1 CEPHALGSPORI N ANTI BI OTI CS BACKGROUND OF THE | NVENTION 1. Rel at ed
Applications 5 The present application is a
continuat i wogsnemart of U. S. application Serial No. 08/ 369, P8USPS38%
January 6, 1995 which is a continuation-in-part appli-cation of U S.
application, Serial No.08/222,262, filed April 1, 1994, both of which are
I ncor porated herein by reference in their 10 entirety, I ncl udi ng any
drawi ngs. 2. Field of the Invention The present invention relates to
cephal osporin antibiotics. GEBPEARLSIEQRINr ANTEBEOFLIESent invention 15
I'ncl udes novel” (7R) -7- (acylam no)-3-(arylthio)-3-cephem4- carboxylic
acids and their, pharnacologrcall acceptabl e salts-and prodrugs, their
@alpRERENS R o LR s RYBITBIAN ant j bi oti'c activity
agai nst a wge BeEs ,»,,.‘“ i |nclud|ng organi sms which are
resrstgnt to [err] 20 Iactanrantl Loti¢ Revi.ew of, the Backaround
Art Over the past thr SIBrEFEIta3PR bﬁaB%??e%i preainmiaddeds iRaPapEcone
avai | abl e f asf ai.ini applisati@heSer sk b, 08/36%Moighi diled mbimé)r:has seen

kabl 70
of whi o hads o teach 187arEOIEL AR SN TR RIS pB R - Vel
i nfections iappidipedlionsi feriadelo. G2t ofidischapaihi bi t 19%éi rboth
anti bacteri gff %&hc‘ﬂ TaX‘ebanBPbeét&g RS i) rderenPePihdegbysan

bi osynthesis, and have been extrenely effecti've in treating a wde variety

of badferi aleqtn‘f"&?ﬁﬁ'oﬁéqd@ibﬂﬁl WY AFHEAGHt are said to have antibacterial
activity are described in U S Patent 3,992,377 and U. S. Patent 4,256, 739.

35 Hlerr]l 5 pield of the Invention

The present invention relates to cephalosporin

antibiotics. More particularly, the present invention

15 includes novel (7R)-7-{acylamino)-3-(arylthio)-3-cephem-4-
carboxylic acids and their pharmacologically acceptable salts
and prodrugs, their methods of production and use. These
compounds exhibit antibiotic activity against a wide spectrum
of organisms, including organisms which are resistant to B~

20 lactam antibiotics.

3. Review of the Backaround Art
Over the past three decades a large variety of
antibiotics has become available for clinical use. One class
25 of antibiotics which has seen remarkable growth are the
cephalosporins (shown generically below), 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
30 peptidoglycan biosynthesis, and have been extremely effective
in treating a wide variety of bacterial infections.
Cephalosporins that are said to have antibacterial activity
are described in U.S. Patent 3,992,377 and U.S. Patent
4,256,739,
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2 Unfortunately, the w de-spread and indiscrimnant use of these

antibiotics has led to a rapid increase in the nunber of bacterial strains

whi ch ar WO ¥E¥W6ant to these 5 conpounds. Mbst i npor t CXIUSIS/A36E

resi stance has energed anong clinically inportant mcroorganisms which

threaten to limt the utili Ty of presgntly avail abl e cephal osporin
antibiotics. In particular, resistant strains of Sal nonella, S.

. pneunoni [err], Ent er obact er i ace[err], and Pseudononas have energed 10
~which threaten to ufdo many of the strides made in reducing nortality and

nmor bi dity from bact Bhlfﬁi:‘thﬁé'&élypnﬁhe Raﬁé-rdp%lea'ae%hﬁt 25t sf:?lﬁgﬂgf’ﬂ:ospo'“ ns

- follows .t e vel oprrent -9f [err] Lamases - .
capabl e opglgnag?#f\;é 1"?’?] tq :1 £ FPng tRPifeincrease cimatheipori n:
b) decr easumberpadl b@@mrmbmm eaniicht areheebﬁgtaﬁt atélughége changes in
bacteri al cefbbun@t! arﬁ:r:\ c 0 eni cillin-binding
proteins cPB s)..The I atter pat q,l s)ceg%et%leg %%o?? nTee %eci he bi ndi ng

of [err] - GPFaftiRicHRhg W‘é"stééwt mprperganhsmstwhgcharhmamnam |- 20
wal [ bi osgtlilmlilEsthe u@li@' rbﬁp“x@mw &%Mﬁiﬁé' Ge Héi%é
enlf er ococci are

met hi ci || EH é{_ggt %F I QCOGCUS aur eus

hi ghly reSi s {’ o [er ttlé"llﬁ /i BESEFER tRﬁEFG%%c‘éflﬁml-baldue to

the pr eseﬁcepaembgiﬂ eﬁmte;raﬂacecremml aHBPPsE'BEamona\gugg\,é SendiRfBi ti Ve,
d h tiyit f
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[err]-lactamqg bi ot1 cs agal nst conta|
to correl BPELRRIFY \indh RsdIddity fgonr baskeyial inéeemiofm otic to PBP2a.

Currently, the gl ycpaepérieP adistBidd todel g;hg?g#@?#{slsgﬁglf%' rarily used

for MRSA Qﬁgéerema T ui nol Qne. 30 ant
car bapenefis: - s Ut %ﬂ%ﬁ’ a\FerQSHeF-QB’B??E&detﬂ@msagal nst a
f ew MRSA sapabhs, o:bu:nadtamauisg ither @sllacehndrihe &9 @Er gi ng resistant
MRS cephalosporin; b) decreased cephalosporin’ penetration into the
bacteria due to changes in bacterial cell wall composition;
and c) poor binding to penicillin-binding proteins (PBPs). The
latter pathway is espec;ally_;mportant, as the binding of R-
lactams to PBPs is essential for inhibiting bacterial cell-

20 wall biosynthesis. Certain Gram-positive bacteria, namely
methicillin-resistant Staphylococcus aureus ("MRSA") and
enterococci are highly resistant to #-lactam antibiotics.
Resistance in MRSA is due to the presence of high levels of an
unusual PBP, PBP2a, which is insensitive, or binds poorly, to

25 B-lactam antibiotics. The activity of R-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 MRSA bacteremia. The quinolone

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

Experimental compounds which may possess utility as

35 anti-MRSA or anti-enterococcal bactericides include the
glycylecyclines (see, e.g., P.-E. Sum et al., J. Med. Chem.,
37, (1994)), FK-037 (gee, e.g., H. Ohki et al., J.
Antibiotics, 46:359-361 (1993)), RP-59,500 (see, e.q., S.K.



strains. Experinental conpounds which nmay possess utility as 35

anti-MRSA or anti-enterococcal bactericides include the glycylcyclines
(see, e.(gVWO926988 Sumet al., J. Med, Chem, 37, (1994)), ﬂv@@gﬁm’(’éee
e.a., H Ohki et al., J. Antibiotics, 46:359-361 ((1993)), RP-59,500 (see,
e.a., S. K "3 Spangler et al., Antim3cro, Aaents Chenother., 36:856-9
(1992)), the everninomycin conplex (see, e.g., WE. Sanders et al.,

Antim cro. Agents Chenot_her ., 6: 232 8 the 2- (hiaryl)carbapenens
(see, e g , Sparglex gl @lno. HLCE8 ey ndY =0} B -'hﬁézééﬁrﬁhlo)cephens
(see, (1£§2 Ppplumtemomk}aiﬁ%bmp&:et t&ﬂ.o_lg._é_t | 0).¢0r Bagdpiengt

(see, . Ter nansky et Al J m 197 993) agd U.S. - -
Patont No. 07%%%%;@% &32}[68 ‘?‘é%ttj’u bl%‘F S 46: 531
(1993). 10 wwmmbag@nemmmm@ssntpammmns PE5u066) , 3-

conpounds, ?8&999&%%@96]@11@&5%@% iV, tﬁﬁtpmrﬁc%%%anﬁo' n

mammal s ar|S|ng actam antibrotic resi stant bacteri a.
In one aspe227¢8@) prisehiazelydthin) Fapbacerhems (see, e.g., R.J.

(7{?) b7(f‘cy|@€ﬁﬂﬁisﬁ(?ﬁ3ﬂlh'@ Mt gghﬁt &4, casbpgcmt |g_9g3)daegalmabosp;)r|tn
antibiotic an as_an c | alns ni s si stan 0 a
bet a- | act an?l Fl?ﬁ“bs%?t céb@ar%‘épg aa.é g}P ﬁt’%r(% %’@’ot&:&ip) s havi ng
such acti vi Ayt fbboRiks 4&&5&mw(ﬂ983belom1and data is presented showi ng the
in VHE o and in vivo effectiveness of such conpounds. Such conpounds have a
m ni I nhi bitory concentration NIC) that Is | ess that 50% nore
preferably | ess than 10% and =2W&iEig 3 SNVIGELIYhan 1% of the M C of
the Cefotaxime for a J@ﬁéapfégé&ﬂﬁﬁrenubﬁsaamaaegra&%&&aéuch as those

listed in Table 1,
compositions and methods effective to treat infections in

)
2

mammals arising from f-lactam antibiotic resistant bacteria.
i5 In one aspect the present invention features a
(7R) -7 {acylamino)} -3~ (arylthio) -3-cephem-4-carboxylic acid
cephalosporin antibiotic and has antibiotic activity against
an organism resistant to a beta-lactam antibiotic. Examples
of particular classes of compounds having such activity are
20 described below and data is presented showing the in vitro and
in vivo effectiveness of such compounds. Such compounds have
a minimum inhibitory concentration (MIC) that is less that
50%, more preferably less than 10%, and most preferably less
than 1% of the MIC of the Cefotaxime for a beta-lactam
25 resistant organism, such as those listed in Table 1,
preferably a beta-lactam resistant Staphylococcal or
Enterococcal organism. Other preferred compounds are able to
prevent or reduce mortality in mice infected with the beta-
lactam resistant organism to a greater extent that vancomycin
30 or Cefotaxime.
In one embodiment, the present invention includes
cephalosporin compounds as shown in Structure II:
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- hydrogen, aIkyI and r

preferably a beta-lactamresistant Staphyl ococcal or Enterococcal organism
Ot her preferred conpounds are able to prevent or reduce nortality in mce
i nfect ed wobdsrédéee beta- |actamresistant organismto a gr egtrausosmiseat t hat

vanconycin 30. or Cefotaxinme. In one enbodi nent, the present invention
- includes cephal osporin conpounds as shown in Structure |l [err] 4 and
their pharmaceutically acceptable salts and prodrugs, wherein [err] 5 S,

and mis O or 1; or [érr] is [err] R2 is hydrogen, alkyl, alkenyl, aryl,

heterocycbmd ghelikyphatmaeews: cd Ky acmeptah&bk;h&tbyhndfﬁkéawuégecyano

al kyl , *EFEQ? erocycle and 10 heteroara]kyl R4-7 may be |ndependently
a

.hydrogen and acx(o)%mag 45@ ec %ﬁzr@ogﬁéggggggsﬁuet

i ndependent(nor®nem t.bg(gnbpp c.crp(sc &m?)o.f o&yd@ggﬁﬁ9RhO}<yl xafyo @nd
het er ocycl ecarbonyl; nis 0 or 1, Y'is selected fromthe group
consEst|n§ oﬁndryllanﬂ éo 1; heterotrlcycle However, when n is 0 and [err]

is selected fromthe group con5|stjiL of phenylacetan1do

“phenyl t hi oacet am do, gnyl ox 0, D-a-am nophenyl acet am do,

t hi enyl acet ami do an&rDRnaﬁéerﬁ@%§Ll Y is not phenyl

R2 is hydrogen, alkyl alkenyl, aryl, heterocycle,
aralkyl, heteroaralkyl, or trialkylsilyl;

. R3 may be cyano, alkyl, aryl heterocycle and

10 heteroaralkyl;

r4-7 may be independently hydrogen, alkyl, aryl and
acyl;

RS may be selected from the group of hydrogen,
alkyl and aryl;

15 R? and R0 are selected independently from the
group consisting of hydrogen, alkyl acyl, and
heterocyclecarbonyl;

n is 0 or 1; and
Y is selected from the group eonsisting of aryl and

20 heterotricycle.

. However, when n is 0 and R! is selected from the
group'consisting of phenylacetamido, phenylthiocacetamido,
phenyloxyacetamido, D-a—aminophenylacetamido,
thienylacetamido and D-mandeloylamldo, Y is not phenyl

25 substituted with C;-Cy4 alkyl, C1-C4 alkoxyl or halogen, other

than 2-bromo or 2-iodo. Also, when n is 1, Y is not phenyl
when R3 is 4- (2-am1no)th1azolyl and Z is ~C (NOCH,COZH) -.

Preferred compounds include those compounds wherein
R3 is phenyl, R? is hydrogen, n is 0 and Y is 2-iodo- or 2-

30 bromo-substitued phenyl. Another preferred embodiment is one
wherein R3, R?2 and n are as just described and Y is
dibenzfuranyl. Another preferred compound is one wherein Y is
2-biphenyl. _

In other embodiments, the compounds described above

35 ' contain the following substituents on the phenyl groups

- ortho-cyano; thienyl (and substituted thienyl),
hydroxymethyl, trifluorometﬁyl, methylthio, substituted-



25 substituted with [err] alkyl, [err] al koxyl or hal ogen, other than
2-bronmo or 2-iodo. Also, when nis 1, Y is not phenyl when R3 is

4- (2- am nowonsaswsyl and Z is [err] Preferred conmpounds i ncPGHASEYLE
conpounds wherein R3 is phenyl, R2 is hydrogen, nis O and Y is 2-iodo- or
2- 30 br ono- substitued phenyl. Another preferred enbodi nent is one
wherein R3, R2 and n are as just described and Y is dibenzfuranyl. Another

preferred conpound is one wherein Y is 2-biphenyl. In other enbodinents,
t he conpoundsirgaydni Bérabosrd 3Brmyleontla @thier Pspfenragd empedimertd s on

the phenyl. @RURomPbLAGSCHASEr ik ABHve Wt thbUtefgt StelYtures o
hydr oxynmet hyl, trifl uaronethyl, _rrgt hgl t,g%o ,sub(gt I't uted- 5 furanyl, - =
nitro, -and Wl.lfllﬁdopﬂefz%‘PBPE P ed4eRholit FERE PR R ompounds descri bed
above contai n the ringnsthuther eamisadinpdnt,| athdpresepeutdsendidn | i sted
hereing In a0glharcoRaciarliles d i 'EREN <1 RKCOH! Qlotnt of "] indRn
corrpos?tion? 88|%«§r| si'ng an m)un]t. of t conpound of ructure | 'c-ﬁqr ec?tive
to treat bacfeStabcrurecIT opEfegtimante Sreptsbagtersal birfestionssintant to

[err]-lact amaRkh i gk Esng ! froi iddctalalhdestBRadt T8B! g-1ecap esent
i nvention 10 , includes nmethods for treating a bacterial infection in a
mamal ari sPRgIPLeRESct eria resistant to [err]-lactam antibiotics

conprising adm ni sterizagst@la anstsér sefibciiment,r afes pelesenti bheehtdon a

t her apguti cal | ffective nt. of conpound of Stgu e ll. 15

In angﬁher é?ﬁé@ Phec W\’/%%tn?%#\ ?Igeaattﬁ%rn &s ac% cgt?%&glg'o%ng%g{ls??uﬁﬁe: [err]

and their prammadearisihgyfror dmctisrias alesdsiadtptodBulactam antibiotics
comprising administering to a mammal suffering from such an

infection a therapeutically effective amount of a compound of
Structure IT.
i5 In another aspect the invention features compounds
of the structure: '

RIS ﬁ}i’"ﬂpﬂ"
I
CO.R?
III

and their pharmaceutically acceptable salts and prodrugs,
20 wherein
Rl is -NHC(0)ZR3 or -NR4R5, where Z is -CH, (X)p-, -
c(Nor®) -, -ca(or7)-, -C(CHCO,R®)- or -cH(NRR1C)-, X is O or s,

and m is 0 or 1;
S

or R is "'N"K’(O)/‘\s

25 R? is hydrogen, alkyl, alkenyl, aryl, heterocycle,
aralkyl, heteroaralkyl, or trialkylsilyl;
R3 may be cyano, alkyl, aryl, heterocycle and
heterocaralkyl;
r4-7 may be independently hydrogen, alkyl, aryl and
30 acyl;
R8 méy be selected from the group of hydrogen,
alkyl and aryl;



20 wherein [err] and mis O or 1; [err] 25 [err] is
hydr ogen, al kyl, al kenyl, aryl, heterocycle, aral kyl, heteroaral kyl, or
trial kyl wo9s2z69déer r] nay be cyano, al kyl, aryl, heterocyclpeTarsds/03976
heteroaral kyl; [err] may be independently hydrogen, alkyl, aryl and 30

acyl; [err] may be selected fromthe group of hydrogen, alkyl and aryl;
6 RO and R10 are sel ected independently fromthe group consisting of
hydrogen, alkyl, -acyl, and heterocyclecarbonyl; [err] is H or halogen; 5

[err] is [err] wher @ﬂ%naSleHarerséﬁéé&e@%déﬁéﬂdé{tw*fx%&nkxh
cycl oal kyl, acyl, roxg gr% am di ?cy ;;)Lsphoryl and taken toget her .
may form gr@upopogs BY e ¥f§f?ﬁeft'eﬁg1 FGV dvhere R17.i's-al'kyl; . -
cycl oal kyheteroaytlecarbenghbered ring het erocycl e containing 0-4 nit rogen
atonms, 0-1 oxygen atons, and 0-1 sul fur atonms, and which is optionally

substituted by al kyi1 y xyl, am no, hydroxynethyl, am nonethyl,
or nono- or dial k;%aam %%fet #xal?éﬁﬁ and-p is 0, 1 or 2. '
Preferred conpounds incl ude|. @ conpounds wherein [err] is H or hal ogen,
[err] is [err] is O, 1or an [err] are H or |ower alkyl. Especially -
prefgrred conpounggld ng w #R€onpounds wherein [err] is

where W = S, NH, or CH2 and R13-R16 are H, alkyl, cycloalkyl,

acyl, hydroxy, amino, amidino, or _phdsphory_l and taken
together may form a 5- or 6-membered ring

or R12 ig g-r17

10 where R17 is alkyl, cycloalkyl, or a 5- or 6-membered ring
heterocycle containing 0-4 nitrogen atoms, 0-1 oxygen atoms,
and 0-1 sulfur atoms, and which is optionally substituted by
alkyl, hydroxyl, alkoxyl, amino, hydroxymethyl, aminomethyl,
Or mono- or dialkyla.mihome_thyl;

15 and p is 0, 1 or 2.
Preferred compounds include those compbunds wherein
+NR1R™
R1l is H or halogen, R12 is Fw NR¥R"® 4 - 5, NH, or CHz, P
is 0, 1 or 2, and R13-R15 are H or lower alkyl. Especially
preferred compounds include those compounds wherein R11l is
+NRYRM

20 hydrogen, R12 is Fw NR'R™ - g, or NH, p is 1 and R13-
R16 are hydrogen. _

In another embodiment, the present invention
provides for compositions compr'i'sing an amount of the compound
of Structure 3 effective to treat bacterial infections in

25 mammals arising from bacteria resistant to B-lactam
antibiotics.

In still another embodiment, the present invention
includes methods for treating a bacterial infection in a
mammal arising from bacteria resistant to #-lactam antibiotics

30 comprising admlnlsterlng to a mammal suffering from such an



20 hydrogen, [err] is [err] R16 are hydrogen. In another enbodi nent, the
present invention provides for conpositions conprising an anmount of the

conmpound ofwdlogngdkgire 3 effective to treat bacterial infecti

$93/08976

manmal s arising frombacteria resistant to [err]-lactamantibiotics. -I'n
still another enbodi ment, the present iqvention I ncl udes net hods for
treating a bacterial -infection in a mammal arising from bacteria resistant
to [err]-lactamantibiotics 30 conprising adnm nistering to a mamal

suf feri ng insersimbh @rtherapautfiealllonesfébei v gl loF %TE%&Pbﬁﬁdaa?U“t of
eat ures

a conpound,pf Struct [11. I'n another aspect the invention
conpounds %?r? 4 ?r#ﬁgij

res [err] and their pharmaceutically acceptahle

salts” and prodrugs, WheamdthdrraspeSt &he Anvenbion fleafwred dompdunias

hydrogen, &gfkythe S K&WPUresdr Yl heterocycle, aral kyl, heteroaral kyl, or
trialkylsilyl; 15 [err] may be cyano, alkyl, aryl,

het er ocycl grnand get eroaral kyl ; [gr] be jedependently hydrogen, alkyl,
aryl and ach;TTerr] ¥, be sel ect frgmt roup of hydrogen, 20
al kyl and N § G [err] N e Bdependently fromthe group

consistsi ng “Of hy, 2Rgen,é1a| kyl, acyl, aé&lﬂz Rt8

Iv v

and their pharmaceutically acceptable salts and prodrugs,

wherein

Rl is -NHC(0)ZR3 or -NR4RS, where Z is =CHy (X}pp=/ -
10 c(wor®)-, -cH(OR7)-, -C(CHCO,R8)- or -cH(NRPR10)-, X is O or

S, and m is 0 or 1;
S

or RL is -NHc«»'l\s

R? is hydrogen, alkyl, alkenyl, aryl, heterocycle,

aralkyl, heterocaralkyl, or trialkylsilyl;

15 R3 may be cyano, alkyl, aryl, heterocycle and
heteroaralkyl;
r4-7 may be independently hydrogen, alkyl, aryl and

acyl;

RS may be selected from the group of hydrogen,

20 alkyl and aryl;

R? and R10 are selected independently from the

group consisting of hydrogen, alkyl, acyl, and
heterocyclecarbonyl;

R18 ig optionally substituted phenyl or heteroaryl,

25 or cyano;

V=Cor N

A - C are CR19, N or S, where R19 is hydrogen,
alkyl, hydroxyl, amino, cyano, hydroxymethyl, or mono- or

dialkylaminomethyl

30 D - G are CR19 or N, where R1% is hydrogen, alkyl,

hydroxyl, amino, cyano, hydroxymethyl, or mono- or

dialkylaminomethyl. The specific juxtaposition of groups A-C



het erocycl ecarbonyl; R18 is optionally substituted phenyl or heteroaryl, 25
or cyano; V= Cor NA- Care [err] Nor S, where [err] is hydrogen,

al kyl , wvon9sed66 ami no, cyano, hydroxynethyl, or nono- orPCT/US95/03976

di al kyl am nomet hyl 30 D- Gare [err] or N, where [err] is
hydrogen, al kyl, hydroxyl, anmino, cyano, hydroxynethyl, or nono- or

di al kyl am nonmet hyl . The specific juxtaposition of groups A-C 8 and D-G
is limted to exanples of heterocyclic groups known in the chemstry arts.
Speci f i enéxBnBl 8 bimited Lh& | PE Besapecyatiaderours floravwsnwiiny: [err]
Preferr efloCOABRYBESy APEd Udepddidse eRERQUBHSoENEhEsd ﬂé’céf&ﬂ!ﬁ@s A' V .
and D-G are pyrazole, thi %ﬂzol .e-and pyridine, and R18 : -
opt i QnaEPf?ll?ﬁbéPF%’d@%d b i‘dyl , pyrazolyl, or cyano. I'n anot her

enbodi nent, the present invention rovides f or conpositions co ri sing an

anount of th 3 e trve t i al

I nfections i Y f o erda ’esttan;EIQ [grr]dalt] biotics.
In still ano h§r eﬁ'rbodl ﬁent thespre ent |ﬁverN|onSncNudes Stet No for
treating a bhcteri®® infectA®n in a Ainmal 20 RlPi si ng RMom bact &4
Tesistant toj[err]-lactamantibiotics conprising admnistering to manmal
suffering frgm such an infection a therapeutically effective anounf of a

conpound of ptrug-Ne |V. NeBher fea«:ﬂes andNafivant a of theNFNvENtion

will 25 be D et .Lro Nhe fso ng\dgﬂcr) pgl Q N the pl’\ef!! red
5 R ) R'S H" ﬁw |':.1a
N N
g _ =Y Y7 Q!
NN N NNy NN Ne N SerNy N
' R'® Rﬂ R1® ) R R!9
N4\IN AN M NN | NEY)
\SJ\H NN N N X ' SNy \s&,ﬂ
R nﬁ R'® R Rie

~ Preferred compounds include those compounds wherein
10 the groups A-C, V and D-G are pyrazole, thiadiazole and
pyridine, and R18 is optionally-substituted phenyl, pyridyl,
pyrazolyl, or cyano.
In another embodiment, the present invention
provides for compositions comprising an amount of the compound
15 of Structure IV effective to treat bacterial infections in
mammals arising from bacteria resistant to R-lactam
antibiotics.
In still another embodiment, the present invention
includes methods for treating a bacterial infection in a mammal-
20 arising from bacteria resistant to f-lactam antibiotics
comprising administering to a mammal suffering from such an
infection a therapeutically effective amount of a compound of
Structure IV.
Other features and advéntéges of the invention will
25 be apparent from the following description of the preferred
embodiments thereof and from the claims.



enbodi nents thereof and fromthe clains. 9 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS | . Definitions As used herein, the term"al kyl' m§§ﬂ§5ﬁ§97
branched o¥O952¢8%r anched hydr ocar bon chai ns contai ni ng bet o 8nd

si x, preferably one and four, carbon atons, such as, e.g., nethyl, ethyl,
n-propyl, I so- propyl, nabutyl, sec- but 9., iso-butyl, tert-butyl, and
2-met hyl pentyl. These groups may be optionally substituted with one or nore
functional groups which are 10 attached commonly to such chains, such as,
e.g., hydroxyl, .brono, fluoro, chloro |odo nercapto or thio, cyano, :

al kyl thi o, heterocycl &ESSRIFTION ELh =19 IEMBODUMENTSr bonyl , al kyl,
al Kenyl, nitro, am no, al koxyl, am do, -and optlonally substituted =~ = -
|soth|our§|do Dﬁﬂhgg%gFﬁguanidino 15 and the like to forn1a|ky| groups
such as trifluoronet 3-_hydr oxyhex 2- carboxy ropyl, 2-fluoroethyl,

car boxynet hyl , 4- cy%ﬁd%ﬁﬁ@dheR?ﬁﬁua¥ ¥SEWhyP Ikgl |\ denotes branched or

d: Eelt sy it&%f&m&éfﬂ“h#dﬁdm‘tbonaaﬂaihs toKeaidirey testwe '('je@ul bbﬁeyghhddemﬁt es an

al kyl gro e as oybl e

211, 5B Seats ik Sny HORET DRKLRE, MonfTu s n8EPRE: e
term"ar yéthyibncmﬂsrcmydhaursoepropybonnabmtusl arlsewnmrtyﬂor msm&bueyit one
aromatic g f n as,
oo pherof SHRATO PUE Aheny1DEhETED PRRE  chbd Ha b RBTonRn e
subst i t ut SdbskittRd *@rthmn@ PEnE‘PFEnﬁPn@F%R%l mMSamlsh &é‘ﬁed commonl y
to such caetached Usdimfohlye to subjidendihs, bs@dem ad,| W, BYdebRy1], 0do,

mer capto or thio,. cyano, .gyanoanm do, alk | thio teroc cle, aryl,

het er oar yP* A IO Car b8 rm§6 %‘f’?ﬁ anQitro, anino,
al koxyl , a&kytmhrnuihéueﬂqdye190 ﬁuyhxahgtegpmuﬂb $decxy1b|phenyl,

iOdObithQYioxycarbonyl, alkyl, alkenyl, nitro, amino, alkoxyl, amido,
and optionally substituted isothioureido, amidino, guanidino,
15 and the like to form alkyl groups such as trifluoromethyl, 3-
hydroxyhexyl, 2-carboxypropyl, 2-fluoroethyl, carboxymethyl,
4d-cyanobutyl, 2-guanidinoethyl, 3-N,N’-

dimethylisothiouroniumpropyl, and the like.
The term "alkenyl" denotes an alkyl group as defined
_ 20 above having at least one double bond, e.qg,, allyl, 3-hydroxy-
2-buten-1-yl, l-methyl-2-propen-1-yl and the like.

The term "aryl" denotes a chain of carbon atoms an
which form an least one aromatic ring having preferably
between about 6-14 carbon atoms, such as, e.g., phenyl,

25 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, e.g., hydroxyl, bromo, fluoro,
chloro, iodo, mercapto or thio, cyano, cyanoamido, alkylthio,
heterocycle, aryl, heterocaryl, carboxyl, alkoxycarbonyl,

30 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,

35 trifluoromethoxyphenyl, alkylthiophenyl,
trialkylammoniumphenyl, amidophenyl, thiazolylphenyl,
oxazolylphenyl, imidazolylphenyl, imidazolylmethylphenyl,



met hoxybi phenyl, anthryl, bronophenyl, iodophenyl, chlorophenyl,

hydr oxyphenyl , net hoxyphenyl, fornyl phenyl, acetylphenyl

trifl uorwomsRedsé hi ophenyl, 35 trifluoronethoxyphenyl, al RGT/USAS03N6Ny |

tri al kyl ammoni unphenyl , am dophenyl, ‘'t hi-azol yl phenyl, oxazol yl phenyl,

i m dazol yl phenyl, im dazolyl net hyl phemyl , 10 cyanophenyl,_pyridylphenyl,
pyrrol yl phenyl, pyrazolyl phenyl, triazolyl phenyl, tetrazolyl phenyl and the
i ke. The term "heterocycle" denotes a chain of carbon and at |east one
non- car tyanephenywhipvridydpheayls opvroetylvhenyle Pyrazeodntlphepyl,

non- aroury+£°ﬁ% IﬁgylQgtgéggg?iﬁﬁgﬁypq&m@q&ugqqge(5JA-atonE such as

e.g. i mdazoly ) Eérldln t hi adi azol ylI'} - -
thi-azol yl, pi per aBRRyFEI; RatAOSYSIe, éFB@ FhieFhain %@?@%%y be’
opt i 0nahi:Yléa%tdrléltrﬁﬂl-walrlboﬁnatomsnwhﬁcﬁ Utoge thed fra RmaMairC mogee 10

ttached | t h fl ,
bl & o SrGRATED . rbed U hua1d® r 1848 hg@inﬁo%n?%@‘dal‘fq%bﬁt%egﬁeter?,g;& e
aryl, héb@#’éa@y“ %"d?ﬁl?oxﬁuc%%év sh-ﬂ-oxyé‘am%ny?hl%ﬂ}k%ll IHHJW mitro,
am no, ?}Y @FQ:’%& nd ¢l gibk81y® f@ﬁf&iiﬂ?ﬁ 2- 15

4~y

iyl
an1noth|azo plpera2|n;1 i

I OXO perazin
2-i odo- SibenefyFanhy|d Jé??d‘zfl-%ﬁf&ﬁ? oxy- %hﬁF% gﬁé’&‘ﬁlf baPRYENELY. The term
" het er 0gBsei teted witteitieo @y moreHEUAE L1 6RAD GFowts e iaxdet erocycl e as

defl ed_abp he.. m erptric cI y €S an aromatic
hetéfoc?g %%ﬁ%%tékmgon¥% F o e%i%éhséboﬁeg%h%%h %i#%f égg? ée aromatic
rings. Ehemberﬁ1ﬁ¢mmenﬂﬂyumecapﬁonymerdapboeertthnqy(nxano(XC»Fbt wher e
Het 1S BELALAGIES ° Mﬂﬁedg@%%cyﬁe, aryl, heterdixyierm "al koxyl®

denot es group
carboxyl oxo, alkoxycarbonyl alkyl, alkenyl nltro, amino,

alkoxyl, amido, and the like to form rings such as, e.g., 2-

15 aminothiazol-4-yl, 2,3- dloxoplpera21nyl, 4—alkylp1pera21nyl,
2-iodo-3-dibenzfuranyl and 3-hydroxy-4-dibenzthienyl and the
like. ' _ _

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

20 The term "heterotricycle" denotes an aromatic

'~ heterocyclic substituent as defined above which comprises
three aromatic rings.
The term “heterocycleca:bonyl"'denotes the group -
C(O)Het, where Het is hetérocycle as defined above.

25 The term "alkoxyl" denotes the group -OR, where R is
alkyl as defined above, such as methoxy, ethoxy, n-propoxy,
iso-propoxy, n-butoxy, sec-butoxy, iso-butoxy, tert-butoxy,
trifluoromethoxy, 3-hydroxyhexyloxy, 2-carboxypropyloxy, 2-
fluoroethoxy, carboxymethoxy and cyanobutyloxy and the like.

30 The term "alkylthio" denotes the group -SR, where R
is alkyl as defined above, such as methylthio, ethylthio, n-
propylthio, iso-propylthio, n-butylthio, sec-butylthio, iso-
butylthio, tert-butylthio, trifluoromethylthio, 3-
hydroxyhexylthio, 2-carboxypropylthio, 2-fluorocethylthio,

35 carboxymethylthio and cyanobutylthio_aﬁd the like.

The term *acyl” denotes groups -C(O)R, where R is
alkyl as defined above, such as formyl, acetyl propionyl, or
butyryl.



al kyl as defined above, such as nethoxy, ethoxy, n-propoxy, iSo-propoxy;
n- but oxy, sec-butoxy, iso-butoxy, tert-butoxy, trifl uoronethoxy,

3- hydr oxyhexyl ox 2- car boxypropyl oxy, 2- fluoroethoxy, car y and
cyanobut yI % ?% éﬁ%“the li ke. 30. The teﬁn1"alkyltﬁ$ﬁ¥g§%ﬁ§¢es t he
group -SR, where R is al kyl as defined above, such as nethylthio,

ethylthio, n- propylthio, iso-propylthilo, n-butylthio, sec-butylthio, iso-
butylthio, tert-butylthio, trifluoronethylthio, 3- hydroxyhexylthio

2-carboxypropy|th|qpﬁ2 quoroet Ithng car box t |o a
: " e s is
cyanobut yl t hi o, and Y5 "OFH, Eﬁg? FeReR s @fR where R
is al kyl as akylrumbmab@medeﬁmnhdaebéwenyl acetyl, proplonyl or butyryl. .

The term "aryl oxy" gehol&s, o, @A, g{:_lgg ﬁg H AT Ve O as
defi ned above The term "ar al évzz%eno?gs roupéué%;A , whé%e 5 %élalkyl and

Ar is arydlkpbtanddrids g&ylab as defined abovehe term "het eroar al kyl "
denot &s grOUDs -R|‘|€’I‘1'9é tyé'ﬁﬁe'}i%tle&oakﬂkyaﬂddéi%%slgSrdl&S@r-Q@{étAraS defined

above. ter tr| |SI| enot t he up Sl -, ere R, R and
R' are aI 889e gﬁ t??? %ﬁ#%%% RBBes t he

gr oup 10 [ er r] Wrime teR;m F?traladlesaiylal &emhotes detfe macbub®RER"Blie,t erm
"am no" q%ﬁgg t wN e §%¥g I :Q$% I ndependently be

al kyl, ary gs%lcy as de H%Qe? agﬁgi @ &{eér?. ie term "ami do" denotes

the group [err] mhéﬂ@eﬂBNmR'aﬁﬂaﬁk&#éympﬁaﬁﬁé tes phealgBaup aryl or acyl

as dafp nefrROME- 110 WHEHOIR.- RThSnaeRmaﬁdae[lQ@ﬂ] &' detli®ed hBotB¢ group
[err] The term|[err reS|stant baCtﬁﬁ refers to bacteria a%glnst ghlch a
[err]-1actam anti bi DA% cCHER "@APCni es the group NRR', whe

R' may independently be alkyl, aryl or acyl as defined above,
or hydrogen.

The term "amido" denotes the group -C{(O)NRR', where

15 R and R' may independently be alkyl, aryl or acyl as defined
above, or hydrogen.

The term “cyancamido" refers to the group -NH-C=N.

The term “"f-lactam resistant bacteria" refers to
bacteria against which a R-lactam antibiotic has an minimum

20 inhibitory concentration (MIC) greater than 32 mg/ml.

The term “prodrug” refers to an agent that is
converted into the parent drug in vivo. Prodrugs may be
easier to administer than the parent drug in some situations.
For example, the prodrug may be bioavailable by oral

25 administration but the parent is not, or the prodrug may
improve solubility to allow for intravenous administration.

II. Compounds of the Ipvention
The present invention provides compounds, methods
30 and compositions effective to treat bacterial infections, and,
especially, infections arising from bacteria which have
developed resistance to conventional f-lactam antibiotics.
More importantly, the present invention provides compounds,
methods and compositions effective to treat bacterial
35 infections arising from bacteria which have developed
resistance to conventional cephalosporin antibiotics.

A. Preferred Embodiments of Structure II



20 i nhi bitory concentration (MC) greater than 32 ng/m . The term
"pro'drug refers to an agent that is converted into the parent drug in
Vi vo. y be easier to adm nister than the pare some
situati ons ?‘Jmarrpl e, the prodrug may be bioavail able %}?Tu Sg%(ﬂz

adm ni stration but the parent is not, or the prodrug may inprove sol ub|I|ty
to allow for intravenous adm ni strat |1(?n 1. Conpounds of the Invention The
present invention provides conpounds et hods 30 and conposi tions

effective to treat J_I&%t&r aEﬁb Ehﬁ’ sJ_n e S escg @or%;bgh fections

arising frombacteria Wi eve [ esi SLANCE Venti onal
[err] - | dhenaiantt Bsoarysd, %‘?em‘?%mré?mqlglaltlﬂfepbﬁEYénPPanllnn pr ovi-des.

' 'cormoummzbsﬁs_trhoea #16nhCogBPs| ta e&f@dxﬁ t gatibgah, bagksehd , 35
i nfecti ng fr.gm ba erlﬁ lcéglk 2ve devel oped resjstance to
convent i haFB‘% Bri ﬁ Fiatkydammopiume, CYAReAhEYi AR, of

Strub'turim.ﬂdazolylz Eha@eolyll, emhmbl;e‘lnt s.muddmdgltrhﬁhg_lcorrpgundsh\/\here: ny
Kyl ) AR TARGRRY i'eﬁ“*%%é%%ﬂ“?f%? QRO Loy L
trial kyua}mq}ﬁcm@ﬁ& wal kKyhien @meﬂﬂa@ﬂﬂl Enrrydol ﬁuryhnatzlwlﬂ
i m gaZO:wﬂr&Mum t Eglé.gﬁl ?/bﬁﬁd.i%i 2 |y>1| ][ﬂgatrﬁ'-}é'zoflw dE?:Q 513 i di i um
T ST U el et | o
preﬂ.erredlerieemyllssnbsanduehesswbstiﬁmft s Ma:@tednatstﬁe 2hgoé€ion e
point | ol i RusaPLor iy FafaciPO N o Mokl ofc Séarhmete (St nehE cphem
ring. Arfdtifax @témeﬂiEBlBQbEhet%eg‘ﬂoup it dihe wle@hemnrxngs phenyl
substituted with phRjtHer! pre¢edrBEPEEEYti tidd |y Y Sne wherein Y is
phenyl substituted with phenyl to form biphenyl. Still more
15 preferred is biphenyl optionally substituted with acyl, alkyl,
hydroxyl, halogen, trialkylammonium, imidazolyl, thiazolyl,
oxazolyl, imidazolylmethyl, thiazolylmethyl, oxazolylmethyl,
imidazolium, imidazoliummethyl, thienyl, thienylmethyl, furyl
furylmethyl or pyridinium. Preferred substituents are
20 halogen, especially bromo, chloro and iodo. Again,
substituents at the 2-position of the biphenyl ring relative
to the position of attachment of the biphenyl moiety to the
remainder of the cephalosporin molecule. Especially preferred
. biphenyl substituents are 2-iodo-4-biphenyl, 2-bromo-4-
25 Dbiphenyl and 2-chloro-4-biphenyl. Also preferred are 4-
' subsituted 2-biphenyls, e.d., 4-iodo-2-biphenyl; 4-bromo-2-
biphenyl and 4-chloro-2-biphenyl.
Still another preferred substituent Y is one wherein
Y is heteroaryl, especially dibenzfuranyl or dibenzthienyl,
30 each optionally substituted with acyl, alkyl, hydroxyl,
halogen, trialkylamonium, imidazolyl, thiazolyl, oxazolyl,
imidazolylmethyl, thi_azblylmethyl , oxazolylmethyl,
imidazolium, imidazoliummethyl, thienyl, thienylmethyl, furyl,
furylmethyl or pyridinium. dibenzfuranyl and dibenzthienyl
35 are especially preferred.
With respect to’ R3 ’ espec:.ally preferred embod:.ments
are those wherein R3 is cyano, alkyl, aryl, heterocycle or
heteroaralkyl. Other preferred embodiments include those




15 preferred is biphenyl optionally substituted with acyl, alkyl,
hydr oxyl, hal ogen, trial kyl ammoni um i m dazolyl, thiazolyl, oxazolyl,

i m dazol yl ngbl¥heest Ni @zol yl met hyl, oxazol yl methyl, inidazoli
I m dazol i umret ﬁ&T t hi enyl, thienyl methyl, furyl, furyl methy /US95/039‘76

pyridinium Pr eferred substituents are f:? hal ogen especially brorm
chloro and iodo. Again, substituents at“the 2-position of the bi phenyl
ring relative to the position of attachnment of the biphenyl noiety to the

remai nder [ Lecul e, eferred phenyl
subst i tuen seaggn?pk%l’ | ﬁ@%oef‘y 2- BFSTEBP%DhQSA W‘{ﬁ?@ﬁ?ﬂ% g

2- chl or o- 4htehesyctle d@%dﬁ%ﬁﬂb@rn&&y&re Brefeimsed Habrddyiqlleenyl s, e..g.,
4-i odo- 2- bkpherytueded 3Mvde BhERADY! %E‘y

anot her pr ferredu?substlituente Y |Eﬁg%e gl% {zeéti da?%#, espeg ally

di benzf ur afiyF b?niﬂlrfoe%zﬁqﬁyéqyﬁndseptéaeﬁlbm$m4§n@ﬁomm&cwe5h acyl
al kyl , 5hydsw¢ulasfuﬂamxﬂthNEZQUKngmpnlun1 |n1dazolyl t hi azol yl , oxazolyl,

i m gazo: yl met PKI I th'%géo a{ﬁ%%\é‘ﬁﬁ oxaﬁg I rret h dr?,é%)g}-,ﬁheorabove-

i m dazol i ume

pyridlnlun@e%ﬁtggﬂdLﬂﬂhﬂﬂlﬁﬂﬁntélbBQluﬁeeﬁbé fﬁll@mnmaspe0|ally preferred.
Wth respeﬁR)tD?P?épr?e%Hﬂ%c%'t&X) %SU d(&?@%ﬂ%&&%&ﬁﬁ%ﬁe?‘ﬂ@erg' nR3

is cyano, alkyl, aryl, heterocy e of hete err
enbodi ment A TRIRAIT Hifo&eid 13 wherein [err] is hydroxyphenyl, preferably

4- hydnoxy pleRy+7- h@rﬁa’r@qsa@eeyamdmmﬁb?L@ahﬁ'li%ophé%fﬁt@{lo?dah%gh%ﬁyﬁ' e
substituents |nchﬁ e thhgnyl furyl and thiazol'yl, "especi all I eny
2-furyl, dﬁﬂd% I ubstituted heterocycles 5 such as

2- ami not hi eml~%waph@naaeayuyamnéene¢bmmuﬂﬁr@qmmo ng-tBphakoye-
descri bed 5&%6;&9&3’3 Sdikc! ude the follow ng:
(7R)—7—[(phenylacetyl)amlno]-3-(o-bromophenylthio)-3—cephem—4—
15 carboxylic acid
(7R) -7-{ (phenylacetyl)amino] -3- (p-bromophenylthio) -3-cephem-4-
carboxylic acid
(7R} -7-[ (phenylacetyl)amino] -3~ (o-iodophenylthio) -3-ceéphem-4-
carboxylic acid
20 (7R)—7-[(phenylacetyl)amino]-3-(dibenzofuranyl-B-thio)-3—cephe
m-4-carboxylic acid
(7R) -7-{ (phenylacetyl)amino] -3- (4-biphenylthio) -3-cephem-4-car
boxylic acid

o

(7R)-7—[(phenylacetyl)amino]-3-(2-bipheny1thio)-3—cephem-4-cér
25 Dboxylic acid
(7R} -7- [ (phenylacetyl)amino] -3~ (3-biphenylthic)-3-cephem-4-car
boxylic acid
(7R)—7—[(phenylacetyl)amino]-B-(2-bromo—4-biphenylthio)-3-ceph
em-4-carboxylic acid
30 (7R)—7—[(phenylacetyl)amino]-3—(2—fluoro-4-bipheny1thio)—3—cep
hem-4-carboxylic acid
(7R} -7- [ (phenylacetyl)amino] -3~ (4-bromo-2-biphenylthio)-3-ceph
em-4-carboxylic acid
(7R)—7-[(phenylacetyl)amino]-3-(o-chlorophenylthio)—3-cephem—4
35 -carboxylic acid
(7R)~7-[(phenylacetyl)amino]—3-(2,S-dichlorophenylthio)-3Pceph
em-4-carboxylic acid



(7R -7-[ (phenyl acetyl ) am no] - 3- (4- bi phenyl net hyl t hi 0) - 3- cephem
-4-carboxylic acid 10

(7R)-7-Eé henyl acetyl ) am no] - 3- (m i odophenyl t hi o) - 3- ceph xylic
acid (7 8 %ﬂﬂenylacetyl)anlno] 3-(p- chIorophenylth|o)q%h@gg%@#BB
-carboxyllc acid

(7R)-7-[ (phenyl acet yl ) am no] - 3- ( o- bﬁHthhenyIthlo) 3- cephen}4 15
carboxylic acid (7R) -7-

R PR G B B R SEB S LB AR L BB a7
' acid ZOEbQﬂyﬁlcﬁaq}@phenylaCetyI)an1no] 3- (dlbenzofuranyl 3- thlo) 3- cephe

m 4-car vlacetyl)amino]-3-(3, 4-dichlorophenylthic)-3-ceph
(7R -7- Fﬂ%henyﬁacetyl)§n1gof (4]b|phenylth|o) BFEep en}i éar boxyllc aci d

(7R) - FEmi41garraddst feieni no] 3- (2- bi phenyl t hi 0) - 3- cephem 4- car 25
boxgl i c{2r) dHﬁ@he?:y{l(alabewl) amehyl 3 AT sedarbdmetdtcyeheniithli o3 ~gephem 4- car
boxylic_acid (ag 13 . )
[ (phenyf %@@?@I 3?—&5-8?5%0-4-biphenylthio)-3-ceph em 4- car boxyl i c
aci d 30(7R"H)- EGz-ﬂhmﬁmmiﬁbaCElya%én¢htq B {rxdnapirenyl-thiigh eBy-kephein- 3- cep
hem 4-cafk b@%:%ch lq_l ‘lc( &R - 7- [ (phenyl acet yl ) am no] - 3-

2 en

(4- br ono- thlo -3-ceph em 4-carboxylic acid
(7R) - 7- [{Bhe "hyﬂ %R?@Iml)a&mtwé]) 391{181 chr e bpeRdRTurAyL-3-¢&died m3rcephe
- calpboxpil 4 Lotk 1AR) acdd [

5" ko VR B A Rt g L P Dot i oy -5 cophem a-ca - oo ¢
hydroxyimino)acetamido] -3 -(o-iodophenylthio)-3-cephem-4-
'carboxylic acid :

(7R) -7-[ (phenylacetyl)amino] -3-(2- (4—cyanophenyl)phenylthlo) -3
15 -cephem-4-carboxylic acid
(7R) -7-[ (phenylacetyl)amino]-3-(2,3~dichlorophenylthio) -3-ceph
em-4-carboxylic acid
(7R) -7-[(2-Thienylacetyl)amino]-3- (o-lodophenylthlo) -3- cephem—
4-carboxylic acid
20 (7R)-7-[(2-Thienylacetyl)amino]-3-(2,5-dichlorophenylthio}-3-c
ephem-4-carboxylic acid
(7R) -7-[ (phenylacetyl)amino] -3-(2-(2-furyl)phenylthio) -3-cephe
m-4-carboxylic acid _ -
(7R)-7- [(phenylacetyl)amino]—3-(2,4-dichlorophenylthio)-3-cep
25 hem-4-carboxylic acid
(7R) -7- [(p-Methoxyphenylacetyl)amlno] -3-(o-iodophenylthio)-3-
cephem-4-carboxylic acid
(7R) -7-[ (p-Chlorophenoxyacetyl)amino] -3- (o-lodophenylthlo) -3-
cephem-4-carboxylic acid
30 (7R)-7-1(p-Chlorophenoxyacetyl)amino]-3-(2,5-dichlorophenylth
io) -3-cephem-4-carboxylic acid
(7R)-7-[ (p-Methoxyphenylacetyl)amino]-3-(2,5- dlchlorophenylth
io)-3-cephem-4-carboxylic acid
(7R)-7-[(phenylacetyl)amino]-3-(2-bromo—Séfluorophenylthio)-3
35 -cephem-4-carboxylic acid.

With respect to Z, preferred embodiments include
those wherein Z is methylene, substituted oxyiminomethylene (-



rboxylic acid
(7R) - 7-[ (phenyl acetyl ) am no] - 3- (3, 4- di chl or ophenyl t hi 0) - 3- ceph

em 4- car bo id5 (7R-7- [ PCTIUS95/03976
(phenyl acetwﬂ%sgzr(f?"(ré\o] - 3- (0o- car bonet hoxyphenyl t hi 0) - 3- cephem -4-car boxylic

acid (7R)-7-[(2-Thi enyl acetyl)am no] - 3- go- bronophenyl t hi 0) - 3-cephem
-4-carboxylic acid 1
(7R)-7-[ (phenyl acet yl ) am no] - 3- (di benzof uranyl - 1-t hi 0) - 3-cephe 10

m 4- car boy 'm%ds&ziaa-aﬁu@@g@ﬂﬂ%@ azelidryl): Zebsiicuced |

hyd - - . » d
R 71 ( (AReBeRAELED 3%%’%% PR T (CREBLRT - Fohad Shudaiciindde a0t
-cephem 4-(cauimrR! ) €) aci Preferred substituents for Z =

L R et e 110 coo
- 7- [ ( 25 Thi(eaybesyrngt hyhene) me: Ik énsd dpicdmglet hiydrogenepabkyl 4-azyb@ngd i ¢
acid 20 (eRerZelof2: ThuenVAGRSY il &.62, Snflasbber ppenyl thi o) -3-c

ephem 4- car boxylic aci

(7R) - 7- [ ( FRERyFPaEaY Y| ) Ve Heprepy ngthvly, FYFARBRPEY hi 031 BvteARd

m 4- car bogilchto26aU1¢TR) Preferred substituents for Z = aminomethylene
-T- (phenyl ageiyl o pol 2.2, & 81,chl orophewLLal gl 3-cop 25

(7R) -T6 [ ( p- Met hoxyplenghatbey| pref exted -dmbddigemnite nhehpoesént
cephem 4- |.C:AagGh : . . .

(7R 7- [( BoeA Shennsncaaee, inyemetintes yhichyare StRAriglly useful
cephem 4- dar 5bgy EPEmasian 3of ghm)bactgricides of the invention.

p- Chl or Op@é&%&}ﬁ@?; ihéla_ai ﬂ@&e%nééiétéﬁ GRlcaerheAykENembodiments of the
(b ot RO ENERF LR PDFTSIR ] -3¢ (A ofRe5EoBneRgH Ry are hydzogen,
i 0) - 3lseplad 4cydr boRyhmplesiaf (SUh groups include, e.d., t-
ZeI[Ogg252%%%&3%%}?%5{;@%3az%§51gé%o§%,{éat‘£gﬁa§%§pg} EaPIrng- 2ng(5)di ment s i ncl ude
Finally, R“ may be selected from the group hydrogen,
alkyl, alkenyl, aryl, heterocycle, aralkyl, heteroaralkyl,
alkoxyl, or trialkylsilyl. Generally, only those compounds

20 with R? = hydrogen are biologically active. However, the
present invention also contemplates other R? substituents
which are either easily hydrolyzed under biological
conditions, i.e., such groups which can be cleaved easily
after injection or ingestion of a compound of the invention by

25 a mammalian subject (gee. e.g., European Patent Application
No. 527,686 Al to Tsushima, et al., which is incorporated
herein by reference). The present invention further
contemplates substituents R2 which are effective to protect
the carboxyl group from unwanted reactions during synthesis of

30 the compounds of the invention. Many such protective groups
are well-known in the art (gee, e.g.. Green and Wuts,
PROTECTIVE GROUPS IN ORGANIC SYNTHESIS (Wiley 1991), which is
incorporated herein by reference). Examples of such groups
include allyl, t-amyl, benzhydryl, t-butyl, t-

35 Dbutyldimethylsilyl, benzyl, 2-chloroallyl, 3,3-dimethylallyl,
2,4-dimethoxybenzyl, 3,4-dimethoxybenzyl, 4,4'-
dimethoxytrityl, 4-methoxybenzyl, 2-methoxybenzyl, 4-
methoxytrityl, methoxymethyl, 4-nitrobenzyl, Z—hitrobenzyl,



those wherein Z is nethyl ene, substituted oxyi m nonethyl ene (- 15

C(NOR)-), substituted oxymethylene (-CH(OR)-), substituted

(car boxymol§ene) net hyl ene [err], and am nonet hyl ene [err¢rms93m976rred

" substituents for Z oxylnlnonethylene oxymnet hyl ene and 5

(car boxynet hyl ene) net hyl ene i ncl ude hyglrogen, al kyl, aryl and heterocycle.

Such groups include, e.g., hydrogen, 2- fluoroethyl, cyclopropyl nethyl,

cyclopentyl, allyl, and dlchloroallyl Preferred substituents for Z =

ami norretml@atwl .nca.u'&jél-a:lmylhloapﬂhy‘hndtnmethmwhﬂand!-acyI 10

I n anot h AR EN t sgat [ i ncl-udes

N nterned?grﬂg&évﬁicamare e eC| ggi Eﬁég:?f E?nw%ﬂiéeé‘%r&nﬁl on of .the -7 S

'bacterlcFH %Hr?§ﬁFQQHan HEFQF? Y¢E@¥F?W&Qﬁrﬂﬂﬂzﬁﬁ%ﬁqtﬁblude those

enbodi nesaktofthdwesfvent i on mhereln [err] is -NRR,, where Rand R are

hydr@egen, 15 and acyl. Exanples of such groups |nclude e.g., t- .

butyloxycarbonyl and benzylox carbonyl FlnaIIy R2 may be selected from

t he group hydBege i puyel pLlar al kyl ,

heteroaral kyl, al kgxyhno@ed ra@éeel thieY i nvERREEA! £ FlacOPLY Ldigfufpounds
wever

20 with hydrogen are biologically active. present
i nvent i o?iFZT'l%% %’Eﬂ% &t es other R2 substituents .which are either easily

hydrol yzed under biolo |caI gconditions, i.e., such groups which can be
cl eaved gusil ygafter B%on or i ngestion of a conpound of the invention
by 25 a | fan £E Jlect (see, e.a., European Patent Application No.
527, 686 N £t al ., mhlch is incorporated herein by reference).

The present i %;B i on RUrt her contenpl at es substituents R2 which are
effective to p ect the carboxyl group from unwanted reactions during
synthesis of 30 the conpounds of the invention. Mny such protective

gr oqjos IIX _ _
and their pharmaceutically acceptable salts and prodrugs,
wherein
Rl is ~NHC (0) ZR3 or -NR4R5, where Z is -CHZ(X)m—, -
C(NORS)-, -CH(OR?)-, -C(CHCO,R®)- or -cH(NROR®)-, X is O or

15 S, and m is 0 or 1;
S

or Rl is -NHCK”'J\S
R? is hydrogen, alkyl, alkenyl, aryl, heterocycle,

aralkyl, heterocaralkyl, or trialkylsilyl;

. R3 may be cyano, alkyl, aryl, heterocycle and
20 “heterocaralkyl;

r4-7 may be independently hydrogen, alkyl, aryl and
acyl;
RS may be selected from the gfoup of hydrogen,
alkyl and aryl;
. 25 ' R? and R10 are selected independently from the
group consisting of hydrogen,_alkyl, acyl, and
heterocyclecarbonyl;

p=1or 2;
R11l is H or halogen;
+NRR14
30 rR12 ig 's“wJLNn“a“



are well-known in the art (see, e.a., Geen and Wits, PROTECTI VE GROUPS | N
ORGANI C SYNTHESI S (W ley 1991), which is incorporated herein by reference).
Exanpl es O¥08824%6&r oups i nclude allyl, t-anyl, benzhydryl, ?CW&%%W?QW- 35
butyl di met hyl silyl, benzyl, 2-chloroallyl, 3,3-dinethylallyl,

2, 4- di met hoxybenzyl, 3, 4-di net hoxybenzyt, 4,4'- dinmethoxytrityl,

4- met hoxybenzyl , 2-met hoxybenzyl, 4- methoxytrityl, methoxynethyl,

4-ni trobenzyl, 2-nitrobenzyl, 16 pﬂ nafél, 2,2,2-trichl oroethyl,

tri met hylghéye W= .t NHveolry CH2| ghfieR §+R nece rH .t JHydroxps| lamdgiot he

trifluoroace hydroghl Qi ro : 1 d 399 f.aj.e | 1. ereof, 5
B.. Pref r%%%&ﬁﬁ%b§ﬁ#§ﬁfs%%?gé?%g%gur%éf?} ?%;ané%#%¥%§§pe§t&?ﬁéﬁinvention_
f eat ures tomedherignay foy & Pucedr 6-mempefed oringl t heir pharmaceutically
acceptabl e salts and prodrugs, wherein RL is [err] aor [err] where Z is

[err] - [err] 15 Syromblmd sR19r 1, or [err] is [err] R2 is hydrogen,
al kyl, al kenyl, aryl, heterocycle, aral kyl, heteroaral kyl, or

12 Sl 471 TGHS cvaigaliv ol deteeiclepngze
may be secheterskyolenddntagning O0f4hpiltoggen atoms, 0-1 oxygen atoms,
and 0-1 sulfur atoms, and which is optionally substituted by
alkyl, hydroxyl, alkoxyl, amino, hydroxymethyl, aminomethyl,
or mono- or dialkylaminomethyl.
10 Preferred compounds include those compounds wherein
+NRVIRM
R1ll is H or halogen, R12 is Fw NRYR™ w = 5, NH, or CH2, p
is 0, 1 or 2, and R13-Rl6 are H or lower alkyl. Especially
preferred compounds include those compounds wherein R11 is
. +NR13R14
hydrogen, R12 is Fw NR®R™ v _ g, or NH, p is 1, and R13-
15 R16 are hydrogen.
Especially preferred compounds combining the above-
described substituents include the following:
(7R)-7-[ (Phenylacetyl)amino]-3~(2-
isothiouroniummethylphenylthio) -3-cephem-4-carboxylate, inner
20 salt
(7R)-7-[ ( (4-isothiouroniummethylphenyl)acetyl)amino]-3- (2~
isothiouroniummethylphenylthio) -3-cephem-4-carboxylate,
trifluorcacetic acid salt
(7R} -7-[{ {4-Bydroxyphenyl)acetyl)amino] -3-{2-
25 isothiouroniummethylphenylthio)-3-cephem-4-carboxylic acid,
inner salt
(7R) -7~ [ (Phenylacetyl)amino] -3-(2- (2~
isothiouronium)ethylphenylthio)-3-cephem-4-carboxylate, inner
salt
30 {7R)-7-[ ( (2-Aminomethylphenyl)acetyl)amino] -3-(2-
isothiouroniummethylphenylthio} -3 -cephem-4-carboxylate,
trifluorocacetic acid salt



al kyl and aryl; 25 [err] and [err] are selected i ndependently
fromthe group consisting of hydrogen, alkyl, acyl, and

het er ocyoveesizdsenyl ; p = 1 or 2; [err] is Hor halogen [erwmugumxﬁswhere w
=S, NH, or [err] and [err] are H, hydroxy, -am do, -am nidino, alkyl,

- cycloalkyl, acyl, or phosphoryl and tggen together may forma 5- or
6-menbered ring or [err] is [err] 5 where R17 is alkyl, cycloalkyl or a 5-
or 6-menbered ring heterocycle contai ning 0-4 nitrogen atons, 0-1 oxygen

at oms, ahitRD=-7- b(Rtenylacetyl) andnohr3h(2s optional |y substi t ut ed by al kyl,

hydr oxyl ge eéé&ﬁaeﬂyh@at@ﬁou%ﬂammy@ A QB o er@fenino- O

_dlalkylanlnonethy i erred conpouné?’lnclude those . -+ - .-
conpoundR@yPRRekEtE ﬁ«aﬁFPersﬁlﬁr hal ogen, [err] is [err] is 0, 1 or 2, and
[err] a(rjenﬂ-or ﬂmkfé’nﬂa]cﬂty]_&mﬁﬁbal-jy(plnfwfl ed corrggung:swi ncl uﬁe t hose
conp un err are rogen.
Espe |aI V\@? Hﬂ‘ﬁ‘?EggﬁBPﬁ\[‘}ﬁ{;Hﬂh a:{)' hefsdrGarhey &B'iéﬁ't uent s
i ncl ude immef(ﬁalﬂm ng (7R) -7-[ (Phenyl acetyl)am no] - 3- ( 2-

|sothlourﬂﬁy;qu$¥§ﬁgﬁyyg@gh§?5a%lﬁfiegh ?-carboxylate inner 20 salt (7R)

-7-[((4-1saot hiouroni ace am noj - 3- ( 2-
i sot hi oURFRAAAR %Wé’ﬁl}mle&}’ly D! ewbﬁhmb-a}-mpghem - caribioaydagacet i ¢
aci d sal indgR)sait ((4- Fydroxyphenyl)acetyl)an1no] (2-

10 (7R) -7-[ (Phenylacetyl)amino}-3- (2-N- '
cyclopropylisothiouroniummethylphenylthio) -3-cephem-4-
carboxylate, inner salt |
(7R) -7-[ (Phenylacetyl)amino]-3-(3-
isothiouroniummethylphenylthio)-3-cephem—4-carboxylate, inner

15 salt
(7R)~7-[((2-guanidinoethylthio)acetyl)amino]43-(2—
isothiouroniummethylphenylthio)-3-cephem-4-carboxyléte,
trifluoroacetic acid salt
(7R)-7-[(Z) -2- (Aminothiazol-4~yl) -2- (hydroxyimino)acetamido] -

20 3-(2- 1sothlouronlummethylphenylthlo) -3-cephem-4- carboxylate,
inner salt
(7R)-7-[(2)-2- (Phenyl) -2- (hydroxyimino)acetamido] -3~ (2-
1soth1ouronlummethylphenylthlo)-3-cephem-4-carboxylate, inner
salt

25 (7R) -7~[ (methylthiocacetyl)amino]-3-(2-
1sothlouronlummethylphenylthlo)—3-cephem—4 carboxylate, inner
salt

30 In another aspect the invention features compounds
of the structures

A proge

CO,R? CO,R? n’

Iv _ v
and their pharmaceutically acceptable salts and prodrugs,
35 wherein |



25 i sot hi our oni ummet hyl phenyl t hi 0) - 3- cephem 4-car boxylic acid, inner salt
(7R).-7-[ (Phenyl acetyl )am no] - 3- (2-( 2-

i sot hi our orwoipg/mbésy| phenyl t hi 0) - 3- cephem 4- car boxyl at e, i nnarcTRERISHBG6
(7R -7-[ ((2- Am nonet hyl phenyl ) acet yl ) ami no] - 3- ( 2-

i-sot hi our oni ummet hyl phenyl t hi 0) - 3- cephgrg 4- car boxyl ate, trifluoroacetic
acid salt 18 (7R) -7- [ (Phenyl acetyl)am no]-3-(2- -
tetranethylisothiouroniUnnethyIphenylthio) 3-cephem 4- carboxyl ate, inner

salt (7R)-7-[ (Phenylagat yhgerbongk33 1(-2_1& 5 - - - _
dlethy|ISOthIO onlunnethzhrhggmlthlg) 4ktu;%%f€$ z?8fy gF? |Wnér sal t

(7R). -7 [C((I‘Iqii“eriy'lwac:@i'Np)2 no-}Cg:f(CEOQR ) - .or CH(NR X is.0.or. - -
nethyllsot i quroni u henylthlo) 3- cephem 4- carboxylate, i nner salt 10
(7R -7-[ h@ﬁxﬂo rmﬁ T¥n'£0] 3-(2-N

cyclopropyl|soth|ouron|unnethylpheny ) 3- cephen}4 car boxyl ate, inner

salt (7R) -7- | (Pheng&aﬁet#)amqg
|soth|ouron|unnethyl enylt 10)-3 cefhen}4 carboxylate, inner 15 salt
(7R -7°[ ( (2- guani &“nhdét BYPrREsRacatky) adHenyd ( 2ryl, heterocycle,

|sothlour@maumy&thnbabeaafankpi Zo2f P IRIDKY 1@@& xylate trifluoroacetic
acid salt (7R) -7- é %An1noth|a I-4 %hﬁdroxi £1 §Agcetan1do]
20 3-(2-isot hiouroni nn@?ﬁy ﬁh%%???hl éﬂ} CEEFBEXG1 8t 8% nner sal t
(7R -7-[ (ZheretParajkyl2- (hydroxyin1no)acetan1do] 3-(2-

' sot hi ouroni unmet hyl pgaryl £l 0)s 3; ¢eRNGRHGY BYHLALE, LRS!, aryl and
10 acyl;
RS may be selected from the group of hydrogen,
alkyl and aryl;
R? and R0 are selected independently from the
group consisting of hydrogen, alkyl, acyl, and
15 heterocyclecarbonyl;
R18 is optionally substituted phenyl or heteroaryl,
or cyano;
=Cor N
A - C are CR19, N or s, where R19 is hydrogen,
20 alkyl, hydroxyl, amino, cyanc, hydroxymethyl, or mono- or
dialkylaminomethyl
D - G are CR1® or N, where R19 is hydrogen, alkyl,
hydroxyl, amino, cyano, hydroxymethyl, or mono- or
dialkylaminomethyl. The specific juxtaposition of groups A-C
25 and D-G is limited to examples of heterocyclic groups known in
‘the chemistry arts.
Preferred compounds include those compounds wherein
the groups A-C, V and D-G are pyrazole, thiadiazole and
pyridine, and R18 is optionally-substituted phenyl, pyr1dyl
30 pyrazolyl, or cyano.
Especially preferred compounds combining the above-
described substituents include the following:
(7R} -7-[ (Phenylacetyl)amino] -3~ (1-N-phenylpyrazol-5-ylthio)-3-
cephem-4-carboxylic acid .
35 (7R)-7-[(4—Chlorophenylacetyl)amino]—3-(2-pheny1pyridin—3-
ylthio)}-3-cephem-4-carboxylic, acid



salt 25 (7R) -7- [ (nethylthioacetyl)am no]-3-(2-

I sot hi our oni umret hyl phenyl t hi 0) - 3- cephem 4- car boxyl ate, inner salt C
Preferred Enbodi ments of Structures IV and V 30 I n anot her
aspect twe9%snesati on features conpounds of the structuresPCHUSYS/INTE t heir
pharmaceutically acceptable salts and prodrugs, 35 wherein . 19 [err] is
[err] or [err], where Z is [err] [ergp S, and mis O or 1; or [err] is
[err] 5 " R2 is hydrogen, alkyl, al kenyl, aryl, heterocycle,

aral kyl, . heteroaral kyl , or trialkylsilyl; [err] may be cyano, alkyl, aryl,
heterocyaﬁé anﬂ(Hbe@wlﬁﬁQﬂyéwamﬂnﬁd?3nﬂ}-Bephﬂuzb€¢mmﬁﬁ¢%rHnuiﬁhygﬁ aIkyI

aryl ang_ gg hema&¥éar @@iaelected fromthe group of hydrogen, aIkyI
and. aryl : RlO e sel ect.ed | endent]y_fr t he group .consi-sting
of hydrdd& i%@ é%ﬂ?mﬂ?°] Z?e?ﬁéﬁe eoaY yl i3 “optionally

substltuépﬂephengarbmxymiaﬁammyI or cyano; V= Cor N A - Care [err] Nor
o TP RS e s £ 9. 5
ylthio)-3-cephem-4-carboxylic acid
(7R) -7-[ (Cyanoacetyl)amino] -3- (1-N-phenylpyrazol-5-ylthio) -3~
cephem-4-carboxylic acid
- (7R)-7-[ (Phenylacetyl)amino] -3-(2-amino-4-phenyl-thiazol-5-
10 ylthio) -3-cephem-4-carboxylic acid
' (7R) -7- [ (Cyanoacetyl)amino] -3- (2-phenylpyr1d1n- -ylthlo) -3-
cephem-4-carboxylic acid
(7R)—7-[(Phenylacetyl)am1no]-3-(4-pheny1-l,2,3-thiadiazol-5—
ylthio)-3-cephem-4-carboxylic acid

15 (7R)-7-[(2)-2-(aminothiazol-4-yl)-2~-
(cyclopentyloxyimino)acetamido]—3-(1-N-phenylpyrazol-5—
ylthio)-3-cephem-4-carboxylic acid
(7R)-7-[(2) -2~ (aminothiazol~-4-yl)-2-(2-
fluoroethyloxyimino)acetamido] -3- (1-N-phenylpyrazol-5-ylthio)-

20 3-cephem-4-carboxylic acid
(7R) -7-[(2) -2~ (aminothiazol-4-yl)-2- :
(cyclopentyloxyimino)acetamido]-B-(2-phenylpyridin¥3-ylthio)-
3-cephem-4-carboxylic acid
(7R)-7- [((2-am1nomethylpheny1)acetyl)amlno] ~3-(1-N-

25 phenylpyrazol-5-ylthio)-3-cephem-4-carboxylic acid
(7R)-7-[(2) -2- (2-amino-5-chlorothiazol-4-yl)-2-(2-
fluoroethyloxyimino)acetamido] -3- (1-N-phenylpyrazol- 5-ylthlo)-
'3-cephem-4-carboxylic acid :
(7R)-7-[(Phenylacetyl)amlno]—3-(2—cyanopyridin—3-y1thio)-3-

30 cephem-4~-carboxylic acid
(7R) -7-[ (Phenylacetyl)amino] -3-(2- (pyrazol-1-yl)pyridin-3-
ylthio) -3-cephem-4-carboxylic acid
(7R)-7-[(Z) -2- (aminothiazol-4-yl) -2-(3-
pentyloxyimino)acetamido] -3- (1-N-phenylpyrazol-5-ylthio) -3~

35 cephem-4-carboxylic acid : : -

(7R)-7- [(Phenylacetyl)amlno] -3- (l-N—(pyrldln—z-yl)pyrazol 5~
vlthio)-3-cephem-4-carboxylic acid



D- Gare [err] or N, where [err] is hydrogen, alkyl, hydroxyl, am no,
cyano, hydroxynethyl, or nono- or dial kyl am nonethyl. The specific

j uxt aposi t wyspkoggr oups A-C 25 and D-Gis limted to exanpepesusdso39rs
het erocyclic groups known in the chem stry arts. Preferred conpounds

I ncl ude those conpounds wherein the grgyps A-C, V and D-G are pyrazol e,

t hi adi azol e and pyridine, and R18 is opfionally-substituted phenyl,

pyridyl, 30 pyrazolyl, or cyano. Especially preferred conpounds. conbi ning
the above- (mSQF—i[bﬁdtﬁyDﬁhicba@éﬁﬂ)iaiﬁlnuJGBt—hQ-NObhén&Mﬂyrazol 5-

R e

(7R) - 7- [(4(7@11 I-ardnnyngtbanopyla}mm]anﬁm(oz -phdnprpheuyhpﬁrazol -5-

yl-'thi-o}-3 Yhi /R) -7-1 .
(Phenyl ac pieT-d- E@%ﬁ&% 4 £éf56%¥%§:r§%oﬁ'5 yl thio)- 3-cephem 4- carboxyllc

en

acid (IR (%)Cﬁhér‘#a@eﬁ%'%‘?ﬁ{la?"( Irds¥d2 6R=5- y| phenyl t hi o) - 3-
CspP?gL4 %@QQ&ﬁ&bpy&ﬁédh%loxjﬂﬂﬂno)aﬁetamldg]t3 (I-F—%henylpyrazol -5-
- en anin n riazol - 5-
Il thi o) - 3Eeh A-ERPRER, 1 aahRyLEe abia
(TR -7-[( Wmeaeét(hb)canoylb] agird} 3 -plieN-pheny2oyrézpl+-htpltBio) -3~

h 4- %@?& vl
??E egt aéét??§b%?' i %f?% am no- 4- phenyl-thlazol 5- 10
yl t hi b§ 3 (Eé?ﬁhémuécarsésiyl kieageryl) amino] -3-(1-N-phenylpyrazol-5-
(7R -7- [(9&%&@%@33¥Ebﬁﬂéﬁol éhfﬁbiyﬁﬁb”daﬂa di n-3-yl thio)-3-

hem 4- d
[ CPheny! add by s oL AdpheRAmined -3 - Nglisay Lgvrazol -5-y1thio) -
yl t hi 0) - 3- 3c—e|ebhmn44eaabbm;irlnc actidl 15

Ezal Zg[egl%)? of??[g ﬁﬂ%ﬂgf@ﬁ? %9@ %f"ﬁ_]phen(ﬁ‘gypaggy}gyrazol-s-

thio)-3-cephem-4-carboxylic acid

{7R) -7-[ (Phenylacetyl)amino}-3-(1-N- (3-nitrophenyl)pyrazol-5-
ylthio)-3-cephem-4-carboxylic acid
(7R} -7-[ (Phenylacetyl)amino] -3-(1-N- (4-methoxyphenyl)pyrazol-
5-ylthio)-3-cephem-4-carboxylic acid

20 (7R)~7-{(2-dithiolanylcarbonyl}amino]-3-(1-N-phenylpyrazol-5-
vlthio)-3-cephem-4-carboxylic acid

D.  Synthesis of Compounds of Structure II
The compounds of the present invention may be
25 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
30 protecting and deprotecting strategies will be employed which
are standard in the art (see. e.g., Green and Wuts). Those of
skill in the art will recognize that the selection of any
particular protecting group (e.g., a carboxy protecting group)
will depend on the stability of the protected moiety with
35 respect to subsequent reaction conditions.
Generally, the synthesis of the cephalosporins of
the present invention may be achieved using well-known methods
and readily available materials (gee, e.g., March; Larock,



yl thi o) -3-cephem4-carboxylic acid (7R -7- [(2)

- 2- (am not hi azol - 4-yl ) - 2- (2-

f 1 uor oet Qyd sxp¥bdg No) acet am do] - 3- (1- N- phenyl pyrazol -5-yl t %U

3- cephem 4-car oxyllc acid (7R) -7-[(2)-2-(am not hi azol - chlq. 833193976
(cycl opent yl oxyi m no) acet am do] - 3- (2- Bhenyl pyridin-3-ylthi o)

3 cephem 4- car boxylic acid

(7R)-7-[ ((2-am nomnet hyl phenyl )acetyl)am no]-3-(1-N 25

~ phenyl p)tbﬁisﬁngﬁswgt Bkdhrs- m&?%ﬁﬁrf&fsb%th' f»uﬁﬂghézB) 1989) ;. and
-7-[1(2)-2-(2-am no- 5-chl or ot hi azol - 4-

{1 ubr onBini-o BFPHEn o it SRMTo TR F OB R THACES:, VOB J1997)0) £ach
" 3-cephemfdwhichoxy| incorpordtdd he7rd1n by reference). As shown below

s S vl et ”“ﬁé‘;i;% ﬁi’;i?;f;; §’ e

pentyl oxyich &8) 8R6kane8dr Sodd - Fﬂaﬁri:fiaOE;aagl 55
cephem %

(7R) - 7- [(*p?&??? ihéggf)%‘?n%]s?, Ratept Mo &.vﬁ&}ﬁﬁpypagekeg et al.,

yl t hi 0) -(Bothpb&nwhichr &b« yincororhted %re:.n reference) , provides

h
(I7$ %1 (7)) [r% cté )téiéxgrhgldf ?%%H?%ncfg]c %ﬁéfﬁenfpﬁ%géa %5%&894 HEH‘?I ) ami no] - 3-.
ph@m‘pr:pyluasgl kaomyl t¢n thoss ciilided- warl:hexy.ttcaﬂforldé the
(7R) 7- Hl.@lb%ieal gy QEENézPlcér%:é/ ?eﬂ
m - N phenyl pyr azol - 5-

(cycl opropyl met hyl 0xyl m no) acet a

yl t hi 0) - 3- ®’Righem 4 ar boxyI c{(e

(7R -7-[ (hex 0] 'h nyI | t hi o) - 3-

cephem 4-car bgxyllic a |d 1

(7R -7-[(4- ) gsﬁyl)am noj - 3- ( y,amiz)ﬁY
R1 '

/s ' .
' /_ s/(CHz) nY

o)
OH

Compound 1 is formed readily from commercially
15 available starting materials, such as the reaction of (7R) -7-
[ (phenylacetyl)amino] -3 -hydroxy43 -cephem-4-carboxylic acid
(Otsuka Chemical Co., Ltd., Otsuka, Japan) with triflic
anhydride (Aldrich, Milwaukee, WI), using known procedures
(see. e.g., Farina; and U.S. Patent No. 4,870,168 to Baker, et
20 al.) Other 3-hydroxy-3-cephems may be formed from the
ozonolysis of 3-exomethylene cephems using known procedures
(see, e.g., Farina). -

Similarly, the thiolate nucleophile carrying the
- desired substit;uent Y and the- spacer -(CHy) - may be formed



yl t hi 0) - 3- cephem 4- car boxylic acid

(7R)-7-[(2-furylacetyl)am no]-3- (Il -Nphenyl pyrazol -5-yl thio)-
3-cephem 4-carboxylic acid

(7R) - 7- [ ( pMER9¥2R8facet yl ) ani no] - 3- (| - N-phenyl pyrazol -5- 15 PCT/USISN39T6
yl t hi 0) - 3- cephem 4- car boxylic acid '

(7R)-7-[ (Phenyl acetyl)am no] -3-(1-N-(3-28 trophenyl ) pyrazol - 5-

yl t hi o) - 3- cephem 4- car boxylic acid

(575I) t EI E)g P"gské)ace% %gﬁn FFE(l -aka‘géf‘}“rrggcqoa %hean 11a¥>E.Le startlng
(7R -7- [ { anath dshicrtisany rear pamyb)ayi fof -thd dase phenyiupptdzaked aromatic

Y Lhi o) - S-Gepher 4 cBoRMLL SeACAl: Do SHIMERIY nlyTRUBHSngh SLTUC Ure

Il The conpounds of t resent rnve on na Iy prepared in
accor dancexsdanch weld ﬁmammtnghatmﬁ%stHm%tmnm wuclepphippeeorat ed t hat

| B e

not |im taaEYWari? e Ao Cf gﬁﬁ% &é‘d’ °]Va|a1"8é§a%6 ggg?‘ectl ng

and deprotxwm)swzamwhearm:htlbetnmi@ymhm aimaargembwndaédhnmqﬁae art

(see, f%e%%g} d V\li;.to§.) h‘c')égeolt1 Qkﬁl 'tﬂ& 3t Q:?n.% eJ‘rnecognl ze that
any

t he sel ect ‘parti cu proteéecting g ., a carboxy
prot ect i nglepiotgdive ldf dtbpeﬂdlcqtemgn@ydm Ixreta,ctzﬂd mH&hptheegredpnbGety with
35 ré$pedTHiY, sdiExmqlEntisr aacappnopniaitteilﬁwir@mbl y sutheasynt hesi s of
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tr eat ment dgsqridask@hove: anf are glmlelh wmllable commercially (e.d.,

15 from Aldrich, Milwaukee, WI) or can be formed using known
techniques and starting materials (gee, e.g., March; Larock).
These groups can be substituted for those present on the

- starting material by variety of well known techniques (gee.
e,g., Barrett, J.C.S. Perkin I, 1629 (1979) or Chauvette, J.

20 QOrg. 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
suitably reactive form of desired substituent, such as an acyl

25 chloride. Again, the appropriate reagents and techniques will
be apparent to those of skill in the art.

The carboxyl group RZ may be those protecting groups
amenable to reductive cleavage, such as benzyl, p- or o-
nitrobenzyl, 2,2,2-trichloroethyl, allyl, cinnamyl,

30 benzhydryl, 2-chloroallyl and the like. Altermatively, R2
may be a protecting group amenable to acidic cleavage, such as
t-butyl, t-amyl, trityl, 4-methoxytrityl, 4,4'-
dimethoxytrityl, trimethylsilyl, t-butyldimethylsilyl,
phenacyl, B-(trimethylsilyl)ethyl, benzyl, 4-(or 2-

35 methoxybenzyl, 2,4-dimethoxybenzyl, 3,4-dimethoxybenzyl,
2,4,6-trimethoxybenzyl, methoxymethyl, benzhydryl, or 3,3-
dimethylallyl. Preferred protecting groups are p-
methoxybenzyl, p-nitrobenzyl, allyl and benzhydryl. Such
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Preferred amine protecting groups include trityl,
formyl, phenoxyacetyl, trichloroacetyl, chloroacetyl,
bromoacetyl, iodoacetyl, uréthane—type protecting groups [such

20 as t-butoxycarbonyl, benzyloxycarbonyl, 4-
methoxybenzyloxycarbonyl, 4—nitrobenzyloxycarboﬁyl, 2-
chloroallylcarbényl, allyoxycarbonyl, 2- _
(trimethylsilyl)ethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl,
(C4-Cg) -~cycloalkanyloxycarbonyl or 9-fluorenylmethoxycarbonyl

25 (FMOC)]. Especially preferred protec'ting groups are trityl,



The substituent [err] may be any of the groups described above and are
either avail able commercially (e.g., 15 fromAdrich, MI|waukee, W) or
can be forwpdskedepd known techni ques and starting naterial Sp&pRR9s/RT
Mar ch; Larock). These groups can be substltut ed for those present on the
starting material by variety of well $wn t echni ques (see, e.g., Barrett,
J.C.S Perkin I, 1629 (1979) or Chauve 20 Org. Chem 36:1259
(1971), both of which are incorporated hereln by reference), such as by
transam ngt i 98xpPéaBbord S ety bRghrieni1{ %héWﬁ d sHEstd-tuent, or
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group of the cephal osporl n startlség erial. us|ng known reagents and
t echni queBFe§ERAS oL # %L alysgy ggd %Haw& T An alternative

synt het i ctrdHéEetOcydPiEatiosphitepadhSas3 i s descri bed bel ow, wherein a
suitably %ﬁé‘?a%é’égy :.éjeneacetone)dlpalladlum(O) -tris(2-
15 furyl)phosphine to form the desired substituted
{biphenylthio)cephem 9 as shown below.
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SHR 3(C gHsX)

0,R2

The compounds of general structure III are prepared

20

s'imilarly to those of general structure II. In many cases, a
key step is the coupling of a hydroxymethyl-substituted
benzenethiolate with cephem triflate 1. This affords a key



cephem 4 (P denotes the protecting group) is further reacted to provide
non-protected intermediate 5 which is then reacted with the appropriate
acyl ati orwoesrg®es (s) and deprotected to provide the desirescrususiessre3.
Anot her alternative route is 10 al so shown wherein the carboxyl
deprotection is performed first to foggninternediate 6, followed by the
renmoval of the protecting group and the addition of the desired acyl
derivative. [err] Preferred am ne protecting groups include trityl, fornyl,
phenoxyarntg&medxauénlmmdeheupbn chhmenanmmydf theo MMatreiyl, gt@dpaeetyl

ur et hane; y AYP carb
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9-f | yorepyl me ho I erred protecting
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i ntr.oduce ar bon- car bon

3- (t‘P‘fJI fq‘%‘i}?‘%@ﬁﬁﬁ‘% &Ry FREny F-FﬁF%‘}‘é’é%he?ﬁ Q?%II Shepriatel y
substi t uExeangibeny| tri al kyl stannane in the presence of a palladlunlcatalyst
and triaryl (or triheterocyclic)phosphine such as

According to this invehtibn, a therapeutically or

15 pharmaceutically effective amount of a cephalosporin and
particularly, a compound of Structure II, is administered to a
mammal suffering from an R-lactam resistant bacterial
infection, especially resistant S. aureus, in an amount
effective to at least partially relieve the infection.

20 Especially important are infections resulting from B—lactam
resistant strains having similar Rf-lactam resistant activity
to strains such as S. aureus ATCC 29213, S. aureus ATCC 25913,
S. aureus ATCC 31432, S. aureus col (Meth®)(lac™), S. aureus
76 (MethR) (lac*), S. aureus ColBA (MethS) (lac™), E. fazcium

25 ATCC 35667, or E. facalis ATCC 29212.

The compositions containing the compound(s) of the
invention can be administered for prophylactic and/or
therapeutic treatments. 1In therapeutic applications, the
compositions are administered to a patient already suffering

30 from an infection, as described above, in an amount sufficieﬁt
to cure or at least partially arrest the symptoms of the
infection. 2An amount adequate to éccomplish this is defined
as "therapeutically effective amount or dose.” Amounts
effective for this use will depend on the severity and course

35 of the infection, previous therapy, the patient's health
status and response to the drugs, and the judgment of the
treating physician. In prophylactic applications, '
compositions containing the compounds of the invention are



tris(di benzylideneacetone)di palladium0)-tris(2- 15 furyl)phosphine to form
the desired substituted (biphenylthio)cephem9 as shown below. [err] 20 E.
Synt hesi s of unds of Structure Il The conmpounds of g cture
11 are pf@Bﬁ%@%R imlarly to those of general structureIT&¥#¢$%%%§%cases,
a key step is the coupling of a hydroxgnethyl-substituted benzenet hi ol ate
with cephemtriflate 1. This affords a2Key 26 internedi ate, which upon
conversion of the hydroxyl group to an appropriate |eaving group, allows

conver si on: [ ! O .1 h oprJ af.
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Phar meg eutvedght Apphdctlhe chiskeund Preparati ons According to this invention, a
therapeutical ly or 13, .phap @ge&%&gl‘%fy &\Iﬁf %%ttji\éﬁtagpﬂghiigéi %eﬂi'é‘l osporin

and particularly, a conpound o ructure 11, Ts adm nrstered 1o a- mamal
suf f er i ngocyrrad. [ arprintenanse dass: 45t agaénésrerednibmecsssazpecial ly
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can cease. Patients can, however, require intermittent

treatment on a long-term basis upon any recurrence of the
disease symptoms.

15 In general, a suitable effective dose of the
compound of the invention will be in the range of 0.1 to 1000
milligram {(mg) per recipient per day, preferably in the range
of 1 to 100 mg per day. The desired dosage is preferably
presented in one, two, three, four or more subdoses

20 administered at appropriate intervals throughout the day.
These 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
compounds of the invention will be administered in amounts of

25 Dbetween about 2.0 mg/kg to 250 mg/kg of patient body weight,
between about one to four times per day.

While it is possible to administer the active
ingredient of this invention alone, it is preferable to
present it as part of a pharmaceutical formulation. The

30 formulations of the present invention comprise at least one
compound or inhibitor of this invention in a therapeutically
or pharmaceutically effective dose together with one or more
pharmaceutically or therapeutically acceptable carriers.
Solid carriers inlcude, e.g., starch, lactose, dicalcium

35 phosphate, microcrystalline cellulose, sucrose, and kaolin,
and optionally other therapeutic ingredients. Liquid carriers
include, e.g., sterile water, polyethylene glycols, non-ionic
surfactants, and edible oils such as corn, peanut and sesame



25 ATCC 35667, or E. [err] ATCC 29212. The conpositions contai ning the
conpound(s) of the invention can be adm nistered for prophylactic and/or

therapeutic treatnments. In therapeutic applications, the 035p05|t|0ns are
adri ni st SYQ¥/368663 pati ent al ready suffering 30 from an i nfF&A{YOr{039%8
descri bed above, in an ampbunt sufficient to cure or at |east partially

arrest the synptons of the infection.28n anount adequate to acconplish this
s defined as therapeutically effective amount or dose." Amounts effective

for this use wll end on the sev nd co se 35 of the [nfection,
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on the pat ent s state of ht and the |ike_ Once |nprovenent
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Ca”&ohowﬁaﬁin1§é¥ﬁﬂiéh' ARy Sicheest tPﬁ@fﬂﬁ@@uﬂ!béllyo%&xkﬁ&gbﬁés'5 upon any
recurrence of the dlsease S to n general, a suitable
ef f ect | VERFRRF HWile %HﬁﬁﬁgéngaBFrth%a}ﬁ@%nt?Qﬁf%ﬁﬁd othere range of 0.1
t0-1000 Sbmpdwidsn deBDrited,’ eGigni,ctih phe M=wcx pRmdxer Mekvki & £6e, range
Rahway, NJ. Generally, preferred routes of administration are
intravenous and intraperitoneal.
15 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
20 administration and therapeutic application. Generally, a
pharmacologically acceptable salt of the compound will be used
to simplify preparation of the composition. Preferred salts
include sodium, potassium, arginine, glycine, alanine,
threonine. These are prepared, preferably, in water suitably
25 mixed with a surfactant such as hydroxypropylcellulose.
Depending on the specific conditions being treated,
such agents may be formulated and administered systemically or
locally. Techniques for formulation and administration may be
found in Remington's Pharmaceutical Sciences, 18th ed., Mack
30 Publishing Co., Easton, PA (1990). Suitable routes may
include oral, rectal, transdermal, vaginal, transmucosal, or
intestinal administration; parenteral delivery, including |
intramuscular subcutaneous, intramedullary injections, as well
an intrathecal, direct intraventricular, intravenous,
35 intraperitoneal, intranasal, or intraocular injections, just
to name a few. '
For injection, the agents of the invention may be
formulated in aqueous solutions, preferably in physiologically



of 1 to 100 ngy per day. The desired dosage is preferably presented in one,
two, three, four or nore subdoses 20 admnistered at appropriate intervals
throughout“hh@mgﬁ%. These subdoses can be admi ni stered as upicrdosen%
forms, for exanple, containing 5 to 1000 ny, preferably 10 to 100 ng of
active ingredient per unit dosage forn??Preferably, t he conpounds of the

i nvention will be adm nistered in anmoufifs of 25 between about 2.0 ng/kg to
250 ng/ kg of patient body wei ght, between about one to four tines per day.
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against several R-lactam resistant bacteria strains by

15 determining the minimum inhibitory concentration (MIC, ng/ml)
of each compound with respect to each strain. The MIC, the
lowest concentration of antibiotic which inhibits growth of
the test organism, was determined by the agar dilution method.

To determine the MIC for bacterial isolates, the

20 test compound was incorporated in a series of two-fold
dilutions into liquified Mueller-Hinton agar. Upon
solidification, a number of different bacterial strains were
spot inoculated with a replicating device onto the agar
surface. After overnight incubation, the MIC breakpoint was

25 determined as the lowest drug concentration that completely
inhibited growth, disregarding a single colony or a faint
haze. The procedures used in these stuides have been
standardized by the National Committee for Clinical Laboratory
Standards (NCCLS), as per the NCCLS publication entitled

30 METHODS FOR DILUTION ANTIMICROBIAL SUSCEPTIBILITY TESTS (1991), which
is incorporated herein by reference.

Aliquots of antimicrobial agents were prepared in
phosphate buffered saline (PBS) at pH 7.2. Tween 20 or DMSO
was used as a solubilizing vehicle as needed. Standard methods

35 of vortexing, sonicating and gentle heat were used to
facilitate solubilizing the test agent. Typically, the
concentration of the stock solution was 10X that of the
highest drug concentration tested. A 1.28 mg/mL stock solution



carriers wll include water, saline, buffers, and other conpounds -
described, e.g., in the MERCK | NDEX, Merck & Co., Rahway, NJ. Generally,
preferred routes of adm nistration are intravenous and in ' al. 15
These ph¥PPaeM%8gi cal. agents can be in a variety of for m?&&gégé&slgﬂﬁl.ude,
for exanple, solid, sem-solid and |iquid dosage forns, such as tablets,
pills, powders, liquid solutions or 3fspensions, |iposones, injectable and
i nfusi bl e solutions. The preferred f.orm depends on the intended node of 20
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adninisgﬁﬁbhga;tgaﬁggaéﬁgl delivery, including intranmuscul ar subcutaneous,

u

i ntrame l'ary 1 njections, as well,an intrathecal, direct intraventricular,
intravenous, 35 PnCPREEPLtBHREE With (& kafarence AxugaolitheTi nj ecti ons,

j ustot o ceFeRagihe\V. viéomygBE a0 inigenergenas Qkelihgsi theNboOIL iy be
O UL Lok, BOHESUS SSLUL OO MLl o RBXRLSL Ol 29
physi ol egireabrephirad anéf Erozémrats ue8D°Cr.aliponcpsepazationst thei on,
pe”Etra%%%t%BRrBRQLééewébeéﬁafEHféﬂa'édar%a in the refrigerator for
: " up to 1 week pridr to use; however, imipenem control plates
15 had to be prepared just prior to use. All test plates were
used within 24 hours of preparation. '
Satisfactory results were obtained where the
inoculum contained about 104 colony forming units (cfu) £ 0.5
logs. Starting with'pure cultures of the test isolates on
20 agar plates, a few isolated colonies were transferred to a
tube of nutrient broth and allowed@ to grow 4-6 hours at 35-
36¢2C to reach log-phase growth. Dropwise addition of the broth
culture to PBS was done to match a 0.5 McFarland turbidity
standard equal to 108 cfu/mL. This was further diluted ten- .
25 fold in PBS to reach a working inoculum concentration of 107
cfu/mL. When 1pL of the working inoculum was applied to the
agar surface a concentration of about 104 cfu per spot was
obtained. '
| Disposable sterile 1pL loops were used to inoculate
30 test plates, with each isolate in a designated grid on the
agér plate. An alternate method of inoculation involved the
use of a replica plater, a device with 48 steel pins allowing
the simultaneous inoculation of multiple isolates. After the
spots had dried, the plates were incubated at 35-362C for 16-
35 20 hours. Endpoints were assessed as. the minimum inhibitory
concentration (MIC) of antimicrobial agent. _ o
_ These results are shown in Table I below. The novel
agents of this invention are notable for their enhanced



pernmeated are used in the fornulation. Such penetrants are 5 generally
known in the art. In soft capsules, the active conpounds nay be dissol ved

or suspenagd okmsogs!i t abl e 1i quids, such as fatty oils, |iquigcyesssiossms, or

| i quid pol yethyl ene glycols. In addition, stabilizers may be added. 10 IV.
Bi ol ogi cal Activity In Vitro Antibacteyj al Evaluation The conpounds of the
i nvention were eval uated agai nst several [err] resistant bacteria strains
by 15 determ ning the m ninmuminhibitory concentration (MC, [err] of each

corrpgynd_a&ﬁiyj_rtﬁp_mh_‘gps@ %Cbusﬁﬁai Col Tared NMriterdtddcdVWeE. (fgae&um_raﬁgog of
anti bl otl I ch J.nil bl gr.owm t t Qr gani_sm. \a: e y
t he agar %1 r‘fﬁfcﬁglﬁgt‘hoﬁ% _-‘dgfl Eg{%fnée]&k h%éﬁt\ﬁle f%ﬁr -%?&?g‘??&i’gﬁs%%?‘gs , -t he.
20 test powhmen whereasoSpoauredsi ok &eriids disagemifoparghentions into
1 quiTed Mgl pipad N @erifdh cbhiBBuial! dildald O c@RyUmer of different
bacterial strains were spot inocurated with a replicating device onto the

agar Surf ht@henyliasetyld arigrd -Prnétnteierhennld e Brespismé -was 25
det er m nesh@¥Soxhie d Qeds) @hdgecoNTRNLTaf | PHeryEdca/lsdieloy -3rhkbi t ed

't hose BRIy S PeRn AP Ay ol Bl (s P DESRT PECEVEEY
G ini cal Ageioistt drorhSihndaress(CCLLE)Q Ss pareush€dICOAS psbiedat asn
entitled V%&#@U@S F%e”&":@b%‘ué'\g%y m&&&%@%&ug ;}f TESTS

(1991), s I ncorporated herein reference. Aliquot

ant i Alcr CERIRONISIR $Nedd SeEharetnts Probphine e Cafefaxdmene (PBS) at pH
7.2, Tweerorddrsl. DRI $hieS edmBeunds Obfibthed Ziruberthiigivents onegdad.

SLondar d TP Bods % ibalO BB S0 S2ULIG 20, Sl e edt et uoed (0
stock solwitilm leckib@X acltdtriafy apaihsghestaulrews aoicenthoats poteasted. A
1.28 ng/ r&cﬁ% Sa(aa'itxfs%n enterococci. Certain other compounds of the
15 present invehtion, such as 22 ((7R)-7-[(2)-~2-{aminothiazol-4-
yl)-2- (hydroxyimino)acetamido] -3- (0o-iodophenylthio) -3-cephem-
4-carboxylic acid), are effective against E. coli in addition
to Gram-positive organisms.



30 was used with a subsequent hi ghest working concentration of 128 [err]..

Serial two-fold dilutions were done through [err]. Each drug |evel vvas
te'stedlrggx]*wf &te. Two-fold drug dilutions were done in gehik ?glﬁ?‘;

tubes wt inal 5 drug volune.of 5 nL. Upon the addition o mL of

. mol ten agar, a 10-fold dilution resulted. Two, 25 nL. plates were then
poured into 15x150 nm square Petri pI3 es with grids and all owed to harden.
A control plate with a reference drug, either 10 cefotaxinme, vanconycin or
i m penem was used as.the positive growth control. Stock concentrations of
ref erer -0t
the corntrol - plz Antinticrobrial Bx ‘ , J

‘week piffor—tU N{ SNV CAVAS] = w7 IIEIIIIL,UIIL | UI ~ptat c .

j ust pnico estiﬁ%‘#p e e usg W|th ' p
prepareéiJur Qﬁg @etory resyhts \A@% obt \QB & th' Je nocg o2 <°gi:
cont ai g td éC y forgn gs( f §[ego%305 d%g - tif

Wi th pt i)lta g tesis soI ate£sS on é’d aga pI at gsza | sof4PReg
- col oni g3 “E ube nutr*aent brfth an Ilowp1 to grow
4-6 hol rs's o reac | og-phase o) gwt opw s& addi fPon of 1(he
broth (lél ur t done mat a 0. Fa? nd t%i di t Y%t ant
equal tg_.' erey hIS furtfigr dil{fted ter- 25 oIdlr}PBSto‘*
reach 4 oKl um conce rati of 1 7 cful fiL. Wheh [err]4of t h@5
wor ki ng é ppI ied T the dyar hace a goncenfrat i on® of ab8gt
104 cf | p& ai ned.* Pspo bIe r|Ie>|§ rr] P8bps wdt%e use? o
i nocul 3 “egff' 1u§ wi I8 eac ol at’®%i n a>d8si gnaf"%d gri’%i2 on th¥d
agar pl LMM@-&&&DAM >32

S. aureus ATCC 29213 2

<0.06 <0.125 0.25 0.125 0.125 <0.06

| S. aureus ATCC 25923 <1 <0.06 <0.125 0.125 <0.06 <0.015  <0.06
S. epidermidisATCC 31432 2 <0.06 <0.125 0.125 <0.06 0.03 <0.06
S. aureus Col (MethR)(lac") >32 4 4 4 8 1 >32
S. aureus 76 (MethR)(lac*) >32 16 >32 8 32 4 >32
S. aureus Col8A(MethS)(lac") 2 0.06 <0.125 0.25 0.125 0.06 <0.06
S. haemolyticus (MethR) 32 eeeee eeeee 0125  -—--- 4-8 e
E. faecium ATCC 35667 532 eeeee ceeee y J— 4 e
E. faecalis ATCC 29212 >32 1 4 4 2 2 4
E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 >32
X. maltophilia ATCC 13637 >32 >32 >32 >32 >32 >32 >32

S. aureus ATCC 29213 2 0.06 0.25 0.06 <0.5 <0.25 <0.25
S. aureus ATCC 25923 <1 <0.015 0.06 003  semee meeee e
S. epidermidisATCC 31432 2 0.03 0.06 0.03 <0.5 <0.25 <0.25
S. aureus Col (MethR)(lac") >32 4 S — <0.5 2 4
S. aureus 76 (MethR)(lac*) >32 16 4 8 4 4 16

| S. aureus ColsA(MethS)(lac") 2 0.06 0.25 0.06 <0.5 <0.25 <0.25
S. haemolyticus (MethR) >32 16 8 16 16 8 32
E. faecium ATCC 35667 >32 4 1 2 4 1 4
E. faecalis ATCC 29212 >32 2 2 2 e emeee
E. coli ATCC 25922 <1 >32 >32 >32 >16 >64 >32
P. aeruginosa ATCC 27853 8-16 >32 >32 >32

| X. maltophilia ATCC 13637 >32 >32 >32 >32




use of a replica plater, a device with 48 steel pins allow ng the

si mul taneous inoculation of nultiple isolates. After the spots had dri ed,
the pl ates 64 cubated at [err] for 16- 35 20 hours. Engpgiydbse30ss ©
assessed aS m'ni mum i nhi bitory concentration (MC) of ant| m cr obi al
agent. These results are shown in Tablg bel ow. The novel agents of this

i nvention are notable for their enhancéd 31 activity against S. aureus
Col- and Enterococm (E. faeC| um and E faecalls) The S. aureus Col strain

i's a high |3r5u T C
[(Phenyl g X _-. rfg ylic_acid) <afd |
9- ((7R).- 1 3-( pheny.4-c xylig.
acid), sH ga| naf bot™h, us and %%aur %B%BQOOI QIZ\
as well 3 )a eus rain shlglylo8
responsi \ nts i it udi n t axi cont 3 th
conpoundsS ?‘F\)entl n ar & fecf' e agalnst P8 2a produci ng 82‘5
bacteri a. 2 ile 1atiing ag I Vi tysagal n S. aufeus Og shov§s
pot ent ad §,.“2enterocf)%2c|. tal n &t her cérrpound% of the 15
present i 1°as 22 ( ) 7-1 fg “{am not'hil azol=%= 7~
yl)-2-(hy &r@kﬁTﬁq?é %lzcet am dol - %o i ot phen)ﬂ hi 0) 82 cephefn 4- c3tboxy! T#
aci d), ar é’ @’F‘F@E’f‘i % @?ﬁst ESWIi iM~addi {T8n to"Gram posTtive
or gani sme& — vk R ST S2Y e
7- (Acyl am do) - 3-(ary| t h| o) cephens Organi sm Cef ot ax. 1
2 3 ! 5
bl imi ial Pr j 7- ido)-3-(aryl
—Organism Cefotax, 25 26 27 28 29 30
S. aureus ATCC 29213 2 0.125 <0.25 <0.25 <0.25 <0.25 <0.25
S. aureus ATCC 25923 S N S S e
S. epidermidisATCC 31432 2 <0.06 <0.25 <025  <0.25 <0.25 <0.25
S. aureus Col (MethR)(lac") >32 1 0.5 1 1 1 0.5
S. aureus 76 (MethR)(lac*) >32 4 4 4 4 4 2
S. aureus ColsA(MethS)(lac) 2 0125 <025 <025 <025 <025 <025
S. haemolyticus (MethR) >32 16 8 16 8 16 4
E. faecium ATCC 35667 >32 2 2 1 2 1 1
E. faecalis ATCC 29212 232 semmm eesme memee meeee meess o
E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32
P. aeruginosa ATCC 27853 816 W ---e- eeee-

X. maltophilia ATCC 13637 >32 ——

— Organjsm Cefotax, 31 32 33 34 35 36

S. aureus ATCC 29213 2 <0.25 <0.25 <0.25 m———— mmmes e
S. aureus ATCC 25923 23 B <0.25 <0.25 <0.25
S. epidermidisATCC 31432 2 <0.25 <025 <025 <025 <025  <0.25
S. aureus Col (MethR)(lac™) >32 1 1 1 2 0.5 2
S. aureus 76 (MethR)(lac*) >32 4 4 4 8 2 8
S. aureus Col8A(MethS)(lac”) 2 <025 <025 <025 <025 <025  <0.25
S. haemolyticus (MethR) >32 8 16 16 8 8 16
E. faecium ATCC 35667 >32 4 2 1 2 1 4
E. faecalis ATCC 29212 >32 : 2 1 2
E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32
P. aeruginosa ATCC 27853 816  ---m- ceee e >32 >32 >32

X. maltophilia ATCC 13637 332 e cemem memme mmeme mmees cmeee

S. aureus ATCC 29213 2 memea  semes cemee emeew =eeee omcene
S. aureus ATCC 25923 <1 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25




o

S. aureus ATCC 29213 2 0. 03 0. 03 0. 03 0. 125
- 0.03 <0.015 S. aureus ATCC 25923 <1 <0. 015 <0. 015
<0. 015 <0. 015 <0.015 S. epiderm di SATCC 314
<0. 015 wggg?@“ <0015 <0.06  <0.015 <0015 S aﬁ?euss’éoq%’? rr
>32 2 2 2 1 S. aureus 76
(Met-hR) (| ac+) >32 32 1634 16 4 16 1
S. aureus Col8A(MethS)[err] 2 0.03 0. 03 0. 015 <0. 06
0. 03 §0 lridb AT GPhsy ! | CuS ('\/Eth 0B <«0257%<02s, W5 &
16 reus Col (Me aEC| ATCC 667 E 4. 8 1 4
4" ' S ureus 76 (M (lac*) . faegalis %tCC 29 2. . .>32 4' R
ureys C018 S)(lac) 2 Q)% E &% A 2592 5 25 ;%
>32- olvtwus ( 2 3 >3§_ ° aefl nosa CcC
8- 16 >32 > X mi tophﬂ
ATCC 13p ec e >32 >3 232 . L >32 >§2
Table 1 m-crobi al <F§f opert> s of 32 >32 >32
7- (Acyl B a@g R 50) cep?elrgs Org%? sm 7 g Cefax. a7 322
8 X dmA 8 2 S. >%ur eus®Broc %13 >3
<0. 06 . 25 125 St e—A 25023
<1 <O. 06 <0. 125 0.12 <0. 06 <0. 015 <0.06 S.
epi der nj di sq.T 43 . 2 <0. 0 :
0.03 — : . \ary 4
8 1 Organisi® S aurCefetaxf (MathR) (lsac+) 4832 46 16 47 >’
8 S.3idreus ATCC 29213 >322S. aus-eds [ ers} c———e amea- 2 aee- 0. 06.....
<0. 125 | S. aftreBATCC 25988 125 0<D6  <0.280. 06035 haaprbyti cbgs[er&d2s  <o.25
>32 . | S.-epidermidisATCC 31432 0.125 <025 - <025 4- &oB5 faeghsim AIEEs 3565725
>32 S.-aureus Col (Meth®)dac) 232 a---- 2 4 4 --r-- E if aecal s
ATCC 29P4.Zureus 76 (Me@R)lac*) 1 >32 4 484 16 2 g 82 16 4
E.coli| f\likeu? CoBAMethS)(lac) 31 <0332 <025 >385 = <338 _<0.2832 g5
>32 S. HuemdlyticAe (MhRYS a ATG@22785316 8-46 3232 16 >323¢ >32
>32 E. fazdidm ATCC 35867 X. nul tyaphi | i agATCC 18637 >32 >32 9 32
>32 E.¥aéalis ATCC 29312 >332Tabl eg1 (conj). Ant4 m croby aI Pr qpert i eg of
7- (Acy| pEicsloATEe bsopy | t hi 0) cepheps Or gggi sm 532 >32  Cef >333 32
14 P. ceriPinosa ATCCRG853 1816 >§§ 5 38 eus AHCC 2 3 >32 gsz
0. 06 X0 n@hovhilia ATEO93637  <G3b <0 <0.25.S aureus ATQC 25923 °
<1 <0. 015 0. U6 0. 03  ----- oo ~ST
epi der M-ci-s-ATCC31432 2 Q.03 006 0.03 <0 5
<0. 25 <0T2b]e als , , ' ‘
_____ 0. YNVt <Y A 1Y, YT, : ) : 10
4 8 — Organism.___ ﬁﬁfﬂh& 495 S. Sreus Bbrr] 52 53 2
0. 06 5. gurpms ATCC 298135 <025 <@-25 ----<0.2508. hae®dl yticds (MethB
>32 S. ayrgus ATCC 25928 16t <0.266 <025 8<0.25 <@25 « -==-s eee-
S. epidermidisATCC 31432 2 <025 <025 <0.25 <025 « --—--- <0.25
S. aureus Col (MethR)(lac") >32 4 2 4 4 4 1
S. aureus 76 (MethR)(lac*) >32 16 . 8 8 16 8 8
S. aureus Col8A(MethS)(lac) 2 0.5 <025  <0.25 0.5 1 <0.25
S. haemolyticus (MethR) >32 2 8 32 16 8 16
E. faecium ATCC 35667 >32 4 4 4 2 8 4
E. faecalis ATCC 29212 >32 4 4 4 4 8
E. coli ATCC 25922 <1 >32 8 >32 >32 1 >32
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 8 >32
LX. maltophilia ATCC 13637 >32 cmeee  memee e
S. aureus ATCC 29213 2
S. aureus ATCC 25923 <1 <0.25 <0.25 <0.25
S. epidermidisATCC 31432 2 <025 <025  <0.25
S. aureus Col (MethR)(lac") >32 4 1 0.5
S. aureus 76 (MethR)(lac*) >32 16 4 2




4

E. faecium ATCC 35667 >32 4 1 2
1 4 E. faecalis ATCC 29212 >32 2 2 2
----- - vy coli ATCC 25922 <1 >32  poTUR03976  >32
>16 gvgfz/zg%s >32 P. aer ugi nosa ATCC 27853 8- 16 >32 >32
>32 . ----- ----- a-e- X. maggophl lia ATCC 13637 >32 >32
>32 >32 ----- ----- .- TE Table 1 (cont). Antim crobial
Properties of 7- (Acyl am do) - 3- (aryl t hi o) cephens WO 95/ 26966
PCT/ US95/ @30,/8:s 3So16X @RRISHIEC) <68 ot ay.25 J<% 25 20 21
22 23 haemolyticul Mémureus AFCC 29813 16 <0.25  <0.25
<0.25 | £0%&Bm AT 0.23,S. augeus ATEC 2592§ Sl
------- 1&: mhs ATCC 2@12 epi der ndqgi SATCfg 31432, 2 <0. 25 <0. 25
<0. 25 Eofa TCC 25652 sP. 25 SQgyaur eggz Col [s8rr] >32
- %?gmosam C 27853 2821;6 >3, >z 13 aureus 76 ferr] o
[err] WX maltophilis ATCL 13637 o232 _ o5 DI S L
<0.25 S. haenol yti cus (MethR) . >32 32 8 32
4 16 8 E. faecium ATCC 35667 >32 2 2
4 Z Z Z £ T aecarl S /-\IU,—ZUAJ.A >6T
<1 >37 >£L€fsmx >37 Z P rug| ngsa
ATCC 278%3. zurews A -- .53.4 52. .m - .?f --- .iiz.? .&S
""" X. | GEhtPRY ﬁs CC 136370 395 o <z - 25 TTX025 <025
“““ S: epidetymig® 14 O“t) At e 5bI aioi%“)peéotz' es Q 0% <o
7- (Acyl a'f"s 3" AT gephessh O gaghsm el otag. p
26 _ gg\)( Ry . regs ATC(% 29213 4¢
0.125 4% ColsAtlh éﬁg)(lac) 7252 225 <025 <Qqod3 S. aereus égc 2?96553
<1 olyti R) ---390 S efl derm i sAT 1432 4
<0. 06 mATéé <0. 22 <095 4 <075 s i eus ol [er g
(>32 . )(I cahs A’I‘ >132 .5 S 2aureus 176
Met hR 4,9
co AT >32 >32
EOISéSaurf,ps. s H 12575 <o>2;54 <§§ 25 Zar0. 25>32
8 16 4 E. faecium ATCC 35667 >32 2 2
1 2 Table-1. Antimicrabisl Pics
Cefotax, 64 69
S. aureus ATCC 29213 2 <025  <0.25 ——- <025 <025  <0.25
S. aureus ATCC 25923 <1 <0.25 <025 <025 <025 <025 <0.25
S. epidermidisATCC 31432 2 <025 <025 <025 <025 <025  <«0.25
S. aureus Col (MethR)(lac") >32 0.5 8 2 4 8 4
S. aureus 76 (MethR)(lac*) >32 4 32 8 16 16 16
S. aureus Col8A(MethS)(lac") 2 <025 <025 <025 <025  <0.25 <0.25
S. haemolyticus (MethR) >32 8 32 8 16 32 32
E. faecium ATCC 35667 >32 0.5 2 1 2 4 2
E. faecalis ATCC 29212 >32 1 1 4 2 4 2
E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 >32
Vi)
S. aureus ATCC 29213 2 <025 <025 <025 <025  <0.25 <0.25
S. aureus ATCC 25923 <1 <0.25 <025 <025 <025 <025  <0.25
S. epidermidisATCC 31432 2 <0.25 <025 <025 <025  <0.25 <0.25
S. aureus Col (MethR)(lac") >32 4 16 4 4 16 8
S. aureus 76 (MethR)(lac*) >32 16 >32 16 16 32 32
S. aureus Col8A(MethS)(lac) 2 <025 <025 <025 <025 <025  <0.25
S. haemolyticus (MethR) >32 32 >32 32 32 >32 >32
E. faecium ATCC 35667 >32 2 2 2 1 2 2
E. faecalis ATCC 29212 >32 0.5 1 1 0.5 1 1




E. coli ATCC 25922 <1 >32 >32 >32 >32
>32 >32 P. aerugi nosa ATCC 27853 8-16  -----
-------------------- X. maltophilia ATCC 13634
----- WO 95/26966 --- Table 1 (cont). Antimcrobial Pr opert [ es ?)%
7- (Acyl ami do) - 3-.(aryl t hi 0) cephens O gani sm Cef ot ax. . o
32 33 34 35 36 S. aureus ATCC 29213
2 - <0. 25 <0. 25 <0.25° ----- ----- a---- S. aureus
ATCC 2pR23 ATCC 25922 1 sk sszot >3r0- 285 <033
<0.25 Fp._a%l% SR j%&?ﬁ“%éw 5322 >320-235 <0, <§§ 2% >3 |
<0. 25" 1 ol Sattets—CoT e —>or g T
1 - 1 2 0.5 2.5 - aureus 76 [efr] _>37
4 4 _ artic Sl
2 <0. 25 ~ " R 0 P e vrwae .
haenol yt i cus_{mxnimn__ >sz:9m. 88 7 1678 8 80 8
8 S. adufeuFATE@R213IMm ATCC 33667 <0.25 <(B% 025 4 0.06 <D.06 1
2 S. aufleus ATCC 25923 E. faecali s AFGES 29240225 >32 -
2 S. epldermidisATCC 31432 col i 2ATCC 262 <025 - <1 -~=--- >32- >3
>32 S. @idélis Col (Methi@ac”) 32 P. &erugi n8sa ATCE 278534 & 16
----- S. aured 76 (MethR)gac*) >3232 X. 8mmitopdd | ia ABCC 13687 8 >32
----- S. aureus -Col8A(MethS)(lac") 2 <0.25 - - -<0.25 Tabk® 1 (@0st). <0.06
Ant i m ¢sokdemblyiue g®etifys of 7>32Acyl asd do) - 33¢ar y| bh2 o) cepbems Orgyani sm
Cef ot a) E. faecium3ATCC 35667 38 >32 40 2 42 42 S. anreus AICC 29213
2 E: faecalis ATCC 29212 - ->32 1 1 4 -1--- S.1aureus
ATCC 2%97ali ATCC 25922 <1 <0. 25 >32<0. 2532 <053% sf2 25 16<0. 25
<0. 25 | p. @fugimosaCATCERYESEI SATCL163143232 232 >39. 25 >32<0. 2532 <0.25
<0. 25 0. 25 <U. 25 S. aureus Col [err] >32 2 4
0.5 yil 1 4. S _alrague 70 frex r;JL . =32 ——
16 4 }ablg 1 2&5@‘@@ '
<0. 25 <O mIom .
>32
35667 S. aureus A§§C 29213 " 4
f aecal il S uresATES 25923 >32<1 <035 <0.25 , <0.25 <é).25 <0.2§ -----
2 E. cqlSi enidepridisATOG 31432 2 <1 <025 55825 <02 <025 53x025 >3-
>32 S. mgeusiCol MethRi(agda ATZR2 27852 8416 4 >32 2 >34 832
>32 S. auggus 76 (Meth 11135*51 mal 2¥bhi | i # ATCC 18637 16 >32 8  __.16. 16- -]
_____ S. aureus Col8A(MethS)(lac") 2 <025 <025 <025 <025 <0.25 1
S. haemolyticus (MethR) >32 16 32 32 8 16 16
E. faecium ATCC 35667 >32 1 4 -2 1 2 2
E. faecalis ATCC 29212 >32 2 1 1 1 4 4
E. coli ATCC 25922 _ <1 >32 >32 >32 >32 >32 2
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 32

89 2
S. aureus ATCC 29213 2 ememe eeeee 0.5 1 --ee- . <0.25
S. aureus ATCC 25923 <1 <0.25 <0.25 <0.25 0.5 <0.25 <0.25
S. epidermidisATCC 31432 2 <025  <0.25 <0.25 <0.25 <0.25 <0.25
S. aureus Col (MethR)(lac”) >32 1 4 2 8 4 2
S. aureus 76 (MethR)(lact) >32 4 16 4 16 16 16
S. aureus Col8A(MethS)(lac") 2 <0.25 <0.25 0.5 1 <0.25 <0.25
S. haemolyticus (MethR) >32 16 16 8 32 >32 8
E. faecium ATCC 35667 >32 1-2 2 4 16 2 16
E. faecalis ATCC 29212 >32 2 4 2 32 1 16
E. coli ATCC 25922 <1 >32 >32 2 4 >32 >32
P. aeruginosa ATCC 27853 8-16 >32 >32 8 16 >32 >32




Table 1 (cont). Antim crobial Properties of
7- (Acyl am do) - 3-(aryl t hi o) cephens O gani sm Cef ot ax.
45 46 47 48 S. aureus ATCC 29213
----- WO 95/26966 _ ----- S. aureus ATEErlygésé 776
<1 <0.25 <0. 25 <0. 25 <0. 25 <0. 25 <0.25 S
epi der m di SATCC 31432 2 <0. 28 <0. 25 <0. 25 <0. 25
<0. 25 <0.25 S. aureus Col [err] >32 4 2 4
1 shureus ATcC Joprs- AUreUs BB leridys 0 >32 4558 g4 4 go.s
16 s rirens ATCC 16 aur %l [ er rd 2 <0. 2
<0.25 ‘Tf.',? ) 7‘%? <0. igaemﬁ i cus:ferr] . 332

. -| SepidermidisATCC 31432 < ----- -—
16 - Rut..n 16 f aeciygm ATCG 35667
- S apreus Col (Mefh™)(lac™) 4>32 4 2
>32 2 . E. faecalis
ATCC 292 aureus 76 Ylact) >32 16 8 Zf

1 eths)(lac‘) 2 <0. 25 <0.25° <025 0.125

4 E. coli q 422 2 5 >32 3 > 16 >32
>32 ”‘?;y ']é‘g fhdsa ATAR27853 336 16 >3p ¢ >3§ $32
>32 ““‘"‘A mal t lia gxsrcc 13637 %432 4 ... 1 ... 4.
-------- ecalis ATC-C- 2212 7apl e ¥ cont F-2Ant | Er obi af Propetties B‘F 1
7- (Acyl a 0‘8 i ATCE 2P th| g)cephe o gaifsm >3 f ot 3% >39 8
50 g;erygmesej Cﬁ'ﬂs 9213 816 >32 5 _>32 >32 532 4 £ 16
0.5 1 <0.25 S. aureus ATCC 25923 <1 <0. 25
<0. 25 U. 25 Z
<0. 25 <0. 25 AgViAIC Ol 59ata 0 9IRS
>32 4 IQQ AF 101 @ aumus 0104
[err] S. aureus ATCC 39213 16 2 0825 <006 8 g25 1@125 0.258 0.5
8 S. aurd g;sau[,gag Atcc 25923 <12 0.5 .. <0.23. <0..25 ..... 0.5_....
1 < idormilieRTOeC eiius (Mt hR) ... >32... .32 e——e 8 . 32
16 58aureus Col M)(l&é‘?ec' UMoATCC 35667 >3Z 14 4 2 4 2
4 2. qureus 76 (M&hR)(lac*') 4 E>32f aecald s ATCg 29212 1832 8 4
4 S3aureus ColSAﬂMeths)(lac') 8 -2z Eo_cQli 25 1%5 0.25 gé
>32 $Shagmolyticus {NfethR) 32>32 16 16 >32 R aeru§ nosa AICC 27853
8-16 >fidbium ATOC 3567 >332 332 4 8 5 >3 X nmejtophilja
ATCC 136j€d‘aeclls CC29212°°°7 >3 CC- .1 TCTTY TTiTT 0 27T o1 T 2
Table 1 crobi al Pri) pert |>%§ of a9 3 32 S 8
7- (Acyl aj d‘g ode® &%@gceph% Og sm >3t ot 3%5 S.
aureus A M‘ 232 232 gﬁ?\rm.%o AI.C\]'f
25923 <1 <0. 25 <0. 25 <0.25 S. epiderm di SATCC 31432
2 <0. 25 <0. 25 <0.25 S. aureus Col [err] >32 4
1 0.5 S. aureus 76 (MethR) (Il ac+) >32 16 4 2




35 S. aureus [err] 2 <0. 25 <0. 25 .<0.25 S.

haenol yticus [err] >32 16 16 4 E. faeci-um ATCC 35667
>32 W@RI5/26966 4 1 E. faecalis ATCC 29212 PETAIS95/03976 16
2 2 E. coli ATCC 25922 o<1 >32 >32 32 P.
aer ugi nosa ATCC 27853 8-16 >33 >32 32 X. maltophilia
ATCC 13637 >32 B Table 1. Antim crobi al
Properties of 7-(Acylam-do)-3-(arylthio)cephens O ganism Cef ot ax.
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. 25923 .| - - JeyeL. Al ALl Ol g R YIANUG SLYLGISERICINS ), 25 S
epi der ifi di SAT(RgRdidM? Zefotax. <01085 6. 25 307<0.2308 <0180 e 29
<0. 25 $5. aerueATCCAR21Ber r | 2 0:252 0.250. 250.25 205 01355 25 4
4 S. akrégs AROECQ582376 [err] <1 >32 4 3 4 16...
16 S. &ideBnidia ATEOS31A3Y 1 | 22 -0 25 eeme- <0. 25 <0.-25 0.5 ...
<0. 25 |S. sfa@ Tob(MéthB)iat-yt i cus3 err] 4 >32 4 4 4 16 4 4-8
>32 S. audéis 76 (MethBRlaE*) f aecs3gm ATCLE 35667 8 1632 g 0.51¢ 4
1 S. dureus ColsA(MéthS)(lac) 1 £. faexsl is AIHC 29338 05 >32 0125 g5
4 S. haemolyticus (MethR) 2532 33 E cgdi ATGZ 25923 2 <1l
32 |EpammATcCa8@7 ~ >3%2 32 4 8 Py aeruggnosa AjCC 27853
8-16 |E. famadd ATCC 29012 >3%2 P32 4 >32g 332 Tablg 1. 5
Ant i m qEodhl AlTCBrasgaar ti es of 7<fAcyl aygado) - 33par yl taho) cepgens Qpgani sy
Cef ot ) P. aenifpfhosa ATCC 20853 886  >32 67 532 683, 9 S. gajeus %
29213 2 <0. 25 <0. 25 . — 0. 25 =02 .
S. aur eue—ATCC-25923 <1 <0 25 <0 25 <0 25 <0 25

<0. 2

Ul

<0. 25 <0. 2%, €A g;,mc' NGYAT)
O. gs:ag‘lg S, FBab?l”lee

<0. 25 < s—Lol—er ] .= o 2
4 g—Qrganisgy o o Qefotpg [cHA] W2 134 - 114 32115 &6
16 S.apgeus ATCC29M35  jyreus? [err]05° 2 s$0.06c0. 26125 <0025  &B5 25 0.5
<0.25 |5 aqrupATCC2¥3355 5 ha&dol ytites (MethR)  ----- >32----- € ----32
8 5. quylermidisATGG 51432~ 37 & f gevium ATOC 35667-  --—-- >32 =eee- 0.-5--
5 S. qureus Col (MethR)(lac')  ~4>32 & E. fdecal i S4ATCC 29212 4 >32
1 S. aureus 76 (MethR)(lact) o >32 16, 16 2 16 16 8 16

S. aureus Col8A(MethS)(lac") 2 0.25 <006 0125 0125 0.25 0.125

S. haemolyticus (MethR) >32 32 32 >32 32 - 32 16

E. faecium ATCC 35667 >32 4 4 4 2 8 2

E. faecalis ATCC 29212 >32 4 4 1 1 4 2

E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32

P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 >32

S. aureus ATCC 29213 2 0.25 0.25 0.125 0.25 0.5 gizs
S. aureus ATCC 25923 €1l seeme emmee eee ceees emmee e
S. epidermidisATCC 31432 - T USU UL
S. aureus Col (MethR)(lac") >32 8 4 2 8 4 4
S. aureus 76 (MethR)(lac*) >32 16 8 8 16 8 8
S. aureus Col8A(MethS)(lac") 2 0.125 0.125 0.06 0.25 0.5 0.25
S. haemolyticus (MethR)- >32 32 2 16 32 16 16
E. faecium ATCC 35667 >32 1 4 1 8 2 4

.| E. faecalis ATCC 29212 >32 2 4 1 4 0.5-1 4
E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 >32




E. coli ATCC 25922 <1 >32 >32 >32 >32
>32 >32 P. aerugi nosa ATCC 27853 8-16 . >32 >32 >32
>32 >32 Table 1. Antimicrobial Properties of permsesnisie
7 (Acyl am ﬁ 5? ?ar yI t hi o) cephens Organi sm Cef ot ax. 70 71
75 S. aureg; ATCC 29213 2 <0. 25
<0. 25 <0. 25 <0. 25 <0. 25 5 S. aureus ATCC 25923 <1
<0. 25 <0. 25 <0. 25 <0. 25 <0. 25 <0.25 S. epiderm di SATCC 31432
2 <0. 25 <0. 25 <0. 25 <0. 25 <0, 25 <0.25 S. aureus Col
[err] - >32 7 —16 A 7 6
S. aureug . 2 Antimicrobisl Properties Acylamid 2 io)cephieins
32 . 'S'Z—S.' ISl ©T T ] 0 o 0.
<0. 25 T aTotbeds S, h éﬁ&l"fh Ci [err@s 32 0%5 325%%6
32 ZZmus ATCC I 51 faeci.um ATCL, 35660~ 332 ..
2 2 E. faecalis ATCC 29212 >32
epidermidisATCC 31432 ¢ _2 = S-== @ U2 10 L0 SRAsS P
0.5 1 reus Col R)(lac) 5>32 g 1 86 E el i ATCC 2592%
<1 .J gre R)(lac >32 >32 16>32 >3g6P aergugi nos
ATCC 27833 2o g%‘ ég 5532 e >335 ¢32 532 Z%%
Tabl e 1. n aemo@{l |( op ti of ?3 Acyl afyl do) - Q (aryl’ tlﬁ? 0) cep_%_errs o
Organi sm TCC pt ax %26 2 79 80 §
aur eus Al vl <0. 25 .25 0.25 0.06
<0.06 s. |GuPEEE 2%623 <. 25 °25o 25t L
---------- Tgc 31%@2 > 220 B2 <QFs 22
_____ P. aeruginosa 835 i , @ e >3 >32 o5 g >32
4 4 2 S. aur eus 76 Lerr] >32 8 32
16 8 f .ayreus Jerr <0. 25 <0. 25
0. 25 0. 06_Tabled crobia ic
>32 >32 Cefotax aecizam ATGah 3566131 132>32 133 234
2 8. aureus ATCC 29213 E.2 faecsb.o06 ATEX252921 06 01282 0125 10125
1 S4aureus ATCC 25923 E<icol i -AFCC 25922 ___.. S [ >32.._.
>32 BlepidermidisATSC 31432 |16 P. aerunosa AILC 27853 ... 8-16---- 232
>32 B3gureus Col (MafR)(lac’) I32>3Babl e B. Antigicrobiql Properties2-ef 2
7- (Acyl arsdfuyeus 74 austhRyla)cephesg Orgasi sm 4 4 Cef ot 3%. 8% 8
S. &@eus Cols¥{MethS)(lac)$5 2 <666 S. auseus HeC 29%IB3  0.125 8.125
----- S: haemolyticus -(MethR) >32 .25 4 1 3 >32 16 16
E. faecium ATCC 35667 >32 —— 05 1 4 1 1
E. faecalis ATCC 29212 >32 0.25 0.25 0.5 4 1 0.5
E. coli ATCC 25922 <1 2 >32 >32 >32 >32 >32
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 >32
S. aureus ATCC 29213 2 0.125 0.125 0.125
S. aureus ATCC 25923 3 B T
S. epidermidisATCC 31432 2 meeee eemee e
S. aureus Col (MethR)(lac") >32 8 2 2
S. aureus 76 (MethR)(lac*) >32 16 4 4
S. aureus Col8A(MethS)(lac") 2 <0.06  ----- 0.06
S. haemolyticus (MethR) >32 32 4 16
E. faecium ATCC 35667 >32 2-4 1 0.25
E. faecalis ATCC 29212 >32 2-4 0.5 0.5
E. coli ATCC 25922 <1 >32 >32 4
P. aeruginosa ATCC 27853 8-16 >32 >32 >32
5
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S. aureus ATCC 25923 <1 <0. 25 <0. 25 <0. 25 <0. 25

<0.25  ----- S. epiderm di SATCC 31432 2 <0. 25 <0. 25
<0. 25 vgo%? 0 25 S. aureus Col [err] >32 2 4
4 12666 : 8 S. aureus 76 (MethR)(lac+) pePBsesners 24
16 ' 8 ’ 16 16 S. aureus [err] 2 -
<0. 25 <o 25 - <0.25  <0.25  <Q4®5 1 S. haenol yticus (MethR)
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123~ ég Rodophenilth
<0.25 S. aureus A opherylthig) -3
0.5 <0. 25 I%"%g é °d‘é(r1l’n°d|a§A1iCC 31432 = 2+~ <0.25 .
<0.25 Cmpd23  (R) ZE-I(PhﬂlﬂfacetyiOa&EnS] ngQEUéth{o}LlSéé}lt}& A 76

Fgfr] 1 3 dephem-4-caZboxylic, & 1@cid 4 16 16

16 S. auFBRe ferrf (78)-7- HPhenylzncetyl)amam 3- «a-Bﬁomophe&yﬁhm) 3.1
<0.2  <0.25 S. cémﬁmiwam xVeENBLyg  >32 16 16 8
32 ci um ATCC. 35667 >32 1-2 2
4 Gfgd s (7 5- E&%T@Y@acﬁééf&éﬁmsnﬂc@- p9sLomophenyithio) -3~ 2

4 2 cemdiem-4-carbbxylic at84E. coli ATCC 25922 - <1

>32 crsd 6 7 - 4 >32, >32 P. aerugi nosa ATCC 27853
8- 16 230 @32"27 [ {Phenydacetyl)afno] -3~ {aiodophenydz tiabi-a -1.
Ani i crobi al Pr oftRheds 4gtarbearyianadd@- 3- (aryl t hi o) cephens Organi sm

Cef dtSax.Cmpd 9B (7R)-7-[ (Phenylacet 3 ureus ATCC 29213
2 <0. 25 nyiagecyl) i’zﬂ 3= Z%ﬁtﬂ?“fura@yﬁ-'é aur eus

ATCC 25923 thm"f‘cephe%‘lzsarbmadlza aci&(0. 25 « -----  ----
----- S.Cwpsd c?ermm@Avemtrhéaglacetylﬁamlno1-§D¢42_§, phes¥12Rip)-50 25 S
aur eus Col [err] ceph %ZJ( 7 2 8

2 2 S aur Busn7a~FREPS ’r%c-arild. >32 8 16 8
16 CmBF (7R)87s[(aheausa{:ety;)ammoj 3- (2-bipRenyltni®)23-  <0.25
<0. 28 0.5 cepleh?Z-carbéiyIfc acid |

Cmpd 10 (7R)-7- [(Phenylacetyl)amlno] 3-(3-biphenylthioc)-3-
cephem-4- ~-carboxylic acid
Cmpd 11 (7R)-7- [(Phenylacetyl)amzno]-3-(2—bromo-4-
biphenylthio)f3—cephem-4-carboxylic acid
25 Cmpd 12 (7R)-7-[(Phenylacetyl)amino]-3-(4-
biphenylmethylthio)-~3~ cephem44'carboxylic  acid
Cmpd 13 (7R)-7- [(Phenylacetyl)amzno] 3-(2~ f1uoro-4-
biphenylthio)-3- -cephem-4-carboxylic acid
Cmpd 14 (7R)-7- [ (Phenylacetyl)amino]-3- (4-bromo-2-
30 biphenylthio)-3-cephem-4-carboxylic acid
Cmpd 15 (7R)-7-[(Phenylacetyl)amino]-3-(o¥chlorophenylthio)-
3~cephem-4-carboxylic acid .
Cmpd 16 (7R)-7-[(Phenylacetyl)amino]-3-(2,5-
dichlorophenylthio)-34cephem-4-carboxylic écid
35 Cmpd 17 (7R)-7-[(Cyanoacetyl)amino]-3-(o-iodophenylthio)-3—
| cephem-4-carboxylic acid
Cmpd 18  (7R)-7-[(Phenylacetyl)amino]-3-(3,4-
dichlorophenylthio)-3-cephem-4-carboxylic acid



S. haenol yticus [err] >32 8 >32 16 16

8 8 E. faecium ATCC 35667 >32 0.5 2 4
4 4 E. faecalis ATCC 29212 >32 1
4 Joosneses % 1B ool ATCe 250200 o wcTRsghams o
>32 >32 - >32 >32 8 P. aerugi nosa ATCC 27853

8- 16 >32 >32 >32 4137 >32 16 Table 1.
Antim crobial Properties of 7-(Acylam do)-3-(arylthio)cephens O ganism
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16. Cégd 22 "’g’z 7-112) 2~ ‘a‘“m“hé“gl faeﬂtu .AgggcgilSPS?Ach 2921;32
>32 1 {hydroxyvimino)hcetanido?-3- (o-ioddphenylthid® B- coli ATCC

25922 < A2 — >32 32 >32
8 P. aerugi nosa Aﬁfé%%é:% ca%oxgl 18 ada >32 >32 >32 >32
>32 10 Cmpd 23 WO BR) Thabl Phenvimcietvdr spinb]l PRoperf4es of
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aur eus ATCC 20213 Y % Mgﬁ of Stcep em25carg%fx9‘t1§ aci

0.125 Cppd52g, éﬁ?’eu’é‘h%%@??tﬂ)amml 3q€2,3- ... ...
----- S. epi der m dasTExopdehzr1thio) - 32cephem—4-carboxylic~acid
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16 15 8 3-gephem-4-cagbsxyviic easiflerr] 2 0.25
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>32 _ >16 E. faecium
ATCC 35667 dighgborophenyjithio) -3-cgphem-4~-cagboxylic agid 4

2 E. faecehps Q\TCC(iﬁQl'i-[(phenyla&%yl)amn&] 3-(2-(24 8 16
4 2 E CO'% (¥%hen§¥%hlo) 3-cephem-2lcarboxyf§£ acid >32 >32

4 >32
20 Cmpd 28 (7R)-7-[(Phenylacetyl)amino]l-3-(2,4-

dichlorophenylthioc)-3-cephem-4-carboxylic acid
Cmpd 29 (7R)-7-[(p-Methoxyphenylacetyl)amino]-3-(o-
iodophenylthio)—3—c§phem-4-carboxy1ic acid
Cmpd 30 (7R)-7-[{(p-Chlorophenoxyacetyl)amino}l-3-(o-
25 iodophenylthio)-3-cephem-4-carboxylic acid
Cmpd 31 (7R)-7-[(p-Chlorophenoxyacetyl)amino]-3-(2,5-
dichlorophenylthio)-3-cephem-4-carboxylic acid
Cmpd 32 (7R)-7~[{(p-Methoxyphenylacetyl)amino}-3-(2,5-
dichlorophenylthio)~-3-cephem-4-carboxylic acid
30 Cmpd 33 (7R)-7-[{Phenylacetyl)aminol-3-(2-bromo-5-
fluorophenylthio)~-3-cephem-4-carboxylic acid
Cmpd 34 (7R)-7-{(Cyanocacetyl)amino]-3-(2-biphenylthio)-3-
cephem-4-carboxylic acid
Cmpd 35 (7R)-7-[{Phenylthiocacetyl)amino}-3-(2,5-
35 dichlorophenylthio)-3-cephem-4-carboxylic acid
Cmpd 36 (7R)-7-[(Phenylacetyl)amino]-B—(Z-Vinylphenylthiq)-B-

cephem-4-carboxylic acid
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7- (Acyl awp d§36966 (ar yl t hi o) cephens Organi sm : Cef mBES95/03976111

112 - 113 - 114 - 115 - 116 S. aureus ATCC 29213

2 0.5 [err] 0.125 a0. 25 0.25 0.25 S. aureus
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216 . - 16 § 16 S._aureus [err]. -2 T
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16 fae AT 3 4 4 2
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Cmpd 46 (7R)-7-[(Phenylacetyl)amino]-3-(2—tert-.
butylphenyithio)-3-cephem-4-carboxylic-acid
Crpd 47 (7R)47-[(Phenylacetyl)amino]-3-(2-iso-
25 : propyloxyphenyl;hio)-3—cephem—4—carboxylic acid
Cmpd 48 (7R)-7-[(Phenylacetyl)amino]-3-(2-(3-(N-
methylimidazbliummethyl)furan-Z-yl)phenylthio)-3—
cephem-d-cérbdxylic acid .
Cmpd 49 (7R)-7-[(Phenyiacetyl)amino]—3-(4-cyano-2—
30 nitroﬁhenylthio)-34cephem-4-c§rboxyli¢ acid
Cmpd 50 (7R)-7-[(Phenylacetyl)amino]-3-(2-formylphenylthio)-
3-cephem-4- carboxyllc ac1d |
Cmpd 51 (7R)-7- [(Phenylacetyl)amlno} -3-(2, 4-
dicyanophenylthio)~3-cephem~4-carboxylic acid
35 cCcmpd 52 (7R)-7-[(Cyancacetyl)amino]-3-(2-cyanophenylthio)-3-
cepheﬁ-4-carboxylic acid
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8 %gzgﬁfeus [err] 2 [err] PCBBSQEQ”“
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>32 >32 >32 >32 P. aerugi nosa ATCC
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0.1255 0.125 3-dephem-3-canbexsliXTCE-2E8923
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32 copd 56 (78 -9~ [a(wmeus}vlbeétirl)ammol 3-(5,6,%,8- [err] 0. 25
[err] 0. 25 5 5 _ t r

16 4 tegzra%iydronggf%%alén 511 Sf@h%i Céljé: e[l?%%'daemcarbﬂfélg%m
>32 10 ----- aciyis 1 4 1 E faecalis
éTgCE?gzlﬁmpith:zgﬁg ~7- [(PH%n%@acetyQ)gélno] % F&jkromo-ndﬁhthalegézl

>32 >32 Yl"i@?)P.3‘56P95Fn6’5%5m12-7"85%°1d 8- 16 >32

>]£%27 (A aagal dsz)z 3('?18)2-7' [h(pheh§2acety1)aﬁ2n3'abjem.. Ant i gﬂ(c:robi al SPopert i es
0 cyl am do t hi 0),ce ot ax aur eus
ATCC 29213 - ouro W‘%‘?gg‘sloﬁ 3L9asPhenyirhing ‘§ SSRPEIS AATOR 25993
<l 15 ----- ecarboxySicepmicddr m di s ATCC 31432 2 -----
----- S. usq Co erd ] > ‘ B T 2.2 S
aureus 76 dé‘?r? h&) 7 [gﬁnylacuyﬁmlnol ¥ (4 (2 ml?'aéo%ll}reus [err]

2 [err] -Ylthlometlu’l()ﬁzsloﬁa@hﬁnyi-Fbu%"[%'rcrﬂphem-‘l cagpoxylic 32

4 16 E. faegiiyn ATCC 35667 - >32 2-4 1 0. 25
E. faecalis ATCC 29212 % 2- 0.5 0.5 E. coli
ATCC 2592%mpd 60 (7R} -7l (Pheny 9§2t¥1>a"‘19‘3b‘3 (4={Ny p  gerutnosa ATCC
278520 8-16 amidixd) isothiomIBniummeBPl-2-iodophenylthio)-3-

cephem-4-carboxylate, inner salt
Cmpd 61 (7R)-7-[{Phenylacetyl)amino]-3-(4-(N-
morpholinoethyl)isothiocuroniummethyl-2-
iodophenylthio) -3-cephem-4-carboxylate, inner salt
25 Cmpd 62 (7R)-7-[(Phenylacetyl)aminol-3-(4-
tetramethylisothiouroniummethyl-2-iodophenylthio)-3-
cephem-4-carboxylate, inner salt
Cmpd 63 (7R)-7-[{(Phenylacetyl)amino]-3-(4-
isothiouroniummethylphenylthio)-3~cephem-4-
30 carboxylate, inner salt
Cmpd 64 (7R)-7-[{Phenylacetyl)amino]-3- ({2~
isothiouroniummethylphenylthio)~3-cephem-4-
carboxylate, inner salt
Cmpd 65 {7R)-7-[{(Phenylacetyl)amino]-3-(4-(1,2,4-triazol-5-
35 ylithiomethyliphenylthio)-3-cephem-4-carboxylic acid
Cmpd 56 (7R} -7-[{Cyanocacetyl)amino]-3-~{4~
isothiouroniummethyl—z-iodophenylthio)-3—cephem-4-

carboxylate, inner salt



5 40 Cef ot axi me( 7R) - 3- Acet oxynet hyl -7-[ (Z) - 2- (am not hi azol - 4-yl ) - 2-

(met hoxyi m no) acet am dol - 3-cephem 4-carboxylic acid. Crpd 1

(7R)-7-[ (Phenyl acetyl ) am no] - 3- (p-fl uorophenyl t hi 0)- 3-cephem 4-carboxylic
acid 5 WQW2966 (7R)-7- [(Phenyl acet yl ) ami no] - 3- (mIOdOphE PR3P763.
cephem 4- car boxylic acid Chpd 3 _ _
(7R) - 7-[ ( Phenyl acetyl ) am no] - 3- ( p- chkér ophenyl t hi 0) - 3-cephem 4-carboxylic
acid Cmpd 4 (7R)-7-[ (Phenyl acetyl ) ami no] - 3- (0o-bromophenyl t hi 0) - 3- 10

cephem 4-car I '
(Pﬁenyl gﬂ‘@?y??g)rfn(?\g] a.g tjb}%g) cﬁtﬁz)%ﬁ 89132~ {&phbrd 42 c%xf’boxy]l ic acid Cn'pd
6 (7R -7- [(Phenytlaman)ydnmh@pyztpeoioamtqnqa)n@xyhc acid .
Cephe”}émsarQ@XYRﬁﬁ)3$lﬁ(ﬂﬁ§nyﬁaﬂaiyi)am1no] -3- (2 (2 1m1dazolzn—4 -on-

7TR) -7 h I f yl - 3-
.§3 lephgg}4eggrgg§§ §#qﬁ§d&> beﬁ%%lgsan cephem—4 garboxyllc
(7R)57-[ (Phenyl ageti&l ) am no] - 3- (4- bi phenyl t hi 0) - 3- cephem 4-carboxylic acid

Cmpd 9 gn %’éR%?gxyl gﬁpeg‘yh%%‘h)f%mtr}q]) a%lg%]bbgragnyl thio)-3- 20

cephem i C’acl

(7R) - 7- [ ( Pheny| atetyapertivilsatiiduriopiumpethydphenytebehr I-caphroxy| i ¢ aci d
Cmpd 11 (7R)-7-(F, (‘aq._teyl )lqmet}o]s 5(2 br ono- 4-

bi phenyl t hi o) - 3- ce em 4-carb | C _acl

(7R) - 7. CHPRer§] addRyt) nhi FRABIARGREYL) amino] -3- (25 B pyriain-a-
blpﬁ@”Y'nEthy|thy@)tﬁ:&ﬁﬁﬁﬁymﬁﬁﬁﬁﬁﬂthbDC3aﬁéﬁhéﬁﬂKLéH¥boxyllc acid
(75 o e 25y ) o Bl S M 3 ) v meeyrcocrazon-s-
(7TR) - 7- [(Phenylawébyh;emetthkaéhMihb¢9423 8éphem-4-carboxylic acid
bi phenyldpfiis0)»3- ¢9RNEH: 1 FRLAPKM d &1 Al i%ho] -3- (2- (2-imidazolin-2-
yl)thiomethyl)phenylthio)-3-¢ephem-4-carboxylic acid
15 Cmpd 73 (7R)-7-1(Phenylacetyl)amino]-3-(2-(N-methylpyridin-4-
ium)thiomethyl)phenylthio)-3eCephem-4—carboxylate,
inner salt .
Cmpd 74 (7R)-7-1(Phenylacetyl)amino]-3-(2-N,N'-
diethylisothiouroniummethylphenylthio)-3-cephem-4-
20 carboxylate, inner salt
Cmpd 75 (7R)-7-{(Phenylacetyl)amino]-3-(2-(pyrimidine-2-
vl)thiomethyl)phenylthio)-3~-cephem-4~-carboxylic acid
Cmpd 76 (7R)-7-[(Phenylacetyl)amino]-3-(2-N-
methylisothiouroniummethylphenylthio)—3;cephem-4-
25 carboxylate, inner salt .
Cmpd 77 (7R)-7-[(Phenylacetyl)amino]-3-(2-(2-methyl-1,3,4-
' thiadi;zol-s-yl)thiomethyl)phenylthio)-3¥cephem-4-
carboxylic acid '
Cmpd 78 (7R)-7-[(Phenylacetyl)amino]-3-(2-N-
30 acetylamidinothiomethylphenylthio)-3-cephem-4-
carboxylic acid
cmpd 79 (7R)-7-[(Phenylacetyl)amino]-3-(2-N- |
cyclopropylisothiouroniummethylphenylthio) -3~cephem-
4-carboxylate, inner salt
35 Cmpd 80 (7R)-7-[(Phenylacetyl)amino]-3-(3-
isothiouroniummethylphenylthio)43-cephem—4—
" carboxylate, inner salt



Cmpd 15 (7R)-7-[ (Phenyl acetyl)am no] - 3-(0-chl orophenylthio)-

3-cephem 4-carboxylic acid Cmpd 16 (7R)-7-[(Phenyl acetyl)am no]-3-(2,5-
di chl or ophg@a\shEiep) - 3- cephem 4-carboxylic acid 35 Cnpd 17pcTnUs9sn39rs
(7R)-7-[ (Cyanoacet yl ) am no] - 3- (o-i odophenyl t hi 0) - 3- cephem 4-carboxylic
acid. Cmpd 18 (7R -7-[(Phenyl acetyl) ?gno] 3-(3,4-

di chl or ophenyl t hi 0) - 3- cephem 4- car boxyl1c acid 41 Cmpd 19

(7R)-7-[ (Phenyl acetyl ) am no] - 3- (o-

car borret hawg@heny| ¢ Ti)o)7-3- (Faenyiadet xi bamiho - el 2-irpdy Ry ridin-3-

(7R)- 71 (2 Thi eny| scctod) acaghd- oz EaRhenyb L4 0

i ng eghﬁn Pﬁeé?fgggetW’)aﬁclln‘(ﬂhesxy(lepﬁéﬁibmmﬁw31(2 umq;)yl—n-

- 3- cephem4 car bowé&w ICid@md -22mthiB) = 3= Eéglen- {-dd YA 1AQ - 4-yI ) - 2-

(hydr énnglr;g)s g,;r}‘nf)((j_gh ﬁ )ggﬁixlﬁ%gég%’zilﬁf heennl}4l\$ar boxylic acid

%%]ogh[e?yl ) phEnyIbén?}ﬂfpmdgmaﬁhoﬁfi-cel;a;herdiﬁ]'qni-:)&éwlate :
ykacetyty am ¥l hefll $8cOLPPNGIYAS U £ (2-

- 3- ceph 2

(7R§: eg F?}z Tﬁ?rengr%h%fmarfm%]-%vééhmhobmﬁhqmﬂc)@rbsxyhc acid

3-cephem dmpar b@xytm)amﬂ(cgm%a%@tyﬁj%uﬁoﬁ(i-ﬁuﬁmﬁﬁpﬁﬁwﬁmm] 3-(2,5-
di chl or ophenyl t hi 3%3 ce em4 car box lic acid d 27

(7R) ¥ [ (Phenyl ac T"@ heg-grca tooxyfic “aci
furyl) pheaypd hge) - Bm)e-phemm-d&r(lam;ubn:hzazbn 20y1 Gpd 28

(7R) - 7-[ (Phenyl ace gfmengzly&px&%gno?aghl:gﬁ ?Df}/-l If'-lpq'lenylpyridin-3—

- 3-cephem 4-car boxy
(7R) - 7- [ ( p- Met hoxyypherid adetcpPhanr Aofagbgxylic acid
| odophenykf b 037 3- eeRNe A s aklet G13#6h9no] -3~ (1-N-phenylpyrazol-5-

15 vlthio)-3-cephem-4~carboxylic acid
Cmpd 88 (7R)-7-[(Cyanocacetyl)amino]-3-{(1-N-phenylpyrazol-5-
yvlthio)-3-cephem-4-carboxylic acid
Cmpd 89 {(7R)-7-[{{2Z)-2-{aminothiazol-4-yl)-2-
(cyclopentyloxyimino)acetamido] -3~ (1-N-phenylpyrazol-
20 5-ylthio)-3-cephem-4-carboxylic acid
Cmpd 90 (7R}-7-{(2)-2-(aminothiazol-4-yl)-2-(2-
" £luorocethyloxyimino)acetamido] -3-{(1-N-phenylpyrazol-
S-ylthio)-3-cephem-4-~carboxylic acid
Cmpd 91 (7R)-7-[{Phenylacetyl}amino}-3-(l1-N-phenyl-1,2,3-
25 triazol-5-ylthio)-3-cephem-4-carboxylic acid
Cmpd 92 (7R)-7-{[(Phenylacetyl)amino]-3-(2-amino~-4-phenyl-
thiazol-5-ylthio)-3-cephem-4-carboxylic acid
Cmpd 93 (7R)-7-[(Phenylacetyl}amino}-3-(4-phenyl-1,2,3-
thiadiazol-5~ylthioc)-3-cephem-4-carboxylic acid
30 Cmpd 94 (7R)-7-{(Phenylacetyl)amino]-3-(1-N-phenyltetrazol-5-
vlthio}-3-cephem-4-carboxylic acid
Crpd 95 (7R)-7-{(Phenylacetyl)aminol-3-(2-oxazol-5-
viphenylthio)-3-cephem-4-carboxylic acid
Cnnpd 96 (7R)-7-[({2-aminomethylphenyl)acetyl}amino]-3-(1-N-
35 phenylpyrazol-5-ylthio)-3-cephem-4-carboxylic acid
Cmpd 97 (7R)-7-(((4-isothiouroniummethylphenyl)acetyl)amino]-
3-(2-isothiouroniummethylphenylthio)}-3-cephem-4-

carboxylate, trifluorocacetic acid salt



Cmpd 30 (7R) -7-[ (p-Chlorophenoxyacetyl)am no]-3-(0o- 25

| odophenyl t hi 0) - 3- cephem 4- car boxylic acid Crpd 31

(7R)-7-[ (p- Chl or ophenoxyacet yl ) am no] - 3- (2, 5-

di chl or oN¥RP8/2696fi o) - 3- cephem 4- carboxylic acid Cnrpd 32  PCT/USIS03976
(7R) - 7-[ (p- Met hoxyphenyl acet yl ) am no] - 3- (2, 5- di chl orophenylthl 0)

- 3-cephem 4-carboxylic acid 30 Cnpd4%3

(7R) - 7- [(Phenyl acetyl)am no] 3-(2- brono-5-

fluorop | 0) o b G d34

(Cyanoace ;ggm 7%) ?Q ﬁiyla?@ﬂ%% j%%éL(i:!ﬁf)"hemA‘fzgér o%? % $37d Cn'pd 35
(7R) - 7- [(Phenyltﬁﬂgaceeyhybmxwmq1ﬁpquq;amﬂﬁol -3-(1- N-phenylpyrazol- L
-di chl orophenyl t-hisa 1§n§@phfre Javeskbexyeld J0Tad 36 o |
(7TR)-7- [(Phen I ace kam no] - Vi nyI phenyl t hi o) - 3- cephem4 carboxylic
acid “®do#3d 3 7 rivitt ¥Rhab) adetyl) aminod 23

thieayl)phenylthuebt31eaﬁbﬁﬂaﬂméxﬁﬁxpnénylﬁhmod-@nadpaﬁm-4 -carboxylic
(7R -7-[ (Phenyl acet ¥l ) ani noj 2-

hydr oxynet hyl pheﬁﬁﬁéhl 3528t ¢ Sa%em4 carboxylic acid 5 Cnpd 39.

(7TR) - 7- [C(nEIderis,DIOadéRyl-YarwﬁbfnSBli(Qewl)am:mo] -3-(2-(2-

di br onophenyl t hi %o%hese?sm&npéfwérﬁrm&)Qin%e%%em(.ZR) -
(Phenyl acetyl )am n

trifluoromethyl pﬁéﬁl}’P{‘}ﬂ%‘}eG reren®etar boxylic acid Cnpd 41
cephem 4- Gar boxyl & gt 4 G 2 T g 5 A ae Azl oy )2
((:ﬁed(ra(r;r(yi (r:naFlo?gzéfgﬁ$&8Pr%?%?ﬁ%ﬁﬁwlb3m§)C@ﬁ'ﬁ: R 8ar boxyl |>/c acid |
Cmpd 43 (7R) 7 B:@Ebenylai:,e.t yt¥rofiunrjoadetic( 2cid- s]aﬂ.t _ _
et hoxy gy gg LSO e e b L o1 o
thio)-3-cephem-4 carboxyl:.c acid
15 Cmpd 103 (7R)-7-{(Phenylacetyl)amino]-3- (2~ (pyrazol 1-
" yl)pyridin-3-ylthio)-3- cephem-4 carboxyl:.c acid
Cmpd 104 (7R)-7-[(2)-2-(aminothiazol-4-yl)-2-(3-
pentyloxyimino)acetamido] -3_— {1-N-phenylpyrazol-5-
ylthio)—3-cephem;4-carboxy1ic- acid
20 Cmpd 105 (7R)-7-[(Phenylacetyl)amiho]-3-(l-N-(pyfidin-z-
vl)pyrazol-5-ylthio)-3-cephem-4-carboxylic acid
Cmpd 106 (7R)-7-[ (methylthiocacetyl)amino]-3-(1-N-
phenylpyrazol-s-'ylthio)-3-céphem-4—carboxy1ic acid
Cmpd 107 (7R)-7-[(cyclopropylacetyl)amino]=~-3-(1-N- '
25 | phenylpyrazol-5-ylthio)-3-cephem-4-carboxylic acid
Cmpd 108 (7R)-7-[(Z)-2-(2-aminothiazol-4-yl)-2-
' (cyclopropylmethyloxyimino)acetamido]-3-(1-N-
phenylpy:azol-s-ylthio)-3—cephem-4-carboxylic acid
Cmpd 109 (7R)-7-[(hexanoyl)amino]-3—'(1-N-pﬁeny1pyrazol-5-
30 ylthio) -3-cephem-4-carboxylic acid
Cmpd 110 (7R)-7-[(4-pyridylthicacetyl)amino)-3-(1-N-
phenylpyrazol-5-ylthio) -'3-éephem-4-carboxy1ic acid
Cmpd 111 ('7R)-7-[(2-furylacetyl)amino]—3-(1-N’-phehy1pyrazol-5-
ylthio) -3-cephem-4-carboxylic acid .
35 cmpd 112 (7R)-7-[(phenyloxyacetyl)amino]-3-(1-N-phenylpyrazol-
5-y1t:hio)-3-¢ephem—4-carbbxy1ic acid -



met hyl t hi ophenyl t hi 0) -3-cephem 4-carboxylic acid Crpd 45

(7R -7-[ (Phenyl acetyl)am no] -3-(2-(2-(N 20 _

met hyl i m dga@khsygget hyl )t hi en-5-yl ) phenyl t hi 0) - 3- cephem 4-perrososyss® aci d
Cnpd 46 (7R)-7-[(Phenyl acetyl)am no]-3-(2-tert-

but yl phenyl t hi 0) - 3- cephem 4- car boxyl i 047310| d Cmpd 47 _
(7R)-7-[ (Phenyl acetyl ) am no] - 3- ( 2-i so- pr opyl oxyphenyl t hi 0)

- 3- cephem 4- car boxyl i ¢ acid Crpd 48

(7TR) - 7- [((E}Iﬁ;emyimemﬂ))-afmmo]neayq.ae(esyl Namino}-3-(1-N-(3-

met hyl i m dazoliu h %_l;ne - I C aC| d
Chpd 49 (7R)-7- P(I: eny ac %gér%%g 9 %tglﬂé&y)))an% 2- m%aQQEQ%XE

“ni trophenyl t hi o) - ?Qﬂ@phem4 car boxylic ‘acid Cmpd 50

(7R - 7- [(Eﬁwyimecw»@m{rz@heayiac&@{zm/ér@rwyiihe1091\:» @-cephem 4-car boxylic

3?1:3a pﬂeﬁ)lll tﬁrgm%ﬁ" é?fﬁ%‘r’%‘lgg %6%3{“5 Jé’c%a{és'%@ﬁyawgy‘l -carboxylic

(7R) - 7-[ (Cyanoacetadidam no] 3- (2-cyanophenyl t hi 0) - 3- cephem 4-carboxylic

aci d %ﬂ‘i’l??’w Bk 2[-314%:}% %gﬂ}ﬂ?&%éﬁﬁ)aﬁnéﬂ&] A (1-8-

(cycl open yl m ho)'aceta
cyanophenyl t hi 0) - Phepierrazedr Boxdthio ld wwephem-44carboxylic acid

(7R -7-[ (Emyi@@ef—m»m [rtql-tﬁlé&gmaeéwﬁi &hYdd i) (1 N-phenylpyrazol-

3- cephem4 carboxylic acid

(7R) LE-[ (Phenyl acet WHHHCAGP- Se?lze’s‘ﬁ'%%‘l’élf acid

di net hyl bemgaf nrane77n)y47)—[3(mnbeacétgarbmxyd>]es ecind @Qwpd 56

(7R)-7-[ (Phenyl aCGtJJ%o%J“ nQl; 61; g?:rgz L5vLebio) A qephgm-4-carboxylic, |

t et r ahydr onapht hal en- Yearp
Cmpd 57 (7R)-7- [(Myl apetyl ) am no] 3 (1 br ono- napht hal en-2- ylthi o)
'3'Cephen&ﬂp&aii%”%Hﬁfl7ﬂm(@-methyl—l,3,4-thiadiazol—5-

15 vlthic)acetyl)amino]-3-(1-N-phenylpyrazol-5-ylthio) -

3-cephem-4-carboxylic acid
Cmpd 119 (7R)-7-[ (phenylthicacetyl)amino]l-3-(1-N-
phenylpyrazol-5-ylthio)-3-cephem-4-carboxylic acid
Cmpd 120 (7R)-7-[{2-amino-1,3,4-thiadiazol-5-
20 vlthio)acetyl)amino]~3-{1-N-phenylpyrazol-5-ylthio)-
3-cephem~4-carboxylic acid
Cmpd 121 (7R)-7-[2-(2-furyl)-2-{(hydroxyimino)acetamido]-3-{1-
N-phenylpyrazol-5-ylthio}-3-cephem-4~carboxylic acid
Crpd 122 (7R)-7-[{cyanomethylthiocacetyl)amino]-3-{1-N-
25 phenylpyrazol-5-ylthioc)~3-cephem-4-carboxylic acid
Cmpd 123 (7R)-7-[{Phenylacetyl)amino]l-3-{1-N-(4- .
fluorophenyl)pyrézol-s—ylthio)-3—cephem—4-carboxy1ic
acid '
Cmpd 124 (7R)-7-[({4-aminomethylphenyl)acetyl)amino]-3-(2-
30 isothiouroniummethylphenylthio)-3-cephem-4-
carboxyiate, trifluoroacetic acid salt
Cmpd 125 (7R}-7-[((N,N’'-
diisopropylisothiouronium)acetyl)amino]-3-(2-
isothiouroniummethylphenylthio)-3-cephem-4-
35 carboxylate, trifluorocacetic acid salt
Crpd 126 (7R)-7-[ (methylthiocacetyl)amina]-3-(2-(N-
amldlno)1sothlouronlummethylphenylthzo) -3- cephem-4-

carboxylate, inner salt



Cmpd 58 (7R)-7-[ (Phenyl acetyl)am no] - 3-(4-

I sot hi our oni umret hyl - 2-i odophenyl t hi 0) - 3-cephem 4- 15 car boxylic
aci d CnpdVeEs2%R) - 7- [ ( Phenyl acet yl ) am no] - 3- (4- (2-i m daz AGHUSIS/03976

yl t hi omet hyl ) - 2-i odophenyl t hi 0) - 3- cephem 4- car boxylic acid Crpd 60

(7R) - 7-[ (Phenyl acetyl ) am no] - 3- (4- ( N4820 _

ani di.no) i sot hi our oni umret hyl - 2-i odophenyl t hi 0) - 3- cephem 4-car boxyl at e,

ot phot B (A1) (1480 h bRt SRRt elld a2 et (T

i odophenyl t hi o) - 3sgepheurdnmm&yylmlanmlmmp)sal-t:eﬁﬁememsd 62

- (7R)-7- [ (Phenyl aggwg}ﬁgt{p |
t et ramet hyl i sot hi our onl umre '] ﬁT:(Z [ odlophenyl t hi o) - 3- cephem4 car boxyl at €,

i nner  s&PICkFE 633)(‘7R}1?hﬂ%ﬁ/43€c’e¥%n)°dm3nd]2 3- (4-

i sot §i our oni ummgh;hphenyﬁﬁ:hea)yﬁpweanﬁ) -SOcephem-zl carB8kPPxvé at e,
‘inner salt Cnpd 64 /- [ (Phenyl acetyl )am no] - 3- ( 2-

i sot hi our oni urmef‘ﬁnF th| 0) - 3-cephem 4- carboxylate, inner salt Crpd 65

(7TR) - 7- [C(rteldeliypadéﬁywam an-}2-3(1(1dlix(<1t‘,kﬁ,_a4actlr—i4aml)-_5- 35

yl t hi onet hyl )pheqx&,ﬁibg}lﬁ 58 aﬁﬁ%]Q%X_y(zl c acid Cnpd 66

(7R)-7-[ (Cyanoacet yl ) am noJ - 3- (

i sot hi our oni unmetEQF QQPE%})‘HETPSIWHMWJG&}I%WQ4CGEB%OMI ate, inner salt

44 Qopd 67 (7R) cdrboRhrayd acaindy agaro] - 3- (2 (1,2, 4-tri azol -5-

.t hio e m 4- carbo c agi d Copd 68

{7R) 7- Z}??Iaagéf‘yr S fg@’(&l"rﬁ r°PfY&m6H°)a°etamld°1 -3-
2-yl)thi onet hyl) piheNyI(phenyl Bpmmsq-—yda:rﬂi@»yl3l-ee5hem-4 carboxyrlid

_ acid
Cmpd 131 (7R)-7-[((Z2-2-Chlorovinyl)thicacetyl)amino]-3-(1-N-
15 phenylpyrazol-5-ylthio)-3~-cephem-4-carboxylic acid

Cmpd 132 (7R)-7—[(Phenylécetyl)amino]—3-(27(pyrazol-1-
yl)phenylthio)-3-cephem-4-carboxylic acid

Cmpd 133 (7R)-7-[(methylthidacetyl)amino]-3-(2-(N-
amino)isothiouroniumméthylphenylthio)-3-cephem-4-

20 carboxylate, inner salt _'

Cmpd 134 (7R)-7—[(3—iodoprop-l-ylthioacetyi)amino]-3-(2-
isothiouroniummethy}phenylthio)-3-cephem-4-
carboxylate, inner salt _

Cmpd 135 (7R)-7-[(Methylthioacetyl)amino]-3-(2—

25 guanidiniummethylphenylthio)-3-cephem-4-carboxylate,
" inner salt _

Cmpd 136 (7R)-7-[(Z)ez-(Phenyl)-z-(hydroxyimino)acetamido]-3-
(2-isothiouroniummethylphenylthio)-3-cephem-4-
carboxylate, inner salt

30 Cmpd 137 (7R)-7-[((2-guanidinoethylthio)acetyl)amino]—3-(2-
isothiouroniumﬁethylphenylthio)-3-cephem-4-

carboxylate, trifluorocacetic acid salt

35 In Vivo Antibacterial Evaluation
- Compounds with superior activity in vitro when
compared to reference antibiotics, are further evaluated in a
murine model for lethal bacteremic peritonitis.



Cmpd 69 (7R -7-[(Phenyl acetyl)am no] - 3-( 2-
t et ranet hyl i sot hi our oni umret hyl phenyl t hi 0) - 3- cephem 4-car boxyl ate, inner

salt Cnpd v 9skddss- 7- [ (Phenyl acetyl) am no] - 3- (2- (pyri di n- 4- pé’ﬁfusgsmsg‘)s
yl )t hi onet hyl )phenyl t hi 0) - 3- cephem 4-carboxylic acid Chpd 71

(7R)-7-[ (Phenyl acetyl ) am no] - 3- (1- N- nefhyl tet razol - 5-

yl ) t hi omet hyl ) phenyl t hi 0) - 3- cephem 4-carboxylic acid Crpd 72

(7R)-7-[ (Phenyl acetyl )am no] - 3-(2-(2-i m dazolin-2-

yl )t hi onet hyl )phenyt;tbhp$ - 3f OB phena e csamwewlebetaei fidé (Shmehsgeh,

7

I

7R) - 7- | t
|(urrg t hi E)grgf‘ﬁ§¥¥grc1 "w %?]cr% cél%é&%ygg?ag oxy? fn@ra%%rlto zfﬁl ér%&] 74 -
(7R) - 7- [(@hgn9|u;ghytqnﬁﬂldﬂln;qgmantﬁ'of a bacterial inoculum. This
di-et hyl | sptehmmtls mlmmmmmqmmmlwbabnddse 2(LDgp) and the

(TR~ P 1 (BRaabr oG Py SHArey eyetusrion of 2 jnew antibiotic, mice
yl )t hi oma@h?l o;lpnbhgmgqeﬁl B iddp [aBmbds gar BRGY | @f@@% 73 two

h - .
ot )hyl7| SR St @mﬁ%&ﬁﬁgmf@i §iBRcRE joackerial challenge

car boxyl ased Pnheursaldater, groups ofCiPpdmide each are treated

(7R)- - Hgﬂgex# ﬁ&){éi :P?Ilo @r%(l-ﬁst' (%& ﬁﬁ%? f{té ' 8f the test dr

t hi adi azo I ONE |o) em 4- carbox 5%?5 Cmpd 78
(7R bﬂ[(p@eﬂgpakéggqg agy in mlce and umans 1 e.,

?;eR§ yl7a[n( E]baﬂtlbven@émwb)enmtda Qre3vbephosl4fof AT PRX Mhss G 1d vaRdt 79
n ace m n
DR e SRl Rl ihd Famm EHES} V9T R et tot T O 19958, Pnner

ggflOggopégﬁHQSﬂhatZ§§eﬁb¢i§ﬂﬁ£ﬂyhﬁbeﬂyb)an1ao@r&upSﬁrom death is
i sot hi our eermetethy | péem thidtentidreC dplsem{ #Ds § Al DPBY| Sit&re igineiIl ayalyt
15 determined for several pathogens. The quantitative endpoints
for the new drug are then compared with those obtained with
reference antibiotics.
Six ten-fold dilutions of inoculum suspended in 0.5
mL of sterilized 7% hog gastric mucin (Sigma) are injected IP
20 in groups of S mice each. A control group of 5 mice receive

mucin alone. Mice are observed for 72h. Those alive at 72h are
considered long term survivors. The mean lethal dose (LDgg)

and 100% lethal dose (LDjgg) are determined by the probit

test.

25 For antibiotic efficacy studies, mice are challenged
IP with bacterial titers that will afford an LDygq for the
test strain. In two equal doses administered at the time of
bacterial challenge and 2 hours later, groups of 10 mice each
are treated by the subcutaneous route (SC) with twofold

30 increments of the test antibiotic; another group is treated
similarly with a reference antibiotic of known efficacy in
animals and man. Drug doses can range from 0.01 to 512 mg/kg.
If the drug is poorly soluble, Tween 20 or propylene glycol

will be employed to solubilize the drug. Animals are
35 observed for 72h. The 50% protective dose (PDgqp) is calculated

in mg/kg by the probit method. The PDgy is the same as the 50%
effective dose (EDgg) and the 50% curative dose {CDgq) -

Samples of blood from the hearts of all animals that die and



45 Cmpd 81 (7R)-7-[(Phenyl acetyl)am no] - 3- (2- phenyl pyri di n- 3-

yl t hi 0) - 3-cephem 4-carboxylic acid Cmwpd 8

(7R -7-[( etyl)am no] - 3- (2- phenyl -

met hyl pyr‘lﬁggsﬂ%ﬁ%um hi 0) - 3- cephem4 car boxyl ate 5 Cnpd BSPC’("W?)S’“?”[“

. (Phenyl acet yl yam no] - 3- (2- phenyl -

benzyl pyri di n- 3-i unt hi'o) - 3- cephem4 & boxyl ate Cpd 84

(7R) - 7- [(4 Chl orophenyl acetyl )am no] - 3- (2- phenyl pyridin-3-yl thio)

-3-ceph i

(7R) - 7- %anoacety fﬁlé& ?hé‘{fp%lﬁ Eenylaﬁyer hFuged, gn brain-heart

yl t hi o) - agar nglpal% b}@a a protective dosage of

(TR -7 [td t%s&amgt Wiazobe 43.1/:|.x)e ?at 72h althoaxgh shey may appear
(cycl open | oxyi.m n é{acet am doj - pyr i

yl t hi o) T 3 r Baxyﬂ:}g g:—ype observation period.

(7R)57- [I(rfﬂm:{t)el&ac pﬂalc)ahm-nnéaﬁed leontphanylipeg azd thoséSreceiving

yl t hi 0) y35f a
(7R -7- [r%Q/anoacetin%) ]k dcﬁsl_a%?sﬁﬁ p)}:rhéazoesg drug will® :
yl t hi o) demeastaRte- éahbghyra'cea@f draBrijlisy . ( MRst7of these mice will
[ (2)-2- (a8 Rakhiazel t4- 48)n2-
(cycl op n I oXYVi gz]acetkal?n d%l)xo%e (ailll\‘l’-ephaetnylzglyrwa%(]il beZBOnSJ'dered
5-yl t hi Eééﬁ'e L¥PEBxylic acid Crpd 90
(7R’;.97-[(Z) 2- (am not hi azol - 4-yl)-2-(2-
fl uor oet hyl oxyi m no) acet am do] - 3- ( 1- N- phenyl pyrazol - 5-yl thip)
- 3- cephem 4- car boxylic acid Crpd 91
(7R)-7-[ (Phenyl acetyl ) am no] - 3- (1- N- phenyl -1, 2, 3- 25
triazol -5-ylthio) -3-cephem4-carboxylic acid Crpd 92
(7R)-7-[ (Phenyl acet yl ) am no] - 3- ( 2- am no- 4- phenyl -
t hi azol - 5-yl t hi 0) - 3-cephem 4- carboxylic acid Crpd 93
(7R -7-[ (Phenyl acetyl )am no] - 3- (4- phenyl -1, 2, 3-
t hi adi azol -5-yl t hi 0) - 3-cephem 4-carboxylic acid 30 Cnpd 94
(7R)-7-[ (Phenyl acetyl )am no] - 3-(l-Nphenyltetrazol -5- ylthio)
- 3-cephem 4- car boxylic acid Crpd 95
(7R -7-[ (Phenyl acetyl ) am nol - 3- ( 2- oxazol - 5-
yl phenyl t hi 0) - 3- cephem 4-car boxylic acid Crpd 96

- (7R)-7-[((2-am nonet hyl phenyl )acetyl)am no] -3-(1-N



35 phenyl pyrazol - 5-yl t hi 0) - 3-cephem 4-carboxylic acid Crpd 97
(7R)-7-[ ((4-i sot hi our oni umret hyl phenyl ) acet yl ) am no] -

3-(2-isoth o mret hyl phenyl t hi o) - 3- cephem 4- car boxyl at

trifluor oacetﬁlrs acid salt 46 Cnpd 98 Ferrososmasre
(7R -7-[(2)-2-(2-am no-5-chl orot hi azol -4-yl)-2-(2- fl uor oet hyl oxyi m no)
acet-am do] - 3- (1- N- phenyl pyrazol - 5-yl tﬁi]'o) 3- cephem 4- car boxylic acid Cpd
99 (7R)-7-[((4-Hydroxyphenyl)acetyl)am no]-3-(2- 5

i sot hi our y t gPhReMmeAscar bRXx [ salt Cnpd
100 (7R~ PP PRGRT 2RI Chabissber) § oRRT LRALE e,

i sot hi ourmpeﬁfeflh;%h@r—@ﬁqﬂqs vt-}t@em H‘}Ell(]:%b%%%%ﬁ%‘-b]i%n%r auaus| 0

Cnpd 101 eEB)nﬁ M'(:@ J.ﬁimamn}et hyl-phenyl ) acet yl) am no] - 3- (2-°

acid sal 1 CRPORDS PR %@eﬁﬁ%‘?"tﬁ”%ﬁﬁf%%@%éa% hridins

::L_

ylthi & - -pgonemA CaI’bQXV|1C acid 15 Cnpd
(7R -7-[{Phenyl acetyl )am n¢] - 3- (2 (pyrazol -
yl) pyridijn-3-ylthio)-3-cep
(7R) - 7- [ { Zpmeowads not hi azol - (3-
pent yl oxypgkao) acet am do] - 3- ( 1- N- phenyl pyrazol -5- yl thio)
- 3- cephefm 4- carboxylic acid 20, _ Crpd 10

(7R) - 7- [ { Phenyl acégyF‘?é]ﬁ?n ]- 9039 N (p9r3%i n- 20710 2/10 0/10

yl ) pyrazel - 5-yl t hi 8)mg/kgpleneAicar boxytic aci d/Qopd 106/10 0/10
%Eﬁyrpgr g\;glhylt_)t S: ?ﬁi(‘:‘%%%l ) epgg#z 2 gir#&% iC a?(,/ilg OTpdqu/O-l'?o 3/10
(7R)-7-[dcycl opr op¥| mgékgl YanBAd)- 3- (180 25 8/10 8/10 4/10
prenl oy Bosl e o) 5 j<pace  cxrbieyic il ondsids 1o
(cycl opr )E%ﬁ#%@f‘ﬁ?/ls&%yﬂﬁ nofacetlani do] <39¢%-N ©.125  0.125 0.06
L{pg/ml)
Mortaligr
Compound: Yancomvcin Cefotaxime s 41 88
Dose '
40 mg/kg 1/10
20 mg/kg 4/10
10 mg/kg 2710 3/10 1/10 0/10 0/10
5 mg/kg 5/10 5/10 1/10 0/10 0/10
2.5 mg/kg 5/10 8/10 4/10 0/10 0710
1.25 mg/kg 6/10 4/10 6/10 1/10
0.625 mg/kg 8/10 9/10 8/10 2/10
0.3125 mg/kg
EDso (mg/kg) 2.79 7.47 1.57 1.13 0.31
95% conf. interval 0.79- 2.91- 0.83- 0.81- 0.12-
4.80 12.04 2.31 1.45 . 0.74
Challenge str MIC 1 2 0.03 0.06 0.25
L{g/ml)




—5-ylt
(7R) -

phenyl pyr azol

-5-ylthio)-
(7R) - 7-[ (hexanoyl ) am no] - 3- (1- N- phenyl pyr azol

- 3-cephem 4- car boxylic acid Crpd 110

(7R) - 7-VOP53¢866 dy| t hi oacet yl ) ami no] - 3- (1- N-

phenyl pyrazol - 5-ylt hi o) -

(7R -7-[(2-furyl acetyl)am no] - 3- (1-8& phenyl pyrazol -

3-cephem 4-carboxylic acid Cnpd 109
-5- 30 ylth
PCT/US95/03976

3-cephem 4-carboxylic acid Cnpd 111

5- ylthio)

- 3- cephem4 carboxylic acid 35 Cnpd 112

(7R) -

[(Phenyl acetyl )a

nitro hen | ) pyrazol -
(7R) - %‘l‘f’é’%ﬂ acetyl )a

met ho @é@nyl)pyrazol 5}

(7R -f-[(2-dit
pheny| pyr azol -

ol aﬂ%ll c

_ [(phenyl oxyacetyl ) am noj -

(1 N- phenyl pyrazol -

A7 _Copd 113
ﬂno] 3-(1- N-(3-

Mortalit
RO cegmr%wﬁ-r-c—m-md—tﬁ—

3] S(1-N2a- 5 101 103 104
yIth| 0) - 3- cephem 4-carboxylic acid Crpd 115
Ar bonyl ) am no] - 3- (1- N-

)} 3- cephem 4-carboxylic acid Crpd 116

i 0)

(7R -F-[(2- thl%ﬁ]yﬁga/dﬁgy ) ami no] - 3- (1- N- phenyl pyrazol - 10
(57>Ig)t IE)% Pﬁe(r:]yl a?@%{ ;nbnoM SC ?CIN(-j Cn'pd 16710 0/10 9/10
met hokyphenyl ) p¥/ qu i®) - 3- Odf em 4- 841Boxyl |5/h@:| d CrviL0L18
(|7F)h|z) g((:gtrre;;m!n;%/,@?f am,qcb 2?\0: 2510;3 o 10h| o) 1?:e hem4lcar boxylic
hei d Czrpd 11 '@Qﬁjﬁ%(phﬁﬁ%]hi SaOlif Yani 36}53 R0 108
pheny] pyr az®l 625 yig i) | - 3 Ldphem &/dar- boxyBVﬂ:oam d ©rpol 120 6/10
(7R -F7-1(2g “} hi adi azol - 5,420
yl thip aﬁ “g? 9. henyl pyrazol 5-ylthio)- 3-cephem 4-carfpoxylic
aci d (%Fgﬂ ? ) - 7 [ 2} (ZPF-BryI) B..Mydr ox Qi AE no) ac2t G do] - 320! - -
95% conf. interval 0.39- 0.36- 1.13- - -
1.08 0.94 4.21
Challenge str MIC 0.5 0.062 0.125 0.125 0.5
(ug/ml) | |
) Mortality
Compound : 102 - 106 115 108 110
Dose
40 mg/kg
20 mg/kg
10 mg/kg 0/10 10/10 0/10
5 mg/kg 0/10 - 4/10 10/10 6/10
2.5 mg/kg 5/10 1/10 7/10 - 9/10 8/10
1.25 mg/kg | 7/10  -2/10 9/10 8/10 7/10
0.625 mg/kg 8710 6/10 - 8/10 9/10 8/10
0.3125 mg/kg 10/10 9/10 )
0.1562 mg/kg ' 9/10 |
EDsq (mg/kg) 1.75 0.72 3.04 >10 - 3.45
95% conf. interval 1.12-  0.44- T 1.73- - 1.58--
2.38 1.00 4.34 5.32
Challenge str MIC - 0.125 --0.125 0.25 0.5 0.25
(Hg/ml) _
Mortality
Compound: 107 118 il9 122 = 125




N- phenyl pyr azol

-5-ylthio)-3-cephem 4-carboxylic acid Crpd 122

(7R)-7-[ (cyanonet hyl t hi oacetyl)am no]-3-(1-N- 25

phenyl pyr azsd osmsyéet hi 0) - 3- cephemt 4- car boxylic acid Cnrpd 123 pPCT/US95/03976
(7R -7-[ (Phenyl acetyl )am no] - 3- (1- N- ( 4-

f1 uorophenyl ) pyrazol -5-yl t hi o) - 3- cephegg4- car boxylic acid Crpd 124

(7R -7-[ ((4-am nonethyl phenyl ) acetyl )am nol -
i sot hi our oni unmet hyl phenyl t hi o) - 3- cephem 4-

acid salt

Crrpd 125 (7R)- 7-

3-(2- 30
car boxyl at e,
((N,N -

LiMg/mi)

diisopr05§a othlouronlun)Acetyl)anino]-3-(2- |
i sot hi ou on|unnetﬁplpgékglthlo)-3-cephen}41 35 car boxyl ate; 1"
trlfluorqacetlc aghdmgaky ¢rpd 126 (7R)-7-
ggrgf2ggfgggﬁfgh¥bh?g%2g§hylpﬁé&&[tM(ﬁl%ﬁcephen}4-'cargd§9late,7{ﬁﬂer
48 Cpd 127 (7R)-75[ (ng‘EkbylthwaOetyl)animO] 3-4/2:0 0/10 4/9
e P aont et 8 BAFRS) U S)adCeREpRe carpRy!ateo dgner o950t
guanidiniunnethﬂlﬁﬁemnggic) 5/@@phen16lb%rbox}paﬁ@ i négdOsal t XD 1P
(7R)-7-1(2) - 2- (o“%'z@ohﬁ'/ﬁéo"%?h - (Brgg oxyi 5y acet ol - 3 b
i sot hi ourjoni ummet hyl phenyl tjh 3-cephem 4- car boxyl at e,
i nner sallt Cmt3138 PERKS7[ (2) - 2- (Phenyl ) - 2- (ﬂ9618xy|n1no)acetan1do] B
(1-N—(pheny|)myugsglmgykbtﬁlo) 3-cephem 4-carboxylic acid Crmpd 131 (7R
éh(eﬁylzp% o kaﬁ%)’%@rbfﬁez ep eﬁl}szolza?%t()%ll\ll- 015a>c'§ d 1.13 >10
95% conf. interval 0.99- 1.10- - 0.81- -—
2.17 5.66 1.45
Challenge str MIC 0.125 0.06 0.25 0.125 --
Lipg/ml)
Mortality
Compound: 127 130 131 137
Dose
40 mg/kg
20 mg/kg
10 mg/kg 6/10 0/10
S mg/kg 1/10 6/10 0/10
2.5 mg/kg 2/10 9/10 4/10
1.25 mg/kg 4/10 7/10 7/10
0.625 mg/kg 5/10 10/10 9/10 6/10
0.3125 mg/kg 6/10 ' 5/10
0.1562 mg/kg 7/10
0.0781 mg/kg 8/10
0.0391 mg/kg 8/10
EDg5o (mg/kg) 0.59 >10 1.73 0.75
95% conf. interval |0.11-1.07 - 1.18-2.27 0-1.75
Challenge str MIC - 0.125 0.06 0.06

trifluoroacetic

sal t
d
9

-7-1



Cmpd 132 (7R)-7-[ (Phenyl acetyl )am no] - 3- (2- (pyrazol -
yl ) phenyl t hi 0) - 3- cephem 4- car boxylic acid Crpd 133

(7R) - 7- [ {ygpdshyddshi oacet yl ) ami no] - 3- (2- (N- PCT/US95/03976
ani no) i sot hi.our oni ummet hyl phenyl t hi o) - 3- cephem 4- 20 :

carboxyl ate, inner salt Cnpd 134 (7F% 7-[
(3-1 odoprop- 1- yIthloacetyI)an1no] 5 _

i sot hi our oni umet hyl phenyl t hi o) - 3-cephem 4- carboxyl ate, inner salt Cnpd
135 (7R - 7- [(N@thThé ﬁEEéﬁﬁ”ﬂﬁV@ﬂﬁibn3wﬁ21 Be more fully described

guanldlnlunnet hen thlﬁ?ﬁS hen}4 car bp ate, |nner salt Cnpd 136
(7R - 7-1° tg’rfiﬂ%’ ﬂY’ﬁB? aﬁ%‘?%ﬁ%}e’?mp es which are .
(2-1 sothoﬁutc)rbelmmtsgﬂqdden.yﬂ ahyo}vaﬁ asphmriﬂxng:a&?@)gddﬁee,oﬂ nher Salt 30

Cmpd 13 ((2-guani di noet hyl t hi o) acet yl ) am no] - 3- ( 2-
|soth|o%?%%§%ﬁ%%{hylphenylthlo) 3-cephem 4- carboxylate, trifluoroacetic

aci @ salt 35 In Vivo Antibacterial Eval uation Conpounds w th superior
activity in vitro-when conpared tquﬁﬁpngncg antibiotics, are further

eval uated i deI for thal bactere itonjti 49 G oups
of 5 fenal qu%) V‘Eg? ¥iace f of 3 {;%/ gﬂ;‘ Hi? Yerdit | enged
by the intraperltomqaho@kl}qunhcxylahebenboh&hy&ryﬂﬂ”iﬁtéi a bacteri al

i noculum This pe§g1£ss£§4 igdeE#ﬂh Bgewgﬁﬁn Iethal dose [err] and the 5

[er . For prelimnary eval uation of a ne fibiotic, mce are chall enged
t hi émh?%yi\qceetxle)ram#nqia@réméluonombhmlﬁmaelsowd-rﬁ-mepmned at the

{i me of sbagimsiplatalianag @yl shaw rbots, 919 }gagyc%:@ach are
es u

treated bcut aneou wo-fold increpents and 10 an

antlblofig B) Kﬂ%mﬁatfPPéﬁEynFﬁrﬂgﬁ% WRR et §91Q§1°n of ‘sodium
4-phenylbenzenethiolate in DMF (3 mL), prepared from 4-
phenylbenzenethiol (320 mg, 1.56 mmol) and sodium

15  Thexamethyldisilazide (1.2 mL of a 1M solution in THF, 1.2
mmol) . After 25 min. the reaction was'quenched by addition of
aqueous 10% ammonium chloride solution (1 mL) and water (120
mL). The resulting milky solution was extracted with dichloro- .
methane (3 x 50 mL) and 10% EtOAc/hexane (3 x.50 mL) . The

20 organic extracts were dried over sodium sulfate and filtered,

' and the solvent was removed with a rotary evaporaﬁor. The
crude product was purified by chromatography on silica gel
(chromatotron, 4 mm plate, 5% EtOAc/hexane, then 0.25% MeOH/
dichloromethane) to afford 450 mg (56%) of the title compound.

25 1lg mm (CDC1l3) & 3.17 (4, 1H, J=18), 3.31 (4, lH, J=17), 3.63
(d, 1H, J=16), 3.69 (4, 1H, J=16), 5.01 (d, 1H, J=4), 5.79
(dd, 1H, J=4,9), 6.06 (d, 1H, J=9), 7.00 (s, 1H), 7.2-7.7 (m,
25H) .

30 EXAMPLE 2
(7R) ~7- [ (phenylacetyl)amino] -3- (4-bromophenylthio) -3~
cephem-4- carboxylate, benzhydryl ester
To a well- stlrred suspension of (7R)-7-
[(phenylacetyl)amlno]—3-tr1fluoromethanesulfonyloxny-

35 cephem-4-carboxylate, benzyhydryl ester (190 mg, 0.30 mmol) in
dry THF (20 mL) at -78° under nitrogen was added a suspension
of sodium 4-bromobenzenethiolate in THF (5 mL), prepared from
4-phenylbenzenethiol (62 mg, 0.33 mmol) and sodium



positive control). Mce are observed for 72h. Those alive at 72h are
consi dered |ong termsurvivors. The total drug dose in ng/kg that protects

50% of m qg b%@sé}row fromdeath is ternmed the nmean prot ecpdmgsddfpsersl err]
are S|n1lar? determ ned for several pathogens. The quantitative

endpoi nt s for the new drug are then c ared with those obtained with
reference antibiotics. Six ten-fold dif-uti ons of inoculum suspended in 0.5
mL of sterilized 7% hog gastric mucin (Sigma) are injected IP 20 in groups

of 5 m Cq?e%a&t%cﬁ& RhnakigE0UP. 98 m. BEQ rﬁ@@o\iet%al 'ina‘rﬁ?e oMge are
observed for ose alive at 72h, are con5|dere rn1sur%|vors

The mean M al d‘t%@r[ ér P} the EW)H% as ErRenches; QEEIEFE?W? ed by the -
probit t%&lueo'ﬂ_s 5% ammoniim Ehloaidé tnm]tumcaff(mmu Sﬂf‘hél eesum:ﬁ:ﬁgare

challenged I h b | Sl feor t he test
strain. &m' %%& c%e n1%€ét%ﬁ Eﬁ%ﬂ%;h (g #L}fagﬁghallenge
and 25h0Ltrhae Iettmactg:r vepe vaslzedrw:eehe@tremramd rse&ttleratlesi shdiwmbcut aneous

route (SCp ity fwlgtqo Q Thecaf‘emié pHadd G iRl b‘%.?t 56aifRot her

group is treate sim reference antibiotic known efflcacy'ln

ani nal s %&%?E?dcaﬁn‘?a?@% $QBRTE B 6'95‘3?2’3@9?’&6 2f the drug

i S| pgolf' w@é&ﬂb'e&rapwamrwmé Orafy | Breagity aals wudi fiedebpl oyed to
soluplll z

the rug. s are 35 SIAY d for ,72h. 50% tective
Gose’( PO Paceatdnhy: 88 FRLich Set. Rt eiithdry o ol olaBe2Pdr BER' P00
sanmelds tmm@mﬂfoa@me\thaueeset{: caffordh BT mo S5ERWuS the Hdtde( CD50) .
Sanpl es dorpied frém e heacls) 0§ 3/do a@,malks tRas)die.a8d(a, R, from

hal f the m ce that survive are Tultured on brain-heart infusion agar
Ani mal s tJwl7)receibBedda pBHot delble Uo®AgedoflHhal=tlédt, &-0§ Ul | 1Be alive at

72h, althaugh ey Rd4,2RRCAE=4,9), 6.07 (4, 1H, J=9), 6.98 (s, 1H),
7.2-7.5 {(m, 20H).
15 Substantially following the methods described in
Examples 1 - 2, the compounds of the invention listed below in
Examples 3 - 14 were obtained.

EXAMPLE 3
20
(7R)~7-1[{phenylacetyl)aminol~3-(4-iodophenylthio)-3-
cephem~-4~-carboxylate, benzhydryl ester
This was prepared by a procedure similar to that for
Example 1, but sodium 4-iodo-phenylthiolate was used.

25
EXAMPLE 4
(7R) -7-[(phenylacetyl)amino]~3~[2-bromo-4-
({phenyl)phenylthio] -3-cephem-4-carboxylate, benzhydryl
ester
30 This was prepared by a procedure similar to that for
Example 1, but sodium 2-bromo-4-(phenyl)phenylthiolate was
used.
EXAMPLE 5
35 (7R)-7-1 (phenylacetyl)amino]-3-[2~-phenyl-4-

bromophenylthiol-3-cephem-4-carboxylate, benzhydryl
ester



noderately ill to very ill during the observation period. 5 |Infected,
pl acebo-treated control mce and those receiving non-effective i.e. |ower

dosages t est drug will denonstrate a high rate of ' Most of
Hoin SEshabip

t hese m die within 6 to 48 h. Those alive at 72h w e consi dered
|l ong term survivors. 10 51 (Conpound nunbers correspond to those in MC
tabl es; data reported for chall enge ?Pt h methicillin-susceptible S. aureus

strain ATCC 13709.) (Conpound nunbers correspond to those in MC tables) 5

Mortal ity Conpoungs, - q.gméc' . 7 '
B Dase. 16 o vy Thig ygs prepadd SRpgedule pipilad ey chat Sor kg

. 0/10 - Example I, buf igpdium 2r-phenyl-4opbyromgphgnpylthiolate was usgdig .. .

.5/10 ° 10/10 - 3/10 2 ng/kg- 8/10 - 8/ 10 ' .: 8/ 10 8/ io. 4110
[err] (no/kg) 2.81 3.6 .41 8.46 - 1. 89 Chal |l enge
- str MC 1 <0.5 O 12551‘”"6'."é5él 0.06 ( [err]/m) Mortality

Congound: (7R) -7~ [{phenglaceCylitamine] -3-6(3-iodophienylthidB-Pese 40

ny/ kg o ) . 2/10

3710 1/10 S%ééwq%ﬁﬁﬁy%ﬁ?g' bephy &E_i? Faker 200

0/ 10 0/ 10 2. Bhif§/ wgs prepaxed by prpcedurg sgmilarprgothat for 10 1. 25
g/ kg ExBfple 1, but sodium B-lddo-phehifQthiolaté lfas used.

10 - EXAMPLE 7
(7R) -7~ [ (phenylacetyl)amino]-3~(2,4-
dichlorophenylthio)~-3-cephem-4-carboxylate, benzhydryl
ester
This was prepared by a procedure similar to that for
15 Example 1, but sodium 2,4-dichlorophenylthiolate was used.

EXAMPLE 8 o
(7R) -7-[(phenylacetyl)amino]l-3-[4~-(2-
imidazolyl)phenylthiol-3-cephem-4-carboxylate,
20 benzhydryl ester
- This was prepared by a procedure similar to that for
Example 1, but sodium 4-(2-imidazolyl)phenylthiolate was used.

EXAMPLE 9 o
25 (7R)-7-[ (phenylacetyl)amino] -3~ (dibenzofuran-3-
ylthie)-3-coph§n-4—carbox713te, benzhydryl ester
This was prepared by a procedure similar to that for
Example 1, but sodium dibenzofuran-3-thiolate was used. |

30 _ EXAMPLE 10 .
(7R)-[(phqnylacetyl)amino]-3-(d1benzo£urany1-2-
ylthio)-3fcephom-4-carboxflgte, benzhydryl ester
This was prepared by a procedure similar to that for
Example 1, but sodium dibenzofuran-2-thiolate was used.
35 _
EXAMPLE 11 _
(7R)-=7-[ (phenylacetyl)amino] -3~ (dibenzofuran-1-
ylthio) -3-cephem-4~-carboxylate, benzhydryl ester



0. 625 ny/ kg 8/ 10 9/ 10 8/ 10 2/ 10 0.3125 ny/ kg
[err] (rmy/kg) 2.79 7. 47 1.57 1.13 0. 31 95% conf.

i nterval o 9/2%9s6 2.91- 0. 83- 0. 81- 0.12- 4.80 pcrrdsdshsere 2. 31
1.45 0.74 Chal l enge str MC 1 2 . 0.083 0. 06

0. 25 52 Mortality Conpound: Dose 4@,mg/ kg 20 mg/ kg 10 ng/ kg 8/ 10

- 0/ 10 0/ 10 9/ 10 5 ng/ kg 8/ 10 0/ 10 0/ 10

5/ 10 8/ 10 2.5 ng/ kg 9/ 10 2/ 10 0/ 10 7/ 10 8/ 10

1. 25 my/ kg 9/10Thls-%é§0prepared2$§1h proceful@® simil@r1800tR2E fot

9/10 . 5/ /.10 0.0.312 Lk

8/ 10 [errE]xa('\'?é)ek&) S°dl‘”§1 benz Qf“ﬂim']l t%?é%?e”%aégv%vd‘ 10
conf. interval 0. 39- 0. 36- 1.13- --71.08
4.21 Chall enge str NIC 0-.5 ExRuPEE 120 125. 0. 125 0.
[err] Mortality Conp 106 1

110 DBse 40 ngﬂ@fkﬁﬁnﬁﬂ?@ﬁﬂf%nggyl)amino) -3- (dibenzofungOG-
0/10 5 ny/ kg yiﬁﬁlg) 3-cephen-4 carﬁﬁ“&late10/3anhyd£¥ﬂ1)ibébﬂglkg

5/ 10
9/ 10

10

15

20

25

30

35

8}130 hﬁplyas prepareg by a £¥oce ure éniﬁﬁ%r to7é%at for

Example 1, but sodium dibenzofuran-4-thiolate was used.

EXAMPLE 13
(7R) -7- [(phenylacetyl)amino] -3~-[6-
(hydroxymethyl)dibenzofuran-3-ylthio]-3-cephem-4-
carboxylate, benzhydryl ester _
This was prepared by a procedure similar to that for
Example 1, but sodium 6-(hydroxymethyl)}dibenzofuran-3-thioclate
was used.

EXAMPLE 14
(7R)-7-[(phenylacetyl)amino]-3-[7-
(hydroxymethyl)dibenzofuran-3-ylthio]l-3-cephem-4-
carboxylate, benzhydryl ester
This was prepared by a procedure similar to that for
Example 1, but sodium 7- (hydroxymethyl)d1benzofuran-3 -thiolate
was used.

EXAMPLE 15
{7R) -7-[ {(phenylacetyl)amino]~-3-(2-biphenylthioc)-3-
cephem-4~carboxylate, 4-methoxybenzyl ester
To a stirred solution of (7R)-7-

[ (phenylacetyl)amino] -3-trifluoromethanesulfonyloxy-3-cephem-
4-carboxylate, 4-methoxybenzyl ester (700 mg, 1.2 mmol) in dry
DMF (12 mL) at -60° under nitrogen was added a solution of
sodium 2-phenylbenzenethiolate in DMF (3 mL), prepared from 2-
phenylbenzenethiol (320 mg, 1.56 mmol} and sodium
hexamethyldisilazide (1.2 mL of a 1M solution in THF, 1.2
mmol) . After 25 min. the reaction was quenched by addition of
aqueous 10% ammonium chloride solution {1 mL) and water (120
mL). The resulting milky solution was extracted with dichloro-

kg

95% - ..
0.94

5

08

10/ 10

2/ 10



0. 625 ny/ kg 8/ 10 6/ 10 8/ 10 9/ 10 8/ 10 0.3125 ny/ kg

10/ 10 9/ 10 0. 1562 ng/ kg 9/10 [err] (ng/kg) . : 1.75
0.72 wo9Si%966 >10 -- 3.45 95%conf. interval 1. IRcTrusesiashs-

1.-73- - 1.58-- 2.38 1.00 4. 34 5.32
Chal | enge str MC 0.125 ---0.12%g 0. 25 0.5 .0.25 Jerr]
Mortality Conpound: 107 . 118 119 122

125 53 Dose 40 ng/ kg. 20 ng/kg 10 ng/ kg  0/10 2/ 10

0/ 10 methapbe F3ng/ EQ mL) Csrid) 10% EtOAtYhexane8/(30x 50 mf)f 10The 4/9 2.5

or0” ol exeepfigtere diidh oyer ol su1fgl§ indelBhiden, 15, |,

8/ 10 andgthg gogyggtngﬁﬁgremoved with a rotary evaporacoﬁ 1868 ng/kg ED50

(”U/kg)crude prodﬁc58was puﬁhf&%d by dﬂiomatogr&pﬁ§ on 51lf&Q gete conf.
|nte§val 5. 66

1. 45 éFF‘Eﬁﬁ‘@ gPF’-’R/Pc mp plate, 5% @%C/%exenss then” B: aé% —- [err]
Mor t al | MeOBddpohiidromethane) to affbrd 450 g D65&)468£NEh&gt 20141/ kg 10 . :
ng/ kg compound. 6/ 10 0/ 10 _
Substantially following the methods described in
Example 15, the compounds of the invention listed below in
10 Examples 16 - 32 were obtained.

| N EXAMPLE 16 |
(7R) -7~ [ (phenylacetyl)amino] -3-[2- (4~
cyanophonyl)phenylthio]-3-cophcm74-carboxy1ate, 4-
15 . methoxybenzyl ester
This'was prepared by a procedure similar to that for

Example 15, but sodium 2-(4-cyanophenyl)phenylthiolate was
used.

20 EXAMPLE 17
(7R) -7-[ (phenylacetyl)amino]-3-[2, 3~
dichlorqphqnylthio]-3-cephon-4-carhoxylate, 4-
methoxybenzyl ester
This was prepared by a procedure similar to that for
25 Example 15, but sodium 2,3-dichlorophenylthiolate was used.

| . EXAMPLE 18
. (7R) -7-[(phenylacetyl)amino}-3~-[2,5-
dichlorophenylthio] - 3-cophom-4-carboxylato, 4~
30 _ - methoxybenzyl ester

This was prepared by a procedure similar to that for
Example 15, but sodium 2,5-d1chlorophenylth101ate was used.

_ _ EXAMPLE 19
35 - (7R)-7-[ (phenylacetyl)amino] -3~ (2-bromo-5-
fluorophenylthio)~-3-cephem-4-carboxylate, 4-
methoxybenzyl ester '



5 my/kg  1/10 6/ 10 0/10 2.5 mg/kg 2/ 10 9/ 10 4/ 10

1. 25 ng/ kg 4/ 10 7/ 10 7/10 0.625 ng/ kg 5/ 10 10/ 10

9/ 10 6/10 0. 3125 ny/ kg 6/ 10 62
mgl kg WO 9526966 7/10 0. 0781 ny/ kg pCtbSshadie

9/ 10 0.0391 ny/ kg 8/ 10 [err] (ng/kg)
0.59 >10 1.73 0. 75 95%§@onf i nt erval 0.11-1. 07 --
1.18-2.27 0-1.75 Challenge str 0.125 0. 06 0. 06

Conj uncti on with 1 f'@%#ﬁ%ﬁ%%%%”.h 5B ot Lol o

const r ue®xampdiey 1hay bus sc@iw r@;’bﬂfénos&nfé-u@frophénh’ﬂ\#bht?léﬁe WAEXAVPLE 1 . ..

(7R - 7-| 1yl acetyl ) ami no] - 3- (4- bi phenyl t hi 0) - 3- cephem 4- car boxyl at e,
benzhydryl ester To a stirred solution of (7R -7- 10

[ (phenyl acetyl )am no] -3-trifl uoronet hanesul f onyl oxy- 3- cephem

4-carpoxyl ate, benzhydryl ester (7GEXRMPLE. 220mv|l) in dry DVF (12 nlL) at

e e 3ot (VR OACF (AR 1] el ) 05 - olﬁ?ééa%%fﬁé-‘%{}ﬁt#' oo ®
sodlun115 hexam&éghdhslhszm&pﬂmlitﬂt oﬁ-ae;manhnnzwlurpstpr 1.2 mol).
After 25 mn. the rgad LR épQH@&OBgda%r@é’éﬁ&z‘éj%zL 11%9:11%8%}3&9%3@*0m um

chloride solution (1.nL) an mater resulting mlky solution
was ext r ZEEPLG 43 dP@ﬁIﬁP@lumﬁﬁTEﬁﬁ@ %Pﬂiyh#E}aéﬁdWQQWHE?@ﬁ@/hexane (3 x
50 nt). The

EXAMPLE 21
(7R)-7-[(phenylacetyl)amino]-3-(4-chlorophenylthio) -3~
cephem-4-carboxylate, 4-methoxybenzyl ester
This was prepared by a procedure similar to that for
15 Example 15, but sodium 4-chlorophenylthiolate was used.

EXAMPLE 22
(7R)-7-[(phenylacetyl)amino]-3-[4-
(ethoxycarbonyl)phenylthiol- 3-cephem-4-carboxylate,
20 4-methoxybenzyl ester
This was prepared by a procedure similar to that for
Example 15, but sodium 4-(ethoxycarbonyl)phenyl thiolate was
used.

25 EXAMPLE 23
{(7R) -7~ (phenylacetyl)amino]~-3~[2~
(ethoxycarbonyl)phenylthlio]l- 3-cephem-4-carboxylate,
4-methoxybenzyl estexr
This was prepared by a procedure similar to that for
30 Example 15, but sodium 2-(ethoxycarbonyl)phenyl thiolate was
used.
EXAMPLE 24
(7R)-7-f(phenylacetyl)amino]-3-[2-iodophenylthio] -3~
cephem-4-carboxylate, 4-methoxybenzyl ester
35 This was prepared by a procedure similar to that for
Example 15, but sodium 2-iodophenyl thiolate was used.

EXAMPLE 25



20 organic extracts were dried over sodiumsulfate and filtered, and the
sol vent was renoved with a rotary evaporator. The crude product was
purified by chromatography on silica gel (chromatotron, 4 mmplate, 5%

Et QAc/ heXd0®52¢%6€n 0. 25% MeOH di chl or onet hane) to afford REGOUSREHEY) of
the title.compound. 25 J[err] NWR [err] 3.17 (d, 1H, J=18), 3.31 (d, 1H,
-J=17), 3.63 (d, 1H, J=16), 3.69 (d, ¥4 J=16), 5.01 (d, 1H, J=4), 5.79 (dd,
1H, J=4,9), 6.06 (d 1H, J=9), 7.00 (s, 1H), 7.2-7.7 (m 25H). 30

EXAMPLE 2 (7F? - 7-[ (phenyl acet yl ) ami no] - 3 (4- br onophenyl t hi’ ﬁﬁ cephem 4
- car boxy! k%ER) pénifRrhenyiacetyl) amjpol 3t f 2cehdiexepbeaylsthioRr37

[ (phenyl acetyl) &fnm&mat-eufﬂm;amthane&uhtew qﬁzyiS

- cephem-4-car boxyl e benz h .3Q _mmol dr THF. (20"
“nL) at [err] under ﬁ é&?xﬁad é{@ﬁﬁéﬁkqn§%ml;éﬁdF§nlga for

4- bronnbbﬂmmghalmSOIhue sqdiuﬁiZfbhﬁgropheqmare&;bﬂaue4waheu;éaenzeneth|oI
(62 gy, 0.33 mmol) and sodi um 55 hexanet hyl disilazide (0.30 nL of a 1M
solution in THF, 0.30 mmol ). After 1 h, the reaction was quenched by

addi tion of. aqueous 5% anmoni um JEXBMPEE s36ution (3 nl). The resul ting

e asher L e e L s L O o G ¢
phase was{k¥%g93ﬁﬁpﬂﬂ> aﬁrlnRER%Yéigiéqq FEePhaR-frearhoxviakey

removed with a rotary evaporé+methdxybwnziel prester was purlfled by

pis: dfﬁﬁ{iﬁ’%?ﬂ;ﬁ%é?%%?% SPSREE"ELOb Bhe il Billiter’ 55 BoRa oF er
NI\/R ( CDEpAmrg- €3 byt sediymi4ybroped« Qi:rlmuo;ﬂme)choayaseh(eUyl 1H, J=16),
3. 69 (cltﬁﬁdlaifgﬁhs gsga (d 1H, J=4), 5.81 (dd, 1H, J=4,9), 6.07 (d, 1H,

J= 9), 6.98 (s, 1H),
EXAMPLE 27
15 (7R)-7- [ (phenylacetyl)amino] -3-[ [4- (2-
imidazolyl)methyl]lphenyl-thiol-3~-cephem-4-carboxylate,
4-methoxybenzyl ester
This was prepared by a procedure similar to that for
Example 15, but potassium 4- [(2 1m1dazoly1)methy1]phenyl

20 thlolate was used.

EXAMPLE 28
(7R) -7-[ (phenylacetyl)amino] -3-[[4~(l1-methyl-2-
imidazolyl)methyl] ~-phenylthiol -3-cephem-4~-carboxylate,
25 4-methoxybenzyl ester
This was prepared by a procedure similar to that for
Example 15, but potassium 4-[(l-methyl-2-
imidazolyl)methyl]phenyl thlolate was used.

30 EXAMPLE 29 :
' " (7R)-7-[(phenylacetyl)amino] -3-[2-fluoro-4-
(phenyl)phenylthio] ~3-cephem-4-carboxylate, 4-
methoxybenzyl ester
This was prepared by a procedure similar to that for
35 Example 15, but potassium 2-fluoro-4- (phenyl)phenylthiolate
was used. -

EXAMPLE 30



7.2-7.5 (m 20H). 15 Substantially follow ng the nethods
described in Exanples 1 - 2, the conpounds of the invention listed below in

Exanpl es 3%’ é gppre obtained. EXAMPLE 3 20 PCT/US95/03976
(7R -7-[ (phenylacetyl )am nol - 3- (4-i odophenyl t hi 0) - 3- cephem 4- car boxyl at e,
benzhydryl ester This was prepared by é*procedure simlar to that for
Exanpl e 1, but sodi um 4-i odo-phenyl thi ol ate was used. 25 EXAMPLE 4 (7R) -7-
[ (phenyl acetyl)am no] 3-[2-brono-4-
(Tﬁ_henyl ) phenyl t hi ol ﬁme-pheméé-wmwbemmthmr-w pslt-qnl-Bo i

i s was prepar ce or Ee ut sodi um
2- br ono- 4P( phengwf?ﬁ g’t‘%ﬁ%@ Esga nﬁt‘é‘%"éﬁ‘?@ R .
(7R)-7-[(phény|acetyl)an1no] Smpthoixyhenzyl ester
br omopheny! t hi o] - 3- 4 SAURPH Biea pRSOIMEVLAREIEE o BTIHE Vs
prepared by a procedure S|n1 ar _to_t ut sodi um

2- pheffyl -BX pHenAuthisecduad dad2 U§3H5n¥§¢ﬁhﬁﬂy 6 thiolate was used.
(7R) - 7-[ (phenyl acetyl ) am no] - 3- ( 3-i odophenyl t hi 0) - 3- cephem 4- car boxyl at e,

benzhydryl ester This was prepared rocequre simlar to that for
Exanpl e 1, but sodi um 3-i odo- phenyl?*ﬁ@?ﬁﬁg %g used. 10

EXAVPLE 7 (7R) -7-[ (fhehyZadet2+Phenydjack¢glianino] -3-[3,4-
dichlorophenylthio] -3-cephem-4-~carboxylate, 4-
10 methoxybenzyl ester
This was prepared by a procedure similar to that for
Example 15, but sodium 3,4-dichlorophenyl thiolate was used.

EXAMPLE 32
15 (7R)-7-[(2-Thienylacetyl)amino]-3~[5-bromo~4- (1-
methyl-2-imidazolyl)phenylthio] ~3~-cephem-4-
carboxylate, 4-methoxybenzyl ester
This was prepared by a procedure similar to that for

Example 15, but (7R)-7-[(2-thienylacetyl)amino]-3~

20 trifluoromethanesulfonyloxy-3-cephem-4-carboxylate, 4-
methoxybenzyl ester and sodium 5-bromo-4-(l-methyl-2-
imidazolyl)phenyl thiolate was used.

EXAMPLE 33
25 {7R) ~7-Amino-3-~(2-bromophenylthio)~-3-cephem-4-
carboxylate, benzhydryl ester
To a solution of (7R)-7-{phenylacetyl)amino-3-{2-
bromophenylthio) -3-cephem-4-carboxylate, benzhydryl ester (812
mg, 1.21 mmol) and pyridine (195 ML, 2.42 mmol) in
30 dichloromethane (5 mL) at 0° was added slowly a solution of
phosphorus pentachloride (403 mg, 1.94 mmol) in
dichloromethane (9 mL). After 15 min at 0°, isobutyl alcohol
(1.1 mL, 12.1 mmol) was added in one portion. The mixture was
diluted with dichloromethane (20 mL), and was washed with 5%
35 aqueous sodium bicarbonate solution (20 mL). The organic layer
was dried with sodium sulfate, and the solvent was removed
with a rotary evaporator. The residue was subjected to flash



di chl orophenyl t hi 0) - 3-cephem 4- car boxyl ate, benzhydryl ester This was
prepared by a procedure simlar to that for 15 Exanple 1, but sodium

2, 4-di chl orophenyl t hi ol ate was used. EXAMPLE 8 (7R) -7-

[(phenyl‘ﬁ‘ea%'%’f%m nol - 3- [ 4- ( 2- PCTIUSISN3IT6

i m dazol yl ) phenyl t hi o] - 3-cephem 4- car boxyl ate, 20

benzhydryl ester This was prepared6éBy a procedure similar to that for
Exanpl e 1, but sodium 4-(2- |n1dazo|y|)pheny|th|olate was used. EXAVPLE 9 25

Ul thi oFriRReRtantaby SRcs] e del (ORISR 308 artni aceraca/hemane) by o

procedmbeafﬁnrﬂaBOOomgha45%knoﬂ5ahqﬂuat1e bampsuddun1d|benzofuran 3 thlolate,ﬂ

. was-used. 30 - " EXAMPLE 10 (7R)’

[ (phenyl acetyl )am no] - 3- (dlbenzofuran I- %llthlo) 3- cephen}4-carboxylate,
benzhydryl ester ThIS was prepar EEMIPEEL3fedure simlar to that for

Exagpl e 1, but(73el pandithi (RaloddphehglT HES) USedepite®mXAMPLE 11 (7R)

-7- (phenylacetyl)anlno di bepzof
yl t hi 0) - 3- cephem 4%&@ g ®sheflz %’ﬁ’sﬂx’égfﬁfyl 8FEPT s was prepar ed by
a procedure sini lRamikturleabfl (7RBEGAADlzertyldndtydidimimo-3- (2~

0, 2o U Aty AP S SRS BIRC: §omechonybensy) ester
yIth|oﬂﬁ§ﬂb@phe&»21cum9bky$@@d@ﬂﬁéﬁﬁﬁyd@ﬁ5 #&u e - $Ri omedd prepared by a
pr pged i mbFomdthhBet 18t mf.Pr aEXe RHIa® treliteds edbWi divRenzaf uran-4-thiol ate
nas us%%lutlon of phosphorus penta-chloride (403 mg, 1.94 mmol) in
dichloromethane (9 mL). After 15 min at 0°, isobutyl alcohol
(1.1 mL, 12.1 mmol) was added in one portion. The mixture was
diluted with dichloromethane (20 mL), and was washed with 5%
15 aqueous sodium bicarbonate solution (20 mL). The organic layer
was dried with sodium sulfate, and the solvent was removed
with a rotary evaporator. The residue was subjected to flash
chromatography on silica gel (33% to 50% ethyl acetate/hexane)
to afford 300 mg (50%) of the title compound.
20 Substantially following the methods described in
Examples 33 - 34, the compounds of the invention listed below
in Examples 35 - 50 can be obtained.

EXAMPLE 35
25 (7R) -7-Amino-3-~-(4~-biphenylthioc) -3-cephemn-4-
carboxylate, benzhydryl ester
The procedure of Example 33 is employed, except
{7R) -7-[ (phenylacetyl)amino] -3~ (4-biphenylthio)-3-cephem-4-ca
rboxylate, benzhydryl ester is used.
30 ' '
EXAMPLE 36 _
(7R)-7-Anino-3-[4-(2-1midaioly1)ph.ny1thio]-3-cephem-
4-carboxylate, benzhydryl ester
The procedure of Example 33 is employed, except
'35 (7R) -7-[ (phenylacetyl)amino]-3-[4-(2- 1m1dazolyl)phenylthlo] -3
-cephem-4-carboxylate, benzhydryl ester is used.

EXAMPLE 37



10 EXAMPLE 13

(7R)-7-[ (phenyl acetyl ) am no] - 3-[ 6- _
(hydroxyn%%)zggspenzof uran-3-yl t hi o] - 3-cephem 4- car boxyl ap@r8esiasdr v!
ester This was prepared by a procedure simlar to that for 15 Exanple 1,
but sodi um 6- (hydroxynet hyl") di benzofur&n-S-t hi ol ate was used. EXAMPLE 14
(7R)-7-[ (phenyl acetyl)am no]-3-[7- 20 ' '

(hydr oxynet hyl ) di benzof uran- 3-yl t hi ol - 3-cephem 4- carboxyl ate, benzhydryl

ester This was ¢ a s t :@% -1, but
sodi um 7- (hydroxyrre;ﬁrge/ﬁn;pﬂger?z uﬁﬁbﬂoﬁﬁ)fﬁﬁeh&l%oﬁ?& IVIQDLE 15

ate wa

(7R) - 7-[ (phenyl acet o -SarboRviaLS ¢ PERZR Yaé?éhemﬂz?%%r boxyl at e,
?(nﬁthoTybenzYI e S jﬁbdﬁdﬁ&brbdeﬁahpleomB(ﬁs(éﬁﬁld&edﬂ)except :

phenyl a Il
o Bar boxyl V7 (e Lotk vy [ ARETE] PE00E SR G AT Ry 1 R 1 )
at [eBr] undercephemsdesavhexyliake, dehydryl estezdignised.
2- phenyl benzenethiolate in DM (3 nlL), prepared from 2- phenyl benzenet hi ol
(320 ng, 1.56 mmol) and sodium 35 hexanethyldisilazide (1.2 nL of a 1M
solution in THF, 1.2 mol). After 2B*AMRLE hd8;caction was quenched by
addi tion of aqunoua-mﬁmmmehkmflmmdtmﬁﬂpnthmmlea-( 120

%g ha-rll_ge(geiuggl %) @al 1%%%%&@%?a%‘{g%€gﬁwﬁ%q‘rﬁg' ‘granl C ggtracts
wer el@ri ed over sodihenpuddesiueeand Exampied33 ahsl enploysdd.emxosps renoved
W tha ropagy Ve Ahcet ) amino] -3- [ (2-

trifluoromethoxy)phenylthio] -3-cephem-4-~carboxylate,

benzhydryl ester is used.

. 15 EXAMPLE 239
(7R)-7-Amino-3-(dibenzofuran-2-ylthio)-3-cephem-4-
carboxylate, benzhydryl ester
The procedure of Example 33 is employed, except
(7R)-7-[ (phenylacetyl)amino] -3~ (dibenzofuran-2-ylthio) -3-ceph
20 em-4-carboxylate, benzhydryl ester is used.

EXAMPLE 40
(7R) -7-Amino-3-[4-(2-thienyl)phenylthio]) -3-cephem-4-
carboxylate, benzhydryl ester
25 The procedure of Example 33 is employed, except
{7R)-7-[ (phenylacetyl)amino]~3-[4-(2-thienyl)phenylthio}-3-
cephem-4-carboxylate, benzhydryl ester is used.

EXAMPLE 41
30 (7R)-7-Amino-3-[(6~chloromethyl)dibenzofuran-2-
ylthiol-3~-cephem-4~-carboxylate, 4-methoxybenzyl ester
A procedure similar to Example 33 is emploved,

except (7R)-7-[ (phenylacetyl)amino}-3-[6-
(hydroxymethyl}dibenzofuran-2-ylthio] -3-cephem-4-carboxylate,

35 4-methoxybenzyl ester is used in the presence of a second
equivalent of phosphorus pentachloride and pyridine.

EXAMPLE 42



crude product was purified by chromatography on silica gel 5
(chroma-totron, 4 mm pl ate, 5% Et QAc/ hexane, then 0.25%

MeOH/ di ¢ ane) to afford 450 ngy (56% of the title |
Substantgbﬁﬁgﬂ¥%$lomdng t he net hods described in Exanpl e f&} @E§B%gﬁpounds
of- the invention listed belowin 10 Exanples 16 - 32 were ohtai ned.

EXAMPLE 16
phenyl t hi ol

(7R)-7-[(pheny|acetyl)aniﬁé]-S-[Z-(4-'cyanophenyl)
- 3-cephem 4- car boxyl ate, 4- 15

met hoxybenzyl ester This was prepared by a procedure simlar to that for

Exampl e 15,

EXAVPLE 17 (AR~ tdndmp-atel {Vreh

but sodi um 2-(4-cyanophenyl henyl t hi ol ate was used. 20
( e f&%ggopix;)QLbogzofurgn-3-

~di cht or ophg b3 ScepRbATMdcarBSRYLate, 4-nedlexyBaRRY] custedni s
was prepared by afproc dure sln%Iartt' that.f%@ 25, Exi | ¢ 15, but sodi um
2, 3- di chl or opheny FERCEPHEE RS: §Ed.°ggﬁﬂﬁﬂk? is employed, except

(7R 5 7- [((menyl[dpheyy)lacety] ) @aiy 5-3 - [7- (hydroxymethyl) dibenzofuran-

di chl or gpl it hi_Ql =3 hem: 4. atse. - . '
met hoxy%e%% Ezs?es qﬁlglg glgéséﬁor eéar egé'm;1 é“e&?i(?%‘é ur%y:sLi SPFSF % that for

Exanpl e uE®
(7TR) - 7-

Bmt thedbussence € B cregmsh Eawivellens afsphesthom@\WPLE 19 35

Hephterrhacely! aad1 §ptidide: br omo- 5-

f I uor ophenyl t hi o) - 3- cephent 4- car boxyl ate, 4- nethoxybenzyl ester 59 This
was prepared by a procedure simlar to that for

10

_ EXAMPLE 43
(7R)-7-Amino-3-(2,5-dichlorophonyléhio)-3-cephemA4-
carboxylate, 4-methoxybenzyl ester

Procedure similar to Example 33 is employed, except

(7R)-7-[(phenylacetyl)amino]f3—(2,5-dichlorophenylthio)—3-
15 cephem-4-carboxylate, 4-methoxybenzyl ester is used.

20

EXAMPLE 44
(7R)-7-Anino-3-[4~-(2-oxazolylmethyl)phenylthio}l-3-
cephem-4-carboxylate, 4-methoxybenzyl ester

Procedure similar to Example 33 is employed, except

(7R) -7-[ (phenylacetyl)amino] -3-[4- (2~
oxazolylmethyl)phenylthio] -3-cephem-4-carboxylate, 4-

methoxybenzyl ester is used.

25

EXAMPLE 45
(7R)-7-Amino-3-[4-(l-imidazolylmethyl)phenylthio] -3~
cephem-4-carboxylate, 4-nothoxfbonzy1 ‘ester

Procedure similar to Example 33 is employed, except

(7R)—7-[(phenylacetyl)aminoj—3-[4—(1-
30 imidazolylmethyl)phenylthio]-3-cephem-4-carboxylate, 4-
methoxybenzyl ester is used.

35

EXAMPLE 46
(7R) -7-Amino-3-[4-(1l-imidazolylmethyl)phenylthio] -3-
' cephem-4-carboxylate, 4-methoxybenzyl ester
Procedure similar to Example 33 is employed, except

(7R) -7-[ (phenylacetyl)amino] -3-[4-(1-



Exanpl e 15, but sodi um 2-br ono-5-fl uorophenyl thi ol ate was used. 5
EXAMPLE 20 (7R)-7-[ (phenyl acetyl)am no- 3- (2- bronophenyl t hi o) - 3-

cephem 4-c te, 4-nethoxybenzyl ester This was prepar ¢,
g&ﬁﬁ%%#% eﬁenfﬁpﬁlolate

procedur e
was used.

to that for Exanple 15, but sodi um 2-brond
10 EXAMPLE 21

(7R)-7-[(pheny|acetyl)anino]-3-(4-ch|oﬁ%bhenylthio)-3-
cephem 4- car boxyl at e, 4-net hoxybenzyl ester This was prepared by a

o S e b e L Meitihce, -

(7TR) - 7- [(gﬁ#ﬂyﬁ@6§¥¥WﬂaﬁFﬁ@F BS[ESEQethoxycarbonyl)phenylthlo

3-cephem 4- car boxyl ate, - 20 4- met hoxybenzyl éétéf-This

was prepared by a procedure simlar f Exanpl e 15, but sodi um
4- (et hoxycar bonyl ) phenyl thiolate maéﬂﬁégg& g§

EXAMPLE 23(01&)27E@Mtnq+19dﬂwbznmoel-&{ﬁho*gbhrhunwh@ﬁﬂdﬁ#EMhlbm4ﬂ-

3-cephem 4- carbo

siml ar to ﬁ%aé ?Igyl%y&ggxgrest n&@[&,%egggaar gt @

pr ocedur e

2- (et hoxycar bonyl ) pk@?ﬂﬂeWﬁolsamélmstgswﬂEb@\MBQ@!@Ryeﬂ, except
[ (phenyl acp;tml_)-y_a(n(ldy(gbgiacggylp _t(rg_cﬂro’gdo_qe.phem 4- car boxyl at e,
4- nethoxybe

simlar tol®

est mas pre ar y a procedure
%W%@xiﬁpae&sl%ml R N A I

EXAMPLE 2Tmethoxybenzyl ester is used.

15

20
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30

35

EXAMPLE 48
(7R)-7-Amino-3-[{4-(2-thiazolyl)phenylthio]-3-cephem-4-
carboxylate, 4-methoxybenzyl ester
Procedure similar to Example 33 is employed, except
(7R} -7-[ {(phenylacetyl)amino] -3~[4-(thiazolyl)phenylthio]-3-
cephem-4-carboxylate, 4-methoxybenzyl ester was used.

EXAMPLE 49
(7R)-7-Amino-3-[4-(cyanamido)phenylthio]l-3-cephem-4-
carboxylate, 4-methoxybenzyl ester
Procedure similar to Example 33 is employed, except
(7R) -7-[ (phenylacetyl)amino) -3-[4- (cyanamido)phenylthio] -3~
cephem-4-carboxylate, 4-methoxybenzyl ester was used.

EXAMPLE 50
(78)-7-Amino-3-tl-kz-furyl)phanylthio]-3-cephqm-4-
carboxylate, 4-methoxybenzyl ester
Procedure similar to Example 33 is employed, except
(7R} -7-[ (phenylacetyl)amino] ~3-{4-(2-furyl)phenylthio] -3~
cephem-4-carboxylate, 4-methoxybenzyl ester is used.

EXAMPLE 51
(7R)~-7-[[2-(2-Amino~4~thiazolyl)~2-~(syn-
methoxyimino)acetyl] -amino] -3~ (4-bromophenylthio)-3-
cephem-~4-carboxylate, benxhydryl ester.
To solution of 2-(27aminb—4-thiazolyl)—2-(syn—
methoxyimino) Jacetic acid (40'mg, 0.20 mmol) and 1-



60 (7R)-7-[(phenyl acetyl)am no]-3-(2-chl orophenyl thi o) - 3-

cephem 4- car boxyl ate, 4-nethoxybenzyl ester This was prepared by a
procedure simlar to that for Exanple 15, but sodium 2- chlor

t hi ol at eWR¥/2626d. 5 EXAMPLE 26 (7R)-7-[ (phenyl acetyl)am M ﬂgﬂ?ﬁ ¢ ono- 3-
(trifluoromethoxy)-phenylthio]-3-cephem 4-carboxyl ate, 4-nethoxybenzyl
eater 10 This was preparedéhy a procedure simlar to that for
Exanpl e 15, but sodi um 4-brono-3- (trifl uor onet hoxy) phenyl thiol ate was

d. EXAMPLE 27 15 | | 3- 4-(2-
ez P BMRAPEOREA PO 627 PGl TSGR PG (B4t HBRy beney

ester Thiddedslipveflahestybhyazbpdbimide e(48 md,ar m el ) f.oafksanpl e 15, but
pot assi gy, dazo ) net Yle 2 K used.. EXAVPLE 28
(7R -17- ‘% ‘riaafc@ert%*g%nhﬁ”? %ﬂ R

i mi dazolBx hepv[LthAenyBraephen- E‘E#ﬂébﬁwlcﬁéﬁ)omwhydﬁrl ester

4- mshoxmzﬁd oeabeﬁmxmoslwamrepas qst)bxwa% rarda‘eadume%ﬁ?&:ﬂ aghat for
'Exanple lg égna55|un14 i m dazol yl') met hy eny thiolate

was used room tempeLgture o ern qggqugg.ygs(pgftltlone
-7- [(phehsgdwﬁeﬁ VO lexahe 3EEGAE | ummcmmy and water (50 mL). The

(pneny! ) sic Ntk AEPHERLY: SPEP HUALE sl DD RRDY LoBsLer This wee
2-f | uor ovae (emevied) phshy Rt nPbany cevapoxatar. The crude product was
10 chromatographed on silica gel (30% EtOAc/hexane), to afford
74 mg (50%) of the title compound. '
Using substantially the same procedure as in Example
51, the items of the following Examples 52 - 82 can similarly
be prepared. '
15
. BEXAMPLE 52
(7R)-7-[[2-(2-Amino-4-thiazolyl)-2- (syn-
methoxyimino)acetyl] ~amino]-3-(biphenylthio)-3-cephem-
4-carboxylate, benzhydryl ester
20 The procedure of Example 51 is employed, but the
reactants are 2-(2—amino-4-thiazoly1)-2-(syn-
‘methoxyimino)acetic acid and (7R) -7-amino-3- (biphenylthio)-3-
cephem-4-carboxylate, benzyhydryl ester.

25 EXAMPLE 53
(7R)-7-1[2=-(2-Amino-4-thiazolyl)-2-(syn-~
hydroxyinino)ac.tyl]-ahino]-3r(biph.ny1thio)-3-cephem-
4-carboxylate, benzhydryl ester
The procedure of Example 51 is employed, but the
30 reactants are 2-(2-amino-4-thiazolyl)-2-(syn-
hydroxyimino)acetic acid and (7R)-7-amino-3-(biphenylthio)-3-
cephem-4-carboxylate, benzvhydryl ester.

EXAMPLE 54
35 (7R)-7-[[2-(2-Amino-4~-thiazolyl)-2-(syn-
hydroinmino)acétyli-amino]-3-(2-ioﬁoph.ny1thio)-3-
cephem-4-carboxylate, 4-methoxybenzyl ester



EXAMPLE 30 61 (7R)-7-[(2-Phenyl acetyl)am no]-3-[3-(2-
t hi enyl ) phenyl t hi 0] - 3-cephem 4-car boxyl ate, 4- nethoxybenzyl ester This

was prepar procedure simlar to that for 5 Exanpl e lper/Bsdsosedi Um
3-(2-thi en‘?ﬁ)’%’%‘e’ﬁ?l thiolate was used. EXAMPLE 31 (7R) - 7-

[ (2- Phenyl acetyl )am no] -3- [3,4-
dichlorophenylthio]-3-cephen}4-carboxyF3te, 4- 10
nmet hoxybenzyl ester This was prepared by a procedure simlar to that for

Exanpl e 15, but sodihm 3rdegacht 05O RRGMH1d Bi10/iat empasyHgedny EXANPLE 32 15
(7R)-7- [(2-Thi enyl acet I?an1n%l-3- zbrogn-4- gl-
met hyl - 2- FFRG&2BES| $pRey |4 TADY -%'-4&&3&@&&’ Y1ia¢p6%¥at e, 4- met hoxybenzyl.
est er Thi siydesxpinpas racdyid@ quint edid € 7R) Fi7l-amnihe-3hee-for Exampl e 15, but
(7R - 7-[ (2-tshi enyl tyl)amngl-3-, 2 _
trifluor oﬁﬁﬁ‘ﬁsﬁéﬁ?@#ﬂ oiﬁ?%%'gﬁeﬁ%zf?%‘?’%&?r a% erfleﬁlzlo’ﬁ%k?%zﬁ;beeﬁztﬁr'est er
and sao®li um 5- brono-4-(1-net hyl -2- i m dazol yl ) phenyl thiolate was used.
EXAMPLE 33 25 (7R) - 7- Ami no- Jesfadap@"agyrenyl t hi o) - 3: cephem 4-
car boxyl at e, benzhydrih‘ester To _a so] ution of
(7R) - 7- ( phenyl acet yk Y &}i1Vo: BL2 24 2nAippafytdagodydd peert 8¥Bar boxyl at e
benzgde”yI ester (812 neydtodly mmamﬁ%:ajdh?aﬁd.%s[.q;;r.], 2.42 mmol ) in
30 i chl oro ne (5 .0l err agded _sl o a solution o
phosphor us pgﬁ%ggmﬂﬁﬁﬁﬁf%X3§Ph&”%iégfﬁzgr)i%{%ﬂ%ﬁfﬂrémﬁﬂﬁﬁﬁﬁ¥g‘m5ﬁ
Afterl@5 min at [err], isobutyl-meéthoysybenzyln estex nmol) was added in
one portion. The mfhdr 8- WRSdure of Example 51 is employed, but the
reactants are 2-(2-amino-4-thiazolyl)-2-(syn-
hydroxyimino)acetic acid and (7R)-7-amino-3-[4-
(ethoxycarbonyl)phenylthio]-3—cephem—4—carboxylate, 4-
15 methoxybenzyl ester.

EXAMPLE 56
(7R)-7-[[2~(2~Anino-4-thiazolyl)-2-[[[syn-(tert-
butoxy)carbonyl-methoxyiminolacetyl]l]aminol-3-[4-(2-
20 thienyl)phenylthio] -3-cephem-4-carboxylate, 4-
methoxybenzyl ester
The procedure of Example 51 is employed, but the
reactants are 2-(2-amino-4-thiazolyl)-2-[syn- (tert-
butoxy) carbonylmethoxyimino]acetic acid and (7R)-7-aﬁino—3-[4-
25 {2-thienyl)phenylthio]l -3-cephem-4-carboxylate, 4-methoxyvbenzyl
ester.

EXAMPLE 57
(7R)-7-112-(2-Amino-4-thiazolyl)-2-[[lsyn-(tert-
30 butoxy)carbonylmethoxy-iminojacetyl]jamino]-3-[4~(2~-
furyl)phenylthio] -3-cephem-4-carboxylate, 4~
methoxybenzyl ester
The procedure of Example 51 is employed, but the
reactants are 2-{2-amino-4-thiazolyl)-2-{syn-(tert-
35 Dbutoxy)carbonylmethoxyiminojacetic acid and (7R)-7-amino-3-[4-
{2-furyl)phenylthiol -3-cephem-4-carboxylate, 4-methoxybenzyl
ester.



diluted with dichloronethane (20 nL), and was washed with 5% 35 aqueous
sodi um bi carbonate solution (20 nL). The organic layer was dried with
sodi um sul fate, and the solvent was renoved with a rotary evaporator. The
resi due wapospishgéected to flash 62 chromat ography on si PCTaIsgs39¢{&33% t 0
50% et hyl acet ate/ hexane) to afford 300 ng (45% of the title conpound.
EXAMPLE 34 5 (7R) - 7- Am no- 31ﬁ@-|odophenylth|o) 3- cephem 4-
carboxyl ate, 4-nethozybenzyl ester A m xture of

(7R) - 7- (phenyl acetyl ) am no- 3- (2- i odophenyl t hi o) 3- cephem 4- car boxyl at e,
4- met hoxybenzyl ester (850 ng, 1. ZBXAMBLE 258 pyridine (195 [err], 2.42

mmol) in 10 di CB IR { Eﬁ?—lonﬁgt Lg:yia%if&zeaie? ;Jnovx.dy vmth a

sol ution -of phosphorius pen

"di chl or onet hane (9fkupromthoxyimin ﬁ')a‘t [aé-‘m}:rlie&m%- ésnol (1 1,

12.1 mmol) was a%%pﬂwyttn%t)lmciﬁaa.m-waewaﬁydhw ed géth
di chlLoronet hane (20 nlL), and wa ed vm#h 50/%15 aqueous sodi um

bi caPbonat e sol ution (20 niL).® ﬁg OENTIREY %&s dried with sodium
sul fate, and the sTHegrocsginrecnivEdampié %1 rm aamp loysdr Imtr théhe resi due

was sub flas | 33%to 50% et hyl
acet at eJ/ exé;%éﬁt%t r%f? g%gﬁggiaggg%m%ezcﬁlsgﬁe (c-orrp(:)und 2(()) Y
8ubstantﬁh&qqoertéiqmgq)néeﬁwh@@gdcﬁgi:rﬁmd-'f-@nm@l-éa 33 - 34, the
c gt”po un g&&gﬂ{é}ﬁ(ﬂﬂh\i@ﬂ LBOEebhéi\e@'-é@i-erh@ anhthdxybehdyta8sLer,

obt ai_ ne

VMPLE (7R) -7-Am no-3- (4-Dhi phenylth| o)
- 3- &Qp_hem4 car boxyl ate, "benzhydryl ester The procedure of Exanple 33 is
enpl oyed, except '~ EXAMPLE 59

(7R -7-[ (phenyl acetyld)ﬁgn nf)h Tgiaknapfggxlt%)ogmingqm}enté ca rboxyl ate,

benzhydryl ester is
(chloromethyl)dibonzofuran-B-ylthio] -3-cephem~4-

- carboxylate, benzhydryl ester
15 The procedure of Example 51 is employed, but the
reactants are 2-thienylacetyl chloride-pyridine and (7R)-7-
amino-3-[6- {chloromethyl)dibenzofuran-3-ylthio] -3-cephem-4-
carboxylate, benzhydryl ester.

20 EXAMPLE 60 .
(7R) ~[(2-Thienylacetyl) amino] -3-[6~- (chloromethyl)
dibenzofuran-l-ylthio ]-3- cephem-4-carboxylate,
benzhydryl ' oltcf
The procedure of Example 51 is employed, but the
25 reactants are 2-thienylacetyl chloride-pyridine and (7R)-7-
 amino-3-[6- (chloromethyl) dibenzofuran-l-ylthio]-3-cephem-4-
carboxylate, benzhydryl ester.

"EXAMPLE 60
30 (7R) -[(2-Thienylacetyl)amino] -3-[6-
(chloromethyl)dibenzofuran-1-ylthiol-3-cephem-4-
carboxylato', benzhydryl ester |
The procedure of Example 51 was employed, but the
reactants were 2-thienylacetyl chloride-pyridine and (7R)-7-
35 amino-3-[6-(chloromethyl)dibenzofuran-l-ylthio]-3-cephem-4-
carboxylate, benzhydryl ester.

EXAMPLE 61



30 EXAMPLE 36 (7R) -7-Ami no-3- [4- (2-imdazolyl)phenylthiol -3-cephem
4- car boxyl ate, benzhydryl ester The procedure of Exanple 33 is enployed,
except 35 wookhesés [ (phenyl acetyl)am no]-3-[4-(2-i m dazol yl ) ptEuydsidssms] - 3
- cephem 4- car boxyl ate, benzhydryl ester is used. EXAMPLE 37 63

(7R) - 7- Am no- 3-[ 3- br ono- 4- ( phenyl ) phengkt hi o] - 3- cephem 4-car boxyl at e,
benzhydryl ester The procedure of Exanple 33 is enployed, except (7R) -7-
[ (phenyl acetyl ) am no] - 3-[ 3- br ono- 4- (phenyl ) phenyl thio] 5

- 3-cephem 4- car Y@R) -af E(2bAminok ¢+ thinzolyl Jackt ¥ 2Jdkinoldd-3- (2~

(7R) - 7- Am no- 3- [ ( L 410 h | Ql - 32 - car poxyl at e,
benzhydryl ester %(#Jdéﬁﬂgﬁgﬁ%y%?p%gégr'gg %ﬁsngﬁga% 1’s -enpl oyed;
except (7R):7-[(phenyl acetyl)amethoxypenzyl ester
trifluoromethoxy)phenylthio]-3-cephem 4-carboxyl ate, benzhydryl ester is
used. 15 EXA LE 39

(7R) - 2 Ani no- 3- ( dbed56f BFERe3us# 13F CBX%“R’E@p RS ERPLEYSRat BUt BERS hydr yI
est er Therpaecaftiseweie EkarmhimadA -ithiarpletedceekceptid and (7R)-7-

(7R)-7-[(hgny! gcetyl)am nol - 3-6di henzaof ~3- L1 ceph 20

em 4-car b%(ng‘?ét g, ?%eir)\%é@goé}%nyé’st{herogisa %gé&%&%ﬁ%%lgte, ZP

(7R) - 7- Anfngshexyhenzyl hefs ) phenyl t hi ol - 3- cephem 4- car boxyl at e,

benzhydryl ester 25 The procedure of Exanple 33 is enpl oyed,
7R) - 7- h I I ' -3-]4-(2-thi | ) ph | t hi o] - 3-

excep{o( ) [ (phenyl acet yl ) am no] E3 | PI(.E tsieny ) phenyl t hi o] -3

(7R)-[[(2=-Amino-4-thiazolyl)acetyl]amino]-3-(2-
iodophenylthio)~3-cephem-4-carboxylate, 4-

methoxybenzyl ester
The procedure of Example 51 was employed, but the
15 reactants were (2-amino-4-thiazolyl)acetic acid and (7R)-7-
amino-3- (2-iodophenylthio) -3-cephem-4-carboxylate, 4-
methoxybenzyl ester.

EXAMPLE 63
20 - (7R)~-[(2-Purylacetyl)amino]-3-[4-(2~
oxazolylmethyl)phenylthic] -3-cephem-4-carboxylate, 4-
methoxybenzyl ester
The procedure of Example 51 was employed, but the
reactants were 2-furylacetic acid and (7R)-7-amino-3-[4-{(2-
25 oxazolylmethyl)phenylthio)~3-cephem-4-carboxylate, 4-
methoxybenzyl ester.

EXAMPLE 63a
(7R)-[(2-Furylacetyl)amino]~3-{4-(2-imidazolylmethyl)
30 phenylthio] -3~-cephem-4~-carboxylate, benzhydryl ester
The procedure of Examplé 51 was employed, but the
reactants were 2-furylacetic acid and (7R)-7-amino-3-[4-(2-
imidazolylmethyl)phenylthio)~3-cephem-4~carboxylate,
benzhydryl ester.
35
EXAMPLE 64 _
(7R)-[(4-Bromophenylacetyl)amino]-3~[dibenzofuran-3-
ylthio] -3-cephem-4-carboxylate, benzyhydryl ester



cephem 4- car boxyl ate, benzhydryl ester is used. EXAMPLE 41 30 - (7R
-7- Am no- 3-[ (6-chl or onet hyl ) di benzof uran-2- ylthiol-3-cephem 4-carboxyl ate,
4- met hoxwhensdeeés ester A procedure simlar to Exanpl e 33 ipcHposysnyed,
except (7R) -7- [(phenyl acetyl)am no]-3-[6-

(hydroxynethyl)dlbenzofuran 2-yl thio] g-cephen}4 carboxylate 35

4- met hoxybenzyl ester is used in the- presence of a second equival ent of
phosphorus pentachl oride and pyridi ne. EXAVPLE 42 64

(7R) - 7- Am no- 3- [ ( 7Thél provedune )afi [Bxampler §0- #as employed, but the

;YIthlo] gggggggg%ﬁgégéng%%ﬁ&gmggygskgg§y §%%%ﬁv?este§ fdﬁf ure 5|n1lee.te.
(hydroxyﬁe{ﬁyb?@KQﬁ#ﬁﬁﬂ1}7Mlth3°9FBhcsphemcéph%nbdkxiaﬁnvqbenzhydry1

4- met hoxyheggy! ester is used in the presence of a.second equival ent of
phosphorus pentachl oride and pyridine. 10

EXAMPLE 43 (7R)’-7- Am no- 3- (2, 5-di chl or ophenyl t hi-o) - 3- cephen}4 car boxyl at e,
4- met hoxybenzyl ester Procedure sExXaMpL®oe8xanple 33 is. enpl oyed, except

7R) -7- h I hi th

éep%em[éigﬁgiﬁéyhéaﬁﬁoﬁéﬁ ;y:ﬂe&s?%%%% SIRARE

7R)-7- A r enykt I medA carboxylatepherbdnaghiydyy bt

Sf rrzet hoxybgnzqu ester o pF? ure¢5| m | ar 1(:30 E;l;npl e 33 |§
ety

enpl.oyed, except (7F% %ﬁghenylac an1no] 3-[4-(2-
oxaZdl yI met hyl ) pheFge tBF #P@mwéﬁbé%ywaseemm10ﬁe@hdmwbéﬂzy| ester

i s used. r@actants were 2-iodophenylacetyl EXAMEEfdd%and (7R)-7-amino-3-
[2-bromophenylthio] -3-cephem-4~-carboxylate, benzhydryl ester.

EXAMPLE 66 |
15 (7R)-[[(2-Icdophenylthioc)acetyl]lamino] ~3-[2-
iodophenylthio] -3-cephem-4-carboxylate, 4-
methoxybenzyl ester
The procednre of Example 51 was employed, but the
reactants were 2-(iodophenythio)acetic acid and (7R)-7-amino-
20 3-[2-iodophenylthio]-3-cephem-4 -carboxylate, 4-methoxybenzyl

ester.
B EXAMPLE 67
(7R)-[[(2-Iodophenylthic)acetyl]lamino]-3-
25 (biphenylthio)~-3-cephem-4-carboxylate, 4-methoxybenzyl
ester - .

The procedure of Example 51 was employed, but the
reactants were 2-(iodophenythio)acetic acid and (7R)-7-amino-

3- (biphenylthio) -3-cephem-4-carboxylate, 4-methoxybenzyl
30 ester.

EXAMPLE 68 :
(78)-[[(Trifluoronethylthio)acoﬁyl]amino]-3-[4-(2-
oxazolyl)phenyl-thio] -3-cephem-4-carboxylate, 4-
35 methoxybenzyl ester

The procedure of Example 51 was employed, but the
reactants were (trifluoromethylthio)acetic acid and (7R)-7-



(7R) -7-Am no-3- [4- (1-im dazolyl nethyl)phenylthio] -3-

cephem 4-

car boxyl ate, 4-nethoxybenzyl ester Procedure simlar to Exanple

i s enpl oy MO 98Pt (7R) - 7- [(phenyl acetyl ) am no] - 3- [ 4- ( 1-PGHUSISH3I76
I m dazol yl met hyl ) phenyl t hi o] - 3- cephem 4- car boxyl ate, 4- net hoxybenzyl ester
IS used. EXAVPLE 46 (7R)-7-Am no-3-[4-71l-i m dazolyl nmet hyl ) phenylthio]-3- 35

cephem 4-

carboxyl ate, 4-nethoxybenzyl ester Procedure sinilar to Exanpl e

33 is enpl oyed, _exce (7R)-7- [gghenipacetyl)anlno] 3-14-( :

i ni dazol yRRERAYSY bie T?}Fﬁ%ﬂh@)

i S used.

drzyl ester.

(7R)-- 7- Am ne- 3- [.2- br onp- 4- (et hoxycar bonyl )} phenyl t hi o] - -
3-cephem 4-carboxyl ate, 4-net hoxybenzyl ester Procedure simlar to

Exanpl e 33 is enpl oyed,

(et hoxycar bowhwﬁgwémpha%mméhw)wwm arfind §- 30N BRBZY |

t
(7R - 7- Ami ndk 3 pHBOXHEAEOORYL) RRARY Lmdp b 2epnohen-Lapaskpmriate,
4- met hoxybenzyl ester 15 4-methdkybefuyd Sedited (0 Exanple 33 is

I d, t

(7R)-7-1 (pheny! acet JAPRFRSFISES £F FaRIey BfoHaR, PR} gyed, but the
cephem 4- reabbagtatwere- (teti hyésheo)waetuseablcEmdPLEMQ-m

7R 7 A 4 ()é@ﬂﬂ%ﬁ
g nét oxy %zglﬁester roégd%re S ﬁ%? L¥§,%§ 2%| %ﬁf oyed except
(7R -7- Feﬁh@wl%%tmwmbsn[m(wgﬁam do)phenylthl o] 3-

15

20

25

30

35

EXAMPLE 70
(7R)-7-[[2-(2-Puryl) -2~ (syn-
methoxyimino)acetyl]amino] -3-(2-bromophenylthio)-3-

cephem-4-carboxylate, benzhydryl ester

The procedure of Example 51 was employed, but the
reactants were 2-{2-furyl)-2-{syn-methoxyimino)acetic acid and
{(7R) -7-amino-3- (2-bromophenylthio) -3-cephem-4-carboxylate,
benzhydryl ester.

EXAMPLE 71
{7R)-7-[[2-(2~Furyl)-2-(syn-
methoxyimino)acetyllamino]-3-(dibenzo-furan-2-ylthio)-

3-cephem-4-carboxylate, benzhydryl ester

The procedure of Example 51 was employed, but the
reactants were 2-(2-furyl)-2-(syn-methoxyimino)acetic acid and
(7R) -7-amino-3- (dibenzofuran-2-ylthio)-3-cephem-4-carboxylate,
benzhydryl ester.

EXAMPLE 72
{7R)-7-112-(2-Furyl)-2-(syn~
methoxyinino)acetyllanino]-3-[4-(1-mothy1-2-
imidazolyl)phenylthio]l -3~cephem-4~-carboxylate,
benzhydryl ester
The procedure of Example 51 was employed, but the
reactants were 2-(2-furyl)-2-(syn-methoxyimino)acetic acid and

except (7R) EXAMBI®RN@Sacet yl ) am no] - 3-[ 2- br ono- 4-

33

hl Eér%oﬁ??%ﬁ@?47Fa§R&4¥iEfﬁbnfyI est er



cephem 4- car boxyl at e, 4-nethoxybenzyl ester was used. 25 EXAMPLE 5 0
(7R) - 7- Am no- 3- [4 (2-furyl)phenyl thio]-3-cephem4- carboxyl ate,

4- et hoxw?e? ssESter Procedure simlar to Exanple 33 is pav@)ugyg@g-,@xcept
30 (7R p enylacetyl)an1no] 3-[4-(2-furyl)phenylthio]-3-

cephem 4- car.boxyl ate, 4- nethoxybenzygzester I s used. EXAWMPLE 51 (7R)-7-[[2-
(2- Ami no-4-thiazolyl) -- (syn- 35

nmet hoxyi m no) acetyl ] - am no] - 3- (4- bronophenyl t hi 0) - 3- cephem 4-car boxyl at e,
benzhydrylg) e—$t-8:fn1n303SPkUll-Qﬁleﬂ{yl-&-(l%n.@@z'oQﬂ') t—bl-aéph&h)ﬂ (syn-
nethoxy|n1nggbicet|c aci d qbqgﬁ:o 20 nmol ) and 1-

hydr oxy G&%H ar6r ePERIF Shrol) in DMF (2 ) - mas added - N
' dlcyclohexylcarbod||n1de (45 ng, 0.22 nnDI) After stirring for 15 n1n a
-solution of (7R)-7-am no- 3-(2- br Ityjo) 3-.cephem 4- car boxyl at e,

benzyhydryl ester 5 (110 ny, DMF (1.5 nl) was added. The
m xtare wakwt)l—r'lr-em&r(Bccﬁﬁmhbeﬂatm%t 9!5&41%0)&#0%1 aninalvhed

bet ween ZO%h ?A d%mawai;Mﬁaml&ichIm 3 Ja@phenyeL Was
dried over so |un1sul and he sol vent s removed with a rotary
evaporator. The crude pF tep ReREhY Eé'rlapﬁéfr‘&n silica gel (30%

Et OAc/ hexane), t o Tidd prdcédurg OF5OEkamble Bl twad eenpigyed)d budsithe

Fol T oni RESEEARSECYeEg 2SRRIV 28, e htiilchort b s skt Ea Rl e

(7RO 7- [([7TR)(-I-Amino-3- ﬁﬁrébmwmeqwﬂdlbenzo uran-3-ylthio]-3-
cephem-4-carboxylate, benzhydryl ester.

EXAMPLE 74
(7R)-7-[(D-Phenylglycyl)amino] -3-(dibenzofuran-1-
15 ylthio)-ceph-3-em-4~-carboxylate, benzhydryl ester
This was prepared by the reaction of D-phenylglycyl
chloride hydrochloride and (7R)-7-amino-3—(dibenzofuran-l-
vlthio)-3-cephem-4-carboxylate, benzhydryl ester in the
presence of tetrahydrofuran and aqueous sodium bicarbonate.
20 _
EXAMPLE 75
(7R) -7-[ (D-Phenylglycyl)amino]-3-(dibenzofuran-2-
ylthio)-ceph-3-em-4~carboxylate, benzhydryl ester
This was prepared by the reaction of D-phenylglycyl
25 chloride hydrochloride and (7R)-7-amino-3-(dibenzofuran-2-
ylthio) -3-cephem-4-carboxylate, benzhydryl ester in the
presence of tetrahydrofuran and aqueous sodium bicarbonate.

EXAMPLE 76
30 . (7R)-7-[(D-Phenylgiycyl)anino]-3-(dibonzo£uran-3-
ylthio)-eoph-B-em-i-carSoxylato, benzhydryl ester
This was prepared by the reaction of D-phenylglycyl
chloride hydrochloride and (7R)—7-amino-36(dibénzofuran-3—
ylthio)-3-cephem-4-carboxylate, benzhydryl ester in the
35 presence of tetrahydrofuran and agueous sodium bicarbonate.

EXAMPLE 77



met hoxyi m no) acetyl ] - am no] - 3- (bi phenyl t hi 0) - 3-cephem 4-car boxyl ate,
benzhydryl ester 20 The procedure of Exanple 51 is enpl oyed,
but the reqa sgnssssar e 2- (2- am no-4-thiazolyl)-2-(syn- net hopgirnisesdsetic
acid and (7R)-7-am no- 3-(bi phenylthio)-3- cephem 4-carboxyl ate, benzyhydryl
ester. 25 2FEXAVMPLE 53

(7R -7-[[2-(2- Ami no-4-thiazol yl)-2-(syn-

hydr oxyi m no) acetyl ] - am no] - 3- (bi phenyl t hi 0) - 3-cephem 4-car boxyl at e,
benzhydryl'es(%n)?ﬁ&ExneéduMpziyiharphhiﬂyl;cu@ﬁkaﬂimhn-3%943@2-

reactants are 2- gzg£ ygo ticgacid and
(7R)-7-am no- 3-( |phenyl f’é‘é‘?} gphem4 car boxyl at e, t)enzéﬁgdryl ester.- .
EXAVPLE 54 35 (7R) -meERexYROBEVD_ 108F8E 0l y| ) - 2- (syn-

hydr oxyi mi no) acet yl | pigdri g¥cedird- oEdgranpYéet bi oyas -emsldiaig, 4 1 kdey| at e,

the r ogo! AHPASSARS Mere R14: Eom?if’ceﬁ?“}e%vol{as%a%&@w% TORSLET gﬂfd
and (7R) - Taminors 3422 -fucgphphghyhtbi e B- Tepiphan-Laarboxydace, 4-
4- et hoxybxg A’Fﬁéaz A slé?él\/PLE 55 (7R _-7_-

[[ 2- (2- Amino- (syn- hydroxyi ni-no)acetyl]-amino]-3- 4-
(et hoxycar bonyl ) phenylthio)]- 3-cephem 4-carboxylate, 10
4- met hoxybenzyl ester The procedur egghmptaphe 51 i s enpl oyed, but the

oAt g e AP AT e Ak SRR Va1 £3Y s VST PRI G e § an
phenylthio]-3-cephem-4-carboxylate, 4-methoxybenzyl
ester
The procedure of Example 51 was employed, but the
reactants were cyanocacetic acid and (7R)-7-amino-3-[3-
15 (imidazolylmethyl)phenylthio] ~3-cephem-4-carboxylate, 4-
methoxybenzyl ester.

EXAMPLE 79
{(7R)-7-[(Cyancacetyl)aminol]l-3-[3-dibenzothien~1-
20 vlthio]-3-cephem-4-carboxylate, 4-methoxybenzyl ester
This was prepared by a procedure similar to that for
Example 51, but the reactants were cyanocacetic acid and (7R)-
7-amino-3-{3-dibenzothien-1-ylthio] -3-cephem-4-carboxylate, 4-
methoxybenzyl ester.

25
EXAMPLE 80
(7R)-7-[{(Cyancacetyl)amino]-3-[4~(trifluoromethyl)
phenylthio]-3-cephem-4~-carboxylate, 4-methoxybenzyl
ester
30 This was prepared by a procedure similar to that for
Example 51, but the reactants were cyanocacetic acid and (7R)-
7-amino-3-[4-(trifluoromethyl)phenylthio]-3-cephem-4-~
carboxylate, 4-methoxybenzyl ester.
35 EXAMPLE 81

(7R)-7-[(0-[D-4~-Ethyl-2,3~dioxo~1~
piperazinecarboxamido] ~c-phenylacetyl)amino]l-3-{2-



(et hoxycar bonyl ) phenyl t hi 0] - 3- cephem 4- car boxyl ate, 4- 15 nethoxybenzyl

ester. EXAMPLE 56 (7R)-7-[[2-(2-Am no-4-thiazolyl)-2-[[[syn-(tert-
but oxy) C&k - met hoxyi m no] acetyl ] am no]-3-[4-(2- 20 $95/03976
thlenyl)pﬁﬂﬁa¥ sy 3
procedure of Exanple 51 is enployed, put the reactants are

~2-(2-am no-4-thiazolyl)-2-[syn- (tert—QRnoxy)carbonyInethoxy|n1no]acet|c

acid and (7R)-7-am no-3-[4- 25

b TR s g

but oxy) car bonyl met hoxy- i nmi nofaReE
~furyl) phenyl t hi o] -’I‘hmMasrp&eparbdxpirathe#ewttmyd:@m—yﬂ&eﬂenhy'ﬂhe

procedurg ;P l %%ré%f.ﬁgm:?%‘ﬁgxaxp#g of *lf-ﬁrf‘&ﬁh%@e%ﬁr %hloride

2- (2- am no-
butoSy)aadeW%RNﬁmHamnmpﬁBndpamedoe4ab¢xhnamidbﬂﬁ&uﬁmwmﬁhaoq33E¢ephem—

AR %péée%’&%‘; L i ks P %n S PR RRIEY e hoxyi o)

acet yl | eeteAh rﬁ@dé—pﬁeﬁ%@ﬂ?é)s@-‘e‘&b arhona¥®cyl ate, 4- 5

nmet hoxybenzyl ester The procedure of Exanple 51 is enployed, but the
reactants are 2- (2-am no-4- thlazog ﬁgésxg - fluoroet hoxyi m no)acetic
*bﬁ? c

acid and (7R)-7-am no-3-(2- iodoph ephem 4- car boxyl at e,
4- mdBhoxybenzyl ester{7R)=7- [(a-[D-A-Ithyl -2,3-dioxo-1-

piperazinecarhoxamido]-a-phenylac‘tyl)amino] 3-
[dibenzofuran-3-ylthio] -3~-cephem-4~-carboxylate, 4-
methoxybenzyl ester
This was prepared by the reaction of 0-[D-4-ethyl-~
15 2,3-dioxo-l-piperazine-carboxamido]-0a-phenylacetyl chloride
and (7R)-7-amino-3~-[dibenzofuran-3-ylthio]-3-cephem-4-
carboxylate, 4-methoxybenzyl ester in the presence of
tetrahydrofuran and aqueous sodium bicarbonate.

20 EXAMPLE 83
(7R) -7-[ (phenylacetyl)amino]l -3-[6~(chloromethyl)
dibenzofuran-3-ylthiol]-3-cephem-4-carboxylate,
‘benzhydryl ester |
This was prepared by the reaction of (7R)-7-

25 [ (phenylacetyl)amino]-3-[6- (hydroxymethyl)dibenzofuran-3-
ylthio] -3-cephem-4-carboxylate, benzhydryl ester with 1.1
equivalents of thionyl chloride and pyridine in methylene
chloride at 0°C. | |

Under substantlally the same procedure as in Example

30 83, the items of the following Examples 84 - 88 were 31m11arly

prepared.

EXAMPLE 84
(7R) -7-[ (phenylacetyl)amino] -3-[7~
35 (chloromethyl)dibenzofuran- -ylthio] =3=-cephemn-4-
ca:boxylntc, G-nsthoxybonzyl cstor
This was prepared by the reaction of (7R) -7~
[ (phenylacetyl)amino]-3-[7- (hydroxymethyl)dibenzofuran-3-

i 0] - 3- cephem 4- carboxyl ate, 4- methoxybenzyl ester The

68



10 EXAMPLE 59 (7R)-[(2-Thi enyl acetyl)am no] - 3-[ 6-
(chl ororret hyl ) di benzof uran- 3-yl t hi 0] - 3-cephem 4- car boxyl ate, benzhydryl

ester The procedure of Exanple 51 is enpl oyedpcBbosiiss
react ant s APS20%4,i enyl acetyl chloride-pyridine and (7R)- 7?1'

am no- 3-[ 6- (chloromet hyl ) di benzof ur an- 3 yI t hi 0] - 3- cephem 4- car boxyl at e,
benzhydryl ester. 20 EXAMPLE 60 (7R) - '
[ (2- Thi enyI acetyl )am no] -3- [6- (chloronethyl) dibenzofuran-1-ylthio]

-3 cephemA+eaLhoxulahe embfreé%k 1o AndREORIOGRIYT ol DX 0 S1 | o

enpl oyed, but reactants are 2-thie or] de-pyridi ne and
(7R)-7- a®aNévelpBtscaf OFMW|%%%P£}%HYEL9H% Hp- m%@pﬂ'&m L
car boxyl at@1 ckedehydr ypcester. EXAMPLE 60 30

(7R)-[ (2- Thi enyl acet yl ) ami no] -3-[ 6- i

(chl oronet hyl ) di benzof uran- 1-yl t hi 0] - 3-cephem 4- carboxyl ate, benzhydryl
ester The procedure of Exanple 51 wRXKMPLBEY#R but the reactants were

2-thienyl acetyla¢il 671 R | 8841 § 33.17-

am no- 3-[ 6- (ch:(o?grrg{ hgffd?l%lenszﬁr a% fﬁ %?3) - 3- lce -rocx?r%oxyl at e,

benzhydryl est@iP -méuaaaﬂ-rl@ iol- -cevheﬂ-'*-carb"xvht'-

E)?R) -0 L( 2- iAmhpo) 43t hi aﬁol yl4) aceibyiﬂaaynehzgﬂ( 2‘.1;,;[-) c

ronophenyl t hi o) - em 4- car bo e ester

The procedure of Exgﬁﬁ‘?e wB¥ Rﬁ?pﬁ%‘il‘g@éatheoﬁeat é‘°¥’e§t hpé §_fé2'

(2- anito- £urfyilazetyl ) ambne k- 3| o GhydixoR)-meéthyl) dibenzofuran-3-

. ylthio]-3-cephem-4-carboxylate, 4-methoxybenzyl ester with 1.1

equivalents of thionyl chloride and pyridine in methylene

chloride at 0°C.

15 EXAMPLE 86
(7R)-7-[2-(2-Thienylacetyl)-2-(syn~-
methoxyimino)acetyllamino}l-3-{4~[4'-
(chloromethyl)phenyllphenylthiol-3-cephem-4-
carboxylate,4-methoxybenzyl ester

20 This was prepared by the reaction of (7R)-7-[(2-
thienylacetyl)amino]-3-[4-[4'-
{(hydroxymethyl)phenyl]phenylthio] -3~cephem~4-carboxylate, 4-
methoxybenzyl ester with 1.1 equivalents of thionyl chloride
and pyridine in methylene chloride at 0°C.

25

EXAMPLE 87
(7R)-7-1[2-(2-Amino-4-thiazolyl)-2-(syn-2-
fluorocethoxyimino)~-acetyllamino]-3-[{4~-(chloromethyl)
phenylthio] ~-3-cephem~4~-carboxylate, 4-methoxybenzyl
30 ester
This was prepared by the reaction of (7R)-7-[[2-(2-

amino-4-thiazolyl)-2- (syn-2-fluoroethoxyimino)acetyl)amino]-3-
[4- (hydroxymethyl)phenylthio] -3-cephem-4-carboxylate, 4-
methoxybenzyl ester with 1.1 equivalents of thionyl chloride

35 and pyridine in methylene chloride at 0°C.

LS

EXAMPLE 88



am no- 3- ( 2- br onophenyl t hi o) - 3- cephem 4-car boxyl ate, 4- nethoxybenzyl ester.

10 EXAMPLE 62
(7R) - [ [ (wchveaeged- t hi azol yl ) acetyl ] am no] - 3- ( 2-
i odophenylcfﬁgl 0) - 3-cephem 4-car boxyl ate, _4- net hoxybenzyl e

procedure of. Exanple 51 was enpl oyed,,but the 15 reactants were
(2-am no-4-thiazol.yl)acetic acid and (*/R) - 7-
am no- 3- (2-i odophenyl t hi 0) - 3- cephem 4- car boxyl ate, 4- nethoxybenzyl ester. .

5522/5:_5 o ﬁgl ) phenyl $HRAT 74‘2&%&%&%@%%%9&? ,g’gl?-'e’wie?héiybenzy|
ester The prRéRemazinecarhoxamidodscephenydacatyl hamizsledt{amere = -
oxesol yi mot HopEEESa e Tibndrd T akedt L-Ehpran=a-ashanylotes, dosi or.
EXAMPLE 63a (7R)-[(2-Furyl acempehomvhanzyl 4-¢gteni dazol yl net hyl) 30
_phen$gl t hi o] - 3- cephimisl-weny prepared, bybenehydaytiogséer7 Ihaxprmaedur e of
(7R 7 S R B e E BRI 53 5 Lephem 4- car boxy at e,
benzhyd rgheras]taaretya;.’) aEX?NF’I: BE-04- (I:I%C_irodfynéentzlgl )rpé'le__nxl thio]-3-cephem-
§/I7$ %i E)]( fl%_-%ca(ey;%g%}%‘% (‘:eg(r: 6%&%%%98L%@ﬁ£ % Wi tqea' equiyatfBtsr 8€edure of
Exanpl e Bliomsl ahdicyide abdt pyrédirecinmethyplend -dhlomiptemd acet vl
chl gpi de and (7R)-7-am no-
. EXAMPLE 89
(7R) -7- [ (phenylacetyl)amino]-3-[6- (pyridin-1-
iummethyl)dibenzofuran-3-ylthio] -3-cephem-4-
carboxylate, boqzhydryl ester, chloride salt
15 This was made by the reaction of (7R)-7-
[ (Phenylacetyl)amino]-3-[6- (chloromethyl)dibenzofuran-3-
ylthio]-3—¢ephem—4-carboxylate, benzhydryl ester with 4.0
equivalents of pyridine in acetonitrile. Desired material was
obtained by precipitation with diethyl ether.
20 ' .
EXAMPLE 90
(7R) -7-[ (phenylacetyl)amino] -3-[6- (N-methylimidazol-1-
iummethyl)~-dibenzofuran-3-ylthio] -ceph-3-em-4-
carboxylate, benzhydryl ester, chloride salt
25 This was made by the reaction of (7R)-7-
[ (phenylacetyl)amino]-3-[6- (chloromethyl)dibenzofuran-3-
ylthio]—3—cephem-4-carboxylate, benzhydryl éster with 4.0
equivalents of l-methylimidazole in acetonitrile. Desired
_ material was obtained'by precipitation with diethyl ether.
30 |
EXAMPLE 91 | .
(7R) -7-[ (phenylacetyl)aminol-3-[7-(pyridin-1-
iummethyl)-dibenzofuran-3ey1£hio]-ceph-S-em-l-
carboxylate, benzhydryl ester, chloride salt
35 This was made by the reaction of (7R)-7-
[ (phenylacetyl)amino] -3-[7- (chloromethyl)dibenzofuran-3-
ylthio]—3-cephem—44carboxylate,_benzhydrYl ester with 4.0



3-[di benzof uran- 3-yl t hi 0] - 3-cephem 4- car boxyl ate, benzhydryl ester. 5
EXAMPLE 65 (7R)-[(2-1odophenyl acetyl)am no]-3-][ 2-

bronophenyévbr;g&%%&%- cephem 4- car boxyl ate, benzyhydryl ester g€rmsesn3oré
The procedure of Exanple 51 was enpl oyed, but the reactants were

2-i1 odophenyl acetyl chloride and (7R)-7;am no- 3-
[2-bronnpheny|thio]-3-cephen}4-carboxyF te, benzhydryl ester. EXAMPLE 66 15
(7R)-[[(2-1odophenyl t hi o) acetyl ] am no] - 3-[ 2- _

I OdODQGHYE&PEGEéiénlﬁ§p§€%i%Hé?&‘ﬁ| a&bégo?itrﬂéhoﬁét@ﬂt@dh&ﬁﬁraﬂ%s
procedure 0 agpl e was, ennl oye e.reactants were

D odophERyRHF Y aRE(PRecR Ao, FRyhy damkREL S ° o
3-[ 2-iodophenyl t hi 0] - 3- cephem 4- car boxyl at e, 4-net hoxybenzyl ester. EXAMPLE

67 (7R -[[(2-1odophenylthio)acetyl] R re- :
( bi phenyl t hi 0) - 3- cephem 4- car boxyl at e, _Jgéegﬁgx%benzyl ester, The procedure
of Exdnpl e 57 Bhs7erfd yRarvdaceatyl) amdnmt s3ndie Mtnetbyddmidagpicetic

acid and (7R) - T--2Afdmfetihyl) AEBEhR Ml rancaniet i 63-eph 28 Cem-4 -
4- met hoxybenzyl 30 ester. EXAVPL 6 : .
(7R)-[[(Trif|u6¥sh€?‘ﬁr§|’t‘=m'o) &c %WW%H@'(%’L chloride salt
oxazol yl ) phenyl - t hi This-wap hheade!-oartiex Heaioriondo£3%7R) ~7-[ (2~
met hoxybe ocedur 2 ( t .t he
feact ant s kv EEe T SRR ORI Bt bR ERLE) é}%@%@%@# Yo

10 3-cephem-4-carboxylate, 4-methoxybenzyl with 4.0 equivalents

of pyridine in acetonitrile. Desired material was obtained by

precipitation with diethyl ether.

EXAMPLE 93
15 (7R)-7-[(2~-Furylacetyl)amino]~-3-[6-(pyridin-1-
iummethyl)dibenzo-furan-2-ylthiocl~-ceph~-3-em-4-
carboxylate, 4-methoxybenzyl ester, chloride salt
This was made by the reaction of (7R)-7-[(2-
furylacetyl)aminol-3-[6-(chloromethyl)dibenzofuran-3-ylthio] -
20 3-cephem-4-carboxylate, 4-methoxybenzyl with 4.0 equivalents
of pyridine in acetonitrile. Desired material was obtained by
precipitation with diethyl ether.

. EXAMPLE 94
25 (7R)-7-112-(2-Thienyl)-2-(syn-
methoxyimino)acetyllaminol-3-[4~-(N-pyridin-1-
iummethyl)phenylthio] ~-ceph-3-em-4-carboxylate, 4-
methoxybenzyl ester, chloride salt
This was made by the reaction of (7R)-7-[[2-(2-

30 thienylacetyl)-2-{(syn-methoxy-imino)acetyllamino]-3-{4-~
(chloromethyl)phenylthiol-ceph-3-em-4-carboxylate, 4-
methoxybenzyl ester with 4.0 equivalents of pyridine in
acetonitrile. Desired material was obtained by precipitation
with diethyl ether.

35

EXAMPLE 95 _
(7R)-7-[[2-(2-Amino-4-thiazolyl)-2-(syn-2-~
fluorcethoxyimino)acetyl] -amino]-3-[4- (N~



71 am no- 3-[ 4- (2-oxazol yl ) phenyl t hi o] - 3- cephem 4- car boxyl ate, 4-

nmet hoxybenzyl ester. EXAMPLE 69 5 (7R) -

[[(Triflworssnegshyl t hi o) acetyl ] am no]-3- 2-brono- PCT/US95/03976

4- (et hoxycar bonyl ) phenyl t hi o] - 3- cephem 4- car boxyl ate, 4-met hoxybenzyl ester

The procedure of Exanple 51 was enpl aged, but the reactants were -

(trifluoromethylthio)acetic acid and (7R)-7- 10

am no- 3-[ 2- br ono- 4- (ethoxycarbonyl)phen | t hi 0] - 3-cephem 4- carboxylate
Erdvrd Hiypmerly ¥

4- et hoxybeRgfhydsinida )phenylthio]l-caphyd-ems4-

get hﬁxé' ml nOhtawoﬂﬂlmﬁogc&éehb%malhwghhbh&, W«ﬂéﬁmxy{ate _
enzhydryl- -ester procedu anpl.e e e :

. f ant 0. (i Wep) mad 1O S 9P ok o 0 it 23t

E$g§ ?na;uEng—thgbzo;pbhéﬁylE;ﬁE; f&unqﬂaahoxyamuhoX§beg;l]2m1nbbﬁ1hydryI

este ._(é@L - -

nethoxyl ggé#?éﬁﬁ%%fg%ééy%%P %&%% uF%n 0 I?ﬁb°¥y1§§e' 4

3- cephemath@aswb@;aw estepeWiEy b9 eqpuival emé pfodcherbydimisiazple 51 was

- enpl oyedn kidetohe tigaet anéglman&éﬁzélumds) obtainedei/hoxyi m no) acetic

benzhyd BHECARLEATISH FRRREAESTINT ABHSF 1 [ 5. 22' Pryl )5 (ayn. o orate:
nethoxyin1no)acety|]an1no] 3-[4-(1-net hyl -
benzﬁiglz:)pgngLt¥Lg] ?oggggfg}gf %éﬁ £#ea%§ was ehployed but the
reactants wer e('ZR()Z"’f'uFW713‘@54#%#”@@#4#96?&0&3 <{ ayngt (Heirt-
butoxy)carbonyl-methoxyimino)acetyl] -amino]-3~[4- (N~
methylimidazol-l-iummethyl)phenylthio] -ceph~3-em-4-~
carboxylate, 4-methoxybenzyl ester, chloride salt
15 This was made by the reaction of (7R)-7-[[2-(2-
amino-4-thiazolyl)-2-(syn-(tert- _
butoxy)CarbonylmethOXyimino)acetyl]aminp]-3-[4—
(chloromethyl)phenylthio] ~ceph-3-em-4-carboxylate, 4-
methoxybenzyl ester with 4.0 equivalents of l-methylimidazole
20 in acetonitrile. Desired material was obtained by
precipitation with diethyl ether.

EXAMPLE 97
(7R)-7-[ (0~ [D-4-Ethyl-2,3-dioxo-~1-
25 piperazinecarboxamido] -0-phenylacetyl)amino]l-3-[4-~
(pyridin-l iummethyl)phonylthio] -3-cephem-4-

carboxylate, _4-mnthoxybon=yl ester, chloride salt
This was made by the reaction of (7R)-7-[(0-[D-4-

ethyl -2,3- dloxo-1-p1pera21ne-carboxam1do]-a-

30 phenylacetyl)amino]-3-[(4-(chloromethyl)phenylthio]-3-cephem-4-
carboxylate, 4-methoxybenzyl ester with 4.0 equivalents of
pyridine in acetonitrile. Desired material was obtained by
precipitation with diethyl ether.

35 EXAMPLE 98
(7R)-7-[{(2,4-Dibromophenylacetyl)amino]-3-[4"'-
(py:idin-l-ium-methyl)biphenylthio]-ceph-3-em44-
carboxylate, 4-methoxy-benzyl ester, chloride salt



72 (7R) -7-am no-3-[4-(1-nethyl-2-imdazol yl)-3-cephem 4- carboxyl at e,
benzhydryl ester. EXAMPLE 73 5 (7R -7-[[2-(2-Furyl)-2-(met hoxyi m no)
acetyl] anmeois28966[ 6- (hydr oxy- net hyl ) di benzof ur an- 3-yl t hi o] PETEHSHHBNE -

car boxyl ate, benzhydryl ester The procedure of Exanple 51 was enpl oyed, but
the reactants were 2-(2-furyl)-2-(syn-msthoxyi mno)acetic acid and 10 (7R)
-7-am no- 3-[ 6- (hydr oxynet hyl ) di benzof ur an- 3- yIthio] 3-

cephem 4-car boxyl ate, benzhydryl ester. EXAMPLE

(7R) - 7- [ (D- Phenyl gl yRijiiS) i@snapds- Py bléﬁz%ﬁﬁ@rm-ofls('m) -7-1(2,4-

yl't hi 0) --C e3fisr3s éngaaaexyi ﬂémnopesuwdrodhlo&%h@&hwoBlwénﬂe@ﬂdspd by
the reaction.o hen #8?éﬁg§ orugf dr oc Iorkde ang
(7R) - 7- aniHE H"Fﬂ\'geﬁ?% m~E-E4r B 19I 418, benzhydryl

ester in téem nmaa&amseoﬁfp?ridhhgd&mﬁanenbnmutla@ue0931sed|matérra&tnmmate 20

5??”?2 ce%ﬁ Rkeé %&Eggg é#g%gﬁ%%engﬁp rfﬁiéqte Tgragszbrepared by the

reaction of D-phenylglycyl 25 chloride hydrochloride and
(7R) - 7-am no- 3- (dibenzofuran'2 y1trggﬁnﬁngep@gn}4-carboxylate benzhydryl

E;;ELLEn7%hgdPresence(ﬁ tetr é rofur n and ﬁggg;éiﬁtgﬂ§g+ﬁ€;¥9£%Le.

yl t hi o) - ceph1bfwhé-ﬂwlumuhehglﬂniuh:dmwliﬁmmméﬂhylMphemyﬂ&ﬂfﬁ]by t he
E?ggt gn?LoDépgidﬁﬁéﬁﬁuran ‘%ﬂé¥¥£ﬂ€£gcggo d@iE%i?ﬁ%%¥?atg'tﬂbd2hydry
ester in the chloride sa.lt:

This was made by the reaction of (7R)-7-([(2,4-
dichlorophenylthio)acetyl]amino] -3-[2-bromo-4- (chloromethyl)
phenylthio] -3-cephem-4-carboxylate, 4-methoxy-benzyl ester

15 with 4.0 equivalents of l-methylimidazole in acetonitrile.
Desired material was obtained by precipitation with diethyl
ether.

EXAMPLE 100
20 (7R)-7-[[(2,4-Dichlorophenylthio)acetyl]amino]l-3~-[2~-
bromo-4-({pyridin-l-iummethyl)phenylthiol ~-ceph-3-em~-4-
carboxylate, 4-methoxybenzyl ester, chloride salt
This was made by the reaction of (7R)-7-[[(2,4-

dichlorophenylthio)acetyllamino]-3-[2-bromo~4-(chloromethyl)

25 phenylthio]-3-cephem-4-carboxylate, 4-methoxybenzyl ester with
4.0 equivalents of pyridine in acetonitrile. Desired material
was obtained by precipitation with diethyl ether.

EXAMPLE 101
30 (7R) -7~ (phenylacetyl)amino]-3~(4~-biphenylthio)-3-
cephem-4~-carboxylic acid
A solution of (7R)-7-[{(phenylacetyl)amino}-3-(4-~
biphenylthio)-3-cephem-4-carboxylate, benzhydryl ester (450
mg, 0.670 mmol) and anisole (0.4 mL) in dichloromethane (3 mL)
35 at 0° was treated with trifluorcacetic acid (4 mL). After 1h,
the volatiles were removed with a rotary evaporator. The
residue was subjected to column chromatography on silica Qel
(dichloromethane, then 10% AcOH/dichloromethane), affording



35 presence of tetrahydrofuran and aqueous sodi um bi carbonate. EXAVPLE 77
WO 95/ 26966 73 (7R) -7- [(D- (2-Fornyl oxy)phenyl acetyl)am no]-3-[4-(2-
furyl) Q,I&eb?% hi o] - 3-cephem 4-carboxyl ate, 4- net hoxybpggxsos3s4er The
procedure o anpl e 51 was enployed, but the 5 reactants were

D- (2-fornyl oxy) phenyl acetic acid and 7R) - 7- '

am no- 3-[ 4- (2-furyl) phenyl t hi 0) - 3- cepliem 4- car boxyl ate, 4- et hoxybenzyl
ester. EXAMPLE 78 10

o s Be 1SR A ERS L EiEA S bR h%ﬂ%@z‘%emg ra6hed A ddure of

Exanpl e ol pi. biyes eBUtal N f QANIANT 3 W' 94 Y aR0agelbs, agl gz and
(7R) - 7-am’no-3- [ 3- 15

(i m dazdidyl r?i@th FiEhen§tERi 6f« 3tepfeth 42830 IS a8, =5/} hoky®enzy|
elstﬁr ]EX/NVRhE mHO?RBbﬂ l(a(@mnmt,zlﬂm[)mmﬂ)l 3543, dnbmgzormwn 1- 20 |
y thLo ep 4- car boxyl at e 4- met hoxybenzy ester This was prepare
by agpr&sg%U ggghﬁplaf to that for Exanple 51, but the reactants were
cyanoacetic acid and (7R)-

7-am no- 3- [ 3-di benzot hi en- 1- yItthﬁa@ng@phqnhﬂ carboxyl ate, 4--
nmet hoxybenz ester. 25 EXAMPLE

(7R)-7- [(Oﬁéﬁda'c"eT9K?amm&%'?xlom#mbrarre%yb;onophenylthio) 3-
phenyl t hi ol - 3- cephem 4- Carbﬁﬁﬂjﬁ{n_cﬂrﬁaubwﬂﬂnngaidester 30

Thi gouas prepared by 8 RnAISH 8¢ '(Tk) - Cohd1d&dey1) amino) -3- (a-
bromophenylthio)-3- cephem-4 carboxylate, benzhydryl ester (80
mg, 0.12 mmol) in phenol (230 mg) at 45° was added
trifluorocacetic acid (9 uL). After 1.5 h, the volatiles were
removed with a rotary evaporator, and the residue was

15 triturated with isopropahbl/hexane._The:resulting white solid

was washed with ether and dried in vacuo, affording 48 mg

(79%) of the title compound. 1H NMR (acetone-dg) & 3.67 (d,

1H, J=16), 3.75 (4, 1H, J=16), 3.64 (4, 1H, J=18), 3.67 (4,

1H, J=18), 5.25 (4, 1H, J=5), 5.92 (d, 1H, J=5), 7.2-7.7 (m,
20 9H); IR (XBxr) 1347, 1386, 1606, 1756, 3276_cm‘1.

 EXAMPLE 103
(7R)-7-1[2-(2~-Amino-4-thiazolyl) -2~ (syn-
methoxyimino)acetyl]amino] -3-(4-bromophenylthio)-3-
25 cephem-4-carboxylic acid
To a mixture of (7R)-7-[[[2-(2-amino-4-thiazolyl)-2-
(syn-methoxyimino) Jacetyl] -amino] -3- (4-bromophenylthio) -3~
cephem-4-carboxylate, benzhydryl ester (71 mg, 0.096 mmol) and
"anisole (0.2 mL) at 0° was added trifluoroacetic acid. After 1
30 h, the voiatiles were removed with a rotary evaporator. The
crude product was subjected to reverse-phase chromatography on
C1g adsorbent (acetonitrile/ water 3:2), affording 11.6 mg
(21%) of the title compound.
Under substantially the same procedures as in
35 Examples 101 - 103, the items of the follow1ng Examples 104 -
141 can similarly be obtained.

‘EXAMPLE 104



Exanpl e 51, but the reactants were cyanoacetic acid and (7R)-

7-am no- 3- trlfluoronethyl)phenylthlo] 3- cephem 4- carb
4- et hoxy %éﬂ st er . N&%@E’o{gﬁ) 7-(

([err]- [D4-Ethyl-2, 3- dIOXO 1-
plpera2|necarboxan1dol [err]-phenyl acédyl)ami no]-3- 2- 74 i odo- 4-
(cyanan1do)pheny|th|ol - 3-cephem 4- car boxyl ate, 4-nmethoxybenzyl ester This

was prepared by i“%rg%ﬁwithﬁo- U%ﬁhf%@i?%%xgcfylm%ﬁ nolsz3-(2-

2, 3-di oxo- 1- plpera2|n car boxam do] -a-

(7R) - 7- ami no- 3- [thougphamienmuo?pwgmd]-cngMM agdioxyl at e,

4-net hoxybenzyl ester ir the presence of tetrahydrofuran and aqueous sodi um
bi carbonate. EXAWMPLE 82 10

(7R -7-[([err]-[ D 4-Et hyl - 2, 3- di ox F*AMELE® 103 necar boxani do]
-[errb-phenyhmzny¢7amnﬂﬂ-ﬂhino 4-thiazolyl)acetyl]lamino] -3~(2-

[ di benzof uran- 3-yl,t er"é%?‘%%Qgﬁr%’err]éF%*ha ﬁéliggﬁ&'i‘wbeal‘ﬁ’& ester This

was prepared by t
2, 3- di oxo- 1- pi per azi ne- car boxam do] - a- phenyl acetyl chloride and
(7R) - 7- am no- 3- [ di benzof ur an- 3-yl t kyglmpr® Rt 4- car boxyl at e,

4- met hoxybenzyl ester in the gresence of tetrahydrofuran and agyeous sodi um
bi car bonat e{7®) =7-[[2-(2-Amino-4-thiazolyd)mir fsyp-hydroxyimino)

(7R) 18- [ (phenWaseir) ] asiint] - 8=~ [d~((dt WoRFeaBBonyl ) phenylthio]l -3~
dibenzofuran-3-y|thio]-3-ce% 4- q@rbox Iatgd.benZQKerl ester This was
prepared by the reaction of Fﬁg oxytic ac

[ (phenyl acetyl )am no] - 3-[ 6- (hydroxynethyl)dlbenzofuran-S-

yl thi o] - 3- cephem 4- car boxyl at e, Qﬁﬂuﬁgﬂ% §¢gfr Wth 1.1 equivalents of

t hi onyl chloride and pyridine in ene
(73? 7-1[2- (2—Amino- -thiazolyl)-2-(syn-

15 methoxyimino)acetyllaminol~3-(2-iodophenylthio)cephen-
4-carboxylic acld

EXAMPLE 108
(7R)-7-[[2~-(2-Amino-4-thiazolyl)-2~-(syn-2~
20 fluorocethoxyimino)acetyllamino]-3-(2-iodophenylthio) -
3-cephem-4-~carboxylic acid

EXAMPLE 109
(7R)-7-[[2-(2-Amino-4-thiazolyl)-2~(syn-
25 carboxymethoxyimino)acetyllamino]-3~[4~-
(2thienyl)phenylthic] -3-cephem-4~carboxylic acid

EXAMPLE 110
{(7R)~-7~-[(0-[D~-4~-Ethyl~-2,3-dioxo-1-~
30 piperazinecarboxamido] -0~ (hydroxy-
phenyl)acetyl)aminol-3-[2-iodo~4-(cyancamido)phenyl-
thio]-3-cephem~4~-carboxylic acid

. EXAMPLE 111
35 (7R)-7-[ (0.~ [D-4~-Ethyl-2,3~dioxo-1~
piperazinecarboxamido]-o-
(hydroxyphonyl)acetyl)amino]-3-[dibcnzo£uran-3;
ylthiol~-3-cephem-4~carboxylic acid



chloride at [err]. Under substantially the sane procedure as in Exanple 30
83, the itens of the follow ng Exanples 84 - 88 were simlarly prepared.

EXAMPLE $fo ésfigbes’ - [ (phenyl acetyl)amino] -3-[7- 35 PCT/US95/03976
(chl or onet hyl ) di benzof uran- 3-yl thi ol -3-cephem4- carboxylate,.

4- met hoxybenzyl -ester This was prepaéﬁd by the reaction of (7R)-7-
[ (phenyl acetyl ) am no] - 3-[ 7- (hydr oxynethyl ) di benzof ur an- 3- 75

yl t hi o] - 3- cephem 4- car boxyl ate, 4-net hoxybenzyl ester with 1.1 equivalents
of thionyl chloride and pyridine in nethylene chloride at [err]. 5

EXAMPLE 85 (7R)-7-[(2-Furyl acetyl% ;{ - (chl or onet hyl )
di benzof ur an- 3- yl t hi o} - 3- cephem 4- 4- et hoxybenzyl. ester .Thi__.s.

‘was ‘prepared by (7R3 -r'k-att(lzer.tqﬂoﬂii)wlﬁliﬂeaéﬂtyl)am:l.no] 3-(2-
furyl acetyl)amn el
yl t hi_o] - 3- cephem %d%ag% ?thhg')% 3 ?*éxy enzy ?Qﬁ'iﬁ h al"’i‘ieqw valents -

of tRionyl chloride and pyridine in nmet hyI ene chI oride at [err]. 15
EXAMPLE 8 6 (7R) -7- [2- (2-Thi engxa0epie (syh- met hoxyi m no) acetyl]

ami no] -3-[4- vl he henyl .t hi 0] -3-cephem 4-

car boxyl at e, ﬁgi %'e éwggﬁﬂglﬁg“ Em“bf"‘t RiamiR_1 gdepared by the
reaction of (7R) Vbﬁ_.bhomm#baeet-ﬁdmﬁOI-&a[:-bc{:ﬂylic acid

(hydroxymet hyl ) phenyl phenyl thi o] - 3- cephem 4- car boxyl ate,” 4- net hoxybenzyl

ester with 1.1 equivalents of thionyl chloride
10 EXAMPLE 114

(7R) -7~ (Cya.no'acctyl) am:_lno] -3 [3- (imidazolylmethyl)
phenylthio]-3-cephon_1—4-ca.rboxylic acid

EXAMPLE 115
15 - (TR)=-7~- [(cYanoacotyl)alnino] 3=~ (dibonzothionyl 1-
ylthio)~-3-cephem-4- carboxylic acid

.~ EXAMPLE 116
(7R) -7-[(Cyancacetyl)amino]-3-[4-(trifluoromethyl)
20 phenylthio)-3-cephem-4-carboxylic acid

EXAMPLE 117
(7R)-7-[(2-Thienylacetyl) a_uu:l.no] =3-[6-(chloromethyl)
dibenzofuran-3-ylthio]-3-cephem-4-carboxylic acid
25

EXAMPLE 118
(7R) =7-[(2-Thienylacetyl)amino] -3-[dibenzofuran-3-
vlthio] -3-cepho_n-4-ca:_'boxy1:l._c acid

30 | EXAMPLE 119
(7R)-7-[(2-Furylacetyl)amino]-3-[4-(2-oxazolylmethyl)
phenylthio] -3-cephem-4-carboxylic acid

EXAMPLE 120
35

(7R)-7-[(2~ !‘urylacotyl)amino] 3- [4-(1 :I.midazolynethyl)
phenylthio] -3-cephem-4 -carhoxylie acia



and pyridine in nmethylene chloride at [err]. 25 EXAMPLE 87 (7R)-7-[[ 2-

(2- Ami no-4-thiazolyl)-2-(syn-2-

f 1 uor oet hoxgiosreeseqg - acet yl ] am no] - 3-[ 4- (chl or onet hyl ) PCT/US95/03976

phenyl t hi 0] - 3- cephem 4-car boxyl ate, 4-net hoxybenzyl 30

ester This was prepared by the reacti ggg of (7R)-7-[[2-(2-

am no- 4-thi azol yl)-2-(syn-2-fl uoroet hoxyi m no)acetyl)am no] - 3-

[ 4- (hydr oxynet hyl ) phenyl t hi 0] - 3- cephem 4- car boxyl ate, 4- net hoxybenzyl

ester with 1.1 equival ents of thi oE¥ANRLErilRl 35 and pyridine in nmethyl ene
chi oride at {oghly SYWRLE, Ef&&omzﬁts;a» tnibhel dgimiﬁuayiszca ~digaxo-1-

b
(chior omot ny| ) PHERGPENIOPAARELEBYed " AR PRC S-S AEBARY RIS LA ester

This was prepared by the reaction of 7-[(a-[D-4- ;

ethyl52 3- di oxo- 1- plpera2|ne car bo

phenyl acet yl ) am no) - 3-[ 4- ( hydr oxyne Wﬁenyﬁ% hi o] - 3- cephem

4- car boxyl at e, (BR e lrdx §1u9mﬂn°vmrl)EkﬂQgehvmhﬁﬁ%inP]rmﬂi%ﬁ

chloride and pﬁ&w&euF.Eﬁmeaerswlﬁfhahthiol19 -PHRE-32 (7R -7-
(phenyl acetyl )am no] -3-[6-(pyridin-1-

i unmet hyl ) di benzof ur an- 3-yI t hi o] S2xRFEHL. *eiBoxyl ate, benzhydryl ester
chloride salt 15 This was made by the reaction of (7R)-7-

[ (ph | acet yl ) am no] - 3- [ 6- (chlor05§99%#%ﬁ ggﬁiofuran-B-

yl t hi"0] - 3- cephem 4- car boxyl at e r with 4.0 equival ents of

pyridine in Z&)er¥i+l{De(2bFrmylorydphenydscetyl)amino]-3-[4-(2-
furyl)phenylthiol -3-cephem-4-carboxylic acid

EXAMPLE 124
15 {7R)-7-[(phenylacetyl)amino]-3-{(dibenzofuran-1-
ylthio)~3-cephem-4~-carboxylic acid

EXAMPLE 125
_ (7R)-7-1{ (phenylacetyl)amino] -3~ (dibenzofuran-3-
20 ylthio)-3-cephem-4~-carboxylic acid

EXAMPLE 126
(7R)~7-[ (phenylacetyl)aminol-3-(6-~-
hydroxymethyldibenzofuran-3-ylthio)-~-3-cephem-4-
25 carboxylic acid

EXAMPLE 127
(7R) -7~ [ (phenylacetyl)aminol]-3-(7-
hydroxymethyldibenzofuran-3~-ylthio)-3-cephem-4-
30 ' carboxylic acild

EXAMPLE 128
(7R)-7-[ (D-Phenylglycyl)amino] -3-(dibenzofuran-1-
ylthio)-3-cephem-4-carboxylic acid
35
EXAMPLE 129
(7R)-7-{(D~-Phenylglycyl)amino] -3-(dibenzofuran-2-
ylthio)~3-cephem-4-carboxylic acid



obtained by precipitation with diethyl ether. 20 EXAMPLE 90

(7R)-7-[ (phenyl acetyl ) am no] - 3-[ 6- (N- et hyl i m dazol - | - :

I unmret hy di_ benzof uran-3-yl thi o] -c¢ceph-3-em4- carbozyl at bgd3el V!
ester, (}’,51289&2361|t 25 This was made by the rgac;tb?on of (7R -7-
[(phenyl acetyl)am no] - 3-[ 6-(chl oronet hyl ) di benzof ur an- 3-

yl thi o] - 3- cephem 4- car boxyl at e, benzﬁﬁdryl ester with 4.0 equival ents of
1-met hyli m dazole in acetonitrile. Desired material was obtained by
precipitation with diethyl ether. 30. EXAMPLE 91 (7R) 7-

[ (phenyl acet yl ) am no] - 3- [7 (pyridin-1-

I ummet hyl ) - di benzof uran- 3-yi t hi o] mem carboxyl.at e, . henzhydryl .

. ester, chlooride salt 35 (7R)-7=-¢ '((hL.Q- w1 de. hbe reaction of

7R < 7- [ (phenyl acetyl hi f
VI Uhi o] - 5 BegRwLRY )ail‘w”é’&ﬁ ) 3?%@ ey Y5 hAR) val ent

of pwgridine i n acetonitri Beceﬁhﬁﬁ-@d—ﬂtbm@ilﬁms aiidi ned by precipitation
with diethyl ether. EXAMPLE 92 5

(7R)-7-[(2-Furyl acetyl )yam no] - 3-[7- (N- et hyl i ni dazol -

1-i ummet hyl ) - di benzof ur an- 3-yl t hi m3m4 car boxyl at e,

4- met hoxybenzyl ester, chhgyiBe § bL i Mps ) Tade Lthe reaction of
(7R -7-[(2- furyl acetyl ).am no] 3- ((chl ororalea': h%né enzofuran 3- ﬁ#th' o] -
10 ~ 3- cephBthdsyiginchacesyd b2y ofuFAR VA ¥litd
pyrigdi ne in acetonitrile. 3Desplﬁhmt-earblomm®bta¢£dd by preC| pi tat i on
with diethyl ether. EXAMPLE 93
EXAMPLE 132

(7R)=-7-[(2~(2~Amino~4-thiazolyl)-2-(syn~methoxyimino)

acetyl)amino]=-3- (6 hydroxymothyldibenzofu:an-2-

15 ylthio) -3=- cephom- -carboxylic acid

EXAMPLE 133
(7R)-7-[((2-Amino-4-thiazolyl)acetyl)amino]-3(6~-
hydroxymethyldibenzo-furan-3~-yl-thio)~-3-cephem-4-
20 carboxylic acid

EXAMPLE 134
(7R)-7-{[2-(2-Furyl) -2~ (nethox:flmino) acetyl]amino}-3-
- (7-hydroxymethyl -dibenzofuran-3 ~ylthio)~-3-cephem-4-
25 carboxylic acid

| EXAMPLE 135
(7R) -7-{[2- (2-Furyl) ~2~- (methoxyimino)acetyl]amino}-3-
( 7-hydroxymethyl-dibenzofuran-1 -ylth:l.o) -3-cephem-4-
30 carboxylic acid

EXAMPLE 136
(7R) -7~ [(phenylacetyl)ani.no] -3-[6~ (pY:idin-imethyl 1)
dibenzofuran~-3-ylthiol-3~-cephem-4-carboxylate, inner
35 salt

EXAMPLE 137



15 (7R -7-[(2-Furyl acetyl )am no] - 3-[ 6-(pyridin-1-

I utmet hyl ) di benzo-furan-2-ylthiol -ceph-3-em4- carboxyl ate, 4-nethoxybenzyl
ester, chiwbedasswalt This was made by the reaction of (7R)-PeTgE895/03976

furyl acetyl)am no] -3-[6-(chl oronet hyl ) di benzof uran-3-ylthio]- 20

3-cephem 4- car boxyl at e, 4-net hoxybenzylgswith 4.0 equival ents of pyridine in
acetonitrile. Desired material was obtained by precipitation wth diethyl

et her. EXAMPLE 94 25 (7R -7-[[2-(2-Thi enyl)-2-(syn-.

met hoxyi m nd)7 Re? yl[[(@hexy Backtyl Napinedi~3~ [6- (N-methylimidazol-1~

umrethyl) pheny! Yizale 604 ¥£HY A saamlﬁtg}g%mft Laester,
chloride salt This was e reaction 0
t hi enyl'acetyl)-2-(syn-net h&kf‘%%o@ﬂﬂ d.aniifiNers- ga S

(chl oronet hyl ) phenyl t hi o] - ceph- 3- em 4- car boxyl ate, 4- met hoxybenzyl ester
with 4_0 equival ents of pyridine |n %trﬂl e. Desired material was
obt ai ms-:d by precipitation with di et §5 EXAMPLE 95 (7R
-7-[[2-(2- Am no- 4- t kPRI H+ [ {2~ Maﬁylacotyl)amino] -3-[6~-(N-

f 1 uor oet hoxyi nQL. Y/ _a_ -

met hyl i mi dazolrﬂq‘gﬂgiq% ?g%e%yl 3‘11 "H—Xﬁ?d}ﬁu LR (i

4- met hoxybenzyl esteﬂFOthPoPPdé'M'-'{bW% Was!‘Fﬁa@e bi,nm:e r%%\"e’él on of (7R
-7- [2-(2- amino-4-thiazolyl)-2-(syn-2-fluoroethoxyi m no)acetyl]am no]-3- 5
[4- (chl oromet hyl ) phenyl t hi o] - ceph-3-em: 4- cargg | ate, 4- nethoxybenzyl
esterifith 4.0 equi val ents of 1- rret In acetonitrile. Desired
mat eri al was obt ai ned{DR)pi7ec] (2 + 2hienylddtetdyd)amisdbne3~-[6~

(pyridiniummethyl)dibenzofuran-3-ylthiolceph-3-em-4-
carboxylic acid, inner salt

15 EXAMPLE 140
(7R)-7-[(2-Thienylacetyl)amino]-3-[6-
{(pyridiniummethyl )dibenzofuran-2-ylthiol-ceph-3-em-4-
carboxylic acid, inner salt

20 ‘EXAMPLE 141
(7R)-7-1(2~(2~-Amino-4-thiazolyl)~2-{(syn-
hydroxyimino)acetyl)amino-3~(2-iodophenylthioc) -3~
cephem-4-carboxylic acid

25 EXAMPLE 142
(7R)-7-[({phenylacetyl)amino] -3-[4~-[ (3~
hydroxymethyl)phenyl] -phenylthio] -3-cephem-4-
carboxylic acid, sodium salt (P4 coupling)
To a stirred solution of (7R)-7-

30 [(phenylacetyl)amino]-3-(4-iodophenyl-thio}-3-cephem-4-
carboxylic acid (25.0 mg, 0.045 mmol), 3-hydroxymethyl-1-
trimethylstannylbenzene (16.3 mg, 0.060 mmol), tri(2-
furyl)phosphine (1.1 mg), sodium bicarbonate (4.2 mg, 0.045
mmol) and 2,6-di-t-butyl-4-methylphenol (2 mg) in N-

35 methylpyrrolidinone (0.3 mL) was added
tris(dibenzylideneacetone)dipalladium(0) (4.5 mg, 0.0049
mmol). The mixture was heated at 65° for 2 h, at which time
the reaction was quenched by addition of 1% aqueous sodium



10 EXAMPLE 96

(7R -7-[[2-(2- Am no-4-thiazolyl)-2- (syn-(tert-

but oxy) car bon I-nethozy|n1no)acetyl] amno]-3-[4- (N

met hyl | "W@25@¢96 i umet hy| ) phenyl t hi o] - ceph- 3- em 4-  car boR§GTESE03976

4- met hoxybenzyl ester, chloride salt 15 This was nmade by the
reaction of (7R)-7- [[2 (2- am no-4-t86azol yl)-2-(syn-(tert-
butoxy)carbonylnethoxyinino)acetyl]anino] 3- [4-

hl th h | t - b t z th b | t
W th 4. GLEEPbEAER: sodnton Ca%e% A e Al r§3 N
nateriaﬁuﬁb§c68§aFﬁeHeE?r?ﬁ °PF39P¥tﬁngeFﬂﬁ?rbfﬁﬁwﬁiE§

b LR e @3 Frmaiefyme siste

(pyr|d|ﬁ°FHQHﬁﬁethy %ﬁf 25 g*é (garﬁﬁxyga}é)'43n%§h8%ybenzyl

SoLek  A.q0ud8) Sasl el g, v, r@dﬁ;)by fs]% achonstief R 43 (errl-[D-4-

et hyT - 23 di"ox0- 1 pi per azi ne-‘car boxam d i

pheny!| addty IF8ki n8} 83- fdd ¢ chlorgmtthyl Yprerly Bt Hro] 13HeepRehP4{dcatBoxyl-ate,

gerret hgm@et r)zythl qxbe) 1887, 1€1equiesd, erlwsstzqf 3ppacHde ItE aceigmtrgISe
sired materia i on i e et.her

EXAMPLE 98 (7R)- 7%%“%&8&3%%3@5\ %‘ %ﬁ"é’

(pyr|dHﬂdtaﬂhmmmbﬁyhbbvphnnymxammmedbhh 3ﬂnmtﬁmmoanﬂexpfath;s

o7 "R riaGRAK T3Leba BOLG! fiF Blkiples ThaTHsY M3R HAUBDYaLLE. Mooct! O

d|bronophenylacetyl)an1no] 3-[4' - (chl oronet hyl ) bi phenyl t hi o] -
3-cephem 4- car boxyl ate, 4-met hoxybenzyl ester with 4.0 equival ents of

ridine in nitrile. ir r|I
pyri di ne acetonit e. Desired nate a 143

(78)-7-[(Thzenylacetyl)amino]-Bf[4-(2-imidazoly1)
15 phenylthiol] -3-cephem-4-carboxylic acid, sodium salt

EXAMPLE 144
(7R)-7-[(2,4-Dichlorophenylthio)acetylamino] -3-[4-[(1-
methyl-imidazol-4-yl)phenylthiol]~3-cephem-4-
20 carboxylic acid, sodium salt

EXAMPLE 145
(7R)-7-1(2, 4-Di£1uorophony1thio)acotylanino] 3-[4-
[(1-methyl-imidazol-4-yl)phenylthio]l-3-cephem-4-
25 carboxylic acid, sodium salt

EXAMPLE 146 _
(7R)-7-[[2-(2-rury1)f2-(qxn-
methoxyimino)acetyl]lamino}l-3~- [4-[(l-methylimidazol-4-
30 yl)phenylthio]]-3-cephem-4-carboxylic acid, sodium
' salt

EXAMPLE 147
(7R) -7-[a- [D-4-Ethyl-2,3-dioxo-1~
35 - piperazinecarhoxamido]phenylacjty;nhino]-3-[4—[(1-
nethylimidazol-d-yl)phonylthio]]-3-cebhem-4-carbéxylic
' acid, sodium salt o



5 obtained by precipitation with diethyl ether. EXAMPLE 99 (7R)-7-
[[(2,4-Di chl orophenyl t hi o)acetyl | am no] - 3-[ 2-

br ono- 4- ( Ny@Bésreké M dazol - 1-i unmet hyl ) phenyl t hi o] - 10 PCT/US95/03976
ceph- 3-em 4- car boxyl ate, 4-nmethoxybenzyl ester, chloride salt This was
made by the reaction of (7R)-7-[[(2,4-g7

di chl or ophenyl t hi o) acetyl ] am no] - 3-| 2-%rom)- 4- (chl oronet hyl)

phenyl t hi o] - 3- cephem 4- car boxyl ate, 4-met hoxy-benzyl ester 15 wth 4.0
equi val ents of 1-methylim dazole i mmnni tx48e. Desired material was

btained b
?7R§il ge[[(g 4-€fc |c§ﬁap‘ﬁQ’n PE’% :‘%:’gif am WHE&QO; =3-[4- “1- .
‘br ono-"4- (pyri di rmethwdrekn ﬂ}pl‘?é-rrw-t!i W:‘Bhémld - 3¢ oD Remrt 4

4- met hoxybenzyl ester, chlirtintrid BHia agcodaUn Pyatike reaction of
(7R -7-[[(2, 4- dichl orophenylth| o)acetyl]am noj - 3- [ 2- br ono- 4- (chl ororrethyl)

25 pf?enylthl o] - 3-cephem 4- car boxyl ate, 4-nethoxybenzyl ester with 4.0
equi val ents of pyridine in acetoni tnmm.ﬁ)esldsd mat eri al was obt ai ned by

C7R - 01 (pheAbtZr hioEts s fadse; ¢ERT iy Rzt 102~ (syn-methoxyimino) | .
A solution of (7R)-2etinbhpmiaa-3y ﬁrﬁd]l-sqtihylimidazol -4-
bi phenyl t hi o) H&g%@}ﬁméﬁaahwa&.ﬂenzhﬂwgﬁér 4634, godiad ol )

and ani sole ( I n di chl oronet hane err] ‘was treated
withX%ifluoroacetic acid (4 ni). After“!ﬂﬂ the vol at i I es were renoved with
a rotary evaporator. The residue was subjected to colum chromat ography on
silica gel (dichloromethane, then %EEV diggl oronet hane), affording
80

(7R)-7~[(2-(2-Amino-4-thiazolyl)-2~-(syn-

cyclopentoxyimino)acetyllamino-3-[4-[(1-
15 methylimidazol-4-yl)phenylthiol]]-3-cephem-4-carboxylic
acid, sodium salt

EXAMPLE 151
(7R)-7-[(2-(2-Amino-4~-thiazolyl)-2-(syn-
20 cyclobutoxyimino)acetyl]lamino-3-([(4~-{(l-methyl-
imidazol-4-yl)phenylthiol]l~-3-cephem-4~carboxylic acid,
sodium salt

EXAMPLE 152

25 {7R)~7-1{(D-(2~-Formyloxy)phenylacetyl)amino] -3-[4-{(2~
furyl)phenylthiol -3-cephem-4-carboxylic acid, sodium
' salt

EXAMPLE 153
30 (7R)-7-[(4~-Chlorophenylacetyl)aminol-3-[2-(2-furyl)
phenylthio] ~-3-cephem-4~-carboxylic acid, sodium salt

EXAMPLE 154
(7R)~7-[[(4~-Methoxyphenylthio)acetyl]lamino]-3-[4-
35 (trifluoro-methoxy)-2-(phenyl)phenylthio] -3-cephem-4-
carboxylic acid, sodium salt

EXAMPLE 155



232 mg (69% of the title conmpound. [err] NMR [err] 3.37 (d, 1H, J=18),
3.63 (d, 1H, J 18), 3.84 (d; 1H, J=16), 3.92 (d, 1H, J=16), 5. 25 (d, 1H,
J=5), 593; 1H, J=5,9), 7.2- 7.8 (m 14H), 8.15 (d, 1 ‘F(KBr)
1513, 16Y4P 95426 6\9 5.1784, [err]. EXAMPLE 102 (7R) -7-[(pheny ace% )

ani no] - 3-- (4- bronophenyl t hi 0) - 3- cephem 4- carboxylic acid 10 To
~a solution of (7R)-7- [(phenylacetyl)&ﬁ noj - 3- (4- :
br onophenyl t hi 0) - 3 cephen}4 carboxylate benzhydryl ester (80 ng, 0.12

mol ) in phenol gﬁatl I ggfz_LﬁﬁfJn gq_.%f;fihaﬁiu&org@ggt |(c~3 afl d (9 [err]).

After 1.5 h, the wer e a rotar vapora and the
resi due M/adifﬂ'!q??haﬂ!ﬂ-éd’hﬁqlrﬂ-?—héﬁﬂGﬁmﬂﬁ?hﬂakcww S | r?g-”dﬂ!te

.solid was washed with-ether-and digcaium waguwp, " af fording 48 rg (799 “of
the title conmpound. [err] NWR [err] 3.67 (d, 1H, J=16), 3.75 (d, 1H, J=16),
3.64 (d, 1H, J=18), 3.67 (d, 1H, J=18), 5.25 (d, 1H, J=5), 5.92 (d, 1H,
J=5)5 7.2-7.7 (m 20 9H); IR (KBEXAMPLE UX®, 1606, 1756, 3276 [err].

EXAMPLE 103 (7R) - - .

~met hoxyi m no) acetyl ZII’IH1)I’IO _glﬁgk%&faéﬂéﬂﬁa# :)mg 3(-553[@ (2 '
cephem 4- cafwox}) phenyl thipl a3mrcenhamvhi-carboxylic acid, sodium

(7R -7-[[2-(2-am no-4-thiazolyl)-2- alt

(syn- net hoxyi m no) ] acetyl]-am no] - 3- (4- bronophenyl t hi 0) - 3-

cephem 4- car boxyl ate, benzhydryl ester (71 ng, 0.096 mmol) and anisole (0.2
m.) 18t [err] was added trifl uormmaacisv After 1 30 h, the volatiles

wer-e renoved with a apor.at.or cru was subjected to
rever se- phase chrom&?&ar apﬁ§Y8§°eaP8i)%ﬁg {'jﬁgit |Ie/ wat er 3:2),
af fordi ng 1mmﬁ§%hmlphh8¥ﬂ-itthkotoapamowndelcmnmﬂ.l y the sane

procedures as in 35 Exanpl es j@hzn 1tl'@,¢‘frrs of the follow ng Exanpl es

104 - 141 can sim |l arl be obtai ne MPLE
A solution of sodium 2-hydroxymethylbenzenethiolate

15 was prepared by addition of a solution of sodium
bis(trimethylsilyl)amide (1.0 M in THF, 1.86 mL, 1.86 mmol) to
a solution of 2-mercaptobenzyl alcohol (276 mg, 1.96 mmol) in
DMF (8 mL). After 10 min, the resulting yellow-orange
solution was concentrated with a rotary evaporatory in order

20 to remove the THF. This solution was added dropwise to a
stirring solution of (7R)-7-[(phenylacetyl)amino]-3-
(trifluoromethanesulfonyloxy) -3-cephem-4-carboxylate,
benzhydryl ester (1.00 g, 1.58 mmol) in dry DMF (15 mL) at -45
*C under argon. After 20 min at -45 °C, the mixture was

25 quenched by addition of saturated agueous ammonium chloride
splution, and was poured into stirring water (200 mL); After
10 min, the resulting white precipitate was filtered and
dried, affording 0.93 g (95%) of the title compound. 1H NMR
(cpcls;) & 3.03 (4, 1, J=18), 3.09 (4, 1, J=18), 3.62 (4, 1,

30 J=16), 3.66 (4, 1, J=16), 4.72 (4, 1, J=14), 4.76 (4, 1,
J=14), 4.97 (4, 1, J=4), 5.75 (dd, 1, J=4,9), 6.05 (4, 1,
J=9), 6.98 (s, 1), 7.2-7.6 (m, 19).

Example 158
35 (7R) -7~ [ (phenylacetyl)amino] -3-(2-
bromomethylphenylthio) -3 -cephom— 4 -carboxylate .
benzhydryl ester



81 (7R -7-[[(2-Am no-4-thiazolyl)acetyl]am no]-3-(2-

br omophenyl t hi 0) - 3- cephem 4- car boxylic acid EXAMPLE 105 5

(7R) - 7- [ [ (WO A8?6966 4- t hi azol yl ) acet yl ] ami no] - 3- ( 2- PCT/US95/03976

i odophenyl t hi 0) - 3- cephem 4-carboxylic acid EXAWMPLE 106 (7R) -7-[][2-

(2- Amino-4-thiazolyl) -2- (syn-hydroxyggi no) 10

acetyl ] am no] - 3-[ 4- (et hoxycar bonyl ) phenyl t hi o] - 3- cephen}4 carboxylic acid

EXAVMPLE 107 (7R) -7- [[2-(2-Am no-4-thiazolyl)-2-(

net hoxyi ni no) acet yl Tan®nsFiBring ssddiHamy (o htﬁebsﬁghphqsz%*%xmé acid

ﬁ(ANPLEt ﬁ{% g, (8R4- meolt.i 2 (BPA(SN@L4- Bk Qéﬁﬂnﬂ: Erateyd wided argon
uor oet hoxyi m ace m pheny ce 583 ar boxylic’

05t el ugieC et L e QORERE T S ] CUBT

car boxyn‘emlﬂnxytm nb:)sao:elq.id}amhmr.]e- Bikdure was added a solution of

(211 a0y KOS | o Syt D92 oLy Pk R rk .57

[([er | OXO0-

pi pera2| nééﬁhﬁmx nearhoRrianalr Sepzhydeny) patery(324 mg, 0.20 mmol) in
am no] - 3- rwi edomrly ( CyRFRAM LA )RHE YBveEHh. htBagepds&méex@Mé Ctie d

E?QZF;ZE i ﬁéﬁ.gﬂt%; VRS c]:orrcegr}t]ra(te@ w:LtE'x( Le aL}EI)- évgpt)o}/atoz‘ 34 Xt%e i
(hydr oxyppesyfhacway| sub] evtledB tlodiflashothremaBegraphy on silica gel (5
ylthig] - 3;cephem #n CAUPPAV G At hane), affording 66 mg (48%) of the
title compound. !H NMR (CDCl3) & 3.15 (4, 1, J=18), 3.23 (4,
i1, J=18), 3.60 (4, 1, J=16), 3.64 (4, 1, J=16), 4.61 (s, 2),
5.00 (&, 1, J=4), 5.78 {44, 1, J=4,9), 6.17 (4, 1, J=9), 6.99
(s, 1), 7.2-7.6 (m, 19).
15
Example 159
(7R)-7-[(phenylacetyl)amino]-3-(2~
isothiouroniummethylphenylthio)~3-cephem-4-
carboxylate, benzhydryl ester, bromide salt
20 To a stirring solution of (7R)-7-
[ {phenylacetyl)amino] -3 - (2-bromomethylphenylthio) -3~cephem-4-
carboxylate, benzhydryl ester (66 mg, 0.096 mmol) in
acetonitrile (1 mL) was added thiourea (6.0 mg, 0.079 mmol).
After 1.5 h, the mixture was concentrated to a yellow oil and
25 subjected to flash chromatography on silica gel (10%
methanol/dichloromethane), affording 30 mg (50%) of the title
compound. IH NMR (CDCl3/CD3OD) & 2.80 (4, 1, J=18), 3.31 (4,
1, J=18), 3.63 (s, 2), 4.46 (s, 2), 5.05 (4, 1, J=4), 5.57 (4,
1, J=4), 6.91 (s, 1), 7.1-7.5 (m, 19).

30
Example 160
(7R)-7-[ (phenylacetyl)amino]-3-(2-
isothiocuroniummethylphenylthio)~3-cephem-4-carboxylic
acid, trifluorocacetate salt
35 To a stirring solution of (7R}-7-

[ {phenylacetyl)amino] ~3-(2-isothiouroniummethylphenylthio)-3-
cephem-4-carboxylate, benzhydryl ester, bromide salt (30 mg)
in dichloromethane (0.5 mL) at 0 °C was added a solution of



82 EXAMPLE 112 (7R)-7-[(2-1odophenylt hi oacetyl)am no] - 3-(2-
i odophenyl t hi 0) - 3- cephem 4- carboxylic acid 5 EXAMPLE 113 (7R) -7-

[(2 | odo oacetyl )am no] - 3- (bi phenylthio)-3- cepheqkﬁwgggkgnyllc
id 10 W6 53/Aéob EXAVPLE 114 (7R

-7 [ (Cyanoacetyl )am no] - 3-[ 3- (|n1dazc§%lnethyl)
phenyl t hi 0] - 3- cephem 4- car boxylic EXAMPLE 115 15 (7R
-7-[ (Cyanoacet yl ) al ni no] - 3- (di benzot hi enyl -1- yl thio)-3-cephem 4- carboxylic

aﬁid lEtXAMh :g:%ﬂé‘-G(d 72R)n2.)71n[) E?ii@mﬁaﬁséé‘é&ﬂéﬂé@id 3r1d1471¢ &(t%r&lfl 7'Acfrt<éwet1hnl) 20
en 10 cepnem 4-car pox I C acCl - /(-
LS Yh oRo oty [Sha T SEe| HAPC FPBEGRETALF] With & rotary -
. di benzof evaporatdd hiaid Theepesiddecwadokyl turaoad vﬁ&:lE)éMbﬂzE 118 (7R)
-7-1(2- Thi f
yl t[hl(o] E %%gﬂeg‘?nazty‘%%c?ﬁok" ak@bgﬁnéf $'RYGE the title compoundey o) ¢ 119
(7R) B Iiz\mﬁ’u Qﬁi PR32 49 21oxdzoBYt ndt 21 §4. 1, J=18),
p?gmlétw gﬂéaefy gﬂenfﬂo-ﬁegar @0%2' i, %C'Zgl-gé(ﬁ{vﬁ&%ﬁ@i 3a,(@Bin’-4.711
phenylthK ]-5: mzﬁ @%’H&ygll'cc"&irds 58", 1., J=4), 6. 89 (4, 1,

J=10), 7.2-7.5 (m, 7) 7.58 (4, 1, J=10).

10 ' ' Example 161
(78)-7-[(phenylacetyl)imino]-3-(2-
hydroxymethylphenylthio)-3-ceph6n-4-carboxy1ato, 4-
methoxybenzyl as:ei
To a mixture of sodium methoxide (969 mg, 17.9 mmol)

15 in dry THF (50 mL) at 0 °C was added dropwise a solution of 2-
mercaptobenzyl alcohol (2.51 g, 17.9 mmol) in dry THF (25 mL).
The resulting yellow solution was stirred at 0 °C for 30 min,
after which the solvent was removed in vacuo. To the
resulting thiolate salt was added (7R)-7-

20 [ (phenylacetyl)amino] -3-trifluoromethanesulfonyloxy-3-cephem-
4-carboxylate, 4-methoxybenzyl ester (10.0 g, 17.0 mmol), and
this solid mixture was cooled to -40 °C. Dry DMF (100 mL) at
-45 °'C was introduced via cannula, and the resulting mixture
was stirred at -45 ~C, forming a yellow solution. After 30

25 min, the temperature was allowed to rise over 30 min to -10
*C, and the mixture was poured into ice water (1 L). After
stirring for 15 min, the mixture was filtered, and the
precipitate was waéhed thoroughly with water and air-dried.
Further washing with ether afforded the title compound (6.90

30 g, 71%) as an off-white solid. IH NMR (CDCl3) § 2.43 (br s,
1), 3.06 (4, 1, J=18), 3.15 (4, 1, J=18), 3.60 (4, 1, J=16),
3.63 (4, 1, J=16), 3.81 (s, 3), 4.75 (4, 1, J=14), 4.78 (4, 1,
J=14), 4.93 (4, 1, J=4), 5.24 (s, 2), 5.70 (44, 1, J=4,9),
6.32 (4, 1, J=9), 6.88 (4, 2, J=10), 7.2-7.6 (m, 11).

35

Example 162



WD 95/ 26966 PCT/ US95/ 03976 83 EXAMPLE
(7R)-7-[((Trif|uoronethyl)thioacetyl)anino]-3-[4- (2-

oxazol yl ) )%59 &70 - 3-cephem 4-carboxylic acid 5 pCT/U595/03976
EXAMPLE 12 ? [((Trlfluoronethyl)thloacetyl)an1no] 3-[2-

br ono- 4- (et hoxy- car bonyl ) phenyl t hi ol ephem 4- carboxylic acid 10
EXAMPLE 123 (7R)-7-[ (D (2- Fornyloxy)phgﬁylacetyl)anino]-3-[4-(2-
furyl)phenyl t hi o] - 3-cephem 4-carboxylic acid EXAMPLE 124 15

(|7tR% 7)[gphenyl acitwQ‘ﬂﬁbnlq]-ﬁﬁﬂéhﬁuﬂifﬂfmimino] -3-(2-

y io cephem 4-c xylic

(7R) - 7- [(pheﬁ&ﬁ%%‘???i“é’ nﬁ"%if’%?@ﬁ"ﬁ"ﬁ?’“"ﬂ“" 4-
‘yl t hi 0)~3- cephem 4- carboxyl|cmoabntﬂﬁﬁuitli3ﬂﬁter

(7R -7-[ (phenyl acet nM,Aael :

hydr oxynet hyl di benzof u ran g ?tégr?dfp¥: tProgfdgﬁ? similar to that for
car box§! i @m@éeEXﬁWPLEQEZW = Wl{?{qm&%ﬂe&véﬂym}aﬁﬂnéﬂ%-(r

hydr oxynmetRygr Ngqagaen%wﬁi&m) RN TcArbdldylate, 4-

carboxyllc

(7R) - 7- ( B %ﬁ’:@ﬁy P§PG¥YI $SRPRI2S-Y8fi%enzof ur an- 1-

yl t hi 0) - 3-cephem 4-carboxylic acid 35 EXAMPLE 129
(1R ({0 Phom g N el
10 (7R)-7-amino-3-{(2-bromomethylphenylthio)~-3-cephem-4-
carboxylate, 4-methoxybenzyl ester
To a stirring solution of (7R)-7-

[ (phenylacetyl)amino}-3- (2-bromomethylphenylthio)-3-cephem-4-
carboxylate, 4-methoxybenzyl ester (1.24 g, 1.98 mmol) and

15 pyridine (0.320 mL, 3.96 mmol)} in dichloromethane (7 mL) at -
10 *C was added slowly a solution of phosphorus pentachloride
in dichloromethane (7.32 mL, 3.17 mmol). After 2.5 h at -10
*C, the mixture was cooled to -40 °C, and isobutanol (1.82 mL,
19.8 mmol) was added. The mixture was allowed to warm to -10

20 °C, was stirred for 1h, and was partitioned between water and
dichloromethane. The organic phase was washed with 10%
aqueous HCl and saturated aqueous sodium bicarbonate, dried
(sodium sulfate), and concentrated with a rotary evaporator.
the resulding beige solid was triturated with ether and dried,

25 affording 504 mg (48%) of the title compound. 1H NMR (CD30D) &
3.26 (&, 1, 0=18), 3.42 (4, 1, J=18), 3.58 (s, 3), 4.71 (4, 1,
J=8), 4.77 (4, 1, J=8), 4.82 (s, 2), 5.01 (&, 1, J=4), 5.28
(4, 1, J=4), 6.86 (d, 2, J=10), 7.33 (4, 2, J=10}, 7.3-7.6 (m,
4).

30

Example 164
(7R)-7-[(4-bromomethylphenylacetyl)amino]~-3-(2-~
bromomethylphenylthio)-3-cephem~4-carboxylate, 4-
methoxybenzyl ester

35 To a stirring suspension of (7R)-7-amino-3-(2-
bromomethylphenylthio} -3-cephem~4~carboxylate, 4-methoxybenzyl
ester (200 mg, 0.374 mmol) and 4-bromomethylphenylacetic acid
(103 mg, 0.449 mmol) in THF (2 mL) at -40 °'C was added

121



WD 95/ 26966 ' PCT/ US95/ 03976 84 EXAMPLE 130
(7R) -7- {2- (2-Furyl) -2- (syn- methoxyim no) acetyl] am no} -3-

(dibenzo?g; gyl thio) - 5 3- cephem 4- c pctrAusssioIv7e aci d
EXAMPLE 131 27 -7-{[2-(2-Furyl)-2- (syn- ' :

nethoxyln1no)acety|]an1no} 3- (di-benzgf uran-2-ylthio)- 10
3-cephem 4- carboxyl |l ¢ aci d EXAMPLE 1 (7R) -7-] .
(2-(2- Ami no-4-thiazolyl)-2- (syn-nethoxyim no)

acetyl) gRbsPhosusd 65:&%1{1@9&@ fmlldnbﬁﬂzot) Y189 - :?mollﬁ followed be

-yIthlo) 3- cephem 4- carboxyl i E 13

ST-1((2 Aﬁ?warqpx 'ﬁ%ﬁ ét"ya%a%no%wg %he mixture was . =
-hydroxyamkbwédlb@nit&ﬂluvﬂrﬁigmh hh|9103‘€ephuatdr 245 added, and the

car boxy] i

(R 7 piEeise b (GadHg wich aichlozonethane  The qrgenic phase

- hydr ox‘y’ﬁﬁtﬁ%h%ﬂ Ué#ﬁbfﬁﬁtdﬁ'-a&eﬂ fArsPuS. E@ﬁ%’é‘ﬁ‘}b}c@gwnate, 1M
.Carboxythé oL EXNMY [%6ﬁﬂilon, and brine, dried (sodium sulfate),

7R) -7 2-F hox
(7 hycr EASERERGT - ARbSORARCRRERY MERRoS. SOEBBRCATAPORREOr.  The

carboxybrﬁdacbﬂodﬁ@ﬂﬁ%ééZbﬁiﬂfﬂ@ﬁ by column chromatography on silica

o rL{PheRy agseéif',g%{%%@ Cegggeq@g,@ggre gigggt hxkf&%%lerg 68 mg (61%)

salt0 exafpthe 1gytle compoun 13) 8 3.15 (4, 1, J=18),
3.27 (4, 1, J=18), 3.61 (s, 2), 3.82 (s, 3), 4.46 (s, 2), 4.65
(4, 1, J=8), 4.68 (4, 1, J=8), 4.95 (4, 1, J=4), 5.26 (s, 2),
5.74 (44, 1, J=4, 9), 6.20 (4, 1, J=9), 6.86 (4, 2, J=10),
7.2-7.5 (m, 10). ‘

15
Example 165
(7R)-7-[(4-isothiouroniummethylphenylacetyl)amino]-3-
(2-isothiocuroniummethylphenylthioc)-3-cephem-4-
carboxyiato, 4-methoxybenzyl ester, dibromide salt
20 To a stirring solution of (7R)-7-[(4-
bromomethylphenylacetyl)amino]-3F(2-bromomethylphenylthio)-3-
cephem—4—carboxylate, 4-methoxybenzyl ester (168 mg, 0.229
mmol) in acetonitrile (5 mL) was added thiourea (34.9 mg,
0.458 mmol). After stirring overnight at room temperature,
25 the solvent was removed with a rotary evaporator, affording
203 mg (100%) of the title compound as a white-yellow powdery
solid. 1H NMR (CDsOD) & 4.02 (4, 1, J=18), 4.31 (s, 2), 4.36
(4, 1, J=18), 4.54 (s, 3), 5.25 (s, 2), 5.40 (4, 1, J=10),
5.43 (4, 1, J=10), 5.95 (4, 1, J=12), 5.99 (4, 1, J=12), 6.02
30 (4, 1, J=4), 6.50 (44, 1, J=4, 9), 7.65 (4,.-2, J=10), 8.0-8.2
(m, 10), 8.39 (d, 1, J=9), 9.97 (m, 8).

Example 166
(7R)-7-[(4-isothiouroniummethylphenylacetyl)amino]-3-
35 (2-isothiocuroniummethylphenylthioc)~-3-cephem-4-
carboxylic acid, trifluoroacetate salt
To a stirring suspension of (7R)-7-[(4-
isothiouroniummethylphenylacetyl)amino]-3-(2-



WD 95/ 26966 PCTI US95/ 03976 85 (7R) -7
- [ (phenyl acetyl)am no]-3- [6- (N nethylimdazol-1-

i umret hy| )wol9an69s6 ur an- 3-yl t hi o] - ceph-3-em 4- carboxyl i c acPEI/UB¥MBPT6sa|t 5
EXAMPLE 138 (7R)-7- [(2-Thienylacetyl)am no]-3-[6-(N

met hyl i m dazol - 1-i ummet hyl ) di benzof urag33-yl thi o] - ceph-3-em 4-carboxylic
acid, inner salt 10 EXAMPLE 139 (7R)

-7- [(2 Thi enyl acet yl ) ani no] -

(pyri di ni mﬁﬁ%bh?‘ﬂ}“éﬁlm%egﬂ-ﬂ:m%réeﬁﬁpbe@'n‘iiﬁal&?%@ﬂﬁ'c 45ci d, inner

salt 15 methoxybenzyl ester, dibromEX4MBhEt 1303 mg, 0.229 mmol) and
(7R)-7-[ (2= Thi

(pyridini ﬁﬁﬁﬁ?ﬁnyl @fﬁ%&%&nﬁr %chi?kpﬁ‘PBPaﬁgpﬁl Fhinat Q:arcbo%ﬂsi @dgt?ldd |

i nner sal triﬁluoroacetlc acid (1 mL) A s&EXAhbbir fdrded, the reaction

R - % 2- 4e 1)
gydz oxyl[ gr%ﬁ%) aéf%g€?ané€gﬁ?),% henyF? ‘l’(e)!)n-; wag r%r%onx{ef cartboxyl ic acid

rotary evaporator. Thgxmﬁpggug4gas dlssolve in water (150
g75207 Lé?%erwiéﬁeéaﬁifﬁngﬂr'3wE§hbﬁ3W1ﬁg dlet%yl %Fh?r, aﬁ?(fllﬁgiedhlsalt
y Xy y X | iu
(Pd coupl FRB) %gg g%%l"ﬁ% m&lﬁﬁdogg %oyd géf? nd of the titie
[(phenyl acempbyadi notE MR- (Da8dphehyd 0 tGﬂ,o)l 3JcdBhenP438cédboky| Jel8ki d
(25. 4 ydr oxymet,h thyl s y ze (16. 3 no,
- 050 Smory STt PPL 220 b o9 eissitimd L. Fangt o8l Uk By b Borkts 8E4 72 mg
0. 045 mmB)lénddz B- dJ-Q)-,bL& ﬁﬁ 4drret1hy|JﬁI4énoV 227 nfy) (0 BN-. 35

met hyl pyrrolidinone (0.3 nm.) was added
trls(dlbenzyl|deneacetone)d|palIadlungP) (4 ng, 0. 0049

(7R)-7-[(phenylacetyl)anino]-B-(2-ph.ny1pyrid-3-
15 ylthio)-3-cephem~-4-carboxylate, benzhydryl ester
A mixture of 2-bromo-3-hydroxypyridine (2.20 g, 12.6
mmol), phenylboronic acid (2.00 g, 16.3 mmol) and palladium
(tetrakis)triphenylphosphine (250 mg) in toluene (30 mL),
ethanol (15 mL) and 5% aqueous sodium hydroxide (15 mL) was
20 degassed with a stream of nitrogen and stirred vigorously at
100 'C overnight. The mixture was diluted with water (50 mL)
and ethyl acetate (100 mL), and the organic layer was dried
over sodium sulfate and concentrated, affording a vellow
solid. This material was suspended in water (100 mL), a few
25 mL of 1N HCl was added, and the resulting solution was
extracted with ethyl acetate. The ageuous layer was
neutralized with saturated aqueous sodium bicarbonate, and
again was extracted with ethyl acetate. The combined organic
extracts were dried with sodium sulfate and concentrated to an
30 oily solid, which was triturated with 2:1 hexane/ethylacetate,
affording 0.98 g of 3-hydroxy-2-phenylpyridine.
To a stirring solution of 3-hydroxy-2-phenylpyridine
(425 mg, 2.48 mmol) in DMF (8 mL) at room temperature was
added a solution of sodium bis(trimethylsilyl)amide in DMF (2
35 M, 1.36 mL, 2.72 mmol). After a few minutes, to this mixture
was added a solution of N,N-dimethylthiacarbamoyl chloride
(338 mg, 2.72 mmol) in DMF (2 mL). After stirring overnight,
the mixture was partitioned between water and ethyl acetate,



mmol ). The m xture was heated at [err] for 2 h, at which tine the reaction
was quenched by addition of 1% aqueous sodium . WD 95/26966 86 bi carbonate
sol uti onwipl8r2edeés. The resulting sol ution was subjected t oPcCEASISEIPhase
chromat ography [err] adsorbent, 30% acetonitrile/water), affording 9.2 ny
(37% of the title conpound. [err] NyR (acetone-[err]) [err] 3.35 (d, 1H,
J=16), 3.38 (d, 5.1H, J=16), 3.64 (d, 1H, J=18), 3.67 (d, 1H, J=18), 5.23
(d, 1H, J=5), 5.83 (dd, 1H, J=5,9), 7.2-7.8 (m 13H), 8.15 (d, 1H J=9); IR
(KBr) 13fid, tHé lfrgahfife! phla&e wa32 @énfentiat&dbahdnsula) egréd| tovileg he

t hod b t ds of
this gﬁ%@é%?g%%g &9%% gl uie 9‘35?% B g o 1 pﬁﬁ”‘;"é“ SE?WLE.
143 (7R5mI‘eF hyhr %PcLS‘F Ei glj’_- lPFrrdaz%l‘W} Pcl B2 Cey
phenylthgp]s? csmw Ay, boyxxal-mv aﬁﬂ d7) sgdsgmgsal | da@NVPL&rﬁ@
(a0 T hh#asil g nSBay D A SERol: Sh8-d ¢ sor 1.5 m
car boxyfthe peoduct Seal whh ssd liveldXAkPelEh2Abl (10 mL), 10% aqueous

7R) - 7-

(2 rer RoFafaRan WARDEHC MR MR (AR dan the pesulting

car boxymuxtucedwasslm%ﬁtﬁdsm emn&msemat(saylow [C-for Rby| )THS (syn-

met hoxy I weleh I I
) preriiERal | an coppeiiorees betehr Ly BELEREE a4 SHisoth ¢ 147
(7 Q7. FgeFEp4aE}qy|;gggpngg&9 ph ase was concentrated, and the

residue was subjected to chromatography on silica gel, eluting
with 6:1 hexane/ethyl acetate, affording 337 mg of 3-mercapto-
2-phenylpyridine. 31H NMR (CDCl3) 8 3.47 (s, 1), 7.11 (m, 1),
7.45 (m, 3), 7.64 (m, 3), 8.47, (4, 1, J=5).

15 To a stirring solution of 3-mercapto-2-
phenylpyridine (65 mg, 0.35 mmol) in DMF (1 mL) at 0 °C was
added a solution of sodium bis(trimethylsilyl)amide in THF
(0.175 mL of 2 M solution, 0.35 mmol). The resulting solution

was transferred via cannula into a stirring solution of (7R)-

20 7-[(phenylacetyl)amino]-3-(trifluoromethaneSulfonyloxy)-3-
cephem-4-carboxylate, benzhydryl ester (233 mg, 0.368 mmol) in
DMF (5 mL) at -40 °"C. After 30 min at -40 °C, the reaction
was quenched by addition of 10% agqueous ammonium chloride
solution, and the mixture was partitioned between water and

25 ethyl acetate. The organic phase was dried over sodium
sulfate, and was concentrated.with a rotary e?éporator. The
crude product was purified by chromatography on silica gei (5%
methanol/dichloromethane) to afford 165 mg of the title
compound. 1H NMR (CDCl3) & 3.02 (4, 1, J=18), 3.23 (4, 1,

.30 J=18), 3.61 (4, 1, J=16), 3.64 (4, 1, J=16), 4.81 (4, 1, J=4),

' 5.79 (4d, 1, J=4,9), 6.20 (4, 1, J=9), 7.01 (s, 1), 7.2-7.6

(m, 21), 7.67 (4, 1, J=10), 8.61 (4, 1, J=5).

Example 168 =
35 (7R) -7-[ (phenylacetyl)amino] -3-(2-phenylpyrid-3-
ylthio) -3-cephem-4~carboxylic acid, trifluorocacetic
acid salt '



35 pi per azi necar boxam do] phenyl acetyl am no] -3-[4-[(1-

nmet hyl i m dazol - 4-yl ) phenyl t hi ol ] - 3-cephem 4-carboxylic acid, sodiumsalt
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(7R) -7-[D-[(2-Fornyl oxy) phenyl acetyl ] ami no] - 3-[ 4- (( 1-

met hyl -i m dazol - 4-yl ) phenyl t hi 0] ] - 3-cgghem 4- carboxylic acid, sodiumsalt
EXAMPLE 149 (7R)-7-[(2-(2- Ami no-4-thi.azol yl)-2-(syn-nmet hoxyi m no)

acetyl]am no-3-[4-[(1-nethylim dazol -

yl) phenyl t hi 0] | - 3- aephegrdreandoxylutiomaifl, (7R396di-um 10

AR N SIS o -

‘et hyl i mcaabolkyaape) phenghydiyl |estexepf3@nmg) canboanisolaci @, 1 suld Ui sal t
EXAMPLE 1311 4R eZhaiz%%lQ%:ﬁ@ﬂ“b“’d Wa3Zaliskl tfif{d¥Poalliic acid

cycl obut oxy| m no acety am no- 3-

i m daZol -4 ) phehfFehi 812 éhdgbﬁ£nﬁ£(égﬁb6%§FP€e WeFJcoreeRtiRtedt EXAVPLE
152 25 with?B) réthtl édapordangdoxy ymie tpudecbybiagt neas Scffitirated

Uy Phe BhREro epheld, )ﬁﬁﬁffﬁ? Mg i o 05
phenyl t hicoppouadppensa- eff erite WOBRXAVBLR21584, 1,
J=18), 3.49 (4, 1, J=18), 3.55 (4, 1, J=16), 3.60 (4, 1,
10 J=16), 5.03 (d, 1, Jd=5), 5.71 (d, 1, J=5), 7.27 (m, 5), 7.55
(m, 3), 7.60 (m, 3), 8.08 (4, 1, J=10), 8.59 (4, 1, J=5).

Example 169
(7R)-7-[ (phenylacetyl)amino]l-3-(2~-cyanopyrid-3-
1s vlthio)-3-cephem-4-carboxylate, 4-methoxybenzyl ester
To a solution of 3-hydroxypicolinamide (2.00 g, 14.5
mmol)} in phosphorus oxychloride (10 mL) at room temperature
was added phosphorus pentachloride (6.00 g, 28.8 mmol). The
mixture was heated at reflux for 90 min, and the solvent was
20 removed by distillation. The residue was poured into water,
the aqueous solution was neutralized by addition of sodium
bicarbonate, and was extracted with ethyl acetate. The
organic phase was filtered through silica gel, the filtrate
was concentrated, and the residue was subjected to flash
25 chromatography on silica gel, affording 300 mg of 3-chloro-2-
cyanopyridine. 1H NMR (CDCl;) & 7.50 (44, 1, J=4.8, 8.4), 7.89
(ad, 1, J=1.6, 8.4), 8.63 (ad, 1, J=1.6, 4.8).
To a stirring solution of 4-methoxy-a-toluenethiol
(268 mg, 1.74 mmol) in DMF (1 mL) at 0°C was added a solution
30 of sodium bis{trimethylsilyl)amide in THF (1.3 mL, 1 M, 1.3
mmol). The resulting solution was added via cannula to a
solution of 2-cyano-3-chloropyridine (200 mg, 1.45 mmol) in
DMF (1 mL) at 0 'C. After stirring for 2 h at 0 °C, the
mixture was poured into water and extracted with ethyl
35 acetate, and the organic extracts were concentrated. The
crude product was purified by column chromatography on silica
gel, affording 2-cyano-3-(4-methoxybenzylthio)pyridine in
quantitative yield. 1H NMR (CDCl3) & 3.80 (s, 3), 4.20 (s, 2},



(7R)-7-[ (4- Met hoxyphenyl t hi o) acetyl ] am no]-3-[4- 35
(trifluoro-nethoxy)-2-(phenyl)phenylthio]-3-cephem4- carboxylic acid,
sodi um s B ﬁéé LE 155 WD 95/ 26966 88 '

(7R) - 7- [( P % acetyl ) am no] - 3-[ 2- (3, 4- PCT/US95/03976
di cyanophenyl ) phenyl t hi o] - 3- cephem 4-carboxylic acid, sodiumsalt 5
EXAVPLE 156 (7R) -7- [(phenyl acetyl)&fino]-3-[2-(2-

furyl) phenylthio]-3-cephem 4-carboxylic acid, sodiumsalt 10

Exanpl e 7 7 ph yl,) a 3(
hydroxyrsre ﬁ éh:?n I“{hl 0 ??@gﬁ(emg ?r Egiyl at%‘l B%‘%‘Zh’y’dr‘-{fr edler A
sol uti o - 6f é dl%mtkﬂﬂy.dr&)ﬁﬂrdﬂiyﬂ-beﬂzéhet hToIateomStlamsoﬁ)rvﬂuaa“ ed by

- additi-on 0 of b1 r s de, ( i'n THF, - -
1.86 ni, oﬁéo?w:?ﬁga%%tl onbo?ha-hng?%gyéoggﬁé%q%'l c4o‘n%l 6 ng, 1.96

mol ) | HRDRELE: ceficacig filn5 mhe RESHI t?n‘@a§e¢¢‘%ﬁd orange sol uti on was
concent tmenu@rcbdﬂemmmm@aeaaorm 25 frder. €Gmd D) rer@ye the THF

Thi s so wise to a stir sol uti on of

(7R) a ’Hl&%‘gﬁ?” t%#ﬁjoquﬁﬁg:]o yarm 2o room {:emgerature, and was

(trifl uétm@afmsm ﬂonyl’ﬂtbe,/)soaveaphwawremobedywmle a heswdwdr yl ester
(O e ToPFa el Jarld) dHd *@?1:&“%5 JpREi s Y e 900 ATt 20T

at -45 he m xture was, quenc é
amoni uﬁ#‘Eﬂ‘r‘%’i?%@m R Filigsd9fds pohirE 1T19|tb1'§tm9r(9ﬂg%)v\mér2-( 200 nl).
Af 1y 1oyanor 3 thercastdrymigline.t e 1Hr NMR pi CDCE; Was 4f, nst Qéedlﬁnd7 dsg ed,

affordings0-P3 L4999, & 794, 4 8a8PosNgs [§'"1, R, .
To a stirring solution of 2-cyano-3-mercaptopyridine
(42 mg, 0.30 mmol) in dichloromethane (3 mL) at 0 °‘C was added
a solution of sodium bis(trimethylsilyl)amide in THF (0.29 mL
15 of 1 M solution, 0.29 mmol). This solution was added dropwise
via cannula to a stirring slurry of (7R)-7-
[(phenylacetyl)amino]-3-(trifluoromethanesulfonyloky)-3-
cephem-4-carboxylate, 4-meth6xybenzyl ester (200 mg, 0.34
mmol) in dichlorometharie (1 mL) at -40 °*C. The mixture was
20 allowed to warm to room temperature and was stirred for 1 h,
whereupon it was filtered through a pad of silica gel, washing
with 1:1 dichloromethane/ethyl acetate. After concentrating
the filtrate, the product was purified by flash chromatography
on silica gel, affording 158 mg (90%) of the title compound.
25 1H NMR (CDCl3) & 3.15 (d, 1, J=18), 3.60 (d, 1, J=18), 3.63 (d,
-1, J=16), 3.68 (4, 1, J=16), 3.80 (s, 3), 5.04 (4, 1, J=4),
5.15 (4, 1, J=12), 5.27 (4, 1, J=12), 5.90 (44, 1, J=4, 9),
6.00 (4, 1, J=9), 6.81 (4, 2, J=10), 7.2-7.5 (m, 8), 7.70 (4,
1, J=8), 8.55 (d, 1, J=5). o

30
Example 170
(7R) -7-[(phenylacetyl)amino] -3-(2-cyanopyrid-3-
¥lthio)-3-cephem-4-carboxylic acid
To a stirring solution of (7R)-7-

35 [(phenylacetyl)amino]-3-(2-cyanopyrid-3-ylthio)-3-cephem-4-
carboxylate, 4-methoxybenzyl ester (158 mg, 0.277 mmol) and
anisole (0.4 mL) in dichloromethane (1 mL) at 0 °C was added
trifluoroacetic acid (1 mL). After 1 h at 0 °C, the solvent



[err] 3.03 (d, 1, J:18), 3.09 (d, 1, J=18), 3.62 (d, 1, 30 J=16), 3.66 (d,
1, J=16), 4.72 (d, 1, J=14), 4.76 (d, 1, J=14), 4.97 (d, 1, J=4), 5.75 (dd,
1, J=4,9) wPedaodsd, 1, J=9), 6.98 (s, 1), 7.2-7.6 (m 19). poranpsesetss 35
(

7R) - 7- [(phenylacetyl)anlno] 3-(2- bronnnethylphegylthio)-B-cephen}

4- car boxyl ate, benzhydryl ester 40 a stirring solution of

tri-phenyl phosphine (90.5 ng, 0.34 nnDP) in THF (5 nmL.) at room tenperature
under argon was added carbon tetrabrom de (80 ng, 0.24 mol). After 20 mn,

EgRgh;S[%b@uﬁhmbbéﬁe?ﬁtﬁt&rﬁbWEﬁyéﬂ*ﬂp&r&t&Q|Uhhdnthé 5es;due was
X t

cephem 4- t e €S 3 nl)..
N e W e et T R e ST
Aft er st |(|3|3ﬁ‘hg°§v§¥1ﬁ|5h131%tc? rrpé‘ ame PEE3 hi&Buls s doncentrated
with ar eyapgr agor he | sybjecseggt pzflash
chronat09%g§ gngglﬁé L qu%é Br%% qg%)ne a%g d?cﬁ?o?onethane)
af f or®i ng =36) mgS(Q'é%doflt & 4)i I5e8(,9orﬁ§§un ¢« Perf} RMR §et8](® 215 (d, 1,
J 18), 3J2§>(dv zergl&}l, $) 607 35 (Ba,JT16y=53. 64, (W.96, (d=16) .048)61 (s,

5. 00 %6 é J= g 78 (dd, 1, J=4,9), 6.17 (d, 1, J:9), 6.99 (s, 1),
7 2-7.6 18§ i le 159 (7R)-7-[ (phenyl acetyl )ani no] - 3- ( 2-
|soth|ouron|unnethylphenylthio) 3- cephen}4 car boxyl ate, benzhydryl ester,

brom de salt 20 To aﬁ%ﬁé s ution of (7R)-7-
[(phenylacet¥l)an1nol (2-bronone ff en |th|0) hem 4- car boxyl at e,

benzkdryl € sérﬂﬁismbtnwkxﬁﬁhmibfﬂ#ﬂ%&e?om&wnhenygnmgamas-édded
thiourea £8¢chid)-$-0éneHld-carboxylate, 4-methoxybenzyl ester

To a stirring solution of l-phenylpyrazole (1.44 g,
10.0 mmol) in THF (7 mL) at -30 °*C was added a solution of n-
butyllithium in hexane (1.6 M, 6.88 mL, 11.0 mmol). After 30

15 min at -30 °‘C, sulfur (352 mg, 11.0 mmol) was added, and the
mixture was allowed to warm to 0 *C and stir for 7 h.
Saturated agqueous ammonium chloride solution and 10% aqueous
HC1l were added, and the mixture was extracted with ethyl
acetate. The organic layer was extracted with 5% aqueous

20 potassium carbonate solution; the aqueous phase was acidified
with 10% aqueous HCl and extracted with ethyl acetate, and the
organic phase was dried (sodium sulfate), filtered, and
concentrated, affording 1.03 g of 5-mercapto-l-phenylpyrazole.
1y NMR (CDC1l3) & 3.42 (s, 1), 6.50 (d, 2), 7.4-7.6 (m, 5), 7.67

25 (&, 2).

To a stirring solution of S5-mercapto-1-
phenylpyrazole {396 mg, 2.25 mmol) in THF (3 mL) at 0 ‘C was
added a solution of sodium bis(trimethylsilyl)amide in THF (2
M, 1.02 mL, 2.04 mmol). After 5 min, the solvent was removed

30 in vacuo, the residue was dissolved in DMF (3 mL), and the
resulting solution was added via syringe to a stirring
solution of (7R)-7-[{(phenylacetyl)amino]-3-
(trifiuoromethanesulfonyloxy) -3-cephem-4-carboxylate, 4-
methoxybenzyl ester (1.20 g, 2.04 mmol) in DMF (10 mL) at -50

35 *C. After 10 min at -50 °'C, saturated agueous ammonium
chloride solution was added, and the mixture was poured into
water at 0 ‘C and stirred for 1 h. The precipitated product
was collected by filtration and was recrystallized from



After 1.5 h, the m xture was concentrated to a yellow oil and 25 subjected
to flash chromatography on silica gel (10% net hanol / di chl or onet hane),

af f or di ndV@852636§ 5099 of the title conpound. [err] NVR [ erRQI/US93086(d, 1,
J=18), 3.31 (d, 1, J=18), 3.63 (s, 2), 4.46 (s, 2),-5.05 (d, 1, J=4), 5.57
(d, 1, J=4), 6.91 (s, 1), 7.1-7.5 (npe819). 30 Exanple 160

(7R)-7-[ (phenyl acetyl )am no] - 3-(2- °

i sot hi our oni unmret hyl phenyl t hi 0) - 3- cephem 4- car boxyl i ¢ aci d,
trifluoi6apEeRRBOL | af Bording 856 mg ($@%A ofi thenhitbeucompourid ( 7RE 7-

' [(pEenmeaet(gzba:am r®2-.33( 34, st hﬂenspnlmgmszt ttyd,l mhelraelltggbob ):59 (4,
- cephem t nz rom_de -sal t
di (I?hl orimesﬁgggy g §3 n‘g a{]ygf%leﬁr)r'] L d8ded)a dofdt i‘én :g? J-4)9-0 ani sol'e
(0.2 nLp.08 Kd;fluol’r@bz)e,tli zazl(di((l 4Je1p) , BL66r (daah np $=4er9), t he
tg t t t
XS oSI8S SAICEN SESPY A (o1 O AGLRYaRoGElon, ANrLpy e e e
conpoundm™, 51R&y Y- ?&m&@erl] =202 (d, 1, J=18), 3.21 (d, 1, J=18), 3.58 (d,

1, J=16), 3.62 (d, 1, J=16), 4.60 (d, 1, J= 12), 4.71 (d, 1, J=12), 5.01 (d,

1, J=4), 5.58 (d, 1, J=4), 6.89 i 3= 19), 7.2-7.5 (m 7) 7.58 (d, 1,
J=10). 10 5§ﬂﬂ?1

E7R) 7- [(pﬂ)’t&@eﬂ@hmﬂde&fﬂ amino] 3| (1-phonylpyra.z%1-5-l T
aycr%rdzi(ﬁrgt o?‘/ Eoglnﬁ rreﬁ‘f’z %e'% %’%H’cw nﬁ'l‘iqg)r(z $&éy(58ax; a?
0 C was added dr op@i gesalsniM|mﬂ.umm Qﬁer(d?a)t—dbenzyl al cohol- (2.51 g,
é7C9f g’:“P é%héﬁyﬂéé‘etﬂr’f) 4P di3- (-Eh%hre‘ﬁ%b&kggoiek LoYeiobytd DL Sfirred at
car oxyiate, -methoxybenzyl ester (80 mg, 0.12 mmol) and
anisole (0.02 mL) in dlchloromethane (2 mL) at 0 °C was added -
15 trlfluoroacetlc ac1d (0.5 mL). After 2 h at 0 °C, the solvent
was removed with a rotary evaporator, and the residue was
subjected to chromatography on silica gel (3% acetic acid /
ethyl acetate), affording 49 mg (83%) of the title compound.
1H NMR (acetone-dg) & 3.21 (s, 2), 3.60 (4, 1, J=16), 3.65 (4,
20 1, J=16), 4.96 (4, 1, J=4), 5.71 (44, 1, J= 4, 9), 6.83 (&, 1,
J=2), 7.2-7.6 (m, 10), 7.80 (4, 1, J=2), 8.05 (4, 1, J=9).

Example 173
(7R)-7-amino-3-(1-phenylpyrazol-5-ylthio)-3-cephem-4-
25 carboxylate, 4-methoxybenzyl ester, hydrochloride salt
To a stirring solution of (7R)-7-

[(phenylacetyl)amino]-3£(1-pheny1pyrazol-5-ylthio)-3-cephem—4-
carboxylate, 4-methoxybenzyi ester (1.60 g, 2.61 mmol) and
pyridine (0.53 mL, 6.5 mmol) in dry dichloromethane (10 mL) at

30 0 °'C was added a solution of phosphorus pentachloride (1.09 g,
5.2 mmol) in dichloromethane (12 mL). After 2.5 h at 0 °C,
isobutanol (2.4 mL, 26 mmol) was added, and the mixture was
stirred for 1.5 h. Water was added, the layers were
separated, and the organic phase was washed with 5% aqueous

35 sodium bicarbonate and 5% aqueous HCl, dried over sodium
sulfate, filtered, and concentrated with a rotary evaporator.
The resulting yellow oil was triturated with ether, filtered
‘and dried to afford 1.25 g (90%) of the title compound. I



after which the solvent was renoved in vacuo. To the resulting thiolate
salt was added (7R)-7- 20

[ (phenyl ac o] 3-trifluoromethanesul f onyl oxy- 3- cephe S95/0397
4- car boxyl g{g;&,&g&m hoxybenzyl ester (10.0 g, 17.0 mmol), fpé;-m{“ S SO

m xture was cooled to -40 [err]. Dry (100 nmL) at -45 C was |ntroduced
via cannula, and the resulting mxturé”was stirred at -45 [err], formng a
yel.low solution. After 30 25 min, the tenperature was allowed to rise over

30.mn ! el Qep1afenial) B 51 vaewaslplczfum | ¥ qq]wqt ef=8)L) 4, b5t er

stirring m xture was filtered, and reci |fate was
washed t Hd.odghUy&Mtﬁ 94t &, ahd FH4)-.d6i.68. (ﬁurﬂ-heﬂ—?vhshﬁ ngp W(CLh 2t her

£ 1 or ded tit e ITd. 1
2l forded 1, Lol 28 qampenng-dp. O A%. il 29 68 el -yhiggpolTd. fer]

J=16), 3.63 (d, 1, J=16), 3.81 (s, 3), 475(d 1, J=14), 4.78 (d, 1,
J=14)5 4.93 (d, 1, J=4), 5.24 (sExsmpbe7A%4ld, 1, J=4,9), 6.32 (d, 1,

Z];.%g . 76[ ?gh(%écet ﬁ%’rﬁ’z%% %"’?} YAmiab1 -3 2Rty ¥yrazdl-5-

br ononet hyllgiksoy] + 3+ oppben=rircearboxydet at d ~-methoxybengwiz\@sterer This
was prepared by a I&foﬁe@‘éiﬁr%&“ Jséiut&fbrﬂ@f {7 -7 -aiBBRke (128, but

7R) - 7- h | tyl - 3-
gydzoxyh%gﬁggéﬁgggFgﬁ;g;;gg qﬁRﬁ%ﬂm&%fP&PQFYﬁatﬂetﬁbxybenzyl ester was

used1 0 EXaiEthexy®en2dl estédR) hydrochloride salt (110 mg, 0. 222 mmol)
-7-am no

4" ot hox 70Eh SYARBSREE LT 8 114 e T PR Y ipr ARy b *tEmr) e -
[ (phenyl 8¢et'yl wWasi adfled- éﬂlmmnmdtd‘b}iyﬂlmwet Hi0e}193mbephehi 4umol)
followed by phosphorus oxychloride (39.5 uL, 0.42 mmol).
After 1 h at -20 °C, the mixture was partitioned between water

15 and ethyl acetate. The organic phase was washed with 5%
aqueous sodium bicarbonate and 5% aqueous HCl, dried over
sodium sulfate, and concentrated. The crude product was
purified by chromatography on silica gel (1% methanol /
dichloromethane), affording 105 mg (85%) of the title

20 compound. IH NMR (CDCl3) & 2.93 (d, 1, J=18), 3.09 (4, 1,
J=18), 3.40 (s, 2), 3.81 (s, 3), 4.67 (4, 1, J=4), 5.20 (4, 1,
J=12), 5.22 (4, 1, J=12), 5.61 (dd, 1, J=4, 9), 6.72 (4, 1,
J=2), 6.87 (4, 2, J=10), 7.10 (4, 1, J=9), 7.3-7.5 (m, 7),
7.76 (4, 1, J=2).

25

Example 175
(7R)~-7-[ (cyanocacetyl)aminol]l-3~-{1-phenylpyrazol-5-
ylthio)~-3-cephem-4-carboxylic acid, sodium salt
To a stirring solution of (7R)-7-

30 [ {cyanoacetyl)amino] -3~ (1-phenylpyrazol-5-ylthio)-3-cephem-4-
carboxylate, 4-methoxybenzyl ester (105 mg, 0.187 mmol) and
anisole (0.02 mL) in dichloromethane (2 mL) at 0 ‘C was added
trifluorocacetic acid (0.5 mL). After 1h at 0 °'C, the solvent
was removed with a rotary evaporator. The residue was taken

35 up in aqueous sodium bicarbonate, and was subjected to
reverse-phase chromatography on C({18), eluting with water
followed by 20% acetonitrile / water. The fractions
containing the desired product were lyophilized, affording



car boxyl ate, 4-nethoxybenzyl ester (1.24 g, 1.98 mmol) and 15 pyridine
(0.320 n, 3.96 nmml) in dichloronethane (7 n) at - 10 [err] was added
slowy a solution of phosphorus pentachloride in dichloronethane (7.32 ni,
3.17 molYO%XR$%8% 2 5 h at -10 [err] the mixture was cool eBCTUSIMISer (],
and isobutanol (1.82 nmL, 19.8 rmmol) was added. The m xture was allowed to
warmto -10 20 [err], was stirred fd001h, and was partitioned between
wat er and di chl oronmet hane. The organi ¢ phase was washed with 10% aqueous

HCl and 2 télrnsé ﬁ;(ﬁq ?:h%OQ'E %é‘ﬁpb&'ﬁéte drie (%%im%%at e), and.

concentra eva was

trituratSHthi R doredH BUR %F##de%‘iﬁ?g 5'64% (agefone- dh)eﬁtltle
. conpounds 24 efd 1N|\/I3- ] 3386 d ) d,5yl, ) 58 (s, -
3), 4. 71 { al 41@) 356 {86t 14 5 Ié’g);?glzgs( 3’015]3%8 (g, J14) 5 28

(d 1, 32241, 658765( dy, 57833( d,12,3580.0)7 . 4367 (@1(.51) 4¥ - 820
Examsl e &4 1,/R=2)- [(4 brom)rret hyl phenyl acetyl)am no]-3-(2- . _
br onmonet hyl phenyl t hi 0) - 3- cephem 4- car boxyl ate, 4- nethoxybenzyl ester 35
To a stirring suspension of (7R)-7-am no-3-(2-

br ononet hyl phenyl t hi 0) - 3- cephem BxamplexyLlabe, 4- met hoxybenzyl ester (200

0. 37 - | 449 |
™ (2 ] WHS@FH&‘ﬁﬁ%‘%ﬂ”ﬁﬁéhasehfoﬁpﬁﬁ%s%-%eﬁ?apvmﬁm )
[err], O.44%9 oaeahm-tﬁ-r%ﬁbewlami anfnwethmtybenzyl150 nmol ).

Thelrmi xture was aI | owed to stir ovegrgm at -10 [err]. Water was added,
and the m xture V\B,f extract ed vmt di.chl oroget hape. The organi c phase 5
was washed with sat@rétEd- i &PENPH ¢ 2P¥hidy vdrazimesihadl ¢ aci d

sol uti ong, a3@. 2 mine, ) @mﬂbda@sndldehydéfbdsﬂdlmethylacetal) (4.96 g,
30.2 mmol) in absolute ethanol (60 mL) at room temperature was
added concentrated HCl until the mixture was acidic (3 mL).

15 The mixture was heated at reflux for 3h, and Was allowed to
qool to room temperature. The mixture was concentrated with a
rotary evaporator, and the residue was triturated with ether
and filtered. The remaining solid was dissolved in water,
basified with saturated aqueous sodium bicarbonate, and

20 extracted with ethyl acetate. The organic extracts were
washed with water and brine, dried (sodium sulfate), and
concentrated with a rotary evaporator to afford 3.10 g (70%)
of 1-(pyrid-2-yl)pyrazole. 1IH NMR (CDCl3) & 6.48 (dd, 1, J=1,
2), 7.20 (a4, 1, J=8, 10), 7.75 (4, 1, J=1), 7.82 (dt, 1, J=2,

25 10), 8.00 (4, 1, J=10), 8.42 (ad, 1, J=2, 8), 8.59 (d, 1,

=2).

To a stirring solution of 1-(pyrid-2-yl)pyrazole
(1.00 g, 6.88 mmol) in THF (20 mL) at -78 °'C was added a
solution of n-butyllithium in hexanes (4.70 mL, 1.6 M, 7.52

30 mmol). After 15 min at -78 °'C, sulfur (243 mg, 7.59 mmol) was
added. The mixture was stirred at -78 °*C for 15 min, and was
warmed to 0 °C, and stirred for 30 min. Water was added, and
the THF was removed with a rotary evaporator. The residue was
washed with ethyl acetate, acidified to pH 6, and extracted

35 with ethyl acetate. The latter organic extract was washed
with brine, dried (sodium sulfate), and concentrated with a

rotary evaporator, affording 873 mg (73%) of S-mercapto-1-
(pyrid-2-yl)pyrazole. 1H NMR (CDCl;) & 6.20 (br s, 1), 6.30



filtered, and concentrated with a rotary evaporator. The crude product was
purified by columm chromatography on silica gel (0.5% nethanol /

di chl or ongy 95?7‘?‘ affording 168 ng (61% 10 of the title GrpgIsR@ss7sl err]
NVR [err] $ 1, 3=18), 3.27 (d, 1, J=18), 3.61 (s, 2). 3.82 (s, 3),
4.46 (s, 2) 4.65 (d, 1, J=8), 4.68 (]gi0 1, J=8), 4.95 (d, 1, J=4), 5.26 (s,
2), 5.74 (dd, 1, J=4, 9), 6.20 (d, 1, J1 6.86 (d, 2, J=10), 7.2-7.5 (m
10). 15 Exanple 165 (7R)-7-[(4-isothi ouron| umret hyl phenyl acet yl ) am no] - 3-

(2-1isot higgur qni yggp; hyl me(aat hi 0)r=3, cq;glyemﬂgc:eaboxylg&m 47 et hoxybenzyl
ester, dihbronm de_s rr|n i on. of (7@ [(4-
brom)rret HQI ph@mygaé1 §7$ an?n%l] @(21 brT’ ﬂ'g yﬁﬁhgﬂé o‘? =2 8). _
cephem 4- carboxylaﬂb aAsuErhmngb@@kwﬁlanudﬁ 34wﬁtdmptoel223yﬂmﬂ+2 in
acetonit d 4 ter

stirri ngg’lo&g?’m H& Réjﬁ i é@r g‘%’rﬁg (lé'SD&FrTgE lq{"f}en't: was reérbrgbved with a
rotary easlésda@osolam@m dfpfugs isltadmeshylrélylanidebnis FF as

ﬁlhl3 fé e(yel(?ow?pmelyusomm e )] . NWRifsesblludiba ﬁds &?dd%ﬁl% )a 4534113(?8 2)1,
. y = S ] . ’ ’
J=10), 5% %u€&°n1°fJ L‘?’Z T4 éé‘?’&’lafe(%ﬂi?%“mel 02 30 1, J=4), 6.50
(dd, 1, J(e&,lfmmramsshmesﬂfohaamqgswc&pae(m-a:ali-boﬁyB&té d, 4-|1 J= 9)] g 97

8 7 IOULAN t n C lﬂ -
(m ) @é?gg@b%ﬁg%ér %%F%m‘réﬁg %%er(l)o Ilitoﬁl o chhgﬁnﬁﬂi?aﬁy 2 ‘ﬂgm d,
trl f1Qor 68cet AfbexalP maa%t-r%u 115 Mmgp@nouf wgsR)ruemp}(iqd by

I sot hi oupgpl WABR! By | PRERYA B&Stadualid @hamdnidm ch18Bide solution (2
mL) and water. The mixture was extracted twice with ethyl
acetate, and the organic extracts were washed with water and
brine, and were dried over sodium sulfate and concentrated

15 with a rotary evaporator, affording 240 mg (98%) of the title
compound, containing ~10% of the A2 isomer. 1IH NMR (acetone-
dg) & 3.54 (4, 1, J=18), 3.63 (4, 1, J=16), 3.70 (4, 1, J=16),
3.78 (s, 3), 3.80 (4, 1, J=18), 5.17 (4, 1, J=10), 5.21 (4,
1, J=10), 5.25 (4, 1, J=4), 5.90 (a4, 1, J=4, 9), 6.33 (4, 1,

20 J=2), 6.80 (4, 2, J=12), 7.2-7.4 (m, 8), 7.74 (4, 1, J=2},
7.94 (4, -1, J=10), 8.03 (dt, 1, J=2, 10), 8.20 (4, 1, J=9),
8.46 (4d, 1, J=2, 8).

Example 177
25 (7R)-7-[ (phenylacetyl)amino]-~-3-(1-(pyrid-2-yl)pyrazol-
S-ylthio) ~3-cephem-4-carboxylic acid
To a stirring suspension of (7R)-7-
[ {(phenylacetyl)amino] -3~ (1- (pyrid-2-yl)pyrazol-5-ylthio)-3-
cephem-4-carboxylate, 4-methoxybenzyl ester {100 mg, 0.16
30 mmol) and anisole (0.6 mL) in dichloromethane (1.2 mL) at 0 °‘C
was added trifluorocacetic acid (1.2 mL). After 30 min at 0
‘C, the solvent was removed with a rotary evaporator. The
residue was dissolved in ethyl acetate, and was extracted with
saturated aqueous sodium bicarbonate. The agueous extracts
35 were washed with ether, and were then acidified to pH 4-5
using agqueous HCl. This was extracted with ethyl acetate, and
the organic extracts were washed with water and brine, and
were dried (sodium sulfate) and concentrated. The resulting



I sot hi our oni unmret hyl phenyl t hi 0) - 3- cephem 4- car boxyl ate, 4- net hoxybenzyl
ester, dibromde salt (203 ng, 0.229 mmol) and anisole (0.1 ) in

di chl or owydamgsse(1 nL) at O [err] was added trifl uoroacet PCTAISOB03926 L) . A
solution formed, the reaction 5 was stirred for 30 mn, and the solvent was
renoved with a rotary. evaporator. e5| ‘due was di ssol ved in water (150
L, with sonication), washed with d| et ether, and filtered. The filtrate
was | yophilized to afford 205 ng of the t|tIe corrpound. [err] NWR [err]
3.20 (deil, w&sl%}:;.tﬁraee@dquﬂh HexBle tt0afIogdl the Ritlé. dOmpound), 4.61

(d, 1, J&®) mg?} 94%fdasla 3{1&11@ (b1il. J*ﬁ)mdi 58cét%né—d =4) . 7 2 7 6

(m 8) Exampl e 167 (7R enyl acetyl am ng](l -{2- pheni ;i)yl’l d
"yl t hi 0) 3358egfleml4- 5t8 xy$a£ rbe1n2 l» 3edileddn & xF5i6

2- br ono- (3, hydr gx.xgyrl di.ps (&, 2;9 gl 3a, phenykhor 9|;1| Ceagad( &2 00 g,

16. 3 nnDI) IIa h yl sp 50 n. t ol uene
(30 PL) L tleég (Esgng) lélnol Loy K%S'z%o{?g godlag‘%hyg &% &é (15 %t# Ohas 20
degassea .\gi2t I‘(d& stiregaRof 10} § rdged @hd ISt id=99d 8i.48r dddl, yiat 3290 8err]
-overnight. The mi xture was diluted with water (50 nL) and ethyl acetate

(100 m.), and the organic |layer was dried over sodiumsulfate and
concentrated, affording a yel| ofxamplie HI8 material was suspended in

vat er ( 199@-)1,- P(;Sﬁ&’n}iaéﬁtfi) kﬁfirdoﬁcb -veazs— (Wedzoqndlli?ﬁ YpsMdlng

solution was extracted with ethyl acetate, ageuous_| ayer was
neutPal i zed™ vﬂ'ﬁhgat) '&1%@9&%&5%%&% bohzpet benZ¥lyas

extracted with ethyl acetate. The ceglkiegx¥d organic extracts were dried with

sodi um sul fat e and, can entrae an 3 oily sol was .t ri turated

with 2:1 hexane/ et}h é‘trgt &; gf Fg}afﬂg ang%r%p éuie V\{y‘&th' 5.94

3- hydromynca)ph@rygrla[zpﬂ.edl(%? mg, alét2 nmmilg soid. posdiexied potass:.um

3-hydro Yh dispe ngé m
ngeraﬁ?r%ﬁ%?%ég g)aigoPﬁﬁl on %u%gsr(éﬁl F\;BI Si F) am §x§e{ in DMF

§ Mempeygtire £or24nfBys: m éwatu@vvfﬂsuﬂlééx wstﬁhsw‘mts%rure was
added aéausﬁngom@fclya&dadwﬁt 517! & heorad baimmdh Wilstideered and

dried, affording 670 mg (63%) of 3-nitro-2-(pyrazol-1-
yl)pyridine. IH NMR (CDCl;3) & 6.51 (m, 1), 7.37 (dd, 1 J=5,
8), 7.76 (m, 1) 8.03 (ad, 1, J=2, 8), 8.40 (m, 1), 8.60 (44,
20 1, J=2, 5). '
To a suspension of 3-nitro-2-(pyrazol-l-yl)pyridine
(670 mg, 3.72 mmol) in ethanol (10 mL) was added a 1 M
solution of SnCl;-HO in 6 N agqueous HCl (14.5 mL, 14.5 mmol).
The mixture was heated at reflux for 10 min, and the solvent
25 was removed with a rotary evaporator. 10% agueous sodium
- hydroxide solution was added until most of the material
dissolved, and the mixture was extracted with dichloromethane.
The organic extracts were dried over sodium sulfate and
concentrated to afford 376 mg (68%) of 3-amino-2-(pyrazol-1-
30 yl)pyridine as a brown oil. IH NMR (CDCli;) 8§ 5.62 (br s, 2),
6.46 (m, 1), 7.05 (ad, 1, J=5, 8), 7.24 (&d, 1, J=2, 8), 7.74
(m, 1), 7.85 (44, 1, J=2, 5), 8.54 (4, 1, J=3).
To a stirring solution of 3-amino-2-(pyrazol-1l-
yvl)pyridine (376 mg, 2.50 mmol) in 3 M agueous HCl (4.3 mL) at
'35 0 °C was added over 10 min a solution of sodium nitrite (181
mg, 2.63 mmol) in water (1 mL). After 30 min, this solution
was added to a solution of potassium ethyl xanthate (800 ﬁg,
5.0 mmol) in water/saturated agueous sodium bicarbonate (1:1,



(338 my, 2.72 mmol) in DM (2 nL). After stirring overnight, the m xture
was partitioned between water and ethyl acetate, 94 and the organic
phase was weyaBEdecat ed and subjected to flash chronat ogr aphpcpwssdnmwta gel ,
affording 536 ng of 3-N,N- di net hyl t hi ocar banoyl - 2- phenyl pyridine. [err]
NVR [err] 3.23 (s, 3), 3.40 (s, 3), 7. 37 7 (m 7), 860 (d, 1, J=6). This
5 material was heated in a seal ed vi&l at 250-255 [err] for 1.5 h. The
product was dissolved in ethanol (10 nmL), 10% aqueous potassi um hydroxi de

was addedzﬁmf )at a0 tdhe resulikegre w&ﬁrﬁe&@éddf?\tﬁﬂ ndRyr 1ot kagen at |
aqueous. 194 ¥er  Rtraqked el B5HRT BRGkathacStioR R e, o e © CT0
resi-due waﬂlﬁubgecamﬂl¢andnummmedgraWhy onuéelprndqpﬂ wa [umid ieid by6: 1
T N PSR et SRR R
(d, 1,5 J=8ffoxding 250 mg of e§£x r?‘ﬁ@tBGF%tqg%‘Fﬂ‘fﬁtlalerél‘gﬂ-ﬁo -
phenyl pyrjhgtaei 45w, dﬂss%imlm eBhBNYG1 ( 14 1) adnd vEéE rﬂréé?c%dadﬁ%ﬁ a

sol uti on sodlun1b|s Ii si.Lyl ) gni THF mL .of M
solution,gé.S éﬁﬂ? 5& ég ﬂgfong t# EH“WFE cannul a
into a stWasingusxalizqﬂ1hﬁ a@ﬁ@ﬁ;oaoof 0.5 M citric ac1d solution,

7-[ (pheny i_fl me S

Cephom 4. SAERBCAST L S, At SEE PP RA°HeoP OB el face, hgnd o )
at -4@ C copcentgatedn aifthe mufﬂer produnt weacpmohfmé Iy etidhiea geladdition
of 10% aqeﬁfaﬁaé??}aw CA“deﬂeiﬁgsqls@t n<4@9ﬂ S8 Hhadtddt dﬂ@& partitioned

Sodi um sutPEFRE ki YA E A Z?ISGM' a5 ort) ik 3% e
product was, p:IJHf'vemisbsdd:hngrrmtﬂgraphy'lomzsl(adpalgaj 1,5%), 7 78 (m,
Fg??fng{g chéo%fng&g qﬁ)é£§%a%§?r%:£§5(gg ff 3Q§)P|tle conpound. [err] NWR
15 To a solution of 3-mercapto-2-(pyrazol-l-yl)pyridine
(77 mg, 0.435 mmol) in DMF (1 mL) at room temperature was
added a 1 M solution of sodium bis{trimethylsilyl)amide in THF
(0.42 mL, 0.42 mmol). After 10 min, this solution was
transferred via cannula into a solution of (7R)-7-

20 [ (phenylacetyl)amino]-3-(trifluoromethanesulfonyloxy)-3-
cephem-4-carboxylate, 4-methoxybenzyl ester (267 mg, 0.457
mmol) in DMF (2 mL) at -40 °*C. After 1 h at -40 °C, the
mixture was poured into water and extracted with ethyl
acetate. The organic extracts were washed with water, dried

25 over sodium sulfate, and concentrated with a rotary
evaporator. The residue was triturated with 1:1 hexane/ethyl
acetate and dried, affording 291 mg of the title compound. 1IH
NMR (CDC1l;) & 3.10 (4., 1, J=18), 3.52 (4, 1, J=18), 3.65 (4, 1,
J=16)}, 3.69 (4, 1, J=16), 3.75 (s, 3), 5.01 (4, 1, J=4), 5.26

30 (¢, 1, J=12), 5.28 (4, 1, J=12), 5.89 (ad, 1, J=4, 9), 6.05
(4, 1, J=9), 6.50 (m, 1), 6.72 (4, 2, J=10), 7.13 (44, 1, J=5,
8), 7.20 (4, 2, J=10), 7.2-7.4 (m, 5), 7.59 (dd, 1, J=2, 8),
7.78 (m, 1), 8.28 (44, 1, J=2, 5), 8.40 (m, 1).

35 Example 179
(7R) -7-[(phenylacetyl)amino]-3~(2-(pyrazol-1-yl)pyrid-
3-ylthio)-3-cephem-4-carboxylic acid, sodium salt



30 J=18), 3.61 (d, 1, J=16), 3.64 (d, 1, J=16), 4.81 (d, 1, J=4), 5.79
(dd, 1, J=4,9), 6.20 (d, 1, J=9), 7.01 (s, 1), 7.2-7.6 (m 21), 7.67 (d, 1,
J=10), 8.61 (d, 1, J=5). Exanple 168 35

(7TR) - 7-[ 96§cet yl ) ami no] - 3- (2- phenyl pyrid-3- ylthio) PCTUSISN3ING

- 3-cephem 4-carboxylic .acid, trifluoroacetic acid salt 95 To a
stirring solution of (7R)-7- 104

[ (phenyl acetyl ) am no] - 3- (2- phenyl pyri d- 3-yl t hi 0) - 3- cephem 4- car boxyl at e,
benzhydryl ester 32 di chl oronet hane (1 niL) at
0 [err] was adde Ei‘:&&geF?iugﬁ“& %tl {1%%1’[){' After 0.5 h at O [err],
the m x[t(lp’nemya.aceuyd:eamtabw-\f\(Zh(m{razcdr-sl-ey\lapgmaeB-thhmruzie product
was tri eq I | o ahkf 1 my of the
title c%%oun% Wa&ﬁoﬁ%?&é% % ’I‘&E E%}&Pb eﬁ%ﬁ& (% 9@12%‘8? 1, J=18),
3.49 (@nisole=1g).1 gL55:|.(1dd1thgr—_qugtha3ma 1(6‘1-‘)13-1‘-10 ‘g=wa¥, agded (d, 1,

g i%) Xrik1brobcetie) acia2(1 (:m) 5) Af7te'_15 3(0mm:.3)) at’/060c(mné), 8.08 (d, 1,

(R0 7 ity MaS ERS R RBE 2. 12 48 iy At ¥as; gartitioned
yl t hi o)be’i:«emhemércan&osgtaret;ed Zaquesdus( \soddizgl biearbondtea sTheti on of

3 hyd d 2 10 nL
?/o{)%nper? %r@g &/gé agg%gCt%%sé%orusér§£ ac%%g?:?’ggﬁfgéégglgﬂgé 8(rrm)l ))

The mi >@ (8 wed ukdagewish W@tenxfcv owrsl fvh ae@(t@nmeué‘.gl/wenerwasme

reagVede e tdicts t:bﬁftbﬂﬂlngT BBod St AdreVarsy, NG elgnt Qf‘f@&'ﬁingt hs f@gueous

ot 1 actBh 4 o, PoRBEp, " a0 @a?i" 400 8 BSn TR Mo 511 ca

- gel, tha@filt »us)yas. sgngdntlatwsﬁﬂw lepe (rdasudue-%s,sabneci(ad to flash -
25 chrpmey ogr aphg,0ngs! 4! C3=9F! - 6 251 Offl N9 300 19 of _u?i{, cghorg:g;
- (m, l),_7.82 {m, 1), 7.93 (br 4, J=8), 8.14 (m, 1), 8.37 (m,
15 1). | |

Example 180
(78)-7-[(phenylacotyl)anino]-3-{2-(N;N'-(bis)tertf
butyloxyca:bonylguanidinomothyl)phchylthio]?B-cephem-
4-carboxylate, 4-methoxybenzyl ester

20 To a stirring solution of 2-mercaptobenzyl alcohol
(1.00 g, "7.10 mmol) in dichloromethane (20 mL) at 0 °'C was
added methyl acrylate (0.70 mL, 7.70 mmol) followed by
triethylamine (50 uL, 0.35 mmol). The mixture was allowed to
warm to room temperature and stir for 4 h, at which point the

25 solvent was removed with a rotary evaporator. The residue was
subjected to column chromatography on silica gel (0-10% ethyl
acetate in dichloromethane), affording 1. 40 g (86%) of methyl
3-(2-hydroxymethylphenylthio)propionate. 'H NMR (CDCl3) & 2.63
(¢, 2, J=7), 3.18 (t, 2, J=7), 3.68 (s, 3), 4.79 (s, 2), 7.27

30 (m, 2), 7.43 (m, 2). '

To a stirring solution of methyl 3-(2-
hydroxymethylphenylthio)propionate (1.40 g, 5.10 mmol),
triphenylphosphine (2.00 g, 7.60 mmol), and N,N’-(bis)tert-
butyloxycarbonylguanidine (2.60 g, 10.2 mmol) in THF (30 mL)

35 at 0 °C was slowly added diisopropyl azodicarboxylate (1.50
mL, 7.60 mmol). The mixture was allowed to warm to room
temperature and was stirred for S h. The solvent was removed
with a rotary evaporator, and the residue was subjected to



cyanopyridine. [err] NVR [err] 7.50 (dd, 1, J=4.8, 8.4), 7.89 (dd, 1,

J=1.6, 8.4), 8.63 (dd, 1, J=1.6, 4.8). To a stirring solution of

4- met hoxy-lerr | uenethiol (268 ng, 1.74 mol) in DVF (1 r] was
§Pp%ﬂmg . . . . ) fm%Sﬁi

added a so of sodium bis(trimethylsilyl)amde in

M 1.3 nml). The resulting solution was added via cannula to a sol ution of
2- cyano- 3-chl oropyridine (200 ng, 1. 43 ﬁm)l) in DMF (1 nmL) at O [err].

After stirring for 2 h at 0 [err], the mxture was poured into water and

extract ed ma?% Ia#ﬁ,ga h r act
concentrafg%ﬁﬂn% cru 4 of Saﬂgcérls?f d &-&‘; urm cﬁ?r\cl)aE tograpﬁy on
silica gemethyloilu[m(&%yaﬁmsa t@ﬁnb?ﬁﬁ%?ﬁéﬁé?b@w%g%fﬁ%% in

quant i t at ingeriyl phiSeny Erhijo IprdHiemate3. 88H (MMR 3)CDCL,308 s 252 s, 9)96 6. 83

d, 2, J=10 7.22 (d,_ 2,.J=10 4 (dd 766d1J8
z(a 50 (d, i 215 =£5 . 9*(ro?a5§’o|‘& én czi’f'%?h.( %%nﬁ'bm?g (32@ ( d& midl) ;nd
ani sol®e (8.3%2 (&, 2 8 Tami?).4 nmt,r idhl, ueraace]brcsaci)d, (9L5EB ndb)r at, A)C was ~
added 5 trifl uorone&.gage$yl£pmaé; sao(i 81 %§ Hkth 183 hi he m xture was

allowed to warmto Foom red The sol vent
was renovédigi tara—bme}cqmwgmmlgpanaﬁan@he re5| due was purlfled by flash

chromat ogpaghy1 &h}iﬁﬁ&ﬁlmpafofn%@' @93 1&5 n@ i?%\ of 1%1 n’sﬁ-* mL)
cyano- 3-nercaptopyridine. err Qﬂl\@ er% é dd 1 J=5,
8), 7.78 f8,reom e Pe%afdﬁret dvas) adgled)) po S%’-‘é‘i‘u it ’%’iﬂ’iﬁqeorfléf
2- cyaum- 3008 capdDPY T i K ter (# R, myhx@ Dixoupe )was thaais fumrel ne (3 m_) at
0 C was adde utlon f r lyl)amde in THF (0.29 nL
15 of 1 ﬁf‘?q?g?‘l on t°§299&“%19’$ 'é@_}ﬁ?;é&éo utli'gl)éhJ vS\’*/as added dropw se via
cannul a t 6 (ehenyiacetyllaminelof -trREf1noromethanesul fonyloxy-3~cephem-
[ (phenyl agetyip 3-4 Infdeitl SCARETTES ff | )g
cephem 4- car bomz@ﬂé%e44nen§é o>§%§% ? este!‘rll ,ng 3.%34xmnol) in DMF

at -4 e mlxture was stlrred for 40 min at -40

15 °C, and was quenched by addition of saturated ammonium
chloride solution. The mixture was extracted with ethyl

acetate/hexane, and the organic phase was dried over sodium

sulfate and concentrated with a rotary evaporator. Column
chromatography on silica gel (50% ethyl acetate in hexane)

20 afforded 44 mg (40%) of the title compound. ‘H NMR (CDCl;) &
1.28 (s, 9), 1.42 (s, 9), 3.05 (4, 1, J=18), 3.33 (4, 1,
J=18)}, 3.59 (4, 1, J=16), 3.62 (4, 1, J=16), 3.81 (s, 3), 5.00
(d, 1, J=4), 5.07 (&, 1, J=18), 5.26 (s, 2), 5.32 (4, 1,
J=18), 5.78 (d4, 1, J=4,9), 6.15 (4, 1, J=9), 6.89 (4, 2,

25 J=12), 7.03 (4, 1, J=10), 7.2-7.4 (m, 9), 7.52 (4, 1, J=10),
9.39 (br s, 1), 9.44 (br s, 1).

Example 181
(7R) -7-[ (phenylacetyl)amino]-3-[2-
30 (guanidinomethyl)phenylthio]l-3-cephem-4-carboxylate,
inner salt
To a stirring solution of (7R)-7-
{ {phenylacetyl)amino]-3-[2-(N,N’'- (bis) tert-butyloxycarbonyl-
guanidinomethyl)phenylthio] -3~cephem-4-carboxylate, 4-

35 methoxybenzyl ester (44 mg, 0.055 mmol) and anisole (0.2 mL)
in dichloromethane (0.4 mL) at 0 °‘C was added trifluorocacetic
acid {1 mL). The mixture was allowed to warm to room
temperature and stir for 40 min. The solvent was removed in



mml) in dichloronmethane (1 nL) at -40 C. The mxture was 20 allowed to
warmto roomtenperature and was stirred for 1 h, whereupon it was filtered

t hr ough silica gel, washing with 1:1 dichl oronet
acetate.aﬁ?ﬁ%%&%bncentrating the filtrate, the product was purl%led6by
flash chromat ography on silica gel, affording 158 ng (90% of the title

- conmpound. 25 [err] NMR [err] 3.15 t86 1, J=18), 3.60 (d, 1, J=18), 3.63
(d, 1, J=16), 3.68 (d, 1, J=16), 3.80 (s, 3), 5.04 (d, 1, J=4), 5.15 (d, 1,

J=12), ( &2 6. 81 (d
> 3.;0 %}-«%’t o :Ld§ g%dér:iéura]tgd v%)t%}s@t%%r( ana £ itg%e
170 (7F§ffm{d(1mger$9qea@é B) CaﬁPﬂ‘é?aS f(%l@gﬂar&ﬁi)r |ad=19~ light yellow .
-yl hi- 0)pvdaphe tTHANMRF l()ORgOD)c s3cild® 'I(d.alst UFﬂ.th 3041t {@n Df C(=7H)-,7 35
[(phen%iaﬁgtét)%g1 Q]2§ é an pyfi d: P](R ceeﬂen}4 bo yl at e,

4- et h F Eé g %7 ék aAISOI (5 24 E

di cBl orTxEEt hdn&q( J(er)L at'J 8)C Wa2-Aaddletnt r9)f.l uoroacetic acid (1 rrL) After
1 hat 0 C, the solvent 97 was renoved with a rotary evaporator, and

the residue was triturated with ether, filtered, and dried, affording 104

ng (83% of the title conpound. [errg err] 8 3.15: (d, 1, J=18), 3.54
(d, 1, J=18), 3.65 (d, 1, J=16)Exampde 188 =5 j-16), 5.07 (d, 1, J=4),

5.89 (dd, 1, J= 4 6,18 7.53 (dd, 1, J=5,
8), 7.(90 (d, 1, J= 8?)“‘% EGT(éPd“!“Y}%JtIEiA ’é“lﬁnbrg) - (
(7R) - 7- [(auwnﬁaneth&mwhdnilehiboHﬁthpuaayﬂ-éhrybkkadte, 4-

- 3= ephen}4 car boxyl ate, 4- est 0 a stirring solution of
1- &henylpyrazole (1.44 ¢ JE¥£5%¥QSGi¥h' Vst

To dry DMF (100 mL) at 0 °C was added thionyl chloride (1.3
mL, 17.8 mmol). After 30 min at 0 "C, to this solution was
added (7R)-7-[(phenylacetyl)amino]-3-(2-
hydroxymethylphenylthio) -3-cephem-4-carboxylate, 4-

15 methoxybenzyl ester (6.90 g, 12.0 mmol). The resulting
solution was stirred at 0 °C for 30 min, and was poured into
ice water (800 mL). After 30 min, the mixture was filtered,
and the precipitate was washed with water and air-dried. The
resulting pale brown solid was taken up in dichloromethane

20 (500 mL), washed with water and saturated aqueous sodium
chloride solution, dried over sodium sulfate, filtered, and
concentrated with a rotary evaporator. The residue was
triturated with ether, filtered and dried to afford the title
compound (4.35 g, 61%) as an off-white solid. 1H NMR (CDCl3) &

25 3.08 (4, 1, J=18), 3.25 (d, 1, J=18), 3.60 (d, 1, J=16), 3.63
(4, 1, J=16), 3.81 (s, 3), 4.75 (4, 1, J=14), 4.79 (4, 1,
J=14), 4.94 (d, 1, J=4), 5.25 (s, 2), 5.75 (44, 1, J=4,9),
6.04 (4, 1, J=9), 6.86 (4, 2, J=10), 7.2-7.6 (m, 11).

30 | Example 183

(7R)-1-ahino-3-(2-ehloronethylphonylthio)-3-c§phem-4-
carboxylate, 4-methoxybenzyl ester, trifluoroacetate
salt

To a stirring solution of (7R)—7—[(phenylacetyl)amino]-3-(2-
35 chloromethylphenylthio)-3-cephem-4-carboxylate, 4-



10.0 mmol ) in THF (7 nL) at -30 [err] was added a solution of n-
butyllithiumin hexane (1.6 M 6.88 nL, 11.0 mmol). After 30 15 mn at -30

[err], sul #godnsdes M. 11.0 mmol) was added, and the m Xt ur eceamsesibdegsed t o
warmto O C and stir for 7 h. Saturated aqgueous ammoni um chl ori de sol ution

and 10% aqueous HCl were added, and t m xture was extracted wth ethyl
acetate. The organic |ayer was extracted with 5% aqueous 20 potassium
carbonate sol ution; the aqueous phase was acidified with 10% aqueous HC
and extr agétbxwbdn=siithestacet(ales gndis he m@mian@lw&&d&m& dBi.2d fspdi um

ZULL?E:)F)t%g édﬁn 1%”%1%?&8??&&@%%?%6 Onhﬁ %gcél O%‘ g’f% agdgs féowy
7.4-7.6" (mscsl)utmrﬁbfzwhoenhozys pentachloridey (cﬁ;lél@t igon 36f. 75mmedl & apno- 1-
phenyl pyr@jfzakfox(oi%ﬁcnmxe 2735 I)Af@eJFfﬁ?aﬂﬂd «’é qsbwt]an S(ildéﬁd a

sol ution odi um bi_s(tri nmet hyl_si J)amde in T

mol )5 Mkerld: 9m“ﬁ“°1t)hé’3§oﬁ‘9§ﬁti vva ?éﬁ%&%(ﬁtllqe@aé&S 2t HeaFespdue was
di ssol ved' ¢ n dhictdilethanedwhbeadesd! (50@ rml Utdr@h thes reddedinga syringe

I
P o SR Aot e Doty PLeR EPRERMR ST BAG picaropans,
fag'(t)e{ eE rl] s tﬂ’rEQa?aeL)mrMa)teEn o o) étEqmsf?lust |H§l vf/gf Keg;ngmhzﬂdaE he
wxture viRd e o3, B4R B VAT B broR e TR s 418, T80RT Ot o
pr oddét vmsliaﬁébctmiﬂiynompﬁanconca@d(b\a% mlec r30st8animiode d wasoadded 98

izfggr ‘(-"San%;d Jﬁ% %@é&@?ﬁsﬂoﬁ@ﬁrﬁﬁée& hﬁlt‘.ﬁ td er&%ﬁ?‘é%go}ﬂtw [1€r 5] 16).

3.81 (s, Bye xa,e%gl@d'xg Pel$e4f°15d1'83§ dtr{tugatleé; WJES:hZEt%Gr &nd) QEQ?d 5. 66
(dd 1, Jaﬂfoﬂimn@ thdxitde tompotha 66793 (¢, 7% =ad a Bale beowd, J=10),
e ls solid. 1H NMR (CDCl3/CD3;OD) & 2.85 (d, 1, J=18), 3.34 (4, 1,
15 J=18), 3.72 (s, 3}, 4.62 (4, 1, J=8), 4.74 (4, 1, J=8), 4.74
{m, 1}, 5.06 (m, 1), 5.17 (s, 2}, 6.80 (d, 2, J=10}), 7.2-7.5
{(m, 6).

Example 184

20 (7R)-7-[((2-N,N’-(bis)-tert-
butyloxycarbonylguanidinocethylthioc)acetyl)aminol-3-[2-
{chloromethyl)phenylthioc] -3-cephem-4-carboxylate, 4-
methoxybenzyl ester

To a stirring solution of N,N’-(bis)-di-tert-

25 Dbutyloxycarbonyl-S-methylisothiourea (2.37 g, 8.17 mmol) and
2-mercaptoethylamine hydrochloride (0.88 g, 7.78 mmol) at room
temperature in THF (40 mL) was added triethylamine (1.2 mL,
8.56 mmol). The reaction was heated at 45-50 °C for 7 h,
after which the solvent was removed with a rotary evaporator.

30 The residue was triturated with hexane/ethyl acetate,
triethylamine hydrochloride was removed by filtration. The
filtrate was concentrated and subjected to column
chromatography on silica gel (2-5% ethyl acetate/hexanes),
affording 1.08 g (44%) of 2-(N,N'-di-tert-

35 butyloxycarbonylguanidino)ethanethiol. 1H NMR (CDCli) & 1.43



(m 12), 7.76 (d, 1, J=2). Exanple 172

(7R)-7-[ (phenyl acetyl )am no] - 3- (1- phenyl pyrazol -5- 10

-yl t hi 0) -3-cephem 4-carboxylic acid To a stirring solution of (7R) 7-
[ (pheny! a¥&%2§%#i no] - 3- ( 1- phenyl pyrazol - 5-yI t hi 0) - 3- cepheRCLAUSIMNIDTEXY | at e, -
4- met hoxybenzyl ester (80 ng, 0.12 mmol) and anisole (0.02 nlL) in

di chl oronmethane (2 nmL) at O [err] wago8dded 15 trifluoroacetic acid (0.5
m). After 2 hat 0 C, the solvent 'was renbved with a rotary evaporator,

and the sidu j.ected chromat ography on silica gel (3% acetic
‘acid / e["ﬁ‘ylfl gje'\t@t' ;' liéf f(ﬁrdf"hg 49 Ty (%%ﬁoﬂﬁ%eﬁ)htﬁe@oﬁgouad [err]
NVR [‘er rJ=&) 3.2¥87 Sbx2s, 2)60 (d, 1, J=16), 3.65 (d, 20 1, J=16), 4.96 (d,

-1, J=4), 5.71.(dd, 1, J= 4, 9), 6.83 (d, 1, J=2),.7.2-7.6 (m 10); 7..80 (d,..
1, J=2), 8.05 (d, T ﬂﬁ;xrrﬁxunpbéutien of 2-(N,N’-di-tert- '

(7R I vt cinichpnibiieaasho Paubaiialedh AIITRE 2257 gL oYLt e
(7R) - '{%‘%ﬁén &E\@Pﬁﬁf&ﬁrﬁnéﬁlé g, p:ﬁe?{wmcrlazgm 5'-Hr| t(moo;nma aepbene4-

car boxylvai$ adietetthdeyhelaminges{ @56 b0 4,042 n (0.53
?hl orrcl)rreg hane (10 n1_4 g?k?) Pg ﬁ&ﬂ%gag%%

m., 6.5 |

sol ution ﬁosﬁhg’rgﬁgl §8nF88‘H| BPTRRFFUUNS dnd was ﬁﬁél"}-‘eﬂnoﬁﬁmighbnet hane
(12 ni) TherxfnuewuzeWInSapaot{Lequed|memdtwa écatatB_GaﬁHD%&té@S added,
and t he JHX K, [ f he Iayers wer e
sepgpar lie? ot Thelr fhs lertlhood YLnIC R b ate 2 The i um

bi ¢ bomm S¥ORPEERRASES Were cpshes wisdi watew] antebring] ered and

concent rdatiedl wivielr 8089t ¥uEfa'w@I Hrd -coltRnted %ﬁ' ng.{ﬁgl Lg&%gﬂé w?ﬁ the

triturat her . filt nd dried to afford
title Cosqn% \u@nyéd[% bl ehr atography on silica gel (5-10% ethyl
acetate/hexane), afford:.ng 1.24 g (95%) of methyl [2- (N,N'-di-

tert-butyloxycarbonylguanidino) ethyl]thicacetate. 1lH NMR
15 (CDC13) & 1.48 (s, 18), 2.83 (t, 2, J=8), 3.26 (s, 2), 3.65
(@q, 2, J=8), 3.73 (s, 3), 8.59 (br s, 2).

To a stirring solution of methyl [2-(N,N’-di-tert-
butyloxycarbonylguanidino) ethyl] thiocacetate (1.24 g, 3.17
mmol) in ethanol (15 mL) at room temperature (15 mL) was added

- 20 10% aqueous sodium hydroxide solution (3 mL). After 2 h, The
mixture was concentrated, and the residue was treated with 10%
aqueous HCl solution. The resulting mixture was extracted
with ethyl acetate, and the organic extrécts were washed with
water and brine, dried over sodium sulfate, and concentrated

25 to afford 1.06 g of [2-(N,N’-di-tert-
butyloxycarbonylguanidino)ethyl]thioacetic acid as a white
solid. 1H NMR (CDC13) 8 1.50 (s, 18), 2.89 (t, 2, J=8), 3.34
(s, 2), 3.72 (m, 2), 8.82 (br s, 2). |

| To a stirring solution of [2-(N,N’-di-tert-

30  butyloxycarbonylguanidino)ethyl]thicacetic acid (153 mg, 0.406
mmol) and (7R)—7-amino-3-(2-chloromethylphenylthio)-3-cephem—
4-carboxylate, 4-methoxybenzyl ester, trifluorocacetate salt
(200 mg, 0.334 mmol) at -20 °C in THF (8 mL) was added
diisopropylethylamine (233 uL, 1.34 mmol) followed by

35 phosphorus oxychloride (39 uL, 0.406 mmol). After 2 h, the
mixture was partitioned between ethyl acetate and water, the
layers were separated, and the organic'layer was washed with



NMVR [err] 2.74 (d, 1, J=18), 3.17 (d, 1, J=18), 4.65 (d, 1, J=4), 4.84 (d,
1, J=4), 6.65 (d, 1, J=2), 6.75 (d, 2, J=9), 7.20 (d, 2, J=9), 7.2-7.4 (m

5), 7.64 (dvodsnedss). 5 Exanpl e  gcusesm3ore
(7R)-7-[ (cyanoacetyl )am no] - 3- ( 1- phenyl pyrazol - 5-

yl t hi 0) - 3- cephem 4- car boxyl ate, 4- rretﬂ@(ybenzyl ester To a stirring
solution of (7R)-7-am no-3-(1- _

phenyl pyrazol - 5-yl t hi 0) - 3-cephem 4-car boxyl ate, 4--10 nmethoxybenzyl ester,
hydr.ochl osateraakl 4diSous, sEiARP bmalr)oonadecgamaas‘em W@@éﬂ (&% mo, 0.42

1) i Q th | 0. 19
rrrrer )1 |12 %%F%UF fl{‘ll n&% 1%1}{osaﬁﬁﬂfl§'n8xyc Fng:{%;@g (rasjo Jf3‘611‘£1712mr?’m()l) -
Af ter- 1 hsaifape, [éhe]mxtwreanmr@nmtpatemwmnhdabetbtzwl water *15 and .
ethyl acebdhgoralby Of 4! the AR diRS wids BaEUELDS ST ﬁg@&{&too&dap‘hm

bi car bonat e and, 5% aqueous. HCl , dri.ed_ov Frum's

concem r aPBdsi h%acg%e(%r%ﬁ&@ﬁ %%PFP%HhWebhrmwr@W&)m$l lica

I (1% / f title 20
ggrrpf)undmbig?(r)bf N[ o (] 3 s, ok R Rencty BFr ettt Lo (S

2), 3.81 Rs803ft,426W38) . B.2%43, 3.00=18),13. 3&124, . 2I=J(8i,, B,.38=12),
5.61 (dd, (&, §F43962 J2X,d.3.82 s2)a6 786d(g2.2y= 7ed04(d, 1,
Sogy (99 ﬁ 7 ) gn /2 % X § ) & 86 o5 2% 19)o1 7¢O 4,

(7R) - 7- [ (€54hoa e%i { Si 9o - '%%‘ﬁﬁ% b 9rézo?15 6.90 (d, 2, J=10),

yl t hiX0) - 37cBpheént dmcal boxy/l6® (b @];,, godiumsalt To a stirring solution of
(7R)-7- 30 [ (cyanoacetyl ) am no] - 3- (1- phenyl pyrazol - 5-yl t hi 0) - 3- cephem 4-
carboxyl ate, 4-methoxybenzyl ester (105 ng, 0.187 mmol) and anisole (0.02
m.) in dichloromethane (2 nL) at O [err] was added trifluoroacetic acid

(0.5 nL). After 1h at O [err], thExamplent 183s renoved with a rotary
evaporator. The residue vvas taken 35 ug I n _aqueous sodi um bi carbonate, and

was subjected to reverse T)ﬁ&g d ~dhtr 63ele 'aiBA8h-terB- el uting with water

butyloxycarbonylguanidinoethylthio)acetyl)amino]-3-[2-
15 (iodonathyl)phenylthio]-3-cephem-4-carboxylate, 4-
methoxybenzyl ester

To a stirring solution of(7R)-7-[((2-N,N’-(bis)-
tert-butyloxycarbonylguanidinoethylthio)acetyl)amino]-3-[2-
(chloromethyl)phenylthio]-3-cephEm-4-carboxylate, 4-

20 methoxybenzyl ester (228 mg, 0.273 mmol) at room temperature
in acetonitrile (3 mL) was added sodium iodide (205 mg, 1.34
mmol). After stirring overnight, the mixture was partitioned
between water and ethyl acetate, and the organic layer was
washed with water and brine. The solvent was removed with a

25 rotary evaporator, affording 239 mg (94%) of the title
compound. lH NMR (CDCli) & 1.51 (s, 18), 2.80 (t, 2, J=8), 3.28
(d, 1, J=18), 3.35 (s, 2), 3.37 (4, 1, J=18), 3.62 (m, 2),
3.82 (s, 3), 4.60 (d, 1, J=9), 4.63 (4, 1, J=9), 5.06 (&, 1
J=4), 5.29 (s, 2), 5.77 (44, 1, J-4, 9), 6.89 (4, 2, J=10),

30 7.3-7.6 {m, 7), 8.60 (br s, 2).

’

Example 186

(7R)-7-[{(2-N,N’~(bisg)-tert-~
butyloxyca:bonylguanidinoethylthio)acetyl)amino]-34[2-



foll owed by 20% acetonitrile / water. The fractions containing the desired
product were |yophilized, affording 100 47.5 ng (50% of the title
CONPOUNQya/4es le was treated with HC and dried for 1H pMiusssmsys s- 1H
NMVR (acet one- 8 3.24 (d, 1, J=18), 3.30 (d, 1, J=18), 3.79 (s, 2), 5.06

(d, 1, J=4), 5.76 (d, 1, J=4), 6.87 g@ 1, J=2), 7.4-7.6 (m 5), 7.82 5 (d,
1, J= 2) Exanpl e 176 (7R)-7-[(pheny?' etyl)am noj - 3- (1- (pyrid-2-yl)pyrazol -
5-yl thi o) - 3- cephem 4- car boxyl ate, 4-nmet hoxybenzyl 10

ester To a Sti&&mcﬁ@éah&wtﬁywb&ﬁweh&elm-(aeéﬂdh-éﬂ 2 nmol ) and
.mal onal dehyde bi s(di

I acet al) | n absol ute et hanol
(60 nm) at roomteﬁﬁé' r]t?'i/h‘s a‘d"((ﬂ ]gmﬂ%&"&ntll the mxture
was acidic (3 m_) ,0r.. 3h, and was
all oned to cool t& osrﬁ-g‘[rg&%ggx%?élﬁgwgﬁhggm@?h?’e Q\g@ ?i(;r]i\%en(lbrlg‘t ed with a
rotary m@momadbpnylmend@mm@ﬂmhm)mm)tatule-bﬂeB dRd filtered.
soaPum B 8 e e e “The organi
‘ext r ac tRERAXYRARAVL] SFLER A3 2rMEnd 75 Hdumayy) !ay COSH FRMPEFREUES, and
.C0ncentiﬁﬂéﬁhﬁ&ﬂﬂtﬁilhpuarML¢Vﬁ§§raddéthhfﬁdﬁﬁai6191QQ9 070%B8 fimol) .

120, 1Ecer A T oayBhtiwgB rafbiaa uilh S orny Syapgtaséey. 216

8 42 (ctd',td theJ z&s;@;e &aEQttd;unatéd:zlyltH'@dlen.l rfHiltgred|, uandn of
nadly SIS, HRERARS ShoPRal(osal oF Rk Likydiodmnile Th o 1571 OO
mol ). (GBCky) 851nd8 &8, [E8)] 2.8l flm, @2433n§l 14591 @] 8 \as3 . 40
(s, 2), 3.42 (d, 1, J=18), 3.60 (m, 2), 3.80 (s, 3), 4.70 (d,
1, J=11), 4.87 (d, 1, J=11), 5.12 (d, 1, J=4), 5.27 (s, 2),
5.56 (dd, 1, J-4, 9), 6.50 (br s, 1), 6.89 (&, 2, J=10), 7.3-
15 7.6 (m, 6), 8.15 (d, 1, J=9), 8.50 (v br s, 1), 8.66 (br s,
1). |

Example 187

(7R)-7-[((2-guanidincethylthic)acetyl)amino]-3-[2-
20 (isothiouroniummethyl)phenylthio] ~-3-cephem-4-
carboxylate, trifluorcacetic acid salt

To a mixture of (7R)-7-[((2-N,N’-(bis)-tert-
butyloxycarbonylguanidinoethylthio)acetyl)amino]—3-[2-
(isothiouroniummethyl)phenylthio] -3-cephem~4-carboxylate, 4-

25 methoxybenzyl ester (240 mg, 0.240 mmol) and anisole (100 ML)
at room temperature was added trifluoroacetic acid (1.5 mL). |
After 1.5 h, the volatiles were removed in vacuo, and the
residue was triturated with ether. The resulting solid was
dried, and was suspended in water (50 mL), filtered, and

30 1lyophilized to afford 131 mg (82%) of the title compound. H
NMR (D20) & 2.83 (t, 2, J=7), 3.25 (4, 1, J=18), 3.38 (s, 2),
3.42 (t, 2, J=7), 3.48 (4, 1, J=18), 4.59 (s, 2), 5.20 (4, 1,

- J=4), 5.59 (4, 1, J=4), 7.4-7.6 (m, 4). '



added, The m xture was stirred at -78 Cfor 15 mn, and was warnmed to 0 C
and stirred for 30 mn. Water was added, and the THF was renoved with a
rotary evaggjésidgbes 1he residue was washed with et hyl acet at @crRfsbéhdobed to
pH 6, and extracted 35- with ethyl acetate The latter organic extract was
washed with brine, dried (sodiumsulf and concentrated with.a rotary
evaporator, affording 873 ng (73% of nercapto 1- (pyrid-2-yl)pyrazole.
[err] NWVR [err] 6.20 (br s, 1), 6.30 101 (d, 1, J=2), 7.22 (dd, 1, J=8,

}0)3 Z-G3 (d, 1, Jﬁ%her7sﬁﬁsféﬁt1éll -éhe]éémet f}%e@ﬁre&daé =iQ), 8.44 fdd
ution o nmer o- 1- ri - razo e

(05 5. GPBEBLSRoL A hEUFCES THSte O] BHE todloning Bamien 1A THST

sodluwrbwah:sum&&bylyrbgldbta&ﬁeth'THF (0:40-m; 1'M 0.40 mol ). ThIS o

solution was added to a solution of (7R)-7-[(phenyl acetyl)am no] - 3-

(trrfluoronethanesulfonyloxy) 3-cephem 4- car boxyl ate, 4- nethoxybenzyl

ester5(235 ng, 0.400 nmol) in DVEXampXke) 188 -40 10 [err]. After 20 min
at -40 C, the reaction was guenched by_addition of saturated aqueous

ammoni um cHI7d¥) - §41(Frigrapidiponrepidtbio meesyi)aningd -3xt kst ed
twice wWith et hyisaehua&oﬁﬂmhewnﬁﬁhen@mﬁﬁ%; -gelcepReReqd M th water
and brine, and ver g cgled gr so g sulfate\_tﬁg o:qnentrated 15 with a
rotary evaporator +ﬁé ﬁ£ ?bgﬁ?ﬁﬁ’ und, cont ai ni ng
~10% of the [err] isoner. [err] NNR (acetone- d6) 8 3.54 (d, 1, J=18), 3.63
(d, 1, J=16), 3.70 (d, 1, J=16), 3.78 (s, 3), 3.80 (d, 1, J=18), 5.17 (d,

1, Jg30), 5.21 (d, 1, J=10), 5.2% e J¥9Y. 5.90 (dd, 1, J=4, 9), 6.33
(d, 1, 20 J=2), 6.80 (d, 2, J=12), 7.2-7.4 (m 8), 7.74 (d, 1, J=2), 7.94

(d, 1, J= 10&7389(73-(d“-&udﬁ&liﬂ@but&ﬂﬁ:id)aé»eb]ﬁ@)angnﬁq-(:ii-dtzl J=2,
8) - Exanple IQGsothiouroniummethyl)phenylthio] 3-cephem-4-

carboxylate, trifluorocacetic acid salt

15 . Example 190

{(7R)-7-[((2-N,N"~
dimethylguanidinocethylthioc)acetyl)amino]-3-[2-
(isothiocuroniummethyl)phenylthiol]-3~-cephem-4-
‘carboxylate, trifluorocacetic acid salt

20
Example 191
(7R)-7-[((3-N,N"'~
dimethylguanidinopropylthio)acetyl)amino]-3-~[2-
(isothiouroniummethyl)phenylthio]l-3-cephem-4-
25 carboxylate, trifluorocacetic acid salt

Example 192

(7R)~-7-[((4-N,N"'~
dimethylguanidinobutylthio)acetyl)amino]-3-[2-
30 {isothiocuroniummethyl)phenylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Exanple 193



25 (7R -7-[ (phenyl acetyl )am no] - 3- (1- (pyrid-2-yl)pyrazol -

5-yl thi o) 3 cephem 4-carboxylic acid To a stirring suspension of (7R)-7-
[(phenyl m no] - 3- (1- (pyrid-2-yl)pyrazol -5-ylthio)

cephem4 ’é@g@ ate, 4-methoxybenzyl ester (100 ny, O. 16§§'5[0895’03?36

ani sole (0. 6 m.) in dichloronethane (1 2 m) at [err] was added _
. trifluoroacetic acid (1.2 nL). Aft ert §0 mn at O [err], the solvent was
renoved with a rotary evaporator. The residue was d| ssol ved in ethyl

acetate, argh vag :%tfﬁfaséhw&éelu&a%fﬂuﬁa L SE E‘.nfﬁs pogate. The

agueous extracts wer e wash he aciditfied to pH
4-5 using a%e&é§%i°%9§1W%§PY&émw}ﬁhéﬂM3aSGP&’c'B“ 4nd the . . -.
. :0r.gani ¢ extract s catbomEtded, Witil fbhoroasetid nacidmdsaats dried (sodium
sulfate) and concentrated. The resulting 102 oil was triturated with
hexane to afford the title conpound (60 ng, 75% as a pale yellow solid.
[err] NWR [err] 3.55 (d, 1, J=18), 3.63 (d, 1, J=16), 3.71 (d, 1, J=16),
3.7$(d 1, J=18), 5 25 (d, 1, &W1&899(4dd 1 J =4, 9), 6.44 (d, 5 1,
J=2), 7.2-7.4 ( 778:{,1,\]: 7.92 JlOL‘802 (dt, 1,
J=2, 10) (18)rd < (( -igagh B“#&W?RPPI°PIQch§°= migo] -3-
g 7R|)tz [§pg?:!\é/|(%Wﬁ&iéﬁk&ﬂiﬁ:ﬂethwf)ﬁinﬂdtwJ-ﬂt-c%hom-?- f

y e} cephem arboxyl-ate met hoxyhenz er m xture o
2-chl or o- 3- ni t r oYY ’%{)€§2 rfgtigl'gg Rﬁ&'}ﬁ w ("E;Eﬁ ng, 14.2 mmol)
and powder ed potassium carbonate (2 g in DWW (10 m.) was stirred
vigorously at room 15 tenperature for 4 days. The m xture was diluted with
watgf, causing precipitation of gg. ‘S‘Q \g%ch was filtered and dried,
affording 670 ng (63% of 3-nitro (pyra ol -1- yl)pyridine. [err] NWR

[err] 6.57&Mm-7L)p( (4 31sbt¢hicdurshiumbutyl)thiocacetyl)amino]-3-
[2- (isothiouroniummethyl)phenylthio] - 3-cephem-4-
carboxylate, trifluorcacetic acid salt

15 Example 196

(7R)-7-[((2-N,N"'-
dimethylisothiouronium)ethylthiocacetyl)amino]-3-[2-~
(isothiouroniummethyl)phenylthio)l ~-3-cephem-4-
carboxylate, trifluoroacetic acid salt

20
nxmp_le 197
(TR)-7-1((3- |
N,N' dimethylisothiouroniunpropy; )thiocacetyl)amino]-3-
[2-(isothiouroniummethyl)phenylthio]l-3-cephem-4-~-

25 carboxylate, trifluoroacetic acid salt

Example 198

(7R)-7-[((4-N,N'~-
dimethylisothiouroniumbutyl) thioa._c_etjrl )amino}l-3-(2~
30 (isothiouroniummethyl)phenylthio] -3 -eobh-m-l -
carboxylate, trifluorocacetic acid salt



8), 7.76 (m 1) 8.03 (dd, 1, J=2, 8), 8.40 (m 1), 8.60 (dd, 20 1, J=2, 5).
To a suspension of 3-nitro-2-(pyrazol-1-yl)pyridine (670 ng, 3.72 mml) in
et hanol (1wodspéseas added a 1 M solution of [err] in 6 N aqREBHFSIIP7{ 14.5
m., 14.5 mmol). The mi xture was heated at reflux for .10 mn, and the
solvent 25 ‘was renoved with a rotaryigagaporator. 10% aqueous sodi um

hydr oxi de sol uti on was added until nost of the material dissolved, and the
m xture was extracted with dichloronethane. The organic extracts were dried
over sodium sul fate and concentr aE¥ampd-exf 8% 376 ng (68% of

3-am no- 2- (pyrazol-1- 30 yl)pyridine as a brown oil. [err] NVR [err] 5.62
(br s, 2), 6.46 (m 1), 7.05 (dd, (%3251 642-7 24 (dd, 1, J=2, 8), 7.74
(m 1), 7+¥tsfdflethyliwothioutdifiqd) ethylthiockeet ¥l ) amind sosuen of

(43 ) at 35 G4l RS h ) Plank 1 eh (0T 3 hphal SRETOE T
(181 rfy, 2.63 nmbl Faizboxxletel yiflueroscetid nacilld ssadituti on was added
to a solution of potassiumethyl xanthate (800 ng, 5.0 mmol) in
wat er / sat ur at ed aqueous sodi um bi carbonate (1:1, 103 22 nlL) at 60 [err].
The m xture was heated at 60 [err] for .10 212, and was extracted with ethyl
acetate, dried over sodium sul fat E*88Pd% 048t rated. The crude product
was purified by silica gel chroma{.ﬁgf gggy 4C§ZQne/ ethyl acetate 4:1), 5
affording 250 ng of the ethyl xan e e[r ative. This material was
di ssol ved itetranathyli s} hichneriunpaomy W thiseosetvdoan sl ubr
hydropg de (2 3 (Alatin follroblituidb tyd ) e gt thdld posl- Dyt g on of 0.5
I t wth ethyl a

Mcitric acid solution, extracte cetate, dried over sodium
sulfate, and 10 c&Saxhaxvlate, Thelfluvezopeosda weddupadited by silica
gel chromatography, affording 166 ng (40% of 3-nercapto-2-

Example 201

(7R)-7-[( (4~
15 tetramethylisothiouroniumbutyl)thiocacetyl)amino]-3-[2~-
(isothiouroniummethyl)phenylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Exanple 202

20 (7R}~7-1{(2-((iminomethyl)amino)ethylthiocacetyl)amino] -
3-[2-(isothiocuroniummethyl)phenylthio]l -3~cephem-4-
carboxylate, trifluorcacetic acid salt

Example 203

25 ' (7R)-7~[(2-((N-
methyliminomethyl)amino)ethylthicacetyl)amino}-3-[2-
(isothiouroniummethyl)phenylthio] ~3-cephem-4-
carboxylate, trifluorocacetic acid salt

30 Example 204

(7R)-7-[(3-_ _
((iminomethyl)amino)propylthicacetyl)amino]-3-[2- '



(pyrazol -1-yl)pyridine. [err] NWVR [err] 5.92 (br s, 1), 6.47 (m 1), 7.08
(dd, 1, J=5, 8) 7. 72 (dd, 1, J=2, 8), 7.78 (m 1), 8.21 (dd, 1, J=2, 5),

8. 42 (d, (}) sﬁ : ' To a solution of PCT/US9I5/03976

3- _rrercary{] -(9pyrazol 1-yl)pyridine (77 ng, 0.435 mol) in DVF (1 niL) at
roomtenperature was added a 1 Mso gal on of sodium
bis(trinmethylsilyl)amde in THF (O. m., 0.42 nmmol). After 10 mn, this
solution was transferred via cannula into a solution of (7R)-7- 20

henyl acet I - - : .
e I i o e
r .

m) at -40 [err]carhprylate, 5 Q3cetie poured-into -

- ‘water-and extracted with ethyl acetate. The organic eXtracts were washed -
with water, dried 25 over sodiumsulfate, and concentrated with a rotary
evaporator. The residue was trigd %gq Wepg 1:1 hexane/ethyl acetate and

dried, affording 291 ng of the tit conpound. [err] NWR [err] 3.10 (d, 1,

515 o1 2 pari et 8 3 g 2 8
1, J=4, nzthslésd(mgma h;rgd ’s‘gsbpf ma!;t wq'awlim}m 5 2T (dd, 1,
i)S 88)2 . ngﬁigdtJ%odféﬂg%Qtﬂrd;)@ho@ltﬂﬁﬂ £3dcephelid - 8) 7.78 (m
Exanpl e 179 (7F %Pﬁh ac&%@?&#ﬁﬁ%f?gpéf- REYRBRLE ) pyri d-

3-ylthio)-3- cephem4 carboxylic acid, - sodium salt 104 To a stirring
solution of (7R)-7-

[ (plgenyl acetyl ) ami no] - 3- (-2- (PYrBfhpiey! 208" d-3- yl t hi o) - 3-
cephem 4- car boxyl at e, 4-net hoxybenzyl ester (80 rig) and anisole (0.1 nlL) in

di chl or pryhaner (4 -TL)ini nEmeEhAFD) R6l86 )butylthivaiwéeyij adtisofl nl).

é‘;ﬁf Irtf’gng‘d-r}za-(gsog’hiouron e é’@yl?p %e:{‘;trié‘hid L9 ageghlem-a d was

carboxylate, trifluorcacetic acid salt

15 ;xanple 207

_ (7R)~7-[ (4~ ( (N~
methyliminomethyl)amino)butylthicacetyl)amino]-3-[2-
(isothiouroniummethyl)phenylthio] ~-3-cephem-4-
carboxylate, trifluorocacetic acid salt

20
Example 208

(7R)=-7-[( (.2 -~amidinium)ethylthiocacetyl)amino ]' -3=[2~
(isothiouroniummethyl)phenylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

25
t:ﬁampld 209
(7R)=-7-1[( .( 3-amidiniumpropyl)thicacetyl)amino]-3-[{2~

(isothiouroniummethyl)phenylthiol -3~-cephem-4-
carboxylate, trifluorocacetic acid salt

30

Example 210



bet ween et her and saturated aqueous sodi um bi carbonate. The aqueous phase
was subjected to reverse phase chromatography on C(18), eluting with water

f ol | oned b&v&ﬁﬁ@&i trile/water. The 10 fractions contai ni NgdEsdsnierser e
| yophilized, "attording 43 ng of the title conpound. [err] NWR [err] 3.10

(d, 1, J=18), 3.50 (d, 1, J=18), 3.64n$9 1, J=16), 3.69 (d, 1, J=16), 5.10
(d. 1. J=4), 5.62 (d, 1, J=4), 6.61 (nt¥1), 7.2-7.4 (m '5), 7.52 (m 1),
7.82 (m 1), 7.93 (br d, J=8). 8.14 (m 1), 837 (m 15 1). Exanple 180
(7R - 7-[ (phepylracet yi | ai-Rali Pt b Lumbu¥yl ptBioddetyl) aminoc] -3-[2-

b I b I L di hyl hi o] - 3- h 4- b ,
Ut xvcerbon| B4a0i Someh LAY B FRRRT e BhRRH " ©

2- mer capt obenzyl alcotbéxylate,g, t¥iflunmdacetnidi addbdomAlane (20 nl) at
0 . C was added nethyl acrylate (0.70 nmi, 7.70 mmol) followed by
triethylamne (50 [err], 0.35 mmol). The mxture was allowed to warmto
roomtenperature and stir for 4 h, at which point the 25 solvent was
renovedl with a rotary evaporator. EX3EP{+es| was subj ected to colum

chromat ography on silica gel (Q- %,gt_ﬂyl K ;gt,e i n di chl or onet hane) ,
affording 1.40 g (86% of methyl®*3-T72- J&rg@ t Ayl phenyl t hi o) pr opi onat e.
[err] NWR [err dih&Shylamidiniym)atkylthidacktyl) 8médhalk+3312-4. 79 (s,

2), 7.27 30 ( Ts. Js P lautd O ot hyl 3-(2-
hydr oxynet hyl ph %;a/%’fthqioﬁzr.égﬁg%‘et iﬁ%“jﬂ%fgﬁi%%iig?%‘%nﬁ phosphi ne
(2.00 g, 7.60 nmol )sazhexKlnts:h Sriflnonangetigcaebfy|fatki dine (2.60 g,
10.2 mmol ) in THF (30 nL) 35 at O [err] was slowy added diisopropyl

azodi (]:Qrboxyl ate (1.50 nL, 7.60 mml). The mxture was allowed to warmto
roomtenperature and was stirred for . The,solvent was renoved with a
rotary evaporator, and the resi du«ﬁ’&ﬂgpgﬁbjgg?ed to

(TR)-7-[((3-
(N,N'dimethylamidinium)propyl)thicacetyl)amino]-3-[2~
(isothiouroniummethyl)phenylthio]-3-cephem-4-
15 carboxylate, trifluoroacetic acid salt

Example 213

(7R)-7-[({4-(N,N"'~
dimethylamidinium)butyl)thicacetyl)aminol-3-[2~
20 {(isothiouroniummethyl)phenylthio]-3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 214

(7TR)-7-[((2-
25 (tetramethylamidinium)ethyl)thicacetyl)amino]-3-[2-
(isothiouroniummethyl )phenylthiocl -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 215

30 (7R)-7-[((3~
(tetramethylamidinium)propyl)thicacetyl)amino}-3-[2~
(isothiouroniummethyl)phenylthio] ~-3-cephem-4-
carboxylate, trifluorocacetic acid salt



105 colum chromat ography on silica gel, affording 1.62 g (68% of nethyl"
3-[2-(N,N -(bis)tert-butyl oxycar bonyl guani di no-

nmet hyl ) phenyl t hi o] propionate. [err] NVR [err] 1.25 (s,

2.62 (t,WDSPESS 3. 13 (t, 2, J=7), 3.69 (s, 3), 5 5.39 (i’CT'?F%'“Pg‘(f?
4), 9.42 (br s, 1), 9.53 (br s, 1).- To a stirring solution of nethyl
3-[2-(N,N - (bis)tert-butyl oxycar boyléguani di no- :
met hyl ) phenyl t hi o] propi onate (63 ng, 0.13 nmmol) in DWMF (1 nL) at room
tenperature was added potassiumtert-butoxide (15 ng, 10 0.13 nmol).
After 4 h, this mxture was transferred by cannula into a stirring solution
of (7R)-7- [(phenylacetyl)aninog 3- trlfl nethanesulfonyloxy 3-cephem
. 4- carboxylate 4- met hoxybenzyl 0.13 mmol ) in DWF ((0.5'n) at-
-40 [err]. The m xture was stlrgﬁg ¢€ gin at -40 15 [err], and was
guenched by addition of saturat nmon %1chlor|de sol ution. The m xture
was extr adtetnanetbylanidininm)hutnt) thicacetyljaninohade bars dri ed

overg sodi um S(‘i&@éﬁi%&‘i-&?ﬂ&ﬁﬂh%ﬂﬁ’)%&hﬂﬁﬂ@j¥3€‘-‘é%¥l£6ﬁ0 ~ Col um

chr omat ography on silic gi acet te |njg§xan 20 af forded 44
" mg (40% of the ﬁ‘ﬂbé”@g’rfg"oﬁnd “’-‘3{ PPER ﬁ'@r“r . 1.42 (s, 9),
3.05 (d, 1, J=18), 3.33 (d, 1, J=18), 3.59 (d 1, J= 16) 3 62 (d, 1, J=16),
3.81 (s, 3), 5.00 (d, 1, J=4), 5 07 (d 1 J=18), 5.26 (s, 2), 5.32 (d, 1,
J=18), 5.78 (dd, 1, J=4,9), 6. ﬂ&%P , 6.89 (d, 2, 25 J=12), 7.03
(d, 1, J=10), 7.2-7.4 (m 9), J' 1, J 10), 9.39 (br s, 1), 9.44 (br

1). Ex Fmie-vwi QER);ﬂiéiﬂhﬁm|ﬁ&€ﬁyh):&de&¢§ b3 amfhol-3-[2-

(guanl di norreth %%gg n L fﬂ)l’iem4 car, boh:ill a e |nner salt To a
sti¥%ing sol Wk ¥ i %ﬂ% £ mmethyl) phenylt -3-cephem-4-
[ (phenyl acet yl ) aaxHosxylatéN Neriblaproaicetiiey/| aaihr halt -
guani di nonet hyl ) phenyl t hi 0] - 3-cephem 4- car boxyl ate, 4- 35 nethoxybenzyl
ester (44 ny, 0.055 mol) and anisole (0.2 nl)

Example 218

(7R)~-7-[((2-N,N"*~-
15 dimethylamidinium)methylthicacetyl)amino]~3~[2-
(isothiouroniummethyl)phenylthio)-3-cephem-4-
carboxylate, trifluorcacetic acid salt

Examplé 219

20 (7R)-7-[((2~-
tetramethylamidinium)methylthicacetyl)aminol-3-[2-
(isothiocuroniummethyl)phenylthiol -3-cephem-4-
carboxylate, trifluorcacetic acid salt

25
Thus, it will be appreciated that the compounds,
methods and compositions of the invention are effective
against various R-lactam resistant strains of bacteria which
pose an increasing health risk to society.
30 Although certain embodiments and examples have been

used to describe the present invention, it will be apparent to
those skilled in the art that changes'to—thé-embodiments and
examples shown may be made without departing from the scope or
spirit of the invention.



in dichloronmethane (0.4 nmL) at O [err] was added trifluoroacetic acid (1
m.). The mxture was allowed to warmto roomtenperature and stir for 40
m n. The solyaRkedsas renoved in 106 vacuo, and the resi dupcyeg9s/03976
triturated with ether and filtered, affording the title conpound (25 ng,
95% as a light yellow powder. [err] N¥E7[err] 3.10 (d, 1, J=17), 3.41 (d,
1, J=17), 3.54 (d, 1, J=12), 3.58 (d, I, J=12), 4.48 (s, 2), 5.04 (d, 1, 5
J=5), 5.59 (d, 1, J=5), 7.2-7.4 (m 9). Exanple 182 (7R) -7 -

[ (phenyl acetyl) am nphos8-réferences not previously incorporated herein

chl or onet hyl ph |t hio)-3- m 4-carboxyl ate 4- 10

met hoxyben§¥l rggéjféeé]cel'o_ﬁ}é'%g( %8%%&3?%%?%0?%‘? rFoRdR e FERRTSRTES .
chloride (ars expragsky mnsiorposeted Beérein by fefPremce Mioxr sdlluti on was
added (7R)pdebépdeny! acetyl)am no] - 3- (2- ,
hydroxynetﬁylphenylthio)-3-cephen}4-carboxylate, 4- 15 nmet hoxybenzyl ester
(6.90 g; 12.0 mmol ). The resulting solution was stirred at 0 C for 30 mn,
and was’ poured into ice water (800 nmL). After 30 min, the m xture was
filtered, and the preotherabfbyasmersd etravivithid eheafdlabwifdgi 8daigde
resulting pale brown solid was taken up in dichl oronethane 20 (500 ni),
washed with water and saturated aqueous sodiumchloride solution, dried
over sodiumsulfate, filtered, and concentrated with a rotary evaporator
The residue was triturated with ether, filtered and dried to afford the
title conpound (4.35 g, 61% as an off-white solid. [err] NVWR [err] 25
3.08 (d, 1, J=18), 3.25 (d, 1, J=18), 3.60 (d, 1, J=16), 3.63 (d, 1, J=16),
3.81 (s, 3), 4.75 (d, 1, J=14), 4.79 (d, 1, J=14), 4.94 (d, 1, J=4), 5.25
(s, 2), 5.75 (dd, 1, J=4,9), 6.04 (d, 1, J=9), 6.86 (d, 2, J=10), 7.2-7.6
(m 11). 30 Exampl e 183



(7R) -7 -am no-3-(2-chl oronet hyl phepylthi cephent - car boxyl at e,

4- met hoxybenz ester, trifluoroac -r gﬁEET 1%8@5?“ ring solution of
(7R) - 7- [(‘Bﬂé?éﬁ’ééet yl)anino] - 3- (2- 1§ REPLACED PCT/US95/03976
chl'or onet hyl phenyl t hi 0) - 3- cephem 4-

barbexyare 107 met hoxybenzyl
ester (11.6 g, 19.5 mmol) and pyri di 2&8(3. 20 nL 39.6 Mot ) i
di chl oronet hane (50 nL) at O [err] was added , " Ie
phosphoru (6,40 g, 30.7 nmol) a ﬂlmrlml m (75 m).
After %ﬂﬁ&#ﬂﬂéobutanol (1.82 5 ni, was ~added. The
m'xture stirred for 2 hat O [err], dichl ororrethane was added (500 ni),

and th Iti | uty di
bi car bonat e (2 X 400 i3\ er “‘%%9;9%‘3%525‘” LRSS s ied 00 iy
and bri r@YePxy1liso aﬁ&)i cepbabesperin priidietiaithet besdanwibiotsal f at e)
trif Euora:lﬂfaﬁ;tﬂts_i{ agadnet. Bn"brg2RiSn FEL s G aém%d’be@%d 165Re . Xt ure was

--concentr ei% w.t.h a rotary evaporator. The resul di ng beige solid was
trlturate W& her and dried, affording the title conmpound (6.53 g, 57%
as a pale brovvn solid. [err] NI\/R[err] 2.85 (d, 1, J=18), 334(d 1 15-

J=18 3.72 3 5. 06
(m )1), 5, 17(53, )27%’5 ae%bé% p}‘ilg’fg%é ft %é‘éigi%%j(% ‘%)él n"p af84 20
(7R) - 7- [l'{a(sz_q\], C L ts)l.st éess than 50% 'of the MIC of Cefotaxlme for a

but b ql
( gh%o?émyl ;&gh?h??tb ﬁ?%}@&%égiﬁﬁ%ﬂ%&fég@b%iy rl;%! t%'%?%och %03:(’ g@ﬂi?’f“ ester

To a stirring solution of NN -(bis)-di-tert- 25
but yl oxycar bonyI Smet e tepbhaluEparin. St dhideild 6‘?!"?:! 2iS t

?nmiw;a&%f Mrs g AT S50 LA 104 26 Tl o TP behakdd Lo et

ta-lactam res:.stant Staphylococcal or Enterococcal organism.

4. The cephalosporin antibiotic of claim 3 that
has a MIC that is less than 1% of the MIC of Cefotaxime for a
beta-lactam resistant Staphylococcal or Enterococcal organism.

20 . A compound comprising the formula:

Ir\)\ - (Oﬂg),.Y

CO,R?

and its pharmaceutically acceptable salts and prod.rugs,
wherein

25 R1 is --NI-IC(O)ZR3 or -NR4R5, where Z is -CHy (X) -, -
c(wor®) -, -cH(OR”)-, -C(CHCOyR8)- or -CH(NR9R1D)-, wherein X

is O or S and m is 0 or 1; R3 is selected from the group
consisting of cyano, alkyl, aryl, heterocycle and
heterocaralkyl; R4-7 are Selécted independently from the group

30 consisting of hydrogen, alkyl, aryl and acyl R is selected
from the group consisting of hydrogen, alkyl and aryl; and, R
and R10 are selected 1ndependently from the group consisting
of hydrogen, alkyl, acyl, an% heterocyclecarbonyl,

or Rl is —Nﬂqo)/ks



8.56 mml ). The reaction was heated at h, after which the
solvent was renoved with a rotary evap H ﬂ[uu B | due was triturated
wi t h hexangigaispgdssacet at e, triethylanl & \as P

filtration. The filtrate was concentrath and subj ect ed tO{tﬁ$g@ﬁE£§“1‘9

chronat ography on silica gel (2-5% ethylg acet at e/ hexanes) gi g guhN _
(44% of 2-(N,N -di-tert- 35 butyl oxycarbonyl guani di no) et hagef

NVR [err] 1.43 108 (t, 1, J=8), 1.48 (s, 18), 2.73 (dt, 2, ] =8, 6) 3. 63
(a,-2, J=6), 8.67 (RE §g ax dGeR, S&J[léjl' “%ﬁ&eln&tl' Oar% 2060k P Iée”'
butyloxycarbonylguan|d|no anet hi ? and met hyI

br onpacet aralk¥iec Rptencaraiin ) qrht¥HPIF¥ésﬁ@¥ at 0 C was added .= -
triethyl ag pg 000B61 fland. 04 nnDI) The m Xture was allowed to warmto room
tenperature and was_stirred ove The m xture mag}gartttlon db tmeen

ethyl acetate and wdt&F, sﬁﬂﬁ ?Téottﬁe ISP PRESEREEE 8

acet at®. heeetbtebapched organlc phases were washed with water and brlne

dried over sodiums t raesid u ted to
col um chromat o rapﬁkgg%83|llca qgﬁﬁ?g{?ﬁgbefﬁkf acgkagg}%@ﬁaﬁeﬁhﬁgffordlng
1.24 g (95% grongtggms{gt%ng|Qf4mhenylacetamldo, phenylthiocacetamido,

t ert - but yphenoaokeage gamaidalj rojoetamilndohenydatetamidtl, NORLdiy ] aeegandidsB (s,

18), 2 83abls plmadabloyimifud > v o neSriy1 2eubeBlenda tauip ooy 8 59 (br
s, 2). a_stirring solution of

butyIWycéP-BUﬂryl guahi rHeerhyay th}ﬁl&g@&'ap FI Ehaﬁ %‘117?0%{915 %21 et hanol
(15°n) at JLgom.fenperature (15 nL) was added 20 10% aqueous sodi um
hydroxi de“sol"atron (3 nL). After 2 h, The m xture was concentrated, and.the
resi due was treat edpuevhdedoshatiadien WO issdl.ut és. nohephesylt when iRt ur e

was extradsed-Rtamibhdythiazmtlatle amshd tilse -CriyaaHeCexHYaict s were washed with

15 6. The compound of c¢laim 5, wherein Rl is -
S

1D

NHC (0)ZR3 or Rl is =-NHC(O)

7. The compound of ciaim 6, wherein R3 is alkyl,
20 cyano, aryl or heterocycle. '

8. The compound of claim 6, wherein R3 is selected
- from the group consisting of methyl, cyano, phenyl, thienyl,
furanyl, and 2-aminothiazolyl.
25
9. The compound of claim 6 wherein Z is -CH2(X)m-,

X is S, and m is 0 or 1.

10. The compound of claim 9 wherein m is 1 and R®
30 is alkyl substituted with a substitutent selected from the
group consisting of guanidino, isothioureido and amidino.

11. The compound of claim 6, wherein Z is -C(NORG)-
, R® is selected from the group consisting of hydrogen and
35 alkyl, and R3 is aryl or heterocycle.



water and brine, dried over sodi umstH - ] c-ntrated 25 to afford
1.06 g of [2-(N,N -di-tert- butyl

as a whi

2), 3.72Wa95/26966 g 32 (br s, 2).

[2-(N,N -

COI’]C ntrat.e

phro téﬂ?ﬁb

J=8), 3.
(s, 3),
6.90 (d,

te solid. [err] NWR [err]
rrlng SO|UtI0n o]

di -tert- 30 butyloxycarbonylguan|d|no)ethyl]thloacetlc acid (153
mg, 0.406 mmol) and (7R)-7-amni no-3- (¥&hl or onet hyl phenyl t hi o) - 3- cephen}
4- car boxyl at e, -4-met hoxybenzyl ester, trifluoroacetate salt (200 ng,
mmol) at -20 [err] in THF (8 nL) was added dllsopropyleehylanlne (233
[err], 1.34 mmol) 2ol | 3hedcoprgsnghef prtrim Gx ydieraind &>

ol ) .- ﬁ] Rl thehgrbis . &ﬂéi‘é@lﬂ@%ﬂgqiﬂm&&%@h%t "‘@9816§Péfbyﬁﬁ@&ﬁ§f and

. wat er, l.ayer.S_were iﬁYﬁ rﬁ C@(r;}d%ﬁtrg:e orgpgo er was washed wi'th -

109 sat & éd dé6BdaEo] & R té?,le%e/éa%{%us HO

SO|UtlO&hea@&ohplaensfétfmgdéﬂW§nkﬂ¥ﬂarZymwlbmyaulQaEﬂrylhand1Z$ure was

%ﬁ$5gg°§ ry evaporatory, and the residue was subjected to
n

ica gel (0-3% MeOH di chl oronet hane),  affording 228
ng (82% of the t|tle conmpound. [err] NWR [err] 1.51 (s, 18), 2.80 (t,

22 (d, 1, 1)%“18&&1 c%QpGQndlochi% -.5 % fem?)y %%%1%%3&) 3 82

4. 80}& , 5.01
frem yhepgroyp cqn%wtrenq rﬁf% dif %f@sﬁny 254 d@aﬁﬁ#*er?msl

(7R)-7- BG@QtHanukhn§l t #rdlibenzfuranyl, 1- d1benzth1eny1 2-

?Fg%éoxy rbonéﬁg ?nge%g%ltru%&@gfg%f§1 %hlﬁngﬁEt%09§B§ﬁ§¥} ester To

a stirri

3ﬁblphhnwﬂonanﬂ(4F@1§h¢¢j2rN N -(bis)-

tert-butyl oxycarbonyl guani di noet hyl t hi o) acetyl )am no]-3- [2-

i5

14. The compound of claim 5, wherein Y is
optionally substituted with acyl, alkyl, hydroxyl, halogen,
carbonyl, thiocalkyl, amido, alkoxyl, trialkylammonium,
cyanocalkylamido, imidazolyl, thiazolyl, oxazolyl,

imidazolylmethyl, thiazolylmethyl, oxazolylmethyl,

20

25

30

35

imidazolium, imidazoliummethyl, thienyl, thienylmethyl, furvl,
furylmethyl, pyridinium, cyano, pyridyl, pyrrolyl, pyrazolyl,
triazolyl, and tetrazolyl.

15.  The compound of claim 5, wherein Y is an
optionally substituted phenyl, biphen?l, dibenzfuranyl, or
dibenzthienyl; n is 0; and said substituent is at the 2-
position of the optionally substituted ring relative to the
point of ring attachment to the sulfur atom. '

16. A method of treating a mammal sﬁffering from a
R-lactam resistant bacterial infection, comprising
administering to said mammal a therapeutically effective

amount of a compound of claim 5 to thereby relieve said mammal

from said R-~lactam resistant bacterial infection.
17. The method of claim 16, wherein said animal is

infected with R-lactam resistant Staphylococcal or
Enterococcal organisms.

AN

3% pedepted. 406

b)) et hyl ]t hi oacetic acid
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(chl or onet hyl ) phenyl t hi ol - oxylate 4- 20 et hoxybenzyl
ester (228 ny, 0273mmM\ \ﬁW ture in acetonitrile (3 nL) was
added sodi g dspgdede (205 » After stirring oveppr@Rhsnsdone

m xture was partltloned beét ween water and et hyl agetate, ﬁI
l'ayer was washed with water and brine. .The sol vent ' was rengvegsw tira. 25 . 1:N
rotary evaporator, affording 239 ny (é‘ of the title comfjound. nlerr] Nﬂh .
[err] 1.51 (s, 18), 2.80 (t, 2, J=8), 3.28 (d, 1, J=18), 3! %E?$ST~2):—%~%1--

(d, 1, J=18), 3.62 §B. .2hn an gbé.étez.%)al %cﬁr@:o@q’tl%n $58) tréa@??néda J= 9)

5 g67(g (iﬁc%?rﬁ en%bbf%élg 3 IStﬁg-rr%ggt%Bai r&fe%tﬁn(zccr(mwsm éﬁ) .
~tert- butykespeatboaylyusfiaivivet hyobhopacat yoypound]oS-¢2aim 5 ida

Covor ro BRARVAPRIAAPI M etk saRpRgb e, SRTpny At ¢ rethoxybenzy!
5

t ert - But yl oxycar bonyl guani di noet hyl t hi o) acet yl ) ani no] - 3-[ 2-

(i odonet hyl)phenyltmbo] 3neCRERBd &1 CAIP VY |Allm ia ”%Q%YHGBZ% ester (239
ng, 0.258_ mmol) roomtenperature in acetonjtril nm.) was added

t hi our ea Pﬁgtﬁﬁlaol%S% Bractammes i skapt ?ﬁépgﬁ%?ﬂ‘ %\?as"‘? emoved with a
rotary evgpeepbosccahloddenissi due was triturated with ether, filtered, and
10 dried, affording 240 ng (93% of the title conmpound. 1H NMVR [err] 1.48
(s, 18), 2.81 (m 2), 3.21 (d, 1, J=18), 3.40 (s, 2), 3.42 (d, 1, J=18),
3.60 Xtn 2), 3.80 (80.3)A ¢ompoymid dompriking 4he7 fogmula:J=11), 5.12 (d, 1,
J=4), 5.27,(s, 2), 556/55 HPR™21, J-4, 9), 6.50 (br s, 1), 6.89 (d, 2, J=10),

7.3~ 15 m (d, 1, J=9), 8.50 (v br s, 1), 8.66 (br s, 1)

CO,R?
and its pharmaceutically acceptable salts and prodrugs,

wherein
Rl is -NHC(0)2R3 or -NR4R®, where 2 is -CH, (X)p-, -
15 c(Nor®)-, -cH(OR7)-, -C(CHCO,R8)- or -cH(NRR1O)-, wherein X

is O or S and m is 0 or 1;
S

or R is -NHC(O) /L}

R? is hydrogen, alkyl, alkenyl, aryl, heterocycle,
aralkyl, heteroaralkyl, or trialkylsilyl '
20 Rr3 may be cyano, alkyl, aryl, heterocycle and
heterocaralkyl;

r4-7 may be independently hydrogen, alkyl, aryl and
acyl; '

R8 may be selected from the group of hydrogen,

25 alkyl and aryl;

R? and R10 are selected independently from the
group consisting of hydrogen, alkyl, acyl, and
heterocyclecarbonyl;

=1or 2

30 R1l is H or halogen
+NR13RM

R12 ig ,f'w NR'R' here w = S, NH, or CHp



Exampl e 187 (7R)-7-[ ((2-guani di noet hyl
(i sot hi our oni umret hyl ) phenyl t hi o] - 3-ce€
aci d sal tWags/z696¢ xt ure of (7R)-7-[((2-{ =] -
but yl oxycar bonyl guani di noet hyl t hi 0) acet§F .n1no]-3-[2-
(1 sot'hi our oni umret hyl ) phenyl t hi o] - 3-t2phem 4- car boxyl ate, 4- 25

nmet hoxybenzyl ester (240 ng, 0.240 mmol) and anisole (100 [err]) at room

- tenperature was added trifluoroacetic acid (1.5 nL). After 1.5 h, the

vol ati | emd/\mrlé-Réﬁ'ané Hp hpdroxy Arainiree rmmmnwaSankytwr ated with ether.

Th d d 50, L
it eqYoRRugY ! @gzuééégh?%&%ﬁ%ﬁ@%%%ﬁm PEL HEV EOFD Rompound
[err] N¥R ©EDR26) msmbess (¥ing@ J=7), 3.25 (d, 1, J=18), 3.38 (s, 2), 3.42 -
(t, 2 927, 3 480&d,nm 1;, B8K17 4Bré n1P)is BB I cvbiolibln Sopda(d L

er substantially the same procédarés as in

J=4)
: nBIeé 1§$ fg?empﬁﬁeﬂtEﬁ%goﬁe??ﬁPQXﬂ QNHQH}aEPéHEI854198t299€%an simlarly
be obt aiaeths,50-1 oxygen atoms, and 0-1 B(AfUreatdfhs, and which is

E7§%tzlgg$§ﬁ%%i %ﬂﬁgEgg %@‘8%%£§%éé)ﬁ@ﬁf&kyiarﬁﬁkyfxge apine; yor oacet i ¢

acid sallwdmxymethyl aminomethyl, or E)anai orlgdalkRlaminomethyl.

[ ((4-guani di nobutyl thio)acetyl)am no]-3-[2-
(|sgbh|ouron|unnethyl)phenylthlo] 3- cephen}4 carboxylat trifluoroacetic
acitd’salt 15 The °°mp°und of ER L o2 QOMW$¢91nfB- AN, N -

di met hyl guani di noet hyl t hi 0) acet yl ) no] - 3-[ 2-

(1 sot hi ' thyLiphen O cephen}4- carboxyl ate, trifluoroacetic
aci d Saﬁ#fcq@)%@eor k is M,J"ﬁ&b . | -

g, trifluoroacetic
PCT/US95/03976

22. The compound of claim 21, whereln R3 is alkyl,
cyano, aryl or heterocycle.

1s
' 23. The compound of claim 21, wherein R3 is
selected from the group consisting of methyl, cyano, phenyl,
thienyl, furanyl, and 2-aminothiazolyl.
- 20 24. The compound of claim 21 wherein Z is -CHz(X}m-

, Xis S, and m is 0 or 1.

25. The compound of claim 24 wherein M is 1 and R3
is alkyl substituted with a substitutent selected from the
25 group consisting of guanidino, isothioureido and amidino.

26. The compound of claim 21, wherein Z is -
. C(NORG)-, R® is selected from the group consisting of hydrogen
and alkyl, and R3 is heterocycle.
30 |

27. The compound of claim 21, wherein R® is
selected from the group consisting of 2-f1uoroethyi,
cyclopropylmethyl, allyl, dichloroallyl and cyclopentyl, and
R3 is selected from the group consisting of phenyl, 2-thienyl,

35 2-furyl and 2-aminothiazol-4-yl. __,,,_——————""—~_~
_ - | This S

(AN I | . \\“ “‘“\\ i \\ﬁa«d



d|nethylguanldlnopropylthl [2-

(1 sot hi our‘ggggm hyl ) phenyl*t hico - 25 . PEIB8SN0hesE

20 Exanple 191 (7R) -7- é"
trifluoroacetic acid salt Exanple 192 (S7R) -7-1((4-N, N -

di et hyl guaw di nobut yl t hi 0) acet yl )am gg -3-[2- 30 THIS SHEET HAS BEEN
(i sot hi our oni umret hyl ) phenyl t hi o] - em 4- -carboxyl ate, {{trifl| rePpacebi c

acid salt Exanple 193 112 *
(7R)-7-[((2-i sot hi opg Oni e Qidiﬁ{ﬂoﬁ.lﬁao%erlhiﬁ”R@P]wﬁereln p is 0, 1 or
[.2- (i sot hi our oni unmet hyl ) phenyl t hi o] - cephﬁmhm car boxyl at e,

| fluoroacetic acid salt 5 Exanmple 194 (7R

(3-i $OtHlOUHNE WP HADKEEANI RE2 ety }"arm TA¥BY (here W =S, NH, or

sot ur on| rgigt @d.'s) g?gnx&&%aén 301969&%9 Aall&ﬁr boxyl at e,

fl
E(
i
I fl uoroaceti d salt Exampl e 195 (7R
it
i fl

(4-isothi our on| unbut yl ) t hi oacetyl ) am noj -

got hi our oni um _hy|r%1péi1§£1¥,lptol{5 o% Eiggﬁ”bé sﬁﬁé:p%ﬂ’r%tfs 7R)

voroacetic acid sal
2-N, N - dinethylisothi ou,%rl\gF thylth| oacetyl) am no] -3- [2-

5o DTG peey oD UEBA o S0k ad L3O

are hydrogen.

-7-

O XN NNTNNT

Q)Ar—|r—!-|—|l ~r— 0, ~—
—_wn o~

30. A method of treating a mammal suffering from a
10 R-lactam resistant bacterial infection, comprising
administering to such mammal a therapeutically effective
amount of a compound of claim 19.

31. The method of claim 30, wherein said animal is
15 infected with a f-lactam resistant Staphylococcal or
Enterococcal organism.

32. An antibacterial composition for treating a R-

lactam antibiotic resistant bacterial infection, comprising a

20 therapeutically effective amount of a compound of claim 20 in
a pharmaceutically acceptable carrier.

33. The composition of claim 32, wherein said
bacteria is a R-lactam resistant Staphylococcal or
25 Enterococcal organism.

A compound comprlsn.ng one of the formula:

proW- Nl -SW
CO,R? N CO,R? Rw
and their pharmaceutically acceptable salts and prodrugs
30 wherein
Rl is -NHC(0)ZR3 or -NR®R5, where 2 is -CHy (X~ -
C(NOR®)-, -CH(OR7)-, -C(CHCO,R®)- or -CH(NROR1D)-, wherein X

is Oor Sand m is 0 or 1; BeenRTaced

“TRman



N, N di et hyl i sot hi our oni unpr opyl ) t hi
[ 2- (1 sot hi our oni ummet hyl ) phenyl t hi 0] car boxyl at e,
trifluoroacetic acid salt Exanple 194 .

di met hy| MB¥¥R6¥8r oni unbut yl ) t hi oacet 3 PCT/USISIO3976

(i sot hi our oni-.unmet hyl ) phenyl t hi o] - 3- cephem 4- carboxyl ate, trifluoroacetic
“acid salt 113 Exanpl e 199 (7R)-7-13%-

t et ramet hyl i sot hi our oni um et hyl t hi oacetyl )amnm no] - 3-[ 2-

(1 sot hi our oni umret hyl ) phenyl t hi o] - i phem 4- 5 car boxyl at e,

trifluoroacetic acid malt Exanple 2D0 Y 7R)-7-[((3-

tetramet hyl i sot hi ougg nhmnpﬁo.mﬂd(b ' etyl)am no] 3- 10

. [ 2- (i sot hi ouroni umyathyl ) phenyl t-hi.o -3 cephem4 carboxyl ate' S
trifluoroacetic ady d@aWdE?SﬁBP eablgdl ( Adkenyl(axyls heterocycle,

t et r anetgdpdiikgal, hhevepsarabiyy) )dfnmmwl)same] 3-[2-
(i sot hi our oni umret hég) %engl t h| 0 ema4 1 51 ¥I at &1 triél uor oacetic
acid salt Exanple 2 o » ary ocyc e

(7R 87- [ ( heterpanaliyhy! ) ani no) et hyI t hi oacetyl ) am no] -

3-[ 2- (i sot hi our oni ug#eh %nggn%/ﬁa%%d%%@lgp%%ge&ar Qﬁa!/h-at Sz-{%R?m;

trifluoroacetic acid salt
[(2-((N F‘f@ﬁfﬂyl i m nomet hyl )am no) et hyl t hi oacetyl ) am no] - 3-[ 2-
(i sot hi our oni unmet hy8) phenpbt BeDécBed eph@iNttdre group of hydrogen,

alkyl and arvyl;

10 | RS and Rlolare selected independently from the
group consisting of hydrogen, alkyl, acyl, and
heterocyclecarbonyl;

R18 is optionally substituted phenyl or heteroaryl.
or cyano;

15 V = C or N;

A - C are CR19, N or S, where R19 is hydrogen,
alkyl, hydroxyl, amino, cyano, hydroxymethyl oY mono- or
dialkylaminomethyl;

D - G are CR19 or N, where R19 is hydrogen, alkyl,

- 20 hydroxyl) amino, cyano, hydroxymethyl, or mono- or
dialkylaminomethyl; and :

the specific juxtaposition of groups A-C and D-G is
limited to examples of heterocyclic groups known in the
chemistry arts.

25

35. The compound of claim 34, wherein Rl is -
S

L9

NHC (0)ZR3 or Rl is -NHC(O)

36. The compound of claim 35, wherein R3 is alkyl,
30 c¢yano, aryl or heterocycle.

37. The compound of claim 35, wherein R3 is
selected from the group consisting of methyl, cyano, phenyl,

thienyl, furanyl, and 2-aminothiazolyl. //

35 : - Replaced

. o



carboxyl ate, trifluoroacetic acid salt 30 Exanpl e

204 (7R)-7-[(3- ((i ml fw:”wmﬁml” opylthi oacetyl )ami no]-3- [2- 114
(i sot hi ourvg y{gggﬁt hy[')% phem 4- carboxyl at e, l;@,ﬁggg@macet iC
acid salt anple 205 5 (7R -7"- [(3 -((

met hyl i m nonet hyl ) am no) propyl t hi oace%% ) am noj - 3-[ 2-

(i sot hi our oni umret hyl ) phenyl t hi 0] em 4- carboxyl ate TW$§A*£§_ %Egl
acid salt 10 Exanpl e 206

(7R) - 7-[ (4- ((i m nomgt hylphamcaapbuhy! bbl@E&aﬁyié affe¥@in z is -CH2 (X)m-

3-[2- (i sot hi our oni umet hyl ) henyl t hi o] - 3- cephem 4- car boxyl at e,
trifluoroadetisc SacrBAsHI s 1& . - Exanpl e 207 (7R) - ,
(4- ((N- " nethylimnonet hyI ) ani no)but y1 t hi oacetyl ) amino] -3- [2-

(1 sot hi our oni umret I)p Ithloh‘% cgph m4 arbo | a trlflaohgacetlc
acid salt 20 Exanpl 22anf hEAtR dhd& i

-3-[25 (iisotallikedr snbsmﬁhgﬁ)mhﬁmyd tduhﬂtﬁmmuesezleccedbﬁxgmatlme
trifluor i t IEM{H}{
. ) th
(7R -7-[ %( %Q%m%&g%%%rtr%gép?%)? | oacetyl )ar% n1]°u§ef'g° and amidino.
(i-sot hi our oni umret hyl ) phenyl t hi o] - 3-cephem 4- carboxyl ate, trifluoroacetic
acid salt 30 40. The compound of claim 35, wherein Z is -
C(NORG)—, R6 is selected from the group consisting of hydrogen

10 and alkyl, and R3 is aryl or heterocycle.

41. The compound of claim 35, wherein R is
selected from the group consisting of 2-fluoroethyl,
cyclopropylmethyl, allyl, dichloroallyl and cyclopentyl, and

15 R3 is selected from the group consisting of phenyl, 2-thienyl,
2-furyl and 2-aminothiazol-4-yl.

42. The compound of claim 34, wherein the groups A-
C.Y and D-G are optionally-substituted pyrazole, thiadiazole
20 and pyridine, and wherein R18 is optionally substituted
phenyl, pyridyl, pyrazolyl, and cyano.

43. A method of treating a mammal suffering from a
R-lactam resistant bacterial infection, comprising
25 administering to such mammal a therapeutically effective
amount of a compound of claim 34.

44. The method of claim 43, wherein said animal is
infected with a R-lactam resistant Staphylococcal or
30 Enterococcal organism.

45. An antibacterial composition for treating a B-
lactam antibiotic resistant bacterial infection, comprising a
therapeutically effective amount of a compound of claim 34 in

35 a pharmaceutically acceptable carrier.

et Has Been Replaced
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4 i
1

(i sot h| our oni unmet hyl )phenyl t hi o] - 3- {re] \ e, trifl uoroaééti C

aci d sal [(2- N -

di et hyl M&Wﬁ’ﬁ% et hyl t hi oacet yl )am l(&mggl}’lm”‘

(i sot hi our oni ummet hyl ) phenyl t hi o] - 3- cephem 4- carboxyl ate, trifluoroacetic
acid salt 10 Exanple 212 (7R) -7- [(}8%

(N, N di net hyl ami di ni um) propyl ) t hi oacetyl ) am no] 3-[2-

(1 sot hi our oni unmret hy! ) phen hi 3-ce carpoxyl at e,
trifluoroacetic acilgolr sgﬁt}f é?%'ﬁﬁ% t3od gglﬁqaw %?‘(Zf”hiwlrﬁ‘ sa I
di met hy lkentdiniiayisbat ﬁl-}antetaczeeqiammcqt@l{ylocmcal or .
(i sot hi e YigdsRLY byahgnyht hi o] - 3- cephem 4- carboxyl ate,. t.rifl uoroacétic -
acid salt Exanple 214 (7R) --7-[((2- 25 :
(tetramet hyl am di ni un) et hyl ) t hi oacetyl )am no] - 3-[ 2-
(i sot hi our oni umret hyl ) phenyl t hi o] - 3-cephem 4- carboxyl ate, trifluoroacetic

acid salt Exanple 215 30 (7R) - 7- [((3-

(tetra opyl ) t hi oacetyl ) am no] - 3-[ 2-

(isot hrm"mmWMImenyl t hi 0] - 3-cephem 4- carboxylate, trifluoroacetic
acid salt ¢ '

heet Has Been Re‘laced
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1%6 "Exanp R)-7-[((4- PCTIGS95/05976
(tetranetk@ §%$%§%|un)butyl)thloacetyl)an1no] 3-[2- 5
@4soth|ouron|unnethyl)phenylthlo] 3-c m 4- car boxyl at e, trlfluoroacetlc
aci-d salt Exanpl,e_. 217 (7R)-7-[ ((2-am di'ni um net hyl t hFeacetH-Farr-o] o- 1 2-
10 Nwocr‘.ﬂo'cnbm unmet hyl ) phenyl t hi ol - 3- cephert EE%A&‘&EWEWT T |
trifluoro anple 218 (7R -7-[((2-NJ|N - 15

di met hy) am di ni ur’r) met hyI t hi oacet yl )am noj - 3-[ 2- Date : ,l(-__pu-\;\wﬁ
(i sot hi our oni unmet hyl| )phenyl t h| o] cephem4 car, box Fate, 11 r Fuoroacetic,.

aci d sal't 'Exanpl p—ZE0—208

tetramet hyl a L0 U v Lyl) k_m 2enar =n 3 %
(i sot hi ouror‘ﬂg‘ﬁ(d%mtchy'lc) Q: lorbtllhgg%%3 ceph 8 9§c%r5 X I% _C"? uo‘rcoacet iC
aci d sal ec2a8vilys aqat-’-nﬁlq Ia”lb@"afpﬁ-r‘-ém aﬁéélstlﬁat- t:ﬁeacf@ potrRISZEmet hods and
conposi téﬂp_sbegtt,lg_.e invention are effective against vari oS [err] -l actam
resistant strains of bacteri-a which pose an increasing-fealth risk to
society. 30 Al t hough certain enbodi nent 4nd exanpl es have been
used to describe tie presantcaghedddmmrin tarwildi gad cappace:atmtm thase
skilled {n_the art that.cha S t he.e ogh, L nml.es shown may
be made ﬁ?fhﬁut"éebgﬁl ﬁ% f‘rg%% t“%}lg“scggeg? spi’r’li dq ‘ﬁffé’hﬁ o, ¢ 117
Thos® r ebetentestrant rpeévicans| granbyipopatal heremnerococ al organism.

PO I G e -

‘...V 4 \\a-—_ O ad v -

3 The cephpgdosporin antibiotic of c¢laim 2 that
has & MIC that is le&gs than 10% oif the MIC of Cefotaxime for a
beta-lactam re tant Staphyvlococcal or Enterxccoccal orzanism
15
4 The cephalosporin antibiotic of claim 3 that
has & MIC that is less than .% of the MIC of Cefotaxime for a
'—.a—- 1-,--... ~n -.-. ‘-“n o.‘l o Tt oo o o 3 o
20 Z. A compound comprising the formula:
R’ s\} :
j/-_N(/ ~{CH2),Y
o ﬁ/\
2
CO;R
and its pharmaceutically acceptable salts and prodrugs,
wherein
. 4 = . _
25 1 is -nuC(0)z23 or -N*R5, where Z is -CHy (XK1=, -
b P v =8 s oai0
C{NOR®)-, -CE(OR'})-, -C(CHCOsX°)- or -CH(NRZR-Y)~-, whersia X
is O or S and m is 0 or 1; R’ is selected from the grous
consisting of cvano, alkyl, aryl, heterocycls and
b} 2 - L - - . - -
neterocaralkyl; R®™/ are selscief independently “rom the croup
30 consisting of hydrogen, alikyl, arvl and acyl 28 is seslsczel
Zrom the group consisiing oI nydrsgen, aikyl and axvl; anid, =7
e -~ - - - ~
and R+Y ars sslscted indspendenclv-from the group conmsizzing
of nwiérsgen, alkwl, acyl, and hstarocvclecarzonvl
Q -
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by ref er eRePysds9gd udi ng both patent and non-patent referencesraay 26
expressly |ncorporated herein by reference for all pur
REPLACERMEN: SHEE! @

enbodi ments are w thlnthefollovmng-lgalns 1 18
A conpound conprising the formul a: [eﬁj and its phar eutlca’ Ry
diatq - rs flgﬁé%
mis 0 or

acceptabl e salts and prodrugs, wherein 25

[err], V\/nereZ|s[ rl [errJ | ere ]

1; [err] is sel ecte:{(?f‘r o™ t%eo%erdu%1é(léfnsl Soy ﬁé‘v&f’ Sy'é{no Srﬁy?“%r?u

het er ocyelrelkyid heteroaralkyll, oferriadkglsslgtted independently . fronlthe

gfoup 30, an%lgplng af shydrogen,  al kyl, aryl- and acyl; [err] i's sel'écted

from the" group consi sti ng of hydrogen, aI kyl aryl, and [err] of hydrogen,

al kyl, acyl, and Retisér 6ejEcESsT BEAY Ther Jrers) CP§SE§’§¥2]19 oflavwlend is

hydr cggenneagkgl;r alkeayl, aryl, heterocycle, aralkyl, heteroaralkyl, or

trialkylsilyl; nis 0 qr, 1; nd Y. i s sel, ec\%ﬁd fromthe group consisting of

aryl and 5 hetero1prr|‘3‘c‘f'yé’1eéL “|5"de B8R Phif (heRSnRis=® smteTerd|iiamsel ect ed

from t hetgeogpoapnsbssi aging pﬂeﬁiyémm@ﬂtm;d@heﬁyéwﬂmw@ﬂﬂad@ao,

phenyl oxy ﬁ%&&fﬁk;%’ca@a{@&& gnan&pbﬁﬁa Léﬁ@i@&%ﬁ j.»y.'&vi 249 ;and
ada’ .

D- mandel T I S. not tltue w t
with Cq-Cy

e
—'napce10vna.n1c ’Qy 1S not phenvl subs‘_r:u
10 alkyl, C1-C4 alkoxyl or halogen, other than 2-bromo or 2-

iodo; and
provided that when n is 1,
is 4-{2-amino)thiazolyl and Z is -C(NOC* >CO5H)

2 1 .
is £A. The compound of claim Z, whersin Bl ig -
I>
NHC (0)ZR3 or Rl is -NHC(O)” 7S
3 2
7. The compound of claim #, whersin R3 is alkvl,
20 cyano, aryl or hetesrocycle.
Y b3
Z. The compound of claim £, whersin R3 is szlsczed
from the group consisting of methyl, cyano, chenyl, thisnyl,
furanyl, and 2-aminothiazolvl.
25 & 2
g. The compound of claim £ whérein Z is -IZ~ o -,
X is S, and m is 0 or 1.
}od. The compound of claim & whersin m is i an~3 z°
30 is alkyl substlituted with a substictutent selscted fxro-m --z
group cons*s:;nu of guanidino, Isothioureido and amifin:
3 2
;(I The compound oI cliaim ,5’, wnerain 7 iz -7 Tt -

A



10 al kyl, %; 963! koxyl or hal ogen, other than 2-bromo or Zer#9

provi ded t en nis 1, Yis not phenyl when [err] is .- - erEnT
4 (2-am no)thl_azol yl"and Z is [err]. 4,15 2|l REAERCEMIR ﬁr%
of claim1, wherein [err] is - [err] or“lerr] |s [err] 7. The &(Qnﬂ«b&ﬁﬂ ______
claim?2, wherein [egr] is alkyl, 20 cyano, aryl or heteraqgpetes..- 4 """"""

g of
< The

conpound -of claim Z%V\:h ein gelecied_dram i he tin
met hyl , cyano, phen t eny omEFL-zc: y r, g%ﬁz’aﬁf‘ﬁb‘t%“a%l St
corrpound momlmmg”mr@cmsztgls{ &aF ]4 Kiwrgetivd .meiysl Onaongu_méz-.yl'he
-conpound of; ¢f ai gl 5, et e Mz Lyibdaiah 3Qnd 238KV LogUNSLLT BLEH W th
a substitutent selected rom t group consi stin quani di no,

i sot hi oUrErIEERNP FRIR Fo-naTRd (Rﬂﬁ;‘{:d}nd 2otthdjeay 22‘\M4éYé| ard Bs [err]

120 85 Theixsupousyh of el aim 2, wherein [err] is selected fromthe group
con5|st|ng of 2- quoroethyI cyclopropylnethyl, allyl, dichloroallyl and
cycl opentyl, and [eBr] S sel ected fromthe grbup consisting of phenyl, -
2-thienyl, 2-furyl zad 27hé cempoeidiezotidinylZ, Shersihe yeampeendcebacl ai m
1, wherei se frqm t, h r-0up £QNsi g f di benzjulan ],

2- di benzf‘ru}r §hy ne ?eq"benz rany‘ln %"dl benz%ﬁlr a¥r‘1‘y VQ %beﬁ%‘f“h‘]C RAEY D,

di benzt hlwnewn@@m hidedifbens fgiriganit h;-enybenz biplhmhylz 3- bi phenyl

anc! fo bi RReRH - rkQny1The OmRoYRE :@E 6] als Ml WRBRELAVY, | 5_5: nhenyi,

s vl
3-biphenyl, and 4-biphenvl.
40
. The compound of claim ﬂ’ wherein ¥ is
optionally substituted with acyl, alkyvi, hyc:oxyl, halogen,

carbonyl, thiocalkyl, amido, alkoxyl, trialkylammonium,

[
wn

cyvanoalkylamido, imidazolyl, thiazolyl, oxazolyl,
imidazolylmethyl, thiazolylmsthyl, oxazolyimethyl,
imidazolium, imidazoliummethyl, thienyl, thiesnylmethyl, Zurvl,
furyimethyl, pyridinium, cyano, pyridyl, pyvrrolyl, pyrazolvl,

20 triazolyl, and tetrazolyl.

optionally substituted phenvl, biphenvi, qzbenzfuranyl, oxr

dibenzthienvi; n is 0; and said substituent is
s

point of ring attachment to the sulfur atom.

30

{.)
(92}




optionallx substituted wth acyl, alkyl, hydroxyl, hal ogen, car bonyl,
t hi oal kylYORR2ER56 al koxyl , trlalkylannnnlun1 cyanoalkylanrd%r’?ﬁﬁ@&?@lyl
thi azol yl , oxazol yl, |n1dazolylnethyl t hi azol yl net hyl , oxazelylaethy X
|n1dazollun1 inidazollunnnethyl thleﬁyt thlenylnethyl fﬁgyigc’ﬁEMTuHucT ¥
furyl methyl, pyridinium cyano, pyridyl, pyrrolyl, pyrazc‘yl 24 2 \ﬁ'QQB !
triazolyl, and te r.zolyl. 4 11. _The _con -ound,of claim @Qereln -8--an |
optlonally subst i fateo PRem=—=br phenyT, Denz A ] =h
is 0; antecedfl subbidtientrésiadthedlt a”‘_ﬁa_pd:i:l"telc@ioﬁf tbesertinnad | y
.substituted r|n rel.a.tlve..gtcp the point. or: ring. aItac ' ;o th.e sulfur :
atom [e¥?T P2 T ey |® PFFEEEIVE ST % Eopghe ﬁpr?srn‘@ T e fr nul a:
[err] armhidtmaqhsrimcielt el 4ok adtice maahtiesss ts.and prodrugs, wherein [err]
is [err] or [err], where Zis [err [err] [err], [err] or [err],
wherein Xis Oor S and mig ©-0r 1. or [err] -dgerr] [err] IS hydrogen
al kyl, al kenyl, ar%?, LEFETE9RPRSL B AR KT C¥ﬁ&%ﬁ r dAepeinosaidi al kyl silyl
20 bacteriz—+d & Id-IEtDe xedR@ardl tbphgivbochel espcycl e and
het er oar_al eyt jerr] my he inpdependently hydrogen, alkyl, aryl and [err]
may be Sereciead 11 ¥e-group of hydrogen, 25 al kyl and aryl; [err] and
[err] are selectegzrndependently fromthe

10 M. A compound comprising the formula:

1 s CHa)pR™
N
T Q)

AN
RH

and its pharmaceutically acceptable salts ané prodrugs,

wherein

R is -NHC(0)2ZR? or -NR®R’, where 2z is -CHy(X) -, -

15 c(wor®)-, -cu(orR7)-, -C(CHCO,R8)- or -cE(MRIRIY)-, wherein X
is O or S and m is 0 or 1;
I
or rl is -NHCrO)/ks
R?2 is hydrogen, alkyl, alkenyl, arvl, hetsrccvcle,
aralkyi, hestercaralkyl, or trialikylsilyl
2¢C 33 may be cyvano, alkyvl, aryl, hetsrocycie and
heteroaralkyl;
r4-7 may be independsntly hydrogen, alkvl, arvl and
acyl;
38 may be selected Irom the group of hydérocen,
23 alkvl and arvl;
2% and R0 ars selecced indepen ently frcn ctha
group consisting of hvérogen, z2lkvi, acyvl, and
haterocyclacarbonyl;
o = 1 or 2
2 221 is H or halogsn
+i\-::""..'3:"_.
22 :is F%VJLNRhPH where W o= §, NEH, or CX- &
o ) 3
o@%%
o



'group C LSt) of hydrogen, alkyl, acyl, and heterocycpegesdppyls; p = 1
r 2 30%”853/%998 [err] is H:or halogen [err] 122 and [err] are H,

hydroxy, amino, aminidino, alkyl, cy al kyl, acyl, or jpfios Ty, Iakeén
together may froma 5- or 6-nenber ed %Ong or [err] is QE%E]FP ér“é““ﬁje%‘[#’]"%]i(ﬁ‘-
NP ]

al kyl, cycloalkyl, or a 5 5- or 6-nmenbered ring heterogycle tdntvRn1oag o-
nitrogen-.ataq 1@- 1 _oxygen atons; ~2-1_sulfue ato whiteh g
opt i onﬁ'F’fiy%s‘l?Bb"sD‘t'%t ﬁt’é‘d&by‘%{’ f/’@’h%g‘fqﬁgw a's‘gll'“flé'%)c??? %?n‘ 0, hydroxynetyl,
ani nonethybaléw lnoegylor odi aRhRybanrwénerlykaken togetner may IRprm Fne N
“conpougd gf %I_;'ieq,b%g_eé whepein [err] is [err] or [err]i's [err] 14. 'The
conpound of claim 3,, wher éi n1[7er[] S all_,ky,l, cyano, aryl or heterocycle.
15 15. The conp&¥n&T6f ‘@ & W3 V0RRe &1 [ér ﬂixﬁ’érs€¥§¥?%HkY+orﬁ¥l”% group

consi sgLng,0k -pRLBKkeCY2AG, nBBeRYLyclBi eBYka:hurgnyls @ivkocen _
2-amnoi thiazolyl. - 20 _ . n_-16. . The conmpound of .claim 13 wherein
Z is [BEPPSX PsisoxyAB nfFERE. ofPE O -FhE& Lohpodnddf TIAIYRUE witferein Miis

1 and BBtisnalikyl sapbsittivbadow ahkalsuhgébuyentaBedect edrfimam t he 25
group consisting, of guaniding, isofhioureidg and amiding 48.18. The
corrpouﬁ?ﬁqo‘f’x‘é—lnal‘)rﬁfl?:,“\Kﬁ‘égzgi‘g“"f53[ e’?#]‘(,g [%Fr ‘.al\'TS'g‘}s'e‘T"é’c'thlmﬁE "f’r%%rhthe gr oup
consi sting of hyggogen and al kyl, and [err] #% heterocycle. 30
10 . . The compound cf claim 24, whersin RE is -
S‘j>
A

NEC(0)ZR> or RY is -NHC(O)

v
o)
(>
0
0
5]
0
o]
ot
o]
[oh
0
h
0
'_J
fu
'-l
2]
X
Al
5
{]
H
]
' 3
W
~
93]
l J
n
w
|4
N4
'..l

cvano, arvl or hetsrocvcle.

15 15 13
7%. The compound of claim #, wherein R3 is
selected from the group consisting of methyl, cyvano, phenvi,
thienyl, furanyl, and 2-aminothiazolyl.
A3
- 20 gé The compound of claim}{ whersein Z is -CHEz(X)m-
, X is 8§, and m is 0 or 1
b A4
25' The compound of clzaim 24 wherein M is 1 and R:3
is alkvl substituted with a substitutent seslected from ths
25 g¢roup consisting of guanidino, isothicureido ané amidinc.
18 43
6. The compound of claim A, whersin Z is -
C(NORS}—, R® is selectad from the group consisting ¢f hyvdrogen
and alkvi, and R3 is netexocycle.
30 413 A3
7. The compournd of claim A, wherein 2% is
selsczed Zrom the group conmsiscing oI 2-EZlcorsatihvl,
cwclopropyimechyl, allyl, Cichlorsallyl and cuwclopenzil, ani
3 is selazcczed froo zhe groug consisting ¢ prenyl, Z-zhisonl <
33 Z-fuvryl and Z-aminothlazol-s-yi. Qﬁ&
@@
<
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Pl

consrstrnd”%? 126988 1

or 2, [err] is Hor halogen, [err]
[err] are hydrogen or |ower alkyl,

20, wherein pis 1 err] is hydrogen

and [err] are hydr n. ,lerni

A QD ound .Conpi si ng

19. ‘ he conpound of claim 13, wherein [err]

[err] igylerr] wh

is selected fromthe

ST

123 20. The conpound of claim 12, WH&TERRS
is [err] where W=S
5 123 21.  The|cREPHY

A&t spzend
re ijﬁg ‘Qm&% m"

Qa%f .....

[err] 124 or [ed]" i SHRTHIET 9 WoRR R TPy,
heterocycle ar al kyl, heteroaral kyl, or tri fsrlyl [err]: nay be cyano,
al.kyl ., ar ihet.ergc cle and S5 _iheter Kyhs err] .fray be i ndependent |y-
hydr ogen 2 Qk v *5ar fig+8eyT; fe?rfsnay be géﬁecﬂ@& € Yot Re YFEoupT of

hydrogenCE abkﬁrcand aryP; &1 hydrogen or lowgeralkand [err] are sel ected

i ndependently from

e group consisting of hydrogen,

al kyl, acyl,

and

t
het er ocycl ecar bonyz [err] is optionally subsfd@uted phenyl or heteroaryl

or cymno; 15 Ly Theycompogrd\ofACl

i s hydrogen,

is hydrogen,
are hyvdrogen.

administ

amount ©f a compound of

P

+ NR13814

31. The method of

1is infected with a R-lactam resi

Enterococcal organism.

claim 30, whsrein said

stant St=z

3
FIXE X I ROy e

Avliococcal

—— et

or

¢ eanimal is

& Zor treating a R~
infection, comprising a
20 compound oI clzim 20 in
im 32, wherszin said
viococcal cor
25
22
}{ A compound comprising one of the formula
1
R lsj A= R\l—rs D'E\F
(Y z ¥
;I:N N A e SNz G
. o7 Y sV o . sTY
CO,R* R CO,R? R
anc thelr pharmacsutically acsceptalle salts and prodruss

is O or Saxd m is 0 or

~. -

HIIIIII I IIIIl LY

[ wnekeidN ori 5,_,wrmr-e [err ]



al kyl , %gﬂé am no, cyano, hydroxynethyl, or nono- or pei7s9s/H3576
di al kyla 19?: D- Gare [err] or N, Wnere [err] is hydrogen, alkyl,
20 hydroxyl, am no', cyano, hydroxyng Wh%'?r/ nono- | kyl am nonet hyI
25 23 . The conpound of clainms 22, ein [err] is

[err] 24. The conmpound of claim 23 wherein [err] i
aryl or heterocycle. 25. The conpou f claim23,
The conpound of claim 23 wherein Z/L err] Xis S
The "conpound of . cl aign 26 wher-8HEMTsS1 and R3 5 is alkyl .

a substitutent sel ect.ed fromthe Q q$|°§thg of ,guan dino, :
i sot hi our ei do and “anmi*di e “’T%é‘c\ﬂ Sung or’ charmr 232 ‘Eﬁﬁ%‘r'ér'n Zis -

C( NOR6) araREvilis heltecbad-aﬂ.ﬁqymthe gr@ap‘qzbaslxlr ng of hydrogen 10 and
alkyl, and [err] is 3" h cyche. 129, .~,7he,co g;]T,d-, foed ai m 23,
wherein [err] is sel‘ec%4 (fofbr %R, g gr%oﬁb’ coﬁsTfsfr'ﬁ% o'fg Tétjor‘b“ét hyl ,
cyclopr ophererpgraikylyl . di chr oroal |yl and cycl opentyl, and 15 [err] i's

sel ected fromthe gréu caRSLe! i REBEABRRRYY, HAatbE &Y 21121 Uradyantds
2-ami not hi azol -4-yl .. 30. The conpound of claim22, wherein the groups A-

. C Y and DREhie optional |l y-substituted.pyrazol e, th| adi azole 20 and
pyridi ne, and Wnerer:{ﬁ ke bel sedptiedakiymstbstgisirdphammogdyri dyl,
pyr azol yIM ano. {err] [err]-lactam resi stant bacterial infection,
[err] 32.%%Fhe frs‘é BfYtiaim 31, wherein said animal is infected with a
[eﬂ@]-lactanrre5|stantaﬁﬁaﬁh | arecsalected independently from the

group consisting of hydérogen, alkyl, acyl, and

froweangyy

heterocyclecarbonyl;
r18 ig optionaily substituted phenyl or heterozrvl,

or cyano;
15 V = C or N;
19 . 19 s Tn3
A - C are CR~’, N or S, whers R~ 1is hydroger,
alkyl, hydroxyl, amino, cyano, nhydroxymethyi, or mono- cor
dialkvlaminomethyl;

-

D - G are CR1% or N, where R19 is hydrogen, a>kvi,

- -

20 hvdroxvl, amino, cyapo hvdroxymeth_l, or mono- or

25

|-

is -

»5. The compound of claim _;4 herein R
S

1P

NHC (0) 223 or RL is -NHC(O}
2y 23

3. The compound of claim'}f, wnersin R° is alel,

30 cyano, arvl or heterocvcle.

i o mmt e e A F mg ey - - -
IS ZCASL3TLTG I TEelnva, Cvans, T
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30 Enterqcoccal organism 33 33. An antibacteri al conposit;dn,for,"__-r
treating avPEPP§2%| actam antibiotic resistant bacterial FrrcdetiBisaIs ..
conprising a fherapeutically effective amount of a conppuRkPINCEMENTSHEET |-
126.34. The conposition of claim 33, dferein sai.d bactBria itzaFMR 1999

[err]-lactamresisigght Staphyl ococcal or Enterpgoccal off e sm....... W20

2. - The compound of claim 3% wherein Z is -CH3 (X)m-

" ,'Xis 8, andm is 0 or 1. .
. . 2; . L 8 ‘24
>5. The compound of claim 34 wherein M is 1 and R3
5 is alkyl substituted with a substitutent selected from the
group consisting of guanidino, isothioureido and amidino.
28 23
48. The compound of claim 35, wherein Z is -
c(NOR6)-, RS is selected from the group consisting of hydrogen
10 and alkyl, and R3 is aryl or heterocycle.
29 23
#. The compound of claim 35, wherein R® is
selected from the group consisting of 2-fluorocethyl,
cyclopropylmethyl, allyl, dichloroallyl and cyclopentyl, and
1s Rr3 is_éelected from the group consisting of phenyl, 2-thienyl,
2-furyl and 2-aminothiazol-4-v1.
30 (x4
#Z. The compound of claim 34, wherein the groups A~
C.Y and D-G are optionally-substituted pyrazole, thiadiazole
20 and pyridine, and wherein R18 is optionally substituted.
henyl, pyridyl, pyvrazolyl, and cyano.

[

\Use of a componod of any of the claims 442 07 22 fov the manviactupe ofa phawmaccu kel composibon kv,

37 A }A—mtbg—eé} treating a2 mammal suffering from a
R-lactam resistant bacterial infection, =SR]

25

32 vse 34
€. The pethed| of claim 43, wherein said animal is

infected with a R-lactam resistant Staphylococcal or
30 Enterococcal organism.
. 33
4%. An antibacterial composition for treating a R-
lactam antibiotic resistant bacterial infecticn, comprisinc a
therapeutically effective amount of a compound of claim B4 in

A mm =t mn "t Tas e = AT o an
M R i A v Cmrc e v A=/ SOewTow oo™ vl =20, /7, 'fz or Z Z

- | &

&

g o
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46. The composition of claim 4%, wherein said

' bacteria is-a 8- lactam resistant S;aonvlococcaT or -

Enterococcal organism.
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