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Diglycosylated 1,2-diols as mimetics of sialyl-Lewis X and sialyl-Lewis A.

The present invention relates to mimetics of sialyl-Lewis X and sialyl-Lewis A, in which, in
the natural tetrasaccharide, the neuraminic acid residue is replaced by an S-configurated
methyl substituted with one carboxyl! residue and one other substituent and the N-acetyl-
glucosamine residue is replaced by a non-glycosidic residue of a 1,2-diol, to procésses for
the preparation of these compounds and to the use of these mimetics in therapeutic
methods. |

The complex process of inflammation, which takes place in several stages, is the body's
natural reaction to injuries in which, for example, there is also invasion by infectious agents.
Under the influence of cytokines, the endothelium which lines the blood vessels expresses
adhesion proteins on lts surface. The P and E selectins bring about, by a protein-carbo-
hydrate interaction with glycolipids and glycoproteins on the leukocyte membrane, the so-
called “rolling” of leukocytes. The latter are siowed down by this process, and there is acti-
vation of certain proteins (integrins) on their surface which ensure firm adhesion of the'
leukocytes to the endothelium. This is followed by migration of the leukocytes into the
damaged tissue. '

When this process takes place in a controlied manner, the damage is eliminated after a
certain time without major adverse effects remaining. It is otherwise in the case of certain
acute and chronic inflammatory processes, in which the migration of leukocytes takes place
in an uncontrolled manner, which leads to severe damage to the body. This is the case in
disorders such as cardiogenic shock, myocardial infarct, thrombosis, rheumatism, psoriasis,
dermatitis, acute respiratory distress syndrome and metastatic cancer [Dasgupta, F., Rao,
B.N.N., Exp. Opin. Invest. Drugs 3:709-724 (19894)}. '

.Several approaches to the development of medicaments which intervene at various points
in these unwanted processes have aiready been pursued [Dasgupta, F., Rao, B.N.N., Exp.
Opin. Invest. Drugs 3:709-724 (1994))]. The aim of one route is to prevent the interaction
between P and E selectins and their receptors on the leukocyte membrane, thus to prevent
the “rolling”, by mimetics of the corresponding epitopes. This also results in suppression of
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the subsequent processes. One of the smallest carbohydrate epitopes as ligand for E
selectin is sialyl-Lewis X {neuraminic acid-o:(2—3)-galactose-f({1—4)-(fucose-o(1—3))-N-

acetylglucosamine (sLe")].

EP-A-0 579 196 proposed as compounds competing with the natural ligands for binding to
E selectin mimetics of sLe” in which the neuraminic acid residue is replaced by a lactic acid
residue, WO 93/10796 describes compounds which comprise in place of the neuraminic
acid residue the residue of an a-hydroxy acid. WO 93/23031 discloses mimetics in which
the N-acetylglucosamine residue (GicNAc residue) is replaced by an R,R-1,2-cyclohexane-
dioxy. However, it is common to all these compounds that the binding affinity between them
and the E selectin is increased only inconsiderably compared with that of sLe*, or is in fact
worse, and is insufficient for a therabeutic effect.

It has now been found, surprisingly, that simuitaneous replacen:nent of the neuraminic acid
residue by an S-configurated methyl substituted with one carboxyl residue and one other
substituent and of the N-acetylglucosamine residue by a non-glycosidic residue of an ail-
phatic diol results in an unexpectedly high binding atfinity of the resulting mimetic. The
novel compounds additionally represent a structural and chemical simplification, have a
lower molecular weight and can be obtained in larger quantities by methods with low syn-
thetic complexity.

The present invention relates to compounds of the formula |

Ri\o OH
e
HO OH o] M
Rz 0/ oH
OH
OH

in which
X is the residue of a non-glycosidic aliphatic 1,2-diol;
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R, is an S-configurated methy! substituted with one carboxyl residue and one other substitu-
ent; and | : |

Rz is hydrogen, C1-Cyzatkyl or Cearyl; where the alkyl and the aryl are unsubstituted or sub-
stituted by one or more substituents selected from the group consisting of OH, halogen,
C(O)ORg1, OC(O)Res, C{O)Rsz, nitro, NH., cyano, SOsMy, OSOsM,, NR20SO3M,, Cs-Cyaalkyl,
Ca-Cyoalkenyl, Cy-Czalkoxy, Cs-Crocycioalkyl, C3-Cizcycloalkenyl, Cz-Cyiheterocycloalkyl,
C2-Cysheterocycloaltkenyl, Cs-Cyoaryl, Ce-Croatryloxy, Cs-Csheteroaryl, Cs-Cgheteroaryloxy,
C}-C"ara!kyl, C-Caralkyloxy, Cs-Cioheteroaralkyl, Ce-Criaralkenyl, CCioheteroaralkenyl, .
primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydr-
azide, carbhydrazide, carbohydroxamic acid and aminocarbonyiamide, where R, is hydro-
gen, M,, C;-Cyzalkyl, C»-Crealkenyl, Cs-Ciocycloalkyl, Co-Cssheterocycloalkyl, Cg-Cioaryl, -
Cs-Coheteroaryl, C;-Cyiaralkyl or Ce-Cigheteroaralkyl, Ry is hydrogen, C4-Ciaalkyl,
Cz-Crzalkenyl, Ca-Cyzeycloalkyl, Cz-Cisheterocycloalkyl, Ce-Croaryl, Cs-Cgheteroaryl,
Cr-Caralkyl or Cg-Cioheteroaralkyl, and R.» and Rz are hydrogen, Cy-Cqaalkyl,
C2-Crzalkenyl, Cs-Cyacycloalkyl, Cs-Ciacycloalkenyl, C.-Cysheterocycloalkyl, Co-Cy4-hetero-
cycloalkenyl, Cg-Cyoaryl, Cs-Cgheteroaryl, Cr-Cyiaraikyl, Ce-Cicheteroaralkyl, Cs-Cy -aralkenyl
or C;-Cypheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloatkyl, cycloalkenyl, heterocyclo-
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, hetero-
aralkyl, aratkenyl and heteroaralkeny! in turn are unsubstituted or substituted by one of the
abovementioned substituents; and y is 1 and M is a monovalent metal ory is 1/2and M is a
divalent metal; including their physiologically tolerated salts.

Preferred aliphatic residues X are linear or branched C»-Cz-, preferably C»-Cy»- and particu-
larly preferably C,-Cgalkyiene and -alkenylene, C;-Ci2-, preferably Cs-Cg- and particularly
preferably Cs-C;cycloalkylene and cycloalkenylene, and C;-Cyy-, preferably Cs-C+~ and par-
ticularly preferably Cs-Csheterocycloalkyiene and heterocycioalkenylene with hetero atoms
selected from the group of -O-, -S- and -N-.

The residue X can contain substituents such as OH, halogen, C(O)OR;1, OC{O)R;4,
C(O)R;2, nitro, NH,, cyano, SOsM,, OSOsl,, NR2oSO:3M,, C1-Cy2alkyl, C2-Cioalkenyl,
C;-C2alkoxy, Cs-Ciocycloalkyl, Ca-Ciacycloalkenyl, C2-Cysheterocycloalkyl, Co-Cyshetero-
cycloalkenyl, C¢-Cioaryl, Ce-Croaryloxy, Cs-Coheteroaryl, Cs-Coheteroaryloxy, C-Cysaralkyl,
CrCuaralkyloxy, Cs-Cioheteroaralkyl, Ca-Ciiaratkenyl, C,-Cicheteroaralkenyl, primary
amino, secondary amino, sulfonyl, suifonamide, carbamide, carbamate, sulfonhydrazide,
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carbhydrazide, carbohydroxamic acid and amidocarbonylamide, where R, is hydrogen, M,,
C:-Cyzalkyl, Co-Cyoalkenyl, Cs-Cyocycloalkyl, Co.-Cisheterocycloalkyl, Ce-Cigaryl, Cs-Cghetero-
aryl, C;-Cyaralkyl or Cg-Cyoheteroaraikyl, Rsa is hydrogen, Cs-Cyzalkyl, G2-Ciatkenyl,
Cs-Cocycloalkyl, C2-Cysheterocycloalkyl, Ce-Cioaryl, Cs-Coheteroaryl, C-Cq1aralkyl or
Cy-Cioheteroaralkyl, and Rs, and Ry are hydrogen, C;-Cyalkyl, C2-Cioalkenyt, Cs-Cyzcyclo-
alkyl, Ca-Cyscycloalkenyl, C-Cyiheterocycloalkyl, C2-Cyq-heterocycloalkenyl, Ce-Cioaryl,
Cs-Cgheteroaryl, C,-Caralkyl, Cs-Croheteroaralkyl, Ca-Cys-aralkenyl or C,-Cyoheteroar-
atkenyl, and atkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocyclo-
alkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, heteroaralkyl, aralkenyl
and heteroaratkenyl in turn are unsubstituted or substituted by one of the abovementioned
substituents; and y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent metal.

In a preferred embodiment of the present invention, X is the residue of a 1,2-diol
corresponding to formula i '

H

ey, '"R s R 8
Re

(i

I ine-
X

in which
Rs and R; are, independently of one another, hydrogen, C-Csalkyl, Cs-CyzCycloalkyl,
C-Cssheterocycloalkyl, Cs-Cyoaryl, Cs-Coheteroaryl, C;-Cysaralkyl or Cs-Cyoheteroaralkyi; or
Rs and Rg are, together with the -CH-CH- group, Cs-Ci2cycloalkylene, Cs-Cia-cycloalken-
yiene, C»-Cysheterocycloalkylene and Cs-Cysheterocycloalkenylene with hetero atorhs
selected from the group -O-, -S- and -N-;

' where alkyl, cycloalkyi, heterocycloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyt, cyclo-

alkylene, cycloalkenylene, heterocycloalkylene and heterocycloalkenylene are unsubstituted

or substituted by one or more substituents selected from the group consisting of OH, haio-
gen, C(O)OR;;, OC{O)Rss, C(O)Rsz, nitro, NH,, cyano, SOsM,, OSO3M,, NR20SOsM,,
C4-Cizalkyl, C-Cyzalkenyl, Ci-Ciaallkoxy, Cs-Cizcycloalkyl, Cs-Ciocycloalkenyl, C2-Cyshetero-
cycloalkyl, C.-Cheterocycloatkenyl, Cg-Croaryl, Cs-Croaryloxy, Cs-Cgheteroaryl,



WO 97/01569 PCT/EP96/02785

-5-

Cs-Coheteroaryloxy, C»-Cyjaralkyl, C7-quémlky|oxy, Ce-Cioheteroaralkyl, Cs-C,saralkenyl, C-
Cioheteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, carbamide,
carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonyl-
amide, where R;, is hydrogen, M;, Ci-Cyaalkyl, C2-Cyzalkenyl, Cs-Cizcycloalkyl, Co-Cyshetero-
cycloalkyl, Cs-Coaryt, Cs-Csheteroaryl, C-Cysaralkyl or Cs-Cicheteroaralkyl, Ry is hydrogen,
C1-Craalkyl, C»-Cyoalkenyl, Cs-Ciocycloalkyl, C»-Cyiheterocycloalkyl, Ce-Cooaryl, Cs-Cohetero-
aryl, C;-Cqsaralkyl or Cg-Cioheteroaralkyl, and R.; and Ry are hydrogen, C,-Cyoalkyl,

' Cx-Cioalkenyl, Cs-Cyzcycloatkyl, C3-Cizcycloalkenyl, C-Cisheterocycloalkyl, C»-Cyy-hetero-
cycloalkenyl, Cs-Cyoaryl, Cs-Cgheteroaryl, C;-Ciaralkyl, Ce-Cigheteroaralkyl, Cg-Cs-aralkenyl
or Cy-Cysheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyi, cycloalkenyl, heterocycio-
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, hetero-
aralkyl, aralkeny! and heteroaralkenyl in turn are unsubstituted or substituted by one of the
abovementioned substituents; and y is 1 and M is a monovalent metat ory is 1/2 and Mis a
divalent metal.

The other substituent in R, has preferably 1 to 20, more preferably 1 to 16, particularly pre-
ferably 1 to 12, and especially preferably 1 to 8, C atoms. The other substituent is preferab-
ly selected from the group consisting of unsubstituted and substituted C,-Czalkyl,
Cz-Ciqalkenyl, Cs-Cyocycloalkyl, Cs-Ciacycloalkenyl, C2-Cysheterocycloalkyl, Co-Cyshetero-
cycloalkenyl, Cg-Ciparyl, Cs-Coheteroaryl, C,-Cqqaralkyl, Ce-Cioheteroaralkyl, Cs-Cyjaralkenyl
and C;-Cyoheteroaralkenyl. The other substituent is particularly preferably substituted '
methyl, or 2-substituted ethyl or cyclohexyl. Examples of suitable substituents‘ are the sub-
stituents mentioned above in the definition of Ra, especially OH, halogen (F, Cl or Br), carb-
oxyl, -SOgH, C(O)OM,, SOsM,, OSOsM,, NR2oSOaM, in which Ry is hydrogen, Ci-Cyzalkyl,
CzCizalkenyl, Cs-Crocycioalkyl, Cs-Cizcycloalienyl, C>-Csheterocycloalkyl, Co-Cii-hetero-
cycloaikenyl, Ce-Cioaryl, Cs-Coheteroaryl, CCyqaralkyl, C¢-Cioheteroaralkyl, Co-Cy-aratkenyt
or C~-Cyoheteroaralkenyl, or C4-Cyzalkyl, C4-Cyzalkoxy, nitro, -NH,, primary amino with 1 to
20 C atoms, sscondary amino with 2 to 30 C atoms, cyano, Cy-Cgeycloalkyl, Cs-Cshetero-
cycloalkyl, Cs-Croaryl, Cs-Coheteroaryl, C-Cisheteroaralkyl, where the hetero atoms are
selected from the group of O, S and N atoms, and carbamide, carbamate, carbhydrazide,
sutfonamide, sulfonhydrazide or aminocarbonylamide, whqse N atoms are unsubstituted or
substituted by a hydrocarbon group or hydroxy-hydrocarbon group with 1 to 20 C atoms.
The hydrocarbon groups and heterohydrocarbon groups in tumn are unsubstituted or substi-
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tuted, for example with C-Cealkyl, C1-Cealkoxy, carboxyl, halogen (F, Ci or Br), -OH, -CN or
-NOo..

In a particular embodiment of the compounds of the formula 1, R; corresponds to a group of
the formula Ill,

COOR, . .
”)— - an),

in which

Rs is hydrogen or M; and .

R4 is C1-Cretilkyl, Cz-c1éalkenyl. Cs-Czcycloalkyl, Cs-Crocycloalkenyl, C2-Cqsheterocycloalkyl,
C>-Cisheterocycloalkenyl, Cg-Cyparyl, Cs-Coheteroaryl, G-Cyqaralkyl, Cs-Cioheteroaralkyl,
Cg-Csaralkenyi or C,-Cyoheteroaralkenyl, which are unsubstituted or substituted by one or
more substituents selected from the group consisting of OH, halogen, C(O)ORs, OC(O)R.s,
C{O)Rez, nitro, NHz, cyano, SOsM,, OSOsM,, NRzSOsM,, Cy-Crzalkyl, Cz-Cgatkenyl, Ci-
Ci2atkoxy, Cs-Cocycloalkyl, Cs-Cyzcycloalkenyl, C2-Ciiheterocycloalkyi,
Cz-Cysheterocycloalikenyl, Ce-Cyoaryl, C.ﬁm?ybxy, Cs-Coheteroaryl, Cs-Cgheteroaryloxy,
Cr-Cyaralkyl, C,-Cysaralkyloxy, Cs-Cioheteroaralkyl, Cs-Cysaralkenyl, C;-Cioheteroaratkenyl,
primatry amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, suifon-
hydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonyfamide, where-Ry, is
hydrogen, M,, C;-Cizalkyl, C2-Cizalkenyl, Cs-Cizcycloalkyl, Co-Csiheterocycloalkyl,
Ce-Croaryl, Cs-Coheteroaryl, C-Criaralkyl or Ce-Cioheteroaralkyl, Ry is hydrogen, .
Cs-Cizalkyl, C-Cyzalkenyl, Cs-Ciacycloalkyl, C2-Cysheterocycloalkyl, Ce-Cioaryl, Cs-Cghetero-
aryl, C;-Cysaralkyl or Cs-Cicheteroaralkyl, and Rez and Ry are hydrogen, C+-Cizalkyi,
Cx-Cizalkenyl, C5-Cyzcycloatkyl, Cs-Cyacycloalkenyl, C-Ciiheterocycloalkyl, Cz-Cis-hetero-
cycloalkenyl, Cg-Cyoaryl, Cs-Cgheteroaryl, C,-Cyaralkyl, Co-Cioheteroaralkyl, Ca-Cys-aralkenyl
or C;-Cygheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo-
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aratkyl, aralkyloxy, hetero-
aralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the
abovementioned substituents; and y is 1 and M is a monovalent metaloryis 1/2andMisa
divalent metal.
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For the purposes of the present invention, a metal is to be understood as meaning an alkali
metal [for example lithium (Li), sodium (Na), potassium (K), rubidium (Rb) and caesium
(Cs)], an alkaline earth'metal [for example magnesium (Mg), calcium (Ca) and strontium
(Sr)] or manganese (Mn), iron (Fe), zinc (Zn) or silver (Ag). Physiologically tolerated salts -
are to be understood as meaning, in particular, the alkali metal and alkaline earth metal -
salts, for example sodium, potassium, magnesium and calcium salts. Sodium and
potassium ions and their salts are preferred.

Halogen is to be understood as meaning a representative of the group consisting of
fluorine, chlorine, bromine and iodine. Fluorine, chiorine and bromine are preferred,
especially fluorine and chiorine.

Alkyl can be linear or branched, preferably branched once or twice in the ¢ position. Some
examples of alkyl, which preferably contains 1 to 12 C atoms, are methyl, ethyl and the
isomers of propyl, butyt, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl.
Preferred alkyl groups are methyl, ethyl, n- and i-propyl, n-, i- and t-butyl.

Examples of alkenyi are allyl, but-1-en-3-yl or -4-yl, pent-3- or 4-en-1-yl or -2-yi, hex-3-or -4--
or -5-en-1-yl or -2-yl and (C+-C,alkyl)CH=CH-CH;-.

Cycloalkyl and cycloalkenyl can contain preferably 5 to 8 and particularly preferably 5 or 6
ring carbon atoms. Examples of cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyi, cycloundecyl and cyclododecyl. Cyclo-
hexyl is a particularly preferred cycloalkyl group. Examples of cydoalkenyl are cyclopropen-
yi, cyclobutenyl, cyciopentenyi, cyclohexanyl, cycloheptenyl, cyclooctenyi, cyciononenyl,
cyclodecenyl, cycloundecenyl and cyclododecenyl. Cyclohexenyl is a particularly preferred
cycloalkenyl group.

Examples of aikyiene are ethylene, 1,2-propylene, 1,2- or 2,3-butylene, 1,2- or 2,3-
pentylene, 1,2-, 2,3- or 3,4-hexylene. Examples of cycloalkylene are 1,2-cyclopropyiene,
1,2-cyclobutylene, 1,2-cyclopentylene, 1,2-cyclohexylene, 1,2-cycloheptylene and 1,2-cycio-
octylene. Exampies of heterocycloalkylene are pyrrolidinylene, piperidinylene, tetrahydro-
furanylene, di- and tetrahydropyranyiene.
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Examples of heterocycloalkyl are derived from pyrrolidine, imidazolidine, oxazolidine,
pyrazolidine, piperidine, piperazine and morpholine. Examples of heterocycloalkenyl are
derived from 2- and 3-pyrroline, oxazoline, 2- and 4-imidazoline and 2- and 3-pyrazoline.

For the purposes of the present invention, aryl or heteroaryl is a five- or six-membered ring
or a bicycle consisting of two condensed six- or five-membered rings or one six-membered
and one five-membered ring, and in the case of heteroaryl one. or more C atoms may be
replaced, independently of one another, by an atom selected from the group consisting of
oxygen, nitrogen and sulfur. Examples are derived from benzene, naphthalens, indene,
furan, pyr}ole. pyrazole, imidazole, isoxazole, oxazole, furazan, thiadiazole, thiophene,
thiazole, oxadiazole, triazole, indole, indazole, purine, benzimidazole, benzoxazole, benzo-
thiazole, pyran, pyridine, pyridazine, triazine, pyrimidine, pyrazine, isoquinoline, cinnoline,
phthalazine, quinoline, quinazoline, pterdine, benzotriazine or quinoxaline. Aryl is preferably
naphthyl and phenyl. Phenyl is particularly preferred. Heteroaryl is preferably furanyl,
pyridinyl and pyrimidinyl.

Aralkyl preferably has 7 to 12 C atoms and can be phenyl-C,Hz,- with n equal to a number
from 1 to 6. Examples are benzyl, phenylethyl or phenyipropyl. Benzyi'and 2-phenylethyl
are preferred. Aralkenyl is preferably unsubstituted phenyl-CH=CH-CH,- (cinﬁamyl) and
cinnamyl is substituted on the phenyl by a substituent selected from the group consisting of
OH, halogen, COOH, C{O)OM,, C4-Czalkyl, C-Csalkoxy, Cg-Croaryl, SOsM,, OSOsM,,
NR2oSOsM, in which Rao is hydrogen, Cy-Cyzalkyt, C2-Croalkenyl, Co-Cracycioaliyl,
Cs-Cyocycloalkenyl, C2-Cyiheterocycloalkyl, Co-Cys-heterocycloalkenyl, Cs-Cyparyl,
Cs-Cgheteroaryl, C»-Caralkyl, Cs-Cioheteroaralkyl, Cg-Ci~aralkenyl or C-Cygheteroar-
alkenyl, and NO;, C,.C primary amino, C,-Cyosecondary amino, amino and CN.

Heteroaralkyl and heteroaralkenyl are preferably C&C¢eteroarylmethyl and CCshetero-
arylethenyl with one or two hetsro atoms from the group of O and N, and the heteroaryl can
comprise the abovementioned heteroaryi residues.

Alkoxy can be linear or branched, preferably branched once or twice in the o position. Some
examples of alkoxy, which preférably contains 1 to 12 C atoms, are methoxy, ethoxy and
the isomers of propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy, nonoxy, decoxy, undec-
oxy and dodecoxy. Preferred alkoxy groups are methoxy and ethoxy.
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Examples of aryloxy and aratkoxy are phenoxy and benzyloxy. Heteroaryloxy is preferably
furanyloxy, pyndlnyloxy and pyrimidinyloxy.

The primary amino preferably contains 1 to 12, particularly preferably 1 to 6, C atoms.
Some examples are methyl-, ethyl-,-hydroxyethyl-, n- or i-propyl-, n-, i- or t-butyl-, pentyl-,
hexyl-, cyclopentyl-, cyclohexyl-, phenyl-, methyiphenyl-, benzyl- and metﬁylbenzylamino.
The secondary amino preferably contains 2 to 14, particularly preferably 2 to 8, C atoms.
Some examples are dimethyl-, diethyl~, methylethyl-, di-n-propyl-, di-i-propyl-, di-n-butyl-,
diphenyl-, dibenzylamino, morpholino, piperidino and pyrrolidine.

NH;, primary amino, secondary amino, carbamide, carbamate, carbhydrazide, suifonamids,
sulfonhydrazide and aminocarbonylamide preferably correspond to a group
ReC(O)(NH)pN(Rg)-, -C(O){NH),NRgRs, ReOC(O}NH):N(Rs)-, RsRsoNC{O)}(NH)N(Ro)-,
~OC(O)(NH),NRaRs, -N(R40)C(O)(NH),NRsRs, ReS(O)2(NH)N(Rg)-; -S(0)2(NH)NRsR;
RsR4oNS(0)N(Rs)- or -NR«S(O)sNRgRs, in which Rs, Re and Ry are, independently of one
another, hydrogen, OH, C;-Cyzalkyl, C-Cysalkenyl, Cs-Ciacycloatkyl, Ca-Cizcycloalkenyl,
C>-Cysheterocycloalkyl, C2-Cysheterocycloalkenyl, Cs-Cioaryl, Cs~Coheteroaryl, G;-Cygaralkyt,
Cg-Ciearalkenyl with C»-Cealkenylene and Ce-Croaryl, Cs-Cisheteroaralkyl, Ce-Cysheteroar-
alkenyl, or di-Cg-Cyoaryl-C-Ce-alkyl, or RgRgN in which Ry and Rg are, independently of one
another, hydrogen, OH, 80sM,, OS0aM,, C;-Cy-alkyl, C3-Cizcycloalkyl, C-Cishetero-
cycloalkyl, Ce-Cioaryl, Cs-Coheteroaryl, C-Cysaralkyl, Ce-Croheteroaralkyl, Co-Crearalkenyl
with C~Cealkenylene and Ce-Cioaryl, or di-Cg-Cioaryl-Ci-Cy-alkyl, which are unsubstituted or
substituted by one or more substituents selected from the group consisting of OH, halogen,
C(O)OR;4, OC(O)Rs4, C(O)R.2, nitro, NH,, cyano, SO3My, OSOsM,, NR2SOsM,, C-Cyalkyl,
C2-Cyzaltkenyl, Cy-Czalkoxy, Cs-CioCycloalkyl, Cs-CioCycloalkenyl, C2-C1iheterocycloalkyl, Co-
Ciheterocycloalkenyl, Cg-Cioaryl, Cs-Croaryloxy, Cs-Cgheteroaryl, Cs-Cgheteroaryloxy, G-
Cuaralkyl, C;-Cyqaralkyloxy, Ce-Cioheteroaralkyl, Ca-Ciiaralkenyl, C,-Croheteroaratkenyl,
primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate,
sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where Ry
is hydrogen, My, C:+-Cizalkyl, C2-Cizalkenyl, Ca-Ciocycloalkyl, Co-Cysheterocycloalkyt,
Cs-Cioaryl, Cs-Cgheteroaryl, C;-Cyyaralkyl or C¢-Cypheteroaralkyl, Ry is hydrogen,
C-Crealkyl, C2-Cyoalkenyl, Cs-CraCycioalkyl, C2-Cysheterocycioalkyl, Ce-Croaryl, Cs-Cohetero-
aryl, C,-Cy,aratkyl or Cs-Cicheteroaralkyt and Rsz is hydrogen, Ci-Cyealkyl, Co-Creaitkenyl,
Cs-Cizcycloalkyl, Cs-Cicycloalkenyl, C.-Cqiheterocycloalkyl, C.-Cys-heterocycloatkenyl,
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Cs-Croaryl, Cs-Csheteroaryl, C,-Cyiaralkyl, Cs-Cioheteroaralkyl, Cg-Cys-aralkenyl or
CrCicheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl,
heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryioxy, aralkyl, aralkyloxy, heteroaralkyl,
aralkenyl and heteroaralkenyl, in turn are unsubstituted or substituted by one of the above-
mentioned substituents; p is Oort and yis 1 and M is a monovalent metal ory is 1/2 and M
is a divalent metal; or Rg and Ry or Rg and Ry or R and Ry in the case of -NRsRs or -
NRgRg or RgR4oN- together are tetramethylene, pentamethylene, -(CHy)o-O-(CHy)e-, -(CHy),-
8-(CHg)z- or -(CHz)o-NR7(CHz).-, and Ry is H, Cy-Cealkyl, C;-Cyaralkyl, C(O)R. or sulfonyi. -

The sulfony! substituent corresponds, for example, to the formula R4o-SO»- in which Ry, is
C1-Czalkyl, Cs-Cizcycloalkyl, Co-Cysheterocycloalkyl, Ce-Croaryl, Cs-Coheteroaryl, C,-Cyqar-
alkyl or Cg-Cyoheteroaralkyl, which are unsubstituted or substituted by one or more substitu-
ents selected from the group consisting of OH, halogen, C{O)OR;1, OC{O)Rss, C{O)Rea2, .
nitro, NHz, cyano, SOsMy, OS0sM,, NR2S0O3M,, C1-Csalkyl, C-Cyealkenyl, C+-Cyqalkoxy,
Cs-Ci2cycloalkyl, Cs-Ciacycloalkenyl, Co-Cyiheterocycloatkyl, C.-Cyiheterocycloalkenyl,
Ce-Choaryl, Ce-Croaryloxy, Cs-Cgheteroaryl, Cs-Coheteroaryloxy, Cr-Craralkyl, Cs-Ciohetero-
aralkyl, Cs-Cqqaralkenyl, C;-Cioheteroaralkenyl, primary amine, secondary amino, sulfonyl,
sulfonamide, carbamide, carbamate, Sulfonhydrazide, carbhydrazide, carbohydroxamic acid
and aminocarbonytamide, where Rs; is hydrogen, My, Cs-Csalkyl, C-Cysalkenyl, Cs-
Ciecycloalkyl, C-Cisheterocycloalkyl, Cs-Croaryl, Cs-Cgheteroaryl, C-Cysaralkyl or Cg-
Cioheteroaralkyl, Rea is hydrogen, Ci-Cszalkyl, Co-Cyaalkenyl, Cs-Cizcycloalkyl, C,-
Chheterocycloalkyl, Ce-Cyoaryl, Cs-Cshetaroaryl, C;-Cyiaratkyl or Cs-Cyoheteroaralkyl, and
Rs2 and Ry are hydrogen, Cy-Cizalkyl, Co-Cioalkenyl, Cs-Cocycloalkyl, Cs-Ciacycloalkenyl,
C2=-Cysheterocycloalkyl, C2-Cqi-heterogycloalkenyl, Cs-Croaryl, Cs-Cgheteroaryl, C~C;saralkyl,
Cs-Cioheteroaralkyl, Cg-Cyy-aralkenyl or C~Cigheteroaralkenyl, and alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkenyl, heterocycioalkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl,
heteroaryloxy, aralkyl, heteroaralkyl, aralkenyl and heteroaratkenyli in turn are substituted or
substituted by one of the abovementioned substituents; and y is 1 and M is a monovalent
metal or y is 1/2 and M is a divalent metal.

Preferred compounds of the formula | are those compounds in which X corresponds to a
group of the formula 1l in which Rs and Rg ' _ -
(a) are unsubstituted or substituted by C4-Cqzalkyl, for .example methyl, ethyl, or C;-Cpalk-
oxy, for example methoxy, e_thoxy;
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(b) are, together with the group -CH-CH-, a 5- to 8-membered carbocycle, and particuiarly
preferably, a 5- or 6-membered carbocycle, and are very particularly preferably
R,R-1,2-cyclohexylene; i
(c) are, together with the group -CH-CH-, a 5- to 8-membered heterocarbocycle, and parti-
cularly preferably a 5- or 6-membered heterocarbocycle with nitrogen as hetero atom, and
are very particularly preferably R,R-3,4-piperidylens;
(d) are, independently of one another, hydrogen, unsubstituted C-Cy.alkyl or C1-Cialkyl
which is substituted by a substituent seiected from the group consisting of -C(O)OR;;,
-OC({O)Rss, -C(O)ONa or -C(O)OK, primary amino, secondary amino, Cs-Cixcycloalkyl,
Cy-Cealkoxy, phenyloxy and benzyloxy; unsubstituted Cs-Cizcycloalkyl or Cs-Cacycloalkyl
which is substituted by a substituent selected from the group consisting of -C(O)OR,;,
-OC(O)R,4, -C(O)ONa or -C{O)OK, primary amino, secondary amino, C,-Cealkyl, C-Coalk-
oxy, phenyloxy and benzyloxy; Cs-Ciearyl which is unsubstituted or substituted by
-C(O)ORs,, -OC(O)R,4, -C(O)ONa or -C(O)OK, primary amino, secondary amino, C-Cealkyl
or C4-Cgalkoxy; Cs-Csheteroaryl with 1 or 2 hetero atoms selected from the group consisting
of oxygen and nitrogen atoms; or C;-Cysaralkyl which is unsubstituted or substituted by
-C(O)OR;1, ~OC(O)R,4, -C(O)YONa or -C(O)OK, primary amino, secondary amino, C-Cgalkyl
or C;-Cgalkoxy;
(e) are, together with the group -CH-CH-, a 5- to 12-membered carbocycle or 5- or 8-mem-
bered heterocarbocycle with a hetero atom selected from the group consisting of oxygen -
and nitrogen atoms; or
(f) are, together with the -CH-CH- group, Cs-CrzCycloalkylene, C,-CyCycioalkenylene,
. Co~Cysheterocycloalkylene and Cs-Cysheterocycloalkenylene with hetero atoms selected
from the group of -O-, -S- and -N-;
where cycloalkylene, cycloatkenylene, heterocycloalkylene and heterocycloalkenylene are
unsubstituted or substituted by one or more substituents selected from the group consisting
of OH, halogen, C(O)OR,;, OC(O)Rss, C(O)Rs2, nitro, NHz, cyano, SOsM,, OSO3M,,
NR2S0sM,, C1-Ci2alkyl, C2-Craalkenyl, C1-Cyaalkoxy, Ca-Cyzcycioalkyl, Cs-Ciocycloalkenyl,
*C-Cysheterocycioalkyl, C-Cqsheterocycloalkenyl, Ce-Cioaryl, Ce-Croaryloxy, Cs-Csheteroaryl,
Cs-Csheteroaryloxy, Cr-Crsaralkyl, Cr-Ciiaralkyloxy, Ce-Crsheteroaraliyl, Ca-C, raratkenyl, C,-
Cicheteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, carbamide,
carbarmate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and amino-
carbonylamide, where Rs is hydrogen, My, C:-Cizalkyl, C>-Cizalkenyl, Cs-Crocycloalkyl,
CxCysheterocycloalkyl, Ce-Cioaryl, Cs-Coheteroaryl, C,~Cysaralkyi or Cg-Cioheteroaralkyl, Rss
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is hydrogen, C1-Cyzalkyl, C,-Coalkenyl, Cg-Cmcycloalkyl, C2-Cisheterocycloalkyl, Cg-Croaryt,
Cs-Cgheteroaryl, C-Ciaralkyl or Cg-Cyoheteroaralkyl, and R,, and Ry are hydrogen,
Cy-Cyzalkyl, Co-Craalkenyl, Cy-Cracycloalkyl, Cs-Crocycloalkenyl, Co-Gqsheterocycloalkyl,
C-Cs-heterocycloaikenyl, Cs-Cioaryl, Cs-Coheteroaryl, C;-Cyiaralkyl, Cs-Cicheteroaraliyl,
Cg-Cys-aralkenyl or C-Cyoheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl,
aralkyloxy, heteroaralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or
substituted by one of the abovementioned substituents; and y is 1 and M is a monovalent
metal or y is 1/2 and M Is a divalent metal, | |

Particularly preferréd compounds are those in which X corresponds to a group of the
formula Il in which Rs and R; are, together with the -CH-CH- group, Cs-Cs2cycloalkylene or
C.-C,;heterocycloalkylene with nitrogen as hetero atom; where cycloalkylene and hetero-
cycloalkylene are unsubstituted or substituted by one or more of the above substituents.

Particularly preferred compounds are those in which Rs and R are, together with the
-CH-CH- group, C3-Ci2cycloalkyiene .or-02-011heterocycloalkylene-\fvith nitrogen as hetero
atom;

where cycloalkylene and heterocycloalkylene are unsubstituted or substituted by one or
more substituents selected from the group consisting of OH, C(O)ORe¢1, OC(O)R.i, C(O)Rsz2,
NRsR,, C1-Cizalkyl, ReC{OXNH)pN(Rg)-, -C(O)}NH),NRsRo, ReS(O)2(NH),N(Rg)-;
RsR40NC(O)(NH),N(Re)-, ReOC(O)NH):N(Rg)-, ~OC(O)(NH)NR;Rs, and R1g-SO2-,

in which Rg, Rg, R0 and Ry are, independently of one another, hydrogen, OH, C-Cyealkyl,
C1-Cizalkenyl, Cs-Ciacycloalkyl, Gs—cqgcycloalkenyl,_ C2-Cisheterocycloalkyl, C.-Cyshetero-
cycloalkenyl, Ce-Cyoaryl, Cs-Coheteroaryl, C,-Cygaralkyl, Cs-Cigaralkenyl with C.-Cgalken-
ylene and Cg-Cyearyl, Ce-Cisheteroaralkyl, Ce-Cisheteroaralkenyl, or di-Cg-Croatyl-Cy-Ce-
alkyl, which are unsubstituted or substituted by one or more substituents selected from the
group consisting of OH, halogen, C(O)OR;;, OC(O)R.4, C(O)Rs., nitro, NH,, cyano, SO,M,,
O80sM,, NR»SOsM,, C-Cyealkyl, Cx-Cisalkenyl, C,-Czalkoxy, Cs-Cizcycloalkyl, Cs-Cizcyclo-
alkenyl, C~Cysheterocycloalkyl, C2-Cyiheterocycloalkenyl, Cs-Cioaryl, Ce-Croaryloxy,
Cs-Cgheteroaryl, Cs-Cgheteroaryloxy, C;-Cyaralkyl, C;-Cysaralkyloxy, Ce-Cyoheteroaraliyl,
Ce-Criaralkenyl, C~-Cioheteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfon-
amide, carbamide, carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and
aminocarbonylamide; R, is hydrogen, M,, Cs-Cyzalkyl, C--Cysalkenyl, Cs-Ciacycloalkyl, C»-
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Cisheterocycloalkyl, Ce-Croaryl, Cs-Csheteroaryl, C;-Cysaralkyl or Ce-Gioheteroaralkyl, R, is
hydrogen, CG+-Craalkyl, C2-Craalkenyl, Cs-Cizcycloalkyl, C»-Cysheterocycloalkyl, Cs-Cioaryl,
Cs-Coheteroaryl, C-Csjaralkyl or Cs-Cioheteroaralkyl, Rsz is hydrogen, C,-Cizalkyl,.
C2-Cizalkenyi, Cs-Cyzcycloalkyl, Ca-CiCycioalkenyl, C»-Cysheterocycioalkyl, C,-Cyshetero-
cycloalkenyl, Ce-Coaryl, Cs-Csheteroaryl, C-Cyaralkyl, Cs-Cioheteroaralkyl, Cg-C,q-aralkenyl
or C~Cyoheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo-
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, heteroaralkyl, ar-
alkenyl and heteroaralkenyl as substituents in turn are unsubstituted or substituted by cne
of the abovementioned substituents; pis 0 or 1 and y is 1 and M is a monovalent metal ory
is 1/2 and'M is a divalent metal. |

Rs and Ry are, in patticular, independently of one another hydrogen; C,-Cy.alkyl;
C3-Cyzcycioalkyl, Cs-Croaryl, Cr-Cyeralkyl with 1 to 6 C atoms in the alkylene group and
Ce-Cioaryl, Ca-CwaraIkenyl with C»-Cealkenylene and Cs-Cioaryl, or di-Cg-Croaryl-C,-Cgs-atkyl,
for example diphenylmethyl or 2,2-diphenylethyl, where R; and Rp are unsubstituted or sub-
stituted by one or more substituents selected from the group consisting of OH, halogen,
COOH, C(O)OM,, C4-Czalkyl, Ci-Cealkoxy, Cs-Cioaryl, Cs-Croaryioxy, SO;M,, OSOsM,,
NRzSOsM,, NO,, amino, primary amino, secondary amino and CN, Rg is hydrogen,
C:-Cizalkyl, C-Cisalkenyl, Cy-Ciacycloalkyl, Cs-Cizcycloalkenyl, C--Ciiheterocycloalkyl,
C2-Cyy-heterocycloalkenyl, Cs-Cioaryl, Cs-Goheteroaryl, Cr-Cysaralkyl, Ce-Cigheteroaralkyl,
Cs-Cyy-aralkenyl or C-Cyoheteroaralkenyl, and y is 1 and M is a monovaient metal or y is 1/2
and M is a divalent metal.

Ryo corresponds, in particular, to C,-Cqealkyl; Cs-Cyocycloalkyt, Ce-Cooaryl, C-Ciearalkyl with
1 to 6 C atoms in the alkylene group and Cq-Cyoatyl, Cs-Cearalkenyt with C.-Csalkenylene
and C¢-Cyoaryl, or'dl-CrCma!Yl-Cg-CealkyI, for example diphenylmethyl or 2,2-diphenylethyl,
which are unsubstituted or substituted by one or more substituents selected from the group
consisting of OH, halogen, COOH, C(O)OMy, C;-Cizalkyl, Cy-Caalkoxy, Cs-Cioaryl, SOsM,,
0OS0:My, NR2SOsM,, NO,, amino, primary amino, secondary amino and CN; where Ry is
hydrogen, C-Czalkyl, Co-Cizalkenyl, Cs-Cizcycloalkyl, Cs-Ciacycloalkenyl, C2-Cyshetero-
cycloalkyl, C>-Cys-heterocycloalkenyl, Cs-Cyparyl, Cs-Coheteroaryl, C,-Cyqaralkyl,
Ce-Croheteroaralkyl, Cg-Cyq-aralkenyl or C,-Cqoheteroaralkenyl, andyis 1 and Mis a
monovalent metal or y is 1/2 and M is a divalent metal.
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Furthermore, R1o is preferably C-C.alkyl; Cs-Ciacycloalkyl, Ce-Cioaryl, CrCisaralkyl with 1
to 6 C atoms in the alkylene group and C¢-Cyearyl, which are unsubstituted or substituted by
one or more substituents selected from the group consisting of OH, halogen, carboxyl,
C(O)OM,, C1-C1zalkyl, C-Cealkoxy, Cs-Cioaryl, SOsM,, nitro, amino, primary amino, secon-
dary amino and cyaho; or Cg-Csaralkenyl with Co-Cealkenylene and Cg-Cyoaryl, or
di-Cg-Croaryl-C-Cealkyl, for example diphenyimethy! or 2,2-diphenylethyl.

In a preferred subgroup of compounds, Rs and Rs are, together with the -CH-CH- group,
Cs-Cyzcycloalkylene or C»-Ciiheterocycloalkylena with nitrogen as hetero atom;

where cycloalkylene and heterocycloalkylene are unsubstituted or substituted by one or
more substituents selected from the group consisting of OH, C(O)OR;1, OC(O)R.4, C(O)I_R,z,
NH;, Cy-Cyzalkyl, RgC{O)N(Rg)-, -C(O)NR3Rs, RsS(0)2N(Ry)-; RsOC(O) N(Rg)- and R15-SO--,
in which Ry is hydrogen and Rg is C-Cyzalkyl, Ce-Croaryl or C;-Cyraralkyl, which are unsub-
stituted or substituted by one or more C-Cizalkoxy; Rys is C1-Craalkyl, Ce-Croaryl or
C,-Cyqaralkyl which are unsubstituted or substituted by one or more C,-Calkyl; Ry and Ry
are C-Cyralkyl and R Is C4-Craalkyl, Cs-Cracycloalkenyl, Cs-Ciocycloalkyt or Cs-Cioaryl, and
alkyl, cycloalkenyl, cycloalkyl and aryl as substituents in turn are unsubstituted or substitu-
ted by'one or more substituents selacted from the group consisting of OH, C{O)OR, and
OC(O)Rsy where R;y is My or C1-Cyzalkyl and Rse is C1-Crealkyl; y Is 1 and M is a mono-
valent metal or y is 1/2 and M is a divalent metal.

Particularly preferred compounds within this group are those in which Rs and R; are, to-
gether with the -CH-CH- group, cyciohexylene.

Ancther subgroup of preferred compounds are those compounds in which Rs and Rgare, to-
gether with -CH-CH- group, piperidylene. '

Particularly preferred compounds are those in which Rs and Rs are, together with the
-CH-CH- group, piperidylene; where the hetero atom is unsubstituted or substituted by a
substituent selected from the group consisting of G(O)OR,, C(O)Rez, C(O)NRgRs, NHa,
SOsM,, C+-Cyaalkyl, Co-Cizalkenyl, Cy-Cyaalkoxy, Cs-Cracycloalkyl, C5-Crzcycloalkenyl,
Cz-Csiheterocycloalkyl, C,-Criheterocycloalkenyl, Ce-Croaryl, Cs-Croaryloxy, Cs-Csheteroaryl,
Cs-Cgheteroaryloxy, C7-Ciiaralkyl, Cr-Cparalkyloxy, Cs-Cicheteroaralkyl, Ce-Cysaralkenyl, C,-
Cioheteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, sul-
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fonhydrazide; and one or more C atoms of the ring are unsubstituted or substituted by one
or more substituents selected from the group consisting of OH, OC(O)Rs4, NH,, OSOzM,
NR2SO3My, C-Crzalkoxy, Cs-Croaryloxy, Cs-Csheteroaryloxy, Cr-Cyqaralkyloxy, primary
amino, secondary amino, sulfonamide, carbamide, carbamate, sulfonhydrazide,
carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R, is hydrogen, M,,
Ci-Cyaalkyl, C2-Cyalkkenyl, Cs-Cqzcycloalkyl, Co~Cysheterocycioalkyl, Cs-Cioaryl, Cs-Cohetero-~
aryl, C;-Cqaralky! or Ce-Cygheteroaralkyl, R4 is hydrogen, C,-Cyzalkyl, C2-Cioalkenyl, Cs-
Cizcycloalkyl, C»-C1sheterocycloalkyl, Ce-Cioaryl, Cs-Cgheteroaryl, C,-Cyqaralkyl or Cg-
Cioheteroaralkyl, Rs and Ry are, independently of one another, hydrogen, OH, C+-Ci.alkyl,
Cs-Crzcycloalkyl, Co-Cysheterocycloalkyl, Ce-Croaryl, Cs-Coheteroaryl, Cr-Ciearalkyl, Cs-
Cisheteroaralkyl, Cq-Cisaratkeny! with Cx-Csalkenylene and Cq-Cioaryl, or di-Ce-Cyoaryl-Cs-
Ce-alkyl, or Rg and Rg together are tetramethylene, pentamethyiene, -(CH,)>-O-(CHy),-, -
{CHg)2-S-(CHz)2- or -(CH2)-NR7-(CHa)z-, and Ry is H, Ci-Cealkyl, C;-Cysaralkyl, C(O)R.. or |
sulfonyl; and R, and Ry are hydrogen, C;-Cyealkyl, C2-Cyzalkenyl, C5-Cizcycloalkyl,
Cs-Czcycloalkenyl, C-Cyshaterocycloalkyl, C-C,1-heterocycloatkenyl, Cs-Cioaryl,
Cs-Cgheteroaryl, C,-Ciiaralkyl, Ce-Cioheteroaralkyl, Cs-C1s-aralkenyl or C;-Cygheteroar- -
alkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl,
heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, heteroaralkyl,
aralkenyl and heteroaralkeny! in turn are unsubstituted or substituted by one of the
abovementioned substituents; and y is 1 and M is a monovalent metai ory is1/2andMisa
divalent metal.

Particularly preferred compounds are those in which Rs and Rg are, together with the
-CH-CH- group, piperidylene; where the hetero atom is unsubstituted or substituted by a
substituent selected from the group consisting of C{OYORs;, C(O)Rs2, -C(O)NRgRs and
R1-SO.- and one or more C atoms of the ring are unsubstituted or substituted by one or
more substituents selected from the group consisting of OH, NH,, ﬁSS(O)gN(Rg)-;
ReC{O)N(Rs)- and RsOC(O)N(Rg)-, where R is hydrogen and Rg is C:-C1zalkyl, Ce-Croaryl or
C>-Ciaralkyl, where alkyl, aryl and aralkyl are unsubstituted or substituted by one or more
C1-Cyzalkoxy; Ryo is Ci-Croalkyl, Cs~Croaryl or C;-Cyiaralkyl which are unsubstituted or sub-
stituted by one or more C-Ciztilkyl; Ry is C1-Czalkyl and R is Cy-Cyzalkyl, C3-Cyocyclo-
atkenyl, Cs-Cocycioalkyt or Cs-Croaryl, and alkyl, cycloalkenyl, cycloalky! and aryl as substi-
tuents in turn are unsubstituted or subslituted by one or more substituents selected from the
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group consisting of OH, C(O)OR;,- and OC(O)R,+ where Rsr is My or C-Coalkyl and Rey is
C1-Craalkyl; y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent metal.

Another subgroup of preferred compounds are those compounds in which Rs and Rs are,
together with the -CH-CH- group, piperidylene; which is unsubstituted or substituted by one
or more substituents selected from the group consisting of OH, C(O)OR;;, OC(O)R;4,
C(O)Rsz, NHz, Ci-C1z2lkyl, RsC(O)N(Rg)-, -C(O)NRsRs, RsS(0)zN(Rs)-; RsOC(O)N(Ro)~,
RsR40NC{O)N(Rs)-, -OC(O)NRgR; and Rys-SO.-, in which Ry is hydrogen and Rg is
Cy-Cyoalkyl, Ce-Cioaryl or C-Cyyaralkyl, where alkyl, aryl and aralkyl are unsubstituted or
substituted by one or more C4-C,zalkoxy or C,-Cqjaralkyloxy; Rye is C1-Croalkyl, Cs-Cioaryl or
C;-Cysaralkyl which are unsubstituted or substituted by one or more C,-C.alkyl; Ry is
hydrogen, OH, C-Cyealkyl, Ci-Cyealkenyl, Cs-Cocycloalkyl, Cs-Cqecycloalkenyl,
Cz-Cysheterocycloalkyl, C.-Cisheterocycloalkenyl, Ce-Croaryl, Cs-Coheteroaryl, C-Ciearalkyl, -
Cq-Cysaralkenyl with C-Caalkenylene and Cq-Croatyl, Ce-Cisheteroaralkyl, Cg-Cisheteroar-
alkenyl, or di-Ce-Cioaryl-C-Cg-alkyl, Rs1 and Re, are Ci-Crealkyl and Rsz is Ci-Cyoalkyl,
Cs-CizCycloalkenyl, Cs-Cyscycloalkyl or Ce-Cyoaryl, and alkyl, cycloalkenyl, cycloalkyl and aryl
as substituents in turn are unsubstituted or substituted by one or more substituents selected -
from the group consisting of OH, C(O)OR,+ and OC(O)R.« where Rey is M, or Cy-Cyalkyl
and R,y is Ci-Cqoalkyl; y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent’
metal.

Very particularly preferred compounds of the formula ¢ are those in which X s cyclo-
hexylene or piperidylene which is unsubstituted or substituted by one or more substituents
selected from the group consisting of OH, NH,, CsH», -C(O)CHs, -C(O)CsHs,
~C(O)(CH2)sC{O)OCHs, -C(O)CH(OH)):C(O)ONa, C(O)-CeHe(OH)s, -C(0)-CeHs,
-C(O)OCsHy, -C{O)NHCgH;s, -NHS{0).CH:CgHs, NHC(C)OCH;CgHs, -NHC({O)CgH3y(OCH;),,
-8(0)2-C4Hy, -NHC(O)NHCgHSs, -S(0)2-CsHsCHa, -S{0)>-CH:CsHs and -S(0)2-(CH).CioHy.

Preferred compounds of the formula | are those in which R, corresponds to a group of the
formula ill in which Rs is hydrogen or M, and R,is

(a) unsubstituted C,-Cizalkyl; C1-Ci2alkyl which is substituted by one or more substituents
selected from the group consisting of -NH,, primary amino, secondary amino, C-Cyzsul-
fonyl, carbamide, carbamate, carbhydrazide, sulfonamide, sulfonhydrazide, aminocarbonyl-
amido, Cs-Ci2cycloalkyl, C-Cgalkoxy, phenyloxy and benzyloxy; unsubstituted
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Cs-Ci.cycloalkyl; Cs-Ciocycloalkyl which is substituted by one or more substituents selected
from the group consisting of Cs-Ci.cycloalkyl, Ci-Cealkyl, C1-Cealkoxy, C-Cszsulfonyl,
phenyloxy and benzyloxy; Ce-Cioaryl; Ca-Cgheteroaryl with 1 or 2 hetero atoms selected
from the group consisting of oxygen and nitrogen atoms; C,-Csaralkyl with C-Cgalkyl and.
Ces-Croaryl; Cs-Cigheteroaralkyl with C-Csalkyl and Cy-Cioheteroaryl with 1 or 2 hetero atoms .
selected from the group consisting of oxygen and nitrogen atoms and a total of 3t0 5
carbon atoms; Cg-Cotrryl, Cs-Cgheteroaryl with 1 or 2 hetero atoms select_ad from the group
consisting of oxygen and nitrogen atoms, C-Cyearalkyl with C-Csalkyl and Cs-Cyoaryl,
Cs-Cigheteroaralkyl with C;-Cealkyl and C,-Cyoheteroaryl with 1 or 2 hetero atoms selected
from the group consisting of oxygen and nitrogen atoms and a total of 3 to 5 carbon atoms,
which are substituted by one or more substituents selected from the group consisting of
OH, halogen, C;-C,sulfonyl, carboxyl, C{O)OM,, C4-Cqaalkyl, C1-Cgalkoxy, Ce-Croaryi,
SOyM,, OSO3M,, NR2oSOsMy in which Rz is hydrogen, C:-Csalkyl, C.-Cizalkenyl,
Cs-Cr.cycloalkyl, Cx-Crocycloalkenyl, Cz-Cirheterocycloaliyl, C-C1s-heterocycloalkenyl,
Cg-Croaryl, Cs-Coheteroaryl, G-Csqaralkyl, Cs-Cioheteroaralkyl, Cs-Cyy-aralkenyl or
Cy-Cyoheteroaralkenyl, and nitro, NH,, primary amino, secondary amino, carbamide, carb- .
amate, sulfonamide and cyano, in which y is 1 and M is a monovalent metal or y is 1/2 and
M is a divalent metal, or

{b) C+-C.alkyl or C~Cysaralkyl which are unsubstituted or substituted by one or more substi-
tuents selected from the group consisting of OH, halogen, C(O)OR,,, OC{O)Rs4, C(O)Rsz,
nitro, NH,, cyano, SOsMy, OSOsMy, NR20SOsMy, Ci-Ciealkyl, C2~Cisalkenyl, C1-Cyzatkoxy,
Ca-Ciacycloalkyl, Cs-Ciacycloatkenyl, C2-Cyiheterocycloalkyl, Co-Cyiheterocycloatkenyl,
Ce-Cyoaryl, Ce-Cyparyloxy, Cs-Cgheteroaryl, Cs-Cgheteroaryloxy, C;-Cyiaralkyl, C-Cyaralkyi-
oxy, Cs-Cioheteroaralkyl, Cg-Cyqaralkenyl, C;-Cygheteroaralkenyl, primary amino, secondary
amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, carbhydrazide,
carbohydroxamic acid and aminocarbonylamide, where R Is hydrogen, M,, C4-Cyzalkyl, C-
Czalkenyl, Cs-Cyacycloalkyl, C2-Cysheterocycloalkyl, Ce-Cyparyl, Cs-Coheteroaryl, Cr-
Cuiaralkyl or Ce-Cyoheteroaralkyl, Rss is hydrogen, Cy-Cqsalkyl, C2-C1zalkenyl, Cs-Crecyclo-
alkyl, C»-Cysheterocycloalkyl, Cg-Croaryl, Cs-Csheteroaryl, C~Cysaralkyl or
Ces-Cooheteroaralkyl and Rs and Rz are hydrogen, Cq-Cqaalkyl, C2-Crzalkenyl, Cs-CyCyclo-
alkyl, C5-Cyocycloalkenyl, C-Cysheterocycloalkyl, C.-Cis-heterocycloalkenyl, Ce-Cioatyl,
Cs-Coheteroaryl, C;-Cyiaralkyl, Ce-Cyoheteroaralkyl, C~-Cys-aralkenyl or C;-Cygheteroar-
alkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocyclo-
alkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aratkyl, araliyloxy, heteroaralkyl, aratkenyl
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and heteroaralkenyl in turn are unsubstituted or substituted by one of the abovementioned
substituents; and y is 1 and M is a monovaient metal or y is 1/2 and M is a divalent metal.

Rsin formuia i1l is preferably hydrogen, K or Na.

The following preferences apply to the group (a) of meanings for Ra:

Rsis aikyi, preferably methyl, ethyl, n- or i-propyl and n-, i- or t-butyl. In the case of substitu-.
ted alkyl, the alkylene group is preferably ethylene and particularly methylene. A particularty
preferred cycloalkyl group is cyelohexyl. Preferred as aryl and aralkyl are naphthyl and
phenyl, particularly preferably phenyl and phenyl-CrHz,- with n equal to a number from 1 to
6, in particular benzyl and 2-phenytethyl. When R, is heteroaryl, it is preferably C,-Cshetero-
aryl with one or two hetero atoms from the group of O and N. Furanyl, pyridinyl and
pyrimidinyl are preferred. R, as heteroaralkyl is preferably C,-Csheteroarylmethyl with one or
two hetero atoms from the group of O and N, it being possibie for heteraryl to comprise the
abovementioned heteroary! groups.

Further preferred compounds are those in which R, in formula {ll is a C3-Cyecycloalkyl, parti-
cularly preferably cyclohexyl, C:-C,alkyl substituted, particularly methyi or sthyl, with
Cs-Cyzcycloalkyl or with Cy-Cialkyl and particularly with cyclohexyl or methyl, Ce-Coaryl and
very particularly phenyl, or R, is a C,-Ciqaralkyl with C,-Cealkyl and Cg4-Choaryl. Particularly
preterred groups for R, in this series are benzyl, naphthyimethyl, 2-phenylsthyl, 3-phenyl-
propyl, cyclohexyimethyl, 2-cyciohexylethyl, cyblohexy! and isopropyl.

Carbamido, carbhydrazido, sulfonamido,-sulfonhydrazido, aminocarbonylamide and carb-
amate as substituent for R, preferably mean groups of the formulae RgNHC(O)N(Rg)-,
RsOC{O)N({Rg)-, RsC(O){NH)pN(Rg)- and ReS(O)2(NH),N(Rg)-, in which Rg is preferably H,
C1-C1aalkyl, Ce- or Cecycloalkyl, Cs- o Cecycloalkylmethyi or -ethyl-, Cs- or Ceheterocycio-
'alkyl, Cs- or Cgheterocycloalkyimethyl or -ethyl-, phenyl, naphthyl, benzyl, 2-phenylethyl, di-
phenyimethyl, which dre unsubstituted or substituted by one or more substituents from the
group of -OH, -NH., Cs-Cgprimary amino, C,-Cissecondary amino, NO,, -CN, -F, -C, -
C(O)OH, -C(O)ONa, -SOsH, -OSOsNa, NRzSOsNa in which Rz is hydrogen, C-Cizalkyl,
Cx-Crzalkenyl, Cs-Ci2cycloalkyl, Ca-Ciacycloatkenyl, C2-Cyiheterocycloalkyl, Co-Cyshetero-
cycloalkenyl, C¢-Cyoaryl, Cs-Csheteroaryl, C,-Cysaralkyl, Cs-Cioheteroaralkyl, Ca-Cyy-aralkenyl
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or C~-Cyoheteroaralkenyl, and -SO;Na, C:-Caalkyl, C,-Caalkoxy and phenyl, and Ry is H,
C,-Cyotitkyl, phenyl, naphthyl, benzyl, 2-phenylethyl or phenyl-CH=CH-CHy-, and pis O or 1.

Within group (a), a carbamido-substituted atkyl substituent for R, particularly preferably
means Rg-C(O)NRy-(CHy),-, where n is 1 or 2, Rg is hydrogen; Cy-Cizalkyl; Cs-Ci.cycloalkyt;
Ce-Croaryl or Cr-Crearalkyl with C+-Csalkyl and Ce-Croaryl; wherein alkyl, cycloalkyl, aryl and
aralkyl are unsubstituted or substituted by one or more substituents selected from the group
consisting of OH, halogen, carboxyl, -C(O)OM,, C4-Czalkyi, C;-Csalkoxy, Ce-Croaryl, SO3M,,
0S03M,, NR20SO3My, C(O)OR:1, OC{O)Rs4, nitro, amino and cyano; or Cg-Cyearalkenyl with
C2-Cealkenyl and Cg-Cyoaryl or di-Cs-Cioaryl-C4-Csalkyl; and Ry is H, linear or branched
Cy-Cioalkyl, Cs- or Cecycloalkyl, Cs- or Cseycloalkyimethyl- or -ethyl, phenyl, naphthyl or
benzyl, 2-phenylethyl or phenyl-CH=CH-CH_-; y is 1 and M Is an alkali metal ory is 1/2 and
M is an alkaline earth metal, Ry Is hydrogen, Cy-Cizalkyl, Cz-Ci.alkenyl, C§C1zcycloalkyl,
Cs-CizCycloalkenyl, Co-Cysheterocycioalkyl, C.-Cyi-heterocycloalkenyl, Co-Croaryl,
Cs-Cgheteroaryl, C~Criaralkyl, Ce-Croheteroaralkyl, Cg-Ciy-aralkenyi or C;-Cypheteroar-
alkenyl, Ry, is hydrogen, M,, Cs-Cyalkyl, C,-Czalkenyl, Cs-Cystycloalkyl, C»-Cysheterocyclo-
alkyl, Cg-Cyoaryl, Cs-Coheteroaryl, Cr-Cysaralkyl or Ce-Cioheteroaralkyl and R4 is hydrogen,
C,-Crzalkyl, C2-Cyoalkenyl, Cs-Cyacycloalkyl, C.~-Cysheterocycloalkyl, Cs-Cyparyt, Cs-Cshetero-
aryl, C;-Cnaralkyl or C¢-Cyoheteroaralkyl. A sulfonamide-substituted atkyl substituent for R,
particularly preferably means Rg-SO2NRy-(CHo),- in which R, Ro and n have the meanings
indicated previously for carbamido. An aminocarbonylamide- or carbamate-substituted alkyt
substituent for R, particularly preferably means RgNHC(O)NH(CH_), or R;OC(O)NH(CH2), in
which Ry has the meanings indicated in previously in connection with carbamido and addi-
tionally phenyl and n has the meanings indicated previously in connection with carbamido.
A carbhydrazido-substituted alky! substituent for R, particularly preferably means
RsC(O)NHNR(CHo),- in which Re, Rg and n have the meanings indicated previously in con-
nection with carbamido. A sulfonhydrazido-substituted alkyl substituent for R, particularly
preferably means Rg-SO2-NHNRg-(CHy)a- in which Rs, Ry and n have the meanings indica-
ted previously in connection with carbamido.

Further particularly preferred compounds are those in which R, in formula lll is an amide
RsC(O)N(R)(CHz)n- or RaS(0)2N(Re)(CH.).~; where R and R, are, independently of one an-
other, hydrogen; unsubstituted C,-Cszalkyl; C;-Cyzalkyl which is substituted by one or more
substituents selected from the group consisting of OH, halogen, carboxyl, C(O)ONa,
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C1-Cizalkyl, Ci-Csalkoxy, Cs-Cioaryl, -SOsH, OSOsNa, NR20SOsNa, SOsNa, nitro and cyano;
unsubstituted Cz-Cizcycloalkyl; Cs-Crecycloalkyl substituted by one or more OH; unsubstitu-
ted Cqg-Cioaryl, unsubstituted C,-Cizaralkyl with C-Csalkyl and Cs-Cyoaryl; Ce-Croaryl, or
Cr-Czaralky! with C4-Cealkyl and Ce-Croaryl, which is substituted by one or more substitu-
ents selected from the group consisting of OH, halogen, carboxyl, C(O)ONa, -C(O)OK,
Cs-Caalkyl, Ci-Cealkoxy, Ce-Croaryl, SOsNa, OSOsNa, NR2oSOsNa, C(O)ORs1, OC(O)Req,
nitro, amino and cyano, Ry is hydrogen, C+-Croalkyl, C2-C1oalkenyl, Cs~Ciocycloalkyl,
Cs-Crzcycloalkenyl, C»>-Cysheterocycloalkyl, C.-Cri-heterocycloalkenyl, Ce-Cioaryl,
Cs-Csheteroatyl, C-Cyiaralkyl, Cs-Cioheteroaralkyl, Cg-Cyi-aralkenyi or C,-Cygheteroar-
alkenyl, Ry is hydrogen, My, Ci-Crealkyl, C-Crzalkenyl, Cs-Cracycloalkyl, C2-Ciiheterocyclo-
alkyl, Cg-Croaryl, Cs-cghgteroaryl. C7-Crsaralkyl or Ce-Cyoheteroaralkyl and Rsq is hydrogen,
C4-Cyzalkyl, C2-Cizalkenyl, C5-Ciacycloalkyl, Co-Cysheterocycloalkyl, Cs-Cioatyl, Cs-Cshetero-
ayl, Crcﬁaralkyf or Cs-Cycheteroaralkyl; and nis 2 or 1. '

Particularly preferred compounds are those in which R, in formula Il Is an amide
RaC(O)N(Rg)(CHz)n- or ReS(0O)N(Rg)(CHz)-, where Rgis unsubstituted C;-Cizalkyl;
C:-Cealky! which is substituted by one or more substituents selected from the group con-
sisting of OH, halogen, C{O)ONa and Ce-Coaryl; unsubstituted Cs-C2cycloalkyl; Cs-Cscycio-
alkyl which is substituted by one or more OH; unsubstituted Cg-Cioaryl or C-Croaralkyl with
Ci-Cealkyl; Ce-Coaryl, C;-Coaralkyl with C;-Cealkyl and Cg-Croairyl or Cg-Crearalkenyl with
Cz-Csalkenyl and Cs-Cioaryl, which is substituted by one or more substituents selected from
the group consisting of halogen, ~C(O)OH, C(O)ONa, C4-C;zalkyl, C+-Ceallkoxy, -SOsH,
SO;sNa, OSOsNa, NR2;SOsNa in which Ry is hydrogen, Cs-Cizalkyl, C2-Cioalkenyl,
Cs-Cyacycloalkyl, Cs-Ciacycloalkenyl, Co-Cysheterocycloalkyl, Co-Ci1-heterocycloalkenyl,
Cs-Croaryl, Cs-Cgheteroaryl, C,-Cysaralkyl, Cs-Cioheteroaralkyl, Cg-Ci1-aralkenyl or
Cr-Cioheteroaralkenyl, and nitro and cyano; and Ry is hydrogen; unsubstituted C,-Cealkyl,
unsubstituted Ce-C-oaryl, unsubstituted C-Cqzaralkyl with C-Cealkyl and Ce-Croaryl; or
Ce-Crearalkenyl with Cz-Csatkenyl and Ce-Croaryl, and n is 2 and preferably 1.

Particularly preferred compounds are also those in which R, in formula lll is an amide
RsC(O)N{Rg){CHz),-, where Pg is unsubstituted C,-C.alkyl; C1-Cq2alkyl which is substituted
by one or more substituents selected from the group consisting of cyclohexyl, OH, halogen,
-C(O)OH, -C{O)ONa and phenyl; unsubstituted C,-Ciocycloalkyl; Cs-Ciecycloalkyl which is
substituted by one or more OH; unsubstituted C¢-Cyoaryl; Ce-Croaryl, which Is substituted by
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one or more substituents selected from the group consisting of halogen, C(O)ONa,
-C(O)OH, C+-Cgalkyl, C-Cgalkoxy, phenyl, -SO3H, SOgNa, OSOsNa, NHSO;Na, nitro and
cyano; or Cr-Cyearalkyl with C,-Cgalkyl and Cg-Cyoaryl, and Ry is hydrogen; unsubstituted
C1-Cealkyl, unsubstituted C,-Cysaralkyl with C;-Cgalkyl and Cs-Cioaryi; or Cg-Ciearalkenyl
with C-Cgalkenyl and Gs-Croaryl, and nis 2 and preferably 1.

Further particularly preferred compounds are those in which R, in formula lll is an amide
ReC(O)N(Rg)(CHz)n-, where Rgis unsubstituted C-Cyzalkyl, C+-Cialky! which is substituted by
one or more substituents selected from the group consisting of OH, halogen, C(O)OH,

"~ C(O)ONa and phenyl; unsubstituted Cs-Ciscycloalkyl, in particular CgHs; Cs-Csacycloalkyl
which is substituted by one or more OH, unsubstituted Cs-Cyoaryl, in particular CgHs or
CioHy; Ce-Croaryl which is substituted by one or more substituents selected from the group
consisting of halogen, -C(O)OH, C(O)ONa, C;-Csalkyl, C-Cealkoxy, -SOsH, SOsNa,
0OSOsNa, NHSO3Na, nitro and cyano, in patticular CgH,sCl, CsHy(3,4)Cl,, CsH,COONa,
CeHsCHs, CgH OCHg, CeH,SOsNa, CsHNO: or CgH,CN; or unsubstituted C-Csaralkyl with
Ci-Cealkyl and Cs-C1oaryl, in particular (CH»).CeHs, and Ry is H, C+-C.alkyl, phenyl-CHz-,
phenyl-CH,CH>, phenyl-(CHz)s- or phqnyl-CH:OH-CHz-, and n is 2 and preferably 1.

Particularly preferred compounds are aiso those in which R, in formula }i is an amide
ReC{O)N(Rg)(CH>),-, where Rg is unsubstituted or substituted C-Calkyl, cyclohexyl,
naphthyl, biphenylyl, phenyl, benzyl, phenyiethyt or diphenylmethyl, and R, is C-Caalkyl,
phenyl-C;-Cealkyl, in particular CHxCgHs, (CH2)2CeHs or (CH2)2CsHs;-or phenyl-Co-Cg-alkenyl,
in particular CgH5-CH=CH-CH., and n is 2 and preferably 1.

Further particularly preferred compounds are those in which R, in formula il is a sulfon-
amido ReS(0)2N(Rg)(CHz)a~, where Rg is C;-Cyalkyl, particularly C4-Cgalkyl, which is unsub-
stituted or substituted by one or more halogen atoms (for example Cl and especially F), in
particular CFs; or Ce-Croaryl, particularly phenyl or naphthyl, which is substituted by one or
more C-C,alkyl (for example methy! or ethyl), C+-C,atkoxy (for example methoxy or ethoxy),
halogen, -CN or -NO,, and R is hydrogen or isobutyl, and n is 2 and preferably 1.

Further particularly preferred compounds are those in which Ry in formula il is an amino-
carbonyi residue of the formula Rg-NH-C(O)-NH(CHz)n-, in which Rg is Cs-Cyzalikyl or
Ce-Csoaryl, particularly Cy~Cgalkyl, which is unsubstituted or substituted by halogen, -CN,
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-NO;, C-Caalkyt or C-Cqalkoxy, or Cs- or Ceeycloalkyl, Cs-Cyoaryl such as phenyl or
naphthyl, or C;-Coaralkyl such as benzyl, phenylethyl, phenylpropyl or phenyipropenyi, and
nis 2 and preferably 1.

Particularly preferred compounds are furthermore those in which R, in formula Il is an
aminoalkyl, preferably RgRyN(CHz).-, where Rs and Ry are, independently of one another,
hydrogen; unsubstituted C-Cq.alkyl; C-Cq2alkyl which is substituted by one or more substi-
tuents selected from the group consisting of OH, halogen, C(O)ORs4, OC(O)R,4,
C(O)NR1R;2, C-Cizalkyl, Ci-Cealkoxy, Ce-Cioaryl, -SOsH, SO3Na, OSO;Na, NRxSOaNa,
nitro, aniino and cyano; unsubstituted Cs-Cizcycloalkyl; Cs-Cizcycloalkyl which is substituted
by one or more OH; Ce-Cicaryl; Cr-Crearalkyl with C;-Cealkyl and Ce-Cioaryl; or Co-Crear-
alkenyl with C,-Cgalkenyl and Cg-Cioaryl, where aryl and the aryl in the aratkyl and aralkenyl
are unsubstituted or substituted by one or more substituents selected from the group con-
sisting of CH, halogen, G(O)OR,;,, OC{O)Rss, -C{O)ONa, -C(O)OK, -C{O)-NR;1R1z,
C1-Ci2alkyl, C1-Cealkoxy, Ce-Cioaryl, -SO3H, SOsNa, OSOsNa, NR2SO;3Na, nitro, amino and
cyano; wherein n is 2 and preferably 1, and Rs; is hydrogen, K or Na, C+-Cq.alkyl,
Cx-Crealkenyl, Cs-Crotycloalkyl, Co-Cysheterocycloalkyl, Ge-Cioaryl, Cs-Coheteroaryl,
Cr~Cyiaralkyl or Ce-Cioheteroaralkyl, Rg4 is hydrogen, C4-Ciealkyl, C.-Ciealkenyl, C2-Cyacyclo-
alkyl, C-Csheterocycloalkyl, Ce-Cioaryl, Cs-Coheteroaryl, C;-Cyiaralkyi or
Cs-Cyoheteroaralkyl, R4 is H, C-Caalkyl, C>~Cshydroxyalkyl, phenyl or benzyl, and Rz in-
dependently has the meaning of Ry, or Ry and Rz together are tetramethylene, penta-
methylene or -CHzCH»-O-CH,CH;- and Ry is hydrogen, C-Cyzalkyl, Co-Cyoalkenyl,
Cs-Crecycloalkyl, Cs-Ciocycloalkenyl, C>-Cysheterocycloalkyl, Cz-Cqs-heterocycloalkenyl,
Ce-Cioaryl, Cs-Cgheteroaryl, C,-Csaralkyl, Cs-Croheteroaralkyl, C¢-Cys-aralkenyl or
C-Cyoheteroaralkenyl.

Particularly preferred compounds are furthermote those in which R, in formula lil is an
aminoalkyl RgRgNCH;-, in which .Ra' and Ry are, independently of one another, hydrogen;
GCy-Cealkyl, cycldpentyl. cyclohexyl, Cs- or Cgcycloatkyimethyl, phenyl-C4-C alkyl, in particutar
-CH,C¢Hs; or phenyl-Cz-Calkenyl, in particular -CH,CH=CHCgHs.

Particularly preferred compounds are furthermore those in which R, in formula Il is an
amine RgRyNCH_-, where Ry and Ry are, independently of one another, H, C,-Csalkyl,
phenyl-C,- or Czalkyl, in particular CHaCgHs.
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Preferred compounds of group (b) of meanings for Ry, are those in which R, is C;-Cyar-
alkyl, in particular CH,-CgHg and (CHz)2-CgHs, Ca-CizCycloalkyl or C4-C,zalkyl, which is un-
substituted or substituted by one or more substituents selected from the group consisting of
NH,, C3-C.cycloalkyl, primary amino, secondary amino, sulfonamide, carbamide and
aminocarbonylamido. Particularly preferred substituents for C+~-Csalkyl are NH,, cyclohexyl,
Ce-Cioaryl, ReC{O)N(Rg)-, ReS{O)N(Ro)-, ReNHC{O)NRs-, NRyC(O)NHR;s and RgRgN-, in
which Rs and R, are, independently of one another, hydrogen, C;-Ciealkyl, C3-Cecycloalkyl,
C2-Cisheterocycloatkyl, Ce-Coaryl, Cs-Coheteroaryl, C;-Csqaralkyl or Cg-Cyoheteroaralkyi and-
Re and Ry are, independently of one another, hydrogen, OH, C;-Cizalkyl, Cs-Ci.cycloalkyl,
C2-Cysheterocycloalkyl, Ce.Coaryl, Cs-Coheteroaryl, Cr-Cysaralkyl or Cg-Cioheteroaralkyl,
which are unsubstituted or substituted by one or more substituents selected from the group
consisting of OH, halogen, C(O)ORs;, OC(O)Rs4, C(O)R;2, nitro, NHz, cyano, SO:M,,
0S0zM,, NR2oSOsMy, G1-Cyzalkyl, C2-Csoalkenyl, Ci-~Cyzalkoxy, C3-Ciocycloalkyl, C3-Cizcyclo-
alkenyl, C»-Cysheterocycloalkyl, C.-Cyiheterocycioalkenyl, Ce-Cioaryl, Ce-Cooaryioxy,
Cs-Coheteroaryi, Cs-CQheteroaronxy, C+C aralkyl, C;-Chqaralkyloxy, Ce-Cioheteroaratkyl,
Cs-Cyiaralkenyl, C;-Coheteroaralikenyl, primary amino, secondary amino, sulfonyl, sulfon-
amide, carbamide, carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and
aminocarbonylamide, where Ry is hydrogen, M,, C4-Cizalkyl, C»-C:zalkenyi, Ca-cwcyolo--
alkyl, C,-Cy heterocycloalkyl, Ce-Coaryl, Cs-Csheteroaryl, C;-Cyyaralkyl or Cg-Cygheteroar-
alkyl, R4 is hydrogen, Cy-Cizalkyl, C-Cizalkenyl, Cs-Ciacycloalkyl, C>-Ciheterocycloalkyl,
Ces-Croaryl, Cs-Coheteroaryl, C,-Cysaralkyl or Cg-Cyoheteroaralkyl, and Rs, and Ry are hydro-
gen, C1-Creatlkyl, C2-Cyoaikenyl, Cs-Cizcycloalkyl, Co-Cizcycloaikenyl, C»-Cysheterocycloalkyl,
C2-Cs-heterocycloatkenyl, Ce-Croarvi, Cs-Coheteroaryl, Cr-Criaralkyl, Ce-Cyoheteroaralkyl,
Cg-C11-aralkenyl or C~Cioheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl,
heterocycioalkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl,
aralkyloxy, heteroaralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or sub-
stituted by one of the abovementioned substituents; p is 0 or 1 and y is 1 and M is a mono-
valent metal or y is 1/2 and M is a divalent metal; or Ry and Ry together are tetramethyiene,
pentamethylene, -(CHz)z-O-(CHz)z, -(CH2)2-8-(CHz)z- or -(CH2)-NR~(CHz)z-, and Ry is H,
C1-Cealkyl, C-Cysaralkyl, C(O)Rq2 or sulfonyl.

Particularly preferred compounds within this group are those in which R is CHx-CgHs,
(CH2)2-CeHs, cyciohexyl, methyl, ethyl or isopropyl which are unsubstituted or substituted by
one or more substituents selected from the group consisting of NH», cyclohexyl, Cs-Cyoaryl,
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RsC{O)N(Rs)-, RgS(O)zN{Rg)-, ReNHC(O)NRy-, NRoC(O)NHR; and RgRgN-, in which Rg, R,
Rs and Ry are, independently of one another, hydrogen, Cs-Cisalkyl, C3-Ciocycloalkyl,
Ce-Croaryl or C;-Cy,aralkyl, which are unsubstituted or substituted by one or more substitu-
ents selacted from the group consisting of OH, halogen, C(O)OM,, nitro, cyano, SO:M,,
OSO3My, NHSO3M,, C1-Cyzalkyl, C4-Cizalkoxy and Ce-Ciparyl, where y-is 1 and M is a mono-
valent metall or y is 1/2 and M is a divalent metal. Particularly preferred compounds are
those in which R, Rg, Ry and Ry are, independently of one another, hydrogen, C-Czalkyi,
cyclohexyl, phenyl, naphthyl or C;-cuaralkyl, which are unsubstituted or substituted by one .
or more substituents selected from the group consisting of OH, F, Cl, C(O)ONa, nitro,

cyano, SOsNa, C;-Cealkyl, methoxy and phenyl.

In a preferred group of compounds of the formula |, R; is formula I, in which R, is CgHys,
CH(CHjs)., CHz-phenyl, (CHz).-phenyl, CH.NHC(O)-phenyl, CH.NHC(O)(CHa)s-phenyl,
CHoNHC(O)(CH2)s0H, CHNHC(O)CF3, CH2NHC(O)CgHy1, CHNHC(O)Cy4Hzs,
CHaNHC(O)CH(CgHs)z, CHzHNC(O)NHCgHs, CHaNHC(O)C2H,CO:Na,
CH2NHC(0)Cq[(1,3,4,5)OHLHy, CH:NHC({O)CgH,-p-SOsNa, CH,NHC(O)CgH,Cl,
CHyNHC{O)CsHNO,, CHaNHC(O)CeHsOCHa, CHaNHC({O)CeH4(3,4)Cla,
CH.NHC(O)CsH.CHs, CHzNHC(O)GeH,,CeHs. CHoNHC(O)CgHsCN, CH:NHC(O)C1oH>,
CHaNHC(0)CeH,COONa, CHoNHC(O){CHOH),COONa,

CH N(CH.CH=CH-phenyl)[C(O)-phenyi], CHN[CHCH(CH;),J{C(O)-phenyi],
CH,N[C(O)CH5JCHZCgHs, CH2N[G(Q)CeHs)(CHz)sCeHs, CHzCeH1, (CH2)2CsH11, CHaNHz,
CH;NHCH,CH=CH-phenyl, CH,NHCH,-phenyl, CH,NHCH,CH(CHs),, CH.N(CHz-phenyl),,
CHaN[CH2CH(CHs)2)e, CHNHSO,-p-nitrophenyl, CHNHSO,-p-tolyl, CH;NHSO,CF3,
CHaNHC(OYNHCgH;5 or CHN[SO2-p-nitrophenylJICHCH(CHas)s)».

R as alkyl can contain preferably from 1 to 6 C atoms and particularly preferably from 1 to
4 C atoms. Methyl and ethyl are particularly preferred.

In the case of halogen for the substituents for Ry, it can preferably be F, Cl and Br; in the
case of -C{O)OMy preferably -C(O)ONa or -C(O)OK; in the case of alkyl preferably Ci-Cs~
and particularly preferably Ci-Csalkyl, such as methyl, ethyl, n- or i-propyi and n-, i- or
t-butyl; in the case of alkoxy preferably C.-Cqalkoxy, for example methoxy and ethoxy; in the
case of aryl preferably phenyi or naphthyl; in the case of -SOsMy preferably -SO3Na or
-804K; in the case of primary amino Cy-Cyzprimary amino such as methyl-, ethyi-, n- or
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i-propyi-, n-, i- or t-butyl, pentyl, hexyl, cyclohexyl, phenyl or benzylamino; in the case of
secondary amino C»Cxysecondary amino such as dimethyl-, diethyl-, methylethyl-, di-
n-propyl-, di-i-propyl-, di-n-butyl-, diphenyl-, dibenzylamino, morpholino, thiomorpholino,
piperidino and pyrrolidino; -SO,-NRgaRs; and -C{(O)-NRgRs in which Rg and Ry are, indepen-
dently of one another, H, C,-C,alkyl, C.-Cshydroxyalkyl, phenyl or benzyl, or Rs and Ry to-
gether with the N atom are morpholino, thiomorpholino, pyrrolidino or pipetidino.

Rs and Ry as alkyl preferably contain 1 to 6, and particularly preferably 1 to 4, C atoms, and -
can be, for example, methyl, ethyl, n- or i-propyl or n-, i- or t-butyl. R and Ry as hydroxyalkyt
preferably contain 1 to 6, and particularly preferably 1 to 4, C atoms, and can be, for
example, .hydroxymethyl or 2-hydroxyethyl. Rs and R, as cycloalkyl are preferably cyclo-
pentyl or cyclohexyl. Substituents for Rs and Ry as phenyl and benzyl are preferably F, Cl,
methyl, ethyl, methoxy and ethoxy.

A preferred subgroup of compounds of the formula 1 are those in which R; is hydrogen, un-
substituted C,-Cgalkyl, particularly preferably C,-Cialkyl, especially methyl or ethyl, or
C-Cealkyl, particularly preférab!y C4-Caalkyl, especially methyi or ethyl, which is substituted
by C(O)OH, -C{O)ONa, -C(O)OK, -OH, -C{0)-NRgRs or ~-S0O»-NRsR,, in which Rg is H,
Cy-Caalkyt, Co-Cshydroxyalkyl, phenyl or benzyl, and Ry independently has the meaning of

~ Rg, or Rs and Ry are together tetramethylene, pentamethylene or -CH,CH»-O-CH.CH,-. Par-
ticularly preferred compounds are those in which Rz is hydrogen, methyi, ethyl,
HO(O)CCHCHz-, NaOC(O)CH,CHz- or ReReNC{O)CH:CHy-, and Rgand Roare, indepen-
dently of one another, H, C1-Cealkyl, C,-Cshydroxyalkyl, phenyi, benzyl ot, together,
morpholino.

A particularly preferred embodiment of the invention comprises compounds of the formula
la

y hcoon,, "

R, - Oﬁ\o/‘:nn A, '
oH’ (ia)

HO
HC (o]

OH
HO

i

OH
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in which

Rs is hydrogen or M,; and

R, is Cy-Cyaalkyl, C»-Cizalkenyl, Cs-Cyzcycloalkyl, Ca-Cocycloalkenyl, C»-Cysheterocycloalkyl,
C,-Cisheterocycloalkenyl, Ce-Cioaryl, Cs-Coheteroaryl, C,-Cqiaralkyl, Cs-Cioheteroaralkyl, -
Ce-Criaralkenyl or C,-Cyoheteroaralkenyl, which are unsubstituted or substituted once or
several times;

Rs and Rg are, independently of one another, hydrogen, Cy-Cizatkyl, C3-Ciocycloatkyl,
Cz-Cisheterocycloatkyl, Ce-Cyoaryl, Cs-Coheteroaryl, C-Cysaralkyl or Cs-Cigheteroaraikyl; or -
Rs and Rg are, togsther with the -CH-CH- group, Cs-Cy,cycloalkylene, C4-Cracycloalken-
ylene, C»-Cyheterocycloalkylene and Cs-Cysheterocycloalkenylene with hetero atoms
selected from the group of -O-, -S- and -N-;

where alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, cyclo-
alkylene, cycloalkenylene, heterocycloalkylene and heterocycloalkenylene are unsubstituted
or substituted once or several times;

where the substituent is selected from the group OH, haiogen. C(O)OR;,, OC(O)Rsqs,
C(O)Rs, nitro, NH,, cyano, SOsM,, OSO;M,, NR2SOsMy in which Ry is hydrogen,
Ci-Cizalkyl, C2-Cizalkenyl, Cs-Cqzcycloalkyl, Ca-Cizcycloalkenyl, Co-Cisheterocycloalkyl,
Cz-Cys-heterocycloaikenyl, Ce-Cyoaryl, Cs-Coheteroaryl, C,-Cysaralkyl, Ce-Copheteroaralkyl,
Cy-Cys-aralkenyl or Cr-Cyoheteroaralkenyl, and C-Cyzalkyl, Co-Ci2alkenyl, Ci-Cizalkoxy,
Cs-Cizcycloalkyl, Cs-Cracycloalkenyl, C.-Cqiheterocycloalkyl, C.-Cisheterocycloalkenyl,
Cs-Croaryl, Ce-Cioaryloxy, Cs-Coheteroaryl, Cs-Coheteroaryloxy, C,-Cysaralkyl, C~Cqyar-
alkyloxy, Ce-Croheteroaralkyl, Cg-Cysaralkenyl, Cr-Cyoheteroaralkenyl, ptimary amino,
secondary amino, sulfonyl, sulfonamide, catbamide, carbamate, sulfonhydrazide, carb-
hydrazide, carbohydroxamic acid and aminocarbonylamide, where R, is hydrogen, My,
C1-Cizalkyl, Co-Cqzalkenyl, Co-Ciacycloalkyl, C2-Cysheterocycloalkyl, Cs-Cisaryl,
Cs-Cghetero-aryl, C-Cyaralkyl or Cg-Cigheteroaralkyi, R,} is hydrogen, C,-C,zalkyl,
Co-Choalkenyl, Cy-Cracycloalkyl, Co-Cisheterocycloalkyl, Ce-Croaryl, Cs-Coheteroaryl,
Cr-Cysaralkyl or C¢-Cyoheteroaralkyl and R is hydrogen, C+-Ciaalkyl, C-Cyoalkenyl,
C3-Ciocycloalkyl, Cs-Cracycloalkenyl, C-Cysheterocycloalkyi, Co-C1s-heterocycloalkenyl,
Cs-Croaryl, Cs-Coheteroaryl, C;-Csaralkyl, Ce-Cioheteroaralkyl, Cg-Cys-aralkenyl or
Cr-Cyheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl,
heteracycloalkenyl, aryl, aryloxy, heteroatyl, heteroaryloxy, aralkyl, aralkyioxy, heteroaralkyl,
aralkenyl and heteroaralkenyl in turn are substituted or unsubstituted by one of the
abovementioned subsﬁguents; and
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y is 1 and M is a monovalent metal or y is a 1/2 and M is a divalent metal.

- Preferred compounds of the formula la are those in which
Rz is H, K or Na,
Rs and R; are, together with the -CH-CH- group, Cs-Cizcycloalkylene, C4-Cy2cycloalken-
ylene, C.-Cysheterocycioalkylene and Ca-Cysheterocycloalkenylene with hetero atoms
selected from the group -O-, -S- and -N-; which are unsubstituted or substituted once or
several times; '
where the substituent is selected from the group consisting of OH, halogen, C(O)ORs;,
OC(O)Rs4, C(O)Rs2, nitro, NHz, cyano, SOsM,, OSO3M,, NRxSO3M, in which Ry is hydro-
gen, C-Cqalkyl, C>-Cizatkenyl, C3-Cqzcycloalkyl, C3-Ciocycloalkenyl, C,-Cysheterocycloalkyl,
C2-Cy1-heterocycloalkenyl, Ce-Cioaryl, Cs-Coheteroaryl, C~Cyaralkyl, Cs-Cioheteroaralkyl,
Cs-Cys-aralkenyl or C~-Cygheteroaralkenyl, and C,-Cyzalkyl, C>-C;zalkenyl, Cs-Cyzalkoxy,
Cs-Cocycloalkyl, Cs-Cizcycioalkenyl, Ca-Cyiheterocycloalkyl, C»-Cysheterocycloalkenyl,
Ces-Cyoaryl, Ce-Croaryloxy, Cs-Cgheteroaryl, Cs-Coheteroaryloxy, C-Cyiaralkyl, C,-Cyar-
alkyloxy, cs-c,ohete}oaralkyl, Cs-Criaralkenyl, C-Cyoheteroaralkenyl, primary amino,
secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, carb-
hydrazide, carbohydroxamic acid and 'aminocarbonylamide, in which R, is hydrogen, M;,
C1-Cialkyl, Co-Cyzalkenyl, Ca-Cizcycloalkyl, C2-Cisheterocycloalkyl, Cs-Cioaryl, Cs-Cohetero-
aryl, C»-Cnaralkyl or Cg-Croheteroaralkyl, Rss is hydrogen, Ci-Ci-alkyl, Co-Croalkenyl,
C3-Ci2cycloalkyl, Co-Cysheterocycloalkyl, Ce-Croaryl, Cs-Coheteroaryl, C;-Cyjaralkyl or
Ce-Croheteroaralkyl and Ry is hydrogen, Cs-Cizalkyl, Co-Cizalkenyl, C5-Crocycloalkyl,
Cs-Cacycloalkenyl, C.-Cysheterocycloalkyl, C.-Cqs-heterocycloalkenyl, Ce-Cioaryl,
Cs-Csheteroaryl, C,-Cysaralkyl, Cs-Cioheteroaralkyl, Cs-Cys-aralkenyl or C-Cyohsteroar-
alkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl, haterocyclo-
alkenyl, aryl, aryioxy, heteroaryl, heteroaryloxy, aralkyi, aralkyloxy, heteroaralkyl, aralkenyl
and heteroaralkenyl in turn are unsubstituted or substituted by one of the abovementioned
substituents; and
y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent metal;
(a) R, is a residue R;>-(CH)- or cyciohexyl, in which n is 1 or 2 and
Rq2 is C1-Cyealkyl, Cs-Cacycloalkyl, especially cyclohexyl, Ca-Croaryl, preferably phenyl, or
Cs-Cyoaralkenyl, preferably phenyl-C.-C,alkenyl, which are unsubstituted or substituted by
C1~Cqalkyl, C4-Cialkoxy, F, Cl, -CN or -NOg; or
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Rs2 is an amino group -NRgR¢, and Ry and Rg are Ci-Cyzalkyl or unsubstituted or
C+-Cqalkyl-substituted Cs- or Cscycloalkyl, Ce-Cioaryl, C7~Cyaralkyl or Cg-Cyoaralkenyl; very
particularly preferably -CHx-CH{CHs),, -CHz-C(CHa)s, -CH2-C(CH3)2-C2Hs, CeHs-CHz-,
CeHsCH2CH,-, CeHs-CHz-CH,-CH;- or CgHsCH=CH-CH_-, or

Ri2 is an amide group -N{Rg)C{O)Rs, -N{Rg)S(0)2Rs, -NRoC{O)NHR; or -NRsC(O)NHRg in
which Rg is Ce-Cioaryl, preferably phenyl, which is unsubstituted or substituted by C;-Calkyl,
especially methyl, C,-C,alkoxy, especially methoxy, F, Cl, -CN or -NO., or C+-Csealkyl which
is unsubstituted or substituted by F or Ci, and Rs is H, Ci~Cioalkyl, Cs- or Cgeycloalkyl, Cs- or-
Cscycloalkyl-C+-Cealkyl, phenyl-C,-Cgalkyl or phenyi-C.-Csalkenyl, especially H, Cs-Cealkyl,
cyclohexyl, cyclohexyl-CHz-, cyciohexyl-CH,CHz-, cyclohexyl-CH,CH,CH,-, CeHsCHa,
CgHsCH2CHz-, CgHsCH2CH.CHz- and CsHsCHCHCH:~, Ry is particularly H, linear and, prefe-
rably, branched C:-Cealkyl, phenyl or phenyl(CH,).- with z equal to a number from 1 to 4, for
example methyl, ethyl, n- or i-propyl, n-, i- or t-butyl, pentyl, isopentyl, hexyl, benzyl, phenyl-
ethyl, phenylpropyi and phenyl-CH=CH-CH,-, very particularly brefer_ably CH,-CH(CHg)2,
benzyl, 2-phenylethyl and 3-phenylpropyl; or

(b) R, is.C-Cqalkyl, C3-Cyocycloalkyl or C,-Cysaralkyt which are unsubstituted or substituted -
by one or more substituents selected from the group consisting of OH, halogen, C(O)OR;;,
OC(O)Rs, C(O)Rs2, nitro, NH,, cyano, SOsM,, OSOzM,, NR2oSOsM, in which Ry is hydro-
gen, Ci-Cyoalkyl, Ca-Cisalkenyl, Cs-Ciacycloalkyl, Cs-Ciocycloalkenyl, C»-Cysheterocycloatkyl,
C-Cir-heterocycloalkenyl, Cs-Cioaryl, Cs-Cheteroaryl, C~-Cy.aralkyl, Cs-Cicheteroaralkyl,
Cs-Cy1-aralkenyl or C;-Cigheteroaralkenyl, and C-Cqzalkyl, Co-Cyaealkenyl, C¢-Ciaalkoxy,
Cs-Cqcycloalkyl, Cs-Cracycloalkenyl, Cx-Cqiheterocycloalkyl, C2-Cyheterocycloalkenyl,
Cs-Croaryl, Ce-Cioaryloxy, Cs-Coheteroaryl, Cs-Csheteroaryloxy, C,-Cisaratkyl,
Cr-Cyyaralkyloxy, Ce-Cicheteroaralkyl, Cs-Cnaralkenyl, Cr~Croheteroaraltienyl, primary
amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide,
carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R, is hydrogen, M,,
Cy-Ci2alkyl, C-Cyzalkenyl, Cs-Ciocycloalkyl, Co-Ciiheterocycloalkyl, Ce-Cioaryl, Cs-Cohetero-
aryl, C-Craralkyl or Cs-Croheteroaralkyl, R4 is hydrogen, Cy-Crzalkyl, Cz-Cyealkenyl, Cs-
Cizcycloalkyl, C2-Cyiheterocycloalkyl, Ce-Cioaryl, Cs-Csheteroaryl, C-Cyiaralkyt or Ce-
Coheteroaralkyl and Re, is hydrogen, C;-Cyaalkyl, C2-Cyalkenyl, Cs-Cyzcycloalkyl, Cs-
Cr2cycloalkenyl, C>-Cysheterocycloalkyl, C2-C1s-heterocycloaltkenyl, Cg-Cioaryl, Cs-
Coheteroaryl, C;-Cyqaralkyl, Ce-Cioheteroaralkyl, Co-Cyi-aralkenyl or C-Cyoheteroaralkenyl,
and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocycloalkenyt, aryt,
aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, heteroaralkyl, aralkenyl and heteroar-
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alkenyl in turn are unsubstituted or substituted by one of the abovementioned substituents;
and
v is 1 and M is a monovalent metal or y is 1/2 and M is a divalent metal.

A preferred subgroup of compounds of group (a) are those in which
(i) R4 is CeHy4, CgH14-CHa, CgH1y-CH2CHa-, CgHs-CHa-, CeHs-CHZCHy- or CaHs-CH=CH-CH,~;
(ii) Rq is CgHyq, CeHy1-CHz-, CgH11-CH2CHy-, CgHs-CHz-, CeHs-CGH2CH;-, -CHz-NR1g-SO5R g,
-CH>-NR5-C{O)R40, CH.NHC({O)NHR g, -CHaNHR2¢ or CHaN(Rz1)2, in which Rqg is -CglHs,
phenyl which is substituted by 1 to 3 methyl or methoxy or -NO; or F or Cl, in particular
p-CH3-CgHy-, p-CH30-CgHy- or 2,3,5,-CHg-CgHy- or p-O2N-CgHs-, or Cy-Cialkyl, which is sub-
stituted by F, in particular -CF3; R is phenyl which is unsubstituted or substituted by 1 to 3
methyl or methoxy or -NO; or F or Cl; Ryg is H, C4-Cealkyl, phenyl-(CH,),- with z equal to a
number from 1 to 3, phenyl-CH=CH-CH,-, and especially -CH;-CH(CH3), or benzyl; and Rz
is -CH,-CR22R23R24 in which Rz and Ras, methyl, ethyl or phenyl and Ry, is H, ethyl or

. methyl, very particularly preferably Rz and Rgg are methyl and Ry is H,

A preferred subgroup of the compounds of group (b) are those in which Ry is CgHyy,
CH2-CeHs, (CHa).-CgHs, methyl, ethyl or isopropyl, which are unsubstituted or substituted by
one or more substituents selected from the group consisting of NH;, cyclohexyl, Cs-Cioaryl,
RsC{O)N(Rs)-, RaS(O)2N(Ry)-, NR9C(O)NHRB and ReRoN- in which Rs, Ry, Re and Ry are, in-
dependently of one another, hydrogen, C:-Cyaalkyl, C3-Cyocycloalkyl, Cg-Cioaryl or C;-Ciar-
alkyt which are unsubstituted or substituted by one or more substituents selected from the
group consisting of OH, halogen, C(O)OM,, nitro, cyano, SOsM,, OSOsM,, NRzcSOsM,, in
which Ry is hydrogen, Cy-Ciaalkyl, C2-Cioalkenyl, Cs-Ciacycloalkyl, Cs-Cyzcycioalkenyl,
Co-C;heterocycloalkyl, C.-Cyr-heterocycloalkenyl, Cs-Cioaryl, Cs-Ciheteroaryl, C~-Cyiaralkyl,
Ce-Croheteroaralkyl, Cg-Cqs-aralkenyl or C-Cioheteroaratkenyl, and C1-Crzalkyl, C-Cyzalkoxy
and Cg-Cyoaryl, where y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent
metal. Particularly preferred compounds are those in which Rg, Rs, Re and Ry are, indepen-
'dently of one another, hydrogen, C:-C2alkyl, cyclohexyl, phenyl, naphthyl or C-Cssaralkyl,
which are unsubstituted or substituted by one or more substituents selected from the group
consisting of OH, F, Cl, C(O)ONa, nitro, cyano, SOsNa, C;-Cealkyl, methoxy and phenyl.

In a preferred group of compounds of the formula la, R4 is CgHys, CH(CHs)z, CHz-phenyl,
(CHa)z-phenyl, CH,;NHC(O)-phenyl, CH;NHC(O){CH.)s-phenyl, CH.NHC(O)(CH.);OH,
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CHzNHC(O)CF3, CH.NHC(0)CgHss, CHzNHC(O)C11Hzs, CHzNHC(O)CH(CeHs)z,
CHzHNC(O)NHCgHs, CH:NHC{0)CzH,CO:Na, CH:NHC(O)Cel(1,3,4,5)0H)Hs,
CH,NHC(0)CeHap-SOsNa, CHaNHC{O)CeH4Cl, CHNHC(O)CeHsNO,,
CH2NHC(O)CsH,OCHS3, CHaNHC(O)CaHa(3,4)Clz, CHaNHC(O)CH,CH3,
CHzNHC(O)CeH<CsHs, CHaNHC(O)CgH,CN, CHzNHC(O)C1oHy, CHNHC(O)CsH:COONa,
CHoNHC(O)(CHOH),COONa, CHzN(CH,CH=CH-pheny})[C(O)-phenyl],
CHoN[CH,CH(CHs)][C(O)-phenyl], CH2N[C(O)CeHs]CHzCoHs, CHzNIC(O)CeHs)(CHz)sCeHs,
CH,CgH3, (CH2)2CeH11, CHzNH2, CHNHCH,CH=CH-phenyl, CH.NHCHz-phenyl,
CHoNHCH,CH{CHs)z, CHzN(CHz-phenyl)z, CH2N[CH.CH(CHa)z)o, CHNHSOz-p-nitrophenyl,
CHoNHSO-p-tolyl, CH:NHSO,CFs, CHaNHC(O)NHCgH; or
CHN[SO;-p-nitrophenyl[CH.CH(CHs)zl2.

The present invention additionally relates to a process for the preparation of the compounds
of the formula | which comprises etherifying the 3-OH group of a compound of the formula
v _

s OH

HO o,
OR,,’ o/
R.." 12
1 W

Ry O OR,,

12

R12

in which Reand X have the abovementioned meanings, Rizis a protective group and Ry’
and Ry.” are, independently of one another, hydrogen or a protective group, with a
compound of the formula VI

Ri-Ris (Vi)

in which R; has the abovementioned meaning and Ryzis a leaving group, and eliminating
the protective groups.
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Leaving groups can be: halides, such as chloride, bromide and iodide, and sulfonic acids,
for example trifluoromethanesulionate, aliphatic, cycloaliphatic or aromatic sulfonic acids
which are unsubstituted or substituted by C,-C,alkyl; C,-Csalkoxy, nitro, cyano or halogen
(chiorine, bromine). Some examples of these acids are: methanesulfonic acid, mono-, di- or -
trifluoromethanesulfonic acids or p-nitrobenzenesulfonic acid. CF3-SO,-O" (also referred to
as triflate) is particularly preferably used. The leaving group is advantageously selected
from the group consisting of halogen and unsubstituted and halogenated R-SO.-, in which
R is C1-Caalkyl, in particular C4-Cealkyl, Cs-Cgeycloalkyl, phenyl, benzyl, C,-Czalkyiphenyl, -
in particular C-Cealkylphenyl, or C:-Cyzalkylbenzyl, in particular C,-C,alkylbenzyl, for
example methane, ethane, propane, butane, benzene, benzyl- and p-methylbenzenesul-
fonyl. Preferred leaving groups are Cl, Br, 1, -SO.CF; (triflate) and p-nitrobenzenesulfonyl,
and -SO,CF;is particularly preferred.

The compounds of the formula VI are known in some cases or can be obtained by known
processes, as described by Degerbeck et al. {Degerbeck, F., Fransson, B., Grehn, L.,
Ragnarsson, U., J. Chem. Soc. Perkin Trans. 1:11-14 (1993)] and by Dureault et al.
[Dureault, A., Tranchepain, |., Depezay, J.C., Synthesis 491-493 (1987)). Optically pure -
compounds can be obtained by using optically pure starting compounds (e.g. amino acids,
a-hydroxylic acids) or by chromatographic separation processes, for example with chiral
solid phases.

The compounds of the formula V are novel and the invention likewise relates to them. They
can be obtained by known glycosylation methods starting from known fucosyi and galacto-
syl donors and diols of the formula HO-X-OH. Stepwise introduction of galactose and
fucose or vice versa is advantageous.

For the preparation of the compounds of the formula V, firstly the pseudo-trisaccharide
building blocks are synthesized. The pseudotrisaccharide is assembled either by glycosidic
attachment for the activated and protected galactose onto the fucose-O-X-OH buiiding
block or by glycosidic attachment of suitably protected and activated fucose onto a galac-
tose-O-X-OH building block. Glycosylation reactions-are known on a large scale and are
described in the specialist literature.
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It is then possible to introduce the group R into the pseudotrisaccharide. The resulting com-
pounds of the formula | can subsequently be modified. This modification may comprise
hydrogenation of aromatic compounds to cycloaliphatic groups, which can take place, for
example, at the same time as the hydrogenolytic elimination of protective groups. It is
furthermore possible for an amino group to be acylated and/or alkylated and/or sulfonated.
The preparation of secondary and tertiary amines can be carried out by reductive amination.

It has proved advantageous to activate the 3-OH group of the galactose residue by etherifi--
cation. Particularly suitable for this purpose are dialkyitin oxides, dialkyltin alkoxylates and
bis(trialkyl)tin oxides. Some examples are dibutyitin oxide, dibutyltin(O-methyl). and (tributyl-
tin)20. The activating agents are preferably used in stoichiometric amounts. In this case, the
reaction is carried out in two stages, namely a) activation and b) coupling with the com-
pounds of the formula VI.

The activation process can be carried out at temperatures from 40 to 200°C, preferably 60
to 120°C.

The compounds of the formula V and of the formula VI can be employed in equimoiar
amounts. However, it has proved expedient to employ the compounds of the formula Vl in
excess, for exampie in an amount which is up to 10 times, preferably up to 5 times, the
amount of the compound of the formula V.

It is furthermore expedient to carry out the reaction in both reaction stages in the presence
of an inert solvent or mixtures of solvents. Reactive protic solvents such as alkanols and,
furthermore, acid amides are unsuitable in reaction stage b). It is possible to use non-polar
aprotic and polar aprofic or polar protic solvents. These may be aliphatic or aromatic hydro-
carbons such as pentane, hexane, cyclohexane, methylcyclohexane, benzene, toluene or
xylene, halogenated hydrocarbons such as methylene chloride, chioroform, tetrachioro-
methane, 1,2-dichloroethane, 1,1,2-trichloroethane, 1,1 .2.2-tetrachloroethane and chloro-
benzene, linear or cyclic ethers such as diethyl ether, dibutyl ether, ethylene glycol dimethyl
or diethyl ether, tetrahydrofuran and dioxane, N.N-dialkylated carboxamides such as
"dimethylformamide, N-alkytated lactams such as N-methylpyrrolidone, ketones such as
acetone and methyl isobutyi ketone, carboxylic esters such as methyl or ethyl acetate, or
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alkanols such as methanol, ethanol, propanol, butanol and ethylene glycol monoethyl ether.
Particularly preferred solvents are methanol, ethanol, benzene and toluene.

Protective groups and processes for derivatizing hydroxyl groups with such protective
groups are generally known in sugar and nucleotide chemistry and are described, for
example, by Beaucage, S.L. lyer, R., Tetrahedron 48:2223-2311 (1992). Examples of such
protective groups are: benzyl, methylbenzyl, dimethyibenzyl, methoxybenzyl, dimethoxy-
benzyl, bromobenzyl, 2.4-dichlorobenzyl; diphenylmethyl, diimethylphenyl)methyl, di(di-
methylphenyl)methyl, di{methoxyphenyl)methyl, di{dimethoxyphenyl)methyi, triphenyimethyl,
tris-4,4’,4"-tert-butyiphenyimethy!, di-p-anisylphenyimethyl, triimethyiphenyl)methyl,
tri{dimethylphenyl)methyi, methoxyphenyl(diphenyl)methyl, di(methoxyphenyl)phenyimethyi,
tri(methoxyphenyli)methyi, tri(dimethoxyphenyl)methyi; triphenyisilyl, alkyidiphenyisilyl,
dialkyiphenyisilyl and trialkylsilyl with 1 to 20, preferably 1 to 12, and particularly preferably 1
to 8 C atoms in the alkyl groups, for examptle triethyisilyl, tri-n-propyisiiyl, i-propyl-
dimethylisilyl, t-butyl-dimethyisilyl, t-butyl-diphenyisilyl, n-octyl-dimethylsilyl, (1,1,2,2-tetra-
methylethyl)dimethyisilyl; Co-Ci2~, in particular C2-Cgacyl, such as acetyl, propanoyl, butan-
oyl, pentanoyl, hexanoyl, benzoyl, methylbenzoyl, methoxybenzoyl, chiorobenzoyl and

. bromobenzoyl. The protective groups can be identical or different. Preferred protective -
groups are selected from the group consisting of linear and branched C4-Cgalkyl, in particu-
far C4-Caalkyl, for example methyi, ethyl, n- and i-propyl, n-, i~ and t-butyl; C,-Cyzaralkyl, for
example benzyl; trialkylsilyl with 3 to 20 C atoms, in particutar 3 to 12 C atoms, for example
triethyisilyl, tri-n-propyisilyl, tri-i-propyisilyl, i-propyl-dimethyisilyl, t-butyl-dimethyisilyl, t-butyl-
diphenyisilyl, n-octyl-dimethyisilyl, (1,1,2,2-tetramethylethyl)dimethyisilyl; substituted methyli-
dene groups which are obtainable by acetal or ketal formation from adjacent hydroxy
groups of the sugars or sugar derivatives with aldehydes and ketonas, which preferably
contain 2 to 12 or 3 to 12 C atoms, for example C4-Csqalkylidene, preferably Ci-Cealkylidene
and in particular C,-C,alkylidene, such as ethylidene, 1,1- and 2,2-propylidene, 1,1- and
2,2-butylidene, benzylidene; unsubstituted and halogenated C,-Ci.acyl, in particular
C»-Csacyl, such as acetyl, propanoyl, butanoyl, pentanoyt, hexanoyl, pivaloyl and benzoyl.

The synthesis preferably takes place with protective groups for R’ and Ry,"” which together
form an alkylidene group with, preferably 1 to 12 and, more preferably 1 to 8 C atoms. In
this connection, particularly preferred protective groups are those in which Rz’ and Ry2" to-
gether are an alkylidene group with, in particular, 1 to 12 C'aioms. with the alkylidene group
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forming an acetal or ketal with the oxygen atoms. These protective groups are ones which
can be eliminated under neutral or weakly acidic conditions. Particularly suitable protective
groups are acyl, benzyl, substituted benzyl, benzyloxymethyi, alkyl and silyl. Rz’ and Ry,"
are, particuiarly preferably, together alkylidene, for example alkyi- or alkoxy- substituted.
benzylidene. Rs2’' and R,” can, however, also be hydrogen, or one of R¢z’ and Ry;” canbe a
protective group such as benzyl and the other one of Rz’ and Ry,” can be hydrogen.

Examples of protective carboxylate groups are alkoxy- and aralkoxycarbony! groups, pre-
ferably -CO.Bn, -CO,CH,.

The reaction for elimination of the protective groups is preferably carried out at a tempera- -
ture of 0°C to §0°C, and patrticuiar at room temperature.

Further details of the preparation of the compounds of the formula | are described in the
examples.

An aiternative synthetic route comprises glycosidic linkage of the protected fucose hydroxy
ether of the formuia Vii

HO:X
, o)
m,
R; oZon, (v
OR
OR,, 12

in which R, Ry2 and X have the abovementioned meanings, with the protected galactose of
the formula Vil

o 2R v,
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in which R, has the abovementioned meaning, Z is O or S, R, is a protective group and R
isa leaving group, and subsegquent removal of the protective groups from the resulting com-
pound.

It is possible to chose reaction conditions like those implemented for the process described
previously. The leaving group R can be, for example, -C(=NH)-CCl; or 4-pentenyl. The com-
pounds of the formula Vii can be obtained in a simple manner by glycosidic linkage of ap-
propriately protected fucose with a compound of the formuta HO-X-OH which is monopro- -
tected where appropriate. The compounds of the formula Vil can be obtained by etherifi-
cation of compounds of the formula R;OH with galactose which is protected where appropri-
ate. '

The compounds according to the invention have antiinflammatory properties and can
accordingly be used as medicaments. It is possible with them in particular to alleviate dis-
orders such as cardiogenic shock, myocardial infarct, thrombosis, rheumatism, psoriasis,
dermatitis, acute respiratory distress syndrome, asthma, arthritis and metastatic cancer. The
invention furthermore relates to the compounds according to the invention for use in a
therapeutic method for the treatment of disorders in warm-blooded animals, including
humans. The dosage on administration to warm-blooded animals with & body weight of
about 70 kg can be, for example, 0.01 to 1000 mg per day. Administration preferably takes
place in the form of pharmaceutical compositions, parenterally, for example intravenously or
intraperitoneally.

The invention furthermore relates to a pharmaceutical composition comprising an effective
amount of the compound according to the invention, alone or together with other active sub-
stances, a pharmaceutical carrier, preferably in a significant amount, and, where appropri-
ate, excipients.

The pharmacologically active compounds according to the invention can be used in the
form of compositions which can be administered parenterally or of infusion solutions. Solu-
tions of this type are preferably isotonic aqueous solutions or suspensions, it being possibie
to prepare the latter, for example in the case of lyophilized compositions which comprise the
active substance alone or together with a carrier, for example mannitol, before use. The
pharmaceutical compositions can be sterilized and/or comprise excipients, for example pre-
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servatives, stabilizers, wetting agents and/or emulsifiers, solubilizers, salts to control the
osmotic pressure and/or buffers. The pharmaceutical compositions, whiclt may, if required,
comprise other pharmacologically active substances such as antibiotics, are produced in a
manner known per se, for example by conventional dissolving or lyophilizing processes, and
comprise about 0.1 % to 90 %, in particular from about 0.5 % to about 30 %, for example 1
to 5 %, of active substance(s). '

The following examples illustrate the invention.

The following abbreviations are used:

Bz: Benzoyl; Bn: Benzyl; DMTST: Dimethyl(methylthio)sulfonium triflate; FAB: Fast atom
bombardment mass spectroscopy; OTf: Triflate; Ph: Phenyl; SEt: CH:S; THG: Thiogiycerol;
THF: Tetrahydrofuran; NBA: m-Nitrobenzyl alcohol; DMF: N,N-Dimethyiformamide; DME:
1,2-Dimethoxyethane; MeOH: Methanol; HRP: Horse radish peroxidase; BSA: Bovine
serum albumin; PAA: Polyacryl amide; SA: Streptavidin '

An unconnected hyphen in the formulae means methyl.

Molecular sieves are acfivated at 300°C under high vacuum for 12 hours before use. They
are used in powdered form.

A: Preparation of starting compounds.

Example Al: Preparation of compound No. A1
/\)0k — I
2 Ny Y oH Ns/\g)]\oan
oH _ OH
28 : 29

Benzy! chloride (660 ml, 5.72 mmol) is added at room temperature to a mixture of
R-3-azido-2-hydroxypropionic acid 28 [Dureault, A., Tranchepain, |., Depezay, J.C.,
Synthesis 491-493 (1987)], triethylamine (850 ml, 6.1 mmol) and DMF (7.0 ml). The mixture
is stirred for 16 hours, and then further triethylamine (850 pi, 6.1 mmol) and benzy! chioride
(660 wl, 5.72 mmol) are added. The reaction mixture is stirred for two days and then con-~
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centrated under high vacuum. The residue is taken up in water and the mixture is extracted
several times with ethyl acetate. The combined organic phases are washed with saturated
NaCl solution, dried (Na.SQ,), filtered and concentrated in vacuo. The crude product (1 g)
is purified by flash chromatography:on silica gel (ethyl acetate/hexane 1:4), resulting in
benzyl R-3-azido-2-hydroxypropionate 29 (0.717 g, 85 %) as an oil. 'TH NMR (250 MHz,
CDClg) & 7.36 (m, 5H), 5.25 (s, 2H), 4.39 (q, J=4.2 Hz, 1H), 3.65 {dd, J=3.3, 12.9 Hz, 1H),
3.51 (dd, J=4.3, 12.9 Hz, 1H), 3.20 (d, J=4.0 Hz, 1H).

b}

Trifluoromethanesulfonic anhydride (770 ml, 4.41 mmol) is added at -20°C with stirringto a
solution of the alcohol 29 (0.85 g, 3.84 mmol) and 2,6-di-tertbutylpyridine (1.12 m|,

4.99 mmol) in dry CH.Cl. (11.0 ml). The clear colourless solution is warmed to 0°C over the
course of 40 minutes and is stirred-at this temperature for a further 2 hours. The mixture is
diluted with' CH,Cl» (40 mt) and, while stirring vigorously, 1 M aqueous KH,PO, solution:
(30 mi) is added. The organic phase is separated off and the aqueous phase is extracted
twice with CH,Cl,. The combined organic phases are washed with H.O (30 ml), dried
(NazSOy), filtered and concentrated in vacuo. The oily residue (2.3 g) is purified by flash
chromatography on a short silica gel column (ethyl acetate/hexane 1:7), resulting in the
benzyl A-3-azido-2-trifluoromethanesulionyloxypropionate A1 (1.16 g, 85 %) as a yeliowish
oil. *H NMR (250 MHz, CDCly) 3 7.38 (br s, 5M), 5.32 (d, J=12,1 Hz, 1H), 5.27 (d, J=12.1 Hz,
1H), 5.24 (dd, J=4.2, 5.5 Hz, 1H), 3.90 - 3.75 {m, 2H); *C NMR (63 MHz, CDCl,) 5 164.4,
133.9, 129.1, 128.8, 128.6, 120.9, 81.0, 69.0, 51.5.
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Example A2: Preparation of compound No. A2

Q
\\s//°
i
OH OH FC" o
OH oBn _-0Bn
5 — o —> o
26 27 A2

Benzyl (R)-4-phenyl-2-trifiucromethanesulfonyloxybutyrate (A2):

A solution of (R)-2-hydroxy-4-phenylbutyric acid 26 (0.2 g, 1.11 mmol} in MeOH/ H,0 (9:1,
1.3 ml) is adjusted to pH 8 with 20 % Cs.COj; solution. The solution is concentrated in vacﬁo
and azeotroped first with sthanol and then with hexane, subsequently dried under high
vacuum in order to remove remaining H,O. The residue is mixed with N.N-dimethylfonn-
amide (1.3 mi) and benzyl bromide (132 pi, 1.11 mmol) , and the mixture is stirred at room
temperature for 75 minutes. Then further benzyl bromide (20 pl, 0.168 mmol) is added, and
the mixture is stirred-for a further 50 minutes. The white suspension is diluted with CH.Cl, {5
mi), filtered through HyfloSuperCel® and concentrated in vacuo. Purification of the crude
product by flash chromatography on silica gel (eluent: ethyl acetate/hexane 4:1) affords
benzyl (R)- 2-hydroxy-4-phenylbutyrate 27 (0.21 g, 70 %). The product (0.3 g, 1.11 mmol) is
dissolved in CH.Cl. (4.5 mi), 2,6-di-tertbutyipyridine (323 ul, 1.44 mmol) is added, and the
mixture is cooled to -20°C. Then trifluoromethanesulfonic anhydride (222 pl, 1.27 mmol) is
added dropwise over the course of 3 minutes, and the solution is warmed to 0°C over the
course of 45 minutes. After 75 minutes at 0°C, the mixture is diluted with CH,Cl» (20 ml) and
washed with 1 molar aqueous KH,PO, solution {15 ml). The aqueous phase is extracted
with CHxCl; (2 x 10 mi), and the combined organic phases are washed with H.O (10 mi),
dried (NazS0O,), filtered and concentrated in vacuo, The residue is purified roughly by
column filtration on silica gel (eldent: ethyl acetate/hexane 1:9), resuiting in the crude triflate
A2 (0.311 g, 70 %) as an oil. The product is used immediately for the next stage (prepara-
tion of B1.18). 'H NMR (250 MHz, CDCls) § 7.50 - 7.17 (m, 10H), 5.31 (s, 2H), 5.28 (dd,
J=5.5, 11.0 Hz, 1H), 2.82 (m, 2H), 2.41 (m, 2H).
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mple A3:  Preparation of compound No. A3

o O

OH
Fscl
OH (A3)
o

R-Hydromandelic acid is converted into the triflate A3 in accordance with Example A2.

Example A4: Preparation of compound No. A4

oH g\\”o
. FaC™
\|/H(°H —_— ? (Ad)
OBn
S \T/J\I/
(o)

R-2-Hydroxy-3-methylbutyric acid is converted into the tiiflate A4 in accordance with
Example A2.

Example AS: Preparation of comhound No. AS

10 I

=g

R-2-Hydroxy-3-cyclohexyipropionic acid is converted into the triflate AS in accordance with
Example A2.
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B Preparation of the mimetics

Example B1: Preparation of compound No. B1.1

BzO _.OBz Ho/yx BzO
0 om
Q_sa * B20
Bz0 797 _o8n "OBz
a) Bz0 a
BnO 07 oen
aM,C)Bn
1 2 3

A mixture of the thioglycoside 1 (5.38 g, 8.40 mmol) [Biessen, E. A. L., Beuting, D.M.,
Roelen, H.C.P.F., v.an de Mare!, G.A., van Boom, J.H., van Berkel, T.J.C,, J. Med. Chem.
38:1538-1546 (1995)] and of the acceptor 2 (3.44 g, 6.46 mmol) is dried under high vacuum
for one hour. Then activated 4A molecular sieves (20 g) and DMTST (4.17 g, 16.14 mmol)
are added under a nitrogen atmosphere, followed by CH:Cl» (70 mi). The yellowish suspen-
sion is dried at room temperature and, after 3 hours, 5 mi ofa suspension consisting of
DMTST (5.84 g, 22.61 mmol), 4A molecular sieves (4.0 g) and CH.Cl» {35 mi) are added.
Further 5 mi portions of this DMTST suspension are added after 30, 45 and 90 minutes
respectively. The brown reaction mixture is then stirred for 15 hours, and thereafter filtered
through Hyflo Super Cel” (filter aid), washing with CHzCla (300 ml). The filtrate is extracted
by shaking first with 10 % aqueous NaHCOj; solution and then with saturated NaCl solution,
and the organic phase is dried with Na,SO,, filtered and concentrated in a vacuum rotary
evaporator. The remaining brown foam is purified by two column chromatographies on silica
gel (eluent for 1st chromatography: ethyl acetate/hexane 1:4; 2nd chromatography: ethyl
.acetate/toluene 1:9), resulting in the pure product 3 as a colourless solid (4.28 g, 60 %),
which is immediately used further.
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OH

HO
7o
8 ‘ HO
OH
b)
o OBn
BnOOBn
4

A solution of the tetrabenzoate 3 (3.38 g, 3.04 mmol) and sodium methoxide (0.165 g,

3.05 mmol) in dry methanol (32 ml) is sfirred at room temperature for 3 hours. The mixture is
neutralized by adding a strongly acidic ion exchanger {(Amberlyst 16) and then filtered
through Hyflo Super Cel®, washing with CH.Clp, The filtrate is concentrated in vacuo, and
the remaining yeliow oil is purified by flash chromatography on silica gel {elution: CHzCly/
methanol 19:1), resulting in the pure tetrol 4 (1.95 g, 92 %).

OH OH
HO HO oy E
(o] OM (o} o
HO N\, ?o
c)
o Ph 0
OBn OBn

BnO OBn BnO OBn

4 5

A solution of the tetrol 4 (1.0 g, 1.44 mmol), benzéldehyde dimethyl acetal (430 ml,

2.86 mmol) and camphorsulfonic acid (0.1 g, 0.43 mmol) in acetonitriie (20 mi) is stirred at
room temperature. After 4 hours, further camphorsulfonic acid (0.15 g, 0.65 mmol) is added
and the mixture is stirred for a further 6 hours at room temperature, after which it is heated
at 35°C for a further 6 hours. Then further camphorsuifonic acid (0.06 g, 0.26 mmol) is
added, and the solution is stirred at room temperature for 6 hours. The reaction mixture is
filtered through Hyflo Super Cel®, washing with ethyl acetate. The filtrate is extracted by
shaking first with saturated aqueous NaHCO; solution aﬁd then with saturated NaCi
solution, and the organic phase is dried (Na,SO,), filtered and concentrated in vacuo, resul-
ting in 1.5 g of crude product. Purification of the crude product by flash chromatography on
silica gel (CH2Clo/MeOH 39:1) affords, besides the required benzylidene acetal § (0.475 g),
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a mixture of less polar byproducts (0.4 g). The fatter are treated once again under the reac-
tion conditions described above and are purified, resulting in a further 0.08 g of the benzyli-
dene acetal 5. The total yield of 5 is: 0.555 g (49 %): 'H NMR (500 MHz, CDCls) § 7.53 -
7.51 (m, 2H), 7.38 - 7.19 {m, 18H), 5.62 (s, 1H), 4.88 (d, J=3.8 Hz, 1H), 4.77 (d, J=12.1 Hz,
1H), 4.71 (d, J=11.5 Hz, 1H), 4.70 (m, 1H), 4.66 (d, J=12.0 Hz, 1H), 4.62 (d, J=11.5Hz,
1H), 4.51 (d, J=11.1 Hz, 1H), 4.36 - 4.31 (m, 2H), 4.22 (br d, J=2.8 Hz, 1H), 4.06 (dd, J=1.7,
12.3 Hz, 1H), 3.97 (dd, J=2.9, 10.2 Hz, 1H), 3.92 (d, J=12.0 Hz, 1H), 3.90 (dd, J=3.8, 10.2
Hz, 1H), 3.76 - 3.68 (m, 3H), 3.53 (ddd, J=4.9, 9.0, 11.0 Hz, 1H), 3.43 (br s, 1H), 3.37 (d,
J=2.5 Hz, 1H), 2.57 (d, J=8.0 Hz, 1H), 2,51 (s, 1H), 2.08 (m, 2H), 1.73 (br d, J=8.5 Hz, 2H),
1.42-1.25 {m, 2H), 1.20 (br t, J=11.2 Hz, 2H), 1.07 (d, J=6.3 Hz, 3H); MS (FAB, THG) 800
(M + NHy), 783 (M + H).

A mixture of the diol 5 (0.098 g, 0.125 mmol), di-n-butyitin oxide (0.062 g, 0.256 mmol) and
methanol (5 ml) is heated under reflux in an argon atmosphere for 2 hours. The reaction
mixture is concentrated in vacuo, and pentane is added to the residue, after which it is con-
centrated once again. Dry CsF (dried under high vacuum at 300°C, 0.068 g, 0.45 mmol) is
added under an argon atmosphere, and the mixture is further dried under high vacuum

(30 minutes). After addition of anhydrous 1,2-dimethoxyethane (1.5 mi), a solution of
benzy! R-3-phenyl-2-triflucromethanesulfonyloxyproplonate [Dsgerbeck, F., Fransson, B.,
Grehn, L., Ragnarsson, U., J. Chem. Soc. Perkin Trans. 1:11-14 (1993)] (0.24 g,

0.62 mmo!) in dry 1,2-dimethoxyethane (1.5 ml) is added. The mixture is first vigorously
stirred at roorn temperature for 4 hours and then at 40°C for a further 2 hours. After addition
of aqueous 1M KHzPO; solution, the mixture is diluted with water and extracted three times
with ethyl acetate. The combined organic phases are extracted by shaking with diluted
aqueous KF solution and then with saturated NaCl solution. The organic phase is dried
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{Na>SO,), filtered and concentrated in a vacuum rotary evaporator, resulting in the crude
product. Purification by flash chromatography on silica gel (gradient elution: ethyl acetate/
toluene 1:4 to 100 % ethyl acetate) affords the ether 6 {0.045 g, 35 %) and the more polar
precursor 5 {0.043 g, 44 %): 'H NMR (250 MHz, CDCls) & 7.49 (br d, J=6.9 Hz, 2H), 7.37 -
7.05 (m, 28H), 5.36 (s, 1H), 5.04 (d, J=12.0 Hz, 1H), 4.98 (d, J=12.0 Hz, 1H), 4.72 - 4.63
(m, 3H), 4.62 - 4.48 (m, 4H), 4.31 (d, J=11.2 Hz, 1H), 4.16 {m, 1H), 4.11 (d, J=7.9 Hz, 1H),
4.07 (d, J=3.4 Hz, 1H), 3.88 - 3.79 (m, 2H), 3.76 (dd, J=3.4, 10.3 Hz, 1H), 3.66 (d, J=11.3
Hz, 1H), 3.62 - 3.47 (m, 2H), 3.44 - 3.35 {m, 1H), 3.36 (dd, J=3.5, 9.6 Hz, 1H), 3.16 - 3.06 - '
(m, 2H), 3.12 (br s, 1H), 3.01 (dd, J=B.4, 13.9 Hz, 1H), 2.03 - 1.86 (m, 2H), 1.93 (d, J=2.0
Hz, 1H), 1.71 - 1.65 (m, 2H), 1.36 - 1.00 (m, 4H), 0.99 (d, J=7.1 Hz, 3H).

i OH
’ O
° W%M
Ph
HO OH :

Dioxane (2.5 ml), water (1.2 ml) and glacial acetic acid (0.1 mi) are added to a mixture of
Pd(OH)./C {Peariman catalyst, Pd content 20 %, 0.03 g) and the protectaed compound 6
(0.03 g, 0.029 mmol). The flask is evacuated and flushed with argon several times. It is then
flushed with hydrogen, and the black reaction mixture is hydrogenated under a slightly ele-
vated pressure of hydrogen at room temperature for 13 hours, and then filtered through a
cellulose filter (pore size 45 pum). The filtrate is concentrated in vacuo, and the residue is
taken up with water and concentrated again several times in order to remove excess acetic
acid. A solution of the residue in water is passed through a Dowex50 ion exchange column
{Na* form, diameter of the column 0.9 cm, length 3.5 cm), washing with deionized water.
The clear filtrate is concentrated and purified by reverse phase chromatography (RP18
silica gel, column diameter 1.4 cm, length 7.0 cm, gradient elution: 40 % MeOH/ H.O
through 45 % MeOH/H20 to 50 % MeOH/H20), resuliting in the target molecule B1.1 (0.015
g, 78 %) as a colourless solid: 'H NMR (600 MHz, D;0) 5 7.38 - 7.30 (m, 4H), 7.29 - 7.23
(m, 1H), 4.92 (d, J=4.0 Hz, 1H), 4.55 (g, J=6.7 Hz, 1H), 4.35 (d, J=7.8 Hz, 1H), 4.11 (dd,
J=4.8, 8.5 Hz, 1H), 3.86 (d, J=3.6 Hz, 1H), 3.84 (dd, J=3.3, 10.5 Hz, 1H), 3.74 (d, J=3.5 Hz,
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1H), 3.71 (dd, J=3.9, 10.5 Hz, 1H), 3.69 - 3.62 (m, 3H), 3.50 (ddd, J=1.0, 4.5, 7.1 Hz, 1H),
3.48 - 3.41 (m, 1H), 3.43 (dd, J=8.0, 9.7 Hz, 1H), 3.24 (dd, J=3.5, 9.7 Hz, 1H), 3.09 (dd,
J=4.6, 14.0 Hz, 1H), 2.92 (dd, J=8.8, 14.0 Hz, 1H), 2.06 - 1.97 (m, 2H), 1.63 (br s, 2H), 1.24
-1.14 (m, 4H), 1.13 (d, J=7.0 Hz, 3H); *C NMR (100.6 MHz, APT, D.0) d 139.5 (C,), 130.7
(2 CH), 129.9 (2 CH), 128.0 (CH), 100.8 (CH), 96.8 (CH), 84.0 (CH), 83.3 (CH), 79.6 (CH),
78.4 (CH), 75.6 (CH), 73.3 (CH), 71.4 (CH), 70.9 (CH), 69.2 (CH), 67.7 (CH), 67.4 (CH),
62.8 (CHy), 40.6 (CHy), 30.9 (CH), 30.4 (CHy), 24.4 (2 CHy), 16.6 (CHa); MS (FAB, THG)
595 (M+Na), 573 (M+H). :

CQO0Bn
OH OH
HO > o o—’_yx
o o,.m Ph °
f) HO OH HO OH
% OBn e OBn
B0 OBn BnOOBn
4 8

A mixture of the tetro! 4 (0.038 g, 0.055 mmol} and di-n-butyitin oxide (0.029 g, 0.117 mmol)
in dry methanol (2.0 mi) is heated under refiux in an argon atmosphere. After 2.25 hours,
the clear, colouﬁess solution is concentrated in vacuo, and the residue is mixed with
benzene and concentrated several times in order to remove excess MeOH. It is then dried
under high vacuum for 30 minutes, and the residue is mixed under an argon atmosphere
with CsF (dried under high vacuum at 300°C, 0.03 g, 0.197 mmol) and dry 1,2-dimethoxy-
ethane (0.4 ml). The mixture is cooled to 0°C, and a solution of benzyl R-3-phenyl-2-tri-
fluoromethanesulfonyloxypropionate [Degerbeck, F., Fransson, B., Grehn, L., Ragnarsson,
U., J. Chem. Soc. Perkin Trans. 1:11-14 (1993)] (0.085 g, 0.219 mmol) in dry 1,2-dimeth-
oxyethane (0.4 mi) is added using a syringe. The reaction mixture is then warmed to room
temperature and stirred for one hour, after which it is stirred at 40°C for a further 2 hours.
After addition of aqueous 1M KH,PQ; solution, the mixture is diluted with water and
extracted three times with CH:Cl,, The combined organic phases are washed with aqueous
KF solution and then dried (Na:SQ,), filtered and concentrated in vacuo. Purification of the
residue takes place by flash chromatography twice on silica gel (first chromatography: 2 %
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MeOH/CHCIs; second chromatography: 45 % ethyl acetate/toluene), resulting in the ether 8
as an oil (0.013 g, 25 %): 'H NMR (250 MHz, CDCls) § 7.40 - 7.00 (m, 25H), 5.15 (d, J=11.6
Hz, 1H), 5.09 (d, J=11.6 Hz, 1H), 4.89 (d, J=11.8 Hz, 1H), 4.86 (d, J=3.2 Hz, 1H), 4.77 (d,
J=11,6 Hz, 1H), 4.69 (d, J=12.0 Hz, 2H), 4.57 (d, J=12.0 Hz, 1H), 4.56 (d, J=11.8 Hz, 1H),
4,35 (q, J=6.5 Hz, 1H), 4.28 (dd, J=4.0, 9.5 Hz, 1H), 4.11 {d, J=7.6 Hz, 1H), 4.02 - 3.88 {m,
2H), 3.79 (dd, J=7.3, 11.9 Hz, 1H), 3.66 (br s, 1H), 3.63 - 3.40 (m, 5H), 3.22 (m, 1H), 3.10
(dd, J=4.0, 14.0 Hz, 1H), 3.09 (br s, 1H), 3.03 (dd, J=3.5, 9.3 Hz, 1H), 2.90 (dd, J=0.5, 14.0
Hz, 1H), 1.97 - 1.84 (m, 2H), 1.75 (d, J=1.9 Hz, 1H), 1.59 (br s, 2H), 1.29 - 1.07 (m, 4H),
1.01 {d, J=6.4 Hz, 3H).

9)

1,4-Dioxane/water (2.0 mi of a 4:1 mixture) is added to the protected carbohydrate 8 {0.03
g, 0.032 mmol) and Pd/C (0.03 g, Pd content 10 %), followed by glacial acetic acid (0.1 ml).
The flask is evacuated and flushed with argon several times. This procedure is repeated
with hydrogen. The mixture is hydrogenated under a slightly elevated pressure of hydrogen
with vigorous stirring until a test by thin-layer chromatography (silica gel plates n-BuOH:
H.O:acetone:glacial acetic acid: NH,OH 70:60:50:18:1.5) indicates absence of the precur-
sor and of the intermediates (about 3.5 hours). The black suspension is filtered twice
through a cellulose filter (pore size 45 um), and the filirate is concentrated in vacuo. The

residue is taken up in water and the solution is passed through an ion exchanger column
(Dowex 50, Na* form, column diameter 0.9 cm, length 3.5 cm), washing with deionized
water. The filtrate is concentrated and purified by reverse phase chromatography (RP18
silica gel, column diameter 1.4 cm, length 7.0 cm, gradient elution: 40 % MeOH/H,O
through 45 % MeOH/H20 to 50 % MeOH/H;0), resuiting in the target molecule B1.1 (0.015
g, 78 %) as a colourless solid.
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Example B2: Preparation of compound No. B1.2

Bt.1——>

Bt.2

The aromatic compound B1.1 (0.152 g, 0.256 mmol) and 5 % Rh/AlOs (0.2 g) are taken up
in H2O (5.5 ml), dioxane (3.5 mi) and acetic acid (1.0 ml). Air is repiaced by multiple evacua-
tion, firstly by argon and then by hydrogen. The black suspension is hydrogenated under a
slightly elevated pressure of hydrogen with vigorous stirring for 2 days and then filtered .
through a cellulose filter {pore size 45 um). The clear, colouriess solution is concentrated in -
vacuo, and the residue is taken up in water and concentrated several times in order to
remove excess acetic acid. A solution of the crude product in water is filtered through a
Dowex 50 ion exchanger column (Na” form, length: 9 cm, diameter: 1.3 cm), and the column
is washed with water. The filtrate is concentrated in vacuo, and the residue (0.16 g) is puri-
fied by gel filtration on Bio-Gel P2 {particle size 65 um, column diameter 2.5 cm, length 100
cm, eluent: water, flow rate 0.55 mi/min, detection at 215 nm) and subsequent reverse
phase chromatography (Merck RP18 silica gel, elution: 556 % MeOH/H;0), resutlting in the
target molecule B1.2 (0.11 g, 73 %) as a fluffy white solid (after lyophilization). 'H NMR (500
MHz, D20) 8 4.93 (d, J=3.8 Hz, 1H), 4.58 (g, J=6.4 Hz, 1H), 4.43 (d, J=7.5 Hz, 1H), 3.91
(dd, J=3.5, 9.0 Hz, 1H), 3.88 - 3.83 (m, 2H), 3.75 (d, J=3.3 Hz, 1H), 3.73 - 3.64 {m, 4H),
3.57 - 3.53 (m, 1H), 3.49 (dd, J=7.3, 9.0 Hz, 1H), 3.50 - 3.43 (m, 1H), 3.33 (dd, J=3.2,9.2
Hz, 1H), 2.10 - 1.99 (m, 2H), 1.73 (br d, J=12.0 Hz, 1H), 1.69 - 1.44 (m, 8H), 1.29 - 1.07 (m,
7H), 1.14 (d, J=6.5 Hz, 3H), 0.96 - 0.80 (m, 2H); MS (FAB, THG) 623 (M+Na), 601 (M+H).
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Exampie B3: Preparation of compound No, B1.3

A suspension consisting of the benzylidene acetal 9 {0.5 g, 1.60 mmol) (EP 671,406),
sodium cyanoborohydride (0.9 g, 14.3 mmol), activated 4A molecular sieves (1.0 g) and dry
tetrahydrofuran (30 mi) is cooled to 0°C under a nitrogen atmosphere. The pH of the mix-
ture is adjusted to 1 by cautious addition of a saturated solution of HCl gas in dry diethyl
ether. The suspension is stirred at 0°C, and the pH is kept at 1 by occasional addition of the
ethereal HCI solution. After 10 hours, cold, saturated aqueous NaHCO; solution is added
(30 ml). The organic phase is separated off, and the aqueous phase is extracted twice with
ethyl acetate (70 mi each time). The combined organic phases are dried (Na;SO,), filtered
and concentrated in vacuo, resdlting in 1.3 g of the crude product. Purification takes place
by flash chromatography on silica gel (CHCls/isopropanol 19:1), resulting in the required 6-
benzy! ether 10 (0.3 g, 60 %) and a somewhat less polar byproduct (0.045 g): 'H NMR (250
MHz, CDCls) § 7.47 - 7.38 (m, 5H), 4.64 (s, 2H), 4.37 (d, J=9.3 Hz, 1H), 4.13 (br d, J=3.0
Hz, 1H), 3.89 - 3.69 (m, 4H), 3.64 (dd, J=3.1, 9.0 Hz, 1H), 2.89 - 2.70 (m, 2H), 1.38 {t, =73
Hz, 3H).

Bz0 _oBn
0O
b) i0 ——» BzO SEt
BzO
1"

Pyridine (0.45 ml, 5.56 mmol) and benzoyl chloride (0.49 ml, 4.22 mmol) are added to a
solution of the triol 10 (0.296 g, 0.941 mmol) in CH,Cl. (3.0 ml) at 0°C. The reaction mixture
is stirred at 0°C for 3.5 hours and then 1 M aqueous KH.PO; solution is added, and the
mixture is extracted three times with CH.Cl.. The combined organic phases are washed
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with water, dried (Na2SO,), filtered and concentrated in vacuo, resulting in 1.0 g of crude
product. Purification by flash chromatography on silica gel (hexane/ethyl acetate 4:1) gives
the tribenzoate 11 as yellowish crystals (0.517 g, 88 %). 'H NMR (250 MHz, CDCl5) 5 8.09
(d, J=7.5 Hz, 2H), 8.02 (d, J=7.5 Hz, 2H), 7.85 (d, J=7.5 Hz, 2H), 7.68 (t, J=7.4 Hz, 1H),
7.63 - 7.39 (m, 7H), 7.38 - 7.23 (m, 6H), 6.06 (d, J=3.3 Hz, 1H), 5.85 {t, J=10.0 Hz, 1H),
5.66 {(dd, J=3.5, 10.0 Hz, 1H), 4.88 (d, J=10.0 Hz, 1H), 4.60 (d, J=11.9 Hz, 1H), 4.49 (d,
J=11.9 Hz, 1H), 4.23 (t, J=6.3 Hz, 1H), 3.84 .3.64 (m, 2H), 3.02 - 2.80 {m, 2H), 1.38 (t,
J=7.5 Hz, 3H).

BT /A ARCASS
11 + ———
97 _oBn B20 “opp
c) a8
BnO OB" 07 oBn
BnOOB“
2 12

Dry CH:Cl. (8.0 ml) is added to a mixture of the thioglycoside 11 (0.377 g, 0.60 mmol), the
glycosyl acceptor 2 (0.32 g, 0.60 mmo) (EP 671,409) and activated 4A molecular sieves
(2.5 g) under an argon atmosphere. A suspension of DMTST (0.39 g, 1.51 mmol) and acti-
vated 4A molecular sieves (0.8 g) in dry CH:Cl, (6.0 ml) is prepared in a second round-
bottom flask. Both suspensions are stirred at room temperature for 3.5 hours. Then 3 por-
tions of 1 ml of the DMTST suspension are added over a course of one hour to the glycosyl
donor/acceptor mixture. The yellowish reaction mixture is stired at room temperature for a
further 1.5 hours and then filtered through Hyflo Super Cel®, washing with CHCl,. The fil-
trate is extracted by shaking with aqueous NaHCOj; solution and then with water. The
aqueous phases are reextracted with CH.Cl,, and the combined organic phases are dried
(Na2S0,), filtered and concentrated in vacuo, resulting in 0.67 g of the crude product. Puri-
fication takes place by flash chromatography twice on silica gel (first chromatography:
toluene/ethyl acetate 14:1; second chromatography: hexane/ethyl acetate 4:1), resulting in
the product 12 (0.404 g, 61 %) as a colourless foam.
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A solution of the tribenzoate 12 {3.42 g, 3.12 mmol) and sodium methoxide (0.169 g,

3.12 mmol) in methanol (65 mi) is stirred at room temperature for 6 hours. The base is then
neutralized by adding acidic ion exchanger (Amberlyst 15), and the suspension is filtered
through Hyflo Super Cel®. The filtrate is concentrated in vacuo, and the remaining yellow oil
(3.35 g) is purified by flash chromatography on silica gel (CH2Clo/MeOH, 19:1), resulting in
the triol 18 (2.15 g, 88 %) as a colourless foam: 'H NMR (500 MHz, CDCls) 8 7.41 - 7.24 (m,
20H), 4.99 (d, J=3.6 Hz, 1H), 4.95 (d, J=11.2 Hz, 1H), 4.83'(d, J=11.2 Hz, 1H), 4.77 (d,
J=11.3 Hz, 1H), 4.69 (d, J=11.3 Hz, 1H), 4.68 (4, J=11.5 Hz, 1H), 4.61 (d, J=11.5 Hz, 1H),
4.53 (s, 2H), 4.34 (d, J=7.0 Hz, 1H), 4.33 (m, 1H}, 4.04 (dd, J=3.7, 10.1 Hz, 1H), 4.02 (m,
1H), 3.97 (dd, J=2.9, 10.0 Hz, 1H), 3.81 - 3.77 (m, 1H), 3.77 (dd, J=6.0, 8.4 Hz, 1H), 3.70
(dd, J=5.0, 9.6 Hz, 1H), 3.65 (d, J=2.0 Hz, 1H), 3.63 - 3.54 (m, 4H), 2.95 (br s, 1H), 2.60 (br
d, J=2.0 Hz, 2H), 2.07 {m, 1H), 2.01 (m, 1H), 1.69 (m, 2H), 1.45 - 1.30 (m, 2H), 1.29 - 1.18
(m, 2H), 1.10 (d, J=6.5 Hz, 3H); M8 (FAB, THG) 783 (M-H), 693 (M-PhCi).

COOoBN
OH /\/loL oH
T XA+ WY om —> [ 07oe
HO 'OBn ot M ©
HO O©OBn
e) Al
OBn 0
BrO 98B0 Bk 08"
13 14

A mixture of the triol 13 (0.515 g, 0.656 mmol) and di-n-butyitin oxide (0.245 g, 0.984 mmof)
in dry methanol (15 ml) is heated under refiux in a nitrogen atmosphere for 2 hours. The
clear solution is concentrated in vacuo and taken up in benzene and concentrated three



WO 97/01569 PCT/EPI6/02785

-50-

times in order to remove excess MeOH. The residue is dried under high vacuum and then
dry CsF (dried under high vacuum at 300°C, 0.5 g, 3.29 mmol) is added under an argon
atmosphere, followed by dry 1,2-dimethoxyethane (4.0 ml) and a solution of benzyl
R-3-azido-2-trifluoromethanesulfonyloxypropionate A1 (1.16 g, 3.28 mmol) in dry 1,2-di-
methoxyethane (8.0 ml). The reaction mixture is stirred at room temperature for 6 hours,
and then 1 M aqueous KH,PO, solution (60 ml) is added. The mixture is extracted three
times with ethyl acetate, and the combined organic phases are washed first with aqueous
NaHCO:; solution and then with NaCl solution, dried {(Na.SQ,), filttered and concentrated in -
vacuo. The oily residue (1.15 g) is purified by flash chromatography on silica gel (elution of
the prodﬁct with toluene/ethy! acetate 4:1, then elution of the precursor with CH.Cl./MeOH
19:1), resulting in the ether 14 (0.488 g, 75 %) as a colouriess foam and the precursor 13
(0.075 g, 15 %). 14: 'H NMR (500 MMz, CDCly) 5 7.40 - 7.22 (m, 25H), 5.25 (d, J=11.7 Hz,
1H), 5.16 (d, J=11.8 Hz, 1H), 4.96 (d, J=10.9 Hz, 1H), 4.95 (d, J=3.1 Hz, 1H), 4.82 (d,
J=10.8 Hz, 1H), 4.76 (d, J=11.1 Hz, 1H), 4.72 - 4.66 (m, 2H), 4.62 (d, J=11.0 Hz, 1H), 4.57
(dd, J=3.2, 6.0 Hz, 1H), 4.53 (d, J=11.3 Hz, 1H), 4.50 {d, J=11.3 Hz, 1H), 4.39 (q, J=6.2 Hz,
1H), 4.31 {d, J=7.4 Hz, 1H), 4.04 (br s, 1H), 4.02 (dd, J=3.0, 9.5 Hz, 1H), 3.99 (dd, J=2.4,
9.5 Hz, 1H), 3.82 (ddd, J=1.9, 7.3, 8.9 Hz, 1H), 3.77 (dd, J=6.0, 9.2 Hz, 1H), 3.78 - 3.74 (m,
1H), 3.70 - 3.65 (m, 2H), 3.63 (dd, J=3.0, 12.3 Hz, 1H), 3.58 (ddd, J=4.2, 8.0, 9.5 Hz, 1H),
3.563 (dd, J=6.0, 12.5 Hz, 1H), 3.55 - 3.51 (m, 1H), 3.44 (dd, J=3.1, 9.0 Hz, 1H), 2.90 (dd,
J=1.2, 1.8 Hz, 1 OH), 2.86 (d, 2.0 Hz, 1 OH), 2.09 - 1.96 {m, 2H), 1.68 (m, 2H), 1.44-1.18
{m, 4H), 1.11 (d, J=6.3 Hz, 3H); MS (FAB, THG) 1010 (M+Na), 984 (M+Na+2H-N,), 862
(M+-3H-N,).

1% — ﬁOﬁ\o/yA

NH,
HO OBn
f)
07 _oen
Bnooan
16

Pt/BaS0O, (0.35 g, Pt content: 5 %) is added to a solution of the azide 14 (0.11 g,
0.111 mmol) in ethyl acetate (12 mi). The flask is evacuated and flushed with argon several
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times. It is then flushed with hydrogen, and the mixture is hydrogenated under atmospheric
pressure with vigorous stirring. The hydrogenation is stopped after 2.5 hours, the suspen-
sion is filtered through a cellulose 'ﬁlter (pore size 45 um), and the fitrate is concentrated in
vacuo. The residue (0.115 g) is purified by flash chromatography on silica gel (CHzClo/
MeCH 19:1), resulting not only in the required amine 16 (0.055 g, 51 %) but also the less
polar precursor 14 (0.042 g, 38 %). The amine 16 is unstable and is used immediately for
further experiments.

—
o o Lra AN Ph._ _NH °
\[r HO ‘OH
g) HO 0Bn g
o)
o OBn OH OH
BnOOB" HO
17 B1.3

(i) Preparation of the benzamide intermediate 17: diisopropylethylamine (3.5 ml, 0.02 mmol)
and benzotriazof-1-yloxytripyrrolidinophosphonium hexafiuorophosphate (PyBOP) (0.012 g,
0.0271 mmol) are added at 0°C 1o a solution of the B-amino acid derivative 16 (0.013 g,
0.0135 mmol) and benzoic acid (0.0033 g, 0.027 mmol) in dry THF (0.5 ml). The reaction
mixture is stirred for 45 minutes, after which saturated aqueous NaH(:Oa solution is added.
The mixiure is extracted three times with CH.Cl,, and the combined organic phases are
washed first with 1 M aqueous KH.PO, solution (pH 1-2, adjusted with 1 M aqueous HCI)
and then with aqueous NaHCO; solufion, dried (Na:S0O,), filtered and concentrated in
vacuo. The residue is purified by column chromatography on silica gel (gradient elution:

35 % ethyl acetateftoluene to 40 % ethyl acetate/toluene), resulting in the benzamide 17
(0.0098 g, 68 %).

(i) Deprotection of 17: dioxane (1.5 mi), water (0.7 mi) and glaciai acetic acid (0.1 ml) are
added to a mixture of Pd{OH),/C (Peariman catalyst, Pd content 20%, 0.011 g} and the
benzyl ether 17 (0.00§7g, 0.0091 mmol). The flask is evacuated and flushed with argon
several times. It is then flushed with hydrogen, and the black mixture is hydrogenated under
slightly elevated pressure with vigorous stirring for 14 hours. The mixture is filtered through
a cellulose filter (pore size 45 um), and the filtrate is concentrated in vacuo. The residue is
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taken up in water and concentrated several times in order to remove excess acetic acid. A
solution of the crude product with a littie water is then passed through anion exchanget
column {Dowex 50, Na* form, column diameter 0.9 cm, length 3.5 cm), washing with deioni-
zed water. The.filtrate is concentrated in vacuo, and the residue (0.007 g) is purified by ge!
filtration on Bio-Gel P2 (particle size 65 um, column diameter 2.5 cm, length 35 cm, eluent: -
water, flow rate 0.59 mi/min, detection at 230 nm) and subsequent reverse phase chromato-
graphy (Merck RP18 silica gel, gradient elution: 37 % MeOH/H.0 to 45 % MeOH/H0),
resulting in the target molecule B1.3 (3.3 mg, 58 %) as a fiuffy white solid, (after lyophili-
zation). 'H NMR (500 MHz, D:0) 8§ 7.74 (d, J=7.5 Hz, 2H), 7.57 {t, J=7.2 Hz, 1H), 7.48 (,
J=7.6 Hi, 2H), 4.92 (d, J=4.0 Hz, 1H), 4.57 (q, J=6.7 Hz, 1H), 4.44 (d, J=7.8 Hz, 1H), 4.17
{dd, J=3-.9, 8.1 Hz, 1H); 3.94 (d, J=3.0 Hz, 1H), 3.86 (d, J=3.5 Hz, 1H), 3.84 (t, J=4.0 Hz,
1H), 3.74 (d, J=3.5 Hz, 1H), 3.75 - 3.65 (m, 4H), 3.60 - 3.52 (m, 3H), 3.49 -3.44 (m, 1H),
3.45 (dd, J=3.5, 9.3 Hz,-1H), 2.03 (m, 2H), 1.64 (br s, 2H), 1.26 - 1.13 (m, 4H), 1.11 (d,
J=6.5 Hz, 3H); MS (FAB, THG) 660 {M+Na), 638 (M+H).

Example B4: Preparation of compound No. B1.4

(a) Preparation of the amide intermediate 19: diisopropylcarbodiimide (20 ml, 0.129 mmol)
is added at room temperature to a solution of the amine 16 (0.032 g, 0.033 mmol), dihydro-
cinnamic acid (0.015 g, 0.1 mmol), 1-hydroxybenzotriazole {0.025 g, 0.185 mmol)} in dry
THF (1.0 mi). The reaction mixture is stirred for 30 minutes and then concentrated in vacuo.
The residue (0.09 g) is purified by flash chromatography twice on silica gel {eluent for the
first chromatography: CH.Cl/MeOH 39:1, for the second chromatography: CH,Cl./isopro-
panol 39:1), resulting in the pure amide 19 (0.031 g, 86 %). '
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(b) Deprotection of 19: dioxane (2.0 mi), water (1.0 mi) and glacial acetic acid (0.5 mi) are
added to a mixture of Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.035 g) and the
benzyl ether 19 (0.031g, 0.0283 mmol). The flask is evacuated and flushed with argon
several times. It is then flushed with hydrogen, and the black mixture is hydrogenated under
a slightly elevated pressure of hydrogen with vigorous stirring for 18 hours. The mixture is
filtered through a cellulose filter (pore size 45 pm), and the filtrate is concentrated in vacuo.
The residue is mixed with toluene (about 2 ml) and concentrated several times in order to
remove excess acetic acid. A solution of the crude product (0.021 g) in a littie water is then
passed through an ion exchanger column (Dowex 50, Na* form, column diameter 0.9 cm,
length 3.5 cm), washing with deionized water. The filtrate is concentrated in vacuo, and the
residue (0.02 g) is purified by reverse phase chromatography (Merck RP18 sifica gel,
column diameter 1.2 cm, length 6 cm, eluent: 60 % MeOH/H,0) and subsequent ge! filtra-
tion on Bio-Gel P2 (particle size 65 pum, column diameter 2.5 cm, length 35 cm, water, flow

rate 0.5 mi/min, detection at 215 nm), resulting in the target molecule B1.4 {0.014 g, 74 %)
as a fluffy colouriess solid (after lyophilization). 'H NMR (500 MHz, D;0) § 7.32 (m, 2H),
7.24 (m, 3H), 4.93 (d, J=4,1 Hz, 1H), 4.57 (q, J=6.7 Hz, 1H), 4.40 (d, J=8.0 Hz, 1H), 3.9 -
3.84 (m, 3H), 3.75 - 3.66 (m, 5H), 3.63 (dd, J=3.8, 14.0 Hz, 1H), 3.53 (br dd, J=4.5, 7.5 Hz,
1H), 3.49 {dd, J=7.9, 9.6 Hz, 1H), 3.50 - 3.44 (m, 1H), 3.23 (dd, J=7.8, 14.0 Hz, 1H), 3.15
{dd, J=3.2, 9.8 Hz, 1H), 2.88 (brt, J=7.3 Hz, 2H), 2.568 - 2.45 (m, 2H), 2.08 (m, tH), 2.03 (m,
1H), 1.67 (br s, 2H), 1.30 - 1.15 (m, 4H), 1.13 (d, J=6.6 Hz, 3H); MS (FAB) 666 (M+H), 643
{M+H-Na).

Example B5: Preparation of compound No. B1.5

. GQ0Bn ' Na
OH OH
16 —>» . r o °/M — (o} o
o HO ©OBn o HO ©OH
T 0
Bno B0 ' HoOH
HO HO

21 BiS
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{a) Preparation of the amide intermediate 21: diisopropylcarbodiimide (16 mi, 0.103 mmol)
is added with stirring at room temperature to a solution of the amine 16 (0.026 g,

0.027 mmol), sodium 4-hydroxybutyrate (0.010 g, 0.079 mmol), 1-hydroxybenZotriazole
{0.020 g, 0.148 mmol) in a mixture of dry THF (1.0 ml) and DMF (0.2 ml). After 4 hours,
further DMF (dimethyiformamide) (0.2 mi) is added, and the mixture is stirred for a further
13 hours. After the volatile constituents (including DMF) have been distilled off under high
vacuum, the residue {0.09 g) is purified by flash chromatography on silica gel {CH,Cl/
MeOH 29:1), resulting in the amide 21 (0.02 g, 71 %).

(b) Deprotection of 21: dioxane (2.0 mi), water (1.0 ml) and glacial acetic acid (0.5 ml) are
added to 2 mixture of Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.04 g) and the
benzyl ether 21 (0.036 g, 0.034 mmol). The flask is evacuated and flushed with argon seve-
ral times. it is then flushed with hydrogen, and the black mixture is hydrogenated under a
sli'g'htly elevated pressure of hydrogen with vigorous stirring for 18 hours. The mixture is
filtered through a csllulose filter {pore size 45 um), and the filirate is concentrated in vacuo.
The residue is mixed with toluene (about 2 ml) and concentrated several times in order to
remove excess acetic acid. A solution of the crude product (0.022 g) in a little water is then
passed through an ion exchanger column (Dowex 50, Na* form, column diameter 0.9 cm,
length 3.5 cm), washing with deionized water. The filtrate is concentrated in vacuo, and the
residue (0.02 g) is purified by gel filtration on Bic-Gel P2 (particle size 65 um, column dia-
meter 2.5 cm, length 35 cm, water, flow rate 0.5 ml/min, detection at 215 nm) and subse-
quent reverse phase chromatography {(Merck RP18 silica gel, column diameter 1.2 cm,
length 6 cm, eluent: MeOH/H,0 1:4), resulting in the target molecule B1.5 (0.015 g, 70 %)
as a fluffy colouriess solid (after lyophilization). 'H NMR (500 MHz, D;0) § 4.93 (d, J=3.9
Hz, 1H), 4.58 (q, J=6.7 Hz, 1H), 4.47 (d, J=7.5 Hz, 1H), 4.04 (dd, J=3.8, 7.3 Hz, 1H), 3.92
(d, J=3.2 Hz, 1H), 3.86 (dd, J=3.4, 10.2 Hz, 1H), 3.75 (d, J=3.5 Hz, 1H), 3.74 - 3.65 (m, 4H),
3.62 (dd, J=3.9, 14.0 Hz, 1H), 3.59 - 3.51 (m, 2H), 3.55 (t, J=6.3 Hz, 2H), 3.50 - 3.44 (m,
1H), 3.43 (dd, J=3.5, 9.8 Hz, 1H), 3.38 (dd, J=7.5, 14.0 Hz, 1H), 2.27 (, J=7.4 Hz, 2H), 2.11
- 2.00 (m, 2H), 1.77 {p, J=7.1 Hz, 2H), 1.65 (br s, 2H), 1.29 - 1,13 (m, 4H), 1.15 (d, J=6.8
Hz, 3H). MS (FAB) 643 (M+H-Na}, 620 (M+H), 538 (M+2H-Na).
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Example B6: Preparation of compound No. B1.6

COOBn | COMH
OH OH
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Dioxane (2.0 mi), water (1.0 mi) and glacial acetic acid (0.5 mi) are added to a mixture of
Pd(OH),/C (Peariman catalyst, Pd content 20%, 0.03 g) and the azide 14 (0.03 g,

0.03 mmol). The flask is evacuated and flushed with argon several times. It is then flushed
with hydrogen, and the black mixture is hydrogenated under a slightly elevated pressure of
hydrogen with vigorous stirring for 16 hours. The mixture is filtered through a cellulose filter
(pore size 45 um), and the filtrate is concentrated in vacuo. The residue is purified -by-gei
filtration on Bio-Gel P2 (particle size 65 um, column diameter 2.5 cm, length 35 cm, water,
flow rate 0.55 ml/min, detection 215 nm) and subsequent reverse phase chromatography
(Merck RP18 silica gel, column diameter 1.2 cm, length 7 cm, eluent: 25 % MeOH/H:0),
resulting in the targoet molecule B1.6 (0.011 g, 70 %} as a fluify colourless solid (after lyo-
philization). ’M NMR (500 MHz, D-0) § 4.93 (d, J=3.9 Hz, 1H), 4.58 (q, J=6.7 Hz, 1H), 4.48
(d, J=7.9 Hz, 1H), 4.22 (dd, J=3.7, 8.4 Hz, 1H), 3.98 (d, J=3.1 Hz, iH), 3.86 (dd, J=3.3, 9.9
Hz, 1H), 3.75 (d, J=3.3 Hz, 1H), 3.74 - 3.65 (m, 4H), 3.61 - 3.55 (m, 2H), 3.50 (dd, J=3.0,
9.3 Hz, 1H), 3.48 (m, 1H), 3.35 (dd, J=3.7, 12.9 Hz, 1H), 3.16 {(dd, J=8.5, 13.5 Hz, 1H), 2.10
- 2.00 {m, 2H), 1.65 (m, 2H), 1.29 - 1.15 (m, 4H), 1.14 (d, J=6.5 Hz, 3H); MS (FAB, THG)
510 (M-H).
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‘Example B7: Preparation of compound No. B81.7
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The amine B1.6 (0.09 g, 0.176 mmol) is dissolved in dry MeOH (1.5 ml) and CH.Cl. (1.8 ml)
and activated 3A molecular sieves (about 0.2 g), cinnamaldehyde (24 yl, 0.19 mmol) and
acetfic acid (8 ) are added. The yellowish suspension is stirred for 2 minutes and then
NaBH3(CN) (0.018 g, 0.286 mmol) is added. After 1.5 hours, the mixture is filtered through a
celiulose filter (pore size 45 pm), the ﬁ_lter is washed with.1:1 MeOH/ CH;Cl,, and the filtrate
is concentrated in vacuo. The glassy residue is taken up in water (5 ml), and the solution is
acidified (about pH 1-2) with 1 M hydrochloric acid (0.7 ml). The cloudy solution is again
filtered through a cellulose filter {pore size 45 um), and the filtrate is adjusted to pH 7 with
1 M sodium hydroxide solution (about 1 mi) and then concentrated. The residue is purified
by gel filtration on Bio-Gel P2 {particle size 65 um, column diameter 2.5 cm, length 100 cm,
eluent: water, flow rate 0.6 mi/min, detection at 215 nm) and subsequent reverse phase
chromatography (Merck RP18 silica gel, gradient elution: 50 % MeOH/H0 to 70 % MeOHI
H:0), resulting in the target molecule B1.7 (0.03 g, 27 %) as a flufly white solid (after lyophi-
lization). 'H NMR (500 MHz, D,0) & 7.48 (d, J=8.0 Hz, 2H), 7.41 - 7.31 (m, 3H), 6.83 (d,
J=15.4 Hz, 1H), 6.26 (dt, J=1 5.4, 7.0 Hz, 1H), 4.92 (d, J=3.8 Hz, 1H), 4.56 (q, J=6.3 Hz,
_1H), 4.43 (d, J=7.6 Hz, 1H), 4.31 (dd, J=3.5, 8.2 Hz, 1H), 3.98 (d, J=3.0 Hz, 1H), 3.88 - 3.81
(m, 2H), 3.84 (d, J=6.0 Hz, 1H}, 3.76 - 3.63 (m, 5H), 3.60 - 3.51 (m, 2H), 3.49 (dd, J=3.0,
10.4 Hz, 1H), 3.49 - 3.41 (m, 1H), 3.41 (dd, J=3.5, 13.2 Hz, 1H), 3.26 (dd, J=8.5, 13.2 Hz,
1H), 2.02 (m, 2H), 1.64 (br s, 2H), 1.27 - 1.12 (m, 4H), 1.12 (d, J=6.3 Hz, 3H); MS (FAB,
THG) 650 (M+Na), 628 (M+H).
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Example B8: Preparation of the compound No. B1.8

Phy o]
\?ij:,zua
N OH

B1.7 —_—

B1.8

A solution of the amino acid B1.7 {0.01 g, 0.0159 mmol) in 1 M aq. NaHCOa3 (0.1 ml)'is
cooled to 0°C and, while stirring vigorously, a 1 M solution of benzoyl chloride in benzene
(16.0 ul) is added. After 40 minutes, a further 8.0 pl of the benzoyl chioride solution is
added, after 130 minutes a further 3.0 pl and after a total of 3.5 hours a further 1.0 ul. After
a total of 4 hours, the reaction mixture is diluted with water and extracted with CHCl, in
order to remove the excess reagent. The agueous phase is concentrated in vacuo, and the
residue is purified by ge! filtration on Bio-Gel P2 (particie size 65 um, column diameter '
2.5 cm, length 35 cm, eluent: water, flow rate 0.49 ml/min, detection at 215 nm) and subse-'
quent reverse phase chromatography (Merck RP18 silica gel, gradient elution: 60 % MeOH/
H20 to 70 % MeOH/H:0), resulting in the target molecule B1.8 (7.9 mg, 66 %) as a fluffy
white solid (after lyophilization). 'H NMR (500 MHz, D-O): 1.4:1 mixture of rotamers, charac-
teristic signals: 8 7.52 - 7.24 (m, 10H, 2xPh), 6.71 (d, J=15.5 Hz, 0.42H, PhCH=CH), 6.42
(dt, J=15.5, 6.1 Hz, 0.42H, PhCH=CH), 6.39 (d, J=15.5 Hz, 0.58H, PhCH=CH), 6.13 (dit,
J=18.5, 5.6 Hz, 0.58H, PhCH=CH), 4.92 (d, J=4.0 Hz, 1H, Fuc-1H}, 1.16 (d, J=7.0 Hz,
1.26H, Fuc-6H), 1.11 (d, J=6.8 Hz, 1.74H, Fuc-6H); MS (FAB, THG) 776 (M+Na), 754
(M+H).
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Example B9: Preparation of compound No. B1.9 and No. B1.10

COH
OH (L oH
Bi.6 —» (o] o/m o
NH W' 7 o+ /N\ o OM
(e 1O OH CH, OH, HO ~OH
Ph 0 Ph Ph
1 OH : 97 on
HO HoOH
B1.9 B1.10

A CH_Cl, solution of freshly distilled benzaldehyde {0.083 g in 1.0 mi CHxCl,, 0.1 ml,

0.078 mmol), activated ah molecular sieves (0.1 g) and glacial acetic acid (5 pl,

0.087 mmol) are added to a solution of the amino acid B1.6 (0.04 g, 0.078 mmol) in MeOH/
CH:Cl (1:1, 1.0 ml). The suspension is stirred at room temperature and, after 2 minutes,
NaBH;(CN) (0.008 g, 0.129 mmol) is added. After 2.5 hours, a further 15 pl of the benzalde- -
hyde solution are added, and the mixture is stirred -for a further hour. The réaction mixture is
diluted with water, acidified with dilute acetic acid and filtered through a celfufose fiiter (pore
size 45 um), and the filtrate is adjusted to pH 8-9 with 1 M aqueous NaHCO; solution and
then concentrated. The residue is purified by gel filtration on Bio-Gel P2 (particle size 65
1m, column diameter 2.5 cm, lengfh 35 cm, eluent: water, fiow rate 0.5 mi/min, detection at
215 nm) and subsequent reverse phase chromatography (Merck RP18 silica gel, gradient
elution: 35 % MeOH/H:0 to 60 % MeOH/H,0), with elution first of the monobenzylamine
B1.9 {(0.020 g, 41 %) and then of the dibenzylamine B1.10 (0.005 g, 9 %).
Monobenzylamine B1.9: 'H NMR (500 MHz, D,0) 5 7.45 (s, 5H), 4.93 (d, J=4.0 Hz, 1H),
4.57 (g, J=6.7 Hz, 1H), 4.45 (d, J=7.6 Hz, 1H), 4.33 (dd, J=3.8, 8.8 Hz, 1H), 4.28 (d, J=13.3
Hz, 1H), 4.24 (d, J=13.3 Hz, 1H), 3.99 (d, J=3.1 Hz, 1H), 3.85 (dd, J=3.5, 10.2 Hz, 1H), 3.74
- 3.65 (m, 5H), 3.59 - 3.54 (m, 2H), 3.49 (dd, J=3.2, 9.7 Hz, 1H), 3.48 - 3.44 {(m, 1H), 3.42
(dd, J=3.7,13.2 Hz, 1 i-l), 3.26 (dd, J=8.9, 13.2 Hz, 1H), 2.04 (m, 2H), 1.65 (br s, 2H), 1.28 -
1.14 (m, 4H), 1.12 (d, J=6.7 Hz, 3H); MS (FAB, THG) 624 (M+Na), 602 (M+H).
Dibenzylamine B1.10: 'H NMR (500 MHz, D,O): the signals of the 6 H o to the N are very
broad at room temperature (d 4.10 - 3.60, 4H and 3.12 - 2.67, 2H) & 7.38 (s, 10H), 4.93 (d,
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J=4.0 Hz, 1H), 4.60 (g, J=6.6 Hz, 1H), 4.43 (d, J=8.0 Hz, 1H), 4.23 (dd, J=3.6, 8.5 Hz, 1H),
3.88 - 3.83 (m, 2H), 3.75 - 3.63 {m, 5H), 3.56 (dd, J=8.0, 9.3 Hz, 1H), 3.63 - 3.44 (m, 2H),
3.32 (dd, J=3.0, 9.5 Hz, 1H), 2.13 - 1.98 (m, 2H), 1.66 (br s, 2H), 1.31 - 1.10 {m, 4H), 1.14
(d, J=6.6 Hz, 3H); MS (FAB, THG) 714 (M+Na), 692 (M+H).

Example B10: Preparation of compounds No. B1.11 and No. B1.12

COOH COOH

(k OH OH

o] O + fo)

B1s —> | @/g\ X H\°€?\ A

/E HO ~OH N HO ~OH
o
H,C” “CH, OH 2L oH

HoOH HC CH, HC CH, , OH
B1.11 B1.12

A 1 M CH.Cl, solution of isobutyraldehyde (0.156 ml), activated 3A molecular sieves (0.2 g)
and glacial acetic acid. (10 pl, 0.17 mmol) are added to a solution of the amino acid B1.6.
{0.08 g, 0.156 mmol) in MeOH/ CH,Cl, {1:1, 2.0 ml). The suspension is stirred at room tem-
perature and, after one minute, NaBHs(CN) (0.018 g, 0.258 mmol) is added. Atter

60 minutes, the reaction mixture is diluted with water and filtered through a cellulose filter
(pore size 45 um), and the filtrate is' adjusted to pH 8-9 with 1 M aqueous NaHCQ; solution
and then concentrated. The residue is purified by gel filtration on Bio-Gel P2 (particle size
65 um, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.5 ml/min, detection
at 215 nm) and subsequent reverse phase chromatography (Merck RP18 silica gel, gradient
elution: 35 % MeOH/H,0 to 50 % MeOH/H,0), with elution first of the monoisobutylamine
B1.11 {0.041 g, 46 %) and then of the diisobutyiamine B1.12 (0.01 g, 10 %).
Monoisobutylamine B1.11: ‘H NMR (500 MHz, D;0) § 4.92 (d, /=4.0 Hz, 1H), 4.59 (q, J=6.7
Hz, 1H), 4.47 (d, J=7.8 Hz, 1H), 4.29 (dd, J=4.0, 9.0 Hz, 1H), 3.88 (d, J=3.5 Hz, 1H), 3.85
{dd, J=3.3, 10.0 Hz, 1H), 3.76 - 3.65 (m, 5H), 3.56 (dd, J=7.5, 9.3 Hz, 1H), 3.59 - 3.54 (m,
1H), 8.50 (dd, J=3.0, 9.7 Hz, 1H), 3.50 - 3.43 (m, 1H), 3.34 (dd, J=3.9, 13.0 Hz, 1H), 3.20
(dd, J=0.2, 13.2 Hz, 1H), 2.90 (dd, J=7.6, 12.0 Hz, 1H), 2.86 (dd, J=7.3, 12.0 Hz, 1H), 2.11 -
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1.99 {(m, 2H), 1.96 (non, J=6.9 Hz, 1H), 1.65 (M, 2H), 1.28 - 1.11 (m, 4H), 1.14 (d, J=6.6 Hz,
3H), 0.94 (d, J=6.6 Hz, 6H); MS (FAB, THG) 590 (M+Na), 568 (M+H).

Diisobutytamine B1.12: 'H NMR (500 MHz, D,0) 8§ 4.92 (d, J=4.1 Hz, 1H), 4.59 (q, J=6.7 Hz,
1H), 4.48 (d, J=7.1 Hz, 1H), 4.36 (t, J=6.6 Hz, 1H), 4.02 (br s, 1H), 3.85 (dd, J=3.3, 10.3 Hz,
1H), 3.76 - 3.66 (m, (m, 5H), 3.57 (dd, J=4.7, 7.5 Hz, 1H), 3.55 - 3.50 (m, 2H), 3.49 - 3.39
(m, 3H), 3.07 (br s, 4H), 2.12 (non, J=6.8 Hz, 2H), 2.12 - 1.99 (m, 2H), 1.65 (br s, 2H), 1.28 -
1.11 (m, 4H), 1.13 (d, J=6.7 Hz, 3H), 0.97 (d, J=6.8 Hz, 12H); MS (FAB, THG) 646 (M+Na),
624 (M+H). 3

Example B11: Preparation of compound No. B1.13

COONa

(Lo@?\om

B1.11 ——* OYN HO ~OH
Ph j\ 0L on

HC” “CH,

A .1 M solution of benzoyl chloride in toluene (41 pl) is added at room temperature to a solu-
tion of the amino acid B1.11 (0.020 g, 0.0338 mmol) in 1 M aqueous NaHCO; (100 ). The
mixture is stirred vigorously and, after 1 hout, further benzoyl chioride (41 ul of the 1 M solu-
tion) is added. After the reaction is cdmplete, the volatile constituents are removed under
high vacuum, and the residue Is purified by gel filtration on Bio-Gel P2 (particie size 65 um,
column diameter 2.5 cm, length 35 cm, eluent; water, flow rate 0.5 mi/min, detection at

215 nm) and subsequent reverse phase chromatography (Merck RP18 silica gel, elution:
45 % MeOH/H.0) and then lyophilized, resulting in the benzamide B1.13 as a fiuffy powder,
(0.014 g, 59 %). 'H NMR (500 MHz, D.O): 1:1 rotamer mixture; 8 7.50 - 7.37 (m, 5H), 4.93
(d, J=4.0 Hz, 0.5H), 4.92 (d, J=4.0 Hz, 0.5H), 4.60 (q, J=6.4 Hz, 1H), 4.48 (d, J=8.0 Hz,
0.5H), 4.37 (d, J=8.0 Hz, 0.5H), 4.32 (dd, J=4.5, 8.0 Hz, 0.5H), 4.02 (dd, J=4.3, 8.7 Hz,
0.5H), 3.94 (d, J=3.2 Hz, 0.5H), 3.89 - 3.83 (m, 1.5H), 3.82 - 3.61 (m, 7H), 3.60 - 3.52 (m,
1.5H), 3.51 - 3.43 (m, 2.5H), 3.25 (dd, J=7.9, 14.2 Hz, 0.5H), 3.20 (dd, J=7.9, 14.2 Hz,
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0.5H), 3.17 - 3.10 (m, 1H), 2.16 - 1.97 (m, 2.5H), 1.886 (non, J=6.9 Hz, 0.5H), 1.65 (br s, 2H),
1.29 - 1.14 (m, 4H), 1.17 (d, J=6.4 Hz, 1.5H), 1.11 (d, J=6.6 Hz, 1.5H), 0.25 (d, J=6.5 Hz,

" 1.5H), 0.92 (d, J=6.6 Hz, 1.5H), 0.65 (d, J=6.4 Hz, 1.5H), 0.65 (d, J=6.5 Hz, 1.5H); MS
(FAB, THG) 716 (M+Na), 694 (M+H).

Example B12: Preparation of compound No. B1.14

COONa
OH
r OW%’.yS
B1.6 —_— g, HO TOH
O/ -on
to OH
NO,
B1.14

A 1 molar solution of p-nitrobenzenesﬁlfonyl chioride in toluene (43 pl) is added with
vigorous stirring to a solution of the amino acid B1.6 (0.02 g, 0.039 mmol) in 1 molar
aqueous NaHCOQ; solution (0.2 ml). The reaction mixture is stirred at room temperature for
16 hours and then concentrated in vacuo. The residue is taken up in water (0.3 ml) and
purified by gel filtration on Bio-Gel P2 (particle size 65 um, column diameter 2.5 cm, length
35 cm, eluent: water, flow rate 0.5 ml/min, detection at 215 nm). The crude product (0.025
g) is further purified by two reverse phase chromatographies (Merck RP18 silica gel, 1st
chromatography: elution with 50 % MeOH/H;O; 2nd chromatography: elution with 40 %
MeOH/H,0) and subsequently lyophilized, resulting in the target compound as a fluffy
powder {0.0105 g, 39 %). 'H NMR (400 MHz, D;0) & 8.39 {m, 2H), 8.07 (m, 2H), 4.93 (d,
J=4.0 Hz, 1H), 4.56 (q, J=6.6 Hz, 1H), 4.43 (d, J=7.9 Hz, 1H), 3.96 (dd, J=3.5, 7.1 Hz, 1H),
3.88 - 3.83 (m, 2H), 3.76 - 3.64 (m, 5H), 3.54 - 3.44 (m, 3H), 3.38 (dd, J=3.5, 13.7 Hz, 1H),
3.33 (dd, J=3.2, 9.6 Hi, 1H), 3.19 (dd, J=7.3, 13.7 Hz, 1H}, 2.05 (br t, J=13.4 Hz, 2H), 1.66
(br s, 2H), 1.30 - 1.12 (m, 4H), 1.14 (d, J=6.6 Hz, 3H); MS (FAB, THG) 719 (M+Na), 697
(M+H).
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Example B13: Preparation of compound No. B1.15

COONa
P
Fpdon
NH OH
O/ ou
CH,
B1.15

A 1 molar solution of p-tdluenesulfonyi chiloride in toluene (22 ) is added at 0°C with
vigorous stirring to a solution of the amino acid B1.6 (0.01 g, 0.02 mmol) in 1 molar
aqueous NaHCOQj soiution (0.1 mi). The reaction mixture is stirred at 0°C for 90 minutes,
after which further p-toluenesulfonyl chioride (10 i of the.1 M solution) is added. The reac-
tion mixture is then warmed to room temperature, stirred for 18 hours and then concentra-.
ted in vacuo. The residue is taken up in water and purified by gel filtration on Bio-Gel P2
(particle size 65 um, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate

0.5 ml/min, detection at 215 nm) and subsequent reverse phase chromatography (Merck
RP18 silica gel, elution with 45 % MeOH/H.0) and subsequently lyophilized, resulting in the
target compound as a fluffy powder (0.004 g, 30 %). 'H NMR (400 MHz, D;0) § 7.69 (d,
J=8.2 Hz, 2H), 7.37 (d, J=8.1 Hz, 2H), 4.88 (d, J=3.9 Hz, 1H), 4.52 (q, J=6.6 Hz, 1H), 4.35
{d, J=7.9 Hz, 1H), 3.85 - 3.78 (m, 2H), 3.74 (d, J=2,8 Hz, 1H), 3.71 - 3.56 (m, 5H),'3.50 -
3.39 (m, 3H), 3.29 {(dd, J=3.4, 13.8 Hz, 1H), 3.10 (dd, J=3.1, 9.6 Hz, 1H), 3.03 (dd, J=8.0,
13.8 Hz, 1H), 2.34 (s, 3H), 2.08 - 1.93 (m, 2H), 1.61 (br s, 2H), 1.26 - 1.07 (m, 4H), 1.09 (d,
J=6.6 Hz, 3H).
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Example B14: Preparation of compound No. B1.16

B0 a .
OH OH
1 — TS [ ‘ﬁt@\’m

NH N
o=<"" HO “on o=¢" 1O ou
CF, CF,
07 o8n 07 ot
By OB HoOH

24 B1.16

Pentafiuorophenyl trifluoroacetate (4.5 mi, 0.026 mmol) is added at room temperature with
stirring to a solution of the isoserine derivative 16 (0.025 g, 0.026 mmol) and triethylamine
(0.7 ml, 0.005 mmol) in DMF {100 mi). After 15 min, further pentafluoropheny! trifiuoro-
acetate {2.5 mf, 0.015 mmol) is added. 30 minutes later, further triethylamine (2.8 ml,

0.02 mmol) and pentafluoropheny! triflucroacetate (4.5 ml, 0.026 mmol) are added. The
same amount of the latter reagent is added once again 20 minutes later. The mixture is
stirred for a further 45 minutes and then saturated aqueous NaHCO; solution (0.2 ml) is
added, and the mixture is diluted with water and extracted several times with ethyl acetate.
The combined organic phases are dried (Na;S0O,), fillered and concentrated in vacuo. The
crude product (0.04 g) is purified by flash chromatography on silica gel as eluent: ethyt
acetate/toluene 1:3), resulting in the trifluoroacetamide 24 (0.022 g, 83 %).

Deprotection of 24: dioxane (1.4 ml), water (0.7 ml) and glacial acetic acid (0.35 ml) are
added to a mixture of Pd{OH)o/C (Peariman catalyst, Pd content 20 %, 0.02 g) and the
benzyl ether 24 {0.021g, 0.021 mmol). The fiask is evacuated and flushed with argon
several times. It is then flushed with hydrogen, and the black mixture is hydrogenated under
slightly elevated pressure for 3.5 hours. The reaction mixture is filtered through a cellulose
filter (pore size 45 um), and the filtrate is concentrated in vacuo. A solution of the residue in
a little water is passed through an ion exchanger column (Dowex 50, Na* form, column dia-
meter 0.9 cm, length 3.5 cm), washing with deionized water. The filtrate is concentrated in
vacuo, and the residue is purified by gel filtration on Bio-Gel P2 (particie size 656 pm, column
diameter 2.5 cm, length 35 cm, water, flow rate 0.5 mi/min, detection at 215 nm) and subse-
quent reverse phase chromatography (Merck RP18 silica gel, column diameter 1.2 cm,
length 7 cm, gradient elution: 30 % MeOH/H,0 to 40 % MeOH/H;0), resulting in the target
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molecule B1.16 (0.0085 g, 68 %) as a fluffy colourless solid (after lyophilization). "H NMR
(500 MHz, D;0) § 4.93 (d, J=3.9 Hz, 1H), 4.59 (q, J=6.5 Hz, 1H), 4.45 (d, J=8.2 Hz, 1H),
4.08 (dd, J=3.4, 8.2 Hz, 1H), 3.91 (d, J=3.1 Hz, 1H), 3.86 (dd, J=3.1, 10.0 Hz, 1H), 3.75 (d,
J=3.1 Hz, 1H}, 3.72 {(dd, J=3.9, 10.0 Hz, 1H), 3.73 - 3.65 (m, 4H), 3.61 - 3.50 (m, 3H), 3.50 -
3.44 (m, 1H), 3.42 (dd, J=3.1, 9.6 Hz, 1H), 2.10 - 2.00 (m, 2H), 1.65 (m, 2H), 1.28 - .15 (m,
4H), 1.14 (d, J=6.5 Hz, 3H); MS (FAB, THG) 652 (M+Na), 630 (M-+H), 608 (M+2H-Na).‘

Example B15; Preparation of compound No. B1.17

0,8n GO,Na
OH

HO OBn HO OH
O
OBn

B1.17

(a) Preparation of the amide 26. Diisopropylcarbodiimide(17 ml, 0.11 mmol) is added at
room temperature with stirring to a mixture of the amine 16 (0.027 g, 0.028 mmol), cyclo-
hexanecarboxylic acid (0.011 g, 0.086 mmot), 1-hydroxybenzotriazole (0.021 g,

0.155 mmol) and dry THF (0.9 ml). After 20 minutes, dry DMF (0.4 ml) is added, and the
mixture is stirred for a further hour. The reaction mixture is concentrated in vacuo, and the
remaining DMF removed under high vacuum. The residue is purified by flash chromatogra-
phy on silica gel (CHzCly/isopropanol 39:1), resulting in the amide 26 (0.024 g, 80 %).

(b) Deprotection of 26: dioxane (2.0 mi), water (1.0 ml) and glacial acetic acid (0.5 ml) are
‘added 1o a mixture of Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.03 g) and the
benzyl ether 26 (0.024 g, 0.022 mmol). The flask is evacuated and flushed with argon
several times. 1t is then flushed with hydrogen, and the black mixture is hydrogenated under
slightly elevated pressure for 18 hours. The reaction mixture is filtered through a cellulose
filter (pore size 45 um), and the filtrate is concentrated in vacuo. A solution of the residue in
a littte water is passed through an ion exchanger column {Dowex 50, Na* form, column
diameter 0.9 cm, length 3.5 cm), washing with deionized water. The filtrate is concentrated
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in vacuo, and the residue is purified by gel filtration on Bio-Gel P2 (particle size 65 um ,
column diameter 2.5 cm, length 35 cm, water, flow rate 0.5 mi/min, detection at 216 nm)
and subsequent reverse phase chromatography (Merck RP18 silica gel, column diameter
1.2 cm, length 6 cm, eluent: MeOH/HO 3:2), resuiting in the target molecule B1.17

(0.008 g, 56 %) as a fluffy colourless solid (after lyophilization). 'H NMR (500 MHz, D:0) 8
4.93 (d, J=4.0 Hz, 1H), 4.60 (q, J=6.7 Hz, 1H), 4.47 (d, J=8.0 Hz, 1H), 4.04 (dd, J=3.8, 7.5
Hz, 1H), 3.92 (d, J=2.8 Hz, 1H), 3.86 (dd, J=3.2, 10.3 Hz, 1H), 3.75 (d, J=3.3 Hz, 1H), 3.74 -
- 3.64 (m, 4H), 3.61 (dd, J=3.8, 13.8 Hz, 1H), 3.59 - 3.52 (m, 2H), 3.50 - 3.44 (m, 1H), 3.42
{dd, J=3.3, 9.8 Hz, 1H), 3.35 (dd, J=7.7, 14.0 Hz, 1H), 2.19 (it, J=3.3, 11.6 Hz, 1H), 2.11 -
2.00 {m, 2H), 1.78 - 1.57 (m, 7H), 1.34 - 1.08 (m. 9H), 1.15 (d, J=6.5 Hz, 3H); MS {FAB,
THG) 644 (M + H), 622 (M+ 2H - Na).

Example B16: Preparation of the compound B1.18

CO.Bn
2B OH

13 + A2 — 0 (¢
f@?%
- HO ~OBn

Ph
0

80 OBn

a)

30

A solution of the triol 13 (0.129 g, 0.17 mmol} in dry MeOH (4.0 ml) and di-n-butyitin oxide
(0.064 g, 0.258 mmol) is boiled under refiux in an argon atmosphere for 2 hours. The clear
solution is concentrated in vacuo, and the residue is mixed with pentane (2 ml), again con-
centrated and then dried under high vacuum for 30 minuten in order to remove remaining
MeOH. The residue is mixed under an argon atmosphere with dry CsF (0.131 g, 0.86 mmol,
weighed under argon) and dry 1,2-dimethoxyethan (0.5 mi) followed by a solution of benzyl
(R)-4-phenyl-2-trifiuoromethanesulfonyloxybutyrate (A2) (0.3 g, 0.861 mmol) in dry 1,2-di-
methoxyethane (1.0 rril). The reaction mixture is stirred at room temperature for 75 minutes
and 1 M of aqueous KH,PQ; is added, and the mixture is diluted with water and extracted
with ethyl acetate (phase separation is facilitated by adding a little aqueous KF solution).
The organic extracts are combined, dried with Na,SO,, filtered and concentrated in vacuo,
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resuiting in the crude product as an oil (0.39 g). Purification by flash chromatography on
silica gel (eluent: toluene/ethyl acetate 5:1) results in the pure ether 30 (0.143 g, 81 %). 'H
NMR (250 MHz, CDCl3) § 7.35 - 7.05 (m, 30H), 5.13 (d, J=12.1 Hz, 1H), 5.03 {(d, J=12.1 Hz,
1H), 4.88 (d, J=11.4 Hz, 1H), 4.87 (d, J=2.0 Hz, 1H), 4.78 - 4.50 (m, 5H), 4.46 (d, J=12,5
Hz, 1H), 4.40 (d, J=12.5'Hz, 1H), 4.33 (q, J=6.5 Hz, 1H), 4.24 (d, J=7.8 Hz, 1H), 4.09 (dd,
J=4.0, 8.5 Hz, 1H), 3.93 (br s, 2H), 3.80 - 3.38 (m, 7H), 3.26 - 3.17 (m, 2H), 2.86 - 2.62 (m,
2H), 2.59 (d, J=2.0 Hz, 1 OH), 2.29 (br s, 1 OH), 2.11 - 1.85 (m, 4H), 1.67 - 1.52 (m, 2H), |
1.40 - 1.06 (m, 4H), 1.03 (d, J=6.5 Hz, 3H). -

CO,Na

0 — f%/&\\gpom
Ph HO ~OH

o) 0/ on

HO OH

B1.18

The benzyl ether 30 (0.14 g, 0.135.mmol)-is' dissolved in dioxane (4 ml) and water (2 mi),
glacial acetic acid (1 ml) and 20% Pd(OH)./C (0.14 g) are added.The air in the reaction
vessel is repiaced initially by argon, by evacuation and flushing several times, and then by
hydrogen. The black reaction mixture is hydrogenated under a slightly elevated pressure of
hydrogen for 80 minutes and then filtered through a cellulose filter (bore size 45 ym),
washing with water. The filtrate is concentrated, and the residue is taken up in toluene and
concentrated several times in order to remove remaining acetic acid. The crude product
(0.095 g) is dissolved in a little water and filtered through a Dowex50 (Na*) ion exchanger
column. The filtrate is freeze-dried and the residue {0.085 g) is purified by reve_rs'e phase
chromatography (Merck RP18 silica gel, elution: 40 % MeOH/H;0) and subsequent ge!
filtration on Bio-Gel P2 (particle size 65 um, column diameter 2.5 cm, length 35 cm, eluent:
water, flow rate 0.5 ml/min, detection at 215 nm) and then lyophilized, resulting in the target
compound B1.18 as a fluffy powder (0.045 g, 55 %). "H NMR (500 MHz, D,0) 5 7.35 - 7.27
(m, 4H), 7.22 (tt, J=1.5, 7.0 Hz, 1H), 4.93 (d, J=4.0 Hz, 1H), 4.60 (q, J=6.7 Hz, 1H), 4.47 (d,
J=7.8 Hz, 1H), 3.89 - 3.82 (m, 3H), 3.76 (d, J=3.5 Hz, 1H), 3.74 - 3.63 (m, 4H), 3.59 - 3.52
(m, 2H), 3.51-3.45 (m, 1H), 3.37 (dd, J=3.5, 9.8 Hz, 1H), 2.80 - 2.68 (m, 2H), 2.12-1.99
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(m, 3H), 1.98 - 1.89 (m, 1H), 1.65 (br s, 2H}), 1.30 - 1.13 (m, 4H), 1.15 (d, J=6.6 Hz, 3H); MS
(FAB, THG) 608 (M+Na), 587 (M+H).

Example B17: Preparation of the compound No. B1.19

CO,Na

OH
B1.18 — o@?\om
HO OH
S 9L on
HOOH
B1.19

The aron'{aﬁc compound B1.18 (0.02 g, 0.033 mmol) is dissolved in water (1.8 ml), dioxane
(1.2 ml), glacial acetic acid (0.3 ml). and 5% Rh/AI;O, (0.04 g} is added. The air in the reac-
tion vessel is replaced by hydrogen by evacuation and flushing several times, and the mix-
ture is hydrogenated under a slightly elevated pressure of hydrogen with vigorous stirring
for 1.5 days. It is then filtered through a cellulose filter {pore size 45 um) and washed with
water, the filtrate is concentrated, and the residue is taken up in toluene and concentrated
several times in order to remove remaining acetic acid. The crude product is purified by gel
filtration on Bio-Gel P2 (particle size 65 pm, column diameter 2.5 cm, fength 35 cm, eluent:
water, flow rate 0.5 ml/min, detection at 215 nm) and then hydrogenated again under the
above conditions for 2 days. The reaction mixture is then filtered through a éellulose filter
(pore size 45 pm) and washed with water, and the filtrate is concentrated, after which the
residue is taken up in toluene and concentrated several times. The crude product is purified
by gel filtration on Bio-Gel P2 {patticle size 65 um, column diameter 2.5 cm, length 35 cm,
eluent: water, flow rate 0.6 mi/min, detection at 215 nm) and subsequent reverse phase
chromatography (Merck RP18 silica gel, elution: 50 % MeOH/H-0) and subsequently lyophi-
lized, resulting in the target compound B1.19 as a fluffy powder (0.01 g, 50 %). 'H NMR
(250 MHz, D20) & 4.83 (d, J=4.0 Hz, 1H), 4.48 (g, J=6.7 Hz, 1H), 4.35 (d, J=7.8 Hz, 1H),
3.81 - 3.89 {m, 3H), 3.67 - 3.53 (m, 5H), 3.49 - 3.31 (m, 3H), 3.25 (dd, J=3.1, 8.7 Hz, 1H),
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2.03 - 1.87 (m, 2H), 1.72 - 1.38 {m, 9H), 1.24 - 0.97 (m, 10H), 1.04 (d, J=6.6 Hz, 3H), 0.75
(br s, 2H); MS (FAB, THG) 615 (M+Na), 593 (M+H).

Example B18: Preparation of the compound B1.38

OONa

o\\ //0 7 OH
Bl.11 — °ﬂ'@’s\%°@?\°m

N

HO OH
): 0 OH

H,C” “CH,
HOOH

B1.38

A solution of p-nitrobenzenesulfonyl chloride in toluene (1 M, 150yl) is added to a solution
of amino acid B1.11(0.035 g, 0.0617 mmal) in 1 moler agueous NaHCOs solution (315 pf).
The mixture is vigorously stirred at room temperature and, after 17 hodrs, further p-nitro-
benzenesulfonyl chioride solution (120 i) is added. The reaction mixture is stirred for a
further 24 hours.' then diluted with water and washed twice with ethyl acetate. The aqueous
phase is concentrated to a volume of 0.5 ml in vacuo, and this solution is purified by gel fii-
tration on Bio-Gel P2 (particie size 65 pm, column diameter 2.6 cm, length 100 cm, eluent:
water, flow rate 0.5 mi/min, detection at 215 nm). The crude product (0.06g) is then further
putified by reverse phase chromatography three times (Merck RP 18 silica gel, elution: 40%
MeOH/H:0) and then lyophilized, resulting in the sulfonamide B1.38 (0.013 g, 27%) as a
colourless fluffy powder. 'H NMR (400 MHz, D,0) & 8.34 (m,2H), 8.05(m, 2H), 4.88 (d,
J=4.0Hz, 1H), 4.53 (q,J=8.5Hz, 1H), 4.38 (d, J=7.9 Hz, 1H) 4.06 (dd, J=3.2, 8.2 Hz, 1H)
8.84-3.79 (m, 2H), 3.70 (d, J=3.0 Hz, 1H), 3.67 (dd, J=3.9, 10.4 Hz, 1H), 3.69 - 3.58 (m,
3H), 3.57 - 3.38 (m, 5H) 3.25 (dd, J=3.2, 9.5 Hz, 1H) 3.10 (dd, J=7.7, 14.1 Hz, 1H) 3.05 (dd,
J=7.7, 14.1 Hz, 1H), 2.07-1.94 (m, 2H) 1.89 thep, J=6.7 Hz, 1H), 1.61 (br s, 2H), 1.25 -1.07
(m, 4H), 1.10 (d, J=6.6 Hz, 3H) 0.70 (d, J=6.6 Hz, 3H), 0.63 (d, J=6.6Hz, 3H).

The following compounds are prepared in analogy to the above examples:
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1,
OH
R, O
Table 1: N 0o %
HO OH
H,C O OH .
OH
OH
Preparation Compound No. | Rs R, FAB-MS
according to THG
Example No. ~
B15 B1.20 Na | CH:NHC(O)CiiHza TSR
| | st
B15 B1.21 Na CHZNHC(O)CH(CgHs)2 726(M+H)
750{M+Na)
B12™. B1.22 Na | CH,NHC(O)C:H,CO:Na 856(M+H)
676{M+Na}
B15 B1.23 Na | CH:NHC(O)Cef(1,3.4,5)0H]H; 2080489
quinamide 730{M+Na)
B15 B1.24 Na CHNHC(O)CsH4 -p-SOaNa 7400441)
T62(M+Na)
B12 B1.25 Na | CHaNHC(O)CH.Cl E72(MH)
694(M+Na)
B12 B1.26 Na CH2NHG(0)CsHNO: GB3(M+H)
705(M+Na)
B12 B1.27 Na | CHaNHC({O)CsHOCH, BE8{M+H)
690(M+Na)
B12 B1.28 Na CH2NHC{0)CsH4(3,4)Cl> 7004
728(M+Na)
B12 B1.29 Na | CHoNHC(O)CeH/CHs 852(M+H)
674(M+Na)
B129 B1.30 Na { CHNHC(O)CgH,CeHs TUMLH)
736(M+Na)
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Preparation Compound No. | Rs Rs FAB-MS
according to THG
Example No. ' :
Bi12® B1.31. Na | CH.NHC(O)CeH.CN , o |
. 685(M4Nz)
B12 B1.32 Na | CHNHC(O)CioH; 80B(M+H)
710{M+Na)
B12¥ B1.33 Na | CHaNHC(O)CsH,COONa 04MH)
726{M+Na)
B12® B1.34 Na | CH.NHC(O)CHOH).COONa B8BMsH)
710{M+Na}
Bi1 B1.35 Na | CH.N[C(O)CsHs]CH:CeHs 72804+H)
750(\+Na)
B11 B1.36 Na | CH:N[C(O)CaHsl(CH2)sCsHs 756(MsH)
778{MsNa}
B15® B1.37 Na ]| CH:NHSOLCF; 80G{(M«H)
: 688(M+Na)

™ using a solution of succinic anhydride in DMF as reagent

@ using a solution of pentafiuorophenyl biphenylcarboxylate in dioxane as reagent

® using a solution of pentafluorophenyl p-cyanobenzoate in dioxane as reagent

“ using a solution of methyl pentafiucrophenyl terephthalate in dioxane as reagent. After
completion of amide formation, 1 M aqueous NaOH is added to the reaction mixture, which
is heated at 65°C until hydrolysis of the methy! ester is complete.

) 1M NaOH is used in place of 1M NaHCOs. A solution of (+)-di-O-acetyl-L-tartaric an-
hydride in dioxane is used as reagent.

®The formation of the amide takes place in CH,Cl, at 0°C using trifluoromathanesulfonic

anhydride as reagent.
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Example B19: Preparation of compound No. B1.39

OH o O H, OH '
HO 0
n
OBn O OBn
n
Bn : . Bn
13 A3 3

A suspension of 13 {0.086 g, 0.11 mmol) and di-n-butyltin oxide (0.05 g, 0.19 mmol) in dry
benzene (3.3 mi) is boiled under reflux in an argon atmosphere for 12 hours. The reaction
mixture is concentrated in vacuo and dried under high vacuum for one hour. Then CsF
(dried under high vacuum at 300°C for several hours, 0.042 g, 0.274 mmol) is added under
an argon atmosphere, followed by dry 1,2-dimethoxyethane (0.6 ml) and a solution of triflate
A3 (0.25 g, 0.66 mmol) in dry 1,2-dimethoxyethane (0.4 ml). The reaction mixture is heated
to 35 to 40°C and stirred at this temperature for 5 hours. Then a solution of 15% KF in 1M
aqueous KH,PO; solution (30 ml) is added, and the mixture is extracted three times with
CH.Cl,, and the combined organic phases are dried (Na280,), filtered and:-concentrated in
vacuo. The olly residue (0.16 g) is purified by column chromatography on silica gel (gradient
elution: toluene/ethyl acetate 80:20 to 75:25, then CH;Cl./MeOH 19:1), resulting in the ether
31 (0.049 g, 44 %) as a colourless foam and the precursor 13 (0.035 g, 40 %).

COo0Bn COONa
H, OH ' H, OH
o] (8] 0 o]
o\ o\
OBn
H H .
0 OBn o OH
BnO "
31 B1.39

Dioxane (2.0 ml), water (1.0 ml) and glacial acetic acid (0.5 ml) are added to a mixture of
Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.028 g) and the benzyi ether 31 (0.048 g,
0.047 mmol). The flask is evacuated and flushed with argon several times. It is then
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flushed with hydrogen, and the black reaction mixture is hydrogenated under a slightly ele-
vated pressure of hydrogen at room temperature for 17 hours and then filtered through a
cellulose filter (pore size 45 um). The filtrate is concentrated in vacuo, and the residue is
taken up with water and concentrated again several-times in order to remove excess acetic
acid. A solution of the residue in water is passed through a Dowex50 ion exchange column -
{Na* form, diameter of the column 0.9 cm, length 3.5 cm) washing with deionized water. The
clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 (particle
size 65 um, column diameter 2.5 om, length 35 cm, eluent: water, flow rate 0.45 ml/min,
detection at 230 nm) and subsequent reverse phase chromatography (Merck RP18 silica
gel, eluﬁén with 7:3 H,O/methanol), resulting in the target molecule B1.39 {0.014 g, 51 %)
as a fluffy white solid (after lyophifization): 'H NMR (400 MHz, D;0) 5 4.83 (d, J=4.0 Hz,
1H), 4.49 (q, J=6.6 Hz, 1H), 4.33 (d, J=7.7 Hz, 1H), 3.74 (d, J=3.1 Hz, 1H), 3.22 (dd, J=2.6,
9.5 Hz, 1H); ¥C NMR (100.6 MHz, D,0) § 181.5 (C,), 100.2 (CH), 5.7 (CH); MS (FAB,
THG) 609 {(M+Na), 587 (M+H).

Example B20;-' Preparation of compound B1.40.

H,," OH
o]
"o X \H\‘ﬁy‘ pau—a\
—— Bn
OBn
ﬁ\ioa . 07 oBn

BnO

13 ’ A4 - 32

The coupling of the alcohol 13 with the triflate A4 is carried out in accordance with Example
B19 (preparation of compound 31).
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COOBn
H, OH ", COONa oH
0 o y 0
OBn OH
H o . HO
OBn o OH
BnO H OH
32 - B1.40

The hydrogenation of the benzyl ether and subsequent purification is carried out in
accordance with Example B19 (preparation of compound B1.39): 'H NMR (400 MHz, D.0) §
4.88 (d, J=4.1 Hz, 1H), 4.53 (q, J=6.7 Hz, 1H), 4.39 (d, J=7.7 Hz, 1H), 3.29 (dd, J=2.9,

9.8 Hz, 1H), 1.10 (d, J=6.8 Hz, 3H), 0.89 (d, J=6.8 Hz, 3H), 0.82 (d, J=6.8 Hz, 3H).

Example B21: Preparation of compound B1.41

>L° —_— >L° io/\/

HO HO

33 ' 34

The hydroxypiperidine (6.0 g, 34.6 rﬁmol, prepared from D-(~)-lyxosé in accordance with
Ichikawa and lgarashi [ichikawa, Y., Igarashi, Y., Tetrahedron Letters 36:4585-4586 (1995)]
and tristhylamine (18.1 ml, 130 mmol) are dissolved in dry tetrahydrofuran (100 ml} and the
solution is cooled to -10°C under an argon atmosphere. Allyl chloroformate (3.87 ml,
36.4°mmol) is slowly added over the course of one hour, a white suspension being formed.
The reaction mixture is stirred at -10°C for a further hour, then 1M aqueous KHPO, solution
{150 ml) is added, and the mixture is extracted three times with CH,Cl,. The combined
organic phases are dried (NaS0O,) and concentrated in vacuo, resulting in a yellow oil (9 g).
Purification by column chromatography on silica gel (hexane/ethy! acetate 1:1) results in the
allyl carbamate 34 (7.66 g, B6 %).
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O
Bz Bn

34 35

4A molecular sieves (dried under high vacuum at 300°C, 15 g} are added to a solution of
the acceptor 34 (7.66 g, 29.8 mmol) in dry CH.Cl, (150 ml) under an argon atmosphere, and
the suspension is stirred at room temperature for one hour. In paraliel with this, a suspen-
sion of DMTST (15.4 g, 59.6 mmol) and 4A molecular sieves (15 g) in dry CHaCl, (150 mi) is
‘prepared under an argon atmosphere in a second round-bottom flask and is stirred for one
hour. The DMTST mixture is then added in 4 portions over the course of a further hour to
the solution of the accepior, and the mixture is then stirred for one hour. The reaction mix-
ture is filtered through Hyflo Super Cel® washing thoroughly with CH.Cl. The filtrate is ex-
tracted by shaking with 10% aqueous NaHCO; solution, the agueous phase is reextracted
three times with CH2Cl, and the combined organic phases are dried (Na,SOy), filtered and
concentrated in vacuo. The remaining yellow oll (36 g) is purified by column chromatogra-
phy on silica gel (gradient elution: hexane/ethyl acetate 3:1 to-3:2), resulting in the glycoside
35 (13.1 g, 54 %).

- o o
So o
BZOW?BZ\O m" _ oy BzO 08z go )@(/N/n\o/\/
820 OBn OBn
35 38

The acetonide 35 (13.1 g, 15.94 mmol) is dissolved in dioxane (140 ml) and, at room tem-
perature 50 % aqueous trifluoroacetic acid (250 mi) is added. After 2 hours, the reaction
mixture Is concentrated under high vacuum, and the residue is purified by column chroma-
tography on silica gel (ethyl acetate/hexane 2:1), resulting in the diol 36 (11, 23 g, 90 %).
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A mixture of the diol 36 (11.63 g, 14.88 mmol), tetra-n-butylammonium bromide (12.7 g,
39.4 mmol) and 4A molecular sieves (dried under high vacuum at 300°C 22 g) is dried
under high vacuum for 30 minutes and then, under an argon atmosphere, dry CHxCl»

(62 mi) and dimethylformamide (36 ml) are added. The grey suspension is stirred at room
temperature for 30 minutes. In parallel with this, a solution of ethy! -2,3,4-tri-O-benzyl-
1-thio-L-fucopyranoside (7.48 g, 15.62 mmol, prepared by the methéd of Lonn [Lonn, H
Carbohydr. Res. 139:1056-113 (1985)] in dry CH.Cl; (49 ml) is prepared under an argon
atmosphere in a sascond round-bottomed flask and, at 0°C, a bromine solution (2.85 g Br,
17,84 mmol) in CH.Cl, (25 ml) is added. The red solution is stirred at 0°C for 30 minutes,
and the excess bromine is destroyed by adding a few drops of cyclohexene. This solution is
then added using a needle to the solution of the acceptor, and the reaction mixture is stirred
at room temperature for 40 hours. The reaction mixture is then filtered through Hyflo Super
Cel® and thoroughly washed with CH.Cl,, and the fiitrate is washed with 10 % aqueous
NaHCO; solution. The aqueous phase is reextracted three times with CH,Cl,, and the com-
bined organic phases are dried (Na;S0,), filtered and concentrated in vacuo. The residue is
purified by column chromatography on silica gel (ethyl acetate/hexane 35: 65), with the
required product 37 (7.85 g, 44 %) being eluted.
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37 ' 38 -

A solution of the ester 37 (2.4 g, 2.0 mmol) and sodium methoxide (0.11 g, 2.0 mmol) in
methanol (48 mi)is stirred at room temperature for 8 hours. The clear colourless solution is
then neutralized by adding a strongly acidic ion exchanger (Amberiyst15), then filtered
through Hyfio Super Cei® and concentrated in vacuo. The oily residue is purified by column
chromatography on silica gel (gradient elution: CH;Clx’methanol 98:2 to 95:5), resulting in
the triol 38 (1.72 g, 97 %).

9’ i cooen .
T e
n 7 — [ 4oBn
OBn : '

Bn

BnO

38 39

A suspension of 38 (1.0 g, 1.13 mmol) and di-n-butyltin oxide (0.49 g, 1.98 mmoi) in dry
benzene (33 ml) is bolled under refiux in an argon atmosphere for 5 hours. The reaction
mixture is concentrated in vacuo and dried under high vacuum for one hour. Then CsF
{dried under high vacuum at 300°C for several hours, 0.43 g, 2.82 mmol) is added under an
argon atmosphere, followed by dry 1 ,2-dimethoxyethané_(7.4 mi) and a solution of benzyl
R-3-phenyl-2-trifluoromethanesulfonyloxypropionate (2.6 g, 6.77 mmol) in dry 1,2-di-
methoxyethane (4.9 rhl). The reaction mixture is heated to 35 to 40°C and stirred at this
temperature for 3 hours. Then a solution of 15% KF in 1M aqueous KH,PO, solution

(100 ml) is added, and the mixture is extracted three times with CHxCl,, and the combined
organic phases are dried (Na>SOy), filtered and concentrated in vacuo. The oily residue
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(3.2 g) is purified by column chromatography on silica gel (elution: toluene/ethyl acetate
70:30), resulting in the ether 39 (0.98 g, 78 %) as a coloutless foam.

o 0
CO0Bn COONa : .
OH OH
?\o o OH N)\O/\/ H,, o o OH N/“\O/\/
Woj :’ EE ﬁ oj'Z
h OBn atri—— OH
H H
07 oBn 07 oH
nc O H
39 B1.41

Dioxane (3.5 mi}, water {1.7 ml) and glacial acetic acid (0.25 mi) are added to a mixture of
Pd(OH),/C (F riman catalyst, Pd content 20%, 0.035 g) and the benzy! ether 39 (0.038 g,
0.034 mmoi). The flask is evacuated and flushed with argon several times. It is then
flushed with hydrogen, and the black reaction mixture is hydrogenated under a slightly ele-
vated pressure of hydrogen at room temperature for 24 hours and then filtered through a
cellulose filter (pore size 45 um). The filtrate is concentrated in vacuo, and the residue is
taken up with water and concentrated again several times in order to remove excess acetic
acid. A solution of the residue in water is passed through a Dowex50 ion exchange column
(Na"* form, diameter of the column 0.2 cm, length 3.5 cm) washing with deionized water. The
clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 (particle
size 65 um, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 mi/min,
detection at 215 nm) and subsequent reverse phase chromatography {Merck RP18 silica
gel, gradient elution: HyO/methanol 65:35 to 55:45), resulting in the target molecule B1.41
(0.014 g, 59 %) as a fluffy white solid (after iyophitization): *H NMR (500 MHz, D,0, +50°C)
87.58 - 7.53 (m, 4H), 7.51 - 7.46 (m, 1H), 5.22 (d, J=4.0 Hz, 1H), 4.57 (d, J=7.6 Hz, 1H),
4.56 (q, J=6.4 Hz, 1H), 4.33 (dd, J=4.2, 8.6 Hz, 1H), 4.30 (dt, J=6.3, 3.2 Hz, 1H), 3.66 (dd,
J=8.0, 9.4 Hz, 1H), 3.59 (dd, J=3.0, 13.8 Hz, 1H), 3.33 (dd, J=4.2, 14.0 Hz, 1H), 3.13 (dd,
J=9.0, 14.0 Hz, 1H), 1.82 (sex, J=6.9 Hz, 2H), 1.36 (d, J=6.4 Hz, 3H), 1.10 (t, J=7.5 Hz, 3H);
MS (FAB, NBA) 720 (M+Na), 698 (M+H).
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Example B22: Preparation of compound B1.42.
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A suspension of 38 (0.65 g, 0.73 mmol) and di-n-butyltin oxide (0.32 g, 1.28 mmol) in dry
benzene (22 mi) is boiled under reflux in an argon atmosphere for 16 hours. The reaction
mixture is concentrated in vacuo and dried under high vacuum for one hour. Then CsF
(dried under high vacuum at 300°C for several hours, 0.28 g, 1.83 mmol) is added under an
argon atmosphere, followed by dry 1,2-dimethoxysthane (4.0 mi) and a solution of the
triflate A5 (1.74 g, 4.4 mmol) in dry 1,2-dimethoxyethane (2.7 ml). The reaction mixture is -
heated to 35 to 40°C and stirred at this temperature for 3 hours. Then a solution of 15% KF
in 1M aqueous KH,PO, solution (100 mL), is added, and the mixture is extracted three
times with CH.Cl», and the combined organic phases are dried (Nazsol;)', filtered and con-
centrated in vacuo. The oily residue (2.6 g) is purified by column chromatography on silica
gel (elution: toluene/ethyl acetate 3:1, then CH,Cl/methanol 19:1) resulting in the ether 40
(0.33 g, 40 %) as a colouriess foam, and partial recovery of the precursor 38 (0.167 g,

26 %).

COOBn | e COONa ‘ a
H OH - )k o~ M OH Ok /ﬂ\
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Dioxane (1.2 ml), water (0.6 ml) and glacial acetic acid (0.3 ml) are added to a mixture of
Pd(OH),/C (Peariman catalyst, Pd content 20%, 0.025 g) and the benzyl ether 40 (0.036 g,
0.032 mmol). The flask is evacuated and flushed with argon several times. It is then flushed
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated
pressure of hydrogen at room temperature for 8 hours and then filtered through a cellulose
filter (pore size 45 um). The filtrate is concentrated in vacuo, and the residue is taken up
with water and ooncentréted again several times in order to remove excess acetic acid. A
solution of the residue in water is passed through a Dowex50 ion exchange column (Na*
form, diameter of the column 0.9 cm, length 3.5 cm) washing with deionized water. The
clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 (particle
size 65 pm , column diameter 2.5 cm, iength 35 cm, eluent: water, flow rate 0.45 mi/min,
detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18 silica
.gel, elution: H:O/methanol 1:1), resulting in the target molecule B1.42 (0.009 g, 41 %) as a
fluffy white solid (after lyophilization): 'H NMR (400 MHz, D20) & 5.09 (d, J=3.7 Hz, 1H),
4.58 - 4.46 (m, 2H), 3.94 (d, J=2.2 Hz, 1H), 3.58 {t, J=8.4 Hz, 1H), 3.43 (dd, J=1.8, 9.5 Hz,
1H), 1.83 (d, J=12.2 Hz, 1H), 1.28 (d, J=6.7 Hz, 3H), 0.95.(t, J=7.6 Hz, 3H); *C NMR (100.6
MHz, D.0O) 5 183.0 (C,), 101.6 (CH), 98.0 (CH); MS (FAB, THG) 704 (M+H).
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Example B23: Preparation of compound B1.43.

COO0OBn °
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Morpholine (1.1 ml) and Pd(PPhs); (0.071 g, 0.062 mmol) are added to a solution of the
allyt carbamate 39 (0.695 g, 0.618 mmol) in tetrahydrofuran (8.5 ml). After exactly 15
minutes the solution is concentrated and the residue is dried under high vacuum for one
hour. Purification of the residue by column chromaiography on silica Qel {eluent: CHClo/
methanol 88:2, contains 0.3 % concentrated aqueous ammonia solution) gives initially the
less polar allylamine 46 (0.24 g, 36 %) followed by the more polar piperidine 41 (0.39 g,

60 %).
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Pyridine (5 ul, 0.06 mmol) and acetic anhydride (1,8 u |, 0.04 mmol) are added under an
argon atmosphere to a solution of the piperidine derivative 41 (0.035 g, 0.0336 mmol) in dry
CH,CI, (0.6 ml) at 0°C. The solution is stirred at 0°C for 45 minutes and then washed with
5% aqueous NaHCO; solution, and the aqueous phase is reextracted three times with
CH,Cl,.The combined organic phases are dried with Na,SO, filtered and concentrated in
vacuo. The residue (0.05 g) is purified by column chromatography on silica gel (eluent: ethyl
ecetate/hexane 4:1), resulting in the acetylpiperidine 42 {(0.033 g, 91 %) as a colourless
foam.

o
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H OBn _ h H
OBn 0 OH
BnG " H
42 B1.43

Dioxane (1.4 mi), water (0.7 mil) and glacial acetic acid {0.35 ml) are added to a mixture of
Pd(OH)2/C (Peariman catalyst, Pd content 20%, 0.03 g) and the benzyl ether 42 (0.04 g,
0.037 mmol). The flask is evacuated and flushed with argon several times. It is then flushed
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated
pressure of hydrogen at room temperature for 48 hours and then filtered through a cellulose
filter (pore size 45 um). The filtrate is concentrated in vacuo, and the residue is taken up
with water and concentrated again several times in order to remove excess acetic acid. A
solution of the residue in water is passed through a Dowex50 ion exchange column
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(Na*form, diameter of the column 0.9 cm, length 3.5 cm), washing with deionized water. The
clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 (particie
size 65 um, column diameter 2.5 cm, Ienéth 35 cm, eluent: water, flow rate 0.45 mi/min,
detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18 silica -
gel, gradient elution: methanol/H,O 2:3 via 1:1 to 3:2), resulting in the target molecule B1.43
(0.014 g, 64 %) as a fluffy white solid (after lyophilization): 'H NMR (400 MHz, D;0) 5 7.22 -
7.06 (m, 5H), 4.86 (m, 1H), 1.95 (s, 3H), 0.98 (d, J=6.7 Hz, 3H); MS (FAB, THG) 654 (M+H),
632 (M+2H-Na). : :

Example B24: Preparation of compound B1.44.

COO0Bn y co0 : o}
) 0 > o . OH NH H o oA OH N /u\ph
ST —— PO 7+ |
UBn . O
H H OBn
OBn OBn
gnG "

41 43

Compound 43 is prepared from the piperidine 41 (0.02 g, 0.019 mmol) and benzoyl chioride
(2.5 w, 0.021 mmol) in analogy to a method for the acetylipiperidine 42 (Example B23). The
yleld is 0.02 g (90 %).

o ' )
COOBn COONa
Ml o bk OH N/LPh H oH oH P -
0
I — s il
" u J=n h 4 “OH
07 oBn O7 on
n
43 B1.44

The target compound BiM is prepared by hydrogenation of the banzyf ether 43 (0.042 g,
0.0367 mmol) and subsequent purification in analogy to the acetyl derivative B1.43. The
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product resuits after lyophilization as a fiuffy white solid. Yield: 0.015 g (57 %): MS (FAB,
THG) 716 (M+H), 694 (M+-2H-Na).

Example B25: Preparation of compound B1.45.

0

COONa

Hl.' OH OH N )L(V)/COOMQ
o] o:ﬁﬁ, 8

jh)\ <

H

07 oH

OH B1.45
H

The target compound B1.45 is prehared in analogy to Example 23 (preparation of com-
pound B1.43) from the piperidine derivative 41: *H NMR (400 MHz, D:0)57.28 -7.13 (m,
SH), 4.95 (m, 1H), 4.37 - 4.23 {(m, 2H), 3.56 (s, 3H), 3.04 (m, 1H), 2.84 (m, 1H), 2.26 (t,
J=7.6 Hz, 2H), 1.08 (d, J=7.4 Hz, 3H); MS (FAB, THG) 810 (M+H).

Example B26: Preparation of compound B1.46.

COOBn o
?‘ o > OH Ho o oM . OH
O:Z i, o) ﬂ ;N
h Hjeiggr\b lfi§ OBn 0
Hj 2
Q-7 oen 97 oan .
Bn Bn n
41 45

Pyridine (4 pul, 0.05 mmotl) and cyclohexanecarbonyl chloride (7.2 pl, 0.056 mmol) are added
at 0°C to a solution of the piperidine derivative 41 (0.04 g, 0.038 mmol} in dry CH:Cl>

(0.7 mi). After 20 minutes, the reaction mixture is washed with 10 % aqueous NaHCO;
solution, and the aquéous phase is reextracted three times with CH.Cl>, The combined
organic phases are dried (NaSO,), filtered and concentrated in vacuo. Purification by
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column chromatography as the crude product (0.09 g) on silica gel (eluent: hexane/ethy!
acetate 1:1) gives the amide 45 (0.03 g, 68 %).

o ' COONa
. GooBn o o J\O H OH oH N/“\O
0
T =
H Bn H
07 oen OH
Bn H
45 - B1.46

Dioxane (1.1 mi), water (0.55 mi) and glacial acetic acid (0.27 ml) are added to a mikture of
Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.05 g) and the benzyl ether 45 (0.029 g,
0.025 mmol). The flask is evacuated and flushed with argon several times. it is then flushed
with hydrogen, and the black reaction mixture is hydrogenated under a siightly elevated
pressure of hydrogen at room temperature for 24 hours. Then, for hydrogenation of the aro-
matic ring, 5% RKWC (0.02 g} is added and hydrogenation is continued for 24 hours. The
reaction mixture is ﬂltéred through a cellulose filter (pore size 45 um), the filtrate is concen-
trated in vacuo, and the residue is taken up with water and concentrated again several
times in order to remove excess acetic acid. A solution of the residue in water is passed
through a Dowex50 ion exchange column (Na* form, diameter of the column 0.9 cm, length
3.5 cm), washing with deionized water. The clear filtrate is concentrated in vacuo and puri-
fied by gel filtration on Bio-Gel P2 (particle size 65 pm, column diameter 2.5 em, length 35
cm, eluent: water, flow rate 0.45 mi/min, detection at 215 nm) and subsequent reverse
phase chromatography (Merck RP18 silica gel, elution: methanol/H.O 60:40), resulting in
the target molecule B1.46 (0.012 g, 64 %) as a fluffy white solid (after lyophilization): 'H
NMR (400 MHz, D,0) & 5.04 (m, 1H), 4.48 (m, 1H), 4.45 - 4,32 (m, 1H), 2.72 (m, 1H), 1.17

. {d, J=5.8 Hz, 3H); MS (FAB, THG) 728 (M+-H), 706 (M+2H-Na).
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Exampie B27: Preparation of compound B1.47.

C0OO0OBn

o o NN H,, o OH _ ~_ -~
A o7+
h oen © — o
H hod eoH
07 oen 07 o
Bn n H OH
46 B1.47

Dioxane (1.4 ml), water (0.7 ml) and glacial acetic acid (0.35 ml) are added to a mixture of
Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.03 g) and the benzyl ether 46 (0.042 g,
0.039 mmo!). The fiask is evacuated and flushed with argon several times. It is then flushed
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated
pressure of hydrogen at room temperature for 16 hours and then filtered through a celiulose
filter (pore size 45 um). The filtrate is concentrated in vacuo, and the residue is taken up in
water and concentrated again several times in order to remove excess acetic acid. The
crude product (0.014 g) is purified by gel filtration on Bio-Gel P2 (particle size 65 um, -
column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 mi/min, detection at
215 nm) and subsequent reverse phase chromatography (Merck RP18 silica gel, elution:
methanol/H:0 1:3) resulting in the target moltecule B1.47 (0.009 g, 36 %) as a fluffy white
solid (after lyophilization): 'H NMR (400 MHz, D;0) § 7.10 - 7.02 (m; 4H), 7.01 - 6.94 (m,
1H), 4.80 (br s, 1H), 4.10 (d, J=7.0 Hz, 1H), 3.84 (dd, J=4.7, 8.5 Hz, 1H), 3.20 (t, J=8.7 Hz,
1H), 2.97 (dd, J=3.3, 9.7 Hz, 1H), 2.83 (dd, J=4.7, 13.1 Hz, 1H), 2.63 (dd, J=8.5, 13.1 Hz,
1H), 0.87 (d, J=7.0 Hz, 3H), 0.63 (t, J=7.3 Hz, 3H); MS (FAB, THG) 654 (M+Na), 632 (M+H).
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Example B28: Preparation of compound B81.48.

K\ -ﬁ\\/N/ OH N/ ~n-C 4H9
g ﬁ\
. 0OBn
Bn Bn
1 47

Triethylamine (7 pl, 0.05 mmol) and n-butanesulfonyl chioride (3.7 pl, 0.029 mmol) are
added at 0°C to a solution of the piperidine 41 (0.025 g, 0.024 mmol) in CH.Cl (0.3 mi).
After 45 minutes, the reaction mixture is washed with 10 % aqueous NaHCOs; solution, and
the aqueous phase is reextracted three times with CH.Cl,. The combined organic phases
are dried (Na>SQ,), filtered and concentrated in vacuo. The crude product is purified by
column chromatography on silica gel (eluent: hexane/ethyl acetate 60:40), resulting in the
sulfonamide 47 (0.022 g, 79 %).

cOo0Bn O o]
R OH
P R P
(o] ;
H OBn
OBn OH
Bn H
47 B1.48

Dioxane (1.0 ml), water (0.5 ml) and glacial acetic acid (0.25 ml) are added to a mixture of
Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.013 g) and the benzyi ether 47 (0.027 g,
0.023 mmol). The flask is evacuated and flushed with argon several times. It is then
flushed with hydrogen, and the black reaction mixture is hydrogenated under a slightly
elevated pressure of hydrogen at room temperature for 24 hours and then filtered through a
cellulose filter (pore size 45 pm). The filtrate is concentrated in vacuo, and the residue is

taken up with water and concentrated again several fimes in order to remove excess acstic
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acid. A solution of the residue in water is passed through a Dowex50 ion exchange column
(Na* form, diameter of the column 0.9 cm, length 3.5 cm), washing with deionized water.
The clear filtrate is concentrated in vacuo and purified by gel filiration on Bio-Gel P2
(particle size 65 pm, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45
ml/min, detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18
silica gel, gradient elution: methanol/H,O 35:65 to 45:55), resulting in the target molecule
B1.48 (0.011 g, 65 %) as a fluffy white solid (after lyophilization): 'H NMR (400 MHz, D,O)
57.51-7.35 (m, 5H), 5.15 (d, J=3.4 Hz, 1H), 4.54 (q, J=6.2 Hz, 1H), 4.51 (d, J=8.0 Hz, 1H);
4.03 (dd, J=2.8, 10.4 Hz, 1H), 3.59 (t, J=8.9 Hz, 1H), 3.23 (dd, J=4.8, 13.4 Hz, 1H), 3.05
(dd, J=8.6, 13.4 Hz, 1H), 1.84 (pen, J=7.6 Hz, 2H), 1.54 (sex, J=7.3 Hz, 2H), 1.27 (d, J=6.6
Hz, 3H), 1.02 (t, J=7.5 Hz, 3H); MS (FAB, THG) 732 (M+H).

Example B29: Preparation of compound B1.49.

COONa o
H

o]
0, oH OH N>8//
O
Q= a=-SA O\

(o)

B1.49

OH

The target compound B1.49 is prepared in analogy to Example B28 (preparation of com-
pound B1.48) starting from the piperidine derivative 41 and p-toluenesulfonyl chioride: 'H
NMR (400 MHz, D:0) & 7.56 (d, J=7.2 Hz, 2H), 7.33 (d, J=7.2 Hz, 2H), 7.28 - 7.11 {m, 5H)},
4.81 (d, J=3.4 Hz, 1H), 4.22 (d, J=7,9 Hz, 1H), 3.75 (d, J=2.4 Hz, 1H), 3.65 (dd, J=2.4, 10.2
Hz, 1H), 3.41 (t, J=5.7 Hz, 1H), 3.32 {t, J=8.7 Hz, 1H), 3.13 (dd, J=2.5, 9.3 Hz, 1H), 3.00
(dd, J=4.0, 13.6 Hz, 1H), 2.81 (dd, J=8.9, 13.6 Hz, 1H), 2.67 (br s, 1H), 2.29 (s, 3H), 0.95
(d, J=7.1 Hz, 3H); MS (FAB, THG) 788 (M+Na), 766 (M+H).
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Example B30: Preparation of compound B1.50.

COOBn COONa
: ﬁ\" e f E?“’ g e
o OBn OH
B .
47 B1.50

Dioxane (1.5 ml), water (0.75 ml) and glaclal acetic acid (0.38 ml) are added to a mixture of
Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.02 g) and the benzyl ether 47 (0.041 g,
0.035 mmol) The flask is evacuated and flushed with argon several times. It is then flushed
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated
pressure of hydrogen at room temperature for 16 hours. Then, to hydrogenate the aromatic
ring, 5% RK/C (0.025 g) is added, and hydrogenation is continued for 16 hours. The reac-
tion mixture is filtered through a oellulqse filter (pore size 45 um), the filtrate is concentrated
in vacuo, and the residue is taken up in water and concentrated again several times in order
to remove excess acetic acid. A solution of the residue in water is passed through a
Dowex50 ion exchange column (Na* form, diameter of the column 0.9 cm, length 3.5 cm),
washing with deionized water. The clear filtrate is concentrated in vacuo and purified by get
filtration on Bio-Gel P2 (particle size 65 um, column diameter 2.5 cm, length 35 cm, eluent:
water, flow rate 0.45 m/min, detection at 215 nm) and subsequent reverse phase chromato-
graphy (Merck RP18 silica gel, gradient elution: methanol/HzO 40:60 to 50:50), resuitmg in
the target molecule B1.50 (0.021 g, 82 %) as a fluffy white solid (after lyophilization). H -
NMR (400 MHz, D;0) & 4.97 (d, J=3.7 Hz, 1H), 4.41.(d, J=7.7 Hz, 1H), 4.36 (q, J=6.7 Hz,
1H), 3.81 (d, J=2.6 Hz, 1H), 3.76 {dd, J=2.4, 7.3 Hz, 1H), 3.55 (dd, J=4.4, 7.2 Hz, 1H), 3.30
(dd, J=2.7, 8.7 Hz, 1H), 1.34 (sex, J=7.4 Hz, 2H}, 1.10 (d, J=6.7 Hz, 3H), 0.81 (t, J=7.5 Hz,
3H); MS (FAB, THG) 738 (M+H), 716 (M+2H-Na).
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Example B§1: Preparation of compound B1.51.

. COOBn H 2 b 6008 oy
N G ==
gno "

40 49

o0

Bni

Morpholine (0.37 mi) and Pd(PPhs)s (0.025 g, 0.021 mmol) are added to a solution of the
allyl carbamate 40 (0.24 g, 0.212 mmol) in tetrahydrofuran (2.9 ml). After exactly 15 minu-
tes, the solution is concentrated and the residue is dried under high vacuum for one hour.
Purification of the residue (0.38 g) by column chromatography on silica gel (eluent: CHxCl/
methanol 19:1, contains 0.3 % concentrated aqueous ammonia solution) gives the piperi-
dine derivative 49 (0.17 g, 76 %).

Co0Bn CO0Bn o

H OH OH OH /1]\
", H OH Ph
0o o NH . o N N~
H
g 3 o747
H H OBn
07 oen 0
Bn n Bn OBn

OBn

49 - 50

Pheny! isocyanate (4.6 i, 0.042 mmol) and diisopropylethylamine (8.5 pl, 0.05 mmol) are
added at 0°C to a solution of the piperidine derivative 49 (0.04 g, 0.038 mmol}) in CH:Cl,
(0.6 ml). After 90 minutes, the reaction mixture is washed with 1 M aqueous KH.PO,
solution and the agueous phase is reexiracted three times with CH,Cl.. The combined
organic phases are dried (Na.SO,), filtered and concéntrated in vacuo. Purification of the
crude product (0.047 g) by column chromatography on silica ge! (eluent: hexane/ethyl
acetate 58:42) provides the urea derivative 50 (0.035 g, 78 %).
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Dioxane (1.3 ml), water (0.65 mi) and glacial acetic acid (0.33 mi) are added to a mixture of -
Pd{OH)./C (Peariman catalyst, Pd content 20%, 0.018 g) and the benzyl ether 50 (0.036 g,
0.031 mmol). The flask is evacuated and tiushed with argon several times. it is then flushed
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated
pressure of hydrogen at room temperature for 16 hours and then fiitered through a cellulose
filter (pore size 45 pm). The filtrate is concentrated in vacuo, and the residue is taken up
with water and concentrated again several times in order to remove excess aceﬁc acid. A
solution of the residue in water is passed through a Dowex50 ion exchange column (Na*
form, diameter of the column.0.9 cm, length 3.5 cm), washing with deionized water. The
clear filtrate is concentréted in vacue and purified by gel filtration on Bio-Ge! P2 (particle
size 65 um, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 mi/min,
detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18 silica
gel, elution: methanol/H.O 1:1), resulting in the target molecule B1.51 (0.018 g, 80 %) as a
fluffy white solid (after iyophilization): *H NMR (400 MHz, D;0) 3 7.14 (t, J=7.9 Hz, 2H),
7.02 (d, J=8.2 Hz, 2H), 6.95 (t, J=7.7 Hz, 1H), 4.87 (d, J=4.0 Hz, 1H), 4.30 (d, J=7.4 Hz,
1H), 4.23 {q, J=6.6 Hz, 1H), 3.66 (d, J=2.8 Hz, 1H), 3.42 (dd, J=4.4, 7.7 Hz, 1H), 3.16 (dd,
J=2.6, 8.5 Hz, 1H), 1.00 (d, J=6.6 Hz, 3H); MS (FAB, THG) 737 (M+H), 715 (M+2H-Na).
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Example B32: Preparation of compound B1.52.
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B1.52

The piperidine derivative 49 is converted in analogy to Example B28 (preparation of com-
pound B1.48) using phenylmethanesulfonyl chloride as reagent into the target compound
B1.52: 'H NMR (400 MHz, D,0) & 7.50 (m, 5H), 5.02 (d, J=3.5 Hz, 1H), 4.61 (d, J=13.7 Hz,
1H), 4.54 (d, J=13.7 Hz, 1H), 4.32 (d, J=8.0 Hz, 1H), 3.62 (t, J=6.0 Hz, 1H), 3.52 (dd, J=7.7,
8.4 Hz, 1H), 3.36 (dd, J=3.2, 9.6 Hz, 1H), 3.2 (br d, J=12.6 Hz, 1H), 1.17 (d, J=6.5 Hz, 3H);
MS (FAB, THG) 772 (M+H), 750 (M+2H-Na).

Example B33: Preparation of compound B1.53.

CO0Bn
H o OH OH . H%COOH OH O
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49 B1.53
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Dioxane (3.7 mi), water (1.8 ml) and glacial acetic acid (0.9 ml) are added to a mixture of
Pd(OH)/C (Peariman catalyst, Pd content 20%, 0.05 g) and the benzyl ether 49 (0.09 g,
0.086 mmol). The flask is evacuated and flushed with argon several times. It is then flushed -

- with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated
pressure of hydrogen at room temperature for 48 hours and then filtered through a cellulose
filter (pore size 45 um). The filtrate is concentrated in vacuo, and the residue is taken up
with water and concentrated again several times in order to remove excess acetic acid. The
crude product (0.044 g) is purified by gel filtration on Bio-Gel P2 (particle size 65 um,
column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, detektion at
215 nm) and subsequent reverse phase chromatography (Merck RP18 silica gel, gradient
elution: methanol/H.O 30:70 to 50:50), resulting in the target molecule B1.53 (0.04 g, 78 %)
as a fluffy white solid (after lyophilization): 'H NMR (400 MHz, D;0) 5 5.04 (d, J=4.2 Hz,
1H), 4.43 (d, J=7.6 Hz, 1H), 4.27 (m, 2H), 4.20 (g, J=6.5 Hz, 1H), 4.02 (dd, J=2.6, 6.6 Hz,
1H), 3.51 (dd, J=7.8, 9.5 Hz, 1H), 1.12 (d, J=6.2 Hz, 3H); MS (FAB, THG) 618 (M+Na), 596
(M+H).

Example B34: Preparation of compound B1.54.

B1.63 B1.54

A 1 M solution of 2-(1-naphthyl)ethanesulfonyl chioride in toluene (46 ) is added at room .
temperature to a solution of the piperidine derivative B1.53 (0.025 g, 0.042 mmol) in 1M
aqueous NaHCO; solution (0.22 ml). The mixture is vigorously stirred for 22 hours and then
concentrated in vacuo and dried under high vacuum for 15 minutes. The crude product is
purified by gel filtration on Bio-Gel P2 (particle size 65 pm, column diameter 2.5 cm, length
35 cm, eluent: water, flow rate 0.45 mi/min, detection at 215 nm) and subsequent reverse
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phase chromatography (Merck RP18 silica gel, elution: methanol/H,O 7:3), resulting in the
target molecule B1.54 (0.011 g, 31 %) as a fluffy white solid (after lyophilization): 'H NMR
(400 MHz, D;0)} 8 7.72 (d, J=8.8 Hz, 1H), 7.54 (d, J=8.8 Hz, 1H), 7.44 {d, J=8.6 Hz, 1H),
7.28 (t, J=7.2 Hz, 1H), 7.22 (t, J=7.2 Hz, 1H), 7.14 (t, J<7.2 Hz, 1H), 7.08 (d, J=8.7 Hz, 1H),
4.91 (d, J=4.1 Hz, 1H), 4.20 {d, J=7.0 Hz, 1H), 3.99 (br s, 1H), 3.90 (br s, 1H), 1.09 (d,
J=6.3 Hz, 3H); MS (FAB, THG) 858 (M+Na), 836 (M+H).

Example B35: Preparation of compound B1.55.
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B1.53 B1.55

A 0.5 M solution of acetic anhydride in toluene is added in small portions (50 to 100 pl) at
room temperature to a solution of the piperidine derivative B1.53 (0.035 g, 0.059 mmol) in

1 M aqueous NaHCO; solution (0.5 ml) until all the precursor is consumed (test by thin-layer
chromatography: silica gel TLC plates, mobile phase: n-butanol/ water/acetone/glacial
acstic acid/NH,OH 70:60:50:18:1.5). The reaction is complete after about one hour, and the
mixture is concentrated in vacuo and dried under high vacuum for 15 minutes. The crude
product is purified by gel filtration on Bio-Gel P2 (particle size 65 pm, column diameter 2.5
cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, detection at 215 nm) and subse-
quent reverse phase chromatography (Merck RP18 silica gel, elution: methanol/H.0 3:7),
resulting in the target molecule B1.55 (0.026 g, 67 %) as a fluffy white solid (after lyophiliza-
tion): "H NMR (400 MHz, D;0) 5 5.01 (d, J=4.2 Hz, 0.5H), 4.99 (d, J=4.2 Hz, 0.5H), 4.44 (d,
J=7.3 Hz, 1H), 4.32 (g, J=6.6 Hz, 0.5H), 3.14 (dd, J=8.0, 12.9 Hz, 0.5H), 2.10 (s, 1.5H),
2.08 (s, 1.5H), 1.13 (d, J=6.6 Hz, 3H).
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Example B36: Preparation of compound B1.56.
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B1.53 B1.56

A 1.5 M solution (+)-di-O-acetyl-L-tartaric anhydride in 1,4-dioxane is added in small
portions (50 to 100 pl) at room temperature to a solution of the piperidine derivative B1.53
(0.03 g, 0.05 mmol) in 1 M aqueous NaOH solution (0.15 ml) until all the precursor is con-
sumed (test by thin-layer thomatography: silica gel TLC plates, mobile phase: n-butanol/
water/acetone/glacial acetic acid/NH,OH 70:60:50:18:1.5). The mixture is kept basic
throughout the reaction by periodic addition of 1 M NaOH solution. The starting material is
consumed after about two hours and then a further 1 M sodium hydroxide solution (0.13 mi)

is added and the mixture is heated to 40°C in order to hydrolyse the ester groups. Afterone. . .

hour, the mixture is concentrated in vacuo and dried under high vacuum for 15 minutes. -
The crude product is purified by ge! filtration on Bio-Gel P2 (particle size 65 um, column
diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, detection at 215 nm)
and subsequent reverse phase chromatography (Merck RP18 silica gel, elution: methanol/
H.O 1:9), resulting in the target molecule B1.56 (0.020 g, 52 %) as a fluffy white solid (after
iyophilization): MS (FAB, THG) 794 (M+Na), 772 (M+H), 750 (M+2H-Na).

Example B37: Preparation of compound B1.57.
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B1.53 B1.57
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N,N-Diisopropylcarbodiimide (11.7 pl, 0.075 mmol) is added at 0°C to a solution of shikimic
acid (0.013 g, 0.075 mmol) and 1-hydroxybenzotriazole (0.01 g, 0.075 mmol) in dry N,N-di-
methyiformamide (0.37 ml), and the mixture is then stirred for 30 minutes. The mixture is
then warmed to room temperature and the piperidine derivative B1.53 (0.015 g,

0.025 mmol) is added. After 3 hours, 10 % aqueous NaHCO; solution is added (0.15 mi),
and the reaction mixture is stirred for a further 20 minutes and then concentrated under high
vacuum. The residue is taken up in water, filtered through a celiulose filter (pore size 45 um)
and then passed through a Dowex50 ion exchange column (Na* form, diameter of thé '
column 0.9 cm, length 3.5 cm), washing with deionized water. The filtrate is concentrated in
vacuo an& purified by gel filtration on Bio-Gel P2 {particle size 65 pm, column diameter

2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, detection at 215 nm) and subse-
quent reverse phase chromatography (Merck RP18 silica gel, elution: methanol/H,0 1:9),
resulting in the target molecule B1.67 (0.007 g, 33 %) as a fluffy white solid (after lyophiliza-
tion): 'H NMR (400 MHz, D,0) § 5.8 (br s, 1H), 4.94 (m, 1H), 2.55 (m, 1H), 2.10 (m, 1H),
1.07 (d, J=6.0 Hz, 3H); MS (FAB, THG) 796 (M+Na), 774 (M+H).

Example B38: Preparation of .compound.B1'.58.

o O,N
ez on M~ \O\f °o o
.ﬁz ko)

Bzrﬁ?"\ ¢ B’;ﬁ@\gw /lko/\/

-OBn

Bn OBn

37 52

N,N-Dimethylaminopyridine (1.03 g, 8.44 mmol) and p-nitrobenzenesulfonyt chioride

(1.65 g, 7.44 mmol) are added at room temperaturé to a solution of the alcohol 37 (6.11 g, _
5.1 mmol) in CH.Cl, (35 mi). After 52 hours, the reaction mixture is washed with 10 %
aqueous NaHCO; solution, and the aqueous phase is reextracted three times with
CH,Cl>.The combined organic phases are dried (Na;SO,), filtered and concentrated in
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vacuo. The crude product (10 g) is purified by column chromatography on silica gel (eluent:
ethyl acetate/hexane 35:65), resulting in the nosylate 52 (6.58 g, 93 %).

6o OBz b N*o A~ 5o OBz N)l\o S

52 53

A solution of the nosylate 52 (7.78 g, 5.62 mmol) and dry LiNs (0.99 g, 20.21 mmol) in dry
N,N-dimethylformamide (50 ml) is heated to 50-60°C under an argon atmosphere. After 16
hours, the solvent is removed under high vacuum, and the residue is taken up in CHzCl,
and washed with 10 % aqueous NaHCO; solution. The aqueous phase is extracted three
times with CH,Cl, and the combined organic phases.are dried (Na,SOy), filtered and con-
centrated in vacuo. The crude product is purified by column chromatography on silica gel
(eluent: ethyl acetate/hexane 30:70), with elution first of the required azide 53 (4.22 g,

61 %), followed by the alcohol 37 (2.5 g). o

O . o]
OBz OH
o% o%
OBn 3 -_— H 3
o wn 0 an
BnO " BG
53 54

A solution of the tribenzoate 53 (4.22 g, 3.45 mmol) and sodium methoxide (0.55 g,

10.2 mmol) in methanol (110 ml) and dioxane (5 ml) is stirred at room temperature for

2.5 hours. The pH of the reaction mixture is then made neutral by adding strongly acidic ion
exchanger (Amberlyst15, H' Form), the suspension is filtered, and the filtrate is concentra-
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ted in vacuo. The crude product (4.5 g) is purified by column chromatography on silica gel
(eluent: CH,Clz/methanol 19:1) to give the triol 54 (2.89 g, 92 %).

50
o F4C0 o
OBn CO an
OH . OH
) O CEEER )
o 5 o
H OBn s r H OBn a II)
07 obn 07 oBn
Bn 'n . Bn '
54 55

A suspension of 54 (2.89 g, 3.17 mmol) and di-n-butyltin oxide (1.56 g, 6.27 mmol) in dry '
benzene (95 ml) is boiled under reflux in an argon atmosphere for 16 hours. The reaction
mixture is concentrated in vacuo and dried under high vacuum for one hoﬁr. Then CsF
(dried under high vacuum at 300°C for several hours, 1.2 g, 7.9 mmol) is added under an
argon atmosphere, followed by dry 1,2-dimethoxyethane (80 ml) and a solution of the triflate
A5 (6.3 g, 15.97 mmol) in dry 1,2-dimethoxyethane (50 ml). The reaction mixture is heated
to 35 to 40°C and stirred at this temperature for 3 hours. The mixture is then washed with a
solution of 16% KF in 1M aqueous KH.PO, (150 ml) and the aqueous phase is extracted
three times with CH2Clz, and the combined organic phases are dried (Na,SO,), fiitered and
concentrated in vacuo. The oily residue (10.9 g} is purified by column chromatography on
silica gel (elution: toluene/ethyl acetate 4:1, then CH.Cla/methano! 19:1 to recover the pre-
cursor), resulting in the ether 55 (1.94 g, 53 %) as a colourless foam and partial recovery of
the precursor (1.1 g, 26 %).

(o) (o7 o
Co 23“ co 2Bn
OH OH
=R e
o} o%
07 oen 07 oen
Bn Bn

55 56
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Morpholine (215 ul) and Pd(PPhs), (0.015 g, 0.013 mmol) are added under an argon atmo-

sphere to a solution of the allyl carbamate 55 (0.15 g, 0.13 mmol) in tetrahydrofuran

(1.7 ml). After exactly 15 minutes, the solution is concentrated and the residue is dried _
under high vacuum for one hour. The crude product is purified on a short silica gel column
(eluent: CHxCla/methanol 19:1, contains 0.3 % concentrated aqueous ammonia solution)
and then dried under high vacuum for one hour. The residue is then taken up in dry CH.Cl.
(1.7 ml), the solution is cooled to 0°C, and triethylamine (43 pl,-0.31 mmol) and n-butane-
sulfonyl chloride (18 pl, 0.14 mmol) are added. After 15 minutes, the reaction mixture is -
warmed to room temperature and washed with 10 % aqueous NaHCO; solution. The
aqueous phase is reextracted three times with CH,Cl,, and the organic phases are com-
bined, dried (NazSQ,), filtered and concentrated in vacuo. Purification of the crude product
by column chromatography on silica gel (eluent: ethyl acetate/hexane 30:70) gives the
sulfonamide 56 (0.12 g, 77 %).

56 B1.58

Dioxane (1.2 mi), water (0.6 mi) and glacial acetic acid (0.25 ml) are added to a mixture of
Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.035 g) and the benzyl ether 56 (0.027 g,
0.023 mmol). The flask is evacuated and flushed with argon several times. it is then
flushed with hydrogen, and the black reaction mixture is hydrogenated under a slightly ele-
vated pressure of hydrogen at room temperature for 12 hours and then filtered through a
celiulose filter (pore size 45 um). The filtrate is concentrated in vacuo, and the residue is
taken up with water and concentrated again several times in order to remove excess acetic
acid. The crude intermediate (0.017 g, lyophilized) is taken up in 1 M agqueous NaHCO;
solution (0.3 ml) and over the course of 5 hours, several small portions (30 bis 50 pl) of an
approx. 1M soiuﬁon of 3,4-dimethoxybenzoyl chloride in toluene are added, until a test by
thin-layer chromatography (silica get TLC plates, mobile phase: n-butanol/water/acetone/
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glacial acetic acid/NH,OH 70:60:50:18:1.5) indicates complete conversion of the intermedi-
ate. The pH of the solution is kept basic during this reaction by adding several portions of
solid NaHCO; (about 0.025 g in total). The reaction mixture is then concentrated in vacuo,
and the residue is taken up in a littie water and purified by gel filtration on Bio-Gel P2
{particle size 65 um, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45
mi/min, detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18
silica gel, elution: methanol/H.O 65:35), resuliing in the target molecuie B1.58 (0.008 g, 39
%) as a fluffy white solid (after Iyophilization): 'H NMR (400 MHz, D;0) § 7.41 (brd, J=8.3 '
Hz, 1H), 7.32 (br s, 1H), 7.04 (d, J=8.3 Hz, 1H), 5.05 (d, J=3.9 Hz, 1H), 4.51 (d, J=7.8 Hz,
1H), 4.14 (q, J=6.7 Hz, 1H), 4.09 (t, J=4.1 Hz, 1H), 3.82 (s, 6H), 3.33 (dd, J=3.1, 9.6 Hz,
1H), 1.13 (d, J=6.3 Hz, 3H), 0.68 (t, J=7.6 Hz, 3H); MS (FAB, THG) 923 (M+Na), 901 (M+H),
879 (M+2H-Na).

Example B39: Preparation of compound B1.59.

0 0
co 2Bn co ZNa -OH V
4H9 O N“ “Sn-C 4Ho
OBn OH 0?
07 on
H
56 ’ B1.59

Dioxane (5.3 mi), water (2.§ ml) and acetic acid (1.1 ml) are added to a mixture of
Pd(OH)./C (Peariman catalyst, Pd content 20%, 0.13 g) and the benzyl ether 56 (0.12 g,

0.1 mmol). The flask is evacuated and flushed with argon several times. It is then flushed
with hydrogen and the black reaction mixture is hydrogenated under a slightly elevated
pressure of hydrogen at room temperature for 24 hours and then filtered through a cellulose
filter (pore size 45 umy). The filtrate is concentrated in vacuo, and the residue is taken up
with water and concentrated again several times in order to remove excess acetic acid. The
crude amine (0.074 g) is taken up in a little water and purified by gel filtration on Bio-Gel P2
(particle size 65 um, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate

0.45 ml/min, detection at 215 nm) and subsequent reverse phase chromatography (Merck
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RP18 silica gel, elution: methanol/H.0 1:1), resulting in the target molecule B1.59 (0.052 g,
73 %) as a fluffy white solid (after lyophilization): ‘H NMR (400 MHz, D,0) 5 5.00 (d, J=3.6
Hz, 1H), 4.41 (d, J=7,7 Hz, 1H), 4.28 (q, J=6.5 Hz, 1H), 3.83 (d, J=3.1 Hz, 1H), 3.79 (dd,
J=3.1, 9.7 Hz, 1H), 3.32 (dd, J=3.2, 8.6 Hz, 1H), 1.12 (d, J=6.1 Hz, 3H), 0.83 (t, J=7.9 Hz,
3H); MS (FAB, THG) 737 (M+Na), 713 (M+H).

Example B40; Preparation of compound B1.60.-

[s I 0] '
CO ,Na
2 OH ,V 3
0 N “n-C 4Hy 0 %N “nC4Hy
H o% M O :
7 7O
H B :

B1.59 B1.60

The amine B1.59 (0.027 g, 0.038 mmol_) is taken up in 1 M aqueous NaHCO; solution

{0.35 mi) and, over the course of 4 hours, several small portiops (30 to 50 i) of an approx.
0.5 M solution of benzoyl chloﬁde in toluene are added until a test by thin-layer chromato-
graphy (silica gel TLC plates, mobile phase: n-butanol/water/acetone/glacial acetic acid/
NH,OH 70:60:50:18:1.5) indicates complete conversion. The pH of the solution is kept basic
throughout the reaction by adding several portions of solid NaHCO, (about 0.01 g in total).
The reaction mixture is then concentrated in vacuo, and the residue is taken up in a little
water and purified by gel filtration on Bio-Giel P2 (particle size 65 um, column diameter

2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, detection at 215 nm) and.subse-
quent reverse phase chromatography (Merck RP18 silica gel, elution: methanol/H,0 1:1),
resulting in the target molecule B1.60 (0.027 g, 85 %) as a fluffy white solid (aﬂe} lyophiliza-
tion): 'H NMR (400 MHz, D;0) § 7.72 (d, J=8.0 Hz, 2H), 7.52 {t, J=6.9 Hz, 1H), 7.44 (t, J=7.5
Hz, 2H), 5.05 (d, J=3.8 Hz, 1H), 4.50 {(d, J=8.1 Hz, 1H), 4.17 (q, J=6.6 Hz, 1H), 3.92 (br d,
J=10.4 Hz, 1H), 3.85 (d, J=2.8 Hz, 1H), 3.80 {dd, J=3.1, 10.4 Hz, 1H), 3.33 (dd, J=2.8, 9.8
Hz, 1H), 1.12 (d, J=7,1 Hz, 3H), 0.70 (t, J=8.2 Hz, 3H); MS (FAB, THG) 863 (M+Na), 841
(M+H).
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Example B41: Preparation of compound B1.61.

co 2Na [o0] zNa OH 0 0

3% Y
OH
o o N7 “n-C H, o . %N’ n-C (Hy
og o% g ©
H _ ™ H HN
07 on
H

.OHTOB'\

B1.59 B1.61

The carbamate B1.61 is prepared starting from the amine B1.59 (0.027 g, 0.038 mmol}
using benzyl chloroformate as reagent in analogy to Example B40 (Preparation of com-
pound B1.60). The yield is 0.007 g (21 %): 'H NMR (400 MHz, D;0) § 7.31 (m, 5H), 5.06
(d, J=12.0 Hz, 1H), 4.97 (d, J=12.0 Hz, 1H), 4.96 {(d, J=4.0 Hz, 1H), 4.42 (d, J=7.7 Hz, 1H),
4.19 (q, J=6.6 Hz, 1H), 3.96 (brs, 1H), 3.80 (d, J=2.9 Hz, 1H), 3.50 (dd, J=8.2, 9.4 Hz, 1H),
3.29 {dd, J=2.9, 9.7 Hz, 1H), 3.20 (br d, J=12.2 Hz, 1H), 1.06 (d, J=6.5 Hz, 3H), 0.77 (,
J=8.0 Hz, 3H); MS (FAB, THG) 871 (M+H), 849 (M+2H-Na).

The foliowing compounds are prepared in analogy to the above examples:

COOR;

H,, - pH OH __Rua
o N
O
. OH
Table 1a: HO
. HaC O OH
OH

HO

Compound No.

C{0)-3,4-(OH)2-CeHs
C(O)CH(CeHs)2
C(0)-3,4-{OCH2C¢H5)2~CeHs

B1.65 Na
B1.68 Na
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Compound No.

=
B1.70

B1.72
B1.73
B1.77
B1.78
B1.80
B1.81
B1.82
B1.83
B1.84

Table 1a’:

Compound No.

B1.62
B1.63
B1.66
B1.67
B1.69
B1.71
B1.74
B1.75
B1.76
B1.79
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Ra Rua
Na | C(O1845(OHsCHe |
Na C(O)[CH(OH)1.C(O)ONa
Na C(O)CHs
Na S(0)2(CH_)-C1oH>
H H
Na S(0).CH;CeHs
Na C(O)NHC:Hs
Na C(O)CsH14
Na 1 S{0)2(CH2)sCH3
Na C(O)O(CHz):CHs
"COOR3 "
o N _Rua
Ty
o OF ! Fea
HaC" 07 o
HO CH

Rs Rua Rca
Na C(O)CH; NHC(O)C1oH;
Na C(O)CHs NHC(O)OCH,CgHs
Na C(O)CH; NHC(O)CH.CsHs
Na C(O)CHs NHC(O)CH,OCHs
Na C(O)CH,3 NHC(O)CHNHC(O)OCH.CsHs
Na C{O)O({CHg).CHs NHS(0).CH.C¢Hs
Na S(0)2(CH2)s:CH, NHC({O)OCHCgHs
Na S(O)a(CHz)sCHs NHC(O)CeHs
H 8(0)2(CH2)sCH3 NH.
Na 5(0)2(CHz)sCHz NHC(0)-3,4-(OCH5).C¢H3
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Ha, OH OH Rua
° o—7 17"
O
O
. OH
Table 1b: HO
HsC O OH
OH
‘HO
Compound No. Ra Rua
e
B1.85 Na 8(0)-4-CHg-CeH,
B1.86 Na C(O)(CH,)sC({O)OCH;
B1.87 Na S(O)z(CHz)aCHs
B1.88 H (CHz).CHg
B1.89 Na C(O)CeHis
B1.90 Na C(O)CH3
B1.91 Na C(O)O(CH_).CH;3

C. Ligand Binding Assay for Determination of IG5, Values-conserved use of positive controls
E-selectinfhuman IgG chimera [cloned and expressed according to Kolbinger et al.
Blochemistry 35:6385-6392 (1996)] are incubated in Falcon probind™ microtiter plate (Pléte
1) at a concentration of 200 ng/well in 0.01 M Tris, 0.15 M NaCl, 1 mM CaCl,, pH 7.4 (Tris-
Ca™ buffer). Thus the plating soiution is dispensed as 100 pl/well of 2 hg/ml E-chimera.
Row 12 is left blank with only buffer. Plate 1 is incubated covered at 37°C for 2 hours. After
incubation 100 pl/well of 2 % BSA in Tris Ca™ buffer is added and incubated at room
temperature for 1 hour. During incubation the compounds {2x serial dilution) are titrated in 1
% BSA in Tris-Ca™ using U-shaped low bind microtiter plates (Plate 2). The rows are
serially diluted up to row 9. Rows 10, 11, and 12 are just buffer. Final volume is 60 pl/well
and the first well contains 10 mM of compound with the exception of the positive controls, A
(SLe™Lemieux) and B are used as positive controls for each plate and the first well contains
5 mM of these compounds. PolySLe*SA-HRP conjugate is prepared in advance by
incubating Sialyl Le®-PAA-biotin (cat #01-044, GlycaTech Corp., Rockville, MD} with
Streptavidin-HRP in a molar ratio of 1:2. 60 pl/well of 1 ng/ul of polySLe*SA-HRP conjugate
in 1 % BSA in Tris-Ca*" are added to all wells except row 11 in Plate 2. Plate 1 is
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washed four times with Tris-Ca™ in the automatic plate washer. 100 pl/well are transferred
from Plate 2 to Plate 1 starting from lowest concentration.of compound. Plate 2 is dis-
carded. The plate is incubated while rocking at room temperature for 2 hours. The plate is
washed 4 times with Tris-Ca"* using automatic plate washer. 100 pl/well of Substrate [Mix
3,3',5,5'-tetramethyibenzidine reagent and H;0,, at 1:1 ratio] are added with an 8 channel
pipettor from right to left. The plate is incubated at rooﬁm temperature for 2 minutes. The
reaction is stopped by adding 100ul/well of 1M H;PO, using the 8 channel pipettor from
right to left. Absorbance of light at 450nm is measured in a microtiter plate reader.

Control compound A:

Control compound B:

ICs, is calculated by determining the concentration of compound required to inhibit maximal
binding of the polySialylLe®HRP conjugate to immobilized E-selectin/human IgG chimera by
50%. The relative ICs; is calculated by determining the ratio of the ICs of an intemal control
compound to the 1Cx Of the test compound.
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IC su('l' est compound)

lcs o(C:ontrol compound A)
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CO.R,
H,
R, O o /E Q
Table 2: N 0O
HO OH
- HSCNOH
OH
OH
Comp. No. Rs Rs RICsp
B1.1 Na -CHCgHs 0.35
B1.2 Na CH,CgHy4 0.08
B1.3 Na -CH.NHC(O)CgHs 1.11
B14 Na -CHNHC(O)(CH;).CeHs 1.85
B1.5 Na -CH.NHC(O)(CH.}sOH 1.23
B1.6 H  -CHzNH; 0.96
B1.7 H  -CH:NHCH,(CH).CgHs 1.156
B1.8 Na -CHaN[C(O)CgHs]CH2(CH).CsHs 0.90
B1.9 H  CHaNHCH,CgHs 0.61
B1.10 Na -CH.N(CH,CgHs). 0.60
B1.11 H  -CH NH[CH,CH(CHs). 0.74
B1.12 H  -CH.N[CH>CH(CHs)z] 0.32
B1.13 Na -CH,oN[C(O)CeHs][CH.CH(CH),] 0.21
B1.14 Na -CH,NH[SO»(CsH.)NO,] 0.12
B1.15 Na .-CH.NHSO,CgH,CH; 0.13
B1.16 Na -CH,NHC(O)CF, 0.64
B1.17 Na -CH.NHC(O)CeHi; 1.33
B1.18 Na -CH,CH:CeHs 0.14
B1.19 Na 0.17

-CH,CH2CgHy5
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Comp. No. Rs R, RICs,
B120 Na -CH,NHC(O)CiHzs 1.76
B1.21 Na -CHoNHC(O)CH(CeHs): 0.71
B1.22 Na -CHNHC(O)CH.CO:Na 1.05
B1.23 Na -CHZNHC(O)Cg[(1,3,4,5)0H)H, 0.79
B1.24 Na -CH,NHC(O)CsH,SOsNa 0.93.
B1.25 Na -CHaNHC(O)CsHlCl 1.29
B1.26  Na -CHzNHC(O)CeH{NO, 1.21
B1.27 Na -CH;NHC(O)CsH,OCH; 1.15
B1.28  Na -CHNHC(O)CsH4(3,4)Cl 2.04
B129  Na -CHaNHC{O)CsH(CHs 1.30
B1.30  Na -CHoNHC(O)CeHiCeHs 1.65
B1.31 Na -CH:NHC(O)CsH,CN 1.04
B1.32 Na -CHaNHC(O)CyoHr 1.44
B1.9 Na -CHNHCH,CgHs 0.61
B1.33 Na -CHaNHC(O)CsH.COONa 0.96
B1.34 Na -CHNHC(O)CHOH),COONa  0.78
B1.35 Na -CHoNJC(O)CeHsICH2CeHs 0.44
B1.36  Na -CHoN[C(O)CgHs}(CHz)sCeHs 0.57
B1.37 Na -CH,NHSO.CF; 0.26
B1.38 Na -CHN[CH,CH(CH3)]SO.CeHsNO, 0.32
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Table 2a:
Compound No. | RICs, Compound No. RICso
B1.62 0.949 B1.77 0.618
B1.64 0.287 B1.78 0.304
B1.65 0.862 B1.78 0.198
B1.66 1.112 B1.80 0.203 -
B1.67 0.564 B1.81 0.216
B1.68 0.686 B1.82 0.185
B1.69 2.661 B1.83 0.176
B1.70 0.189 B1.84 0.169
B1.71. 0.414 B1.85 1.28
B1.72 0.186 - B1.86 2.733
B1.73 0.249 B1.87 0.520
B1.74 0.134 B1.88 1.267
B1.75 0.102 B1.89 0.696
B1.76 0.451 B1.90 0.569
B1.63 0.087

PCT/EP9I6/O2785
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WHAT IS CLAIMED |S:

1. A compound of the formula |

R'\O OH
5 o ,
HO OH O (M)
OH
OH

in which

X is the residue of a non-glycosidic aliphatic 1,2-diol;

R, is an S-configurated methyl substituted with one carboxyl residue and one other substitu-
ent; and |

R: is hydrogen, C-Ci.alkyl or Cgaryl; where the alkyl and the aryl are unsubstituted or sub-
stituted by one or more substituents selected from the group consisting of OH, halogen, -
C(O)ORs, OC(O)Rs4, C(O)Rs2, nitro, NH, cyano, SOsM,, OSO3My, NR2ySO3sMy, C1-Croalkyl,
C2-Cyzalkenyl, Cy-Cyzalkoxy, Cs-Cizcycloalkyl, Cs-Cizcycioalkenyl, C;-Cysheterocycloalkyl,
C2-Cysheterocycloalkenyl, Ce-Croaryl, Cs-Croaryloxy, Cs-Cgheteroaryl, Cs-Coheteroaryloxy,
Cr-Cysaralkyl, C-Cyqaralkyloxy, Ce-Cioheteroaralkyl, Cg-Cysaralkenyl, Cr-Cycheteroaralkenyl,
primary amino, secondary amino, sulfonyl, sulionamide, carbamide, carbamate,
sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where Rg:
is hydrogen, M,, C;-Cralkyl, C-Cszalkenyl, Cs-Ciacycloalkyi, Co-Cisheterocycloalkyl,
Cs-Croaryl, Cs-Coheteroaryl, C;-Cyaralkyl or Cs-Cioheteroaralkyl, Rs4 is hydrogen,
01-C1zallkyl, Co-Cyzalkenyl, Cs-Cizcycloalkyl, C2-Cysheterocycloalkyl, Ce-Cyoaryl, Cs-Cghetero-
aryl, C-Cyiarakyl or C¢-Cyoheteroaralkyl, and Re and R are hydrogen, Cy-Cyzalkyl,
C2-Cralkenyl, C3-CyoCycloalkyl, Cs-Ciecycloalkenyl, C-Ciiheterocycloalkyl, C2-C1y-hetero-
cycloalkenyl, Ce-Cioaryl, Cs-Csheteroaryl, C-Csaralkyl, Ce-Cioheteroaralkyl, Co-Cit-aralkenyl
or C;-Cycheteroaralienyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo-
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryioxy, aralkyl, aralkyloxy, hetero-
aralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the
abovementioned substituents; and y is 1 and M is a monovalent metal ory is 1/2and Mis a
divalent metal; including its physiologically tolerated salts.
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2. A compound according to claim 1, wherein
{(a) NH,, primary amino, secondary amino, carbamide, carbamate, carbhydrazide, sulfon-
amide, sulfonhydrazide and aminocarbonylamide is a representative selected from the
group of ReC(O)(NH)pN(Rg)-, -C(O)(NH)-NRsRs, RsOC(O)(NH),N(Rs)-,
RsRsoNC(O)(NH)N(Rg)-, -OC(O)(NH);NRgRy, -N(R4o)C(O)(NH),NRgRs, ReS(O)2(NH),N(Ro)-;
-S(0)2(NH),NRgRs; RaR4NS(O)N(Rg)- or -NR4S(0)2NRgRs, in which Rs, Re and Ry are,
independently of one another, hydrogen, OH, Cs-Cizalkyl, Ci-Cyoalkenyl, Cs-Cyzcycloalkyl,
Cs-Cizcycloalkenyl, C-Cqsheterocycloalkyl, C2-Cysheterocycloalkenyl, Cs-Cioatyi,
Cs-Coheteroaryl, C-Cyaralkyl, Cg-Ciearalkenyl with C2-Cgalkenylene and Ce-Croaryl,
Ce-Cisheteroaralkyl, Cs-Cysheteroaraikenyl, or di-Ce-Cioartyl-Ci-Ce-alkyl, or ReRoN in which
Re and Ry are, independently of one another, hydrogen, OH, SO3M,, OSOsM,, C+-Ci2alkyl,
C3-Cy2cycloalkyl, C-Cysheterocycloalkyl, Ce-Croaryl, Cs-Csheteroaryl, C~-Cyiaralkyl, Ce-
Cioheteroaralkyl, Cs-Ciearalkenyl with C,-Cealkenylene and Ces-Croaryl, or di-Cg-Cparyl-Cy-
Ce-alkyl, which are unsubstituted or substituted by one or more substituents; or Rg and R, or
Rg and Ry or Rg and Ry in the case of -NRgRy or -NRgRy or RgR4oN- together are tetra-
methylene, pentamethylene, -(CH;).-O-(CHa)2-, -{(CH2)2-S-(CHz)2- of -{CHz)2-NR+~(CHz)2-,
and R; is H, Cs-Cealkyl, Cr-Cyiaralkyl, C(O)R.2 or sulfonyl;-and
{b) sutfonyl is a representative of the formula R-SO;- in which Ry is C+-Cizalkyl,
Cs-Cyacycloalkyl, Co-Cisheterocycloalkyl, Cs-Croaryl, Cs-Csheteroaryl, C7-Cysaralkyl or
Ce-Cioheteroaralkyl, which are unsubstituted or substituted by one or more substituents;
wherein the substituents are selected from the group consisting of OH, halogen, C(O)ORg;,
OC(O)Rs4, C(O)Rs2, nitro, NHz, cyano, SOsM,, OSOsM,, NR@SOSMV. C1-Cioalkyl,
Cz-Cyzalkenyl, C;-Cizalkoxy, Cs-Crocycloalkyl, Cs-Ciacycloalkenyl, C.-C,iheterocycloalkyl, Cz-
Casheterocycloalkenyl, Ce-Croaryl, Co-Croaryloxy, Cs-Cgheteroaryl, Cs-Csheteroaryloxy, C-
Cisaralkyl, Ce-Cyoheteroaralkyl, Cs-Cysaralkenyl, C-Cioheteroaralkenyl, primary amino,
secondary amino, sulfonyi, sulfonamide, carbamide, carbamate, sulfonhydrazide, carb-
hydrazide, carbohydroxamic acid and aminocarbonylamide, where R;; Is hydrogen, My,

~ C4-Czalkyl, C2-Coalkenyl, Cs-Cizcycloalkyl, C-Cyiheterocycloalikyl, Ce-Croaryl, Cs-Cghetero-
aryl, C;-Cysaralkyl or Ce-Ccheteroaralkyl, Rs4 is hydrogen, C,-Cizalkyl, C-Cioalkenyl,
Cs-Cyzcycloalkyl, Co-Cysheterocycloalkyl, Cs-Cioatyl, Cs-Csheteroaryl, C-Ciaralkyl or
Ce-Cioheteroaralkyl, and R and Ry are hydrogen, C-Ciaalkyl, Co-Crzalkenyl, Cs-Ciocyclo-
alkyl, Cs-Cizcycloalkenyl, C2-Ciiheterocycloalkyl, C2-Cis-heterocycloalkenyt, Cs-Croaryl,
Cs-Csheteroaryl, Cr-Cyaralkyl, Cs-Cioheteroaralkyl, Cs-Cqs-aralkenyl or C-Cyoheteroar-
alkenyt, and alkyl, alkenyl, atikoxy, cycloalkyl, cycloalkenyi, heterocycloalkyl, heterocyclo-
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alkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, heteroaralkyl, aralkenyl and hetero-
aralkeny! in turn are substituted or substituted by one of the abovementioned substituents;
pisOor1andyis 1and M is a monovalent metal ory is 1/2 and M s a divalent metal.

3. A compound according to claim 1, wherein X is a linear or branched C-Cx-alkylene,
-alkenylene, Cs-Cr2-cycloalkylense, -cycloalkenylene, Cs-Cyi-heterocycloalkylene or -hetero-
cycloalkenylene with hetero atoms selected from the group of -O-, -§- and -N-.

4. A compound according to claim 1, wherein X is substituted by a substituent selected from
the group bonsisting of OH, halogen, C{O)ORs1, OC(O)Re4, C(O)Rs2, nitro, NH;, cyano,
S04M,, OSOsM,, NR2oSOsMy, Ci-Cizalkyl, C2-Croalkenyl, C+-Croalkoxy, Cs-Cyocycloalkyl,
Cs-Crzcycloalkenyl, Co-Cysheterocycioalkyl, C»-Cisheterocycloalkenyl, Ce-Croaryl, Ce-Croaryi-
oxy, Cs-Cgheteroaryl, Cs-Csheteroaryloxy, C-Cyaralkyl, C7-Cysaralkyloxy, Cs-Croheteroar-
alkyl, Cg-Cysaralkenyl, Cr-Cicheteroaralkenyl, primary arﬁino. secondary amino, sulfonyl, sul-
fonamide, carbamide, carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid
and amidocarbonylamide, where Rg; is hydrogen, My, C1-Cyzalkyl, Co-Calkenyl,
Ca-Crzcycloalkyl, C-Cysheterocycloalkyl, Ce-Cioaryl, Cs-Csheteroaryl, C-Cyraralkyl or
Ce-Croheteroaratkyl, Rs. is hydrogen, Ci-Cyzalkyl, C2-Cizatkenyl, Ca-Crocycloalkyl,
C2-Cyiheterocycloalkyl, Ce-Crearyl, Cs-Coheteroaryl, C-Cysaralkyl or Ce-Cioheteroaratkyl, and
R.2 and Ry are hydrogen, Cy-Craalkyl, C-Cizalkenyl, Cs-CizCycloalkyl, Cs-Cyecycloalkenyl,
C2-Cysheterocycloalkyl, C:-C1i-heterocycloalkenyl, Cs-Cioaryl, Cs-Coheteroaryl, C-Criaralkyl,
Ce-Croheteroaralkyl, Cs-Cys-aralkenyl or C-Cioheteroaralkenyl, and alkyl, alkenyl, alkoxy,
cycloalkyl, cycloalkenyl, heterocycloatkyl, heterocycioalkenyl, aryl, aryloxy, heteroaryl,
heteroaryloxy, aralkyl, aralkyloxy, heteroaralkyl, aralkenyt and heteroa'ralkenyl in tum are
unsubstituted or substituted by one of the abovementioned substituents; and y is 1 and M is
a monovalent metal or y is 1/2 and M is a divalent metal.

5. A compound as claimed in claim 1, wherein X is the residue of a 1,2-diol corresponding
to formula Il
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in which

Rs and R ars, independently of one another, hydrogen, C;-Cizalkyl, Cs-Cizcycloalkyl,
Cz-Csheterocycloalkyl, Ce-Cioaryl, Cs-Coheteroaryl, C-Cysaralkyl or Cg-Cycheteroaralkyl; or
Rs and Rg are, together with the -CH-CH- group, Cs-C1.cycloalkylene, C5-Co-cycloalken-
ylene, C,-Cysheterocycloalkylene and C3-Csheterocycloalkenylene with hetero atoms
selected from the group -O-, -S- and -N-;

where alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, cyclo-
alkylene, cycloalkenylene, heterocycloalkylene and heterocycloalkenylene are unsubstituted
or substituted by one or more substituents selected from the group consisting of OH, halo-
gen, C(O)OR;y, OC(O)Rss, C(O)Rs2, nitro, NHg, cyano, SOsMy, OSO3My, NR2oSO3M,,
C-Czalkyl, C2-Cioalkenyl, Cy-Cizalkoxy, Cs-Crzcycloalkyl, Cs-Cizcycloalkenyl, C,-Ciihetero-
cycloalkyl, C;-Cisheterocycloalkenyl, Cs-Cioaryl, Ce-Croaryloxy, Cs-Cgheteroaryl,
Cs-Coheteroaryloxy, Cr-Ciaralkyl, C-Ciqaralkyloxy, Ce-Cioheteroaralkyl, Cs-Crsaralkenyl, Cr-
Cioheteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, carbamide,
carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonyi-
amide, where R, is hydrogen, My, C1-Cioallkyl, C2-Cyzalkenyl, Cs-CioCycloalkyl, C-Cyshetero-
cycloaliyl, Cs-Cygaryl, Cs-Coheteroaryl, C-Cqaralkyl or Cg-Cioheteroaralkyl, Rss is hydrogen,
C1-Czalkyl, Cz-Craalkenyl, Cs-Crecycloalkyl, Co-Cusheterocycloalkyl, Ce-Croaryl,
Cs-Csheteroaryl, C-Cyiaralkyl or Ce-Croheteroaralkyl, and R,z and Ry are hydrogen, Cy-
Ciealkyl, Co-Csalkenyl, Ca-Cizcycloalkyl, Cs-Cizcycloalkenyl, Cz-Cqsheterocycloaikyl, Cz-Car-
heterocycloalkenyl, Cs-Cicaryl, Cs-Coheteroaryl, C-Cysaralkyl, Cs-Cioheteroaralkyl, Cg-Cys-
aralkenyl or C-Cyoheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyl-
oxy, heteroaralkyl, aralkenyl and heteroaralkenyl in tumn are unsubstituted or substituted by
one of the abovementioned substituents; and y is 1 and M is a monovalent metal or y is 1/2
and M is a divalent metal.
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6. A compound according to claim 5, wherein Rs and Re

(a) are unsubstituted or substituted by C;-Ci.alkyl or C1-Cyzalkoxy;

(b) are, together with the group -CH-CH-, a 5- to.8-membered carbocycle;

(c) are, together with the group -CH-CH-, a 5- to 8-membered heterocarbocycle;

(d) are, independently of one another, hydrogen, unsubstituted C-Cizalkyl or Cy-Caalkyl
which is substituted by a substituent selected from the group consisting of ~-C(O)OR,;,
-OC({O)Rs4, -C(O)ONa or -C(O)OK, primary amino, secondary amino, C3-C.cycloalkyl,
C:-Cealkoxy, phenyloxy and benzyloxy; unsubstituted Cs-Ci2cycloalkyl or C;-Ciacycloalkyl
which is substituted by a substituent selected from the group consisting of -C{O)OR,;,
-OC(O)Rs4, ~C(O)ONa or -C(O)OK, primary amino, secondary amino, C;-Cealkyl, C-Cealk-
oxy, phenyloxy and benzyloxy; Ce-Cicaryl which is unsubstituted or substituted by
-C(O)OR;4, ~OC(O)R,4, -C(O)ONa or -C(O)OK, primary amino, secondary ahino, C-Cealkyl
or C,-Cealkoxy; Cs-Csheteroaryi with 1 or 2 hetero atoms selected from the group consisting
of oxygen and nitrogen atoms; or C;-Cy.aralkyl which is unsubstituted or substituted by
-C(O)ORs;4, OC(O)Rss, ~C(O)YONa or -C(O)OK, primary amino, secondary amino, C+-Cgalkyl
or C4~Cgalkoxy;

(e} are, together with the group -CH-CH-, a 6- to 12-membered carbocycle or 5- or 6-mem-
bered heterocarbocyclé with a hetero atom selected from the group consisting of oxygen -
and nitrogen atoms; or

() are, together with the -CH-CH- group, Cs-Ci.cycloalkylene, C,-CyaCycloalkenylene,
C2-Cy1heterocycloalkylene or C3-Citheterocycloalkenylene with hetero atoms selected from
the group of -O-, -S- and -N-; )

where cycloalkylene, cycloalkenyiene, heterocyeloaikylene and heterocyoloalkenylene are
unsubstituted or substituted by one or more substituents selected from the group consisting
of OH, halogen, C(O)OR;, OC(O)Re, C(O)Rez, nitro, NHa, cyano, SOsM,, OSOsM,,
NR2:SO0sM,, Cs-Cyzalkyl, Co-Cyealkenyl, C+~Cyqalkoxy, Cs-CizCycloalkyl, Cs-Cizcyclioalkenyl,
C2-Cy1heterocycloalkyl, C.-Cisheterocycioalkenyl, Ce-Cioatyl, Ce-Croaryloxy, Cs-Cgheteroaryl,
Cs-Coheteroaryloxy, C;-Csaralkyl, C-Cysaralkyloxy, Ce-Cyoheteroaralkyl, Cs-Criaratkenyl, Cr-
theteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, carbamide,
carbamate, sulfonhyd_razidé. carbhydrazide, carbohydroxamic acid and amino-
carbonylamide, where Re; is hydrogen, My, C+-Craalkyl, Cz-Crealkenyl, Cs-Cyzcycloalkyl,
C»-Cysheterocycloalkyl, Ce-Cyoaryl, Cs-Cgheteroaryl, C-Cyyaralkyl or Cg-Cysheteroaralkyl, R
is hydrogen, C;-Cialkyl, Cz-Cizalkenyl, Cs-Cizcycloalkyl, C-Cysheterocycloalkyl, Ce-Croaryl,
Cs-Csheteroaryl, C,-Cysaralkyl or Cg-Cioheteroaralkyl, and Re2 and Rz are hydrogen,
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C1-Chrealkyl, Co-Croalkenyl, Cs-Ciacycloalkyl, Cs-Cizcycloalkenyl, C2-Cyiheterocycloalkyl,
C2-Cis-heterocycloalkenyl, Ce-Cioaryl, Cs-Cgheteroaryl, C,-Cyiaralkyl, Ce-Cioheteroaralky,
Cs-Cri-aralkenyl or C-Cyoheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl,
aralkyloxy, heteroaralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or
substituted by one of the abovementioned substituents; and y is 1 and M is a monovalent
metal or y is 1/2 and M is a divalent metal.

7. A compound according to claim 6, wherein Rs and Rs are, together with the -CH-CH-
group, Ca-Cszcycloalkylene or C,-Cysheterocycloalkylene with nitrogen as hetero atom;
where cycloalkylene and heterocycloalkylene are unsubstituted or substituted by one or
more substituents according to claim 6.

8. A compound according to claim 7, wherein Rs and Rs are, together with the -CH-CH-
group, Cs-CioCycloalkylene or C-Cytheterocycloalkylene with nitrogen as hetero atom;
where cycloalkylene and heterocycloalkylene are unsubstituted or substituted by one or
more substituents selected from the group consisting of OH, C(O)OR;1, OC{O)Rss, C(O)Rs2,
NRsR;, C1-Czalkyl, RgC(O)NH);N(Rs)-, -C(O)}(NH)NRsRs, RsS(0)2(NH),N(Ro)-;
RaR4oNC{O)(NH)oN(Rs)-, ReOC(O}NH),N(Rs)-, -OC(O)}(NH);NR;Rg, and R1-SO-,

in which Rs, Re, Ri0 and Ry are, independently of one another, hydrogen, OH, C;-Cszalkyl,
C1-Cizalkenyl, Ca-Ciacycloalkyl, Cs-Cizcycloalkenyl, C,-Cysheterocycloalkyl, Co-Cyshetero-
cycloalkenyl, Ce-Cyoaryl, Cs-Cgheteroaryl, C,-Cisaralkyl, Ce-Cisaralkenyl with C,-Cealken-
ylene and Cg-Cioaryl, Ce-Cisheteroaralkyl, Ce-Cisheteroaralkenyl, or di-Ce-Cyoaryl-
Cy-Ce-alkyl, which are unsubstituted or substituted by one or more substituents selected
from the group consisting of OH, halogen, C(O)ORs;, OC(O)Res, C(O)Rsz, nitro, NHz, cyano,
SO3My, OSO:My, NR2sSO:sMy, Ci-Crzalkyl, C2-Cizalkenyl, Cy-Cyoalkoxy, Cs-Ciacycloalkyl,
Cs-Cizcycloalkenyl, Co-Cysheterocycloalkyl, Co-Cysheterocycloalkenyl, Cg-Choaryl, Ce-Cioaryl-
oxy, Cg-Coheteroaryl, Cs-Cgheteroaryloxy, C;-Cyaralkyl, C;-Cysaralkyloxy,
de-cmheteroaralkyl. Cs-Cyiaralkenyl, G-Cioheteroaralkenyt, primary amino, secdndary
amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, carbhydrazide,
carbohydroxamic acid and aminocarbonylamide; Rq; is hydrogen, My, C-Cqzalkyl,
C2-Cszatkenyl, Cs-CizCycloalkyl, C2-Cysheterocycloalkyl, Ce-Croaryl, Cs-Coheteroary,
Cr-Csaralkyl or Cg-Cioheteroaralkyl, Ry is hydrogen, C-Cq,alkyl, C2-Cqalkenyl, Cs-Cyzcycio-
alkyl, Co-Cysheterocycloalkyl, Ce-Coaryl, Cs-Csheteroaryl, C;-C,qaralkyl or
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Ce-Cicheteroaralkyl, and Rs; and Rz are hydrogen, Cq-Cizalkyl, C2-Cyoalkenyl, Cs-Ciacyclo-
alkyl, Cs-Ciacycloalkenyl, Co-Cysheterocycloalkyl, C2-Cys-heterocycloalkenyl, Ce-Cioaryl,
Cs-Csheteroaryl, C,-Cyqaralkyl, Cg-Cioheteroaralkyl, Cs-Cy4-aralkenyl or C,-Cioheteroar-
alkenyl, and alkyl, alkenyl, alkoxy, cycioalkyl, cycloalkenyl, heterocyclioalkyl, heterocycio-
alkenyl, aryl, aryloxy, heteroaryl, heteroéwloxy, aralkyl, heteroaralkyl, aralkenyl and hetero-
aralkenyl as substituents in tumn are unsubstituted or substituted by one of the above-
mentioned substituents; p is 0 or 1 and y is 1 and M is a monovalent metal ory is 1/2 and M
is.a divalent metal.

9.A compbund according to claim 8, wherein Rg and Ry are, independently of one another
hydrogen; C;-Cialkyl; Cs-Cizcycloalkyl, Ce-Croaryl, C-Ciearalkyl with 1 1o 6 C atoms in the
alkylene group and Cg-Cyoaryl, Cg-Cisaralkenyl with C.-Cealkenylene and Cg-Cioaryl, or di-
Ce-Cioaryl-C1-Cg-alkyl, where Rg and R, are unsubstituted or substituted by one or more
substituents selected from the group consisting of OH, halogen, COOH, C(C)OM,,
C1-Cizalkyl, Cs-Cealkoxy, Ce-Croaryl, Cs-Croaryloxy, SOsMy, OSOsM,, NR20SOsM,, NO,
amino, primary amino, secondary amino and CN, and Rz is hydrogen, C,-Cqzalkyl,
C2-Czalkenyl, Cs-Cocycloalkyl, Cs-Cyzcycloalkenyl, C2-Cyiheterocycloalkyl, C-C1-hetero-
cycloaikenyl, Cs-Cyoaryl, Cé-Cgheteroaryl, C,-Cuaralkyl, Ce-Cyoheteroaralkyl, Ce-Cys-aralkenyl
or C;-Cyoheteroaralkenyl, and y is 1 and M is a monovalent metaloryis 1/2and Misa
divalent metal. .

10. A compound according to claim é, wherein Ry is C1-Cyzalkyl; Ca-Ciocycloatkyl,
Cs-Coaryl, C-Crearalkyl with 1 to 6 C atoms in the alkylene group and Ce-Croatyl, Cs-Crear-
alkenyl with C-Csalkenylene and Ce-Cioaryl, or di-Ce-Cioaryl-C-Csalkyl, which are unsubsti-
tuted or substituted by one or more substituents selected from the group consisting of OH,
halogen, COOH, C(O)OM,, C-C1zalkyl, Ci-Cealkoxy, Ce-Cioaryl, SOsMy, OSOsM,,
'NR20SO3M,, NOz, amino, primary amino, secondary amino and CN; where Rz is hydrogen,
C1-Crzalkyl, Co-Cyzalikenyl, Cs-Ciacycloalkyl, Cs-Cizcycloalkenyl, C2-Cisheterocycloalkyl, C»-
Css-heterocycloatkenyl, C¢-Cooaryl, Cs-Cgheteroaryl, C;,-Cysaralkyl, C-Cooheteroaralkyl,
Cs-Cys-aralkenyl or Cr-Cyoheteroaralkenyl, and y is 1 and M is a monovalent metal or yis 1/2
and M is a divalent metal.

11. A compound according to claim 10, wherein Ry is C1-Craalkyl; C3-Cizcycloalkyl,
Cs-Cioaryl, C-Cyearalkyl with 1 to 6 C atoms in the alkylene group and Cg-Cioaryl, which are
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unsubstituted or substituted by one or more substituents selected from the group consisting
of OH, halogen, carboxyt, C(O}OM,, Cs-Cizalkyl, Ci-Cealkoxy, Cg-Croaryl, SOsMy, nitro,

amino, primary amino, secondary amino and cyano; or Cs-Cysaralkenyl with C>-Cealkenylene
and Cg-Cyoaryl, or di-Cs-Cyoaryl-Ci-Cealkyl. ’

12. A compound according to claim 8, wherein Rs and Rg are, together with the -CH-CH-
group, Ca-Cyzcycloalkylene or C»-Cysheterocycloalkylene with nitrogen as hetero atom;
where cycloalkylene and heterocycloalkylene are unsubstituted or substituted by one or
more substituents selected from the group consisting of OH, C(O)OR;;, OC(O)R;4, C{O)Rs2,
NHz, C4-Crzalkyl, ReC(O)N(Rg)-, ~C{O)NR3Rg, RsS(0)2N(Ro)-; ReOC(0) N(Rg)- and R1-SOo-,
in which Ry is hydrogen and Rg is Ci-Cizalkyl, Ce-Croaryl or C7-Cysaraikyl, which are unsub-
stituted or substituted by one or more C-Ci.alkoxy; Ry is C4-Cizalkyl, Cs-Croaryl or -
C;-Cnaralkyl which are unsubstituted or substituted by one or more C;-Cysalkyl; Ry and Rss
are Cy-Croalkyl and Ry, is Cs-Cyzalkyl, Cs-Cizcycloalkenyl, C;-Ciocycioalkyl or Cg-Cooaryl, and
alkyl, cycloalkenyl, cycloalkyl and aryl as substituents in turn are unsubstituted or substitu-
ted by one or more substituents selected from the group consisting of OH, C{O)OR,,: and
OC(O)Rs+ where R.y is My or C4-Cyzalkyl and Ree is C+-Craalkyl; v is 1 and M is a mono-
valent metal or y is 1/2 and M is a divaient metal.

13. A compound according to claim 12, wherein Rs and Rg are, together with the -CH-CH-
group, cyclohexylene.

14. A compound according to claim 8, wherein Rs and Rs are, together with the -CH-CH-
group, piperidylene.

15. A compound according to claim 14, wherein Rs and Rg are, together with the -CH-CH-
group, piperidylene; where the hetero 'atom is unsubstituted or substituted by a substituent
selected from the group consisting of C{O)OR;1, C(O)Rsz, C(O)NRgRs, NH;, SO3M,,
C-Ciealkyl, Co-Cyealkenyl, Ci-Cyzalkoxy, Ca-Ciocycloalkyl, Cs-Ciacycloalkenyl, C>-Cyshetero-
cycloalkyl, Co-Cysheterocycloalkenyl, Cs-Cioaryl, Cs-Croaryloxy, Cs-Csheteroaryl,
Cs-Coheteroaryloxy, C-Cysaralkyl, C7-Cyaralkyloxy, Cs-Cigheteroaralkyl, Cg-Cyqaratkenyl, Cr-
Cicheteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, sulfon-
hydrazide, and one or more C atoms of the ring are unsubstituted or substituted by one or
more substituents selected from the group consisting of OH, OC(O)Rss, NHz, OSO3M, |
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NR20SOsM,, C4-Cyzalkoxy, Ce-Croaryloxy, Cs-Cgheteroatyloxy, Cr-Cyiaralkyloxy, primary
amino, secondary amino, sulfonamide, carbamide, carbamate, sulfonhydrazide, carb-
hydrazide, carbohydroxamic acid and aminocarbonylamide, where R, is hydrogen, M,,
C+-Cr2alkyl, Co-Cyoalkenyl, Cs-Cyzcycloalkyl, C»~Cyiheterocycioalkyl, Ce-Cioaryl, Cs-Cohetero-
aryl, C;-Criaralkyl or Cg-Cyoheteroaralkyl, Ry is hydrogen, Ci-Ciaalkyl, C2-Cisalkenyl, Ca-
Cizcycloalkyl, C2-Cyiheterocycloalkyl, Ce-Coaryl, Cs-Cgheteroaryl, C-Cyqaralkyl or Cg-
Cioheteroaralkyi, Rs and Ry are, independently of one another, hydrogen, OH, C,-Cr.alkyl,
Ca-Cizcycloalkyl, C2-Caiheterocycloalkyl, Cs-Cioaryl, Cs-Coheteroaryl, C-Ciearalkyl, Cs-
Cisheteroaralkyl, Cs-Ciearalkeny! with Co-Cealkenylene and Cg-Cooaryl, or di-Ce-Choaryl-Cy-
Ce-alkyl, or Rs and Ry together are tetramethylene, pentamsthylene, -(CH)z-O-(CHy)z-, -
(CH2)2-S-{CH_)2- or ~(CHz)-NR7~(CHz)-, and Ry is H, Cy-Cealkyl, C-Cyqaralkyl, C(O)Rs2 or
sulfonyl; and Rsz and Rz are hydrogen, C+-Cizalkyl, Co-Cioalkenyl, Cs-Ciocycloalkyl,
Cs-Ciocycloalkenyl, C-Cysheterocycloalkyl, C2-Cyi-heterocycloalkenyl, Ce-Croaryl,
Cs-Coheteroaryl, C-Cyjaralkyl, Ce-Cicheteroaralkyl, Cs-Cqi-aralkenyl or C-Cygheteroar-
alkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyi,
heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, heteroaralkyl,
aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the '
abovementioned substituents; and y-is 1 and M is a monovalent metal oryis 1/2and Mis a
divalent metal.

16. A cofnpound according to claim 15, wherein Rs and Rg are, together with the -CH-CH-
group, piperidylene; where the hetero atom is unsubstituted or substituted by a substituent
selected from the group consisting of C{O)OR,,, C{O)R;2, -C{O)NRgRy and R1,-SO-- and
one or more C atoms of the ring are unsubstituted or substituted by one or more substitu-
ents selected from the group consisting of OH, NH,, RgS{0).N(R;)-; R¢C(O)N(Rg)- and
RsOC(O)N(Rg)-, where Ry is hydrogen and Ry is C1-Ciealkyl, Cs-Caryl or C-Cy,aralkyl,
where alkyl, aryl and aralkyl are unsubstituted or substituted by one or more C,-Cy.alkoxy;
Ry is C1-Ci2alkyl, Ce-Croaryl or C-Cysaralkyl which are unsubstituted or substituted by one
or more Cy-Czalkyl; Rey is C1-Cyzalkyt and Rgz is Cy-Cyzalkyl, C3-Cyocycloalkenyl, Cs-Cyacyclo-
alkyl or Cg-Cyoaryl, and alkyl, cycloalkenyi, cycloalkyl and aryl as substituents in turn are un-
substituted or substituted by one or more substituents selected from the group consisting of
OH, C(O)OR,y and OC(O)R,+ where R,y is M, or Ci-Cyealkyl and Rey is Cy-Croalkyl; v is 1
and Mis a' monovalent metal or y is 1/2 and M is a divalent metal. - - '
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17. A compound according to claim 8, wherein Rs and Rg are, together with the -CH-CH-
group, piperidylene; which is unsubstituted or substituted by one or more substituents
selected from the group consisting of OH, C{O)OR;;, OC(O)Rs4, C{O)Rs2, NHa, C4-Cialkyl,
ReC(O)N(Ra)-, -C(O) NRgRs, RsS(0)N(Ro)-; RsOC(O)N(Re)-, RsRuNC(OIN(Rg)-,
-OC({O)NRgRg and R1¢-SO.-, in which Ry is hydrogen and Rg is C1-Czalkyl, Ce-Cyoaryl or
CrCiaralkyl, where alkyl, aryl and aralky! are unsubstituted or substituted by one or more
C1-Cizalkoxy or C-Criaralkyloxy; Ry is C1-Cizalkyl, Cs-Croaryl or C7-Cysaralkyl which are
unsubstituted or substituted by one or more C;-Cqealkyl; R is hydrogen, Ci-Cqaalkyl,
Cs-Cyocycloalkyl, C.-Cyiheterocycloalkyl, Cs-Croaryl, Cs-Coheteroaryl, C-Cysaralkyl or
Cs-Cicheteroaralkyl; Rsy and R4 are C-Cizalkyl and Rz is C4-Cyoalkyl, Ca-Cyzcycloalkenyl,
C;-Crcycloalkyl or Cg-Cyoaryl, and alkyl, cycloalkenyl, cycloalkyl and aryl as substituents in
turn are unsubstituted or substituted by one or more substituents selected from the group
consisting of OH, C(O)OR.y and OC(O)Rss Where Rsy is My or Cy-Crealkyl and Rey is
C4-C12aikyl; y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent metal.

18. A compound according to claim 1, wherein X is cyclohexylene or piperidylene which is
unsubstituted or substituted by one or more substituents selected from the group consisting
‘of OH, NHzg, CsHy, -C(O)CHs, -C(0)CeHs, ~C(O)(CH2)sC{O)OCHs, -C(O)[CH(OH)).C(O)ONa,
C(0)-CeHg(OH)s, -C(O)-CeH11, -C(O)OC3H7, -C(O)NHCeHs, -NHS(O)CH,CeHj,
NHC(O)OCH:CeHs, -NHC(O)CgH3(OCHa)z, -S{O)z-CsHs, “NHC(O)NHCgHs, ~-S(0),-CeH4CHa,
~5(0)2-CH,CgHs and -S(0)2~{CH).C1oHy.

19. A compound according to claim 1, wherein R; is G;-Cgalkyl.

20.A compdund according to claim 1, wherein substituents for R; are selected from halo-
gen, -C{O)OMy, C,-Csalkyl, Ci-Caalkoxy, phenyl, naphthyl, -SOsM,, C4-Cizprimary amino,
C2-Czpsecondary amino, -SO2-NRyRs and -C(0)-NRaR; in which Re and R; are, independent-
ly of one another, H, C,-Caalkyl, C2-Cshydroxyalkyl, phenyl or benzyl, or Rs and Rs.together
with the N atom are morpholino, thiomorpholino, pyrrolidino or piperidino.

21. A compound according to claim 1, wherein R; is hydrogen, unsubstituted C,-Csalkyl or
C-Cealkyl, which is substituted by C(O)OH, -C(O)ONa, -C(O)OK, -OH, -C(O)-NR3sR;, or
-802-NRgR,, in which Rg is H, C4-Caalkyl, Cz-Cshydroxyalkyl, phenyl or benzyl, and Ry in-
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dependently has the meaning of Rg, or R; and Ry are together tetramethyiene, penta-
methylene or -CHaCH»-0-CH.CHz-.

22. A compound according to claim 21, wherein R is hydrogen, methyl, ethyl,
HO(O)C-CHCHz-, NaOC(0O)-CH,CH,- or RsRaN-C(0)-CHCH;-, and Rs and Rsare, indepen-
dently of one another, H, C:-Csalkyl, C»-Cshydroxyalkyl, phenyl, benzyl or, together,
morpholino. '

23.A com'pound according to claim 1, wherein the other substituentin Ry has 1t020C
atoms.

24. A compound according to claim 23, wherein the other substituent is selected from the
group consisting of unsubstituted and substituted C4-Cyz2lkyl, C2-Cyzalkenyl, Cs-Cr2cyclo-
alky!, Cs-Cyocycloalkenyi, C-C,sheterocycloalkyl, Cz-Cisheterocycloalkenyl, Ce-Croaryl,
Cs-Csheteroaryl, C;-Cysaralkyl, Cs-Cioheteroaralkyl, Cg-Csaralkenyl and C;-Cyoheteroar-
alkenyl. ’

25. A compound according to claim 24, wherein the other substituent is substituted methy,
or 2-substituted ethyl or cyclohexyl. '

26. A compound as claimed in claim 1, wherein R; corresponds to a group of the formula il

COOR,
Ho,

R,

(1),

in which

Rs is hydrogen or M,; and

R, is C-Crzalkyl, C2-Cyzalkenyl, Cs-Cizcycloalkyl, Ca-CizCycloalkenyl, C2-Cysheterocycloalkyl,
C2-Cysheterocycloalkenyl, Cs-Croaryl, Cs-Csheteroaryl, C-Criaralkyl, Ce-Cioheteroaralkyl,
Cs-Cysaralkenyl or C-Cyoheteroaralkenyl, which are unsubstituted or substituted by one or
more substituents selected from the group consisting of OH, halogen, C(O)OR:1, OC(O)R4,
C(O)Rez, nitro, NHz, cyano, SOsM,, OSOsM,, NRx;SOsMy, Ci-Czalkyl, C2-Cizalkenyl, Ci-



T e L Mo s

WO 97/01569 PCT/EP96/02785

-119-

Cizalkoxy, Ca-Cyzcycloalkyl, C5-Ciocycloalkenyi, C2-C1sheterocycloalkyl, Co-
Cusheterocycloalkenyl, Ce-Cioaryl, Cs-Croaryloxy, Ce-Coheteroaryl, Cs-Cgheteroaryloxy, Cr-
Cnaralkyl, C;-Csqaralkyloxy, Ce-Cioheteroaralkyl, Cg-Cy aralkenyl, C7-Cyoheteroaralkenyl,
primary amino, secondary amino, sulfonyl, suifonamide, carbamide, f:arbamate, sulfon-
hydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where Ry is
hydrogen, My, C1-Craalkyl, C2-Cizalkenyl, Cs-Cyzcycioalkyl, C-Ciheterocycloalkyl,
Cs-Croaryl, Cs-Csheteroaryl, Cr-Cysaralkyl or Co-Cyoheteroaralkyl, Res is hydrogen,
Ci-Crzalkyl, Co-Cizalkenyl, Cs-Ciacycloalkyl, C2-Ciiheterocycloalkyl, Ce-Cioaryl, Cs-Cshetero-
aryl, C-Csqaralkyl or Cs-é1oheteroaralkyl, and R.2 and Rz are hydrogen, C:-Cyaalkyl,
Cz-Cialkenyl, Cs-Crzcycloalkyl, Cs-Cizcycloalkenyl, C.-Cyheterocycloalkyl, Co-Cys-hetero-
cycloalkenyl, Ce-Cyoaryl, Cs-Cgheteroaryl, Cr-Cnaralkyl, Ce-Cyoheteroaralkyl, Cg-Cys-aralkenyt
or Cr-Croheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo-
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryioxy, aralkyl, aralkyloxy, hetero-
aralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the
abovementioned substituents; and y is 1 and M is a monovalent metal ory is 1/2 and Mis a
divalent metal.

27. A-compound according to claim 26, wherein R; is hydrogen or My and R, is
(a) unsubstituted C;-Cysalkyl; C;-Cszatkyl which is substituted by one or more substituents

- selected from the group consisting of -NH., primary amino, secondary amino, C,-C,zsul-
fonyl, carbamide, carbamate, carbhydrazide, sulfonamide, sulfonhydrazide, aminocarbonyl-
amido, Cs-CizCycloalkyl, Cs-Csalkoxy, phenyloxy and benzyloxy; unsubstituted
Cs-Crzcycloalkyl; Cs-Cyocycloalkyl which is substituted by one or more substituents selected
from the group consisting of Cs-Cizcycloalkyl, C+-Csalkyl, Ci-Cgalkoxy, C-C:osulfonyl,
phenyloxy and benzyloxy; Ce-Ciearyl; Cs-Coheteroaryl with 1 or 2 hetero atoms selected
from the group consisting of oxygen and nitrogen atoms; C;-Csearalkyl with C;-Cgalkyl and
Cs-Croaryl; C4-Cygheteroaralky! with C,-Cealkyt and Cs-Cyoheteroaryl with 1 or 2 hetero atoms
selected from the group consisting of oxygen and nitrogen atoms and a total of 3 to 5
carbon atoms; Cs-Croaryl, Cs-Coheteroaryl with 1 or 2 hetero atoms selected from the group
consisting of oxygen and nitrogen atoms, C7-Cisaralky! with C;-Cgalky! and Cs-Cioaryl,
C;-Cysheteroaralkyl with C,-Cgalkyl and C4-Coheteroaryl with 1 or 2 hetero atoms selected
from the group consisting of oxygen and nitrogen atoms and a total of 3 to 5 carbon atoms,
which are substituted by one or more substituents selected from the group consisting of
OH, halogen, C,-Cszsulfonyl, carboxyl, C(O)OM,, Cy-Cyaalkyl, Cy-Cealkoxy, Ce-Croaryl,



A

PCT/EP96/02785
WO 97/01569

-120 -

S03My, OSO3My, NR2,SO3M,, nitro, NHz, primary amino, secondary amino, carbamide, carb-
amate, sulfonamide and cyano, in which y is 1 and M is a monovalent metal ory is 1/2 and
M is a divalent metal, or :

(b) C+-Crealkyl or Gr-Cryaralkyl which are unsubstituted or substituted by one or more substi- |
tuents selected from the group consisting of OH, halogen, C(O)OR;:, OC(O)R, C{O)Re2,
nitro, NHz, cyano, SOsM,, OSO3M,, NR2S0sM,, C-Ciealkyl, C2-Cyalkenyl, C;-Cyaalkoxy,
Cs-Crecycloalkyl, Cs-Crzcycloalkenyl, C2-Cysheterocycloalkyl, C»-Cqsheterocycloalkenyl,
Ce-Croaryl, Cs-Croaryloxy, Cs-Cgheteroaryl, Cs-Csheteroaryloxy, C-Cyqaralkyl, C-Cysaralkyi-
oxy, Cs-Cioheteroaralkyl, Cs-Criaralkenyl, G-Cioheteroaralkenyl, primary amino, secondary
amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, carbhydrazide,
carbohydroxamic acid and aminocarbonylamide,

where R, is hydrogen, M,, C,-Cyzalkyl, C-Cisalkenyl, Cz-Ciacycloalkyl, C~Cyiheterocyclo-
alkyl, Ce-Cyoaryl, Cs-Cgheteroaryl, C7-Criaralkyi or Ce-Cigheteroaralkyl, Rs. is hydrogen,
C+-Cizalkyl, C-Cralkenyl, Cs-Cocycloalkyl, C-Cysheterocycloalkyl, Cs-Ciearyl, Cs-Cohetero-
aryl, C-Cysaralkyl or Cs-Cygheteroaralkyl and R and Rz are hydrogen, Ci-Cizalkyl,
C>-Cizalkenyl, Cs-Cyocycloalkyl, Cs-Ciotycloalkenyl, Co-Cyiheterocycioalkyl, C»-Cy4-hetero-
cycloalkenyl, Cs-Croaryl, Cs-Csheteroaryl, Cr-Cysaralkyl; Cs-Croheteroaralkyl, Ce-Cis-aralkenyl
or G~Cyoheteroaralkenyl, and alkyi, alkenyl, alkoxy, cycioalkyl, cycloalkenyl, heterocyclo-
alkyl, heterocycloalkenyi, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy,
heteroaralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one
of the abovementioned substituents; and y is 1 and M is a monovalent metal or yis 1/2 and
M is a divalent metal. ' .

28. A compound according to claim 27, wherein R is hydrogen, K or Na.

29. A compound according to claim 27, wherein R, is methyl, ethyl, n-or i-propyi, n-i-or
t-butyl, cyclohexyl, naphthyl, phenyl, benzyl, naphthyimethyl, 2-phenylethyl, 3-phenyipropyl,
cyclohexylmethyl, 2-cyclohexylethyl, furanyl, pyridinyl or pyrimidinyl.

30. A compound according to claim 27, wherein carbamido, carbhydrazido, sulfonamido,
sulfonhydrazido, aminocarbonylamide and carbamate as substituent for R, mean groups of
the formulae RgNHC(O)N(Ro)-, ReOC(O)N{Rg)-, ReC{O)}(NH),N(R,)- and RsS(O)z(NH),N(Rg)-,
in which Rg is H, C-Cq2alkyl, Cs- or Cecycloalkyl, Cs- or Cgeycloalkylmethyl or -ethyl-, Cs- or
Ceheterocycloalkyl, Cs- or Csheterocycloalkyimethyl or -ethyl-, phenyl, naphthyl, benzyl,
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2-phenylethyl, diphenylmethyl, which are unsubstituted or substituted by one or more sub-
stituents from the group of -OH, -NH;, C;-Cgprimary amino, C.-Cyssecondary amino, NO,, -
CN, -F, -Cl, -C(O)OH, -C(O)ONa, -SO3H, -0SO3Na, NRxSOsNa in which Rg is hydrogen,
Ci-Cizalkyl, C2-Cizalkenyl, Ca-Cizcycloalkyl, Ca-Cizcycloalkenyl, C,-C,sheterocycloalkyl,
C2-Cs-heterocycloalkenyl, Cg-Cyoaryl, Cs-Csheteroaryl, C;-Cisaralkyl, Cg-Cioheteroaralkyl,
Cs-Ci-aralkeny! or C;-Coheteroaralkenyl, and -SO;sNa, C4-Caalkyl, C4-Cqalkoxy and phenyl,
and Ry is H, C+-Cyoalkyl, phenyl, naphthyl, benzyl, 2-phenylethyl or phenyl-CH=CH-CH,-,
andpisOor1.

31. A compound according to claim 27, wherein R, is a
(a) carbamido-substituted alkyl group Rs-C(O)NRy-(CHz).-, where n is 1 or 2, Rs is hydrogen;
C+-Crealkyl; C3-Cyzcycloalkyl; Cg-Coaryl or C-Crearalkyl with C1~Cealkyl and Ce-Cooaryl;
wherein alkyl, cycloalkyl, aryl and aralkyl are unsubstituted or substituted by one or more
substituents selected from the group consisting of OH, halogen, carboxyl, -C(O)OM,,
C-Cr2alkyl, C1-Cealkoxy, Cg-Cioaryl, SO3My, OSOsMy, NR2SOsM,, C(O)OR,1, OC(O)Rss,
nitro, amino and cyano; or Cg-Ciearalkenyl with C»-Cealkenyt and Cg~Cyoaryl or di-Ce-Cioaryl-
C+Cealkyl; and Ry is H, linear or branched C1-Cyoalkyl, Cs- or Cecycloalkyl, Cs- or Cecyclo-
alkylmethyl- or -ethyl, phenyl, naphthyl or benzyl, 2-phenylethyt or phenyl-CH=CH-CH,-; yis
1 and M is an alkali metal or y is 1/2 and M is an alkaline earth metal, Ry is hydrogen,
C1-Czalkyl, C2-Cyealkenyl, Cs~Ciocycloalkyl, Cs-Cizcycloalkenyl, C-Cysheterocycloalkyi,
Cz-C1s-heterocycloalkenyl, Cs-Cyoaryl, Cs-Coheteroaryl, C-Cyaralkyl, Ce-Cyoheteroaralkyl,
Ce-Ciy-aralkenyl or C-Cyoheteroaralkenyl, Rq is hydrogen, My, Cs-Ciaatkyl, Co-Cioalkenyi,
Cs-Ci2cycloalkyl, C>-Cysheterocycloalkyl, Cs-Cioaryl, Cs-Cgheteroaryl, C;-Cyjaralkyl or
Cg-Cioheteroaralkyl and Rs;4 is hydrogen, C-Cyealkyl, Co-Cyzalkenyl, cs-cmcycloglkyl,
C2-Cysheterocycloalkyl, Ce-Coaryl, Cs-Coheteroaryl, C;-Cyqaralkyl or Cs-Cicheteroaralkyl; -
(b) a sulfonamide-substituted alkyl group Rs-SO.NRy-(CH.),- in which Rg, Re and n have the
meanings indicated in (a); _
(c) an aminocarbonylamide- or carbamate-substituted alkyl group RyNH-C(0)-NH-(CH,), or
ReO-C(O)-NH-(CH.), in which R, has the meanings indicated in (a) and additionally phenyl

-' and n has the meanings indicated in (a);
(d) a carbhydrazido-substituted alkyl group Re-C(O)-NHNRg-(CHz),- in which Rg, Rgand n
have the meanings indicated in {a); or
(e) a sulfonhydrazido-substituted alkyl group Rg-SO2-NHNRg-(CH:),- in which Rg, Re and n
have the meanings indicated in (a).
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32. A compound according to claim 27, wherein R, is an
(a) amide RgC(O)N(Rg)(CHa)s- or RsS(0)2N(Rg){CHz),-; where Rs and Ro are, independently
of one another, hydrogen; unsubstituted C;-Ci.alkyl; C1-Cizalkyl which is substituted by one
or more substituents.selected from the group consisting of OH, halogen, carboxyl,
C(O)ONa, C-Coalkyl, Cs-Cealkoxy, Ce-Croaryl, -SOsH, OSO3Na, NR2;SOsNa;, SO;zNa, nitro
and cyano; unsubstituted Cs-C1zcycloalkyt; Cs-Ciacycloalkyl substituted by one or more OH; |
unsubstituted Ce-Cioaryl, unsubstituted C,-Ci.aralkyl with C-Cealky! and Cs-Cioaryl;
Ce-Cioaryl, or Cr-Ciaralkyl with C4-Cealkyl and Cq-Cioaryl, which is substituted by one or
more substituents selected from the group consisting of OH, halogen, carboxyl, C(O)ONa,
-C(O)OK. C1-Ci2alkyl, Cs-Cealkoxy, Ce-Cioaryl, SO:Na, OSOsNa, NR2SOsNa, C(O)OR.1,
OC(O)Rs4, nitro, amino and cyano, Rz is hydrogen, C;-Cyealkyl, Co-Crzalkenyl, Cs-Cyocyclo-
alkyl, Cy-Cs2Cycloalkenyl, Co-Cyiheterocycioalkyl, C2-Cys-heterocycloalkenyl, Ce-Croaryl,
Cs-Csheteroaryl, C,-Cysaralkyl, Ce-Cioheteroaralkyl, Cs-Cys-aralkenyl or Crc1ohetemar-
alkenyl, R is hydrogen, M,, C1-Cyzalkyl, Co-Cizalkenyl, Cs-Ciocycloalkyl, C-Cysheterocycio-
alkyl, Cg-Cyoaryl, Cs-Cgheteroaryl, C-,-C"a.ralkyl or Ce-Coheteroaralkyl and R4 is hydrogen,
C-Cizalkyl, C-Cyoalkenyl, Cs-Cqzcycloalkyl, C2-Cyiheterocycloalkyl, Ce-Cioaryl, Cs-Cshetero-
aryl, C;-Cyqaralkyl or.Ce-Cioheteroaralkyl; and n is 2 or 1; or
(b) suifonamide RsS(O)zN({Rg)(CHz)s-, where Rg is C4-Cszalkyl, which is unsubstituted-or sub- -
‘stituted by one or more halogen atoms; or Cg-Cearyl, which is substituted by one or more
Ci-Caalkyl, C+-C,alkoxy, halogen, -CN or -NO, and Ry is hydrogen or isobutyl, and nis 2 or
1;0r |
(c) aminocarbonylamide Rs-NH-C(O)-NH(CH_)s-, in which Rg is C;-C1zalkyl or Cs-Cyoaryl,
which is unsubstituted or substituted by halogen, -CN, -NO,, C-Cqalkyl, C-C,alkoxy, Cs- or -
Cescycloalkyl, Ce-Cioaryl or C;-Cizaralkyl, and nis 2 or 1; or
(d) aminoalkyl RgReN(CHz),-, where Rg and Ry are, independently of one another, hydro-
gen; unsubstituted C,-Cyzalkyl; C4-Cialkyl which is substituted by one or more substituents
- selected from the group consisting of OH, halogen, C(O)OR,;, OC(O)Rs4, C(O)-NR1;R12,
C4-Cizalkyl, C4-Cealkoxy, Ce-Coaryl, -SOsH, SO3Na, OSOsNa, NR2oSOsNa, nitro, amino and
cyano; unsubstituted C;-Ci2cycloalkyl; Cs-Cizcycloalkyl which is substituted by one.or more
OH; Cq-Cyoaryl; Cr-Ciearalkyl with Cy-Cealkyl and Ce-Croaryl; or Ce-Crearalkenyl with
C2-Cealkenyl and Cg-Croaryl, where aryl and the aryl in the aralky! and aralkenyl are unsub-
stituted or substituted by one or more substituents seiected from the group consisting of
OH, halogen, C(O)ORs, OC{O)Rs4, -C{O)ONa, -C(O)OK, -C{O)-NR 1Rz, C1-Croalkyl,
Ci-Csalkoxy, Ce-Croaryl, -SO3H, SOsNa, OSO;3Na, NRxSOsNa, nitro, amino and cyano;
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wherein n is 2 and preferably 1, and R is hydrogen, K or Na, C-Cizalkyl, C2-Cyoalkenyl,
Cs-Cizcycloalkyl, Co-Cysheterocycloalkyl, Cs-Cioaryl, Cs~Cgheteroaryl, C-Cyqaralky! or
Ce-Croheteroaralkyl, Ry is hydrogen, Cy-Cizalkyl, C2-Czalkenyl, C5-Crocycloalkyl,
Co-Cuiheterocycloalkyl, Ce-Coaryl, Cs-Cgheteroaryl, C;-Criaralkyl or Cg-Cyoheteroaralkyl, R
is H, C-Cjalkyl, C,-Chydroxyalkyl, phenyl or benzyl, and R, independently has the
meaning of Rq1, or Ry and Ryztogether are tetramethylene, pentamethylene or
-CH2CH2-0-CH;CH;- and Ry is hydrogen, C;-Cyzalkyl, C2-Cizalkenyl, Cs-Ciacycloalkyl,
Cs-CszCycloalkenyl, C-Cyyheterocycloalkyl, C2-Cii-heterocycloalkenyl, Ce-Cioaryl,
Cs-Cgheteroaryl, C-Cysaralkyl, Cs-Cioheteroaralkyl, Cg-Cy-aralkenyl or C-Cyoheteroar-
alkenyl.’ .

33. A compound according to claim 32, wherein R; is an amide RgC(O)N(Rg)(CHz),- or
ReS(0)2N(Re)(CHz)a-, where Rpis unsubstituted C,-Cizalkyl; C,-Csalkyl which is substituted
by one or more substituents selected from the group consisting of OH, halogen, C(O)ONa
and Cs-cwaryl; unsubstituted Cs-Cyzcycloalkyl; Cs-Cscycloalkyl which is substituted by one
or more OH; unsubstituted Ce-Cyoary! or C,-Cyoaralkyl with C-Cealkyl; Ce-Cioaryl, C-Croar-
alkyl with C4-Cealkyl and Ce-Cyoaryl.or Ce-Ciearalkenyl with C-Cg-alkenyl and Cg-Croaryl,
which is substituted by one or more substituents selected from the group consisting of halo--
gen, -C(O)OH, C(O)ONa, C;-Cyalkyl, C-Cgalkoxy, -SOgH, soaiva, OSO0;3Na, NR2SOsNa in
which Ry is hydrogen, Cy-Cyealkyl, C2-Czalkenyl, Cs-Crzcycloalkyl, Cs-Ciacycloalkenyl,
Cz-C1sheterocycloalkyl, C-Cy;-heterocycloalkenyl, Cs-C1oaryl, Cs-Csheteroaryl, C-Cqaralkyl,
Cs-Cioheteroaralkyl, Cs-Cis-aralkenyl or C,-Cyoheteroaralkenyl, and. nitro and cyano; and Ry
is hydrogen; unsubstituted C;-Cealkyl, unsubstituted Cs-C1earyl, unsubstituted C,-Czaralkyl
with C,-Cealkyl and Cg-Coaryl; or Cs-Cyearalkenyl with Co-Cealkenyl and Cg-Cyoaryl, and n is
2or1.

34.A compouhd according to claim 32, wherein R, is an amide ReC(O)N(R)(CHz)x-, where
Rs is unsubstituted C,-Cs.alkyl; C1-Cyzalkyl which is substituted by one or more substituents
" selected from the group consisting of cyclohexyl, OH, halogen, -C(O)OH, -C(O)ONa and
phenyl; unsubstituted C5-Cyzcycloalkyl; Cs-C:zcycloalkyl which is substituted by one or more
OH; unsubstituted Cg-Cyoaryl; Cs-Croaryl, which is substituted by one or more substituents
selected from the group consisting of halogen, C(O)ONa, -C(O)OH, C,-Cealkyl, Cs-Csalkoxy,
phenyl, -SOsH, SO3Na, OSOgNa, NHSO3Na, nitro and cyano; or C;-Cyearalkyl with C,-
Cealkyl and Cg-Cyparyl, and Ry is hydrogen; unsubstituted C-Cgalkyl, unsubstituted C,-



* c L M S *

WO 97/01569 PCT/EP6/02785
-124 -

Ciearalkyl with C-Cealkyl and Cg-Croaryl; or Cg-Ciearalkenyl with Co-Cealkenyl and
CeCroaryl, andnis2or1. .

35. A compound according to. clairﬁ..34,-wherein. Rg is unsubstituted C4-C,zalkyl; C-Cialkyl
which Is substituted by one or more substituents selected from the group consisting of OH,
halogen, C(O)OH, C(O)ONa and phenyl; unsubstituted Ca-Cszcycloalkyl; Cs-CizCycloalky!
which is substituted by one or more OH, unsubstituted C¢-Cioaryl; Ce-Croaryl which is substi-
tuted by one or more substituents selected from the group consisting of hatogen, -C(O)OH, -
C(O)ONa, Cy-Cealkyl, C1-Cealkoxy, -SO3H, SOsNa, OSOsNa, NHSO;Na, nitro and cyano; or
unsubstituted C,-Cesaralkyl with C,-Cgalkyl and Cs-Cioaryl, and Rp is H, C,-Caalkyl, phenyl-
CHg-, phenyl-CH,CH, phenyl-(CHz)s- or phenyl-CH=CH-CH,-, and nis 2 or 1.

36. A compound according to claim 32, wherein R4 is an amino alky! RgRgyNCH,-, in which
Rg and Ry are, independently of one another, hydrogen; C:-Cgalkyl, cyclopentyl, cyclohexyl,
Cs- or Csoycloalkylmethyi, phenyl-C,-C alkyi or phenyl-Cz-Calkenyl.

37. A compound according to ciaim 32, wherein R, is an amine RgRyNCH.-, where Rg and
Re are, independently of one another, H, C4-Csalkyl, phenyl-C+- or -Czalkyl.

38. A compound according to claim 26, wherein R4 is C-Cyaralkyl, Cs-Ciocycloalkyl or
C;-Crealkyl, which is unsubstituted or substituted by one or more substituents selected from
the group consisting of NHz, C2-Czcycloalkyl, primary amino, secondary amino, sulfonamide
and carbamide and aminocarbonylamido.

39. A compound according to claim 38, wherein the substituents for C,-Cy.alkyl are selected
from the group consisting of NH;, cyclohexyl, Cs-Cioaryl, ReC{O)N(Rg)-, RaS(O)N(Rg)-,
ReNHC(O)NR,- and RgR¢N-, in which Rs and R, are, independently of one another, hydro-
gen, Cy-Cyzalkyl, Ca-Cocycloalkyl, C»-Cisheterocycloalkyl, Cs-Cioaryl, Cs-Csheteroaryl,
C;+-Caralkyl or Cs-c1qheteroaralkyl and Rg and Rg are, independently of one another,
hydrogen, OH, C,-Cqzalkyl, Cs-c1zcydoa|kyl, C-Crihsterocycloalkyl, Ce Cioaryl, Cs-Cghetero-
aryl, C-Cpsaralkyl or Ce-Cyoheteroaralkyl, which are unsubstituted or substituted by one or
more substituents selected from the group consisting of OH, halogen, C(O)OR1, OC(O)R,,
C(O)Rsz, nitro, NH2, cyano, SOsM,, OSOsM,, NR20SOsMy, Ci-Craalkyl, C-Cialkenyl,
Cy-Cizalkoxy, Cs-Ciacycloalkyl, Cs-Cracycioalkenyl, Co-Cysheterocycloalkyl,



AR

WO 97/01569 PCI/EP96/02785

-125 -

C.-Cyiheterocycloalkenyl, Cs-Cioaryl, Ce-Cioaryloxy, Cs-Cgheteroaryl, Cs-Cgheteroaryloxy,
C7-Ci aralkyl, C7-Csaralkyloxy, Ce-Cioheteroaralkyl, Cg-Cyiaralkenyl, C-Cygheteroaralkenyl,
primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate,

_sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide,; where R,
is hydrogen,:My, C1-Cizalkyl, C2-Cizalkenyl, Ca-CzCycloalkyl, C2-Cqsheterocycloalkyl,
Ce-Cicaryl, Cs-Coheteroaryl, C~-Cqsaralkyl or Cg-Cygheteroaralkyl, R4 is hydrogen,
C-Czalkyl, C-Cioalkenyl, Cs-Ciocycloalkyi, 'Cz-cnheterocyoloalkyl, Ce-Cyoaryl, Cs-Cghetero-
aryl, C7-C11aralkyl or Cs-Cioheteroaralkyl and Rs; and Rz, are hydrogen, C-Cqaalkyl,
C2>-Cizalkenyl, Cs-Ciocycloalkyl, Ca-Cizcycloaikenyl, C»-Cqiheterocycloalkyl, C.-Cqshetero-
cycloalkenyl, Ce-Croaryl, Cs-CgheteroaryI; Cr-Ciaralkyl, Cg-Cyoheteroaratkyl, Cs-Cy-aralkenyt
or C;-Cysheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycio-
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, hetero-
aralky!, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the
abovementioned substituents; p is 0 or 1 and y is 1 and M is a monovalent metal ory is 1/2
and M is a divalent metal; or Ry and Rg together are tetramethylene, pentamethylene,
~(CH2)2-0O-(CHa)2-, -{CH2)-S-(CHy)2- or -(CHa)2-NR7~(CHa)z-;, and Ry is H, Cy-Cealkyl, G-Cysar-
alkyl, C{O)R.: or sulfonyl. '

40. A compound according to claim 39, wherein R, is CHz-CgHs, (CH2)2-CeHs, cyciohexyl,
methyl, ethyl or isopropyl which are unsubstituted or substituted by one or more substitu-
ents selected from the group consisting of NH,, cyclohexyl, Ce¢-Croaryl, ReC(O)N(Rs)-,
ReS{0)2N(Rs)-, ReNHC(O)NRy-, NR;C(O)NHR.; and RgRgN-, in which Rg, Rs, Ry and Ry are,
independently of one another, hydrogen, Cs-Cyzalkyl, Cs-Cocycloalkyl, Ce-Cioaryl or
C,-Cqsaratkyl, which are unsubstituted or substituted by one or more substituents selected
from the group consisting of OH, halogen, C(O)OM,, nitro, cyano, SOz:M,, OSO3M,,
NHSO3M,, C;-C1aalkyl, C1-Cyzalioxy and Cs-Cioaryl, where y is 1 and M is a monovalent
metatl ory is 1/2 and M is a divalent metal.

41. A compound according to claim 26, wherein R, is CgHi1, CH(CHs)2, CHz-phenyl,
(CHz)z-phenyl, CHzNHC{O)-phenyl, CH:NHC(O)(CHz)s-phenyl, CH,NHC(O)(CH,)sOH,
CH;NHC(O)CF3, CHaNHC(O)CgH11, CHNHC(O)C11Hza, CH2NHC(O)CH{CgHs)e,
CHZHNC(O)NHCgHs, CH.NHC(0)CH,CO2Na, CH.NHC(O)Cel(1,3,4,5)OH]sHy,

CH NHC{O)CgHa-p-SOsNa, CHaNHC(O)CeH4Cl, CH.NHC(O)CgHsNO,
CH,NHC(0O)CgH«OCH3, CHoNHC(O)CeH4(3,4)Clz, CHNHC(O)CeH4CHs,
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CHNHC(0)CsH,CeHs, CHaNHC(O)CsHsCN, CHNHC(O)C1oH7, CHNHC(O)CeH,COONa,
CH,NHC(O)(CHOH),CO0ONa, CH,N(CH.CH=CH-phenyl)[C(O})-phenyl],
CH,N[CH2CH(CHs)2][C(0)-phenyl], CHzN[C(0)CeHs]CHzCsHs, CH2N[C(O)CeHsH(CHz)sCeHs,
CH2CsHy1, (CH2)2CeH1s, CHaNHz, CH,NHCH;CH=CH-phenyl, CH.NHCH_-phenyl,
CHaNHCH,CH(CHs)2, CHZN(CGHz-phenyl), CH2N[CH,CH(CHa)2]z, CH2NHSO.-p-nitrophenyl,
CHoNHSOz-p-tolyl, CHoNHSO,CFs, CHaNHC(O)NHCeH;s or
CHaN[SOz-p-nitrophenyl][CH.CH(CHs)a]e.

42. A compound according to claim 1, which corresponds to the formula la

CcOO
Ra H

/
g OH
R °|Zg'7\°?&ﬁn
O s
OH :

HO
HC (o]

OH
OH
HO

= o [T}

in which

Rs is hydrogen or My; and

Rs is C1-C1ealkyl, C2-Cyzalkenyl, Cs-Cizcycloalkyl, Cs-Cizcycloalkenyl, C,-Cysheterocycloalkyl,
Cx>Ciiheterocycloalkenyl, Cs-Crearyl, Cs-Csheteroaryl, C-Criaralkyl, Cs-Cioheteroaralkyt,
Cg-Criaralkenyl or C,-Cyoheteroaralkenyl, which are unsubstituted or substituted once or
several times;

Rs and Re are, independently of one another, hydrogen, Ci-C1zalkyl, C3-Ci2Cycloalkyl,
Co-C1sheterocycloalkyl, Ce-Croaryl, Cs-Csheteroaryl, C-Cyaralky! or Ce-Cioheteroaralkyl; or
Rs and Rs are, together with the -CH-CH- group, Cs-Cszcycloalkylene, C,-Cy.cycloalken-
ylene, C,-Cysheterocycloalkylene and Cs-Cysheterocycloalkenylene with hetero atoms
selected from the group of -O-, -S- and -N-;

where alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aratkyl, heteroaratkyl, cyclo-
alkylene, cycloalkénylene, heterocycloalkylene and heterocycloalkenylene are unsubstituted
or substituted once or several times; where the substituent is selected from the group OH,
halogen, C{O)ORs1, OC{O)Re4, C(O)Rz2, nitro, NHz, cyano, SOsM,, OSO3My, NR20SOsM,,
C1-Ci2alkyl, C2-Cyalkenyl, C1-Cyzalkoxy, Ca-CizCycloalkyl, Cs-CizCycloalkenyl, C-Cishetero-



Ay
WO 97/01569 - PCT/EP96/02785

-127 -

cycloalkyl, Gz-Cysheterocycloalkenyl, Ce-Croaryl, Ce-Croaryloxy, Cs-Csheteroaryl,
Cs-Csheteroaryloxy, C-Craralkyl, C;-Cyaralkyloxy, Cs-Cigheteroaralkyl, Cs-Cysaralkenyl, Cr-
Cioheteroaralkenyl, primary. amino, secondary amino, suifonyl, sulfonamide, carbamide,
carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonyl-
amide; where Rg is hydrogen, M,, C;-C;zalkyl, C2-Cyealkenyl, Cs-Ciocycloalkyl, C2-Cishetero-
cycloalkyl, Ce-Cioaryl, Cs-Coheteroaryl, C,-Cyqaralkyl or Cg-Cioheteroaratkyl, Ry is hydrogen,
C4-Cioalkyl, C2-Crzalkenyl, Cs-Ciecycloalkyl, Co-Cysheterocycloalkyl, Cgs-Cioaryl, Cs-Cghetero-
aryl, C;-Cqaralkyl or Ce-Cyoheteroaralkyl and Rs and Rzo are hydrogen, Cs-Cizalkyl, Co-
Cizalkenyl, Cs-Cyocycloalkyl, Cs-Cizcycloalkenyl, Co-Cysheterocycloalkyl, Co-Cys- ’
heterocycloalkenyl, Cg-Cyoaryl, Cs-Coheteroaryl, C-Cyiaralkyl, Cs-Cisheteroaralkyl, Cs-Cy-
aralkenyl or Cr-Cioheteroaralkenyl, and alkyi, alkenyl, alkoxy, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl,
aralkyloxy, heteroaralkyl, aralkenyl and heteroaralkenyl in turn are substituted or
unsubstituted by one of the abovementioned substituents; and y is 1 and M is a monovaient
metal ory is a 1/2 and M is a divalent metal.

43.A compoundaccordin§ to:claim 42, wherein Rj is H, K or Na; R; and Rsare, together -
with the ~-CH-CH- group, Cs-Ci2cycloalkylene, C,-Cizcycloalkenylene, C,-Cheterocyclo--
alkylene and C3-C1heterocycloalkenylene with hetero atoms selected from the group -O-, -
-S- and -N-; which are unsubstituted or substituted once or several times; where the sub-
stituent is selected from the group consisting of OH, halogen, C{O)ORs;, OC(O)Res,
C(O)R;2, nitro, NH,, cyano, SOsM,, OSOsM,, NR20SOsMy, C1-Crealkyl, C>-Cyaalkenyl,
C1-Cyzalkoxy, C;-Cyzcycloalkyl, C3-Ciocycloatkenyl, Co~Cysheterocycloalkyl, C-Ciihétero-
cycloalkenyl, Ce-Cyoaryl, Ce-Cioaryloxy, Cs-Cgheteroaryl, Cs-Csheteroaryloxy, Cr-Craralkyi,
C;-Craralkyloxy, Ce-Cioheteroaralkyl, Cs-Criaralkenyl, C,-Cioheteroaralkenyl, primary
amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide,
carbhydrazide, carbohydroxamic acid and aminocarbonyiamide, in which R, is hydrogen,
My, C-Cyealkyl, C»-Cyzalkenyl, Cs-Ciacycloalkyl, C-Cqsheterocycloalkyl, Ce-Cioaryl,
Cs-Coheteroaryl, C;-Cyjaralkyl or Cs-Cioheteroaralkyl, R, is hydrogen, Ci-Cyzalkyl,
Cz-Cyzalkenyl, Cs-Cyzcycloalkyl, Co-Cyiheterocycloalkyl, Ce-Cyoaryl, Cs-Coheteroaryl,
Cr-Caralkyl or Cs-Cigheteroaralkyt and R and Ry are hydrogen, C,-Cizalkyl,
C2-Crzalkenyl, Cs-Cracycloalicyl, Cs-Crzcycloalkenyl, C-Cysheterocycloalkyl, C-Cyihetero-
cycloalkenyl, C¢-Choaryl, Cs-Coheteroaryl, C;-Cy aralkyl, Cg-Cigheteroaralkyl, Cg-C11-aralkenyl
or C-Cyoheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyi, 6ycloalkenyl, heterocyclo-
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alkyl, heterocycioalkenyl, aryi, aryloxy, heteroaryl, heteroaryloxy, araliyl, araikyloxy, hetsro-
aralkyl, aralkenyl and heteroaralkenyl in tum are unsubstituted or substituted by one of the
abovementioned substituents; and y is 1 and M is a monovalent metal ory is 1/2 andMisa
divalent metal; '
{2) Ry is a residue Rqz-(CH,),- or cyclohexyl, in which n is 1 or 2 and
Ry2 is Ci-Coalkyl, Cs-Cecycloalkyl, Cs-Croaryl or Cs-Craaralkenyl, which are unsubstituted or
substituted by C4-Caalkyl, C-Csalkoxy, F, Cl, -CN or -NO3; or
Rz is an amino group -NRgRg, and Ry and Ry are C-Cqzalkyl or unsubstituted or
Ci-C.alkyl-substituted Cs- or Cecycloalkyl, Ce-Cioaryl, Cr-Cyoaralkyl or Cs-Cyzaralienyi; or
Ri2 Is an amide group -N(Rg)C(O)Rs, -N{(Re)S(0)2Rs, -NRsC(O)NHR; or -NRgC(O)NHR; in
which Rg is Cg-Cyoaryl, which is unsubstituted or substituted by C;-C.alkyl, C+-C,alkoxy, F,
Cl, -CN or -NO,, or C-Cyealky! which is unsubstituted or substituted by F or Cl, and R is H,
C1-Cioalkyl, Cs- or Cecycloalkyl, Cs- or Cecycloalkyl-Cs-Cealkyl, phenyi-Cs-Cealkyl or phenyl-
GCo-Cealkenyl; or
(b) R, is C-Cealkyl, Cs-Ciacycloalkyl or C-Cqsaratkyl which are unsubstituted or substituted
by one or more substituents selected from the group consisting of OH, halogen, C(O)ORs;,
OC(O)Re4, C(O)Rs2, nitro, NHz, cyano, SOsMy, OSOaM,, NR2oSOsM,, C1-Cyalkyl,
C.-Cioalkenyl, C;-Cyoalkoxy, Cs-Cizcycloalkyl, Ca-Cizcycioatkenyl, C,-Cyiheterocycloalkyl, Cz- -
Ci:heterocycloalkenyl, Cs-Cioaryl, Ce-Croaryloxy, Cs-Cgheteroaryl, Cs-Cgheteroaryloxy, Cr-
C:aralkyl, C,-Cqsaralkyloxy, Cs-Cicheteroaralkyl, Ca-Cysaralkenyl, C,-Cyoheteroaralkenyi,
primary amino, secondary amino, sulfonyl. sulfonamide, carbamide, carbamate, sul-
fonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R4 is
hydrogen, My, C1-Czalkyl, Co-Cizalkenyl, Cs-Cizcycloalkyl, Cz-Ciiheterocycloalkyl,
Ce-Cuotyl, Cs-Coheteroaryl, C,-Cuaralkyl or Cg-Cyoheteroaralkyl, Ry is hydrogen,
C1-Cyzalkyl, Co-Czalkenyl, Cs~Ciocycloalkyl, C»-Cysheterocycloalkyl, Ce-Coaryl, Cs-Cghetero-
-aryl, Cr-Criaralkyl or Cg-Cyoheteroaralkyl and Rg» and Ry, are hydrogen, Ci-Cyaalkyl,
Co-Cizalkenyl, C3-Cyzcycloalkyl, Cs-Ciocycloalkenyl, C2-Cyiheterocycloalkyl, Co-Cyshetero-
cycloalkenyl, Cs-Cyoaryl, Cs-Csheteroaryl, C-Cyjaralkyl, C4-Cioheteroaralkyl, Cs-Cis-aralkenyl
or C~Cyheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyt, heterocyclo-
alkyl, heterocycloalketiyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, hetero-
aralkyl, aralkenyt and heteroaralkenyl in tum are unsubstituted or substituted by one of the
abovementioned substituents; and y is 1 and M is a monovalent metaloryis 1/2and Mis a
divalent metal.
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44. A compound according to claim 43, wherein

(i) Rs is CgHyq1, CeH11-CHa, CgH11-CH2CHy-, CgH5-CHa-, CgHs-CH2CH2- or CeHs-CH=CH-CH.~;
(ii) R4 is CgHy1, CgH11-CHy-, CgH41-CH2CH3-, CgHs-CHa-, CgHs-CHoCHa-, “CH2-NR15-SO2R 5,
-CHy-NR15-C(O)Ri0, CH:NHC(O)NHR s, “CHaNHR2s or CHaN{Rz21)2, in which Rig is ~-CgHs,
phenyl which is substituted by 1 to 3 methyl or methoxy or -NO; or F or C}, or Ci-Caalkyi,
which is substituted by F; Ry is phenyl which is unsubstituted or substituted by 1 to 3
methyl or methoxy or -NO, or F or CI; Ry is H, C-Csalkyl, phenyl-(CH.).- with z equal to a
number from 1 to 3, phenyl-CH=CH-CH.~, -CH;-CH(CH3). or benzyl; and Rz, is
-CH2-CR22R23R:4 in which Ry, and Res, methyl, ethy! or phenyl and Rz is H, ethyl or methyi;
or '

(i) R, is CgHy4, CH2-CgHs, (CH2)2-CsHs, methyl, ethyl or isopropyl, which are unsubstituted or
substituted by one or more substituents selected from the group consisting of NH,, cyclo- .
hexyl, Ce-C1oaryl, ReC(O)N(Re)-, RsS{0)N(Ro)-, NRsC(O)NHR; and RgRyN- in which Rg, Ry,
Rg and Ry are, independently of one another, hydrogen, C,-Cyealkyl, Cs-Ci.cycioalkyl,
Ce-Cyoaryl or C;-Cysaraltkyi which are unsubstituted or substituted by one or more substitu-
ents selected from the group consisting of OH, halogen, C(O)OM,, nitro, cyano, SOzM,,
0OS0;3My, NR2SO:M,, Ci~-Craalkyl, C1-Crealkoxy and Cs-Cioaryl, where Ry is hydrogen,
C1-Cizalkyl, Ca-Crzatkenyl, Ca-Ciocycloalkyl, Cs-Cizcycloalkenyl, C»-Cysheterocycloalkyl,
C2-Cys-heterocycloalkenyl, Cs-Croaryl, Cs-Coheteroaryl, C-Cyiaralkyl, Cs-Cioheteroaralkyl,
Cs-C11-aralienyl or C-Cyoheteroaralkenyl, yis 1 and M is a monovalent metal or yis 1/2 and
M is a divalent metal.

45. A compound according to clairﬁ 42, wherein R, is CgHy1, CH(CHa)., CH2-phenyi,
(CHz)z-phenyl, CHNHC(O)-phenyl, CHNHC(O)(CH,)s-phenyl, CH.NHC({O)(CH_)sOH,
CH:NHC(O)CF3, CH:NHC(O)CgH11, CH:NHC(O)C11Hzs, CHNHC{O)CH(CsHs)2,
CHHNC(O)NHCgHs, CH2NHC(O)CH,CO:Na, CH.NHC(0)Ce(1,3,4,5)O0H]4Hy,
szNHC(O)CsH4~p-SosNa, CH2NHC(O)CeH4Cl, CH:NHG(O)CsHMNO,,
CHzNHC(O)CgH4OCH3, CHNHC(O)CgH4(3,4)Cla, CH-NHC(O)CgH4CHs,
CHNHC(0)CgH4CeHs, CHNHC(O)CeHsCN, CHaNHC(O)C1oH7z, CH2NHC(O)CeH,COONa,
CHzNHC(O)(CHOH)zcbONa, CH,N(CH2CH=CH-phenyl)[C(O)-phenyi],
CH2N[CH,CH(CHa)][C(O)-phenyl], CH2N[C(O)CeHs]CH-CeHs, CHzN[C(O)CeHsl(CHz)sCeHs
CHoCgHy1, (CH2)2CeHy1, CH2NHz, CHNHCH,CH=CH-phenyl, CH:NHCH,-phenyl,
CHzNHCHZCH(CHa)z, CHaN(CHz-phenyl),, CHN[CH2CH({CHzs)2]e, CH.NHSOz-p-nitrophenyl,
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CH,NHSO,-p-tolyl, CH:NHSO,CF3, CH:NHC(O)NHCeH;s or
CHoN[SO2-p-nitrophenyl]{CH.CH(CHa)zle.

48. A process for the preparation of the compounds of the formula | according to claim 1
which comprises etherifying the 3-OH .group of a compound of the formula V

s OH
HO o
s, OR 12' o/
R12 T (V)
R, 0 OR .,
12
912

in which Rz and X have the meanings mentioned in claim 1, Ryis a protective group and
R¢2’ and R+,” are, independently of one another, hydrogen or a protective group; with a
compound of the formula VI - ' '

R:+-Ris vh

in which R¢ has the meaning mentioned in claim 1 and Rysis a leaving group, and elimina-
ting the protective groups.

47. A process for the preparation of the compounds of the formula 1 according to claim 1
which comprises glycosidically linking the protected fucose hydroxy ether of the formula Vi

Hg:x

“Womz
OR.12

ORy, v,
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in which Rz and X have the meanings mentioned in claim 1, and R, is a protective group,
with the protected galactose of the formula Viil

Ri_ OR,,
O

o ZR vm),

oR,, O™

in which Ry and Rz have the meanings mentioned in claim 1, Zis O or S, and R is a leaving '
group, and subsequently removing the protective groups from the resuiting compound.

48. A compound of the formula V

'y OH
HO °>x
R." R’ O
" V)
R O OR @
12
RIZ

in which

X is the residue of a non-glycosidic aliphatic 1,2-diol;

R: is hydrogen, C;-Cyzalkyl or Cearyl; where the alkyl and the aryl are unsubstituted or sub-
stituted by one or more substituents selected from the group consisting of OH, halogen,
C(O)ORgy, OC(O)R.s, C{O)R.2, nitro, NHz, cyano, SOsM,, OSOsM,, NRzS03M,, C-Calkyl,
Co-Cyoalkenyl, C,-Cyaalkoxy, Cs-CozCycloalkyl, Cs-Cyecycloalkenyl, C>-C4sheterocycloalkyl,
Cx-Cysheterocycloalkenyl, Cs-Cioaryl, Ce-Cioaryioxy, Cs-Csheteroaryl, Cs-Cgheteroaryloxy,
C,-Cyaralkyl, C;-Cy,aralkyloxy, Cs-Cioheteroaralkyl, Cg-Cysaraltkenyl, C;-Cyheteroaralkenyt,
primary amino, secondary amino, sutfonyl, sulfonamide, carbamide, carbamate,
sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonyiamide, where R,
is hydrogen, M,, C4-Cyzalkyl, C2-Cyzalkenyl, C3-Cocycloalkyl, Co-Ciiheterocycloalkyl,

I
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Cs-Croaryl, Cs-Cgheteroaryl, C;-Ciaralkyl or Cg-Cygheteroaralkyl, Ry is hydrogen,
C1-Ci2alkyl, C2-Crealikenyl, Cs-Ciacycloalkyl, Co-Cisheterocycloalkyl, Cg-Cooaryl, Cs-Cohetero- -
aryl, C,-Cysaralkyl or Ce-Cyoheteroaralkyl, and Ry, and Rz are hydrogen, Cy-Cyzalkyl,
C=-Cizalkenyl, C3-Cyocycloalkyl, C3Cizcycloalkenyl, C-Ciheterocycloalkyl, C.-Cqshetero-
cycloalkenyl, Cs-Ccaryl, Cs-Coheteroaryl, Cr~Cqsaralkyl, Ce-Cioheteroaralkyl, Cs-Cis-aralkenyl
or Cr-Cioheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo-
alkyl, heterocycloalkenyt, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, hetero-
aralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the -
abovementioned substituents; and y is 1 and M is a monovalent metal ory is 1/2 and M is a
divalent metal; .

Rqzis a protective group and R;2’ and Rq” are, independently of one another, hydrogen ora
protective group. '

49. A process for the preparation of a compound of the formuta V according to claim 48
which comprises initially synthesizing pseudo-trisaccharide building blocks by glycosidic
attachment for the activated and protected galactose o the fucose-O-X-OH building block
or by glycosidic attachment of suitably protected and activated fucose to a galactose-
0O-X-OH building block, then introducing the group R; into the pseudotrisaccharide and
subsequently modifying the resulting compounds in the desired manner.

50. A compound according to claim 1, for use in a therapeutic method for the treatment of
disorders in warm-blooded animals, including humans.

51. A pharmaceutical composition comprising an effective amount of the compound
according to claim 1, alone or together with other active substances, a pharmaceutical
carner, and, where appropriate, excipients.
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