WD 03/ 031449 PCT/ US02/ 32534 5 CROSS- LI NKED GLYCOPEPTI DE - CEPHALGCSPORI N
ANTI BI OTI CS 10 BACKGROUND OF THE I NVENTION Field of the Invention This

i nvent i orwo3mBr4ect ed to novel cross-linked vanconycin - eegphmozsyEesin
conpounds which are useful as antibiotics. This invention is also directed
to 15 pharnmaceutical conpositions conprising such conpounds; nethods of
usi ng such conpounds as anti bacterial agents; and processes and

i nternedi ates for preparing such conpounds. State of the Art 20 Various
cl asses of antibiotic conmpounds are known in the art including, for
exanple, (3-lactam antibiotics, such as cephal osporins, and gl ycopeptide
anti biotics, such as vanconycin. Cross-linked antibiotic conpounds are

al so known in the art. See, for exanple, U S. Patent No. 5,693,791, issued
to W L. Truett and entitled "Antibiotics and Process for Preparation”;

and WO 99/ 64049 Al, published on 2§H§§§§_ B, 1999, and entitled "Novel
FIdA

anti by ot o5 having | FORER BT € i SSPRIOTIES e i

i ncreased potency against grampositive bacteria. In particular, a need
exists for new antibiotics which are highly effective against
antibiotic-resistant strains of bacteria, such as nethicillin-resistant 30
St aphyl ococci aureus (MRSA) and nethicillin-resistant Staphyl ococci
epidermtis (MRSE). -1 WO 03/031449 PCT/ US02/ 32534 SUMVARY COF THE

| N\VENTI & The present invention provides novel cross-1inked glycopeptide -
cephal osporin conpounds mpﬁ\%ﬁéﬁdﬁﬁb%Fﬁﬁﬁwﬁfﬁ Anong ot her
properties, conpounds of 'S Irnvention have been found to possess
surprising apdidutandretiibn

This invention is directed to novel cross-linked vancomycin — cephalosporin
compounds which are useful as antibiotics. This invention is also directed to
15  pharmaceutical compositions comprising such compounds; methods of using such
compounds as antibacterial agents; and processes and intermediates for preparing such

compounds.

State of the Art

20 Various classes of antibiotic compounds are known in the art including, for
example, B-lactam antibiotics, such as cephalosporins, and glycopeptide antibiotics,
such as vancomycin. Cross-linked antibiotic compounds are also known in the art.
See, for example, U.S. Patent No. 5,693,791, issued to W. L. Truett and entitled
“Antibiotics and Process for Preparation”; and WO 99/64049 A1, published on

25 December 16, 1999, and entitled “Novel Antibacterial Agents.”

Despite such compounds, a need exists for new antibiotics having improved
properties including, by way of example, increased potency against gram-positive
bacteria. In particular, a need exists for new antibiotics which are highly effective
against antibiotic-resistant strains of bacteria, such as methicillin-resistant

30  Staphylococci aureus (MRSA) and methicillin-resistant Staphylococci epidermitis
(MRSE).



5 potency against grampositive bacteria including nmethicillin-resistant
St aphyl ococci  aureus (MRSA) and nethicillin-resistant Staphyl ococci
epi derm two BNRSIE) . Accordingly, in one of its conpositi ®CTASPB82534 this
i nvention provides a conmpound of fornula I: 10 R4 H3C, NH2 RS OH H3C O
"0,, ,,,OH OHOOX2 151\ Ol Ol Rao X1 OHO R6 0o OHI NNN,.N R7
'"" O'HHHONH\ OOCH3 20 R~ N( OCH3 HNJLH HOOHCI NNHI S 25
S N(R3), HZN OO 30 or a pharmaceutically-acceptable salt thereof,
wherein -2 WO 03/031449 PCTSUSMARY ©F THE INVEXTIONe i ndependent |y
selected fromthe group consisting of hydrogen .
The present invention provides novel cross-linked glycopeptide -
cephalosporin compounds which are useful as antibiotics. Among other properties,
compounds of this invention have been found to possess surprising and unexpected
5  potency against gram-positive bacteria including methicillin-resistant Staphylococci
aureus (MRSA) and methicillin-resistant Staphylococci epidermitis (MRSE).
Accordingly, in one of its composition aspects, this invention provides a

compound of formula I:

10

15

20

25

30 or a pharmaceutically-acceptable salt thereof, wherein



and chloro; R is -Ya-(W"-Yb-; Wis selected fromthe group consisting of
- 0-, -N(Rd)-, -S, -S(O-, 5- S5(02-, C3_6 cycloal kylene, C6_10 aryl ene
and C2_9 wetoswsanyl ene; wherein each arylene, cycloal kyl @ce/tsnz32534

het eroaryl ene group is optionally substituted with 1 to 3 substituents

i ndependently selected from Rb; ya and Yb are independently Cl1_5 al kyl ene,
or when Wis cycl oal kyl ene, arylene or heteroarylene, Ya and Yb are

i ndependently selected fromthe group consisting of a 10 coval ent bond and
C1_5 al kyl ene; whgt gidxeas hdzbéndeatesadécietdfrom tepgroop addsystigloshydroged Wi th
1 to 3 substituents independently selected from-OR, -NRdJRe, - CO2Rd, -
C(O) NRdRe anthd-ch&r@) 2NRdRe; R2 is hydrogen or Cl-6 alkyl; each R3 is

i ndependent |y selﬁpise i(i[;( t‘jfne_,group consisting of C1_6 alkyl, C2-6 15

al kenyl, C2_6 al kynyl, ncycloal kyl, C6-10 aryl, C2_9 heteroaryl, C3_6

het erocyclic and wHaseleéted fomadE aeRBlcom3stiipfPO-ar-N(Rj-Ned -t oS{O)-M C3_6
al kylene or - 0- (C 1.6 alkylene)-0-; wherein each al kyl, alkyl ene,

al kenyl and a$(Q)nyIC;grerilpalkdensy Cs.armayleye andifhstheteraasieng; wherein each

substitutents j ndepen tly selected fromthe qr nsiStin f yRa and
e and eac N SEgURTen pRDGEPEIShF B0ok Ao lsPiy SRR T % 2
optional Iy 2QbstitQ&dts indepshdehilyhselected forg RSt i tut ent s i ndependently sel ected
fromthe group consisting of Rb; one of R4 and R5 is hydroxy and the ot her

i s hydrogen; R6 ¥hhdR¥ aie indepetlonthi€ns allyylege poyhen Bf isrevelegikylers ardene
hydrogen or & l%{ecr)ga?'ylgge,f\fqra% IYa a.geI i)n:depelzlgenkcﬁfcsbleugg frolr_riloth’e’grm;pi c)onsilsjir?g oc% aO 30 -3
10  covalent bond and C,  alkylene; wherein each alkylene group is optionally substituted
with 1 to 3 substituents independently selected from —-OR?, -NR‘R¢, -CO,R",
~C(O)NRR® and - S(0),NR‘R";
R? is hydrogen or C, ;4 alkyl;
each R? is independently selected from the group consisting of C, ¢ alkyl, C, ¢
15 alkenyl, C, , alkynyl, C, ¢ cycloalkyl, C_, aryl, C, , heteroaryl, C, ¢ heterocyclic and
R?; or two adjacent R? groups are joined to form C, 4 alkylene or -O-(C, 4
alkylene)- O-; wherein each alkyl, alkylene, alkenyl and alkynyl group is optionally
substituted with 1 to 3 substitutents independently selected from the group consisting
of R* and R’ and each aryl, cycloalkyl, heteroaryl and heterocyclic group is optionally
20  substituted with 1 to 3 substitutents independently selected from the group consisting
of R%
one of R* and R® is hydroxy and the other is hydrogen;
R and R’ are independently hydrogen or methyl;
R? is hydrogen or a group of formula (i):
25

H,C, NH,

30



WO 03/ 031449 PCT/ US02/ 32534 each Ra is independently selected fromthe
group consisting of - ORd, halo, - SRd, - S(ORd, - S(O2Rd, - S(0)20Rd, -
S( O 2NRdR&p 03BdRe, - COZRd, - OC(O Rd, -C(O NRdRe, - NRdECODjRe2/32534
-OC(O) NRdRe, -NRJC(O) ORe, -NRIC(O NRdRe, -CF3 and - OCF3; 5 each Rb is

i ndependently selected fromthe group consisting of Cl-6 al kyl, C2-6

al kenyl, C2.6 al kynyl and Ra; each RC is independently selected fromthe
group consisting of C3 6 cycloalkyl, C6.10 aryl, C2_9 heteroaryl and C3.6
het er ocyclic; wherein each cycl oal kyl aryl, het eroaryl and heterocyclic

grou |sot|onall ubstltut d,.wt stlt ndent |
sel e(F:)t ed flroom t he® é]ilBJbSlBg?‘ng ?r}thg‘egftee% g’%f?lgy PR gsl%ng% §gl§hd Re iys
i ndependent | ygpel f phe R, IO MR 4?N'IR"Rh drogen, O qal kyl ,
C2_6 al kenyl, SR g(xg);m Sm SgDB%I ogfslgy? Rg10 ary y CgEQ h@;(?g}?oar;l
oMY oot ks an OBl e o HEICDgE TR GHONRERS ot o

whi ch t hey a@ a(:)]gagghed to forma C3-6 heterocyclic ring having 1 to 3
het er oat ons endently sel ected from oxygen, nitrogen or sulfur;

wherein gach al kydach b kSiniépendaifiiyakleyied frotd eRroup QRbis@RR O tctut ed
with 1to 3 substlatcuents mdgpengasntly sel eclt%edlﬁ)fromthe gr'éug@?:;onm sting

of R and Rfalkeryhd,galkyndrapd R°cycl oal kyl, heteroaryl and heterocyclic
group is optionall ubstit ut o 3.substituents i dently
sel ected fromthe aé]i‘gubs ipdepRen ?’}theG’Fte ¢{rog the BT uPLogSipin %{@ Sﬁaﬁzﬁﬂyls

i ndependent lg_ s e fhefef AR 1AE COL REtBroe R Whéfth Qkh c%!xlkl 6 al kyl,
LSC1t6 al kyl 2o SRS e e S O%yf G- & A kyl) o 0O Cl. 6

al kyl, -C(O lﬁfdroﬁyhaddWexerectﬂlelﬁ(: @oBp-iSoptiduglly subsmmth 1@ & NHzlLuents
CL ORI TN RO s WU RS
directed t 0 i nt ergyeg RabLRES RUFGh&peh@ntlp sEBAEA RBm the group consisting of
hydrogen, C, ¢ alkyl, C, ¢ alkenyl, C, ¢ alkynyl, C, ¢ cycloalkyl, Cq ,, aryl, C,,
heteroaryl and C, heterocyclic; or R? and R° are joined, together with the atoms to
which they are attached, to form a C; ¢ heterocyclic ring having 1 to 3 heteroatoms
15  independently selected from oxygen, nitrogen or sulfur; wherein each alkyl, alkenyl
and alkynyl group is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of R® and R'; and each aryl, cycloalkyl, heteroaryl
and heterocyclic group is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of C, 4 alkyl and R,
20 each R'is independently selected from the group consisting of - OH,
-0C, 4 alkyl, -SC, 4 alkyl, -F, -Cl, -NH,, -NH(C, ; alkyl), -N(C,, alkyl),,
-0C(0)C,4 alkyl, -C(0O)OC, 4 alkyl, -NHC(O)C, 4 alkyl, - C(O)OH, - C(O)NH,,
-C(O)NHC, 4 alkyl, -C(O)N(C, 4 alkyl),, - CF; and - OCF;;
mis0,1,2or3; and

25 nisOorl.
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conpounds of formula I, and salts thereof. Accordingly, in another of its
conposition aspects, this invention provides a conpound of forrmula Il: R2
5 CRI-NWb03@B148 N S II S NCNQ 10 P2-N O H O O P3 @cTaseaBisst her eof ,
wherein R and RZ are as defined herein; 15 P and P2 are independently
hydrogen or an am no-protecting group; P3 is hydrogen or a
carboxy-protecting group; Qis a leaving group or a group of the fornula:
1~-+\ (R3)m 20 X where R3 and mare as defined herein; and X- is an
optionally present anion; vvhi ch conpounds are useful as internediates for

[ f f S,and/ 30 -5 WO
031 031449 pCT] LSOO SHR 2fatingy R e ReSTBL B bl ol o

i nvention prQypRadLofFeRmaY Ntnd QhltS MERYE 3Aédokdingl?, in another of its composition

aspects, this invention provides a compound of formula II:

this

R2
5
Oo— R1—N—p1
Cl N
R}
S S ‘
S
—
>/N O N~
10 p2—N 0]
H
or a salt thereof;, wherein
R! and R? are as defined herein;
15 P! and P? are independently hydrogen or an amino-protecting group;

P? is hydrogen or a carboxy-protecting group;

Q is a leaving group or a group of the formula:

X
l. (R,
20 \\ / N /

X

\

where R® and m are as defined herein; and X is an optionally present anion;
which compounds are useful as intermediates for preparing compounds of formula I

25 and/or as antibiotics.
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ORL-NPI 5 CL N)oP4 11l ~NOP2-N H 10 or salts thereof; wherein R,
R2, P and P2 are as defined herein, and P4 is hydrogen or a

car boxy- pwotososisy group; whi ch conpounds are useful as i mCarusedddmses for
prepari ng conpounds of forrmula I or Il. In separate and di stinct
conposition aspects, this invention also provides 15 conpounds of fornul ae
2, 5b, 7, 8, 10,11 and 13 as defined herein, or salts or protected
derivatives thereof; which conpounds are useful as internediates for
prepari ng conpounds of formula | and/or as antibiotics. In another of its

Comprising a phar heetitoa e YE S B AT aRE ﬁaﬁm HRESHE S o PR 20

ef fecti ve angpmim@h 1@ conpound of formula I, or
phar maceuti cal | y-acceptable salt thereof. V%ile not intending to be
limted by theory, the conpounds of fornula Igzare believed to inhibit
bacterial cell wall biosynthesis thereby inhi|iting the gromh of the
bacteria or causing lysis of the bactg—-®Ri—FhNeepore, anong other
propertigs, the 25 conpounds of forpiula | are useful as antibiotics.
Accordingly, in one of its nélhod pects, this invention provides a nethod
of treating a bacterial infection Xn agmeuapal, the nmethod conprising
adm nistering to a mamal a i cal conposition conprising a
pharmaceutical | y-accept abl e 3// i nd a therapeutically effective anount
or

of a compound of formula I, 0 pharmaceuti cal |l y-acceppt abl e sal t
t hereof. -6 WD 03/031449 IﬁCILHSOZ/ 32534

10

or salts thereof; wherein R', R%, P! and P? are as defined herein, and P* is
hydrogen or a carboxy-protecting group; which compounds are useful as intermediates
for preparing compounds of formula I or II.

In separate and distinct composition aspects, this invention also provides

15 compounds of formulae 2, 5b, 7, 8, 10, 11 and 13 as defined herein, or salts or
protected derivatives thereof; which compounds are useful as intermediates for
preparing compounds of formula I and/or as antibiotics.

' In another of its composition aspects, this invention provides a pharmaceutical
composition comprising a pharmaceutically-acceptable carrier and a therapeutically

20  effective amount of a compound of formula I, or a pharmaceutically-acceptable salt
thereof.

While not intending to be limited by theory, the compounds of formula I are
believed to inhibit bacterial cell wall biosynthesis thereby inhibiting the growth of the
bacteria or causing lysis of the bacteria. Therefore, among other properties, the

25 compounds of formula I are useful as antibiotics.

Accordingly, in one of its method aspects, this invention provides a method of
treating a bacterial infection in a mammal, the method comprising administering to a
mammal a pharmaceutical composition comprising a pharmaceutically-acceptable
carrier and a therapeutically effective amount of a compound of formula I, or a

30  pharmaceutically-acceptable salt thereof.

-6-



Additionally, in another of its nethod aspects, this invention provides a
met hod of inhibiting the growth of bacteria, the nethod conprising

contacti ngoobmst4@yi a with a growt h-inhi biting anount of aPcansousa3Hf
formula I, or a pharnmaceutically-acceptable salt thereof. 5 In yet another
of its method aspects, this invention provides a nethod of inhibiting
bacterial cell wall biosynthesis, the nmethod conprising contacting bacteria
with a cell wall biosynthesis-inhibiting anobunt of a conpound of fornula I,
or a pharmaceutically-acceptable salt thereof. This invention is also

G rected Lo pr ocesagoldt, RGRTF o ARRIASRL AR LNy @S2l

t hereof. Accordin Sp I'nventi on

provi des a phemes sf nibiieMe ghdvith df TR itk 18éthb® coRiprisihg caittactingal t
thereof; the process conprising: (a) reacting acgflgflcopepti de of formula 1
as defined heactsria withi a grosvth-inhigitng amenntiod aiegmpopndef faapplabdriger ei n; or 15

(b) reacting.,a co u of farmula,10 as defined herein, with a conpound

of formula %@agga%@ﬁfﬂ&aa%@téﬁl%,salgtper(eg? reacting a conpound of formula 9 as
defined kerein, wptydt anotiRFROUS et bpicttias hdefondabiidach Methed bf t 0

provi de a coigﬁound of formula | or a salt thereof. In one preferred 20

enbodi nent , inhibititighastepinbestiswalk bipsymehesisoilrp metlard qomprisingpontacting bactayiag
pharmaceutical] y-acceptabl e.salt .qgf...a cao und of for | ... Thi s invention
5o o ruth B8 SRR SRR e mer B Bia LB Th
invention i spiahsgceitiARtREeptbIasAomBReNd of fornmula I, or a

pharmaceutical l y-acceptable salt thereof, for use in therapy. Additionally,
this 25 inventi onThis irdienéart is@lspdlinepted tasproegsses foopspaning esinpfoyndawtfa |, or a

PRt TG g% SSB MRhrSPertB e o BE RS B, * o
WO 03/ 031449in%;1[{054§9@¢i3€55§&oce5s for preparing a compound of formula I, or a salt thereof;
the process comprising:
(a) reacting a glycopeptide of formula 1 as defined herein, with a
compound of formula 2 as defined herein; or
15 (b) reacting a compound of formula 10 as defined herein, with a compound
of formula 11 as defined herein; or
(©) reacting a compound of formula 9 as defined herein, with a compound
of formula 13 as defined herein;
to provide a compound of formula I or a salt thereof. In one preferred
20  embodiment, the above process further comprises the step of forming a
pharmaceutically-acceptable salt of a compound of formula I. This invention is also
directed to the product prepared by any of these processes.
This invention is also directed to a compound of formula, or a
pharmaceutically-acceptable salt thereof, for use in therapy. Additionally, this
25  invention is directed to the use of a compound of formula I, or a pharmaceutically-
acceptable salt thereof, for the manufacture of a medicament for the treatment of a

bacterial infection in a mammal.

30



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s i nvention provi des novel

gl ycopepti de - cephal osporin conpounds of formula | or

phar maceuwpDaalobyp4@accept abl e salts thereof. These conpound®Chawse2/3zssd ti pl e
chiral centers and, in this regard, the conpounds are intended to have the
5 stereochem stry shown. In particular, the glycopeptide portion of the
conpound is intended to have the stereochem stry of the correspondi ng
natural l y-occurring glycopeptide (i.e., vanconycin, chloroorienticin A and
the Iike). The cephal osporin portion of the nolecule is intended to have

the stereochem stry of | er, it wll be
under st ood by those skP%ﬁEpﬁwﬁW@{QM m nor alﬁmlfgn s of isoners
havi ng a di f f er enthis ireatchpiovides Movel @gbblﬂs’phdéh%phaldﬁp&rnbeorﬁp(ﬁﬁﬁﬁlbfI n the
conposi tions of this invention provide t the utility of the

conposi ti on Esmyladasphammaceusicaly-gefeptablerselts tharenf.niIdpwroppounds vesence of

such isoners d|t| naII l.1 nki ortlon f 1 of thi
i nvention (i éﬂn 13“ t?‘f%?ln‘%é?'lfhé? Wg%rﬁgthg FOMBPe cf(%ﬁllrer @Fenﬁgaff@agg ypi cal Isy,
this porsi onstelfeoéﬂéﬂnma}l $oWne Iivparticulle thy @ﬁﬁfp@ﬂlcﬁﬁ)oﬁldrﬁ@ﬁﬁb Goriipouindrie. | f

desired, however, pure stereoisoners (i.e., 1individual enantioners or
di ast er eoner gl)enqtaaj:tqj@vg shechteseochemisryadithorasrespandi Walﬁ-ﬁﬁw& an be

enpl oyed. All, such.. reoi SONEr s nriche uded Wi t hin
The stope of EWRIIEPATREfe VeTFomaE AR T SO BLAES: FPE cHIEIPRGN: on
contain SeVeﬁtﬁJtloﬁledieangé&l}HJﬁ iktbndd,to hewd the¥itdochafisly of nts) and sever al
basic groups (i.e., primary and secondary amne groups) and therefore, the

conpounds  of cefpbalospain copmounds. sHowwerAatde@ wilerstdodrhysghosa| skilled i thet t

f ded th h h
ommoundl of heb iy bl of BSwRE Wik diftekot R0 R iR ol SBRTL on 1 or

the 25 pyri din'a}r BELESEH Bn ﬂ?é)éoﬁ‘x@hélﬁﬂﬁd df%hi@@ml%ﬁ&??ﬁovld&ﬁ Itk 'tlﬁlaguumy'bf et
limted to, i des, such as chloride; carboxylates, such as acetate; and

the |ike. Fuedrhpasitiones aiwhold islnobsgmﬁdmtbt<bmd11$i3pdtb|ydh@px§mce efisich the art
that labile or chemi cally unstable conmpounds which [ack any utility due to
their instabPP are not™ included within the scope of this invention. For

te\ﬁgmggreboln t a't 3 nrér %g&ggﬂ&aﬁnﬁ%ﬂm&y&nﬁe 8SmpAUNAY bAthis BOGHRN L. & RI)east

15 may contain one or more chiral centers. Typically, this portion of the molecule will
be prepared as a racemic mixture. If desired, however, pure stereoisomers (i.e.,
individual enantiomers or diastereomers) may be used or a stereoisomer-enriched
mixture can be employed. All such stereoisomers and enriched mixtures are included
within the scope of this invention.

20 In addition, compounds of this invention contain several acidic groups (i.e.,
carboxylic acid groups) and several basic groups (i.e., primary and secondary amine
groups) and therefore, the compounds of formula I can exist in various salt forms. All
such salt forms are included within the scope of this invention. Also, since the
compounds of formula I contain a pyridinium ring, an anionic counterion for the

25  pyridinium group may optionally be present including, but not limited to, halides,
such as chloride; carboxylates, such as acetate; and the like.

Furthermore, it will be understood by those skilled in the art that labile or
chemically unstable cdmpounds which lack any utility due to their instability are not

included within the scope of this invention. For example, it is preferred that

30  compounds of formula I contain at least two carbon atoms between any oxygen

-8-



-8 WD 03/031449 PCT/ US02/ 32534 (-0-), nitrogen (-N<) or sulfur (-S) atons
in the -0-R -N(R2)- noiety, since when these atons are separated by a

si ngl e cawban/oat4am t he resul ting compound (i.e., contai nipeg/zn2/aeses al |

hem acetal, ketal, hem ketal, am nal, hem am al or thioketal group and the
i ke) may be hydrolytically unstable under acidic conditions. 5 Preferred
Enbodi nents In the conpounds of formula |, the follow ng substituents and
values are preferred: In a preferred enbodi nent, the present invention is
directed to conpounds of 10 fornmula la: HBC NH2 HO OH H3C O "0" ,,CH

OH 15 00 C:\f—cgg’, H’trogyl (—%<)Oorgulgﬁl3(— Slj) Eloishh HheNo- R —%(R(%—%O%Qy, SndeH 0 G

N O CH3 H2
when these atoms are separated by a single carbon atom the resulting compound (i.e.,

containing an acetal, hemiacetal, ketal, hemiketal, aminal, hemiamial or thioketal

group and the like) may be hydrolytically unstable under acidic conditions.

Preferred Embodiments
In the compounds of formula I, the following substituents and values are
preferred:
In a preferred embodiment, the present invention is directed to compounds of
10  formula Ila:

H,C, NH,

15
20
Ia

Cl N
25 )\')l\[(n H

S /N I (Rs)m

>/ (@) No _— N+t _~
H,N 0
0~ "o

30 or a pharmaceutically-acceptable salt thereof, wherein R, R%, R® and m are as

-0-



OHOOQ N~la25HHNSa,,, SNON(R3) H2 NO OO 30 or a

phar maceuti cal | y-acceptabl e salt thereof, wherein R, R2, R3 and mare as
-9 WO 03/WB3434CT/ US02/ 32534 defined herein, includingPorafser/sasas

enbodi nents. In a preferred enbodinent, R is - Ya- Yb-, i.e., when nis O.
In this enbodinent, ya and Yb are independently Cl1_5 al kyl ene groups
wherein each al kylene group is optionally substituted with 1 to 3
substitutents independently selected from5 - ORd, - NRdRe, - CO2Rd, -

C(O NRdRe and - S(O 2NRdRe as defined herein. Preferably, Ya and Yb are

| ndependent | 5l Bk A1 AT hoflrBl Vb SRSIeANd more preferably, C12

al kyl ene. MOT e re jorned together (i.e., R) to

forma - (CH2)2_ &naq;refeﬁedahbbdmﬁmr R' By eYergbl ., wheramis (Y binakie j oi ned
together to form a - ? % - (CH2) 3-, - CHZ)4- - (CH2)5- or - (CH2)6-
group. In a euehadirental| gndy’ ae éfdépWé’Gn@Yrﬁ@d@l fe gfylapsa‘f'ihler?lﬁ ealalkpened

;g?eweg{bt od Slrl%ls o(p&:ﬁg%lgl sugstq w1th lﬂt n%tﬂffﬁ ﬁée%g@e%ﬁgél%% frol 'S -

i ndependgnt Iyoﬁi mww@ogﬁd OC((\)MRV\AII)& scot)% MRIRCYE @Bfned lfgthene or
het eroaryl ene, ya and Yb ar e independent|y selected fromthe group

consi sting direferabiya ‘and Yb@rmmdmn@tlw salektydéw@ CEa@hylam%W@ﬁ@rfgr oup in
this 15 enbodi IS Q na t|t thlt ni s

sel ect ed frd}rﬁp‘%’g?a 128 %ﬁi‘f M°¥ EIabl l%( d’f?e’oé tog%( ib‘%\ﬁgﬁe
defined her epfin a\N(@m{z)\g@- @fou)Sb sausm@e p?éf&’xibl‘?nW S{dOViPare fj6l8eBiokythens f&mup i's
preferably a Cl1 3 al kylene group; nore preferabl i; a Cl_2 al kyl ene group;

s';r{)llOI m)re meﬁ‘QHzédJI, (CHys(.CHOH)2, dFlip- orm (&H, a@@mjaralpﬁrtmu@b/rred”
20
Subst i {1 ea RFERRT eppodintenh 3iapd o Pl o A sebeliRn i B B 5B K o

gﬁL ggfﬁe mer ei n; NRrBoeepRicaiRl ¥mb¥dintenk RNy | §Rew -yt a0t Widn Aisef. ah g
embodiment, Y* and Y® are independently C, ; alkylene, or when W is cycloalkylene,
arylene or heteroarylene, Y* and Y® are independently selected from the group
consisting of a covalent bond and C, 5 alkylene. Each alkylene group in this

15  embodiment is optionally substituted with 1 to 3 substituents selected from - ORY,
-NR‘R¢, -CO,R¢, -C(O)NRR® and - S(0),NRR® as defined herein. When Y* or Y°
is an alkylene group, the alkylene group is preferably a C, ; alkylene group; more
preferably, a C, , alkylene group; still more preferably, a -(CH,), ,— group. Ina
particularly preferred embodiment, Y* and Y® are both - CH,- and W is Cg , arylene

20  optionally substituted with 1 to 3 substituents independently selected from R® as
defined herein; more preferably, W is phenylene. In another preferred embodiment,
Y? and Y® are both - CH,CH,- and W is -O-.

When present, W is preferably Cq ,, arylene or -O-. More preferably, W is
phenylene or -O-.
25 Preferably, R? is hydrogen or C, , alkyl. More preferably, R* is hydrogen.
When present, each R? is preferably independently selected from C, 4 alkyl,
C, 4 cycloalkyl, -ORY, -SR¢, -F or - Cl; or two adjacent R? groups are joined to form
C,¢ alkylene.
In a preferred embodiment, R* is hydroxy and R is hydrogen. In another
30  preferred embodiment, R* is hydrogen and R’ is hydroxy.

-10-



ya and Yb are both - CH2CH2- and Wis - O . Wen present, Wis preferably
C6. 10 arylene or - 0-. More preferably, Wis phenylene or - O . 25

Pr ef er abl wp 0B®3i489 hydr ogen or Cl.3 al kyl. Mre preferabl yPCRAUSO%31534r ogen.
When present, each R3 is preferably independently selected from Cl-6 al kyl,
C3.6 cycloalkyl, - ORd, - SRd, -F or - d; or tw adjacent R3 groups are
joined to form C3-6 alkylene. In a preferred enbodi nent, R4 is hydroxy and
R5 is hydrogen. In another 30 preferred enbodinment, R4 is hydrogen and R5
i s hydroxy. -10 WD 03/031449 PCT/ US02/ 32534 Preferably, R6 is hydrogen and

R is nmethyl. Pre LY 6PR81.) Preferably, one of X and X2 is
chloro and the ot ré%{r:e?%)oslxr%/Egg{é%ﬂ?%ggrnagg{}%mggh?' chloro. Mre preferably, X
and X2 are both chlefiably, R¥liohpdrpgef erred enbodi ment, R4 is hydroxy; RS is

hydrogen; R6 is hydrogen; R _is nethyl; R8 is hydrogen: and X and X2 are
both chloro (i.e.PreferblyiopeopXhendiX” jschgreand the ajhgs dohydEegen; on bpthawst her
preferred e di t, R4 is hydrogen; R5.i droxy; R6 is hydrogen; R is
nmet hyl ; R8 F@ﬁ rogﬁ\gqup{)eﬁexia@yn%él g |)?re§%’§(ﬂ&éhd X2 are both chloro 10
(i.e., the gl ycopmptiréRrme@eibodinicat, R1liOhyIR6:kye RE id IBidfogeh; R8R&YEBpen;RT a
preferred enbodinment, mis 0. In_another preferred enbodi ment, mis 1 or

2: more pr efismasshy}; R%is hydrogen;iand 3 andh &7 aperhotleehtlere (an gaei shrgepeptideiportiomnd
the two R3 roups are joined to formaC3_5 al kyl ene group; nore preferably
a C3-a al kylgﬁ’&n GRSt 15 A preferred group of conpounds of formula | are

those of fornula hanyiher fleferreBenibddmeht, RVis hydfBgen; WA Igydfortys ROisand ya and
Yb are joined together to forma -(CH2)2.8- group; R2 is hydrogen and mis

0; or a pharkhwcegen BAisinmethdcBpisaigreumsef formulpéy)curd X' andtXfj ate bothshlosent , R
()2 10 “(Reafis Biher it Bl Bl >~ (2
In a preferred embodiment, m is 0. In another preferred embodiment, m is 1 or
2; more preferably, 1. In still another preferred embodiment, m is 2 and the two R?
groups are joined to form a C, 5 alkylene group; more preferably a C,, alkylene
group.
15 A preferred group of compounds of formula I are those of formula Ia wherein
R'is -Y*-(W),-Y®-, where nis 0 and Y* and Y® are joined together to form a
-(CH,), s~ group; R? is hydrogen and m is 0; or a pharmaceutically-acceptable salt
thereof. In this embodiment, R' (i.e., Y* and Y® taken together) is preferably a
-(CH,),-, -(CH,);-, -(CH,),~, -(CH,);~ or -(CH,),~ group; more preferably,
20  -(CHp;-.
Another preferred group of compounds of formula I are those of formula Ia
wherein R!, R2, R? and m are as defined in Table I, or a pharmaceutically-acceptable

salt thereof.

25

30

-11-



20 - (CH2)3 - . Another preferred group of conpounds of formula | are those
of formula la wherein R, R2, R3 and mare as defined in Table I, or a
phar maceuwpDaaloByp4@accept able salt thereof. 25 30 -11 WOPQOI/G8132534

PCT/ US02/ 32534 Table | Ex. R 5 No. yawybn RR RBm 1 -CH2CH2- ---

-CH2- 0 -H--- 0 2 -CHCH2- --- -CH2- 0 -H 2-CH3- 1 3 -CH2CH2- --- -CH2-
0O -H3-CH3- 1 4 -CHCH2- --- -CH2- 0 -H4-CH3- 1 10 5 -CH2CH2- --- -CH2- O
-H 2-CH30- 1 6 -CH2CH2- --- -CH2- 0 -H 3-CH30- 1 7 -CH2CH2- --- -CH2- O
-H4-CH30- 1 8 -CH2CH2- --- -CH2- 0 -H 2-CH3S- 1 9 -CHCH2- --- -CH2- O
-H 3-CH3S- 1 15 10 -CH2CH2- --- -CH2- 0 -H 4-CH3S- 1 11 -CH2CH2- --- -CH2-
0-H2-F 1 12 -CH2CH2- --- -CH2- 0 -H 3-F- 1 13 -CH2CH2- --- -CH2- 0 -H
4-F- 1 14 -CH2CH2- --- -CH2- O -H 2-CTabk 120 15 -CH2CH2- --- -CH2- 0 -H
3-d- 1 16 -CH2CH2- --- -CH2- 0 -H4-d- 1 17 -CH2CH2- --- -CH2- 0 -H
2-Ph-' 1 18 -CH2CH2- --- -CH2- 0 -H 3-Ph- 1 19 -CH2CH2- --- -CH2- O -H
4-Ph- 1
Ex. R
5 No. ' /4 yb n| R R’ m
1 | -CH,CH,- “CH,- |o0| H 0
2 | -CH,CH,- -CH,- | 0| -H 2-CH,- 1
3 | -CH,CH,- -CH~- |o0]| H 3-CH,- 1
4 | -CH,CH,- ~CH,- |o| H 4-CH,- 1
10 5 | -cu,cH,- -CH,- |o| H 2-CH,0- 1
6 | -CH,CH,- “CH- |0]| -H 3-CH,0- 1
7 | -CH,CH,- “CH~- |o0]| H 4-CH,0- i
8 | -cH,cH,- -CH,- |o| H 2-CH,S- 1
9 | -CH,CH,- ~CH,- |o| H 3-CH,S- 1
15 10 -CH,CH,- -—- -CH,- 01| -H 4-CH,S- 1
11 | -CH,CH,- “CH- |0]| -H 2.F- 1
12 | -CH,CH,- CH- |o| -H 3.F- 1
13 | -CH,CH,- -CH,- |o]| H 4-F- 1
14 | -CH,CH,- -CH,- |o| H 2-Cl- 1
20 | 15 | -CH,CH,- -CH~ |o| = 3-Cl- 1
16 | -CH,CH,- “CH- |o| H 4-Cl- 1
17 | -CH,CH,- “CH- (0| H 2-Ph-" 1
18 | -CH,CH,- “CH- |o| H 3-Ph- 1
19 | -CH,CH,- -CH,- |o0]| -H 4-Ph- 1
25 20 | -CH,CH,- - -CH,- 0| -H 4-cyclopropyl- 1
21 | -CH,CH,- CH,- |o0|-H | 4[HOOCCHS-] |1
22 | -CH,CH,- “CH- |o]| H 4-NH,C(0)- 1
23 | -CH,CH,- -CH~ |o]| H 2,3-di-CH;- 2
24 | -CH,CH,- CH- |o!| H 3,4-di-CH, - 2

-12-



25 20 -CH2CH2- --- -CH2- O -H 4-cycl opropyl -

4-[ HOOCCH2S-] 1 22 - CH2CHz2-

-CH2- 0 -wO02383du9 CH3- 2 24 - CH2CH2-

“CH2- 0 -H 4-NH2C( O) -

1 21 -CH2CH2-

-CH2- 0 -H
1 23 -CH2CH2-
~CH2- 0 -H 3, 4- GiCT@SB2/3834 - 12 WO

03/ 031449 PCT/ US02/ 32534 Ex. R No. ya Wyb n R R3 m 25 -CH2CH2- ---

-CH2- 0 -H 3,5-di-CH3- 2 26 -CH2CH2- --- -CH2- 0 -H 3,4-di-CH3O 2 27
-CH2CH2- --- -CH2- 0 -H 3-CH3-4-CH3O 2 28 -CH2CH2- --- -CH2- 0 -H
3-CH3O-4-F- 2 5 29 -CH2CH2- --- -CH2- 0 -H 2,3-[-(CH2)4-) 2 30 -CH2CH2-
--- -CH2- 0 -H 2, 3-(- CHZCHZCHZ) 2 31 - (CHZ)3- --- -(CH2)3- 0 -H --- 0 32
-CH2CH2- -0 -mmCHZ- —tH—0—33—CH2—1A=(—PhT) 2 CH2 ] 10
' Ph = phenylEx2 |1, 4-(- Ph-) = 1R'4-phenyl ene In f{he ilnternediate of f | a
[1: Qis praggre def| ned_pyri ¢l ni gr oup. 5 P
pr ef er abl y : rhao \JIJ h 3 | Eﬁa:’"‘ af oy __-_2 _______________
triphenyl methyl .| _®3ds- pref erably jhydiggen ory p- et hoxypgrh;th R, R3[R3
and m are ppefedably/ad d—herein—tActutling—am—preferred
enbodi nent s| xuUlstCHOent s| or val ues, 2CTH,A the i nkerimedilt-éi-@i,0-ormf a | 11
P' is prefefabty Or tert-tutoxycar opnyf- P4 S_preferapty
hydr ogen, f prityl I%Hzlcﬂgphenyl met hyl |. ‘C\Tl{z‘ 0| H 3 8H3-4 -CH,0O- 2

28 | -CH,CH,- ~CH,- 0| -H 3-CH,0-4-F- 2

5 29 | -CH,CH,- -CH,- 0| -H 2,3-[-(CH,),-) 2

30 | -CH,CH,- -CH,- 0| -H | 23«(-CH,CH,CH,-) |2

31 | -(CH,),- ~(CH),- | 0| -H 0

32 | -CH,CH,- -O- -CH,CH,- |1 | -H 0

33 -CH,- 1,4-(-Ph-)? -CH,- 1| H 0

10 ' Ph=phenyl

15

20

25

2 1,4-(-Ph-) = 1,4-phenylene

In the intermediate of formula II:

Q is preferably halo or the defined pyridinium group.

P! is preferably hydrogen or fert-butoxycarbonyl.

P? is preferably hydrogen or triphenylmethyl.

P? is preferably hydrogen or p-methoxybenzyl.

R!, R%, R® and m are preferably as defined herein including any preferred

embodiments, substituents or values.

embodiments, substituents or values

In the intermediate of formula III:

P! is preferably hydrogen or fert-butoxycarbonyl.

P? is preferably hydrogen, formyl or triphenylmethyl.

P* is preferably hydrogen, C, , alkyl or p-methoxybenzyl.

R! and R? are preferably as defined herein including any preferred

-13-



P4 is preferably hydrogen, Cl-4 al kyl orp-nethoxybenzyl. R and R2 are
preferably as defined herein including any preferred 25 enbodi nents,
subst i t uewD30814¢al ues -13 WO 03/ 031449 PCT/ US02/ 32534 Detcirnisn/erss4 When
descri bing the conpounds, conpositions, nethods and processes of this
invention, the followng terns have the foll ow ng neani ngs, unless
otherwise indicated. 5 The term"alkyl" refers to a nonoval ent saturated
hydr ocar bon group which rmay be linear or branched. Unl ess otherw se
defined, such al kyl groups typically contain from1l to 10 carbon atons.

Represent atiye a.ksl groups include, by way of exanple, nethyl, ethyl,
n- propyl, I s]ég}-rﬁ%%i n-butyl, sec-butyl, isobutyl, tert-butyl, n- pentyl,

n-hexyl, n-heptylwh8n 8&dcyibin ﬁh@&ﬂﬂﬁounﬂs,‘é@ﬁxﬁbsiﬁm, trlReholdk k@d prbPesttieofltic m
"al kyl ene" refers to a divalent saturated hydrocarbon group which may be
| i near or briavetied, thefeléayeng tares havethd &llavang n@a@ng%m&ssa eIYITUPS
typically contain from21l to 10 carbon atons. Representative al kyl ene
groups i ncl u‘Bgl,c K¢ way of exanple, nethylene, ethane- 1,2-diyl

("ethyl ene"), propReroh Akl YéfersRb AR valéntFatuddtyd hyRbéAB&r grodp Ghich,
pentane-1,5-diyl and the |1 ke. 15 The term "al kenyl™ refers to a nonoval ent

unsat ur at ed mgyiboliegabonbrgnched. Unfdss htheryispdefiried esnch glkybgruphiodicatld whi ch
has at |east one, .and typically. 1 or 3,,..carbon-carbo oybl e baonds.

Uni eas ot herArLEt BB Histtt Giar ke oraiebian e eOS e Sudf et foifom 2 1o
10 carbon at é%’iﬁmplé?ﬁi&lﬁﬁ,ee@ﬁﬁ,tﬁ-ﬁ%lpﬁi, nlfs%gt({pyg %gd#ﬁl JeEQJu\?ﬁFisoﬁiifylV\@)/t-lﬁftyl gxanpl e,

et henyl , n-propényl, i'sopropeny , -hex-3-enyi and the |ike.
20 The t er mpeatitymbéxylreheptd, r-octyl, memoyhnedecylianddbalike. ed hydr ocar bon group

whi ch be Ii hed and whij.ch has at t . _and typical |
ISR .t hef B CHRRERE el U SR P BB P B
al kynyl grougsy by/Rhéa bt ¥ran&RA! Ynllest bARHisé BefiiRdCafch alkyfne FoupSppi@agnt at i ve

al kynyl groups i1 nclude, by way of exanple, ethynyl, n-propynyl,
n- but - 2- yny| gontaimérm3l tonkfl cagyooh atéres.| Rmesedttivealkyenegtompy includef kyrway o a

monoval ent aorf%gaartnipﬁi, Q%égxry?e%g,rel%l?ar}leﬂ?ﬁ/-idgfg (‘aetlisyile%%J’)? propane-1,2-diyl, propane-1,3-
diyl, butane-1,4-diyl, pentane-1,5-diyl and the like.

15 The term “alkenyl” refers to a monovalent unsaturated hydrocarbon group
which may be linear or branched and which has at least one, and typically 1, 2 or 3,
carbon-carbon double bonds. Unless otherwise defined, such alkenyl groups typically
contain from 2 to 10 carbon atoms. Representative alkenyl groups include, by way of
example, ethenyl, n-propenyl, isopropenyl, n-but-2-enyl, n-hex-3-enyl and the like.

20 The term “alkynyl” refers to a monovalent unsaturated hydrocarbon group
which may be linear or branched and which has at least one, and typically 1, 2 or 3,
carbon-carbon triple bonds. Unless otherwise defined, such alkynyl groups typically
contain from 2 to 10 carbon atoms. Representative alkynyl groups include, by way of
example, ethynyl, n-propynyl, n-but-2-ynyl, n-hex-3-ynyl and the like.

25 The term “aryl” refers to a monovalent aromatic hydrocarbon having a single
ring (i.e., phenyl) or fused rings (i.e., naphthalene). Unless otherwise defined, such
aryl groups typically contain from 6 to 10 carbon ring atoms. Representative aryl
groups include, by way of example, phenyl and naphthalene-1-yl, naphthalene-2-yl,
and the like.

30 The term “arylene” refers to a divalent aromatic hydrocarbon having a single
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ring (i.e., phenyl) or fused rings (i.e., naphthal ene). Unless otherw se
defined, such aryl groups typically contain from6 to 10 carbon ring
atons. Rewpasest4ar i ve aryl groups include, by way of examwpirajSopsassyl and
napht hal ene- |-yl , naphthal ene-2-yl, and the like. 30 The term "aryl ene"
refers to a divalent aromatic hydrocarbon having a single -14 WO 03/031449
PCT/ US02/ 32534 ring (i.e., phenylene) or fused rings (i.e
napht hal enedi yl ). Unl ess ot herwi se defined, such arylene groups typically
contain fron16 to 10 carbon ring atons. Representative arylene groups

napht hal ene- e r g For B RIS e SR ice YT Qg ondrifa LTS

"cycl oal kyl "suf:l@ﬁ@l@letg@o@sW@I@c@ﬂt&urﬁﬁ&rﬂ%&bﬂd cafboh e atdnts. Ryptiésenatibon
group. Unl ess ot herw se defined, such ci;gl oal kyl groups typi cal |y contain

from 3 to 10uwplanbgeups ivekide Fté/pw@mfrwamp 1 2yidicadpmgy (1, 399119&151@% -ude, by way

f I
The't or m - ey cBUPR RaRubal P L Sy g AR bl g SRIREY L 2001 10

hydrocarbon gr oumhetiehﬁsgycma ’V\te%i‘sﬂﬁefﬂnﬂﬁé’val&iﬂ@huﬁi@'dﬁﬂiokydl@ne groups
typically contain from 0 carbon atons. Representative cycl oal kyl ene

groups i ncl ugdrocesbongagupo fUrlsssrotheswise defingst, gmclpalicyhgryups typically

el opent yi Ceniginyttom FYClGHboh s RipkesentafiY€ ARG sictps e by way
cycl ohexyl - lof%xgxh)ﬂe;c b8, dybiéﬁuta@-@y@ibﬁerﬁﬁ &Hecldhekd’ anaq{eem& to fluoro,

chloro, bronmb and io The térm "heteroaryl " refers to a nonoval ent
aromatic group haT/hmtgrm Q}lchgillké’lenle reders ito @dwafmswurﬂiedgsrbamh@ont aining in

the rin ast one het ato i.C to 3 teroato el ect ed
fr om i 19 0N OGHIBBErIP- QUmPh e B St sk AU RRERRILLRBleaNE: of oar
groups typi %h{ayn ﬁeﬁtﬁtonlddamn%t&ﬁs IReprededtative BetlGHIRfIEne JrORIs9RAMdaLYVE 20
heteroaryl groups include, by way of exanple, nbnovalent species of

pyrrol e, i mwayzel eeiﬁlmpln ayaddpsopane ez iy, CB'gllohmtyl -1 Brdapheysdobutyliladdivs,
Dyracol e, QRS 2L RS B LS R PR RSB B
benzt hi azol eoycg,gémlll,mg,yl,lagng el i ne, quinazoline,
15 The term “halo” refers to fluoro, chloro, bromo and iodo.
The term “heteroaryl” refers to a monovalent aromatic group having a single
ring or two fused rings and containing in the ring at least one heteroatom (typically 1
to 3 heteroatoms) selected from nitrogen, oxygen or sulfur. Unless otherwise defined,
such heteroaryl groups typically contain from 5 to 10 total ring atoms. Representative
20  heteroaryl groups include, by way of example, monovalent species of pyrrole,
imidazole, thiazole, oxazole, furan, thiophene, triazole, pyrazole, isoxazole,
isothiazole, pyridine, pyrazine, pyridazine, pyrimidine, triazine, indole, benzofuran,
benzothiophene, benzimidazole, benzthiazole, quinoline, isoquinoline, quinazoline,
quinoxaline and the like, where the point of attachment is at any available carbon or
25  nitrogen ring atom.
The term “heteroarylene” refers to a divalent aromatic group having a single
ring or two fused rings and containing at least one heteroatom (typically 1 to 3
heteroatoms) selected from nitrogen, oxygen or sulfur in the ring. Unless otherwise
defined, such heteroarylene groups typically contain from 5 to 10 total ring atoms.

30  Representative heteroarylene groups include, by way of example, divalent species of
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gui noxaline and the |like, where the point of attachment is at any avail able
carbon or 25 nitrogen ring atom The term "heteroarylene"” refers to a

di val ent womamsi4a9 group having a single ring or two fuse®CTiusgy3zad
containing at |east one heteroatom (typically 1 to 3 heteroatons) sel ected
from nitrogen, oxygen or sulfur in the ring. Unless otherw se defined,
such heteroarylene groups typically contain from5 to 10 total ring atons.
30 Representative heteroaryl ene groups include, by way of exanple, divalent
species of -15 WD 03/031449 PCT/ US02/ 32534 pyrrole, imdazole, thiazole,

oxazol e, furan h|o tr| oIe raz S I i | e,

pyri di ne, yl?}gﬁo %émp%%&e O%W P nf{‘aﬁ‘h Flliea%ﬁi%ég ﬁ}gazcilé %o%é%oé%f ur an,
benzot hi ophejgsthiabs1ezpyHdiRz ghazmbqiyﬁdbmﬁa %ﬂmltﬂﬂé AN indots GenAdGlrhme,

qui nazol i ne, qui noxal i ne and the |ike, ere the point of attachnment is at

any avai | abl bencathmhem bergimidaralgerengthragolst wolmem@@wmlm?eﬂ'@ﬂwyaﬁyl " or
"heterocyclic" ura nsat ted
(non- ar onat | B %ﬁaji %@Fﬁ&e’ Vz‘léqr%&eémm Qa8 i‘fﬂfflﬁs 5 g“—"ca&ﬁl aebns(é"%fb?n%gs and

cont ai ni §9 i fitrbfG fingdot | east one heteroat om (typ| cally 1 to 3

het er oat ons) selected from nltrogen oxygen or sul fur. Unl ess otherw se
defined, such hetBretesn (‘hatergeynlyld Onﬂleﬁqu}@hﬂlgﬁfqmmfamnnwﬂéﬁm saturgted ofr ot al

ring atons. Re entative erocyclic inc .of exanpl e,
ronaval ent sPBRMELSOBATRAE SHLP oG 4R ine o S Pl oPfen R rifes S

pi peridine, donfhsifth@XPME rinBRt RAG! dnB Betetdatayploally N 3 Hét%a@ﬁiswele&ed
pyrroline and the Tike, ere the point of attachnent is at any avail able
car bon or nfr@mo@ecvgenj oxygen onsulfus Uhless ethenwissegsiimbd spol heteroryrliggeahpser ei n

RS TN CRE AR SR S R
O R 3 d 8 flude, by way of example, monovalent species of pyrrolidine, imidazolidine,
pyrazolidine, piperidine, 1,4-dioxane, morpholine, thiomorpholine, piperazine, 3-
pyrroline and the like, where the point of attachment is at any available carbon or
nitrogen ring atom.
15 The term “cephalosporin” is used herein in its art recognized manner to refer
to a B-lactam ring system having the following general formula and numbering

system:

' H

H "
20 A B

25 The term “glycopeptide antibiotic” or “glycopeptide” is used herein in its art
recognized manner to refer to the class of antibiotics known as glycopeptides or
dalbahpeptides. See, for example, R. Nagarajan, “Glycopeptide Anitibiotics”, Marcel
Dekker, Inc. (1994) and references cited therein. Representative glycopeptides
include vancomycin, A82846A (eremomycin), A82846B (chloroorienticin A),

30  A82846C, PA-42867-A (orienticin A), PA-42867-C, PA-42867-D and the like.
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O OH 25 The term "gl ycopeptide antibiotic" or "glycopeptide" is used herein
inits art recognized manner to refer to the class of antibiotics known as
gl ycopeptwoas/oar49 dal bahpepti des. See, for exanple, R Nagarajsan32s534

"d ycopeptide Antibiotics", Marcel Dekker, Inc. (1994) and references
cited therein. Representative glycopeptides include vanconycin, A82846A
(erenomycin), A82846B (chloroorienticin A, 30 A82846C, PA-42867-A
(orienticin A), PA-42867-C, PA-42867-D and the like. -16 WD 03/031449

PCT/ US02/ 32534 The term "vancomycin” is used herein in its art recognized

manner to refer t.o the glycopepti.de antibioti. S ;van lA..In the
conpounds of the glﬂeetggﬂt V%cﬁ&é’ﬁf’i (5Sn‘fseil h%reglolflr# agt][} 8%%%8% ﬁlﬁaﬁﬁg}%?éf?%

|'i nki ng noi efh¥ glyzopdptitibantitiofiCkibwitss vadtom i CRIHE tomp&undib of the pisent

" phar maceut i .caﬁl y-acceptable salt" refers to a salt ich is acceptable
for adni ni stinsenton, the painb af attashmenifohthgdinkingemeraly i at the “‘Coeimisufiafi ng
acceptabl e mammuali an safety for a given dosage regine). Such salts can be
derived froﬁnﬁ?ﬁyﬂﬂ‘ceut i cal | y-acceptabl e inorganic or organic bases and
from pharnmaceut it tedin apkRbeditiGallyIRICERABIE sAE” Rfedddl LsaBtGitdeh isSal ts derived
from 10 pharnmaceutical |l y-acceptabl e inorganic bases include alum num
ammoni um calceentable faradpenistritenrtp @ pafienty gk as & imamingh(e.gagaltsdiavmg mangani c,
manganous, pot assi,u sqdi u zinc and the like., Particul arl r.ef erred
r e ammon! urfeCaREE R GRSEIeLACr § goeaSora el L gt BiFed
derived frOnfr&ﬁ%ﬁﬁx%éﬁﬁ&ﬂwalce%%%hé&bﬁic%G?ga_hfé bab&3Rd fiope! ude sal ts of
primary, secondary and tertiary am nes, including substituted 15 am nes,
cyclic am nesharmateuticdllyyacoemable mprgami@organdc adids. | Salte devagdframs  ar gi ni ne,
bet ai ne, .caffeine, chqline N. - di benzyl et hyl.enedi.am ne, di.et hyl.am ne, 2-
i et hy' A noBerARSTCS bR HRIP IR FRaFoRCIOSE AR aramotifny VARUEY ani ne.
N- et hyl mor phpbin Gerrid-BEGY, RiPGh! AhdiRsiufl, HEAPARE mdHgHERS 3MeAGund)i st i di ne,
hydrabam ne, “isopropylam ne, |ysine, nethylglucam ne, norpholine,

pi per azi ne, wdpenauhicand tBOliko| Raticulaly preferred appraempmism, palriume syagnesium,

t heobrom ne, triethyl am.ne, tlri ﬁ hél am ge, tri ro?glﬁam' ne %lrorret ham ne
and the | i kePORSSIYY s¢lfso B“h it dom ceutfically-acceptable organic

bases include salts of primary, secondary and tertiary amines, including substituted

15 amines, cyclic amines, naturally-occuring amines and the like, such as arginine,
betaine, caffeine, choline, N,N’-dibenzylethylenediamine, diethylamine, 2-
diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N-
ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine,
isopropylamine, lysine, methylglucamine, morpholine, piperazine, piperadine,

20  polyamine resins, procaine, purines, theobromine, triethylamine, trimethylamine,
tripropylamine, tromethamine and the like. Salts derived from pharmaceutically-
acceptable acids include acetic, ascorbic, benzenesulfonic, benzoic, camphosulfonic,
citric, ethanesulfonic, fumaric, gluconic, glucoronic, glutamic, hippuric, hydrobromic,
hydrochloric, isethionic, lactic, lactobionic, maleic, malic, mandelic, methanesulfonic,

25 mucic, naphthalenesulfonic, nicotinic, nitric, pamoic, pantothenic, phosphoric,
succinic, sulfuric, tartaric, p-toluenesulfonic and the like. Particularly preferred are
citric, hydrobromic, hydrochloric, maleic, phosphoric, sulfuric and tartaric acids.

The term “salt thereof” refers to a compound formed when the hydrogen of an
acid is replaced by a cation, such as a metal cation or an organic cation and the like

30 (e.g., an NH," cation and the like). Preferably, the salt is a pharmaceutically-
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acceptabl e acids include acetic, ascorbic, benzenesul fonic, benzoic,
canphosul fonic, citric, ethanesulfonic, fumaric, gluconic, glucoronic,

gl ut am c,wbioppssisc, hydrobrom c, hydrochloric, isethioni ®CTIES02/81534

| act obi onic, nmaleic, malic, mandelic, nethanesulfonic, 25 nucic,

napht hal enesul fonic, nicotinic, nitric, panoic, pantothenic, phosphoric,
succinic, sulfuric, tartaric, p-toluenesulfonic and the |like. Particularly
preferred are citric, hydrobrom c, hydrochloric, maleic, phosphoric,
sulfuric and tartaric acids. The term"salt thereof' refers to a conpound

formed when the dr ggen, of .aci.d is repla i h as a
netal cati onaCSFptg%e 8@83&?%“@3&% noatr{%qlimﬁg?ﬁgri Slgggg%%}/e(% ?‘3‘3{? cgﬁipﬁﬁﬁdis cation
and the |ikeyhicRarf en alibnbed fhieadsdhistritfortoRipatis@eceut i cal 'y -17 WO 03/ 031449
PCT/ US02/ 32534 acceptable salt, although this is not required for salts of

i nt er nedi at e conpbumigsm “thiarapputiceldy afectivanmeynld refsrs ta@namosnt wffidentte a

patient. The te "t her apeut, cal | ffective ampurd,” refers to an anount
sufficient t ecgg]?aéwnkvﬁge&m?lsﬁ%egﬁoga) ! té?ggegicf)qfttﬁfa@eﬁlgti ent in need of
treatmens. 5 The TR @m tE&AEMOr “tRIatméntead iRAheredfrefiSth Mekhthgr®f ers to
the treating or treatnent of a disease or nedical condition (such as a

bacteri al i nitetmentrof aidiseasepa miadival conslitidn (sucheasradracterial infactipelun aajiert, hunman
or a conpani on, ani nal ich iincludes: (a reventin he.di.sease . or

medi cal condi®h aﬁa%ﬁ%&ﬂjﬁ?ﬁlﬂ& a g“‘Ban b %F%W%W@alb WZ‘&%‘H&%‘P&%% a
patient; 10 (b) agwpli ofdidnidg tRaisHaSE @S Redital ¥BAdIGGH FEAWECHIRB, id.; €.

elimnating or causing regression of the disease or medical condition in a
patient; (c) suppressiprgphietiditcetasmt of a pegtintal condition, i.e., slow ng or

pat i ont 10or () 1 ovIRIoRmENEE SGHBE BnEnr et e Hoecod SN Ba
condition in a 15 pati&iling JdpfessiBh Bf til @ale brthedltdlcBRIAOPINY patieBf;€7S t0 an
anount sufficient to inhibrt = the growth or reproduction of a m croorgani sm
or sufficient to @husesugpassingtheldjsshs ayfmedidadconditiani.gaslowing orcimgsting
?;? 2: gots i)t ;\ée alr)rgﬁ;'? ri athe Q\%kgp?rrlergt of glleldisvevaasleI or%e%?%?tcgne 1tiiosn_ iinrglh})ia 1iertlti; o amount*
(d) alleviating the symptoms of the disease or medical condition in a
15 patient.
The term “growth-inhibiting amount” refers to an amount sufficient to inhibit
the growth or reproduction of a microorganism or sufficient to cause death or lysis of
the microorganism including gram-positive bacteria.
The term “cell wall biosynthesis-inhibiting amount” refers to an amount
20  sufficient to inhibit cell wall biosynthesis in a microorganism including gram-positive
bacteria.
The term “leaving group” refers to a functional group or atom which can be
displaced by another functional group or atom in a substitution reaction, such as a
nucleophilic substitution reaction. By way of example, representative leaving groups
25 include chloro, bromo and iodo groups; and sulfonic ester groups, such as mesylate,
tosylate, brosylate, nosylate and the like; activated ester groups, such as such as 7-
azabenzotriazole-1-oxy and the like; acyloxy groups, such as acetoxy, trifluoroacetoxy
and the like.

The term “protected derivatives thereof” refers to a derivative of the specified

30  compound in which one or more functional groups of the compound are protected
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20 sufficient to inhibit cell wall biosynthesis in a m croorgani sm

i ncluding grampositive bacteria. The term"leaving group” refers to a
functi onavogBesp4or at om whi ch can be displaced by anot hecTiusezsisenal
group or atomin a substitution reaction, such as a nucleophilic
substitution reaction. By way of exanple, representative |eaving groups 25
i nclude chloro, brono and iodo groups; and sulfonic ester groups, such as
nmesylate, tosylate, brosylate, nosylate and the |ike; activated ester
groups, such as such as 7- azabenzotriazole-I-oxy and the |ike; acyl oxy

groups, such.as aceta rifluoroacet.ox |l i ke. Th

"protected dfé?rp\}lﬁ&?rs\lfgé)(‘%aﬁé?réso\?'& ?Efog X 1ng§r g%gglrn ?@g%pvé:e ug?thnﬁleérggggci fied 30
conmpound i N WhicE haQbe pRdtedtBd MrcfudaCly WAL aRPRS ctbokiR 2 dJadine
protected -18 V\Dal 3/ (5)361249 Péfl’/ USC#Z/%S%M ?r o?n u?lcfgsi_r?(???;cti ons with a
protecting cgrowpsobydroxyl granps. thinl gravpseatbogylogrpaps anditehlikenyRepeesprigtiect ed

or oups. "t hi GTOgP GRS UERPE SrrBr g e avids B R e PRy B, Y !
protecting QP amids afd hPa%Yilibs féantlfo gmbg@srbaﬁfa&rs $suchuUS feras a

p- met hoxybenzyl™ 5 ester), am des and hydrazi des; for am no groups,
car bamat es (muetycarbong) and dmides femimisoonyl prouns ethersianst esfeny; forythiobgrpupgr oups,

th d esters; far.thiol t hi oet h d thioesters: f
carbony! gr dliEet AR hiocHfTy: B EUPLIY gorOsSal et kel s TEE S or oups
are wel | - knoygieb@nd d@‘aﬁﬁs FKieliggholn tb B saktilanth BE art @88 afel R8dibeliofor exanpl e,

in T. W Geene and G M Wits, Protecting Goups in Organic Synthesis, 10
Third Editi osxanipld, &y T. Wewramelapnd G098, WatsdPragdosing G egpscint@ngaria Sywihesis, The

term "amnj,no-pr.o an royp" refer 0 rotectin ro itable f
prevent irfhg uﬁ&@tsﬁ&éh“’g\gga’i%g‘%?ﬁfk’ a\ﬁ%ﬁf’ﬁ&&&%ﬁﬁ .Ch?égﬁ'%é%l?gﬁt Z? : vg ° o
am no- protecting Tlﬁrteﬂﬂsaﬂlﬁ%tﬁfgﬁctir%ﬁrg)ﬁﬁ’ereﬁﬁ’i told profetfing grolup gt&a;)le for

tert-but oxycarbonyl (BOC), trityl r), benzyl oxycarbonyl _
9- f | uor enyl nEtventing andesirgd reafnos)at afi ammel growp. | Represghgitiveg hming-growsling

oroup"  of erBoB B but e A BBt iy b B Py FERGR BN Thhaesi red |-
reactions atpRbyI6RFAmhy IR -9- MRS BEhak) Mebon§f (FR6E), formyl, trimethylsilyl
15 (TMS), tert-butyldimethylsilyl (TBS), and the like.
The term “carboxy-protecting group” refers to a protecting group suitable for
preventing undesired reactions at an carboxy group. Representative carboxy-
protecting groups include, but are not limited to, esters, such as methyl, ethyl, ters-
butyl, benzyl (Bn), p-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm), trimethylsilyl
20  (TMS), tert-butyldimethylsilyl (TBS), diphenylmethyl (benzhydryl, DPM) and the
like.

General Synthetic Procedures

The cross-linked glycopeptide — cephalosporin compounds of this invention
25  can be prepared from readily available starting materials using the following general
methods and procedures. It will be appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents,
pressures, etc.) are given, other process conditions can also be used unless otherwise
stated. Optimum reaction conditions may vary with the particular reactants or solvent

30 used, but such conditions can be readily determined by one skilled in the art by routine
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protecting groups include, but are not limted to, esters, such as nethyl,
ethyl, tert- butyl, benzyl (Bn), p-nethoxybenzyl (PMB), 9-fluorenyl nethyl
(Fm, triwetlbpbsidyl 20 (TMS), tert-butyldinmethylsilyl (TBEI/US02/32534

di phenyl net hyl (benzhydryl, DPM and the I|ike. General Synthetic
Procedures The cross-1inked gl ycopeptide - cephal osporin conpounds of this
invention 25 can be prepared fromreadily available starting materials
using the foll owi ng general nethods and procedures. It will be appreciated
that where typical or preferred process conditions (i.e., reaction
tenperatures, .ti.nes rmlg1 ratios of reactants, solvents, pressures, etc.)
are given, oqpttilg}‘g%ogé)é%cse Brgg‘di tions can al so be used unl ess otherw se

stated. Optinum rLafitibiMlyCandill beQippareBtotRdsy skillel ir ihe apaEdnventicial r eact ant s
or solvent 30 used, but such conditions can be readily deternm ned by one

skilled in tivetegting grpupsomey brenecessgrygm dgSirae puey cpCTL tapingpmglhgroups

optim zatio rocedur.es. Additionally,.as,wll.be. arent..to those skilled
"R the art, TESRUGRPoRamdsst saERons g8 shdienal  ButRRIE Kl gpiRE T ey 1 o
prevent ger t@iicuidHFeldtRARA groiPMFell &Y RIhbledehdAbMMfoH PbestibREnd €act i ons. The
choice of a suitable protecting group for a 5 particular functional group

as wel | as sieptaditionofsaihtfunetionpbgroppsoare wvell dmowndn theept: direlgetingrgronpssuch
functional grou e |1, known, in the art. Prqtectin roups.. ot.her than
those i1 usHagraEe orrbup b e Brotabnddsaeribed dfein iy B BLie 2
desired.  Fofor@xafpleCnufsoRd &%&cﬁﬁ%&%d, RAd HeRURGedRAEN hiteiemdval aRAUCt i on
and renoval, are described in T. eene and G M Wits, Protecting

G oups in Odpaerited Dy it NéSGregnelamd ThiM dWEth, Prafectingl Groyps el gaoiclSynthg®s, and
references cited therein. Ln a_pref ed, et hod of nt hesi s, the conpounds
of for nE a ﬂ@?‘g];‘i}?‘@%g\k’ﬂay’%” Xgﬁ%ﬁ% and gﬁFfVSBCpeéﬁftF‘g Bf™f ormul a 1: R4 H3C,
NH2 15 RS OH ,, Oty atf3&fefted method of synthesis, the compounds of formula I are prepared

by reacting a glycopeptide of formula 1:

15

20

25

wherein R*, R®, Ré, R7, R8, X! and X? are as defined herein, or a salt thereof,

30  with a compound of formula 2:
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OH OOX2 O0O20 R8O X1 OHORs HHH

/| HZN O CH3 1 HO OHOH wher ei
as defi newohaai4m9 or a salt thereof, 3
WO 03/ 031449 PCT/ US02/32534 O R -NR2 i

25 HO\ |

t h a conpound pafr/dsor/sasBa 2:

/ (RB)m H2N 2 O O O 10 wherein R, R2, R3 and mare as defined herein,

a salt or

NR7f NNNOHHHONHOO CH3
n R4, R5, R6, R7, R8, X1 and X2 are
O w

-20

H d NHH~NS\ 5r NONN+

or

protected derivative thereof; to provide a conpound of formula

|, or a salt or protected derivative thereof. Typically, this reaction is
conducted by coupling glycopeptide 1, or a salt thereof, with about 0.5 to
about 1.5 equivalents, preferably about 0.9 to about 1.1 equivalents,
conpound of fornmula 2 in an inert diluent, such as DMF, using a

10

15

20

25

30

O—RI—N-—R?
H

N/
Cl
| H H
S S S | X
! | + (R®)
H,N 2 O
0~ "o

wherein R!, R%, R? and m are as defined herein, or a salt or protected derivative
thereof; to provide a compound of formula I, or a salt or protected derivative thereof.

Typically, this reaction is conducted by coupling glycopeptide 1, or a salt
thereof, with about 0.5 to about 1.5 equivalents, preferably about 0.9 to about 1.1
equivalents, of a compound of formula 2 in an inert diluent, such as DMF, using a
conventional carboxylic acid — amine (peptide) coupling reagent. In this reaction,
glycopeptide 1, or a salt thereof, is typically first contacted with the coupling reagent
in the presence of an excess, preferably about 1.8 to about 2.2 equivalents, of an
amine, such as diisopropylethylamine at a temperature ranging from about -20°C to
about 25°C, preferably at ambient temperature, for about 0.25 to about 3 hours.
Preferably, excess trifluoroacetic acid (typically about 2 equivalents) is then added to
form a TFA salt of any excess diisopropylethylamine. The reaction is then generally
cooled to a temperature of about -20°C to about 10°C, preferably to about 0°C, and
intermediate 2 is added, followed by excess 2,4,6-collidine. This reaction is typically
maintained at about 0°C for about 1 to about 6 hours, or until the reaction is
substantially complete.

A preferred coupling reagent for use in this reaction comprises about 0.5 to
about 1.5 equivalents, preferably about 0.9 to about 1.1 equivalents, of benzotriazol-1-
yloxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) and about 0.5 to
about 1.5 equivalents, preferably about 0.9 to about 1.1 equivalents, of 1-

hydroxybenzotriazole (HOBT) or 1-hydroxy-7-azabenzotriazole (HOAT). Other
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15 conventional carboxylic acid - am ne (peptide) coupling reagent. In this
reaction, glycopeptide 1, or a salt thereof, is typically first contacted
wi th the wouwplodrage reagent in the presence of an excess, pCafiesoabisgs about
1.8 to about 2.2 equivalents, of an am ne, such as diisopropylethylam ne
at a tenperature ranging fromabout -20C to about 25C, preferably at

anbi ent tenperature, for about 0.25 to about 3 hours. 20 Preferably, excess
trifluoroacetic acid (typically about 2 equivalents) is then added to form
a TFA salt of any excess diisopropylethylamne. The reaction is then

generally coo to a tenperatur f ,about -20C . to about,,10C, preferably
to about OCS {?gfje cpﬂ?lg}gr{g@%_giseméu&%aéGGa@g]?enfz%ﬁ”%%)vbelg?dgw ’}g cé\g S

2,4, 6-col i digi@methiuPodi@dHek#MuorSpHo¥pattHATUNBSI2dkogd at about OC for
about 1 to about 6 hours, or until the reaction is 25 substantially

conpl ete. A prazbhdingiphospiphicreglorida §BOP-Elyrdipkenylphosihionyl peide (PBRAL onpri ses

caui val ent s, dghetameoeingshiore Poiu PomnpRartafrBERe L PAR " 1T
hexaf | uogophggpmjogo @Mﬁ@ﬁheﬁﬂ%h@@%ﬁteoma th®lik@bout 1.5 equi val ents,

preferably about O to about 1 equival ents, of 1 30 hydroxybenzotriazole
(HOBT) or 1- hydr oAfter7tha zaldimgatactian i eonfidaEny pRvthesing groups\ieeseayio 31449

7+ a2 abensBieAngae (ob FracsnRE AR mBEHFE paeapgos. Upon

hexaf | uor ophgsphiatich SHAEWactiBh3he rd@¥Rordpro@@zdd. | LlompolRd 6 Rinliag, hl or i de
(BOP-Cl); di phenyl phosphoryl azide (DPPA); di phenyl phosphinic chloride;
di phenyl chl solpEdesg patifed DRGEPYoranutidi@ftocedupes, swchl ay sobpineshydmatography,

di phenyl ghos%h ate and.the | 'cl(ﬁ After the coupling reaction is conplete,
any protéct | gﬂ?ﬁﬁ?t jzatemend thedi{e: hroduct are then removed using

conventional pr OCG%Bﬁi%tngsdoFt%ﬂﬁﬁﬁtl%uitmg Por 1SQTHPIhElab&VE RbcddllicSark Bl 1 ON,

the reaction produ ., a conmpound of formula I, is isolated and
purified usi cgnmemiatiytavaiteble qrtbeyecnrtegpremostbya®rmaitation dithommromragphy, 10

For use. i n ¢ HGCRRSBOL PROUSNE AR, Gl DYGHST 40 GYSRPIGRFRRdRe ey
can be prepafgi iRy Rl ABRMRbIAuGhg b FecBPREQPH o8 Rires and equipment.
15 The cephalosporin intermediate 2 used in the above procedure is readily
prepared from commercially available starting materials and reagents using
conventional procedures. By way of example, intermediate 2 can be prepared as

shown in Scheme A:

20

25

30
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gl ycopepti de- produci ng organism followed by isolation of the glycopeptide
fromthe resulting fernentation broth using art recognized procedures and
equi pnentwo03/0Tt1g9 cephal osporin internediate 2 used in thecahsow3ssocedure
is readily prepared fromcommercially available starting materials and
reagents using conventional procedures. By way of exanple, internediate 2
can be prepared as shown in Schene A: 20 25 30 -22 WD 03/031449

PCT/ US02/ 32534 Schenme AR2Z OH ORL-NR11 Ni2 AN 5 ORlo Zl-R -N Rho
OH SS \"NO4 NORS-N3 RO-N5a A=H HH5b A=0C 10 RZNH S /'~N
d RO-HO OORI2Z ORI-NRI16E,NIH15NHS SNONC

cme
R2
OH O—R1—IL—R11
N R?2 A N|
3 ~ | O-R10 Z—R!—N—R" ~ OH
SYN 5 4 g >7N o)
o2 o I Yo
10 /HzN H S
:]/_:r!l// Cl
R? © e
o——R1—rL—R11 g O O—R®
“ N| H H
15 N .8

20 FFZ
LO—R'—N—R?
Cl N
)\HI\”/H H
BN S AN

S l, (R3),, — 2

25 0
R9—” 8 X
0 O—R112

As illustrated in Scheme A, thiazole intermediate 3 (wherein R’ is an amino-
protecting group, such as a trityl group, and R' is a carboxy-protecting group, such as

30  an ethyl group) is first reacted with an w-functionalized amine of formula 4 (wherein
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RO-N7 OHOO R12 20RR 1 /0- -RI11 d NHH~N=S\ SNOM/ (R3m
2 25 R-N8 ONX- HOORL2 As illustrated in Schene A, thiazole

I nt er mrediwbDae3®3(awmerein RO is an am no- protecting group, PETAIS0AS32534 trityl
group, and R10 is a carboxy-protecting group, such as 30 an ethyl group)
is first reacted with an a)-functionalized amne of fornmula 4 (wherein -23
WD 03/ 031449 PCT/ US02/ 32534 R and R2 are as defined herein, R' is an

am no-protecting group, such as a tert- butoxycarbonyl (BOC) group, and Z
is a | eaving group, such as chloro, brono, iodo, neslyate, tosylate and

the like) to,p fth - ecti oup (i.e.,
R10), an int r?{@g}iaa(r%asé flhg emga 8 E’é’gegpx%%{&é sﬁl%hgga {/ conduct ed
by first CO“E&@iycBﬂ)oﬁylV(lBUC)égl?&Lﬂ add 2! isQl lem@groﬁp,kuelﬂhﬁ Mﬂ’dt@mﬁlﬁmopfoﬁber abl'y
wi th about 1.02 to about 1.06 equivalents, of a nﬁound of formula 4 in

an inert di|meslyate.goeviateandibe lik toa:rfn\edqa@ftart wrr@valaﬁ dhaeprbaxyadipigsling 0C to
about 50C, pref eiabll%/wa anbi ent ae etgé for about 0.5 to about 6
hours, or un®PPP ath {Rfmediag 2y conplete. This reaction is

typical l'y 10 condpghathedioh khﬁplw@&%ﬂ&&tm befke&sntacling Baviabinoupbous 1.1 to
about 5 equivalents, of a base, 'such as cesium carbonate. Additionally,
when Z' is cétoot hl@quxlvabms plafemintl)awyh jabout 1.02 to about 1.06 equivalents, of a

compound of formula 4 in an inert diluent, such as DMF, at a temperature ranging

from about 0°C to about 50°C, preferably at ambient temperature, for about 0.5 to

about 6 hours, or until the reaction is substantially complete. This reaction is typically

10  conducted in the presence of excess, preferably about 1.1 to about 5 equivalents, of a
base, such as cesium carbonate. Additionally, when Z' is chloro or bromo, a catalytic
amount, preferably about 0.2 to about 0.5 equivalents, of an trialkylammonium iodide,
such as tetrabutylammonium iodide, is optionally added to facilitate the reaction by
generating the iodo derivative of 4 in situ.

15 Removal of the carboxy-protecting group (i.e., R'®) then affords intermediate
5a. For example, when the carboxy-protecting group is an alkyl ester, such as an ethyl
group, the ester is readily hydrolyzed to the carboxylic acid by contacting the ester
with an excess, preferably with about 1.1 to about 2.5 equivalents, of an alkali metal
hydroxide, such as sodium hydroxide or potassium hydroxide. This reaction is

20  typically conducted in an inert diluent, such as ethanol, at a temperature ranging from
about 0°C to about 100°C for about 0.5 to about 6 hours, or until the reaction is
substantially complete, to afford intermediate Sa.

Thiazole compounds of formula 3 are commercially available from, for
example, Aldrich, Milwaukee, WI, or can be prepared from commercially available

25 starting materials and reagents using conventional procedures.

Similarly, w-functionalized amines of formula 4 are readily prepared from
commercially-available starting materials and reagents using conventional procedures.
Preferred compounds of formula 4 include, by way of illustration, N-BOC-3-
bromopropylamine; N-BOC-6-iodohexylamine; N-BOC-2-(2-iodoethoxy)-ethylamine;
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anount, preferably about 0.2 to about 0.5 equivalents, of an

trial kyl ammoni um i odi de, such as tetrabutylamoniumiodide, is optionally
added to WwaaisloBt4a¢ e the reaction by generating the iodo cemiusarBase4of 4 in
situ. 15 Renoval of the carboxy-protecting group (i.e., R10) then affords
internediate 5a. For exanple, when the carboxy-protecting group is an

al kyl ester, such as an ethyl group, the ester is readily hydrolyzed to
the carboxylic acid by contacting the ester wth an excess, preferably
with about 1.1 to about 2.5 equivalents, of an alkali nmetal hydroxide,

h di | d t . idg. Thi ti i.s 20
Cyplcally. i datedsmesngrn Rnteng R Bk, Best b Po b Med B e at ur e
rangi ng fromeahadtroRCohtnRRiany avkPlablefsRitifbaie WelkkhowaRQgéntdaktpur s, or

until the reaction is substantially conplete, to afford I'nternedi ate 5a.
Thi azol e compauivdsonditibay.nul a 3 are commercially available from for

le, Aldrich,. M| kee,. , . b d fr i all
ovai Tabi e 25 ot AHEREaas et cBlonnaed ForPYdR L Rty Si f Brdfaction”
procedur £5. Syl bnd Ry AChi PR 52 RAtnaBbias0 Rfatkl MYkduidaidis, draadi |y

prepared from”'co rcially-aval e starting materials and reagents using
convent i onal chisrommedg agent, suéh a&f Fchledosnocipmidelsn af irfeot diiveat, uchras| ude, by way
of illustration, N BOC-3- bronoppropylam ne; N BOC-6-iod xyl am ne;

N- BOC- 2- ( 2- ivé@w@f%@ysyoﬁl\éﬂaﬂ %fempz&a%fe@am%wwf P93 59Ul the
N-BOC-4- (i o I et@nd the like. These conpounds are readily
pr epar ed frgﬁqg(gfg%%@?{aaﬁ%}gg@\?gﬁ egg.l e starting using well-known reagents and
reacti on conditi of€hloreH] S-thidoRtistefraediste Shaéntheh koupledivith internpdae 6e

internediate Sb. This reaction 5 is ty%i cally conducted hy contacting 5a
with abd®it 1(Wherein Bpdehydrogenss gisyliplle cabogfl PEOtete oupa sYGpSadent , such as

N- chl or osuccj s m I | . 1d; : C hl; , at
anbient te npll[elgtlgg;‘ u’ﬂ’ gn@g Irémg]%% toiﬁé{lltdg Iugglgﬁdméii'h t(}’l\j I;?én ﬁo ¢ %-ﬁﬁdgyﬁéem%act ion
i s subst ant ijgleriediaRs i€ temmerddilyaivaildhlS frofi @& ok JapaheTyiickl Bt thisleadtiont hen

coupled with internediate 6 10 (wherein R12 is hydr.og?en or a suitable
car boxyl pr oseerdustgddysaptacting3b withgpout 0.8 to about 1 équivalents of 6 in the

presence of a coupling reagent under conventional coupling reaction conditions. A

15 preferred coupling reagent for this reaction is phosphorous oxychloride (typically
about 1.1 to about 1.2 equivalents) and an excess amount of an amine, such as 2,4,6-
collidine or diisopropylethylamine. The coupling reaction is typically conducted in an
inert diluent, such as THF, at a temperature ranging from about - 50°C to about 25°C
for about 0.5 to about 6 hours, or until the reaction is substantially complete, to afford

20 intermediate 7. To avoid isomerization, this reaction is preferably conducted at
-35°C using 2,4,6-collidine as the base.

Intermediate 7 is then reacted with a pyridine or substituted pyridine to afford
intermediate 8, where R? and 7 are as defined herein. This reaction is typically
conducted by first exchanging the chloro group in 7 with an iodo group by contacting

25 7 with about one equivalent of sodium iodide in acetone (Finkelstein reaction) or
DMF at ambient temperature for about 0.25 to about 2 hours. The resulting iodo
intermediate is typically not isolated, but is reacted in situ with about 1.1 to about 1.6
equivalents of a pyridine or substituted pyridine to afford 8. Typically, this reaction is

conducted at ambient temperature for about 1 to about 12 hours, or until the reaction
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met hoxybenzyl group) to provide internmediate 7. Wien R12 is

p- met hoxybenzyl, internediate 6 is comrercially available from Q suka,
Japan. TywooaloBpg9t his reaction 1is conducted by contacti mgTHASON815B4 about
0.8 to about 1 equivalents of 6 in the presence of a coupling reagent
under conventional coupling reaction conditions. A 15 preferred coupling
reagent for this reaction is phosphorous oxychloride (typically about 1.1
to about 1.2 equivalents) and an excess anount of an am ne, such as 2,4, 6-
collidine or diisopropylethylamne. The coupling reaction is typically

conducted in an_ . inert dil.uen such. as THF, at. a tenperat.ure ranging from
Zbout - 50C s osiais epmpleE Thpaitdl ar pupstnfi Seai Ry FARROL'R
reaction is gbbghebmdleifalBOARIISHIE or Egh B frépdled £6miBheidrEidilpawildble TO avoi d
i sonerization, this reaction is preferably conducted at -35C using

2, 4, 6- col | i ditarting matdnialszad ecagenis asing ¢oeneatigndl prachdures. cRenreseniativer a pyri di ne
or substituted.d%{e:fidi ne t? afforq_‘[i i nterme i@te 8.. er.elRS jind E are as
defined her SPYFIRRHCEVRLYES fQrdise i s ppctiom cludemaiace a RISPIAF SRR dngi ng
the chl 050 gfigdithel Sindfetiy find, 3R Mb Rl CAR ANy PRidRe, B- W t h about one
equi val ent of sodiumiodide in acetone (Finkelstein reaction) or DV at
anbi ent t enphicenathcxypynidiad) Gethioe@ioxypyradioe t4-thidmathexypTidine.lsul t i ng i odo

internediate is typically nat. i spl.ated, .hut s reacted in,situ wth,about
1 o aboutcaibasHierirbeENt tnG 2 Hoppiitihe TG iRG i SR o
afford 8. Tyd?ﬂ&%b;}r}’diné,btc?llc{r@ﬁ)fi{diﬁéjﬁlcmorwﬂrﬁfeg Q%h@i%%iﬁ@@-te”per ature for

about 1 to about 12 hours, or until the Treaction - 03/031449
PCT/ US02/ 3258%nylpgridingsh-phenylpytigine.chpyoddmopylineidme; nitotinic acidsishsicotinic ed

pyridin used in this reaction are.either c reially available or can

be pr epi&ed ﬂ‘bﬂ@&ﬁ%}d& ‘é?qlﬁptﬁ\?%‘qiea@r%éfung’_tnﬁ’rgml_ ‘_‘t’ér 'Et‘l“g?nﬁngg'r eagent s

ust ng Convemihﬁ%&%@mgfegm lao)!??ﬁhﬁﬁﬁﬂﬁﬂfdﬁdé?4-ﬂhﬁfd-§lnﬁhﬁhéi®byﬂﬁhé,%ﬁ for use
cl ude I ne,

in this reaction | pyri 2-picoline, 3-picoline 4 5 picoline,
2- met hoxy py rdydlopenteBopyeitine 3; preycldhexenopyar irichrodythey/ hikedi ne, 2-

t hi onet hoxypyri di ne, 3-thi onet hox ridine, 4-thigonethoxypyri.dine, 4-
car boxyt hi onet hox§isPatieRe ,mte{n?efih%é) ébﬁ?‘} B ‘??é‘?leﬁ-"'f‘ﬁlﬁ)?%'b‘f/{"&’dioﬁ g‘?m“ﬂa 2:
4-fluoropyridine, 2- chloropyridine, 3-chloropyridine, 4-chloropyridine,
2- phenyl pyri di ne, 3- phenyl pyridipe, 4-phenyl pyridine,

4-cycl ops opyl ridine, ni ddNnic'ackd, isonicetinic
y p$ opyl py }\ «acg |+\ -
| N_ _~ m

el N~
0o

07 So-rz 2

20
wherein R?, R'? and m are as defined herein, to afford intermediate 8. This reaction is
typically conducted by contacting Sb with about 0.9 to about 1.1 equivalents of
intermediate 9, or a salt thereof, in an inert diluent, such as DMF, in the presence of a
coupling reagent, such as 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC);

25  PyBOP and HOAT or HOBT; HATU; BOP-CI; DPPA; DPCP and HOAT; and the
like. Generally, the coupling reaction is conducted at a temperature ranging from
about -40°C to about 25°C for about 1 to about 12 hours, or until the reaction is
substantially complete. Compounds of formula 9 are readily prepared from
intermediate 6 by reaction of 6 with pyridine or a substituted pyridine under reaction

30 conditions similar to those described above.
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10 acid, nicotinam de, isonicotinamde, 2,3-lutidine, 3,4-lutidine,
3,5-lutidine, 3,4- dinethoxypyridine, 4-methoxy-3-nethylpyridine,

4-f | uor o-BomaBBItY pyri di ne, 2, 3- cycl opent enopyri di ne, PCT/US02/32534

2, 3-cycl ohexenopyridine and the like. Alternatively, internediate 5b can be
coupled with a conmpound of formula 9: 15 ZNH S ~+\ (R3)m 0 O0- R12 9 20
wherein R3, R12 and mare as defined herein, to afford internediate 8. This
reaction is typically conducted by contacting 5b with about 0.9 to about
1.1 equivalents of internediate 9, or a salt thereof, in an inert diluent,

h DMVF, int f i ng. h .
13- di ot ny1 an SRR P} (e PEGtEG e A DURR oA s PRI 8 SESBS SR IaN! HonT or
HOBT, HATU, BEsdtes ahf R‘%gel%) @Bn%ﬁ@rd’s‘%ﬁ%aelﬁsg)griﬁ hermddie 2 CROEERMYe, the

coupling reaction is conducted at a te ure ranging from about -40C to
about 25C f owhabRUis trityt, R ' hiscert-bi®xpcubenyl and RHtis parukectheadenzyh, the

substantially conplete. Conpounds of fornmula 9 are readily prepared from
i nt er medi at 16IEIF FREPT YR coRvepiepily Fempgyed hyiiesating & widssprs avefi%degwflai ne

under reacti gk it LTk ol hOSEs; [

031 051445 PCEMESE7 SRSl RY ALMIRn R oh HIRURRRE LACKEE SR ot B0

i nt er medi at eheptdns) atQunibixiy entpeeavade for sbvadutesboantl2 heageantuatit the neaafidbwisds

cephal osporin internedi ate 2. For exanple, when RO is trityl, R' is

tert - but oxyceamleig) Theeespitingdepreteeied caphdosppEn 2y$ typically 1sglatideandimvgfigd oups

are conven eﬁghlé% orn%gﬁ}/o%gl er édﬁl?&t il a§ Wc%pgta?l)éﬁ q?é }fifdtifotx Qg PREREIRage aci d
T or tri t?’uy RS54 & : iy

and excess ani silane i nert uen such a

di chl oronet hHPECOr heptane, at amnbient tenperature for about 1 to about 12
hours, or until the reaction is conplete. The resulting deprotected

cephal 0dBorin 2 iAlterppfivedy, compawidsof forande bean beinseparedshyigadtBgent i onal

pr ocedures, Sl%oheat?deoée%%ia@ t&t‘bronﬂflallﬁpphi zation and reverse-phase HPLC. 10
%/, ESRpounds “o ornmula=t can be prepared by reacting a

Al ternativel o]

15

20

25

30 or a salt thereof, wherein R', R?, R*, R, RS, R7, R®, X" and X are as defined
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gl ycopeptide derivative of formula 10: R H3 CNH 2 15 R5 OH H3C 0 C

11,0H OH OOX2 O0O20 R8O,, X1 Hs OHOHOH,-~

N N 1SSNNRH O H

R2 O NH OWOoGHi314425 \N O CH3 R~ |1 H2N 10 O HO CH H H2N P0Tarsoz3xsad t
thereof, wherein R, R2, R4, R5, R6, R, R8, X and X2 are as defined -27
WO 03/ 031449 PCT/ US02/ 32534 herein, wth a cephal osporin derivative of

formula 11: C1 OHH 5 NSNON/ M/ (RBm H2ZN 11 O

10

15

20

25

30

herein, with a cephalosporin derivative of formula 11:

Cl O

H
N L (R3),
\>//N C) N // N //
1 o)
o) o}

H,N

or a salt or protected derivative thereof (wherein R? and m are as defined herein) to
afford a compound of formula I, or salt thereof.

This reaction is typically conducted by contacting 10 with about 1 to about 1.5
equivalents of 11 in an inert diluent, such as water, methanol or mixtures thereof, at a
pH ranging from about 4 to about 6.5. This reaction is generally conducted at a
temperature ranging from about -20°C to about 40°C for about 1 to about 6 hours, or
until the reaction is substantially complete.

The vancomycin derivatives of formula 10 employed in this reaction are
readily prepared by coupling vancomycin, or a salt thereof, with a phthalimido

derivative of the formula:

o
H,N— R'—O—N

o)

wherein R' is as defined herein, under conventional coupling conditions. For
example, this reaction is typically conducted by contacting vancomycin with about 1.1
to about 1.2 equivalents of the phthalimido compound in the presence of a coupling
reagent, such as PyBOP and HOAT and the like, and a suitable base, such as

diisopropylethylamine. Generally, the reaction is conducted in an inert diluent, such
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O O 10 or a salt or protected derivative thereof (wherein R3 and mare as
defined herein) to afford a conpound of fornmula I, or salt thereof. This
reacti on we wypiseal | y conducted by contacting 10 wi th abowcTivSvm3mbout 1.5
equi valents of 11 in an inert diluent, such as water, nethanol or m xtures
thereof, at a pH ranging fromabout 4 to about 6.5. This reaction is
generally conducted at a 15 tenperature ranging from about -20C to about
40C for about 1 to about 6 hours, or wuntil the reaction is substantially
conpl ete. The vanconycin derivatives of fornula 10 enployed in this
reaction are dily prepared by uplin comyci n..Qr. a.sal her eof ,
Wiih a pht hariVioR 2eRPOACTo EnBediEh paiAae B A iofspdR & bs' o
wherein R i g6 H&irs, o8 Antiethg réhetibh &ubAAMAAT coRPRte. CPMPHIMiInG@Adi Ti ons.
For exanple, this reaction is typically conducted by contacting vancomycin
Wit h about Ilcompoundsxnployetl. i thignéactibreateseastily phepapsdt usaig eondentionalpound i n t he
presence of a cauplin reagent, such as PyBOP and HOAT and the like, and a
sui t abl e basi¥°¢ and reggentsi sopr opyl et hyl ami ne. General Iy, the reaction is
conducteg in an i bdrHEdr 5 lgplgrgﬁg é@ﬁw 34 as
DVF, at g t enper a@gloggdr{gi nglv ?gk%nrbglg%%?llé/gD%é{o abou%(E%l/C: for ezggut 0.5 to
about 6 hourmuplitig aicdmpoundefferantla § above wittbs thamolea¢dmponadpf frmulali2e
pht hal i m do conpounds enployed in this reaction are readily prepared using
conventional procedures and reagents. 5 Cephal osporin derivatives of
formula 11 can be prepared, for exanpl e,oby coupling a conmpound of formula
| a

9 above with a thiazole conpound for 6 Cl O
s A
10 —N o
R13—N 12
H 1

or a salt thereof, wherein R" is hydrogen or an amino-protecting group (such as a

15  formyl or trityl group). This coupling reaction is typically conducted by contacting 9
with about 0.9 to about 1.1 equivalents of 12 in an inert diluent, such as DMF, in the
presence of a coupling reagent, such as EDC and HOAT, and a suitable base, such as
2,4,6-collidine. Generally, this reaction is conducted at a temperature ranging from
about -20°C to about 20°C for about 0.5 to about 6 hours, or until the reaction is

20  substantially complete.

Additionally, compounds of formula I can be prepared by reacting a

glycopeptide derivative of formula 13:

25

30
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OH 10 SN R13- N12 Hor a salt thereof, wherein R13 is hydrogen or an

am no-protecting group (such as a 15 fornyl or trityl group). This

coupling weastsm i s typically conducted by contacting wpCh/onsds3D.9 to

about 1.1 equivalents of 12 in an inert diluent, such as DMF, in the

presence of a coupling reagent, such as EDC and HOAT, and a suitable base,

such as 2,4,6-collidine. Generally, this reaction is conducted at a
tenperature rangi ng from about -20C to about 20C for about 0.5 to about
hours, or until the reaction is 20 substantially conplete. Additionally,
conpounds of formula | can be prepared by reacting a glycopeptide
derivative of forrmula 13: 25 30 HZ9 203/ 031449 PCT/ US02/ 32534 R4
H3CNH2 R OH H3 " ,, OH5 2)'-R¢ Q OX2 OOR80, I / Xi | OHOR6
~~.,, NONHI10"'"" N R~ "r-~ R;J‘“'

10

15

20

or a salt thereof, wherein R!, R%, R*, R, R®, R7, R®, X! and X? are as defined

herein, with a compound of formula 9 above to afford a compound of formula ], or a
salt thereof.
This coupling reaction is typically conducted by contacting 13 with a

25  coupling reagent, such as DIPC and HOAT, and about 0.5 to about 2 equivalents of 9
in an inert diluent, such as DMF, in the presence of a suitable base, such as 2,4,6-
collidine. Generally, this reaction is conducted at a temperature ranging from about -
20°C to about 40°C for about 1 to about 6 hours, or until the reaction is substantially
complete.

30 The compound of formula 13 used in this reaction is readily prepared by
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O ' HH~I" HR ONHOOCH3 NOCH3 RJIJWHHNO HO CH13 15 C OH S
)NQ H2N20 or a salt thereof, wherein R, R2, R4, R5, R6, R7, R8, X and X2
are as deworaa3idherein, with a conpound of fornmula 9 abovectwsat/szssd a
compound of formula I, or a salt thereof. This coupling reaction is
typically conducted by contacting 13 with a 25 coupling reagent, such as

DI PC and HOAT, and about 0.5 to about 2 equivalents of 9 in an inert

di luent, such as DMF, in the presence of a suitable base, such as 2,4, 6-
collidine. Generally, this reaction is conducted at a tenperature ranging
from about - 20C to about. 40C for about_.1.to about 6 hours, or..until the
reaction i s SBLERNTIGIYHD Vt’:‘ghﬁ??eé’?‘s&a%es—bﬁlf’é’v%&%’&fﬁaved&f‘%‘r%{lﬁ g 3" ysed in
this reacti oppob&iutadidribe@hbRar ed by -30 WO 03/031449 PCT/ US02/ 32534
coupling vancomycin with internmedi ate 5b above, using conventional coupling
procedur es descr i Bathehdetailsreg@dingrspecifieteaction ¢angitions agd pigseduréscior eact i on

condi tions and procedures f ' t.ati . d f thi
nvent i on orPIf PegpiadivE fmBowids of s inyERion QiaRermedidles BOsides sor

forth bekow. qRbaUBA MY E:GApIENIrlteffis. The cross-1inked glycopeptide -
cephal ospori n conpounds of this invention

Pharmaceutical Formulations

The cross-linked glycopeptide — cephalosporin compounds of this invention
are typically administered to a patient in the form of a pharmaceutical composition.
10  Accordingly, in one of its composition aspects, this invention is directed to a
pharmaceutical composition comprising a pharmaceutically-acceptable carrier or
excipient and a therapeutically effective amount of a compound of formulaI or a
pharmaceutically acceptable salt thereof.
Any conventional carrier or excipient may be used in the pharmaceutical
15 compositions of this invention. The choice of a particular carrier or excipient, or
combinations of carriers or exipients, will depend on the mode of administration being
used to treat a particular patient or type of bacterial infection. In this regard, the
preparation of a suitable pharmaceutical composition for a particular mode of
administration, such as oral, topical, inhaled or parenteral administration, is well
20  within the scope of those skilled in the pharmaceutical arts. Additionally, the
ingredients for such compositions are commercially-available from, for example,
Sigma, P.O. Box 14508, St. Louis, MO 63178. By way of further illustration,
conventional formulation techniques are described in Remington’s Pharmaceutical
Sciences, Mace Publishing Co., Philadelphia, PA 17" Ed. (1985) and “Modern
25  Pharmaceutics,” Marcel Dekker, Inc. 3™ Ed. (G.S. Banker & C.T. Rhodes, Eds.).
The pharmaceutical compositions of this invention will typically contain a
therapeutically effective amount of a compound of formula I or a pharmaceutically-
acceptable salt thereof. Typically, such pharmaceutical compositions will contain
from about 0.1 to about 90% by weight of the active agent, and more generally from

30 about 10 to about 30% of the active agent.
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are typically admnistered to a patient in the formof a pharmaceutica
conposition. 10 Accordingly, in one of its conposition aspects, this

i nventi orwD9303r4ect ed t o a pharnaceuti cal conposition compCT4isay3z34
pharmaceutical | y-acceptable carrier or excipient and a therapeutically
effective anount of a conpound of formula | or a pharmaceutically
acceptabl e salt thereof. Any conventional carrier or excipient my be used
in the pharmaceutical 15 conpositions of this invention. The choice of a
particular carrier or excipient, or conbinations of carriers or exipients,

wi || depend on th de of adm nistration bei . used to treat . ticular
patient or type O?regeg-gﬁ a‘%ﬁH‘f‘éif‘?‘Bﬂ?S“r%SPﬁﬂgS ’_r“é’&giodl,ar? ¢ %‘P%B%?[é’ii on of
a suitabl e phatiBGeMhnHraboMRRAsidlLl iheiveBowraidhlifidra{onT®RRh Of

adm ni stration, such as oral, topical, 1nhaled or parenteral

admi ni st r at i plrmaseutiedll copositiphs typichlly swopriseafstariie physikiogicaldy-acceptable
pharmaceutical arts. Additionally, the., ingredients for_.such co sitions
are commer ci A4eHUSSPITHOBAOgtapg P ¥h66?p38§%%|%g,g°tw§i aé‘?Pém??f @O@B}‘nﬁgos, St.
Loui s, M9 63fcfRu1BorWebhaRhiackidal§lackdohdbht i th@Bof. CONVentional fornul ati on
techni ques are Hescri ed in Rem ngtor?' s Pharmaceutical Sciences, Mce
Publ i shing Co., PRhysiclegipdllyagccepfalild aduebds cArii&3H)utmnsl stiMbibefonir@@venous

Phar maceutics, " Marcel Dekker, Inc. Ed. %%ﬂs Banker & C. T. .Rhodes,
Eds.). The pHBInIYRLOR PLAAHVE BAPESHE MEHIIOVIIR %vﬁwﬁaahew SPIUHORS cal |y

contain a  tBRRABNHERL dhafold 3 R BIR WHigePS sBIARIP@NRCPRickerITU @ | Or 2
phar maceut i clzh Fy-%c%ﬁ%a%a@fpsegﬁt there(’)ﬁt.l ngpisczlilI Y, suc?‘n pﬁl rmaceut i cal
conposi t i onsinyectiondactatad Rinder's plualbbudexfrode infecabutcyla@éRingensiingdtion), t he
active ent. and re generally from 30 about 10 to about 30% of the
active igentNom@walﬁgm%iﬂ‘éﬁP@}‘FUSOZ/ 32534 Preferred pharnaceuti cal
conposi tions of tAaLS.tvent.d 1€ I g a k0% oveR B e8hfh]

adm ni stration, pgk}??ﬂ(‘:llj ar gllqﬁlrll%ﬁlg\s/éenoﬁgs rgﬁ(a}’néd% st ?fgtgisgn. Such aifpl,

phar maceut i cpdlyethylpnsglyeans chiefqringailgbnt, foo rpamsle, eahyéredidngne tetracetic acid; a

physi ol ogi cal | y-.accept abl aqueous sol ution containing a therapeutically
ef fective anﬁﬁlh‘?lﬁélflg&g%ﬁgbw ¢ arYElOARXITIR; @Wl-%ldamagfor example, sodium

phar maceut i Cﬂlle{alﬁisﬁfi)?lﬁgt&laltﬁe f@l.t thereof. Physiologically-acceptable
aqueous carrier solutions sultable for intravenous

15 If desired, the aqueous pharmaceutical compositions of this invention can be
lyophilized and subsequently reconstituted with a suitable carrier prior to
administration. In a preferred embodiment, the pharmaceutical composition is a
lyophilized composition comprising a pharmaceutically-acceptable carrier and a
therapeutically effective amount of a compound of formula I, or a pharmaceutically-

20  acceptable salt thereof. Preferably, the carrier in this composition comprises sucrose,
mannitol, dextrose, dextran, lactose or a combination thereof. More preferably, the
carrier comprises sucrose, mannitol, or a combination thereof.

In one embodiment, the pharmaceutical compositions of this invention contain
a cyclodextrin. When used in the pharmaceutical compositions of this invention, the

25  cyclodextrin is preferably hydroxypropyl-f-cyclodextrin or sulfobutyl ether 3-
cyclodextrin. In such formulations, the cyclodextrin will comprise about 1 to 25
weight percent; preferably, about 2 to 10 weight percent of the formulation.
Additionally, the weight ratio of cyclodextrin to active agent will typically range from
about 1:1 to about 10:1.

30 The pharmaceutical compositions of this invention are preferably packaged in

-32-



adm ni stration of active agents are well-known in the art. Such aqueous
solutions include, by way of exanple, 5% dextrose, Ringer's solutions

(1l act at edwBioager44s injection, |actated Ringer's plus 5% @eTiusoys2534
injection, acylated Ringer's injection), 10 Nornobsol-M Isolyte E, and the
i ke. Optionally, such aqueous solutions may contain a co-solvent, for
exanpl e, polyethylene glycol; a chelating agent, for exanple,

et hyl enedi am ne tetracetic acid; a solubilizing agent, for exanple, a

cycl odextrin; an anti-oxidant, for exanple, sodium netabisulphite; and the

like. 15 If desired he ueous, phar maceuti cal. ¢ sitinns. of this
i nventi on ca?m“‘bléd"ﬁa%ﬁ%”r ?@’5 e%dﬁg&f{%gﬁ%ﬁﬁ ?f?régog%:g )fsicﬁﬁ%glsv&qehunét
sui tabl e car &ji@bledbi @sirdgta patidAi, Né.StdcRtunfRRontalhife PpRiGEmSdeEqhadty®mt . the

pharmaceutical conposition is a fyophl | ized conposition conprising a
phar maceut i cadtivy agens eplcualbted te prodiies tha desieed therapentie gffed gither alarfeastin ve anount

of a conmpound of. fornula |, or a rmaceuytigal ly 20 accept.apl e | t
Chereor " pr efeneinf{pm ifiops et BRTPRRIRES ot SEROP HsfeBrbse,
manni t ol 5 dexhy 88 Backdged ihaferild, AEHASRalY-séal &M duidsina thehageeof . More
preferably, the <carrrer conprises sucrose, mannitol, or a conbination

thereof. In one efbofdilowing fotrhelatbiarilugeta fepreserdaivsqbatmarastical t hi s
invention contain..a cyglodextr.in. Wien used in the pharnmaceuti cal

conposi t i onsCYRPBHIoRS PK@’@H‘?SSW,IHYW@OHQS cycl odextrin is preferably

hydr oxypr opyl - p-cycl odextrin or sul fobutyl ether (3 cyclodextrin. In such

formul ati ons, the cyclodextrin will conprise about 1 to 25 weight percent;
preferably, about 2 to 10 wei ght fsemgktion &kample £ or nul ati on. Additionally,

the weight ratio of. cycl qdextri.n active agent w/ll pically range from
wbout 118 +6- aboul fgh solgge T blrdpaEeaecteoibls sol B S Tsr A &
invention argBweferably packaged in -32 WO 03/031449 PCT/US02/ 32534 a
unit dosage form The term"unit dosage form' refers to a physically
discrete unit sulngedieats or dosing a patient, i.e., Awmohntunit containing a
predet erm ned quapttite/Céthpouddt i ve agent cal cul ated tm oriodoeg t he desired
therapeyti c ef fectyghithQe 8l 808rRE) I N conbi nation wigd spe or nore

addi tional units.yhEQ© f&"ﬁ]@{i&a SSfb, uni t dosage forng o 100 mL

Representative Procedure: The excipients, if any, are dissolved in about 80%
20 of the water for injection and the active compound is added and dissolved.
The pH is adjusted with 1 M sodium hydroxide to 3 to 4.5 and the volume is
then adjusted to 95% of the final volume with water for injection. The pH is
checked and adjusted, if necessary, and the volume is adjusted to the final
volume with water for injection. The formulation is then sterile filtered
25 through a 0.22 micron filter and placed into a sterile vial under aseptic

conditions. The vial is capped, labeled and stored frozen.
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5 may be packaged in sterile, hernetically-sealed anmpoules and the |ike.
The following fornulations illustrate representative pharmaceuti cal
conposi t i wo3eBid#he present invention: Formul ati on Exanpl ecA/us02/4584 ozen
solution suitable for preparing an injectable solution is prepared as
follows: Ingredients Amount Active Conmpound 10 to 1000 ng 15 Excipients
(e.g., dextrose) 0 to 50 g Water for Injection Solution 10 to 100 nL
Representative Procedure: The excipients, if any, are dissolved in about
80% 20 of the water for injection and the active conpound is added and

di ssol ved. The pHis adjusted w t#.h 1 g.sogi um!hﬁroxi de to 3 to 4.5 and the
volume is then adjusted to 95% . U m me with water for .
i njection. The pHilgophRIlheg perdanditabll wsrigReharing aR BGEEMIE YoluBitHlisipispated une i s
adjusted to the finall volune with water for rnjecCtion. The formulation is
t hen steril easffollows:ed 25 through a 0.22 micron filter and placed into a

sterile vial under aseptic conditions. The vial is capped, |abeled and
stored fgozen. -3131536@1&%/ 031449 PCT/ US02/ 32534 For magmhatihton Exanple B A

| yophi li zed powde Mn is
A¢ @gount ctive %‘%@BQ to 1000 ny

p
repared as follows:. redi ents d
ICI%xc!opi ents (e.g. Eﬁ%ﬂﬁ ?Sﬁ'g-aW%P°1% 5%“5505 to 50 g gger Agent (e.g.,

citrate) 0 to 500B ok (e i) nj ection 10 to 108 M00B%r esent ati ve
Procedud®: The exWairdonlnjegvel or huffering agents ik¥0t9dP0mlbe 15

di ssolved in about 60% of the water for injection. The active conmpound is

Representative Procedure: The excipients and/or buffering agents, if any, are

15 dissolved in about 60% of the water for injection. The active compound is
added and dissolved and the pH is adjusted with 1 M sodium hydroxide to 3 to
4.5 and the volume is adjusted to 95% of the final volume with water for
injection. The pH is checked and adjusted, if necessary, and the volume is
adjusted to the final volume with water for injection. The formulation is then

20 sterile filtered through a 0.22 micron filter and placed into a sterile vial under
aseptic conditions. The formulation is then freeze-dried using an appropriate
lyophilization cycle. The vial is capped (optionally under partial vacuum or

dry nitrogen), labeled and stored under refrigeration.

25 Formulation Example C

An injectable solution for intravenous administration to a patient is prepared

from Formulation Example B above as follows:

Representative Procedure: The lyophilized powder of Formulation

30 Example B (e.g., containing 10 to 1000 mg of active compound) is
reconstituted with 20 mL of sterile water and the resulting solution is
further diluted with 80 mL of sterile saline in a 100 mL infusion bag.
The diluted solution is then administered to the patient intravenously
over 30 to 120 minutes.
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added and di ssolved and the pHis adjusted with 1 M sodi um hydroxide to 3
to 4.5 and the volune is adjusted to 95% of the final volune with water
for injewDiosn3t4se pH is checked and adjusted, if necessacy/usazksBhe
volume is adjusted to the final volunme with water for injection. The
formulation is then 20 sterile filtered through a 0.22 mcron filter and

pl aced into a sterile vial under aseptic conditions. The fornulation is
then freeze-dried using an appropriate |yophilization cycle. The vial is
capped (optionally under partial vacuumor dry nitrogen), |abeled and
stored under,.refrigeration. 25 Fornul ati on Exanple C An injectable solution
for i ntraven%%%—yadm' nistration to a patient is prepared from Fornulation

Exanpl e B above aphef QbdsQiked BER6RPEAS 2lcbMAIIRpOEESothFounds 6f the eRentiba 8
powder of Formulation 30 Exanple B (e.g., containing 10 to 1000 ng of

active conpousefi) as sntiia@isenEoi ¢xample, Wict tongOunds ofithistieventien aggtusefuhfd t he
resulting solution is further .di.luted wth 80 of steril aline in a
100 ni i nf ustEHBAGP evﬁ*ﬁ‘élgfi’ﬁ?tﬁ’flgd“%fy‘i‘%ﬂs@aah O PRS2 eRS (o ¢ he
patient &nt rayeReHsiymafials, BRIudmelRlhdbs AHE BRir mpanidft akfhA13(1 @3 HodS)

PCT/ US02/ 32534 Utility The cross-% I nked gl ycopeptide - cephal osporin
conpounds ofcatshetci)wieclt aro nawsed by nsebatganismasuicoptahle tosthe Fompewsdspif is t he

conmpounds of, this invention are useful for treating or preventing
bacterial inf&°8ns and other bacteria-related medical 5 conditions in

manmel s, i ncl udi ng.RIRRS, iAdte bRRE MmefRIRSMAN HANMNTBItHn(frofdes £R8fhod ofaL S,
etc.) which are caused DYy m croorgani sns susceptible to the conpounds of

this i nventtreating Abacteil igflegtjon in aonanmhl, thesmethod oemprspeg sdministirmgitoaent i on
provi dei a met hod, of 1irgati ng a bﬁlcteri al infection in a mamual, the
met hod EGnpriPanRg! wdised PEireqtmppy. @ haymageptical (AMPOSHHOR SOWPHFINE feat nent, a

phar maceut | GG ARSI ARPeptHIPErA b hd% therapeutically effective amount of a
compound of formula I, or a pharmaceutically-acceptable salt thereof.
By way of illustration, the compounds of this invention are particularly useful
for treating or preventing infections caused by Gram-positive bacteria and related
15 microorganisms. For example, the compounds of this invention are effective for
treating or preventing infections caused by certain Enterococcus spp.; Staphylococcus
spp., including coagulase negative staphylococci (CNS); Streptococcus spp.; Listeria
spp.; Clostridium ssp.; Bacillus spp.; and the like. Examples of bacterial species
effectively treated with the compounds of this invention include, but are not limited
20  to, methicillin-resistant Staphylococcus aureus (MRSA); methicillin-susceptible
Staphylococcus aureus (MSSA); glycopeptide intermediate-susceptible
Staphylococcus aureus (GISA); methicillin-resistant Staphylococcus epidermitis
(MRSE); methicillin-sensitive Staphylococcus epidermitis (MSSE); vancomycin-
sensitive Enterococcus faecalis (EFSVS); vancomycin-sensitive Enterococcus
25  faecium (EFMVS); penicillin-resistant Streptococcus pneumoniae (PRSP);
Streptococcus pyogenes; and the like. Compounds of this invention are less effective
or not effective for treating or preventing infections caused by strains of bacteria
which are resistant to both vancomycin and cephalosporins.
Representative types of infections or bacteria-related medical conditions which

30  can be treated or prevented with the compounds of this invention include, but are not
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pharmaceutical | y-acceptable carrier and a therapeutically effective anount
of a conpound of fornmula I, or a pharnmaceutically-acceptable salt thereof.
By way ofwboloBwostsati on, the compounds of this invention aPeTamsorsrsed arly
useful for treating or preventing infections caused by G am positive
bacteria and related 15 m croorgani sns. For exanple, the conpounds of this
invention are effective for treating or preventing infections caused by
certain Enterococcus spp.; Staphylococcus spp., including coagul ase

negati ve staphyl ococci (CNS); Streptococcus spp.; Listeria spp.;

Clostridiumgssp... Bacill] .Spp. ;. and. the |ike. . f r i al

speci es eff elwﬁ%ﬁoys P gg#ilﬂngﬁ%urg ﬁlgfeﬁtbor%blff %%(&tqfﬁlle(?qn%’\))é%@éﬁlai ncl ude,
but are not dndgtdr@s, cdthete@-reldRt bldold! stefim iR LEIMR dsteonBRMS, Q@O TfUkeaUn €US
(MRSA); nethicillin-susceptible Staphyl ococcus aureus (MSSA); gl ycopeptide

i nt er medi at etreatisg eypch doinditioss, dhshpatisnomayialready &g snfectedyjth the microorganism
methicillin-resistant Staphyl i -miis. (VMRSE): .. .

rot hi i 11§ n-0aRereR or BN Y SETRL: EaRrERch b TrichERER wsite greptin-

sensi tive Endgdineresdmbadalicslly EFSVS); vanconycin-sensitive Enterococcus

25 faecium (EFWS); penicillin-resistant Streptococcus pneunoniae (PRSP);
St rept ococcus pyobeeesmpoands ofithislinveatioarepppically agininigiesediinvent i on are | ess

effective or not eff ive f t ti ti it eot | b
Strains of HAERERYEAIG R vePROPUEY A AP PN A o
cephal 0spor i pigferdBRP RS &t Sark ¥BBEni tbrel PhRATrARS THe BAPbERdsandyebeat ed

medi cal conditions which ™ 30 can be treated or prevented wi th the conpounds
of this invesimioisteretcinudinglddailyadose aoin mulgsle\iose3ed day ABhePBRLNBO2/ 32534

0. S e S Sl e L e A e
ost eonyel i tiQye@ghykBE fdrioh€ to 4iR webkEGH 1bRgkr S TRO a8t dflaOik® agehte patient may

already be infected with the mcroorganism to be treated or nerely be
suscept i bl e adminisfesest pesidosenonthd wial eawentt ddministeradewBlgtepicaliysbesdesetmingdst er ed

Dr OBy act | ool SRR ) ALy VG ASR SLB L URST e of oo
of adni ni st rgt fBetionPHe 88 3 Yoneld BeAMBIMWMSRicAl, theAdI s bEME Patient to
parenterally. The conpounds may be
15 the active agent, the microorganism(s) causing the infection, the route of
administration and the like.

In general, suitable doses will range of from about 0.25 to about 10.0
mg/kg/day of active agent, preferably from about 0.5 to about 2 mg/kg/day. For an
average 70 kg human, this would amount to about 15 to about 700 mg per day of

20  active agent, or preferably about 35 to about 150 mg per day.

Additionally, the compounds of this invention are effective for inhibiting the
growth of bacteria. In this embodiment, bacteria are contacted either in vitro or in
vivo with a growth-inhibiting amount of a compound of formula I or
pharmaceutically-acceptable salt thereof. Typically, a growth-inhibiting amount will

25  range from about 0.008 pg/mL to about 50 pg/mL; preferably from about 0.008
pg/mL to about 25 pg/mL; and more preferably, from about 0.008 pg/mL to about 10
pg/mL. Inhibition of bacterial growth is typically evidenced by a decrease or lack of
reproduction by the bacteria and/or by lysis of the bacteria, i.e., by a decrease in
colony-forming units in a given volume (i.e., per mL) over a given period of time (i.e.,

30  per hour) compared to untreated bacteria.
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admnistered in a single daily dose or in nultiple doses per day. The
treatnment 10 reginen may require adm nistration over extended periods of
time, forwexawplse9 for several days or for one to six week3/us2/bwager. The
anount of active agent adm nistered per dose or the total anpunt

adm nistered wll typically be determined by the patient's physician and
w Il depend on such factors as the nature and severity of the infection,
the age and general health of the patient, the tol erance of the patient to
15 the active agent, the mcroorganisn(s) causing the infection, the route

of admnistrati and the |ike. .ln general I j.able. S W ange of
from about 0.25 to* ('RROUTSS. #&ﬁﬁd?ﬁggalé@reoaflsoaectlelci}\éé)g)ééﬂiﬁﬁ% (gff‘lla#rvgll y from
about 0.5 t obigdfiRttesid ilMBAdtEH A au thiFembadimenY, Bhéteigal 46 &dhtdbedtedithet Miveiraver| d
amount to about” 15 to about 700 ng per day of 20 active agent, or

pref erably aboinw 8ith a eelhwell biosBathesis-inbibitdegamewiof h épmppynd afferndarbeunds of
this inventiqn are effective for .jnhi birtin he 0 . of bacteriha. In
this enbodi raRpnsguBraptaredan il Beteah DD ofll e BiogimhRE-Ghiding 'y
growt h-i §hi bighh}g wallP4HRE f%fm bR 0P WAL ko YYD fe/mPf preferably from about
pharmaceutical | y-acceptabl e salt thereof. Typica , a grow h-inhibiting

y
amount wi | | ®64 pgingetd stont 2Hpeimlo.apd srag¢ prefarablabioen aboutd). i iLg/mlebabat v
from about 0,008 _g/nlL.to ahout 2 [nmL: and nore. preferably.,. fr about
0.008 g/ ni t1 @Bt Iri%‘bltfﬁnrﬁ.ceh xlufonedt %%aefeéwa Ypb%a@%fﬁ‘d?_é"e&%i cally
evi denced byinRinfiefmf Gas&k SgrdRilorPhe bdcRFhGELIEdLE NshorttebdRagtaer i @ and/ or by
| ysis of the bacteria, 1.e., by a decrease in colony-formng units in a
gi ven vol une (i . dn,addigionnd purprising andjivexpeqied ansibacieriali preperiicsecomp@mdper
hour) c érpare 1o untreated, bact erfi a.d -36 WO 03/}831)][449 PC‘II'/ USO%@BZ 34 The
conpound of Ofthis dnyeaiian havs plsg beeq faund e pagsesS ASCRIFOLE RN AR gate) 40

bi osynt hesi s, fhth€ h§idods sdlﬂbﬂiﬂjh SA RITRQAYEYmpoRAds 8 thAlin@hBiok AR d

either in vitroor 1nvivowth a cell Wall "biosynthesis-inhibiting anmount
of a conpounfidund tof lmvestuprisingrand phenpeetediytrapid cldpliycgepstadsitaindakcterinher eof .

about 0. b4 gridmegabsTls DIk Brase g MRS Ahged et Bgpiats
about 25 . g/ §fbyi 2RS B RIPI BT RVEEE): ThEQBraptts, Qs 41184 tHe ahBbiBRE iility

15  of the compounds of this invention, can be demonstrated using various in vitro and in
vivo assays well-known to those skilled in the art. For example, representative assays

are described in further detail in the following Examples.

20

25

30
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10 g/mL. Inhibition of cell wall biosynthesis in bacteria is typically
evidenced by inhibition or ack of gromh of the bacteria including lysis
of the bawDaBioau449 n addition to surprising and unexpect edPamtisozs1ses i al
properties, conpounds 10 of this invention have al so been found to possess
acceptabl e mammual i an safety and acceptabl e aqueous solubility.

Addi tionally, conmpounds of this invention have been found to have
surprising and unexpectedly rapid cidality against certain bacteria,
including nmethicillin-resistant Staphyl ococci aureus (MRSA) and
methicillin-resistant Staphyl ococci Eiﬁiﬁﬁiﬂsti s (MRSE). These properties,
as well as the antibiotic utility 1570f the Conpounds of this invention,
can be denonstr at ek fHbRehgVshihets andibivioplcal @aghplés ar bifered ssAlstrate this known
to those skilled in the art. For exanple, representative assays are
descri bed i ninventionend geg rgtito becenstruedinl apyiway askianfingthe spgpe ofthis 30 - 37 WD
03/ 031449 PCT/ US02/ 32534 LES Th ol | owi sSy:N ' i 0l ogi cal
exanpl es ar emﬁ?l?%;@f'e qu%ﬁg‘eg/Egﬁg ’ %ﬁgfloyw@‘éﬁ‘ﬁpl ghglgél%ﬁ%% gheﬁf;&ﬂ Og'%n%oe
construed i Nmasiingh@ihles otheiisé Hdidabd. MRS iRfont RbSdefindd Beloivdave tHeirt he
exanpl es bel ow, the foll ow ng abbreviations have the follow ng 5 neanings
unl ess ot herganseally acéeptadgnueaniighr evi at i ons not defi ned bel ow have their
general ly accepted neani ng. BOC = tert-butoxycarbonyl CFU = col ony-form ng
units 10 DCM = di chl or omet hane DI PEA = dii sopropyl et hyl am ne DWW =

N, N-di net hyl f or megpde DVSO = di&et hylrrsihd:g¥h®enylEt OAC = et hyl acetate 15
HOAT = 1-hydroxy-@ggzabenzotriazol e colony-forming units

10 DCM = dichloromethane
DIPEA = diisopropylethylamine
DMF = N,N-dimethylformamide
DMSO = dimethyl sulfoxide
EtOAc = ethyl acetate

15 HOAT = 1-hydroxy-7-azabenzotriazole
HPLC = high performance liquid chromatography
MIC = minimum inhibitory concentration
MS = mass spectrometry
PMB = p-methoxybenzyl

20 PyBOP = benzotriazol-1-yloxytripyrrolidino-

phosphonium hexafluorophosphate

THF = tetrahydrofuran
TLC = thin layer chromatography
TFA = trifluoroacetic acid

25

All temperatures reported in the following examples are in degrees Celsius
(°C) unless otherwise indicated. Also, unless noted otherwise, reagents, starting
materials and solvents were purchased from commercial suppliers (such as Aldrich,
Fluka, Sigma and the like) and were used without further purification. Vancomycin
30  hydrochloride semi-hydrate was purchased from Alpharma, Inc., Fort Lee, NJ 07024
(Alpharma AS, Oslo, Norway).
Reverse-phase HPLC was typically conducted using a C,; column and (A)
98% water, 2% acetonitrile, 0.1 % TFA, with an excessing gradient (e.g., 0 to about
70%) of (B) 10% water, 90% acetonitrile, 0.1% TFA, unless otherwise stated.
35
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HPLC = hi gh performance |Iiquid chromatography M C = m nimuminhibitory
concentration M5 = nass spectronetry PMB = p-net hoxybenzyl 20 PyBOP =
benzot ri awoloslosphoxytri pyrrol i di no- phosphoni um hexaf| uor eporasptaises THE =
tetrahydrofuran TLC = thin | ayer chromatography TFA = trifluoroacetic acid
25 Al tenperatures reported in the follow ng exanples are in degrees
Celsius (O unless otherwi se indicated. Al so, unless noted otherw se,
reagents, starting nmaterials and solvents were purchased from comerci al
suppliers (such as Aldrich, Fluka, Sigma and the |ike) and were used

wi t hout further purification. Vanconygin 30 ,.hydrochl ori de sem -hydrate was
purchased from Al pharma, Inc., Fort LE&EM 47024 (Al pharma AS, Gslo,
Norway) . Reverse-phase HPLC was typi g?},{hyés,ggpduct ed using a Cl18 col um and

(A 98% water, 2%acet tzg % tthlghzgm%)f)czaﬁlng grad| ent
C

{ni 855 gghé’r%‘ﬁ?@ﬂt Prpigiming ﬁgm '?95@%83 shayLedpitfits,

Synt hesi (7TR)-7-[(2)- 2- ( ’A?nﬁ ‘@r%?ﬂeHFéf 4-yl)-2-(3-

am nopr opoxyi m no) acet am do]j - 3- Fyl‘l di ni o) net h | ]-3-cephem 4-car boxyl ate
5 bis-Trifluoroac qbllAmrm ssalh@swrrsel Ipgtatesimpars yih ﬂ@mesf\ Iago‘fel lustrated, in
part, in Scheme ePS et 1 - Pre atlor?J of .
N-(tert-But oxycar 3 Lobal? : 1 i s

- (CH2) 3-, R2CHBpOMAIrP8RE e Rm'ls J—R?IB@, Ra'fh%\érogeﬁ, 1o (i)snBO)C, and Z’ is bromo{

10 3-Bromopropylamine hydrobromide (100 g, 457 mmol) was suspended in 1.6

L of anhydrous THF. This mixture was cooled to 0°C in an ice/water bath and stirred
vigorously while 190 mL of triethylamine was added. To this mixture was added
dropwise fert-butoxycarbonyl anhydride (112.6 g, 516 mmol) in 200 mL THF. The
ice bath was allowed to warm to ambient temperature and the mixture was stirred

15  overnight at which time TLC indicated the reaction was complete. The mixture was
then filtered and the filtrate was concentrated under vacuum. The residual oil was
diluted with 1500 mL hexane and stored at -20°C for 3 days. The mixture was then
decanted and the residual solid was dried under vacuum to give 101 g (94% yield) of
the title intermediate as a crystalline white solid.

20 'H NMR (DMSO-d,, 300 MHz): 6 1.35-1.39 (s, 9H), 1.91-1.95 (m, 2H), 2.99-
3.04 (t, 2H), 3.43-3.52 (t, 2H), 6.95-6.99 (t, 1H).

Step 2 — Preparation of Ethyl (Z)-2-(2-Triphenylmethylaminothiazol-4-yl)-2-

(3-N-BOC-aminopropoxyimino)acetate (i.e, ethyl ester of Compound 5a where R' is
25  -(CH,),-.R%is hydrogen, R is triphenylmethyl, R"' is BOC, and A is hydrogen)
Ethyl (Z)-2-(2-triphenylmethylamino)thiazol-4-yl)-2-(hydroxyimino)acetate
hydrochloride (100 g, 202.4 mmol) was dissolved in 700 mL of anhydrous DMF. To
this stirred mixture was added cesium carbonate (230.8 g, 708.5 mmol) followed by
tetrabutylammonium iodide (18.7 g, 50.6 mmol). N-BOC-3-bromopropylamine (50.6
30 g,212.5 mmol) in DMF (100 mL) was then added dropwise over 30 minutes. The

mixture was stirred for two hours at which time HPLC indicated that the reaction was
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10 3-Br onopropyl am ne hydrobrom de (100 g, 457 mmol) was suspended in 1.6

L of anhydrous THF. This m xture was cooled to OCin an ice/water bath and
stirred wiogoneugéy while 190 nL of triethylam ne was addedT/UR02/81536

m xture was added dropw se tert-butoxycarbonyl anhydride (112.6 g, 516
mml) in 200 nL THF. The ice bath was allowed to warmto anbient
tenperature and the m xture was stirred 15 overnight at which tinme TLC

i ndi cated the reaction was conplete. The mixture was then filtered and the
filtrate was concentrated under vacuum The residual oil was diluted with

1500 nL h d at -20C Th t .

1900 L e 300 3 eh et A0 R oS NS . o0

yi el d) of tm)MFt |”Fhe'ﬁ]frﬁ% %@Id?s%&v@&maz E%Yéﬁl?i Adefaee ml mhé&wﬂ 70391L H NVR

(DVBO-d6, 300 MHz): 9 (s, 9H 2H) , - 3.04 (t,

2H), 3.43-3.62IN H,Cl,Zbl)lprd B&S?@D 8 qftsamnafgd acp'am;s szdmrerkgpbomte @nd Ginally hy!|
Z)-2-(2-T th

(3 N BOC. am WOp DBy rhine) dBe eaearyes wes s owroafiupr BBt i duner o

IRS Ihf/ dr ggen) K %]xﬁfateﬂld'elsv&)igﬁlo%g 1resﬁﬁ1a! §il Wak BRSOWEI B IRY/mL B béifin$OC, and A

(2)-2-(2-tri @hmrw hmrbpm;tbchmtmm))edkleaz@heeﬁhyhmt@}a( haddeompleteiyropladahat e

hyd hi d 100 202 d 700 f d DMF.

To " Ohi's. st | PR el vea e Bk PUSHE a7 "2l w50 B0l ol

foll db JdBR

N BOG 5. br Orp S 3‘3“%@%@32"’“ 375 D1 ngpRigplls BRI IBIS % ¢ hen

added dr opwi ethar end G2 dﬁlargemnoﬁtsamllrﬂexteaseethwaserali lyrelcéof fiiread ptoductblour s at
which tinme HPLC indi cated that reacti o - 39 03/ 031449

PCT/ US03{ 3254%¢r aibiying, ghe refi u%#%sgl diives giaund e Finf PRVET MATAHEMNG | ter cake
Aot ate and Bals EtPRd iy Adium 13%jg T ORARETLARE e trirthedate e *% e
aqueous sodi fime dffwditegoatder. and finally wth 500 nmL of brine. The organic
vatuum The. resi AREINE (VB0 o8 Rirser i 65618 %0, baf (5 SED. EeRLABIE and
poured into mfa@aezg Eﬂgcﬁié fﬁf’ézﬁ(rﬁa:nghg%%%MﬁL}ghgﬁﬁg?d Lé“? 38

uchner

resi dual clay-1Tike so aced ed with 50

m. of 15  (m, 15H), 8.80 (s, 1H).
MS m/z: 615.4 [M+H]".

Step 3 — Preparation of

BOC-aminopropoxyimino)acetate (i.e, Compound 5a where R' is - (CH,),—. R%is

20  hydrogen. R® is triphenylmethyl, R" is BOC, and A is hydrogen)
The ethyl ester from Step 2 above (84.2 g, 137 mmol) was suspended in 400

mL of anhydrous ethanol and heated in an oil bath to 80°C with stirring. After all
material had dissolved, potassium hydroxide (23.1 g, 411 mmol) in 150 mL of ethanol
was added dropwise to the solution over 20 minutes. A precipitate began forming 10

25  minutes after addition of the base was complete, and within another 10 minutes the
mixture was solid. The mixture was removed from the oil bath and cooled in an ice
bath. Ethyl acetate and water were added to the cooled mixture which was then
poured into a separatory funnel. The mixture was washed with 1N phosphoric acid,
which caused the formation of a white solid (INOTE: washing the product with a

30 stronger acid, such as 1N HCI causes degradation of the product). Water was added to
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et hanol previously cooled to -20C (NOTE: the product is noderately sol uble
in ethanol and use of |arger anounts will decrease the overall yield of
final prodooBp31429 After air-drying, the residual solid wesTgrsousa$di nto a
fine powder in a nortar and pestle and dried under vacuumto give 117 g
(94% vyield) of the title internediate as a fine off-white powder. 'H NWR
(DVBO-d6, 300 MHz): S 1.01-1.1 (t, 3H), 1.31 (s, 9H), 1.60-1.70 (t, 2H),
2.94-2.99 (m 2H), 3.95-4.04 (m 4H), 6.77-6.81 (t, 1H), 6.95 (s, 1H),
7.16-7.38 15 (m 15H), 8.80 (s, 1H). M5 nml z: 615.4 [ MFH +. Step 3 -
Preparation of (2)-2-(2-Tri ~Ia no | -4-yl)-2-(3-N-

BOC- ami nopr o‘%ﬁﬁéﬂ%t%&%@%f@é}ﬁd‘@ %@nﬁ’ﬁ‘g Fé’%f WPét%e? washed R s
20 hydrogen, sét?tra%erd'aﬁh&fﬁéls%hﬂlyﬂwarﬁ)na'tegarﬁ%th BAkk. ’%hb%ﬁﬁmrl%mas-rhe et hyl
ester from Step 2 above (84.2 g, 137 mmol) was suspended in 400 nlL of
anhydr ous et drivdaivensuilitre abléde,iffitessul avidlcoberntrated u&d@wmmnm give thegitleaf t er  al |
mat eri al had di ssoql ve p. ssium hydroxide.(23.1 g, 411 mmol) in 150 nL of
et hanol  waslEg@e a@r(g?)\gj%g/? Il ﬁéaéiﬁTlifta{‘S ver 20 minutes. A precipitate
began fogming 10 25 mnutes after addition of the base was conplete, and
wi thin another 10 minutes the mxture was solid. The mxture was renoved
fromthe oil bat hStapd -cRrepapatignofdA)-2¢2- TriphetylmEthiylaimis htarothradolnh

added to the_ cool ed m xt ure whi, ch

funnel . The #3cNclPQCoam! DORIOREEN 1T, - :
formation ofgpa h a 30 stronger
acid, such a s [ . Water was added to
-40 WO 03/ 031449 Hﬁ‘e’l‘ﬁﬁéﬁ&ﬁdﬁ%@&&#n Stelpei eﬂ;epa(lalg)rly 0f4umnel) was dilisslyed we7@ hi s
solid, and the o\rﬁﬁanl C Iayer was then washed wth satur ted queqﬁe{]sodl um

bi car borkft e Bhethlorotprm aad stirrrd whilpselid N-ghjerosyecinimde i(%gl &verd

| f at fil
"t er o at o el 0T EERUERLES U haY ARl Yoddse phadssa side |
of (2)-2-( 2-prodphnyiheeiikikrawansirfedaivenight ita miiinudr 9ff )5-hours) at which time

HPLC indicated that the reaction was complete. The mixture was then concentrated

under vacuum and the residue was dissolved in a minimal amount of DMF. This
15  mixture was added to vigorously stirred water to form a precipitate which was then
collected by filtration. The solid was air-dried to give 9.5 g (90% yield) of the title
intermediate as a tan solid. "HNMR indicated only a minimal amount of succinimide
remaining (NOTE: isolation of chlorinated product is not necessary for successful
coupling in next step, but experiments suggest that residual succinimide may interfere
20  with subsequent pyridine displacement). Alternatively, after the chlorination reaction
was complete, the reaction mixture was washed with water (3x), brine, and then dried
over anhydrous sodium sulfate. This solution was then filtered and concentrated
under vacuum to give the title intermediate (90%) as a tan solid.
'H NMR (DMSO-d¢, 300 MHz): 6 1.37 (s, 9H), 1.63-1.74 (t, 2H), 2.94-2.99
25  (m, 2H), 3.97-4.05 (t, 2H), 6.80-6.85 (t, 1H), 7.18-7.41 (m, 15H), 8.97 (s, 1H).
MS m/z 621.3 [M+H]".
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2- ( 3- N- BOC- am nopr opoxyi m no) acetate i.e. Conmpound 5b where R is - (CH2)3
R2 is hydrogen, R9 is triphenylnmethyl, R' is BOC, and Ais chloro) The

i nt er mediwpDe3f0s@ne Step 3 above (10 g, 17.04 mmol) was di s®omiesd2/s25340 10
mL of chloroformand stirred while solid N-chlorosuccininde (2.28 g, 17.04
mmol ) was added (NOTE: experinments suggest that excess NCS may produce
undesired side products). The m xture was stirred overnight (a m ni mum of
15 hours) at which time HPLC indicated that the reaction was conplete. The
m xture was then concentrated under vacuum and the residue was dissol ved
in a mninal armp$1 3f : Thls ade t 0 wrously stirred

water to forma SR3alon q rd=l{4deq ¢ UIOC3-r at i on. The

solid was ai fydhigdof-2-ya)- y-g-?f ﬁo@ &%Jg%g I)m adeBniliblL3-EhlotoMiliyIBdi ate as
a tan solid. I ndr ca anount of Succi ni m dé
remai ni ng ( Ne@phemidseiriodxiylute pﬂvle:thdmrbenwﬂ Estep(iedGotnpd wndbwhereddssary for

successful coupling,in next stgep ltl,that resi dual
succi ni m de 4‘4@2& SHYQIOPEN R 15 praeenent ) .

Al ternativel %ethﬁé %]Eh!{lﬂe chl ori nati on reactl on was corrpl ete, the reaction
m xture was water (3x), brine, and then dried over anhydrous
sodi um sul fate. Thheingphedib@from Stephie(0.62i 4, l enmdl) avd dmnl&edﬂrr&aimﬁfbf under
vacuumto glvethetltlelnternedlat sol i

09
(DVBO- d6, 30@hwigeps THIF; angrto this nyjggure wa%@,ddﬁl%“(& (Ot?gwﬂm%) c8‘47 aEng- 25 (m

1 Vo i By ffkpiod R b mdhon ittt igtiticg o7 (-

Preparati on Qfm 0113&161#1{6667_}{1235 PRABE fobpived frdniettdukh aiapag-ib 4 mL of anhydrous
chl orot hi azol - N- BO C- am nopr opoxyi m no) acet am do

-cwn or o8t hyTHE. theeqsnlémméa%tvﬁwtar@ yndperiegsyaidLppledde e}5]°€| 18 thisompound
7 R BOC
[anere R oolod SR R0 SRRy RS L9 AR R Ty |

mol ) was di gisepNseus dkyehlatide{0.1 by d2amso)HEhisanisknire wab stirred att uogc\f@s

added 0.34 ¢ (0 83 mmol ) of 7-am no- 3-
30 minutes and then quenched with wet THF and diluted with ethyl acetate. This

mixture was washed with water, 1N HC], brine, dried over sodium sulfate, filtered and
15 concentrated to give 0.88 g (100% yield) of the title intermediate as a brown-red solid.
"HNMR indicated no undesired isomerization and no residual succinimide.
'H NMR (DMSO-d,, 300 MHz): 6 1.37 (s, 9H), 1.63-1.74 (t, 2H), 2.94-2.99
(m, 2H), 3.4-3.74 (q, 2H), 3.75 (s, 3H), 3.97-4.05 (t, 2H), 4.40-4.59 (q, 2H), 5.11-5.25
(m, 3H), 5.49-5.54 (m, 1H), 6.75-6.81 (t, 1H), 6.90-6.96 (d, 2H), 7.18-7.41 (m, 17H),
20  8.97 (s, 1H), 9.41-9.44 (d, 1H).
MS m/z 972.0 [M+H]".
(NOTE: Experiments suggest that DIPEA causes isomerization when the
above reaction is carried out on larger scales. A modified procedure which uses 2,4,6-
collidine as the base and which maintains the temperature at -35°C for the entire

25  course of the reaction — about 10 minutes — avoids this problem).
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chl or onet hyl cephal ospor ani ¢ aci d p-net hoxybenzyl ester hydrochloride (i.e,
conpound 6 where R12 is PMB; obtained from Qsuka, Japan) in 4 nL of
anhydr ousw0O305#H49 The resulting m xture was stirred under pairtusoysas3and
cooled to -35C. To this cooled m xture was added dii sopropyl et hyl am ne
(0.52 nL, 3mmol) followed by phosphorous oxychloride (0.11 ni, 1.2 mol).
This mxture was stirred at -20C for 30 m nutes and then guenched wth wet
THF and diluted with ethyl acetate. This mxture was washed with water, 1N
HO, brine, dried over sodiumsulfate, filtered and 15 concentrated to give
0. 88 g (10096y|elg? g 5 -red solid. 'HNMR
J-r aratiQ

i ndi cat ed no unde O R A sy E S S S B e ¥i de. 1H NMR
(DVBO- d6,  30&h1domiazoBa 37-(1- 2B amiho i i : (m 2H) ,
3.4-3.74 (q, . . . . .

5.11-5. 25

( poridiiig 4 plaeni-thycafid) e pricH g A4t (1.6, Oomporg
2H), 7.18-7.4 17 : 5 . ). 9. 12I\/B niz 972. 0
[ MtH] +. (Ncrryg@péﬁr-'-&h& O2CRoh IHIpARNY : B when t he
above regtctlﬁgthb%%@ﬁllagg”pgtogon Iar ger scal es. A nodi f| ed pr ocedure whi ch
uses 2,4,6- €O I ne as € base and which maintains the tenperature at
-35C for the entiTke dermedinedrah Stdped (S60.atg, 61514 rmb(»ll)twaidismlmd'ms’ZmLanfoi ds
this proble 30 -42 WO /031g(fn? P /USOZ/ PSﬂl Ee 6 - Pre tion of
(7TR) -7-[(2) - Qrow ?‘ﬁﬂt@ﬁﬁn TRRL ght using foi e solution was stirre un er
chl or ot hi azoj p; ﬂ[e‘ﬁ %éﬁ atfriok e%ﬁi??? Q@Bﬁ@ﬁ%}\g%ﬁ)&?%@&@@&]aﬁe& Mdthe

pyri dini o) met 3- cephem 4-ca xy ate thox by enzyl Ester (1.e,
Conpound 8 Waldtmg Riixtue was(sfihﬁ)l(fer 1 Rari §ymjad6@elﬂn (R272 mnol ) ywasexdydedret hyl |
R' is BCOC,

R12 i t hox benz and The i,ate from Step
5 (500 H, oo Ao g l?lf%fé, ¥ SeDtRe a5t 2L OEﬁHVEP‘g‘E"s”EﬂE%{n&HBT
pr ot ect ed fr |trogen
At mospher e ko *#9%% G’ R “5*3 %?‘@3“&%‘%%%%@% 6 Bl
resul ting m agaitr. €T weeshes twas rdechnfedlrandl thopellet Rys didédnended 8Badupmo @ amol ) was
added

quantitative yield of the title intermediate as a tan solid which was used without
further purification.

15 'H NMR (DMSO-d,, 300 MHz): & = 1.37 (s, 9H), 1.63-1.74 (t, 2H), 2.94-2.99
(m, 2H), 3.3-3.50 (q, 2H), 3.4-3.74 (q, 2H), 3.75 (s, 3H), 3.97-4.05 (t, 2H), 5.10-5.12
(d, 1H), 5.21 (s, 2H), 5.50-5.55 (m, 1H), 5.6 (s, 2H), 6.75-6.81 (t, 1H), 6.90-6.96 (d,
2H), 7.18-7.41 (m, 17H), 8.16-8.21 (t, 2H), 8.61-8.70 (t, 1H), 8.96 (s, 1H), 8.98-9.02
(d, 2H), 9.41-9.44 (d, 1H).

20 MS m/z 1014.2 [M+H]".

Trifluoroacetic Acid Salt (i.e, Compound 2 where R' is - (CH,),~. R? is hydrogen and
25 m is 0)

The intermediate from Step 6 (14.4 g) was dissolved in a 1:1 mixture of

trifluoroacetic acid and dichloromethane (120 mL). To this stirring mixture was
added 6.2 mL of anisole and the resulting mixture was stirred for 3 hours at room
temperature. The mixture was then concentrated and the residue dissolved in ethyl

30 acetate and extracted with water. The water layers were lyophilized and the resulting
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10 and, after 90 m nutes, the mxture was added to 25 nL of ethyl ether.
This mxture was centrifuged and the resulting pellet was washed w th

et hyl et hwo oansi4eentri fuged again. The ether was decant e®cangor/besspel | et
was dried under vacuumto give a quantitative yield of the title
internediate as a tan solid which was used without further purification.
15 '"H NWR (DMBO-d6, 300 MHz): S = 1.37 (s, 9H), 1.63-1.74 (t, 2H),
2.94-2.99 (m 2H), 3.3-3.50 (g, 2H), 3.4-3.74 (q, 2H), 3.75 (s, 3H),
3.97-4.05 (t, 2H), 5.10-5.12 (d, 1H), 5.21 (s, 2H), 5.50-5.55 (m 1H), 5.6
(s, 2H), 6.75-6,81 (t . 6.90-6.96 .(d, .2H), 7.18-7.41 1 :
8.16-8. 21 (tPOVAY )Naéfi%iqjl'ég.% water alndmyflﬁsd 5%@%@618619?@5@%%@82%(1, 2H),
9.41-9.44 ( : Vikdl, : VBrRe 04 Ofd]

(7R -7-[(2) fl"f?‘%lg?i%\’r’n‘%ﬁ%é}{?lq%%% Ihhof vt ;/Imﬁilﬁ?gz o oot g?éx% Bof

i ym no) acet athe ¢idg irBern{etliatgir i di ni ) onet hyl ] - 3- cephem 4- car boxyl ate Bi s-

hycr ogen and 25§ NSO a0RRREAT'S 71 8PS ;2257 B Bl Ssol vea

ina 1:1sm Xé.Q'é-_@.s@f(ﬁ, mj,h!ogggggg;e%ﬁ)gsangi_%l@ d 1 £l Chd 05 @Y hanes g330orl) . To

this stirring mxture was f ani sole and the resulting

m xture was @t,ilH)ed39 &, 2H),H01it &, 3H), 180lTR8.22 &nply, Stad-& 70 TtheHyin(-2.108 (das t hen
concentrated_and the residue dissolved in ethyl 30 acetate and extracted
with water. %*%eg\ﬁgt%@{adﬂg?-s were |lyophilized and the resulting -43 WO

03/ 031449 PCT/ US quiar was di ssolved in water and purified using
rever se- phase prg%fsﬁé?é%"l‘ﬁe esul ting purified aqueous sol ution was then

| yophi lized to gi @OBE:3y ab309teyitiindtanalso Helvendudtddausing teiethybilatesin pldde NVR
(DVBO-d6, 300 Mz): 6 = .1.80-1.97 (t, 2H), 2.79-2.92 2H), .5 3.29-3.57
(q, 2H) 104 ofthe anjsqle. Aé&m?najlﬂﬁlea?rq C(&%ﬂ'i%??la@.ﬁﬁims.(eg@? er t?ﬂ)f?“@.%es- 5. 92
(m 1H), 7.39 (s, 2H), 7.77 (s, 3H), 8.17-8.22 (t, 2H), 8.60-8.70 (t, 1H),
9.0-9.08 (d, 2H), 9.59-9.62 (d, 1H). MS mz 553.1 [ MH| +.

Example B

Synthesis of
15 (7R)-7-[(£)-2-(2-Amino-5-chlorothiazol-4-yl)-2-(3-
aminopropoxyimine)acetamido]-3-[(2,3-cyclopenteno-1-pyridinio)methyl]-3-
cephem-4-carboxylate bis-Trifluoroacetic Acid Salt

Using the procedure described in Example A and substituting 2,3-
20  cyclopentenopyridine (obtained from Koei, Japan) for pyridine in Step 6, the title
intermediate was obtained.
'H NMR (DMSO-d,, 300 MHz): & = 1.82-1.947 (t, 2H), 2.18-2.29 (m, 2H),
2.40-2.58 (m, 2H), 2.81-2.95 (m, 2H), 3.09-3.17 (t, 2H), 3.21-3.30 (t, 2H), 4.10-4.19
(t, 2H), 5.15-5.19 (d, 1H), 5.40-5.61 (q, 2H), 5.83-5.92 (m, 1H), 7.39 (s, 2H), 7.77 (s,
25  3H), 7.89-7.96 (t, 2H), 8.42-8.48 (d, 1H), 8.62-8.69 (d, 1H), 9.60-9.63 (d, 1H).
MS m/z 592.5 [M+H]".
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(NOTE: The above reaction can also be conducted using triethylsilane in
place 10 of the anisole. Additionally, the product can be isolated using
et hyl et hwo wmoBtwy ati on). Exanple B Synthesis of 15 PCT/US02/32534

(7R -7-[(2)-2-(2- Ami no- 5-chl or ot hi azol - 4-yl)-2-(3-

am nopr opoxyi m no) acet am do] - 3-[ (2, 3-cycl opent eno-1 - pyri di ni 0) met hyl | - 3-
cephem 4-carboxyl ate bis-Trifluoroacetic Acid Salt Using the procedure
described in Exanple A and substituting 2,3 20 cycl opent enopyri di ne
(obt ai ned from Koei, Japan) for pyridine in Step 6, the title internediate
was obtained. 'H NVR (DVSO d6, 300 Nggg q 1.82-1.947 (t, 2H), 2.18-2.29
(m 2H), 2.40-2.58 (m 2H), 2.81-2 "‘(’Pﬂ"Q 3.09-3.17 (t, 2H),
3.21-3.30 (t, 2H), 4.10-4.19 (t, Fg 119 (d, 1H), 5.40-5.61 (q,
2H), 5.83-5.92 (m 1H), 7.39 (s 2H) § ynvthwse% 25 3H), 7.89-7.96 (t, 2H),
8.42-8.48 (d, | H, 8.60R)-TelZ)-2; (2-IAIhMO-Scmr@hB&o(-d-,yl)l-Z-Hj-. MS mz 592.5

[ MtH +. 530 afiindMex0Ryitidndyabetkfnid dJPBRA P rithiniolnethyl] 3-Cepheni-hesrtoxyiaté 7R) - 7-
[ (2) - 2- (2- Ami no- 5- chl or ot hi azolpidT¥ifluorodceti® Acid Salt

am nohexoxyi m no) acet am do] - 3-[ (1- pyri di ni o) met hyl ] - 3- cephem 4- car boxyl at e
bis-Trifluoroacetic Acid Salt Using the procedure described in Exanple A
and subst it uti ng BsiBOBehrodeduhiezyribadimBxdmple M BAubstitntng NBPEiani ne in

Step 2 (and ellmnatlngt et r abut Iam’an um.iodide), the title
i nt er rredi até Jehexgigminefo Rﬁag&,\ﬁg 1INg iy Wﬂ?)(an 81’2“2‘ apgthens . aH),
1.3 ppmy m (dd, 2 4.0
opm (t, tgilggbut};'lmﬁmé)gﬁﬁﬂ (omdeg Hhe tngepl%xqte?ﬁfgﬂi(afzg I-‘gjgg-&btalﬁep@pmded( ) H) L e
ppm (bs, 2H) 7. GPhNMRmMSM&, 3mMPthf> 1(2ppmZbh, 4B, B3 ppm ((d@H)1.H), 9 ppm
(dd, 2H, 9.5 pmerrrPé]-% 27p|;)m (m, 2H), 3.3 ppm (dd, 2H), 4.0 ppm (t, 3H), 5.1 ppm (d, 1H),

5.5 ppm (dd, 2H), 5.8 ppm (dd, 1H), 7.25 ppm (bs, 2H), 7.6 ppm (bs, 3H), 8.2 ppm

(dd, 2H), 8.6 ppm (dd, 1H), 9 ppm (dd, 2H), 9.5 ppm (d, 1H).

15 MS m/z 594.3(M+).
Example D
Synthesis of
20 (7R)-7-[(Z)-2-(2-Amino-5-chlorothiazol-4-yl)-2-(2-(2-

aminoethoxy)ethoxyimino)acetamido]-3-[(1-pyridinio)methyl]-3-cephem-4-
carboxylate bis-Trifluoroacetic Acid Salt

The procedure of Example A was used, except that the following procedure

25  was substituted for Step 2:

Step 2 — Preparation of Ethyl (Z)-2-(2-Triphenylmethylaminothiazol-4-yl)-2-
[2-(2-N-BOC-aminoethyl)ethoxyimino]acetate (i.e, ethyl ester of Compound Sa where
R!is -(CH,),-O —(CH,),-. R?is hydrogen. R’ is triphenylmethyl, R!' is BOC. and A

is hydrogen)
30 The intermediate from Step 1 in Example A (42.5 g, 86 mmol) was added to a

stirred suspension of N-BOC-2-(2-iodoethoxy)-ethylamine (28.5 g, 90 mmol)
(prepared in three steps from 2-(2-hydroxyethoxy)ethanol, i.e., (i) BOC,0, KOH, (ii)
MsCl, Et;N and (iii) Nal) and cesium carbonate (84.1 g, 258 mmol) in DMF (300
mL). The suspension was stirred for 16 h at room temperature at which time HPLC
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15 M5 mlz 594. 3(Mt+). Exanple D Synthesis of 20

(7R -7-[(2)-2-(2- Am no-5-chl orot hi azol -4-yl)-2-(2-(2-

am noet howg)oabyi m no) acet am do] - 3-[ (1-pyri di ni 0) net hylPLTABOZ83sBem 4-
carboxyl ate bis-Trifluoroacetic Acid Salt The procedure of Exanple A was
used, except that the follow ng procedure 25 was substituted for Step 2:
Step 2 - Preparation of Ethyl (2)-2-(2-Triphenyl nmethyl am nothi azol -4-yl)-2-
[ 2- (2- N- BOC- ani noet hyl et hox iimno]lacetate (i.e, ethyl ester of Conpound
5a where R is - CH) - O- CH2I-, R2 is hydrogen, RO is triphen |~hyl, R
is BOC, and .| . i rpedi f i le A
(32.5 g, 86 AdiseShd e R RYiof vk Bl ERc R il ien el

N- BOC- 2- ( 2- i the girehenky Jwashdtywithii DIMF((260 MmLg. THO fitwand vas dibitepaitkditiyn t hree
steps from 2-(23—§£€eroxyet hoxy) et hano i BOC2O KOH, (ii) Md,

|, i.e., (i
Et 3N and (i i#cptargall)L)and wasks vﬁtbwtﬁ@ﬁ%ﬁdamfsdl*ﬁl'{)g,l (298 gnirpatyrated aoMFOUS300

m.). The suspensi on s stirred.for, 16 t KO te rat ur . ich time
TPl 4 wo 0o B hattRed g5 Ty sRlut Qaf it dT REFRRIDY b BliglBles
conpl et es Th@agRsihi Qilfats, filtthed, AMicohb@irated| ik PaQH. AN redidiR Wisl ugified dlse
washed with (100 m.). The filtrate was diluted with ethyl acetate (1

L) and washefBashicolmpelsemateaphy fethyl meetate:heza®, hil) to affard A3{7e dOq yiedd)s

sodi um bi car bgpaj. 00 and i 00 nL). The organic |layer was dried
over 5 nagne%ﬁptﬁ?#l@ﬁ%%g}aﬁ ‘Tstaélrogﬁ,wrﬁgﬁ 21(L,é(gncentrat ed in vacuo. The residue
was purified by ﬂHMRGDMS@d%bO@M@QB&PQ%(@WAd,@H?,tmoez».bsgﬁmﬂ), 1:1) to

afford 49.79 (90%yield) of the title internediate as an off-white solid.
"H NVR ( DVBG-0%(t, 20D 3M4A).: 21D, 419 (98H).5. 1 1otdo dH), 2H)-5.63 (21D, 580 (dd, 12Hy) ,

2 20 ¢ a0’ 1406 37 550 trodggin! b2 3% 3 ¢ fin, o BP9 Gy, 27

(t, 1H), 9.23 (d, MRz D3TIMByridiky. M5 nfz 503.1 [M pyridine] .

Example E

15 Synthesis of
(7R)-7-[(£)-2-(2-Amino-5-chlorothiazol-4-yl)-2-(4-
aminomethylbenzyloxyimino)acetamido]-3-[(1-pyridinio)methyl}-3-cephem-4-
carboxylate bis-Trifluoroacetic Acid Salt

20 Using the procedure described in Example A and Step 2 of Example D and
substituting N-BOC-4-(iodomethyl)benylamine (prepared in four step from 4-
(aminomethyl)benzoic acid, i.e., (i) BOC,0, KOH, (ii) LiAlH,, (iii) MsCl, Et,N and
(iv) Nal) for N-BOC-2-(2-iodoethoxy)-ethylamine 3-bromopropylamine
hydrobromide in Step 2, the title intermediate was obtained.

25 'H NMR (DMSO-d,, 300 MHz): & = 3.18-3.59 (q, 2H), 4.00 (s, broad, 2H),
5.13 (s, 2H), 5.15 (d, 2H), 5.40-5.64 (q, 2H), 5.85 (dd, 1H), 7.38-7.43 (m, 6H), 8.19-
8.23 (m, 4H), 8.64 (t, 1H), 9.17 (d, 2H), 9.71 (d, 1H).

MS m/z 614.1 [M+H]", 535.1 [M-pyridine]".
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Example E 15 Synthesis of

(7R -7-1(2)-2-(2- Ami no-5-chl orot hi azol -4-yl)-2-(4

am nonet hwbwaaphoxyi m no) acet am do] -3- [ (1-pyridini o) nmetrlayiygsedszsephem 4-
carboxyl ate bis-Trifluoroacetic Acid Salt 20 Using the procedure descri bed
in Exanple A and Step 2 of Exanple D and substituting

N- BOC- 4- (i odonet hyl ) benyl am ne (prepared in four step from 4-

(am nomet hyl ) benzoic acid, i.e., (i) BOC2O, KOH, (ii) LiAlH41l (iii) Md,
Et 3N and (iv) Nal) for N BOC- 2-(2-iodoethoxy)-ethylam ne

3- bronopropyl am ne hydrobrom dein Step the tjtle internedi ate was
obtained. 25 'H NVR (DMBO d6, 308% %ﬂl@f%@m a%éf .59 (q, 2H), 4.00 (s,

broad, 2H), 5.13 (s, 2H), 5.15 (d, gymtheg,s.g,@ 5.64 (g, 2H), 5.85 (dd, 1H),

EEL G ok s et

PCT) USOZ/ 32534 PEAMD
(7R) - 7- [éZ) 2-(2-Am noth| azoI 4 yI) 2 (3 am nopr opoxyi m no) acet am do]

-3-[(1- pyridini opgefiialing SEPRIMBMPAnpR RAbWAHR ds<hibrb Hérkao@6LheC Aci d
Salt 5 By elimnating Step 4 in Exanple A above, the des-chloro derivative

of the i ntemnteoicdiate offExEmnpleh ovas prepsredr epar ed. 1H NVR ( DMSO-d6, 300 MHz):

S=1.75-1.82 (t,, -2.8 _ 4.09 (t,
2H), 5.13-5. 17 (dﬁﬂMRﬁ%%éﬁéwégéw% 1‘%5%98%"’8%{)( ?(9722@2 (i‘ﬁ)ﬁﬁs 62 (g
éH)58781237( t2§2§»% 61t{g0?ﬁ) 3%)4 ?5 (t6§>137 5h3- iw gprlpp}ds 32'33-’5')5»8 @; ﬂl\f/gy §72%51§158 62H) :
[ MeH] +. lExamjmhell{) 6.62 (s, 1H)7 15 7.25 (s, broad 2H) 7.60- 775 (s, broad 3H), 8.16-8.19 (t,

2H), 8.58-8.63 (t, 1H), 8.95-9.01 (d, 2H), 9.57-9.60 (d, 1H).

MS m/z 518.6 [M+H]".

Example G

15 | Synthesis of
Vancomycin 3-(Aminooxy)propyl Amide

Step 1 — Preparation of N-(3-Aminopropoxy)phthalimide
N-(tert-Butoxycarbonyl)-3-bromopropylamine (from Step 1 in Example A

20  above) (9.58 g, 40.23 mmol) and N-hydroxypthalimide (6.36 g, 39 mmol) were
dissolved in 70 mL of anhydrous DMF. To this solution was added
diisopropylethylamine (7.01 mL, 40.23 mmol) resulting in a deep red color. The
reaction was stirred at room temperature for 16 hours after which time, the reaction
mixture was poured into 500 mL of diethyl ether. The resulting white precipitate was

25  filtered off and discarded. The organic solution was washed with 2x 200 mL
saturated sodium bicarbonate and with 2 x 200 mL of water. The organic solution
was dried over anhydrous magnesium sulfate, filtered and concentrated to give a white
solid. This solid was then dissolved in SOmL of DCM and 50 mL of TFA. After
stirring for 1 hour, this solution was poured into 300 mL of diethyl ether. The

30  resulting precipitate was filtered, washed with diethyl ether and dried under vacuum to

afford the title intermediate as its trifluoroacetic acid salt.
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15 Synthesis of Vanconycin 3-( Am nooxy)propyl Amde Step 1 - Preparation
of N-(3-Am nopropoxy) pht hal i m de

N (tert - BaDemsysamdbonyl ) - 3- bronopropyl am ne (from Step 1 i RCEAmOpBE3A 20
above) (9.58 g, 40.23 mmol) and N hydroxypthalimde (6.36 g, 39 mmol) were
di ssolved in 70 mL of anhydrous DMF. To this solution was added

dii sopropylethylamne (7.01 nL, 40.23 mmol) resulting in a deep red col or.
The reaction was stirred at roomtenperature for 16 hours after which
time, the reaction mxture was poured into 500 nL of diethyl ether. The

resulting white pregcpi S iltere ff..an I SC d. organic
sol ution was mshﬁ%@&@%@ﬁ@l\igﬁ ﬁé?é’g (é%d‘il m(}bgl%c(ghgﬁnét@qgﬁd wWth 2
X 200 nL of yet e (4aHR§ 090@M, &roadlsyiti on  was dried over anhydrous magnesium
sulfate, filtered and concentrated to give a white solid. This solid was

then dissolved in 50m. of DCM and 50 nL of TFA. After stirring for 1 hour,

this solution was,pour into 30 0 resulting
precipitate was fﬁ%i’g_r_%,—e%b% R e Ry B HEF O P e GF

to affokd the t'Vbﬁcoh%’cﬁfHS%%cﬁl&id@%lOb%, 6171 Ay QRE Bk fe@tddthtS Bbin - 47 WO
03/ 031449 PCT/ US02/ 32534 ""H NVR ( DMSO-d6, 300 ): S =1.90 (2H, qn),
2.95 (2H, t)Step.11@.7®@¢,8.0% thmol). wee (Uikrtiedsin, 100 ndi2of @iHydtonoBXME) . Step 2 -

P ti f. V in.3-(Phthaljmd |, Am 5 i
Py ochl o | dBITpR G amiie im0 MBOD AP AL F FOMIRBAIRE (2. 70
g9, 8.09 mol )y V&ffedSh Wodnh &%ﬂﬁﬁt&ggoﬂg%o Rfn. a0 RYEroN 8f BISOP (5.61 ¢

Di i sopropyl ethylam ne (4.70 mol) was added and thé resulting
m xture wasl@78mmet) aatl H@bni1ttSng d 0 F8ummol) am DMF @0mL)Awsothen addedpdndPy BOP

(5.61 g, . 10, 78mml) and. t (1.65 g, 10.78 1) in DVE.(20. nL) was then
added, aRd 1thefsrstipR xR ?%H%%&g?i“?? atyge. r‘%%‘i%béﬂ%’feﬁ?té’.(“ %‘P‘E‘%I% W8S hour
the reaction,gg 50 THE $dsOM itat>W s fikdred, WiRhéERHA L1 NI
precipitate %Hsea;téjfiftéte egt,hexjggﬁg%)vvi th Sdi ggﬁ{rl%?lgeltaher and r?jr’i ed under vacuum
to yield thedieihyl ehemrandrdriednade vasuwsm tayitldwhe titke ingayiniediate as an off-white

solid.

MS m/z = 1651.8 (M+H)".

15

Step 3 — Preparation of Vancomycin 3-(Aminooxy)propyl Amide

The intermediate from Step 2 (11.2 g, 6.74 mmol) was slurried in 80 mL of
anhydrous DMF and hydrazine monohydrate (0.65 mL, 13.48 mmol) was added. The
reaction was stirred at room temperature for 4.5 hours and then 1 mL of

20 triflluoroacetic acid was added to the reaction mixture, followed by 300 mL of diethyl
ether. After vigorous stirring, the resulting precipitate was filtered, washed with
diethyl ether and dried under vacuum. The title compound was purified by reverse
phase HPLC using a water/methanol gradient to afford the title intermediate as a
lyophilized powder.

25 MS m/z = 1522.9 (M+H)".

30
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M5 mz = 1651.8 (MtH +. 15 Step 3 - Preparation of Vanconycin 3-

Am nooxy) propyl Am de The internediate fromStep 2 (11.2 g, 6.74 nmmol) was
slurried wo B03ni9 of anhydrous DMF and hydrazi ne nonohydmratrarS0235654 i,
13.48 mmmol ) was added. The reaction was stirred at roomtenperature for
4.5 hours and then 1 nL of 20 triflluoroacetic acid was added to the
reaction mxture, followed by 300 nL of diethyl ether. After vigorous
stirring, the resulting precipitate was filtered, washed with diethyl

et her and dried under vacuum The title conmpound was purified by reverse
phase HPLC using a water/ net hanol algl enrg afford the title internediate
as a |lyophilized powder. 25 M5 m z 1550 %’ll\jll'r 30 -48 WO 03/031449
PCT/ US02/ 32534 Exanple H Synthesis @inthesis of

(7R -7-[2- (200100 t - -
3 (1-pyri di 9@3’%&%&“‘%’22 °BF%{?§H“"§% ﬁ{g:)%g M%%%f‘%‘““?@ rinome®L step
1 - Prep?ration of Et hyl e?pgx Toro azoﬁ 4-yl) 2-
oxoacet ate Ethyl 2-(Fornylam noth| azol -4-yl)-2-oxoacetate (9.1 g, 39.87
nol )  (obtai ned été%_ _AdrEpdratibn MEHHAYKEEFordlyla é—SSJhWrbihﬂﬁol LypO-nL of
anhydrous DIVF. ChlTorosuccrnimde (5.6 g, .86 mmol) was added as a
solid and t hexaeug@ensi on was stirred at roomterrperature. After 18 hours,

th ti I xt d | t 5 nL of . | ti whi t
brect pi tate vwas (HFEFGprbenaiet-aRa a0 T T Biroih f or d (e
title inter n@g{a%e@ ﬁn %lcYm:'ht ﬁ’hﬁ)@dukge WHWIVR R 586nL 36 ni¥ikous DMF. 1. 2 (t,

3H), 4.3 (q
10 N-Chlorosucc1n1m1de (5 6 g, 41. 86 mmol) was added as a solid and the suspension

was stirred at room temperature. After 18 hours, the reaction mixture was poured into
500 mL of water. The resulting white precipitate was filtered, washed with water and
air dried to afford the title intermediate as a white solid.
"H NMR (DMSO-d¢, 300 MHz): 6 = 1.2 (t, 3H), 4.3 (q, 2H), 8.55 (s, 1H).
15
Step 2 — Preparation of 2-(2-Formylamino-5-chlorothiazol-4-yl)-2-oxoacetic
Acid
To the intermediate from Step 1 (3.6 g, 13.7 mmol) was added 1M NaOH (30
mL, 30mmol). The resulting suspension was stirred at room temperature for 2 hours
20  (at which time the solution was clear) and 1M HCI (30mL, 30mmol) was then added,
followed by 100 mL of water. After vigorous stirring, the resulting precipitate was
filtered, washed with a minimum amount of cold water and air dried to afford the title
intermediate as an off-white solid.
'H NMR (DMSO-d,, 300 MHz): § = 8.5 (s, 1H).
25
Step 3 — Preparation of (7R)-7-

oxoacetamido]-3-chloromethyl-3-cephem-4-carboxylate p-Methoxybenzyl Ester

The intermediate from Step 2 (1.03 g, 4.37 mmol), 7-amino-3-
chloromethylcephalosporanic acid p-methoxybenzyl ester hydrochloride (1.95 g, 4.81
30 mmol) and HOAt (0.74 g, 4.81 mmol) were slurried in 15 mL of anhydrous DMF.

The reaction vessel was purged with nitrogen and then cooled to 0°C with an external
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Step 2 - Preparation of 2-(2-Fornylam no-5-chlorothiazol-4-yl)-2-oxoacetic
Acid To the internediate fromStep 1 (3.6 g, 13.7 nmmol) was added 1M NaCOH
(30 L, wWOmB49 The resul ting suspension was stirred at PoaaRor/erser at ur e
for 2 hours 20 (at which tine the solution was clear) and 1M HC1(30ni,
30mmol ) was then added, followed by 100 nL of water. After vigorous
stirring, the resulting precipitate was filtered, washed with a m ni num
amount of cold water and air dried to afford the title internmediate as an
off-white solid. '"H NVR (DVSO d6, 300 MHz): 8 85(s 1H. 25 Step 3 -

Preparation .of . (/R Far 5-chl o

0X ogc et am ddf¢ ggthhl 65%%“%“@ Ahyé%arr%%{{ g? Eycg Wg?%%%&)@grgz 48 Ester
The i nt er redhab WdsAded Rthe céld rQa%ugm nfixtare, fGIRMed by2241626Hine (0.64 mL,

chl or onet hyl cephal osporani ¢ aci d p- net hoxybenzyl ester hydrochlorlde (1.95

g, 4.81 30 %bhm)ncﬂhdrhmact(omvm stitredi ag) Crfion 2 howsraad shenrpoueed mtn 21)9 mi. of

hyd ct | h
coolod te octg el RerRlin ESisteRpbbiaRd, Wb mib S e b, 1
1- ( 3- Di net hyh, 3ffoRPIRE YR idteBn&lidlY he afaQgiid NTHE c oS Rl Rrus&Ew{tBod Fugher 4 81

mml ) was added to the cold reaction m xture, followed by 2,4,6-collidine
(0.64 nL, JpwBificamal.). The reaction was stirred at 0OC for 2 hours and t hen
poured into 200 of 0O .. The resulting precipitate was filtered,
washed with vvate%§r{’6jzaqosllc\fw&a)5 to afford the title intermediate as a red
solid. The conpound was used without further purification. M5 miz = 607
(MtNa) +. Step 4 - Preparation of

(7R -7-[ 2- (2 Forrﬁtblam—rfhre 3-(1-p,
k) met hyl, -

Drms iate from
Step 3 S re

di ssol ved. i rEé%é‘ret one and Shl eI ded from I i ght by f0| I The reaction

The intermediate from Step 3 (2.5 g, 4.27 mmol) and sodium iodide (0.64 g,
4.27 mmol) were dissolved in acetone and shielded from light by foil. The reaction
was stirred for 10 minutes and then pyridine (0.42 mL, 5.12 mmol) was added. The

15  reaction was then stirred at room temperature for 1 hour and then 300 mL of water

were added. The resulting precipitate was filtered, washed with water and air-dried to
provide a red solid. This solid was purified on reverse-phase HPLC and the resulting
aqueous solution was lyophilized to afford the title intermediate as a lyophilized
powder.

20 MS m/z=628.1 M)*.  »

Step 5 — Preparation of (7R)-7-[2-(2-Amino-5-chlorothiazol-4-

oxoacetamido]-3-(1-pyridinio)methyl-3-cephem-4-carboxylate Bis-Trifluoroacetate

The intermediate from Step 4 (0.11 g, 0.18 mmol) was dissolved in 5 mL of
25  methanol and concentrated aqueous hydrochloric acid (0.5 mL) was added. The
resulting solution was stirred at room temperature for 1.5 hours. The methanol was
removed under vacuum and acetonitrile (10 mL) was added. The solution was then
concentrated in vacuum and to the residue as added DCM (2 mL) and TFA (2 mL)
and the resulting mixture was stirred at room temperature for 1.5 hours. Diethyl ether

30 (50 mL) was then added and the title intermediate was isolated by centrifugation.
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was stirred for 10 m nutes and then pyridine (0.42 nL, 5.12 mml) was
added. The 15 reaction was then stirred at roomtenperature for 1 hour and
t hen 300 wDoofo3mae er were added. The resulting precipitat€Tiee2/83584 er ed,
washed with water and air-dried to provide a red solid. This solid was
purified on reverse-phase HPLC and the resulting aqueous sol ution was

| yophilized to afford the title internediate as a | yophilized powder. 20
MSmz =628.1 (M+. 9 Step 5 - Preparation of

(7R)-7-[2-(2- Ami no-5-chl orot hi azol - 4-yl) - 2-

oxoacet am dol-.3: (1-pyridi ni o t.h | m 4- ylate Bis-Trifluoroacetate
The interrreghgfé‘&?rf’%ﬁ% ‘Q%S‘ZE)C?EY‘%“!, ?rl%“ﬁé‘{? ‘'was dissolved in 5 nL of
25 net hanol and comGeRtr 4toegi(Myiueous hydrochloric acid (0.5 nL) was added.
The resulting solution was stirred at roomtenperature for 1.5 hours. The
met hanol was renoved under vacuum and acetonitrile (10 nL) was added. The
solution was then concentrated in vaguumand to the residue as added DCM
(2 nmL) and TFA (2 nL) and the resultﬁﬁﬁmﬂgggture was stirred at room
tenperatyre for 1.5 hours. Diethyl eihfithesidof50 M) was then added and the
title internediate was isolated by centrifugation. -50 WO 03/031449

PCT/ US02/ 325%2omfitninsl 13whenedfiiat-€¢Chal- 1B R°vRY, RS arre hydrdgen, Rlis ihydremy, on. M
mz = 479.9 (M +. Exanplg,] 5 hesis of ou 13 . where R is -
(CH2)3-, R2, R5, RS, Raér@mv&%géﬁpﬁéiargcﬁﬁ’%&ﬁmw is methyl, X and
X2 are chloro, and mis O Step 1 - Preparation of

(2)-2-(2-Am no-5-chl orot hiazol -4-yl)-2-(3- 10 am nopr opoxyi m no) acetate The
i nt ermedi at e fr onSt&p &p Ptepanationanfy K2 A2 {A0ninBep-chlo 1apol-H-yia2-(3

mL of and 5 nL of .trifluoroacetic acid. After 1 hour stirring at room
t enper attre, IQPOYSRMINO i€ ot her was added. The resulting precipitate

\tNﬁZ t:"t:te ered, wephedtethtdadiffin Slept T xR A10.95%, UTHmYB SIS or d

in 5 mL of DCM and 5 mL of trifluoroacetic acid. After 1 hour stirring at room
temperature, 100 mL of diethyl ether was added. The resulting precipitate was
filtered, washed with diethyl ether and dried under vacuum to afford the title

15 intermediate as a brown solid

Step 2 — Preparation of Compound 13 where R' is -(CH,),-. R% R? R°® R® are

hydrogen, R* is hydroxy. R” is methyl, X' and X? are chloro, and m is 0
Vancomycin hydrochloride (1.3 g, 0.88 mmol) and HOAt (0.14 g, .088 mmol)
20  were slurried in 3.5 mL of anhydrous DMSO. A solution of PyBOP (0.46 g, 0.88
mmol) in 3.5 mL of anhydrous DMF was added, followed by DIPEA (154 uL, 0.88
mmol). After stirring for 20 minutes, a solution of the intermediate from Step 1 (0.22

g, 0.44 mmol) in 1 mL of DMF was added, followed quickly by addition of DIEA

(0.54 mL, 3.08 mmol). The reaction mixture was stirred at room temperature for 1

25  hour, then 0.5 mL of trifluoroacetic acid was added, followed quickly by the addition
of 100 mL of Et,0. The resulting precipitate was filtered, washed with Et,O and dried
in vacuum. The crude product was purified by reverse-phase-HPLC and the resulting
aqueous solution was lyophilized to afford the title intermediate as a lyophilized
powder.

30 MS m/z=1711.0 (M+H)".
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15 internmediate as a brown solid Step 2 - Preparation of Conpound 13 where
R is - (CH2)3-, R2, R5, R6, R8 are hydrogen, R4 is hydroxy, R 1is nethyl,
X and X2werog/ogtihor o, and mis 0 Vanconyci n hydrochl ori de PCIT/U®0232564 88
mml ) and HOAt (0.14 g, .088 mmmol) 20 were slurried in 3.5 nL of anhydrous
DMSO. A solution of PyBOP (0.46 g, 0.88 mol) in 3.5 nL of anhydrous DWW
was added, followed by DI PEA (154 uL, 0.88 mol). After stirring for 20

m nutes, a solution of the internmediate fromStep 1 (0.22 g, 0.44 muol) in
1 nL of DMF was added, followed quickly by addition of DIEA (0.54 ni, 3.08
mmol ). The reaction m xture was stir\rNEd at, room tenperature for 1 25 hour,
then 0.5 mL of trifluoroacetic acid wid®8M§dd, followed quickly by the
addition of 100 nL of Et20. The resulting preC| pitate was filtered, washed
with Et20 and dried in vacuum The &Mh@ﬂlﬁmﬁﬁjuct was purified by

r ever se- phas €onfitiogndrud Fonmulebwherely' isadGEh)s, BGIRI R&R\are hlysluwml Riisd to
afford the title intehydeoxyt R’ issmethlyl; 0 hinldi X’ext-ewhlwke; and 2Gs PS5 nfz = 1711.0
(MtH) . -51 WD 03/ 031449 PCT/ USOZS@ﬁﬁggumExmhmel) Synt hesis of a Corrpound
of Formula | where R is - (CH2) R5, R6 are hydrogen, R4 is 5
hydroxy, R is methyl, X and X2 are chloro, and mis 0 (Conpound 1 in

Tabl e 1) VanconycVandoygcimdtydoochtbeide 44.2 gg?. SMOMSﬁimkvediirs@me in 40 nL

o 55 G P S SR BB (YT 1" ™
(5. 68mm}) OﬁOAei'% InSdNVih @B HE of DM Hllowed Ky U‘@@n& 5r6’8‘%‘rﬁnél§ of OOM

tenperature for ut es and t hen quenched witHh 5. 7mol ) of
trifluor oacediﬁsropmqnykéthy]’dmeanm Yhis maxtuaes wag ﬁmdcammcmﬂtdn@mrfdr 30 midutsi on of

e g SOmESL B A POV R By 3T, 18,20 O, OVF
m xture was fiphBiGtIRD B anlG oRltich@fthd 1RiiHe AR HRPBxAHFRA S bve (13 ¢,
2.6 mmol) in 20 mL of DMF at 0°C was added, followed by 1.5 mL (11.4 mmol) of
15 2,4,6-collidine. The mixture was maintained at 0°C for four hours and then quenched
with 1.1 mL of trifluoroacetic acid. This mixture was then added to ethyl ether to
form a precipitate, centrifuged, washed with ether, decanted and dried under vacuum.
The resulting powder was dissolved in water and purified using prep HPLC. The
fractions containing the desired product were lyophilized to give the tri-trifluoroacetic
20  acid salt of the title compound. The anion of the salt was then exchanged using
Amberlyte resin to afford the tri-hydrochloride salt of the title compound (1.4 g, 27%
yield) as a white powder.
MS m/z 953.3 [[M+H]"-pyridine]/2; 992.0 [M+H]"/2.

25 Additionally, Compounds 2-30 shown in Table 1 are or were prepared using
the procedures of Example A and Example 1 by using in place of the pyridine in Step
6 of Example A, the following substituted pyridines:

Example 2 — 2-Picoline
30 Example 3 — 3-Picoline
Example 4 — 4-Picoline

Example 5 — 2-Methoxypyridine
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with 1.1 nL of trifluoroacetic acid. This m xture was then added to ethyl
ether to forma precipitate, centrifuged, washed with ether, decanted and
dried undeo s@suyem The resulting powder was di ssol ved i eCmatSer/3x64
purified using prep HPLC. The fractions containing the desired product
were |lyophilized to give the tri-trifluoroacetic 20 acid salt of the title
conpound. The anion of the salt was then exchanged using Anberlyte resin
to afford the tri-hydrochloride salt of the title conpound (1.4 g, 27%
yield) as a white powder. M5 nmfz 953.3 [[ MtH] +-pyridine]/2; 992.0 [ MtH| +/ 2.
25 Additionally, und - 30 sho in Table 1 are or were prepared using
t he procedures ofé:’cég‘ﬁrﬁgé%ﬁ\ XEAHIe 1 by using in place of the pyridine

in Step 6 of Exappngléy 4Rtk pidige substituted pyridines: Exanple 2 -
2-Picoline 30 Exanple 3 - 3-PicOline Exanple 4 - 4-Picoline Exanmple 5 -

2- Met hoxypyr i di neExangjste 2 O3i@x8dthaypGdmeS02/ 32534 Exanple 6 -
3- Met hoxypyri di ne%’fEx tIYFt hox ridine Exanple 8-

a e /.. 4-
2- Thi onet hoxypyri quéi%hﬁn’g 0XEPY 'S tret hoxypyri di ne 5 Exanple 10 -

4-Thi omeg hoxypyr i fidole ¥ @RI Borhdthoxgpyrldiey opyri dine  Exanple 12 -
3-Fluoropyridine Exanple 13 - 4-Fl uoropyridine Exanple 14 -

2- Chl or opyri di ne Bxaniplairbt&-BlSorop@rdine or opyri di ne Exanple 16 -

4- Chl or opyri di ne _ Exanpl 7-. 2-Phenyl pyridine Exanple 18 -

3- Phenyl pyri di ne Exampqglf—%-FluoropynE%e

Example 13 — 4-Fluoropyridine
Example 14 — 2-Chloropyridine

10 Example 15 — 3-Chloropyridine
Example 16 — 4-Chloropyridine
Example 17— 2-Phenylpyridine
Example 18 — 3-Phenylpyridine
Example 19 — 4-Phenylpyridine

15 Example 20 — 4-Cyclopropylpyridine
Example 21 — 4-(Carboxythiomethoxy)pyridine
Example 22 — Isonicotinamide
Example 23 — 2,3-Lutidine
Example 24 — 3,4-Lutidine

20 Example 25 — 3,5-Lutidine
Example 26 — 3,4-Dimethoxypyridine
Example 27 — 4-Methoxy-3-methylpyridine
Example 28 — 4-Fluoro-3-methoxypyridine
Example 29 — 2,3-Cyclohexenopyridine

25 Example 30 — 2,3-Cyclopentenopyridine

The above substituted pyridines are either commercially available or can be

prepared by literature procedures.

30
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Exanpl e 19 - 4-Phenyl pyridi ne 15 Exanple 20 - 4-Cycl opropyl pyri di ne Exanpl e
21 - 4-(Carboxyt hi onet hoxy) pyridine Exanple 22 - |sonicotinam de Exanpl e
23 - 2, 3-wotismsney Exanple 24 - 3,4-Lutidine 20 Exanpl e 26TAUS82/52584ti di ne
Exanpl e 26 - 3, 4-Di nmet hoxypyridi ne Exanple 27 - 4-Methoxy- 3-net hyl pyri di ne
Exanpl e 28 - 4-Fl uoro- 3- net hoxypyridine Exanple 29 -

2, 3- Cycl ohexenopyri dine 25 Exanple 30 - 2, 3-Cycl opent enopyri di ne The above
substituted pyridines are either cormercially available or can be prepared
by literature procedures. 30 -53 WD 03/031449 PCT/ US02/ 32534 Exanple 31
Synt hesi s of a Conmpound of Formula | erHGI: 5 is - (CH2)6-, R2, R5, R6, R8
are hydrogen, R4 is 5 hydroxy, R i , X and X2 are chloro, and m
is O (Conmpound 31 in Table I) Using the procedure of Exanple 1 and
substituting the intermedi ate of Ex¥mthesi®far the internediate of Exanple
A, the titl eCoonpunddfBasmuicbahert R' it 0 (OH,) ZR3BREERE ReMrp hydregep) B* B2
Synthesis of a 15 ConapdseckypR’ Emmuyla)d‘ anb oCarKchloso,-andGhidy @- 0 - (CH2) 2-,
R2, R5, R6, R8 are hydrogen, bmpBMAd 8X¥n TRl Methyl, X' and X2. are
chloro, and mis 0 (Conpound 3 in Table 1)

Using the procedure of Example 1 and substituting the intermediate of

Example C for the intermediate of Example A, the title compound was prepared.

10 MS m/z 2026.5 (M-+).
Example 32
Synthesis of a
15 Compound of Formula I where R! is - (CH,),- O - (CH,),-, R% R’ R R® are
hydrogen, R? is hydroxy, R’ is methyl, X' and X? are chloro, and m is 0
(Compound 32 in Table I)

Using the procedure of Example 1 and substituting the intermediate of
20  Example D for the intermediate of Example A, the title compound was prepared.

MS m/z 967.9 [(M-pyridine)/2]".

Example 33

25 Synthesis of a
Compound of Formula I where R! is - CH,-1,4-Ph - CH,-, R%, R5 R% R® are
hydrogen, R* is hydroxy, R’ is methyl, X' and X? are chloro, and m is 0
(Compound 33 in Table I)

30 Using the procedure of Example 1 and substituting the intermediate of
Example E for the intermediate of Example A, the title compound was prepared.

MS m/z 1967.0 [M+H]", 984.2 [(M-pyridine)/2]".

35
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Usi ng the procedure of Exanple 1 and substituting the internmediate of 20
Exanple D for the internedi ate of Exanple A the title conpound was

prepar ed. woMS/081429 967. 9 [ (M pyridi ne)/2]+. Exanple 33 25 pgyriso®siss4 of a
Compound of Formula | where R is - CH2-1,4-Ph - CH2-, R2, R5, R6, R8 are
hydrogen, R4 is hydroxy, R7 is nethyl, X and X2 are chloro, and mis O
(Compound 33 in Table I) 30 Using the procedure of Exanple 1 and
substituting the internmediate of Exanple E for the internediate of Exanple
A the title conpound was prepared. M5 mz 1967.0 [ M-H] +, 984.2
[(Mpyridine)/2]+. 35 -54 WO 03/ 31449 / US02/ 32534 Exanple 34
(Conparative) Synthesis of a de Xempéﬁ BCf Formula | where R is -
(CH2)3-1 R, R5, R6, R8 are 5 hydrogen, R4 is hydroxy, R is nethyl, X
and X2 are chloro, and mis 0 (Oorrpﬁ)uﬂhlesmfwsl ng the procedure of Exarrpl e
1 and subst i t utestGhloteCompouind of BormelaHavloap ®'iin - (GH; nRf, RE,R%R® Branpl e F
for the §ntermediydirega, REiCdroxy), Rtibenethyl] X' addXé anpchloch, wad mpisapar ed. M5
mz 935.3 [[ MtH] +- pyri dine]/2; 974. ddntV3%) Exanple 35 Determ nation of
M nimal 1 nhibitory Concentrations (MGCs) 15 ni mal i nhibitory
concentration (M Cs) assays were perfornmed using the broth mcrodilution
nmet hod set forth UsindielfsogdutalfiBxempleskand MNOSitHing GO des- chlbtohods for

Dilution Antinicrobial Susceptibility Tests for Bacter G .ow,

Aer obi cal | y,ceﬂbﬂpﬁ?’é‘& iRieEReb3E OP KamplR Flfér ale Rtaﬁx éaé‘ieetftleal

strains; ?ong@m&%gp;erp%t he Anerican Type Ti ssue Cul ture Col |l ection
an

( ATCO)
MS m/z 935.3 [[M+H] -pyridine}/2; 974.9 [M+H]"/2.

Example 35
Determination of Minimal Inhibitory Concentrations (MICs)

15 Minimal inhibitory concentration (MICs) assays were performed using the
broth microdilution method set forth in NCCLS guidelines (see, NCCLS. 2000.
Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow
Aerobically, Approved Standard — Fifth Ed., Vol. 20, No. 2). Bacterial strains were
obtained from the American Type Tissue Culture Collection (ATCC), Stanford

20  University Hospital (SU), Kaiser Permanente Regional Laboratory in Berkeley (KPB),
Massachusetts General Hospital (MGH), the Centers for Disease Control (CDC), the
San Francisco Veterans’ Administration Hospital (SFVA) or the University of
California San Francisco Hospital (UCSF). Vancomycin-resistant enterococci were
phenotyped as Van A or Van B based on their sensitivity to teicoplanin. Some

25  vancomycin-resistant enterococci that had been genotyped as Van A, Van B, Van C1
or Van C2 were also obtained from the Mayo Clinic.

In this assay, cryopreserved bacterial cultures of reference and clinical strains
were streaked for isolation on appropriate agar medium (i.e., Trypticase Soy Agar,
Trypticase Soy Agar with defibrinated sheep erthrocytes, Brain Heart Infusion Agar,

30  Chocolate Agar). Following incubation to allow formation of colonies, these plates
were sealed with parafilm and stored refrigerated for up to two weeks. For

preparation of assay inocula and to ensure low variability, several colonies from a
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20 University Hospital (SU), Kaiser Permanente Regional Laboratory in

Ber kel ey (KPB), Massachusetts CGeneral Hospital (M3H), the Centers for

D sease Coptwob14¢€CDC), the San Franci sco Veterans' Adn niPE€TrEso2/aes3Hospi t al

(SFVA) or the University of California San Francisco Hospital (UCSF).

Vanconyci n-resi stant enterococci were phenotyped as Van A or Van B based

on their sensitivity to teicoplanin. Sone 25 vanconycin-resistant

enterococci that had been genotyped as Van A, Van B, Van  or Van C2 were

al so obtained fromthe I\/ayo ai ni c In this assay, cryopreserved bacterial
were streaked for isolation on

cultures of yefer cl.ni i ns

appropri at e é ﬁb?af red on't 9%?[“ iag weag prigied with gy inoeviating Joep gnd, o
with defibri £t%§aﬁ‘éill§|?ﬁ§ﬂ“eﬁé& darmaéﬂe@mm%hq;rathw@@medléﬁtetswm dAERAt catns

Chocol at e Agar Fol l owi ng i ncubation to allow formation of colonies, these

pl ates wer etosequird lowelsbased aif manvfaciirestsoesificatdm)i Jbe drashi chlgyre M@S to two

sevoral ool obPuD venghl a5l ifte) ek BtmeS pEa ShE oS g SR (Ui at
cul turedson fhlfsqsagmawﬁt% 89. Wa@Fa&fahQ'ﬁt%ﬁdé‘i’dbPl@(”lds BSeHY &rinieh WifRRPpeANd

aseptically transferred to | er-H nton Broth (supplenmented wi th dival ent
cations to mdtliter 6CFUmgI @\Id:uaﬂedll swspaesierfsaduatospegesceriabilits aontamgd 1 Rhe

broth cult ght at f d broth
ond or own + ol 0 eSS § Foueleati s Madh gt BropE R PRI ot andar o
or 1 x 108 C&Ecglg\ ¥bit QG HRnkTbhsed RANCOLS bhidblifk) (v@%%-me)m dmﬁorﬁuf cel |

suspensi ons, to speC|es variability, “contalned U nL when
t ur bi di ty i sdléﬁqmnvb:ioesental StmmsheTHeanF@.ﬂlhrarvchssltlatedaum thahﬁ}ﬂqﬂopﬁthlsamhem abl e

adj ust QUId I|n n.dilution

it for oD batabeler FopPEATR B R Ve e aion B oulhepRmica 56t | of
this cul tur em@@iuw “mwéna;émmo B0l scBURPLRTENLEL Wisliaudd nton Broth,
or Haenophilus test nedium when over |ayered onto a 2-fold serially

di | ut ed ser i emcaitraions ddioin WO ;dooﬁmrtaspandmgmadmm, ima 9®0-ell nofrotiter pldpondi ng

medium in a 96- mcrotiter plate resulted.i tarti bacteri al
concentrati OWS‘blfe\anﬁ stegnecraciemipl goﬁﬁ%ntfﬂnﬁf‘(? \?69&5 C%ﬁ@wi afrﬁfd’??g‘? SeHere 8184
hours at 35Gnqig. £§%o@l w@h\hm@ﬁs&ks@wls%@%tﬁém%acentratl on vel |

with no bacterla gro Bacterlal growmh is definned as nore than
15 concentration well ‘with no bacterial growth. Bacterial growth is defined as more than

three pinpoint colonies, a button of precipitated cells larger than 2 mm in diameter, or
obvious turbidity.
Strains routinely tested in the initial screen included methicillin-sensitive

Staphylococcus aureus (MSSA), methicillin-resistant Staphylococcus aureus

20 (MRSA), Staphylococcus aureus producing penicillinase, methicillin-sensistive
Staphylococcus epidermidis (MSSE), methicillin-resistant Staphylococcus
epidermidis (MRSE), vancomycin-sensitive Enterococcus faecium (EFMVS),
vancomycin-sensitive Enterococcus faecalis (EFSVS), vancomycin-resistant
Enterococcus faecium also resistant to teicoplanin (EFMVR Van A), vancomycin-

25  resistant Enterococcus faecium sensistive to teicoplanin (EFMVR Van B),
vancomycin-resistant Enterococcus faecalis also resistant to teicoplanin (EFSVR Van
A), vancomycin-resistant Enterococcus faecalis sensitive to teicoplanin (EFSVR Van
B), penicillin-sensitive Streptococcus pneumoniae (PSSP) and penicillin-resistant

Streptococcus pneumoniae (PSRP). Because of the inability of PSSP and PSRP to
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three pinpoint colonies, a button of precipitated cells larger than 2 mmin
di aneter, or obvious turbidity. Strains routinely tested in the initial
screen i nwbwdmsii4net hicillin-sensitive Staphyl ococcus aur @CI/USWBRAB4
methicillin-resistant Staphyl ococcus aureus 20 (MRSA), Staphyl ococcus
aureus producing penicillinase, nethicillin-sensistive Staphyl ococcus
epidermdis (MSSE), nethicillin-resistant Staphyl ococcus epidermdis
(MRSE), vancomycin-sensitive Enterococcusfaeci um (EFMWS),

vancomyci n-sensitive Enterococcusfaecalis (EFSVS), vanconycin-resistant

Ent f i | i stant,t i | in .(EFMV . A, i
28 Toor o anc sen N R FRbR BRn BT IR G B bl Rel it n iy o "
vanconyci n- r g§&jes T8 MrothRUSFIOaOREM A A AbriSatd §160d SSHEAPhilli9tekEEMMANI N

(EFSVR Van A), vanconycin-resistant Enterococcusfaecalis sensitive to
t ei copl ani n ( EFSVResVapmp®)nds paving sighificantentivity agairst theptrains oroonpdeunoni ae

PSSP d icillinp- | st.ant,. .St t ] PSRP).. ..B
Of the | naby 110 Wste PesBRlsAiopue e lye g Gae BBt B plat B o o
vel | in_buel fheipddiddtiRRdibeidlas WhiCss ﬂ&n?sfbe&iﬁféﬁ%o%ﬁla%'b REgURE SrRyRESICNEd USi ng

either TS broth supplemented with defibrinated bl ood or Haenophil us test
medi um Test bathspoundsint acsistant ¢ gathididiarMSBENSEndMBeGNH)E t Additorallyai ns

menti oned above were then tested for lues in a |larger panel of
i cal | songedseAnPag s abnessaebibEMIFs ber Brivatiihel | as
non-speci at e&i&@@@%}ilﬁﬁfﬂ gﬂ&gﬁt%%gerﬁt}ﬁcpﬁ%} CN%%%nQP&é?ugz%ﬁi, iKiigieand

resistant to neth (M5 an ). Additionally, these test
conpounds wepreusdogimeaEmtenuddcibocloddags Acigeto bedrerdraamaneigaliaerephifiusr oor gani sns,

such as _Escherichia colj, Pseudonpnas aerugi nosa, Klebsiella pneunoniae,
Ent er obéEt er’”ﬂf‘ﬁf%ﬁ@?‘?’i@r%%ﬁﬁ@ﬁflﬁﬁaurranni i, Haenophilius 10 influenzae
and Moraxel | a cat-gy10flshws VAL Slatd fof BeURpHAYT tHidiveh@bn fafRfPOUNd of this
invention against nethicillin-resistant g aureus (MRSA) and

met hi ci | | i n- methiglianesiSante ndeeun{MRSA) @MRBEhicillineeristned apédetmiisknown

antibiotic, eﬁﬁggﬂscéorr]ﬁpa%e% t-cl)-tbel kenolen antibiotic, vancomycin.

15 Table II
Minimum Inhibitory Concentrations (MICs)

Test Compound | MIC,,?
Microorganism (ug/mL)
20 Methicillin-resistant S. aureus (MRSA) Compound 1 <0.1
=53)!

(o ) Vancomycin 3
Methicillin-resistant S. epidermitis (MRSE) and Compound 1 <0.1
other coagulase-negative staphylococci (n = 34) .

Vancomycin 4

25 ! Number of strains tested.
Minimum inhibitory concentration for 90% of strains tested.

Additionally, as shown in Table III, compounds of this invention also had
surprising and unexpected MICs against various methicillin-resistant S. aureus strains

30  when compared to a related des-chloro derivative (i.e., Compound 34).
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M ni mum | nhi bitory Concentrations (M Cs) Test Conpound M C902

M croorganismg/nL. 20 Methicillin-resistant S. aureus (MRSA) Conpound 1 <
0.1 (n =wb3dp/oaManconycin 3 Methicillin-resistant S. epi ®eTnisN2/32564/RSE)
and Conmpound 1 < 0.1 other coagul ase-negative staphyl ococci (n = 34)
Vanconycin 4 25 ' Nunber of strains tested. 2 Mninmuminhibitory
concentration for 90% of strains tested. Additionally, as shown in Table
11, conmpounds of this invention also had surprising and unexpected M Cs

agai nst various nethicillin-resistant S aureus strains 30 when conpared to
a related des-chloro derivative (i. und 34). -57 WD 03/031449
PCT/ US02/ 32534 Table 11 M ni mum | nh|F{)| tory Concentrations MC (g/nL)

Mcroorganism Cmd. 1 Cmd. MinmMBIAhiBAGSICénclntlatdnd 7 MRSA MED-103 s 0.1
0.20 NMRSA MED-104 0.10 0 58 NMRSA MFD-107 < 0 1 0 34 MRSA MED- 110 0. 20

8. gg l(R/RhS//iS@EKE&S?Z <] 0.1 <0.1 MRSA MED- 841\/ﬁC (g%;(b.ﬂg 29 [VRSA MED-85 0.1
: s 0.1 0.29 NMRSA MED-8 1049
Microorganism Cmpd. 1 Cmpd. 34
5 MRSA 33591 <0.1 0.17
MRSA MED-103 <0.1 0.20
MRSA MED-104 0.10 0.58
MRSA MED-107 <0.1 0.34
MRSA MED-110 0.20 0.49
10 MRSA MED-572 <0.1 <0.1
MRSA MED-84 <0.1 0.29
MRSA MED-85 <0.1 0.32
MRSA MED-86 < 0.1 0.29
MRSA MED-87 <0.1 0.49
15 MRSA MED-88 <0.1 0.34
MRSA MED-89 £ 0.1 0.18
Example 36
20 Time-Kill Assay

This time-kill assay is a method for measuring the rate of bactericidal activity
of a test compound. These procedures are similar to those described in V. Lorian,
“Antibiotics in Laboratory Medicine”, Fourth Edition, Williams and Wilkins (1996),
pages 104-105. A rapid time-kill is desirable to quickly prevent bacterial colonization

25  and reduce host tissue damage.

Bacterial inocula were prepared as described in Example 35 for determination

of MIC. Bacteria were diluted in prewarmed media in shake flasks and incubated

with shaking (200 rpm, 35°C). At 0, 1, 4, and 24 hours samples were withdrawn from
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15 MRSA MED-88 0.1 0.34 MRSA MED-89 0.1 0.18 Exanple 36 20 Tine-Kill
Assay This time-kill assay is a nethod for neasuring the rate of

bacteri ciwealo3astswity of a test compound. These procedur ®ETArSE2/3358d | ar to
t hose described in V. Lorian, "Antibiotics in Laboratory Medicine", Fourth
Edition, Wlliams and WIkins (1996), pages 104-105. A rapid time-kill is
desirable to quickly prevent bacterial colonization 25 and reduce host

ti ssue damage. Bacterial inocula were prepared as described in Exanple 35
for determnation of MC. Bacteria were diluted in prewarnmed nedia in

hake flask d i ted  with shaki 200 AL O 1.4 d 24
hour s sl cbe ety Mot PRt e BmeRld)d 18P 5e s Sibguth el 2"
flasks and bagfpfihjz MRUADETEE AsBfkdRvasREAdEoaRs SHaks HaskSli@ag uamE to the

initial sanpling, a conpound to be assayed was added to the shake flask
cul ture. Pl atounts@dthessinggrvalh preaiousteanddolowmgadditiontod therrpninsundwersy

ddi ti f th d : d hical ly.it i e- Ki .
Ract er i o dal Xbe Rpetian f it BUERES HERRERANL B RrnbTR A i o oot o
than or equadectasdGedidion @Telaféﬁﬂﬁhioﬁkq&ﬂd 991995 &I BackiiaPell MBkHess by 24 t hi s

assay, a compound of forrmula I, i.e., Conpound 1, was bactericidal against
MSSA 13709 ammirdyRSA 33591 at a concentration of s 1 g/nL in 4 hours. By

compari son, vanc in was bacteri.ci.dal i nsi, MBSA 13709 .and. VRSA 33591
10 At & concent S GH Sspyes o o5 e CekabBre ek TR WSHIRH | cacy
Studies in [sPRERIAC1 00 anAMRBA 3594t R dohechtAti6R of 29@9@ inPhéurdcqui r ed
from Charl es vers 15 Laboratories (Glroy, CA) and alllowed access to

f ood and watBy cadpdrisbnt vamcomian tas paatéricideh 9gdingt MBSIA VB 209006 MBSIKG33591

i ntraperijtoneal (1P) i.njeg}ion of cl ophospham de given four and two days
prior t&bt he?tidfOReR ‘1‘3#0{34 “E/]éi‘&[r glr%‘@/ours'

Example 37
In vivo Efficacy Studies in Neutropenic Mice
Animals (male CD-1 mice, 20-30g) were acquired from Charles Rivers
15  Laboratories (Gilroy, CA) and allowed access to food and water ad libitum.
Neutropenia was induced via 200 mg/kg intraperitoneal (IP) injection of
cyclophosphamide given four and two days prior to the inoculation of bacteria.
The organism used was either a susceptible or resistant strain of clinically
relevant gram positive pathogens, such as methicillin-susceptible Staphylococcus
20  aureus (MSSA 13709) and methicillin-resistant Staphylococcus aureus (MRSA
33591). The bacterial inoculum concentration was ~10° CFU/mL. Animals were
lightly anesthetized with isoflurane and 50 mL of the bacterial inoculum was injected
into the anterior thigh. One hour after the inoculation, animals were dosed
intravenously with vehicle or the appropriate dose of the test compound. At 0 hours
25  and 24 hours post-treatment, the animals were euthanized (CO, asphyxiation) and the
anterior and posterior thigh collected aseptically. The thigh was placed into 10 mL
sterile saline and homogenized. Dilutions of the homogenate were plated onto triptic
soy agar plates which were incubated overnight. The number of bacterial colonies on

a given plate was multiplied by the dilution factor, divided by the thigh weight (in
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The organi smused was either a susceptible or resistant strain of
clinically relevant gram positive pathogens, such as

met hi ci | Iwo-0303ept i bl e St aphyl ococcus 20 aureus (MSSA 13C0A)Sozss34
methicillin-resistant Staphyl ococcus aureus (MRSA 33591). The bacteri al

i nocul um concentration was -106 CFU/ nL. Animals were lightly anesthetized
with isoflurane and 50 nL of the bacterial inoculumwas injected into the
anterior thigh. One hour after the inoculation, animals were dosed
intravenously with vehicle or the appropriate dose of the test conpound. At

0 hours 25 and 24 hours stqtr me e _ani mal e Lzed (CO2
asphyxi ati on%ra%’ heépreé%@eals il%%égﬁéﬁ- %‘3@@‘&1958{6%“%{%% @%Fvcgﬁbé}égf;@gppi cally.
The thi gh wasaphagerduidtion idehigh titrS) Whd dslnild fBfeRAdeshosRAAMdzed. Dil utions
of the honpbgenate were plated onto triptic soy agar plates which were

i ncubat ed over ni glntthisTibsay meind MRHA 33521, @rdomipoued ehfoanuled, i.&, mpoungd|lat e was
mul tiplied t he dil pti factar, divided by the.thigh weight (in .59 WO
07 035446 papdaRTH T Qgéﬁ%g‘f‘%%’)waﬁ’&“@%f@sagﬁsagf? B L) for V@Bé‘é“’(%s e
requi redsto produce 50% of the maxinmumreduction in thigh titre) was

estimated for each test conmpound. In this assay using MRSA 33591, a
conpound of fornmula I, i.e., ConpoundExampldi3&® an ED50 of < 0.20 ny/kg, iv,

conpared to an ED50 of 9 ngy/kg, iy, . .for_.yanco iin .. 5 Exanple 38
Det er mi nation of Aqueous SoIIngF‘TTWt‘?ﬂQféﬂﬂg‘b'{?sg‘gﬁ?wﬂflity of a conpound of
this invention waphdghesm seﬁmimg'oggcoﬁlb&nquiﬂtm%mn%p@sﬁa&&miﬁe@sm %

0
dextrose buffer solution at pH was prepared 10 by adding 1 nL of 1 N
hydr ochl ori cthadeltbwing grocedure.t A 508t. ¥ dextroge ulier sobutiagabpd<.2 wesgpnepared

sol ution (Baxter,). / t ock .sol.ytion. for gcaljbration,standards wa
t hen pr é?)gr %%@nﬁf@i&%i %y roﬁléo’&? a?‘HéAF‘g’é’I‘) t@o‘%d&tjr‘?iﬁ aiSInth %ﬁ?_qUS‘P“SDIVSSQ >
Thi's sol uti ofx4@se dMild(Baxtef)or 30 seconds and then sonicated for 10

m nutes. The stock solution was then diluted 15 with water to prepare
cal i bration standarldsg/hdyvstock sohgiondbt cakibragionstandards svas thes prépared by25, 250,

375 and 500 cﬂgs/om'lhg 1 mg of the test compound in 1 mL of DMSO. This solution was vortexed
for 30 seconds and then sonicated for 10 minutes. The stock solution was then diluted
15  with water to prepare calibration standards having the following concentrations: 50,
125, 250, 375 and 500 ug/mL.
Each test compound (30 mg) was weighed into a Millipore non-sterile,
Ultrafree-MC 0.1 um filter unit (Millipore UFC30VVOO) and a magnetic stir bar was
added to each unit. The 5 wt. % dextrose buffer solution (750 uL) was then added to
20  each unit and these mixtures were vortexed for 5 minutes. The filter units were then
placed in an Eppendorf tube rack and the tube rack was placed on top of a magnetic
stirrer. Each unit was then titrated to pH 3 using 1 N NaOH (VWR) and the resulting
solutions centrifuged at 7000 rpms for 5 minutes. Each unit was then diluted 200 fold
with 5% dextrose buffer solution and the diluted samples were transferred into auto
25 sampler vials for analysis.
The calibration standards and the test samples were analyzed by reverse-phase

HPLC using the following conditions:

30
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Each test conpound (30 ng) was weighed into a MIIlipore non-sterile,
Utrafree-MC 0.1 urn filter unit (MIIlipore UFC30WQOO) and a magnetic stir
bar was wodaw®3t4e each unit. The 5 w. % dextrose buffer ®oratSovses¢#50 ul)
was then added to 20 each unit and these m xtures were vortexed for 5

m nutes. The filter units were then placed in an Eppendorf tube rack and
the tube rack was placed on top of a magnetic stirrer. Each unit was then
titrated to pH 3 using 1 N NaCH (V )WR) and the resulting solutions
centrifuged at 7000 rpns for 5 mnutes. Each unit was then diluted 200 fold

w th 5% dextrose ffer solution an he dil uted sanples were transferred
into auto 25 san%:ﬂ&?mvi al's forr}&’r?ﬁﬁgéixs“.'g% @gﬁ’s&ati on standards and the
test sanples Werwamé%rza@s! by reyerses phase/s bhthG MeCNgHIG®. f 9 TN ng
conditions: 30 -60 WO 03/ 031449 PCT/ US02/ 32534 Col umm: Luna 150 x 4.6 nm

C18; 5u Mbobile phdstiodA = 5/ 95, IBnr-Ligle/190 (6d0A Y=BNoGMhiHRO, 0.1 % TFA
Met hod: 10m Li do (100 .&9-%}00 %BJn.6 mn) Injection volunme: 20 uL 5
Wavel ength: 214 PR LIP@Ei | i tjsp"H'f each test sanple was cal cul ated by

conparing the pea\bgaagl@@%thzof t he :1@9jm sanpl e to the calibration curve and
mul tiplying by the dilution factor. Using the above procedure with

duplicate sanple preparations, Conpound 1 was 10 found to have a solubility
of >47.9 ng/ nL.. ile the present invention en descrihed with
reference to spec g solu Q%GQF ﬁ?sfats @Fé’ﬁ\s,caeggﬁ?ﬁhlcﬁnﬁ’én%ﬂ@r@%maby
those skill egthdkebG, !ettottﬂéléaxfﬁ?ardo%ﬁwe%awﬁﬁplm R dEARIAT QG Val ents
may be substituted w thout departing fromthe rue"spirit and scope of the
i nvent i on. |Wsiaglthietabove proesdprevwith diplataiecorasphaprepeataseCampoandaldeps  a

particul ar situation, terjal osijfion of matter, process, process
step otYst dgund tohavpas Q’@ff’ffeﬁ%gﬁf‘{“ and scope of the present

i R\éegf :’JIIORB lelpef] o ilﬁ gf?:gi;[rgéieﬁ?irnbaﬁﬁ)nq{ﬁbééﬁtcﬁggﬁfédtvﬂtlﬂ%fé%ﬂc@ ihspeficscope of
embodiments thereof, it should be understood by those skilled in the art that various
changes may be made an equivalents may be substituted without departing from the
true spirit and scope of the invention. In addition, many modifications may be made

15  to adapt a particular situation, material, composition of matter, process, process step
or steps, to the objective, spirit and scope of the present invention. All such
modifications are intended to be within the scope of the claims appended hereto.
Additionally, all publications, patents, and patent documents cited herein are

incorporated by reference herein in their entirety to the same extent as if they had been

20  individually incorporated by reference.

-61-



Additionally, all publications, patents, and patent docunents cited herein
are incorporated by reference herein in their entirety to the sane extent
as if theyolad3taeen 20 individually incorporated by refePemaso2/3sstis WO

03/ 031449 PCT/ US02/ 32534 WHAT IS CLAIMED IS: 1. A conpound of formula I: 5
R&A HBCNH2 RS OH H3ICO0O ,,0H OHOO 10 X2 \ 0O\ O\ R80,, Xi / HR6 O
HOHOHNR/ ,NNNNNI1IS5HHHCH3 OO0 ONHR2,,, NOCH3 / I \' H2N
RLHOOHOHIT 20C NI HHS a+ NO N (R3)mO H2N

WHAT IS CLAIMED IS:

1. A compound of formula I:

10

15

20

25
or a pharmaceutically-acceptable salt thereof, wherein
X' and X? are independently selected from the group consisting of hydrogen
and chloro;

R'is -Y*-(W),-Y°-;
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O O 25 or a pharmaceutically-acceptable salt thereof, wherein X and X2
are independently selected fromthe group consisting of hydrogen and

chl oro; RwvOi0s/0314¥a- (W"- |'b- ; -62 WD 03/031449 PCT/ USOPLIABBA3259Y i S
selected fromthe group consisting of -0-, -N(Rd)-, - S-, -S(O-, - S(O2-1
C3.6 cycl oal kyl ene, C6_10 arylene and C2_9 heteroaryl ene; wherein each

aryl ene, cycl oal kyl ene and heteroarylene group is optionally substituted
with 1 to 3 substituents independently selected fromRb; 5 ya and yb are

i ndependently C1_5 al kyl ene, or when Wis cycl oal kyl ene, arylene or

het eroaryl ene, yayAd.¥he Rl RUEREAISAGLHeSHL 75! edifupm she. grgjup

consisting of a ene; fn-eac | kyl ene

group is opti 1.\C,$ ehdbalkyeRs C erk dnd G , heRsdaryleenvheiendepandent | y
sel ected fromg(m%'«y 52 {fﬁg H I%?] C(é%NRRe ﬁi - S(O2NRdRe; 10 R2 is

hydr ogen or mleae @wlyalkylsa@mdi@tqrgarwha@e@weﬁ@ptgﬂngléy substtatadrwith 1 B3 gr oup
consisting o 6 al bC2 6 al kynyl, C3.6 cycl oal kyl,
C6.10 aryl, %u 5meﬂyc§le€ell§e[?erocycl ic and Ra or two adjacent R3
groups age j oi nedyt zﬁxdf?‘fa{fb ErtlePerriehiyy @Ps%llgflene Or wh&lw&cyabmyleﬂ@)arﬂene

wherein each al kyl, al kyl ene, al kenyl al kynyl group is optlonally 15
subst it ut ed efiheteraaryleng ¥iabd 1 @tﬁtl@d@l@nﬂmle/pehd@ﬁtﬁloyl @élg&lpe?@nmmq e group

et er ocycl i cYPRIRERS BG-onmy e winepeedl A R How PRoRRR ke, <

i ndependent | yitf €163 ts@Bkt AP ihfpeBd ey seletted FohNJORYF-NIPR® Or@ogid R4 and R5
is hydroxy and the ot her is hydrogen; 20 R6 and R are |ndependently

hydr ogen or nE(MNRRRand sSEPINREEN or a group of formula (i): H 3 C NH2
10 R? is hydrogen or C, 4 alkyl;
each R’ is independently selected from the group consisting of C, ¢ alkyl, C, ¢
alkenyl, C, ¢ alkynyl, C, ; cycloalkyl, Cq ,, aryl, C,, heteroaryl, C, 4 heterocyclic and
R®, or two adjacent R® groups are joined to form C, 4 alkylene or -O-(C,,
alkylene)- O-; wherein each alkyl, alkylene, alkenyl and alkynyl group is optionally
15 substituted with 1 to 3 substitutents independently selected from the group consisting
of R* and R°; and each aryl, cycloalkyl, heteroaryl and heterocyclic group is optionally
substituted with 1 to 3 substitutents independently selected from the group consisting
of R%;
one of R* and R? is hydroxy and the other is hydrogen;
20 R® and R’ are independently hydrogen or methyl;

R? is hydrogen or a group of formula (i):

25 1)

each R* is independently selected from the group consisting of - ORY, halo,
30  -SRY -S(O)RY, -S(0O),RY, -S(0),0R?, - S(0),NRR?, -NR‘R¢, -CO,R%, -OC(O)R",
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HO,,,, 25 (i) H3C O each Ra is independently selected fromthe group
consisting of - ORd, halo, 30 - SRd, - S(O)Rd, - S(0)2R, - S(O 20Rd, -

S( O 2NRIR&0 03MBdRe, - CO2Rd, - OC(O) Rd, -63 WD 03/031449 PRCNSUSZ582534
-C(O NRdRe, -NRAC(O) Re, -0OC(O NRdRe, -NRIC(O) ORe, -NRJC(O NRdRe, -CF3 and
- OCF3; each Rb is independently selected fromthe group consisting of

C -6alkyl, C2-6 alkenyl, C2.6 alkynyl and Ra; 5 each Re is independently
selected fromthe group consisting of C3-6 cycloal kyl, C6_10 aryl, C2.9
heteroaryl and C3_6 heterocyclic; wherein each cycl oal kyl, aryl

het eroaryl an OCYGhd dd-onghh tigwk fe 1
substltugnts 8¢}§ggfémﬁ%| Ogél’ecdéé) K ?ﬁkd@%coﬁngl ng of STOG

al kyl and RfindeagFfd and Re is |ndependently sel ected fromthe group
consisting of 10 h drogen Cl. 6 alkyl, C2 6 alkenyl, C2.6 alkynyl, C3.6
cycl oal kyl, ©6. 10eagh R’ is Memndmkyéﬁbaﬁegifroah@eesnwr?@p@s@tmf% alkyl, Gad and Re

are joi ned, tpge atons to which they are attached, to forma
C3.6 heteroc@g‘% L’r@iﬁggyﬁg\ﬂnﬁg{i to 3 heteroatons independently sel ected
from oxygen, nitr&QgRRe & indéfehtiéntlyWaRERH frofahb gidupyonsistingedd,  cdl6alRylkyny|
group is optionally substituted with 1 to 3 substituents mofependently 15

sel ect ed fr ofia.b Aeyl.d¥.0hpterasindiand Cagheserorychinuwhgrein eael cxddesikdraryl, cycl oal kyl

het | d h | | th 1to 3
et et PGS RO BB A e B B DAY A Sl

| kyl and Rf depe f

gf y Oaj'n Olgd%ﬂerﬁ%sleﬁcieﬂ fh@%%d coﬁﬁlst‘ﬂfgt(ﬁcbl\,l racmﬁﬁlé?r O;Fkglc))nm SH( gg

al kyl)2, 20 - OC(@FITR’8ndRkis mdepc(mtapdmelsctad fegm, the mp@uﬂst@geqf kyl, -
?(.CFO%,)OH;nl Do i AR gé*gfghagw S, ot canynf O, Nuidaa Y ey CF3 and -
heteroaryl and C, heterocyclic; or R and R® are joined, together with the atoms to
which they are attached, to form a C, ¢ heterocyclic ring having 1 to 3 heteroatoms
independently selected from oxygen, nitrogen or sulfur; wherein each alkyl, alkenyl
and alkynyl group is optionally substituted with 1 to 3 substituents independently
15  selected from the group consisting of R° and R’ ; and each aryl, cycloalkyl, heteroaryl
and heterocyclic group is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of C, 4 alkyl and R
each Rf is independently selected from the group consisting of - OH,
-0C, ¢ alkyl, -SC, 4 alkyl, -F, -Cl, -NH,, -NH(C, 4 alkyl), -N(C, 4 alkyl),,
20 -0C(0)C,4 alkyl, -C(0)OC, ¢ alkyl, -NHC(O)C, , alkyl, - C(O)OH, - C(O)NH,,
-C(O)NHC, 4 alkyl, - C(O)N(C, alkyl),, - CF; and - OCF;;
mis0,1,2or3; and

nisOorl.

25 2. The compound according to Claim 1, wherein 7 is 0 and Y* and Y® are
independently C, 5 alkylene groups wherein each alkylene group is optionally
substituted with 1 to 3 substitutents independently selected from - ORY, -NRR®,
-CO,RY, -C(O)NRR® and - S(O),NRR®.

30 3. The compound according to Claim 1, wherein n is 0 and
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25 2. The conpound according to Caim1l, wherein nis 0 and ya and Yb are
i ndependently d -, al kylene groups wherein each al kyl ene group is

optional Iwoosobsidtuted with 1 to 3 substitutents indepenaemtusy2/smsBect ed
from-ORd, -NRdRe, - CO2Rd, - C(O NRdRe and - S(O 2NR(Re. 30 3. The
conpound according to Caiml, wherein nis 0 and -64 WO 03/031449

PCT/ US02/ 32534 V and Yb are joined together to forma -(CH2)2_8- group. 4.
The conpound according to Cdaim3, wherein nis 0 and 5 Ya and Yb are
joined together to forma - (CH)2-1 - (CH2)3-1 - (CH2)4-1 - (CH2)5- or -

(CH2)6- gro gl'eco Caim4, wherein nis 0 and ya
and Yb are jug ?{%d t%&é‘t‘ﬂ ogeﬁiﬁfrg?ﬁ? @é&% %%‘ﬂp 10 6. The conpound
according to Claiml, wherein nis 1 and Ya and Yb are the sane or
different and each is selected fromthe group consisting of a coval ent bond

and C, .5 al kyl ene optionally substituted vvith 1 to 3 substituents sel ected
from- ORd - NRd

conmpound accor di n to E? ﬁompé’un%cécf)g\l Wgérﬁfx’wmgﬁ gr 15-(7)' 8Th$'he

conpounds accef gdgP 40 jdthéd t0hckher'tb € & - (CH9 a a(@IHZ\; ar@H,%0 dpot h -
CH2- and Wis C6_10 arylene optionally subst |tute 0 3 substituent s
i ndependent | y(G&)ecgreep.f rom Rb. 9. The conpound accordl ng to Cl aims8,
wherein Wis phenylene. 25 10. The conpound according to Claim1, wherein n
is 1 and Ya and yb are both - CH2CH2- and Wis -0-. 11. The conpound

according to any gne ofpddipand adRrdifle to\ORIR UNWherein islyidogen. 30

Y? and Y are joined together to form a ~(CH,),- group.

10

6. The compound according to Claim 1, wherein n is 1 and Y* and Y® are

the same or different and each is selected from the group consisting of a covalent bond
and C, 5 alkylene optionally substituted with 1 to 3 substituents selected from - ORY,
~-NR‘R®, - CO,R?, - C(O)NRR® and - S(O),NR‘R".

15

7. The compound according to Claim 6, wherein W is Cg ,, arylene or

8. The compound according to Claim 1, wherein n is 1 and Y* and Y® are
20  both -CH,- and W is Cg_,, arylene optionally substituted with 1 to 3 substituents
independently selected from R®.

9. The compound according to Claim 8, wherein W is phenylene.

25 10.  The compound according to Claim 1, wherein 7 is 1 and Y* and Y® are

both -CH,CH,- and W is -O-.

11.  The compound according to any one of Claims 1 to 10, wherein R? is
hydrogen.
30
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-65 WO 03/031449 PCT/ US02/ 32534 12. The conpound according to any one of
Clains 1 to 11, wherein mis 0. 13. The conpound according to any one of
Clainms 1 wo03d31aeherein mis 1 or 2 and each R3 is indepemrde#nishy3zsel ect ed
fromthe group consisting of C -6 alkyl, C3-6 5 cycloal kyl, -ORd, - SRd,
-For -d; or two adjacent R3 groups are joined to form C3-6 al kyl ene. 14.
The conpound according to any one of Clains 1 to 13, wherein R4 is

hydroxy; R5 is hydrogen; R6 is hydrogen; R is nmethyl; R8 is hydrogen; and
X and X2 10 are both chloro. 15. The conpound according to Caim 1,

toget hor to form - (Aesciboypafnsial i3 XLl 1T Midiebd Mts 1 o

hydrogen; R6 is hydrogen; R is methyl; R8 is hydrogen; 15 X and X2 are
both chloro; and mis 0. 16. The conpound according to aim1l, wherein R4
i s hydroxy; R5 isl3. hydfhegampomda«yogngwgmonﬁzofﬁéalmeﬂhylli W-!@erelgnmsdlr ogen;

X and X2 are t.h 5] are as def. Table I.

20 17. A con® 5841’& ket ROsHidepSfentiselcites omARE o leBpsiRigon s tidl GEN &

Q P2-N © H Qcfealid], -BR, 68R¢, -F or - Cl; or two adjacent R groups are joined to form C,
alkylene.

14.  The compound according to any one of Claims 1 to 13, wherein R* is
hydroxy; R® is hydrogen; R® is hydrogen; R is methyl; R® is hydrogen; and X' and X?
10  are both chloro.

15.  The compound according to Claim 1, wherein R'is - Y*-(W),- Y°-,
where 7 is 0 and Y* and Y® are joined together to form a - (CH,);- group; R* is
hydrogen; R* is hydroxy; R® is hydrogen; R® is hydrogen; R’ is methyl; R® is hydrogen;

15  X'and X?are both chloro; and m is 0.

16.  The compound according to Claim 1, wherein R* is hydroxy; R’ is
hydrogen; R® is hydrogen; R’ is methyl; R® is hydrogen; X' and X? are both chloro;
and R!, R% R? and m are as defined in Table I.

20
17. A compound of formula II:
R2
O—R'—N—p1
/
s j/—:\/
P2 —N
H
30

-66-



WD 03/ 031449 PCT/ US02/ 32534 or a salt thereof; wherein P and P2 are

i ndependent |y hydrogen or an am no-protecting group; P3 is hydrogen or a
car boxy- pwotososi4y group; Qis a |leaving group or a groupPefi/tushe3fses mul a:
5~+\ (R3m X 10 wherein R is -Y -(Wa-Yb-; Wis selected fromthe
group consisting of -0-, -N(Rd)-, - S, -S(O-, - $0)2-,

C3-6¢cycl oal kyl ene, C6_10 arylene and C2.9 heteroaryl ene; wherein each 15
aryl ene, cycl oal kyl ene and heteroaryl ene group is optionally substituted
with 1 to 3 substituents independently selected from Rb; ya and yb are

i ndependently Cl1_5 alh¥%gqﬁyw3&.wpen Wis cycl oal kyl ene, arylene or

het er oaryl ene, Y& drnd Qe ependently selected fromthe group

consisting of a mavwalPeat iheipendndyGididgad kydreiginoWhaeing gagh) al kyl ene
group is optionally substituted 20 mﬁtﬁ_l to 3 substituents independently
sel ected from - QRds hydrgeaRe,a carbogpRiotecting@)WR( Re and - S(O)2NRdRe; R2 is
hydr ogen or C1-6(§LK¥k'.each R3 is ind%Qﬁn ently selected fromthe group
consisting of Cl1° 1 §WPgéEW€°r§ﬁﬁ§%ﬁ, .fgu kynyl, C3.6 cycl oal kyl,
C6-10 aryl, C2_9 heteroaryl, C3_6 heterocyclic and 25 Ra; or two adjacent
R3 groups are joined to form C3.6 al kylene or -0-(C1_6 al kyl ene)- O-;
wherei n each al kyl, al kyl ene, al keny d al kynyl group is optionally
substituted with 1 to 3 substitutentfp i ently selected fromthe group
consisting of Ra and Re; and each gfyL/ cycl dal kyl, heteroaryl and

het erocyclic group is optionally‘{gub Ituted with 1 to 3 substitutents

i ndependently sel ected fromthe grqu-consisting 30 of Rb; -67

10
wherein
R'is -Y*-(W),-Y’-;
W is selected from the group consisting of -O-, -N(RY-, -S-, -S(0)-,
-S(0),-, C, 4 cycloalkylene, C, ,, arylene and C, 4 heteroarylene; wherein each
15 arylene, cycloalkylene and heteroarylene group is optionally substituted with 1 to 3
substituents independently selected from R®;
Y? and Y are independently C, 5 alkylene, or when W is cycloalkylene, arylene
or heteroarylene, Y* and Y’ are independently selected from the group consisting of a
covalent bond and C,  alkylene; wherein each alkylene group is optionally substituted
20  with 1 to 3 substituents independently selected from - ORY, -NR‘R®, -CO,R?,
- C(O)NR°R® and - S(O),NR‘R";
R? is hydrogen or C, 4 alkyl;
each R? is independently selected from the group consisting of C, ¢ alkyl, C, ¢
alkenyl, C,, alkynyl, C, 4 cycloalkyl, C ,, aryl, C,, heteroaryl, C, 4 heterocyclic and
25 R or two adjacent R? groups are joined to form C, 4 alkylene or -O-(C, ¢
alkylene)- O-; wherein each alkyl, alkylene, alkenyl and alkynyl group is optionally
substituted with 1 to 3 substitutents independently selected from the group consisting
of R* and R®; and each aryl, cycloalkyl, heteroaryl and heterocyclic group is optionally
substituted with 1 to 3 substitutents independently selected from the group consisting
30 ofRY
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WO 03/ 031449 PCT/ US02/ 32534 each Ra is independently selected fromthe
group consisting of - ORd, halo, - SRd, - S(OR', - S(O2Rd, - S(O 20Rd, -
S( O 2NRIR&0 03MBRdRe, - CO2Rd, - OC(O) Rd, -C(O NRdRe, - NRdECOURe2/32534

-OC(O) NRdRe, -NRIC(O) ORe, -NRJC(O NRdRe, -CF3 and -OCF3; 5 each Rb is

i ndependently selected fromthe group consisting of CL.6 alkyl, C2.6

al kenyl, C2-6 al kynyl and Ra; each R is independently selected fromthe
group consisting of C3-6 cycloal kyl, C6-10 aryl, C2_9 heteroaryl and C3.6
het erocyclic; wherein each cycloal kyl, aryl, heteroaryl and heterocyclic
group is optional Wl j i i . ) A ndent |y
selected fromt heéaé}} gu%%%%%?g %“g%ﬂ‘#é&g?té%%ggﬁg? gﬁbéﬁgﬁﬁ%’% O(Jafgc(?]ﬁdRﬁgg’nd Re is

i ndependent | ySge+800WRY, S@RRNeSE)POR?, cSi6),5RRY -MRRAY-ATOFEN OCIOR‘al kyl ,
C2.6 alkenyl, C2-6 al k)ﬁnﬁ/dl G3-6¢cycl oal kyl, ©6-10 aryl, C2-9 heteroaryl
and C3.6 het eFEMPR'RS -~ NG BIndOREORNR I%IOTNBQ(,:(Q)Q&HP&R GOYNRtRe-&Fons to
whi ch t hey aarfg_aéé&ﬁched, to forma C3.6 heterocyclic ring having 1 to 3

het er oat ons i ndependent |y sel ected from oxygen, nitrogen or sulfur;
wherei n gach al kydach RP kSiildpenaéifilyatieytad frof the grdup consistanpadfi(y  alkgEia, L ut ed
with 1 to 3 substituents independently selected fromthe group consisting
of R and Rf alkenyll Geaelkyayhand K¢y cl oal kyl, heteroaryl and heterocyclic group

i tionall bstituted, with 1 t i ' | ect ed

fromt he ar oup: cosh B sadiehepty'sQefled HER M 4R b IR L o, S8BT
lected f - QUBteER iafill 0)gh@érocydiikh whereialeabh Ikyl;a5@]. 6 al kyl

L N e e e o o Syt

C(O) OCl1. al KhgteroarxHodde®rogych¢ Bipup is qrtopaily subsimjadrpith 1 1o Teubstigyentse al kyl ,

- C(ON(CL. 6 _al kyl - d.- OCF3: X-.j £ i t anion;

25 001 Sty et RS sB el SBRARIER Y SDese ™ " "

each R? and R® is independently selected from the group consisting of

hydrogen, C,, alkyl, C,, alkenyl, C, ¢ alkynyl, C, 4 cycloalkyl, C,_, aryl, C,,
heteroaryl and C, heterocyclic; or R and R® are joined, together with the atoms to
which they are attached, to form a C, ¢ heterocyclic ring having 1 to 3 heteroatoms

15  independently selected from oxygen, nitrogen or sulfur; wherein each alkyl, alkenyl
and alkynyl group is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of R® and R' ; and each aryl, cycloalkyl, heteroaryl
and heterocyclic group is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of C, 4 alkyl and R;

20 each Rfis independently selected from the group consisting of - OH,
-0C, 4 alkyl, -SC, ¢ alkyl, -F, -Cl, -NH,, -NH(C,, alkyl), -N(C,, alkyl),,
-0C(0)C, 4 alkyl, -C(0O)OC, 4 alkyl, ~-NHC(O)C, 4 alkyl, - C(O)OH, - C(O)NH,,
-C(O)NHC, 4 alkyl, -C(O)N(C, 4 alkyl),, -CF; and - OCF;;

X" is an optionally present anion;
25 mis 0, 1,2 or 3; and

nisQorl.

30
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18. A compound of formula Ill: R2 ORL-Npi 5CLNOP4IIIl SNO P2-N
H 10 or salts thereof; wherein PP and P2 are independently hydrogen or an
am no- pr oweasiosig4gr oup; P4 is hydrogen or a carboxy- prot @criusg2/gpseup; R

is -Ya-(Wn-Yb-; 15 Wis selected fromthe group consisting of - O,

N(Rd)-, - S, - S(O-, - S(O2-, C3-6 cycloal kylene, C6_10 aryl ene and
C2_9 heteroaryl ene; wherein each arylene, cycloal kyl ene and het eroaryl ene
group is optionally substituted with 1 to 3 substituents independently
selected from Rb; ya and Yb are independently Cl1.5 al kyl ene, or when Wis
cycl oal kyl ene, aryd ene ene, Ya and Yb are independently
selected fromt heydgrouAp Cé%ﬁgé%({]ﬁfgﬁﬁgé " coval ent bond and d ., alkylene;
wherein each al kyl ene group is optionally substituted with 1 to 3
substituents independently selected from-OR , -fRdRe, - CO2Rd, - C(O NRARC
and - S(O 2NRdRe; R2 is hydrogen or Cl_6 al kyl ;| 25 each Ra is

i ndependently sel ected fromthe group C@sj_smi_aqqnip-l ORd, halo, - SRd, -
S(ORd, - S(O2Rd, - S(O20Rd, - S(O 2MRdRe, -NRdRe, - CO2Rd, - OC(O Rd,
-C(O NRdRe, -NRAC(O) Rw, -0OC(0O) NRHRe, RAC(O) ORe, -NRJAC(O) NRdRe, -CF3 and
- OCF3; each Rb is independently \sel ecked fgonphhe group consisting of C1_6
alkyl, C2.6 30 alkenyl, C2_6 aé a; I

ot

p2—N
H

10
or salts thereof, wherein
P! and P? are independently hydrogen or an amino-protecting group;
P* is hydrogen or a carboxy-protecting group;
R'is -Y*-(W),-Y"-;

15 W is selected from the group consisting of -O-, -N(R%)-, -S-, -S(0)-,
-8(0),-, C,4 cycloalkylene, Cq ,, arylene and C, ; heteroarylene; wherein each
arylene, cycloalkylene and heteroarylene group is optionally substituted with 1 to 3
substituents independently selected from R®;

Y? and Y® are independently C, 5 alkylene, or when W is cycloalkylene, arylene

20 or heteroarylene, Y* and Y® are independently selected from the group consisting of a
covalent bond and C,  alkylene; wherein each alkylene group is optionally substituted
with 1 to 3 substituents independently selected from - OR?, -NR‘R¢, - CO,R",

- C(O)NR®R® and - S(0),NRR®;
R? is hydrogen or C, 4 alkyl;

25 each R® is independently selected from the group consisting of - OR?, halo,
~SRY, -S(O)R?, -S(0),RY, -S(0),0RY, - S(0),NRR®, -NR®R®, -CO,R?, -OC(O)R",
-C(O)NRUR?, ~-NR!C(O)R®, - OC(O)NRR®, ~-NR*C(O)OR*, -NR*C(O)NRR®, - CF,
and - OCF;;

each R® is independently selected from the group consisting of C, 4 alkyl, C, ¢
30  alkenyl, C, alkynyl and R?
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-69 WO 03/031449 PCT/ US02/ 32534 each R is independently selected fromthe
group consisting of C3.6 cycloal kyl, C6-10 aryl, C2-9 heteroaryl and C3.6
het er ocycwbDm3/0sw3es ei n each cycl oal kyl, aryl, heteroaryl amdThsovzsa56yclic
group is optionally substituted with 1 to 3 substituents independently
selected fromthe group consisting of C1.6 alkyl and Rf; 5 each Rd and Re
is independently selected fromthe group consisting of hydrogen, Cl.6

al kyl, C2-6 al kenyl, C2.6 al kynyl, C3_6 cycloal kyl, C6-10 aryl, C2-9

het eroaryl and C3-6heterocyclic; or Rd and Re are joined, together with the

atonms to which t are att , . o [ ' havi ng
1 to 3 heteroat orfggﬂﬁnléﬂgér%)&g&]%}’lﬁg S%%ﬂgé?’é%} t?l? gﬁqugfgggelﬁ?n%n(ﬁ‘dﬁég%ﬁb%gﬂsuI fur;
wherein eac mg,hkﬁyl,,czgnlk@malryl 10d anghatleyytic; Whereia dash ofldating) dryl, subst i t ut ed
wth 1 to 3 substituents independently selected fromthe grou,E consi sting
of Re and Rfhetergarl ansdieteapsyiclic anpup dumipnallhaubstitytadyyith b3 pestpusatpcl i c

Jel coted 11 oRRBNSRRRE HoBt gl e Tl aal SRR O R e

i ndependgnt |y selggh @9 ahd RMstil@pBiidently S€16&ed froMah® froup Cbhsistihg of 0C1. 6 al kyl ,
- SC1l1l.6 alkyl, -F, -d, - NHZf - NH%’C 1-6 alkyl), - N(C, _6 alkyl)2, -

OC( O) C, - 6al KiyidrogenCCoy akyl, €al aienyl,-Km@tkongh Ca, enckaplkyl, Coq @y, - C( O) NH2,

- C( O NHC1- | kyl, - Cl-6al kyk) 2, oz . CF3 and - OCF3. and njisOorl. 20
19. A phar egﬂ?%gg?“dc%%ghqy@rﬂc’85%1)%?%}{@&&018?1&;??%&}%t“il@atﬁ? ‘%—0 mgi%ept abl e
carrier and whichele3RedhttRéd, Yo RIhQQL] MR tePsBIURE rifd havieP MRP3I RsteABRisdi Ng to
any one of C ains to 16. 20. A nmethod of treating a bacterial infection

in a mamal , intémendentlysdlect2d froonpryigen. mitregenionisulfur; whereinoeagh alkpralkenyl

h tical i t] oMt si tically- bl
a1 or na sriSPRbEep Ehriprahy byl BEH R SRR G ng <0
any one of efdctid florh thelfoup ddhsi¥bh Pt R3MAAY ; Bhd £4dR02y1 38R RAIky?, Thetefodit hod of

inhibiting the growh of bacteria, the nmethod conprising )
and heterocyclic group is optionally substituted with 1 to 3 substituents independently

selected from the group consisting of C, 4 alkyl and Rf;
each Rf is independently selected from the group consisting of - OH,
15  -0OC,,alkyl, -SC, 4 alkyl, -F, -Cl, -NH,, -NH(C, ¢ alkyl), -N(C alkyl),,
-0C(0)C, 4 alkyl, -C(0O)OC, 4 alkyl, -NHC(O)C, ¢ alkyl, - C(O)OH, -C(O)NH,,
-C(O)NHC, 4 alkyl, -C(O)N(C, 4 alkyl),, - CF; and - OCF;; and

nisOor 1.

20 19. A pharmaceutical composition comprising a pharmaceutically-
acceptable carrier and a therapeutically effective amount of a compound according to

any one of Claims 1 to 16.

20. A method of treating a bacterial infection in 2 mammal, the method
25  comprising administering to a mammal a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and a therapeutically effective amount of a

compound according to any one of Claims 1 to 16.
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contacting bacteria with a growth-inhibiting anmount of a conpound accordi ng
to any one of Cains 1 to 16. 5 22. A nethod of inhibiting bacterial cell
wal | bi oswyotohesisg9 the nmethod conprising contacting bact @CraSez/sis3a cel |
wal | bi osynt hesi s-inhibiting anmount of a conpound according to any one of
Claims 1 to 16. 23. A process for preparing a conmpound according to any one
of Clains 1 10 to 16; the process conprising reacting a glycopeptide of
formula 1: H3C, N2 R4 RS OH 15 H3CO,,, OHOH OO X2 0 0 R8O, X1
IILOH20 0 0 0O HR6 HH ,N -R7,, ~~,, NN11, ~N OHHH ONHOO

L\(CH3 HO O 0437’{1‘2 N £ ?nelt_}'l%dao#(lan_}'liglliing thseaglrE)w{hhc')E‘tr b%.gtferia,%é rr}leﬁ'loﬁ%%%ﬂgiggm

formula 2: 30 -
contacting bacteria with a growth-inhibiting amount of a compound according to any

one of Claims 1 to 16.
5 22. A method of inhibiting bacterial cell wall biosynthesis, the method
comprising contacting bacteria with a cell wall biosynthesis-inhibiting amount of a

compound according to any one of Claims 1 to 16.

23. A process for preparing a compound according to any one of Claims 1

10 to 16; the process comprising reacting a glycopeptide of formula 1:

15

20

25

or a salt thereof, with a compound of formula 2:

30
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WO 03/ 031449 PCT/ US02/32534 O RL-NR2Z ~H d NI HHN=SSr NO N+
(RB)m H2ZN 2 0 OO or a salt thereof; to provide a conpound of formula I,
or a sal twoheqeafi? 10 24. A process for preparing a conpeamdsarszssdi ng to
any one of Clainms 1 to 16; the process conprising reacting a conmpound of
formula 10: NH R4 H3C2 15 RS OH H3ICO,, OHOH OCO X2 20\ O ORS8O I
/ X ILL..OH6 OHOHOMHNR- .,,~~N,,, NNNNOHHHR2 ONH OO CH3
25 \N/ 0 CH3 R7 ( \ H2N 10

LO—R—N—R:
Cl N

R oH

N

5 >/N © z N A
H,N 2 O
o0~ "o

or a salt thereof;, to provide a compound of formula I, or a salt thereof.

10
24. A process for preparing a compound according to any one of Claims 1
to 16; the process comprising reacting a compound of formula 10:
15
20
25
30
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H OHO OH OH H2N 30 - 72 WD 03/031449 PCT/ US02/ 32534 or a salt thereof;
with a conpound of forrmula 11: € OHH 5NSSNON(R3YM HN 11 OO0O
10 or a sabtoswbmemeof; to provide a conpound of formula | @CTAIS®ZBA534 her eof .
25. A process for preparing a conpound according to any one of Clains 1 to
16; the process conprising reacting a conpound of fornmula 9: 15 HZN Fi S
1~-+\ (RBAm OOOR 9 20 or a salt thereof; with a conmpound of fornula
13: 25 30 -73 WD 03/031449 PCT/ US02/ 32534 R4 F13C NH2 R5 OH H3C O 5 O X2

or a salt thereof; with a compound of formula 11:

O
Cl H ’
AN N : S AN
i S\ b R
H,N 11 O
o~ "o
10 or a salt thereof; to provide a compound of formula I or a salt thereof.

25. A process for preparing a compound according to any one of Claims 1

to 16; the process comprising reacting a compound of formula 9:

H
15 H2N S AN
l, (R3),_
N
o)
0 ~o-rr 2
20

or a salt thereof; with a compound of formula 13:

25

30
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\ Ol O\ RBOLJOHOR6E OONNH, NR7T I0NNN O~1 HHHCH R2 ONH
O03 \NOCH3 RHN p HOOHOH 13 15 C1 OH S NO H2N 20 or a salt

t her eof ; wo opoamiedle a conpound of fornmula | or a salt thereafuso2ss3fhe
product prepared by the process of any one of Clainms 23 to 25. 27. A
conpound according to any one of Clains 1 to 16 for use in therapy. 25 28.
A conmpound according to any one of Clains 1 to 16 for the nmanufacture of a
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20 or a salt thereof; to provide a compound of formula I or a salt thereof.
26.  The product prepared by the process of any one of Claims 23 to 25.
27. A compound according to any one of Claims 1 to 16 for use in therapy.
25
28. A compound according to any one of Claims 1 to 16 for the
manufacture of a medicament for the treatment of a bacterial infection in a mammal.
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