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7- ACYLAM‘,%{) gﬁ,}' EROARYLTHI O 3- CEPHEM CARBOXYLI C ACI D ANTIl ﬁg

PRODRUGS I(:l 5 RELATED APPLI CATION This application is relate to and
clains priority to the U S Provisional Application No. 60/155, 496, fil e?(
Sept ember 22, 1999, by Hecker et al., and entitled "7- -

ACYLAM NO- 3- HETEROARYLTHI O 3- CEPHEM CARBOXYLI C ACI D 10 ANTI Bl OTI CS AND
PRODRUGS THERECOF" (Lyon & Lyon Docket No. 241/154), which is hereby

i ncorporated by reference in its entirety, including any drawi ngs. FIELD
OF THE | NVENTI ON The present invention relates to novel cephal osporin
antibiotics and their 15 nethods of production and use, as well as prodrugs
t hereof. These conpounds exhi bit PBSCRIPIIONactivity against a w de
spectrum of organi sns, including organisns which are resistant to
conventional 1i-lactam antibiotics. BACKGROUND OF THE | NVENTI ON 20 The
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aid in the u\r/17I erstandr n e presen'fﬁﬁ%\?gg ?on ar(?d nel ?(f?ﬂi(]%é%bor any of

the references cited WANT[BmI@smNmRQB@U@smBREOF art to the present
I nvention. Over the past three decades a large variety of antibiotics has
beconed avail able for clinical use. One cI ass of antibiotics which has seen
remar kabl e growth are the 25-0%* HpP A 70 of which have entered
clinical use for the treatnent [t tions -in mamral s si nce

1965. The cephatpsasplicatorisiieidd thhagd cladms EﬂaﬁinE:'tﬁé U.S@rbvisioraldy
I nhi biting bacterial pepti doglﬂycan bi osynt hesi S, and have been extrenely WO
01/ 21623 P@plics@g Moo 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 B-lactam antibiotics.

BACKGROUND OF THE INVENTION

20 -The following review pf 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 bacterial
infections in mammals since 1965. The cephalosporins exhibit their antibacterial

activity by inhibiting bacterial peptidoglycan biosynthesis, and have been extremely



2 effective in treating a wde variety of bacterial infections.

Cephal osp&yd 9f2ichfit are said to have antibacterial activitpcgusdodessor i bed
in US. Patent 3,992,377 and U. S. Patent 4,256,739. Unfortunately, the

wi de-spread and indiscrimnant use of these antibiotics has 5 led to a
rapid increase in the nunber of bacterial strains which are resistant to
these conpounds. Mst inportantly, this“resistance has energed anong
clinically inportant mcroorganisns which threaten to limt the utility of
presently avail abl e cephal osporin antibiotics. In particular, resistant
strains of Salnonella, S. pneunobnice, Enterobacteriacece, Staphyl ococcus
aureus, and Pseudononas have energed which 10 threaten to undo many of the
strides macfertive indresting a wode vatiety ofbasterist infentiops. Cephalespexing thgt are'said
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(3-lactam gjgup3wf the cephal osporin; (b) decreased cephal osporin
penetration'into the bacteria due to changes 15 in bacterial cell wall
conposi tion; andJxfoitupesely, the mdderspread pehindistiminapt wsgi of ghgse entibintics ig8BPs) .
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qui nol one anti bacterials and sone 25 carbapenens, such as im penem have
been r epor tbagterigl ipfectieons. ve agai nst a few MRSA strains, but their use is

restricted due to, iRl Hfitnbst ShRRbs TR (S e APPHARHERS (o) the

development of B-lactamases capable of inactivating the B-lactam ring of the
cephalosporin; (b) decreased cephalosporin penetration into the bacteria due to changes

15  inbacterial 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 afe highly resistant to B-lactam aﬁtibiotics. Resistance in MRSA is due to

20 . the presence of high levels of an unusual PBP, PBP2a, which is insensitive, or binds
poorly, to f-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 teicoplanin are
primarily used for MRS A 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.



3 Experinental conpounds which may possess utility as anti-MRSA or antlé
ent er oc tericides include the glycylcyclines (se E. Sum
et al%’g&g‘ Chem, 37, (1994)), FK-037 (see, e.qg.. %C@%m“"p’ .
Anti biotics, 46:359-361 (1993)), RP-59,500 (see, e.g., S. K Spangler et
al., Antimcro. Agents Chenother., 36:856-9 5 (1992)), the everninonycin
conpl ex (see, e.g., WE. Sanders et al3, Antimcro. Agents Chenother., 6:
232-8 (1974)), the 2-(biaryl)carbapenens (see, e.g., U S. Patent No.

5, 025, 006), 3-(benzothi azolylthio)cephens (see, e.g., EP Application No.
527686), 3-(thiazolylthio)carbacephens (see, e.g., R J. Ternansky et al.,
J. Med. Chem, 36:1971. (1993) and U. S. Patent No. 5,077,287) and
arbekacin (S. Bxpedimentdl caipouhds Avhi¢chonay pessmtiaiw &3NtICVRSZ or dticent
advances in the cqonpounds, , conposi tions
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mamMyles afg- §31r@9§3)0m (3-lactam anti biotic resistant bacteria. Preferred
conpounds wi |1 have a m nimuminhibitory concentration (MC) that is |ess
that 50% nor d{cpneaf aivahdtes in thesompawndspegmpositions snd methiods agsfyl foess t han | %
of the MC 0&[ 2t1623 PCT/ USOQ 260,

treating infec

10NS In mamm S arising gom B- -lactam antibiotic resistant bacteria are
described in commonly owned International Application No. PCT/US95/03976 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
08/415,069, all of which were filed on March 29; 1995; 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 B-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



4 of cefotaxinme or impenemfor a beta-lactamresistant organi sm

pr ef er abl Wwe oym®pEi ci | 1 i n-resistant Staphyl ococcal organi sRCTU$08/26069
preferred conpounds will be able to prevent or reduce nortality in mce
infected with the beta-lactamresistant organism to a greater extent than
cefotaxime or impenem 5 Conpounds fromthe class of

7-acyl am no- 3- het eroaryl t hi o- 3-cephem carboxylic acids of this invention
have hi gher chem cal reactivity and |lower stability towards chem cal or
enzymati ¢ deconposition than other cephal 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
subst i t ut | of cafotaxire or mipsaem ferFnbeid-lactam resistnt oxganism, pesferaling one aspect
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| onered susceptibility to deconposition by enzynes present in mamalian
serum Conpoargieat¢raoxteny thanicsfotaxame or ymiperemiescri bed bel ow, and data is

presented 15 showi ng thei.r ipproved.stahility,in m l.ign serum In
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efficacy in an gnimal npdel of [nfection due to thi,s . |owered clearance. One
20 aspect d@%"’l‘i‘énﬁl“’e%lénwlﬁ’ﬁykms tp éaga &t parHcylanthe]ny #L operation ﬂg
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st abi | i10y iposivierottedephalbsporavysteino V@riccadpedt of therpresent inlvertion featacisng t o
human serum proteins. |In_one aspect the invention features conpounds_of
Formul a | certpin:compguygds fiamtheclassmfaggtamipgddiptergarylthio-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.
Pharmacological 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 éspect 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 II:
25



N,OHRNS ,[Ro-3 (lI) ~11 p NJJZL C&R2 S D\ [(alkl)pe)qg(alk2)rR
1211-2 [x1110-2 (I1) R -11Y Sf E O O N G OpR4wy 1k1), (R7
)a(al k2)9§1‘ﬁllf|{k or a pharmaceutically acceptable salt thereo@%% ere R
Is selected fromthe group consisting of optionally substituted aryl and
optionally substituted heterocycle, where the heterocycle is selected from
the group consisting of pyridyl, 10 thi adi azolyl, and thiazolyl; and where
the aryl and heterocycle are each i ndependent |y and optionally substituted
W th substituents selected fromthe group consisting of hydroxyl, brono,
fluoro, chloro, iodo, nercapto, cyano, alkylthio, 15 carboxyl, oxo,

al koxycar bonyl, al kyl, alkenyl, nitro, am no, al koxyl, and carboxam do; R2
is selected fromthe group.@nsisting of hydrogen, optionally substituted
al kyl, optionally substi ute al kenyl, optiogpa Iy substituted aryl,

optional ly substituted ay k sand tr 3 °Si | yI WO 01/ 21623
PCT/ USOQ 26069 qI) R /E
o]

COy Rz (a]kl)P(R”)q(alkz)ar]I-z

N,OH
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CO,R? [(alk)p(R™)q(alk) R ]y

O

or a pharmaceutically abceptable salt thereof, where

R' is selected from the group consisting of optiohally 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 seleétéd from the group consisting of
hydroxyl, bromo, fluoro, chloro, ibdo, 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;



where the al kyl, alkenyl, and aryl are each independently and optionally
substi t ut aglowikis2substituents selected fromthe group consimdtosnoREo69
hydroxyl, bronmo, fluoro, chloro, iodo, nercapto, cyano, alkylthio,
car boxyl, oxo, al koxycarbonyl, alkyl, alkenyl, nitro, am no, al koxyl, and
carboxam do; 5 R' is selected fromthe group consisting of hydrogen,
hal ogen, hydroxy, optionally substit ut efl al kyl, optionally substituted
al koxy, and optionally substituted am no, where the al kyl, al koxy, and
am no are each independently and optionally 10 substituted with
substituents selected fromthe group consisting of hydroxyl, brono,
fluoro, chloro, iodo, nercapto, cyano, alkylthio, carboxyl, oxo
al koxycar bony| , wherg the alkyleglisenyl, find gyl asereach indgprrdently aaﬁep@%%b(xam do;
al k, and al k2 are,al kyl.en 0, X i rd: i omthe
group consi sti ngsugfqlt{h\élfl“g& %&Fﬁg{%&s s%l%c&@%%g% d“éé‘ﬁ?%&?%?‘i‘?’%‘?@@@?ﬁ’{ﬁ R12 is
sel ected fromt Offiore 0dlibrd! 10a8, MbrcaplB2cy3ag, alkMikds cetboRl ako NR2SR26, 25
- C( =NR27) - Nmsmr%?ﬁgnd - NR30- CH( =NR31) o}?%zﬁezs PCT/ usog%zzs_‘%eg 7 where
R21- R31 are eaclkoxyeapboodnalkyl, abanypuitronaming, slkped; ad darnxanido;gr oup
consi sting of hydrogen and alkyl; A B, D, L, E, G and J are each
i ndepenéent ly nitrogen or carbon, S where the specific juxtaposition of
groups A, 1 i f & group
Gonsy st ng ot RseReRQ ROy CLRIRRK SEhfaroEE NEIORE A5tRRy, Sy
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,

alkoxycarbonyl, 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 gqisOorl;

risOorl;

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



where the specific juxtaposition of groups E, G and J forns a heterocyclic
10 grou d fromthe group consisting of Is--~ s~ L3+ sz N U J N
~A N ~~pmﬁqié§g&$he specific juxtaposition of groups A, B,P%B?USE%% 0Ifyor E, G
and J may also forma heterocyclic group, which when connected to the

sul fur linkage forns a group as showmn 15 below 11. / 1. / /N.. /~~N~g /
NON SNS" '"NSHHHHH ""-NNSNIN-=NSSN 1~, /'S/ z NS ~/ S
~5~~ ~s~N S. SI NN/ [/ 1)! S~ ~3NSANSSSHHW O01/21623
PCT/ 1JS00/ 26069 8 S/ \/ cg/~~ g/ ~/SI O " It is understood that a ring of
a conmpound of the invention may be substituted by two specific unidentical
substituents, each of which is described by the generic formula 5

[ (al k, ) p( RO9) oherk R -RY 2te eash imtiependedtiy encboptiongllyrs¢lested from the prpupf a
conmpound of the inventjion may be substituted by two or three specific

uni denti cal s%ﬁ?@%ﬂf@%@"ﬂ@ﬂy' ich is described by the generic
formula R', as defined herein. In preferred enbodinents, R in forrmula | or
Il is an optionally substituted heterocycle. This heterocycle may be

opti onal | X, BUbSL, E,G,eld Wiatdeaeh éndependentty 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

S N N, >

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

2N LY 3
SRS S

,and

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 -

2 A 2 A r‘/[> 2 L, [ —)‘ '
- ‘si:/N\\ N f{s/[/s \N I‘:\s//N\=/N\ S jf\s//s\—N_/\\N :‘J\S//S\:§
f‘s/@_> fj\—/\\ e ;[) xi_§

15 below.



10 substituents selected fromthe group consisting of hal ogen and am no.
More pref gy@bime2s R is selected fromthe group consisting wrmsoo/zsosg

2- am not hi azol -4-yl, 2-am no-5- chl orothiazol -4-yl,

5-am no-1, 2, 4-t hi adi azol - 3-yl, and 2-am nopyri d- 6- yI . In these and ot her
preferred enbodi nents, alkl and al k2 in fhe above structures are each

I ndependently selected fromthe group consisting of nethylene (-CH2-), 15
et hyl ene (-CH2CH2-), propylene (-CH2CH2CH2-), and butyl ene (- CH2CH2CH2CH2
). Furthernore, R99 is sulfur or NH. In nore preferred enbodi nents, R' is
selected from the group consisting of hydrogen, nethyl, nethoxy, hydroxy,
NH2, and chl oro. Preferably, R21 R31 are each |ndependently and optionall y
sel ected fromthe con ng 0/ rogg and methyl. R12 is
preferably sel ect}fd frof Ty Lp ns st|| ng“of -NH2, - NH C(=NH) - NH2,
-C(=NH)-NH2, and ﬁ\ﬂ 26069 9 In preferred

enbodi nents, the specifrc JUXt aposition of groups A B, D and L. ~Nforns
. Furthernore, the specific juxtaposition of groups E, G and J N
preferably forns In these and _gt her erred enpodi nents, the invention

f eat ures conpounds Q‘% forHu q I or wher€ e conmpound is selected
fromthe group c sd ]}{S/

(TR -7-[(2)-2- (2 a‘°mn050ﬁloroth|a§ol 2-

(hydr oxyl am no) acet am do- 3- ( 2- am noet hyI t h| 0-1, 3, 4-thi adi azol -5-ylthio)-3-c

ephem 4 carboxylic acid, Cnhpd (7R -7-[(2) - 2- (2-am nopyrid-6-yl)-2 10

(hydr oxyl ani no) eltxgmdvr@@]odshqtm(%@fm qesponnd phthe aaveniipn nayrhersybstitated byhi azo
3-cephem.4-c

l( _7% 7' E ?IZ;%JNQ Spegt ¢ Hnidentic 8[1?‘?5’1%{ I ﬁtgg%lcg of %‘ﬁés described by the generic formula
( hydr oxgi MM, ?Wﬁ@l@)}ﬂl”ﬁh& defiredErin e Sty @ TRk Y la)coRpdEhd 8f the3- t hi azol -

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 I is an optionally substituted
heterocycle. This heterocycle may be optionally substituted with one or mdre

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, S-amino-1,2,4-thiadiazol-3-yl, and 2-aminopyrid-6-yl.

| ~ In these and other preferred embodim_ents, 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, methok_y, hydroxy, NH,, and chloro.

Preferably, R*-R* are each independently and optionally selected from the
group consisfing 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).



yl t hi 0] - 3- cephem 4- carboxylic acid, 15 Cnpd 4. )

(7R -7-[ 12id24- @m nopyri d-6-yl)-2- (hydroxyi m no) acet anipdq.

3-14-( 2-‘&%')0%%%‘%2 ylthiomethyl)- 1,3-thiazol-2-ylthio]-3-cep esrgg/ﬁfog%r boxylic
acid, Cnpd S. (7R)-7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acetam do]
3-[4-(2-am noet hyl t hi onet hyl ) - 2- met hoxy- |

, 3-thi azol -5-yl t hi 0] - 3-cephem 4-carboxylic acid, 20 Cnpd 6.

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

3-[2-(2-am noet hyl t hi 0) - pyridazi n-6-ylthio]-3-cephem 4-carboxylic acid,
Cmpd 7. (7R)-7-[(2)-2-(2-am nopyrid-6-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-cephem 4-carboxylic acid,
Cnpd 8. (7R) - Mn[pieterréd émbadimentsythe spdifid juxtaposition okgronpnd) BeBt ad Ido] - 25
3-[2-(2-am noet hyl thi o)-pyrimdin-4-ylthio]-3-cephem 4-carboxylic acid, WO
01/ 21623 PCT/ US 6069 10 Cmpd 9. (7R)-7-[(2)-2-(2-am not hi azol -4-yl)-2-
(hydr oxyi m no ®m do] - 3-[ 2- (2- am noet hyl t hi onet hyl ) - pyri dazi n-3-yl t hi o] -
3- cephenfodng at boxy! iFurtheimhre, Ghespetific juxtaposition of groups E, G, and J S

(7R -7-[(2)-2-(2-am no- -_&hl orot hi azol -4-yl)-2 5 .
(hydr oxyi m no) acet am doj- 2- am noet hyl t hi onet hyl -1, 3, 4-t hi adi azol - 5-yl t hi
0) - 3- cephem 4-car box cid, Cmpd 11.

(7R) - 7- [ (pfefetably2foams N0 5- chl.or ot hi azol - 4-yl) - 2-
hydr oxyi m no).acet am do] - 3- [ 4- ( 2- ani noet hyl t hi onef h - 2-am noet hyl.thio-1, 3
O ool 0 fess an olbsr afefonted sripodnanes, fha lavenfion dedyires gompoundaof " 071+ 3.
7R) - &- - 2 '?Im'w.'ﬂ' i 2L s - g . :
Ehyzjr éxgli(@?l‘g‘?géé am groe]ﬁh‘g%@ﬁﬁaém ngéeﬁ% r%lﬁllgeo%g}tl%flﬂs}sfn%,oﬁ-t hi adi azol -5-y "
| t hi o] -3- cephempdicar bo@R)7€[(2)e2-R-aminpdS-tBlorothiazol-4-yl)-2-

TR)-7-[(2)-2-(2-am no-5-chl t hi | -4-yl)-2- . - ]
g hyZ:Ir ox£/i((hg’#éﬂ(élé’élt?rg}g‘?ﬁﬂmigoﬁ%rzg@lIaﬁ?ﬁztﬁﬂg’(l?ré}i"fffﬁ'ﬁ?ﬂéﬁ%sﬁﬂg‘l“?)d}g‘iﬂhe{‘hﬂ'O] -3-cep

hem 4- carboxylic acid,

. Cmpd 2. (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-
10 (hydroxylarriino)acetamido]-3-[4-(2-aminbethyltlﬁomethyl)—Z-methyl-1 ,3-thiazol-5--
ylthio]-3-cephem-4-carb6xy]ic 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. (7R)-7-[(Z)-2-(2-aniinopyrid-6—yl)—2—(hydroxyimino)acetamido]-
3-[4-(2-aminoethylthiomethyl)-l,3-thiazol-2—y1thio]-3-cephem-4—carboxy1ic acid,

Cmpd S. (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-
3-[4-(2-aminoethylthiomethyl)-2-methoxy-1,3-thiazol-5 -yithio]-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-ylthio}-3-cephem-4-carboxylic acid, _
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,
Cmpd 8. (7R)-7-[(Z)-2-(2-aminopyrid-6-y1)-2-(hydroxyimino)acetamido]-
25  3-[2-(2-aminoethylthio)-pyrimidin-4-ylthio]-3-cephem-4-carboxylic acid,



15 carboxylic acid, Cnpd 14.

(7R - 7-[ (Zyo 3uhfs2smi no- 1, 2, 4-t hi adi azol - 3-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-ylthio]-3
- cephem 4-carboxylic acid, Crpd 15.

(7R -7-[(2)-2-(2-ami no-5-chl orot hiazol-4-yl)-2 20
(hydroxyinino)acetanido]-3-[2-(2-guanidﬂﬁoethylthionethyl)pyrid-3-y|thio]-3
- cephem 4-carboxylic acid, Crpd 16.

(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 onet hyl ) - 2- am noet hyl am no- 1
3- thiazol -5-ylthio]-3-cephem4-carboxylic acid, 25 Cmpd 17.

(7TR) - 7-[ (2) - 2- (%napd Ao- 1, ATRTH{B)x2-62-emimptlyazolA-yl)-2-

OB D AR s > o
(7R) - 7- [ ( Zkcephdnr-aaiatbtixylic 4eit; t hi adi azol - 3-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- carboxyl iCmpdild, CnfFR)-T9(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-

(7R) - 7- [ (2).- 2= ( 2-.ani not hi azol - 4=yl ).- 2- ( hydr oxyi /i no) .5 .. .

acet ani do] (ayqr ’-‘X‘E’-"é&?%@?ﬁ?i‘?ﬁ?@ﬁé??@lﬁﬁqé&?mﬁg‘xgygt%ﬁhlﬂdla?pkém%lﬂ)zﬁ-‘c ar boxyl
ic acid,: Q. o k:(s7) - 2- ( 2- am no- 5- chl or ot hi azol -4-yl ) - 2-

(hydr oxyi min é’ggtcaa&rrt?"%]‘?%%‘fi?,-(z-am noet hyl t hi oret hyl ) pyri d- 4-yl t hi o] - 3- cep
hem 4- car boxyl iCGmpdltl, CnfIR)-Z4(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-

(7R -7-[(2)-2-(2-am no-5-chl orat hi azgl -4-yl )-2 10 . .
( hydr oxyi milhysraedming)aentamidolr3(5-(ZmineatiglibiomespshAamigoethylthiord.3 4 o] - 3- cep

??g) 47 F?rz?ﬁéy llf%%ﬁhg—%?%%%aﬁ%ﬂ(i%?ﬁ?’oxyi m no) acet am do] -

3- (2- anonoet hyl tGihpd 12.3, 4-(TR)-IJ(ZRDA2-amind-Hichlorsthizgsiegty4-car boxyl i ¢ aci d,
(hydroxyimino)acetamido}-3-{3-(2-aminoethylthiomethyl)-1,2,4-thiadiazol-5-ylthio]-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-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-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).-Z-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-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-

carboxylic acid,



Cnpd 23. (7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyim no)acetam do]- 15
3-[4-( Z-WWﬁ%zézgyl thi omet hyl ) -1, 3-thi azol - 5-yl t hi 0] - 3- cepqipshosgispoxy!ic
Cmp . -

aci d,

(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi 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- car boxyl i c acid,
Cnpd 25. (7R)-7-[(2)-2-(5-am no-1, 2, 4-dhi 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-ylthio]-3
- 20 cephem 4-carboxylic acid, Cnpd 26.

(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- guani di noet hyl t hi onet h%/I )-2-am no-1I, 3-t hi_a
zol - 5- yl t hi o] CpddBhem @RIA[68)H(5-amirg-1,2, 4 hindiagzpl-3-y1)- '

EE%ergl( T]Fg’}‘ daip PM%%‘%‘“@JI%ZI—S&MI ip %@flﬁﬁ‘{’%ﬂlmﬂﬁ‘/l}b’fﬂ& ?Pb?lf’h“i o] - 3-cep

hem 4- CW’%Q 1@‘3' d, WO 01/21623 PCT/ USOCQ 26069 12 Cnpd 28.
(7R -7-[(2)-2- am nopyri d- 6-yl ) - 2- (hydr oxyi m no) acet am do] -
3-[4-(2-am noeCinpd 1B ome7RYH7}[(%)-2-¢2 Wmhauql-@yh-éﬁhydnoxymanbbxyl ic acid,

3 o Gni crestamial- il FowtinprauiBmpp Py b renb ety FEREp A Bhom 4. car
boxylic 5 amél I% str >Wﬁ2§gé%%?§&5%m%&ﬂm 4318§d26hown bel ow in

Section I1. oy & pr ef I ments e conpo of formula I or 11

i s sel ect 9dm&9ma)aeetghm¢p3qer(s+asmnmhﬂfhlmﬂym;ynd-4-ylthm]-3-cephem-4-
(7R) - 7[(2?a 2- (2-am_no-5-chl orot hi azol -4-yl)-2 10
( hydr oxyi ¢arbaxyhe aeidni do] 3-[4-(2- am noet hyl t hi onet hyI) 2-am no-1, 3-thi azol -

oL o3 PR SR 3 i ki) >
(hydrl@xyl mym&mh&m&%&i BJ4((2- aannmlgtlﬂudméthﬂmﬂm-bnwo]c-&pymm-o] 3-cep

hem 4-.
carboxylic acid,

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

Cmpd 23. (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido}- - -

15  3-[4-(2-aminoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4-carboxylic acid, -

Cmpd 24. (7R)-7-[(Z)-2-(2-aminopyrid-6-y1)-2-(hydroxyimino)acetamido}-
3-[3-(2-aminoethylthiomethyl)pyrid-4-ylthio]-3-cephem-4-carboxylic acid,

Cmpd 25. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3-[3-(2-guanidinoethylthiomethyl)pyrid-4-ylthio]-3-

20  cephem-4-carboxylic acid,

Cmpd 26. (7R)-7-{(Z)-2-(2-amino-5-chlorothiazol-4-yl)-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-yl)-2-
25  (hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)pyrid-3-ylthio}-3-cephem-4-

carboxylic acid,



carboxylic acid, 15 Crmpd 14.

(7R) - 7[(Z)w(20(/ﬁﬁasn' no-1, 2, 4-t hi adi azol -3-yl) - 2- PCT/US00/26069

(hydr oxyi m no) acet am do] - 3-[ 2- ( 2- guani di noet hyl t hi onet hyl )pyr| d-3-ylthio]-3
- cephem 4-carboxylic acid, Crpd 15.

(7R -7[(2)-2-(2- amnoSchIorothlazoI 1) - 2-

(hydr oxyi m no) acet am do] - 3-[ 2- ( 2- guani dllﬁoet hyI thi omet hyl ) pyrid-3-ylthio]-3
- 20 cephem 4-carboxylic aC|d Cmpd 17. (7R)- [(Z) 2-(5 -am no-

1,2, 4-thi adi azol -3-yl)-2-

(hydroxy| m no) acet am do] - 3-[ 2- ( 2- am noet hyl t hi onet hyI )pyrid-3-ylthio]-3-cep
hem 4- carboxylic acid,

o o O Y rmdats. CHIB)-Btli2-aminqpyrig-6y))-2-(hydroxyiminoacetamido]

e

(7TR)-7-1(2)-2- (Itnﬁ?a popyr I(dR 7>{kZ) 2-(2@%@2%&%%)@gg&ﬁmﬁmlno)acetamldo]-

3-[4-(2-am noet hyl t hi onet hyl t hi azol | t hi o] - -ceﬁ hem 4- car boxyl i c
acid, Ompd- Qschlm%-(ﬂ@r(l@oeﬂly(tbwamthm}-m’zthmow-xhhlair&cea gihyd-garboxylic
(hydrox§| m nop) acet am do] - 3-[ 3- ( 2- guani di noet hyl t hi onet hyl ) pyrid-4-ylthio]-3
- 5 cepRem®arboxylic acid, and Cnpd 27.

R) - 7- Z)-2-
o ox[yf 2) 2 (B Enos o b bl o olebelow in Section L.

-yl t hi 0] - 3- cephdnumbre pmfmmdydmlmchmanis the cempoundoofdommmedé & or Hds selbated nent s,
the conmpound of formula | .or Is 10 selected fromthe group consisting
of Cnpd 3. fropwsh WP'{PZ?QI‘?‘SPEg&% no-5-chl or ot hi azol - 4-yl ) - 2-

A S s e o e O

10 (hydroxy1mmo)acetam1do]-3 [4-(2-am1noethylthlomethyl)-Z—ammo—1,3-th1azol-5-
ylthio]-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-
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-guanidinoethylthiomethyl)pyrid-3-ylthio]-3-

20 cephem-4-carboxylic acid,

Cmpd 17. (7R)-7[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3-[2-(2-aminoethyitlﬁomethyl)pyrid—?a-ylthio]-3-cephem-4—
carboxylic acid,

Cmpd20.  (7R)-7[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-

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

carboxylic acid,



Cmpd 13. (7R -7-[(2)-2-(2-am no-5-chl orothiazol-4-yl)-2 15

(hydr oxy: gsetam do] - 3- [ 2- (2- am noet hyl t hi orret hyl| )pyrpcq7@50y gdgbo] 3- cep
hem 4- WW(ﬁﬁ%oxyl ic acid, Cnpd 17. h

(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 hyI t hi onet hyl ) pyrid-3-ylthio]-3-cep
hem 4- carboxylic acid, 20 Crpd 21. 13

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

(hydr oxyi m no) acet ami do] - 3- [ 4- ( 2- ani noet hyl t hi onet hyl ) pyri d- 3-yl t hi o] - 3-cep
hem 4- carboxylic acid, and Crpd 27.

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

(hydr oxyi m no)@mpﬂaﬁi do] (73’:){74[(Z)Z-2f(zdan1imnyyiﬂtdﬁyb-ﬂe(ﬂ1wm)(p§mihd)aﬁetyﬂnidd]o] 3-cep

hem 4- 25 rboxyl i id hat, th ove na d conpounds
may be sy@ff‘ﬁ ﬁ’yﬁﬁ% eé‘Eth)‘i 35&‘%@6@3’&?‘]@ #é‘Fthgﬁa'}m‘VB? 10as t[\rg above
names suggest, RBC SO0/ 26069 14 .
accept abl e sal?&b ?ﬁe a{g@a@ #&X\géég%gtaé[g elsa(?i?'éconprl ses the above
COWDOUndS(hyﬂll&xiliﬁﬁhb)aeé’tﬁmgﬁq-?af-[or(mguemﬂhﬁbt}@khmniethyﬂ)pynd-ﬁyl&nﬂ}s} along with a

counterion. Preferred pharnaceutically acceptable salts include (1)
i nor gani ccephern-earberylis agidammfn  pot assium  chloride, bronide, iodide,

trat h t . | h 5 tat.
ot opronat b burPPael e EITEEhA s SRREKE ARl SHIHET 0O 0 S as
et hanes yhy ?%ﬂ&'ﬂnngfabétﬁkﬁﬁiéﬂhc{ﬂfm%l%&ﬂ}dﬂﬁbﬁﬁﬁh@%ﬁiﬂ-i-@[thio@s -cephem-4-

n- propyl sul fonate or isopropyl sul fonate; and (4) hydroxycarboxyl at es such
as | act atearbaxylieneid. and citrate. Generally, pharmaceutically accept abl e

| t y b tai ned b t f th th it _
th an or ganits PR iRGY W seecashu W i AP BRI Rt T
hydr ofgy Or’gefecﬁ}glﬁbmﬁ{élérgﬁﬁ @on'gfshﬂ% opl tric acid, phosphoric acid, _

met hanesul foni ¢ acid,” ethanesulfonic acid, p-toluenesulfonic acid,
salicylic aci cCmpd3. the (TR}G- [(ZPhiﬂlmﬁwbe%naa@céwbsﬂal e salts may al so -

be obtai n% dronyrngalgg)ac&gmadg))f 3O[ﬂe(2-Oafrm}xcbe?hylth10methyl)-2-am1no—1 3-thiazol-5-
ylthlo]-3-cephem—4-ca_rboxyhc acid,
Cmpd 13. (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2- -
15 (hydroxyimino)acetamido]-B-[2—(2—mninoethylthiomethyl)pyrid—3-y1thi0]—3-cephem—4-.
carboxylic acid, Z '
Cmpd17.  (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino)acetamido]-3-[2-(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-
carboxylic acid, |
20 Cmpd 21. (7R)-7-[(Z)-2~(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido]-3- [4—(2-am1noethy1th10methyl)pynd—3 -ylthio]-3-cephem-4-
carboxyhc acid, and '
Cmpd 27. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)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



conpounds of the invention with an organic or inorganic base, such as
benzat hengyg ogRigas opr ocai ne, chol i ne, di et hanol am ne, et hylmreosoansose,

megl um ne, procain, and the 15 hydroxide, al koxi de, carbonate, bicarbonate,
sul fate, bisulfate, am de, al kylam de, or dialkylamde salts of the
followng netal cations: lithium sodium potassium nmagnesium cal cium
al um num and zinc. As expl ai ned herei n,14t he conpounds of the invention
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 |ower m nimumi-nhibitory concentration than methicillin,
where the bacteria are selected fromthe group consisting of S . aureus Col

( Met hR) (| accyeptable salise The phamaseniiRilly aeceptabls salt pompsisesTibe abowo@mpavads' ) |
S. Spai 356 th'.), d.S. haenol yti 05 (Meth'). th
enbod mont b OHEF SRR PR ET PORABPF TS BPoe Bipatbpitioh: BtedRl. el ng
an anount  Gihafn SR0H ceésptimé Bits3ndiu@® (1) inREdBCEdI¥QuéiPad SodRim RfdssRubA!

infections In mamral s“arising frombacteria resistant to Rl actam
ant i bi ot i cschlofideQlroiide) 30dRde, Iniiv@e) phofitate drsulfates(2) Ichrbarplatessalte sunhdisnent |

the present invention ingludes thods for treatin bacterial "infection
in a masmal2cgiRfes PRAgIGN BEAe Maleate OF SHmFRRts CAIRIIERAER S 5 i cs,  or a
manmal suf f er| | ed | L | terial
Mo ecti on, TanRttst FEHAE offEhohfohub,y hdb Mt Al hiraRIdchaelE |

effective dsspropylaiifonate; anh @) tpdroRcarsuxildtes suchbs laktatédimalate) 6, citidte
conmpounds of the present invention also have utili t\{) I n conpositions and
met hods t o Genseallynpharenageutically. eesepiablersaliumen br gbtained byaeectingasy ong ef ths

ant bact or ameR e Bbdo R ol oipfenl AR, Rlu R g gotRbHee

St aphy l1@c oG, hpd@ebrmhia lacidl siflRic 401d, nitAEREil SphveplforiciRi® pesthdnesdfonieidigct i ve
amount of a conpound of formula | or 10 Il in a pharmaceutically acceptable
carrier or ethangsaifoniq aeidpotoluencsntioniciacid, Raliaylio eeidi anl thediker es a et hod of

synt hesi zi a conpound of fornula | or. Il comprisi t he step, of
conbi ni ng gq’larrf’%"teﬁﬁ‘é"g@taﬁﬁ?ptﬁl?‘}ﬁ saggsrﬁ oHep be obtained by reacggg any one Sfthe

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, bicarbonate, sulfate, bisulfate, amide, alkylamide, or
| diaikylamide 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 IT 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®), S. aureus Spain #356 (Meth®), and S. haemolyticus 05 (Meth®).
In another embodiment, the present invention provides for compositions
25 comprising 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.



react ant under condltlons that are suitable for the synthesis, where the

first e@ﬁtc‘ﬁ%&gs conpound of forrmula /OR4 NN S HZNP%T/[%]WQ@%l ON

R ON1 0 OR2 where R is selected fromthe group consisting of
optionally substltuted aryl and optionally substituted heterocycle, 20
where the heterocycle is selected fromthe group consisting of pyridyl,

t hi adi azolyl, and thiazolyl; and WO 01521623 PCT/ USQOQ 26069 16 where the
aryl and heterocycle are each independently and optionally substituted

W th substituents selected fromthe group consisting of hydroxyl, brono,
fluoro, chloro, iodo, nercapto, cyano, alkylthio, carboxyl, oxo,

al koxycarbonyl, al kyl, alkenyl, nitro, amno, alkoxyl, and 5 carboxam do;

R2 i.s sel ect ed[nfslnumnbﬂm gﬁmdrmemﬁlesmesegt mfzemgodnmgmdns mq:lhmdsrfaf tryating
substituted al optionally substituted al kenyl, optionally, supstitut ed
aryl, optd mémailrg”@m@p.m amagnrpgl arigipg from hacteria f&F‘R‘?P%ﬁ‘)IMaC ampanfhiqtics; he

ol e e 7 BRGSO gt oot | vt o
comprising administering to such mammal a therapeutically effective amount of a :
5  compound of formulaI or II. Of course, the compounds of the present invention also
have utility in compositions and methods to treat mammals infected with bacteria that
are sensitive to conventional B-lactam antibiotics. Thus, the invention also features an
antibacterial composition for treating a methicillin-resistant Staphylococcal bacterial
infection, comprising a therapeutically effective amount of a compound of formula I or
10  IIin a pharmaceutically acceptable carrier or diluent. |
In another aspect, the invention features a method of synthesizing a compound
of formulaIor1l, corﬁprising 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')l\“’N\—rS | | H2N~__rs.

R"l
15 0% “OR? o 07 “oRr?

where

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

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



brono, fluoro, chloro, iodo, nercapto, cyano, alkylthio, carboxyl, oxo,

al koxycar bwowh2i@as kyl , al kenyl, nitro, amno, al koxyl, and mcabsseasieo; 15
R' is selected fromthe group consisting of p-tol uenesul f onat e,

met hanesul fonate, trifluoronethanesul fonate, fluorosulfonate, chloro,
bronmo, and (Ri 20)2PO-, Rr2 is selected fromthe group consisting of
hydrogen and alkyl; 20 R4 is a prot ectllﬁg group selected fromthe group
consi sting of benzyl, p-ni trobenzyl, o-nitrobenzyl, 2,2,2-trichloroethyl,
ally/, cinnanyl, benzhydryl, 2-chloroallyl, t-butyl, t-arryl , trityl,
4- et hoxytrityl, 4,4'-di rrethoxytri tyl, trinethylsilyl,
t-butyldimethylsilyl, . phenacy] (t rimethyl silyl )et hyl , benzyl -
2- met hoxybenzyl , 2, 4-Where ﬂ??(ﬂwlb"é\‘lﬂwem%l%mﬂgﬁﬁhﬂﬁa Apd op 1onally

2, 4,6- 111 et hoxybenzy @gg@ﬁfeﬁ%ﬁ{%&%@uw@g&é&wfr%lr{th@gpoéxpgegﬁslgﬁ syiallyl

V\D 01/ 21623 PCTI USOO second reac of f or rrul a

MSR3, where Mis hydiydeeiyl BromoC tidro éHlora! ivdp, mérc§o; @aaelaraylﬂﬂo,f romthe
group consisting of R0-3 [R1110-2 1" 'St B E

((a&) p(R99) q(al k2) r RetjoxyR oxacalkexyicidoryl) plkib ptkenyk aitroRamino, 2lkawph end R i s
selected fromthe group cons sting of hydrogen, halogen, optionally
substituted 10 al kyl a&boﬁ‘ﬂ”é‘#ﬂal l'y substituted al koxy, and optionally
substituted am no, where the al kyl, al koxy, and am no are each

i ndependently and optionally substituted with substituents selected from

t he group Rris sdmtﬁgfrofn thy gromp\consistingoofthydfdgeny eptionhllysubstifuteiioalkyler capt o,

| kyl t hi
cyano, alky tloha?lly su%stltuted a’lkeny? optionally substituted aryl, optionally substituted aralkyl,

and trialkylsilyl;

or

10
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;
15
R"! is selected from the group consisting of p-toluenesulfonate, methanesulfonate,

- trifluoromethanesulfonate, fluorosulfonate, thoro, bromo, and (R"?0),PO-,

R" is selected from the group consisting of hydrogen and alkyl;
20
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, z-butyl,
t-amyl, trityl, 4-methoxytrityl, 4,4"-dimethoxytrityl, trimethylsilyl, -butyldimethylsilyl,
phenacyl, B-(trimethylsilyl)ethyl, benzyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzyl,
25  3,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, methoxymethyl, benzhydryl, and
' 3,3-dimethylallyl; |



15 al koxycar bonyl, al kyl, al kenyl, nitro, am no, al koxyl, and carboxam do;

al k, andug) i€ al kylene groups; p is 0 or 1; 20 R99 iprTAo6sddRsl from
the group consisting of NH, sulfur, SO and SO2; gisOorl;.257r is 0 or 1;

WO 01/ 21623 PCTI USO0/ 26069 18 R12 is sel ected fromthe group consisting of
-NR2' R22, - NR23- C(=NR24) - NR25R26, - C(=NR27)-NR28R29, and - NR30- CH(=NR31) 5
where R21-R31 are each independently &id optionally selected fromthe group
consi sting of hydrogen and alkyl; A B, D, L, EfE G and J are each

i ndependently nitrogen or carbon, where the specific juxtaposition of
groups A, B, D, and L forns a heterocyclic 10 group selected fromthe
group consisting of o C NJ~N,J J N and N and where the specific

j uxt aposi thiesecontl repctanpis aconfpouad df foriula SR, Ivdiees ocyclic  group sel ect ed
fromthe group, consisting of S s-\\ s-\\ S N NNN 15 ~~N\A N and As
menti oned above, M nmay be hydrogen or a cationic group. Cationic groups

may be semgth%rg érgp;e%@%?ﬁgﬁc%net al cations, such as, sodium and :

pot assi um ‘or tions, such as magnesium and cal cium O her
cationic groups, such as, 20 tetra-al kyl anmoni um groups, nmay al so be used.

I n anot her aspect the invention relates to a conpound of fornula Il or
formul% R®is selected from the group consisting of

W\
) Ills A J\G

[(alk))y(R®)g(alk)R )iz

I

]0- [R“]
/[/ L%};R ’ ) S7E .
L ek )pR*)gal) R )12 51 g X

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;
pisOorl;

20
R is selected from the group consisting of NH, sulfur, SO, and SO,;

qisOorl;

25 risOorl;



|V WD 01/21623 PCT/ US00/ 26069 19 NOH NI NSL" (Ill) RaHN--C ~Q O N j
SOS OHNBomiggH NNSS | RIAN~~" \G (1V) S ~Q 0 @cH/wuse0/26069

CH2- S- CH2CH2NHR O OH or a pharnaceutically acceptable salt thereof, 5
where R' is selected fromthe group consisting of hydrogen and
-C(OCH(NH2)CH3; and R 2 is hydrogen or_an acyl group that is cleaved by
an enzyne found in mammal s, as 10 defi 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 heterocyclic group selected fromthe group
consisting of I, I N 15 and where the specific juxtaposition of groups E
G and J fornms a heterocyclic group selected fromthe group consisting of

‘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 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,
where the specific juxtaposition of groups A, B, D, and L forms a heterocyclic
10 group_selected from the group consisting of

N N Ny S

,and

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

group selected from the group.consisting of
S\ s—N

S"'\> S

\
s AN AN s >
15 TN T TN TN

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 III or formula

v



WO 01/ 21623 PCTI USOOI 26069 20 S-N and provided that the group -CH

S 042042‘%08@131&23 attached only to a carbon atom of said pegifiod %g}i C
group; 5 I's selected fromthe group consisting of nitrogen and -CX
wherein X is selected from the group consisting of hydrogen and chl ori ne.
Preferably, Ri2 is selected fromthe group consisting of hydrogen,
-C(O-R88, O OO CO OR89, _C(O-CHI®HR 3)-al k4, and -C(O-0OCH2""~
where O HN HN 10 RS8 is ' or Ri3 is selected fromthe group consisting of
hydrogen, -C(O-0R89, and -C(O-CH(NH2)-al k4; 15 alk4 is selected fromthe
group consi sting of hydrogen, and optionally substituted alkyl, wherein
said alkyl is optionally substituted with one or nore substituents _
selected fromthe group consistiog of hydrogen, phenyl, -000H, --C(O) -OR89,
C(ONH2, -OH, -SH, -NH2, and N§¥WD Q1/21623 PCTI USOQ 26069 21 e is selected
fromthe group consisting. pf sbutyl, BllYyl, p- nitrobenzyl,

benzyl , p- or 0-hi troflenzyl, -tr oroqt hyl Z al&y/, cinnanyl,
benzhydryl , 2-3@)0“?2?{[‘]7]{ toanyp, trlityl, tRoXyBrityl,
4, 4" - di met hoxytrityl, trin%t%ylsil mettyl silyl,

f
o? “on s VR
_OH
/ I | ﬁ\—rs S/E\\G
wd Y TS
(IV) R'HN QO o7 NP g \J\CHZ-S-CHZCHZNHR'Z
0% “oH

or a pharmaceutically 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 qleaved 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
o Q
. 5 2N
5 ¥ ad T,

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

group selected from the group consisting of



5 (3-(trimethylsilyl)ethyl, 4- or 2-nethoxybenzyl, 2,4-dinmethoxybenzyl,

3, 4-di mret Rpgywoendy! . 2,4, 6-tri met hoxybenzyl, met hoxynet hyl ,pcigsoes26069
3,3-dinmethylallyl. Mre preferably, the conmpound of farmula Ill, above, is
t he conpound set forth 10 in formula V, NNOHNS N (VVRHN SANONNO S
NHR 2 O OH S or a pharmaceutically acceptable salt thereof, where 15 Rrl
is selected fromthe group consisting of20hydrogen and - C( O) CH( NH2) CH3; and
Rr2 is hydrogen or an acyl group that is cleaved by an enzyne found in
mammal s, as defined herein. 20 WO 01/21623 PCT/ USOQ 26069 22 Preferably,
R 2 is selected fromthe group consisting of hydrogen, -C(O-R88, - is 89
_ '3 -C(O-0CHCO-0R C(O _CH(NHR) al k4, and 2 .wherein O HN HN 5 R88

is or S"\> s ST\ : s-b\l
S N s .N a )
o ,z)\’ ,“(LN and o ,

provided that the group -CHZ-S-CHZCHZN}iR’Z 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, R is selected from the group consisting of hydrogen, -C(0O)-R¥,
' O

-C(0)-OR¥, -C(0)-CH(NHR®)-alk,, and 'C(O)‘O-CHzH

where

0
R¥is * or “ ;'

10
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(O)-OR¥,

/ NH
AP

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



Rr3 is selected fromthe group consisting of hydrogen, -C(O-OR89, and
C(O @kk4; 10 alk4 is selected fromthe group ¢ f
hydroggﬁ& aﬁ% optionally substituted alkyl, wherein Salg&ZP§§W |g9
optionally substituted with one or nore substituents selected fromthe
group consisting of hydrogen, phenyl, -000H, --C(O-0OR89, 1% C(O NH1 -CH,
-SH, -NH2, and N R89 is selected fronﬁ&he group consisting of benzhydryl, t
- butyl, aIIyI p- 15 nitrobenzyl, benzyl, p- or o-nitrobenzyl,
2,2,2-trich|oroethy|, al lyl, cinnanyl, benzhydryl, 2-ch|oroa||y|, t-amyl,
trityl, 4-nmethoxytrityl, 4,4'-dinethoxytrityl, trinmethylsilyl,

t- butyldlnethyIS|IyI 0- (trlnethyIS|IyI)ethyI 4- or 2- nethoxybenzyl

2, 4- di met hoxybenzylR® lsﬁelbcthdrfsnhmem msmgoﬁbmhmh Wy, p-
nethoxynethyl and .20 3,

WD . 0, S 26069 23 |
other preferred enfdaPHER Ylsg °§81 tE?b«?HZ)fl %é&’%ltﬁzl%ﬂf‘géﬁy Wé’l sting of -

hydrogen, methyl, ggﬂgd}lﬁz Chibr L@ 1, & dxgm.gzj ected from
the group consisting a(I)lg]’hy rogen, k- oaﬁ}j"l ! Clg%g’ CHHZ%gl-I PNH2,

- CH2CH2NH2, -CH2 G—Q&dﬁﬁdbﬂnpxytﬁﬁaﬂrmﬁtﬁmimﬂutylmlyl CHZ CH2COOH, [/ -).I-
5 -CH2- C( O) NH2, -CH2CH2 C( O, NH2 % % n? ref B?PabOdl ment s,
the i Avention feat Lﬁétﬁm?fﬂ%ﬂyg& °f T“Fl‘?ﬂ‘%i‘y FRay! ’r"ée ‘I‘?@' EBRound i s

(TR 7 (D) 2 Eea%%ﬂ&&@@*’%ﬁ*ﬁ 4. Ahekogey. methormety, and

(hydr oxyi m no) acet 33)3-dirhetBylallyl.
{2-[2-am noet hyl t hi omet hyl ] pyri d- 3-yl t hi 0}.-3-cephem 4- 10 carboxylic acid,

Cmpd 17-A (7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl) - 2-
More preferably, the compound of formula ITI, above, is the compound set forth

10 informulaV,

_ N,OH
YTy ¢
i / ! I
atgp Ve
: NHR’Z
oZ “oH 7N\~

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



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

2-[2- N- ( yooumiseky! ami noet hyl t hi onet hyl ] pyri d- 3- PCT/US00/26069
| t hi o} - 3-cephem 4-carboxylic acid, Crpd 17-B. .

7TR)-7-[(2)-2-(5-am no-1, 2, 4-thi adi azol -3-yl)-2 15

hydr oxyi m no) acet am do] - 3-{2-[ 2- N- (L) - gy,0l yl am noet hyl t hi onet hyl ] pyri d-3-y
thi o) - 3-cephem 4-carboxylic acid, Cmp 217-¢C.

TR -7-1(2)-2-(5-N-(L)-al anyl 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 onret hyl ] pyri d-3-yl t hi o) - 3-ce
hem 4- . carboxylic acid, 20 Cmpd 17-D.

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

hyzjr ox£/|( m) no) gc%rp ﬁFﬁb&b]ﬁ' s*lgc,tegl grom e group conszlstmg of hydrogen, -C(0)-R¥, -

2-N- (L, L)-al anyl al anyl am noet hyl t hi onmet hyl ] pyri ¢ 3-

| t hi o}-3-cephem 4-carboxylic acid, Crpd 17-E. /lk

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

h

2

e

7

h

2

I

7

h

t

7

h

ydr oxyi m no) acet am do] - 3-
-[ 2-N-gl ycyl am noet hyl t hi onret hyl ] pyri d- BW- 25
phem 4- carig)oR¥ c-O)-CHMWIIO Y all 62zl FRPY 26069 24 Cnpd 17-F.
R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol -3-yl ) - 2-
ydr oxyi mwhereivet ani do] - 3-
[ 2-N-(L)-aspartyl am noet hyl t hi onet hyl ] pyri d- 3-
hi 0o} - 3- cephem 4- carboxylic acid, Crpd 17-G
R)
d

t

y

hi o} - 3-cephem 4- cambo
R -7-[(2)-2-(5-am ng di azol - 3-yl) - 2-

ydrox_y,lmno)a s[2-N-(L)-(Na

met hyl ) al anyl amnoét hyl t h| Shet hyl ] pyri d- 3-yl t hi o} - 3- cephem 4- car boxyl i c
acid, 10 Cmpd 17-1. (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 ( L) - hi stR'dlipisglertes Stomy thetarenreeansisiipg of lydzogen, -C(0)-OR™, and

yl thio}-3 cepheqb%of_w;_lﬁ aci d,

-7-[(2)-2-(5-am no- g, 2, 4-t hi adi azol -3-yl)-2 5
roxyi m no) acet am do}}- 3-{2-[ 2- N- (L) - al anyl am noet hyl t hi onet hyl ] pyri d-3-y
| i cemaCiyl, Cnpd 17-H.

(
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y
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y
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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®,

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

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



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

(hydr oX Yy etam do] -3-{2-[2 PCT/US00/2606
N-(L) -va?vqugin%lﬁzget hyl t hi onet hyl ] pyrid-3-ylthio}- 15 3- cepﬁems4-/car%oxyl iC

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

(hydroxyi m no) acetam do] -3- -

{2-[2-N-(L) - aspar agyl am noet hyl t hi onet2Byl ] pyri d- 3-

yl t hi o} - 3- cephem 4- car boxylic acid, Cnpd 17-L.

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

(hydroxyi m no)acetam do] -3-{2-[2-N-(L)-Ilysyl am noet hyl t hi onet hyl ] pyri d- 3-yl
t hi o} - 3-cephem 4-carboxylic acid, Crmpd 17-M

(7R) - 7- [ ( 2) - 2-InDtheripneferre@embadimants R’dé sélected from the group consisting of

(hydr oxyim no) acet a

157 Lo N (i, sty h 888 HofQrEBMRAGHy o Byatherors, alf i slegted fom the
h 4- | i i d .
(R T { BPuBes sy 8 hiurodch, KRG CAIGH,), -CHLOB, -CH,NH, -CH,CH,NH,

(hydr oxyi H)CHBCHLNHI, dCH, GH,CH,CH,NH,, -CH,COOH, -CH,CH,COOH,

{2-[2-N-(L)-gl utam nyl am noet hyl t hi onet hyl I d- 3- :

yl t hi 0} - 3-cephem 4-carboxylic acid, WO 01/,21 3 PCT/ US00/ 26069 25 Cnpd

17-0." (7R)-7-[(2)-2-(5-am no-1, 2, 4-thi -3-yl)-2-

(‘hydr csxyimm@(mummmqpm-qw)mz,(@drr@%‘hw -, 3-di oxol an- 4- en- 2- on- 4-

7 Cephom - c AMGUFFRIerTo oo BRGNS, o tyetaspleates a Sottpound of formula

(7R) - 7- [ () shehinaBbifovdds JaibdbPbAant aruy bhadst

(hydr oxyi ,Héeéeglel?gﬁn@ %\j’n_dé_s dabhbAHbAARL gl%uif Ic))ns’%stmg of |

: {|2- ﬁ] 2- l}\F é L) - pzcmgg uVarr% I (Ele){VG[QZ)Q_x-Iés-lailrm[ml,I2;4Lt}1,tn}1idzdl-3;yl)-2- g X

yl t hi o} - 3-cephem 4-carboxylic acid. In even nore preferred e I ments, the

i nvent i or(hydrexyimigo)acet d%&-mwpﬁmlénvmpthym&M@l@o}fﬁsﬁwﬁ o

sel ect.ed fré)m .ne .qroup consisting of 10 Cnpd 17-A

(7R ¥ (%-%YE‘%?%{% no-1, 2, 4-t hi adi azol - 3-yl ) - 2--

(hydr oxyi m no) eggl amiAlo] ¢7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-

{2-[2-N-(L)-ornithylam noet hyl t hi onet hyI.tLp rid-3- . )
(hydroxyimino)acetamido]-3-{2-[2-N-(L)-omithylaminoethylthiomethyl]pyrid-3-

S

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

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

15 (hydroﬁyimino)acetamido]-3-{2—[2-N-(L)-prolylaminoethylthiomethyl]pyrid-B-ylthio)-
3-cephem-4-carboxylic acid,

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

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



yl thi o} -3-cephem 4-carboxylic acid, Crpd 17-D.

(7R)-7-[ (Ayod1Lls2am no-1, 2, 4-t hi adi azol - 3-yl ) - 2- PCT/US00/26069

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

{2-[2-N-(L, L)-al anyl al anyl am noet hyl t hi onet hyl ] pyri d-3- 15

yl t hi o} - 3-cephem 4- carboxylic acid, Cwpd 17-F.

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol -Zﬁ-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-thiadiazol -3-yl)-2 20

(hydroxyi m no) acetam do] -3-{2-[2-N- (L) -al anyl am noet hyl t hi omet hyl ] pyri d-3-y

| t hi 0} - 3- cephen®mpdddrihox(AR)e7-Hé)-a;(5@mino-1.2,4-thiadiazol-3-yl)-2-
TR)-7-[(2);2-(5-am no-1, 2, 4-t.hi.adj - 3- - 2- . .

Ehyzjr oxgli( m) (¥ ggl?nrd;nn?rﬁ& £ jdo]:[3-tflfﬂ-ﬁ%&l)-agpHylammoethylthmmethyl]pynd%-

2-[2-N-(L)g ) | Ayl rid-3-ylthio} - 3-cephem 4-
E:ar [boxyl i(c)}élt:h?{%k%? %t’%{%ﬁ%&ﬁgﬁ&ay Tpy Y } P

(7R -7-[(2) - 2- (5mpind-G, 2(7R)tRi(ZW24 S almiBe-} |2 4-thiadiazol-3-yl)-2-
(hydroxyim noq)lace,t am do

- 3: : . . i
{2-12- N2( L)y W&hwlﬁwaa;ﬁl%&]*r?y{%'[%-Hn@t)ﬁiﬂ“]y}m%ﬁt@ﬂthwmethyllpynd-3-y1th10}-
| t hi o} - 3- 4 | G id, d WO 01/ 21623 PCT/ USOQ 26069 26 d
{7- ol. O% 7R) %9 -'%?%E’Bgﬁyé %&ﬁagl 4-t ﬁinadi azol -3-yl)-2- o
(hydr oxyi m no) ac@inptild<H.- 3¢CTR)2~[(Z)-RH5vmiihy-1;2]4-thisdiarodi3ayl)2- en- 2- on- 4-
yl ) met hoxycar bonyl ) ani noet hyl t hi onet hyl ] pyri d- 3-yl t hi o}
- 3-cephem 41135%0!51251%3111?)@03%@!%’]'35{3‘[2' r(if)%ﬁi‘ aspect, the invention provides

o e TR A s AL SRR '
10 ' Cmpd 17-I.  (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3- {2-[2-N-(L)-histidylaminoethylthiomethyl]pyrid-3-
ylthio}-3-cephem-4-carboxylic acid,

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

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

Cmpd 17-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, . _

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,



3-triphenyl net hyl t hi o- 2-chl oronet hyl pyridine, STr Cl 10 N

3-triph | t hi o-2-chl oronet hyl pyri di ne hydrochl ori HO O N
3-tri ph:ﬁ’y(ﬁé{l%l t hi o-2-[2-N-(t-butoxycarbonyl)am noet hy%ﬁ(%sﬁgl?wg )] pyri di

ne, STr N NHBOC S 15 2-(2-am noethylthionethyl)-3-mnmercaptopyridine, SH
SN-"-"-NH2 bis(2-(2-am noethylthionmethyl)pyrid-3-yl) disulfide, N S~\NH2
and the conpound of the follow ng form®§l a: WO 01/21623 PCTI USO0/ 26069 27
S+ N SIL,,1-\NHW where Ri2 is as defined herein. In another aspect, the

i nvention relates to a conpound selected fromthe group consisting of 5
7-am no- 3-chl or o- 3-cephem 4- car boxyl ate, t-butyl ester,

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)aminoethylthiomethyl]pyrid-3-ylthio} -3-cephem-4-carboxylic
acid, and ' '

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

In even niore preferred embodiments, the invention features a compound of
formula ITI, where the compound is selected from the group consisting of

10 Cmpd 17-A. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-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-yl)-2-
(hydroxyimino)acetamido]-3-{2-[2-N-(L,L})-alanylalanylaminoethylthiomethyl]pyrid-3-

15 ylthid}-3-cephem-4— carboxylic acid,
| Cmpd 17-F. (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-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-yl)-2-

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

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



H2ZN S O C1 (C02t-Bu

(7R - 7-[ ( Zyod1efs28tm no- 1, 2, 4-t hi adi azol - 3-yl ) -2-(tri phenyl mtiingsogi260680) acet
am do- 3- chl oro- 3-cephem 4-carboxyl ate, t-butyl ester, N, OIr N~"NS
H2N--~ SN O O ):N/ C1 Q02t-Bu 10 and the conpound of the follow ng
formula: NOTr NI~ NS ~(/ Il Il ~ HN ONN SINS C2R89 S"~NHR 2
where Ri2 and e are as defined herein. 128 a further aspect, the invention
relates.to a nethod of synthesizing a conpound 15 of fornmula VI WO

01/ 21623 PCT/ USQQ 26069 28 0 OR67 (VI) R&GNH O N -11Y S

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-
yDmethoxycarbonyl)aminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
acid.

5 In another aspect, the invention provides for a heteroaryl compound, or a salt
thereof, selected from the group consisting of

3-triphenylmethylthio-2-hydroxymethylpyridine,

s STr
x | OH -
N

3-triphenylmethylthio-2-chloromethylpyridine,
STr -

10 ' \N Cl
3-triphenylmethylthio-2-chloromethylpyridine hydrochloride,

s STr
| *HCI

. Cl
N

3-triphenylmethylthio-2-[2-N-(t-butoxycarbonyl)aminoethyithiomethyl) ]pyridine,

A I STr -
N S
N ~~" NHBOC

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

N S
N " NH,

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

and the compound of the following formula:



conpri si ng reacting a conpound of formula VIl with an am ne-N-oxide, Br

-{N I %{%] RE\ O ~-N S where: 5 R66 is selected 05/9&6?r0up
conpri si ng 0 ydrogen, alkyl, benzyl, -C(O-R68, where K I's sel ected
fromthe group consisting of hydrogen, alkyl, aryl, alkoxyl, and aryl oxy;

R67 is al kyl or benzyl; and the am ne-N- oxi de is selected fromthe group
consisting of trialkylamne-N- 10 oxi & and pyri di ne- N-oxi de. Preferably,
R66 is benzyl or -C(O-0OCHZCH3; R67 is methyl or benzyl; and the

am ne-N-oxide is selected fromthe group consisting of

trimet hyl am ne- N-oxi de, N net hyl nor phol i ne- N- oxi de, and pyri di ne- N- oxi de.

I n anot her aspect, the invention relates to a conpound of fornula VIII

/OR4 N (VIIl) R1 X3 15 0 where R}is selected fromthe group consisting

of optionally substituted aryl jonally substituted heterocycle, 20
where the heterocycle is selecfed ffromthe group consisting of pyridyl,
t hi adi azolyl, and thiazolyl; a NABRGHCTI USOO 26069 29

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
0 o Cl
CO,t-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,

Nq_S
Hg@—(s:L/LTr —

Z N Nal
CO,t-Bu
10 - and the compound of the following formula:
,OTr
H,N_( \‘*'r I{g\ « I

89 NHR.z
COR s
where R’? and R are as defined herein.
In a further aspect, the invention relates.to a method of synthesizing a compound

15 of formula VI



where the aryl and heterocycle are each independently and optionally
substi t ut &gp wi/afs2pubsti tuents sel ected fromthe group consipgiuEeoéoco

hydr oxyl , brono, fluoro, chloro, iodo, nercapto, cyano, alkylthio, 5
carboxyl, oxo, al koxycarbonyl, alkyl, alkenyl, nitro, am no, al koxyl, and
carboxam do; R4 is a protecting group selected fromthe group consisting of
benzyl, p-nitrobenzyl, o-nitrobenzyl, §§2,2-trichloroethyl, al lyl,

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

4- et hoxytrityl, 4,4 -dinmethoxytrityl, trinmethylsilyl,
t-butyldinmethylsilyl, . phenacyl, ji-(trinmethylsilyl)ethyl, benzyl, 4- or
2- met hoxybenzyl, 2, 4-di net hoxybenzyl, 3, 4-di met hoxybenzyl ,

2,4, 6-trinmethoxybenzyl, methoxynethyl, benzh and 3, 3- di mret hyl al | yl ;
and 15 X3 is selected fromthe group con j -CP(C» (O phenyl) Z, and
-OP(0O)-Cl2. Preferably, R i¢VH-am® 72, i adi azol -3-yl and R4 is
trityl. The sunmary of the invention descsr ed‘hbove is non-limting and

ot her features . and advanta e inventi.on wll parent fromthe

Pol Tow no. deSBFisHEeusE Aendposes pf Brub il e St oZ £ om ¢ ho

cl ai ns. DETAI LED DESCRI PTI ON OF THE PREFERRELR3EMBODI MENTS |. Definitions

As used herein, the term "al kyl" denot es.ﬁ brianchge, unbranched, or cyclic
%

25 hydrocarbon group, preferagxl,ﬁ) c%@n en one and six, nore
preferably one and four, carbon’a ) $1 ap nethyl, ethyl, n-propyl,

i so-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, and 2-nethyl pentyl.
These groupsher&y be optionally substituted . WO 01/21623 PCT/ USOO’ 26069 30
with one or nore functional groups which_ are attached comonl gsh

chai ns, Ssuch aRhiscelsstpd qam?csrovn cnRrisingpihvdrogengelkyhbensy tG(O
| kyl t hi het I |. I k [,
eyl Chi troc am nomerfRE s selb B ROA He i Biiane yﬂéﬁﬁ%.t%?%ma ’

al kenyl, nitro, am no,
i sot hi_ourel do, am di rmlko;@q&ﬁudm@xy,and the like to form al kyl

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 rélates to a compound of formula VIII

JOR*
N
|
(VI i
15 o
' where '
R' is selected from the group consisting of optionatly substituted aryl and optionally

substituted heterocycle,

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



5 groups such as trifluoronethyl, 3-hydroxyhexyl, 2-carboxypropyl, _

2-fl uoro%tb\i car boxynet hyl , 4-cyanobutyl, 2-guani di no 0 ¥

3-N, N - di net 2>1/T2|3sot hi our oni unpropyl, and the like. The ?;é'*riﬁspalmoﬁene' '

refers to a straight chain or branched chain of carbon atons, all bearing

hydrogen atons so that there are no unsaturated carbon atons in the chain,

10 where the chain is substituted wit29 chenical group other than hydrogen

at two ends. Thus, the -CH2- group (known as nethyl ene), the -CH2CH2- group

(known as ethylene), the -CH2CH2CH2- group (known as propyl ene), and

- CH2CH( CH3) CH2- (known as isopropyl ene) are exanples without limtation of

al kyl ene groups. The term "al kenyl " denotes an al kyl group as defined above

having at | east one 15 double bond, e.g., allyl,.3-hydroxy-2-buten-1-yl,

1- net hyl - 2- propen-1-yl and the |like. The term"aryl" dengtes a_ chain of

carbon atons whi ch Vhertha arykandiheisrocyglesng each 1?‘?9?5“4@9Vﬁ§86?%‘?’5ﬁné(bl y

bet ween about 6-14 -ﬂgﬁ , AV e nyl, and

the |ike, and whi chs(@%@ﬁ%‘g%u sbfﬁﬂﬁﬁgﬁﬁﬁfﬁé%? Bl?ryﬁptecw%‘l%nr#&rq}ﬁnal groups

which are attached 1B broind, Sutib, chi@biedo,anebapts, cyanelralikiltthio,20 br ono,

fluoro, chloro, iodo, nercapto, cyano, alkylthio, heterocycle, aryl,

heterdaryl, car boxsaboxyl.izeyalkexysarhpnylaaliyl, alksnylewigro, aminpy gkoxyl; and

al koxyl, am do, and the li.ke to formaryl groups such as bi phenyl,

i odobi phenyl, et hBR*IREIS7  anthryl, ~bronophenyl, iodophenyl |

chl orophenyl, hydroxyphenyl, nethoxyphenyl, fornyl phenyl, acetyl phenyl,

trifluoronethylthiophenyl, trifluoronethoxyphenyl, 25 alkylthiophenyl,

tri al kyl dRisaiprotpétingygroumseletteshizomyithe groumearisisting ofihenzyl, gxaitrobgnzgheny| |

i m dazol yl phenyl, iy dazal.yl net hyl phenyl , cyanophe WO 623 .

PCT/ US00] 2 BIEgtnzY) %%»gutﬁ&‘ﬁwgﬁvr ,ahglyPﬁ@Ybﬁ@@-Y?‘Y%‘@W#ﬁéﬁWﬁ :

triazgyl Yirityll BIhAEHIRN AW irRGHoxytli§1, IiteRthyISNg1, kauridibrisnaRYCl e”

denotl@ls ac aiﬂﬁn}gfggg%o#tgﬁd’atlleastytnl(}ge non- car bon gom“ylhi%

t oget her phenaoydfe(ttimethylsiydethyl benzybrd- oo 2-metboribenzyli Bé<lithethoxypenzyl, |
3,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, methoxymethyl, benzhydryl, and

3,3-dimethylallyl; and

15  X’is selected from the group consisting of -OP(0)-(O-phenyl),, and -OP(0)-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

I Definitions

As used herein, the term “alky]” denotes a branched, unbranched, or cyclic -
25  hydrocarbon group, preferably containing between one and six, more preferably one and
four, carbon atoms, such as methyl, ethyl, n-propy), iso-propyl, n-butyl, sec-butyl,
iso-butyl, tert-butyl, and 2-methylpentyl. These groups may be optionally substituted .



5 preferably between about 5-14 atons, such as, furyl, thienyl, imdazolyl,
i ndol yl , welhigies thiadi azolyl, thiazolyl, piperazinyl, discamesoonssy! ,

di benzt hienyl. These rings may be optionally substituted with one or nore
functional groups which are attached comonly to such rings, such as,

hydr oxyl , brono, fluoro, chloro, iodo, nercapto or thio, cyano, alkylthio,
het erocycl e, aryl, heteroaryl, carboxyl ,”Yoxo, al koxycarbonyl, 10 al kyl,

al kenyl, nitro, am no, al koxyl, amdo, and the |like to formrings such as,
2- am not hi azol -4-yl, 2-am no-5-chl orothi azol -4-yl,

5-am no-1, 2, 4-t hi adi azol -3-yl, 2, 3-di oxopi perazinyl, 4-alkyl pi perazinyl,
2-1o0do- 3-di benzfuranyl and 3-hydroxy-4-dibenzthienyl and the Iike. The

t er m " het erwish ommer moredhnctinnabgronps,/which aea ftfaphedeamupenlyio suchrahains, such

h | def j . : " i cygle.d i
ot r ocyel 1% Mgy B Histo hifRafidma i A E it BB ey ¢ ©
rings. The He?e%ﬁ&b@&:%?ﬂyﬁlh@ﬁﬁam%'ﬂ%%&ﬁﬂhhﬁ),%ﬁht?,ail&&@, bBfido,whgr e Het

is heterocycle as defined above. term "al koxyl ™ denotes the group
-OR, wher e dptioBally supktittseddedthivackiddy @midino,sgrahidin, and Hedike te forox glkyl

n- pr opoxy, i So-propoxy,. n-but sec- byt oxy, i so-butoxy t erf - but oxy,
trifl uoromsEPEFUC %m%tﬁﬁgﬂar%y %M%EB’W‘EB@’ 2'911?‘106&9' et hoxy,

car boxymnet N . . h kexng O 1 Hi Q" not es
Che o oup. - SpoxgREustAONbKIOKY. Stidiieuih, SN G TR dbilirodliC

et hyl t hi o, andphieolifd.t hi o, iso-propylthio, n-butylthio, sec-butylthio,

i so-butylthio, tert-butylthiqg, trifluoromethylthio, 3-hydroxyhexylthio, WO
01/ 21623 PCT/ UsGlredems Salkyglens” refarsioa raigiy chin or branchedthsin ef garhanpatoms,

car boxynet hyjlit hi- ' | N ». denot es
ar oups. - o O eifl RSEUPARM ¥ b it b tfsarbiafit caffh 8881n B thain,

f or nyl ,10aceibere therchRrinds ¥hbsti@itedwith @\chemical group other than hydrogen at two ends.

Thus, the -CH,- group (known as methylene), the -CH,CH,- group (known as ethylene),
the -CH,CH,CH,- group (known as propylene), and -CH,CH(CH,)CHS,- (known as
isopropylene) are examples without limitation of alkylene groups.

The term “alkenyl]” denotes an alkyl 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 “ary]” 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, iodo, 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, chlorophenyl, hydroxyphenyl, methoxyphenyl,
formylphenyl, acetylphenyl, trifluoromethylthiophenyl, trifluoromethoxyphenyl,

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



5 The term "aryl oxy" denotes groups -OAr, where Ar is an aryl group as
defined wahf The term"aral kyl" denotes groups -RAr, \Wegy kg Al Kyl
and Ar is ar?ﬁfzsboth as defined above. The term enconpasseéﬁgﬁ%toggs wher e
the R group is substituted with one or nore aryl groups. Exanples of

aral kyl groups include, but are not limted.to, benzyl, 10 di phenyl nethyl,
and triphenyl methyl. The term "heterodlal kyl" denotes groups -RHet Ar where
R is al kylene as defined above and Het Ar is heteroaryl as defined above.
The term"trial kylsilyl" denotes the group RR R'Si-, where R R and R' are
al kyl as defined above. 15 The term "trial kyl ammoni unf’ denotes the group
[RRR'N-]', where R R and R' are alkyl as defined above. The term

"am no" deymidylphebylepyralyiphet3 pyradedylpharyh tiiazelylphenyl, tetegelylphenylandoe al kyl ,
aryl or acyl as defined above, or hydrogen. The term "carboxam do" denotes
t he grouﬁhﬁél‘ﬁa) NRR , where Rand R may 20 independently be alkyl, aryl or
aryl as defin e q A AP ey bacteri a"
refers to bac?gl}e?tgﬂl\e{lgg?t%éfwv\gi %S{a%s a}giﬁ Pg)g'? gaﬂr%mé"%ﬂi %ﬁ%i&%ﬁfggé gﬁ%&%i mim

i nhi bi t orato@® Mok togétherTornvbhs orhog#amatic érmn-a3@matigrings halig t er m
"methicillin-resistant bacteria"™ refers to bacteriia.that are resistant to
25 medhi aieferably bstamen @@ubf-lée&mmgﬁmwﬁ{lwbx}miﬂﬂ% eyl 1 and are

i dentified o 3 Lk | A . SaNSit1 | ar L ef: to _
bacteri a Rﬂ%’i’gﬁgd’s‘%ﬂg Eh?%/iegh{l’g@ P '#'ICHBF% o gilé}r{rgjlegéﬁfgﬁﬁé m%giégéiri a are
provi ded thiy BebptionhllpBsbsttuted Withbhé besloldfulictiond¥Erodps2WhicB aR FktaclétD/ 26069

33 A "prodrug"” refers to an agent that is converted into the parent drug in

vivo.  Prosduugnly 4o suchirings, susleas, hydues sl beoma, flugeyehlera, ieda, siescapinety may be -
g?g;\e/;i ][ 391%2 ?ﬁoi%lﬁlﬂ&%%ﬂqré&%& %raﬁ,q}ete%yrgl, c;.rrgg)\(yl,rr(%Yd, aﬁc%%yéa%&n@?,ce’ be

10  alkyl, alkenyl, nitro, amino, alkoxyl, amido, and the like to form rings such as,

fa

D

2-aminothiazol-4-yl, 2—amino-5-c.hlorOthiazol-4-yl, 5-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-prop‘oxy, n-butoxy, sec-butoxy, iso-butoxy,
tert-butoxy, trifluoromethoxy, 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, n-propylthio, iso-propylthio, n-butylthio, sec-butylthio,
iso-butylthio, tert-butylthio, trifluoromethylthio, 3-hydroxyhexylthio,



whereas the parent is not. The prodrug may al so have i nproved solubility in

5 phar maceapbio§@ie2gonposi ti ons over the parent drug. An exangdgusooi2bsout
limtation, of a. prodrug would be a conpound of the presént invention

which is adnministered as an ester (the "prodrug") to facilitate
transmttal across a cell nenbrane where water solubility is detrinental
to nobility but which then is netaboli cal? y hydrolyzed to the carboxylic
acid, the active entity, once inside the cell where water solubility is
beneficial. A 10 further exanple of a prodrug m ght be a short peptide
(pol yam noaci d) bonded to an acid group where the peptide is netabolized
to reveal the active noiety. Il. Conpounds of the Invention The present

i nventi on Zearbaapremyibini Acfuoresthyitide, carhoxymethyithio andsyanghagylthie and thet o -
treat bacs\ﬁri al infections, and, especially, infections arising from
bacteria wH€h have devel oped resistance to conventional (3-lactam

anti bi oti cs. Therpl @af PhcylNy@Btds ProuR!-EAOT WHSR GO IRREEESor diRjINRIS and

conpositions effective to treat bacterial”™ ‘infections arising Trombacteria
whi ch have difined etped, suehias farmps, acetyt, premonylpocbutyrybphal osporin anti bioti.cs.
20 It is understgod to thf)se skilled in the art that the corrpoungs of the

present 2 i nvent i D SHR “HYloxye denales Frupi-Qfie whgte ALISARSIY! S5puR deal Iy

accept abl e Bgids or as salts that may not be pharmaceutically acceptable.
Such salts are within the scope and contenplation of the clainms of the

present inventi CThe t&tt Haralkyl Sdepates @rdupk -RAr,Witere RAFBIkPRaNDAT B¥farylNBoth as
conpounds of the present invention and acids or bases. These acids 25 may
i ncl ude tridefined akavst {The fgrmgencpipgpsses sroupe wheredhe Regronpmis substiutied with ene and

ohl o1 opr oo A rlore el BRI ERa Rl e ki) BANE Rl A ol ot WS BBy,
procaing aﬂﬂpﬁdﬂ?lﬂ%fﬁil?&idjﬁfhéiﬁﬂ&ih%, WO 01/ 21623 PCT/ USOQO 26069 34
carbonate, bicarbonate, sulfate, bisulfate, anm de, al kylam de, or

di al kyl am de salThs tefm thateroanglkybdengtesrenpsc RHetArswhere Rhis aliylensdisum
PotaS! UM TRBRE LT 7L AT B gBEf R, and ot her o ganic or
The term “trialkylsily]” denotes the group 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” denotgs the group NRR', where R and R' may independently
be alkyl, aryl or acyl as defined above, or hydrogen.
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 to

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



of one or nore equivalents of acid or base per conpound or one or nore

equi val 1Bhe23> compound per acid or base. The nanes a ses of
sonme of the conmpounds of the invention are shown bel ow. 'i%}rgﬁdgogﬁ&d@

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2 10

(hydroxyi m no) acet am do] - 3- (2- am noet hyl t hi 0-1, 3, 4-t hi adi azol - 5-

yl t hi 0) - 3-cephem 4-carboxylic acid N@ NN NNS "~ H2N "~ XI-YON 'J" /S

S10SSOO0HNH Cmpd 2

(7R)-7-[(Z)-_2-(2-arri nopyri d- 6-yl)-2-(hydroxyi m no)acet am do] -3-[4-(2- 15

ani noet hyl t hi onet hyl ) - 2-met hyl -1, 3-t hi azol - 5-yl t hi o] - 3- cephem 4- carboxylic

acid NOH H2N N\ NO1 SS-H3 OO~ NS NO OHSNH Cpd 3

(7R) - 7- [ (2) - 2- AZprydiri}refebd foQinQighitakatlis donventePintdthe parent drug in vivo.

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

}\& azol - SPrpitugs efe cftenaisbifalrbecauss; bosome situgiaons, they oy becasieroRdoBmsier 6069 35
N S NH2 . o .

an thu parent drug. They may, for instance, be bioavailable by oral administration
whereas the parent is not. The prodrug may also have improved solubility in

5  pharmaceutical compositions over the parent drug. An example, without limitation, of a.

prodrug would be a compound of the present invention which is administered as an ester .
(the “prodrug”) to facilitate transmittal across a cell membrane where water solubility is
detrimental to mobility but which then is metabolically hydrolyzed to the carboxylic
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.

1. 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 conventional p-lactam antibiotics. The present invention
alsoprovides compounds, methods and compositions effective to treat bacterial
infections arising from bacteria which have developed resistance to conventional
cepha]ospbrin 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 phaﬁnaceuti'cally acceptable salts or as
salts that may not be pharmaceutically 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,



71S( HNOTIvIN SCL OSO0OOHS\i NH2 Chpd 4

(7R - 7- [ ( A¥od1h28m nopyri d- 6-yl) - 2- (hydr oxyi ni no) acet an daciBu$oé 26659
am noet hyl t hi onet hyl )- 1, 3-thi azol -2-yl thi o] - 3-cephem 4-car boxylic acid
NOH HZNEFN' | NS S S NH2 ONOS. SOO—ICerdS

(7R)-7-[(2) - 2-(2-ani nopyrid-6-yl)-2-(hydroxyi m no) acet ani do] - 3- [ 4- ( 2-
am noet hyl t hi onet hyl ) - 2- net hoxy- 1, 3-t hi &Zol - 5-yl t hi o] - 3- cephem 4-

carboxylic acid NOH HZNNHSCH3 S, 0O ON SNI10 0O CHS ,--~NH2 Cmpd
6 (7TR)-7-[(2)-2-(2-am nopyri d-6-yl)-2-(hydroxyi m no)acet am do] - 3-[ 2- ( 2-
am noet hyl t hi 0) - pyri dazi n-6-yl t hi 0] - 3- cephem 4-carboxylic acid NOH H2N N
NSN I O,~-N/~/\ OSNS/-**~NH2 0 OHd WD 01/21623 PCT/ USOQ 26069

carbonate, bicarbonate, sulfate, bisulfate, amide, alkylamide, or dialkylamide salts of the

following metal cations: lithium, sodium, potasium, magnesium, calcium, aluminum,

and zinc and other organic or inorganic bases. These salts may exist as a combination

of one or more equivalents of acid or base per compound or one or more equivalents of -

5 compound per acid or base.
The names and structures of some of the compounds of the invention are shown

below.

Cmpd 1 (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

] f’( O ﬁ I3

NH2

Cmpd 2 (7R)-7-[(Z)-2-(2-aminopyrid-6-y1)-2-(hydroxyimino)acetamido]-3-[4-(2-
15 a_minoethylthiomethyl)-Z-methyl-l,3-thiazol—5-ylthio]—3 -cephem-4-

carboxylic acid

Cmpd 3 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
20 (hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)-2-amino-1,3-

/\/NH2

thiazol-5-ylthio]-3-cephem-4-carboxylic acid



36 Cnpd 7

(7TR)-7-[ YA am nopyrid-6-y ) 2- (hydr oxyi m no) acet am & 2-

am noet h‘via(ﬁ (l)zgpyrldazm 3-yl thio]-3-cephem 4- carboxyllg@g%:qsémNﬁgﬁ NCH H2N
N‘~NSSNI/0/J~J OSNOOH 5 Cpd 8

(7R -7-[(2)-2-(2-am nopyri d- 6- yI) 2- (hydr oxyi m no) acet am do] - 3-[ 2- ( 2-

am noet hyl t hi 0) - pyri m di n-4-yl thio]- 33§ephem4-carboxylic acid N,OH H2N N
~NSN I 0O?”N/ /~~NH2 O0OSNOOHI10 Cnpd 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 omet hyl ) - pyri dazi n- 3-yl t hi o] - 3- cephem 4-carboxylic acid
NH2Z NNOHNS SN -NOxJ O~N, SN HNOCOH

OH
| ﬁ S NH,
YT
N 0 AN~ /K(N
7 1 o S
o” “OH g\ N

Cmpd 4 (7R)—7-[(Z)-2-(2-aminopyrid—6-yl)-2—(hydroxyiminoiacetamido]-ﬁi-[4-(2-
aminoethylthiomethyl)-1,3-thiazol-2-ylthio]}-3-cephem-4-carboxylic acid

.OH
h
H,N N\ N S S
l ;: /Q%SfNHZ
N >
2 00 =7 s7 N
(6) OH

5
Cmpd 5 (7R)—7-[(Z)-2-(2-aminopyrid-6-yl)-_2-(hydroinmino)acetamido]-3-[4-(2-
aminoethylthiomethyl)-2-methoxy-1,3-thiazol-5-ylthio]-3-cephem-4-
carboxylic acid
-OH
N
zN\LNj)I\'rﬁ s °°H3
# O NZ /K(

' NH

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

N~ .
R S N
negs:-oll
S NH
R L e N g
0% “on



WD 01/ 21623 PCT/ USOQ 26069 37 Cnpd 10

(7R - 7- (( A¥0d14Hs28M no- 5- chl or ot hi azol - 4-yl ) - 2- PCT/US00/26069
(hydr oxyi m no) acet am do] - 3- ( 2- am noet hyl t hi omet hyl - 1, 3, 4-t hi adi azol -
5-ylthio)-3-cephem4-carboxylic acid NOH N NS H2N-" ON/ N,-N "~
SA 0SS ~NH2 0 CH5 Cmpd 11

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol 4?6yl )-2-

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

am noet hyl t hi o-1, 3-thi azol -5-yl t hi 0] - 3- cephem 4-carboxylic acid N, OH J- NH2
| NNSSS HN~1 /:N\N SCl OSOOHS'ViNER 10 Cnpd 12 (7R -7-[(2)
2
(
t

-(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-
h

| adi azol -G X4 bhi o] - 3peenpAm &5 GALRYNKEIECy 1§ fydroxyimino)acetamido]-3-[2-(2-

aminoethylthio)-pyridazin-3-ylthio]-3-cephem-4-carboxylic acid
NH,

LOH H
¥ =
HthqJ)\[(N S S N
Y IU)
0] N S
| N 0 7 s N
0) OH

5
Cmpd 8 (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(h}}droxyimino)acetamido]—3-[2—(2-
aminoethylthio)-pyrimidin-4-ylthio]-3-cephem-4-carboxylic acid
-.OH
o |
HZN\Cj/'\'rN S A
| YT 2
. 0 ToH
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,
Iﬁ S S N
ST Y
TN s SN

0~ OH




NOH N NSSN HNSD CO1 0 NS14 NSOQOH---NH 15 Cnpd 13

(7R) - 7- [&6)0-1;%}423- am no- 5- chl or ot hi azol - 4-yl) - 2- PCT/US00/2606

(hydr oxyl m no) acet am do] - 3-[ 2- (2- am noet hyl t hi enet hyl ) pyri d- 3- :

yl t hi 0] - 3-cephem 4-carboxylic acid WD 01/21623 PCTI USOCO 26069 38 O Hz2N

OHS HS/~11I NS -NOON/ S HNOOH Cnpd 14
(7R -7-[(2)-2-(5-ami no-1, 2, 4-t hi adi azd7- 3-yl ) - 2-
(hydroxyi mi no) acet am do] - 3-[ 2- ( 2- guani di noet hyl t hi onet hyl ) pyrid-3 5

yl t hi o] - 3-cephem 4-carboxylic acid N OHd ~ TT~~~ "N SONS }--"NOONSN

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

~CH
NS
18 9:00%
HzN_<S 0 N A A\
a” o N
0” “oH ~NH

2

- Cmpd 11 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethyl)-2-
| a:minoethylthib—l ,3-thiazol-5-ylthio]-3-cephem-4-carboxylic acid

e
| No s §
HZN—<N| ;:f S"\<N |
0 N
S" ™1 o 7 s&ﬁ
0% Son

S/\/NHz

NH,

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

.OH
N =
N N S e
vl 1/'\0'( III) N
ST ¢t o s” °N s—\_
~ 0“ “oH NH,

15
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-carboxylic acid



NH Cmpd 15 (7R)-7-[(2)-2-(2-am no-5-chl orot hi azol

~4-yl)-2-

(hydr oxyi nvoe)ames ami do] - 3- [ 2- ( 2- guani di noet hyl t hi onet hyl ) pPOTIEs0826068
NS/ -"NO~ N, ON

yl t hi o] - 3- cephern-4-carboxylic acid d N OH S/ /
HZN S "~ NHNH2 0 OHS NH Cnpd 16
(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 noet3|§yl t hi omet hyl )-2- 15
am noet hyl am no- 1, 3-t hi azol - 5-yl t hi o] - 3- cephem 4- car boxylic acid WO

01/ 21623 PCT/ USOQ 26069 39 NOH NH2 ~ HS N N S-<

H2N--~ ON S d OS

OHS\i N2 Cnmpd 17 (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 hylthi onet hyl )pyrid-3 5

yl t hi o] - 3- cephem 4-carboxylic acid H2N ,

Iflli)

Cmpd 14 (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino)acetamido]-3-[2-(2-guanidinoethylthiomethyl)pyrid-3-

5 ylthio]-3-cephem-4-carboxylic acid
.OH

| H

N N S

YT O

)._ 0o L N~ aUN

o S
H,N H
o% “oH s\ \“’I Hy
NH

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

10 | _ ylthio]-3-cephém-4—carboxylic acid

LB

s;_\fkn’j;f ~

=N 0 Nz N

HN ° i N _NH
0% “oH s/\/\“’z

Cmpd 16 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-

(hydroxyimino)acetamido]-3-[4-(2-aminoethylthiomethy])-2-

15 aminoethylamino-1,3-thiazol-5-ylthio]-3-cephem-4-carboxylic acid



AAINS N~ >>NO0 O -,- NS\ HNOOI Cwmd 18 (7R -7-[(2)-2-(5 -am no-

-t -3 -yl)-2-
Xyl m %o?@éet am do] - 3-[ 3- (2- am noet hyl t hi onmet hyl ) pyri 3’%00%6069
1-

o]

i 0] - 3-cephem 4-carboxylic acid HZN OHf HSN -ly SON TO:/ OS H2N
OH Cnpd 19

(7R -7-[(2)-2-(2-am not hi azol -4-yl) - 23(9hydroxyi m no) acet am do] - 3- [ 3-

(2-am noet hyl t hi onret hyl ) pyri d-4-yl t hi o] - 3-cephem 4-car boxylic acid WO

01/ 21623 PCT/ USO0/ 26069 40 HZN N, OHS HS/ ! NS N -NO O NS H2N O OH

Cmpd 20 (7R)-7-[(2)-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 ) pyri d-4

_/—NHz
] ﬁ T ll o

S/\/NHZ

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

_OH
NOH S
,Nj)I\IrN S. N
s N If . /|
)—-N 0 7NN

,N
0% “oH

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

.OH
S
LB s
>-N 0 2N g N
H,N

Cmpd 19 (7R)-7-[(Z)-2-(2-aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-[3-
(2_—aminoethylthiomethyl)pyrid—4-ylthio]-3-cephem-4-carboxy1ic acid



5 ylthio]-3-cephem4-carboxylic acid H2ZN OHSH d S/ ! NStN -NOO
-NN /. S Hado@18k823 Cpd 21 (7R)-7-[(2) - 2- (2- ani no- 5- chl or ot hicargdooAsasb) - 2-

(hydr oxyi m no) acet am do] - 3-[ 4- ( 2- am noet hyl t hi onet hyl ) pyrid-3 10

yl thi o] - 3-cephem 4-carboxylic acid H2ZN OHd .ii S Hs ! NS/ '-NO~/
ON OS H2N O OH Cnpd 22
(7R)-7-[(2)-2-(2-am nopyrid-6-yl)-2-(h (flooxylmno)acetam do] - 3- (2-

am noet hyl t hi o-1, 3, 4-t hi adi azol -5-ylt h i 0) - 3-cephem 4- car boxylic acid WO
01/ 21623 PCT/ US00/ 26069 41 NOH HZN NN S NN S, ./-NH2

H,N
.OH
S
o5
= N
>——-N 0 AN N
N _
0% “oH

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

Cl N’OH S
| B
S0
|
)———'N 0 Nz x
H,N 4) S
0 “OH

Cmpd 21 (7R)-7—[(Z)-2;(2-amino-5-chlorothiazol-4-yl)-2-
(hydroxyimino)acetamido}-3-[4-(2-aminoethylthiomethyl)pyrid-3-
10 ylthio]-3-cephem-4-carboxylic acid
H,N

- Cl1 N'OH S
| ﬁ S
=N O N Z N
HN (o) S
0~ “OH

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



| OONS" 'S OCH Cmpd 23 _

(7R -7-[ o Bides- @M nopyri d- 6-yl) - 2- (hydroxyi m no) acet anipdqlysdnhées 2-

am noet hy toﬁllgtl)ér%ét hyl)-1, 3-t hi azol - 5-yl t hi 0] - 3- cephem 4- car b(})qara; /IL@G%.Ci d
NNOHUN H2ZN NS S-X\ OONS\ N5 0O OH S, NH2 Cnpd 24

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

am noet hyl t hi onet hyl ) pyri d- 4-yl t hi o] - #1cephem 4- carboxylic acid 2N OH N H
SHNN ~NSON 000OS OOCH 10 Cnpd 25

(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-[ 3- ( 2- guani di noet hyl t hi onet hyl ) pyri d- 4-

yl t hi 0] - 3-cephem 4-carboxylic acid WO 01/21623 PCT/ USOQ 26069 42 N OH I S
ly Sr Ay NOO N S "~

NOH
| H
NN AN S - o~
\ S 2
I/ 0 ;:Nrjij\/&}\/
8) S S
0) OH

Cmpd 23 (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-[4-(2-
aminoethylthiomethyl)-1,3-thiazol-5-ylthio}-3-cephem-4-carboxylic acid

.OH :
H,N. _N b{ N S '
' N
2 OO ./ Sﬁ
07 "OH

5 s\ N2
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
HzN\L
| NI,OHH g
J T fL <

0” 'OH

10 :

Cmpd 25 (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-
(hydroxyimino)acetamido]-3-[3 -(2-guanidinoethylthiomethyl)pyﬁd—4—
ylthio]-3-cephem-4-carboxylic acid



H H2ZN OOH S NH2 NH OCnpd 26

(7R)- 7- [ ( Zyo /428N no- 5-chl or ot hi azol -4-yl) -2 PCT/US00/26069

(hydr oxyi m no) acet am do] - 3- [ 4- ( 2- guani di noet hyl t hi onet hyl ) - 2-am no- 5

1, 3-thiazol -5-ylthio]-3-cephem4-carboxylic acid ,0H HS NH2 N H2N--{ O N
SCLOSH OOHS' i NAINH2 11NH Crpd 27

(7R)-7-[(2)-2-(5-am no-1, 2, 4-thi adi azol 43 yl)-

(hydr oxyi m no) acet am do] - 3-[ 4- (2- am noet hyl t hi o rret hyl ) pyri d-3- 10

yl thi o] - 3-cephem 4-carboxylic acid 2N OH NS H 1vf STT NS ON ONS

H2N 0 OH Cnpd 28
(7TR)-7- [ (Z)-2-(2-am nopyri d- 6- yI - 2- (hydr oxyi m no) acet am do] - 3- [ 4- ( 2-
am noet hyl t hi onet hyl )pyr| d- 3- l\y»i | 0] - 3- cephem 4- car boxyl i c acid

IR L

Cmpd 26 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-
(hydroxyimino)acetamido]-3-[4-(2-guanidinoethylthiomethyl)-2-amino-

5 1,3-thiazol-5-ylthio]-3-cephem-4-carboxylic acid
.OH
No_S ___(NHZ
— | ST
N 0 N ~# JX
7 ~al S -
0% “oH s~ NTNHZ

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

.OH
N S
N MR s
g Ir - ]
—N O N N
> 0 NN
(o) OH

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



WO 01/ 21623 PCTI USOQ 26069 43 H2N , N
Cnpd 29 ‘v@iz?ﬁz@s(z) -2-(2-am nopyrid-6-yl)-

chl oro-4-(2-amnoet hyl t hi omet hyl ) -1, 3-t hi azol - 5-yl t hi 0] - 3-cephem

carboxylic acid NOH H2ZNN NSO / OON S\ NOOS,,6,\iNH2 A

Synt hesi s of Conpounds of Fornmula | and Il 10 The conpounds of the present

i nvention may be readily prepared in d3cordance wth the follow ng

schenmes. However, it will be appreciated that other synthetic pathways for
form ng the conpounds of the invention are available and that the

following is offered nerely by way of exanple, and not limtation. It wll
be further recognized that various protecting and deprotecting strategies
will be enployed which 15 are standard i nHiNg art (see, e.g., Geene and
Wits, Protective Goups in Organic Synthesi$, 2d Ed., John Wley & Sons,
New York, NY, 1991). Those of skijt%%¥n the artg will recognize that the

sel ection of any particular prpte tin groyp (€.9., a carboxyl protecting .
group) will depend on the? ' ot ey noiety with respect to
subsequent reaction conditiolis, JWO g1/ 3 _RCTLIIS0G 26069 44 CGenerally,
the synthesis of the cephal osporins @& theYpreSent invention may be

0~ OH

OHS H2N &Nyo~~S CNI OO S O OH
2- (hydroxyimn g,g&'ogp] -3-[2-
- 5

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
.OH
YL
A 0 ANz s/%
0% “oH g~ NH2
A. Synthesis of Compounds of FormulalandII
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 att

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.



achi eved using well-known nethods and readily available materials (see,
e.g., MarGRookfeck, COVPREHENSI VE ORGANI C TRANSFORMATI ONSd1y#do/26069

Publ i shers, 1989); and G . Georg, THE ORGANI C CHEM STRY OF (3- LACTAMNS,
(VCH 1992), each of which is 5 incorporated herein by reference).

Cephal osporin internedi ates bearing an appropriate acylam no substituent R
and carboxyl protecting group R2 and | ed¥ ng.-group R'' can be reacted with
a heterocyclic thiol, displacing R"”". "OR4 ~OR4 NN R NSHSR3 R jy N
Sr ----------- 0O OONRI11 OO '-~NSIRS OR2 OW10 In the above
structures, R'' is a |eaving group, which may be selected fromthe group
consi sting of p-tol uenesul fonate, nethyl sul fonate, fluorosulfonate, chloro,
bromp, and (R Generally, thegyathesiwof thecephalosporns of g Presenignvensionanay e i ng of

hydr ogen and, al kyl .. as,defi ned el n; ] rboxyl praqg i ng
group, whi car‘fh}?ﬁﬁg%ng &eggwmlﬁ)tﬁ]g@%aéﬁdf%ﬁﬁ' a%ﬂ%:bgﬁ gfage?}a?sgége’ el fifeh; "9
of p- met hoxypgady ICoMPRBARNGY DrGANIVERANSFORMXTIONS (W CBE PiblisR&e)1F80); ahose -
skilled in the art realize that other suitable | eaving groups or carboxyl
prot ect i ng GloGewg, THEORGANSCHEMISTRYAOE PafAGTAMS: (VERE 1993 tableotwhish iR and
R2, respectively. Fqr _.exanple, the carboxyl protecting group R2 may be
t hose prot &F?mé‘abﬁd&fb@ngﬁéﬂgﬁ{ﬂ“@ o reductive cleavage, such as benzyl, p-
or o-nitrobenzylg sk . 'anﬁmﬁ , Ay any! .
2-chl oroal lyl an e@g&ﬁi@iﬁ%@&%ﬁég{%{%?%@?é&tﬁg é pr(t))tsgigtﬁi ng Tkgr oup
anenabl e t candaiattioxylpretectige gronpdf and 1¢avingt grbup RY'avamlbe readted/with a
4-met hoxytrityl, 4,4'-d| rrethoxl\{/";,ri tyl, trimethylsilyl,
t - but yl di mehetgrpayclic thiok displacing K" 3_ (trinet hyl silyl)ethyl, benzyl, 4- or
2- met hoxybenzyl , 2, %—Rdi met hoxybenzyl, WO 01/ 216230ECT/ USQ0/ 26069

I'd /7

N N
0 AN A o NI/\LS,R3
0~ “ORr?

Rnl

o OR?

10 In the above structures, R™ is a 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 groﬁp, which may be selected from the group

15 consisting of p-methoxybenzyl, benzhydryl, t-butyl, allyl, and p-nitrobenzyl. Those
skilled in the art realize that other suitable 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, benzhydryl, 2-chloroallyl and the like. Alternatively, R? may be a protecting
group amenable to acidic cleavage, such as z-butyl, #~amyl, trityl, 4-methoxytrityl,
4,4'-dime_thoxytrity1, trimethylsilyl, z-butyldimethylsilyl, phenacyl,
B-(trimethylsilylethyl, benzyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzyl,



45 3, 4- dinethoxybenzyl 2,4, 6-trinmethoxybenzyl, nethoxymethyl, benzhydryl,
or allyl. Preferred protecting groups are t

p- nethoxytgnﬁ %b p-nitrobenzyl, allyl and benzhydryl. ngﬁgépnay be
attached to the unpr ot ect ed carboxyl group of the cephalosporln starting
mat eri al using known reagents and 5 techni ques, such as those described in
G eene and Wits. The above reaction n# be carried out at roomtenperature,
at tenperatures higher than roomtenperature, or at ‘tenperatures |ower
than roomtenperature. The reaction is preferably carried out in the range
of about =78 C to about 50 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 room

t enper at LBé-dlﬂfohomﬁeﬁﬂylﬁZ,éJﬁuriMetﬁoawa} atethoxymethyd, beazigelrgf or about 20 C to
about 25 gut" a_ certain. tenperature at the

t enper at u?r,e'dﬂaﬁéﬂau%l Rrefegred profecting srwpwed_wﬂménqtg&ygmy nperature, nore
f bl bl
o thin 5 Aot atyFalt bendfde P sith bROERE bl HeGea iR B B REAER 1 Y,

"about 4Qafboxiyl %l'o&p OF @fetcepidéspolin sthftiiganmerialtusing knon@aecagenraatier abl y 40 10
C, nore preferably 405 C, and nost preferably 402 C. The reaction can al so
be cadri etaclumuemﬁxnhwﬂmwﬁsemb@nn&meﬁaﬂ%a e. If a base is used, the
base is preferably a nit

. O a ni ¢ base.
"Ni trogen base P LB lr%r Be gﬁhego'ﬂw{e&%%nn@éare at (P LF"‘&’ g{%aom acyclic
and cycl Irﬁgr?&ﬂ@dmasﬁlteﬁpefmﬂr@%rartempéraaﬂmomﬁﬂmrmhm@pemufe ate not :
limted to, amonia, . net yI am ne, trinmethylam ne, triethylam ne,

ani | i Ined rtacﬁmdrlapml&rably Icm[l‘Edtbut)l]ltth@ing? Of@w@t -8 “Glopbeph 30 1hymersi ne,
di t .
DY b i - ¢ et e reeh of abouk LA B Rl Bt b S oty B the Tt o

at ongg  EaiBhaPe@io RbAARHpeRARE S RV thiherftine’” & Sonbillylin Helrifd 6F

carbonate, bicarbonate, 25 acetate, and formate ani ons. "l norgani c bases"
are basesabboht20 D tonatiout 2510 Bya‘algom’aa bertain mmrﬁxemmt that thaor ganic

nyar osul (RS RETaAgF APTaiT e 00 G oY i Bief FrmnrbRtiR mppTpelerably” ©

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[5.4.0Jundec-7-
ene, diisopropylethylamine, pyrrolidine, 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 include, but are not limited to, hydroxide,

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



WO 01/ 21623 PCT/ US00/ 26069 46 which nitrogen base or inorganic base would
mat ch t he woguwki@sents of the reaction conditions. |n certmiTUSIoReEEOIENt S
of the invention, the base used may be pyrrolidine .or piperidine. In other
enbodi nents the base nmay be the hydroxide, carbonate, bicarbonate or

ani on, preferably used as the sodiun1or4%otassiun1salt. 5 The solvent in
which the reaction is carried out may be™a honbgeneous sol vent system in
whi ch case no phase transfer catalyst is used. In other cases, the solvent
may be a heterogeneous solvent system in which case a phase transfer
catalyst is used. By "honogeneous solvent system it is nmeant a sol vent
system whi ch uses one_or ngre so]vent hat _are full 1 sci bl e, and

t her ef or e, whwhmme%ha%eequwgmgg %Séﬁ'{éﬂéﬁlag’hl © FRAYY g&%s&gﬂwﬁm system
* _ . | b -
Systont i1 OodiBSEt ORIl bucEREBt eiinycilion BELEARENERY St Elne |

syst ent 'S neant” a so Us€s two or nor

are not f uldrypipeéridiried |1 ottish embbdibtshty the bisermayips the hiydroxidepcarbosate, usual |y
two phases consisting of an aqueous phase and an organi c_phase. Sone of the
sol vent s  ibicasbinateoranion preferablyised assthe sedinay o nofasfiuphwlli ¢ whil e ot hers

are hydrophilic..15 |f a.hete eneQus -sol v.ent ' t.he
r eact iyo ﬁhy be ”lg%?rgpﬁvee&?ghyﬁlcﬁ ﬂ%trﬁﬁc Pé%‘é%ggﬁtség%ﬁ%é égwﬁgﬁgdepg% p@g?lgl yst.
Those ski | IsggtemDid WRicAchseitypliuSt R&Asfd cathlysti Red PliPsther da8&s iR sobRhadst by
knowi ng the reaction conditions or by further experinentation. Conmon

phase tr andfeerhetexogengoussalverit syitem intwhichecase a phiasei trandfer catalygliamsediaBy
ammohi um saglts. 20 I\/anilﬁul ati,on,of. the 7-%§&sul€sti uent can be perforned
after the tBPEOBFHHOUS SOINERtSYSIEM - 118 MegntA § Y5 ¥&R) ORH Ot Rare

ggp h%l | 0s ﬁ%{sb%e&%%é%ﬁ%‘&%@&%& foﬁ oite Phad@OThe soKenfs hYa HSR3 ZN

10  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.

15 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.

20 Manipulation of the 7-acyl substituent can be performed after the thio-linked

heterocyclic substituent is attached to the cephalosporin:



OOR2 OOR2 H2N S deacylation of 7-amine OSR3 0 OR2Z i00 N X3 '00 RL N
R NS SR3 O OR2 In the above schenre R, R2, TS e as :
defi ned ﬁé’ﬂe‘ﬁr‘]&"’w 7 is preferably selected fromthe grsu%g congll%sot{élg ng of
al kyl and aryl, as those terns are defined herein. R ' iIs nore preferably
selected fromthe group consisting of phenyl, tert-butyl, and 5 benzyl. Z
is preferably selected fromthe group 4onsisting of nmethylene (-CH2 ),
oxygen, sulfur, and NH. Mre preferably, Z' is selected fromthe group
consisting of nethylene and oxygen. X3 in the above schene is preferably
selected fromthe group consisting of -OP(O - (0O phenyl)2, and -OP(O) -Cl12.
Alternatively, the displacenent of the |eaving group at the 3-position of

10 cephal osporin c be perforned at the stage o ,th‘{gl 7-am RO i nternedi ate

and then fgit Wﬁd’ ' on ofygke am ne gf1 P gt SNacyl ating

reagent: WO 01/ 21623 JPCII USQQ 26669—=48—+2N S H2N R3! ORtl O SR3
(6) o N _Z# N A

i
OR? o OR?

R o) SR}
o)
H2N~ S
deacylation of 7-amine ]
» pr—
_ Nl a0
4 0 Tor?
OR

/

4
JOR*
N
)I\’rN :
R (=
0 N JR?
o OR?

Tn the above scheme R', R?, R?, and R* arc as defined herein. R’7 is preferably
selected from the group consisting of alkyl and aryl, as those terms are defined herein.
R”’ is more preferably selected from the group consisting of phenyl, zerz-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(0)-(O-phenyl),, and -OP(0)-CL,.

Alternatively, 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:



OR2 OOR2 /ORM Nx3I0ORM R N ORLNS ONR3 OSO0OOR In the above
schene R w&612f833 R4, and X3 are as defined herein. Final IpcTngdee2euse- st ep
or nulti-step deprotection of the fully assenbled cephal osporin, renoving
protecting group R2, and other protecting groups present at 5 substituents
R3, Z, and R wusing conditions appropriate for the renoval of al

protecting groups is used for obtainindsthe biologically active

cephal osporin. The substituent R in all of the above schenes nmay be any of
t he groups described above and are either available commercially (e.qg.,
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 t r on the starting nmell®egal JeP~ variety of wel
known techni ques (see,| e]g., |Barrett, HSRE. S. Perkin |, 1629 (1979) or
Chauvette, J. Og. N3G 9,(1971), bot hv of PehNqr e~ \pcgr por at ed
herei n by referencéﬁ, suc aslby transam nation & an e istiﬂb substi tuent
for the desired substitue or, hydrolytic removal of t exgsting
substituent followed by Peact®n with a 15 suitably r@actiORé form of
desired substituent, such as an acyl chloride. Again, the appropriate
reagents and techni ques wqoLk be apparent to those of skill in the art. B.
Side Chain Synthesis: WQ-01/21623 PCT/ USOQ 26069 49

4
1)er3 ’OR
R N
)l\”,N s
- Rl Ir
0 N R?
O fs'
(o) OR?

o)
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 Lérock). 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:



Si de chai ns on C-7 and G 3 of the cephemcore are synthesized by the
procedur% grl bed bel ow. These procedures are nodifi TMS‘WE&)@
procedur es oun in chemcal I|iterature, in particular, atsu . et
al., Bull. Chem Soc. Jpn., 1994, 67,1701-1707; Csendes B. et aI.,
Journal of Antibiotics,1983, 36, 1020; Menmoli, K A, Tet r ahedr on Lett, 5
1996., 37, 3617; and Bjoork, P., et a9, J.. Heterocycl. Chem 1995. 32 (3),
751. The follow ng diagrans depict the synthetic schenmes for the side
chains. a. CG7 Side Chain "Synthesis: N OH N.- ACH3 CH3CH2(O 2CNH-( TYO
CH3CH2(O) 2(:::NH SIN 101 S Br 0 OCH3 NOCH3 . 3CH2(O2CNH / CH3CH2(O 2 iN
CNH, ! Oi s OSNOHNOIrT N OCH3 N /OCH3 CH3CH2(0O2C _<sJ O
CHSCHZ( O 2CNH-Side cltainé GIE€-7 andca;+3 afifi¢ cepliem Corelape wntms&esbdéh@rapwmt hesi s

s synt helrmertespelat These PRORFS argmaod Foyh s Bogs BEre RS Bt 26060
50 literature, in particular, Tatsuda, K. et al., Bull. Chem. Soc. Jpn., 1994, 67, 1701-1707;
Csendes, B. et al., Journal of Antibiotics, 1983, 36, 1020; Memoli, K.A., Tetrahedron Lett,
5 1996, 37, 3617; and Bjoork, P., et al., J. Heterocycl. Chem, 1995. 32 (3), 751.
The following diagrams depict the synthetic schemes for the side chains.

a. C-7 Side Chain Synthesis:

N. OH
CH3CH2(O)2CNH—<SI\"/

O

Br
\')ﬁ(OCH3
CH3CH2(0)2CNH‘</N
S/ 0

OCH;
CH3CH2(0)2CNH—<S\(\“/

0]
CH,CH,(0),CNH )
A8

N-OH | N-OTr

' N\‘/\k"/OCHa N\H‘W/ocm

CH,CH,(0),cNH—{ /L] 1 CH3CH2(0)2CNH—</S/L | .
S

N-OTr

HZN{SJI)H‘/

b. C-3 Side Chain Synthesis (Memoli, et al., route):
As shown below, 3-mercapto-2-hydroxymethylpyridine is synthesized using the

10

Memoli, et al., route.



Br Br Br StBu \ \' I ~~a"l I \'1 d NN NCNNOCNSt'Uccoa/ SH~I The
product ofwolezmave synthesis can be used to synthesize tlreTHosake
chains for the conmpounds of the present invention, using the synthetic
schenmes shown below. S+ CHS Z N Ste® NHBOC CCOHOH NNS1L T N
SS~~\NH2 5 O the following alternative pathway. WO 01/21623 PCTI USOO 26069
51 SHk O | OHSTr STr r NHN S" ~ NMBOC STr or, C1 Nt | ~ S2

r
S S-tBu P SH S SH
\Nl OH \NI OH \N| OH
O O

The product of the above synthesis can be used to synthesize the C-3 side chains for

the compounds of the present invention, using the synthetic schemes shown below.

(L%

q SN S—"~NHBOC

Z~SH < I 2 /

N l R SN . \
_ P ' S']B_

X S
N " NH,

5 Or the fbllowing alternative pai_:hway.



STr A CS-11-1- S~ NNH2 NNH2 NNH2 1t ~t STr SH/ S+2 N S--NHR 2 N
S~~NHR 24l at21623 NHR 2 C O her Synthetic Schenes Sonme @f 0/26069
cephal osporin conpounds of the invention can be synthesized using 5 the

schenme shown bel ow. WD 01/21623 PCT/ US00/ 26069 52 NOTr H3N S H2ZN N_ "' N
N/ -~N/ -~HN . NO/ OCL OCL SOCL- C02 C02t-Bu CO2t-Bu N, OIr N
i SIl 11/ ~ HNI NOp /:NS\ N®&2t-Bu S"~NHR2 NOHNN HXN SIN O
ON Slys CO2H N2 5 II1l. Pharmaceutical Applications and Preparations

s SH

\ I - OH

N

F Il STr F I STr
SN H SN S~—~"~NmBoOC

'[ 7
l P

P STr SH P I S+5 '
) (. —

N N

= CC i,
SN SNSNER? N SoSwr? N 3" NmR?

C.  QOther Synthetic Schemes

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

5 the schemé shown below.



According to this invention, a therapeutically or pharmaceutically
ef fective wowpeigs of a cephal osporin and particularly, a ceoqousw/26d69

Formula I, Il or Ill, is admnistered to a mammal suffering froma
methicillin-resistant bacterial infection (or other P-lactamresistant
bacterial infections, such as vanconyci rr]_’ resistant or anpicillin 10
resistant infections), especially resis It S. aureus, in an anount

effective to at least partially relieve the infection. Especially
inmportant are infections resulting fromstrains having simlar activity to
strains such as S. aureus Col (MethR)(lac ), S. aureus 76 (MethR) (lack),
E. fcecium ATCC 35667, or E. fcecalis ATCC 29212. Again, such WO 01/21623
PCT/ US00/ 26069 53 corrpounds are al so effective agai nsiy” “Blcteria sensitive

to methicill gy vanccgrrym n,HNand/ r anpicillin and thﬂrefﬁ)re haye utility
t

in such conpodi t d corrposr ti ons,N ni e
conpound(s) of t dm nrst el QN prop t Lgs.and/ or
t her apeuti c tre%trrent thr%raetlc lappllcatlonss 5 t H&" conppsi & ons

are admnistered to dxhatlent aIre@@ﬁBnﬁferrng from an infecti dQ,tBs
descri bed above, in an ampbunt sufficient to cure or at |east partially
arrest the synptons of the infection. An anobunt adequate to acconplish
this is defined as "therapeutically effective anbunt or dose."” Anobunts
effective for this usg-@ft| depend on the severity and course of the

i nfection, previous t the patient's health status and response to 10
the drugs, and th i ng physician. In prophylactic
appllcatlonsbetdg; e conpounds of thg invention are
admi ni stered to a$atiento”sus 0 or otherwise at risk of a
particular infection. Such an apusi | ;i{pgﬁnﬂto be a "prophylactically
effective amount or dose." In this use, $hepreci se amounts again depend
on the patient's state of health, weight, and the like. 15 Once i nprovenent
of the patient's conditpgns has occurred a mai ntenance dose is

adm nistered if nec;jﬁ;éﬂ Subsequently, the dosage or the frequency of
adm ni stration, ong ] educ as a function of the synptons, to
a level at ng ro e c ndi 1ol i s retai ned. Wien the synptons
have been alleviated't o 4 7 XN

CO,H _NHR?
2 S/\/

5 I Pharmaceutical Applications and Preparations

According to this invention, a therapeutically or pharmaceutically effective
amount of a cephalosporin and particularly, a compound of Formula I, IT or I, is
administered to a mammal suffering from a methicillin-resistant bacterial infection (or

 other B-lactam resistant bacterial infections, such as vancomycin-resistant or ampicillin-
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 S. aureus Col (Meth®)(lac), S. aureus 76

(Meth®) (lac”), E. feecium ATCC 35667, or E. feecalis ATCC 29212. Again, such



the desired | evel, treatnment can cease. Patients can, however, require
intermt 23zt reatnent on a | ong-term basis upon any o626 Of the
di sease synptons. In general, a suitable effective dose 0O e conmpound of
the invention will be in the range of 0.1 to 1000 mlligram (ng) per

reci pient per day, preferably in the range of 1 to 100 ng per day. The
desired dosage is preferably presented3in one, two, three, four or nore
subdoses adm ni stered at appropriate intervals throughout the day. These 25
subdoses can be admi nistered as unit dosage forns, for exanple, containing
5to 1000 ng, preferably 10 to 100 ng of active ingredient per unit dosage
form Preferably, the WO 01/21623 PCT/ US00/ 26069 54 conpounds of the

i nvent i oncompoundears dlso Riffettivecaainst bavteriatsensitivetto tvatksinilkil otancdngeinny/ kg t o
250 ng/ kg of patient body weight, between about ope to four tinmes per day.
Wiile it ansi/qs@mq;ll@mdt%@ﬂfom haventilifen such composhiongagd meghodshi s i nventi on
alone, it is ef erabl e. t ent. | . I cal :
formulation. T eqom%ﬁlgpggﬁrgtgioﬁp& tgé {:%rg}?opu?xe SZR &fgr\l/“egraﬁﬁlf)g%&ggénpri se at | east

one conpoiimsiniterdd ok propBylaeiic idd/ér th&uﬁd'ﬂtib ©Ratnients. Ihfigsraeatit applidations,
pharmaceutically effective dose together with one or nore har maceutical |y

or t hér aptbacompdditonsarepiministeredior 2 patient abrepdysuffaringdrom pp infeefion, as g |
tarch, |actqgse, .dicalci h t ' | 1.i l Lul ,

ond kaol | Grscried abps i AR by S5t b RO%R Srtinfaret b ey | Pors
i ncl ude, g e inf A% AMRBE adebBate @b Y&omplisK thidis e shéd asTaRerhpdutisally -

B!

surfactants, an 1egi bl'e oils such as corn, peanut and sesane oils. In
addi t i on, effegtivoamowtjondese’s Asnmintseffestive foothipnseywilkdspend on the sgveritray be
i ncluded. For exanple: _flavorin ents, col.orj ents, preservatives,
and ant | Bcqure of .‘ﬁfeft‘%’ﬂ’é‘?ﬁ“g‘s%geré% g?ecﬁage’étéﬂ%?ﬁ%ﬁ?{“ﬁﬁﬂg é?ﬁR?“S\fiz?i ous
ot heryg Cogs| ARk eﬁ@éﬁﬁé&@ﬂ' iciah N3 &lc applicdtfs) (1990)
Goodrrlé)n gﬁgh&%ﬁn@g@é@g@ e Phar nacglei’(})‘g?lglal Bﬁéi gﬁ%l? 'Igha?rpapeuti_%:s, 8th
Ed., Per gamipositions sontanhgfhetampeamds of the pmentidearieadmitistereddmiarpatientat i on ar e
di scussed therejn, e.qg., for oral, intravenouys i nt raperitan or
i nt rgarmsc%’ﬁ%ﬁpt‘a@rﬁ’ RF gg’F‘a’t"F?)?ﬁns&r?é aaaﬂw@f “gﬁ‘gpﬁaégg]? AR gyt 1538 M0l e
32; (r:Ir ieLZ dtW' te'a “pRIPhY LA fec Afi6unt BHESRSIn BRGsE! HE preeABRRIAER

a;gain 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. Subsequentl_y, the dosage or the frequency of
administration, or both, can be reduced, as a function of the symptoms, to a level at
which the improved condition is retained. When the symptoms have been alleviated to
the desired level, treaﬁnent 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 bein
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



e.g., in the MERCK I NDEX, Merck & Co., Rahway, NJ. Generally, preferred
rout'es of WG oddig2si stration are int ravenous and i ntraperit anegtisooéssse

phar macol ogi cal agents can be in a variety of fornms. These include, for
exanple, solid, sem-solid and liquid dosage fornms, such as tablets, pills,
powder s, I|qU|d sol utions or suspensions, Ilposones I nj ectabl e and

I nfusi bl e solutions. The preferred forn*ﬂepends on the intended node of
adm ni stration and therapeutic 25 application. Generally, a

phar macol ogi cal |y acceptable salt of the conmpound will be wused to sinplify
preparation of the conposition. Preferred salts include sodium WD 01/21623
PCT/ US00/ 26069 55 potassium arginine, glycine, alanine, threonine, and

| ysi ne. The@e!lmuedmfetbalmntlorpwd? be adsnipisterad mmu%wﬁ%wmb@a fith a

fact ant d |_ul. dj
cond t 1 ons BERRYS 25 HEnE BRI el poruer L SR ke BB Ve e
systemcally Or WEH@N lygoéﬁﬁﬂéfa ﬁiﬁ%.tsftéi’rthé wnwh@eaaam%ls %@ﬂﬁbﬂhﬁhé ation
may be found in Rem ngton's Pharmaceutical Sciences, 18th ed., Mac

Publ i shi ng iCpreferhbistio preséih 1(653&&)of atharrahﬂeatwahﬁmmmla’cwp |’iclfm:lnulat1ais of
rectal, @transdermal, vaginal, nsnucosal {!]15}5%{“ ng adm nj.stration;
par ent efal ta@meei@}tynvenp% F?F&P‘Hif 4t qséﬂ%Fs‘Eﬂﬂ'P&ung eb 10E 9f this IYERUGRMA | ar y

i njections,y ]p‘ﬁ"Fj nt ravenous,

I ntraperi tonea thlfarngsa Q&Jﬁ‘?ﬁé\ t?fg%(t:lt%?%se:te% S@&l}gbﬁéj‘li%hffst to nanme a
few. For i rplﬁﬁha@ntlcatllya)ra@aﬂpesmoilly fweeptable ohuriers. rﬂuhdbmﬁ@s imthaiepelgi,n
aqueous solutions, pref erablﬁl I n physi ol ogi cal | y corrpatl bl e buffers such

as Hanks' gwargh.ilagiose, dicalghym ghasphate; Wicrowystalipe cellulasecaicrass) andkaglingand,  For
such transmyg §§€ﬁy &ggﬂ ﬁéﬁﬁﬁ}c i edj D”E‘L &lﬁgt irﬁl%Psp;gé’lB&é aetgeaégg fehegarrier to

be perrreate e 1o at penet s-are generally

known 19 t hptpdthyledd 15641, n@ﬂﬂ&ﬁb@ﬁnfadtﬂﬁs 26l edidleciRAUN 85 cdrypdagutdrfis ol ved
or suspended in suitable Iiquids, such as fatty oils, liquid paraffin, or

li quid pol ysesame eiffe Iglag;ldldétlogz various adigvantesuchas ate qommenly wsed inethe drtarny 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:
15 The Pharmacological Basis of Therapeutics, 8th Ed., Pergamon Press; and Remington's

supra. Methods for administration are discussed therein, e.g., for oral, intravenous,

intraperitoneal, or intramuscular administration, and others. Pharmaceutically

acceptable carriers wi.ll include water, saline, buffers, and other compounds described,

e.g., in the MERCK INDEX, Merck & Co., Rahway, NJ. Generally, preferred routes of
20  administration are intravenous and intraperitoneal.

These pharmacological agents can be in a variety of forms. These include, for
example, solid, semi-solid and liquid dosage forms, such as tablets, pills, powders,
liquid solutions or suspensions, liposomes, injectable and infusible solutions. The
preferred form depends on the intended mode of administration and therapeutic

25  application. Generally, a pharmacologically acceptable salt of the compound will be

used to simplify preparation of the composition. Preferred salts include sodium,



20 1'V. Prodrugs Sone of the conpounds of the invention can be used as

prOdrUQSWP’%le?éQ! ai ned above, a prodrug is an agent tha%cﬁsﬁ@/ﬁﬁ)@;ted to

t he pareh fug-in vivo. The prodrugs of the present invention. have the
unusual and surprising characteristic of being nore soluble than the
parent conpound at or near physiological pH These prodrugs are converted
to the 25 parent conpound in the body56f the nmammal that has received the
prodrug. As can be seen fromthe structures of these prodrugs, a
substituent either on G5 of the thiadiazole group, or on G2 of the
pyridyl group can by cleaved by hydrolysis or enzymatic action in order to
afford the parent conpound. For instance, the amde group on the C 2 side
chain of pdisiil), Aiginihe Aydind,/aldnie] Moetmehe, mid lygined Theg: aveiprepiredonpounds
17-A, 17-B, 17-D - 17-Q or the am de grouP on the C-5 side  chain of the

t hi adi azqreferpbli in Wates switablmixed vathea surfastant snch) a5 hydroxppropyleelweseani ne

si de chai n, ich i,s th . .
of Som-of "t nDRaREs Y Sekite EOERBHESeidd rodRE B B 01101 O
(7R) - 7-[ (%hﬁ@lﬁfeﬁ'aﬁ&‘aﬂﬂixﬁst&eﬂs%ﬁérﬁﬁhﬂy&i todall. ) Fedhniques for formulation and _
(hydroxyi m no)acet am do] - 3- {2-[2-N-(L)- . .

oni t hyl arddnoristrgtierhineyrbe founilpy Reanirgzton's Phaginaceptical Seignces, d 8thisdeMack acid 10

N oA eYl\f’u%lislg%gN_ Co;,]Elas(on! PE_(%&).ngta%leH rolt\lxﬁezs mz)y~iﬂclwye2 oral, rectal,
transdermal, vaginal, transmucosal, or intestinal administration; parenteral delivery,
including intramuscular subcutaneous, intramedullary injections, as well an intf'atheCal,
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 aqueoﬁs
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 vivo. 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 pyridyl 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



OHS ~ NO Cnpd 17-B (7R)-7-[(2)-2-(5-ami no-1, 2, 4-t hi adi azol - 3-yl ) - 2-
(hydr oxyi Ry @iawes am do] - 3- {2-[2-N-(L) 15 PCT/US00/26069
prol yl am noet hyl t hi onet hyl ] pyri d-3-yl t hi 0) - 3-cephem 4-carboxylic acid N OH
~N HNe~, 1 ~SNOTIvNOSHHN ,iN OCHSeNO 0 Cnpd 17-C
(7R -7-[(2)-2-(5-N-(L)-al anyl am no- 1, 2, 4-t hi adi azol -3-yl)-2 20
(hydr oxyi m no) acet am do] - 3- {2-[ 2-am noethyl t hi onet hyl ] pyri d- 3-
yl t hi o} - 3- cephem 4- carboxylic acid WD 01/21623 PCT/ USOQ 26069 57 N, CH O
?2L"N, | NS H N NH2 SS-NOOIN SOM™MS ,0 NH2 Cnpd 17-D
(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, L)
pyridyl group of compounds 17-A, 17-B, 17-D - 17-Q or the amide group on the C-5 side

chain of the thiadiazole group of compound 17-C can be 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)-

ornithylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
acid

e I? RO

Cmpd 17-B (7R)-74{(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(hydroxyimino)acetamido]-3- {2-[2-N-(L)-
15 prolylammoethylthlomethyl]pynd- -ylthio)-3-cephem-4-carboxylic
acid

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

10



5 al anyl al anyl am noet hyl t hi onet hyl ] pyri d-3-ylthio} -3-cephem4- carboxylic
acid N. QG S HN, 11 11 ' O "SSNO-): /| NOSH ~~NYz
O 10 Cnpgd}lz?ggy(?R) 7- [(Z) 2-(5-amno-1, 2, 4 t hi adi azol - jé?{l&ogﬂm%’
(hydroxyi m no) acet am do] - 3- { 2- [ 2-

gl ycyl ami noet hyl t hi onet hyl ] pyri d-3-ylthio) -3-cephem 4-carboxylic acid
NOH N~ NS HZN-- jlI 11 SNOIYNO ST 0 OH S*~N-NH2 15 0 Cnpd 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) WD 01/21623 PCTI USOO 26069 58
aspartyl am noet hyl t hi omet hyl | pyri d-3-yl thi o} -3-cephem 4-carboxylic acid

eEnog

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

_OH
N S
& 0o
HzN’W)\lr
- O AN AN AN
N
0% “oH s\ 2
0

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

N,OH
N
H,N—¢ ]

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

15



HZN--~~ ~1 If SNONNOSHNR2 OOOHSOH O 5 Cmd 17-G

(7R) - 7- [ ( Aye By/fs2ani no- 1, 2, 4- t hi adi azol - 3-yl ) - 2- PCT/US00/26069

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

al anyl am noet hyl t hi onet hyl ] pyri d-3-ylthio} -3-cephem 4-carboxylic acid 10
NOH HZNN )r S/ -~/ T1ff ~SNOON SNNH HZ OCHS-iNO Cmpd
17-H (7TR)-7-[(2) - 2- ( 5- ani no- 1, 2, 4- t hi adi*$zol - 3-yl)-2
(hydroxyi m no)acetam do] -3 - {2-[2-N-(L)-(N. 15

met hyl ) al anyl am noet hyl t hi onet hyl ] pyrid-3-ylthio } -3 -cephem4- carboxylic
acid NNOH H2ZN .3V 'NS SNOO NS NHN OOHN HYk O

aspartylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
acid

g W/Hr ; f
S—N N N NH, O
. /\/N

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

Y Iff 2
: /\/N

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

10

O

/\/N



WO 01/ 21623 PCT/ US00/ 26069 59 Cnpd 17-1

(7R) - 7[ ,72#2@ am no-1, 2, 4-t hi adi azol - 3-yl ) - 2-
(hydroxyl'm'no)acet am do] -3- {2-[2-N-(L)-

hi stidyl am noet hyl t hi omet hyl ] pyrid-3-ylthio} -3-cephem4-carboxylic 5 acid
NOH N~ NS H2N-(i 11 11 "S-NO. ~-NNOSHNH2 N2\ OOHS\ .N\ NH O
Cmpd 17-J (7R -7-[(2)-2-(5-am no-1, 2, % hi adi azol -3-yl)-2- 10

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

val yl am noet hyl t hi onet hyl ] pyri d-3-ylthi o} -3-cephem4-carboxylic acid N CH
N~ NS HN{~-,r" y SNONSHNH Y,, 2 0OHS**NO 15 Cmpd 17-K

(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-(L)-

aspar agyl am noet hyl t hi onet hyl ] pyri d-3-ylthi o) -3-cephem 4-

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

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

PCT/US00/26069

5 acid
¢ ﬁf J,:f
S—N § N NH, N=\
. /\/N ~
Cmpd 17-J (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
10 (hydroxyimino)acetamido]-3-{2-[2-N-(L)-
valylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
acid

15

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

20



carboxylic acid 20 WO 01/ 21623 PCT/ US00/ 26069 60 OH N ( N S H2N-<i ' [
I 17 SN Gydlobefee H NH2 O O OH LSNILNH2 0 Cmpd 17-L PCT/US00/26069

(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- (L) 5 lysyl am noet hyl t hi omet hyl ] pyri d-3-ylthi o}

- 3-cephem 4-carboxylic acid NOH N~ NS/ HZN" I 11 I SNO/-NN\ NO
SHNHZ OOH S rx~ NH2 0 10 Cnpd 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 hyl t hi onet hyl ] pyri d-3-y| t hi o} -3-cephem4-carboxylic acid

NH2

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

DD e

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

G0
/\/N

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

15



NOH H2],I N~ Il NSSNO/ NNOSHNHR O™ .S",-.~-NOH 15 0 Cnpd
17-N ( 7Ryl -2-(5-amno-1, 2, 4-thi adi azol - 3-yl ) -2 WO QUrAlH '
P USoo DR 2 (hydr oxyi mi no) acet ani do] - 3- {2-[2- N- (L)~ 6rdooe9
gl ut am nyl am noet hyl t hi onet hyl ] pyrid-3-ylthio } -3-cephem 4- carboxylic
acid NOH N~ NS H2N- ~ 11! SNO-N NOSHNHR OOHS"IiNNH )~~50
O Cnpd 17-0 (7R)-7-[(2)-2-(5-ani no- 1, B14-t hi adi azol - 3-yl) - 2-
(hydr oxyi m no) acet am do] - 3- {2-[2-(5-nmnet hyl -1, 3-di oxol an- 4- en- 2-
on- 4-yl ) met hoxycar bonyl ) am noet hyl t hi onet hyl ] pyrid-3-ylthio } -3 - 10
cephem 4-carboxylic acid NOH N 11 NS H2ZN--- ~ Y Il IYNO S-NOOS HO04
O OH S""NyO O
(hydroxyimino)acetamido}-3-{2-[2-N-(L)-
glutaminylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-
carboxylic acid _ -.

.OH
N M N s
HN—( W)T J"f ~1
SN0 2NN o N
- 0o oH s NMNHZ
5 (o) 0
Cmpd 17-O (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2- | 3
(hydroxyimino)acetamido]-3-{2-[2-(5-methyl-1,3-dioxolan-4-en-2-
on-4-yDmethoxycarbonyl)aminoethylthiomethyl]pyrid-3-ylthio} -3-
10 cephem-4-carboxylic acid
N,OH : . '
v AE s
HN—¢ W)\'r ‘_1' z ;\I 0
s-N O 04—_-N PN N . O-{
: 0]
| 0% “oH s NTO\Ar
0
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-cephem-4-
carboxylic acid

e :
- R s
HzN—<’7/)\I|’I‘f “
0
SN 0 AN AN AN .
H
N
0% “oH s\
0



O Cmpd 17-P (7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol -3-yl)-2- 15

(hydr oxyi Ry@@ s anmi do] - 3- {2-(2-N-(L)- PCT/US00/26069

pyr ogl ut anyl . am noet hyl t hi onet hyl ] pyri d- 3-yl t hi 0} - 3- cephem 4- car boxylic
acid NOH NSH2Ni ' 0 SNONOSHHN OOHS 0 W 01/21623

PCTI USOQO' 26069 62 Thus, it will be appregciated that the conpounds, nethods
and conpositions of the invention are ective against various (3-lactam
resi stant strains of bacteria which pose an 5 increasing health risk to
soci ety. EXAMPLES The exanpl es below are non-limting and are nerely
representative of various aspects and features of the present invention.
The exanpl es descri be nmethods. for 10 synthesi zi ng conpounds of the

i nvention and various protocols. Exanple 1:

5-acetyl thi o-4-acetylthionethyl-2-nethyl-1,3-thiazole A m xture of
L-serine (1.5 g, 14 mmol) and thiolacetic acid (12 nL) was stirred at 110

Cfor 16 h in a B &ih 8B eoortbiftol i W difeRis MERARMAANS mpBLitiBhs dPhe

cooling, the mxture was co : e regldue was partitione
et hyl acetinventiandré&éffatjve against yarions flrlactanbrasistant stiins of hpaterie Whigkeposeman

concent cated _and [ d (silica gel, dichioronethane), affording
600 ngy Of dncred¥ing lie*%'itﬂ'xraask‘%g LGRS

EXAMPLES
The examples below are non-limiting and are merely representative of various
aspects and features of the present invention. The examples describe methods for

10  synthesizing compounds of the invention and various protocols.

Example 1:

5-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-
Iodoethyl 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



conpound. "H NMR (CDO 3) 6 2.20 (3H), 2.28 (3H), 2.53 (3H), 3.64 (2H).
Exanpl e &

4- acet y|%|%0§%é?zﬁy| - 2- et hyI 5- (2- phenyl sul f onyl et hyl ) t hi ocfnéso?/ﬁfoggol e To a
solution of 5-acetylthio-4-acetylthionethyl-2-nmethyl-1,3-thiazole (600 ny,
2.3 mol) in nmethanol (10 nmL) was dropwi se added 0.5 M sodi um et hoxi de in
met hanol (4.6 nL) at 0 C and stirred &3 the sane tenperature for 30 mn. 2-
| odoet hyl phenyl sul fone (620 ng, 2.1 mmol) was added and stirred for an
additional 25 30 min. The solvent was renoved and the residue was
partitioned between water and WO 01/21623 PCT/ USOQO 26069 63 et hyl acetate.
The organic | ayer was concentrated and the residue was chromatographed

(silica oehyl dtetatel mrﬁgmn)'erwésfmdéﬂmmﬂ&ﬂdmmhduhwwi tle -conpound. 'H.
NMR (CDC13)” 8 2.30 (s , 3.00 (1 3.30 (t, 2H), 4. 23
(s, 2H), qlugga(ogwphed;(sgga(ggﬂ}hchtorglge gqq;), afg)rgggf@gpéngof the title S

heny <ul TRRAEEN R R COCL Br 20 {5 2 8 @Y oep, £k 2ty 3208 2.
4- tylt I h | sul f | et hyl )t hio-1, 3-thi I
(235 . B e R Ty ne igyhidrgc)hl ori de’ (260 g, 1.26

nmml) in a mxed solvent of nmethanol (10 nL) and tetrahydrofuran (1 nL) was
dropwigse .5 M sodi um net hoxi de in methanol (3.8 nL). Di.-tert-butyl
di car bona ng, 3.0 mol) was then added, and was stirred at room
tenperature for 0.5 h. The m xture was diluted wth ethyl acetate, washed
wi t h bri né[(2etedt-butosyrarbonylamindethylhiomethyih-2-wethyh8+(@¢gr aphed on silica gel
15 (1 to pheényiufengletiyiljthioor,3kiabelee) , affording 190 ng of the title .
conpound. '"H NMR (CDC13) 6 1.42 (9H), 2.62 (3H), 3.64 (2H), 3.02 (2H),
3.38 (4H), 3. 8fo b stirred Holuticn dlf%- idetymnoxﬂéthyl-zznﬁmm-s (¢5H) . Exanpl e 4:

_ phenylsulfonylethyl)thio-1,3-thiazole (235 mg, 0.63 mmol) and 2-bromoethyl amine

10  hydrochloride (260 mg, 1.26 mmol) in a 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
stirred 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,) & 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-butoxycarbonylaminoethylthiomethyl)-2-methyl-
20  1,3-thiazol-5-ylthio}-3-cephem-4-carboxylate, diphenylmethyl ester

To a solution of 4-[(2-tert-butoxycarbonylaminoethyl)thiomethyl]-2-methyl- -
5-(2—pheny1sulfonylethyl)t'hid-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 diphenylmethyl ester



(7R) - 7-ami no-3-[4-(2-N-tent butoxycarbonyl am noet hyl t hi onet hyl) - 2- net hyl -
20 1, 3-t hivp@@k2fs2ay! t hi 0) - 3- cephem 4- car boxyl at e, di phenyl nadyUsoogse® To a
solution of 4-[(2-tert-butoxycarbonyl am noet hyl)thionethyl]-2-nethyl -

5- (2- phenyl sul fonyl et hyl )t hi o-1, 3-thiazole (300 ng, 0.61 mml) in nethanol
(5 nm) was added 0.5 M sodi um net hoxi de4i n nmet hanol (0.74 mL) and stirred
at room tenperature for 16 h. Sodi um bi%arbonate (180 ng, 2.14 mol),
water (3 nlL) and 25

(7R) - 7- am no- 3- met hanesul f onyl oxy- 3- cephem 4- car boxyl at e di phenyl net hyl

ester WD 01/21623 PCTI USO0/ 26069 64 p-tol uenesul fonic acid salt (300 ng,
0.47 mol ) were sequentially added. The resulting honpgenpequs, sol ution was
stirred at A-tsdygne Gacd salt @Poi‘ég’ﬁ)r‘ﬁ, “‘B\?ﬁr‘@?}e S?‘ﬂ{eﬁug&ﬁﬁﬁaeg‘hﬁqueous

sodi um chl qrj and C - \\f I al ract was
washed wit hrré%uﬁﬁ%mé'r %'E%ltggr)\@segr?ﬁg g)\t‘)‘le%g Ea teg’l%gr&% Saﬁ@-@é'%xffo(?}a (53)ro gﬁed (3%
met hanol / dijg fateaed Bqushs ssdiunehidride] Zirlextdatiad 4vitht thylasetatel fXhei ¢ acid (56

mg, 0.29 mmol), affording 156 ng of the title conmpound as
p- t ol uenesITEYNHE exizast was Maghed m%mme( apcrpyergratedq Thegpgiduowas (s, 3H), 2. 67

5H), .2-3.4 (4 3 2 . 4. 80 4,92 (1. 5 (b , 1H),
6oy (53 Tigfromaigetebhed (35 ptmanblgicfopgthdey afgntalide with 42 [ 71 B, 51
(7R) - 7- [ ( D) oRrehdsul Bhic-aBid{56wYE B2 '@ﬁﬁ[b?_;a&ag@qmgrisscinéofhﬂaﬁre compound as

(triphenyl met hoxyi m no) acet am do] - 3- N-tert-
but oxycar bgntdlamesud fonivyadid sadtr St NMR-(CDEIHY 1.43 (), Bi284s) 31, 2167HEH),- 3- cephem

2- (2 er i PSR EIDEOR Aok FEDE 4TS, 15 BEAliPh ASF e P ) Gcer i
aci d sodi u?}}@bh'ﬁ%a}%?ﬁgé&ﬁm” and pyridine (31 ng, 0.39 nmol) in

anhydr ous N, N-di net (1 n.) was added di phenyl phosphoryl
chloride (0.042 nmL, 0.2 mml) and stirred at 0 C for 30 min. The resulting

reactiqla m o ¥BS added to a solution of (7R)-7-am no-3-[4-(2-N

Bl

(7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)acetamido]-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-yl)-2-
(triphenylmethoxyimino)acetic acid sodium salt (129 mg, 0.21 mmol) and pyridine
(31 mg, 0.39 mmol) in anhydrous. N,N-dimethylformémide (1 mL) was added
diphenylphosphoryl chloride (0.042 mL,'O.ﬁ 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-butoxycarbony]aminoethylthiomethyl)-Z-methyl—l,3-thiazol—5-ylthio]-3—cephem-
4-carboxylate, diphenylmethyl 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 aqueous ammonium chloride. The mixture was extracted
with ethyl acetate, washed with aqueous lithium chloride; 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



20

tert- buta;byocigli&gnyl am noet hyl t hi onet hyl ) -2-net hyl -1, 3-t hip%iﬁlls'oél'é'olﬁg hi o] -3-c¢c
ephem 4-carboxyl ate, di phenyl net hyl esterp-toluenesul fonic aci é salt in
tetrahydrofuran (2 nL) at -20 C and stirred at the sane tenperature for 1
h. The reaction was quenched with saturated aqueous amoni um chl ori de. The
m xture was extracted wth ethyl acetédte, washed with aqueous |ithium

chl oride, and concentrated. The 25 residue was then chronat ographed on
silica gel (2% nethanol /dichl oronet hane), affording 200 ng of the title
conpound. 'H NMR (CDC13) 8 1.3-1.6 (18H), 2.64 WD 01/21623 PCTI US00/ 26069
65 (5H), 3.2-3.4 (4H), 3.82 (2H), 5.08 (br s, 1H, 5.14 (d, 1H, 6.22 (dd,

I H), 7.00(58), 3.2-BH4) (4H), 2.8Z (BHY, 308)(br 5].180), .84 (d HH), &2 (dud, dHY, 7.00 (s,
(7R)-7-[(Z]%]-a2-(2-arri nogyri d- 6-yl)-2-(hydroxyi m no)acet am do]-3-(4-(2- 5

am noet hyh 7@ bkgTH, 7.8 dnlfl) 1. 3-t hi azol - 5- yI t hi 0) - 3- cephem 4- car boxy! at e
; trifluoroacetic acid salt A m xture of

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

(tri phenyExpmple@yi m no) acet ami do]-3-[4-(2-N-tert- :

- but oxycar bonyl am noet hyl t hi onet hyl ) -2-met hyl - 1, 3-t hi azol - 5-yl t hi 0] - 3- cephem

-4 10 carﬁmﬁ_ﬁﬁg_‘ el hierél r{g_t i 5_29( 3,&3{0 9@9&0% aqmlq,g_ Taly. phenol (1.2 g,
13 mml ),V dic (‘ 3‘»y 1’ .an rie TSI ahe 640 , 2.5 mmol
vas way metminge E‘@m ' Eir%;ﬁgf&’ 'tlir’gc:gﬂ 5(’6%9"%%FP‘89'24' P?"XX&% then :
added, aniiflnorpaceticacidspdt sane tenperature for 70 nin. The reaction was
guenched with diisopropyl ether. The resulting precipitate was purified by

rever se- phase 4 mighiae ot(7RTy (LA Lrert butaxysarhomy laminenyuid-oryDwd-t h 0%t o 50%
acetonitrjle- er, (contalning.0.1%, triflyoroacetic acid)), affording 71
ng of t neltrgheph e&‘?wéﬁ%' ‘f°5a°ﬁpaﬂ?f§fg?]%3f;?0€2‘lg"7?68 (3H), 2.82 (2H), 3.23 (2H),
3.42 (d, ﬂdfbxy&ir%%ﬁylaﬁmﬁtﬁﬂhiokﬁthﬁﬁmeﬂé?-193’5&522!6)6-}5&2@]-3—6 hedd- 5.85 (d,
IH), 6.97 (d, 1H, J=8), 7.08 (d, 1H, J=8), 7.92 (t, 1H, J=8). Exanple 7:
10  carboxylate, diphenylmethy! 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. Dichloi'oacetic acid (0.69 mL, 8.4 mmol) was then added, and stirred at the

same temperature for 70 min. The reaction was quenched with diisopropy! ether.
The resulting precipitate was purified by reverse-phase chromatography (HPLC,

15 Amberchrom, eluting with 0% to 50% acetonitrile-water (containing'O.l%.
trifluoroacetic acid)), affording 71 mg of the title compound. 'H NMR (D;0) 5 2.68
(3H), 2.82 (2H), 3.23 (2H), 3.42 (d, 1H, J=18), 3.58 (d, 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=B), 7.92 (t, 1H, J=B).

Examp. le 7:

20  2-bromo-4-[(2-tert-butoxycarbonylaminoethyl)thiomethyl]-1,3-thiazole

To a solution of 2-(tert-butoxycarbonyl)aminoethylthiol (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



20 2-brono-4-[(2-tert but oxycarbonyl am noet hyl )thi onethyl]-1,3-thiazole To
a sol uti orwofo121é28 ert - but oxycar bonyl ) am noet hyl t hi ol (1. 52 m1/6500/260090] )

in nmethanol (20 nL) was added 0.5 M sodi um net hoxi de in nethanol (16.5 nl).
The solvent was then renoved. The residue was triturated twice with 10%

et hyl acetate-hexane and dissolved in di met hyl formam de (10 niL). The
solution was 25 added to a solution of Z=brono-4-chloronethyl-1, 3-thiazole
(2.34 g, 11.0 nmmol) in WD 01/ 21623 PCT/ US00/ 26069 66 N, N-di net hyl f or mam de
(5 nm) at 0 C. After stirring for 4 h, the mxture was diluted with water
and extracted with ethyl acetate. The organic extract was washed with
aqueous lithiumchloride and concentrated. The residue was chromatographed

on silica gbN-gmphylformamidesmb) sl e ftenstirang forg h, themixtgre Wake titl e

conpound. 3.93
(o 20 %?ﬁ%@%ﬁ eRrdps S wict by deeae (e Gdmicidxiflr ol vﬁﬁ%oxycarb
onyl am noetthL Adueo@Bihth khidride bhd ¥onckatdatedi m@feexdiie v@s%ﬁidﬂidtégia

2-brono-4-[(2-tert-but oxycarbonyl am noet hyl )thi onethyl]- 10 1, thlazole

(650 ng, 1.@5ikeage] (2096 ethydipentaterierapeafforing b.641g)of %tlﬁdd@dpomddlﬂlm

eactof il GRS FAOtana TS otk et oo 3l B B B ool oty

acetate. Hig gt ) acetate extract was washed with aqueous Iithium
chloride and concéentrated. The residue was chromatographed on silica gel
(10% et hyl acetate 15 hexane), affording 184 ng of.the title conpound. 'H
NMR ( CDC13) g (9H), 2.78 (t, 2H), 3.42 (m 2H), 3.74 (s, 2H), 4.18
(s, 3H), 5%‘%’3#07—5 1H), 6.60 (s, 1H). Exanple 9: 4-

[ (2-tert-butoxycarbonyl am noet hyl )t hi onet hyl ] -2-met hoxy-1, 3-th iazol e-5-

t hi ocyanat el-K2-téid-bmtexycarbonylaminoethiyljthiomethyl]-2-methoxy-1,3-thiazole
4-[(2-tert-butoxycarbonyl am noet hyl )t hi onet hyl ] - 2-

- To a solution of 2-bromo-4-[(2-tert-butoxycarbonylaminoethyl)thiomethyl]-

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% ethyl acetate-
15 hexane), affording 184 mg of the title compound. 'H NMR (CDC],) § 1.54 (9H), 2.78
' (t, 2H), 3.42 (m, 2H), 3.74 (s, 2H), 4.18 (s, 3H), 5.24 (br s, 1H), 6.60 (s, 1H).

Exam ple 9:

4- [(2-tért-butoxycarbonylaminoethyl)thiomethyll-2-methoxy-1,3-th iazole-5-
thiocyanate

20 To a stirred solution of 4-[(2-tert-butoxycarbonylaminoethyl)thiomethyl}-2-
methoxy-1,3-thiazole (200 mg, 0.66mmol) and potassium thiocyanate (192 mg, 1.98
mmol) in methanol (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 aqueous

25  sodium chloride and concentrated. The residue was chromatographed on silica gel



met hoxy-1, 3-thiazole (200 ng, 0.66mmol) and potassiumthiocyanate (192 ny,
1.98 mwa,b)m}zrfszget hanol (3 nL) was added bromi ne (0.046 %m%o&%o@ml) in
three portions over 30 mn. The reaction was.quenched with water and the
m xture was extracted with ethyl acetate. The ethyl acetate extract was
washed wi th aqueous 25 sodi um chloride and concentrated. The residue was
chr omat ogr aphed on silica gel WO 01/2%323 PCT/ US00/ 26069 67 (10% et hyl
acet at e- hexane), affording 130 ng of the title conpound. 'H NVR (CDC13)
81.54 (9H), 2.82 (t, 2H), 3.42 (m 2H), 3.82 (2H), 4.21 (3H), 5.18 (br s,
1H). Example 10: 5

(7R)-7-am no-3-[4-(2-N-tert-but oxycarbonyl am noet hyl t hi onet hyl ) - 2- met hoxy-
1, 3- t hi azab¥bethyltdoetate-lkxans) affording 430 mg/dfthetitle cphponndrdHiYMRest er To a
solution of 4-[(2-tert-butoxycarb | arg nqet h thio hyl ] -.2-

ot hoxy - (CREh 0558 D, B2dh Thed &2 (a3 43 Dt CEDS 8 ol (3 L)
was add odi um borohydride (18 ng, 0.46 mmol) and stirred at 0 C for 15
m n. 10 AqUéous sodi um bi carbonate and acetic acid were sequentially added
to adjust pH of the solution to 7.5. :

(7R) - 7-A£' no- g }r{&t hanesul f onyl oxy- 3- cephem 4- car boxyl ate 4- di phenyl net hyl
esterp-t onic acid salt (161 ng, 0.26 mmol) and nethanol (1.5 nl)
wer e added. The resulting honpbgeneous solution was stirred at room

t enpersat UrR) 704 mindi3-[£(XIN-RPEDRBxy Sirb o Faitind cthlyl iR tity s DahétlivogyH or i de.
The m Xt Uf . tifaadRS v o] 3R HeiL4-PartioRylate giiRhgIniatlyf &igercr gani ¢ extract was
washed wit rine. “p- Toluenesulfonic acid (35 ng, 0.19 mmol) was added.
The sol ution ; t ' _of the crude
title corrpounﬁ%%gpgﬁpuéﬁﬁL@ﬁFG#?&%}él Wgﬁ{@%})gﬁor\ﬁggw@ed for the next
react i on mkthbeyH,3FthidzblerS-thiodyhnata{84ang, 0.23 hdife]) inGdhdol(3 mL) wWasw dr ops of

deuteromet hanol ) 8 1.43 (9H), 2. 3(153@ s, 3H);. 2. 73 g&t&of 20. 3,32 (2H), 3.60
(4H), 4. 1mided sodip borohydride (18 mg, (346 mnq)) ang sgiyred at 0 Fafor B mn. (¢ o) |
7.3 71'05 (A&"@ous ZodzllZm(bﬁjcar@chpate and acetic acid were sequentially added to adjust pH of

the solution to 7.5. (7R)-7-Amino-3-methanesulfonyloxy-3-cephem-4-carboxylate 4-

diphenylmethyl ester p-toluensulfonic acid salt (161 mg, 0.26 mmol) and methanol

(1.5 mL) were added. The resulting homogeneous solution was stirred at room

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 brine. - p-

" Toluenesulfonic acid (35 mg, 0.19 mmol) was added. The solution was concentrated
to dryness; affording 240 mg o.f the crude title compound as p-toluenesulfonic acid
salt, which was used for the next reaction without further purification. 'H NMR
(CDCI, with a few drops of deuteromethanol) 8 1.43 (SH), 2.35 (s, 3H), 2.73 (2H),

20 3.32(2H), 3.60 (4H), 4.13 (s, 3H), 4.90 (1H), 5.08 (1H), 6.97 (s, 1H), 7.20 (d, 2H),
7.3-7.5 (10H), 7.77 (d, 2H).



WO 01/ 21623 PCT/ US00/ 26069 68 Exanple 11: (7R -7-[(2)-2-(2-tert

but oxycar Regyedgenopyri d- 6-yi) - 2- PCT/US00/26069
(triphenyl met hoxyi m no)acetam do]-3-[4-(2-N-tert- b utoxycarb onylamn

oet hyl t hi onet hyl ) - 2- net hoxy- 1, 3-t hi azol -5-ylthio]-3 5 cephem 4-car boxyl at e,
di phenyl net hyl ester To a sol ution of

2- (2-tert-butoxycarbonyl ani nopyri d- 6-yl ¥82- (tri phenyl nmet hoxyi i no) acetic
acid sodiumsalt (179 ng, 0.34 nmol) in anhydrous N, N-di nmethyl f ormam de (1
nm.) was added di phenyl phosphoryl chloride (0.067 niL, 0.32 mmol) and

di i sopropyl ethyl amne (0.060 n., 0.34 mml), and stirred at -20 to 10 -30
Cfor 45 mn. A cooled (-30 C solution of (7R)-7-am no-3-[4-(2-N-tert

but oxycar b@xuinple tlh et hyl t hi onet hyl ) - 2- net hoxy-1, 3 -thiazol-5-ylthi o] -3
-cephem 4- carboxyl ate, diphenyl nethyl esterp-toluenesulfonic acid salt
(200 ng, 0.23 nmol nd dii sopr | et hyl am.n 060 nmL, 0.34 muol) in
N, N- di net hﬁRb?T@d‘%l‘ ~tert-hyt xﬁé&@%@é&&@ﬂd’éﬁé‘%‘esul ting mxture was
stirred at (triphenylmethoxyiminp)acetapdolt3-{4-(3rN-text r eacti on was quenched with
sat ur at ed datiexycsrisoxilaminvethylthiomethiyB-2rximethoxy-1,3biazal-5-althin}-3ni t h et hyl
acet at e5 waspkémseeurbokylate, diplienhlméthgbesearus sodi um  bi car bonate, brine,

di luted hydrochloric acid and aqueous |ithiumchloride, and concentrated.
The residue was ﬁ&wéblﬁﬁumgmr@mﬁdxmrwnyiaﬁﬁnwﬁd(@&%zat hyl

acet at e- hexane), affording 130 ng of the title conpound. 'H NVR (CDC 3) 8
1.3-1. 6 20 (tipdepylmethosyimipp)acgicarid sqdium sak (1 7920, 0.34 sanqlpig) anhydogs (s, 3H) ,

Corty % S imetifformblin o oy Sedibok Smmkdvibrosindtl (ot 00d G117 1y
roxyi m no) et AfdlPdrdtilséprogyle®il A fe81060 RIS, 3/ inhrod), BRd Stirred at -20 to

oxy-1, 3-t hi azol - 5-yl t hi 0) - 3-cephem 4-car boxylate, 25 trifluoroacetic acid
salt Td0a mB&PQifer 4% min. A cooled (-30 °C) solution of (7R)-7-amino-3-[4-(2-N-tert-

(7R) - -1« Z)bhtzo-x ga-.rE)grrx)gléxgyr}ogﬁftﬁ{oga%w;lﬁmn?&gg){)}-ij,f%gﬁ%lzgl:Sz-S'lthio]-3-cephem—4—

carboxylate, diphenylmethyl ester p-toluenesulfonic acid salt (200 mg, 0.23 mmol)

and diisopropylethyl amine (0.060 mL, 0.34 mmol) 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
bicarbonate, 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 compd’und. 'H NMR (CDCl,) § 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, 1B), 7.04 (s, 1H), 7.2-7.7 (27H), 7.92 (d, 1H).

Example 12:

(7R)-7-[(Z)-2-(2-aminopyrid-6-y1)-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-f4—(2—N-ten-



(triphenyl met hoxyi mi no) acet ami do] - 3- [ 4- (2-N-tert WO 01/ 21623 PCT/ US00/ 26069

but oxycar l?or%f %%r% noet hyl t hi onet hyl ) - 2- met hoxy- 1; 3-t hi azoIPCgmﬁO?/ﬁGMT 3-cephe
m 4- car boxyl ate, diphenyl nethyl ester (130 ng, 0.11 mol), triethylsilane
(0.3 nL) and dichloronmethane (0.3 nL) was added trifluoroacetic acid (1.2.
m.), and stirred at roomtenperature@or 1 h. The m xture was concentrat ed
to dryness and triturated 5 with diethyl ether. The residue was dissol ved
in water and filtered. The filtrate was freeze-dried, affording 79 ng of
the title conpound. 'H NVR (D20) 6 2.80 (t, 2H), 3.24 (t, 2H), 3.43 (d,

1H, J=18), 3.55 (d, 1H, J=18), 3.84 (s, 2H), 4.05 (s, 3H, 5.23 (d, IH,

j gg SQMtéfyca?gny%E@oeﬂﬁlﬁ&mdhyl}Hmm -1,3-thiazdles-ylthio)-3<8phen’-490 (t, 1H,

anpl e
3-(2-N-t - mbw}%@ﬂwwymm@ﬁmtlﬁﬁ%ﬁtlﬂmb tristhylsilage €0.3 mlpiand; azole  To

et onefipro FRioR0 3 REN B 20k Mhiokofbe e 2 380, Sd BBRATE, 30, )

stirred afoofeMpERiRE feH K. erﬁmlﬁmb wab lendeftaled €6 dffin¥dsting tiAgatedr ti ti oned;
between water and ethyl acetate. The organic |ayer was washed w th aqueous

sodi urh t hwisk diethyd ether. 1Bheiresidue medlsgﬂmdmwrfaadéiltemd Thefdtaterwased t o

rroa) ai cHSPATIEERARREE 70 ot ShnrOF ranond Haysr it SN 5

2- (N-t-buj, QégtC@HP@msl(aanOﬁlﬂa '3)5§1ed0iH$J7=Q% mu@ PEIaws) (s, 3E0 si23i et hyl ani ne

(0.56 ni, were ad and stirre roomtenperature for 16 h.
The mi xt LﬂdelH/aka,a&'fS (d, dHe 3=9c6.98 &b 1 E8), &ﬁd (é,tﬁifll‘él;é't%l(é, 1H;He8br gani ¢ 20
sol ution was washed with 5% hydrochloric acid and then with water,
concentrated, chromatographed (silica gel, 10% et hyl acet at e- hexane),

af f or di ngExdsfble®3of the titIe conmpound. 'H NWMR (CDC13) 6 1.40 (9H), 2.68
(2H) 3.28 (2H), 3.88 (2H). Exarrple 14:

tri p]ﬁ)engl:fz @Nnéﬁvﬁ%%%}’ge@g%}%@% vl Zigllgleégx)ﬁé-fﬁlrﬂfo-q,2,4—th|ad1azole

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 iodide was immediately dissolved in tetrahydrdﬁ:ran 6]
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;) 8 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-
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but oxycar kegyi/sgemnoet hyl t hi omet hyl ) -1, 2, 4-t hi adi azol - 5- yl t hicajesboesmhem 4-
car boxyl ate, di phenyl nethyl 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 mol) and sodi um sul fide (7125 ng, 522 ng) in wet 5
tetrahydrofuran (10 nL) was stirred at omterrperature for 16 h. The
reaction mxture was concentrated and the residue was triturated with
diethyl ether. The resulting sodiumthiolate salt was dissolved in ethyl
acetate (10 nL). (7R -7-[(2) - 2-

(2- Ami no- 5-chl orot hi azol -4-yl)-2-(triphenyl met hoxyi m no)acet am do] - 3-chl oro
- 3- cephemlmtoxbrcladxgn)danmneﬂlwtmomtﬂyy}la@dﬁblaqimﬁm;}thlo]-ﬂﬁcemmj—ms t hen
added. 10 Afhibsxyditesdiphenylatetiiylleser room t enperature, the m xture was
washed with brine and concentrated. The residue was chromat ographed (I %

net hanol / di chl OFA?G@lhfiéﬂi\GB (2-af- i-aﬁﬁxy@rwglamn@éthylnﬁomemm Sehpangd,4- H NVR
(CDC13) 6 1.48 (9H), 3.2-3.7 (6H), qu? 05 (br s, 1H), 5.26 (d,
1H, J 5) ahadla(zm(wlzgw%nmolomﬂsmmsu deg z%rngai%2mz)slwet8 (25H). 15
Exanpl e

(TR-7- P( Z)‘C‘Eah(yémaﬂ‘r‘iaﬂél%“M%“\%?Pﬁ’?%%ﬁ”ﬁ' tomperaturg £or 10.R); ThEISALIO ani dof - 3- (

mixture was concentrated and the residue was triturated with diethyl ether. The
(2 am noet hyl .t hi omet hyl ) -1, 2, 4-t hi adi azol - 5-yl t hi 0) - 3- cephem 4- car boxyl at e,

trifl uor oacesulingsidiims dhiolateosalt veasl dissobyed dr ethyl acetate (10 mL). (7R)-7-[(Z)-2-

(i1 phenyi 12 Aéw%ﬂg jeigelcd-gh - G phenystotlorSimino)acetamido]-3-chioro-3-
but oxycar bqay d&é,ia{t]@@ester'eghﬁe&rﬂ(nb@ doa# %W&Plé&)}éd%'e&.ephemdf'

carboxylate |pheny I'n di chl or onet hane
(0.5 nip weBeratrring for il di dtydan tampertires theh)nxhnrh Iwanmhshgd withlbtine andf

trifluoroacetic acid (1.5, . nL). After sti roo erajure for 1.5
hr, the m xoRfFEMEREed. J&lﬁé@ﬁ%%wwls?matzsmpﬁﬁﬁ amsaiaap "Eq Mher. The
resi due was, 1 f I e was
conl:egt r at eﬁ#&ﬁgkyﬁggs&m\? lﬁé 8 L%l) ﬁrﬁ}/ﬂ{ ?)ﬁj%dwﬂ ’I3'é 35

(6H), 3.88 (q, 2H), 5.05 (br s, lH) 5.26 (d, 1H, J—S), 5.87 (br s, 2H), 6.29 (dd, 1H),

7.12 (s, 1H), 7.3-7.8 (25H).

15 Example 15:

(7R)-7-[(Z)-2-(2-amino-S-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-(3-
(2-aminoethylthiomethyl)-1,2 4-th1ad1azol-5—ylth10)-3-cephem-4-carboxylate,
trifluoroacetic acid salt

To a solution of (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-

20 (triphenylmethoxyimino)acetamido]-3-[3-(2-N-zert-
butoxycarbonylaminoethylthiomethyl)-1,2,4-thiadiazol-5-ylthio]-3-cephem-4-
carboxylate, diphenylmethyl 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  triturated with diethyl ether. The residue was dissolved in water (30 mL) and
filtered. The filtrate was concentrated to dryness, affording 38 mg of the title



WO 01/ 21623 PCTI USOQ 26069 71 conpound. 'H NWVR (D20) 6 3.40 (t, 2H J=6),
3.65 (t, ),4.04 (d, 1H J=18), 4.51 (d, 1H, J=18 2H) ,
5.87 (d, Wi’:?(l’zj‘z) 6.45 (d, 1H, J=5). Exanple 16: . )"C%"’Q"S“’
2-(2-tert-butoxycarbonyl am noethylthio)-4-[(2-tert- 5

but oxycar bonyl am noet hyl )t hi onet hyl]-1, 3-thi azole. To a sol ution of
2-brono-4-[(2-tert-butoxycarbonyl am nddt hyl )t hi omethyl]- 1, 3-thiazole (421
ng, 1.2 mmol) and 2-(tert-but oxycarbonyl am no)ethylthiol (234 ng, 1.3
mol ) in isopropyl alcohol (5 nL) was added 1.0 M sodiumt-butoxide in t-.
butanol (1.2 nm.) and stirred at 80 Cfor 1 h. After cooling, the m xture was
10 concentrated and partitioned between ethyl acetate and water. The ethyl
acetate conipoand. 'HANMRO(I,O)Brided, 2H,He6), 85650 2Hyds6); dr0an(ed; tdy EyiBed on o
silica gel (1% rrethanol/dlchloro t hange) 64 ng of the title
compound A 5HAME, D) (6 IM S Gotth 1) (& 0= 2% m ary, 5. 61
(t, 2H, 390(s 2H), 5.18 (br s, 1H, 7.13 (1H). 15 Exanple 17:
2-(2-N-tert butoxycarbonyl am noethylthio)-4-[(2-N-tert-

but oxycarExampleibé:noet hyl ) t hi omet hyl ] - 1, 3-t hi azol e-5-thi ocyanate To a
solution of 2-(2- N-tert butoxycarbonyl am noethylthio)-4-[(2-N-tert

but oxycar 5 zole (750 ng, 1.67 mmol) and
20 pot as W ﬁg‘ z@’ nﬁé%tﬂg ﬂ?}?ﬁﬁf‘ anhydr ous net hanol (7 ni)
dro g’évcéﬂ HB'P starti ng material had nearly
d| sappear ed. _The xt u red at room t era for _additional 16
h, poured intol®t }mmb&& ﬁ%é“%i‘%'(ﬁ Zigttdutoxyicarbopylgininge V. ﬁnﬁw was washed

w th aguepy 523,% &b HARGGBArb A yREminbeny1@3d14Dy Was
chr omat ogr’agh oﬁ@slll%ca ge (0 5% 2§ met aﬁolgl;}gl clﬁll %?(‘))rrret hgne) af f ordi ng
346 ngy ofmg He3 irintdlpincieogropyichiicohbl qamm@aﬂdadam\mmumtaﬁﬂem -

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 eo'ncentrated. The residue was chromatographed on silica gel (1%
methanol/dichlorometharie), affording 364 mg of the title compound. 'H NMR
(CDCl,) 5 1.63 (18H), 2.78 (t, 2H), 3.42 (m, 4H), 3.61 (t, 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-S-thiocyanate

To a solution of 2-(2-N-.tert-butoxycarbonylaminoethylthio)—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



72 (CDC13) 6 1.65 (18H), 2.780 (t, 2H), 3.42 (m 4H), 3.61 (t, 2H), 4.02
(s, '2H), we@@itfes s, 1H), 5.42 (br s, 1H). Exanple 18: PCT/US00/26069
(7R)-7-am no-3-[2-(2-N-tert-butoxycarbonyl am noethylthio)-4-(2-N-tert- 5
but oxycar bonyl am noet hyl t hi onet hyl ) - 1, 3-t hi azol - 5-yl t hi 0] - 3- cephem 4

car boxyl ate, di phenyl nethyl ester To a sol ution of
2-(2-N-tert-butoxycarbonyl am noet hyl t hi c7)2 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 wmml) in nethanol (20 m.) was added sodi um borohydride (18 ny, 0.51
mmol) and 10 stirred at 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 with pKGWig)r& bﬁéélﬁ}l) 2780 (tf BE) 3B At 381 Kb 2ED 4. 0125821'@,5 20 $rmmol )
was added. Zﬁi’ 7@@ - met hanesul f onyl oxy- 3- cephem 4- car boxyl at e

4- di phenyl rfe B Lp oI uensul fonic acid salt (353 ng, 0.56 nmmol) and
ethyl acetate (10 nlL) vvere added. 15 The resulting biphasic solution was
stirred at roomtenperature for 1 h. The organic |ayer.was taken, washed
with brineExamwleliicentrated. The residue was chronatographed on silica
gel (1% net hanol / di chl or onet hane), affording 320 ng of the title conpound.

H VR (OO 6 en 8ty 1o GAhers. 3. 61 (21,
5,00 (2 (] ng%ﬁ‘“’%@‘iﬁa’éﬁ it (5 T,

(7R) - 7- [ ( 2)°280 ’@"%Fﬁamhs !Hteﬁe&zm 4-yl)-2-(tri phenyl met hoxyi m no)
acetam do] - 3-[ 2-( 2- N-tert but o car.bonyl am noet hyl t hl!%ﬂ &2 Ntert
but oxycar bonyl am @ erlgen ﬂf%‘@é higrebutoxycarbogylgmimpethyl ‘314' 2DpEm 4- 5

car boxyl at %utoqéyggr%QXyl%Maé hy?)%lgﬁlethyl] 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 phosphoric acid, and
then sodium 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% methanonichloromethane), affording 320 mg of
the title compound. 'H NMR (CDCL,) & 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 s, 1H), 5.5.45 (br s, 1H),

20 7.05 (s, 1H), 7.3-7.7 (10H).



To a cooled (-30 C) solution of 2-(2-am no-5-chlorothiazol-4-yl)-2-

(triphe yi m no)acetic acid (46 ng, 0.10 nmol) an '
(7R) - 7- %%EE%Z (2 N-tert-butoxycarbonyl am noet hyl t hi %)C:rﬁqs()%?\?f?ert-

but oxycar bonyl am noet hyl t hi onet hyl ) -1, 3-t hi azol - 5-yl t hi 0] - 3-cephem 4 10

car boxyl ate, di phenyl nethyl ester (70 ng, 0.083 muol) in tetrahydrofuran
(10 nmL) was added diisopropyl ethyl ar3ne (0.036 nL, 0.21 nmol) and
phosphorus oxychloride (0.012 nL, 0.12 nmol), and stirred at -20 C for 1
h. The reaction was quenched with water (50 nL). The m xture was extracted
with ethyl acetate, washed sequentially with 5% aqueous sodi um

bi carbonate, brine, and diluted hydrochloric 15 acid. After renoval of

sol vent Ef@nﬁ']gs['g_due was chromat ogr aphed on silica gel (1 % _
met hanol / di chl or onet hane), affording 90 ng of the title conpound. "~H NWR

(CDC13) 8 1.56 &18 , 2.80 (2H), 3.42 (GI-% 3.61 (2H), 3.86 (2H), 5.15 (d,
1H), 5. 1-@R)}BIZ)2-@1aming-Sichlprgthinzohdsyl)-5(tyiphepylmethonyiming) 18 (dd, 1H), . -
7.07 (s, ddeyamidop-37242(¥-5ext-butexysarhonytgninpethylthio)-4-(2-N-tert- '

(7R - 7- [ (BytoRyéarbemylamioetkyltiombtbeyl)ol ,34hiazdl-S-y[thiog:3ccepheimady) acet ani dol - 3- (
2- amsnoe¢dipbiytae; diphehymedthytiésteronet hyl - 1, 3-t hi azol - 5-yl t hi 0) - 3- cephem 4-
carboxylate, trif [ uoroacetic acid salt To a sol ution of

(7R)-7-[(2) - 2- 132 25418@(-30 °0) 410idH G2R{2-4mitlo)5-Shlorothiazol-4-yl)-2- L .
(triphenyl net hoxyi m no) acet am do] - 3-[ 2- (2- N-tert-but oxycar bonyl am noet hyl t h
i 0)- 25 (triphenylmethoxyimino)acetic acid (46 mg, 0.10 mmol) and (7R)-7-am1no—3-E/2-(2-='

4-(2-N-tert - byt bonyl anmi noet hyl,t b hyl) -1, 3-t hi azol - 5-yl t hi 0] - 3-
e 4 car SRy PHYCAPRGRREBAIO LA NS 1y 0070 mrol) in
di chl or O@Qﬁ&?ﬁﬂoﬂy&ﬁﬁndéﬂ)ylm 4 3Lthi@bNYyRhiof3Repient-2- ML) f.ol | oned by -

addi tion | uor oaceti'c acid 01/ 21623 PCT/ USCQ 26069 74 (0.6 nl).
Af t er10st i carboxylat¢, diphenyiethnd ester(76 rhg0.0835mbo]) in betrahydroturan (smEdncent r at ed

L2, Srnesg, T Ne S Lok S ohh Mgl o001V, "
att or ‘(j't ”@éﬁh@g&b%@i‘( bhe %@%{)&%@ bt DYRC(BRPh. §he rditibhwadth J=6).
quenched with water (50 mL). The mixture was extracted with ethyl acetate, washed
Sequentially with 5% aqueous sodium bicarbonate, brine, and diluted hydrochloric -
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,) 8 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 (br s, 1H), 5.93 (br s, 2H), 6.18 (dd, 1H), 7.07 (s, 1H), 7.2-7.7 (25H).

Example 20:

20  (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido}-3-(2- -
aminoethylthio-4-aminoethylthiomethyl-1,3-thiazol-S-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-butoxycarbonylaminoethylthio)-
25  4-(2-N-tert-butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-ylthio}-3-cephem-4-
carboxylate, diphenylmethyl ester (90 mg, 0.070 mmol) in dichloromethane (0.15
mL) was added triethylsilane (0.15 mL) followed by addition of trifluoroacetic acid -



5 (d, 1H, J=18), 3.45 (t, 2H), 3.53 (d, 1H, J=18), 3.88 (s, 2H), 5.14 (d,
1H, J=5), vbo¢P2168l, 1H, J=5). Exanple 21: PCT/US00/26069

2- (2- N-t - but oxycar bonyl am noet hyl t hi 0) - 6-chl oropyrazi ne To a ‘sol ution of
2, 6-di chl oropyrazine (1.80 g, 12.2 mmol) and 2-(N-t 10

but oxycar bonyl am no)ethylthiol (2.5 g, 5}‘0 nmmol ) in nethanol (5 nL) was
added 0.5 M sodi um net hoxi de in nethandl™ (24.4 nL) and stirred at room
tenperature for 3 days. The solvent was renoved and the residue was
partitioned between water and ethyl acetate. The organic |ayer was dried
over sodium sul fate, and concentrated to dryness, affording 3.1 g of the
crude title conpound, which was used for gg_el( next 15 reaction w thout

further pur(Pirek).i Afier stuvingat roemdgmpergture hy thegnixfure yyas concepfratedy |y

5.05 (br s, . . . 09-
2-(2-N-t- bJ? é%l%gsr' glc‘)h:)eyﬁ%%l?nﬁ%gé? E%/tﬁaﬁe{dg‘?lﬂgﬁ?ﬁlé’tl E%‘)???gs? ﬁ%‘;f’é‘%ﬁﬁ phrlnc])')) byrazi ne
A sol uti on aaf fitefed. NHe flltrhte s Toheonyratedito dejneyd, afforling38 higwsfalytidei ne (355
20 ng, 1.22 mml) and sodiumthiolate salt of 3- mercagti) ropi oni ¢ aci d

met hyl est eompousd "HRNMR @%0032.72 ¢r Bhal6d b9 e F6 (tcH), 84bndi ng

thiol w_.th godium t [ iy N, | | Yo of OF ' 5 tirred
at roomSte@e&ﬁ#éﬁo&%’lﬁ?'s%g’ %?&’ﬁﬁ%’ %@gﬁgﬁéé’ ﬁ%sﬁ’é and
et hyl acet qg,elH"l'jag).et hyl acetate |ayer was washed with aqueous |ithium
chloride solution, "dried over sodiumsulfate, WO 01/21623 PCTI USOO 26069
75 and concentrated. The residue was chromatographed (silica gel, 10 to 20%
eht hyl ac 3| ane), affording 310 ng of the title conpound. 'H NWR
(CDC13) 6 T- , 2.84 (2H), 3.40 (2H), 3.56 (4H), 3.82 (3H), 5.32 (br
s, 1H), 8.21 (2H). Example 23: 5
(7R) - 7- ami (23N ebytaxiearbonylbmimoethyltiio)rGichionoperdzite hi o) pyraz- 2-yl t hi o] - 3-
cephem 4- car boxyl ate, di phenyl net hyl ester

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. 'HNMR (CDCl,) 5 1.58 (9H), 3.41 (2H), 3.56
(2H), 5.05 (br s, 1H), 8.35 (s, .lH), 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 ethyl acetate

layer was washed with aqueous lithium chloride solution, dried over sodium sulfate,



To a solution of 2-(2-N-t-butoxycarbonylam noet hylthi o) - 6-
(rret hoxy. et hyl t hi o) pyrazine (140 ng, 0.375 mmol ) nol
@o‘g&gg% 5 M sodi um et hoxi de in methanel (0.73 rf%f[‘%?’%%gl rred at
room 10 tenperature for 0.5 h. After renoval of solvent, the resulting
thiolate was added to a mxture of ethyl acetate (5 m_),' water (2 mL) and
sodi um bi carbonate (95 ng, 1.1 nmol).75
(7R) - 7- Ami no- 3- met hanesul f onyl oxy- 3- cephem 4- car boxyl ate di phenyl net hyl
ester p-toluensulfonic acid salt (161 ng, 0.26 nmol) was then added. After
stirring for I h at roomtenperature, the organic |ayer was taken, washed
with 15 brine, and concentrated. The resi due was chromatographed (silica
gel, di chidwommdfawde)rhe&éﬁdummhi&ﬂatmapmedt(bma gel eo wn@%whﬂlyl H NVR
(CDC13) 6 1.55 (4H%_, 3,52 (d, 1H,, J=18), 3.8 (1 1H, J=18),
4.98 (d, qqqyate-heme afforﬂn)g 310ymg g1 theytitle comppund; Bk (Ciﬂ?,laﬁ $57.5 (10H),

(7R~ 1| (DR :483?%‘?@%%-%%@899.25@6%,ylrg),_szzl s,

(triphenyl met hoxyi m no)acetam do]-3-[6-(2-N-tert-

but oxycargonéllagé noet hyl t hi o) pyraz-2-yl thi o] 3-cephem 4- car boxyl at e,

di phenyl e er To a solution of

2-(2-tert-butoxycarbonyl am nopyrid-6-yl)-2 25 (triphenyl met hoxyi m no)acetic

aci d spdi gy Sﬁhﬁ.ﬁ@mm-&rasum&arbbﬂylaﬂhu@ktﬁmh o)pyVagioiHiy-3-or mami de (1
) O 2 160 |
PCT/ \Ll\ggo?g%ggg'd'a'%w%ﬁm mﬁ%"ﬁa& Fé%%‘raoéyl ethyl anine (0.125 ni, 0.72
ol ) and St g5 gdeion 382 f - Sodycisbol kAR £ sl ution o

but oxycar @mud)@meﬁjlémytﬂihbwgzﬁ 29 ;ﬂgt 0305 niinal} phisopréparml (DI at e,
di phenyl net hyl ester (155 i n N, N-danrrgt hyl ormam de (2 n)

was 5 addwas adged 0t5H so wmeﬂgxme@ me@aqals(osﬁlrp]uk FUReLAIBAB 1 enper at ur e
ror h(tt utlﬁ, ﬁglgurg &t P50 VAol HERSAF G Mielle, R b ifS G A8EH Y chl or i de.

The

mixture of ethyl acetate (5 mL), water (2 mL) and sodium bicarbonate (95 mg, 1.1
mmol). (7R)—7—Amino-3-methanesulfonyloxy-S-cephem—4-carboxylate
diphenylmethyl éster p-toluensulfonic acid salt (161 meg, 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,
dichlorométhane), 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 (s, 1H).

Example 24:

20 (7R)-7-[(Z)-2-(2-tert-butoxycarbonylamin_opyrid-ﬁ-yl)-Z-
(triphenylmethoxyimino)acetamido]-3-[6-(2-N-tert-
butoxycarbonylaminoethylthio)pyraz-2-ylthio}-3-cephem-4-carboxylate,
diphenylmethyl ester

To a solution of 2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
25  (triphenylmethoxyimino)acetic acid sodium salt (200 mg, 0.38 mmol) in anhydrous

N,N-dimethylformamide (1 mL) was added diphenylphosphoryl chloride (0.07 mL,



extracted with ethyl acetate, washed sequentially with 5% aqueous sodi um

bi car bonatwo opriere, dil uted hydrochloric acid and aqueous |pgTUsoer26édoor i de,
and concentrated. The resi due was chronatographed on silica .gel (25% et hyl
acetate 10 hexane), affording 214 ng of the title conmpound. 'H NVR (CDC13)
6 1.21 (9H), 1.60 (9H), 2.8-3.9 (4H), 3742 (d, 1H, J=18), 3.86 (d, IH,
J=18), 4.82 (br s, 1H), 5.38 (d, 1H), 628 (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 s, 1H). Exanple
25: 15

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

am noet hyl t hi o raz-2-yl thi 3-cephem 4- car boxylate  trifluoroacetjc acid
sal t Toy a %&%r&%/cg ) apd d1¥sopropy]ethy] aane (0.125mL, 0. 7¥mmol) and stm'eg at -30%

7-1(Z 2-
R e
but oxycar bWéwmﬁylhmw@ma)pmzmmmm.caympmmxymepoxy| ate, 20

di phenyl net hyl ester 210\@% % triethylsilane &0 4 m.) and
d| chl or onetdipbenylmethylasier md@a4m¢l ubNé\&dmtbyl&rmrr( ¢ {2 mlL) wasnd

tirred .at erature f.o xt ure was c ntrat

dryness SgnoadﬁFﬂaﬂ?ﬁ 12 e %H‘lﬁ{“ﬁ Wﬁ Stgf%ealtmﬂle’lsr?@e tﬁ%‘?ﬁf § 101? @gff ved in
wat er and iRsHonA queRstediviiSsaiiraRd afjhddus "s@diuﬁ%lon-ﬁ%e Thelrhix@iré wias
freeze-dried, affording 135 ng of the'title conpound. 25 'H NWR (D20

63.2-3.7 nqxtrza d withashyldicetatd, washedsequentialy with 564 aqltemas sodiurd7 (d, WO

707 (a i’ éaf% s, $rige diuledfyardcirio sty anf cyeS it shforde, by campl o
26: . 3-(2-N @ﬂ{et}QQbIﬁ@Whé‘&?Bﬁ)ﬁo%Mpﬁéd ﬁ&ﬁlk&?@&%%@éﬁ? acetatto 2

sol ution of 2 3-di chl'oropyrazi ne

but oxydar bdrexhme)] affyrdingyA1#mpbf ¢2 tlﬂe@omi)daur&l er)NMR (CDELpand1 (eﬂ)m) was

dded 0.5 M sodium net hoxi de in nethanol and stirred at room
e atur o 0Pt TS (), 3% @ B 1485 5,86 @, TRy ¥ Fr's 195, 53

(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 s, 1H).

Example 25:

15 (7R)-7-[(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-tert-
butoxycarbonylaminoethylthio)pyraz-2-ylthio]-3-cephem-4-carboxylate,

20  diphenylmethyl ester (210 mg, 0.18 mmol), triethylsilane (0.4 mL) and
dichloromethane (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) 5 3.2-3.7 (m, 4H), 3.46 (d, 1H, J=18), 3.86 (d, 1H, J=18), 5.37 (d,



16 h. The solvent was renoved, and the residue was partitioned between

wat er a F é acetate. The organic layer was dried ovel aﬁﬁﬂ,ﬂ@k ulfate

and concentra to 10 dryness, affording 3.1 g of the cru

conpound, which was used for the next reaction wthout further

purification. 'H NVR (CDC13) 8 1.55 (9H), 3.40 (2H), 3.58. (2H), 5.03 (br

s, 1H), 8.18 (d, 1H), 8.40 (d, 1H). EXdnple 27:

3-(2- N-t - but oxycar bonyl am noet hyl t hi 0) - 2- (met hoxycar bonyl et hyl t hi 0) pyr azi ne

15 A solution of 3-(2-Nt-butoxycarbonyl am noet hyl t hi 0)-2-chl oropyrazi ne

(355 ng, 1.2 mmol) and sodiumthiolate salt of 3-nercaptopropionic acid

met hyl ester (140 ng, 1.3 nmol; prepared by reacting the correspondi ng

t hi ol wi t1Hged),584 (@ 1HpK5).96 (d, NHN=B)R.0RYd, (13T, Fa8), d90(6 1M, J=8)s 'stirred
roon1te erature for 16 h and heated at 45 C for 5 h. The reacti on was

quenched 6. WEE-2G08 1) hyl 20 acetate. The ethyl acetate |ayer was

washed wi th aqueous lithiumchloride solution, dried over sodiumsulfate,

and concentrated. The residue was chronat ographed (silica gel,

di chl or onExample$6: af fording 175 ng of the title conpound. 'H NVMR (CDC13) 3

1.55 (9H), 2.88 (t, 2H), 3.46 (2H), 3.55 (4H), 3.80 (3H), 8.18 (2H). WO

/
(()%R)Zlgzgn‘ﬁ%bj%sgg o%gg%_ P@@%’%%@?ﬁ%ﬁ? P %"é%%w t hi 0) pyr az-2-yl thio] - 3-

TR 5 ARG e Ll e

(met hoxy caibaRytuehhdity) 8£(2Neg, (14 /mibi Qn@&hmml, waBhlg®ol (5 nl)
was adde t0 5 l\?l%}slodl uﬁmB ne?mglxllzcgee%n rreltnhan)oll (1.33 %1_) and stirred at
room t enpgMsediemfmethdiderinmethéncd (20 é miyasndottiresd |at oem temrsrat@rs don i ng

t hi ol at | ved 3 n).
(7R)- 7- ank6l. %Mk%ﬁ%gé?m%m & Resityf othe parltioR ) reneh Stshand | ot ny
ester (47 g o tol ue%"i’éinll &@vmiedofve%mn&ﬁfa% QARG chiraed the

correspondi hi c acid salt) in a mxed sol vent of
10  dryness, affording 3.1 g of the crude title compound which was used for the next

reaction without further purification. '"H NMR (CDCL,)) 6 1.55 (9H), 3.40 (2H), 3.58
(2H), 5.03 (br s, 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-bﬁtoxycarbonylaminoethyltlﬁo)—Z-chloropyrazine (355
mg, 1.2 mmol) and sodium thiolate salt of 3-mercaptopropionic acid methyl ester
(140 mg, 1.3 -minol; 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,) & 1.55 (9H), 2.88 (t, 2H), 3.46 (2H), 3.55 (4H), 3.80 (3H), 8.18 (2H).



met hanol (2 nL) and ethyl acetate (5 nL) was then added. After stirring for

45 nin atweepPiceenperature, the solvents were partially regiyesh2608 N xed
with ethyl acetate and water. The organic |ayer was taken, washed wth

brine, and concentrated. The residue was chromat ographed (si lica gel,

di chl oronet hane), 15 affording 93 ng of the title conpound. 'H NMR (CDCl 3)
8 1.55 (9H), 3.3-3.5 (4H), 3.55 (d, 1H78J=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). Exanmple 29: (7R -7-[(2)-2-(2-tert-b

ut oxycar bonyl am nopyrid-6-yl)-2- 20

(triphenyl net hoxyi m no)acetam do]-3-[3-(2-N-tert-

but oxycar bdxainphé 28et hyl t hi o) pyraz- 2-yl t hi o] - 3- cephem 4- car boxyl at e,

di phenyl net hyI ester To a soI ution of

2ol sodi ut/R ‘?ryﬁ%‘%%-%- Oxveabhnrannbe R BRI AL ™ o Ge
(2 ml) was cSphem e@m%ﬁtﬂde (0.037 nL, 0.18 nmol) and

di i sopropyl et hyl am ne (0 067 : 0 39 mol ) and stirred at -30 C WO
01/ 21623 PCT/ U5 0ty 2eW8t0n g3-{%N- tibtﬁoxymath%b' ipoesyltyo)sdi ut i on of
(7TR) - 7-

but by ar bORgTERY SR FEr s By Fzine 257 e 969 2peRin meshang! Gavii vee,
di phenyl rretahuéd 6.5M sofii8th MBthoRidd $n méﬂiahol Q. 3‘3 D yian@ ttived srrosm de (2 nl) was

added, and the resulting m xture was stirred at the sane tenperature for 1
h. The 5 r dempératurevs 4§ueinc Adter vémovad of soluendcthe ipsuliing thiothteiwagtd-ori de. The

nueous sodissivel rLimetiaal @ Mt A sSEes f AT GRBer - BT En s R queous
] um Chlogfe- ARthey BANGRRE MGty K0 (179 ilid HERICOTHRRAGRRNG]. O

silica gel 5% rreth noI/glchIoro thane af fordi ng of the title
conpound. ‘prepidd ﬁ&n(tﬁ&)&rﬂ%p&din@p-(tﬂh&nesﬁlf&ﬂc @éiHi)salt)Zn& Iﬁl.XEd (sdﬂlvl)mt af. 82 (d,

1H J=18), n?etl?:fno ?2 mi’) and efhyfc’acetate (5 mL) was then added. After stirring 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 (CDCIl,) § 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:

(7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-

20 (triphenylmethoxyimino)acetamido}-3-[3-(2-N-tert-
butoxycarbonylammoethylthlo)pyraz-Z-ylthlo]-3-cephem-4-carboxylate,
diphenylmethyl ester

To a solution of 2-(2-tert-butoxycarbonylaminopyrid-6-y1)-2-
(triphenylmethoxyimino)acetic acid sodium salt (81 mg, 0.16 mmol) in anhydrous
25  N,N-dimethylformamide (2 mL) was added diphenylphosphoryl chloride (0.037 mL,
0.18 mmol) and diisopropylethyl amine (0.067 mL, 0.39 mmol) and stirred at -30 °C



(d, 1H, 6.28 (dd, 1H), 6.88 (br s, 1H, 7.08 (s, 1H, 7.2-7.7 (27H, 7.98
(d, 1H, d, 1H, J=3), 8.22 (d, 1H, J=3). Exanple :

(7R) - 7- [Yv%o?lé-l -am nopyri d-6-yl)-2-(hydroxyi m no) acet am;i%(’)rqugs)/%%of?} 15
am noet hyl t hi o) pyraz-2-ylthio)-3-cephem 4-car boxyl ate, trifluoroacetic acid
salt To a m xture of -

(7R -7-[(2)-2-(2-tert-butoxycarbonyl ar@opyri d-6-yl) - 2-

(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 nmmol), triethylsilane (0.3 nL) and 20

di chl oronet hane (0.3 nlL) was added trifluoroacetic acid (1.0 nL), and

stirred afor 1o ircésled B L) solbtion df (AR)-THamine-24[3+@-Nvéezz-concentrated to
dryness, and triturated wth diethyl ether._ The residue was dissolved in

wat er ( 10butpxycarhgnylamingetlylthig)pyraz-2iylthiglad-cephemrdsearpoxylatey - af f or di ng 30 ny

3 52 (1. SpfersBiRaY Geer (6 METO 3 mibholfin NPdiphgeyfidnamiad2 iy ikl L)L)
6.95 (d, dddeddimd)the/rebulting midtore wabstirred.aBthe(same tdthpetatdye foB119 The, 1H, J=3).,

8.28 (d, 1H, J=3). WD 01/21623 PCT/ USOQ 26069 80 . Exanple 31: 2-(2-N-t
but oxfc ar tsaetionawiasrauenched withosaturated pereops sadinrg ichloride. The glixfurowasn

2, 4-di chl i nj, di 77 : - e cndinm -
but ox;gar%%ghqﬁo%@ﬁﬁ&??ﬁ%h@ﬁ% éﬁhy‘gﬂgn%.%q%nusnsgg%ol (20 M) was -
added 5 Gicabhhatd) Brine) diﬁ&éﬂﬁ}d?&hﬂd}icr@maﬂ&h%\(eﬁuﬂim&n oRdrigé,ianged at 45 C

for 10 mn. The solvent was renoved, and the residue was partitioned
bet ween weineentratedl. Stheyresidusewas chromatographedwicsiliea/gal (W% t aken, dried over

odi um sul f at e, congent.r at.ed. tal.lization of,t id id
1 om hexoRERaRUERRREEND. Atvomes? a6t s GF cofbetid- EENMRouna 1 VR
(1$|)DC11£? 3g(c dél?)la( F@HXQH)’%-KK& ©8h)2.33.PRH) 282 (£-186 1418), $.04 (5%, 1H),5.37 21 (d.

" (d, 1H), 6.28 (dd, 1H), 6.88 (br s, 1H), 7.08 (s, 1H), 7.2-7.7 (27H), 7.98 (4, 1H), 8.14
(d, 1H, J=3), 8.22 (d, 1H, J=3). :

Example 30:

(7R)-7-[(Z)-2-(2-aminopyrid-6-yI)-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-yl)-2- -

(triphenylmethoxyimino)acetamido]-3-[3—(2-N-tert— '
butoxycarbonylaminoethylthio)pyraz-2-ylthio]-3-cephem-4-carboxylate, :
diphenylmethyl 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
with diethyl 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 (t, 2H), 3.45 (4, 1H, J=18), 3.52 (t, 2H), 3.84 (d, 1H, J=18), 5.37 (4, 1H, J=5),

25 5.91 (d, 1H, J=5), 6.95 (d, 1H, J=8), 7.07 (d, 1H, J=B), 7.88 (1, 1H, J=8), 8.19 (d, 1H,
J=3), 8.28 (d, 1H, J=3).



Exanpl e 32: 2-(2-Nt-butoxycarbonyl am noet hylthio)-4- (nmeth

oxycar bonyyglosiéasi o) pyri mi di ne A sol ution of PCT/US00/26069

2- (2- N-t - but oxycar bonyl am noet hyl t hi 0) - 4-chl oropyrim di-ne 15. (645 ng, 2.2
mol ) and sodiumthiolate salt of 3-nercaptopropionic acid nethyl ester
(320 ng, 2.4 mmvol ; prepared by reacting the corresponding thiol with sodium
nmet hoxi de) in nmethanol (5 nL) was stirre at roomtenperature for 16 h. The
m xture was concentrated, and partitioned between water and ethyl acetate.
The ethyl acetate |ayer was concentrated, and the residue was

chr omat ogr aphed (silica 20 gel, dichioronmethane), affording 175 ng of the
title conpound. "H NWVR (CDCI3) 8 1.55 (9H), 2.88 (2H), 3.40 (2H), 3.55
(4H), 3.80 Exmmple8l:16 (br s, 1H), 5.30 (br s, 1H), 6.92 (d, 1H), 8.18 (d,
1H). WD 01/ 21623 PCT/ USOQ 26069 81 Exanple 33:

(1o NGB R0 Do - el
(158 o 0 37 e § GG ol aicHhprprideiSine (U S Aottty YA REY [ o e
i n met hanolyQy e%g[b%%lh eﬁ?ﬁlﬁib?{tﬁ%é,@%ﬁcﬁﬁﬂ%&h&ﬁ(ﬂ (S®L} was afiier

renmoval of sol e résulting thiollate was triturated wth diethyl
et her afdd d).§ M kadiomimethoxiileinmethafiolt(6é0mab)yahdostimed iat 42 °Gifepr HhokimeThanol

0.5 n). A soluti f (7R),- 7- Am no- 3- net hanesul f onyl oxy- 3-c em4 10
f:ar boxyl) at emi'?eﬁﬁlé’h%neﬁ‘g{"ﬁ ’Ia“)éék‘%FeS(‘ii‘?OV Jgpartiiion ﬁ‘?ﬁYfoﬁ’ﬁé}l%@I Fﬁ'gfrbi car bonat e
60 , 0. EQIDh’? | . th
Eadded Tt ear%%tast'i FTi dﬁéa %%a&ﬂ%@i{%[gﬁeé ﬁ‘e’%@mﬁ’?s’eﬂﬁ‘g E‘fq‘%g‘r’]@‘ﬁgbﬁt&&? hoo

sat urat ed afeysnallizatiehofthe 86lid fsidue Goathexahé/dizhlvydmetheioifforded 648 thgwift h
brine, and concentrated. The _residue was chronat Oﬂr aphe

d (1%
et hanol | ditbe e SopendeH NMRUEBIGH) Sabonors 340 (28, 3755 ). 5 08 (or s,
10 1H),7.21 (d, LH), 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 (CDCl,) §
1.55 (9H), 2.88 (2H), 3.40 (2H), 3.55 (4H), 3.80 (3H), 5.16 (brs, 1H), 5.30 (br s,
1H), 6.92 (d, 1H), 8.18 (d, 1H).



15 the title compound. "H NMR (CDC13) 8 1.55 (9H), 3.30 (2H), 3.41 (2H)
3.75 (d, =18), 3.91 (d, 1H, J=18), 4.98 (d, 1H, J=5 , 1H),
5. 15 (d,wmllzj“é 6.98 (d. 1H), 7.03 (s, 1H), 7.3-7.5 f"fdﬁ{&%&’% (d, |
H) . Exanpl e 34: (7R) 7-[(2)-2-(2-tert butoxycarbonylam nopyrld 6-yl)-2- 20
(triphenyl met hoxyi nm no)acetam do] -3-[2-(2-N-tert

but oxycar bonyl am noet hyl t hi o) pyri m d- 81yl t hi o] - 3- cephem 4- car boxyl at e,

di phenyl net hyl ester To a sol ution of

2- (2-tert-butoxycarbonyl am nopyrid-6-yl)-2- (triphenyl methoxyi m no)acetic
acid sodiumsalt (54 ng, 0.1 mmol) in anhydrous 25 N, N-di net hyl formam de (1
m.) was added di phenyl phosphoryl chloride (0.019 nm., 0.09 mmol), and
stirred aExdnggleBsenperature for 30 mn. The m xture was then WO 01/21623
PCT/ USOQ 26069 82 cool ed to -20 C, and a sol ution of

(7R)-7-am_no-3-[ 2-(

but oxycar@&ﬂrwq%%ﬂ@?"éz Byﬁommanx)ﬁmmﬂth@%'ewém@ ‘&X!tbmlﬁ at e,

di pheny| resphym-4caxhoxy epytmethyhester i n N, N- di net hyl formani de (1 nlL)
was added. After stirring at the sane terrperature for 1 h, the reaction
was quenched vld hsﬂusamgfb{w-hh}umb@nﬁbmlmﬁbﬂﬂm)r@e The m xture was

d h | | h dil
ﬁ;:j; g%ﬁl?(ﬁ“}lgﬁﬁ%‘é’gt X’é’dﬁ@%ﬁ@%ﬂm &‘? g’:{gﬁ g ng%’ﬁo@bar{ferﬁlm car bonat e;
and aqueqys idhg&‘ blsrﬂaféahﬁm Hl%pmﬁ;ae in ﬁﬁﬂﬁﬁ&t(bamqﬂm Fhe stifsd 4l¥6opas -

chr omat ogr ap on silica ge % net hanol / di ¢hl or omet hane), af fordi ng
20 nmg of tbiﬁpemntré ﬁ)rddﬂpAﬁaﬂsmobththzent( thiecesaifting thiolde mmmmfate‘sn (9H) 3 10

(525%’ ( 3 it 2 gthgl(?ggid 1§é>|l_\|/egﬁ;)\ %%xgyse ? e&%gdné‘t‘w 2m @ﬁ@ethéqu ’ "6
g %%;-D 7-[ (@JS éﬂé 2- éﬁw%ﬂy"?@ﬁei&ﬂ !1‘!.2_{8 arﬂg)siyl m no %gt tam do] 3-(2-(2-
10  carboxylate diphenylmethyl ester (170 mg, 0 37 mmol) and sodium bicarbonate (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 ethyl acetate, washed with brine, and concentrated. The
residue was chromatographed (1% methanol/dichlofometh_ane), affordin g 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, J=5), 5.09 (br s, 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:

(7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-

20 (triphenylmethoxyimino)acetamido]-3-[2-(2-N-tert-
butoxycarbonylamlnoethylthlo)pyrlmld-4-ylthlo]-3-cephem-4-carboxylate,
diphenylmethy] ester

To a solution of 2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)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



15 am noet hyl t hi o) pyri m d-4-yl thi o) -3-cephem 4-carboxyl ate, trifluoroacetic

acid sal twdeumes xt ure of PCT/US00/26069

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

(triphenyl met hoxyi m no) acet am do] - 3-(2- (2-tert-butoxycar bonyl am noet hyl t hi o
)- pyrimd-4-ylthio)-3-cephem 4-car boxy!ﬁ di phenyl net hyl ester (20 nyg,
0.02 20 mol ), triethylsilane (0.1 nl) d d| chl oronet hane (0.1 nlL) was
added trifluoroacetic acid (0.5 nmL), and stirred at roomtenperature for 1
h. The m xture was concentrated to dryness, and triturated w th diethyl
ether. The residue was dissolved in water and filtered The filtrate was
freeze-dri ed, affordlng 11 e title compound. "HNWR (D, O 8 3.31
(211), 3. 4zopledfo-20 asggltwyﬂié?m 73319810(%‘[2 §&Nrigrt-3=18) . 5.37 (d, 1H),

5.87 (d, 1 1H, J=5),
7.89 Et ELmj‘gﬁ‘}‘Z”é‘qE‘W&thy?ﬁd)wﬁ'%‘%‘%ﬁ Skt tose 53
Exanpl e 36 dlﬁhéﬁirhﬂetﬁﬂ&te?(z(o'zmgr@ DA YR STEIn N Nadinieth v foriiani@e (14nL) wag-
(triphenyl met hoxyi mi'no)acetamdo]-3-[3-(2-N-tert-

but oxycar bcadg}d:chnAﬁexe&tiwnghtthy pamatenipeydtutiaifof 1 B, the ptestiond wasqenchediwith 4- 5
met hoxy enzgte)l er To a sol uti

3-(2-N 25AYS WB%%PH&%)T}? mixture was extracted with ethyl
(et hoxycar, teaaeél h%nxehﬁ@el&&qam &ﬂltﬁ%ﬂlﬁ@% ocﬂgol'lz 0TI biudofls HEHRANC! was added

0.5 M sodi um net e’ n et hano and’stirre room
t enper at ur eshfomdeZsaturateAfsb&mrﬂanmbaiat@fandad;ue:ens lititwe chiegidef amidg t hi ol at e was
di ssolved in ethyl acetate_and

(7R) - 7- [ (zyopcepsrated; dhex %lﬁ‘%@tw %Iﬁ%ﬁowpbﬁda%whea gal(05%

tri phen I o] - 3-cephem 4-
f:ar Ingyl )altt e Wﬁ@%@%&y é?&lrd?lfgg %U?@%ﬁk%ﬂﬁ%ﬂh&. iﬁ, ed. Aft gr
stirring #GDCL)B 1842 (cm))i;miser(pﬂy &W(QH)B]QS (BERY, erse (ﬂ@H—IVﬂaﬂBEG 88 @dh brine,
and concentrated. The resi due was chromato

net hanol / dil&hiSDntALPes, lHaﬁ 38 (. A4, 355006 28 C? 1H), g95 (4, 1H, J=5), 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-6-yI)-2-(hydroxyimino)acetamido]-3-(2-(2-

15 aminoethylthio)pyrimid-4-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-(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
trifluoroacetic 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) 8 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, J=8), 7.08 (d, 1H, J=8), 7.18 (d,
1H, J=5), 7.89 (t, 1H, J=8), 8.18 (d, 1H, J=5)..



15 of the title conpound. '"H NWMR (CDC13) 3 1.55 (911), 3.37 (d, 1H, J=18),
3.42 (2 (2H), 3.89 (d, 1H, J=18), 3.91 (s, 3H, 111),
5.27 (d, ﬁ‘ﬁﬁ%) 5.33 (2H), 6.20 (dd, 1H). 6.52 (s, 1m‘é'5%°g’2£°f%r s,

1H), 6.96 (d, 2H), 7.3-7.5 (32H), 8.07 (d, 1H), 8.21 (d, 111). Exanple 37:
20 (7TR)-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 opyraz-2-ylthio)]-3-cephe8® 4-car boxyl ate, trifluoroacetic acid
salt To a solution of

(7R -7-[(2Z2)-2-(2-tri phenyhnet hyl am no-5-thi azol -4-yl)-2

(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 ate, 4 25

met hoxybegzphpiedger (55 ng, 0.043 mmol) in dichloronethane (0.2 ) was
added trlefhlyIsHane (0.2 nL) followed by addition of trifluoroacetic acid

(0.8 nmL). After WO 01/21623 PCT/ USOQ 26069 84 stirring at roomtenperature
for 1 hr,(TR)S-IE@x2c(Rdriphenyimethylamine-§-thiggel-4-¥Dt2ir ated with diethyl ether,
af f ordi ng(tﬁplielrggmthmdyimhmbacetalmdpbﬂﬂﬂ-(z-l‘ﬂtmm (D20) S 3.81 (t, 2H, J=6),.
3.94 (d, Edioxﬂcalrﬁbnylénﬂioe&liylth%ipyﬂﬂﬁz-,yltﬁuﬂ@-éeixheﬁﬂ-cdrb‘k&)'lata 83 (d, 1H
J=5), 56x§§tlioslybédiy|ést59 7.47 (s, 1H), 8.73 (d, 1H), 8.81 (d, 1H). 5

Exanpl e
2.1 (2 e tor by QXARALR I AN-IORbRYai St Phafifbekiiy Nt -R- mer capt o- 1, 3, 4-

t hi adi azole To a sti rregﬁytspeny 0 2- chl oroet hyl'am ne hydrochl ori de
(1.13 g, @rxe%hoxyﬁmbbnyﬂaﬂyﬂhxﬁ)p@ram'fec(ézhtg 0, lammbbumdle&mubbwésladd%d@ﬁ 9.8 nmmol )
I n ‘met hanol (20 nmL 10 was added sog um rret xi de in net hang)l (,39.2 i,
0.5 M. Avksedivgymethoxide ip misthangh(0:33 mb),@nd stixx ?td'ﬂm%é%m%?ria% T2 cool to

room te”pﬁhél}éﬁu%valddfsér FHP&%Q% é%ﬂgﬁzfté whag dikSol¥ed f gg‘zgé&te%a added and.

stirring was ‘continue vent was renov nder reduced

pressure @Rﬂ-ﬂ[(@)-zie%ﬁblﬁnmumminbd;ﬂmiol-bgﬂyben 0.5 Msolution of .

pot assi um car bonat e and, et her. _Aqueous | ayer was
(tnpheny1methoxy1mmo)acetam1do 3-trifluoromethanesulfonyloxy-3-cephem-4-

carboxylate 4-methoxybenzyl ester (186 mg, 0.27 mmol) was added. After stirring
" for 1 h at room temperatufe, the mixture was washed with brine, and concentrated.
- The residue was chromatographed (1% methandi/dichloromethane), affording 55 mg
15 - '.of the title cofnpound. '"H NMR (CDCl,) & 1.55 (9H), 3.37 (d, 1H, J=18), 3.42 (ZH),
3.52 (2H), 3.89 (d, 1H, J=18), 3.91 (s, 3H), 5.09 -(br s, 1H), 5.27 (d, 1H, J#S), 5.33
(2H), 6.20 (dd4, 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 (7R)—7—[(Z)-2-(2-aminothiazol-4-yl)-2-(hydroxyimino)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-yl)-2- -
(triphenylmethoxyimino)acetamido]-3-[3-(2-N-tert- '
butoxycarbonylaminoethylthio)pyraz-2-ylthio]-3-cephem-4-carboxylate, 4-
25  methoxybenzyl 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



15 neutralized with dilute hydrochloric acid and the product was extracted
wi th et hylwoagei@@se. Extracts were dried over sodi um sul f atrEcT/@s00/26069
concentrated to afford sem - solid residue which upon trituration with

met hyl ene chl oride produced title product (0.67 g), which was used in next
step without further purification. "H NVR (CDC13) S 1.50 (s, 9H), 3.25 (m
2H), 3.50 (m 2H), 5.00 (s, 1H). 20 Exardft e 39:

(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-[ (2-t - but oxycar bonyl am no) et hyl t hi ol
- 1,3, 4-thi adi azol -5-yl t hi o) -3-cephem 4-car boxyl at e, di phenyl net hyl ester
To a solution of 2-[(2-t-butoxycarbonyl am no)ethylthi o] -5-nercapto-1, 3, 4-
25 t hi adi aztireng Figoom, teDpe r)l hapthe mixture was concentrated, and triturated

(TR0~ 7-12) L 2, Sl 85 5Pl il Qo OH RARE oI5 BER, 2000

85

(triphenyl QXY I44\Q) fEei-ar -yt =€qpr boxyl a
e, i pherg o ) O & T P e Y% 5 )

wer e added.6.36 @i,k k:S), 24gs)ilE) .78 Gd,deT)( 8.8id, 1#{)026 nmpl ) and aqueous
solution of sodium Dbicarbonate (5.0 nL, 0.5 M. After stirring vigorously
for 20 hours at room5 tenperature reaction mxture was partitioned between
et hyl aget g di3gater. Organic extract was dried over sodiumsul fate and
concentrated under reduced pressure to produce oily residue, which was
purified by radial chromat ograPhy. (2% nethanol in nmethylene chloride) on
silica gel ZH2INvar-buipaxycachonylamipeethylthip)ethylthiols3-mereapteodssd- 6 1. 45. (s,
9H), 3.20 (thiadiaole3. 50 (m 5H), 5.10 (d, 1H), 5.60 (s, 10 1H), 6.20 (m
IH), 7.00 (s, 1H), 7.20-7.60 (m 25H). Exanple 40: '

(7R) - 7-[ (2) - 2- ( ZF aastiwedsuspénsion d¢fi2achlbroéthylamifie hydrdchlagide(In g,c®B8 ani do] - 3- [

{71 11 wor oadBEID ras-GHhTtapto-ta RGue 4 B D Mol 1 meihasol (30 L)

(7R) - 71 2w s {dted B difnahb-080 i thehaho1 439 L )al2 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 soh_ltion of potassium carbonate and ether. Aqueous layer was

15 neutralized with. dilute hydrochloric acid and the product was extracted with ethyl

acetate. Extracfs 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,)
8 1.50 (s, 9H), 3.25 (m, 2H), 3.50 (m, 2H), 5.00 (s, 1H).

20  Example 39:

(7R)-7?[(Z)-2-(2-amino-5-chlorothiazol-4-yl)—2—
(triphenylmethoxyimino)acetamido]-3-{2-[(2-t-butoxycarbonylamino)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-y1)-2-



(triphenyl met hoxyi m no) acet am do] - 3- _
{2-[(2-tg ar bonyl am no) et hyl t hi 0] - _
1,3,4-tﬁwgﬂ%2§%§-5-ylthio}-3-cephen}4-carboxylate, dipheﬁ§?ﬁ§?ﬁ@?m%ster (25
ng) in methylene chloride (0.5 nL) were added triethylsilane (0.25 nL) and
trifluoroacetic acid (0.5 n) at 0 C. After 30 mn cooling was renoved and
stirring was continued 20 for 1 hour @5 room tenperature. Reaction m xture
was concentrated under reduced pressure and the oily residue was
triturated with diisopropyl ether and filtered to produce precipitate of
the title product (12 ng). Exanple 41: 2-am no-4-chloronethyl -1, 3-thiazole
25 To a solution of thiourea (9.56 g, 0.125 nol) in nethanol (100 nL) was
added 1, (t\hen¥n2thedyimib)ddsatidasmethfiesiifonyloxydaephem-4darbdxylayg, 0. 138

nol) at roomtenperature. After 30 m.p, the reaction ) Xgure
partiti ondigheyimethyl ester(?3%me: Q2@ mamel) ingnetbyleng ehlpnds {E"&tr? W6 ed oy gani ¢

tract dr.j ' f ard. d

EXH ot or B e Rim SRR il 6056 Ao AIFERELR &huldh dFsolfh 1 e

fE;(thhler %E&rﬁbﬁa@é {0 mI5 0. SHVNVR fiefdzfing CIgdfduklytfod 2@ Aors at Ridn 6. 40 (s, 1H).
anpl e :

2- anmi rfo- dtefperatye reactony mixtsWaspertitinaed petvieen pliyhjgetata anll Walebzole To a

| ution. gf 2-aning-4-chl t hyl -1 .31 hi : . 1) i
ci oty 1 Orgain xragtates e Y sl suié g Redutelfuiddr rdudell, 120 1)
(28.9 9, Jidsdrel®ProMick ofl§ réstnROwhith s pufified by pddi RBicindtdgraghy 29826 nol ) . -

After 1 hour of “vigorous stirring reaction mxture was partitioned between

et hyl acemathenalrinl metiydene chiorigighor silies/ gel to\afondmyetsctgh copheas@Sdangk t h wat er,

R4 o SR8 S T
0 g s ST R 50 L
S, . ' '

Example 40:

(7R)-7-[(Z)-2-(2-amino-5-clllorothiazol-4-yl)-2-(hy_droxyimino)acetamido]-3-[2-
(2-aminoethylthio)-1,3,4-thiadiazol-5-ylthio}-3-cephem-4-carboxylate
trifluoroacetic acid salt ' :

15 To a solution of (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-
(triphenylmethoxyimino)acetamido]-3- {2-[(2-t-butoxycarbonylamino)ethylthio]-

1,3-,4-thiadiazol—5—ylthiq}-3-cephem—4—¢arboxylate, diphenylmethyl 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 stirring was continued |

20 for 1 hour at room temperature. Reaction mixture was concentrated under reduced
pressure and the oily residue was triturated with diisopropy! 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 methanol (100 mL) was added 1,3-



Exanpl e 43:

2- am no- 4-wa-oii2las y! oxycar bonyl am noet hyl t hi onet hyl ) - 5- t hi GayOsUR60693-
thiazole 20 To a stirred solution of 2-amno-4-(2-t- .

but yl oxycar bonyl am noet hyl t hi onet hyl )- 1, 3-thi azole (4.27 g, 14.8 mmol ) and
pot assi um t hi ocyanate (2.87 g, 29.5 mmol)_in nethanol (30 nL) cooled to 0 C
was added dropwi se bromne (3.55 g, O. nol) and stirring was conti nued
for 45 min. Reaction mxture was partitioned between ethyl acetate and
water. Organic |ayer 25 was dried over sodiumsulfate and concentrated
under reduced pressure to afford WO 01/21623 PCT/ US00/ 26069 87 solid

residue of title product in quantitative yield. Cru % prodyct, was used in
next st ep diFiptoacctong ¢I7S7 5 0 38imaely pleompgmpsiatire. 4 After 30 min the reaction

2-am no-4- (gplll &éﬁﬁ@gg@gwe%&%&&%é MPLREON soaRinlBicGfARhgrel: 3- L i azol

e 5 To a stirred s

2- ani no- 4- (GrganfWikithevWaadried vk sodnan slilfdié hadeaticlttated to afford crude title
5-t hiocyanato-I|, 3-thiazole (2.83 g, 8.19 mmol) in nethanol (30 nL) at room

t enper at ur epraduct K2 &) whirhowastised Hymediatelyuion aextstepy wiglont furtlees pyrifipaticg. np| )
and stiurri, ' I h . er.ddition of water, stirring
was cont’i nuWK‘?B%@ﬁm%#14§£S’§3§s‘?-§§@5’é "t he aqueous sol ution was
washed with nmethyl ene chloride to 10 renove inpurities. Aqueous thiolate
solution was neytralized with dilute hydrochloric acid and the product was

extracted 1 acetate (all manipul ations were perfornmed under
nitrogen to prevent formation of disulfide). Oganic |ayer was dried over

sodi um SU'i—ﬁﬁﬁn@ﬁQZﬁ%ﬂ%&?@ﬁ?@ggﬂg?ﬁo RPN el AR L izl ford pal e

orange foamof title produc (. \/\fn ch was used for further steps
14 TOLL L PR g P8 it BNl i (9300 Btr7in®0 (1
(7R) - 7- [ ( Z)direthizAfarmanide-(80 ndr)otdsiadded 24-butylex3carbonylaminoethanethiol (28.9 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 61.42 (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)-S-thiocyanato-1,3-
thiazole

20 To a stirred solution of 2-amino-4-(2-t-
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 ethy] acetate and water. Organic layer

25  was dried over sodium sulfate and concentrated under reduced pressure to afford



(triphenyl rret hoxyi m no) acet am do] - 3-[ 2- am no-4- (2-t-

but yl OX %0 g&é kam noet hyl t hi onmet hyl) -1, 3-t hi azol -5-yl t h'P%]m?snG/S&B&m‘l 20
car boxyl at e I phenyl net hyl ester Sol ution of

2-am no-4-(2-t-butyl oxycar bonyl am noet hyl t hi onet hyl ) - 5-

mer capto-1,3-thiazole (1.72 g, 5.35 mol ),

(7R) -7-[(Z2) - 2- ( 2- ami no-5-chl or ot hi azol87

4-yl)-2-(triphenyl met hoxyi m no) acet am do] - 3- chl or o- 3- cephem 4- car boxyl at e,
di phenyl net hyl ester (4.52 g, 5.35 mmol) and tetrabutyl anmoni um brom de
(0.173 25 g, 0.53 nmol) in nethylene chloride (30 nL) and nethanol (3 nlL)
was vigorously WO 01/21623 PCTI USOQO 26069 88 stirred with aqueous sol ution
of sodi ursolid cesiduensfititle(pdeduct in dhabtithliveryidi Crude prydnct veds usedin nextper at ur e.
After 16 hours reaction mi_xture was partitioned between water and

net hyl enest‘ii’n‘h’ﬁhqlﬂéu%hﬁ!%gcw&duct was isolated by flash chromat ography on
silica gel colum (ethyl acetate-hexane-2/1) in formof . pale yellow foam
(0.60 g). "H5 NWR (CDC13/CD3CD) 81.40 (s, 9H), 2.60 (m 2H), 3.20 (m 2H),
3.50 (m- Exdmpled4:15 (s, 2H), 5.08 (d, 1H), 5.95 (d, 1H), 6.95 (s, 1H),
7.20-7.60 (m 26H). Exanple 46:

5! Rém7n£(2§?=w4 EGTARyR BN iRuimiokedy ¥ @ gl T, Ty |
((:%%3 o$yl ?tz)e 5. cléf lgtlri'#)ﬂg%getb gﬂl:ﬁn qtl- -t-lgxt o§géa%dn?&nﬂ;xoethylthmmethyl)- :
(tri phenyd ﬂﬁ% dYaatb 0 NiseRd %rmcg)]s 1&&&09% afetmm(alzcsnmL) at room

but yl oxycar bonyl am hoet hyl t hi omet hy -thiazol -5-ylthio]- cephem 4-
car boxyl atmpemhpépay hmrsydluesbogohs(dmdwndg)mﬁmmom|ge%6@mlbamhe (20 m)

0'c A SRISEE e conegbed fos LAaet ARG AR ptotatr HRGPESES el abdl o 1
room t%ﬁ%%lﬁ bsldiﬁ%ﬁ& tHe'hg {Il-.dﬁs%ﬁmw%raﬁ %@mtm AltyNIRchikideeed

pressure y residue was triturated with diisopropyl ether and "
filteed remope nﬂpmmqsr Agupdusabiolats solutipnt wad 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 sodium
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 puﬁﬁcétion. 'H NMR
15 . (CDCL) 8 1.40 (s, 9H), 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-
butyloxyca_rbonylaminoethylthiomethyl)-l,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-am'ino-S-chlorothiazol—
4-yl)-2-(tripheny1methoxyimino)acetamido]—3-bhloro-3-cephem-4-carboxylate,
diphenylmethy! ester (4.52 g, 5.35 mmol) and tétrabutylammdnium bromide (0.173
25 g, 0.53 mmol) in methylene chloride (30 mL) and methanol (3 mL) was vigorously



product (0.41 g). 'H NWR (D20) 8 2.90 (t, J=6, 2H), 3.24 (t, J=6, 2H), 3.54
(d, J=16, WOoikhe233. 78 (d, J=16, 1H), 3.96 (s, 1H), 5.32 (dcruspr8ddy, 5.92
(d, J=6, 1H). 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-dichloroacetone (5.00 g,,.39.37 nmol) in tetrahydrofuran
(50 nL) were added 2-t-butyl oxycar bonyl z§)§1 noet hanethioi (6.98 g, 25 37.50
nmol ) and triethylamne (3.77 g, 37.50 mmol) at 0 C. After 3 hours the WO
01/ 21623 PCTI USOO 26069 89 reaction m xture was partitioned between ethyl
acetate and water. Organic |ayer was washed with 1 M hydrochloric acid,

wat er, sodi um bi cat bonate so] uti on_and brj rgani c_extract was dri ed

over sodi urﬁlgﬂﬂ pathagugepssomtiontof ﬁ?@m%bom@@éal‘ O¢ dsupdsr pigrogeR or d oi | y

51, %2 et Bttt And et Sl R s ﬁﬁeg;x%ﬁga S 2,

Exanpl e 48:and methylene chloride and the f)roduct was isolated by flash chromato fraphy on
4- (2-t-butyl oxycarbonyl am noet hyl t hi oret hyl ) - 2- ner capt o- thiazole To a

stirred solsilidcagsl eflumn((ethyl angtaje-bexaver2blony ferm efnaleyeltow @)anxa(ﬂgﬁﬂ g oHr opan-

ar ohi ocar bR Ch oD Q@l&?ﬁ?%ﬁém Ap0at ars > S U8 hours t e

reaction r 509‘59@ e I wat er. Organic
| ayer was exr{grgc?% 80@ EiH ut odi Um hy rg@geﬁ%?ggtﬁ{%@ Aqgeous
| ayer was then neutralized to pH=7.0 with dilute hydrochloric aC|d and
extracted h ethyl acetate. Organic extract was dried over sodium
sul fate anwﬁécentra%/ed under reduged pressure to afford yell ow f oam of
title product (7.74 g), which was used for next step without further

puri fi cat i (AR}-FH(Z)2421antindiSecidoruthiazolpbyl)R-(ydroxyiainslatetangddo]t [+ event
formati on Qimidosti(ZamiMoethyltHibine 3-)thﬁ\z0]15 &hicq,s-&lﬂmm’MBS (t, J=6, 2H),
3.40 (90 2khrbokybite| GifrdibaccticHid & LR

" To a solution of (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-

~ (triphenylmethoxyimino)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 triethylsilane (0.5 mL) and trifluoroacetic acid (10 mL) at 0 °C. After 30 min
cooling was removed and stirring 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). 'H NMR (D,0) 5 2.90 (t, J=6, 2H), 3.24 (t, J=6, 2H), 3.54 (d, J=16,

20 1H), 3.78 (d, J=16, 1H), 3.96 (s, 1H), 5.32 (d, J=6, 1H), 5.92 (d, 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 mmol) 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. After 3 hours the



20 Exanple 49: (7R)-7-am no-3-[4-(2-t .

but yl ox r am noet hyl t hi onet hyl ) -1, 3-t hi azol - 2-

yl t hi o] - 3- coggﬂk)eirhn 4- car boxyl ate, di phenyl net hyl ester Sol SFiT(/)l;lsmg 6065
4-(2-t-butyl oxycar bonyl am noet hyl t hi onet hyl ) -2-mercapto-1, 3- thiazole (195
ng, 0.64 mmol) and (7R)-7-am no- 3-net hanesul f onyl oxy- 3- cephem 4- 25
carboxyl ate, di phenyl nethyl ester (29%%gy, 0.64 mmol) in tetrahydrofuran (3
m.) WD 01/21623 PCT/ USOQ 26069 90 and net hanol (2 nlL) was added

t et rabut yl ammoni um brom de (21 ng, 0.064 nmmol) and aqueous sodi um

bi carbonate (4 nL, 0.5 M and the mxture was stirred vigorously at room
tenperature. After 2 hours the reaction mxture was partitioned between
et hyl acatadtionamictturavas par@igued betwegnesthylacetateiand waterr Qzgatiic laysuwasit e and 5
concentrate nder. reduce ressure and .t he residye urified by.radial
chr omat og‘f’%\sgﬁ‘yw lsl}’llehyg¥°g‘@%°("§{4:Wateé’cst?fimb‘l‘fé'f?ﬁwg? ﬁ%ﬁ%@f“ﬁ‘i}b@f‘? ordtitle
pr oduct I s R . , 2.75 (t,
e, opy Orgally e%‘%%t%@“%.zgﬁgfmﬂﬁﬂ, ) ot o‘l’?’a 31(:1%(711,&]% 73,90 (s,
2Hé0 4. gg)résiurekga)ffoﬂd-%ily fcsiﬁﬁle 6f)ﬁtée prodiidt)(9.46 gl.2'H NMR 6DCIHP, 1.8 60 (s, 1H),
7.30-7. m 1 .10 Exanpl e 50:

(7R) - $- [ (ED- 27644, 156.:20Du? 4Q (w2 Bh A8 b A2 (.38, §-09 (br s, 1H).

(triphenyl met hoxyi m 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- cephem 4-

car boxy| dxampledA&hydryl ester 15 To a sol ution. of . '
[(Z2)-2-(2-tert-butoxycarbonyl am nopyri d-6-yl) - 2-

éir hf? e%ﬁ%ﬁgﬁé&g’:ﬁ%‘ﬁ@%@%@gﬁ (e mihe P ol PTG by
' 40 s 4011 |, )s
Converai on ©o- TR 4 uraRpiam 1R eyPRTeton b Thoc R B OB P

cont ai ni NloRe @Q[ ; 4bigqhAmef) in methanol (50 mL) was added ammonium -

(7R) - 7-am no- 2-t - butyl oxycar bonyl am noet hyl t hi onet hyl ) -1, 3-
10  dithiocarbamate (4.73 g, 42.9 mmol) at room temperature. After 50 hours the reaction

mixture was partitioned between ethyl 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). 'HNMR (CDCl,) 8

1.58 (s, 9H), 2.68 (t, J=6, 2H), 3.40 (m, 2H), 3.65 (s, 2H), 5.00 (br s, 1H), 6.60 (s,

1H).

20 Example 49:

(7R)-7-amino-3-[4-(2-t-butyloxycarbonylaminoethylthiomethyl)-1,3-thiazol-2-
yithio]-3-cephem-4-carboxylate, diphenylmethyl ester )
Solution of 4-(2-t-butyloxycarbonylaminoethylﬂﬁomethyl)-z-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)



t hi azol - 2-yl t hi 0] - 3-cephem 4- car boxyl ate, di phenyl net hyl ester (10 nyg,

0.015 My oi/mceet rahydrofuran (1 nl) cooled to -20 T. Af teerr/dso02s069
reaction at -20 C the reaction mxture was partitioned between ethyl

acetate and water. Organic layer was washed with 1 M hydrochloric acid,
wat er, sodi um bi carbonate sol ution and (2?3 brine. Organic extract was dried
over sodium sul fate and concentrated under reduced pressure to afford oily
resi due which was purified by radial chromatography on silica gel (1%

met hanol in nethylene chloride) to afford protected cephem (10 ng). 'H WO
01/ 21623 PCT/ US00/ 26069 91 NMR (CDCl 3/ CD30D) 61.38 (s, 9H), 1.55 (s, 9H),
2.55 (t, J=6, 2%3.20 m 2H), 3.35 (d, J=17, 1H), 3.60 6d, J=17, 1H),
3.80 (s, 2tnd mpthapo] (2 mi}ayas adged totrahtylgmmonium pyomide (3l mg, 0964 mme) 6 95
Si8 llf)H) 7 é%&%%q%?%%%ﬁm@éa@bé&até@mﬁ?%MYanA&Emumxthe_ @las st}r@d 7.80 (d,

(7R) - 7- [ ( 2)vigorbdsipai feeRytepefatite.) Aftef D/iibuexthe ReattipR atikre wag patiliéndd-
am noet hyl t hr onet hyl ) -1, 3-t hi azol - 2-yl t hi 0) - 3- cephem 4- car boxy! at e,
tri f | uor oadetweenzthy acetate and water. Organic layer was dried over sodium sulfate and

TR -7-1.(2)-2-(2- -.b b I ' rid-6-vl)=z2=. 10 ..
111 phvefiyl HERH e o e og o htegpe was Dunifiéd by fadial
but oxycar boiydaatb Eﬁ;h?!ﬁ Silic® pait ki a%ta%e—hé%aﬁé%f@) ydd AfpbraitR-premie s 4-

car boxyl ate, benzhydryl ester was subjected to standard deprotection
procedur e tyellowffbam@27 mg).c'FNMBCCDCLH SNV (sD2B), 287 (t81=6( 2H),B-40 (1aH) , 3. 15

(0 320, 14D, SsBGemrotid, Saae ids i o 6520, 45 e s o8y Tiy”
Z; ?g E Sbu%yl_s? %Ig;csgrﬁb %g/T%imﬁr}b%mﬁ’tiﬁﬁ’gﬁé?ﬂyqb):@klfé}iefl?captEgarlrpli’:%thl adi azol e

To a solution of 2-nercapto-5-nethyl-1,3,4-thiadiazole (1.00 g, 7.6 nmol)

imr_l agtlgah)ﬁi{ag_f W &5 (60 m.) cooled to -78 C was added n-butyllithium (6.1

(7R)-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, 0.38 mmol) followed 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, diphenylmethyl 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

gel (1% methanol in methylene chloride) to afford protected cephem (10 mg). 'H



20 nmmol ) and the reaction was stirred for 1 hour. The solution of bis(t-,

but yl oxy, %rotiai%gam noethyl) disulfide (2.64 g, 7.6 muol) Pkﬁ‘/l}s%&ﬁ)@ydmf uran
a

(10 nl) was ed and after 1 hour at -78 C reaction was continued for 16
hours at -20 C. Reaction m xture was partitioned between ethyl acetate and
wat er. Aqueous |ayer was adjusted to pkh4 O wth dilute hydrochloric acid
and extracted thoroughly 25 with ethyl@lacetate. ‘Organic extract was dried
over sodium sul fate and concentrated WO 01/21623 PCT/ US00/ 26069 92 under
reduced pressure to afford oily residue, which was purified by flush

chr omat ogr aphy on silica gel (lwbnethanol in nethylene chloride) to produce
the title product (0.37 g). '"H NWR ( gg; S 1.58 (s, 9H) 2.80 (t, J=6,

2H), 3. 4NMR (CR€EL,/CT3,00) 8( 538 ePH).AL. 525:)(8( 2195 (t,5=6x2Hp B 05, 2H),

(7R -7-[(Z 0
(1) phenyt A8Ehdx T o) 8RBE451 ROPDEERO IS 2105 204, P EBr SBAGYE n
oet hyl thi B*lh' 4763 %) Eﬁbs @di ?hogg YHY,. -7 20 GROBPY, 4-455@ ey | at e,
di phenyl s’t er a so ut e}
2- (2-t - butH), O)SQC(dJJ?GDYH)im noet hyl t hi orret hyl ) - 5-nercapto- 1, 3, 4-thi adi azol e
(46 ng, 0.15 mmol), (7R -7-[(2)-2-(2-am no-5-chl orothi azol -4-yl)-
2- (triphenyl met hoxyi m no) acet am do] - 3- chl or o- 3- cephem 4- car boxyl at e,

di phemyl m@qlesﬁter (166 ng, 0.18 mmol) and tetrabutyl ammoni um brom de (26
ng, 0.081 mmo I n methyl ene chloride (2 rrL) at roomterrperature was added

15 aqueous sol ution_of sodi um bi carbonate nd the reaction

(0
was st i r r@R-7r6£)-2-@raminopxrid-6r 2 T(PX@W‘W@"H&W‘F‘FPB%@G'( et ween et hyl
acet at e zaminnethylthiontethyhils3-thinzeldr yitie)-dreepliernvecarboxylate sul f at e and
concent r arifthovtostetic aeidlsadtd pressure to afford oily residue, which was-
purified by repeated radi al chromatography on silica gel (1% nethanol in

met hyl ene chl Rylﬂy[(zm(a-%%ﬂﬁxﬁiafbdnyhﬂﬂm;gmldm-ybﬂane) to produce title
product (15 ngy H NMR ( 4)
10 (trlphenylmethoxylrmno)acetamdo]-3 (4-(2-tert-
~ butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-2-ylthio)-3-cephem-4-
carboxylate, benzhydryl ester was subjected to standard deprotection procedure to
afford title product. '"H NMR (D,0) & 2.80 (t, J=6, 2H), 3.15 (t, J=6, 2H), 3.48 (d,
J=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), 7.4 (s, 1H), 7.45 (t, J=8, 1H), 7.90 (¢, 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, 15.2
20 mmol) 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 sulfate and concentrated



1.42 (s, 9H), 2.63 (t, J=6, 2H), 3.30 (t, J=6, 2H), 3.42 (d, J=17, 1H),
3.75 (d, Igd0uzedM 4.05 (s, 2H), 5.20 (d, J=6, | H), 6.14 edustaBedeoH) ,
7.02 (s, 1M 7.10 (s, 1H), . 7.10-7.40 (m 25H). WO 01/21623 PCT/ US00/ 26069
93 Exanple 54: _

(7R)-7-((2) -2-(2-am no-5-chl orot hi azol zbzyl ) - 2- (hydr oxyi m no) acet am do] - 3- (
2-

(2-am noet hyl t hi omet hyl ) -1, 3, 4-t hi adi azol - 5-yl t hi 0] - 3- cephem 4- car boxyl at e,
trifluoroacetic acid salt 5 (7R)-7-[(Z)-2-(2-am no-5-chl orothi azol -4-yl)-2-
(triphenyl met hoxyi m no)acet am do]-3-[2-(2-t-

but yl oxycar bonyl am noet hyl t hi goret hyl ) -1, 3, 4-thi adi

azol - 5-yl t HNGPL reducsdipressiste @éf@fﬂ(?‘%é’feé{d“ﬁi‘ﬂﬁémwaﬁﬂ‘ﬂg‘?d By flush was subj ect ed

283 (1, ety B8 oficd SERH5Emolidndlh ity IR YFproay A BT, (B0 °
111), 4. 20 ttke prdduk} (0.37 £9 @NM@C})@J}BJ.R?&HW.SOQ@#&,DH), 3.4l e 55:
N benzoyl -N - (2-t- b% oxycar bonyl am noet hyl )thiourea To a stirred

sol uti on of2HD, 380s $.8Pt(s,ddDoxycarbonyl ) ethylamne (1.96 g, 12.25
mmol) in nethylene chloride (10 nL) at room tenperature was added 15
dropwi se benzoyl isothiocyanate (2.20 g, 13.50 mmol ). After 16 hours
reacti o HxathpdeS¥as i sol ated by | oading crude reaction mxture on flash
colum to produce after chromatography pure title product as col orl ess

solid (3.10 \ CDC 8 1,60 (s, O9H), 3.60 (m 2H), 3.98 (m 2H),
2. 95 (E)r s, R 77[(5'5%/5@."&“.(" -@m‘,ﬁwab“-wr H)s 1H). (20 Esz:)rrpI e 56: (. N—(|2_|)-t
but yl oxycar nyhmgthoxyiminopacstamigo]-3-{2-(2-t-

N- benzoyl - Nputylexycarhopylamineethypliliomethyde1 3yd-shiadiogeleSrylthiod3-¢gphomid- ol )
was suspendadboxylate diphenylatthiyh éstettr oxi de sol ution (22 ni, 2.0 M and
heated to

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-y1)-
2-(triphenylmethoxyimino)acetamido]-3-chloro-3-cephem-4-carboxylate,
diphenylmethyl ester (166 mg, 0.18 mmol) and tetrabutylammonium bromide (26
mg, 01081 mmol) i1_1 methylene chloride (2 mL) at room temperature was added

15 aqueous solution of sodium bicarbonate (0.5 mL, 0.5 M) and the reaction was stirred
for 1 hour. Reacfibﬂ 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 (CDCL/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 (d, =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).



50 Cwth stirring for 1 hour, which resulted in dissolution of starting
naterial 01/21623 PCT/ US00/ 26069 94 consequent f gy dﬁﬁﬁﬂaﬂﬁs
preC|p|tate actlon m xture was extracted with ethyl e and the
organic Iayer was dried over sodiumsulfate and concentrated under reduced
pressure to afford solid residue of title product (1.01 g), which was used
for next step without further purifi@tion. 'H NVR (CDC13/CD30D) 6 1.40
(s, 9H), 3.20 5 (m 4H), 3.55 (m 2H). Exanple 57:

2- (2-t-butyl oxycarbonyl am n oet hyl am no) - 4-chl oronet hyl - 1, 3-thi azole A
solution of N (2-t-butyl oxycarbonyl am noethyl)thiourea (1.00 g, 4.54 nol)

I n ethanol (22 nL) was added 1, 3-di chl oroacetone (2.60 g, 20.47 mmol) at
room 10 tExamslesdure. After 2 hours the reaction mxture was concentrated
under reduced pressure. The residue was triturated with ether and filtered

to afford _the SO|Id precipitate of tit roduct 1.4 was used
for next GRp-U# ta'\"ﬂPtﬁ[‘)l@?'lm' fazel-4- b‘ Zthy )&ﬁg@d%fi}o (s, 9H),
3.35 (m (melweﬂwl(hsomﬂhyl)-lﬁ,Mh\aﬂpazgl-S-yiqhw]-36':%\epls*ca!rboxyweﬁx anpl e 58:
2-(2-t butriflumrgaceticeacid sl noet hyl ami no) - 4- (2=t - but oxycarb onyl am noet hyl th
i omet hyl ) -1, 3-thi azol e

2- (2-t5- but yl ox(y/mﬂb[@yizmmﬁt Srghlondthiayeldd-ghi2er onet hyl - 1, 3-t hi azol e was
reacted with 2-t-butyl oxycarbonyl am nget hanethiol in a nmanner simlar to
that 20 dér&hmbwthwmamﬂcét 0]-3 “(CDC13) 6 1.50 (s, 18H), 2.80 (m

¢35 (s %@IQQM@W%E%%}@%@&%‘S YR sl peprh40 S 10

2- (2- t - budasboxshitd) AipHeaylnibaal lbsteewas subjettedo standard deprotection procedure
to afford title product. "H NMR (D,0) 6 2.83 (t, J=6, 2H), 3.20 (t, J=6, 2H), 3.52 (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
aﬁer 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

50 °C with stirring for 1 hour, which resulted in dissolution of starting material and



but oxycar bonyl am noet hyl t hi omet hyl ) - 5-t hi ocyanat o- 1, 3-t hi azol e

2- (2-t - butyyb@¥gse@s bonyl am noet hyl am no)-4-(2-t 5 PCT/US00/26069

but oxycar bonyl am noet hyl t hi omet hyl ) -1, 3-t hi azol e was reacted with brom ne
and potassiun thiocyanate in a manner simlar to that described in Exanple
43 to produce title compound. '"H NWR (CDCI 3/CD.,0D) 8 1.40 (s, 18H), 2.62
(t, J=6, 2H), 3.20- 3.35 (m 6H), 3.68 (954, 2H), 5.75 (br s, 1H), 6.00 (br
s, 1H). Exanple 60 10 2-(2-t-butoxycarbonyl am noet hyl am no)-4-(2-t-

but oxycar bonyl am n oethylth ionethyl)-5-nercapto-1, 3-thiazole

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 ocyanat o-1, 3-t hi azol e was reduced
with ~sodi wpnsesuentfermation of nreqipifate r Reactipn apixtuse wagextepsted,wihhetbyh Exanpl e
44 to produce 15dt'tle conpound. -EXx

[(2) - 2- ( 2- APRE B9 e SrEsps Iv‘faﬁfiyfe?ggéres(’?%’;rrb%ﬁ@é a;ﬁdrﬁoé'f?fl%t&q WS o) acet a

m do] - 3- [ 2-reduded préssarens affbfasolia Fesidueed fiitledprodute r.q g& vwihicidwas used for

but oxycar bonyl am noet hyl t hi omet hyl ) -1, 3-t hiazol -5-y i 0) - 3-cephem 4-

car boxy! at eextistpp eithbnefitther psifieation. 'H NMR (CDC1,/CD,0D) & 1.40 (s, 9H), 3.20

2- (2-t-hutoxycarb | anj noet hyl am no) -4-(2-t

but oxycdrb I4§?i igé{%n}ﬁhl onet hyl ) -5-nercapto-1, 3-thi azol e was reacted
with

(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] - 25 Exampled7:3- cephem 4- carboxyl ate, di phenyl nethyl ester in a nanner
simlar to that WO 01/21623 PCT/ US00/ 26069 96 described in Exanple 45 to

£ O b oy e 0 (1] 7
5.90 (d, J=6, 1R} Ri8R of R Butylbxdivony ankilbethihthiourea (1.00 g, 4.54 mol)

in ethanol (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 (CDCL,) & 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 s, 1H), 6.38 (s, 1H).



Example 62: 5
(7R) - 7- [ W0 ve2fs33 @m no- 5-chl orot hi azol - 4-yl ) -2-(hydroxyi ngg@bg@g%g& do] - 3-[
2- (2-am noet hyl am no) - 4- (2- am noet hyl t hi onet hyl ) -1, 3-thi =h- hi o] - 3-
cephem 4- carboxyl ate, trifluoroacetic acid salt
(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl)-2-
(triphenyl met hoxyi m no) acet am do] - 3- [ 29§ 2-t-but oxycar bonyl am noet hyl am no) -
4- 10
(2-t-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, di phenyl nethyl ester was subjected to standard deprotection.
Crude product was purified by reverse phase MPLC chromat ography
(Anberchrgm EPSG é@l, gradi ent of acetonitrile in 0.1%trifluoroacetic acid)
and the f ontaining -pure product was concentrated under reduced
pressure and |yophilized to produce 15 pure title product. 'H NVR (D20) 6
218 Et’ 3 8-¢-bfthx oﬁrﬂé’n)(lgiilﬁﬂb %mmz-d:l?, 1), 3.62 (d, iﬁ)”’ .
: m ; W= - =6, : anpl e
2,50 (1 ydyoaiviiemnémbodo) sisberaifos iakde 026, 1
3-t-butylthio-2-6an Mol 4744, om0l ) in tetrahydrofuran (200
m.) cooled to géfgb&%g%étbghﬂg%“ﬁ‘??%}h&%%q%é(‘é@m 47.4 ol ) foll owed by
addi tipn pitogfdatonsntihedthyltidietadl)-13-thiaz8ie wasTeRdtdd With bi@iimkafd Was.
stirred for 30 mn at O T. Lithiumborohydride (2.58 g, 118 mmol) was added
i n port i opesassivmi thiogyanatgyin dreannsrpiatiler ta hatydsaseribed iTExample 43 tegreditdet i on was

ctirro {oe Ry HAMCERGIEORI B RT iy 200 Ehal 2B  ower ea

to -5 C ands (i a3 68 G02M). 5. 7%q6r 24¥5%.6@ rgv\m¥, . by addition of aqueous
sodi um hydrogiﬁde ?10 n% %%. Afte?ﬂaddip%_on of ethyl acetate (50 nL) and

water (40 nL) dilute hydrochloric acid was added to pH=5.0. Precipitated
i nor gani CE%QC%:S filtered off and organic layer of the filtrate was

10 2—(2-t-butoxycarbonylaminoethylamino)-4—(2—t—
butoxycarbonylaminoethylthiomethyl)-5-mercapto-1,3-thiazole

2-(2-t-butoxycarbonylaminoethylamino)—4-(2-t—
butoxycarbonylaminoethylthiomethyl)-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-chlorothiazol-4-yl)-2-
(triphenylmethoxyimino)acetamido]-3-[2-(2-t-
butoxycarbonylaminoethylamino)—4-(2-t- _

20  butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-yithio]-3-cephem-4- .
carboxylate, diphenylmethyl ester

2-(2-t-butoxycarbonylaminoethylamino)-4-(2-t-

butoxycarbonylaminoethylthiomethyl)-5-mercapto-1,3-thiazole was reacted with
(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(triphenylmethoxyimino)acetamido]-

25  3-chloro-3-cephem-4-carboxylate, diphenylmethy! ester in a manner similar to that



5 separated. After washing aqueous |ayer thoroughly with ethyl acetate
conbi ned wosaaig@sextracts were dried over sodium sul fate gre/gsvorestor at ed
to produce yelow oil (7.21 g) of title product. "H NWR (CDC1,) 8 1.40 (s,
9H), 4.50 (br s, 1H), 4.90 (s, 2H), 7.20 (m 1H), 7.80 (d, J=7, IH, 8.55
(d, J=5, IH. 1H). Exanple 64 10

3-t-butylthio-2-(2-t-butoxycarbonyl ani not hyl t hi onet hyl ) - pyridi ne A
solution of Vilsneier reagent was prepared by addition of thionyl chloride
(1.09 g, 9.17 mmol) to dry dinethylformam de (10 nlL) at room tenperature.
After 30 mn. the above solution was transferred to a sol ution of
3-t-butylthio-2- hydroxynethyl pyridine (1.20 (g,l 6. 09 n’m)ll:)l I n drg

di et hyl f ordeseriked ip Example 45fogrodyceditiecompgund IBYMR (CRCLIGRPRPEAper at ur e

i t1 on of 82T YR ERS BLRE Ab 2T ra st s e BT ln PP 15
1. 05 mmol) pagngxisggU@g#@,tlm,rs,ag(g/,vqu,cpm-my@qgl,tgH)_m hours. Reaction

m xture was partitioned between ethyl acetate and water. Organic extract
was t horoughly washed with water, 20 then dried over sodium sul fate and

evaporated 1ogsce oily residue, which was purified by flash
chr onmat ogra% lica gel (ethyl acetate-hexane- 1/2) to afford oily

title product (1.10 g). "HNWR (CDCI3) 8 1.40 (s, 9H), 1.57 (s, 9H), 2.80
(t, J=6H, @R);7-BZ}2-(2+aminod-chlarithiazoBs-yl)s2-(Idroxyimifo)aoetamida]-3-[2-7. 28
(dd, J=6, J24amibkthylamiie)-dd2-ainimoettiylthidnéthyl)<l,3-Iidzoll8H1thid301/ 21623

PCTI USOO' 26QpHem4 carbox§IMtE thifluoroacetic acid salt , ,
2- (2- am noet hyl t hi orret hyl ) -"3- ner capt opyri di ne di hydrochl oride A sol ution of

n hydr behl or i ¢ Rl B ¥ T or 3 cays” Cunti| 5 NAR of
a sanpl e i r(tifi@nyloeshoxyimiioavemmyids]-B[2-(3-t-itgrylaybauythniihecthplamina- i Xt ur e
\(/vgs 48\/3 f)r b -et- uttgxy(gg%ggﬁlgmtil?oe ry? uo%?etltlﬁ)e-lg?t?lgarngS'-sy?tHoﬁl-f-jéeg (ejrrn-%ihl ori de
carboxylate, diphenylmethyl ester was subjected to standard deprotection. Crude
product was purified by reverse phase MPLC 'chromatography (Amberchrom CG-
" 161, gradient of acetonitrile in 0.1% trifluoroacetic acid) and the fraction containing
| 'pﬁre product was concentrated under reduced pressure and lyophilized to produce
15 pure title pi'oduct. 'H NMR (D,0) § 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-butylthio-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
mmol) 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



whi ch was used for next step without further purification. '"H NVR (D20) 8

2.85 (t,wold 2H), 3.15 (t, J=6H, 2H), 4.20 (s, 2H), 7. A 7.30
(d, 3:4,Wf#'1§|f5}-343 (d 36, 1 H). 10 Exampl e 66 _ PRAUSBb/2606)

Bi s(2-(2-am noet hyl thi omet hyl ) 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 of97concentrated ammoni um hydroxi de and
a streamof air was bubbled through it for 16 hours. 15 Reaction m xture
was evaporated to dryness to produce solid residue of title product and
ammoni um chl ori de which was used for next step without further
purification. '"H NWR (D20) 6 2.75 (t, J=6H,2H), 3.15 (t, J=6H 2H), 4.00
(s, 2H), houBSTémgeraturdwas Ibwieredite)-5 °C.apd nathandt:-00 mE) wasadkied followeds, 1H).

Exanpl e 67: 20 Bis[2-(2-t-but bony! amm paet hyl t hi.qnet hyl i d-3-yl
AT S s B LR AR, 51
disul fid 4% O i\ e d | |
G 1 but Y30 ey dnd W0 ) R BREG IS pelt Vo Bl RadO BRGS0,
mol ). After 4Bresipitatedindrganio sabtres fitenedo\Ehd drganio 2y ePET HeFINARGREO 99

reaction m xture was evaporated to dryness and redissol ved .in nethyl ene
chl or i5de. separated; dfisr wasking egyceue layssthoroughlysrthysthykacgtaia rombingd at e was

it ot oclBy® B FE i oPLGANT APl eferilatel B SRIAME bW ST | 1o
il titl : i b ‘ 1c , : ,
?:aﬁ, 2IH) ’@1% %%d%b%ift(zt%b ;»123%@1.2 H( gmg/%mcg% 3)408(f, 9}5)7468,61351';1)1}1),54 Q6@ (t

, : 0 (I‘Ek s, 1H) 30 (dd, J=6, J=4,
(7R -7-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl ) -2-
(triphenyl met hoxyi m no) acet ami dol - 3-[2-(2-t
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+~
butoxycarbonylaminoethanethiol and sodium iodide (0.15 g, 1.05 mmol) and
vigorous stirring was continued for 16 hours. Reaction mixture was partitioned
between eth).d acetate and water. Organic extract was thoroughly washed with water,

20 then dried over sodium sulfate and evaporated fo 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 (t,
J=6H, 2H), 3.43 (t, J=6H, 2H), 4.35 (s, 2H), 5.40 (br s, 1H), 7.28 (dd, J=6, =4, 1H),
7.95 (d, J=6, 1H), 8.63 (d, J=4, 1H).



10

but oxycar Rpgyyaigenoet hyl t hi onet hyl ) pyrid-3-ylthio]- 3 cephemciyesor6osy! at e,
di phenyl net hyl ester To a sol ution

bi s[ 2- (2-t-but oxycarbonyl am noet hyl t hi onet hyl )pyrl d-3-yl] disulfide (83
ng, 0.14 nmol) in dinethylformamde (1 ni) and (7R)-7-[(2)-2-(2-

ani no- 5- chl or ot hi azol - 4-yl ) - 2- (t ri phenyl%¥et hoxyi mi no) acet ani do] - 3- chl or o- 3
15 cephem 4-car boxyl ate, di phenyl nethyl ester (175 g, 0.21 nmol) were added
tri phenyl phosphine (75 g, 0.28 mmol) and water (0.01 nL). After 3 hours at
room tenperature the reaction mxture was partitioned between water and
ethyl acetate. Oganic |layer was dried over sodiumsulfate and

concent r at dikample65:r educed pressure to afford oily resi due which was
purified by radi al chromat ography on silica gel (2% 20 nethanol in

t hyl duct. .{ 20 ' H NVR (CDCl 3/ CD3COD,
%ni 4§H§265%% E %ﬁﬁﬂpﬁtﬁsms&y;ﬁ-"z gr1§°§§""§“1ﬁhy@9f‘“°§‘ (i §1,7 250,7 63. ?2)
S, , . - /. m
25H), 7.70 (d, %s%‘utlﬂwﬂé-bw?'?lw gjlﬁ-bumycﬂ%@sgwm%%’gké@mggﬂb 26069

100 Exa
(Tpy - 7 Rt (0,60 2) im hydrocharic acid (5 ., 6,0 M) wag refluxed for 3 days (umdil -\ 1 o
2- (2- agi nQavRyoftadaaipié fiyD)PuodsthoBshdvi byof-bityLsipid)andt the kdactiyn aiieture

met hanesul fonic acid salt 5 (7R -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl) - 2-
(tri phenyl rrEasikyanaeraicd 49 domessip peqduge fle.desired solid dlhydrochlonde (0.40 g),

but oxycar bq ]+ xyl at e,
di phenyl et {:l?wg{‘ﬁfed%l- Bmﬁ%@%“@?ﬁ@?aﬂ%ﬁc&nagpr&d?@gﬁ Qﬁnbfl g%g? ’pr oduct
was di ssoly6H, zn? ,S0H (t, I%!HJIZH&QfZU\@;t Qﬂ)mﬁrﬁelﬁ)ZW3OK@an1H@$ 43@, at ed by
| oadi ng the 10 solution on HP20 reverse phase col um, el utl ng with water
until el uat&pddme neutral and eluting of the product wth

wat er/ acetonitrile m xture (60/40). The fractions containing pure product
wer e evaporated to dryness under reduced pressure.

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 Readtion mixture was evaporated to dryness to produce solid residue of title prdduct
and ainmonium chloride; which was used for next step without further pun'ﬁcation
'H NMR (D,0) & 2. 75 (t J=6H 2H) 3.15 (t, J=6H,2H), 4.00 (s, 2H), 7.38 (dd J=4,
J—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-aminoethylthiomethyl)pyrid-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



The solid residue of zwitterionic product was converted into soluble )
nmet hane f salt by stirring of a suspension in smalp. f water
and 15 :ﬁg gg?&agueous met hanesul fonic acid until all materi éﬁ s’g@u ilized.
Lyophilization of resulting solution produced nethanesul fonate salt of
title product. '"H NWR .(D20) 8 2.55 (s, 5H), 2.66 (t, J=6, 2H), 3.21 (t,
J=6, 2H), 3.30 (d, J=17, 1H), 3.74 (d,99)=17, 1H), 4.20 (s, 2 H), 5.33 (d,
J=6, 2H), 5.88 (d, J=6, 1H), 7.80 (dd, J=4, J=6, 1H), 8.24 (d, J=6, 1 H),
8.50 (d, J=4, 1 H). 20 Exanple 70:

Bi s{2-[2-N, N - bi s(t-butoxycarbonyl ) guani di noet hyl t hi onet hyl ] pyri d-3-yl}
disul fide To a suspension of Bis(2-(2-am noethylthionethyl)pyrid-3-yl)

di sul fi dereféfon rﬂﬂmrgmieﬁmfa)e(ﬁiortﬁ'ymshﬁmdﬂﬁmkdeed/mnaﬂﬁbde thiptide) The s(t 25
but oxycar bonylll)qcar boxam di no] - 1H-£éx razole (141 ny 45 mmol ) and the
react i on ingplablasesidue was fter ertlirats waRseRaen ﬁﬁeﬁiri"ﬂ desredissd partitioned

b h 01421623 u
oxt oot VERESRH Dprasch S8Y apeinl e o Rl SRR Sauodhhy 86 Bl B35, MBlnBho i 05N ©
pressure e 2&5@6&&09&&)3&1&18& @lmlu%&hums 2R'¢).i TH MR YC Dﬁ;?&l 57 (s, 9H),

chromat ogr aphy on silica gel HS % met hanol in methylen oride) to afford

0| | y 5i t 1278 (Irbfﬁ}hﬂHlm(mg)Z HIBRR2HEDC2 B(br 8, 111{)3@ 304dd.1ls6) J=4 180, (t, J=6,

1 o il dE i daRlagea 8L ") M7 | 0 P T

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

(triphenyl met hoxyi m no) acet am doJ- 3- met hanesul f onyl oxy- 3- cephem4 10

car boxyl Mﬁﬁenyl nmet hyl ester To a suspension of

(2)-2-(5-am no-1, 2, 4-thiadiazol -3-yl)-2- (triphenyl net hoxyi m no)acetic acid

(2.52 9, @RY9- mh)(zmxnﬁ-ﬂhﬁr&maaer &yl)-2-
(triphenylmethoxyimino)acetamido)-3-[2-(2-t- :
10 butoxycarbonylammoethylthlomethyl)pyrld-3-ylthlo]-3-cephem-4-carboxylate,
diphenylmethyl ester

To a solution bis[2-(2-t—butoxycarbonylaminoethylthi‘omethyl)pyﬁd-3-yl]
disulfide (83 mg, 0.14 mmol) 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, diphenylmethyl 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
{CDCL,/CD,0D) 5 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, J=6, 1H), 6.00 (d, J=6, 1H), 6.98 (s, 1H), 7.20-7.60 (m, 25H),
7.70 (d, J=6, 1H), 8.42 (d, J=6, 1H).



net hanesul f onyl oxy- 3- cephem 4- car boxyl ate, di phenyl methyl ester, tosylate
salt. (1.véow2162300 nmol) in tetrahydrofuran cool ed to -5®dG/usmwresed 15
di i sopropyl ethylamne (1.54 g, 12.00 mmol) followed by phosphorous
oxychloride (0.85 g, 5.60 nmml) and the reaction mxture was stirred for 1
hour. at -30 *to -35 C. Dilute hydrochl gric acid was added to cold m xture
and the reaction was allowed to reach i %mterrperature. After partitioning
bet ween water and ethyl acetate the organic |ayer was thoroughly washed
with dilute hydrochloric acid, brine, dried over 20 sodium sul fate and
filtered through a plug of silica gel to renpve polar inpurities. Renoving
of sol vents under reduced pressure afforded yellow sh foam of the title
product (2.Bxemple69:4 NVR (CDC13/ CD30OD) 6 2.85 (s, 3H), 3.56 (d, J=16, 1H),
3.83 (d, J=16, IH, 5.22 (d, J=6, 1H), 6.18 (d, J=6, 1H), 7.00 (s, IH),

7.30 - 7 5 5“7 I( 9— - 120 h JIJ 3 %xydhqgo)a%%hgl-z %2'
e P T

but oxycar bdR§thpgesmfonic.add 53l t hi onet hyl ] pyrid- 3-ylthio}-3-cephem4- 5

car boxyl at e, d| phenyl met hyl ester (7R)-7- l[ﬁ 2 2-(5 -am no-1, 2, 4-t hi adi
azol -3-91)-2- (7R)7[(Z)2(2 -amino-5-chlorothiazol-4-yl)-2-

triphenyl | f onyl 3- cephem 4- car boxyl
te. ol pheryIEHaYEs axiase%gé@cﬁéﬁf?ﬂeét‘{z‘)% NN Cbis(t-
but oxycar bw&ﬁﬁme hlam@RleyithivniRi1ipyridry sy Itﬁiibi%ééeishéi'ﬁﬁl-ﬂa%&@ldt@ a_manner

simlar 10 to that describe for preparatlon of 67 to producé title
conpound. dfphdMlef(thyZ]@S&t 6B Ombjected totdariderd dpiehtectivbng Crads pbdeet wed , 3. 06
(d, J=16, 1f 5.10

(d, J=6, 1 solsieéen f%d“ Xﬂ%'meﬁﬁ)wa% @3’1’(5%5%@0:116%8%531?@3@93#5&9ﬁ)@, '8.62

(d, J=gqo 1 "s%lut@‘:%ﬁm& réverse phase column, eluting with water until eluate become
neutral and eluting of the product with water/acetonitrile mixture (60/40). The

fractions confaining puré product were evaporated to dryness under reduced pressure.
The solid residue of zwitterionic product was converted into soluble

" methanesulfonate salt by stirring of a suspension in small volume of water and

15  adding aqueous methanesulfonic acid until all materiél soluBilized. Lyophilization

of resulting solution produced methangsulfonﬁte salt of title product. 'H NMR (D,0)
5 2.55 (s, SH), 2.66 (t, J=6, 2H), 3.21 (t, J=6, 2H), 3.36 (d, J=17, 1H), 3.74 (d, J=17,

| 1H), 4.20 (s, 2 H), 5.33 (d, J=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-butoxycarbonyl)guanidinoethylthiomethyl] pyrid-3-yl}
disulfide

To a suspension of Bis(2-(2-aminoethylthiomethyl)pyrid-3-yl) disulfide (98
mg, 0.41 mmol) dimethylformamide was added 1-[N,N’-bis(t-

25  butoxycarbonyl)carboxamidino]-1H-pyrazole (141 mg, 0.45 mmol) and the reaction
was heated at 40 °C for 16 hours. Reaction mixture was partitioned between ethyl



(7R) 7- -am no-1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydr oxyi mdo]‘-3-
{2- [2- g‘&é?’]lél noet hyl t hi onet hyl ] pyri d- 3-yl t hi o} - 3- cephem%?rcar%xyfate,

trifluoroacetic acid salt To a solution of

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

(tri phenyl met hoxyi m no) acet ani do]-3- §0L[2-N N -bis(t 20

but oxycar bonyl ) guani di noet hyl t hi onmet hyl ] pyri d- 3-yl t hi 0} - 3- cephem 4- car boxyl
ate, diphenylnethyl ester (200 ng) in nmethylene chloride (20 nL) were
added triethyl silane (10 mL) and triful oroacetic acid (0.5 nL) room
tenperature. After 40 mn. reaction, the mxture was concentrated under
reduced pacetataand veater. tOuganiclextracs svad deied oy sodim swifatecandi dohceitiatedpr opy |-

reg;ﬁlrtﬁzg“gé‘lﬁega%gsi}rgﬁsgégdu rtf&?yg%gxh{;g;[g r’f'(astrﬂl'{"drﬁﬁgg Qaa‘ﬁaug;ie-rrhefi | rering
ohase NiteorpSBiaBhy, Bh R0 By Menudl i hitthy i Thiciac) o foMd Bilp b BYEY €, |

0. 1% WO Qgrodildd 2340764, UEQIVEE (BDCI, 1LY 3.601(s, fllSHc),rmwett J=6, aH)B.72 fEnA2H), on
contalnlggq?ure roduct was concentrated under re uced ressure and _
| yophiSl i {so 2H). JeRic@dplite J£4.t 1D, $PY (i dto,(UD), 4P (d: AN, 8@y s5 2. 80 (1t
J=6, 2H),..3 30 (d, J=16, 1H), 3.38 (t, J=6, 2H), 3.75 (d, J:16, 1H), 4.21
(s, 2H, 5735 (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-am no-5-chl orot hi azol -4-yl) - 2- .
(triphenﬁﬁ&ﬂéﬁ%nino)aeetarﬁdo] 3-{2-[2-N, N - bi s(t .

but oxycar bonyl ) guani di noet hyl t hi onet hyl ] pyri d-3-yl t hi o} - 3-cephem 4- 10

car boxyl %é z Re15.ankin631,2,8-thR@id3bF3-yl)-2-

2-[2-N, i d-3-y1 |
o E@C@Tﬁ)ai%‘\%i&gfg %?i% yﬂtg%ngﬁ noﬁggwé}sg]rug%uh: azol y4} yl) - 2-
ce

((jltflu:ofeny‘f xyT 3-chl or o- 3- cephem 4- car boxyl at e,
To a suspension of (Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethoxyimino)acetic acid (2.52 g, 4.00 mmol) and (7R)-7-amino-3-
methanesulfonyloxy-3-cephem-4-carboxylate, diphénylmethyl 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 oxychloride
(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 allowed to
reach room 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 gel to remove polar impurities.
Removing of solvents under reduced pressure afforded yellowish foam of the title
product (2.86 g). 'H NMR (CDC,/CD,0D) § 2.85 (s, 3H), 3.56 (d, J=16, 1H), 3.83
(d, J=16, 1H), 5.22 (d, J=6, 1H), 6.18 (d, J=6, 1H), 7.00 (s, 1H), 7.30 - 7.50 (m,

25H).



di phenyl nethyl ester in a manner simlar to that described for preparation
of 67 to Xpoptemase title conpound. 'H NVR (CDC13) 8 1.57 (ECT/0So)26068. 83
(m 2H), 3.22 (d, J=16, 1H), 3.37 (d, J=16, 1H), 4.05 (d, J=10, 1H), 4.10
(d, J=10, 1H), 5.22 (d, J=6, 1H), 6.210 (m 1H), 7.10 (s, 1H), 7.30-7.50
(m 27H), 7.80 (d, J=6, 1H), 8.58 (d, Jél 1H). Example 75: 20

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol A0 %/I ) - 2- (hydr oxyi m no) acet am do] - 3- [
2- (guani di noet hyl t hi onet hyl ) pyri d- 3-yl t hi o] - 3- cephem 4- car boxyl at e,
trifluoroacetic acid salt To a sol ution of

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

(triphenyl net hoxy| m no) acetarni do]-3- {2-[2-N, N -bis(t 25

but oxycarb v di noet hyl t hi onet hyl ] pyri d- 3- yl t hi o} - 3- cephem 4- car boxyl
ate, dlphenylnethyl ester (160 ng, 0.128 mmol ) in methyl ene chloride (5.0

m.) and WO g:‘gnyﬁ 1 fthyl5|lane(15rrL) colled to O
waas ﬁdde e ora’ace é’?ggg %tlonhwas st: r(rjed at 10 C
or 7 hour ther cooled to -10 C
(80 nL) an ﬂ?évqaée'emtll n ‘BE fﬂkﬁ!&qﬁ‘ib‘l ‘E}l’it‘jﬁl’l‘?"y‘“"v\nth ether to
produce550|qaabwylﬂeuh@hpmm%byl(eatﬂng) H NVR (D20) 8 2.80 (m 2H), 5

3.05-3.2 (m 3H), 3:78 (d, J=16, 1@1 é H), 5.38 (d, J=6, 1H), 5.92
(d, J=6, 1H), 7(7857([66) 2-{5-amimge-5,2 Imadwaos y(l)dZ- J=6, 1H), 8.56 (d, J=4,

(1t|_?| pﬁgﬁglp r@f&\? Wtﬁz@ I %ﬁ%ﬁ éﬂ‘i‘lg@- -?e&a%i%ltﬁnylolx)@-ql-&%ﬁem-4-(Yar?)oxylate

but oxycar bofylagin@RyIBstel Wa@?@&cf&ﬂ'%ﬂi’dﬂ{ﬂ-{@-‘l\yi\]’u&isgﬂ- 3- cephem 4- car boxyl at e,
di phenyl net hyl éster” (7R)-7-[( (5-am no- t hi adi azol - 3-yl) - 2-

(triphenyl rtnnmgnbnnyihgmﬂhmnﬂqdﬁmﬁmthylﬂwmdsﬁw}ahyﬂlﬁdyirBa mephasimilaar boxyl a
te,

10  to that described for preparation of 67 to produce title compound. 'H NMR
(CDCl1,/CD,0D) & 1.40 (s, 18H), 2.61 (t, J=6, 2H), 3.06 (d, J=16, 1H), 3.23 (d, J=16,
1H), 3.53 (t, J=6, 2H), 3.80 (s, 2H), 5.10 (d, J=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  (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yI)-2-(hydroxyimino)acetamido]-3-{2-
[2-guanidinoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-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)guanidinoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylate,
diphenylmethy] ester (200 mg) in methylene chloride (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%



di phenyl met hyl ester was reacted with di [2-(2-t 15

but oxyc noet hyl t hi onet hyl ) pyrid-3-yl] disulfide g H;Fﬂ,@
simlar a{@%%l&u descri bed for preparation of 67 to produce tit conmpound.

"H NV\R (CDC13/CD30D) 8 1.40 (s, 9H), 2.59 (t, J=6, 2H), 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.Y®(d, J=6, 1H), 8.42 (d, J=6, 1H). 20
Exanpl e 77:

(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- (am noet hyl t hi omet hyl ) pyri d- 3-yl t hi 0] - 3- cephem 4- car boxyl at e,

nmet hanesul fonic acid salt (7R)-7-[(2)-2-(5-am no-1, 2, 4-thi adi azol-3-y|)-2-

25 (tri phemybroatétivacidyl Peact6r tethiding pird prodiict was concentrated under
but oxycar bonyl am noet hyl t hi onmet hyl ) pyri d- 3-yl t hi o] - 3- vctéh?mdf car boxyl ate,

WO 01/ 21628uded pressoe/and hephilized taprofesenre t gxprOéE@te(?S ted to

%?2?1%6&8%@%&) ReoaciS: U 3ps IR AR A &G Hhon oo
reverse P{@Fﬁs cPh*G 18, 5/\89;8 W@SQIH)UMBB'(d&'JH@U&sbﬁqP@HI6 @eutral and
elution o eproduc with water/acetonitrile mxture(60/40) The 5

f r act iSonsI=6ptHRi8H NG, e, dH)r oduct were evaporated to dryness under reduced
pressure. The solid residue of zwitterionic product was converted into
sol ubl e, nethanesul fonate salt by stirring suspension in small vol une of
wat er andeaaefled4: agqueous net hanesul fonic acid until all materi al
sol ubi l'i zed. Lyophilization of resulting solution produced
met hanesul fonate salt of t e pyoduc NVR (D20) 8 10 2.70 (s, 2.5H),
2.80 (t (FR)-7-Ufy)-2-(3-apajnp °'6’% pid- l)% =16, 1H), 3.68 (d, J=16,
1H), dtl(-ahelwlm)ethtaﬁym iﬂcetm;dOk {Z-I%-Na éF(t"J =6, lH) 7.65 (dd, J=4,
J=6, 111)butaxmrbQnyl)gnaﬁ;dmmhylamme(lwl]pytul- -ylthio}3ceapbem-4:

10  carboxylate, diphenylmethyl ester o

Bis {2-[2-N,N’-bis(t-butoxycarbonyl)guanidinoethylthiomethyl]pyrid-3-yl}
disulfide was reacted with (7R)-7-[(Z)-2-(2-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,
J=16, 1H), 3.37 (d, J=16, 1H), 4.05 (d, J=10, 1H), 4.10 (d, J=10, 1H), 5.22 (d, J=6,
1H), 6.10 (m, 1H), 7.10 (s, 1H), 7.30-7.50 (m, 27H), 7.80 (d, J=6, 1H), 8.58 (d, J=4,
1H). | |

Example 75:

20  (7TR)-7-[(Z)-2-(2-amino-5-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-chlorothiazol-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



2-chl or o- 4-chl or onet hyl - 5- (2- phenyl sul fonyl ethyl )thin-1, 3-thiazole 15 To a
sol ution q{zoﬁlgngrorret hyl - 5- ( 2- phenyl sul f onyl et hyl ) t hi o- 1, ge1t0sce2edée® (400
ng, 1.2 nmmol) in N, N-dinmethylformamide (3 nlL) was added N

chl orosucci ni m de (160 ng, 1.2 nmol), and the nmixture was stirred at room
tenperature for 16 h. The resulting m xture was poured into water and
extracted wth ethyl acetate. The orgaﬁp‘b sol ution was washed with water,
dried over sodium 20 sulfate, and concentrated. The resi due was

chr omat ogr aphed (sili ca gel, 20% et hyl acetate-hexane), affording 260 ny
of the title conpound. '"H NMR (CDC13) 8 3..09 (2H), 3.36 (2H) 4. 60 (2H)
7.5-7.9 (5H). WD 01/21623 PCTI US00/ 26069 106 Exanple 79: 2-ch

| oro- 4- [ ( 2-tmeﬁw!snlmmlo$<ydaucblé@w&nqwea a@deﬂtmﬂmam]acst(éi@mm and

h | sul f h

D et or o 4 TGRS 8t 155G R Raf Btk R Rowedina v e (260
mg, 0.71 mﬂﬂkamoéred gyl @(Séemiglﬁﬁtﬁgresﬁlt ﬁ%lﬁltatgwa@%mttﬁ%ﬁgﬂﬂym
hydrochl ori de (96 ng, 0.8 , BOC anhydr ) mol ), and

sodi um bi camﬂoe&beto(pté’dhqeyph& oﬂtntlhmnlo)iucptr(%l mg)afid NMRrﬂD)zOh&a 8024 nl)

with efhyl3-Stdedpe3 b 2 rat restdue was
wth eonyis Bbacde Hiatabadris, B 2 e 0 aEehra: ud. S B ale was
10 chronat ol?,pggt 8¢ @r],:al j46c Ia‘geé %ﬁ’“&@% glsgga q_l;hoil?fﬂst hane), affording

370 ng of e cohpoln 2.70 (2H), 3.06
(2H), 3.34 (4H, 3.80 (s, 2H), 496(br S, lH) 7.5-7.8 (5H). Exanple 80:
(7R) - 7- am nQ- g,, hl or o- 4- (2- N-tert - but oxycar bonyl am noet hyl t hi 0) net hyl -
15 1, 3-thi g%&’é_yﬁthl 0] - 3- cephem 4- car boxyl ate di phenyl net hyl ester To a
solution of 2-chloro-4-[(2-N-tert-
but oxycar bqRrh)-gu(Zp2i(Bydminbi102e-thiadiazol-83Ap2enyl sul f onyl et hyl )thio-1, 3-thia
zole (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,
diphenylmethyl 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
(CDC1,/CD,0D) 6 1.40 (s, 9H), 2.59 (t, J=6, 2H), 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-ylthio]-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,



(140 ng, 0.30 nmmol) in N, N-dinethylformamde (2 n) was added potassiumt-
but oxi d 0. 35 nmol ) and stirred at room tenperat mn and
Chen 50 AqQ/zg&go ‘W ndsBbr2ébso

(7R) - 7-Am no- 3- et hanesul f onyl oxy- 3- cephem 4- car boxyl ate 4- di phenyl net hyl
ester (170 ng, 0.37 mmol) was added. After stirring for 1 h at 0 C, the
reacti on was quenched with saturated a8¥eous amoni um chl oride. The mixture
was extracted with ethyl acetate, washed with aqueous |ithiumchloride
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 conmpound as its p WO 01/21623 PCT/ US00/ 26069 107

t ol uenes Udhi)ﬁéﬂythnahyrbs&ﬁlv\tas sulb]'ectbd uvstandaﬂtﬂdpmtedtm i@rude productivas Wi t hout
further uri fication.

(7R) - E [ (Hipsojvedinsmall vsmrrmfcwgroqqxg%%w@ isqlgted bydoading the b
oo TG bl Sl i dubgc s

di pheny| nidufeal ariséletionlef the produetdvith Wefzacmhmm mixtofe (60/40). The

2-(2-tert-but oxycar bonyl am nopyrid-6-yl) -2 (t ri phe ({yl met hoxy| m no) acetic
aci d Sodi frestions gor(tglgmgmglre product yase }’quﬁfaéﬁﬂf? ed PRESWR- or nani de

(2 n) If.on 30 nol ), and

st rredm—g]Fes(?%grﬁsnE %?m? af%gxrlr‘lge%gﬁgﬁfgbmﬁ or 0- 4- (2- N

tert-but %Mﬁﬁﬁé%ﬁmfﬁﬁé%ﬂﬂﬁ} Q&hh@ b\i&beﬁi&iﬁh-shaﬂ-\ﬁomrﬂé@f wately inid%lddln? cephem 4-
car boxyl at e, di phenyl nethyl ester (200 23 mmol, obtained fromthe

cor r es ponajuegusmetbhnesnlenit fa@dmutlhailma@agkggohmweé; llé'éphlbmﬁl%lt yl ani ne (0 12
m., 15 0. 68

was_ adde d st or i al .
The r eactﬁeéwt1%§3luﬁ?féwe BeF a‘lff‘iﬂ 68F Bﬁﬁp @W tfri%xt ure was
th t - t hl d
bna iRt 6 21280 B e, 353@1? 6 E S e "“oﬁﬂzﬁ s, 3‘:1“'( 0 5%
met hanol / th); Wi lor(sr2eHy) 3r29) (d, &6, @Hi 183 66 JnG I(H) 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-chloromethyl-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 mﬁml), and the ﬁﬁxture was stirred at room
temperature for 16 h. The resulting mixture was poured into water and extracted
with ethy] acetate. The organic solution was washed with water, dried over sodium

20 sulfate, and concentrated. The residue was chromatographed (silica gel, 20% ethyl
acetate-hexane), affording 260 mg of the title compound. .'H NMR (CDCl,) & 3.09

(2H), 3.36 (2H), 4.60 (2H), 7.5-7.9 (5H).



the title conmpound. "H NVR (CDC13) 8 1.2-1.7 (18H), 2.65 (2H), 3.40 (4H),
3.82 20 (Aagm@fd)zg 4.85 (br s, 1H), 5.18 (d, IH), 6.20 (dd,pdiyuseo6dss(s,
1H), 7.2-8.1 (28H): Exanple 82:

(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2- (hydroxylmno)acetam do] - 3-[ 2-chl oro- 4-
(2- am noet hyl t hi onet hyl ) -1, 3-thi azol - éét hi o] - 3- cephem 4- car boxyl at e,
trifluoroacetic acid salt 25 To a mxtur1

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

(triphenyl met hoxyi m no) acet am do] -3-[2-chloro-4-(2-N-tert WD 01/21623

PCTI USCO' 26069 108

but oxycar bonyl am noet hyl t hi o) net hyl - 1, 3-t hi azol - 5-yl t hi 0] - 3- cephem 4-

car boxyl at e@ﬁ&l%ﬁ-&iyl nmet hyl ester (86 ng, 0.071 mmol), triethylsilane (0.3
m.) and dichl ororret hane (0.3 rrL) was added trifluoroacetic acid (1.4 ni),

d sti trated t
ryness. andEh ) %% “egpe tﬁ;i;%" o a1 ed by
reverse- ph%‘gng F‘!) a)\siﬁm' &r chr om col urm (eluting with 0%to 50%
of the t1tle corbUNa: Ontﬁ'%’ﬂg"(%fém%mﬁ S g o R mE h 8 (1 © ™
4.20 (26), tﬁ:aé&e(ié@m 20.99 nirhél), sodivaPiddidd)(; 16(7rr%51(111h%01) 8. 18 (1H). 10
Exanpl e 83: Met §ert but oxycar bonyl anmi no- Z- pyri di necar boxyl ate To a

suspensi on amﬁm@c:tﬁaxpj/lnokhydamhhkm@dﬁﬁ img; 085 mmpb, BBO@ arﬁl@dndm(%langl, 1.1

t t hyl 5. 05 t hol

dH)Svm geamdgg‘e Eﬂdp"r? WBW%H%¢§F7%%%?(&%°§ ‘%?58“ ) %eﬁgaam xture
t

Srear sol aTohwaepEAAR A Sabuitrall b T8 ﬁ‘%ﬁ{’%ﬁﬂxﬂ*ﬁ”ﬁﬂ‘ﬁ%ﬁw‘%ﬁ

hour . Aft erethylaketng, whdhed With brire, m‘ﬁcomemttatéd Chiecrekidtovean et hyl
acet at e-hexane (1:1, v/ and 1% Y6 aqueous sodi um hydroxide, The organic

layer Wds \@hsoragfogrghed % filica %I&hééwbarsoé/é}cmﬁrwashm)d@ffordmg 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-t'e"rt-butoxycarbonylaminoethylthio)methyl—
15  1,3-thiazol-S-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-

diphenylmethyl ester (170 mg, 0.37 mmol) was added. After stirring for 1 h at 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-



Al'l the aqueous solutions were conbined and neutralized to pH =5 with 20
concent r%elgz%/ﬂr ochloric acid in the presence of ethyl 3/260];99 et hyl
acetate Iayer was washed with brine, dried over sodium sulfate and
concentrated to obtain 5.0 g of
6-tert-but oxycarbonyl am no- 2- pyri di necarboxylic acid. This acid (1.38 g,
5.8 mmol) was added to an ethyl acetald@7solution (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 nL) was added, and the m xture was stirred for an
additional 15 mn. WO 01/21623 PCTI USOO’ 26069 109 The ni xture was then
concent r aohgnesuifopizracid sattpwiiich evaseeed for el nextrsaction without Sutherat ed aqueous
sodi um bi car bonate. The organi c phase was washed with | % aqueous |ithium
chl ori de BHIBH®® brine, dried over sodiumsulfate, and concentrated to
afford 1.4 g of the title conpound as a white crystalline solid. "H NWR
(CbC13) 8 5 1.51 (9H), 3.98 (3H), 7.54 (br s, 1H), 7.80 (2H), 8.16 (1H).
Exanpl e gBxampleBl] 6-tert - but oxycarbonyl am no- 2- pyri di negl yoxyl ate To a
solution of nethyl 6-tert-butoxycar bonyl anm no- 2- pyri di necar boxyl ate (5.3
g 21 - f4de (3.7 g, 29 mmol) in .
%7@(’#1 F %engﬁhgﬁz)&%ﬂﬂ Wgé | 2' ydr| de (60%in oil, 1.3
, 5'p Yjme a]éi roo tenperature for 2
. D|et hybutexyearben, em"m ¥ 8t red for 30
m n. The mngxlategdmlxsnyl;mthyleestm col | ect ed d| ssol ved in water, :
neutralized to pH =5 with 6% hydrochloric aC|d and extracted with

di et hyl et her Td‘heoelt:ﬂné-ﬁﬂéﬁlb selutiomef2- @t%@qm@rhwmm toyBf2ford 15

and Sy?f At yROMERS soit Sodprnt o ite {2 W B v aRlE 10,00
mlﬂ N‘qﬂﬁahﬁ?orﬁlaﬁldéffﬁt,) wis bc{cfeﬂ Rk tifne S oMyt ﬁﬂmde?(fotuzs tho) 30 m n

°

um met hoxi de- i n fret hanol
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-S—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 (brs, 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-ammopyrld-6-yl)-2-(hydroxy|mmo)acetamldo]-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-



m.) was added. The mi xture was then stirred for | h and concentrat ed.
Extracti onwo3f2123 h et hyl acetate from aqueous sodi um bi carfmesoe/zémbe! owed
by evaporation afforded 3.7 g of the crude dithioorthoester. The above
crude. (10 g) was dissolved in acetic acid (30 nL) and sodi um perborate
nmonohydrate (8.4 g, 84 mml) was added.  The resulting suspension was
stirred for 2.5 h. The sol vent was evapé?%lt ed 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 title WO 01/21623 PCTI USO0/ 26069 110 conpound. ~H NWMR ( CDC13)

8 1.53 (9H), 3.98 (3H), ., 7.32 (br s, 1H), 7.77 (d,. 1H), 7.86 (t, 1H), 8.24
(d, ||_|)_( l_DBbélﬁg;qyéary(gr))l'_lbaminoethyltsﬁo)methyl-ll_?S-thiazol-S-( lthlo]-lg)-ceph -4- ( ¥

2-(2-tert-butox rQonyl am nopYLL d-6-vI )-2-(tri ph I hoxyhLmnolacetic 5
acid To a chfb'ﬂ(y%ﬁe, g*prﬂégflm'ﬁmﬁ)éstep (8% meg, 0.(?7 1 mmoB, E'Pe\{hngiane)fﬁb m].'b Qn%
6-t ert - but QiiéroRfRMANe 0.0 nky WiY ddded BsHuRNaceAE cid (L48nkD), afd dtirféd4t) I n 95%
et hanol were added hydroxyl am ne hydrochloride (0.6 g, ~ 8.6 nmol) and

pyri di ne (Go@® teapersture fordl b., Thewixtire wrisxbnceatrated te diynesscandttritated

t enperature for. 1. . The solvent was.renoved in vacyo and the oily

oo Gue SasHidotigivy plien i BRCHERHS BRRGH ey St PR HERBROETALY R gani o

sol uti on wagy, 1, -] : ' Led-amd ied over
sodi um sul f at }ga%%ﬁg‘ it (el DA g{fxde% %?%%“‘S‘“gf“‘%‘ﬁﬁ%%@‘eﬂgn%( oxyi m no
est er. The trflucteaesicacid\eaTating @ mg df the tiflechinpoondt FRNMR(D,@)0dB4d to 0 C
Trityl <chloride (1.87 6.7 n’m)l}_I and triethél amne (0.84 nL, 6.7 mol)
wer e added @HY 34D 370425 A 20 GH) 30 (HE 508 (TED 7eh0 QEDS-45 (HD,

di chl or orretsh?gﬁ@}pwashed with 1% hydrochloric acid and concentrated to

afford 3.1 § o he tritylated ester. Crystallization from hexane- et hyl
acetate provided the syn-oxyi mno product that was free fromthe

anti -1 98 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 fer¢-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 thén slowly heated and refluxed for 2.5 hour. After cooling, the mixture was

pénitioned between ethyl acetate-hexane (1:1, v/v) and 1% aqueous sodium
hydrdxide. The organic layer was washed again with 1% aqueous sodium hydroxide.
All the aqueous solutions were combined and neutralized to pH = 5 with

20  concentrated hydrochloric acid in the presence of ethyl acetate. The ethyi acetate
layer was washed with brine, dried over sodium sulfate and concentrated to obtain
5.0gof 6-tert-butoxy;carbonylamino-z-pyridinecarboxylic acid.

This acid (1.38 g, 5.8 mmol) was added to an ethyl acetate solution (20 mL)
of Vilsmeier reagent (prepared from phosphorus oxychloride (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.



The above ester (4 25 g, 7.91 mmol) was dissolved in a m'xed sol vent of 20

|sopropyh,03]r;(;2§()l ge (tetrahydrofuran and water (10:5:1, }'{559'%“% ni ng

sodi um 0.64 g, 16 mol) and was stirred at 6 The
reaction mxture was concentrated to dryness, triturated wi th hexane, and
partitioned between dichloronmethane and diluted hydrochloric acid. The
organi c | ayer was concentrated, affod®ng 3.7 g of the title compound. “H
NMR (CDC13) 8 1.53 (9H), 7.05-7.50 25 (16H) 7.55 (1H), 7.64 (IH). W

01/ 21623 PCT/ USO0/ 26069 111 Exanple 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 methylformam de (15 nL) and stirred at room
t enper at UFlee fintur@Gvasithen chincenteatad Emdm@rtmuad betweomethyhasstate andansferred vi a

Y ey el PR BHHORE AU ISR RARaTAn DS rEes Hhase wag washsdhwith 1% -
di met hyl f @@59 Aﬁnr’ l*Eﬂ)ﬁde dithén l?mkb dkiBE oVErsbding steDakd édrcomeded et veen
ate an wa

et hyl ace e organic solution was washed with 5% aqueous

sodi um btb@@fob@matgeof tHé tlﬂdcmpoummlatwhxmdrywhnemm dHrNMR {CEy) d o
dryness, affordin he title co ound. "H NWR (CDC13) 8 3. 05
(2H) 53. 3651 9HD), 3%87( 2"%4 (b17551é1) ?8%21(115@)1 Hy> (s, 1H). Exanple 87:

4-[ (2-tert-butoxycar bonyI am noet hyl )thl onet hyl ] - 5- (2- phenyl sul fonyl ethyl )th
io- 1,3-thiazole 15 A m xture of
4- chl oror@zmml_qﬁéiz phenyl sul f onyl et hyl )t hi o-1, 3-thiazole (2.3 g, 6.9
nmmol ), sodiumiodide (1.55 g, 10.3 mmol ), 2-am noet hanethi ol hydrochl ori de

(174 %, Vs 2‘%%%5’"@%@%9?48"‘ 52 gy Y %‘xﬂé&eaf‘e (50 ) was stirred at

;gce)[n a: 2”‘3%2}] elo @ so utlon of me 1 é ?er? {)u %)chrgr iammo §-pyr1d1ne%gr Wx;tllgt ethyl .

(5.3 g, 21 mmol) and methy! methylsulfinylmethyl sulfide (3.7 g, 29 mmol) 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 diethyl ethér. 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 pyridine (3.1 g, -
40 mmol) and trifluoroacetic anhydride (4.2 g, 20 mmol) were added at 0 °C. After
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 monohydrafe (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



20 with brine, and concentrated. The residue was chronmatographed on silica
gel (1% Rpdlagfksdi chl oromethane), affording 2.9 g of the dditopesgaound.
"H NWR (CDC13) 6 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. -- ---------- WO 01/ 21623
PCT/ USOQl 26069 112 Exanpl e 88:

(7R) - 7- anmi no- 3- (4- (2-t ert - but oxycar bonyl i noet hyl t hi omret hyl ) - 1 3-thiazol -5
- ylthio)-3-cephem 4-carboxyl ate, benzhydryl ester, p-toluenesulfonic acid
salt To a solution of 4-[(2-tert-butoxycarbonyl am noet hyl )t hi omet hyl ] - 5-( 2-
5 phenyl sul fonyl ethyl)thio-1,3-thiazole (260 ng, 0.55 mml) in N N

di met hyl f or mam de (5 m.) was added potassiumtert-butoxide in

t et r ahydr ofcomgougd. H/NMREBCBEJ,) 3B (OFD, 3P (3 iddbes,i e d.73t(dy Bdn

t enperature
amrrﬁo 3- et I—ééésﬁgb?ﬁqc&ﬂl@ cephem4 car boxyl ate, di phenyl net hyl ester

(freed fromits p-toluenesulfonic acid salt formjust prior.to use, 314
ng, 0.5 mmol) was 10 added and stirred for 1 h. The m xture was quenched
with aqueodExampde 83n bi carbonate, extracted with et hyl acetate, and then
concentrated. The crude was chronat ographed on silica gel, affording 185

(32°m) h.enffe e

corrpoun I\/R of the free base (CDC13) S 1.42 (9H) 2.64 15 (2H), 3.35

760 i’oﬁs‘ ( éHé T asotuign Sy GrabbitpRigaryinamng 2 Biridipeglyodidie © 2
?;‘? :”S Kgﬁ;f’g@ﬁ%‘?ymm# %&%&%ﬁﬁ‘l were addeg hlydroxyla%ne hydrochloride (0.6 g,
but oxycar b@xymamolhaet pyridide @B inlL| 9 i7:tmﬁet)fmﬂﬁhb pitxtytet Wasogtirfedcae pdvenm 4-
carboxyl at eemggrgtzu?g fdorryI 1.5 l(fsll‘he 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  stirred for 2 h. The mixture was diluted with dichloromethane, washed with 1%
hydrochloric acid'énd 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 a 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 mixture
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 (CDC},) § 1.53 (9H), 7.05-7.50
25 (16H), 7.55 (1H), 7.64 (1H).



To a solution of (7R)-7-am no-3-(4-(2-tert- _

but oxyc i noet hyl t hi omet hyl ) -1, 3-t hi azol - 5-yl t hi 0)y 4-
carboxy?gggﬁﬁggﬁghydryl ester, p-toluenesulfonic acid sa%% ( g&ﬁ%§ 0. 28
mmol ) and 25 _
2-(2-tert-butoxycarbony|aninopyrid-6-y|i-2-(triphenylnethoxyinino)acetic
acid (173 ng, 0.33 nmol) in anhydroudltetrahydrofuran (30 niL) were
sequentially added WD 01/21623 PCT/ US00/ 26069 113 phosphorous oxychl ori de
(0.04 nL, 0.41 mmol) and diisopropylethylamne (0.17 nL, 0.97 mmol) at -30
C. The resulting solution was stirred for 1.5 h and the reaction was
quenched with 0. 1% hydrochloric acid. The m xture was extracted with ethyl
acet at e aBthnmgple8éntrated. The residue was then i nmediately chromatographed.
5 on silica gel (0.5% nethanol/dichl oronethane), affording 170 ng of

the.titl d. | 3) .8 37,69 .45 (9H), 2.63 (2H), 3.27
(4ﬁ|),|3.%@?&?’?%‘ﬁ%%’é&%ﬁeﬁ%ﬁ?‘ !éf%?’;és, .1I(—I)!_|)6.09 (I'(H),H)a. 97
(8589“(_')5 IH)12 Egpé’i@l(%@%)(lé rrZL)Zv%;Jrhﬁ%d gvzlt?ml_l%,N-Zin?eth)glgblﬂdamzde{gaS(md]'.,) HJ=8),
7R) - 7- - 2= (2-api -(h £t t.ard dlal - 3- (4- ( 2-
gin‘i Zmet L;(/ dhsl%ggrréta ﬁiﬁo&?@%’p ﬁ]nlﬁ'g)zfé)ﬁ)g -y m{eoéﬁgﬂ %@@4‘%@a@g‘£xyl git e,( .
trifluoropaRrfdredasd & to 4 solation of 4+hpdrotymethyl-5-(2- ; -
(7TR)-7-[(2)-2-(2-tert-butoxycarbonyl am noggrl d- 6- yl)l\f 2-
- E) tri phenypheeylia@lignmthﬂ)tb&; rﬂl@ﬁqlrél-gﬁg(iz r gymel) pgN.N- .
ut oxycar hon noet t hio < -t hi - B -3 em4- ',
car boiyl a ‘E‘eﬁyﬁ%‘ﬂ%@?@ giff)e%%% Rﬁﬁl}e,%.xlj f%k’?‘%‘éﬁ%ﬁ@%ﬁ“ %@% ng) at 45
C was  adgegd@idadias et sniesdlatidnlwadWash8d k¥th'B¥ bjueoas oditkd N xt ure was
stirred for 1.5 h. After cooling, diisopropyl ether was_added. The

resul t i ngbiparbenats, dsieé oversodivan sulfate; and epncersrajedito; diynass.affording 1¢78)& er ed. The

col urp (¥ BT e BN VR R £og ey S P RpRE RlYeay v S er < o

aci d) / acej g9(3Hy, QL §,Qryi ve 18 ng of the title conpound. 'H NWR

Example 87:

4—[(2-tert-butoxycarbonylaminoethyl)thiome_thyl] -5-(2-phenylsulfonylethylthio-
1,3-thiazole -

15 A mixture of 4-chloromethyl-5-(2-phenylsulfonylethyl)thio-1,3-thiazole (2.3 .
g, 6.9 mmol), 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
femperature 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

(SH), 8.80 (s, 1H).



(D20) 8 2.91 (2H), 3.30 (2H), 3.46 (d, 1H J=18), 3.60 (d, 1H J=18), 4.12
(2H), 5. 35y00ikie235. 88 (1H), 7.02 (d, 1H, J=8), 7.17 (d, 1HCHuS26#98 (t,
1H, J=8), 9.20 (s, 1H. WD 01/21623 PCT/ US00/ 26069 114 Exanple 91:

4- Hydr oxynet hyl - 3-mer capt opyridin e To a suspensi on of

3- mer capt oi soni cotinic acid (1.80 g, 1? mmol) indry THE (70 mL) was
added slowy borane in THE (52 nL, 1 M ) nmmol ) and the 5 reaction m xture
was stirred for 30 mn. The solvent was evaporated under reduced pressure,
met hanol (40 nL) was added, and after gas evol ution stopped, concentrated
hydrochloric acid (3.6 nL) was added. The solution was filtered and the
filtrate was evaporated to dryness. The residue was redissolved in a snall
vol ume of M_gﬁncentrat ed aqueous ammonia (3.6 nL) was added and the
reaction mxture was 10 evaporated to dryness.. After overnight drying under

@guumora oL (£l BatordyaErtdnyh il ol £ ves
| ];3 13 E%th‘ 5‘%‘5" ﬁ]g ’(3@ ’y&?f nﬁ' %‘%ﬁ?gm Q‘%@ 92:

?1 ﬁ;&?ggi%{ ﬁf thllﬁéﬁ? B%f et ‘{‘&’é’@%ﬂy m??eﬁwﬂ}wm@yél %%)‘Idvgd in
Pl | o gL) &I%E&ﬁtﬁ@?&hyl o Iorlﬁe(%éblﬁg &5s nﬂnoﬁf-u{‘ﬁ;}g) After 30

f ol | owe 1977 ny, o After 30 mn. the

reaction mdqﬁmt}glfomanmal(s Tl )omeschdded potassivn tar-batodidetih ydtrahgdtoditran (hnd t he
organi c |l ayer was__thoroughly washed with water and dr| ed with anhydrous

sodi um sul M 5 k) ppd té)&tmwwasytm%atarpomﬁﬁrﬁmw 3¢ min. €M) Ea” gel

o) 7 20 Foiipb Cr e lexd oo d Lt ippeh MRS A el 4, 1

J 6) . WO 0lfroid 62 p- {BaEAS4BHBARGRA s alt k3N just prior to use, 314 mg, 0.5 mmol) was

10  added and stirred for 1 h. The mixture was quenched with aqueous 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,) § 1.42 (9H), 2.64
15 (2H), 3.35 (4H), 3.94 (2H), 4.76 (1H), 4.92 (1H), 5.02 (br s, 1H), 6.98 (1H), 6.20-
7.60 (10H), 8.93 (s, 1H).

Example 89:

(7R)-7-[(Z)-2-(2-tert-butoxycarbonylaminopyrid-6-yl)-2-
(triphenylmethoxyimino)acetamido]-3-(4-(2-tert-
20  butoxycarbonylaminoethylthiomethyl)-1,3-thiazol-5-ylthio)-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



Exanple 93: 4-{[(2-N-tert butoxycarbonyl am noethyl)thio]nmethyl}- 3- (triph

enyl net t yridine A solution of thionyl chloride ( 5 mol)
in dry d(;}f?énﬁ) was 5 stirred for 30 mn. at roomtenp%&ggggre 6%)'

solution was then cannulated into a solution of

3-(triphenyl net hyl t hi o) - 4- hydr oxynet hyl pyridine (270 ng, 0.70 nmol) in DW
(2 nL) at roomtenperature and the rebtdion was. stirred for 30 mn.

2- (N-t- butoxycarbonyl am noethyl)thiol (187 ng, 1.05 nmol) and powdered

pot assi um carbonate (486 ng, 3.52 mmol) were added to the reaction m xture
and stirring was 10 continued for an additional 30 mn. The reaction was
partitioned between water and ethyl acetate and the organic | ayer was

t hor oughlpho¥oheis ddybionad @.04mY, 041 esinol) Ahd Eiisopfipytdtigarntie (027vent under

reduced pressure thé residue was purified by radial chronatography on
silica gehL{h8%mmylpah30 °Gc dharesulting/selution Vgasétlﬁedﬁﬁ Lhpedthgterial as an

ff-wh lid \
5 J=63te ign v Gagpheg wil G 1 ByRehiphig get, g i W3 cfifredlf (L ="
7.20 - gl?ll Qigétatejaﬁh{}: @?le& ”Th@iélstdugmmeﬁ n%nedlatel%' chromatographed :

4-1(2-N-t utoxycar am noet hyl thio)nmethyl]-3-{(tert-
but oxgc aronasilydat gel (0. Mrmetharml/ﬂﬁ:hlbmomethane) affording 170 mg of the title

L ormponsa. T GG CEDEREs st BkS TS ey 267 2,3 27 BB E S ane (2 L,
12.5 ﬁc)éf'ﬁ?&"l‘ff‘%— g'ﬁt(?%’é 985, €04 efiirl8 012 1Fh) 74870, 3419ds),

trifluoro acid r stirri'hg at roomterrperature

t he react7m7m>(25m)¢ms(1ﬁam&b(rdammﬁtso, 8189 (¢ $H).under reduced pressure and
the residue was dissolved in dry 25 tetrahydrofuran (10 nL). To this

solution diisopropylethylamne (1.40 m., 7.84 mmvol) was added, followed by
di - t - but yi,@hipdé G@nate (1280 ng, 5. 88 mml) and WO 01/ 21623 PCT/ US00/ 26069
116

10  (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-(4-(2-
aminoethylthiomethyl)-1 3-thlazol-S-ylthlo)-3-cephem-4-carboxylate,
trifluoroacetic 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) at45 °C was
added methanesulfonic acid (17 mg, 0.18 mmol), and the mixture was stirred for 1.5
h. After cooling, diisbpropyl ether was added. The resulting 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) & 2.91 (2H), 3.30 (2H), 3.46 (d, 1H, J=18), 3.60 (d, 1H, J=18), 4.12 (2H), 5.35
(18), 5.88 (1H), 7.02 (d, 1H, J=8), 7.17 (d, 1H, J=8), 7.98 (t, 1H, J=8), 9.20 (s, 1H).



after 3 hr. reaction at roomtenperature the solvent was renoved at reduced
pressure. whdipisasati on on silica gel by radial chromatogr adyusoorsdey! ene
chl ori de/ met hanol - 50/1) produced pure title product as a yell ow foam (460
ng, 79%9. 'HNWR (CDC13) 8 1.42 (s, 9H), 1.50 (s, 9H), 2.58 (t, 2H, J=6),
3.23 (t, 2H, J=6), 3.84 (s, 2H), 5 4.95 {br s, 1H), 7.42 (d, 1H, J=6), 8.58
(d, 1 H J=6),.8.70 (s, 1H). Exanple 9ok!4

4- (2-N-t-but oxycar bonyl am noet hyl t hi onet hyl )-3- nercaptopyridine To a
solution of 4-(2-N-t-butoxycarbonyl am noet hylthi onethyl)-3-(tert-

but oxycar bonyl t hi o) pyridine (415 ng, 1.04 nmol) in nethanol (2 nL) was
added 10 under nitrogen a nethanolic solution of sodium nethoxide (1.04 mi,
1.0 M, andxample9kaction mixture was heated at 50 *for 30 min. After
evaporating the solvent in vacuumthe reaction was partitioned between

t d et [yl ' .51 f ti id (125 , 2.08 ).
\Igeagtr)r Z'?i o%’gx'df%ﬁ%b@éﬁ'ﬁe&ﬁﬂgﬁégﬁéﬁd p?ggsh(r:eamyi el( ded tn?]e titl erTTrD :

terial (298 96% vi el d i ch d. in. t 15 it hout .
ur ther puri 1 coiq Bepéasion f ¥ Essapltiniteisicdid dRIE1 GRERD By ' 5°%
(m 2H), 4189K g0 ﬁ.E% wa%X ag%gl(ég\nélgzboﬂdﬂ)e,in THFE(50aL, M, 3Z2%molf aA@tHed, 1H,

J=6), 8.40 (s, |

(7R) - 7- B( Z)redtioR naintumowas stirest for B0 min. The yolyert-wad@vaporated under reduced
(triphenyl met hoxyi mi.no) acet ang do] -3-[4- (N-tert .

bt oxycar bORSPE FOUBAM G IOy et s ARG 25 cvelbfion stpeedh soumntreted

di phenyl net Moo ' f :

4-(2-N-t-bu g%&?iéar oar‘lzi/ 3?716 ’?1’%2%?%%&%‘?@1‘3“9 g_w aﬁgrl%éegtaggﬁ? g%%aée ‘(N%s% ny,
0. 99 mmol ) evaporhted to domesst SheTesidye wassredidsidded ifF) smiall ‘Hdume of water,

(Z)-2-(2-am no-5-chl orot hi azol -4-yl)-2-(triphenyl met hgxyi m no) acet am do] -3
WO 01/ 2162 Foneentatsd Gqueqisgmmonia ﬁ?e%/ FH s adgded anslihe seactiph BEX I WAh o y | at e

di phenyp, theQX}Lorgt%& % dryﬁrsés.e "Afler 80khi ght 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-(Triphenylmetllylthio)-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,) 8 4.17 (s, 2H), 7.20-7.40 (m, 15H), 7.42 (d, 1H, J=6), 8.22
(s, 1H), 8.40 (d, 1H, J=6).



stirring at roomtenperature the reaction was partitioned between ethyl
acetate g glllz(il ut e sodi um bi carbonate solution (30 ni, }¥rush {iﬁ«s g4 gani c

| ayer was dri e over anhydrous sodium sul fate and was evaporate A) under
reduced pressure. The residue 5 was purified by radial chromatography on
silica get to yield pure title product (366 ng, 33%9. 'H NVR (CD30OD) 8 1.40
(s, 9H, 2.50 (m 2H), 3.20 (m 2H), 3132 (d, 1H 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, 1H),
7.20-7.40.(m 25H), 7.42 (d, 1H, J=6) 8.40 (d, 1H, J=6), 8.50 (s, 1H .
Exampl e 97: 10

(7R -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2-(hydroxyi m no)acet am do] - 3- (
4- am noegkunhpglepspyri d- 3-yl t hi o) - 3- cephem 4- carboxyl ate, trifluoroacetic
acid salt. To a suspension of

(TR)-7-1(2) am no- 5- chl or ot hi azo|

(triphe ny‘l-rﬂiz'fﬁyw t-Rutpyysadonylaminoeth ?'mb('%ﬁ/‘ﬁ%!‘fl}' 3-

but oxy car @riphenytmethyithjo)pyiridineyri d- 3-yl t hi o] - 3- cephem 4- car boxyl ate, 15

di phenyl net hyl ester (342 ng, 0.31 mmol) in nmethylene chloride (3.5 nL) was
added tri et hyl Aisbltien of thionyl chloridé (126ung, 105 mmeddn idyy DMK (2 wi.) wias

trlfluoroacetlc aci d 5 m Afte sti t t f 1
hr. tRe rgieed | BWQ/\&%“ @gEﬂOBHtngﬁ? ’GSP@‘H g’ﬁ?ﬁher@%%g?ulggg?%fu\r/\;s g(rjded
Stirrin ~ t at
tirring Wash (ﬁ}% ?ﬁxbegtﬁffgllﬁ [4 ﬁ{ﬁd:amnetﬁmyﬁ&sﬁetmglmm RingY) pi tate was

filtered an th” di i'sopropyl 20 ether and dried in
vacuum YindDMIF(Q nilt)eat todnh e mtemtle]nh mecpﬂwrwm stirred ifdr ombe2eat-e  sal t

T St e o s 5 L o
1H, J _
corrpoundsca\i/lb\feor%)élte 4§6;‘%ﬂé§%r %e@ a%ﬁggégnggg%%x?g’hfx 25 anal g%{ggéé"' '?g those

used ffoor ¢vneinaddfor am additidrut 30 ﬂﬂnorrhdseadmacwmnmmdd:etw&anmtms
PCT/ USOQ 26069 118 Exanpl.e 98:
(7R) - 7- [ (ethylacetsteand tor. arganig layer was thopquehlyywashed with yyatsnangidsistacet ani do] 3-

[3- 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,) & 1.46 (s, SH), 2.42 (t, 2H,

15 J=6), 3.18 (s, 2H), 3.23 (m, 2H), 4.80 (br s, 1H), 7.10 (d, 1H, J=6), 7.20 - 7.45 (m,
15H), 8.28 (m, 2H). |

Example 94:

4-[(2-N-tert-butoxycarbonylaminoethylthio)methyl}-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 trifluoroacetic acid
(15 mL). After 1 hour stirring 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
mmol) was added, followed by di-t-butyldicarbonate (1280 mg, 5.88 mmol), and



(2-am noet hyl t hi omet hyl ) pyri d-4-yl t hi 0] - 3- cephem 4- car boxyl at e,
trifluoroagetghpiggi d salt. 5 'H NVR (CD30OD) 8 2.90 (t, 2H, JpEused28069(t,
2H, J=6), 3.47 (d, 1H, J=18), 4.08 (s, 2H), 5.49 (d, 1H, J=5),6.11 (d, 1H
J=5), 7.66 (d, 1H J=6), 8.55 (d, 1H J=6), 8.69 (s, 1H). Exanple 99:
(7R)-7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acetam do] -3-[2-(2- 10
am noet hyl thio)-1, 3, 4-thi adl azol - 5- yIth| 6? 3- cephem 4- car boxyl at e,
trifluoroacetic acid salt 'H NVR (D20) 8 3.20 (t, J=6, 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,
J=6, 1H, 7.03 (d, J=8, 1H), 7.20 (t, J=8, 1H), 8.00 (t, J=8, 1H). 15
Exanpl e 100: (7R)-7-[(Z)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)

acet am do] -&tef 3-ht.xeaction at room temperature the solvent was removed at reduced pressure.

r1 1 vor gaddirieatoy ph S felfas adith BhomakaebEt G SR0RE hfifermetapels 101,
(7R - 7- [ (2) 5071 &mea uﬂet?tlélprb&h&%ﬂg@ilo@fadrﬂ(&drﬁgdfg%)y”ﬂmcet ami do] - 3-
[ 3- (2-guani di ethy h| onet’hyl ) pyri d- 4-yl t hi 0] - 3- Cephem 4- car boxyl at e,

trifluor oao(é?rD@l,)eii:l 42 £ 19H) 51 . 50(S\NIH) (5B A HS=5), 8323 €, ZHH)=6),23 8 (s, 2H),2H,

29 5 disonn il B Ho sl dha il T 520

1H). Exanple 102 _ _ _

(7R -7-[(2)=2- (2 am no- 5- chl or ot hi azol - 4-yl )-2-(hydroxyi m no) acet am do] - 3- [
2- 10 Example 95:

am no- 4- ( 2- guani di noet hyl t hi onet hyl ) - 1, 3-t hi azol - 5-yl t hi 0] - 3- cephem 4-

4-(2-N-t-butoxycarbonylaminoethylthiomethyl)-3- mercaptopyridine
To a solution of 4-(2-N-t-butoxycarbonylaminoethylthiomethyl)-3-(tert-

butoxycarbonylthio)pyridine (415 mg, 1.04 mmol) in methanol (2 mL) was added

10  under nitrogen a methanolic soluﬁon of sodium methoxide (1.04 mL, 1.0 M), and the
reaction mixture was heated at 50 °for 30 min. After evaporating the solvent in
vacuum the reaction was partitioned between water and ethyl acetate with addition of
acetic acid (125 mg, 2.08 mmol). Evaporation of the solvent under reduced pressure
yielded the title material (298 mg, 96% yield) which was used in the next step

15  without further purification. '"H NMR (CD30D) 5 1.42 (s, 9H), 2.60 (m, 2H), 3.20
(m, 2H), 4.0 (s, 2H), 4.95 (br s, 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  (triphenylmethoxyimino)acetamido)-3-[4-(N-tert-
butoxycarbonylaminoethylthio)pyrid-3-ylthio}-3-cephem-4-carboxylate,
diphenylmethy] 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-



carboxyl ate, trifluoroacetic acid salt Exanple 103:

(7R -7-[ am no-1, 2, 4-t hi adi azol - 3- yI) 2- (hydr oxyi mdo] 3-
[4- (2- a‘rﬁlﬁ%egiyl t hi onet hyI )pyrid-3-ylthio]-3-cephem 4- c%@@%ﬁa
trifluoroacetic acid salt '"H NVR (CD30D).6 2.85 (t, 2H, J=9),3.33 (t, 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,l1tH, J=7), 8.72 (d, 1H, J=8),8.77 (s,
1H). WD 01/ 21623 PCT/ USO0/ 26069 120 Exanple 104:

(7R -7-[(2) -2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acet am do] - 3- 14- ( 2-

am noet hyl t hi omet hyl ) pyri d- 3-yl t hi 0] - 3- cephem 4- car boxyl at e,
trifluoroacetic acid salt 5 "'H NW (CD30CD) 8 2.68 (t, 2H, J=9), 3.09 (t,

2H, J=9) , methddes(RbhyldwsR23cephein-9@athexylatd)dipengiingthly] ester. Afes) hou'r 81 (d, I H,
J=6),6.88 (d, | H J=9),698 (d I H J=10), 7.70 (s 1H) 82 (t, 111,
J=9), 8. zpim(l@g atTppm fepperapire the eaction wag B%*}ltw@éa‘?ﬁw gem¢hy afetate

2-(5- eth a t 5L round
bottom f I E’Q‘f‘%lg g}%%ﬁﬂ? S%lu%ﬁhﬁj ;L ¥?br?1e1%(wgtqﬁl% 1?@%?&:&%2 rﬁl trogen
purge Wasanh %ﬁ@%cﬁmﬁlsﬁtﬁtﬁﬁn@fvva@ etdpogitdiundepiddaced I&BSsnﬁr IThe,résidue

t hi adi azol - f)acet al dehyde and its dinethyl acetal 200@&) fol |l oned by

aceti & acwvas r(lm d by)radinkichrematograply e jilicagel ta yield pux heated to

30-35 C e t ersi on of
t he di rre?dagﬁs lﬁg}@h% gbdgﬁiéé % ﬁbogsox%éghﬁy {gﬁoéz-l)r\lﬁllgianal ysis.
The sol Utcdomvwaasy%bfw 2D, 33828 16, qﬂﬂs%as @9% 13D Ir=6), ermoqa 1Reyti ¢ acid
was charged dropw se over 45 m nut es he solution was allowed to warmto
20 C and 7.0@(s, $H),r 204740 (oh 28H), §i2ddat B r6p § 40 (. ghl, J=6h 8. 3Hst BHD.cryst al s
whi ch had formed overni ght were collected by vacuumfiltrati on and washed

Example 97:

10 (7R)-7-[(Z)-2-(2-amin_o-5-chlorothiazol-4-yl)-2—(hydroxyimin'o)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-yI)-2-
(triphenylmethoxyimino)acetamido]-3-[4-(N-ter¢-
butoxycarbonylaminoethylthio)pyrid-3-ylthio]-3-cephem-4-carboxylate, _
15  diphenylmethyl ester (342 mg, 0.31 mmol) in methylene chloride (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 cpoled to0°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 (4, 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:



20 with cold ethyl acetate (3 x 250 nL). The solid was dried under hi gh
vacuum at w8 of2129" 12 hours to give 141 granms of the titl epcegusvanbsts '

NVR (DMSO: 8 1.42 (t, 3H); 3.84 (s, 3H); 4.40 (q, 2H); 12.70 (bs, 1H)V\O
01/ 21623 PCT/ USO0/ 26069 121 Exanple 106: Methyl-2-(5-eth -

oxycar bonyl am no-1, 2, 4-t hi adi azol - 3-yl )acetate Into a 3 L round bottom

fl ask equi pped with nechanical stirrer, H&ernoneter and nitrogen purge was
charged 2-(5-ethoxycarbonyl am no-1, 2, 4-t hi adi azol -3-yl)acetic 5 acid (185
g, 0.80 nol, 1.0 eq.) followed by nethanol (925 mlL) and the resulting
solution was cooled to 0 C To the solution was bubbled. in HO gas for 30
mnutes and the thinning slurry was allowed to stir overnight at 20 C
Prot on NVRExanip}e:98 shows conpl ete conversion to the title conmpound. The
sol vent was renoved by rotary evaporati on to 400 m. and then cooled to 0 C

and seeded g i tI £ v 11 ng {i. §t ure was
stirred at (gkif f@?ﬁ) gloggg M 8%1 é"&?‘@ﬂl'a} vacuum
filtrati on.C-amipogthylthi H'r)Plé‘ad thio g@ﬁpl&%{ﬁm gxylate, hours at 20 Cto
give 172. ZtQMSO@Ietlﬁneldtﬂa!ﬂ e corrpound as an off white soli d 'H NMVR

(CD, OD): Sl47(t 3H); 3.83 (s, 3H); 3.97 (s, 2H); 4.45 2H) Exanpl e
107: 155Met hyl 2- aaﬂmmmb@a@pawmhs)zszmaada%@ouy ,II)HHFcb&béd)@t ate

120"t i adbett s A5 Tar B 168 G R R i 55 %835*13%% oRdeg "

met hanol (ngHm_) The resulting slurry was cooled to C. To the cool ed
slurry was charged a pre- made sol ution of brom ne (9. 9 m., 0.194 nol, 0.95
eq) in methanol (100 nli) dropw se 20 over 30 nminutes maintaining the
t enper at ur 5,ReE§RN 0-5 C. The cold bath was renoved and the sol ution was
allowed to TO roomtenperature and stirred for two hours. Proton NWR
anal ysis of the reaction m xture showed reaction conpletion. The orange
sol ut i on WAERPTED)-24(2-cnminopyrid6aylly2-(hydroxyimino)asetmnidol]-3vf@ds(2t aken up in
di ethyll0  aminoethyithio)-1,3,4-thiadiazol-5-ylthio]-3-cephem-4-carboxylate,

trifluoroacetic acid salt

'"H NMR (D,0) & 3.20 (t, J=6, 2H), 3.42 (t, =6, 2H), 3.30 (d, J=17, 1H), 3.80
(d, J=17, 1H), 5.42 (d, J=6, 1H), 6.00 (d, J=6, 1H), 7.03 (d, J=8, 1H), 7.20 (t, =8,
1H), 8.00 (t, J=8, 1H).

15  Example 100:

(7R)-7-[(Z)-2-(2-aminopyrid-6;yl)42-(hydroxyimino) acetamido}-3-[3-(2-
aminoethylthiomethyl)pyrid-4-ylthio]-3-cephem-4-carboxylate, trifluoroacetic
acid salt



ether (400 nL) and the organic was washed with water (2 x 100 m.), )
sat ur at . NaHCO3/ Na2S2O4 (2 x 100 nlL) and then bri ). The
clear co 820I1é§°é§et her WD 01/21623 PCT/ USOQ 26069 122 |a§§"£mség’96n ed with
sodiumsulfate, filtered and evaporated in vacuo to give 54.5 grans of the
title conpound as a clear colourless oil. "H NWR (CDC13) 6 1.38 (t, 3H);
3.98 (s, 3H); 4.55 (q,2H); 5.81 (s, 1§ Exanple 108: 5 Methyl

2- (5- et hoxycar bonyl am no- 1, 2, 4-t hi adi azol - 3-yl ) -oxoacetate Into a 1 L round
bottom fl ask equi pped with nechanical stirring and reflux condenser was
charged net hyl 2-(5-ethoxycarbonyl am no-1, 2, 4-t hi adi azol -3-yl) -
bronbacetate (50.0 g, 0.154 nol, 1.0 eq.) followed by acetonitrile (500
m.). To tBwampie &@): | i ght yell ow solution was charged pyridine N-oxide (37.0
g, 0.385 nmol, 2.5 eq) and 10 the reaction m xture was heated to reflux and

mai nt ai ned_t he oL thre S, untj reaction.conmul etion. et erm ned
by pr ot orﬂﬁ&?ﬂ'@%&&Sﬂéa@{“?‘ﬁei:‘g'g#@?l?&ﬂi'%\ﬂy'%@m“é et ﬁeéa%%‘ﬁgi'igri l e was
renoved H@-gusnidipoethylthiomethyDnysidyd-yithioldreephem--sarpxylate e - oi | was 3
di ssol vedrifluodtoadetiomcidstaltane (500 nl) and the organic was washed once with
brine (1 x 200 mL). The brine solution was extracted several tinmes with

di chl &r net hane HINMES(GD,;0I) &12.93 33 3H) 9% (tg2Hi k=6).3/&F 6, Wy E1RrdbbAéd and -
dried with sodiumsul fate, filter Y r d to give a
Clcar sl iBharoMer il F1ghisct? GoffPotel (hatt SR EHRLE AR ISeh, <
t enper at ny i i ed under high vacuumto give 37.36 grans of
thgptitlg'ggo%ggh?l%)'gsml DAl 3) 6 1.4og(t, 3H); 4. Og (s, 3H; 4946 (q,
2H) 20 Exanple 109: Met hyl
2- (5-et h%%car!.bgéz_l am no-1, 2, 4-t hi adi azol - 3-yl )-oxyi mi noacetate Into a 1 L
round bot ¢ equi pped with mechanical stirrer and nitrogen purge was
charged net hyl 2-(5-ethoxycarbonyl am no-1, 2, 4-thi adi azol - 3-yl)-oxoacetate
(50.0 g, (TR)-FRZy0!(2-aniin6-Se¢hlorfothiazolotiyD) 2-@lydeexylimima)acetithido]3-Pke cl ear
sol utjipon AR oA E-gRshidinoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4- g
carboxylate, trifluoroacetic acid salt :

Example 103:

(7TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-[4- .
(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylate, S
15 trifluoroacetic acid salt

'H NMR (CD,0OD) & 2.85 (t, 2H, J=9), 3.3 (t, 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 (4, 1H, J=7),
8.72 (d, 1H, J=8), 8.77 (s, 1H). -



WO 01/ 21623 PCT/ USOQ 26069 123 hydr oxyl am ne hydrochl oride (20.0 g, 0.290
mol, 1.5 &p)of/@lshowed by pyridine (23.5 ni, 0.290 nol, 1.%PcaRiscensoedhe
resulting light orange coloured solution was allowed to stir overnight at
20 T. The solvent was then evaporated to give a thin oil which was taken
up in ethyl acetate (400 nlL) and the or ic was washed with water (2,x 100
5nm), 5 HC (100 nL) and then brine ( 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. "H NWVR (CDC13): 1.25 (t, 3H),
3.86 (s, 3H), 4.23 (q, 2H). Exanple 110:

(2) - met hyl - 2- (5- et hoxycar bonyl am no- 1, 2, 4-t hi adi azol - 3-yl ) -2-tri phenyl net hy
| - 10 oxyi :e Into a 1 L round bottom fl ask equi pped with a

nmechani cal stirrer and nitrogen purge was charged methyl

2-(5-et hox%iﬁ&?j& Ql‘i’mﬁ }{Wg E?—( m'o intiinlo aceﬁaﬂiﬁﬂoifb geetate (40.0 g,
iy

ol ati on fodn P p'henyﬂmeﬁﬁ % & Iarl %l &?éﬂfo 7 0,

sol ution wdming
15 0. 146 mAcidsaly oq) was charged foI | owed by dropvvl se addition of

triethylamne (20.3 i 146 .0 eq)...Th S owed to
war m t 03r oom teﬁ%(@&ﬁ)s%ﬁ”gﬁ &Hn éﬁ9€)t %\@Pé EHP ?-éjoﬁﬁbldﬁ J‘%ég’t he
reaction s e

separ at ed. %I%Be{sbr gg%;lf@ﬁggéﬂ_ g‘ﬁ? P%-%s&é?@j#?:@?ﬁ%"?ﬁeand t hen
brine (2 x j=90), m70.(sAH)E 4.80(%, h}ﬁo&dsv)umqﬂfma,—ﬁ i8l.356(de UHaRr) evapor at ed
under 20 reduced pressure to a volune of 100 nL where it was allowed to
stand in the refrigerator overnight. The crystals which had forned
overni ght were collected and washed w th dichloronethane. Proton NWR
anal ysis showed the crystals-to be a 20:1 m xture of syn/anti tritylated

oxi mes. Thgxabiplel®%lid was suspended in 320 nL of dichl ornethane and
refluxed gently until total dissolution was apparent. The clear 25 solution

&l 3?&"%5%5*%5@3%%&%# 2B RE IR TORE A "ol 0" cn had
For rred was filt elnto 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 dimethy! 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 dimethyl 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 overnight 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) 51.42(t,

3H); 3.84 (s, 3H); 4.40 (q, 2H); 12.70 (bs, 1H)



WO 01/ 21623 PCT/ USOQ 26069 124 and washed with col d dichl oronmet hane. 'H
NVR and ysis showed this 53.1 grans of nateri al Jlitle
corrpound‘&h ! (CDC13) 8 1.41 (t, 3H); 4.05 (s, 3H); 4}3§W?§Q&Qﬁ3;
7.25-7.45 (m 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 nL round bottom flask equi ppkd wi th nechanical stirrer, reflux
condenser and nitrogen purge was charged

(Z) - met hyl - 2- (5- et hoxycar bonyl am no-1, 2, 4-

t hi adi azol - 3-yl)-tri phenyl net hyl oxyi m noacetate (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 ¢ EBxdmyle 386:was 10 heated to reflux and maintai ned there-for 15
hours. The solution was cooled to 5 Cand the pH was slowy adjusted to

3-3.5 wit ted HCO . . Th I pLtate | t lid filt d d
was hedwvm' %&Wgﬁfc@ %yiﬂﬂ'e iﬁ’%i-‘!@%@%ﬁ%?'é\f%ﬂ&?a’esgy' c\gg\s;apl)r a'? |r gn_ _.an
Ghve. 15, 44 or shio o8 Lowund betan SGH kPl R WerlRBRH! ks, LERIRO, Nyg ©
( DMSO) Sla]l@: ;ﬁtﬁ én7pu§é3e W%@%@iﬁoﬁ&%&ﬁﬁﬁmﬁ%i,bf%id&i&guglyljagéfbt ity.

Exanpl e mno- 3 epherit 4- car boxyl ate, t-butyl éster Into a 3
L roursd baid (185fd, 880 meslyl preqd folléwedinomethinol {925 mé) and theresnlnger and

ni trogen purge was charged 7-am no-3-chl oro-3-ce| 4-C rQOOX{l ic acid
(97.8 g, wiutpnmas gegled ta 05Ce Jo the splutigR¥aghuk -]‘HUE- )‘i}i % 2V THYeS 1o t he

sol ution added . . , frﬂbﬁﬂg M:se over 20
m nut es a%slpﬁ 1%3@?‘?5?4%%@ )%El%%d(%\%ﬂé og%xin%ém égtl%‘();@é.oP%t or two Eiofﬁs. The
reacti on gHows\tompledécdiversish tokotitle Sompound. Thesolaémtiwas Termoval/iey wtavgr e

separated and t he aqueous I%er was cooled to 5 C and the pH was adj ustéd
to 6-7 wievaporationti#Q wh apd thenygopleditp 036ng speded avith pure fitle eampoyndy1/ 21623

PCT/ L{%OO/ %k?eot?ugcker]ﬁ%g 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. 'HNMR -
(CD,OD): 8 1.47 (t, 3H); 3.83 (s, 3H); 3.97 (s, 2H); 4.45 (q, 2H)

Example 107;

15 Methyl 2-(5-ethoxycarbonylamino-1,2,4-thiadiazol-3-yI)-bromoacetate

Into a 1 L round bottom flask wés charged methyl 2-(5-ethoxycarbonylamino-
1,2,4~thiédiazol-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 shurry was charged a pre-
made solution of bromine (9.9 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 warm 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 diethyl -
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



aqueous | ayer was extracted with ethyl acetate (3 x 300 nL) and the

organi c. hiyeisiceere conbined and washed with brine (2 x 3QG/uded260to
pre-made solution of p-TSA (70.7 g, 0.372 nol, 0.9 eq.) in ethyl acetate

(1.4 L) was added and imrediately a white solid began to precipitate out
of solution. The solvent was evaporated to 500 nL (5 volunmes 5 on the
starting 1), was cooled to 10 C and was!®lowed to stir at this tenperature
for 30 mnutes. The white solid was vacuumfiltered and the filter cake
was washed with ethyl acetate (3 x 150 nL). The white solid was dried
under high vacuumat 20 C for 16 -hours to give 117 grans of the title
compound. "H NMR (CD3CD) S 1.65.(s, 9H); 2.47 (s, 3H); 3.85 (d, 1H); 4.15
(d, 1H); b5.12ykr (s diiefl with sodivmisulfat, filteregiand evaprgted m gacupdo give)54.5 gramsanypl e
113: (7R -7-](2)-2-(5-am_no-1, 2, 4-thi adi azQ) - 3- ¥l )2~ )

(i1 phenyi (ECHAGH SRBRSIRIES Hitetb CAoBrFS 00: LRI LIS 3R 308 foe
ester Into 1 I . | ask equi pped with mechanical stirrer,
thernoneterﬁ{)lé'lsglgﬁgﬁlﬁ’tgr)'gggsg pdrge was charged 7-am no-3-chl oro-3-cephem
carboxyl ate, t-butyl ester (15 g, 0.036 nol, 1 eq.) followed by
(2)-2-(5-am no- i-t hi adi azol -3-yl)-2- (triphenyl net hoxyi m no)acetic acid
(15 g, O.O%Eﬂﬁweq.) and THE (350 nL) and the slurry was cooled to -35
C at which tine Hunig's base (13.93 g, 0.108 nol, 3.0 eq) was charged

dr opwi s§ ovMethyl Di(5utiesxycai bundldihing-1,0,4-thiddidzod-0-ylponeicatate € bet ween -30 C
20 to -35 C. To the now clear light yellow solution was charged phosphorous

oxychloride (8:14f £1 LGoladoéMim ﬂ&l@e@%ﬂed%ﬂﬁ%&ﬁn&iﬁéﬁrﬁﬁg gthd IR, _
mai ntai ning the solution tenperature between -30 C and -35 C. The sol ution

was al | onedondersen waschagged@nétbyl 2-(frethbxyesarbonylamined 2 4-triadiarghideyl)-on was
Sol it on wABSBABEERCE & Gkl 13tP LR TpBES Bratriop el g 25325685 e ( 200
R i e B R L R e R
~ washed 100 Gli¢ a6 METuSA/126@6 %o refi@ and maintained there for three hours until

reaction completion was determined by proton NMR analysis. The solution was cooled

and the acetonitrile was femoved 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 (5x100 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 title compound. 'H NMR (CDCl,) & 1.40 (t, 3H); 4.06 (s, 3H); 4.46
(g, 2H)

20 Example 109:

Methyl 2-(S-ethoxycarbonylamino-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-y1)-oxoacetate (50.0 g,
0.193 mol,, 1.0 eq) followed by ethanol (500 mL). To the clear solution was charged



wth 0.5 MHCL(100 nL), water (2 x 200 nL) and brine (2 x 200 nL). The
organi c w%)ao\iﬁ'i pas dried with sodiumsulfate, filtered a ﬁ}(é@gﬁgﬁ;ed to
he \/\?1 ace

dryness. I'te solid was taken up in 30 nL of ethyl ate and was
poured into rapidly stirring hexane (400 nlL) to give a white precipitated
solid. The solid was vacuumfiltered and the filter cake 5 was washed wth
hexane (3 x 30 nL). The white solid wh23dried under high vacuumat 20 C
for 16 hours to give 17.9 granms of the title conmpound. '"H NVR (CDC13) b
1.62 (s, 9H); 3.50 (d, 1H); 3.85 (d, 1H); 5.20 (d, 1H); 6.15 (g, 1H); 6.60
(d, 1H); 7.43 (m 15H) Exanple 114: 10

3-triphenyl net hyl t hi o- 2- hydroxynet hyl pyridine Into a 3 L round bottom fl ask

equi pped wdrdkyRaing hyaRichlotiié (200 §r0290 hoh §Sreq) HolleediBpytidine@d.5 :
3-ner capthg- 2-h drloxyzet hyl pyri(di n% hydr ocﬁl or iqc)ie (25.0 g, 0._1%1 nol, 1
eq.) fol |m1«e@12§@/mm.§ ¢q)yand theesulting ﬁalat aprwasailopieditged

1
finel wd d | b 58. 5 42. l. 0.e0.), T h
Fesul 11 nREoreRE ShD ke T IV W ISR EYdeRatenin G BRrin gt iy °157°
mol, 0. 97t£éigu rmﬂiﬁ%cét%mmm Hhdihe oBgatiswa Wasned whif wdter (288 16000M

tenperatu thriee hours until TLC analysis showed reaction conpletion
(et hyls aaaLpt5e&s HEL §1e0sinL) Tinkthed/briso(100in). e qrganiewas dmnedwih sodiimy: 1 '.

wat er/ et hyl acefate. The aquepus, | ayer was.se ted and extracted an

addi t i onafuifate }tgae&ﬁmlpwp%ggdeqrgpy%w tgyve %‘P‘ﬁ’ﬁr‘??gke %‘@“?RS’HB ned and
hexane 2Q . mqg e ' r heghw th water (2
200 ni) t%éa%ﬁgr%ld\'ﬂ?g X G@Dr@}) 1'??1?2%’%?6(:,&7 %{?gr&'%@’ glri?'ed Wi th _sodi(umX

sulfate, filtered and evaporated in vacuo to give 48.63 g of the title
conpound lel? oil which was taken directly on to the next reaction.
"H NWVR ( .05 (s, 2H); 7.1-7.4 (m 16H); 8.20 (d, 1H);8.58(d, 1H)
WO 01/ 21623 PCT/ US00/ 26069 127 Exanple 115: 3-tri phenyl nethylthio-2-(N-t
but oxy car(@yinéthgi-2-08-ethoxybarbonrylanling 1 (2,4 thiadiazol-3-yI)-2-triphenylmethyl-

10  oxyiminoacetate . '

_ Into a 1 L round bottom flask equipped with a mechanical stirrer and nitrogen
purge was charged methyi 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 triphenylmethyléhloﬁde (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 separated. 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 overnight 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
dichlormethane 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 overnight in the freezer the white solid which had formed was filtered



Into a 3 L round bottom flask equi pped with a nechanical stirrer,

t her nonet ewo ostk2/i t r ogen purge was charged PCT/US00/26069
3-triphenyl met hyl t hi o- 2- hydr oxymet hyl pyridine (40.0 5 g, 0.104 nol, leq.)
followed by DVF (1.2 L). The solution was cooled to O C and a pre-forned
solution of thionyl chloride (12.4 g, 0,104 nol, 1.0 eqg.) in DVF (200 nL)
was charged dropw se over approxirrately1 m nutes. To this orange col oured
solution was charged BOC-cysteam ne (18.4 g, 0.104 nol, 1 eq.) followed by
finely powdered potassiumcarbonate (43.1 g, 0.104 nol, | eq) and the
resul ting suspension was 10 vigorously stirred for two hours until TLC

anal ysis showed reaction conpletion (1:1 _EtOAc/hexanes). The sol yti.on was
pour ed i nt ¢ng washedswith celdidighloromethage. i MtW/ﬁiémﬁYﬁﬁh%@Qt@ﬁgg%x ane.

et nyl acor erinnebaRBl SbAREARE bARhER T NMRIGBER)S 2 4 08l * 2

X 200 nl) 3P4 BN iQ2H)Y 7252085 (th) 15H)he organic |ayer was dried with sodium

sulfate, 15 filtered and the solvent was renoved in vacuo to give 54 grans

of a brown oil. This oil was purified by colum chromat ography on silica
gel to giveAlhsik g of the title conmpound as a light yellowoil. 'H NWR
(CDCl 3) 6 S, ;2,77 (t, 2H); 3.42 (t, 3H); 4.11 (s, 2H);

7.05-7.45 (m 16H): 8.22 (d, 1H): 8.65 (d, 1H) Exanple 116: 20
3- mer capt o-(Z)-Re(F-aroinoklsR MHthiariazo}3) yiy-2itiphenylnmethyloxyimino acetid atid a 1 L
round bottom fl ask equi pped with a nechanical stirrer, thernmonmeter and

nitrogen purge iag® £520 pEcroind bottine Agsknefulipdet] iwith Re¢lianical stirrer, reflux

but oxycar bonyl am noet hyl t hi orret hyl ) pyri di ne (40.0 g, .0.074 m){ , 1 e%)
fol | owed bycongdenseq PEIRIIEDWBS FHarged(f-meg t2-95§1=theWC§¥h°m/ agHinged 2,400l ed

ddi ti on of TRARENELY bbb BoloR RS B W4 BRI KO SaRBIb B by,
over appr oxiooaheby a i ivedhifions 255 MTNeOEtharioht The\esultingbistasiasdlutios was

solution was allowed to warmto roomtenperatuyre (over 30 m nutes) and was
then 30| ovisated do Eaflux and mainteined thezpforila houss. Thesoliopayas cpaled te Aplamdpy

rotary evappf Blt-Iiv%l slowly adjusted to 3-3.5 with concentrated HCl. 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



to give 27.75 g of the title conpound as an orange waxy solid. 'H NVR (D20)
8 2.88 ; 3.28 (t, 3H); 4.18 (s, 2H); 7.45 (dd, d, 1H);
8.55 (d, ﬂF”%HEX anpl e 117: Bi s(2-am uoet hylthi omet hyl pyri ﬂgﬁ %§M%|sulf|de
Into a 1 L round bottom flask equi pped with magnetic stirrer and
thernoneter was placed a 18 gauge stainless steel needl e subsurface (to
bubble in house air). To this 10 appd2&atus was charged

3- mer capt o- 2- (am noet hyl t hi onmet hyl ) pyridine trifluoroacetate (25 g, 0.125
mol, 1 eq) followed by nethanol (300 ni) and the solution was cooled to O
C. Concentrated amoni um hydr oxi de was added until a pH of 8 was reached.
Solid ferric chloride (2.03 g, 0.0125 nol, 0.1 eq.) was added and air was

vi gor ous| yqubtiiaget wasex@acted withethiydacetdte (3 x 300mL) add theraygadic tiyetsiwere t he -
bl ack suspension of iron chloride .15 becane a |jght-brown chun %,ésol i d.

Masrs] s p:ac«tqmbmmdy%asbeftwﬁhubm@ ¥ 360 sl & reghadesolution of p-TRA(THZ 8 The
t g
et hanol | @?z% F’IQL'@%‘{%S agétst% éﬂﬁi} vhs BB arid3 ﬂm'gdla(iag Rﬁn{eosoﬂhve a

green col was renoved I'n vac

br owni sh-gea8% pr‘é@xgﬁa@ ok 6k soRRiTAY ahe @blvestivets dripctaed &PSOGILAS thirhest ol uene
(4 x 50 nL) gave 2 of the title conpound as a en waxy solid. 'H
NVR ( 520)orBthe sedtir(g I), w&as)qooladze 10£C apd llowed ® stig at &wtempemglre dor 301H) ;

E’C‘?’IZ U(S%O’ élé%l&;g ’l%g gél&g;é@pvgsw?;%ugp te ﬁérgt!l] ant]1d thH- 1—11@1? aalfce was wash% w9d11 611?23
Bi s(2-N-t d&e{até)@t,pﬁg@% hopyd @mtaaﬁwastmearmamﬁlgm&u&mb ofj orh i de Into a

1 L round bott equi pped wth nechanical stirrer was charged Xl |
(15 g, O.1R8s togive 11 %egrams bbtheditkectompotad H NMR CD,QR) &1 /64i(ex8dHe2.4T0 this

(10.2°5°" %, whs 3ks (o, By 433 61 Bl Sy PRI 80 23 @22 o )
The solution was allowed to stir at 20 C for three hours until reaction

was determ ned to be conplete by TLC analysis (1:1 hexane/ EtOAc). The
di oxalfe vExempledldd by rotary evaporation at which tine a white

(7R)—7-[(Z)—2-(5-ammo—1 2,4-thiadiazol-3-yl)-2-
(trlphenylmethoxylmmo)acetamndo-3-chloro-3-cephem—4—carb oxylate, t-butyl
ester .

Into a 1 L round bottom flask equipped with mechanical stirrer, thermométer

15 and nitrogen purge was charged 7-amino-3-chloro-3-cephem carboxylate, t-butyl ester . -
(15 g, 0.036 niol, 1eq.) folllpwed by (Z)-2¥(5-amino-l,2,4{11iadiazol—3-y1)‘-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 allowed 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 wé.s 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



powder began to precipitate out of solution. The solution was allowed to
cool to rqoefoeifidzenperature and the white solid was col | ectier/gsooressgum
filtration and the solid was washed twice with cold water to give 17.88 g
of the title conmpound. "H NWMR (CDC13) S 1.55 (s, 9H); 2.80 (t, 2H); 3.42
(t, 2H; 4.12 (s, 2H); 7.30 (dd, 1H); 8.02 (d, 1H); 8.48 (d, 1H Exanple
119: 15 (7R)-7-[(2)-2-(5-ami no-1, 2, 4-t hil2@i azol - 3-yl ) - 2-

(triphenyl met hoxyi m no)acetam do]-3-[2-(N-tert-

but oxycar bonyl am noet hyl t hi omet hyl ) pyri d- 3-yl t hi 0] - 3- cephem 4- car boxyl at e,
t-butyl ester Into a 250 nmL round bottom fl ask equi pped with magnetic
stirrer and nitrogen 20 purge was charged

(7R) - 7- [ ( Z)wizh 05-ME QD00 214); whtea@ 200 nf-)ydnil b2iné (2 k 20 myll)nefHemrganic

i m no) acet am do] - 3- chl qro- 3- cephem 4- car boxyl ate, t-bytyl ester (5 g,..0.007
mol , 1 eq.)layqravassiied vwath m@wﬁ%)ﬁlm cyapQrated t?rEEY“SWd The whige solid

resul ting \ i : . . . .
b S(2- N Cer TECEuR Mo b i) adlise GAPORE foured into rapidiy stiming hexane (400 5
g, 0.0035 i) to Avéa ehitepedciipitatedl so¥id! MhpReNhy Wak oscakinltdrdd 8ed the fted 9aker0l
1.0 25 eq). The yellow solution was allowed to stir at 20 C for 3 hours.

The 'r eadt i ovasswashed writh hexaned@ur UML)+ The witgselid wandriedander high wocuwmat 1

et hyl acet s hex 3 .x 10 . WO 01/ 21623 PCTI, U 0 e

or gani cs mgogoﬁmlgﬁ'gématﬂél Ols@%érawstq‘fqﬁ%ﬁti? cwgyn%m@)q]#g&%?i ne (2
x 50 nm). @heHpRBFRTUCIHRBES (‘d’,aFI-I}!_VS'.Zi‘ﬁ(Gd\,’V'II-Ib} @W(q%lm%ld.é@(cf;‘,l}lf)i T.HS*SEAQ and
the solvent renoved I n vacuo to give 6.55° g of the title conpound as a

i ght yell oMH)oam 'H NVR (CDC3) 8 1.42 (s, 18H); 1.61 (s, 9H); 2.87 (m
3H); 2.95 (dd, 1H); 3.20 (d, 1H); 3.53 5 (d, 1H); 3.60 (t, 2H); 4.09 (s,
2H); 4.55 (bs, 1H); 5.20 (d, 1H); 5.80 (bs, 1H); 6.17 (g, 1H); 6.99 (bs,
1H); 7.2-7.Example 1¥4)), 8.60 (d, 1H) Exanple 120: (7R)-7-

[(2)-2-(5-am no-1, 2,4-th iadiazol-3-yl)-2-(hydroxyi m no) - 3-12-

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 triphenylmethylchloride (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 ethyl 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)



am noet hyl t hi onet hyl) pyri d- 3-yl t hi o] - 3- cephem 4- carboxylic acid bis-TFA .
salt 10wbq)tla &3250 mL round bottom flask equi pped wth 'Rﬂ‘ﬂ%’i)b/ﬁmﬁ' rrer
and nitrogen purge was charged

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

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

but oxycar bonyl am noet hyl t hi onet hyl ) pyit2d- 3-yl t hi o] - 3- cephem 4- car boxyl at e,
t-butyl ester (3.5 g, 0.003 nol, 1.0 eq.) followed by dichl oronet hane (20
m.). To the clear 15 |ight yellow solution was charged triethylsilane(10.5
m.) followed by trifluroacetic acid (35 nL) dropw se over 2 mnutes. The
resulting yellow solution was allowed to stir at 20 C for 8 hours until
conpl ete %MQ@J ion was confirmed by HPLC anal ysis. The  acidic solution
was poured into rapidly stirring O C diethyl ether (300 nL) and the
resulting white solid was collected by vacuumfiltratiQn and the filter
cake was Intripenybpethiylthio2Net-buaxycarenyiamiiacthylthi °'k‘e§t}' Dpyyiding.c material
was col |l ected and was allowed to dry under high vacuumat 20 C for one
hour to give tlnto a3 roundheitam fagisequippsd withgmechagiga] girrerithggmometes op) 8

(Zd?olﬁﬁ 25%3‘3“‘?%?9‘21’?%@ Wﬁs%‘f‘%f’&%l‘lwnygm%@y%‘y ﬁdm "?‘h{'@yg%ﬂ% 94\f?@éo i 23695

PCT/ U300 2003 mdi31eq. HoA0WEE b} DMEF (1.2 L The solutlon was cooledto0°Cand a

(7TR)-7-1(2)- 2(5 am ho- 1, 2, 4- hladlazo droxylmno) 3-[2-
am noet hyperfomndtsloidtl)op;aflﬂdomyl;cmOlmdej(lZ%4 gelbh@%ml da‘%l RMF @OPmlarion A 1

![ Rgh ag : Sirr‘gt er as Son(;’%lsg gyer\gggrogﬁﬁ:al%glg SVx\'AnlInnteg OTg rtﬁirs]%ragge lE'cl?lonzn(')ed so? Itlrc]man d 5

(7R) - 7- [ (flg %#éﬁ%@ Q:the%gﬂlet(m A¢i @104 mdt, N e R fdlioxddbpfidelysowdered

3-[ 2- am noet I onet yrid-3-YIthio]-3- cephem 4- carboxylic acid
bi s- TFA s;aitissm(ﬂca’i‘bcmatd)(%(]l@ Orrlﬂ4)mmlnl m):md thﬂasmpgmeunam wes on top of

el uork0  crighionsly sbrd e hoyrs WHALTCG ApaNts SUpHlsRalee ERTRRE (Crhved at of y
appr oxi nab S G0N op ENih WRCHAId BT PP T ald &aﬁgm?ée’ﬁ%‘siﬁ'ﬁfeﬁ’“t‘taﬁﬂo' at <

40 C and éthﬂ acetawrilivixage. Eliecaqueass wasapparated entl ¢xgragtedovith 0adglitédnal 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 column chromatography on silica gel to give 41 grams of the title
compound as a light yellow oil. "H NMR (CDC13): 5 1.41 (s, 9H); 2.77 (t, 2H); 3.42 (4,
3H); 4.11 (s, 2H); 7.05-7.45 (m, 16H); 8.22 (d, 1H); 8.65 (d, 1H)

Example 116:

20 3-mercapto-z-(hminoethylthiomethyl)pyridine triflnoroacetate

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
dichloromethane (200 mL). The light yellow solution was cooled to 0 °C and

25 triethylsilane (60 mL) was added followed by dropwise addition of trifluoroacetic acid



the title conpound as a white fluffy solid. Exanple 122: Synthesis of

Prodr ugs: wo oBhfs2d2- 12- ( bis-N, !\l$-t . ~ PCT/US00/26069
but oxycar bonyl )-N-(L)-ornithylam noet hyl t hi onethyl]- pyrid-3-yl] disulfide
N S NBoc H” N NBoc yk----~ 02 20 To DW (7 nL) was added

N-Boc-Orn-(Boc)-OH (0.504 g, 1.5 nmmmol ), bis (2-

(2- ani noet hyl t hi onet hyl ) pyrid-3-yl) disdé?$ide tetra HO salt (0.389 g, 0.71
mmol ), diisopropylethyl amne (0.641 g, 5.0 mol, 0.86 nL), and PyBOP
(0.780 g, 1.5 nmmol ), WO 01/21623 PCT/ USOCQO 26069 132 respectively. The
reaction was stirred at roomtenperature for 2 hr, and then diluted wth
ethyl acetate (50 nL). The organics were washed with water (2 x 20 nL),
brine (2 »200mb)pyesappaoximattlyifivehimyes: Bwdioldbath wagremovead andithel and

concentrated in vacuq. Purification of the title_conpound S hi eved vi a
Si P col umsOBoD A AIPwER o W2 18 ToRE (FFpkrabeck foves D mpBtes) and westien 412 g
(569 of a Af3iked td 2890 fir 3 84! Nehelsbivent db i
(7R -7-[( Z)a- Zng a%ﬁjr;%- : ? 4&%%&% 3-vyl v2v (ﬂ%orvgxy?ﬁono %‘E:a ?léa%ogo] - 3-
{2- to give 27.75 g of the title compound as an orange waxy solid. 'H NMR (D,0) & 2.88
[2-N-(L).-ornithylam ngethylt hi gmet hyl rid-3-ylthio}-3-cephem 4-carboxylic
Lo st kY 3R S0 418 b BT e b BB 352835 ARG b0t t omred 11 ask
was added DMF (1.5 nL), (7R -7-
[(Z)-2-(5-am no-1, 2, 4-thi adi azol -3-yl)-2-(triphenyl met hoxyi m no) acet am do] -
3- net hanedisamplg/l1R3- cephem 4- di phenyl net hyl carboxylate (0.69, 0.8 mmol,
bis [2-[2- (bis-Na, :
N8-t - but oxycar bonyl ) - N- (L) - or ni t hyl am noet hyl t hi onet hyl ] pyri d- 3-yl ]
di sul fi de (Bis@iaminodthylthiemgthylpyrid-3y0). dis@ifide), and tri phenyl phosphi ne
(0.209 g, Into a 1 L round bottom flask equipped with magnetic stirrer and thermometer
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 methanol (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) 5 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



15 0.8 mmol ), respectively. The reaction mxture was stirred for 2 hr and
then dil i,Lh ethyl acetate (50 nL). The organi cs Weicgn wth

wat er (2"’@%3?%#%) and brine (2 x 25 nL). The organics were é%%g’?g’tg%d, dried
over sodiumsulfate, filtered, and concentrated in vacuo. Purification was
achieved via Si Q2 colum chromat ography eluting with hexanes/ethyl acetate
ranping from1/1 to ethyl acetate (10029 affording 20 0.45 g (45% of a
white foany solid. The white foamnmy solid was dissolved in nethylene
chloride/triethylsilane (2 nL; 1/1) and then cooled to O C, then
trifluoroacetic acid (5 nm.) was added via syringe. The reaction was stirred
for 30 mn and then triturated with cold diethyl ether (30 nmL.) resulting

in the prEegnilé aig.on of the desired TFA salt. The TFA salt -was di ssol ved
i n water %5 m.) and placed atop a 25 colum of HP20 resin in water. The

col um was washed with water until an effluent pH of 6.5. The col unm was

then el Uty NL{BrPRoR sk bonythitic Ehyidiidietlyipyridl897) Msullidei ve fractions

were conbined and tritiated wth nmethanesulfonic acid to a pH = 3.0. WO
01/ 21623 PCTI U604 28069nd b@®nT Aaskosqyinped withanechanigahstiorer was chargedXH t he

duct ' ' hilizati f or dj png 0. 095 whi t
P ror phoud13 8 D38 mabee) S eiby 180 mirr SLpvaieddigkas, 15 oy BSmBgtibins © oy
= 7), 3. ehdvos i G , d,
Ty 52 Fhpdop vl cpdegBq fhely bowdicic poidihiyeh caliee (Fo 3 Q7 2.8 (5
(d, 1H, Jand BOC-adhdride (9Qck, 01042 niol=1.7 eq)) The s@lati¢riwas d_ﬂlow]ed:t98_)ir at077 (d, :
doscr i pedC B dves b v PP A Aelgpamed 1 Be DSrapiet by TLCatdfBid {1 ™11 22
2- (2-ani JA Ll ' ' >y L-sal t ld al so .
2 IO TS B Al o o g 1
hydr oxyg Yidet Beghl)to piecipiiate s pEaluticn. affiensolaionceas\allbwed tngdodto roesul ts. 10
Co 17-B | _ ‘ 3
(7 %)3%? [ (tEmpperatuse and the white salid wag eollestsd by yacyum filtgation sadiths siiA¥ast ani do] - 3-

2- . . . i 1
E 2-N-(L) %?%F’?/P’gﬁ? Hvétgtcﬁ% Yﬁtfl(’)tr?\ﬁlm/ﬁ'%syg iogshg-nﬂetcﬁlmg)o}'%q'c&)ﬁem ﬁc-:]ggrl%oxyl at e,
net hane 31 59(¢, OHBL2.80 &b H); 3.42 (t, 2H); 4.12 (s, 2H); 7.30 (dd, 1H); 8.02 (d, 1H); 8.48
(d, 1H) |

Example 119:

15  (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yI)-2-
(triphenylmethoxyimino)acetamido]-3-[2~(N-terr-
butoxycarbonylaminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylate,
t-butyl ester

Into a 250 mL round bottom flask equipped with magnetic stirrer and nitrogen
20  purge was charged (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y])-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-yl) disulfide
(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).



"HNMWMR (D20) 6 2.12 (m 3H), 2.52 (m 1H), 2.87 (m 2H), 2.92 (s, 3H), 3.58
15 (d, ABwéldi2d2s 17), 3.51 (m 2H), 3.75 (d, AB, 1H 17), ,pcindsofso691H) ,
5.43 (d, IH j = 5), 6.01 (d, 1H J =5), 7.49 (dd, 1H J =7, 5), '8.45
(d, 1H, J = 5). Conpound 17-C '

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

(hydr oxyi m no) acet am do] - 3-{2-[ 2- am noell-?léll t hi omet hyl ] pyrid-3-ylthio}-3 20
cephem 4- carboxyl ate, trifluoroacetic acid salt "H NVR (CD3CD) 8 1.74 (d,
3H, J =7), 2.94 (t, 2H, J =7), 3.38 (t, 2H, J =7), 3.41 (d, 1H J =
17), 3.70 (d, 1H J =17), 4.18 (s, 2H), 4.41 (s 2H) 5.33 (d IH, J =5),
604(d 1H, 5), 7.45 (dd, IH J =7, 5), d, 1H, 8), 8.53 (d,
IH, J = 5) Thmrmrzsmgsc ;m@mmmwatmda @Ia)ﬁnéthen L brine (2 x

(100 - Dok, 8 Moo SR Sh i D iMoo ol
car boxyl at gembyéd in%!bﬁ‘@ﬁﬁ%lk/& 6<'ss'gobfstaé titl®corhboiMd ds@Afbht 9eliov5 ®oahdl, 'EBNMR =
8), 1.75 (d, 3H, J = 2H, J = 7), 3.54 (d, 1H J = 17), 3.68

8 (I
(m 2H), 4.(CDGlY5 LE2 (SI 18H;) 1.6 (s30H; 3, 8716, 3H)> 295 (ddh. 14D; 380 (@HH); 3,580  ( q,

5y 5,58 (40 TR € s 15 6 a1 b 1 s o (B Fo s B 6 e T T
(7R -7-[(2) Fam noe?ﬂy—rgﬂg Iﬂlﬁﬂ{)aggb § - 2- (hydr oxyi m no) acet am do] - 3-

{2- [2- N—gly thio ] pyrid-3-yI t hi o} - 3- cephem 4- car boxyl at e,
rrethanesulfonlc acid salt 'HNWR (D20) S2.88 (t, 2H J =7), 2.92 (s, 3H),
3.41 (d, 1 Te 159, 3- 54 (m 2H), 3.88 (d, 1H, J =16), 3.91 (s, 2H),

4.30 (s, 2H, “d, 1H J 5), 5.94 (d, IH J = 155), 7.89 (dd, 1H, J
=8, 5, 8.34 (d 1H, J = 8), 8. 59 (d, 1H, J = 5). Conpound 17-F
(7R)-7-[(Z)-2-(5-amino-l ,2,4-thiadiazol-3-yl)-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-thiadiazol-3-y1)—2-
(triphenylmethoxyimino)acetamido]-3-[2-(N-terz-
butoxycarbonylaminoethylthiomethyl)pyrid-3-ylthio]-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 diethyl ether (300 mL) and the
- resulting white solid was collected by vacuum filtration and the filter cake was washed
20  with additional diethyl ether (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)



(7R) 7 [ (Z)-2-(5-am no-1, 2, 4-thi adi azol - 3-yl') - 2- (hydr oxyi m no) acet am do] - 3-

{2- artylamnoethylthlorrethyl]pyrld 3-ylth i 4-

car boxyl ag) ?éﬁfl uoroacetic acid salt 20 ' HNVR ( CD3QOD) mg@&%m

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,
14 J =5), 6.11 (d, 1H, J =5), 7.52180d, IH J =7, 5), 8.22 (d, 1H J =
8), 8.67 (d, 1H, J =5). WD 01/21623 PCT/ USQ0/ 26069 135 Conpound 17-G
(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)-al anyl am noet hyl t hi onet hyl ]

pyrid-3-ylthio}-3-cephem 4-car boxyl ate, nethanesulfonic acid salt 5 'H NWR
(CD30D) 83 efsh: 3H J =8), 2.89 (s, 3H), 2.91 (t, 2H J =7), 3.43 (t,
2H, J = : (t,2HJ=7)373(d 1HJ=17)409(q,1HJ=
8), 425(5, 2H) 5.44 (d, 1H, J—S?‘ 5), 7.54 (dd, 1 H,
3= 7, 5)(TR):-TEZ}-3-(Stamipod, 24 thiadinzgh -yé)cﬂ-(l!)r#roaymsy)-3-d¥mpound 17-H 10
(7R) - 7- [(sﬁhuﬂ;e(l&lthlhomahyl)ﬁyﬂd{%ylahiphzaleplﬁem-mcazb()xnglate(mglttmnn) acet am-do] - 3-
2-

{
[ 2- N- (L) - (N - netihinéh diapeier gmsmaﬂuimIWdeacMh\ynt}] wgnamss:fym-ao m}snsandephem 4-
carboxyl ate, nethanesul fonic acid salt gDS@ g_ P&‘(}j’ J =10),
2.87 (5, teipcidiz solution of §7R)-7-H(Z)2-(Sramipp;1 2‘!1 iagipzol-3-y) Z(Q}Y iminajrgy 3 67
t, 2H, ' 7 8
é s (0, 1 Apnodginices iy Mol y i F i foid G gt (5 ST
J=7)@1 &)ﬁé 630009 i) ﬁrﬁiter QoraDywes dlﬁrged on top of the resin and distilled water -

(7R) 7-{( (5-am no-1, 2, 4-t hi adi azol - hydr oxyi m no) acet am do]j - 3-
{2- was eluted through until the pH of the eluent reached 5 6( om < 2).” The solvent

[2-N (L) - Biabd 4l QThBQPHINERERB WY b by detinfiitd & B 7elickbiRf™ 4- car boxy! at
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.

Examp_le 122: Smthesis of Prodrugs:

15  Bis [2-[2-(bis-N,, Na-t-butoxycarbonyl)-N—(L)-ormthylamlnoethylthlomethyl]- :
pyrid-3-yl] disulfide _

| =
S ZN H NBoc
N NB
7 N\ \"/'\/\/ oc
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 HCl 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),



20 met hanesul fonic acid salt 'HNWVR (CD30OD) 8 2.88 (t, 2H, J =7), 2.90 (s,
3H), 3.50w@o1Afd23J = 17), 3.57 (t, 2H, J =6), 3.76 (d, mdT/ISoohéded 4. 26
(s, 2H). 4.38 (t, 2H, J =17), 5.46 (d, 1H, J =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. WO 01/21623
PCT/ USCO 26069 136 Corrpound 17-J

(7R)-7-[(2)-2-(5-ani no- 1, 2, 4-t hi adi azol 132y| ) - 2- (hydr oxyi ni no) acet ami do] - 3-
{2-

[ 2-N-(L)-val yl am noet hyl t hi onet hyl ] pyri d-3-yl t hi o} - 3- cephem 4- car boxyl at e,

rret hanesul fonic acid salt 5 "HNWR (D20) 6 1.12 (d, 3H, 6), 1.13 (d, 3H,
J =6), 2.30 (septet, I H J =6), 2.91 (t, 2HJ:6)292(s 3H), 3.43

(d, AB, J =es®ptively.5Th¢ raaction wasstsred(atroamifemsrasare fori2 h,and then dijuted. 91 (d

(i, "1 ity S T 0 LY 1T Spaing o ighedotR ey G %30 mDy s 6 17

10 ted dried di Ifate, filte dand concentrated in vacuo.
(7R) - 7. - [(ZSZOm(lg E arﬁg 1n§ A(fwcﬁoaggg%lﬁe ) {e (hydr oxyi m no) acet am do] - 3

-{2- [2-N (Ihjrrfmaﬁm afythk sitie compbynd Wammimdvpﬂ ]vpyﬁh(}; <c8luyirt dhiraha®graphphem 4-
car boxyl ate, trif] uoroacetlc acid salt D20 2.74-2.79 (m 4H),

2.93 (t5 2relutingwith ethyl scetatejaffordmg Q}4L213(56f/3)°f a A@f%ﬂwt’i‘lﬁ] 3H) 3 75 (d,
1H, J = 18), 4.17 (s, 2H), 4.29 (t, 1H. J = 14), 5.35 (d, 2H, J 5 =5),

5.90 (d, 1 75 (dd, 1H, J = 8,5), 8.22 (d, 1H J = 8), 8.45 d,
h J(_ 'Jceg. om?ayﬁ ( ) ( ) (

(3" HZ)(vfz) 95[(2% 'tg.alm?mﬂ 3 ieiifhoRl 3 31 b Xn faroRyhiRe)dtbiaf L@ dol - 3-
[2- N (L) - | y2AI-pe 'E‘Pﬂ“&ﬁ‘é’f‘ pmsthyllpysidd-yithin-3scephsmstrearboxylis, | ot e,

met hanesul fasihdaethppesilfopicaeid spR (CD3OD) 8 1.73 (m 1H), 1.92 (m lH)
2.09 1 2.91 d,
AB, 1I(-ITOJ t|)17) B GBTSe@ﬁFCI{%ﬁ-I}nL @uré,(txoeomﬁaé;ﬂaslmas addes!ﬂMFL(légnfai (71})47- =

6), 4.31( S[(Z)Zﬁ_l)(s aéuno-l &ql— 1a'3’1az%l-3—y§9 2—(&p?xgn)(l%bth%li&qnﬁn@a@tamkoﬁ 5.
methanesulfonyl-3-cephem-4-diphenylmethyl carboxylate (0.69, 0.8 mmol, bis [2-[2-
(bis-N,, N;-t-butoxycarbonyl)-N-(L)-ornithylaminoethylthiomethyl]pyrid-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
ethyl 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 SiO, column chromatography
eluting with hexanes/ethyl acetate rampiﬁg ﬁ-om. lto ethyl acetate (100%) affording

20 045g (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
trifluoroacetic acid (5 mL) was added via syringe. The reaction was stirred for 30 min
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 eluted with acetonitrile/water (1/4; v/v). The UV

active fractions were combined and tritiated with methanesulfonic acid to a pH = 3.0.



1H, J =7, 5), 8.19 (d, 1H, J =7), 8.69 (d, 1H, J = 5). WD 01/21623

PCT/ uso 137 Corrpound 17-M
(7R) 7- %% é??zg am no-1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydroxylrﬁTﬁ%Ng(Z:Seot%m dol -

[2 N- (L) -seryl am noet hyl t hi onet hyl | pyri d- 3-yl t hi o} - 3-cephem 4- car boxyl at e,
met hanesul fonic acid salt 5 "HNVR (D20338 2.85 (m 3H), 3.35 (d, 1H, J
=17), 3.45 (t, 2H, J =6), 3.84 (d, 1 H J =17), 3.99 (ddd, 2H, J = 24,
12, 5), 4.17 (t, 2H, J =5), 4.26 (s, 2H), 5.42 (d, 1 H J =5),5.97(d,
1H, J=5), 7. 80(dd, 1H, J=8, 5) 8. 24(d, 1H, J=5), 8.49 (d, 1H, J = 5). Conpound
17-N

(7R) - 7- [ (Ble ctghficowtRGerhovedintvatikrirdahe pﬁd}lét)wék—dﬂmiﬂéd)vﬁy ilydphiljzatien ani.dol -
{2- 10 [-2- N—é ) - gl ut am nyl am noethylth| omathyl] rid-3-ylthio}-3- cephem4-
car boxyl aafﬁ)r ing 0952 & whitcamenphoussofid: HDVIR )§2;90191,@H) 2218 m, = 7)

2 59 (1 3 ooty 28 2y D I5H plt b2 gigchofe, 210 )
5),5.97 (fh, 11#182)14245@ 11H7Jgoi()dﬂ43t§QH?)SSQ@7GH;J4=B),6]B@,IFI 5& 9)dg.04H, J=:
15 8). Bis- [-1,3-di oxol an- 4- en- 2- on- 4
y|)neﬁhowdarmdrwvgﬁ)nsﬁbédﬂﬁﬂms))sr&ﬂwd)lgwms)s yl} disulfidee NSO HO Ny
O02 20 To ap ried 25 nL ound botto dflas char ed 'thb (15 nl)
was added bisT fzezfeﬂgwgm?mg} § KE6 RS pla&ngx ‘Wﬁs‘a% tra HO

It (1. OpQve.3 _9.D| t hyl
;anl t g opheny13 ?:"gerg%"ﬂ%ﬁ ?’(llal)o(f %&g%(zé agﬁﬁﬁﬁﬂggﬁnn%%ﬁ?}l) hg))sypl ﬁ?ﬁ%@@hhlnghyram ne
(3.6 nlL, sak could alsoesperfdriadd dtikiging sctivaied esters (pentaﬂuorophenol or N-.

hydroxysuccinimide) of the respective amino acids with similar results.

10 Compound 17-B

(7R)-7-[(Z)-2 (5'-aniino—1 ,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-
[Z-N-(L)-prolylammoethylthlomethyl]pyrld-3-yltluo)-3-cephem-4-carboxylate,
methane sulfonic acid salt .
‘H NMR (DZO) 52. 12 (m, 3H), 2.52 (m, lH) 2.87 (m, 2H), 2.92 (s, 3H), 3.58
15 (d AB, 1H, J=17), 3.51 (m, 2H), 3.75 (d, AB, 1H, 17), 4.18 (m, 1H), 5.43 (4, 1H, I=
5),6.01 (d, 1H, J = 5), 7.49 (dd, 1H,7=17,5),8.45(d, 1H, J=5). '

Compound 17-C

(7R)-7-[(Z)-2~(5-N-(L)-alanylamino-1,2,4-thiadiazol-3-yl)-2-
(hydroxylmmo)acetamldo]-3-{2-[2-ammoethylthlomethyI]pyrld-3-ylth|o}-3-
20  cephem-4-carboxylate, trifluoroacetic acid salt

'H NMR (CD,OD) 5 1.74 (d, 3H, I =7), 2.94 (t, 2H, T =7), 3.38 (t, 2H, T =7),
3.41 (4, 1H, J = 17), 3.70 (d, 1H, T = 17), 4.18 (s, 2H), 4.41 (s, 2H), 5.33 (d, 1H, T = 5),
6.04 (d, 1H, J = 5), 7.45 (dd, 1H, T =7, 5), 8.01 (d, 1H, J = 8), 8.53 (d, 1H, I =5).



WD 01/ 21623 PCT/ USOQ 26069 138 syringe. Follow ng conpl ete consunption of
the startiweoiBig@si als, as nonitored by thin |ayer chronmatmsyesvogsisst hyl
acetate), the reaction was diluted with 20 nL of water, and extracted with
ethyl acetate (2 x 20 nL). The organic | ayer was separated, washed wth 1
N HO (1 x 10 nlL), 2% sodi um bi carbonate_ (1 x 10 nL), water (1 x 10 nl),
and 5 brine (1 x 10 ), respectively.1 e organics were separated, dried
over sodiumsulfate, filtered, and concentrated in vacuo. Purification of
the title conpound was achieved via Si 2 colum chromat ography el uting
with ethyl acetate (100% affording 0.252 g (10% as a yellow solid.
Compound 17-0 10

(7R) - 7- [ ( Z2)Compaundil %d> 1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydr oxyi m no) acet am doj - 3-
{2- [2-(5-nethyl -1, 3-di oxol an- 4- en- 2- on- 4-

yl) met hoxy dARDGAYZ)-2+(5aminioyl, 2, #ithiadiszel-B1y))-2-(h pdrpiyiminp) azetamidolrd42-

car boxyl at g2-NgLjLyralanylalahylaminoedhylthibniéthyllpyrid:3eyltisiv}-3~xephématsk char ged

Wi th DVF (Zafbox Striflvordde@it acid salt

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

(triphegyl met hox t a f = € 3di phenryl et h
yl car boxyl ate %%m(‘@ @ﬂ‘sﬁ'%ﬁ,@é}, 1195 (4.1 8, 2 5RE R I PSS

bi s-{2-[2-(@; m,tjwll7)l,,3$&1mmi)a4wn(darl}2Je=nL74),430 (9, 1H,J= 8) 4:46 (s, 2H), 4.50

yl) met hoxycar bonyl ) ami noet hyl t hi onet h yr|d 3- (0,080 g,
0,12 i) & Wl 341 SV IR ATOR T TN B TN R
.respectlvel]%f_I @1 H;Ijnggfor 2.5 hr, the reacti on was dlluted wth

et hyl acetate™(1 t 25rgani cs were washed with water (1 x 10 mi)
and brine (1 x 10 rrL). The organi cs were separated and dried over

anhydr ous SOempousd!li?-® e, filtered and concentrated in vacuo. Purification
was achieved via Si 02 col um chromatography eluting with ethyl acetate
(100% 18f f QUR)TI(Z)-2%B-a9n ii182f’;ﬁ,4&madlml—B-@\n-i-QWoxyimldo)a'Ebanﬁdb]-BmsoI id
was 25 dis 91 cyTaniifloBtbly Pl fmﬁah 43303 161i0). B depBéYR-4-earboxylhtel, V/ V) and
cooled to qulfolil?c 58&%&&0” f was added di chl oroacetic acid (4.2

m.) and the mxture was stirred
'"HNMR (D,0) 6 2.88 (t, 2H, J = 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, T=5), 5.94 (d, 1H, T =
15 5),7.89(dd, 1H, J =8, 5), 8.34 (d, 1H, J = 8), 8.59 (d, 1H, I = 5).

Compound 17-F

(7R)—7-[(Z)-2—(5-amino-l,2,4-thiadiazol-3-yl)-2-(hydroxyimino)dcetamido]-S-{Z-
(2-N-(L)-aspartylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-
carboxylate, trifluoroacetic acid salt

20 '"HNMR (CD,0D) & 2.93 (m, 2H), 3.07 (dd, 1H, J =24, 9), 3.17 (dd, 1H, J =24,
5), 3.47 (4, 1H, J = 18), 3.58 (m, 2H), 3.76 (d, 1H, J = 18), 4.28 (s, 2H), 4.36 (m, 1H),
545(d, 1H,J=5),6.11 (d, 1H,J=5), 7.52 (dd, 1H,J =17, 5), 8.22 (d, 1H, J = 8), 8.67
(d, 1H, J=5).



for 1 hr. The reaction was triturated with diisopropyl ether (15 nL) _
resul ti j WO 01/ 21623 - - PCT/ US00/ 26069 139 pregi i i of the
desi redn%fio {12?: § The solids were coll ected; dissolved.i n‘i’\/\cg"(lgs‘;ﬁﬁl%@@g - m),
and tritiated with 0.5 M sodi um bi carbonate until the solution becane
honogenous. The sol uti on was | oaded atop a colum of HP20 resin packed with
water and the colum was washed withl$&ter until the pH of the effluent
became 7. The 5 columm was then eluted with acetonitrile/water (7/1). The
UV active fractions were conbined, reduced in vacuo to renove the
acetonitrile, and the title conmpound was - - isolated via |yophilization
affording 0.070 g (50% of the title conpound as a white anorphous solid.
"H NVR (2ompSund32-¢¢s~ 3H), 2.90 (bt, 2H J =7), 3.47--(m 2H), 3.80 (d,
1H, J =18), 4.20 (s, 2H), 4.95 (s, 2H), 5.56 (d, 1H, J =5), 6.02 (d, 1H J
= 5), 10 @#r§I-((2yl2-(Blamito,Y4-thiadiasZoR3-y)R-(Hydrodyimind)ac@amidd)3-{2-H J = 5).
The ol 1 o iy y ARG HiHinbBhy HAMGRth Pfphrin-BlyittiesReEsResR asabbRyIAR] L 1N -2
simlar Hl?% E@_es&ﬁls % above: "--- Conmpound 17-P | _

(7R) - 7- [ (PFPPEBONGET DY 4- t hi adi azol - 3-yl ) - 2- (hydr uxyi i no) acet ani do] - 3-
{2- --- 15 1 - . =

(2- N (5L) - pyr ogﬁm @Qﬁ)@obﬁﬁ’éﬁ’g r’fe@h%/lg‘]) SS? r3 F%.%?Mtt %II-I’O'} - §?’c3é%%gm 4-

car boxy! ajgg, 7 5 ¢4 TENYR §SRBGR), 1& 1) 5004 (9, 18D = 83, 825 (4, 28} - J = 7),
3.30 (s,a%%){ %”3%“?3%%4’ W’Fﬁ:éf%, 3.52 zm 2%, 3. 7183&&’ SH,E?,:N),
4.17 (s, 248 (d, 4133 6.094d, 1H, 35 Do7.54 [d, JH:-T =5, 5),8.021(d¢ §d, J+H), 6% 7, 5),
8.42 (m 1H). - -- 20 Exanple 123:

2-chl or orfdt B 1359 phenyl et hyl t hi opyri di ne hydrochl oride A thick
suspensi on of 2-hydroxynet hyl-3-triphenyl net hyl t hi opyri di ne (90.3g, 235
mml ) in i formam de (270 mL) in a flask equipped with efficient
mcha%@_gﬁhg???ﬁng was chilled to 2 C. Thionyl chloride (25.8 niL, 354

e ot
carboxylate, methanesulfonic acid salt |
'"HNMR (CD,0D) 8.1.7.0 (4, 3H, J = 10), 2.87 (s, 3H), 2.88.(s, 3H), 2.95 (t, 2H,
J=7),3.53(d, 1H,J=18),3.67 (t,2H,J=7),3.83 (d, 1H,J=18),4.15(q, 1H,J=8), .
15 4.34(s,2H), 548 (d, 1H,J=5),6.12(d, 1H,J=5), 7.58 (dd, 1H, =7, 5), 8.36 (d, 1H,
J=17),8.73(d, 1H,J=3).

Compound 17-1

(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadihzol-3-yl)-2-(hydroxyimino)acetamido]-3-{2- :
[2-N-(L)-histidylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylate,
20 methanesulfonic acid salt
'HNMR (CD,0OD) 5 2.88 (t, 2H, J = 7), 2.90 (s, 3H), 3.50 (d, 1H, J = 17), 3.57
(t,2H, T =6), 3.76 (d, 1H, I = 17), 4.26 (s, 2H). 4.38 (t, 2H, ] = 7), 5.46 (d, 1H, T = 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).



WO 01/ 21623 PCT/ USOQ' 26069 140 C. After conpleting the addition the
reacti on nygbues2sas allowed to reach room tenperature andeowssmizesened for
30 min. The precipitate was filtered, washed with ethyl acetate (500 miL)
and dried to give 86.7g (84% 2-chloronethyl-3- triphenyhnethylthiopyridine
hydrochl oride as colorless crystals. npl e 124:

2- (2-am noet hyl t hi onet hyl )-3-tri phenyl m‘:%ﬁylthi opyridin e To a stirred

sol ution of sodi um nethoxide (0.787 nol) in methanol (425 nL) were added
at room tenperature under nitrogen 2-chl oronethyl - 3-

tri phenyl nmet hyl t hi opyri di ne hydrochloride (86 g, 0.196 nol) and cysteam ne
10 hydrochloride (33.0 g, 0.290 nol). After 2.5 h, the reaction m xture was
partitionedCompourdt7dt hyl acetate (500 nl), water (500 ni) and brine (250
m.). The organic | ayer was separated and the aqueous |ayer was extracted
wi'th et hyl (ZRPTe(Z)-245aminy-1,2[h¢hiadiazol-3ol)-2(hydroxyiminolacetamido3+i@shed

wi th brine [2-N-LpOalylminoethylthiomsethyBpyria+3ayldiio}-3-cephiem-sarboayiate, Fol | owi ng
filtration,manaRéyutonitVacid salee filtrate under 15 reduced pressure produced
2- (2 am noet hyl t hi omet hyl)-3-tri phenyl nmet hyl t hi opyridine as a yell owi sh

oi | (9247 g, aft'ﬁf&\:m&%ggmguf [ 3EeF Gy 15[, ST =), DBb(septet,0118,7 =6),

quantltatlve yi e le 12
2-(2-am noét.9‘ly4t,t2ﬁQT@S)])Z[QHS&‘H)QIQBXHMBMHIH)@oﬂ(rni,lhﬂa) 350 (im1H)23.89 m_

fl k h d -
e AT 8L ST G RBE iR 571 (5 B 0 IR i drth g

0. 37 I I m., 9.0 |,
eq) . Tkr?ém so%@dggHi)/\J/agqg?)g g%l’r;ﬁ%hfeu rlg@etdtqapn C) for 2 h. Zlmt he end

of two hours, the reaction solution was pipetted into 20 nL water with ice
chi ps and eCmupqnmdsl‘bKV\D 01/ 21623 PCT/ USOQ 26069 141

10 (7R)-7-[(Z)-2-(5-amino-1,2 4-th1adlazol-3-yl)-2-(hydroxy|mmo)acetamldo]-3-{2-
[2-N-(L)-asparagylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-
carboxylate, trifluoroacetic acid salt

'THNMR (D,0) § 2.74-2.79 (m, 4H), 2.93 (t, 2H, J = 6), 3.27 (dd, 1H, =18, 13),
3.32-3.50 (m, 3H), 3.75 (d, 1H, J=18),4.17 (s, 2H), 4.29 (, 1H, J = 14), 5.35 (d, 2H, J
15 = 5),' 5'_.90 (d, 1H, J =5), 7.75 (dd, 1H, J = 8,5), 8.22 (d, 1H, J = 8), 8.45 (d, 1H, J=5).

Compound 17-L

(TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido}-3-{2-
[2-N-(L)-lysylaminoethylthiomethyl] pyrid-3-ylthio}-3-cephem-4-carboxylate,
methanesulfonic acid salt

20 'HNMR (CD;0D) 8 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 (d, AB, 1H, J = 17), 3.65 (m, 2H), 3.75 (d, AB,
- 1H,J1=17), 4.09 (t, 1H, J = 6), 4.31 (s, 2H), 5.48 (d, 1H, I = 5), 6.09 (d, 1H, T = 5), 7.61
(dd, 1H,J=7,5),8.19(d, 1H,J=7), 8.69 (d, 1H, J = 5).



imedi ately fornmed. The bis-HCL salt was next neutralized with saturated
sodi um }i ate (1 nL) and extracted with ethyl acet ). The
phases V\g}rog(ﬁyzggeyéar ated and the aqueous phase was extractiei’g'er E/z&ﬂg%ji tional
ethyl acetate (10 nL). The conbined organic extracts were dr| ed with
sodiumsul fate, filtered, and the solvent 5 renoved in vacuo to give a
white powder (80 ngy, 50% containing p3&doni nantly 3-

tri phenyl et hyl t hi o- 2- (2- am noet hyl t hi onet hyl ) pyri dine (HPLC, NWVR). 'H NWR
(4:1 CDCI3:CD30D) 5 2.65 ppm (t, 2H), 3.00 (t, 2H), 3.52 (s, 2H), 6.82 (d,
1H), 7.00-7.40 (m 15H), 8.20 (d, 1H). Exanple 126: 10 2-[2-L-(N-tert

but oxycar bonyl -4-tert-butyl aspartyl)am noet hyl t hi onet hyl ] - 3-

tri phenyl Ceinppuh@1Pr i dine To a stirred sol ution of

2- (2-am noet hyl t hi omet hyl ) 3- tri phenyl net hyl t hi opyri di ne (57. 1 g, 129 mmol)

in ethyl @‘R?I‘ﬁ Z 028 aniinb-MN2\3-thikdéskoR3-yl)e2-(liydroxyiinino)acetamido}-3-{2-

N- (1 e” b in)oe yithidm kﬂbyﬁd@sﬁﬁﬁbl-S-céfhdnﬂﬁé‘ﬁmﬁkylﬁfeg)phen0|
ester =e) % and the 'm xt ure was irred at roomtenperature
for 4 h F c R "Xt ure was washed with an. aqueous sol ution of

sodi urp car bona IE -2 L shed
twicewith bri M@’% 8]73# ‘873@&%3% dﬁrh g@bﬁ?@? 2?1321 2631619 > Hexane
(400 i) ygsya4ded 9oi@ad, oH, rJHmmnS)lh1a(t§izHgm=5)c4ww,nH;,ss4m(rd$und and
then et hyl acetate was add ed to give a clear solution. The 20 resulting

sol uti on wa} 5t97 @etBal +1),58Mh(dd, PHutr 8f 5)8.24 (a 1Hel =B0H4Md, 1B, ¥ 7D | ayer)
foll owed by washing with ethyl acetate -hexane solution (1 L). The conbi ned
filtrates_ were ntrated to an oily residue and purified by

chr ormat ogFaPRgY B@g?ﬁil lica gel using a step-gr adi ent elution with ethyl

wer o cvapaUAUEE S ﬁ'"&“ﬁ’i‘ié’&i‘!ﬂ?é”é}%fg %f ipipoictumiddfs g {120 oS

but oxk&ar Boﬂw-ﬂqtawnaﬂam?fé {n?e‘f g

Cotri phenylmbnyylmup;hamw@mssclg 59 which was used immediately in the

next step. WO 01/21623 PCT/ USCO/ 26069 142
'HNMR (D,0) & 2.19 (q, 2H, J = 7), 2.50 (t, 2H, J = 8), 2.85 (m, 5H), 3.34 (d,

1H, T = 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, ] = 5), 5.97 (d, 1H, = 5), 7.90 (dd, 1H, J =8), 8.37 (d, 1H, J = 8), 8.58 (4, 1H, J =
15 8).

Bis-{2-[2-(5-methyl-1,3-dioxolan-4-en-2-on-4-
yl)methoxycarbonyl)aminoethylthiomethyljpyrid-3-yl} disulfide

|\ 0
—ts - H O/(o
S/\/N 0\)§<
T

20 To a predried 25 mL round-bottomed flask charged with DMF (15 mL) was
added bis (2-(2-aminoethylthiomethyl)pyrid-3-yl) disulfide tetra HCl salt (1.0 g, 3.39
mmol) and (5-methyl-2-0xo0-1,3-dioxolan-4-enyl)methyl p-nitrophenyl carbonate (0.922
g, 1.69 mmol). With stirring, triethylamine (3.6 mL, 21 mmol) was added dropwise via



Exampl e 127: 2-(2-L-aspartyl am noet hyl t hi onet hyl ) - 3- mer capt opyri di ne

di hydr ochlypgiofier6230 a stirred sol ution of PCT/US00/26069
2-[2-L-(N-tert-butoxycarbonyl-4-tert- : '

but yl aspartyl)am noet hyl t hi onet hyl ] -3-tri phenyl et hyl t hi opyridine (65 g, 87
mmol) in 5 dichloromethane (130 nL) under_nitrogen was added triethylsil ane
(130 m., 810 nmol) and the solution wad3®ool ed to 0 C. Trifluoroacetic
acid (650 nL) was added and the mxture was allowed to return to room
tenperature and stirred for 3.5 h. The m xture was concentrated under
reduced pressure to a syrupy residue (-30 C bath) which was then dissolved
in ethyl acetate (300 nL). To this solution was added wth stirring a 10
sol ution ofsytinge. Hnllowing eempleteconsyraptionsef the statingsmajerislsasimenitoredpy oned by

tirring 1 grimRs abioaapleti ReaaPl b o B el dhfediish 20 Bk oL

under nitrogeRyrrN@ed aitn Wity abdehts (2 ?Q@trﬂ,)? Blbrgatié ﬂgpf Way Stpeatdd) wakieddd

2- (2-L-aspartyl am noet hyl thi onet hyl ) - 3- mer capt opyri di ne di hydrochioride as
a white powdér 1 NBHCY (Igx 10968), 2%5solivmmbicerbofge (1 x 10 mL), water (1 x 10 mL), and

b iﬁf 555[3 S i S O PSR EDhy THS AFERicswete sopgralgr dripd oYeF Foimyas
r A7 Aridaed . opeRATEle drnd oxe 020
Cher 9°0 0 S il B AR Fhidenlt TR Vi) BUiCac o tify bimfbuddBae O D

20 and wat exhiebedin Sidpcdliing chimnasgtashy eluting with ethyl acetate (100%) affording
N-(tert-butoxycarbonyl)-4-tert-hutyl-L-aspartic acid pentafl uorophenol

ester (0.18-2p2 H(10G)as@ yellowsolid. )~ di ssol ved in ethyl acetate (2.5 nl),
foll owed by sodiumchloride (50 ng, 10% sol ution). The biphasic m xture was

stirred vi (s oom tenperature and after 24 h. The |ayers were
separ at ed g%@ﬂﬂ%ﬁ'ed g?ql?eous phase was washed with additional ethyl acetate

(2.5 mh.  THR) A EADS L5 amifis 1L RS tRiadRizR1- 53D il 8rbne (2 x
S, ergi);_i‘;%wltl Sl%;é#ﬁ] géwf‘?eﬁ%jﬁ%@%ﬁ%%% @43 {?lltered

and the so YL Aroxqan -2 98-4The resulting oily product was
purified ¥ methoxycarbonyl)aminoethylthiomethyl]pyr?&l-}ylth%o}-3-c¥,p em-4-

carboxylate, sodinm 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-thiadiazol-3-y1)-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-
_ yl)methoiycarbonyl)aminoethylthiomethyl]pyrid—3-yl} 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 sodinm sulfate, filtered and concentrated in vacuo.
Purification was achieved via SiO, 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/triethylsilane (2 mL; 1/1, v/v) and cooled to 0 °C. To
the reaction flask 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



by radi al chromatography first wth 1:5 (v/v) hexane-ethyl acetate to .
renove material s, -foll owed by neat ethyl a fford pure
bis(2. ﬁﬁiﬁﬁ o CRERUSo0R0d

but oxycar bonyl -4-tert-butyl aspartyl ) am noet hyl t hi onet hyl ] pyri d- 3-yl)
disulfide (100 5 ng, 54%yield). "H NWR (CDCI3) 6 1.50 ppm (s, 18H), 1.55
(s, 18H), 2.72 (m 6H), 2.92 (d, 2HB9 2.98 (g, 2H), 3.55 (g, 4H), 4.55 (d,
2H), 5.80 (d, 2H), 7.35 (m 4H), 8.10 (d, 2H), 8.50 (d, 2H). Exanple 129:
2-[2-L-(N-tert-butoxycarbonyl-4-tert butylaspartyl)am noethylthionmethyll-3
10 mercaptopyridine To a stirred sol ution of
bis(2-[2-L-(N-tert-butoxycarbonyl-4-tert-

but y| aspreipitatieibfiee desitedpreduet. Myhd ¥ids et oollectdil,sdissolvad if #ated (§, 41. 0 -
mol) in N N dirnethyl formam de (170 nl) was added water (1.7 nL, 94 mml) B
foll omemlayandtmnpmmﬂxﬂa@%mda@n(bl@ﬂsmgte uptjl thesolutionbeeame; h .at room

dd | 15 h i 0 dded
bt nehoagEsTg FRCS Tk WiUBREP AR S PR e e el piked sl " 20050
m xture e R8Tk} WROHREHRE ARG at¥A ﬂ{e‘%ﬁﬂofthb)efﬂdbﬁt BechmieV7, Viheet hy| -

acet at e- hexane. The organic extract was washed wth brine (3 X 250 niL),
dries ovdnmonhsuhmmdufedwﬂtmmmbémtcm(ﬂéd Jhe UV ectivedtachpasswenee t o produce

2-[2-L-(N-tert-buyt bony! - 4- t ent - bt thyl thionethyl]-3-
20 rer BB G R WYt P el B i EORBR MBSt on.

Exanpl e tion affording 0.070 g (50%) of the title compound as a white
2-[2-L- ts@?eéir‘{la i (%%(llfgé?%ong/r 2 -tar tg %ut? | aspartyl )zym noet hyl t h| onet hyl | 3.

mer capt @myfphdumsblﬂ T HaSMRe@yO p 212 W, BHY, 2090 (b B, dI= B, BAT7dm, 9, char ged

with 2-(2 25 am noet h Ith|o % ﬁgg& n yxﬁr?ghg)orlde(Z 1
gli(7 r7t 13 ', lﬂd7'=b;cu};1 ¥) s rhgﬁ%z’lﬁ? §%gg§d§%§nt af | uor ophenol
6" 334 @REET e s by T P s s BRI

ester ( ey.), ‘trie (2 1 nm, 15 mol, 2.1 eq.)
and N, N- di netThy kSllowingritstapound was converted to its respectlve sodium salt in-a similar

manner as described above.

Compound 17-P .

(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-{2-
15 (2-N-(L)-pyroglutammylammoethylthlomethyl]pyrld-3-ylthlo}-3-cephem-4-
carboxylate, sodium salt i

'HNMR (CD,0D) & 2.50 (m, 4H), 2.82 (t; 2H, J = 7), 3.30 (s, 3H), 3.35 (4, 1H,
J=17), 3.52 (m, 2H), 3.71 (4, 1H, J = 17), 4.17 (s, 2H), 4.35 (m, 1H),538 @ 1H,J=
5), 7.41 (dd, 1H, =7, 5), 8.42 (m, 1H).

20  Example 123:

2-chloromethyl-3-triphenylmethylthiopyridine hydrochloride
A thick suspension of 2-hydroxymethyl-3-triphenylmiethylthiopyridine (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 S mL portions over the period of 1 h while maintaining a temperature below 10



(55 nL). The solution was allowed to stir at 20 C for 3 h. The sol ution was
diluted tayodp8iens With water and washed with 3:1 (v/v) et BdT/US00/26069

acet at e-hexanes (2 x 50 nL). The 5 conbi ned organic extracts were washed
with brine (3 x 100 nm.), dried with sodium sulfate, filtered and the

sol vent renoved in vacuo to give 2-[2-L: tert-

but oxycar bonyl -4-tert-butyl aspartyl)am et hyl t hi onmet hyl ] - 3- mer capt opyri di n
e which was used in the next step without further purification. Exanple
131: 10 2-(2-L-aspartyl am noet hyl t hi onet hyl ) - 3- mer capt opyri di ne

di hydrochloride A flask equipped with a magnetic stirrer was charged with
2-[2-L-(N-tert- . . .

but oxycar bSfy|Aflericomplesingthe adshition/thp seacter miyturewahelawed to seagbreemt opyri di n

e (0.24 g,, 0.51 mmol, 1.0.eq. l d by .

triethyl si [(GRRCTAPrOAng yas &’ﬂ%pf\)?ﬁ %(;e%"% et %%‘8%%% fg‘c]:ef%‘ %@%ﬁ S - dded
to the sol ykégfe (5§l aﬂ@%ﬁé&li&%ﬁ@%gg}@%‘) 2ichRfrodth@-§-0r 3 h. The sol ution
was concentrated in vacuo, and the residue was dissolved in ethyl acetate

(25 nl). | itiphenlylrsetbylthivpyridingmbydsodithoride asojattessicrystals, The white solid,

whi ch precipitated al nost i mediately, was carefully filtered and washed
with ethyl acetate, while avoiding exposure to noisture, and dried in vacuo
to yiel 8 O.Ex@mple (BBY - S

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 powder. Ex le 132: Sodiu . e e

(2)-2-(5-arfr -'E!"Z{eﬂlﬁlﬁﬂgﬂf‘g‘iﬁﬁ'@w5“yg:1“(’my|lﬁ5‘ﬁWF%? hyl ) oxyi mi no- acetate
A suspensi on of et hyl

(Z)-2-(5-et hoxy%%ﬁWﬂWﬁ@?@Wﬁ@P’&iﬂﬁ (0-387 mpl)in mathanol (425 mL)

(triphenyl LM gﬁ} - . igp@{] ap heated at 80 C
under refllrﬁetr%\@%??;%i%? %Mgéggog%}j%%n éﬂr%%‘a%f 2:1 (v/v) aqueous
NaOH (2.5 Mipleaghréthptdbpyrifihehyd2dchioridea(86@301106 Mol) ard oyisteamingas al | owed to
cool to roomtenperature and the precipitate was collected by filtration,

washed 10i t hydeachloridgd3he €, 02P@ med: Afer?. hbdhareagtiommiduregysspartitionedat e) and
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-amindethylthiome‘thyl)-3-tripheny]methylthiopyridine
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 HCI (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



dried in vacuo to produce crystalline sodium ] _
(2) - 2- (5¢@AMRQL, 2, 4-t hi adi azol -3-yl)-2 5 (triphenyl neth hgipeacet at e
(3.08 g,s“’%%g‘.% d). The filtrate was resubjected to anXJa |tP’géld§ 24h of
heati ng at 80C and the above descri bed workup procedure was repeated to
produce a second crop of sodium (Z)-2-(5-anm no-1, 2, 4-thi adi azol - 3-yl)-2-
(triphenyl net hyl )oxyi m noacetate (1.434Yy, 22%yield). A third crop of

sodi um (Z) - 2- ( 5-

am no-1, 2, 4-t hi adi azol - 3-yl )-2-(tri phenyl net hyl ) oxyi m noacetate (0.49 g, 8%
yield) 10 was obtained after subjecting the filtrate to another 24 h period
of heating at 80 C. Exanple 133:

(7R) - 7- anpiifedately BHAGE PThebiSHCl salt Was vttt ttralized wwithi¥attirated bediurho a -
suspensi on of 7-am no-3-chl oroceph-3-em 4-car boxyl at e %23' 7 g, 101.2 mmol)
i n t-but ybicartbenake € 105) endeXtractedith ethylragglate, (1 il )a dde pbses wertier ate (80 niL)

d 15 th 1 xt ti d vi | v il
compl ot TFPRRl N i greovtase wis Stpte witttadieRRal BRI P A ¢ s
poured i nfp f&ﬁﬂiﬁ&ﬁm’g&ﬁc BRk&ls Wereldrie@Rfth sobRnPEIAR, GlteRMCind\@E selivesar ded.

The aqueous [ayer waS washed wth 1:1 (v/v) ethyl “acetate-hexane (200 m_)"'

and sépargheted fovache ® gise eodstepomder (30 mg,150%) contatung prgdemihantly Br ri ng was
added et hy] acetate, (500 m). foll d or.t.i onw [, ium 20
car bonat eﬁl’@%’?@?‘hémélpl‘z'Q'ﬁ%’?@?@%&%@gm Bﬁg@i_) E&h@% aﬁﬁ%ﬂ%@“@f was
separ at e . _ ' ayan( 100 ni).
The conb?(r:]gg(11 30?%5?1? )(6318] E%????c@’%?@%ég?e a%%/% ’%ﬁ?{%ﬁ s"gg’g’?‘?}ﬁ?%& fate and
concent r afngd SH) %20 (GdH)ed pressure to give an oily residue (28 g) which
solidified after renoving the flask fromthe bath. To this residue was
added tol uene (100 nL; partial dissolution) followed by 25 hexane (100 ni).
After 10 mxdmplé 126ldi tional stirring crystalline (7R)-7-am no-3 WO 01/21623
PCT/ USOO 46 chl oroceph-3-em 4-carboxyl ate, tert-butyl ester was
filtered, washed with hexane and dried under_ reduced [essuri- (15.4 g;
5299 .IOExazrm-_ér%t\e.rt-bpwcwﬂppzy-4-2ﬂ(témmﬁmar1¥l)am"9ﬁ'ihé(lfﬁ5’2@?‘!'81 V) - 2-
triphenylmethylthiopyridine :

To a stirred solution of 2-(2-aminoethylthiomethyl)3- _
triphenylmethylthiopyridine (57.1 g, 129 mmol) in ethyl acetate (285 mL) was added a
sc:>1ution of N-(tert-butoxycarbonyl)-4-tert-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, washed 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 elution with ethy] 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-tert-

25  butoxycarbonyl-4-tert-butylaspartyl)aminoethylthiomethyl]-3- |
triphenylmethylthiopyridine (65 g, 75%) which was used immediately in the next step.



5 (triphenyl net hyl oxyi m no) acet am do- 3- chl or oceph- 3- em 4- car boxyl ate, tert-
but yl est'woigzﬁz;s_ti rred suspension of sodium PCT/US00/26069
(2)-2-(5-am no-1, 2, 4-thi adi azol -3-yl )-2- triphenyl nmet hyl oxyi m noacet at e
(14.38 g, 31.7 mmol) in dry THE (170 g) was added -di phenyl chl orophosphate
(9.9 m, 47.8 mol, 1.5 eq.). After a few mnutes of stirring 10 nost of
the starting material dissolved. Stirri %Zwas continued for 1 h at anbient
tenperature and tert-butyl (7R)-7-am no-3-chloroceph-3-em 4-carboxyl ate
(9.19 g, 31.7 mol, 1.0 eqg.) was added foll owed by addition of
2,6-lutidine (3.7 nm, 31.7 nmol, 1.0 eq.). After 3 h at roomtenperature
the reaction m xture was partitioned between ethyl acetate (200 nL) and
0.5 M HC1( Examplg 12%ol | owi ng phase separation, the organic 15 | ayer was
washed again with 0.5 MHC1 (100 m), then with 0.5 M NaHCG3 solution (2 X

concont 1 at accly Spydy R Geti Rl By iR e ApH g Bl aliot @b, °1
oot o, ALy e A H5A bAPASE
Vet 20 bty SR GVITRRLERE SRRy AR IMaRFRIc (o Sraatapl e

col | ect 8d tﬂjclfloﬂotrre&tane i130n€lL) dndeedxtrdgenamsmddedxmﬂiymwna(fmn mL{ S hmwl)
product. WO Q1/21623 PCT/ USQ0/ 26069 147 Exanp
(7R) - 7- [ (2)and _tl@esso&\mq;bwq_s opoledita 0 G a’lixg,ﬂuq;og,qeslc 2c1d (650 mL) was added and the

PR T T B A s s b o

ceph- 3- em 4vazoheetitlatidandedretieded phessinte to atsgrupy eesiduei (80 9€rbath)vatich Wagsk
equi pped with a magnetic stirrer_was_added at room tenperature .
N, N- di et hyherrbdlmlﬁqden(emamate Ra9ambbnEe s ﬁglutmrbwaw@dmﬂgﬁtﬁgngw th a

(11 pnddy HelHheERACh o} Cabeals s i o/Rn2e Sl BuBHsRSP spicon =

tert-butyl ofsdde 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  Example 128:

Bis(2-[2-L-(N-tert-butoxycarbonyl-4-tert- _
butylaspartyl)aminoethylthiomethyl]pyrid-3-yl) disulfide

A flask was charged with bis(2-aminoethylthiomethyl)pyrid-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-(terz-butoxycarbonyl)-4-zert-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 weré separated and
the aqueous phase was washed with additional ethyl acetate (2.5 mL). The organic

25  extracts were combined and washed with brine (2 x 5 mL), dried with sodium sulfate,



10 (16.0 g, 22.8 mol ), bis(2=[2-L-(N tert-butoxycarbonyl-4-tert-

bUtYIas noet hyl t hi omet hyl ] pyrid-3-yl) disulfide 1.4
mol ), 2)“%514 m) and triphenyl phosphine (6.6 g, P&:]lﬂjéf]€606%ft

over ni ght react ion. the reaction mxture was partiti oned bet ween etyl

acet ate/ hexane 3:1 (v/v) mxture (900 nL) and water (1.5 L). Organic |ayer
was t horoughly washed with water and 143 concentrated under reduced pressure
to produce oliy residue. Chromatography on silica gel colum (gradient
elution wi th hexane-ethyl acetate) provided (7R)-7-[(Z2)-2-(5-

am no-1, 2, 4-t hi adi azol -3-yl)-2-(triphenyl net hyl oxyi m no)

acetam do-3-[2-(2-L-(N-tert-

but oxycar faedvd arftt the sbivert wisaeRevéd/inhasid) ORtid ebilih@ 6B piddhct was punﬁed
pyrid-3-ylthio] ceph-3-em 4-carboxylate, tert-butyl ester (18.4 g, 84%

cont ani navyexdial chrommgrammwﬂf 1 é@thV) hexasenpthyh seqsate to remiaye less Eﬂhﬁpl e 136:
(7R -7-[(Z

enyl net hﬂ%‘)‘???‘%ﬂ ﬁ?‘gﬁ‘g{’&ﬁ%ﬁg”ﬂ%’ °Laf£°§6¥“1)e b‘s(2£[5'L'&t}'te’ t-
artyl am %&%H&hﬁn&&é}ybﬁ@wspﬂgmm&u@m RPre-S9) bt @oot ert - 25

butyl ester a nitrogen purged Tl ask equi ppe vmthamanetlc stirrer was

added 5N, Nngdi4% ylejd)f MW@H@I‘;} &11.50 gproxXs,g8kB: baS ks lﬁHmIZdIiﬂm 6 ging with

?7;§E sa[n(%z gié@a?r?% %?é ?ﬂﬂﬁ?&éé{s E’dg%yp)”s“%o 0, 2559853 tm, 4m), 8.10

(tripheny, "?H? 0) acet am do- 3- chl or oceph- 3- em 4- car boxyl at e,
tert - but y(:d’ est’er Q 1%112 g, 14.9 mvol) and
2- (2-L-aspartyl am noet hyl t hi onet hyl ) - 3-mer capt opyri di ne di hydrochl ori de

(7.5 g, ]1%93 mg The m xture was stirred until conplete dissolution 5 of
starting and was then cooled to O C (ice water bath). '

Triethanolamne (5.8 g, 38.9 mmol) solution in NN-dinethylfornmam de (6 rrL)

was added-[RLADEterGbhtaxycarbdnybi-tértbulylasjisirtylmain oetlylthiomethyl]-3- -
2-(2- lg-as,g@,rcra)ﬁ {#gd hy! t hi omet hyl ) - 3- nercaptopyridi ne di hydrochl ori de
(0.7 g, 1.8 mml) in in N Ndinethylformam de (5

To a stirred solution of bis(2-[2—L-(N-tert—butoxycarbonyl-4-tert—
butylaspartyl)aminoethylthiomethyl]pyrid-3-yl) disulfide (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 K]
X 250 mL), dried over sodium sulfate and concentrated uder reduced pressure to
produce 2-[2-L-(N-tert-butoxycarbonyl-4-tert-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 a mechanical stirrer was charged with 2-(2-

25  aminoethylthiomethyl)-3-mercaptopyridine dihydrochloride (2.1 g, 7.7 mmol, 1.07 eq.),



m.) and triethanolam ne (0.54 g, 3.6 mml) in N Ndinethylformamde (1 ni)
were 10 acdge®ifAhser an additional 1 h, the reaction m xturmcTesoRsssed
into a flask containing a vigorously stirred m xture of water (100 nL) and
crushed ice (200 m.). Stirring was continued until all of the ice nelted.
The precipitated crude product was filtered, washed thoroughly with water
and dried overnight in vacuo. The crudelﬂﬂoduct was washed three tines
with ethyl acetate (3 x 200 nL) with repeated thorough trituration 15 with
the spatula. The resulting yellow precipitate was dried in vacuo to produce
(7TR) - 7-

[(Z2)-2-(5-am no-1, 2, 4-thi adi azol - 3-yl)-2-(tri phenyl net hyl oxyi m no) acet am do
=3- (2-(2- N-(tert-butoxycarbonyl)-4-tert-butyl-L-aspartic acid pentafluorophenol ester (3 3g, 72

P NGO ot el s

E t7rR|) pEeLgl F)r%? H(I?jo @3%8%&13051 85%} tahbgéa g?&lé- ? y L’QI T6r 3 h. The solution was diluted to

aspartyl am mahbwlﬂiwmhﬁwwmtﬁd wdth33: Y (¥/i) ahymbta&-mnaﬂe@(arybsn(mﬂ.al TFhe tert-
butyl ester To _a nitraogen purged fl ask equi ppe magnetic stirrer was

added NSN ombjinas orgatio extgratewereovagh ?H_Wlth&élﬁﬁﬁéﬂ%@ﬂ-’)b?ﬂ?ﬂfmtbﬁg@ﬁnburg| ng

with a stre 0

2-(2-L- aspaﬁ?y{%a%ﬂé%%?ﬁap{ slggjr%&ﬁﬁo)ve%mrr‘éarcg%ﬁ? %“S?rz | [&I éNEfeh'ydr ochl ori de
(0.22 g, O.vufo¥eRbbnyies ity Yainihostieylieemethi Y] 3ekletéapto AP wiiich

di ssol ution of WO 01/ 21623 PCT/ E% 26069 149 st%?tl ng %t g}r'f(gl s and was

t hen cool eowasoas@dm@pmexmvsmthbmtmh%pyuﬁmu@n of sodium hydroxide in
water (0. 38 nL, 3.0 M 1.14 mmol) was added foll owed by addition of

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol -3-yl)-2-(tri phenyl net hyl oxyi m no) ac
et am do- 3-Exanplet®lbh- 3- em 4-car boxyl ate, tert-butyl ester (0.40 g, 0.57
mmol ). After 4 h the 5 reaction mxture was poured into a flask containing

R e Te R W T s L e
Crude produCt e S e uipped with b mAgnetit stitrer %vﬁil cha‘}g&i i 2 Veters-
butoxycarbonyl-4-tert-butylaspartyl)aminoethylthiomethyl]-3-mercaptopyridine (0.24 g,
0.51 mmol, 1.0 eq.), followed by CH,Cl, (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 HC1. The
white solid, which precipitated almost immediately, was carefully filtered and washed
with ethyl acetate, while avoiding exposure to moisture, and dried in vacuo to yield 0.18
g (90%) 2-(2-L-aspartylaminoethylthiomethyl)-3-mercaptopyridine dihydrochloride as a

20  white powder.

Example 132:

Sodium (Z)-2-(5-amino-1 ,2,4-thiadiazol-3-yl)-2-(triphenylmethyl)oxyiinino-
acetate

A suspension of methyl (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



repeated thorough trituration with the spatula. The resulting yellow

precipit dried in vacuo to produce
(7R -7-[ %')e‘"%?%é ami no- 1, 2, 4-thi adi azol -3-yl)-2 10 PCT/US00/26069

(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-em4-carboxylate, tert-butyl ester (0.46 g, 90%
yield). Exanple 138- 145

(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-L-aspartyl) am n oethylthionmethyl)pyrid-3-ylthio]

ceph-3-em 4-carboxyl ate, 15 bis-trifluoroacetic acid salt Into a flask
equi pped with a magnetic stirring bar and nitrogen purge was charged

(7R) - 7- [ (;8)553nL. 9f 211 (V) hqweotis Nabm('zasapigaad ¥thhngl: After 24 h the reaction -
(triphenyl met hyl oxyi m no)acet am do- 3-[ 2- ( 2- L-é]gl-te(t_- but oxycar bonyl -4-tert-
but y| aspamixpireavasratiowsd to ¢viobteetohml tempetatirgand thi prcinifate waseallected biyoxy| at e,

“b 2 : 1) foll . by dichl or. .
the. o oar HARME WERREHIE 3t VB e OEey ratnils ShERLARR asg 7 - T
fol lowed fyedt; i&é&%m&&e ﬁllﬁe(sééiuﬁtéz)-zd(soﬁiﬂ'nsq DY Shiadiafd1B-yi)ize

’ _
resulting yellow sol s allowed to stir at 20 C for 8 h. "The acidic
sol ut ison (ishenpinethyl)axyminesretite/(3s08 g,4i8kgyidldyt The fikratewag Beabjectyd trool ed to

0O Cand the resulting white sqli collected by filtratiqon. The filter
cake was WW&?@W‘% ?meF‘i‘%ﬁ%@iLgtaﬁ\A@ﬁ’eéi?’ﬂﬁ? 8‘( “195"%50’#@ pé%ﬁg?ﬁﬁiv%a& in vacuum
at to vyi 9 : D (§-aming- _thiadiazal-3-v-2- _
(7TR)-7- ?2&%%%-‘%%“%%-9%2",“39{% of fodivm () 2 (Samging; 1,24 thiadiaz _?11033 YOF ani do-3- [
2 i VO O0ltrigieadsInityl)sxedhinbatate (1B g, 22% yield). A third crop of sodium (Z)-2-(5- :
(2-L-aspartyl)am noet hyl t hi onet 3-'em 4- car.boxyl at e,

| i d-3-vy] thi -
bis- tri fmﬁda%éﬁhiédla%ﬂlé‘ﬂﬁt(mm%»ﬂ&i“tﬁ!ﬂg?ﬁg&sﬁ 8 8¥ieocessed to
th itterd f ' ' ' . | 139: 5
(7 8 (554 Peindd IR 3ufje3y ARt ey o4 BpBATBE featifg ot sCHATP . ons |

2- (2-L-asp artyl)am noethylthionethyl)pyrid-3-ylthio]
ceph-3-er’%£1ah(1:%l?§)§<:yl ate, .

(7R)-7-amino-3-chloroceph-3-em-4-carboxylate, tert-butyl ester

To a suspension of 7-amino-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 ﬂxe mixture was stirred vigorously at room temperature until 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 tolhene (100 mL; partial dissolution) followed by
25  hexane (100 mL). After 10 min of additional stirring crystalline (7R)-7-amino-3-



bis-trifluoroacetic acid salt Into a flask equipped with a nmagnetic
stirring Reooapih2si trogen purge was charged tert-butyl PCT/US00/26069

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol -3-yl)-2 10

(triphenyl met hyl oxyi m no) acet am do- 3-[ 2- (2- L-aspartyl)am noet hyl t hi omet hyl )
pyrid-3- ylthio] ceph-3-em 4-carboxyl ate ;12 2 g, 12.0 mmol),

di chl oromet hane (61 nL) and triethylsil4®e (61 nL, 380 mmol ). The nixture
was cooled to OC followed by dropw se addition of trifluoroacetic acid
(244 m., 3.20 nol). Follow 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 pressure to an oily residue.

Di i sopr opy|chidrbesph¢3an-dtjrboxdate,dertcbufylteites wias filtengd, washed mathchexanpandit e was
stored overpj ght at The gr | a ecipitate was filtered, thoroughly
washed wi t fire iqngsrpqeémﬂdpg@ﬁ (?gg 3?(%@ in vacuumto yield 12.8 g

(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-L 20
aspartyl)a 1 :hi onet hyl ) pyri d- 3-yl t hi o] ceph-3-em 4-car boxyl ate, bis-
trifluoroacetic acid salt. NVMR exanple 1 20 This salt was processed to the

zwitterion _dlg Ch Br“eeﬁ bol-3 1 Qxarrpl e 121. Exanpl e 140:
it AR e i .

solubility l'ng their admnistration to pat| ents at higher WD 01/21623
PCT/ USOO/26069 151 concentrations. Several (irodrug of , Conpound 17 have

been synt he5| z edT Qu stireghsuspensism afispdivgn @32 aningeh- i rihiadiazelr3-¥bz4-
h |
Py of 001 b i md5ic Gl RASEclke (FATROYAF ldmel i ) P (96 g PN 2RRLH? | 1O

MesS of three

species (raf hdﬁ?D&ﬂMmpHd%i;hbl@@D)mL 478 nﬁ%lUD'S'eqt)y AfRRF 860 elinutés M&irtingnoUNt
of a solid salt (5-8 ng) is weighed into screw cap vial. Water is
10  most of the starting material dissolved. Stirring was continued for 1 h at ambient

temperature and terz-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 HC1 (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.



added to dissolve the solid at a high concentration (50-75 ng/nL). To thjs
sol ut i ongi ed small anmounts (1-5 gL increnents) of FALREYS

sodi um hy rox?%% until a 10 faint precipitate renmains af&gﬁnﬂw1X|ng. The
suspension is left at roomtenperature for 15 mnminutes with periodic
vortexing. An aliquot of the suspension is then transferred to an
Eppendorf tube and centrifuged at 140087rpm for 1.5 mnutes. A portion 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 15 each subsequent determ nation,
using a new sanple, nore 0.1 N sodium hydroxide is added to increase the

pH j ust sjgigﬁmgygs;and the rest of the procedure is repeated. Five to seven
determ natftons are used to prepare the pH vs. concentration curve. \Wen

starting with zwitterion, the solid zwitterion is suspended in water.

Either 0(IRN-4@i2:(h-aminak2dethiadiazol-3xlingtr ochl oric acid is added to begin
t o di ssol {teiphaeyl@Rtigdoxyimiid)scstamido B2 hs(Natert-hutaxycarhonybAtext- over the -

15 m nut ebuylaspaetyl)aimbigeeiylthiomethiypyritsyitlid] caphoemet-¢arboxylatejgat i on,

di | utison gpdbpieyfedtet ation). B. Determ nation of prodrug cleavage in serum
Fresh control human serum fresh control rat serum and rhesus nonkey '

plasma 25 (h@@ﬁhﬁfﬁﬂ;ﬁ&éd%&fé‘ﬂﬁﬁﬁé@lﬂﬂﬁai«fﬁé&tﬁ%ﬁh@ﬁﬂb@i&ﬁd&tr&ﬁxC for 15
e p

mn in a shaking. bath. The pH of the serumor plasma was neasured
usi ng t estemperahps N,N+dimethglfodmanzide (A36tsL afeonygenhted byprolangekpwrgiog 17 (2
nmg/ mL) or its respecgtive prodr r ed.to 1/.216. / US00/ 26069 .
152 each Yihaiskesme W‘HE&W?&H gﬂ'ﬁﬁf)éﬁfﬂ?mm?'bgﬁdﬁﬁdﬁﬂﬁiﬁﬁ.§5[30| utions
were incu it idoY¥eH1Goé Ln0s-d800ky1k] AHOBRS] @fert | MBS =
0, 15, SOf,lﬂglﬁgyg%ethrfl%x;ggé@)a 5%%@0‘_'3?]%1161“ uot glg wereotydded to 200 Ler4%

t ri chioor ogest ¢, @28athol)y bis(25f2eD-(Nerexd-butoxytarbénydeleteftor 10 nin at 14, 000 r pm
er nat ant. was

anal yzod WHHsHPRED AR hioREY T 07y b iop £ 8p LR AU PO g vas
rEasur o ey T PEEREAPRBRAIOF I ST Attt AL
measur'ed @action mixture was partitioned between etyl acetate/hexane 3:1 (v/v) mixture (900
mL) and water (1.5 L). Organic layer was thoroughly washed with water and
15  concentrated urider 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-yl)-2-(triphenylmethyloxyimino) acetamid9-3-[2-(2-L-(N-tert-
butoxycarbonyl-4-tert-butylaspartyl)aminoethylthiomethyl) pyrid-3-ylthio]ceph-3-em-
4-carboxylate, tert-butyl ester (18.4 g, 84%) contaminated with small amount of

20 triphenylphosphne oxide.

Example 136:

(7R)-7-{(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



percentage of the AUC of 17 observed at time t relative to a theoretical
possi bl e AdSogbie2d7 as determined by a conparison to a stanrdEmos00/26069
concentration curve. 10 *HPLC conditions: Beckman U trasphere C8 colum, 5
mcron, 4.6m x 25cm 1 nmb/mn of 95% 0.1 M ammoni um acetate, pH = 6, 5%
acetonitrile ranping to 25% acetonitrile over 20 mn with peak detection
at 254 and 280 nM 15 Exanple 141: Biol é88cal Activity 1In vitro

anti bacterial evaluation Susceptibility testing 20 Results of

antimcrobial activity of 7-acyl am no-3-heteroarylthio-3-cephem carboxylic
acids are presented in Table 1 (MCin g/nL). Conpounds were eval uated for
antimcrobial activity against a panel of bacterial strains using a broth

m cr odi | ut iratogend,{JRYIr[(L)-2€ 3 aming-& 2hthiadiarel-By-Be NCCLS (1). The ni ni num
i nhi bitor oncentrati.on.(M . defi.ned a he | o t 2 oncentration
of e ug. whi GRSt R B i Opdhy kPRt ShERyAR Bl RED1 et
organi sns td L /3B }éﬁﬂm' : tho1)-3-mer Fd'ph'rﬂ rain

Chgr acteri g@?? %ﬂtg‘}ﬁxg&) gdgalgcglz;.%s 0/ 6061886@%%11%@%%2&3ococcgs au?eﬁgs VESA
ATCC29213 \iihytrogherideSt7apiyiIo manoly Bhe mixturkSEA stifted AntilRie2dpl &R dissclition

St aphyl ococcus aureus NMSSA PCLl (3-1actamase gverexpressor. Staphyl ococcus
aur eus RBSAfsHtng pategalsyagd wasthensooldde 0u'€ Ger wafst Mﬂ@ATeeﬂmpnge (.8

titutivel a- St t ] ' 13|
S aphyl ocods b9 fimofl BRI Ehm B BRI LTI SRl dre VG, 25\ BE
_Spa: nf356 QA fiéti £5h aligidbAilamcuntuh2-QcDaspiatylasinoetyitiomethydOd C i ni cal
i sol ate

mercaptopyridine dihydrochloride (0.7 g, 1.8 mmol) in in N,N-dimethylformamide (5
mL) and triethanolamine (0.54 g, 3.6 mmol) in N,N-dimethylformamide (1 mL) were
10  added. After an additional 1 h, the reaction mixture was poured into a flask containing 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 product was filtered,
washed thoroughly with water and dried overnight 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-yl)-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-
aspartylaminoethylthiomethyl)pyrid-3-ylthio)ceph-3-em-4-carboxylate, tert-.
butyl ester

To a nitrogen purged flask equipped with a magnetic stirrer was added N,N-

25  dimethylformamide (2.4 mL), deoxygenated by prolonged purging with a stream of dry
nitrogen 2-(2-L-asiaartylaminoethylthiomethyl)-3-mercaptopyridine dihydrochloride
(0.22 g, 0.57 mmol) was added. The mixture was stirred until complete dissolution of



Ent er ococcusfaecal is ATCC29212 WId type nterococcus faeci um ATCC35667 W d

" type nt s faeci um VanA Vanconycin' nterococcus f | nB
Vanconyciﬁrbﬂﬁagr#erococcusf aeci um A491 dinical isol ate/ Anpi Ci OP/?ﬂﬁlﬁr

Escherichia coil ATCC25922 Wld type seudononas aerugi nosa ATCC27853 Wl d

type For this primary panel, the assay was perforned in Mieller-H nton

Broth (MHB) with a final bacterial ind4ulumof 5 x 105 CFU nL (from an

early-1og phase culture) and a final volume of 100 L. Control drugs,

i ncluding impenem 5 vanconycin, Penicillin G dicloxacillin (vs. MSSA

ATCC29213 only), and new conpounds were prepared at a concentration

equi valent to 2-fold the desired final concentration. D lution of

conpoundsstafih g mateiady £d whis'tbed doplddtolOfE (iceaater bath)s eX seluitién of swdimali | ut i on -

using a multichannel pipette. Positive and negative grow h ntrol were

i ncl uded hydrexidingyater(0. iﬁnrthé-QMeiéf’«mamli)maﬂ@%}lewmm@m&ﬁa%gf fol | ows.

of | Mol | R HRERET SPdi a4 IO 052 B ey imbAS A B o BodktlE ©) 0, ™
at 35 C iNcRoffeaii-1Gm-2Cditdklate, A-but§l estor ¢8.AL gO0 5P inrisl).cAGeOL hdke St T ai ns,

culture were then diluted 1:10 and allowed to grow for an additional one
hour &t 3%adfionmixturtsias poured intp aiflask conigining @cigerovly stimedsise water1 Thpy

diluting the ear l.,00- phase h ul tur 1: 1000 with fresh.Muell er-H nton
by ot . "2 proigigatrd, froaf BroRai fos ftred WabtliRorsnly St itel bS] Tt

cul tures &eﬁéghﬁm JuiuRf OThe ErRgORGHIM Wa¥ washéd thideqfhes gk byt ddefatowithr ot h .
A vol ume of L o%1 the 1 nocul a was WO 01/21623 PCT/ USOQ 26069 154 added

to each wepdatedithbmugh tritarition withsthe spatula.n TherésnltinglyeHowpresipitatecwant el y 5 x
105 CFU ni. .The exact [no eterm hy ..applyi 10 L of 10-fold
serial direddp éfﬁc‘l?ftOt%%A‘EEZ%%‘ﬁ&S};E@?é‘HQPﬂ%9'(51?‘%4’%%3'3%3”?'2? over ni ght -
! ncu%t ! O(I&iﬁ{en%egnyloxyimino)acetamido—3-(2—(2-L-asparty1aminoeth'ylthiomethyl)pyrid-3- :
ylthio)ceph—B-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-(hydroicyimino)acetamido-3- [2-
(2-L-aspartyl)aminoethylthiomethyl)pyrid-3-ylthio]ceph-3-em-4-carboxylate,
15  bis-trifluoroacetic acid salt : ;

Into a flask equipped with a magnetic stirring bar and nitrogen purge was
charged (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethjdoxyimino)acetamido-3-[2-(2-L-(N—tert-butoxycarbonyl-4-tert-

_ butylaspartyl)aminoethylthiométhyl)pyridé-ylthio]ceph—3-em-4-carboxy1ate,. tert-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 yield 2.41 g
(86%) (7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-(hydroxyimino)acetamido-3-[2-



colony formng units were manually counted. 5 Mcrotiter plates were

i ncubat ed'wighip224 h at 35 C and were read using a m cr otpdRUs0RERSr eader
(Mol ecul ar Devices) at 650 nmas well as by visual observation using a
mcrotiterplate reading mrror. The MC is defined.as the | owest
concentration of conpound at which the visible growth of the organismis
conpl etely inhibited. 1. National Conmi i8®e for Cinical Laboratory

St andards (NCCLS). 1997. Methods for Dilution 10 of Antim crobial
Susceptibility Tests for Bacteria That G ow Aerobically - Fourth Edition;
Approved Standard. NCCLS Docunent M/-A4, Vol. 17 No.2. Serum bi ndi ng
determ nati on The approxi mate neasurenent of the degree of binding of the
conpound t @2-15aspartgharminosthyfthiomeihyl)pyed-3bylthic]eeph-8 enby-cdeioaylatey bis-on of t he
effect of the additjon, of  human serymto the nediumin which the MC

val ues aga@%ﬂ@r&a%"élcé'&deﬁ“bé\g\@r?’%mlg? 129n is deternined. The ratio of the
M C val ue

determ ned%\j\}ﬁgﬁgag Ogﬁgicg@qﬁ %ltémggﬁg%rgﬁ%sgl%ne srﬁ‘?lgu%fﬁls%{!rauﬁlrﬁ\{égl ndi ng
and the results of such determ nation are presented below. in Table 2. 20
In additi orcl;(to éh&itandard M C determ nati on descri bed above, the

st aphyl oco *n ATCC29213 is also tested in a ratio 1:1, human
serumMHB to obtain a prelimnary estimte of the bi oactivity of test

mglplogpésH . :tmiquh‘inﬁﬁéqﬁﬁ-ﬁdmﬂ- LAy ! Sficeiniiae-3-| elz-x 106
CFU/ nmL (fr%ng_gnﬂg oagmme CCPY%?@:’@% f&h Sé@g‘;k’% une o 100 L.
Cont r ol drugs g 1 m penem vanconym n, dicloxacillin, and new
282‘322??;?ﬁ%eeﬁaﬁpfaﬁﬁ%{ewa B ARSI BB R lEbhRa B
R B i F“?’e’cE‘%%Eﬁ?ﬁ‘%“é"“%“”:?‘?ﬁ?ﬂf%‘ﬁ”ﬁé?ﬁgbé 70l 1 channel

pi pett 49 Pdmmpmehmﬂwmegmno)@em@qﬁQ[Zdz-l-mﬂwlamir@@ﬂﬁuhlomh)dmmh?ﬁ—
controls Wer ol]ge% - -ggl- -car%oxyqatg (iaff g, iAQ b%yﬁ!ﬂ) Ochlﬁorome Ltgfl mljer dm ves

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
diisopropyl 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-ylthio]ceph-3-em-4-carboxylate, bis-
triflucroacetic 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



added to all wells. S aureus ATCC29213 was grown overnight in MHB (see MC
determ i bove), culture was then diluted 1:10 and 'lﬁ'ﬁ 0 grow
for an ngjgd]ﬁ{i?%zgal one hour at 35 Cin a shaking incubattg)?'J.T| eﬁ?otr?gcul um
was prepared by 5 diluting the early | og-phase (I h) culture 1:100 with
fresh doubl e-concentrated Mieller- Hi nton broth. A volume of 25 L of the

i nocul um was added to each well. ThisiSprocedure resulted in an inocul um of
approximately 1 x 106 CFU/ nL. The exact inoculum was determ ned by
applying 10 | of 10-fold serial dilution of the bacterial suspension on
TSA. After overnight incubation at 35 C, colony formng units were 10
manual | y counted. The nore accurate neasurenent of binding of selected
cephal 0s pQincentratien® OSevefal rdfQomsbutia il 7 Gavdbden 3gnttlesigdd dddnéie! ow.
Correspondi ng val ues in able 2 represent percentage of cephal osporin
conpound sehitohitylas bmmmdﬁeatmwm!lysmbgmf pih ﬂ'h@r&ﬁﬂﬁg pf.@snmpuséﬁam i s

pl aced in, g shaki wat.er. bat h, preheated t.0 .37 Cfor 5.to0 10 mnutes to
heat ser u‘ﬁ?’f’@“@‘ﬂea%yéﬁ?lﬁﬁf’%a‘q 8 v%%geﬁer Ygﬁ?}Y?%Bgﬁb&ngC{r%P}’ M umis 37 C
usi ng pH ﬁ@&%ﬁ.’ hpe, 3 mnutes apart. If the pHis
not 7.4 ?ﬁgﬁ'{fs? en t g pﬂl ?téﬁlggf%}gggmdh%WI ow ng 5% 002/ 95% 02 over the
serums After blowing for several mnutes, serumis heated to 37 C and
measurenents are taken 20 twice, 3 mnutes apart using pH paper to

det er ni neAt he PRlubilitoprRtospli4 ¢ The serumis stable for 7 days. Al ways
check the pH bgf A Qr itd Hgak s h ri fuge
t enperat ure rrugts%g agrgﬁ}g%othg s&@% @fg)@?%ﬁ%ﬁ%%ﬁt he g g;{v ﬁlf 3&6&3&35

spi nni ng {dded 4bdigtovg the selid ithchiglhoencepeatibnt(50496 mg'mdl)i o thissoltienys (1900 g)
with two tubes of water in the rotor_and the tenperature set tu(.)qtiiS C. 25
When t he adsed smpll gmoynts §L-5inmingrements) of fid Mk aqueeus sadpur ydroxidsruntiha  ypes of

water, W th. .a _cal.jbr t . f water

mast 1o oAbint Bregbilefy Bt iths sBEE FRIE O cliFerk RAREICR W Sorterh a0 15

criteria pgivastwithgericdioRiriiinge Aeiliquogofihe ispedsatdis Msh tiERfad6an 156
' 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 procédure is repeated. Fiveto -
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 quantitation).

B. Determination of prodrug cleavage 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



appropriately and spin for another 45 m nutes. Continue spinning and
measur i ng woe1/2ie@2sper at ure and adj usting the setting until gdyudeezpepat ure
is 25 2 C 3. Prepare blank ultrafiltrate by pipetting blank pH 7.4 serum
into an Amcon Centrifree Mcropartition devices, centrifuge: fixed angle
rotor, 1900 g, 25 Cfor 20 5 mnutes. Heat ultrafiltrate in a shaking
wat er bath preheated to 37 C. Measure uld2afiltrate pH and adjust to the pH
of the serum (7.4 f 0.2). 4. Pipette 190 ul of blank ultrafiltrate into a
set of labeled 1.7 nlL pol ypropylene mcrofuge tubes for 3 of each |evel.
Pipette 10 L of the appropriate standard stock 50, 200, 1000 g/nL to nake
standards 2.5, 10, and 50 g/ nlL respectively. Vortex each 10 tube well. One
set of ' t he estlanmtriresuitipg ésa fingl solution volummpf hnd.. Bclutienstwere sndubated @t
injected onto the HPLC (MSTD). T S | es e tli rane st andards and
" will be uﬂdég’récmp‘é{ € QY mﬁﬁ%ﬁw%esﬁh@éﬂ&fg%mws{
ultrafiltr ad i j ol t kN , er) the
st andar ds Z&roge'p?g%%%}g?ﬁs\r%%rga%a ethzk(l)g 5 zl'\é%ttﬁésd?grr?g%ru g%bflaSVéﬁex%Fbyeiﬁ e 475 pL
of bl ank hegheifugdd fér 40 fen un4,000rpm fein Bppehdtre neicrotentrifige. Thkey 25 glydfene

m crofuge tubes for 2 of each (Serum A and Serum B). Pipette 25 L of the
1000 ggPni eselsunsmptant g apslyzedede HPL(He Theglegmadationeof Y7 erdtsgespective mak e

D5 Tea i s dhure R A e iR of e KOG LB s RO AL ! [ P
tubes in a tﬁﬁ@kimmﬁ(}awwe&awmlfroa?itﬁa‘sgéctiiz@pm Wwas mBhgieéd 400 L of

serum out and deproteinate with 200 L 4% TCA, to nmake serumtinme 10 mn
(serum 50, pet@ntagpiopthe 200 afi17obserned attimeltirelptive te)g theorgtigakpassible AUC of
ultrafiltratj on device, which is npot treated with TCA to determne free
drug in saﬁ?‘aésdege@fnegé’lylﬂﬁoﬂﬁaps%'??%ﬁﬁ%&aé‘fcggfmtﬁ?ﬂmeandard sanpl es to
| abel eqgAm con Centrifree 25 Mcropartition filters, and centrifuge: 1900
g, 256 Cfor 10 mnutes. The extracted serum sanples (TO and T10) are spun
down and sufERLGrantitions: Beclitaah Ulitasphi¢ee C18 icalusin, Yinidioh24 688n R2BeSO0 26069
157

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 | Strain ] Characteristic ]
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Procedur ¢ Forolbe a{gémmuegr €F Of Ueqgrg@ar i on of CEPNEASiRydiAt CONPG
Fal ST U et faccals. VanB Vancomycin®
Enterococcus faecium A491 Clinical isolate/Ampicillin®
Escherichia coli ATCC25922 Wild type
ATCC27853 Wild type

|Pseudomonas aeruginosa

For this primary panel, the assay was performed in Mueller-Hinton Broth

8
unds in

(MHB) with a final bacterial inoculum of 5 x 105_ CFU/mL (from an early-log phase .= -

culture) and a final volume of 100 pL. Control drugs, including imipenem,

véhcomyci_n, Penicillin G, dicloxacillin (vs. MSSA ATCC29213 only), and new

compounds were prepared at a concentration equivalent to 2-fold the desired final

co_ncentration_. Dilution of compounds were prepared directly in the plates by serial 2-

fold dilution using a multichannel pipette. Positive and negative growth control were

included in each plate.

10

15

The bacterial inocula were prepared as follows. For each st_rain 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 the

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

by diluting the early log-phase (1h) cultures 1:1000 with fresh Mueller-Hinton broth. E.

faecium and E. faecalis were prepared by diluting overnight cultures 1:333 and 1:666,

respectively, with fresh Mueller-Hinton broth . A volume of 50 uL of the inocula was



Fresh control rat serum (heparinized and stored frozen) is preincubated at
37 C 5 foawodr21e2 i N a shaking water bath. pH is neasured RCI/USNOL2605D
strips. 25 L of a 2 ng/nL solution cephal osporin conpound (in water) of is
then added to each matrix to' make 1000 L. Sol utions were incubated at 37
C. 100ul of solution was taken out at time = 0, 15, 30, and 60 m n post
dose and added 200 L 4% trichl oroaceticldtid, vortexed, and centrifuged
for 10 mn at 14,000 rpmin an Eppendorf mcrocentrifuge. 10 25 L of each
supernatant was injected onto HPLC. Experinent was repeated using 25 L of
a 0.2 ng/ nmL cephal osporin conmpound. Degradation is neasured as the
percentage of HPLC peak area at tinme t relative to peak. area at time O.
HPLC condi tdddedto ek kvedin This prasesiuee reswitel inanimeruhsu of apeoximatelg Sx 100

mL/ mn of 95% 0. anmonj um acet at.e H 5%, ACN .goi.n % .

buf fer/or ga‘ﬁf{oép méSJ}AB?/%’FaC_EWFW? WP h‘?’h‘?‘?‘ﬁ?‘gw 3?1(’)1%3 lgrﬂ} géfiﬁﬁﬁ‘? s%%]t ain
conbi nat | ONgGhn bf fHeWaiiaPsud fonb Bh'm.aﬂﬁm?ﬁ%ﬁﬁgmﬂewahphafsss stitution
at- the cephal osporin systemresult in inproved stability of 7-acyl'am no- 3-

het er oar y| tdoionyTonminigamits svcbomghuatlyaountedonpounds. Exanpl es of such
conpounds (Table_ 2) are Conpound 3, Conpound 13, Conpound 14, Conpound 15,

Conpound 20 17, Misipfitenplates werpmsukated dusing@dnhah 35" Gand Weig resshwiRg® 27. The
nanes and t ' ' ' t he
Dot a1 o paliepdtiblse e NG RTRONRE P B ol &4 6 bl Oby1 Pbodrbalin
eval uat i on ysgfp AneroReRiite edadingamittoraThe MIOs dafinédAsGhé biveiBediicdntition’ 26069
159 I nprovenents in serumstability of certain conpounds fromthe class of
7- acyl am refcompenrd gavkich fegdsblecpenth ofdhoerggnism iaeompletsle inbéhiteds
conpounds. fyf Om tliSuel €1t ublll LR ﬁ&%&&ﬁb@t@. 4872 §81nBds 28 tlRgz0V ed
phar rm‘cl@kl Q)?I\htﬁm%:ﬁ@gécgp%ﬁlh@ Tes cfe QG Aerobically - Fourth Edition; Approved

T 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 deteﬁnined without serum addition was used as a measure of serum
binding and the results of such determination are presented bélow_ in Table 2.

20 In addition to the standard MIC determination described above, the
staphylococcal 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 serum. 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 pL. 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



5 Although serumstability is recognized as only one of the potenti al

factors b’]}fi}zi'oezgd ng cl earance of conpound from the bodypdiifobeusd ! Ve
effect of YAt 83sed serum stabil i ty on clearance of certain conpounds from

the class of 7-acyl am no-3- heteroarylthio-3-cephem carboxylic acids
determned in rats is substantial. Determ nation of clearance of

cephal osporin conmpounds was perfornedid® foll owi ng an exanpl e protocol
descri bed bel ow whi ch was used for determ nation of clearance of conpound
17. Four male SD rats with fenoral and jugul ar vein catheters were obtained
from Hlltop Lab Animals, Inc. (Scottdale, PA). The catheters in the
fenoral and jugular. veins were filled with 10 units/nmL heparin in saline,

and kept pakeitonslCWaeBdMddf eddh st U otal 8850 UL ofhiemanserahswier e -
quarantined for a mninumof two days prior to use, ~and were naintained on
a 12-h | imided tealkwebh ol wuecusiATCC2A2 8 avas gaowr overnight inddHBhGee MlCer before

d duri h dy. . d f i h i | i .
o oan " Getemynations Yagvowskitare 3o hen BRs D10 208 Al B KK o dance wi ch
the NI'H Gysdena %Jlgiur WS @8Yifa galinkSRcudhtor 2786 BloeiMm Whs Freparedbg Mo/ Nl

(active conponen osing solution of nesylate salt of conpound 17 was
preparsed dilutingahé tazlydagphasef(din) duitieeck: i @hwithiftesh doutde-gonventuated Mustlef-on bl ood
sanple was collected fromthe jugul ar catheter K ver. 20 mn as a
5 ni/ kg iAmen beth. @ yolumef, éﬂ‘?‘ﬂﬁ%ﬂﬁﬁ“ﬁ‘ﬂéwf‘%meé% g%é’ﬁ%t"grﬁuﬁl ood sanpl es
(0.2 nmL ali : : i Ygel | ter 5, 15,.
20 25, O YR n S RMEL Aol AP CPUIME! THEBIRS. <1 e

i nf usi on. indgullveadievemined byrapplyired If @rof10-foldsesiabdilitionof thenbacterial st or ed <
-70 Cuntil analysis by HPLC. WO 01/21623 PCT] USOXY 26069 160 The plasma
concent r stuspANsionram $ A Aferevamight ineybation k33 76, colpny foryng uBHH WetSent nodel

with zero ordzlr in g& and first-order elimnation fromthe central
conp t meREH Vﬁa iI'ght ed nonlinear regression (WnNonlin, Pharsight, Palo
Al to, 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 serum 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% C0,/95% 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 centﬂfuge 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 25 +2 °C. In

the event the temperature does not meet the above criteria adjust the temperature setting



CA) . Pharmacokinetic paraneters were calculated fromthe fitted paraneters
using 5 stywodaptkasquations (G baldi M Perrier D. 1982. Pharawgsioresbdi Cs,
2"d ed., Marcel Dekker Inc., New York.). Efficacy Eval uati ons Conpounds
with superior activity in vitro when conpared to reference 10 antibiotics,
are further evaluated in a nmurine nodel for |lethal bacterem c peritonitis
foll owi ng the procedure described bel ow!540 mice/ group were injected
intraperitoneally with 2.98x107 cfu S. aureus ATCC 13709 (Smth diffuse)
and treated at 0 and 2hrs post-challenge with serial twd- fold doses of new
cephal osporin antibiotic, impenemand vancomyci n subcutaneously 15 in
order to determ ne the ED50. Male Swi ss-Wbster mce weighing originally
24. 2 - 26. hpgropeiately sadspie frianotheCKamingeski Centiut sfianingant nstasuringhe M ce

were housed 10 per c and given freg access to r ,and nouse chow.

St aphyl ococ,tE‘BEe"&E\‘% %gei@ngégwt?wt %W§@f‘“ﬁ/§@§?3ﬁoverni ght at 37
C in.Brain-feart ' I . '%ngq | AOA b doraVAS
subcultured’;’]to Pﬁ?ggﬂﬁgﬁﬁlgﬂgﬁyﬁﬁﬁiﬂa{%bhﬁ at é{;’ %Aﬂégrﬁ og- phase
growt h cel |Ceritifrec Mirbpattinone devitcds)caplyfage! fogidanaglevator, 08 284C st 201 t 0 t he
desired concentration by correlation of absorbency at OD 600 nmw th

pr edet ePni Heipuissatieatyiratilratenne;shaking gvafer bathorekgated te 3dpEndylssswiis ni xed

with an eq 0| 1] .o | % - tra in (2). Inoculum was
kept in anl{llzﬁ!g%f¥I é"tcﬁn q?éjﬁég%ﬁfﬁkg’ﬂggg&@ﬁlc@%@eﬁsbhal lenged via an
injection of 0. PipéttdBh @0 Blank uRRANFAE intoia'vef fIHdIEDNF ], olgghﬁaivhaﬁterl'al
chal l enge was 2.98 x 107 cfu/ nmouse. WO 01/21623 PCT/ US00/ 260 61

| mi penem ( Pricradtgatubes for rof padulayel. PipetterhPailnof the appropmate sendg@diseslyS0, and

Concentr at 010 it By spapgB 3. 10 S S egeifivety, Yortes 667 1o, 1t
0.3 - Q002 iyl Wil 20He Qetdf thdstAdlaiéaplELAP Bfikdd/ Bh Wvith 0.3 Ve hbdti 2081 &id (1) -

Al'l antibiotics
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 S 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 puL of
the 1000 pg/mL standard stock into each tube, vortex each tube well to make serum
standard 50 pg/mL. Remove 100 puL 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 loaded into HPLC vials.



5 were adm ni stered subcutaneously in 0.1 nL volunes at 0 and 2 hours .
post -ch Concentrations of all conpounds are bas I ght of
t he bi og‘h’ ivg?ﬁzﬁgredi ents. The 50% effective dose (E%O)?‘%m@goéz/gﬁ%g%\?at ed by
the probit nmethod (3) utilizing a programentitled Probit

(Nycomed- Sal utar). The nanes and structures of the conpounds |isted by
their conpound nunber in 10 Tables 118hd 2, below, are shown in section I|I
of the Detailed Description of the Preferred Enbodi nents, above. Table 1.
Antim crobial Properties of 7-Acylam do-3-heteroarylthiocephens O ganism

| mMaenem1 2 3 456 S. aureus ATCC 29213 :50.008 0.13 0.25 0.25 0.13 0.25
0.5 S. aureus Col8A(Meths)(lac-) 0.015 0.25 0.25 0.25 0.13 0.25 0.5 S.

aureus PCJ, ( MetdoSlI bstrhfifirateléantpl@ andl G0 oPG2 M dSetie. a2hl Were mi%ed aur eus ATCC
13709 (Meths) :50.008 0.13 0.13 0.13 0.13. 0.13 0.25 S. aureus Col
( Met hR) (| tagether3p sabilize the compopgd isultrafilteatss 76 (Methk) (lac+) 32 1 .4 1 2 4

16 S. augeus ATCC 33593 (Meth:), 32.1 1 j 356
(Meth') 35 1 plipnsfer,enige s@ﬁa‘H%‘?‘}HF6%‘5“‘&%’?‘5é’nf‘ﬂ/g@?‘ﬁ%}ed%ﬁ"ﬁﬂ’%@p?Pg‘ > E
faecalis M thl PetR) septalarifinfecén APLE. 0. 25 0.5 2 E. faeci um ATCC 35667
4 0.5410.2548 E faeciumVanA (Van') 4 2 4 8 0.5 4 8 E.faecalis VanB
(Vann)s 0.5 0.25 1 0.25 0.5 1 4 E. faecium A491( Ani pR) >128 4 >32 >32 --
>32 >32 E. ‘coli ATCC25992 :50.25 0.5 32 4 4 32 16 P. aerugi nosa ATCC
27853 1 >32 >32 4 >32 >32 >32 WD 01/ 21623 PCTI USOQ 26069 162 Table 1.
Antim crobial Erepsfiddses of 7- Acyl ami do- 3- heteroaryl t hi ocephens

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 fnost 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.



OganismIimnenem?7 8 9 10 11 12 S. aureus ATCC 29213 50.008 0.25 1 0.5
0.5 0.06 Gyd o1/Be28tUr eus Col8A(Meths) (lac) 0.015 0.25 1 0. 2EkdSoRsdss 0.5
S. aureus PCl1L (Meths)(lac+) 0.015 0.25 1 0.5 0.5-0.13.0.13 S. aureus ATCC
13709 (Meths) 0.008 0.25 0.5 0.25 0.13 0.13 0.25 S. aureus Col
(MethR)(lac) 32 2 16 2 2 0.5 1 S. aureus 76 (MathR)(Iac+) 32 216 42 0.5
1 S. aureus ATCC 33593 (Meth') 32 2 8 458 0.5 1 S. aureus Spain #356
(Meth') 32 2 16 4 4 0.5 1 S. haenolyticus 05 (I\/Eth') 64 2 32 44052 E
faecalis ATCC 29212 90.25 2 8 4 0.13 0.06 -- E. faecium ATCC 35667 4 8 16
8 10.50.5 E faeciumVanA (Vann) 4 8 32 16 2 4 1 E. faecalis VanB
(Vann) 0.5 4 16 8 0.25 0.06 0.13 E.faecium A491 (Anp') >128 >32 >32 >32 8
4 4 E. coli ATCC25992 50.25 4 16 0.25 1 2 4 P. aerugi nosa ATCC 27853 1
>32 >32 >32 16 2 >32 WO 01/21623 CT] U%% 806 .1 able 1. Antim crobi al
Properties of 7-7AeqdyFR s meapuing & % STROSH COFPRY 13 14

15 16. 17 . , AJEC 29213 90 008 0 25 0.13 0.13 0.13 0.25 0.13
S. aureus &%\Bifmggﬁ S) 0.015 0.25 0.25 0,125 0.25 0.25 0.13 S.
aureus PCL (Met fErMH éontrp] £t 8dramO(heparthided dad btbréll f0zeh) Apredicibatedat 3MACGUS

ATCC 13709 (Meths) :50.008 0.13 0.13 0.06 0.13 0.25 0.13 S. aureus Col
(Met hR) 61 adpr Bomin in a stgkingiwaten batls, pHyis msasuresl usveg teststrips 35 gbofa2 0.5 1 1

1 S aureyg /A‘ Cs%lét?oSnggepixla\i% or?n- éso%np%uxlld ?m wajter} o%xs then added to each matrix to
make 1000 pL. Solutions were incubated at 37 °C. 100ul of solution was taken out at
time = 0, 15, 30, and 60 min post dose and added 200 uL 4% trichloroacetic acid,
vortexed, and centrifuged for 10 min at 14,000 rpm in an Eppendorf microcentrifuge.

10 25 pL of each supernatant 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 0.

HPLC conditions: Beckman Ultrasphere C18 column. Su. 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



§4 iturzeus Spain #356 (Meth') 32 1 10.51 .11 S haenolyticus 05 (NEth )
faecalis ATCC 29212 50. 25 0.06 1 0.06

f aeci uml‘X%’c@zi‘?ée? 405 0502505105 H faeci umP%Tg%%'%ﬁm ) 4 1 1

05421 E faecalis VanB (Van') 0.5 0.13 0.25 0.06 0.06 :0.5 0.25 E.

faecium A491 (Anp') >128 8 32 4 16 >32 32 E. coli ATCC25992 :90.25 41 4 4

1 0.5 P. aeruginosa ATCC 27853 1 32 #¥42 >32 1 >32 >32 WO 01/ 21623

PCT/ US0O0/ 26069 164 Table 1. Antim crobial Properties of

7- Acyl am do- 3- het eroaryl t hi ocephens Organi sm I m penem 19 20 21 22 23 24

S. aureus ATCC 29213 :50.008 0.5 0.25 0.13 0.25 0.13 0.25 S. aureus

Col8A(Meths)(lac-) 0.015 0.5 0.25 0.25 0.25 . 0.13 0.5 S. aureus PC1

(Meths) (1 ac+) ]Qm&&ﬁsnﬁhrﬁsﬂﬁﬁm@stﬁlﬁh@' dfefaihTompdindsIrom tlieelassATEC 13709
(Meths) :50.008 0.5 0.13 0.13 -- 0.06 0.25 _S. aureus Col (I\/EthR) lac) 32 2
g 5 1 (2 acylamim-3zhetesoaryltisiodveaphem cathoxylicacids aver othepcompaynds fiegthisaTce
3593 (Meth')

T e b e it L L

0.06 0. 13Ph ddmPousidsO- 25 E. faeci um ATCC 35667 4 2 0.5 1 0.25 2 1 E
faeci um VanA ( ann) 440252122 E faecalis VanB (Vann) 0.5 1 0.13
0.5 0525 0.5 CAkhough semuenstabilifis tecogpigsd) asandy ongof the potegtial fagdors £, col i -

ATCC25992 : 50.
2inﬂuenc12n5g c ea%arﬁ:e%f %gm%gund 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 Animals.
A 4 mg/mL (active component) dosing solution of mesylate salt of compound 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.



P. aerugi nosa ATCC 27853 1 >32 >32 32 >32 >32 >32 WO 01/21623

PCT/ USOCO 2;6@69,216;55 Table 1. Antim crobial Properties of PCT/US00/26069

7- Acvl am do- 3- bet eroaryl t hi ocephens Organi sm | m penem 25 26 27 28 29 S.
aur eus. ATCC 29213 50.008 0.25 0.06 0.5 0.5 .0.125 S. aureus
Col8A(Meths)(lac-) 0.015 0.13 0.06 0.25 0.25 0.125 S. aureus PCl
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:50.008 0.13 0.06 0.25 0.13 . 0.125 S. aureus Col (MethR)(lac-) 32 1 0.25
881 S aureus 76 (MethR)(lac+) 32 1 0.5 8 8 1 S. aureus ATCC 33593
(MethR) 32 1 0.5 8 81 S. aureus Spain #356 (MethR) 32 1 0.5 16 8 2 S.
haenol yticus 05 (Meth) 64 2 0.5 16 16 2 E. faecalis ATCC 29212 50.25 0.13
0.06 2 0.5 0. 25 THe plasmes cativeritTdtionsS f6m/individual Bnimals wer? fitlo atweci um VanA
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7- Acyl ani dCg). Fieiacskindticlyatmrgde Were &dlQiatSe from fBe fidied parabietersasiaki neti cs
Efficacy in murine Human Stability septicem ae serumin rat O earance Dose
Dose 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 peritonitis
following the procedure described below.
10 mice/group were injected intraperitoneally with 2.98x107 cfu S. aureus
ATCC 13709 (Smith diffuse) and treated at O and 2hrs post-challenge with serial two-
fold doses of new cephalosporin antibiotic, imipenem and vancomycin subcutaneously
15  in order to determine the ED50. 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 morning, 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 cfu/mouse.



rat rhesus human bi ndi ng serunC (L/h/kg) (ng/ kg) (my/ kg)/ ED50 effecthb

s Ur vi v 5 2 10/100 2.41 5/100 2.5/60 1.25/20 64 2 4
3 56 93 Q"X&?a 0.95 27.5 2.5/100 0.39 1.25/ 90 0. 625/ 93&6&3%?“@%

0.165/40 0.078/30 4354 6 128 7 8 128 92 10 1 11 83 4 47% 12 256

13 85 90 2 9% 0.79 20.0 5/100 <0.31 %615/ 100 1.25/100 0.625/100

Imipenem (Primaxin IV; Lot 7294A), vancomycin (Vancocin; Lot SMUG0W),
- and new cephalosporin antibiotic were prepared by serial two-fold dilutions to
concentrations of 0.078 - 0.005 mg/mL, 1.2 - 0.075 mg/mL, 0.3 - 0.02 fng/mL, 03-
0.02 mg/mL and 0.3 - 0.02 mg/mL respectively in sterile water (1). All antibiotics .
5  were administered subcutaneously 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 s 6
S. aureus ATCC 29213 <0.008 0.13 0.25 0.25 0.13 0.25 0.5
S. aureus ColSA(Metlﬂ(lac‘) 0.015 025 0.25 0.25 0.13 0.25 . 0.5
S qureus PC1 (Meth®)(lach) 0015 025 0.25 0.25 013 025 0.5
S. aureus ATCC 13709 (Meth®) <0.008 0.13 0.13 0.13 0.13 - 0.13 0.25
S. aureus Col (Meth®)(lac”) 32 0.5 2 1 2 4 - 16
S. aureus 76 (Meth®)(lac™) 32 1 4 1 2 4 16
S. aureus ATCC 33593 (Meth®) 32 1 2 | B .4 8
S. qureus Spain #356 (Meth®) 32 1 1 2 4 - 16
S. haemolyticus 05 (Meth®) 64 1 4 1 4 8 32
E. faecalis ATCC 29212 <0.25 0.06 0.25 0.13 0.25 0.5 - 2
E. faecium ATCC 35667 4 0.5 1 0.25 4 8
E. faecium VanA (Van®) 4 2 4 8 0.5 4
E. faecalis VanB (Van®) 0.5 0.25 1 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




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 Q90d18fL. 16 1 17 74 81 66 2 2% 0.5 16.4 2.0/ 100 ¥&:136s0026689100
0.5/50 0.25/20 0.12/10 WD 01/21623 PCT/ USCQO 26069 167 Cnpd Serum Bi ndi nga
Phar macoki netics Efficacy in marine Human Stability septicem ae serumin
rat Cl earance Dose Dose rat rhesus human bi ndi ng serunt Ph/kg) (ng/kg)
(ng/kg)/ ED, effecth %urvival 18 55 86266 2 23% 2. 17 20.0 5/ 100 0. 46
2.5/100 1.25/100 0.625/60 0.312/30 19 76 83 68 2 26% 1.25 42.5 1.25/100
1.29 0.625/80 0.312/20

Table 1. Antimicrobial Properties of 7-Acylamido-3-heteroarylthiocephems

Organism Imipenem i 8 9 10 11 12
S. aureus ATCC 29213 <0.008 0.25 1 0.5 0.5 0.06 0.5
S. aureus Col8A(MethS)(lac?) 0.015 0.25 1 0.25 0.25 0.13 05
S. aureus PC1 (Meth®)(lac*) 0.015 0.25 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®)(lact) 32 2 16 4 2 0.5 1
S. aureus ATCC 33593 (Meth®) 32 2 8 4 2 0.5 1
S. aureus Spain #356 (Meth®) 32 2 . 16 4 4 0.5 1
S. haemolyticus 05 (Meth®) 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 _ 1
E. faecalis VanB (Van®) 0.5 4 16 8 0.25 0.06 0.13
E. faecium A491 (Amp®) >128 >32 >32 >32 8 4 4
E. coli ATCC25992 <0.25 4 16 0.25 1 2 4
P. aeruginosa ATCC 27853 1 >32 >32 >32 . 16 2 >32
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Table 1. Antimicrobial Properties of 7-Acylamido-3-heteroarylthiocephems

Organism Imipencm 13 14 15 16 . 17 18
S. aureus ATCC 29213 <0.008 0.25 0.13 0.13 013 . 025 0.13
S. aureus Col8A(Meth®)(lac) 0.015 0.25 0.25 0,125 0.25 0.25 0.13
S. aureus PC1 (Meth®)(lac) 0.015 0.25 0.13 0.13 0.13 0.25 0.13
S. aureus ATCC 13709 (MethS)  <0.008 0.13 013 0.6 0.13 0.25 0.13
S. aureus Col (Meth®)(lac") 32 0.5 1 0.5 1 1 o1
S. aureus 76 (Meth®)(lac™) 32 1 1 0.5 1 1 o1

- | 8. aureus ATCC 33593 (Meth®) 32 1 1 0.5 1 1 1

S. aureus Spain #356 (Meth®) 32 1 1 0.5 1 | -1
S. haemolyticus 05 (Meth®) 64 1 2 1 1 2 2
E. faecalis ATCC 29212 <0.25 0.06 1 0.06 0.06 1 0.13
E. faecium ATCC 35667 4 05 05 025 0.5 1 05
E. faecium VanA (Van®) - 4 1 1 0.5 4 2 1
E. fuecalis VanB (Van®) 0.5 013" 025 0.06 006 . 05 025
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

156/20 0.078/20 20 71 77 84 3 70%1.59 20.0 2.5/80 1.00 1.25/58

625/ 3 10 0.156/20 21 97 97 90 2 3% 0. 73 20.0 2.5/ 80
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312/30 23 77 93 94 19%0.81 20.0 5/ 100 0.39 2.5/100 1.25/100 6.25/ 70
312/40 24 52 88 66% 2.85 20.0 10/100 0.76 5/ 100 2.5/100 1.25/90
625/30 2535 55 47 1 45% 1. 12 20.0163 100 <0. 31




2.5/100 1.25/100 0.625/100 0.312/80 26 2 27 4 28 29 97 WO 01/21623
PCT/ US00/ 29609216268 Cnpd Ser um Bi ndi ngs Phar macoki neti cs Effdiresog/2sesonur i ne
Human Stability septicemae serumin rat C earance Dose Dose rat rhesus
human bi ndi ng serums (L/h/kg) (mg/kg) (rmg/kg)/ ED$, effect t Imp. 2 20%
0.625/100 0.07 8 0.312/100 0.156/100 8 078/ 40 0.039/20 LEGEND a. % of
conpound bound to serum as determ ned b;ll 4—|PLC (see "Serum bi ndi ng

determ nation" for details). 5 b. Ratio of MC value determ ned with and
wi t hout human serum added for S. aureus ATCC29213. c. %l oss after 60 mn
exposure to rat serumas determ ned by HPLC (See "In vitro stability of
conpounds in rat serum for details). d. Cearance in rat determ ned at

gi ven dose (see "Pharnmacokinetic evaluation in rat" for details).

Table 1. Antimicrobial Properties of 7-Acylamido-3-heteroarylthiocephems

Organism Imipenem 19 20 21 22 23 24
S. aureus ATCC 29213 <0.008 0.5 0.25 0.13 0.25 0.13 0.25
S. qureus Col8A(Meth®)(lac?) 0.015 05 0.25 0.25 0.25 0.13 0.5
S. aureus PC1 (Meth®)(lact) 0.015 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 1 l
S. aureus 76 (Meth®)(lact) 32 2 1 1 2 2 1
S. aureus ATCC 33593 (Meth®) 32 2 1 1 2 1 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 0.5 0.06 0.13 0.13 0.25 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 A491 (Amp®) >128 >32 8 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




10 e. Efficacy in treatnment of experinental infection in mce (see.

"Effica tion" for details). f. Vanconycin g. Im 1/ 21623
PCT/USOS%9§%§3ﬁ§169 CONCLUSION One skilled in the art m&ﬁﬁﬂﬁﬁgéﬁkgy
appreciate that the present invention is well adapted to carry out the
obj ects and obtain the ends and advantages nentioned, as well as those

i nherent therein. The nol ecul ar conpl &%®s and t he net hods, procedures, 5
treatments, nol ecul es, specific conpounds described herein are presently
representative of preferred enbodi ments are exenplary and are not intended
as limtations on the scope of the invention. Changes therein and other
uses will occur 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
wll be readily apparent to one skilled in the art that varying
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fe E. faecalis ATC(Z)C 29212 <0.25 0.13 0.06 2 0.5 0.25
E. faecium ATCC 35667 4 0.5 0.5 8 4 2
E. faecium VanA (Van®) 4 1 1 8 -8 4
E. faecalis VanB (Van®) 0.5 0.25 006 = 2 2 0.5
E. faecium A491 (Amp®) >128 32 16 >32 >32 >32
E. coli ATCC25992 <0.25 1 4 4 32 16

P. aeruginosa ATCC 27853 1 >32 4 >32 >32 . >32




and_ described or portions thereof, but it is recognized that various

nodi fi cat WO9181623 25 possible wit h| n the scope of the invendmusowleissed.
Thus, it should be understood that although the present invention has been
specifically di scl osed by preferred enbodi nents and optional features,

nodi fication and variation of the conceiég herein WO 01/ 21623

PCT/ USOQO' 26069 170 di scl osed nay be re ted to by those skilled in the
art, and that such nodifications and variations are considered to be
within the scope of this invention as defined by the appended clains. In
addition, where features or aspects of the invention are described in terns
of 5 Markush groups, those skilled in the art will recognize that the
invention is also thereby described in ternms of any individual nenber or

subgroup of nenberg t G0 and VR eﬁ?é@ﬁ? e Jmlgio|3s descri bed
as selected fromtT - OU[ i \th 08 and i odi ne,
clainms for X being brom ne and cfarms brom ne and chlorine are

fully descrihed 10 The invention has heen descrihed brqgadl \/ and.
generi cal | |yCAk gi n Sepadindie?t hel _narr pver. . e@?‘”é’?”"a’ﬂb"“%bqe FAoy i ‘gi’ﬂfn ngs
fall'ing wifthin ..Jae_]ganerir‘di':r‘!g’é‘ﬂ?ne Pty part g 7 on
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7
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10 1
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1. A conpound of formula | or I1: 5 N,OHI| NS Ro-s IB,OOS DJ
C02R2 [(@bﬁﬁ%z?é 9)q(al k2)rr1211-2 ,OHN | NS [Rll]o %C'lf'@ob/zﬁws EOG
ONOR2N ki)p(e)q(al k2),R1211-2 or a pharnaceutically acceptable
salt thereof, wherein 10 R is selected fromthe group consisting of
optionally substituted aryl and optionally substituted heterocycle,
wherein said heterocycle is selectéd 16bmthe group consisting of pyridyl,
15 thiadiazolyl, and thiazolyl; wherein said aryl and heterocycle are each
i ndependently and optionally substituted with substituents selected from
the group consisting of hydroxyl, brono, fluoro, chloro, iodo, nercapto,
cyano, al kylthio, WD 01/21623 PCT/USOQ 26069 11111 111 111Jl _
11111111 Tmpd 2 GeluncEindag®y[ , | oxo, &l koxydaPhomaebkinetiésky || , Effitacyimyturineni|t r o,
am no, al] koxylf, and Human | Stability septicemia®
_ serum inrat | Clearance | Dose Dose
rat | rhesus | human | binding | serum€ | (L/Wkg) | (mg/kg) | (mg/kg) | EDg
effectd Y%survival
18 | 55 67 66 2 .| 23% 2.17 20.0 5/100 0.46
' 2.5/100
1.25/100
0.625/60
0.312/30
19 76 83 68 2 26% 1.25 42.5 1.25/100 | 1.29
. 0.625/80
0.312/20
0.156/20
_ _ 0.078/20
20 [ 71 77 84 3 70% 1.59 20.0 2.5/80 1.00
1.25/58
0.625/30
- 0.312/10
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
22 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 5100 -] 0.39
2.5/100
1.25/100
6.25/70
0.312/40
24 | 52 88 66% 2.85 20.0 10/100 0.76
5/100
2.5/100
1.25/90
0.625/30
25 | 35 55 47 1 45% 1.12 20.0 5/100 <0.31
2.5/100
1.25/100
0.625/100
0.312/80

26 2
27 4
28
29 97




car boxam do; R2

is selected fromthe groﬁp conéisting of hydrogen,

optional | wewbsie2s uted al kyl, 5 optionally substituted al kanyiusoopsisonal |y

substituted aryl, optionally substituted aral kyl, and trialkylsilyl;

wherein said al kyl, alkenyl, aralkyl, and aryl are each independently and

optionally substituted with substituentiége!ected fromthe group consisting
irgdo,

of 10 hydroxyl,
car boxyl, oxo,

bronmo, fluoro, chloro, nmer capt o, cyan, al kylthi o,
al koxycarbanyl, nitro, am no, al koxyl, and carboxam do; R’

is selected fromthe group consisting of hydrogen, hal ogen, hydroxy,
optionally substituted al kyl, optionally substituted al koxy, and

optional | y_subs

ituted am no 15 wherein said al kvl al koxv. _and am ng are

each i ndegefdeh

fromthe
mer capt o,
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h i ndependently @and optional lly sel ecfed fromyhsgdrioup

LEGEND

Coa.

5 b

10

©me A

% of compound bound to serum as determined by HPLC (see “Serum binding determination™
for details).

Ratio of MIC value determined with and without human serum added for S. aureus
ATCC29213.

% loss after 60 min exposure to rat serum as determined by HPLC (See “In vitro stability of
compounds in rat serum” for details).

Clearance in rat determined at given dose (see “Pharmacokinetic evaluation in rat” for details).
Efficacy in treatment of experimental infection in mice (see “Efficacy evaluation” for details).
Vancomycin

Imipenem



consi sting of hydrogen and al kyl, wherein said alkyl is optionally,

subst it ub8ids substituents selected 10 fromthe groupcgARwbSEdsdd Of

hydr oxyl, brono, fluoro, chloro, iodo, nercapto, cyano, alkylthio,

car boxyl, oxo, al koxycarbonyl, alkenyl, nitro, and carboxam do; A, B, D,

L, EE G and J are each independently nitrogen or carbon, 15 wherein said
speci fic juxtaposition of groups A Bl®D, and L forms a heterocyclic group

sel ected fromthe group consisting of ~i N N "L Nands N and wherein said
specific juxtaposition of groups E, G and J fornms a heterocyclic 20 group
selected fromthe group consisting of SS-\\ §S, SN ,~, N, N) & N

and 2. The conpound or salt of claiml1l, wherein R is optionally
substituted -heterocycle. 25 WO 01/21623 PCT/ US00/ 26069 1111111111111 174
LETLILEILEtitiiil €L Ms 3. The EOMEIBION salt of claim2, wherein said
heterocycle of R is substituted with one or nore substituents sehect ed

fromthe groupOrosidlled inthe ant wonldygadily appeecigte fhat ths presentipventiondsWg!lor sal t
of claim a%lap’égg % ga'.rpy o6 itﬁe Qﬁ%&g 25 (%t?m%e &ds'aid advantages mentioned, as well
' as those inherent therein. The molecular complexes and the methods, procedures,

5 treatments, molecules, specific compounds described herein are presently representative
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 apparenf to one skilled in the art that varying substitutions and
modifications may be made to the inventioﬁ 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 each 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



sel ected fromthe group consisting of 2-am nothiazol-4-yl,

2- am no- S5Syeeboerbhi azol -4- yl, 5-am no-1, 2, 4-t hi adi azol - 3- \WCT/€890/26069

2-am nopyrid-6-yl. 5. The compound or salt of claim1, wherein alk, and

al k2 are each 10 independently selected fromthe group consisting of

met hyl ene (-CH2-), ethylene (-CH2CH2 ) ngopylene (- CH2CH2CH2 ), and
butyl ene (-CH2CH2CH2CH2-). 6. The conpo& or salt of claim1l1, wherein R99
is sulfur or NH. 15 7. The conpound or salt of claiml1l, wherein R' is
selected fromthe group consisting of hydrogen, nethyl, nethoxy, hydroxy,
NH2, and chloro. 8. The conpound or salt of claim1, wherein R21-R31 are
each independently and optionally selected fromthe group consi sting of

hydr ogen andisclascdmiay begespricdie by those slkitiedm tha jart, anid thatsueh odificationnal 2 | s-
sel ected fromthe group..consi.sti.n f - NH2, .z NH- C( =NH) - - C( =NH) - NH2,
and - NHCH( é’l‘i‘lpﬁt.w‘T(ﬁge ‘r‘?fg“l%?fg@&ﬁd“&fﬁ“?éﬁ seopg Of thi IHYC%‘,UW:HE?“}\edsg Wespeci fic
j uxt aposi tiaPPTrﬁedcﬁl'f’mg.rOUps A, B, D5 and L fornms WO 01/21623 PCT/ US00/ 26069
175 11T LT CTrrrrrrrrrrrrrrirrl s 11, The conmpound or salt of claim

1, wherein sai d Inpdditibncwhere tfegharss or aspeci$ of thelihve@tiog ameujescrithed@n tamd of f or ns

| 12. The conpound or salt lLaim 1, wherein said c ound, i s sel ected
from 53t hé\dg&ggbgreg% itgqspﬁgfllgg in the art will recognize that the ?n entlilon is afso thereby

(2 ari moot st iiea Hteafty BTl BRI ptts e DT AL AL MR 10
(7R) - 7- [ ( 2)gréup, Forrekmaple; LK 6 desirited (@b yeleensy o the enpt conbisthlg GF hrémbse,

chlorine, and iodine, claims for X being bromine and claims for X being bromine and

chlorine are fully described.

10 The invention has been described broadly and generically herein. Each of the
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 omet hyl ) - 2- et hyl - 1, 3-t hi azol - 5-yl t hi 0] - 3- cephem 4- car boxylic
acid, 1

1 PCT/US00/26069
(7R) - 7- F‘?’Q)O-I%G(zg- am no- 5-chl or ot hi azol - 4-yl) - 2- (hydr oxyl ar(r:i {1% a’cet am do]j - 3-
[ 4- (2- ami noet hyl t hi onet hyl ) - 2- ami no- 1, 3-t hi azol - 5-yl t hi 0] - 3- cephem 4- car box
ylic acid, '
(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(h¥droxyl ani no) acet ami do] - 3-[4-(2
am noet hyl t hi onet hyl ) -1, 3-t hi azol - 2-yl t hi 0] - 3-ceph = } id,

(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyimno ] -3-14-(2- 15
am noet hyl t hi onet hyl ) - 2- met hoxy- 1, 3-t hi azol - 5-yl tnmmmﬂmﬁh m’%"far boxylic
aci d, * e L M s o«

(7R) - 7- [ (Whatds climed isopyri d- 6- yl ) - 2- (hydr oxyl am no) acet am do] - 3-[ 2- ( 2-

am no et hylthio)-pyridazin-6-ylthio]-3-cephem 4-carboxylic acid,

(7R -7-[(2)-2-(2-am nopyrid-6-yl)- ZC 'qoxyl am no) acet am do] - 3-[2- (2

am noet hyl t hi 0) - pyri dazi n-3-yl t hi 0] ephem 4- car boxylic acid, 20

(7R -7-[(2) -2-(2-am nopyri d-6-yl)-2-(hydroxyl am no)acet am do] - 3-[ 2-(2

am noet hyl t hi 0) - pyri m di n-4-yl t hi o] - 3-cephem 4- car boxyl i c acid,

(7R -7-[(2)-2-{2- arg‘@gﬁl.ggﬁﬁp&ffgﬂﬂﬁigrﬁhydr oxyi m no)acetam do]-3 -[2-(2.

am noet hyl t hi onet hyl ) - pyri dazi n-3-yl t hi 0] - 3- cephem 4- car boxylic acid,

(7R -3-[(2)-2-(2-am no-5-chl orot hi azol - 4-yl ) -2- (hydr oxyl am no) acet am do] - 3-
25 (2-am noet hyl t hi onet hyl - 1, 3, 4-t hi adi azol - 5-yl t hi 0) - 3- cephem 4- car boxylic
acid, WO 01/21623 PCT/ USQ@r26069 111 T4t rrrrriiljijl 176 ¢ L s 1111
(7R) - 7-[(2) - 2- ( 2- ani no- S-Ehl oHot hi azol -4-y|%}2~3'dohydroxyi ni no) acet ani do] - 3- [

4- (2-am noet hyl t hi onmeg: _?Nagi ylt g
1, 3-t hi azol - 5-yl (R o] - 3-cep| emE-NI car oxx@ %ci d,
(7R -7-[(2) - 2- (2- am no- 5- ch? 0@t hi | >g< 1;\ -(h&\g;ox i m,no) acet am do] - 3- [
3- 5 : CO,R? [(alk;)p(R™)q(alkz) R )y
(2-am noet hyl t hi omet hyl ) -1, 2, 4-t hi adi azol - 5-yl t hi 0] - 3- cephem 4- car boxylic
aci d,
(7R -7-[(2)-2-(2-am no-5-chhgrot hi azol -4-yl)-2-(hydroxyl am no) acet am do] - 3
[ 2- (2- ani noet hyl t hi onet hy¥J pyri d- 3-yl t hi o] - 3-lqep'hem 4- car boxylic acid,
(7R -7-[(2)-2-(5-am no-1,Jp, 4-§2i adigzol - 3-Sy lg-]i-a(hydroxyl am no) acet am do] - 3
- ay ¥~ | 3
0 0@ N A S/k\J\c[i

CO,R? (alk;)p(R™)g(alkp) R %}y 2

ora phérmaceutically acceptable salt thereof, wherein

10
R! is selected from the group consisting of optionally substituted aryl and optionally
substituted heterocycle,
_ wherein said heterocycle is selected from the group consisting of pyridyl,
15 thiadiazolyl, and thiazolyl; '

wherein said 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,



[ 2- (2- guani di noet hyl t hi omet hyl ) pyri d- 3-yl t hi 0] - 3- cephem 4- car boxylic acid,
10 WO 01/21623 PCT/US00/26069
(7R) 7 [(Z) 2- (2-am no-5-chl or ot hi azol - 4-yl') - 2- (hydr oxyi m no) acet am do] - 3-
| ) pyrid-3-ylt h| o] 3- cephem 4- car boxylic acid,

uant-gtnoethyt-thiomethy
(7R) 7 [(Z | or ot hi azol 411 2- (hydr oxyl am no) acet am do] - 3
[4-(2-am n uillg mw!jum 2- am noet hyl no 1, 3-thiazol -5-yl thio]-3-cephe
m 4- carbo

(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydr oxyl am no) acet am do] - 3
- [2-(2-am noet hyl t hi orret hyI )pyrid-3-ylthio]-3-cephem 4-carboxylic acid,
(7R)-7-[(2)-2-(5-amno-1, 2. 4-thi adi azol - 3-yl ) - 2- (hydroxyl am no) acet am do] -3
[ 3- (2-am noet hyl t hi or@!lm?‘l}'; .9y Pi ddkorygsarbRpyh a@béﬂ‘ﬁ@)ﬁ’f Aoy plikexyls aad
(7TR)-7-[(2)-2-(am notélh%( 4= yl)-2- (hydroxyl am no) acet am do] - 3-[ 3- (2- 20
am noet hyl t hi onet hyl ) pyri-d-4-yl t hi o] - 3- cephem 4- car boxyl i ¢ acid,
(7R)-7-[(2)-2-(2-am no- 5-chl orot hi azol - 4- yI) 2- (hydr oxyl am no)acetam do] - 3-
[ 3-(2-am noethylthl onet hyl ) pyri d-4-yl thi o] - cephem4 carboxylic acid,

(7R) - 7- [(Z)stggetaedfr eamup@pmlstmdmymgen,qmm wbamm@lkﬂtam do] - 3

(7R) - 7B 2ot BREA AR ptcnit Pyl AR camitnE Ty ks tbacy Sahen, *°

am noet hyl tjhy @ﬂ%thl adi azol -5-yl t hi o) - 3-cephem 4-car boxylic acid, WO
26069 177 11vEnrryp 12121pkii trerrrrtil b s (7R

01/ 21623 PCT/ us
)-7-[(2)-2-(2-am nopyrld 6-yl)-2- (hydroxylmno)acetamdo] 3-[4-(2-

i noet hyl t hi onet t | i 0] - 3: boxy! d,
(7R~ 7- [ () 2° ( > ihapg el oTbamyl, A kv g i Syt e b ( o

?giR)nost [“(”z; hizog?p Q%ﬁ&n@ygﬂbg{ tﬁfe%ﬁlrﬁladgjg %8@18@?1)% q?%ydr oé}(}@rﬁ% %%?“c%?am do] -3
- [3-(26guani di riydidxyl, birornopilivyd,)dhioro) iddd, nercipto) cyan@,emt}&m(ﬂcﬁﬂfoh%)ékbc

acid,

(7R) - 7- [ (2) - 2- ( 2koxyebon il Amingzdkonyl,and carkorpmmidiy | ami no) acet ani do] - 3

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

15
wherein s_éid 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,
alkoxycarbonyl, alkenyl, nitro, and carboxamido; |

20

alk,. and alk, are alkylene groups;
pisOorl;
25 R is selected from the group consisting of NH, sulfur, SO, and SO,;.

qisOor1;



[ 4- (2- guani di noet hyI t hi onet hyl ) -2-am no-1, 3-thi azol - 5-yl t hi o] -3-cephem 4-ca

rboxyl i

(7R) - 7- [ Zﬁéﬁ%g am no-1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydroxyIngﬁlsgglé%og%am do] -3
- [4-(2-am noet hyl t hi onet hyI ) pyri d-3-ylthio]-3-cephem 4-carboxylic acid,

(7R -7-[(2)-2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acetam do] -3-[4-(2

anmi noethyl t hi onet hyl ) pyri d- 3-yl t hi o] - 37ephem 4-car boxylic acid, and

(7R -7-[(2) -2-(2-am nopyrid-6-yl)-2-(hydroxyi m no)acet am do] - 3-[ 2- chl or o- 4-
15 (2-am noet hyl thi onet hyl )-1, 3-thi azol - 5-yl t hi o] - 3-cephem 4- car boxylic
acid. 13. The conpound of claim1, wherei n sai d compound—-s—sel ected from

EgeR) - g[?gl)o (2:0?;I ZH Rg gf chl or ot hi azol - 4-yl Jﬁﬂ"]”’”ﬂ'ﬂ#”’ﬂ’”) acetam do] -3-[4

(2 am noetisflarti omet hyl ) - 2- ani no- 1, 3- t hi azol - 5-yl thi o] - 3- cephem4 car boxyl i
c acid,
(7R) - 7[(Z) 2- (2- am no- 5-chl or ot h| azol - 4-yl)-2-(hydroxyi m no) acet am do] - 3- [2

- (2-am Btlmeléc?émmm/d graup tehssting OAINRYR? COTRFSO(ANBA)-DRSRT,C aci d,
(7R) - 7[(Z) 2-(5-am no-1, 2, 4-t hi adi azol 3-yl)-2- (hydroxy| m no) acet am do] 3-[

2- (2- Sguaﬁ(aNBéﬁ-tNinfﬁlam#eNﬂM CHEYRYB- yI t hi o] - 3- cephem 4- car boxyl i ¢ aci d;

(7R) 7[(2) - 2- (‘Zh%fﬁi“r%”?* il 8&%&‘?&'?%??81"’“&15' st optionally selected.rorg the &/9R do] - 3-[ 2

- (2- guani di nogdatih an@liyd- 3- yl t hi o] - 3- cephem 4- car boxyl i-c acid,
WD 01/ 21623 PCT/ USO0 26 69 78 I I trererrerrr * € 111112111111111111 S
(7R)-7[(2)-2-(5-am no-1, 2, 4-t hi adi azol - 3-yl") - 2- (hydroxylmno)acetam do] - 3-]

2- (2- t hyl t hi | | t hi -. - h - d,

(7R 72 - (2 am HREAR SR g S i doi - 3-[ 4
2- t hyl t hi | d, 5

7R U025 (2 am ho Mo cnaidd '°3§?§‘Q§?‘%Bﬁ“§§ﬁ§§‘?§ﬁ?’é%]“ o s

am noet hyl t hi onet hyinprcaptd; t)kmazzlkylﬂnoy,lcathoayla oxe; afexycarberylbalksnyl.c aci d,

nitro, and carboxamido;

A, B,D, L, E, G, and J are each independently nitrogen or carbon,
15 wherein said specific juxtaposition of groups A, B, D, and L forms a
heterocyclic group selected from the group consisting of

3 N Ng <

and

wherein said specific juxtaposition of groups E, G, and J forms a heterocyclic

20 group selected from the group consisting of
s——\> s S\ s—N
A AN AN A D
N
TN X TN a¥v '

2

2. The compound or salt of claim 1, wherein R' is optionally substituted

heterocycle.

25



(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- guaniwpneriday! t hi orret hyl ) pyri d-4-ylthio]- 3 cephem 4- c aFdogusstorgoeaci d,
and

(7TR)-7-[(2)-2-(5-ami no-1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydr oxyi m no) acet am do] - 3-
10 [ 4-(2-am noet hyTThi omet hyI ) pyrid-3- yI h| o] - 3- cephem 4- car boxyl i ¢ aci d.

éfoughgoﬁg{r&??ﬂg 8]1: mI‘mm‘““I“\mlﬂm sail corrpound is selected fromthe

(7R -7-[(2) - 2-(2-am no- 5-chl ot ot*hi dzol - 4-yl ) - 2- (hydr oxyi m no) acet am do] - 3- [
4- 15 '

(2-am noet hyl t hi orret | )-2-am no-1, 3-thiazol -5-ylthjo]-3- ceﬁ)hem4 car boxyl i
¢ acid, ¢ compound or salt of claim 2, wheréin said heterocycle of R’ is

TR -7-[(Z hl t d do] - 3-
0 G At AR
(7R - 7- [ ( 2) and-dnsin@m 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 t hi o] - 3-cephem 4- car boxylic acid, 20
(7R -7-[(2) -2-(2-am no- 5 chl orot hi azol - 4-yl ) -2- (hydr oxyi m no) acet am do] - 3- [

(TR 7-B(2) - 2- { o nEesosdRariox st ot el 3, yiesb g hfgoereinotildf am o - 3
[4-(2-ani “%%Ié&bég\tﬂfﬂrﬂﬂfet%}b%e E’é‘rrsis‘ﬁ mg o¥hl Vﬁ&&m&&ﬁ@@ﬁ%ﬁ@@&ﬁ&&&f&lﬂ 25
or sal

15. The conpoun ereln sal d conpound Is active

agai nst nmetyij ﬁaﬁﬁnml,ﬂgﬁsﬁhﬁcbaﬁ:l-&)dmﬁlz;mmopynﬁéqﬂerl a, as denonstrated by a
|l ower mninmuminhibitory concentration than nethicillin, wherein said
bacteria are selected WO 01/21623 PCT/ USOQ 26069 179 1111 1 11d

JiTl 111111 M S §rom f R) (lac-),
S. aureus 76 (I\/E’Jf hR) (Tln"e()?IE d%ﬁ%@%ﬁ%&lﬂ%%@ﬁ %@J’ '% éﬂr eus Spain
#356 (Mot hRhdepzndenly sereeted | fstink meSng@ cdnbtifig of methyldne (JCH;;) Retlene treating
a mamal suffering froma nethicillin-resistant St a%zél ococcal bacteri al

i nfection, (COhSs) Rreeryismed:GHLHAILDoand buylspetrBIHLEHCHeGHpdut i cal | y
effective anmount of a conpound or salt of claim1l.
6. The compound or salt of claim 1, wherein R” is sulfur or NH.
15 7. The compound or salt of claim 1, wherein R" is selected from the group

consisting of hydrogen, methyl, methdxy, hydroxy, NH,, and chloro.

8. The compound or salt of claim 1, wherein R*-R* are each independently
and optionally selected from the group consisting of hydrogen and methyl.
20
9. The compound or salt of claim 8, wherein R* is selected from the group
consisting of -NH,, -NH-C(=NH)-NH,, -C(=NH)-NH,, and -NHCH(=NH).

10.  The compound or salt of claim 1, wherein said specific juxtaposition of

N
2N

|
25  groups A, B, D, and L forms L



17. An antibacterial conposition for treating a nethicillin-resistant 10

St aphyl ogpg ephisefict eri al infection, conprising a therapeyiéflﬁé&%ggg'f ective

anount of a conpound or salt of claim11 in a.pharmaceutica é’pt abl e
carrier. 18. A nethod of synthesizing a compound of claim1, conprising the

step of conbining a first reactant and a secondwnions
that are suitable for 15 synthesis, wigsein said fj reactant 1S
conmpound of formula OR4A N | NS HNS R O NOI'@U’I&"’HMJM 0 ORZ .

h ,“pt ional |y

or 0 OR2 wherein 20 R is selected fromthe groups
substituted aryl and optionally substituted heterocycle, Wo ©1/21623
PCT/ US00/ 26069 1Y LI EIYEffEj it rrrtirrirl 180 herein said heterocycle

is selected fram t ha@hglcomponidsrisak ofglaivh 1pWhérdi said spetific uitaFoeition ofand
thiazolyl; and wherein said aryl and heterocycle are each independently and
optionally 5 substituted witt¥ dubstituents selected fromthe group
consi sting of hydroxyl, br’?a’l N uoro, chloro, iodo, mercapto, cyano,

kox

al kyl t hi OgroupSEDGX N T fo¥fs ycar bonyl, al kyl, alkenyl, nitro, am no,
al koxyl, and carboxam do; 10 R2.is selected fromthe group consisting of
“hydrogen, optionally substituted al kyl,

12. The compound or salt of claim1, wherein said compound is selected from
5  the group consisting of
| (7R)-7—[(Z)-Z-(Z-amino—S-chlorothiazol-4-y1)-2-(hydroxylamino)acetamido-3-
(2-aminoethylthio-1,3,4-thiadiazol-5-ylthio)-3-cephem-4-carboxylic acid,
(7R)-7—[(Z)—2—(2-arninopyﬁd—G-yl)—Z-(hydroxylamino)_acetamido]-3-[4-(2-
aminoethylthiomethyl)—Z—methyl-l,3-thiazol-S-ylthio]-3-cephém-4-carboxy1ic acid,
10 (7R)-7-[(Z)-2-(2-amino-5-chlorothiazo1-4-yl)-2-(hydroxylamino)acetamido]—3-
| [4-(2-aminoethylthiomethyl)-2-amino-1,3-thiazol-5-ylthio]-3-cephem-4-carboxylic acid,
.(7R)-7-[(Z)-2-(2-aminopyrid—G-yl)—Z-(hydroxylamino)acetamido]-3-[4-(2-
aminoethylthi_omethyl)—l,3-thiazol-2-ylthio]-3-ccphem—4-carboxylic acid,
| (TR)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-[4-(2-
15  aminoethylthiomethyl)-2-methoxy-1,3-thiazol-5-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxylamino)acetamido]-3-[2-(2-
aminoethylthio)-pyridazin-6-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-thydroxylamino)acetamido]-3-[2-(2-
- aminoethylthic)-pyridazin-3-ylthio]-3-cephem-4-carboxylic acid, '
20 (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxylamino)acetamido]-3-[2-(2-
aminoethylthio)-pyrimidin-4-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(2-aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-[2-(2-
aminoethylthiomethyl)-pyridazin-3-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-(hydroxylamino)acetamido]-3-
25  (2-aminoethylthiomethyl-1,3,4-thiadiazol-5-ylthio)-3-cephem-4-carboxylic acid,



optional |y substituted al kenyl, optionally substituted aryl, optionally
substi t ut aglodiaidsy! ., and trial kylsilyl; wherein said al kylpcisoenydeo

aral kyl, and aryl are each i ndependently and 15 optionally substituted with
substituents-&el—ee;;ed_f_&nmr oup consi sting of hydroxyl, brono,

fluoro, chlor mer capt o, «cyano, al kylthio, carboxyl, oxo,

al koxycar bonyl ’,!’m ’le”ﬂ"al koxyl , 4" car boxani do; R" Is selected
fromthe groups t ol uenesul f onat e, net hanesul fonate, 20
trifluoronethanesul fonate, fFuorosul fonate, chloro, brono, and (Ri 20) 2P0,
Ri2 is selected fromthe group consisting of hydrogen and alkyl; R4 is

selected fromthe groui) consi sting of benz p-ni trobenzyl, o-nitrobenzyl,
25 2:2,2-trichl d7BR7HY )-Zézmno-&chmwmazofgwb thygroxyimisie)asetantifig)-3-[4-

L et byt 5@ RminoctytinfomennsD oY e 1.3 taao L5 SRbTSEebhembt 1) ot ny1

benzyl, 4- chbo?:y gé]gxybenzyl 2, 4- di met hoxybenzyl, WO 01/21623
PCT/ US00/ 26069 ~ 181 3, 4- di net hoxybenzyl 2,4,6-trinet hoxybenzyl ,

met hoxynet hyl , t(éRl—ﬂy{(iZ)ﬂ-,(Z-mmho-&cBlodmthmZhlngl)L&(hydsadydinﬁm@amaﬁnﬁé@]e}@m is
St i NI T R RENTEE 0 NN
E???;ftk'l?g( roo) 4T TAERAS pinn e Boiagh 2 ymolampseopidgtd-o:
R11 is sel gey@dnfificsthjlitborgetypyaidi3yithio}3-aphbyich-cgboxylicakciigen, optional Iy
substituted (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxylamino)acetamido]-3-

[2-(2-guanidinoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid,
10 . (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-(hydroxyimino)acetamido}-3-[2-
- (2-guanidinoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxylamino)acetamido]-3-
[4-(2-aminoethylthiomethyl)-2-aminoethylamino-1,3-thiazol-5-ylthio]-3-cephem-4-
‘carboxylic acid,
15 (7R)-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,
(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxylamino)acetamido]-3-
[3-(2-aminoethylthiomethyl)pyrid-4-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(aminothiazol-4-yI)-2-(hydroxylamino)acetamido]-3-[3-(2-
20  aminoethylthiomethyl)pyrid-4-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-(hydroxylamino)acetamido]-3-
[3-(2-aminoethylthiomethyl)pyrid-4-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxylamino)acetamido]-3-
[4-(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid,
25 (7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxylamino)acetamido]-3-(2-
aminoethylthio-1,3,4-thiadiazol-5-ylthio)-3-cephem-4-carboxylic acid,



al kyl , optionall y substituted al koxy, and optionally substituted am no, 15
wherei n al koxy, and am no are each independe tionally
substi tuﬁ@dﬂ(/\n% substituents sel ected from the group co% g‘fﬁaﬁg“’g?
hydroxyl, brono, fluoro, chloro, iodo, nercapto, cyano, alkylthio,

car boxyl, oxo, al koxycarbonyl, alkenyl, nitro, and carboxam do; 20 alk,

and al k2 are al kyl ene groups; pisOorl177is selecte

consisting of NH, sulfur, SO and SO2; 25 WO 01/ ZHWML[I'WHHMHW)GQ 182
gisOorl; L1122fFf110LLLIEELTIIELilIlitl LS r is 0 of 15 5 RI2 Fs tel ected
fromthe group consisting of -NR21R22, -NR23-C(=NR24)- NR25R26,

- C(=NR27) - NR28R29, and - NR30- CH(=NR31) wherein R21-R31 are each

i ndependent |y ¢Rj- ‘p[(z)-gqaiah;inqgirﬂeﬁ-gt)—z‘-ﬁlydrdxyiirﬁgo)auﬁamiﬂmjéi-BHZHg of -.
hydr ogen and al kﬁh G;i J ari aigﬁr:al ndependent |y

ni t r ogen dnineathy Omﬁﬂlé’l)el 3\"%1&?‘8 55}5'38?]‘ ‘631}1\95&"3:\'}9 PrYhfacids groups A, B, D

dLf t fJ N
and N, and 15 GROFE @ Ep atuBbBiR ESD Lo A E i aee 120 )
forns a hﬁh%g&%ﬁmbﬁ]eﬁ%])pﬁﬁd.&eylﬂﬁé]e;icép‘heﬂi\-zt-bﬁ‘bgiylid;p\cm)I’ISI sting of S S--\\ .

S- SN )
5 (7R)-7-[(Z)-2 -(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxylamino)acetamido]-3-

[3-(2-guamdmoethylthlomethyl)pynd—4-ylth10] -3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4—yl)—2-(h)'rdroxylamino)acetamido]43- -
[4-(2—guanidinoethylthiomethyl)-2-amino-1,3-thiazol-5-y1thio]-3-cephein-4—carboxylic,
acid, |
10 (7R)-7-[(Z)-2-(5-amino-1 ,2,4-thiadiazol-3-yl)-2-(hydroxylamino)écetamido]—3-
[4-(2-aminoethylthiomethyl)pyrid-3 -ylthio]-3-cephem-4—carboxylic acid,
(7R)-7-{(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-[4-(2-
aminoethylthiomethy])pyrid-3-ylthio]—3-cephem—4~carboxylic acid, and
(7R)-7-[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido}-3-[2-chloro-4-
15 (2—aminoethylthiomethyl)—1,3-thiazol-S-ylthio]-3-cephem—4-carboxylic acid.

13.  The compound of claim 1, wherein said compound is selected from the
~ group consisting of
(7R)-7[(Z)-2-(2-amino—5-chlorothiazol—4-yl)-2-(hydroxyimino)acetamido]-B-[4—
20  (2-aminoethylthiomethyl)-2-amino-1 ,3-thiazol-5-ylthio}-3-cephem-4-carboxylic acid,
(7R)-7[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-[2-
(2-aminoethylthiomethyl)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-guanidinoethylthiomethyl)pyrid—3-ylthio]-3-cephem-4-carboxylic acid,
25 (7R)-7 [(Z)-2-(2-amino-5-chlorothiazol-4-y1)-2-(hydroxyimino)acetamido]-3-[2-
(2-guanidinoethylthiomethyl) pyrid-3-ylthio]-3-cephem-4-carboxylic acid,



and, 19. The nethod of claim 18, wherein said cationic group is a

nonoval entw@o12283 a di val ent nmetal ion. 20. The nethod of ®@caiusod@so6nher ein
sai d nonoval ent netal ion is sodiumor potassium WO 01/21623

PCT/ US00/ 26069 183 21. The nethod of claim 19, wherernmsaid-dival ent netal

ion is magnesium or calcium 22. Acon'%) nd of forrru forwlﬂvs
1 l~~l~~1 111l LS N,OH NNSfL' %III)RI' MM m\lgm
ON/OHNSNS% (IV) R"HN-< QON~\SOSJCI—|2*- CH or
a pharmaceutically acceptabl e salt thereof, 10 wherein R' is sefected

fromthe group consisting of hydrogen and -C(OCH(NH2)CH3; and R 2 is
hydrogen or an aC%)—7 rZ())-%P(SEarI]r%Em-II% X-thl%ggol-%xyl?—a-(ﬁg&%g?m];lgo r;getlar?n M-S;
(2-aminoethylthiomethy!)pyrid-3-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7{(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-[4-
(2-afninoethylthiomethyl)pyrid—3-ylthio]-3-cephem—4-carboxy1ic acid,
5 (7R)-7[(Z)-2-(2-aminopyrid-6-yl)-2-(hydroxyimino)acetamido]-3-[4-(2-
aminoethylthiomethyl)-1,3-thiazol-5-ylthio]-3-cephem-4-carboxylic acid,
(7R)-7[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido}-3-[2-
(2-guanidinoethylthiomethyl)pyrid-4-ylthio]-3-cephem-4-carboxylic acid, and
(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-
10  [4-(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid.

14.  The compound of claim 1, wherein said compound is selected from the
group consisting of
(7R)-7-[(Z)- 2-(2-am1no-5-chloroth1azol-4—yl) -2-(hydroxyimino)acetamido]-3-[4-
15 (2-ammoethylthlomethyl)—2—am1no-l,3-th1azol- -ylthio]-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-[2-
(2-aminoethylthiomethyl)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-carboxylic acid,
20 ' (7R)-7-[(Z)-2-(2-amino-5-chlorothiazol-4-yl)-2-(hydroxyimino)acetamido]}-3-[4-
(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid, and
(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-
[4-(2-aminoethylthiomethyl)pyrid-3-ylthio]-3-cephem-4-carboxylic acid.

25 15.  The compound or salt of claim 1, wherein said compound is active
against methicillin-resistant Staphylococcal bacteria, as demonstrated by a lower

minimum inhibitory concentration than methicillin, wherein said bacteria are selected



15 A, B, L, G E and J are each independently nitrogen or carbon, wherein
sai d spegifi;5idXt aposition of groups A, B, and L forns lic
group se ec(itlfeié*zfu’romthe group consisting of WO 01/21623 _%&?ﬁ@%ﬁoag 184
N~ 1"t reerer reerr rerer e 1ttt NP, Nand _wherein said specific
juxtaposition of groups E, G and J fornms a heterocyclic group selected
fromthe group consisting of s s~-1 s179S- N N " l\“lmm’mmmml"mg 5
provi ded that the group -CHa S-CH2CH2NHR 2 is attac rbon
atom of said heterocyclic group; Qis selected fromthe grouP cdnsisting of
nitrogen and -CX, wherein X is selected from the group consisting of

hydr ogen and chl orine. 10 23. The conpound of claim 22, wherein Rte is

sel ect ed fromnhé frougconsisting@f Si @trem)Colf (Misth)(ae)) 5. ablef) 76R8Ath™) 201, 8R89, .-

-C(O-CH(NHRI 3) -ai k4,  and O, QO HZ~ -,%O;-OC erein 15 HN HN
aureus ATCC 33593 (Meth™), S. aureus Spain #356 (Meth"), and S. haemolyticus 05

(Meth®).

5 16. A method of treating a mammal suffering from a methicillin-resistant
Staphylococcal bacterial infection, comprising administering to such mammal a

therapeutically effective amount of a compound or salt of claim 1.

17.  An antibacterial composition for treating a methicillin-resistant
10  Staphylococcal bacterial infection, comprising a therapeutically effective amount of a

compound or salt of claim 1 in a pharmaceutically acceptable carrier.

18. A method of synthesizing a compound of claim 1, comprising the step of -
combining a first reactant and a second reactant under conditions that are suitable for
15  synthesis, wherein

said first reactant is a compound of formula

/ —N / Rlll

wherein

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

substituted heterocycle,




R88 is '" or R3is selected fromthe group consisting of hydrogen,
- C(O) - OR8{vo @623 C(O) - CH(NH2) - al k4; 20 WD 01/ 21623 PCT/ USG@/126i9626063 85

FEEEEr rrerrraiarrrrrrarrtitl L L alkd is selected fromthe group

consi sting of hydrogen, and optionally substituted alkyl, wherein said

al kyl is option +tuted with one or nore substituents selected
fromthem of hydrogen, pPBRnyl, -000H, --C(O-OR84, 1%
C( O NH2, mmlmmm Band N5 R89 is selected fromthe group consisting
of benzhydryF, & , #»al l'y/, p- nitrobenzyl, benzyl, p- or o-nitrobenzyl,

2,2,2-trichloroethyl, ally/, C|nnanyl benzhydryl 2-chloroal lyl, t-anyl,
trltyl 4rrethoxytr|tyl 4,4 - dlrrethoxytrltyl tr inmethylsilyl,
t-but yl di met hyl si |yl wheremaardgnétgrbsydlg/is)sebhtpﬂ from thergroupnesmisisting efipyridyl,

2, 4- di met hoxybenzyl , 10,3, 4-di hoxvhenzyl, 2,4,6-trinmethoxybenzyl,
iz AP NGV 300

rret hoxynet hyl , and The corrpound of claim 22,
wherein said corrpound has the structure set forth in formula V 15 N ,OH N
00, S/ N,- -/

wherein said aryl and heterocycle are each independently and optionally

5 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;

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

wherein said alkyl, alkenyl, aralkyl, and aryl are each independently and
15 optionally substituted with substituents selected from the group consisting of
hydroxyl, bromo, fluoro, chloro, iodo, mercaptb, cyano, alkylthio, carboxyl, oxo,

alkoxycarbonyl, nitro, amino, alkoxyl, and carboxamido;

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

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

R is selected from the group consisting of benzyl, p-nitrobenzyl, o-nitrobenzyl,

25 2,2,2-trichloroethyl, allyl, cinnamyl, benzhydryl, 2-chloroallyl, z-butyl, s-amyl, trityl,
4-methoxytrityl, 4,4'-dimethoxytrityl, trimethylsilyl, #-butyldimethylsilyl, phenacyl,
B-(trimethylsilyDethyl, benzyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzyl,



~ )R~ ANOONS~N SNHRz OOHor a pharmaceutically acceptable salt

t her eof , .h 20 R' is selected fromthe group consigi ydr ogen
and - o AR et

CH3; and Ri 2 is hydrogen or an acyl group I's” cl eaved
by an enzynme found in mammal s. WO 01/21623 PCT/ US00/ 26069 186 |
Frarrerrrarrffedrirrrertitt il 25, The conmpound of claim 24, where R2 is
sel ected fromthe group consisting ofl8hydrogen; -C(O-R88, -C(O) -0OR89,
-C(O-CH(Nf IRr3)-alk4, and O 00 -C(O-OCH2'\ 5 wherein O HN HN R88
is ' ' or Rr3 is selected fromthe group consisting of hydrogen,
-C(O-0RrRB9, and 10 -C(O-CH(NH2)-al k4; alk4 is selected fromthe group
.consi sting of hydrogen, and optionally substituted alkyl, wherein said

al kyl i s mpidinshbkybeniyls 2 4i6-trivakiixybereayt; nosthoryneetisyl [isenizhydeyl, and sel ect ed
- fromthe group consisting of hydrogen, phenyl, -000H -C(O-0OR89, 15
- C( O) NH2, 3.3dimethglallyLNH2 © and N R89 is sel ected fromthe group ‘consisting
of benzhydryl, t-butyl, ally/, p- nitrobenzyl, benzyl, p- or o-nitrobenzyl,
2,2,2-trichloroethyl, allyl,

said second reactant is a compound of formula MSR?, wherein

M is hydrogen or a cationic: group;

| \\!\\\\3\\\\\}\\\1\\\\\!\\\!\\

R? is selected from the group consisting of

"o o2

R
h 7%
AN \B | ~\C

X D\[(auc.).,(R"”)q(ancz),R“]1.2 and L [(alk )y (R™)g(alk)R %)y 2

10  wherein .

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

15 wherein said 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,

alkoxycarbonyl, alkenyl, nitro, and carboxamido;
20  alk, and alk, are alkylene groups;
pisOorl;

R” is selected from the group consisting of NH, sulfur, SO, and SO,;
25



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

4, 4" -di metgpp@¥ybises y! . trinmethylsilyl, t-butyldinmethylsilyl pcafishor26069

-(trimethylsilyl)ethyl, 4- or 2-nethoxybenzyl, 2,4-dimethoxybenzyl, WO

01/ 21623 PCTIUSOCO 26069 I LLbtertr et r~~et et 11" 187 CL a s

3, 4-di net hoxybenzyl, 2,4, 6-tinet hoxyben@/idl met hoxynet hyl, and

3,3-dinethylallyl. 26. The conpound of im25, wherein Rr3 is selected

fromthe group 5 consisting of hydrogen, nethyl, and -C(O - CH(NH2) CH3. 27.

The conpound of claim 25, wherein alk4 is sel ect ed fromthe group

consi sting of hydrogen, -CH3, -CH(CH3)Z21 - CH2CH —LCH?NH? - CH2CH2NH2, -

CH2CH2CH2NH2, - CH2CH2CH2CH2NH2, - CH2COCH, - ) NH2,

10 - CH2CHzZ qds@ami2, and -CH2 N 28. The corrpound o mmmi""c,“ﬁ mn sal d

conmpound is selected fromthe group consisti ng of

(7R -7-[(2)-2-(5-ami no-1, 2, 4-t hi adi azol - 3 yl) - (hydroxylmno)ace*tam do] - 3-

15

{2-[2-N-(L) l%gr?lrtlhyl am noet hyl t hi onet hyl ] pyri d- 3-yl t hi 0) - 3- cephem 4- car boxy

lic acid,

(7TR)-7- (Z) (5; am t hi adi zoI N 0 hatri Jseet am doj - 3

{2-]2- (L)R%’rS&FVF?Fh%%% W‘P‘m SIELS $]’Bﬁd&3’ ﬁl{l ?ﬁg Wﬁﬂ- car boxyl i

c acid, & 27?\|- 2R and NR*-CH H(=NR ) o

(7TR)-7- [(Z) Izl'% L) - al anyl am no- 1, 2,74-t hi adi azol - 3-yl ) - 2- (hydr oxyi m no) -

acet am do] - 3- {%ﬁ&elamzhﬁé*tdnqéachumdmh@dn}lpwnddpﬁogdllwhfcb];ted from the group

- 3-cephem 4- car boxyl i.c acu(i1

(7R) 7-1(2) - 2- ( sonpisting af by l’ﬂﬁeﬁla&@lﬁg(i’&l -3-yl)-2- (hydroxyi mirio)acet an do] - 3
{2-[2-N-(L, L)-al anyl al anyl am noet hyl t hi omet hyl ] pyri d- 3-yl t hi o} - 3- cephem 4

carboxylic acid, '

(7R) - 7-1b(Z)A2B(I5 -19/H, '()-ahd 2 afe dabh aitiepamiently yit)ogen ohyatbaxyi mi no) acet ani do] - 3-

2-12-N-gl ycyl am noet hyl t hi onet hyl ri d-3-ylthi o}-3-cephem 4-carboxylic
gc.g ey wherein szld specific Jux¥a1}og%1on of groXxpsA ,D, andEforms a Y

heterocychc group selected from the group consisting of

S N N, S

15 wherein said specific juxtaposition of groups E, G, and J forms a heterocyclic

group selected from the group consisting of

S\ S\ S s—N
.{L\;} LLA/N’ .{k\N-N’ » 'I)\\N»

19. The method of claim 18, wherein said cationic group is a monovalent or

20 adivalent metal ion.

20. The method of claim 19, wherein said monovalent metal ion is sodium or

potassium.



25
(7R - 7- [wHo1piézs- am no- 1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydroxylmgﬁﬁkgm do] - - 3-
{

2-[2-N-(L)-aspartyl am noet hyl t hi omet hyl ] pyri d- 3-yl t hi 0} - 3- cephem 4- car boxyl

ic acid, WD 01/21623 PCT/ USOO/26069 1883? [~ rrto 11111111111 * C
L M 1

(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) -al anyl am noet hyl t hi onet hyl ] pyri d- 3-yl t hi o} - 3- cephem 4- car boxyl i

c acid, .

(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

{2-12-N-(L)-( Namet hylhémbﬁhngtbﬁmlaméwwhdrhhcsaidtdimdl@qtymdtd-i&a ismigrediufh cephem 4
- 5 carboxylic acid, .

(7R) - 7- [ (F)calsiym. ani no- 1, 2, 4- t hi adi azol - 3-yl ) - 2- (hydr oxyi m no) acet ani do] - 3-
{2-12-N-(L)-histidyl am noet hyl t hi omet hyl ] pyri d- 3-yl t hi o} - 3- cephem 4- car boxy
lic acid,

(7R)-7-1(2) - 2-45B- armmemi;oaadaoﬁmnﬁalam@kfma)m (hydr ox

{2-[2-N-(L)-val yl am noet hyl t hi onet hyl ] pyri d-3 yIthlo}“ﬁ n““ xyllc
acid, 510

(7TR)-7-[(2)-2-(5-am no-1, 2, 4-t hi ggi azol - 3-yl) - 2- (hydroxylmno)acetam do] - 3-
{2-[2-N (L) - aspar agyl am noet hyNChi omet hyl ] pyri d- 3-yl t hi o}

- 3- cephem4 carboxylic acid, H

(7R)- 7-[(2) - 2- (5-ani no- 1, s iNﬁi.f_s )- 2-
{2-12-N (L) -l ygmhamirt IthoOthyI pr|}-3-yl
-2
y

I3‘/tijs*oxyi m no) acet am do] - 3-

hi o%- 3-cephem 4- car boxylic
acid, 15 S~ o
(7R -7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol - droxy| m nolz'zacet am do] -3
{2- 52 N- (L) - seryl am noet hyI t hi onmet hyl ] PY OB & 4- car boxylic
aci
(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)-gl utam nyl am noet Ithi onet hyl ] pyrid-3-ylthio }
-3-cephem4 carboxylic acidy
(7R -7-[(2)-2-(5-am no-1, 2, 4- thl alﬂil azol - 3-yl) - 2 (hydroxylmno)acetam do] - 3-

{2-12-(5-methyl -1, 3-di ox®
yl ) met hoxycarg ylﬁt}m et yIt orre h I]py i d- 10h|o }
- 3-cephem 4- carboxyl i c

=y CH,-S-CH,CH,NHR"

or a pharmaceutically acceptable salt thereof,

10  wherein -
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;

15
A, B, L, G, E, and J are each independently nitrogen or carbon,

wherein said specific juxtaposition of groups A, B, and L forms a heterocyclic

group selected from the group consisting of




acid, and,

(7R) - 7- [(Zyoan&ﬁngnlno 1, 2, 4-t hi adi azol - 3-yl ) - 2- (hydr oxyi niprayeswizemsvdo] - 3-
25 '

{2-(2-N-(L)-pyrogl utanyl am noet hyl t hi omet hyl | pyri d- 3-'yl t hi 0) - 3- cephem 4- car
boxylic acid. WO 01/21623 PCT/USOO/ZGO&B 189 1L ELEEE ~tii terer reeer i
I1JI CL 29. The conpound of claim 24, %rein said conpound i s sel ected
fromthe group consisting of

(7TR)-7-[(2)-2-(5-anm no-1, 2, 4-t hi adi azol - 3-yl)-2- hyd'rvoxyrm—ﬁﬁ)raeet—armﬂalﬂ] 3-

{2-[2-N(L)- or ni t hyl am noet hyl t hi onet hyl ] pyrid-3-ylt nlmll mm Iﬂ ar boxy
lic acid,
(7R - 7- [(Z) amnoa@4th|ad|azol yl)-2- (hydrexycmmmm
{2-[2-N(L, Lg@nyl Nami noet hyl t hi orret hyl ] pyri.d-3-ylthio} -3- cephem 4-
carboxylic acid and

7R -7-[(2)-2-(5- m no hi adi azol - 8 acet m do] - 3-
EZ %2 N!ELg aséa?’ H’rﬁ%ﬁeﬁﬁcﬂ‘r‘ﬁ (]?fg%?‘% 253 ﬁ?%@%ﬁ%ﬁé’ﬁi’ ar ]boxy

I d,
(I7(I:?) agl [(Z) 2 ( mHPrsl%leclte%frﬂ tﬁe &“Eﬂ’“%“%ﬁ?fz (hydr oxy| m no) acet am do] - 3

{2-[2-N-(L)-al anyl aptroet hy$-t"{\1| onet s\-y-(\] pyri d- 3s-yNt hi 0) - 3- cephem 4- car boxyl i
c acid, §

N
(7R -7-[(2) - 2- (5"emﬁb 15 X hi |a210|- TALS 2N(hydroxy|mno)acetamdo] 3-
{2-[2-N-(L)-1lysylam noe’thylthl ohet hyl ] pyr1d-3-yl t hi o}-3-cephem 4-car boxylic

acid, s provided that the group -CH,-S-CH,CH,NHR " is attached only to a
'(7R) 7-[(2)-2-(5-am no-1, 2, 4-t hi adi azol 73y|) 2- (hydroxylmno)acetamdo] 3-
carbon atom of said heterocyclic group;

{2 [ 2- N- (L) - gl ut ani nyl ani noet hyl t hi onet hyl ] pyri d- 3-yl t hi o} - 3- cephem 4- car bo
xylic acid, and

Yo ael o o o .
E %2 (g( r%?% fe‘fe@éﬂ onofgﬁyg _Qgﬁé_i'%?%ﬁ#}ﬁﬁé& a8d (OXIRAXEITKIOIAERERFLAC]

yl ) met hoxy cthe lgooupl coasistigeofiypdrdgenrmmd khdotipy.r i d- 3- yl t hi 0)
- 3- cephl%m 4- carboxylic 20 acid.

23.  The compound of claim 22, wherein R is selected from the group
consisting of hydrogen, -C(0)-R®, -C(0)-OR?, -C(0)-CH(NHR®)-alk,, and

-C(0)-O-CH H

2
T, A

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

wherein

15

20



30. A heteroaryl corrpound selected fromthe group consisti ng of 3-

tri pheny, Lhi o- 2- hydr oxynet hyl pyri di ne, 3-triphenyl
chl orone W}&y&rl di ne, 3-triphenyl net hylt hi o-2-chl or onet hy pyr| ?dr?gg

hydrochl oride, 3 25

t ri phenyl nmet-hylthi-e—2=Ct=butoxycar bonyl am noet hyl t hi onet hyl ) pyri di ne, 2-(2-
am noet hyl t hi t opyri dil8%e, 2-(2-am noethylthionethyl)- 3-

mer capt opyri.d ﬂﬁ!ﬁ “ﬁ/mﬁm de, WD 01/21623 PCT/ USOQ 26069
IIIIIIIIIIIII 3 |IIIiIaSSTr SH STr NNH2 NI S"~NH2 LN SH

N S~~NHR 2 bi s(2- (2-am noet hyl t hi omet hyl ) pyrid-3-yl) disulfide, and S 2
rN NI S~/~NHRi.-z wheréin Ri2 is selected fromthe group consisting of

hydr ogen, - C( Qlk[i88electéd HHmThe group(aonﬁ};tﬁg &hy&o@)m,@idwaoma»ymmuteand
-C(O-0CH2 wherein O HN HN R88 is " R|3 is selected fromthe

group consi st |ﬂl§yloWhPrym%§jieﬂkyL1€9E}m@Wﬁl%}m}iﬂ<Yﬂ SR or mOrubsityents| k4 s -
selected 11om { g P WSl bddiiRh o NHOHA pn L -LBICH ) SRS ! t ut ed

al kyl ,
A
C(O)NH,, -OH, -SH, -NH,, and ,

5 R is selected from the group éonsisting of benzhydryl, -butyl, allyl, p-
nitrobenzyi; benzyl, p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl,
cinnamyl, benzhydryl, 2-chloroallyl, z-amyl, trityl, 4-methoxytrityl,
4,4'-dimethoxytrityl, tﬁm_ethylsilyl, t-butyldimethylsilyl,
B'—(trimethyisilyl)ethyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzyl,

10 3,4-dimeth6xybenzyl, 2,4,6-trimethoxybenzyl, methoxymethyl, and
' 3,3-dimethylallyl. |

24. ° The comp'oimd of claim 22, wherein said compound has the structure set

forth in formula V

) _,on'
N
N e
Y 4 |
(V)]RILH\I_<S’LI ° 0 NfSQN
NHR"?
0Z “on s N\

or a pharmaceutically acceptable salt thereof,

15

wherein
20 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.



wherein said alkyl is optionally substituted with one or nore substituents
sel ect ed fwomu2i623t he group -consi sting of hydrogen, phenyl  PCTI0SH0I26069
-C(O-0R89, -C(ONH2, -OH, -SH, - N NH21 and WO 01/21623 PCT/ USOQ 26069

191 trtabtt rrerrr rrbjr 111111111 ¢ s R89 is selected fromthe group
consi sting of benzhydryl t-butyl, allyl, p- nitrobenzyl, benzyl, p- or
0- ni t r obenzyt—22-2~tri-chl aroet hyl , al 1 , cinnanyl, benzhydryl,

ZChIoroaIIy trit 4- et hoxytrityl, 5 4;4"-di nethoxytrityl,
trinmethylsil ’m mm’ yIS|IyI R-(trimethylsilyl)ethyl, 4- or
2- met hoxybenzy e ybenzyl, 3, 4-di met hoxybenzyl ,

2,4,6-trimet hoxybenzyl met hoxynmet hyI and 3, 3-di net hyl al I yI 10 31. A

corrpound sel'ected from the group consi sting of

(7 , g)m go [ ?Z)C h |2 OE gz ﬁghee ggnél"po%%d %? Xl%nﬁ t23 wﬁerg 'ﬁ'zylls ga&&ed from the group

1,2, 4-thi acuoﬁglgﬁn%’jom))drgg&t r(r;(pj)quyl jagwa, r@@)@g@t;gmﬁi@n(g-&hl or o- 3- cephem

-4- carboxyl ate butyl~ ester,

(7R -7-[(2)-2-(5-am n§&- 1, 2, 4- th| adi azol - 3-yl ) - 2-

(triphenyl met hoxyi mn acet am do- 3- net hanesul f onyl - 3- cephem 4- car boxyl at e,
15 di phenyl net hyl esefero and the conpound of the following formula: |N, OIr
_ ~\~-NS/ Hz N SA NS\ NCRR89 S,.,,i NHR 2 wherein Ri2 is selected
fromthe grw_(g_@ﬁz' sti of hydrogen, -C(O-R88, -C(O-0R89, O AO

0O
s B0
L SIRPYg SR

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

5  wherein

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¥,

/ NH
A )
15 -C(O)NH,, -OH, -SH, -NH,, and N

R¥ is selected from the group consisting of benzhydryl, ¢-butyl, allyl, p-
| nitrobenzyl, benzyl, p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl,
cinnamyl, benzhydryl, 2-chloroallyl, #-amyl, trityl, 4-methoxytrityl,
~ 4,4'-dimethoxytrityl, trimethylsilyl, z-butyldimethylsilyl,
20 B-(trimethylsilyl)ethyl, 4- or 2-methoxybenzyl, 2,4—dimethoxybenzyl,



, a -C(O) CH(NHR )-a&4i and -CM0-CH2 20 wherein WO 01/21623 PCT/ USQ0/ 26069
192 LEEEE vierr rretr2 1 11 CcLMso ENHIiJCTﬁ%” §" or Ri 3
i s sel e*vb(ﬂ fzégr%the group consi sting of hydrogen, -C(O):- 9, ¢ g
-C(O-CH(NH2)-al k4; 5 alk4 is selected fromthe group conS|st| ng of
hydr ogem,—and opti onal l'y substituted alkyl, wherein said alkyl is

opti onal mm’t h one or not& subst Ituents selected” fromthe
group COH“‘“H“HH“IH“ gen, phenyl, -000H, -C(O-0OR89, -C(ONHZ, -OH XH
-SH, -NH2y ahd IN 0 R89"is sel ected fron1the group consisting of
benzhydryl t-butyl, "alkyl, p- nitrobenzyl, benzyl, p- or o-nitrobenzyl,
2,2, 2- trlchloroethyl aIIy/ ci nnanyl , benzhydryl 2-chloroallyl, t-amyl,
tri tyI 4- et hoxyt r3 45dhmethdx}dienz§r1@4ﬁdmmethqub¢nzw} mmhmnﬁhm and
t- butyl di met hyl si | yI étg thyI silyl)ethyl, 4- or 2-nmet hoxybenzyl :
2, 4- di net hoxybenzyl 2 3,3-dim y ¥ net hoxybenzyl , 2, 4, 6-tri met hoxybenzyl ,
rret hoxynmet hyl, and 3,3-dinethylallyl. 32. A method of..synthesizing a
conmpound of formula Vi 0 R6 67

26.  The compound of claim 25, wherein R” is selected from the group

5  consisting of hydrogen, methyl, and -C(O)-CH(NH,)CH,.

27.  The compound of claim 25, wherein alk, is selected from the group
consisting of hydrogen, -CH,, -CH(CH,),, -CH,OH, -CH,NH,, -CH,CH,NH,, -
CH,CH,CH,NH,, -CH,CH,CH,CH,NH,, -CH,COOH, -CH,CH,COCH, -CH,-C(O)NH,,

NH '

e

10 -CH,CH,-C(O)NH,, and ‘CH:" N

28.  The compound of claim 24, wherein said compound is selected from the
group consisting of | - :
(7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2- (hydroxy1m1no)acetam1do]-3-
15 {2-[2-N-(L)-ormthylammoethy_lt}nomethyl]pynd- -ylthlo}-3-_cephem-4-carboxyhc acid,
(7R)-7-[(Z)_—2-(5-amino-l,2,4-thiadiazol—3—yl)-2-(hydroxyimino)acetamido] -3-
{2-[2-N-(L)-prolylaminoethylthiomethyl]pyrid-3-ylthio)-3-cephem-4-carboxylic acid,
(7R)-7-[(Z)-2-(5-N-(L)-alanylamino-1,2,4-thiadiazol—§-y1)—2—(hydroxyimino)-
acetamido]-3-{2-[2-aminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic acid,
20 (7R)-7-[(Z)-2-(5-amino-1 ,2,4-thiadiazol—3-yl)-2-(hydrexyimino)acetamido]-3-
{2-[2—N—(L,L)—alanylalanylaminoetﬁylthioniethyl]pyrid-3 -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-glycylaminoethylthiomethyl]pyrid-.3 -ylthio}-3-cephem-4-carboxylic acid,
25 : (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-
{2-[2-N-(L)-aspartylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic acid,



J~YOR 0O ,S20 conprising reacting a conpound of formula VIl with an

am ne- N- oxy@lg120¢83 01/ 21623 PCT/ | JS00/ 26069 193 PCT/US00/26069
FEETEEErarrrrjrerbjrrritiiiffi CL MS Br NOR67 (VIlI) R66 NHf( ST o
wherein: R66 is selected fromthe group conprising of hydrogen, alkyl,
benzyl, -C(O-R68, wherein R68 is sel e&%qed fromthe group consisting of

hydr ogen, ajy . ﬁ l\m‘ﬂmoxyl, and a oxy; R67 is alkyl or benzyl; and
said am ne-\ m ‘“ tkled fromthe group consisting of
trial kyl ami ne-N- oxi de dnd”pyri di ne-N-oxi de. 10 33. The nethod of claim 32,

wherein RG5. is benzyl or -C(O-0OCHZCH3; R67 is nethyl or benzyl; and 15
said amne-N-oxide is selected fromthe group _consistin

tri met hyl am ne- WBh%[éZ)'z'l(ﬁﬁmiﬁyllM‘ﬁlﬁiﬁlﬂzﬁwﬂlb?d(h}éqm’éﬁgﬂ%)ﬁ?ﬂﬂmwwoxi de.
34. A conpound af 1 § Of M afhind iy 1dRineth fyrd- 35 1thioh | 9 ephiem-4-carboxylic acid,
(7R)-7-[(Z)-2~(5-amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)acetamido]-3-
{2-[2-N-(L)-(N,-methyl)alanylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-
5 carboxylic acid,
 (7TR)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-(hydroxyimino)acetamido]-3-
{2-[2-N-(L)-histidylaminoethylthiomethy!]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-N-(L)-valylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic acid,

10 (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, _

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

15 (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,

(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,

20 (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)aminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
acid, and

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

25  {2-(2-N-(L)-pyroglutamylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic

acid.



20 wherein R is selected fromthe group consisting of optionally
substit and optionally substituted heterocycl e,
PCT/USCE%@@B%@%k194 L T I o 1 o Y O R IR Pcﬁﬁ%ﬁereln sai d
heterocycle is selected fromthe group- consisting of pyrldyl,

t hi adi azolyl, and thiazolyl; and 5 wherein said aryl and heterocycle are
each |ndependently and o tlonaII sub8 ituted wth substituents sel ected
fromthe g mmn ﬁ“n mf hydroxyl brono, fluoro,.chloro,. iodo,

mer capt o, car boxyl, oxo, al koxycarbonyl, alkyl, alkenyl,
nitro, amnd, &l kox and carboxan1do 10 R4 is a protecting group

sel ected fromthe group consisting of benzyl, p-nitrobenzyl,

0- ni trobenzyl 292, 2, Phd éonspvuad e€tlaivh 24,avhertin saidroofippund isasizbed T50m the

2-chloroal lyl, t- butyI t-amyl, trityl, 4-nmethoxytrityl,
4, 4" -di rr@rhwwnsmygoft rimet hyI silyl, t-butyldinmethylsilyl, phenacyl, f

t t hyl sil b |,
Lttt | ok o BSRUL o l BeTSB R Rl onzy
N St g s o
whereiSn R is (GRa-ﬂl-[l@)*Z-(Q-mndﬁl,adr&Zadiazsl FHyD-2ethydroxyimino)asistamidoled-hy | .-

{2-[2-N-(L, L)-alanylalanylammoethylth1omethy1]pynd-3-ylth10} -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, -
10 (7R)-7-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-(hydroxyimino)acetamido]-3-
{2-[2-N-~(L)-alanylaminoethylthiomethyIlpyrid-3-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)-lysylaminoethylthiomethy!]pyrid-3-ylthio}-3-cephem-4-carboxylic acid,
(7R)-7-{(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-(hydroxyimino)acetamido]-3-
15  {2-[2-N-(L)-glutaminylaminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
acid, and '
(7R)-7-[(Z)-2-(5-amino-1,2, 4-th1ad1azol— -yl)-2 (hydroxyimino)acetamido]-3-
{2-[2-(5-methyl-1,3-dioxolan-4-en-2-on-4- o
yDmethoxycarbonyl)aminoethylthiomethyl]pyrid-3-ylthio}-3-cephem-4-carboxylic
20 acid. '

30. A heteroaryl compound selected from the grou;; consisting of 3-
triphenylmethylthio-2-hydroxymethylpyridine, 3-triphenylmethylthio-2-
chloromethylpyridine, 3-triphenylmethylthio-2-chloromethylpyridine hydrochloride, 3-

25  triphenylmethylthio-2-(t-butoxycarbonylaminoethylthiomethyl)pyridine, 2-(2-
aminoethylthiomethyl)-3-mercaptopyridine, 2-(2-aminoethylthiomethy1)-3-
mercaptopyridine dihydrochloride,
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10

15

S
N ~"NHR?  bis(2-(2-aminoethylthiomethy})pyrid-3-yl) disulfide, and

/S‘]‘z

s
Y " NHR?,

wherein R* is selected from the group consisting of hydrogen, -C(0)-R*, -C(0)-OR¥,

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

wherein

(o]
R¥®is - or \ ;

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

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¥, -C(O)NH,, -OH, -SH, -

/ NH
AP

NH,, and
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R® is selected from the group consisting of benzhydryl, #-butyl, allyl, p-
nitrobenzyl, benzyl, p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl,
cinnamyl, benzhydryl, 2-chloroallyl, t—amy1, trityl, 4-methoxytrityl,

5 4,4'-dimethoxytrityl, trimethylsilyl, z-butyldimethylsilyl, .
B-(trimethylsilyl)ethyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzyl,
3,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, methoxyinethyl, and
3,3-dimethylallyl.

10 31. A compound selected from the group consisting of
7-amino-3-chloro-3-cephem-4-carboxylate, t-butylester, (7R)-7-[(Z)-2-(5-amino-
1,2,4-thiadiazol-3-yl)-2-(triphenylmethoxyimino)acetamido-3-chloro-3-cephem-4- . .
carboxylate, t-butyl ester, (7R)-.7-[(Z)-2—(5-amino-1,2,4-thiadiazol-3-yl)-2-
(triphenylmethoxyimino)acetamido-3-methanesulfonyl-3-cephem-4-carboxylate,
15 diphenyhnethyl ester, and the compound of the following formula:

N.OTr
N -
HN—C | I
S,N 0 o N. .~ S N
- CO,R¥ S/\,NHR'2
wherein R" is selected from the group consisting of hydrogen, -C(0)-R¥, -C(0)-ORY,
' 0]

PN

0] 0

H

_C(0)-CH(NHR?)-alk,, and ~C(O>-O-CH.

20 wherein
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0O
R®is “ or “ 5

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

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¥, -C(O)NH,, -OH,

/ NH
AP
-SH, -NH,, and ,

10 R¥ is selected from the group consisting of benzhydryl, -butyl, allyl, p-
nitrobenzyl, benzyl, p- or o-nitrobenzyl, 2,2,2-trichloroethyl, allyl,
cinnamyl, benzhydryl, 2-chloroallyl, z-amyl, trityl, 4-methoxytrityl,
4,4'-dimethoxytrityl, trimethylsilyl, ¢-butyldimethylsilyl,
B-(trimethj/lsilyl)ethyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzyl,

15 3,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, methoxymethyl, and
3,3-dimethylallyl.

32. A method of synthesizing a compound of formula VI
0]

o el )

20  comprising reacting a compound of formula VII with an amine-N-oxide,
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RN o

Br

. N . OR67
(VID) R“NH—</ 1L1 1
S~

wherein: _ _
R® is selected from the group comprising of hydrogen, alkyl, benzyl, -C(0)-R%,
wherein R® is selected from the group consisting of hydrogen, alkyl,
5 : aryl, alkoxyl, and aryloxy; |
R¥ is alkyl or benzyl; and |
said amine-N-oxide is selected from the group consisting of trialkylamine-N-

oxide and pyridine-N-oxide.

10 ) 33. The method of claim 32, wherein
R%.is benzyl or -C(0)-OCH,CH;;

R% is methyl or benzyl; and

15  said amine-N-oxide is selected from the group consisting of trimethylamine-N-oxide,

N-methylmorpholine-N-oxide, and pyridine-N-oxide.

34. A compound of formula VIII

4
/OR

N
|
(Vi) Rr!

0

20 wherein

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

substituted heterocycle,
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wherein said heterocycle is selected from the group consisting of pyridyl,
thiadiazolyl, and thiazolyl; and

5 wherein said 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,
carboxyl, oxo, alkoxycarbonyl, alkyl, alkenyl, nitro, amino, alkoxyl, and

_ carboxamido;

10
R* is a protecting group selected from the group consisting of benzyl, p-nitrobenzyl,
o-nitrobenzyl, 2,2,2-tn’ch16roethyl, allyl, cinnamyl, benzhydryl, 2-chloroallyl, z-butyl,
t-amyl, trityl, 4-methoxytrityl, 4,4"-dimethoxytrityl, trimethylsilyl, z-butyldimethylsilyl,
phenacyl, B-(trimethylsilyl)ethyl, benzyl, 4- or 2-methoxybenzyl, 2,4-dimethoxybenzyl,

15  3,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, methoxymethyl, benzhydryi, and
3,3-dimethylallyl; and

X is selected from the group consisting of -OP(0)-(O-phenyl),, and -OP(0)-Cl,.

| 20 35. The compound of claim 34, wherein R' is 5-amino-1,2,4-thiadiazol-3-yl
and R* is triphenylmethyl.



