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1. Related Applications

This application is related to provisional
patent application Serial No. 60/005,389, filed on
5 Octcber 12, 1995, which is incorporated herein by

reference in its entirety, including any drawings.

2. Field of the Invention

The present invention relates to novel
cephalosporin antibiotics and their methods of
10 production and use. These compounds are expected to
exhibit antibiotic activity against a wide spectrum of
organisms, including organisms which are resistant to

conventional PB~lactam antibiotics.

3. Review of the Background Art
15 The following review of the background of the

invention is merely provided to aid in the understanding
of the present invention and neither it nor any of the
references cited within it are admitted to be prior art
to the present invention.

v 20 Over the past three decades a large variety of
antibiotics have become available for clinical use. One

class of antibiotics which has seen remarkable growth



15 The follow ng review of the background of the

i nvention is nerely provided to aid in the understandi ng of the
present i nweoermavzand neither it nor any of the r ef epenasde/iésued
withinit are admtted to be prior art . to the present invention. 20
Over the past three decades a'large variety of anti biotics have
becone avail able for clinical:use. One class of antibiotics which
has seen remarkabl e growth ' -~ WD 97kp13772

PCT/ US96/ 16349 o 2 are the
cephal ospori ngred\tile dephaldipdtitiy,e e Ry of whiq&'ﬂﬂé?ge%d or- the
treatnment of bacterial infections In mammal s since 1965. e

cephal ospori nslgntidslt useeifior the trmatimeatt af dacteirid) idfeduildn ti ng
bacterial 5 ,peséédoq%ycan bigﬁ{ﬂthesis, and have been extrenely
effective in tred@WELE AiES 6y I serhalasporins jephidiitotdeir
Cephal osporin 1SH sy P Al .activity are .-
Goner boq i n By HacHidr i3 %é%‘ggcf?ﬁ 15‘#&%@%?@%53%{5&%’&3356, 739. 10

Unf or t unat el y peiptd duglycepr dribsymthesis, iand davierbewti aigaerfelynese

antibiotics has led to g rapid increase in the nunber of bacterjal
strains whi cheffective dn dxeating @ widles ¥axdatol e baateriatport ant Iy,

DS SE SR O R o T a 15, naft 7O 97 51
cephal ospori n z3Hildiictdréal ddtivity are described in U.S. Patent :
3,992,377 and U.S. Patent 4,256,739.

10 Unfortunately, the wide-spread and
indiscriminant use of these antibiotics has led to a
rapid increase in the number of bacterial strains which -
are resistant to these compounds. Most importantly,
this resistance has emerged among clinically important

15 microorganisme which threaten to limit the utility. of
presently available cephalosporin antibiotics. In-
particular, resistant strains of Salmonella, S.
pneumoniz, Enterobacteriacez, and Pseudomonas have
emerged which ﬁhreaten to undo many of the strides made

20 in reducing mortality and morbidity from bacterial
infections. _

Bacterial resistance to cephalosporins follows
three major pathways: (a) the development of
R-lactamases capable of inactivating the_ﬁFlactam ring

25 - of the cephalosporin; (b) decreased dephalosporin
penetration into the bacteria due to changes in
bacterial cell wall composition; and (c) poor binding to
penicillin-binding proteins (PBPs). The latter pathway
is especially important, as the binding of B-lactams to

30 PBPs is essential for inhibiting bacterial cell-wall



particular, resistant strains of Sal nonella, S. pneunoni a,

Ent erobact eri acem and Pseudononas have energed which threaten to
undo nany OWQ97&3312r i des nude- 20 i n‘rieduci ng nertal ity anBCRBISB/ENEY
from bacteri al _ i nfections. " Bacterial resistance to
cephal osporins follows three maj or pathways: (a) the devel opnent of
[err] -l actamases capable of inactivating the [err]-lactamring 25 of the
cephal osporin; (b) decreased cephal ospori 1B penetration into the
bacteria due to changes in bacterial cell wall conposition; and (c)
poor bi ndi ng bdosyntheqxsﬂcﬂ¢éiﬁainruﬁamynﬁsnﬁivﬁ;miﬁﬁéﬁia17ﬁaﬁé¢§er

pat hway IS.€es iall ortant, as the binding of [err]-lactans to
30 PBPs is"@éié’éﬁ& in-~ Ef Y | AR RIPEFUT YT eRs | ("MRSA") and\D
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3- bi osynt%ers?csocc afr§ rP 1&*‘194 pzbessl SIE/aél‘l e#?faé%%%l

met hi ci | I n- r agitdbdrit igsaphReicnaiifcd Uire MREA I\féSAade sl the prefdii&d ococci
are highly resistant to [err]-Iactan1 anti biotics. ReS|stance I n MRSA

| s due t& t heofr bighcdevels off an ginusnadl PBE, HBRAmswbidBE s PBP2a, which

|nsen5|t|v or hinds, pporl to [err actan1ant|b|ot|cs
The activity S vzfdt &h g“rﬁ’{% (ﬁ‘%/% a’gd‘?%s‘% M FBRERLtA RS ni ng

or gani sms hasa@@e&c&ﬁm}i QL BNA M antibitdedVddhidi binding affinity
of the antibiotic to
PBP2a-containing organisms has been shown to correlate

well with the binding affinity of the antibiotic to
10 PBP2a. Currently, the glycopeptides vancomycin and
- teicoplanin are primarily used for MRSA bacteremia. The
quinolone antibacterials and some carbapenems, such as
imipenem, have been reported to be active against a few
MRSA strains, but their use is restricted due to
15 emerging resistant MRSA strains.

Experimental compounds which may possess
utility as anti-MRSA or anti-enterococcal bactericides
include the glycylcyclines (gee, e.g., P.-E. Sum et al.,
J. Med. Chem., 37, (1994)), FK-037 (see, e.g., H. Ohki

20 et al., J. Antibiotics, 46:359-361 (1993)), RP-59,500
(see., e.a., S.K. Spangler et al., Antimicro., Agents
Chemother., 36:856-9 (1992)), the everninomycin complex
(see. e.g., W.E. Sanders et al., Antimicro. Agents
Chemother,, 6: 232-8 (1974)), the 2-(biaryl)carbapenems

25 (see, e.g., U.S. Patent No. 5,025,006),

3- (benzothiazolylthio)cephems (gee, e.g., EP Application
No. 527686), 3-(thiazolylthio)carbacephems (gee. e.g.,
R.J. Ternansky et al.,_J. Med, Chem,, 36:1971 (1993) and
U.S. Patent No. 5,077,287) and arbekacin (S. Kondo, et

30 al. J. Antibiotics 46:531 {1993).



10 PBP2a. Currently, the glycopeptides vanconycin and tei copl anin
are primarily used for NMRSA bacteren1a The qui nol one anti bacterial s
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“J. Med. Chem, 37, (1994)), FK-037 (see, e.g., H Onhki 20 et al., J.
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(see, e.g., BE3simg JHoME-ackam Gnib bidesc %e?:’oé‘?&'b'iy %ﬁ"cﬁ’il’r (A% cephens

e
(see. o .g". ol SRR 1 bommonty iied Fersiel s ¥ oL uau (1555
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Recent advandw4m&/%2%munﬂsle@cﬁﬁmltlork994' 08 43P nthodfiledf ul foi1
Feststan baciemsary & "TOBE: Cansa1n i e AL TR SR ol ¢
Application gg/413,712, 08/415,064, and 08/415,069, all of which :
. were filed on March 29, 1995; 08/455,969, filed May 31,
10 1995; and 08/457,673, filed June 1, 1995, all of which
are incorporated herein by referencé in the;r entirety,

including any drawings.

SUMMARY OF THE INVENTION
The present invention includes compounds,

15 compositions and methods effective to. treat infections
in mammals arising from E-lactgm'antibiotic resistant
bédteria. Preferred coﬁpounds will havéfa'minimum
inhibitory concentration (MIC) that is less that 50%,
more preferably less than 10%, and most preferably less

20 than 1% of the MIC of cefotaxime or imipenem for a
beta-lactam resistant organism, preferably a
methicillin-resistant Staphylococcal or ampicillin-
resistant Enterococcal organism. Other preferred
compounds will be able to prevent or reduce mortality in

25 mice infected with the beta-lactam resistant organism to
a greater extent than cefotaxime or imipenem.

In one aspect the invention features compounds

of the structures II-VI

Sheet Has Been Replaced

T i I



5 No. WD 96/ 26966. SUWMMARY OF THE | NVENTI ON

The present invention includes conpounds,: conposi tions and net hods

ef fective tWQ9H3772 nf ecti ons in Famal s arising from pperrdsekeeuem
antibiotic resistant 10 bact'eria. Preferred conpounds will have a

m ni mum i nhibitory concentration (MC) that is less that 50%

nore preferably less than 10% and nost preferably | ess t han 1% of
the MC of cefotaxime or impenemfor a 5 beta-lactamresistant
organism preferably a 15 methicillin-resistant Staphyl ococcal or
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campounds will be able to ¥ red ghortality in m ce
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6 [err] and/or their pharmaceutically acceptable salts
and/ or prodyg9szmperein 5 Rlerr] is selected from t heyis9sis
consi sting of -NHC (0) ZRerr], -NR[err]Rerr] and [err] ;
Zis selected fromthe group consisting of -CHerr](X)[err]-
-C(NOR[err])-, -CHORerr])-, -C(CHCO err]Rerr])- and

6

VI

and/or their pharmaceutically acceptable salts and/or

prodrugs, wherein
5 R® is selected from the group consisting of
1

-NHC (O) ZR®, -NR‘RS: and -NHC(O) S

Z is selected from the group comsisting of
-CH, (X) .-, -C(NOR®)-, -CH(OR’)-, -C(CHCO,R®)- and
-CH (NR*R??) -; '

10 X is selected from the group consisting of

oxygen and sulphur;

m is selected from the group consisting of 0

and 1;

R?® is selected from the group consisting of cyano,:

15 alkyl, aryl, heterocycle (wherein said heterocycle
is optionally subétituted and preferably is
disubstituted with NH, and halogen (preferably
chlorine)), heterocaralkyl and (CH,),T,



-CH (NRlerr]Rerr]) -; 10 X is selected fromthe group

consi sting of oxygen and sul phur; mis

sel ect ed fwge#i3®79r oup consisting of 0 and PCT/US96/16349
Rlerr] is selected fromthe group consisting of cyano, 15 al kyl ,
aryl, heterocycle (wherein said heterocycle I's optionally
substituted and preferably is di substituted with NH2 and hal ogen
(preferably chlorine)), heter@aral kyl and (CH err]) [err]T,

WO 97/ 13772 PCT/ US96/ 16349

7 nis idqa &o 6, Tis selected fromthe
group consisting of am no, amdino (G or N 1linked),

guani di no, and isothioureido, optionally substituted by

T is selected from the group consisting of
amino, amidino (C- or N-linked), guanidino,
and isothioureido, optionally substituted by

5 alkyl, aryl, hydroxyl, or amino;

R*? are independently selected from the group

consisting of hydrogen, alkyl, aryl and acyl;

R® is selected from the group of hydrogen, alkyl and
aryl;

10 R® and R are selected independently from the group
consisting of hydrogen, alkyl, acyl, and

heterocyclecarbonyl;

R? is selected from the group consisting of hydrogen,
alkyl, alkenyl, aryl, heterocycle, aralkyl,

15 heteroaralkyl, and trialkylsilyl; or R? is not present
and the CO, group to which it would be attached bears a

negative charge.

A, B, D, and E are selected from the group consisting of
carbon, nitrogen and sulphur and the specific

20 juxtaposition of groups A, B, D and E is limited to
examples of heterocyclic groups known in the chemistry

arts;



5 al kyl, aryl, hydroxyl, or am no; Rlerr] are

I ndependently selected fromthe group . consisting of hydrogen,

al kyl , aryl waeysey ; Rlerr] is selected fromt. Rs&f
hydr ogen, al kyl and aryl ; 10 Rl err] and are

sel ected i ndependently fromthe group . consisting of - hydrogen

al kyl, acyl, and het er ocycl ecar bonyl ; R2 is selected
fromthe group consisting of hydrogen, 8 al kyl, al kenyl, aryl,

het er ocycl e, aral kyl, 15 het eroaral kyl, and trialkylsilyl; or Rerr] is
not present @, H,a0Y thendbewde @:ra%nton%'r%@eht ofPulgube attached bears

a negati ve charge D, and ETare selected fromthe group
consi sting of (quatermwo@mqanWMIenhandamhet BpetdEdicsflic 20 :
exanpl es of

j uxt aposition, A B, Dand E is Ilnrted to
heterocyclic ¢ P&E%? n Of Groups Gst By J, L agd ¥ is 1lm1tGGMCD97/13772
PCT/U596/1634%xam.p1es of heterocyclic groups known in the chemistry

5 arts;

R* is selected from the group consisting of H, halogen,
alkyl, alkoxy, hydroxyl, amino, cyano, hydioxyalkyl,
carboxamidoalkyl, optionally substituted aminoalkyl or
quaternary ammonium alkyl, and quaternary

10  heteroaryliumalkyl;
alk, and alk, are alkyl groups and are independently and
optionally substituted with a substitutent selected from
the group consisting of alkyl, hydroxyl, optionally
substituted amino, alkoxy, hydroxyalkyl and optionally
15 substituted carboxamide;

p is 0, 1, or 2;

R* is selected from the group consisting of sulfur, SO,

S0,, NH, N-alkyl, oxygen, C=C (¢is or trans), and C=C;
g is 0 or 1;

20 r is 0, 1, 2 or 3;



8 G H J, L and Mare carbon, nitrogen or [err]NR err]
(quat ernary anmoni um heterocycle) and the specific j uxt aposi tion of

groups G Wyodyadrrend Mis limted to exanpl es of het erEUPSI6EIIG34Q OUPS
known in the chemstry 5 - arts; Rlerr] is selected fromthe

group consisting of H, hal ogen, al kyl, al koxy, hydroxyl, am no,
cyano, hydroxyal kyl, car boxam doal kyl, optionally substituted

am noal kyl or guat ernary anmoni um a kyl, and quaternary 10Q

het er oaryl i umal kyl ; alk[err] and al k2 are al kyl groups and are

i ndependent |y and optional substlguted with a substitutent selected

from t he group conS|st|H§ aIkI saRy| , St mally
substituted am no, al koxy, h roxyalky ptlona*f substituted

car boxam de; B i s G 1,N,95R1€2 R err eI ected fromthe
gf oup consi st gl%fN%uﬁ‘u ’ . NH, NN kyl oxygen, C=C
(cis or trans), and C[err]C q |s 0 or 1; 20 ris 0, 1, 2 or
3;

o J\ NRYSR1®
SN Ry J{SWT/

:L';/\NR“R“ 1314
Ria , or +NR3R

r

R?-R* are independently selected from the group
consisting of H, hydroxy, amino, amidino, alkyl,
5 cycloalkyl, acyl, aminoacyl, and phosphoryl and
taken together may form a 5- or 6-membered ring;

and

R is H or alkyl;
wherein alk, and R’ taken together may form an
10 optionally substituted S or 6 member non-aromatic

heterocycle.

Specific examples of heterocyclic groups known
in the chemistry arts include the following (shown

linked to a sulfur atom in each case, as above) :
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9 [err] Rlerr]-Rerr] are independently sel ected
fromthe gr@ey7i3nm consi sting of H, hydroxy, an no, 6@,kyl
5 cycl oal kyl, acyl, am noacyl, and phosphoryl and aken
together may forma 5- or 6-nenbered ring; and R17 is H
or al kyl; wherein alk[err] and R err] taken together may forman 10
optionally substituted 5 or 6 nenber nonjgromatic het er ocycl e.
\ N——N ['<\ N-—l{\
?{SQ }r‘\s[u_/\" PJ\S/(“> }J\s /N/N}"\sln/“

2 LY s S 2 LD 1, [ ) ;\S/C)

.?’\S/N: | ,I"\s/@ K{@I}’\ /i
/k) is/ b L) Q

Structures IV, V and VI show a vinyl group
linking the cephem nucleus to an arylthio or
5 heteroarylthio group. It is to be understood that each
carbon atom of the vinyl group may optionally in
addition be substituted by a lower alkyl group, such as
a methyl or ethyl group.
Preferred compounds include those compounds

10 wherein R!* is H or halogen, R!? is NR3R,



Speci fic exanpl es of heterocyclic groups known in the chem stry arts

I ncl ude the foll ow ng (shown linked to a sulfur atomin each case, as
above): WO 97/137712\0 97/ 13772 PCT/US96/16349
PCT/ US96/ 16349 10 [err]
11
*ITR“R" i(ﬁi/NRﬁRﬁ ‘{51:)17 ﬁ{s\/ua‘sa'“
. NR‘5R‘°' NR4 N or  +NRRM

pis 0Oor 1, gis 0or 1, r is 1, 2 or 3, R!?3-R¥ are H or
lower alkyl, and R! is H or lower alkyl. Especially
preferred compounds include those compounds wherein RM

13
5  is hydrogen, R'? is NR¥3R¥,

51\3/(%'7
O

NRM |, or ,pis 1, gqis 1, r is 1, 2, or 3, R¥-R!

are hydrogen, and R! is hydrogen or lower alkyl. There
are preferably one or two [(CH,),(8),(CH,).R*?] groups
present. There are preferably three or four R!? groups

10 present.

Preferred compounds include those wherein:
(1) R is NHC(0)ZR?
Z is -CH,(X),.-
X is S
15 m is 1

(2) R*is NHC(0)2ZR?



Structures 1V, V and VI show a vinyl group I'i nki ng the cephem nucl eus
to an arylthio or 5 heteroarylthio group. It is to be understood that
each wWolhgsyat om of the vinyl group may optionally inperus 4bi ON
be substituted by a | ower al kyl group, such as a nmet hyl or ethyl )
group. Preferred conpounds include those conpounds 10
wherein R err] is Hor halogen, Rerr] is NR[err]R[err] WO

97/ 13772 [err] pis 0 or

1, gis O or 1,r|sl 20r3 Rlerr]- R)[er are H or | ower al kyl,

and Rlerr] is Hor pem ally preferred conpounds
I ncl ude t hose conpounds dhereln err] : '

R® is selected from the group consiéting of hydroéen,
methyl, 2-fluoroethyl, cyclopropylmethyl, allyl,
dichloroallyl and cyclopentyl, and R® is selected from
5 the group consisting of phenyl, 2-thienyl, 2-furyl,
2-aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl, and

2-aminothiadiazol~4-yl;

(3) R is H or halogen

+ HNR13R14 : E:) R15R13. ﬁi/R17
e ¢ e L
, NR , NR™ , or -

r .

(4) R*? is NRMRM,

N R15R15

10 + NRPRM

(5) piso0or1l
qis 0O or 1

f is 1, 2 or 3; and/or.
(6) R - RY are H or lower alkyl.

15 Preferred compounds include those wherein alk,
and R'? taken together an optionally substituted 5 or 6
member carbon ring containing a single 'nitfogen. In

especially preferred embodiments, alk, and R} taken



5 I's hydrogen, Rerr] is NRerr]Rerr] [err] or [err]

, or , pisl qis 1l ris 1l 2, or 3, Rerr]-Rerr] are hydrogen,
and R err] weotnsdiroen or lower alkyl. There are pref ePgEUSIVIES4®r | WO
[(CH err] (S)[err](CH err] R err] groups present. There are
preferably three or four R err] groups 10 present.

Pref erred conpounds include those wherein: (1) Rerr] is

NHC( O ZR[ err] Zis -CHers] (X)[err] X
is S 15 mis 1 (2) Rerr] is NHC(O)ZR[err]

\]/1\‘2) 97/'13772 together form a substitutent (showrBE1&WRn B4AU1fur

atom) selected from the group consisting of

NMe,

O D T

NH

Other preferred examples are shown below

5 linked through a sulfur atom to a 4-pyridyl substituent:

Lo Rk
L0

Without being bound to any particular theory
. regarding operation of the invention, it is noted that
there are several novel structural features of the

10 invention which are believed to contribute to the



Zis -C(NOR[err]) - Rlerr] is selected fromthe group consisting of

hydr ogen, met hyl, 2-fluoroethyl, cyclopropyl nethyl, allyl,

di chl oroal | ycl opentyl, and R3 is selected from 5 r

consi sting ’Eﬁgﬁ% S 2-thienyl, 2-furyl, 2- ani not hi az"t&%ﬂ@‘y@&’

2- am no- 5-chl orot hiazol -4-yl, and 2- am not hi adi azol - 4-yl ; (3)
Rlerr] is H or hal ogen [err] (5 pis Oor 1

gis Oor | ris 1, 2 or 3; and/qor (6) Rerr] - Rerr]

are H or |ower alKkyl. 15 Preferred conpounds include those

her ein al K2 guber s FLE Lmb2s6lat SRE0RnET SRLBODELLY, SUBSTI tuted 5 or

particular,, chlorine substituents on heterocyclic R?
groups appear to impact 2-4 fold improved MIC values
compared to the compounds with non-chlorinated

5 heterocyclic R® groups.

Preferred pharmaceutically acceptable salts
include (1) indﬁganic salts such as chloride, bromide,
iodide, nitrate, phosphate.dr sulfate; (2) carboxylate-
salts such as acetate, propionate, butyrate, maleate, or

10 fumarate; (3) alkylsulfonates such as methanesulfonate,
ethanesulfonate, 2-hydroxyethylsulfonate,.
n-propylsulfonate or iso-propylsulfonate; and (4)
hydroxycarboxylates such as lactate, malate, and
citrate.

15 In another embodiment, the present invention
provides for compositions comprising an amount of a
compound of Structure 1I, IIlI, IV,lV or VI effective to
treat bacterial infections in mammals arising from
bacteria resistant to R-lactam antibiotics.

20 . 'In still another embodiment, the present
invention includes methods for treating a bacterial
infection in a mammal arising from bacteria resistant to
B-lactam antibiotics comprising administering to a
mammal suffering from such an infection a

25 therapeutically effective amount of a compound of
Structure II, III, IV, V or VI. Of course, the
compounds of the present invention also have utility in
compositions and methods to treat mammals infected with
bacteria that are sensitive to conventional B-lactam

30 antibiotics.



menber carbon ring containing a single nitrogen. In especially

preferred enbodi nents, alk[err] and R err] taken:. WO 97/ 13772
PCT/ US96/ 1%?1 3112 S . 13 t ogaidrPusssasIwa .
substi t ut ent g%omn bel ow on a sul fur aton) selected fromthe group
consi sting of : [err] O her
preferred exanples are shown bel ow 5 | i nked through a sulfur atomto a
4-pyridyl substituent: 1s . 0

In another embodiment, this invention features
compounds and methods for preparation of an intermediate
VII, which is useful for preparing compounds having
particularly potent activity against
5 methicillin-resistant Staphylococci and

ampicillin-resistant Enterococci.

(o)
-

N
Pg1NH—</ |
S 1

VII

Other features and advantages of the invention
10 will be apparent from the folléwing description of the

preferred embodiments thereof and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1-5 show preferred synthetic schemes
for producing compounds of the present.invention.
15 Figure 1 shows preparation of the cephem.
Figure 2 shows preparation of the C(7)-
substituent.
Figure 3 shows preparation of the 3-
substituent.
20 Figure 4 shows the final assembly.



[err] W t hout being bound to any particular theory

regardi ng operation of the invention, it is noted that there are
several no tural features of the 10 i nventi on whi | eved
to contri b\éféﬁ'(s)yt'}%e WO 97/ 13772 %Q:r%s%s}f&b )
PCT/ US96/ 16349 14 substantial ly
| mproved functional properties. In particul ar,, chlorine
substituents on heterocyclic Rerr] groups appear to inpact 2-4 fold
i nproved M C val ues conpared to t%g conpounds wi th non-chlorinated

5 heterocyclic R errl. qroups. _ , Preferred .
phar neceutically acC'ept%’tﬁqér%ggt%hows deprokechion ﬁn‘;n?ﬁjg%ni c salts such -
as chloride, #44HE¢on. o R _ :

DESCRIPTION OF THE PREFERRED EMBODIMENTS
I. pefiniti
5 As used herein, the term "alkyl" denotes
branched or_unbranched hydrocarbon chains, preferably
containing between one and six, more preferably one and
four, carbon atoms, such as, e.g., methyl, ethyl,
n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl,

10 tert-butyl, and 2—me£hylpentyl. These groups may be
optionally substituted with one or more functional
groups which are attached commonly to such chains, such
as, €.9., hydroxyl, bromo, fluoro, chloro, iodo;,
mercapto or thib, cyano, alkylthio, heterdcyclei aryl,

15 heterocaryl, carboxyl, alkoxycarbonyl, alkyl, alkenyl,

' nitro, amino, alkbxyl;'amidb, and optionally substituted
isothioureido, amidino, guanidino, and the like to form
alkyl groups such as trifluofomethyi,-3-hydrokyheXYi,
2-carboxypropyl, 2-fluorocethyl, carboxymethyl,

20 4-cyanobutyl, z-guanidinoethyl,_
3—N,N'-dimethylisothiouroniumprqpyl, and the like.

The term "alkenyl" denotes an alkyl group as
defined above havihg'at least one double bond, e.g.,
allyl, 3-hydroxy-2—buten—1-yl, i-methyl-z-propen-l—yl

25 and the like.

The term "aryl" denotes a chain of carbon
atoms an which form an least oﬁe aromatic'ring having
preferably between about 6-14 carbon atoms, such as,

e.g., phenyl, naphthyl, indenyl, and the like, and which



i odide, nitrate, phosphate or sulfate; (2) carboxylate salts such as

acetate, propionate, butyrate, naleate, or 10 fumarate; (3)

al kyl sul f oRgheg/15148h as net hanesul f onat e, et hanesul f of@f/Bs9s/16349
2- hydr oxyet hyl sul f onat e, n- propyl sul fonate or iso-propyl sul fonate;
and (4) hydr oxycar boxyl ates such as | actate, nmalate, and

citrate. 15 I n anot her enbodi nent, the present invention
provi des for conpositions conprising an grount of a conpound of
Structure II, 11, 1V, Vor VI effective to treat bacteria

i nfections Inn%garml éuﬁétﬁtﬁﬁeérﬁﬂth one o aﬁ&f&' égﬁséi Lagt F8u gl actam
antibiotics In still anot ment g gent

i nventi on i novhidels as&hwusaéhedtcammongyatbasuehlahalns, shﬁheﬁﬁLon in a
err]-lactam anti biotics

manmal ari sin fro cterja resistant

cenprising a SE%¥$. % gpromo, f%ﬁﬂﬁ%t ShiPEP; ncdpeneneartn or

I nfection a §fif u npound
Structure |1 éﬁ%? #i?ﬁé; %#8%%¥dcou$séyyg%fgn Hgtg}% gﬁhdgrx} ‘'t he
present § nver}ieﬁrcﬁdmhadﬂrbl&xjrliYalonycarbﬁﬂffDPSalkfﬂs éﬂﬂeﬂ?ih()ds to

treat mammals infected with bacteria that are sensitiv
conventi onal Mg, |amingn Itkoxyhntamide; cand the like w® HFrd3I7Pl

FtT/USQG/lG&%%oups such as biphenyl, iodobiphenyl, methoxybiphenyl,

anthryl, bromophenyl, iodophenyl, chlorophenyl,
hydroxyphenyl, methoxyphenyl, formylphenyl,

10 acetylphenyl, trifluoromethylthiophenyl,
trifluoromethoxyphenyl, alkylthiophenyl,
trialkylammoniumphenyl, amidophenyl, thiazolylphenyl,
oxazolylphenyl, imidazolylphenyl,
imidazolylmethylphenyl, cyanophenyl, pyridylphenyl,

15 pyrrolylphenyl, pyrazolylphenyl, triazolylphenyl,
tetrazolylphenyl and the like.

The term "heterocycle" dencotes a éhain of
carbon and at least one non-carbon atoms which together
form one or more aromatic or non-aromatic rings having

20 preferrably between about 6-14 atoms, such as, e.g.,
furyl, thienyl, imidazolyl, indolyl, pyridinyl,
thiadiazolyl, thiazolyl, piperazinyl, dibenzfuranyl,
dibenzthienyl. These rings may be optionally
substituted with one or more functional groups which are

25 attached commonly to such rings, such as, e.g.,
hydroxyl, bromo, fluoro, chloro, iocdo, mercapto or thio,

. cyano, cyanoamido, alkylthio, heterocycle, aryl,
heteroaryl, carboxyl, oxo, alkoxycarbonyl, alkyl,
alkenyl, nitro, amino, alkoxyl, amido, and the like to

30 . form rings such as, e.g., 2-aminothiazol-4-yl, 2-amino-



15 I n anot her enbodi nent, this invention features
conpounds and nethods for preparation of an internedi ate VII, which is

useful for Wpa.;ﬂg conmpounds havi ng particularly potmmﬁghwbty
against 5 " nmethicillin-resistant Staphyl ococci and o i

anpicillin-resistant Enterococci. [err]

O her features and advantages of the invention 10 w Il be apparent from
the foll owi ng description of the prEéerred embodi ments thereof and
fromthe clains. BRI DESCRI PTI ON OF THE DRAW NGS

Figures 1-5 s%ggﬁfgf Eﬂiggﬁgy&LQfEi545ﬁ9§§§€?%aii§%§%53%§g”Cing conpounds

of the present Tnventron. paration of the
cephem 2, 3-dioxopigeraz 2nghpWs-R1PEp Bpépaz Oyl pe C(7) -

substi tuent. Figure 3 shows preparation of the 3-
2-iodo-3-dibenzfuranyl and 3-hydroxy-4-dibenzthienyl and
the like.

5 The term "heteroaromatic" or “heteroaryl” :
(HetAr) denotes an aromatic heterocycle as defined
above.

The term "heterotricycle" denotes an aromatic
heterocyclic substituent as defined abowve which

10 comprises three aromatic rings. _

The term "heterocyclecarbonyl" denotes the
group -C(O)Het, where Het is hetefocycle as defined
above.

The term "alkoxyl" denotes the group -OR,

15 where R is alkyl as defined above, such as methoxy,

| ethoxy, n-propoxy, iso-propoxy,,n?butoxy, sec-butoxy, -
iso-butoxy, tert-butoxy, trifluoromethoxy,
3-hydroxyhexyloxy, 2-carboxypropyloxy, 2-fluoroethoxy;
carboxymethoxy and cyanobutyloxy and the 1ike, )

20 The term "alkylthio" denotes the group -SR,
where R is alkyl as defined above, such as methylthio,
ethylthio, n-propylthio, iso-propylthio, n-butylthio,
sec-butylthio, iso-butylthio, tert-butylthio,
trifluorométhylthio, 3-hydroxyhexylthio,

25 2-carboxypropylthio, 2-fluoroethylthio,
carboxymethylthio and cyanobutylthio and the like.

The term "acyl" denotes groups -C(O)R, where R
is alkyl as defined above, such as formyl, acetyl,

propionyl, or butyryl.



substituent. 20 Figure 4 shows the final assenbly. WO

97/ 13772 PCT/ US96/ 16349

16 Figure 5 shows deprotection and salt PCT/USY6i83490N ..
DESCRIPTIC»J%£m$hE PREFERRED EMBODI MENTS +l. Definitions 5

As used herein, the term"al kyl" denotes branched or unbranched
hydr ocar bon chai ns, preferably cont ai ni ng between one and si x, nore
pref erably one and four, carbon atogs, such as, e.g., nethyl, ethyl,

n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, 10 tert-butyl, and

2- met hyl pentyl . These gﬂ&Qg@EﬁRyu%€%¥Fx¥“ &&Eééﬁédﬁ Qst A# Sug%&h one

ot nore functional gr oups e atta -h"chai ns,
such afr eig.an yrybxyrouprasudef ined cabowe Or 0, | odo mer capt o
or thio, cyano, alkylthio, heterocycle,_ar het er oaryl , carboxyl,

al koxycarbonyl, al kyl, Er&egAm "aralkYRTr%%n%ﬁ?%dgr%ﬂk%xyﬁAranWHGreand

optionally sypstit spl ani dino, and the
like to formli:p é a%%|%§0%5 s[]%’: k?&}h uorogrrflga"{'xlll%ll c’Vﬁdroxyhexyl
2- car boxypropyl, 2-fl uoreettesm 'qaém@aﬂhwl»wemtéscg%@pgtyl _
2- guanldlnoethyl 3-N, N -di net hyl i sot hi our oni unpropyl, and the li ke.

The term "al kdtjetAriomnrs Ririslalkyyrand HetAr is heteroaryl as
defined above.

The term "trialkylsilyl" denotes the group
RR'R"Si-, where R, R' and R" are alkyl as defined above.

10 The term "trialkylammonium® denotes the group
[RR'R”N-]*, where R, R' and R" are alkyl as defined
above.

The term "amino" denotes the group NRR', where
R and R' may independently be alkyl, aryl or acyl as

is defined above, or hydrogen.

The term "carboxamido" denotes the group
~C(O)NRR', where R and R' may independently be alkyl,
aryl or acyl as defined above, or hydrogen.

The term "cyancamido" refers to the group

20 -NH-C=N.

The term "8-lactam resistant bacteria" refers
to bacteria against which a B-lactam antibiotic has an
minimum inhibitory concentration (MIC) greater than 32
mg/ml.

25 The term “methicillin-resistant bacteria”
refers to bacteria that are resistant to methicillin.
- Examples of such bacteria are provided in Table 1 and
are identified Meth*. The term “methicillin semnsitive

bacteria” refers to bacteria that are sensitive to



defined above having at | east one double bond, e.g., al lyl,
3- hydroxy-2-buten-1-yl, 1-nethyl-2-propen-I-yl 25 and the |ike.

The term™ lan otes a chain of carbon atonms an whi

| east one g&é%’fl%&ri ng havi ng preferably between abéﬁ*@&’?@gr bon
atons, such as, e.g., phenyl, naphthyl, indenyl, and the like, and
whi ch WD 97/ 13772

PCT/ US96/ 16349 17 may be
substituted with one or nore functional 69oups whi ch are attached

commonly to such .chai.ns., suygh as, e..g.., hydroxyl, brono,_ fluoro,
chloro, i odo,merc’favtc;%tl&%'r Lé:xa.‘mpsj'?%i?f %ﬁ&?ac& A% Pravddediin
heterocycl e, mBile 1 and ¥ ST sisPMubhel., al koxycarbonyl, al kyl,
al kenyl’, - nitro, am no, alkoxyl, am do, and the like to form aryl
groups such as bi pheny|The dutxtm ptmrodrugfetrtefesds treran ,agent thaat hirgy/| |

br omophenyl , iodophenyl, .chl-qQrophenyl , . ~hydroxyphenyl, nethoxyphenyl,
r%féitm e‘%&ﬁ FH S ekih

f or nyl phenyl CoRYye th payeny op rugs may be
trifl t A , | | 4 ' | ' h |,
FiTluorgme Qﬁ%ﬁ?}g[&ﬁ &ﬁly iéﬂf’m thq ﬁapmené rdqufnYJ.dg | unmpheny

am dophenyl , 0xazo enyl, zol'yT phenyl ,
I m dazol yl metdiythjtsiofs . cm@ﬁmﬁle,pwﬁehﬂﬁmgf .makp be pyrrolyl phenyl,
pyrazol yl phenyl, triazolyl phenyl, tetrazol yl phenyl and the |ike.

biocavailable by oral administration but the parent is
not, or the prodrug may improve solubility to allow for

intravenous administration.

10 II.

The present invention provides compounds,
methods and compositions effective to treat bacterial
infections, and, especially, infections arising: from
bacteria which have developed resistance to conventional

15 RB-lactam antibiotics. More importantly, the present
invention provides compounds, methods and compositions
effective to treat bacterial infections arising from
bacteria which have developed resistance to conventional

cephalosporin antibiotics.

20 A. Syntheeis of Compounds of Structure II
The compounds of the present invention may be

readily prepared in accordance with the following
schemes. However, it will be appreciated that other
synthetic pathways for forming the compounds of the

25 invention are available and that the following is
offered merely by way of example, and not limitation.
It will be furthér recognized that various protecting

and deprotecting strategies will be employed which are

bl



The term "heterocycl e" denotes a chain of carbon and at |east one

non- car bon atons whi ch toget her formone or nore aronatic or

non- ar omat ixes b4 NG5, having 20 preferrably bet ween about 6- prAiRBAE348UCh
as, e.g., uryl, thienyl, imdazolyl, indolyl, pyridinyl,

t hi adi azol yl thlazolyl plperazinyl, di benzf ur anyl di benzt hi enyl .
These rings may be optionally substituted with one or nore
functional groups which are 25 attachgg commonly to such rings, such as,
e.g., hydr oxyl, brono, fluoro, chloro, iodo, mercapto or thio,

cyano, Cyanoaf dioaash iyl Bho. abel FEEEYChoq. M ibeen and L) 97! Hhose
carboxyl, oxo oxycar bonyl , enyl , am no, al koxyl,

am do, and t hef|&kEll oisOthe aﬁtnwnngﬁeeughme tRaf. th3 aaneatmbﬁzet 4-yl,
2- am no- WO 97/ 13772

PCT/ US96/ 16348ny particular protecting group (e.9.,18 carboxy

5-chl or ot hi azol

h | _di _ vl
4- alkylplperd%F?ﬁ$3£ing grawﬁbégigfdﬁﬁgﬁQ u¥ﬁn§Peaﬁ8agi§1g§oxgpLﬁeraz'ny

3-hydr oxy- 4- dhhereétedubiely with reéﬁéci:' K8. sBbsequent reactiBg term
"het er oaromatic" or "heteroaryl™ Het Ar) denotes an aromatic

het erocycl e asomiithonis. above. The term
"heterotricycle" denotes ero cLic suggiituent as

a
defined above which 10 @ %B%%f?segh?h?¥%t%?%ﬁﬁt? Fpfgeephalosporins

of the present invention may be achieved using
well-known methods and readily available materials {gee.

10 e.g,, March; Larock, COMPREHENSIVE ORGANIC TRANSFORMATIONS (VCH
Publishers, 1989); and G.I. Georg, THE ORGANIC CHEMISTRY OF
B-1acTAMs, (VCH 1992), each of which is incorporated
herein by reference). As shown below in Scheme 1,
treatment of the cephem triflate 1 with the desired

15 optionally protected thiolate nucleophile 2, using
standard methods such as those described in Farina et
al., J. Org, Chem, 54:4962 (1989) and U.S. Patent No.
4,870,168 to Baker, et al., (both of which are
incorporated herein by reference), provides the 3-thio

20 derivative 3. Subsequent deprotection using procedures
known to those skilled in the art affords the
biologically active 4-carboxycephem 4.



The term "het erocycl ecarbonyl” denotes the group -C(O Het, where Het
is heterocycle as defined above. The term "al koxyl"

denot es thgwg 9@¥ﬁ6CR 15 where Ris alkyl as defined abg%%u{ §§gﬂgs

met hoxy, Xy, nN-propoxy, isSo-propoxy, n-butoxy,

i so- but oxy, tert-butoxy, trifluoronethoxy, 3- hydr oxyhexyl oxy,

2- car boxypropyl oxy, 2-fluoroethoxy, car boxynet hoxy and cyanobut yl oxy
and the like. 20 The term "glLkyl thi 0" denotes the group -SR
where R is al kyl as defined above, such met hyl t hi o, et hyl t hi o,
n-propyl thio, iso-propylthig, n-butylthio, sec- butyl thio,

i so-butylthio, tert- butylth-g?* - trifluoronethylthio,

3- hydr oxyhexyl thio, 25 car bokypropyl thio, 2-fluoroethylthio,

ylthio and the like. The term
"acyl" denot _,Rﬂﬂﬂ?ﬂﬂﬁhmlﬂ“¢ is alkyl as defined above, such -
as fornyl, acet proplonyl butyryl Iﬂhu VI)97/13772
PCT/U896/1634%/——N P Ry - 1 The
term "aryl oxy” deno Sﬁgﬂpoups -QAr, where
~defined above. The term "geFatk
wher e Ris alkyl and Ar is aryl, both agxggf ne
The term "het eroaral kyl " denotes groups 3

car boxymet hyl thio and ¢

aryl group as.
B groups - RAr,

S NALEE)

IR' 'loa

ualhuﬂ"»q(ama"l

Compound 1 is formed readily from commercially

available starting materials, such as the reaction of
(7R) -7- [ (phenylacetyl) amino] -3-hydroxy-3-cephem-4-carbox

5 ylic acid (Otsuka Chemical Co., Ltd., Otsuka, Japan)
with triflic anhydride (Aldrich, Milwaukee, WI), using
known procedures (gee, e.g., Farina; and U.S. Patent No.
4,870,168 to Baker, et al.) Other 3-hydroxy-3-cephems
may be formed from the ozonolysis of 3-exomethylene

10 cephems using known procedures (gsee, e.g., Farina).
Similarly, the thiolate nucleophile 2 may be formed



-RHet Ar where R is alkyl and HetAr is heteroaryl as defined above.

The term"trial kylsilyl"™ denotes the group RRRRS -, where R, R
and R are@blg,;m-ﬁg defi ned above. 10 The t erm pCT/US96/16349 .
"trial kyl ammoni unt denotes the group [RRR'N-][err], where R Rerr]
and R[err] are al kyl as defined above. The term
"am no" denotes the group NRR , where R and R nay independently be
al kyl, aryl or acyl as 15 defined abowgy or hydrogen. )

The term "car boxam do" denotes the group -C(ONRR , where R and R

may independeﬂ&kﬁgbﬁnabhybr%ﬁgd?resaﬁﬁh Qﬁmﬁgggigﬁé?egbgﬁﬂaiﬁﬂye’ or

hydr ogen. erm "cyanoa ers to the group 20
-NH-Cerr] N starting materialshe term[err]-lactamresistant bacteria”
refers to bacteria against which a [err]-lactamantibiotic has an
nini num i nhi bi tory conc®her gubPsRitNeol B ama¥rbehapy 0f the gngpee. 25

fesistan to NERFSPRR Aoove dhardsbiTngr ayaiiBhirorPRmats BV ded in

Table 1 gnd (g_._%“ aEgomdalBrich] MelWhakek, Wi¢ @ EanTBeNifdrindd

sensitive acteria" refers to bacteria that are sensitive to
using known techniques and starting materials (gee.
e.d., March; Larock). These groups can be substituted
for those present on the starting material by variety of
well known techniques (gee, e.g., Barrett, J.C.S. Perkin

10 I, 1629 (1979) or Chauvette, J, Org, Chem, 36:1259
(1971), both of which are incorporated herein by
reference), such as by transamination of an existing
substituent for the desired substituent, or hydrolytic
removal of the existing substituent followed by reaction

15 with a suitably reactive form of desired substituent,
such as an acyl chloride. Again, the appropriate
reagents and techniques will be apparent to those of
skill in the art.

The carboxyl group R? may be those protecting

20 groups amenable to reductive cleavage, such as benzyl,
p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl,
cinnamyl, benzhydryl, 2-chloroallyl and the like.
Alternatively, R? may be a protecting group amenable to
acidic cleavage, such as t-butyl, t-amyl, ¢trityl,

25 4-methoxytrityl, 4,4'-dimethoxytrityl, trimethylsilyl,
t-butyldimethylsilyl, phenacyl,

. B- (trimethylsilyl)ethyl, benzyl, 4-(or 2-methoxybenzyl,
2,4-dimethoxybenzyl, 3,4-dimethoxybenzyl,
2,4,6-trimethoxybenzyl, methoxymethyl, benzhydryl, orxr

30 3,3-dimethylallyl. Preferred protecting groups are



WD 97/ 13772 PCT/ US96/ 16349

20 methicillin. Exanples of such bacteria are provided in Tabl e
1 and are i LfLed Meth[err]. The term "prodrug” refers
to an agent‘gﬁﬁé&yf’g converted into the parent drug ingﬁw?g‘@?%dr ugs
may be 5 easier to adm nister than the parent drug in sone .
situations. For exanple, the prodrug nay be bi oavai | abl e by oral

adm ni stration but the parent is _ t, or the prodrug may inprove
solubility to allow for I ntravenols adm nistration. 10 *° I11.

Conpounds of _the J ny Lon s T eseqgt, i nvention provides
conpounds, P mgtﬂ%*ﬁgégg%%d.Boﬂbﬁg???%ﬁ%19f$€£§iv%naob??égy Eﬁ%tgriall '
infections, sagh gf&@ﬁba:hé%‘,bér‘i@ﬁ&bﬂ&i €61 Sh QuhbPtected SRAELELLR Wi ch.
have devel oped resi stance 1o conventional 15 [err]-Tactamanti bt oti cs.
Mor e i nport agxoyp ofiethe ecepbalosporinvetarvingroaterial onpingdenowkt hods
and conpositions ive to treat bacterial .infections arising from

ff
bacteri a whifﬁaﬁﬁﬁEsd%9§I5€§ 19Ue8 FREP 135 hossdeperibed in

cephal ogporig, a8hi Dhatwgss. 20 A Synt hesi s of Conpounds of Structure
I The conpounds of the present invention may be
readily prepared in accordance with the foll ow ng ~schenes. However,

it will be agpreciated t hat ot her _

The compounds of general structure III are
prepared similarly to those of general structure II. 1In
~most cases, a key_step is the coupling of a substituted

10 heterocarylthioclate with cephem triflate 1 or a
functionally equivalent cephem having an alternative
. leaving group at C-(3). Compounds of sﬁructure IIT
where the ring containing G, H, J, L and M is 4-pyridyl

may also be prepared as exemplified in Figure 4.

15 ¢,  Synthesis of Compounds of Structures IV, V and VI
| The compounds of general structure IV, V and
VI are prepared by coupling an aromatic or |
. heterocaromatic thiolate with tosylvinyl cephem sulfoﬁide
6. Compound 6 is formed readily from commercially
20 available starting materials using known procedures -
(see. e.g,, Farge et al., U.S. Patent No. 4,307,116).
The requisite aromatic or heteroaromatic thiols are
prepared by a variety of methods known in the
literature, as described in the Examples. As shown below
25 in Scheme 2, treatment of the cephem intermediate 6 with
a desired optionally protected thiolate nucleophile,
such as 5, using methods such as those described in

Farge et al., U.S. Patent No. 4,307,116 (which is



synt heti c pathways for formng the conmpounds of the 25 i nvention are

avail able and that the following is offered nerely by way of exanple,
and not | 'W&@fd It will be further recognized tha{TUEY6/16339
protecting and deprotecting strategies wll be enployed which are
WO 97/ 13772 PCT/ US96/ 16349

21 standard in the art (see. e.g., Geen and Wits). Those of
skill in the art will recognize that thesgsel ection of any.particul ar
protecting group (e.g , a carboxy protecting group) will depend on

the Stabilitya8lrbifared neBbthoBy°UetBahkelt BrbGaBE! cha Subsequen

reaction e synthesis of the

cephal ospor i Bsthiovinydf depgvatevent. i sumﬁbxﬁzaemdhetaehl anad usi ng
wel | - known net hods and readily available materials (see 10 g., March;
Lar ock, COVPREPERERERt GrprntectRaNSRERNgTPORCedyras known pebphgner s,

195507 200 Cobuaf 2n THE SPE S FafO ALY SFomi ey BERAREL IS S voh

bel ow ig Sc h@ﬂsaﬁboxycephem 8.

R
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1) Sulfoxide reduction
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treatnment of the cephemtriflate 1 with the desired 15 optionally
protected thiolate nucl eophile 2, using

t hose desc
U.S. Patent
I ncorporated herein by reference),

4,870, 168 to Baker,

Subsequent deprotection using procedures

the art affords the
WO 97/ 13772

22
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15

20

25

r\%@gfﬂﬂz Farina et al ., J.

st andard net hods such as

e ol (botn of HoAmEe °

provides the 3-thio 20 derivative 3.

known to those skilled in

bi ol ogical ly aﬁgive 4- car boxycephem 4.

PCT/ US96/ 16349

A preferred synthetic route for preparation of

these intermediates is set forth in Pigure 2. 1In

particular, the step of converting 6 to 7 shown in

Figure 2 and described in Example 18 is especially

useful in providing compounds having substantially

improved activity against methicillin-resistant and

ampicillin-resistant bacteria.

According to this invention, a Eherapeutically

or pharmaceutically'éffective amount of a-cephalosporin

and particularly, a compound of Structure II, III, IV, V

or VI, is administered to a mammal suffering from an

methicillin-resistant bacterial infection (or other B-

lactam resistant bacterial infections, such as

vancomycin-resistant or ampicillin-resistant

infections), especially resistant S. aureus, in an

amount effective to at least partially relieve the

infection. Especially important are infections

resulting from strains having similar activity to

strains such as S. aureus Col (MethrR) (lac’), S. aureus 76

(Meth®} (lac*), E. fecium ATCC 35667, or E. fecalis ATCC

29212. Again, such compounds are also effective against

bacteria sensitive to methicillin, vancomycin, and/or

ampicillin and therefore have utility in such

compositions and methods.

The compositions containing the compound(s) of

the invention can be administered for prophylactic

and/or therapeutic treatments.

In therapeutic



Compound 1 is formed readily fromcomercially avai | abl e starting
materials, such as the reaction of C

(7R)-7-[(p§ﬁ$¥+ yl)anino]-3-hydroxy-3-cephen}4icarbox 5 potuH6As3d
ca

(G suka Ch ., Ltd., Qsuka, Japan) with triflic anhydride
(Al drich, MIwaukee, W), using known procedures (see. e.g., Farina;
and U.S. Patent No. 4,870,168 to Baker, et al.) Oher

3- hydr oxy- 3- cephens may be formed fgomthe ozonolysis of

3-exonet hyl ene 10  cephens using known procedures (see, e.g., Férina).
glc?/ bggg}”ltsg%%pﬂ'c%!@o%s”,“ Qh%o %tdp%s%.t’%é) %.rfeo rm%tered téllj\gl. g;/ ]k-ﬁt73\7m2
procedur es apdtGeNteadixdddy aufifeallng from an infection, as

described above, in an amount sufficient to cure or at

least partially arrest the symptoms of the infection.

5 An amount adequate to accomplish this is defined as
"therapeutically effective amount or dose." Amounts
effective for this use will depend on the severity and
course of the infection, previous therapy, the patient's
health status and . response to the drugs, and the

10 judgment of the treating physician. In prophylactic
applications, compositions containing the compounds of
the invention are administered to a patient susceptible
to or otherwise at risk of a particular infection. Such
an amount is defined to be a "prophylactically effective

15 amount or dose." 1In this use, the precise amounts again
depend on the patient's state of health, weight, and the
like.

Once improvement of the patient's conditions
has occurred, a maintenance dose is administered if

20 necessary. Subsequently, the dosage or the frequency of
administration, or both, can be reduced, as a function
of the symptoms, to a level at which the improved
condition is retained. When the symptoms have been
alleviated to the desired level, treatment can cease.

25 Patients can, however, require intermittent treatment on
a long-term basis upon ény recurrence of the disease

. symptoms.
In general, a suitable effective dose of the
compound of the invention will be in the range of 0.1 to

30 1000 milligram {mg) per recipient per day, preferably in



starting materials. The substituent R err] may be any of

t he groups descri bed above and are either avail able commercially 5
(e g., fro =, MI|waukee, W) or can be forned '
techniqueswgﬁgﬂg?Z?ting material s (see, e.g., March; @gaéﬂﬁﬁghese
groups can be substituted for those present on the starting materi al
by variety of wel | known techniques (see, e.g., Barrett, J.C S.
Perkin 10 |, 1629 (1979) or ChauvetteggJ. O g. Chem 36:1259

(1971), both of which are incorporated herein by reference)' such as

by t d
SUbst Luent | Che RedPSTOEa B0 100 me per BV, AR, RBi el bBResChe

foll owed by peefeirabliSprewehited &nlbablytweacthreefOEaquo&e&b&%d
substi tuent, such as an acyl chloride. Again, the" -appropriate

reagents andsvbéﬁﬁp5uéémwnnstsgeépﬁérénprpvrnhggelatervals skill in the

t h b | t ect 20
s amenabhEoPgnpuE ERRC RS YL 183" eibroRkenBhn be' MaREal5RegRY "
0-nitrogenzyhg gnit’dabkh |Q69ﬁthEoraEE& le, conih&ﬁiﬂﬁls Q@niﬁﬁgryl

2-chloroal lyl and the Ii Al ternatively, be a protectlng
group anenabmg,tpreferabaw1chtoIQQWagg ofuabtayetlhgtgﬂ;ehtapak trityl,

25 4- met hoxytri.tyl dlnethox |tyI trlnethyIS|Iy

t- butyldlnetH9¥ Fagﬁhgﬁgyyl Preferk Ly F F@thl

benzyl, 4-(o X z | z

3, 4- dlnethox§8eﬁgsﬁgﬂ %131 §E4agmlPﬁﬁ§F%g§y nz3F¥B§§tﬁ§x§ﬁ§¥ﬁ$P

benzhydryl, abol@ 2.03md/#tigmtohplsal mgl/kg Bfepatientpboidycweighgr,oups are
10 between about one to four times per day.

While-it is possible to administer the active
ingredient of this inveqtion alone, it is.preferable to
_present it as péré éf a pharmaceutical formulation. .  The

:,'formulatiOns_of the present invention comprise at least

15 _:lone compound or iﬁhibitor of this invention in a
therapeutically oi pharmaceutically effective dose -
together with one.or more pharmaceutically or
Itherapeutically aéceptable_carriers; Solid carriers
inlcude, e,g.,_starch, lactose, dicalcium phosphate,

20 micrqcrystalline pellulose, sucrose, and kaolin, and
optionally other therapeutic ingredients. Liquid
carriers include, e.g., sterile water, polyethylene
glycols, non-ionic surfactants, and edible oils such as
corn, peanut and sesame oils. In addition, various

25 adjuvants such as are commonly used in the art may be
included. ' For example: flavoring agents, coloring
agents, preservatives, and antioxidants, e.g., vitamin
E, ascorbic acid, BHT and BHA. Various other
considerations are described, e.g., in Gilman et al.

30 (eds) (1990) Goodman and Gilman's: The Pharmacological
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24 p- met hoxybenzyl, p-nitrobenzyl,:-allyl and benzhydryl. Such
groups nay we sdssAehed to the unprotected carboxyl gr CptPrrBéoci18sss
cephal osporin starting material using known reagents and techni ques,
such as those described in 5 G een and Wits. B. Synthesis of
Conmpounds of Structure |11 The conpounds of general
structure Il are prepared simlarlggto those of general structure I
In nost cases, a key step is the coupling of a substituted 10

heteroaryl thiphais sttPheprpeutics! | 8tR Ba0r ?Frgamon 59@9&50?ﬁé|y
equi val ent cephem having an alternative ~l'eaving group’a -(3).
Conpounds of Remimgtem's$|supra. Methodstferradgindateaniog &reH J, L and

Mis 4-pyridyl, al sp be prepared as exepplified in Figure 4. 15
C-  Synthesi 1%ﬁufﬂﬁ%g%hﬁ§e§?'S?r%ctu#%% ¢xaly jRBrayenocus, The

d f Vi \ . ted b oupl i ng
an aromati o or rABerEAHERLL ot AntrBipcylar, ol S10E SRS PR cBRE
sul foxi d®  otier£onTPhatnécést {G4IEY cs6htablis 0BuELIBBECHALY 20

avail able starting materials using known procedures (see, e.g., Farge
et al ., U Singlude watexn, 3vyline) buffersThandeouhert compoundsc or

reteroaromaligdiifléad’e.g., in CRENMRE Ribed, “BLESKYs o TP ROMRag O 1"
NJ. Generally, preferred routes of administration are
intravenous and intraperitoneal.

10 These pharmacological agents can be in a
variety of forms. These include, for example, solid,
semi-solid and liquid dosage forms, such as tablets,
pills, powders, liquid solutions or suspensions,
liposomes, injectable and infusible solutions. The

15 preferred form depends on the intended mode of
administration and therapeutic application. Generally,
a pharmacologically acceptable salt of the compound will
be used to simplify preparation of the composition.
Preferred salts include sodium, potassium, arginine,

20 glycine, alanine, threonine. These are prepared,
preferably, in water suitably mixed with a surfactant
such as hydroxypropylcellulose.

Depending on the specific conditions being
treated, such agents may be formulated and administered

25 systemically or locally. Techniques for formulation and
administration may be found in Remington's
Pharmaceutical Sciences, 18th ed., Mack Publishing Co.,
Easton, PA (1990). Suitable routes may include oral,
rectal, transdermal, vaginal, transmucosal, or

30 intestinal administration; parenteral delivery,



literature, as described in the Exanples. As shown bel ow 25 I n Schene

2, treatnment of the cepheminternediate 6 with a desired optionally
protected o)y nNucl eophil e, such as 5, using netpeggss oAS

t hose described in Farge et al., U S. Patent No. 4,307,116 (which is
WD 97/ 13772 PCT/ US96/ 16349

25 I ncorporated herein by reference), provides the 3-t hi ovi nyl
derivative 7. Sulfoxide reduction and 3gubsequent deprotection, using
procedures known to those skilled in the art affords the biologically

H_actlve 5 4iﬁéﬁﬁﬁﬁ%§eﬁgi?ﬁ%uscular subcuthfebls, 1ntramedullary

injections, as well an intrathecal, direct

;ntraventrlcular, intravenous, intraperitoneal,

intranasal, or intraocular injections, just to name a
5 few.

For injection, the agents of the -invention may
be formulated in aqueous solutions, preferably in-: - -
physiologically compatible buffers such as Hanks'
solution, Ringer;s'solution, or physiological saline

10 buffer. For such transmucosal administration,
penetrants apprépriate to the barrier to be permeated
are used in the formulation.. Such penetrants are:
generally known in the art. _ _

In soft capsules, the active-compoundsgmay;be'

15 dissolved or suspended in suitable liquids, such as..
fatty oils, liquid paraffin, or liquid polyethylene

glycols. In addition, stabilizers may be added.

IV. Biological Activif
In Vit Antibacterial Evaluati

20 The compounds of the invention were evaluated
against several R-lactam resistant (for example
methicillin-resistant, vancomycin resistant, and/or
ampicillin-resistant) bacteria strains by determining
the minimum inhibitory concentration (MIC, ug/ml) of

25 each compound with respect to each strain. The MIC, the
lowest concentration of antibiotic which inhibits growth
of the test organism, was determined by the agar

dilution method.



WO 97/ 13772 26 D. Syt hesi s of
Conmpounds of Structure VI A preferred synthetic route for

preparati onw@ernarrz these internediates is set forth in Fi 9ppgnkesiéss
particular, the step of converting 6 to 7 shown in 5 Figure 2 and

described in Exanple 18 is especially useful in providing conpounds
havi ng substantially | nproved activity against nethicillin-resistant
and anpicillin-resistant bacteria. 31 I11. Pharnmaceuti cal
Applications and Preparations 10 According to this invention,
a therapeutical ly ?6 abeeprmendt thal MycekbecbareeziBlntiseflates,

cephal osporin and particularly, a compound of Structure II, I, IV, V

or VI, is adnthe st:esédcpmpaundms SI}F:P@PDﬁgtEdoana series of
neth|C|II|n resista ecti,on 0 | act am
resi st ant bac?@?lg?fé aéinﬁﬂ s %Bgﬂ iéqulg dvgﬂgg ’HkpﬁgpsfgﬁF ‘or
ampicillin-r i 0Qs egiea t reus, in
agp annuﬁ?bééfgé%%géf gag? #eagthggﬁ??aPFyh?g Fgégi %gEtérl I nf ection.
Especi aly i nporaimés weeei spoett inosulifed wishl & replieatcdngadesilkevi ng

simlar activity to strains such as S. aureus Coleg\/bth[errtg1e (lac ),
S. aureus 76 onto theregay,ppriarge[ BEERY, cKerpightniATibaiiesy E

facalis ATCC y1e breakpoint was determined as the lowest drug
concentration that completely inhibited growth,
disregarding a single colony or a faint haze. The

10 procedures used in these stuides have been standardized
by the National Committee for Clinical Laboratory
Standards (NCCLS), as per the NCCLS publication entitled
METHODS FOR DILUTION ANTIMICROBIAL SUSCEPTIBILITY TEsSTS (1991),
which is incorporated herein by reference.

15 Aliquots of antimicrobial agents were prepared
in phosphate buffered saline (PBS) at pH 7.2. Tween 20
or DMSO was used as a solubilizing vehicle as needed.
Standard methods of vortexing, sonicating and gentle
heat were used to facilitate solubilizing the test

20 agent. Typically, the concentration of the stock
solution was 10X that of the highest drug concentration
tested. A 1.28 mg/mL stock solution was used with a
subsequent highest working concentration of 128 ug/mL.
Serial two-fold dilutions were done through <0.25ug/mL.

25 Each drug level was tested in duplicate. Two-fold drug
dilutions were done in sterile 50 mL tubes with a final
drug volume of 5 mL. Upon the addition of 45 mL of
molten agar, a 10-fold dilution resulted. Two, 25 mL.
plates were then poured into 15x150 mm square Petri

3¢ plates with grids and allowed to harden.



29212. Again, such conpounds are also effective agai nst bacteria
sensitive to nethicillin, vanconycin, and/or 25 anpicillin and therefore
have utili tgnl h conposi tions and net hods. The
conpositioﬁ!og@ﬁ al ni ng the conpounds) of t he inventigﬁnygﬁﬂggus )
adm ni stered for prophylactic and/ or therapeutic treatnents. In

t her apeutic WD 97/ 13772

PCT/ US96/ 16349 27 appl i cati ons,

o . 32 : .
the conpositions are admnistered to a patient already suffering from

an infection, as ' 4 sufficient ta cure or
at | east parti al ﬁsséz;éré%g‘?lt 6 ".'geyr‘r'}p;'tt.{"ol'g‘g:‘l %erro% e‘tlf‘f%‘h.el €T an
anmount adequaleEdtnand Prdrsdomydin idr datipwtbnws was used Ngs apgaitically

effective anount or dose." Amounts ~effective for this use wll depend_'
on the severiRgsifive growty gentrgl i Rtagk canesntationmof her apy, the

Pldgnent “of (RRETTERT MPHRATEE Y Hrhatd oed #9520 35 13,
CONpPOSi tg ONS UK Fhidptilrd ok, O B! NEntdfol platdd)we X Sfdd Y adrka |
adm nistered to a patient suscept.ible to or otherwse at risk of a
_particularilﬁunnédwﬁnsihﬁl;efrigerator for up to 1 week prior to
use; however, imipenem control plates had to be prepared
just prior to use. All test plates were used within 24
hours of preparation. -
10 Satisfactory results were obtained where the
inoculum contained about 10* colony forming units (cfu) =
0.5 logs. Starting with pure cultures of the test
isolates on agar plates, a few isolated colonies were-
transferred to a tube of nutrient broth and_allowed;to
15  grow 4-6 hours at 35-36°C to reach log-phase growth.
Dropwise addition of the broth culture. to PBS was done
to match a 0.5 McFarland turbidity standard equal to 10%
cfu/mL. This was further diluted ten-fold in PBS to
reach a working inoculum concentration of 107 cfu/mL.
20 When 1ulL of the working inoculum was applied to the agar
surface a concentration of about 10* cfu per spot was
obtained. .
Disposable sterile 1iulL loops were used to
~ inoculate test piates, with each isolate in a designated
25 grid on the agar plate. An alternate method of
inoculation involved the use of a replica plater, a
device with 48 steel pins allowirig the simultaneous
inoculation of multiple isolates. After the spots had

dried, the plates were incubated at 35-36°C for 16-20



an amount is defined to be a "prophylactically effective 15 anount or

dose." In this use, the precise anounts .again .. depend on the patient's
state of hgad édpspei ght, and the like. - PCPARD6/16349

i mprovenent of the patient's conditions has occurred, a maintenance
dose is adnministered if 20 necessary. Subsequently, the dosage or the
frequency of adm ni stration, or both, can be reduced, as a function
of the synptons, to a |level at whi ch th@grwnoved condition is

retai ned. Wien the synptons have been alleviated to the desired
level, treatgBiiscapnagasfts %ére aB3ks8BES a8 R he AN Rum &ﬁﬁﬂh&%oay
intermittent treatment:on a long-term basis upon any recurrencCe of

t he di sease concensyapions {MIC) of antimicrobdajecagealt. a suitable
effective dose of the nmpound of _the.inyention will be in the range
of 0.1 to 30 1000 n?hﬁlﬁPHﬁi(ﬁg?nﬁ§r°Fe5§&?eﬁFVEQF1&anrﬁr@P&P&Bﬁy in

26 | {hetPEnhelT FRRARSEE AETAYITY.I0NREC S Al Threae PR
preferably peagepbeéctl (BE, fhweiunhang, Ef.Olfae@l’altI@')e The Ssubdesrs
adm nistered at appropriate intervals
Col strain is a high-level PBP2a producer, whereas S.
aureus Col 8A, its isogenic partner, lacks PBP2a.
Certain compounds show broad activity against
both S. aureus Col and S. aureus Col BA, as well as
10 Enterococci. The 8. aureus Col 8A strain was highly
responsive to all test agents including the Cefotaxime
control. Thus, the compounds of the present invention
are effective against PBP2a-producing bacteria. Certain
compounds show potent activity against enterococci.
15 Certain other compounds of the present invention, are
effective against E. coli in addition to Gram-positive

organisms.

In Vivo Antibacterial Evaluati

Compounds with superior activity in vitro when
20 compared to reference antibiotics, are further evaluated
in a murine model for lethal bacteremic peritonitis.
Groups of 5 female Swiss-Webster mice
(Simonsen, Gilroy, CA) each are challenged by the
intraperitoneal (IP) route with tenfold increments of a
25 bacterial inoculum. This permits calculation of the mean
lethal dose {LD;,) and the LD,,,. For preliminary
evaluation of a new antibiotic, mice are challenged IP
with an LD,y titer of bacteria. In two equal doses

administered at the time of bactexrial challenge and 2



t hroughout the day. These subdoses can be adninistered 5 as unit
dosage forns, for exanple, containing 5 to 1000 ng, preferably 10 to

100 ng of agdd Jﬁﬁgredient per unit dosage form Pref
conpounds o?h%%gl invention will be adm nistered in annuﬁ€§£%¥””%aheen
about 2.0 ng/kg to 250 ngy/ kg of patient body weight, 10 bet ween about

one to four tines per day. Wiile it is possible to
adm ni ster the active i ngredi ent of,this invention alone, it is
preferable to present it as part of a pharmaceutical fornulation.

The for [ f 5§ [ t conprise at.least 15 one
conpound or ﬁ%ﬁi%t%§§é % nJ%ﬁF%%wﬁ%é?léaéh aggtﬁﬁ?%ﬁ@%tlcally or '
phar maceut i caéﬁb!cﬁéz@@éuypyd@ﬁﬁ; two-folDUBREEementd SR FREL cllr
pharmaceutical ly or t herapeutically acceptable carriers. So %P
carriers and ran ARt ikiotic sofirkiown =fTteacyli tal vicen phd siplimas 20

m crocrystall| ne ceIIquse, sucro gl and. kaolin, and optionally

other therapetdi® i RPIHFERR Y- Mice aze obseryegfem, %hg sterile
water, pol yeti%@@%me aQ"YﬂQ'ére "Cnd A Fed &AL EOR s GEYs Fokbl e oils

such as corn, peanut and sesane ol Itron, varrous " 25
adj uvant s sucrhastatelodrm@rdqselsm ng/kdnetlzat prgtéets 50% of nmicsled. For
exanpl e: flavoring agents, colorin agents, preservatives, and

_anti oxi dant s, 11 3. GTMR oFFom eath Es a%%mﬁcﬂ@e.raealsmr%@cm dese ous

O 1000y “ESTe, Pk e YRS o rined R gVl 2 30

pathogens. The guantitative endpoints for the new drug
10 are then compared with those obtained with reference
antibiotics. |
' Six ten-fold dilutions of inoculum suspended
in 0.5 mL of sterilized 7% hog gastric mucin (Sigma) are
injected IP in groups of 5 mice each. A control group of
15 5 mice receive mucin alone. Micg are observed_for 72h.
Those alivé at 72h are considered long term survivors.
The meah lethal dose (LD;,) and 100% lethal dose (LD,g,)
are determined by the probit test.
For antibiotic efficacy studies, mice are
20 challenged IP with bacterial titers that will afford an
LD, fOor the test strain. In two equal doses administered
at the time of bacterial challenge and 2 hours later,
groups of 10 mice each are treated by the subcutaneous
route (SC) with twofold increments of the test
25 antibiotic; another group is treated similarly with a
reference antibiotic of known efficacy in animals and '
man. Drug doses can range from 0.01 to 512 mg/kg. If the
drug is poorly soluble, Tween 20 or propylene glycol
will be employed to solubilize the drug. Animals are
30 observed for 72h. The 50% protective dose (PDs) is
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29 Basi s of Therapeutics, 8th Edd, Perganon Press; and

Reni ngt on' swewanarrzMet hods for adnministration are di SpO¥AXSss/1634 ei.n,
e.g., for oral, intravenous, intraperitoneal, or intranuscul ar

adm ni stration, and 5 others. Pharmaceutically acceptable carriers
will i nclude water, saline, buffers, and ot her conpounds

described, e.g., in the MERCK | NDEX, Mer@s & Co.,  Rahway, NJ.
Generally, preferred routes of administration are i ntravenous and
intraperitonegilcuifited in mg/kg byheke phabiecakeebibdal TheePDs, Gah die in a
variety of forms. These include, for exanple, solid, sem -solid and

li qui d dosagesamenas theh508% effpetive dose {EDid, amshvddies 50% qui d

sol utions or suspensioRs | IR0 S, 4 nj.ect e angd infusible
sol utions. THE" gglvﬁr‘g?%ﬁ éSDf"e)r' m'*“'_%@‘g’@%%s otf'n%gqa %{reor%lg:g’errg’be@%tfs of
admi ni-strati ogyangningiareHht ca2ephhaakref. hE2Fetakl hice thatdsurvive
phar macol ogi cal |y acceptable salt of the conpound w || be used to
si npl i f y5 pr eparat cabtotedhencbrpinr-heant infusioRBr eganr.edndmafls ithatude

sodi um potassium arginine, 20, | yci ne, _al ani ne, threonine._ .These are
pr epar ed, recﬁ%ﬁ?ér%bP??tFﬁt&H?ea°§ﬁgFaBﬁytﬁ?xéﬁsﬁiFﬁug ¥diabeant

alive at 72h, although they may appear moderately ill to
very ill during the observation period. Infected,
placebo-treated control mice and those receiving

10 non-effective i.e., lower dosages of the test drug will
demonstrate a high rate of mortality. Most of these
mice will die within 6 to 48 h. Those alive at 72h will

be considered long term survivors.



such as hydroxypropyl cel | ul ose. Dependi ng on the specific

condi ti ons bei ng treated, such agents may be formul ated and
admi ni st er%,@ﬁyﬂz systemcally or locally. Techniques for éﬂpggé} on and
adm nistration may be found in Rem ngton's Phar maceut’ Cl ences
18th ed., Mack Publishing Co. Easton, PA (1990). Suitable routes
may i ncl ude oral, rect aI transdermal, vaginal, transnucosal, or 30
i ntestinal adm nistration; parent eral dgkivery, WO 97/ 13772
PCT/ US96/ 16349 30 i ncl udi ng
I nt r anuscug-e - U E.L it O~
i ntrat heca : oot ol ' JRICEPAG
i nt ranasal |, ,or—+ntYx ; &t i nj st nama
For inj ect ﬁﬁ:::ﬂ@ Aa 0 he 01 ventt be f Sl a%gg 013
aqueouss SOl HikaliPer (Ve ﬁg-p{bl y i Ngo2s h.y5| ol @gi calgy cor@gtl bl'gas0uf f §lsS
such as K Qureus ATCC 133®I(Mé&i"pN, Riopger ' s sol ut i.on, ogs physdisl oglsfo_a& sa}oloae
S. aureus Col (Meth™(lac) ~ 32 4 1 K] 8 - 8 2
S, aureus 76 (Meth®)(lac*) _ 32 ] 4 ] 8 16 8
-S. aureus ATCC 33593(Meth®) 32 8 4 8 4 16 8
10 S. aureus Spain #356 (Mcth®) 32 8 4 8 8 16 8
1 S. haemolyticus 05 (Meth®) 64 16 4 8 8 16 16
E. faecalis ATCC 29212 . 5025 1 0.5 0.5 0.5 2 0.5
E faecium ATCC 35667 ' 4 2 1 2 2 4 2
E. faecium VanA (Van®) 4 8 4 8 4 32 8
15 E. faecalis VanB (Van®) 05 4 0.5 1 4 4 - 8.
E. faecium A491 (Amp*) >128 >3 >32 >32 >32. >3 >32
E. coli ATCC25992 $0.25 >32 16 2 4 >R >3
_P. aeruginosa ATCC 27853 1 >32 >32 >32 . >32  >32 >32
20 Organism - Imipenem 4 8 2 10 1 12
S. aureus ATCC 29213 : <0.25 0.5 1 0.25 0.5 - 05 0.5
S. aureus Col8A(Meth)(lac") <025 0.5 ] 0.13 0.5 1 05
S. aureus PC1 (Meth®)(lac®) - <025 : 1 1 05 1 0.5
S. aureus ATCC 13709 (Meth®) = <025 0.5 1 0.06 0.5 0.5 0.25
25 S. aureus Col (Meth®)(lac) -~ 32 8 2 1 2 4 2
S. aureus 76 (Meth®)(lac") 32 8 4 4 2 -8 2
| S. aureus ATCC 33593(Meth®) 32 8 4 4 2 4 2
S. aureus Spain #356 (Meth®) 32 8 4 4 2 '8 2
S. haemolyticus 05 (Meth®) . 64 32 4 16 4’ 4 - 2
30 E. faecalis ATCC 29212 <0.25 ! 0.5 | 0.5 025 025
E. faecium ATCC 35667 4 4 2 1 2 2 1
E. faecium VanA (Van®) 4 16 8 4 4 4 4
E. faecalis VanB (Van®) 0.5 2 0.5 2 1 05 - 0S5
E. faecium A491 (Amp®) >128 >32 32 >32 >32 >32 >32
35 E. coli ATCC25992 €025 = 4 2 >32 4 8 3
P. aeruginosa ATCC 27853 1 >32 >32 >32 >32 >32 >32
Organism Imipenem 13 14 15 16 17 18
S. aureus ATCC 29213 <0.25 2 0.5 1 0.25 0.25 [
40 S. aureus Col8A(Meth®)(lac) £0.25 2 0.5 1 0.25 0.5 1
S. aureus PC1 (Meth®)(lac*) £0.25 2 0.5 1 025 ° 025 1
S. aureus ATCC 13709 (Meth®) 0.25 2 0.25 0.5 013 025 1
S. aureus Col (Meth*)(lac") 32 4 4 4 0.5 2 4
S. aureus 76 (Meth*)(lac*) 32 8 4 4 ] 4 8
45 S. aureus ATCC 33593(Meth®) 32 8 2 4 1 2 4
S. aureus Spain #356 (Meth®) 32 8 4 4 i 4 8
S. haemolyticus 05 (Meth®) 64 8 4 3 2 8 8
E. faecalis ATCC 29212 £0.25 1 0.25 2 0.06 0.13 0.25
E. faecium ATCC 35667 4 4 1 2 0.5 1 2
50 E. faecium VanA (Van®) 4 8 2 4 025 0.25 2
E. faecalis VanB (Van®) 0.5 2 0.25 0.5 013 05 05
E. faecium A491 (Amp®) >128 >32 >32 >32 8 >32 >32
E. coli ATCC25992 <0.25 8 4 8 8 2 8
P. aeruginosa ATCC 27853 1 >32 >32 >32 >32 - >3 >32




10 buffer. For such transnucosal adm nistration, penetrants

appropriate to the barrier to be perneated are used in the

formul at i onwo sGhpenetrants are general ly known in i,gf 116349
In soft capsules, the active conpounds nmay be 15 di ssol ved or suspended
in suitable liquids, such as fatty oils, liquid paraffin, or liquid
pol yet hyl ene glycols. In addition, stabilizers may be added.

| V. Biological Activity In Vitro Aatj bacterial Evaluation 20

The conpounds of the invention were evaluated ~agai nst sever al

crobis

[err]-lacta G
resi stant, E? j

i’m‘s""ﬁ"}mmﬂﬁ'ﬁ cephems

-----.--——_.--—-r——-“—.‘—:-----—--u--—-‘_--‘---—--—-_--—.»

W'{q’w .

deternlnlng _ ' g oncefgrati (Nléz
25 each :%WA Al spect jg&; each° trai TH M C, °‘ 5 's
| ewest c®NCES nbrad PeIRMaLs) @R | bi Otl&zy\:hl Cholg;nhl bg,gs gr@yvth , ofg st he tést
organi sm WRS aget ATCA 13708 (Mesh®)t he agas 05 dissution et hod. 0.5 1 VWO
97/ 13772 S. aureus Col (Meth*)(lac) 8 2PCT/ U396/ 16349 2 8
31 S. aureus 76 {Meth®)(lac*) 32 8 4 1 2 4 8
S. aureus ATCC 33593(Meth®) 32 3 2 1 2 4 4
10 S. aureus Spain #356 (Meth®) 32 8 4 1 2 4 4
S. haemolyticus 05 (Meth®) . 64 16 4 2 2 4 8
E. faecalis ATCC 29212 £0.25 ] 1 0.13 0.13 0.5 0.25
E. faecium ATCC 35667 4 1 1 0.5 1 2 2
E. faecium VanA (Van®) 4 2 2 1 2 4 4
15 E. fuecalis VanB (Van®) 0.5 0.5 0.5 0.13 0.5 1 0.5
E. faecium AA91 (Amp") >128 >32 >32 8 16 >32 >32
E. coli ATCC25992 £0.25 8 4 32 8 2 3
P. aeruginasa ATCC 27853 1 >32 >32 >32 >32 >32 >32
20 —Orgapism 30
S. aureus ATCC 29213 £0.25 0.25 0.13 0.25 1 0.25 025
S. aureus Col8A(Meth®)(lac”) $0.25 025 0.13 0.13 0.25 0.25 0.13
S. aureus PC1 (Meth®)lac*) £0.25 025 0.13 025 0.5 025 £0.25
S. aureus ATCC 13709 (Meth) <0.25 025  <0.06 0.13 0.13 0.13 £0.25
25 | S aureus Col (Meth®)(lac) 32 1 0.5 0.5 2 1 0.5
S. aurens 76 (Meth®)(lac") 32 2 1 1 2 1 2
8. aureus ATCC 33593(Meth®) 32 1 1 L 4 2 1
S. aureus Spain #356 (Meth®) 32 2 1 1 2 2 1
S. haemolyticus 05 (Meth®) 64 2 2 2 4 2 1
30 E faecalis ATCC 29212 <0.28 0.13 <0.06 £0.06 0.13 <0.06 <0.06
E. faecium ATCC 35667 4 1 0.25 0.25 1 025 0.5
E. faecium VanA (Van®) 4 2 0.5 0.5 4 0.5 1
E. faecalis VanB (Van®) 0.5 0.13 0.13 <0.06 0.25 <0.06 <0.06
E. faecium A491 (Amp*) >128 32 8 4 16 4 8
35 E. coli ATCC25992 <0.25 4 >32 8 2 8 8
P. aeruginosa ATCC 27853 1 >32 >32 32 32 >32 >32
36
S. aureus ATCC 29213 £0.25 0.25 025 025 0.06 025 0.5
40 S. aureus Col8A(Meth®)(lac) <0.25 025 0.25 0.25 <0.06 0.25 0.25
S. aureus PC1 (Meth®)(lac*) <0.25 025 0.5 0.25 0.13 0.5 0.25
S. aureus ATCC 13709 (Meth®) <0.25 0.25 0.13 0.13 <0.06 0.25 0.25
S. aureus Col (Meth®)(lac) 32 2 1 1 1 2 1
5. aureus 76 (Meth%){lac*) 32 2 2 1 1 2 2
45 S. aureus ATCC 33593(Meth™) 32 2 2 2 1 2 ]
8. aureus Spain #356 (Meth®) 32 2 2 1 1 2 1
S. haemolyticus 05 (Meth™) 64 4 4 2 2 4 2
. E. faecalis ATCC 29212 $0.25 0.5 <0.06 0.13 £0.06 <0.06 025
E. faecium ATCC 35667 4 0.5 0.5 0.5 025 0.25 0.5
50 E. faecium VanA (Van®) 4 1 1 2 0.5 0.5 1
E. faecalis VanB (Van®) 0.5 025 0.13 0.13 <0.06 0.25 0.13
E. faecium A491 (Amp®) >128 8 8 8 4 4 8
E. coli ATCC25992 <0.25 8 8 1 4 8 16
P. aeruginosa ATCC 27853 1 >32 >32 32 >32 >32 >32



To determine the MC for bacterial isolates, the test conpound was

I ncorporated in a series of two-fold dilutions into Iiquified
NUeIIer-Hiqh?@magﬁg Upon solidification, a nunber of Blao
bacteri al strains were spot inocul ated with a replicating device
onto the agar surface. After overnight incubation, the M C br eakpoi nt
was determ ned as the | owest drug concentration that conpletely

i nhi bited growt h, disregarding a ggngle colony or a faint haze. The
10 procedures used in these stuides have been st andar di zed " by the

the NoaLs oo Tab ﬂ*r"ﬁ obiAl Properiics) DI ATV IRIOIEPDRIS o

---——---—-—-—--————_—n-._——_‘— __-;_-— |t g

SUSCEPTI BI L{l TY “F8 ‘....‘.'.:- _ Imipeneny; cf icor peRat ed #erei ndby -
ref erence. ]%”""'"Com ityiacy A | qug g of : 3# i g b| a agentogwer

I n phosghatle M e (PB . 2. 0 013 Of
used as a sk m.uwcngoy@mml e as‘omededoos : 013 St amardo,rigt ho (
vort exi ng, [sSoaresetol Mythtgic) gentl e 32 . hesit wele usezl to facilitate 05
sol ubi | i zi nd WFM‘E@') agent : 32 Typic#l |y, the cohcentration df thel
st ock Breut AT S X that 3bf thethighebt drufy concéntratilon 1

testedloA 2510 umﬂ sol uti was gsed wyth a ' ubseqient 2

8
hi ghest wor ki JagafisQREERRIAT i ON Of 428 [ergbo/ Maas 025 Ser igdh tV\Q0560|dsoos
di | uti ons WeE ged@nrcebsssugh [err] a 25[eros} g/m.1 25 1. Each drugasevel pasas
tested in di aeaiuatvenA(Vwb}fold drug 2di | ut Bons V\kre dore in gteril @550
nL t ubdd wi jHh/oecalisVand (Van') dr ug GBI ume Qﬁ 5 |‘?=I_3 Up8#& t he 938ldi tISMﬁ of 41-96
of off .n (A’“‘!:) 10-fol d % %ﬁutl resu 7Pt ed. 3fwo, 2';6 L.
plates werelf q{%gz.;sggo 15xf mﬂsgyare petri iates .yvrth gz5|d
and al | owed=to—Trarderm: —

:20" S ~ — '.

&

4“4 45 46
S. aureus ATCC 29213 . <025 0.5 0.5 1 1. 0.5
S. aureus ColBA(Meth®)(lac) <0.25 0.5 0.5 1 0.5 05 05
-S. aureus PC1 (Meth®)lac*) . .g025 - 1t . 2 2 2 2 0.5
S. aureus ATCC 13709 (Meth®) <0.25 0.5 2 .2 2 -2 0.25
25- | S aureus Col (Meth®)(lac) 32 2 4 4 2, 2 4
5. aureus 76 (Meth®)(lac") 32 2 4 4 s .2 8
S. aureus ATCC 33593(Meth®) 32 2 4 4 2 - 2 4
S. aureus Spain #356 (Meth®) 32 2 4 4 4 2 8
S. haemolyticus 05 (Meth®) 64 4 8 8 8 4. 16
30 E. faecalis ATCC 29212 <0.25 0.13 0.13 0.13 0.13 0.13 - 0.25
: E. faecium ATCC 35667 4 1 4 2 2 -2 1
E. faecium VanA (Van®™) 4 1 2 4 2 2 4
E. faecalis VanB (Van®). - 0.5 0.25 - - - - 0.5
E. faecium A491 (Amp®) >128 8 16 16 16 16 32
35 E. coli ATCC25992 £0.25 8 8 16 8 ‘8 4
P, aeruginosa ATCC 27853 1 >32 >32 >32 . . >32 . >32 - >32

——Organism 21 2 54
' S. aureus ATCC 29213 <0.25 025 0.13 0.25 0.5 0.5 025
40 | S aureus ColBA(MethS)(iac) €025 0.5 025 .05 025 05 . 025
S. aureus PC1 (Meth$)(lac*) <025 0.5 - 025 0.5 0.5 1 025
S. aureus ATCC 13709 (Mcth?) <025 0.25 0.13 0.5 0.5 025 025
S. aureus Col (Meth®)(lac") 2 2 2 2 2 4 2
S. aureus 76 (Meth®(lac*) 2 2 2 4 2. 4 2
45 |5 aureus ATCC 33593(Meth®) 2 2 . 2 2 2 2 1
S. aureus Spain #356 (Meth®) 32 2 2 2 2 4 2
S. haemolyticus 05 (Meth®) 64 4 4 2 2. 4 2
E. faecalis ATCC 29212 <025 0.13 0.13 0.13 <006 013 0.13
E. faecium ATCC 35667 4 1 0.13 £0.06 1 0.5
50 | E faecium VanA (Van®) 4 2 2 1 1 2 1
E. faecalis VanB (Van®) 05 0.13 0.5 0.25 0.13 025 025
E. faecium A491 (Amp®) >128 6 . 16 8. . 4 16 - 3
E. coli ATCC25992 <025 ) 4 8 2 4 8

P. aeruginasa ATCC 27853 1 >32 >32 >32 . >32 - >32 >32
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cef ot axi ne,wopasasrgci n or

control. St

PCT/ US96/ 16349
A control plate wwth a reference drug, either
i m penem was used as the
ock concentrations of

and frozen at -80[err]C 5 Upon preparation, the control plates were
seal ed and stored in the refrigerator for up to 1 week prior to
use; however, im penemcontrol plates had9to be prepared just prior
to use. Al used within 24

- Sat i sfact or
ahout 10][ er
with pure @
i sol ated ca
akl owed &t o

test pI at es

wer e hour s of preparatlon
o s

POBCT/USSS/15849t h
reference antibiotics were prepared

10

2 £l !n n%utfmdmﬁ LICS l' i

trareserredod o a gsube of nutro;ent b;mth amg

Im&momm*xmj
Sldprens PCH(ME YIac® hour s <025 35-36[errJod to reach | ag- phase growssh.

oA N

Dr opwi se addi aesrATEE 3PRMetDt h c&P?-‘Ure t%25 PBS03hs dde 05 to Gitch &190.
McFar | and tjQrosreth érd equazto 10[terr] § fu/nmL4 This %nas %
further dil} )PBS t ofeachya worging igoculu 2
concenfyigat i|@ R k4 u/ mL. 320 When 1£err] Lgof thg workigng 2
I nocul um vvesmpbbaibsmhe agar 64 gurface a cogcentration of abouj
10[ err] cf U Bescals ehai ned.2s 0.13 0.13 &3 sposable os
sterile 1[é gé-‘ 3 )eusedtd °-'rnochatetést pl &tes, with eakh
:)fsol at g d % )25 grléon th&" agar 1ol at e An a&t er naazg ms*t‘@s
E faecmm A491 (Amp") >128 i6 8 ié
E. coli ATCC25992 £0.25 8 8 4 8 s s
P. aeruginosa ATCC 27853 1 >32 >32 >32 >32 >32 >32
20 Imipepem 61 2 63 64 65
5. aureus ATCC 29213 <0.25 1 0.5 0.25 0.25 0.5
8. aureus Col8A(Meth®)(lac’) <0.25 1 0.5 0.13 0.25 0.5
S. aureus PC1 (Meth®)(lac*) <0.25 1 05 0.25 0.5 1
S. aureus ATCC 13709 (Meth®) <0.25 1 0.5 0.25 025 0.5
25 8. aureus Col (Meth®){(lac) 32 4 4 2 2 2
S. qureus 76 (Meth®)(lac*) 32 4 4 2 4 4
8. aureus ATCC 33593(Meth®) 32 4 4 2 2 4
. aureus Spain #356 (Mcth®) 32 4 4 4 4 4
S. haemolyticus 05 (Meth®) 64 8 4 2 4 4
30 | E faecalis ATCC 29212 £0.25 025 0.13 0.13 0.25 025
E. faecium ATCC 35667 4 1 1 0.5 1 -
E. faecium VanA (Van®) 4 2 2 1 2 2
E. faecalis VanB (Van®) 0.5 0.25 0.25 025 0.5 0.5
E. faecium A491 (Amp®) >128 16 16 16 16 16
35 | E coli ATCC25992 <025 16 8 16 8 16
P. aeruginasa ATCC 27853 1 >32 >32 >32 >32 >32
Cmpd 1 {7R) -7- [ {(phenylacetyl)amino] -3~ (3-isothioureido
methylpyrid-4-ylthio) -3-cephem-4-carboxylate,
trifluoroacetic acid salt
40 Cmpd 2 (7R) -7- { {phenylacetyl)amino] -3~ (4-igothiocureido
methyl-1,2,3-thiadiazol-5-ylthio) -3-cephem-4-ca
rboxylate, trifluorocacetic acid salt
Cmpd 3 {(7R) -7-[{2) -2- (aminothiazol-4-yl) -2- (hydroxyimi
” no) acetamido] -3~ (3-isothioureidomethylpyrid-4-y
45 lthio) -3-cephem-4-carboxylate, trifluoroacetic

acid salt



I nocul ation involved the use of a replica plater, a device with 48

steel pins allow ng the sinultaneous I nocul ation of nultiple

I sol at es. - 3 spots had dried, the pl ates werepj _ at
35-36[err] 'gﬁ?gfn 1721-320 WO 97/ 13772 PCRUSRHED .
PCT/ US96/ 16349 33 hours.

Endpoi nts were assessed as the mninmuminhibitory concentration (M C
of antim crobial agent. . 4le novel agents of this invention
are notabl e for their enhanced activity against S. aureus Col and 5

Ent er ococci deECivﬁkﬁnq'Eﬁﬁiaﬁc@éﬁ§ﬂ°t3§52§i‘iﬂgfg§?'éﬁ?df§§§}§%rain:is

a high-1evel P2a producer, ereas S. aur.e _ geni c
partner, |acks PBP2a.no)acetamidol] -3- (Lfetbathionspddorsthpdwa pppadeRCti vity
agai nst both S.  aureus_Col and S. aureus Col 8A _as well as 10
Enterococci. The S. AdddazobnP-Bhthiekr3-aaphamghrgarboxylagesponsive to -

~all test agent s inC'Ué£§§1ﬁ8§o£@£918X%€§ salt control. Thus, the conpounds
~of the present inventron are ef ec?ive agai nst PBP2a- produci ng

bacterig. Ceciplns (7REoTPO(pHEngDavebPlPanins] L YL (¥-286tRSbuLaigsOCOCCI
15 Certain other conpounds of the present .invention, are ~effective
against E. coli in aduethyhthbazplnbpyitihiob-3-cephemgdncanboxylate, In

Vivo Anti bacteri al EVﬁlugiion . : d Conpounds w th superi or
activity in vitro wheht251uCTe3a8EI 8 aFEd, 8R4Fence antibiotics, are further

evaluated  cmpgl 8 @ {YR) D9- TRPRenyRacLEYDREmRAGY ESETLC (REPYLPELIASN
| othiomethyl)-1,2;3—thiadiazol—5;ylth16]-3—¢ephe

10 m-4-carboxylate, trifluorocacetic acid salt |

~ Cmpd 7  (7R)-7-[(2)-2- (aminothiazol-4-yl)-2- (hydroxyimi
ﬁd)acetamidq]—34(4-isdthioureidométhylthiazol-5
-ylthio) -3-cephem-4-carboxylate, |
trifluorocacetic acid salt . -

15 Cmpd 8 (7R)¥7—[(Z)-z—(aminothiazol—4-yl)-2-(cyclopenty
loxyimino)acetamido]-3-(3-isothioureid0me£hylpy
rid-4-ylthio) -3-cephem-~4-carboxylate,
trifluoroacetic acid salt _

Cmpd ¢ (7R)-7-[{phenylacetyl)amino] -3- (3-aminoethylthi

20 omethylpyrid-4—ylthio)-3-cephem-4—¢arboxy1ate,
trifluorocacetic acid salt

Cmpd 10 (7R)-7-[(2)-2- (aminothiazol-4-yl)-2- (hydroxyimi
no)acetamido] -3- (3-aminoethylthiomethylpyrid-4-
ylthio)-3-¢ephem-4-carboxylate, trifluorocacetic

25 acid salt |

Cmpd 11 (7R)-7-[(Z)-2—(aminothiazol-4—y1)-2-(hydroxyimi
no)acetamido] -3~ [ (methylaminoethylaminoethylthi
omethyl)-1,2,3-thiadiazol-5-ylthio]-3—cephem—4—

carboxylate, trifluoroacetic acid salt



G oups of 5 femal e Swi ss-Wbster m ce (Sinonsen, Glroy, CA) each are
chal | enged by the I ntraperitoneal. (IP) route with tenfold increnents
of a 25 Hﬁ?% 434 inoculum This permts calculation of thgB@8nes .

| et hal dose @Terr]) and the LD[err]. For prelimnary eval uati on of
a new antibiotic, mce are challenged IP with an LD[err] titer of
bacteria. In tw equal doses adm ni stered at the tine of bacterial
chal  enge and 2 WO 97/ 13772 41 ..

PCT/ US96/ 16349 34 hours | ater,
groups of 10 dgiee BAc e €6 - (aminIHIs _QUS)H W I s At

I pcrenments of the %spﬁ)ufﬂﬁ) Qan(gmgn ant ilgbzia{)]iic OJP \l?nod\}‘n};dé%’ié}f:iz;‘g’y I n

m ce and humans o) ace tamdida ] 3 ~clolguanii)d i idesshydramiotsestthndlt Hiom 72h. 5
Those alive at 72h are considered | ong term_surviyvaors. The total drug

dose in ngy/ kg that pr&td¥Hd -JoR G thigdiazol -5yl )P 19epharad 13 s
termed the nean protecgtiy e . [ . r are simlarly
determ ned for severa%%ox?d%%[s)edt ﬁgﬁ'efr}éopéﬁﬁa?é(’qéul)fma::&acfi%’/Jel%endpoi nts for the
new drug 10 cmpd &3 hayRyowpy @) -2- (antiethicicl ed, 1 1 (Sfrspaty

anti biotics. Six ten-fold dilutions of inoculum suspended

in 0.5 mL of sterilizdexyiniag)gestanidalcidr (3Siapimoethylthiomethywlped | P
in groups of 5 mce each., Ac r.ol, group.of 15 5 m.ce receive nucin
alone. Mce are obseryggdréfﬁigkl°’ CJ%h%ﬂfgﬂﬁiﬁ?ﬁﬁY tare consi der ed
long termsurvivors. eyiflubi®d@did eidid sdose (LD err]) and 100% | et hal
dose (LD err]) are determ ned by the probit test.

For anti bi ot iGmped fid€ady7Rt-Td ) 12-claneotiiiazoleallanged Hydnastynimi

bacterial titers that will affard_an
10 no)acetamido] -3- (3-guanidinoethylthiomethylpyri

d-4-ylthio) -3-cephem-4-~carboxylate,
trifluoroacetic acid salt
Cmpd 15 (7R)-7-[(Z)-2-(aminothiazol-4-yl)-2- {hydroxyimi
no)acetamido] -3~ (3-methylaminocethylthiomethylpy
15 rid-4-ylthio) -3~cephem-4-carboxylate,
trifluoroacetic acid salt
Cmpd 16 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
{hydroxyimino)acetamido] -3~ (3-aminoethylthiomet
hylpyrid-4-y1thio)-3-cephem—4fcarboxylate,
20 trifluorocacetic acid salt
Cmpd 17 (7R)-7-{(2)-2-{(aminothiazol-4-yl)-2-~ (hydroxyimi
no) acetamido] -3- {3~ {3-pyrrolidinothiomethyl)pyr
id-4-ylthio]} -3~cephem-4-carboxylate,
trifluoroacetic acid salt
25 Cmpd 18 (7R)-7-[(2)-2-{aminothiazol-4-yl)-2- (hydroxyimi
no}acetamido] -3~ [3- (N-methylglycyl) aminoethylth
. iomethylpyrid-4-ylthiol -3-cephem-4-carboxylate,

trifluoroacetic acid salt



LOferr] for the test strain. In tw equal doses adm ni stered at the

time of bacterial challenge and 2 hours |ater, groups of 10 m ce each
are treate subcut aneous route (SC) with twof ol ts of
t he test Z?V%7g§ﬁzbi otic; another group is treated simlar I%fv’ﬁbﬁﬁgﬁg i
reference antibiotic of known efficacy in animls and man. Drug
doses can range from0.01 to 512 ng/kg. If the drug is poorly

sol ubl e, Tween 20 or propyl ene glycol g2 Wl be enployed to solubilize
t he drug. Animal s are 30 observed for 72h. The 50% protective dose

PDl err S [ (1347 . . . .. :
I(DC'IE')E U89]63 1634%npd 19 (7\“?-91- [1&6 -%- (amnoth1a;ol-4-y£ -2~ (hydr&iﬁy(?m;at ed in

my/ kg by the probit meid)adetEnddN-a-1{3 - (2-takfno-1, 1 -EHMELRA <t 1390
effective dose (ED[err]) and _the 50% curative dose ( err]). Sanpl es
of blood fromthe heardiceshyl)pyrigi+4-yithic] -Graephen-A4re tie t he

m ce that survive 5 r&.cul tured on hrain-heart infusion agar. Aninmals .

t hat received d &%‘F@é’ﬁ’iﬁ’@c %slfg@cdfiatsl?eﬂt est drug will be )
alive atg 72h,crgpd P89N ZR)2Yr B2 ) 2RRERINIFRANIUZAI - 41 1B - (hydroi§fifil || |
during the observation period. Infected, pl acebo-treated cContro

m ce and those recei ving acetamideo]--S (Sctaminde thyl thiopyddsbhgeylathitche t est
drugwill - . denobnstrate g high rate of nortality. Mst of, these

‘mice will die within 8 to%® AT SAFRIAtR, FAHRANqroacetiqacichsi der ed

long termsurvivors. gaj¢

Cmpd 21 (7R) -7- [(2) -2- (2-amino-5-bromothiazol-4-yl) -2~
10 _ hydroxyimino)acetamido]-3-(3-amihoethy1thiometh
ylpyrid-4-ylthio) ~-3-cephem-4-carboxylate,
' trifluoroacetic acid salt '
. Cmpd 22 (7R)-7-[(2)-2-(2-amino-5-chlorothiazol-4-yl)-2-
|  .' (hydroxyimino)acetamido) -3- [ (methylaminoethylam
15 : : inoethylthiomethyl)-1,2,3-thiadiazol-5-ylthio] - -
.3-cephem-4-carboxylate, trifluorocacetic acid
. salt . . _
© Cmpd - 23 (7R)—7-[(Z)—z—(aminothiazole4-yli-2—(2-f1uoroet
hoxyimino)acetamido] -3- (3-aminoethylthiomethylp
20 yrid-4-ylthio) -3-cephem-4-carboxylate,
trifluoroacetic acid salt
Cmpd 24 (7R)-7-[(2)-2-(aminothiazol-4-yl)-2- (hydroxyimi
no) acetamido] -3- [3- (glycyl) aminoethylthiomethyl
pyrid-4-ylthib]-3-cephem¥4-carboxylate,
25 : trifluorocacetic acid salt
Cmpd 25 (7R)-7-[(2)-2-{aminothiazol-4-yl)-2- (hydroxyimi
no)acetamido] -3~ (3- (N-formamidoyl)}aminoethylthi
omethylpyrid-4-ylthio) -3-cephem-4-carboxylate,

trifluoroacetic acid salt
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7- (Acyl ami do) - 3- (ar yl t hi 0) cephens Organi sm

1 2 3 4 5 6 S. "aureus ATCC
29213 [err]0.25 0. 13 [err]0.06 0.5 0.25

0.13 0. 25 S. aurus Col[errhA(Meth[err]) (I ac) )
[err]0.25 [err]0.06 [err]0.06 0.5 0. 25 [err]0.06
0.13 5 éinﬁ&rzs:s Pﬁt) (f)\bttﬁ)erz-laﬁémezrlﬂydroxylmﬁ@ré&&aéidoz 1
0.-5 0.5 S. aureus ATCC 13709
(Meth[err]) - [err](}3§ﬂ3-amlnoethylthlomethylpyxn@k4-ylthﬂ0253 cep

Ele.rr] 0. 06 [err] 0. Og hem-4 —ca:é)oxyufate, %)rlfivbth er%ﬁé'aeld salt 32
aur eus76( 'VEt '&rﬁﬁé]ﬂfl A0 r’i-)[(ZS? - (2-amims-5-¢ l%ﬁgmﬁ zol- 34)/1)-2- 8

8 aureus ATCC 3359 err] 32
8 5 4 8 (hyﬂrbxylmlno)ad&tamldo] 38{30(3 aminébﬁdﬁ?yﬁtﬁpaln
#356( Meth[err])

16 8 90'!%!8%'#%#%5%&41!61%th%??71th!“ -4- featrboxylate 16

4 8 E faecalis ATCC 29212
[err]0. 25 1 q“b‘?““"aé"g"sc acid ]%ajst 2 0.5

E faecium ATShpd5067 (7R) 7-[(2) -2- (Z~amino-5-chYorothiazol-4-yl) -2-2

2 4 E. faeC|un1VanA(van[err1) 4

8 4 8(2 fluorogthoxylmiqgaacetamldokijs(methyzamag@a||s
VanB(Van[err])

4 b 8 e:‘*ﬂ%e’d?’rﬁﬂ%“iwee‘?‘ﬁ%’ '1'2'3‘th’>’=1‘_§’8“°1'5'¥32

>32 >32 >3- hio] -3 cphem-4-carboxylate, thrifPhdbrddE&Lp@92
[err]0.25 >32 16 2 4 =32 >32

P. aerugi nosa ATCC 27&x8id salt 1 >32 >32 >32

>32 >32 Anf i m rob

Properties ofc‘“l?d(%@yléfﬁ)d@ B{%)737 {%%‘)Jc%'fé e]‘? thiazol-4 f) ~%¥ gani sm
| m penem 12

S aureus ATCC 29213 (hydf%xyzmlnﬁ)acié%%?do] -3- [ﬂikglycylﬂémlnoethyo 55
0.5 150.5 0.5 1thlometlﬁrww.'ﬁﬂi‘&]t-h{-&féﬂhe(rh-a&:)carboxyla

[err] 0: 25 0.5 0.5

S aur eus PCl ( Met h[ &&] )r(ma‘@[%#q%cetlc acig eﬁéﬂ]'b 25

1 9
Cerr10. 25 &np% 30 Y7r) -7- OB -2- (2nam @-%&WJP -()5%)”539”1)25
2 5 S. aureus Col @ﬁﬁmﬁdxyﬂdﬂddkﬁﬁetamldo]454(3 -aminoetthylthiopy?

1 2 S. aureus 76
(I\/Et hlerr]) (I ac[err]) 1d 4-y1thlo) -3-pephem-4-carboxylate, 4
8 £ T, 593(thh[err]) 32
8 20 4 tflfluor%acae%éjsaéqc{:%?’li: S aureus

gpain #352 (Mduigd 31] )(7R) -7- [ @D -2- (2-aminb-5- chlorbthlazollh-yl)~2— 2
{hydroxyimino) acetamido] -3~ (3 - (N-formamidinoyl)
aminoethylthiomethylpyrid-4-ylthio) -3-cephem-4-
carboxylate, trifluorocacetic acid salt

25 Cmpd 32 (7R}-7-{{2)-2~(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido] -3~ [3- (3-amino-2-hydrox
. yprop-1l-ylthiomethyl)pyrid-4-ylthio] -3-cephem-4

-carboxylate, trifluoroacetic acid salt
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2 4 4 .. haenp] ytic 05(I\/Eth[err]) 64
16 4 , frifluorpacstiaBid' stE E faecalis ATCC
29212 d 41[e(fip-'?-5t Z (2lamino-5- éhloro@hié 1-4- 9y 13-

0.5 Cmp E. aef:l)um ATCC 35667 e b
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0.25 0.C8pd 43 (IRB-7-{(2)-2-&R- mmssmlremth{.em})ﬁm;[ e2r])
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C?BécéFls‘iﬁ%i?zééﬁb‘z (2-amino- 51%9}?¥P§k?az°1 4'XQET2‘ .
(110,08 013 (ydici)Bnblo) acechEAdF- 9503 (2 SadFrogropyiay 205 Um

ATCC 35667 0.25
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o 5 4 edBa 48 .517R)E R3] i (3 zﬂ&uﬁé“? ﬂiéﬁotlga%%}-tx- 2092
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P. aerugi nosa ATCC 27853 >32 32

>32 >32 - >Bwvl)pyrid-4 -yltlw@)g-ﬁﬂcaaplzem-4 -carboxylate,
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(hydroxyimino) acetamido] -3- (3-aminoethylsulfiny
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trifluoroacetic acid salt
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S. aureus ATCC 29213 em-4-carboxylage;rtoifbuorcacetpg acidpsaldt 0.25
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1 1 Vi Vanl err
1 2 2 pLg§§iEg§omg€ﬁ&£)§y%§d llY%F?ﬁ%Ea? Eeeﬁﬁ% %Vﬁﬁferr])
0.5 0.5 Boxylate, frifluorofeetic ac1§ Sait 0.25
faeci um A491 (Anp[err]) >128 8 16
16 10 16Cmpd 63 167R)-7- [(ZE-zcbzrammasseehlorothlazol ~4-yl}e2¢] 0. 25
8 8 4 aeru |nosa ATCC
27853 1 (hyd;g§y1m1no;ggetam1d9§23 (3-(Ns §§rmylam1g eth
>32 Tehi Smér i £80pL A enklb DSLEé fefil4-carb
7- (Acyl am do) - 3- (aryl¥h|o)cgp eﬁ£sgg} ¢ d gn?sn% carboxy
I mi penem ) 61late, trdfluorocaceéBic acid sgit 65 S. aureus
ATCC 29213 10. 1 . 0 0.25 0, 25
0.5 §f“p§ut6§us[($é)lgﬁ\ﬁ@? ﬁfér‘?]’?‘(‘?‘ﬁi?j5‘°h§°rf’EW?6°§54‘Y1? 2-
0.5 35 0.13 0. 25hydroxy@m§no)acetam§ﬁo?U§EW§ Eﬁlféﬁﬁ§ﬁaﬁiﬁL$£hac[err]
[err] 0. 25 1 S. aureus
ATCC 13709 (thh[err]y}thio)py?edryey25hxo) 3 ¢ephem-49c5rboxyl€t€5
0. 25 0.5 25 . iureus Col, (thh[eriL)(lac) 32
4 4 o> triflueroacetic gcid sa S aur eus L
76(N@th[err] Clerr _

bﬁb@ I-6%8 kZE?eus[A?&C?Ség g?kgthferéf?rOthlaQOl §2y1) 22 4
4 2 2 (hydrox¥imino)aceBamadodus- $paKBR#355ﬁwhthehya)
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0.13 0.25 ohisas 8a}g°xyéatfée'éfﬁ%1%§1#%ﬁég'éé7 acid e O 7
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(Van[err]) 0.5 - 0.25 - 0.25 - 0.25 0.5 0.5

- (Compound numbers correspond to those in MIC tables;
25 data reported for challenge with methicillin-susceptible

S. aureug strain ATCC 13709.)



E. faecium A491 (Anp[err]) >128 16 16 16
16 16 35 E. coli ATCC25992 - ; [err]0.25 16
8 8 16 P aer ugi nosa ATCCﬁ?ﬁﬁgbﬁf
1 %o 9-"'1:""1’232 >32 >32 g332 Cpd 16349
(7R -7-[ (phenyl acetyl ) am no] - 3- (3-i sot hi ourei do
nmet hyl pyrid-4 -ylthio) -3 -cephem4 -carboxyl ate,
trifluoroacetic acid salt 40 Cnpd g 92
(7R) - 7- [(phenyl acetyl)am no] - 3- (4-i sot hi ourei do
met hyl - , 3- th| adi azol - 5- yIth| 0) - 3-cephem 4- ca
r oxlate t e S+ 3
(?R)y7 [ (2) - 3- (ani not hi azol - 4- W)= 2- (hydraxyi o REvivors
no) acet am do] ngst hi our el i d oWty lmbgeny 45 1 3 10
| t hi 0) - 3- cepl}®ws#- car boxyl ate, ftrifluoroacetic aci g
sal t WO 97/ 1B7ﬁ§/kg 10/10
PCT/ US96/ 16349 mg/kg| 10/10 40 Cnpd 4
(7TR)-7-[4 (2) 42- (am nohhgaa I %ty ayl )4/30( hydr oxyi m 10/10 9/10
no) acet am do]j- 3- (4-i §OEEI &#\(qu H 1-1,2,3-th 8/10 /10
i adi azol - 5-yl}t hi 0) - g ggghe ’Eé | at e, 1 tr| oroac«g g)
acid salt 5 CrrB nyla(?é)toa?ﬂ]‘gamn%j 9. (4- | i our
net hyl t hi azol|- 5-yI h?6?53m8 #dm 4- car boxy
0.156 mg/ g 10/10 2/10 0/10 2/10
10 0.078 mg/kg 6/10 2/10
0.039 mg/kg 3/10 1.29
ED,, (mg/kg) 1.94 0.06 0.39 0.42
Survivors
Compound : il 14 15 16 17
Dose
15 40 mg/kg
20 mg/kg
10 mg/kg
5 mg/kg 10/10 5/10 6/10
2.5 mg/kg 6/10 9/10 5/10 8/10 3/10
20 1.25 mg/kg] 5/10 3/10 2/10 5/9 5/10
0.625 mg/kg 3/10 3/10 0/10 3/10 2/10
0.3125 mg/kg| 1/10 1/10 2/10 1/10 2/10
0.156 mg/kg}{ 1/10 2/10
ED,, (mg/kg) 0.96 1.13 4.63 1.00 3.59
Survivors
25 Compound : 18 26 27 28 28
Dose
5 mg/kg|{ 6/10 9/10 7/10 7/10 7/10
2.5 mg/kg| 2/10 7/10 6/10 3/10 9/10
1.25 mg/kg| 2/10 5/10 2/10 4/10 8/10
30 0.625 mg/kg} 2/10 5/10 0/10 1/10 5/10
0.3125 mg/kg| 3/10 1/10 0/10 1/10 2/10
ED,, (mg/kg) 4.44 1.06 2.64 3.01 1.26
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Cpd 6

yrrolidin

(7R)

-5-ylthio]-3-cephe 10

c acid salt
| )- 2-(hydroxyi
onet hyl t hi azol

-7-

cnpd 7 PCT/US96/16349

m

-5

trifluoroacetic acid salt

15 Cpd 8 (7R)-7-[(2)-2-(am not hi azo? 4- yI) 2- (cycl openty
| oxyi m no) ac e :
ri d-4-vylthio)]-3-cephem 4- car bo)lylate SUrviyprs | oroacetic acid
sal t gmpoundzR) - 7- [ ( plhenyB8cet yl ) i no] - R 3- ani n@& hyl t hi 580
onet hyl pyri d{Dogket hi 0) - 3- cepheft 4- car boxyl at e, E
trifluoroacefic acid sabtmg/kg| Quothol0 8/10 8/10 10/10 8/10
(7R -7-1(2)-2- (am notﬁlgzﬁ 7R |):ro?/1(d1ydr05<)!/1m 9/10 6/10 8/10
no) acet do -3-(3- ag g ogy yl pyrg - 5/10 6/10
yl thi o) - hem 4- aég ot uor oag c 25 3/10 aci d §§ig
Crpd 11 (7R}-7-1 (2 ga %é 4y|)§ghydr8§/d’n
no) acet ani do]|-3- ((Befh9PaNE 8 A0noet 1941 1 1/10 2/10
onethyl ) -1, 2| BDuhilmdi/%3d| - 5- yI t|hi 8} 18- cephend 1.19  1.15ar bokyRate
trifluoroacetic acid salt WO 97/ 13 :
PCT/ US96/ 16349 _ 41 Cmpd 12 (7R
-7- [ (Z) -2 (Tnl.Tllut_h; aLUJF-J'-F-y:)-z-fiIYlﬁU)\y_i'ﬂf Survivors' .
: ‘Compound : -V AR 28 29 64 85
10 Dose _ ) L
' 5 mg/kg| 9/10 5/10 10/10 8/10 8/10 -
2.5 mg/kg 5/10 5/10 _4/10 4/10 3/10
1.25 mg/kg| 4/10 2/10 4/10 4/10 1/10
0.625 mg/kg| 4/10 1/10  6/10 @ 1/10 2/10
15 0.3125 mg/kg| 4/10 1/10 4/10 1/10 1/10
ED,, (mg/kg) 1.08 4.10 0.81 2,27 3.10




no) acet am do] - 3-[ (guani di noet hyl am noet hyl t hi om

et h]}/: )-1,2,3-thiadiazol -5-ylthio]-3-cephem4-ca r boxyl at e,
trifluoroa d salt 5 Cmpd 13 R) -7- Z 6349
-2-(am notﬁﬁ% ﬁ}ﬁ? yl)-2-(¢ycl openty (7R ['( ) PCTIUS6A

| oxyi m no) acet am do] - 3- ( 3- am noet hyl t hi onet hyl p

yrid-4-ylthio) -3-cephem4 -carboxyl ate, trifluoroacetic
acid salt Cmpd 14 (7R -7-[(2)-2-§am not hi azol -4-yl)-2-(hydroxyim
10 no) acet am do] - 3- ( 3- guani di noet hyl t hi onet hyl pyri

d- 4-yl t hi o) - 3- cephem 4- car boxyl at e, trifluoroacetic acid

sal t Cnpd 15 (7R)-7-[(2)-2-(an L agol - 4-yl)-2- (hydroxyi m

no) acet am do] - 3- ( 3- net hyl am noet hyl th py 15

ri d-4-ylthio)-3-cephenmgy éta;{mgﬁ@tﬁwennon will be méféffmpacetlc aci d
sal t Cmpd 16 (7R)-7-T1(2) -2-(2-am no-5-chl orothiazol - 1) -2-

(hydr oxyi mi ncﬂessratﬁmdloi}n s umd rien hfyitlhltim%tfollovung SPeCJ- ic

hylpyr|d4ylth|o) 30 m 4- carbo ab trifluoroacetic
aC|) d s?l t y ]ex Bre 7”°t[ 26 ?%W%‘Fa’z’bla}ﬁyy‘f?yzéf hydr oxyi mi
no) ace o] ﬁ)é’re;_

I d-4-ylt | o] éhrgwt%/ %%Q’;%g& Wi ¥én. trifluoroacetic acid

salt 25 Cnpd 18 (7R -7-[(2) -2-(am not hi azol -4-yl)-2-(hydroxyi m
no) acet am do] - 3- [ 3- (N- net hyl gl ycyl ) am noet hyl t h
i omet hyl pyri d- 4-yl t hi o] - 3- cephem 4- c &Rtk

}38-'-; nggfiggib?'fﬁ? I-q -%?lpi!enyla_cetyl) a@ngzl- %g%zz—hydroxymathyl-l ¢2,3-
thiadiazol-5-ylthio) -3 -cephem-4-carboxylate,
4-methoxybenzyl ester

10 To a stirred solution of 1,3-dichloroacetone
{(6.85 g, 54 mmol) and ethyl 3-mercaptopropionate (13.9
mL, 108 mmol) in anhydrous tetrahydrofuran (150 mL) was
dropwise added triethylamine (15.0 mL, 108 mmol) at 0 °C
and stirred at room temperature for 24 h. The solvent

15 was evaporated and the residue was partitioned between
water and ethyl acetate. The éthyl acetate phase was
washed with 5% hydrochloric acid and then brine, dried
over sodium sulfate, and concentrated to dryness,
affording 17.4 g of the crude

20 1,3-bis(2-ethoxycarbonylethylthio)acetone.

A solution of

1,3-bis[(2-ethoxycarbonylethyl)thio)acetone (6.22 g,
19.3 mmol), ethyl carbazate (2.40 g, 23.1 wmmol) and a
catalytic amount of p-toluenesulfonic acid in anhydrous

25 acetonitrile (50 mL) containing molecular sieve was
stirred for 2 days at room temperature. The reaction
was quenched with water / ethyl acetate and filtered.
The filtrate was extracted with ethyl acetate. The



42 Cmpd 19 (7R) -7- [(Z) -2-(am nothiazol-4-yl)-2-(hydroxyim
no) acet am do] - 3- [ 3- (2- am no- 1, 1-di met hyl et hyl t h

i onet hyl ) p t hi o] - 3- cephem 4- car boxyl at e

trlflugroag‘g :}cﬁ?c"lhd salt 5 Cnpd 20 (7R)-7- [(2) -2-  FPCI/US96/16349
(am not hi azol - 4-yl)-2-(hydroxyi m

no) acet am do] - 3- ( 3-am noet hyl t hi opyrid-4-ylthio

) - 3-cephem 4-car boxyl ate, trifluoroaceti acid salt
Cmpd 21 (7R -7-[(Z2)-2-(2-am no-5-bronot |azol 4-yl)-2-( 10

or | gl 3.3 an
yrp;??élzlgﬁ%ﬁﬁg%éggc %§ﬁ§§ g%%gggﬁﬁ% gﬂanueous 80diym; | yor oaceti ¢
acid salt blcaﬁqwniee (dRed- o{zé;Z)sé’dimeaShrPaéeChiﬂaOth' azol - 4-yl)-2-

(hydr oxyi m no) acet am do] - 3- [ ( et hyl am noet hyl am
i noet hyl t hi oreengentraved. thThﬁlagaidﬁeyWah|btlturated with hexane,

3-cephem 4-c at e, |f|u roacetic acid _ sal t 'Cnpd
23 (7R -7- [(§§§é¥%%ﬂ$n5t |%ZB -4-yl)-2-(2-fl uoroet | -

hoxyi ni ) acezg agigpl ?giéf_ ?Mﬁ%fé?ﬁ@i tho] ggetor%e

yrid-4-ylthi 3-cep en}4 car fl uoroacetic aC|d

sal t Gy carbdn thy&fiion@ (ﬂmmhtéﬁ@i-)‘lsyb) 222( By qgoxyi m- -
no)acetan1do] 3- [3 (gl ycyl ) am noet hyl t hi onet hyl

pyrid-4-yl t hi¥H) 3-2eph2nd 4{war.8Bky| 2142 (25 2H), 3.54 (s} r2H) poroacetic-
?ﬁ;grzilyltm 41%9 %“" élzﬁ) aﬁétgﬁ% gﬂa{nsn?t[\[\:c g?ﬁlam{l;jglyl));iﬁg noet hyl t hi
???;Pﬁggggggtﬁcygzrhoéa Cgpggﬂﬁéigﬁfgfxyﬁéiﬁydrazone (7.2 g, 17.6
10 mmol) in 1,2-dichloroethane (20 mL) was added thionyl
chloride (3.9 mL, 53 mmol) at 0 °C and stirred overnight
at room temperaturé. The mixtgre was concentrated to a
volume of 10 mL, -diluted with dichloromethane, washed
with aqueous sodium bicarbbnate,'dried over sodium
15  sulfate, and then concentrated_to dryness, affording
6.47 g of | | _ _
5-[(2- ethoxycarbonylethyl)thlo] -4- [(2- ethoxycarbonylethy
1)th10methy1]-1,2,3-th1ad1azole. 1H NMR (CDCl;) & 1.2-1.3
(m, 6H), 2.60 (t, 2H, J=7), 2.68 (t, 2H, J=7), 2.77 (t,
20 2H, J=7), 3.24 (t, 2H, J=7), 4.07 (s, 2H), 4.1-4.2 (m,
am) . | |
To a solution of
5-[(2—ethoxycarbony1ethyl)thio)-4-{(2—ethoxycarbonylethy
1)thiomethyl] -1,2,3-thiadiazole (1.0 g, 3.0 mmol) in
25 dichloromethane (40 mL) was added m-chloroperoxybenzoic
acid in several portions at 0 °C until the starting
material was disappeared. The mixture was then

sequentially washed with saturated aqueous so&ium

thiosulfate, cold aqueous 1% sodium hydroxide and brine,



WD 97/ 13772 PCT/ US96/ 16349

43 Cnpd 26 (7R)-7-[(Z)-2-phenyl:--2- (hydroxyi m no) acetam do]
- 3- ( 3- am nogigwirisronet hyl pyri d-4-ylthio)-3-cep PCT/US96/16349
hem 4- carboxyl ate, trifluoroacetic acid salt Cpd 27

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

(hydr oxyi m no) acet am do] - 3-[ 3- (3-am nopropyl )th

i omet hyl pyri d-4-yl thio)-3-cephem 4-car boxy4 at e,

trifluoroacetic acid salt Cnpd 28

(7R -7-[(2) - 2ané& ¥ eorcentatie %%phﬁ%ﬁgék 2- The oxidized product

(2-fl uoroet hoxyi m no)acet am do] - 3-[ (e am no
et hyl anm noet hyshitoeatied with? t&'uﬂirtmi'loaz:elt_ﬁ anhydride (2 mL) for 30
| t hi ol - 3- cephem 4- carbox | at e, trlfluoroacetlc acid salt

Capd 29 (7R) TP @F) ¥29 LERPSTALIT® - o B meazé]emmgﬂl)o,ﬁ

hyd =+[.3-
i ones hyl py EEaE1oBriAERtc st OIS Bhe Yoduced pressizs,
trifluorsacet theamisttaget was stleﬁbd 3a etEBh atetdtd / 1% sodium

- 2-(2-am no-5-chl or ot hi azol -4-yl) - 2-
(hydr oxyi ni noh¥8zexidgo)(39- m3- dnﬂﬁo@@ﬁyﬁpﬁlépymln The ethyl acetate

cart T Cnave wrrroRcpRbreleR cia, sodume gif e e R MpRaRol
(hydroxyi m nokaeeay dak- 2dadal N EQEEBE Qb&%\n) borochydride (200 mg)
am noet hyl t hi onet hyl pyri d-4-yl thi o) -3-cephem 4
car boxyl at e, wapf addedadst portdpdssakt 02%C whiledsBPrring. After 30
(7R)_7_£82)_2&&%:aghgorgagghggoaggaéggncheh)w%th diluted hydrochloric
acid. The mixture was extracted with ethyl acetate and
. concentrated. The residue was purified by silica gel
chromatography (1% methanol / dichloromethane) to
provide 225 mg of
15 5- [{2-ethoxycarbonylethyl)thio] -4-hydroxymethyl-1,2,3-th
iadiazole. 1H NMR (CDCl,} 8 1.27 (t, 3H, J=8), 2.71 (t,
2H, J=7), 3.27 (t, 2H, J=7), 4.16 (g, 2H, J=8), 5.03 (s,
2H) .
To a solution of
20 5~ [(2-ethoxycarbonylethyl)thic] -4-hydroxymethyl-1,2,3-th
iadiazole (225 wmg, 0.91 mmol) in anhydrous ethanol (20
wl) was added 0.5M sodium methoxide in methanol (1.6
wL). After 10 min, the mixture was concentrated, and
was triturated with dichloromethane to obtain the sodium
25 thiolate. A solution of the sodium thiolate and
(7R)-7-[(phenylacetyl)amino]—3-trifluoromethanesulfonylo
Xy-3-cephem-4-carboxylate, 4-methoxybenzyl ester (500
mg, 0.85 mmol) in tetrahydrofuran (10 mL) was stirred at
0 °C for 30 min, and water (50 ml) was added. The



(hydr oxyi m no) acet am do] - 3-[ 3- ( 3- am no- 2- hydr ox

yprop-1-yl thi onet hyl ) pyri d-4-ylthio]-3-cephem4

- car boxyl a .5 uoroacetic acid salt V\D 97/ 137

beq) Lesh) o Mo ghridant ;%&‘7’83"%“3"
(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl ) -2-

(2-fl uoroet hoxyi m no) acet am do] - 3- ( 3- am noet hyl

t hi onet hyl pyri d- 4-yl t hi 0) - 3- cephem 4- carggxyl at e,
trifluoroacetic acid salt 5 Cnmpd 34

iy i oxyt 1 n R ARR iy vas' $Hackdd ftn ethyl acetate and
mi nopr opy! t hicRidit e - Irie thedlads qe@e,mﬁﬁed%by P ) 2.

- carboxyl ate, trifluoroacetic acid salt

(2-am no- 5- cmh.rcmammphyy(a% metlitanol / dlchloromethane),

(hydr oxyi m no) acet am do] - [ 3-(glycyl)am noprop

yl t hi onet hy| REEQRILRG t %]mss pHien titke (eegpound. 1H NMR (CDGk.d, &

EEE;'EO( agerﬁinééct‘fn%h‘?a’za %m‘% 3@’ ) F1sy, 3.61 (a, 1m,

(hydroxyi m nQaceyt 2 40 - @ ( 3t 2-g2908 10Ps a1 |
t hi omet hyl ) pyrid-4-yl thi o)?d 3- cephem 4)ncar boxyfs'y 3HP, 4.95 (@, 11'%

trifluoroacetd=S)acish 62l ts, 2H), GhB 3@, (IR) -F=1Z)phehyzamcH y | I, no] 3-(4-
(2-am noet hyl

thi omet hyl ) - B2« 1ff A aldte 5184 17y %’ce‘fyri'e%n (d, 1H, J=8), 6.86
- 4- car boxyl at&i taif | fogpacets oy agi thsadhy . - _

10 - - Example 2
(7R) -7- [ (phenylacetyl)amino] -3- (4~-chloromethyl-1,2,3-
thiadiazol-5-ylthio) -3-cephem-4-carboxylate,
4-methoxybenzyl ester '
To DMF (5 mL) was added thionyl chloride- (85
15 mL, 1.71 mmol) and stirred for 30 min at room
temperature. A solution of
(7R) -7- [ (phenylacetyl)amino] -3- (4-hydroxymethyl-1,2,3-th
iadiazol-5-ylthio) -3-cephem-4-carboxylate,
4 -methoxybenzyl ester (400 mg, 0.684 mmol) in DMF (1 mL)
20 was added and stirred for an additional 30 min. The
reaction was quenched with water, and the mixture was
extracted with ethyl acetate. The organic extract was
washed with water and concentrated. The residue was
purified by silica gel chromatography (0.5% methanol /
25 dichloromethane), affording 322 mg of the title
compound. 1H NMR (CDCl;) & 3.20 (d, 1H, J=18), 3.47 (4,
1H, J=18), 3.60 (4, 1H, J=16), 3.66 (d, 1H, J=16), 3.79
(s, 3H), 4.95 (m, 3H), 5.22 (d, 1H, J=12), 5.25 (d, 1H,



20 Cmpd 38 (7R) -7- [(Z2)-2-(am nothiazol -4-yl)-2-(hydroxyim

no) acet am do] - 3- (4- (2- am noet hyl t hi omet’hyl )-1, 2

3-t hi adi azglg p1dshdi 0) - 3- cephem 4- car boxyl at e, PCT/US96/16349
trifluoroacetic acid salt Cmpd 39 (7R -7-.[(2

-2-(2-am no-5-chl orot hi azol -4-yl)-2- 25

(hydr oxyi m no) acet am do] - 3- ( 3- car boxam donet hyl

t hi omet hyl pyrid-4-ylthio)-3-cephem 4-carggxylic acid
WO 97/ 13772 PCT/ US96/ 16349

45 CRel D) | <§Fas g&éz)ni (M grp; 5sC§:h°E&t hRzo5=4yy ¢ 8a
(hydroxy|n1no)acetan1do - - (2% ami noet hoxynet

hyl ) pyri d- 4- yi&,hiz2H - 3}’4:93)phe'm24»'1:34 bémy| 28k, trifluoroacetic
acid salt 5 Cmpd 41 (7R -7-[(Z2)-2-(2-am no-5-chl orothiazol -4-yl)-2-
(hydr oxyi m no) acet am do] - 3- (3- (2- N- et hyl am noe

t hyl t hi onet hyl ) pyri d-4-ylthio)-3-cephgm 4-carbo xyl at e,
trifluoroacetic acid salt %?mpf ?

(7R) -7-[(2) - 2¢R) agi mgpﬁaﬁﬂaéetﬂymn&ybha ~i#8thioureidomethyl-1,
(hydr oxyi m no) acet am (pyrrolidin-3-ylt
hi omet hy8 ) pyri d- 42y3thhb¥43asebh5nyltb&9beiybaphemr4-carboxylate,

(oh TP 6t ) it apta made

(hydroxyi mi no) acet am dqf -gs1 e {d &€ hyl gl yeyl ) a
{7R) -7- [ {(phenylacetyl)amino} -3- (4-chloromethyl-1,2,3-thi
adiazol-5-ylthio) -3-cephem-4-carboxylate,

10 4-methoxybenzyl ester (70 wmg, 0.12 mmol), thiourea (7.6
mg, 0.1 mmol) and sodium iodide (15 mg, 0.1 mmol) in dry
acetonitrile (3 mL) was stirred at room temperature
overnight. The mixture was concentrated and triturated
with dichloromethane to remove the unreacted starting

15 material. The residue was redissolved in acetone (2 mL)
and filtered. The filtrate was concentrated to dryness,
affording 60 mg of
(7R) -7- [ {phenylacetyl)amino} -3- (4-isothioureidomethyl-1,
2,3-thiadiazol-5-ylthio) -3-cephem-4-carboxylate,

20 4-methoxybenzyl ester, iodide salt as a yellowish solid.
1H NMR {(acetone-d,) & 3.56 (d, 1H, J=18), 3.66 (d, 1H,
J=16), 3.72 (d, 1H, J=16}, 3.80 (s, 3H), 3.86 (4, 1H,
J=18), 5.06 (d, 1H, J=15), 5.10 {4, 1H, J=15), 5.28 {m,
3H), 5.88 (dd, 1H, J=5, 8), 6.91 (4, 2H, J=9), 7.2-7.4

25 (m, 7), 8.32 (d, 1H, J=8).

A mixture of
(7R) -7~ [ {(phenylacetyl)amino] -3- (4-isothioureidomethyl-1,
2,3-thiadiazol-5-ylthio) -3-cephem-4-carboxylate,



15 . m noet hyl t hi onet hyl pyri d-4-ylthio)-3-cephem4-c

arboxyl ate, trifluoroacetic acid salt Cmpd 44 (7R -7- [(2)
-2-(2- am'n ot hi azol - 4-yl) - 2-
(hydr oxyi m @)92’?:*79 m do] - 3- ( 3- (5- am nopent yl oxy PCT/US96/16349

met hyl ) pyri d-4-yl t hi o) - 3- cephem 4- car boxyl ate, 20
trifluoroacetic acid salt Cmpd 45 (7R) -7- ((2
-2-(2-am no-5-chl orot hi azol -4-yl) - 2-

(hydr oxyi m no) acet am do] - 3- ( 3- am noet hyl §SI fony

LT o b ot egnoRinen sl Sat et Yghide Bale (60 mg), anisole (0.1
(7R -7-1(2) - 2L p- a”ﬁ&“@tﬁ%ﬁé&é@&f&% ri L) was stirred at 0 °C

(hydr oxyi m no) acet am do] - 3- (3- (4- am no ut yl oxym
et hyl) pyri d- 4qn t 30 opiss, capdletxhdnomﬂnwyﬁ:mteed to dryness. The

trifluoroacetic acid salt WD 97/ 13772 _
PCT/ US96/ 16341gasn.due was sequentlally triturated w1thgilchlororm§}@pqq (7R
-7- [(Z) -2- (¢4 4! I

(hydroxy| m no ac &%gé 3- a?né n'é;'))\r/o%?ll%%/ord 38 mg of the title

et hyl)pyrldéoa@:&m&) iﬂncm@ﬂaevms@adaosyhahq (d, 1H, J=18), 3.48 (d,
trifluoroacetic acid salt 5 Cnpd

(7R) - 7- [ (Z) - 22K 2-3w14Db, 53 c55 ol S} hmzow—mw)szss (@, 1H, J=18), 4.86

hyd t do 4- 2-but
(1-§I ;By: (T-Zogl‘?tcﬁyg;n @’i%’phe‘ﬁn agcé o n04 d{r'efsy 5.14 (d, 1H, (J7%) voroacetic
idsalt 2 h t 4-yl)-2-
AR BY Y e P3PS Z%of 43S0 foprag, PR 1)
met hyl )pyri d-F=8} t hi 0) - 3- cephem 4-car boxyl at e, :

. E_xanple: 4
(7R) -7-amino-3- (4-chloromethyl-1,2,3-thiadiazol-5-
ylthio) -3-cephem-4-carboxylate, 4-methoxybenzyl éster
' To a solution of o
15 .- (7R)-7- [ (phenylacetyl)amino] -3- (4-chloromethyl-1,2;3-thi
adiazol-5-ylthio) -3-cephem-4-carboxylate,
- 4-methoxybenzyl ester (604 mg, 1.68 mmol) and pyridine
- {0.271 mL, 3.36 mmol) in dichloromethane (20 mL) was
dropwise added a solution of phosphorous pentachloride
20 (208 mg, 2.68 mmol) in dichloromethane (10.7 mL) and
stirred at -10 °C for 2 h. After cooling to -40 °C,
isobutanol (1.55 mL) was added, and the resulting
mixture was sfirred at -10 °C for 4 h. The reaction was
quenched with water, and the mixture was extracted with
25 dichloromethane. The organic extract was washed with
saturated aqueous sodium bicarbonate and concentrated.
The residue was purified by silica gel chromatography

(10% methanol / dichloromethane), affording 599mg of the



trifluoroacetic acid salt Cmpd 50

(7R -7-[(2)-2-(2-am no-5-chl.orot hiazol -4-yl)-2-

(hydr oxyi mwe)eaasymam do] - 3- (3- (4-am no-2-Z-bute 15 PCT/US96/16349
n-1-yl)pyrid-4-ylthio) -3-cephem 4-carboxyl ate,

trifluoroacetic acid salt Cmpd 51 (7R)-7-

[ (Z)-2-(2-am no-5-chl orot hi azol -4-yl) - 2-

(hydr oxyi m no) acet am do] - 3- (3- (3- am nopr gwy/! t hi

0) pyri d-4-yl thio)-3-cephem 4-carboxyl ate, 20 trifluoroacetic

acid salt titfapdokgoundl) 1H/NMRZX CB;00R-@M s S¢a )| prptikogp| -4 4%) - 2-
(bydr oxyi m no) acet am do] - 3- (3- (pi peri di ne-4-ylt
h|onethyl)perd;41¥LtHF&F%3 Beﬁﬁe&s4 3H) bosy[75t (1H, overlapped with

5 (oo WS o Arabofh, gif 10888 6 ok 5 23 e, am,

(hydr oxyi m no agst q 3 n t hyl sudd | B
| met hyl pyri d- Q?thlb) g cg% % ggrggxy gteB 5.

trifluoroacetic acid salt WO 97/ 13772

PCT/ US96/ 16349 47 Cnmpd 54
(7R) - 7-[$2Z) - 2- ( 2- ani no- 5- chl or ot hi azoFxampte.5

(hydr oxyi mi no) acet am do] -
am noet hyl t hi onet hyl pyri d- 4@%#%%0) gﬁ%%%hggﬁ%bylpyridzne

carboxylate, trifluoroapeti a geldtisht of 2-chlbEBd35pyridil- 7-
[ (Z)-2-(2-am no-5-chl orot hi azol -4-yl) - 2-
carboxyaldehyde (140 mg, 1.0 mmol) in THF (1 mL) at 0 °C
was added methanol (imlL) followed by portionwise
10 addition of sodium borohydride (75 mg, 2.0 mmol). After
1 hr, acetic acid (0.15 ml) was added and the reaction
mixture was evaporated to dryness with rotary evaporator
at room temperature. The solid residue was
chromatographed on silica gel column (1% MeOH /
15 dichloromethane) to afford 60 mg (42 %) of the title
compound. 1H NMR (CDCl,) & 4.30 (br s, 1H), 4.80 (s,

2H), 7.30 (4, 1H, J=5)}, 8.34 (d, 1H, J=5}, 8.62 (s, 1H).

Example 6
{7R) -7- [ (phenylacetyl)amino] -3- (3-hydroxymethylpyrid-4-
20 ylthio) -3-cephem-4-carboxylate, 4-methoxybenzyl ester

To a solution of
4-chloro-3-hydroxymethylpyridine (60 mg, 0.42 mmol) in
DMF (1 mlL) at room temperature under nitrogen was added
potassium thicacetate (71 mg, 0.63 mmol). After
25 overnight stirring, the solvent was removed with rotary
evaporator. The residue was washed with ethyl ether and

taken up in 10% MeOH / dichloromethane. The insoluble



(hydr oxyi m no) acet am do] - 3- (3- (5S- 5- NN- di net hy

| car boxam dopyrrolidin-3-ylthionethyl)pyrid-4-y

lthio)-3-c =£arboxylate, trifluoroacetic g,ﬂ“g@l t 10
Cnpd 56 (?ﬁ?%’?’(ﬁ)-z-(z-am no- 5- chl or ot hi azol - 4-yl ) - 2- PCT/USH -
(hydr oxyi m no) acet am do] - 3-[ 3- (2RS- 2- am no- 3- hy

dr oxyprop- 1-yl t hi onet hyl ) pyri d-4-yl thio]-3-ceph

em 4-carboxylate, trifluoroacetic acid sgjt Cmpd 57 (7R) -7- [(2)
-2-(2-am no-5-chl orot hi azol -4-yl)-2- 15 )

hvd i m ' - 3:.(:3-, thyl am the,

(T st T SR, Wy SR S M prerace vas.

- 4- car boxy| at@nddrititatddaceitls @iy dvaporatorXPAHS residual
(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl )- 2-

(hydr oxyi m neladestiad tds Rigsqbrd-in WMefHrethymIo and aqueous sodium

| car boxam do-2-ani noet hyl t hi o hyl ) pyr.i d-4-vl t

hi o) - 3- cepheﬂyﬁf@?% ad é’é)‘f‘%f Mm#)dgt'et% ). After an ovegpnight, ¢
Cpd 59 & ( TR)peladi(34)vi 2t 2k NQsnas hi
(hydr oxyr’i m no eeia’cc{etgl?rﬁ ?o'% %%%%%%%ﬁxa%%eﬁ%ian Was acidified

- 2- am noet hylwitlometMmhydyochitcteid tdeig , vgpieated to dryness with

m 4- car boxyl ate, trifluoroacetic acid salt, Chmpd 60 (7R) -7- [(2)
- 2- (2- am no- KAV ARREKALK w_anck_partltloned between saturated

(hydr oxyi m nq gﬁ =2 1 SOt igpcgre _
yl-pyrid-4-yl t%cl?dé).qi@fﬂéep %én? - c%r%%%%rg, - Oé‘{hyl acetate,[ r i?l?%or oacetic
acid salt = organic WAys¥ Wwg2dried with sodium sulfate and the-

PCT/ US96/ 16349 : _
10 solvent was removed with rotary evaporator. The residue

was dissolved in MeOH and

(7R) -7- [ (phenylacetyl) amino] -3~trifluoromethanesulfonylo
xy-3-cephem-4-carboxylate, 4-methoxybenzyl ester (240 mg,
0.42 mmol) was added followed by addition of .

15 dichloromethane. After an overnight*reaction at room
temperature the reaction was partitioned between 5%
sodium bicarbonate solution and;ethyl acetate.
Purification on silica gel {(Chromatotron, 2% MeOH /
dichloromethane) afforded the title compound (60 mg,

20 25%). 1H NMR (CDCl,) & 3.15 (d, 1H, J=18), 3.55 (d, 1H,
J=18), 3.63 (d, 1H, J=18), 3.68 (d, 1H, J=18), 3.78 (s,
3H), 4.61 (4, 1H, J=13), 4.66(d, 1H, J=13), 5.05 (d,
1H, J=5), 5.08 (d, 1H, J=13), 5.25 (d, 1H, J=13), 5.89
(dd, 1H, J=9, 5), 6.76 (d, 2H, J=8), 7.05 (m, 2H), 7.16

25 (d, 214, J=8), 7.32 (m, 5H), 8.40 (d, 1H, J=5), 8.48 (s,
1H) .



48 Cmpd 61 (7R)-7- [(Z)-2-(2-am no-5-chlorothiazol-4-yl)-2-

(hydr oxyi m no) acet am dol - 3- (3- (‘N, N-di net hyl carb :

oxam donet hy{ygyg7paeihy! t hi onet hyl ) pyri d-4-yl thi PCT/US96/16349
0) - 3- cephem 4- car boxyl ate, trifluoroacetic acid 5 salt

Cmpd 62 (7R)-7- [(Z)-2-(2-am no-5-chl orothiazol -4-yl)-2- '

(hydr oxyi mi no) acet ami do] - 3- ( 3-( 2- anmi no- 2- net hyl

propyl t hi omet hyl ) pyri d-4-yl t hio)-3-cephemdgls car boxyl at e,
trifluoroacetic acid salt 10 Cmpd 63

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol gkasblia’?7

(hydr oxyi m no) acet am do] - 3- (3- (N-formyl am noet h

yl t hi onet hyl ) pyr{TR¥~%+4 [ (phenyglacetish)aminelboky (3 -chloromethylpynid-4-
trifluoroacetic aiﬁgéggr 4c§pyeg gagéax&iR%ez QQ%Lt%oxybenzyl ester

(2=ami no-5-chl or ¥
(hydr oxyi m no) acet am do] 3 | noet h
yl t hi o) pyri d-4-ylthio)- 3Tc§ep emh1 (?%Plate
tr|fIuoroacetlQTaghd-idbhenylacerﬂdaﬁﬁno] 3 (3 -hydroxymethylpyrid-4-y
(7R -7-[(2)-2-(2-am no-5-chl orot hi azol -
( hydr oxyi m no) 1§%réGFﬂﬁﬁﬁgfézRaEtﬁﬁaﬂéﬁﬁbhﬁdW@?hobeenzYl ester
roxyprop- 1-yl t hi | J\PW, t e

Bﬁ.ﬁﬁfl 4 PYg/ad ! o g@sgﬁlt%ﬁ% chloride (14 mg, 0.581

m 4- car boxyl at _ uoroacetlc ﬁbers
correspond to #@3§ i MME babloew w3l addkd AiERgIEas Tarhyhakimage with

methicillin-susceptible S. aureus strain AT 13709.) WO
97/ 13172 {0.101 mL, 0.581 mmol) and methanesupgtmuggghmgpﬂﬁe
10 (0.045 mL, 0.581 mmol). After 45 min, the reaction

mixture was partitioned between water and ethyl acetate
/ hexane (v/v, 3/1). Purification on silica gel
{Chromatotron, 2% MeOH / dichloromethane) afforded the
title compound (52 mg, 45%). 1H NMR (CDCl,) & 3.17 (4,
15 1H, J=18), 3.59 (4, 1H, J=18), 3.63 (4, 1H, J=18), 3.68
(&, 1H, J=18), 3.77 (s, 3HH), 4.54 (d, 1H, J=13), 4.66
{d, 1H, J=13), 5.06 (4, 1H, J=5), 5.08 (4, 1H, J=13),
5.22 (&, 1H, J=13), 5.90 {dd, 1H, J=9, 5), 6.76 (d, 2H,
J=8), 6.95 (4, 1H, J=9), 7.07 (4, 1H, J=5), 7.15 (4,
20 2H, J=8}, 7.30 (m, 5H}, 8.41 (4, 1H, J=5), 8.45 (s, 1H)}.

Example 8
(7R) -7~ [ (phenylacetyl)amino] -3~ (3~
isothiocureidomethylpyrid-4-ylthic) -3~-cephem-4-
carboxylate, 4-methoxybenzyl ester, hydrochloride salt
25 To a solution of
(7R) -7- [ (phenylacetyl)amino] -3- {(3-chloromethylpyrid-4-yl
thio) -3~cephem-4-carboxylate, 4-methoxybenzyl ester (52
mg, 0.087 mmol) in ethanol (0.4 mL) and dichloromethane



49 Survi vors

Conpound: Vanconyci n | m penem 1

Dose 10 ng/ kg 10/10 . 5 ngyl : 5
2.5 gl kg WORTAY? 10/10  9/10 m‘%&’g‘a’%ﬁg-

2/ 10 8/ 10 7/ 10 10/ 10 0. 625 ny/ kg 2/ 10
10/ 10 6/ 10 8/ 10 8/ 10 0. 3125 ng/ kg

10/ 10 5/ 10 5/ 10 2/ 10 0. 156 ny/ kg 10/ 10
2/ 10 0/ 10 2/10 10 - 0.8% ny/kg 6710

éf:)[lgrr] (ng/‘< 1 mlg) Oviaq%?é&gd'tla%ourea 6’7 %lggl.o 0.QP5 mol) at room 1.29

Survivors tempeﬁZEﬁEUﬂd.After overnlgﬂé-reaction tife solven@§5were

16 17 Dose 15 . 40 my/ kg 20 myl kg
10 ng/ kg  removed with retayy kevaporator andﬂuhg)resiﬂué)was

6/ 10 . 2.5 Kk /1 5/10 8/ 10 3/ 10
20 tr:ittkga;@q k\@ln% 5?&1@{]? e&xe:g,: 1 e 59}11% prec:.@tg.tlte was;; 10

8 2525 0 kgth% i ied 1§/ Quum Qé]%%ford g’l&%%ltle Zé%ound (56mg,

0. 156 ny/ kg 969y 1018 NMR (CDCl, / cn,on) 8 3.3/410 (4, 1im, Glhenr] a(my kg)
0. 96 13 4.63 1. 00 59

Survivors 25(d. 1®ondroldl: 3-58 (s, 2H). 133 73 (s, 2331). 4.4Q7(s, 2H), 28

29 Do | g 7110 7/10
71 10 5503 (4, 28, niTRYy: S 2}%(5 1H ‘}TP" 6’/ o851 Mag3%P)»  9/10
1.25 no/kg g 2440 5/40 2l / 10, 3 0. 625
mol kg 210" 3%y 18 318 M (9 10214 1’9%9)10% o5, 1m,

10 J=5), 7.14 (d, 2H, J=10), 7.25 (m, 5H), 8.30 (d, 1H,
J=5), 8.45 (s, 1H).

Example 9 -
(7R) -7- [ (phenylacetyl)amino] -3-(3-
isothioureidomethylpyrid-4-ylthio) -3-cephem-4-
15 - carboxylate, trifluorocacetic acid salt
To a solution of
(7R) -7- [ (phenylacetyl) amino] -3- (3-isothioureidomethylpyr
id-4-ylthio) -3-cephem-4-carboxylate, 4-methoxybenzyl
ester hydrochloride (56mg, 0.083 mmol) in
20 dichloromethane {1 mL) was added anisole (0.1 ml)
followed by addition of trifluorocacetic acid (1 mL).
After 30 min, the reaction mixture was concentrated with
rotary evaporator and the residue was triturated with
ethyl ether. The precipitate was repeatedly washed by
25 decantation with fresh portions of'ethyl'ether and dried
~ in vacuum to afford the title compound (49mg, 79%). 1H
NMR (CD,0D) & 3.20 (4, 1H, J=18), 3.58 (d, 1H, J=13),
3.62 (d, 1H, J=13), 3.83 (d, 1H, J=18), 4.56 (4, 1H,



0.3125 my/ kg  3/10 1/ 10 0/ 10 1/ 10 2/ 10 ED{ err]
WO

(my/ kg) 4. 44 1.06 2.64 © 3.0L = 1.26

97/ 13772 wo 9131712 PCT/ USO6/gieidéherieass
50 ’ ' ‘Sur vivors Conpound:
Dose 5 ng/ kg 10/10 8/ 10 8/ 10 10/ 10 8/ 10
2.5 ng/kg 10/10 5/ 10 9/ 10 6/ 10 8/10 5 1.25
ng/ kg 4/ 10 5/ 10 5/ 10 6/ 10g1 3/ 10 0..625 ngl/ kg
2/ 10 1/ 10 4/ 10 3/ 10 3/ 10 0. 3125 ngy/ kg 0/ 10
0/10 O iga-w) Y4%o (a?/h, g=10), BDles taf hkGY-5), 5.9814(a, 200
Survi vors agmppumdms (m, 5H), 7.4%7(d, 1H, 585), 8.45 (89 1H, 64
65 10 Dos 5 ng/ kg  9/10 5/ 10 10/ 10 8/ 10

84 10 3=5), 8. 555 fgy¢ k) - 5/ 10 5/ 10 4/ 10 4/ 10 3/ 10
1. 25 ngl/ kg 4/ 10 2/ 10 4/ 10 4/ 10 1/ 10 0. 625
ng/ kg 4/ 10 1/ 10 6/ 10 1/ 10 2/ 10 15 0. 3125 ny/ kg
4/ 10 1/ 10 4/10 1/ 10 Ekahple 10 EDferr] (nu/kog) 1.08
4.10 0.81 .27 3.10 WO 97/13772

PCT/ US96% 16349 ('IR) -7-[(2Z)-2- (N-triphenylmethylaminothiazol-4-yl) -2-
{triphenylmethoxyimino) acetamido] -3-(4-chloromethyl-1,2,
3-thiadiazol-5-ylthio) -3-cephem-4-carboxylate,
4-methoxybenzyl ester
To a suspension of
10 (Z) -2~ (N-triphenylmethylaminothiazol-4-yl) -2~ (triphenylm
ethoxyimino)acetate sodium salt (2.11 g, 3.05 mmol)} in
DMF (4 nL) was added methanesulfonyl chloride (0.28 mL)
at -60 °C and stirred at the same temperature for 1.5 h.
The solution was then added to a solution of
15 (7R} -7-amino-3- (4-chloromethyl-1,2,3-thiadiazol-5-yl}thi
o-3-cephem-4-carboxylate, 4-methoxybenzyl ester
hydrochloride {820 mg, 1.88 mmol) and
diisopropylethylamine (0.4 mL) in DMF (2 mL) at -10°C
and stirred for 1 h. The reaction mixture was poured
20 into ice-water and the resulting precipitate was
collected by filtration. The filter cake was purified
by silica gel column chromatography {(0.5% methanol /
dichloromethane), affording 558 mg of the title
compound. 1H NMR (CDPCl,) & 3.07 (d, 1H, J=18), 3.44 (4,
25 1H, J=18}, 3.81(2H), 4.96 (2H), 5.06 (iH), 6.07 (1H},
6.43 (s, 1H), 6.80 (br s, 1H), 6.88 (1H), 7.25-7.45
(40H) .



51 The present invention will be nore fully

described in conjunctlon with the follow ng specific exanpl es whi ch
are not to g gpPALrUed in any way as 5 limting the 50%,@,5&&&9
i nventi on. Exanmpl e 1

(7R -7-[ (phenyl acetyl ) am no] - 3- (4- hydroxynet hyl -1, 2, 3-
t hi adi azol - 5-yl t hi 0) - 3- cephem 4- car boxyl at e,
4- met hoxybenzyl ester 10 Tgza stirred solution of

1, 3-di chl or oacet one (6.85 g, 54'nnn?) and et hyl 3-mercapt opropi onat e
(13.9 m., 108 mmol ) in anhydro ggaﬂidrofuran (150 nlL) was
dropwi se added triethylamne (15.0 , nmmol) at 0 [err]C and

stirred at roon1tenperammxb-ﬂem(2ﬂ h-(ihtneehianblil-ylﬂﬂs-eVapOfated and

the residue was partitigned betwe ter_and ethyl acetate. The
et hyl acetate(bﬂﬂ§€xﬂé§in°)'ceﬁﬁgﬁéalmPtﬁ45¢§ﬁ§H%BBﬁF$¢P!B§bY& 4nd,Bhen
brine, dried MeS _an ept ryness,
i o 59, 4 g o CHERAIRELITSSYALALS) -$00eERBRSRL oLt} Satl)

1, 3- bi s(g2- et hoxycar bonyl et hyl g fhitxdaetic acid salt A sol ution of
1, 3- bi s[ (2- et hoxycar bonyl et hyl )t hi o] acetone (6.22 g, 19. 3 mol ),
et hyl carbazate (2.40 3 s3lutiom|Q and a -~ . catalytic anmount of

ol ecur arsi chlRiE el 22 QY ifetrne e Bihoti At B & (Ghe
reaction iphenylmethoxyimino) acetamido] -3- (4-chloromethyl-1,2,3-t
_ hiadiazol-5-ylthio) -3-cephem-4-carboxylate,
10 4-methoxybenzyl ester(221mg, 0.19 mmol), sodium iodide
{34 mg, 0.23 mmol) and thiourea (14 mg, 0.18 mmmol) in
acetonitrile (10 mlL) was stiired.at 45 °C for 3 h. - The
resulting mixture was partitioned between water and
ethyl acetate. The ethyl acetate layer was washed-with
15 water and concentrated. The residue was triturated to
obtain the isothiouronium salt, which was subjected to
the substantially the same conditions for deprotection

as used in Example 9, affording 27 mg of the title
compound. 1H NMR (D,0) & 3.48 (d, 1H, J=18), 3.84 {(d, 1H,
20 J=18), 5.39 (s, 1H), 5.90 (s, 1H), 7.16 (s, 1H).

Example 12
4-ethoxycarbonyl-5-[2- (phenylsulfonyl) ethylthio] thiazole
To a solution of potassium tert-butoxide (456
mg, 4.4 mmol) in 10 ml of THF was added a solution of
25 ethyl isocyanoacetate (0.48 ml, 4.4 mmol) in 5 ml of THF
at -40 °C and the reaction mixture was continued to stir
for 10 min. After the reaction was cooled down to -60

°C, a solution carbon disulfide in 5 ml of THF was added.



was quenched with water / ethyl acetate and filtered. The filtrate

was extracted with ethyl acetate. The | WD 97/ 13772

PCT/ US96/ 16@4%713772 - ; 52 PCO/USHB .
extract was washed wi th aqueous sodi um- bi carbonate, dried over sodi um
sul fate, and concentrated. The residue was triturated wi th hexane, '
affording 7.2 g of 5 1, 3-bi s[ (2- et hoxycar bonyl et hyl ) t hi o] acet one

et hoxycar bonyl hydrazone. 1H NVR (CDCl[errg3 [err] 2.2-2.4 (m .. 9H) ,
2.6-2.8 (m 8H), 3.42 (s, 2H), 3.54 (s, 2H), 4.1-4.3 (m 6H), 8.82
(br s, 1H)). i i xtire td e wie agP (0792 andl7. 6
10 mol) i nPF ZeErine, SRane (%%ﬁﬂﬁvgidded il chlori de

(3.9 nL, 53 mzelipdaethyle phedydndifiomee (v mmalt was added s odthe
tenperature. The m xture s concentrated to . a vol ume of 10 ni,

dil uted with EHkNEE RS ARen idred st Teplired ReRi Ui i B bonat e,
dried over sofpslS arcalil ! GradUbd T dRE U A deinglidinte,

af f ordi ng .47 g0

5-[ (2- et lgoxy c walt@dy lagid eyl Glcetdt(e Wi addedonylles laqueocus layer

| )thiomethyl]-1,2,3-thiadiazole. 1H NIVRé_CQCl[ err]) &err] 1.2-1.3
(m 6H), 2.60was agtjuskred top sggdic copdifdon witly qilute 2H, J=7),

3.24 (t, 2H, ;EEoéﬁfgéi Shé%@’aﬁﬁzgfifééégd with ethyl acetate. The
combined organic layer was dried with anhydrous sodium
sulfate and the solvent was removed under reduced

10 pressure. The crude residue was purified by
chromatography to give the title compound (850 mg, 56%).
1H NMR (CPCl,) & 1.40 (t, 3H, J=7), 3.3-3.5 (m, 4H), 4.40
(q, 2H, J=7), 7.6 (t, 2H, J=8)}, 7.70 (t, 1H, J=8), 7.93
(d, 24, J=8), and 8.64 (s, 1H).

15 Example 13

4-hydroxymethyl-5-[2- (phenylsulfonyl)ethylthio] thiazole
To a solution of

4-ethoxycarbonyl-5-{2- (phenylsulfonyl)ethylthio] thiazole
(702 mg, 2 mmol) in 20 ml of THF was added lithium

20 borohydride (2M, 1 ml) and methanol (0.16 ml, 4 mmol) at
-30 °C. The reaction mixture was allowed slowly warm up
to room temperature and stirred overnight. The solvent
was removed under reduced pressure and the crude residue
was subjected to chromatography by using dichloromethane

25 and methanol as the eluent to give the title compound
{400 mg, 65%). 1H NMR (CDCl;) 6 2.55 (s, 1H), 3.00 (t,
2H, J=6), 3.40 (t, 2H, J=6), 4.71 (s, 2H), 7.6 (t, 2H,



4H) . To a sol ution of

5-[ (2- et hoxycar bonyl et hyl )t hi o] -4-[ (2- et hoxycar bonyl et hy

| )t hi onet hyﬁb;ﬂ,lé,ﬁ-t hi adi azole (1.0 g, 3.0 nmmol) in 25 di chl or onet hane

(40 nmL) was added m chl or oper oxybenzoi ¢ acid in severBGTO¥I6MRs at

O [err]Cuntil the starting mat eri al was di sappeared. The m xture was
t hen sequentially washed with saturated agqueous sodi um

t hi osul fate, cold aqueous 1@6sodiun1hydr%ﬁide and brine, WO

97/ 13772 ' PCT/ US96/ | 6349 o

53 andyu conggntrat tQ_gdLtyngs e I di.z pr oqduct was
treated with ????fugfggcgﬁfcighhga??dee(éznla’fgé'3g=g?' ang; #-8P (8om
tenperature. 2H)er renoval of trifluoroacetic anhydride under the
reduced pressure, 5 the m xture was stirred in ethyl acetate / 1%

sodi um hydroxide (30 m / 30 nL) for 30 min. The ethyl acetate

| ayer was concentrated to a volune of 5 nL and net hanol (10 nL) was
added. Excess sodi um bor ohydri de (200 ng) was added in portions at O
[err]C while stirring. After .30 10 Exﬁhﬂi fRg reaction was quenched with
di l uted hydrochloric acid. The mXture was extracted with ethyl

acetate and (7R oheEf2) 62 € (N- fhiphesyinet hpbaninothbakz 6V -siyirae gel
5 (triphenylmethoxyimino)acetamido]-3-(4-
hydroxymethylthiazol-5-ylthio) -3-cephem-4-carboxylate,
. ' 4-methoxybenzy1 ester
To a solution of
4-hydroxymethy175—[2-(phenylsulfonyl)ethylthio]thiazole'
100 (39 mg) in 1 ml of DMF was added potassium t-butoxide -
(14 mg) and the resulting mixture was continued to stir
for 2 hours. After the reaction solution was cooled
down to -40 °C, a solution of ;
(7R)-7—[(Z)-2-(N-triphenylmethylaminothiazol-4-yl)—2~(tr
15 - iphenylmethoxyimino)acetamido]-3-trifluoromethanesulfony
loxy-3-cephem-4-carboxylate, 4-methoxybenzyl ester (104
"mg) in 1.5 ml of_DMF was added. The mixture was allowed
slowly warm up to 0 °C, quenched with dilute aqueous
ammonium chloride, and extracted with ethyl acetate and
20 hexane. The solvent was removed under reduced pressure
and the crude residue was purified by chromatography to
give the title compound (61 mg). 1H NMR (CDCl,) & 3.28
(q, 2H, J=8), 3.82 (s, 3H), 4.72 (q, 2H, J=8 Hz), 4.98
(d, 1H, J=4), 5.25 (g, 2H, J=8), 5.96 (g, 1H, J=4), 6.42
25 (s, 1H), 6.85 (s, 1H), 6.93 (&, 2H, J=7), 7.20-7.42 (m,
33H), and 8.8 (s, 1H).



chr omat ogr aphy (1% net hanol / dichl oronet hane) to provi de 225 ng of
15 5- [ (2-ethoxycarbonyl ethyl)thio]-4-hydroxynmethyl-1 ,2,3-th
i adi azol e. WPy CDC [err]) [err] 1.27 (t, 3H J=8), 2.71 PCTMUSI6/16349 2H,

J=7), 3.27 (t, 2H, J=7), 4.16 (g, 2H, J=8), 5.03 (s, 2H) .

To a solution of 20 5-

[ (2- et hoxycar bonyl et hyl )t hi o] - 4- hydroxynethyl -1, 2, 3-th I adi azol e
(225 ng, 0.91 nmol) in anhydrous ethanol 20 m.) was added 0.5M

sodi um nmet hoxi de in methanol (1.6 m). After 10 min, the mxture was
concentrated, and was triturat qeaglile djhl oromet hane to obtain the
sQdi um 25 thiolate. A solution of the sodiumthiolate and

(7R)-7-[(pheny|ﬁ%n)yV}dﬁZhe?-ZNPttﬂpbeny&nhhhy&am&honp&azol ~4-yl) -2~

xy- 3-cephem 4- car boxyl at e, 4-nmet hoxybenzyl , 0.85 mmul)
i n tetrahydrofuran (10? Yi?PFK@EY no *ceﬁaFgﬂPTcﬁrd#-so nin, and
water (50 m ) "‘@ﬁléggﬁgth}i‘.ﬁhiazol s-y1¥fs85L $3ZZ§hegx- -carboxylate,

PCT/ US96/ 16349 i“on
m xture gas extracted wth ethyh-meehakgbandyl esterconcentrated. The

resi due was purified by silica gel chr omat ogr aphy (2% net hanol /
di chl or oet hane) , To DMF (1 wml) was added thionyl chloride
(0.016 ml) at 0 °C and the resulting mixture was
continued to stir at the same temperature for 30 min.
The resulting solution was canulated to a solution of
10 (7R) -7- [ (Z) -2~ (N-triphenylmethylaminothiazol-4-yl)-2- (txr
iphenylmethoxyimino)acetamido] -3- {(4-hydroxymethylthiazol
-5-ylthio) -3-cephem-4-carboxylate, 4-methoxybenzyl ester
{61 mg) in 1 ml of DMF and continued to stir at the same
temperature for 1 hour. The reaction solution was
15 diluted with ethyl acetate and hexane, and was washed
with water. The solvent was removed under reduced
pressure and the crude residue was purified by
chromatography to give the title compound (43 mg). 1H
NMR (CDCl,) & 3.22 {gq, 2H, J=12), 3.80 (s, 3H), 4.78 (q,
20 2H, J=8), 5.04 (4, 1H, J=4), 5.30 (g, 2H, J=5), 6.00 {(q,
1H, J=4), 6.42 (s, 1H), 6.72 (s, 1H), 6.92 (d, 2H, J=7),
7.08 (d, 1H, J=4), 7.20-7.45 (m, 32H), and 8.95 (s, 1H).



affording 407 ng of the title conpound. IH NVR (CDCl[err]) [err] 5 3.22

(d, 1H, J= 18) 3.46 (d, 1H, J=18), 3.61 (d, 1H, J=16), 3.67 (d, 1H,
J=16), 3. 4.95 (d, 1H, J=5), 5.02 (s, 2H), 1H,
3=12). 5.28 (’3’13 J=12). 5.83 (dd, 1H, J=5, 8), fi'"ﬁ%‘hﬁﬁg 1=8)
6. 86 (d, 2H, J:9), 7.2-7.4 (m 7H). 10

Exanple 2 (7R -7-[ (phenyl acetyl ) am no] - 3- (4-chl oronet hyl -1, 2, 3-

t hi adi azol - 5-yl t hi 0) - 3- cephenm 4- car boxyl , _

4- met hoxybenzyl ester " To DMF (5 nL) was added t hionyl

chloride (85 15 m., 1.71 nmol) alﬂaﬂﬂlrerg%for 30 mn at room
tenperature. A solution of

(7R) - 7- [(pheny(mps-ynemm}(ﬁ-(:ﬂibudﬁyxummmatﬁiihol -4-yl)-2-
i adi azol -5-yl thio)-3-c (phem4 car boxyl at e, 4- met hoxybenzyl ester (400
ny, 0.684 mol) in DWF ethoxyiming) agetamidaled < or an addi ti onal

30 mn. The ng the ure was
extracted with & hy%ggﬁcié{"g?ew%ﬁ ggﬁg'&“it?:ﬁ%&? g Rﬁ’% d with

wat er agd concentrat ed. cEida: ldﬂ@, uAsmethoxybedidyl igiitdly silica gel

chr omat ogr aphy (0. 5% net hanol / 25 di chI or onet hane) affording 322 ng of
the title conpound. 1H NWR (CDCl[err].) [err] 3.20 (d, 1H J=18),

3.47 (d, 1 8 3.66.(d, _1H, J=16), 3.79
(s, 3&0, 4.9$78hf73#§2} EzéN(&rlﬁgenXTTQFhY amsneahléﬂol a-y1)-3 e

iphenylmethoxyimino)acetamido] -3~ (4-chloromethylthiazol-
5-ylthio) -3-cephem-4-carboxylate, 4-methoxybenzyl ester

10 (43 mg) was dissolved in 2 ml of acetonitrile, to which
was added thiocurea (4.5 mg) énd_sodium-iodide-(13 mg) .
The resulting mixture was stirred at room temperature .
overnight. The solvent was removed under reduced
pressure and the crude residue was purified by flagh

15 chromatography to give the title cémpound(40 mg).. -1H NMR
(cpcl, / CD,0D) & 3.2 (g, 2H, J=12), 3.80 (s, 3H), 4.4 (q,
2H, J=12), 5.02 (d, 1H, J=4 5.25 (g, 2H, J=5), 5.85 {(d,
1H, J=4), 6.45 (s, 1H), 6.90 (d, 2H, J=7), 7.2-7.4 :(m,
32H), and 9.00 (s, 1H).

20 : Example 17
(7R) -7-1(2) -2- (aminothiazol-4-yl)-2-
(hydroxyimino) ac“e tamido] -3- (4-
isothioureidomethylthiazol-5-ylthio) -3-cephem-4-
carboxylate, trifluorocacetic acid salt

25
(7R) -7-[(Z) -2- (N-triphenylmethylaminothiazol-4-yl) -2~ (tr
iphenylmethoxyimino) acetamido] -3- (4-isothioureidomethylt
hiazol-5-ylthio) -3-cephem-4-carboxylate, 4-methoxybenzyl
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55 J=12), 5.85 (dd, 1H, J=5, 8), 6.53 (d, 1H, J=8), 6.84 (d,

2H _J=9), Hydotnsrem 7H). S E¥EfTobsidse
(7R)-7-[ (phenyl acet yl ) am no] - 3- (4-i sot hi. our ei donet hyl -1, 5

2, 3-thi adi azol - 5-yl t hi 0) - 3- cephem 4- carboxyl ate,

trifluoroacetic acid salt A sol ution of

(7R) - 7-[ (phenyl acet yl ) am no] - 3- (4-chl oroggt hyl -1, 2, 3-t hi .

adi azol - 5-yl t hi 0) - 3-cephem 4- car boxyl at e, 4- met hoxybenzyl ester (70

10
, 0.12 mol | BT, : 0N £OH | odhd 15
%, 0.1 nmol )ﬁs‘)sltﬁht(;‘r‘i;dl ) (Jasgc%]fsosrﬁ]fvrl en?3d.' ) M/Za%ﬁsir]ﬂ? rredélzr;%d1 ‘?O%an (

tenperature ml of Aivhliagddacetiic rmcaddy e Thes resuPningiwikiante twas ur at ed
wi th dichloronethane to renove the unreacted starting 15 _material. The
resi due was r&dizEes At 1oPm damparaturg for 3 hoyrR| and(Eheqyy. The filtrate

was concentrated .t o . dryness co e caffordi of

(7R - 7 ( pheRHEsAR It By -%@‘Ilzﬁ’r%‘bﬁﬁ)o‘ﬁreg%gﬁe% (100 ml). The

2, 3-thi adi aZ reripitht® was eiREred AP sl ot ed to HPES 6 OxePersy |
ester, iodide salt as a yellow sh solid. 1H NMR (acetone-d[err])
[err] 3.56 (@phase chratayePhyl tdigive the it cowpound, I NMR16),
3.80 (s, 3H), 3.86_(d, 1H, J:iL8), 5.06 (d,_1H_J=15), 5.10 (d, 1H,
J=15), 5.28 (kR0) 8 3.6 (ap BH, (Fas) 1Ht- 605 (ag) 2He ITiPY, 5H2074dy

7.2-7.4 18, J=4), 5.80 (d, 1H, J=4), 6.90 (s, 1H), and 9.13 (s,
1H). IR (KBr) 997, 1042, 1180, 1349, 1386, 1533, 1615,
10 1655, and 1768 cm™.

Example 18
(Z) -2- (2-amino-5-chlorothiazol-4-yl) -2~
{triphenylmethoxyimino)acetic acid
To a solution of
15 (2) -2- (2-aminothiazol-4-yl) -2- (triphenylmethoxyimino}ace
tic acid (5.81 g, 13.47 mmol) in DMF (30 mL) at room
temperature (1lmL) was added N-chlorosuccinimide (1.80 g,
13.47 mmol). After overnight reaction the reaction
mixture was poured into water {(about 500 wmL) and the
20 resulting precipitate was filtered, washed with water
and then with ethyl acetate and dried in wvacuum to
afford 4.43 g (71%) of the title compound. 13C NMR
{cpcl,) 8 108.5 , 125.6 ,126.2 , 126.6 , 12.3 , 134.7 ,
141.8 , 146.5 , 162.1 , 163.3.



25 (m 7), 8.32 (d, 1H, J=8) A m xture of
(7R) - 7-[ (phenyl acet yl ) am no] - 3- (4-i sot hi our ei donet hyl -

1,
2, 3-t hi adi lom 234 t hi 0) - 3- cephem 4- car boxyl at e, ' 7
bor Usog) 1 gt e L Yorbdidhig

4- met hoxybenzyl ester, iodide salt (60 ng), anisole (0.1 m.) and
trifluoroacetic acid (1 nm.) was stirred at 0 [err]C for 30 mn, and
then concentrated to dryness. The gg’ €si due was sequential ly
triturated with dichloronethane 5 (40 nmL) and water (0.5 nL)to afford
38 ng of the title conpound YR ( C>d[err]) [err] 3.41 (d, 1H
J=18), 3.48 (d, 1H, J=14), §é£#%§ ﬁ J=14), 3.69 (d, 1H, J=18),

4. 86 (d, 1+k7ﬂF45)[(ﬂ)gﬁ-(ﬂraﬂthoJ5¢5ﬁloﬁoiﬂi£dol1&Lyﬂf5i,

5.72 (dd, 1H, J=5, 8) 3 (m 7FD 9.18 (d, 1H, 10 J=8)

Exanpl e 4 (trip epﬁpethmmm@c( (+3richil.oxcs-A-epdiewrdi~ 5-

ol El?éa3s?eﬁgem4<‘7’%§ i R beﬁa{? 48858 omethyl - 1,2, 3-thi
adi azol 55-yl thi o) - 3- cepBeg dogat enybet e,
7-amino-3-chlorocephalpsporanic;acid diphenylmethyl.
ester toluenesulfonic acid salt (5.0g, 8.72 mmol) in dry
THF (100ml)was added pyridine (0.63g. 10.0 mmol) at.room -
temperature followed by addition of
10 (Z) -2- (2-amino-5-chlorothiazol-4-yl) -2- (trlphenylmethoxy

imino)acetic acid (5.81 g, 13.47 mmol). The resulting
slurry was coolgd to -15 °C and additional pyridine (1.42
g, 22.5 mmol) was added followed by dropwise addition of
phosphorous oxthlofide(1.64,g, 17.5 mmol) while

15 maintaining reaction tempefature below -10 °C. After 30
min. reaction ethyl acetate (200 mL) was added followed
by addition of water (150 mL). Aqueous layer was
thoroughly extracted with ethyl acetate and'the combined
organic extracts were dried over sodium sulfate and |

20 concentrated in vacuum to yield;cfude product which was
purified by flash column chromatography on silica gel
(ethyl acetate / hexane-3/1) to afford the title
compound (5.37 g, 65%). 1H NMR (CDCl, /CD30D) & 3.35 (4,
1H, J=18), 3.68 (d, 1H, J=18), 5.07 (4, 1H, J=5), 5.80

25 (br s, 2H), 6.04 (dd, 1H, J=9, 5), 7.03 (S_,- 1H), 7.06
(d, 1H, J=9), 7.22-7-50 (m, 25H)}.



4- met hoxybenzyl ester (604 ng, 1.68 nmmol) and pyridine (0.271 m,
3.36 mol ) in dichloronethane (20 nL) was dropw se added a solutlon
of phosphor guseeAyaCchl ori de 20 (208 ngy, 2.68.-mol) in di pipAiseERidasne.
(10.7 nmL) and stirred at -10 [err]C for 2 h. After cooling to -40
[err] C | sobutanol (1.55 nL) was added, and the resulting

m xture was stirred at -10 [err]C for 4 h. The reaction was quenched
with water, and the m xture was extractegowith 25 di chl oronet hane. The
organi c extract was washed with sat urat ed aqueous sodi um bi car bonat e
and concentr at ed. The resi duepyasmpner i2io ed by silica ge

chr omat ogr aphy (10% net hanol / dichl oronet hane), affording 599ny of
t he WO 9U7TRRB-72[(2) -2~ (2~amino-5 -chlorothiazol-4-y1) -2-

PCT/ US96/ 16349 title

gogg?ung.7éH(N 3§?BP§F¢EGBPxHi§iEQ)P&‘tfﬂiéfgréfm@§ant°'i °ifg§?( -
= , . S, a r S, ,
5.05 (d, 1H, J=5), 5.23 (S L}gﬂfgigik aﬁsg°§§h%§t5ﬁﬁ ?ﬁ%ﬁéa .26 (d, 2H,

J=9). 85 To a solution ofxanple 5
4- chl or o- 3- hydroxynethglpgrldine. . To a solution of
4- chl or o- 3- py§ TRt 7- [{2) -2¢ &2 bamipevenghitorakbiagol 14 oyinhoR)y (EriPRENY1 ni)

at 0C lmethoxyimino)acetamido] -3-chloro-3-cephem-4-carboxylate

diphenylmethyl ester (4.0 g , 4.72 mmol) in DMF (30 mL)
cooled to -20 °C was added in one portion powdered sodium
10 hydrogen sulfide hydrate (1.1 g, 19.6 mmol). After 15
min the reaction mixture was poured into 0.5 M
monosodium phosphate {about 100 mL), extracted with
ethyl acetate and the organic layer was washed
thoroughly with water. After concentrating in vacuum
15 the crude title product was obtained as yellow foam 3.8
g {95%). 1H NMR (CDCl, / CD30OD) & 3.38 {(d, 1H, J=15},
4.43 (d, 1H, J=15), 5.03 (d, 1H, J=5), 5.80 (d, 1H,
J=5), 5.99 (br s, 1H), 6.80 (s, 1H), 7.05-7.50 {m, 25H).

Example 21
20 3-chloromethyl-4-chloropyridine hydrochloride

Thionyl chloride (0.714 mL, 9.78 mmol) was
added at room temperature to dry DMF (7 mL). After 30
min the above solution was cannulated into the solution
of 3-hydroxymethyl-4-chloropyridine (700 mg, 4.89 mmol)
25 in PMF (3 mL). After 45 min, the product was
- precipitated by addition of dry ether (100 ml), washed
with ether, and dried in vacuum to yield 813 wmg (84%) of



was added net hanol (1mL) followed by portionw se 10 addi tion of sodium

borohydride (75 ng, 2.0 mmol ). After 1 hr, acetic acid (0.15 nm) was
added and t i on m xture was evaporated to dryng: ' otary
evapor at or %gﬁgﬁgt roomtenperature. The solid residue mg%ﬁuﬂé,&.s :
chr omat ogr aphed on silica gel colum (1% MeOH / 15 di chl oronet hane) to
afford 60 ng (42 %9 of the title conpound. 1H NVR (CDCl[err]) [err]
4.30 (br s, 1H), 4.80 (s, 2H), 7.9§ (d, 1H J=5), 8.34 (d, 1H J=5),
8.62 (s, 1H). Exanpl e 6 .

(7R -7-[( phe’%lgf]‘}%}ttﬂe) %Bnﬁ%{rgi,.( 3:1%t OX%@H%:)DW' 293' (s2%m), 8.31

yl thi o)-3-cep - car box 4 es To a

~solution of (q, 1H,40=¥)0r & Nyl oaEtFRg)pyrd digie(d 60y, 0.42 mmol) in
DMF (1 nlL) at roomtenperature under nitrogen was added pot assi um

t hi oacetate (71 ng, 0.63 mmol ). After- 25 overnight stirring, the solvent
was renoved with rotary "~ evaporgtor..  The_residue was washed with ethyl
et her and taken up in 10% Me -%ﬁlg?onEthane. The insol ubl e

?g 97113772 | 3-(N-tert-butoxycgrhonylaminogthfiiﬂigﬁﬁéﬁfffgi-
5 : chloropyridine
To a solution of
3-chloromethyl-4-chloropirydine hydrochloride (513 mg,
'2.59 mmol) in DMF (6 mL) at room temperature were added
sodium iodide (386 mg, 2.59 mmol), diisopropylethylamine
10  (1.12 mL, 6.47 mmol) and |
.2- (N- tert-butoxycarbonylamino)ethanethiol (458 mg, 2.59
mmol) . After 2 h, the reaction mixture was partitioned
between dilute HC1l and ethyl acetate. The organic.layer
~was washed with water, dried over sodium sulfate,.and
15 concentrated to yield 750 mg of the oily product . (96%),
~which was used for the next step without further
purification. 1H NMR (CDCl,) & 1.43 (s, 9H), 2.61 (m,
“2H), 3.35 (m, 2H), 3.81 (s, 2H), 4.90 (bxr s, 1H), 7.35
(d, 1H, J=4), 8.40 (4, 1H, J=4), 8.57 (s, 1H).

20 . Example 23
(7R)-7-[(Z) -2- (2-amino~-5-chlorothiazol-4-yl)-2-
(triphenylmethoxyimino) acetamido] -3- (3-N-tert-
butoxycarbonylaminoethylﬁhiamethylpyrid-4-ylthio)-3-
cephem-~4-carboxylate diphenylmethyl ester
25 To a solution of
(7R) -7-[(Z2) ~2- (2~amino-5-chlorothiazol-4-yl) -2~ (tripheny

lmethoxyimino) acetamido] -3 -mercapto-3-cephem-4-carboxyla



material was filtered off and the filtrate was concentrated with
rotary evaporator. The residual mat eri al was dissolved in MeOH (3 nl)
and agueouswapshisTr hydr oxi de was added (0.5 nL, 3 M. ApichAssesiisases
overni ght 5 reaction at roomtenperature the reaction was acidified
with 1 Mhydrochloric acid, evaporated to dryness with rotary
evaporator, and partitioned between saturated sodi um bi car bonat e
solution and ethyl acetate. The organic |ayer was dried w th sodium
sulfate and the 10 solvent was renoved with rotary evaporator. The

resi due teVal plisisalnethyD @t a(8b0 mg, 0.777 mmol) in DMF (3
(7.R) 7-[ (phenyl acetyl ) am no] 3-trifl uor onet hanesul fonyl o

Xy- 3- cephem NdaMyﬁdﬁ%i - met hoxybenzyl ester(240 ny, 0. 42 mol )
was added fol ] o d |t|on roneth Af t e

over ni ght reé%t&% (L9¥££%W%H }%Eﬁfkﬁk)w%s ????Yoned
bet ween 5% ar, t I @ﬁfgat

Purificati onrggiﬁ?ec%@ggdé( gﬁ%&nﬁ%@o%& %ﬁ&%&fa di %for onet hane)
af forded t he dmetdre.g}memmt:(cﬁO trt@ rém:tloxﬂﬁﬁ@xtuﬁdﬂ AR paDCiftonéd [err]

3.15 (d, 1H J=18) 355 (d, 3.63 (d, 1H, J=18), 3.68
(d, 1H, J=1gpetwegn water and 3#15111'34?6318 ébtei#’h%q rganic chRYeT 1¥as j=13)

L L gk s e s ool bl 05,
J=8), 7.32 (@n&@oncﬂm‘&‘a(ﬁhd Md Vidid thelSofiide product which was
purified by radial chromatography on silica gel
10 {dichloromethane / methanol; v/v, 50/1) to afford 220 mg
of the title compound (26%). 1H NMR (CDCl,/CD,OD) & 1.23
(s, 9H), 2.32 (t, 2H, J=6), 2.98 {(d, 1H, J=18), 3.06 {(m,
2H), 3.40 (4, 1H, J=18), 3.46 (s, 2H), 5.03 (d, 1H,
J=5), 5.52 (br s, 1H), 5.94 (d, 1H, J= 5), 6.80 (s, 1H),
15 6.90 (4, 1iH, J=6), 7.00-7.22 (m, 25H), 8.01 (d, 1H,
J=6), 8.08 (s, 1H}.

Example 24
(7R)-7-1(2) -2-(2-amino-5S-chlorothiazol-4-yl) -2~
(hydroxyimino)acetamido] -3- (3-aminoethylthiomethylpyrid-
20 4-ylthio)}~3-cephem-4-carboxylate, methanesulfonic acid
salt
To a solution of
{(7R) -7-[(2) -2- (2-amino-5-chlorothiazol-4-yl)-2- (tripheny
lmethoxyimino)acetamido] -3- (3-N- tert-butoxycarbonylamino
25 ethylthiomethylpyrid-4-ylthio) -3-cephem-4-carboxylate
’ diphenylmethyl ester(1.0 g, 0.907 mmol) in
dichloromethane (10 wmL) and anisole (1.0 mL) was added
at 0 °C trifluoroacetic acid (13 mL). After 1.5 hr the
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59 Exanple 7 (7TR) -7-

[ (phenyl acaygloyasimpo]l -3- (3-chl oronet hyl pyri d- 4- :
yIthio)-3-ceghéﬁ}4?carboxylate, 4- met hoxybenzyl enter l',CT"'Us’m‘m”To‘a
sol ution of 5 (7R)-7-[ (phenyl acet yl ) am no] - 3- ( 3- hydr oxynet hyl pyri d-4-y
| t hi 0) - 3- cephem 4- car boxyl at e, 4-net hoxybenzyl ester (112 ng, 0.194
mmol ) and lithiumchloride (14 ng, 0.58%5 mmol) in DM at 0C was
added di i sopropyl et hyl am ne (0.101 nmL, 0.581 mmmol) and )

”EthaneSU|fo?&bcﬁﬁbﬁrhﬁﬁtﬁge waﬁocgﬂéegkgageég1nnVQEhum § ?ﬁy o mn, the

reaction -mXture was partitione etween water an acetate

| hexane (v/tempethtuPer ahdcsheonidy sebidaegwhs dissol¢Edr ammibgkron, 2% .
MeOH / di chl gronet hane)_ afforded the title congound (S2 no, 45@@. 1H
NMR (CDCl [ er EPymigr apid 120 aL) . 15AfteIH4 hr1gF r9omo §aperntu;218), 3.63

(o6t 7 Chorhi®acty, wak rehBiyed 1D yaiul Ghn P9 rebidbelfas™ VT
5.22 (dg 1H, disﬁalvea 99 ﬁﬁ@erlw 28— ﬂL)5)Th§ zﬁsﬁdubaﬁ materlai &%s 6. 95

(d, 1H, J=9), 7.07 (d, 1H, J=5), 7.15 (d 8), 7. 5H),
- 8.41 (d 1H, rembyedisScggtriﬁpgatlon and the supernatant was Exanple 8

(7R) - [(phen?‘/Etl PP%%l Fﬁﬁ-&)"“sbé’eﬁﬂb‘ﬁ?ﬁm with watgx, falilowed

i sot hi our ei d8

4- met hoxybengyl oe.at ¥ ambnitmaeekdteSavates®and finally elh@ifigSehdlion of
product with acetonitrile / water (1/4). The eluate was
16 - concentrated to'ébout 1/10 original volume and the
resulting precipitate was filtered, washed with water
and dried in vacuum to yield zwitterionic product (260
mg) . The methanosulfonate salt was prepared by
suspending the above material in water (15 mL) followed
15 by addition of methaneéulfonic acid (1.0 M in water,
. 0.98 eq) and acetonitrile {5 mL) . After evaporation of
~ the resulting solution to dryness the residue was
dissolved in water (30 mlL), centrifuged to remove
insoluble material and the supernatant was lyophilized
20 to produce. the title compound (274 mg, 44%). 1H NMR
(D,0) & 3.11 (s, 3H), 3.19 (m, 2H), 3.52 (m, 2H), 3.67
(@, 1H, J=17), 4.22 (4, 1H, J=17), 4.33 (s, 2H), 5.76
(d, 1H, J=4), 6.29 (4, 1H, J=4), 7.93 (4, 1H, J=4), 8.78
(a4, 1H, J=4), 8.87 (s, 1H).



(7R -7-[ (phenyl acetyl ) am no] - 3- (3-chl or onet hyl pyri d- 4-yl
t hi 0) - 3- cephem 4- car boxyl at e, 4-net hoxybenzyl ester (52 ng, 0.087
nmol ) in et wosNgD24 ni) and di chl or onet hane . WO 9 GTTS/16349
PCT/ US96/ 16349 - 60 (0.1 m) was
added thiourea (7 ng, 0.095 nnDI) at room tenperature. After
overni ght reaction the solvents were renmoved with rotary evaporator
and the residue was triturated witmT3 ethyl ether. The solid.
precipitate was 5 then dried in vacuumto afford the title conpound
(56ng, 96% .- 1H NWR (CDCI[err]txAEiIﬁerI» [err] 3.14 (d, 1H,
J=10), 3.53 (d 1H, J=10), (s, 3H), 4.40 (s, 2H)
5.03 (d, 1H, 3=s{N-tert> Womagbqavlmﬁhﬂw takg‘}-ehlor@yxsimed

J50). 725 (m i, 6 30 faeupRebibh offe-chloponiataine 1 (4 2
st hi our el donbt byl byt 4 gyt E*Lﬁﬁsh?ﬁﬁﬁ‘;ﬁfi@&%%ﬁf? .
trlfluorﬁacetfteaglﬁ pxepared LDA (2.5eq.)Tata-J& G€i andothe resulting
mixture was continued to stir at the same temperature
for 4 hours. A solution of N,
N’ -di {tert-butoxycarbonyl)cystamine (2.5 g, 0.5eq.) in
10 ml of THF was cannulated to the above solution. The
10 reaction mixture was allowed to warm up to 0 °C, quenched
with water and then extracted with ethyl acetate. The
solvent was removed under reduced pressure and the crude
residue was purified by flash chromatography to give of
the title compound{0.95 g, 50%) as a white solid. 1H NMR
15 (cDC1;) &6 .42 (s, 9H), 3.15 (t, 2H, J=7), 3.38 (t, 2H,
J=7}, 4.95 (s, 1H), 7.32 {4, 1H, J=6), 8.35 (d, 1H,
J=6), and 8.60 (s, 1H).

Example 26
{7R)-7-[(2)-2- (2-amino-5-chlorothiazol-4-yl)-2-
20 (triphenylmethoxyimino)acetamido] -3-[3- (N-tert~
butoxycarbonylaminoethylthio)pyridyl-4-thio] -3-cephem-4-
carboxylate, diphenylmethyl ester
To a stirring solution of
(7R} -7-({2) -2~ (2-amino-5-chlorothiazol-4-yl)-2- (tripheny
25 lmethoxyimino) acetamido} -3-mercapto-3-cephem-4-carboxyla
? te, diphenylmethyl ester (6.7 g, 7.8 mmol) in 20 ml of
dry DMF was added
3- (N- tert-butoxycarbonylaminoethylthio) -4-chloropyridine



(7R)-7-[(pheny|acetyl)anino]-S-(S-isothioureidonethylpyr

I d-4-yl thio)-3-cephem 4-car boxyl ate, 4-nethoxybenzyl ester

hydr ochl or g et/pf#®. 0.083 nmol) in 20 di chl oronet hane ( pcifhps masa 4dded
anisole (0.1 m) foll owed by addition of trifluoroacetic aci

m.) . After 30 min, the reaction m xture was concentrated with
rotary evaporator and the residue was triturated with et hyl ether.
The precipitate was repeatedly washed byg25 decantation with fresh
portions of ethyl ether and dried in vacuumto afford the title
conpound (49(@; ?%7 31ﬁinol) c3t MYR é@D[ efid QFdadieidd réu?&f&' , J=18),
3.58 (d, 1H, J=13 (d, 1H, J=13), 3.83 (d, 1H, J= 8 : 4.56
(d, 1H, allowethbQélQﬁI?Zwarm up to room temperature and . :

PCT/ US96/ 16349 J 10), 4.60

(d, 1H J=10ftirred pyernight.s)Thg ygachion mixtuyg Wés5?11?t29 (m 5H),
7.43 (d, 1H,

Exanpfe 10 "ﬂEﬁ)etﬁYg ?éetf%g)a?d(ﬁff%P%h3ﬁ§|ﬁé?&éﬁaﬁy%g WL 4oyl )-2-
(tri phegyl nerhexgblvant anabagemoled- (ddekl pedueblypréssure and the

3-thi adi azol -5-yl t hi 0) - 3- cephem 4- car boxyl at e,
~crude residue was purlfled by chromatography to give the
~title compound (6 g, 68%) as a yellow solid. 1H NMR.
(cpcl,) & 1.40 (s, 9H), 2.75 (t, 2H, J=7), 3.10 (t, 2H,
J=7), 3.15 (d, 1H, :J=14), 3.60 (d, 1H, J=14), 4.95 (s,
10 1H), 5.20 (4, 1H J=4), 5.90 (s, 2H), 6.25 (q, 1H, J=4),
6.85 (d, 1H, J=4), 6.90 (s, 1H), 7.15-7.4 (m, 26H), 8.1

(s, 1H), 8.21 (4, 1H, J=7).

Example 27 -
" {7R)-7-[(2) -2~ (2-amino-~-5 -chlorothiazol-4-y1) -2~
15 (hydroxyimino) acetamido] -3- (3-aminocethylthiopyrid-4-
| ylthio) -3-cephem-4-carboxylate, trifluoroacetic
_ . acid salt
To a solution of
(7R) -7~ [ (2) -2- (2-amino-5-chlorothiazol-4-yl) -2- (tripheny
20 lmethoxyimino) acetamido] -3- [3- (N- tert-butoxycarbonylamin
oethylthio)pyridyl-4-thio] -3-cephem-4-carboxylate,
diphenylmethyl ester (6 g) in 10 ml of dichloromethane
and 1 ml of anisole was added 10 ml.of trifluoroacetic
acid at 0 °C and the resulting solution was stirred at
25 room temperature for 1 hour. After the solvent was
removed, the residue was redissolved in 20 ml formic
acid and stirred at room temperature overnight. The

solvent was removed under reduced pressure. The residue



4- met hoxybenzyl ester To a suspension of 10
(2)-2-(N-triphenyl nethyl am not hi azol - 4-yl)-2-(triphenyl m

et hoxyi m nowgrey@yR sodiumsalt (2.11 gi 3.05 nmal) in rENUsHéha3k WS
added net hanesul fonyl chloride (0.28 ni) at -60[err]C and stirred at
the same tenmperature for 1.5 h. The solution was then added to a
solution of 15 (7R) - 7-am no- 3- (4-chl oronet hyl -1, 2, 3-t hi adi azol -5-yl ) thi
0- 3- cephem 4- car boxyl ate, 4-net hoxybenzygsester hydr ochl ori de (920
ng, 1.88 nmmol) and di i sopropylethylamne (0.4 nL) in DVF (2 ni) at

-10C WiE drildEbver hidh vErnneatd Ahdh HrituvmtedWiey 20 into
| ce-water and the resulting precipitate was collected by filtration.

The filter cathylasagetdtfe.ed The resultigig sl ighlwas|subjedtedretogr aphy
ggnggzggthiﬂ%ﬂ%ﬁﬁﬁﬂ]ﬁﬁﬁégChlOronEth4£§K affordlng %gggggug%atq§é¥}lelH,
g;rlslz 3. 81(%% ?xﬁ)ﬁ;é&%@%&ﬁac&} L(Sééé’@onltrlle) %%g‘fig » 6.80
PCT/ US9%/ 16349tle compound(1.5 g, 48%). 1H NMR (D,0) & 3.5-3.7 (m,

4H), 3.8 °(d, 1H, J=14), 4.4 (4, 1H, J=14), 5.84 (4, 1,

J=4), 6.4 (d, 1H, J=4), 7.65 (d, 1H, J=6), 8.82 {(d, 1H,

J=6), and 9.02 (s, 1H). IR (KBr) 778, 1042, 1173,

1541, 1610, 1780, 3187 cm™.

10 Example 28
(7R) -7-[(2) ~2~- (aminothiazol-4-yl)-2-
(triphenylmethoxyoxyimino) acetamido] -3- (4~ {2~tert~
butoxycarbonylaminoethylthiomethyl)-1,2,3-thiadiazol-5-
ylthio) -3-cephem-4-carboxylate, benzhydryl ester
15 To a solution of
4-[{2-tert-butoxycarbonylaminoethyl)thiomethyl] -5-(2-eth
oxycarbonylethyl)thio-1,2,3--1,2,3-thiadiazole (181 mg,
0.44 mmol) in ethanol { 5 mL) was added sodium methoxide
in methanol ( 0.55M, 1mL), and concentrated. The
20 residue was triturated with hexane-ethyl acetate(9:1),
mixed with
{7R) -7-[[(2Z) -2- (2-aminothiazol-4-yl)} -2~ {triphenylmethoxy
imino) acetyl] amino]} -3-chloro-3-cephem-4-carboxylate,
diphenylmethyl ester (200 mg, 0.25 mmol), and dissolved
25 in a mixed solvent of ethanol and dichloromethane. The
solution was stirred at room temperature for 16 h, and
concentrated. The crude was purified by silica gel

column chromatography (3% methanol / dichloromethane),



62 Exampl e 11. (7R -7- [

(2 -2- (am not hi azol -4-yl) -2- (hydr oxyi m no) acet am do] - 3-
(4isothio hyl -1, 2, 3-

t hi adi azol 0) - 3- cephem 4- car boxyl ate, 5 PCT/US96/16349
trlfluoroacetlc aC|d salt A sol uti

tion of
(7R -7-[(2)-2-(N-tri phenyl net hyl am not hi azol -4-yl)-2-(tr
i phenyl net hoxyi m no) acet am dol - 3- (4- chl gponet hyl -1, 2, 3-t
hi adi azol - 5-yl t hi 0) - 3- cephem 4- car boxyl ate, 10 4- met hoxybenzyt

ter (221, O, 19 7Dl ) g SO0 di 0.23 nmol ) and
Chi our oa ( 1AHS=SLT8 Mg ¢h €8 Efcte compornd” (18 Mhip "HERELD b oa ot

45 [err] C. fpr H)'h Sk t{4g X{ il e t d, bet ween
wat er and 2 ﬁw’ ?ces?;lt (ezﬁF #e jé?h)‘/ aié%i a'{”??a e:? :\%\é/as?\f/\gs'hed with 15
wat er and caHlent4 F(L2H) The. wS(hlneswamnlswat e:ump 5.93 (Bbtg n the.

I sot hi ouronium salt, which was subjected t he substanti al I y the
same condit i forédiehs ot Bali oh-0 ﬂHhe 'Zus%@i‘?rﬁ%xmk 9, affordi ng 27
ng of the title conmpound. .1H NMR (Dferr]0) [err] 3.48 (d, 1H, J=18),
3.84 (d, 1H, 20 J=18), 5.39 (s, 1H), 5.90 (s, 1H), 7.16 (s, 1H).

Exanpl e 12 4- et hoxycar bonyl - 5gikdmpplaeRyl sul fonyl ) et hyl t hi o] t hi azol e
To a solution of potassiumtert-butoxide (496 ng, 4.4 mol) in 10 nm
of THF was added a sol d7TRdr7efl (2252- (auﬁ-hplthtluo}a&exdét-at-e (0.48 m, 4.4

5 TH t
contl nulag tonbiy‘{’ m’f?)ra‘i?)t?ﬂ'gagﬁ'f{]& ﬁg qﬁé?&y#&i% ure)dbwa; to
-60 [erriCe,8-eRiui820925099 ehit oYL bidephlnm 4Teatbokiatas added.
' ' .dichlorocacetic acid salt

10
(7R) -7-[(2) -2- (aminothiazol-4-yl) -2~ (txriphenylmethoxyoxy
imino) acetamido] ~3- (4~ (2-aminoethylthiomethyl) -1, 2, 3-thi
adiazol-5-ylthio) -3-cephem-4- carboxylate , diphenylmethyl
ester (82 mg, 0.076 mmol) was dissolved in 0.8 mL of

15 dichloroacetic acid containing 5% anisole and stirred at

room temperature overnight. Excess diethyl ether was
added and the resulting precipitate was collected by
filtration.. The filter cake was purified by HP-20
reverse phase column chromatography, affording 16 mg of

20 the title compound. 1H NMR (DMSO-d;) & 2.64(2H), 2.90
(2H), 3.4 (1H, overlapped with water), 3.82 (d, 1H,
J=17), 4.04 (d, 1H, J=15), 4.14 (d, 1H, J=15), 5.17 (d,
1H, J=5 ), 5.74 (4&d, 1H, J=5, 8), 6.64 (s, 1H), 7.08 (s,
1H), 9.50 (4, 1H, J=8).



WO 97/ 13772 PCT/ US96/ 16349
63 The resulting m xture was allowed to war m up to O [err]C and

2- i odoet hy| wghemstrrasul fone (4.4 mmol ) was added. * The PYlushE14085 .
then stirred at refluxed condition for 5 hours. After it was cool ed
down to room tenperature, 5 water and ethyl acetate were added. The
aqueous | ayer was adjusted to acidic condition with dilute

hydrochl oric acid and extracted with ethy¥ acetate. The comnbi ned
organic layer was dried w th anhydrous sodi um sul fate and the

sol vent was renoved under reduced Ilgkampiessore. The crude residue was
purified by chromat ography to glve the title conmpound (890 ng, 569%.
1H NVR (CDCl [err];i [(arN]-ts @butoxyqarbe: ay laginoethoxymetihyl)s 440 (q,
2H, J=7), 7.6 (t, 2H, J=8), 7.70 ( 7.93 (d, 2H, J=8),

and 8.64 (s, 1H). 15 dn1dfépyridind Exanpl e 13

4- hydr oxynet hyl - 5- [ 2- ( phiphadifcomiboetiray Igghi o] t hi azol e To

a sol ution of

4- et hoxpcar beﬁmmr[ozs(-mmt&miwy)mﬂMet hiydindetdantisle (396 (M2 21y, 2

1) in 20 m THF I
mol ) in 20 mmo ﬂ £g¥% %g%%yééj%onylamlnoethanol (132 mg, 2

mmol)and benzyl triethyl ammonium bromide (544 mg, 2
mmol} in toluene (20 mL) and 50% sodium hydroxide
aqueous solution was vigorously stirred at room

10 temperature for 24 h. The organic layer was taken and
concentrate to afford 490 mg of the title compound. 1H
NMR {CDC1l,) & 1.46 (s, 9H), 3.39 (2H), 3.65 (2H), 4.64
(s, 2H), 4.90 (br s, 1H), 7.33 (d, 1H, J=5), 8.46 (d,
1H, J=5), 8.64 (s, 1H).

15 Example 31
{7R) -7-[(2) -2- (2-amino~-5-chlorothiazol-4-yl) -2~
{triphenylmethoxyimino)acetamido] -3-(3-(2-tert-
butoxycarbonylaminoethoxymethyl)pyrid-~4-ylthio) -3-
cephem-4-carboxylate, diphenylmethyl ester
20 Under substantially the same conditions as
used in Example 26,
(7R)-7-1(2) -2- (2-amino-5-chlorothiazol-4-yl) -2- (tripheny
lmethoxyimino) acetamido] -3-mercapto-3-cephem-4-~carboxyla
te, diphenylmethyl ester was reacted with
25 3- (2-N-tert-butoxycarbonylaminoethoxymethyl) -4-chloropyr
idine to afford the title compound. 1H NMR {CDCl,) & 1.42
(9H), 3.11 (d, 1H, J=18), 3.24 (2H), 3.40 (2H), 3.46 (4,
1H, J=18), 4.30 (2H), 4.83 (br s, 1H), 5.17 (1H), 5.72



20 borohydride (2M 1 m ) and nethanol (0.16 ml, 4 mol) at - 30

[err]C. The reaction mxture was allowed slowy warm up to room

t enper at ur y rred overni ght. The sol vent was r r
reduced prggggﬁgﬁZ%d t he crude residue was subjected‘i't@(g.)ﬁ‘g‘yﬂ&ﬂ!F ;
chr omat ogr aphy by usi ng di chl oronet hane 25 and net hanol as the el uent
to give the title conpound (400 ng, 65%9. 1H MR (CDCl[err]) [err]
2.55 (s, 1H , 3.00 (t, 2H, J=6) 7g3.40 (t, 2H, J=6), 4.71 (s, 2H)
7.6 (t, 2H, WO 97/ 13772 o

PCT/ US96/ 163 4 7). 7.68
(1R 3=7) % B T 290, §-995 (s 28, 72045 Gsdr) T

Exanpl e 14 8.28 (1¥YR)8733[ (4) 2- (N-tri phenyl et hyl am not hi azol - 4-yl ) - 2-
5 (triphenyl amet hoxyi m no) acet am do] - 3- (4-
hydr oxynmet hyl t hi azol - 5-yl t hi 0) - 3- cephem 4- car boxyl at e,
4- met hoxybenzyl ester . | ution of
'4-hydroxynethyl-5-[2-(pheny|sulfonyﬁﬁgﬁ%ﬁﬁ,?%]thiazOle
(7R) -7-1(2) -2~ (2-amino-5-chlorothiazol-4-yl) -2-
5 - (hydroxyimino)acetamidol -3-(3-(2-
aminoethoxymethyl)pyrid-4-ylthio) -3-cephem-4-

carboxylate, trifluorcacetic acid salt

(7R) -7-[(2) -2- (2-amino-5-chlorothiazol-4-yl) -2~ (tripheny

10 lmethoxyimino) acetamido] -3- (3- (2-tert-butoxycarbonylamin
oethoxymethylrpyrid-4—ylthio)e3-cgphemr4—carboxylate,
diphenylmethyl ester was subjected to deprotection under
substantially the same conditions.aé used in Examp;g 27,
affording the title compound. 1H NMR (D,0) & 3.35 (2H),

15 3.45 (d, 1H, J=18), 3.91 (2H), 4.00 (4, 1H, J=18), 5.52
(d, 1H, J=5), 6.04 (d, 1H, J=5), 7.73 {(d, 1H, J=6), 8.57
(d, 1H, J=6), 8.65 (s, 1H).

"Example 33
3- (N-tert-butoxycarbonylaminoethylsulfonylmethyl) -4-
20 chloropyridine
To a solution of

3- (N- tert-butoxycarbonylaminoethyl) thiomethyl) -4~-chlorop

yridine (302 mg, 1 mmol) in a mixed.solvents of ethyl

acetate (10 mL) -and methanol (5 mL) was added
25 ° methanesulfonic acid (144 mg, 1.5 mmol).

3-chloroperoxybenzoic acid (700 mg) was added and -

stirred at room temperature for 5 h. The reaction was



10 (39 mg) in 1 mM of DV was added potassiumt-butoxide (14 mg)
and the resulting m xture was continued to stir for 2 hours. After

t he reacti orwedhusr?@n was cool ed dowmn to -40 [err]C, a | f
(7R -7-[(2)-2-(N-triphenyl net hyl ami not hi azol -4-yl’)-2-(tr 15 ﬁ&,ﬁ‘%‘?ﬂs&

I phenyl met hoxyi m no) acet am do] - 3-tri fl uor onet hanesul f ony

| oxy- 3- cephem 4- car boxyl at e, 4-net hoxybenzyl ester (104 mg) in 1.5 m
of DMF was added. The m xture was al |l owedg slowly warmup to O

[err] C, gquenched with dilute aqueous ammoni um chl ori de, and’

extracted w tquendhédawbtht atifafld so8eumNehioleratkyafheas renoved
uneer reduced pressure and the crude residue was purified by

chr omat ogr apH§eiwtion.  Fheesehution|wagonputimdlieédngithl HONVR
i, 4 05 Sodlyg Rfaroxiqe sda exbeactta yigh einyd paetafe.i2ape b 42
gﬁd N é(3 Sks}mlekﬁl@ﬁ%é&a@%@ggﬁ gw%zzﬁkié&?éve;' 88a{ufi’shTeate anga 33
PCT/ US96¥ 1634%ncentrated to dryness, affording 286 8§ of the title
compound. 1H NMR (CDCl;) 8 1.44 (9H), 3.22 (2H), 3.66
{2H), 4.50 (s, 2H), 5.21 (br s,1H), 7.42 (4, 1H, J=5),

8.54 (s,1H, J=5), 8.72 {1H).

Example 34
10 (7R) -7-1{Z) -2~ (2-amino-5-chlorothiazol-4-yl) -2~
{(triphenylmethoxyimino)acetamido] -3- (3-N-tert-
butoxycarbonylaminoethylsulfonylmethylpyrid-4-ylthio) -3~
cephem-4-carboxylate, diphenylmethyl ester
Under substantially the same conditions as
15 used in Example 26,
{(7R)-7-1(2) -2-(2-amino-5-chlorothiazol-4-yl) -2~ (tripheny
lmethoxyimino)acetamido] -3~-mercapto-3-cephem-4-carboxyla
te, diphenylmethyl ester was reacted with
3- (N- tert-butoxycarbonylaminoethylsulfonylmethyl) -4-chlo
20 ropyridine to afford the title compound. 1H NMR (CDCl,) &
1.44 (SH), 3.20(3H), 3.66 (3H), 4.48 (s, 2H), 5.19 (1H) ,
7.25-7.45 (25H), 8.50 (s,1H, J=5), 8.70 (1H).



Exanpl e 15 (7R -7-[(2)-2-(N-tri phenyl nmet hyl am not hi azol - 4-yl ) - 2-
(triphenyl met hoxyi m no) aoet am do] - 3- (4-

chl oronet h /83993 - 5-yl thi 0) - 3-cephem 4- car boxyl at e

4-nethoxyb§%zg7 ester To DVF (1 n1) mas adﬁga"FWVEWﬁ

chl ori de (0.016 M) at O [err]C and the resulting m xture was
continued to stir at the sane tenperature for 30 mn. The resul ting
solution was canulated to a solution ofgg0 (7R) -7- [2)
-2-(N-triphenyl net hyl am not hi azol -4-yl)-2-(tr
iphenylnethoxyinino)acetanido]-3-(4ﬁnxﬂ§§éy t hyl t hi azol _

-5-yl thio)-3-cephem 4-car boxyl ate, 4-nethox enzyl ester (61 ng) in 1
nm of DMF and cornmttz)s-tz-r(mmﬂm%lozothﬁﬁmqiw&i or 1 hour.
The reaction solution was 15 diluted with ethyl acetate and hexane, and

was washed with wat $hydyaevisine)acasamidedvad (3nder reduced

St 210 A B s N SRR

2H, J=12), 3.80 (s, 3bhrbéxylaté, t20flucibacétst, aéiﬁ%&ﬂt 1H, J=4), 5.30

(q, 2H, J=5), 6.00 (q, 1H, J=4), 6.42 (s, 1H), 6.72 (s, 1H), 6.92 (d,
2H, J=7), 7.08 (d, 1H, J=4), 7.20- 7 45 (m 32H) and 8.95 (s, 1H)
, WO 97/ 13772 (7R)~7-[(2)-2- (2 amino-5- chloroth1azol fFﬁG/?ngﬁheny

lmethoxyimino) acetamido] -3- {3-N- tert-butoxycarbonylamino
ethylsulfonylomethylpyrid-4-ylthio)—3—cephem?4-carboxy1a

10 'te, diphenylmetﬁyl ester was subjected to deprotection
under substantially the same conditions as used in
Example 27, affording the title compound. 1H NMR (D;0) &
3.47 (4, 1H, J=;8). 3.3.70 (2H), 3.85 (2H), 4.02.(d, 1H,
J=18), 5.07(s, 2H), 5.52 (d, 1H, J=5), 6.03 (4, 1H,

15 J=5), 7.79 (d, 1H, J=6), 8.64 (d, 1H, J=6), 8.76 (s,
1H) .

Example 36
3-(4-N-tert-butoxycarbonylaminobutyn-1-yl) -4-
chloropyridine _

20 4-chloro-3-chloromethylpyridine hydrochloride
was reacted with 3-t-BOC-amino-1-propyne lunder the
phase transfer condition described in Example 30,
affording the title compound. 1H NMR (CDCl;} & 1.4-1.6
(9H, rotomeric mixture), 4.0-4.2 (2H), 7.32 (4, 1H,

25 J=5), 8.43 (4, 1H, J=5), 8.53 (s, 1H).



66 Exanpl e 16 (7R) -7- [ (2
-2- (N-tri phenyl met hyl am not hi azol - 4- yI) 2-

(triphenyl myoomysmrno )acet ani do - : PCT/US96/16349
(4-i sot hi our ei donet hyl t hi azol - 5- yIthlo),-3-cephen}4- 5
car boxyl ate, 4-nethoxybenzyl eater (7R -7- [(2

-2-(N-triphenyl net hyl am not hi azol -4-yl)-2- (tr

i phenyl met hoxyi m no) acet am do] - 3- (4- chl orgmet hyl t hi azol - .

5-yl t hi 0) - 3- cephem 4- car boxyl ate, 4-net hoxybenzyl ester 10 (43 ng) was

dissolved in 2 ml of acetonitrile, tExdisle 37 was added thiourea (4.5
ng) and sodium i odide (13 np). The resulting m xture was stirred at

roomtenperature (7R)- 7oﬁé¢hrghﬁ2°1hén905vehi #odcéd-waddeR -r educed

Do give the ti 11 e (EEIEBARILRSEAGRY BT pokpRetabiaoTt dnt  so-RTEeREe, ] Oy
[err] 3.2 (q, 3%F&2¥boﬁy§gm§ﬁ?h3€%n -4- §1&Byrid- -gl%ﬂifg §Zhapgnﬂ; (d,

1H, J4525(q, J=5) 85 (d 6.90 (d,

2H, J=7)8 7.2-7.4 (m 4-carBBidirlaaad aiﬁheﬁylmélﬂ}xyl eﬁ&et

Exampl e 17 uL & a (am not hi azol - 4-yl) - 2-
(hydroxy| m no) acet am dopng.ﬁ 4.5 stantial Y the same conditions as

|soth|oure|dngEBykhhbgéﬁblg &%ﬁhlo) 3-cephem 4-
{(7R) ~-7-1(2) -2~ (2-amino-5~chlorothiazol-4-yl) -2- (tripheny
1lmethoxyimino) acetamido] ~3-mexrcapto-3-cephem-4-carboxyla
10 te, diphenylmethyl ester was reacted with
3~ (4-N-tert-butoxycarbonylaminobutyn-1-yl) -4~chloropyrid
ine to afford the title compound. 1H NMR (CDCl,) &
1.4-1.8 (9H), 3.10 (4, 1H, J=18), 3.47 (4, 1H, J=18),
3.85 (2H), 5.16 {1H), 5.62 (br s, 2H), 6.13 (1H), 7.00
15 (1H), 7.2 -7.5 (25H), 8.35 (2H).

Example 38
{7R)-7-{{2) -2-(2-amino-5-chlorothiazol-4-yl) -2~
(hydroxyimino) acetamido] -3- (3- (4-amino-2-butyn-1-
yl)pyrid-4-ylthio) -3~cephem-4-carboxylate,

20 trifluoroacetic acid salt

(7R} -7-[{2) -2~ (2-amino-5-chlorothiazol-4-yl) -2- (tripheny
lmethoxyimino)acetamido] -3~ ({3- (4-N-tert-butoxycarbonylam
inobutyn-1-yl)pyrid-4-ylthio)-3-cephem-4-carboxylate,

25 diphenylmethyl ester was subjected to deprotection under
substantially the same conditions as used in Example 27,
affording the title compound. 1H NMR (D,0) & 3.46 (d, 1H,
J=18), 4.02 (4, 1H, J=18), 4.16 (2H), 4.70 (2H), 5.52



carboxylate, trifluoroacetic acid salt 25 :

(7R -7-[(2)-2-(N-tri phenyl net hyl am not hi azol -4-yl)-2-(tr

i phenyl net hi3939) acet am do] - 3- (4-i sot hi our ei donet hyl t

hi azol - 5- y{\?ﬁ?ﬁg -‘@?cephem 4- carboxyl ate, 4-met hoxybenzyl PCT/US96/163#9

97/ 13772 PCT/ US96/ 16349

67 ester(40 ng) was dissolved in 0.1 m of anisole and 0.9 i
of dichloroacetic acid. The resulting nmggure was stirred at room
tenperature for 3 hours and then precipitated by addition of diethyl

ouher (100 iy THe gis) PGPt dpto b o S bl Selgs Lo gp-20

reverse chr tograp 0’'grv

(Dl err]0) [ega]' 35605L8) , 28, 7=k, 4u§0 (g, 2H, J=10), 5.20 (d, 1H,
J=4), 5.80 (d, '1H, 'J=4), '6.90 (s, '1H). and 9.13 (s, 1H). IR (KBr) "
997, 1042, 1180, 1349, 1386, 1533, 1615, 10 1655, and 1768 cnferr].
Exanpl e 18 “(Z)-2-(2-am no-5-chl orot hi azol -4-yl) - 2-

(tri phenyl met hoxyi mi no) acetic aci d Example 39 To a solution of -15

Z) - 2- ( 2- am not hi 4 ¥l bs 25 ( GLi | get i oi i i d
(251 o 55 4o ma FA-6ie 236 G RASRK. BRI RhRRYR 2 -yt -2 0 “rad
added Nschl or oghgaiBkFifien6) a88tamido) -3-%3-42-%-261‘(2?%&%6{:'329 ht

reaction the reaction m xture was poured into water (about 500 nlL)
and the 20 r esul t¥¥pyriatt iy kbl olas fadpteamect - curtixcir latd, wat er

R A e R I
,126.2 , 126.6 , 12.3 , 134.7 , . o '
(7R)-7-[(Z)-2-(2?amind-s-chlorothiazol-4—yl)-2—(triphenyl :
10 methoxyimino) acetamido] -3- (3- (4- tert-butoxycarbonylamino
-2-(Z) -buten-1-yl) pyrid-4-ylthio) -3-cephem-4-
carboxylate, diphenylmethyl ester was subjected_to
deprotection under substantially the same conditions as
used in Example 27, affording the title compound, as a
15 mixture with the l1-butenyl isomer. 1H NMR (D,0) & 3.46
(d, 1H, J=18), 3.91 (2H), 4.02 (4, 1H, J=18), 4.56 (2ﬁ),
5.52 (d, 1H, J=5), 5.63 (2H), 6.03 (4, 1H, J=5), 7.76
(d, 1H, J=6), 8.65 (d, 1H, J=6), 8.76 (s, 1H).

Example 40
20 3- (N-tert-butoxycarbonylaminoethylsulfenylmethyl) -
| 4-chloropyridine
To a solution of

3-(N-tert-butoxyéarbonylaminoethyl)thiomethyl)-4-chlorop.

yridine (687mg ,2.26 mmol) in methylene chloride ( 10
25 mL) at 0 °C was added 3-chlo£oper6xybenzoic acid (467,

2.72 mmol). After overnight reaction at room

temperature reaction mixture was partitioned between



141.8 , 146.5 , 162.1 , 163.3. WO 97/ 13772
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Exanpl e 19 wo 97113772 (7R -7-[(2)-2-(2-am no-5-chl or ot hi azolpctrisesrnésso
(triphenyl met hoxyi m no) acet am do] - 3- chl.or o- 3- cephem 4-

car boxyl ate di phenyl nethyl ester 5 To a solution of

7-am no- 3- chl orocephal osporani ¢ aci d di phenyl net hyl ester

tol uenesul fonic acid salt (5.0g, 8.72 mm®8) in dry THF (100m ) was
added pyridine (0.63g. 10.0 mml) at room tenperature foll owed by
addi tion of Ji®hloroflethdre afd@ihviddrsddivg Bbidaybondeé t s6Pheiwh et hoxy
i mino)acetic acid (5.81 g, 13.47 mmpl ). The resulting slurry was

cool ed to - 15Heoxgarsw n ivamldpied prer (3odium sulfage apds5 mol ) was
scied 0] U8 D RAT TN Blacson ceHRZRISLaUS QT grd doC] 04
[err]C.  Aftglcetlite/hexane afforded the title compound. 1H NMR
5 (cbcl,) § 1.40 (s, 9H), 2.90 {m, 1H), 3.01 {(m, 1H), 3.589
{m, 2), 4.00 (d, 1H, J=13), 4.22 {(d, 1H, J=13), 5.30
{(br. s, 1H), 7.40 (4, 1H, J=4), 8.45 (d, 1H, J=4), B8.57

(s, 1H).

Example 41
10 (7R) -7-[{Z)~2- {2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido] -3~ (3~
aminoethylsulfenylmethylpyrid-4-ylthio) -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Under substantially the same conditions as used in
15 Example 43,
{7R) -7-1[(2) -2- (2-amino-5-chlorothiazol-4-yl) -2- (tripheny
lmethoxyimino) acetamido] -3-mercapto-3-cephem-4-carboxyla
te, diphenylmethyl ester was reacted with
3- (N- tert-butoxycarbonylaminoethylsulfenylmethyl) -4~chlo
20 ropyridine to afford
(7R} -7-[(2)-2- (2-amino-5-chlorothiazol-4-yl) -2- (tripheny
Imethoxyimino)acetamido] -3- (3-N- tert-butoxycarbonylamino
ethylsulfenylmethylpyrid-4-ylthio) -3-cephem-4-carboxylat
e, diphenylmethyl ester, which was then subjected to
25 deprotection under substantially the same conditions as

used in Example 35, affording the title compound. 1H



mn. reaction ethyl acetate (200 nL) was added fol |l owed by addition

of water (150 nlL). Aqueous |ayer was t horoughly extracted with

et hyl acet ave sansy72 he conbi ned organi c extracts mereréghﬁgk
sodium sul fate and 20 concentrated in vacuumto yield crude product
whi ch was purified by flash col um chronmat ography on silica gel
(ethyl acetate / hexane-3/1) to afford the title conpound (5.37 g,
65%9. 1H NWR (CDCl[err] /CD3CD) [err] 3435 (d, 1H, J=18), 3.68 (d,

1H, J=18), 5.07 (d, 1H, J=5), 5.80 25  (br s, 2H), 6.04 (dd, 1H J=9,

03 :
\5/&) 9;/ 137(72 LR (LPS 2:50 (s (%H):LHE) 0.3 28“ 76%9[5896/ 6-?4'9

69 (m, 4H), 4.00 (dd, 1H,Edanpl e3P0 4.55 (dd, 1H(7H137-3)(2)
- 2-(2-am no- 5-chl or.qt hi azol

(trlphenylne%h6§yﬂﬁ¢no}§cegaﬁ§do§)3 nePelpt dm3- dHpheM-92 (m, 1H),
b I I T I f
car boxy atez? gg ?é ngh yl gegh Fbt??éiol 0o a solution o

(7TR) -7- 4- yI) 2-(tripheny
5 . Example 42
(7R) -7-{ 12~ [N,N’-bis- (t-
butoxycarbonyl) guadinino] ethylthio) acetyl] amino}-3-(4-
chloromethyl-1,2,3-thiadiazol-5-ylthio) -3-cephem-4-
carboxylate, 4-methoxybenzyl ester

10 To a solution of. |
(7R) -7-amino-3- (4-chloromethyl-1,2,3
-1,2,3-thiadiazol-5-ylthio) -3-cephem-4-carboxylate,
4-methoxybenzyl ester (485 mg, 0.794 mmol) and .
{2- [N¥, N/ -bis- {t-butoxycarbonyl)guadinino] ethyl}thioacet

15 ic acid (329 mg, 0.873 mmol) were added phésphorous
oxychloride (0.103 mL, 1.11 mmol) and diisopropylethyl
amine (0.55 mL, 3.18 mmol), and was stirred at -10 °C for
16 h. Water was added, and the mixture was extracted
with ethyl acetate. The organic extract was washed with

20 aqueous sodium bicarbonate and thén concentréted. The
residue was purified by silica gel chromatography (1%
methanol / dichloromethane), affording 440 mg of the
title compound. 2*H NMR (CD,OD) d 1.44 (s, 9), 1.47 (s,
9), 2.79 (m, 2), 3.30 (2, overlapped with solvent), 3.35

25 (4, 1, J=18), 3.57 (m, 2), 3.64 (4, 1, J=18), 3.77 (s,
3), 4.96 (s, 2), 5.15(d, 1, J=5), 5.20 (a, 1, J=12),
5.23 (4, 1, J=12), 5.77 (4, 1, J=5) 6.81 (d, 2, J=9),
7.25° (@, 1, J=8).



| met hoxyi m no) acet am do] - 3- chl or o- 3- cephem 4- car boxyl ate

di phenyl net hyl ester (4.0 g, 4.72 mol ). in DMF (30 nl) cooled to -20
[err] C was s@@efi3m2 one portion powdered sodi um 10 hydr og he&o
hydrate (1.1 g, 19.6 nmol). After 15 mn the reaction mxture was’
poured into 0.5 M nonosodi um phosphate (about 100 nlL), extracted with
ethyl acetate and the organic |ayer was washed thoroughly with water.
After concentrating in vacuum 15 the ggude title product was obtained as
yel | ow foam 3. 8 g (95% . 1H NWR (CDCl[err] / CD30D) [err] 3.38 (d,
1H, J=15), 4.43 (d, 1H, J=15) ( 1H, J=5), 5.80 (d, 1H,

J=5), 5.99 (br s, 1H), 6.80 (s, 1H). Exapdis %3 (m 25H).

Exanpl e 21 20 3- chIonaa&%ﬂy{{a-dhbNreuwﬁ-dhne hydr ochl ori de

Thi onyl chloride (0.714_ ni, added at roomte erature
(o Gty ONF (7 RepoxKFATPOSHL) guadininbl REbylsbiol aretydl sminaduim i o

mol) 25 - in DuF (3 AfeeEeYRRR iR - (10 T oo

preci pi tsat ed by addthiediakoll-5-¢leRiof 180cebhentasikasdboxylate’i t h et her,
and dried in vacuumto yleld 813 ng (84% of oﬁg 71 13772
PCT/ US96/ 16349 4-methoxybenzyl ester, iocdidg0salt
A solution of
(7R) -7-{ [2- [N, N’ -bis- (t-butoxycarbonyl)guadinino] ethylth
iolacetyl]lamino}-3-(4-chloromethyl-1,2,3-~1,2,3-thiadiaz
10 ol-5-ylthio) -3-cephem-4-carboxylate, 4-methoxybenzyl
ester (200 mg, 0.24 mmol), thiourea (18 mg, 0.24 mmol)
and sodium iodide (35 mg, 0.24 mmol) in acetonitrile (3
mL) was stirred at room temperature overnight. The
mixture was concetrated and triturated with
15 dichloromethane. The residue was redissolved in acetone
(2 mL) and filtered. The filtrate was concentrated to
dryness, affording 200 mg of the title compound. *H NMR
(CDC1,) & 1.45 (s, 18), 2.81 (m, 2), 3.15 (d, 1, J=18),
3.36 (d, 1, J=15), 3.55 (d, 1, J=15), 3.62 (m, 2), 3.80
20 (s, 3), 3.83 (4, 1, J=18), 4.80 (4, 1, J=15}), 4.86 (d,
i, J=15), 5.08 (4, 1, J=5), 5.23 (4, 1, J=12), 5.27 {d,
1, J=12), 5.58 (dd, 1, J=5, 8) 6.85 (d, 2, J=9), 7.37
(d, 2, J=9), 8.24 (d, 1, J=8).



the title conmpound. 1H NVR (CD[err]OD) [err] 5.00 (s, 2H), 8.31 (d,
1H, J=5), 8.99 (d, 1H, J=5), 9.18 (s, 1H). . .
Exanpl e 22 wo 971113172 3-(N-tert-butoxycarbonyl anm noet hyl t hi W[{@ék&ﬁis 5

chl oropyri di ne - To a sol ution of

3-chl oronet hyl - 4- chl or opi rydi ne hydrochl oride (513 nyg, 2.59 mmol) in
DVMF (6 nmL) at room tenperature were added sodium i odide (386 ng, 2.59
mrol.), diisopropyl et hyl am ne 10 (1. 1%g1, 6.47 nmol) and

2- (N-tert-butoxycarbonyl am no) et hanet hi ol (458 ngy, 2.59 nmol ). After
2 h, the reaction m xture was partlghgmgi bet ween dilute HCO and

ethyl acetate. The organic |ayer was mashed with water, dried over

sodi um sul-fate, (7&1@7}5{[(2%&%@@:&@]%&& @dy product
(96% , whi ch mas used for the next steg wi t hout further

purification. 1H NWVR % fEFF?FiFEF?¥h11ﬂQ qgetby; 12263-(m 2H) ,
3.35 2H), 3. d, 1H. J=4 8. 40
oy 1&m 2 '3 %ié&ia%é&—s-yggbigf -3rcdphem/s P carboxy148 ad %Ki o ), &
(7R -7s [(2) '2 (2- ami no- 5- ghl2UgidH1REYacktdte walt

(triphenyl met hoxyi m no) acetami do] -3- (3-N tert -
but oxycar bonyl am noet hil sbluetéehybfyri d- 4-yl thi o) - 3-
ster soILnl on of

Ce e b o Ry 4 DAY LSk B Sy Ppony grsanintS ebs3Sk
1o]acetyl]am1no}_3_(4-1soth10urqn;ummethylthlomethyl-1,2
,3--1,2,3-thiadiazol-5-ylthio) -3-cephem-4-carboxylate,

10 4-methoxybenzyl ester, iodide salt (200 mg) and anisole
© {0.1 mL) in dichloroacetic acid (2 mlL) was stirred at
room temperature for 16 h. The mixture was precipitated
~with diethylether/hexane, filtered, and vacuum-dried to
afford 70 mg of the title compound.
15 Using substantially the same methods as
described in the Exaﬁples above, the following

additional compounds were prepared:

Example 45
20 (7R) -7-[(2) -2~ (2-aminothiazol-4-yl)-2-
(hydroxyimino) acetamido] -3- [3- (2-aminoethylthio) pyrid-
4-ylthio] -3-cephem-4-carboxylate, trifluoroacetic
acid salt

25
Example 46

(7R) -7- [ (Z) ~2- (2-aminothiazol-4-yl) -2-
(hydroxyimino)acetamido] -3~ [3~ (2~
guanidinoethylthio)pyrid-4-ylthio] -3-cephem-~4-
30 carboxylate, trifluorocacetic acid salt



| met hoxyi m no) acet am do] - 3- ner capt o- 3- cephem 4- car boxyl a WO

97/ 13772 PCT/ US96/ 16349

71 twod7aseny!| met hyl ester (650 nmg, 0.777 mol) in DMPCTRISY6/16349 ML)
was added 3-(N-tert-butoxycarbonyl am noet hyl t hi onet hyl ) - 4- chl or opy
ridine (242 ng, 0.80 mmol ) at roomtenperature. After 5 over ni ght
reaction the reaction mxture was partitioned bet ween wat er and
ethyl acetate. The organic |ayer was 87 t hor oughly washed wi th water,
dried over sodiumsulfate, and concentrated to yield the crude
product which was purified by radial chromatography on silica gel 10
(di chl oronmet hane / nethanol; v/v, 50/1) to afford 220 ngy of the

title conpound (26@6 1H NMVR (CIKEfGﬂP eCfferr]OD) [err] 1. 23

(s,
oH), 2.32 (t, 2H, 9 1 8 3.40 d,
1?, J:18),(3 46 (s, @4}’ 2'6 ggéfdz @r“%ngthg‘ﬁ?l(?‘gé’(ﬁr s, 5, 921 (d,
1H J= 5). 6.80 1 =), r47. O 22 Ve 8. o0
0 1n ) J:g)s, Wixgd%%xy{.ﬁbﬁn%@a%nﬂido} 9. 130 LN (m beanpl 0

24 5 (imfrigmeEhiyl ) rmd noa thylthis) pylrdd4+yitdiio})--8 Jeeéphem-4 -
(hydroxy|n1no)acetan1do] 3- am noet hyl t hi gnet hyl pyrid- 20
4-yl t hi 0) - X3EhpxEYiat %arBB*%%E?E°‘ﬁﬁFﬁﬁné§ﬁﬁf8ﬁ?¥ aci d

Example 48
(7R) -7-1(Z) -2- (2-aminothiazol-4-yl) -2~
10 (hydroxyimino) acetamido] -3- [3- (2-aminopropylthio)pyrid-
4-ylthio] -3-cephem-4-carboxylate, trifluorocacetic
acid salt

Example 49
15 (7R) -7-1{(Z) -2-(2-aminothiazol-4-yl) -2~
(hydroxyimino)acetamido] -3~ [3-(2-
guanidinopropylthio)pyrid-4-ylthio] -3-cephem-4-

carboxylate, trifluoroacetic acid salt

20 Example 50
{7R)-7-[(Z) -2- (2-aminothiazol-4-yl) -2~
(hydroxyimino) acetamido]} -3~ [3-~ (2-N-
(iminomethyl) aminopropylthio)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

25



sal t To a sol ution of (7R -7-1 (2

-2-(2-am no-5-chl orot hi azol -4-yl)-2-(tri pheny

| met hoxyi mwe)eaasgizam dol - 3- (3- N-tert - but oxycar bonyl am no Z%FT S96/16349

et hyl t hi omet hyl pyri d- 4-yl t hi 0) - 3- cephem 4- car boxyl at e [ %enyf’mat hyl
ester(l.0 g, 0.907 mmol) in di chl oronet hane (10 nL) and anisole (1.0
m.) was added at O [err]C trifluoroacetic acid (13 nL). After 1.5 hr
t he WO 97/ 13772 88

PCT/ US96/ 16349 72 reacttion

m xture was concentrated in vacuum 5 tenperature and the oily
resi due was dissolved in 98% ~ formc acid (20 nL). After 4 hr at room
t enper at ure f or tAR) €+ [ Z¥s2 + (Rramekhothiazol+ ayl) the resi due was 5

di ssol ved in water & 23§rrL . Jhe_insolubl e material was removed by
centrifugation and tH¥AER ?‘ﬂ;f‘& o) pogkanido] -35 13- {2samdRo=R20 col um by
elution with wat Aiish %;Qr _ﬁﬁm' N A0 _sater and
finally eluting ’ﬁlreg& pr%hd‘tu]é?hj\'/\n t a%de'lt\%- ri %ﬂmlfvg‘%ééﬁlﬁ). The
eluate gas 10 conterboylaté 0 tlEludrddbetigiaeid vealee and the

resulting precipitate was filtered, washed with water and dried in

vacuumto yield zwitterionic product (260 - 'ng). The net hanosul fonate
salt was prepared by suspendi ng the above nmaterial in water (15 ni)
fol | owed Example 52

(7R) -7- [(Z) -2- (2-aminothiazol-4-yl) -2-
(hydroxyimino) acetamido] -3~ [3- (2-guanidino-2-
10 carboxamidoethylthio)pyrid-4-ylthio)l -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 53
(7R} -7-{(Z) -2- (2-aminothiazol-4-yl) -2~
15 (hydroxyimino) acetamido] -3-[3- (2-N- (iminomethyl) amino-
2-carboxamidoethylthio)pyrid-4-ylthio] -3-cephem-4-

carboxylate, trifluorocacetic acid salt .

Example 54
20 (7R) -7~ [(Z) -2- (2-aminothiazol-4-yl)-2-
(hydroxyimino)acetamido] -3~ [3-(2-amino-3-
hydroxypropylthio)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluoroaceﬁic acid salt

25 Example 55
(7R) -7-[{(2) -2- (2-aminothiazol-4-yl) -2-
(hydroxyimino) acetamido] -3-[3-~(2-guanidino-3-
hydroxypropylthio)pyrid-4-ylthio]} -3 -cephem-4-

carboxylate, trifluoroacetic acid salt



15 by addition of methanesulfonic acid (1.0 Min water, 0.98 eq)

and acetonitrile (5 nL). After evaporation of the resulting solution
t o dryness wioe9ws3sizdue was di ssolved in water (30 nl)pctasbdéridspged.
to renove i nsol ubl e material and the supernatant was |yophilized 20
to produce the title conpound (274 ng, 44% . 1H NWR (Dl err]0)
[err] 3.11 (s, 3H), 3.19 (m 2H), 3.52 (m 2H), 3.67 (d, 1H, J=17),
4.22 (d, 1H, J=17), 4.33 (s, 2H), 5.768% (d, 1H, J=4), 6.29 (d, 1H
J=4), 7.93 (d, 1H, J=4), 8.78 (d, 1H, J=4), 8.87 (s, 1H).

WO 97/ 13772 Example 56 PCT/U896/16349

73

(N-tert- butoxycarbon&?%hﬁ%béf%&T?hf%ﬁamﬁneﬁhéﬂﬁﬁirﬁdyﬁb‘z' To

%2“3,22”258”sh%roﬁiﬂ&?yé%?w%% Y ENETS: SiatRonpeiy) faffor 0 11
resul ting A solutlon 0$@Engﬁibnﬁ@@ﬂ&;¢ﬂyytﬁﬁbﬁjyadgagaﬂ@mperature

for 4 hours. i (Tert-butoxycarbonyl)cystam ne
(2.5 g, 50 5 eq.) incarboxyld®e i tuiflvbrosseticnatidesald t he above

solution. The 10 reaction mxture was allowed to warmup to 0 [err]C,
quenched with water and then extracted with ethyl acetate. The
Example 57

(7R) -7-1(2) -2- (2-aminothiazol-4-yl)-2-~
{(hydroxyimino) acetamido] -3-[3-(2-
10 aminoethylthiomethyl)pyrid-4-ylthio] -3-cephen-4-

carboxylate, trifluoroacetic acid salt

Example 58
15 (7R} -7-[(Z)-2- (2-aminothiazol-4-yl)-2-
(hydroxyimino)acetamido] -3-[3-(2-
guanidinoethylthiomethyl)pyrid-4-ylthio] -3-cephem~4-~
carboxylate, trifluorocacetic acid salt

20 Example 59
(7R) -7-1{(2) -2~ (2~aminothiazol-4-yl) -2-
(hydroxyimino) acetamido] ~3-~[3- (2-N-
(iminomethyl) aminoethylthiomethyl)pyrid-4-ylthio}-3-
cephem~4-carboxylate, trifluoroacetic acid salt
25
Example 60
(7R) -7-[(Z) -2~ (2-aminothiazol-4-yl) -2~
{bhydroxyimino)acetamido] -3-{3-(2-
aminopropylthiomethyl)pyrid-~4-ylthio] -3-cephem-4-
30 carboxylate, trifluorocacetic acid salt



sol vent was renoved under reduced pressure and the crude resi due was
purified by flash chronmatography to give of the title conmpound(0. 95
g, 50% as ' solid. 1H NWVR 15 (CbCferr]) [err] 1 ,
315 (t, 2??@7’?& 3.38 (t, 2H, J=7), 4.95 (s, 1H), 5@5?‘&‘9%,
J=6), 8.35 (d, 1H, J=6), and 8.60 (s, 1H).

Exanpl e 26 (7R -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2- 20
(triphenyl met hoxyi m no) acet am do] - 3- [§O(N-tert-

but oxycar bonyl am noet hyl t hi o) pyri dyl - thi o] - 3- cephem 4-

car boxyl ate, di phenyl net hyl ester To a stirring solution of
(7R)-7-[(2)-2-(2-am no-5-chl orot hi azo -4 yI) 2-(tripheny 25

| met hoxyi mi no) acet atTRb}7 3{ (2) €2p(2-Smingthiatol a4 byk)y+2- te, .

di phenyl net hyl ester (6.7 g, in 20 m_ of dry DVF was added

3- (N-t ert - but oxycar borkPSRoRY: éﬂ%m)m tamido) 5353~ @ne WO :
97/ 13772 REVoS%%,

74 (?. 3 d',difogrnﬁl)tha’i - %le PP’]‘&“ '?hglrtegg'ct [ %n %é‘ was

allowedg to sl owly waasboRylatéposrifliioréasetiandeid saltstirred overnight..
The reaction m xture was dil uted
Example 62
(7R) -7-1(%Z) -2- (2-aminothiazol-4-yl) -2-
(hydroxirinino) acetamido] -3~ [3- (2-N-
10 (iminonethyi) aminopropylthiomethyl)pyrid-4-~ylthio] -3~

cephem-4-carboxylate, trifluorcacetic acid salt

Exanplg 63
(71R)-7-1 (Z) -2- (2.-aminoth1az<.>1-4-y1) -2-
15 (hydroxyimino) acetamido] -3- [3 (2 amino-2-
carboxan\idoethylthiomethyl) pyrid 4-ylth:.o] 3-cephem-4-

carboxylate, trifluproacetic acid salt

20 Example 64
(7R) -7-{(Z) -2-(2-aminothiazol-4-yl) -2~
(hydroxyimino)acetamido] -3~ [3- (2-guanidino-2-
carboxamidoethylthiomethyl)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt
25
Example 65
(7R) -7-[(Z) -2-(2~aminothiazol-4-yl)-2-
(hydroxyimino)acetamido) -3-[3- (2-N- (iminomethyl) amino-
2-carboxamidoethylthiomethyl)pyrid-4-ylthio] -3-cephem-
30 4-carboxylate, trifluorocacetic acid salt



with ethyl acetate and-hexane and washed with water. 5 The sol vent was

renoved under reduced pressure and the crude residue was purified by
chr onat ogr awipye7#1372i ve the title conpound (6 g, 68% apcRrUsedicas
solid. 1H NWR (CDC[err]) [err] 1.40 (s, 9H), 2.75 (t, 2H, J=7),
3.10 (t, 2H, J=7), 3.15 (d, 1H, J=14), 3.60 (d, 1H, J=14), 4.95 (s,
10 1H), 5.20 (d, 1H, J=4), 5.90 (s, 2H), 6.25 (q, 1H, J=4), 6. 85
(d, 1H, J=4), 6.90 (s, 1H), 7.15-7.4 (an 26H), 8.1 (s, 1H),. 8.21 (d,
1H, J=7). Exampl e 27

(7R -7-[(2)-2-(2-am no-5-chl or ot higamMple V66 - 2- 15
(hydr oxyi m no) acet am do] - 3- ( 3- am noet hyl t hi opyri d- 4-
yl t hi 0) - 3- cephem 4- cERIAA B2, - 2~ (F{aminnthddzol-4-yl) -2-

?gigz?ghgno-S-chlo58¥ﬁf3§g;8£83f%égg%@gﬁgiéﬂy[56(§Z§L15323L(Z)

| met hoxyi m nopp&LbRPHEEpy1 enibieth 1aDbyLPI¥RIBPOBY CaBhem-4-
oethylthio)pgéldyl?g?tﬁ%g]-3-ceghé%$£?ggrbOXY?a¥§% ? ag?'phef‘lylnethyl

ester (% g) in 10 nicaxbokydste,.otxtifivoroacetiznadidisalt ani sol e was added
10 mM of trifluoroacetic acid at O [err]C and the resulting solution
was stirred at 25 roomtenperature for 1 hour. After the solvent was
renoved, the residue was redissolved in 20 m formc acid and stirred
at room tenperature overni ght. Thé&xample &3 vent was renoved under reduced

ressure. The resid 97/,137
FF))CT/ Ug96/ 16349 ! U(Q’R) -7~ [(Z) -2- -mj-notg 3201'4°Y1) -2~
10 (hydroxyimino)acetamido] -3- [3- (2-guanidino-3-

hydroxypropylthiomethyl)pyrid-4-ylthio] -3-cephem-4-

carboxylate, trifluorocacetic acid salt

Example 68
15 (7R) -7-{(Z) -2- (2-aminothiazol-4-yl)-2-
{hydroxyimino) acetamido] -3- [3- (2-N- {(iminomethyl) amino-
3-hydroxypropylthiomethyl)pyrid-4-ylthio] -3 -cephem-4-
carboxylate, trifluoroacetic acid salt

20 Example 69
(7R} ~-7-[(2) -2~ (2-amino-5~-chlorothiazol-4-yl) -2-
{hydroxyimino)acetamido] -3-[3- (2-aminocethylthio)pyrid-
4-ylthio] -3~-cephem-4-carboxylate, trifluorcacetic
acid salt

25
‘ Example 70

(7R) -7-{{Z)~2- (2-amino-5-chlorothiazol-4-yl)}-2-
{hydroxyimino) acetamido] -3- [3-(2-
guanidincethylthio)pyrid-4-ylthio] -3-cephem-4-
30 carboxylate, trifluorocacetic acid salt



75 was dried over high vacuumand then triturated with et hyl

acetate. The resulting solid was subjected to reverse phase

chr omat ogr awlgyeras?7Anber chr om col utm (0. 1% aqueous tri f“‘.ﬁg %‘%
acid / acetonitrile) to give the 5 title conpound(1.5 %&fl H NWVR
(Dlerr]0) [err] 3.5-3.7 (m 4H), 3.8 (d, 1H, J=14), 44(d 1H,
J=14), 5.84 (d, 1, J=4), 6.4 (d, 1H, J=4), 7.65 (d, 1H, J=6), 8.82
(d, 1H, J=6), and 9.02 (s, 1H).932 R (KBr) 778, 1042, 1173,

1541, 1610, 1780, 3187 cnferr]. 10 Exanpl e 28

(7R) -7- [ (2) -2- (am nothiazol - 4gy,
(triphenyl met hoxyoxyi m no) acet am do] - (4 (2 tert-
but oxycar bonyl ak7Rde?r\[I{Z)i-@rdRrpminb-5 - &hﬂ.lumﬂ:himb154-yl) -2-

yl t hi 0) - 3- cephem 4- car,boxyl at benzhydryl ester To a '
sol ution of [((QY#PPWEE'E{OP} agetamidali m‘ﬂ)‘ﬂhl omet hyl ] -5- (2-eth

ot hanol (54 5«‘%&*& e %ﬁ% At dzmepe o 1)

and COnsentéﬁm:yﬂ'ﬁl&ZOtriflﬁﬁrdﬂeem aéidupated with hexane-ethyl

acetate(9:1), m xed with (7R -7- [[(2

-2-(2-am not hi azol -4-yl)-2-(tri phenyl net hoxy

i m no)acetyl]am no] - 3-chl oro- 3-cephem 4-c oxyl at e, di phenyl net hyl
ester (200 ng, 0.25 mmol), and dima‘gg in a mxed sol vent of

ethanol and di clihgyanetfiiayez- (ihﬁnino_-5-chlorot:l_;ia_.zol-4-y1) -2-
(hydroxyimino) acetamido] -3~ [3- (2-aminopropylthio) pyrid-
10 4-y1thio]-Becgphepjé-carhoxylate,_trifluoro;cetic.
acid salt

Example 73
15 (7R) -7-[(Z) -2~ (2-amino-5-chlorothiazol-4-yl) -2~
(hydroxyimino) acetamido] -3- [3- (2-
guanidinopropylthio)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

20 Example 74
(7R) -7-[(Z) -2-(2-amino-5-chlorothiazol-4-yl) -2-
. (hydroxyimino) acetamido] -3-[3- (2-N-
(iminomethyl) aminopropylthio) pyrid-4-ylthio] -3 -cephem-
4-carboxylate, trifluoroacetic acid salt
25
Example 75
(7R) -7-[(2) -2-(2 ~amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino) acetamido] -3- [3- (2-amino-2-
carboxamidoethylthio)pyrid-4-ylthio] -3-cephem-4-
30 carboxylate, trifluoroacetic acid salt



solution was stirred at roomtenperature for 16 h, and concentr at ed.

The crude was purified by silica gel .col um chromat ography (3%

met hanol / dygkbgseset hane), WO 97/ 13772 - PCT/USO6/16349 .
PCT/ US96/ 16349 76 affording 100
mg of the title conpound. 1H NMR (CDCl[err]) [err] 1.46 (9H), 2.68
(2H), 3.19 (d, 1H, J=18), 3.33 (2H + 1H), 4.03(2H), 4.88 (br s, 1H),
5.09 (1H), 5.93 (br s, 2H), 6.44 (= 1H), 7.03 (1H), 7.20-7.45 (25H).
5 Exampl e 29

(7R)-7-[(2)-2- (am not hi azol - 4-yl ) - Example 76 hydroxyi m no) acet am do] - 3-
(4s(2-am noet hyl t hi omethyl; 1,2, 3-thiadiazol - {thl o) -3
“cephem 4- car box{TR} e7- [{Z} -2- (2-amino-5-chloroghinredodc¥d) c2aci d salt 10

(7R -7- [(2) -2- nothaol t | et h X

i M no) acet ani do] - é“\% Efﬁé#%’ﬂ?’éﬂie %y?? 2%%’?%?&‘ L2-

adi azol -5-yl thi di@diﬂ I ﬁd.q.?;mi 3Vdephem-4£ster (82
ng, 0.076 mmol )%vl\‘/ars% di ssol ved in Oégﬁ d(}m hi oroacet ic acid
cont ai ni 8g 5% ani sol eaxkbaxytliatend txtifluoroaamtia apial sgakte overni ght.
Excess diethyl ether was added and the resulting precipitate was
col l ected by filtration. The filter cake was purified by HP-20

reverse phase colum chromat ogr aph)kx‘qlglq d)i.pg 16 ng of
{7R) -7~ [(2) -2~ (2~amino-5-chlorothiazol-4-~yl)-2-
(hydroxyimino)acetamido] -3~ [3~- (2-N- (iminomethyl) amino-
10 2-carboxamidoethylthio)pyrid-4-ylthio] -3-cephem-4-

carboxylate, trifluoroacetic acid salt

Example 78
{7R) -7-1(2)-2-(2-amino~5-chlorothiazol-4-yl)-2-
15 (hydroxyimino) acetamido}l ~3- [3~ (2~amino-3-
hydroxypropylthio)pyrid-4-~ylthio] -3~cephem-4-~

carboxylate, trifluoroacetic acid salt

20 Example 79
(7R) -7-1{{(2) -2~ (2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido] -3~ [3- (2-guanidino-3-
hydroxypropylthio)pyrid-4-ylthio} -3~-cephem-4-
carboxylate, trifluorcacetic acid salt
25
Example 80
(7R) -7-1(2Z) -2- {2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino) acetamido] -3~ [3- (2-N- {iminomethyl) amino-
3-hydroxypropylthio)pyrid-4-ylthio] -3~cephem-4-
30 carboxylate, trifluoroacetic acid salt



20 the title conmpound. 1H NVR (DMSO-d[err]) [err] 2.64(2H), 2.90

(2H), 3.4 (1H, overl apped with water), 3.82 (d, 1H, J 17), 4.04 (d,

1H, J=15), 1H, J=15), 5.17 (d, 1H, J=5}, dd 1H J =5,

8), 6.64 (gﬁ’%}%ﬁzﬁos (s, 1H), 9.50 (d, 1H, J=8) > $erhitfen

97/ 13772 PCT/U896/16349

77 Exanpl e 30

3-(2-N-tert-butoxycarbonyl an noet hoxyggt hyl ) - 4-

chl oropyri di ne A diphasic mxture of 5 -

4- chl or o- 3- chl or onet hyl pyri di ne h%?&@@ikoﬁide (396 ny, 2 mol ),

N-tert - but oxycar bonyl am noet hanol ng, 2 nmol ) and benzyl triethyl
~ammoni um br om dgzR)547- DTZ) <22 - (2 -amified 5 - ¢Hl d¥o ez d 08 )amd 50% sodi um

hydr oxi de aqueous solution was vigorously stirre room 10

tenperature for 24 h. (hydreryimino)agetamidol zkelB afkr concentrate to

afford 490 ny of the [of0) errl.) [err] 1.46
(s, 9H), 3.39 §£‘A’§‘?‘i NQS‘Y@SPY”‘“‘""(‘?“E‘%?NE{& %‘9?% 7.33
(d. 1HgJ=5), 8.46 ehrbo 1atellleri ihorubies abiy o

Exampl e 31 (7%?27-[ Z)- - (2-am no-5-chl orothlazol 4-yl)-2-
(triphenyl net hoxyi m no) acet am do] - 3- (3 (2-tert-

but oxycar bonyl am noet hoxynet hyl ) pyri d-4-yl t hi o) - 3-

cephem 4- car boxyl ate, di phenyl net pxamplec8220 Under
_substantially the same conditions as

) (7R) -7- [(Z) -2- (2~amino-5-chlorothiazol-4-yl)-2-

10 (hyﬂroxyimino)acetamudo]-3-[3i(2-
guanidinoethylthiomethyl) pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 83
15 (7R) -7-[(Z) -2~ (2 amino-s-chlorcthiazol ~4-yl)-2~..
(hydroxyimino)acetamido] -3-[3-(2-N~
(iminamathyl)aminoethylthiamethyl)pyrid-4-y1thio]-3-
cephem¥4-carboxy1a£¢, trifluorocacetic acid salt

20 Example 84
(7R)-7-1[(2) -2- (2-amino-5~chlorothiazol-4-yl) -2~
{hydroxyimino)acetamido] -3-[3-(2-
aminopropylthiomethyl)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorcacetic acid salt
25

Example B85
(7R) -7- [ (2) -2~ (2-amino-5-chlorothiazol-4-yl) -2-
(hydroxyimino) acetamido] -3- [3- (2-
30 guanidinopropylthidmsthyl)pyrid-4-y1thlo]-3-cepham-4-
carbd*ylate,'triflubfoacetic acid salt



used i n Exanpl e 26,
(7R)-7-[(2)-2-(2-am no-5-chlorothi azol ;4-yl)-2-(tri pheny

| met hoxyi m wo efgdregri do] - 3- mer capt o- 3- cephem4 car boxyl a PCTIE896/16349
di phenyl net hyl ester was reacted with 25

3-(2-N-tert-butoxycarbonyl am noet hoxynet hyl ) - 4- chl or opyr idine to
afford the title conpound. 1H NMR (CDCl[err]) [err] 1.42 (9H), 3.11
(d, 1H, J=18), 3.24 (2H), 3.40 (2H), 3946 (d, 1H, J=18), 4.30 (2H),
4.83 (br s, 1H), 5.17 (1H), 5.72 WO 97/ 13772

PCT/ US96/ 16349 le 86 78 (br s, 2H),
6.20 (1H), 6.99 (s, 1H), 7.25-7.45 (25 8.28 (1H), 8.33 (1H).
Exanpl e 32 {7R) -7~ Km)ﬁz-ﬂq-(ﬁ}itﬂa-(sz-aiﬂmﬁhmaeﬂyhkoﬁ 4-yl)-2- 5

(hydroxyi m no) acet am d
am noet hoxymet hyl ) pyr i M‘@%%] =3-[3-(2-N- car boxyl at e,

trifluoroacet(jqidfcnih t

|(7R% 7- gﬂ (2)- 2()1?’5 am r%ﬂl 2 o‘r°&ﬁipa{"z‘?'rhu:“‘f'3h’5”?¥’i% Yyl -3
met hoxyd M no) aeeiphentdl-chrbbxyldtes frocrsdesticadid salt
oet hoxymet hyl ) pyrid-4-ylthio)-3- cephem 4-carboxyl ate,

di Eh;any![ .me]t IhyI tﬁster was sgb{ ected to degrpt eg(i onI un(ék?ar ford
substantially esamaconllons%s‘a#éi hg anpl e : af fordi ng

the title conmpound. 1H NWVR (D[ err]

10

15

20

25

.35 (2H),
(7R) -7-1{(Z) -2~ (2-amino-5-chlorothiazol-4-yl)~2-

(hydroxyimino) acetamido] -3~ [3-(2-amino-2-
carboxamidoethylthiomethyl)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 88
(7R) -7-1[(2) ~2- (2-amino-5-chlorothiazol-4-yl) -2-
(hydroxyimino)acetamido] -3- [3- (2-guanidino-2-
.carboxamidoethylthiomethyl)pyrid-4-ylthio] -3-cephem-4-
carboxylate, triflucroacetic acid salt

Example 89
(7R} -7-1(Z) -2~ (2-amino-5-chlorothiazol-4-yl) -2~
(hydroxyimino)acetamido] -3-[3-({2-N- (iminomethyl)amino-
2-carboxamidoethylthiomethyl)pyzrid-4-ylthio] -3-cephem-
4 -carboxylate, trifluorocacetic acid salt

Example 90
(7R) -7-[(Z) -2~ (2~amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido] -3~ [3- (2-amino-3-
hydroxypropylthiomethyl)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt



15 3.45 (d, 1H J=18), 3.91 (2H), 4.00 (d, 1H, J=18), 5.52 (d, 1H,

J=5), 6.:04 (d, 1H, J=5), 7.73 (d, 1H, J=6), 8.57 (d, 1H, J=6), 8.65:
(s, 1H. wo9emnsm Exanpl e 33
3-(N-tert-butoxycarbonyl am noet hyl sul fonyl met hyl )-4- 20 PCT/USI6/16349

chl oropyri di ne ' To a sol ution of
3-(N-tert-butoxycarbonyl am noet hyl) thionethyl)-4-chlorop yridi ne
(302 ng, 1 mmol) in a mxed solvents ¢§ ethyl acetate (10 nL) and
met hanol (5 nlL) was added 25 nmet hanesul fonic acid (144 ng, 1.5 mol).

3-chl or oper oxybenzoi ¢ acid (700 nExampgteagged and stirred at room
tenperature for 5 h. The reaction was WO 97/ 13772

PCT/ US96/ 16349 (7R} -7 - [(Z)~2 (2-amino-5-chlorothiazol~A-yl) -2- quenched .
wi th saturated sgdi sulfate u sol utj on. The sol ution
was neutralized 14* %ﬂﬁﬂﬁﬁiﬁ%/ nddrguariding-dtred with ethyl

5% “concent B eswwnessmﬁaé%?%ﬂwﬁ?féﬁm wasutate and

compoungd. 1H NVR ( CEkkbexylatber eriflddréfterid. 831828h1t3. 66 (2H),
4.50 (s, 2H), 5.21 (br s, 1H), 7.42 (d, 1H J= 5), 8.54 (s, 1H, J=5),
8.72 (1H).

Example 92

(7R) -7- [(2) -2- (2-amino-5-chlorothiazol-4-yl) -2-
(hydroxyimino)acetamido]—3-(3-(2¥N—(iminamathyl)amino-
10 3-hydroxypropylthiomethyl) pyrid-4-ylthiol -3-cephem-4-

carboxylate, trifluorocacetic acid salt

Example 93
(7R) -7-[(Z2) -2~ (2- aminothiazol- ~4-yl)-2- (2-
15 : fluoroethoxyimino)aeetamido] -3-[3- (2-

aminoethylth;o)pyrid-4-y1:hio]53-cephem-4--

carboxylate, trifluoroagétic acid'salt

Example 94
20 (7R) -7-1(2) -2- (2-aminothiazol-4-yl) -2- (2~
 fluoroethoxyimino)acetamido] -3-[3-(2-
guanidinoethylthio)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorcacetic acid salt

25 Example 95
(7R) -7-[(Z) -2~ (2-aminothiazol-4-yl) -2- (2~
fluorocethoxyimino) acetamido] -3-[3-~ (2-N-
{iminomethyl) aminoethylthio) pyrid-4-ylthio] -3-cephem-
4-carboxylate, trifluorocacetic acid salt



Exampl e 34 10 (7R) -7- [(2Z2) -2-(2-am no-5-chlorothiazol -4-yl)-2-
(triphenyl met hoxyi m no) acet am do] - 3- (3-N-tert-

but oxycar bowyd emarert hyl sul f onyl net hyl pyri d-4-yl thi o) 3- PCTIUSS6/16349
cephem 4- car boxyl at e, di phenyl net hyl ester _ Under
substantially the same conditions as 15 used in Exanple 26,

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2-(tri pheny

| met hoxyi m no) acet am do] - 3- mer capt o- 3- e@@phem 4- car boxyl a te,

di phenyl net hyl ester was reacted with
3-(N-tert-butoxycarbonyl am noet hyl sul fonyl met hyl )-4-chl o 20 ropyridi ne
to.afford the title conpound. 1H NMR (CDCl[err]) [err] 1.44 (9H)
3.20(3H), 3.66 (3H), 4.48 (s, 2H) , Ezawmple]pp 7.25-7.45 (25H), 8.50

(s, 1H, J=5), 8.70 ( 3772
PGT/ US96/ 16349 Hﬂ) -7-0(2) -2~ (2"“90 18201‘4'Y%-2 (2-

Exanpl e 35 oéékoxiiﬂ&nnﬁkcéékﬁgaégLfLP@lgﬁpthlaZO| 4-yl) -2-

(hydr oxyi m no) acetan1do]

an1noethylsuIfonyhmﬂﬂqpquytthﬂqmpy:td-&%xlxﬁinﬂ4B-ébphem-4—
carboxyl ate, trifluoroacetic acid. s i
carboxylate, tri£ uoroacetic acid salt

Example 97
10 (7R) -7-{(2) -2~ (2-aminothiazol-4-yl) -2-(2-
fluoroethoxyimino)acetamido}-3-{3- (2~
guanidinopropylthio)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluoroacetic acid salt

15 Example 98
(7R) -7-1(2) -2~ (2-aminothiazol-4-~yl)-2-(2-
fluoroethoxyimino)acetamido] ~-3-{3-{(2-N-
{iminomethyl) aminopropylthio)pyrid-4-ylthio] -3-cephem-
4-carboxylate, trifluoroacetic acid salt
20
Example S9%
(7R) -7-{(Z) -2~ {2-aminothiazol-4-yl)-2~(2-
fluoroethoxyimino)acetamido] -3-[3-(2-amino-2-
carboxamidoethylthio)pyrid-4-ylthio] -3-cephem-4-

25 carboxylate, trifluoroacetic acid salt

Example 100
(7R} -7-1(2) -2- (2-aminothiazol-4-yl)-2-(2-
fluorocethoxyimino)acetamido] -3~ [3- (2-guanidino-2-
30 carboxamidoethylthio)pyrid-4-ylthio}l -3-cephem-4-
carboxylate, trifluorocacetic acid salt



(7R -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2-(tri pheny

| met hoxyi m no) acet am do] - 3-(3-N- tert-butoxycarbonyl am no

et hyl sul fo | pyrid-4-ylthio)-3-cephem 4-carboxyla 10 te,

di phenyl et 9?9@{’5?% was subjected to deprotection undrEA/USI6/16349
substantially the sane conditions as used in Exampl e 27, affording
the title conmpound. 1H NVR (D[err]0) [err] 3.47 (d, 1H, J=18), 3.3.70
(2H), 3.85 (2H), 4.02.(d, 1H, J=k8), 5.07(s, 2H), 5.52 (d, 1H, J=5H),
6.03 (d, 1H, 15 J=5), 7.79 (d, 1H, "J=6), 8.64 (d, 1H, J=6), 8.-76 (s,

1H) . a 36
3-(4-N-tert-butoxycarbonylaninobuFVﬁ!Eiﬁr¥bi-

chl oropyridine 20 (7R)-7-[(2z)-24{gbhaiRoenehkaLoaeyyLpY(Rdi ne
hydr ochl ori de was reacted with 3-t-BOC- am no-1-propyne under the
phase transfer condfluonodtboxyiwinchacatampidolo3-[3-(2-Naffording the

title conpoun H NVR err]) [err] 1.4-1. (9H,, rotoneric

m xture), 4. ofj( ém%hﬁ.@w-fn%a%&mmﬁﬂwmm—m) . 8.53
(s, 1H) 1thiofQ32depien-4- -

PCT/U892/16349Y ojR _éﬁl carboxylate, trifl%%Foacetic

Exanpl e 37 " (7R) -7-[ (&pid2sé&Rtamni no-5-chl orothiazol-4-yl)-2-
(triphenyl met hoxyi m no) acet am do] -3-(3-(4-N-tert-

but oxycar bonyl am nobut yn- 1-yl ) pyri d-4-yl t hi 0) - 3- cephem

Example 102
(7R) -7- [(2) -2- (2-aminothiazol-4-yl) -2- (2-
10 _ fluoroethoxyinino)aggtaﬁido]-3-[3e(2-amiho-3-
hydroxypropylthio)pyrid-4-yithio]-3-éephem-4-
carboxylate, trifluqrqaceﬁic acid_salt

Example 103
15 (7R) -7-[(Z) -2- (2-aminothiazol-4-yl) -2- (2-
fluoroethoxyimdno)acétamido]v3-[3-(2sguanidino-3-
~ hydroxypropylthio)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

20 Example 104
(7R) -7-[(2) -2- (2-aminothiazol-4-yl) -2-(2-
fluoroethoxyimino)acetamido] -3-[3- (2-N-
(imincmethyl) amino-3-hydroxypropylthio)pyrid-4-
ylthio] -3-cephem-4-carboxylate, trifluorocacetic
25 acid salt



5 4- car boxyl ate, di phenyl methyl ester Under

substantially the sane conditions as .. used in Exanpl e 26,

(7R -7-[ (Z2) wo $#13av@ no- 5- chl or ot hi azol -4-yl)-2-(tripheny PCTUS96/16349

| met hoxyi m no) acet am do] - 3- mer capt o- 3- cephem 4- car boxyla 10 te,

di phenyl net hyl ester was reacted with

3-(4-N-tert-butoxycarbonyl am nobutyn-1-yl)-4-chl oropyrid ine to
afford the title conpound. 1H NVMR (CDCBPerr]) [err] 1.4-1.8 (9H
3.10 (d, I'H J=18), 3.47 (d, 1H, J=18), 3.85 (2H), 5.16 (1H), 5.62
(br s, 2H), 6.13 (1H), 7.00 15 n:(ﬁumenas 7.5 (25H), 8.35 (2H).
Exanple 38 [ -(2- an1no 5- chlorothlazol 4-yl) - 2-
(hydr oxyi m no) acet aﬁ’%’o‘](” %‘%’3’ Ja '1 -yl) -2-(2-

yl)pyrid-4-ylthio)- 3'{12%1%2:%&%9«929’4%&:&91«1-3- [3-(2-

trifluoroacetic acid

(7R - 7-[(2) - 2- (#mébBEhP1thiometh; a;g&ridyh)-yith&bu RBeR¥phem-4-

| met hoxyi m no) acet am do] - 3- ( 3- (4 tert-but oxycarbonyl am

i nobut yi$ 1-yl) pyri d- c:aybmbytte. ctphfinoroackbigl acdd B881lt di phenyl et hyl

ester was subjected to deprotection under substantially the sanme
conditions as used in Exanple 27, affording the title conpound. 1H
NVR (Dlerr]O [err] 3.46 (d, 1H, J=18), 4.02 (d, 1H, J=18), 4.16
(2H), 4.70 (2H), 5.52 Example 106
(7R)-7-{(2)-2-(2-aminothiazol-4-y1) -2~ (2~
10 fluorocethoxyimino)acetamido] -3~ [3~-(2-~

guanidinoethylthiomethyl)pyrid-4-ylthio] -3-cephem-4-

carboxylate, trifluorcacetic acid salt

Example 107
15 (7R) -7-1(2)-2-(2-aminothiazol-4-yl)-2-(2-
fluoroethoxyimino)acetamido] -3- [3- (2-N-
(iminomethyl)aminoethylthiomethyl)pyrid-4-ylthio] -3-
cephem-4-carboxylate, trifluoroacetic acid salt

20 Example 108
(7R) -7~-1(2) -2-(2-aminothiazol-4-yl)-2-(2-
fluoroethoxyimino) acetamido] -3- [3~ (2-
aminopropylthiomethyl)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluoroacetic acid salt
25

. Example 109
{7R) -7-[(2) -2~ (2-aminothiazocl-4-yl)-2-(2-
fluoroethoxyimino)acetamido] -3- [3- (2-
30 guanidinopropylthiomethyl)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt



WD 97/ 13772 PCT/ US96/ 16349

82

(d, 1H, J=6y

(7R)

-7-

(d, 1H J=5), 6.03 (d, 1H, J=5), 7.76 (d, 1H, J=6), 8.66

2? (s, ;H)-_ . PE*ﬁﬂQ&ﬁﬂ%P

2- am no-5-chl orot hi azol -4-yl)-2- 5

(hydroxy|n1no)acetanido]-3-(3-(4-anino-2-(Z)-buten-I-
yl ) pyri d-4-ylthio)-3-cephem 4- carboxylate
trifluoroacetic acid salt
(7R -7-[(2)-2-(2-am no- 5- chlorothlazol 4 yl)-2-(triphenyl 10
met hoxyi m no) acet am do] - 3- ( 3- (4- tg% qrygarbonylan1no
ceph

-2-(2)-buten-1-yl)pyrid-4-ylthio)

em 4- car boxyl at e,

di phenyl net hyl estengyax-sob)ezteﬂ-inino:hiazdbp4QYEr42ouaunder

substantially the same conditions as

in Exanple 27, aff

the title conpound, §E°§9°EB°*Y1H4¥?h!%99W¥%d?¥e3TI%Uf% ™ i soner.

4.56 (2H)

(d,

155 (20 “Umisosnyy) syipbmeepraee ey prpit g i1

| HgJ=6), 8céfhéfl-4léarBoRtylate/Otrifldbhoacetic acid salt

10

15

20

25

30

Example 111
(7R)-7-[(Z)fzf(zfaminptpia;ol-ipyl)-2-(2-
fluoroetho#yiminp)ac;tqmidOJe3-[3-(2-amino-2-
carboxamddoethylthiqmethy;)pyrid-4-y1thio]-3-cephen-4-
carboxylate, trifluoroaéetic:acid salt

Example 112
(7R) -7~ [ (2) -2- (2-aminothiazol-4-y1) -2- (2-
fluoroethoxyimino)acetamido] -3-[3-(2-guanidino- -2~
carboxamidoethylthiamsthyl)pyrid 4-y1thio] 3-cephem-4-
carboxylate, trifluoroaqetic acid salt

Example_113
(7R) -7- [ (Z) -2~ (2-aminothiazol-4-yl) -2- (2~
fluoroeihoxyimino)acéttmido]-3-[3-(2-N7
(iminamethyl)aminb—z-carbéxamidoethylthiomathyl)Pyrid-
4-y1thio]-3-cephem-4-carb§x91&te, trifluorocacetic
| acid salt B

_Example'114
(7R) -7-[(2) -2~ (2-aminothiazol-4-yl) -2-(2-
fluoroethoxyimino) acetamido) -3- [3- (2-amino-3-
hydroxypropylthiomethyl)pyrid-~-4-ylthio] -3-cephem-4-

carboxylate, trifluoroacetic acid salt

ordi ng

1H NWR

J=18),
7.76



Exanpl e 40 20 3- (N- tert -butoxycarbonyl am noet hyl sul f enyl net hyl ) -

4-chl oropyri di ne To a solutiop of
3- (N—tert-hﬁégﬁ&ﬁgibonylan1noethyl)thlonethyl) 4- chlorop

(687ng ,2.26 mmol) in nethylene chloride ( 10 25 nm) at Oﬁﬁﬁﬁﬁc:mas'

added 3-chl or oper oxybenzoic acid (467, 2.72 mol ). After overnight
reaction at room tenperature reaction m xture was partitioned

bet ween WO 97/ 13772 101

PCT/ US96/ 16349 83

di chl orormet hane and diluted sodi usalhcps bt e sol ution.

| ayer was dried over sodium sul fate and concentr at ed.

Crystallization of(Inm»tflmnﬂ#2€ﬂﬁ€ﬁﬂ¢ﬁothiazola¢eyhleﬁhezane af forded the

The organic

title conpound. 1H NMR (CDC1[ e %ﬂ[e . 1.40 (s, 2.90 (n1 1H),
H

3-01 (m 1H), %#!ﬂr°eth°xr%m+n% aca.%m#

5. 30
(s,

1H).
5

10

15

20

25

3 Q@uaaﬂ-ééned-" -1H,
(R arénypiipyYeifonéenyl) pyrfd 4 Sy fenid) -dthepndh-48 57

carboxylate, trifluoroacetic acid salt

Example 116
(7R) -7-[(2) -2-(2~-aminothiazol-4-yl)-2-(2~
fluoroethoxyimino)acetamido] -3-[3- (2-N-
{iminomethyl) amino-3-hydroxypropylthiomethyl)pyrid-4-
ylthio] -3-cephem-4-~carboxylate, trifluoroacetic
acid salt

Example 117
(7R) -7-[(Z) -2~ (2-amino-5-chlorothiazol-4-yl)-2- (2~
fluorocethoxyimino)acetamido] -3-[3-(2-
aminoethylthio)pyrid-4-y1§hio}-3-cqphem-4-

carboxylate, trifluorocacetic acid salt

Example 118
(7R} -7~ {(Z) -2- (2-amino-5-chlorothiazol-4-yl) -2- (2-

fluoroethoxyimino)acetamido] -3-[3~(2-
guanidinoethylthio)pyrid-4-ylthio} -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 119
(7R)-7-1(2) -2- (2-amino-5-chlorothiazol-4-yl)-2- (2~
fluoroethoxyimino)acetamido] ~-3- [3- (2-N-
(iminomethyl) aminoethylthio)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

J=13),



Example 41 10 (7R) -7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl ) - 2-
(hydr oxyi m no) acet am do] - 3- ( 3-

am noet hyl s%{,g&ﬂ_ggt hyl pyri d- 4-yl t hi o) -3-cephem 4-

car boxyl at e roacetic acid salt Under suBCTAISO343 t-he
sanme conditions as used in 15 Exanpl e 43,

(7R)-7-[(2)-2-(2-am no-5-chl orothi azol -4-yl)-2-(tri pheny

| met hoxyi m no) acet am do] - 3- mer capt o- 3- E@fhem4 car boxyl a te,

di phenyl net hyl ester was reacted with

3-(N-tert-butoxycarbonyl am noet hyl %#%gx hyl)-4-chlo 20 ropyridine
to afford (7R -7-[(2)-2-(2-4a rot hi azol -4-yl)-2-(tri pheny

| met hoxyi i no) gegd)an-oqiz) 322N\ eafiinc 5 LT HENRNIAT411 ) -2 - (2- |
et hyl sul f enyl net hyl pyri d- 4-yl t hi 0) - 3- cephem 4- car boxyl at

di phenyl net hyl ester, fmmebhexrﬁnﬁnehtpet;mﬂdob-BQ!SB (2eepr ot ectlon under

substantially the sa condi S, as I e 35 af fordi ng
the title corrpoundj‘“‘:g.rE £L§E°)W§§Tﬁ3¥£§§’d'°i -3- °°SB

PCT/ US964 16349 oxylat:e, trifluorcacetic acid salt NVR (Dlerr]0)
[err] 2.90 (s, 3H), 3.90 3935 (m 10, 8.50-3.70 (m_ 4H), 4.00 (dd,
1H, J=18, 3), 4.55 (dd, 1H, J=13, 3),
Example 121
(7R) -7-1[(Z) -2~ (2-amind-s—chlorothiazol-4-y1) -~2-(2-
10 fluoroethoxyimino)acetamido] -3- [3- (2-

guanidinobi:dpy]_.thio) pyrid-4 -yli:hi;o] -3-cephem-4-
' carboxylate, trifluoroacetic acid salt

Example 122
15 (7R) -7-[(2) -2~ (2 -amino-s-chlorothiazol-4-y1) -2-(2-
fluorocethoxyimino) ;acetuiidol -3-[3-(2-N-
(iminomethyl) amincbropylthio) pyrid-4-ylthio] -3-cephem-

4-carboxylate, trifluorcacetic acid salt

20 Example 123
(7R) -7-[(2) -2~ (2-amino-5-chlorothiazol-4-yl) -2~ (2-
fluorocethoxyimino)acetamido] -3-[3-(2 -amino-2-
carboxamidoethylthio) pyrid-4;y1 thio] -3-cephem-4-

carboxylate, trifluoroacetic acid salt

25
Example 124
(7R)-7-1[(2) -2- (2-amino-5-chlorothiazol-4-yl) -2- (2~
fluorocethoxyimino) acetamido] ~3-[3- (2-guanidino-2-
30 carboxamidoethylthio)pyrid-4-ylthio] -3-cephem-4-

carboxylate, trifluoroacetic acid salt



4.65 (dd, 1H, J=13, 3), 5.51 (m 1H), 6.02 (m 1H), 7.75 (m 1H),
8.60 (m 2H). 5 Exanpl e 42

(7R -7-{[ 2vkobhA$772 DI s- (1t - o PCT/US96/16349
but oxycar bonyl ) guadi ni no] et hyl t hi ol acet yl ] am no} - 3- (4- oS

chl oronet hyl -1, 2, 3-t hi adi azol - 5-yl t hi 0) - 3- cephem 4-

car boxyl ate, 4- met hoxybenzyl ester 10 To a solution of
(7R)-7-am no-3-(4-chloronmethyl -1,2,3 103

-1, 2, 3-t hi adi azol - 5-yl t hi 0) - 3- cephem4 car boxyl ate 4- met hoxybenzyl
ester (485 ng, 0.794 mmvol ) and Exatple 125

[ N', N'"' -bi s-(t-butoxycarbonyl)guadi ni no] et hyl)thi oacet 15 ic acid (329

my, 0.873 mmol (7R3 & ~-dd&d ¢ 2pH2seimine+S -chlorabbiddal4er¥)0-2-0R N, 1.11
mol ) and dii sopropyleth 0. 55 and was
stirred at -10 C for*fu°¥°°5%°wi"%?g?é %Lag iﬁdr&mg)m xture was
extracted -"5"—“" Sk ?E:M lggg}{ tFF)zﬁsd washed with
20 aqueous soO |u%ﬁl§r bonat e gﬁ' t hen concent rat edﬁﬁ he resi due

was purigied byylithied -3elephom ai-cartiokylaltls, triflutiduvetid
di chl oronet hane), affording 440 ng of the title conpound. [err]H NWR

(CD[err]OD) d 1.44 (s, 9), 1.47 (s,aedd salt) 2 79 (m 2), 3.30 (2,
over |l apped with solvent), 3.35 25 (d, 1, J=18), 3.57 (m 2), 3.64 (d, 1,

J=18), 3.77 (s, 3), 4.96 (s, 2), 5.15(d, 1, J=5), 5.20 (d, 1, J=12),
5.23 (d, 1, J=12), 5.77 (d, 1, J=‘pxfmPile(t262, J=9), 7.25 (d, 1,
J=8).
(7R} ~7-[(2) -2- (2-amino-5-chlorothiazol-4-yl)-2-(2-
10 fluoroethoxyimino) acetamido] -3-[3- (2-amino-3-

hydroxypropylthio)pyrid-4-ylthio] -3-cephem-4-

carboxylate, trifluoroacetic acid salt

15 Example 127
(7R) -7-1[(2) -2~ (2-amino-5-chlorothiazol-4-yl) -2-({2-
fluoroethoxyimino)acetamido] -3-[3-(2-guanidino-3-~
hydroxypropylthio)pyrid-4-ylthiol -3~cephem-4-
carboxylate, trifluorocacetic acid salt

20
Example 128
(7R) -7-{(Z) -2- (2-amino-5-chlorothiazol-4-yl)-2-(2-
fluorocethoxyimino)acetamido] -3- [3- {(2-N-
(iminomethyl)amino-3-hydroxypropylthio)pyrid-4-
25 ylthio] -3-cephem-4-carboxylate, trifluoroacetic

acid salt



WD 97/ 13772 PCT/ US96/ 16349

85 Exanpl e 43 (7R
-7-{ [2- [ a7l (t- but oxycar bonyl ) guadi ni no] ethylthio
acetyl] anino 9-7@? %?4- PCtuSsdinehs

I sot hi our oni ummet hyl t hi onethyl -1,2,3- 5 t hi adi azol - 5-yl t hi 0)

- 3-cephem 4- car boxyl at e, 4- met hoxybenzyl ester, iodide
sal t A sol ution of 04

(7R)-7-{[ 2- [N, N - bi s- (t - but oxycar bony™ guadi ni no] et hyl t h -

| 0] acetyl ] am no} - 3- (4-chl or onet hyl %;?#gz,S-thiadiaz 10

ol -5-yl thio)-3-cephem 4-carboxyl at'e, Z-T1re xybenzyl ester (200 ny,

0.24 mmol ), th{TRY &P~ { {B) 7D~ (P- &A1 ARGV ) chlorothfafoE 08l Lodige (35 nu,
0.24 mmol) in acetonitrile (3 m.) was stirred at” room tenperature
overni ght. The £lporoethoxyindng) acetagddald 3i-rl3-W2at ed with 15

di chl thane. . The. s esj di ssol yed. i 2 ) and
ey e e e Ao eh R LA Sne By} Eowrtded 1 ER G A SCerhamr 4y of o 500 g
?1;“ tg)e tsi3t |1§ ggrrpgunggzl-iéf*ﬂkh&'l\/&riﬂuorégﬁiéfa&idds&1é5 (s, 18), 2.81

Example 130

(7R) -7- [ (2) -2~ (2-amino-5-chlorothiazol-4-yl) -2- (2-
10 | fluoroethoxyimino) acetamido] -3- [3- (2-

- guanidinoethylthiomethyl) pyrid-4-ylthio] -3- cephem-4-

ca.f:boxylate, trifluoroacetic acid salt

~ Example 131
15 (7R) -7-[(Z) -2- (2-amino-5-chlorothiazol-4-yl) -2~ (2-
£luoroethoxyimino) acetamido] -3- [3- (2-N-
(iminomethyl)aminoethylthiomethyl)pyrid-4-ylthio] -3-

cephem-4-carboxylate, trifluorocacetic acid salt

20 Example 132
- (7R)-7-1(2)-2-(2-amino-5-chlorothiazol-4-yl)-2-(2-
fluoroethoi:yimino) acetamido] -3-[3-(2-
aminopropylthiomethyl)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorcacetic acid salt

25

Example 133
(7R) -7-[(2) -2- (2~-amino-5-chlorothiazol-4-yl) -2-(2-
£fluoroethoxyimino) acetamido] -3- [3- (2~
30 guanidinopropylthiomethyl)pyrid-4-ylthio] -3-cephem-4-

carboxylate, trifluorocacetic acid salt



3.36 (d, 1, J=15), 3.55 (d, 1, J=15), 3.62 (m 2), 3.80 20 (s, 3), 3.83

(d, 1, J=18), 4.80 (d, 1, J=15), 4.86 (d, 1, J=15), 5.08 (d, 1, J=5),
5.23 (d, 1, wesPiarrd. 27 (d, 1, J=12), 5.58 (dd, 1, J=c1Pussenshs(d,
2, J=9), 7.37 (d, 2, J=9), 8.24 (d, 1, J=8) . WO 97/ 13772
86 Exanpl e«44 (7R) -7-{[

(2- guadi ni noet hyl t hi o) acetyl ] am no}-3- (4- '

i sot hi our oni unmret hyl t hi onet hyl -1, 2, 3-1¢5

t hi adi azol -5-yl thi o) - 3-cephem 4- carboxylic acid, 5

2,2-dichloroacetate salt le APl ution of

(7R) 7-{[2-[N, N -bis-(t-butoxycarbon amgguadl ni no] et hyl th

i o] acet yl ] ami nd 7R3 ~F4-1i{8)t-Ri-d2-eminer5St-ichlorothdarol -4 -¥1) -2- (2~

, 3--1, 2, 3-t hi adi azol | t hi.0) - 3:C m 4- cay boxyl a 1

élmﬁlt hoxybetnzyl este#f Wﬁ%ﬂ@“&%ﬂf'%’i&y'g’ (0]‘_1 miZS ihn
i chl or oacet i adgﬁﬁ,ﬁ{.é% f%“ eafor

The m xture was preC| pl#ﬂét fﬁh uﬁy}eé#{r? J>:<2ﬂ:ﬁ""ﬁl%ered and
vacuum @& i ed t 0 cephem-4fdanisosylae of tibfluotdsceipoasid dalt

Usi ng substantially the sane net hods as

BExample 135
(7R) -7-1(2) -2- (2-amino-5-chlorothiazol-4-yl)-2-(2-
fluorocethoxyimino)acetamido] ~3-[3- (2-amino-2-
10 carboxamidoethylthiomethyl)pyrid-4-ylthio] -3-cephem-4-
carboxylate, trifluorcacetic acid salt

Example 136
15 (7R) -7-[(Z2) -2- (2-amino-5-chlorothiazol-4-yl) -2-{2-
fluoroethoxyimino)acetamido} -3~ [3- (2-guanidino-2-
carboxamidoethylthiomethyl)pyrid-4-ylthio} -3-cephem-4-
carboxylate, trifluoroacetic acid salt

»

20 Example 137
{7R) -7-[(2) -2~ (2~amino-5-chlorothiazol-4-yl) -2-(2-
fluoroethoxyimino)acetamido] -3-[3- (2-N-
(iminomethyl) amino-2-carboxamidoethylthiomethyl)pyrid-
4-ylthio] -3-cephem-4-carboxylate, trifluorcacetic
25 acid salt



described in the Exanpl es above, the follow ng addi ti onal conpounds
wer e prepared: Exanple 45 20

(7R -7- [ -am not hi azol - 4-yl)-2-

(hydr oxyi mﬁ%‘%@f’gm dol - 3-[ 3- (2- ami noet hyl t hi o) pyri d- PCT/US96/16349
4-yl t hi o] - 3-cephem 4-car boxyl ate, trifluoroacetic

acid salt 25 Exanpl e 46

(7R)-7-[(2) -2-(2-am not hi azol -4-yl) - Xpg

(hydr oxyi m no) acet am do] - 3-[ 3- ( 2-

guani di noet hyl t hi o) pyri d-4-yl t hi GBya¥ hegg 4- 30 car boxyl at e,
trifluoroacetic acid salt ' 97/ 13772

PCT/ US96/ 163497R) -7-[(2) -2~ (2-amino-5-chlorothiazol74-yl) -2- (2-

Exanpl e 47 (7R -7-[(2)-2-(2-am not hi azol -4-yl)-2-

(hydr oxyi i no) adeiuaRanfhexyistincacetamido] -3~ [3~ (2-amino-3-
hydroxypropylthiomethyl)pyrid-4-ylthio] ~-3-cephem-4-
5 carboxylate, trifluoroacetic acid salt

Example 139
(7R)-7-[(Z)-2f(2-aminoe5-chiorq£hia;oi-4;yl)-2-(2-
fluoroathoxiimino)aégtaﬁido]—3;(3-(2-guanidino-3~

10 hydroxypropylthiumethyi)ﬁy?iﬁ-éfyithio]33fé§phem-4—

carboxylate, trifiudroacéti¢_ddid salt

Example 140
(7R)-7-[(2)-2-(2-aminosS-chlorothiazol-4-y1)-2-(2-
15 | fluoroethquiﬁind)acétaﬁi&é]-3-[3-(2-N-
(iminaméthyl)amino;3-hydroxypropyi:hiomethyl)pyrid-i-
ylthio];3?cephem-4-carboxY1ate.'trifludroacetic
" acid salt

20 Thus, it will be appreciated that the
compounds, methods and compositions of the invention
are effective against various'ﬁ-léctam resistant
strains of bacteria which pose an increasing health
risk to society. |

25 Althpugh certain embodiments and examples
have been used to describe the present invention, it
will be apparent to those skilled in the art that
changes to the embodiments and examples shown may be
made without departing from the scope or spirit of the

30 invention.



5 (1 m nomet hyl ) am noet hyl t hi o) pyri d-4-yl t hi o] - 3-cephem 4-
carboxylate, trifluoroacetic acid salt

Exanpl e 48 wo 9711137112 (7R -7-[(2)-2-(2-am not hi azol - 4- y| peRrisociisses
(hydr oxyi m no) acet am do] - 3-[ 3- (2- am nopr opyl t hi o) pyri d-

4-yl t hi o] - 3-cephem 4-car boxyl ate, trifluoroacetic

acid salt Exanple 49 15

(7R -7-[(2) -2-(2-am not hi azol -4-yl)-2107

(hydr oxyi m no) acet am do] -3- [3- (2-

guani di nopr opyl t hi 0) pPhose 4refétendes- mmmﬁpmeﬁzously incorporatedr boxyl at e,
trifluoroacetic acid salt 20 Exanpl e 50
(7R - 7- [ (Z)hexein &y reeferorfre 4-4agluding both patent and

A L s e e B

car boxyl at ehertdid | bpre@Eetencactsr sﬂl pﬁiposes

5 Other embodiments are within the following

claims.



WD 97/ 13772 PCT/ US96/ 16349

88 Exanpl e 51 (7R -7- [(2
-2- (2-am Rpbhhazer- 4-yl) - 2-

(hydr oxyi ni no) acet ani do] - 3- [ 3- ( 2- ani no- 2- PCT/US96/16349

car boxam doet hyl t hi o) pyri d-4-yl thio]-3-cephem4- 5 car boxyl at e,

trifluoroacetic acid salt _

(7R) -7- [(Z2) -2- (2-am nothiazol-4-y - 2-

(hydr oxyi m no) acet am dol - 3-[ 3- ( 2- guanihgisno 2- 10 ”"I"””,”",’”MJUM
car boxam dogiAwy | i @obMimss 4- yl t hi 0] - 3- cephem

trifluoroacetic acid salt WSL
(7R -7-[(2)-2-(2-am not hi azol -4-yl)-2- 15

(hydr oxyi m no) acet am do] - 3- [ 2- N (| m nomet hyl ) am no-

2- car boxani doet ¥y t hllb)‘E@'PP%“‘Aé of tthe formald: m4-

carboxylate, trifluoroacetic acid sal t '

Exanmpl e 54 20 (7R) -7- [ (Z2) -2-(2-am nothiazol -4-yl)-2-
(hydr oxyi m no) acet am doL- 3- [3 2-am no-@Y, .

hydr oxypr opyl t hi o) pyrid -3-¢c m4- car boxyl at e,
trifluoroacetic acid salt \ - - Exanpl e 55
(7R) -7- [ (2 -2-(2-am 4- (hydr oxyi m no)

acetam do) -3- [3- (2-guanidinfo-

[(al IR
hydr oxypr opyl t hi 0) pyri d-4-yl t hf 3. cephem h)"(wawzhz

or its pharmaceutically acceptable salts or prodrugs

5 wherein

R! is selected from the group consisting of

s/>
-NHC(0) ZR?, -NR‘R* and 'NHC(OJ\ ;

Z is selected from the group consisting of
~CH, (X)p-, -C(NOR®)-, -CH(OR?)-, -C(CHCO,R®)- and
10 -CH (NR°RY9) - ;

X is selected from the gi'oup consisting of

oxygen and sulphur;
m is selected from the group consisting of 0 and 1;

R® is selected from the group consisting of cyano,

15 optionally substituted alkyl, optionally

substituted aryl, optionally substituted -
* This Sheet Has Been Reilaced

A IIIIII ]




carboxyl ate, trifluoroaceti c acid salt

 D—— T ot
(hydr oxyi m no) acet ami dol - 3-[ 37( 25 N-%i M ndnethyl ) am no-

3- hydr oxypropyl t hi o) pyri d-4-yl thi o] - 3- cephem 4- 5 car boxyl at e,
trifluoroacetic acid salt Exarrple 57

(7R -7-[(2) -2-(2-am not hi azol -4-yl)-209
(hydroxyi m no) acet ami do] - 3-[3-(2- 10

am noet hyl t hi Offfét’féilc)dyélé' dopit i Sl 18- éwaeﬂwted heteroaralkytar boxyl at e,
trifluoroacetic acid sal Exanple 58 15

(TR -7-[(2)- 2- (aih@rﬂmﬂh‘l‘azol 4-yl)-2-
(hydr oxyi m no) acet am do] - 3-[ 3- ( 2-
guani di noet hyl t hi onet hyl ) pyri d- 4-yl t hi 0] - 3- cephem 4-

n is 1 to 6,

T is selected from the group consisting of amino,
5 amidino {(C- or N-linked), guanidino, and isothioureido,
optionally substituted by alkyl, aryl, hydroxyl, or

amino;

R*7 are independently selected from the group
consisting of hydrogen, alkyl, aryl and acyl;
10 wherein Rf may also be a group that forms a

protected hydroxy group with the adjacent oxygen

R® is selected from the group of hydrogen, alkyl and

aryl;

R® and R are selected independently from the group
15 consisting of hydrogen, alkyl, acyl, and

heterocyclecarbonyl;

R? is selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted aryl, optionally

20 substituted heterocycle, optionally substituted
aralkyl, optionally substituted heterocaralkyl, and
trialkylsilyl; or R® is not present and the CO, group to

which it would be attached bears a negative charge;

This Sheet Has Been Rei aced
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car boxyl at e, trifluoroacetic ae%d sa't

2
Exanpl e 59 - 2- am not hi azol - 4-yl) - 2-
(hydr oxyi ni i do] - 3 [3 ( " ll llul
(ininonethypﬁanlno hyl t hi ormet hy I ' 3- PCT/US96/16349

cephom 4- car boxyl at e, trlfluoroacetlc aC|d sal f

Exanpl e 60 (7R -7-[(2)-2-(2-am noth| azol -4-yl) - 2-
(hydr oxyi m no) acet am do] -3- [3- (2- 10
am nopropyl t hi onet hyl ) pyri d-4-yl thi o] .- § cephem 4- 30 carboxyl at e,

;E};ngg?ige chacbd $8h'e are select¥5)8Z6$SZﬁg ggoup consisting

Exanpl e 61 of carbon, niERbgeﬁ ah87Z3ulgh(2- andnehsi spekbifiyl ) - 2-
(hydroxyi nm no) acet am do] - 3-( 2-

guan|d|nopromyxthpﬁethy9¥p9 ErﬂupﬁthvoPoSDcéBﬁeﬁ}ls gimited to

00 oL S AR e, e heiat Searpl o

(hydroxy@nlng}egetanldo] 3-[3-(2-N

R! is selected from the group consisting of H, halogen,
alkyl, alkoxy, hydroxyl, amino,_cyané, hydroxyalkyl,
carboxamidoalkyl, optionally substituted aminoalkyl or
quaternary ammonium alkyl, ahd quaternary

10 heterocaryliumalkyl;
alk, and alk, are alkyl groups and are indepgndently and
optionally substituted with a substitutent selected
from the group'coﬁsisting of alkyl, hydroxyl, '
optionally substituted amino, alkoxy, hydroxyalkyl and
15 optionally substituted carboxamide;

p is 0, 1, or 2;

R is selected from the group consisting of sulfur, SO,

SO,, NH, N-alkyl, oxygen, C=C (cis or trans), and C=C;
q is 1;

20 r is 0, 1; 2 or 3;

N NRRS R R
c/\ 15R13 ’ " 14 3{ “ 1
R1?2 ig NRIRM, N , NR S, NR™ .
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10 (i m nonet hyl ) am nopropy_l_t hi onet hyl )pyri d 4-yl t hiol - 3-

cephem 4-carboxylate, trifl uo ﬂnmmﬁ'

Exanpl e 63 w0 9713772 (7R not hi azol - 4- yl perlusskaéae
hydr oxyi ni no) acet ani do] - 3-[ 3- ('2- &m to- *

(hy y

car boxam doet hyl t hi onet hyl ) pyri d-4-yl t hi o] 3- cephem 4-

carboxylate, trifluoroacetic acid salt 20

Exanpl e 64 (7R) 7-1(2))223(2- am nothl azol -4-yl)-2- |

(hydroxyi m no) acet am do] - 3- [ 3- ( 2- guam di no- 2-

car boxam doet hyl t hi onet hyl ) pgri d-4-yl thio] -3- cephem 4-

carboxyl ate, prifl uoroaget i)ﬂam d salt _25ygwsRie

Exanpl e 65 ﬁ \,6 [(2)¢ s(\ﬁam not hi azol - 4-yl) - 2-

(hydroxyi mi} ﬂL‘B i do] - 3}[3(2 N- (i | ) am no-

2=car boxam i omet W3k ) pyrj dog- vl B-rNR‘.ﬁR‘ -cephem 30

4- car boxyl at e tr| f1 oroacetic acid salt WO 97/ 13772

PCT/ US96/ 16349 91

Exanpl e 66
R}?-R'¥ are independently selected from the group
consisting of H, hydroxy, amino, amidino, alkyl,
cycloalkyl, acyl, aminoacyl, and phosphoryl and

5 taken together may form a 5- or 6-membered ring;

and
R'? is H or alkyl;

wherein alk, and R taken together may form an
optionally substituted 5 or 6 member non-aromatic

10 heterocycle.

2. The compound or salt of claim 1, wherein R?! is

-NHC (O) 2R*

3. The compound or salt of claim 2, wherein R’ is
optionally substituted aryl or an optionally
15 substituted heterocycle.

. 4. The compound or salt of claim 3, wherein R?® is
selected from the group consisting of optionally
substituted phenyl, optionally substituted thienyl,
optionally substituted furanyl, 2-aminothiazol-4-yl, 2-

20 amino-5-chlorothiazol-4-yl, and 2-aminothiadiazol-4-yl.
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(7R)-7-[(2) - 2- (2- ami not hi azol - 4-yl ) - 2-
(hydr oxyi m no) acetam do] -3- [3- (2-am no-3-

hydr oxpr op Q#gihyl)pyrld m 4- 5

car boxyl at )e“'b@, |'uor oacetic tm’m Ilﬂ“ @ﬂmg PCTIUS96/16349
Exanpl e 67 (7TR) *-7¢ [¢ ) *Z2- am not hi azol -4-yl) -2- 10
(hydr oxyi m no) acet am dol - 3- [ 3- ( 2- guani di no- 3-

hydr oxypropyl t hi omet hyl ) pyri d-4-ylthi §j5- 3- cephem4 -

carboxylate, trifluoroacetic acid salt

Exanple 68 15 g The 104@‘{%‘1 [&Dﬁré SREIRR : ZQLahn?“ré/iﬁ £ is

(hydr oxyi mi no) acet am I m nonet’

3- hydr oxy pr-ap{NORS) e e tand prisdsélgbtéaofr&ncehéegréup consisting
carboxylate, trifluoroacetic acid salt

Exanpl e 69 of hydroggmymgnd. ?E%°®¥h¢§mg:%¢ﬂ®r@1kwhzo| 4-yl)-2-
(hydr oxyi m no) acet am do] - 3-[ 3- (2- am noet hyl t hi o) pyri d-
4-yl thiol - 3-cephem 4-car boxyl ate, trifluoroacetic

acid salt 25 g, The compound or salt ofX@I®i#® F0 wherein R¢ is

5 selected from the group consisting of hydrogen,
2-fluoroethyl, cyclopropylmethyl, allyl, dichloroallyl
and cyclopentyl,.and R? is selected from the group
consisting of phenyl, 2-thienyl, 2-furyl,
2-aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl, and

10 2-aminothiadiazol-4-yl.

7. The compound or salt of claim 6, wherein R® is
hydrogen or 2-fluoroethyl and R?® is 2-aminothiazol-4-yl .

or 2-amino-5-chlorothiazol-4-yl.

8. The compound or salt of claim 7, wherein said
15 compound is active against methicillin-resistant,
vancomycin-fesistant, or ampicillin-resistant bacteria,
as demonstrated by a lower minimum inhibitory

concentration than cefotaxime or imipenem.

9. A method of treating a mammal suffering from
20 a methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant bacterial infection, comprising
administering to éuch mammal a therapeutically
effective amount of a compound or salt of any one of

claims 1-8.
f"‘**—————___;_____'
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(7R -7-[(2)-2-(2-am no-5-chl orothi azol -4-yl)-2-

(hydroxyinino)acetanido]-3f[3-(

guani di noetwglbtmimpyri d-4-ylt mIIH %‘ngﬂﬁé FCY/0SHs b aveE,
trifluoroacetic acid salt

PCT/ US96/ 16349 o 8 92

Exanple 71 (7R) -7- (Z2) -2- (2-ami no-5- @hlorothlazol 4-yl) -2-

(hydr oxyi m no) acet am do] - 3-[3-(2-N- 113 ..
(i m nomet hyl ) am noet hyl t hi o) pyri d-4-yl thio]-3-cephem4- 5 carboxyl ate,
trifluoroacetic iaci d s tmethod of claim 9, whereln said Bxamnat 12
(YR -7-[(2), -2-(2-am no-5-chl orot hi azol -4-y
( hydr oxyi miRPestad Widdh a@ﬁ@’(%%ﬂ’h‘tﬁﬂ%#’hﬁ Seaphylogeccal or
4-yl t hi o] - 3- - carho
ol d ealt eI h SUNRVLA Bntdidds SECE :}%a?%sml 5
-2- (2-am no-5-chl orothiazol-4-yl) -2-
(hydroxyi m no) acet am do] - 3- [ 3- ( 2-

11. An antibacterial composition for treating a

(7R -7-1(2)

5 methicillin-resistant, vancomycin-resistant, ox
ampicillin-resistant bacterial infection, comprising a
therapeutically effective amount of a compound or salt
of any one of claims 1-8 in a pharmaceutically

acceptable carrier.

10 12. The composition of claim 11, wherein said
bacteria is a methicillin-resistant Staphylococcal or

ampicillin-resistant Enterococcal organism.

13. A compound of the formula:

R’ 1;0.3
Ring_ G/H f
=N\ A Nyl
o 5
COR? [(alh)p(ﬂq(a“@lRTzh-z

15 or its pharmaceutically acceptable salts or prodrugs

wherein

R! is selected from the group consisting of

S”;>
-NHC(0) ZR*, -NR'R* and -NHC(O))\ )
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guani di nopr opyl t hi o) pyri d- 4vy+Lth;_3_gegn§glfg car boxyl at e,

trlfluoroacetlc acid salt Exanple 74

(o ovyi o BB 20102 lﬂlllﬂ > reTsseiens

(|n1nonethyl)an1nopropylthlo)pyrld 4-Y1 thi ol - 3- cephem

4-carboxyl ate, trifluoroacetic acid salt 25

Exanpl e 75 (7TR)-7-[(2) - 2- (2 qglno 5-chl orot hi azol - 4-yl ) - 2-
(hydroxyinino)acetan1do] 3-[3-(2-am no-

carboxanidoethyl%hig) ggtéayk&BhOLh§[§§$§§39§§s§Qt1ng of carboxyl ate,

-trifluoroacetic aci
PCT/ US96/ 16349 -cn,(X)., , -C(NOR®)-, -CH(OR")-, -C(THCO,R®)- and

Exanmpl e 76 /RY-7-[ (2)- 2- (2-am no- '5-chl or ot hi azol - yI) 2-
(hydroxyinino)ace@ﬁ&ﬂg§F° =} 3- (2- guani di no- 2-
car boxam doet hyl t hi o) pyri d- 4-yl t.hi o] - 3- cephem 4- 5 car boxyl at e,

trifluoroacetic acid salt . _
X is selected from the group consisting of

S oxygen and sulphur;

m is selected from the group consisting of 0

and 1;

R® is selected frém the group consisting of cyano,
optionally substituted alkyl, optionally

10 substituted aryl, optionally substituted
heterocycle, optlonally substituted heteroaralkyl
and (CH,),T,

n is 1 to &6,

T is selected from éhe group comnsisting of amino,

15 amidino (C- or N-linked), guanidino, and
isothioureido, optionally substituted by alkyl,
aryl, hydroxyl, or amino;

R*? are independently selected from the group
consisting of hydrogen, alkyl, aryl and acyl;
20 wherein R® may also be a group that forms a

protected hydroxy group with the adjacent oxygen.

R® is selected from the group of hydrogen, alkyl

and arvyl;
Y Th.s Sheet H.
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Exampl e 77 (7TR) -7- [€&—~2- (2-am no-5-chlorothiazol-4-yl)-2-
(hydr oxyi m no) acet am do] - 3-[ 3- (2-N-(i onet h amno- 10
2- car boxaniwpswiaghs hi o) pyr i d 4- * || mﬁiﬁfmfﬁ |4- PCT/US96/16349

carboxyl ate, trifluoroacetic ac

Exampl e 78 (7R -7-[(2) -2- (2 am no- 5-chl or ot hi azol - 4-yl)-2- 15
(hydr oxyi m no) acet am do] - 3-[ 3- (2- am no- 3-

hydr oxypr opyl t hi 0) pyri d- 4-yl t hi o] - 3- cephem 4- i car boxyl at e,
trifluoroacetic acid salt 20 g“ Exanpl e 79

(7R - 7-[ (2) - 2- ( R*ashAORE- apkoselBrezal iAdkpendently from the
(-hydr oxyi m no) acet am do] - 3- [ 3- (2- guani di no- 3-

hydroxypropylths@?ppwqwnﬁlﬁmﬂwﬂb 3hydyegens- alkyl, acyl, amghrboxyl ate,
trifluoroacetic,acid sa I& Exanpl e 80
(7TR) - 7- 1(2) - 2- ( DEESGFR5YS: SFATPOPN ol - 4-yl)-2-

(hydr oxyi m no) acet am do] - 3-[ 3- (2- N- (i m nonet hyl ) am no- 3

- hydroxypropyl thio) pyrid-4 -ylthio] -3- cephem4 - 30

carboxyl atr? isisélecvedefromathe gmbtp consisting of hydrogen,

5 optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted aryl, optionally
substituted heterocycle, optionally substituted
aralkyl, optionally substituted heteroaralkyl, and
trialkylsilyl; or R? is not present and the CO, group to

10 which it would be attached bears a negative charge;

G, H, J, L and M are carbon, nitrogen or *NR
{quaternary ammonium heterocycle) and the specific
juxtaposition of groups G, H, J, L and M is limited to
examples of heterocyclic groups known in the chemistry

i5 arts;

R is selected from the group consisting of H, halogen,
optionally substituted alkyl, alkoxy, hydroxyl,
optionally substituted amino, cyano, optionally
substituted hydroxyalkyl, optionally substituted

20 carboxamidoalkyl, optionally substituted aminoalkyl or
quaternary ammonium alkyl, and guaternary

hetercaryliumalkyl;

. alk, and alk, are alkyl groups and are independently and
optionally substituted with a substitutent selected
25 from the group consisting of alkyl, hydroxyl,
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WD 97/ 13772 PCT/ US96/ 16349

?g 5- @i SheHAI azol - 4- Yl ‘ M\“\ (V? AL Pk | do]
am no- i azo y y roxyllgg.ﬁ,ﬁg ul do

-3- [3- (2- ﬁh@f am noeth m\“\mﬁm I‘*I d- 4-yl t hi ol cephem 435 '

carboxyl ate, trifluoroacetic acid salt -

Exanpl e 82 (7R -7-[(5)-2-(2-am no-5-chl orot hi azol -4-yl)-2- 10

(hydr oxyi m no) acet am do] - 3-[ 3- ( 2- 116

guani di noet hyl t hi onet hyl ) pyri d- 4-yl t hi ol - 3- cephen}4-

car boxyl at eogi:ibfz&ﬂ?oéﬁsbtitﬁ%ﬁ afiho, alkox ﬁ

Exanpl e 83 - (2-am no- rot | az 4-y
(hydroxyi m cptienalayi dupstitutad (::arhlexam:.de, (| m nomet hyl )

am noet hyl t hi onet hyl ) pyri d-4-yl t hi o] - 3- cephem 4- car boxyl at e,
trifluoroacetic acid salt 20 Exanpl e 84
(7R -7-1(2) - 2§2 amy hl or ot hi azol - 4-yl) - 2-

(hydr oxyi m%oj"aoef ami’ do? 13- (2-

anm nopropyl t hi omet hyl ) pyri d-4-yl t hi o] - 3- cephem 4-
carboxylate, trifluoroacetic acid salt
R* is selected from the: group consisting of sulfur, SO,

5 S0,, NH, N-alkyl, oxygen, C=C (cis or tramns), and C=C;
q is 1;

r is 0, 1, 2 or 3;

P AN ™
"1(\ NRYRYM ' ;law

10 R¥-R are independently selected from the group
consisting of H, hydroxy, amino, amidino, ‘alkyl,
cycloalkyl, acyl, aminoacyl, and phosphoryl a_lnd
taken together may form a 5- or G-membered. ring;

and

" This Sheet Has Been Rei
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25 Ie 85

(7R)-7-[(2)-2-(2-am no-5-chl or

(hydr oxyi m woQ ams72an do] - 3- [ 3- ( cﬂmm“m“wl““ PCT/US96/16349
guani di nopropyl t hi onet hyl ) pyr| d-%4- fltﬁlo -3 cephem 4-

carboxyl ate, trifluoroacetic aC|d salt WO 97/ 13772

PCT/ US96/ 16349 95

Exanpl e 86 (7R) -7- [(Z2) -2-112-am no-5-chlorothiazol-4:-yl) -2-
(hydr oxyi m no) acet am do] - 3-[3-(2- N ' (1 m nomet hyl)

am nopr opy! RAT adreetdhydy pyikylk A- yl t hi o] - 3- 5 cephem 4- car boxyl at e,
tr«i fl uoroacetic acid salt Exanpl e 87

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

cat bowan GoSPRITR Opnghty B S Febiskner. may. £opm ap,

car boxyl at e optfiidrla1qyp aaAidtd tafdel Fdr 6 member non-aromatic

heterocycle.

5 14. The compound or salt of claim 13, wherein R*

is -NHC(O)2ZR3.

15. The compound or salt of claim 14, wherein R?
is optionally substituted aryl or an optiocnally

substituted heterocycle.

10 16. The compound or salt of claim 15, wherein R?
is selected from the group consisting of optionally
substituted phenyl, optionally substituted thienyl,
optionally substituted furanyl, 2-aminothiazol-4-yl, 2-

amino-5-chlorothiazol-4-yl, and 2-aminothiadiazol-4-yl.

15 17. The compound or salt of claim 16, wherein Z
is -C(NOR®)-, and R® is selected from the group
consisting of hydrogen and optionally substituted
alkyl.

18. The compound or salt of claim 17, wherein R®
20 1is selected from the group consisting of hydrogen,
v 2-fluorocethyl, cyclopropylmethyl, allyl, dichloroallyl
and cyclopentyl, and R® is selected from the group
consisting of phenyl, 2-thienyl, 2-furyl,

. Thn Sheet Has Bee,
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Exanpl e 88 (72)-7- [(Z-2-(2-am no-5-chl orot hi azol -4-yl)-2- 15
(hydr oxyi m no) acet am do] - 3- [ 3- ( 2- guani di no- 2-

carbonyiaterertirooroacet ¢ MMM " revussnas
Exanple 89 20 (7R -7-. [* (% +2- (2% am no-5-chl orot hi azol -4-yl') -2-
(hydr oxyi m no) acet am do] - 3- [3- (2-N- (i mnonethyl) am no-

2-carboxanidoethy|thionethyl)pyrid-4-£lthio] - 3-cephem
4- carboxyl ate, trifluoroacetic acid s

Exanpl e 90 (7R) -7- [(2) -2- (2-amno-5-chl orothiazol -4- yI) - 2-
(hydroxylmZnEWkﬂﬂﬁhdiﬁq 34f21(22a9$h%°35 -chlorothiazol-4-yl, and -~
hydroxypro | thio th|o] 3-cephem 4-

carboxylat - gotRy %ééé%é% saLt o WD 97/13772

PCT/ US96/ 16349

19. The compbund or salt of claim 18, wherein RS
is hydrogen or 2- fluoroethyl and R® is 2- aminothlazol 4-

5 ¥yl or 2-amino-5- chlorothlazol -4-yl.

20. The compound or salt of claim 19;Iwherein
said compound is active against methicillin-resistant
vancomycin-resistant, or ampicillin-resistant bacteria,
as demonstrated by a lower minimum inhibitory

10 concentration than cefotaxime or imipenem.

21. A method of treating a mammal suffering from
a methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant bacterial infection; comprising
administefing to such mammal a.therapeutically
15 effective améunt-of a compound or salt of any one of

claims 13-20.

22. The method of claim 21, wherein said mammal
is infected with a methicillin-resistant Staphylococcal

or ampicillin-resistant Enterococcal organism.

20 23. An antibacterial composition for treating a
methicillin-resistant, vancomycin-resistant, or
ampicilliﬂ-fesistant bacterial infection, comprising a
therapeuticélly effective amount of a compound or salt

of any one of claims 13-22 in a pharmaceutically

"ﬁ'

25 acceptable carrier.:
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96 Exanmpl e 91
(7R -7-[(2)-2-(2-am no-5-chl oroth| azol -4-yl)-2-

(hydr oxydiwp', t am do] - 3- PCT/US96/16349
hydr oxypr opyl t)ﬁ?f)’?ret hyl) pyri d 4 Imm'm mmum 4- 5
carboxyl ate, trifluoroacetic aci

Exanhpl e 92 (7TR) -7- [(Z) -2- (2-azm no-5-chl orot hi azol -4-yl) -2-
(hydr oxyi mi no) acet am do] - 3-[ 3- (2- N- (i m nonet hyl ) am no- 10

3- hydr oxypr opyl t hi onmet hyl* )pyr| d- 4- yl t Bild - 3- cephem 4-

carboxylate, trifluoroacetic acid salt

Exanpl e 93 24. Thé7epmpogifjofi- 6F- elaimt RBazwhetelhn) sA2id2- 15

f1 uor oet hoxyi mi no) acet am dol_' 3-[3-(2-

ani noet hyl tbﬁt@wy%adla 3 ne bpcsléépngﬁsz,stant Staphylocoggado @y at e,

(7R 71 (el i niPrpagany. Rpesopgocal organiem.  XATPIE BE 20

f I uor oet hoxyi m no) acet am doj - 3-[ 3- ( 2-
guani di noet hyl t hi o) pyri d-4-ylthiol -3-cephem 4- car boxyl at e,
trifluoroacetic acid salt 25 Exanpl e 95

25. A compound of the formula:

R1 Ni<

/ i
5 Imptk"%q(al@,a“lu

or its pharmaceutically acceptable salts or prodrugs

wherein

R! is selected from the group consisting of

s/>
-NHC (0) ZR?, -NRSRS- and -NHC(O‘)\ ;

10 2Z is selected from the group consisting of -CH, (X},-
-C(NOR®) -, ~CH{OR?)-, -C(CHCO,R®)- and -CH(NR’R*®)-;

X is selected from the group consisting of oxygen and

sulphur;

m is selected from the group consisting of 0 and 1;

This Sheet Has Been Reilace
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(7R)-7-1(2)
f 1 uor oet hoxy

_2-(2- ani not hi azol - 4-yl ) - 2- ( 2-

i m no)acetam do] -3-[3-(2-1\

(i m nomet hy hylthio)py ephen}
4- car boxy| atlvga%rl : | uor oacet i H m.s" ”’i "T“ V\D 97/ 13¥7G3/US96/16349

PCT/U896/16349

Exanpl e 96

f I uor oet hoxy
am nopropyl t
trifluoroace
(7R -7- [ (
quoroethoxy
guani di nopr o
trifluoroace
(7R -7-[(2)
f I uor oet hoxy

10

15

(7R) - 7- [(Z) 2 (2 anlnothlazol 4-yl)-2-(2-

10

i m no)acet am do] - 3-[ 3- ( 2- 5 _
hi 0) pyri d-4-yl thio]-3-cephekd0- car boxyt at e,
tic acid salt Exampl e 97

R} ig-$eleatedt firawothé- gr¢uﬁ ¢8nsisting of cyano,
i ai

M no
amunq)cmw'nm do]-3-[3-(2-N

n is 1 to 6,

T is selected from the group consisting of amino,:
amidino (C- or N-linked), guanidino, and isothioureido,
optionally substituted by alkyl, aryl, hydroxyl, or

amino;

R*7 are independently selected from the group
consisting of hydrogen, alkyl, aryl and acyl;wherein. RS
may also be a group that forms a protected hydroxy
group with the adjacent oxygen . '

R® is selected from the group of hydrogen, alkyl and
aryl;

-R® and R!® are selected independently from the group

20

consisting of hydrogen, alkyl, acyl, and

heterocyclecarbonyl;

R? is selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted aryl, optionally

substituted heterocycle, aralkyl, heterocaralkyl, and
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(i m nomet hyl ) am nopr opyl t hi 0) pyri-d=4-yl t hi o] - 3- cephem

4-car boxyl ate, trifluoroacetic,
Exanpl e 99woemsmz (7R -7| mﬂ | th az0l - 4- y| prdnisdsrieses

f I uor oet hoxyi m no) acet am do]

car boxam doet hyl t hi o) pyri d-4 yIthlo] 3- cephen}4 25 car boxyl at e,
trifluoroacetic acid salt Exanpl e 100

(7R -7-[(2) -2-(2-am not hi azol -4-yl) - 2- 3

f 1 uor oet hoxyi m no) acet anmi do] -3-[3-(2% &anldlno 5! 30

car boxam doet hyl t hi o) pyri d-4-yl t hi o] - 3- cephem 4- car boxyl at e,
tori fl uor oadetialkylsikylt or R® is now\mseﬁemﬂm:d the CO; group to

PCT/ US96/ 16349

Exanpl e 10Which it would g attached bearg; ﬂo?ﬁ?ﬁ‘ib?’e4°§}?$9§:(2-
f*l uor oet hoxyi m no) acetam do] -3-[3-(2-N (1 m nomet hyl)

am no- 2- car boxam doet hyl thi o) pyrid-4- 5

yl t hi 0] - 3- gephesr detacbedyEnbn, theigkuupoeonéheting of H, halogen,
acid salt l e 102

(7R) - 7- [ ( 23XkyD- B NRRY bz ADING) )CYaRo, h roxyalkyl,

5 carboxamidoalkyl, optionally substituted aminoalkyl or
quaternary ammonium alkyl, and guaternary

heteroaryliumalkyl;
alk, and alk, are alkyl groups and are independently and
optionally substituted with a substitutent selected

10 from the group consisting of alkyl, hydroxyl,
optionally substituted amino, alkoxy, hydroxyalkyl and
optionally substituted carboxamide;

p is 0, 1, or 2;

R*» is selected from the group consisting of sulfur, SO,

15 S0O,, NH, N-alkyl, oxygen, C=C {cis or trans), and C=C;
q is 1;

r is 0, 1, 2 or 3;

+ NR“R“ ’ s R13
N RSR? N 7
o \II/N Y
R is NRIRM, . NR R', NRY , NR™
" This Sheet Has Been Re

[l uun I m liu




10 f1 uor oet hoxyi m no) acet ani do] - 3-[ 3- (2- ani no- 3-
hydr oxypr opyl t hi o) pyri d-4-yl t hi ol - 3-cephem 4- car boxyl at e,

O e S

f 1 uor oet hoxyi m no) acet am do] - 3-[ 3- ( 2-‘gtiantdi ho-*3-

hydr oxypr opyl t hi o) pyri d-4-yl t hi o] - 3-cephem 4- car boxyl at e,
~trifluoroacetic acid salt 20 _ Exanpl e 104

" (TR -7-[(2)-2-(2-am not hi azol -4-yl)-2- (222 '

+ fl uoroet hoxyi m no)acetam do]-3-[3-(2-N

(i m nomet hyl ) am no- 3- hydr oxypr gpyl t hi o).pyri d- 4-

yl t hi o] - 3- cepherﬁ 4-carboxykateljtrifluor oasc\ele&RaS

acid salt WO 9F 2R

PCT/ US96/ 16349, A~ (g 99

Exanpl e 105 °*% NRPRM (7R)R137 [(2) o2 (anmﬂmj'!hl azol -4-yl)-2-(2-

f 1 uor oet hoxyi mi no) acet dni do] - 3- [ 3- (' 2- am noet hyl t hi onet hyl ) pyri d-4
-yl thio] -3-cephem 4- 5 carboxyl ate, trifluoroacetic acid salt

R?-R!* are independently selected £romlthe group
consisting of H, hydroxy, amino, amidino, alkyl,
cycloalkyl, acyl, and phosphoryl and taken

5 together may form a 5- or 6-membered ring; and
R'? is H or alkyl;

wherein alk, and R} taken together may form an
optionally substituted 5 or 6 member non- aromatlc

heterocycle.

10 26. The compound or salt of claim 25, wherein R}

is -NHC(O) ZR3.

27. The compound or salt of claim 26, wherein R?
is optionally substituted aryl or an optionally

substituted heterocycle.

15 28. The compound or salt of claim 27, wherein R?
is selected from the group consisting of opticnally
substituted phenyl, optionally substituted thienyl,

optionally substituted furanyl, 2-aminothiazolyl,
s Sttt
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Exanpl e 106 (7R)-7-1(2) - 2- (2 am noth| azol -4-yl)-2-(2- 10
f1 uor oet hoxyi m no) acet am dol - 3- [3 (2- R

guani di noet W 9W38Tet hyl ) pyr i dc”"fur hem 4- PCT/USS6/16349
carboxylate, trifluoroacetic a m, mf Exanpl e
107 15 (7R -7-[(2)- 2-("2- émhot yl)-2-(2-

fl uor oet hoxyi m no) acet am do] - 3-[ 3- (2- N- (i m' nomnet hyl )

am noet hyl t hi onet hyl ) pyri d-4-yl thio] - cephem 4- car boxyl at e,
trifl uoroacetic aci d salt 20 123 Exanpl e 108

(7TR) -7- [(21)2 2-am not hi azol - )-2- (2-
f l<uor oot hoxy maﬁzé tRiazodsié -371[.3_2(-gm1no -5-chlorothiazol-4yl, and

ani nopr opy! t?__g }‘E%h)l r.iaq?é_yll_%l.o] 3-cephem 4- car boxyl at e,
acrdsa

trifluoroaceli Exanpl e 109
(7R) -7- [(2) -2-(2-am nothiazol-4-yl)-2-(2-
fl uor oet hoxyi m no) acetam dol -3-[3-(2- 30

guani di nopr opy! t hRfet hiflhepgompotnd ofi efladm @thembbrein 2 is

car boxyl at e, tr| fl yor oaceé ﬁs a,csl d

al t
C(NOR®) -, an es.lect:ed from the group consisting

5 of hydrogen and optionally substituted alkyl.

30. The compound or salt of claim 29, wherein RS
is selected from the group consisting of hydrogen,
2-fluoroethyl, cyclopropylmethyl, allyl, dichloroallyl
and cyclopentyl, and R} is selected from the group

10 consisting of phenyl, 2-thienyl, 2-furyl,
2-aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl, and

2-aminothiadiazol-4-yl.

31. The compound or salt of claim 30, wherein R®
is hydrogen or 2-fluoroethyl and R® is 2-aminothiazol-4-

15 yl or 2-amino-5-chlorothiazol-4-yl.

32. The compound or salt of claim 31, wherein
said compound is active against methicillin-resistant
vancomycin-resistant, or ampicillin-resistant bacteria,
as demonstrated by a lower minimum inhibitory

20 concentration than cefotaxime or imipenem.

33. A method of treating a mammal suffering from
a methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant bacterial infection, comprising

administering to such mammal a therapeutically

This Sheet Has Been R

mmu unu ml u Tm



WO 97/ 13772 PCT/ US96/ 16349
100 Exanpte 110 (TR -7-[(2) - 2-

(2- am not hiyggehnsry! ) - 2- (2- t hoxyi m no) a‘i’?ﬁﬂ??s
[3-(2-N (i m nonet hyl ) - “lmm"m‘" ﬁthyl)pyrld 4-ylt |§?43§
cephem 4- car boxyl at e, trlfluoroac |0.am|

Exanple 111 (7R) - [(Z2) -2- (2 am not hi azol -4-yl) -2- (2-
quoroethoxyinino)acetanido]-3-[3-(2-anino-2- 10

car boxam doet hyl t hi onet hyl ) pyri d- 4-yl t Bi24] - 3- cephem 4-

carboxyl ate, trifluoroacetic acid salt

- Exanpl e 112 effective amouiR)eof- i (EZdpmpotfidantnedht aebl anyybhelof2- -

fl uor oet hoxyi m no) acet am do] -3- [3- (2-guanidi no-2-

car boxam doe®¥R4®Hi BRedRyl ) pyri d- 4-yl thi o] - 3- cephem 4-

carboxylate, trifluoroac-tic acid salt

Exanple 113 20 (7R -7-[(2)-2-(2-am not hi azol -4-yl)-2-(2-

f1 uor oet hoxyi m nojacet ahedaeétBoliSof2cNaim 33, wherein said mammal

is infected with a methicillin-resistant Staphylococcal. -

5 or ampicillin-resistant Enterococcal organism..

35. An antibacterial composition for treating a
methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant bacterial infection, comprising a
therapeutically'effective amount of a compound or. salt

10 of any one of claims 25-32 in a pharmaceutically

acceptable carrier.

36. The composition of claim 35, wherein said
bacteria is a methicillin-resistant Staphylococcal oxr

ampicillin-resistant Enterococcal organism.

15 37. A compound of the formula:
R (R"o.3
A~+B
\
@ N\ D
COR B Mlah el s

or its pharmaceutically acceptable salts or prodrugs

wherein

R! is selected from the group consisting of -NHC(O)ZR?,

i
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(ininonethyl)anino-2-carboxanidoethy|thionethyl)pyrid-

4-y|thioI-3-cephen}4-carboxyIat cetlc
acid salt wbom3m I!I"I , ' m, e 114 PCT/US96/16848R) .
-7- [(2) -2- (2-am not hi azol - 4-

fl uor oet hoxyi m no) acet am do]j - 3- [3 (2- an1no 3-
hydr oxypr opyl t hi onet hyl ) pyri d-4-ylthio] -3-cephem4- 30

car boxyl at e,

trifluoroacetic acid salt WO 97/ 13772

PCT/ US96/ 16349 125 101
(7R -7- [(Z) -2-(2-am nothiazol -4-yl)-2-(2-

Exanpl e 115

f kuor oet hoxyi m no) acet am do] -
hydr oxypr opyl t hi onmet hyl ) pyri

car boxyl at e,
116

- ( 2- guani di no- 3-
ybt hi o] - 3- cephem 4- 5
sal t
- (;2- am not hi azol -4-yl ) -2-(2-

di4
trlfluoroacethgch
-NR'RY{ 7)d - NHGRYz) -

quoroethoxyinino)acetanido]-3-[3-(2-N—

10

15

Z is selected from the group consisting of -CH,(X),-.

-C{NOR®) -, ~-CH(OR?)-, -C{CHCO,R®}- and -CH{NR’R)-;

X is selected from the group consisting of oxygen and

sulphur;
m is selected from the group consisting of 0 and 1;

R® is selected from the group consisting of cyano,
optionally substituted alkyl, optionally substituted
aryl, optionally substituted heterocycle, optionally
substituted heteroaralkyl and (CH;),T,

n is 1 to 6,

T is selected from the group consisting of amino,
amidine (C~ or N-linked), guanidino, and isothioureido,
optionally substituted by alkyl, aryl, hydroxyl, or

amino;

R*? are independently selected from the group
consisting of hydrogen, alkyl, aryl and acyl;
wherein R® may also be a group that forms a protected

hydroxy group w1th the adjacent oxygen
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10 (ininonethyl)anino-3-hdeggxg%gng%Qngﬁéhyl)pyrid-4-
yIthio]-3-cephen}4-carboxylate trifluor '

acid salt e 117 15 [(2)
it T o oL ik

quoroethoxy|n1no)acetan1do]

am noet hyl t hi o) pyri d- 4- yIthlo] cephen}4- car boxyl at e,
trifluoroacetic acid salt ' Exanpl e 118 20
(7R)-7-[(2)-2-(2-am no-5-chl orot hi azol 126yl ) - 2- ( 2- )

f I uor oet hoxyi m no) acet am doj - 3-[ 3- ( 2-

guani di noet R} ihi sgpecteds fyomhichl- groapheft ydrogen, alkyl Gaadoxyl at e,
'trlfluoroacetlc acid salt Exanpl e 119 25

(7R)-7- [ (BFYAE (2-ani no- 5- chl or ot hi azol - 4-yl ) - 2- (2-
fl uor oet hoxyi m no) acet am do] -3-[3-(2- N

(i m nomet hyl ) am noet hyl t hi o) pyri d-4-yl t hi o] - 3- cephem 4- car boxyl at e,

trifluoroacg®i anadCRY el selected indépehlehti4” from the group
PCT/ US96/ 16349
consisting of hydrogen, alkyl, acyl, and

-5 heterocyclecarbonyl;

R? is selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted aryl, optionally

_ substituted heterocycle, optionally substituted

10 aralkyl, optionally substituted heterocaralkyl, and
trialkylsilyl; or R? is not present and the CO, group to

which it would be attached bears a negative charge.

A, B, D, and E are selected from the group consisting
of carbon, nitrogen and sulphur and the specific
15 Jjuxtaposition of groups A, B, D and E is limited to

examples of heterocyclic groups known in the chemistry

arts;

R! is selected from the group consisting of H, halogen,
alkyl, alkoxy, hydroxyl, amino, cyano, hydroxyalkyl,

20 carboxamidoalkyl, optionally substituted aminoalkyl or
quaternary ammonium alkyl, and quaternary

heteroaryliumalkyl;

alk, and alk, are alkyl groups and are independently and

optionally substituted with a substitutent selected

25 from the group consisting of alkyl, hydroxyl,
: . ~This Sheet Has Been Repl
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102 _ Exanpl e 120 (7R -7- [(2
-2-(2-am no-5-chl or ot hi azol - 4- yI) 2-(2-

o monrop ORI o BSTRE
trifluoroacetic acid salt Exanmpl e 121

(7R) -7- [ (2) -2-(2-am no-5-chlorothiazol-4-yl)-2-(2- 10

f | uor oet hoxyi m no) acet am do] - 3-[ 3- ( 2- )

guani di nopropyl t hi o) pyri d-4-yl t hi o] - 3-&8Bhem 4- - car boxyl at e,
trifluoroacetic acid salt Exanple 122 1 5

(7R -7- (ppti@qag-laﬁmimumtamm -allko¥y 2-Kydroxyalkyl and

fl uor oet hoxyl n,no et am 3-J 3; ( i m nonet hyl)

ani nopr opy! PR td’)"ﬁ{ﬁi q]h‘! ?c‘éﬁ’i‘?ﬁa dé 4-car boxyl at e,
teri fl uoroacetic acid sal t Exampl e 123
(7R -7-1(2)-2-(2- amnoSchIorothlazoI 4-yl)-2-(2-

f |l uor oet hoxy risn@),adst ax &gl - 3- [ 3- ( 2- am no- 2-

car boxam doet hyl t hi o) pyri d-4-yl t hi o] - 3- cephem 4-

carboxylate, trifluoroacetic acid salt

Exanpl e 124pss 55 se1ddtdd “Erdih Yne Zgr&gpa&ﬂglétfﬂﬁ%g tguff Séﬁl )-2- (2

5 S0O,, NH,N-alkyl, oxygen, C=C {(cis or trans), and C=C;
q is 1;

r is 0, 1, 2 or 3;

* {ilR"‘R“ gﬂ RISR1E ﬁi/an
OSSN
R12 ig NRIRM, NR™R , NR™ , NR™ .
Py 4 1516
~ jR17 s YRR

O | Xl
NRSR R R13 , O "'NR‘lsR“

10 R!3-RY are independently selected from the group
consisting of H, hydroxy, amino, amidino, alkyl,
cycloalkyl, acyl, aminoacyl, and phosphoryl and taken

together may form a 5- or 6-membered ring; and

R} is H or alkyl;
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quoroethoxyinino)acetanidol-3-[3-(2-guanidfno-2- 30
car boxam doet hyl t hi o) pyri d- 4-yl t hi o] -3-cephent4=

car boxyl at e ' roacetic ' ' _ WO 97/ 1377,

pCT/ Usho! 165 ﬂg’"yﬂﬂmmm l“w 103 FCT/USDGrI643
Exanmpl e 125 (7R -7-[(¥)-<- (2~ slo-9-chl or ot hi azol - 4-yl)-2-(2-

fl uor oet hoxyi m no) acet am do] - 3-[3-(2- N

(i m nomet hyl ) am no- 2- car boxamni doet hyl t hi o) pyri d- 4- 5

yl t hi o] - 3-cephem 4-car boxyl ate, trifluoipacetic )

acid salt . Exanpl e 126 (7R -7- [(2
- 2- (2- am nowhredleligl QAilN,2a88- #1% Iakesr todether may form an
f I uor oet hoxyi m no) acet am do] - 3-[ 3- ( 2- am no- 3-

hydr oxypr opy lopitiionailiyl-shbgtitiutje®-& eaphéinmember non-aromatisar boxyl at e,
trifluoroacetic acid salt 15 Exampl e 127

(7R) -7- [(ZPeEEEE¥F4%0- 5- chl or ot hi azol - 4-yl ) - 2- ( 2- -

fl uor oet hoxyi m no) acet am do] - 3-[ 3- ( 2- guani di no- 3-

38. The compound or salt of claim 37, wherein R!

5 is -NHC(O)2ZR2.

39. The compound or salt of claim 38, wherein R?
is optionally substituted aryl or an optionally

substituted heterbcycle.

40. The compound or salt of claim 39, wherein R?
10 is selected from the group consisting of optionally
substitutéd_phenyl, optionally substituted thienyl,
optionally substituted fﬁranyl,'é-aminothiazol-4-yl,.2-

amino-5-chlorothiazol-4y-1, and 2-aminothiadiazol-4-yl.

41. The compound_or_salt of claim 40, wherein 2
15 is -C(NORf)-, and R® is selected from the group
consisting of hydrogen.and optionally substituted
alkyl.

42. The compound or salt of claim 41, wherein RS
is selected from the group consisfing'of hydrogen
20 2-fluorocethyl, cYcloprdpylmethyl;'allyl, dichloroallyl
and cyclopentyl, and R* is selected from the group
consisting of phenyl, 2-thienyl, 2-furyl,
2-aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl, and
2-aminothiadiazol-4-yl. -
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hydroxypropylthio)pyrid-4-y|thio] 3-cephem 4- T car boxyl at e,
trifluoroacetic acid salt Exanpl e 128

(7R)- 71 ( Seioiirtin no-5- ohi or ot@ﬂwllmuﬁ"] il = PCT/US96/16349

f I uor oet hoxyi m no) acet am do]j -

(1 m nonet hyl ) am no- 3- hydr oxypropyl t hi o) pyri d- 4 25

yl t hi 0] - 3-cephom 4-carboxyl ate, trifluoroacetic

acid salt WO 97/ 13772 . 104
Exanpl e 129 (7R -7:{(2)-2-(2-anl®8-5-chl orot hi azol -4-yl)-2-(2-

fl uor oet hoxyi m no) acetam do] -3- [3- (2-

am noet hyl t hi onet3y. ) Bhe d:ompournad dr -Satephnelaib 42, wherem:ak‘boxyl ate,
trifluoroaceti¢c acid salt l e 130

(7R -7- [ (2P hydregsn qF Rdhhupraeiizh and \B) is (Zz-amlmthlazol -4-

gtgglr 3?%22??&%0%%%-%%%?%{%&% o(f c%phem 4-

44. The compound or salt of claim 43, wherein
5 said compound is active against methicillin-resistant
vancomycin-resistant, or ampicillin-resistant bacteria,
as demonstrated by a lower minimum inhibitory

concentration than cefotaxime or imipenem.

45. A method of treating a mammal suffering from
10 a methicillin-resistant, wvancomycin-resistant, or
ampicillin-resistant bacterial infection, comprising
administering to such mammal a therapeutically
effective amount of a compound or salt of any one of

claims 37-43.

15 46. The method of claim 45, wherein said mammal
is infected with a methicillin-resistant Staphylococcal

or ampicillin-resistant Enterococcal organism.

47. An antibacterial composition for treating a
methicillin-resistant, vancomycin-resistant, or
20 ampicillin-resistant bacterial infection, comprising a
therapeutically effective amount of a compound or salt
of any one of claims 37-43 in a pharmaceutically

acceptable carrier.

" \|ﬂi‘”“



carboxyl ate, trifluoroacetic_acid salt Exanpl e
131 15 (7R -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2-(2-

(i ety S PR, U o MM IR o 5. revosnce

cephem 4-carboxyl ate, trifluordacétit atid salt

Exanpl e 132 (7TR) -7- [_(Z) -2-(2-am no- 5-chl orothi azol -4-yl)-2-(2-
f I uor oet hoxyi m no) acet am doj - 3-[ 3- ( 2-

ani nopropyl t hi omet hyl ) pyri d- 4-yl t hi o] - 31§gphem 4-

carboxylate, trifluoroacetic acid salt

Exanpl e 133 48 /RThd- {:&9 ga.l%foﬁ‘n%f‘ocfaf!nlﬁmnh@fgin 15¥id-2- (2-

f I uor oet hoxyi m no) acet am do
guani di nopr obactexiet iyl s pyethidiylint+ n¢sBstapb estdphylococcal or

carboxylate, trifluoroacetic acid salt WO 97/ 13772
~ PCT/ US96/ 163Aampicillin-resistant Enterococcal organism. _
| Exanple 134 (7R)-7-[(2) -2-(2-am no-5-chl orot hiazol -4-yl)-2-(2-

49, A compound of the formula:

oJ"'"' / S sA

l(al&)p(R”)q(alh),R"h 2

or its pharrﬁaceut_:icélly acceptable salts or prodrugs

wherein

R! is selected from the group consisting. of -NHC({O)ZR?,

-NR'R® and -NHC(Q)J\ ;

10 Z is selected from the group consisting of -CH,(X).-,
-C(NOR®) -, -CH(OR?)-, -C({CHCO,R?)- and -CH(NR®R)-;

X is selected from the group consisting of oxygen and

sulphur;

m is selected from the group consisting of 0 and 1;

-_
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f 1 uor oet hoxyi m no) acet am do] - 3-[3-(2-N
(i mi nonet hyl ) ami nopr opyl t hi omret hyl ) pyri d-4>yl't hio] - 3-

cephem 4- cawdpoxyiraz e, trifluoro Mwﬂ pc'rms%nmg
Exanpl e 135 (7TR) -7- [( mll Im ’yél orot hi azol -4-yl)-2-(2-
f I uor oet hoxyi m no) acet am do]j - 3- (2- &ni Mo- 2-
carboxan1doethy|th|onethyl)pyrld 4-yl t hi o] - 3- cephem 4-

carboxylate, trifluoroacetic acid salt ) )

Exanpl e 136 15 (7R) -7-[(2) -2- (2-13% no-5-chlorothiazol-4-yl)-2-(2-
~fluoroet hoxyi ui no)acet am do] - 3-13-(2-guani di no- 2-

car boxam doeRhyils Isednexttted )fayomn dhe )é:tdﬂip]céh@f@hﬂig%f cyano,

car boxyl at e, trlfluoioacetlc acid salt Exanpl e

137 (RS loanllyzsubstituted; adkyle hpﬁr-emiaéitm smbﬁt)xtz::(ai
v |
o oot o 409 SRR oLt b na oA Bikonatny

4-yl t hi o] - 3-sepseitdrear hexgrohealkylf hyar qegey ite 25
acid salt WO 97/ 13772

PCT/ US96/ 16349
5 n is 1 to 6,

T is selected from the group consisting of amino,
amidino {C- or N-linked), guanidino, and isothioureido,
optionally substituted by alkyl, aryl, hydroxyl, or

amino;

10 R*%*? are independently selected from the group

consisting of hydrogen, alkyl, aryl and acyl;

R* is selected from the group of hydrogen, alkyl and
aryl;

R® and R are selected independently from the group
15 consisting of hydrogen, alkyl, acyl, and
heterocyclecarbonyl;

R* is selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted
. alkenyl, optionally substituted aryl, optionally
20 substituted heterocycle, optionally substituted
aralkyl, optionally substituted heterocaralkyl, and
trialkylsilyl; or R? is not presnt and the CO, group to

which it would be attached vbears a negative charge;
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106 Exanmpte—138

(7R -7-[(2)-2-(2-am no-5-chl or iﬂ m'“.ﬂ mm
f1 uor oet hoxyy cet am do] - 3- i'a ?ﬂ PCT/US96/16349
hydroxypropyPthlgﬁgthyl)pyr|d chi 5

carboxyl ate, trifluoroac-tic aC|d sal t Exampl e
139 (7R) -7- [(2) -2- (2-am no-5-chlorothiazol-4-yl)-2-(2-

fl uor oet hoxyi m no) acet am do] - 3-[ 3- ( 2- guani di no-3- 10

hydr oxypr opyl t hi omet hyl ) pyri d- 4-yl t hi 0o]t3 cephem 4-

carboxyl ate, trifluoroacetic acid salt _ Exampl e
140 G{ 78} a7 Ll 6AR M ark? cairbom, Sndtregenhior o 1) - 2+ (2 15
f1 uor oet hoxyi m no) acet am do] - 3-[ 3- (2- \-

(i m nonet hyl Xquahgraawydammmymtue@'mq:}le))pﬁnddme specific -

l'th 3- h b fl
hoid sait  ByEapositishqf Gropa, o e T 0f and M de imited to
conpounds, gkl ieganCﬁ@%@%admacofgﬂgg KRRl A the henfldhtest i ve

agai nst various [err]-lactamresSistant strains of bacteria whi'ch pose
an incredsingrhsalth risk to society. 25 Al t hough certain
enbodi nents and exanpl es have been used to describe the present
i nvention, it will be apparent to those skilled in the art that

changes to tha gL HibEHD| oyl Wb Tt iy of mTHI dd 10U

 -depart|ng fron1?%£ Scope or spiri
alkyl, hvdroxyl, amino, cyanc, hydroxyalkyl,

carboxamidoalkyl, optionally substituted aminoalkyl or
quaternary ammonium alkyl, and quaternary

10 heterocaryliumalkyl;

alk, and alk, are alkyl groups and are independently and
optionally substituted with a substitutent selected
from the group consisting of alkyl, hydroxyl,
optionally substituted amino, alkoxy, hydroxyalkyl and

15 optionally substituted carboxamide;
p is 0, 1, or 2;

R*” is selected from the group consisting of sulfur, SO,

S0,, NH, N-alkyl, oxygen, C=C (cis or trans), and C=C;
q is 1;

20 r is 0, 1, 2 or 3;
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30 invention.
Those references not previousl

i ncl udi ng ‘bgt,,k),lmgenf[ and Hmnﬂgﬂmﬂmmﬁ!#nces ar e5exm'm;s§6y16349

107

i ncor porate herei n by reference fior ma poses.
enbodi nents are within the foll ow ng cl ai ms. 108
CLAI MVED: 1. A conmpound of the fornula:
[err]
133
+ lTR1 3R" ﬁz)RisR‘ls 5&‘7
. /\NR15R18 3( ” 14 * ”
R*? is NRWMRM P ’ NR ’ NR14 ’

P 1516
ﬁ ;\N “Ryz :I{ s\)R B
O | n
NR , Ria , or + NRI3RM

R}3-R¥® are independently selected from the group
consisting of H, hydroxy, amino, amidino, alkyl,
5 cycloalkyl, acyl, aminoacyl, and phosphoryl and taken

together may form a 5- or 6-membered ring; and
R¥ is H or alkyl;

wherein alk, and R? taken together may form an
optionally substituted 5 or 6 member ncon-aromatic

10 heterocycle.

50. The compound or salt of claim 498, where R! is

is -NHC(O)ZR3.

51. The compound or salt of claim 50, wherein R?
is optionally substituted aryl or an optionally

15 substituted heterocycle.

52. The compound or salt of claim 51, wherein R?
is selected from the group consisting of optionally

substituted phenyl, optiocnally substi;gggg_ggéggzl,

This Sheet Has Been Reﬂlaced
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or a pharmaceutically accept erein Rl is
sel ected fromthe group consisting of Zis selected fromthe
group consi C(NCR[err])

- -CH(OR[err] )S‘Q' br}g'&?"éﬁcq err]R e Cﬂﬂﬂllﬂ"lﬂlﬂﬂ ﬂlll “ I“I CH (NR] er r HQTAISo5/6349
X is selected fromthe group corsi$ _ oxygen and sul phur;
mis selected fromthe group conS|st|ng of 0 and 1; R3 is
selected fromthe group consisting of cyano, Clerr]-Cerr] al kyl whi ch
may be substituted with one or nore . ggbstituents selected fromthe group
consi sting of hydr oxyl, brono,.fluoro, chloro, iodo, mercapto or thio,

109 optionally substituted furanyl 2-aminothiazol-4-yl,

2-aminothiazolyl, 2-am1no—5 chlorothlazol -4-yl, and

2- amlnoth;adlazol 4-y1.

53. The compound or salt of claim 52, wherein 2
5 is -C(NORS)-, and R® is selected from the group
consisting of hydrogen and optionally substituted
alkyl. |

54. The compound or salt of claim 53, wherein RS
is selected from the group consisting of hydrogen
10 2—f1ubr6ethy1, cyclopropylmethyl, allyl, ‘dichloroallyl .
and cycloéentyl, and R3 is sele;;ed'from the group
consisting of phenyl, 2-thienyl, 2-furyl,
2-aminothiazol-4-yl, 2—am;nof5-chlorothiazol—4-y1, and

2-aminothiadiazol-4-yl.

15 55. The compound of claim 54, wherein R® is
hydrogen or 2-fluoroethyl and R® is 2-aminothiazol-4-yl

or 2-amino-5-chlorothiazol-4-yl.

56. The compound or salt of claim 55, wherein
said compound is active against methicillin-resistant
20 vancomycin-resistant, or ampicillin4resistant bacteria,
as demonstrated by a lower minimum inhibitory

concentration than cefotaxime or imipenem.

57. A method of treating a mammal suffering from
a methicillin-resistant, vancomyqin—resistant, or
25 ampicillin-resistant bacterial infection, comprising
This Sheet Has Been Replac | o
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cyano, Cl1-C6 al kylthip, heterqungngeLechdmitpnnthe group conpri sing
furyl, thienyl, imdazolyl, indolyl, pyridi‘nyl, thiadiazolyl, thiazolyl,

pi per azi nyiyo oz zf ur anyl and ﬂmmmnﬁmllk}!ﬁ err]-d err pcpushe163ss .
het eroaryl, carboxyl, Cl-C6 al rr]-Cerr] alkyl, Cl1-C6
alkenyl "nitro, anmino, CJerr]-de&rry & kéxyF ahd amido; Jerr]- C[err] aryl
whi ch may be substituted with one or nore substituents selected fromthe
group consisting of hydroxyl, brono, fluoro, chloro, iodo, nercapto or
thio, cyano, cyanoani do, Cl-C6 al kyl t¥#%, heterocycle selected fromthe
group conprising furyl, thienyl, imdazolyl, indolyl, pyridinyl,

thi adi azol yagmihiateryhg tpipachzmamhaldhbehatapenyhcaﬁdydibenzthienyl

Cerr]-Cerr] _aryl, heteroar car box derr C[err] alkoxycarbonyl
Cerr]-gd er?%f {iﬂ’e apouRk] Qé[ ér FPYRP yPT §RdEo Ofa Ao ong & |-Cler r]

al koxyl and,pmig9; 4925pet erocycl e selected fron1the group conpri sing

furyl, thienyl, infdazolyl, indolyl, pyridinyl, thiadiazolyl, thiazolyl,
pi perazi nyl, dibenzfuranyl and di benzthienyl which may be substituted with
one or nore substituents selected fromthe group consisting of hydroxyl,
bromo, fluoro, 28} orThejwvebhodepfapiainr SThi whezpinosaid mammal

5 is infected with a methicillin-resistant Staphylococcal

or ampicillin-resistant Enterococcal organism,

59. An antibacterial composition for treating a
methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant bacterial infection, comprising a

10 therapeutically effective amount of a compound or salt
of any one of claims 49-56 in a pharmaceutically

acceptable carrier.
60. The composition of claim 59, wherein said
bacteria is a methicillin-resistant Staphylococcal or
15 ampicillin-resistant Enterococcal oxganism.
61. The compound or salt of claim 13, wherein:
R is -NHC(O)ZR?;
Z is -C(NOR®) ;

R is hydrogen or fluoroethyl;

20 R?® is an optionally sustituted heterocycle;

i i m‘ﬁ““



cyanoam do, CJerr]-Cferr] alkylthio, heterocycle, CJerr]-Clerr] aryl,
heteroaryl car boxyl, oxo, "\m’m—kmtycarbonyl Cerr]-Cerr]

al kyl , r] al keny Cerr]- C[err] 811&,‘}? ?%g

am do; e’t@r%’ergl kyl grou mmmw,‘ Jﬁﬂﬂ Ris (Jerr]-('erf yJ‘Q I

Het Ar |s an aromatic heterocyl*e &s detn Ne ove), and (CHerr]T, wherein
nis 1to 6, 110 Tis selected

fromthe group consisting of amino (NRR vvherei n Rand R nay be
Cerr]-Cerr] alkyl, derr]-Cerr] arylys¢ acyl C(OR wherein R'is
Cerr]-Cerr] alkyl), amdino (C or NIinked), guanidino, and

i sot hi ourei dgz ¥&iB{pd eﬁeorsygsﬁbgubfg%%g” fd- Ched Sb%e%dé%% aryl,

hydroxyl, or am no as defined above; are In |y sel ect ed

fromthe growhichngditswondd die lattanhed bgaars ]a Tdeyativad lgHardes; C14 aryl
and acyl as defined
G,H, L and M are carbon;
J 'is nitrogen;
S alk, is CH;;
p is 0 or 1;
R? is sulfur;
q is ’1;
alk, is CH,
10 r is 2 or 3;

R!? is NH, or NH;*; and

there are zero R! groups and one [(alk,),(R%*),(alk,) R??]

groups.

62. The compound or salt of claim 61, wherein R?
15 1is selected from the group consisting of 2-
aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl, and 2-

aminothiadiozol-4-yl.
K
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above; wherein Rerr] may al so-be- a group that forms a protected hydroxy
group with the adjacent oxygen m t he group of hydrogen,

SHRBGES s BRG] 1L S

Cerr]-Cerr] alkyl, acyl as defined above, and heterocycl ecarbonyl

(C(O Het wherein Fbt Is a heterocycl e as defined above); R2 is selected
fromthe group consisting of hydrogen, ({err]-Clerr] alkyl which may be
substituted as defined aboVe, Cerr]-GXfr] al kenyl which may be
substituted with one or nore functional groups selected fromthe group
cansi sting of hyé@BexyThebrompounidyoro saditl efo cliadao 13vemdwxtedror t hi o,

cyano, (err err] al kylthio, eterocycle Cerr]-Cerr] aryl,
het er oar yl , %3%% %p r PF- EP&E P8al koxycar bonyl , Cl-C6 al kyl ,

Cherr]-derrkyg) k9“>t (2) D2LT(@- aPThB0s - Cha bt Hisoh -2 L2 - @R RO
imino) acetamido] -3- {3~ {2-aminoethylthiomethyl)pyrid-4-y
5 1lthio] -3-cephem-4-carboxylate, or a salt thereof.

64. The compound or salt of claim 13, wherein
said compound or salt is
(7R) -7-[{Z) -2- (2-aminothiazol-4-yl) -2- (hydroxyimino)ace
tamido] -3- [3- (2-aminoethylthiomethyl)pyrid-4-ylthio]-3-

10 cephem-4-carboxylate, or a salt thereof.

65. The compound or salt of claim 13, wherein
said compound or salt is
(7R)-7-{(2) -2- (2-amino-5-chlorothiazol-4-yl) -2~ (hydroxy
imino) acetamidol] -3~ {3-(2-amincethylthio)pyrid-4-ylthio]
15 -3-cephem-4-carboxylate, or a salt thereof,

66. The compound or salt of claim 13, wherein
said compound or salt is
(7R) -7-[(2) -2~ (2-amino-5-chlorothiazol-4-yl) -2~ (hydroxy
imino)acetamido]) -3~ {3~ {2R-2-amino-2~carboxamidoethylthi
20 omethyl)pyrid-4-ylthio] -3-cephem-4-carboxylate, or a

salt thereof.

67. The compound or salt of claim 13, wherein
said compound or salt is
{7R)-7-1(2) -2~ (2-amino-5-chlorothiazol-4-yl) -2- (hydroxy

25 imino)acetamido]-S-[3—(23-2-amino-z-carboxamidoethylthi

—————
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C6-Cl4 aryl which may be substituted as defined above, a heterocycle which
may be substituted as defined above, aralkyl (RAr wherein Ris Cl-C6 al kyl

whi ch may tituted as is Cerr]yg I
whi ch rrayag)e substituted as ﬂulukmllmmm et er oar al kyl P&c{ﬁgﬁmysy )
trialkylsilyl (RRR"' Si wherein R 'R'"and R*' are Cerr]-Clerr] alkyl
groups); or Rlerr] is not present and the CO2 group to which it woul d be

attached bears a negative charge; the ring G H J, L and Mis a carbon,
nitrogen or NR[err] (quaternary,annnnhgg1heterocycle) cont ai ni ng
~heterocycle selected fromthe group consisting of pyridinyl, piperazinyl,

pyrim dinyl Gyt %ﬁpﬂd»tx- FERLS] -3 Scashet £0cAFOEKY 8L E] Op £ONSi Sting
of H, hal ogen, %?q | kyl §M|ch may %igéubstltuted as defined above,

Cl- C6 al koxygaXtydthexeof ani no as defined above, cyano, (err]-Cerr]
hydr oxyal kyl, Cerr]-Cerr] carboxan1doa|ky| Clerr]-Cerr] amnoal kyl or
Cerr]- C[err] guat ernary ammoni um al kyl, and quaternary

heteroaryliumal kygg, Bh&[EShDoGRE 8£k£§i£] Erélguﬁrii QRLréif! kY grOUpS
whi ch nmay be

said compound or salt is

5 (7R)-7-{(Z)-2-(2-amino-5-chlorothiazol-4-yl) -2- (hydroxy
imino)acetamido] ~3- [3- (2R-2-amino-3-hydroxypropylthiome
thyl)pyrid-4—y1thio]-3-cephem;4—carboxylate, or a salt

thereof.

69. The compound or salt of claim 13, wherein
100 said compound or salt is
(7R)-7—{(Z)-z;(2—amino-5-chlorothiazol-4—yl)-2-(hydroxy
imino) acetamido] -3~ [3- {25-2-amino-3-hydroxypropylthiome
thyl) pyrid-4-ylthio] -3-cephem-4-carboxylate, or a salt

thereof.

15 70. The compound or salt of claim 13, wherein
said compound or salt is
(7R) -7-[(2) -2~ (2-amino-5-chlorothiazol-4-yl) -2- (2-fluor
cethoxyimino) acetamido]-3- [3- (2-aminoethylthiomethyl)py
rid-4-ylthio) -3-cephem-4-carboxylate, or a salt

20 thereof.

- 71. The compound or salt of claim 13, wherein
said compound or salt is
(7R)—7—[(Z)-z-(2-aminothiazol-4—y1)+2—(2—f1uoroethoxyim
ino)acetamido) -3-[3- (2-aminoethylthiomethyl)pyrid-4-ylt

25 hio]—3—cephem-4-carboxylate, or a salt thereof.
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I ndependent|ly substituted with-a-substituent selected fromthe group

consisting of (Jerr]-Clerr] . Iiﬁ'ﬂ ’Eﬁroxyl am no as defined above,

C[err] C[ y, Cerr]- m’s iand car boppgudeéneae i S. 0,
1, 2; ﬁggﬁbs selected fro ﬂﬂtu ting of sulfur, SO

112 SC{err], NH Cerr]-Clerr]- N—alky oﬁygén "C=C (cis or trans), and
CC, qgis 1; ris 0, 1, 2 or 3

safed-
139

72. A method of treating a mammal suffering from
a methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant bacterial infection, comprising
administering to said mammal a therapeutically
5 effective amount of a compound or salt of any one of

claims 61-71.

73. The method of claim 72, wherein said mammal
is infected with a methicillin-resistant Staphylococcal

or ampicillin-resistant Enterococcal organism.

10 74. An antibacterial composition for treating a
methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant- bacterial infection comprising a
compound or salt of any one of claims 61-71 in a

pharmaceutically acceptable carrier.

15 75. The composition of claim 74, wherein said
infection is caused by a methicillin-resistant
Staphylococcal or ampicillin-resistant Enterococcal

organism.

76. A compound of claim 13 of the formula:

NOF® R"]o-a
’ e I“\/n\
' ._—<: w“o & 7 L\

l(almp(n”)q(auq),n"m

20

' “i?li‘f‘iﬁ‘ti’iitﬁﬂi“m i



[err] Rlerr]-Rerr] a“—mé‘ﬁd'e_ﬂ-@e | |l ected fromthe group

ggf?ftggrgﬁﬁégydrggrr] ﬁﬂ"lﬁ"ﬂl“mm mf acyl as fjm d%g%%gfd abO\_/e

am noacyl , enL m oget her

6- menbered ring; and Rlerr] is Hor C[err]—C[err] aI kyl ; wherein
alk[err] and R err] taken together may forma 5 or 6 rrenber non-aronmatic
het erocycl e, which may be substituted, as defined above. 2. The
conpound or salt of claim 1 WhEI’EI n R[ﬂé] S ’

113

or its pharmaceutically acceptable. salt or prodrugs,

wherein
R¥* is halogen or hydrogen

R** is selected from the group consisting of NH, and

5 protected amino; and

R?, R, G, H, J, L, M, R?, alk,, p, R¥, q, alk,; r, and

R*? are as defined in claim 13 above.
77. The compound or salt of claim 76, wherein
R? is hydrogen, or is not present and the CO, group to .
10 which it would be attached bears a negative charge; .
R* is chlorine or hydrogen;

Rt is hydrogen, cyclopentyl, or fluoroethyl;

G, H, J, L, and M are selected to form 2-pyridyl, 3-
pyridyl, or 4-pyridyl;

15 R is hyrogen, halogen or alkyl;
there is one [({alk,),(R*),(alk;),R*?] group;

alkl is CHz; :

. w\\-
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-NHC (0) ZR[err] 3. The conpound or salt_of claim2, wherein R3 is
Cerr]-Clerr] aryl or hetgrocycle€, T which may be substituted, as defined in

claim 1. wo 97/13772  The conpoun im 3, wher ei PCRAISH616349
selected fromthe group consi st | ml“mﬂﬁm mllmm enyl or furanyl, whic
may be substituted, as defined inr cltaim 1, 2-dm nothi azol -4-yl,

2- am no- 5- chl or ot h| azol -4-yl, and 2-am hot hi adi azol - 4-yl .

sel ected fromthe group cohsi sti ng

5.
conpound or salt of claim4, wherein Zis -C(NORerr])-, and Rerr] is

] ;
The

of B¢drogen and Cerr]-Cerr] alkyl,

whi ch may be substituted, as defined in claim1l. 6. The conmpound

ot salt of cIEanis,suhéu:eih R6 is
2_

hydr ogen,
cycl opentyl,
2=t hi enyl, 2.

2- am not h| adi

10

15

and

sel ected fromthe group consisting of
fluoroethyl, cyclopropylmethyl, allyl, dichloroallyl

and Rlerr] is selected fromthe group consisting of phenyl,

4y|

alk, is CH, optionally substituted with hydroxy,
hydroxyalkyl or optionally substituted carboxamide;

r is 2; and

R? is NH,.

i %/I 2- am not hi azol -4-yl, 2-am no-5-chl orot hi azol
Z0 '

-4-yl,

78. The compound or salt of claim 77, wherein R

is chlorine, R® is hydrogen, and G, H, J, L, and M are

selected to form 4-pyridyl.

79. A compound of claim 1 of the formula:

NOF®
[R5

\
R o/'mN 2\ A@

T(@ky)p(R*)gfalke}R ™)1 4

or its pharmaceutically acceptable salt or prodrug

wherein

R¥ ié halogen or hydrogen;

R} is gelected from the group consisting of NH,, NH,*

and protected amino; )
This Sheet Has Been Re;
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7. The conpound or salt o im6, wherein Rlerr] is hydrogen or
2-fluoroethyl and R3 is 2-am not hi azol=4+

€23 am 'rll'ﬁ_eS;:g?po(;und .orzglal_ t4 g:‘ I”’M””’IH"WM[B") sai d conpound 1’%“2%?‘?‘3‘3["

agai nst methicillin-resistant *vahconya fs stant, or anpicillin-resistant
bacteria, as denonstrated by a | ower mninmuminhibitory concentration than
cef otaxi me or im penem 9. The conpound or salt of claim1,

wher ei n: Rlerr] is -NHC(O ZR[ err]; 142 Zis -C(NOR[err]);
Rlerr] is hydrogen or quoroethﬁ/I; Rlerr] is a heterocycle, which
may be subs®ft RedAaPddi fed R, cabkm B, R°R2 d.s abkinogenand R¥ not

present and tle 5% ¥ 4% claim 1 above.

80. The compound of salt or claim 79, wherein

R* ig chlorine;

n

R? is hydrogen, or is not present and the CO, to which

it would be attached bears a negative charge;
Rf is hydrogen;

A, B, D, _angl E are selected to form thiazole and

thiadiazolg :
10 R is hydrogen, halqgen or alkyl;
alk, is CH;;
p is 0 or 1;
R% is sulfur;
alk, is CH,;
15 r is 2 or 3; and

R!2? ig NH; or NH,*.



which it would be attached bears a negative charge; GH L and Mare

car bon; J is nitrogen; al k[ ¢ ; pis 0 or 1;
115 RO9 iwmosmisarz; q is 1; ”mmﬂm,ﬁﬂmm efr]  r is Bcrisssiesss
Rlerr] is NHerr] or NHerr]; and théreMar& zero R err] groups and one

[(alk[err](Rerr](alk[err]R err]

143

81. A compound of the formula:

- OP&
N/

N
PmNH-—*( I codH

S Cl

wherein Pg, is hydrogen or a first protecting group and

wherein Pg, is a second protecting group.

5 82. The compound of claim 81, wherein said Pq,
first protecting group is selected from the group
consisting of hydrogen, triphenylmethyl,
{(p-anisyl)diphenylmethyl, t-butyloxycarbonyl,
N-trichloroethoxycarbonyl, chloroacetyl, formyl,

10 acetyl, trimethylsilylethoxycarbonyl,
benzyloxycarbonyl, benzyl, p-methoxybenzyl,
2,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, pivaloyl,
tetrahydropyranyl, t-butyl, methoxymethyl,
p-toluenesulfonyl, benzoyl, trichloroacetyl,

15 dichloroacetyl, trifluoroacetyl, benzenesulfenyl,
methanesulfonyl, benzenesulfonylethyl, cyanoethyl,
carboethoxyethyl, or 2-methoxy-2-propyl; and wherein
said Pg, second protecting group is selected from the
group consisting of triphenylmethy,

° 20 {(p-anisyl) diphenylmethyl, tetrahydropyranyl,
dichloroacetyl, 2-methoxy-2-propyl,
t-butyldimethylsilyl, trimethylsilyloxyethyl,
trimethylsilyloxyethoxycarbonyl, trichlorcethyl,



gr oups. 10. The conp laim9, wherein R3 is
sel ected fromthe group con anlnothlazol 4- vyl
2-am no- 5- g ey azol - 4- ylum Em di ozol - 4-yl. PCTIUS96[16!§J9 The

conmpound or salt of claim?9 npound or salt

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 4 yI - 2- (hydr oxyi

m no) acet am do] - 3-[ 3- ( 2- am noet hyl t hi onet hyl ) pyri d-4-yl t

hi 0] - 3- cephem 4- car boxyl ate, or a salt thereof,

(7R -7-[(2)-2-(2-am not hi azol - 4-yl ) - 2-1&4dr oxyi m no) acet

am do] - 3-[ 3- (2- am noet hyl t hi omet hyl ) pyri d-4-yl t hi ol - 3-ce
phen}4-carbaxwahlnronthbxgﬁdrhdnykﬂﬁphenylSulfonylethyl _
(7R -7-[(2) -2-(2-.am_no-5-chl orot hiazol -4-yl)-2-(hydroxyi

116 ph 4ﬁ¥ﬁ3¥£RR¥%ﬁQhﬂx¥Fﬁ¥PQE¥%m1noethylthlo)pyrld 4-ylthio]-3-

carboethoxyethoxycarbonyl, cyanocethoxycarbonyl,
methoxymethyl, , 2:ﬁethoxyethoxymethy1,

5 1-methoxy—1-methy1éthyl,.p-methoxybenzy}, benzyl,
2,4—dimethoxybenzyi, 2,4,6-trimethoxybenzy1,
p-methoxybenzylox?carbonyl, benzyloxycarbonyl,
2,4~ dlmethoxybenzyloxycarbonyl
2,4,6- trlmethoxybenzyloxycarbonyl p- n1tropheny1

10 o-nitrophenyl, p- nltrobenzoyl t-butyl, or
t-butyloxycarbonyl.

83. The compquﬁﬁ of'd1aim 82, wherein said Pg,
first protectinglgroup is selecﬁed from the group
consisting of hydrogén,-triphenylmethyl;

15 (p-anisyl)diphenylméthyl, foimYl, and
t-butyloxycarbonyl;énd'whereiﬁ said Pg, second
protecting group'ié sélécted frpm.thé group comnsisting
of triphenylmethyl,'2-methoxy-2-prdpy1,' |
tetrahydropyranyl,lt—butyloxycarbonyl,.and

20 p-methoxybenzyloxycarbonyl.

84. The compound of claim 83, wherein said Pg, is
hydrogen or triphenymethyl and said Pg, is
triphenylmethyl.

85. A method for making a cbmpound of any one of
25 claims 81-84, comprising the step of adding a

chlorinating reagent to a solution of



- cephem 4- car boxyl ate, or a salt -thereof,

(7R -7-[(2)-2-(2-am no-5-chl orot hi =4 i dr oxyi
i no) acet ankg@hash 3- ( 2R- 2- ami no- tgﬁ ht B| thiom  perussshess
et hyl ) pyrid-4-ylthio]-3-cephem 4- , +a salt t her eo

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl)-2-(hydr oxyi

m no) acet am do] - 3-[ 3- (2S- 2- am no- 2- car boxam doet hyl t hi om

et hyl ) pyri d-4-ylthio]-3-cephem 4-carboxylate, or a salt . thereof,
(7R) -7- [ (2) -2-(2-am no-5-chl orothi 328l - 4-yl ) - 2- (hydr oxyi

m no) acet am do] - 3-[ 3- (2R- 2- am no- 3- hydr oxypr opyl t hi onet h

yl ) pyrid-4-ylthio]-3-cephes®®® car boxyl ate, or a salt t her eof ,
(7R) -7- [ (2) -2-(2-am Rp-5-chl orot hi azol -4-yl)-2-(hydroxyi

m no) acet am do] - 3-[ - am no- 3- hydr oxypropyl t hi onet h

yl.) pyri d-4-yl thio]- gjHcar boxyl ate, or a salt t her eof
(7R -7-((2) -FNl I nolt 5- chl orot hi azol -4-yl)-2-(2-fluoro

et hoxyi m no) acet ami = 3-[3-(2-am noet hyl t hi onet hyl ) pyri

d-4-yl thi ol - 3-cephem 4- car boxyl ate, or a salt thereof, or
(7R -7-[(2)-2-(2-am not hi azol -4-yl)-2-(2-fl uoroet hoxyim

86. The method of claim 85, wherein said
chlorinating reagent is selected from the group
consisting of N-chlorosuccinimide, N-chlorosaccharin,

5 N,N-dichlorourethane, trichloroisocyanuric acid,
dichloroisocyanuric acid sodium salt,
N-chlorophthalimide, sodium hypochlorite, calcium
hypochlorite, sodium chlorite, sodium chlorate, t-butyl
hypochlorite, sulfuryl chloride, chlorine, HCl /

10 m-chloroperoxybenzoic acid and HCl / hydrogen peroxide,
and dichlorodimethylhydantoin.

87. The method of claim 86, wherein said
chlorinating reagent is selected from the group
consisting of N-chlorosuccinimide, N-chlorophthalimide,

15 and sodium hypochlorite.

88. The method of claim 87, wherein said
chlorinating reagent is N-chlorosuccinimide and the

¢ solution is in an organic solvent.

89. The method of claim 88, wherein said solvent
20 is selected from the group consisting of DMF,

acetonitrile, and THF.



no) acet am do] - 3-[ 3- ( 2- am noet hyl t hi onet hyl ) pyri d-4-yl t hi
0] - 3- cephem 4- car boxyl ate, or a salt thereof. 12. A conpound of claim1l

of the fornul a: 117 [err]

or a phar Lcally acceptable salt thereof, wherein R34 i s hal ogen
or hydroger‘ﬂB%%E%R[ err] is selected fromthe group consi st PREUSPS/AEHLr r]

and protected am no; and Rlerr], Rerr], G H J, L, M Rerr],
al k[err], p, Rerr], q, alk2, r, and err] are as defined in claiml

above. 13. The conmpound or salt*df claim 12, wherein

pug
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-
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Rlerr] is hydrogen, or is not present and the CJerr] group to whi ch

It would be attached bears a negative charge; R34 is chlorine or
hydrogen; wo9emBg72i s hydrogen, cyclopentyl, or fluoroethyl;pcr/usesriessdd J.
L, and Mare selected to form 2-pyridyl, 3- pyridyl, or 4-pyridyl;
Rlerr] is hyrogen, halogen or (Jerr]-Cferr] alkyl; there is one
[(alk[err](Rerr]) (alk[err]R err] group; 2/%

118 alk[err] is CHerr]; pis 0 or 1; R99 is sul fur;
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gis 1l; alk2 is CH2 optionally substituted wth hydroxy, Cerr]-Cerr]
hydr oxyal kyl or carboxam de; ris 2; and Rlerr] is NHerr]. 14.
The conpound or salt of claim 13, wherein R34 is chlorine, Rerr] is
hydrogen, wa®m337#, J, L, and Mare selected to form 4-pyrRGRUSI6/16349 .15
The use of a conpound according to any of «clainms 1 to 14 or a salt thereof
in the manufacture of a nedi canent for ths/éstsreat ment of a manmal suffering

from a nethicillin-resistant, vanconycin- istant, or
anpicillin-resistant bacterial infection. 16. The use of -cl aim 15,
wherein said manmmal is infected with a nethicillin-resistant

St aphyl ococcal or anpicillin-resistant Enterococcal organism

&

FIG. 3

PRPARATION OF THE 3-SUBSTITUENT
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119 17. An antibacterial conposition for treating a

nmethicillin-resistant, vanconycin-resistant, or anpicillin-resistant
bacterial i i conprising a conmpound or salt of 6@

cl ai s 1_14ﬁ%ﬁﬁ?fwa pharmaceutical ly acceptabl e carrier.?6¥ 16

18. The conposition of claim 17, wherein said infection is caused by
a nethicillin-resistant St aphyl ococqglgy or anpicillin-resistant

Ent er ococcal or gani sm 19. A conpound of the fornuks:
[err] or a pharmaceutically acceptable salt thereof wherein

Rlerr] is selected fromthe group consisting of

*»
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[err] Zis selected fromthe group consisting of

-CHerr] (X)[err], -C(NORerr]) -, -CH (ORerr]) -C(CHCOJerr]Rerr]) -

and -CH (NR[err]Rerr]) -; X is selected from
t he group WEe¥STIIng of PCT/USI6/16349 .
oxygen and sul phur; mis selected fromthe group consisting of 0 and 1,
R3 is selected fromthe group consisting oglscyano, Cerr]-Cerr]
al kyl which nmay be substituted with one or nore substituents sel ected
fromthe group consi sting of hydroxyl, brono, fluoro, chloro,
I odo, mercapto or thio, cyano, ¢[_er'r] -(err]al kylthio, het er ocycl e
sel ected fromthe group conprisijng >
(=2
g=
‘ sloE
2 EE=
S|lxag B
| QYR &
wioax +
—|TXO
= |NesT

A N .
NHBOC
S
NH* OMs™
//\/ NH3

FIG. 5
DEPROTECTION AND SALT FORMATION
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furyl; thienyl, imdazolyl, indolyl, pyridinyl, t hi adi azol yl,

t hi azol yl, piperazinyl, dibenzfuranyl _ and di benzt hi enyl, C6-Cl4 aryl,
het er oaryl, carboxyl, Cl- C6 al koxycarbonyl, Cerr]-Cerr] alkyl,
C.err]-Cerr]al kenyl, nitro, amno, Clerr]-Cerr] al koxyl and am do;
C6- Cl4 aryl which nmay be substituted with one or nore substituents
sel ected fromthe group consi sting of hydroxyl, brono, fluoro,
chloro, . i odo, mercapto or thio, cyano, cyanoan1do Clerr]-C6

al kyl thi o, heterocycle srkeehedafivafickBeifr €Hp compousds’ compesitivhs
thienyl, imdazolyl, indolyl, pyridinyl, thiadiazolyl, thiazolyl,

pi perazinyl, and metbeﬁgfusaﬁyﬂ Sau §r9§ﬁ2F§|énﬁBCt@PQSrPDCPémmpléryl

het er oaryl , - carhon err

al kyl | C[err] rX*‘g %é *3 %ci‘% E%ﬁ% %(’:FeFéfiﬁ% L&%&%ﬁ% 3r&
am do; adegé@méachﬁ é@hﬁéh@? bagut hatetAHRi6ARN! APbNdcation furyl,
thienyl, imdazolyl, indolyl, pyridinyl, t hi adi azol yl', thiazolyl,

pi per azi ny@l , dNbenﬁ0u9§ﬁ95966.

SUMMARY OF THE INVENTION

The present invention includes compounds,
compositions and methods effective to treat infections
in mammals arising from B-lactam antibiotic resistant

10 bacteria. Preferred compounds will have a minimum
inhibitory concentration (MIC) that is less that 50%,
more preferably less than 10%, and most preferably less
than 1% of the MIC of cefotaxime or imipenem for a
beta-lactam resistant organism, preferably a

15 methicillin-resistant Staphylococcal or ampicillin-
resistant Enterococcal organism. Other preferred
compounds will be able to prevent or reduce mortality in
mice infected with the beta-lactam resistant organism to
a greater extent than cefotaxime or imipenemn.

20 In one aspect the invention features compounds

of the structures II-VI

2 10CT %97
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' KERLACE@ﬁ%ﬁé&ﬁEHTbenzthienyl whi ch may be substituted wth one or
re substituentsiselected fromthe group consi_sting of hydroxyl,

b ?gq dd-‘qug?,l Chi or o, i odo, nercapto or thio, cyano, cyanoam do,

b e e hesearson D

C[err]-Cferr] al kpnyl, nitro, amno, Clerip8(err] al Rox¥yl

or a heteroal Kyl group (RHetAr wherein Ris (err]-Cerr] al kyl

Het Ar is an ar WL dh&LAMERe as defi ned above), and (CHerr]T,
nis 1to 6, Tis selected fromthe group consisting of am no (NRR
wherein Rand R may be Clerr]-(err] alkyl, (ferr]-Clerr] aryl or acyl
C(OR wherein Ris err a inq (G or N-linked),

guani di no, and i sot h| our el %%%n@%&h&@ §H’H§‘tal ‘tuted with Clerr]-Cfer]

al kyl, C5-Cl14 aryl, hydroxyl, or amno as defined above Rlerr] are
| ndependent |y selected fronlthe group

1
R¢ S, 3 11”
N k
COR? [(auop(R*’%.,(at@.R'zh.z

or a pharmaceutically acceptable salt thereof wherein

R! is selected from the group consisting of

S

-NHC (0) ZR*, -NR‘R® and ‘NHC(OA\ S

Z is selected from the group consisting of
-CHz (X)u—~, -C(NOR®)-, -CH(OR’)-, -C(CHCO,R®)- and
-CH(NR’R*®) -;

X is selected from the group consisting of

oxygen and sulphur;

m is selected from the group consisting of 0

and 1;

R? is selected from the group consisting of cyano, C;-Cg
alkyl which may be substituted with one or more
substituents selected from the group consisting of

hydroxyl, bromo, fluoro, chloro, iodo, mercapto or thio,

AMENDED SHEET



consi-sting of hydrogen, Cerr]-Cerr].alkyl, CJerr]-Cferr] aryl and
acyl as defined above; wherein R6 may al so be a group that -ferns.a

protected hydroxy group with the adj acent oxygen s sel ected
fromthe group of hydrogen, (Jerr]-CJerr] alkyl and C[“"mﬁm g’ ”w
122 RO and R10 are sel ected independently fromthe group [ 1% of
hydrogen, ([err]-Cerr] alkyl, acyl as defgmed above, and

het er ocyc| ecarbonyl (C(O) Het wherein Het is a heterocycle as defined

above) ; R2 i gyagbpctedf aDkyltieig) owptendsySlé nge Décbydr Ogem, the
Cerr]-Cerr] alkyl which may be substituted as defined above,
Jerr]-Cerr] atkepytompridingy Perglpsthiemyl, wimbhdanelyt, nbndol¥lincti onal
groups sel ect egyiggg]n;[ﬂh? gﬂgggig(z)gﬂ(ls.figgigéolyl, p!iperazinyl,
dibenzfuranyl and dibenzthienyl, C¢~Ciq aryl, heterocaryl,
carboxyl, C;-Cs¢ alkoxycarbonyl, C;-Cs alkyl, C;-Cs
alkenyl, nitro, amino, C;-Cs alkoxyl and amido; Ces—Cis
aryl which may be substituted with one or more
substituents selected from the group consisting of
hydroxyl, bromo, fluoro, chloro, iodo, mercapto or thio,
cyano, cyanoamido, C;-Ce alkylthio, heterocycle selected
from the group comprising furyl, thienyl, imidazolyl, |
indolyl, pyridinyl, thiadiazolyl, thiazolyl,
piperazinyl, dibenzfuranyl and dibenzthienyl, C¢-Ci4 aryl,
heteroaryl, carboxyl, C;-C¢ alkoxycarbonyl, C;-C¢ alkyl,
C:-Cs alkenyl, nitro, amino, C;-C¢ alkoxyl and amido;
a heterocycle selected from the group comprising furyl,
thienyl, imidazolyl, indolyl, pyridinyl, thiadiazolyl,
thiazolyl, piperazinyl, dibenzfuranyl and dibenzthienyl
which may be substituted with one or more substituents
selected from the group consisting of hydroxyl, bromo,
fluoro, chloro, iodo, mercapto or thio, cyano,
cyanoamido, C;-Cs alkylthio, heterocycle, Ces-Ciy aryl,
hetercaryl, carboxyl, oxo, C;-Cs alkoxycarbonyl, C;-Cs
alkyl, C;~-Cs alkenyl, nitro, amino, C;-Cs alkoxyl and
amido; or a hetérocalkyl group (RHetAr wherein R is C;-Cs

alkyl HetAr is an aromatic heterocyle as defined above),

and (CH;),.T, wherein

n is 1 to 6,

2 10CT 1997
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+Eiiddr o, chloro, iodo, nercapto or thio, cyano,
=5t i 0, heterocycle, C6-Cl4 aryl, heterearyl, carboxyl

arbonyl, Clerr]-Cerr] alkyl, (er
il err] alkoxyl, and amido; Clerr]- kﬁm &l“ﬂll{m
asi defi ned above, a heterocycle which%
above, aralkyl (R&Owherein Ris (Jerr]-Cerr]

_ B e~~Substituted as defined above and Ar is C6-Cl4 aryl
whi ch rray be substltut ed as defined above), heteroaral kyl and
trialkylsilyl (RRR"' Si wherein R Rand R' are C[err% Cferr] alkyl
groups); or R[EBri§ $%lﬁ@te@r§§@htt%dgr¢|@@Q@Htgﬁl@@ t aningi é¥RRE woul d

be attached bears atl e_char er A, B, D and E is a_carbon,
ni trogen and ’f)%h? ‘gt F ﬁg?%r%’cg'él éiggﬂec{:éac*r BWEhQrgPSM

consisting of é%?ﬂywhefglﬁaﬁolé"cl-@' azeby), Lhkadhazqky! ognd pyrazolyl;

N-linked), guanidino, and isothioureido, which may be
substituted with C;~C¢ alkyl, C¢-Cy aryl, hydroxyl, or

amino as defined above;

R’ are independently selected from the group consisting
of hydrogen, C;-C¢ alkyl, C¢~Ciy aryl and acyl as defined
above; wherein R® may also 'bé a group that forms a

protected hydroxy group with the adjacent oxygen

R® is selected from the group of hydrogen, C;-C¢ alkyl
and Cs—Cyy arvil;

R? and R' are selected independently from the group
consisting of hydrogen, C;-C¢ alkyl, acyl as defined
above, and heterocyclecarbonyl (C(O)Het wherein Het is a

heterocycle as defined above);

R? is selected from the group consisting of hydrogen,
Ci1—-Cs¢ alkyl which may be substituted as defined above,
Ci:—-Cs alkenyl which may be substituted with one or more
functional groups selected from the group consisting of
hydroxyl, bromo, fluoro, chloro, iodo, mercapto or thio,
cyano, Ci;—Cs alkylthio, heterocycle, C¢-Ciy aryl,
hetercaryl, carboxyl, C;-Cs¢ alkoxycarbonyl, C;-Cs¢ alkyl,

C:-Cs alkenyl, nitro, amino, C;-Cs alkoxyl, and amido;

AJENDED SHEET



ted fromthe group consisting of H hal ogen, Cl1- C6
oxy, hydroxyl, am no as defined above, cyano—

yl, Cl1-C6 car boxam doal kyl , HM
err]-CJerr] quaternary ammnl um al kyl , ”"'ﬁ’ !Iuyl
egoaryliumal kyl ; kK[err] and Al K ertr | war
aI kyl groups whilich may be i ndepemjent |y substituted with a
sel ected fromthe group consisting of Cl-C6 al kyl,
hydroxyl, am nGs-Cis aryl whicHehapebeaboketiCite8 abkdefin€f- Gbove, a
hydroxyal kyl and car boxam de; pis O, 1, or 2;

RO9 is sel ect ebetﬁﬁﬁﬂwﬁéegwbmﬁhc@ﬁyl bei ﬁgbétltuﬂ:ﬁdr assdefined aboves(J err],

EH, SC% & N-al k}{'al ky L gRa.r Yheg glpsgorlst EZ?P(%G alkyq. whlch. may %_e

substituted as defined above and Ar is C¢—Cyiq4 aryl which
may be substituted as defined above)}, heterocaralkyl and
trialkylsilyl (RR'R'' Si wherein R, R' and R'’ aré C1-Cs
alkyl groups); or R® is not present and the CO, group to

which it would be attached bears a negative charge;

the ring G, H, J, L and M is a carbon, nitrogen or NRY
{quaternary ammonium heterocycle) containing heterocycle
selected from the group consisting of pyridinyl,

piperazinyl, pyrimidinyl and pyrazinyl;

" RY is selected from the group consisting of H, halogen,
C;-C¢ alkyl which may be substituted as defined above,
C_1—C6_ alkoxy, hydroxyl, amino as defined above, cyano,
C1-C¢ hydroxyalkyl, C,-C¢ carboxamidoalkyl, C;-C¢
aminoalkyl or C;-Ce¢ quaternary ammonium alkyl, and

quaternary hetercaryliumalkyl;

alk, and alk, are C;-Cs alkyl groups which may be
independently substituted with a sﬁbstituent selected
from the group consisting of C;-C¢ alkyl, hydroxyl, amino
as defined above, C;-Cs alkoxy, Ci;~C¢ hydroxyalkyl and
carboxamide;

p is 0, 1, or 2;
R* is selected from the group consisting of sulfur, SO,
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' 124 Rerr]-Rerr] are
ted fromthe group consi sting of H, hydroxy, am no

am dino, (err]-Cerr] alkyl l mm
am noacyl, and phosphoryl and tumm "'E H ”ﬁm
red ring; and Rlerr] is Hor (Jérrf-CGer%] sal kyl ;
rr] taken together mpysforman 5 or 6 nenber

odycl e which may be substituted as defined above.
C1-C¢ N-alkyl, oxygen, C=C {cis or trans), and

q is 1;

- r is 0, 1, 2 or 3;

+ ,TR1 3R14 EURmRm ﬁz/aﬂ
12 1314 'iﬁ NRISR16 :L{ “ 14 :L( H
R'? is NRSR NR™ -,
15016
ﬁ ‘} r\N “Ryz S\/NRSR
AN . :
:S’ NR‘3R“' FI¢13 or + NRIR1

R¥’-R'® are independently selected from the group
consisting of H, hydroxy, amino as defined above,
amidino, Cy1-Cs alkyl, C;-C¢ cycloalkyl, acyl as
defined above, aminoacyl, and phosphoryl and taken

together may form a 5- or 6-membered ring; and
R is H or C,-Cs alkyl;
wherein alk, and R!? taken together may form a 5 or 6
member non-aromatic heterocycle, which may be
substituted, as defined above.

2. The compound or salt of claim 1, wherein R! is
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20 T?E_gggppund or _salt of claim19, wherein Rerr] is ;uucgcyzq[eru

e conpound or salt of claim20, wherein FS'CE$ AEETY| or
heter m M‘Mlﬂml be substituted, as defi &Sl ia-to— - 22.
The ca ﬁ claim 21, mhereln R3 is he group
con5|stfnq=oﬂ pHenyI “thienyl or furanyl, which tytdd, as
defined in claim 19, 2- amnothiazol-4-y|11 -amho Ladoli- 4-yl ,
and 2-am not hi adi azol - 4-yl . 23. Theé Compoln salt of clam22,
wherein Z is ﬁhg?gg B]) and Rlerr] is selected [romihe
consisting of rogen and Cerr]-Cerr] alkyl; which my be substituted,

as defined in claim19.

125

3. The compound or salt of claim 2, wherein R® is
Ceé=Ci14 aryl or heterocycle, which may be substituted,

as defined in claim 1.

4, The compound or salt of claim 3, wherein R® is
selected from the group consisting of phenyl, thienyl or
furanyl, which may be substituted, as defined in claim
1, 2-aminothiazol-4-yl, 2-amino—S-chlorothiazol—4-yl,

and 2—aminothiadiazol—4—yl;

5. The compound or salt of claim 4, wherein Z is
-C{NOR®)~, and R® is selected from the group consisting
of hydrogen and C,-C¢ alkyl, which may be substituted, as

defined in claim 1.

6. The compound or salt of claim 5, wherein R® is
selected from the group consisting of hydrogen,
2-fluorcethyl, cyclopropylmethyl, allyl, dichlorocallyl
and cyclopentyl, and R® is selected from the group
consisting of phenyl, 2-thienyl, 2-furyl,
2-aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl, and

2-aminothiadiazol-4-yl.

7. The compound or salt of claim 6, wherein R® is
hydrogen or 2-fluoroethyl and R® is 2~aminothiazol-4-yl

or 2-amino-5-chlorothiazol-4-yl.

p34ENDED SHEET



24. The compound or salt of claim23, wherein R6 is selected fromthe-
group consisting of hydrogen, 2-fluoroethyl, cyclopropyl nethyl, allyl,
di chloroallyl and cyclopentyl, and R3 is selected -fromthe gLoup -
consi sting of phenyl, 2- thlenyl 2-furyl, 2-amnothi azol

2-ami no-5- chl orot hi azol -4-yl, and 2- ani not hi adi azomuwﬁ Ul' lﬁw The
.conmpound or salt of cIa|n124, wherein R6 %? hydr og | and
R3 is 2-am not hiazol -4-yl or 2-am no-5-chl orot hiazol -4- yI 26. The
conmpound or salt of claim?25, wherein said conpound is active agai nst

methicillin-resistant, vancomycin-resistant, or anpicillin-resistant

bacteria, as demonst.rat edebyompbanar o Bla%”b*fnbubhhoﬂ?( wiereghnt katgon
t han cef ot axi nme or |n1penen1 27. A conpound of claim 19 of the

formul a: compound is petije against methicillin-resistant

vancomycin-resistant, or ampicillin-resistant bacteria,
as demonstrated by a lower minimum inhibitory
concentration than cefotaxime or imipenem.

9. The compound or salt of claim 1, wherein:
R! is -NHC(O) ZR*;

Z is —C(NOR®);

RS

is hydrogen or fluoroethyl;

R® is a heterocycle, which may be substituted, as

defined in claim 1;

R? is hydrogen or is not present and the CO, group to

which it would be attached bears a negative charge;
G,H, L and M are carbon;

J is nitrogen;

REPLACEMENT SHEET
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alk, is CH;;

p is 0 or 1;
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or a pharmaceutically acceptable salt thereof wherein R34 is halogeh or
hydr ogen; . __ 126 Rerr] i's selected
con5|st|n of NH err], NH err] and protected am no;

fron1the

mmmﬁ lﬁﬂ"wlm D, E Rlerr], alk[err], p, Rerr], q, alk[err], r,
and fined in cIa|n119 above. 28. The conpound of
sal't ‘or ¢l &l 27 wherein R34 is chlorins; R2 i s hydrogen, or is not
present and the CIIerr] to which it would be attached bears a negative
char ge; Rlerr] is hydrogen; A, B, D, and E are selected to form

t hi azol e and
R is sulfur;

q is 1;

REPLACEMENT SHEET
2 10CT %97 i

alkz is CH:

r is 2 or 3:

R*? is NH, or NH;*; and

there are zero R groups and one [({alk;},{R*)q(alk,) RY]

groups.

10. The compound or salt of claim 9, wherein R’ is
selected from the group consisting of 2-aminothiazol-4-
yl, 2-amino-5-chlorothiazol-4-yl, and 2-aminothiadiozol-

4-yl.

11. The compound or salt of claim 9, wherein said
compound or salt is
(7R)-7-[ (2) -2- (2-amino-5-chlorothiazol-4-yl) -2- (hydroxyi
mino)acetamido] -3-[3-(2-aminoethylthiomethyl)pyrid-4-ylt
hio]-3-cephem~-4~carboxylate, or a salt thereof,
(7R} -7-[ (2} -2~ (2-aminothiazol-4-yl) -2~ (hydroxyimino) acet
amido] -3-[3-(2-aminoethylthiomethyl)pyrid-4-ylthio]-3-ce
phem-4-carboxylate, or a salt thereof,

(7TRY-7-[{(2)-2- (2-amino-5-chlorothiazol=-4-yl) -2~ (hydroxyi

AMENDED SHEET



thiadiazole

i

R[err] |s hydrogen hal ogen or CJerr]-Cferr] al kyl;

CH e or 1; Rlerr] is sulfur;: alk2 is CH?
EE“and R[err] is NHerr] or NHerr]. = - 29. The: use of
ng to any of clains 19 to 28 or a salt thereof in the

nanufacture of a nedicanment for the treatnment of a mammal suffering from
a nethicillin-resistant, vanconycin-resiiagnt, or anpicillin-resistant
bacterial infection.

mino) acetamido] -3~ [3-(2-aminocethylthio)pyrid-4-ylthio]-3
-cephem-4-carboxylate, or a salt thereof,
(7R)—7-[(Z)—2—(2-amino-5-chlorothiazo;-4-yl)-2-(hydroxyi
mino)acetamido] -3-[3~ (2R-2-amino-2-carboxamidoethylthiom
ethyl)pyrid-4-ylthio]-3-cephem-4-carboxylate, or a salt
thereof,
(7R)-T7-[(2)-2-({2-amino-5-chlorothiazol-4-yl})-2-(hydroxyi
mino) acetamido]-3-{3-(25-2-amino~-2—-carboxamidoethylthiom
ethyl)pyrid-4-ylthio]}-3-cephem-4-carboxylate, or a salt
thereof,
(7R)-7-[({2)-2-(2-amino-5-chlorothiazol-4-yl)-2- (hydroxyi
mino)acetamido]-3-[(3-{2R-2-amino-3-hydroxypropylthiometh
yl)pyrid-4-ylthio]-3-cephem-4-carboxylate, or a salt
thereof, |

{(7R}-7-[(Z)-2- (2-amino-5-chlorothiazol-4-yl) -2~ (hydroxyi
mino)acetamido]-3-([3-(25-2-amino-3-hydroxypropylthiometh
yl)pyrid-4-ylthio]-3-cephem~-4-carboxylate, or a salt
thereof,

(7R)-7-{(2)-2- (2-amino-5-chlorothiazol-4-yl)-2-(2-fluoro
ethoxyimino) acetamido] -3-[3-(2-aminoethylthiomethyl)pyri
d-4-ylthio]-3-cephem-4-carboxylate, or a salt thereof,
or
(7TR)-7-[(Z)-2-(2-aminothiazol-4-yl)-2-(2-fluorcethoxyimi
no)acetamido] -3~ [3-(2-aminoethylthiomethyl)pyrid-4-ylthi

0] -3-cephem-4-carboxylate, or a salt thereof.

12. A compound of claim 1 of the formula:

2 10CT 1997
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- Fhe-use of claim 29, wherein said mammal is i nfeciea-w-th
cillin-resistant St aphyl ococcal or anpicillin-res RﬁRbﬁCB&ﬁﬁgf&ﬁﬁﬁ¥%
m ’T"mlmu m;Sl An anti bacterial conposition for tfyeptiNg a
tant, vancomycin-resistant, or anpici
bacterial " n fection, conprising a ‘therapeutically effeft véfiﬁ%ﬁ.ﬁ#of
conpound or salt of any one of clains 1%¥YB in a pharnpc

a

acceptable carrier. 32. The conposition of claln‘31 wherein sald
bacteria is a nethicillin-resinrant Staphylococcal or HpILI1IIn rEési st ant
Ent er ococcal organi sm y 128 33.
A conpound of the fornul g¥ \\
Rﬂ__é | 3 /
s R4 oZ 7
r(alwﬁ”)qcanvz).a“h.z

or a pharmaceutically acceptable salt thereof, wherein

R* is halogen or hydrogen

R*® is selected from the group consisting of NH, and

protected amino; and

Rzy RG’ G’, H, J' L, M, Rlly alkly p, RSSI q, alkz, I‘, and

R}? are as defined in claim 1 above.

13. The compound or salt of claim 12, wherein
R? is hydrogen, or is not present and the CO; group to
which it would be attached bears a negative charge;
R* is chlorine or hydrogen;

R® is hydrogen, cyclopentyl, or fluoroethyl;

G, H, J, L, and M are selected to form 2-pyridyl, 3-
pyridyl, or 4-pyridyl;

R is hyrogen, halogen or C;~Cs alkyl;

there is one [(alki}p{R*)q(alk,) RY] group;



[err] —or apharreeceutically acceptable salt thereof wherein . Rierr]

the group consisting of -NHC (0) ZR[err]
NFﬂm mqmﬂlag [err] Z is selected fromthe group consisting of
-CH%errc -C (NOR[err])-, -CH (ORerr])-, -C(CHCO err]Rerr]) -
and - CH (NR[err]R[err])-; X is selected fromthe group consisting of
oxygen and sul phur; mis selected frogghe group consisting of 0 and 1,
R3 is selected fromthe group consisting of cyano, Cferr]-Clerr] alkyl
which may be guRstisutgg With one or nore substituents selected fromthe
group consi sting of hydroxyl, brono, fluoro, _cg.é.u “H pto or
thio, cyano, (ferr]-Clerr] alkylthlo het er ocy GEEE%@’ ,mah the group
conprising furyl, thlenyl i m dazol yl, indolyl, Jpyrrarnyr, tngagi azolyl,

t hi azol yl, plﬁeﬂézpnyr rdlbenzfuranyl and dibqn‘t rgliCerr]
aryl, heteroaryl | XY 1@?6

R* is sulfur;

q is 1;
alk, is CH; optionally substituted with hydroxy, C;-Cs

hydroxyalkyl or carboxamide;
r is 2; and
R¥ is NH.

14. The compound or salt of claim 13, wherein R*
is chlorine, R® is hydrogen, and G, H, J, L, and M are

selected to form 4-pyridyl.

15. The use of a compound according to any of
claims 1 to 14 or a salt thereof in the manufacture of a
medicament for the treatment of a mammal suffering from
a methicillin-resistant, vancomycin-resistant, or

ampicillin-resistant bacterial infection.

16. The use of claim 15, wherein said mammal is
infected with a methicillin-resistant Staphylococcal or

ampicillin-resistant Enterococcal organism.
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carboxyl, derr]-(err] alkoxycarbonyl, Cerr]-Clerr] alkyl, . '
g erri=Cerrtat kenyt, 129 nitro,

am : al koxyl and amdo; C[err]-Clerr] aryl which may be
subgmum!gb!wlmiﬁﬂll/or nore substituents sel ected fromthe group
conslsSTlengy Ol w |, brono, fluoro, chloro, iodo, nercapto or thio,
cyano, cyanoam do, Clerr]-Cferr] alkyltlHi%, heterocycle selected from
the group conprising furyl, thienyl, imdazolyl, i ndol yl, pyridinyl,

t hi adi azol yl, thiazblyl An gnpibvactiendal dideped iyl fandttkdeing b enyl
Clerr]-Cerr] aryl, . heteroaryl, carboxyl, C(err]-(err] al koxycarbonyl,
Clerr]-Jerr] Rgtidcillineresisiant | WANGRYCIMIESDL SR, o err]-Jerr]
al koxyl and ami do, ..a heterpocycle .selected fro the group conprising
furyt Ui eriiBiei Bpch SFER AR et ek e fin i { IS &

t hi azolyl, pi | ol befef i b s Wi ch may be
substituted W%I@%é%y%roﬁore su s%ﬁ%e%tr% &sglr%lcﬁgeﬁ%%n%m group

consi sting of gdhskmeydut LDy acceptable carrier.

18. The composition of claim 17, wherein said
infection is caused by a methicillin-resistant
Staphylococcal or ampicillin~resistant Enterococcal

organism.

19. A compound of the formula:

R'os
Re A+B

PP ye! |

Loz . ° MakiRAaoR o

or a pharmaceutically acceptable salt thereof wherein

R is selected from the group consisting of

D

-NHC (0) ZR®, -NR'R* and 'NHCWJ\S :

Z is selected from the group consisting of

~CHz (X)n~, -C{(NOR®)-, -CH{OR’)-, -C{CHCO.R®)- and
~CH (NR°R®) -;

X is selected from the group consisting of
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fl uor-e,——chloro, iodo, nercapto or thi 0, cyano, cyanoani do, Clerr]-(err]

N 25 o <o o Ay

al ke . , CJerr]-Cerr] al koxyl and ant dp; or a heteroalkyl
group (Rf—let&Ar "Whérern Ris er]-Cerr] al kyl HetAriip a4 e

het erocyl e as defi ned above), and (CH epo] T, h IS to 6, Tis
selected fromthe group consisting of amino (NRR whéeréermRand R~ nay} be

a-C6 al kyl, C6-Cl4 aryloxgigedcsnd GuQpRuserein Ris €1-C6 al kyl), am.di no
(Gor Nlinked), guanidino, and isothioureido, which may be substituted
130 with C1-C6 al kyl, C6-Cl4 aryl, hydroxyl, or am no as defined above;

err] are independently selected fromthe group consistin
R ] m Qs seriec ed from the group c%nsi%ting of 0 %nd 1;

R?® is selected from the group consisting of cyano,
C1-Cs alkyl which may be substituted with one or
more substituents selected from the group
consisting of hydroxyl, bromo, fluoro, chloro,
iecdo, mercapto or thio, cyano, C;—-Cs alkylthio,
heterocycle selected from the group comprising
furyl, thienyl, imidazolyl, indolyl, pyridinyl,
thiadiazolyl, thiazolyl, piperazinyl, dibenzfuranyl
and dibenzthienyl, Ce¢-Cy4 aryl, hetercaryl, carboxyl,
Ci—-Ce¢ alkoxycarbonyl, C;-C¢ alkyl, C;-Csalkenyl,
nitro, amino, C;-Cs alkoxyl and amido;

Ce—Ci14 aryl which may be substituted with one or
more substituents selected from the group
consisting of hydroxyl, bromo, fluoro, chloro,
iodo, mercapto or thio, cyano, cyanocamido, C;-Cs
alkylthio, heterocycle selected from the group
comprising furyl, thienyl, imidazolyl, indolyl,
pyridinyl, thiadiazolyl, thiazolyl, piperazinyl,
dibenzfuranyl and dibenzthienyl, C¢~Cis aryl,
heterocaryl, carboxyl, C;~Cs alkoxycarbonyl, C;-Cs
alkyl, C;~Ce¢ alkenyl, nitro, amino, C;~C¢ alkoxyl and
amido;

a heterocycle selected from the group comprising
furyl, thienyl, imidazolyl, indolyl, pyridinyl,
thiadiazolyl, thiazolyl, piperazinyl, dibenzfuranyl
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of —hydr—ggen,_CLerL]_ Clerr] alkyl, C6-Cl4 aryl and a REPhACEM!EN%&HEEvae;

M’% Eﬂ al so be a group that forms a protecte grou Mt h
R8 is selected fromthe group of Cb

aIEj l)!mgryl R9 and R10 are sel ected indg %ge@?fggg P he
gr oup con5|st|ng of hydrogen Cerr]-Cerr] alkyl, |acy—as—det+mees gbove,
and heterocycl ecarbonyl (C(O Het wherein Het is a reterocycle as def gned
above); Rlerr] is selected fromthe group consi stirg-of~hyursgen,
derr]- C[er] al kyl ahdcHibepzbbisnpit whithdmay bef subdtiloked with one
Cerr]-Cerr] alkenyl which nay be substituted with one or nore functional
groups sel ected frof¥tBergr SUBSESRUPBERNGHLCLRGILERIY EhEr §FOYPF | uor o,

hi d t t hi 1- | kyl.th h I

chl 2 1000 T SRRl RIaRDEY SRoB S o, "HEEELELS)
| k d

Cerrl G o kenthpon! aecagtray Fheoy)efhy) coafshiacene. ) 0

het er ocycl e whi ch rrayk?@tﬁmbsthéuéed@élé?f tpesl, ahpye, harakkyky(RAr
wherein Ris Cl-C6 al kyl which may be

carboxyl, oxo, Ci;-Cs alkoxycarbonyl, C;-C¢ alkyl,

C1-Cs alkenyl, nitro, amino, C;~-Ce¢ alkoxyl and amido;
or a heteroalkyl group (RHetAr wherein R is C;-Cs
alkyl HetAr is an aromatic heterocyle as defined

above), and (CH,),T,
n is 1 to 6,

T is selected from the group consisting of amino (NRR'
wherein R and R! niay be C;-C¢ alkyl, C¢-Cis aryl or acyl
C(O)R wherein R is C;-C¢ alkyl), amidino {C- or
N-linked), guanidino, and isothioureido, which may be
substituted with C,-Cs alkyl, Ce~Ciy aryl, hydroxyl, or

amino as defined above;

R*7 are independently selected from the group
consisting of hydrogen, C;-C¢ alkyl, Ce¢-Ciy aryl and
acyl as defined above; wheréin R® may also be a
group that forms a protected hydroxy group with the

adjacent oxygen

R® is selected from the group of hydrogen, C;-C¢ alkyl
and Ce—Cis aryl,'
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substituted as defined above and Ar is 06-Cl4 aryl which nay be
substituted as defined above), heteroaral kyl and

13 ' |silyl (RRR' Si wherein R, R and R' are d-C6 alkyl
grlmgm I”ﬁ"got present and the C2 group to which it would be

at t-ac L gative charge; Rlerr] is selected fromthe group
consi sting of H al ogen, Cl1-C6 al kyl, @r2C6 al koxy, hydroxyl, am no as
defined .above, cyano, Cl-C6 hydroxyal kyl, Cl1-C6 carboxam doal kyl ,

Clerr]-derr] amnoalkyl or CJerr]-Cerr] quaternary ammoni um al kyl, and

quaternary het groaryl i unal kyl ; alk[err] and alk[err] are Cerr]-Cerr]
al kyl groups Vhi erdnBy e isflaatiatdndepansiantiy &ram thhe SadR i t uent

selected fromthe group consisting of err]-Clerr | kyl, droxyl, am no
as defined ab&?élzs’(ﬁc{‘e"l‘ﬁ)-‘g[)g}lf red xﬁl%e#]fy e#thﬁérGQ%Pﬁ | " and
car boxam de; a%dv%,o’argd I'Rartgr'ocyclecarbonyl {C{O)Het wherein Het is a

heterocycle as defined above);

R? is selected from the group consisting of hydrogen,
C1—-Ce¢ alkyl which may be substituted as defined above,
Ci1-C¢ alkenyl which may be substituted with one or more
functional groups selected from the group consisting of
hydroxyl, bromo, fluoro, chloro, iodo, mercapto or thio,
cyano, Ci1-Ce¢ alkylthio, heterocycle, C¢-Ci;s aryl,
hetercaryl, carboxyl, C;-C¢ alkoxycarbonyl, C;-C¢ alkyl,
C1~Cs alkenyl, nitro, amino, C;-C¢ alkoxyl, and amido;
Ce~Cy14 aryl which may be substituted as defined above, a
heterocycle which may be substituted as defined above,
aralkyl (RAr wherein R is C;-Cs alkyl which may be
substituted as defined above and Ar is C¢-Cis aryl which
may be substituted as defined above), heteroaralkyl and
trialkylsilyl (RR'R*' Si wherein R, R'and R'' are C;—-Cg
alkyl groups); or R? is not present and the CO, group to

which it would be attached bears a negative charge;

the ring A, B, D, and E is a carbon, nitrogen and
sulphur containing heterocycle selected from the group
consisting of thienyl, imidazolyl, thiazolyl

thiadiazolyl and pyrazolyl;
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R99 -s—seleeted-from.t he grodp consi sting of sulfur, SO -.SQ2,:NH,

de = al kyl , oxygen, C=C (cis or trans), and C=C, =~ q isllf
i s H! | m[ I ’um 132
[err c Ly MY'EWM]-Rlerr] are independently selected fromthe group

consisting of H hydroxy, am no as defineghgbove, am di no,
Cerr]-Cerr] alkyl, cycloal kyl, acyl as defined above,

RY is selected from the group consisting of H, halogen,
Ci~C¢ alkyl, C;-Cs alkoxy, hydroxyl, amino as defined

above, cyano, C;-Cs hydroxyalkyl, crcf carboxamidoalkyl,
C;-Cs aminoalkyl or C;-Ce¢ quaternary ammonium alkyl, and

quaternary hetercaryliumalkyl;

alk; and alk, are C;—~C¢ alkyl groups which may be
independently substituted with a substituent selected
from the group consisting of C;-C¢ alkyl, hydroxyl, amino
as defined above, C;~Cs alkoxy, C;—-Cs hydroxyalkyl and

carboxamide;
p is 0, 1, or 2;

R* is selected from the group consisting of sulfur, SO,

802, NH, C;-Cs N-alkyl, oxygen, C=C (cis or trans)}, and
C=C;

q is 1;

ris 0, 1, 2 or 3;

* NRISRM R 15016 R®
I} AR NA
A S| s
R is NRURM NRERT, NRY NRM
Ps 15,16
N j s\/N RER

A N~ Rz E{ |
:L& NRIR14 , Rya , or + NRFR™M
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and phosphoryl and taken together may forma 5- or 6- menber ed

ﬁ Rlerr] is Hor Jerr]-(ferr] alkyl; wherei n
alul“m,eu taken together may forma 5 or 6 menber

non ar‘onati & hEtefocycIe whi ch may be substituted as defined
above. 34. The conpoundjey salt of claim33, wherein Rl is

-NHC( O ZR err] 35. The conpound or salt of claim34, wherein

R3is C em*P-fenrt iiﬁblépéﬁd@ﬁ{:Ey0§¥§é§teéthfﬁbm”§b£ebér&dBSt'tUt ed,
as defined in claim33. 36. The conpound or salt of

claim 35, wherein R®nssisting of 3Bl égtdedxfyr, omntine grsomiasfhmmi sdbowg ,of
phenyl, thienyl or ' 133

amidino, C,~Cs alkyl, cycloalkyl, acyl as defined
above, aminocacyl, and phosphoryl and taken together

may form a 5- or 6-membered ring; and
RY is H or C;-C¢ alkyl;

wherein alk, and RY taken together may form an 5 or 6
member non—-aromatic heterocycle which may be substituted

as defined above.

20. The compound or salt of claim 19, wherein R! is

~-NHC (Q) ZR*

21. The compound or salt of claim 20, wherein R® is
Cs—Ci1¢ aryl or heterocycle, which may be substituted,

as defined in claim 19,

22. The compound or salt of claim 21, wherein R® is
selected from the group consisting of phenyl, thienyl or
furanyl, which may be substituted, as defined in claim
19, 2-aminothiazol-4-yl, 2-amino-S5-chlorothiazol-4-yl,

and 2-aminothiadiazol-4-yl.

23. The compound or salt of claim 22, wherein Z is
-C(NOR®)-, and R® is selected from the group consisting

of hydrogen and C,-C¢ alkyl, which may be substituted, as

defined in claim 19. |REPLACEMENT SHEET
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furanyl, which may he substituted, as defined in claim 33,
2- am not hi azol - 4-yl , 2 am no- 5- chl or ot hi azol -4-yl, and

37. The conpound or salt of claim 36,
Whgmun m“mmm err]) and Rlerr] is selected fromthe group
consi stbin§ b h y rogen and Cerr]-Cerr] alkyl, which my be substituted,
as defined in claim33. 38. The cbﬂ@ound or salt of claim 37,
wherein Rerr] is selected fromthe group consisting of hydrogen,
2-fluoroethyl, cyclopropyl methyl, allyl, dichloroallyl and cycl opentyl ,.
and R3 is selected fromthe group consisting Ehen 2-thienyl,

2-furyl, 2- an1noth?ézolTheyFomEOBﬁﬂn@rSSéhFoPgtﬁ aée|22:ywheaﬁan R® is
2- an1noth|ad|azo al.t of claim 38,

Charei Re s BRLattdn: erom the FouPnSPRShACELE, PE R8U508RRRor hi ool - 4-y!

30, “wher oi n saf L BELBERYLY ¥clopropyiilntty AETRRM1CRIBT ARl cl Al

vancomyci n- r eshs§adlc18peABPLEI bhHNRY 654 %@mct@&teﬁdn@,the group
consisting of phenyl, 2-thienyl, 2-furyl,
2-aminothiazol-4~-yl, 2-amino-5-chlorothiazol-4-yl, and

2-aminothiadiazol-4-yl.

25. The compound or salt of claim 24, wherein R® is
hydrogen or 2-fluorocethyl and R?® is 2~aminothiazol-4-yl

or 2-amino-5-chlorothiazol-4-yl.

26. The compound or salt of claim 25, wherein said
compound is active against methicillin—resistant,
vancomycin~resistant, or ampicillin-resistant bacteria,
as demonstrated by a lower minimum inhibitory

concentration than cefotaxime or imipenem.

27. A compound of claim 19 of the formula:

NOR®

H 11
R
N\ R"Jos

Rss—</s Inuc o/"—N 7 s/@l

alk)p(R®)(allo )R 314

or a pharmaceutically acceptable salt thereof wherein

R* is halogen or hydrogen;




as denphnstrat- ed—by a-lower mnimuminhibitory concentration than
cef ot axime_or ﬁga) ﬁ 41. The-use of a conpound accordihg to any

[!H I’ ml a' salt thereof in the manufacture of
134

the treatment a manmmal suffering froma
methicilli n resi stant vanconyci n-resistant, or anpicillin-resistant
bacterial infection. 42. The use gbgcl aim4l, wherein said mammual

is infected with a nethicillin-resistant Staphyl ococcal or

anpici | lin-resR8t any JelleitaadRin AHAY U consistityy N Wl i RASt e
conposition for treating a methicillin-resistant, varnconyci i resi stant or

anpi ci | Ii n-respsbérctiedcamdinal; i nfection, conprising a

RZI RG/ A, B, D, E, Rn, alku o, R99, d, alkz, r, and R12

are as defined in claim 19 above.
28. The compound of salt or claim 27, wherein
R* is chlorine;

R? is hydrogen, or is not present and the CO, to which it

would be attached bears a negative charge;
R® is hydrogen;

A, B, D, and E are selected to form thiazole and

thiadiazole;
R™ is hydrogen, halogen or C;~C¢ alkyl;

alk; is CHjy;

pis 0 oxr1; REPLACEMENT SHEET
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R* is sulfur;

alkz is CH,:;
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therapeutically effective anount of a conpound or salt of any one of
olalns 33-40 in a pharmaceutically acceptable carrier. - 44. The.
43, wherein said bacteriais a neth|C|II|n resi st ant

gam‘“l mjmnmlm icillin-resistant Enterococcal organism

conpdnnd of

Yor'mul a [err] or a pharmaceutically

accept abl e salt t hereof wherein Rl err] 1x7 sel ected fromthe group

consi sting of
[err]

-NHC(O ZR[ err], , 135

r is 2 or 3; and
R'? is NH, or NH;'.

29. The use of a compound according to any of
claims 19 to 28 or a salt thereof in the manufacture of
a medicament for the treatment of a mammal suffering
from a methicillin-resistant, vancomycin-resistant, or

ampicillin-resistant bacterial infection.

30. The use of claim 29, wherein said mammal is
infected with a methicillin-resistant Staphylococcal or

ampicillin-resistant Enterococcal organism.

31. An antibacterial composition for treating a
methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant bacterial infection, comprising a
therapeutically effective amount of a compound or salt
of any one of claims 19-28 in a pharmaceutically

acceptable carrier.

32. The composition of claim 31, wherein said
bacteria is a methicillin-resistant Staphylococcal or

ampicillin-resistant Enterococcal organism.
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Z is“§éTected—%fenLLhehgroup consisting of -CH2(X)[err] -C (NOR[err])-
CHCO err]Rlerr]) - and -CH (NR[err]Rerr])- Xis
seIeJ I HA p consisting of oxygen and sul phur; mis sel edted
u

fron1vhecgro ing of 0 and 1, R3 is selected fromthe group
consisting of cyano, Clerr]-Cerr] aIkyI whi ch may be s g?ﬂjﬂauv‘ ™ ST
or nore substituents selected fromthe ¢gt28ip consi sti ngj Of—
brono, fluoro, chloro, iodo, nercapto or thio, cyano,
het er ocycl e selectea3trahltbmpogndupfcbhprfermglauryl, t
i ndolyl, pyridinyl, thiadiazolyl, thiazolyl, piperaziny
and di benzt hi enyl, C6-Cl4 aryl, heteroaryl, carboxyl,

C6a|k Ith|o f
en2 § OLK B9z ol
,i..di benzfurany
C err] Cerr]

|_\

al koxycarbonyl, Cerr]-Cerr] alkyl, Cl- Cﬁalke ni t rigr—aii-no,
err]-Cerr] al koxyl andig dgss C[err] derr 14 whi ch may be
substituted with one or nor ubstituents eI ted fromthe group
consi sting of hydroxyl, br N | chI |odo nmer capt o or thio,
cyano, cyanoani do, Cl-CBglkyIt selected from

COR? (aﬂq),,(R“%q(an@,R"]M

or a pharmaceutically acceptable salt thereof wherein

R! is selected from the group consisting of

~NHC(0) ZR?, -NR‘R* and -NHC(O)J\ s

Z is selected from the group consisting of -CH,(X)}n—,

~C (NOR®) -, -CH(OR’)-, —-C(CHCO,R®)~ and ~-CH(NR’R!)-;

X is selected from the group consisting of oxygen and

sulphur;
m is selected from the group consisting of 0 and 1;

R® is selected from the group consisting of cyano, C;~Cs
alkyl which may be substituted with one or more
substituents selected from the group consisting of
hydroxyl, bromo, fluoro, chloro,_iodo, mercapto or thio,
cyano, C;-Cg alkylthio, heterocycle selected from the
group comprising furyl, thienyl, imidazolyl, indolyl,
pyridinyl, thiadiazolyl, thiazolyl, piperazinyl,
dibenzfuranyl and dibenzthienyl, Ce¢-Cy14 aryl, heterocaryl,

carboxyl, C;~Cs alkoxycarbonyl, C;-Ce¢ alkyl, C,-Csalkenyl,
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t he group < C‘cm'pfrsmg furyI thi enyl, inidazolyl EELMMNTW nyl ,

t hi-adi plpera2|nyl .di benzf uy aj |enyI

C6- Clzim" I I M eteroaryl
car boxyl , al koxycarbonyl, Cerr]- _

derr]- C[err] aIkenyI nitro, amno, Cerr]-(efri{—s ~arfi do;

a heterocycl e sel ect ed fromthe group conu2ssin furyl thi dnyl,

i m dazol yl, indolyl, pyridinyl, thiadiazolyl, thiazotyr TPl per azi nyl ,

di benzfuranyl aWd-mfi benwinit erfi-Cs alkoahyilc anhanticiceults-Clutaat, WiHione or

nore substituents

f1 d6Yo Pemrshitwes widite gneo ar mane Slﬂ;amd;uents cyanoani do,

br ono,
Cerr]-Cerr]
car boxyl, oxo,
Cl-C6 al kenyl,
group (RHet Ar

selected fromthe group consisting of hydroxyl,

het er oaryl ,

lﬁ}élrt hlc& het eg}ocycl e, %r ]s C[rér f }érquyl; J%QWI
i, Céé’% alﬂ{é@%ﬁ%ﬁt‘p\thloa; or a heteroal kyl
r

wherein R | s rrb%t I c heterocyle

aI

as defined abO‘t@r)a.noamldo’o}mtl(-@L"[aQﬂdﬁltﬁlo, heterocycle selected from

the group comprising furyl, thienyl, imidazolyl,
indolyl, pyridinyl, thiadiazolyl, thiazolyl,
piperazinyl, dibenzfuranyl and dibenzthienyl, C¢-Ci, aryl,
heteroaryl, carboxyl, C,-Cs alkoxycarbonyl, C;-Cs alkyl,
C1-C¢ alkenyl, nitro, amino, C;-C¢ alkoxyl and amido;

a heterocycle selected from the group comprising furyl,
thienyl, imidazolyl, indolyl, pyridinyl, thiadiazolyl,
thiazolyl, piperazinyl, dibenzfuranyl and dibenzthienyl
which may be substituted with one or more substituents
selected from the group consisting of hydroxyl, bromo,
fluoro, chloro, iodo, mercapto or thio, cyano,
cyanoamido, C;-C¢ alkylthio, heterocycle, Ce-Cis arvyl,
heteroaryl, carboxyl, oxo, C;-Cs alkoxycarbonyl, C;~Cs
alkyl, C;-Cs alkenyl, nitro, amino, C;-Cs alkoxyl and
amido; or a heteroalkyl group (RHetAr wherein R is C1—-Cs

alkyl HetAr is an aromatic heterocyle as defined above),

and (CH,}.T,
n is 1 to 6,

T is selected from the group consisting of amino (NRR'
wherein R and R' may be C;~Cs alkyl, Ce~Ciq aryl or acyl
C(OJR wherein R is C;-Cs¢ alkyl), amidino (C-or N-linked),
guanidino, and isothioureido, which may be substituted

| AMENDED SHEEF



_________ Tis selected fromthe group ¢ REPEAGW éﬁggﬂg (NRR'

V\/nereln R and R may be C1-C6 al kyl, C6-Cl4 aryl fof—acyl~ . . Ry wherein

Frmmmmmm @ 1), amdino (G or NI oferth vﬁm’ i po and

derr]-getr]s aryl, hydroxyl, or am no_as defii abeve:
Rerr] are |ndependently sel ected from t ka0 group consi stithg of

hydr ogen; C[err}?P err] al kyl err]-Cerr] and—acyl as defined
above; wherei il CL ]%141300@%3 aryl, hYd@P&Y 3t O aF‘é-n"(?e a8 prot ect ed
hydr oxy group h th adj acent oxygen Rlerr] is
selected fro d?ﬁ%nai”ioﬁsogfe’hydrogen, Cl-C6 al kyl and C6-Cl4 aryl;

R*7 are independently selected from the group consisting
of hydrogen, C;-C¢ alkyl, Ce¢—Ciq aryl and acyl as defined
above; wherein R® may also be a group that forms a

protected hydroxy group with the adjacent oxygen

R® is selected from the group of hydrogen, C;-Cs alkyl
and Ce—-Cys aryl;

R’ and R are selected independently from the group
consisting of hydrogen, C;-Cs alkyl, acyl as defined
above, and heterocyclecarbonyl {(C{O)Het wherein Het is a

heterocycle as defined above):;

R? is selected from the group consisting of hydrogen,
C1-Cs alkyl which may be substituted as defined above,
C1-Cs alkenyl which may be substituted with one or more
functional groups selected from the groub consisting of
hydroxyl, bromo, fluoro, chiloro, iodo, mercapto or thio,
cyano, C;-Cs alkylthio, heterocycle, C¢-Cis aryl,
heteroaryl, carboxyl, C;-Cs alkoxycarbonyl, C;-Ces¢ alkyl,
C;~-Cs alkenyl, nitro, amino, C;-Cs alkoxyl, and amido;
Cé~Ci¢4 aryl which may be substituted as defined above, a
heterocycle which may be substituted as defined above,
aralkyl (RAr wherein R is C;-C¢ alkyl which may be
substituted as defined above and Ar is C¢-Cyy aryl which

may be substituted as defined above}, hetercaralkyl and

A\JENDED SHEET



R9 and R10 are sel ected independently fromthe group .co'n‘si sti-‘.ng of :
hydrogen, Cl-C6 al kyl,- acyl as defined above, and heterocycl.ecarbonyl

(X i t is a heterocycle as defined above); R2 is selected
fro " i " mtti ng of hydrogen, ({err]-Cerr] alkyl which may be
sub t wed above, ({err]-Cerr] al kenyl which may be

substituted with one or nore functional ¥#bups selected fromthe group
consisting of hydroxyl, brono, fluoro, chloro, iodo, mercapto or thio,
cyano, Jerr]-SFbalkydskIviniBR'Ret ePboybereimeRCIR ang| R' ' harer 6arG4l |

b |, - | k nyl , - | kyl - ,
kel ookt et VTR oS S o3 e o]
su%st ituted agw%?liln g%lgi/‘gfjbga?gfé%‘]g% Fﬁ?gﬁ’é‘? 2?%9%&%80% lg%‘l??&,g[ err] g

al kyl which may be substituted as defined above and Ar is C6-Cl4 aryl
which may be substituted as defined above), heteroaral kyl and

trialkylsilyl #RRiB seSecthar €romRthB greuB coasts€iagr b£CHer hhlogleky!
groups); or R2 is not present and the CJ err] group to which it would be
attached bear SCaxregbkyle Chdlkgelkoxy, hydroxyl, amino as defined

above, cyano, C;-Cs hydroxyalkyl, C,-C¢ carboxamidoalkyl,
C;-Ce¢ aminoalkyl or C;-Cs quaternary ammonium alkyl, and

quaternary hetercaryliumalkyl;

alk, and alk, are C;—-Cs¢ alkyl groups which may be
independently substituted with a substituent selected
from the group consisting of C,-C¢ alkyl, hydroxyl, amino
as defined above, C;-Cs alkoxy, C;-C¢ hydroxyalkyl and
carboxamide;

p is 0, 1, or 2;

R*» is selected from the group consisting of sulfur, SO,

S0,, NH, C;-C¢ N-alkyl, oxygen, C=C {cis or trans), and

c=C;
q is 1;

r is 0, 1, 2 or 3;

REPLACEMENT SHEET
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the ring AA B, Db and Eis a carbon, nitrogen and s

m sel ected from the group consisting of t ALE
i w
thi adi az ﬁ] l”azolyl Rlerr] is selecte

consi sting of H' h&l ogen, Cl- C6 al kyl, C1-C6 jalikoxy...b
am no as defined above, cyano, Cli€$ hydroxy | kyl, Ci1- C6
car boxam doal kyl , Cl-C6 am noal kyl or Cl1-C6 n
al kyl, and guat er nary heteroaryllqulkyl s  alkl and al k2
are CJerr]-Clerr] alkyl groups“Whﬁc may He wﬁvs i njepatident | y
substituted with a substltueq%,\glected 2; fronﬂgh group consi sting
of Cl-GC6 al kyl ,,hydroxyl ., am 15518 H i ned ab 4§¢1.CB al koxy,
Cl- C6 hydroxya $kyps H cg?b%xan1de S& : 0,, 1, or 2;
ﬁ SR .5{ N
. /\ 13R14
NR , Ri3 , or + NR®R4

R®-R'® are independently selected from the group
consisting of H, hydroxy, amino as defined above,
amidino, C;-Ce¢ alkyl, cycloalkyl, acyl as defined above,
and phosphoryl and taken together may form a 5- or

6-membered ring; and
R is H or C;-Cs alkyl;

wherein alk, and R'? taken together may form a 5 or 6
member ncon-aromatic heterocycle which may be substituted

as defined above.

34. The compound or salt of claim 33, wherein R! is

-NHC (0) ZR3.

35. The compound or salt of claim 34, wherein R® is
Ce—Ci14 aryl or heterocycle, which may be substituted, as

defined in claifn 33,

36. The compound or salt of claim 35, wherein R® is

selected from the group consisting of phenyl, thienyl or

AMENDED SHEET



R99 is selected fromthe group consisting of sulfur,-Sd%ﬁﬂ%ﬁﬁﬂﬂﬁﬁN@bsﬂﬁﬁf
| kyl , oxygen, C=C (cis or trans), C=C}.
o AT R o 225" el oot

133

furanyl, which may be substituted, as defined in claim
33, 2-aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl,

and 2-aminothiadiazol-4-yl.

37. The compound or salt of claim 36, wherein Z is
~C(NOR®)-, and R® is selected from the group consisting
of hydrogen and C;-C¢ alkyl, which may be substituted, as

defined in claim 33.

38. The compound or salt of claim 37, wherein R® is
selected from the group consisting of hydrogen, |
2-fluoroethyl, cyclopropylmethyl, allyl, dichloroallyl
and cyclopentyl, and R® is selected from the group
consisting of phenyl, 2-thienyl, 2-furyl,
2-aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl, and

2-aminothiadiazol-4-yl.

39. The compound or salt of claim 38, wherein R® is
hydrogen or 2-fluoroethyl and R® is 2-arinothiazol-4-yl

or 2-amino-5-chlorothiazol-4-yl.

40. The compound or salt of claim 39, wherein said
compound is active against methicillin-resistant
vancomycin-resistant, or ampicillin-resistant bacteria,
as demonstrated by a lower minimum inhibitory

concentration than cefotaxime or imipenem.

41. The use of a compound according to any of

claims 33 to 40 or a salt thereof in the manufacture of

AN&NUEJQNEJ



- ...

[err}———" *——‘—T{err]-R[err] are independently selectéd frén1the;gnpdp
conS|s oxy, am no as defined above, .. .amding, ?
C[er E{Jﬁ‘ l C[err] Cerr] cycloal kyl, acyl as def i ned

abo and phosphoryl and taken together may forma
~ or 6-nenber ed ring; and Rlerr] is Hor (err]-Cerr] alkyl;
mhereln alk[err] and R err] taken together3zgmy forma 5 or 6

menber non-aromati c heterocycle which may be substituted as

defined above.a medicament for tHé.tdéetmempoandamiasastifoérihgi fréh, a
wherein RL is -NHC(O ZR[ err] . 47. The conpound
or salt of clahetlbcikhbreresketant, vancomycimgfeesisthmtr]oaryl or

het er ocycl e whi ch e substjtuted as defined in claim45.

48. The ccwwxnﬁﬁpkﬁlg%}¥‘ BESLPERnt srachpeial nixgectlon. sel ect ed
fromthe group consisting of phenyl, thienyl or ' furanyl, which
may be substituted, as defined in claim ' 45, 2-am not hi azol - 4-yl,

2-am no- 5-chlorot hi 270l -fr¥lyse of claim 41, wherein said mammal is
infected with a methicillin-resistant Staphylococcal or

ampicillin-resistant Enterococcal organism.

43. An antibacterial composition for treating a
methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant bacterial infection, comprising a
therapeutically effective amount of a compound or salt
of any one of claims 33-40 in a pharmaceutically

acceptable carrier.
44. The composition of claim 43, wherein said
bacteria is a methicillin-resistant Staphylococcal or

ampicillin-resistant Enterococcal organism.

45. A compound of the formula

Ry s s
A—+-B
u! O
CoR? aliy)p(RPo(allhR 3.2

or a pharmaceutically acceptable salt thereof wherein

R! is selected from the group consisting of -NHC(O)ZR?,

2 10CT 997
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and 2-ani-not-hiadi-azol - 4-yl . .. 140

ﬁé"ﬂmUMHﬂ%Hiﬂf fgln;[ t ﬁfe Slr giur; ggns:’vgﬂ ﬁlgn 'gf s A ‘ )' an(cj:[ -
al kyl',¢ : ! | hydr ogen—an

conpound or salt of claim49, wherein R6 is selegte

consi sting of hydrogen 2-fluoroethyl, cypj;@propylﬁ it % @yﬂ
dichloroallyl and cyclopentyl, and R3 is selected fr & oup

substituted, as defined in cipEPh o Nl SHEGE The

consi sting of phenyl, 2-thienyl furyl, 2-ani ndt Hl.azoledeyd-
2- am no- 5-chl orot hi azol -4-yl, apd - am not hi adi azpl - 4-yl . SJ The
er

conpound or salt of claimb50,

n R[err] i s hisegregemror—2-TTUor oet hyl

and R3 is 2-anigeids azol - AHglo

Z is selected from the group consisting of -CH,(X)n-,

-C (NOR®)-, -CH(OR’)-, -C{CHCO.R’)- and -CH (NR’R'®)-;

X is selected from the group consisting of oxygen and

sulphur;
m is selected from the group consisting of 0 and 1;

R® is selected from the group consisting of cyano, C;-Cs
alkyl which may be substituted with one or more
substituents selected from the group consisting of
hydroxyl, bromo, fluoro, chloro, iodo, mercapto or thio,
cyano, C;~C¢ alkylthio, heterocycle selected from the
group comprising furyl, thienyl, imidazolyl, indolyl,
pyridinyl, thiadiazolyl, thiazolyl, piperazinyl,
dibenzfuranyl and dibenzthienyl, C¢-Cis aryl, hetercaryl,
carboxyl, C;~C¢ alkoxycarbonyl, C;-Cs alkyl, C;-Csalkenyl,
nitro, amino, C;-Cs¢ alkoxyl and amido; C¢-Ci4 aryl which
may be substituted with one or more substituents
selected from the group consisting of hydroxyl, bromo,
fluoro, chloro, - iodo, mercapto or thio, cyano,
cyancamido, C;-Cs alkylthio, heterocycle selected from
the group comprising furyl, thienyl, imidazolyl,
indolyl, pyridinyl, thiadiazolyl, thiazolyl,

piperazinyl, dibenzfuranyl and dibenzthienyl, C¢-Cy4 arvl,

AMENDED SHEET



or 2-am no-5-chl orothiazol -4-yl. . 52. The conpound of salt of c! aim

51;- whieréin said conpound is active agal nst methicillin-resistant -

van or anpicillin-resistant bacteria, as denonstrated by

_ &%‘“mn‘m‘mm“bl tory concentration than cefotaxime or imnm penem
ecuse of & cdnpound according to any of <clains 45 to 52 in the

rranuf acture of a nedicanent for the treatpest of a mammal suffering froma

methicillin- resistant, vancomycin-resistant, or anpicillin-resistant
bact eri al i nf eclue’oearoaryl, carboxyl, CH&s ihbowcaﬁh‘;oﬁj/m TP ARFE) N sali d
manmal is infected with a nethicillin-resistant Staphyl ococcal or

anpi ci | | i n-r esiSt4staBerybeoribro orgminemCi~Cs alkoxyl and amido;

a heterocycle selected from the group comprising furyl,
thienyl, imidazolyl, indolyl, pyridiﬁyl, thiadiazolyl,
thiazolyl, piperazinyl, dibenzfuranyl and dibenzthienyl
which may be substituted with one or more substituents
selected from the group consisting of hydroxyl, bromo,
fluoro, chloro, iodo, mercapto or thio, cyano,
cyanoamido, C;-Cs alkylthio, heterocycle, C¢-Ci; aryl,
heteroaryl, carboxyl, oxo, C;-Cs alkoxycarbonyl, C1-Cs
alkyl, C;~Cs alkenyl, nitro, amino, C,-Cs alkoxyl and
amido; or a heteroalkyl group (RHetAr wherein R is C;~Cs
alkyl HetAr is an aromatic heterocyle as defined above},

and (CH,).T,
n is 1 to 6,

T is selected from the group consisting of amino (NRR'
wherein R and R' may be C;-Cs alkyl, Cs-Cys aryl or acyl
C(O)R wherein R is C;-C¢ alkyl), amidino (C- or

N—_linked) + guanidino, and isothioureido, which may be
substituted with C,~Cs alkyl, Cs-Ci; aryl, hydroxyl, or

amino as defined above;

R'" are independently selected from the group

consisting of hydrogen, C;-C¢ alkyl, Ce-Cis aryl and

acyl as defined above; wherein R® may also be a

‘ group that forms a protected hydroxy group with the
2 10CT B9 adjacent oxygen
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55. An antibacterial conpositi.on for treating a nethi &E '
vanconycin-resistant, or anpicillin-resistant bacter n
conpri sing -a- therapeutically effective anount of 'a cpmpound or

one of cl 45-52 in a pharmaceutically acceptpb
56r "Ilﬂn“l T of claim55, wherein said bacterjgfi
nt St aphyl ococcal or agpicillin-rjesrs

organi sm | . A conpound of the formul a:
pharmaceutical ly accept able salt thereof wherein Rerr]

t he group con5|st| ng of -NHCQ(O) ZRerr],
R® is selected from the group of hydrogen, C1-Cs alkyl

and C¢-C;q aryl;
R’ and R are selected independently from the group
consisting of hydrogen, Ci1-C¢ alkyl, acyl as defined
above, and heterocyclecarbonyl (C(O)Het wherein Het is a

heterocycle as defined above):;

R? is selected from the group consisting of hydrogen,
C1-C¢ alkyl which may be substituted as defined above,
| C1-C¢ alkenyl which may be substituted with one or more
functional groups selected from the group consisting of
hydroxyl, bromo, fluoro, chloro, iodo, mercapto or thio,
cyano, C;-Cs alkylthio, heterocycle, Cs—Ciy aryi,
heterocaryl, carboxyl, C;-C¢ alkoxycarbonyl, C,-Ce¢ alkyl,
C,-C¢ alkenyl, nitro, amino, C;-Cs alkoxyl, and amido;
C¢—-Ci4 aryl which may be substituted as defined above, a
heterocycle which may be substituted as defined above,
aralkyl (RAr wherein R is C;-C¢ alkyl which may be
substituted as defined above and Ar is C¢-Cyy aryl which
may be substituted as defined above), heterocaralkyl and
trialkylsilyl (RR'R'' Si wherein R, R'and R'' are C;-Cg¢
alkyl groups); or R? is not present and the CO, group to

which it would be attached bears a negative charge;

the ring A, B, D, and E is a carbon, nitrogen and
sulphur contain-ing heterocycle selected from the group

consisting of thienyl, imidazolyl, thiazolyl

- JENDED SHEET



[err] . _ : 142 Z is sel ected fron1the
roup conS|st|ng of CH[err](X)[err] C(NCR[err]) -CH(OR[err]) -
Eml% mﬂuﬂ(ﬂ@“mnd CH( NROR[ err]) X is selected from the group
conS| sul phur; mis selected fromthe gr oup
consi st'i n R3 is selected fromthe group consisting of cyano,
Cl-C6 al kyl which nmay be substituted w th3gne or nore substituents
selected fromthe group consisting of hydroxyl, brono, fluoro, chloro,
i odo, mercapt othiatihkeolytyand, pGtaebalkyl t hi o, heterocycle selected from
the group conprising furyl, thienyl, imdazolyl, indolyl, pyridinyl,
t hi adi azolyl, thiazolyl, piperazinyl, dibenzfuranyl and di benzthienyl,
C6- Cl14 aryl, he{eroaryl
is selected from the group con51stlnq of H, halogen,
C:-Cs alkyl, C;—-Cs alkoxy, hydroxyl, amino as defined
above, cyano, C;-Cs hydroxyalkyl, C,-Ce¢ carboxamidoalkyl,
C1-C¢ aminoalkyl or C;-C¢ quaternary ammonium alkyl, and

quaternary heterocaryliumalkyl;

alk; and alk, are C;-C¢ alkyl groups which may be
independently substituted with a substituent selected
from the group consisting 6f C;-C¢ alkyl, hydroxyl, amino
as defined above, C;-Cgs alkoxy, C;-Cs hydroxyalkyl and

carboxamide;
p is 0, 1, or 2;

R* is selected from the group consisting of sulfur, SO,

S0,, NH, C;-Cs N-alkyl, oxygen, C=C (cis or trans), and

Cc=C;
q is 1;

r is 0, 1, 2 or 3;

e owewe | R a7
R!2 is NRSRM, :’H/\NR'sR“’ 'I( 'N|R“ '1{ L’Rﬁ ’
IREPLACEMENT SHEET,
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: carboxy+ €1-C6 a#kexycarbonyl Cl- C6al kyl , C1-Co6al kenyl,, nitro, am no,
Iko and an1do Cerr]-Cerr] aryl which my be
Mclum nore substituents selected fromthe group
brono, fluoro, chloro, iodo, nercapto or thio,

cyano cyanoan1do C[err]-C[err]'aIkyIthio, het er ocycl.e-sel-eet Eﬁﬁ1 t he
group conprising furyl, thienyl, inidazolysg |ndo|y§§ygﬁc§aﬁﬁ¥5¢?i

t hi adi azol yl, thiazolyl, piperazinyl, dibenzfuranyl YEnZt hi enyli,
Cerr]-Cerr] aryl, heteroary car boxyl , C[err]-C[er ] ybcnyl _
Cerr]-Cerr] alkyl Cersg- dg r] al kenyl RE%®, B -C[err]

al koxyl and anidﬁ{ a hetefo Eaﬁelectégf mthe gri 179 furyl,
thienyl, im dab~S Jg idol yl, |pyr| di nyl hi Hdl azol yi,

143 thlazolyl 2|nyl Gﬁbenzfuagnyl+anﬂ¥ﬂ1ben$khkenyf‘“ﬁﬁ‘ﬁﬁﬁﬁgy be
substituted mnth one or ‘more substituents selected fromthe gr oup

consi sting of hydroxyl, brono,

R¥-R'® are independently selected from the group

consisting of H, hydroxy,

amidino, C;-Ce¢ alkyl, C;~-Ce¢ cycloalkyl,

above,

form a 5- or 6-membered ring:;

RY is H or C,~C¢ alkyl;

amino as defined above,

acyl as defined

aminocacyl, and phosphoryl and taken together may

and

wherein alk, and R'® taken together may form a 5 or 6

member non-aromatic heterocycle which may be substituted

as defined above.

46.
-NHC (Q) ZR3.

47.

The compound or salt of claim 45, wherein R! is

The compound or salt of claim 46, wherein R® is

Cé—~Cy1s aryl or heterocycle which may be substituted as

defined in claim 45.

48.

The compound or salt of claim 47, wherein R® is

selected from the group consisting of phenyl, thienyl or

furanyl, which may be substituted, as defined in claim

45, 2-aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl,

and 2-aminothiadiazol-4-yl.

AMENDED SHEET



fluoro, "chloro, i odo, mercapto or thIO cyano, CYaR{
alk e C6-Cl4 aryl, ' heteroaryl,

al k ﬂuaﬂuimmﬁ al kyl, C1- C5 al kenyl, nit
and " samecdor o et eroal kyl group (RHet Ar where
aIkyI Het Ar is an aromatic heterocyle as defined
nis 1lto 6, Tis selected fromthe growpoconsi Ty ot 9

wherein R .and R nay be Cl1-C6 al kyl, C6-Cl4 aryl | C(O)R vvhreln R
is C1-C6 alkyl), amdino (C or NIinked), guanidino, sotnro
whi ch may be substituted with Cl1-C6 al kyl, C6-Cl4 aryl, hydroxyl, or

am no as defined abd\% The comapeltmd] oar sailitdefe cdevim W%emr@d-nf Zorhst he

group con5|st| h gen, Cl-C6 al kyl, C6-Cl4 aryl and acyl
as defined abov€; N@ﬁe fnaF%éBﬁPﬁnﬁﬁkﬁQ§?4nﬁ¥9m the grR ¢MIishing a
protected hydrO)%yh% opc);evr\llI tancit %e-cs alkyaldJ %)t%pebe substituted, as

defined in claim 45.

50. The compound or salt of claim 49, wherein R® is
selected from the group consisting of hydrogen
2-fluorocethyl, cyclopropylmethyl, allyl, dichlorocallyl
and cyclopentyl, and R® is selected from the group
consisting of phenyl, 2-thienyl, 2-furyl,
2—-aminothiazol-4-yl, 2-amino-5-chlorcthiazol-4-yl, and

2-aminothiadiazol-4-yl.

51. The compound or salt of claim 50, wherein R® is
hydrogen or 2-fluoroethyl and R® is 2-aminothiazol-4-yl

or 2-amino-5-chlorothiazol-4-yl.

52. The compound or salt of claim 51, wherein said
compound is active against methicillin-resistant
‘vancomycin-resistant, or ampicillin-resistant bacteria,
as demonstrated by a lower minimum inhibitory

concentration than cefotaxime or imipenem.

53. The use of a compound according to any of
claims 45 to 52 in the manufacture of a medicament for
the treatment of a mammal suffering from a methicillin-
resistant, vancomycin-resistant, or ampicillin-resistant

bacterial infection.



R8 is selected fromthe group of hydrogen, Cl-C6 al kyl and C6-Cl4 aryl;
144 Rl err]-and-RLO are sel ected |ndependently fromthe group " consisting
of hydr ogen igﬁ C[err] al kyl, acyl as defined above, and '

3“““\““ (C( O Het wherein Het is a heter ocycl e as defined

ected fromthe group consisting of hydrogen,

C[erT] CIerr al kyl which may be substitutigad as defi ned above,

Cerr]-Cerr] alkenyl which may be substituted with one or nore functional
groups sel ected fromthe group consisting of hydroxyl, brono, fluoro,
chloro, iodo, nercapto or thio, cyano, Cl-C6 al kylthio, heterocycle,
C6-Cl4 aryl, heterdatyl TmeWﬁ Qigs S kvhermiborsdid Glamdklal ie/|

Cl- C6 aIkenyI nitro, am ng, Cl-C6 al koxyl, and am do; C6-Cl4 aryl which
may be Subst,td{r@ﬁfcé:secgéﬂ%cp Wc@lln—resmtant Staphylococcal or

ampicillin-resistant Enterococcal organism.

55, An antibacterial composition for treating a
methicillin-resistant, vancomycin-resistant, or
ampicillin-resistant bacterial infection, comprising a
therapeutically effective amount of a compound or salt
of any one of claims 45-52 in a pharmaceutically

acceptable carrier.

56. The composition of claim 55, wherein said
bacteria is a methicillin-resistant Staphylococcal or

ampicillin~resistant Enterococcal organism.

57. A compound of the formula:

R1 1h-3
O/_NQ\/\ j
7z [(ai wﬂdw’%

or a pharmaceutically acceptable salt thereof wherein

R' is selected from the group consisting of -NHC({O)ZR3,

_NR'R® and —NHC(O))\ s

’
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heteroéycle whi ch may be substituted as defined {3

Cerr] alkyl which may be JOREE-E%H

an [m"“'ﬁu yﬂﬂlﬁ mly which may be substituted

het er oar a and= trialkylsilyl (RRR"' Si wherleijn R10&
Cerr]-Cerr] alkyl groups); or R2 is not prese
which it would be attached bears a negati y@2char
and Mis a carbon, nitrogen or NRerr] (quaterna
cont ai ni ng het a@r cicsy@eaecﬂ:@de@tm ftm@ngtrm;:gmmwmmsbmg -@‘I-IzIOXM-dJ nyl

pi perazinyl, pyrimdinyl and pyrazinyl;

145 -CRNOR?) - »s-éﬁl(@ﬁhed ffG)&ﬁHGQ&RﬁY-ou@ndon@HélﬂR’rIﬁ%f H, hal ogen,
Cl-C6 al kyl, Cl1-C6 al koxy, hydroxyl, am no as defined above,
cyano, Cl-C6 hydroxyal kyl , Cl Co6 carboxanidoalkyl ,

Qerr]-err] m&%?%: :5% %om tgx tgefrortll%r )éo%sa.stl # ¥>|x’ygaerr]1d and

quat ernary het
sulphur;

m is selected from the group consisting of 0 and 1;

R® is selected from the group consisting of cyano, C;-Cs
" alkyl which may be substituted with one or more
substituents selected from the group cbnsisting of
hydroxyl, bromo, fluoro, chloro, iodo, mercapto or thio,
cyano, C;—-Ce¢ alkylthio, heterocycle selected from the
group comprising furyl, thienyl, imidazolyl, indolyl,
pyridinyl, thiadiazolyl, thiazolyl, piperazinyl,
dibenzfuranyl and dibenzthienyl, C¢-C;; aryl, heterocaryl,
carboxyl, C;-C¢ alkoxycarbonyl, C;-C¢ alkyl, C;-Cealkenyl,
nitro, amino, C;-Cs alkoxyl and amido; Ce¢-Cis aryl which
may be substituted with one or more substituents
selected from the group consisting of hydroxyl, bromo,
fluoro, chloro, iodo, mercapto or thio, cyano,
cyanoamido,. C;—-Ce¢ alkylthio, heterocycle selected from
the group comprising furyl, thienyl, imidazolyl,
indolyl, pyridinyl, thiadiazolyl, thiazolyl,
piperazinyl, dibenzfuranyl and dibenzthienyl, C¢-Cis aryl,
heteroaryl, carboxyl, C;-C¢ alkoxycarbonyl, C;-C¢ alkyl,
C1-Cs alkenyl, nitro, amino, C;-C¢ alkoxyl and amido;

a heterocycle selected from the group comprising furyl,

thienyl, 1m1dazolyl, indolyl, pyrldlnyl, thiadiazolyl,
AMENOED SHEET



| pendé‘nt ly

al kl"a‘r‘id al k2 are €C1-C6 al kyl groups which may
as defin

a substituent selected
{ﬁ bm '& al kyl , hydroxyl, am no
- hydr oxyal kyl and arD LR mﬁ

p S 0 1, or 2; RO9 is selected fifofn t h
sul fur, SO S, NH, (ferr]-Chanr] C (cis or
trans), and C=C g isil; is 0, 1,

2 or 3; [err]thiazolyl, glperaza.nyl, dibenzfuranyl anw@nﬂrﬁﬂjﬂlerﬁ[le”]

are independently sel ected fromthe group
which may be substituted with one or more substituents

'aboVe,

sting of

selected from the group consisting of’ hydroxyl, bromo,
fluoro, chloro, iodo, mercapto or thi'o, cyano,
cyanoamido, Ci-Cs alkylthio, heterocycle, C¢-Ciy aryl,
heteroaryl, carboxyl, oxo, Ci;-Ce¢ alkoxycarbonyl, C;-Cg
alkyl, C;-Cs alkenyl, nitro, amino, C;-Ce¢ alkoxyl and
amido; or a heterocalkyl group (RHetAr wherein R is C;-Cs
alkyl HetAr is an aromatic heterocyle as defined above},

and (CH:}.T,
n is 1 to 6,

T is selected from the group consisting of amino (NRR'
wherein R and R' may be C;~Cs alkyl, C¢—Cis aryl or acyl
C(O)R wherein R is C;~C¢ alkyl), amidino (C- or

N-linked), guanidino, and isothioureido, which may be
substituted with Ci;-C¢ alkyl, C¢—C;4 aryl, hydroxyl, or

amino as defined above;

R*7 are independently selected from the group
consisting of 'h'ydr.ogen, C;~-Cs alkyl, C¢-Ciq aryl and
acyl as defined above; wherein R® may also be a
group that forms a protected hydroxy group with the

adjacent oxygen

R® is selected from the group of hydrogen, C;-Ce¢ alkyl
and C¢-Cyq aryl;
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consi-sting of H, hydroxy, am no as defined above, am dino, C[err]-C[er-r]
al kyl; Cerr]=C[er] cycloal kyl, acyl as defined above, :am noatyl, and

phos together may forma 5- or 6-nenberéd ring; and”
R er ﬂ'[ﬂ ‘ ﬂ“l Cerr] alkyl; wherein al k2 and R12 taken together
may or

wenber non-aromati c heterocycle which nmay be substituted

as defined above. 58. The conpoundy g salt of claim57, where R err]
is is -NHC(O ZR err]. 59. The conpound or salt of claim58, wherein
R3is ({err]-Cerr] aryl or heterocycle, which may be substituted, as
defined in claimb57. 60. The conpound or salt of claim59, wherein

R3 is sel ect eB’ faminR'fleage osplechsisindgpendpehthy| fromi ehgl gooupf ur anyl ,
whi ch may be substituted, as defined in claim 57, 2-am nothiazol-4-yl,
2- ani no- 5- chl ofF@RAL8EBNT40§| hydrpgeD, afitiet Milddlazgicyd- @s defined

above, and heterocyclecarbonyl (C(O)Het wherein Het is a

heterocycle as defined above):;

R?* is selected from the group consisting of hydrogen,
C1~Cs alkyl which may be substituted as defined above,
C1-C¢ alkenyl which may be substituted with one or more
functional groups selected from the group consisting of
hydroxyl, bromo, fluoro, chloro, iodo, mercapto or thio;
cyano, C;-Ce¢ alkylthio, heterocycle, C¢-Cyq aryl,
heterocaryl, carboxyl, C;-Cs¢ alkoxycarbonyl, C;-Cs alkyl,
Ci1~C¢ alkenyl, nitro, amino, C;-C¢ alkoxyl, and amido;
Ceé~Ci4 aryl which may be substituted as defined above, a
heterocycle which may be substituted as defined above,
aralkyl {(RAr wherein R is C;-C¢ alkyl which may be
substituted as defined above and Ar is Ce¢-Ciy aryl which
may be substituted as defined above}, heteroaralkyl and
trialkylsilyl (RR'R'' Si wherein R, R'and R'' are C;-Cs
alkyl groups}; or R? is not present and the CO, group to

which it would be attached bears a negative charge;

the ring G, H, J, L and M is a carbon, nitrogen or NR}
(quaternary ammonium heterocycle) containing heterocycle
selected from the group consisting of pyridinyl

piperazinyl, pyrimidinyl and pyrazinyl;

R

PR RS seie”
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61. The conpound or salt of claim®60, wherein Zis -C(NOR[err])-, and
Rlerr] is selected fromthe group consisting of hydrogen and Clerr]-(err]

aI kyI bstituted as defined in claimb57. 147
Hm“lmlw ﬁnm salt of claim®6l, wherein R6 is sel ected

from t*he ¢gr bup® consi*sti ng of hydrogen 2-fl uoroet hyl,

cycl opropyl nethyl, allyl, dichloroallyl 145 and cycl opentyl, and

R3 is selected fromthe group consi sting of phenyl,

2-thienyl, 2-f®RYlis selected from2thei goolp acohs¥sying of H, halogen,

2- am no-5-chl orot hi azol -4-yl, and 2-am not hi adi azol -4-yl .

63. The corrpourﬁi 6t adikiim 62 -Cahrlkpxy Rehydroxyl, amino afhy@*?%@@?ﬂior

2-fluoroethyl a i s 2-ani pothia
>~ ani no- 5 chl oS dYaRgr Giocs Bydroxydlyl, cygs stepSbmmiinatlsa
of claim63, wherelhwHdshikyl or C,-Cs quaternary ammonium alkyl, and

quaternary heteroaryliumalkyl;

alk; and alk, are C,-Cs¢ alkyl groups which may be
independently.substituted with a substituent selected
from the group consisting of C;-Cs alkyl, hydroxyl, amino
as defined above, C1-Cs alkoxy, C;-C¢ hydroxyalkyl and
carboxamide;

p is 0, 1, or 2;

R®® is selected from the group consisting of sulfur, SO,
SO,, NH, C;-C¢ N-alkyl, oxygen, C=C (cis or trans), and
C=C;

g is 1;

r is 0, 1, 2 or 3;

+ NR13R14 R‘s R13

[ N \)JR“R"’ N \)17
:'7,/\ 15016 :I{ I 'LL{ {!
R? ig NR”R“, NR™R , NRM ) Y ’
*{ 1518
RN R
LACEN{EN{I S 1 , NR13R14’ Ria r O + NRPR4
PL 2 'mm 1997
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conpound i s active against nethicillin-resistant . PN e
vancomyci-n-resistant, or anpicillin-resistant bacteria,}  pusociatill¥) &HEET
denonst r m ni mum i nhi bitory i on ghan
cef ot “@Hﬂ@ Uﬂgﬂﬁm 65. The uselo

accor clainms 57-64 or a sal hereof in the
manuf acture of a nmedi canent {gg the treatfrent of a Trammed
suffering from a methicillin-resistant, v Quycln-resistang,
or RI%RPP Gdtd | thdgsérsdantl pagd esditdd | ffatilodn. group =
66. The use of claim 65, wherein said manmal is I nfected with
a methicillin- cesbisamnngépHylhydcoay,oamianaeidetﬁnedsabpxnu

Ent er ococcal organism 67, An a Ejbacterlal
conposi tion foPMiAéBPy nG1zCs alkyl, Che?thN¢494l¥%%nsﬁ%¥& as defined

vanconyci n- re5|gg%25 a%&noacyl, and phosphoryl and taken together may

form a 5- or 6-membered ring; and
RY is H or C;-C¢ alkyl;

wherein alk, and R taken together may form a 5 or 6
member non-aromatic heterocycle which may be substituted

as defined above.

58. The compound or salt of claim 57, where R! is

is -NHC (0) ZR>.

59. The compound or salt of claim 58, wherein R® is
Cé~Cy14 aryl or heterocycle, which may be substituted, as

defined in claim 57.

60. The compound or salt of claim 59, wherein R?® is
selected from the group consisting of phenyl, thienyl or
furanyl, which may be substituted, as defined in claim
57, 2-aminothiazol-4-yl, 2-amino-5-chlorothiazol-4-yl,

and 2-aminothiadiazol-4-yl.

61l. The compound or salt of claim 60, wherein Z is
-C(NOR®) -, and R® is selected from the group consisting
of hydrogen and C;-C¢ alkyl which may be substituted as

defined in claim 57.
" hyENDED SHEET



anpicillin-resistant bacterial infection, conprising a

therapeutically effective anount of a conpound or salt = -7 oof _any one
of clainms 57-64 in a pharnmaceutically acceptable carrier.

M g f claim67, wherein said bacteria is a
rret hmﬂ“fmﬂmlu; m St aphyl ococcal or anpicillin-resistant
Ent er acoécat dYgani 3 69. 14Tonpound of the fornula:
[err] . mhereln Pg[err] is hydrogen or a first protecting group and
wherein Pg2 is a second protecting group. 70. The conpound
of claim69, wherein said Pg[err] first protecting group is

sel ected fromthe gr@ZJp The compawnsict isalbfohyckaiperdl t ritpdmesin ikt Hy |

(p-ani syl) di phenyl net t - but yl oxycar bony| ,
N-trichl or oet ho3&A3E 'b%%yfm& hFR# o%k‘é%li/lc"ff%#ﬁﬁﬂng KRfethydrogen

trimethylsilylefhoxycarbony], Lezyl SyeAraany  Benayl . yi cnioroaliy:

and cyclopentyl, and R® is selected from the group
consisting of phenyl, 2-thienyl, 2-furyl,
2-aminothiazol-4-yl, 2-amino-5-chlorothiazol~4-yl, and

2-aminothiadiazol-4-yl.

63. The compound of claim 62, wherein R® is
hydrogen or 2-fluoroethyl and R® is 2-aminothiazol-4-yl

or 2-amino-5-chlorothiazol-4-yl.

64. The compound or salt of claim 63, wherein said
compound is active against methicillin-resistant
vancomycin-resistant, or ampicillin-resistant bacteria,
as demonstrated by a lower minimum inhibitory

concentration than cefotaxime or imipenem.

65. The use of a compound according to any of
claims 57-64 or a salt thereof in the manufacture of a
medicament for the treatment of a mammal suffering from
a methicillin-resistant, vancomycin-resistant, or

ampicillin-resistant bacterial infection.

66. The use of claim 65, wherein said mammal is
infected with a methicillin-resistant Staphylococcal or

Miicillin-resistant Enterococcal organism.
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p- met-hoxybenzyl, 2, 4-dinethoxybenzyl,
pi val oyl , tetrahydropyranyl, EPLACEMENT
t-butyl, methoxymethyl, p-toluenesul fonyl, ben}opimi-ris

dic Iuoroacetyl benzenesulfe‘y

benmﬂwmﬂ“uum M“l cyanoet hyI car boet hoxy

and *whéret n wsaisd Pg2 second protecting gro8p o0

consi sting of triphenylnethy, (p-anisyl)diphe ylnethyl

di chl oroacetyl, 2-methoxy-2-propyl, t-butyldik reerearesmsosasege

trlnethyI5|Ionxyethﬁ tr|nethyI5|IonxyethoxycarbonyI trlchloroethyl
¥l ,

trichl oroet hoxycar b® Aphéﬁynbaptéﬁyﬁétﬁ9mPOSlt10n for treating a
phenyl sul f onyl et hoxyg bon et hoxyet hox carbon
Eyanoet hoxycarﬂﬁﬁgFCl LRoFsRiSRIRE,  VaBLRBY Aoy CERORVABEN P

1- met hoxy- 1 ne%ﬂﬁké&ﬁi&n—reSLStant bacterial infection, comprising a

therapeutically effective amount of a compound or salt
of any one of claims 57-64 in a pharmaceutically

acceptable carrier.
68. The composition of. claim 67, wherein said
bacteria is a methicillin-resistant Staphylococcal or

ampicillin-resistant Enterodococcal organism.

69. A compound of the formula:

OPga
1/'
N
Pg1NH—</ | oot
S cl

wherein Pg; is hydrogen or a first protecting group and

wherein Pg, is a second protecting group.

70. The compound of claim 69, wherein said Pgy
first protecting group is selected from the group
consisting of hydrogen, triphenylmethyl,
(p—anisyl)diphenylmethyl, t-butyloxycarbonyl,
N-trichloroethoxycarbonyl, chlorocacetyl, formyl, acetyl,
trimethylsilylethoxycarbonyl, benzyloxycarbonyl, benzyl,
p—methoxybenzyl, 2,4-dimethoxybenzyl,

2,4, 6-trimethoxybenzyl, pivaloyl, tetrahydropyranyl,

AMENDED SHEET



p ”EthOXybeﬂZy|—~benzyl 2, 4-di met hoxybenzyl, 2, 4{BEPRAGES

carbonyl benzyl oxycar bonyl , I
mam#iﬂ ycar bonyl , 2, 4, 6-trimethoxyb¢nz
p nltﬁoph rophenyl, p- ni trobenzoyl, t-bgtyl, or
t - but yl oxycar bonyl . 71. The conpound of claijm 70, wherern saifl
Pg[er] first protecting group is selecteﬁ4§ron1the group _consisting of
hydrogen, triphenyl nethyl, (p-anisyl)diphenylnmethyl, formyl, and
t - but yl oxycar bg Ehtyﬁ”dm‘@%% oKythetRihd , P@Zz@%@ﬂ@sﬁ&%@@w NG4S

selected fromthe grdup consisting of triphenyl met

2- met hoxy- 2- prQﬁibhlebh@h&@ﬂQpwh@mibroatehquyIQxﬁﬁ&mb&mﬂcetwﬂd
p- met hoxybenzyl oxycar bonyl . 150
benzenesulfenyl, methanesulfonyl, benzenesulfonylethyl,

cyanoethyl, carboethoxyethyl, or 2-methoxy-2-propyl; and
wherein said Pg; second protecting group is selected from
the group consisting of triphenylmethy,
(p-anisyl)diphenylmethyl, tetrahydropyranyl,
dichloroacetyl, 2-methoxy-2-propyl,
t-butyldimethylsilyl, trimethylsilyloxyethyl,
trimethylsilyloxyethoxycarbonyl, trichloroethyl,
trichloroethoxycarbonyl, phenylsulfonylethyl,
phenylsulfonylethoxycarbonyl, carboethoxyethoxycarbonyl,
cyanoethoxycarbonyl, methoxymethyl, ,
2-methoxyethoxymethyl, l-methoxy-l-methylethyl,
p-methoxybenzyl, benzyl, 2,4-dimethoxybenzyl,

2,4, 6~-trimethoxybenzyl, p-methoxybenzyloxycarbonyl,
benzyloxycarbonyl, 2,4-dimethoxybenzyloxycarbonyl,

2,4, 6~trimethoxybenzyloxycarbonyl, p-nitrophenyl,
o-nitrophenyl, p-nitrobenzoyl, t-butyl, or
t-butyloxycarbonyl.

71. The compound of claim 70, wherein said Pqm
first protecting group is selected from the group
consisting of hydrogen, triphenylmethyl,
(p—anisyl)diphenylmethyl, formyl, and t-butyloxycarbonyl
and wherein said Pg., second protecting group is selected
from the group consisting of triphenylmethyl,
2-methoxy-2-propyl, tetrahydropyranyl;
t-butyloxycarbonyl, and p-methoxybenzyloxycarbonyl.

\ENDED SHEET



72. -The conpound of claim 71 wherein said Pg[err] [
nriphe’ﬁfoet‘hyI and said Pg2 is triphenyl nethyl.

f any one of «clainms 69-72, .co
ad mmm,lﬂm m@ ng reagent to a solution of
met Hod¢of L clwal wherein said chlorinatingire¢age
group consisting of N- chl or osucci ni m de, 1Bpchliodo
N, N- di chl or our et hane, trichloroisocyanuric acid
sodiumsalt, N-chlorophthalimde, sodi um hypog
hypochl orite, sodiumchlorite, sodium chlorate,
sul furyl chloride, @Bl.oriThe, ce@poiindmoEhkdrdmei?ds

hydr ogen peroxide, and dichl orodi met hyl hydant oi n
clai m 74, wher BYATregeg or triphenymethyl and said sz is

triphenylmethyl.

S.

73

'Ahypogm

hydr ogen or.

‘A met hod for
p of

Tl 74. The

‘g??@ﬁ@@fﬁ@@%ca uric acid

rlte
Py i‘@l /

>75‘ The net hod of

73. A method for making a compound of any one of

claims 69-72, comprising the step of adding a

chlorinating reagent to a solution of

OoP:
N
) I
COH
Pg NH—</ ! ©
S

74. The method of claim 73, wherein said

chlorinating reagent is selected from the group

consisting of N-chlorosuccinimide, N-chlorosaccharin,

N,N-dichlorourethane, trichloroisocyanuric acid,

dichloroisocyanuric acid sodium salt,

N-chlorophthalimide, sodium hypochlorite, calcium

hypochlorite, sodium chlorite, sodium chlorate, t-butyl

hypochlorite, sulfuryl chloride, chlorine, HCl /

m—-chloroperoxybenzoic acid and HCl / hydrogen peroxide,

and dichlorodimethylhydantoin.

75. The method of claim 74, wherein said

chlorinating reagent is selected from the group

consisting of N-chlorosuccinimide, N-chlorophthalimide,

and sodium hypochlorite.
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chlorinating reagent is selected fromthe group consisting of
thhIorosuccininide N-chl orophthal i m de, and sodi um hypochlorite.
thod of claim 75, wherein said chlorinating reagent

|sN- ‘ tﬂﬁtﬁ‘ﬁﬁ“ and the solution is in an organic solvent.
7. T alm 76, wherein said solvent is selected fromthe

group conS|st|ng of DMF, acetonitrile, apsiTHF.

76. The method of claim 75, wherein said
chlorinating reagent is N-chlorosuccinimide and the

solution is in an organic solvent.

77. The method of claim 76, wherein said solvent
is selected from the group consisting of DMF,

acetonitrile, and THF.
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