80% of theory) of product.
HPLC-UV-Vis (Method 14): R, = 3.09 min.
Amax (qualitative) = ~204 nm (s), 269 (m), ~285 (sh) (HxO/acetonitrile +
15 0.01% TFA [7:3)).



HO “{OH LC- VB (j\eAhgghZ®rT)H 18NOR =0.33 min HZNN H NH M5 (El): miz = 456
(MH-j1° x 2HO A . fOH LC-MS (Method 19): 19H: N, cH R =I. 54nin.
N-NEin H, -, MB (El): miz = 514 0 ~(Mrjg NH2 x2HC

'H-NMR (500 MHz, CD;0D): & = 1.79 (ddd, 1H, ] = 13.6, 9.2, 5.9Hz), 1.99 (ddd,
1H, J = 13.6, 9.6, 4.0Hz), 2.82 (dd, 1H, J =12.8, 9.6Hz), 2.87 (dd, 1H, J =171,
12.1Hz), 3.04 (dd, 1H, J = 12.8, 2.9Hz), 3.11 (dd, 1H, J = 14.8, 3.0Hz), 3.38 (dd, 1H,
J=16.9, 1.9Hz), 3.57 (dd, 1H, J =11.7, 5.4Hz), 3.92 (tt, 1H, J = 9.4, 3.5Hz), 4.23
(dd, 1H, J = 4.9, 3.0Hz), 4.90 (m, 1H), 4.91 (m, 1H), 6.79 (d, 1H, J = 8.3Hz), 6.85 (d,
1H, J = 8.4Hz), 7.10 (4, 1H, J=2.3Hz), 7.25 (dd, 1H, J= 8.3, 2.3Hz), 7.36 (d4, 1H,
T=8.5, 2.4Hz), 7.44 (d, 1H, J = 2.1Hz).
3¢ NMR (125.5 MHz, CD;OD): 8 = 30.3, 30.8, 39.5, 45.4, 50.6, 53.8, 55.3, 65.3,
115.6, 116.3, 120.8, 125.3, 126.2, 126.8, 127.0, 130.9, 1327, 133.5, 155.0, 155.7,
168.4, 172.8,177.0.
LC-HR-FT-ICR-MS (Method 13): calc. for C3H3oNsOs [M+H]" 4722191

found 472.2191.

Method B:

5  Under argon, 14.8 mg (0.02 mmol) of fert-butyl (2R)-3-[(8S,115,145)-8-
(aminocarbonyl)- 14-[(fert-butoxycarbonyl)amino]-5,17-dihydroxy-10,13-dioxo-
9,12-diazatricyclo[14.3.1.1>]henicosa-1(20),2(21),3,5,16,18-hexaene-11-y1)-2-
hydroxypropylcarbamate (Example 22A) are introduced into 0.5 ml of dioxane. The
mixture is cooled to 0°C, and 0.8 ml of 4 M hydrochloric acid solution in dioxane is

10  added dropwise. After 45 min, the mixture is concentrated in vacuo, and the residue
is taken up twice more in dioxane and again concentrated in vacuo. The product is
dried under high vacuum.

Yield: 12 mg (100% of theory).
HPLC (Method 8): R, = 4.87 min.

15 MS (El): m/z =472 (M+H-2HCI)".

'H-NMR (400 MHz, D;0): & = 0.58-0.67 (m, 2H), 1.65-1.86 (m, 3H), 1.38-1.98 (m,
1H), 2.03-2.13 (m, 1H), 2.87-3.02 (m, 4H), 3.09-3.19 (m, 2H), 3.38 (d, 1H), 3.59-
3.69 (m, 2H), 3.88-3.96 (m, 1H), 4.46-4.51 (m, 1 H), 4.85-5.01 (m, 5H), 6.98 (dd,
2H), 7.05 (dd, 1H), 7.36 (s, 1H), 7.43 (dd, 1H), 7.50 (dd, 1H).




HO03-< /' OH LGIVG, 6 8): 20HHDbHH3C CH R, =0.66 min. NN zti OHH M
(El): Mz = 52%“*!?%‘% INHz Le A 35722(PCT) -153

Exanpl eStruct ureAnal yti cal data No. HO O I—h(b) - -u N O LC- M5 (Met hod

19) : - 190- B

10

15

20

Example 2
(8S5,115,145)-14-Amino-11-[(2R)-3-amino-2-hydroxypropyl}-N-benzyl-5,17-
dihydroxy-10,13-dioxo-9,12-diazatricyclo| 14.3.1.1*|henicosa-
1(20),2(21),3,5,16,18-hexaene-8-carboxamide dihydrochloride

x 2 HC

0.5 ml of 4 N hydrochloric acid solution in dioxane is added dropwise to a solution
of tert-butyl  (2R)-3-[(85,11S,145)-8-[(benzylamino)carbonyl]-14-[(sert-butoxy-
carbonyl)amino}-5,17-dihydroxy-10,13-dioxo-9,12-diazatricyclo[14.3.1.1 26}
henicosa-1(20),2(21),3,5,16,18-hexaene-11-yl]-2-hydroxypropylcarbamate

(Example 23A) in 0.5 ml of 1,4-dioxane while cooling in ice. The ice cooling is
removed and the mixture is stirred at RT for 2 h before being concentrated in vacuo
and dried under high vacuum. The residue is taken up in a mixture of
dichloromethane and methanol, and the solvents are evaporated off overnight.
LC-MS (Method 7): R¢=2.02 min.

MS (ESI-pos): m/z = 562 (M+H-2HCI)".

'H-NMR (400MHz, D;0): & = 1.70-1.81 (m, 1H), 1.82-1.91 (m, 1H), 2.71-2.84 (m,
2H), 2.89-2.97 (m, 2H), 3.18 (d, 1H), 3.42-3.53 (m, 1H), 3.67-3.73 (m, 1H), 4.21-
4.26 (m, 1H), 4.29 (d, 1H), 4.27-4.33 (m, 1H), 4.34 (d, 1H), 6.80-6.83 (m, 2H), 6.89
(s, 1H), 7.19-7.24 (m, 4H), 7.26-7.31 (m, 3H), 7.35 (d, 1H).

Examples 3 to 14 listed in the following table can be prepared in analogy to

Example 1.




16 Ki18729pk ( IMB (El): Mz =592 1! (MH' HNx 2 HC
%—%—oﬁ‘%IEZHNMS(EI): mz =587 NO j HNL

Example Structure Analytical data

No.

3 LC-MS (Method 20):
Ri=1.13 min.
MS (ESIpos): m/z =

512 (M+H)*

LC-MS (Method 20):
Rg = 2.09 min.
MS (ESIpos): m/z =

540 (M+H)"

LC-MS (Method 20):
R;=1.44 min.
MS (ESIpos): m/z =

500 (M+H)"




(MtH)' ~/ OH XZIﬂQIAg,B\ij‘Qggfrrh-lf OHHOCM (Method 18): 23HzZN Rl = 1.21 nm H
OM (El): mz™= X 2 Hl j (MH' oH, HzN (r~"~f} Le A 35722(PCT)
-154 Exanple StructureAnal ytical data No._mt Hj NLC-M (Method 18): H/ N =
N -

Example Structure Analytical data

No.

6 LC-MS (Method 20):
R¢= 0.35 min.
MS (ESIpos): m/z =

500 (M+H)"

LC-MS (Method 20):
R; = 0.32 min.
MS (ESlIpos): m/z =

486 (M+H)"

LC-MS (Method 20):
R¢=0.35 min.
MS (ESIpos) m/z =

516 M+H)*

LC-MS (Method 21):
R, = 2.79 min.
MS (ESlpos): m/z =

530 (M+H)"




24a H = 1. E7 mip.A 15722 (E1): mz =603 f HZN(M' x 4 HO N Exanples
25 and 26 |i st I'n ol l ow ng table can be prepared in analogy to
Exanpl e 15. 5 Exanpl e StructureAnal yti cal 3ta No. HO/Y OH LC-Ms (Met hod
22): 25HNR =0.30 min )J HZNH NI OHMS (B): mz = 530 Y OOH 0 (Mx

Example Structure Analytical data
No.
10 LC-MS (Method 21):
R, = 2.85 min.

MS (ESlIpos): m/z =

542 (M+H)

11 LC-MS (Method 21):
R; = 3.09 min.
MS (ESIpos): m/z =

576 (M+H)"

12 LC-MS (Method 21):
R,=2.88 min.
MS (ESlIpos): m/z =

554 (M+H)'

13 LC-MS (Method 21):
R;=3.10 min.
MS (ESIpos): m/z =

576 (M+H)"




~ x2 HC NH HQ@e A 30k (Method 15): 260 NR =O0SS mn HHAS - H= OH a
aH o cH M5 (El)™ Z = x2 HCIH, The L-ornithine-containing am des
(Exanmples 27 to 33) listed in the foll ow _ngg}iable 10 can be prepared
starting from (8S,| IS, 14S)-14-[ (tert-butoxycarbonyl)amno-11-[3 Le A
35722(PCT) -155
[ (tert-butoxycarbonyl)am no]propyl}-5,17-di hydroxy-10, 13-di ox0-9,12-
di azatrieyel o[ [4Esarple2’| 6] heni cosa- 18knite21), 3, 5, 16, 18- hAnabtiealBdatar boxyl
ic acid (Exanple 83A). % Exanple StructureAnal ytical datja No. 27HO/ \ g \
of f LC- M5 (Met hog 15)e-
14 'TH.NMR  (400MHz,
DQO)Z
6=1.78-1.88 (m, 1H),
1.93-2.00 (m, 1H),
2.78-2.88 (m, 2H),
Y 2.98-3.06 (m, 2H),
: on 3.17-3.30 (m, 2H),
333 (d, 1H), 3.42-
X2 HCI T 3.57 (m, 3H), 3.73-
NH, 3.84 (m, 1H), 4.68-
4.82 (m, 2H), 6.86 (4,
1H), 6.87 (d, 1H), 7.24
(m, 1H), 7.32 (4, 1H),
7.40 (d, 1H).
MS (EI): m/z = 546
(M+H)', 568 (M+Na)"
Example 15

N-{[(8S,115,145)-14-Amino-11-{(2R)-3-amino-2-hydroxypropyl]-5,17-
5  dihydroxy-10,13-dioxo-9,12-diazatricyclo[14.3.1.1**| henicosa-
1(20),2(21),3,5,16,18-hexaen-8-ylJcarbonyl}-L-phenylalanine dihydrochloride

10

002g

{0.02 mmol)

of

benzyl

N-{[(85,1185,145)-5,1 7-bis(benzyloxy)-14-

{[(benzyloxy)carbonyl]amino}-11-((2R)-3-{[(benzyloxy)carbonyl]amino}-2-
hydroxypropyl)-10,13-dioxo-9,12-diazatricyclo[14.3.1. 1*®]henicosa-




-&=0.72 nin. NLQ@35-@%@¢§|): Mz =584 N+ OHHN, ~ NHz HI O OH 28/ f
OHLC- M5 (Met ho ; - -&= 0.69 min NH2 MS (El): mMz =583 No HJJ 2 H
QML.,Y H-,,nn 2 HCI HN O Le A 35722(PCT)_; ]156 Exanpl eSt ruct ur eAnal yti cal
data No. 29HO/ \ OHLGC-MS (Method 15): R =0)72 min. - / H o= 543 EL NB

1(20),2(21),3,5,16,18-hexaen-8-yl]Jcarbonyl}-L-phenylalaninate are suspended in

6 ml of acetic acid:water:ethanol (4:1:1), and 0.01 g of Pd/C is added. Hydrogenation

is carried out under atmospheric pressure with vigorous stirring for 48 h. The

reaction solution is filtered. The residue is mixed with 0.25 ml of 0.1 N hydrochloric
5 acid. Concentration in a rotary evaporator is followed by drying in vacuo. Further

purification is achieved by stirring in isopropanol:diethyl ether (1:1).

Yield: 0.0037 g (28% of theory).

LC-MS (Method 15): Ry = 1.27 min.

MS (EI): m/z = 620 (M+H)".

10
Examples 16 and 17 listed in the following table can be prepared in analogy to
Example 15.
Example Structure Analytical data
No.
LC-MS (Method 15):
16 Ry=0.701 min.
MS (ED): m/z = 544
(M+H)"
LC-MS (Method 17):
17 R;=1.55 min.
MS (ED): m/z = 544
(M+H)"
15

The L-omnithine-containing amides (Examples 18 to 24) listed in the following table
can be prepared starting from (8S,118,145)-14-[(tert-butoxycarbonyl)amino-11-[3-
[(tert-butoxycarbonyl)amino]propy! }-5,17-dihydroxy-10,13-dioxo-9,12-




): mz ( NO t@Hf’S?‘j ;@T(I\/H—i)+ X 2HCY HOr FLN 30H/ \ / \LCG-MS (Met hod
15: i"v, R oMs (ED): niz 585 ryry O HN }} o (MtHH+ F N ~
zZHGC]—IC]—ISle \ \ offLC—l\/B(Method 231)52 R =1.04 mn.

diazatricyclo[14.3.1.12%Jhenicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxylic  acid
(Example 83A).

Example Structure Analytical data

No.

LC-MS (Method 20):
R,=0.33 min

A
; MS (El) m/z = 456

18

(M)

X2 HCI

LC-MS (Method 19):
R¢=1.54 min.

MS (EI) m/z = 514
M+H)

19

LC-MS (Method 18):

R, = 0.66 min.

MS (EI): m/z = 528
M+H)"

20




7 J x2FiClL RP HO 0 32\ / \
Ely MMz =570 HNHO
7 Exanpl e StructureAnal ytical

No Ms (EHI): mL%kB@ﬁQ(@C'Th('VH")JF FE.N O (
of f LCMS (Method 23)T HR ™ = .Omn H i

NF4A(M+H) + 0 ryN HO  H2N O Le A 35722( PCT)_
data No. 331 ILC-MS (Method 24): / \ OH

/ HH
}|V5(
I

Example Structure Analytical data
No.
LC-MS (Method 19):
21 R;=1.6 mmn.
MS (EI): m/z = 592
Q+H)’
OH
OH
H
22 % MS (El) m/z = 587
" (M+H)"
X 2 HCI f N
H,N k\
OH
LC-MS (Method 18):
23 R;=1.21 min.
MS (ED): m/z = 568
(M+H)"




Ho R=0.27 m
OH Exanpl e 34
S,

e A3SVB(PET): Mz = 541 HN\ |'~~ ip?+H H O HN 2HG H N O

14S) - 14- Ami no-1 1-[ (2R) - 3- am no- 2- hydroxyﬁ)ﬁ‘p_pyi [-5,17-di hydroxy-9 5

met hyl - 10, 13- di oxo0-9, 12-di azatri eycl o[ 14. 3.

1"' | heni cosa-1(20), 2(21), 3,15,1

6, 18- hexaenecar boxam de di hydrochloride 10 11 ng (0.01 nmol) of the

conpound from

Exanple 122A are dissolved in 10 m of glacial acetic

aci dl et hanol | wat|eEx{mplel1), 6 ng of $uGuEd0%) catal ysi armalficalidatand |t he

m xture i s hydrdggenat ed |at

catal yst by fi

hydr ochl ori c aci =
15 Yield; 7 nmg (
- 158 Exanple 35 detailed in t

to the met hod

10

room tenperature overnight. |[After renoval of}|the
I due is evaporated to dfyness in vacuo, D.1 N
XL ur e aga S ESS.
oHz = 485 (M+H)'. Le A 35722(fPCT)
g table can be prepared i n anal ogy

| tir at''®n,

f t/heomq

o LC-MS (Method 18):
H N ER .
24 R;=1.27 min.
f O MS (EI: m/z = 603
H,N N m+m+

Examples 25 and 26 listed in the following table can be prepared in analogy to

Example 15.
Example Structure Analytical data
No.
LC-MS (Method 22):
75 R;=0.30 min
MS (EI): m/z = 530
(M+H)"
LC-MS (Method 15):
26 R;= 0.88 min
MS (ED): m/z = 544
(M+H)"

The L-ornithine-containing amides (Examples 27 to 33) listed in the following table
can be prepared starting from (8S,118S,14S8)-14-[(tert-butoxycarbonyl)amino-11-[3-




for Exanple 34y .ExgypiepSryuctureAnal ytical data No. 350HLC- M5 (Method 22):
HOR = 1.46 min. 0O IVIS2 (Elg' mz = 469 No N+ H N O H3C NH3 x2HCI H2N

Exanpl es 36 and 37 |isted in the foll owi n_91§ bl e can be prepared in anal ogy
to Exanple 1. 10 Exanple Structure AnalytiCal data No. Ho OHLC- M5( Met hod

15): 36 Ip O R(= 1.52 min N. i NH2 \~/// *~N O CHaM5 (ED: mz= 558 CH O
CH3

[(tert-butoxycarbonyl)amino]propyl}-5,17-dihydroxy-10,13-dioxo0-9,12-
diazatricyclo[14.3.1.1*%]henicosa-1(20),2(21),3,5,16,18-hexaene-8-carboxylic  acid

(Example 83A).
Example Structure Analytical data

No.

27 LC-MS (Method 15):
Ry= 0.72 min.
MS (EI): m/z = 584
M+H)"

28 LC-MS (Method 15):

R, = 0.69 min
MS (EI): m/z = 583
(M+H)"




(M1~ OH ~ X1 A 70Ecte A 35722(PCT) -159 Exanple StructureAnal ytical
data No. HO/ Y7 oTTEg%B‘% Method 24): 37H'QO HoK =0.42 mn 4 N, }( N

~\ HNH M (E): mh =529 HzN | Y~ OH( MtH) % x2HCi NHz Exanples 38 to 40
listed in the follow ng table can be prepalrSgd in anal ogy to Exanple 15. 5
Exanpl e StructureAnal ytical data

Example Structure Analytical data
No.
29 LC-MS (Method 15):

R, = 0.72 min.
MS (ED): m/z = 543
(M+H)"

30 LC-MS (Method 15}):
R, = 0.83 min.
MS (EI): m/z = 3585
(M+H)

31 LC-MS (Method 23):
R,=1.04 min.
MS (EI): wm/z = 571
(M+H)"

32 LC-MS (Method 23):

R = 1.00 min.
MS (El): mz = 570
(M+H)"




No. J 1 OH HoLeAgm(p@‘lpghod 23): - 38HfANII R =0.95 nin. ~NO HN H

OHVS (EBl): mz ™= CHz CH3 x2HCI CH, NH, HO OH -LC M5 (Met hod
24): 0 39~ Rt0.80 min. NN, }S OH 157 -
Example Structure Analytical data
Neo.
33 LC-MS (Method 24):

R,=0.27 mm.
MS (EI): m/z = 541
(M+H)"

OH

Example 34
(8S,118,145)-14-Amino-11-{(2R)-3-amino-2-hydroxypropyl}-5,1 7-dihydroxy-9-

5  methyl-10,13-dioxo-9,12-diazatricyclo[14.3.1 .1*|henicosa-1(20),2(21),3,15,16,18-

hexaenecarboxamide dihydrochloride

x 2 HCI

10 11 mg (0.01 mmol) of the compound from Example 122A are dissolved in 10 ml of
glacial acetic acid/ethanol/water (4/1/1), 6 mg of Pd-C (10%) catalyst are added, and
the mixture is hydrogenated at room temperature overnight. After removal of the
catalyst by filtration, the residue is evaporated to dryness in vacuo, 0.IN
hydrochloric acid is added, and the mixture is again evaporated to dryness.

15 Yield: 7 mg (96% of theory).

MS (EI): m/z = 485 (M+H)".



H2N H o 0 C CHLMR §&0(pOTE = 572 OH z z ~~+~+ x 2 HO NHz Le A 35722( PCT)
-160 Exanpl e Strucfure&na ytical data No. HO OH LC-MS (Method 24): HAO, HO

40N, R =0.94 min. N j{ O N HzN 11l//{se~~\ O H oMs (En: mz = 586 CH
(MrV CH x2HC )

Example 35 detailed in the following table can be prepared in analogy to the method

for Example 34:
Example Structure Analytical data

No.

35 LC-MS (Method 22):
Rl_ =1.46 min.
MS (EI): m/z = 469
M+H)"

5

Examples 36 and 37 listed in the following table can be prepared in analogy to

Example 1.
Example Structure Analytical data
No.
LC-MS( Method 15):
36 R.=1.52 min

MS (ED): m/z = 558
(M+H)"

10




A. Assessment qfe ARG7PIIPETYI oei cal activity 5 The in vitro effect of the
conpounds of the rnvention can be shown in the follow ng assays: In vitro

transcription-transliation with E. coil ext ts 10 An S30 extract is
prepared by harvesting logarithmically growing Escherichia coli MRE 600 (M
Mul I er; University Freiburg), washing and enpl oying themas described for
the in vitro transcription-translation assay (Miller M and Blobel G
Proc Nall Acad Bdixapgde([1984) 81, ppStrudtBre 7425). 15 1(pl Anakyfice data 24
ng/mM) are addi{ionally |[added per 50 VI of reaction mx to the reaction
for the in vitrg t scrliption-transl ati on assay. The gssay m xture ano
to 105 |, with 5 Tt—of tie substalce tou be tested bel ng{rniroauced 117 596
strength DVMSO. 1 g/100 i/ Lhe plasm d pBESTLuc r
Germany) are used as tr i ¢ \ eOH Af t er incuIaQtM§h£’&ﬂ @%)for
mn, 20 50.tl of ( S tricine, 2.67 mM \ySO&4, 0.1 nM
EDTA, 33.3 nM | luci ferin, %BG=MMATHR are added,
and the resulting bBi’ol u ek} ) H}\i/rka | uminorreter for | ni nEte
The 1CSO is indgicated by ; anNHphi bMSo(rEIys/mﬂ;/zh: J2¢ads
50% i nhi bition ¢f the translatfon df fiireQ y luciferase. Le A 35722(PCT
-161 In vitro tganscripfion-transl ath OM th S. aureus @ih*Hécts Construction
of an D. aureus|luciferdqse reporter plasmd 5 A reporter plasm d which cjan
be used in an iMm vitro franséFiption-txansl ation assay|for S. aureus is
constructed by wsing the plasmd pBESTI 0e (Pr onega Corpor ation, USA). The
E. coil |ac prometer—present—rrm—thrs—prasnrd—Tnfront—of—tte frefty
| uciferase is replaced by the capAl pronoter with appropriate Shine-Dal gano
10 sequence fromS. aureus. The priners CAPFor 5'-CGGCCAAGCTTACTCGGAT-

CCAGAGT TTGCAAA A MMTASICA BDATAI A TARETUMGAAGHIR can be prepared in analogy to
Example 15.

60

Example Structure Analytical data

No.

LC-MS (Method 23):
Ri=0.95 min.

MS (EI): m/z = 586
M+H)"

LC-MS ( Method 24):
R=0.80 min.

MS (ED): m/z= 572
(M+H)"




AGGAAAATAGGAGGT ETAR AT CCCCA- 3" and CAPRev 5' - GICATCGTCGGGAAGACCTG 3!
are used for thrs. € prinmer CAPFor contains the capA | pronoter, the
ri bosome binding site and the 5 region of{é(pe | uci ferase 15 gene. After PCR

usi ng pBESTIuc as tenplate it is possible 10 isolate a PCR product which
contains the firefly luciferase gene with the fused capAl pronmoter. This is,
after restrictioqnwith al and Hiondl1l ligated into the vector pBESTluc
whi ch has |ike)iFsanmpden di gested wiStructhed and Hindl || TAea‘L’VélS%llflﬁthg
plasmid pta is able to |replicate in E. coli and be use¢d as tenplate in {the
S. aureus in viffroYhanscription- 20 translation assay| Preparation of S30
extracts from Saureus) of X 111 Of_BHl medrum are 1rnocurated with a 250
m overni ght culture of|an .S ai Hand all owed to grow at 370C
until the OD600| nmis 2t4. H?he ) 25 harvested| by centrifugation and
washed in 500 m of cold buffey A (10 Tris acetate, 1)@5-? O Metho My
acetate, 1 mv DIT, 40 M KCl ) . gentyrifugafion, the cells arle
washed in 250 nl of colf bw ' i ) ~oahd |Rdved.Pemum-t i ng peI lets
are frozen at -P0C for 60 . he goell{l}etsoarethawed 30 tg, 0
nmn and taken up to a tptal vol%ne ®f 9 mH,c uf fer é{l?lmmf

acetate, pH 8.0 20 M My acetate, 1 T, 50cAM KCI ™ ﬁ m portlons of
| ysostaphin (0.8 ng/m){in bukker B aNne i ntroduced intp 3 pr ecool ed
centrifuge cups| and each m xed with 33Nd] of the cell}suspension. The
sanples are incybated at 37C_shaking occasionally, fbr 45 to 60 mn,
before 150 | of a 0.5 MDTT solution Le A 35722(PCT) -162 are added. The
lyzed cells are centrifuged at 30 000 x g and 4C for 30 mn. The cell
pellet is taken up i A ged agai n under the sane
conditions, ard - et conbi ned. The supernatants
are centri fuged agai n under the sane condl tions, and 0.25 voI une of buffer
C (670 MM Tris acetate, 5 pH 8.0, 20 mvlgp acetate, 7 nmM Na

phosphenol pyr uvEtedn vitrorkATesTof the eompaunds Pt theanyangian san he ﬁ'@%‘“{ Hoihsfelevingom
Pronmega), 75 ¢ aggaygyr uvat e ki nase

In vitro transcription-translation with E. coli extracts

10  An S30 extract is prepared by harvesting logarithmically growing Escherichia coli
MRE 600 (M. Miiller; University Freiburg), washing and employing them as
described for the in vitro transcription-translation assay (Miiller, M. and Blobel, G.

Proc Natl Acad Sci USA (1984) 81, pp. 7421-7425).

15 1 pl of cAMP (11.25 mg/ml) are additionally added per 50 pl of reaction mix to the
reaction mix for the in vitro transcription-translation assay. The assay mixture
amounts to 105 pl, with 5 pl of the substance to be tested being introduced in 5%
strength DMSO. 1 pug/100 pl of mixture of the plasmid pBESTLuc (Promega,
Germany) are used as transcription template. After incubation at 30°C for 60 min,

20 50 pl of luciferin solution (20 mM tricine, 2.67 mM MgSO4, 0.1 mM EDTA,
33.3 mM DTT pH 7.8, 270 pM CoA, 470 pM luciferin, 530 uM ATP) are added,
and the resulting bioluminescence is measured in a luminometer for 1 minute. The
ICsg is indicated by the concentration of an inhibitor which leads to 50% inhibition of

the translation of firefly luciferase.



(Si gna. Gerrram[)e/msmgp@q}ged to the upper 2/3 of the supernatant. The
a

sanples are incubate 7C for 30 mn. The supernatants are dial yzed
against 2 1 of dialysis buffer (10 rr1\/ITr|§61acetate pH 8.0, 14 nM My

acetate, 1 nM DIT, 60 mM K 10 acetate) in a dialysis tube with a 3500 Da
cut-off with one buffer change at 4C overnight. The dialysate is
concentrated to a protein concentration of about 10 ng/m by covering the
dialysis tube with cold PEG 8000 powder (Sigma, Cernmany) at 4C. The S30
extracts can be stored in, .L| erm nation of the ICS, in
the S. aureus iHRXQIING ALY | nhibition of
protein biosynthesis of the conpounds can be shomn inan in vitro
transcription-translation assay. The assay is based on the cell-free
transcription auhstructins lofinn Shawfeus luciferase/rgporiter plasmidi ng t he reporter
plasmd pla_as tenplate and cell- free S30 extracts obtained fromS. aureus.

The act|V|t§ of the resulting luciferase can 20 be detected by | um nescence
measur ement . Eﬂ%aﬁﬁldgﬂgcﬁw @ecﬁseﬂ’ﬁnmmrgﬁﬁ:rfbﬁoﬁl@raEM1&V£§amt be
tested anewfor reparation in order to ensure an opti nal

concentration lmawhzas ds saystnitel bpfustﬂgethespllasnminpBESEltbe(HTeth Coapca'atMn/ed
in 5% DVSO, are introduced |nto an MIP. Then, 25 10 | of, a suit
concentrated plsh dl RoFufelbrag pompter paesent irrhin Rlasmid {y front l‘?l %ﬁﬁrférem 23

| of prem 5 7

arrrmn:oum a)ée§ aﬁ 'gmf%é nMEg C%P%CE% % %?JT%O[F [ c%art@?gl}e%t ajagﬁ)r‘?glagef @I@é% 00/ mL,
r571VI rﬂ\/IA@g P, 2%1825 saa}(]geﬁaslﬂrﬁhﬁr B, ai0usV Tha qprimaers 1GA Rioir &b’ (E{GG@WQEBC(FMT@&GA)F 2.5
. aureus 530 GEAGAOEFEasadn briamaeab o o T Toh AR asaRERA 60"
mn, 50 pi of | y S

33.3 M DTIT pH A;é Q%@%‘i@@#%@#ﬁ‘??@% A g;t éL\ Iq?aérl{/d %ED-II_-Q
A 35722(PCT) - IBCATEUTEGOGRAGACOTER 8 eneaistd forahisuThe primen QARFoncomtaims f or

| mn. The 1C50 is indicated as the concentration f an mh:é)} r V,\Pich
| eads to 50% i rth¢ 6ir4 bprasmotem dhe fibasomeabindimgopiterandg F? |TEBIOR a!i‘ luciferase

15  gene. After PCR using pBESTluc as template it is possible to isolate a PCR product
which contains the firefly luciferase gene with the fused capA! promoter. This is,
after restriction with Clal and HindIIl, ligated into the vector pBESTluc which has
likewise been digested with Clal and HindlIIl. The resulting plasmid pla is able to
replicate in E. coli and be used as template in the S. aureus in vitro transcription-

20  translation assay.

Preparation of S30 extracts from S. aureus

Six liters of BHI medium are inoculated with a 250 ml overnight culture of an
S. aureus strain and allowed to grow at 37°C until the OD600 nm is 2-4. The cells are
25  harvested by centrifugation and washed in 500 ml of cold buffer A (10 mM Tris
acetate, pH 8.0, 14 mM Mg acetate, 1 mM DTT, 1M KCI). After renewed
centrifugation, the cells are washed in 250 m! of cold buffer A with 30 mM KCl, and
the resulting pellets are frozen at -20°C for 60 min. The pellets are thawed on ice in
30 to 60 min and taken up to a total volume of 99 ml in buffer B (10 mM Tris
30 acetate, pH 8.0, 20 mM Mg acetate, 1 mM DTT, 50 mM KCl). 1.5 ml portions of
lysostaphin (0.8 mg/ml) in buffer B are introduced into 3 precooled centrifuge cups
and each mixed with 33 ml of the cell suspension. The samples are incubated at

37°C, shaking occasionally, for 45 to 60 min, before 150 pl of a 0.5 M DTT solution




5 Det erm nati on 0k 35@@2(9'(;% mum i nhibitory concentration (M C): The m ni num

I nhi bitory concentratron C) is the mninmmconcentration of an

antibiotic with which the growmh of a test,mcrobe is inhibited over 18-24
h. The inhibitor concentration can in thegééa cases be deternmined by standard
m crobi ol ogi cal 10 nmethods (see, for exanple, The National Commttee for
Cinical Laboratory Standards. Methods for dilution antim crobial

suscepti bi | i ty areaddsdf Bhe lyaed eellszare hfa(tmfugﬁd)w 3HepEbr @dllnﬁwcefppﬁ‘bmé@ The Ce”

standard-fifth e S 394-9
940 West Val | e)PegB =) ‘ipe’“%l‘%% % o Isﬁrhtﬂb{ﬁ 55&?‘5 é‘f 890
2000) . The M Czf théleolf&faa%g@ﬁa@hstahv@cmﬂmaa i su ?eﬂ%ﬁfsrﬂr@eéhtﬂiﬁxgbﬂ' agm
liquid dilution test on the mcrotiter e scale. The bacteri al

m crobes are amder vt sainé worditions, raatl Oréijlmlumelsf Dufier Ka26100aM iz agerate,

nyar ochi of e, PHLAS. e Wit adf ﬁas%géwegpm%%%% M G R S
ooyl al ani ne. TR 29 MR ARARS G ETIAMAGE gt ol RBaFCPER STopRbvats, s, oc

(test mediun) . (Bipnid)&Geemagy)thl arERddddowaRe Upper 26X 6 the shsdBnaldrit> Yhe samples are
heat -i nactivated fetal calf serum (FCS, G bcoBRL, Gernmany) .is added to the

test medi um i n incybated] atgREdnt ﬁﬁtﬂﬂlénTb‘f Sl!mataf@/élierdlglmﬂe%%%l@ﬁt@sl ¢ft diglysist est

Ent orocoeci) | PYEdhO TR TICAr S BR Pkt bt e ki LM IPT OB m K

25 test subgt a%@nﬁte() $h% dialysis' @Be Svhﬁpﬁ)BSIOO Diae&it-ofE ithnor(el @ cHanpalat 4°C
volune). The culturés are’incubated at 37C for 18-24 hours; Enterococci in

the presence ofoveetighPTherdhialysatodsconsemeatetios polcireeancentrasioniof abewtH Ogag/al at

whi ch bacterial, growt. nger, Vi def as e M C
val ues in pM ofPYsHE %%dﬂ‘ﬂéi%‘s 8‘?% gﬂﬂ{ ﬁo(ﬁ 'P%\&%q@(ﬂ?“fdgf: ?%gglgr ggnzg:[y?ta te%-{te
m crobes are I|ﬁ{eeg30tgknxﬁ/@{gcg,{b@gqgfmllﬁah@&pﬁmwte bel ow. The conmpounds
show a graded anti bacterial effect against nost of the test mcrobes. Le A

35722(PCT) -164 Table A

15 Determination of the ICs in the S. aureus in vitro transcription-translation assa

Inhibition of protein biosynthesis of the compounds can be shown in an in vitro
transcription-translation assay. The assay is based on the cell-free transcription and
translation of firefly luciferase using the reporter plasmid pla as template and cell-
free S30 extracts obtained from S. aureus. The activity of the resulting luciferase can

20  be detected by luminescence measurement.

The amount of S30 extract or plasmid pla to be employed must be tested anew for
each preparation in order to ensure an optimal concentration in the assay. 3 pl of the
substance to be tested, dissolved in 5% DMSO, are introduced into an MTP. Then
25 10 pl of a suitably concentrated plasmid solution pla are added. Then 46 pl of a
mixture of 23 ul of premix (500 mM K acetate, 87.5mM Tris acetate, pH 8.0,
67.5 mM ammonium acetate, 5 mM DTT, 50 pg of folic acid/ml, 87.5 mg of PEG
8000/ml, 5 mM ATP, 1.25 mM each NTP, 20 uM each amino acid, 50 mM PEP (Naj
salt), 2.5 mM cAMP, 250 pug of each E. coli tRNA/mI) and 23 ul of a suitable
30 amount of S. qureus S30 extract are added and mixed. After incubation at 30°C for
60 min, 50 ! of luciferin solution (20 mM tricine, 2.67 mM MgSQ,, 0.1 mM EDTA,
33.3 mM DTT pH 7.8, 270 uM CoA, 470 uM luciferin, 530 uyM ATP) are, and the



Ex. M CM CM CM €M AL S pdPy C50 No. S, aureusS. aureusS. aureusk. faecalisB. E
tali S. aureusS T aureus I33RN4220257011 CB27159cat arr hal i SMRE600133RN4220

MBTr ansl ati onTransl ati onTransl ati on 10. 20. 6. 256. 251. 560. 150. 90. 5

22512. 55025250. 551. 3-4.53. 4 370,8---0.5. ‘concentration data in pM 5
System c infection with S. aureus 133 The suitability of the conpounds of
the invention for treating bacterial infections can be shown in various

ani mal)l nmodel sI résulttinghbolpuinpsssrce ishaeasiredilis aatumigemetealfby 1 mink ebieetCwiish a
suita ewrue eandthntreate with,th

tested, which ‘?‘"ﬁe‘g nEANSETERTORAT @ 1paibyap which elle CPStn‘ﬁe 3#[‘?‘881%& t"h&r apy
nmodel . The suit,adi ﬁdﬁyfﬁ]{?ﬂ%miﬁ%&ounds of the invention can be

denonstrat ed speC| lcally or the treatnent of bacterial infections in a
nouse sepsis nodel after infection with S aureus. 15 For this purpose, S
aureus 133 cells are cultur ' .4 BH broth g Germany). The
over ni ght coil t Beterm 100, 0 H1¢mY — 4 «panded for 3
hours. The bacteria WhICh are in the Iogarlthmc phase of growth are
centrifuged and washed 2 x with buffered physiol ogical saline solution. A
cel I suspensi oThe min$rélunnighibitoryt bmenﬁr&tfona(rh/ﬂ@atiis nixt rommofm $Oneeniraton of amen

adj usted in a photoneter P 2 After .a djlption s 15
thi s suspensi onntikiof yath ‘fh!LCﬁ'MﬁhF @é?%/\)éﬂ'@fwerfﬁd g eBEnty- é‘ﬁg %11“2 s

of this infecti. olu e !
corresponds to @“EZ @8%%@ @Q-glﬂ‘ﬂth?.‘ﬁl ‘%ggl E%lennrﬁlg{do%gs rf%&%gﬁ H@EIOI(;E%a?

t her apy takgs %efiﬁ&is3@se61 ot Qxiax&bte@rTﬁ&QJatmﬁﬂCUoﬁﬂmnEenﬁvk eClifdeMl Labematoay e
used for the infection test. The survival of the animals is recorded 25 for

6 days. The aniStendardsdMethadsafor @ilution atimicgebiah syseeptiwlity esta fer factesig hatn 24
It Le A 35722( PCT\)/ aero%ncal]y, approved standard-fifth edition. NCCLS document M7-A5 [ISBN

1-56238-394-9]. NCCLS, 940 West Valley Road, Suite 1400, Wayne, Pennsylvania
19087-1898 USA, 2000). The MIC of the compounds of the invention is determined
15  in the liquid dilution test on the 96-well microtiter plate scale. The bacterial microbes
are cultivated in a minimal medium (18.5 mM Na,HPO,, 5.7 mM KH;PO,, 9.3 mM
NH4Cl, 2.8 mM MgSO;, 17.1 mM NaCl, 0.033 pg/ml thiamine hydrochloride,

1.2 ug/ml nicotinic acid, 0.003 pg/ml biotin, 1% glucose, 25 pg/ml of each
proteinogenic amino acid with the exception of phenylalanine; [H.-P. Kroll;
20 unpublished]) with addition of 0.4% BH broth (test medium). In the case of
Enterococcus faecalis ICB 27159, heat-inactivated fetal calf serum (FCS;
GibcoBRL, Germany) is added to the test medium in a final concentration of 10%.
Ovemnight cultures of the test microbes are diluted to an ODs3g of 0.001 (to 0.01 in
the case of Enterococci) in fresh test medium, and incubated 1:1 with dilutions of the
25  test substances (1:2 dilution steps) in test medium (150 pl final volume). The cultures

are incubated at 37°C for 18-24 hours; Enterococci in the presence of 5% COs.

The lowest substance concentration in each case at which bacterial growth was no
longer visible is defined as the MIC. The MIC values in pM of some compounds of
30 the invention for a series of test microbes are listed by way of example in the table
below. The compounds show a graded antibacterial effect against most of the test

microbes.




after the infeqtd gs57b3(p possible to denonstrate in this nodel a

t herapeutic effeéct o 0 = 1.25 ng/ kg for the conpound of Exanple 2. B.
Exenpl ary enbodi nents of pharnmaceutical co sitions 5 The conpounds of the
i nvention can be converted into pharnmaceut ﬁr@gT preparations in the

foll ow ng ways: Tablet: 10 Conposition: 100 ng of the conpound of Exanple
1, 50 ng of |actose (nobnohydrate), 50 ng of corn starch (native), 10 ng of
pol yvi nyl pyrol i done (PVP 25) (from BASF, Ludw gshafen, Germany) and 2 ngy of
magnesi um stear,ﬁtq Tabl et weight 212 ng, diameter 8 mm radius of curvature
12 mm 15 Produ %I?Bﬁ\ A m xture of active ingredient, |actose and starch is

granul ated W gD awpz,% stTenr@gi h [a@ utijonc(MTmMmed the[ ¥y Tnh wWares . Thacso

granul es are riled and then nilxed wit he,. ghesi um_st earatle.for 5 n,
This m xture| 1'% cgﬁ‘ﬁf'ﬁss ol 'ﬁ""é“dr\r}:ehfciagsna' t abl e1T}E'2’ﬁﬁpr esls™ (&8 abrgo‘\'/"ém
for format of thel3gabl ef RN4220 claspiles SilOB2 7 Br L enapfhalls5| MREB® usield3 as RN4220

gui deline for the conpression.| Suspernsi on wh can b 1.0l (St e ar :
Conposi tion: | 25 11000 ngl of the conpound of E gﬂ?ml e 1 %rfgsg‘(r%rlw Slf)r SE‘?OF]‘ nﬁ#ﬂlla"o"

(96% , 400 nplof| 0.Rhodi g@&ll (xarfi¥fan g@RStrom FMC, PenBdfl vani|dd9 UsA) |dhd 99
g of water. tgﬁo%suf Ot ahﬁsua %bai o1 \ZEI respP 251' to—= “e‘i%ﬁgi € LH‘?JF}::A‘(gf i%q‘ Y

of the conpo t he entlion. 3Q "Production: Th odi gel 1 s sugpénded

in ethanol, pgd thg act|ve ingredient| -i-s addpd-to the---suspendi.dn. The--wat er
i s added W t h—stirring—TFhemxture—tHs—sti-rred—tor—about—6—h—unrtd

swel I i ng of theAmﬂomeEgatfd}gdqﬁé,MMtei = out—6—h1unt

| tiha
T CTre

5  Systemic infection with S. aureus 133

The suitability of the compounds of the invention for treating bacterial infections can
be shown in various animal models. For this purpose, the animals are generally
infected with a suitable virulent microbe and then treated with the compound to be
10  tested, which is in a formulation which is adopted to the particular therapy model.
The suitability of the compounds of the invention can be demonstrated specifically
for the treatment of bacterial infections in a mouse sepsis model after infection with

S aureus.

15  For this purpose, S. aureus 133 cells are cultured overnight in BH broth (Oxoid,
Germany). The overnight culture is diluted 1:100 in fresh BH broth and expanded for
3 hours. The bacteria which are in the logarithmic phase of growth are centrifuged
and washed 2 x with buffered physiological saline solution. A cell suspension in
saline solution with an extinction of 30 units is then adjusted in a photometer
20  (Dr. Lange LP 2W). Afier a dilution step (1:15), this suspension is mixed 1:1 with a
10% strength mucine suspension. 0.2 ml of this infection solution is administered i.p.
per 20 g of mouse. This corresponds to a cell count of about 1-2 x 10E6
microbes/mouse. The i.v. therapy takes place 30 minutes after the infection. Female
CFW1 mice are used for the infection test. The survival of the animals is recorded

25  for 6 days. The animal model is adjusted so that untreated animals die within 24 h



Le A 35722(PCT)LeAB6783(RCTS A conpound of the formula NRSRs in which R is
hydr ogen, al kyl, aryl, heteroaryl, heterocyclyl, alkylcarbonyl, 10

aryl carbonyl, heterocyclyl carbonyl, heterongwcafbonyl alkoxycarbonyl

am nocar bonyl, al kyl am nocar bonyl, dial kyl'@m nocar bonyl , aIkyIsquonyI
aryl sul fonyl, heterocyclylsul fonyl, heteroarylsulfonyl or a carbonyl-linked
amino acid residue, 15 where R apart from hydrogen nmay be substituted by
0, 1, 2 or 3 ifiesthetinfption. i was paspiblectordemonsitte mtb@rm@a/ql?a ‘therapautis effeettadd

i ndependent | y e t t he u ons ng of hal ogen, al kyl,
trifl uoronet hyICE,Dﬁhl f??rgr’%%g };9535] %{5‘8 0‘@;% no 20 al kyl ani no,
di al kyl am no, cycloal kyl, aryl, het eroaryl het erocycl yl, hydroxy, al koxy

and carboxyl, R2 is hydrogen or al kyl, 25 vvhere R2 apart from hydrogen may
be substituted by 0.E erBbodintenis of Reutical wompesitions subst it uent s

R2'' are selected Le A 35722(PCT} - 167 mdependently of one another from
the group consi st | ng of hal ogen, am no, al kylam no and di al kyl am no, or 5

R and R2 togethigreofigdindd6f thelif REiBn 0 Be (BnWHeANnic SharRh&ubeA 5 Epar &idRs 2

in the following ways:

Tablet:

10  Composition:
100 mg of the compound of Example 1, 50 mg of lactose (monohydrate), 50 mg of

com starch (native), 10mg of polyvinylpyrolidone (PVP 25) (from BASF,
Ludwigshafen, Germany) and 2 mg of magnesium stearate.
Tablet weight 212 mg, diameter 8 mm, radius of curvature 12 mm.
15
Production:
A mixture of active ingredient, lactose and starch is granulated with a 5% strength
solution (m/m) of the PVP in water. The granules are dried and then mixed with the
magnesium stearate for 5 min. This mixture is compressed with a conventional tablet
20  press (see above for format of the tablet). A compressive force of 15 kN is used as

guideline for the compression.

Suspension which can be administered orally:

Composition:
25 1000 mg of the compound of Example 1, 1000 mg of ethanol (96%), 400 mg of

Rhodigel (xanthan gum from FMC, Pennsylvania, USA) and 99 g of water.
10 ml of oral suspension correspond to a single dose of 100 mg of the compound of

the invention.

30  Production:
The Rhodigel is suspended in ethanol, and the active ingredient is added to the
suspension. The water is added with stirring. The mixture is stirred for about 6 h until

the swelling of the Rhodigel is complete.



het erocycl e whijeha mBy2ypCqybstituted by 0, 1 or 2 substituents R "2, where
t he substituents are sel ected i ndependently of one another fromthe

group consi sting of hal ogen, trifluoronethy am no, 10 al kyl am no,

di al kyl am no, cycl oal kyl, aryl, heteroaryl,(%bterocyclyl, hydr oxy, al koxy,
car boxyl, al koxycarbonyl and am nocarbonyl, R is hydrogen, alkyl or the
side group of an amno acid, in which alkyl my be substituted by 0, 1, 2
or 3 substituedfflim®B-', where the 15 substituents R3"' are sel ected

i ndependently of one another fromthe group consisting of trifluoromnethyl,
nitro, am no, alkylam no, dialkylam no, cycloal kyl, aryl, heteroaryl,

het erocycl yl, hydr oxy comsblRorthE€frRely! . al koxycar bonyl, am nocar bonyl,

al kyl am nocar bonyl, di al kyl am nocar bonyl, guani dino and am di no, 20 in which
cycl oal kyl, aryl, heteroaryl and heterocyclyl may be substituted by 0, 1 or
2 substituents R3"2, where the substituents R3-2 are selected independently
of one another fromthe group copsisting ~of hal ogen, alkyl, trifluoronethyl
and am no, 25 and in whichsfree n ﬁ&e si de group of the am no
acid my be substituted b | k a2 kyn{yl , cycl oal kyl, aryl,

het eroaryl, heterocyclyl, alkylca , & arbonyl, heteroaryl carbonyl,
het erocycl yl car bonyl , al koxyc ¥§, 30(§ninoc rbonyl, al kyl am nocar bonyl ,
di al kyl am nocar bonyl, aryl anj nocarjpbonyl ,jj al kyl qul fonyl , aryl s(Df onyl,

het er ocycl yl sul f onyl §§1 - ‘

hydr ogen, G - C6-al kyl )
C3- Cs- cycl oat kyl , S RYR I,

1fo Le g(s,gm) -168- R3, is

gen, C-C6-al kyl or

5
in which

R is hydrogen, alkyl, aryl, heteroaryl, heterocyclyl, alkylcarbonyl,
10 arylcarbonyl, heterocyclylcarbonyl, heteroarylcarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylsulfonyl, arylsulfonyl,
heterocyclylsulfonyl, heteroarylsulfonyl or a carbonyl-linked amino
acid residue,
15
where R' apart from hydrogen may be substituted by 0, 1, 2 or 3
substituents R'', where the substituents R'' are selected
independently of one another from the group consisting of halogen,
alkyl, trifluoromethyl, triffuoromethoxy, nitro, cyano, amino,
20 alkylamino, dialkylamino, cycloalkyl, aryl, heteroaryl, heterocyclyl,
hydroxy, alkoxy and carboxyl,

R? is hydrogen or alkyl,

25 where R? apart from hydrogen may be substituted by 0, 1, 2 or 3

substituents R?>!, where the substituents R*' are selected




5 R5 is hydrogqn A3kkydpcahkenyl, cycloal kyl, aryl, heteroaryl, heterocyclyl
or an am ne-linked amno acid residue, where R5 may be substituted by 0, 1,

2 or 3 substituents Rs"', where the substifyents Rs" are selected

I ndependent|ly of one another from 10 the group consisting of hal ogen, alkyl,
trifluoronmethyl, trifluoromethoxy, nitro, cyano, am no, alkylam no,

di al kyl am no, cycloal kyl, aryl, heteroaryl, heterocyclyl, bydroxy, alkoxy,
carboxyl, al koxycar bonylindenendestiar efopren anosherframith geaupoipypsisting of halogen,

di al kyl am nocar bonyl , am nosul f I | kyd- api.n | fonyl, 15

di al kyl am nosul fonyl, ar ﬁ%’ﬁ?h%@ﬂ#&?%"ﬁ dﬁ%@@?‘%@“&tl yl am nosul f onyl ,

het er oaryl am nosul f onyl, am nocar bonyl am no, hydroxycarbonyl am no and

al koxycar bonyl am no, in which al kyl, alkylam no, dialkylam no, cycl oal kyl,
aryl, heteroaryl 2®rand heterocyclyl nmay be substituted by 0, 1, 2 or 3

substituentg R5"2, where the substituents R5'2 are sel ected independently of
one anot her ” fromthe group consisting of hydroxy, am no, carboxyl and

am nocarbonyl, 25 R gdRUIReRRr withkhe nftfoged Gtd & WhictOthefRare@béhded féagat her
with the nitrogen atomto which they are bonded forma 30 heterocycle which

may be substituted by 0, heterdcysie $hhiysay beenbstitRed by OaHeore? shbstisudnss Rt Uent s
R5"6 are sel ected independently of one anghher fromthe gro onsi sti ng of
hal ogen, alkyl, trifl uoro‘fc‘jilé‘?rﬁ e sybstitugnts ?’amaﬁ ,Sel%ﬂt%{/qngﬁ?‘??g?mﬁ?%p?% A
cycl oal kyl, aryl, hal ogengfgdyqr & ofsiSter? 4P Hhloger, 6 rifiGdrBmeayY,! ami

het erocycl yl, hydr oxy, r@%xy, c)a/érr%lgtyl Sl lél car bm%ell’, al koxycgr’bgrr?ylw,’

am nocar bonyl , al kyl ani nadlaylaimgl diaiklylardingel kyt¢laatkplp @ayibbetgtaaryl, heterocyclyl,

hydroxy, alkoxy, carboxyl, alkoxycarbonyl and aminocarbonyl,

R’ is hydrogen, alkyl or the side group of an amino acid, in which alkyl
may be substituted by 0, 1, 2 or 3 substituents R*!, where the
15 substituents R*"' are selected independently of one another from the
group consisting of trifluoromethyl, nitro, amino, alkylamino,
dialkylamino, cycloalkyl, aryl, heteroaryl, heterocyclyl, hydroxy,
alkoxy, carboxyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, guanidino and amidino,
20
in which cycloalkyl, aryl, heteroaryl and heterocyclyl may be
substituted by 0, 1 or 2 substituents R} '2, where the substituents R*?
are selected independently of one another from the group consisting
of halogen, alkyl, trifluoromethyl and amino,
25
and in which free amino groups in the side group of the amino acid
may be substituted by alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, heterocyclylcarbonyl, alkoxycarbonyl,
30 aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
arylaminocarbonyl, alkylsulfonyl, arylsulfonyl, heterocyclylsulfonyl
or heteroarylsulfonyl,




5 R is hydroggqnr AGs7ERPaTkyl , al kyl carbonyl or C3-Cg-cycloal kyl, Re is

hydrogen or C, -C6-alkyl, and RO is hydrogen or C, -C6-al kyl, 10 and one of
the salts thereof, or one of the solvates_jhereof and one of the solvates
of the salts thereof. 2. A conpound as clained in claiml, characterized in
that it corresponds to the 15 formula (1) NRSRS in which R to RO have the
same meaning as in formula (). 20 3, A conpound as clained in claiml or 2,
characterized in thdt Rishxdmgen g alkylioy Csdrs-anclopikadr bonyl , 25 R2 s
hydrogen, Le A 35722(PCT) R3 5 10 15 R3 20R R5 25 30 -170 is al kyl or the
side group of an amno acid, in which alkyl may be substituted by 0, 1, 2

or 3 substituents R'R% WhHehedrbbén, St dlkHlenis-Gvtloalltye, sel ect ed
i ndependently of one another fromthe group consisting
5 R’ is hydrogen, alkyl, alkenyl, cycloalkyl, aryl, heteroaryl, heterocyclyl

or an amine-linked amino acid residue,

where R® may be substituted by 0, 1, 2 or 3 substituents R*', where
the substituents R>! are selected independently of one another from
10 the group consisting of halogen, alkyl, triflucromethyl,
trifluoromethoxy, nitro, cyano, amino, alkylamino, dialkylamino,

cycloalkyl, aryl, heteroaryl, heterocyclyl, hydroxy, alkoxy, carboxyl,

alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, aminosulfonyl, alkylaminosulfonyl,
15 dialkylaminosulfonyl, arylaminosulfonyl, heterocyclylaminosulfonyl,
heteroarylaminosulfonyl, aminocarbonylamino,

hydroxycarbonylamino and alkoxycarbonylamino,

in which alkyl, alkylamino, dialkylamino, cycloalkyl, aryl, heteroaryl
20 and heterocyclyl may be substituted by 0, 1, 2 or 3 substituents R>?,
where the substituents R*? are selected independently of one another
from the group consisting of hydroxy, amino, carboxyl and

aminocarbonyl,
25 RS is hydrogen, alkyl or cycloalkyl,
or

R® and R® together with the nitrogen atom to which they are bonded form a

30 heterocycle which may be substituted by 0, 1, 2 or 3 substituents RS,
where the substituents R>® are selected independently of one another

from the group consisting of halogen, alkyl, trifluoromethyl, nitro,

amino, alkylamino, dialkylamino, cycloalkyl, aryl, halogenated aryl,



of trifluorometlyA 3smAPET)am no, al kylam no, dial kylam no, cycloal kyl,

aryl, heteroaryl, heterocyclyl, hydroxy, alkoxy, carboxyl, alkoxycarbonyl,
am nocar bonyl , al kyl am nocar bonyl, di al kyi@rj nocar bonyl, guani di no and
am di no, in which cycloal kyl, aryl, heteroaryl and heterocyclyl may be

substituted by O, 1 or 2 substituents R "2, where the substituents R3-2 are

sel ected i ndependently of one another fromthe group consisting . of hal ogen,
al kyl, trifluoronethyl arhgteaearil,hesgracyclylwhydexy.r alkonyi easbeprdupglkylarhonsl si de

group of the am no acid e stituted b I kyl, .5 hydr n
B2l kyl or 3 o cycl BRREOSHES | AbBEeRtol! U albslymirgh %8R ang
C3- Cs-cycl oal kyl, is hydrdqsRflamatdedibondl, kenyl , cycloal kyl, aryl, heteroaryl,

het erocyclyl or an am ne-linked am no acid residue, where al kyl, alkenyl,
cycl oal kyl, aryl, heteroaryl and heterocyclyl nay be substituted by 0, 1, 2

"ndependent Py of -ond anot hBYPESyCite-ScAlEy eaherdier S G Seiitn, a1

trifluoronmethyl, trifluoronethoxy, nitro, cyano, am no, alkylani no,

di al kyl am no, cycloal kyl, aryl, heteroaryl, heterocyclyl, hydroxy, alkoxy,
car boxyl , al koxycar RSyl ,is hpdrogecerGeGyblkyhikyg| ani nocar bonyl ~ and
di al kyl am nocar bonyl, in which al kyl, al kylam no, dialkylam no, cycl oal kyl,

aryl, heteroaryl and heterocyclyl may be substituted by 0, 1, 2 or 3

substituents R5-2, A 171 re the substituents RS-2 are
Llf 3§§%dgf()§&;®r cll e

sel ected i ndependently of nother "fromthe group consisting of hydroxy,
am no, carhoxyl and am nocarbonyl, 5 R6 is hydrogen, al kyl or cycloal kyl,

and one of the salts thereof, or one of the solvates thereof and one of the

solvates of the salts thereof.

2. A compound as claimed in claim 1, characterized in that it corresponds to the

15 formula

in which R' to R® have the same meaning as in formula (I).
20
3. A compound as claimed in claim 1 or 2, characterized in that

R! is hydrogen, alkyl or alkylcarbonyl,

25 R? is hydrogen,



or R5 and R6 tqgei hey224pCinthe nitrogen atomto which they are bonded forma
10 heterocycle Ich may be substituted by 0, 1, 2 or 3 substituents R5-6

where the substituents R5'6 are selected i pendently of one another from
t he group consisting of hal ogen, alkyl, ammno, alkylanino, dialkylan no,
hydroxy, al koxy, carboxyl, al koxycarbonyl,

am nocar bonyl , al kyl a nocarbonyland dlalkylan1nocarbonyl 15 R is hydrogen,
Cl- C6-al kyl , al kyl c&bonys abi! esih%s@mr@m m;/an ampRg a@dhyuwbgénalkﬂomambe R4

i s hydrogen. A corrpound as d 3 c rimzed in
that’ R is hydrogen. B%H%&E gn? gﬁy Sﬁ ugﬂfﬁ% B%rﬁﬁ%lfbﬁa% R
3-am noprop-1-yl, 2- hydr%'se’ie@tsa RRRp&RIently B oné andsmel:rﬁzsm the-@5Up 06 sPRin

-yl, 3-guanidinoprop- | -yl, 2- ami nocarbonylethyl, hydroxycar bon | et %yl

g- ami nobuth I1 yl, Le A 35M2(ﬁxﬁﬂpromdtﬁfl hymoxymﬂmhytalk)ﬂamm o@ék?ﬂymuno,
- am noet hyl_, 4-amn03 h but ri,di n- 5
10 15 20 R Jis hydrogen. ¥ &’%ﬁ(ﬁijldﬁ%‘gQﬁter‘%ﬁflhb‘ft‘(’m&“ﬁ%p%yﬁ@éﬁ’r é&?éﬁ’&m °¥‘yl’
cyclopropyl, R5 is hydroggpycitbbinal kyl QmifictafBdng) c! oal Kyikylaminocarbonyl,

dialkylaminocarbonyl, guanidino and amidino,

in which cycloalkyl, aryl, heteroaryl and heterocyclyl may be
10 substituted by 0, 1 or 2 substituents R® '2, where the substituents R*?
are selected independently of one another from the group consisting

of halogen, alkyl, trifluoromethyl and amino,

and in which free amino groups in the side group of the amino acid

15 may be substituted by alkyl,
R*>  is hydrogen, C;-C¢-alkyl or Ci-Cs-cycloalkyl,

R*  ishydrogen, C,-Cg¢-alkyl or C3-Cg-cycloalkyl,
20
R’ is hydrogen, alkyl, alkenyl, cycloalkyl, aryl, heteroaryl, heterocyclyl

or an amine-linked amino acid residue,

where alkyl, alkenyl, cycloalkyl, aryl, heteroaryl and heterocyclyl
25 may be substituted by 0, 1, 2 or 3 substituents Rs'l, where the
substituents R*>! are selected independently of one another from the
group consisting of halogen, alkyl, trifluoromethyl, trifluoromethoxy,
nitro, cyano, amino, alkylamino, dialkylamino, cycloalkyl, aryl,
heteroaryl, heterocyclyl, hydroxy, alkoxy, carboxyl, alkoxycarbonyl,

30 aminocarbonyl, alkylaminocarbony! and dialkylaminocarbonyl,

in which alkyl, alkylamino, dialkylamino, cycloalkyl, aryl, heteroaryl
and heterocyclyl may be substituted by 0, 1, 2 or 3 substituents R*2,



where al kyl angecxgbpzd(Rgirymy be substituted by 0, 1, 2 or 3 substituents
R5-', where the substituents R5'' are selected independently of one another
fromthe group consisting of hal ogen, C Cb6yal kyl, trifluoromethyt,
trifluoronethoxy, am no, C -C6- alkylam no, Cl-C6-dial kyl am no,

C3-Cr-cycl oal kyl, C6-Cl0-aryl, 5- to |0O-nenbered heteroaryl, 5-

7- menber ed heterocycl yl, hydroxy al kox§nécar boxyl,. G -C6- aI ko ycar bonyl

ﬁmdnocar bonyl , ﬁ:l l—CG- al KyhezertheonlptisaRts a@i%ecéﬁda!nﬁwe&ﬁﬁﬁ% af BRfsnotheRs i s
they are bonded Torm a pibaf dienaroB? “bolFlsith | i) Mgl LHR.HaBEA MAbE]

i s hydrogen, 30 and is hsihé@eonyl.e A 35722(PCT) 5 10 15 173 A corrpound
as claimed in any of clains 1 to 4, characterized in that R] is hydrogen,
R2 is hydrogen R3is 3- am noprop | -yl or 2-hydroxy-3-am noprop-1-yl, R3is

hydr ogen, I's hydr n gen, C 1-C6-al kyl or
cycl opropyl ; s 9° h)q& alk 3P ot gyci](}éﬂcy?

or

R’ and R® together with the nitrogen atom to which they are bonded form a

10 heterocycle which may be substituted by 0, 1, 2 or 3 substituents R,
where the substituents R**® are selected independently of one another

from the group consisting of halogen, alkyl, amino, alkylamino,

dialkylamino, hydroxy, alkoxy, carboxyl, alkoxycarbonyl,

aminocarbonyl, alkylaminocarbonyl and dialkylaminocarbonyl,

5
| R’ is hydrogen, C,-Cs-alkyl, alkylcarbonyl or C;-Cs-cycloalkyl,
R is hydrogen,
20 and
R’  ishydrogen.
4. A compound as claimed in any of claims 1 to 3, characterized in that
25
R'  ishydrogen,
R? is hydrogen,
30 R’ is aminocarbonylmethyl, 3-aminoprop-1-yl, 2-hydroxy-3-aminoprop-

1-yl,  1-hydroxy-3-aminoprop-1-yl,  3-guanidinoprop-1-yl,  2-
aminocarbonylethyl,  2-hydroxycarbonylethyl,  4-aminobut-1-yl,




where al kyl may bg 3spbaPCcIyted by O, 1, 2 or 3 substituents R', where the
substituents RS'™ are selected i ndependently of one another from the group
consisting of trifluoronethyl, am no, hydr ﬁ%_, carboxyl, am nocarbonyl and
phenyl, 20 R6 is hydrogen or nethyl, R7 is hydrogen, R8 is hydrogen 25 and
RO is hydrogen. 30 6. A conpound as clained in any of clains 1 to 3,

characterized in that R is hydrogen, Le A 35722(PCT) 7, 8. 5 9. 1010._  11.
15 20 12. 2513. 14. 30 1dhydroxymethydonpaddhdraryethi nedraminegtlylor dramigg-3t, 2

and 6, characterized in tl{}%}ox%ut-i-?’l Qyﬁfﬁﬁ&rhin-}yl)methyl,

R>  ishydrogen,

5
R* is hydrogen, methyl, ethyl, isopropyl or cyclopropyl,
R’  ishydrogen, C,-Ce-alkyl or C3-Cg-cycloalkyl,

10 where alkyl and cycloalkyl may be substituted by 0, 1, 2 or 3
substituents R>!, where the substituents R>' are selected
independently of one another from the group consisting of halogen,
C,-Cs-alkyl, trifluoromethyl, trifluoromethoxy, amino, C;-Cs-
alkylamino, C;-C¢-dialkylamino, C;-Cg-cycloalkyl, Cs-Cjo-aryl, 5- to

15 10-membered heteroaryl, 5- to 7-membered heterocyclyl, hydroxy,
alkoxy, carboxyl, C;-Cs-alkoxycarbonyl, aminocarbonyl, C;-Cs-
alkylaminocarbony! and C;-C¢-dialkylaminocarbonyl,

R® is hydrogen or methyl,
20
or
R® and R® together with the nitrogen atom to which they are bonded form a
piperidinyl or morpholinyl,

25

R’ is hydrogen,
R® is hydrogen,
30 and

R’ is hydrogen.




A compound as qleai 3e®A(RCERY of clains | to 4, 6 and 7, characterized in
that R3 is 3-am noprop-I-yl or2-hydroxy-3-am noprop-|-yl. A conpound as
claimed in any of claims | to 3 or 6 to 8, aracterized in that Rs' is
hydr ogen. A conpound as clained in any of clains 1 to 4 or 6 to 9,
characterized in that R is hydrogen or nethyl. A conpound as clained in
any of clains | to 4 or 6 to 10, characterized in that R5_is hydrogen,

O - CB-al kyl or Seycl dbeappoundgsaiamsd myanyeficlaasdpdt chanacierizsd imthay, 2 or 3
substituents R -r, where the substituents R5'r are selected independently
of one another fromthe group consisting of trifluoronmethyl, am no,

hydr oxy, carboxyl, qﬁinoqghpﬁa%hhand phenyl . A conmpound as clainmed in any
of claims | to 3 or 6 to |l t, characterized in that R6 is hydrogen or

met hyl . A conpound as clained in any of clains Ito 4 or 6 to 12,
characterized in that RS qﬂ R6 together with the nitrogen atomto which
they are bonded for a d?ﬁ% P&?ﬁyl or norpholinyl. A conpound as clained in
any of claims | to 3 or 6 to 13, characterized in that R7 is hydrogen. A
conpound as clainmed in any of clains 1, 2, 6 to 14, characterized in that Rs
i s hydrogen. Le A 3R22( RCHamingtsop8:-ylAr 2dyduyed-aminopetpredli n any of cl ai ns
1, 2, 6 to 15, characterized in that RO is hydrogen. 5 17. A process for
preparing a conpound of the fornmula (1) as clained in claim characterized

in that a conpound gf*thgshasBpdma OH

10
R* is hydrogen or methyl,
R’ is hydrogen, C,-Cs-alkyl or cyclopropyl,

15 where alkyl may be substituted by 0, 1, 2 or 3 substituents R*', where
the substituents R*" are selected independently of one another from
the group consisting of trifluoromethyl, amino, hydroxy, carboxyl,
aminocarbonyl and phenyl,

20 R® is hydrogen or methyl,

R’ 1s hydrogen,
R? 1s hydrogen
25
and
R’ is hydrogen.
30 6. A compound as claimed in any of claims 1 to 3, characterized in that R' is

hydrogen.



10 in which R [1coARS2PHPBTYO RO have the neaning indicated in claiml, 1is
reacted with a conmpound of the formula HNRSR6 (I11), 15 in which R5 and R6
have the nmeaning indicated in claim1. 18, fﬁponpound as clainmed in any of
claims | to 16 for the treatnment and/or prophylaxis of diseases. 20 19. A
medi cament conprising at | east one conpound as clained in any of clainms |
to 16 in conbination with at | east one pharnmaceutically suitable,, . 5
phar maceut i cal 1% accbgemprendas ¢lpisreddn agy 196 claing il p? @pd §, chasacierizedrip h R of a
compound as clainedig &%%eof claims | to 16 for producing a nedicanment for
the treatnent and/or pyop ﬁ}axis of bacterial diseases. Le A 35722(PCT) -176
21. A nmedicanent as clainmed in claim19 for the treatnment and/or prophylaxis
of bacterial infections. 22. A nethod for controlling bacterial infections

in humans and dhi mal4 compodndsasmlaimed imanyol Jaimnl tertithangt b charetyrizsd iadhaty e
amount of al Teast G, 3SHIRENGR- 121 of TSk Raflitopilp-THA! ™ 1 1o 16

9. A compound as claimed in any of claims I to 3 or 6 to 8, characterized in that

R* is hydrogen.

10 10. A compound as claimed in any of claims 1 to 4 or 6 to 9, characterized in that

R* is hydrogen or methyl.

11. A compound as claimed in any of claims 1 to 4 or 6 to 10, characterized in
that
15 R’ is hydrogen, C,-Cs-alkyl or cyclopropyl,

where alkyl may be substituted by 0, 1, 2 or 3 substituents RS'I, where the
substituents R* are selected independently of one another from the group
consisting of trifluoromethyl, amino, hydroxy, carboxyl, aminocarbonyl and

20 phenyl.

12. A compound as claimed in any of claims 1 to 3 or 6 to 11, characterized in

that R® is hydrogen or methyl.

25 13. A compound as claimed in any of claims 1 to 4 or 6 to 12, characterized in
that R’ and R® together with the nitrogen atom to which they are bonded form

a piperidinyl or morpholinyl.

14. A compound as claimed in any of claims 1 to 3 or 6 to 13, characterized in

30 that R” is hydrogen.

15. A compound as claimed in any of claims 1, 2, 6 to 14, characterized in that R®

is hydrogen.
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A compound as claimed in any of claims 1, 2, 6 to 15, characterized in that R®
1s hydrogen.

A process for preparing a compound of the formula (I) as claimed in claim 1,

characterized in that a compound of the formula

in which R to R* and R’ to R® have the meaning indicated in claim 1,

is reacted with a compound of the formula

H-NR’R® (110),

in which R® and R® have the meaning indicated in claim 1.

A compound as claimed in any of claims 1 to 16 for the treatment and/or

prophylaxis of diseases.

A medicament comprising at least one compound as claimed in any of claims
1 to 16 in combination with at least one pharmaceutically suitable,

pharmaceutically acceptable carrier or other excipients.

The use of a compound as claimed in any of claims 1 to 16 for producing a

medicament for the treatment and/or prophylaxis of bacterial diseases.
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21. A medicament as claimed in claim 19 for the treatment and/or prophylaxis of

bacterial infections.

22. A method for controlling bacterial infections in humans and animals by
administration of an antibacterially effective amount of at least one

compound as claimed in any of claims 1 to 16.



