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{54} Title: CROSS-LINKED GLYCOPEPTIDE-CEPHALOSPORIN ANTIBICTICS

(57) Abstract: This invention provides cross-linked glycopeptide cephalosporin compounds and pharmacentically acceptable salts
thereof which are useful as antibiotics. This invention also provides pharmaceutical compositions containing such compounds; meth-
ods for treating bacterial mfect:ons in a mammal using such compounds; and processes and intermediates uséful for preparing such
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ods for treating bacterial infections in a manmal using sygh& ﬂﬁ@unds; and
processes and internedi ates useful for preparing such conpounds. 14 March
2006 WO 03/031449 PCT1US02132534 5 CROSS-LINKED GLYCOPEPTI DE -
- CEPHALGSPORI N ANTI BI OTI CS 10 BACKGROUND OF THE | NVENTION Field of the
“Invention This invention is directed to novel cross-1linked vanconycin -
cephal osporin conpounds which are useful as antibiotics. This invention is "
also directed to 15 pharmaceuti cal conpositions conprising such conpounds;
‘met hods of usWRg¥&#H conpounds as anti bacterial agents;PCAAYY¥RFdesses and
internedi ates for preparing such conpounds. State of the Art 20 Various
classes of antibiotic conpounds are known in the art including, for

exanpl e, P-lactam antibiotics, such as cephal osporins, and gl ycopepti de
~antibiotics, 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 25 Decenber 16, 1999, and entitled "Nove
Anti bacterial Agents." Despite such conmpounds, a need exists for new

antibiotics Raving inproved properttﬁﬁssﬁﬁhkimng, by way of exanple,
i ncreased potency agaln&iv@ﬁyﬁﬁﬁﬁﬁﬁlqgtqffﬁg ANPIHI®ECGU! ar, a need
y effective

exists for new antibiotics which are agal nst
antibiotic-resistant strains of bacterla such as nethicillin-resistant 30
St aphyl ococci- aureus (MRSA) and nethicillin-resistant Staphyl ococci
“epidermtis (MRSE). -1 14 March 2006 ‘
10

) BACKGROUND OF THE INVENTION
C
(- : Field of the Invention
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
(3 “Antibiotics and Process for Preparation™; and WO 99/64049 Al, published on
25  December 16, 1999, and entitled “Novel] Antibacterial Agents.”

Despite such compounds, a need exists for new antibiotics having improved

propei’ties 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 Staphylocoéci aureus (MRSA) and methicillin-resistant Staphylococci epidermitis
(MRSE).




WO 03/ 031449 PCTI USQ2. /32534 SUMMARY OF THE | NVENTI ON Di sgkgeRe2deerein are
novel cross-1linked gl ycopeptide - cephal osporin conmpounds which are useful
as antibiotics. Anmong ot her properties, compounds of the disclosed

enbodi nents have been found to posses surprising and unexpected potency
agai nst gram positive bacteria including nmethicillin-resistant

St aphyl ococci aureus (MRSA) and nethicillin-resistant Staphyl ococci
epidermtis (MRSE). Accordingly, in a first aspect, this invention provides
a conmpound okohgesmba |: 10 15 20 25 H3C NH2 R4 R5 OH add@soyfs@H _OH 30
or a pharmaceutically-acceptable salt thereof, wherein .-2 14 March 2006 WD
03/ 031449 FCT/ CSQR2/ 32534 X and X2 are |ndependently sel ected fromthe
group consi sting of hydrogen .and chloro; is -Y-(Wp-Yb-; Wis

%?B?gfgg grgglfgglE;Fggecon5|§éﬁég%ﬁ Eﬂﬁ¥%§%%§“N§teroar§fgzé- mhgré;n

Co LSS S LS L AR S FE AR SR BBl
and Yb are i ndep&hcenideful & afbibivticy |Aanmg ottier plopartidy, |csmpmnid9af thy ldesnlesedar yl ene
embodiments have been found to posses surprising and unexpected potency against gram-
positive bacteria including methicillin-resistant Staphylococci aureus (MRSA) and
methicillin-resistant Staphylococci epidermitis (MRSE).

Accordingly, in a first aspect, this invention provides a compound of formula I:

H,c, JNH,.

10 | R4 L
R

He” o7 "o,

0
15
20
I
25 ~(RY,,
30 ~ orapharmaceuticaliy-acceptable salt thereof, wherein




or heteroarylene, r and Yb are independently sel ected from{he, SooOup
consisting of a 10 coval ent bond and C, _, al kyl ene; wherein each al kyl ene
group is optionally substituted with Ito 3 substituents i ndependent |y
selected from-ORd, -NRIR, -C02R4 -C(O NRdJR and -S(0)2NRdR ; R2 is :
hydrogen-or C,.6 al kyl; each R3 is independently sel ected from the group
consisting of Ct_6 alkyl, C2-6 15 alkenyl, C2.6 al kynyl, C3.6 cycloal kyl,
C,Qaryl, C.9 heteroaryl C, heterocycllc and R ; or two adjacent R3
groups are j HEYE form C,, 6 al kyl ene or --0- (C - al kyPEHEZE53 wherei n
each al kyl, al kyl ene, al kenyl and al kynyl group is optionally substituted
with 1 to 3 substitutents independently selected fromthe group consisting.
of R and R, and each aryl, cycloal kyl, heteroaryl and heterocyclic group

is optionally 20 sul@@%&%ﬁam&eﬁeﬁuchﬂmlém&ﬁa%ﬁnet “2%5135#39%3

selected fromthe group consisting of Rb; one o dr oxy and
the other is hy ﬁ’; R6 and R7 are independently hydrogen or rret hyl; R8
is hydrogen or a gre ayba (i): 25 (i) 30 -3 14 March 2006 WO L

031031449 PCT/ US02/ 534 eacht Rs i s i ndependent |y sel ected fromthe gr oup
consi sti ng of - ORd, Vﬁsﬂselecte@mnthBS(O@?REPSIWC@)'QR@I‘N@Q-O)‘SGQCS(O)‘S(O)2NRdR

-NRdR, - 0) i NRIC(O OR',
-NRAC( O NR4 d@z 8’ cyé&@%i\éﬁg Qgﬂ)i%g%&‘i thrBe ﬁt 'y sg?ect ed fromt he

group consi st| ngyloﬁe,mlﬁal&ﬂkqplandhtﬂcrdarﬂand@mllsOmn@mwsth“@thd 98, each R =
i s i ndependent | %bme%gﬁgpén&glﬁ%g&eg%&q&onsl sting of C3. cycl oaI kyl,

Y* and Y are independesitly C, ; alkylene, or when W is cycloalkylene, arylene
or heteroarylene, Y* and Y® are independcngy selected from 1he group consisting of a
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(O),NR'R®; '
R?is hydrogen or C, ¢ alkyl; ‘
each R is independently selected from the group consisting of C, 4 alkyl, C,
| 15  alkenyl, G, alkynyl, C,, cycloalkyl, Cg ,, aryl, C, , heteroaryl, C;  heterocyclic and
R%; or two adjacent R* groups are joined to form C, ; 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
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):

30




C6.10 aryl, C2.g heteroaryl and C3.6 heterocyclic; wherei yugaavosycl oal kyl ,
aryl, heteroaryl and heterocyclic group is optionally substituted wwth | to
3 substituents 10 independently selected fromthe group consisting of Cl-6
al kyl and R, each Rd and R is independently selected fromthe group
consisting of hydrogen, Cl1.6 alkyl, C 6 al kenyl, C2.6 al kynyl,

C3,, cycloal kyl, 06, 10 aryl C2-9 heteroaryl and C3.6 heterocyclic; or Rd
and R are jOIned together with the atons to which they are attached, to
forma C3..6Wxupesdeyclic ring having | to 3 heteroat ons PCHUBRGRRendent | y
sel ett ed fron1oxygen nitrogen or.sul fur; wherein each al kyl, al kenyl -and
al kynyl group is optionally substituted mnth 1to 3 substltuents
i ndependently selected fromthe group consisting of R and Rf ; and each
aryl, cycloal kyl, heteroaryl and heterocyclic group is optionally
substltuted with 1 to 3 substituents independently selected fromthe group
consisting of Cl.6 #rgaR mm%@wbﬁemomﬁhelmﬁmqu%w ed from

the group con5|s§RngS R‘* gd, a- )2§ al_ g@&mﬁ -N@“ﬁ“ﬁé 10(8 ¢, .- NH2,

-NH(C1-, al kyl), al kyl ,
-NHC(O) CL. 6 aI kyC(O)Nmﬂm‘C( )WO)NR"RE;( ,aNRW ,e)qﬂg C 4

al kyl) 2, -CF3 (10 3: msO, 1,2 or 3; and 25 nisOorl. -4 14 March
2006 WO 03/0314 &TVB02132534 Al so di scl osed herein are |nterned|ates
useful for pPrepari nga@di?pmdﬂpsndoﬁﬂysbbﬂndlﬁmﬂ;emcwimmdm Crs
Accordingly, ¥i des a conpound of formula I R2
OR-Npi 10 orﬁk&gp a@ﬁ%‘r eog wherein:

each R® is independently selected from the group consisting of C; ¢ cycloa]kyl
Cs.0 aryl, C,, heteroaryl and C, ¢ heterocyclic; wherein each cycloalkyl, aryl,
heteroaryl and heterocyclic group is optionally substituted with 1 to 3 substituents
10 independently selected from the group consisting of C, ¢ alkyl and R%
each R?® and R® is independently selected from the group consisting of
hydrogen, C, alkyl, Cy 5 alkenyl, C, alkynyl, C;  cycloalkyl, Ceyo a1y, Gy -
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 seiected from oxygen, nitrogen or sulfur; wherein each aﬂql, ‘alkenyl
and alkynyl group is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of R® and Rf ; and each aryl, cycloaltkyl, heteroaryl -
and heterocyclic group is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of C, ¢ alkyl and R,
20 each R'is independently selected from the group consisting of -OH,
~0C, 4 alkyl, ~SC, alkyl, ~F, ~Cl, ~NH,, ~NH(C, ¢ alkyl), ~N(Cy; alkyl),,
-0C(0)C, 5 alkyl, -C(0)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;;
.mis0,1,2o0r3; and
25 B isQorl.

30 | o -




R and RZ are as defined herein; iS P and P2 are independgptlaydaydr ogen or
an am no-protecting group; P3 is hydrogen or a carboxy-protecting group; Q ]
is a leaving group or a group of the fornula: 20 X R3) mwhere R3 and m are
as defined herein; and X- is an optionally present anion; which conpounds ’

~are useful as internediates for preparing conpounds of formula I* 25 and/or
as antibiotics. In a second aspect, there is provided a conpound of formula-
[1: 30 14 March 2006 R2 O -RL--N-Pt C N : . TI1Il or a salt thereof;

wherein P and"QB/03x& | ndependent | y hydrogen or an ami no- pCoOUSIRBISHY gr oup;
P3 is hydrogen or a carboxy-protecting group; Qis a |leaving group or a
group of the formula: Ilzz:~ I+ - -(R3)mx wherein R is -Y--(Wp-'Yb-;

Also disclosed herein are intenmediates useful for preparing compounds of

formula I, and salts thereof. Accordingly, one embodiment provides a compound of

formuia II:
2
5 R
— RI—N—p1
/0 R*—N—p
Cl Nl
S)\I/l\n/ \
-}*}N O /
10 pz—N
H
or.a salt thereof; wherein
R!and R? are as defined herein;
15 P! and P2 are indep_t_:ndcntly hydrogen or an amino-protecting group;

* Pis hydrogen or a carboxy-protecting group;
Q is a leaving group or a group of the for_mti]‘a:

. -@-—(R?’)
an : + m
20 . ’ AN - N /

T
[

X

where R* and m are as defined herein; and X~ is an optionaily present anion;
‘which compounds are useful as intermediates for preparing compounds of formula I

25 and/or as antibiotics.

In a second aspect, there is provided a compound of formula IT:




- Wis selected fromthe group consisting of -0-, -N(R) -, - $2parck 608 - -

-S(0 2-, C cycloalkylene, C.10 arylene and g-9 heteroaryl ene;.wherein each
aryl ene, cyel oal kyl ene and heteroaryl ene group is optionally substituted
with | to 3 substituents independently selected fromRb; Y and Yb are

i ndependently C, _, al kylene, or when Wis cycl oal kyl ene, arylene or

het eroaryl ene, Y and Yb are independently selected fromthe group
consisting of a covalent bond and C, -3 al kyl ene; wherein each al kyl ene
group is optionally substituted with 1 to 3 substituents independently
selected from- OR-NRdJR, - CO2Rd, -- C(ONRIR and - S(O2NRdR R2 is
hydrogen or C,.E alkyl; each R3 is independeffy selected fromthe group
consisting of C=r6 alkyl, -6 -5a 14 March, 2006 al kenyl, C2, allcynyl, C3-6
cycl oal kyl',. ©6, 10 aryl, C2A heter oarWQ'-‘CB?”G‘MEt’_B’r ocyclic and R or two °
adj acent R3 groups are joined &0 foygn G3 ¢ al kyl ene or -0- (C, _6

al kyl ene)-0-; wherein each al ky{, aijylelle, atkenyl and g kynyl group i S
optionally substituted with | A %
fromthe group consisting of §ka and Ri;

ut i ndependent |y sel ect ed
achlaryl, cycloal kyl,

het eroaryl and heterocyclic groyFNs oBti gpa Qtuted with | to 3
substitutents independently selfcted from’'the gfoup consisting of Rb; each
R is independently select ed*7dn t he group consdsting of -ORd, halo, _ SRa
-S(ORd, -S(O2R a -S(020Rd, -S(O2NRdR , 7MRIR @—=®€82Rd, -0OC(O Rd
C(ONRdRe, -NR dC(OR', - O NRdR NRAC(O) OR, -NRAC(O NRdR', -CF3 and
-OCF3; each Rb i orasidkreeserherein sel ected fromthe group consisting of C .6
al kyl, C2.6 al ke , _ -_'aqa&g edtoloRflgpendent |y sel ect ed
fromthe group c?gﬁdsﬁzgﬁéﬁgﬁéngc%@yg(ﬁ%g%y , EbCJEOt?%tﬁ’gﬁd;ﬂ?PQ het er oaryl and
C34 heterocycl i cP* isthedrogen cpmenbogy-piotesfitggroupar yl ,  heteroaryl and

het erocyclic grOl@isﬁeamé&rggbaérla%r&&m?ﬁyf%g& wth | to 3 substituents

™3
. J—r)
‘\/ N : /

X

" wherein
Rlis - Y- (W),~Y-;

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

Y* and Y arc 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; wherein each alkylene group is optionally substituted
with 1 to 3 substituents independently selected from - ORS, ~NRYR®, -CO;R",
© -C(O)NR'R®and -S(O)NR'RS ‘
. Rlis hydrogeﬁ or C s alkyl; . '
each R? is independently selected from the group consisting of Cy.¢ alkyf,-(‘q R

—Saf




i ndependently selected fromthe group consisting of C, .6 alkyly,#®g R each

Rd and R is independently selected fromthe group consisting of hydrogen,
C .6 alkyl, C2., alkenyl, C2.6 alkynyl, C3.,6 cycloal kyl, C6 10 aryl, Cz.,

heteroaryl and C3 heterocyclic; or Rd and R are joined, together mnth the
atonms to which-they are attached, to forma C3_6 heterocyclic ring having
1 to 3 heteroatons independently selected from oxygen, nitrogen or sulfur; -
wherein each al kyl, alkenyl and alkynyi group is optionally substituted

with I'to 3 suhehtc)etksnyl egia@ 1o arﬁ?d‘q?,cl&teﬁarﬁrrcmﬂeﬁﬁ)cgdﬂmlidCOHSI sting
of RC and R _; aynt&gac ¢ , cmc%illoal het roar(%{ -0 En@d het er ocyclic :
uen

group is opt |R0rP&F‘1"§/adéﬁ§ﬁ§B| Fﬂ?@&rW‘E‘FF“P si idependent | y

sel ected frogtRR)IOOURRRGLISAN LIS enS; afk llédeall@ﬂﬂgWu estiondtiys
i ndependent | %el ect ed fer om t héelkﬁgr oupencons?la%stl &—I OCl4 al kyl

-SCL. 6 al kyl subsmuteﬁenﬂlliwbsﬂm epgngap )}selecw? @:ﬁméheaﬁf?&lﬂef%shngoq OC -6

| kyl O @4(,#%
aC(>C/)) NHCC( 6) a ﬁ%ﬁ'ﬁc\l %ﬂh&e dhﬂ%'%:?_ém@q% I S an optionally

present ani oﬁubsmuteé 1193 @b@irtutsnts eﬁerenfifnﬂtssetycfeil frqm thesgroup LORUSIBE 2006 WD
031031449 5 ' PRI (IJSQ2/ 32534 I n yet another enbodi ment, there is provided a
conpound of foorr’rula [11: R r /O--Rt-Npi N 0-P4. ‘

: each R* is independently selected from the group consisting of ~ OR", halo,

-8SRY ~-S(O)R?, -S(0),R?, -S(0),0R", - S(0),NR'R", ~NR'R", ~ CO,R%, -OC(O)RY,
~C(ONRR®, -NRC(O)R?, ~OC(O)NRR", —N_R"C(O)OR‘, ~NR’C(O)NR?R®, - CF,
-and ~OCF3; '
each R®is mdcpendently selected from the group consisting of C, 5 alkyl, C,
. . alkenyl, C, ¢ alkynyl and R*;

N each R® is independently selected from the group consisting of C, 4 cycloalkyl,
Cq 0 aryl, C,  heteroaryl and C, ¢ heterocyclic; wherein each cycloalkyl, aryl,
heteroaryl and heterocyclic group is opﬁbnalty substit:ixtcd with 1 to 3 substituents
independently selected from the group consiéth‘ag of C,4 alkyl and R

each R? and R® is independently selected from the group consisting of
hydrogen, C,¢alkyl, C, ¢ alkenyl, C, ¢ alkynyl, C; ; cycloalkyl, Co o aryl, oy
hetcr(;aryl and C, hetcrocjrclic; 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, 'ni.lmgen or sulfiir; wherein each alkyl, alkenyt

and alkynyl greup is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of R® and Rf; and each aryl, cyclealkyl, hetéroaryl
and heterocyc!.ic group is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of C, ¢ alkyi and R%;

each R' is independently selected from the group consisting of - OH,
~0C, ¢ alkyl, ~SC\ ¢ alkyl, -F, -Cl, -NH,, -NH(C, ; alkyl), -N(C,  alkyl),,
~OC(0)C, 4 alkyl, ~C(0O)OC, ¢ alkyl, ~NHC(0)Cy.¢ alkyl, - C(O)OH, ~C(OINHL,
—C(O)NHC, 4 alkyl, ~C(O)N(Cy. alkyl),, ~CF,; arid ~OCF;;

X" is an optionally present anion;

mis0;1,2or3; and

nisQorl.
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1l p2 ---N H 10 or salts thereof; wherein R, R2, P anq;f@Z pfeas
defined herein, and P4 is hydrogen or a carboxy protectlng group; which
conmpounds are useful as intermediates for preparing conmpounds. of formula I
or H According to a third aspect, there is provided a conpound of formula
I11: 15 R -R---Npi OP4 20 P2----N H 25 . 30, or salts thereof;
wherein P and PZ are. independently hydrogen or an am no-protecting group;
P4 is hydrogen or a carboxy-protecting group; R is -Y --(W -Yb Wis

sel ected fromwdwesngsaup consisting of -0--, -NM -, -- S(€rfvsoxsist
cycl oal kyl ene, C6.10 arylene and q -s, heteroaryl ene; wherein each
arylene, cycl oal kyl ene and. heteroarylene group is optionally substituted
with 1 to 3 substituents independently selected-from Rb; -6 14 March 2006
Y' and Yb are independently Cl -s al kylene, or when Wis cycl oal kyl ene,
arylene or -heteroarylene, Y' and Yb are independently selected fromthe
group consi st i ngngtt mothensrabaelirherthahate spgowiieds: ehipphushef, fomids Bl:n each

al kyl ene group is-optionally substituted

R2
O-—RI—N—p1
5 N
_ Cl ﬁ
S N _
-
. 0 m
pz—~N
H
10
or salts thereof; wherein R' R?, P! and P? are as defined herein, and P* i is
hydrogea or a carboxy-protechng group; which compounds are useful as mtermedlates
for preparing compounds of formula I or II.
Ac__cording to a third aspect, there is provided a cq;jlpound of formula III:
15 ' | R2
| LO—RI—N—p
Cl NI :
SOy
S N '
20. : - -0
p2—N
H
or salts thezeof; wherein _
” ‘P! and P* are independently hydrogen-or an amindéprotecﬁng‘group;

P*is hydrogen or a carboxy-protecting group;

R'is -Y*- (W)~ Yh-; | ‘

"W is selected from the group consisting of - O-; ~N(R%)-, -S-, -5(0}-,
~8(0),~, C3 4 cycloalkylene, _C,;,,,3 arylene and C, , heteroarylene; wherein each .
 arylens, cycloalkylene and hetercarylene group is optionally substituted with 1 fo 3
30 -'_substitu_ents ‘indepéndently selected from RY; o




with | to 3 substituents independently selected from --ORRy mlRMs: - CO2Rd
-C(ONRAR and -S(O NRIR, R2 is hydrogen or C,.6 alkyl; each -Wis

i ndependent|ly selected fromthe group consisting of -OR, halo, -SRd,
-S(ORd, -S(O2R4, -S(GORd - S(0)2NRR', _NOR!', -CZR, -OC(OW
--C(ONRAR, -NRAIC(O R, -OC(O NRAJR, _NR C(O OW -NRIC(O NRdR, =CF3 and
--OCF3; eachRb is independently selected fromthe group consisting of Cl.6
-alkyl, q.6 alkenyl, g-, alkynyl and R each R is independently sel ected
fromthe group consisting of C3-6 cycloal kyl, Cb 30 aryl, Cx, het2roaryl
and CC4 heterocycllc m@ereln each cycloalkyl aryl heteroaryl and

heterocyclic groupt ifad e wdenendpntly G elkylenes ar whentV fis qydodkdanb.anrylengent s

i ndependent | yoaRlcRatyifle, v M 1HEe HHQPRMAB Sicstkd Rn nd R each
Rd and R |s i ndependent |y sel ecte fromthe gr ougiccg%ngﬁsltéilsﬁ%éo hydr ogen

C,.6 al kyl, cevdenbrrdapd C, caikydeng; whernjn eaclodiylengaravplisoptionally substitated/| |
het er oary| anﬂmﬁ&@ﬁsﬁe&ﬁ&mpeﬁamﬁfw&edﬁan 058, Lgraed ogpget her it the

atons to which ey are at'tach forma C3;” heterocy Ic ring having i
to 3 heter oattﬁ@)NRﬁﬁé?beﬁi@hNRﬁsel ected from oxygen,. nitrogen or sulfur
wherein each al kylpz; orca | kynyl group is opti ona’l |y substituted
with 1 to 3 substltu ts |nde Yen éntly selected fromthe group consi sting

of R and RR ; andacé&h!memﬂdﬂtﬂyﬁlmd@mﬂmmmmwﬁngoa balarocycllc

group i s opti b ie 1 mdent I y

sel ected from't e%rou Sstc(b?"lgl s?% S((:bjjgﬁa ’kb‘lék rfd%’:gj éac

i ndependent | y@@]médwmkh&@@)uﬁ‘wmdﬁmmp-fNR"C(ﬂ)}NR‘K&—lCﬁ al kyl ,

- SC, . 6a|ky| c -NH2, -NH(C,.6 alkyl), --N(C, 4 al kyl)?2, -OC(O)C 6
al kyl , C(O)&fh aF -NHC(O)ClGaIkyI -C(OOH, -C(ONH2, -C(ONHC, .6
al kyl, -C(ONC, . &cthylu)dependﬁEﬁstﬁﬁﬁEﬂ:graqﬁommﬁgbﬂcua&ﬂ ¢4 March 2006

alkenyl, C, alkynyl and R%;

each R®is independently selected from the group consisting of C, ; cycloalkyl,
Ce10 aryl, C, 5 heteroaryl and C, ¢ heterocyclic; wherein each cycloalkyl, aryl,
: heteroaryl and heterocyclic group is optionally substituted with 1 to 3 substituents
. independently selected from the group consisting of C, ; alkyl and R":
' each R? and R® is independently selected from the group consisting of
 hydrogen, €, alkyl, Cyq alkenyl, Calkynyl, C  cycloalkyl, Cyuparyl, G
| hetemaryl and C, ; heterocyclic; or R? and R® are joined, together with the atoms to

; which they are attached, to form a C; 4 héterocyclic ring having 1 to 3 heteroatoms
independgntly selected from oxygen, nitrogen or sulfur; wherein each alkyl, alkenyl
and alkynyl group is optionally substituted with 1 1o 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, s alkyl and R
‘ each R is independently selected from the group consisting of -OH,

~OCy allyl, -SCy g alkyl, ~F, -Cl, -NH,, ~NH(C,; alkyl), ~N(C, ; alkyl),,
o --OC(O)Cl s alkyl, ~C(0)OC, 4 alkyl, -NHC(0O)C, ¢ a]kyl ~-C(0)OH, ~C(O)NH,,
—C(O)NHC, ¢ alkyl, C(O)N(C, s alkyl),, —~CF; and -OCF,; and
nisOorl.
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In separate and di stinct enbodiments, there are provided GeyReKsRe of
formulae 2, 5b, 7, 8, 10, 11 and 13 as defined herein, or salts or o
protected derivatives thereof; which conpounds are useful as internediates
for preparing conmpounds of fornula | and/or as antibiotics. In a fourth
aspect, this invention provides a pharnmaceutical conposition conprising a
phar maceutical | y-acceptable carrier and a therapeutically effective anmount -
of a compound of fornula I, or a pharmaceutically-acceptable salt thereof.
While not intending to be limted by theory, the conpounds of fornmula I are
bel i eved to:inhi bi tInsgparate aad digiict enladdiméitsy shand dre prosidet esraponnddfi fhinhilag t he

growm h of the C I ' | ysis of the bacteria.. Thereforg, anong
ot her properti %?ﬁ, ?’%éi@égﬁa%%g%%s&gfw‘%/%?ﬂﬂ’lOe{sf‘ltsa(fré’r%%"gef‘ftﬁ“ BIVEHPPSPt i cs.
Accor di ngl y, - owlkickntyoptiundsdre psefisliasl asermediatch €5 pedpatifEinpdtnd P ffnala1al
infection in a e t he nethod conprising admnistering to a manmal a

..
phar maceut i cal “SShEOEIPIBES conpri sing a phar maceut i cal | y- accept abl e

carri erhand a therdﬂlelﬁdrﬂaakﬂeyt,mfsfmhﬁimr&hmq%h%a@w?&?pﬁund of foerI al,
or a pharnaceyti -acceptabl e sal.t thereof In.a fjfth aspect, there
provi ded a us ec%%’f’ga_ oﬁty?&?%b'%ﬁthWf?“ﬁ‘&'éﬁeﬁﬁql%cw pRdy therapgupeally
~therapeut i cal |effeativt embiinvef aaompaiind of formslOIRLARAmcedieL thble ©fic @

phar naceuti,caltﬂe\{?-o- acceptabl e salt thereof, in the manufacture of a
medi canent f-or ‘eating a bacterial infection in a mammal in need thereof.

14 March. 2006 V\DWﬁﬂ@:ﬂﬂaﬂeﬁdﬁﬁﬂ%ﬁ(e@ﬂﬁ%ﬁ@&ohﬁ&ﬁhﬁ&ﬁfﬁﬂnﬂ%@g@i xth aspect,
of ba

this inventiop.provides.a nmefhod of inhibiting the grow cteria, the
net hod conpr i &lﬁﬁ%ﬁgﬁﬁﬁ’iﬁgwﬁmﬁﬂ’&“@l’@mb?ﬁlﬂgﬂﬁiwm&ﬁgheanount of. a
conpound of f-amahardausi@rmom%a%mt-&fﬁ%ﬂ@;ﬁ@ﬁém thereof. In a

od of Tnhi :

seventh aspect, this invention provides a ne 't ng bacterial
cel | wal | bi oSt pEformulal aspusefliassotivioticsi ng cont acting bacteria

Accordingly, one embodiment provides a method of treating a bacterial
infection in a mammal, the method comprising administering to a
- mammal 2 pharmageutical composition comprising 2 pharmaceuticaily-acceptable o
carrier and a therapentically effective amount of a compound of formula I,,ora'.
pharmaceutically-acceptable salt thereof. _ -

~ Inafifth aspect, there provided a use of a pharmaceutically acceptable carrier
and a therapeutically effective amount of a compound of formula I, or a

pharmaceutically-acceptable salt thereof, in the manufacture of a medicament for

treating a bacterial infection in a mammal in need thereof.
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with a cell wall biosynthesis- |nh|b|t|ng amount of a conmpqufg.pieckor mul a I,
or a pharnaceutically-acceptable salt thereof 10 Discl osed herein are
processes for preparing conpounds of formula | or a salt thereof.
Accordingly, in an eighth aspect, this invention provides a process for
preparing a conpound of formula I, or a salt thereof, the process
conprising: (a) reacting a glycopeptrde of fornmula 1 as defined herein,

with a conpoun |la 2' as defined herein; or 15 (b) reactl
conmpound of fo?vrrﬁsggfa%éﬂefl ned herein, with a corrpound of P4T; 2é"g'll as

defined herein; or (C) reacting a corrpound of formula 9 as defined herei n,
wth a corrpound of fornmula 13 as .defined herein, to provide a conpound of
formula | or a salt thereof. In one preferred 20 enbodi nent, the above
process further conprises the step of formng a 30

phar maceut i cal | y- accepiddiianabiglid a sikthsgeRmRay ifefonprsvidesa |- In a ninth
aspect, there is provided a process for preparing a conpound according to

formula |, or a phethedefanbibiting thegrensh efhactefiz teatcthot hempmeisig cddwetingr ocess
conprisin reactﬂaggn ch 2006 R4 H3G
_Ngg I‘Si?Sgt ' %%ﬂlﬂm{dfa@éﬁ?&;ﬁ%@oﬁ%@ﬁ C(Sﬁ'pound of

formula 11: or ammm@wmwmw a corrpound of formula | or -4t

thereof 'In a kenth asppflevedlgs roce f preparing a
conpound according to formil a ot '?#ng%\ﬁ mw ?7313 9 gccept abl e salt

_thereof; the pr ogdg’lghmhmmé c&ibnall bxosynﬁmls, the method comprising contacting bacteria

' with a cell wall biosynthesis-inhibiting amount of a compound of formula I, or a

pharmaceutically-acceptable salt thereof,

10 Disclosed herein are processes for preparing compounds of formula [ or a salt
- thereof. Accordingly, in an eighth aspect, this invention provides a process for preparing a

compound of formula I, or a galt thereof, the process comprising:

(a) reacting a glycopeptide of formula 1 as defined herein, witha
compound of formula 2 as defined herein; or
15 _ (b)  reacting a compound of formula 10 as defined herein, with 2 compound
of forinula 11 as defined herein; or
(¢)  reacting a compound of formula 9-as defined herem, 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,

In a ninth aspect, there is provided a process for preparing a compound according
to formula I, or a pharmaceutically-acceptable salt thereof; the process comprising

reacting a compound of formula 10:

30




reacting a conpound of fornula 9: -7a 14 March 2006 or a S@Marchbh®Eeof; W th
a conpound of forrmula 13: OH (R3)m.or a salt thereof; to provide a
conmpound of forrmula | or a salt thereof. In an eleventh aspect, there is
provi ded a product prepared by any of these processes. -7b 14 March 2006 A
twel fth aspect is directed to a conpound of formula |, or a
phar maceutical |l y- acceptable salt thereof, for use in therapy.
~ Additionally, a thirteenth aspect is directed to the use of a conpound of
formula I, or a pharnaceutically-acceptable salt thereof, for the
manuf acture of a nedi cament for tge ecat mrent of a bacterial infection in
a mammal . 14 March 2006 WO 03/ 034, 9. PCPI'US02132534 DETAI LED DESCRI PTI ON CF
THE I NVENTI ON Thi s invention provrgeS.ovel glycopeptide - cephal osporin
conpounds of forrmula 1 or pharﬁﬁt eptable salts thereof. These
conpounds have nmultiple chlrahqqn q loHs regard, the conpounds .
are intended to have the 5 stereochenlstry . Iahpartlcular t he
gl ycopepti de. portion of the conpound is i ; have the
stereocheni stry of the corresponding nat ®all§ urring glycopeptide
(i.e., vancomycin, chloroorienticin A ano-th i Ke). The cephal osporin
portion of the nolecule is intended t& : eochenistry of known
cephal osporin conpounds. Howeve q? y those skilled in
the art 10 that m nor anRAd,S o fArent st, y eochem stry
[ t hi 1# ention

J N_R'I

CH,
CH,

O - '
ey H |
: : - {3 .
HN 11 © |

- or a salt thereof; to provide a compound of formula:f ora salt thereof.

In a tenth aspect, there is provided a process for preparing a compound according
to formula I, or a pharmaceutically-acceptable salt thereof; the process comprising

reacting a compound of formula 9:

~7a-




conposition as a whole is not significantly dinmnished by i kgRi®geNce of
such isoners. Additionally, the linking portion of the conmpounds of this
invention (i.e., R} 15 may contain one or nore chiral centers. Typically,
this portion of the nolecule will be prepared as a racemc mxture. |f
desired, however, pure stereoisoners (i.e., individual enantioners or

di astereoners) may be used or a stereoi soner-enriched mxture can be

enpl oyed. All such stereoisoners and enriched mixtures are included wthin
the scope of this invention. 20 In ﬁddition conpounds of this invention.
contain several aC|d|c groupsHfN_ e scar boxy acid groups) and several
basic groups (i.e., primry and‘éétpﬁdary anlne RPs) and therefore, the
conpounds of formula I can exi st jioyvartQ Ztorms. Al such salt-
forns are included within the gf0pe of this invention. A so, since the
conpounds of formula | contain a pyridiniumring, an anionic counterion for
the 25 pyridiniumgroup nay optionabty ¥ge—-preseht including but not. limited
to, halides, such as chloride; carboxylates, such as acetate; and the
like. Furthernore, it will be understood by .those skilled in the-art that

| abil e or chem cally unstabl e conpounds ack any utility due to
their instability arra spitthereofwithgepgpd ﬁghqﬁé—étope of this invention. For
exanple, it is preferred that 30 conpounds of fornmula | contain at |east
two carbon-at ons between any oxyge (;8 March 2006 WD 03/ 031449

PCT/ US02132534 (-0O-), nltrogen (RAS { sulfur (-S-) atoms in the
-O-R-NR)- npjety, since Eﬁtb t ons EF separated by a single
carbon atomthe resulting conpo : . ai ni ng an acetal,

hem acetal , ketal, henaketal, aﬁgﬂnalQ he@.apte «OH t hi oketal group and
the like) may be hydrolytically unst abl e under Cldb& conditions. 5
Preferred Enbodi nents In the conpounds of : the foll owi ng
substituents and val ues are

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

In an eleventh aspect, there is provided a product prepared by any of these

Processes.
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preferred: In a preferred enbodi nent, the present inventiQpy,Syshogected to
conpounds of 10 fornula la: 15 20 25 30 or a pharmaceutically-acceptable
salt thereof, wherein R, R2, R3 and mare as . -9 14 March 2006 WO

03/ 031449 . :PCT/US42/ 32534 defined herein, including preferred

enbodi ments. In a preferred enbodinent, R is -Ya-Yb-, i.e., when n is O.
In this enbodinent, Y and Yb are independently C s al kyl ene groups
wherein each al kylene group is optionally substituted with I to 3
substitutents independently selected from5 -ORd -NRdRc, -CO2Rd, -C(O NRdR
and -S(O 2NRdR as defined herein. Preferably, Y and Yb are independently
sel ected friom C, . 3 Alikyifikagiccindiremsdeto apbeibundldf YormGla. I2orad ivheneutidvy-e
preferably, r and are joined together (i.e., R) to forma -(CH2)2%--
group. Still n%ﬁcﬁp%ﬁ%%trtg%f’?ﬁo?“sed ®PYare j oi ned together to form a
-(CH2) 2-, - (CH) 3-, Alditiiafly, a thirfebigh aspedlis diréodi to HBRQYBE a dohpduR@bL fofihiRf,| ¥
10 preferred enbodinent, Y and Yb are joined together to form-(CH2) 3-
group. | n anot PeyPhapasceytically-acespfablasalt therrof, fos theymanpfagiyre off a medicapipahfon thes 1.
In this enboditRnty o bR RLREG inddepsAdent |y C .5 al kylene, or when W
is cycloal kyl ene, arylene or heteroarylene, Y and Yb are independently
selected fromthe group consisting of a covalent bond and C, .5 al kyl ene.
Each al kyl ene group in this 15 enbodinent is optionally substituted with |
to 3 substituents selected from- ORd, -'"NRR, - CO2Rd, - C(ONRIJR and -.
S(0) 2NRR as defined herein. Wen Y or Yb is an al kylene group, the

al kyl ene group is preferably a C, .3 al kyl ene group; nore preferably, a

C, .2 alkylene group; still nore preferably, a -(CH2),.2 group. In a ‘
particularly preferred enbodinent, Y and Yb are both - CH2- and Wis C6.10
aryl ene

~To-




20 optionally substituted with 1 to 3 substituents indepepgdanil wosel ected
fromRb as defined herein; nore preferably, Wis phenyl ene. In another
preferred enbodinent, r and Yb are both -CH2CH2 and Wis --0-. Wen
present, Wis preferably C& o arylene or -0-. Mre preferably, Wis

phenyl ene or - 0-. 25 Preferably, R2 is hydrogen or C,.3 alkyl. Mre
preferably, R2 is hydrogen. When present, each R3 is preferably

i ndependently selected fromC,-6 alkyl, C3-d cycloalkyl,.- OR', -SRd, -P
or -C; or tWweoaMitdent R3 groups are joined to form C3PENRGRERE4 In a
preferred enbodinent, R4 is hydroxy and RS is hydrogen. In another 30
preferred enbodi nent, R4 is hydrogen and R5 is hydroxy. -10- 14 March 2006
WO 03/ 031449 PCTI US02/ 32534 Preferably, RS is hydrogen and R7 is nethyl.
Preferably, R8 is hydrogen. Preferably, one of X and X2 is chloro and the

other is hydrogen; or both are chloro Nbre r ef er abl X and X2 are both
chloro. 5 1n a preferred H@gTHFQNVﬁg% ONhydrogen; R6is

hydrogen; R7 is net’mﬁkmvén\{oﬁﬁmm@&magarglyc@ﬁeﬁhd&- cefhdloshériA téindoakdd o€ hl OF O

~ (i.e., the g|nypeptI portion is vancomycin). | n another B;eferred
enbodi ment, R4 ifermulad psgl@ﬁnacwncalb-%mt%l@falts@rqog Thpel pORROHRdS Rave] s rret hyl ;
- R$ is a group ofpfifg :évaﬁlfalceﬁ&mimﬂnﬁssr Mé@cﬁfmﬁ@walﬁmdeaeha&%' ., the

gl 'ycopepti de portlon is chloroofieniticin or . I'n a preferred
enbodi nent, 5n|§teoeochemsamehm km@i%h@ummmqmonnﬂhscqnmndlz nor e

preferably, 1. I Shoc mrap}, g""ﬁ%“ nd the two R
groups are JOIne eﬁﬁ& 3ﬂ%¥ﬁ£}E?E?@gﬁékggﬁﬁggﬁﬁggggére erab Qa C3-4

- al kyl ene group ﬂmw@d&m@mygn@bmﬁemummdw!#)-%thaosmme t hose
of formila la "‘"}:‘8&%11 Of the molecule is intended to have the stereochemistry of known

(ﬂ‘_ . cephalosporin compounds. However, it will be understood by those skilled in the art

10 that minor amounts of isomers having a different stereochemistry from that shown

may be present in the compositions of this invention provided that the utility of the
" composition as a whole is not significantly diminished by the presence of such
isomers.
Additionally, the linking portion of the compounds of this invention (i.e., R")

‘15 may contain one oz more chiral centers. Typically, this portion of the molecnle 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.,
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 compounds 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-
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R is --Y-(W.-Yb-, where nis 0 and rand Yb are j oi ned tegetbapsto form
-(CH2) .- group; R2 is hydrogen and mis 0 or a pharmaceutical l'y-acceptable
salt thereof. In this enbodinent, R (i.e., r and Yb taken together) is
preferably a -(CH -1 - (CH2)3-, --(CHZ)4-1 - (CH2)5- or - (CH2)6- group;
‘nore preferably, 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 pharmaceutically-acceptable. salt thereof. 25 30 -11 14
March 2006 WYQ®®34U49 Table | 5 10 15 20 25 PCT1US02/ 3XSTASE32534

No. Y wbnR2R3m 1- CH2CH2- - - - CHZ-0-H--0 2- CH2CH2- - - - - CHz .0-H1

3-CH2CH2- - - - CH2-0-H3-CH, -1 4-CH2CH2- - - - - CH2- 0- H4- CH, - |

5- - CH2CH2- - - - - CH2- - 0- H2- CH3O- 1 6- CH2CH2- - - - - CH2- 0- H3- CH3O 1

7- CHZCHZ---CHZO HA4- CH30-

(-0-), nitrogen (~N<) or sulfur (- S-) atoms in the -O- R‘-N(R’)— moiety, since
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.

5
Preferred Embodiments
In the compounds of formula 1, the following substituents and values are
preferred:
( In a preferred embodiment, the present invention is directed to compounds of
10  formulala:
H,C, NH,
HO ;
OH
HC” o™ o, WOH
OH
15 : : o 0
.20
C
25
30 : or a pharmaceutically-acceptable salt thereof, wherein R, R%, R? and m are as

-9



- 8- CH2CH2- - - - - - CHZ- 0- H2- CH3S- | 9- CH2CH2- - - - - CH20- H3- CH3S- | 14 March 2006

10- CH2CH2- - - - - CHZ- 0- H4- CH3S- I 11- CH2CH2- - - - - CH2-0- H2-F-1
12- CH2CH2- - - CHZ0- H3- F-1 13- CH2CH2- - - - - CH2-0-H4-F-1

- 14- CH2CH2- - - CH2-0-H2-d -1 15- CHzCH2- - - - - CH2- 0- H3-d -
16-CH2CH2- - ---CH2-0- H4-C -1 17- CH2CH2- - - - CH2- 0- H2- Ph- 11

18- CH2CH2- - - CH20- H3- Ph- 19- CH2CH2- - - - CHZ- 0- H4- Ph- 1
20- CH2CHZ- - - - CH20- H4- cycl opropyl - 1 21- CH2CHZ- - - CH2- 0- H4- [ HOOCCH2S- ] 1
22- CH2CH2- - - WpB/@14 NH2C( O) - 1 23- CH2CH2- - - CH2- 0- H2, 3- diPCTmSN22534 .
24- CH2CH2- - - - CH20- H3, 4-di - CH3- 2 - 12 14 March 2006 WD 03/ 031449 5

PCTI US02/ 32534 Fx. R No.y' wbnR2R3m 25- CH2CH2- - - - - CH2- 0- H3, 5-di - CH, - 2
26- CH2CH2- - " - - CH2- 0- H3, 4- di - CH3O 2 . 27- CHZCH2- - - - CHz- OH3- CH3- 4- CH3O- 2
28- CH2CH2- - - - - _CHz -0-H3-CH30-4-F-2 29- CH2CH2- - - - CH2- 0- H2, 3-[ - (CH2) 4-) 2

defined herein, inciuding preferred embodiments.

In a preferred embodiment, R! is - Y*- Y®-, i.e., when nis 0. In this
embodiment, Y* and Y® are independently C, ; alkylene groups wherein each alkylene
group is optionally substituted with 1 to 3 substitutents independently selected from

5  -ORY -NR°RS, -CO,RS, ~C(O)NR'R® and - S(O),NR'R® as defined herein.

' Preferably, Y* and Y are independently selected from C, ; alkylene; and more
preferably, C,, alkylene. More preferably, Y* and Y® are joined together (i.e., R') to
form a —(CH,),.s~ group. Still more preferably, Y* and Y® are joined together to form
a~(CH,),~, -(CH,),-, -(CH)~, ~(CH,)s— or -(CH,)s— group. In a particularly

10  preferred embodiment, Y* and Y® are joined together to form - (CH,),~ group.

In another preferred embodiment, R? is - Y*~W-Y"-, i.e., whennis 1. In this
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, ; alkylene. Each alkylene group in this

15  embodiment is optionally substituted with 1 to 3 substituents selected from - OR?Y,
~NRR?, -CO, ",. -C(O)NR?R® and - S(0),NRR® a5 defined herein. When Y* or Y*
is an alkylene group, the alkylene group is prefel_'ably a C, , alkylene group; more
preferably, a C,; alkylene group; still more preferably, 2 ~(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

ng‘ 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 pfefcrably Cy.10 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, ¢ alkyl,
C, 4 cycloalkyl, -ORY, -SR?, -F or - Cl; or two adjacent R? groups are joined to form
C,4 alkylene.
_ In a preferred embodiment, R* is hydroxy and R® is hydrogen. In another
30  preferred embodiment, R? is hydrogen and R® is hydroxy. '
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30- CHZCHZ2- - - CH2- 0- H2, 3- (- CH2CH2CH2-) 2 31-(CHz},----- (CHz) 4 Qrihiz‘fﬁ
32- CH2CH2- - 0- - CH2CH2- 1- H---0 33-CH2-1, 4- (- Ph-) 2- CH2- 1-H---%) 6 Ig = phenyl
. 2 1,4-(-Ph-) = 1,4-phenylene In the internmediate of fornmula Il: Qis
preferably. hal o or the defined pyridiniumgroup. 15 P} is preferably
hydrogen or tert-butoxycarbonyl. P2 is preferably hydrogen or S
tri phenylnethyl. P3 is preferably hydrogen orp-nethoxybenzyl. R, R2, R3
and mare preferably as defined herein including any preferred _
enbodi ment s, WOW9dHi448ents or- values. 20 In the interned at@egsbrissknmul a |11 :
P' is preferably hydrogen or tert-butoxycarbonyl. P2 is preferably
hydrogen, fornyl or triphenylnethyl. P4 is preferably hydrogen, Cl alkyl
or p- met hoxybenzyl. R and R2 are preferably as defined herein including any
preferred 25 enbodi nents, substituents or values 14 March 2006 WO

03/ 031449 PCT/ US02/ 32534 Definitions Wyen describing the conpounds,

conposi tions, met hodBrekrdlypRols bxdragengpd Rs methdyention, the fol | owing terns
have the fol | ow ng npapiMPSRE HAlRsEnOt herwi se indicated. 5 The term
"alkyl" refers to a monoval ent saturated hydrocarbon group which nay be

linear or branched. ¥ssfeedly. enetnf XnpadeXdeehloraand theether i ydrogen: eahodh agpi cal | y
contain from |tk Mcé PRfraBlyoXBand3eRFSthidEJ. Ve al kyl groups include, by

o XAl o e oin OB by s Bl OB N UYL, sec buty
is methyl; R? is hydrogen; and X' and X are both chloro (i.e., the glycopeptide portion
is vancomycin). | .
In another preferred embodiment, R* is hydrogen; R® is hydroxy; R® is
(-.- : hydrogen; R is methyl; R® is a group of formula (i); and X' and X2 are both chloro
10 (i.e., the glycopeptide portion is chloroorieniticin or A82846B).
In a preferred embodiment, 7 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,, alkylené
group.
15 A preferred group of compounds of formula I are those of formula Ta wherein
R'is -¥Y*-(W),-Y®-, where nis 0 and Y* and Y® are joined together to form a
—(CH,), o~ grdup; R? is hydrogen and  is 0; or a pharmaceutically-acceptable salt
thereof. In this embodiment, R' (i.e., Y* and Y® taken together) is preferably a
-(CHy,-, -(CH,);~, -(CHy),~, -(CH,)s- or ~(CH,),~ group; more preferably,

20 -(CHy),-.
(V _ _ Ancther preferred group of compounds of formula I are those of formula Ia
- wherein R', R, R? and m are as defined in Table I, or a pharmaceutically-acceptable
salt thereof,
25
30

~}1-




pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl and {/g.LiJ8s 10 The
term"al kyl ene" refers to a dival ent saturated hydrocarbon group which my
be linear or branched. Unless otherw se defined, such al kyl ene groups
typically contain from1l to 10 carbon atons. Representative al kyl ene
groups include, by way of exanple, nethylene, ethane-1, 2-diyl
("ethylene"), propane-1,2-diyl, propane-1,3- diyl, butane-I1,4-diyl,

pent ane-1,5-diyl and the like. 15 The term "al kenyl" refers to a monoval ent
~unsat ur at ed WAPBEEH¥Hon group which may be linear or br GHISERAEFHd which
has at |east one, and typically 1, 2 or 3, carbon-carbon doubl e bonds.

Unl ess ot herw se defined, such al kenyl groups typically contain from2 to
10 carbon atons. Representative al kenyl groups include, by way of exanple,
et henyl, n-propenyl, isopropenyl, n-but-2-enyl, n-hex-3-enyl and the |ike.
20 The term "al kynyl" refers to a nonoval ent unsaturated hydrocarbon group
whi ch may be |inear or branched and which has at |east one, and typically
-1, 2 or 3, carbon-carbon triple bonds. fdg@ss ot herw se defined, such

al kynyl groups typically contain from2 to 10 carbon atons. Representative
al kenyl ‘groups include, by way of exanple, ethynyl, n-propynyl,

n- but - 2-ynyl , ex- 3-ynyl and t [Tke. 25 Thelter aryl refers[tg a
nonoval ent  ar onfat'’f d—hydr-ecatbon—havi-ng—a—singhe ri g (i.e., pheny or
fused rings Bi.leNe. lnaphehal we §eRd flned RSuch af
groups typicall ntarn i1r rTRg.agjons. Represen ve
aryl groups i “CHOHaV of “exa Ié*“%he v tafld Inapht bat ene-1-
napht hal ene- 2- angithe |i ke..30 The{ggrn1"@rykﬁme" refies to & gijval ent
H N lo ) : - 1 4.4 A D ) 00 A f\fadf\f\d 440
aromati c hydr ocClarogir—avigTa STIgre- 14 14 Nar ¢ 2oV UsITUOS I44
PCTI US02/ 32534 [ri3nd ($HE€H:- phenyt ene] oiCHusqdd iHgs (i . S-CHim 1
Aapht hal enedi yl)) .4, Unlggssyot herwi se defingd. [sg¢hganyl ene oups tppijcal ly
ontain fromé jro—do-edrbbn F—-e—at-B15- t-at-ve 4%§$"“" g+pHys
i ncl ude, by l0ay| & |exGPHe, |1, 2—phen_Ieﬁ@h~1,31[hﬂhjlene2{$w}pheny tie,
napht hal ene- 1, ) qsl Wi Lcﬁléﬁp-t 1a| ene-2, f- d—'C¥f,—’ ené:i thelll kes-CH,o— 1
7 - CHchz— — - CHZ— 0 'H 4'CH30- ]
8 | -CH,CH,- — -CH,- |o| H 2-CH,S~ H
9 - CH2CH2"' — = CHz'" 0 “'H 3‘CHJ S i I
15 10 | -CHCH,~ | - - ~CH,- 0| -H 4-CH,S- 1
11 | -CH,CH,- -— -CH,- |O0]| -H 2-F- 1
12 | -CH,CH,- — -CH,- 0| -H 3-F- 1
13 | -cH,CH,- - ~CH,- 0} -H AF- 1
14 | -CH,CH,~ — -CH,- 0| -H 2.Cl- 1
20 15 | -CH,CH,~ - -CH,- o0} -H 3-Cl- 1
Ct | 16 | -CH,CH,- — ~CH~ f|o|-H 4-Cl- 1
17 | -CH,CH,- - -CH,- 0| -H 2-Ph-! 1
18 | ~CH,CH;- - -CH,- 0| -H 3-Ph- I
19 | -CH,CH,~ - -CH,- 0| -H 4-Ph- 1
25 20 | -CH,CH,- - -CH,- 0| -H |  4-cyclopropyl- 1
21 | -CH,CH,- — -CH- |o]| A 4-[HOOCCH,S-] 1
22 | -CH,CH,- — -CH,- |0| -H 4-NH,C(0)- 1
23 | -CH,CH,- — -CH~ Jo0| -H 2,3-di-CH, - 12
24 | -CH,CH,- — -CH,- 0| H 3,4-di-CH;- 2




5 The term"cycloalkyl" refers to a nonoval ent saturated gagheeMpki C

hydr ocar bon group. Unl ess ot herwi se defined, such cycl oal kyl groups
typically contain from3 to 10 carbon atons. Representative cycl oal kyl
groups include, byway of exanple, cyclopropyl, cyclobutyl, cyclopentyl,

- cycl ohexyl and the |ike. The tern1"cyc|oa|ky|ene" refers to a dival ent
saturated carbocyclic 10 hydrocarbon group. Unl ess ot herw se defined, such
cycl oal kyl ene groups typically contain from3 to 10 carbon atons. '

Repr esent at i V¥O&3/@itda| kyl ene groups include, by way of &SCaAMERE2534

cycl opropane-1, 2-diyl, cyclobutyl-1,2-diyl, cyclobutyl-I,3-diyl,

cycl opentyl -1, 2-diyl, cyclopentyl-1,3-diyl, cyclohexyl-1,2-diyl,

cycl ohexyl -1, 3-diyl, cyclohexyl-1,4-diyl, and the like. 15 The term "hal 0"
refers to fluoro, chloro, bronb and iodo. The term"heteroaryl"™ refers to a
nonoval ent aronatic group having a single ring ortwo fused rings and
containing in thegxrling at | east oge heteroatom (typjcally 1 to 3

het er oat orns) sel.ected_fronnitrogeny oxygen [or [syl fur. Unlkess ot hervi se
defined, such L& M&ﬁ&&ﬁg i
34 veCH%ﬁ -heteroaryl foragps iingllugiel by swaycal ex

at ons. Repr esen
nonoval ent Species “yi‘i‘u e trazr-ot e—t Ritaz ¢t CTOXazZorTe, -ttt g

t hi ophene, t hazpré, g@ﬁﬁﬂﬂlé, i soxazpl eCHi sdthilatlol e, B irdOe, 24dzi ne,
pyridazine, pyrjgydir r1azine, indlol ey berjzoffugan, _opbiend,
pyr i dazine. pyrl gy & gy ol 2 ol Derlop ui). seenaeiy oOPs

qui noxal i ne and} &g +CH.EH.-Wher e+ he poi+tH,of aﬂtaﬂhnent3-CH,Ca+Fany avgdi | abl e

carbon or € ngyatom The T "Hel ér fers ffola
di val ent ar o%tw I pe&m ngd of _&a‘ f..g‘jﬂ(érﬂg) 3 amg_
‘containing at |jEast amgchgt=roaLon1( ymgayly o|tm Bziwmmmc&wnﬁ;) 34l ect ed
Tomnltrogen ' or_suf fur-Tm e T ong T [uUnffessjornerwse  deffrndd,

such heteroaryleﬁ gr &yt ypicariy 10H@ Hoa frbmH fo 10 tatal ring®dtons. .
30 Representatipigs et@yenly| eneqgrou scgngiucelthm pay of exanple,]| glijval ent
species of -15 S PEF-HRE 2534
33 ~CH,- 1,4-(-Ph- ¥ -CH,- 1§ -H — 0
10 '"Ph=phenyl .

21,4-(-Ph~) = 1,4-phenylene

In the intermediate of formula II:
Q is preferably halo or the defined pyridinium group.
15 P! is preferably hydrogen or fert-butoxycarbonyl.
P? is preferably hydrogen or h‘iphenylmethyl.
P? is preferably hydrogen or p-methoxybenzyl.
R', R% R® and m are preferably as defined herein including any preferred
C: ' _ embodiments, substituents or values.
20 In the intermediate of formula III:
P! is preferably hydrogen or terr-butoxycarbonyl.
' PYis preferably hydrogen, formyi or triphenylmethyl.
P* is preferably hydrogen, C, alkyl or p-methoxybenzyl.
R' and R? are preferably as defined herein including any preferred

25 embodiments, substituents or values
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pyrrole, imdazole, thiazole, oxazole, furan thiophene, trjggQlsoePYrazole,
| soxazol e, isothiazole, pyridine, pyrazine, pyridazine, pyrimdine,
triazine, indole, benzofu an, benzothi ophene, benzi m dazol e, benzthiazole,
~qui noline, isoquinoline, quinazoline, quinoxaline and the |ike, where the
poi nt of attachnment is at any available carbon or 5 nitrogen ring atom
The term "heterocyclyl" or "heterocyclic" refers to a nonoval ent saturated
or unsaturated (non aromatic) group having a single ring or multiple
condensed ri rng@oxa3e49 containing in the ring at | east one HoFUSIABai30M
(typically 1 to 3 heteroatons) selected fromnitrogen, oxygen or sulfur
Unl ess ot herwi se defined, such heterocyclic groups 10 typically contain
from2 to 9 total ring atons. Representative heterocyclic groups include,
by way of exanple, nonoval ent species. of pyrrolidine, indazolidine,
pyrazolidine, piperidine, 1,4-dioxane, norpholine, thionorpholine,

pi perazi ne, 3- Definitiensi ne and the |ike, where the point of attachnent is at

any avail abl e carbonwﬂ&“hgﬁg§@?§ﬁmﬁgﬁ%d$E@g&?ﬂﬁgggg?&ﬁ%ggbﬁggggLﬂﬁgorin" S

used herein in its art recogni e e 0 a actamring

syst em havi ng t fnyeiition] thevoHgwige teemshave the followingmepamingsbaniésnotheryisst em 20 25
The term "gl ycogeptige antibiotic" or "glycopeptide” is used hereininits
art recogni zed manner to refer to the class of antibiotics known as

gl ycopepti des or  daltsdémmeplkyld exfers ®aanonbualent satirgbdhydiRcarbiaogoug) vehich

"d ycopeptide Antibiptics’ LCgl kker . nd. r. rences
cited therein. ﬁ'éﬁ?%@%“ﬁ"t”?tb fa\l}gﬂ%&l glé%sﬁé)p e‘lk‘ﬁseesdekﬁeﬁtﬁuélﬁgééﬁg i llga?]], A82846A
(eremonyci n), Asaftddiorhdhd HF eadroneatotris.CReprékpntatBe alk@2elbCincldde, 5P 86y ofA '
(orienticin A, PA-42

03/ 031449 PCT/ USH %% 9‘10'?1‘2"89‘;-5‘?4’%?%&’\75%{’5?% d%‘ui"%r}’?" ‘%elg‘%ﬁ?‘e i?%??‘@%éf’%g{“ﬁ = ’u"tz gogr :AD
ecogni zed nmanneéntilon-texflon-hepyl, #-butyl gl-yomelh afdédybamd sietlikbi ot i ¢ known as
anconycin. ld n the CHiRamn lgr];e” tre s at ngarl.'e%t saturated hydrocarbon group which

may be lincar or branched. Unless otherwise defined, such alkylene groups typically
contain from 1 to 10 carbon atoms. Representative alkylene groups include, by way

" of example, methylene, ethane-1,2-diyl (“ethylene™), 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 hydrocarben 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 typicaily 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-y1,
and the like. '

30 The term “arylene” refers to a divalent aromatic hydrocarbon having a single

~14-




invention, the point of attachment for the | i nki ng noi ety 1 §.2a 2dobre
"C-termnus" of vanconycin. 5 The term "pharnaceutically-acceptable salt"
refers to a salt which is acceptable for admnistration to a patient, such
as a mammal (e.g., salts having acceptable mammualian safety for a given
dosage regine). Such salts can be derived from pharmaceutically-acceptable
i norganic or organi ¢ bases and from pharnmaceutically-acceptable inorganic -
or organic acids. Salts derived from 10 pharmaceutically- accegtable

i norgani ¢ baS¥R¥%BMde al umi num anmoni um cal ci um  copEAESAERY i ¢,
ferrous, lithium magnesium nmangani c, nmanganous, potassium sodlun1 zi nc
and the like. Particularly preferred are ammonium cal cium nmagnesi um

pot assi um and sodium salts. Salts derived from pharnaceutical ly-acceptable

~organic bases include salts of prinary, secondary and tertiary am nes,

I ncl udi ng substi.tuted | vV C] t anines
and the i ke, - st CEerenyAR) Afisaphfs 6.5, APhRRRR DT bRl e
N, N - di benzyl et kycherykede gmixpseypi@llpcdnydiraﬁtimé,to mcaﬂbnmtﬂwéms rRaptelsmtmv:

2-di hyl I hol i
2 ety o et R B s PP, Lo P

i sopropyl am ne, phmﬂmnemmhmﬂhyigiﬂgaﬁmmHHMnmzmhglambmeﬁhpera2|ne

pi per adi ne,” 20 poly ne res »Rrocai n r|n S m ne,
trlethylamng tri ik Loaﬁ(ylt fff‘g"p%ﬂ’%{‘r?lg ?aﬁelﬁ’ 'ﬁg and the |ike.
Salts derived faﬁmcabamgiamtmmwbﬂzm@emﬁaab&myasﬂmgtonpdty;deulacet| c,

ascorbi c, benzenesul enz hosujfon
et-hanesul f oni c, gt Fﬁ@gﬁPéw“ﬁ1 iTﬂ@ﬂﬁW?PSHFBH%PYE?Y

hydr obr omi c, hupkxaﬁislle er¢16pmpy$,ey&1¢uwi chld»paﬁttyl @miohagl aldinetite, maleic, malic,
mandel i ¢ nethanesulfonlc al.enesul foni.c, picotinic,

: cig, na
rtric, pamoic, pantQ€HER; Eycoﬁﬁg@ Qé?fF’EP” Yot sfumated GbORNCle  tartari c,
g t ol .uenesujg ongﬁm&@oﬁ fieug. i thess Rﬂ\éﬁwﬁsﬁ%ﬁfeh,\éuﬁ@él@d]kﬁ&e @folps tﬁh&dllyc

hydr obr om c, ochlorlc mal ei ¢, phgosphori c, furic and tartaric acids.

The term"salt F%%W%%W“ Fb“@?ngﬁmﬁﬁtBﬂﬁﬁﬂﬁﬂwFﬂw Iipregrowms e Pbgen of an
acid is replac ed:aPMeﬂaxﬁ;ﬂé Icsaﬂb W: ,23iyR cfaidbatyl-£,21diyRyQsbuil-13LdANI C cation
and the like cation and the |ike). Preferabkg t he salt
is a phar mace ut pxy 1 l@7d1yl cyclopentyl-l ~3-diyl, cyc]ohexyl-l ,2-diyl, cyclohexyl-1,3-diyl, -

cyclohexyl-1,4-diyl, and the like.

15 - The term “halo™ refers to fluoro, chioro, bromo and iodo,
The term “heteroaryi” 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 pymrole,

C\ 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 nitrogén 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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14 :March 2006 WO 03/ 031449 PCTI US02/ 32534 acceptabl e salt j,glthsysgh this is
not required for salts of internedi ate conpounds which are not I ntended
for adm nistration to a patient. The term "therapeutically effective '
amount” refers to an anmount sufficient to effect treatnent when

adm nistered to a patient in need of treatnent. 5 The term "treating" or
"treatnent"” as used herein refers to the treating or treatnent of a

di sease or nedical condition (such as a bacterial infection) in a patient,
such as a muwewsgpdr ticul arly a human or a conpani on anipe@fUpezigsiseh -

i ncludes: (a) preventing the. disease or nedical condition from occurring,

i.e., prophylactic treatnent of a patient; 10 (b) aneliorating the disease
or nedical condition, i.e., elimnating or causing regression of the

di sease or nedical condition in a patient; (c) suppressing the disease or
medi cal condition, i.e., slowing or arresting the devel opnent of the

di sease or medi errole dridizpleothiagele. axarale; frpn thiephene; winzle, pwarols, ismepzelhe synpt ons
of the disease abbdl GotigiedPithdibe?Pyriddei #gimhé%ﬁyzm Th®1d, 8B furan

"growt h-i nhi bi tlps%g aﬁ%%ﬁ{@ r’gﬁers’ﬁygl an.eeé unt suffi g’l ent 'to inhi'bit the
growt h or repr obenzothiopheos, benzirideasls; bexrthisrale quigeling; isqquizplinegquinggadine.deat h or

lysis of the s J aﬁnlq i gfg-uggii i j term
"cell wall bi osbn[ esnlggag{in [ ?’ﬁhﬁg%ﬁt “re ee%lﬂslyiﬁgnﬁ%ag%%r%@ggr
sufficient tD i nimogantringetom. wal | bi osynthesis in a mcroorgani smincluding

gram posi i ve  bact efl fum DRrbSLY o BRI AGLIR QU oS Duebddls | 0Nl

group or atom whi ch can Dbe unctronal group or atom
in a substituti omametdi{hararonsatichgra laving a sihgloping drinmitipkbenidnsediriogs andact i on.

o Y o e SRS Mo AR e o
(;rr osyl ate, nosy fraineitmgeh, bxygen émamemmmdeﬁnedgmh paerosalidgraps such as
7 azabenzong i Azl g oih s ol A R REp e bR RS ero B4R B5e 0t OV

include, 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 f-lactam ring system having the following general formula and numbering

system:
'y H .
2 S J6 7'-“\N\n/R
20 A B o
N—%
@ - R-3NTTs o5
0~ ©OH
25 The term “glycopeptide antibiotic” or “g_lycopeptide” 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 AB82846C,PA-42867-A (orienticin A), PA-42867-C, PA-42867-D and the like.

-16-




~and the like. The term"protected derivatives thereof' refgfg.sod
derivative of the specified 30 conpound in which one or nore functional
groups of the conpound are protected -18 14 March 2006 WO 03/ 031449

PCTI1 US02132534 from undesired reactions with a protecting or bl ocking
group. Functional groups which may be protected include, by way of

exanpl e, car box‘yl I c acid groups, am no groups, hydroxyl groups, thiol
groups, carbonyl groups and the |like. Representative protectin roups for
car boxylic ac‘Vég ‘g‘i‘l‘t‘?ude esters (such as ap-met hoxybenzyll’(g"@@!g?:‘g am des
and hydrazi des; for am no groups, carbamates (such as tert- butoxycarbonyl)
and am des; for hydr oxyl groups, ethers and esters; for thiol groups,

t hi oethers and thioesters; for carbonyl groups, acetals and ketals; and the
i ke. Such protecti ng groups are well-known to those skilled in the art
and are descri bed, ex ne and M Wits, Protecting
Groups in Organic Syﬂlfeﬁg& SVQB;%, |‘FH“E£TIEF‘P6WSW@§’“ZWW<WEE§’99 and
references cit edheddiropiptide ahtibiofickndivn asvanconpial Brthé ABnpYuAI4RT the flegsht 10 a

protecting group suitabl e for eventin ndesj red reactions ,at an am no
group. Repr esentBEriAR: 'gﬁ?‘ﬂ’ﬂf“ﬁf' {%‘B‘fqt%thegﬁ"@u%?"ﬁeﬁdﬁ ‘ﬁ&l? CHemMEefot 1inited
to, tert-but oxye.@idag 4. (BOO), trityl (Tr), benzyl oxycar bonyl (Cbz),

9-fl uorenyl hoxyc onyI Fm)c) or ny|l hyI si | 15 (TMB), '
tert-butyl d t hyl s?h}?l E“"IYT@“PRW °f5éPPn9 %‘&#‘@dﬁy prot ecti ng
group” refers t@e@ @El@fo?ﬁdﬁ:ﬂﬂtﬂfoﬁ%ﬁaﬁéﬂt%h&ﬁasfa%mm&[&\ge@.&ltsrﬁﬂwh@des' red
reactions at an car boxy group. Represent ative car boxy aProt ect| ng groups

i ncl ude, but ar @°§pfeb FPW@éFntséf danagiven desagaregime) S enVF re-

butyl, benzyl (Bahp h&ﬁi@éﬂ@ﬂ?ﬁ@d& %ﬁleﬁ%%co&r%&uﬂ%&@ﬂd@n@yl (Fm,
trimethylsilyl 20 (TM5), ter | di net hyl si % ? di phenyl net hyl

gqenz hydryl , DPRjarspasutiqally-aqeppiabl e’@ﬁ%ﬁ%ﬂf OfARIC h‘é@si- The

ross-1inkegp 9 YEARERYEERy-accERRHNAhARAY a8es GO MR A arhbriurh, Wk 0N
copper, ferric, ferrous, lithium, magnesium, manganic, manganous, potassium,
sodium, zinc and the like. Particularly preferred are ammonium, calcium, magnesium,
potassium and sodium salts, Salts derived from pharmaceutically-acceptable organic
bases include salts of primary, secondary and tertiary amines, inclﬁding 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, ethylenedianine, N-
eﬂiylmorpho]ine,‘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, methanesuifonic,

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 thercof” 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-

-17-




25 can be prepared fromreadily available starting nmateri gkg.Mgbdag t he
follow ng general nethods and procedures. It wll be appreciated that
where typical or preferred process conditions (i.e., reaction
tenperatures, tinmes, nole ratios of reactants, solvents, pressures, etc.)
are given, other process conditions can al so be used unl ess ot herw se
stated. Optinumreaction conditions may vary with the particular reactants
or solvent 30 used, but such conditions can be readily determ ned by one
- skilled in thweoewsiay routine 19 1 4 March 2006 WO 03/ @81T480/38EY |
JS02/ 32534 optim zation procedures. Additionally, as will be apparent to
those skilled in the art, conventional protecting groups nmay be necessary
or desired to prevent certain functional groups from undergoing undesired
reactions. The choice of a suitable protecting group for a 5 particular

fractional group as well as suitable conditions for protection and
deprot ecti on of acepkblé saitcithonsh thigis ootyequiredfongalts ofintemisdiale compounds
Protecting grougaihgkﬁs{'&Bﬁﬁg&g&@ﬁghhhM%S gﬁgg‘in t he procedures descri bed
herein may be use&, fodesiTed, or exanpl®, nunerous protecting groups,

- and their introduct iThetandthempoticdlly efeaive gogot irtferd t¢ ap amountsufficisntie and G

0 " Shs R SRl A I ol B o ey
synthesis, t$ie conpdlirdsmdiredtiog ol aeament taspsed areindefeis o @eaaﬁhmgr a
oL Yoopept . of L iufy dotF R i P e B B0 s °,
March 2006 WO 03#ch3d 4 hamRAThidGaii1s 2 hirar(r-a-chhpddidrAnintal) @thidl includes:
(@)  preventing the disease or medical condition from occurring, i.e.,
(’ A prophylactic treatment of a patient;
10 (b)  ameliorating the disease or medical condition, i.e., eliminating or
causing regression of the disease or medical condition in a patient; .
(¢)  suppressing the disease or medical condition, i.e., slowing or arresting
the development of the disease or medical condition in a patient; or
(@  alleviating the symptoms of the disease or medical condition ina
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
C : bacteria. 7 "
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, suchas 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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5 (R3)m 10 wherein R, R2, R2 and mare as defined herein, . Roceal t 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 2, or a salt thereof, with about 0.5 to about 1.5
equi val ents, preferably about 0.9 to about 1.1 equivalents, of a conpound
~of fornmula 2 in an inert di l uent, such as DMF, using a 15 conventi onal
carboxylic acjd -- amne (pept|de) coupling reagent. In this reaction,
gl ycopepti de W°8?’°3544§a| t thereof, is typically first cont2EERR¥%h t he
coupling reagent in the presence of an excess, preferably about 1.8 to
about 2.2 equivalents, of an am ne, such as diisopropylethylanine at a
tenperature rangi ng fromabout -20C to about 25C, preferably at anbient
tenperature, for about 0 25 to about 3 boors. 20 Preferably, excess

trifluoroacetic CI d bout ent S added to farm
a TFA salt of an exce ?‘%88% ?%Vﬁgﬁlﬁc S rgﬁt@%’? gp t hen
- generally cool eflndhmaybepmpetedimhﬂe,tbjrwabmekamﬂﬂearbﬁxyﬁbw& grl)ﬁi:@, anitief er abl y

to about O0C, and éc‘} gl ate (S addeq:10 flol | owe
2,4, 6-col lidine g’°f'ﬁ? YFERCE? W‘ﬂﬁs W STPUPT A éﬂ‘ea epaﬁ‘c’ﬂﬁ“"ﬁc for

about Ito about pﬁ)tétﬁng @‘oultﬁlforlltﬁﬂ)bﬂ:yh& Bds iRl efits (sGchX aguhathabengyl | Y
conpl et e. Qre (éou X rea ent for use_in this reaction conprises

“about 0.5 to r amping groppsyqarbamptss, (sueh a§ 44l ahout 1.1

equi val ent s, of bb@ﬂﬁ%&ﬂy@zﬁﬂ axhrdeé{ t@hydrmypg&bﬁpaldm&maba&w}omuu oups,
hexaf | uorophosp ate (Py nd about 0 5to about 5 equi val ent's,

preferably abou ?Pﬂ!?"staB rsyyfon caghopyl gEnups, pest %?Pdke%al“t?/ B&?bgélﬁzotrl azol e

(HOST) or 1 hydmgxs %wl%az@toeh&b@méhm@étt@and&detéhbt@t&h 2006 WO
031031449 PCT1U§02132534 sui tabl e, coupl ing reagents include

-( 7- azabenzot r exgle L W. Gaesge apd Gy M. Wlé*ﬁ ‘!‘i’?ﬁﬁ?’&ﬁl"l@\'gamcs)’mhem,
exaf | uor Oph@sphﬁ&@E&ﬁ&TWﬂe?rme%(‘?orﬁxl@%B m@éﬁ?eﬁbds@it%ér&ﬂosphl nic chloride

(BOP-Cl); di phenyl phosphory azi de (DPPA);

The term “amino-protecting group” refers to a protecting group suitable for
preventing undesired reactions at an amino group. Representative amino-protecting
groups include, but are not limited to, fert-butoxycarbonyl (BOC), trityl (Tx),
benzyloxycarbonyl (Cbz), 9-fluorenylmethoxycarbonyl (Fmoc), formyl, trimethylsilyl

15 (TMS), tert-butyldimethylsilyl (TBS), and the like.

The term “carboxy-protecting group” refers to a protecting group suttable for
preventing undesired reactions at an carboxy group. Representative carboxy-
protecting groups include, but are not limited to, esters, such as methyl, ethyl, tert-
butyl, benzyl (Bn), p-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm), trimethylsilyl

20  (TMS), tert-butyldimethylsilyl (TBS), diphenylmethyl (benzhydryl, DPM) and the

C | 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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di phenyl phosphi ni ¢ chloride; Bi phenyl chlorophosphate (DPCR)s.ah0shokiOAT; S
pent af | uor ophenyl di phenyl phosphinate and the |ike. After the coupling
reaction is conplete, any protecting groups present in the product are

t hen renoved using conventional procedures and reagents. Upon conpletion
of this reaction, the reaction product, i.e., a conpound of fornmula I, is
| solated and purified using conventional procedures, such as col um
chromat ography, 10 HPLC, recrystallization and the |like. G ycopeptides of
fornmula 1 suiwep¥Bi#dr use in the above procedure are ei tHgFUsSeseIercial ly
.avail able or they can be prepared by fernentation of the appropriate

gl ycopepti de- produci ng organism followed by isolation of the glycopeptide
fromthe resulting fernentation broth using art recognized procedures and
equi pnent. 15 The cephal osporin internediate 2 used in the above procedure
is readily prepared fromcomercially available starting materials and
reagents using ©RtBHEASAR PREduIeSr ocedures. By way of exanple, internediate 2
can be prepared as sh@uwRaleSHil S Bophrendd 135 sfllcd Bhd 4, Mifvftiopd06 VO

03/ 031449 PCT/ US02/ 32534 Schenme A OR-NR 510 AN i

protecting groups may be necessary or desired to prevent certain functional groups

from undergoing undesired reactions. The choice of a suitable protecting group for a
5  particular functional group as well as suitable conditions for protection and

- deprotection of such functional groups are well known in the art. Protecting groups

other than those illustrated in the procedures described herein may be used, if desired.
For example, numerous protecting groups, and their introduction and removal, are
(“ ' described in T. W. Greene and G. M. Wuts, Protecting Groups in Organic Synthesis,
10  Third Edition, Wiley, New York, 1999, and references cited therein.
In a preferred method of synthesis, the compounds of formula I are prepared

by reacting a glycopeptide of formula 1:

15

2

25

wherein R%, R%, R, R’, R?, X' and X2 are as defined herein, or a salt thereof, -

30  with a compound of formula 2




N-Rl1l ORL Z-R- 4N HR | OR-NR ~ N151 HO G#RR20 2 O
R-N-- RR c~11 HOO™ 5a A~-H 5b A= (RB)m---a.- 2 25 RO-NH H S As
illustrated in Scheme A thiazole internmediate 3 (wherein RO is an ani no-
protecting group, such as a trityl group, and R ‘is a carboxy-protecting
group, such as

WO 03/031449 : ' PCT/US02/32534

—R—N—
/ORHRZ

Cl N
| “ H
—(R3)
5 PN oo ];N' A NS "
O .
H,N 2
: o} 0
( 10 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
15  conventional carboxylic acid ~ amine (peptide) coupling reagent. In this reaction,
glycopeptide 1, or a salt thereof; is fypically first contacted with the coupliu;gr 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,

20 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
| cooledtoa tempei'atme 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
25  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-
| 30  hydroxybenzotriazole (HOBT) or 1-hydroxy-7-azabenzotriazole (HOAT). Other
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30 an ethyl group) is first reacted with an o -functional %@%@@0 e of
“formula 4 (wherein -23 14 March 2006 WO 03/ 031449 PCT1U50 and R2
are as defined herein, R' is an am no-protecting group, such as a tert-
but oxycar bonyl (BOC) group, and Z' is a |eaving group, such as chloro,
brono, iodo, neslyate, tosylate and the like) to provide, after renoval of
the carboxy-protecting group (i.e., Rl), an internmediate of fornula 5a. 5 -
This reaction is typically conducted by first contacting 3 with about 1.0
to about 1. wedmuiswadents, preferably with about 1.02 torabwsts306

equi val ents, of a conpound of fornula 4 in an inert diluent, such as DWVF,
at a tenperature ranging fromabout OC to about 50C, preferably at anbient
tenperature, for about 0.5 to about 6 hours, or until the reaction is
substantially conplete. This reaction is typically 10 conducted in the
presence of excess, preferably about 1.1 to about 5 equivalents, of a

base, such as cesitablmcouplingreagents inkdufie O-GFraatbenzotriaprd1-yB-N,VNV' it oro or brono, a

catal ytic anount | t ) 2qui val ents, of an
trial kyl ammoni upﬁqabngiﬂﬁg‘%&%%uﬁéﬁgglg%%%‘g?%ﬁ@ﬁmﬁ)?J’%{fodi de, is optionally
added to facili toatmlidiyd)phesphinicahlobige (BHEFE); diphenylphdspharvldeidd PAXt i ve of 4 in
situ. 15 Renoval,of the carboxy~pr.otecsti.n o) | t hen affords
i nternedi ate Léi.’p%ﬁ’gﬁphg? ‘ﬂ°§,¥°}4&?33%P5’?ﬂ¥£°‘%‘§?@8§9yﬂ§%§%1’t‘%8?? dr?é%ﬁ?’mip is an

al kyl est'er, 5sugbntaffiorphenyhdiphengplosphinatelaad thelike. i s readily hydrol yzed to

t he carboxylic acid ontacting the ester wth an excess referably
with about 1.1 to ab‘gﬁ‘f‘??"fc@"@d‘ﬁ#&?o@ﬁ??fnpgefe’%péqt‘f?%%grﬁ'éqsé’febenﬁvgyeoxi de,
such as sodi um hysde@sedreneémpel asisg convdnlichabDptog@duresknd seagenticiUpom is 20
typically conducted in .inert diluent, such as ethanql . _at { enperature
rangi ng from al56HpeE °?g"'sa‘5?fﬂf’“'%ﬁm%pr‘ﬁﬁ‘%e"@.cgmwg%{?fm%aa}ﬂgur s, or
mti| the react ijRmhtddand fuHfied adhd dhventiGaNbRies, fueh af dohinth shivhRtogRfliyat € 5a.

hi azol e conpounds of forpula 3 e.comercially available from for
exanpl e, Al dPi cHPLG TegRizhd ,“°’W“,da'%"rm@an be prepared fromcomercially’

avai l able 25 startiggcdpRptiies ¢ ol HBAUEHE e Hthe ' boSOpryeaine i dither

procedures. commercially available or they can be prepared by fermentation of the appropriate
glycopeptide-producing organism, followed by isolation of the glycopeptide from the
resulting fermentation broth using art recognized procedures 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, inténnediate 2 can be prepared as

shown in Scheme A:

20

25

30

~-22-




Simlarly, wfunctionalized am nes of formula 4 are readi hyyprenet ed from
commercial ly-avail able starting materials and reagents using conventi onal
procedures. Preferred conpounds of formula 4 include, by way of
illustration, N BOC-3- bronopropyl am ne; N BOC-6-iodohexyl am ne;

N- BOC- 2- ( 2- |odoethoxy) et hyl am ne; -24 14 March 2006 WD 03/031449

PCTI US02132534 N- BOC- 4- (i odonet hyl ) benzyl anmine; and the |ike. These
conpounds are readily prepared fromcomrercially avail able starting using
wel | - known r eegessidand r.eaction conditions. |ntermnmed aP€T/880238534 hen
chlorinated to provide internmediate 5b. This reaction 5 is typically
conducted by contacting 5a with about 1.0 to about 1.2 equivalents, of a
chl orinating agent, such as N-chlorosuccinimde, in an inert diluent, such
as chloroformor DMF, at anbient tenperature for about 6 to about 24 hours,
or until the reaction is substantially conplete. 5-Chloro-1, 3-thiazole
intermediate 5b is then coupled with iBehemeddi ate 6 10 (wherein RZ is
hydrogen or a suitable carboxyl protecting group, such as ap- methoxybenzyl
group) to provide internediate 7. Wien R 2 is p- rrethoxybenzyIR2
intermediate Gis commercially available from O suka, J508, _lyD aIIy,
this reaction is conductg@Hby contactlné 5b with abouw 0 BO

equi valents of 6 in the Npresence of a cupling & t under conventlonal
coupling reak&tion condltl ns coupkin eagHnt for this
reaction i s phosphqp ﬁﬁ? g E?yplzﬁg?y bofit I}f1 to about 1.2
equi val ents) and amex ess annunr_ﬁr“zg“aﬁrﬁé as @,4,6- collidine or
di i sopropyl et hyl am The coupllng reaction is tlypically conducted in an
inert diluent, swehNas T8F, at a tenperatureRFanplng f32 %3out --50C to
about 25C for aboull 0.5 to about 6 hours, or until tH2 ASdtion is
iybstantially conplete, to afford 20 inter iate 24 To avoid
'sonerizatig&, this reaction is preferably £on ed :ats.- 35C usi ng

ne

2,4,6-col li as the base. Internediate/7 is thef rleactled with a pyridine
or substituted pyridine to afford N. .=
@ © e
—R12
/O_____ RI—N—R"S [ 0 O—R

l@——N
O—R1”2
20 B2
(x o o—R*——Nm-R11
\\
(R, — 2
' /
2
3 Rs—N 8 X
0—R?"

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

30  anethyl group) is first reacted with an w-functionalized amine of formula 4 (wherein -
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intermediate 8 where R3 and n are as defined herein. This sgagtbfe is

typically conducted by first exchanging the chloro group in 7 wth an iodo

group by contacting 25 7 with about one equival ent of sodiumiodide in

acetone (Finkelstein reaction) or DM at anbient tenperature for about

0.25 to about 2 hours. The resulting iodo internediate 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 S. Typically, this reaction

I s conduct edvapi@id? ent tenperature for about 1 to aboutPCIUSPIFM, or

until the reaction -25 14 March 2006 WO 03/031449 PCTI US02132534 is

substantially conplete. The pyridine or substituted pyridines used in this

reaction are either commercially available or can be prepared from

comrercially available starting materials and reagents using conventi onal

procedures. Representative _pyridine derivatives for use in this reaction

i ncl ude pyri din ?@%?Widﬁ@?ed:‘}-fﬁﬁnc%'ll IS8 amporprojeciing group, such as a fert-

2met hoxypyr i di NeutegcdiBbiyd MYOOY grétiplihd 24 isHER e SRUD, sEH M chldro, bromo, jodo,

t hi omet hoxypyri di ne, 3-thi onethoxypyridi ne, 4-thionethoxypyridihe, 4-

car boxyt hi omet hasesisste.itepylate andthe Ftls%ﬁwyvlﬂﬁ pfer rempvel of GhesHPPichTotecting

4-fl uoropyridi n%mugﬁegmqragm&hgaﬂ@cfﬁﬁmy.op-yri di ne, 4-chl oropyridine,

2- phenyl pyri di ne, 3- phenyl pyridine, 4-phenylpyridine, .

4-cycl opr opy$ pyri di nBhis rgpation jsriypically. renduqteddryifiss pontacing Hwigh ahout ¢ ot i nani de,

I soni coti nam-de, L.yt 6l ne | Lk 0.6l = L Ytded] .

di met hoxypyri di ﬁg&iiﬁé%t%(u%geéngtﬂﬁmyar |“3?°r?%,§m§?+thijdg?g@g%lmn§fﬁ%xypyri di ne,

2, 3- cycl opent eroppound bfferm@; Bincy idedhldnest spchras BMTeatatenperature rakging .

Al ternatively, inten LAt e I }.; formula 9:

5 oo Riz 20 o WRGPERS Ry p 5 R R bbb FRRNARO o PO

gnt ermedi at e 1. abdut 6§ howes ot wihthe seactionps subdtinyialiyorechiptetee Thisyeacthmtistypxeally Sb wit h
b

out 0.9t ?0 ab%gﬁdug’(éc} in%%uﬂre\:lsgrlxc%@ gxcgsts, 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 (.5 equivalents, of an trialkylammonium iodide,
such as tetrabutylammonium iodide, is optionaily 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 . typicaily conducted in an inert diluent, such as ethanol, at a temperature rapging from

C 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 5a.

Thiazole compounds of formula 3 are commercially available from, for
example, Aldrich, Milwaukee, WI, or can be prepared from commercia]ly 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 proéedures‘.
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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internediate 9 or a salt thereof, in an inert diluent, sughgas J 10 t he
presence of a coupling reagent, such as

1- (3-di net hyl am nopr opyl ) - 3-et hyl carbodi i m de (EDC); 25 PyBOP and HOAT or
HOBT; HATU, BOP-d; DPPA; DPCP and HOAT; and the Ilike. Generally, the
coupling reaction is conducted at a tenperature ranging from about -40C to
about 25C for about | to about 12 hours, or until the reaction is '
-substantially conplete. Conpounds of fornula 9 are readily prepared from

I nt er medi at e WwoB3o3tdaction of 6 with pyridine or a substiRCEUSE/32$#i di ne
under reaction 30 conditions simlar to those described above. -26 14 March
2006 WO 031031449 PCT1VS02132534 Renoval of the protecting groups from

i ntermedi ate 8 using conventional procedures and reagents then affords
cephal osporin internediate 2. For exanple, when RO is trityl, R' is
tert-butoxycarbonyl and R12 ispara-nmethoxybenzyl, the protecting groups
are conveni ent | W-B@@ww(isdomsthyl}bengylapipeganditherikex Thesecampopnds ales@dibt i ¢ 5 aci d
and excess anis béhlekish ' [ i as

di chl or onet haneg%ﬁar%fé%%ane,&gtﬁluaa%%%g#{}m?% ugﬁéa%ﬁlgiéﬁd#@?&geb%ﬁ | to about 12
hours, or until reattienrcemditianen i s conplete. The resulting deprotected

cephal osporin 2 is typi I . Ll ' | onal
procedures, such as %&g%@ﬁg%%tlgﬁkﬁﬁ%%ﬁ??%ﬁ%% ugtn e@x‘?@?‘g?ﬂﬁ?&h HPLC. 10
‘Alternatively, dtappicillpcedodted tyrconthating S£ with dteupl.@pabed 1 B\equivsdats, of a :

gl ycopepti de der l.ve of f 15 20 25 10 /Q HO -."%H H2N 30 or

a salt thereof, cé%’g'%ag?%agﬁ?t: rsu%?%&%?f’mﬂg‘f&ﬁn,m R d%enf'iﬁuthf? are as
defi ned chloroform or DMF, at ambient temperature for about 6 to about 24 hours, or until the
reaction is substantially complete.
(' 3 " 5-Chloro-1,3-thiazole intermediate 5b is then coupled with intermediate 6
10 (wherein R™ is hydrogen or a suitable carboxyl protecting group, such as a p-
methoxybenzy! group) to provide intermediate 7. When R" is p-methoxybenzyl,
intermediate 6 is commercially available from Otsuka, Japan. Typically, this reaction
ié conducted by contacting Sb with 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 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
g ~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 » 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 sizu with about 1.1 to about 1.6
equivalehts 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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cephal osporin derivative of fornmula Il: 10 or a salt or protecte _
derivative thereof (wherein R3 and mare as defined herein) to afford a
conpound of formula |, 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, nethanol or m xtures thereof, at a pH
‘ranging fromabout 4 to about 6.5. This reaction is generally conducted at
a 15 t enper amarod/031a49gi ng from about -20C to about 40C f oPCHBHEEE2S¥ t 0 about
6 hours, or wuntil the reaction is substantially conplete. The vanconycin
derivatives of fornula 10" enployed in this reaction are readily prepared
by coupling vanconycin, or a salt thereof, with a phthalimdo derivative
of the fornmula: 20 25 wherein R is as defined herein, under conventional
coupling conditions. For exanple, this reaction is typically conducted by
contacting vancisaybstantially cemplete  Thepyriding ey sphstityted pyrdingg ysedn Bisr@cin ¢ he

pht hal i m do co fﬁﬂE" § Wﬂdﬁg ar-ryels) iBbieh as PyBOP
and HOAT and t@g | e%%%&ae{ﬁggﬁﬁlt%gglgre gggﬁ such as 30 B’tav?l
. di i sopropyl et hystatingreaterizdrnad sdagepts vsing conventional procedurss nREEESEMBEVE an i nert

" diluent, such -28. RY/AR - 20 g ik at a
tenperature ranénﬁéépg@%ﬁ%goggg]%%&g ééltgdéjgéh?g%?ﬁél%gﬁ%é . 5l td about 6
hours, or ursti | pitdlime,2emethoxypyridine Satpsthowypyrisiniey4-motpxypradineT?re pht hal i mi do

b ocedur o5 and PEREHEnd 3 HhpaRBbEd A b BOBATARRR U2 TD SO ER o
prepared, for ecasingythiombthoxypyridine; 2-fluoropyridine, 3-fluoropyridine, 4-fluoropyridine, 2- -
chloropyridine, 3-chloropyridine, 4-chloropyridine, 2-phenylpyridine, 3- '
( phenylpyridine, 4-phenylpyridine, 4~cyclopr6pylpyridine, nicotinic acid, isonicotinic
10  acid, nicotinamide, isonicotinamide, 2,3-lutidine, 3,4-lutidine, 3,5-lutidine, 3.4-
dimethoxypyridine, 4-methoxy-3-methylpyridine, 4-fluoro-3-methoxypyridine, 2,3-
cyclopentenopyridine, 2,3-cyclohexenopyridine and the like.

Alternatively, intermediate Sb can be coupled with a compound of formula 9:

H
l (R3),,
N~ N F#
0 R
0% ~o—Rrz 2
20

wherein R?, R and m are as defined herein, to afford intermediate 8. This reaction is

typically conductéd 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 -ethylearbodiimide (EDC);

25  PyBOP and HOAT or HOBT; HATU; BOP-Cl; 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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coupling a conpound of formula 2 above with a thiazole coppgund.gé fornula
12: OH 10 R13-N 12 or a salt thereof, wherein R 3 is hydrogen or an

am no-protecting group (such as a 15 fornyl or trityl group). This
coupling reaction is typically conducted by contacting 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
tenperature WAMOHE rom about -20C to about 20C for ab®Be®U8¥¥5#% about 6
hour's, 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 -29 14 March 2006 WO 03/031449

PCT1US02/ 32534 H,C,.NH2 R4 R5 JACO, OHH,.OH 3 5 10 15 20 OH

Removal of the protecting groups from intenncdiaté 8 using conventional
procedures and reagents then affords cephalosporin intermediate 2. For example,
when R® is trityl, R" is fert-butoxycarbonyl and R is para-methoxybenzyl, the
protecting groups are conveniently removed by treating 8 with excess trifluoroacetic

5 acid'and excess anisole or triethylsilane in an inert diluent, such as dichioromethane or
heptane, at ambient temperature for about 1 to about 12 hours, or until the reactionis
complete. The resuiting deprotected cephalosporini_ is typically isolated and purified
using conventional procedures, such as precipatation, Iyophization and reverse-phase

( g HPLC.

10 " Alternatively, compounds of formula I can be prepared by reacting a

glycopeptide derivative of formula 10:

15

20

s

25

30 “or a salt thereof, wherein R, R%, RY, R®, R%, R7, R?, X' and X? are as defined
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~defined - herein, with a conpound of fornula 9 above to a

or a salt thereof, wherein R, R2, R4, Rs, R6, R7, R8, X ? gﬁ% gre as

# ord a conpound
of formula I, or a salt thereof. This coupling reaction is typically
conducted by contacting 13 with a 25 coupling reagent, such as DI ?C 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.

CGenerally, this reaction is conducted at a tenperature rang @ f rom about

20C to about WO about 1 to about 6 hours, or until /P& on i s
substantially . conplete. 30 The conpound of fornula 13 used in this
reaction is readily prepared by R HO ~OHOH 13 N -30 14 March 2006 WO
03/ 031449 PCTI US02/ 32534 coupling vanconycin with internedi ate 5b above,
using conventional coupling procedures described herein. Further details
regar di ng speC|f|c reaction.conditi.ons a rocedures for preparing
representative &8 Hﬁ%gc%’ ?sﬁ?ré“‘; \/%ﬁ??g’%mgqlaff\ternedi ates thereto are 5
described in the Exanples set forth bel ow. Pharnmaceutical Formnulations The

cross-1linked gl ycopeptide - cephal osporin conmpounds of this invention are
typically adm nistered to acpatiGOt in the formof a pharmaceutica

conposition. 10 Accordingly) i ne ItH conposi tion aspects, this
invention is_directed to a C E/6b$pr|5|ng a
pharnaceutic%lIy-acceptabl i er ilor +a‘Lh-e{Fa@eutlcally
effective amount of a conpou f fﬁk eutically
acceptabl e salt thereof. ﬁq*lconv?n i or excipient may be used
in the pharnaceuti cal 2 1

C

10 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
15 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 m ‘employed in this reaction are

readily prepared by coupling vancomyecin, or a salt thereof, with a phthalirido

derivative of the formula:
20
O
O
HN— R+—O—N .
O
25

* 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

30  diisopropylethylamine. Generally, the reaction is conducted in an inert diluent, such
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15 conpositions of this invention. The choice of a partlcqhg{cﬁﬂigler or
exci pient, or conbinations of carriers or exipients, wll epen on the
node of admi nistration being used to treat a particular patient or type of
bacterial infection. In this regard, the preparation of a suitable
pharmaceuti cal conposition for a particular node of adm nistration, such
as oral, topical, inhaled or parenteral admnistration, is well 20. wthin
" the scope of those skilled in the pharmaceutical arts. Additionally, the
i ngredi ents Y033 conpositions are commerci al | y- avai | ZETASE2EBER/ f or
exanple,  Sigma, P.O Box 14508, St. Louis, MO 63178. By way of further
illustration, conventional fornulation techniques are described in
Rem ngt on' s Pharmaceutical Sciences, Mace. Publishing Co., Phil adel phia,
PA 17' Ed. (1985) and "Mddern 25 Pharnaceutics, " Marcel Dekker, Inc. 3

Ed. (G S. Banker & C. T. Rhodes, Eds harnaceutlcal conp05|t|ons of

this invention WIPWt%}BFWWW%P%abW% “Apteabqut 40°Cforabp £ e anpunt
~of a conpound OBbJu%m&@oﬂunqrmareeaﬁmm%haﬁﬂdosﬁple@cqﬁpmmlﬁmﬁalt t her eof .
Typi cal Iy, such pharmaceutical conpositions will contain fromabout 0.1 to
about 90% by weFeroursts epployeddn thisreagijomare reagily nrenated @aingsoaventionaf om 30 about
10 to about 30%Qf.d Ligyfs.agent. -31 14 March 2006 WD 03/031449 PC

I 1JS021 32534 Pr%ﬁ%ﬁ?@gmgﬁérnaceutlcal conpositions of this invention are

those suitabie for Gsahalesperinederiativesnfdormalaild gan beeprepared, foraxgmpletby avenous
adm ni stration. QIRRR! ise a
sterile, physi oféjgﬁ%aﬁ(f%y- é‘g@%g%ﬂgbagqueo%gt%%ﬁeﬁ%%‘ﬁbcon%%’lnﬁ?ﬂg a

t herapeutically effective anount of a conpound of 5 fornula | or a
pharmaceutical | y-accept abl e salt tQﬁreof Physi ol ogi cal | y-accept abl e
aqueous carrier solutions suitable i ff rayvenous adm nistration of

(gctlve agents are well-known in the queous sol utions include,
y way of eﬁ?nple 5% dextrose, R gJ utions (lactated Ringer's

i njection, [actated Rlnger s plus 5 dxtrase injection, acylated Ringer's
injection), 10 Nornosol - Iso%¥te E, and the Iike.

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

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.

C’ ' Additionally, compounds of formula I can be prepared by reacting a
glycopeptide derivative of formula 13: '

25

30

20




Cptlonally, such aqueous sol utions nay contain a co- solven;M:d@ﬂmgxanple
pol yet hyl ene glycol; a chelating agent, for exanple, ethylened am ne
tetracetic acid; a solubilizing agent, for exanple, a cyclodextrin; an
anti - oxi dant, for exanpl e, sodium netabisul phite; and the like. 15 If
desired, the aqueous pharmaceutical conpositions of this invention can be
| yophi l'i zed and subsequently reconstituted wwth a suitable carrier prior to-
adm nistration. In a preferred enbodi ment, the pharmaceutical conposition
is .a |yophi Wgesstdghposition conprising a pharnmceuti calBC¥/UgREe54 abl e
carrier and a therapeutically effective anmount of a conpound of forrmula I,
or a pharmaceutically 20 acceptable salt thereof. Preferably, the carrier
in this conposition conprises sucrose, nannitol, dextrose, dextran,
| act ose or a conbination thereof. Mre preferably, the carrier conprises
sucrose, mannitol, or a conbination thereof In one enbodi nent, the
phar maceuti cal conp03|t|ons of thisyigvéir,i on contain a cyclodextrin. Wen
used in the pharnaceuti cal conpoth'%n of this invention, the 25
cyclodextrin is preferably hydro§¥gﬁ p- cyck%pextrln or sul fobutyl ether
(3 cyclodextrin. In such fornulatio thg cyclyodextrin will conprise about
1 to 25 weight percent; preferabl§ afout©2 0QORei ght percent of the
formulation. Additionally, the weight ratio |of ycl§ extrin to active
agent will typically range from about 1:1O :1. 30 The
_pharmaceuti cal. conpositions of this inventijon are gfeferably packaged in
'-32 14 March 2006 WO 03/ 031449 PCTI USO /32 un{t dosage form The term
"unit dosage fornt refers to a p it suitable for
dosing. a patient, i.e., h uni et ergjned quantity of
active agent cal cul ated toq% (T I C effeﬁ ei t her
.one or in conbination with qne @r nnre dddi its. ﬁ@rlexanple
uch unit dgsage forms 5 may bg, pa [ heyne Ny REeat ed
ampoul es-ant’ the like. Theyfaf I o Pmlusﬁrate
representative pharmaceutigal CH,

RZ
\N 0 CH,
/ H,N '
. R1
& Ho OH 13
15 /
cl w
T
S
);:N (o)
H,N
20 .
O or a salt thereof, wherein R!, R%, R%, R%, RS, R7, R®, X! and X? are as defined -
- herein, with a compound of formula 9 above to afford a compound of formulal, ora
- salt thereof. '

. This coupling reaction is typically conducted by contacting 13 with 2
25  coupling reagent, such as DIPC and HOAT, and about 0.5 to about 2 equivalents of 2
| 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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conposi tions of the present invention: Fornulation Exanpl ¢, & 10, frozen
solution suitable for preparing an injectable solution is prepared as
follows: Ingredients Amount - Active Conmpound 10 to 1000 ng 15 Exci pients
(e.g., dextrose) O to 50 g Water for Injection Solution 10 to 100 ni
Represent ati ve 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 with 1 M sodi um hydroxide to 3 to 4.5 and the
volume is tAEMASted to 95% of the final volume w t hPREUEA/SP4
-injection. The pHis checked and adjusted, if necessary, and the volune is
adjusted to the final -volunme with water for injection. The fornmulation is
~then sterile filtered 25 through a 0.22 micron filter and placed into a
~sterile vial under aseptic conditions. The vial is capped, |abeled and
stored frozen. 14 NMarch 2006 WD .,03/031449 PCTI US02132534 Fornul ati on

Exanpl e B A | yoSPHPing WACoRyRIat 1ot Shabovs, WSiE CPEIHoRal coHRPlRg apl e
solution is prepaigfiresaschiRihasm. 5 | ngredi ents Amount  Active Conpound 10
to 1000 ng Excipients (e.g,, mannitol and/or sucrose) 0 to 50 Buf f er

) . . cl . g
Agent (e.g., citr at churherdgtailengeasgjng specific kepctiop ponditionsan! gieceyres Hr100 ni

Represent at i ve Bragegdurecntie cafouiseRiiss iaghidfor e ianagomes. i1 any,

are 15 dissolved | n about 60% of the water for injection. The active
cormpound i s &dddescrbed injthe Examples setferth belowsH i s adj usted with | M sodium
hydroxide to 3 to

Pharmaceutical Formulations
The cross-linked glycopeptide — cépha!osporin compounds of this invention
\ are typically administered to a patient in the form of a pharmaceutical composition.
C 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 formula 1 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 administrétion 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 phamiaceutically-
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 te about 30% of the active agent.
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4.5 and the volunme is adjusted to 95% of the final volunelmgﬁg yRker for
I njection. The pHis checked and adjusted, if necessary, ﬁe vol une is
adj usted to the final volune with water for injection. The formulation is
then 20 sterile filtered through a 0.22 mcron filter and placed 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 refrigd¥@P¥BH4? 25 Fornul ati on Exanple C An |njectaBT@“@%W%ﬁWon for
i ntravenous administration to a patient is prepared from Fornmnul ation
Exanpl e B above as foll ows: Representative Procedure: The |yophilized
powder of Formulation 30 Exanple B (e.g., containing 10 to 1000 ng of
active compound) is reconstituted with 20 nL of sterile water and the
resulting solution igs further diluted with 80 nL of sterile saline in a
100 i i nfusi on bag. Prefered pharpaceytical somposiions of thiskentionars thosespiiabla for ¢ e

pati ent i ntr aveguaiell ochiftiradth, by Thiibts sitnisrddor 4l Ch 2006 VIO
03/ 031449 PCTI US02/ 32534 U The cross- | i nked gl ycopeptide - cephal osporin

conpounds of t h@hampesyticabepmpogitionsdypically epsnpsipg 3 Siiride, plysiologisaliveacegpiable. ¢ he
conpounds of th'aauéoﬁéfs%mlbﬁébnﬁﬁxﬁnm&hﬂwwm( eﬁfeet%tafa%t%rawfp\s&{atdfng

bacterial infections and ot her bacteria-rel ated nedi cal condltlons in

mammal s, i nch udifergnuiadwnmpehagneretically-aceepinblerselbtiersofi nal s (i.e., dogs, cats,
etc.) which are cau5ﬁ9§m% jyé%%ﬂﬁgl mﬁﬂﬁ@ﬁ&xhd&-déﬂéﬁﬁh nds of
a

this invention. Acc I n“one |ts nmet spects I'S |nvent|on
provi des a nmet h@dmipistration o acnve agents are well-known in the art. Such aqueous solutions

include, by way of example, 5% dextrose, Ringer’s solutions (lactated Ringer's
(*_’- injecﬁon, lactated Ringer’s plus 5% dextrose injection, acylated Ringer's injection),

10  Normosoi-M, Isolyte E, and the like.

Optionally, such aqueous solutions may contain a co-solvent, for example,
polyethylene glycol; a chelating agent, for example, ethylenediamine tetracetic acid; a
solubilizing agent, for example, a cyclodextrin; an anti-oxidant, for example, sodium
metabisulphite; and the like.

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,

C mannitol, dexu‘osg, dextran, lactose or a combination thereof. More preferably, the
carrier comprises sucrose, mannitol, or a combination thereof.

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

25 6yclodextrin is preferably hydroxypropyl-B-cyclodextrin or sulfobutyl ether -

| cyclodextrin. In such formulations, the cyclodextrin will cbmprise 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 typicaily range from
_ about 1:1 to about 10:1. _
30 The pharmaceutical compositions of this invention are preferably packaged in
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treating a bacterial infection in a mammal, the method conpgi.si 5
admnistering to a 10 mammal in need of treatnent, a pharnmaceutica
conposition conprising a pharmaceutically-acceptable carrier and a
therapeutically effective amount of a conpound of fornula I, or a
pharmaceutical |l y-acceptable salt thereof. By way of illustration, the
conpounds of this invention are particularly useful for treating or
preventing infections caused by G am positive bacteria and related 15

m croor gani s B33¥¥% xanpl e, the conpounds of this i nvenPFYRSEPE3%! fecti ve
for treating or preventing infections caused by certain Enterococcus spp.;
St aphyl ococcus spp., including coagul ase negative staphyl ococci (CNS);
Streptococcus spp.; Listeria spp.; Costridiumssp.; Bacillus spp.; and
the |like. Exanples of bacterial species effectively treated with the

compounds of this .invention. ncluge,. but are,nat |imted 20 t .
nethicillin-res‘FE'E“HEf’csa g@ﬁhQﬁ%gﬁ@c t &E§§§m(8%§ﬂﬂgaﬁﬂéﬁk *?%ﬁ@QUsceptible
gt apﬂy: ococcus é\ﬁfaﬂH&r?m'S pati&lt,)i&f?ﬁ@lﬂ]fuiﬂeoﬂtm_’ﬁméﬁe&hﬁns éiu;&ﬁ:ﬁwh ol e

t aphyl ococcus auy eus .. methicillinp-resistant_Staphy] ocogcus

epi dermitis (NR_@E??SGHE%?PQWQW@@?@FP?W@%F‘&WHWﬁ@&‘&‘g“é BY el i ti s

(MSSE) ; YanCOW_S(%dilﬁna‘ﬁgﬂtﬁith bﬂ@ra&@%lgﬁgﬁc@uﬁ&ae?géb@ Slf,EEbﬁ‘d&)tﬂgsla e forms Cant
vanconyci n-sensitive Enterococcus 25 faeciu ;. penicillin-resistan
St r ept ococcus pnBEHbERasEAsEdRSisyile, h@?@ﬂ%ﬁ@&g@%%@@ﬁ?@,&eand the like.
Conpounds of this i npMRRiioMMgAbEulRSSs ifiskBE dpYeentfive PRImRbdtRAL | ve for
treating or preventing infections caused by strains of bacteria which are
resistant to bof¥mResiHewHf thePressrdiny@Be’ ospori ns. Representative types of
infections or bacteria-related nmedical conditions which 30 can be treated
or prevented with the conpounds of this invention include, but are not -35
4 March 2006 WO 03/ 031449 PCT/ USOEomeolation Bxampledy to, skin and skin
tructure | Pf €Ct i ONSp frfeh Raiionlshiffble b r&falih®MSinjeAiR R Ms prepitélpsar di ti s,
catheter-related bl ood streaminfections, osteonyelitis, and the like. In
treating such ctl@wsi ons, the patient may already be infected with the

m croorgani sm to bqqégﬁéﬁgd or merely be susceptibhglg i Nfection in which

.Case trhe active agen}&cﬁ*vgc_ompound 10 to 1000 mg
' 15 Excipients (e.g., dextrose) 0to50g
' Water for Injection Solution 10 to 100 mL

Repreéeﬁta_ﬁve Procedure: The excipients, if any, are dissolved in about 80%

20 I of the water for injection and the active compound is added and dissolvéd.
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 formulaﬁon is then sterile filtered
C 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 admini stered prophylactically. The conmpounds of this inygpbi.Rb0d" e

typically adm nistered in a therapeutically effective anount by any

acceptabl e route of administration. Preferably, the conmpounds are

adm ni stered parenterally. The conpounds may be admnistered in a single

daily dose or in multiple doses per day. The treatnent 10 regi men may

requi-re admnistration over extended periods of time, for exanple, for

- several days ne to six weeks or |onger. The anou i ve agent

.adm ni stered %QP;’%?S or the total amount adm nistered w'l T&[sf/zl A y be

determned by the patient's physician and will depend on such factors as

the nature and severity of the infection, the age and general health of

the patient, the tolerance of the patient to 15 the active agent, the

m croargani sn(s) causing the infection, the route of admnistration and

the like. In general, suitable dosqg Wildn.ERRgs @f fromabout 0.25 to about

10.0 ng/kg/day of active agent, p about 0.5 to about 2

ng/ kg/ day. For an addyopbilizeéd@owderisuitnble, fort freparingom|igectabte salutiomis piopartd 15 t o

about 700 ny per gg%?gf 20 active agent, or preferably about 35 to about

- 150 ng per day.aid’l i'onal Iy, the conmpounds of this invention are effective

o for'inhibitifg t he gﬁkof bacteria. In this enb

contacted either in Vf Ofinei=f] i -+
compound of formula é

Typically, a grow h-

ﬂiﬂg t, bacteria are
0 vy Pt 'r.:”-a amount of a
- aceuj i cal | y-accept abl*g ¥Sd her eof .
@ ‘ (Fﬁ'gmé‘i,‘Pbtﬂégﬂ"&&Fﬂmﬂé range Pioif&bout 0.008 g/ il
to about 50é¢)g/rrL; pﬁ' EOEPL P bout 0.008 1g/ qﬂt‘tgé‘[’%ut 25 .tg/nL;
ateo !é' )y

and nore preferably, saa b 2 tgLnd. I nhibition
of bacterial growh is typically evidenced by a decrease or |ack of

reproduction by the RapdefiliRe BRELRL: weé_xx@e Qtfdlérlﬂ@fé?ﬁ’ngtaﬁ‘éh{sﬁfaﬂ §e by a
ecrease |nrcolony-fqrnrg?_unrts in.a given volune (i.8., per ﬁt over a
gi ven peri o#’ of ti medigselved in abgyut 605 of the weter fobinjsetiond Therctivg sommpend ibact eri a.

-36 14 March 2006 WQ,Q3{ 03 1dédv-E%1d M§9ﬁ/1532%_§§éd with 1 M sodium hydroxide to 3 to

4.5 and the volume is adjusted to 95% of the final volume with water for

‘A

0 .
1S 0008 . .d/ 1 Q_alho

injection. The pH is checked and adjusted, if necessary, and the volume is
adjlisted 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 Iyophilized 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 30 mL of sterile saline in a 100 mL infusion bag.
The diluted solution is then administered to the patient intravenously
over 30 td 120 minutes.
35
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The conpounds of this invention are also effective for inhipitisngscell wall
bi osynthesis in bacteria. In this enbodi nent, bacterial are contacted
either in vitroor invivowith a cell wall biosynthesis-inhibiting anmount
of a compound of formula | or pharmaceutically-acceptable salt thereof.
Typically, a cell wall biosynthesis-inhibiting 5 anount will range from
about 0.04 p.g/nL to about 50 ttg/nlL; preferably fromabout 0.04 g/nL to
about 25 g/nL; and nore preferably, fromabout 0.04 pg/nL to about 10 p

g/ mL. | nhi bi woooaascel | wal | bi osynthesis in bacteria i BCTYHRB®R v '
evidenced by inhibition or lack of growth of the bacteria including lysis
of the bacteria. In addition to surprising and unexpected anti bacteri 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 tional ly, compounds of this invention have been found to have
surprising and UWitxpect edly rapid cidality against certain bacteria,

i ncl udi ng anet hi ci | k.0a ' hi bndé MEShvenieh are
‘methicillin resi stanmt’&."“{’ggitng A °8§3?§%W‘é‘%?ﬁ§??ﬁ“ﬁf‘?( VRSE) . These
properties, as useful asagtibioticsafr exampds, thegempoungs of thipipventien FekssH fs of this

| nventi on, can REaGEDRSLRE Bl HRCHCRS bt ek Sacldtib Faidififedicll Vi VO assays
wel | -known to those skilled Irn the art. For exanple, representative assays
are describéd icenfitionshiemaiwelsiincluding hymansynd their sempaiomsniasls (b dgs, 30 - 37 14
. March 2006 WO 03/0 2 Eﬁ%&\f : ] thetic
~and bi ol ogi cal %axsa‘gn‘%fﬁdg%@?@?ﬁ gﬁétgé-gl ugﬁiugﬁﬁﬁfhge%%%{%gﬁyﬂnd are
not to be constimumtonn any way as limting the scope of this invention. In

t he exanpl es bel ow, ,t he.fal l.oW.NG: i aLi . the . | 5
meani ngs unl ess ot hé\rcwr%'ﬁg?’ﬁlgﬁegotq é%ggﬁg%@%ﬁ@o%@o&ﬁﬁﬁe?hgg eP%w’have ,
C~-hei r gener al | yeatingetpicedal infectipm ip. a mammal, the method comprising administering to a

10  mammal in need of treatment, a pharmaceutical composition comprising a

pharmacentically-acceptable carrier and a 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 nseful
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
2 1o, 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 eﬁ'ecﬁve 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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BOC tert-butoxycarbonyl CFU = colony formng units 10 DCK ®arch 2006

di chl oronet hane DI PEA = dii sopropyl ethyl am ne DM = NN-di net hyl f or mam de

"'DMSO = dinmethyl sulfoxide EtOAc = ethyl acetate 15 HOAT =

1- hydroxy- 7-azabenzotriazole HPLC = high performance |iquid chronmatography
WC = mninuminhibitory concentration M5 . = mass spectronetry PMB =

p- met hoxybenzyl 20 PyBOP = benzotriazol -1-yl oxytripyrrolidino- phosphoni um

hexaf | uorophgsphate ~THE = tetrahydrofuran TLC = thin l|ayer chronatography

TFA = trifl u&‘g‘?@@tfc acid 25 All tenperatures reported FRE3#8t1 owi ng

exanples are in degrees Celsius (C) unless otherw se indicated. Al so,

unl ess noted otherw se, reagents, starting materials and solvents were

pur chased from comercial suppliers (such as Aldrich, Fluka, Sigma and the

| i ke) and were used without further purification Vancomycin 30

hydr ochl ori de sem. -hydgat S rch om Sort Lee, NJ
07024 (Al phar @A@X&nﬁd%%@§ .e'%g& gn%aﬁ’gﬂjp Eﬁ%vﬂa@%% ac}ally
conduct ed usi ngemloﬁx@ﬁs;cdthﬂmn-rameﬂl(lé\)dsueaﬁbﬁfn;\f@ﬁm ose%lgﬁhak candthbihkce n0.1 %
TFA, with an exgcessin radi en e.q., . 0.to 70 B lO%water
90% acetonitril %?agﬁgﬁf%oh%?i‘?{o%h‘@&@mgf ‘ﬂ@’ﬁ’ﬁe%dé’ ?cée& thé()gh igtotgar

to be treated or merely be susceptible to infection in which case the active agent is '

5  administered prophylactically.
The compounds of this invention are typically administered in a

therapeutically effective amount by any acceptable route of administration.
Preferably, the compounds are administered parenterally. The compounds may be
( administered in a single daily dose or in multiple doses per day. The treatment

10 regimen may require administration over extended periods of time, for example, for

several days or for one to six weeks or longer. The amount of active agent
" administered per dose or the total amount administered will typically be determined

by the patient’s physician and will depend on such factors as the nature and sev'erity of
the infection, the age and general health of the patient, the tolerance of the patient to

15 the active agent, the microorganism(s) causing the infection, the route of
administration and the like.

In general, suitable doses will range of ﬁfoni about 0.25 to about 10.0
mg/kg/day of active agent, preferably from about 0.5 to about 2 mg/kg/day. Foran
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. |

(\ Additional_ly, 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 formula1 or
pharmaceuticalty-acceptable sait 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
jpg/mL to about 25 pg/mL; and more preferably, from aboﬁt 0.008 prg/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 voluxhe (i.e., per mL} over a given period of time (i.e.,

30  per hour) compared to untreated bacteria.
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14 March 2006 WO 03/031449 PCTI U802132534 5 Exanple A Synihgshswef (7R
7-1(2)-2-(2- Am no-5-chl orot hi azol -4 yl)-2-(3- _
am nopropoxyi m no) acet am do]-3-[ (1- pyri di ni o) net hyl ] - 3-cephem 4- car boxyl at e

bi s-Trifluoroacetic Acid Salt The follow ng synthesis is illustrated, in
part, in Scheme A above. Step 1- Preparation of N (tert-Butox c
bonLl) - 3- bronopr opvl am ne (i.e. Conpound 4 where R is -(CH--. RZis

hydrogen. R' is BOC., and Z' is brono) 14 3-Bronopropyl am ne hydrobrom de
(100 g, 457 rwobdswas suspended in 1.6 L of anhydrous THEI/USH325341 xt ur e
was cooled to OCin an ice/water bath and stirred vigorously while 190 ni
of triethylam ne was added. To this m xture was added dropw se

tert-but oxycarbonyl anhydride (112.6 g, 516 mmol) in 200 nL THF. The ice
bath was allowed to warmto anbient tenperature and the m xture was stirred
15 overnight at which time TLC indicated the reaction was conpl ete. The

m xture was then fiTheQP@EOWfﬂiéinﬂmﬁwapébmcéﬁfééiﬂbibﬁiﬂé@lwer vacuum
The residual oi lbio%gsigweﬁéﬁt@ é"ﬂmm%fbgn DR ANGr ARGt GidE: iAbins oPC for 3

days. The m xture canted and the residual solid was dried under
vacuum t o gi ve IOvivogrifioxiedlyvall|bipsyndfesis-irhibitingrameunt of @ comngbed of formulg Lor

crystalline Wnih] &{ 0 . %@@?% . Q :b'éy%.%%é-" : S,

9H), 1. 91-1. 95 ( fact) el’, 5%1.15,8?“5}'? /i K1 ﬂg‘f‘@% %‘%ﬁg@]( T , "%“%@”ggs 99 (t,

1H). Step 2 5 Panpant ill mngedfonitatiopt 0.04 pg/mL to about 50 pg/mL; preferably from about
(ZZ)-2-(2-Triph | net-hYl am %ipz |- 4- ( B%— ] 0 Vi m no,

-.acetate (i.e. e &%Pg}én"s[tt&ag%l?a%g "%U%gn?gé{%u%%gl&?&? S l%ﬂ(%?mﬂq@g%&s '

hydrogen. R9 i s 10 pi/pile dgHibitioraficell Wil bigsyBitdSis im hattetia istypically eyjdemped ¥t hy|

(2)-2-(2-triphenylneth i po)t-hi azol -4-.yl ) - 2- r pm no)acetate )

hydr ochl ori de ( 1%16’“ ?%gﬁaﬁﬁpmgf?éégmﬁéé@u\?}%é%% o%%'b?ﬁt_e"o anhydr ous DMF.

QTQ this stirred m xhuadditiowis sargdiny aé snepacted nitibactbrial pfopétics, ompd@iis5 ol )

ol Toved by 10 ofthis invention have also been found to possess acceptable mammalian safety and

acceptable aqueous solubility. Additionally, compounds of this invention have been

found to have surprising and unexpectedly rapid cidality against certain bacteria,

including methicillin-resistant Staphylococci aureus (MRSA) and methicillin-resistant

Staphylococci epidermitis (MRSE). These properties, as well as the antibiotic utility -

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

O

25

30
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tetrabutyl ammoni umiodide (18.7 g, 50.6 mml). N BOC-3-br QeRRiRpysam ne
(50.6 30 g, 212.5 nmol) in DWF (100 nL) was then added dropw se over 30

m nutes. The mxture was stirred for two hours at which time HPLC

i ndi cated that the reaction was -39 14 March 2006 WO 03/ 031449

- PCTI US02132534 conpl ete. The m xture was then filtered and the filter cake
was washed with 200 nL of DWF. The filtrate was dissolved in 2 L of ethyl
acetate and washed with 700 mL. of INHC, followed by 700 nL of saturated
. aqueous sodi Wwo@ies#bonate, and finally wth 500 nlL of BeIm#2s3Bhe organic
| ayer was dried over sodiumsulfate, filtered, and 5 concentrated under
vacuum The residual oil was dissolved in 250 nL of boiling ethanol and
~poured into a beaker. Once the material had conpletely cool ed, the
residual clay-like solid was placed in a Buchner funnel and washed with 50
m. of ethanol previously cooled to -20C (NOTE: the product is noderately
~soluble in ethanol and use of |argerE ES wi || decrease the overal

yield of final - produsolohheMitRiic Bhd sieloatbdt uarlo feS A B inaghibfuves or ound

into a fine powder in nor t pest e and 'dri ed under vacuumto give
117 g (94% vyi el m)rermbnweamnqtltcechmsémﬁsummmhaumigutlwescapbfoftm te powder. 'H

7, (205 00y o Bty oy byt o () 21

7.16-7.38 1% (mparﬂrfg&/pnl&s&ﬂle(vgge indigated\Bbbreviaticps Botdlefirtott belgw have dsir3 -
Preparati on of yl met hyl am not hi azol -4-,yl ) _2-(3-N
BOC-am no ro X é eept-gdtlgeagﬁg Com and 5a where R is -LC- R2is 20.

- hydrogen. R9 is trlhen Ineth 1 R is BOCand Ais hydrogen) The ethyl ester

from Step 2 above ( g, 137 mml) J in 400 nL of anhydrous
%ﬁo 8a§buq¥ﬁ%#% | ng After all material

et hanol and heat ed n of bath to 8
.(Sgd di ssol ved, potass) n1hydrOX|de % in 150 nL of ethanol
vas added dropwi se t Re squLion q{ Wﬁ A preci pi tate began
forming 10 l15opTopy’e
DMF = N, N—dunethy]formamxde
DMSO = dimethy} sulfoxide
EtOAc = ethyl acetate
15 HOAT = 1-hydroxy-7-azabenzotriazole
: HPLC = high performance liquid chromatography
MIC = minimum inhibitory concentration
MS = mMass spectrometry
PMB = p-methoxybenzyi
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 Celsins
(_ \ "~ {°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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25 mnutes after addition of the base was conplete, and w0y aegt her 10
mnutes the mxture was solid. The m xture was renoved fromthe oil bath
and cooled in an ice bath. Ethyl acetate and water were added to the
cool ed m xture which was then poured into a separatory funnel. The m xture
- was washed with I N phosphoric acid, which caused the formation of a white
solid (NOTE: washing the product with a 30 stronger acid, such as I N HCl '
causes degradation of the product). Water was added to -40 14 March 2006 WO
03/ 031449 PCWQB®42534 t he separatory funnel to di ssol PeIPHRE253p| i d, and
the organic | ayer was then washed w th saturated agueous sodi um
~bicarbonate and with brine. The organic |layer was dried over sodium
sulfate, filtered and concentrated under vacuumto give the title
internmediate (80 g, 99%vyield) as a dark tan solid. 5 Step 4 - Preparation
of (Z)-2-(2-Triphenyl met hy] am no-55-chl orot hi azol -4-r1, 1-
2- (3- N- BOC- ani nopr opoxvi i no) acet at e (§xa@pledonpound 5b where R is -(CHz)
R2 is hydrogen. RO is triphenyinethylg.|fhedssfBOC, and A is chlorol The

intermediate fromStep 3 ?@mwﬂmﬂﬁ 504 107 Riako145) gv(gssol ved in 70 10
nmL of chl orofor | ¥ 17. 04
mol ) was gin ?!\g)ToEB éé(lpe meéigt_lo?g [tgl&g% h%%’?ﬁ%!?ggg‘ NCSC&ngy%gﬁtgduce

undesi red si de products) The mxture was stl rred overnight (a m ni num of

15 hours) at which t ?tﬁgg’ﬂ i SAhGHatkd 3 ag@glsrcﬁé%;etA vias conplete. The

m xture was then concentr er vacuum and the resi ue was di ssol ved
in a nnimal armount Stgfp IDNBrepam athany=Fibrontopropyliming hes| y stirred

.water to forma chiE @,@ Q;ézflgsh%rggl on. The

solid was air- dTT' . o0° a er nedi at e as
a tan solidlo ' HNVR |3|43tpmaprepylannhg/h3dmbmmxdm(ll0(bgmiﬂnunolb wasisspendediiol &6

(CemRi N N9 (NOTES ob S8l bt m il OklnAL SELBFO%Ch o R U8lr ARPERNAY O

uccessf ul coupl°| ng i onext experi ments su resi dual
succi ni m de nmayvigorbwesty wtile lﬂmnﬂmfmeﬂulammbddpgﬂdmmxmmmm) :

Alternatively, ]::)Ensige }en%ut%gyc%blorpy?%ﬁhy&m{e%?ﬁté g, D516 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 filirate 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 (DMSO0-d;, 300 MHz): & 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-y1)-2-
(3-N-BOC-aminopropoxyimino)acetate {i.e, ethyl ester of Comm. und 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-(thydroxyimino)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

36 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

-39-




was conplete, the reaction mxture was washed with water (1P ¥hech ok ne, and

‘then dried over anhydrous sodiumsulfate. This solution was t]ﬁen filtered
and concentrated under vacuumto give the title internediate (90% as a

~tan solid. .. "H NWR (DVMsO-d5, 300 MHz): 8 1.37 (s, 9H),1.63-1.74 (t, 2H),

- 2.94-2.99 25 (m 2H), 3.97-4.05 (t, 21D, 6.80-6.85 (t, 1H), 7.18-7.41 (m
15H), 8.97 (s, 1H), MS niz 621.3 [MrH +. 30 -41 14 March 2006 WO 03/ 031449
PCTI US02/ 32534 Step 5 - Pr aration of 7R -7- -2 2-Tri hen | neth aam no-5-
chl or ot hi azol Wg93/B142 3. N BOC-ami no m x ami no acet ani do -PSTERIEREHeth 1-
cephem 4- car boxyl at e n- Met hoxybenzyl Ester (i.e. Conpound 7 where R is -(C
-, R2 is.ydrogen, RO is triphenylmethyl, R' is BOC, and R12 isp- 5 nethox
be 1 The internediate fromStep 4 (0.62 g, 1 mol) was dissolved in 6 nL of
anhydrous THF, and to this m xture was added 0.34 g (0.83 nmol) of

7- ani no- 3- chI ororret hy cephal ospoyanj c acid p-nethoxybenzy|l ester
hydrochl ori de ( icompleter ngl‘Fp‘gﬁ Bg‘\ﬁj;ﬁ?rdét efed pnd; the fpfopcaks ps varbed WithiP0els uka,

Japan) in 4 ni |—oQbI\@ﬂmidﬁRMﬁ:Md%edﬂ'@LbW&deﬁ&aﬁﬂ%&@wm%ﬁﬁL”ed
under nitrogen and cooled tQ -35C._To this cooled m xture was added

di i sopropy! et hy o4 HELfollazrsd by 7003pkpf spturatsd jagucates ssgiumbricatbemns, anskfinally chi or i de
(0.11 ni, 1.2 mm{lDSOOEBWo?bl‘EJWESr 2o dﬁw&ﬂda&m%&lﬂfaw,é@rémﬁut es and

t hen quenched with wet THE and di et hyl acetate his® mxture

was washed wPt h copeertfated updervacuum, Theresidyal qilgvagdispolveddm 21 mlipfbeiling filtered
and 15 Concentr%&%%lm;me&&o§§eaﬂm(éﬂ&%ﬁeym&ﬁihﬁ oﬁl relyl bbiGd, et er medi at e

as a brown-red solid. "HNMR 1 ndi cat ed no undesired #lerlzatlon and no

resi dual succi niresidya clay{likepglid wor/slased ispBiicheer funne and Q?Sh@twlﬂg‘@]!)ll- ofl. 63-1.74
E E : gii)l) 424844%5 5&%313&%‘“}1&%% q*h"?“l‘%’ o '%”g%a?’%?ﬁ% foin 1?1)9 a0
@‘-‘;;. 75-6.81 (t, 1:@41)3110 andose of lager(ahoumy will deqreab@thg ovetall yigld of/fink) product).
N 10 Afier air-drying, the residual solid was ground into a fine powder in a mortar and
pestle and dried under vacuum to give 117 g (94% yield) of the title intermediate as a
fine off-white powder.
'HNMR (DMSO-d, 300 MHz): & 1.01-1.1 (¢, 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). |
MS m/z: 615.4 [M+H]".

Step 3 - Preparation of (£)-2-(2-Triphenylmethylaminothiazo}l-4-y1)-2-{3-N-

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

mkL of anhydrous ethanol and heated in an oil bath to 80°C with stirring. After alf
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 IN phosphoric acid,
which caused the formation of 2 white solid (NOTE: washing the product witha . -

30  stronger acid, such as IN HCI causes degradation of the product). Water was added to
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20 8.97 (s,11!), 9.41-9.44 (d, 114). Ms mz 972.0 [MH }. 1£MQI§%)06
Experi nents suggest that DI PEA causes isonerization when the above
reaction is carried out on larger scales. A nodified procedure which uses
2,4,6- collidine as the base and which maintains the tenperature at -35C
for the entire 25 course of the reaction -- about 10 m nutes - avoids this
problem. 30 -42 14 March 2006 WD 03/ 031449 PCTI US02132534 Step 6 --
Preparation of 7R)-7-[(Z1-2-(2-Triphen |yxnethyl am no-5- chl orothiazol -4-

1-2 3 N BOC- &0 #9314 X & 1 n oacetam do -3- 1- PCT/US02/32534
pyri di ni o) met hyl ] - 3- cenhem 4- car boxyl at ep- Met hoxYbe zyl Ester |ie, Conpound
8 where R is -(CH2),--, R2 is hydrogen. RO is triphenylnethyl, R' is BCC,

‘R12 is p 5 nmethoxrbenzyl and mis 0) The internediate from Step 5 (500 ng,
0.514 mml) was dissolved in 2 nL of anhydrous acetone and protected from
| ight using foil. The solution was stirred under a nitrogen atnosphere and

77 nmy (0. 514 nmthiesepafatay finoeita disspldethisaslid dutbtie ongahia layer wastben wished i xt ure '

was stirred for L.di : . I 0 and,
after 90 m nut e}s",ith e rFﬁdx ﬁé‘g%‘é"(g‘gﬁ{é" a@@@%‘tﬁ’kﬁ%‘fiﬁg\tﬁﬁéﬁzg er. This

‘m xture was ceitied dvagrediuvarsolfitd Glterebandtconvgntpatddiveder wecoumdcsgieathaitleh et hyl

et her and centrifuge ai Mo, I t her .was,.decanted and the pellet was
dri ed under vacll?ﬁenrﬁgfﬁatﬁr@ ’gb’ﬁétﬁ-@%%iatakiu\l/nemi#el d of the title internedi ate
as a tan solfd which was used without further purification. 15 'H NWR
(DVBO- d6, 300 MHz): 2

2H), 3.3-3.50 (g, 2

5.10-5.12 ‘
(t, 1H, 6.
8.61-8.70 (t, PR e o . 2
( The intermediate from Step 3 above (10 g, 17.04 mmol)

10  mL of chloroform and stirred while solid A-chlorosuccinimde (2.28 g, 17.04 mmol)

0Y1-9. 44 (d,
was dissolved in 70

aVl%: h
U J

was added (NOTE: experiments suggest that excess NCS may produce undesired side
products). The mixture was stirred overnight (a minimum of 15 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 addé:d 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 onlj a minima! 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.
. THNMR (DMS0-d,, 300 MHz): & 1.37 (s, 9H), 1.63-1.74 (t, 2H), 2.94-2.99
25  (m,2H), 3.97-4.05 (1, 2H), 6.80-6.85 (t, 1H), 7.18-7.41 (m, 15H), 8.97 (s, 1H).
MS m/z 621.3 [M+HT. o
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20 M5S mz 1014.2 [MtH]-. Step 7 - Preparation of 7R -7-
2- Am no- 5-chl orot hiazol -4- 1 2 3- am nopropoxj!imno_ acet%zz‘al\’[mh2006
_ido]-3-[(Il-ppyridinio)methylj-3 ,cephem 4-carboxylate Bis- Trifluoroacetic
Acid Salt (Le, Conpound 2 where R is -(CH2)-, R2 is hydrogen and 25 m sO
The intermediate fromStep 6 (14.4 g) was dissolved in a 1:1 mxture of
trifluoroacetic acid and dichl oronethane (120 nL). To this stirring m xture -
was added 6.2 nL of anisole and the resulting mxture was stirred for 3
hours at roonWOP¥H¥P at ure. The mixture was then concent PET@E0%RIL he
resi due dissolved in ethyl 30 acetate and extracted with water. The water
| ayers were |yophilized and the resulting -43 14 March 2006 WO 03/ 031449
PCTI US02132534 powder was di ssolved in water and purified using
reverse-phase prep HPLC. The resulting purified agueous sol ution was then
| yophilized to give 3.3 ¢ (3096y|eld of the title |nterned|ate "H NMR
(DVBO- d6, 300 Mz): %teESI. Qs £ {AR)-T<l(£)-2-(3- Trighenylmsthyla , 5 3.29-3.57
Eq,n 2[')11)4 (7323491 chigrottfiazoR4y -2 3-1@&:-&%::& .¢ m.éo éc@taéuﬁ 3.(:moro{a’al 1R 83(5 92
I n, S, . 6U- . ,
1H), 9.0-9.08 (d&e ephemidr-carhoxylate p Jg-».- 2 lﬂeuu _n-_m“-7 here Bl is {. (NOTE: The
above reaction capRy3lSR2RhyvdsdYeLed Hﬁiﬂﬁﬂnfkeﬁ Sl @ﬁﬂsl_ place 10 of
t he ani sol e. Addltlbhall he product can Isolated ustng ethyl ether
trituration)? 5 Synt hesi s of

gzﬁ]o;r E)[(:)§Z(§I %Zhégna(?gl%eg%&%l ?{a tﬁ?@% @céégb%ant eﬁ of dlf)sylrvf%llnr? |m15 (r)r%t hyl | - 3-
cephem 4- car boxyhipdeuhTHF, Bnd fol thie mixtere wagadded @1343n(0t83 mmol) of 7-amino-3- -
chloromethylcephalosporanic acid p-methoxybenzyl ester hydrochloride (i.e,
(’ compound 6 where R is PMB; obtained from Otsuka, Japan) in 4 mL of anhydrous
10  THF. The resulting mixture was stirred under nitrogen and cooled to -35°C. To this

cooled mixture was added diisopropylethyfamine (0.52 mL, 3mmol) followed by
phosphorous oxychloride (0.11 mL, 1.2 mmol). This mixture was stirred at -20°C for
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.
"HINMR indicated no undesired isomerization and no residual succinimide.
"HNMR (DMSO-d, 300 MHz): & 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/z972.0 [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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Using the procedure described in Exanple A and substituti gy 35006

cycl opent enopyri di ne (obtained from Koei, Japan) for pyridine In St ep 6,
the title intermediate was obtained. ' HNVR (DVMSO-d6, 300 MHz): 6 =
1.82-1.947 (t, 2H), 2.18-2.29 (m 2H), 2.40-2.5 8 (m 211), 2.81- 2 95 (m
211), 3.09-3.17 (t, 211), 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, 1 H, 8.62-8.69. (d, 1 H, 9.60-9.63
(d, I H. M WPe3p5 [M-H }. 30 -44 14 March 2006 WO 03r@3saigs@Exanpl e C
PCTI US02132534 Synthesis of (7R)-7-[(Z2)-2-(2-Am no-5-chl orothi azol -
yl)-2-(6 :

am nohexoxyi nai no) acet am do) - 3-[ (1- pyri di ni o) net hyl ] - 3- cephem 4- car boxyl at e
bis-Trifluoroacetic Acid Salt Using the procedure described in Exanple A
and substituting N BOC 6- |odohexyl am ne for N- BOC- 3- brormpropyl amne in
Step 2 (and el ini nat Steg Srisepamtion efTRELH A i dxin ethiflamine-5+ he title

i ntermedi ate Wa%:hib?&tﬁhi&?-d £ ppm (bs,
4H), 1.3 ppm (m ppm (dd 211),

. 4.0 ppm (t, 3H), bis R (i ' H ,
}@%%iﬁ)mp%cﬁgﬁgﬂ (dd 1, 9
ynt hesi s

7.25 ppm (bs, .
ppm (dd, 2H), 9.5 ppm (4, IH).
of ' 5  methoxybenzyl and m is 0)
The intermediate from Step 5 (500 mg, 0.514 mmol) was dissolved in 2 mL of
anhydrous acetone and protected from light using foil. The solution was stirred under
a pitrogen atmosphere and 77 mg (0.514 mmol) of sodium iodide was added and the
( 7 resulting mixture was stirred for 1 hour. Pyridine (63 pL, 0.772 mmol) was added

- 10 and, after 90 minutes, the mixture was added to 25 mL of ethyl ether. This mixture

was centrifuged and the resulting pellet was washed with ethyl ether and centrifuged
again. The ether was decanted and the pellet was dried under vacuum to give a
quantitative yield of the title intermediate as a tan solid which was used withoﬁt
further purification.

15 "H NMR (DMSO-dg, 300 MHz): 8 = 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 (g, 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]".

Step 7 — Preparation of (7R)~7-[(Z)-2-(2-Amino-5-chlorothiazol-4-y1)-2-(3-

Triftuoroacetic Acid Salt (i.e, Compound 2 where R! is ~(CH,),-, R? is hydrogen and
25 mis0)
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 stitred 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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(7R -7-[(Z2)-2-(2 Ami no-5-chl orothi azol -4-yl) 2-(2-(2- 14 March 2006 ,

am noet hoxy) et hoxyi m no) acet am do] - 3-[ (| -pyri di ni o) net hyl ] - y cephem 4-

car boxyl at.e 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° - PvegPBdon of Ethyl -2 2-Trihen | nmeth | am nordw/egeyszsay- 12-

[ 2- (2- N- BOC- ami noet hyl ) et hoxyi mi no] acetate (i.e ethyl ester of Conpound 5a
where Itsis - CH-O-(CH),-. R is hydrogen. RO is tri phen !'neth | R
is BOC and A is hydrogen) 30 The internediate fromStep |I in Exanple A
(42.5 g, 86 mmol) was added to a stirred suspension of

‘N-BOC-2- (2. .1 odoet hoxy)-ethylam ne (28.5 g, 90 mmmol) repared in three
steps from 2-Roxderyes disspliedl incyaterapd pisified psieg reveryejphaseprp, Theii) MO,
Et.,Nand (iij : ' : t : Lagh Oy DVF (300
rnL). The sus&%ﬂrﬁs}}?g#%gq%tgﬁdrdgg&ﬁ%q%lﬁopgiﬁé?déoo%vﬁgg e(?r%?g%@gt which tinme
HPLC -45 14 title ijtgrg@diate\\D 031031449 PCT1US02/ 32534 indicated that the '

reaction was conpi eagdd Maxt Y6 e -} and the
filter cake washed wt W?ﬁg%d%w%gﬁffﬁﬁa%}g%&%t%%?% with ethyl
acetate (5 L)32%BN@sHBH-0-4-b5 (2Br5.153DD (dL ), .M -H63 (BK), hB3-5.92at ur at ed

aqueous sodi j t _ i g (L gani c | ayer
was dried ove(#ﬁ’”}séﬂfr%gér@%mﬁgﬁéggpg}f i’{‘ ???g’%%’r@%%%%%’m&qg? 8e@:i n vacua.
- The residue %8, $9%3.62@ddiH)y flash col unm chronat ography (et hyl

acet at e: hexane, 1’"1%)"5%953?-{ ey 49. 79 (90% yield) of the title internediate
as an off-white solid. ' (DMSO-d6, 300 MHz): 8 = 2.96 (s, broad, 2H),
3.20-3.55 (g, 211{NOTE3TE9akowe re@didh canBlsp®e cendu@ddisingdrictigyisflene i@ plade, 5. 13 (d,

311)) 5. 36 (ot i Loy e Bbydihon v Mpfr gt B cle fytont " 555 4

[M-pyridine]-. Exanple E

Example B

Synthesis of
15 ("TR)-7-{(2)-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 Koet, Japan) for pyridine in Step 6, the title |
intermediate was obtained. '
'"HNMR (DMSO-dg, 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 (1, 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, 2ZH), 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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15 Synthesis of (7R)-7-[(Z) 2-(2 Am no-5-chl orot hiazol - ){H,[gﬂg

am nonet hyl benzyl oxyi m no) acet am do] 3-[(1-pyridinio)nmethyl] i cephem 4-

car boxyl ate bi s-Trifluoroacetic Acid Salt 20 , Usi ng t he procedure

descri bed | e A and Step 2 of Exanple D and N

BOC- 4- (i odorret hﬁlg?benyl am ne (prepared in four step fr BE{;Héu%iSE‘H

(am norrethyl)benzmc acid, i.e., (1) BOC2OQ " KOH, (ii) LIiAIH4, (iii) MO,
Et 3N and (iv) Nal) for N BOC 2-(2-iodoet hoxy)-et hyl am ne

3- bronopropyl am ne hydrobrom de in Step 2, the title internedi ate was
obtained. 25 'H NWVR (DMSO-4, 300 MHz): 8 3.18-3.59 (g, 2H), 4.00 (s,

broad, 211), 5.13 (s, 211), 5.15 (@xmglﬁﬁ: 5.40-5.64 (q, 211), 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. M5 mz 614.1 [MrH +, 535.1g Meg%q,fdl ne]'. 30 -46 14 March 2006 WO

031431449 . PCT/ US02/ 323’%?)5[?54 ,,Agnfo_ggmgp@f,ﬁm_ S-2-@ynthesis of
mid

_ E7R§/r|7d|[5ﬂ%2)) rsznﬁnuﬁfQ?) cepbe m%&%‘?%&ﬁ&hgﬁéi R%f??%?ﬁ)éﬁﬁgﬁ%m SO)SaI?,t[(B§
e

"elimnating Step 4 in Exanple A above schloro derivative of the
intermedi ate of Exanple A was prepared. 'HNVR (DVMSO-d6, 300 MHz): S =
1.75-1.82 (t, 2H) Using@p-proceturg mExsmzlsA@néiul(sufutMBOQQS 4.09 (t,

(o 111) 7. 1850hSgyaptle o B Bimoffopgiing s S5 Pbormbfignat® 31107 6%16% ¢
2H),, 8.5808. agrabutylaponiug 1@:5:{53, t@ﬁl.ﬁt(edﬂtmla% %b@nﬁb (d, 111).
- 'H NMR (DMSO-d, 300 MHz): 3 1.2 ppm (bs, 4H), 1.3 ppm (m, 2H), 1.5

ppm (m, 2H), 2.7 ppm (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), 76 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 (TR)-7-[(Z)-2-(2-Amino-5-chlorothiazol-4-yI)-2-(2-(2-

ammoethoxy)ethoxylmmo)acetamldo]-3~[(1-pyr1dmlo)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-aminoethylethoxyimino]acetate (i.e, ethyl ester of Compound 5a where
Rlis ~(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 susi:ension 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 (jii) Nal) and cesivmn carbonate (84.1 g, 258 mmol) in DMF (300
mL). The suspension was st_irred for 16 h at room temperature at which time HPLC
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Ms nmfz 518.6 [ MtH +. 15 Exarrpl e G Synt hesis of Vanconyci q4March2006

3- (Am nooxy) propyl Amide Step | -Preparation of N-0-Am noDr oDoxOnht haI i mde
‘N-(tert-Butoxycarbonyl)-3-bronmopropyl anmine (fromStep | in Exanple A 20
above) (9.8@ 23 mmol ). and N hydroxypthalim de ( mol ) were
di ssol ved |n0%31r+19 of anhydrous DMF. To this sol uti on%@rg’sgﬁgﬁ%

di i sopropyl ethyl amine (7.01 nlL, 40.23 nunol) resulting in a deep red color. -
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 precipitate was 25 filtered off and di scarded. The organic

sol uti on s siaNlytilelesdiord0R Bihple 2T Ak SOUILMNLSATRRAGK® and Wi 2

x 200 nL of water. The organl c sol ut| on dried over anhydrous nagnesium

sul fate, filtteBlersike vedhsd with RIVE §100anly; Wbeﬁlhmwﬂ“@él“ﬁ‘éeml s, solid was
then di ssol vegedhR (Pkhd @BshEKMtﬁ%eﬁ@o@hL)ﬁfv lﬁ?ﬂ()%ﬁ.)%unagd'aﬁﬁéﬁzﬁ% for 1

- hour, this solution was poured into 300 et her

resul ting preefipmbicasbonua(2p¢ mLWé@nnv@@he@) vﬁhewrmﬂﬂﬁsrlwaeﬂh@rovand dr| ed
under vacygumj, t i cetic acid
sal t . -47g14 tifene csﬂfniz%(ﬁ)igm\/%éﬁeg?%’g%ﬁ’ﬁ’ tgﬁgﬁﬂﬁg 3@@&%‘#&@%‘?% 300
Miz): 8 = 1. Fpsk oiymnglijomagoggphy @iyl acptatethexnade,(124ito affoyd 49775 1%0% Hield) s), 7.92

. (3H, broad s) fﬂﬁtﬁ%@l& anconyci n 3-(Pht hal i m dooxy) propyl
Ani de 5 Vancoorrym n {forl ghl‘??ﬁ%hé/, 6. 74 mol ) and the internedi ate

from Step 1 (2. 7tH IHD(MS%B()O MHek 53*&96 (seltoddn2H)B2G8.55(q, 2HRydr ous DMF.
Di i sopropyl et eesul ting
m xture -was js.gtg: ?rﬂéﬂé g@@i@mﬂ? zﬁpafuy@opbf gseﬂ'&hﬁ{)&?%t&&t} h of PyBOP

(5.61 g, 10 7.40(s, 2H), 7.87 (s, broad, 3H) 8.20 (t, 2H), 8.64 (i, 1H), 9.23 (d, 2H), 9.55 (d, 1H).
MS m/z 503.1 [M-pyridine]*. - T

Example E

15 Synthesis of '
- (TR)-7-[(Z2)-2-(2-Amine-5-chlorothiazol-4-yI)-2-(4-
aminomethylbenzyloxyimino)acetamido]-3-[(1-pyridinio)methyl]-3-cephem-4-
carboxylate bis-Triflaorcacetic 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., (1) BOC,0, KOH, (ii) LiAIH,, (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 (DMSO0-d,, 300 MHz): 6 = 3.18-3.59 (g, 2H), 4.00 (5, broad, 2H),

5013 (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 (1, 1H), 9.17(d, 2H), 9.71 (d, iH). | |
MS m/z 614.1 [M+H]", 535.1 [M-pyridine]".

30
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10..78mmml ) and HOAt" (1.65 g,10.78 mmol) in DWMF (20 nL) wassifen.@dded, . and
10 the reaction was stirred at roomtenperature. After-1 hour, the reaction
m xture was added to diethyl ether (500 ralL). The resulting precipitate was
filtered, %‘pfd with diethyl ether and dried under vacuumto yield the
title inte di'3*E as an off-white solid. MS mz = 16BCT/8SQRMMEBEY +. 15 Step

3 - Prepar ation of Vanconycin 3-(Am nooxy propyl Am de The internedi ate
~fromStep 2 (11.2 g, 6.74 nmmol) was slurried in 80 nL of anhydrous DW and
hydr azi ne nonohydrate (0.65 ni, 13.48 nunol) was added. The reaction was
'stirred at roomtenperature for 4.5 hours and then 1 nL of 20
triflluoroacetic acid was added._to th eaction m xture, followed by 300 nL
of diethyl ether. After vi gorog§“[§1{1?ﬁ¢‘w§’mf‘}‘f’é resulting precipitate was
filtered, washed with diethyl ethegymhdisdti ed under vacuum The title
compound was [ER}-T-{(E}2B- Attt ol 4IRS G-dikihbpripi: Hmﬁo)\A@Jtﬁﬁ;ﬁﬁBJ @dno'

gradi ent to aff opytidikie)nicthyl)e3-ciphemn Bk RixPlafthiTrillYG B etit £6d SRR 25 MBS
mz =- 1522.9 (MrH)}. 30 -48 14 March 2006 WO 03/ 031449 PCT IJSOZ/ 32534

Exanmple H Synthegjs..of . 7 2- (2- Am no- 5-chl or ot hi azol -
yl ) - 2- oxoacet ani d?f gmlni“wpq"f’ﬂl FWPO@a@%%éWm%mﬁyﬁthQ e
Bis-Trifl uoroate&ﬁeﬂia&n‘BlEﬁanﬂleA\ﬁEF Rpsad i on of Ethyl
2- (2- Forinyl am noy oxoacet at e Et hy
2- (For nyl ani not hi aé%@% é&b’éﬁ%@ ﬁzelff@l §2§;2f992@77'2§$r@h.?1“1),(0bt ai ned
from Al dri ch,3.24-3.68(qkaB, 3.58-1.096218! $113.5.88(d! Th)>8)3815 580, 21895948 DV
10 (m, 1H), 6.62 (s, 1H) 7.15-7.25 (s, broad, 2H), 7.60-7.75 (s, broad, 3H), 8.16-8.19 (,
2H), 8.58-8.63 (t, 1H), 8.95-9.01 (d, 2H), 9.57-9.60 (d, 1H).
MS mv/z 518.6 [M+HT". )

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 50mL 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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10 N-Chl orosuccinimde (5.6 g, 41.86 nmol) was added as a;glif>@pd the
suspension was stirred at roomtenperature. After 18 hours, the reaction

m xture was poured into 500 nL of water. The resulting white precipitate -
was fllter\eég washed with water and air dried to afford the title
internmedi a %{%3 Wawhite solid. 'H NWR (DVMSO-d6, 300 M%Tgusgzlsgssf_z (t, 3H),
4-3 (q, 211), 8.55 (s, 1 H. 15 Step 2 7 Preparation of

2- (2- Forinyl am no-5-chl or ot hi azol -4-yl)-2-oxoacetic Acid To the
internediate fromStep 1 (3.6 g, 13.7 nmol) was added 1M NaCH (30 ni,

- 30mmol ). The resulting suspension was sti rred at roomtenperature for 2

hours 20 (at whic a i&ﬁ%ﬂ 30mml )

was t hen added, t}{w&?@ﬁﬁg@% ?6@%‘% 2?5%§r gug irring, the
resul ti-ng pr eth;ﬂ;th(eﬂﬂ,e;)Mg(.’»H ibdads)ed, washed with a m ni num anount of cold

water and air dried to afford the title internediate as an off-white

solid. "H NWR (DVSO-d6, 300 MHz): 8 85(s 11.1). 25 Step3-
Preparati on of (7511)ep2-f tibroof] thd i 1-Mni

exeicelaniol” s CULL BUE iy SRR e AR B =1

chi or omet hhy| Sigph ¢d.705¢) 3108 frintolaeredurtial ihdBY bkt ydhydsésdMAydr ochl ori de (1. 95

Sy ous DvA g a s el Foofanm PR FH O EHBERYINE  nen cool ec

'to OC wi th anwssiesduttoomASmpefanbiifos 10 RA0EA WRHIR6OBBOYISBCE/ t TS02/ 32534 i ce

451 mol ) vl BOrRass D bl A ddpD e tien by 0 O

2,4, 6- colibi ditherefdiopdadBtirred 4 réoh ®RPériture.] Adter ElRsut, Iﬂfﬁ’i’edmn‘nkt\i-d’ﬁﬂ at 0C for: 2
noe’ 51 er ca AqBaRBE0] B P oy pfing b FRTHERE bhell b o1 P1 Lot

diethyl ether and dried under vacuum to yield the title intermediate 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 shuried 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
diethy! 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
i&bphilized powder.

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

30

~48—




5to afford the title internediate as a red solid. The corfﬁ gzms used
wi thout further purification. MS Mz = 607 (M:Na)}. Step reparation
of (7R)-7-f2-(2-Fornyl am no-5-chl orot bi azol-4-y |)-2- 10 oxoacetam do - 3-
1- "dinio meth 1-3-ce hem4-carbox |ate Metho en 1. Ester The internedi ate
from Step WOO0H443 4. 27 mmol ) and sodi um i odi de (0. 64PE/USIYSHHA nmpl ) were
di ssolved in acetone and shielded fromlight by foil. The reaction was
stirred for 10 mi nutes and t-hen pyridine (0.42 nL, 5.12 nmol) was added.
The 15 reaction was then stirred at roomtenperature for 1 hour and then
300 nL 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 resul %"ﬁ@plegqueous solution was |yophilized
to afford the t|tIe i nternedi ate assﬁ,ti,egglahlllzed powder. 20 Ms mz =

628.1 (M~ J}Z-?-Amﬁ’fo%—&lﬁ%tﬂ%lo x’%zﬁ-ux&ceﬁmnﬁlj-él’(ﬂi)?rﬁinﬁhhﬂhﬂi hi azol - 4-

1-2-_oxoacet am do eigmn{mmbb t€ BistEmubeadchrie | ate
Bi s-Trifl yoroacetate The internediate fromStep 4 (0:11 g, 0.18 mmol) was

di ssolved in 5 nL of 25 nethanol aqueous h drochloric
acid (0.5 nL) was Skadedrerss b D higrotiiazol-Ayl-25¢  r oom
tenperature fQuacte hours. The rret hanol was rem)ved under vacuum and
acetonitrile (10 nL) was added. The solution was then concentrated in

vacuum and to t heEtyk3- @G@ﬁ@ﬁﬂh‘é@ﬁ@bﬁ(‘%‘mﬁﬂﬁﬁﬁdw 7mmell ) and the :
resul ting mX@HﬁﬁeMﬁMhem%ﬂlﬁméeowmﬁ@mﬁfeawmQfmﬁy&mﬁm Di et hyl .

ether 30 (50 i) was then added and the title internediate was i sol a_ted by

centrifuddti o¥ sucginimife (7.6 A b3 wmoD Mas added)as asolid apdabersyspsasionTh s
i nt er nedi at & YASHYSERrointihBhErarkr ARG 8 RO, itheGBichi O mixtMEwabpbursd tid- O W

500 mL of water. The resulting white precipita:ce 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 (g, 2H), 8.55 (s, 1H).

and }goncent r at ed

15

Step 2 — Preparation of 2-( 2—Formvlamino—5-chlorothiazol—4-vh-2—oxoacetié
To the intefmediate from Step 1 (3.6 g, 13.7 mmol) was added 1M NaCH (30
mlL, 30mmol). The resulting suspension was stirred at room temperature for 2 hours
20  (at which time the sotution was clear) and 1M HCI (30inL, 30mmol) was then added,
followed by 100 mL of water. After vigorous stin’ihg, the resulting precipitate was
ﬁltere_d, washed with a minimum amount of cold water and air dried to afford the title
intermediate as an off-white solid. '
'HNMR (DMSO-dg, 300 MHz): &= 8.5 (s, 1H).
- 25
Step 3 — Preparation of (7R)-7-[2-(2-Formylamino-5-chlorothiazol-4-yl}-2-
'oxoacetamidoi-3-chlordmethy]—B—cephem#—carboxxlate p-Methoxybenzyl Ester
The intermediate from Step 2 (1.03 g, 4.37 mmol), 7-amin-3-
chloromethylcephalosporanic acid p—ﬁxethoxybenzyl ester hydrochloride (1.95 g, 4.81
30  mmol) and HOAt (0.74 g, 4.81 mmol) were slurried in 15 mL of anhydrqus DMF.

The reaction vessel was purged with nitrogen and then cooled to 0°C with an external
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- Exanple | = Synthesis of Conpound 13 where R is - (CH2)3-,,§ chﬁ%ﬁ R6, RS
are hydrogen, Ris hydroxy, R7 is nethyl, X and X2 are ch and mis 0
Step 1-Preparation of (Z)-2-(2-Am no-5-chlorothiazol-4 yi)-2- (3 10

am nopropoxvi m no)acetate The internediate from Step 4 in Exanple A

(0. 75g, 1. 2¥Miye¥44has di ssolved in 5 nL of DCM and 5 rRCTBISO¥REHR| yor oacetic
racid. After 1 hour stirring at room tenperature, 100 nL of diethyl ether
was added. The resulting precipitate was filtered, washed wth diethyl
ether and dried under vacuumto afford the title 15 internediate as a brown
solid Step 2 - -Pre aration of Cbnpound 13 where R is - CR RS, R6 R$ are

hydroQen R4 i s hvdroxy. is neth X and rechl qQ nd is O
Vanconyci n - hybatin | € -Dimetp ar@m@ro;(y bf’d%fé‘é ﬁé‘ﬂ‘ﬂl(’ 5%293&*3@]8 nmol ) 20
were slurri e%ﬂndsi)‘%sid&mt&fha@@h%&tﬂﬂ&a@h@%né\w@QJmelmemm0 46 g,
0.88 mmol) of anhydrous DME was added follomed §¥ Dl PEA (154

uL, 0.88 nmdd} mugl). e zqaption;Wag stirgd ab@5 Crpra houss and thep, payred dgto

i nt er medi at e gk, gﬁ'Pﬁﬁleﬂhé-chlﬂgr?g pr&l itgte%smﬂ}éd) whﬁe&w@-w&gram@rﬂﬁeﬂ added
f ol | owed UICkﬂ%WE% addi ti on of 0.54 nm., 3.08 nmo| The reaction
']

i xt ur e title m@amde%@rr%ﬁ sohig Thercompaund pyggysed t fyriberm | of

' 'trlfluoroace5 agld was added, followed quickly by the addition of 100

nmL. of Et10 "The resultin reC|p|tate was filtered, washed with Et20 and
dried in vacuumM$mezp Nadeuct was purified by reverse-phase- HPLC and
the resulting aqueous solution was |yophilized to afford the title
~internediate as a | yophilized pomder 30 MS mz =1711.0 (MH?} -51 14
March 2006 WO 03/ ¥ep 44 Brepaationod = grylsminor5-chiorothiazol-4-y1)-2-

10 oxoacetamido]-3-(1-pyridinio)methyl-3-cephem-4-carboxylate p-Methoxybenzyl

Ester
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 minutés 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 ared 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 MSm/z=628.1(M)". ',

Step 5 — Preparation of (7R)-7-[2-(2-Amino-5-chlorothiazol-4-y1)-2-

~ 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
'resu!ﬁng 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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Synthesis of a Compound of Formula | where R is - (CH2)3-4 3 ReBos RE. R
are hydrogen, Ris 5 hydroxy, R is nethyl, X and X2 are chloro, and mis
O (Conmpound 1 in Table 1) Vanconycin hydrochloride (4.2 g, 2.8 mol) was

di ssolved in 40 nL of DMSO. To this solution was added a sol ution of PyBOP
(1.3 g, 2.V 8199 and 10 HOAT (0.35 g, 2.6 mol) in 4FCEUSEEIZPAME, fol | owed:
by 0.98 nL (5.68mmmopl) of diisopropylethylamne. This m xture was stirred
at roomtenperature for 30 mnutes and then quenched with 0.44 M

(5. 7mmol ) of trifluoroacetic acid. The m xture was then cooled to OC and a
solution of the internedi ate from Exarrple A above (1.3 g, 2.6 mmol) in 20
mL of DMF at 0C was added, IIo gﬁ grrL(114mmI)of 15

2,4,6-col | i dfrh’émwrﬁéd‘#FX’f‘% FAHERH 0C for four hours and then
quenched with 1. ﬂgsm;zgﬁ7gg(1\ﬁj+uor oacetic acid. This m xture was then added
to ethyl ether to forma precipitate, centrifuged, washed w th ether,
decanted and dri ed- under vacuum The resulting powder was dissolved in
water and purified using prep HPLC. gilgplet fractions containing the desired
product were. |lyophilized to give the tri-trifluoroacetic 20 acid salt of
the titleSconpound. The anion of tH¥P84sitohas then exchanged using
Anber |l yte res f L Y IRORK 1RSI Bylrbgen] R1iOBydrbiy, € conmpound
(1.4 g, 27% ‘5‘.“3 ﬁﬁnalg%gntl??’é {)coﬂ R 95?3 l?[{\/wkl]ajfpy]f’{’m nel/2:
992.0 [ M+H] +/ 2. 25 Addi & &masthyl, Wlﬁ‘ﬁﬂ%"%’“@? BB in Table | are or
were prepared using the procedures of Exanple A and Exanple 1 by using in
pl ace of the pyridine in Step 6 of Exanpl e A the fol | ow ng substituted
pyri di nes: Exanpl%eml = Pepapation|of (73-2-(AGAnmine:ans It-g)-d:63-i ne Exanple 4 -

4-Pi col i pg ﬁ;ﬂ&!gﬁ g&gmméa&{& ehoxypyrl di ne -52 14 March 2006

The intermediate from Step 4 in Example A (0. '75g, 1 21mmol) was dissolved
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 2 brown solid

Step 2 — Preparation of Compound 13 where R* is ~(CH,},-. R% R, RS, R® are
hydrogen, R* is hydroxy, R” is methyl, X* and X? are chlore, and m is 0
Vancomycin hydrochloride (1.3 g, 0.88'mmol) and HOAt (0.14 g, .088 mmotl)
20  were slurried in 3.5 mL of anhydrous DMSO. A solution of PyBOP (0.46 g, 0.88
.mmol) in 3.5 mi. 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
(054 mlL, 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 ELO and dried

in vacuurn. The crude product was purified by reverse-phase-HPLC and the resulting
agqueous solution was tyophilized to afford the title intermediate as a lyophilized

powder.
30 MSm/z=1711.0 (M+H)",
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WO 03/ 031449 5 Exanple 6 - 3-Methoxypyridine Exanple 7 - 4 Ml bgsypyridine
Exanpl e 8- 2 Thi onet hoxypyri dine Exanple 9 - 3-Thi onet hoxypyri dine
Exanpl e 10 - 4-Thi onet hoxypyridine Exanple 11- 2-Fluoropyridine Exanple
12 - 3-Fluoropyridine Exanple 13 - 4-Fluoropyridine Exanple 14 -
2-Ch|oropyW?ﬁg%%“PCTl(J802132534 10 Exanpl e 15 -- 3- CRGGRPi ne Exanpl e
16 - 4-Chl oropyridine Exanple 17- 2-Phenyl pyridine Exanple 18 - 3 '
- Phenyl pyri di ne. Exanple 19 - 4-Phenyl pyridi ne 15 Exanple 20 -

4- Cycl opropyl pyri di ne Exanpl e 21- 4-(Carboxyt hi onmet hoxy) pyri di ne Exanpl e
22 -- | sonicotinarnide Exanple 23 - 2,3-Lutidine Exanple 24 - 3,4-Lutidine
20 Exanmple 25 - 3,5-Lutidi ne Exanpl e, 26 - 3, 4-D nmet hoxypyri di ne Exanple 27
- 4- Met hoxy- 3- net hyl pyri di ne Exanpl&@@@el_" 4 F| yoro- 3" net hoxypyri di ne
Exanpl e 29 - 2, 3-Cycl ohexenopyri di ne 25 Exanple 30 - :

2, 3- Cycl opent enopyri di ne 30 Synthesis of a
& P Com;?ode of Formula I where R' is - (CH,),~, R, R5 R, R® are hydrogen, R* is
5 hydroxy, R” is methyl, X' and X? are chloro, and m is 0
(Compound 1 in Table I)

Vancomycin hydrochloride (4.2 g, 2.8 mmol) was dissolved in 40 mL of
" DMSO. To this solution was added a solution of PyBOP (1.3 g, 2.6 mmol) and
10 - HOAT (0.35 g, 2.6 mmol) in 40 mL of DMF, followed by 0.98 mL (5.68mmol) of
| diisopropylethylarriine. This mixture was stirred at room temperature for 30 minutes
and then quenched with 0.44 mL (5.7mmol) of trifluoroacetic acid. The mixture was
then cooled to 0°C and a solution of the intennédiate from Exar}l-ple Aabove (1.3 g,
2.6 mmol) in 20 mL of DMF at 0°C was added, followed by 1.5 mL (1.4 mmol) of
15 2,4.6-collidine. The mixture was mai'_ntained at 0°C for four hours and then guenched
~ 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. |
 MSm/z953.3 [[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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The above substituted pyridines are either commercially a\ﬁg%ﬂﬁzﬁmor”can be
prepared by literature procedures. -53 14 March 2006 WO 03/031449

PCT[ US02132534 Exanpl e 31 Synthesis of a Conpound of Fornula | where R is
- (CH2)6--, R2, R5, R6, Ra are hydrogen, R4 is 5 hydroxy, R7 is nethyl, X
and XZ ar eV@B¥®I4? and mis O (Conpound 31 in Table | )FOYHEPHEHe procedure
of Exanple 1 and substituting the internediate of Exanple C for the

i nternedi ate of Exanple A the title conpound was prepared, 10 M5 mz

1 2026.5 (M+). Exanmple 32 Synthesis of a 15 Conpound of Formula | where R
is - (CH2)2 0 - (CH-, R, RS, R6, R8 are hydrogen, R4 is hydroxy, R7 is
methyl, X and XZ are chloro, and mis O (Conpound 32 in table I) Using

t he procedure of & 3-MeHoxmyBdinet ut i ng the intermediate of 20 Exanple
D for the intermedialf Of 4-FeaiRiirifinet he title conpound was prepared. M5
mz 967.9 [(Mpyridine)/2]+. Exanple 33 25 Synthesis of a Conpound of

Fornmul a | where RExqmple ometbeiypyridingz.  R2 Rs, R6, R8 are hydrogen, R4

i s hydroxy, R7 i Sppeidvd..3Xhiomeflox{Gyfdife chl oro, and mis 0 (Conpound 33 in
Table 1) 30 Using_the procedure of anpl e | and substituting the
intermedi te of Exampl W --Thipmethexypyriditeredi ate of Exanple A the title

conpound was prepgy.atie 11 —2-Fluoropyridine

Example 12 ~ 3-Fluoropyridine
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 ¢an be

prepared by literature procedures.

. 30
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MS nfz 1967.0 [MrH *, 984.2 [(Mpyridine)l1l2]+. 35 :54 14 IYQM%P
03/ 031449 PCT/ US02/ 32534 Exanpl e 34 (Corrpar ative) Synthesis des ChI oro
Compound of Forrmula | where R is - (CH),-, R2, Rs, R, Ra are 5
hydrogen, R is hydroxy, R is nmethyl, X and X2 are chl oro, and mis O

( Conmpound véddsasieitng t he procedure of Exanple | and sulPsmiusewazssg t he
des-chloro cephal osporin internediate of Exanple F for the internediate of -
Exanple A, the title 10 conpound was prepared. MS nilz 935.3 [[ MtH|
pyridine]/2; 974.9 [ MtH)+/ 2. Exanple 35 Determ nation of Mnimal Inhibitory
Concentrations (MICs) 15 Mnimal inhibitory concentration (M Cs) assays
were performed using the broth mcrodilution nmethod set forth in NCCLS
guidel i nes (see, NCCLS. 2000. Met Hexdsnpledd! Di | ution Anti microbi al
Susceptibility Tests for Bacteria That Grow Aerobically, Approved Standard
- Fifth Ed., Vol. 20, No. 2). Bact Synthésissffpai ns were obtained fromthe
Ameri can TypeCommaud ofirtamel girk BL isi-GAHOATGLR’, RS Rhdrshydgen i’ iser si t y
Hospital §SU), Kai serhyRerxypRasmethivhd' ondX® axxisblons, andriind Ber kel ey (KPB),
Massachusetts General Hospital .(Qdﬂid)mdﬁhmmars for Di sease Control

(CDC), the San Francisco Veterans' Adm nistration Hospital (SFVA) or the

Uni versity of i.fornia San anchs

Vancomnyci n-resi st t ane TRFOEE LT le Pmdggﬁsgbhﬁé%é%ém t% or Van B based
on their senfjxﬁmpleC)foﬂthememedtateajfﬂxmnﬁoﬁeﬂﬁﬁﬂwmmowmovaapmpm@t ant

ent er ocog& t hat ﬁ%gggﬁ%?typed as Van A, Van B, Van O or Van C2 were
al so obtarned fr inic. In this assay, cryopreserved bacterial

cul tures of reference and clinical strains
' 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 methy}, 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% R®, R%, R* are
hydrogen, R is hydroxy, R” is methyl, X' and X? are chloro, and 2 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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~ ensure |ow variability, several colonies froma -55 14 March 2006 WO

were streaked for isolation on appropriate agar medi um (i .;@rcfbopRt i case
Soy Agar, Trypticase Soy Agar with defibrinated sheep erthrocytes, Brain
Heart I nfusion Agar, 30 Chocol ate Agar). Follow ng incubation to allow
formation of colonies, these plates were sealed with parafilmand stored
refrigeratwdofor4ep to two weeks. For preparation of ¥IFRRPRdcula and to

03/ 031449 PCT/ US02/ 32534 bacterial isolate cultured on the agar plates were
pricked with an inoculating |oop and aseptically transferred to

Muel I er-H nton Broth (supplenented with divalent cations to required

| evel s based on manufacturer's certification). The broth culture was grown
overnight at 35C, diluted in fEsamplpiefamperaivs) oth and grown to | og phase;
5 this is equivalent to a 0.5 MacFarl and standard or 1 x 10" col ony formng
units per milliliter (CFU ni). NoBymhesisofRr| suspensions, due to species
variability, cdetGliloreqCompound of FoomulafiwhemeR' is o(GHdi» 15 RecRiaral ent to the
MacFar | anl” st andiydategenitiehysirexy, REisanstind X and X grasblore, apd s on NCOLS

gui del i nes) were made in dil uti on§Catpovgiiffler ent bacterial strains. The
i-nocul umwas diluted such that 100 L of this culture 10 in Mieller-H nton
Brot h, suppl enent i tiliEﬁ j test nedium
when over Iayeredﬁgnn%\%gh‘loggdygloghg%%{%dqg?s%’t ed ggérg%dg%bzf antibiotic
concent r at i orsphalosprin intdril@dige ofixampledidfopibattengedinteiiramplp Agthy aitig\e| |

m-croti t%‘ plcat e Ié?eagedi n a starting bacterial concentration of 5 x 105
CFU/ mL_. e pf"g?es wer g en incubated 18-24 hours at 35C. The M C was
read visual ly as MSen/k B36S{MIH]} oondies]2s 914 OMWEI2. wi t h no bacterial growt h.
Bacterial growh is defined as nore than three pinpoint colonies, a button
of precipitated cells larger than 2 nmin-di aneter,—~or obvious turbidity.
"Strains routinely tested in the i niExagiplesidr een i ncl uded

St aphyl 0coosus. aur chEeTBERRRSMREAITuAIGY Eobddizthon YT | 0o 5! Stant
peni ci | | ilfase, nmeMiiimelibhibitgewseeptritios (MBE) pisgpls scraedermepisiegthe di s ( MSSE)
methi ci I 1in-nes) ot ank SiARMEaGGHAR NCCLS guidetines (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-resiétant 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 Cl
or Van C2 were also obtained from the Mayo Clinic.

In this assay, cryopreserved bacterial cuitures of reference and clinigal 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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epidermidis (MRSE), vanconycin-sensitive EnterococcusfaecijyifErRWS) .

- vanconyci n-sensitive Enterococcusfaecalis (EFSVS), vanconyci n-resi stant

Ent er ococcus faecium al so resistant to teicoplanin (EFMWR Van A),

.vancomyci n 25 resi stant Enterococcusfaeci um sensistive to teicoplanin
(EFMVR VarWe@ysi3idgaincomyci n-r esi st ant Ent er ococcusf aec&CTI532F*r esi stant to
teicoplanin (EFSVR Van A), vanconycin-resistant Enterococcusfaecalis i
sensitive to teicoplanin (EFSVR Van B), penicillin-sensitive Streptococcus
pneunoni ae (PSSP) and penicillin-resistant Streptococcus pneunoni ae
(PSRP). Because of the inability of PSSP and PSRP to -56 14 March 2006 WO

03/ 031449 PCT/ US02132534 grow well in Mieller-H.nton broth, M with those
strains wer e tgeead plRE SIS G th%gi“ﬁgif‘es'f@rw{‘ kS |"é°ﬁ’é‘ﬁ‘i“§d°%“?§

defi brinat ed 5l podydandiaeaRaltidiesHineABroE ¢upplemehdiwihdipRurdionsavi ng
significant activify against the strajns _gentiog_gd tgbove were then tested
for M C val uds ragnired levsls Gased pmanufasturrisicificgion)s Jpebratl e Wo§ ng 5 t he

speci es | i st eh,@PR%mighPat W80, dififed i feshipRsiaahbréth agl trévatto hphbdey €
St aphyl ococcus both sensitive and resi stgnt to.methicillin., (M5-CNS and
MR- CNS) . Addithis ésrsapivalent toa{bs MagFadand simdzsd rdlsx e pelony fegningunis 8 £ or M Cs

agai nst gr amﬂ?ﬁﬂﬂéri((\fﬁﬂmﬂ?{qq&gﬂ gélmuﬁ%ﬁsior&l&ﬁﬁ ;@@e&&@&@dbilitﬁ BdrRaigedl 1i %
Pseudononas aerug|nosa, | ebsiell a neunmoni ae nt er obact er cl oacae,

Aci net obact eri0bg W@W%ﬁ?ﬂ@Yﬂfgﬂf@qMWFﬂ@E%“%% Beel | a

catarrhalis. a@}aﬁze'a&ju&ﬁai@(b%% Hetes &aaelﬁ\e%%ﬁ%hasimqﬁmﬁdmg g i nventi on
against nmethicrlli-nresistant S. aureus (MRSA) and npethjcjllin-resistant
¥ s

S. epi der ni t i Gifferenvisterialstrainn s inogulis vwap diytedsph et POIL OF RIS cWaRR omyci n. 15
Table |1 gyt nisguieh@iiRbd Both, CRpEABIEALARRHIM B2 HabmdfhRicicani sM

medium, when over layered onto a 2-fold serially diluted series of antibiotic
concentrations also in 100 pL of corresponding medium, in a 96-well microtiter plate
resulted in a starting bacterial concentration of 5 x 10° CFU/mL. The plates were then
incubated 18-24 hours at 35°C. The MIC was read visually as the lowest
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 penicillinaée, methicillin-sensistive
Staphylococcus epidermidis (MSSE), methicillin-tesistant Staphylococcus
epidermidis (MRSE), vancomycin-sensitive Enterococcus faecium (EFMVS),
- vancomycin-sensitive Enterococcus faecalis (EFSVS), vancomycin-resistant
Enterococcus faeciuni also resistant to teicoplanin (EFMVR Van A), vancomycin-
o 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 Sirepfococcus preumoniae (PSSP) and penicillin-resistant

Streptococcus pneumoniae (PSRP). Because of the inability of PSSP and PSRP to
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Test ConpoundM CA orml Methicillin-resistant S aureus (MR ppeend 1<0.1
(n = 53)' Vanconycin3 Methicillin-resistant S. epiderm 'Eisg?}‘l\/%E) :
‘andConpound 1<0. 1 other coagul ase-negative staphyl ococci (n = 34) Vancomycn
2 Number of strains tested. Mnimuminhibitory concentration for 90% of
strains te¥@B¥WS14ANdi tional ly, as shown in Tabie 11, CEMIBUREE of this
invention also had surprising and unexpected M Cs agai nst vari ous:
methicillin-resistant S. aureus strains 30 when conpared to a rel ated
des-chloro derivative (i.e., Compound 34). -57 14 March 2006 WD 031031449
PCT1US02/ 32534 Table I'1l M nimum I nhi bitory Concentrations 5 10 15 MC

VASAVED: 1040 B0 v bimRsifaeion vty s i DReAELYH1 0006 Svmaa NED- 572
0.1<0.1 either TS broth supplemented with defibrinated blood or Haemophilus test medium.
Test compounds having significant activity against the strains mentioned *
above were then tested for MIC values in a larger panel of clinical isolates including
5 the species listed above as well as non-speciated coagulase negative Staphylococcus
| both sensitive and resistant to methicillin (MS-CNS and MR-CNS). Additionally,
these test compounds were also assayed for MICs against gram-negative
microorganisms, such as Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoni&e, Enterobacfer cloacae, Acinetobacter baumannii, Haemophilius
10  influenzae and Moraxella catarrhalis. )
Table Il shows MIC,, data for a compoﬁhd of this invention against
methicillin-resistant S, aureus (MRSA) and methicillin-resistant S. epidermitis
(MRSE) as compared to the known antibiotic, vancomycin.

15 ) Table I
Minimum Inhibitory Concentrations (MICs)
Test Compound | MIC,?
Microorganism ' (pg/mL)
20 | Methicillin-resistant §. aureus (MRSA) | Compound 1 <0.1
{n=>53)' .
Vancomycin 3
Methicillin-resistant S. epidermitis (MRSE) and Compound <01
other coagulase-negative staphylococei (n = 34) .
. Vancomycin 4
25 ! Number of strains tested.

2 Minimum inhibitory concentration for 90% of sirains tested.

Additionally, as shown in Table I, compounds of this invention also had
~ surprising and unexpected MICs against various methicillin-resistant 8. aureus strains

30 when compared to a related des-chloro derivative {(i.e., Compound 34).
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MRSA MED- 84s 0.10.29 MRSA MED-85s 0.10.32 MRSA MED-86s 0. 193291 MgoA MED- 87s
0.10.49. MRSA MED-88:5.0.10.34 MRSA MED-890. 10. 18 Exanple 36 20 Tine-Kil
Assay This tinme-kill assay is a nethod for neasuring the rate of
bactericidal activity of a test conpound. These procedures are simlar to

t hose descwWPW®e44n V. Lorian, "Antibiotics in Labor at"6MPSRHP i ne”, Fourth
Edition, WIllians and WI kins (1996), pages 104-1.05. Arapid 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
shake flasks and incubated wth shagHggnﬁéoo rpm 35C). At 0, 1, 4, and 24
hours sanpl es were withdrawn from -58? rch 2006 WO 03/ 031449

PCr/ US02132534 the fl asks anmiinaaeh BhititoWelocemations at ed by pl ate counti ng.

Subsequent to the initjal—sanpl-ng—arconrpound-te—be—apsayed was added to
the shake flask culturp. Plate countslat tMEG@gmit)ervals previous to and
foll owi ng addition of }{he cpnpound wer EXpr.esged grappically in a
time-kill curve. BactepicitlSfooRaEyi ¢yl mﬁ‘fli %3&'3 3 log 5 decrease
(reduction greater thaphgic,e@b@l to 99/9% gjn bacteqs al jcel | nunbers by 24
hours. In“this assay, a_eenpeund-eihiﬁmﬁula —f—e——Coefpound 1, was
bactericidal against MEBSATAEDA0RANd MRSAs<I3I591 atd.20 copcentrati on of s
pg/mL in 4 hours. By §onpartson,.vancenmycin was bagcj erjcidal agai nst MSSA
13709 and NRSA 33501 1pMRSAMERRBA:( a1 00 o /8t o b4 hours. .
‘ MRSA MED-107 201 0.34
MRSA MED-110 0.20 0.49
10 MRSA MED-572 £0.1 - <01
MRSA MED-84 <01 0.29
MRSAMED-85 = | <0l 0.32
| MRSA MED-86 - <0.1 0.29
_ .| MRSA MED-87 <0.1 0.49.
15 | MRSA MED-88 <01 | o034
| MRSA MED-89 <01 | o018
Example 36
20 Time-Kill Assay

Thls 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). At0,1,4, and 24 hours samples were withdrawn from
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Exanpl e 37 In vivo Efficacy Studies inh Neutropenic Mce Agjpals.4@el e CD-1
m ce, 20-30g) were acquired fromCharles Rivers 15 Laboratories (Glroy,
CA) and all owed access to food and water ad libitum Neutropenia was '

i nduced via 200 ng/ kg intraperitoneal (I1P) injection of cyclophospham de
gi ven fourweanstosiwe days prior to the inocul ati on of b&RSTEEPE253Fhe or gani sm
used was either a susceptible or resistant strain of clinically relevant
gram posi tive pat hogens, such as methicillin-susceptible Staphylococcus 20
aureus. (MSSA 13709) and nethicillin-resistant Staphyl ococcus aureus (MRSA
33591). The bacterial inoculumconcentration was “106 CF /nlL. Animals were

lightly anesthetized with isoflurane and 50 nl of the bacteri.al inocul um
was i nj ect ed the fiasks anfl bacsgsie veresmumerptethby wipe cqvatine. Spbssqueptie the Jtal) at i on,
ani mal s vere J&@;B BB Sk dMvisha @it Bl ShRE Aish GulBRP PR | at e dose of
t he test conﬁ%ﬁﬁ@g’% ﬁ%ﬁrs 257and 24 hours post-treatnment, the ani mals
wer e eut hani zeunt§ @URszistshvplsipeeviosntp andifellewiag additton of the CUPRIVHYE B i or t hi gh
col | ect ed asepil.Gak bymhi 'thinﬁ:tkiti\@lﬁvé?ls%t%ﬂc'&m&i' isQbfine$ 48039 18g Sal i ne and
honogeni zed. 1uf|%¥n%h1%b?ﬁae onobgenat e vverl.e pl g_ltl)gﬁ onnto tert%c soy agar
pl at es whisch deerase (mdnstion ssertasthan At eghial to §9:s)in hestarialsell paelesrhy£* col oni es on
a given pl atg_g\qgs multiplied by the dilution factor, divided by the thigh.
wei ght (in - 4 March 2006 WO 031031449 PCT/ US02/ 32534 granms) and -
“expressed as | og GRbisgssaEBRsonpatod of forxwld & ke Gomppwndduwes BeSHddal t he  maxi num
reduction in thi j esh | enfoh of EBL/GPHWRGAEL, I N this
assay using ﬁﬁgﬂg%ﬁ{ﬁ?%@mou‘%gﬁgg ?‘%oé;omfpa 1, 0i .el.ig,l Conmpound 1, ° had an
ED5D of < 0. Z8y evrpiphudpon,ivancomyeip saekhctencidal 2@DEOMEFA 3708 ARGMRSH 335, -
vancorryciIB. 5 Exarrpl e.38 ‘ﬁgﬁiﬁ%&&n of Aqueous Sol ubility The aqueous

[

Y 4 : : .
solubility ofatgc?:né:r?pugﬂ?\ndpfof S 1 nvention was det erm ned using

P

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 intraperitoncal (IP) injection of
cyclophosphamide given four and two days prior to the inoculation of bacteria,
- The organism used was.fieither 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 ~1 0° 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 ascptically. 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 foll owing procedure. A5 w. %dextrose buffer sol utiQpglnplds2- 2 Was
prepared 10 by adding 1 nL of | N hydrochloric acid (Adrich) to 99 nmL of
a5 w. %aqueous dextrose solution (Baxter). A 1 ng/nL stock solution for
~calibration standards was then prepared by dissolving 1 ng of the test
conpound iwo b3gataaef DVSO. This sol ution was vortexed PEBUSEB2¥€conds and
then sonicated for 10 m nutes. The stock solution was then diluted 15 with
water to prepare calibration standards having the follow ng concentrations:
50, 125, 250, 375 and 500 ug/nm.. Each test conmpound (30 ng) was wei ghed
into a MIlipore non-sterile, Utrafree-MC 0.1 umfilter unit (MIIlipore
UFC30WOO) and a magnetic stir bar was added to each unit. The 5 wt. %
dext rose buf feemspaidiexpressed @ 5@ GHY . WEB;, (desarequirad prosucedOerfitheuni t and t hese
m xtures were_ vortexed.. WLl : i j were then placed in
an Eppendor f nf‘aﬁ"émfégﬁ%“grg%‘ﬁ?ﬁﬂ;&%z%‘g??%%gﬁﬁogk% g%ﬂéghgﬁmt op of a magnetic
stirrer. Each uniInthigssstyheing MRS2a33681, asompouad offormplal, de-1GoamopdAR) and t he

resulting sqlutigns ' FPhoRe 1 BtEScome@aN UNi t was
then dil ut ed%@@%@gﬁq‘h&ggﬁ%éﬁ?a&é@%ﬁ? SgoF/S%’i on and ]tIEeE di | ut ed
sanples were transferred into auto 25 sanpler vials for analysis. The
cal i bration standards and the test _&%leej% wer e anal yzed by reverse-phase

HPLC using the followi ng conditions: -60 14 March 2006 WO
03/ 031449PCT1US02132534 Col Retermiinatizn b5 Aqueods SolwhilityCi $; 5u Mobi | e phase: A =

- 5195, B w 95/5, b = M 0:,0.1 % TFE X | el 0-100 % B
in 6 min) Injecti e‘\%@ﬂﬁ@“@ﬁ%ﬁ%@&?@%&%@ nm iﬁeédgg}&b%%y of each
test sanpl e wksfolt@iagpradedare. 0y Soarhalektroge biffer spbdikn atp8a2.2 was prepared
" 10  byadding 1 mLofl N hydrochloric acid (Aldr'%_ch) to 99 mL of a 5 wt. % aqueous

dextrose solution (Baxter).

A 1 mg/mL stock solution for calibration standards was then prepared by
dissolving 1 mg of the test compound in 1 mL of DMSOQ. 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, 7
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 resultiﬁg
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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of the test sanple to the calibrati on curve and multi plyi qgl\,ﬂ%hgd@,g di lution™
factor. Using the above procedure with duplicate sanple preparations,
Conpound 1 was 10 found to have a solubility of >47.9 ng/nL. Wile t he

"~ present invention has been described with reference to specific

enbodi mentwonketasf, it shoul d be understood by those MRYUSPEESHN the art
that various changes may be nade an equival ents may be substituted w thout -
departing fromthe true spirit and scope of the invention. In addition,
many nodifications may be nmade 15 to adapt a particul ar situation;
material, conposition of matter, process, process step or steps, to the
obj ectlve spirit and scope of the present invention. Al such

nmodi fi cations ar eColnme:nded to Bemad 046 mmeCi&dpe of the claims appended

hereto.  Additlonglobdeo p“b'%ﬁ%kcﬁ‘%s@%ﬁﬁir ReCRAoPR Shieadocunent s

cited herein are "TRC rporated reference ein ik their entlretytothe
sanme extent as |fMeﬂn9¢jr had beeriOmZI@dqlﬂﬁl(@rilQﬂf?élBllyﬁnmbrporat ed by reference.
14 March 2006 WO nj\érf' PC-I—E/[Q@]S‘OZBZSM VWHAT IS CLAIMED |IS: 1. A
conpound of formnu ec ° 2 ., , R4 ' R5 H3CO- O, 10 15 20 25 C

5 Wavelength: 214 nm ‘

The solubility of each test sample was calculated by comparing the peak area
of the test sample to the calibration curve and multiplying by the dilution factor.
Using the above procedure with duplicate sample preparations, Compound 1 was
10  found to have a solubility of >47.9 mg/mL. ) ) _

_ 'While the present invention has been described with reference to speclﬁc
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.
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- alkynyl gsoup is optionally 15 s

OH or -a pharnaceuti-cal | y-acceptable salt thereof, wherei N4XafBsheX2 are
independently selected fromthe group consisting of hydrogen and chloro;
R is -62 14 March 2006 WO 03/ 031449 PCTI US02/ 32534 Wis selected fromthe
- group consisting of -0-, -N(R-, -S-, -S(O-, - S(O2-, CMcycloal kyl ene,
C6.10 arylwoes@dnde C2. 9 heteroaryl ene; wherein each amrgr@se3239cl oal kyl ene
and heteroarylene group is optionally substituted with | to 3 substituents -
i ndependently selected fromRb; 5 Ya and Yb are i ndependently Cl14 al kyl ene,
or when Wis cycl oal kyl ene, arylene or heteroarylene, Ye and Yb are

i ndependently selected fromthe group consisting of a coval ent bond .and
C4.s al kyl ene; wherein each al kylene group is optionally substituted wth

| to 3 subst wasarts duadsmasent |y selected from-ON -NRIR, - CO2R' -

- C(ONR4R and - S(0)2NRJR; 10 R2 is hydrogen or C, .6 alkyl; _ each R3 is

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

al kenyl, C2.6 al kenyl A doMpoytdioffkdiyth: C& Q aryl, C29 heteroaryl, Cm -
heterocyclic and R8; or two adjacent R3 groups are joined to form CM :
al kyl ene or -O(C 4 al kylene)-0-; wherein each al kyl, al kyl ene, al kenyl and
tigdited with 1 to 3 substitutents
cénsisting of Ra and R ; and each
cyclic group is optionally

i ndependently sel ected fromthe
aryl, cycloal kyl, heteroaryl and N
~ substituted with 1 to 3 substitRt8rts iijndepefjfient | y sel ected from the group
- consisting of Ro one of R4 and 8" y dopx ndoHhe other is hydrogen; 20
"R6 and R7 are independently hydrogen or netfhyl ; ‘

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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R$ is hydrogen or a group of formula (i): 25 (i) each R isshpdgpgadently
selected fromthe group consisting of - ON halo, 30 -- SRd; - S(ORB, -

. S(ON - S(O)20Rd, - S(O2NRAR, - NRAR - CO2Rd, - OC(ORd, -63 14 March

2006 WO 03/ 031449 PCT/ US02132534 -C(O NRAR, -NRIC(O R, -0OC(O NRdR",
- NRAC( O) Oyo eRcd@® O) NRdRe, -CF3 and - OCF3; each Rb i SCTH&@GEAtent |y
selected fromthe group consisting of C .6 alkyl, C2-6 alkenyl, C2.6
al kynyl and R8; 5 each R is independently selected fromthe group
consisting of C3.6 cycloalkyl, C6.16 aryl, C2-9 heteroaryl and C3.s
het erocyclic; wherein each cycloal kyl, aryl, 'heteroaryl and heterocyclic
group is optionally substituted with 1 to 3 substituents hf\dependent |y
sel ected from't heWg'HﬂLPpteé&n@iﬂ@tm%‘Ts‘S@‘,‘g@"é?‘kyﬁ(%d?\'d" "eath’Rd and R is
i ndependent | y o5&l e¢t e S| pletdafient; whélinltyeli ogen, C, -6
alkyl, C2-6 a ﬁy?},"‘%ﬁ%malf‘{ffﬁv%ﬂbg.a%@%ﬁ%pa| Ryl . 06 Ifl aryl, CZ-9
heteroaryl amgieas ciclontityisneayidtermaryispe geupi gptenallysubstigied st 1B det her wi t h
the atons to i acfggdre-to forma C3-6 heterocyclic ring
having 1 to §utf\%/g*’g¢&o% rr%d%ﬁtﬁn%%%enden%{l’y sel ected from oxygen, nitrogen or
sul fur; wherein e¥tind ¥ kplindepengeatly C,.s Alitene ok when Wit eyalgalidens arylensal | y
substituted W }]eqe %#I%E%%Q%%Hﬁ%d&ﬂgg@&&q%yme é@ﬁgﬁ@_ﬁhg@t‘d‘ romthe

an 1, and eacr

group consisting o K aryl, cycloal'kyl, heteroaryl and
het er ocycl i ¢ cgvalunpband andfCi; elrpleney wherpis eachaikalgncgreyp iy optignally suhsiledyent s

i ndependent | y . | f b SbRNInRIR-Clchral kyl and R ;-
each RF is iﬁﬂ%égﬂgg%hsﬁ?éngg éﬂ%%hggﬂ{y%%%tt e group consi stizng of - OH,

-QC, , 6 al kyl ,~COBEH RSand HB@),NRRS; -Cl, -NH2, -NH(C1.6 alkyl), -N(Cl_6

U2 S T Al RO S B OB
- OCF3; each R? is independently selected from the group consisting of C, ¢ alkyl, C,4
alkenyl, C, ¢ alkynyl, C, 5 cycloalkyl, Cy o aryl, C,, heteroaryl, Cy heterocyclic and -
“R* or two adjacent R? groups are joined to form C, ¢ alkylene or —0-(C, s
alkylene)-O-; wherein each alky}, atkylene, 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 methy};

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

25 )

each R® is independently selected from the group consisting of - ORY, halo,
30 -SRY -S(O)RY, ~S(O)R’, ~5(0),0R’, ~S(O,NRR’, -NRR", ~COR’, -OC(O)R’,
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m s0, 1, 2or3;and nisOorl. 25 2. The corrpound according to lglmgoé wher ein
nis 0 and Y and Ye are independently Cl1.5 al kyl ene groups wherei n each
al kyl ene group is optionally substituted with 1 to 3 substitutents

i ndependently selected from-OR, -NRAR, -CO2Rd, _C(O NRdR and

- S( O 2NRdRw0 88038449 The conpound according to Caim 1, WMEEIUSIA24is O and - 64 -
14 March 2006 WO 03/031449 PCTNS02132534 Y' and Yb are joined together to '
forma -(CH2)2-8- group. 4. The conpound according to Claim3, wherein n is
O and 5 Y and Yb are joined together to forma -(CH -, -(CH7)3-, -(CH)4-1
-(CH2)5- or -(CH2)6- group. 5. . The compound. according to O aim 4,

wherein nis 0 and r and Yb are joi ned together to f, 2) 3- group.
10 15 6. The -ﬁﬂﬁﬁfﬁﬁ Mngoc@)@‘%mb{fg S{Cghﬁq%m and Yb are

t he sane or gm ggnt and each is selected fromthe group consisting of a
coval ent bon 5 al kyl ene optlonal |y substituted with 1 to 3
substituents sel ecachﬂ " isrinsdependprtly seleckgdifrom thiperpup consigtingpRRg Rk¥I 25 S(0) 2NRIR.
7. The conpou or y@g sClaim6, wherein Wis G O arylene or -0-. 8.
The conpound’ acc ’r 0 alm1, wherein nist and Ya and Yb are 20
bot h -- CH25 and Wmh&‘mmdeaem;lﬁélmeﬁl@i!ﬂdlf@ﬁéh@ groun A9nsisting kG wrdesliylt o 3

G'aim B, wher Gy e Ay BECE AR e B R B, o O el m L
wherein n is heteaacyl dal lmtecbeiiddic grogp is optionally substituted with 1 to 3 substituents’ .
mdependently selected from the group consisting of C, ¢ alkyl and R%
each R? and R* is independently selected from the group consisting of
10 hydrogen, C,alkyl, C,4 alkenyl, C, ¢ alkynyl, C; 4 cycloalkyl, Cyyo atyl, Gy
heteroaryl and C, ¢ heterocyclic; or R? and R* are joined, togethe? 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, élkenyl
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 mdependently
selected from the group consisting of C, ¢ alkyt and R’
* each Rf is independently selected from the group consisting of ~OH,
-0C,; alkyl, -SC,¢alkyl, -F, ~Cl, -NH,, ‘NH(CI_-G alkyl), -N(C, a]kyl)zs
20 -OC(0)C, alkyl, -C(0)OC, 4 alkyl, ~-NHC(0)C, 5 alkyl, - C(O)OH, ~C(O)NH,,
-C(O)NHC, ; alkyl, -C(O)N(C, 4 alkyl),, -CF; and ~OCF;;
mis0,1,20r3;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 -OR?, ~-NR'R",
~CO,RY, ~C(O)NRYR® and - S(O),NR'R". |

30 - 3. The compoundaccording to Claim 1, wherein nis 0 and
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both -CH2CH2-- and Wis -0-. 11. The conpound according tq,8ysSae of
Claims 1 to 10, wherein Rz is hydrogen. 30 -65 14 March 2006 WO 03/ 031449
PCT1US02132534 12. The conpound according to any one of Clainms | to 11,
wherein mis 0. 13. The conpound according to any one of Clains | to 11,
wherein mweon3igr 2 and each R3 is independently sel RFIEHH328th t he group
consisting of C1-6 alkyl, gq.6 cycloalkyl, _ORd, -SRd, --F or -C; or two
~adjacent R, groups are joined to formC3.6 alkylene. 14. The conpound
according to any one of Claims | to 13, wherein R4 is hydroxy; RSis
hydrogen; R6 is hydrogen; R7 is nmethyl; R is hydrogen; and X and X2 10
are both chloro. 15. The conpound according to Claim1l, wherein R is

SY - (Wn Y-, Y and & arejpined tqgetherdo form 3dCHE2 45 8P %0i ned together to forma -
(CH2)3 group; R2 is hydrogen; R4 is hydroxy; RS is hydrogen; R6 is
hydrogen; R7 is nethyl; R8 is hydrogen; 15 X' and X2 are both chloro; and
mis 0. 16. The conpound according to Claiml1l, wherein R4 is hydroxy; RS is

hydrogen; R6 is hydr ogfR coRdound adbBiditghs CRRBn B Syl PEEARd X' and X2 are both
chioro; and R, , and mare as defined in Table |. 2? 17. A conpound
of fornul & | 1Y 28 YRare jangtogtherito farm3ag (CH,),-, ~(CHys-, ~(CHy)e=, —(CHy)s- or

-(CH,)s~ group.

'S, ‘The compound according to Claim 4, wherein 7 is 0 and
Y* and Y® are joined together to form a ~(CH,);- group.
10 ' '

6. The compound according to Claim 1, wherein nis 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,
-NRUR", -CO,R?, -C(O)NRR*® and - S(O),NR'R".

15
| 7. The compound according to Claim 6, wherein W is Cg 4 arylene or

8. The compound according to Claim 1, wherein 2is 1 and Y* and Y® are
20  both -CH,- and W is C,, 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 #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. o
30
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-66 14 March 2006 V\D 03/ 031449 PCT| US02132534 or a sal t th@mgflzoo\gher ein P
and P2 are independently hydrogen or an am no protecting group; P3is
hydrogen or a carboxy-protecting group; Qis a |leaving group or a group of

the fornmula: (R3)m 10 wherein R is -Ya-(W" _Yb-; Wis selected fromthe
group consw&xdiyiesf - O, -N(R)-, -- S, - S(O-, --BONPH232583- 6

cycl oal kyl ene, Cr0 10 arylene and g_s heteroaryl ene; wherein each 15

aryl ene, cycl oal kyl'ene and heteroaryl ene group is optionally substituted
with | to 3 substituents independently selected fromRb; Ys and Yb are

i ndependently C1.5 al kyl ene, or when Wis cycloal kyl ene, aryl ene or
heteroaryl ene, Y and r are |ndependently sel ected fromthe g

consisting of a déval Bistcomprigd a‘?‘?EFdE‘Et%”é’l%?/?@ﬁé‘ms\wfépeﬁheré‘&(’?hlsgi kyl ene
group is optionally substituted 20 with | to 3 substituents independently
selected from- ORd, NRaR - CO2R, C(ONRIR and - S(O2NRRc;., R2 is
hydrogen or C, .6 dBky T Theeamppund aqcerding 4o pyione of Clgims & oy ]t’é'HefFHn(Yfﬂstlhe gr oup
consi sting Ofor@jan@ea@hhyismd%ﬁenﬂﬁkéf&&ﬁlﬁon@eQ’O@ﬂ&){ﬁéﬁh 0 M@lk? | oal kyl ,

CbdO aryl, C~9 heteroar eterocyclic a}m or two adj acent R3
groups aré j mynbdkﬁo“%rnSR‘,‘S—%Ofa'IQlWFéW%a‘b?CGDt(B g@up%pmgd@rf@tpl@g.& wher ei n
each al kyl, a:h%ﬂgng_ne al kenyl ‘and al kynyl group is optionally substituted
‘with 1 to 3 substitutents i ndependently sel ected fromthe group consisting
of R$ and R ; and each aryl, cycloal kyl, heteroaryl and heterocyclic group

R
‘hydroxy; R® is hydrogen; RS is hydrogen R’ is methyl; R® is hydrogen; and X' and X*
10 are both chloro. B
15.  The compound according to Claim 1, wherein R' is - ¥*-(W),-Y*-,
where 7 is 0 and Y* and Y® are joined together to form a - (CH,),- group; Riis
hydrogen; R* is hydroxy; R? is hydrogen; RS is hydrogen; R7 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 L

20
17. A compound of formula II:
||Q2
/O—R‘—N—p1
B c N
= .S
);N o j/:—hli// Q
p2—N O |
H
O O—p2

30
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-67 14 March 2006 WD 03/031449 PCTI US02132534 each RV is indgRessient |y
selected fromthe group consisting of -OR, halo, -SW --S(ORB, -S(O 2Rd
-S(OQ 20Rd, -S(O2NRdR', -NRdR', -CO2Rd, -OC(OR6, C(ONRBR -NRIC(OR,

- - OC( O NRAR, -NRdC(O)O? -NRdC(O)NRdR -CF3 and -OCF3; 5 each Rb is

i ndependenvbys/eedsect ed from t he group consisting of CPFT"J&PW??"‘ C..6

al kenyl,. C2.6 al kynyl and Re; ' each R is independently selected fromthe
group consi st i ng of C34 cycloal kyl, C6.10 aryl, C2 s, heteroaryl and C3 6

het erocyclic; wherein each cycloal kyl, aryl, heteroaryl and heterocyclic
group is optionally substituted with 1 to 3 substituents 10 independently
selected fromthe group consisting of ., alkyl and R each Rd and R is

i ndependent | y sel exasalythereefaivheigingr oup consi sting of hydrogen, Cl4 al kyl,
C22. 6 al kenyl, CzPﬁanabkéfgﬁﬁhe eﬁn@ymg&%rﬂhﬂun%fmy‘buﬁcz 9 heteroar y|
and C3-6 heterocycllc cf are joinned, together with the atons to
whi ch they are at?a&:h@@g@'@@fﬁfwfépfﬁc@gﬁ&“%r ocyclic ring having 1 to 3
het eroatons 15 in %%%t & RAm@xygen, nitrogen or sul fur;

_ wherein-each al kyﬁ%ﬁ3 y%nyupz)ﬁggg)lh gfntf;l group is optionally substi t ut ed
with | to33 substituents independentl y selected fromthe group consisting

of R and R ; and each aryl, cycl oaI , heteroaryl and heterocyclic group
is optionally substituted with I t gﬁ t, tuents independently selected
fromthe group consisting of C - c?"'R 20 each Rr is independently
selected fromthe gr oup consi st n'g - OH --0Cl.6 alkyl, -SC_6 alkyl,
-F, -4, -NH2, -NH(C1.6 alkyl), “N¢€1.6 alkyl)2, OC(O Cl4 alkyl, -C(O CCl4
al kyl, - NHC(O) Cl4 alkyl, -C(OOH “C(ONH, -C(ONHCL.6 alkyl, -C(ON(C14
al kyI)2 CF3 and - OCF3 X" is an opti onaIIy present anion; 25 mis 0, 1,
2 or.3; atqd ni sOor 1. - - :
wherein

Rlis ~Y*-(W),~Y*-;
W is selected from the group consisting of -0-, -N(R"-, ~8-, -S(0)-,
~8(0),-, Cs cycloalkylene, Cq 4, arylene and C,; heteroarylene; wherein each
15  arylene, cycloalkylene and heteroarylene group is optionally substituted with 1 to3
substituents independently selected from R%
Y aﬂd 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, ; alkylene; wherein each alkylené group is optionally substituted
20 with 1 o 3 substiments independently selected from ~OR?, ~NR'R?, ~CO,R?,
- C(O)NRR® and - S(0),NR°R";
~ R%ishydrogen or C,4alkyl;
B each R is independently selected from the group consisting of Cy¢ alkyl, C,
alkenyl, C, ; alkynyl, 'C3,5 cycloalkyl, Cq,, aryl, C,, heteroaryl, C, ¢ heterocyclic and
25 R ortwo adjacent R? groups are joined to form C3 ¢ alkylene or -O-(C, 5
| 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 frqm the group consisting
36 ofRY;
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. 30 -68 14 Narch 2006 WO 03/031449 PCTI US02/ 32534 18. A GeRpRKshsof
formula Ill: RR O Rl---N--pi 10 O--P4 Il1l- or salts thereof; wherein P
and P2 are independently hydrogen or an ami no-protecting group;, P4 is
hydrogen or a carboxy-protecting group; R is -Y3-(Wn Yb-; 15 Wis

sel ect ed fwomwstdda@ogroup consisting of -0-, -N(R')-, -SRCT/USGRFM, -S(Oz ,
C3.6 cycl oal kylene, C6,,0 arylene and C2.9 heteroaryl ene; wherein each
aryl ene, cycl oal kyl ene and heteroaryl ene group is optionally substituted
with | to 3 substituents independently selected fromRb; Y& and Yb are

I ndependently C, _5 al kyl ene, or when Wis cycl oal kyl ene, aryI ene 20 or
het eroaryl ene, Ya and Y' are |ndependent sel ected. fr e group
consisting of a eashR isindepandentlypected fi Ek?P‘é’rf@“S‘W'?éPg léﬁl,?a al kyl ene

group is optig ie \@ﬁah_ GeSHPPRE L@@]tds oggeregndent |y
sel ected from- dqoﬁ#bﬁbizﬂ gp) SfE\IR%IR and S( (;31%'\'& GR? |s hydr ogen
or C .b al kyI*C@BNlé"B&hm"Cﬁ@R n@@@ﬂﬂéﬁ Bup

consi sting o 88'1;.3’ hal o, - SRd, -S(O)Rd - S(O)2Rd - S(0) 20Rd -

S(0) 2NRdR, % 002Rd, -OC(ORd, C[{O NRIR OC( O NRR' |
- NRAC( O) OR NRdC( o;aqmr-’as indegrdently selecteddoa: thegrew ‘FQBW‘E‘%B&MHQM Iy sel ect ed

fromthe gr oup . ﬁﬁnﬁkﬁfyﬂqﬂmw? , 6 al kyl, Cz-,
each R® is independently selected from the group consisting of C, ¢ cycloalkyl,
Ce 1o aryl, C, ¢ heteroaryl and C, ¢ heterocyclic; wherein each cycloatkyl, aryl,
heteroaryl and heterocyelic group is optionally substituted with 1 to 3 substituents
10 independently selected from the group consisting of C, akal ‘a{lf R
each R¢ and R® is independently selected from the group consisting of
.hydroge_n, C, ¢ alkyl, C, alkenyl, C, alkynyl, C; 4 cycloalkyl, Cq o aryl, Cop
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, atkenyl
| “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, ¢ alkyl and Rf;'
20 each R is independently selected from the group consisting of - OH,
-0C, alkyl, -3C, ¢ alkyl, -F, -Cl, -NH,, -NH(C, alkyl), -N(Cy atkyl),,
-0C(0)C, alkyl, - C(0)YOC,, alkyl, ~-NHC(O)C, 4 atkyl, ~C(O)OH, -C(O)NH,,
- ~C(O)NHC, 4 alkyl, -C(O)N(C, 5 alkyl),, ~CF, and ‘_OCF:;;
X is an optionally present anion; '
25 : mis0,1,2 or 3;and

nisOorl.

- 30
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3.0. alkenyl, g-6 allcynyl and R; -69 14 March 2006 WO 031Q3ld4%s =
PCT1US02132534 each R is independently selected fromthe group consisting
of C3. cycloal kyl, €614 aryl, C2_ 9 heteroaryl and C3., heterocyclic;

"~ wherein each cycloal kyl, aryl, heteroaryl and heterocyclic group is

optional | ywawhehisputed with 1 to 3 substituents i ndepamgesaisyzasel ect ed
fromthe group consisting of C,, alkyl and R5 each Rd and R is

i ndependent |y sel ected fromthe group consisting of hydrogen, C -6 alkyl,
C2-, alkenyl, C alkenyl, Ci, cycloalkyl, C& a aryl, C2-9 heteroaryl and
C3-6 heterocyclic; or Rd and R are joined, together with the atons to

whi ch they are attached, to forma C3-6 heterocyclic ring having 1 to 3
het er oat ons i ndep&ndehtdmposml afddremlafllom oxygen, nitrogen or sul fur;
wherein each al kyl, al kenyl 10 and allcynyl group is optionally substituted
with 1 to 3 substituents independently selecied fromthe group consisting
of R and Rf ; and each aryl, cycloal kyl, het®roaryl and heterocyclic
group is optionally substituted with J510g3 5 hs],i,t uents i ndependently
selected fromthe group consisting of#C,,, alkyl and R, each Rr is

i ndependefit|y selected fromth@, grodlp consisting of - OH 15 -OCl1.6

al kyl, -SC14 alkyl, -F, -d, -N H( akyl ), -NCC14 al kyl) 2,
OC(OC 4 alkyl, -C(OCQCC, -6 al NHJO) C1. 6 al kyl, -C(O OH, -C(O NH2, -
C(ONHC 4 alkyl, - C(ONC, .b )2,0- CF3 and -- OCF3; and nisOorl. 20
19. A pharmaceutical conpositioh conprising a pharmaceutically- acceptable
carrier and a therapeuticald2y—d fective anount of a conpound according to
‘any one of Clains 1 to 16. 20. H\ use of a pharmaceutically acceptable
carrier Qd a therapeutically 25 effective anobunt of a conpound according
to any o of Clainms 1 to 16 in the manufacturé of-a nedi canent for
treating a bact er bidaltd thérestiwifeid N a mammal in need

—

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(0)-,
~8(0),-, Cy;4 cycloalkylene, Cg,, arylene and C, ; heteroarylene; wherein each
arylene, cycloalkylene and heteroarylene group is optionaily substituted with 1 to 3
substituents independently selected from R®;
Y* and Y are independently C, ; 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 - ORY, -NRIR®, - CO,R®,
~C(ONR°R® and -S(0),NRR";
R? is hydrogen or C, ¢ alkyl;
25 eachR%is independently selected from the group consisting of - ORY, halo,
-8R, ~S(O)R?, ~S(0),RY, -S8(0),0R", -S(0),NRIR®, ~NR'R", - CO.R’, ~OC(O)R’,
. ~C(O)NRR", —NR"C(O)Rﬂ ~OC(O)NR'R®, -NRC(O)OR®, ~-NR'C(O)NRR’, -CF,
and - OCF,; |
~ ecach R? is independently selected from the group consisting of C, ¢ alkyl, C, 4
30, alkenyl, C, alkynyl and R; | o
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thereof. .-70 14 March 2006 WO 03/031449 PCT/ US02132534 21, A gphod of

i nhibiting the growmh of bacteria, the method conprising contacting
bacteria with a growth-inhibiting anbunt of a conpound according to any
~one of Clains 1 to 16. 5 22. A nmethod of inhibiting bacterial cell wall

bi osynt hesi YO P&t hod conprising contacting bact eri BCHPPR3E3%Cel | wal |

bi osynt hesi s-i nhi bi ting anount of a conpound according to any one of
Claims I to 16. 23.- A process for preparing a conmpound according to any one
of Claims | 10 to 16; the process conprising reacting a glycopeptide of
formula: 15. 20 25 HO' v -"OH OH or a salt thereof, with a conpound of

formula 2: 30 -71 14 'Chdezoggn Seft)ag{éé) 1}14114}1% F(’)CTLUSIQZI% 3% N I]?I -NR2 5
or a salt thereof; etagl’\%;%% T tp;(‘))npoun%}(’ B 1PeSIoPR Fny tfn,g gg”ayggﬁ%y ’t her eof ,
- 10 24. A process,, gl Qpylepararyh gndsC, ¢ berprocyolic; sbeeindachgydalkghyrybne of d ai ns |
to 16; the proggs s HURhdSbddid SAGH Otiofn RS wal 1 [Y HhRAY
independently selected from the group consisting of C, ¢ alkyl and R;
5 eachR®and R°is iﬁdependently selected from the group consisting of
hydrogen, C,,alkyl, C,; alkenyl, C,; alkynyl, C,; cycloalkyl, Cg ,, 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
independently selected from oxygen, nitrogen or sutfur; wherein each alkyl, alkenyl
10 and alkynyl group is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of R® and RY ; and each aryl, cycloalkyl, heteroaryl
and heterocyclic gll'oup is optionally substituted with 1 to 3 substituents independently
selected from the group consisting of C, ¢ alkyl and RS
each R' is independently selected from the group consisting of - OH,
15 -OC,q alkyl, -SC, alkyl, -F, ~Cl, ~NH,, - NH(C,, alkyl), ~-N(C,  alkyl),,
' -0C(0)C, 4 élkyl, -C(0)OC, 4 alkyl, ~-NHC(O)C,  alkyl, - C(O)OH, -C(O)NH,,
-C(O)NHC, ¢ atkyl, ~C(OIN(C, 4 alkyi),, -~ CF; and ~OCF;; and

nisOorl.

20 19. A phammaceutical composition comprising a pharmaceutically-
acceptable carrier and a therapeutically effective amount of a c0mpouxid according to

any one of Claims 1 to 16.

20. A use of a phanmnaceutically acceptable carrier and a therapeutically
25 effective amount of a compound according to any one of Claims 1 to 16 in the

manufacture of a medicament for treating a bacterial infection in a mammal in need

thereof.
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15 20 25 30 -72 14 March 2006 WD 03/031449 or a salt therquhmmdogn a -
compound of formula 11: 5 PCTIUS02/32534 (R3)m 10 or a salt thereof; to
provi de a compound. of formula.l or 4. _salt. thereof. 25. A process for
preparing a conpound according to any one of Clainms | to 16; the process

conpri'sing g a conmpound of formula 9: 15 (R3)m |t thereof;
wth a co “{)unlgzi ‘@ formula 13: 25 30 -73 14 March ZOOGg%B%O% €449 :

PCT1U802132534 R4 H3C,, NH2 R OH H3CO ,,0H 10 15 1

21. A method of inhibiting the growth of bacteria, the method comprising
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

OH
20 o R

|
H ~N—R7
ﬂ .
CH,
1 CH,
25
or a salt thereof, with a compoqnd of formula z

30
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OH 20 or a.salt thereof; to provide a conpound of  formul aihy@fndoogal t - -
t hereof 26. The product prepared by the process of any one of Cainms 23 to
25.  27. A conpound according to any one of Claims | to 16 for use in

t herapy. 25 30 28. A conpound according to any one of Clains 1 to 16 for

t he nmanufwobawseef a medi cament for the treatnent of mrciwmsot/esisal | nfection
in a mmual. -74 ' '

ORI N2
/O R ir:ll R

' c N
‘ I B H
S N | 1, (R3),,
5 PN O SN A NF
H,N 2 ©
, | 0”7 "o :
or a salt thereof; to provide a compound of forﬁ;nla 1, 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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PCT/US02/32534

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

o)
ol H o
5 == N S X
Son s VS
);SN % N._~ N F#
HN 1 © /
0~ "0 |

10

- or a salt thereof; to proﬁde a compound of formula I or a galt 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:

15 H,N

S N
' @' (RS)m
l::i - N~
0o
o-rr 2

N
O
20

or a salt thereof; with a compound of formula 13:

25

30
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10

15

20

25

30

or a salt thereof; to provide a compound of fdrmu]a 1 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.

i

28. A compound according to any one of Claims 1 to 16 for the

manufacture of 2 medicament for the treatment of a bacterial infection in a mammal.
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