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PRODRUGS THERECF 5 RELATED APPLI CATION This application is relatpg URNath
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This application is related to and claims priority to the U.S. Provisional

Application No. 60/155,496, filed September 22, 1999, by Hecker et al., and entitled *7-
ACYLAMINO-3-HETEROARYLTHIO-3-CEPHEM CARBOXYLIC ACID
10 ANTIBIOTICS AND PRODRUGS THEREOF” (Lyon & Lyon Docket No. 241/154),

which is hereby incorporated by reference in its entirety, including any drawings.

FIELD OF THE INVENTION
The present invention relates to novel cephalosporin antibiotics and their
15 methods of production and use, as well as prodrugs thereof. These compounds exhibit
antibiotic activity against a wide spectrum of organisms, including organisms which are

resistant to conventional p-lactam antibiotics.

BACKGROUND OF THE INVENTION

20 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.

Over the past three decades a large variety of antibiotics has become available
for clinical use. One class of antibiotics which has seen remarkable growth are the

25  cephalosporins, over 70 of which have entered clinical use for the treatment of bactenal
infections in mammals since 1965. The cephalosporins exhibit their antibacterial

activity by inhibiting bacterial peptidoglycan biosynthesis, and have been extremely



WO 01/ 21623 PCT/ US0O0/ 26069 effective in treating a w de variety of

bacterial infections. Cephal osporins that are said to have anti bacteri al
activity are described in U S. Patent 3,992,377 and U S. Patent 4 Ej& 7236
Unfortunately, the w de-spread and indiscrimnant use of these a ) 2684
has 5 led to a rapid increase in the nunber of bacterial strains which are
resistant to these conpounds. Mst inportantly, this resistance has

ener ged anongwdnieaal |y i nportant mcroorgani sns whi ch sdunesadmtest o |imt
the utility of presently available cephal osporin antibiotics. In
particular, resistant strains of Salnonella, S. pneunonim

Ent er obact eri acem St aphyl ococcus aureusp and Pseudononas have energed
which 10 threaten to undo nany of the strides nade in reducing nortality
and norbidity from bacterial infections. Bacterial resistance to

cephal osporins follows three major pathways: (a) the devel opnent of

p-| actanases capable of inactivating the (3-lactamring of the
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gl ycopepti des % corr“!;/cll Tr%ﬁ'séagp%r{’sﬁ%a{%"%a grf}é&fgif%sed for MRSA
bact erem a. Th&rmbbaddrixnee, mpk;baamazam aad 8segdorpnthayesmapaivdnd, such as
I m penem ve be N J e orted s rains, but
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bacterial infections.

Bacterial resistance to cephalosporins follows three major pathways: (a) the
development of B-lactamases capable of inactivating the p-lactam ring of the
cephalosporin; (b) decreased cephalosporin penetration into the bacteria due to changes

15  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 PBPs
is essential for inhibiting bacterial cell-wall biosynthesis. Certain Gram-positive
bacteria, namely methicillin-resistant Staphylococcus aureus (“MRSA™) and
Enterococci are highly resistant to B-lactam antibiotics. Resistance in MRSA is due to

20 the presence of high levels of an unusual PBP, PBP2a, which is insensitive, or binds

“poorly, to B-lactam antibiotics. The activity of B-lactam antibiotics against PBP2a-
'containing organisms has been shown to correlate well with the binding affinity of the
antibiotic to PBP2a. Currently, the glycopeptides vancomycin and teicopianin are '
primarily used for MRSA bacteremia. The quinolone antibacterials and some

25  carbapenems, such as imipenem, have been reported to be active against a few MRSA
strains, but their use is restricted due to emerging resistant MRSA strains.



1 9 JAN 2004 WO 01/21623 PCT/ USO0/ 26069 3 Experinental conpounds whi ch may
possess utility as anti-MRSA or anti- enterococcal bactericides include t he
gl ycylcyclines (see, e.g., P.-E. Sumet al., J. Med. Chem, é 4 a
FK- 037 (see, e.g., H Ohki et al., J. Antibiotics, 46:359-361 (i@g ;a 04
RP-59, 500 (sec, e.g., S.K Spangler et al., Antimcro. Agents Chenother.
36:856-9 5 (1992)), the everninonycin conplex (see, e.g., WE. Sanders et
al., Antimcr®0ougdts Chenother., 6: 232-8 (1974)), t hePCT/US00/26069

2- (bi aryl)carbapenens (see, e.g., US. Patent No. 5,025, 006),

3- (benzot hi azol yl t hi o) cephens (see, e.g., EP Application No. 527686),
3-(thiazol ylthio)carbacephens (see, e.g.3 R J. Ternansky et al., J. Md.
Chem, 36:1971 (1993) and U.S. Patent No. 5,077,287) and arbekacin (S.
Kondo, et al. J. Antibiotics 10 46:531 (1993). Recent advances in the
conpounds, conpositions and nethods useful for treating infections in
mammal s arising fromP-lactam antibiotic reS|stqnt bacterla are descri bed

in commonly owned P8} EAmRCUNAS Fhich TRy BFsqeR Ut inees P and U S.

patent applicatqQ n‘%cc%@ﬁdc&hmmfmclﬁgbﬁ%chﬂ@%lmdcs deg @. gAlPr-E | Sun et 31994V ed.
08/ 369, 798, fi 15 Januar%l6 1995; 08/413, 713, 413, 714, 08/ 415, 065,

08/ 413, 712, osﬁh% Ved990nE %3154&589890“%%% Awﬁ'i"e‘l'FS«/ﬂérC’é $61@%%m Mar ch

29, 1995 08/ 4p.s ?@&)(s@dLEdSkaS’pﬁélercthgaﬁmeﬁ/ﬂi <Ehemothir, 868s4i0e 1, 1995;
08/ 940, 508 and 08/937, 812 wer e | ed September 29, 1997;

081730, 041, 508{199%). GBFverpgenryin complex (rs, &3@“6&253“6%?128‘“295“ Afnts
08/ 730, 040, all bhmomlgmmgg\m RS- GYalyPBabapddems 1829 @:g., W8] PRSI B2, 915, 20

filed April 17, 1997 h are |ncorporated herein by reference in

their entirety3025006) G@%‘HW‘Y&P’&W%@S (se Rk Applicetign NonfAZEDON The
present i nvent §.ahiabdMAinit)@RasPHRERE S 5. FOMMEShdskpa el INdedrehiiRdss: Bl ect i ve

(1993) and U.S. Patent No. 5,077,287) and arbekacin (S. Kondo, et al. J. Antibiotics
10 46:531 (1993).

Recent advances in the compounds, compositions and methods usefui for

Q

treating infections in mammals arising from f-lactam antibiotic resistant bacteria are
described in commonly owned International Application No. PCT/J595/03976 and
U.S. patent applications Serial Nos. 08/222,262, filed April 1, 1994; 08/369,798, filed
15 January 6, 1995; 08/413,713, 08/413,714, 08/415,065, 08/413,712, 08/415,064, and
08/415,06%, all of which were filed on March 29, 15695; 08/455,969, filed May 31,
1995; 08/457,673, filed June 1, 1995; 08/940,508 and 08/937,812, both of which were
filed September 29, 1997; 08/730,041, 08/730,039, 08/728,232, 08/430,042,
08/728,233, and 08/730,040, all of which were filed October 11, 1996; and 08/842,915,
20  filed April 17, 1997; all of which are incorporated herein by reference in their entirety,

including any drawings.

SUMMARY OF THE INVENTION
The present invention includes compounds, compositions and methods effective
25  to treat infections in mammals arising from f3-lactam antibiotic resistant 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



25 to treat infections in mammals arising fromO-lactarn antibiotic

resi stant bacteria. Preferred conpounds will have a m ni muminhibitory
concentration (MC) that is less that 50% nore preferably Iesi tggg i_@i/q
and nost preferably less than 1% of the MC 1 9 JAN 2004 WO 01 2

/[ USOO 26069 4 of cefotaxinme or impenemfor a beta-|actamresistant
organism preferably a nethicillin-resistant Staphyl ococcal organi sm

Q her preferreadaemounds will be able to prevent or redeE@usiwichel ity in
mce infected with the beta-lactamresistant organism to a greater extent
than cefotaxinme or impenem 5 Conpounds fromthe class of

7-acyl ani i no- 3- heteroaryl t hi o-3-cepliem 4carboxylic acids of this invention
have hi gher chem cal reactivity and |lower stability towards chem cal or
enzymati ¢ deconposition than other ccphal osporin conpounds known in the
art. Wthout w shing to be bound by any particular theory of operation of
the invention, it is believed that this is due to an unusual type of
substitution abf:tehm::anél.&iqnhshdrri fona loxfia- hd:la'no:eisiaalomgapismi prefegbivem  One aspect
of the present |nv tion r.es ertaln npouwnds from t he ass

7- acyl ani no- 3- W@%I‘ F'ﬂs?ﬁ'iesa y18°°|5??£°r T oxy me"é'f?%f: &s Hé? ﬁay an
unexpect ed adv@prégat od veduceahdilitydomize mfml&d @ﬁthltl‘hltzetadicmsrpslhgnt orgami¢mie oOf

| ower ed susceptlblllt tQ dec asiti.on b enzynes present in mamal i an
serum Conpountfé %’Q’“ﬁtﬁ}f“g E'FPV“‘éPr"B escri bed bel ow, and data i's
presented 15 show rrgmi;iaemds ﬂoﬁﬂh@dﬂdoﬁbapmw-hemmml}aphmrum

Phar mmcoki net  CHPSHY B BB AL ETH S s eSS 30t %Frpv?%%’f%mr cd
clearance of s Weﬁﬂaﬁmd&ntymnﬁcﬂ&embﬂﬂiﬁn thaiPbthérceptalosgiria abmbahds
of 11 cacy | ankaii e Rsn Sfvah TPER tnseiy rEsei e PimgecorBRentince. one
20 aspect of tie 1r[irEﬂB3ﬂJ"it :slbmm tlmrﬂui 8 diie b @5 uriedal Byp&ofsobstituiona ther3lom t he
class of 7-,acyl ol no 3 el ereal YLLNT 6,35 SEPRAR SELA 4G drkds whi ch
certain compounds from the class of 7-acylamino-3-heteroarylthio-3-cephem carboxylic
acids which display an unexpected advantage over other compounds of this class, by
virtue of lowered susceptibility to decomposition by enzymes present in mammalian
serum. Compounds having this property are described below, and data is presented
15  showing their improved stability in mammalian serum. In addition to this increased
stability, there is also an improvement in pharmacokinetic parameters of such
compounds and especially a lowered clearance of such compounds from the body.
Pharmacelogical data demonstrating this lowered clearance is shown below, as well as
improved efficacy in an animal model of infection due to this lowered clearance. One
20  aspect of the present invention features certain compounds from the class of 7-
acylamino-3-heteroarylthio-3-cephem carboxylic acids which combine the above
mentioned improved characteristics of increased stability in mammalian serum and
lowered clearance with low binding to human serum proteins.
In one aspect the invention features compounds of Formula I or I1:
25



mentioned inproved characteristics of increased stability in mammalian
serum and |owered clearance with | ow binding to human serum protei ns. In
one aspect the invention features conpounds of Fornula | or %*%9
2004 WD 01121623 PcrNS00126069 N,OH i 110 3 H R (I) [(alki)p( I'«Iogq'& d
12] .2 [R 11a2 Sf E (H AI-T1 ~\GJ [(alki)p(R-)g(al k2),R12]i.2
CO2R20 or a pharnaceutically acceptable salt thereof, where 5 R 1is
sel ected fromwbergsnup consi sting of optionally substituberussgssand
optionally substituted heterocycle, where the heterocycle is selected from
the group consisting of pyridyl,

5

| B LRy
i) Ri)\[f::—wg\ /[/1

CO,R? [(alk,),,(n )q(a-‘kz).Ru]J.z

,OH

® OOJIrYLL

CO,R? [(alk,).,(n P)alk) R, 5

or a pharmaceutically acceptable salt thereof, where

R' is selected from the group consisting of optionally substituted aryl and optionally

substituted heterocycle,

where the heterocycle is selected from the group consisting of pyridyl,
10 thiadiazolyl, and thiazolyl; and

where the aryl and heterocycle are each independently and optionally
substituted with substituents selected from the group consisting of
hydroxyl, bromo, fluoro, chloro, iodo, mercapto, cyano, alkylthio,

15 carboxyl, oxo, alkoxycarbonyl, alkyl, alkenyl, nitro, amino, alkoxyl, and

carboxamido;

R? is selected from the group consisting of hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted aryl, optionally substituted aralkyl,
20  and trialkylsilyl;



10 thiadi azolyl, and thiazolyl; and 15 where the aryl and heterocycle are
each independently and optionally substituted with substituents selected
fromthe group consisting of hydroxyl, brono, fluoro, chloro, iodo
mercapto, cyano, alkylthio, carboxyl, oxo, alkoxycarbonyl, alkyl9 JANe04
nitro, am no, alkoxyl, and carboxam do; R2 is selected fron1the gr oup
consi sting of hydrogen, optionally substituted alkyl, optionally
substituted awkenyiszs optionally substituted aryl, optionachypsmnbssituted
aral kyl, 20 and trialkylsilyl; 1 9 JAN 2004 5 WD 01/21623 PCT/ US00/ 26069
where the al kyl, al kenyl, and aryl are each independently and optionally
substituted with substituents selected fgomthe group consisting of
hydroxyl, brono, fluoro, chloro, iodo, inercapto, cyano, alkylthio,

car boxyl, oxo, al koxycarbonyl, alkyl, alkenyl, nitro, am no, al koxyl, and
carboxam do; R' is selected fromthe group consisting of hydrogen, hal ogen,
hydr oxy, optionally substituted alkyl, optionally substituted al koxy, and
optional |y substi tuﬁhe@ﬂmﬁhxbalkm%mdﬂﬂ@f%ﬁaﬂymdwm%ﬁﬂdammém no are each

| ndependenti y and qgy 008 Uh oulfhisek L4560y SHASIEBRSuE ol oct od

fromthe group con5|s Ing o rono l'oro, I odo,
mer capt o, cyano, albtopia fluceg, cilarobiosty mercapto, cyana) alb*ﬂ;manﬂﬂ’onxll oxoal kyl , al kenyl ,

00 pam, 10 A KOXisycBthyf. U0y Riro Hrkine, Wbk bfPealoZarilulfy ! N 07 OUPS;
5 _ A
R" is selected from the group consisting of hydrogen, halogen, hydroxy, optionally

substituted alkyl, optionally substituted alkoxy, and optionally substituted amino,
where the alkyl, alkoxy, and amino are each independently and optionally
10 substituted with substituents selected from the group consisting of hydroxyl,
bromo, fluoro, chloro, iodo, mercapto, cyano, alkylthio, carboxyl, oxo,
alkoxycarbonyt, alkyl, alkenyl, nitro, amino, alkoxyl, and carboxamido;
alk, and alk, are alkylene groups;
15
pisOorl;
R” is selected from the group consisting of NH, sulfur, SO, and SO,;
20 qisQorl;

risQorl;

R" is selected from the group consisting of -NR*'R%, -NRZ-C(=NR*)-NR*R*,
25 -C(=NR")-NR™R?, and -NR*-CH(=NR")



R' is selected fromthe group consisting of NH, sulfur, SO and SO2; 20
gisOorl; risOorl; R12 is selected fromthe group consisting of -NR21R22,
-NR 2' - C(=NR2' ) - NR2SR26, 25 -C(=NR27)-NR2'R29, and -NR D-CH(=NR') 1 9 JAN
2004 WD 01121623 PCT/ USOO 26069 where R21-R' are each i ndependeft AN 200k
optionally selected fromthe group consisting of hydrogen and al kyl; A, B,
D, L, EE G and J are each independently nitrogen or carbon, 5 where the
speci fic juxt M@omiieebn of groups A, B, D, and L forns a (rsmaisee¢sbi c group
selected fromthe group consisting of ~ f-y N s N and ,and where the
specific juxtaposition of groups E, G and J fornms a heterocyclic 10 group
selected fromthe group consisting of S\71 S N , N) NNN'"'?~ +ti N

and The specific juxtaposition of groups A, B, D, and L or

E, G and J may

also forma heterocyclic group, which when connected to the sul fur |inkage

forms a group as shown 15 below. N'N ¢50,s ~g\ ~5\-N

where R¥-R” are each independently and optionally selected from the group

consisting of hydrogen and alkyl;

A,B,D, L, E, G, and J are each independently nitrogen or carbon,

5 where the specific juxtaposition of groups A, B, D, and L forms a heterocyclic

group selected from the group consisting of

x X N, S
L0 0 L

d

where the specific juxtaposition of groups E, G, and J forms a heterocyclic

10 group selected from the group consisting of
s s—N

y M
m/i;), e e

The specific juxtaposition of groups A, B, D, and L or E, G, and J may also form a

heterocyclic group, which when connected to the sulfur linkage forms a group as shown

15 below.

?‘\SD 5”‘5/[”_/\ N J’l\s/z-:d) .'\’J\s/[;/\‘\" f‘\s/(;/\'\"
A \‘_'z\“ :‘f\s N_;\N I“\SJN\:/N\ s i‘l\sAs\?/\\" J’J\SAS:N)

WSYUSTUSYP RIS



N?/ DO NHH19 JAN 2004 WO 01/21623 ‘PCT/ USCO 26069 fH i i~ ~1 L) It
i's understood that a ring of a conpound of the invention nay be substituted
by two specific unidentical substituents, each of which is de ngc&uﬁx
the generic formula 5 ((alkl)-(R)g(alk2)rR 2], as defined he

Simlarly, a ring of a conpound of the invention may be substituted by two
or three specific unidentical substituents, each of which is described by
t he generic fwonuhis23R', as defined herein. In preferred ecbvsinets, R in
formula | or Il is an optionally substituted heterocycle. This heterocycle
may be optionally substituted with one or nore 10 substituents sel ected
fromthe group consisting of hal ogen andgam no. Myre preferably, R is

sel ected fromthe group consisting of 2-am nothiazol-4-yl, 2-am no-5-

chl orot hi azol -4-yl, 5-am no-1, 2, 4-thiadi'azol -3-yl, and 2-am nopyrid-6-yl.
In these and ot her preferred enbodi nents, alk, and alk2 in the above
structures are each independently selected fromthe group consi sting of

nmet hyl ene (-CH2-), 15 I en )N prpp‘ ene (-CH2CH2CH2-), and
butyl ene (- CH2CH2CH Ik" | fur or NH. In nore
preferred enbodi ne group consi sting of

hydr ogen, nethyl, net hoxy, hydroxy, NH2, and chloro. Preferably, R21-R' are
~each i ndependent I y and opti onal Iy sel ect ed fromthe group consisting of

hydrogen and nethyl. R pr ably ecte ﬁion1the group 20
consi sting of -NH2, 3{ I\@ 3jbllﬁ 2,k and - NHCH('=NH) .

It is understood that a ring of a compound of the invention may be substituted by
two specific unidentical substituents, each of which is described by the generic formula
5  {(alk,),(R™)(alk;)R"], as defined herein. Similarly, a ring of a compound of the
invention may be substituted by two or three specific unidentical substituents, each of
which is described by the generic formula R", as defined herein. |
In preferred embodiments, R' in formula I or II is an optionally substituted
heterocycle. This heterocycle may be optionally substituted with one or more

10  substituents selected from the group consisting of halogen and amino. More preferably,
R! is selected from the group consisting of 2-aminothiazol-4-yl, 2-amino-5-
chlorothiazol-4-yl, 5-amino-1,2,4-thiadiazol-3-yl, and 2-aminopynd-6-yl.

In these and other preferred embodiments, alk, and alk, in the above structures
are each independently selected from the group consisting of methylene (-CH,-),

15 ethylene (-CH,CH,-), propylene (-CH,CH,CH,-), and butylene (-CH,CH,CH,CH,-).
Furthermore, R” is sulfur or NH. In more preferred embodiments, R'' is selected from
the group consisting of hydrogen, methyl, methoxy, hydroxy, NH,, and chloro.

Preferably, R*-R* are each independently and optionally selected from the
group consisting of hydrogen and methyl. R" is preferably selected from the group

20  consisting of -NH,, -NH-C(=NH)-NH,, -C(=NH)-NH,, and -NHCH(=NH).



1 9 JAN 2004 WD 01/21623 PCT/ USO00L26069:9 In preferred enbodi nents, the

specific juxtaposition of groups A, B, D, and L fornms . Furthernore, the

specific juxtaposition of groups E, G and J N preferably forms In these

and ot her preferred enbodi nents, the invention features corrpoqnglsjm 2084

formula | or U where the conpound is selected fromthe group consisting of

Cmpd 1. (7R)-7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2-

(hydr oxyl am noy@awetad do- 3- ( 2- am noet hyl t hi o- 1, 3, 4-t hi adi PCTASH/2B069| t hi 0) - 3

-cephem 4- carboxylic acid, Cmwpd 2. (7R -7-[(2)-2-(2-am nopyrid-6-yl)-2 10

(hydr oxyl am no) acet am do] - 3-[ 4- ( 2- am noet hyl t hi omet hyl ) - 2- net hyl -1 ,-3-t hi azo

| -5- ylthio]-3-cephem 4-carboxylic acid, ¢gCnpd 3.

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

(hydr oxyi m no) acet am do] - 3-[ 4- (2- am noet hyl t hi onet hyl ) - 2- ami no- 1, 3-t hi azol -

5- ylthio]-3-cephem 4-carboxylic acid, 15 Cnpd 4.

(7R -7-((2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acetam do] -

3-[ 4- ( 2- am noet hy| tIhipofeteti ginhodimens, thi spgribe jurtaggsitiep of erdwe ApBdPraad kar boxyl i ¢

acid, Cmpd 5. (7R -7-J(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acet am do]

3-[ 4- (2- am noet hyl tt hyl ) - 2- met hoxy- 1, 3-t hi azol - 5-yl t hi 0] - 3- cephem 4-ca

rboxylic acid, 20 4m¥d P "

(7R)-7-[(2) - 2- (¥ ™ni nopy%ﬂ&hg{nﬁe) S o O B B doy

3-[2- (2- am noet hyl t hi o) - pyr iSdazi n- 6- yl t hi 0] - 3- cephem 4- car boxyl i c acid,

Cmpd 7. (7R)-7-[(2)- 2-(2-W§yri d- 6-yl.) - 2- (hydr oxyi m no) acet am do) -
preferably forms .

In these and other preferred embodiments, the invention features compounds of
5  formula I or I, where the compound is selected from the group consisting of

Cmpd 1. (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxylamino)acetamido-3-(2-aminoethylthio-1,3,4-thiadiazol-5-ylthio)-3-cephem-4-
carboxylic acid,

Cmpd 2. (7R)-7-[(Z)-2-(2-aminopyrid-6-yI)-2-

10  (hydroxylamino)acetamido]-3-[4-(2-aminocthylthiomethyl)-2-methyl-1,3-thiazol-5-

ylthio]-3-cephem-4-carboxylic acid,

Cmpd 3. {7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
{(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)-2-amino-1,3-thiazol- 5-
ylthio]}-3-cephem-4-carboxylic acid,

15 Cmpd 4. (TR)-7-{(Z)-2-(2-aminopyrid-6-yl}-2-(hydroxyimino)acetamido]-
3-[4-(2-aminoethylthiomethyl)-1,3-thiazol-2-ylthio]-3-cephem-4-carboxylic acid,
Cmpd 5. (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-
3-[4-(2-aminoecthylthiomethyl)-2-methoxy-1,3-thiazol-5-ylthio]-3-cephem-4-carboxylic
acid,
20 Cmpd 6. (7R)-7-[(Z)-2-(2-aminopyrid-6-y1)-2-(hydroxyimino)acetamido]-

3-[2-(2-aminoethylthio)-pyridazin-6-ylthic]-3-cephem-4-carboxylic acid,
Cmpd 7. {TR)-7-[(Z)-2-(2-aminopyrid-6-y1)-2-(hydroxyimino)acetamido]-

3-[2-(2-aminoethylthio)-pyridazin-3-ylthio]-3-cephem-4-carboxylic acid,
Cmpd 8. (TR)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-

25  3-[2-(2-aminoethylthio)-pyrimidin-4-yithio]-3-cephem-4-carboxylic acid,



3-[ 2- (2 am noet hyl t hi o) - pyri dazi n- 3- yl t hi 0] - 3- cephem 4- car boxyl i ¢ aci d,

Cnpd (7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acetam do] - 25
3-(2- (2 am noet hyl t hi 0) - pyri m di n-4-yl t hi o] - 3-cephem 4-carboxylic acid, 1 9
JAN 2004 WD 01/21623 PC /us00126069 10 Cnpd 9. 19 JAN 2004

(7R -7-[(2)-2-(2-am not hi azol -4-yl)-2-

(hydr oxyi m i no) acet am do] - 3-[ 2- ( 2- am noet hyl t hi onmet hyl ) - pyri dazi n- 3-yl t hi 0]
-3- cephem 4-waphoxysl i c acid, Crpd 10. PCT/US00/26069

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

(hydr oxyi m no) acet am do] - 3- (2- am noet hyl t hi omet hyl - 1, 3, 4-t hi adi azol -5-yl t hi
0) - 3- cephem 4-carboxylic acid, Cnpd 11,

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

(hydr oxyi m no) acet am do] - 3-[ 4- (2- am noet hyl t hi omet hyl ) - 2- am noet hyl thi o-1, 3
- thiazol -5-ylthio]-3-cephem 4-carboxylic acid, 10 Crpd 12.

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

(hydroxyi m no) acet &mpd8] - 3- [BH{ Atz (Reminothiazblidytb2hyl ) - 1, 2, 4-t hi adi azol -5-y

(TR)T- [EZ)CQE’QF)E? SRR b Sk iomgtyy prigrs Sy ek ac ot am
do] -3-[2-( mt-ht;drtbdxymtdhyl ) pyrid- 3 yI t h| o] -3-cephem 4- 15 carboxylic
?ﬁ;/gr og;})(rjn ﬁg) acet QW%% 2 ?’5 ?i&rg{hg |inr°1'oe dl % bhil gl:oi/r |2d 3-ylthio]-3
- cephem 4-5 ar(bpkgodyumn@)mecimxcﬁmm ézﬁmocthylth:omcthyl l 3 4-th|adlazol -5-ylthio)-3-
(TR)-7-1(2)-2- %ém mﬁf%ﬁ? chl rott]iazo!-_él-yl)-z 20 —_— _—
(hydr oxyi m no) P (2- guani di.noet hyl t hi oret hyl ) pyri d-3-ylthio]-3
- cephem 4- car boxyCmpd ati d, (7R)-7-[{Z)-2-(2-amiho—5-chlorothiazol—4—-yi)—2-
(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethy!)-2-aminoethylthio-1,3-
thiazol-5-ylthio}-3-cephem-4-carboxylic acid,

10 Cmpd 12. (7R}-7-[{Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido]-3-[3-(2-aminoethylthiomethyl}-1,2,4-thiadiazol-5-ylthioi-3-
cephem-4-carboxylic acid,

Cmpd 13. (7R)-7-[(Z}-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido]-3-[2-{2-aminoethylthiomethyl}pyrid-3-ylthio]-3-cephem-4-

15  carboxylic acid,

Cmpd 14. {7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazo]-3-y])-2-
(hydroxyimino)acetamido]-3-[2-(2-guanidincethylthiomethyl)pyrid-3-ylthio]-3-
cephem-4-carboxylic acid,

Cmpd 15. (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-

20  (hydroxyimino)acetamido]-3-[2-(2-guanidinoethylthiomethyl)pyrid-3-ylthio]-3-
cephem-4-carboxylic acid,

Cmpd 16. (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido}-3-[4-(2-aminoethylthiomethyl)-2-aminoethylamino-1,3-
thiazol-5-ylthio}-3-cephem-4-carboxylic acid,

25 Cmpd 17. (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3-{2-(2-aminoethylthiomethyljpyrid-3-ylthio]-3-cephem-4-
carboxylic acid,



Cmpd 16. (7R)-7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl) - 2-

(hydroxyi mi no) acet am do] - 3-[ 4- ( 2- am noet hyl t hi onet hyi ) - 2- ami noet hyl am no-1,
3- thiazol -5-ylthio]-3-cephem 4-carboxylic acid, 25 Crpd 17.

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) - 2- 19 JAN 2004
(hydr oxyi m no) acet am do] - 3-[ 2- ( 2- am noet hyl t hi onet hyl ) pyri d-3-yl thio]-3-cep
hem 4- carboxylic acid, 1 9 JAN 2004 WD 01/21623 PCT/ USCQO 26069 11 Cnpd 18.
(7R - 7-[ (2) - v @raess nO- 1, 2, 4-t hi adi azol -3-yl)-2 (hydr  PCT/USW/26069

oxyi m no) acet am do] - 3-[ 3- ( 2- am noet hyl t hi omet hyl ) pyri d-4-yl t hi o] - 3- cephem 4
- carboxylic acid, Cnpd 19. ‘

(7R -7-[(2)-2-(2-am not hi azol -4-yl)-2-(hydroxyi mno) 5

acet am do] - 3-[ 3- (2- am noet hyl t hi omet hyl ) pyri d- 4-yl t hi 0) - 3- cephem 4=car boxy!
ic acid, OCmpd 20. (7R)-7-[(2)-2-(2-am no-5-chl orothiazol -4-yl)-2-

(hydr oxyi m no) acet am do] - 3-[ 3- (2- am noet hyl t hi onet hyl ) pyri d-4-ylthio]-3-cep
hem 4- carboxylic acid

(7R -7-[(2)-2-(2- aﬁmn@lasCrcrﬁqmaﬂwaiamwow)’f@a%w 3-yD)-2-
(hydr oxyi mi nO) tgﬂugﬁ stinlS1 45 QAR Srhedp -y o) eepepl-4-1i 0] - 3- cep
I C acl

hem 4- car box
(7R -7-[(2) - ZchBenanlmmtpyrl d- 6-yl)-2-(hydroxyi m no) acet am do] -

3-(2-am thyl t h 4-t h boxyl d,
Gmpd 25 (7R 7-[ (SR RSO 5‘“*"’"““*‘@?@2??"% nlagel a7 o)~ 15
T

3-[4-(2- am5”Oﬁtaﬂhlﬂ@bﬁ?ﬁ?@mﬁﬁhﬁ@mﬂﬂmwg 39!“ %268 boxyl i c
?(7::?? 7- [C?%j 34(2 aff™R pyrl d(‘lg)?[SZ)%(% I%mé'?'gfhllorrﬁmn%zfgtelt)-g—rn do]

3-[ 3- (2- ani noqnmaﬁymmmemigobwwrmwethmﬂmmehwémw ulrisBisfc aci d,
Cnpd 25. (7R chbL{y%)camd,(5 am no- 1, 2, 4-t hi adi azol - 3-yl ) - 2-

Cmpd 21. (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-

10 (hydroxyhnino)acetamido]-B-[4—(2-aminoethylthiomethyl)pyﬁd-ii-ylthio]-3—cephcm-4-
carboxylic acid,

Cmpd 22, (7R)-7-[(2)-2-(2-aminopyrid-6—yl)-2-(hydroxyimino)acctamido]-
3-(2-aminoethylthio-1,3,4—ﬂ1iadiazol-5-ylﬂ1io)—3-cephem#carboxylic acid,

Cmpd 23. (‘TR)-7-[(Z.}-2-(2-aminopyrid-6-y])-2-(hydroxyimino)acctamido]-

15 3-[4-(2—aminoethylthiomethy1)-1,3—thiazol-5-ylt}ﬁo]-3-ccphcm-4-carboxylic acid,

Cmpd 24. (7R)-7-[(Z)-2-(2-aminopyrid-6-y})-2-(hydroxyimino)acetamido]-
3—[3-(2-aminocthylthiomethyl)pyrid#ylthio]-3-ccphem—4-carboxylic acid,

Cmpd25.  (7R)-T-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino)acctamido]—3-[3-(2-guanidinocthylthiomcmyl)pyﬁd-‘ﬂl—ylthio]-3-

20 cephem-4-carboxylic acid,

Cmpd 26. (TR)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-
(hydroxyimino)acetamido}-3-[4-(2- guanidinoethylthiomethyl)-2-amino-1,3-thiazol-5-
ylthio)-3-cephem-4-carboxylic acid,

Cmpd 27. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-

25 (hydmxyimino)acetamido]-3-[4-(2-aminocthylthiomemyl)pyrid-fi-ylthio]-3-cephcm-4—

carboxylic acid,



(hydr oxyl . m na) acet am do] - 3-[ 3- ( 2- guani di noet hyl t hi onet hyl ) pyri d-4-yl t hi o} -
3- 20 cephem 4-carboxylic acid, Cnpd 26.

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

(hydr oxyi m no) acet ami do] - 3-[ 4- (2- guani di noet hyl t hi omet hyl ) - 2- amilrl-JAN 2004
, 3-thiazol -5- ylthio]-3-cephem4-carboxylic acid, Crpd 27.

(7R -7-[(2)-2-(5-am no-1, 2, 4-thi adi azol -3-yl)-2 25

(hydr oxyi m nopdref2z63# do] - 3- [ 4- ( 2- am noet hyl t hi onet hyl ) pyrraBeyisedsi o] - 3- cep
hem 4- carboxylic acid, 1 9 JAS d 2004 WO 01/21623 PCTI USOO 26069 12 Cnpd
28. (7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acet am do] -
3-[4-(2-am noet hyl t hi onet hyl ) pyri d- 3-yl tfg o] - 3- cephem 4- car boxylic acid,
Cmpd 29. (7R)-7-[(2)-2-(2-am nopyrid -6-yl)-2-(hydroxyi m no)acetam do] -

[ 2-chl oro- 4- (2- am noet hyl t hi onet hyl ) -1, 3-t hi azol - 5-yl t hi 0] - 3-cephem 4- car bo
xylic 5 acid. The structures of these conpounds are shown below in Section
H In nore preferred enbodi nents, the conpound of formula | or Il is

selected from the GreARS. cordRETIBY26 a:@nwng-&yl)-z (hydroxyimino)acetamido]-
TR -7[(2) - 2-
Ehyzjr o£<§/| 2n no§§1 &eltma?nﬁaoi ! iﬁf%@%ﬁ]&) ﬁ%ﬂ%-cﬁrﬁpﬁ?mwlﬁﬁ% no-1, 3-thi azol -

5- ylthio]-3- cepherﬁ?mdcﬁq‘?r bo>(9R] - &[(@r2-R-antnerorid - -y1)-2-(Bydroxyimino)acetamido]-

E@n (7)£<3(/|Z)m ﬁog glet am Eﬁ?%’h%ﬂ%@ﬁ%ﬁﬁ t%lh?azﬁ's o ?/'I 5P€§?#?°§Hlitchi o] - 3-cep

hem 4- car bbxykéi¢ acid, 15 Crpd 14.

TR -7[(2)-2-(S
Ehyzjr o£<§/| ?n no§ acgrﬁgéé'r%é}' S&%%%I%Qﬁ'{“g?aﬁ%ie%ﬁgﬁlw l(§1rrse I% pyrid-3-ylthio]-3

In more preferred embodiments, the compound of formula ] or I is selected

from the group consisting of

Cmpd 3. (7R)-7[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-

10 (hydroxyimino)acetamido}-3-{4-(2-aminoethylthiomethyl)-2-amino-1,3-thiazol-5-
ylthio]-3-cephem-4-carboxylic acid,

Cmpd 13. (7R)-7[(Z)-Z-(Z-amino-s4hlomﬂﬁazol-4~yl)-2-
(hydroxyimino)acetamido}-3-[2-(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-
carboxylic acid,

15 Cmpd 14. (7R)-7{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido}-3-[2-(2-guanidinoethylthiomethyl)pyrid-3-ylthio]-3-
cephem-4-carboxylic acid,

Cmpd 15. (7R)-7[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido]-3-[2-(2-guanidincethylthiomethyl)pyrid-3-ylthio}-3-

20  cephem-4-carboxylic acid,

Cmpd 17. (TR)-7[(Z)-2-{5-amino-1,2 4-thiadiazel-3-y1})-2-
(hydroxyimino)acetamido]-B-[2-(2-an1inoethyﬁhiomcthyl)pyrid-3-ylthio]-3-ccphcm—4-
carboxylic acid, -

Cmpd 20. (7R)-7[(Z)-2-(2-armino-5-chlorothiazol-4-y1)-2-

25  (hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-

carboxylic acid,



cephem 4-carboxylic acid, Cnpd 15. :

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

(hydr oxyi m no) acet am do] - 3-[ 2- ( 2- guani di' noet hyl t hi onet hyl ) pyri d- ")gyl }th % - 3
- 20 cephem 4-carboxylic acid, Cnpd 17. JAN 7604
(7R -7[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) - 2-

(hydr oxyi m no) acet am do] - 3-[ 2- (2- am noet hyl t hi onet hyl ) pyri d-3-yl thi o] -3-cep
hem 4- car boxyWP&rHes3d, Cnpd 20. , PCT/US00/26069

(7R -7[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2 25

(hydr oxyi m no) acet am do] - 3-[ 4- (2- am noet hyl t hi onet hyl ) pyri d-3-ylthio]-3-cep
hem 4- carboxylic acid, 1 9 .1AN 2004 W§01/21623 PCT/ USOQ 26069 13 Cnpd
23. (7TR)-7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acet am do] -
3-[4-(2-antinoethylthionethyl)-1,3-thiazol-5-ylthio]-3-cephem 4-carboxylic
acid, Cmpd 25. (7R)-7[(2)-2- (5 am' no-1, 2, 4-t hi adi azol - 3-yl ) - 2-

(hydroxy| m no) acet am doL uani d| noet hyl t hi onet hyl ) pyri d- 4- ]yl thio]-3
- 5 cephem 4- car box§mpg hei d("r 'ﬂd g-amipopyrid-6-y1)-2-(hydroxyimino)acetamido

(7R -7-[(2)- 2- (35['4Qfaa1’ﬁﬁlo§thﬁﬂ1’?o1ﬁcm | PERko1-3- )ﬁu}) -Z-zephem-4-carboxylic ac
(hydr oxyi m no) acet am do am noet hyI t h| orret hyll)fi%‘t“ d- 3 yI thi o] - 3-cep

hem 4- car boxyl iC a@inﬂd£5 n eV@ 7“%}'76(5[3?"&‘!%”@'&“%%‘@ t he corrpound of
fornmula | or iis £mpd 3

(TR -7-[(2)- 2- (Z)lam no- @%m o%fhu%%w@mﬁ%%ﬁwgmmm

(hydr oxyi ni isno)cerhematsachepylF g, - ani noet hyI t hi onet hyl ) - 2- ani no- 1, 3-t hi azol
-5- ylthio] - 3- Cephe&}n SAr boywh G2 ﬂamﬁfm détmlml-s-yi)-z-

(7R -7-[(2)-2-(2-amn chlorothlazol
(hydroxymuno)acetam:do] -3- [4—(2-mn1noethyltlnomethyl)pynd— -ylthio]-3-cephem-4-

carboxylic acid.

In even more preferred embodiments, the compound of formula I or I is

10  selected from the group consisting of

Cmpd 3. {7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)-2-amino-1,3-thiazo]-5-
ylthio)-3-cephem-4-carboxylic acid,

Cmpd 13. {7R}-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-

15  (hydroxyimino)acetamido]-3-[2-(2-aminoethylthiomethyl)pyrid-3-ylthic}-3-cephem-4-
carboxylic acid,

Cmpd 17. (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl}-2-
(hydroxyimino)acetamido]-3-[2-(2-aminoethylthiomethy!)pyrid-3-ylthio}-3-cephem-4-
carboxylic acid,

20 Cmpd 21. {7R)-7-[{Z)-2-(2-amino-5-chiorothiazol-4-y1}-2-
(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl}pyrid-3-ylthio]-3-cephem-4-
carboxylic acid, and

Cmpd 27. (7R)-7-{{Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
{hydroxyimino)acetamido]-3-[4-(2-aminocethylthiomethyl)pyrid-3-ylthio}-3-cephem-4-

25 carboxylic acid.

It is understood that the above-named compounds may be synthesized, purified,

and used in their neutral form, as the above names suggest, or as pharmaceutically



15 :
(hydr oxyi m no) acet am do] - 3-[ 2- (2- am noet hyl t hi onet hyl ) pyri d-3-yl thio]-3-cep
hem 4- carboxylic acid, Cnpd 17. 19 JAN 2004
(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl )-2- (hydroxyi m no)acet am do] -3
-[ 2-(2-am noet hyl t hi onet hyl ) pyri d-3-ylthio]-3-cephem4- carboxylic acid,
20 Cpd 21. (7R -7-[(2)-2-(2-am no-5-chl orot hiazol -4-yl)-2-
(hydr oxyi m noW&dM&2¥M do] - 3-[ 4- (2- ami noet hyl t hi onmet hyl ) py rRCAUS0NA6Q6R| 0] - 3- cep
hem 4- carboxylic acid, and Crpd 27.
(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl) - 2-
(hydr oxyi m no) acet am do] - 3-[ 4- (2- am noettayl t hi onet hyl ) pyri d-3-ylthio]-3-cep
hem 4- 25 carboxylic acid. It is understood that the above-nanmed conpounds
maybe synt hesi zed, purified, and used in their neutral form as the above
nanes suggest, or as pharmaceutically 1 9 JA:J 2004 WO 01121623
PCT/ USOQO' 26069 14 acceptable salts, The pharmaceutically acceptable salt
conpri ses the 2moepabl Jibe gharmacguticalyy accepishle saltromprises theiabays coraRouRds | ons or
ani ons, al ong Wﬁéﬁcﬁarg%ﬁreltﬁwas&ﬁﬁfs%?%aﬁﬂ@&ﬁfﬁﬁ@&hk&i_@ﬁ.'})&cﬁ&&ﬁpt abl e
sal ts include I norgani ¢ salts such as_sodium potassium chloride,
broni de, i odi deharmdceytigally acesmtsblsisaits dnchide €Ly jndrparic salty Juch as 19diaip PRSI t s such
- as 5 acetate, Qe Ghi8e, it Kﬁaé&aphwa@@ér%ulfa&r; @ %@&@m&%&m
al kyl sul fonates such" as net hanesul fonat e, et hanesul f onat e,
2- hydr oxyet hy| 2rglafcoprepienatenbisyratsymalestes enfumarater(3) alkylslfenaies sshponat e; and (4)
hydr oxycar boxylhghgRstidfdle, dBadcdfifonits 12-H§%Jo§§cb is@Bhate] d-prapytulfodattRr al |y,

eo

pharmaceutical ly acceﬁ_t able salts may ai ned by reacti ng any one of

the conpoundsiserronytsulfonatecsndi(Brbydioryradexyipieg sprhas betae,foalgnandcigied, such as

hydrochl oric J@aﬁ&ing,, AL RRE DY aCeept 1 EualtSidhy B obaing8 bfhreadting kryon@6f He
phosphoric acid, ne ﬁanesp fonic acid, _ethanesulfonic acrd, .
p-t ol uenesul f oeimpounsis af the ventipn with arqrganicps épofgpic pgigksuch as hydrochioric

10  acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, methanesulfonic acid,

-5

ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, and the like.
Pharmaceutically acceptable salts may also be obtained by reacting any one of the
compounds of the invention with an organic or inorganic base, such as benzathene,
chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine, procain, and the
15  hydroxide, alkoxide, carbonate, bicarbona_te, sulfate, bisulfate, amide, alkylamide, or
dialkylamide salts of the following metal cations: lithium, sodium, potassium,
magnesium, calcium, aluminum, and zinc.
As explained herein, the compounds of the invention have biological activity.
The invention features a compound of formula I or I which is active against
20 methicillin-resistant Staphylococci, as demonstrated by a lower minimum inhibitory
concentration than methicillin, where the bacteria are selected from the group consisting
of S. aureus Col (Meth®)(lac-), S. aureus 76 Meth*)(lac+), S. aureus ATCC 33593
(Meth®), 8. qureus Spain #356 (Meth®), and §. kaemolyticus 05 (Meth*).
In another embodiment, the present invention provides for compositions
25 comprsing an amount of a compound of formula I or II effective to treat bacterial

infections in mammals arising from bacteria resistant to B-lactam antibiotics.



Pharmaceutically acceptable salts may al so be obtained by reacting any one
of the conmpounds of the invention with an organic or inorganic base, such
as benzat hene, chloroprocaine, choline, diethanolam ne, ethyl eggdjp %@
megl uni ne, procain, and the 15 hydroxi de, al koxide, carbonate, bi’carb #e,
sul fate, bisulfate, amde, alkylamde, or dialkylande salts of the
followng nmetal cations: lithium sodium potassium rmagnesium calcium
al um num and YPA¥21&s expl ai ned herein, the conpounds of PEHESPREMt | on
have bi ol ogical activity. The invention features a conmpound of formula I
or Il which is active against 20 nmethicillin-resistant Staphyl ococci, as
denonstrated by a |l ower m nimuminhibitody concentration than nethicillin,
where the bacteria are selected fromthe group consisting of S aureus Col
(MethR) (lac-), S. aureus 76 (MethR)(lac+), S. aureus ATCC 33593 (MethR),
S. aureus Spain #356 (MethR), and S. haenolylicus 05 (Mete). |n another
enbodi nent, the present invent vides for co |t| onpri si ng
an anount of a conpfﬂﬁﬁ'h aB‘fthqrﬁrf’t’ﬂﬁifr%g‘ ct)tgrprqs?ntgwrglegﬂ@@ ef%g%l@ %?@P%rl al
infections in W&&Eﬁitﬂéch&ﬂ:ﬂgrrfaﬁﬂmhi%ﬁ@%hﬁa&aﬁdrsdimttotﬂqa&hmaﬂbs

antibiotics. 1 9 JAN 2004 W 01121623 PCT/ usQo/ 2 0 51n. s II anot her
enbodi ment,  t he* presEd sRAsiomAMPtHEN Rreestpt PreRropesp! bagienat in

bacterial inf eccbmgﬁgxﬁgmdaql ko saEH ﬁiﬂ%ﬂalfam%phﬁi@ﬂ@rdﬁacﬁ%re&&hﬁﬁfta to P-lactam
antibiotics, or a manmal suffering froma nethjcillin-resistant

St aphyl ococcal BRRPAPEformyls Lerdh O courgepths ForaRopPs 2fifhe ATESPEHRYSAECR %95 uch

manmal a ther ap@ ity ih YorBfdsiB6rs HEmetiBdd s trédt mamal6 MfedRd Weth 8ictdria it @ | or
1. O course, the conpounds of the present invention also have utility in

conposi ti ons arfe STRTYHS A% copyentipnal- l‘ﬁ‘&%‘?ﬁ‘F"é"‘l“ﬁfB&‘F &b iyepbengliefetwres Ahat  are

sensitive to C%Mkﬁﬂﬁﬁh cRitibRfol BERIADA mBthRilfiCsistdd) S&phyldicechiva@idridl on al so
features an bacteri aﬁ’ conposition for treati g a net hi g_’l | 1.i p-resistant

St aphyl ococc aI ft soR,somprising K taEtReiral eelirEHve 2mAgt § at wEpayrd of foraplp Lottt ect i ve
anount of a10conNPRWpHartfacdufidally hodeptab@ carrier or diluent.

In another aspect, the invention features a method of synthesizing a compound
of formula I or II, comprising the step of combining a first reactant and a second
reactant under conditions that are suitable for the synthesis, where the first reactant is a

compound of formula

R! %rN~ »S HzN: 5
or o) OR?

15 0 Tor?

where

R' is selected from the group consisting of optionally substituted aryl and optionally
substituted heterocycle,
20 |
where the heterocycle is selected from the group consisting of pyridyl,
thiadiazolyl, and thiazolyl; and



10 I'l in a pharmaceutically acceptable carrier or diluent.

aspect, the invention features a nethod of synthesizing a conpound

formul a |

or

1, conprising the step of conbining a first reactant

second reactant under conditions that are suitable for the synt?%EiﬁH'ﬁﬁ@re
reactant is a conpound of formula /OR4 N 15 where " J '

the first

sel ected fromthe group consisting of optionally substituted aryl
20 where the heter omariusoedsesel ect ed

optionally

swoshizieas ed het erocycl e

fromthe group consisting of pyridyl, thiadiazolyl, and thiazolyl;

JAN 2004 WD 01/21623 PCT/ US00/ 26069 16 5 where the aryl
each independently and optionally

| n anot her

of
and a

and

and 1 9

and heterocycle are
substjg uted with substituents sel ected

fromthe group consisting of hydroxyl, brono, fluoro, chloro, iodo,
cyano, al kylthio, carboxyl, oxo, alkoxycarbonyl, alkyl,

mer capt o,

nitro, am no

al koxyl, and carboxam do; R2 is selected fromthe gr

consi sting of hydrogen, optionally substituted al kyl, optionally
substituted al kenyl, opwhemn ticlagyl sibsteiocysiccede caclyindepopdenthrrat loptionalst i t ut ed

ar al kyl ,

10

15

20

25

substituted with substituents selected from the group consisting of
hydroxyl, bromo, fluore, chioro, iodo, mercapto, cyano, alkylthio,
carboxyl, oxo, alkoxycarbonyl, alkyl, alkenyl, nitro, amino, alkoxyl, and

carboxamido;

R? is selected from the group consisting of hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted aryl, optionally substituted aralkyl,
and trialkylsilyl;

where the alkyl, alkenyl, and aryl are each independently and optionally
substituted with substituents selected from the group consisting of hydroxyl,
bromo, fluoro, chloro, iodo, mercapto, cyano, alkylthio, carboxyl, oxo,

alkoxycarbonyl, alkyl, alkenyl, nitro, amino, alkoxyl, and carboxamido;

R"! is selected from the group consisting of p-toluenesulfonate, methanesulfonate,

trifluoromethanesulfonate, fluorosulfonate, chioro, bromo, and (R"0),PO-,
R"? is selected from the group consisting of hydrogen and alkyl;

R is a protecting group selected from the group consisting of benzyl, p-nitrobenzyl,
o-nitrobenzyl, 2,2,2-trichloroethyl, allyl, cinnamyl, benzhydryl, 2-chloroallyl, t-butyl,
t-amy), trityl, 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, and
3,3-dimethylallyl;

al kenyl ,
oup



and trialkylsilyl; 10 where the alkyl, alkenyl, and aryl are each

i ndependently and optionally substltuted Wi th substituents selected from
the group consisting of hydroxyl, brono, fluoro, chloro, iodo, mnercapto,
cyano, alkylthio, carboxyl, oxo, al koxycarbonyl, alkyl, alkenyll,d r:MHr 3004
am no, al koxyl, and carboxam do; 15 R'' is selected fromthe group

consi sting of p-tol uenesul fonate, net hanesul f onat e,

trifl uoronet hA¥EM3I2bnate, fluorosul fonate, chloro, bronFCTaEN26EP 10) 2PO-
Ri2 is selected fromthe group consisting of hydrogen and alkyl; 20 R is a
protecting group selected fromthe group consisting of
benzyl , p-nitrobenzyl, o-nitrobenzyl, 2,2 2-trichloroethyl, allyl

ci nnanyl, benzhydryl, 2-chloroallyl, t-butyl, t-anyl, trityl,

4- et hoxytrityl, 4,4 -dinmethoxytrityl, trinmethylsilyl,

t- butyldinethylsilyl phenacyl , (trinethylsilyl)ethyl benzyl, 4- or
2- met hoxybenzyl , 4-di met hox benz& 255ﬁ§ﬁ§ thoxybenzyl
2,4, 6- trlnethOQVB@ﬁ¥§V”mWéFﬁ6 gifo dPUF and 3, 3-dinethylal Iyl

{ 1 9 JAS d 2004 WO 01/21623 PCTI USOO 26069 17 the second reactant is a

conpound of fornula MSR3, where Mis hydrogen or a cationic group; 5 R3 is
sel ected from Mhis NYITRSP OELFEPNS AP of L/R'10.3 B D

5 R®is selected from the group consisting of

/L/::(”]O'3 {gnlo-z
‘qJ:ﬂ\ i(L*N?

(Y NCTAE L PNEL B C AW X LSS I

where

R' is selected from the group consisting of hydrogen, halogen, optionally substituted
10  alkyl, optionally substituted alkoxy, and optionally substituted amino,

where the alkyl, alkoxy, and amino are each independently and optionally
substituted with substituents selected from the group consisting of hydroxyl,
bromo, fluoro, chloro, iodo, mercapto, cyano, alkylthio, carboxyl, oxo,
15 alkoxycarbonyl, alkyl, alkenyl, nitro, amino, alkoxyl, and carboxamido;
alk, and alk, are alkylene groups;
pisQorl;
20
R* is selected from the group consisting of NH, _sulfur, S0, and S50,;

qisQorl;

25 risOorl;



((alk,)a(R )y(al k2),01l.2 and where (R11]0-2 G ~~ i Xj(alkj) 4(alk2),R "]
1.2 1 R is selected fromthe group consisting of hydrogen, halo%eg -
optionally substituted 10 alkyl, optionally substituted alkoxy] aHBi! 2604
optionally substituted am no, where the alkyl, alicoxy, and am no are each
i ndependently and optionally substituted with substituents selected from
the group consisting of hydroxyl, brono, fluoro, chloro, iodo, nercapto,
cyano, al kyl t Wod12162% boxyl , oxo, 15 al koxycarbonyl, al ky|PCTAISM&686P nitro,
am no, al koxyl, and carboxam do; al k, and al k2 are al kyl ene groups;
pisOorl; 20 R' is selected fromthe group consisting of NH, sulfur, SO
and SQ2; gisOorl; 25 risOor 1; 1 9 JAI 2304 WD 01121623 PCTNS00126069 18
Rig is selected fromthe group consisting of -NR21Ru, -NR23-C(-NR)-NR2sRT,
-C(=NR27)-NR21R2', and -NR7-CH(-NR') 5 where R21-R' are each independently
and optionally selected fromithe group consisting of hydrogen and al kyl ;
A B D L, EE G and J are each independently nitrogen or carbon, where
the specific juxtaposition of groups A, B, D, and L fornms a heterocyclic

R is selected from the group consisting of -NR*'R%, -NR®.C(=NR*)-NR*R*,
-C(=NR?)-NR*R®, and -NR¥-CH(=NR")

5 where R¥-R* are each indcpendent'ly and optionally selected from the group
consisting of hydrogen and alkyl;

A,B,D,L,E, G, and J are each independently nitrogen or carbon,
where the specific juxtaposition of groups A, B, D, and L forms a heterocyclic
10 group_selected from the group consisting of

N o N; %
BN el e

d

where the specific juxtaposition of groups E, G, and J forms a heterocyclic
group selected from the group. consisting of

A s 5 S—N
i’i‘?, AR A

15
As mentioned above, M may be hydrogen or a cationic group. Cationic groups
may be selected from monovalent metal cations, such as, sodium and potassium, or
divalent metal cations, such as magnesium and calcium. Other cationic groups, such as,
20  tetra-alkylammonium groups, may also be used.

In another aspect the invention relates to a compound of formula 111 or formula

v



10 group selected fromthe group consisting of - NJ N ,and ' and 15 where
the specific juxtaposition of groups E, G and J forns a heterocyclic
group selected fromthe group. consisting of SSN S-- S--\\ N Iﬁl ad

menti oned above, M may be hydrogen or a cationic group. Cati oh Jg 2@2
may be sel ected from nonoval ent netal cations, such as, sodium and
potassium or divalent nmetal cations, such as magnesi umand cal cium O her
cationic groulf€&4Ph as, 20 tetra-al kyl anmoni um gr oups, PHEYSMEYE be used.
I n anot her aspect the invention relates to a conpound of formula |1l or
formula IV 1 9 JAN 2004 WO 01/21623 PCT/ US00/ 26069 19 O -OH or a
pharmaceutically acceptable salt thereofl? 5 where S--% CH7. S- CH2CHI NHR' 2
R' is selected fromthe group consisting of hydrogen and - C( O CH( NH2) CH3;
and Ri 2 is hydrogen or an acyl group that is cleaved by an enzyne found in
mammal s, as

~OH
N
! H
N N \
Jd 4 |
K HN—<S,IQ o] 0 —Nf\

NHR?
S N

\‘)\“/ S’E
av) R"mq—< I |

CH;-S—CHZCHINHRJ
ora pharrnaceutically acceptable salt thereof,

5  where
R" is selected from the group consisting of hydrogen and -C(O)CH(NH,)CH,; and

R" is hydrogen or an acyl group that is cleaved by an enzyme found in mammals, as
10  defined herein;

A, B, L, G, E, and J are each independently nitrogen or carbon,
where the specific juxtaposition of groups A, B, and L forms a heterocyclic
group selected from the group consisting of
o3
5 U and ¥
where the spec:lﬁc juxtaposition of groups E, G, and J forms a heterocyclic

group selected from the group consisting of



10 defined herein; A B, L, G E and J are each independently nitrogen or
carbon, where the specific juxtaposition of groups A. B, and L forns a
heterocycl ic group selected fromthe group consisting of 15 L and Lf
where the specific juxtaposition of groups E, G and J fornms a hétedAby2liBic
group selected fromthe group consisting of 1 9 JAN 2004 WO O1/2 1623

PCT/ USO0/ 26069 20 S--.% S--1 s-NJ-1 ~, ,t ', N, ;" N, and- N4, ~N.N
provi ded t hat wola2$rbup - CH, S- CH2CH2NHRr 2 i s att ached onlly-'rﬂ@"“&m&ar bon
atom of said heterocyclic group; 5 Qis selected fromthe group consisting
of nitrogen and -CX, wherein X is selected from the group consisting of
hydr ogen and chlorine. Preferably, R 2 i® selected fromthe group

consi sting of hydrogen, -C(O-R', 0 -C(O-0R19, -C(O-CH(NHR 3)-al k4, and
-C(OYOCH where 10 R" is ' or '

N
® s s %)
/k'- N /k\ N /"\\
'1' N » i/k/ H LL' N ) and ll. N ’
provided that the group -CH,-S-CH,CH,NHR " is attached only to a

carbon atom of said heterocyclic group;

5  Qis selected from the group consisting of nitrogen and -CX, wherein X is selected from
the group consisting of hydrogen and chlorine.
Preferably, RY is selected from the group consisting of hydrogen, -C(O)-R",

~

-C({0)-OR", -C(O)-CH(NHR")-alk,, and ~C(0>O-CH;

where
10 - or - ;
R? is selected from the group consisting of hydrogen, -C(0)-OR", and
-C(0)-CH(NH_)-alk,;
15 alk, is selected from the group consisting of hydrogen, and optionally substituted

alkyl, wherein said alkyl is optionally substituted with one or more substituents
selected from the group consisting of hydrogen, phenyl, -COOH, --C(0)-OR",

3

C(O)NH,, -OH, -SH, -NH,, and



R' is selected fromthe group consisting of hydrogen, -C(O-OR", and

-C(O-CH(NH,.)-al c4; 15 alk4 is selected fromthe group consisting of

hydrogen, and optionally substituted alkyl, wherein said alkyl is

optionally substituted with one or nore substituents selectedé;go Qﬁﬁ

group consi sting of hydrogen, phenyl, -COOH --C(O-OR', 1 ,

-OH, -SH, NH2, and' N O~ O1 9 JAN 2004 WD 01/21623 PCT/ US00/ 26069 21 R’

is selected f YB3 group consisting of benzhydryl, t-buRGHUSOE6N)| -

ni trobenzyl, benzyl,p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl,

ci nnanyl, benzhydryl, 2-chloroallyl, t-anyl, trityl, 4-nmethoxytrityl,

4,4 -di methoxytrityl, trinethylsilyl, t-Butyldinethylsilyl, 5

R-(trimethylsilyl)ethyl, 4- or 2-nethoxybenzyl, 2,4-dinmethdxybenzyl,

3, 4-di net hoxybenzyl, 2,4, 6-triunethoxybenzyl, nethoxynethyl, and

3,3-dinethylallyl. Mre preferably, t he conpound of fornula 111, above, is

t he conpound set forth _10 i nul.a

phar maceut i cal | y accept &b I‘%“E’&tf‘?ﬁ?tﬁ&ce%‘fup °°“SB““8 Bosnzyary? 1-oull, aftyl, p-
nitrobenzyl, benzyl, p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl,

cinnamyl, benzhydryl, 2-chloroallyl, t-amy], trityl, 4-methoxytrityl,
4 4'-dimethoxytrity], trimethylsilyl, s-butyldimethylsilyi,

5 B-(trimethylsilyl)ethyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzy],
3,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, methoxymethyl, and
3,3-dimethylallyl.

More preferably, the compound of formula III, above, is the compound set forth

10  informulaV,

N,on
| H
N S
N ‘\-_T' r
(V) erHN_< ﬁ I
S’N O of'—N P S R N
NHR?
o o s

or a pharmaceutically acceptable salt thereof,

where
15
R" is selected from the group consisting of hydrogen and -C(O)CH(NH,)CH,; and

R" is hydrogen or an acyl group that is cleaved by an enzyme found in mammals, as
defined herein.
20



where 15 R' is selected fromthe group consisting of hydrogen and
-C(OCH(NHZ) CH3; and R 2 is hydrogen or an acyl group that is cleaved by an
enzyme found in mammal s, as defined herein. 20 1 9 JAS 2004 WO iﬁaﬁﬁz?@r"
PCT/ USO0/ 26069 22 Preferably, R 2 is selected fromthe group consi g
hydrogen, -C(O-R', - 0 O~ OC(O-ORs, -C(O-CHNHR ")-al k4, and
-C(O-0CH2 wherein 5 R isor f R'" is selected fromthe group consisting
of hydrogen, WOU@RKER s, and -C(O -CH(NH2)-al k4i 10 al k,rdraisessieeset ed from
the group consisting of hydrogen, and optionally substituted 15 20 al kyl,
wherein said alkyl is optionally substituted with one or nore substituents
sel ected fromthe group consisting of hyxrogen, phenyl, -000H --C(O-OR'.
C(ONH2, -OH, -SH, -NH2, and ' N R' is selected fromthe group consisting
of benzhydryl, t-butyl, allyl, p- nitrobenzyl, benzyl,p- or o-nitrobenzyl,
2,2,2-trichloroethyl, ally], cinnarnyl, benzhydryl, 2-chloroallyl, t-anyl,

trityl, 4-methoxytrityl, . -
Preferably, R' is selected from the group consisting of hydrogen, -C(O)-R¥, -

C(0)-OR", -C(0)-CH(NHR")-alk,, and -C(O)-O-CHZH

wherein

0O
R%is or = ;

R" is selected from the group consisting of hydrogen, -C(0)-OR®, and
-C(O)-CH(NH,)-alk,;

10 alk, is selected from the group consisting of hydrogen, and optionally substituted
alkyl, wherein said alkyl is optionally substituted with one or more substituents
selected from the group consisting of hydrogen, phenyl, -COOH, —-C(0)-OR",

3
% P
C(O)NH,, -OH, -SH, -NH,, and N

R™ is selected from the group consisting of benzhydryl, t-butyl, allyl, p-
15 nitrobenzyl, benzyl, p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl,
cinnamyl, benzhydryl, 2-chloroallyl, t-amyl, trityl, 4-methoxytrityl,
4,4'-dimethoxytrityl, trimethylsilyl, t-butyldimethylsilyl,
B-(tﬁmethylsilyl)cthyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzyl,
3,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, methoxymethyl, and
20 3,3-dimethylallyl.



4,4" -dimethoxytrityl, trinmethylsilyl, tdbutyldi nmethylsilyl,
R-(trinmethylsilyl)ethyl, 4- or 2-methoxybenzyl, 2,4-dinethoxybenzyl,

3, 4- di met hoxybenzyl, 2, 4 6-tri met hoxybenzyl , nethoxynethyl and
3.3-dimethylal lyl. 1 9 JAN 2004 WD 01/ 21623 PCT/ US00/ 26069 23 I n fofhdkil 2004
preferred enbodinents R 3 is selected fromthe group consisting of

hydr ogen, nethyl, and -C(0)-CH(NH2) CH3. Furthernore, alk, is selected from
the group coﬁ'éQ'élszﬂb of hydrogen, -CH' -CH(CH, )2, - CH2ORCTUSp&H?,

- CH2CH2NH2, - CH2CH2CH2NH2, - CH2CH2CH2CH2NH2, - CH2COCH, - CH2CH2COCH, -CHz -
N5 -CHZ-C(O)NHZ, -CI-|2CI-|2-C(O)NH2-, and In nore preferred enbodi nents, the
invention features a conpound of fornula23 111, where the conpound is

sel ected fromthe group consisting of Cipd 17.

(7R -7-[(2)-2-(5-am no-1, 2,4-thi adiazol:-3-yl)-2-

(hydroxyi m no) acet am do] - 3- {2-[2- am noet hyI t hi omet hyl ] pyrid-3 -ylthio }
-3-cephem 4- 10 car boglgl ic acid

(7R) - 7- [ (2) - 2- ( 5- anfAGEPrafenEd; HaPRIR 5 ig )pejed from the group consisting of
Egyflrz oxyi( m) no) afcﬁ%g%?‘lxﬁkﬁ]yi ,and -cl(O)h -CH(NH,)CH,. Furthermore, alk, is selected from the
N-(L)-ornit yamnoe t hi t yr
yl t hi 0} - 3- ceph &RRRIEWSFEEN "gé’é’l (ﬁ%ﬁ]ﬂ% 20%‘ -CH,NH,, -CH,CH,NH,,
(TR -7-[(2) - 2- (Cn, o000 NHZZCH G}ncamfgml -GH,yd@on -C,CH,COOH,
(hydr oxyi m no) acet am cfo] 3-{2-[2-N-(L)-prolyl qm noet hyl t. hi onet hyl ] pyrid-3-y
| t
7

hi 0) - 3-cephem 4- car boxyl | c aC| d, Cmpd 174C.
BT o e R ([ PR
-cephem 4- car boxylth %o?&ﬂréferred embodiments, the invention features a compound of formula
M1, where the compound is selected from the group consisting of

Cmpd 17. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3- {2-[2-aminoethylthiomethyl)pyrid-3-ylthio}-3-cephem-4-

10 carboxylic acid,

Cmpd 17-A.  (7R)-T-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yI}-2-
(hydroxyimino)acetamido]-3- {2-[2-N-{L}-omithylaminoethylthiomethyl}pyrid-3-
ylthio}-3-cephem-4-carboxylic acid, .

Cmpd 17-B. (7R)-7-[(Z)-2~(5-amino-1,2,4-thiadiazol-3-yl)-2-

15  (hydroxyimino)acetamido]-3-{2-[2-N-(L}-prolylaminoethylthiomethyl]pyrid-3-ylthio)-
3-cephem-4-carboxylic acid, X

Cmpd 17-C. (7R)-7-[(Z)-2-(5-N-(L)-alanylamino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino)-acetamido]-3- {2-[2-amincethylthiomethyi]pyrid-3-ylthio}-3-cephem-4-
carboxylic acid,

20 Cmpd 17-D.  (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3-{2-[2-N-(L,L)-alanylalanylaminoethylthiomethyl}pyrid-3-
ylthio}-3-cephem-4-carboxylic acid,

Cmpd 17-E. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazo}-3-y1)-2-
(hydroxyimino)acetamido]-3- {2-[2-N-glycylaminoethylthiomethyl|pyrid-3-ylthio}-3-

25  cephem-4-carboxylic acid,



20 Cmpd 17-D. (7R -7-((2)-2-(5-am no-1, 2, 4-thi adi azol - 3-yl ) - 2-

(hydr oxyi m no) acetam do]-3- {2- [2-N-(L,L)-al anyl al anyl

am noet hyl t hi onet hyl ] pyri d-3- ylthio} -3-cephetn-4-carboxylic ac1' g JMU‘!
17-E. (7R)-7-[(2)-2-(5-am no-1, 2, 4-thi adi azol - 3-yl ) - 2- :
(hydr oxyi m no) acet am do] - 3-

{2-]2-N-gl ycyl am noet hyl t hi onet hyl ] pyrid-3-ylthio} -3- 25

cephem 4- car beyltiews2aaci d, 1 9 JAN 2004 WD 01/21623 PCIT/ rs00s®ee69 24 Cnpd
17-F. (7R)-7-((2)-2-(5-am no-1, 2, 4-thi adi azol - 3-yi) - 2-

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

{2-[2-N-(L)-aspartyl am noet hyl t hi omet hyl44pyri d- 3-

yl t hi 0} - 3- cephem 4- carboxylic acid, Cnpd 17-G

(7R -7-((2)-2-(5-am no-1, 2, 4-thi adi azol -3-yl)-2 5

(hydr oxyi m no) acet am do] - 3-{2-[2-N- (L) - al anyl am noet hyl t hi onet hyl ] pyi i d-3-y
| t hi o} - 3-cephem 4-carboxylic acid, Crpd 17-H.

(7R -7-[(2) - 2- ( 5- arGmpd-11;52, 47R)AI-Ha)-2fbeAmite- 4R P-tifiadiazol-3-yl)-2-

(hydr oxyi m no) t am d - Bk

met hyl ) al anyl aﬁVﬁS’é’f“ﬁfP aﬁcﬁmo“rré fﬁ%’i{% -ylt l moithyé Sg‘sﬁé’ﬁﬁ’ﬁ“’car boxylic
acid, 10 Cnpd Hthid}-3- (eﬁﬁé)n—lc{trb@)yl@at:@ds am no-1, 2, 4-t hi adi azol - 3-yl ) - 2-

(hydr oxyi i 1 2 I

ni no) acet am do] - 3- {Cflﬁdfl\ck ( ISR)F{} g%)z (SI aénrhmnde’#'ﬁ}i}ﬂﬁ?lgngmyl ] pyri d- 3-
yl t hi 0} - 3- csphe\gapdxﬁ:ambraqumdo]ée{l’e[z I‘Gﬁ;)dlany?lammocthylthiomcﬂwl]pyﬁd-3-y1thio}-

(7R) 7-1(2)- 0- I adi azol - 3-yl)-2-

(hydr oxyi m no) a&??emﬂ- Jf’b?lﬁa&g

{2-]2-N-(L)-val yI arﬁm’pdelﬂhyl (TR )SHET 3 (Stamying- H2,3-thiddidzpled-¥1)-2- 15

(TR T[22 ettt )

(hydr oxyi m no) methfl;nlnnylht}nnBethylthmmethyl]pynd 3-ylthio}-3-cephem-4-carboxylic acid,

i/lzt L?og\l_ ( Lé%gﬁgﬁi ?1 Ca lr)Pg))r;;Fl c acﬁ%)%tMJ'P’ﬁ'mlaﬁml' yh-2-
(hydroxyimino)acetamido]-3-{2-[2-N-(L)-histidylaminoethylthiomethyljpyrid-3-
ylthio}-3-cephem-4-carboxylic acid, '

Cmpd 17-J.  (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino)acetamido]-3-{2-[2-N-(L)-valylaminoethylthiomethyl]pyrid-3-ylthio}-

15  3-cephem-4-carboxylic acid,

Cmpd 17-K. (7R)-7-[(Z}-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3- {2-[2-N-(L)-asparagylaminoethylthiomethyl]pyrid-3-
ylthio}-3-cephem-4-carboxylic acid,

Cmpd 17-L.  (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazo]-3-yl)-2-

20  (hydroxyimino)acetamido]-3- {2-[2-N-(L)-lysylaminoethylthiomethyljpyrid-3-ylthio}-
3-cephem-4-carboxylic acid,

Cmpd 17-M. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazo]-3-y1)-2-
('hydroxyimino)acctamido]-?:-{2-[2-N-(L)-scty]aminocthyltlﬁomemyl]pyrid-3-ylthi6}-3-
cephem-4-carboxylic acid,

25 Cmpd 17-N.  (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido}-3- {2-[2-N-(L)-glutaminylaminoethylthiomethy!}pyrid-3-
ylthio}-3-cephem-4-carboxylic acid,



Cmpd 17-L. (7R -7-[(2)-2-(5-am no-1, 2, 4- t hi adi azol - 3- yl)-2 20

(hydr oxyi m no) acet am do]-3-{2-[2-l\|—(L)-I‘ysyI am noet hyl t hi onet hyl ] pyri d- 3-yl
t hi o}- 3-cephem 4-carboxylic acid, Crpd 17-M

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) - 2-

(hydr oxyi m no) acet ani do] - 3- 19 JAN 2004
{2-12-N-(L)-seryl am noet hyl t hi onet hyl ] pyrid-3-ylthio } -3-
cephem 4- car bo&é?’i”é Hcid, 25 Cmpd 17-N. PCTAUS00/26069

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl) - 2-

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

{2-12-N-(L)-gl utam nyl am noet hyl t hi onet h$3$ ] pyri d- 3- .

yl t hi o} - 3- cephem 4-carboxylic acid, 1 9 JAN 2004 WO 01/21623 PCT/ US00/ 26069
25 Cmpd 17-0. (7R -7-[(2)-2-(5-am no-1, 2, 4-thi adi azol - 3-yl ) - 2-

(hydr oxyi m no) acet am do] - 3- {2-[2-(5-nethyl -1, 3-di oxol an- 4- en- 2- on- 4-

yl ) met hoxycar bonyl ) am hy i | ] pyr, | t

- 3- cephem 4- car boxy¢'ine‘5]g7g{‘)d,Jégz’&gﬁ%ﬁ;@"‘&éﬁgk?@% 2-(5 -am no-
1, 2, 4-t hi adi az yiminojac DY €3 alioxerag-4-3n-

{2 (2 N- (L) py‘rmﬂayg {3 etédgggg{ &L;E#gﬁh)?; ! gd,]ial(}j-S- Lonck .

yl t hi 0} - 3- cephé‘ﬁr‘%ﬂt r’% ‘33‘3'] ﬁﬂg é’ﬁd' itols-sepbep-dg2mydiai nents, the
‘invention featdtigan@ conpound of formul.a I'll, where the conmpound is
selected frgmthe cons f_ 10 dl?

(7R -7-[(2) 3 (5- are ‘Ph”g z@#f Bg?‘g?o?“’? yt-thiadiazol-3-yl)-2-

(hydr oxyi m no) ﬁ@ﬂio&?ﬁhﬁﬁ:])ac&mxdo] 3-{2- (2-N-(L)-pyroglutamylarmnocthyltl'uomcthyl]pynd 3-
{2-12-N-(L)-om t‘ﬁl’é gmnoeth thb hyI]pyrld 3-

yl t hi 0} - 3- ceph&PAT FG"‘ "Cnpd 17-D.

(7R -7-((2)-2-(5- amhlaﬁ:nllmu?e prefeiédoeilibadifents} thel ivedtion features a compound of
(hydr oxyi m no) ceta

o N TS Bt it comBet i seertesh v the P Fsiting o

yl t hi o} - 3- aephem 4-Cmgd t7axy | (TR)-BRER-(5-amino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino)acetamido]-3- {2-[2-N-(L)-omithylaminoethylthiomethyl)pyrid-3-
ylthio}-3-cephem-4-carboxylic acid,

Cmpd 17-D. (7R)-7-[(Z)-2~(5-amino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino)acetamido]-3- {2-[2-N-(L,L)-alanylalanylaminoethylthiomethyl)pyrid-3-

15  ylthio}-3-cephem-4- carboxylic acid,

Cmpd 17-F.  (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yI)-2-
(hydroxyimino)acetamido]-3-{2-[2-N-(L)-aspartylaminoethylthiomethyl)pyrid-3-
ylthio}-3-cephem-4- carboxylic acid,

Cmpd 17-G. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-

20  (hydroxyimino)acetamido]-3-{2-[2-N-(L)-alanylaminoethylthiomethyl]pyrid-3-ylthio}-
3-cephem-4- carboxylic acid,

© Cmpd17-L. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-

(hydroxyimino)acetamido]-3- {2-[2-N-(L)-lysylaminoethylthiomethyl]pyrid-3-ylthio} -
3-cephem-4- carboxylic acid,

25 . Cmpd 17-N.  (7R}-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3- {2-[2-N-(L})-glutaminylaminoethylthiomethyl]pyrid-3-
ylthio}-3-cephem-4-carboxylic acid, and



Cmpd 17-F. (7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) -2-

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

{2-[2-N-(L)-aspartyl am noet hyl t hi omet hyl ] pyri d-3- ylthio}-3-cephem 4-
carboxylic acid, Cmpd 17-G (7R)-7-[(2)-2-(5-am no-1, 2, 4-thi adi I - 2
o 291 Skt b
(hydr oxyi m no) acet am do] - 3-{2-[ 2-N- (L) - al anyl am noet hyl t hi onet hyl ] pyri d-3-y
| t hi 0} - 3- cepW@®Male2ar boxylic acid, Cmpd 17-L. PCT/US00/26069

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl) - 2-

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

{2-12-N-(L)-1ysyl am noet hyl t hi onet hyl ] pyzé d-3-ylthio } - 3-cephem 4-
carboxylic acid, 25 Cnpd 17-N.

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) - 2-

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

{2-12-N-(L)-gl utam nyl am noet hyl t hi onet hyl | pyri d- 3-

yl t hi 0} - 3- cephem 4-GBRdIIEH il ER% H@)-2-Bramino-o.2 4 ANadb el w201/ 21623

PCT/ US00/ 26069{}%@0%%%:&:@]-3-{2 [2-(5-meth 1-1 3-dioxolan4-en-2-on--

(TR -7-[(2)-2 am no-1, 2, 4-thi adi azol - 3- %

(hydr oxyi m no) ﬂmm@monsuwmhzltwnmllﬁwd- 'Y'!}h‘ﬂ}l -YxBhemrdAarhexylic on- 4-

~yl) met hoxycar bgryl ) am noet hyl t hi onet hyl ] pyrid-3 -ylthio }

- 3- cephem 4- car oxyI ic acid. 5 In_another aspect, the invention provides

for a heterbaryl Svangtbaraspechfheinvention provides fops heterearyl corareund. ght $altle gr oup

consi sting of Rerbf idplREYoBEd BbUpRbRisdndydr oxymet hyl pyridine, C. CLOH 10

3-triphenyl met hylt hi o- 2-chl or onet hyl pyridi ne, C STr
3- mphcny}methyltluo-z-hydroxym ylpyndme

(e

3-triphenylmethylthio-2-chloromethyipyridine,

|
N Cl

3-tripheny!methylthio-2-chloromethylpyridine hydrochloride,

STr
C’I/Cl "HCI
N

3-triphenyimethylthio-2-[2-N-(t-butoxycarbonyl)aminoethylthiomethyl)pyridine,

.
N S\~"“NuBoC

15  2-(2-aminoethylthiomethyl)-3-mercaptopyridine,

SH
CI
N ~~"NH,

bis(2-(2-aminoethylthiomethyl)pyrid-3-y1) disulfide,

E'\LSJ“
N S\/’\ NH,

and the compound of the following formula:

10



Cl N 3-triphenyl nmet hyl thi o-2-chl oronet hyl pyri di ne hydrochloride, - HCl
3-triphenyl methyl t hi o-2-[2-N-(t-butoxycar bonyl ) am
noet hyl t hi onet hyl )] pyridine, I 0Oi'il~ N S 'NHBOC 15
2- (2-ami noet hyl t hi onet hyl ) - 3- ner capt opyridine, SHS -9%--N2 N¥9 JAN 2004
bi s(2-(2-am noet hyl t hi onet hyl ) pyrid-3-yl) disulfide, and the conpound of
the following fornmula: 1 9 JAN 2004 WD 01121623 PCT/ USO0/ 26069 27 where R 2
i s as defined V&9 | n another aspect, the invention re?@’e"@&"wf’a
conpound sel ected fromthe group consisting of 5
7- am no- 3- chl or o- 3- cephem 4- car boxyl at e, 2t butyl ester, RN S r-N~ O'C

7

]
ok
SN

where R is as defined herein.
In another aspect, the invention relates to a compound selected from the group
consisting of

5  7-amino-3-chloro-3-cephem-4-carboxylate, t-butyl ester,

H,N S
N

o 7 cl

COyt-Bu

(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(triphenylmethoxyimino)acetamido-3-

chloro-3-cephem-4-carboxylate, t-butyl ester,

N r
};\“)\",N S
HzN_(S'N 0 OINr\g\CI

CO,t-Bu

10 and the compound of the following formula:

N OTr

N | 7)\( I \‘;L
CO,R% S/\,m-m'z
where R and R™ are as defined herein.

In a further aspect, the invention relates to a method of synthesizing a compound
15 offormula VI



| CO02t-Bu '

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol -3-yl)-2-(triphenyl net hoxyi m no) acet
am do- 3 chl or o- 3- cephem 4- car boxyl ate, t-butyl ester, ,OIT 10 and the
conpound of the followi ng formula: where R 2 and Rl' are as deffiqefANQ(@ n.
in a further aspect, the invention relates to a nmethod of synthesizing a
compound 15 of forrmula VI 1 9 JAN 2004 WD 01/21623 PCT/ US00/ 26069 28 (VI)
R'NH-< S com@rd1giaad reacting a conpound of fornula VI RETUSMIG0Es

am ne- N-oxi de, where: 5 R' is selected fromthe group conprising of

hydr ogen, al kyl, benzyl, -C(O-R', where R' is selected fromthe group
consi sting of hydrogen, alkyl, aryl, alf®oxyl, and aryloxy;, R47 is al kyl or
benzyl; and the ami ne-N-oxide is selected fromthe group consisting of
trial kyl am ne-N- 10 oxi de and pyridi ne-N-oxide. Preferably, R' is benzyl or
-C(O-0CH2CH3; R7 is nethyl or benzyl; and the am ne-Noxide is selected
fromthe group consisting of trinethylam ne-N oxide, N

met hyl mor phol i ne- N- oxi de, and pyridi ne-N-oxi de. |n,another aspect, the
invention relates to a conpound_of f%ﬁ“' OR"OR4
o) el

comprising reacting a compound of formula VII with an amine-N-oxide,
Br

N\.,/k“/ ORG.’
4

(VID) 1:.“'»:11——(5‘_1'I !
where:

5 R* is selected from the group comprising of hydrogen, alkyl, benzyl, -C(0)-R®,
where R® is selected from the group consisting of hydrogen, alkyl, aryl,
alkoxyl, and aryloxy;

R* is alkyl or benzyl; and

the amine-N-oxide is selected from the group consisting of trialkylamine-N-

10  oxide and pyridine-N-oxide.

Preferably, R* is benzyl or -C(0)-OCH,CH,; R* is methyl or benzyl; and the
amine-N-oxide is selected from the group consisting of trimethylamine-N-oxide, N-
methylmorpholine-N-oxide, and pyridine-N-oxide.

In another aspect, the invention relates to a compound of formula VIII

4
/OR

N
| o
(VIID R!
15 o
where
R' is selected from the group consisting of optionally substituted aryl and optionally

substituted heterocycle,

20 where the heterocycle is selected from the group consisting of pyridyl,
thiadiazolyl, and thiazolyl; and



N (VM 15 where R is selected fromthe group consisting of optionally
substituted aryl and optionally substituted heterocycle, 20 where the

het erocycle is selected fromthe group consisting of pyridyl,

t hi adi azolyl, and thiazolyl; and 1 9 JAN 2004 WO 01/ 21623 PCT/U$qug@meM29
5 where the aryl and heterocycle are each independently and optionally
substituted with substituents selected fromthe group consisting of

hydr oxyl, broM® %215%bro, chloro, iodo, nmercapto, cyano, XICEYPIHEY

car boxyl, oxo, al koxycarbonyl, alkyl, alkenyl, nitro, am no, al koxyl, and
carboxam do; R is a protecting group selected fromthe group consisting of
benzyl, p-nitrobenzyl, o-nitrobenzyl, 292,2-trichloroethyl, allyl,

ci nnanyl, benzhydryl, 2-chloroallyl, t-butyl, 10 t-anyl, trityl,

4- et hoxytrityl, 4,4 -dinmethoxytrityl, trinmethylsilyl,
t-butyldinmethylsilyl, phenacyl, a-(trimethylsilyl)ethyl, benzyl, 4- or

2- met hoxybenzyl, 2, 4-di net hoxybenzyl, 3, 4-di met hoxybenzyl,

2,4, 6-trinmethoxybenzyl, methoxynethyl, benzhydryl, and 3,3-dinethylallyl;

and 15 X3 is sel ected f{vgauhtg O4nQ HRtero SRR afel e diin®bendctly@hd & nyl) 2, and
-OP(O-C12. Preferably, R gl-}’S-lam no% thl‘ggl a%" 3- yplgoﬂlg R is

trityl. The summary of ‘E‘!‘?g“‘i"l’ﬂl\%‘kﬁ“BW“ﬁ@ééﬁlché@EMm}P@Wﬂ'? mting and

other features and advegAYESoRb, FdR, EHEMEdoCReriptd, ciifo, aRPRIGEN from the
foll ow ng descrlptlon of the
carboxyl, oxo, alkoxycarbonyl, alkyl, alkenyl, nitro, amino, alkoxyl, and

carboxamido;

R* is a protecting group selected from the group consisting of benzyl, p-nitrobenzyl,
o-nitrobenzyl, 2,2,2-trichloroethyl, allyl, cinnamy!, benzhydryl, 2-chloroallyl, #-butyl,

10 t-amyl, trityl, 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, and
3,3-dimethylallyl; and

15 X'is selected from the group consisting of -OP(Q)-(O-phenyl),, and -OP(0O)-Cl,.
Preferably, R' is 5-amino-1,2,4-thiadiazol-3-yl and R* is trityl.

The summary of the invention described above is non-limiting and other features
and advantages of the invention will be apparent from the following description of the

20  preferred embodiments, and from the claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

L Definitions
As used herein, the term “alkyl” denotes a branched, unbranched, or cyclic
25  hydrocarbon group, preferably containing between one and six, more preferably one and
four, carbon atorns, such as methyl, ethy!, n-propyl, iso-propyl, n-butyl, sec-butyl,
iso-butyl, tert-butyl, and 2-methylpentyl. These groups may be optionally substituted



20 preferred enbodi nents, and fromthe ¢l ainms. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS 1. Definitions As used herein, the term"al kyl"
denotes a branched, unbranched, or cyclic 25 hydrocarbon group, p@eﬂgﬂaymy
cont ai ni ng between one and six, nore preferably one and four, carbon
atons, such as nethyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl,

| so-butyl, ten-butyl, and 2-nethyl pentyl. These groups may be optionally
substituted 1w®»WAN22004 WD 01121623 PCT/ US00/ 26069 30 RATIUSENMRE0dr nor e
functional groups which are attached commonly to such chains, such as
hydr oxyl , brono, fluoro, chloro, iodo, nercapto, cyano, alkylthio,

het erocycl e, aryl, heteroaryl, carboxyl3g al koxycarbonyl, al kyl, al kenyl,
nitro, am no, alkoxyl, am do, and optionally substituted isothioureido,
am di no, guanidino, and the like to formal kyl 5 groups such as
trifluoronethyl, 3-hydroxyhexyl, 2-carboxypropyl, 2-fluor ethyl,

car boxymet hyl , 4-cyanobutyl, 2-guanidi noethyl, .

3- N, N - di met hyWits ereir erofmasiopy E9yrs whidhr attiched cogumoniyfa sychchginsafugly| ene”
refers to a st Mg%&ylcﬁ}@fn& RbrolE6, e, RLtadpt, E}fan&aﬁﬂ(gﬂﬁbr il , AbiedBycle, &1, bearing

hydrogen atons soO that there are no unsaturated carl atons in the chain,
10 where the cheigroarylscachewylt slkaxyeasbopyls #kvk alkseli niten, aming alkoxylhamide. 3adh hydr ogen

at two ends. T %ngj&ﬂﬁ?sﬁ%&)gfmgggm, AsnidTRd, Byd RORe to TR a CH2- group

(known as et hylene : roup (known as propyl ene), and

- CH=CH( CH3) EH2gropmsisushres grifluotomsiivh iy dspryhexyt d-cateeyprogyl, Jufluereattyll i i t at i on of
al kyl ene groupgys th! yafdbtaEN ! guaflERQLESE 3 AN Bhikh¥ihy b iRraRindbfdpyied above
havi ng at | east 6%2$e1§’d33@}eggoﬁﬁ, e.g%? a?FNIf S-Kydroxy-Z-buggn-l-yl

1- net hyl - 2- propneribg kgl and the like. The term"aryl" denotes a chain of

carbon atoms whi ch g &&ﬁxahqla@s fefdd '8 a3ER bilan dr bRGCHE UalHb rREBS LG, Y
bet ween about 6-14 carbon atons, such as phenyl, )
all bearing hydrogen atoms so that there are no unsaturated carbon atoms in the chain,

10 where the chain is substituted with a chemical group other than hydrogen at two ends.
Thus, the -CH,- group (known as methylene), the -CH,CH,- group (known as cthylene),
the -CH,CH,CH,- group (known as propylene}, and -CH,CH(CH,)CH,- (known as
isopropylene) are examples without limitation of alkylene groups.

The term “atkeny]l” denotes an aiky! group as defined above having at least one

15  double bond, e.g., allyl, 3-hydroxy-2-buten-1-yl, 1-methyl-2-propen-1-yl and the like.

The term *“aryl” denotes a chain of carbon atoms which form at least one
aromatic ring having preferably between about 6-14 carbon atoms, such as phenyl,
naphthyl, indenyl, and the like, and which may be substituted with one or more
functional groups which are attached commonly to such chains, such as, hydroxyl,

20  bromo, fluoro, chloro, 10do, mercapto, cyano, alkylthio, heterocycle, aryl, heteroaryl,
carboxyl, alkoxycarbonyl, alkyl, alkenyl, nitro, amino, alkoxyl, amido, and the like to
form aryl groups such as biphenyl, iodobiphenyl, methoxybiphenyl, anthryl,
bromophenyl, iodophenyl, chiorophenyl, hydroxyphenyl, methoxyphenyl,
formylphenyl, acetyiphenyl, trifluoromethyithiophenyl, trifluoromethoxyphenyl,

25  alkylthiophenyl, trialkylammoniumphenyl, amidophenyl, thiazolylphenyl,
oxazolylphenyl, imidazolylphenyl, imidazolylmethylphenyl, cyanophenyl,



napht hyl , indenyl, and the |like, and whi;ch may be substituted with one or
nore functional groups which are attached conmmonly to such chains, such
as, hydroxyl, 20 brono, fluoro, chloro, iodo, nercapto, cyano, ?I&éym%
het erocycl e, aryl, heteroaryl, carboxyl, alkoxycarbonyl, alkyl, N ; ﬁ
nitro, am no, alkoxyl, amdo, and the like to formaryl groups such as

bi phenyl , i odobi phenyl, nethoxybi phenyl, anthryl, bronophenyl, iodophenyl,
chlorophenyl,‘W@HVHﬁ%phenyl, met hoxyphenyl,  fornyl phenyl P 3PBhenyl
trifluoromnethylthiophenyl, trifluoronethoxyphenyl, 25 al kylthiophenyl,

tri al kyl ammoni unphenyl , am dophenyl, thiazolyl phenyl, oxazolyl phenyl,

i m dazol yl phenyl, im dazolylrnethyl phenyB! cyanophenyl, 1 9 JAN. 2004 WO
01/ 21623 PCT/ US00/ 26069 31 pyri dyl phenyl:, pyrrolyl phenyl, pyrazolyl phenyl,
triazol yl phenyl, tetrazolyl phenyl and the Iike. The term "heterocycle"”
denotes a chain of carbon and at |east one non-carbon atons which together

formone or nore.arqnmatic or, non-aro i.C i ngs Vi S. hrefer y bet ween
about 5-14 at Orpgp%gé}gﬂyl.épgrrolﬂgpwl,. p}frﬁ’frgzvtllﬁ/hle?yl’i% 8159)%7“?[]?6“?%(1%&% ewl, ; pyri dyl ,
t hi adi azol yl, tikdleol yl, piperazinyl, dibenzfuranyl, dibenzthienyl. These

rings may be optiopally substityted wth one or re functional groups
whi ch are” attached T’&“dﬁ%b F‘;?mf%bsﬂ?ﬁ?teﬁ’ﬁl&“,"%Qﬂ’%gfﬁﬁ?w&?%', Pono,

-fluoro, chl or 0,atdm3Gehichit&ietharfonn @ie or inbie@ronayiasmon-atoklid dirigs havivet er ocycl e,

et SR w1 BRI R bl e
2- am not hi azol —pﬂ-rig()ll,,thjﬁdiiﬁﬁﬂyn ehidzolyl) bipematitiyl aditernzfdrayyl, dibenzthienyl. These rings
20

S amno- L 2 st gt L BRI B A R
t er m " het er oar @ommionly tasuch tiregs,csnchaas JHydrogHidirédmg, fldenohpgo, indoanarmptoicc 15
heterocycle as ﬂgg,fgygn%?dgyt?&%,ehetmcycle, aryl, heteroaryl, carboxyl, oxo, alkoxycarbonyl,

10 alkyl, alkeny, nitro, amino, alkoxyl, amido, and the like to form rings such as,
2-aminothiazol-4-yl, 2-amino-S-chlorothiazol-4-yl, S-amino-1,2,4-thiadiazol-3-yl,
2,3-dioxopiperazinyl, 4-alkylpiperazinyl, 2-iodo-3-dibenzfuranyl and
3-hydroxy-4-dibenzthienyl and the like.

The term “heteroaromatic™ or “heteroaryl” (HetAr) denotes an aromatic

15 heterocycle as defined above.

The term “heterotricycle” denotes an aromatic heterocyclic substituent as
defined above which comprises three aromatic rings.

The term “heterocyclecarbonyl” denotes the group -C(O)Het, where Het is
heterocycle as defined above.

20 The term “alkoxyl” denotes the group -OR, where R is alkyl as defined above,
such as methoxy, ethoxy, n-propoxy, iso-propbxy, n-butoxy, sec-butoxy, iso-butoxy,
tért-butoxy, mifluoromethoxy, 3-hydroxyhexyloxy, 2-carboxypropyloxy,
2-fluoroethoxy, carboxymethoxy and cyanobutyloxy and the like.

The term “alkylthio” denotes the group -SR, where R is alkyl as defined above,

25  such as methylthio, ethylthio, a-propylthio, iso-propylthio, n-butylthio, sec-butylthio,

iso-butylthio, rert-butylthio, trifluoromethylthio, 3-hydroxyhexylthio,



The term "heterotricycle" denotes an aromatic heterocyclic substituent as
defi ned above which conprises three aroratic rings. The term

"het erocycl ecarbonyl " denotes the group -C(O) Het, where Het is heterocycle
as defined above. 20 The term "al koxyl" denotes the group -OR WVJQNRZNE
al kyl as defined above, such as nethoxy, ethoxy, n-propoxy, isSoO-propoxy,

n- but oxy, sec-butoxy, iso-butoxy, tert-butoxy, trifluoronethoxy,

3- hydr oxyhexy™&d)21623 car boxypr opyl oxy, 2-fl uoroet hoxy, caBFNAEMAoxy and
cyanobutyl oxy and the like. The term "al kyl thi 0" denotes the group -SR
where R is al kyl as defined above, 25 such as nethylthio, ethylthio,
n-propylthio, iso-propylthio, n-butylthii® sec-butylthio, 1iso-butylthio,
tert-butylthio, trifluoromethylthio, 3-hydroxyhexylthio, 1 9 JAN 2004 WO
01/ 21623 PCT/ US00/ 26069 32 2-car boxypropylthi o, 2-fluoroethylthio,
carboxynet hyl thi o and cyanobutylthio and the |ike. The term"acyl" denotes
groups -C(OR, Wn=re R is hydro r alk as defined aboye, ch as
fornmyl, acetyl 2-HPOyPHRYfo, %nglg’f@@ °%bc¥‘ﬁ'€°‘§35ﬁhfﬂa“$FWW?m’d’é‘H€{ S groups
- QAr, where Ar ks an aryl group as defl ned above. The term "aral kyl "

denotes groups -RAr, where Ris alk Is_aryl, both as defined
above. The term enc"g’ﬁﬁ@sé%’ %?:28}%?}‘? ragen &3 35t ut ed wi t h

- one or nore a&éﬂneﬂﬁ%‘.‘@%ﬂch@(ﬁm@}leﬁc :aﬁnah)k,wrbmups i nclude, but are not
limted to, benzyl, 10 di phenyl met f nd tr hen Irret hyl. . The erm
"het er oar al Ryl " dengesamayions” depgies; Aris é’i‘é'l’% defet i ned
above and Het Agpdyvs heteroaryl as defl ned above The term"trial kylsilyl"
denotes the group RR' R'Si -, where R R ﬁmj R' are
The term “aralkyl” denotes groups where R is alkyl and Ar is aryl, both as

defined above. The term encompasses groups where the R group is substituted with one

or more aryl groups. Examples of aralkyl groups include, but are not limited to, benzyl,
10  diphenylmethyl, and triphenylmethyl.
The term “heteroaralkyl” denotes groups -RHetAr where R is alkylene as
defined above and HetAr is heteroaryl as defined above.
The term “malkylisityl” denotes the grounp RR'R"Si-, where R, R' and R” are
alkyl as defined above.
15 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 defined above, or hydroém.
The term “carboxamido™ denotes the group -C{(O)NRR', where R and R' may
20  independently be alkyl, aryl or acyl as defined above, or hydrogen.
The term “B-lactam resistant bacteria” refers to bacteria against which a
B.—lactam antibiotic has a minimum inhibitory concentration (MIC) of greater than 32
mg/mL.
The term “methicillin-resistant bacteria” refers to bacteria that are resistant to
25  methicillin. Examples of such bacteria are provided in Table 1 and are identified Meth®.
The term “methicillin sensitive bacteria” refers to bacteria that are sensitive 1o

methicillin. Examples of such bacteria are provided in Table 1 and are identified Meth®.



al kyl as defined above. 15 The term "tri al kyl ammoni un’ denotes the group
[RRR'"'N-]r, where R Wand R' are al kyl as defined above. The term "am no"
denotes the group NRR, where R and R may independently be al Ky@, JAN Vi0pr
acyl as defined above, or hydrogen. The term "carboxam do" denotes the
group -C(ONRR , where Rand R may 20 independently be al kyl, aryl or
acyl as defined above, or hydrogen. The term" o-lactamresistant bacteria"
refers to bactV®P&dai nst which a J3-1actam anti bi oti c HFLSEINA mum

i nhibitory concentration (MC) of greater than 32 ng/nL. The teen
"methicillin-resistant bacteria" refers to bacteria that are resistant to
25 rethicillin. Exanples of such bacterigsare provided in Table 1 and are
identified MethR. The term"methicillin sensitive bacteria"” refers to
bacteria that are sensitive to nethicillin. Exanples of such bacteria are
provided in Table 1 and are identified Meths. 1 9 JAN 2004 WD 01121623
PCT/ US00/ 26069 33 A "prodrug” refers to an agent that is converted into the
parent drug in vivo® “PRdug e o aneresnt thehis guFind iMe thy gaent drug invivde

Situations, tNeYaiRY ak SREAREE! bekfisd oMt Sih@fions [thgIndy BE cARF RAlmMss- They
may, for instance, be bioavailable by oral admnistration whereas the

parent is not. thenéheparsetdmeg. oY BRS & FEiFRce; hphiasvailable By el adminjstptipns

phar maceut i cal GERQRd JakADS nBY Ghe bbupRbLio Hvdithprodtl SXBIR) i, W t hout
limtation, of a prodrug would be a conmpound of the present invention

whi ch is adfi nipbarspesgticgkcomponiiqns pver the pRrent SRIg (AR Grampicowithgut limitagiog of a

transmttal achpRasigdvotRlve aRBHLANEE thd 1Esent Wk fion SBicH B dainrYstdradt as @@Lstdr MENt al
to mobility but which then is netabolically hydrolyzed to the carboxylic

aci d, the acti V& @edrta)) todtrilisate rypmistal aqpsiiell mmbrge Wheroya g soiBlivit y i s
beneficial. A kehrihkfhiN@moitig Rl Whidl théh iPmelioltallyhgdibly 2 1Hthe BpbdkylREPT | de
(pol yam noaci d) bonded to an o L )
acid, the active entity, once inside the cell where water solubility is beneficial. A
10 further example of a prodrug might be a short peptide (polyaminoacid) bonded to an

acid group where the peptide is metabolized to reveal the active moiety.

IL. Compounds of the Invention
The present invention provides compounds, methods and compositions effective

15  to treat bacterial infections, and, especially, infections arising from bacteria which have
.developed resistance to conventionzl B-lactam antibiotics. The present invention
alsoprovides compounds, methods and compositions effective to treat bacterial
infections arising from bacteria which have developed resistance to conventional
cephalosporin antibiotics.

20 It is understood to those skilled in the art that the compounds of the present
invention can be prepared or be present as their pharmaceutically acceptable salts or as
salts that may not be pharmacentically acceptable. Such salts are within the scope and
contemplation of the claims of the present invention. Such salts can exist as the
combination of the compounds of the present invention and acids or bases. These acids

25 may include trifluoroacetic acid, hydrochloric acid, methanesulfonic acid, and other
organic or inorganic acids. The bases may include benzathene, chloroprocaine, choline,

diethanolamine, ethylenediamine, meglumine, procain, and the hydroxide, alkoxide,



acid group where the peptide is netaboliized to reveal the active noiety.
I'I. Conpounds of the Invention The present invention provides conpounds,
nmet hods and conpositions effective 15 to treat bacterial infections, and,
especially, infections arising frombacteria which have devel opad JAN 72004
resi stance to conventional p-lactam antibiotics. The present invention

al soprovi des conpounds, nethods and conpositions effective to treat
bacterial inWe8¥?6Hs arising from bacteria which have d®¢EUSNEHT esi st ance
to conventional cephalosporin antibiotics. 20 It is understood to those
skilled in the art that the conpounds of the present invention can be
prepared or be present as their pharnmacedtically acceptable salts or as
salts that may not be pharmaceutically acceptable. Such salts are within
the scope and contenplation of the clains of the present invention. Such
salts can exist as the conbination of the conpounds of the present

i nvention and aci ds or bases. These acids, 25 .include trifluopopacetic
aci d, hydr ochl @topate bicarbonais, RS QI ’P‘%Fcf'@'%ﬂﬁ °b‘{“ﬁ‘g¥‘m’6‘F N P

i norgani ¢ aci dgowWiRemeRsagoriBithibACIotiiR, ReaA, hefRsiub/daRilaRfie, chol i ne,
di et hanol am ne, et hyl enedi am _ne, nmeglum ne, procain, and the h&g&oxide,

al koxi de, 1 9 iming@ELOtRNEIENIo A DOTEABIs LSS0 HIesBBBOME cxish I AFIIPIE:

bi carbonat e, siohebEnordiduivlalefs 6f acATBr8&se pa ckiipaunil Bh€one Of mee aliydiaatsiofle sal ts
of the followng netal cations: lithium sodium potasium,  nagnesi um

cal ci um al &ini PEAPPUNGPRERCH GEaENd ot her organi c or inorganic bases. These

salts may exist as THe HMES itbdiruétires SifsoE6S the cofpbid£6ithe/ialdntibrbar@shodfii d or
base per conpound or one or nore equivalents of 5 conpound per acid or

base. The nane®!%hd structures of some of the conpounds of the invention
are shown bel ow 10

Cmpd | {7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-
10 (hydroxyimino)acetamido}-3-(2-aminoethylthio-1,3,4-thiadiazol-5-
ylthio)-3-cephem-4-carboxylic acid

.OH
1B s
1*N—4?:E:L7r | | T—gy_
S
? S Cl0 0 N SAS L\
Q OH

NH,

Cmpd 2 (7R)-7-[(Z)-2~(2-aminopyrid-6-y1)-2-(hydroxyimino)acetamido]-3-[4-(2-
15 aminoethylthiomethyl)-2-methyl-1,3-thiazol-5-ylthio]-3-cephem-4-
carboxylic acid

Cmpd 3 {7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-
20 (hydroxyimino)acetamido]-3-{4-(2-aminoethylthiomethyl)-2-amino-1,3-
thiazol-5-ylthio]-3-cephem-4-carboxylic acid



Cmpd 1 (7R)-7-[(2Z)-2-(2-am no-5-chl orot hi azol -4-yl)-2- :

(hydr oxyi m no) acet am do] - 3- (2- am noet hyl't hi o- 1, 3, 4-t hi adi azol - 5-

yl thi o) - 3-cephem 4-carboxylic acid NN. OH 15 N..Od H HZNVN~, & N 20 | H Cnpd
2 (7TR)-7-[(2)-2-(2-ani nopyrid-6-yl)-2- (hydroxy| mno)acetam do] -39[ AN 2004
am noet hyl t hi orret hyI )-2-met hyl -1, 3-thi azol - 5-yl t hi 0] - 3-cephem 4- carboxylic
acid Cmpd 3 (7 Z)-2-(2-am no-5-ch| orot hi azol -4-yl) - 2-

(hydr oxyi mi no) do] - 3-[ 4- (2- ani noet hyl t hi onet hyl ) - 2-BGHUSe/26063

t hi azol -5-yl thi o) 3 cephem 4-carboxylic acid 1 9 JAN 2094 WD 01/21623 35 PC
/ USOQ 26069 Cmpd 4

(7R)-7-[(2)-2-(2-am nopyrid-6-yl)-2- (hyd350xy|mno)acetam do] - 3-[4-(2-

am noct hyl t hi onet hyl ) -1, 3-thi azol - 2-yl t hi 0] - 3-ccphem 4-carboxylic acid 5
H2N S~ S- /-NHz |/ N !

i

i

-OH

H NH
%Nfl'“ N o
' 3
H,N—{ | Ir N
s 0 ;# Nz s’%

Cl

Cmpd 4 (7R)-7-[(Z)—2—(2—aminopyﬁd-6-yl)-2—(hydroxyiminojacetamido]-B-[4-(2-
aminoethylthiomethyl)-1,3-thiazol-2-ylthio]-3-cephem-4-carboxylic acid

N o=
HN._ N N s
] o J:N Ji%s‘/\mz
-
# o Z s N
0% “OH

5

Cmpd 5 (7R)-7-[(Z)-2-(2-aminopyrid-6-yl}-2-(thydroxyimino)acetamido]-3-[4-(2-
aminoethylthiomethyl)-2-methoxy-1,3-thiazol-5-ylthic]-3-cephem-4-
carboxylic acid

H,
T\ﬂ J;ff =
NH
10 /\/ 2
Cmpd 6 {7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-Chydroxyimino)acetamido]-3-{2-(2-

aminoethylthio)-pyridazin-6-ylthic]-3-cephem-4-carboxylic acid

LOH
"
ml;' L1
Q N ) NH
Z 0 TN N Y



Cmpd 5

(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acet arni do]-3-[4-(2-
am noet hyl t hi onet hyl ) - 2- nzet hoxy- 1, 3-t hi azol - 5-yl t hi 0] - 3-cephem 4-
carboxylic acid 10 H2N Crpd 6
(7R -7-[(2)-2-(2-am nopyrid-6
am noet hyl t hi 0) - pyri dazi n-6-y
H2N. , N, - k, , NMAWO 0121625 ~- N |
PCT/ US00/ 26069 Cnpd 7

(7R -7-[(2)-2-(2-am nopyrid-b-yl)-2-(hydroxyi m no)acet am do] - 3-[ 2- ( 2-

am noet hyl t hi 0) - pyri dazi n- 3-yl t hi o] - 3- ceghem 4- carboxylic acid HZN 5 H Cpd
8 (TR -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acet am do] - 3-[ 2- ( 2-

am noet hyl t hi n) - pyri m di n-4-yl t hi o] - 3-cephem 4-carboxylic acid N OH H2ZN N
-OH It

-yl)-2-(hydroxyi m no) acet am do] - 31 [ngey- 200
| t hi 0] - 3- cephem 4- carboxylic acid N, OH
N S/~NH2 1 9 JAN 2004 WO OPITAEGRZ80636

Cmpd 7 (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-[2-(2-
aminoethylthio)-pyridazin-3-ylthio]-3-cephem-4-carboxylic acid
NH.

2
.OH H
N om
H:N(NJ/'\,‘,N S SN
SR p=909
o}

2 . AN

0% oH

5
Cmpd 8 (7R)-7-[(Z)-Z-(Z-aminopyrir]-ﬁ-yl)-2-(hydroxyimino)acetamido]-3-[i{z-
aminoethylthio)}-pyrimidin-4-ylthio]-3-cephem-4-carboxylic acid
.OH '
| H
H,N | Ny Noy__ S f\f‘
O OH
10 Cmpd9 (7R)-7-[(Z)-2-(2-aminothiazol-4-y1)-2-(hydroxyimino)acetamido}-3-[2-

(2-aminoethylthiomethyl)-pyridazin-3-ylthio]-3-cephem-4-carboxylic
acid
NH,

N
S/WN~ s SIN]
=N o ﬁ[:Nf\s Sy

0% ~on




NH2 10 Crpd 9

(7R -7-[(2)-2-(2-am not hi azol - 4-yl)-2-(hydroxyi m no)acet am do] - 3-[ 2-
(2-am noet hyl t hi onret hyl ) - pyri dazi n- 3-yl t hi 0] - 3- cephem 4- car boxy| ié; a"fi ﬁ 1
9 JAN 2004 WD 01/ 21623 PCT/ US00/ 26069 2?37 Cnpd 10 19 JAN 2004
(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl)-2-

(hydr oxyi m no) acet am do] - 3- (2- am noet hyl t hi onet hyl - 1, 3, 4-t hi adi azol -

5-yl t hi o)-3-cé’fﬁ|‘5m%‘:’ carboxylic acid NOH 5 H Cnpd 11 PCT/US00/26069

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

(hydr oxyi m no) acet am do] - 3-[ 4- (2- am noet.hyl t hi ontt hyl) - 2-

am noet hyl t hi o- 1, 3-t hi azol -5-yl t hi 0] - 3- c&phem 4-carboxylic acid 10 N
H2N---(( S Cmpd 12 (7R)-7-[(Z)-2-(2-am no-5-chl orot hi azol -4-yl) - 2-

(hydr oxyi m no) acet am do] - 3-[ 3- (2- am noet hyl t hi onet hyl )-1, 2, 4-

t hi adi azol -5-yl t hi o] - 3-cephem 4-carboxylic acid NOH 15 H N

Cmpd 10 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido]-3-(2-aminoethyithiomethyl-1,3,4-thiadiazol-
5-ylthio)-3-cephem-4-carboxylic acid

.OH ‘
1R s
N ~E‘r N=N
Hﬂ”“ﬁﬁ y Nf\ M3
Cl 0 : S S S
_—LNH
0% “oH

2

Cmpd 11 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-
(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)-2-
aminoethylthio-1,3-thiazol-5-ylthio]-3-cephem-4-carboxylic acid

S

n-OH

I ]P} s S

MY s~

N | 0 A—N_ o P
$7 a0 s

0% “oH s

~NH;
10
Cmpd 12 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido]-3-[3-(2-aminoethyithiomethyl)-1,2,4-
thiadiazol-5-ylthio]-3-cephem-4-carboxylic acid

LOH
LB s
N \Er 5N
74 .
Ht LSIHO( AN A A \)—\
cl- o SN s—\_
0% “OH NH,

15
Cmpd 13 (7R)-7-{(Z)-2-(2-2mino-5-chlorothiazo}-4-yl)-2-
(hydroxyimino)acetamido}-3-{2-(2-aminoethylthiomethyl)pyrid-3-
ylthio]-3-cephem-4-carboxylic acid



Cnpd 13 (7R)-7-((2)-2-(2-am no-5-chl orothi azol - 4-yl) - 2-

(hydroxyi m no) acet am do] - 3- [ 2- (2- am noet hyl t hi omet hyl ) pyri d- 3-

yl t hi 0] - 3- cephem 4-carboxylic acid 1 9 JAN 2004 WD 01121623 W@rllnﬁ)@llheoeg
38 5 Cmpd 14 (7R)-7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-y1) - 2-

(hydr oxyi m no) acet am do] - 3-[ 2- ( 2- guani di noet hyl t hi onet hyl ) pyri d- 3-

yl t hi 0] - 3-cephem 4-carboxylic acid N OHH 10 RN H OH ISi -, ~NyNH2 NH Cpd
15 (7R) - 7-[ ( Avedvf1823am no- 5- chl or ot hi azol - 4-yl) - 2- PCT/US00/26069

(hydr oxyi m no) acet am do] - 3-[ 2- ( 2- guani di noet hyl t hi onet hyl ) pyri d- 3-

yl t hi 0] - 3- cephem 4-carboxylic acid H NINH2 NH 15 Crpd 16

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - &gyl ) - 2-

(hydr oxyi mi no) acet am do] - 3-[ 4- ( 2- am noet hyl t hi onet hyl ) - 2-

am noet hyl am no- 1, 3-t hi azol - 5-yl t hi o] - 3- cephem 4- car boxylic acid

H,N
LOH
e N )
)=N o) Nz ™
4]
. 0% “oH

Cmpd 14  (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3-[2-(2-guanidinoethylthiomethyl)pynd-3-
5 ylthio]-3-cephem-4-carboxylic acid

N
N MK s
§ = If “3
)—-'N 0 PN AN AN
N Boowm
0% “oH s’\’\r’
NH

Cmpd 15 (7R)-7-{(Z)-2-(2-amino-5-chlorothiazoi-4-yl)-2-
(hydroxyimino)acetamido}-3-[2-(2-guanidinoethylthiomethyl)pyrid-3-
10 ylthio]-3-cephem-4-carboxylic acid

s)YHrIr “3
)—-N O (7N AN N
HN . wm
0% “oH s’\"n”
NH

Cmpd 16 {7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y!)-2-
(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)-2-
15 aminoethylamino-1,3-thiazol-5-ylthio]-3-cephem-4-carboxylic acid



19 JAN 2004 WD 01/21623 PCT/ US00/ 26069 39 Cnpd 17

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azoi =3-yl) - 2-

( hydr oxyi m no) acet ami do] - 3-[ 2- ( 2- ami noet hyl t hi onet hyl )pyrid-3 5
yl t hi 0] - 3-cephem 4-carboxylic acid NOH S H Crmpd 18

(7R)-7-[(2) - 2- (5-ani no- 1, 2, 4-t hi adi azol - 3-yl ) - 2- 19 JAN 2004
(hydr oxyi m no) acet am do] - 3-[ 3- (2 -am noet hyl t hi onet hyl ) pyrid-4 14
yl t hi 0] - 3- cep#RIRAr boxyl ic acid H2N H2N Cnpd 19 PCT/US00/26069

(7R -7-[(2) -2-(2-am not hi azol -4-yl)-2-(hydroxyi m no)acet am do] - 3-[ 3-

(2-am noet hyl t hi onet hyl ) pyri d-4-yl thi o] - 3-cephem 4-carboxylic acid 1 9 JAN
2004 WD 01/21623 PCT/ US00/ 26069 40 5 Cnpd 20

(7R -7-[(2) -2-(2-am no-5-chi orot hiazol -4-yl) - 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- carboxylic acid Cnhpd 21

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

(hydr oxyi m no) acet am do] - 3-[ 4- ( 2-r?'m joet hyl t hi one%ﬁy’l")’ﬁ‘]ri d-3 10

S cl (0] o N =& Sﬁ
0% “OH s~ NH:

Cmpd 17 (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3-[2-(2-aminoethylthiomethyl)pyrid-3-
5 ylthio]-3-cephem-4-carboxylic acid
H,N

L
A O S N
g = I( = | .
)——-N 0 A NN
HN
o% ~oH

Cmpd 18 (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino}acetamido]-3-[3-(2-aminoethylthiomethyl)pyrid-4-
10 ylthio]-3-cephem-4-carboxylic acid
H,N

S
N H
|
>='N o} Nz X
0% “oH

Cmpd 19 {7R)-7-[(Z)-2-(2-aminothiazol-4-y1)-2-(hydroxyimino)acetamido}-3-[3-
(2-aminocthylthiomethyl)pyrid-4-ylthio]-3-cephem-4-carboxylic acid



yl t hi o] - 3-cephem 4-carboxylic acid HZN ,OH d i Cnopd 22

(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acet am do) - 3- ( 2- :
am noet hyl t hi o-1, 3, 4-t hi adi azol -5-yl t hi 0) - 3-cephem 4- car boxylic agingANQZUM
JAN 2004 WD 01/21623 41 H2N PCT/ US00/ 26069 N ,SNHx 1 S /y Cmpd 2 ,
(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acetam do] - 3-[ 4- ( 2-

am noet hyl t hi ontt hyl ) -1, 3-thi azol -5-yl thi o] - 3-cephem 4-carboxylic acid 5
H2N Cnpd 24 WO 01121623 PCT/US00/26069

(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acetani do] -3-[ 3-(2-

am noet hyl t hi omet hyl ) pyri d-4-yl thi o] - 3-cephem 4-carboxylic acid N OH HZN
L S10 H2N Cnpd 25 (7R -7-[(2)-2-(5-am - 1, 2, 4-t hi adi azol - 3-yl ) - 2-

(hydr oxyi m no) acet am do] - 3-[ 3- ( 2- guani di noet hyl t hi onet hyl ) pyri d- 4-

H;N
OH 1
e

=M O N. == W

HoN o S

8] OH

Cmpd 20 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido]-3-[3-(2-aminoethylthiomethylpyrid-4-
5 ylthio]-3-cephem-4-carboxylic acid
H,N

oL
1
Cc 'bi H s 5
=N (o) N. =~ T
N 0 s
& CH

Cmpd 21 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazo]-4-yl)-2-
(hydroxyimino)acetamido}-3-[4-(2-aminoethylthiomethyl)pyrig-3-
10 ylthio}-3-cephem-4-carboxylic acid

H,N
LOH
¢l N S
LN s
=N O Nz N
HN 0 S
0® “oH

Cmpd 22 (7R)-7-[(Z}-2-(2-aminopyrid-6-y1}-2-(hydroxyimino)acetamido}-3-(2-
aminoethylthio-1,3,4-thiadiazol-5-ylthio)-3-cephem-4-carboxylic acid



yl t hi 0] - 3- cephem 4-carboxylic acid 1 9 JAN 2004 WO 01/21623 PCT/ US00/ 26069
42 H NyNH2 NH 5 Cmpd 26 (7R)-7-[(Z)-2-(2-am no-5-chlorothiazol - 4-yl
(hydroxyi m no) acet ami do] - 3- [ 4- ( 2- guani di-noet hyl t hi onet hyl ) - 2- atrf da ZUU‘i

1, 3-thi azol -5-yl thi o] - 3-cephem 4-carboxylic acid NNOH 1 H NH2 H2N H NyNH2
NH 10 Cmpd 27 (7R -7-[(2)-2-(5-am no-2, 2, 4-t hi adi azol - 3-y1)-2-

(hydroxyi m no)acetam do] -3- [4-(2-am noethylthionethyl)pyrid-3-

yl t hi o] - 3- cephedrduz1€2ar boxyl i ¢ acid Crpd 28 PCT/US00/26069
(7R)-7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acet an do] - 3- [ 4- ( 2-

am noet hyl t hi omet hyl ) pyri d-3-yl thi o] - 3-cephem 4-carboxylic acid 1 9 JAN
2004 WO 01/21623 PCT/ US00/ 26069 43 H2N 41

N,OH
H,N, N l II;II .S
z -~
S\/\NHJ
moIN / /j\ )\/

Cmpd 23 (7R)-7-[(Z)-2-(2-aminopyrid-6-yl}-2-(hydroxyimino)acetamido]-3-[4-(2-
aminoemylthiomethyl)-l ,3-thiazol-5-ylthio])-3-cephem-4-carboxylic acid

5 f\ S N NH;
Cmpd 24 (7R)-7-[{Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-[3-(2-

aminoethylthiomethyl)pyrid-4-ylthio]-3-cephem-4-carboxylic acid
HoN

~OH
VY
)
0 N
= o = s 2
0 "OH

Cmpd 25 (7R)}-7-{(Z)-2-(5-amino-1,2 4-thiadiazol-3-yl}-2- '
(hydroxyimina)acetamido]-3-[3-(2-guanidinoethylthiomethy!)pyrid-4-

10

ylthio]-3-cephem-4-carboxylic acid



5 Cmpd 29
(7R -7-[(2) -2-(2-am nopyrid-6-yl)-2- (hydroxylnlno)acetanldo] h -
chl oro- 4- (2-am noet hyl t hi omet hyl )-1, 3 -thiazol -5-ylthio]-3- ceph miAN 2004
carboxylic acid H2ZN A. Synthesis of Conpounds of Formula |I and Il 10 The
conpounds of the present invention nmay be readily prepared in accordance
with the follow ng schenmes. However, it will be appreciated that other
synthetic patWaneipss28or form ng the conpounds of the i nvePET/H0/z06
avai lable and that the following is offered nerely by way of exanple, and
not limtation. It will be further recognized that various protecting and
deprotecting strategies wll be enpl oyed4swhich 15 are standard in the art
(see, e.g., Geene and Wits, Protective Goups in Organic Synthesis, 2"d

Ed., John Wley & Sons, New York, NY, 1991). Those of skill in the art
wi |l recognize that the selection of any particular protecting group (e.g
a carboxyl protecting group) wll] depend on the stability of the protected

noiety with respect to subsequeﬂ? reaction conditions. 1 9 JAN 2004 WO
01121623 PCT/ US00/.26069 GEngra. Hihe nt hesls of the cephal osporins of

the present invention may achi evyed udin | -known net hods and readily
avail able materials (see, 7' N 3 . CCNPREHENSIVE ORGANI C
TRANSFORMATI ONS ( VCH Pubﬁﬂthers 1989) ;1 and I THE ORGANI C
CHEM STRY OF P- LACFAMS, (VCH 1992), efch o8 whith 7fkqncorporated her ei n

by reference). Cephal osporin internedi ates bearing anNprroprlate acyl am no
substituent R and carboxyl protecting group R2 and | eaving group R'' can

be reacted with a heterocyclic thiol, displacing R"'. ,OR4
Cmpd 26 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-3-yl)-2-

(hydroxyimino)acetamido]-3-[4-(2-guanidinoethylthiomethyl)-2-amino-
5 1,3-thiazol-5-ylthio}-3-cephem-4-carboxylic acid

N
{ ﬁ s NH,
Ao Ws'
s >0 @ of W S/@X; H
N
0% “OH s

Cmpd 27 (7R)-7-{(Z)-2-(5-amino-1,2 4-thiadiazol-3-y1)-2-
(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)pyrid-3-
10 ylthio]-3-cephem-4-carboxylic acid
H,N

+LOH
N S
s s
S-N\ Ir = ]
=N 0 Nz N
HN 0 s
9] OH

NH,

T

NH

Cmpd 28 {7R)-7-[(Z)-2-(2-aminopyrid-6-yI)-2-(hydroxyimino}acetamido]-3-[4-(2-
aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid



NHSR3 "1 ,O0R4 N(P OR2 O' "OR2 10 In the above structures, R'' is a

| eavi ng group, which nay be selected fromthe group consisting

of p-tol uenesul fonat e, net hyl sul fonate, fluorosulfonate, chloro, brono, and
(Rr20) 2P0-, where R'2 is selected fromthe group consisting of Bygaﬁﬁfﬁﬂ n
al kyl, as defined herein; and R is a carboxyl protecting group,

be selected fromthe group 15 consisting of p- met hoxybenzyl, benzhydryl,
t-butyl, al |WOWAKE p-nitrobenzyl. Those skilled in t hdCAUPN2ENSY | ze t hat
ot her suitable |eaving groups or carboxyl protecting groups nmay be used in
pl ace of those nmentioned here for R'' and R2, respectively. For exanple,
the carboxyl protecting group R2 may be 43hose protecting groups anenable to
reductive cl eavage, such as benzyl, p- or o-nitrobenzyl,
2,2,2-trichloroethyl, ally], 20 cinnanyl, benzhydryl, 2-chloroallyl and the
like. Alternatively, R2 may be a protecting group anmenable to acidic

cl eavage, such as t-butyl, t-anyl, trityl, met hoxytrityl,

4, 4" -di met hoxytrityl, trimethylsilyl, t- butyf i met hyl silyl, phenacyl,
P-(trincthylsilyl)ethyl, benzyl, 4- quZ met h benzyl ,

2, 4-di met hoxybenzyl, 1 9 JAN 2004 01/21623 CT/ US00/ 26069 45

3, 4- di met hoxybenzyl, 2,4, 6-t#N thyl, benzhydryl, or
3,3-dinmethylallyl. Preferred prgtegti tnbutyl, p- nethoxybenzyl
p-ni trobenzyl, allyl and benzhydryl. Su€h gr up§ may be attached to the
unprotected carboxyl group of the cephalo dggh starting material using
known reagents and

Cmpd 29 (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-[2-
chloro-4-(2-aminoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4-
5 carboxylic acid

Ty Ifll

/\\/N]*]z

A, S esis of Compounds of Formula I and IT

10 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 invention are available and that the
following is offered merely by way of example, and not limitation. It will be further

‘ recognized that various protecting and deprotecting strategies will be employed which

15  are standard in the art (see, e.g., Greene and Wuts, Protective Groups in Organic
Synthesis, 2" Ed., John Wiley & Sons, New York, NY, 1991). Those of skill in the art
will recognize that the selection of any particular protecting group (e.g., a carboxyl
protecting group) will depend on the stability of the protected moiety with respect to

subsequent reaction conditions.



5 techni ques, such as those described in G eene and Wits. The above
reaction nay be carried out at roomtem:f)erature, at tenperatures higher
than roomtenperature, or at tenperatures |ower than roomtenperature. The
reaction is preferably carried out in the range of about -78 C Qo jANo2f0450
C, nore preferably in the range of about -10 C to about 40 C, and nost
preferably in the range 10 of about 0 Cto roomtenperature. "Room
tenperature” weoyasBrally in the range of about 20 C toPebbsw28 C. By
"about" a certain tenperature it is neant that the tenperature range is
preferably within 10 C of the listed tenperature, nore preferably wthin 5
Cof the listed tenperature, and nost praaferably within 2 C of the listed
tenperature. Therefore, by way of exanple, by "about 40 C' it is neant that
the 15 tenperature range is preferably 4010 C, nore preferably 405 C, and
nost preferably 402 C. The reaction can also be carried out with or

w t hout an external base. If a base is used, the base.is preferably a
nitrogen base, an Gepgllvethpsathesisof therephanspaning of thepresent inyepganaRAY R hases” are

commonly used el ddGisifl WelbRbwdidieuiAl Birdily HAMbRatrat (el £)Mirtlg 20
am nes. Exanples of nitrogen bases include, but are not limted to,

amoni a,  net hidrecki GRMPREHENSE RROANME RRANSFGRMATIONS EYH, Bublighers, 1438); and

1, 8- di azabi cycg 9ldiof, AlRHIdARICCHERRERY BF BIREFARY IVIH02)Te8 of WMiEK B! T di ne,

pi peridine, and pyridine or substituted pyridine (e.g.,

2, 6- di - t er t3 bupsagepeddiersin by refefeneshi ¢ bases" are bases that “contain carbon
atoms. Exanpl es OicepHafbegdrin iltamediated WehitiGn appidpridfeGcylhind Subkde@d RO,
carbonate, bicarbonate, 25 acetate, and fornmate anions. "Ilnorganic bases”
are bases t hatandGarbow! RIBwetinE Frodp R andriessing B RE carbersted B | nor gani ¢
bases i ncl ude, pefitcy@ichifiOdisplicigired t o, hydroxide, phosphate, bisulfate,
hydr osul fi de, and am de anions. Those skilled in the art know 1 9 JAN 2404
WO 01/ 21623 PCT/ US00/ 28069 46 whi ch nitrogen bas®‘r inorganic base woul d

mat ch the requirenen Is of the reaction “i
. Ny ) HsR? '/I\I(}K s
0 #

0 _Z—N._ . .~

0 R S
0 “or? 0 ToR?
10 In the above structures, R is 2 leaving group, which may be selected from the

group consisting of p-toluenesulfonate, methylsulfonate, fluorosulfonate, chloro, bromo,
and (R"0),PO-, where R" is selected from the group consisting of hydrogen and alkyl,
as defined herein; and _
R? is a carboxyl protecting group, which may be selected from the group

15  consisting of p-methoxybenzyl, benzhydryl, £-butyl, allyl, and p-nitrobenzyl. Those
skilled in the art realize that other suitabie leaving groups or carboxyl protecting groups
may be used in place of those mentioned here for R"' and R?, respectively. For
example, the carboxyl protecting group R* may be those protecting groups amenable to
reductive cleavage, such as benzyl, p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl, |

20  cinnamyl, benzhydryi, 2-chloroallyl and the like. Alternatively, R? may be a protecting
group amenable to acidic cleavage, such as t-butyl, t-amyl, trityl, 4-methoxytrityl,
4,4'-dimethoxytrityl, trimethylsilyl, +-butyldimethylsilyl, phenacyl,
#-(trimethylsilyl)ethyl, benzyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzyl,



conditions. in certain enbodi ments of the invention, the base used nmay be
pyrrolidine or piperidine. In other enbodi nents the base nay be the

hydr oxi de, carbonate, bicarbonate or anion, preferably used aslgthNoymMn1
or potassiumsalt. 5 The solvent in which the reaction is carried out may
be a honbgeneous solvent system in which case no phase transfer catalyst
Is used. In other cases, the solvent may be a heterogeneous sol vent
system in whi¥ho&a&2 a3 phase transfer catal yst is used. ¥FfUSRHEM3geneous
sol vent systent it is nmeant a solvent system which uses one or nore
solvents that are fully mscible, and therefore, form one phase. The
solvents in a 10 honbgeneous sol vent syst#®em are all other hydrophobic or
hydrophilic. By "heterogeneous solvent ‘system it is meant a sol vent
system whi ch uses two or nore solvents that are not fully mscible, and
therefore, formnore than one phase, usually two phases consisting of an

aqueous phase d,.an. or gani.c se.. Sane. of t.h n N a

het er ogeneous ggrc{yg%{mxg %rﬁ’gg‘%’ﬁ?fh F‘%’ﬁﬂ%’gi%c v?ﬁﬁ%%%ﬁ@%@?oer hydr ophi lic.
15 1f a het er oggnmaethylslbi. VEreferralysitating groysect, :-butyb p-nicdttexytesayl,i on may be
carried out in the presence of a phase transfe : skilled in
the art can seIPé’étf°b5‘B§h yémdebmzﬁ’ﬁ%{'gle%f’&a%%‘?&m gﬁ%@%%"%ﬁ%\?@% t he
reaction condi hrBbk§] goupgf thelbepHaREporit sipting metetid usingkno®o rapetsphdise transfer

catal ysts include, but are not, limt.ed to ternary amoni um salts. 20
Mani pul ati ol ofechH@nes sy “?ﬂﬁ?ﬁwg%%ﬁg“§%ﬁmggH%%rforned after the

t hi o-1inked het er otheGbdve réadtisgimdybe eirmedoubst reoniesipérgurt et teopprhtatessporin: 1 9
JAN 200"+ VIO O} 21023 ronin Binperniec G te bl Obwdr Rl irfitn fnfebiture. The
reaction is preferably carried out in the range of about -78 °C to about 50 °C, more
preferably in the range of about -10 °C to about 40 °C, and most preferably in the range
10  of about 0 °C to room temperature. “Room temperature” is generally in the range of
about 20 °C to about 25 °C. By “about” a certain temperature it is meant that the
temperature range is preferably within 10 °C of the listed temperature, more preferably
within 5 °C of the listed temperature, and most preferably within 2 °C of the listed
temperature. Therefore, by way of example, by “about 40 °C” it is meant that the
15 temperature range is preferably 40+10 °C, more preferably 40+5 °C, and most
preferably 40+2 °C.

The reaction can also be carried out with or without an external base. If a base is
used, the base is preferably a nitrogen base, an organic base, or an inorganic base.
“Nitrogen bases” are commonly used in the art and are selected from acyclic and cyclic

20  amines. Examples of nitrogen bases include, but are not limited to, ammonia,
methylamine, trimethylamine, triethylamine, aniline, 1,8-diazabicyclo[5.4.0]Jundec-7-
ene, diisopropylethylamine, pymrolidine, piperidine, and pyridine or substituted pyridine
(e.g., 2,6-di-tert-butylpyridine). “Organic bases™ are bases that contain carbon atoms.
Examples of organic bases include, but are not limited to, carbonate, bicarbonate,

25  acetate, and formate anions. “Inorganic bases” are bases that do not contain any carbon
atoms. Examples of inorganic bases inciude, but are not limited to, hydroxide,

phosphate, bisulfate, hydrosulfide, and amide anions. Those skilled in the art know



.1 HSR3 FOR

al kyl and aryl, as those ternms are defined herein. R 7 is nore ref;

NR3 O TOR2 In the above'scherre R, R, R, and R are as
defined herein. R7 is preferably selected fromthe group consisting of

selected fromthe group consisting of phenyl, tert-butyl, and g

Is preferably selected fromthe group consisting of nmethylene (-CH, -)

fii o

oxygen, sulfur, and -NH. Mre preferably, Z' is selected fromthe group

consi sti ng of womaizhézbene and oxygen.
sel ected fromthe group
Al ternatively,

and t hen

,OR4 N "I

10

15

20

X3 in the above scherexmssopaf er ably
consisting of -OP(O-(0O phenyl)2, and -OP(O -0 =.

t he di spl acenent of the |eavi.ng group at the 3-position of
10 cephal osporin can be perforned at the4estage of the 7-am no internediate
foll owed by acylation of the amine with appropriate acyl ating
reagent: PCT/ US00/ 26069 1 9 JAN 2004 WO 01/21623 PCT/ US00/ 26069 48 HSR3
,OR4 N O~ TOR2

which nitrogen base or inorganic base would match the requirements of the reaction
conditions. In certzin embodiments of the invention, the base used may be pyrrolidine
or piperidine. In other embodiments the base may be the hydroxide, carbonate,
bicarbonate or anion, preferably used as the sodium or potassium salt.

The solvent in which the reaction is carried out may be a homogeneous solvent
system, in which case no phase transfer catalyst is used. In other cases, the solvent may
be a heterogeneous solvent systerm, in which case a phase transfer catalyst is used. By
“homogeneous sclvent system” it is meant a solvent system which uses one or more
solvents that are fully miscible, and therefore, form one phase. The solvents ina
homogeneous solvent system are all other hydrophobic or hydrophilic. By
“heterogeneous solvent system™ it is meant a solvent system which uses two or more
solvents that are not fully miscible, and therefore, form more than one phase, usually
two phases consisting of an aqueous phase and an organic phase. Some of the solvents
in a heterogeneous solvent system are hydrophobic while others are hydrophilic.

If a heterogeneous solvent system is used, then the reaction may be carried out
in the presence of a phase transfer catalyst. Those skilled in the art can select a suitable
phase transfer catalyst by knowing the reaction conditions or by further
experimentation. Common phase transfer catalysts include, but are not limited to,
quaternary ammonium salts.

Manipulation of the 7-acy! substituent can be performed after the thio-linked
heterocyclic substituent is attached to the cephalosporin:



In the above scheme R, R2, and X3 are as defined herein. Finally, the
one-step or nulti-step deprotection of the fully assenbled cephal osporin,
renovi ng protecting group R2, and ot her iprotecting groups present at 5
substituents R3, Z, and R using-conditions appropriate for the renoval of
all protecting groups is used for obtaining the biologically 4c§ijd 2004
cephal osporin. The substituent R in all of the above schenes may be any of
the groups d&¥@P¥EEA above and are either avail abl e conmRGTASANIsYs(e. g. ,
fromAl drich, MIwaukee, W) or can be fornmed using known techni ques and
starting materials (see, e.g., March; 10 Larock). These groups can be
substituted for those present on the sta#ting material by variety of well
known t echni ques (see, e.g., Barrett, J.C.S. Perkin I, 1629 (1979) or
Chauvette;, J. Org. Chem 36:1259 (1971), both of which are incorporated
herein by reference), such as by transam nation of an existing substituent
for the desired substi uent, or hydrolytic renoval o the existing

substi t uent follomgd :eac;s nwth a, 15 SU|tqu i y&8.f orm of
desired substituént, chia$ an] acyl HBlorigde Aga%ﬁﬁ :: [ apgropriate
reagents and technlqu@s parent to those of art. B

Si de Chain Synthesi s: 199 JANJ 20 WO 01/ 21623 PCT/ US00/ 26969 Si de
chains on CG7 and C3 of th em core are synthesized j Qﬁzprocedures
descri bed bel ow. These procedures are nodified fromthe procedures found in

chemcal literature, in particular, Tatsuda, K et al., Bull. Chem Soc.
Jpn., 1994, 67, 1701- 1707 Csendeg . B. efg al ., Journal of Antibiotics,
1983, 36, 1020; Menol i ﬁ., Tetra% Lytt, 5 1996., 37, 3617; and
Bjoork, P., et al., Fkpepatame n1985. 32 (3), 751. The followi ng

di agrans depict the synthetic schem®s for hes8i de chains. a. C7 Side

Chain Synthesis: CH3CH2(O 2CNH P or?

4
OR
N
. RI)H/N S
0 :I:I' R
2

In the above scheme R', R?, R?, and R* are as defined herein. R is preferably
selected from the group consisting of atky! and aryl, as those terms are defined herein.
R’ is more preferably selected from the group donsisting of phenyl, tert-butyl, and
5 benzyl. Z’ is preferably selected from the group consisting of methylene (-CH,-),
oxygen, sulfur, and -NH-. More preferably, Z’ is selected from the group consisting of
methylene and oxygen. X’ in the above scheme is preferably selected from the group
consisting of -OP(O)-(O-phenyl),, and -OP(0)-Cl,.
Altemnatively, the displacement of the leaving group at the 3-position of
10 cephalosporin can be performed at the stage of the 7-amino intermediate and then

followed by acylation of the amine with appropriate acylating reagent:



CH3CH2(O)2CNH -~N 5 OCH3 CH3CH2(O) 2CNH( L CH3CH2(0)2CNH 10 b. C-3 Side
Chain Synthesis (Menoli. et al., route: :As shown bel ow,

3- mer capt o- 2- hydr oxymet hyl pyri dine is synthesi zed using the I\/Eme)(ji . 3

A Toute. OB 1.0 JAN 2004 VIO 01/ 21623 PCT/ US00/ 26069 50 0 THed pibh 20l
of the above synthesis can be used to synthesize the C3 side chains for

t he conpounds of the present invention, using the synthetic schenes shown
below. 5 O tweofrobsowi ng alternative pathway. 1 9 JAN 2e0nusinedy 21623 51
STr NNHBOC 1 | IsTr 1 SH ~5~~ N NHR N NHR PCT/ US00126069

48

H,;N [ H,N S
HSR’
————r et et
N. =~ R"l N =2

0 o SRJ

0 OR* o OR?

4
JOR
N
0 I"Nr R
. 0 f\s
o ORr?

In the above scheme R’, R?, R?, R*, and X are as defined herein.
Finally, the one-step or multi-step deprotection of the fully assembled
cephalosporin, removing protecting group R?, and other protecting groups present at
5  substituents R?, Z, and R’ using conditions appropriate for the removal of all protecting
groups is used for obtaining the biologically active cephalosporin.
The substituent R' in all of the above schemes may be any of the groups
described above and are either available commercially (e.g., from Aldrich, Milwaukee,
WI) or can be formed using known techniques and starting materials (see, e.g., March;
10 Larock). These groups can be substituted for those present on the starting material by
variety of well known techniques (see, e.g., Barrett, J.C.S. Perkin 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 with a
15  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.

B. Side Chain Synthesis:



N"--S~'"~NH2 C. Other Synthetic Schenes Sone of the cephal osporin conpounds
of the invention can be synthesized using 5 the schene shown below. 1 9
JAN 2004 WO 01/21623 PCT/ US00/ 26069 52 5 M Pharmaceutical Appl |(gatmﬂn2;nﬂqnd
Preparations According to this invention, a therapeutically or
pharmaceutically effective anount of a cephal osporin and part| cularly, a

conpound of Forrmula_ |, Il or Ill, is admnistered to a sufferlng
froma net hi c™MA44%si st ant bacterial infection (or ot H E@ 26%8%t am
resi stant bacterial infections, such as vancomycin-resistant or anpicillin

10 resistant infections), especially resistant S. aureus, in an anount
effective to at least partially reli eve49t he infection. Especially
inmportant are infections resulting fromistrains having simlar activity to
strains such as S. aureus Cot (I\/bthR)(lac ), S. aureus 76 (MethR) (Il ac+),
E. fcecium ATCC 35667, or E. fiecalis ATCC 29212. Again, such 1 9 JAN 2004
WO 01/21623 PCT/ US%Q{%%Q@?D%?W@QWQ&@B&@&@& ?)fnﬁfeﬁidd\b? tHRPricBikesbact eri a

sensitive to nmethicillin, vancomycin, and/or anpicillin and therefore have

utility in suchesmhqbbgo\vl Tirese proctdyres aromedificfifom Bnprosieroioundip AeRisH ng t he
compound(s) of kA g}.sﬁﬂfchﬂmt@daattéetﬁdm.m'cﬁ&,ﬁrsgﬁ.r,ﬁrprmw @RhybRelorc and/ or

t herapeutic treéat n therapeutic applications he conpositions
~are admi ni st erﬁdenﬂ@,hepdt, Vasymal aM'é‘é@yCJsW 6 Wg0:Memliak. A-rfleaeherton Leths
descri bed aboveyy.i gﬁ}ﬂg W fek S, ¢ Herdr QyQUEemOI9981 32l @aps partial ly
arrest the gyrrp 93#27% |%’f§’ect| on. Ae}\ a:if-yrmuntma equat’? to acconplish
this is defined as Thefdloupsdiasems dgpict g rmthctic echemas forthasideghaies.  Anount s
effective for this use will depend on the severity

OCH,
CHJCHZ(O),CNH—{W
S

a C-7 Side Chain Synthesis:

N. OH
eoon T

r 0
"‘hfm’ d o
———e CH;CH,(0),CNH
ccryopem—< § - § sCOpeni— ]
N-OH N-OTr
\(l\r OCH3 N\H‘\H/OCHB
CH,CH,(0)»CNH
CH,CH,(0),CNH S,L X 1CH,{O), '<S‘_L, 3
N-OTr
N CH
]
10
b. C-3 Side Chain thesis (Memoli. et al.. route):

As shown below, 3-mercapto-2-hydroxymethylpyridine is synthesized using the

Memoli, et al., route.



and course of the infection, previous therapy, the patient's health status
and response to 10 the drugs, and the judgnent of the treating physician.

I n prophylactic applications, conpositions containing the conpounds of the
invention are adnministered to a patient susceptible to or othefvd sS)ANR0D4
risk of a particular infection. Such an ampbunt is defined to be a
"prophylactically effective anount or dose." In this use, the precise
amounts agai WOMEB¥AH on the patient's state of health, VRGTGIFPO26¢68d t he

i ke. 15 Once inprovenent of the patient's conditions has occurred, a

mai nt enance dose is admnistered if necessary. Subsequently, the dosage or
the frequency of admnistration, or botf, can be reduced, as a function of
the synptons, to a level at which the inproved condition is retained. Wen
t he synptons have been alleviated to the desired |evel, treatnent can
cease. Patients can, however, require intermttent 20 treatnent on a

| ong-term basi s upon any recugrence othhe di sease synptops. | n gener al, a
suitable effective dose € co ond__o_f nveftiph Wil be in the
range of 0.1 to 1000 nmill{glam (nms) per re&plent p preferably in
the range of 1 to 100 ng ‘per day. ﬁ'he desi d%sagg.is preferably
presented in one, two, three, four @or nore subdoses adni nistered at

. appropriate intervals throughout the day. These 25 subdoses can be

admi ni stered as unit dos Phrs, fomﬁl e,__gonmsggﬁ to 1000 nyg,
preferably 10 to 100 ny joge 1 ngnedilentoer un osage form
Preferably, the 1 9 JAN 2004 01/ 21623 PET/ US00/ 26669 54 conpounds of the
invention will be administered in amounts 8f between about 2.0 ng/kg to
250 ng/ kg of pati erthepmadyct wethg blioye fyathesiszan bdsed toGmahdsize the (Ir3 didevhsinpfor day.
VWile it is pog,?iblet o@&mnis '
€

ier he act'gg h]réggs% ient, of . this invention
alone, it is PPETER°AB 5 PEPES BT UPE V88 D PAN6TC &

pr:t F’F?é‘é‘é’ﬁ{gi”c al

formul ation. The forrulations of 5 the present invention conprise at | east
one conpound or inhibitor of this invention in a %uti cally or
pharmaceutically effective dose together wth onejor Jno
O — R
N~ OH Sy OH \
h

5 Or the following altemative pathway.

Se\/\‘Nmaoc



pharmaceutically or therapeutically acceptable carriers. Solid carriers
include, e.g., starch, lactose, dicalciumphosphate, mcrocrystalline
cel l ul ose, sucrose, and kaolin, and optionally other therapeuti AN 2004
ingredients. Liquid carriers include, e.g., sterile water, 10 pofbgt yl ene
gl ycols, non-ionic surfactants, and edible oils such as corn, peanut and
sesane oils. In addition, various adjuvants such as are commonly used in
the art may be¥O9Rde2dded. For exanple: flavoring agents, ¥INEMIBagent s,
preservatives, and antioxidants, e.g., vitamn E. ascorbic acid, BHT and
BHA. Various other considerations are described, e.g., in Glmn et al
(eds) (1990) Goodnan and G |l man's: 15 Th® Pharmacol ogi cal Basis of
Therapeutics, 8th Ed., Perganon Press; and Rem ngton's supra. Methods for
adm nistration are discussed therein, e.g., for oral, intravenous,
intraperitoneal, or intranuscular adm nistration, and others.

Phar maceutically acce hable carriers wll |nclude wat er, sal i ne, buffers,
and ot her conpoun scrlbed e.g., in the MERCK | NDEX, Merck & Co.
Rahway, NJ. Gener al|l oeferred routes of 20 administration are

i ntravenous and |ntFa eritoneal. These pharnacol ogi cal agents can be in a
variety of forns. TheFe i nclude, for exanple, solid, sem-solid and |iquid

dosage forns, such as|tablets, pl||S Eomders, | i quid solutions or

suspensi ons, |ipos 1njectabl ¥nfusibl e solutions. The preferred
form depends on t ||t ggled node f| drenistration and therapeutlc 25
appl i cation. GeneraMy,” a pharmagol®gical Ty dEE8ptable salt of the conpound
will be wused to sinpJify prepafati/or] of the conposition. Preferred salts

i nclude sodium 1 9 JAN 2004 WO 01/ 31623 PCT/ US00/ 26069 55 pot assi um

argi nine, glycine, alanine, ning, and |ysine. These are prepared,
preferably, in wat it xed yith a surfactant such as

hydr oxypr opyl cel | ul ode. &ependi ng on |[the specific conditions being treated,
such agents nay be Nfornul at and adm ni stered systemcally or locally.
Techni ques for fornuIFtion

r— I
S

- J
E;Iis\/_\m;a (I/S\/\NHR-Z (I/S\/\NHR.:

C. Other Synthetic Schem

Some of the cephalosporin compounds of the invention can be synthesized using

5 the scheme shown below.



5 admi nistration may be found in Rem ngton's Pharnaceutical Sciences, 18th
ed., Mack Publishing Co., Easton, PA (1990). Suitable routes nmay include
oraI, rectal, transdernal, vaginal transmucosal , or intestina

adm ni stration; parenteral deIivery, i ncl udi ng |ntranuscular su@qyt@@p?mﬂ
intranmedul lary injections, as well an intrathecal, direct
intraventricul ar, intravenous, intraperitoneal, |ntranasal, or intraocul ar

injections, WURKIto nane a few. For injection, t he adRAUS0A%060 he
invention may be fornulated in aqueous solutions, preferably in
physi ol ogi cally conpatible buffers such as Hanks' solution, Ringer's

sol ution, or physiol ogical saline buffers2 For such transnucosal
adninistration, penetrants appropriate to the barrier to be perneated are
used in the formulation. Such 15 penetrants are generally known in the
art. In soft capsules, the active conpounds may be di ssol ved or suspended

in suitable liquids, such as fatty oils, liquid parafB&n or liquid

pol yet hyl ene gl ycol s. In addi ti on, stablllzers may b d d. 20 | V.
Prodruas Some Ohg oundgnQf i nvention cgn s\ prodrugs. As
expl ai ned above, a p odr ge t_LhaL in-onyer lled t t e parent
drug in vivo. The cpf o |nven tisoll h8w sual and

sur pri sing characterlst 6, Of belng tgusoluble t han t he par t.sconpound
at or near physiol ogi cal pH These prodrugs are converted to the 25 parent
compound in the body of the mammal that has received the prodrug. As can be
seen fromthe structures of t hese prodrugs, a substituent either on G5 of

the thiadiazol e group, on C 2 of the pyrldyl group can by cl eaved by
hydrol ysis or enzyna |c ct order . to "afford the parent compound. For
instance, the ang g -2 B chain of the 1 9 JAN 2004 WO
01121623 PCT/ usodlz 6§ 58 of conpounds I7-A 17-B, 17-D -
17-Q or the ami de group on the Bl d s’“\’Nsz
.OH
”‘\J\rﬁ*
HzN_{IS‘lN 0 O/Er
2
CO.H g~ NHR
5 I aceutical Applications and Preparations

According to this invention, a therapeutically or pharmaceutically effective
amount of a cephalosporin and particularly, a compound of Formula I, I or I1, is
administered to a mammal suffering from a methicillin-resistant bacterial infection (or
other p-factam resistant bacterial infections, such as vancomycin-resistant or ampicitlin-

10  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 5. aurews Col (Meth*)(lac?), S. aureus 76
{Meth®™) (lac®), £. feecium ATCC 35667, or E. fecalis ATCC 29212. Again, such



chain of the thiadiazole group of corrpoLde 17-1C can be hydrol yzed and form
an amine side chain, which is the parent compound 17. The nanes and the
structures of some of the prodrugs of the invention are shown 5 bel m« ﬁﬂ”ﬂpd
17-A (7R)-7-[(2) - 2- (5-ami no-1, 2, 4- t hi adi azol - 3-yl ) - 2- g JAN 2
(hydroxyi m no) acetam do]-3- {2-[2-N-(L)-
orni t hyl am noet hyl t hi onet hyl ] pyrid-3 -ylthio } -3-cephem 4-carboxylic acid
10 15 Cnpd 17V PR3 7-[(Z) - 2- (5-am no- 1, 2, 4-t hi adi azol - 3rGA/YS0@26069
(hydr oxyi m no)acetam do] -3- {2-[2-N-(L)-
prol yl am noet hyl t hi onet hyl ) pyri d-3-yl t hi 0) - 3-cephem 4-carboxylic acid ,=v
0 Crpd 1_7-C (7R -7-[(2)-2-(5-N-(L)-al anybam no- 1, 2, 4-t hi adi azol -3-yl)-2 20
(hydroxyi m no) aqSt am do] - 3- {2-[2-ami noet hyl t hi onet hyl ] pyri d- 3-
yl t hi o} - 3- cephem 4-carboxylic acid 1 9 JAN 2004 WO 01/21623 PCT/ US00/ 26069
57 5 Cmpd 17-D (7R)-7-[(2) - 2-(5- am no- 1‘2 4-t hi adi azol - 3-yl) - 2-
(hydroxyi m no)acetam do]-3- {2-[2 N (
al anyl al any| anicompaungs arnalerriertiyP pasynst Q};tgng,qewﬂvs to methicilline KREPYFI™ car boxyl i ¢
acid 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 applications,
5  the compositions are administered to a patient already suffering from an infection, as
described above, in an amount sufficient to cure or at least partially arrest the symptoms
of the infection. 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
10 the drugs, and the 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 amount or dose.” In this use, the precise amounts
again depend on the patient's state of health, weight, and the like.
15 Once improvement of the patient's conditions has occurred, a maintenance dose
is administered if necessary. Subsequently, the dosage or the frequency of
administration, or both, can be reduced, as a function of the symptormns, to a level at
which the improved condition is retained. When the symptoms have been alleviated to
the desired level, treatment can cease. Patients can, however, require intermittent
20 treatment on a long-term basis upon any 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 1000 milligram (mg) per recipient per day, preferably in the range of
1 to 100 mg per day. The desired dosage is preferably presented in one, two, three, four
or more subdoses administered at appropriate intervals throughout the day. These
25  subdoses can be administered as unit dosage forms, for example, containing 5 to 1000

mg, preferably 10 to 100 mg of active ingredient per unit dosage form. Preferably, the



~O/ HN Y N-9H2 0 10 Cnpd 17-E

(7R -7-[(2)-2-(S-am no-1, 2, 4-t hi adi azol -3-yl) - 2-
(hydr oxyi m no) acet am do] -3- { 2-[2- glycyl am noet hyl t hi onet hyl ] pyrid-3
-ylthio } -3 -cephem4-carboxylic acid 15 0 Crpd 17-F 19 JAN 2004
(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl) - 2-

(hydr oxyi m no)acetam do]-3- {2-[2-N-(L) 1 9 JAW200# WD 01/21623

PCT/ US00/ 2606 W®m@2aepar t yl am noet hyl t hi onet hyl ] pyri d- 3 - yPaimis00/360693
acid 5 Cnpd 17-G (7R)-7-[(2)-2-(5-am no-1, 2, 4-t hi adi
(hydroxyi m no)acetam do] -3- {2-[2-N-(L)-

- cephem 4- car boxylic

azol -3-yl)-2-

al anyl am noet hyl t hi omet hyl ] pyrid-3-ylthiga} -3-cephem 4-carboxylic
0 15 Cmpd 17-H (7R -7-j(2)-2-(5-am no-1,2, 4-t hi adi azol - 3-yl ) - 2-
(hydr oxyi mi no) acet am do] - 3- {2-[2-N-(L)-(Na-

met hyl ) al anyl am noet hyl t hi onet hyl ] pyrid-3-ylthio } -3 -cephem4

10

15

20

25

compounds of the invention will be administered in amounts of between about 2.0

mg/kg to 250 mg/kg of patient body weigﬁt, between about one to four times per day.

While it is possible to administer the active ingredient of this invention alone, it

is preferable to present it as part of a pharmaceutical formulation. The formaulations of
the present invention comprise at least one compound or inhibitor of this inivention in a
therapeutically or pharmaceutically effective dose together with one or more

pharmaceutically or therapeutically acceptable camriers. Solid carriers include, e.g.,

starch, lactose, dicalcium phosphate, microcrystalline cellulose, 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 com, peanut and

sesame oils. In addition, various 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. (eds) (1990) Goodman and Gilman's:
The Pharmacological Basis of Therapentics, 8th Ed., Pergamon Press; and Remington's

supra. Methods for administration are discussed therein, ¢.g., for oral, intravenous,
intraperitoneal, or intramuscular administration, and others. Pharmaceutically
acceptable carriers will include water, saline, buffers, and other compounds described,
€.g., in the MERCK INDEX, Merck & Co., Rahway, NJ. Generally, preferred routes of
administration are intravenous and intraperitoneal.

These pharmacological agents can be in a variety of i_'orms. 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 ‘
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,

acid 10



carboxylic acid 0 1 9 JAN 2004 WO 01/21623 PCT/ US00/ 26069 59 5 10 15 H i~
N Chmpd 17-K (7R)-7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) - 2-

(hydr oxyi m no) acet am do] - 3- {2-[2-N-(L)- asparagyl am noet hyl t hi JAN 2004
oret hy| [ pyrid-3-yl thio } -3-cephem 4- Garboxylic acid Grpd 171 19

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol -3-yl)-2- (hydroxyi m no)acet am

do] -3- {2-[2- N-(éL) hi stldyl am noct hyl t hi onet hyl ] pyri d- 31}/Ith|o

- 3- cephem 4- c & acid Cnpd 17-J CTUS0O
(7TR-7-[(2)-2- (5 am no 1, 2, 4-t hi adi azol - 3-yl) - 2-

(hydroxyi m no) acet am do] - 3- {2-[2-N-(L)-

val yl am noet hyl t hi onmet hyl ] pyri d- 3-yl thi 05% - 3-cephem 4-carboxylic acid 20
1 9 JAN 2004 WD 01/21623 60 5

potassium, arginine, glycine, alanine, threonine, and lysine. 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 systemically or locally. Techniques for formulation and

5  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 intestinal administration;- parenteral delivery,
including intramuscular subcutaneous, intramedullary injections, as well an intrathecal,
direct intraventricular, intravenous, intraperitoneal, intranasal, or intraocular injections,

10 just to name a 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 buffer. For such transmucosal administration,
penetrants appropriate to the barrier to be permeated are used in the formulation. Such

15  penetrants are generally known in the art.

In soft capsules, the active compounds may be dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In
addition, stabilizers may be added.

20 IV, Prodrugs

Some of the compounds of the invention can be used as prodrugs. As explained
above, a prodrug is an agent that is converted to the parent drug in vive. The prodrugs of
the present invention have the unusual and surprising characteristic of being more soluble
than the parent compound at or near physiological pH. These prodrugs are converted to the

25  parent compound in the body of the mammal that has received the prodrug. As can be seen
from the structures of these prodrugs, a substituent either on C-5 of the thiadiazole group, or
on C-2 of the pyridy] group can by cleaved by hydrolysis or enzymatic action in order to
afford the parent compound. For instance, the amide group on the C-2 side chain of the



PCT/ USO0/ 26069 NH2 Crpd 17-L :
(7R)-7-[(2)-2-(5-am no-1, 2, 4- t hi adi azol -3-yl)-2-
(hydroxyi m no) acct am do] - 3- {2-[2N-(L)-
| ysyl am noet hyl t hi onet hyl ] pyrid-3-ylthio } -3- cephem4 car boxyq{ c JAMcI08% 10
Cmpd 17-M (7R)-7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) - 2-
(hydr oxyi m no)acetam do)-3-(2-[2 N (L)-
seryl am noet hwathizonet hyl ) pyri d- 3-yl t hi 0} - 3- cephem 4- carluspis0esaci d 15
Cmpd 17-N (7R)-7-[(2)-2-(5-am no-1, 2, 4-thi adi azol -3-yl)-2 1 9 JAN 2004 WO
01/ 21623 PCT/ US00/ 26069 61 (hydroxyi m no)acetam do]-3- {2-[2-N-(L)-
gl ut am nyl am noet hyl t hi onet hyl ] pyri d-3-y$¢ hi o } -3-cephem 4- carboxylic
acid 5 Vv 10 15 Ompd 17-0 (7R -7-[(2)-2-(5 -am no-
1, 2, 4-thiadiazol -3-yl)-2- (hydroxyi m no)acetam do]-3-{ 2-[2-(5-methyl-1,3
- di oxol an- 4-en- 2-
on-4-yl) met hoxycar bonyl ) am noet hyl t hi onet hyl | pyri d-3-yl thi o} -3-
cephem 4- car bogy d’c&ﬂpdindsﬁ'la 17-B, 17-D - 17-Q or the amide group on the C-5 side
(7R -7-[(2)-2- §5a t hi ad]
( hydr oxyi mi no) Q?meﬁglfd%ioze 32"“{’591@{*’?3‘“"%7)6 gan%c hydrolyzed and form an amine
side chain, which is the parent compound 17.

The names and the structures of some of the prodrugs of the invention are shown

5  below.

Cmpd 17-A (7R)-7-[(Z)-2-(5-amino-1,2 4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido)-3-{2-[2-N-(L)-
ormthylammoethyltl‘nomethyl]pynd-3-ylthlo}-3-cephem—4-carboxyhc
acid

g .

Cmpd 17-B (TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3- {2-[2-N-(L})-
15 prolylaminoethylthiomethyljpyrid-3-ylthio)-3-cephem-4-carboxylic
acid

10

~OH

R s
Hz”‘(’ \%\r | | ~ |
$=N 04 N. S N HN
0% “oH s \n/o
0

Cmpd 17-C (7R)-7-[(Z)-2-(5-N-(L)-alanylamino-1,2,4-thiadiazol-3-yl)-2-
20 (hydroxyimino)aggtamido)-3- {2-{2-aminoethylthiomethyl]pyrid-3-
ylthio}-3-cephem-4-carboxylic acid




pyr ogl ut anyl am noet hyl t hi oznet hyl ]pynd-3-ylthio } -3-cephem 4- carboxylic
acid N OH 11 H1 9 JAN 2004 WO 01/21623 PCT/ US00/ 26069 62 Thus, it g&hlaﬁﬁ
appreci ated that the conpounds, nethods and conpositions of the 1 By AN !
are effective against various 5-lactamresistant strains of bacteria which
pose an 5 increasing health risk to society. EXAMPLES The exanpl es bel ow
are non-limting and are nerely representative of various aspects and
features of t P¥d®ent invention. The exanpl es descri be HWeHHOU¥IPor 10
synt hesi zi ng conpounds of the invention and various protocols. Exanmple 1:
5-acetyl thi o-4acetyl thi onethyl -2-methyl-1,3-thiazole A m xture of L-serine
(1.5 g, 14 mmol) and thiolacetic acid (127n) was stirred at 110 C for 16 h
in a sealed tube. The m xture becanme honogeneous. After 15 cooling, the

m xture was concentrated. The residue was partitioned between et hyl

acetate and 5% aqueous sodi um bi carbonate. The organic | ayer was
concentrated and chromat ographed (silica gel, dichloromethanc), affording
600 ng of the title conmpoynd. 'H NV IgCDCI,) 8 2.20 (3H), 2.28 (3H), 2.53

(3H), 3.64 (2H). Exanple _2Jl 20 N N s Z

4- acetyl t hi onet hyl - 2- net h I-§?(24 heftyl qullf onfyl ef hyll ) t hi o- 1, 3-t hi azol e To a

sol ution of 5-acetylthio-¥Hacet§T hi8nﬁThy 7k -1, 3-thiazole (600 ny,

2.3 mol) in methanol (10 nL) was dropw se_fAdded S\ sedi um met hoxi de in
0% “OH S

Cmpd 17-D (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino)acetamido]-3-{2-[2-N-(L.L)-

5 alanylalanylaminoethylthiomethyi]pyrid-3-ylthio}-3-cephem-4-
carboxylic acid
LOH
| H
N N s
HN—( ?/)\n’ 1T “7 2
s=N O 0 N. ~ e N . HN’"\;/
0% “ou s ~N NH;
O
10 Cmpd17-E ("R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-

{hydroxyimino)acetamido]-3- {2-{2-
glycylaminoethylthiomethyl]pyrid-3-ylthio} -3-cephem-4-carboxylic
acid

LOH
N
v B s
HN—( ) T “
g=N O 2N =~ S|
o s .
N
0% “oH s ‘n/‘NH2
0

Cmpd 17-F (7R)—7-[(Z)—2-(5-amiho-1,2,4-thiadiazol-3-yl)—2—
(hydroxyimino)acetamido]-3-{2-[2-N-(L}-

15



met hanol (4.6 nL) at 0 C and stirred at ;the same tenperature for 30 nmin. 2-
| odoet hyl phenyl sul fone (620 ng, 2.1 nnﬁl) was added and stirred for an
additional 25 30 min. The solvent was renoved and the-resi due was 2004
partitioned between water and 19 JAN 2004 WO 01/21623 PCT/ US00/ 2'566&%83
ethyl acetate. The organic |ayer was concentrated and the residue was
chromat ographed (silica gel, dichioronethane), affording 800 ng of the
title conmpouw@.er2ierINVR (CDCl,) 8 2.30 (s, 3H), 2.64 (s, PRHUSWNES®D (t, 2H),
3.30 (t, 2H), 4.23 (s, 2H), 7.58 (2H), 7.69 (1H), 7.89 (214). 5 Exanple 3
4-1(2-tert-butoxycarbonyl am noet hyl )t hi omet hyl | - 2- net hyl - 5- ( 2-

phenyl sul fonylethyl)th io-1,3-thiazole Tqg a stirred sol ution of

4- acetyl t hi onet hyl - 2- net hyl - 5- (2- phenyl sul fonyl et hyl )t hi o-1, 3-t hi azol e
(235 ng, 0.63 nmmol) and 2-bronoethyl amine 10 hydrochloride (260 ng, 1.26
mml) in a mxed solvent of nethanol (10 nl) and tetrahydrofuran (1 nL) was
dropwi se added 0.5 M sodi um nethoxide in nethanol (3.8 nL). D -tert-butyl
di carbonate (660 ny, 3.0 mawetyamingsthyReipmethlpyrid-2eyHhipkd-copbemdrcagporylicy oom
tenperature for 0.5 h. Theecidni xture was diluted with ethyl acetate, washed
with brine, and concentrated. The residue was chromat ographed on silica gel-
15 (1 to 3% et hanoUdi chl oronefpgane), affording 190 ng of the title
compound. 'H NMR (CDCl ) 8 ?’42H(9H) 2 62 (3H), 3.64 (2H), 3.02 (2H),
3.38 (4H), 3.84 (s, 2 ~>-7.9 (5H). Exanple 4:

(7R)-7-am'no-3[4(2 ’bu 0X b anlinoet hyl th i onet hyl ) - 2- net hyl -
20 1, 3-thiazol -5-yl thi o] ceph 4-C rbéxy ate, djph Bnet hyl ester To a
solution of 4-[(2-tert-butoxycar bon)b I_poet YN d 2- met hyl -
0
5

Cmpd 17-G (TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido}-3- {2-[2-N-(L)-
alanylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
acid

Cmpd 17-H (7R}-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3-{2-[2-N-(L)-(N,-
15 methyl)alanylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-
carboxylic acid

10

-OH
H

|
Ne_pS
HzN—f\,/lﬁrE‘r “
s—N O¢N/S\N
H
N
0% “oH g7 N




5- (2- phenyl sul fonyl ethyl)thio-1, 3-thi azcﬁl e (300 nmg, 0.61 mmol) in nethanol
(5 nm) was added 0.5 M sodi um net hoxi de in nethanol (0.74 nmL) and stirred
at room tenperature for 16 h. Sodi um bi carbonate (180 ng, 2.14 mm )JAN 7004
water (3 nL) and 25

(7R) - 7- am no- 3- met hanesul f onyl oxy- 3- cephem 4- car boxyl at e di phenyl net hyl
ester 19 JAN 2004 WD 01/21623 PCT/ US00/ 26069 64 p-tol uenesul fonic acid
salt (300 ny, WPURIGHD|) were sequentially added. The r SITUSPIRE0s9
honbgeneous sol ution was stirred at roomtenperature for 10 mn, poured
into saturated aqueous sodium chloride, and extracted with ethyl acetate.
The organic extract was washed with brif® and concentrated. The residue
was 5 chromat ographed (3% net hanol / di chl or omet hane) and neutralized with
4-' toluenesulfonic acid (56 ng, 0.29 mol), affording 156 ng of the title
compound as p-toluenesulonic acid salt. "HNW (CDC1,) 5 1.43 (9H), 2.28
(s, 3H, 2.67 (5H), 3.2-3.4 (4H), 3.77 (s, 2H), 4.80 (1 H, 4.92 (1 H,
5.15 (br s, 1 H, 6.97 (s, I H, 7.03 (d, 2H), 7.2-7.5 (IOH), 7.68 (d,

2H). 10 Example 5: (7R -7-[(2)-2-(2-tert-butoxycarbonyl am nopyrid-6-yl)-2-
(tripbenyl met h@oypidri4i. 0) ad@R et (@pd-(53anjivo-{,2.4 thiadzpl-3-yl)-2-

but oxycar bonyl am noet hyl t Hhyenedtyimihd)acgtamisioh§H{2-12-8B-(k} i azol -5-yl th

i 0] - 3-cepbem 4- car boxy! athistidylaminestyithiompthy!lpysd-Srylthis} -Foenhery @raatpwiic of
2-(2-tert-but oxycar bonyl aneidopyri d-6-yl)-2- (triphenyl net hoxyi m no)acetic
acid sodiumsalt (129 ng, 0.21 mol) and pyridine (31 ng, 0.39 mol) in
anhydrous NN-di methyl formam deggl nL) was added di phenyl phosphoryl
chloride (0.042 nL, 0.2 mmI)Nar}g stirred at 0 Cfor 30 min. The resulting

reaction mxture was added n 7R) - 7amn03[4(2N20
t ert - but oxycar bony! arfi?{o t | t | %2 hyI 3 t hi azol -5-yl thio]-3-c

ephem NH, N=\
\ NH

Cmpd 17-] (TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-
10 (hydroxyimino)acetamido]-3- {2-[2-N-(L)-
valylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
acid

WRY .

Cmpd 17-K (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl}-2-
(hydroxyimino)acetamido]-3- {2-[2-N-(L)-
asparagylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-
carboxylic acid

15

20



4- car boxyl at e, di phenyl nethyl ester p-toluenesulfonic acid salt in
tetrahydrofuran (2 nL) at -20 C and stirred at the same tenperature for

h. The reaction was quenched with saturated aqueous anmoni um chl drﬂd.bﬂ\l'?ﬂ&‘i
m xture was extracted w th ethyl acetate, washed with aqueous |ithium

chl oride, and concentrated. The 25 residue was then chronmatographed on
silica gel (2% nethanol/dichloronethane), affording 200 ng of the title
conmpound. 'H WMPRUEEDCl ,) 8 1.3-1.6 (18H), 2.64 1 9 JAN 200n/uswp@gd/ 21623
PCT/ US00/ 26069 65 (5H), 3.2-3.4 (4H), 3.82 (2H), 5.08 (br s, IH, 5.14 (d,
1H), 6.22 (dd, 1H), 7.00 (s, | H, 7.2-7.6 (27H), 7.81 (d, | H. Exanple
6: (7TR)-7- [(Z2)-2-(2-am n opyrid-6_yl)-20(hydroxyi m no)acetam do]-3-(4-(2 5
am noet hyl t hi onet hyl ) - 2- et hyl - 1, 3-t hi azol - 5-yl t hi 0) - 3- cephem 4- car boxyl at e
, trifluoroaeetic acid salt A m xture of

(7R -7-[(2)-2-(2-tert-but oxycarbonyl am nopyri d-6-yl) - 2-

(triphenyl met hoxyi m no) acet am do] 3- [4 (2-N-tert-

but oxycar bonyl am noet hyl t hi onefhyl )-2-nmethyl -1, 3-thiazol-5

-yl thio]-3-cephem4 10 cakbo eﬁl thyI ester (200 ng, O0.16
mol ), phenol (1.2 gHBE3Y{] t Hhne (0.16 nlL) and
triethylsilane (0.40 m, 52'“5 to 47 fm, B chl oroacetic acid
(0.69 nL, 8.4 mml) was then added, atll t ane tenperature
for 70 min. The reacti on was quench@d Wt h d|$ SO ro yl “et &k,  The
resulting precipitate was purified by reverse-phase®hronmatography (HPLC,
15 Anberchrom eluting with 0%to 50% acetonitri le-water (containing 0.1%
trifluoroacetic acid)), affording 71 ng of the title conmpound. 'H NMR (D, O

Tl T A S e (3 (I

s " (hydroxyi mo)ac
1=8), 7.92 gt IH J 8) lysylaminoethylthiomethyl}pyrid-3-ylthio}-3-cephem-4-carboxylic

acid

R

10 Cmpd17-M (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)}-2-
(hydroxyimino)acetamido]-3- {2-[2-N-(L)-
serylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
acid

/\,N

Cmpd 17-N (TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-

15



Example 7: 20

2-brono-4-((2-tert-but oxycarbonyl am noet byl )thionmethyl)-1,3-thiazole To a
solution of 2-(tert-butoxycarbonyl)am noethylthiol (1.52 g, 8. 6 érw m
met hanol (20 nL) was added 0.5 M sodi um net hoxi de i n net hanol (16 )2[]
The solvent was then renoved. The residue was triturated tw ce W|th 10%
et hyl acetate-hexane and di ssolved in NN-dinethylformam de (10 nL). The
solution was M HBHEH to a sol ution of 2-brono-4-chl or onECASIR6BIt hi azol e
(2.34 g, 11.0 nmmol) in 1 9 JAN 2004 WD 01/21623 PC / U500/ 26069 66

N, N-di met hyl formam de (5 nL) at 0 C. After stirring for 4 h, the mxture
was diluted with water and extracted wi&lh ethyl acetate. The organic
extract was washed w th aqueous lithium chloride and concentrated. The
resi due was chronmat ographed on silica gel (20% ethyl acetate-hexane),
affording 1.65 g of the title corrpound "H5 NWR (CDC13) S 1.54 (9H), 2.75

(t, 2H), 3.40 (m 2H), 3.93 (s,. 217]13 7 22 (s, 1H). Exam
Ip c 8 4-((2-tert- butoxy@i‘:ly (’5 ' ﬁlﬁrﬁ @ik }] et hoxy-1, 3-th
i azole To a sol ution of  Blutammnylaminoethylthiorme 3-Cephem

2-br ono- 4- ((2- t ert - but oxy E¥PBEHShi noet hyl ) t hi onet hyI] 10 1, 3-thi azol e
(650 ng, 1.85 mml) in N Ndinethylformam de (5 nL) was added sodium

met hoxi de (300 ng, 5.56 mml .and stirred at 45 C for 3 days. The reaction
was quenched with water and heHm xtyre was extract ed with ethyl acetate.

The ethyl acetate exgfp (th eous |ithiumchloride and

concentrated. The residu M/as c on silica gel (10% et hyl

acetate 15 hexane), affording 184 rrg of St tlt|eHCO bund.. ' H NVR ( CDC13)
H 3

81.54 (9H), 2.78 (t, 2H), 342(m0 . s, 3H), 5.24
(br s, 1H), 46.60 (s, IH. Exanple 9: ] .

Cmpd 17-0 (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl}-2-
(hydroxyimino)acetamido]-3-{2-{2-(5-methyl-1,3-dioxolan-4-en-2-
on-4-yl)methoxycarbonyl)aminoethylthiomethyljpyrid-3-ylthio}-3-

10 cephem-4-carboxylic acid

ERY

Cmpd 17-P (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
15 . (hydroxyimino)acetamido]-3-{2-(2-N-(L)-
pyroglutamylaminoethylthiomethyl]pyrid-3-ylthio} - 3-ccphem-4-
carboxyllc acxd

T e



4-[ (2-tert-but oxycarbonyl am noet hyl )t hi orret hyl (- 2- met hoxy- 1, 3-t hi azol e- 5-

t hi ocyanate 20 To a stirred solution of

4-[ (2-tert-butoxycarbonyl am noet hyl )t hi omet hyl ] -2- met hoxy-1, 3-thi azol e
(200 my, 0.66mmi) and potassium thiocyanate (192 my, 1.98 moll)9i AN 2004
met hanol (3 nL) was added bromne (0.046 nL, 0.89 mmol) in three portions
over 30 mn. The reaction was quenched with water and the m xture was
extracted wi t woatihs3 acetate. The ethyl acetate extract vegI/usemsisesd wit h
aqueous 25 sodium chl oride and concentrated. The residue was

chromat ographed on silica gel 1 ¢ J WD 01/21623 PCT/ US0O0/ 26069 67 (10%

et hyl acetate-hexane), affording 130 ng ¢f the title conpound. “H NWR
(CbA'3) 5 1.54 (94, 2.82 (t, 2H), 3.42 (m 2H), 3.82 (2H), 4.21 (3H), 5.18
(br s, 11-1). Exanple 10: 5

(7R)-7-am no-3-[4-(2-N-tert-butoxycarbonyl am noet hyl t hi onet hyl ) - 2- met hoxy-
1, 3-thiazol -5-yl thi o] -3-cephem 4- car boxyl ate, di phenyl netbyl ester To a
solution of 4-[(2-tert butoxycarbonyl am noet hyl)thi onet hyl]-2-

met hoxy- 1, 3-t hi azol e-5-thi ocyanate (84 ng, 0.23 mmol) in nethanol (3 )
was added sodi um borohydride (18 ng, 0.46 mmol) and stirred at 0 C for 15
mn. 10 Aqueous sodihusnitovill he ppreiaed datthecminosnds.cnadhode s cowppsitions efithyy added

to adjust pH Ofnvcrﬁlbﬁﬁgh%bpéﬁ ain@ vériots B-lactam resistant strains of bactcnawhlchﬁo
(7R)-7-Am no-3-neth anesu f onyl oxy- 3- cephem 4- car boxyl ate 4- di phenyl net hyl

ester p-t ol denSETErE Realtirsy ‘%%F‘PW( 161 ng, 0.26 mmol) and methanol (1.5 ml)
wer e added. The resulting honbgeneous solution was stirred at room
tenperature for 1 h, and poured intomd agueous sodi um chl oride. The

m xture 15 was extr. cted eth ct was
washed with bri ne. 13'“’1“57 %%ggu o?ﬁ"c gﬁ’?é&(ggge}ef} i3 rfg ; E’% added.
The sol ution waspedtsand dsahiratofthe present invention. The examples describe mcthods for

10 synthesizing compounds of the invention and various protocols.

Example 1:

S-acetylthio-4-acetylthiomethyl-2-methyl-1,3-thiazole

A mixture of L-serine (1.5 g, 14 mmol) and thiolacetic acid (12 mL) was
stirred at 110 °C for 16 h in a sealed tube. The mixture became homogeneous. After
15 cooling, the mixture was concentrated. The residue was partitioned between ethyl
acetate and 5% aqueous sodium bicarbonate. The organic layer was concentrated
and chromatographed (silica gel, dichloromethane), affording 600 mg of the title
compound. 'H NMR (CDCl,) § 2.20 (3H), 2.28 (3H), 2.53 (3H), 3.64 (2H).

Example 2:
20  4-acetylthiomethyl-2-methyl-5-(2-phenylsulfonylethyl)thio-1,3-thiazole
To a solution of 5-acetylthio-4-acetylthiomethyl-2-methyl-1,3-thiazole (600
mg, 2.3 mmol) in methanol (10 mL) was dropwise added 0.5 M sodium methoxide in
methanol (4.6 mL) at 0 °C and stirred at the same temperature for 30 min. 2-

Iodoethy! phenylsulfone (620 mg, 2.1 mmol) was added and stirred for an additional

25 30 min. The solvent was removed and the residue was partitioned between water and



to dryness, affording 240 ng of the crude title conpound as
p-tol uenesul fonic acid salt, which was;used for the next reaction w thout

further purification. "HNVR (CDCl, with a few drops of deuteqqu%ﬂpqg%g 8
1.43 (9H), 2.35 (s, 3H), 2.73 (2H), 20 3.32 (2H), 3.60 (4H, 4.138 (s, :
4.90 (1 H), 5.08 (1H), 6.97 (s, 1H, 7.20 (d, 2H), 7.3-7.5 (10H), 7.77 (d,
2H). 1 9 JAN 2004 WD 01/21623 PCT/ US00/ 26069 68 Exanple 11: (7R)-7-]
(2)-2-(2-tent W@t ar bonyl am nopyri d- 6-yl) - 2- PCT/US00/26069
(triphenyl met hoxyi m no)acetam do]-3-[4 (2-N-tert-

but oxycar bot | yl am noet hyl t hi onet hyl )-2-nmeth oxy-1,3-thiazol -5-yltbio)-3 5
cephem 4- car boxyi ate, di phenyl nethyl estgr To a solution of
2-(2-tert-butoxycarbonyl am nopyrid-6-yl)-2- (triphenyl methoxyi m no)acetic
acid sodiumsalt (179 ng, 0.34 mmol) in anhydrous N, N-di nethylformamde (1
nm.) was added di phenyl phosphoryl chloride (0.067 nL, 0.32 mmol) and

di i sopropyl ethyl amne (0.060 nL, 0.34 nmml), and stirred at -20 to 10 -30
C for 45 min. Ahylgssiee Themmeagy layey wasiconsenstated e theesifiepps 3. [ 4- (2-N-tert -

but oxycar bonyl ag &Q%k i sl OftbrdingRob hig@dZ Blerife Y| t bi 0] - 3- cephe
m 4- carboxyla?g?agﬁphen@FH@?ﬁ%ﬁm%%¥§?&ﬁ@?g¥%enggﬁlfgnic acid salt (200 ng,

0.23 mmol )  andompduad pHAPYR EDEL) S23A0E 3HD 288 ¢s, AL 3§90 §42HRnd B9 (125D,

NN- di et hyl f or gBHRi MRAT1))¢R9 geged. The resul ting m xture was
stirred at the égkgg?%%%%p%%hfe %%? 1 15°h. The reaction was quenched with

sat urated aqueous sodium chloride. The m xture was extracted with ethyl
acetate, washegxgggegnti ally with 5% aqueous sodi um bicarbonate, brine,
di l uted hydrochloric acid and aqueous lithiumchloride, and concentrated.

The residue ma§4huﬁ
Y

. Sh b i 2% et hyl
icgtitg-hexane he Eﬁﬁgﬁ%ﬁ%&%ﬁ&%ﬁﬂ? :PE@Q##%ﬁﬁ?g%%%gﬁﬁh.e'HyNNR (CbCl3) 8

To a stirred solution of 4-acetylthiomethyl-2-methyl-5-(2-

phenylsulfanylethyl)thio-l,3-thia.zolc (235 mg, 0.63 mmol) and 2-bremoethyl amine

10  hydrochloride (260 mg, 1.26 mmol} in 2 mixed solvent of methanol (10 mL) and
tetrahydrofuran (1 mL) was dropwise added 0.5 M sodium methoxide in methanol
(3.8 mL). Di-tert-butyl dicarbonate (660 mg, 3.0 mmol) was then added, and was
stitred at room temperature for 0.5 h. The mixture was diluted with ethyl acetate,
washed with brine, and concentrated. The residue was chromatographed on silica gel

15 {1 to 3% methanol/dichloromethane), affording 190 mg of the title compound. 'H
NMR (CDCl,) 8 1.42 (9H), 2.62 (3H), 3.64 (2H), 3.02 {2H), 3.38 (4H), 3.84 (s, 2H),
5.15 (brs, 1H), 7.5-7.9 (5H).

Example 4:

(7R)-7-amino-3-[4-(2-N-tert-butoxycarbonylaminoethylthijomethyl)-2-methyl-
20 1,3-thiazol-5-ylthio]-3-cephem-4-carboxylate, diphenylmethyl ester
To a solution of 4-[(2-zert-butaxycarbonylaminoethyl)}thiomethyl}-2-methyl-
5-(2-phenylsulfonylethyl)thio-1,3-thiazole {300 mg, 0.61 mmol) in methanol (5 mL)
was added 0.5 M sodium methoxide in methanol (0.74 mL) and stirred at room
temperature for 16 h. Sodium bicarbonate (180 mg, 2.14 mmol}, water (3 mL) and
25  (7R)-7-amino-3-methanesulfonyloxy-3-cephem-4-carboxylate diphenylmethy! ester



20 (18H), 2.78 (2H), 3.41 (2H), 3.50 (2H), 3.80 (2H), 4.20 (s, 3H), 5.18
(br s, 1H, 5.22 (d, 111), 6.24 (dd, 1H), 7.04 (s, 1H), 7.2-7.7 (27H),
7.92 (d, 1H). Exanole 12: (7R 19 JAN zggq
7-[(Z}2-(2-am nopyrid-6-yl)-2- (bydroxylmno)acetam do] - 3-(4-(2-

am noet hyl th i onet hyl ) -2-net hoxy-1, 3-thi azol -5-yl t bi 0) - 3-ceph

em 4- car boxyl ate, 25 trifluoroacetic acid salt To a m xture of

(7R -7-[(2) - 2wp21e®eX - but oxycar bonyl am nopyri d- 6-y1) - 2- PCT/US00/26069
(triphenyl met hoxyi m no)acetam do]-3-[4-(2-N-tert 1 9 JAI 2004 WD 01/21623
PCT/ US00/ 26069 69

but oxycar bonyl am noet hyl t hi onet hyl ) - 2- me¢dhOxy- 1, 3-t hi azol - 5-yl t hi 0] - 3- eephe
m 4- carboxyl ate, di phenyl nethyl ester (130 ng, 0.11 nmol), triethylsilane
(0.3 nL) and dichloronmethane (0.3 nL) was added trifluoroacetic acid (1.2
m.), and stirred at roomtenperature for 1 h. The m xture was concentr at ed
to dryness and triturated 5 with dieth et her. The resjdue was dissol ved

in water and fmlwesalfowqualtﬁﬂaw %immf’lr)é’éfé"%ﬂ"éﬂyadgﬂ o ng 79 ng of
the title conpuighg hollo %\fsgmv&s&lr&ga(&om eratu%fgﬂldﬂlm 3.43 (d,
1H, J=18), 3.55 (d, 1H, ~J=18), S 2 é: 3H), (d, 1H,
J=5), 5.78 (d, mmatummy)aquceusgssdlmchlf ¢, 3 L‘Fddﬁﬂ’f yl apela °J"—'%3 7 90 (t, 1H,

J=8). Exanple % t was washed with brine and concentrated. The residue was
3-(2-N-t-butozyCar y am noet hyl t hi omet hyl ) -5-chl oro-1, 2, 4-t hi adi azole To

a sol ution &f Sremategraphed @b reathanel(dighiorom %haﬂe)t"’ﬁ‘?%ﬁﬂF%lmE‘“{%GO ng, 3.3 mmol)
in acetonitril gufeReshifonic¥eid WE@ ﬁ%#ﬂhﬁ'&@hg%dﬂg S9neditleQolpdindied ) and

stirred at roomtenperature reaction m xture vvasgs)artltloned
»

bet ween wat er P%W@PH?}P“%M’&@W@W@&H& Ry &£8 Re¥Dvi@Halwi t h aqueous
sodi um t hi osul 3.a5se, (4H)l 3. W'ts' f9), L¥EOH A4 HS sh{ gk ¢ 1HREH7¢oNaRMsd,ed to

dryness, affording_ the cru corresponding i odi de. The i odi de was

i medi ately di &b%é’cﬁ‘ﬂ%%‘é?@h@@r ofuran (5

10 Example 5:

(TR)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyiminojacetamido]-3-{4-(2-N-tert-
butoxycarbonylaminoethylthiomethyl)-2-methyl-1,3-thiazol-5-ylthio]-3-cephem-
4-carboxylate, diphenylmethyl ester

15 To a solution of 2-(2-tert-butoxycarbonylaminopyrid-6-y1)-2-
(triphenyimethoxyimino)acetic acid sodium salt (129 mg, 0.21 mmol) and pyridine
(31 mg, 0.39 mmol) in anhydrous N,N-dimethylformamide {1 mL) was added
diphenylphosphoryl chloride (0.042 mL, 0.2 mmol} and stirred at 0 °C for 30 min.
The resulting reaction mixture was added to a solution of (7R)-7-amino-3-[4-(2-N-

20  tert-butoxycarbonylaminoethylthiomethyl)-2-methyl-1,3-thiazol-5-ylthio}-3-cephem-
4-carboxylate, diphenyimethyl ester p-toluenesulfonic acid salt in tetrahydrofuran (2
mL) at -20 °C and stirred at the same temperature for 1 h. The reaction was
quenched with saturated agqueous ammonium chloride. The mixture was extracted
with ethyl acetate, washed with agueous lithium chloridc; and concentrated. The

25  residue was then chromatographed on silica gel (2% methanol/dichloromethane),

affording 200 mg of the title compound. ‘H NMR (CDCl,) § 1.3-1.6 (18H), 2.64



m.). To this solution, 2-(N-t-Dbutoxycarbonyl am noethyl)thiol (708 ng, 4.0
nmmol) and triethylamne (0.56 nm., 4.0 ninol) were added, and stirred at
roomtenperature for 16 h. The mi xture was partitioned between \A@Eﬁ{, ?ﬁ@l
et hyl acetate. The organic 20 solution was washed with 5% hydr odh J: d
and then with water, concentrated, chromatographed (silica gel, 10% et hyl
acet at e- hexane), affording 780 ng of the title conpound. 'H NWVR (CDC1,) 8
1.40 (9H), 2.6 dAkiy, 3.28 (2H), 3.88 (2H). Exanple 14: pcrrusoeeoss

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2- 25

(triphenyl met hoxyi m no) acet am dol - 3-[ 3- (2 N-tert 1 9 JAN 2004 WD 01/21623
PCT/ US00/ 26069 70

but oxycar bonyl am noet hyl t hi onet hyl ) -1, 2, 4 t hi adi azol - 5-yl t hi o] - 3- cephem 4-
car boxyl at e, di phenyl net hyl ester A solution of

3- (2-N-t - but oxycar bonyl am noet hyl t hi onet hyl ) -5-chl oro-1, 2, 4- thi adi azol e
(147 ng, 0.47 mmol) and sodiumsulfide (125 ng, 522 ng) in wet 5

t et r ahydr of ur atsH)1X2-Brit 4H)a3 8BRH), 588 (bts, lrfﬁofrﬂ“t(énlﬂﬂrﬁa%ﬂlﬂé 1y7.00ds.h. The

r_eactlon th?ﬁﬁg 6@91{3{5?@5 cgt“gp and the residue was triturated with
re

di et hyl et her ing rumthiolate salt was dissolved in ethyl
acetate (10 nmL). (7R -7-[(2) - 2-

(2- Am no- 5- chi gg bl @xol -4-yl)-2-(tri phenyl met hoxyi ni no) acet am do] - 3-chl oro
-3- cephem 4-carboxylate di phenyl rret hyI ester (400 ng, 0.47 mml) was then

dded. 10 Aft f t

s S S
met hanol / di hl &'f" e %5' T"be A’S fit e cofpound. ' H NMR
(CDC13) 5 1. 487 cigsalt oH) 388(q, 2H) 5.05 (br s, 1H), 5.26 (d,

1H, 7=5), 5.87 (br ﬁmn&'ﬁu of @R)Z‘Q[(ﬁ}jfi-(z-ty_ﬁautoxy%ar%&ﬁa%mo}aﬁd-&;})é 7.8 (25H). 15
Exanpl e 15: (triphenylmethoxyimino)acetamido)-3-{4-(2-N-tert-
butoxycarbonylaminoethylthiomethyl)-2-methyl-1,3-thiazol-5-ylthio]-3-cephem-4-
10 carboxylate, diphenylmethyl ester (200 mg, 0.16 mmol), phenol (1.2 g, 13 mmol),
dichloromethane (0.16 mL) and triethylsilane (0.40 mL, 2.5 mmol) was warmed to
47 °C. Dichloroacetic acid (0.69 mL, 8.4 mmol) was then added, and stirred at the
same temperature for 70 min. The reaction was quenched with diisopropyl ether.
The resulting precipitate was purified by reverse-phase chromatography (HPLC,
15  Amberchrom, eluting with 0% to 50% acetonitrile-water (containing 0.1%
trifluoroacetic acid)), affording 71 mg of the title compound. ‘H NMR (D,0) & 2.68
(3H), 2.82 (2H), 3.23 (2H), 3.42 (d, 1H, J=18), 3.58 (4, 1H, J=18), 4.04 (2H), 5.28
{d, 1H), 5.85 (d, 1H}, 6.97 (d, 1H, J=8), 7.08 (d, 1H, J=8), 7.92 (t, 1H, J=8).

Example 7:

20  2-bromo-d-[(2-tert-butoxycarbonylaminoethyljthiomethyl}-1,3-thiazole

To a solution of 2-(tert-butoxycarbonyl)aminoethylthiel (1.52 g, 8.61 mmol)
in methanol (20 ml) was added 0.5 M sodium methoxide in methanol (16.5 mL).
The solvent was then removed. The residue was triturated twice with 10% ethyl
acetate-hexane and dissolved in N,N-dimethylformamide (10 mL). The solution was

25 added to a solution of 2-bromo-4-chloromethyl-1,3-thiazole (2.34 g, 11.0 mmol) in



(7R -7-[(2) -2-(2-am no-5-chl orot hi azol -4-yl)-2-(hydroxyi m no)acet am do] - 3- (
3- (2-am noethylthionethyl)-1,2,4-thiadiazol-5-ylth

i 0) - 3-cephem 4carboxylate, trifluoroacetic acid salt To a sol ution of

(7R -7-((2)-2-(2-am no-5-chl orot hi azol -4-y1)-2- 20 19 JAN 2004
(triphenyl met hoxyi m no)acetarnido]-3-[3-(2-N-tert

but oxycar bonyl am noet hyl t hi onet hyl ) -1, 2, 4-t hi adi azol -5-yl t hi 0] - 3-cephem 4-

carboxyl ate, ( met hyl ester (145 ng, 0.13 nmmol) in ,ﬁhﬁ Rbpssgpet hane
(0.5 nt) waswgg@g triethylsilane (0.5 nL) followed by addition of

trifluoroacetic acid (1.5 nlL). After stirring at roomtenperature for 1.5
hr, the m xture was concentrated and ZSE%giturated with diethyl ether. The
resi due was dissolved in water (30 nL) and filtered. The filtrate was
concentrated to dryness, affording 38 ng of the title 1 9 JAN 2004 WO

01/ 21623 PCT/ US00/ 26069 71 compound. 'H:'N14R (DzO 3 3.40 (t, 2H, J=6),
3.65 (t, 2H, J=6), 4.04 (d, 1H, J=18), 4.51 (d, 1H, J=18), 4.51 (s, 2H),

5.87 (d, I'H J3N-dinftfForhfimidelts mly &0 CEAR@PstitrinkGor 4 h, the mixture was
2-(2-tert-butoxycarbonyl am noet hyl t bi %2 +4- H 2-2_%er t- .5
but oxycar bony| ditteiowittiiatsrand extmete it offivl aejte, The preanic extract was Faicd ¢

2-bromo- 4-[ (2- Qv?té%&?ﬁs@?ﬂ%&ﬂ%@ﬁﬁé'aﬁﬂdﬁ@&hh\ﬁ.)ﬁ&&&@é 3 dhrorhtograplédazol e (421
ng, 1.2 mol) an -(tert-but oxycarbonyl am

_ _nol)eth | thjol (234 élgg 1.3
mol ) i n i sopr ewsilicagcb@hslethybacptate-hagaac)afigatioe ¢ ARSI FPTRWEd fRide in t-
but anol (1. 2 smLjqa h5hed @), 895 & 2H0r3.40 (f, 24 8.83 (scr0| §.00(br §, D), M Xt ure was
10 concentrgt ed ang:rg%r)tsi ti (g%?d bet&;vvef}gn ethyl acetate and water. The et hyl

acetate extrad®2{atHkoncentrated. The residue was chronat ographed on
silica gel (1% nethanolldichloromethane), affording 364 ng of the title

conpound. 'HNMI,) 3 1.63 (18H), 2.78 (t, 2H), 3.42 (m 4H), 3.61
(t, 2H), 3.90 C&2MPR% 5 18 (br

4-[(2-tert-butoxycarbonylaminoethyl)thiomethyl}-2-methoxy-1,3-thiazole

To a solution of 2-bromo-4-[(2-terr-butoxycarbonylaminoethyljthiomethyl)}-
10 1,3-thiazole (650 mg, 1.85 mmol) in N,N-dimethylformamide (5 mL) was added
sodium methoxide (300 mg, 5.56 mmol) and stirred at 45 °C for 3 days. The
reaction was quenched with water and the mixture was extracted with ethyl acetate.
The ethyl acetate extract was washed with aqueous lithium chloride and
concentrated. The residue was chromatographed on silica gel (10% ethy! acetate-
15  hexane), affording 184 mg of the title compound. 'H NMR (CDCl,) & 1.54 (9H), 2.78
(t, 2H), 3.42 {m, 2H), 3.74 (s, 2H), 4.18 (s, 3H), 5.24 (br 5, 1H), 6.60 (s, 1H).

Example 9:

4-[(2-tert-butoxycarbonylaminoethyl)thiomethyl}-2-methoxy-1,3-thiazole-5-
thiocyanate

20 To a stirred solution of 4-[(2-tert-butoxycarbonylaminocthy])thiomcthyl]-2-'
methoxy-1,3-thiazole (200 mg, 0.66mmol) and potassium thiocyanate (192 mg, 1.98
mmol) in methano! (3 mL) was added bromine (0.046 mL, 0.89 mmol) in three
portions over 30 min. The reaction was quenched with water and the mixture was
extracted with ethyl acetate. The ethyl acetate extract was washed with agueous

25  sodium chloride and concentrated. The residue was chromatographed on silica gel



s, 1H), 7.13 (1H). 15 Exanple 17: 2-(2-N-tert-b

ut oxycar bonyl am noet hyl thio)-4- [(2-N-tert- butoxycarbonyl am noethyl)tb

i omethylj-1,3-thiazol e-5-thiocyan ate To a solution of 2-(2

N-t ert-but oxycarbonyl am noethylthio)-4-[(2-N-tert- 1C JA 250
but oxycar bonyl am noet hyl )t hi onet hyl]-1, 3-thiazole (750 ng, 1.67 nmol) and
20 potassiumthiocyanate (486 ng, 5.0 mmol) in anhydrous nethanol (7 nlL)
was dropw se adglectibsomine for | h, until the starting nmeeEwusadzébad nearly
di sappeared. The m xture was stirred at roomtenperature for additional 16
h, poured into ethyl acetate and water. The ethyl acetate |ayer was washed
W th aqueous sodi um bicarbonate, and coggentrated. The residue was

chromat ographed on silica gel (0.5% 25 net hanol -di chl oronet hane), affording
346 ng of the title conmpound. '"H NVR 1 9 JAN 2004 WO 01/ 21623

PCT/ USO0/ 26069 72 (CDC ,) 8 1.65 (18H), 2.780 (t, 214), 3.42 (m 4H), 3.61
(t, 2H, 4.02 (s, 2H), 5. 20 (br s, 1H), 5.42 (13T S, 1H . Examle 8:

(7R) - 7- ami no- S{I%Gtﬁyll‘dcqtm-hﬁm offrding b 3hmE afthnBlsapPeusl o MMRY_ N-tert- 5
but oxycar bonyl ﬁh%S t I - hem 4-

car boxyl at e, ﬁﬁ w{{?h? g olzaégsg%tglzggr(\ng NH@H?]S TSP
2-(2-N-tent- butlmycar bonyl am noet hyl thi 0)-4-[(2-N-tert- '
but oxycar bonyl am noet hyl )t hi onet hyl ] -1, 3-thi azol e-5-thi ocyanate (257 ny,
0.51 mml) in _nethanol (20 nlL) was added sodi um bor ohydride (18 ny, 0.51
mmol ) and 10 sEXaPRgl%t 0 C for 2 h. The solvent was partially renoved and
diluted with water (10 nL). The pH of the solution was adjusted to about
7.5 w t h phosplmRFTaminio; [447Y-tertibatpxgadb anylaminetiylthigmethyl}-28nethpxyd. 5 nmol )
was added. (7R)137thiaolrfoyl@hio]-3-cephem-4-carboxylate, diphenylmethyl ester

To a solution of 4-[(2-tert-butoxycarbonylaminoethyl)thiomethyl)-2-
methoxy-1,3-thiazole-5-thiocyanate (84 mg, 0.23 mmol) in methanol (3 mL) was
added sodium borohydride (18 mg, 0.46 mmol) and stirred at 0 °C for 15 min.

10 Aqueous sodium bicarbonate and acetic acid were sequentially added to adjurst pH of
the solution to 7.5. (7R)-7-Amino-3-methanesulfonyloxy-3-cephem-4-carboxylate 4-
diphenylmethy! ester p-toluensulfonic acid salt (161 mg, 0.26 mmol) and methanol
(1.5 mL) were added. The resuiting homogeneous solution was stirred at rcom
temperature for 1 h, and poured into saturated aqueous sodium chloride. The mixture

15  was extracted with ethyl acetate and the organic extract was washed with bnne. p-
Toluenesulfonic acid (35 mg, 0.19 mmol) was added. The sclution was concentrated
to dryness, affording 240 mg of the crude title compound as p-toluenesulfonic acid
salt, which was used for the next reaction without further purification. 'H NMR
(CDCl, with a few drops of deuteromethanol) 3 1.43 (9H), 2.35 (s, 3H), 2.73 (ZH),

20  3.32(2H), 3.60 (4H), 4.13 (s, 3H), 4.0 (1H), 5.08 (1H), 6.97 (s, 1H), 7.20 (d, 2H)
7.3-7.5 (10H), 7.77 (d, 2H).



met hanesul f onyl oxy- 3- cephem 4- car boxyl ate 4-di phenyl nethyl esterp-

tol uensul fonic acid salt (353 ng, 0.56 nmmol) and ethyl acetate (10 nlL) vverﬁ
added. 15 The resulting bi phasic solution was stirred at roomtenp@rdf-\Nr%UU
for 1 h. The organic |ayer was taken, washed with brine, and concentrated.
The residue was chromat ographed on silica gel (1%

nmet hanol / di chl or onet hane), affording 320 ng of the title conpound. 'H NWR

(cpc13) 3 1.5&0(]}11631@3, 2.84 (2H), 3.45 (4H), 3.55 (2H), PcPhsdostds 3-88
(2H), 4.87 (d, "T'H,75.03 (d, 1H), 5.22 (br s, 1H), 5.5.45 (br s, 1H, 20
7.05 (s, I H, 7.3-7.7 (1 OH). 1 9 JAN 2004 WD 01121623 PCT/ US00/ 26069 73
Exile 19: (7R -7-[(2)-2-(2-am no-5-chloroth iazol-4-yl)-2-(triph

enyl met hoxyim o o) aceta m doj -3-[2-(?-3N-tert-bu toxycarb on ylamin
oethylthio)-4-(2-N-tert b utoxycarbonyl amn

oet hyl thi omet hyl ) - 1, 3-t hi azol - 5-yl thi ol - 3-cephem 4- 5 carboxyl at e,

di phenyl net hyl ester To a cooled (-30 C) solution of

2- (2-am no- 5-c£n| or%t1 i azol -4-yl)-2- (triphenyl nmet hoxyi m no)acetic acid (46

ng, 0.10 mol )W—(—?-R)J-am no- 3-[ 2- ( 2-

N-tert-butoxycarbonyl am noethylthio)-4-(2-N-tert-

but oxycar bony| @R-AE@HIRter-buteryrgrbpnylaminopyrid 603 y | thij o] - 3- cephem 4 10

carboxyl at e, dtiplenylmethoryimiza)acetanidal-3rif-C-H-to83 o ) i tetrahydrofuran

(10 ml) was alittexycaiibonyipmissthyitiigmethyh-frmethoxyyha-thipzol-fry#hioktry| ) and
phosphor us 5 oxsephémdicaebosplawdiphenylmstiybestiing) ) and stirred at -20 C for 1

h. The reaction was quench% ) _' th water 0 m)...Th in Xture was extracted
with ethyl acetate ToRz8HBep° gé#&é&@&?%&ﬁf‘ﬂm&%&%&&us sodi um
bi car bonat e, - bigighenylBHoxHirhité)esdidueils soditinasit (173 fg Ai4damalf inenhydsweval - of
ot hanol | ci chi SebHBEATRTAmAF (PGl 18 80% AP ow rpe e e S8STmt: 1y
0.32 mmel) and diisopropylethyl amine (0.060 mL, 0.34 mmol), and stirred at -20 to
10  -30 °C for 45 min. A cooled (-30 °C) solution of (7R)-7-amino-3-[4-(2-N-tert-
butoxycarbonylaminoethylthiomethyl)-2-methoxy-1,3-thiazol-5-ylthio}-3-cephem-4-
carboxylate, diphenylmethyl ester p-toluenesulfonic acid salt (200 mg, 0.23 mmol)
and diisopropylethyl amine (0.060 mL, 0.34 mmel) in N,N-dimethylformamide (1
mL) was then added. The resulting mixture was stirred at the same temperature for 1
15 h. The reaction was quenched with saturated aqueous sodium chloride. The mixture
was extracted with ethyl acetate, washed sequentially with 5% aqueous sodium
b.icarbonatc, brine, diluted hydrochloric acid and_aqueous lithium chloride, and
concentrated. The residue was then chromatographed on silica gel (25% ethyl
acetate-hexane), affording 130 mg of the title compound. 'H NMR (CDCl,) 6 1.3-1.6
20 (18H), 2.78 (2H), 3.41 (2H), 3.50 (2H), 3.80 (2H), 4.20 (s, 3H), 5.18 (br s, 1H), 5.22
(d, 1H), 6.24 (dd, 1H), 7.04 (s, 1H), 7.2-7.7 (27H), 7.92 (d, 1H).

Example 12:

(7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido}-3-(4-(2-
aminoethylthiomethyl)-2-methoxy-1,3-thiazol-5-ylthio)-3-cephem-4-carboxylate,
25 trifluoroacetic acid salt
To a mixture of (7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)acetamido}-3-[4-(2-N-tert-



(CDCI3) S 1.56 (18H), 2.80 (2H), 3.42 (6H), 3.61 (2H), 3.86 (2H), 5.15 (d,
IH, 5.18 (br s, 1H), 5.40 (br s, 1H), '5.93 (br s, 2H), 6.18 (dd, 1H),
7.07 (s, 1H), 7.2-7.7 (25H). Exanple 20: 20 N

(7R -7-[(2) -2-(2-am no-5-chl orot hi azol -4-yl)-2-(hydroxyi m no) acét%r#dblzu%l’-(
2- am noet hyl t hi 0- 4- am noet hyl t hi onet hyl -1, 3-t hi azol - 5-yl t hi 0) - 3- cephem 4-
carboxylate, trifluoroacetic acid salt To a solution of

(7R) - 7-[ (2) - 2wod1/89823n0- 5- chl or ot hi azol - 4-yl ) - 2- PCT/US00/26069
(triphenyl met hoxyi m no) acet am do] - 3- [ 2-(2-N-test-butoxycarbonyl

am noet hyl t hi o) 25

4-(2-N-tert-butoxycarbonyl am noet hyl t hi ggget hyl) -1, 3-thi azol -5-yl thio)-3-cep
hem 4- carboxyl ate, di phenyl nethyl ester (90 ng, 0.070 nmmol) in

di chl oronet hane (0.1S nl) was added triethylsilane (0.15 nlL) foll owed by
addition of trifluoroacetic acid 1 9 JAN 2004 WD 01/21623 PCT/ US00/ 26069
74 (0.6 nmL.). After stirring at roomtenperature for 1.5 hr, the m xture was
concentrated mnoxytatasaminbithyithesiethyt-2washcxy-l 3ethiazod-8-wthiph3-cépbertrdt et her

di ssolved in water (7 , fil il : ntrated to
dryness, affor‘éﬂﬂ??éylétg*J%nyé?‘apﬂéﬂfri(ﬁﬁgggggrpg%ﬁﬁd%%ﬂgw&‘gﬁﬁg 2.72 (t,
2H, J=6), 3. 19githioromkihand 7} mLPwaradddd, trithidrqac@ic 46d 8.3 ml].), brd stigedi®) , 3. 45 (t,
2H), 3.53 (d, %1H§lﬂr3:18),f§.r§8$ws, 2% 5 14 (d o5 dgﬁm%llgd (d, 1H,
3=5). Exanple E’EW‘E“W_—‘W@IBB'L%MQ O CAITR e R |o%"- -chl or opyr azi ne
ot oxyear bomyl i e T ok R b0l 245 ML) s
added 0.5 M s&erzerfitisde '5'51769‘P%°%°ttﬂ]§ﬁ8rfm°&%%?%’rﬁ%s???fzelg’?at room
te”??{ athg LO?.24§, zdgy%:s (I.h@i,mlsgaersts (MH,HM?_@ISBZ&HAWSJT}BJS@% was
partitioned between water an 3 _eyvas drie
(% Lh =5t 8 @oH’géﬁ{)r £¥4 g‘aﬁgtjgg),e.,_os G5! S0 , I8

over sodi um su e

Example 13:

10  3-(2-N-t-butoxycarbenylaminoethylthiomethyl)-S-chlore-1,2,4-thiadiazole

To a solution of 5-chloro-3-chloromethyl-1,2,4-thiadiazole (560 mg, 3.3
mmol) in acetonitrile (5 mL) was added sodium iodide (1.49 g, 9.9 mmol) and stirred
at room temperature for 6 h. The reaction mixture was partitioned between water
and ethyl acetate. The organic layer was washed with aqueous sodium thiosulfate,

15  dried over sodium sulfate, and concentrated to dryness, affording the crude
corresponding iodide. The jodide was immediately dissolved in tetrahydrofuran {5
mL). To this solution, 2-(N-t-butoxycarbonylaminoethyl)thiol (708 mg, 4.0 mmol)
and triethylamine (0.56 mL, 4.0 mmol) were added, and stirred at room temperature
for 16 h. The mixture was partitioned between water and ethyl acetate. The organic

20  solution was washed with 5% hydrochloric acid and then with water, concentrated,
chromatographed (silica gel, 10% ethyl acetate-hexane), affording 780 mg of the title
compound. '"H NMR (CDCl,) 5 1.40 (9H), 2.68 (2H), 3.28 (2H), 3.88 (2H).

Example 14:

(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
25  (triphenylmethoxyimino)acetamido]-3-|3-(2-N-tert-



dryness, affording 3.1 g of the crude title conpound, which was used for
the next 15 reaction without further purification. 'H NVR (CDC13) 8 1.58
(9H), 3.41 (214), 3.56 (2H), 5.G5 (br s, 1H), 8.35 (s, 1H), 8.451{(%, JAH?2004
Exanpl e 22:

2- (2- N-t - but oxycar bonyl am noet hyl t hi 0) - 6- (net hoxycar bonyl et hyl t hi o) pyr azi ne
A solution of 2-(2-Nt-butoxycarbonyl am noethyl thio)-6-chl oropyrazine (355
20 ny, 1.22 myployzet sodiumthiolate salt of 3-nmercapt opcopsexsas aci d

met hyl ester (160 ng, 1.35 mol; prepared by reacting the correspondi ng
thiol with sodium nethoxide) in N, Ndinethylformamde (5 nL) was stirred
at roomtenperature for 16 h. The reactjpon was quenched with water and
ethyl acetate. The ethyl acetate |ayer was washed with aqueous |ithium
chloride solution, dried over sodiumsulfate, 1 9 JA ! 2004 WD 01/21623
PCT/ US00/ 26069 75 and concentrated. The residue was chromat ographed (silica
gel, 10 to 20% eht hyl acetate-hexane), affording 310 ng of the title
conpound. ' H NiokychFlodylafinbethHithi¢itthyl)-2,2 34hiadindol-5YIBB]-BXeHhenB4-56 (4H) ,
3.82 (3H), 5. 32arhb¥ylste, diptiknylietBil &) . Exanpl e 23: 5

(7R)-7-am no-3-[6-(2-N-tert-butoxycarbonyl am ooet hyl thio pyraz 2 yIth| aj - 3-
cephem 4- car boxyl at}esohdiopbéhm—mm*ycubewhmwcthylﬂmmnﬂl -gifloro-1,2,4-

(1t noxycar bon VYT LA ey WBeh Y g cude GRmp 2 B8 o0 ool (o
m) was adgedtﬁa@dmﬁﬂdlmmmmmamqmmmmwelfor(léw meyctiomnd stirred at
room 10 terrperaturetv%sor 0. g andftﬁe‘arésduﬁw?é’tﬂhrﬂédvﬁﬁxldymeth&hq‘hé esul ting

thiolate was a gne ure of et acetate m.) ter (2 nmL) and
sodi um bi car bomﬁleng%umgmomekalt mmillsyolvedmethyl acctate (10 mL). (7R)-7-((Z)-2-

(71 7o S TRBRRISaHARY £5p bbby kit dhatspy et
cephem-4-carboxylate dlphenylmethyl ester (400 mg, 0.47 mmol) was then added.
10 After stirring for 1 h at room temperature, the mixture was washed with brine and
concentrated. The residue was chromatographed (1% methanol/dichloromethane),
affording 530 mg of the title compound. 'H NMR (CDCl,) 5 1.48 (SH), 3.2-3.7
(6H), 3.88 (q, 2H), 5.05 (br s, 1H), 5.26 (d, 1H, J=5), 5.87 (br s, 2H), 6.29 (dd, 1H),

7.12 (s, 1H), 7.3-7.8 (25H).

15 Example 15:

(TR)-7-{(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxyiminc)acetamido]-3-(3-
(2-aminoethylthiomethyl)-1,2,4-thiadiazol-5-ylthic)-3-cephem-4-carboxylate,
trifluoroacetic acid salt

To a solution of (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-

20 (triphenylmethoxyimino)acetamido}-3-[3-(2-N-tert-
butoxycarbonylaminoethylthiomethyl)-1,2,4-thiadiazol-5-ylthio]-3-cephem-4-
carboxylate, diphenylmethy] ester (145 mg, 0.13 mmol) in dichloromethane (0.5 mL)
was added triethylsilane (0.5 mL) followed by addition of trifluoroacetic acid (1.5
mL). After stirring at room temperature for 1.5 hr, the mixture was concentrated and

25 ftriturated with diethy] ether. The residue was dissolved in water (30 mL) and
filtered. The filtrate was concentrated to dryness, affording 38 mg of the title



After stirring for 1 h at roomtenperature, the organic |ayer was taken,
washed with 15 brine, and concentrated. The resi due was chronat ogra&&gdmu
(silica gel, dichloronethane), affording 157 ng of the title co ’F—I
NVR (CDCI3) 8 1.55 (9H), 3.2-3.5 (4H), 3.52 (d, 1H, J=18), 3.82 (d, 1H,
J=18),4.99 (d, 1H), 5.14 (d, 1H, 5.15 (br s, 1H), 7.01 (s, 1H), 7.3-7.5
(10H), 8.05 (s, 1H), 8.25 (s, 1H . Example 24 20

(7R) - 7-[ (2) - 2¥Rert2ea28 - but oxycar bonyl am nopyri d- 6-yl)-2- PCIAUSN0/26069
(triphenyl met hoxyi m no)acetam do]-3-[ 6-(2-N-tert- '

but oxycar bonyl am noet hyl t hi 0) pyraz- 2-yl t hi o] - 3- cephem 4- car boxyl at e,

di phenyl net hyl ester To a sol ution of 71

2-(2-tert-butoxycarbonyl am nopyrid-6-yl)-2 25 (triphenyl met hoxyi m no)acetic
acid sodiumsalt (200 ng, 0.38 mmol) in anhydrous N, N-di net hyl formam de (1
m.) was added di phenyl phosphoryl chloride (0.07 nL, 1 9 JAN 2004 WO

01! 21623 PCT/ US00/ 26069 76 0. 34 n’m)lz) and diisopr | et h am ne (0.125
nL, 0.72 nmol ) commppand; {H NMRITHO) & 340 & 2. §, 3651, 2 JEE%F@‘H( 183=t9): sol ution

of (7R)-7-amn ( 2H), 5.87 (d, 1H, J=5), 6.45 (d, 1H, J=5
but oxycar bonyl a 95?%%%1}]%'1&#}?“5%3,2 2- (y1 t hi o])- c(ephemé)l car boxyl at e,

di phenyl net hyl ester (155 ng, 0.24 mmol) in N, N-di nethylformam de (2 nlL)
was 5 added, amd.fdi€ig:esulting mixture was stirred at the same tenperature
for 1 h. The reaction was quenched with saturated aqueous sodi um chlori de.

The m xture wa cted w t.h washed sequentially with 5%
aqueous sodiu 3'(‘50 e{ggba(tm ﬁ&iﬂ:ﬁ;aﬁgﬁe&m@ Qr ochloric acid and aqueous
l'i t hi um chl dri @B YR ESRCEn e e ‘resi due was chromat ographed on

silica gel (25% et ], QambRbe ﬂer@ﬁ%@flﬁ) bu:a{yfc%@ﬂynsuﬁmylmoﬂémﬂpe title
conmpound. 'H NVR ( CDC1,

1H, J=18), 3.886. 3(‘1!1*12014-(,4;1]“*&-8‘)2 1211'18‘2 ﬂ(dt?r(‘fé"b“i ‘?af “2’98‘““”)““‘3’1“3;{ s 542 (9
mg, 1.3 mmol) in isopropyl alcohol (5 mL) was added 1.0 M sodium ¢-butoxide in -
butanol(1.2 mL) and stirred at 80 °C for 1 h. After cooling, the mixture was

10 concentrated and partitioned between ethyl acetate and water. The ethyl] acetate
extract was concentrated. The residue was chromatographed on silica gel (1%
methanol/dichloromethane), affording 364 mg of the title compound. 'H NMR
(CDCl,) & 1.63 (18H), 2.78 {t, 2H), 3.42 (m, 4H), 3.61 (1, 2H), 3.90 (s, 2H), 5.18 (br
s, 1H), 7.13 (1H).

15 Example 17:

2-(2-N-tert-butoxycarbonylaminoethylthio)-4-[(2-N-tert-
butoxycarbonylaminoethyl)thiomethyl]-1,3-thiazole-5-thiocyanate
To a solution of 2-(2-N-.tert-butoxycarbonylaminocthylthio)-4-[(2-N-tert-
butoxycarbonylaminoethyl)thiomethyl]-1,3-thiazole (750 mg, 1.67 mmol) and
20 potassium thiocyanate (486 mg, 5.0 mmol) in anhydrous methanol (7 mL) was
dropwise added bromine for 1 h, until the starting material had nearly disappeared.
The mixture was stirred at room temperature for additional 16 h, poured into ethyl
acetate and water. The ethyl acetate layer was washed with aqueous sodium
bicarbonate, and concentrated. The residue was chromatographed on silica gel (0.5%
25  methanol-dichloromethane), affording 346 mg of the title compound. 'H NMR



(d, 1H, 6.28 (dd, IH), 7.10 (s, 1H), 7.2-7.7 (27H), 7.91 (d, 1H), 8.02 (s,
1H), 8.22 (s, 1H), 8.68 (br s, 1H). Exanple 25: 15 (7R) 7-1(2) 19 JAN 2004
2- (2-am nopyri d-6-yl)-2-(bydroxyi m no)acet am do] - 3- (6-( 2- '

am noet hyl t hi o) pyraz-2-ylthio)-3-cephem-carboxylate, trifluoroacetic acid
salt To a m xture of

(7R -7-[(2)-2-(2-tert-but oxycarbonyl am nopyrid-6-yl)-2-

(triphenyl met Qeyaikitro) acet am do] - 3-[6-(2-N-tert- PCT/US00/26069

but oxycar bonyl am noet hyl t hi 0) pyraz- 2-yl t hi 0] - 3- cephem 4car boxyl ate, 20

di phenyl net hyl ester (210 ng, 0.18 mml), triethylsilane (0.4 nL) and

di chl oronet hane (0.4 nL) was added trif Iﬁoroaceti c acid (1.2 nm), and
stirred at roomtenperature for 1 h. The m xture was concentrated to
dryness and triturated wth diethyl ether. The residue was dissolved in
wat er and insoluble inmpurities were filtered out. The filtrate was
freeze-dried, affording 135 ng of the title conmpound. 25 "H NWR (D,O 8
3.2-3.7 (m 4%@13@&}6&.&5@1813;&.781}1&8}1), 332 &, 4H), 3.61H, 205 B8P (s, 2HB3.20¢r 1 9 AN
2004 WO 01121623 PCT/ US00/ 26069 77 I1H, J=5), 5.84 (d, 1H, J=5), 6.96 (d,
1H, J=8), 7.07s(H}5%3Cr 0. 7. 90 (t, 1H J=8), 8.19 (s, 1H), 8.26 (s,

| H). Exanple 26: 3-(2-N-t-butoxycarbonyl am noet hylt hi o)-2-chl oropyrazine 5

To a solution gf ngi-ﬁ_i chl oropyrazine (1.53 g, 10.3 mmol) and 2-(N-t-
but oxycar bonyl “hylthiol (2.1 g, 11.9 mml) in nethanol (5 nL) was

added 0.5 M sodi um net hoxide in nethanol (20.6 % and stirred at room

t enper at ur e f of?R)Ieamino-${2-(Nitere-hntogpcarhoppiamingethyithioy H@-N4t-que was

part i ti onedSbebwerysarhpnglaminggthyithipmeth -1 thiazol-Frylthig}-deephemdsy or vas dri ed
over sodi um sukdrhexylatydiphepylmethylesteed to 10 dryness, affording 3.1 g of the

crude title compound, whi.ch M85 NS bulccalonSy S ethylthio)-4-[2-N-rers-

butoxycarbonylaminoethyl)thiomethyl]-1,3-thiazole-5-thiocyanate (257 mg, 0.51
mmol) in methanol (20 mL) was added sodium borohydride (18 mg, 0.51 mmol) and

10  stirred at 0 °C for 2 h. The solvent was partially removed and diluted with water (10
mL). The pH of the solution was adjusted to about 7.5 with phospl;loric acid, and
then sedium bicarbonate (128 mg, 1.5 mmol) was added. (7R)-7-Amino-3-
methanesulfonyloxy-3-cephem-4-carboxylate 4-diphenylmethyl ester p-
toluensulfonic acid salt (353 mg, 0.56 mmol) and ethyl acetate (10 mL) were added.

15  The resulting biphasic solution was stirred at room temperature for 1 h. The organic
layer was taken, washed with brine, and concentrated. The residue was
chromatographed on silica gel (1% methanol/dichloromethane), affording 320 mg of
the title compound. 'H NMR (CDCl,) 5 1.55 (18H), 2.84 (2H), 3.45 (4H), 3.55 (2H),
3.61 (2H), 3.88 (2H), 4.87 (d, 1H), 5.03 (d, 1H), 5.22 (br 5, 1H), 5.5.45 (br s, 1H),

20 7.05 (s, 1H), 7.3-7.7 (10H).



reaction without further purification. "H NWR (CDCl,) 8 1.55 (9H), 3.40
(2H), 3.58 (2H), 5.03 (br s, 1H), 8.18 (d, 1H), 8.40 (d, IH. Exanple 27:
3-(2-N-t-b u toxycarbonyi am n oet hylth io0)-2-(methoxycarbonyl et h|ygtmN 2004
i o)pyrazin e 15 A sol ution of

3-(2- N-t - but oxycar bonyl am noet hyl t hi 0) - 2-chl oropyrazine (355 ng, 1.2 mol)
and sodiumthiolate salt of 3-nercaptopropionic acid nethyl ester (140 ng,
1.3 mmol ; prepasagidly reacting the correspondi ng thiol wgdrusadissém

met hoxi de) in N, N-dinethylformam de (5 nL) was stirred at roomtenperature
for 16 h and heated at 45 C for 5 h. The reaction was quenched with water
and ethyl 20 acetate. The ethyl acetate yer was washed wi th aqueous
l'ithiumchloride solution, dried over sodiumsulfate, and concentrated.
The residue was chromatographed (silica gel, dichloronethane), affording
175 nmg of the title conpound. "H NMR (CDCI3) 8 1.55 (9H), 2.88 (t, 2H),
3.46 (2H), 3.55 (4H), 3.80 (3H), 8.18 (2H). 1 9 JAN 2004 WO 01/21623

PCT/ US00/ 26069 Ex¥singix tarpl e 28, '

(7R) - 7-am no- 3- [3 (2 N-t ent - but oxycar bonyl am noet hyl t hi o) pyraz-2-ylthio]-3-

cephem 4- car bo 29%9&%@%&. §-2Frighei Ao Qfimio)

3-(2-N-t-but OX - - -r&o t et hlo)-4— -N-tert-

- (met hoxycar bon)é LR %tha?!l?% HamEt hanol (5 nl)
was added g S, éf estel % and stirred at
room terrperatur er renoval of sol vent the resulting

thiolate was re- d'ﬁﬁé’éa&%@ -Bdbdrﬁ&mwfz(ﬁmﬂin&sﬁo&%&&w )-0f
(7R) - 7- am no- 3- met hanesul fonyl oxy-3- cephem 4-car bo%%)aate di phenyl met hyl

ester (479 ny &sphepemsipxyimigopestiinid (46 meedH §mel s ERat- wptoe-Pdad he
correspondi ng Br&gjbu@gﬁgl%ggmj,&cﬁgmo)wztﬂ @ a mxed sol vent of nethanol
(2 m) and eth{ acetate was then added. After stirring for 45 mn
utoxycarbonylammocthy thiomethyl)-1,3-thiazol-5-ylthio}-3-cephem-4-
10 carboxylate, diphenylmethyl ester (70 mg, 0.083 mmol) in tetrahydrofuran (10 mL)
was added diisopropylethyl amine (0.036 mL, 0.21 mmol} and phosphorus -
oxychloride (0.012 mL, 0.12 mmol), and stirred at -20 °C for 1 h. The reaction was
quenched with water (50 mL). The mixture was extracted with ethyl acetate, washed
sequentially with 5% aqueous sodium bicarbonate, brine, and diluted hydrochioric
15 acid. After removal of solvent, the residue was chromatographed on silica gel (1%
methanol/dichloromethane), affording 90 mg of the title compound. 'H NMR
(CDCl,) & 1.56 (18H), 2.80 (2H), 3.42 (6H), 3.61 (2H), 3.86 (2H), 5.15 (d, 1H), 5.18

(br s, 1H), 5.40 (brs, 1H), 5.93 (br s, 2H), 6.18 (dd, 1H), 7.07 (s, 1H), 7.2-7.7 (25H).

ample 20:

20 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(kydroxyimino)acetamido]-3-(2-
aminoethylthio-4-aminoethylthiomethyl-1,3-thiazol-5-ylthio)-3-cephem-4-
carboxylate, trifluoroacetic acid salt

To a solution of (7R}-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl})-2-
(triphenylmethoxyimino)acetamido]-3-[2-(2-N-tert-butoxycarbonylaminoecthylthio)-
25  4-(2-N-tert-butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4-
carboxylate, diphenyimethyl ester (90 mg, 0.070 mmot) in dichloromethane (0.15
mL) was added tricthylsilane (0.15 mL} followed by addition of trifluoroacetic acid



at room tenperature, the solvents were partially renoved, and m xed with
ethyl acetate and water. The organic | ayer was taken, washed with brine,
and concentrated. The residue was chromatographed (silica gel,

di chl oronet hane), 15 affording 93 ng of the title conpound. 'H NV (AR
8 1.55 (9H), 3.3-3.5 (4H), 3.55 (d, 1H J=18), 3.88 (d, 1H, J=18), 4.92
(d, 1H, 5.08 (br s, 1H), 5.18 (d, 1H, 7.07 (s, IH), 7.3-7.5 (10H), 8.17
(d, IH, 8.22v0d12188). Exanple 29: (7R)-7-[(2)-2-(2-tert PoTrusoor26069

ut oxycar bonyl am nopyrid-6-yl)-2- 20

(triphenyl met hoxyi m no)acetam do] -3-[3-(2-N-tert

but oxycar bonyl am noet hyl t hi o) pyraz-2-ylt{fg i o] -3-ceph em 4-carboxyl ate,

di phenyl net hyl ester To a sol ution of

2- (2-tern-butoxycar bonyl am nopyrid-6-yl)-2- (triphenyl met hoxyi m no)acetic
acid sodiumsalt (81 ng, 0.16 nmmol) in anhydrous 25 N, N-di net hyl f or mam de
(2 m.) was added di phenyl phosphoryl chloride (0.037 niL, 0.18 mml) and

di i sopr opyl et hiplé ralo) Metef DirfHE At 1whm tén@Sumnfor 1.5 hnthestiktmeeds eancerg@te 1 9 JAN

2004 VD 01/ 21033 BT L0 290081k Sed Qi ity cicf 80l Al i) 011 0N

but oxycar bony| adifineed. ylet ity wasrcarceDdrapddithirghesS affaping A% thg obthbttly | at e,

~ di phenyl met hyl ester ) )1 i hyl for. ige (2 nL) was

added, and t heSmRewd i("ﬁwytc&ﬁé%\%ggggtll—?pégbgﬁﬂ#ﬂ%&)g#e(etzgggé@ature for |
h. The 5 resct{dprH,\sass)pus(c bHyY 3148 (d) 1Ha=8)a3.88)satileoldsidtiveih T8 ori de. The
m xt ure was erxét[ﬁgg__ d with ethyl acetate, washed sequentially with 5%

aqueous sodiu ar’bonate, brine, diluted hydrochloric acid, and aqueous
lithiumchloride, and concentrated. The residue was chromat ographed on

silica gel (0.%%}ng@ltlhanol /di chl oronet hane), affording 62 ng of the title
conpound. 'H

2-(2-N-t-butoxycarbonylaminoethylthio)-6-chloropyrazine

To a solution of 2,6-dichloropyrazine (1.80 g, 12.2 mmol) and 2-(N-t-

10  butoxycarbonylamino)ethylthiol (2.5 g, 14.0 mmol) in methanol (5 mL) was added
0.5 M sodium methoxide in methanol (24.4 mL) and stirred at room temperature for
3 days. The solvent was removed and the residue was partitioned between water and
ethyl acetate. The organic layer was dried over sodium sulfate, and concentrated to
dryness, affording 3.1 g of the crude title compound, which was used for the next

15 reaction without further purification. 'H NMR (CDCl,) & 1.58 (9H), 3.41 (2H), 3.56
(2H), 5.05 (br s, 1H), 8.35 (s, 1H), 8.45 (s, 1H).

Example 22:

2-(2-N-t-butoxycarbonylaminoethylthio)-6-(methoxycarbonylethylthio)pyrazine

A solution of 2-(2-N-t-butoxycarbonylaminoethylthio)-6-chloropyrazine (355
20  mg, 1.22 mmol) and sodium thiolate salt of 3-mercaptopropionic acid methyl ester
{160 mg, 1.35 mmol; prepared by reacting the corresponding thiol with sodium
methoxide) in N,N-dimethylformamide (5 mL) was stirred at room temperature for
16 h. The reaction was quenched with water and ethyl acetate. The ethy] acetate

layer was washed with agueous lithium chloride solution, dried over sodium sulfate,



10 (¢bC13) S 1.5 (9H), 1.58 (9H), 2.3-3.5 (5H), 3.82 (d, I H J=18), 5.04
(br s, 1H), 5.37 (d, IH), 6.28 (dd, 1FD 6.88 (br s, 1H), 7.08 (s, FD
7.2-7.7 (27H), 7.98 (d, 1H), 8.14 (d, IH J=3), 8.22 (d, IH J=3). Exanple
30: (7R -7-((2)-2-(2-am nopyri d- 6- yI) 2-(hyd roxyinmn o)acetanidfo§-8i{3 ﬂ
15 am noet hyl t hi o) pyraz-2-yl thio)-3-cephem 4-carboxytate, trifluoroaceti
acid salt To a m xture of

(7R) - 7-[ (2) - 2¥®e1t2¢428 - but oxycar bonyl am nopyri d- 6-yl)-2- PCT/US00/26069
(triphenyl met hoxyi m no)acetam do]-3-[3-(2-N-tert-

but oxycar bonyl am noet hyl t hi 0) pyraz- 2-yl t hi o] - 3- cephem 4- car boxyl at e,

di phenyl net hyl ester (62 ng, 0.05 mmol),7¢riethylsilane (0.3 nL) and 20

di chl oronet hane (03 nL) was added trifluoroacetic acid (1.0 nL), and
stirred at roomtenperature for 1 h. The m xture was concentrated to
dryness, and triturated wth diethyl ether. The residue was dissolved in
water (10 nmL) and filtered. The filtrate was freeze-dried, affording 30 ng
of the title camboneratrated| Toresidps wys chromgtogmphed (silprigel, 1) 13 30% ghthyly  3=18) |
3.52 (t, 2H), i : 1H, J=5),
6.95 (d. 1H, J:g%e)@a{'c ﬂiélbn?}Hgor&xfég Omgoﬁﬁe l(tfj: conln umi H@NM%QCECQ)}_&Q( ?Sd 1H
J=3), 8.28 (d, (#H,2.83H), 314092@)/3;}4562@ 389\@@153221(@23 lﬁtﬁﬂuﬁﬁ)/zeoag 80
Exanpl e 31: 2-(2-N-t-butoxycarbonyl am noetbylth io)-4-ch | oropyrimdine To
a solution of 2,4-dichloropyrimdine (477 nmg, 3.0 mml) and 2-(N-t-

but oxycar bony| Z%BRIs2khy| t hiol (637 ng, 3.6 mml) in methanol (20 mL) was
added 5 0.5 M sodi um net hoxide in nethanol (6.0 nL) and stirred at 45 C
for 10 mi n. SThe7R)SRAmian3-[2Nrtemibutdycadrogdylaiminoe thyithiolpyvea-yithiol3¢ | oned

bet ween wat er zehemtdasarbenybteatliphenyhethylgsteri c | ayer was taken, dried over

sodi um sul fate, and concentr at ed.
To a solution of 2-(2-N-t-butoxycarbonylaminoethylthio)-6-

(methoxycarbonylethylthio)pyrazine (140 mg, 0.375 mmol) in isopropanol (2 mL)
was added 0.5 M sodium methoxide in methanol (0.73 mL), and stirred at room

10  temperature for 0.5 h. After removal of solvent, the resulting thiolate was added to a
mixture of ethy) acetate (5 mL), water (2 mL) and sodium bicarbonate (95 mg, 1.1
mmol). (7R)-7-Amino-3-methanesulfonyloxy-3-cephem-4-carboxylate
diphenylmethyl ester p-toluensulfonic acid salt (161 mg, 0.26 mmol) was then added.
After stirring for 1 h at room temperature, the organic layer was taken, washed with

15  brine, and concentrated. The residue was chromatographed (silica gel,
dichloromethane), affording 157 mg of the title compound. 'H NMR (CDCl,) 8 1.55
(9H), 3.2-3.5 (4H), 3.52 (d, 1H, J=18), 3.82 (d, 1H, J=18), 4.98 (d, 1H), 5.14 (d, 1H),
5.15 {br s, 1H), 7.01 (s, 1H), 7.3-7.5 (10H), 8.05 (s, 1H), 8.25 (5, 1H).

Example 24:

20  (7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)acetamido]-3-{6-(2-N-tert-
butoxycarbonylaminoethylthio)pyraz-2-ylthio]-3-cephem-4-carboxylate,
diphenylmethy! ester

To a solution of 2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-

25  (triphenylmethoxyimine)acetic acid sodium salt (200 mg, 0.38 mmol) in anhydrous

N,N-dimethylformamide (1 mL) was added diphenylphosphoryl chloride (0.07 mL,



Crystallization of the solid residue from hexane/di chl or onet hane afforded
645 ng of the title conmpound. "H NWR (CDCls) 8 1.55 (9H), 3.40 (2H), 3.59
(2H), 5.08 (br s, 10 1H), 7.21 (d, 1H), 8.35 (d, 1H). ExaanFgS}AN 2004

2- (2- N-t - but oxycar bonyl am noet hyl t hi 0) - 4-

(et hoxycar bonyl et hyl t hi o) pyri m di ne A sol ution of

2- (2-N-t-butoxycarbonyl am noet hyl t hi 0) -4-chl oropyrimdine 15 (645 ny, 2.2
mrol ) and sodiygmiftk9! ate salt of 3-mercaptopropi oni c acimTnosbonrydss est er
(320 ng, 2.4 munol; prepared by reacting the corresponding-thiol wth

sodi um nethoxide) in nmethanol (5 nL) was stirred at roomtenperature for
16 h. The mixture was concentrated, andygartitioned between water and
ethyl acetate. The ethyl acetate |ayer was concentrated, and the residue
was chromat ogr aphed (silica 20 gel, dichloronethane), affording 175 ng of
the title compound. "14 NWVR (CDCls) 8 1.55 (9H), 2.88 (2H), 3.40 (2H),
3.55 (4H), 3.80 (3H), 5.16 (br s, 1H, 5.30 (br s, 1H), 6.92 (d, 1H), 8.18
(d, 1H). 19 JAY320@1)\AR BilsbprbpaanyParine/BDIR5 260692 Sinobx sndistimed3®:30 °C.

(7R -7-am no-3-[2-(2-N-tert-put car@g{}wlam et byl 1 h
i 0) pyrimi d- 4- ylf‘{‘HiholA-@f’]{Eé%é#P%%%’r% 'I);'ﬁf"én,o'%gll%p(?)é}n{‘fprret hyl ester To a
?ol u';] i on of b2- G%b%m%lmmmymﬁ?ym-mﬁﬁ]m¢wcﬁb&rlm, »
met hoxycar bony| et thio rim dj 138 - 0..37 . mol.)._ j.n 4 ropano 5

nL) was added %F@Y?&‘QHH %%Q?ﬁ’@g’f’ﬁ “‘r@?’h%‘ﬂ&‘ﬁ“?&?‘%}’%“?""}%g stirred at
room tenpesat Yided fad thé rddultidy inbure wasatirdd abthe sohetemperattadorndsThe i ng t hi ol at e
was triturated wth diethyl ether and dissalved,i m xtur f
t et r ahydr of ur afFaptEn{a$ q‘éfﬁgywthmw?"ﬁ?%s f‘ﬁ%}"m l°§@f’u |"onf'lmt(')”f'ﬁ'vag
(7R) - 7- Ami no- 3xpRbBaRas ehilabatite) nastidd saqpdneattydvith 5% aqueous sodium

bicarbonate, brine, diluted hydrochloric acid and aqueous lithium chloride, and

concentrated. The residue was chromatographed on silica gel (25% ethyl acetate-

10 hexane), affording 214 mg of the title compound. 'H NMR (CDCl,) 5 1.21 (9H),

1.60 (9H), 2.8-3.9 (4H), 3.42 (d, 1H, J=18), 3.86 (d, 1H, J=18), 4.82 (brs, 1H), 5.38

(d, 1H), 6.28 (dd, 1H), 7.10 (s, 1H), 7.2-7.7 (27H), 7.91 (d, 1H), 8.02 (s, 1H), 8.22 (s,

1H), 8.68 (br 5, 1H).

Example 25:

15 (TR)-7-1(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-(6-(2-

aminoethylthio)pyraz-2-ylthio)-3-cephem-4-carboxylate, trifluoroacetic acid salt
To a mixture of (7R)-7-[{Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-

(triphenylmethoxyimino)acetamido}-3-[6-(2-N-ter:-

butoxycarbonylaminoethylthio)pyraz-2-ylthio]-3-cephem-4-carboxylate,

20  diphenylmethyl ester (210 mg, 0.18 mmol), triethylsilane (0.4 mL) and
dichioromethane (0.4 mL) was added trifluoroacetic acid (1.2 mL), and stirred at
room temperature for 1 h. The mixture was concentrated to dryness and triturated
with diethyl ether. The residue was dissolved in water and insoluble impurities were
filtered out. The filtrate was freeze-dried, affording 135 mg of the title compound.

25 'HNMR (D,0) § 3.2-3.7 (m, 4H), 3.46 {d, 1H, J=18), 3.86 (d, 1H, J=18), 5.37 (4,



10 carboxyl ate di phenyl nethyl ester (170 ng, 0.37 mmol) and sodi um

bi carbonate (60 ng, 0.71 mmol) in tetrahydrofuran (3 nL) and water (0.3
m.) was then added. After stirring for 2 h at 0 C, the mxture wasq JAN 2004
guenched with saturated ammonium chloride, extracted with ethyl acetate,
washed with brine, and concentrated. The residue was chromat ographed (1%
nmet hanol di chl or onet hane), affording 30 ng of 15 the title conpound. 'H NWR
(CDCI3) 6 1.5wq@m6233.30 (2H), 3.41 (2H), 3.75 (d, |H PRCTAB)268991 (d,
1H, J=18), 4.98 (d, 1H, J=5), 5.09 (br s, 1H), 5.15 (d, iH J=5), 6.98 (d,
1H), 7.03 (s, 1H, 7.3-7.5 (104, 8.21 (d, 1H) . Exanple 34:

(7R -7-[(2)-2-(2-tert-butoxycarbonyl am ngpyrid-6-yl)-2- 20

(triphenyl met hoxyi m no)acet am dol -3-[2-(2-N-tert

but oxycar bonyl am noet hyl t hi o) pyrim d-4-ylth iol -3-cephem 4-car boxyl at e,

di phenyl net hyl ester To a sol ution of

2-(2-rert-butoxycar bonyl am nopyri d- 6- _é@ henyl met hoxyi m no) acetic
aci d sodi um sal¥, J(=5M5% (d, @H,J—M%@lﬁ Wy’él? s1ER3=8) DL it I78).f or mami de (1
m) was added dj QEL g)%)fsph_ﬁryl chloride (0.019 n., 0.09 mml), and
stirred at roomtenperature for 30 min. The mxture was then 1 9 JAN 2004
WO 01/ 21623 PCT/ US00/ 26069 82 cooled to -20 C, and a sol ution of

(7R) - 7-am no- SEkaZ-nﬂazd\d-rert-

but oxycar bonyl am noet hyl t hi 0) pyr| m d- 4-yl t hi o] - 3- cephem 4- car boxyl at e,

di phenyl met hyl| P-zf&et[bugoxgcango a[ 01&3&@“3*0%-2-&:9!0% ?' {nren:"t hyI for mam de (I n1_)

was added. Af stirrrng a errper ure for the reaction
was quenched with Spsabidtiat &9,3 W € Hindiot) quz &'@@ m Xt ure was
extracted wth ethyl acetate, washe sequentl aI ly w t h diluted

hydrochl ori c ab‘itQP‘Y"WBH@OD‘FWBW 1 &hi 1ot merel) ingpgthanel (@ MLy wal addedoi car bonat e,
and aqueous | i pBingBaiM MEthéiGie ifREthanol (20.6 mL), and stirred at room temperature for

16 h. The solvent was removed, and the residue was partitioned between water and
ethyl acetate. The organic layer was dried over sodium sulfate, and concentrated to

10 dryness, affording 3.1 g of the crude title compound, which was used for the next
reaction without further purification. 'H NMR (CDCl,) & 1.55 (9H), 3.40 (2H), 3.58
(2H), 5.03 (br 5, 1H), 8.18 (d, 1H), 8.40 (d, 1H).

Example 27:

3-(2-N-t-butoxycarbonylaminoethylthio)-2-{methoxycarbonylethylthio)pyrazine

15 A solution of 3-(2-N-t-butoxycarbonylaminoethylthio)-2-chloropyrazine (355
mg, 1.2 mmol) and sodium thiclate salt of 3-mercaptopropionic acid methyl ester
(140 mg, 1.3 mmol; prepared by reacting the corresponding thiol with sodium
methoxide) in N,N-dimethylformamide (5 mL) was stirred at room temperature for
16 h and heated at 45 °C for 5 h. The reaction was quenched with water and ethyl

20 acetate. The ethyl acetate layer was washed with aqueous lithium chloride solution,
dried over sodium sulfate, and concentrated. The residue was chromatographed

_ (silica gel, dichloromethane), affording 175 mg of the title compound. 'H NMR

(CDCL,) 6 1.55 (9H), 2.88 (t, 2H), 3.46 (2H), 3.55 (4H), 3.80 (3H), 8.18 (2H).



concentrated. The residue was chronmatographed on silica gel (0.5%

nmet hanol / di chl or omet hane), affording 20 ng of the title conpound. 'H NVR 10
(cocl,) 6 1.42 (94, 1.50 (9H), 3.10 (2H), 3.35 (2H), 3.60 (d, IH J=I8),
3.82 (d, 1H, J=18), 4.75 (br s, 1H), 5.38 (d, 1H, J=5), 6.26 (t4, JA Hbﬂm4
6.95 (d, 1H, J=5), 7.03 (s, 1H), 7.2-7.6 (28H, 7.81 (br s, IH, 8.18 (d,
1H, J=5). Exanpl e 35:

(7R - 7- (( 2) - 2wo2nangeopyri d- 6-yl ) - 2- (hydr oxyi mi no) acet ami matusteZede ( 2- 15

am noet hyl t hi o) pyri m d- 4-yl thi o) - 3-cephem 4ear boxyl ate, trifluoroacetic
acid salt To a mxture of

(7R -7-1(2)-2-(2-tern- butoxycarbonylan1ngpyrid-G-yl)-Z-
(triphenyl met hoxyi m no) acet am do] - 3- (2- (Z-tert-but oxycar bonyl am noet hyl t hi o
)- pyrimd-4-ylthio)-3-cephem 4-carboxyl ate, di phenyl nethyl ester (20 ny,
0.02 20 mmol ), triethylsilane (0.1 nL) and dichloromethane (0.1 nlL) was
added trifluoroacetic acid (0.5 nL), and stirred at roomtenperature for 1
h. The i xtureg,Jigsde gNcentrated to dryness, and triturated with diethyl

et her. The resFﬂ'e was dissolved in mater and filtered. The filtrate was

f dried, affordi D20 S 3.31
(175 o e g e b SRR R 70, ©,
5.87 (d, 111) °ﬂ"’9‘7‘"‘(‘ ateyd 1H, J=S), 7.18 (d, 1H J=5),

7.89 (t, 1H, J=8), Eﬁ“l%é @Qﬂ_@gwmw} 1,,%9%&\@201/21623

PCT/ US00/ 26069 83 2-(2-triph enylmet hyl'am n
0- 5- t hi azol 54- yhdthoxy¢arhan mrmmyZ%%PéEMIﬂ@ythw[ R et ert -
but oxycar bonyl Q&M@%&M&Dﬁfﬁltﬂa()a&%n%«.-ﬁsmohn%nij%afaﬁmﬂrﬁaﬁboxyl ate, 4- 5

nmet hoxybenzyl ester
temperature for 45 min. After removal of solvent, the resulting thiolate was re-

dissolved in methanol (3 mL). A solution of (7R)-7-amino-3-methanesulfonyloxy-3-
cephem-4-carboxylate diphenylmethyl ester (479 mg as the salt, 0.76 mmol, freshly

10  prepared from the corresponding p-toluenesulfonic acid salt) in a mixed solvent of
methanol (2 mL) and ethy] acetate (5 mL) was then added. After stimng for 45 min
at room temperature, the solvents were partially removed, and mixed with ethyl
acetate and water. The organic layer was taken, washed with brine, and
concentrated, The residue was chromatographed (silica gel, dichloromethane),

15  affording 93 mg of the title compound. '"H NMR (CDCl,) & 1.55 (9H), 3.3-3.5 (4H),
3.55 (d, 1H, J=18), 3.88 (d, 1H, J=18), 4.92 (d, 1H), 5.08 (br s, 1H), 5.18 (d, 1H),
7.07 (s, 1H), 7.3-7.5 (10H), 8.17 (d, 1H), 8.22 (d, 1H).

Example 29:

(TR)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-

20 (triphenylmethoxyimino)acetamido]-3-|3-(2-N-tert-
butoxycarbonylaminoethylthio)pyraz-2-ylthio]-3-cephem-4-carboxylate,
diphenylmethyl ester '

To a solution of 2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)acetic acid sodium salt (81 mg, 0.16 mmol) in anhydrous
25  N,N-dimethylformamide (2 mL) was added diphenyiphosphoryl chlonde (0.037 mL,
0.18 mmol) and diisopropylethyl amine (0.067 mL, 0.39 mmo!)} and stirred at -30 °C



To a solution of 3-(2-N-t-butoxycarbonyl am noet hyl thi o) - 2-

(et hoxycar bonyl et hyl t hi o) pyrazine (62 ng, 0.17 mmol) in nethanol was added
0.5 M sodi um net hoxi de in nethanol (0.33 nL), and stirred at room
tenperature for 2 h. After removal of solvent, the resulting thibBatdilnii§}
di ssolved in ethyl acetate and 10

(7R -7-1(2)-2-(2-tri phenyl net hyl am no- 5-t hi azol -4-yl) - 2-

(triphenyl net maxepizmizno) acet anmi do] - 3-tri fl uor onet hanesul f aayrhsoee@ds cephem 4-
car boxyl at e 4-net hoxybenzyl ester (186 ng, 0.27 mvol) was added. After
stirring for 1 h at roomtenperature, the m xture was washed with bri ne,
and concentrated. The residue was chromgt ographed (1%

met hanol / di chl or onet hane), affording 55 ng 15 of the title conpound. 'H NWR
(CbA3) 8 1.55 (9H), 3.37 (d, 1H, J=18), 3.42 (2H), 3.52 (2H), 3.89 (d,

1H, J-18), 3.91(s, 3H), 5.09 (br s, 1H), 5.27 (d, 1H, J=5), 5.33 (2H),
6.20 (dd, 1H), 6.52 (s, 111), 6.85 (br s, IH), 6.96 (d, 2H), 7.3-7.5 (32H),
8.07 (d, 1H), f@.1h1 Alagoled (JO “Crselnyirinet FR)-72mino-3-[3-(2-N-tert-

7R -7-1(2)-2-(2-am ' - y1) - .1 i do) - 3-[3-(2-
gm’ )noet L§/I % hi O%@%@Hﬂ%ﬁgﬁﬂyﬂ@@eﬁﬁ%@ﬁﬁ?%ﬁ“g@ﬁ g%%?ﬁ%tr@’ln} I Sér an:et |( c acid

salt To a sol utlipberylpiethyl ester (84 mg, 0.13 mmol) in N,N-dimethylformamide (2 mL) was

TR -7-[(2)-2- (2:-krj v ani, na- 5 hi WA
D e LA 050 Y b 1.
but oxycar boAy| aattive ethedenthied ity saturat@d agh¢ons ssiiugL ablopie ifhs mixtplovay | at e, 4 25

met hoxybenzyl esf F‘r h%! I LY (0.2 mM.) was
added triet hyFS| 5?1%&?8@3%%19% 0 %B@Y%@p{?@ﬁg&% Q;élrﬁﬁ | uoroacetic acid
(0.8 nlL). Aft ebicarbgnaAhingGifinted\tydochlpdié 23, RERIWS0OKtEDRBlogde. aad rri ng at room
tenperature fo t F XL WEE s dtriturated with
di et hyl ether, &#ﬁéﬁﬁ?-nﬁ}ﬁé&? ﬁ%rg of 't e°%%’=?¥ﬁ%355@%€%bg°§?’d 'H NMR (D20) 8 3.81
(t, 2H, J=6), methevl/dighlorpiaethdne}] gffordisg 62 mg of thefile @meund4 FBEMR], 1H, J=18),
5.83 (d, 1Hp Ji®cl,) s 1.5 (9H), 1.58 (SH), 2.3-3.5 (SH), 3.82 (d, 1H, J=18), 5.04 (br s, 1H), 5.37

(d, 1H}, 6.28 (dd, 1H), 6.88 (br s, 1H), 7.08 (s, 1H), 7.2-7.7 (27H), 7.98 (d, 1H), 8.14

(d, 1H, J=3), 8.22 (d, 1H, J=3).

Example 30:

{7R)-7-{{Z)-2-(2-aminopyrid-6-y[}-2-(hydroxyimino)acetamido]-3-(3-(2-

15  aminoethylthio)pyraz-2-ylthio)-3-cephem-4-carboxylate, trifluoroacetic acid salt

To a mixture of (7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-y1)-2-

(triphenylmethoxyimino)acetamido}-3-[3-(2-N-zert-
butoxycarbonylaminoethylthio)pyraz-2-ylthio]-3-cephem-4-carboxylate,
diphenyimethyl ester (62 mg, 0.05 mmol), triethylsilane (0.3 mL) and

20  dichloromethane (0.3 mL) was added trifluoroacetic acid (1.0 mL), and stirred at
room temperature for 1 h. The mixture was concentrated to dryness, and triturated l
with diethy] ether. The residue was dissolved in water (10 mL) and filtered. The
filtrate was freeze-dried, affording 30 mg of the title compound. 'H NMR (D,0) §
3.34 (v, 2H), 3.45 (d, 1H, J=18), 3.52 (t, 2H), 3.84 (d, 1H, J=18), 5.37 (d, 1H, J=5),

25 5.91(d, 1H, J=5), 6.95 (d, 1H, J=8), 7.07 (d, 1H, J=8), 7.88 (t, 1H, J=8), 8.19 (d, 1H,
J=3), 8.28 (d, 1H, J=3).



6.36 (d, 1H, J=5), 7.47 (s, 1H), 8.73 (d, 1H), 8.81 (d, 1H). 5 Exam/|
2-1(2-N-tert-but oxycarbonyl am noet hyl t hi 0) et hyl t hi o] - 5- ner capt o-1, 3, 4-

t hi adi azole To a stirred suspension of 2-chl oroethyl am ne hydro @Iaﬁgdgmq
(1.13 g, 9.8 mml) and 2,5-di nercapto-1, 3,4-thi adi azole (1.47 8

in nmethanol (20 M ,) 10 was added sodi um net hoxi de in nethanol (39.2 m.,
0.5 K. After overnight reaction at 60 C, reaction was allowed to cool to
room t enper atwb@uéis-t - butyl di carbonate (2.14 g, 9.8 muciwseasadded and
stirring was continued for 18 his. Solvent was renoved under reduced
pressure and the residue was partitioned between 0.5 M solution of

pot assi um carbonate and ether. Aqueous lgyer was 15 neutralized with dilute
hydrochl oric acid and the product was extracted with ethyl acetate.
Extracts were dried over sodiumsulfate, and concentrated to afford sem -
solid residue which upon trituration with nmethylene chloride produced title
product (0.67 g), which was used in next step w thout further

purification. EixdmgeB3!(CDC],) 8 1.50 (s, 9H), 3.25 (m 2H), 3.50 (m 2H)
5.00 (s, 1H. 20 Exanple 39

7R -7-[(2)- 2- i v ritnfdibh
(7R -7-[( ) % g,) Ry %Tgf“ gg, %U_e[ﬁ?ml faXhibropyrimidikdd

enyl nmet hoxyi m aceta t-bu toxycarbonyl am no)ethylth io] -
- 1,3, 4-thi adi azol - 5~n6|atsbiu@c}rr6ﬁqaﬂdmmp4nmaﬁﬂzqmlmg,e,ondmpmnwnrat hyl “ester To

a solution of 2-[(2-t-butox carbon m noQ Jth| apt 3,4- 25
t hi adi azol e ( 7@_“9@;3@112 rﬂ%}l’)v .Ji'lamg,&6) mmcﬂlallol?ﬂ{TrE{‘ £38dé

(7R -7-[(2)52- 6Bmm@n@hmmmlmamaam&aomvmonzlszs
PCT/ US00/ 26069 85 (m

h t
- 3- nethanesulfﬁW?FH%? g%ﬁ%ﬁi gx |n1no §§59Q5HF%H@H§PHB#H$| ester (235
nmg, 0.26 mmol) adcﬁtcﬂ%@&hﬁﬂﬂafehhﬁ! thm, drﬁd Bte)' sofuntsutfatéerld concentrated.

Crystallization of the solid residue from hexane/dichloromethane afforded 645 mg of
the title compound. 'H NMR (CDCl,) & 1.55 (9H), 3.40 (2H), 3.59 (2H), 5.08 (br s,
10 1H), 7.21(d, 1H), 8.35 (d, 1H).

Example 32:

2-(2-N-t-butoxycarbonylaminoethylthio)-4-
(methoxycarbonylethylthio)pyrimidine

A solution of 2-(2-N-t-butoxycarbonylaminoethylthio}-4-chloropyrimidine

15 (645 mg, 2.2 mmol) and sodium thiolate salt of 3-mercaptopropionic acid methyl
ester (320 mg, 2.4 mmol; prepared by reacting the corresponding thiol with sodium
methoxide) in methanol (5 mL}) was stirred at room temperature for 16 h. The
mixture was concentrated, and partitioned between water and ethyl acetate. The
ethyl acetate layer was concentrated, and the residue was chromatographed {silica

20 gel, dichloromethane), affording 175 mg of the title compound. 'H NMR (CDC},) &
1.55 (9H), 2.88 (2H), 3.40 (2H), 3.55 (4H), 3.80 (3H), 5.16 (br s, 1H), 5.30 {br s,
1H), 6.92 (d, 1H), 8.18 (d, 1H).



t et rabut yl ammoni um brom de (8 ng, 0.026 mmol) and aqueous sol ution of

sodi um bicarbonate (5.0 nL, 0.5 M. After stirring vigorously f§>r %R h?['jﬁs
at roomb5 tenperature reaction m xture was partitioned between e rgyl N 4
acetate and water. Organic extract was dried over sodiumsulfate and
concentrated under reduced pressure to produce oily residue, which was
purified by radial chromatography (2% nethanol in nmethylene chloride) on
silica gel tovweéwmaprotected cephem (25 ng). H NVR ( COBITA)SKR646945 (s,
9H), 3.20 (d, 1H), 3.50 (m 5H), 5.10 (d, 1H, 5.60 (s, 101 H, 6.20 (m 1
H, 7.00 (s, 1 H, 7.20-7.60 (m 25H). Exam!le 40: '

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 48yl ) - 2- (hydr oxyi m no) acetam | do]
-3-[2- (2-am noethylthio)-1, 3, 4-thiadiazol-5-ylth io]-3-ceph

em 4-carboxyl ate, trinuoroacetic acid salt 15 To a sol ution of

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

(triphenyl nmet boxyi m no) acet am do] - 3-

(2-[(2-t- but oxyEamEReddl ami no) et hyl t hi o] -

1, 3, 4-t hi adi azol - 5-yl t hi 0) - 3- cephem 4- car boxyl ate, di phenyl methyl ester (25
ng) in nethyl ¢ng-Lihieizde-(f-8-@rtbujoxy@isongridetbetbyitbiofpyimid-ayrhip3-25 ni L)
and trifl uor oacgjtem-4-drbskyldte, Giphknylméthfl efler Aft er 30 min cooling was renoved
and stirring was continued 20 for 1 hour at roomtenperature. Reaction

m Xt ure was concent Tai ethtion dE2-(2rétthgegcarmngbauncethdtiib)#he oi |y resi due was

the 1111 6 proatBriyorayindiilpriale (i b €8 dyfon RIABNERAHIE | H12 01
25 To a sol uti ovas afded b dliscdmm(BethfXidg in Peth@bl (B34 InL),Andirdediatgbor{ 100 nl) was

oaced 1310 1A ACH%er VD SHAIAAA FESLIEND NSl haiacot o

(17.57 g, 0.13 m T enperat ure. e reaction
with diethyl ether and dissolved in a mixture of tetrahydrofuran (2 mL) and methanol

0.5 mL). A solution of (7R)-7-Amino-3-methanesulfonyloxy-3-cephem-4-
10 carboxylate diphenylmethyl ester (170 mg, 0.37 mmol) and sodium bicarbenate (60
mg, 0.71 mmol) in tetrahydrofuran (3 mL) and water (0.3 mL) was then added. After

stirring for 2 h at 0 °C, the mixture was quenched with saturated ammonium
chloride, extracted with cthyl acetate, washed with brine, and concentrated. The
residue was chromatographed (1% methanol/dichloromethane), affording 30 mg of

15 the title compound. 'H NMR (CDCL,) § 1.55 (9H), 3.30 (2H), 3.41 (2H), 3.75 (d,
1H, J=18), 3.91 (d, 1H, J=18), 4.98 (d, 1H, ¥=5), 5.09 (br 5, 1H), 5.15 (d, 1H, J=5),
6.98 (d, 1H), 7.03 (s, 1H), 7.3-7.5 (10H), 8.21 (d, 1H).

Example 34:

(TR)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-

20  (triphenylmethoxyimino)acetamido]-3-[2-(2-N-tert-
butoxycarbonylaminoethylthio)pyrimid-4-ylthio]-3-cephem-4-carboxylate,
diphenylmethyl ester

To a solution of 2-(2-tert-butoxycarbonylaminopyrid-6-y1)-2-
(triphenyimethoxyimino)acetic acid sodium salt (54 mg, 0.1 mmol) in anhydrous
25  N,N-dimethylformamide (1 mL) was added diphenylphosphoryl chloride (0.019 mL,

0.09 mmol), and stirred at room temperature for 30 min. The mixture was then



m xture was partitioned between ethyl acetate and aqueous sodi um

bi carbonate. Organic extract was driediover sodium sul fate and :
concentrated to afford crude title product (16.2 g) which was uslea JAN 2004
i mmedi ately for next step without further purification. 5 'H NWR
(CDC13/CD,0D) 8 4.40 (s, 2H), 6.40 (s, 1H). Exanple 42:

2-am no-4-(2-t-butyl oxycar bonyl am noet hyl t bi ornethyl)-1, 3-thiazole To a
sol ution of 2wemwi/mezd-chl oronethyl-1,3-thiazole (16.2 g, raTAS®2em88 ) N

di net hyl formam de (80 mL) was added 2-t-butyl oxycar bonyl am noet hanet hi ol
(28.9 g, 10 0.163 nol) followed by potassium carbonate (45 g, 0.326 nol).
After 1 hour of vigorous stirring reactgaon mxture was partitioned between
ethyl acetate and water. Organic |ayer was thoroughly washed with water,
dried over sodiumsulfate and concentrated under reduced pressure. Flash
col um chromat ography of the oily residue (2% nethanol in nethylene
chloride) afforded oily product (20.0 g). "HNWR (CDClI,) 15 8 1.42 (s, 9H),
2.65 (m 2H), &p&&tc(-ﬁp°Q,H)1qla@“&@ﬂ@é(m)z?-l)ﬂnma-m (3-Mrte2H) | 5.00 (s, 1H), 6.38
(s, 1 H. Exa 4

2- am no- 4- ( 2- t °'1%°°n§l§%mtg5ﬂr}§/] hwr)ﬁ noet y‘m% 30%?%?%”9% ocyan ato-1, 3-

t hi azol e 20 TOdmheﬂyhﬂethgbbsRD(BuHngo@loﬁfmlﬂalhml‘hﬁm tipylformamide (1 mL) was

ot asel i t bt olyEh A piied AR T e %°ft1”#r§"%&°ﬁ%€“°ﬁﬁ°&§3§| e th 0
was added slrOﬁmaidqamm@xﬁmﬂ&lg;demw@mm‘yasanmvﬂwm g was continued
for 45 mn. Reaction Xture was, acetate and

wat er. Organic cftég‘?e‘P'aSE%H SRAEn Ry 8 g’\;ﬂet%d @d%?ﬁrgnnés)%f V%%%’ughgx%noncent r at ed

under reduced ghieRis, satarated s@cfnirmbdar&orﬂte.]aa&la@@@ws lithiyan eitlpride @8 PCT/ USO0/ 26069
87

concentrated. The residue was chromatographed on silica gel (0.5%
methanol/dichloromethane), affording 20 mg of the title compound. 'H NMR

10 (CDCl,) 8 1.42 (9H), 1.50 (9H), 3.10 (2H}), 3.35 (2H), 3.60 (d, 1K, J=18),3.82 (d,
1H, J=18), 4.75 (br 5, 1H), 5.38 (d, 1H, J=5), 6.26 (dd, 1H), 6.95 (d, 1H, J=S5), 7.03
(s, 1H), 7.2-7.6 (28H), 7.81 (br s, 1H), 8.18 (d, 1H, J=5).

Example 35:

(7R)-7-[(Z)-2-(2-aminopyrid-§-yI)-2-(hydroxyimino)acetamido]-3-(2-(2-
15  aminoethylthio)pyrimid-4-ylthio)-3-cephem-4-carboxylate, trifiucroacetic acid
salt

To a mixture of {(7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenyimethoxyimino)acetamido]-3-(2-(2-tert-butoxycarbonylaminoethylthio)-
pyrimid-4-ylthio}-3-cephem-4-carboxylate, diphenylmethyl ester (20 mg, 0.02

20 mmol), triethylsilane (0.1 mL) and dichloromethane (0.1 mL) was added
trifluorcacetic acid (0.5 mL}, and stirred at room temperature for 1 h, The mixture
was concentrated to dryness, and triturated with diethyl ether. The residue was '
dissolved in water and filtered. The filtrate was freeze-dried, affording 11 mg of the
title compound. 'H NMR (D,0) § 3.31 (2H), 3.42 (2H), 3.50 (d, 1H, J=18),3.93 (d,

25 1H, J=18), 5.37 (d, 1H), 5.87 (d, 1H), 6.97 (d, 1H, }=8), 7.08 (d, 1H, J=8), 7.18 (4,
1H, J=5), 7.89 (t, 1H, J=8}, 8.18 (d, 1H, ]=5).



solid residue of title product in quantitative yield. Crude product was
used in next step without further purification. Exanple 44:

2- anmi no- 4( 2- t - but yl oxycar bonyl ani noet hyl't h i onet hyl ) - 5- mer capt o- 1, 3-& JAN 2004
iazole 5 To a stirred solution of

2-am no-4-(2-t-butyl oxycarbonyl am noet hyl t hi onet hyl ) -

5-thi ocyanato-1, 3-thiazole (2.83 g, 8.19 mol ) in nethanol (30 nL) at room
t enper at ure w0 8lekde€d sodi um bor ohydri de under nitrogen (BETYSHRER4 6 nol )
and stirring was continued for 1 hour. After addition of water, stirring
was continued until gas evolution subsided and the aqueous sol ution was
washed with nethylene chloride to 10 rengye inpurities. Aqueous thiolate
solution was neutralized with dilute hydrochloric acid and the product was
extracted with ethyl acetate (all manipul ations were perfornmed under
nitrogen to prevent formation of disulfide). Organic | ayer was dried over
sodium sulfate and concentrated under reduced pressure to afford pale
orange foam of Example3d6iproduct (1.72 g) which was used for further steps

wi thout further purification. "H NWR 15 (CDCl,) S 1.40 (s, 9H), 2.60 (m
2H), 3.20 (m %’rﬁ)--;-ﬁzﬁ i—ﬁlphgﬂ'ﬁmetﬁyléﬂu{oss-thﬂﬁaldt ixpnpl e 45:

(7R - 7-[(2) - 2- (@iphea Simfa0fatdtinidaF}3-@-Nkere-2 (tri ph

enyl met hoxyi m rl‘)‘ﬂ)cﬁ &Tr ﬂlﬁ']mo%tl{yﬁhﬁ yPazC2- ﬂtlﬁ(ﬂ-litcephem-il-carbnxylate,

but yl oxycar Qony,l,gﬂm ﬁd:;%)égtg,h i onet yI) 1,3-th iazol -5-ylthio]-3-ceph em4-

20 carboxyl ate, diphe met hyl ester Solutlon of
2-am no-4-(2-t-but yT@:xmﬂibbW(zam—hmeiyhgtbddjrlammemylﬁm)u)-a-
nercapto-l,S-tRia ol e

(7R - 7- L2} 2- (methionv %,y%ﬁaylgp@? ; |3 5xazegF3_)x'1&,’o.17 mmol) in methanol was added 0.5
4-yl)-2-(tri phenyddigt Meydide immphael @3 dd))- a&dsmwmm&nmhsmﬁochh boxyl at e,
(07175 25 g, 0 AT et of o i Ui bR BRI T O )
was Vi gor ougl y (AR)97-{HZye- @%ﬂ%ﬂﬁﬂ@ﬁ@@ tR@pl-U3DEF 26069

(triphenylmethoxyimino)acetamido]-3-trifluoromethanesulfonyloxy-3-cephem-4-

carboxylate 4-methoxybenzyl ester (186 mg, 0.27 mmol) was added. After stirring

for 1 h at room temperature, the mixture was washed with brine, and concentrated.

The residue was chrematographed (1% methanol/dichloromethane), affording 55 mg

15  of the title compound. "H NMR (CDCl,) & 1.55 (9H), 3.37 (d, 1H, J=18), 3.42 (2H),

3.52 (2H), 3.89 (d, 1H, I=18), 3.91 {5, 3H), 5.09 (br s, 1H), 5.27 (d, 1H, J=5), 5.33

(2H), 6.20 (dd, 1H), 6.52 (s, 1H), 6.85 (br s, 1H), 6.96 (d, 2H), 7.3-7.5 (32H), 8.07

(d, 1H), 8.21 (d, 1H). '

Example 37:

20  (TR)-7-{(Z)-2-(2-aminothiazol-4-yl}-2-(hydroxyimine)acetamido]-3-[3-(2-
aminoethylthiopyraz-2-ylthio)]-3-cephem-4-carboxylate, trifluoroacetic acid salt

To a solution of (7R)-7-[(Z)-2-(2-triphenylmethylamino-5-thiazol-4-y1)-2-
(triphenylmethoxyimino)acetamido]-3-[3-(2-N-rert-
butoxycarbonylaminoethylthio)pyraz-2-ylthio]-3-cephem-4-carboxylate, 4-

25 methoxybenzy! ester (55 mg, 0.043 mmol) in dichloromethane (0.2 mL) was added
triethylsilane (0.2 mL) followed by addition of trifluoroacetic acid (0.8 mL). After



88 stirred wth aqueous sol ution of sodi.um bi carbonate (30 nL, 0.5 M under
nitrogen at roomtenperature. After 16 ‘hours reaction m xture w[ag JAN 2004
partitioned between water and nethylene chloride and the product "was

i sol ated by flash chromat ography on silica gel colum (ethyl

acet at e- hexane-2/1) in formof pale yellow foam (0.60 g). '"H 5 NWR
(CDCI3/Ch,0D) 8 1.40 (s, 9H), 2.60 (m 2H), 3.20 (m 2H), 3.50 (i , 2H),
4.15 (s, 2H),wboDBefzd, 1H), 5.95 (d, 1H), 6.95 (s, |H), PcPOswb288 (m 26H).
Exanpl e 46: (7R)-7-

[ (Z} 2- (2- am no- 5-chl orot hi azol -4-yl)-2-(hydroxyi m no)acetam dol -3-[2- amn
0- 4(2-am noet hyl t hi omet hhyl') -1, 3-th iazgl,-5-ylthiol-3-cephem4 10
carboxylate, trifluoroacetic acid salt To a sol ution of

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

(triphenyl met hoxyi m no) acet am do) - 3-[ 2-am no-4-(2-t-

but yl oxycar bonyl am noet hyl t hi onmet hyl ) -1, 3-t hi azol -5-ylthiol -3 -cephem 4-
carboxyl ate, ditiphnytoRitéyderast for 1 o) tiEGnixmgde wWas comedntrgtedpad wiirged de (20 nl)

were 15 added triethylsilape (0O nL)..and trifluon | [ 10 nL) at O
C. After 30 m'Y‘i‘“‘@W‘i‘ﬁ@r’O&dlﬁ%ﬂg{}?ﬂ&g’ﬁgﬂgfﬁ"ﬁo%ﬁ ﬁa@%?ﬁ%gé&f or 1 hr at
room t enper at usig.j=6)RESC(al TH) 1218) 14101 6t, 2ESI=6)) AGe(l, LR tIetB)umitad, itkdeDed pressure
and the oily residug was tritlllj_éast q%kb(%l(lsl ropyl ether and filtered to
produce preci pf-taelH=Dnt*t i, -grﬂ t ﬂ’lqﬁ) "H NMR (D20 S 2.90 (t,
J=6, 2H), 3.24 (t, 3=6, 2H), 3.54 (d, J=16, 20 IH), 3.78 (d, J=16, |H),
3.96 (s, 1H), gxgﬁﬁgﬂz J=6, 1H), 5.92 (d, J=6, IH. Exanple 47:

1- (2-t-butyl oxycar bonyl am noet hyl t hi 0) - 3-chl or opr opan-2-one To a stirred
solution of 1, 3- d_i chl Qroacet one. (5. 00 3 9. 37. M [) i n_ g_t r ahydr of ur an
(50 ni) were attHfedore -“M%’BWB&}‘WW%HW?%@‘;H%%P& {%’. 98 g, 25 37.50
nmol ) and tri e'(*'l‘ﬁ}’l"&mene (3.77 g, 37.50 mmol) at 0 C. After 3 hours the 1 9
i To a stirred suspension of 2-chloroethylamine hydrochloride (1.13 g, 9.8
mmol) and 2,5~dimercapto-i,3,4-thiadiazole (1.47 g, 9.8 mmol) in methano} (20 mL)
10  was added sodium methoxide in methanol (39.2 mL, 0.5 M). After overnight
reaction at 60 °C, reaction was allowed to cool to room temperature, di-t-
butyldicarbonate (2.14 g, 9.8 mmol) was added and stirring was continued for 18 hrs.
Solvent was removed under reduced pressure and the residue was partitioned
between 0.5 M solution of potassium carbonate and ether. Aqueous layer was
15  neutralized with dilute hydrochloric acid and the product was extracted with ethyl
acetate. Extracts were dried over sodium sulfate, and concentrated to afford semi-
solid residue which upon trituration with methylene chloride produced title product
{0.67 g), which was used in next step without further purification. 'H NMR (CDCl;)

§ 1.50 (s, 9H), 3.25 (m, 2H), 3.50 (m, 2H), 5.00 (s, 1H).

20  Example 39:

{TR)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(triphenylmethoxyimino)acetamido]-3-{2-[(2-t-butoxycarbenylamino)ethylthio}-
1,3,4-thiadiazol-5-ylthio}-3-cephem-4-carboxylate, diphenylmethyl ester

To a solution of 2-[(2-t-butoxycarbonylamino)ethylthio]-5-mercapto-1,3,4-

25 thiadiazole (76 mg, 0.26 mmol) and (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-



WO 01/ 21623 PCTI USOQO 26069 89 reaction m xture was partitioned between
ethyl acetate and water. Organic |ayer was washed with 1 M hydrochloric
acid, water, sodium bicatbonate solution and brine. Oganic extraci "\1\%
dried over sodium sulfate and concentrated under reduced pressu1r A 04
afford oily residue of title product (9.40 g). "HNWR (CDCI3) 8 1.58 (s, 5
9H), 2.76 (t, 3=6, 2H), 3.40 (m 2H), 3.58 (s, 2H), 4.42 (s, 2H), 5.00 (br
s, '"IH. 4-(2wodia16g3 oxycar bonyl am noet hyl th PCT/US00/26069

i omet hyl )-2-nercapto-1, 3-thiazole To a stirred solution of

1- (2-t-butyl oxycar bonyl am noet hyl t hi 0) - 3-chl oropropan- 2-one (11.47 g, 42.8
mol ) in nmethanol (50 rnL) was added amgmi um 10 dithi ocarbamate (4.73 g,
42.9 mmol ) at roomtenperature. After 50 hours the reaction mxture was
partitioned between ethyl acetate and water. Organic | ayer was extracted
with dilute sodi um hydroxide (100 nL, 0.4 M. Aqueous |ayer was then
neutralized to pH=7A with djlute hydrochloric acid_and extracted again
with ethyl aceftpkenyimethoryipinglapatasudoliauetipnesuionyipry-3-cerbemrfr @P¥ERE and 15

concentrated upgel, feeEast: P36 sulo.8s ol id Méikhicee bhioe(®am) @trebddel e product
(7.74 g), which was used for next ste&ﬁwthout further purification (all

mani pul at i ons veERutylpepenRREmitedR Merf-125 syenl and aqyeas plptignaf sediumyn of
di sul fide). " H,NMB.afl6 8 mL, 85 M. i@lcn(%mé&%'ﬁfomaslﬁ&rﬁﬁ howds#roomH) , 3.40 (m

2H), 3.65 (s, 2H), 5.00 (br s, 1H), 6.. s, 1H). 20 Exanmple 49: (7R)-7-am
i N0- 3- [ 4- (25t - ImPyRREeFEacHIbRKIUEH VS PaRYtippeg PetfyeqnsHil 3eptpte and Wate q70 - 2-

yl t hi o] - 3- cepheyaflicCArRONMl dRbEovetida eVl Bl tbncesiafl uRRk HibRd Of
4-(2-t-butyl oxycar bonyl am noet hyl t hi onet hyl,}l- 2-mercapto-1, 3- thiazole (195
mgy, 0.64 nmol ) Presmrety rpduce gily sesidus. hich yassutiisddyyadial glramatagpptiy(3bs o 5

(r:rir bixg I ?tA E , Zgin%hﬁm i/ Bdth)éne SRIbfde) br2Sifa 3Bl to Sfdedtproltibd cepiibnt @6 mghydr of uran (3
) QH NMR {CDCl,) & 1.45 (s, 9H), 3.20 (d, 1H), 3.50 (m, 5H), 5.10 (d, 1H), 5.60 (s,

10 1Hj}, 6.20 (m, 1H), 7.00 (s, 1H), 7.20-7.60 (m, 25H).

Example 40:

(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-|2-
(2-aminoethylthio)-1,3,4-thiadiazol-5-ylthio]-3-cephem-4-carboxylate,
trifiluoroacetic acid salt

15 To a solution of (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-
(triphenylmethoxyimino)acetamido]-3-{2-[{2-t-butoxycarbonylamino)ethylthio]-
1,3,4-thiadiazol-5-ylthio}-3-cephem-4-carboxylate, diphenyimethyl ester (25 mg) in
methylene chloride (0.5 mL) were added triethylsilane (0.25 mL) and trifluoroacetic
acid (0.5 mL) at 0 °C. After 30 min cooling was removed and stirming was continued

20  for 1 hour at room temperature. Reaction mixture was concentrated under reduced
pressure and the oily residue was triturated with diisopropyl ether and filtered to
produce precipitate of the title product (12 mg).

Example 41:

~ 2-amino-4-chloromethyl-1,3-thiazole

25  To a solution of thiourea (9.56 g, 0.125 mol) in methanel (100 mL) was added 1,3-



WO 01/ 21623 PCT/ U500126069 90 and nmet hanol (2 nlL) was added

t et rabut yl anmoni um brom de (21 ng, 0.064 mmol) and aqueous sodi um

bi carbonate (4 nL, 0.5 M and the m xture was stirred vi gorousi;g AN' TRg
tenperature. After 2 hours the reaction mxture was partitioned “bétween
ethyl acetate and water. Organic |ayer was dried over sodiumsulfate and 5
concentrated under reduced pressure and the residue was purified by radi al
chr omat ogr aphwaasinsizd i ca gel (ethyl acet at e- hexane-40160)pdrwsadifemnd titl e
product as vyellow foam (27 ng). "H NWR (CDCI3) 8 1.58 (s, 9H), 2.75 (t,
3=6, 2H), 3.40 (m 2H), 3.50 (d, J=17, 1H), 3.80 (d, J=17, IH), 3.90 (s,
2H), 4.90 (d, J-6, 1H, 5.05 (br s, 1Hg5.12 (d, Jam IH, 7.10 (s, 1H,
7.30-7.60 (m 10H). 10 Exanpl e 50:

(7R -7-[(2)-2-(2-tert-but oxycarbonyi am nopyri d-6-yl) - 2-

(triphenyl met hoxyi m no)acetam do]-3-(4-(2-tert-

but oxycar bonyl am noet hyl t hi omet hyl ) -1, 3-tb i azol -2-yl t hi 0) - 3-cephem 4-

car boxyl at e, bdiElydsteydne €555 1g, 0. 538Toolpat seim feinprmatere. After 30 min the reaction
[(Z2)-2-(2-tert-hut oxycarhbon m nopyri.d- 8- vli).= 2 . .

(triphenyl net hB?VP’ﬁi“yﬁi)B"’é‘é‘é‘l”¥Jc€°é“é?°H Q%ﬁl@gcnt%? X'g.aa%usnsrordolw bicarbome: ahydr of ur an
(1 nL) cool ed Crgn@ ekirabb@asaiide dvepyodiuli suifat¢ 861 copcenttat@go affiasd yrudetiticoned by

. di phenyl chl or ophaosphat e 0 0..15 maol . (sfg%g“rgig ete
conversion to Méﬁ(%&?‘ﬁag’,& %‘%%%?ﬁl%ﬁr%tsﬁﬁr%ﬁh&er red i nt (E)EE?. f1ask
containing & 20 SBIRIGT,/0D,0D) 5 4.40 (s, 2H), 6.40 (s, 1H). '

(7R)-7-am no- 3-[4-(2-t-butyl oxycarbonyl am noet hyl t hi onet hyl )-1, 3-

t hi azol - 2-yl t hi 0] - 3-cephem 4- car boxyl at e, di phenyhnet hyl ester (10 ng,
0.015 mmol) i Exameleddiydrofuran (1 nL) cooled to -20 C. After i hour
reaction at -20 C the reaction m xture was partitioned between et hyl
acetate and wabteiminéNgnbbatyloayarbonyaminvathipitidomethyl)-1.3#hiazede ochl ori ¢ aci d,

wat er, sodi um bi carbonate solution and 25 brine. Organic extract was dried
over sodi um sul f at eTansblution eEhamino-ddhiarethethylbitthiazeie (16.2 g, 0.108 mol) in

dimethylformamide (80 mL) was added 2-t-butyloxycarbonylaminoethanc;hjol (289 g,
10  0.163 mol) followed by potassium carbonate (45 g, 0.326 mol). After 1 hour of

vigorous stirring reaction mixture was partitioned between ethyl acetate and water.

Organic layer was thoroughly washed with water, dried over sodium sulfate and
concentrated under reduced pressure, Flash column chromatography of the oily residue
{2% methanol in methylene chloride) afforded oily product (20.0 g). 'H NMR (CDCl,)

15 5 1.42 (s, SH), 2.65 (m, 2H), 3.35 (m, 2H), 3.80 (s, 2H), 2.65 (m, 2H), 5.00 (s, 1H), 6.38
(s, 1H).

Example 43:

2-amino-4-(2-t-butyloxycarbonylaminoethylthiomethyl)-5-thiocyanato-1,3-
“thiazole

20 To a stirred solution of 2-amino-4-(2-1-
butyloxycarbonylaminoethylthiomethyl)-1,3-thiazole (4.27 g, 14.8 mmol) and
potassium thiocyanate (2.87 g, 29.5 mmol) in methanol (30 mL) cooled to 0 °C was
added dropwise bromine (3.55 g, 0.022 mol) and stirring was continued for 45 min.
Reaction mixture was partitioned between ethyl acetate and water. Organic layer

25  was dried over sodium sulfate and concentrated under reduced pressure to afford



pressure to afford oily residue which was purified by radial chromatography
on silica gel (1% nmethanol in nmethylene chloride) to afford protected
cephem (10 ng). "H 1 9 JAN 2004 WD 01/21623 PCT/ USO0I 26069 91 BII\Q; 2004
(CDCI3/CD30CD) 8 1.38 (s, 9H), 1.55 (s, 9H), 2.55 (t, J=6, 2H), 3. GI

2H, 3.35 (d, J=I 7, 1H), 3.60 (d, J=17, IH, 3.80 (s, 2H), 5. 20 (d 3=6,
1H), 5.80 (br s, 1H), 6.10 (d, J=6, 1H), 6.95 (s, IH 7.10 (s,

7.10-7.40 (m “207'1-‘521“ .45 (t, J-8, 1H), 7.80 (d, J=8, IH)PCTSJSEJ’@&‘HbIe 51:
(7R -7-[(2)-2-(2-am nopyrid-6-y|) 2- (hydr oxyi m no) acet am do] - 3- (4-( 2-

am noethyl th iomethyl)-1,3-thiazol-2-ylt h| 0) - 3- cephem 4- car boxyl at e,
triiluoroacetic acid salt

(7TR)-7-[(2)-2-(2-tert-butoxycarbonyl am nopyrld 6-yl)-2- 10

(triphenyl met hoxyi mi no)acet am do]-3-(4-(2-tert

but oxycar bonyl am noet hyl t hi onet hyl ) -1, 3-t hi azol - 2-yl t hi 0) - 3- cephet n- 4-

car boxyl ate, benzhydryl ter, was subjecte dard d rotection
procedure to ﬁéd&ﬂ{“gf’ﬁ'tépbqﬂﬂﬁﬂfb‘l““m{‘—lfvﬁlﬁ’ﬁ’%(Bo"&s: ROt wgs yope mJ@% 2H), 3.15
(t, J=6, 2H), aefRitolt further pilrificdddn, 3.80 (d, J=17, 1H), 3. 82 (s, 2H), 5.38
(d, J=6, 1H), 5.90 (d, J=6, 1H), 6.95 15 (d, J=8, 1H), 7.10 (d, J=8, IH),
7.44 (s, 1H, 7.45 (t, J=8, 1H), 7.90 (t, J=8, 1H). Exanple 52;

2- (2-t-butyl ox}ixammeddyi ami noet hyl th i onethyl)-5-mercapto-1, 3,4-th iadiazole
To a solution of 2-nercapto-5-nethyl-1,3,4-thiadiazole (1.00 g, 7.6 mml)
in tetrahydr ofdfmidb-4-(0t- sﬂdmmﬁw@ﬁ:ﬁm&ﬁylﬁ.mahﬁ)dsl&drcaptlau;sydhhdz&lbI um (6.1

m., 15.2 20 mmol) and the reaction was stirred for 1 hour. The sol ution of
bi s(t butyl 6xycar by sinthsobiibeydf)2-aiise-{3-teit (1 y6atbayylaminGethyibiomethyl)-

t et rahydr of ur aﬁ}é‘"?‘%ﬁ“ﬁg&??%’fﬁl _ dg’ gnel_aft lgm;thj‘}‘%p(rm ALy 2ttt reaction vas

continued for
temperature was added sodium borohydride under nitrogen (0.93 g, 24.6 mol) and

stirring was continued for 1 hour. After addition of water, stirring was continued until

gas evolution subsided and the aqueous solution was washed with methylene chloride to
10  remove impurities. Aqueous thiolate solution was neutralized with dilute hydrochloric

acid and the product was extracted with ethyl acetate (all manipulations were performed

under nitrogen to prevent formation of disulfide). Organic layer was dried over sodiurm

sulfate and concentrated under reduced pressure to afford pale orange foam of title

product (1.72 g) which was used for further steps without further purification. 'H NMR
15 (CDCl,) & 1.40 (s, SH), 2.60 (m, 2H), 3.20 (m, 2H), 3.65 (s, 2H), 5.40 (s, 1H).

Example 45:

(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(triphenylmethoxyimino)acetamido]-3-[2-amino-4-(2-t-
butyloxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4-
20  carboxylate, diphenylmethyl ester
Solution of 2-amino-4-(2-t-butyloxycarbonylaminoethylthiomethyl}-5-
mercapto-1,3-thiazole (1.72 g, 5.35 mmol), (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-
4-yl)-2-(triphenylmethoxyimino)acetamido}-3-chioro-3-cephem-4-carboxylate,
diphenylmethyl ester (4.52 g, 5.35 mmol) and tetrabutylammonium bromide (0.173
25 g, 0.53 mmol) in methylene chloride (30 mL) and methanol (3 mL) was vigorously



C. Reaction mxture was partitioned between ethyl acetate and water.
Agueous |ayer was adjusted to pH=4.0 with dilute hydrochloric acid and
extracted thoroughly 25 with ethyl acetate. Organic extract was dried over
sodium sul fate and concentrated 1 9 At] 2004 WO 01/21623 PCTI Usqogzmqsgzgge
under reduced pressure to afford oily residue, which was purified by flush
chromat ography on silica gel (1% nethanol in nethylene chloride) to produce
the title prewdwtisgd. 37 g). 'H NVR (CDC13) & 1.58 (s, 9HcTAISBRéqsh, J=06,
2H), 3.42 (m 2H), 3.90 (s, 2H), 5.00 (s, 1H). 5 Exanple 53:

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

(tripbenyl met hoxyi m no)acet am do] - 3-[ 2-(g&t-

but yl oxycar bonyl am noet hyl t hi omet hyl )-1, 3, 4-th i adi azol -5-yl thiol-3-ceph
em 4 carboxyl ate, di phenyl nethyl ester 10 To a sol ution of

2- (2-t-butyl oxycarbonyl am noet hyl t hi omet hyl ) - 5- nercapt o- 1, 3, 4-thi adi azol e
(46 ng, 0.15 mml), (7R -7-[(Z)-2-(2-am no-5-chlorothiazol-4-yl)-

2- (tri phenyl mestimed witviaquepescsotution afeddign bikdrbangte $3Grab e undar iionegn at e,

di phenyl net hyl est er (166 , =Naanee rom de (26
mg, 0.081 nmol TP IfE ”ﬁmwcg%ﬁégﬁﬁé’g}l%mumgﬂ%%agEgﬁ%‘%ﬁerrperéal%’ tjwraé:pwas added
15 aqueous sol hﬂmmh}ménesm&:dcrmmmcamMHmsqlﬂe@yrﬂ_ash@r@ar&mhwoq he reaction
was stirred t et hyl
acetate and vvaf‘[é‘?"’ g"P@l‘&‘H‘nﬁga] Ly m'h{ya&(e M)g mﬁupeﬁéﬁlg‘g?ﬁ% Qﬁ??ﬁ?@ and
concentr at esl undﬂuomdmla,«bnmnsgwﬂé) 2.60 &h, 260,68 ?@l(tHy2H)e3;I5(H(!le2H\)m| ch was

fied b 1% net h I
et hyl ene. ehi obTate 20h e Bopat ot AL BB, A5, R G0t 1L 08 01
product (15 ng). "H NWR (CDCI 3/CD,OD) 5 1.42 (s, 9H), 2.63 (t, Jam 2H),
3.30 (t, Jai, Bkdmpleued2 (d, J=17, 1H), 3.75 (d, J=17,

v

3

(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl}-2-(hydroxyimino)acetamido]-3-[2-
amino-4-(2-aminoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4-

10  carboxylate, trifluoroacetic acid salt

To a solution of (7R)-7-[(Z)-2-(2-amino-5-chlorothiazoi-4-yl)-2-

(triphenyimethoxyimino)acetamido]-3-[2-amino-4-(2-t-
butyloxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4-
carboxylate, diphenylmethyl ester (0.60 mg) in methylene chloride (20 mL) were

15  added tiethylsilane (0.5 mL) and trifluoroacetic acid (10 mL) at 0 °C. After 30 min
cooling was removed and stirming was continued for 1 hr at room temperature.
Reaction mixture was concentrated under reduced pressure and the oily residue was
triturated with diisopropyl ether and filtered to produce precipitate of the title
product(0.41 g). '"HNMR (D,0) 5 2.90 (t, J=6, 28), 3.24 (t, J=6, 2H), 3.54 (d, J=16,

20 1H), 3.78 (4, J=16, 1H), 3.96 (s, 1H), 5.32 {d, J=6, 1H), 5.92 (4, J=6, 1H).

Example 47:

1-(2-t-butyloxycarbonylaminoethylthio)-3-chloropropan-2-one

To a stirred solution of 1,3-dichloroacetone (5.00 g, 39.37 mmel} in
tetrahydrofuran (50 mL) were added 2-t-butyloxycarbonylaminoethanethiol (6.98 g,
25  37.50 mmol) and triethylamine (3.77 g, 37.50 mmol) at 0 °C. Afier 3 hours the



1H), 4.05 (s, 2H), 5.20 (d, J=6,11), 6.14 (d, J=6, 1H), 7.02 (s, 1H), 7.10
(s, 1H), 7.10-7.40 (m 25H). 1 9 JAN 2004 WO 01/21623 PCT/1JS0Q 26069 93
Exanpl e 54: (7R)-7-](Z2)-2-(2-am no-5-ch_ 19 JAN 2004

| or ot hi azol -4-yl)-2-(hydroxyi m no)acetam do] -3-[2- (2-am noeth

yl thi onet hyl)-1, 3, 4-thi adi azol -5-ylth io0]-3-ceph em 4-carboxyl ate,
trifluoroacetic acid salt 5 (7R)-7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2-
(triphenyl net M82t2ho) acet ami do] -3-[2-(2-t- PCT/US00/26069

but yl oxycar bonyl am noet hyl t hi onet hyl ) - 1, 3, 4-t hi adi azol - 5-yl t hi 0]

- 3-cephem 4- carboxyl ate, di phenyl nethyl ester was subjected to standard
deprotection procedure to afford title §oduct. "H NWVR (DzO 8 2.83 (t,
Jam 2H), 3.20 (t, Jam 2H), 3.52 (d, 10 J=17, 1 H), 3.93 (d, J=17, 1H),
4.20 (s, 1 H), 5.40 (d, J=6, 1 H), 5.94 (d, J=6, 1 H. Exanple 55: Nb
enzoyl -N -(2-t-butyl oxycarbonyl am noetbyl )th iourea To a stirred sol ution

of 2-am no-(N-tert-buytoxycarbonyl) ethylamne (1.96 g,. 12.25 mmol) in
net hyl ene chl oFﬁaﬁ@“FiWE‘)“ %“L’ml"’\éﬁiﬁqﬁ%é@gﬁfﬁa& w&&aﬁga‘%’am&%ﬁm’&ﬁw se
benzoyl i sot hi gashedaite] MhydRcBloriclididoPateTdjum bifaibetiatdl Blutionl i brigact i on
product was isql ated by | oadi Cl’hl,de reacti.on m'xthlre on.flash colum to

produce af t er OpRPIS FEHABLYA GRS Pt wILm PG gereeaied silenier solid (3.10
g). 'H NWR ( CDgfesshre t8affor®6ily(r8sidu8 bff titlepréfdct(90 )HH NBIROEDOK) 82198 (s, 4. 95 (br s,

v oxycar bolyi A 166 19 20 R i, .5b s 26000 S o SrAf 1B
N- benzoyl -N - (2-t-butyl oxycarbonyl am noet hyl )t hi ourea (1.50 g, 0.44 mol)
Example 48:

4-(2-t-butyloxycarbonylaminoethylthiomethyl)-2-mercapto-1,3-thiazole

To a stirred solution of 1-(2-t-butyloxycarbonylaminoethylthio)-3-chloropropan-
2-one (11.47 g, 42.8 mmol) in methanol (50 mL) was added ammonium
10 dithiocarbamate (4,73 g, 42.9 mmol) at room temperature. After 50 hours the reaction
mixture was partitioned between ethy] acetate and water.
Organic layer was extracted with dilute sodium hydroxide (100 mL, 0.4 M).
Aqueous layer was then neutralized to pH=7.0 with dilute hydrochloric acid and
extracted again with ethyl acetate. Organic extract was dried over sodium sulfate and
15  concentrated under reduced pressure to afford yellow foam of title product (7.74 g),
which was used for next step without further purification (all manipulations were
performed under nitrogen to prevent formation of disulfide). 'H NMR (CDCl,) §
1.58 (s, 9H), 2.68 (1, J=6, 2H), 3.40 (m, 2H), 3.65 (s, 2H), 5.00 (br 5, 1H), 6.60 (s,
1H).

20  Example 49:

(7R)-7-amino-3-[4-(2-t-butyloxycarbonylaminoethylthiomethyl)-1,3-thiazol-2-
ylthiol-3-cephem-4-carboxylate, diphenylmethy! ester
Solution of 4-(2-t-butyloxycarbonylaminoethylthiomethyl)-2-mercapto-1,3-
thiazole (195 mg, 0.64 mmol) and (7R}-7-amino-3-methanesulfonyloxy-3-cephem-4-
25  carboxylate, diphenylmethyl ester (295 mg, 0.64 mmol) in tetrahydrofuran (3 mL)



was suspended in aqueous sodi um hydroxi de solution (22 nL, 2.0 M and
heated to 50 Cwith stirring for 1 hour, which resulted in dissolution of
starting material and 1 9 JAN 2004 WO 01/21623 PCTI USOQ 26069 94I oym%ﬁﬁt
formati on of precipitate. Reaction mxture was extracted with ethg

acetate and the organic |layer was dried over sodiumsulfate and
concentrated under reduced pressure to afford solid residue of title
product (1.0lwgaizydas ch was used for next step w thout fRrROTIUSEN26069
purification. '"H NVR (CDCl,/CD,OD) 8 1.40 (s, 9H), 3.20 5 (m 4H), 3.55
(m 2H). Exange 57:

2- (2-t-butyl oxycarbonyl am noet hyl am no) - gochl oronet hyl -1, 3-thiazole A

sol ution of N-(2-t-butyl oxycarbonyl am noet hyl )t hiourea (1.00 g, 4.54 nol) in
et hanol (22 nlL) was added 1, 3-di chl oroacetone (2.60 g, 20.47 mml) at room
10 tepnperaturc. After 2 hours the reaction m xture was concentrated under
reduced pressure. The residue was triturated with ether and filtered to
afford the sol it mghasel @imlawas aided tetrabutylpmmpgivm tramide (24 yne, AP4W™EHs used f or

next step with FQ,QQQ@S &mrel- 40 (s, 9H),
3.35 (m 4H), %@L%H“L&?EY“Q% E"hﬂ%l'%{mg 20 (s, iH). 15 Exanpl e’ 58:
2-(2-t-butyl oxymambslb#ywmcnmmWI i 8 hows the repctiop mixiurp gy partitioned

onyl am noet hyl M@bﬁ]ﬂc&tc]m@ Pram %@% _?(erwas dried over sodium sulfate and

2- (2-t-butyl oxycarbonyl am noet h chl oronet hyl -1, 3-t hi azol e was
reacted with 259“9!1@%@%%End%ﬁptesﬁnwne‘éﬂlhmﬁ'é@h‘iv@lpuﬂﬁﬂé’ym*ﬁ%er simlar to

'[Zrljl)at go Sg_egcgbleﬁ?mhtggngeﬁ'@rmlsﬁic %l (etﬂg We@%@dﬁﬁ%t&dﬁ)@d 6tfbpr<9&(H%)ar§ g 8?H§m
6.38 (s, 1H). yelpwiiamgious). ‘HNMR(CDCI,)EISS(s.m 295 (t, J=6, 2H), 3.40(m,

2H), 3.50(d, J=17, 1H), 3.80 (d, J=17, 1H), 3.90 (s, 2H), 4.90 (d, J=6, 1H), 5.05 (br
s, 1H), 5.12 (d, 1=6, 1H), 7.10 (s, 1H), 7.30-7.60 (m, 10H).

10  Example 50:

(TR)-7-[(Z)-2~(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)acetamido]-3-(4-(2-tert-
butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-2-ylthio)-3-cephem-4-
carboxylate, benzhydryl ester

15 To a solution of [(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)acetic acid (40 mg, 0.074 mmol) in tetrahydrofuran (1 mL)
cooled to 0 °C was added pyridine (30 mg, (.38 mmol) foliowed by
diphenylchlorophosphate (40 mg, 0.15 mmol). After TLC showed complete
conversion to mixed anhydride, the solution was transferred into a flask containing a

20  solution of (7R)-7-amino-3-[4-(2-t-butyloxycarbonylaminoethylthiomethyl)-1,3-
thiazol-2-ylthio]-3-cephem-4-carboxylate, diphenylmethy! ester (10 mg, 0.015
mmol) in tetrahydrofuran (1 mL) cooled to -20 °C. After 1 hour reaction at -20 °C
the reaction mixture was partitioned between ethyl acetate and water, Organic layer
was washed with 1 M hydrochloric acid, water, sodium bicarbonate solution and

25  brine. Organic extract was dried over sodium sulfate and concentrated under reduced
pressure to afford oily residue which was purified by radial chromatography on silica
ge! (1% methano! in methyiene chloride) to afford protected cephem (10 mg). ‘*H



WO 01/ 21623 95 Exanpl e 59: PCTI USOO 26069

2- (2-t-but oxycar bonyl am neet byl am no) 4-(2-t-

but oxycar bouyi am noet hyl t bi oret hyl ) - 5-t hi ocyanat o-1, 3-tbi azol e

2- (2-t-butyl oxycarbonyl am noet hy! am no)-4(2-t- 5 19 JAN 2004
but oxycar bonyl am noet hyl t hi onet hyl )-1, 3-t hi azol e was reacted wth brom ne
and potassiun thiocyanate in a manner simlar to that described in Exanple
43 to producewdditieas compound. 'H NVR (CDC13/CD, OD) 5 1. 4@T(usoo2iskdl), 2. 62
(t, 3=6, 2H), 3.20- 3.35 (m 6H), 3.68 (s, 2H), 5.75 (br s, | H), 6.00 (br
s, 1 H. Exanple 60: 10 2-(2-t-butoxycarbonyl am noet byl am no)-4-(2-t-

but oxycar bonyl am n oet hyl t hi onet hyl ) -5-ngrcapto-1,3-th iazole

2- (2-t-but oxycar bonyl am noet hyl am no) - 4- (2-t-

but oxycar bonyl am noet hyl t hi onet hyl ) - 5-t hi ocyanato- 1, 3-thi azol e was reduced
with sodium borohydride in a manner simlar to that described in Exanple
44 to produce 15 title conpound. Ex anple 6 1, (7R -7-1 (2)-2-(2-a mn
0-5-ch toroth NMR(CDLIYED,0D) 5(1:38i(5 AHRSHrés WX 30 {tlo92EB 340 EedH3- [ 2- (2-t -
but oxycar bonyl gmi et-hyhafrk f 10) - ) ) ,

but oxycar bonyl g%}) Eddg_te'tgyﬁ)h%%df ?;}F’;&Hi%SSbt(%?g)zglmgd’ﬁﬁt ll)li-nc’)s-ag-(béé hem 4-
carboxyl ate, diHhéN9ddthyH). 686 & 1T 10-(3, IHUTIRyAQ(moRD. 745 (t, I=8,

am noet hyl am nQ): 4-(2: - oxycar bonyl am noet hyl t hi onet hyl ) - 5- mer capt o-
b mvor 6 wdlh 888 22 2} D

(7R)-7-[(2)-2-(2-am no- 5-chl orot hi azol -4-yl)-2-(tri phenyl met hoxyi m no) acet a
m do] 5 Example 51:

(7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]—S-(il-(?.-
aminoethylthiomethyl)-1,3-thiazol-2-yithio)-3-cephem-4-carboxylate,
trifluoroacetic acid salt

(7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl}-2-

10 (triphenylmethoxyimino)acetamido]-3-(4-(2-tert-
butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-2-ylthio)-3-cephem-4-
carboxylate, benzhydry! ester was subjected to standard deprotection procedure to
afford title product. 'H NMR (D,0) & 2.80 (t, J=6, 2H), 3.15 {1, J=6, 2H), 3.48 (d,
I=17, 1H), 3.80 (d, J=17, 1H), 3.82 (s, 2H), 5.38 (d, J=6, 1H), 5.90 (d, J=6, 1H), 6.95

15 (d,J=8, 1H), 7.10 (d, J=8, 1H), 7.44 (s, 1H), 7.45 (t, J=8, 1H), 7.90 (t, J=8, 1H).

Example 52:

2-(2-t-butyloxycarbonylaminoethylthiomethyl)-5-mercapto-1,3,4-thiadiazole

To a solution of 2-mercapto-5-methyl-1,3,4-thiadiazole (1.00 g, 7.6 mmol) in
tetrahydrofuran (60 mL) cooled to =78 °C was added n-butyllithium (6.1 mL, 152
20 munol) and the reaction was stirred for 1 hour. The solution of bis(t-
butyloxycarbonylaminoethyl) disulfide (2.64 g, 7.6 mmol) in tetrahydrofuran (10
mL) was added and after 1 hour at -78 °C reaction was continued for 16 hours at -20
°C. Reaction mixture was partitioned between ethyl acetate and water. Aqueous
layer was adjusted to pH=4.0 with dilute hydrochloric acid and extracted thoroughly

25  with ethyl acetate. Organic extract was dried over sodium suifate and concentrated



25 3-chl or o- 3- cephem 4- car boxyl ate, di phenyl nethyl ester in a manner
simlar to that 1 a JAN 1004 WD 01/21623 PCT/ US00/ 26069 96 described in
Exanpl e 45 to produce title compound. '"H NWVR (CDClI,/CD,OD) 8 1 @04‘@2@50
2.60 (t, J=6, 2H), 3.10-3.35 (m 8H), 3.58 (s, 2H), 4.15 (s, 2H), 5.02 :
J=6, 1H), 5.90 (d, J=6, 1H), 6.85 (s, 1H), 7.10-7.50 (m 25H). Exanple 62:
5

(7R) - 7-[(2) - 2wbd1/8823n0- 5- chl or ot hi azol - 4-yl ) - 2- (hydr oxyi wcneymeeksan dol - 3- [
2- (2-am noet hyl am no) - 4- (2- am noet hyl t hi omet hyl ) -1, 3-t hi azol -5-ylth i 0]
-3- cephem 4-carboxylate, trifluoroacetic acid salt

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

(triphcnyl nct hoxyi m no) acet am do] - 3-[ 2- (2-t - but oxycar bonyl am noet hyl am no) -
4- 1 0

(2-t-but oxycarbonyl am noet hyl t hi omet hyl )-1, 3-t hi azol - 5-yl t hi 0] - 3-cephem 4
carboxyl ate, di phenyl nethyl ester was subjected to standard deprotection.
Crude product undessregnged firessere koyaffopd aily sesidyey avhich v purified ByleSgr aphy

(Arber chrom CG, 16 ' GEduRRbItd fnbiyikd2 Riohdé) td drbdudomeacet i ¢ aci d)
and the fracti‘g’ﬁo%%?ﬁ'%?ﬁ?%g’ma&g{r%%pr odﬁct }\R/al:tgycorfcent?atﬂed under reduced
pressure and | gepreduc@d7 gb "HNMR (EAD 53 h8és, PH) 380 (I56128D, 3421 mNVR ( D20) 8
2.78 (t, J=6, ( 3.42 (d, J=17, 1H), 3.62 (d, J=17, 1H),
3.65 (m 2 m,@%‘é&t‘@‘b%‘?@% (d, J=6, 1H. 5.80 (d, J=6, 111).

Exanpl e 63: 3-t-butylthio-2-bydroxynethyl pyridine 20 To a suspension of

3-t-buty|thgo-gi%|;m>_<ypyri dine (10.0 g, 47.4 mmol) in tetrahydrofuran (200
m.) cooled to - was added trethylamne (8.25 nm., 47.4 mol) foll owed by

addition of et formate (4. 38 .4 mmol ) and reaction was

stirred for SOEﬁﬁﬁgﬁé&ﬁW’f’%ﬁ?l&ﬁ %izrg%i %i de (2.58 g, i 18 mol) was

added {triphenylme hoxylm-mo)ace mido}-3- T '
butyloxycarbonylaminoethylthiomethyl)-1,3,4-thiadiazol-5-ylthio]-3-cephem-4-

carboxylate, diphenylmethyl ester

10 To a solution of 2-(2-t-butyloxycarbonylaminoethylthiomethyl)-5-mercapto-
1,3,4-thiadiazole (46 mg, 0.15 mmol), (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-
2-(triphenylmethoxyimino)acetamido]-3-chloro-3-cephem-4-carboxylate,
diphenyimethyl ester (166 mg, 0.18 mmol} and tetrabutylammonium bromide (26
mg, 0..081 mmol} in methylene chloride (2 mL) at room temperature was added

15  agqueous solution of sodium bicarbonate (0.5 mL, 0.5 M) and the reaction was stirred
for 1 hour. Reaction mixture was partitioned between ethyl acetate and water.
Organic extract was dried over sodium sulfate and concentrated under reduced
pressure to afford oily residue, which was purified by repeated radial
chromatography on silica gel (1% methanol in methylene chloride, then 50%

20  ethylacetate in hexane) to produce title product (15 mg). 'H NMR (CDC1,/CD,0D) &
1.42 (s, 9H), 2.63 (t, J=6, 2H), 3.30 (t, J=6, 2H), 3.42 (d, J=17, 1H), 3.75 (4, J=17,
1H), 4.05 (s, 2H), 5.20 (d, J=6, 1H), 6.14 (d, J=6, 1H), 7.02 (s, 1H), 7.10 (s, 1H),
7.10-7.40 {m, 25H).



in portions, maintaining the tenperature below 5 C. After the addition was
25 conplete the reaction was allowed to warmto roomtenperature and
stiffed for I 1 9 JAN 2004 WD 01121623 PCT/ US00126069 97 hour. Tenperature
was |l owered to -5 C and nethanol (10 nL) was added followed by Qdiilt i208% of
aqueous sodi um hydroxide (10 nmL, 10% . After addition of ethyl acetate (50
m.) and water (40 nlL) dilute hydrochloric acid was added to pH=5.0.
Precipitated iwopgasidc salt was filtered off and organi c PEEAESM/PEIt he
filtrate was 5 separated. After washi ng aqueous | ayer thoroughly with
ethyl acetate conbined organic extracts were dried over sodiumsulfate and
concentrated to produce yelow oil (7.2198) of title product. "H NWR
(CDC1,) 8 1.40 (s, 9H), 4.50 (br s, 111), 4.90 (s, 2H), 7.20 (m 1H), 7.80
(d, J=7, 1H), 8.55 (d, J=5, 1H). 1H.). Exanple 64: 10
3-t-butylthio-2-(2-t-butoxycarbonyl am noet byl t hi omet hyl ) -pyridine A
solution of Vilsneier reagent was prepared by addition of thionyl chloride
(1.09 g, 9.17 rEx8mpledd dry di met hyl formarnide (10 nL) at room tenperature.
After 30 mn. the above solution was transferred to a sol ution of
3-t - but yl t hi 0- 27RRYHEZP2y(2RInkp Spabldrathixgel{4y1RD-(lydrdiyid@neimtamide}-3di2y
di met hyl f or mam @@nisoettiylthiométhyiNt 3k thBikliazeliSadthic)3-c@phemi-~hczrboxybaden t enper at ur e
powder ed pot asriftdveacdionad it (4. 15 g, 30 nmmol ) was added fol | owed by
addi tion of 2-t- butoxycarbonyl arni noet hanet hi ol and sodi umi odi de (0.15 g,
1.05 nmol) and vi g6HRI(B2HRrning-Svbitpratiiprol-frfbd- f or 16 hours. Reaction
m xture was pargtit] - : . tate and water. Organic extract
was thoroughly(kg%ﬁgﬁgmf?ﬁﬁ&ﬁﬁgg?ﬁggm{ﬁggsdrjed over sodium sul fate and
evapor ated t o prubtexyearksnylpmingethylthiometipl)-d 3. 4thiadiazgli5-yihigdp-g5pham-4rs h
chromat ogr aphy %§1Lt§,%ha@im4u@§&v&wa§ﬁtgaaea@ma RitidaQrobdwd d  oi 'y
- g

title product ( . "H'NWR CDCI33 1.40 (s, 9H), 1.5 SS 9H), 2.80
(t, to afford title product. 'H (D,;0) 8 2.83 (t, J=6, ZI-D, 3.20(t, J=6, ZH), 52(d,

10  J=17, 1H), 3.93 (4, J=17, 1H), 4.20 (s, 1H), 5.40 (d, J=6, 1H), 5.94 (d, J=6, 1H).

Example 55:

N-benzoyl-N’-(2-t-butyloxycarbonylaminoethyl)thiourea
To a stirred solution of 2-amino-(N-tert-butoxycarbonyl) ethylamine (1.96 g,

12.25 mmol) in methylene chloride (10 mL) at room temperature was added

15  dropwise benzoyl isothiocyanate (2.20 g, 13.50 mmol). After 16 hours reaction
product was isolated by loading crude reaction mixture on flash column to produce
after chromatography pure title product as colorless solid (3.10 g). 'H NMR (CDCl,)
8 1.60 (s, 9H), 3.60 (m, 2H), 3.98 (m, 2H), 4.95 (br s, 1H), 7.80-8.0 (m, 5H), 9.17 (br
s, 1H). '

20 Example 56:

N-(2-t-butyloxycarbonylaminoethyl)thiourea

N-benzoyl-N'-(2-t-butyloxycarbonylaminoethyl)thiourea {1.50 g, 0.44 mmol)
was suspended in aqueous sodium hydroxide solution (22 mL, 2.0 M) and heated to

4
50 °C with stirring for 1 hour, which resulted in dissolution of starting material and



J-6H, 2H), 3.43 (t, J=6H, 2H), 4.35 (s, :2H), 5.40 (br s, 1H), 7.28 (dd,
J=6, J=4, 1H), 7.95 (d, Jam | H), 8.63 (d, J=4, 1 H. 1 9 JAN 2004 WO
01121623 PCT/ U500126069 98 Ex~65

2- (2-am noet hyl t hl onet hyl ) - 3- mer capt opyri di ne di hydrochl oride A $oJAN 20 of
3-t-butylthio-2-(2-t-butoxycarbonyl am noet hyl t hi onet hyl )- pyridine (0.60 Q)
in hydrochloric acid (5 nL, 6.0 M was refluxed for 3 days (until 5 NWR of
a sanple in Dw@daesss not show any t-butyl signal) and therqramsewasen m xt ure
was evaporated to dryness to produce the desired solid dihydrochloride
(0.40 g), which was used for next step without further purification. 'H
NVR (D20O) 8 2.85 (t, J=6H, 2H), 3.15 (t9g J=6H, 2H), 4.20 (s, 2H), 7.62 (m
1H), 7.30 (d, Jam IH), 7.43 (d, J=6, | H). 10 Exanpl e 66:

Bi s(2-(2-am noet hylthi omethy!)pyrid-3-yl) disulfide A solution of

2- (2-am noet hyl t hi onet hyl ) - 3- ner capt opyri di ne di hydrochloride (0.40 g) in
water (4 nL) basified with addition of concentrated ammoni um hydroxi de and
a stream of ai ronseguensdistmation of pregipige- iReagtigp mpgurp Fay extracted Wittt on i xt ur e

was evapor at ed. g AN RR EAN ReAR AahSulemd odekdiRaBigUCt  and

amoni um chl ori'de S uSed for next step w thout further
purification. rédutedlipressuBtopff@d soligzesidue oftitigmrogpgt (1.63 hovihigh wasugad for) 4. 00
(s, 2H), 7.3 8 = v #Ep,00hs 1. J=4, 1H).
Exanpl e 67 20 B%xg(fjtﬁp%ﬁdtm %‘ﬂﬂt’%’(’%ﬁaﬁoghﬁam ngjel)tcﬁ’;(??’hi onét4ﬁ§%)8g§?fzg- 3-yl]
di sul fide T8 a@sci)d.onme#HEr ude bi s(2-(2-am noet hyl t hi onet hyl ) pyri d-3-yl)
disulfide (0.43 g, 1.08 mol) in methanol (50 nL) were added
di -t-butyl di carbonate (1.19 g, 5.46

Example 57:

2-(2-t-butyloxycarbonylaminoethylamino)-4-chloromethyl—lJ-thiazole

A solution of N-(2-t-butyloxycarbonylaminoethyl)thiourea (1.00 g, 4.54 mol}
in ethano} (22 mL) was added 1,3-dichloroacetone (2.60 g, 20.47 mmol) at room
10 tepmperature. After 2 hours the reaction mixture was concentrated under reduced
pressure. The residue was triturated with ether and filtered to afford the solid
precipitate of title product (1.40 g), which was used for next step without further
purification. 'H NMR (CDCl,) & 1.40 (s, 9H), 3.35 (m, 4H), 4.38 (s, 2H), 5.00 (br s,
1H), 6.40 (s, 1H).

15 Example 58:

2-(2-t-butyloxycarbonylaminoethylamino)-4-(2-t-
butoxycarbonylaminoethylthiomethyl)-1,3-thiazole

2-(2-t-butyloxycarbonylaminoethylamino)-4-chloromethyl-1,3-thiazole was
reacted with 2-t-butyloxycarbonylaminoethanethiol in a manner similar to that
20  described in Example 42. 'H NMR (CDC),) & 1.50 (s, 18H), 2.80 (m, 2H), 3.30-3.60
(m, 6H), 3.72 (s, 2H), 5.10 {(br s, 1H), 5.40 (br 5, 1H), 6.38 (5, 1H).



mrol ) and triethylamne (0.73 g, 7.20 myol ). After 45 min. at room
tenperature 1 9 JAN 2004 WO 01/ 21623 PCT/ USOQ' 26069 99 reaction m xture was
evaporated to dryness and redissolved in nethylene chloride. The insoluble
residue was filtered off and the filtrate was concentrated under reduced
pressure to produce oily residue. Flash chromatogaphy on silica def _(,@%2[][]1,
met hanol in nethylene chloride) yielded oily title product (0.28 .

NVR (CDC13) 8Weougnépds 9H), 5 2.78 (t, J 6H 2H), 3.40 (mP 02606912 (s,
2H), 5.20 (br s, 1H), 7.30 (dd, J-6, Jam IH), 8.03 (d, J=6, IH), 8.48 (d,
J=4, 1H). Example 68: (7R)-7-]1(2)-2-(2-am no-5-chloroth |azol-4-yl)-2-
(triph enyl nmet hoxyi m no)acet am do] - 3- | -5(2-t 10

but oxycar bonyl am noet hyl t hi oret hyl ) pyri d=3-yl t hi 0] - 3- cephem 4- car boxyl at e,
di phenyl net hyl ester To a sol ution

bi sl 2- (2-t-but oxycarbonyl am noet hyl t hi omet hyl ) pyrid-3-yl] disulfide (83
ng, 0.14 nmol) in dinethylformamde (1 nl) and (7R)-7-[(2)-2-(2-

am no- 5- chl or og,Rh@kGl- 4-yl ) - 2- (tri phenyl net hoxyi m no) acet am do] - 3-chl oro- 3
15 cephem 4- carboxy ate di phenyl rret hyI ester (175 g, 0.21 mml) were added
tri phenyl phos hi ne q water (0.01 nmi). After 3 hours at
room tenperat e %&83{ o ?%%oc Alatd-§ 5 Nedoet ween wat er and
et hyl acet at e. PutexygaRpRy 'EV@? é°"lfr| B o =l T at e and
concentrated under [ Qily residue which was
purified by radial zéﬁggﬁﬁﬁéﬁﬁg %g?loegﬂa‘?{:ng%gﬁ 2% 20 met hanol in

met hyl ene chl OWtdeaaﬂianylymeiothlihmtthédhlm(% “ﬁ‘ﬁ‘f WIth bIQRIB® 204-DC1 3/ CD, OD)
6 1.40 (s, 9H) elcr;lb@dxdﬁihm 13425: dsnuce?»H) 3.90
25H), 7.70 (dutlc.l:ampol-inm PBNMB(GB l;fﬁ‘aOD)M'* (s, 188D, 262, 106, ki, § 2

3.35 (m, 6H), 3.68 (s, 2H), 5.75 (br s, 1H), 6.00 (br s, 1H).

Example 60:

10 2-(2-t-butoxycarbonylaminoethylamino)-4-(2-t-
butoxycarbonylaminoethylthiomethyl)-S-mercapto-1,3-thiazole

2-(2-t-butoxycarbonylaminoethylamino)-4-(2-t-
butoxycarbonylaminoethylthiomethyi)-5-thiocyanato-1,3-thiazole was reduced with
sodium borohydride in a manner similar to that described in Example 44 to produce

15 title compound.

Example 61:

(7R)-7-|(Z)-2-(2-amino-5-cblorothiazol-4-yi)-2-
(triphenylmethoxyimino)acetamido}-3-12-(2-t-
butoxycarbonylaminoethylamino)—4-(2-t-

20 butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4-
carboxylate, diphenylmethy] ester

2-(2-t-butoxycarbonylaminoethylamino)-4-(2-t-
butoxycarbonylaminoethylthiomethyl)-5-mercapto-1,3-thiazole was reacted with
(7R)-7-{(Z)_—2-(2-amino—5-chlorothiazo]-4-yl)-2-(tripheny]methoxyimino)acetamido]-

25  3-chloro-3-cephem-4-carboxylate, diphenylmethyi ester in a manner similar to that



1 9 JAN 2004 WD 01121623 PCTNS00126069 100 Exanpl e 69:
(7R);7-[(Z)-2-(2-anino-5-ch|orotbiazol-4-y|)-2-(hydroxyinino)acetanidoj-3 [
2- (2-amnoethylth iomethyl)pyrid-3-ylth io}-3-cephem4-carb oxy ggN }
met hanesul fonlc acid salt 5 (7R)-7-[(2)-2-(2-am no-5- chlorothlazdl yﬁw 2-
(triphenyl rnet hoxyi m no) acetam do]-3-(2-(2-t-

but oxycar bonyl am noet hyl t hi onet hyl ) pyri d- 3-yl t hi 0] - 3-ccphem 4- car boxyl at e,
di phenyl net hylweate3 was subj ected to standard deprot ect i par/us@/zsoe® product
was dissolved in small volunme of water and free zwitterion was isolated by
| oadi ng the 10 solution on HP20 reverse phase colum, eluting with water
until eluate becone neutral and el utinggeef the product with

wat er/ acetonitrile m xture (60/40). The fractions containing pure product
were evaporated to dryness under reduced pressure. The solid residue of
zwitterionic product was converted into soluble nethanesul fonate salt by
stirring of a suspension in small vol une of water and 15 addi ng aqueous

met hanesul f oni clesstibed iy Fxampleds to pedeeititle compopnsh |'H PMR (GRGIYEPIADS i on  of
resul ting sol uty 36 %Cr 9e55ks AR 355@;2 alts 4§ s@duct . ' H NWR
(D20) b 2.55 (146%5%{5’ g‘g%m? k&mm ﬁji- ( Hp g%(d J=17,
1H), 3.74 (d, J=4,2H), 5;90%9 J=6 1H]) 683 (s 2H),y. 108, SQQn(?éH)Jam 2H) 5 88 (d, J=6,1
H, 7.80 (dd, J=4, J=6, 1 H, 8.24 (d, J=6, 111), 8.50 (d, J=4, 1H). 20
Exanpl e 70: Bis
{2-[2-N, N - bi s@EaBYe8%ycar bonyl ) guani di noet hyl t hi omet hyl ] pyri d- 3- yI}
disul fide To a suspension of Bis(2-(2-am noethylthionethyl)pyrid-3-yl)
disulfide (38 (MR)-7-{Z¥2-(2vminp-Schblnrothiazélchyiarihydroxpiminelaeethriid¢lp-I - bi s(t

(2-aminoethylamino)-4-(2-aminoethylthiomethyl)-1,3-thiazol-5-ylthio)-3-

cephem-4-carboxylate, trifluoroacetic acid salt

(7R)-7-{(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(triphenylmethoxyimino)acetamido]-3-[2-(2-t-butoxycarbonylaminoethylamino)-4-
10 (2-t-butoxycarbonylaminoethylthiomethy!)-1,3-thiazol-5-ylthio]-3-cephem-4-

carboxylate, diphenyimethyl] ester was subjected to standard deprdtcction. Crude

product was purified by reverse phase MPLC chromatography (Amberchrom CG-

161, gradient of acetonitrile in 0.1% trifluoroacetic acid) and the fraction containing

pure product was concentrated under reduced pressure and lyophilized to produce

15  pure title product. 'H NMR (D,0) 6 2.78 (t, J=6, 2H), 3.12 (m, 6H), 3.42 (d, J=17,
1H), 3.62 (d, J=17, 1H), 3.65 (m, 2 H), 3.80 (s, 2H), 5.20 (d, J=6, 1H), 5.80 (d, J=6,

1H).

Example 63:

3-t-butylthie-2-hydroxymethylpyridine

20 To a suspension of 3-t-butylthio-2-carboxypyridine (10.0 g, 47.4 mmol) in -
tetrahydrofuran {200 mL} cooled to -5 °C was added trethylamine (8.25 mL, 47.4
mﬁol) followed by addition of ethyl chloroformate (4.38 g, 47.4 mmol) and reaction
was stirred for 30 min at 0 °C. Lithium borohydride (2.58 g, 118 mmol) was added
in portions, maintaining the temperature below 5 °C. After the addition was

25  complete the reaction was allowed to warm to room temperature and stirred for 1



25 but oxycar bonyl ) car boxamn di no] - 1H pyrazol e (141 ng, 0.45 mmol) and the
reaction was heated at 40 C for 16 hours. Reaction mxture was partitioned
between ethyl 1 9 JAN 2004 WO 01121623 PCTI USOO126069 101 acetﬁ}e @gdZUU‘i
water. Organic extract was dried over sodiumsulfate and concen at]

under reduced pressure to afford oily residue which was purified by radial
chromat ography on silica gel (2% nethanol in nethylene chloride) to afford
oily title pmeuais2140 ng). "H NVR (CDCl,) S 1.60 (s, 1Smjusczs®d (t, J 6,
2H), 3.72 (m 2H), 5 4.07 (s, 2H), 7.25 (dd, J-6, J=4, 1H), 8.00 (d, J=6,
IH), 8.43 (d, J=4, IH),8.66 (br s, 1H). Exanple 71:

(7R)-7-1(2)-2-(5-am no-1, 2, 4-thi adi azol -$yl )-2- (triphenyl nmetboxyi mn

0) acet am do] - 3- met hanesu Ifonyl oxy-3-cephem 4- 10 carboxyl ate,

di phenyl met hyl ester To a suspension of

(2)-2-(5-amno-1, 2, 4-thi ad| azol - 3 yI) 2- (triphenyl net hoxyi m no)acetic acid
(2.52 g, 4.00 mml and (7R)-7-

r net hanesul f onyPwx ﬂ@P%‘Hﬁé’ﬁﬁ’&‘”@&‘?Bo&ﬁ apdanethang] (EHpbhieas ggded liowrd ¢ syl at e

salt (1.71 g,y J,‘F&? R sdiint AR 10 AN, 1089 Sferbfuitiondftnyias added 15
di i sopropyl et hy?am 1. 54 , 12.700 rrrrt()lir fol ?’gwed by phosphor ous

oxychl ori de (@c%@oﬂﬁ)wmlﬁo%dﬂt"ﬁéy ehiorr and rrrsaddeddo BB® Qtirred for 1
hour at -30 *t0 -35Gyp; Qdkd&%%mbmrv%hhe}sdam{alodgm&yawadfﬁ@t&oisd mi xt ur e

and the reaction was a reach room tenperature. After partitioning
bet ween wat &r aspdrateghpRersyashing auecyplayss thomyplkly Wi ehyhaacate (RFNSEHI y washed

With dilute hy%f%%fl?L ah&w@&ldﬂeaJwse@imdﬁxr@mev&{ce.%qteswrbm&m&ate and
filtered throu g el to renove %$ﬁolmur|tles Renovi ng

of solvents un@élﬁ 2@@2@&?35 duets COChea 198 (s Epadtdr- Pk title
grgguct (2.86 @k, 7,20/ HMED( £BX A I-E0BH15589,3=-83mf.90)3H) . 3.56 (d, J=16, 1 H),

Example 64:

10 3-t-butylthio-2-(2-t-butoxycarbonylaminoethylthiomethyl)-pyridine

A solution of Vilsmeier reagent was prepared by addition of thionyl chloride
(1.09 g, 9.17 mmol) to dry dimethylformamide (10 mL) at room temperature. After
30 min. the above solution was transferred to a solution of 3-t-butylthio-2-
hydroxymethylpyridine (1.20 g, 6.09 mmol) in dry dimethylformamide (5 mL).

15 After stirring for 30 min at room temperature powdered potassium carbonate
{4.15 g, 30 mmol) was added followed by addition of 2-t-
butoxycarbonylaminoethanethiol and sodium icdide (0.15 g, 1.05 mmol) and
vigorous stirring was continued for 16 hours. Reaction mixture was partitioned
between eth3.:1 acetate and water. Organic extract was thoroughly washed with water,

20  then dned over sodium sulfate and evaporated to produce oily residue, which was
purified by flash chromatography on silica gel (ethyl acetate-hexane- 1/2) to afford -
oily title product (1.10 g). 'H NMR (CDCl,} & 1.40 (s, 9H), 1.57 (s, 9H), 2.80 (1,
J=6H, 2H}, 3.43 (t, J=6H, 2H), 4.35 (s, 2H), 5.40 (br s, 1H), 7.28 (dd, J=6, J=4, 1H),
7.95 (d, J=6, 1H), 8.63 (d, J=4, 1H).



(d, J=16, 1H), 5.22 (d, J=6, 1H), 6.18 (d, 1=6, 1H), 7.00 (s, IH), 7.30 -
7.50 (m 25H). 1 9 JAN 2004 WD 01/21623 PCTI USOQ 26069 102 Exanple 72:
(7R -7-[(2)-2-(5-am no-1, 2,4-th iadiazol-3-yl)-2-

(triphenyl met hoxyi m no)acetam do]-3-(2-[2-N, N -bis(t- bu g, JAN 2004

t oxycar bonyl ) guani-di noet hyl t hi onet hyl ] pyrid-3-ylth io}-3- cepherln 4- Agl

car boxyl ate, di phenyl nethyl ester (7R)-7-[(2)-2-(5-am no-1, 2, 4-thi adi

azol - 3-yl ) - 2- wo 01/21623 PCT/US00/26069
(triphenyl met hoxyi m no) acet am do] - 3- net hanesul f-onyl oxy- 3- cephem 4- car boxyl a
te, diphenylnethyl ester was reacted with di {2-[2-N, N -bis(t-

but oxycar bonyl ) guani di noet hyl t hi omet hyl Jggyri d-3-yl} disulfide in a nmanner
simlar 10 to that described for preparation of 67 to produce title
conmpound. "H NMR (CDC13/CD,OD) 8 1.40 (s, 18H), 2.61 (t, J=6, 2H), 3.06
(d,1=16, 1H), 3.23 (d, J=16, 1H), 3.53 (t, Jam 2H), 3.80 (s, 2H), 5.10
(d,1=6, 1H), 5.96 (d, J=6, 1H), 6.92 (s, IH, 7.10-7.30 (m 27H), 8.62 (d,
J=6, 1H). ExamnBksmples5:15 :

(7TR)-7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) -2- (hydr oxyi m no) acet am do] - 3-

{2 [2- guani di ot it L PTG BV Dbt Shpibo¥biie bii}ademgibem 4- ca rboxyl ate,

trifluoroaceti € acl a sol ution
(7R)-7-1(2)-2-(5- an Bhutibn 8ffct-_E,Jijrlalcﬁ-nmeua;dea)boaylminoemynhiomcchyl)-

triph | met h i t dol-3.- {2- [2-N N -bi 2 .
f)u{ Bgyggbgﬁw ;%(&g g’éﬁh&%ﬁ’%ﬁﬁ%@f‘?%? il\@-"‘é”-“ﬁq“lﬁ%g [%ﬁgﬁ@m 4- car boxyl

ate, diphepyl gRida s@Bpie in 1,203V shio® aHPL ] Sighal)dal Eeiréltidn2fixfite) wer e
added triethyl silane (10 nlL) and trt\,f ul oroacet.i c aﬁf d ((8. g {TL) room
t enper at ur e. NG tﬂdryn s to produce the desired solid dihydrochlonde (0.40 g},

which was used for next step without further purification. 'H NMR (D,0) § 2.85 (t,
J=6H, 2H), 3.15 (t, 3=6H, 2H)}, 4.20 (5, 2H), 7.62 (m, 1H), 7.30(d, ]=4, 1H), 7.43 (d,
J=6, 1H).

10 Example 66:

Bis(2-(2-aminoethylthiomethyl)pyrid-3-yl) disulfide

A solution of 2-(2-aminoethylthiomethyl)-3-mercaptopyridine
dihydrochloride (0.40 g) in water (4 mL) basified with addition of concentrated
ammonium hydroxide and a stream of air was bubbled through it for 16 hours.

15 Reaction mixture was evaporated to dryness to produce solid residue of title product
and ammonium chloride which was used for next step without further purification.
'HNMR (D,0) & 2.75 (t, J=6H,2H), 3.15 (t, J=6H,2H), 4.00 (s, 2H), 7.38 (dd, J=4,
=6, 1H), 8.21 (d, J=6, 1H), 8.38 (d, J=4, 1H).

Example 67:

20  Bis[2-(2-t-butoxycarbonylaminoethylthiomethyl)pyrid-3-yl] disulfide

To a solution of crude bis(2-(2-aminoethylthiomethylpyrid-3-yl) disulfide (0.43
g, 1.08 mmol) in methanol (50 mL) were added di-t-butyldicarbonate (1.19 g, 5.46
mmol) and triethylamine (0.73 g, 7.20 mmol). After 45 min. at room temperature



reaction, the m xture was concentrated under reduced pressure and the oily
residue was triturated with diisopropyl ether and filtered to produce
precipitate of crude 25 product. The resulting solid was dissolved in snall
anount of water and after filrering off insoluble materi al produ?t W%ﬂ
isolated fromthe filtrate by reverse phase MPLC chronat ography 9 2004
(Anmberchrom CG 161, gradient of acetonitrile in 0.1%1 9 JAN 200 WO
01/ 21623 PCT/ Ma00/283069 103 trifluoroacetic acid). Fractirrusevs@d ni ng pure
product was concentrated under reduced pressure and ]Jyophilized to produce
pure title product (25 ng). "H NVMR (Ds0O) 6 2.80 (t, J=6, 2H), 3.30 (d,
J=16, 1H), 3.38 (t, J=6, 2H), 3.75 (d, Jgl6, 1H), 4.21 (s, 2H), 5.35 (d,
J=6, 1H), 5.89 (d, J=6, 1H), 7.88 (dd, J =4, J=6, 1H), 8.46 (d, 5 J=6, 1H)
8.55 (d, J=4, 1H). Exanple 74:
(7R -7-[(2) - 2 {2-am no-5-chl orot hi azol - 4 yl}2- (trip hen
yl met hoxyi m no) acet am dol -3-{2-[2-N,N -b is(t-
but oxycar bony| Jegerionimixtarseah graporiteshe tdrprss Byd tedissalved inmegylege elé?}‘h’énim& 10
carboxylate
{2-[2-N, N - bi siﬂgg’ﬁ“‘%’%gﬁi%éﬁ‘i’“‘? %‘65‘#?‘%? D e R e el 5 1y
di sul fi de vas  Pprsrutedelprafuch ofly7myidug. F(a,ﬂ)cmamapﬁmesiﬁcml Gfontthasgbp- 4-y| ) - 2-
(triphenyl meth

RS I RIRES e By it Qo 3 BRI RIIRI: Ibegsps ?st;ﬁ.enpar tion

di phenyl net hyl In a simlar tot
of 67 to 155praaaee1=6uxzm3e4@ mlzwmzm 1H), 830 (®A=6J=4.18D) , 2. 83

2H), 3.22 d, J=16, 1H), 4.05 (d, J=10, 1H), 4.10
EcT, le)lo, 1H), ggsﬁdzgfﬁclj%ﬁm( |H5?H)gs 10 (m 1H)H) 7.10 (g, 1H), 7.35?7.50

(m 27H), 7.80 (d, J=6, 1H), 8.58 (d, J=4, | H). Exanple 75
Example 68:

{7TR)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-
(triphenylmethoxyimino)acetamido]-3-[2-(2-t-

10  butoxycarbonylaminoethylthiomethyl)pyrid- 3-yltluo}-3-cephem-4-carboxylate,
diphenylmethyl ester

To a solution bis[2-(2-t-butoxycarbonylaminoethylthiomethyl}pyrd-3-yl]
disulfide {83 mg, 0.14 mmeol) in dimethylformamide (1 mL) and (7R)-7-[(Z)-2-(2-
amino-5-chlorothiazol-4-y1)-2-(triphenylmethoxyimino)acetamido]-3-chloro-3-

15 cephem-4-carboxylate, diphenylmethy! ester (175 g, 0.21 mmol) were added
triphenyl phosphine (75 g, 0.28 mmol) and water (0.01 mL). After 3 hours at room
temperature the reaction mixture was partitioned between water and ethyl acetate.
Organic layer was dried over sodium sulfate and concentrated under reduced pressure
to afford oily residue which was purified by radial chromatography on silica gel (2%

20  methanol in methylene chloride) to yield title product (205 mg). 'H NMR
{CDCI,/CD,0D) § 1.40 (s, 9H), 2.60 (t, J=6, 2H), 3.12 (d, J=16, 1H), 3.25 (m, 3H),
3.90 (s, 2H), 5.18 (d, I=6; 1H), 6.00 (d, J=6, 1H), 6.98 (5, 1H), 7.20-7.60 (m, 25H),
7.70 (d, J=6, 1H), 8.42 (d, J=6, 1H).



20 ;

(7R -7-[(2) - 2-(2-am no-5-ebl orot hi azol - 4-yl ) -2- (hydroxyi m no) acet am do] - 3-
2- (guani di noet hyl t bi omret byl ) pyrid-3-ylth io]-3-ceph em4-carb oxyl ate,
trifluoroacetic acid salt To a solution of 19 JAN 2004
(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl)-2-

(triphenyl net hoxyi m no)acetam do]-3- { 2-[2-N,N -bis(t 25

but oxycar bonywWomanrdi noet hyl t hi onmet hyl ] pyri d- 3-yl t hi 0) - 3aTashesssd - car boxyl
ate, diphenylmethyl ester (160 ng, 0.128 mmmol) in nethylene chloride (5.0
m.) and 1 9 JAN 2004 WO 01/21623 PCT/ US00126069 104 triethylsilane (1.5
m.) coiled to O C was added trifluoroacqppc acid (8.0 nL) and reaction was
stirred at 10 C for 7 hours. Reaction m'xture was poured into ethyl ether
cooled to -10 C (80 nmL) and the resulting precipitate was washed thoroughly
with ether to produce solid of title product (90 ng). ' H NWR (D20) 8 2.80
(m 2H), 5 3.05-3.2 (m 3H), 3.78 (d, J=16, 1H), 4.12 (s, 1H), 5.38 (d,
3=6, 1H), 5. QZM 1H), 7.85 (dd, J=4, J-6, 1H), 8.32 (d, J=6, 1H),
8.56 (d, J=4, 1H). Exanmule 76: (7R)-7-[(2)-2-(5-amn

0-1,2, 4-thiadi 7- zatiind-5chiBF RN ZoIBE: ydio feamidy-332{ 2- (t 10
but oxycar bonyl %;{%&ﬁm yc?mh.)_; mio@gggﬁtm- rbexytaRghem 4?§ar boxyl at e,
di phenyl nmet hyl nReiagésulf ,ﬁ)ic?d;a(rt% - 2-%- am no-1, 2, 4-t hi adi azol - 3-yl ) - 2-
(triphenyl met hoxyi m no) acet am do] - 3- net hanesul f onyl oxy- 3- ecphem 4- car boxyl a
te, di phengl nmet hyl(7Rs1-KE)-2eSantifdS-Lidrothidzbl-adyl}-2- (2-t 15

but oxycar bonyl am ,noet hyl t hi .onet hyl. rid-3-yl] disulfide in a manner
simlar to thﬁPp%@w%‘BWT@EF“%‘éﬁﬁ?%“ of 67 to produce title conpound.
'H NVR  ( CDC13bthi3040borfy lamdkidethglthiirdthyl)yriiid3-{ithio] B=ephefi)cartbx$idte( d, J=16, 1
H, 3.22 (m 3

l&pphenylmethyl ester was subjected to standard deprotection. Crude product was
dissolved in small volume of water and free zwitterion was isclated by loading the
10  solution on HP20 reverse phase column, eluting with water until eluate become
neutral and eluting of the product with water/acetonitrile mixture (60/40). The
fractions containing pure product were evaporated to dryness under reduced pressure.
The solid residue of zwitterionic product was converted into soluble
methanesuifonate salt by stirming of a suspension in smal! volume of water and
15 adding aqueous methanesulfonic acid until all material solubilized. Lyophilization
of resulting solution produced methanesulfonate salt of title product. 'H NMR (D,0)
8 2.55 (s, SH), 2.66 (1, I=6, 2H), 3.21 (t, J=6, 2H), 3.30 (d, J=17, 1H), 3.74 (4, J=17,
1H), 4.20 (s, 2 H), 5.33 (d, =6, 2H), 5.88 (d, J=6, 1H)}, 7.80 (dd, J=4, J=6, 1H), 8.24
(d, J=6, 1H), 8.50 (d, J=4, 1H).

20  Example 70:

Bis{2-{2-N,N ’-bis(t-butoxjrcarbonyl)guanidinoethylthiomethyl] pyrid-3-yl}
disnlfide

To a suspension of Bis(2-(2-aminoethylthiomethyl)pyrid-3-yl) disuifide {98
mg, (.41 mmol) dimethylformamide was added 1-[N,N’-bis(t-
25  butoxycarbonyljcarboxamidine]-1H-pyrazole (141 mg, 0.45 mmol) and the reaction

was heated at 40 °C for 16 hours. Reaction mixture was partitioned between ethyl



3.90 (s, 211), 5.18 (d, 3=6, 1H), 6.02 (d, J=6, 1H), 7.00 (s, 1H

7.20-7.50 (m 26H), 7.72 (d, J=6, 1H), 8.42 (d, J=6, 1H). 20 Exanple 77:
(7R -7- [(2)-2-(5-anino-1, 2, 4-thiadi azol:-3-yl)-2-(hyd roxyi mng )gmetnnﬂd
o] -3-[2- (ami noethylthlonethyl)pyrld 3-ylthio] -3-ceph em-carboxyl ate,
met hanesul fonic acid salt (7R)-7-[(2)-2-(5 -am no-1, 2, 4-thi adi azol - 3-yl ) - 2-
25 (triphenyl nmet hoxyi m no)acetam do]-3-[2-(t

but oxycar bonylwedymes hyl t hi onet hyl ) pyri d- 3-yl t hi 0] - 3- cepherwubogmpdsoxy| at e,
1 9 JAN 2004 WD 01/21623 PCT11J500/ 26069 105 di phenyl net hyl ester was

subj ected to standard deprotection. Crude product was dissolved in snal
vol ume of water and free zwitterion was iggol ated by | oading the solution
on HP20 reverse phase colum, eluting with water until eluate becone
neutral and elution of the product with water/acetonitrile m xture (60140).
The 5 fractions containing pure product were evaporated to dryness under
reduced pressure. The solid residue of zwitterionic product was converted
into soluble, 3neathendowrs Gratie xR W gredavprsphiym SEFAd FORCITd ral | vol umre

f t d t I
of uater 2 el 88 ROl PRRBIDRF LIRS fuiit b e 2

sol ution produced
met hanesul f onatcbrogatograpy anisitice2eh (23 methanol in metizlepggityride) tq pfferd pidy t(‘? 2.5H),

|2-|)f304(50 Z] =6, 22 d’“"‘g @gn%)t tnﬁﬁR(c%tﬁ,)a 36@% 1(3@1) 23303(§J=61!z1){)332§§ 3136 1

J=6, 1 H), & 206.07((sl2H33@5 (@H;=6 #44%(600@% lﬁ)%“ (Exl F’é»%(bf
2-chl oro-4-cbl g PEﬁgmethyl 5-(2- phenyl su | fonyl etbyl)thlo 1,3-thiazoie 15 To a
sol ution of 4-chloronethyl -5-(2-phenyl sul fonyl et hyl)thio-1, 3-thiazol e

Example 71:

(TR)-7-[(Z}-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethoxyimino)acetamido]-3-methanesulfonyloxy-3-cephem-4-
10  carboxylate, diphenylmethyl ester

To a suspension of (Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-
(triphenylmethoxyimino)acetic acid (2.52 g, 4.00 mmol) and (7R)-7-amino-3-
methanesulfonyloxy-3-cephem-4-carboxylate, diphenylmethyl ester, tosylate salt
(1.71 g, 4.00 mmol) in tetrahydrofuran cooled to -50 °C was added

15 diisopropylethylamine (1.54 g, 12.00 mmol) followed by phosphorous oxychlonde
(0.85 g, 5.60 mmol) and the reaction mixture was stirred for 1 hour at -30 °to -35 °C.
Dilute hydrochloric acid was added to cold mixture and the reaction was aliowed to
reach rcom temperature. After partitioning between water and ethyl acetate the
organic layer was thoroughly washed with dilute hydrochloric acid, brine, dried over

20  sodium sulfate and filtered through a plug of silica ge! to remove polar impurities.
‘Removing of solvents under reduced pressure afforded yellowish foam of the titie
product (2.86 g). '"H NMR. (CDCl,/CD,0D) § 2.85 (s, 3H), 3.56 (d, J=16, 1H}), 3.83
(¢, J=16, 1H), 5.22 (d, J=6, 1H), 6.18 (d, =6, 1H), 7.00 (s, 1H), 7.30 - 7.50 (m,
25H).



(400 ng, 1.2 mmol) in N, N-dinethylformam de (3 nL) was added N-

chl orosuccinimde (160 ng, 1.2 mol ), and the m xture was stirred at room
tenmperature for 16 h. The resulting mixture was poured into water 1dhdAN 2004
extracted wth ethyl acetate. The organic solution was washed with water,
dried over sodium 20 sulfate, and concentrated. The residue was

chromat ographed (silica gel, 20% ethyl acetate-hexane), affording 260 ny
of the title wompeed. 'H NVR (CDC],) 6 3.09 (2H), 3.36 BCZRIBg0240660 (2H),
7.5-7.9 (5H. 1 9 JAN 2004 WO 01/21623 PCT/ USOJ 26069 106 Exanmple 79: 2-ch
| oro-4-[(2-N-tert-butoxycarbonylam n oethyl)th ionethyll-5-(2-

phenyi sal fonyl et byl )thi o-1, 3-thi azole Aip2 xture of

2- chl or o- 4-chl or onet hyl - 5- (2- phenyl sul fonyl ethyl )thio-1,3- 5 thiazole (260
ng, 0.71 nmmol), sodiumiodide (160 ng, 1.1 mmol), 2- am noet hanet hi ol
hydrochl oride (96 ng, 0.85 mmol), t-BOC anhydride (231 ng, 1.1 mmvol), and
sodi um bi carbonate (178 ng, 2.1 mol) in dioxane (6 nL) and water (4 nlL)
was stirred atExampla®Zenperature for 16 h. The reaction mixture was diluted
with ethyl acetate, washed with brine, and concentrated. The resi due was

10 chromat ograpﬂmﬁ_[mﬁdsungao.m,u-tﬁﬁ&ﬁmfywl | di chl oronet hane), affording
370 Ny of  thekiphiGirk@naghise)acehnibit 3% @R Nr-Gish 46 (9H), 2.70 (2H), 3.06
(24, 3. 34 (4Himtoxﬁaﬁﬁnflﬁgua&ﬁimelﬂylﬁﬁorﬁ&ﬁylﬁuyrﬂﬂ)ylth?o}@m}pﬁnfw . Exa”pl e 80:
(7R) - 7- am n@- 3edrBoAutq diphényirediyk et - DUt oxycar bonyl am noet hyl t hi o) net hyl -
15 1, 3-thi azol -5-ylt hi o] - 3-cepbem 4- car boxyl ate, di phenyl nethyl ester To a
sol uti on of 2-chl on(@RM42-{(ZP2-(§-4naing-1,2,4-thiadiazol-3-y1)-2-

but oxycar bony! ALARRLIKbRhERELINA 3 i ARIGENY 3.5 SphbELMlob kL | - 3-thi
diphenylmethyl ester was reacted with di {2-[2-N,N’-bis(t-
butoxycarbonyl)guanidinoethylthiomethyljpyrid-3-yl} disuifide in a manner similar
10 to that described for preparation of 67 to produce title compound. 'H NMR
(CDC1,/CD,0D) & 1.40 (s, 18H), 2.61 (t, J=6, 2H), 3.06 (d, J=16, 1H), 3.23 (4, J=16,
1H), 3.53 (t, J=6, 2H), 3.80 (s, 2H), 5.10 (d, =6, 1H), 5.96 (d, J=6, 1H), 6.92 (s, 1H),
7.10-7.30 (m, 27H), 8.62 (d, J=6, 1H).

Example 73:

15 (TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-
[2-guanidinoethylthiomethyl)pyrid-3-ylthio}-3-cephem-d-carboxylate,
trifluoroacetic acid salt

To a solution of (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethoxyimino)acetamido}-3- {2-[2-N,N"-bis(t-

20  butoxycarbonyl)guanidinoethylthiomethyljpyrid-3-yithio}-3-cephem-4-carboxylate,
diphenylmethy] ester (200 mg) in methylene chioride (20 mL) were added triethyl
silane (10 mL) and trifuloroacetic acid (0.5 mL) room temperature. After 40 min. -
reaction, the mixture was concentrated under reduced pressure and the oily residue
was triturated with diisopropyl ether and filtered to produce precipitate of crude

25  product. The resulting solid was dissolved in small amount of water and after
filrering off insoluble material product was isolated from the filtrate by reverse phase

MPLC chromatography (Amberchrom CG-161, gradient of acetonitrile in 0.1%



(140 ng, 0.30 nmmol) in N, Ndinethylformam de (2 nL) was added potassiumt-
but oxi de (40 nmg, 0.35 mmmol) and stirred at room tenperature f¢rg 4AN¢Hj4and
then 20 cooled to 0 C

(7R) - 7- Am no- 3- met hanesul f onyl oxy- 3- cephem 4- car boxyl ate 4- di phenyi net hyl
ester (170 ng, 0.37 mmol) was added. After stirring for 1 h at 0 C, the
reacti on was quenched wi th saturated agueous amoni um chl ori de. The m xture
was extracted wWeeizi@dhyl acetate, washed wi th aqueous | i tRGTRHPARDr | de
solution, and concentrated after addition ofp-tol uenesulfonic acid (45
ng). The residue was 25 triturated with diethyl ether, affording 200 ng of
the crude title conpound as its p 1 9 JAb32004 WO 01/21623 PCr/ USOQ 26069
107 tol uenesul fonic acid salt, which was used for the next reaction w thout
further purification_ Exanple Si: (7R)-7-

[ (Z)-2-(2-tent-butoxycarbonylam n opyrid-6-yl)-2 5

(triphenyl met hoxyi m no) acet am do] -3-[2-chloro-4-(2-N-tert -

but oxycar bony!| &ifiuarraestiy beid)i Eyamnwymtmmngpwméw WB GPPgeprid 84T e phem -

car boxyl ate, di, é&ﬁ]@eﬂ% dWl ]ﬁ) r@du@@ﬂb@ﬂlc(pr&ﬂct@S me | v LlrINMR of
2-(2-tert-butoxycarbonylarni n pyr| }A (tr| hen Irret hoxyi m no) acetic
aci d sodi um sal®,0) 2®0ifyJ=6021343.3fhid| -b=1f> AHFREdE 5t6s 20187 NINDP-EDhy | f or mani de

(2 nL) was addggﬁrﬁazﬁgg%k& E%pigjp,?@ r ji-ge1)07. Qa?éﬁdm-d JQG 3, rm@&iN and

stirred for O. olru 17-am ho- 3-[ 2- chl or o-4- (

t ert - but oxysar e yHaRiISA GBI+ IHhi o) net hyl - 1, 3- thlazol 5-yl t hi 0] - 3- cephem 4-
car boxyl ate, di phenyl nethyl ester (200 ng, 0.23 mmol, obtained fromthe
correspondi ng p-toluenesul fonic acid salt) and diisopropyl ethyl am ne (0.12
nL, 15 0.68 mEImRIEEEadded, and stirred at -30 C for an additional 2 h.
The reaction was quenched with diluted hydrochloric acid. The m xture was

t hen ext r act ed (Mt R[(ErIr(2-amino-5-chlorothiazol-4-yl)-2-
(triphenylmethoxyimino)acetamido]-3-{2-[2-N,N’-bis(t-

butoxycarbonylguanidinoethylthiomethyljpyrid-3-ylthio}-3-cephem-4-
10  carboxylate, diphenylmethyl ester

Bis{2-[2-N,N’-bis(t-butoxycarbonyl)guanidinoethylthiomethyl]pyrid-3-yl}
disulfide was reacted with (7R)-7-[(Z)-2-(Z-amino-5-chlorothiazol-4-yl)-2-
(triphenylmethoxyimino)acetamido}-3-chloro-3-cephem-4-carboxylate,
diphenylmethy] ester in a manner similar to that described for preparation of 67 to

15 produce title compound. 'H NMR (CDCl,) & 1.57 (s, 18H), 2.83 (m, 2H), 3.22 (d,
I=16, 1H), 3.37 (4, J=16, 1H), 4.05 (d, J=10, 1H), 4.10 (d, J=10, 1H), 5.22 (4, J=6,
1H), 6.10 (m, 1H), 7.10 (s, 1H), 7.30-7.50 (m, 27H), 7.80 (4, J=6, 1H), 8.58 (d, J=4,
1H).

Example 75:

20 (7R)-7-[(Z)-2-(2-amino-S-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-]2-
(guanidinoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylate,
trifluoroacetic acid salt

To a solution of (7R)-7-[(Z)-2-(2-amino-5-chiorothiazol-4-yl)-2-
(triphenylmethoxyimino)acetamido]-3-{2-[2-N,N’-bis(t-
25  butoxycarbonyl)guanidinoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylate,
diphenylmethyl ester (160 mg, 0.128 mmol) in methylene chloride (5.0 mL) and



acetate, washed w th aqueous |ithiumchloridc,,and concentrated. The

resi due was chromatographed on silica gel (0.5% nethanol/dichl oronethane),
affording 86 ng of the title conpound. 'H NVR (CDCI 3) 6 1. 2-11é (Jﬂ(@::gl]ﬂ'i
2.65 (2H), 3.40 (4H), 3.82 20 (ABg, 2H), 4.85 (br s, 1H), 5.18'd; ;
6.20 (dd, 1H), 6.95 (s, 1H), 7.2-8.1 (28H . Example Q

(7R -7-1(2)-2-(2-am n opyrid-6-yl)-2-(hydroxyi mino)acetam do)- 3-

[ 2- chl or o- 4- (&0 cawismoet hyl t hi onet hyl ) -1, 3-th i azol - 5- yl t lrCT/US00/26069

i 0] - 3-cephem 4-carboxylate, trifluoroacetic acid salt 25 To a m xture of
(7TR)-7-[(2)-2-(2-tent-butoxycar bonyl am nopyri d-6-yl) - 2-

(triphenyl net hoxyi rni no) acet am do] - 3-[ 2qghl oro-4-(2-N-terl t 9 JAN 2004 WO
01/ 21623 PCT/ USOQ 26069 109 but oxycar bonyl am noet hyl t hi o) met hyl -1, 3

-thiazol -5-ylthio)-3 -ccphem 4- carboxyl ate, di phenyl nmethyl ester (86 ng,
0.071 mml ), triethylsilane (0.3 m,) and dichloronmethane (0.3 nL) was
added trifluoroacetic acid (1.4 nL), and stirred at roomtenperature for 1
h. The mi xt ur etrigtylsitann Cehmi-htobler tod *Erap addsd miflroropqeticgcit @ md)and h di et hyl

et her. The resj Rl L 0@ ek SLad AR Rrdits on

Anber chrom col ﬁ%‘gﬁ?\é@%tl nglx‘tvxl/:otﬁf &%?'5%%610& onitri ?Eeq?’ev\ﬁ?{gr ():lont ai ni ng

0.1% trifl uorabeetdle taclFC (BamEpand ithegesglting profipiatevasiwashed thoryellid. ' H NVR

(17=0) 5 3.11 el 2 , 5.60

(111), 7.20 (ﬁ&%?}“"f@%‘%@‘f&@m °§§“1°é’9‘2%§1)&° T@' Egrﬁi eﬁsE EE:’OE/%?%?(F"J"]M’

6-t ert - but oxXyczpH32yinaFHind70Mplat 6.d Hhddd(h AR 1538 &d, 76, AHE §pehdtéon of

2, 6- pyri di nedi I faa1d triethylamne (5.05 g,
Py &Y. E% ﬁd, ey ﬂﬁgllfﬁfﬂ.%igﬁ,ﬁlt%,%s(& Jali‘,fhi). y ( g

50 nmmol) in tert” al coh (ca. 60 ropw se added
di phenyl phosphoryl azide (13.8 g, 50 mml ), and the m xture was stirred at

Example 76:

(7R)-7-1(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethoxyimino)acetamido]-3-[2-(t-

10 butoxycarbonylaminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylate,
diphenylmethyl ester

(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethoxyimino)acetamido]-3-methanesulfonyloxy-3-cephem-4-carboxylate,
diphenylmethy] ester was reacted with di[2-(2-t-

15  butoxycarbonylaminoethylthiomethyl)pyrid-3-yl] disulfide in a manner similar to
that described for preparation of 67 to produce title compound. '"H NMR
(CDCL,/CD,0D) & 1.40 (s, 9H), 2.59 (t, J=6, 2Hj, 3.12 {d, J=16, 1H), 3.22 (m, 3H),
3.90 (s, 2H), 5.18 (d, J=6, 1H), 6.02 (d, J=6, 1H}, 7.00 (s, 1H), 7.20-7.50 (m, 26H),
7.72 (d, J=6, 1H), 8.42 (d, J=6, 1H).

20  Example 77:

(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-[2-
(aminoethylthiomethyl)pyrid-3-ylthioj-3-cephem-4—carboxylate,
methanesulfonic acid salt

(7R)-7-[(Z)-2-(5-amino-1,2 4-thiadiazol-3-y1}-2-
25  (triphenylmethoxyimino)acetamido]-3-[2-(t-
butoxycarbonylaminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylate,



15 roomtenperature until the reaction nm xture becane a clear solution. The
solution was then slowy heated and refluxed for 2.5 hour. After cooling,
the mxture was partitioned between ethyl acetate-hexane (1:1, v/v) and 1%
aqueous sodi um hydroxide. The organic |ayer was washed again wjtfh JA‘N) 2004
aqueous sodi um hydroxide. Al the aqueous sol utions were conbi ned and
neutralized to pH =5 with 20 concentrated hydrochloric acid in the
presence of etwgybi2aeetate. The ethyl acetate | ayer was wamdragoastds bri ne,
dried over sodium sulfate and concentrated to obtain 5.0 g of

6-t ent - but oxycar bonyl am no- 2- pyri di necarboxylic acid. This acid (1.38 g,
5.8 mol) was added to an ethyl acetate gelution (20 nL) of Vilsneier
reagent (prepared from phosphorus oxychloride (1.06 g, 6.9 mmol) and 25

N, N-di met hyl f ormam de (0.51 g, 6.9 nmol)) and stirred at 0 C for 1 h.
Anhydr ous net hanol (10 m.) was added, and the m xture was stirred for an
additional 15 mn. g JAN 2004 WO 01/21623 PCTI.USQQO' 26069 109 The m xture
was t hen concerﬁﬂh&tYé'ﬁe‘%)ﬁﬂﬂiia‘fa?F‘tbFﬁﬁ%@ stratapbdsrrotc g CRedsPERdEcta®  sat ur at ed

aqueous sodi um i GaBoBal GRS VaBARY GePRAtRicNAEs MARBESY Wididy tle % aqueous
lithiumchloride and then brine, dried over sodiumsul fate, and

concent r at ed tseluaﬂfnf%rlﬂ’zﬂf%’e'ﬁe piasq qolumn; elytive wathatshenth eluate baspme crystal | i ne

solid. '"H NWR wi rile 7.80 (2
;01'6 (1. Exa(n%ﬁ)deﬁmé?ﬂﬁﬁépr&ﬁﬂ ithowa&/abeditrite fnifbre (§07405. THeH) (2H),

6-tert - but oﬁycaﬁrabtmymmwpzrwquaﬁ WRERTYSRPEAILe dryyess wnderedncribpressire.net hy |

6-tert-but oxycafrhbmlrémuaefz%n@ﬁ%@bﬁeﬁﬁwweﬁs@m@%ﬁeg 21 ol ) and
met hyl nethyl sul finylnmethyl sulfide (3.7 g, 29 nmol)_in N, N-_ 10

di net hyl f or rramr@@a(@slfmrfswatyS&mau%%ioamwﬂwlw%tﬁ%wwmnq 1.3 g, 34
h

mml) at 0 C oametﬁauwfs&c Yeburtil if hRdiablonb iR, LISBRMiAL e for 2 h.
Diethyl ether (100 nL) was added and the m xture was §t|rre&|)f)06r 30 mn.

The resul ti ng p;%@p@wla{oé pmﬁgced methanesulfonate salt of title produt:t
10 2.70(s, 2.5H), 2.80 (1, J=6, 2H), 3.15 (t, J=6, 2H), 3.21 {d, J=16, 1H), 3.68 (d, J=16,

1H), 4.10 (s, 2 H), 5.29 (d, J=6, 2H), 5.83 (d, J=6, 1H), 7.65 (dd, J=4, J=6, 1H), 8.20
(d, J=6, 1H), 8.41 (d, J=4, 1H).

Example 78;

2-chloro-4-chioromethyl-5-(2-phenylsulfonylethyl)thio-1,3-thiazole

15 To a solution of 4-chloromethyl-5-(2-phenylsulfonylethyl)thio-1,3-thiazole
(400 mg, 1.2 mmol) in N,N-dimethylformamide (3 mL) was added N-
chlorosuccinimide (160 mg, 1.2 mmol), and the mixture was stirred at room
temperature for 16 h. The resulting mixture was poured into water and extracted
with ethyl acetate. The organic solution was washed with water, dried over sedium

20  sulfate, and concentrated. The residue was chromatographed (silica gel, 20% ethyl
acetate-hexane), affording 260 mg of the title compound. 'H NMR (CDCl,) 5 3.09
(2H), 3.36 (2H), 4.60 (2H), 7.5-7.9 (5H).



collected, dissolved in water, neutralized to pH =5 with 6% hydrochloric
acid, and extracted with diethyl ether, The ether extract was i
concentrated to afford 15 3.5 g of the adduct. This adduct was di ssol ved
in dichloronmethane (10 nm.), and pyridine (3.1 g, 40 nmol) and
trifluoroacetic anhydride (4.2 g, 20 miol) were added at 0 C. After
stirring at roomtenperature for 30 mn, 0.5 M sodi um net hoxi de i n net hanol
(15 L) was vagleeds2sThe mi xture was then stirred for | h acrfussemoent r at ed.
Extraction 20 with ethyl acetate from aqueous sodi um bi carbonate fol |l owed
by evaporation afforded 3.7 g of the crude dithioorthoester. The above
crude (10 g) was dissolved in acetic acigs (30 nL) and sodi um perborate
nonohydrate (8.4 g, 84 muvl) was added. The resulting suspension was
stirred for 2.5 h. The solvent was evaporated and ethyl acetate was added.
The 25 resulting solution was then washed wi th aqueous sodi um bi carbonat e,
concentrated, and chronmatographed (silica gel, dichloronethane) to afford
3.2 g of the thdaiple?9:9 JAN 2004 WD 01/21623 PCT/ US00126069 110 conpound.
"H NWR (CDC1,) & 1.53 (9H), 3.98 (3H), 7.32 (br s, IH, 7.77 (d, 1H), 7.86
(t, 1H), 8.24 {dhorddjz-R mt:ﬁvxﬁ'irbonylammoethz'l)thiomethyl]-s-(z-

2-(2-tert-but Wﬁﬁ;m gb;?]ﬁpb’,i-kﬂiaz@rey tri phenyl met hoxyi mi no)acetic 5
acid To a sol ution of nhet

6t th ert- I but oxycg(r]I bgmhﬁlammlgzhnw wlgegw?wn@hmybélmslegygﬁigﬂ 3‘ﬂT})|)) i 3 95%
et hanol were adde am ro mol ) an
pyri dine (0 96 'FFFP"@ ﬁ'n%] Qﬁﬁ‘ﬁ’é %& egi/vasmg}g’rred at room

t enperat ure f Ofmidoelakethidl fwdrsﬂiiaiaa(%vmg 0138 mmodick-BOC webydidedH rogid.1oi | y

iy L? e o 13@5? fj.'nt | One%?ar QlneenEhis 1 B58H foand(6 18k Gha witdfa0r 9ani

mL) was stirred at room temperature for 16 h. The reaction mixture was diluted with
ethyl acetate, washed with brine, and concentrated. The residue was

10  chromatographed on silica gel (1% methanol/dichloromethane), affording 370 mg of
the title compound. 'H NMR (CDCl,) 3 1.46 (9H), 2.70 (2H), 3.06 (2H), 3.34 (4H),
3.80 (s, 2H), 4.96 (br s, 1H), 7.5-7.8 (SH).

Example 80:

(7R)-7-amino-3-[2-chloro-4-(2-N-tert-butexycarbonylaminoethylthio)methyl-
15  1,3-thiazol-5-ylthio}-3-cephem-4-carboxylate, diphenylmethyl ester

To a solution of 2-chloro-4-[(2-N-tert-
butoxycarbonylaminoethyl)thiomethyl]-5-(2-phenylsulfonylethyl)thio-1,3-thiazole
(140 mg, 0.30 mmol) in N,N-dimethylformamide (2 mL) was added potassium t-
butoxide (40 mg, 0.35 mmol) and stirred at room temperature for 45 min and then
20  cooled to 0 °C. (7R)-7-Amino-3-methanesulfonyloxy-3-cephem-4-carboxylate 4-
diphenyimethyl ester (170 mg, 0.37 mmol) was added. After stirring for 1 hat 0 °C,
the reaction was quenched with saturated aqueous ammonium chloride. The mixture
was extracted with ethyl acetate, washed with aqueous lithium chloride solution, and
concentrated after addition of p-toluenesulfonic acid (45 mg). The residue was

25  triturated with diethyl ether, affording 200 mg of the crude title compound as its p-



3% hydrochloric acid and then water, dried over sodiumsulfate, and
concentrated to give 1.63 g of the crude hydroxyimno ester. The crﬂgg
ester was dissolved in dichloromethane and cooled to O C. Trityl 1 &8N 04
(1.87 g, 6.7 mol) and triethylamne (0.84 nL, 6.7 nmol) were added and 15
stirred for 2 h. The m xture was diluted wi th dichl oronethane, washed wth
1% hydrochloric acid and concentrated to afford 3.1 -g of the tritylated
ester. Crystada2zeei on from hexane-ethyl acetate provi dPETUR®/260%- Oxyi M no
product that was free fromthe anti-isomer. The above ester (4.25 g, 7.91
mmol ) was dissolved in a mxed solvent of 20 isopropyl alcohol,
tetrahydrofuran and water (10:5:1, v/v/up7containing sodium hydroxide
(0.64 g, 16 mmol) and was stirred at 65 C for 1 h. The reaction m xture

was concentrated to dryness, triturated with hexane, and partitioned

bet ween dichl oronet hane and diluted hydrochloric acid. The organic |ayer
was concentrated, affording 3.7.g of the title conpound. 'H NVR (CDCl,) 8
1.53 (9H), 7. Ofplupnespifonic acideply, whichavgs pspi for the ngyt reagtign withow Rt} 5004 WD
01121623 PCTI U &M69 111 Exanpl e 86:

4- Chl or onet hyl - 5- (2- phenyl sul fonyl et hyl )thin-1, 3-thi azole Thionyl chloride
(1.5 m) was mixed with N, N-di nethyl formam de (15 nlL) and stirred at room
tenmperature foExadblein. The resulting solution was then 5 transferred via
syringe to a solution of 4-hydroxynethyl-5-(2- phenyl sul fonyl et hyl )t hi o-

# BtL Qi %;glt;rg %%ﬁﬁzﬁz@mﬁagﬁa cawbn%hhnogivmmnuf.or manide (5 ni). After 2
r O\M

. © ok %g;g}ﬁ K. Blchibkos-ef Rl e and water. The
organi ¢ sol dti g{llto ; boRY hiyltni l@e%ﬁﬂ?,@-‘t'ﬁaz%@glyl’cmnl-3-cephem-4-

carboxylate, diphenytmethyl ester

To a cooled (-50 °C) solution of 2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenyimethoxyimino)acetic acid sodium salt (186 mg, 0.34 mmol) in anhydrous

10  N,N-dimethylformamide (2 mL) was added methanesulfony! chloride (0.023 mL,
0.30 mmol), and stirred for 0.5 h. A solution of (7R)-7-amino-3-[2-chloro-4-(2-N-
tert-butoxycarbonylaminoethylthio)methyl-1,3-thiazol-5-ylthio]-3-cephem-4-
carboxylate, diphenylmethyl ester (200 mg, 0.23 mmol, obtained from the
corresponding p-toluenesulfonic acid salt) and diisopropylethyl amine (0.12 mL,

15 0.68 mmol) was added, and stirred at -30 °C for an additional 2 h. The reaction was
quenched with diluted hydrochloric acid. The mixture was then extracted with ethyl
acetate, washed with aqueous lithium chloride, and concentrated. The residue was
chromatographed on silica gel (0.5% methanol/dichloromethane}, affording 86 mg of
the title compound. 'H NMR (CDCl,) & 1.2-1.7 (18H), 2.65 (2H), 3.40 (4H), 3.82

20 (ABq, 2H), 4.85 (br s, 1H), 5.18 (d, 1H), 6.20 (dd, 1H), 6.95 (s, 1H), 7.2-8.1 (28H).

Example 82:

(7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido}-3-[2-chloro-4-(2-
aminoethylthiomethyl)-1,3-thiazol-5-ylthio}-3-cephem-4-carboxylate,
trifluoroacetic acid salt

25 To a mixture of (7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)acetamido]-3-{2-chloro-4-(2-N-tert-



| carbonate, dried over sodiumsulfate, -and concentrated to dryness,
ffording 1.78 g 10 of the title conmpound. "H NWR (CDCl,) 6 3.05 (2H), 3.35
2H), 4.70 (2H), 7.50- 7.85 (5H), 8.82 (s, 1H. Exanple 87: 4-1 4
(2-tent-butoxycarbonyl em noethyl)th ionethyl]-5-(2-ph enylsulfonyletﬂw ')th
o- 1,3-thiazole 15 A m xture of
4- cbIoronethyl-5-(2-pheny|su|fony|ethyl)thio-1,3-thiazole (2.3 g, 6.9
mol ), sodi unwoodi2ge3 (1.55 g, 10.3 mmmol ), 2-am noet hanet R@YUSHAESChI ori de
(0.94 g, 8.3 mml ), t-BOC anhydride (2.25 g, 10.3 mmol ), sodi um bi carbonat e
(.74 g, 20.6 mmol) in dioxane (50 nL) and water (50 nlL) was stirred at
roomtenperature for 6 h. The reaction mogture was diluted wth ethyl
acetate, washed 20 with brine, and concentrated. The residue was
chr omat ogr aphed on silica gel (1% nethanol/dichloronethane) affording 2.9

b
a
(
[
i

g of the title conmpound. 'H NWR (CDCl, 8 1.42 (9H), 262(2H) 3.05 (2H),
3.30 (4H) 3.87 (s, br 0- .80 (s, 1H. 1
JS-k.* . Luu 1bw>t9¥ﬁezw®1ranqvéﬂ(ﬂwmthzleg%§"%zs %&E’éﬂi%r‘@é

(7R) - 7- ami no- 35 :(réoxézﬁfct &f,ﬁengmem/&éf éseﬂag,oon mmol) triethylsilane (0.3 mL) and

yl am noet hyl t hi onef hy') t br azol - 3-cephem 4-car boxyl at e,

benzhydryl ~est é#chlowﬂtcél%ﬁééﬂl')f‘ﬁh i"@"%@ﬂ&'@%ﬁc aplg (3% ol ppd sfred pt

4-[(2-tert-but Q&&ﬁﬁ@ﬁ-@&&ﬂe%ﬂl@%@ﬂmwwﬁ&ﬁﬂr&eﬁo @RmesPand triturated
phenyl sul f onyl et hyl )t hi o-1, 3-t hi azol lF&%GO 55 mmol ) in N, N di m et hyl

)t
f or mani de (% nmﬂi\d&@?hﬂ’éféd Thegesideanp ‘!meWrREPéS”HmF‘é Féll’Wd’Pofuran (1

M 0.5 ni), ang fRgnSivdoli (WasngSHlh'0v6 56% absitrilealae (@htiindgioars 30 min.
(7R)-7- am no- 3- net hanesuf oaf¥l oxy- 3- cephem 4- car boxﬁll at e di phenyl met hyl
ester (Geed triflucroacetic acid), ordmg 8 mg of the title compound ,0) 5

(2H), 3.42 (2H), 3.70 (2K), 4.20 (2H), 5.50 (1H), 5.60 (1H), 7.20 (lH), 7.35 (1H),
8.18 (1H).

10 Example 83:

Methyl 6-tert-butoxycarbonylamino-2-pyridinecarboxylate

To a suspension of 2,6-pyridinedicarboxylic acid (8.35 g, 50 mmol) and
triethylamine (5.05 g, 50 mmol) in terz-butyl alcohol (ca. 60 mL) was dropwise
added diphenylphosphoryl azide (13.8 g, 50 mmol), and the mixture was stirred at

15 room temperature until the reaction mixture became a clear solution. The solution
was then slowly heated and refluxed for 2.5 hour. After cooling, the mixture was
partitioned between ethyl acetate-hexane (1:1, v/v) and 1% aqueous sodium
hydroxide. The organic layer was washed again with 1% aqueous sodium hydroxide.
All the agueous solutions were combined and neutralized to pH = 5 with

20 concentrated hydrochloric acid in the presence of ethyl acetate. The ethyl acctate
layer was washed with brine, dried over sodium sulfate and concentrated to obtain -
S50gof 6-tert-butoxy}carbony]amino-Z-p)m'dinccarboxylic acid.

| This acid (1.38 g, 5.8 mmol) was added to an ethyl acetate solution (20 mL)
of Vilsmeier reagent {prepared from phosphorus oxychlbride (1.06 g, 6.9 mmol) and

25  N,N-dimethylformamide (0.51 g, 6.9 mmol)) and stirred at 0 °C for 1 h. Anhydrous
methanol (10 mL) was added, and the mixture was stirred for an additional 15 min.



fromits p-toluenesulfonic acid salt formjust prior to use, 314 ng, 0.5
nmmol) was 10 added and stirred for 1 h.: The m xture was quenched with
aqueous sodi um bi carbonate, extracted with ethyl acetate, and then AN 2004
concentrated. The crude was chronat ographed on silica gel, affording 185
ng of the free base, which was then treated with p-toluenesulfonic acid
(52 ng) in ethyl acetate. Renoval of the solvent vyielded the title
conpound. 'H MURL@M2Y he free base (CDCl,) 6 1.42 (9H), 2P6EUIN2608%y) 3 35
(4H), 3.94 (2H), 4.76 (IH), 4.92 (IH), 5.02 (br s, 11-i), 6.98 (1H), 6.20-
7.60 (1 OH), 8.93 (s, 1H. Exile 89: (7R -7- [(Z2)-2-(2-tert-bu

t oxycar bonyl am i nopyri d- 6-yl ) - 2- 109

(triphenyl met hoxyl m no) acet am do] - 3-(4-(2-tert 20

but oxycar bonyl am noet hyl t hi omet hyl ) -1, 3-t hi azol - 5-yl t hi 0) - 3- cephem 4-

car boxyl ate, benzhydryl ester To a solution of (7R)-7-am no-3-(4-(2-tert-

but oxycar bonyl ar ai noet hyl t hi onet hyl,)-1, 3.-thj.azol - 5-yl t hi 0) - 3- cephem 4-

car boxyl at e, b&%’ﬂ?ﬂﬁ/\"’”é’é@f’&"}ce'&%& tlﬂ‘?dolﬁf“é“%%'ﬁ gk "i")"fl 232 ny, 0.28
mol ) and 25  garyrated aqueous sodium bicarbonate. The organic phase was washed with 1%
2-(2-tert-butoxycarbonyl am nopyr.id-6:-vyl)-2-(triphenyl met hoxyi m np)acetic
acid (173 ng, 20'eas HhsP ?‘m?'ﬁkéﬁ%}ﬂ‘rmg ‘%’5‘% ?‘&Fﬁ? sﬂﬁ%ﬁ mﬂ‘gﬁ’“ t\Aeéﬂgre
sequential |y agog@rdl Hg JAN RRQAEmpAdRY Akl ik 28/s@MGnd LWSOOHAITAR (CDEL,phosphor ous
oxychloride (0.04 ni, 0.4 I I LSopr. et hylam ne (0.17 ni, 0.97
mml ) at -38 c.l-S*rFPéﬂr%%%JP’h@%F’ﬁﬁ%@’gﬁgﬁﬁd for 1.5 h and the

reacti on was quenched with 0.1% hydrochlioric acid. The m xture was

extracted WithEmentl é/é4_acet ate and concentrated. The residue was then

i mredi ately chro‘rraéllog'r'aphed 5 on silica gel (0.5%

net hanol / di chl oror net hane), affording 170, nmg of the title conpound. 'H NWVR
> kg dhghon ™

(CDCl) 8 1.37 Mzhyl 6qerzhutonyaprbopylaming2-py 5 3.85 (q,

To a solution of methy] 6-fert-butoxycarbonylamino-2-pyridinecarboxylate

(5.3 g, 21 mmol) and methy! methylsulfinyimethy! sulfide (3.7 g, 29 mmot) in N,N-
10  dimethylformamide (15 mL) was added sodium hydride (60% in oil, 1.3 g, 34 mmol)

at 0 °C, and the mixture was stirred at room temperature for 2 h. Diethyl ether (100

mL) was added and the mixture was stirred for 30 min. The resulting precipitate was

collected, dissolved in water, neutralized to pH = 5 with 6% hydrochloric acid, and

extracted with dicthyl ether, The ether extract was dried and concentrated to afford
15 3.5 g of the adduct.

This adduct was dissolved in dichloromethane (10 mL), and pynidine (3.1 g,
40 mmol) and trifluoroacetic anhydride (4.2 g, 20 mmol) were added at 0 °C. ARer
stirring at room temperature for 30 min, 0.5 M sodium methoxide in methanol (15
mL) was added. The mixture was then stirred for 1h and concentrated. Extraction

20  with ethyl acetate from aqueous sodium bicarbonate followed by evaporation
afforded 3.7 g of the crude dithioorthoester.

The above crude (10 g) was dissolved in acetic acid (30 mL}) and sodium
perborate monohydrate (8.4 g, 84 mmol) was added. The resulting suspension was
stirred for 2.5 h. The solvent was evaporated and ethyl acetate was added. The

25  resulting solution was then washed with aqueous sodium bicarbonate, concentrated,

and chromatographed (silica gel, dichloromethane) to afford 3.2 g of the title



2H), 5.12 (d, IH, J=5), 5.21 (br s, 1H), 6.09 (IH), 6.97 (s; 1H), 7.12 (d,
1H, J=8), 7.22-7.42 (25H), 7.53 (IH), 7.80 (d, 1H, J=8), 8.89 (s, 1H).
Exanpl e 90: 10 _ _ ' o _ 19 %AN 2004
(7R -7-[(2) -2-(2-am nopyrid-6-yl)-2-(bydroxyi m na)acet am do] - 3- (4-( 2-

am noet hyl t hi onet hyl ) -1, 3-t hi azol - 5-yl t hi 0) - 3- cephem 4- car boxyl at e,
trilluoroacetic acid salt To a m xture of

(7R) - 7-[ (2) - 2Weme#i3 but oxycar bonyl am nopyri d- 6-yl) - 2- PCT/USD0/26069
(triphenyl met hoxyi m no) acet arni do] -3-(4-(2-tert 15

but oxycar bonyl am noet hyl t hi omet hyl ) -1, 3-t hi azol - 5-yl t hi 0) - 3- cephem 4-

car boxyl ate, benzhydryl ester (91 ng, 0.1A8 mol ) and phenol (200 ng) at 45
C was added net hanesulfonic acid (17 ng, 0.18 mmol), and the m xture was
stirred for 1.5 h. After cooling, diisopropyl ether was added. The
resulting precipitate was coll ected, dissolved in water, and filtered. The

filtrate was subjected to reverse phase .20 ro ogr erchrom
col urm (from 0cerapoupds HAMR (CRE 3134 G- 3.7% ('&B' 11&%’7%6@2&%?‘“%

aci d)/acetonit jg%? 11&}939&%@1 8 ng of the title conpound. 'H NVR (D20) 8
2.91 (2H), 3.3 H, 3.46 (d, 1H, J=18), 3.60 (d, 1H, J=18), 4.12 (2H),
5.35 (1H), 5.88 (1H), 7.02 (d, 1H, J=8), 7.17 (d, 1H, J=8), 7.98 (t, IH,
J=8), 9.20 (s, Ekihiple85:9 JAN 2004 WO 01121623 PCT/ US00/ 26069 114 Exanple 91:
4- Hydr oxynet hyl - 3-nmer capt opyri dine To a suspension of .

3- mer capt 0i SONhGRkdrilbGtoRfcafbohia i 200 HenyitheMbYyimido)dcét ML) was
added sl ow g bggane ino% (5)’2Ll grr.&OBlei\./lLyg-Z nmol )j’and ?he 5)reacti on m xture
was stirred for 30 mn. The solvent was evaporated under reduced pressure,
met hanol (40 nl) wako ashiigidn obifiéind biz@t-hgagcatalylamino2-mridipgglybxylaencent r at ed

hydrochi ori ¢ ag| ¢, (3 & k), 135 AddeEk. 18 U Wiiuchiohb o, and L he

8.6 mmol) and pyridine (0.96 mL, 9.7 mmol), and the mixture was stirred at roorn
temperature for 1.5 h, The solvent was removed in vacuo and the oily residue was
10 partitioned between ethyl acetate and water. The organic solution was washed with
3% hydrochloric acid and then water, dried over sodium sulfate, and concentrated to
give 1.63 g of the crude hydroxyimino ester.
The crude ester was dissolved in dichloromethane and cooled to 0 °C. Trityl
chloride (1.87 g, 6.7 mmol) and triethylamine (0.84 mL, 6.7 mmol) were added and
15 stimed for 2 h. The mixture was diluted with dichloromethane, washed with 1%
hydrochioric acid and concentrated to afford 3.1 g of the tritylated ester,
Crystallization from hexane-ethyl acetate provided the syn-oxyimino product that
was free from the anti-isomer.
The above ester (4.25 g, 7.91 mmol} was dissolved in a2 mixed solvent of
20  isopropyl alcohol, tetrahydrofuran and water (10:5:1, v/v/v) containing sodium
hydroxide (0.64 g, 16 mmol) and was stirred at 65 °C for 1 h. The reaction mixm
was concentrated to dryness, triturated with hexane, and partitioned between
dichloromethane and diluted hydrochloric acid. The organic layer was concentrated,
affording 3.7 g of the title compound. 'H NMR (CDCl,) § 1.53 (9H), 7.05-7.50
25  (16H), 7.55 (1H), 7.64 (1H).



evaporated to dryness. The residue was redissolved in a small vol une of

wat er, concentrated aqueous anmmopnia (3.6 nL) was added and the reaction

m xture was 10 evaporated to dryness. After overnight drying under vggﬂltdgn
a quantitative yield of the title product was obtained, which hisJA or
the next step without purification. 'H/NWVR (CD,OD) 8 4.78 (s, 2H), 8.13
(d, 2H, J=6), 8.60 (d, 2H, Jam), 8.70 (s, 1H). Exanple 92:

3- (Tri phenyl ndear2ed3s o) 4hydr oxynet hyl pyri di ne 15 PCT/US00/26069

4- hydr oxynet hyl - 3- mer capt opyri dine (100 ng, 0.71 mmol) was di ssolved in DW
(5 nmL) and diisipropylethylamne (0.12 nL, 0.71 mmol) was added fol | owed

by triphenyl nethyl chioride (197 ng, O.7.l1tmol). After 30 mn. the reaction
m xture was partitioned between water and ethyl acetate, and the organic

| ayer was thoroughly washed with water and dried wth anhydrous sodi um
sul fate. Purification 20 by radial chromatography on silica gel produced
pure title material (67 ng, 25% vyield). "HNW (CDCI3) 8 4.17 (s, 2H),
7.20-7.40 (m fguw,-ls:‘riw (d, 1H, J=6), 8.22 (s, |H, 8.40 (d, 1H 3=6). 1
9 JAN 2004 WD 01/21523 PCTI USQO 26069 115 Exanpl e 93:

4-{[ (2- N- t ent - autHersmamippsyl-pienfiod dnylethly Db} b thigdole-  3-

(tripbenyl nethyl thio)pyridine A solution of thionyl chloride (126 ng, 1.05
~nmol ) in dry DVF ( 2Thidny! sidgide 6. SinL) wasdnikesrwiiN. Nidimethytforrepsrde (éhpbt at ur e.
Thi s sol ution ih nnul j . i L

3-(triphenyl rre\tgﬁfﬁn%ﬁ‘?%)r&%-‘ ﬁg’ﬁ%‘ﬁ%&ﬁﬁy ﬁylgt?g%sgfghg%%‘gmﬁﬁv?s t(t)".m70 mmol) in DV
(2 nmL) at rdomtiumssigmed sk syrengatock selutor SAdtylwrymatyl-8{3-rred for 30 min. 2-(N-t-
but oxycar bonyl api n h i ol 69L powder ed potassi um
carbonate (486° ?ggl??gﬂc%%l\h%%%gg%f%istlﬁ}emrﬂena%??on m xture and
stirring was dimethylformamide (5 mL). After 2 h, the mixture was partitioned between ethyl

acetate and water. The organic solution was washed with 5% aqueous sodium
bicarbonate, dried over sodium sulfate, and concentrated to dryness, affording 1.78 g

10 of the title compound. 'H NMR (CDCL,) & 3.05 (2H), 3.35 (2H), 4.70 (2H), 7.50-
7.85 (5H), 8.82 (s, 1H). ‘

Example 87:

4-[(2-tert-butoxycarbonylaminoethyl)thiomethyl]-5-(2-pbenylsulfonylethyl)thio-
1,3-thiazole

15 A mixture of 4-chloromethyl-5-(2-phenylsulfonylethyl)thio-1,3-thiazole (2.3
g, 6.9 mmot), sodium iodide (1.55 g, 10.3 mmol), 2-aminoethanethiol hydrochloride
(0.94 g, 8.3 mmol), t-BOC anhydride (2.25 g, 10.3 mmol), sodium bicarbonate (1.74
g, 20.6 mmol) in dioxane (50 mL) and water (50 mL} was stirred at room
temperature for 6 h. The reaction mixture was diluted with ethyl acetate, washed

20  with brine, and concentrated. The residue was chromatographed on silica gel (1%
methanol/dichloromethane), affording 2.9 g of the title compound. 'H NMR (CDCl,)
§ 1.42 (9H), 2.62 (2H), 3.05 (2H), 3.30 (4H), 3.87 (s, 2H), 5.03 (br s, 1H), 7.50-7.85

(5H), 8.80 (s, 1H).



10 continued for an additional 30 mn. The reaction was partitioned between
water and ethyl acetate and the organic |ayer was thoroughly washed with
wat er and dried. After renoving the solvent under reduced pressure t he
residue was purified by radial chromatography on silica gel (hékahalemhyl
acetate - 411) to yield the title material as an off-white solid (220 nyg,
58%. "HNWR (CDCl,) S 1.46 (s, 9H), 2.42 (t, 2H, 15 J=6), 3.18 (s, 2H)
3.23 (m 2H), w9®8@1ehbr s, 1H), 7.10 (d, 1H, J:6) 7. 20 - PCTASN6069 15H) ,
8.28 (m 2H). Exanple 94:

4-[(2-N-tert-butoxycarbonyl am noet hyl t hi o) net hyl ] - 3- (tert-

but oxycar bony)thi o) pyridine 20 To 112

4- (2-N-t-but oxycar bonyl am noet hyl t hi onet hyl ) - 3-
(triphenyl met hyl t hio)pyridine (790 ng, 1.45 nmol) and triethylsilane (2 ni,
12.5 mol) dissolved in nethylene chloride (15 nL) was added
trifluoroaceti¢ acid (15 nmL). After 1 hour stirring at room tenperature,
the reaction m s evaporated to dryness under reduced pressure and
the residue was dissolved in dry 25 tetrahydrofuran (10 nL). To this

sol ution dii sSORNTydotint+PH{e(3-teet-KuloxdCarbbnylafiBekthyithivimethyd)sl , xthised]-5-f ol | owed by
di -t - but yl di caylmiag3-cephdmIActarishxyhteSBenaimiiryl estem g-tdluénesuifdnR(EMd sW¥D 01/ 21623
PCT/ USOQ 26069 116 after 3 hr. reaction at roomtenperature the solvent was
removed at reduced Tsrambtiorof 4-[dtertutoaydatanaminectliybthiopethyBs-Radi al

chr omat ogr aphy Lard.slesdie I oduced pure title
product as 8 ygﬁﬁ“@m%@%{ﬁﬂ CH, 79%2M%055”§Q%&|W S 1.42 (s oH), 1.50
(s, 9H), 2.58 @meﬂﬂ}ﬂpnmﬁ;e (5 mLzsas(qddedmssmﬂ-bsm&de (ns;etra,im}roﬁuas .95 O s,
1H), 7.42 (d, Mo s%8) an d%:e%xﬁ.ﬂy %M%&om%@m&ﬁfeéﬂm%ﬂﬁl e

4(2-N-t- butoxycérbo [ 'am noet I omet hyl ) -3-" nercapto ?/ di ne
ammo-3-memancsufonyloxy-3-cephem-4-carboxylate dzphenylmethy ester (freed

from its p-toluenesulfonic acid salt form just prior to use, 314 mg, 0.5 mmol) was

10  added and stirred for 1 h. The mixture was quenched with agueous sodium
bicarbonate, extracted with ethyl acetate, and then concentrated. The crude was
chromatographed on silica gel, affording 185 mg of the free base, which was then
treated with p-toluenesulfonic acid (52 mg) in ethyl acetate. Removal of the solvent
yielded the title compound. 'H NMR of the free base (CDCl,) 5 1.42 (9H), 2.64

15 (2H), 3.35 (4H), 3.94 (2H), 4.76 {1H), 4.92 (1H), 5.02 (br 5, 1H}, 6.98 (1H), 6.20-
7.60 (10H), 8.93 (s, 1H).

Example 89:

{TR)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl}-2-
(triphenylmethoxyimino)acetamido]-3-(4-(2-tert-

20  butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-yithio)-3-cephem-4-
carboxylate, benzhydryl ester

To a solution of (7R)-7-amino-3-(4-(2-tert-
butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-ylthio)-3-cephem-4-
carboxylate, benzhydryl ester, p-toluenesulfonic acid salt (232 mg, 0.28 mmol) and

25  2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-(triphenylmethoxyimino)acetic acid
{173 mg, 0.33 mmol) in anhydrous tetrahydrofuran (30 mL) were sequentially added



To a solution of 4-(2-N-t-butoxycarbonyl am noet hylthionethyl)-3-(tert-

but oxycar bonyl t hi o) pyridine (415 ng, 1.04 mmol) in methanol (2 nL) was
added 10 under nitrogen a methanolic solution of sodi um methoxi deJ (JANO2004L,
1.0 M, and the reaction mxture was heated at 50 *for 30 mn. After
evaporating the solvent in vacuumthe reaction was partitioned between
wat er and ethyl acetate with addition of acetic acid (125 , 2.08 mmol).
Evapor at i on o%"qtﬂél%l vent under reduced pressure Vi el dewrgﬁ@”t“?‘fl e
material (298 ng, 96%yield) which was used in the next step 15 wi thout
further purification. "H NWR (CD3CD) 5 1.42 (s, 9H), 2.60 (m 2H), 3.20
(m 2H), 4.0 (s, 2H), 4.95 (br s, 1H), 711%2 (d, 1H, 1-6), 8.00 (d, 1H,
J=6), 8.40 (s, |IH). Exanple 96:

(7R -7-((2)-2-(2-am no-5-chl orot hi azol -4-yl)-2- 20

(triphenyl met hoxyi m no) aeetam do]-3-[4-(N-tert

but oxycar bonyl am noet hyl t hi @) pyri d-3-ylthi Q] -3~cep h 4- car yl at e,

di phenyl net hyl P%PWWB‘%P'QB%%%%H‘LQ?'H mmﬁ%nd%mﬁ%pyﬁmylmc_(&ﬁ

0,99 Mol ) i 1 LR aeeral o (B L MEe oot (7R 28 o e (258 1D
[(2)-2-(2-ani A R AUREIEA Y 51{%/%\9’?'??‘?‘(‘1"??'8?1ﬁ%}?ﬁ%‘ﬁn‘&?ﬁ‘?ﬁ‘%%‘%et ani do} - 3
1 9 JAN 2004 V\OLOLtdhE 2ndi BhebAtsWAOTRGRG8ue Infad then immediately chromatographed

met hanesul f onyl oxy- 3- cephem 4- car.boxyl at e .di .phe th ter. After 1
hg)ﬁrl sti ':risng%f‘ 'ﬁﬁoééﬁﬁgﬁﬁ?ﬁj‘@%gogﬁi%g; n)}ff’zb;%?;inéﬁ Q;Et \_/F/ﬁen
ethyl acetate ggfboufd.|'"HINMR vty ) ok . AKR L3, . €
organi c |l ayer was dri oV ¢ h i u nd, was evapor at ed
under reduced aﬁbééaﬁieﬂ%gf- Péi&déﬂ%%ﬁ%?% %é{c}%g%i?zr@dﬂ%}ﬂva%hr omat ogr aphy
on silica gel te2yiselzbHurss (1H), V.80 @ tdues), §.856. 1), 33%. 'H NVR (CD, OD) 8
1.40 (s, 9H), 2.50 (m 2H), 3.20 (m 2H), 3.12

Example 90:

10  (TR)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-(4-(2-
aminoethylthiomethyl)-1,3-thiazol-5-ylthio)-3-cephem-4-carboxylate,
trifleoroacetic acid salt

To a mixture of (7R)-7-[(Z)-2-{2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)acetamido]-3-(4-(2-tert-

15  butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-ylthio)-3-cephem-4-
carboxylate, benzhydryl ester (91 mg, 0.08 mmol) and phenol (200 mg) at 45 °C was
added methanesulfonic acid {17 mg, 0.18 mmol), and the mixture was stirred for 1.5
h. After cooling, diisopropyl ether was added. The resuiting precipitate was
collected, dissolved in water, and filtered. The filtrate was subjected to reverse phase

20 chromatography on Amberchrom column (from 0 to 50% water (containing 0.1%
trifluoroacetic acid)/acetonitrile) to give 18 mg of the title compound. 'H NMR
(D,0) 5 2.91 (2H), 3.30 (2H), 3.46 (d, 1H, J=18), 3.60 (d, 1H, J=18},4.12 (21-1), 5.35
(1H), 5.88 (1H), 7.02 (d, 1H, J=8), 7.17 (d, 1H, J=8), 7.98 (t, LH, J=8), 9.20 (s, 1H).




(d, I'H J=16) 3.80 (s, 2H), 3.38 (d, 1H, J=16), 5.25 (d, 1H, J=6), 6.00 (d,
1H, J=-6), 7.00 (s, IH, 7.20-7.40 (m 25H), 7.42 (d, I, J :
111, J=6), 8.50 (s, 1H). Exanple 97: 10 My S 008
(7R -7-[(2) -2-(2-am no-5-chi orot hiazol -4-yl)-2-(hydroxyi m no)acet am do] - 3- (
4- am noet hyl t hi opyri d-3-ylthio)-3-cephem 4-carboxylate, trifluoroacetic
acid salt To a suspension of

(7R) - 7-[ (2) - 2Wom@gmho- 5- chl or ot hi azol - 4-yl) - 2- PCT/US00/26069
(triphenyl met hoxyi m no)acetam do]-3-[4-(N-tert-

but oxycar bonyl am noet hyl t hi o) pyri d- 3-yl t hi 0] - 3- cephem 4- car boxyl ate, 15

di phenyl net hyl ester (342 ng, 0.31 mmol )i14n net hyl ene chloride (3.5 nL) was
added triethylsilane (1.7 nL, 4.06 muol) foll owed by addition of
trifluoroacetic acid (4.5 nmL). After stirring at roomtenperature for |

hr. the reaction was cooled to 0 C and isopropyl ether (30 nL) was added.
Stirring was continued at 0 C for 10 min and the resulting precipitate was
filtered and whs3sdeor oughly with diisopropyl 20 ether and dried in
vacuum vyi el di ng the title deprotected cephem bis-trifluoroacetate salt
(222 ng, 85% . 4 HYydNPmeBP3-merodp@Pyridine 2H, J=6), 3.31 (t, 2H, J=6), 3.43
(d, IH J=17), 3.85 (d, IH J=17), 4.18 (s, 2H), 5.43 (d, 1H, J=4.5), 5.97
(d, 1H, J=4.5), 8Msﬁ:ﬁbenﬂddofam&)qapt&swoanlﬁacmmsoa—l)l6ﬂihlel)ﬁlo¢rbfovm ng

conpounds were epar al Ly ous to those
used for pr eparglf%&fﬁ%)f‘s) ﬁggeggmrrpﬁgggﬁescr %&% J%‘bszﬂiﬁgﬂfgﬁl 2004 WO
01/ 21623 PCsf Uﬁﬁﬂoﬂﬁiﬁ:&%mstﬁcéﬁw@min The solvent was evaporated under reduced

(7R)-7-[(2)-2- é5 Al “gu,l Pead il § 0@ laBEOkria 30 ghs &iolull¥iFstopped, concentrated

r oxyi m no) acet
(2- ani noet hyl thydwmlohy h91qb§3rﬁ rdL.ywag laddeil. oTheZolytigreanfiltersd artdala filtrate was

(i1 dor 0acet ] cuaehsl lines, ok AcbDrGRlorbat SBhdivonlo ) 327 (1. 2H

concentrated aqueous ammonia (3.6 mL) was added and the reaction mixture was

10 evaporated to dryness. After overnight drying under vacuum, a quantitative yield of
the title product was obtained, which was used for the next step without purification.
'H NMR (CD,0D) & 4.78 (s, 2H), 8.13 (d, 2H, J=6), 8.60 (d, 2H, J=6), 8.70 (s, 1H).

Example 92;

3-(Triphenylmethylthio)-4-hydroxymethylpyridine

15 4-hydroxymethyl-3-mercaptopyridine (100 mg, 0.71 mmol} was dissolved in
DMF (5 mL) and diisipropylethylamine (0.12 mL, 0.71 mmol) was added followed
by triphenylmethylchloride (197 mg, 0.71 mmol). After 30 min. the reaction mixture
was partitioned between water and ethyl acetate, and the organic layer was
thoroughly washed with water and dried with anhydrous sodium sulfate. Purification

20 by radial chromatography on silica gel produced pure title material (67 mg, 25%
yield). '"H NMR (CDCl,) 5 4.17 (s, 2H), 7.20-7.40 (m, 15H), 7.42 (d, 1H, J=6), 8.22
(s, 1H), 8.40 (4, 1H, J=6).



(s, 2H), 5.49 (d, 1H, J=5), 6.11 (d, 1H, J=5), 7.66 (d, 1H, J=6), 8.55 (d,
1H 1am), 8.69 (s, 1H). Exanple 99:

(7R -7-[(2) -2-(2-am nopyrid-6-yl)-2-(hydroryi m no)acet am do] -3 [i-‘&:ﬂ- dn(}‘
am noet hyl thio)-1, 3, 4-thi adi azol - 5-yl t hi 0] - 3- cephem 4- car boxy| ;t , 2
trifluoroacetic acid salt "H NWR (D20) 5 3.20 (t, Jam 2H), 3.42 (t, J=6,
2H), 3.30 (d, J=17, 1H), 3.80 (d, J=17, 1H), 5.42 (d, J=6, 1H), 6.00 (d,
Jam 1H), 7.0800yn163=8, 1H), 7.20 (t, J=8, 1H), 8.00 (t pCOugo26ppy) 15
Exanpl e 100: (7R)-7- [(Z)-2-(2-am nopyrid-6_yl)-2-(hydroxyimn o)

acetam do] - 3-[ 3- ( 2-

am noet hyl t hi onet hyl ) pyri d-4-yl t hi o] - 3- ¢cgphem 4- car boxyl at e,
trifluoroacetic acid salt 1 9 JAf4 200ii WO 01/21623 PCT/ USOQ 26069 119
Exanpl e 101: '

(7R -7-[(2)-2-(S-am no-1, 2, 4-t hi adi azol - 3-yl } 2- (hydr oxyi m no) acet am dol - 3-1
3- (2-gu anidinoethylth ionethyl)pyrid-4-ylthiol-3-ceph em 4-carboxyl at e,
trifluoroacetiBxamplePdsalt 5 'H NVR (CD30OD) 8 2.93 (s, 3H),2.95 (t, 2H,
J=6), 3.57 (d, 1H, J=18), 3.59 (t, 2H, 'J=6), 4.13 (d, 1H, J=18), 5.58 (d,
1H, J=5), 6. 214{(¢a-Nltkht-bdioRycarbonPRmibethihthiojméthyl- 8. 68 (d, 1H, J=6), 8.84
(s, IH. Exaﬁpl(tﬁpﬂéi}?imeth lthio?pyridine. o .
(7R)-7-1(2) -2-(2-am no-5-chl orot hiazol -4-yl }2- (hydr oxyi m no) acet am dol - 3-[ 2
- 10 am no- 4- ( 2- guadotlition &t thighyl bitlaridet(1BpIng, 1.03mimel) svdrly DME2tmli)Was 3- cephem 4-
carboxylate, trjfl %loo%)acet I C a{:ei d salt

5 " stirred for 30 min. at room temperature. This solution was then cannulated into a
solution of 3-(triphenylmethylthio)-4-hydroxymethylpyridine (270 mg, 0.70 mmol)
in DMF (2 mL) at room temperature and the reaction was stirred for 30 min, 2-(N-t-
butoxycarbonylaminoethyl)thiol (187 mg, 1.05 mmol) and powdered potassium
carbonate (486 mg, 3.52 mmol) were added to the reaction mixture and stirring was
10  continued for an additional 30 min. The reaction was partitioned between water and
ethyl acetate and the organic layer was thoroughly washed with water and dried.
After removing the solvent under reduced pressure the residue was purified by radial
chromatography on silica gel (hexane/ethyl acetate - 4/1) to yield the title material as
an off-white solid (220 mg, 58%). 'H NMR (CDCl,) 5 1.46 (s, 9H), 2.42 (t, 2H,
15 J=6), 3.18 (s, 2H), 3.23 (m, 2H), 4.80 (br 5, 1H), 7.10 (d, 1H, J=6}, 7.20 - 7.45 (m,
15H), 8.28 (m, 2H)}.

Example 94:

4-{(2-N-tert-butoxycarbonylaminoethylthio)methylj-3-(tert-
butoxycarbonylthio)pyridine

20 To 4-(2-N-t-butoxycarbonylaminoethylthiomethyl}-3- _
{triphenylmethylthio)pyridine (790 mg, 1.45 mmol) and triethylsilane (2 mL, 12.5 -
mmol) dissolved in methylene chloride (15 mL) was added triflucroacetic acid
(15mL). After 1 hour stirming at room temperature, the reaction mixture was
evaporated to dryness under reduced pressure and the residue was dissolved in dry

25  tetrahydrofuran (10 mL}. To this solution diisopropylethylamine (1.40 mL, 7.84
mmo)) was added, followed by di-t-butyldicarbonate (1280 mg, 5.88 mmol), and



Exampl e 103: (7R)-7-[(2)-2-(5-am no-1, 2,4-thiadi azol -3-yl)-2-(
roxyi m no) acet am dol - 3- [4- (2-am noethylthioneth yI)pyrld 3-ylt
i ol -3-ceph em 4-carboxylate, 15 trifluoroacetic acid salt '"H NVR (CD3CD) 8
2.85 (t, 2H, J=9), 3.33 (t, 2H, J=9), 3.43 (d, 1H, J=24), 3.78 dgl
J=24), 4.18 (d, 2H, J=5), 5.32 (d, 1H, J=7), 5.94 (d, 1H, J-7), . MZUU#
1H, J=7). 8.72 (d, 1H, J=8), 8.77 (s, 1H). 1 9 JAN 2904 WO 01/21623

PCT/ USOQO 2606%012@16Banpl e 104: (7R)-7- PCT/US00/26069

[ (Z2)-2-(2-am nopyrid-6-yl)-Z-(bydroxyi mn o)acetam dol -3-14-(2-

am noet hyl t hi omet hyl ) pyri d- 3-yl t hi ol - 3-cepbem 4- car boxyl at e,
trifluoroacetic acid salt 5 '"HNW (CDA@) 8 2.68 (t, 2H, J=9), 3.09 (t,
2H, J=9), 2.41 (2H,1=23), 3.90 (s, 2H), 5.22 (d, 1H, J'-6), 5.81 (d, | H,
J=6), 6.88 (d, 1 H J=9), 6.98 (d, 1 H ~ J=10), 7.70 (s, 1H), 7.82 (t, 1H,
J=9), 8.41 (d, 1H, J=7), 8.55 (d, 1H, J= 7) Exam |~ a 105: 10

hyd
Ih

2- (S- et hoxycar bonyl am no-1, 2, 4-t hi adi azol - ?’/Qsacetlﬁg acjd Into a 5 L round
bottom fl ask e éﬂéd‘%@ﬁ‘%@ﬁﬁ?ﬂ?@ﬂ”@? patyearw ped i trogen
purge was char ggshcatidh o sifcs dgépf)y RdiBehRinfAERY h@mmerbmmwrammo]-

t hi adi azol - 3- yl&acet al dehyde and its di nethyl acet aI £ fol |l oned by
acetic acid (15¢1)argdugsspuigitle progurhasa yellow fpamdf4fps, 79% y heated to

30-35 C and madp@iysata, 9ﬁbl1$o%§9ﬁﬁme&a¢mm}ma¢2H,omb aiga (gomyer si on of
the diinethyl acefal to th by proton NMVR anal ysis.

The sol utiof wAg95 t5sl1ER 743 (iéHzﬁ%safﬁdd’:}HS{ﬁ% 8§8I('°Utmbn of peracetic acid

was charged dropw se over 45 minutes. The solution was allowed to warmto
20 C and then i&a’nﬁfﬁ:at this tenperature overnight. The white

4-(2-N-t-butoxycarbonylaminoethylthiomethyl)-3- mercaptopyridine

To a solution of 4-(2-N-t-butoxycarbonylaminocthyithiomethyi)-3-(tert-

butoxycarbonylthio)pytidine (415 mg, 1.04 mmol) in methanol (2 mL) was added

10 under nitrogen a methanolic solution of sodium methoxide (1.04 mL, 1.0 M), and the
reaction mixture was heated at 50 °for 30 min. After cvaporating the solvent in
vacuum the reaction was partitioned between water and ethyl acetate with addition of
acetic acid (125 mg, 2.08 mmo!). Evaporation of the solvent under reduced pressure
yielded the title material (298 mg, 96% yicld) which was used in the next step

15  without further purification, *H NMR (CD,0D) & 1.42 (s, 9H), 2.60 (m, 2H), 3.20
(m, 2H), 4.0 (s, 2H), 4.95 (br 5, 1H), 7.52 (d, 1H, J=6), 8.00 {d, 1H, J=6), 8.40 (s,
1H).

Example 96:

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

20  (triphenyimethoxyimino)acetamido]-3-[4-(N-tert-
butoxycarbonylaminoethylthio)pyrid-3-ylthio]-3-cephem-4-carboxylate,
diphenylmethyl ester

To a solution of 4-(2-N-t-butoxycarbonylaminoethylthiomethyl)-3-
mercaptopyridine (298 mg, 0.99 mmol) in ethyl acetate (5 mL) was added (7R)-7-
25  [(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(triphenylmethoxyimino)acetamido]-3-



crystals which had formed overnight were collected by vacuumfiltrati on and
washed 20 with cold ethyl acetate (3 x 250 nmL). The solid was dried under
hi gh vacuum at 20 C for 12 hours to give 141 grans of the title conpound.

"H NWR (DVBO): 8 1.42 (t, 3H); 3.84 (s, 3H); 4.40 (g, 2H); 12.17@ QREZUMD
1 9iA 1 2004 WO 01/21623 PCT/ USOQO 26069 121 Exanpl e 106:

Met hyl - 2- (5- et hoxycar bonyl am no- 1, 2, 4-t hi adi azol -3-yl )acetate Into a 3 L
round bottom fWA8KZIEHuUiI pped with mechani cal stirrer, ther REERER0ENJ
nitrogen purge was charged

2- (5- et hoxycar bonyl am no-1, 2, 4-t hi adi azol -3-yl )acetic 5 acid (185 g, 0.80
nmol, 1.0 eq.) followed by nethanol (925 niz) and the resulting solution was
cooled to 0 C To the solution was bubbled in HO gas for 30 m nutes and
the thinning slurry was allowed to stir overnight at 20 C. Proton NWR

anal ysis shows conplete conversion to the title conpound. The sol vent was
renoved by rotary evaporatl on to 400 nL and then _cool ed to C and seeded

with pure titl enéepnpslionyloxyd-cophemdsareEnah GPhegdimeyLesier AR A B stirred at

0 Cfor two hO(Lij:ﬁn g'apkobrh%ﬁﬁahh?etﬁe)}emon %ﬁ:aﬁﬁbﬁdﬂ%’&ﬁdeﬂ%ﬂﬁ&t&t&ﬁnﬁl Itration.
The solid was dried under high vacuumfor 12 hours at 20 C to %Dve 172. 2
)

grams of the t idilbte sedivrp bigarbonate spltioni(30 by 170 B prganic layeR pyes driegp) 6 1.47

(t, 3H); 3.83 (g Msodﬁu@zultﬁﬁmdz\wscvéoﬂéd Her ﬁhﬁc@ﬁﬁmce'rﬂ%m&5
Met hyl 2- (5- et boxycar bonyl am no- 1, 2, 4-t hi adi azol - Q’E‘ért'ﬁ acet ate Into a |

L round bot tiomas auificddy radiehshuernptossaphy on Slice gelde WB‘)@ %Hhi no-

1,2, 4-thi adi azqbseiny 23asoHaaR (O9,0D) 8.1. 4@(92614) pBb (m,leQ m)(mfm)l.@\x\pd by

met hanol (500 m_zﬁi The resul ti n& slurry &ﬁ]?he]d 8@8 C... To the cool ed
slurry was char@dh &16} 280 (edd8- % (G’t%ﬁ“é? 513? 5680 (f 1HJ=$b4 ol , 0. 95
eq) in met hanol7.doX8Qnylz)200 aam, 2580 202qu,aH, $45) BUOW, €8, I, 85@(sNiHg t he
tenperature between 0-5 C. The cold bath was

Example 97:

10 (TR)-7-{(Z}-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-(4-
aminoethylthiopyrid-3-ylthio)-3-cephem-4-carboxylate, trifluoroacetic acid salt
To a suspension of (7R)-7-{(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(triphenylmethoxyimino)acetamido}-3-[4-(N-tert-
butoxycarbonylaminoethylthio)pyrid-3-ylthio]-3-cephem-4-carboxylate,
15  diphenylmethyl ester (342 mg, 0.31 mmol) in methylene chlonde (3.5 mL) was
added triethylsilane (1.7 mL, 4.06 mmol) followed by addition of trifluoroacetic acid
(4.5 mL). After stirring at room temperature for 1 hr. the reaction was cooled to 0 °C
and isopropyl ether (30 mL} was added. Stirring was continued at 0 °C for 10 min
and the resulting precipitate was filtered and washed thoroughly with diisopropyl
20  ether and dried in vacuum, yielding the title deprotected cephem bis-trifluoroacetate
salt (222 mg, 85%). "H NMR (D,0) & 2.90 (t, 2H, J=6), 3.31 (t, 2H, J=6), 3.43(d,
1H, J=17)}, 3.85 (d, 1H, J=17), 4.18 (s, 2H), 5.43 (d, 1H, J=4.5), 5.97 (d, 1H, J=4.5),
8.10 (d, 1H, J=6), 8.66-8.68 (m, 2H).
The following compounds were also prepared by methods essentially

25  analogous to those used for preparation of the compounds described above:



removed and the solution was allowed to warmto roomtenperature and
stirred for two hours. Proton NVWR anal ysis of the reaction m xture showed
reaction conpletion. The orange solution was evaporated to an gpawgﬁ 0k -
The orange oil was taken up in diethyl ether (400 nL) and the gani ¢ was
washed with water (2 x 100 nL), saturated 1:1 25 NaHCO3I Na2S2O4 (2 x 100
m.) and then brine (100 nL). The clear colorless ether 1 9 JAN 2004 WD

01/ 21623 PCT1w800286069 123 hydr oxyl am ne hydrochl ori de (EZO/USMERs06®. 290 nol ,
1.5 eq) followed by pyridine (23.5 nL, 0.290 nmol, 1.5 eq) and the
resulting light orange coloured solution was allowed to stir overnight at
20 T. The solvent was then evaporated tqigive a-thin oil which was taken
up in ethyl acetate (400 nlL) and the organic was washed with water (2 x 100
5 nm), 5%IC1(100 nmL) and then brine (100 m.). The organic was dried with
sodium sulfate, filtered and evaporated under vacuumto give 40.93 grans
of the title conpound as a white solid. "HNW (CDCl,): 1.25 (t, 3H), 3.86
(s, 3H), 4.23 Expmpka98; Exanple 110: (2)-nmethyl

2- (5- et hoxycar bonyl am no-1, 2,4-th iadiazol -3-yl)-2-triphenyl methyl- 10
oxyi mi noacet at grRyAL{EZ)2-G-dmibQUDd- bR iyl)Zs(iy @axyipRRlaceiaiiide)-3+BC hani cal
stirrer and ni pLOgGEbethylinidEetyBpyAidalyiid]-soéphym-4-carboxylate,

2- (5- et hoxycar I endiehtQieib s 4- t hi adi azol - 3-yl ) - oxyi m noacetate (40.0 g,
0.146 nmol, 1.0 eq) followed by dichloronmethane (400 nmL). The clear

sol uti on was cool edHINMR (CD,OD)Wi2i90 kt, 2H,Fe6)t 3.2 lh &Hy J=6h 3147 |G HHoH18:4080. 7 g,

15 0.146 mol, 1.Q0.e har f gl |0 i § b f
triethyl an ne gszg*’sgl%@aﬁﬁgﬂegﬁﬁd' ﬂi’.]g ﬁ’quaxfh%gﬁ 83% (g’ﬁﬂiv’vgiﬁ’;ﬁ'@omed to
warmto roomtepp® ature and naintained there for two hours. To the
reaction solution was charged water (200 nL) and the phases were :
separated. The_organic phase was washed with water (2 x 100 nL) and then
brine (2 x 1005ﬁﬁ¥$3§¥ied with sodiumsulfate, filtered and evaporated
under -

{(7R)-7-[(Z)-2-(2-aminopyrid-6-yl)}-2-(hydroxyimino)acetamido}-3-[2-(2-

10  aminoethylthio)-1,3,4-thiadiazol-5-yithio]-3-cephem-4-carboxylate,
trifluoroacetic acid salt

'"H NMR (D,0) 5 3.20 (t, J=6, 2H), 3.42 (t, J=6, 2H), 3.30 (d, J=17, 1H), 3.80
(d, =17, 1H), 5.42 (4, J=6, 1H), 6.00 (d, J=6, 1H), 7.03 (d, J=8, 1H), 7.20 (1, J=8,
1H), 8.0 (, J=8, 1H).

15 Example 100:

(TR)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido}-3-[3-(2-
aminoethylthiomethyl)pyrid-4-ylthio]-3-cephem-4-carboxylate, trifluoroacetic
acid salt



20 reduced pressure to a volune of 100 nL where it was allowed to stand in
the refrigerator overnight The crystals which had forned overnil%ItJAweg@l,
coll ected and washed w th dichl oromethane. Proton NWVR anal ysis showed t he
crystals to be a 20:1 mxture of syn/anti tritylated oximes. The white
solid was suspended in 320 nL of dichlornethane and refluxed gently until
total dissolution was apparent. The clear 25 solution was slowy cooled in
the freezer a¥®W&%2%5eeded with pure syn isomer at 10 C. FCREPRPY andi ng
overnight in the freezer the white solid which had formed was filtered 1 9
JAN 2004 WD 01/21623 PCT/ USOQ 26069 122 | ayer was dried with sodium
sulfate, filtered and evaporated in vacd® to give 54.5 grans of the title
conpound as a clear colourless oil. "HNWR (CDCl,) 8 1.38 (t, 3H); 3.98 (s,
3H); 4.55 (q,2H); 5.81 (s, 1H Exile 108: 5

Met hyl 2- (5- et hoxycar bonyl am no- 1, 2, 4-t hi adi azol - 3-yl ) -oxoacetate Into a 1 L
round bottom f askleeﬂ) i pped with nmechanical stirring and reflux condenser
was charged rrmk—’f'rayg:lp—z—?‘s- - et hoxycar bonyl am no- 1, 2, 4-t hi adi azol - 3-yl ) -
bronoacetate (50.0 g, 0.154 nol, 1.0 eq.) followed by acetonitrile (500
nm). To the c(T&x7-{ZFHE- _«rb%ﬂ-g'aFﬂwbﬁ-y%@&#afgwomtmf%%@-oxi de (37.0
g, 0.385 nol, Q-ghapidjnoathyithipmethd)nysidedryliyiphroep boxylatted to reflux and
mai nt ai ned t hetrifluorpaceticasid splburs until reaction conpl etion was determ ned

by proton NMR anal ysi Lon e a( Ltrile was
removed by T ot ary é@ﬁ%@ﬁ@%gbl’éﬁvéﬁﬁ?ﬁw*@gﬁ)ﬁw (5‘?‘:]?I %ﬁ@t 9’%“" was

di ssol ved i n dpg ey s1eidnHLI=18,0058(H,)1 Hald) 62 (Qnal+sy, 788 ed, WHsk6)] once with
brine (1 x 200 m_z. ]I'L}g b%h‘?{ lution was extracted several tinmes with

di chl or met hane®4%5( BP0ttt ™nd the organic layers were conbined and
dried with sodiumsulfate, filtered and the solvent evaporated to give a
clear slightlygysl »0i | which solidified upon standing at room

t enper at ur e. € solrd was dried under high vacuumto give

(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido}-3-{2-
10  amino-4-(2-guanidinoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4-
carboxylate, trifluoroacetic acid salt

Example 103:

(7TR)-7-(Z)-2-(5-amino-1,2,4-thiadiazol-3-yI)-2-(hydroxyimino)acetamido}-3-[4-
(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylate,
15 trifluoroacetic acid salt

'H NMR {CD,0D) & 2.85 (t, 2H, J=9), 3.33 (1, 2H, J=9), 3.43 (d, 1H, J=24), 3.78
{d, 1H, J=24), 4.18 (d, 2H, J=5), 5.32 (d, 1H, J=7), 5.94 (d, 1H, J=7), 8.11 (d, 1H, J=7),
8.72 (d, 1H, J=8), 8.77 (s, 1H).



37.36 grans of the title conmpound. "H NWR (CDC13) 5 1.40 (t, 3H); 4.06 (s,
3H; 4.46 (q, 2H) 20 Examule 109: Methyl 2-(5-eth

oxycar bonyl am no-1, 2, 4-t hi adi azol - 3-yl ) -oxyi mi noacetate Into a 1 kQJQﬂmE
bottom fl ask equi pped with nmechanical stirrer and nitrogen purb8 whd ZU03
charged net hyl 2-(5-ethoxycarbonyl am no-1, 2, 4-t hi adi azol - 3-yl ) - oxoacet at e
(50.0 g, 0.193 nol., 1.0 eq) followed by ethanol (500 nL). To the clear
sol ution was WRAVEERH 1 9 JAN 2004 WO 01/21623 PCTI USOOL FEBHEPYS® and
washed with cold dichloronethane. 'H NVR and TLC anal ysis showed this 53.1
grans of material to be the title conpound. "H NVMR(CDC13) 8 1.41 (t, 3H);
4.05 (s, 3H); 4.31 (q, 2H); 7.25-7.45 (# 15H) Exanple 111: 5

(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl )-2-tri phenyl net hyl oxyi m no acetic acid
Into a 500 nmL round bottom fl ask equi pped with mechanical stirrer, reflux
condenser and nitrogen purge was charged

(2)-methyl -2-(5-et \ carbonylam no-1, 2,4
thiadiazoI-S-yg¥EF£$%%Enylnethyloxyininoacetate (20.0 g, 0.04 nol, 1.0 eq)
followed by 200 nL of a 2:1 solution of 2.5 M NaOH et hanol. The resulting

bi phasi ¢ sol ut (TBxTvi(&)-2-2ontepyed-6rd-1-Gyapxyimiee)sastamidalddd-Ghere for 15
hours. The sol amineethyithiomeshypyridd-yithivl-drraphenpd-paibpaylate trifaroacetic st ed t o
3-3.5 with conadthsatat ed HC1. The precipitated white solid was filtered and

hed with | d t 3 100 nL). R f ti
M net o ens (5 xS fcooB  aakk: 35D e Carubos 328 o 40"
DONEO 5 15y D B e L 5, O ey | dont | £
o) <0115, " 2306, Ui 0N, il de il B TR B gt o Y

Example 105:

10 2-(5-ethoxycarbonylamino-1,2,4-thiadiazol-3-yl)acetic acid

Into a 5 L round bottom flask equipped with mechanical stirrer, thermometer
and nitrogen purge was charged a mixture of 2-(5-ethoxycarbonylamino-1,2,4-
thiadiazol-3-yl)acetaldehyde and its dimethyl acetal (200 g) followed by acetic acid (1.2
L) and water (30 mL). The slurry was slowly heated to 30-35 °C and maintained at this

15  temperature until complete conversion of the dimethy! acetal to the aldehyde was
confirmed by proton NMR analysis. The solution was cooled to 15-20 °C and a 30%
solution of peracetic acid was charged dropwise over 45 minutes. The solution was
allowed to warm to 20 °C and then stirred at this temperature overnight. The white
crystals which had formed ovemight were collected by vacuum filtration and washed

20  with cold ethyl acetate (3 x 250 mL). The solid was dried under high vacuum at 20 °C
for 12 hours to give 141 grams of the title compound. 'H NMR (DMSO): § 1.42 (1,

3H); 3.84 (s, 3H); 4.40 (q, 2H); 12.70 (bs, 1H)



Into a 3 L round bottom flask equi pped with magnetic stirrer, thernoneter
and nitrogen purge was charged 7-am no-3-chl oro- 3-cephem 4-car boxyl iC. ﬁ@l d
(97.8 g, 20 0,418 nol, 1.0 eq.) followed by t-butyl acetate (1 1

sol ution was added BF3 etherate (317 m., 2.51 nol, 6 eq.) dropvvl se over 20
m nutes and the reaction mxture was stirred at 20 C for two hours. The
reaction mxture was poured into 2.5 L of ice/water. The |ayers were

separ at ed and Wh¥2¥deous | ayer was cooled to 5 C and t hePCTHIAREES adj ust ed
to 6-7 with the addition of 2 M NaOH (approximately 2 L). The | 9 JAN 2004
WO 01/ 21623 PCT/ USOQO 26069 125 aqueous | ayer was extracted with ethyl
acetate (3 x 300 nlL) and the organic |ayéts were conbined and washed with
brine (2 x 200 nL). A pre-made solution of p-TSA (70.7 g, 0.372 not, 0.9
eq.) in ethyl acetate (1.4 L) was added and i medi ately a white solid

began to precipitate out of solution. The solvent was evaporated to 500 niL
(5 volunes 5 o; thq ﬁartlng 1), was cooled to 10 C and was allowed to stir
at this tenper f 30 mnutes. The white solid was vacuum filtered
and the filter cake was washed with et acetate (3 x 150 nL). The white
solid was dri eMnhd@ﬂﬂqil'gkwwmaﬂwwlﬁazﬂli?d&z"'l%y')’!‘i%ﬁ‘s to give 117 gr anms
of the title conpound. 'HNI\/Rgt 3.85

(d, 1H): 4.15 (d, 1lpte:a3deeynd byl ‘“_‘Llil)as “‘Hﬁfdmﬂ‘gﬂ"ﬁba”& s%‘?“(‘g’méﬂ)“ 7.81 (d,
(2H> 10 Exap e ddidiroded R):gn?w:[s(cz:)rge'%i@'ﬁ?ﬂkﬂ&'bﬁny?anﬂnd-m sdislohi Bybhic2-
tripheny rret oxyi i, noj acet C oxyl ate, t-buty
ester Into & | 2 léﬁﬁnali?d?‘flmﬂ Jg?@“’g& Y PRl W?ﬁmﬁ% "Ctirrer,
t her nonet er 150}6&‘:{& vk tdolges0 PIlir Dethy\edutioh avagtautibléd ﬂmm@aﬁeﬂﬁrmhﬂes?) cephem
car boxyl at e, est er 15 036 no
(2) - 2- (5- ani no? a'l‘}l'%gﬁ'"’f‘}?igéﬂgf d@‘"??‘f L TWI%W«%%@%%&W KAy %ﬁ: etic acid
(15 g, 0.036 mneligwskcomepjety canversidirio: the tBle@ompoundi MThetsbi@ent was removed by rotary
evaporation to 400 mL and then cooled to 0 °C and seeded with pure title compound.
10  The thickening reaction mixture was stirred at 0 °C for two hours and the white solid
was collected by vacuum filtration.. The solid was dried under high vacuum for 12
hours at 20 °C to give 172.2 grams of the title compound as an off white solid. '"H NMR
{CD,0D): & 1.47 (t, 3H); 3.83 (s, 3H); 3.97 (s, 2H); 4.45 (g, 2H)

Example 107;

15  Methyl 2-(5-ethoxycarbonylamino-1,2,4-thiadiazol-3-yIl-bromoacetate

Into a 1 L round bottom flask was charged methyl 2-(5-ethoxycarbonylamino-

1,2,4-thiadiazol-3-yl)acetate (50.0 g, 0.204 mol, 1.0 eq) followed by methanol (500
mL). The resulting slurry was cooled to 0 °C. To the cooled slurry was charged a pre-
made solution of bromine (9.5 mL, 0.194 mol, 0.95 eq) in methanol (100 mL) dropwise

20  over 30 minutes maintaining the temperature between 0-5 °C. The cold bath was
removed and the solution was allowed to wanm to room temperature and stirred for two
hours. Proton NMR analysis of the reaction mixture showed reaction completion. The
orange solution was evaporated to an orange oil. The orange oil was taken up in diethy!
ether (400 mL) and the organic was washed with water (2 x 100 mL), saturated 1:1

25 NaHCO,/Na,S,0, (2 x 100 mL) and then brine {100 mL). The clear colorless ether



slurry was cooled to -35 C at which tinme Hunig's base (13.93 g, 0.108 not,
3.0 eq) was charged dropwi se over 5 minutes nuintaining the sof gtilAN 2004
tenperature between -30 C 20 to -35 T. To the now clear |ight yell ow

sol uti on was charged phosphorous oxychloride (8.29 g, 0.054 nol, 1.5 eq.)
dropwi se over 10 m nutes, maintaining the solution tenperature between -30
C and -35 C. The solution was allowed to stir at -35 C for one hour until
reacti on conpVetl'e¥éXwas determi ned by TLC analysis (1:1 SCH{PSI0Z6MY? at e-
hexane). To the reaction solution was charged cold water (150 nmi.) foll owed
by ethyl 25 acetate (200 nlL). The organic | ayer was separated and the
aqueous | ayer was extracted wth ethyl 12xcetate (2 x 75 nL). The organic

| ayers were conbi ned and were washed 1 9 JAN 2004 WD 01121623

PCT/ US00126069 126 with 0.5 M HC (100:nmL), water (2 x 200 nL) and brine
(2 x 200 nL). The organic Iayer mas dried mﬁth sodiun1su|fate filtered
and evaporated to dryness. en up 30 _nL of ethyl

acetate and wal %MF’@H“’J‘M‘FB‘"F%SF @PQ BSS?EPOrrPﬂgl %@éﬂ@weﬁwmﬁ'ey P give a

e 22 it Dl shaespyn et qanil v ot

5 was washed wi th hexane q&y

vacuum at 20 mrpmmlafsah%ﬂfﬁs Theysoljiegiovas they eyapartied iy givadhipiofl whicB 83 ound. ' H
NVR (CDCI 3) 6 d:@% i éhyl%&te(QO&QLfﬂdtﬂclﬂ}gmxs@WMedMWalé(ig 16, 1H); 6.15
(g, IH); 6.60 P mpl e 114: 10

3-tri pbenyi frethy) ﬁwfﬁlﬁlqw)dﬁ?ﬁmw&&ﬂol“&r)nghﬁ oBRicavas dried it adiBm t om f | ask
equi pped wi th gBRebaliefed andivapdiRed RBE vmuhmggne 4095 G VT heGite E&ffbund

3- ner capt o- 2- hydnxy met hyl pyridi ne hydrochl o 141 nDI | eq.)
fol l owed by DI\F“("T"Z“LI)“ a‘%’%(%)dﬂédb@%aéséﬁné%ﬁ%&sz%ar ged finely
powder ed potassi um carbonate (58.5 g, 0.423 nol, 3.0 eq.). To the resulting

solution 15 rged triphenyl methylchloride (38.1 g, 0.137 nol, 0.97
eq) and the m@%@&&%&Q&

(Z)-methyl-2-(5-ethoxycarbonylamino-1,2,4-thiadiazol-3-yl)-2-triphenylmethyl-

10 oxyiminoacetate

Into a 1 L round bottom flask equipped with a mechanical stirrer and nitrogen
purge was charged methyl 2-(5-ethoxycarbonylamino-1,2,4-thiadiazol-3-yl)-
oxyiminoacetate (40.0 g, 0.146 mol, 1.0 eq) followed by dichloromethane (400 mL).
The clear solution was cooled to 0 °C at which time triphenylmethylchloride {40.7 g,

15  0.146 mol, 1.0 eq) was charged followed by dropwise addition of triethylamine (20.3
mL, 0.146 mol, 1.0 eq). The solution was allowed to warm to room temperature and
maintained there for two hours. To the reaction solution was charged water (200 mL)
and the phases were scparated. The organic phase was washed with water (2 x 100 mL)
and then brine (2 x 100 mL), dried with sodium sulfate, filtered and evaporated under

20  reduced pressure to a volume of 100 mL where it was allowed to stand in the
refrigerator overnight. The crystals which had formed ovemnight were collected and
washed with dichloromethane. Proton NMR analysis showed the crystals to be a 20:1
mixture of syn/anti tritylated oximes. The white solid was suspended in 320 mL of
dichlonnethane and refluxed gently until total dissolution was apparent. The clear

25  solution was slowly cooled in the freezer and was seeded with pure syn isomer at 10 °C.,

After standing ovemnight in the freezer the white solid which had formed was filtered



m xture was allowed to stir at nomtenperature for three hours until TLC
anal ysis showed reaction conpletion (ethyl acetate-hexanes). TESEEKE
solution was poured into 3 L of 4:1 water/ethyl acetate. The a ?mwer
was separated and extracted an additional tinme with ethyl acetate (200
mL). The organics were conbi ned and hexane 20 (150 nlL) was added. The
organic | ayer was washed with water (2 x 200 nL) then brine (2 x 200 nL).
The organic | X®H2¥8% dried with sodiumsulfate, filtereddA§0R6%por at ed
in vacuo to give 48.63 g of the title conpound as a brown oil which was
taken directly on to the next reaction. 'H NWR (CDC13) 6 5.05 (s, 2H)
7.1-7.4 (m 16H); 8.20 (d, 1H); 8.58 (dz21H) 1 9 JAN 2004 WD 01/21623

PCT/ US00126069 127 Exanple 115: 3-triphenyl methylthio-2-(Nt-bu

t oxycar bonyl am n oet hylthi omethyl )pyridine Into a 3 L round bottom fl ask
equi pped with a mechanical stirrer, thernonmeter and nitrogen purge was
charged 3-triphenyl nmet hyl t hi 0- 2- hydr oxynet hyl pyri dine (40.0 , 0.104

mol , 1eq.) fol lysepseye sodiugn Séﬂtwﬁéﬂ%ﬂﬂdf‘(ﬂ@ﬁmﬁ? YagHn e grve Béf)g'aménd a
pre-formed sol y ihQHtIQﬂ(omﬁ:\mrﬂQy b c1elebhriles il 2 AMR (CDAY4 1198ks, 3H); 98@, ) in DVF
(200 nL) was charged dropw se over approximately 5 mnutes. To this orange
col our ed sol ut 3Hh 4.58662N 8B YhEdIHBOC- cyst eanmine (18.4 g, 0.104 nol, 1 eq.)
foll owed by finely powdered potassium carbonate (43.1 g, 0.104 nol, | eq)
and the resultin uspensi on was 10 vigorously stirred for two hours until
TLC anal ysi s sﬁ%&@g—ﬁﬁaction conpletion (1:1 EtQOAc/hexanes). The sol ution
was poured into a 3 L of a 4:1 mxture of ice water/4:1 ethyl

acet at e- hex@ne Methi 2-43rethbprpsanhanylamisari Zthiadisgolsy-exopestptei t h an addi ti onal
200 nL of 4:1 ethyl acetate;hexane. The qrganics were conbj ned and washed
Wth vater (2 x 208 P PORPR sk esuiped s meshanictl sthg 3l B Wa er s
dried wth sodicotdlesset a3 cRargelimettiyl 2-€5-@kbxpdachohylfmiael 2@nhiadiaml-8-ghoved i n vacua
to give 54 gr agﬁ)m%];ce%tet)(gé).w, 0(.)f5|4 'moIql.OSeq.? Ifolllowesd by acetonitrite (500 mL). To the

clear light yellow solution was charged pyridine N-oxide (37.0 g, 0.385 mol, 2.5 eq) and

10 the reaction mixture was heated to reflux and maintained there for three hours until
reaction completion was determined by proton NMR analysis. The solution was cooled
and the acetonitrile was removed by rotary evaporation to give a thin yellow oil. The
oil was dissolved in dichloromethane (500 mL) and the organic was washed once with
brine {1 x 200 mL). The brine solution was extracted several times with dichlormethane

15 (5 x 100 mL) and the organic layers were combined and dried with sodium sulfate,
filtered and the solvent evaporated to give a clear slightly yellow oil which solidified
upon standing at room temperature. The solid was dried under high vacuum to give

37.36 grams of the titie compound. 'H NMR (CDCI,) 8 1.40 (t, 3H); 4.06 (s, 3H); 4.46
(g, 2H)

20  Example 109:

Methyl 2-(5-ethoxycarbonylamine-1,2,4-thiadiazol-3-yl)-oxyiminoacetate

Into a 1 L round bottom flask equipped with mechanical stirrer and nitrogen purge was
charged methyl 2-(5-ethoxycarbonylamino-1,2,4-thiadiazol-3-yl)-oxoacetate (50.0 g,
0.193 mol., 1.0 eq) followed by ethanol (500 mL). To the clear solution was charged



was purified by colum chromatography on silica gel to give 41 grans of the
title conpound as a light yellowoil. "HNW (CDCl,) 5 1.41 (s, QF?; % ﬁ?
(t, 2H: 3.42 (t, 314): 4.11 (s, 2H); 7.05-7.45 (m 16H): 8.22 \(@,JAN2004
8.65 (d, 1H) Exanple 116: 20 3-nmercapto-2-(am noet hylt hi onet byl ) pyri di ne
trifluoroacetate Into a 1 L round bottom fl ask equi pped wth a nmechani cal
stirrer, thernoneter and nitrogen purge was charged

3-tri phenyl meM3M{M2Y- 2- (t - but oxycar bonyl ami noet hyl t hi on®ETH#Y89%i di ne
(40.0 g, 0.074 nol, 1 eq) followed by dichloronethane (200 niL). The |ight
yel | ow sol ution was cooled to O C and 25 triethylsilane (60 nL) was added
foll owed by dropw se addition of triflud2éacetic acid 1 9 JAN 2004 WO

01/ 21623 PCTI USW 26069 128 (200 nl) over approximately five mnutes. The
cold bath was renoved and the solution was allowed to warmto room
tenperature (over 30 mnutes) and was then allowed to stir at 20 C for 30

m nutes. The sol vent was r d by rot va tion to gLV 7.75 g of
the title conp&'ﬂﬂﬁﬁ'”g? "'é'\'ﬁ' %’fdﬁ‘é@ %gvn%oﬁr%Mﬁ M’éﬁhoémg%:% (t, 2H;
%( 28 I(t : 1?7") ,  grak of ate@dtls bcllheﬁkﬁle@ddpoulhdlﬂ)’ﬂ WdS Elli))@i?jﬁ U*? %L 331)5505((811 1H):

anpl e . Bi,s(2- t i onet hyl pyri d3-y isulfide Intoal L
round botton1fP§£észghaggég%ﬁé{#?“nfb etic stirrer and thernoneter was
pl aced a 18 gauge stainless steel needl e subsurface (to bubble in house

air). To this gl@.appgtatus was charged _ .
3-nmer capt o- 2- (am noethyl t hi onet hyl ) pyridine trifluoroacetate (25 g, 0.125

nmol, 1 e foll owed by methanol  (3Q0 .and the sol.ution was.cooled to O
C. Conceﬂ% rdt e@h@ﬁﬁ%‘ﬂﬁﬂﬁﬁﬁﬂfi’é‘ﬂ‘%&%gﬂg‘éﬂﬂﬁ'ﬁ&ﬂ“‘a aggticdcit s r eached.

Solid ferric chlorjde 5%8&&3 Q.01 g@] gwilth oK -yﬁ%ﬁq@tﬂ, and air was
vi gorousl y bubbledlhwﬁ’ Y ‘QﬂEE?W%%B§¥ L ourgldurlng ’ic_xtine t he
bl ack suspensi esndedsed and nitjpdnqureel evas charged (Z)-methyl-2-(5-ethoxycarbonylamino-1,2,4-
thiadiazol-3-yl)-triphenylmethyloxyiminoacetate (20.0 g, 0.04 mol, 1.0 eq) followed by
200 mL of a 2:1 solution of 2.5 M NaOH/ethanol. The resulting biphasic solution was

10 heated to refiux and maintained there for 15 hours. The solution was cooled to 5 °C and
the pH was slowly adjusted to 3-3.5 with concentrated HCI. The precipitated white
solid was filtered and washed with cold water (3 x 100 mL). Removal of water by
coevaporation with toluene (3 x 200 mL), followed by drying under high vacuum at 40
°C gave 15.44 grams of the title compound as a white fluffy solid. '"H NMR (DMSO)

15 7.20-7.45. Mass spectral analysis confirms product identity.

Example 112:

7-amino-3-chloro-3-cephem-4-carboxylate, t-butylester

Into a 3 L round bottom flask equipped with magnetic stirrer, thermometer and
nitrogen purge was charged 7-amino-3-chloro-3-cephem-4-carboxylic acid (97.8 g,
20 0.418 mol, 1.0 eq.) followed by t-butyl acetate (1 L). To the solution was added BF,
etherate (317 mL, 2.51 mol, 6 eq.) dropwise over 20 minutes and the reaction mixture

was stirred at 20 °C for two hours. The reaction mixture was poured into 2.5 L of

ice/water. The layers were separated and the aqueous layer was cooled to 5 °C and the

pH was adjusted to 6-7 with the addition of 2 M NaOH (approximately 2 L). The




15 becane a |light brown chunky solid. Mass spectral analysis confirned the
conversion to the di-sulfide. The nethanolic solution was filtered over a
smal | pad of celite to give a green colored filtrate. The metth@infAN 2684
removed in vacuo to give a brownish-green waxy solid. Renoval of water by
coevaporation with toluene (4 x 50 nL) gave 23.1 g of the title conpound
as a green waxy solid. "H NWR (D20) 8 2.88 (t, 2H); 3.28 (t, 20 3H); 4.18
(s, 2H); 7.45 2164y . 8.22 (d, 1H); 8.55 (d, 1H). Mass K %’5 SO Mr1 peak
= 399 1 9 JAN 2004 WD 01121623 PCT/ USO0126069 129 Examle 11

Bi s(2-N-tert-but oxycarbonyl am noet hyl t hironmet hyl pyrid-3-yl) disulfide Into a
1 L round bottom fl ask equi pped wth nedBani cal stirrer was charged Xl |

(15 g, 0.038 mol, 1 eq.) followed by 150 nL of 5:1 waterldi oxane. To this
honbgenous 5 solution was charged finely powdered potassium carbonate
(10.5 g, 0.076 nol, 2.0 eq.) and BOC-anhydride (9.2 g, 0.042 nol, 1.1 eq.).

The sol ution was aI owed to e ur s t|| reaction
was det er ni ned a%‘ﬁ“‘ﬁé“"ébﬁﬁl°é?a§t°5§"tﬁﬁﬁzloaaﬁ%%e ’%30%31“"?““%@” A an f’ BREY S The

di oxane was r eggpuigskdid washad witlebp (O 0200aiL)atA prdiinade sbnumcﬂpvwsw(eo 7|gowder
began to preC|p|tate out of &ﬁ{utioqi The sQ tion d 1,0 cool to
room 10 t enper 8% Bohfid 3-hE8 © gatg § ‘Hj)‘if\ﬁé" AT @ ﬂ?‘kflltratlon
and the solid B@g%ntd’}ﬂ&ﬂﬂdleb“cﬁﬁolﬁﬂohhMoﬁcW&hﬁévab@atgi 10S00ALEBvajudés t he
title conpound. " H NMVR

21 2 (t,
2H); 4.12 (§, onghestprting (Y:iﬁw%l%m lé gi""(‘&* ‘ﬁ‘%)“’ “8"“&?} f?f“"ifﬁf““é?zﬁ le 110:
15 (7R) - 7-t (Z) nRmited: H6 Waiite Solid, wes vicuasl|fitgred arfd-the fltePeakd was vpshed with ethyl
enyl met hoxyi m no) acet anj N-tert b r bonyl hyl t h
i orret hyl ) pyri d3%HA B P%F’Jo'g ﬁ’éﬂ%&éﬁ%’d hoy-13 %rbegﬁ'f"gcféggv“u“gmaﬁ € 155
hours to give 117 grams of the title compound. 'H NMR (CD,OD) & 1.65 (s, 9H); 2.47
(s, 3H); 3.85 (d, 1H); 4.15 (d, 1H); 5.27 (d, 1H), 5.44 (d, 1H); 7.37 (d, 2H); 7.81 (d, 2H)

10 Ex le 113:

(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethoxyimino)acetamido-3-chloro-3-cephem-4-carboxylate, t-butyl
ester

Into a 1 L round bottom flask equipped with mechanical stirrer, thermmometer

15  and nitrogen purge was charged 7-amino-3-chloro-3-cephem carboxylate, t-butyl ester
{15 g, 0.036 mol, 1 eq.) followed by (Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethoxyimino)acetic acid (15 g, 0.036 mol, 1 eq.) and THF (350 mL) and the
slurry was cooled to -35 °C at which time Hunig's base (13.93 g, 0.108 mol, 3.0 eq) was
charged dropwise over 5 minutes maintaining the solution temperature between -30 °C

20 to-35°C. To the now clear light yellow solution was charged phosphorous oxychloride
(8.29 g, 0.054 mol, 1.5 eq.) dropwise over 10 minutes, maintaining the solution
temperature between -30 °C and -35 °C. The solution was ailowed to stir at -35 °C for
one hour until reaction completion was determined by TLC analysis (1:1 ethyl acetate-
hexane). To the reaction solution was charged cold water (150 mL) followed by ethyl

25  acetate (200 mL). The organic layer was separated and the aqueous layer was extracted

with ethyl acetate (2 x 75 mL). The organic layers were combined and were washed



t-butyl ester Into a 250 nmL round bottom fl ask equi pped with magnetic
stirrer and nitrogen 20 purge was charged

(7R -7-[(2)-2-(5-am no- 1, 2, 4-t hi adi azol - 3-yi ) - 2- (tri phenyl mefHbx)AN 2004
inino)acetanido]-B-chIoro 3 cephem 4-carboxyl ate, t-butyl ester (5 g, 0.007
nmol, | eq.) followed by DM (80 nL) and water (0.8 rnL) and to the
resultlng clear yellow solution was charged

bi s(2- N-t ert - B@EX$Bar bonyl ani noet hyl t hi onet hyl pyri d- 3- yIPFTYS®F%? de (3. 29
g, 0.0035 nmol., 0.5 eq) followed by triphenyl phosphine (1.83 g, 0.007 nol,
1.0 25 eq). The yellow solution was allowed to stir at 20 C for 3 hours.
The reaction solution was poured into iige/water and extracted with 3:1

et hyl acetate-hexane (3 x 100 nL). 1 9 JAN 2004 WD 01121623 PCT/ US00/ 26069
130 The organics were conbi ned and washed with water (2 x 100 nmL) and then
brine (2 x 50 nmL). The organic layer was dried with sodiumsulfate,
filtered and the solvent renoved in vacua to give 6.55 g_of the title
conpound as a Wityhs MHC] 0P mbhieter & 30RmL) ensbrias (2 200 L) Theorganic 1 671 (s,
9H); 2.87 (m %E%r wagdr‘?eﬁ \\Qﬁjandlﬂih'}u}faa: ﬁ@cr&ﬂmd rat3d éarﬁneisd Thé-%lte s8lib0 (t,

2H); 4.09 (s, qé ; (bs,. 114); 6.17 (q,
1H): 6.99 (bs, wa!.SI-'I)ken PP m?ﬂr@ 'efrﬂh)'&wte oied 1:\°H"°d mmmm Rexaae (400
(7R)-7-1( Z) 2- (9 ﬁgﬁwef&%&e &cékp&dibdlsaﬁh % koh% Wik YacRork BMEE0HMINE M@} cae 12-

anlnoethylthlone )pyrid t hi o] - 3- hen}4 carboxylic acid bis-TFA
salt 10 -1 ntd awaoeashed ‘YI@GHEP"E) ’t X é’é‘k“’ i ol ees dres Rdsplyghuyactim et rer  and

nitrogen purge, 4@, Pdmx&w we179gmmsofmem1ecompound 'H NMR (CDCL,) § 1.62
(7R -7-[(2) -2-(5-am no- 5 t hi adi azol - *

(111 pheny | et noxgPnd Softali 4B Hofts 294 HO 64 (o 11D: 6.60 . 110: .43 m,

but oxycar bonyl ggynoet hyl t hi onet hyl ) pyri d- 3-yl t hi o] - 3-cephem 4- car boxyl at e,
t-butyl ester g 59, 0.003 nol, 1.0 eq.) followed by dichloronethane (20
m.). To the clear 15 i ght yeIIOM/sqution was charged triethylsilane(10.5
m.) foll owed bExdmgld114r oacetic acid

10  3-triphenylmethylthio-2-hydroxymethylpyridine

Into a 3 L round bottom flask equipped with mechanical stirrer and nitrogen
purge was charged 3-mercapto-2-hydroxymethylpyridine hydrochloride (25.0 g, 0.141
mol, 1 eq.) followed by DMF (1.2 L) and to the cloudy suspension was charged finely
powdered potassium carbonate (58.5 g, 0.423 mol, 3.0 eq.}. To the resulting solution
15  was charged triphenyimethylchioride (38.1 g, 0.137 mol, 0.97 eq) and the reaction
mixture was allowed to stir at room temperature for three hours until TLC analysis
showed reaction completion {ethyl acetate-hexanes). The DMF solution was poured
into 3 L of 4:1 water/ethyl acetate. The aqueous layer was separated and extracted an
additional time with ethy] acetate (200 mL). The organics were combined and hexane
20 (150 mL) was added. The organic layer was washed with water (2 x 200 mL) then brine
(2 x 200 mL). The organic layer was dried with sodium sulfate, filtered and evaporated
in vacuo to give 48.63 g of the title compound as a brown oil which was taken directly

on to the next reaction. 'H NMR (CDCl,) & 5.05 (s, 2H), 7.1-7.4 (m, 16H); 8.20 (d,
1H); 8.58 (d, 1H)



(35 nmL) dropwi se over 2 mnutes. The resulting yellow solution was all owed
to stir at 20 Cfor 8 hours until conplete dc-protection was confirned by
HPLC anal ysis. The acidic solution was poured into rapidly stirring 0 C
diethyl ether (300 mL) and the resulting white solid was cdl§ednny
vacuum filtration and the filter cake was washed 20 wi th additional diethyl
ether (2 x 20 n1_ The material was collected and was allowed to dry under
hi gh vacuum at¥ 28X or one hour to give the title conpolifd/Ua%26¥ of f -
white solid. "HNWR (CD,OD) 5 2.80 (t, 21-1); 3.02 (m 2H); 3.61 (m 3H);
4.17 (s, 2H); 4.28( q, 1H); 5.38 (d, 1H); 6.05 (d, 1H); 7.51 (g, 1H); 8.05
(d, I'H; 8.57 (d, 1H 1 9 JAN 2004 WO 01221623 131 Exanple 121.

PCT/ USOQ 26069 (7R)-7-[(2)-2-(5-am n o-1, 2, 4-thiadiazol -3-yl1)-2-(hyd

roxyi mno)-3- [2-

am noet hyl t hi omet hyl ) pyri d- 3-yl t hi o] - 3-cephem 4- carboxyl ate zwitterion A 1

I nch di aneter glass cql unmm was packed with 30 grans of HP-20 resin and 5

t he acidic sol gﬁ%ﬁ_&%

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydr oxyuni no) -

3- [ 2- ani noet hy Bihipiietiniesty)thior3-ON-Gbutbtyharbpnylamie piileyithiametipd)pytidioe aci d bi s- TFA
salt (1.2 g, 0.0013 nol) in vvaterpséizo m.) was charged on top of the resin
and distilled vvaterlntow.és}-lemlﬂtt@ﬁmﬂﬂ lfgllﬂpﬂfﬁwlh a psghapicpl gfirer{bermpmetet 1 eached

56 (f10M < 2) uugThe SOLYEas HSORNRS IHBBNGRD hBRIRH b dod

water/acetonltrl zw tterionic 10 conpound was el ut
appr oxi mat eby &£00L04imobfleq) fgheyed by RMEQE @tlgnThese “§°W§°°?le4m®eﬂav¢18vacuo at <

40 C and the rguBRiehiiih Sk s hd q)dwh(pﬂ | tyhe title
conpound as a Whi trgfl uffy sol |§{:M6mi)‘l'}‘lli é' : é’%?ﬁ‘é‘g.‘i@%‘? Pro r)us 15 Bis

[2-]2- ( bi s- Na, WrEharees drepiecAvBraRpIoyrRie E)mavtpﬁ tTeyhiserrrescelayed solusiert hyl | -
pyrid-3-ylj di gbdhhg6d BOC-cysteamine (18.4 g, 0.104 mol, 1 eq.) followed by finely powdered
potassium carbonate (43.1 g, 0.104 mol, I eq) and the resulting suspension was
10 vigorously stirred for two hours until TLC analysis showed reaction completion (1:1
EtOAc/hexanes). The solution was poured into a 3 L of a 4:1 mixture of ice water/4:1
ethyl acetate-hexane. The aqueous was separated and extracted with an additional 200
mL of 4:1 ethyl acetate-hexane. The organics were combined and washed with water (2
x 200 mL) then brine (2 x 200 mL). The organic layer was dried with sodium sulfate,
15  filtered and the solvent was removed in vacuo to give 54 grams of a brown oil. This oil
was purified by celumn chromatography on silica gel to give 41 grams of the title
compound as a light yellow oil. '"H NMR (CDCl,} 8 1.41 (s, SH); 2.77 (t, 2H); 3.42 (1,
3H), 4.11 (s, 2H); 7.05-7.45 (m, 16H); 8.22 (d, 1H); 8.65 (d, 1H)

Example 116:

20  3-mercapto-2-{aminoethylthiometbyl)pyridine trifluoroacetate

Into a 1 L round bottom flask equipped with a mechanical stirrer, thermometer
and nitrogen purge was charged 3-triphenylmethylthio-2-(t-
butoxycarbonylaminoethylthiomethyl)pyridine (40.0 g, 0.074 mol, 1 eq) followed by
dichioromethane (200 mL). The light yellow solution was cooled to 0 °C and

25  tnethylsilane (60 mL) was added followed by dropwise addition of trifluoroacetic acid



20 To DVF (7 nmL) was added N-Boc-On-(Boc)-OH (0.504 g, 1.5 nmol), bis (2-
(2-am noet hyl t hi omet hyl ) pyrid-3-yl) disulfide tetra HO salt (0,389 g, 0.71
mol ), diisopropylethyl amne (0.641 g, 5.0 mvl, 0.86 nL), and PyBOP
(0.780 g, 1.5 mmmol), 1 9 JAN 2004 WO 01/21623 PCT/ US00/ 26069 1 3JAN 2|][ll|
respectively. The reaction was stirred at room tenperature for 2 hr, and
then diluted wth ethyl acetate (50 nL). The organics were washed vmth
water (2 x 20wasuzéd¥ine (2 x 20 nmL), separated dried ovRAT/GSoMMiss sul f at e,
filtered and concentrated in vacuo. Purification of the title conpound was
achieved via SiQ2 colum chromat ography 5 eluting with ethyl acetate
affording 0.412 g (56% of a white foamygsgolid. Conpound 17-A

(7R -7-[(2)-2-(5-am no-1, 2,4-th iadiazol-3-yl)-2-(hydroxyimn

o)acetam do]-3-{2- [2-N-(L)-ornithylamn

oet hyl t hi onet hyl } pyri d- 3-yl t hi 0} - 3-cephem 4-car boxylic acid,

nmet hanesul fonic acid salt 10 To a predried 25 nmL round-bottoned flask was
added DVF (1. 5(2@[1)11L) pVeRppproximately five minutes. The cold bath was removed and the

Z)-2-(5- - 2~ i I t d
5 Tt naneeul { STglon 3t MR b et RO IR B 70 T 900

bis [2-][2- (bi sl-ld\i&d to stir at 20 °C for 30 mmutes The solvent was removed by rotary evaporation

Grsul 11d6 {04 ge 573 vk et Bl Qe B MK ORI,

(0.209 g, 15 O(t&mtact,alﬂsﬁ)kﬁc(s,l%dMS FhaH: 82214, dH),r&Sb't(dtrIH)was stirred for
2 hr and then diluted with ethyl acetate (50 nL). The organics were washed
with water (2 x 25 m_z and brine (2 x 25 nL). The organi cs were separat ed,
dried over sodi te, filtered, and concentrated in vacuo.
Purification was achieved via Si02 col urm chromat ography eluting with
hexanes/ et hyl ac¢ yl acetate (100% affording 20
0.45 g (45% o?'? %mé é%eis%lpﬁd&&whﬂmﬁh?e foamy solid was dissolved in
met hyl ene ehl ori dellhwladtmhmMnef(a-ﬂcqqtlppcﬂmtﬁmnm@we@dhwmﬁm C, then

was placed a 18 gauge stainless steel needle subsurface (to bubble in house air). To this

10  apparatus was charged 3-mercapto-2-(aminoethylthiomethyl)pyridine trifluoroacetate
(25 g, 0.125 mol, 1 eq) followed by methanoi (300 mL) and the solution was cooled to 0
°C. Concentrated ammonium hydroxide was added until a pH of 8 was reached. Solid
ferric chloride (2.03 g, 0.0125 mol, 0.1 eq.) was added and air was vigorously bubbled
in over a period of six hours during which time the black suspension of iron chloride

15  became a light brown chunky solid. Mass spectral analysis confirmed the conversion to
the di-sulfide. The methanolic solution was filtered over a small pad of celite to give a
green colored filtrate. The methanol was removed in vacuo to give a brownish-green
waxy solid. Removal of water by coevaporation with toluene (4 x 50 mL) gave 23.1 g
of the title compound as a green waxy solid. 'H NMR (D,0) & 2.88 (t, 2H); 3.28 (t,

20 3H); 4.18 (s, 2H); 7.45 (dd, 1H); 8.22 (d, 1H); 8.55 (d, 1H). Mass spectrum: M+1 peak
=399



trifluoroacetic acid (5 nL.) was added via syringe. The reaction was stirred
for 30 mn and then triturated with cold diethyl ether (30 nmL) resulting
inthe precipitation of the desired TFA salt. The TFA salt was dj gs%&eﬂm"
in water (5 mL) and placed atop a 25 colum of HP20 resin in water

col um was washed with water until an effluent pH of 6.5. The col um was
then eluted with acetonitrile/water (1/4; v/v). The UV active fractions
wer e conbi ned vmel/é28t i ated wi th net hanesul fonic acid to EcTaldeoe@90. 1 9
JA+i tuu'f WD 01121623 PCTI USOOn6069 133 The organics were renoved in vacuo
and the product was obtained via |yophilization affording 0.095 gas a

whi te anor phous solid. 'H NVR (D20) 8 2..89 (m 2H), 2.18 (m 2H), 3.00 (t,
2H, J =7), 3.26 (t, 2H, J =7), 3.51 (d, 1H J - 18), 3.66 (m 2H), 4.00
(d, 1HJ=18),4.24(t, 1H, J=7),4.43(s, 2H),5.59(d, 1H,J=5), 6. 13(d, 1H, 3=5), 8. 05
5(dd, 1H, J =7, 5), 8.51 (d, 1H J =18), 8.77 (d, 1H, J =5). The

foll ow ng conpounds were synthesized in a simlar manner as descri bed
above. The acyEasmgiall® bis (2-(2-am noethylthionethyl)pyrid-3-yl)
disulfide tetra HJ salt could al so be perforrred uti I i zing activated
esters (pentafluorophenol or N hydroxysuccinim d % t he respective am no
aci ds wi th si niBis@-Nrtexhbatexycarhpnylypipagiyicaiompthylpyrid-3-yl) aisulhde

(7R)-7-[(2) - 2- (5- anj,por 11L%uédﬁohbﬁtﬁhﬁzeehp&ﬂ%ﬂm%cﬁahwrsmwﬂamge@xnlam do] - 3-
2- [2-N-(L)-prolylam noet hyl t hi omet

pyri d- 3-yl t hi of15%. 88phmah heglfplnses F’&i/@] mL et hupferdiorersy dodhishqmpeenaus  H NVR

(D20) 8 2.12 (leu@ﬁ')wasghaﬁgedﬁimlyﬁﬁdﬂea &Zssiﬁmczm%hﬁm(m% O((Mm%H)z,Oea)SS 15
(d, AB, 1H, J = 17 d, AB, 1H 17 H, 5.43

(d, 1H J = 5ynd @‘fnli!féﬂdé(ﬁz g90-d42aqnol, =l %Q Thepolutipp was ‘3‘°‘Y°d 1B tis %5045 (d, 1H
= 5). Con npou ﬂ@l for fiirbe HoRuntliréattion-whis (@erNidel Yo | camyle® BY TDE danabystb-(1:4n |
adi azol -3-yl)- hexanefEtOAc) The dioxane was removed by rotary evaporation at which time a white
powder began to precipitate out of solution. The solution was allowed to cool to room
10  temperature and the white solid was collected by vacuum filtration and the solid was
washed twice with cold water to give 17.88 g of the title compound. 'H NMR (CDCl,)
5 1.55 (s, 9FI); 2.80 (t, 2H); 3.42 (t, 2H); 4.12 (s, 2H); 7.30 (dd, 1H); 8.02 (d, 1H); 8.48

(d, 1H)

Example 119:

15 (TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethoxyimino)acetamido}-3-[2-(N-tert-
butoxycarbonylaminocethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylate,
t-butyl ester

Into a 250 mL round bottom flask equipped with magnetic stitrer and nitrogen
20  purge was charped (7R}-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-(triphenylmethoxy-
* imino)acetamido]-3-chloro-3-cephem-4-carboxylate, t-butyl ester (5 g, 0.007 mol, 1 eq.)
followed by DMF (80 mL} and water {0.8 mL} and to the resulting clear yellow solution
was charged bis(2-N-tert-butoxycarbonylaminoethylthiomethylpyrid-3-y1) disuifide
(3.29 g, 0.0035 mol., 0.5 eq) followed by triphenylphosphine (1.83 g, 0.007 mol, 1.0
25 eq). The yellow solution was allowed to stir at 20 °C for 3 hours. The reaction solution

was poured into ice/water and extracted with 3:1 ethyl acetate-hexane (3 x 100 mL).



(hydr oxyi m no) acet am do] - 3-{2-[ 2- am noet hyl t hi onet hyl ] pyrid-3-ylthio}-3 20
cephem 4-carboxylate, trifluoroacetic acid salt "H NVR (CD30D) 3 1.74 (d,
3H, J =7), 2.94 (t, 2H, J =7), 3.38 (t, 2H, J =7), 3.41 ﬁj w J =17),
3.70 (d, 1H J = 17), 4.18 (s, 2H. 4.41 (s, 2H), 5.33 (d, 1 Jﬁ\ 286}

6.04 (d, 1H, J =5), 7.45 (dd, IH J =7, 5), 801 (d, 1H J = 8 53 (d,
Il H J =5). 19 JA 2034 WO 01/21623 PCF/ 1JS00126069 134 Corrpound 17-D
(7R)-7-[ (2) - 2Wouaeho- 1, 2, 4-t hi adi azoI-3-yI)-2-(hyd r ox yHOTiUS@2a®et anm do
j-3-{2-

[ 2-N- (L, L)-al anyl al anyl am noet hyl t hi onmet hyI]pyrld 3-yl t hi o}-3-cephem 4-
carboxylate, trifluoroacetic acid salt 330H

NMR( D20) 81. 59(d, 3H, J=8), 1. 75(d, 3H,J=8), 2.98(t, 2H,J=7),3.54 (d, 1H, J =
17), 3.68 (m 2H), 4.01 (d, 1H, J = 17), 4.30 (g, 1H, J :8), 4.46 (s, 2H),
4.50 (q, 1H, J =8), 5.59 (d, lHJ 5)614(d 1H J 5), 8.09 (dd,
1H J=7 5), 859 (d, 1H J=8), ééd 1H, J=5) oundl?ElO

(7R -7-[(2) - 2- Il&casnnmwsrezommmaaélwa% W?Bhwtff@x(‘%mb@t’?lﬂwhbl}%{@ét ani doj - 3-

2- [2-N-gl ; e ar boxyl at
het hanesul oni LT 8 Beahip | SRS YassRi Sgan iy 9"‘“”““@“’??““’ ¥32 (s, 3H).

3.41 (d, | H @rmm)m v@usw give 6. Ssgqfthcytlesmmundlafauwﬂelmfoma bﬁ% 2H) ,

4. 30 2 , dd, 1H, J
23 g)s 8"%4 ?;éféi,i%q 433(4"1%13?) rg?égg }?d’?él'lﬁgﬁﬁ-'f%‘idd—lH)]@Zé 4, 1@?93(
(7R) 7-j (2)5 2- (B1HER3. ﬁoammm@wm 113),9429@16)1960@& lH),617(q,

r oxyi m no) acet €94 74738 amn oet hyl t hi onet hyl ]
pyrid-3-ylth |gl§|9 c(ebg 1{é-irsr‘r4 car oxylate trlfluoroacetlc acid salt

Example 120;

("R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-(hydroxyimino)-3-[2-
aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid bis-TFA salt

10 Into a 250 mL round bottom flask equipped with magnetic stirrer and nitrogen
purge was charged (7R)-7-{(Z}-2-(5-amino-1,2,4-thiadiazo]-3-yl)-2-
(triphenylmethoxyimino)acetamido]-3-[2-(N-tert-
butoxycarbonylaminoethylthiomethyl)pyrid-3-yithio}-3-cephem-4-carboxylate, t-butyl
ester (3.5 g, 0.003 mol, 1.0 eq.) followed by dichloromethane (20 mL). To the clear

15  light yellow solution was charged triethylsilane{10.5 mL}) followed by trifluroacetic acid
{35 mL) dropwise over 2 minutes. The resulting yellow solution was allowed to stir at
20 °C for 8 hours until complete de-protection was confirmed by HPLC analysis. The
acidic solution was poured into rapidly stirring 0 °C diethy! ether (300 mL) and the
resulting white solid was collected by vacuum filtration and the filter cake was washed

20  with additional diethyl cther (2 x 20 mL). The material was collected and was allowed
to dry under high vacuum at 20 °C for one hour to give the title compound as an off-
white solid. '"H NMR (CD,0D) & 2.80 (t, 2H); 3.02 (m, 2H); 3.61 (m, 3H); 4.17 (s, 2H);
4.28 (q, 1H); 5.38 (d, 1H); 6.05 (d, 1H); 7.51 (q, 1H); 8.05 (d, 1H); 8.57 (d, 1H)



20 "HNWR (CD,OD) 8 2.93 (m 2H), 3.07 (dd, 1H, J = 24, 9), 3.17 (dd,1H, J =
24, 5). 3.47 (d, 1H J = 18), 3.58 (m 2H), 3.76 (d, 1H, J = 18), 4.28 (s,
2H), 4.36 (m 1H), 5.45 (d, 1H,J=5),6.11 (d, 1H,J=5), 7.52 (dd, ]gH =7,5),
8.22 (d, 1H,J=8), 8.67 (d, 1H, J =5). Al 21001-11f wo 01/ 216289 JAN 2[]0
PCTI USCQ' 26069 135 Compound 17-G

(7R)-7-1(2)-2{5-am no-1, 2, 4-t hi adi azol - 3-yl) - 2- (hydr oxyi m o) acetam d

of -3-{2- 12- Q22hnyl ami noet hyl i b i omet hyl j pyri d-3- yIPFH“'F‘WPf"E’ ceph
em 4- car boxyi ate, nethanesulfonic acid salt 5 "HNWVR (CD,OD) 8 1.69 (d, 3H,
J =18), 2.89 (s, 3H), 2.91 (t, 2H 3 =7), 3.43 (t, 2H J = 17),3.63 (t,
2H, J =7),3.73 (d, IHJ=17),4.09(q, 1H13Y = 8),4.25 (s, 2H), 5.44 (d, 1H
J=25), 6.09 (d, 1H, J =5), 7.54 (dd, 1H, J =7, 5), 802 (d, IH J - 7),
8.62 (d,IH J=5). Compound 17-H 10

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol -3

yl } 2- (bydr oxyi m no) acet am dol - 3- { 2-

[ 2- N- (L) - ( NameExamplal2dhy| ani noet byl t hi omet hyl | Pyri d- 3-yl t hi o} - 3- cephem 4-
car boxyl ate, nethanesulfonic acid salt "HNWR (CD,OD) 6 1.70 (d, 3H, J =
10), 2.87 (s, g)ﬂ,. 7-182)85(5(atnin R 12 4-18ia8f201-3,y1) 2 hydrbxyimit)-382-53 (d, IH, J =
18), 3.67 (t, Hmoﬂthyl metﬁygﬁ;’yri@c&.ylﬁi:b]-cheﬂui:Ba)-;aerib&t(tmttaxhbn J =8), 15
4.34 (s, 2H), 5.48 (d, 1H 5), 6.12 (d, 1H, J =5), 7.58 (dd, 1H, J =
7, 5), 8.36 (d, lHAlth]?dﬁl)wtc&laﬁgcqlmnﬂﬂpackeiwﬁl) 30 mmﬂfl}wmrwqand

ooy L2 o Bk r b ki A LSO 2 pio
pyrid-3-ylthio} {ﬁmﬁa&wmﬁmayw;maﬂmo]-3-2@hm+¢mb@sm¢ mme-'f'ﬁblselt sal t
(1.2 g, 0.0013 mol) in water (20 mL) was charged on top of the resin and distilied water
was eluted through until the pH of the eluent reached 5-6 (from < 2). The solvent
system was changed immediately to 4:1 water/acetonitrile and the zwitterionic
10  compound was eluted in approximately 100 mL of eluent. The acetonitrile was
removed in vacuo at < 40 °C and the remaining water was lyophilized to give 0.79 g of

the title compound as a white fluffy solid.

Example 122: Synthesis of Prodrugs:

15  Bis [2-[2-(bis-N,, N,-t-bumxycarbonyI)-N-(L}-ormthylammoethylthiomethyl]-
pyrid-3-yl] disulfide

| R
N
§ =~ . H NBoc
S e Nj‘/k/\/ NBoc
0
2
20 To DMF (7 mL) was added N-Boc-Om-(Boc)-OH (0.504 g, 1.5 mmol), bis (2-

(2-aminoethylthiomethyl)pyrid-3-yl} disulfide tetra HCI salt (0.389 g, 0.71 mmol),
diisopropylethyl amine {0.641 g, 5.0 mmol, 0.86 mL}), and PyBOP (0.780 g, 1.5 mmol),



"HNMR (CD,OD) 8 2.88 (t, 2H, J =7), 2.90 (s, 3H), 3.50 (d, 1H J = 17),

3.57 (t, 2H, J =6), 3.76 (d, 1H, J =17), 4.26 (s, 2H). 4.38 (t, 2H J =

7), 5.46 (d, 1H J =5), 6.07 (d, 1H J =5), 7.65 (m 1H, 8.2 A’N?ﬂm

= 6), 866 (m 1H), 9.08 (s, 1H). 9 JA 'I " L' 136 Corrpound 7-J

(7R -7-[(2)-2{5-am no-1, 2, 4-t hi adi azol - 3-yl)

2- (hydr oxyi m no) acet am do] - 3- 12-

[ 2-N- (L) - val ywam/e®t hyl t hi onmet hyl ] pyri d- 3-yl t hi 0} - 3- cepl®€EUaGs6HOX Y| at e,

met hanesul fonic acid salt 5 "HNWVR (D20 S 1.12 (d, 3H, j =6), 1.13 (d, 3H,
= 6), 2.30 (septet, 1H J =6), 2.91 (t, 2H J =6), 2.92 (s, 3H, 3.43

(d, AB, J =18), 3.54 (m 1H), 3.67 (m 13H), 3.88 (d, IH J =6), 3.91 (d,

AB, J = 18), 4.33 (s, 2H, 550 (d, 1H J =5), 6.05 (d, 1H J =5), 7.93

(dd, IH, J =7, 5), 8.40 (d, 11L J =7), 8.64 (d, IH J =5). Conmpound 17-K

10

(7R -7-1(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-y2- (hydroxylmno)acetam do] - 3-{ 2-

[ 2-N-(L)- asparagwtamimébﬁWt@hwmml‘wﬂiﬂmpgaw{%ﬂd?ﬁBd@efb

car boxyl at e, tr:f [ W Wyl 4

2.93 (t, 2H e a%&gg(s %&9%&%}'%&8“ 13 3. \52%2530(?%13%5&0m2 3H)75 (d,
1H, J = 18), 4xZD7mL)s scpiaped dvl::dzh@cr(spdmmwlf&h ﬁltqm@a,ndsqr@m(amd imyacu0] 15 = 5),
5.90 (d, 1H, J,= TedD.. =, 8 i9s; = , 8.45 (d,
Th,355) - ConbBRAoR 51 8 ol ff e ifai®fcdln pbbplogrenl (

i adi azol - 3-§ ) el@inglwitircthylacetate afiyrding 0463 gl56%BofpwhiteZoampy(sphid. |'ysyl ami noet hyl t h
i orret hyl ] pyri d- 3-yl t hi o} - 3- cephem 4- car boxyl ate, nethanesulfonic acid salt

20 HNNR(CDBCP),mgO“],disA(m 1H), 1.92 (m 1H), 2.09 (m 1H), 2.91 (s, 3H),
2.98 (m 3H) J1H J=6), 349 (d, AB, 1 H J =17), 3.65 (m

2H), 3.75 (d, 6&)-7-{(z)-z-(s-ammo-1 2,4-thiadiazol-3-yl}-2-(hydroxyimino)acetamido]-3—{2—

[2-N-{L)}-ornithylaminoethylthiomethyl]pyrid-3-yithio}-3-cephem-4-carboxylic
acid, methanesulfonic acid salt

10 To a predried 25 mL round-bottomed flask was added DMF (1.5 mL), (7R)-7-
[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(triphenylmethoxyimino)acetamido}-3-
methanesulfonyl-3-cephem-4-diphenylmethyl carboxylate {0.69, 0.8 mmol, bis [2-[2-
(bis-N,, N;-t-butoxycarbonyl)-N-(L)-ornithylaminoethylthiomethyljpyrid-3-yl}
disulfide (0.41 g, 0.4 mmol), water (0.036 mL), and triphenylphosphine (0.209 g,

15 0.8 mmol), respectively. The reaction mixture was stirred for 2 hr and then diluted with
cthyl acetate (50 mL). The organics were washed with water (2 x 25 mL) and brine
{2 x 25 mL). The organics were separated, dried over sodium sulfate, filtered, and
concentrated in vacuo. Purification was achieved via SiQ, column chromatography
eluting with hexanes/ethyl acetate ramping from 1/1 to ethyl acetate (100%) affording

20 0.45g(45%) of a white foamy solid. The white foamy solid was dissolved in
methylene chloride/triethylsilane (2 mL; 1/1) and then cooled to 0 °C, then
triflucroacetic acid (5 mL) was added via syringe. The reaction was stirred for 30 mm
and then triturated with cold diethyl ether (30 mL) resulting in the precipitation of the
desired TFA salt. The TFA salt was dissolved in water {5 mL) and placed atop a

25  column of HP20 resin in water. The column was washed with water until an effluent
pH of 6.5. The column was then cluted with acctonitrile/water (1/4; v/v). The UV

active fractions were combined and tritiated with methanesulfonic acid to a pH = 3.0.



1H, J=17),4.09(t, 1H,J=6),4.31 (s, 2H), 5.48 (d, 1H J=5),6.09(d,
1H,J=5),7.61 (dd, 1 H J =7, 5), 819 (d, 1H J =7), 8.69 g; 1HAp
5). 19 JA 1201 WD 01/21623 PCTI USCQO 26069 137 Compound 17-M Rlﬁ-‘ -‘- '
[(2)-2-(S-am no-1, 2, 4-t bi adi azol - 3-yl ) -2- (hydroxyimn o)acetam do] -3- (2-
[2-N-(L)-serylam noethylth ionethyl] pyrid-3-ylthio}-3-ceph

em 4- car boxyl ate, nethanesulfonic acid salt 5 'HNVWVR (D20) S 2.85 (m 3H),
3.35 (d, 1H, JweaZpe233 45 (t, 2H, J=. 6), 3.84 (d, | H, BCTAPW26063 99 (ddd,
2H, J = 24, 12, 5), 4.17 (t, 2H, J =5), 4.26 (s, 211), 5.42 (d, I H J
=5),5.97(d, 1H,J-5),7.80(dd,IH J=8,5)8.24(d, | H J =5), 8.49 (d, 1H J=5).
Conpound 17-N (7R)-7-[(2)-2-(5-am no-1, 234-t hi adi azol - 3-yl)-2-(hydroxyimn
o) acet am do] -3-{2- 10

[ 2-N- (L) - gl ut am nyl am noet hyl t hi onet hyl ] pyri d- 3-yl t hi 0} - 3-cephem 4-

car boxyl ate, nethanesul fonic acid salt 'HNVR(D20) 62 19(q 211,J=7),2.50 (t,
2H, J =8), 2.85 (m 5H), 3.34 (d, 1H, J = 18), (m H)384(d 1H,
J = 18), 4.08 (Theorgppicsyvese rpmoved imyacyosand theqproduct avas ?‘H““dfﬁ lyophilizagion 5 g7 (d,
1H1 J -5, 7 %ﬁ'or(i 9’00%" as]aWhlé)amo(%h(?thélﬁz ‘IllHMIJ(IFO%ZO@(ﬁS&Hﬁ daglm, J = 15
8). Bis-{2-[2-(5 ﬁ di oxol an--en-2-0

yl ) met hoxycar b I3)QQ|ﬁ ﬂﬁdﬁliblﬂﬁ(éﬁﬁthy?)) pyt (dduﬁ-'y’l 18).dio¢ (i It ¥W @ -~ 0), 2
20 To a predriqg 25,§ly 5P4NGr POYY 20%E, 328k @haE,gedk) W3R, Qhﬁ&%ﬁs@k) was

5 (dd,1H,J=7,5),8.51 (d, 1H,J=8), 8.77(d, 1H,J=35).
The following compounds were synthesized in a similar manner as described
above. The acylation of bis (2<(2-aminoethylthiomethyl)pyrid-3-yl) disulfide tetra HCI
salt could also be performed utilizing activated esters (pentafluorophenol or N-

hydroxysuccinimide) of the respective amino acids with similar results.

10 Compound 17-B

{TR)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-
[2-N-{L}-prolylaminoethylthiomethyl}pyrid-3-ylthio)-3-cephem-4-carboxylate,
methane sulfonic acid salt
'H NMR (D,0) & 2.12 (m, 3H), 2.52 (m, 1H), 2.87 (m, 2H), 2.92 (s, 3H), 3.58
15 (4, AB,1H,J=17),3.51 (m, 2H), 3.75(d, AB, 1H, 17}, 4.18 (m, 1H), 543 (d, 1H,J =
5),601(d, 1H,J=5),749(dd, 1H,J =7, 5), 8.45 (d, 1H, J = 5).

Compound 17-C

{(TR)-7-{(Z)-2-(5-N-(L)-alanylamino-1,2,4-thiadiazol-3-yl)-2-
{bydroxyimino)acetamido]-3-{2-[2-aminoethylthiomethyl]pyrid-3-ylthio}-3-
20  cephem-4-carboxylate, trifluoroacetic acid salt
'‘HNMR (CD,0D)6 1.74 (d,3H,1=7),2.94(t,2H,J=7),3.38 (1, 2H, T =7),
341(d,1H,J=17,3.70(d, 1H,T1=17), 4.18 (s, 2H), 4.41 (s, 2H), 5.33 (d, I1H, J = 5),
6.04(d, 1H,J=5),7.45(dd, 1H,1=7,5),8.01(d, 1H,J=8), 8.53(d, 1H,J=5).



added bis (2-(2-am noethylthionmethyl)pyrid-3-yl) disulfide tﬁL[rga Eﬁl n ?I t
(1.0 g, 3.39 mmol) and (5-nethyl -2-oxo0-1, 3-di oxol an-4-enyl) hyJ Loy

p- ni trophenyl carbonate. (0.922 g, 1.69 nmol), Wth stirring, triethylam ne
(3.6 nb, 21 mmol) was added dropwise via 1 9 JA : 2C0'i WO 01/21623

PCT/ uSoof 26069 138 syringe. Follow ng conpl ete consunption of the starting
materials, as nonitored by thin |ayer chromatography (ethyl acetate), the
reaction was Mauesad# with 20 nL of water, and extracted RUTIUSHENHY| acet at e
(2 x 20 nL). The organic | ayer was separated, washed with 1 NHCO (1 x 10
m.), 2% sodium bicarbonate (1 x 10 nL), water (1 x 10 nL), and 5 brine (1 x
10 mL), respectively. The organics weresgparated, dried over sodium
sulfate, filtered, and concentrated in vacuo. Purification of the title
compound was achieved via Si O= col um chromat ography el uting with ethyl
acetate (100% affording 0.252 g (10%9 as a yellow solid. Conpound 17-0 10
(7R)

7-[(2) - 2- ( 5- anfFampaund 17=B hi adi azol - 3-yl ) - 2- (bydr oxyi mi no) acet ami dol - 3- ( 2-
12- (5- et hyl - 1, 3-di oxal an- 4- en-2-on- 4- ) ]

yl ) met hoxycar bERH IR Geamiye-1 A shiadia ';gy‘ﬁ'@%'-"ﬁ'l“b‘l"@i}‘-"g- Bk 4-
carboxyl ate, s al‘EY'?B"}Q“?P’QEFPY' YPYPddndh b esmeP-H ask char ged
with DVF (3 niyarhesylate trifluprepcgtic acid salt

(7R)-7-[(2) 3 2- (5- anjnaed 2 st hbadhazol 23yl )2, 1o i
(triphenyl et hoxyi %m&%&oi%tlgg?ggﬁégtﬂahgs@ ﬁ'ﬁr{yIs-)’giggébﬁ%‘ﬁlfﬂ)d?%%enyl met h
yl  carboxyl at @, {8, J2017),3.68Am2 301 {d, 1H, J = 17), 4.30 (q, 1H, ] = 8), 4.46 (5, 2H), 4.50
bi s-(2-[2-(5-npt hyl- 1.3z i gx n-4-.en-2-Qn- 4; _
yl ) met hoxycar b w')’arlns’h%%gt@yﬂf’ﬁi 3%?2#11%%7 P ERAYE B LG DRSS 080 g,
0.12 mmol ), willdr=HR.TN@, ¥H.Y=5nd tri phenyl phosphi ne (0.060 g, 0.24 mmuol),
respectively. Upon 20 stirring for 2.5 hr, the reaction was diluted with
ethyl acetate &lfdnsilng 908l the organics were washed with water (1 x 10 ni)
and brine (1 x 10 nmL). The organics were
10 (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido}-3-{2-
[2-N-glycylaminoethylthiomethyl)pyrid-3-ylthio}-3-cephem-d-carboxylate,
methanesulfonic acid salt
'HNMR (D,0) 5 2.88 (t, 2H, = 7), 2.92 (s, 3H), 3.41 (4, 1H, J = 16), 3.54 (m,
2H), 3.88 (d, 1H, J = 16), 3.91 (s, 2H), 4.30 (s, 2H), 5.48 (d, 1H, J = 5), 5.94 (d, 1H, ] =

15 5),7.89(dd, 1H,J=8§,5),8.34(d, 1H,J=8), 859 (d, 1H,J=5).

Compound 17-F

{7R)-7-[(Z)-2-({5-amino-1,2,4-thiadiazol-3-yI)-2-(hydroxyimino)acetamido]-3-{2-
[2-N-(L)-aspartylaminoethylthiomethyl] pyrid-3-ylthio}-3-cephem-4-
carboxylate, trifluoroacetic acid salt

20 'HNMR (CD,0D) 5 2.93 (m, 2H), 3.07 (dd, 1H, ] =24, 9), 3.17(dd, 1H, J = 24,
5),3.47(d, 1H, J = 18), 3.58 (m, 2H), 3.76 (d, tH, ] = 18), 4.28 (s, 2H), 4.36 (m, 1H),
545(d, 1H,J=15),6.11 (4, 1H,J=35),7.52(dd, 1H,1=7, 5), 8.22 (d, 1H, ] =8), 8.67
{d, 1H,J = 5).



separated and dried over anhydrous sodiumsulfate, filtered and
concentrated in vacuo. Purification was achieved via Si Q2 ?ﬁ zn

chromat ography eluting with ethyl acetate (100% affording 2] g‘“(*82%
as a yellow foany solid. The yellow solid was 25 di ssol ved i n nethyl ene
chloride/triethylsilane (2 nm; 1/1, v/v) and cooled to O C. To the
reaction flask vvas added dICh| oroacetic acid (4.2 nL) and the m xture was
stirred for M™APY24He reaction was triturated with diisoPféyiW#her (15
m.) resulting in the 19 NI 2004 WD 01/ 21623 PCT/ USOQ 26069 139
precipitation of the desired product. The solids were collected, dissolved
in water (5 nL), and tritiated with 0.513% sodi um bi carbonate until the
sol uti on becane honbgenous. The sol ution was | oaded atop a col um of BP20
resin packed with water and the colum was washed with water until the pH
of the effluent becane 7. The -5 colum was then eluted with

acetonitril e/ water 0§‘7/ }‘L The WV active fractions were conbined, reduced
in vacuo to rerfAmPOIRE E;etonitrile andthetitle conmpound was i sol ated
via | yophilizat

whi t
anor phous sol i (11"9)' oy m"gg ylﬁl n_gﬁ!“é J;)S’ce é‘ge’??S g 47I ©
2H), 3.80 d, 1H, J =
g;n 6.H%)2 (d 1 ““;'J nesylfonic pHAZAI 3 (qq, | H J =7, 5) 8. 03 (d I(IL J=7)),
8.51 (d, 1 K gm&hgcﬁ%d)wa@quauﬁdsmsmome&tz@m £@), i3s3 3,

respectl ve SOdI um s sim | ar manner as describ above. rrpound
17-P (7R)-7- [(221).124(')53 6hit78L 1= 7). 373 (1l &b Tz b 490y I T B), A28 sy 21 n

0) acet am do] - 3-{ 2 f = 5,609 (4, 1H,1=5), 754 (44, 1,1 =7, 5), 802 (4, 1K, 1= 7), 862
(2-N-(L) - pyrogl ut am nyl ant’ noet hyi t hi onet hyl'l pyri d-3-yl t hi o) - 3- eephem 4-

carboxyl ate, sddilb¥salt 'HNVMR (CD,OD) 8 2.50 (m 4H), 2.82 (t, 2H, J = 7),
3.30 (s, 3H), 3.35 (d, 1H, J = 17), 3.52 (m 2H), 3.71 (d, 1H, J = 17),
4.17 (s, 2H), 4compobdd1iH), 5.38 (d, 1H J

10  (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yI)-2-(hydroxyimino)acetamido]-3-{2-
[2-N-(L)-(N,-methyl)alanylaminoethylthiomethyl] pyrid-3-ylthio}-3-cephem-4-
carboxylate, methanesulfonic acid salt

'THNMR (CD,0D) 6 1.70 (d, 3H, J = 10), 2.87 (s, 3H), 2.88 (s, 3H), 2.95 (t, 2H,
J=7),353(d,1H,J=18),3.67(,2H,J=7),3.83(d, 1H,J=18),4.15(q, 1H, I =8),

15 434 (s, 2H),5.48(d, 1H,J=35),6.12(d, 1H,] =5),7.58 (dd, 1H, I =7, 5), 8.36 {d, 1H,

J=7),8.73(d, 1H,J=3).

Compound 17-1

(7TR)-7-{{Z)-2-(5-amino-1,2,4-thiadiazol-3-yI)-2-(hydroxyimino)acetamido}-3-{2-
[2-N-(L)-histidylaminoethylthiomethyl} pyrid-3-ylthio}-3-cephem-4-carboxylate,
20 methanesulfonic acid salt
'HNMR (CD,0D) 5 2.88 (t, 2H, ] = 7), 2.90 (5, 3H), 3.50 (d, 1H, J = 17), 3.57
(t,2H,J=6),3.76(d, 1H,J=17),4.26 (5, 2H). 438 (t,2H, 1= 7}, 5.46 (d, LH, ] = 5),
6.07 (d, 1H, J = 5), 7.65 (m, 1H), 8.21 {d, 1H, J = 6), 8.66 (m, 1H), 9.08 (s, 1H)}.



5), 7.41 (dd, 1H, J =7, 5), 8.42 (m 1H). 20 Exangle |23:

2-chl or onet hyl - 3-tri phenyl met hyl t hi opyri di ne hydrochl oride A thilck JAI 2005
suspensi on of 2-hydroxynet hyl -3-tri phenyl net hylthi opyridine (90.3g, 235
mmol) in NN-dinethylformam de (270 nL) in a flask equipped with efficient
mechani cal stirring was chilled to 2 C. -Thionyl chloride (25.8 nL, 354
nmo)) was 25 added in 5 nL portions over the period of 1 h while

mai nt ai ni ng awoenmpezat ure below 10 1 9 JA; J 2U3' 1 WO 01/ ZEKOEAB00126069

PCT/ USOQ 26069 140 T. After conpleting the addition the reaction m xture
was allowed to reach room tenperature and was stirred for 30 mn, The
precipitate was filtered, washed with etjggl acetate (500 rnL) and dried to
give 86.7g (84% 2-chloronethyl-3- triphenyl nmethylthiopyridine

hydrochl ori de as col orless crystals. 5 Exanple 124:

2- (2-am noet hyl t hi onet hyl )-3-tri phenyl nmethylth i opyridin e To a stirred
sol ution of sodi um nethoxide (0.787 nol) in nethanol (425 nL) were added
at room t enper &pmpeuntht¥el nit rogen 2-chl or onet hyl - 3-

tri phenyl met hyl t hi opyri di ne hydrochloride (86 g, 0.196 npl) and _cysteam ne
10 hydr ochl ori G&RX? .bzﬁ,-“@!'igéa‘ﬁb?g!”%ﬂr’@l’z'ﬂ’.?’g"’l’f?i"l‘ﬂga @‘a’é’t"ﬁb‘ﬁ{zm xture was
partitioned b&-Nebhvalylpminogthythipractbyipyrigid;ylthipldacephespireambpxulsis hrine (250
mL). The or ganmethagesaifonippeid s8thar at ed and t he aqueous | ayer was extracted

Wih brive 85 x soctim M alize Sk ek aha Sttt 15 &40 T owi ng

f2 il t2 r at | on, ﬁvlgpﬁ(tgm,qr%@,fz,gghe 3_Hb,|3t4Bm,aBJmelles), 3.54 (rﬁq(l;lg,edimmemyx.&s lpr o_dutr:]ed
-(2- thylt t - 3- t

o1 e0 Do MY i iy Ll b PTG TR Y sl S L SSRR s B 1R T O

quantitative yhehgd, 1H,7=7,5),840(d, 1H, J=7),8.64 (d, IH,T=5).

Compound 17-K

10  (7TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-
[2-N-(L)-asparagylaminoethyithiomethyljpyrid-3-yithio}-3-cephem-4-
carboxylate, trifluoroacetic acid salt

'HNMR (D,0) & 2.74-2.79 (m, 4H), 2.93 (t, 2H, ] = 6), 3.27 (dd, 1H, J =18, 13},
3.32-3.50 (m, 3H), 3.75(d, 1H,T=18),4.17 (s, 2H), 4.29(t, 1H, ] = 14), 5.35 (d, 2H, J

15 =35),590(d, 1H,J=5),7.75 (dd, 1H,J=8,5),8.22 (d, 1H, ] = 8), 8.45 (d, 1H, J=5).

Compound 17-L

(TR)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)}-2-(hydroxyimino)acetamideo]-3-{2-
[2-N-(L)-lysylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylate,
methanesulfonic acid salt

20 'HNMR (CD,0D) § 1.73 {m, 1H), 1.92 (m, 1H)}, 2.09 (m, 1H), 2.91 (s, 3H),
2.98 (m, 3H), 3.18 (t, 1H,J=6), 3.49 (4, AB, 1H, ] = 17), 3.65 (m, 2H), 3.75 (d, AB,
1H, ] = 17), 4.09 (t, 1H, ] = 6), 4.31 (s, 2H), 5.48 (d, 1H, J = 5), 6.09 (d, 1H, J = 5),.7.61
(dd, 1H,3=17,5),8.19(d, 1H,J=7),8.69(d, 1H, J = 5).



Exampl e 125: 2-(2-am noet hylthionmethyl)3-triph enyl nethylthiopyrid ine 20
Into a 20 nL flask was charged 2-(2-N-tert-

but oxycar bonyl am noet hyl t hi oret hyl ) 3-tri phenyl met hyl t hi opyri dgn&.(q 20 9,
0.37 nmmol, 1.0 eq.) and 4.5 M HC1(dry) in methanol (2.0 m, P9 mdlt 24
eq). The solution was placed in the refrigerator (4 C for 2 h. At the end
of two hours, the reaction solution was pipetted into 20 nL water with ice
chips and a su¥P&fBn 1 " ill:, z0oil WD 01/21623 PCT! USHOrus8usess141

i medi ately formed. The bis-HCl salt was next neutralized with saturated
sodi um bi carbonate (1 nmL) and extracted with ethyl acetate (15 nL). The
phases were separated and the aqueous pB¥dse was extracted wi th additional
ethyl acetate (10 nL). The conbined organic extracts were dried with
sodiumsulfate, filtered, and the solvent 5 renpved in vacuo to give a
white powder (80 ng, 50% containing predom nantly 3-

tri phenyl net hyl t hi o- 2+ i,ég(’im noet hyl t hi onet hyl ) pyridine (HPLC, NMR). "~H NWMR
(4:1 CDCl,:CD,‘EﬂS}P"S"%. ppm (t, 2H), 3.00 (t, 2H), 3.52 (s, 2H), 6.82 (d,

1H), 7.00-7.40 _ aftin i - .'n cha i - -

12O (o RSN, e e b e 15
ri phenyl met hyl ﬁi' {loﬁ‘c'ﬂ%d éta stirtred solution of

2- (2- am noet hyl t hi ome y]I )3- "triphenyi met hyl t hi opyridine (57.1 g, 129 mmol)

in ethyl acejate (2%}@@3%2@@%@@ 3504 UtH, 9 19, 3.45 (1, 2H, ] = 6), 3.84 (d,
N-(tert-but oxycar bonél -4-tert: bu%l -L-aspartic acid pentafl uorophenol
ester 15 (52.8 g, 116. sAbidd. 2HeT T Bb 135k dlr &b W Vi $7048 28D: $Bddntflehperat ure

for 4 h. The r i i %L . am, 344E QWS (8QHUfd on of
fﬁ.cstéﬂﬁ.,\}lfﬁ,%{ BE?:sb@tﬁxéM%ﬁ%iswimal 36U QUS (§QHUIL 9N

sodi um car bonat e (0.9 organic | ayer was separated, washed

twice with brine (500 mi) and dried over
Compound 17-

(7R)-7-[(Z)-2-(5-amino-1,2 4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-
10  [2-N-(L)-glutaminylaminoethylthiomethyl]pyrid-3-ylthio}-3-cepbem-4-
carboxylate, methapesulfonic acid salt

'"HNMR (D,0) 5 2.19 (q, 2H, J = 7), 2.50 (t, 2H, J = 8), 2.85 (m, 5H), 3.34 (d,
1H, J = 18), 3.51 (m, 2H), 3.84 (d, 1H, J = 18), 4.08 (t, 1H, J = 7), 4.28 (s, 2H), 5.43 (d,
1H, J = 5),5.97 (d, 1H, T =5), 7.90 (dd, 1H, ] = 8), 8.37 (d, 1H, J = 8), 8.58 (d, 1H, J =
15 8).

Bis-{2-{2-(5-methyl-1,3-dioxolan-4-en-2-on-4-
ylymethoxycarbonyl)aminoethylthiomethyl}pyrid-3-yl} disulfide

. ,\/N\[Oro\/\ﬁ

20 To a predried 25 mL round-bottomed flask charged with DMF (15 mL) was
added bis (2-(2-aminoethylthiomethyl)pyrid-3-y1) disulfide tetra HCl salt (1.0 g, 3.39

2

mmol) and (5-methyl-2-0x0-1,3-dioxolan-4-enyl)methyl p-nitropheny! carbonate (0.922
g, 1.69 mmol). With stirring, triethylamine (3.6 mL, 21 mmol) was added dropwise via



anhydrous sodium sul fate. Hexane (400 nL) was added with stirring until a
slight cloudiness persisted, and then ethyl acetate was addeﬁ iﬁ gj ¥g,,a
clear solution. The 20 resulting solution was filtered throug ﬁb‘ugﬁbf
silica gel (300 m.; 2 inch layer) followed by washing with ethyl acetate
-hexane solution (1 L). The conbined filtrates were concentrated to an
oily residue and purified by chromatography over silica gel wusing a

st ep- gradi ent W u2id@h with et hyl acetate-hexane sol uti on Far/gsozepen 1: 1 and
finally, 2:1). The filtrates were evaporated to an oily residue of
2-[2-L-(N-tert 25

but oxycar bonyl -4-tert-butyl aspartyl ) am niget hyl t hi omet hyl | - 3-

tri phenyl met hyl t hi opyridine (65 g, 75% which was used inmediately in the
next step. 1 9 JA: 20U, WO 01/21623 PCT/ USOQ 26069 142 Exanple 127:

2- (2-L-aspartyl am noet hyl t hi onet hyl ) - 3-mer capt opyri di ne di hydrochl ori de

To a stirred solution of 2-[2-L-(N-ten-butoxycarbonyl-4-tert

butyl aspartyl ) &yringe ckPpingicernplet GoumRtiop PLAGHITREHTTAN AYBSHPRE AL (65 g; 87
mol) in 5 di %?ﬁ% Q%ﬂ%gmﬁh%qghfﬂaéetwqg{re&hﬁﬁ RESNud il 4ol 8l of water,

triethylsilane m., 81 and the solution was cooled to O C.
Tri f1 uor oacet i encamtrdcte(de@a: ity aomy (24 d@ - ntheorganic jayse was sepgtsd i asiifled t o

return to roomf er gz‘%EJdﬁﬁ%ﬁaﬂiona"teé 10 ol watkr i YN 6 mL‘g‘@ﬁh) whi ch

concentrated unc uce ssure to a syrupy residue (-30 C
was then d|555<bhwa(d| X|1ﬁnét)hyﬁtp°¢ab’elh’am‘{f&90@5mf7Sepwtﬁrﬁ“sdswmdl% was added

With stirring g,40 gy adgmope‘m@ﬁaamua rpuﬁhfmnaﬁﬁéedceco& dWas 1.75 M

262 mmol ) fol | OWed tion of nore et acetate m) to
facilitate sti metisvgd viABiQacolamn ehrpmgjography alﬁt"lfdmhtqﬂb’heﬂmww%)ﬁﬁg’élnﬂds wer e

collected by figlts hlogrjmgwgéﬁd( ogen, washed with ethyl acetate and
dried in vacuo to g

2-(2-L-aspartyl am noet h7y t hi onet hyl ) - 3- mer capt opyri di ne di hydrochl ori de as
a white powder Cempoyn 99 . 15 Exanple 128:

10  (7TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(bydroxyimino)acetamido]-3-{2-
[2-(5-methyl-1,3-dioxolan-4-en-2-on-4-
yl)methoxycarbonyl)aminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-
carboxylate, sodium salt

To a predried 25 mL round-bottomed flask charged with DMF (3 mL) were

15  added (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazo}-3-yl)-2-
(triphenylmethoxyimino)acetamido]-3-methanesulfonyl-3-cephem-4-diphenylmethyl
carboxylate (0.200 g, 0.23 mmol), bis-{2-[2-(5-methyl-1,3-dioxolan-4-en-2-on-4-
ymethoxycarbonyl)aminoethylthiomethyl]pyrid-3-y1} disulfide (0.080 g, 0.12 mmol),
water (0.010 mL), and triphenylphosphine (0.060 g, 0.24 mmol), respectively. Upon

20  stirring for 2.5 hr, the reaction was diluted with ethyl acetate (10 mL) and the organics
were washed with water (1 x 10 mL) and brine (1 x 10 mL). The organics were
separated and dried over anhydrous sodium sulfate, filtered and concentrated in vacuo.
Purification was achieved via SiQ, column chromatography eluting with ethyl acetate
(100%) affording 0.212 g (82%) as a yellow foamy solid. The yellow solid was

25  dissolved in methylene chloride/triethyisilane (2 mL; 1/1, v/v) and cooled to 0 °C. To
the reaction fiask was added dichloroacetic acid (4.2 mL) and the mixture was stirred

for 1 hr. The reaction was triturated with diisopropyl ether {15 mL) resulting in the



Bis(2-[2-L-(N-tert-butoxycarbonyl-4-tert-

butyl aspartyl)am noet hyl t hi onet hyl ] pyrid-3-yl) disulfide A flagk S

chat ged w th bis(2-ani noet hyl thi onethyl ) pyrid.3-yl) disulfidd $adv igod 0. 20
mmol, 1.0 eq.), aqueous 1M sodi um bicarbonate (2.0 nL, 2.0 nmmol, 10 eq.),
20 and water (5 nL). To this was added °

N-(tert-butox%Earbon |)-4-tert-butyl-L-aspartic acid pentafl uorophenol
ester (0.18 gVYQU#¥%mpl, 2.0 eq.) dissolved in ethyl acdCAUE0N29068 )
foll owed by sodiumchloride (50 ng, 10% sol ution). The biphasic m xture was
stirred vigorously at roomtenperature and after 24 h. The |ayers were
separated and the aqueous phase was wadB®d with additional ethyl acetate
(2.5 nL). The organic 25 extracts were conbi ned and washed with brine (2 x
5 nm), dried with sodiumsulfate, 1 9 JA/ 1 2- CO 0~ WO01/21623

PCl 1U500/ 26069 143 filtered and the solvent was renoved in vacuo. The

resulting oily product s.purified .adi al _chromat ography first with
1:5 (v/Vv) hexaRESBIHPP 0&%{1%?@ prostugty %;’P?E'%e‘% ¢ E‘Fé?d%ﬁﬁagé‘ﬁ?‘é%&'( ol | owed by
bt oxycal bony| T B Ll T ot oot b b ot oy oy i.d-3:1)
ut oxycar bonyl -4-tert-butyl aspar am noe rig-3-

di sul fide (100 hOfBOWUSSE%SQl“E?Tb‘)"!S){“"‘ﬂF 3(%%“"? hgﬁ’.‘%é’%g “(‘g‘, “’“i%H) , 1.55
0D 5 B0 (B b (e 2k Exhipl - 120

, b. : , 7. m ), 8.10 : : 1) . anpl e- ;
129: 2-[2- L5( Neelanr wmﬁbm‘é%ér%wmﬂ%‘ﬁ@t@w The UV eth tradtiohs wers
t y: ats par t y:c ) g%‘%{g@ﬁggy,lfa%ki_i){i%{w kd rteﬁovelzﬁk dgabﬁfﬁl&, ﬁtht d;[ titieRempgeanawad i rr ed
solution of bis(2-[2-L-(N-tert-butoxycarbonyl-4-tert- .
butyl aspartyl) &mawééﬁﬂmm%ﬂ%ﬂ%ﬂqﬁjl?ﬁ%@% ﬁmﬂ?m@&&nﬂ(aﬁg@t@, 41.0
][mlvl ) i 3 E, N- %sﬁﬁm :s&ﬁr MR NIMR(D( )/ 2 01 s, gasz.ammednm&t B 3400 2H),, 94 nmol )
fol | wed by ¢ L BT PRASPINAIS ol b Sar 3BT L s £\ e 3L .00

10 7.53(dd, 1H,J=7,5),8.03(d, 1H,J=7),8.51 (4, I1H,J=5).
The following compound was converted to its respective sodium salt in a similar

- manner as described above.

Compound 17-P

{7R)-7-[(Z)-2~(5-amino-1,2,4-thiadiazol-3-y1}-2-(hydroxyimino)acetamido]-3-{2-
15  (2-N-(L)-pyroglutaminylaminoethylthiomethyl]pyrid-3-yithio}-3-cepbem-4-
carboxylate, sodium salt
'THNMR (CD,0D) & 2.50 (m, 4H), 2.82 (t, 2H, J = 7), 3.30 (s, 3H), 3.35 (d, 1H,
I=17),3.52 (m, 2H),3.71 (d, 1H,J=17), 4.17 (5, 2H), 4.35 (m, 1H), 5.38 (4, 1H, J =
5),7.41 (dd, 1H,J =7, 5), 8.42 (m, 1H).

20 Example 123:

2-chloromethyl-3-triphenylmethylthiopyridine hydrochloride

A thick suspension of 2-hydroxymethyl-3-triphenyimethylthiopyridine (90.3g,
235 mmol) in N,N-dimethylformamide (270 mL) in a flask equipped with efficient
mechanical stirring was chilled to 2 °C. Thionyl chloride (25.8 mL, 354 mmol) was

25  added in 5 mL portions over the period of 1 h while maintaining a temperature below 10



15 tri phenyl phosphine (5.38 g, 20.5 mmol) was added and the reaction was
continued at roomtenperature overnight. The reaction m xture gas -
partitioned between water (500 ni) and 3:1 (vlv) ethyl acet at bIndhdndldiThe
organi c extract was washed with brine (3 X 250 nL), dried over sodium

sul fate and concentrated uder reduced pressure to produce
2-[2-L-(N-tert-butoxycarbonyl -4-tert-butylaspartyl)am noet hyl thi onet hyl ] - 3-
20 mer capt opy MQAMAE23 whi ch was used imedi ately in the neBGIAUSMAREEP oN.
Exanple 1

2-[2-L-(N-tert-butoxycarbonyl -4-tert-butyl aspartyl)am noet hyl t hi onet hyl

| -3- mercaptopyridine A flask equi pped idh a nechanical stirrer was
charged with 2-(2 25 am noet hyl t hi onet hyl ) - 3- ner capt opyri di ne

di hydrochloride (2.1 g, 7.7 mmol, 1.07 eq.), 19 JA; WD 01/21623

PCTI USOO126069 144 N-(tert-butoxycarbonyl)-4-tert-butyl-L-aspartic acid
pent af | uor ophenol ester (3.3 g, 7.2 nmmol, 1.0 egﬁ.]%, triethylamne (2.1 niL,
15 mol, 2.1 ed:)ABSEOmplngthradgibien B Frastion guxturs yaggllowedigaeachitogm; o was
allowed t0 StiferBbramf ahd Wad stidredfor T6WRinS Thetpre@ipitandias iltkred, MdsHe@ witk Oyl Wi t h
wat er and washed with 3:1 agéé) et héqu acet dt e- hexanes (2 x 50 nL). The 5
conbi ned or ganteetate$0mk)an QEYh 7845 ehleremetaylsd- 100 L), dried with

;OFEUT (mfat Riphdrylnt By REioARMink REirsRlo8Ns HRABY 8Fsthld. vacuo to give

-l &-L- ert- R

but oxycar bonyl -4-tert-butyl aspartyl)am noet hyl t hi onet hyl ] - 3- ner capt opyri di n
e which was uggshpldui2dhe next step without further purification. 10

2- (2-L-aspartyl am noet hyl t hi onet hyl ) - 3- mer capt opyri di ne di hydrochl oride A

fl ask equi pped, '_;lgingetgwﬁ;,&gylﬁyurigﬁgylmgm aMth 2-[2-L-(N--tert-

but oxycar bonyl -4-tert- ylaspartyl’) am noef hyl t'"hi omet hyl ] - 3- mer capt opyri din
e (0.24 g, 0.51 mMmmro,a stirred RAutipn off s6dila Wethokiyle OHETHI!) (nlmethaih) (4267lL)

o e Lo onb e B e LRSSy 30 (48 T1) v aced

triphenylmethylthiopyridine hydrochloride (86 g, 0.196 mol) and cysteamine

10  hydrochleride (33.0 g, 0.290 mol). After 2.5 h, the reaction mixture was partitioned
between ethyl acetate (500 mL), water (500 mL) and brine (250 mL). The organic layer
was separated and the aqueous layer was extracted with ethyl acetate (250 mL). The
combined organic extracts were washed with brine {3 X 500 mL) and dried over
anhydrous sodium sulfate. Following filtration, evaporation of the filtrate under

15  reduced pressure produced 2-(2-aminoethylthiomethyl)-3-triphenyimethylthiopyridine
as a yellowish oil (92.7 g, after correcting for residual solvent by NMR, 87.0 g,
quantitative yield).

Example 125:

2-(2-aminoethylthiomethyl)3-triphenylmethylthiopyridine

20 Into a 20 mL flask was charged 2-(2-N-tert-
butoxycarbonylaminoethylthiomethyl)3-triphenylmethylthiopyridine (0.20 g, 0.37
mmol, 1.0 eq.) and 4.5 M HCl (dry) in methanol (2.0 mL, 9.0 mmol, 24 eq). The
solution was placed in the refrigerator (4 °C) for 2 h. At the end of two hours, the

reaction solution was pipetted into 20 mL water with ice chips and a suspension



15 stir at 20 Cfor 3 h. The solution was concentrated in vacuo, and the
resi due was dissolved in ethyl acetate (25 nmL). Into this sol dt§ QM\I}I\@%]I
bubbl ed anhydrous HCI. The white solid, which precipitated al nost

i medi ately, was carefully filtered and washed wth ethyl acetate, while
avoi di ng exposure to noisture, and dried in vacuo to yield 0.18 g (90%
2- (2-L-aspartyl am noet hyl t hi onet hyl ) - 3- mer capt opyri di ne di hydrochl ori de as
a 20 white povelewzié2Exanpl e 132: Sodi um PCT/US00/26069
(2)-2-(5-am no-1, 2, 4-thi adi azol - 3-yl)-2-(tri phenyl net hyl ) oxyi mi no- acetate
A suspensi on of nethyl

(2)-2-(5-ethoxycarbonyl am no-1, 2, 4-t hi adjgazol -3-yl)-2- 25

(triphenyl met hyl ) oxyi mi noacetate (7.3 g, 14.1 mmol) was heated at 80 C
under reflux 1 9 Al 20011 WD 01/21623 PCT/ USOQ 26069 145 in 55 nL of 2:1
(v/v) aqueous NaOH (2.5 M and ethanol. After 24 h the reaction mxture
was allowed to cool to roomtenperature and the precipitate was coll ected
by filtrationimmedite fomnedh 'Dkntbﬁqul\ﬁdSW@Slemlémh@F‘ with sk safivh ¢ he
original filtrate) an {4GET CF [ sodi um
(2)-2-(5 -am n%— a’}"’?te ! q')an ex %ﬁ{.ﬁl%)ﬂ{yg cg{a{é? ) ﬁé{alﬁkésd}%

(triphenyl met h)sl:ﬁaﬁmﬂlaﬂd maameduaphas( Bax3traptedfitnagditong) ethylpeetate (19 mbd. e was
resubl ected 10 p ot il Onaaal%;abw% Rk Waidh silfe, BREled, B BOQWEnESCI i bed
wor kup procedur'%‘ 0 produce a second c¢rop sodi um
(2)-2-(5- amsno-ramczrpdlmtﬂamadw azoﬁWthuoyld@«(B(Xms,|59%bmlmmd}’@m%3noacet ate

(1.43 g 22% vyi el i
am no-1, 2, 4- th.“ap %#201’3]1%@]:: ?(2 § tci %‘h m{%ﬁ‘ﬁ og{l m noace%lgf'?véR 0.49 g, 8%
yi el d) 10 was @nGij: @@s@m5t2éﬁpmbt}m3%(t¢%ﬁ 332 (6. 280, 682 ¢4. A Hd7W8 7494 h peri od

of heating at %rfg 133:
(7R) - 7- am no- 3§chﬁﬂpocep %Dem4-car boxyl ate, tert-butyl ester To a
suspensi on of 7-am no-3-chl oroceph-3-em 4-carboxylate (23.7 g, 101.2

Example 126:

10 2-[2-L-(N-tert-butoxycarbonyl-d-tert-butylaspartyl)aminoethylthiomethyl]—3-

triphenylmethylthiopyridine
To a stirred solution of 2-(2-aminoethylthiomethyl}3-

triphenylmethylthiopyridine (57.1 g, 129 mmol} in ethyl acetate (285 mL) was added a
solution of N-(tert-butoxycarbonyl)-4-ters-butyl-L-aspartic acid pentafluorophenol ester

15  (52.8 g, 116 mmol) and the mixture was stirred at room temperature for 4 h. The
reaction mixture was washed with an aqueous solution of sodium carbonate (0.9 M, 1
L). The organic layer was separated, waShcd twice with brine (500 mL) and dried over
anhydrous sodium sulfate. Hexane (400 mL}) was added with stirring until a slight
cloudiness persisted, and then ethyl acetate was added to give a clear solution. The

20 resulting solution was filtered through a plug of silica gel (300 mL; 2 inch layer)
followed by washing with ethyl acetate -hexane solution (1 L). The combined filtrates
were concentrated to an oily residue and purified by chromatography over silica gel
using a step-gradient clution with ethyl acetate-hexane solution (1:2, then 1:1 and
finally, 2:1). The filtrates were evaporated to an oily residue of 2-[2-L-(N-ter¢-

25  butoxycarbonyl-4-tert-butylaspartyl)aminoethylthiomethyl]-3-
triphenylmethylthiopyridine (65 g, 75%) which was used immediately in the next step.



mmol) in t-butyl acetate (510 nmL), under nitrogen, was added BF3 etherate
(80 nmL) and 15 the m xture was stirred vigorously at roomtenperature until
conpl ete dissolution was observed. After 2.5 h the reaction mixtgrg 04
poured into stirred ice water (1 L) and: the organic |layer was di scardéd:
The aqueous | ayer was washed with 1:1 (vlv) ethyl acetate-hexane (200 nl)
and separated. To this aqueous solution with ice cooling and stirring was
added et hyl a® @228 500 nli) foll owed by portionwi se addi ReTHSMBIs0680di um 20
carbonate (216 g) until a pH of 8-8.5 was reached. The organic |ayer was
separated and the aqueous |ayer was extracted with ethyl acetate (100 niL).
The conbi ned organic extracts were driggdzover anhydrous sodi um sul fate and
concentrated under reduced pressure to give an oily residue (28 g) which
solidified after renoving the flask fromthe bath. To this residue was
added toluene (100 nL; partial dissolution) followed by 25 hexane (100 niL).
After 10 mn of additional stirring crystalline (7R)-7-amno-3 1 9 JA 11 2
9.'t WO 01/ 216Eamp&1BCT/ USOCOL26069 chl or oceph- 3- em 4- car boxyl at e,
tert-butyl ester was filtered, washed with hexane and dried under reduced

pressure (15.4,g 2-L5:%p/ﬁrtyl‘lﬁB};etﬁylhﬁ@nﬁﬂﬁﬁs-ﬁﬁ}&ﬁmﬁyﬁdﬂf&ihy(ﬁdhlﬂ&@dr 3-y1l)-2- 5

(tripbenyl nmet hyl oxyi m no) acet am do- 3-chl orocep ens- car boxyl ate, tert-
butyl ester To a stszrsade«smﬂmst[l I0{N-&erchutoXycarbonyl-4-tert-

(11 38 o, 3. 7enarpr fedey o Rl o R Biem EraH (R SERPSD Bohosphat e
(9.9 L, 4758 masalloromlamﬁnee(apo)mLWnu&rnpmgm Riided triethyBilaret(1 Jrm @10 Mmat)st  of
tomper at ur o and B R SR YRS o TSR B et s et sy Face
(9.19 g, 31.7 mnixmae wadalDwedto)retwmnso mdsiaenfetairoam@dtitbed farckd$ b.i The ntikture :
2, 6-lutidine ( %az cortpc‘entrg’ted u%dgg}'éclubedl p'rgssurc 10 a syrupy residue (~30 °C bath) which was

then dissolved in ethyl acetate (300 mL). To this solution was added with stirring a

10 solution of dry HC! in ethyl acetate (150 mL, 1.75 M, 262 mmol) followed by addition

of more ethyl acetate (300 mL) to facilitate stirring. After stirring for an additional 30

min solids were collected by filtration under nitrogen, washed with ethyl acetate and

dried in vacuo to yield 2-(2-L-aspartylaminoethylthiomethyl)-3-mercaptopyridine

dihydrochloride as a white powder (33.7 g, 99%).

15 Exampie ]

Bis(2-[2-L-(N-tert-butoxycarbonyl-4-tert-
butylaspartyl)aminoethylthiomethyl]pyrid-3-yl) disulfide
A flask was charged with bis(2-aminoethylthiomethylpyrid-3-yl) disulfide (80

mg, 0.20 mmol, 1.0 eq.), aqueous 1M sodium bicarbonate (2.0 mL, 2.0 mmol, 10 eq.),

20  and water (5 mL). To this was added N-{tert-butoxycarbonyl)-4-tert-butyl-L-aspartic
acid pentafluorophenol ester (0.18 g, 0.40 mmol, 2.0 eq.) dissolved in ethyl acetate '(2.5
mL), followed by sodium chloride (50 mg, 10% solution). The biphasic mixture was
stirred vigorously at room temperature and after 24 h. The layers were separated and

_ the agueous phase was washed with additional ethyl acetate (2.5 mL). The organic
25  extracts were combined and washed with brine (2 x § mL), dried with sodium sulfate,



eq.). After 3 h at roomtenperature theireaction mxture was partitioned
bet ween ethyl acetate (200 nL) and 0.5:M HC1(100 niL). Foll ovm'1rc1§; ?98333%_
separation, the organic 15 | ayer was washed again with 0.5 MH g ),
then with 0.5 M NaHCO3 solution (2 X 100 nL). The organic phase was dried
over anhydrous sodium sul fate and concentrated to a volunme of about 60 ni.
To this solution was added 1:2 ethyl acetate- hexane (80 niL) and after
seedi ng, the PYOUFHE? (7R -7-[(2)-2-(5-am no-1, 2, 4-t hi ad. iIGTREPL26069
3-yl)-2-(triphenyl net hyl oxyi m no) acet am do- 3-chl or oceph- 3- em 4- car boxyl at e,
tert 20 butyl ester was allowed to crystallize overnight. Solids were
collected by filtration and dried in vaggumto afford 14.1 g (63% of
product. Z 9 JA6'J "Coll, WD 01121623 PCTN500126069 147 Exanple 135:

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol -3-yl) - 2-

(triphenyl net hyl oxyi mi no) acet ami do- 3-[ 2- (2-L-(N-tert-butoxycarbonyl-4-tert-
bu tylaspartyl)am noet hyl t hi onet hyl ) pyri-d-3-ylth io]. i

ceph- 3- em 4- cafiBerRy ndiths solventiwap Fermigydyip vacusp. cFheTesulting dify Reger Was PREisdf | ask
equi pped wi th gy PRONGkdratSHdphy fifst WaS1: 0609 Gexhe- 618 Bketh SORRAAE WEpolar

N, N-di net hyl f ormam de (335 nl, deoxygenated by prolonged purging wth a
stream of dry Meterigigdpliowed peatethyl pgetate to afford pyrs bis(242-A-(Hpradi azol - 3-yI ) - 2-
(triphenyl net hyl@xhigh i@msg' ahirb kR RRRth 4-ypafihmay (1dbe,
tert-butyl estélr“glo (_1@?%%?522. Q{ryn%iml , AERRGTSRY S- A (

bi s(2-[2-L- 6N mg @4%2;;15)(@%%@@%_& ppm (s, 18H), 1.55 (s, 18H), 2.72 (m, 6H),

butyl aspartyl ) g lok lad, o 313 kd, BT, 4 - ¥H), s@b &) b, 6! Q1S 11. 4

nmol ), water ?ghgtpr%{l?ﬁagg ?ﬁpheﬁilmggéﬁg %ie{)(G. ?Jgﬁj ggsgﬁﬁlsgo Af ter
over ni ght reacfd.8H.838(d2Hhcti on m xture was partitioned between etyl

acet ate/ hexane 3:1 (v/v) mxture (900 nL) and water (1.5 L). Organic |ayer
was t horoughl y _washe 9\_/\,ith wat er and 15 concentrated under reduced pressure
to produce oli ;—Févgf-&ue Chr omat ogr aphy on silica

2-[2-L~N-tert-butoxycarbonyl-4-tert-butylaspartyl}aminoethylthiomethyl]-3-

10  mercaptopyridine

To a stirred solution of bis(2-[2-L-(N-tert-butoxycarbonyl-4-ter:-

butylaspartyl)aminoethyithiomethyl]pyrid-3-yl) disuifide (19.3 g, 41.0 mmol) in N,N-
dimethylformamide (170 mL) was added water (1.7 mL, 94 mmol) followed by
triphenylphosphine (11.8 g, 45 mmol). After 4 h at room temperature, addtional

15  triphenylphosphine (5.38 g, 20.5 mmol) was added and the reaction was continued at
room temperature overnight. The reaction mixture was partitioned between water (500
mL) and 3:1 (v/v) ethyl acetate-hexane. The organic extract was washed with brine (3
X 250 mL), dried over sodium sulfate and concentrated uder reduced pressure to
produce 2-[2-L-(N-tert-butoxycarbonyl-4-rert-butylaspartyl)aminoethylthiomethyl]-3-

20 mercaptopyridine, which was used immediately in the next reaction.

Example 130:

2-[2-L-(N-tert-butoxycarbonyl-4-tert-butylaspartyl)aminoethylthiomethyl)-3-
mercaptopyridine

A flask equipped with 2 mechanical stirrer was charged with 2-(2-
25  aminoethylthiomethyl)-3-mercaptopyridine dihydrochloride (2.1 g, 7.7 mmol, 1.07 eq.),



gel colum (gradient elution wi th hexane-ethyl acetate) provided

(7R -7-[(2)-2-(5- anino-1,2, 4-thiadiaaol - 3-yl)-2-(triphenyl med BylUJAXypggyno)
acetam do-3-[2-(2-L-(N-tert-

but oxycar bonyl -4-tert-butyl aspartyl)am noet hyl t hi onet hyl)
pyrid-3-ylthio)ceph-3-em 4-carboxylate, ten-butyl ester (18.4 g, 84%
contam nated with small anmount of 20 triphenyl phosphne oxi de. Exanple 136:
(7R - 7-[ ( 2) - 2Woug&izho- 1, 2, 4-t hi adi azol -3-yl ) - 2- PCT/US00/26069
(tripheny[ met hyl oxyi m no) acet am do- 3- (2- ( 2-L- '

aspartyl am noet hyl t hi omet hyl ) pyri d- 3-yl t hi o) ceph- 3-em 4- car boxyl ate, tert
25 butyl ester To a nitrogen purged fl asldgequi pped with a nagnetic stirrer
was added N, N- di net hyl formam de (45 nlL, deoxygenated by prol onged purging
with a streamof dry 1 9 K~ 2C. L1't WO 01/ 21623 PCT/ U500/ 26069 148
nitrogen), (7R -7-[(2)-2-(5-am no-1, 2, 4-thi adi azol -3-yl)-2-

(triphenyl net hyl oxyi m no) acet am do- 3- chl or oceph- 3-em 4- car boxyl| at e,
tert-butyl est &k{terimgxgeaghonylr4gert-bryrtlraspaftic acid pentafluorophenol ester (3.3 g, 7.2

2- (2-L- aSpartylmﬁ%.' Yeiketd Al the., 35 HRhd1 3PE QPYhi A @i pyelaa@bl ori de
(7.5 g, 19.3 mmo ’H%@'#‘n’hﬁ%’lﬁ&%}s&gt[rred unﬁql co’rl;npiﬁgteeydi ssolution 5 of
starting mat er (%ImL)afte seusion weanallowed ©tith 20 °Cfof § e Thsoltiomwsidiluted to

Tri et hai ol am n i A58 With 3! (YA} QY1 b el YI0imony i de (6
m.) was added ?%d%gl%&a%$%r?% After 4.(5 %&gyddi tti onal a‘rmunts )of

2- ( 2- L- aspaist y cembinrdorgapicertrastraternyashed withbriaayd xd 89 mldidred witthspdivBc hl or i de

(0.7 g, 1.8 mDlidarel Birerddt ald Me@bi0EE RVl QNiAPRLEIR give 2-[BlEl(A8@H. tri et hanol am ne
(0.54 g, 3.6 mol) 1n N,Ndinethylformam de (I nlL) were 10 added, After an

addi ti onal 11, betheycarbenyi-froer-PHtyaspry Daminogtithiomethill-g-rerqapiapriding fthichni ng a

vigorously sti Ghnetefnthdett &dp Wb& furthtORrifLadiofNd crushed ice (200 ni).
Stirring was continued until all of the ice nelted. The precipitated crude

product was filtered,
Example 131:

10  2<2-L-aspartylaminoethylthiomethy!)-3-mercaptopyridine dihydrochloride

A flask equipped with a magnetic stirrer was charged with 2-[2-L-(N-tert-

butoxycarbonyl-4-ters-butylaspartyl)aminoethylthiomethyl]-3-mercaptopyridine (0.24 g,

0.51 mmol, 1.0 eq.), followed by CH,C}, (1.2 mL) and triethylsilane (1.2 mL).

Dropwise, trifluoroacetic acid (4.8 mL}) was added to the solution, which was allowed to
15  stir at 20 °C for 3 h. The solution was concentrated in vacuo, and the residue was

" dissolved in ethyl acetate (25 mL). Into this solution was bubbled anhydrous HClL. The

white solid, which precipitated almost immediately, was carefuily filtered and washed

with ethyl acetate, while avoiding exposure to moisture, and dried in vacuo to yield 0.18

g (90%) 2-(2-L-aspartylaminocthylthiomethyl)-3-mercaptopyridine dihydrochloride as a
20  white powder.

Example 132:

Sodium (Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(triphenylmethyl)oxyimino-
acetate

A suspeizsion of methy! (Z)-2-(5-ethoxycarbonylamino-1,2,4-thiadiazol-3-yl}-2-
25  (triphenylmethyl)oxyiminoacetate (7.3 g, 14.1 mmol) was heated at 80 °C under reflux



washed thoroughly wth water and dried over ni ght in vacuo. The crude
product was washed three tines with ethyl acetate (3 x 200 ni)3 width 7094
repeated thorough trituration 15 with the spatula. The resulting yel IL
precipitate was dried in vacuo to produce (7R)-7-

((2)-2-(5-am no-1, 2, 4-thi adi azol -3-yl)-2-(triphenyl net hyl oxyi m no) acctam do
-3-(2-(2-

L- aspartyl am RO hi or net hyl ) pyri d- 3-yl t hi 0) ceph- 3- em BETARPIFE%Y| at e,
tert-butyl ester (13.2 g, 90%yield). Exarnale 137 20

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yi) - 2-

(triphenyl net byl oxyi m no) acet am do- 3- ( 2-1@2-L -

aspartyl am noet hyl t hi omet hyl ) pyri d- 3-yl t hi o) ceph- 3-em 4- car boxyl ate, tert
butyl ester To a nitrogen purged flask equi pped with a nagnetic stirrer was
added N, N.25 dinethyl formarnide (2.4 nmL), deoxygenated by prol onged purging
wth a stream of dr nitraog

2-(2-L-aspart yiui %ﬁ@f%ﬂ%ﬁl‘lﬂ?@‘lsw(é Syl pihasl (AT Akh the Fpe8chl or i de

(0.22 g, 0.57 mRbe WeaAEE RG0! DR trhpbrRurY@R thd précipRtte Was ddlleteagy et e
dissolution of 7 O LVU WO 01/21623 PCTI USOO126069 149 startin )lrjr.nﬁstierl al s

and was then cd&dration,meshad with water (ashst were et rombinedyyitythegiispl i

hydroxi de i n waLef;, S&?}%ﬂ}&duc@c&&ﬁne%@dm 2yl (5-aie- 12l echafaedi3qued by
addition of (7R)-7-[( 2-(5

no-1, 2, 4- th|5ad|(tazwylsm9-vl>mz=%qa9%@ﬁ;ﬂ8 #et§TYieId) i The flipisces EayhiRsted to

3- chi or oceph- 3 af MdtticRAARSHHeRng ar §0BC bridXHE 3oveieb@ibed Workhkh Boce@lrdwasTDI ) .
After 4 h the 5 reaction m xture was poured into a flask containing a

vi gorously sti Fepeted g groguge @ second gop of sedinp (4) %@&de%“‘ﬁ’l“’&&ﬂﬂt & filtered,

washed thor oughhyheﬁymmymx@ﬁnmehﬂemd g, DYEFBHN N mhmcruﬁsmmmwﬁz @-ude
product was washed three tines with ethyl acetate wt r epeat ed t hor ough

trituration wi EFoPHSSEAGRL3 'yﬁr?e(“PPé‘S’th?“i’i@)W)éPf"BWe‘ﬁ?‘éQ:fgp&lséﬁ% Has

10 was obtained after subjecting the filtrate to another 24 h period of heating at 80 °C.

Example 133:

(7R)-7-amino-3-chloroceph-3-em-4-carboxylate, tert-butyl ester

To a suspension of 7-amnino-3-chloroceph-3-em-4-carboxylate (23.7 g, 101.2

mmol) in -butyl acetate (510 mL), under nitrogen, was added BF, etherate (80 mL) and

15  the mixture was stirred vigorously at room temperature unti! complete dissolution was
observed. After 2.5 h the reaction mixture was poured into stirred ice water (1 L) and
the organic layer was discarded. The aqueous layer was washed with 1:1 (v/v) ethyl
acetate-hexane (200 mL} and separated. To this aqueous solution with ice cooling and
stirring was added ethyl acetate (500 mL) followed by portionwise addition of sodium

20  carbonate (216 g) until a pH of 8-8.5 was reached. The organic layer was separated and
the aqueous layer was extracted with ethyl acetate (100 mL). The combined organic
extracts were dried over anhydrous sodium sulfate and concentrated under reduced
pressure to give an oily residue (28 g) which solidified after removing the flask from the
bath. To this residue was added toluene (100 mL; partial dissolution) followed by

25  hexane (100 mL). After 10 min of additional stirmng crystalline (7R})-7-amino-3-



dried in vacuo to produce (7R)-7-[(2)-2-(5-am no-1, 2, 4-thi adi azol -3-y1)-2
10 o . . 1 F JAN l’ﬁﬂ-’rf1
(triphenyl met hyl oxyi m no) acet am do- 3- (2- (2- L-aspartyl am noet hyl't hi onet hyl ) p
yrid-3- ylthio)ceph-3-ern-4-carboxylate, tert-butyl ester (0.46 g, 90%

yi el d). Exanple 138: f

(7R -7-[(2)-2-(5-am no-1, 2, 4-thi adi azol - 3-y1) - 2- (hydr oxyl

m no) acet am dwo31/pB23 ( 2- L- aspartyl ) am noet hyl t hi onet hyl ) Pgriugeegsog? t hi ol
ceph-3-em -carboxylate, 15 bis-trifluoroacetic acid salt Into a flask

equi pped with a magnetic stirring bar and nitrogen purge was charged

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol 1g& y! ) - 2-

(triphenyl met hyl oxyi m no) acet am do-3-[2-(2-L-(N-tert-butoxycarbonyl-4-tert-
but yl aspartyl)am noet hyl t hi omet hyl ) pyri d- 3-yl t hi o] ceph- 3-em 4- car boxyl at e,
tert-butyl 20 ester (3.5 g, 3 nmmol) followed by dichloronmethane (20 nlL). To
the clear light yellow solution was charged triethylsilane (10.5 nl)

fol | owed by t réhidrbasph-Bemet-datbosditel r{rabutyticyter whs Gijoved avashed witle hewape amih e
resulting yell ow 1,0n l-]0 t,0 stir at 20 Cfor 8 h. The acidic
sol ution was p%"u?é%#%?%?%?%ﬁﬂ’s‘ﬁ%ﬁﬁzg di ethyl ether (300 nL) cooled to
0 Cand the resulting white solid was collected by filtration. The filter

cake was 25 wephgghonsh fresh diethyl ether (2 X 20 nL) and dried in vacuum
at to yield 2. 6%

g ,
(YR)-7-[(Z)-2-§3 ~am no: 1, 2, 4-t hiadi azol -3y} ) - 2- (hydr oxyi m no) acet ami do- 3- [
219 JAJ 2C )ﬂd(&?ﬁ%’? "k’%ﬁqﬂ%‘%‘f A =
(2- L- aspar tél )‘éé:'?fﬂ&"?ﬁ'fy Wg'ﬂ’g? )% ?'?ﬁg%!oﬁ}{ﬁﬁ%'f)'fé-ecﬁﬁb-oéxlgﬁit MCarboxyl at e,

bis- trifluoro2¥M¥$¥ acid salt. NVR exanple 120 This salt was processed to

the zwitterion for ETEERER o SRHInPUS Y s LA MRl s Rapl € 139: 5
(7R)-7-[(Z)-2-(5-a$°(r3i‘(53sEl ) ,%—t I adi azol - -i/tl )31 ydr oxyi m no) acet am do- 3- |
2- triphenylmethyloxyiminoacetate (14.38 g, 31.7' mmol) in dry THF (170 g) was added

(2_L-aspartyl) ami noet vl LALORR6BYAL, B hfhic 1 dof)! Rh&aRbw Aukiss 4 aandgoxy| at e,

10  most of the starting material dissolved. Stirring was continued for 1 h at ambient
temperature and fert-butyl (7R)-7-amino-3-chloroceph-3-em-4-carboxylate (9.19 g, 31.7
mmol, 1.0 eq.) was added followed by addition of 2,6-lutidine (3.7 mL, 31.7 mmol, 1.0
eq.). After 3 h at room temperature the reaction mixture was partitioned between ethyl
acetate (200 mL) and 0.5 M HCI (100 mL). Following phase separation, the organic

15  layer was washed again with 0.5 M HCI (100 mL), then with 0.5 M NaHCO, solution (2
X 100 mL). The organic phase was dried over anhydrous sodium sulfate and
concentrated to a volume of about 60 mL. To this solution was added 1:2 ethyl acetate-
hexane (80 mL) and after seeding, the product, (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-
3-yl)-2-(triphenylmethyloxyimino)acetamido-3-chloroceph-3-em-4-carboxylate, tert—

20  butyl ester was allowed to crystallize overnight. Solids were collected by filtration and
dried in vacuum to afford 14.1 g (63%) of product.



bis-trifluoroacetic acid salt Into a flask equi pped with a magnetic
stirring bar and nitrogen purge was charged tert-butyl
(7TR)-7-[(2)-2-(S-ani no-1, 2, 4-t hi adi azol -3-yl )-2 10 19 JA 2¢a
(triphenyl met hyl oxyi m no) acet am do- 3-[ 2- (2-L-aspartyl)am noet hyl t hi orr%{ hyl )
pyrid-3- ylthio]ceph-3-em4-carboxylate (12.2 g, 12.0 mmol),

di chl or onet hant $’61 m) and triethylsilane (61 ni, 380 mml). The m xture
was cool ed to Y& V:HMJOV\Bd by dropw se addition of trifl uBFHE®eree acid
(244 m., 3.20 nol). Followi ng the addition, the cooling bath was renoved,
and the reaction was allowed to warmto room 15 tenperature. After 3h the
m xture was concentrated under reduced pragssure to an oily residue.

Di i sopropyl ether (400 nL) was added with stirring, and the precipitate was
stored overnight at 4 C. The granular precipitate was filtered, thoroughly
washed with diisopropyl ether, and dried in vacuumto yield 12.8 ¢

(7R -7-[(2)-2-(5-am no-1, 2, 4-

t hi adi azol - 3- y|Example &334 oxyi ni no) acet ani do- 3-[ 2- (2-L 20

aspartyl)am noet hyl t hi onet hyl ) pyri d- 3-yl t hi o] ceph-3-em 4-car boxyl ate, bis-
trifluoroaceti cragrq(z3al(b-amidR 2,8 EiagbMI-3:30-2Thi s salt was processed to the
zwi tterion for Mirighesi@methydRH mitoRitk@imsdoy3-[2H2-EX@RHtdbulckicarbomtphat-140:

‘Eval uation of Ryuedisg@ylRimikexaativthelbd])prrid b yRisplReaih-DémUltariorviae) i on i s the
formation ofs preadmu@sestdr Conpound 17. These prodrugs display inproved
solubility, allowng their admnnistration to patients at hi gher WD 01/21623
PCT/ USOQ 26069  151Teanitregenpaigrdiiask e@inped with mmﬁp&mmwa@edﬁydmrﬂ7 have

physi of ogi cal - pipaict I8 dime A0Rial Wb RE, BERABUSY PlBledtho il 1 g
the in vitro ratit asfredmyefday B}ig‘i’mb(mﬁd(zpﬂdﬂ-ﬂmmﬁ;&%@iadmol-éwﬂms of three
species (rat, Wﬂﬁ&?/m:eﬁ{}gxmcwﬁidéB-cmW%13i-én¥-4-9£9c§x9ﬁ&|, tert-butyl ester
10 (16.0 g, 22.8 mmol), bis(2-[2-L-{N-tert-butoxycarbonyl-4-ter:-
butylaspartyl)aminoethylthiomethyl]pyrid-3-yl) disulfide (10.8 g, 11.4 mmol), water
(3.4 mL) and triphenylphosphine (6.6 g, 25.1 mmol). After overnight reaction the
reaction mixture was partitioned between etyl acetate/hexane 3:1 (v/v) mixture (300
mL) and water (1.5 L). Organic layer was thoroughly washed with water and
15  concentrated under reduced pressure to produce oliy residue. Chromatography on silica
gel column (gradient elution with hexane-ethyl acetate) provided (7R}-7-[(Z)-2-(5-
amino-1,2 4-thiadiazol-3-y1)}-2-(triphenyimethyloxyimino) acetamido-3-[2-(2-L-(N-tert-
butoxycarbonyl-d-tert-butylaspartyl)aminoethylthiomethyl) pyrid-3-yithio)ceph-3-em-
4-carboxylate, rert-buty] ester (18.4 g, 84%) contaminated with small amount of
20  triphenylphosphne oxide.

Example 136:

(7R)-71-{{Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-

(triphenylmethyloxyimino)acetamido-3-(2-(2-L-

aspartylaminoethylthiomethyl)pyrid-3-yithio)ceph-3-em-4-carboxylate, tert-
25  butyl ester

To a nitrogen purged flask equipped with a magnetic stirrer was added N,N-
dimethylformamide (45 mL, deoxygenated by prolonged purging with a stream of dry



A smal |l amount of a solid salt (5-8 ng) :is weighed into screw cap vial.
Water is added to dissolve the solid at a high concentrati onI]n(ia-j,Sf,nS,
ng/mL.). To this solution is added small anobunts (1-5 L incre é“ 6¥470. 1
N aqueous sodi um hydroxide until a 10 faint precipitate remains after

m xi ng. The suspension is left at roomtenperature for 15 mnutes with
periodic vortexing. An aliquot of the suspension is then transferred to an
Eppendorf tubwoantiézentri fuged at 14000 rpm for 1.5 m nuPETUSH2¢06% t | on of
the supernatant is diluted with water, filtered and quantified by HPLC
agai nst a standard calibration curve. The pH of the supernatant is
measured using a fine needle probe. For 3¢ each subsequent determ nation,
using a new sanple, nore 0.1 N sodium hydroxide is added to increase the
pH just slightly, and the rest of the procedure is repeated. Five to seven
determ nations are used to prepare the pH vs_ concentration curve. \Wen
starting with zwitterion, the solid zwitterion is suspended in water.

Either 0.1 N sivogenr{TR)-drl6Ri2clE-aminool 2,4-spiadiadeldcrit-dri c acid is added to begin
to dissolve thg. i '&g&g .85 er the
15 m nutes at ﬁp@%nﬁ@%thﬂ%x% E@%ﬁ?ﬁ@ﬁﬁﬁyeat 135321 abovgtl%tg’gﬁ?-r%ih#ﬁegsgfi on,

di lution and qastg 142 immal) andR-(2EeaspemtylamindethylthipmphylH3-myrcaptepyvidige i n serum
Fresh control h n,seru f n : . ! key

bl asma 25 ( neRrr BB Qo L3 PafSy ROkt BBl nh REWSAMIDY | 15
mn in a shaki ofytartingnereribla tind wasiteengppledt to D€ (isewatenbath). Fngthanglamans (bB8asur ed

using test stri T | ot . I i oaf 17 (2
ng/mL) or its %23-3@3?‘?8‘83‘§?’8ﬁ%§*’&e‘ﬂ“r‘*§ ifgﬁ’%te“é&t(gg%yg%ﬁéﬁﬁﬁﬁ\%gonz1623
PCT/ USOQ' 26069A1& 3. 5cemiHitinmel pinsuntsenf 31 2-Lragpartylaminpéthidthiomsthyi3on vol uim of 1
mL. Sol utions ' a@!ﬁ%% . f Fio VA | 0 pL

al i quotes at t%g’t@gﬁé{pl , ?ﬂogd}g(og ’gﬁgnm}np?@sl?m d}(‘)('ggr.lg_ he aaPig?qeljj(gt es were
added to 200 Lmhysndmiietipnolaming (4342, 3 iminollin Mesiogthyldprapamide tk mLrwged for 10

mn at 14, 900 [pm i el FRARSHAH U TealiBh Gk (HOSured 1RDa ARk borkfining a

vigorously stirred mixture of water (100 mL}) and crushed ice (200 mL). Stirring was
continued until all of the ice melted. The precipitated crude producf was filtered,
washed thoroughly with water and dried ovemight in vacuo. The crude product was
washed three times with ethyl acetate (3 x 200 mL) with repeated thorough trituration

15  with the spatula. The resulting yellow precipitate was dried in vacuo to produce (7R)-7-
{(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-(triphenylmethyloxyimino)acetamido-3-(2-(2-
L-aspartylaminoethylthiomethyl)pyrid-3-ylthio)ceph-3-em-4-carboxylate, tert-butyl
ester (13.2 g, 90% yield).

Example 137:

20 (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethyloxyimino)acetamido-3-{2-(2-L-
aspartylaminoetbylthiomethyl)pyrid-3-ylthio)ceph-3-em-4-carboxylate, tert-
butyl ester

To a nitrogen purged flask equipped with a magnetic stirrer was added NN-

25 dimethylformamide (2.4 mL), deoxygenated by prolonged purging with a stream of dry

nitrogen 2-(2-L-aspartylaminoethylthiomethyl)-3-mercaptopyridine dihydrochloride

{0.22 g, 0.57 mmol) was added. The mixture was stirred until complete dissolution of



5 each supernatant was anal yzed via HPLC*. The degradation of 17 or its
respective prodrug was neasured as the percentage of the AUC at tine t
relative to the AUC at tinme = 0. The rate of release of 17 fromits
respective prodrug was neasured as percentage of the AUC of 1 14 b$e,rved at
time t relative to a theoretical possible AUC of 17 as deternt ned! byuia
conparison to a standard concentration curve. 10 *HPLC conditions: Becknman
U trasphere CMOMFIN, 5 nmicron, 4.6nm x 25cm 1 nil i n BTSRRI 1
ammoni um acetate, pH = 6,5% acetonitrile ranping to 25% acetonitrile over
20 min with peak detection at 254 and 280 nM 15 Exanple 141:

Bi ol oaj cal Activity In vitro antibacteri dd9eval uati on Susceptibility testing
20 Results of antimcrobial activity of

7-acyl am no- 3- het eroaryl t hi o- 3-cephem carboxylic acids are presented in
Table 1 (M Cin gg/nL). Conpounds were eval uated for antimcrobial activity

agai nst a panel of bacterial stra a broth mcrodil n_assay
perforned as ré@ﬁ‘r‘?ﬁﬂ‘fﬂ@ﬂswj‘fﬁ@eﬂl ép(?(lceﬂf’éerﬁ??tm tlﬂ%%ﬁ?@

concentration ((g E&;dé’ﬁ%f&? fo. e @0 Mhe1d ﬁiﬁﬂﬁivas?aﬁldé‘mnﬁbﬁlbahd&ﬂbn@f dr ug
whi ch prevente row h of the bacteria, The | l)g $n|srrs
constituted t héﬁt)f?-ﬁﬁgh' Srpatiea-1 o f-thiadiazelat Yl h2r(tr °F‘ YP"’ggE‘f’ o
Characteristic 3Lh%r&élﬂ-ﬂe£ﬂ%m&mteamweﬁé 2.8 b S'BRRHOBEARE: 4 h the
5  reaction mixture was poured into a flask containing a vigorously stirred ice-water. The
precipitated crude product was filtered, washed thoroughly with water and dried
overnight in vacuum. The crude product was washed three times with ethyl acetate with
repeated thorough trituration with the spatula. The resulting yellow precipitate was
dried in vacuo to produce (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
10 (triphenyimethyloxyimino)acetamido-3-(2-(2-L-aspartylaminoethylthiomethyDpyrid-3-
ylthio)ceph-3-em-4-carboxylate, tert-butyl ester (0.46 g, 90% yield).

Example 138:

(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido-3-[2-
(2-L-aspartyl)aminoethylthiomethyl)pyrid-3-yithio]ceph-3-em-4-carboxylate,

15 Dbis-trifluoroacetic acid salt

Into a flask equipped with a2 magnetic stirring bar and nitrogen purge was

charged (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethyloxyimino)acetamido-3-[2-(2-L-(N-tert-butoxycarbonyl-4-rert-
butylaspartyl)aminoethylthiomethyl)pyrid-3-ylthio]ceph-3-em-4-carboxylate, ters-butyl

20  ester (3.5 g, 3 mmol) followed by dichloromethane (20 mL). To the clear light yellow
solution was charged triethylsilane (10.5 mL) followed by trifluoroacetic acid (35 mL)
dropwise over 2 min. The resulting yellow solution was allowed to stir at 20 °C for 8
h. The acidic solution was poured into rapidly stirring diethyl ether (300 mL) cooled to
0 °C and the resulting white solid was collected by filtration. The filter cake was

25  washed with fresh diethyl ether (2 X 20 mL) and dried in vacuum at to yieild 2.41 g
(86%) (TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido-3-[2-



St aphyl ococcus aur eusMSSA ATCC29213W 1 d:type Staphyl ococcus aur eusMSSA
COLBAPBP2A MRSA COL St aphyl ococcus aureusMsSSA PCIf -1 act amase over expressor
St aphyl ococcus aureusMSSA SnmithW Il d type Staphyl ococcus aureus{\/RSA COLPBP2A
constitutive/lila- Staphyl ococcus aureusMRSA 76PBP2A constit ut Jedhill €84
St aphyl ococcus aur eusMRSA ATCC33593W | d ‘'t ype St aphyl ococcus aur eusMRSA
Spai n#356C i ni cal isol ate Staphyl ococcus haenol yti cusshO05C i nical isolate
Ent er oeoccus WoEAIRBEATCC29212W I d type Enterococcus faeRUIHSRGER3667W | d
type nterococcus faeci unvanAvnneonyci n Enterococcus faecal i sVanBVanconycin
Ent erococcus faeci unA491C inical isolate/Anpicillin' scherichia
col t ATCC25922W | d type seudononas aer ugijgpsaATCC27853W | d type For this
primary panel, the assay was performed in Mieller-H nton Broth (MHB) with
a final bacterial inoculumof 5 x 10° CFU nL (froman early-log phase
culture) and a final volunme of 100 gL. Control drugs, including impenem 5
vanconycin, Penicillin G dicloxacillin (vs. MSSA ATCC29213 only), and new
conpounds wer e(2d-epartdminoethylthinmethypyid-byithicesplr-dicomt-cathoxplae dlitd t he desired
final concentration. . .Dilytio f. GO ds were prepared directly in the
pl ates by seri Y uﬁrpacfegTDécfldé;la't'uMheum nagg mul ti channel pipette.  Positive
and negative gThivkdl veoptocessedie the zwittaudn fomuiasidpscabediprayiously in exgmpthé2hact eri al
i nocula were prepared as follows. For each strain one isolated colony was
used to inoculate a volume of S nL of Mieller-H nton broth and these
cul tures were Exampeld38y overnight (20h) at 35 Cin a shaking incubator. At
t he

5 (TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido-3-[2-

(2-L-aspartyl)aminoethylthiomethyl)pyrid-3-ylthio]ceph-3-em-4-carboxylate,
bis-trifluoroacetic acid salt

Into a flask equipped with a magnetic stirring bar and nitrogen purge was
charged fert-butyl (7R)-7-[{Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-

10  (triphenylmethyloxyimino)acetamido-3-{2-(2-L-aspartyl)aminoethylthiomethyl)pyrid-3-
ylthio]ceph-3-em-4-carboxylate (12.2 g, 12.0 mmol), dichloromethane (61 mL) and
triethylsilane (61 mL, 380 mmol). The mixture was cooled to 0°C followed by
dropwise addition of trifluoroacetic acid (244 mL, 3.20 mol). Following the addition,
the cooling bath was removed, and the reaction was allowed to warm to room

15  temperature. After 3h the mixture was concentrated under reduced pressure to an oily
residue. Diisopropyl ether (400 mL) was added with stirring, and the precipitate was
stored overnight at 4 °C. The granular precipitate was filtered, thoroughly washed with
diisopropy! ether, and dried in vacuum to yield 12.8 g (7R)-7-[(Z)-2-(5-amino-1,2,4-
thiadiazol-3-yl)-2-(hydroxyimino)acetamido-3-[2-(2-L-

20  aspartyl)aminoethylthiomethyl)pyrid-3-ylthiojceph-3-em-4-carboxylate, bis-
trifluoroacetic acid salt. NMR: example 120

This salt was processed to the zwitterion form as described previously in example 121.

Example 140: Evaluation of Prodrugs of Compound 17:
25 An aspect of the invention is the formation of prodrugs of Compound 17. These

prodrugs display improved solubility, allowing their administration to patients at higher



exception of Enterococcus strains, culture were then diluted 1:10 and
allowed to grow for an additional one hour at 35 Cin a shaking,incubator
The inocula were prepared 15 by diluting the early |og-phase (I mﬁ ééutdﬂﬁs
1: 1000 with fresh Mieller-H nton broth.  [E. faeciumand E. faecalis were
prepared by diluting overnight culturesil:333 and 1: 666, respectively,
with fresh Mieller-H nton broth . A volunme of 50 .tL of the inocula was 1 9
JAIJ 200"t WOWRI21823 PC | USOQ 26069 154 added to each VREITUSO026p68
procedure resulted in an inoculum of approximately 5 x I G CFU niL.. The
exact inocula were determ ned by applying 10 L of 10-fold serial dilution
of the bacterial suspensions on TSA. Afti@ overnight incubation at 35 C,
colony forming units were manually counted. 5 Mcrotiter plates were

i ncubated during 24 h at 35 C and were read using a mcrotiterplate reader
(Mol ecul ar Devices) at 650 nmas well as by visual observation wusing a
mcrotiterplate reading mrror. The MC is defined as the |owest

concentration cofcerieprsuSever pragrresef CRBpund il hhave Been Mymthesipedand thsit yani sm i s
conpl etely inhi @kﬁlﬁg gg%b%ﬁ’ﬁq@@d at GO BhysloRfRichIH. Gk Ricast of CRRGEBATT Y

St andar ds (N lution 10 of Antim crobial
Suscepti bi | ity iskestrsinedly @damtham?mmee%wdms@Bffbaprpgmz brsf®h Editi on;

Approved Standard. mﬁr’a & H?%n% At hu{@y. 17 No. 2. Serum bi nding
t

determination The & ppr oxi e neasur énent of the degree of binding of the
conpound t o515 human serum proteins can be achieved by det ernination of the
effect of the gddi t§qn.:0fp Qg(;r_an serumto the nmediumin which the MC

val ues agai nst a se ect ed acterl al strain_ is determned. The ratio of the
M C val ue obt ai ned Amsmpit waeptaf 2 splidsaly B ‘I‘iﬁﬂrfh‘l‘iﬂlsfé‘ﬁwﬁ screy G@p aiaky Waterdt e

determ ned wit Q&’d&? SEEIRL A diiidi PN SonbenBSicR 350275 IRSSLY. erothis SQhdsMis bi ndi ng:
and the result such determ nation are presented bel ow in Tabl e 2. 20 In

addi tion to thaddsd smaibhamepumts €-¢ ak crrmsate) o A1 dbagpsouptodiugyhydeoxide yatil 2

10 faint precipitate remains after mixing. The suspension is left at room tempcmtu.re for 15
minutes with periodic vortexing. An aliquot of the suspension is then transferred to an
Eppendorf tube and centrifuged at 14000 rpm for 1.5 minutes. A portion of the
supernatant is diluted with water, filtered and quantified by HPLC against a standard
calibration curve. The pH of the supernatant is measured using a fine needle probe. For

15  each subsequent determination, using a new sample, more 0.1 N sodium hydroxide is
added to increase the pH just slightly, and the rest of the procedure is repeated. Five to
seven determinations are used to prepare the pH vs. concentration curve.

When starting with zwitterion, the solid zwitterion is suspended in water, Either
0.1 N sodium hydroxide or 0.1 N hydrochloric acid is added to begin to dissolve the
20  solid. These suspensions are mixed frequently over the 15 minutes at room

temperature, then treated as above (centrifugation, dilution and guantitation).

B. Determination of prodrug cieavage in serum:
Fresh control human serum, fresh control rat serum, and rhesus monkey plasma
25  (heparinized and stored frozen) were preincubated at 37 °C for 15 min in a shaking
water bath. The pH of the serum or plasma was measured using test strips. Then 25 pL.

aliquots of a solution in water of 17 (2 mg/mL) or its respective prodrug were added to



st aphyl ococcal strain ATCC29213 is also tested in a ratio 1:1, human

senun. MVHB to obtain a prelimnary estimate of the bioactivity of test
conmpounds in serum The assay was perforned in Human Serum and o A

Muel  er-H nton Broth (HSVMHB) with a final bacterial inoculum of JA o6
CFU L (froman early-log phase culture) and a final 25 volune of 100 L.
Control drugs, including impenern, vanconycin, dicloxacillin, and new
conpounds wer ¥Q@Kat ed i n doubl e- concentrated Miel | er - Hi BETOS00AHOh at a
concentration equivalent to 4-fold the desired final concentration.
Dilution of conpounds were prepared directly in the plates by seri al
2-fold dilution in double- concentrated I§2el |l er-H nton using a nultichannel
pi pette. Positive and negative 1 9 JAN 2004 WD 01/21623 PCT111S0OQ 26069
'155 growm h controls were included in each plate. A total of 50 gL of human
serumwas added to all wells. S. aureus ATCC29213 was grown overnight in
MHB (see M C gﬁerm nat L‘@ns abovel,, cul ture_was ghen diluted 1:10 and

al l owed to gr offoPgPRriesultingin3 fabsoluiing voigns ol mis sSqkutions were fpowhated 2t 1 ybat or .

The i nocul um wWas @for P&f, MAilO¥mavid L 00 IINJighdi& aeihésy= d, 2§]-3p) 18 60 fidposc ul t ure
1: 100 with fresh doubl e-concentrated Miell er- Hi nton broth. A volune of 25

L of the i nocufemm hbsaligupiesqrercrddedip 200 4% tnphloroasstic acidy yprexed i t ed i n an

i nocul um of appinhithgER& 19 min % 12060 B EppEh@riGifigiotentrifRC ThehdsASof
determ ned by applying 10 | of 10-fold serial dilution of the bacterial

suspensi on &n Tahsipsmetapt w5 analyzefhyia HREGH athe dreragatioppf &7 oty T6REF#e 1 i ng uni t s

were 10 mnuaPﬂoxmgwineamehmwmwcmm&mmvsmmﬁemodi ng of
sel ect ed cephal osporin npounds._was perfornmed usi ng HPLC as descri bed

co )
bel ow. Cor r esp8RErQg Tharired rigase of 3P framyts rapseiiecapirisatas BTEgE 2bf
cephal 0spori n gQERRYOEF AT ofvEBcbsaiadt fife D@laldRUS 8l thedritica BiosiBIPATIORINS . 15
1. Serumis placed 1n a shaking water bath preheated to 37 2 Cfor 5 to 10
17 as determined by a comganson to a standard concentration curve.
10
*HPLC conditions: Beckman Ultrasphere C18 column, 5 micron, 4.6mm x 25cm.
1 mL/min of 95% 0.1 M ammonium acetate, pH = 6, 5% acetonitrile ramping to 25%

acetonitrile over 20 min with peak detection at 254 and 280 nM.

15 Example 141: Biological Activity
In vitro antibacterial evaluation

Susceptibility testing
20 Results of antimicrobial activity of 7-acylamino-3-heteroarylthio-3-cephem
carboxylic acids are presented in Table 1 (MIC in pg/mL).
Compounds were evaluated for antimicrobial activity against a panel of bacterial
strains using a broth microdilution assay performed as recommended by the NCCLS
(1). The minimum inhibitory concentration (MIC) was defined as the lowest
25 concentration of drug which prevented the growth of the bacteria.

The following 16 organisms constituted the primary panel of evaluation:

| Bacteria I Strain | Characteristic |



mnutes to heat serumto 37 C. Serum pH is nmeasured and recorded, while

serumis 37 C
apart.
C0195% 02 over

heated to 37 C and neasurenents are taken 20 tw ce,
pH paper to determne the pH Store at 4 C. The serumis
Al ways cweewzieie pH before each use.
the centrifuge tenperature nmust be adjusted to 25t 2
centrifuge by spinning for 45 mnutes at the sane speed to be used in
assay (1900 g) with two tubes of water

days.

If the pHis not 7.4

usi ng pH paper.

the serum After

Measurenents are taken tw ce,
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bl owi ng for seve
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3 mnutes apart using
stable for 7
2. Before any e@mmwsodfeoedati on,
C. Preheat the

t he

I ry3the rotor and the tenperature set

to 25 C. 25 Wien the centrifuge stops i medi ately check the tenperature of

the tubes of water with a calibrated thernoneter.
the event the tenperature does not

tubes of water

nust be 25 * 2 C.

In

The tenperature

of the

nmeet the above criteria adjust the tenperature setting 1 9 JAN 2004 WO

01121623 PCTNSHSEaG6sEcdsShirampr offr | MEBAWTER2929Pi | f or aWokihwe 45 ni
Cont i nue spi nnijfgpipfadocsisasiedus NG tthe MSSAEEOLERAUr e JandPBRIAMMRSAGOLhe
until the tenpqi@fAiloBodchs adreus 2 C] 3. MISHARE DI ankpldctamasel dvérexpirdsdd )
pi petting blan SphylocGecnsdubdik | NTQ an MPARS & Shiith Cent[rT T r eewhldgypepart it
~devi ces, centri[§HEclddCiraandl € |7 Ol OMRSATOL 0, 2> FBr2Alcorsatutive/BaNy
Heat ul trafilt r[ghs TG SHpkl N WAt BT WESAT 79T eNeql GHPER corkufatvdBias |
ultrafiltrate ge TholPlsharent O_LIIE I'HfBA’fLTC"S’BS‘BF' 7 Awhid®pe) - 2
190 ul of bl anKege Jo 8l S dF T U0 e Salngd 80 C [°0 TClinteh i .
m crof uge t ubes ﬂ‘?:yloi‘;qcfwh?i»lv "7t e j.u E o R RIS T 1
st andar_d S][ ock ﬂmérlqcocm 1{;;."-;;?'1"" pg/ Mt P78 31 RL :zu f“ EE 2 ﬂd E’ atret
xed 11w tn [ e YT AR T R e
sanples are th ﬁgﬁﬁfguﬁmm Areter-g s—are— be—Hsed—tH—66 mﬁ&%+r
ot her standar d4EMSPERsEElecdls - L u!trgf Lrate land_ciangomych
Enteroboccus Jaecium 91 Ch mca!“'iso]étc/}\mp:cmm
|Escherichia coli ATCC25922 Wild type
|Pseudomonas aeruginosa ATCC27853 Wild type

For this primary panel, the assay was performed in Mueller-Hinton Broth
(MHB) with a final bacterial inoculum of 5 x 10* CFU/mL (from an early-log phase

culture) and a final volume of 100 uL. Control drugs, including imipenem,

vancomycin, Penicillin G, dicloxacillin (vs. MSSA ATCC29213 only), and new

compounds were prepared at a concentration equivalent to 2-fold the desired final

concentration. Dilution of compounds were prepared directly in the plates by serial 2-

fold dilution using a muiltichannel pipette. Positive and negative growth control were

included in each plate.

10

The bacterial inocula were prepared as follows. For each strain one isolated

colony was used to inoculate a volume of 8 mL of Mueller-Hinton broth and these

cultures were incubated overnight (20h) at 35 °C in a shaking incubator. At thé

exception of Enterococcus strains, culture were then diluted 1:10 and allowed to grow

for an additional one hour at 35 °C in a shaking incubator. The inocula were prepared

15

by diluting the early log-phase (1h) cultures 1:1000 with fresh Mueller-Hinton broth. E.

Jfaecium and E. faecalis were prepared by diluting ovemight cultures 1:333 and 1:666,

respectively, with fresh Mueller-Hinton broth . A volume of 50 uL of the inocula was

nut es.
setting

i on
tes.

re

Pi pette

yl ene

te

50 gg/ nL
|l es are
These
t he



10 ul of whatever solution (e.g. water) the standards are prepared in to
make the zero standard. 15 5. Pipette 475 pL of blank heated BH%KNLlZ[}@erum
into a set of labeled 1.7 nL pol ypropyl ene nm crofuge tubes for ach
(Serum A and Serum B). Pipette 25 pL of - the 1000 pg/nL standard stock into
each tube, vortex each tube well to make serum standard 50 pg/nL. Renove
100 L of serum and deproteinate with 200 pL 4% TCA while vortexing to nmake
serumtine 0 YO&KE50, TO . Place serumtubes in a shakiPAu2®n2e¢ma? er bat h
at 37 Cfor 10 mnutes. Pipet 100 pL of serumout and deproteinate with

200 pL 4% TCA, to make serumtine 10 mn (serum 50, T10). Pipet 200 ul
serum standard 50 pg/nL into an ultrafiffration device, which is not
treated with TCA, to determne free drug in sanples (Rat Serum 50). 6.
Transfer serum and standard sanples to l'abel ed Ami con Centrifree 25
Mcropartition filters, and centrifuge: 1900 g, 25 C for 10 m nutes. The
extracted serumsanples (TO and T10) are spun down and supernatant is

| oaded i nto HRiddsdp sach well. Thig pricedog esuligdinay ipocg e Parprexmasy 6369 157 7. 100

L of ultrafilt S rTalo| efindd- 1RRe1d S Slotoetsn M xed
together to st%%it"lﬁ'll"zgﬂg ecconﬁ%%ﬁqdn u?trbgfaﬁﬁﬁ%t el_.QL 8. _T(r)ansfer entire
stabi | i zed ul tdilfien ¢fitlsetbacteridl suspamsionsond Sha Bdleneycrmighbingybatiansy 3HIG.C  vial cap

with Tefl on septa I nj Cal cul ations: Peak height or area
mcg,liogﬁ Atk A6 I founies. C

is used in a inear regression. H gh |evels of binding to human
serum prot e$ ns | i mMigrotiterplaereeaineuhatebiuring 24Dat35 10 eohweratrad psitf 2 f or

ant | bacter | al kiteiote ek (ollAMlY Do 6 o6 e SWERQMBAS doflerdiBi €1 S OF
human serum birﬁlﬁonlg 90% a?go pref erred. Data presented in TgBI e 2 shows
using a microtiterplate reading mirror. The MIC is defined as the lowest concentration

of compound at which the visible growth of the organism is completely inhibited.

1. National Committee for Clinical Laboratory Standards (NCCLS). 1997. Methods for Dilution
10  of Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically - Fourth Edition; Approved
Standard. NCCLS Document M7-A4, Vol. 17 No.2.

Serum binding determination

The approximate measurement of the degree of binding of the compound to

15  human serum proteins can be achieved by determination of the effect of the addition of
human serum to the medium in which the MIC values against a selected bacterial strain
is determined. The ratio of the MIC value obtained in presence of added human serum
to the MIC value determined without serum addition was used as a measure of serum
binding and the results of such determination are presented below in Table 2.

20 In addition to the standard MIC determination described above, the
staphylococeal strain ATCC29213 is also tested in a ratio 1:1, human serum:MHB to
obtain a preliminary estimate of the bioactivity of test compounds in serurn. The assay
was performed in Human Serum and Mueller-Hinton Broth (HSMHB) with a final
bacterial inoculum of 1 x 10° CFU/mL (from an early-log phase culture) and a final'

25  volume of 100 uL. Control drugs, including imipenem, vancomycin, dicloxacillin, and
new compounds were prepared in double-concentrated Mueller-Hinton broth at a
concentration equivalent to 4-fold the desired final concentration. Dilution of
compounds were prepared directly in the plates by serial 2-fold dilution in double-

concentrated Mueller-Hinton using a multichannel pipette. Positive and negative



t hat anong the 7-acyl am no- 3-heteroarylthio-3-cephem carboxylic acids which
are the subject of the present invention for which human serum bi ndi ng was
determ ned, with the exception of conpounds 23 and 29, the IkgeUANcqug
binding are in the desired range. 15 Even nore preferred is the |eve gf

bi nding to human serum proteins 5 80% whi ch provides even higher
concentration und conpound avai |l abl e for anti bact e[l Ivity in
t he body. Eatagé?%géﬁted in Table 2 shows that conpounds éﬁqﬁ?ﬁg&%8,19,

and 25 exhibit |level of binding to human serum proteins :9 80% 20 In vitro
stability of conpounds in rat serumIn general, conpounds fromthe class of
7-acyl am no- 3- het eroaryl t hi o- 3-cephem ci@fboxylic aci ds have hi gher

chemi cal reactivity and lower stability towards chem cal or enzymatic
deconposition than nost typical cephal osporins. Many of themwere found 25
to have |imted stability in vitro in rat serum Results shown in Table 2

represent perc f. L0l b f hal rdJd conpound
upon 50 i b | RRLES b8 SefinchlaEy duc'efhe BT B EF R0 8

PCT/ US00/ 26069 added tPslbediiuS.erufeos ATGG29313 W aiwyy evemight id MGt MED Of

cephal osporin conpaunds in .r S , I : ntrol rat
serum (hepari nis ‘ﬁﬁjlianssibg\‘eé&%oggesn cn}ﬁ?‘ﬁ?éﬁé\%&@%ﬁﬁ tgﬁ%?m 5 for 15 min
i n a shaki ng watiditiordabdne hoyrlat 35°Criwashakieglingshateg Thednoculumiwas prepased byof a 2
ng/ mL sol uti_on cephal osporin. co | | to each
matrix to r?akélﬁ‘1‘8@((35}“’p"."‘ﬁ3.r f°§3f’ﬁf oﬁ%ﬂgﬁﬁéﬂ?%ﬁﬁgﬁ&% &g%ﬂ%ﬁ&cﬁg@ﬁ of

sol uti on was t akfen rdth. At volutrie€25ul0of the&Snoc@nm wasaddd®d tadach welktThikose and added
200 L 4% trichl oroaceti ci d ortexed. . an ' e 0O mn at
14,000 rpmin &fF° %ﬁsﬁ? mﬁ?g?%%@% r?éﬁﬁe. ngggﬁftgﬁﬁéac gé’ﬁ%ernatant was
injected onto lic@umbesdetermbred byvpplying18 &l efd Otfold neiab&lution efithechagredal g/ i
cephal osporin coRBRNAYn TRRIARAD R iRubEiRR W BUCAR1dn) Forming units were

10 manually counted.

The more accurate measurement of binding of selected cephalosporin

compounds was performed using HPLC as described below. Corresponding values in
Table 2 represent percentage of cephalosporin compound which was found to be bound
to senumn proteins.

15 1. Serum is placed in a shaking water bath preheated to 37 £ 2 °C for 5 to 10
minutes to heat serum to 37 °C. Serum pH is measured and recorded, while serum is 37
°C using pH paper. Measurements are taken twice, 3 minutes apart. If the pH is not 7.4
% 0.4 then the pH is adjusted by blowing 5% CO,/S)S% O, over the serum. After
blowing for several minutes, serum is heated to 37 °C and measurements are taken

20  twice, 3 minutes apart using pH paper to determine the pH. Store at 4 °C. The serum is
stable for 7 days. Always check the pH before each use.
2. Before any centrifugation, the centrifuge temperature must be adjusted to 25+ 2
°C. Preheat the centrifuge by spinning for 45 minutes at the same speed to be used in
the assay (1900 g} with two tubes of water in the rotor and the temperature set to 25 °C.

25  When the centrifuge stops immediately check the temperature of the tubes of water with
a calibrated thermometer. The temperature of the tubes of water must be 2522 °C. In

the event the temperature does not meet the above criteria adjust the temperature setting



percentage of HPLC peak area at tine t relative to peak area at tine O.
HPLC condi ti ons: Becknman U trasphere C18 columm. 5u. 4.6mm x 25cm 1

m./mn of 95%0.1 M amoni um acetate, pH 6, 5% ACN going to 1590JAN 2004
buffer/organic 15 over 20mn. WV nonitored at 254 and 280 nm Certaln
conbi nati ons of 7-acyl am no-substitution and 3-heteroarylthio- substitution
at the cephal osporin systemresult in inproved stability of 7-acyl am no- 3-
het er oar yl t hi WO3V&&Bhem car boxyl i ¢ aci d conmpounds. Exanpmgyuﬁpﬂg%%h
conpounds (Table 2) are Conpound 3, Conpound 13, Conpound 14, Conpound 15,
Conpound 20 17, Conpound 21, Conmpound 23, Conpound 25, and Conpound 27. The
nanes and structures of these conpoundsseare listed in section Il of the
Det ai |l ed Description of the Preferred Enbodi nents, above. In vivo

eval uati on 25 Pharmacoki netic evaluation in rat 1 9 JAN 2004 WO 01/ 21623
PCT/ U500/ 26069 159 I nprovenents in serumstability of certain conpounds
fromthe class of 7- acylam no-3-heteroarylthio-3-ce henlcarboxxlic aci ds
over other coniPBipPRECY Adfapinfpranother4s minjtes. Crahinupspipning apd megspRRehgiot or ni ni ng
i mproved phar nggpkhdiRlah€adpfif e Rbtsg Ghtil tetehpeeArpREEd2.°CO Al t hough serum
stability is recogni zed as on one of the potential' factqrs influencing
cl earance of c%rrpo@ﬁ@a‘ierbﬁ‘ﬁ*EIHE%%EQXP‘ngﬁ@FPEJéSW‘PaB 15981 eased
serum stabi | i t(Ycrﬂiﬁ‘e@|l\ﬁ@:6€d?ﬁiﬁm‘ﬁ@vi&@chﬁﬁﬁg&%ﬂ%?ﬂ$ot&[ o0 ghss 0 BEX Of
7-acyl am no-3- heteroarylthio-3-cephem carboxylic acjd: g;ternined in rats
i s substant?al '.'““Hé‘f-e‘?l?ﬁN&?ﬁlﬁﬁeﬁ'f“ﬁmr%@“wmb'éﬁﬂéq:'b"sgo FCnpounds was
perforned 10 fﬁl{rﬁﬁ%ﬁift@ﬂ{%ﬁjﬁﬁﬁphﬂpﬂr&imﬁﬁhm@'ﬁlﬁﬁbjzped bel ow whi ch was used

for determ nation o X
4. Pipette 190 ul of blank ultrafiltrate into a set of labeled 1.7 mL polypropylene

microfuge tubes for 3 of each level. Pipette 10 uL of the appropriate standard stock 50,
200, 1000 pg/mL to make standards 2.5, 10, and 50 pg/mL respectively. Vortex each

10  tube well. One set of the standard samples are mixed 1:1 with 0.2 M acetic acid and
injected onto the HPLC (MSTD). These samples are the membrane standards and will
be used to compare to the other standards. Pipette 190 ul of ultrafiltrate and spike with
10 ul of whatever solution (e.g. water) the standards are prepared in to make the zero
standard.

15 5. Pipette 475 pL of blank heated pH 7.4 serum into a set of labeled 1.7 mL
polypropylene microfuge tubes for 2 of each {(Serum A and Serum B). Pipette 25 uL of
the 1000 pg/mL standard stock into each tube, vortex cach tube well to make serum
standard 50 ug/mL. Remove 100 pL of serum and deproteinate with 200 pL. 4% TCA
while vortexing to make serum time 0 (serum 50, T0). Place serum tubes in a shaking

20  water bath at 37 °C for 10 minutes. Pipet 100 pL of serum out and deproteinate with
200 pL 4% TCA, to make serum time 10 min (serum 50, T10). Pipet 200 ul serum
standard 50 pg/mL into an ultrafiltration device, which is not treated with TCA, to
determine free drug in samples (Rat Serum 50).

6. . Transfer serum and standard samples to labeled Amicon Centrifree

25  Micropartition filters, and centrifuge: 1900 g, 25 °C for 10 minutes. The extracted

serum samples (TO and T10) are spun down and supernatant is ioaded into HPLC vials.



cl earance of conmpound 17. Four male SD rats with fenmporal and jugular vein
catheters were obtained from Hilltop Lab Aninmals, Inc. (Scottdale, PA).
The catheters in the fenoral and jugular veins were filled V\At@o“ﬂ{
units/nL heparin in saline, and kept patent by changing the 1& iz%‘*
daily. The aninmals were quarantined for ‘a nminimumof two days prior to use,
and were mai ntgl na 12-h light:dark schedule with co nt__access to
food and vvatte“?dg@g%zr?e and during the study. On the day oﬁm’ﬁ%? t he
animals weighed 212 t 0.005 g (nean # s.d.). Al animl experinmentation
was conducted in accordance with the NIH Guide 20 for the Care and Use of
Laboratory Animals. A 4 ng/nL (active cddponent) dosing sol ution of

nmesyl ate salt of compound 17 was prepared in sterile saline for injection.
After a 0.2 nL preinjection blood sanple was collected fromthe jugul ar
catheter, 20 ng/kg over 20 min as a 5 nLikg infusion was initiated through
the fenoral cathete I i : ol | ected
fromthe jugul tgf vepr? cé’?ﬁ%fl@rﬁ%g%&%é%&%g?d%?é%%gqgﬁﬁa%ur%hwﬁr,ﬁx%nd 1, 2, 3,
and 4 h after tdgatherstd statiilimfthetcompounfl irsiloaiiltralhe bl ood was centrifuged for 10
mn and the serum s.store ‘= Lhanal wsi JAN 2004
WO 01121623 PCHI usﬁ%ﬁs6‘8"&%@%@5&&%@%‘%’2ﬁnaﬁ?“g?ﬁgﬁ‘gﬁf’?@m% vi dual

ani mal s wer e f ivial tap vathtTefon sepmpad iyreran HFRdfel with zero order input and
first-order ,elimnation fromthe central conpartnent using weighted

nonl i near rggr ession (WnNonlin, Pharsight, Palo Alto, CA).

Phar macol dnetic paranmeters were calculated fromthe fitted paraneters using
5 standard equationé (Sbaldi M Perrier D. 1982. Pharmacokinetics, 2" d

1 . .
ed., Marcel Dekker TAc. , New York.). Efficacy Eval uations
Peak height or area is used in a weighted linear regression.

High levels of binding to human serum proteins limits the concentration of

10 compound available for antibacterial activity in the body. Therefore compounds with
levels of human serum binding < 90% are preferred. Data presented in Table 2 shows
that among the 7-acylamino-3-heteroarylthio-3-cephem carboxylic acids which are the
subject of the present invention for which human serum binding was determined, with
the exception of compounds 23 and 29, the levels of binding are in the desired range.

15 Even more preferred is the level of binding to human serum proteins < 80% which
provides even higher concentration of unbound compound available for antibacterial
activity in the body. Data presented in Table 2 shows that compounds 3, 14,17, 18, 19,

and 25 exhibit level of binding to human serum proteins < 80%.

20  Invitro stability of compounds in rat serum

In general, compounds from the class of 7-acylamino-3-heteroarylthio-3-cephem
carboxylic acids have higher chemical reactivity and lower stability towards chemical or
enzymatic decomposition than rﬁost typical cephalosporins. Many of them were found

25  to have limited stability in vitro in rat serum. Results shown in Table 2 represent
percentage loss of the initial amount of cephalosporin compound upon 60 min

incubation in rat serum.



Conpounds with superior activity in vitro when conpared to reference 10
antibiotics, are further evaluated in a nmurine nodel for |ethal bacterenic
peritonitis follow ng the procedure described bel ow. 10 nicelgﬂdhdﬁmbﬁmﬂ
injected intraperitoneally with 2.98x107 cfu S. aureus ATCC 13709 (Smth
di ffuse) and treated at 0 and 2hrs post-challenge with serial two- fold
doses of new cephal osporin antibiotic, impenem and vanconycin

subcut aneous| 01821633 order to determ ne the ED50. Ml e SWitCTESWNElse®er m ce
wei ghing originally 24.2 - 26.1 g were obtained from Charles Rivers Labs,
Hollister, CA. Mce were housed 10 per cage and given free access to water
and nouse chow. Staphyl ococcus aureus AfgE 13709 (Smith diffuse) was grown
overnight at 37 Cin Brain-heart Infusion broth (BH B). The foll ow ng
nmorning, it was subcultured to 20 fresh BH B and i ncubated for 4-5h at 37
C. The | og-phase growh cells were washed once with physiol ogical saline
and adjusted to the desired concentration by correlation of absorbency at
0D 600 nmwith predeterm ned plate counts (NCCLS, 1994). The cel

(2 Tnocul um was Ry 5P BINE qof Mgttt O ey Blopbrn SRRl

chal | enged vi arsperimpacasifoiewsf 0.5 nl bacterial suspension

intraperitoneal ly. § &f defim heQia Warsd & & prefhlutaledaiuge. 1 9
JA'T 2004 WO 01/216%%% 1 et g'%l'esl 'm pene?nZ%?’Pr}’rrax'i'n V-~ Lot 7294A),

vancomyci n §Vafwdé min inlaghakdguetrypath. lﬂ‘hémeﬁchﬁgmh%l&mﬁ& otic were
prepared by se t4 at 0. 005
el Y. 0;@-}5somoaeépdaagpbﬁm&%auﬁdqmmgﬁmmaa@asoeicn%&gg&%% ,0-005
mg/ L respecti maktquﬂﬁpbt Solutions m@}c“kale)i at 3 C. ARul bf Seb#l%wg teleen ut at

admi ni st ered syRCUlANegyShysd Binok dble HOAMEPROAL. &% EBFlorRaddRlichy

post - chal | enge. Cohcént’rat | ons compounds are based on the wei ght of
t he bi oactive wvortpxed|andrentrifuged for 10 min at 14,000 rpm in an Eppendorf microcentrifuge.

10 25 pL of each supematant was injected onto HPLC. Experiment was repeated using 25
pL of a 0.2 mg/mL cephalosporin compound. Degradation is measured as the
percentage of HPLC peak area at time t relative to peak area at time G.

HPLC conditions: Beckman Ultrasphere C18 column. 5u. 4.6mm x 25cm. 1
mL/min of 95% 0.1 M ammonium acetate, pH 6, 5% ACN going to 75% buffer/organic

15  over 20min. UV monitored at 254 and 280 nm.

Certain combinations of 7-acylamino-substitution and 3-heteroarylthio-
substitution at the cephalosporin system result in improved stability of 7-acylamino-3-
heteroarylthio-3-cephem carboxylic acid compounds. Examples of such compounds
(Table 2) are Compound 3, Compound 13, Compound 14, Compound 15, Compound

20 17, Compound 21, Compound 23, Compound 25, and Compound 27. The names and
structures of these compounds are listed in section II of the Detailed Description of the

Preferred Embodiments, above.

In vivo evaluation

25

Pharmacokinetic evaluation in rat



The 50% effective dose (ED50) was cal culiated by the probit nethod (3)

utilizing a programentitled Probit (Nyconed-Salutar). The d
structures of the compounds |isted by their conmpound nunberqﬁﬂéﬁﬁgamﬁbles 1

and 2, below, are shown in section Il ofi the Detail ed Description of the
Preferred Enbodi nents, above. Table 1. Antimcrobial Properties of

7- Acyl am do- 3- het er oar vl t hi ocephens organi snt m ocecnml23416 S. aureus ATCC
29213: 50. 0080.M&Y/B8H 250. 130. 250. 5 S. aureus PCT/US00/26069

Col8A( Me0) (Il ac-) 0. 0150. 250. 250. 250. 130. 250.5 S. aurrus PCl

(Met hs) (1 ac+) 0. 0150. 250. 250. 250. 130. 250.5 S. aureus ATCC 13709

(Met hs) 50. 0080. 130. 130. 130. 130. 130. 25 S.158ureus Col (Meih"Xlac-)320.5212416
S. aureus 76 (Meth" )(lac+)321412416 S. aureus ATCC 33593 (Meth=)32112148
S. aureus Spain #356 (Meth")321212416 S. haenvol yocus 05 (Meth") 641414832 E.
faecahs ATCC 2921250. 250. 060. 250. 130. 250. 52 E. faeci um ATCC

3566740. 5410. 2548 faeci um VanA (Mannl42480.548 E.. faecalis.VanB
(Vann) 0. 50. 2510. 255‘."??4""@?“‘?‘&&%%@1’} f‘&%“?@%i@’f&‘gﬁaﬁﬁﬁi{sz E. coli
ATCC2599250. 25Qeybamfict 3 Rdtbroktyltii® B 4d€pher 8@boX T acHE 888 bthedetipdund2fr@rdiY 1 9 JA

| ~2f |
2 D 0L 162 P e e drmining improved pharmacokinetic parameters of

such compounds.

5 Although serum stability is recognized as only one of the potential factors
influencing clearance of compound from the body, the positive effect of increased
serum stability on clearance of certain compounds from the class of 7-acylamino-3-
heteroarylthio-3-cephem carboxylic acids determined in rats is substantial.

Determination of clearance of cephalosporin compounds was performed
10 following an example protocol described below which was used for determination of
clearance of compound 17.
Four male SD rats with femoral and jugular vein catheters were obtained from
Hilltop Lab Animals, Inc. (Scottdale, PA). The catheters in the femoral and jugular
veins were filled with 10 units/mL heparin in saline, and kept patent by changing the
15  solution daily. The animals were quarantined for a minimum of two days prior to use,
and were maintained on a 12-h light:dark schedule with constant access to food and
water before and during the study. On the day of dosing, the animals weighed 212 +
0.005 g (mean £ s.d.}.
All animal experimentation was conducted in accordance with the NIH Guide
20  for the Care and Use of Laboratory Animais.
A 4 mg/mL (active component) dosing solution of mesylate salt of cormpound 17
 was prepared in sterile saline for injection. After a 0.2 mL preinjection blood sample
was collected from the jugular catheter, 20 mg/kg over 20 min as a 5 mL/kg infusion
was initiated through the femoral catheter. Blood samples (0.2 mL aliquots) were
25  collected from the jugular vein catheter 5, 15, 20, 25, 30, and 45 min, and 1, 2, 3, and 4
h after the start of the infusion. The blood was centrifuged for 10 min and the serum
was stored < -70 °C until analysis by HPLC.



162 Table 1. Antimcrobial Properties of

7- Acyl am do- 3- het er oar vl t hi oeephens O ani sl nl m oenenv89101112 S. aﬂ.ﬁuﬁl
ATCC 2921350. 0080. 2510. 50. 50. 060. 5 S. aur eus 19 04
Col18A( Met hs) (1lac) 0. 0150. 2510. 250. 250. 130.5 S_ aureus PCl _

(Met hs) (1ac+) 0. 0150. 2510.50. 5 :0.130.13:iS. aureus ATCC 13709

(Met h5) 0. 0080. 250. 50. 250. 130. 130. 25 S. aureus Col (Meth)(lac-)32216220.51

S. aureus 76 WORVHSP( lac+)32216420.51 S. aureus ATCC 3358STURMERHB228420. 51
S. aureus Spain #356 (Meth")32216440.51 S. haenol yti cus 05
(Meth")64232440.52 E. faecalis ATCC 2921250. 252840. 130. 06-- E. faeci um ATCC
356674816810. 50.5 E. faecium VanA (Van' )g83216241 E. faecalis VanB

(Vann) 0. 541680. 250. 060. 13 E. faecium A491 (Anps) >l 28>32>32>32844 E. coli
ATCC2599250. 254160. 25124 P. aerugi nosa ATCC 278531>32>32>32162>32 19 JA:i
cCO WO 01/ 21623 163 PCT/ USOCQO 26069 Table 1. Antim crobial Properties of

7- Acyl am do- 3- het eroaryl t hi ocenhens. Oranssm m Mmenil3142516U18 S our eus ATCC
2921350. 0080. 250. 13be plagnaiRpceptAtionsFrog: indiyjdug) gnimals were fit to a two-

CO 8A( Met hs) (I &ﬁfpmngzlﬁxgdea% 288 oridafput 22 fikstrdeSelimination from the central

compartment using weighted nonlinear regression (WinNonlin, Pharsight, Palo Alto,
CA). Pharmacokinetic parameters were calculated from the fitted parameters using

5  standard equations (Gibaldi M, Perrier D. 1982. Pharmacokinetics, 2™ ed., Marcel
Dekker Inc., New York.).

Efficacy Evaluations

Compounds with superior activity in vitro when compared to reference
10  antibiotics, are further evaluated in a murine model for lethal bacteremic pertonitis
following the procedure described below. .
10 mice/group were injected intraperitoneally with 2.98x107 cfu §. aureus
ATCC 13709 {Smith diffuse) and treated at 0 and 2hrs postchallenge with serial two-
fold doses of new cephalosporin antibiotic, imipenem and vancomycin subcutaneously
15  in order to determine the ED5(. Male Swiss-Webster mice weighing originally 24.2 -
26.1 g were obtained from Charles Rivers Labs, Hollister, CA. Mice were housed 10
per cage and given free access to water and mouse chow. _
Staphylococcus aureus ATCC 13709 (Smith diffuse) was grown overnight at 37
°C in Brain-heart Infusion broth (BHIB). The following moming, it was subcultured to
20  fresh BHIB and incubated for 4-5h at 37 °C. The log-phase growth cells were washed
once with physiological saline and adjusted to the desired concentration by correlation
of absorbency at OD 600 nm with predetermined plate counts (NCCLS, 1994). The cell
suspension was mixed with an equal volume of sterile 14% hog-gastric mucin (2).
Inoculum was kept in an ice bath until used (<1h).
25 Mice were challenged via an injection of 0.5 mL bacterial suspension

intraperitoneally. The bacterial challenge was 2.98 x 107 cfivmouse.



S. aureus PCl (Mths)(lac+)0.0150.250.130.130. 130. 250.13 S. aureus ATCC
13709 (Met h5)50.0080. 130. 130. 060. 130. 250. 13 S. aureus Col 19 JA’ 0
(Mcth') (lac-)320.510.5111 S. aureus 76 (MethR) (|l ac+)32110.5111 S. su$‘éu@
ATCC 33593 (Meth')32110.5111 S. aureus Spain #356 (Meth')32110.5111 S.
haenol yci cus 05 (Meth') 64121122 E.faecalis ATCC

2921250. 250. 0610. 06Q. 0610. 13 E. faeci um ATCC 3566740. 50. 50. 250. 510. 5 E.
faeci um vanA XA 0. 5421 E. faecahs Vane PCT/US00/26069

(Vann) 0. 50. 130. 250. 060. 060. 50. 25 E. faeci um A491 (Amp")>128832416>3232 E.
coli ATCC2599250. 25414410.5 P. aerugi nosa ATCC 27853132>32>321>32>32 1 9 JA
of [ulUf WO 01/21623 164 PCTI USOO 26069 ¥Whble 1. Antimicrobial Properties
of 7-Acyl am do- 3- het eroaryl t bi ocephens O eani sm m nenmenll92021222324 S.
aureus ATCC 2921350. 0080. 50. 250. 130. 250. 130. 25 S. aureus

Col18A( Met hsxl ac-) 0. 0150. 50. 250. 250. 250. 130.5 S. aureus Pd

(Nt 1) (1 20" 0. 0150 Ao el 190l #aR Sheo i WanACE DA 0w)

( Met hs) 50. 0080. 50. 130. 13--0. 060. 25 S. "aureus Col (Meth’ ac-)3220.51211 s.
aureus 76 (Met hadaenuicpBisrotia 2ntibRtic amgrepmrparad BGeg g9 fldditutions3p 21| 212

concentrations of 0.078 - 0.005 mg/mL, 1.2 - 0.075 mg/mL, 0.3 - (.02 mg/mL, 0.3 -
0.02 mg/mL and 0.3 - 0.02 mg/mL respectively in sterile water (1). All antibiotics
5  were administered subcutanecusly in 0.1 mL volumes at 0 and 2 hours post-challenge.
Concentrations of all compounds are based on the weight of the bioactive ingredients.
The 50% effective dose (ED5() was calculated by the probit method (3) utilizing
a program entitled Probit (Nycomed-Salutar}.
The names and structures of the compounds listed by their compound number in
10  Tables 1 and 2, below, are shown in section II of the Detailed Description of the
Preferred Embodiments, above.

Table 1. Antimicrobial Properties of 7-Acylamido-3-heteroarylthiocephems

Organism Imipenem 1 2 3 4 -] 6
S. aureus ATCC 29213 <0.008 0.13 0.25 0.25 0.13 0.25 0.5
S. aureus ColSA(Meth®)(lac”) 0.015 0.25 0.25 0.25 0.13 0.25 0.5
5. aureus PC1 (MethS)(jach) 0.015 0.25 025 025 0.13 0.25 0.5
5. aureus ATCC 13709 (Meth®) <0.008 0.13 0.13 0.13 0.13 0.13 0.25
5. aureus Col (Meth™){lac™) 32 0.5 2 1 2 4 16
5. aureus 76 (Meth*)(lac*) 32 1 4 1 2 4 16
8. qureus ATCC 33593 (Meth®) 32 1 1 2 1 4 8
S. aureus Spain #356 (Meth™) 32 l 2 1 2 4 16
S. haemolyticus 05 (Meth®) 64 1 4 1 4 8 32
E. fuecalis ATCC 29212 £0.25 0.06 0.25 0.13 0.25 0.5 2
E. faecium ATCC 35667 4 0.5 4 1 0.25 4 8
E. faecium VanA (Van®) 4 2 4 8 0.5
E. faecalis VanB (Van*) 0.5 0.25 i 0.25 0.5 1 4
E. faecium A491 (Amp®) >128 4 >32 >32 - >32 >32
E. coli ATCC25992 <0.25 0.5 32 4 4 32 16
P. aeruginosa ATCC 27853 1 >32 >32 4 >32 >32 >32




S. aureus Spain #356 (Methl)32211222 S. haenol yticus 05 (Meth") 64422442
E.faecal is ATCC 2921250. 250. 50. 060. 130. 130. 250. 25 E. faeciun1ATCE .
35667420. 510. 2521 E. faeci um VanA (Vann) 440. 252122 E. faecalis Va B JA 2004
(Van") 0. 510. 130. 50. 250. 50. 5 E. faeci um A491 (Anp')>128>328328--32 E. coli
ATCC2599250. 2548441616 P. aerugi nosa ATCC 278531>32>3232>32>32>32 1 9 JA 1l
2004 WO 01/21623 PCT/ US00/ 26069 165 Table 1. Antim crobial Properties of
7- Acyl ami do- 3M@MB¥dhr vl t hi ocepherms O gani s i nenen526 PEFF3W2669 51 eus
ATCC 2921350. 0080. 250. 060. 50. 50. 125 S. aureus

Col8A(Met h') (lac')0.0150. 130. 060. 250. 250. 125 S. aureus PC 1

(Met h$xl ac) 0. 0150. 130. 060. 50. 50. 25 S. auskus ATCC 13709

(Met h$) 60. 0080. 130. 060. 250. 130. 125 S. aureus Col (Meth")(lac)3210.25881 S.
aureus 76 (Meth")(lac+)3210.5881 S. aureus ATCC 33593 (Meth")3210.5881 S.
aureus Spain #356 (Meth')3210.51682 S. haernol yticus 05 (Meth")6420.516162
E. faecalis ATCC 2921250. 250. 130. 0620. 50. 25 E. faeci um ATCC 3566740. 50. 5842

E. faeciym vanfy ﬁhY@ﬂﬂn%H%ﬁal Properties of 7-Acylamido-3-heteroarylthiocephems
QOrpanism Imipenem 2 8 9 10 11 12
8. aureus ATCC 29213 <£0.008 0.25 1 0.5 0.5 0.06 0.5
S. aureus ColBA(Meth®)(lac") 0.015 0.25 1 0.25 0.25 0.13 0.5
S. aureus PC1 (Meth®)(lac™) 0.015 025 1 0.5 0.5 -0.13 0.13
S. aureus ATCC 13709 (Meth®) 0.008 0.25 0.5 0.25 0.13 0.13 0.25
S. aureus Col (Meth®)(lac") 32 2 16 2 2 0.5 1
S. aureus 76 (Meth"Ylac) 32 2 16 4 2 0.5 1
5. aureus ATCC 33593 (Meth®) 32 2 8 4 2 0.5 1
§. aureus Spain #356 (Mcth®) 32 2 i6 4 4 0.5 1
5. haemolyticus 05 (Mcth®) 64 2 32 4 4 0.5 2
E. faecalis ATCC 29212 <0.25 2 8 4 0.13 0.06 -
E. faecium ATCC 35667 4 8 16 8 1 0.5 0.5
E. faecium VanA (Van®) 4 8 32 16 2 4 1
E. faecalis VanB (Van®) 0.5 4 16 8 0.25 0.06 0.13
E. faecium A491 (Amp") >]28 >32 >32 >32 8 4 4
E. coli ATCC25992 <£0.25 4 16 0.25 1 4
P. aeruginosa ATCC 27853 1 >32 >32 >32 16 2 >32




E. faecalis VanB (Van")0.50. 250. 06220.5 E. faeci um A491 19 JAY 2004
(Anmp") >1283216>32>32>32 E. coli ATCC2599250. 251443216 P. aerugi nosa ATCC
278531>324>32>32>32 1 9 JA :1 2004 WO 01/21623 PCTI USOO 26069 166 Tabl e 2.
Serumeffects and in vivo properties of .7-Acyl am do- 3-
het er oar vl t hi ocegl | ens CnpdSer um Bi ndi ng' Phar macoki neti csEfficacy in nurine
HumanStabilitys ti sxm ae serum n rat C earanceDoseDose
rat rhesushumaf® 8 er uns (1 Jh/ kg) (ng/ kg) (rngl kg) / ED"  ef fRGTIHBOHISPE) o
Van55210/ 1002. 41 51100 2.5/60 1.25120 0.625110 164 24
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Table 1. Antimicrobial Properties of 7-Acylamido-3-heteroaryithiocephems

Organism Imipenem 13 14 15 16 17 18
S. aureus ATCC 29213 <0.008 0.25 0.13 0.13 0.13 0.25 0.13
S. aureus Col8A(Meth®)(lac") 0.015 0.25 0.25 0,125 0.25 0.25 0.13
S. aureus PCI (Meth®)(lac*) 0.015 0.25 0.13 0.13 0.13 025 0.13
5. aureus ATCC 13709 (Meth®) <0.008 0.13 0.13 0.06 0.13 0.25 0.13
S. aureus Col (Meth®)(lac") 32 0.5 1 0.5 1 1 1
5. qureus 76 (Meth®)}lac™) 32 1 1 0.5 1 1 !
S. aureus ATCC 33593 (Meth®) 32 1 1 0.5 1 1 1
S. aureus Spain #356 (Meth®) 32 1 ] 0.5 1 1 1
5. haemolyticus 05 (Meth™) 64 1 2 1 1 . 2
E. faecalis ATCC 29212 <0.25 0.06 1 0.06 0.06 1 0.13
E. faecium ATCC 35667 4 0.5 05  03s$ 0.5 1 0.5
E. faecium VanA (Van®) 4 1 1 0.5 4 2 1
E. faecalis VanB (Van") 0.5 0.13 0.25 0.06 0.06 0.5 0.25
E. faecium A491 (Amp") >128 8 32 4 16 >32 32
E. coli ATCC25992 <0.25 4 1 4 4 1 0.5
P. aeruginosa ATCC 27853 1 32 >32 >32 1 >32 >32




0.078/ 30 43 54 6128 7 $128 92 101 1183447% 12256

13859029k0. 7920. 051100<0. 31 2. 51100 1.25/100 0. 625/ 100 O. 31213g Aw 0N
14602109%1100<0. 31 2.5/100 1.25/100 0.625/100 0.312190 1576888 534 %! ‘“}{.]él
1774816622%). 516. 42. 011000. 39 1. 0/100 0.5150 0.25/20 0.12110
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Table 1. Antimicrobial Properties of 7-Acylamido-3-heteroarylthiocephems

— Organism __ Imipenem 19 20 2l 22 23 24
5. aureus ATCC 29213 <0.008 0.5 0.25 0.13 0.25 0.13 0.25
S. aureus ColSA{Meth®Klac™) 0.015 0.5 0.25 0.25 025 . 0.3 0.5
S. aureus PC1 (MethS)lac*) 0015 0.5 0.25 0.25 0.13 0.13 0.25
S. aureus ATCC 13709 (Meth®) <0.008 0.5 0.13 0.13 - 0.06 0.25
S. aureus Col (Meth®)(lac") 32 2 0.5 1 2 I 1
5. aureus 76 (Meth®)lac*) 32 2 1 1 2 2 1
S. aureus ATCC 33593 (Meth*) 32 2 1 I 2 H 2
S. aureus Spain #356 (Meth®) 32 2 1 1 2 2 2
S. haemolyticus 05 (Meth®) 64 4 2 2 4 4 2
E. faecalis ATCC 29212 <0.25 Q.5 0.06 0.13 0.13 Q.25 0.25
E. faecium ATCC 35667 4 2 0.5 1 0.25 2 1
E. faecium VanA (Van") 4 4 0.25 2 1 2 2
E. faecalis VanB (Van") 0.5 1 0.13 0.5 0.25 0.5 0.5
E. faecium A49) (Amp") >128 >32 B 32 8 - 32
E. coli ATCC25992 %0.25 4 8 4 4 16 16
P. aeruginosa ATCC 27853 1 >32 >32 32 >32 >32 >32




1 9 JA 1 2004 WO 01/21623 167 PCT! USQ0/ 26069 CnpdSer um

Bi ndi ngaPhar macoki neti cEffi cacy in mari ne HumanSt abilityseptic 29 S"EF %
rat Cl ear anceDoseDose ratrhesushumanbi ndi ng5er unt( LA/ kg) (rmg/ kg) (r ngl g’jj '
ef fect b%urvival 18556766223%2. 1720. 05/ 1000. 46 2.5/ 100 1.25/100 0.625/60
0.312/30 19768368226%. 2542. 51. 25/ 1001. 29 0. 625/ 80 0.312120 0. 156120
0.078120 20717784370%. 5920. 02.5/801.00:1. 25/58 0. 625130 _0.312/10 0. 156120
2197979023%0. 7820V88E800. 79 2.5/80 1.25n0 PCT/US00/26069
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Table 1. Antimicrobial Properties of 7-Acylamido-3-heteroarylthiocephems
Orpanism Imipenem 25 26 27 28 29
S. qureus ATCC 29213 <0.008 0.25 0.06 0.5 0.5 0.125
5. aureus Col8A(Meth®)(lac™) 0015 0.3 0.06 0.25 025  pa28
S. aureus PC1 (Meth®Klac™) 0015 0.3 0.06 0.5 0.5 0.25
5. aureus ATCC 13709 {Meth®) <0.008 0.13 0.06 0.25 0.13 0.125
8. aureus Col (Meth®){lac™) 32 1 0.25 8 8 1
S. aureus 76 (Meth®)(lac*) 32 1 0.5 8 8 1
S. aureus ATCC 33593 (Meth") 32 1 0.5 8 g 1
S. aureus Spain #356 (Meth") 32 1 0.5 16 ] 2
5. haemolyticus 05 (Meth™) 64 2 05 16 16 2
E. faecalis ATCC 29212 <0.25 0.13 0.06 2 0.5 0.25
E. faecium ATCC 35667 4 0.5 05 8 4 2
E. faecium VanA (Van®) 4 1 1 8 8 4
E. faecalis VanB (Van") 0.5 0.25 0.06 2 2 0.5
E. faecium A491 (Amp"®) >128 32 16 >32 >32 >332
E. coli ATCC25992 <0.25 1 4 4 32 16
P. aeruginosa ATCC 27853 1 >32 4 >32 »32 >32




0.625/0 0.312/0 228245/ 1000. 83 205/ 100 1.25/40 0.625130 0.312130
2377939419%). 8120. 0511000. 39 2.5/ 100 1.25/100 6.25/10 0.312140

2452886692. 8520. 010/ 1000. 76 51100 2.5/ 100 1.25190 0.625130

2535554714594 1220. 05/ 100<0. 31 2. 51100 1.25/100 0.6251100 0.313/BQYAE2(E74
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Table 2. Serum effects and in vivo properties of 7-Acyvlamido-3-
heteroarylthiocephems

Cmpd Serum Binding? Phannacokinetics¢ | Efficacy in murine
Human | Stability __septicemia®
serum in rat Clearance Dose Diose

rat | rhesus | human bmg:g scum® | (Lvkg) | (mg/kg) | (mpkgl | EDy
eff: Y%survival
Van/ 55 2 107160 2.41
5/100
2.5/60
1.25/20
0.625/10

i 64

2 4

3 56 93 88 4 1% 0.95 275 2.5/100 0.39
1.25/90
0.625/90
0.312/50
0.165/40
0.078/30

4 3

5 4

6 128

7

] 128

9 2

10 1

11 83 4 47%

12 256

13 85 %0 2 9% 0.79 20.0 5/100 <0.31
2.5/100
1.25/100
0.625/100
0.312/30

14 60 2 10% 5/100 <0.31
2.5/100
1.25/100
0.625/100
0.312/90

15 76 88 83 2 38% |

16 1

17 74 81 66 2 2% 0.5 16.4 2.0/100 0.39
1.0/100
0.5/50
0.25720
0.12/10




WD 01/ 21623 PCTI USOQ 26069 168 CrrpdSer um ,

Bi ndi ngaHumanSt abi | i t yPhar macoki neti csEfficacy in murine septi ¢ % Jadr 20fin
rat Cl ear anceDoseDose ratrhesushumanbi ndi nserum (L/ bl kg) (nmg/ kg) (ng/ kg) / ED*
ef fect %survival | ndp.220%. 62511000. 07 g0.3121100 0.156/ 100 0.078140

0.039) 20 LEGEND a % of conpound bound to serum as determ ned by HPLC (see
"Serum bi nding determ nation"” for details). 5 b. Ratio of MC val ue
det er mi ned wi P UA¥=i t hout human serum added for S. aur FEYSMRRE20213. .
%1 oss after 60 nun exposure to rat serum as determ ned by HPLC (See "In
vitro stability of conpounds in rat serum for details). d. Clearance in
rat determ ned at given dose (see "Pharrt@éoki netic evaluation in rat" for
details). 10 e. Efficacy in treatnent of experinmental infection in mce
(see "Efficacy evaluation"” for details). f. Vanconycmg. |mpenemr 9 JAN
2004 WD 01121623 PCTf US00126069 169

Cmpd Serum Binding? Pharmacokinetics? | Efficacy in murine
Human | Stability scpticemia®
serum inrat | Clearance | Dose Dose
rat | rhesus | human | binding | serum® | (L/vkg) | (mg/kg) | (mgkg) | EDy
effec Yesurvival
18 55 67 66 2 23% 2.17 20.0 5/100 046
2.5/100
1.25/100
0.625/60
0.312/30
19 76 83 68 2 26% 1.25 425 1.25/160 1.29

: 0.625/80
0.312/20
0.156/20
0.078/20
20 n 77 84 3 70% 1.59 20.0 2.5/80 1.00
1.25/58
0.625/30
0312/10
0.156/20
21 97 97 90 2 3% 0.73 20.0 5/80 0.79
2.5/80
1.25/70
0.625/0
0.312/0
12 82 4 5/100 0.83
205/100
1.25/40
0.625/30
0.312/30
23 77 93 94 19% 0.81 20.0 5/100 0.39
2.5/100
1.25/100
6.25/70
0.312/40
24 52 83 66% 2.85 200 10/100 0.76
5/100
2.5/100
1.25/90
0.625/30
25 35 55 47 1 45% 1.12 200 5/100 <0.31
2.5/100
1.25/100
0.625/100
0.312/80

26
17 4
28
29 97

2




CONCLUSION One skilled in the art would readily appreciate that the
present invention is well adapted to carry out the objects and abtginﬂhEe
ends and advant ages nentioned, as well as those inherent therbinJ Fhed
nol ecul ar conpl exes and t he nmet hods, procedures, 5 treatnents, nol ecules,
speci fic conmpounds described herein are presently representative of
preferred enbodi nents are exenplary and are not intended as limtations on
the scope of Wad216@yenti on. Changes therein and ot her uREIURYISccur to
those skilled in the art which are enconpassed within the spirit of the
invention are defined by the scope of the clains. 10 It will be readily
apparent to one skilled in the art that 16&rying substitutions and

nodi fications may be made to the invention disclosed herein without
departing fromthe scope and spirit of the invention. Al patents and
publ i cations nmentioned in the specification are indicative of the Ilevels

of those skilled ipn the art to which-the. in\ : \ J ents
and 15 publicat8hs afEhn i peornaratsd b@”’r"’e‘fﬁg”%‘:ﬁce Gophensame ext ent
as if each indivi dpatTpubhteattdn.bas sRaCI it 7 oeme T i
i ndicated to fhe i n¢CekPGhak0hbin [ ehadigeneame | Tihexg) Nv@igkd)q vel y
descri bed hereéin suitdbly nay be| pffagt|iced in t he labseng bent or
el ements, |inl@mpi on dr [iritati bns? whi @%i$ not speci fi|ctd2pi0 dP8TIfosed
herein. Thus, |[fdr éxanple, |in eagh instance|hereinf any cf“‘ﬁﬁgterns 20
"conprising", |"consistling gssent{ally jof ang "consj sting ghgaRy| be fepl aced
with either ¢f the otjher tjwo tefns. The tefns and exprdssos®as which have
been enpl oyed are used as terns of descriptron and not of Timtation, and
there is no inteaenon that in the use of such terns and expressions of

excl udi ng any equi wabfesmpsun®boudditeseriie &idesdnBiged B HPM (sceiSrelmbegiog delomghadn™ porti ons
thereof, but it is frrdgdgni zed t hat various nodifications are 25 possible

within the Scope ofg{ﬁéﬁ%ﬁ‘f'ﬁ‘ﬁ‘d&“ﬁf“ﬁi‘;"if‘."“'?‘f‘i’ﬁ%‘,““i“f"dédﬁﬁﬁ'l"d’e'ﬁe under st ood

3 . S ;
that although_ the Do rlid DRl AR sBas RERIMSRIPLE (& bt LbdiGlopSEd by
preferred enbodi negimudndnpidaraluifieat ures, nodi fication and variation of
t he concepts her ei nClearance in rat determined at given dose (see “Pharmacokinetic evaluation in rat” for details).

10 e Efficacy in treatinent of experimental infection in mice (see “Efficacy evaluation™ for details).
f. Vancomycin
8- Imipenem




9 JAI41 ~"004 WD 01121623 PCTI USOQ 26069 170 di scl osed may be resorted to
by those skilled in the art, and that such nodifications and variations
are considered to be within the scope of this invention as definﬁg Rx,the
appended clains. In addition, where features or aspects of the i il od04
are described in terns of 5 Markush groups, those skilled in the art wll
recogni ze that the invention i~"also thereby described in terns of any

i ndi vi dual mef@PE2subgroup of menbers of the Markush RfTOpY2R8,

exanple, if X is described as selected fromthe group consisting of

brom ne, chlorine, and iodine, clains for X being brom ne and clains for X
being bromine and chlorine are fully del$8ri bed. 10 The invention has been
descri bed broadly and genericaly herein. Each of the narrower species and
subgeneric groupings falling within the generic disclosure also formpart
of the invention. This includes the generic description of the invention
wth a proviso or negative limtation renoving any subject nmatter fromthe
genus, regardless of whether or notcgherexensed material is specifically
recited herein. is Oher enbodinents are wthin the following clains. 171
VWHAT | S CLAI MED: 190weskille QiQke att wohldreatil apptlected that thechrdsény invirdten gradip

consi sting

f
(7R -7-1(2) 'S AP H BT O ARl i and Qhyrainythe pads nd aivantages etionedy 8 & ami do] - 3-
[2 (2- am noet hyk ihBieanfRtnythgrpiyr Ihirrﬁolgchrafuoﬁipieaemqbﬂ:eme&mdapdowdyﬂesc aci d,

(7R -7-[(2)-2-(5-am no 4- th adi azol - § 2 rox am no etan1do] 3
-[2- (2-guani diSRHEEHY |“l°ﬂi“1°§ﬁ‘efﬁ$§} 5’ﬁ§ﬂﬂ°ﬂ“d§ Vﬁ%ﬁj Trg'g é’ﬁ‘ﬁ 5P} g‘xyl ic
aci d, of preferred embodiments are exemplary and are not intended as limitations on the
scope of the invention. Changes therein and other uses will occur to those skilled in the
art which are encompassed within the spirit of the invention are defined by the scope of
the claims.

10 It will be readily apparent to one skilled in the art that varying substitutions and
modifications may be made to the invention disclosed herein without departing from the
scope and spirit of the invention.

All patents and publications mentioned in the specification are indicative of the
levels of those skilled in the art to which the invention pertains. All patents and

15 publications are herein incorporated by reference to the same extent as if each individual
publication was specifically and individually indicated to be incorporated by reference.

The invention illustratively described herein suitably may be practiced in the |
absence of any element or elements, limitation or limitations which is not specifically
disclosed herein. Thus, for example, in ¢ach instance herein any of the terms

20 “comprising”, “consisting essentially of” and “consisting of” may be replaced with
either of the other two terms. The terms and expressions which have been employed are
used as terms of description and not of limitation, and there is no intention that in the
use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are

25  possible within the scope of the invention claimed. Thus, it should be understood that
although the present invention has been specifically disclosed by preferred

embodiments and optional features, modification and variation of the concepts herein



(7

R) -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2-(hydroxyi m no) acet anil gan 3-[ 2-

(2- guani di noet hyl t hi onet hyl ) pyri d- 3-yl t hi o] - 3- cephem 4- car boxyl i'c d cﬂ[]i;

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydr oxyl am no) acet am do] -

-[2 (2-am noet hyl t hi omet hyl ) pyri d-3-ylthio]-3-cephem 4-carboxylic acid,

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl ) -2- (hydr oxyl am no) acet am do] - 3-

[ 4- (2-am noeM®l2HRbnet hyl ) pyri d- 3-yl t hi 0] - 3- cephem 4- c RFTARYWA68 aci d,

(7R -7-[(2)-2-(5-am no-1, 2,4-thiad

i azol - 3-yl ) -2- (hydroxyl am no) acet am do] - 3- [ 4-

(2-am noet hyl t hi onet hyl ) pyri d- 3-yl t hi o] -13¢ cephem 4- car boxyl i ¢ aci d,

(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hyd roxyi m no)acet am do]-3-[4-(2

am noet hyl t hi omet hyl ) pyri d- 3-yl t hi o] - 3-cephem 4-carboxylic acid, and 2. A

compound sel ected fromthe group consi sti ng of :

(7R)-7[(2)-2-(2-am no-5-chl or ot hi azol - X ) - 2- (hydr oxyi m ng) acet am do] 3-[2
- (2 am noet hyl ﬂmlmWPsﬁﬂﬂF@l@YWﬁﬁ‘%}e i the.arh a3l thatsigh cations, andy

(7R) - 7[ (2) - 2- ( arRfdrI Brelorsidkrddid BliigdOthe Sopd of thls inborEibR¥teiRda®) Azt ani dol- 3- [

2- (2- guani di noet hyl t hi omet hyl ) pyri d-3-yl t hi o] - 3-cephem 4- car boxyl i ¢ aci d,

(7TR)-7j(2)-2-( efglamnse h| or ot hi azol - 4-yi ) - 2- (hydr oxyi ni no) acet am do] - 3- [2
- (2- guani di noet hyl Qamt Widrd felifed 6l-agrelb th@ﬂrnvénhSﬁﬂbﬁéEh‘ibe&ﬁ{tb@&)b‘fl c acid,

(7TR)-7[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-y - (hydr oxyi m no) acet am do] - 3- [

2-(2 am noef hyMeAmgEeYR; L&Wﬁwds"wﬁwa]w@ze‘éb @ﬁ#m&%&?%ﬁwm@% d, (7

P, ) - 7[ (2) - 2- ( 20 R50u2Q imtemldl of b}t iRdiAE@N mémder br sdbgrbpcHTeneiibers BOhOKIRikadN do] - 3- [ 4-

(2- am noet hyl t hi onet hyl ) pyri d-3-yl thio]-3-cephem 4-carboxylic acid, 172 1
9 JA; J 2004 sroup. For example, if X is described as selected from the group consisting of bromine,

(7TR) - 7-[ (2) - 2- {1or@ie] 4AQ ickine, Amhbroa@hbazlgbmﬁnﬁela)m Aaifrd Y OpHigBrdtmhegat ani do] - 3-
[ 4-(2- am noet hyl t hi ongt hyl )pyrl d- 3-ylthi o] -3-cephem 4-carboxylic acid. 3.

A corrpound sel e8eEw are ol 4efE8t oup consi sting of :
(2 7(R)2 - [ (2162~ ( 2- anneervantioh hey 1Rkl deddiBbd Kloddly) mnd gérayelilio kbl Bhacekan do] - 3-

narrower species and subgeneric groupings falling within the generic disclosure also
form part of the invention. This includes the generic description of the invention with a
proviso or negative limitation removing any subject matter from the geﬁus, regardless of
whether or not the excised material is specifically recited herein,

15

Other embodiments are within the following claims.



am noet hyl t hi onet hyl ) pyri d-3-yl t hi o] - 3-cephem 4- carboxylic. acid,

(7R -7-[(2)-2-(5-ami no-1, 2, 4-t hi adi akbl - 3-yi ) - 2- (hydr oxyi m no) acetsnj dP}Z @i
[ 2- (2- am noet hyl t hi omet hyl ) pyri d-3-ylthio]-3-cephem 4-carboxyl i 3 g?&ﬂ P
R)-7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl)-2-(hydroxyi m no) acet am do] - 3-[ 4-
(2- am noet hyl t hi onet hyl ) pyri d-3-ylthi o] - 3-cephem 4-carboxylic acid, and
(7R -7-[(2)-2-(5-amno-1,2,4-th iad iazol -3-yl)-2-(hydroxyi m no)acet a

m do] -3-[4-(2 am noet hylthi onet hyl)pyrid-3-ylthio]-3-cephem 4-carboxylic
acid 4. A co d having the chemcal formula: N R 1HN-~ S or a
phWHﬁcTelﬁ pg-&wccept able salt thereof, wherein: R' is selected fromthe
group consisting of hydrogen and -C(O CH(NH2) CH3; R 2 is hydrogen or an
acyl group that is cleaved by an enzyme found in nammals, provided that
both R' fand R\Z:om;mumisﬁgcheddmmdme'glrmJ;sa@BSlBiir@OfB or L is nitrogen and

Lhe oLher ks S OET, and TS kB AN 2008 B At M AR P
o 3 By A, 1 Bt T et G e

conlstln hydrogen, -C(O) -R88
- (O - ORPR)- 7 [P PR G- Nk - $)2aJttklédiaaniQ/E)Aﬁdhgdnmxymnoﬁaﬂtaﬂmd@h%f?sel ect ed

f r?gjgtug?u |rr18§ hy(l:tﬂlr:)%g'[thwpynd 3 yl%m%gae—cepht—:-cr(n A c%oiyuc acid, -0 - CH(NH2) - al k4
(7R)-?-[(Z)—Z-(2—arnlno-S-ChIorothlazoi-4-yl)-2-(hydroxytm:no)acetam:do]-3-[2-( -
guanidinoethylthiomethyl)pyrid—B-ylthio]-3—cephem-4-carboxylic acid,
(7TR)-7-[(Z)-2-(5-amino-1 2. 4-thiadiazol-3-yl)-2-(hydroxylamino)acetamido]-3-[2-
(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem~4—carboxylic acid,
(?R)-?-[(Z)«Z-(Z-amino-’5-chlorothiazo|—4—yl)-2-(hydroxylamino)acetamido]-S-[4-
(2-aminoethylthiomethyl)pyrid-3-ylthio]—3-cephem—4—carboxy1ic acid,
(7R)-7-[(2)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hyd roxylamino)acetamido]-3-[4-
(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem—4-carboxylic acid,
(7R)—T-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-[4-(2-
aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-Carboxylic acid, and

2. A compound selected from the group consisting of:
(7R)—T[(Z)-Z-(Z-amino-5—chIorothi'azol-4-yl)-2-(hydroxyimino)aéetamido]-B—[Q-Q-
aminoethyithiomethyl)pyrid-3-ylthio]-3-cephem-4—carboxylic acid,
(7TR)-7{(Z)-2-(5-aminc-1 .2 4-thiadiazol-3-y!)-2-(hydroxyimino)acetamido]-3-[2-(2-
guanidinoethyithiomethyl)pyrid—3-y|thio]-3-cephem-4~carboxylic acid,
(7TR)-T{(Z)-2- (2—émino-5-chIorothiazol-4-yl) 2-(hydroxyimino)acetamido]-3-[2- (2-
guanidinoethylthiomethyl) pyrid- -3-ylthio}-3-cephem-4-carboxylic acid,
. (7R)-7[(Z)-2-(5-amino-1,2 4-thiadiazol-3- -yl)-2-(hydroxyimino)acetamido]-3-[2-(2-
aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxy1ic acid,
(TR)-?[(Z)—2-(2-amino-5-chlorothiazol-4-yt)—2-(hydroxyimino)acetamido]-3-[4-(2-
aminoethylthiomethyi)pyrid-S-yIthio]-3-cephem-4-carboxylic acid,



alkd4 is selected fromthe group consisting of hydrogen, and optionally
substituted alkyl, wherein said alkyl74ds optionally substitut ed10 #? Oﬂ]ﬁ
or nore substituents selected fromthe group consi sting of hydr Qﬂ | 4
phenyl, -000H, -- 8 OR89, C(O) NH2, - NH2, and N ; and

sel ect ed f(?Bl)th-ME) Qr @@rrwmrén%ﬂrfh@dﬁz%énﬂWO(WUFOWJFBUF@BCG@WWI 3d4 2-
nltrobenzyl obenz trichloroethyl, allyl,

ci nrmnoeth ﬂ@?ﬁﬂ"&ﬁérﬁ)ﬂ yr?pém?‘éi‘ a{ p@phe% %ﬁ? bd)‘ty 'Fla)‘;cr" 4- et hoxyt rityl,
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aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid, and
(7R)-7-[{Z)-2-(5-amino-1 2.4-thiadiazol-3-y1)-2-(hydroxyimino)acetamido]-3-[4-(2-
aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid. |

4, A compound having the chemical formula:
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or a pharmaceutically acceptable salt thereof, wherein:
R is selected from the group consisting of hydrogen and -C(O)CH(NH2)CHj;
R*2 is hydrogen or an acyl group that is cleaved by an enzyme found in mammals,

provided that both R"" and R'Z are not hydrogen at the same time;

B or L is nitrogen and the other is carbon; and,



-C(O-CH(NH2)-al k4; 175 1 9 JAJ 2001,?.7 Al k4 is selected fromthe group
consi sting of hydrogen, and optionally substituted alkyl, wherein said
al kyl is optionally substituted with one or nore substituents lJﬁC}_ﬂjﬂ
fromthe group consisting of hydrogen, phenyl, -COOH -C(.O)- rd 4
-C(ONH2, -OH, -SH, -NH2, and N and, R89 is selected fromthe group
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2,4, 6-trinethoxybenzyl, methoxynethyl, and 3,3-dinmethylallyl. 8. The
corrpound of claim7, wherein R 3 is sel ect gd fromthe group consisting of

hydr ogen, 5.met hjhe c@mpotﬂxct)yf-@ﬁmﬁizy\’@ﬁ@mﬁ mheelesipsoiad e FPHPm 7, wherein
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(7R -7-1(2) - 2- (5 am no-1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydr oxyi m no) acet am do] - 3-

{2-] 2-
O
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wherein:
R is selected from the group consisting of hydrogen, -C(O)-OR®, and
-C(O)-CH(NHz)-alks;

alk, is selected from the group consisting of hydrogen, and optionally substituted
alkyl, wherein said alky! is optionally substituted with cne or more substituents

selected from the group consisting of hydrogen, phenyl, -COOH, --C(O)»OR®,

3
N . and

C(O)NH,, -OH, -SH, -NHz, and

R® s selected from the group consisting of benzhydryl, t-butyl, allyl, p-
nitrobenzyi, bénzyl, p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl, cinnamyl,

| benzhydryl, 2-chloroallyl, t-amyi, trityl, 4-methoxytrityl, 4,4"-dimethoxytrityl,
trimethyisilyl, t-butyldimethyisilyl, B-(trimethylsilyl)ethyl, 4- or
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R? is selected from the group consisting of hydrogen, -C(C)-OR™, and
-C(O)-CH(NH,)-alks;
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10. A compound selected from the group consisting of:

(7R)-7-[(Z)-2-(5-amino- -1,2.4-thiadiazol-3-y!)-2- (hydroxylmlno)acetamldo] -3-{2-[2-

N-(L)- om|thyiam|noethylthtomethyl]pynd -3-ylthio}-3-cephem-4- carboxylic acid,
(7TR)-7-[(Z)-2-(5- -amino-1,2,4-thiadiazol-3-yl)-2- (hydroxylmlno)acetamldo] -3-{2-{2-

N-(L)-proiylam:noethylthiomethyl]pynd -3-ylthio)-3-cephem-4- -carboxylic acid,
(7R)-T;[(Z)-,:-(\J-N-(L)-aianylummo 1,2 4-thiadiazol-3-yl)-2- (hydroxyimino)-

acetamido]-3-{2-[2-aminoethylthiomethyl]pyrid-3-yithio}-3-cephem-4-carboxylic acid,



0 ono -C(O-CH(NHR. 3)-al k4, and -C 07-OCH2 , wherein, R3 is selected from
the group consisting of hydrogen, -C(G6 OR89, and -C(O) -CH NH2)1<'§ %;J ?ﬂdﬁ
is selected fromthe group consisting of hydrogen, and optionally '
substituted alkyl, wherein said alkyl is optionally substituted with one
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phamacEiN i-ARithyl)Aleagiiihbetisithidneethyl}pyrid-3-yithio}-3-cephem-4-carboxylic acid,
(7TR)-7-[(Z)-2-{5-amino-1 2 4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-[2-
N—(L)-histidylaminoethylthiomethy!]pyrid-3-ylthio}-3-cephem-4-carboxylic acid,
(7TR)-7-[(Z)-2-(5-amino-1 2 4-thiadiazol-3-y1)-2-(hydroxyimino)acetamido]-3-{2-[2-
N-(L)—vaIylaminoethyl_thiomethyl]pyrid—3-ylthio}—3~cephem-4-carboxylic acid,
(TR)-7-[(Z)-2-(5-amino-1 2 4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-[2-
N~(L)-asparagylaminoethylthi0methyl]pyrid—3-ylthio}-3-cephem-4-carboxylic acid,
(7TR)-7-[(Z)-2-(5-amino-1 2 4-thiadiazol-3-y1)-2-(hydroxyimino)acetamido]-3-{2-[2-
N-(L)-Iysylaminoethylthiomethyi]pyrid-S-ylthio}-3-cephem-4-carboxylic acid,
(7R)-7-[{Z)-2-(5-amino-1,2,4-thiadiazol-3-y! )-2-(hydroxyimino)acetamido]-3-{2-[2-
N-(L)-serylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic acid,
(7TR)-7-[(2)-2-(5-amino-1,2,4-thiad iazol-3-yl)-2-(hydroxyimino)acetamido}-3-{2-[2-
N-(L)-giutaminylaminoethylthiomethyt]pyrid-3-ylthio}-3—cephem-4—carboxylic acid,
(7R)-7-[{Z)-2-(5-amino-1 .2 4-thiadiazol-3-yl)-2-(hyd roxyimino)acetamido]-3-{2-2-
(5-methyl-1 .3-dioxolan-4-en-2-on-4-yl)methoxyca rbonyl)aminoethyl’_thiomethyl]pyrid-3-
ylthio}-3-cephem-4-carboxylic acid, and
(7R)-7-[{Z)-2-(5-amino-1 2,4-thiadiazol-3-y!)-2-(hyd roxyimino)acetami_do]-3-{2-(2—
N-(L)-pyroglutamylaminoethylthiomethyl]pyrid-S-yitlhio}-S-cephem-4-carboxy1ic acid.

11. A compound selected from the group consisting of:
(7TR)-7-[(Z)-2-(5-amino-1 ,2,4-thiadiazo!-S-y!)-2—(hydroxyimino)acetamido]-S—{Z-[Z—
N—(L)-ornithylaminoethylthiomethyl]pyrid—S-yIthio}-3-cephem-4-carboxylic acid,
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(?R)—T-[(Z)—2-(5-amino-1 ,2,4~thiadiazol;3,-y!)-2-(hydroxyimino)acetamido]-3-{2-[2-
N-(L,L)-alanyIaIanylaminoethy|thiomethyl]pyrid—3—y|thio}-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(5-amino-1 ,2,4-thiadiazol-3-yl)—2-(_hydroxyimino)acetamido]-3-{2-[2-
N-(L)—aspartylamidoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic acid,
(7R)-7-[(2)-2-(5-amino-1 2 4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-[2-
N-(L)-a!anylaminoethylthiomethyl]pyrid-S-ylthio}-3—cephem-4-carboxylic acid,
(7R)—7:-[(Z)-2-(5-amino-1 2 4-thiadiazol-3-y1)-2-(hydroxyimino)acetamido]-3-{2-[2-
N-{L)-lysyla minoethylthiomethyl]pyrid-3-ylthio}-3-ce phem-4-carboxylic acid,
(7R)-7-[(2)-2-(5-amino-~1,2 4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-[2-
N—(L)-glutaminylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic acid, and
(7R)-7-[(Z)-2-(5-amino-1 .2 4-thiadiazol-3-y1)-2-(hyd roxyimino)acetamido]-3-{2-[2-
(S-methyl-1',3-dioxoIan-4-en-2-on-4-yl)methoxycarbonyl)aminoethyithiomethyl]pyrid-S-_

ylthio}-3-cephem-4-carboxylic acid.

12. A compound having the chemical formula:
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wherein R" is selected from the group consistiﬁg of hydrogen, -C(0)-R®, -C(O)-OR¥,

A

O 0

-C(O)-CH(NHR*)-alky, and “CtO)-O-CH; : wherein,

O .
RE s T\ or - :

R" is selected from the group consisting of hydrogen, -C(0)-OR®, and
-C(O)-CH(NH_)-alks;

alk, is selected from the group consisting of hydrogen, and optionally substituted -
alkyl, wherein said alkyl is optionally substituted with one or more substituents selected
from the group corisisting of hydrogen, phenyl, -COOH, -C{0)-OR®, -C(O)NHz, -OH,

NH
A

-SH, -NH;, and R , and,
RE is selected from the group consisting of benzhydryl, t-butyl, allyl, p-
nitrobenzyl, benzyl, p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl, cinnamyl,
benzhydryl, 2-chloroallyl, t-amyl, trity!, 4-methoxytrityl, 4,4'-dimethoxytrityl,
trimethylsilyl, t-butyldimethylsilyl, p-(trimethylsilyl)ethyl, 4- or
2-methoxybenzyl, 2,4-dimethoxybenzyi, 3,4-dimethoxybenzyl,
2.4 6-trimethoxybenzyl, methoxymethyl, and 3,3-dimethylallyi.

13. The compound or salt of an one of claims 1 - 12, wherein the compound is
active against methicillin-rersistant Staphylococcal bacteria selected from the group
consisting of S. aureus Col (Meth®)(iac-), S. aureus 76 (Meth®)(lac+), S. aureus ATCC
33503 (Meth™), S. aureus Spain #356 (Meth®), and S. haemolyticus 05 (Meth®).
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14.  An antibacterial composition for treating a methicillin-resistant
Staphylococcal bacterial infection, comprising a therapeutically effective amount of a

compound or salt of any one of claims 1 - 12 in a pharmaceutically acceptable carrier.



