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CEPHALOSPORIN ANTIBIOTICS

L ] 3 Aopli .

The present application is a continuation-in-part
of U.S. application Serial No. 08/369,798, filed January 6,
1995 which is a continuation-in-part application of U.S.
application, Serial No.08/222,262, filed April 1, 1994, both
of which are incorporated herein by reference in their
entirety, including any drawings.

2. Field of the Invention

The present invention relates to cephalosporin
antibiotics. More particularly, the present invention
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~

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
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
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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Unfortunately, the w1de-spread and 1ndlscr1m1nant

use of these antlblotlcs has led to6 a rapld increase in the

number of bacterial strains which are resistant to these
compounds. Most importantly, this resistance has emerged
among c¢linically important microorganisms whlch threaten to
limit the utility of presently’ avallable cephalosporin
antibiotics. 1In particular, resistant strains .of Salmonella,
S. pneumoni®, Enterobacteriacez, and Pseudomonas have emerged
which threaten to undo many of the strides made in reducing
mortality and morbidity from bacterial infections.

Bacterial resistance to cephalosporins follows
three major pathways: a) the development of R-lactamases
capable of inactivating the #-lactam ring of the
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-
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
B-lactam antibiotics. The activity of B-lactam antibiotics
against PBP2a-containing organisms has been shown to correlate
well with the binding affinity of the antibiotic to PBP2a.
Currently, the glycopeptides vancomycin and teicoplanin are
primarily used for MRSA bacteremia. The quinolone
antibacterials and some carbapenems, such as imipenem, have
been reported to be active against a few MRSA strains, but
their use is restricted due to emerging resistant MRSA
strains.

Experimental compounds which may possess utility as
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.
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Spangler et al., Antimicro. Agents Chemother., 36:856-9
(1992)), the everninomycin complex (ggg*_g*g* W.E. Sanders et
. antimicro. Adents Chemother., 6: 232-8 (1974)), the 2-
(blaryl)carbapenems {see. e.q., U.S. Patent No. 5,025,006}, 3-
(benzothiazolylthio)cephems (gee, e.g., EP Application No.
527686), 3-{thiazolylthio)carbacephems (gee, e.g., R.J.
Ternansky et al.,_J. Med, Chem., 36:1971 (1993) and U.S.
Patent No. 5,077,287) and arbekacin (S. Kondo, et al. J.

Antibiotics 46:531 (1993).

SUMMARY OF THE INVENTION

The present invention includes compounds,
compositions and methods effective to treat infections in
mammals arising from f-lactam antibiotic resistant bacteria.

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
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
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
or Cefotaxime.

In one embodiment, the present invention includes
cephalosporin compounds as shown in Structure II:

R'\ s
-
oy—N ~Z s,(cu,)..v
CO,R?

II
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and their pharmaceutically acceptable salts and prodrugs,

whereln . _ . R
- Rl:is -NHC(0)ZR? or‘,—NR4R5,' where 7 is fcnz(X)m-, -

c(NoR®) -, -CH(OR7)-, -C(CHCO,R®)- or -cH(NROR1O)-, X is O or

S, and m is 0 or 1;
S

or RL is —NHC(O))\}

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

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,
alkyl and aryl;

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 consisting of aryl and
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
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(NOCHZCOZH)-

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

' contain the following substituents on the phenyl groups
- ortho-cyano; thienyl (and substituted thienyl),

hydroxymethyl, trifluoromethyl, methylthio, substituted-
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furanyl, nitro, and formyl. In other preferred embodiments
the compounds described above contain the ;ing,structures -
exemplified by coﬁpounds 54-57 listed herein. -

In another embodiment, the present invention
provides for compositions comprising an amount of the compound
of Structure II effective to treat bacterial infections in
mammals arising from bacteria resistant to #-lactam
antibiotics. _

In still another embodiment, the present invention
includes methods for treating a bacterial infection in a
mammal arising from bacteria resistant to R-lactam antibiotics
comprising administering to a mammal suffering from such an
infection a therapeutically effective amount of a compound of
Structure IT.

In another aspect the invention features compounds
of the structure: '

CHo)pR12
R s Z }B
2L
(o) S R“
CO.R?
III
and their pharmaceutically acceptable salts and prodrugs,
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 -NHcﬂn'l\s

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
acyl;

R8 méy be selected from the group of hydrogen,
alkyl and aryl;
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R? and R10 are selected 1ndependently from the
group consisting of hydrogen, .alkyl, acyl, and.
heterocyclecarbonyl

R11 is H or halogen;
+NRPRM .
r12 isg i"wJLNR“R“’_

where W = S, NH, or CHz and R13-_R16 are H, alkyl, cycloalkyl,

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

or R12 ig g-r17

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.mihomethyl;

and p is 0, 1 or 2.
Preferred compounds include those compeunds wherein
+NR1R™
Rll_ is H or halogen, R12 jigs ”sw NR'R'® = S, NH, or CH2, p

is 0, 1 or 2, and R13-R15 are H or lower alkyl. Especially

preferred compounds include those compounds wherein R11l is
+NRYRM

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
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 arising from bacteria resistant to #-lactam antibiotics
comprising admlnlsterlng to a mammal suffering from such an
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infection a therepeutically effective amount of a compound of
Structure III. .

In another aspect ‘the invention features compounds -
of the structures

T L

coznz cozﬂz R13

IV v
and their pharmaceutically acceptable salts and prodrugs,
wherein
RL is ~NHC (0) 2R3 or -NR4R5, where Z is =CHy (X}pp=/ -
cor®) -, -cH(OR7)-, -C(CHCO,R®)- or -cH(NROR1O)-, 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;

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,
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,

Oor cyano;
= Cor N

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

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
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and D-G is limited to examples of heterocyclic groups known in

the chemistry arts. Spec1f1c examples of these heterocycllc .
groups lnclude the follow1ng '

R | M N=\ R T N N \
ALY A \SIQ: \S,Ez > \s/(ﬁ

s-N N-§, N=N N N-N
N I N s I N [N
\S&( \s/kf \SA( ~g N \s/k"‘
R R RS R'® R R'®
N
1 1. "™y Y
\. N N
\s_ \s N \s N \s N
R'® R8 R18 . Rt® R1®
¢S NSNS INY
Ng X" ~g N \s N Ng N \s&/ﬂ
R“ nﬁ R'® RS Ris

~ 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, pyridyl,
pyrazolyl, or cyano.

In another embodiment, the present invention
provides for compositions comprising an amount of the compound
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-
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
be apparent from the following description of the preferred
embodiments thereof and from the claims.
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I. Definitions

As used herein, the term "alkyl" denotes branched or
unbranched hydrocarbon -chains containing between one and éix,
preferably one and four, carbon atoms, such as, e.g,, methyl,
ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl,
tert-butyl, and 2-methylpentyl. These groups may be optionally
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 thie, cyano,
alkylthio, heterocycle, aryl, heterocaryl, carboxyl,
alkoxycarbonyl, alkyl, alkenyl, nitro, amino, alkoxyl, amido,
and optionally substituted isothioureido, amidino, guanidino,
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
above having at least one double bond, e.g,, 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,
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,
alkyl, alkenyl, nitro, amino, alkoxyl, amido, and the like to
form aryl groups such as biphenyl, iodobiphenyl,
methoxybiphenyl, anthryl, bromophenyl, iodophenyl,
chlorophenyl, hydroxyphenyl, methoxyphenyl, formylphenyl,
acetylphenyl, trifluoromethylthiophenyl,
trifluoromethoxyphenyl, alkylthiophenyl,
trialkylammoniumphenyl, amidophenyl, thiazolylphenyl,
oxazolylphenyl, imidazolylphenyl, imidazolylmethylphenyl,
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cyanophenyl pyridylphenyl pyrfolylphenyl pyrazolylphenyl,
trlazolylphenyl, tetrazolylphenyl and the like.

The term “heterocycle“ denotes a chain of carbon and.

at least one non-carbon atoms which together form one or more
aromatic or non-aromatic rings having preferrabiy between
about 6-14 atoms, such as, e.g., furyl, thienyl, imidazolyl,
indolyl, pyridinyl, thiadiazolyl, thiazolyl, piperazinyi,
dibenzfuranyl, dibenzthienyl. These rings may be optionally
substituted with one or more functional groups which are
attached commonly to such rings, such'as, ghg;, hydroxyl,

bromo, fluoro, chloro, iodo, mercapto or thio, cyano,

. cyanoamido, alkylthio, heterocycle, aryl, hetéroaryl

carboxyl, oxo, alkoxycarbonyl alkyl, alkenyl nltro, amino,
alkoxyl, amido, and the like to form rings such as, e.g., 2-
aminothiazol-4-yl, 2,3- dloxoplpera21nyl 4—a1kylp1pera21nyl

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.

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.

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.

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,
carboxymethylthio and cyanobutylthio_aﬁd the like.

The term "acyl® denotes groups -C(0)R, where R is
alkyl as defined above, such as formyl, acetyl propionyl, or
butyryl.

H
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The term "aryloxy" denotes groups -OAr, where Ar is
an ar&l group as defined above. -

The term "aralkyl" denotes groubs‘4RAr[ where R is
alkyl and Ar is aryl, both as defined above.'

The term "heterocaralkyl® denotes groups -RHetAr
where R is alkyl and HetAr is heteroaryl as defined- above.

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

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

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

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

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

The term “"f-lactam resistant bacteria" refers to
bacteria against which a R-lactam antibiotic has an minimum
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
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
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
infections arising from bacteria which have developed
resistance to conventional cephalosporin antibiotics.

A. Preferred Embodiments of Structure II
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Preferred embodiments include those compounds

~wherein Y is aryl and more partlcularly phenyl optlonally
'Ssubstit . ed with acyl alkyl hydroxyl halogen, carbonyl

thioalkyl, amido, alkoxyl, trialkylammonium,: cyanoalkylamido,
imidazolyl, thiazolyl, oxazolyl, imidazolylmethyl,
thiazolylmethyl, oxazolylmethyl 1m1dazollum,
imidazoliummethyl, thienyl, thlenylmethyl furvyl, furylmethyl
pyridinium, cyano, pyridyl, pyrrolyl, pyrazolyl, ‘triazolyl,

and tetrazolyl. More preferred phenyl substituents are those
where n is 0, and the substituent is located at the 2-position
of the phenyl ring relative to the point of attachment of the
sulfur atom linking the Y group to the cephem ring.

Another preferred substituent Y is one wherein Y is
phenyl substituted with phenyl to form biphenyl. Still more
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
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-

biphenyl 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,
each optionally substituted with acyl, alkyl, hydroxyl,
halogen, trialkylamonium, imidazolyl, thiazolyl, oxazolyl,
imidazolylmethyl, thiazblylmethyl, oxazolylmethyl,
imidazolium, imidazoliummethyl, thienyl, thienylmethyl, furyl,
furylmethyl or pyridinium. dibenzfuranyl and dibenzthienyl
are especially preferred.

With respect to’ R3, espec;ally preferred embodlments
are those wherein R3 is cyano, alkyl, aryl, heterocycle or

heteroaralkyl. Other preferred embodiments include those
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wherein R3 is Hydroxyphenyl, preferably 4-hydroxyphenyl,

"heterocycle and heteroaralkyl. Preferred heterocycle

substituents include thienyl, furyl and thiazolyl, especially
2-thienyl, 2-furyl, and optionally substituﬁéd heterocycles
such as 2-aminothiazol-4-yl.

Especially.preferred compounds combining the above-
described substituents include the following:
(7R)—7-[(phenylacetyl)amino]-3-(4—bipheny1methylthio)-3—cephem
~-4-carboxylic acid
(7R) -7-[ (phenylacetyl)amino]-3- (m-iodophenylthio) -3-cephem-4-
carboxylic acid
(7R) -7~ [ (phenylacetyl)amino] -3~ (p-chlorophenylthio) -3-cephem-4
-carboxylic acid
(7R)—7—[(phenylacetyl)amino]-3-(o-bromophenylthio)-3—cephem—4—
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
(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
(7R)-7—[(phenylacetyl)amino]-3-(2-bipheny1thio)-3—cephem-4-cér
boxylic 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
(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
-carboxylic acid
(7R)~7-[(phenylacetyl)amino]—3-(2,S-dichlorophenylthio)-3Pceph
em-4-carboxylic acid
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(7R) -7-[ (Cyanoacetyl)amino] -3- (o-iodophenylthio) -3-cephem-4-ca
rboxyllc acid : : :
(7R) -7~ [(phenylacetyl)amlno] 3 (3 4- dlchlorophenylthlo) -3- ceph .
em-4-carboxylic acid :

{7R) -7-[-(phenylacetyl)amino}-3- (o—carbomethoxyphenylthlo) ~3-
cephem -4-carboxylic acid
(7R)—7—[(2—Thieny1acetyl)amino]-3-(o—brdmophenylthioffB—cephem
-4-carboxylic acid

(7R) -7-[ (phenylacetyl)amino] -3~ (dlbenzofuranyl -l-thio)-3-cephe
m-4- carboxyllc acid

(7R) -7~ [(Z)—(2-am1noth1azol 4-yl)-2-(syn-
hydroxyimino)acetamido] -3 -(o-iodophenylthio)-3-cephem-4-
'carboxylic acid :

(7R) -7-[ (phenylacetyl)amino] -3-(2- (4—cyanophenyl)phenylthlo) -3
-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
(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
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

(7R) -7-[ (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
-cephem-4-carboxylic acid.

With respect to Z, preferred embodiments include
those wherein Z is methylene, substituted oxyiminomethylene (-
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C{(NOR) -}, substituted oxymethylene (-CH{OR)-}, substituted
{carboxymethylene)methylene (-C(CHCO;R)-}, and aminomethylene
(-CH(NRR')-). Preferred substituents for Z = )
oxyiminomethylene, oxymethylene and
(carboxymethylene)methylene include hydrogen, alkyl, aryl and
heterocycle. Such groups include, e.g., hydrogen, 2-
fluorocethyl, cyclopropylmethyl, cyclopentyl, allyl, and
dichloroallyl. Preferred substituents for Z = aminomethylene
include alkyl, aryl, and heterocycle and acyl.

In another preferred embodiment, the present
invention includes intermediates which are especially useful
in the formation of the bactericides of the invention.
Generally these intermediates include those embodiments of the
invention wherein R is -NRR', where R and R' are hydrogen,
and acyl. Examples of such groups include, e.g., t-
butyloxycarbonyl and benzyloxycarbonyl.

Finally, R2 may be selected from the group hydrogen,
alkyl, alkenyl, aryl, heterocycle, aralkyl, heteroaralkyl,
alkoxyl, or trialkylsilyl. Generally, only those compounds
with R2 = 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
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
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-
butyldimethylsilyl, benzyl, 2-chlorocallyl, 3,3-dimethylallyl,
2,4-dimethoxybenzyl, 3,4-dimethoxybenzyl, 4,4'-
dimethoxytrityl, 4-methoxybenzyl, 2-methoxybenzyl, 4-
methoxytrityl, methoxymethyl, 4-nitrobenzyl, 2¥nitrobenzyl,
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phenacyl, 2,2,2-trichloroethyl, trimethylsilyl 2-
(trlmethy151lyl)ethyl and trityl as well as- the. .
trifluoroacetate, hydrochlorlde, hydrobromlde and sulfate
salts thereof.

B. Preferred Embodiments of Structure III
In another aspect the invention features compounds
of the structure:

FHAL

CO.R?

cn-u,),,lfc12

IXIX _ .
and their pharmaceutically acceptable salts and prodrugs,
wherein _ _

Rl is -NHC(O)ZR3 or -NR4R5, where Z is ~CHy (X)py=, -
C(NORS)-, -CH(OR?)-, -C(CHCO,R®)- or -cH(NROR®)-, X is O or

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
“heteroaralkyl;
r4-7 may be independently hydrogen, alkyl, aryl and
acyl;
RS may be selected from the gfoup of hydrogen,

alkyl and aryl;

' R? and R10 are selected independently from the
group consisting of hydrogen,_alkyl, acyl, and
heterocyclecarbonyl;

p=1or 2;
R1l is H or halogen;

+NH1SR14
rR12 ig _'s“wJLNn“a“
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where W = S, NH, or CH2 and R13-r16 are =, hydroxy, amido,
aminidino, alkyl, cycloalkyl, acyl, or;phospho;y1-and taken -
ﬁogether may form a 5- or 6-membered ring

or R12 ig s-r17

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 dialkylaminomethyl.

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™ y = g5, or NH, p is 1, and R13-
R16 are nydrogen.

Especially preferred compounds combining the above-
described substituents include the following:
(7R)-7-[ (Phenylacetyl)amino]-3~(2-
isothiouroniummethylphenylthio) -3-cephem-4-carboxylate, inner
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-
isothiouroniummethylphenylthio)-3-cephem-4-carboxylic acid,
inner salt
(7R) -7~ [ (Phenylacetyl)amino] -3-(2- (2~
isothiouronium)ethylphenylthio)-3-cephem-4-carboxylate, inner
salt
{7R)-7-[ ( (2-Aminomethylphenyl)acetyl)amino] -3-(2-
isothiouroniummethylphenylthio} -3 -cephem-4-carboxylate,
trifluorocacetic acid salt
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'(7R) -7-[ (Phenylacetyl)amino] -3-(2-

tetramethyl1sothlouronlummethylphenylthlo) 3-cephem—4- .
carboxylate, inner salt’ ' - .
(7R)-7-[(Phenylacetyl)am1no]-3-(2-N,N'-
diethylisothiouropiummethylphenylthio)-3-cephem—4rcarboxylate,
inner salt

(7R) -7~ [(Phenylacetyl)amlno] -3-(2-N- _
methyl1sothlouronlumme;hylphenylthlo)-3-¢ephem—4-carboxylate,
inner salt '

(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
salt _
(7R)~7-[((2-guanidinoethylthio)acetyl)amino]43-(2— .
isothiouroniummethylphenylthio) -3-cephem-4-carboxylate,
trifluoroacetic acid salt

(7R)-7-[(Z) -2- (Aminothiazol-4~yl) -2- (hydroxyimino)acetamido] -
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

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

In another aspect the invention features compounds
of the structures

FAL IO

CO2R cozn2 R“

Iv v
and their pharmaceutically acceptable salts and prodrugs,
wherein |
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Rl is -MHC(0)2ZR? or -NR4R5, where z is -CH,(X)p-, -

- c(NOR®) -, -CH(OR7)-, -C(CHCO,R®)-.or ~cH(NROR1O)-, X is 0. or.

S, and m is 0 or 1;
S

or RL is -NHCK»'J:;>

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

R3 may be cyano, alkyl, aryl, heterocycle and
hetercaralkyl;

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

R18 is optionally substituted phenyl or heteroaryl,
or cyano;

V=CorN

A - C are CR19, N or s, where R19 is hydrogen,
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
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, pyridyl,
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 .
(7R} -7-[ (4-Chlorophenylacetyl)amino] -3~ (2-phenylpyridin-3-
ylthio)}-3-cephem-4-carboxylic, acid
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(7R)-7-[(Phenylécetyl)amino]-3-(1-N—phenyltétrazol-5-ylthio)-
3- cephem-4-carboxy11c acid

'_(7R) -7- [(Phenylacetyl)amlno] 3-(2-oxazol S-ylphenylthlo) 3-'-

cephem-4-carboxylic acid

{7R)-7- [(Phenylacetyl)amlno] -3-{1-N-phenyl-1,2, 3-tr1azol 5~
ylthio}-3-cephem-4- carboxyllc 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-

vlthio)-3-cephem-4-carboxylic acid
(7R)—7-[(Cyanoacetyl)amino]-3-(2-phénylpyridin-3-y1thio)-3-
cephem-4-carboxylic acid | '

(7R) -7-[ (Phenylacetyl)amino] -3- (4-phenyl-1, 2, 3-thiadiazol-5~
ylthio)-3-cephem-4-carboxylic acid

(7R) -7-[(Z)~-2- (aminothiazol-4-yl) -2~
(cyclopentyloxyimino)acetamido] -3- (1-N-phenylpyrazol-5-
ylthio)-3-cephem-4-carboxy1ic acid
(7R)-7-[(2) -2~ (aminothiazol~-4-yl)-2-(2-
fluoroethyloxyimino)acetamido]-3-(l-N—phenylpyrazol-5-ylthio)-'
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-
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-
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~
cephem-4-carboxylic acid : : -
(7R)-7- [(Phenylacetyl)amlno] -3- (l-N—(pyrldln—z-yl)pyrazol 5~
vlthio)-3-cephem-4-carboxylic acid
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(7RY-7- [(methylthloacetyl)amlno] -3- (1-N—pheny1pyrazol -5-

, ylthlo) -3-cephem-4- carboxyllc ac1d

(7R) -7- [(cyclopropylacetyl)amlno]-3—(1-N-phenylpyrazol 5-
ylthio) -3-cephem-4-~-carboxylic acid :
(7R)-7-1(2)-2-(2-aminothiazol-4-yl) -2~
(cyclopropylmethyloxyimino)acetamido] -3- (1-N-phenylpyrazol-5-
ylthio)-3-cephem-4-carboxylic acid | ' '
(7R) -7~ (hexanoyl)amino] -3- (1-N-phenylpyrazol-5-ylthio}-3~-
cephem~4-carboxylic acid

(7R) -7~ (4-pyridylthioacetyl)amino]-3-(1-N-phenylpyrazol-5-
yvlthio)-3-cephem-4-carboxylic acid

(7R} -7-[ (2-furylacetyl)amino] -3- (1-N-phenylpyrazol-5-ylthio) -
3-cephem-4-carboxylic acid

(7R} -7-[ {phenyloxyacetyl)amino] -3- (1-N-phenylpyrazol-5-
ylthio)-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
(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
readily prepared in accordance with the following schemes.
However, it will be appreciated that other synthetic pathways
for forming the compounds of the invention are available and
that the following is offered merely by way of example, and
not limitation. It will be further recognized that various
protecting and deprotecting strategies will be employed which
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
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,
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COMPREHENSIVE ORGANIC ‘TRANSFORMATIONS (VCH Publishers, 1989);. and
G.I. Georg, THE ORGANIC CHEMISTRY OF S-LACTAMS, (VCH 1992) .. each

of which is incorporated herein by reference). As shown below

in Scheme 1, treatment of the cephem triflate 1 with the

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

10 procedures known to those skilled in the art affords the

' biologically active 4-carboxycephem 3. '

A S "S(CH,) ¥ R
N '
o s NN L
-O,R2 O;R2
1 2

-t

R1 ' ' _
P
& A CH2) nY
o S
O.H
'3 _

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 substituent Y and the- spacer - (CHy )~ may be formed




10

15

20

25

30

35

WO 95/26966 PCT/US95/03976

23

using known procedures and commercially available starting

" materials. For example, for the case Y = substituted aromatic

and n = 0, the desired thiolate hucléophile may be formed
using well known techniques for performing nucleophilic or
electrophilic aromatic substitutions with commercially
available aromatic thiols (e.d.. thiophenol, available from
Aldrich) or with aromatic thiols formed using known techniques
{see March). For the case n # 0, the 3-thio-3-tephem
derivative of the Rf-lactam may be reacted with the group LG-
CH,Y, where LG is an appropriate leaving group, such as
halogen, e.g9., iodo (see, e.g., J. Antibiot. pp. 498-506 (May
1991, which is incorporated herein by reference).

The substituent R may be any of the groups
described above and are either available commercially (e.q.,
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.
Qrg. 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
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,
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-
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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groups may be attached to the unprotectéd carboxyl group of
'the cephalosporln starting materlal u51ng known reagents and
technlques, such as those descrlbed in Green and Wuts.
An alternative synthetic route to:the desired cephem
5 3 is described below, wherein a suitably amine-protected
cephem 4 (P denotes the protectlng group) is further reacted
to provide non-protected intermediate 5 which is then reacted
with the appropriate adylation ;eagent(s) and deprotected to
provide the desired product 3. Another alternative route is
10 also shown wherein the carboxyl deprotectidn is performed
first to form intermediate 6, followed by the removal of the
protecting group and the addition of the desired acyl

derivative.
PHN HaN -
5 i
—
N A A CHa) Y =N A A CH,) Y
o S o S
R2 O,R2
4 | 5

PHN pr Rq . P
.
J;\I 2 /(CHz)nY N = A CHz) nY
O

O H O,H
6’

15

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—nitrobenzyloxycarbonyl, 2-
chloroallylcarbbnyl allyoxycarbonyl, 2-
(trimethylsilyl)ethoxycarbonyl, 2,2,2- trlchloroethoxycarbonyl
(C4~Cg) -cycloalkanyloxycarbonyl or 9- fluorenylmethoxycarbonyl

25 (FMOC) 1. Especially preferred protectlng groups are trityl,
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ailyoxycarbonyl benzyloxycarbonyl, phenoxyacetyl, and t-
butoxycarbonyl These may be attached and removed using

' standard technzques (see Green and Wuts). The selection of

the amine-protecting group to be employed will depend on the
stability of the protected f-lactam to the subsequent reaction
conditions.

For the cases wherein Y is biphenyl or substituted
biphenyls, the biphenyl moiety may also be introduced by the
carbon~carbon coupling of a 3-(halophenylthio)cephem (or 3-
(trifluorosulfonyloxyphenylthio)cephem) 8 with an
appropriately substituted phenyltrialkylstannane in the
presence of a palladium catalyst and triaryl{or
triheterocyclic)phosphine such as
tris(dibenzylideneacetone)dipalladium(0)-tris(2-
furyl)phosphine to form the desired substituted
{biphenylthio)cephem 9 as shown below.

R1 X
IN(S/ /( CHy) n‘@
O
0,R2
8
SHR 3(C gHsX)

0,R2

The compounds of general structure III are prepared

éimilarly 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



10

15

20

25

30

35

WO 95/26966 . PCT/US95/03976

26

intermediate, which upon conversion of the hydroxyl group to

" an appropriate leaving group, allows conver51on to the de51red )
'group R12 py réaction’ with an approprlate nucleophlle

The compounds of general structure IV and V are
prepared similarly to those of general structure II, by
coupling a heterocaromatic thiolate with cephem triflate 1.
The requisite heteroaromatic thiols are prepared by a variety
of methods known in the'literature, as described in the

Examples.

According to this invehtibn, a therapeutically or
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.
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
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
from an infection, as described above, in an amount sufficient
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
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
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administered to a patient susceptible to or otherwise at risk
of a particular infection. Such an amount is defined to be a.

' ”"prophyiactically effective amount or dose." In this.use, the

precise amounts again depend on the patient's state of health,
weight, and the like. '

Once improvement of the patient's conditions has
occurred, a maintenance dose is administered if necessary.
Subsequently, the dosage or the frequency of administration,
or both, can be reduced, as a function of the symptoms, to a
level at which the improved condition is retained. When the
symptoms have been alleviated to the desired level, treatment
can cease. Patients can, however, require intermittent
treatment on a long-term basis upon any recurrence of the
disease symptoms.

In general, a suitable effective dose of the
compound of the invention will be in the range of 0.1 to 1000
milligram {(mg) per recipient per day, preferably in the range
of 1 to 100 mg per day. The desired dosage is preferably
presented in one, two, three, four or more subdoses
administered at appropriate intervals throughout the day.
These 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
between 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
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
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
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"oils. In addition, various adjuvants such as are commonly

used in the art may be included. For example: flavoring
agents, coloring agents, preservatives, and antioxidants,
e.g., vitamin E, ascorbic acid, BHT and BHA. Various other
considerations are described, e.g., in Gilman et -al. (eds) |
(1990) Goodman and Gilman's: The Pharmacological Basis of
Therapeutics, 8th Ed., Pergamon Press{ and Remington's supra.
Methods for administration are discussed therein, e.g., for
oral, intravenous, intraperitoneal, or intramuscular
administration, and others. Pharmaceutically'aéceptable
carriers will include water, saline, buffers, and other
compouhds described, e.g., in the MERCK INDEX, Merck & Co.,
Rahway, NJ. Generally, preferred routes of administration are
intravenous and intraperitoneal.

These pharmacological agents can be in a variety of
forms. These include, for example, solid, semi-solid and
liquid dosage forms, such as tablets, pills, powders, liquid
solutions or suspensions, liposomes, injectable and infusible
solutions. The preferred form depends on the intended mode of
administration and therapeutic 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
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
Publishing Co., Easton, PA (1990). Suitable routes may
include oral, rectal, transdermal, vaginal, transmucosal, or
intestinal administration; parenteral delivery, including |
intramuscular subcutaneous, intramedullary injections, as well
an intrathecal, direct intraventricular, intravenous,
intraperitoneal, intranasal, or intraocular injections, just
to name a few. '

For injection, the agents of the invention may be
formulated in aqueous solutions, preferably in physiologically
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compatible buffers such as Hanks' solution, Ringer's solution,
or physiological saline buffer For such transmucosal
administration, penetrants agproprlate to the barrier to be '
permeated are used in the formulation. Such penetrants are
generally known in the art.

In soft capsules, the active compounds may be
dissolved or suspended in suitable liquids, such as fatty
oils, liquid paraffin, or .liquid polyethylene glycols. 1In
addition, stabilizers may be adaed.

IV. Biological Activi

The compounds of the invention were evaluated
against several R-lactam resistant bacteria strains by
determining the minimum inhibitory concentration (MIC, ung/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
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
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
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
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



10

15

20

25

30

35

WO 95/26966 ' PCT/US95/03976

30

was used with a subsequent highest working concentration of

128 ug/mL Serial two-fold dilutions were done through L
'SO.ZSpg/mL. Each’ drug level was tested’ ‘in dnpllcate Two- fold'

drug dilutions were done in sterile 50 mL tubes with a final
drug volume of 5 mL. Upon the addition of 45 mL of molten
agar, a 10-fold dilution resulted. Two, 25 mL. plates were
then poured into -15x150 mm square Petri plates with grids and
allowed to harden.

A control plate with a reference drug, either
cefotaxime, vancomycin or imipenem, was used.as the positive
growth control. Stock concentrations of reference antibiotics
were prepared and frozen at -80°C. Upon préparation, the
control plates were sealed and stored in the refrigerator for
up to 1 week pridr to use; however, imipenem control plates
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
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- .
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

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-
20 hours. Endpoints were assessed as. the minimum 1nh1b1tory
concentration (MIC) ‘of antimicrobial agent. _ )

_ These results are shown in Table I below. The novel
agents of this invention are notable for their enhanced
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activity against S. aureus Col and Enterococci (E. faecium and
E. faecalis). The S. aureus Col strain .is a high-level PBP2a.
producer, whereas S. aureus Col 8A, its isogenic partner,
lacks PBP2a. Certain compounds, such as 6 ({7R)-7-

[ (Phenylacetyl)amino] -3- (o-iodophenylthio) -3-cephem~4-
carboxylic acid) and 9 ((7R)-7- [(Phenylacetyl)amlno]-B (2-
biphenylthio)-3-cephem-4-~carboxylic acid), show broad act1v1ty
against both S. aureus Col and S. aureus Col 8A, as well as
Enterococci. The §. aureus Col 8A strain was highly
responsive to all test agents including the Cefotaxime
control. Thus, the compounds of the present invention are
effective against PBP2a-producing bacteria. Compound 12,
while lacking activity against S. aureus Col, shows potent
activity against enterococci. Certain other compounds of the
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.
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1

2 3

6

4 5

S. aureus ATCC 29213 2 0.03 0.03 003 0.125 0.03 <0.015
S. aureus ATCC 25923 <1 <0.015 <0.015 <0.015 <0.06 <0.015 <0.015
S. epidermidisATCC 31432 2 <0.015 <0.015 <0.015 <0.06 <0.015 <0.015
S. aureus Col (MethR)(lac")- >32 16 2 2 1-2 2 1

S. aureus 76 (MethR)(lac*) >32 32 16 16 4 16 1
S. aureus Col8A(MethS)(lac") 2 - 0.03 0.03 0.015 <0.06 0.03 <0.015
S. haemolyticus (MethR) >32 >32 16 16 16 16 4
E. faecium ATCC 35667 >32 8 2 4 2 4 0.5
E. faecalis ATCC 29212 >32 2 2 2 4 2 0.5
E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32
P. aeruginosa ATCC 27853 816 >32 >32 >32 >32 >32 >32
X. maltophilia ATCC 13637  >32 >32 >32 >32 >32 >32 >32

S. aureus ATCC 29213 2 <0.06 <0.125 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

S. aureus ATCC 25923

S. epidermidisATCC 31432
S. aureus Col (MethR)(lac")
S. aureus 76 (MethR)(lac*)

| S. aureus ColsA(MethS)(lac")
S. haemolyticus (MethR)
E. faecium ATCC 35667

E. faecalis ATCC 29212

E. coli ATCC 25922

P. aeruginosa ATCC 27853

|X. _maitophilia ATCC 13637

2 006 025 0.06 <0.5 <0.25 <0.25
<1 <0.015 0.06 003 W ccmem memee e

2 0.03 0.06 0.03 <0.5 <0.25 <0.25
>32 4 4 W ceeee <0.5 2 4
>32 16 4 8 4 4 16

2 0.06 0.25 0.06 <0.5 <0.25 <0.25
>32 16 8 16 16 8 32
>32 4 1 2 4 1 4
>32 2 2 o T —
<1 >32 >32 >32 >16 >64 >32
8-16 >32 >32 >32
>32 >32 >32 >32
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— Organism Cefotax. 19 20 .21 22 23 24
S aureus ATCC 29213 2 <025  <0.25 <025  <0.25 <025 <0.25
S. aureus ATCC 25923 - <1 —— | emmee ) X — ' mmmie -
S. epidermidisATCC 31432 2 <025 <025 <025 <025 <0.25 <0.25
S. aureus Col (MethR)(lac) >32 4 0.5 1 2 2 1
S. aureus 76 (MethR)(lac*) >32 16 4 4 4 8 4
S. aureus Col8A(MethS)(lac™) 2 <0.25 <025  <0.25 0.5 <0.25 <0.25
S. haemolyticus (MethR) >32 32 8 32 4 16 8
E. faecium ATCC 35667 >32 2 2 4 2 2 2
E. faecalis ATCC 29212 532 ememm eeeee womme emmea memes e
E. coli ATCC 25922 <1 >32 >32 >32 4 >32 >32
P. aeruginosa ATCC 27853 8-16 ——--- L
X. maltophilia ATCC 13637 >32 e R

bl i i T 7- i - ]

——Organism Cefotax. 25 26 27 28 29 30
S. aureus ATCC 29213 2 0.125 <025 <0.25 <025 <025 <0.25
S. aureus ATCC 25923 L3 R ———— emee- ——mme eeee-
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 Col8A(MethS)(lac") 2 0.125 <025 <025  <0.25 <0.25 <0.25
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 332 eemem seeme cemen meeee eesem el
E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32
P. aeruginosa ATCC 27853 816 - -
X. maltophilia ATCC 13637 >32 —————

S. aureus ATCC 29213

S. aureus ATCC 25923

S. epidermidisATCC 31432
S. aureus Col (MethR)(lac™)
S. aureus 76 (MethR)(lac*)
S. aureus Col8A(MethS)(lac”)
S. haemolyticus (MethR)

E. faecium ATCC 35667

E. faecalis ATCC 29212

E. coli ATCC 25922

P. aeruginosa ATCC 27853
X. maltophilia ATCC 13637

<0.25
<0.25
2
8
<0.25

N o

2 <0.25 <0.25 <0.25
<l = eemem eemen edme
2 <0.25 <0.25 <0.25
>32 1 1 1
>32 4 4 4
2 <0.25 <0.25 <0.25
>32 8 16 16
>32 4 2 1
>32 :
<1 >32 >32 >32
8-16 = -w--- cemme e
32 emee-

S. aureus ATCC 29213
S. aureus ATCC 25923

<0.25

<0.25
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P. aeruginosa ATCC 27853 8-16
LX._maltophilia ATCC 13637 >32

S. epidermidisATCC 31432 2

S. aureus Col (MethR)(lac") >32
"1 S. aureus 76 (MethR)(lac*) o >32
S. aureus Col8A(MethS)(lac”) 2
S. haemolyticus (MethR) >32
E. faecium ATCC 35667 >32
E. faecalis ATCC 29212 >32
E. coli ATCC 25922 <1

<0.25

34

<0.25

16

>32
>32

<0.25

16
<0.25
32

>32.
>32

<0.25
0.5

i SR

<0.25
-8
2 .
2
>32
>32

PCT/US95/03976
<0.25 <0.25

4 . 1 .
16 - 4.7
<0.25 <0.25

32 16

4 2

4 4

>32 >32
>32 >32

<0.25

05
16

32
>32

S. aureus ATCC 29213 2
S. aureus ATCC 25923 <1
S. epidermidisATCC 31432 2
S. aureus Col (MethR)(lac") >32
S. aureus 76 (MethR)(lac*) >32
S. aureus Col8A(MethS)(lac”) 2
S. haemolyticus (MethR) >32
E. faecium ATCC 35667 >32
E. faecalis ATCC 29212 >32
E. coli ATCC 25922 <1

P. aeruginosa ATCC 27853 8-16
X. maltophilia ATCC 13637 >32

<0.25
<0.25

<0.25
16

>32

>32

<0.25
<0.25
4
16
0.5
32
4
4

- >32

>32

<0.25
<0.25
1
8
<0.25
16
2
2
>32
>32

8
<0.25
16
2
4
>32
>32

Ta

ANTINICTOD]d

—Organism ~_  Cefofax,

] 0 51 52 53 54
S. aureus ATCC 29213 2 e e 0.5 0.5 1 <0.25
S. aureus ATCC 25923 <1 <025 <025 <0.25 <025 === e
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 32 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
E. coli ATCC 25922 <1 >32 8 >32 >32 1 >32
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 8 >32

| X. maitophilia ATCC 13637 >32 Cmee mmee .

S. aureus ATCC 29213 2

S. aureus ATCC 25923 <1 <025 <025 <0.25
S. epidermidisATCC 31432 2 <025 <025 <0.25
S. aureus Col (MethR)(lac") >32 4 1 - 05

S. aureus 76 (MethR)(lac*) >32 16 4 2
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S. aureus ColsBA(MethS)(lac) 2 <025 <025  <0.25
S. haemolyticus (MethR) >32 16 16 4
| E. faecium ATCC 35667 - >32 8 4 1 -
E. faecalis ATCC 29212 >32 16 2 2
E. coli ATCC 25922 <1 >32 >32 32
P. geruginosa ATCC 27853 8-16 >32 >32 32
X. maltophilia ATCC 13637 532 eeee- commw eeowa

63

S. aureus ATCC 29213 2 meeee emeee eeeme eemee eeeee e
S. aureus ATCC 25923 <1 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
S. epidermidisATCC 31432 2 <0.25 <025  <0.25 <025  <0.25 <0.25
S. aureus Col (MethR)(lac") >32 <0.25 2 0.5 4 4 4
S. aureus 76 (MethR)(lac*) >32 4 8 4 16 16 16
S. aureus Col8A(MethS)(lac") 2 <0.25 <0.25 <0.25 05 <0.25 <0.25
S. haemolyticus (MethR) >32 4 16 48 >32 32 32
E. faecium ATCC 35667 >32 0.5 4 1 4 4 1
E. faecalis ATCC 29212 >32 1 4 1 4 2 1
E. coli ATCC 25922 <1 32 >32 >32 >32 >32 8
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 >32

—Organism Cefotax, 64 65 66 67 68 69
S. aureus ATCC 29213 2 <0.25 <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  <0.25 <025  <0.25 <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  <0.25 <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

—Organism Cefotax, a 2 3 74 75
S. aureus ATCC 29213 2 <0.25 <025 <025 <025 <0.25 <0.25
S. aureus ATCC 25923 <1 <0.25 <025 <025 <0.25 <0.25 <0.25
S. epidermidisATCC 31432 2 <025 <025  <0.25 <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
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E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32
| P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 >32 |
—Organism Cefotax,. 76 z i} i) 80
S. aureus ATCC 29213 2 <025  <0.25 0.25 0.06 <0.06
S. aureus ATCC 25923 <1 <0.25 <0.25
S. epidermidisATCC 31432 2 <025  <0.25
S. aureus Col (MethR)(lac?) >32 2 8 4 4 2
S. aureus 76 (MethR)(lac*) >32 8 32 16 - -8 8
S. aureus Col8A(MethS)(lac”) 2 <025 <025 025 0.06 <0.06
S. haemolyticus (MethR) >32 32 >32 >32 32 8
E. faecium ATCC 35667 >32 2 2 4 2 2
E. faecalis ATCC 29212 >32 1 1 4 1 1
E. coli ATCC 25922 <1 >32 >32 >32 >32 16
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32
86
S. aureus ATCC 29213 2 _ : <0.25 1
S. aureus ATCC 25923 <1 <0.25 <0.25 <0.25 <0.25 <0.25 @ --.
S. epidermidisATCC 31432 2 <025 <025 <0.25 <025 <025 = eee--
S. aureus Col (MethR)(lac") >32 2 4 4 2 4 8
S. aureus 76 (MethR)(lac*) >32 4 16 16 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 emeem eeee- 0.5 1 e <0.25
S. aureus ATCC 25923 <1 <025 <025 <0.25 0.5 <025  <0.25
S. epidermidisATCC 31432 2 <025 <025 <025 <025 <025  <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 <025  <0.25 0.5 1 <025  <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
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S. aureus ATCC 29213 2 <0.25 0.25 0.06 0.5
S. aureus ATCC 25923 <1 <0.25 <0.25 <0.25 ‘mmmme  emems edcdn
| S. épidermidisATCC 31432 2 '<0.25 -+ <0.25 . <025 = ~-e- - oweeer e
S. aureus Col (MethR)(lac") ->32 2 4 4 8 2 2
S. aureus 76 (MethR)(lac*) >32 8 16 8 16 4 8
S. aureus Col8A(MethS)(lac”) 2 <0.25 <025  <0.25 0.5 0125  om---
S. haemolyticus (MethR) >32 8 >32 16 16 8 8
E. faecium ATCC 35667 >32 0.5 2 4 4 1 4
E. faecalis ATCC 29212 >32 <0.25 1 4 1 0.5 1
E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 8
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 16
104
S. aureus ATCC 29213 2 0.125 <0.06 0.25 0.125 0.25 0.5
1 S. aureus ATCC 25923 < L ——
S. epidermidisATCC 31432 2 eeee- .. eee m——— mmemm mvema
S. aureus Col (MethR)(lac™) >32 4 4 4 4 2 2
S. aureus 76 (MethR)(lac*) >32 16 8 8 16 8 4
S. aureus Col8A(MethS)(lac") y I 0.25 0.125 0.25 0.5
S. haemolyticus (MethR) >32 16 16 16 32 4 4
E. faecium ATCC 35667 >32 1 4 2 4 2 4
E. faecalis ATCC 29212 >32 1 1 1 2 1 2
E. coli ATCC 25922 <1 >32 >32 >32 32 >32 8
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 16
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_.Q:zanmm___gem

m .
S. aureus ATCC 29213 0.25 0.25 0.25 05 0.125 0.25
S. aureus ATCC 25923 <1 ----- c—eee
S. epidermidisATCC 31432 2 e e
S. aureus Col (MethR)(lac") >32 4 1 4 4 4 2
S. aureus 76 (MethR)(lac*) >32 16 8 16 8 16 8
S. aureus Col8A(MethS)(lac”) 2 0.25 0.125 0.25 0.5 0.125 0.25
S. haemolyticus (MethR) >32 32 32 32 16 32 >16
E. faecium ATCC 35667 >32 2 4 8 16 4 o2
E. faecalis ATCC 29212 >32 1 4 8 16 4 2
E. coli ATCC 25922 <1 >32 532 >32 4 >32 >32
P. aeruginosa ATCC 27853 - 8-16 >32 >32 >32 16 >32 >32
S. aureus ATCC 29213 2 0.5 <0.06 0.125 0.25 0.25 0.25
S. aureus ATCC 25923 <1l eeeee cmmee e emmes emmee e
S. epidermidisATCC 31432 2 - cmeee eceer mmemm mmeee e
S. aureus Col (MethR)(lac") >32 8 4 4 4 4 4
S. aureus 76 (MethR)(lac*) >32 16 16 16 16 8 16
S. aureus Col8A(MethS)(lac”) 2 0.25 <0.06 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
122
S. aureus ATCC 29213 2 0.25 0.25 0.125 0.25 0.5 0.25
S. aureus ATCC 25923 €1l seeme emmee eee ceees emmee e
S. epidermidisATCC 31432 2 e e eeeet e e e
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 32 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
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S. aureus ATCC 29213 2 0.06 0.25 0.5 0125  <0.06 <0.06
S. aureus ATCC 25923 <1 emeem emeee e ameme eeeae ————
S. epidermidisATCC 31432 2 eeeem mmmemeean e mewes e
S. aureus Col (MethR)(lac") >32 4 4 4 ‘8 4 8
S. aureus 76 (MethR)(lact) >32 8 16 8 16 8 16
S. aureus Col8A(MethS)(lac) 2 £0.06 0.25 0.5 0125 <006  <0.06
S. haemolyticus (MethR) >32 16. 16 8 ceome meeee
E. faecium ATCC 35667 >32 4 1 2 2 1 2
E. faecalis ATCC 29212 >32 2 1 0.25 1 1 2
E. coli ATCC 25922 <1 >32 >32 >32 >32 >32 >32
P. aeruginosa ATCC 27853 8-16 >32 >32 >32 >32 >32 >32
134
S. aureus ATCC 29213 2 <0.06 0.125 <0.06 0.125 0.125 0.125
S. aureus ATCC 25923 <1 . ST ———
S. epidermidisATCC 31432 2 eeeen eeee- SRV — —— emeem
S. aureus Col (MethR)(lac") >32 8 2 1 8 2-4 2
S. aureus 76 (MethR)(lac*) >32 8 4 4 32 8 8
S. aureus Col8A(MethS)(lac") 2 <0.06 0.25 <0.06 0.25 0.125 0.125
S. haemolyticus (MethR) >32 16 4 32 >32 16 16
E. faecium ATCC 35667 >32 0.5 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

S. aureus ATCC 25923

S. epidermidisATCC 31432
S. aureus Col (MethR)(lac")
S. aureus 76 (MethR)(lac*)
S. aureus Col8A(MethS)(lac")
S. haemolyticus (MethR)
E. faecium ATCC 35667

E. faecalis ATCC 29212

E. coli ATCC 25922

P. aeruginosa ATCC 27853

>32
>32

>32
>32
>32

8-16

>32
>32

>32

0.5

>32

Test Compound Legend
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0

Cefotax1me(7R) 3-Acetoxymethyl 7-1(2)-2- (amlnothlazol 4-yl)-2-

“'Cmpd

cmpa
Cmpd
Cmpd
Cmpd
Cmpd
Cmpd
Cmpd
Cmpd
Cnmpd
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(methoxylmzno)acetamxdo] 3-cephem-4 carboxyllc .acid |
(7R)-7- [(Phenylacetyl)amlno] 3= (p- fluorophenylthlo)--'
3-cephem-4- carboxyllc acid

(7R} -7~ [(Phenylacetyl)am1no]-3-(m-iodophenylthio)-3-
cephem-4-carboxylic acid o .
(7R)-7- [(Phenylacetyl)amlno] 3- (p-chlorophenylthio)-
3-cephem-~4- -carboxylic acid
(7R)-7-[(Phenylacetyl)am1no]-3-(o—bromophenyithio)-3-
cephem-4-carboxylic acid

(7R)-7- { (Phenylacetyl)amino]-3- (p bromophenylthlo) 3~
cephem-4-carboxylic acid

(7R)-7- {{Phenylacetyl)amino]-3- (o~iodophenylthio)-3-
cephem-4-carboxy11c acid _
(7R)—7-[(Phenylacetyl)amlno]-3-(dibenzofurany1-3-
thio)-3-cephem-4-¢arboxylic acid
(7R)-7-[(Phenylacetyl)amino]-3-(4-bipheny1thio)—3-
cephem-4~-carboxylic acid_
(7R)-7-[(Phenylacetyl)amino]-3—(Z-biphenylthio)-B-
cephem-4-carboxylic acid

(7R) -7~ [ (Phenylacetyl)amino]-3- (3~-biphenylthio)-3-
cephem-4- ~-carboxylic acid
(7R)-7—[(Phenylacetyl)amzno]-B-(2—bromo-4-
biphenylthio)f3—cephem-4-carboxylic acid
(7R)-7-[(Phenylacetyl)amino]-3-(4- o
biphenylmethylthio)-~3~ cephem44'carboxy11c' acid
(7R)-7- [(Phenylacetyl)amzno] 3-(2~ f1uoro-4-
biphenylthio)-3- -cephem-4-carboxylic acid

(7R)-7- [ (Phenylacetyl)amino]-3- (4-bromo-2-
biphenylthio)-3-cephem-4-carboxylic acid
(7R)-7-[(Phenylacetyl)amino]-3-(o#chlorophenylthio)-
3-cephem-4-carboxylic acid .

(7R)-7-[ (Phenylacetyl)amino]-3- (2, 5- |
dichlorophenylthio)-34cephem-4-carboxylic acid
(7R)-7-[(Cyanoacetyl)amino]-3-(o-iodophenylthio)-3—
cephem-4-carboxylic acid

(7R)-7- [ (Phenylacetyl)amino]-3- (3, 4-
dichlorophenylthio)-3-cephem-4-carboxylic acid
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(7R)-7-[{Phenylacetyl)amino]~3-{o-
carbomethoxyphenylthzo) -3~ cephem-4 carboxylxc ac1d
(7RY-7-[(2- Thlenylacetyl)amlno] ~3-(o- '
bromophenylthio) ~3-cephem-4-carboxylic acid
(7R)-7-[ {Phenylacetyl)amino] -3-(dibenzofuranyl-1-
thio) -3-cephem-4-carboxylic acid

(7R} -7-[(Z)-2- (aminothiazol-4-yl)-2-
{hydroxyimino}lacetamido] -3- (o-iodophenylthio)-3-
cephem~-4~-carboxylic acid

{7R)-7-[ ({Phenylacetyl)amino]-3-(2-(4-
cyanophenyl)phenylthio)-3-cephem-4-carboxylic acid
{7R)-7-[ (Phenylacetyl)amino}-3-(2,3-
dichlorophenylthio) -3-cephem-4-carboxylic acid
(7R)-7-{({2-Thienylacetyl)amino]-3-(o-iodophenylthio) -
3-cephem-4-carboxylic acid
{7R)-7-[(2-Thienylacetyl)amino]l-3-(2,5-
dichlorophenylthio) -3-cephem-4~carboxylic acid
{(7R)-7-[ (Phenylacetyl)amino]-3-(2-(2-
furyl)phenylthio)-3-cephem~4-carboxylic acid
{7R)-7-[ (Phenylacetyl)amino]-3-(2,4-
dichlorophenylthioc)-3-cephem-4-carboxylic acid
(7R) -7-[ (p~Methoxyphenylacetyl)amino] -3-(o-
iodophenylthio)—3—c§phem-4-carboxy1ic acid
(7R)-7-[{p-Chlorophenoxyacetyl)amino]-3-(o-
iodophenylthio)-3-cephem-4-carboxylic acid
{7R)-7-[ (p-Chlorophenoxyacetyl)amino]-3-(2,5-
dichlorophenylthio)-3-cephem-4-carboxylic acid
{(7R)-7~1 (p~Methoxyphenylacetyl)amino]}-3-(2,5-
dichlorophenylthio)~-3-cephem-4-carboxylic acid
(7R} -7-[ (Phenylacetyl)aminol-3- (2-bromo-5-
fluorophenylthio)~-3-cephem-4-carboxylic acid
{7R)-7-[ (Cyanocacetyl)amino]-3-(2-biphenylthio)-3-
cephem-4-carboxylic acid

{7R}-7-[ {Phenylthicacetyl)amino}-3-(2,5-
dichlorophenylthio)-3-cephem-4-carboxylic acid
(7R)-7-[ (Phenylacetyl)amino]-3~(2-vinylphenylthio)-3-

cephem-4-carboxylic acid
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(7R) -7~ [ (Phenylacetyl)amino]-3-(2-(2-

_thlenyl)phenylthlo) -3-cephem-4-carboxylic ac1d )

(7R) -7~ [(Phenylacetyl)amlno] -3- (2- )
hydroxymethylphenylthlo)-3-cephem-4fcarboxylic acid
(7R)-7-[ (Phenylacetyl)amino]-3-(2,4- '
dibromophenylthio)—3—cephemf4-carboxylic acid

(7R) -7-[ (Phenylacetyl)amino]-3-(4-
trifluoromethylphenylthio)-3-cephem-4-carboxy1ic acid
(7R)-7-[(Phenylacetyl)aﬁino]-3-(2-cyanopheny1thio)-3-
cephem-4-carboxylic acid
(7R)-7-[(2)-2-(aminothiazol-4-yl)-2-
(hydroinmino)aqetamido]-B-(2-biphenylthio)-3—cephem-
4-carboxylic acid _ _

(7R) -7~ [ (Phenylacetyl)amino] -3~ (2- (2-(4-
methoxyphenylmethyl)thlen- -yl)phenylthlo) ~-3-cephem-
4- carboxyllc acid _
(7R)-7—[(Phenylace:yl)aminq]-3-(2-
methylthiophenylthio)43-cephem-4—carboxylic acid
(7R)—7-[(Phen&lacetyl)amiho]-B-(2-(2-(N-
methylimidazoliummethyl)thien-5-yl)phenylthio)-3-
cephem-4-carboxylic acid
(7R)-7-[(Phenylacetyl)amiﬁo]-3-(2—tert-.
butylphenyithio)-3-cephem-4-carboxylic-acid

(7R) -7- [ (Phenylacetyl)amino]-3-(2-iso-
propyloxyphenylthio)-3-cephem-4-carboxylic acid

(7R) -7-[ (Phenylacetyl)amino]-3-(2-(3-(N-
methylimidazbliummethyl)furan-Z-yl)phenylthio)-3—
cephem-d-cérbdxylic acid
(7R)-7-[(Phenyiacetyl)amino]—3-(4-cyano-2—
nitroﬁhenylthio)-34cephem-4-cgrboxyli¢ acid

(7R)-7-[ (Phenylacetyl)amino]-3-(2-formylphenylthio) -
3-cephem-4- carboxyllc ac1d |

(7R)-7- [(Phenylacetyl)amlno} ~3-(2, 4-
dicyanophenylthio)~3-cephem~4-carboxylic acid
(7R)-7-[(Cyanoacetyl)amino]-B-(2-cyanophenylthio)-3-
cephem-4-carboxylic acid
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(7R)-7-[(Z)-2-(aminothiazolF4-y1)—2-
(cyclopentyloxylmlno)acetamldo} 3 (2- _
cyanophenylthlo) -3-cephem-4- carboxyllc acid

(7R} -7-{ (Phenylacetyl)amino}-3-(1-naphthalenylthio) -
3-cephem-4-carboxylic acid
(7R)-7—[(?henylacetyl)amino]—3-(2,3—dihydro-2,2-
dimethylbenzofuran-7-yl)-3-cephem-4-carboxylic acid
(7R)-7- ([ (Phenylacetyl)amino]-3-(5,6,7,8~
tetrahydronapﬁthalen-l—ylthio)-3-cephem-4-carboxylic
acid

{7R)-7-[ (Phenylacetyl)amino]-3-{(l1-bromo-naphthalen-2-
ylthio)-3-cephem-4-carboxylic acid

(7R) -7~ {(Phenylacetyl)amino]-3- ({4~
isothiouroniummethyl-2-iodophenylthio)-3~-cephem-4-
carboxylic acid

{7R)-7-[ (Phenylacetyl)amino] -3~ (4-{(2-imidazolin-2-
ylthiomethyl)-2- 1odophenylthlo) -3-cephem-4-carboxylic
acid

(7R)-7-[ (Phenylacetyl)amino] ~3- (4~ {N-
amidino)isothiocuroniummethyl-2-iodophenylthio)-3-
cephem-4-carboxylate, inner salt
{7R}-7-[{Phenylacetyl)amino]-3-{4-(N-
morpholinoethyl)isothiouroniummethyl-2-
iodophenylthio) -3-cephem-4-carboxylate, inner salt
{7R)-7-[ (Phenylacetyl)amino}l-3-(4-
tetramethylisothiouroniummethyl-2-iodophenylthio)-3-
cephem-4-carboxylate, inner salt
{7R)-7-[{(Phenylacetyl)amino]-3- (4~
isothiouroniummethylphenylthio)-3~cephem-4-
carboxylate, inner salt

{7R)-7-[ (Phenylacetyl)amino]-3-{(2~
isothiouroniummethylphenylthio)~3-cephem-4-
carboxylate, inner salt
{7R)-7-1({Phenylacetyl)amino]-3-(4-(1,2,4-triazol-5-
ylithiomethyliphenylthio)-3-cephem-4-carboxylic acid
(7R} -7-[{Cyanocacetyl)amino]-3-~{4~
isothiouroniummethyl—z-iodophenylthio)-3—cephem-4-

carboxylate, inner salt
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(7R) -7-[ (Phenylacetyl)amino]-3-(2- (1,2, 4-triazol-5-
ylthiomethyl)phenylthio)—3-cephem-4—qarpoxylic acid -
(7R) -7~ (Phenylacetyl)amino]-3- (2~ (2-imidazolin-4-on-

_2-yl)thiomethYl)phenylthio)-3-cephem—4-carboxylic

acid
(7R) -7-[ (Phenylacetyl)amino}-3-(2-
tetramethylisothiouroniummethylphenylthio)-3-cepheﬁ-

- 4-carboxylate, inner salt

(7R) -7-[ (Phenylacetyl)amino] -3~ ({2- (pyridin-4-

yl) thiomethyl)phenylthio)~-3-cephem-4-carboxylic acid
(7ﬁ)-7—[(Phenylacetyl)amino]—B-(1-N-methy1tetrazol—5—
yl)thiomethyl)phenylthio)-3-cephem-4-carboxylic acid
(7R) -7-[ (Phenylacetyl)amino]-3-(2-(2-imidazolin-2-
yl)thiomethyl)phenylthio)-3-¢ephem-4-carboxylic acid
{(7R) -7-1 (Phenylacetyl)amino]-3-(2- (N-methylpyridin-4-
ium)thiomethyl)phenylthio)-3eCephem-4—carboxylate.
inner salt .

(7R) -7~ (Phenylacetyl)amino]-3-(2-N,N"'~
diethylisothiouroniummethylphenylthio)-3-cephem-4-
carboxylate, inner salt

(7R) -7-[ (Phenylacetyl)amino]-3- (2~ (pyrimidine-2-
vl)thiomethyl)phenylthio)-3~-cephem-4~-carboxylic acid
(7R)-7-[ (Phenylacetyl)amino]-3- (2-N-
methylisothiouroniummethylphenylthio)—3;cephem-4-
carboxylate, inner salt .
(7R) -7-[ (Phenylacetyl)amino]-3-(2-(2-methyl-1,3,4-
thiadi;zol-s-yl)thiomethyl)phenylthio)-3¥cephem-4-
carboxylic acid '

(7R) -7~ [ (Phenylacetyl)amino]-3-(2-N-
acetylamidinothiomethylphenylthio)-3-cephem-4-
carboxylic acid

(7R)-7-[ (Phenylacetyl)amino]-3-(2-N- _
cyclopropylisothiouroniummethylphenylthio) -3~cephem-
4-carboxylate, inner salt
(7R)-7—[(Phenylacetyl)amind]—3-(3-
isothiouroniummethylphenylthio)43-cephem—4—
carboxylate, inner salt
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{7R)~-7-[ (Phenylacetyl)amino}-3-(2-phenylpyridin-3-
ylthio)-3-cephem-4-carboxylic acid o

(7R) -7- [ {Phenylacetyl)amino] -3 (2-phenyl-N-
methylpyridin-3-iumthio)-3-cephem-4~carboxylate
{7R)-7~-[ (Phenylacetyl)amino]-3-(2-phenyl-N-
benzylpyridin-3-iumthio}-3-cephem-4-carboxylate
{(7R)-7-[(4-Chlorophenylacetyl)amino]-3-{(2-
phenylpyridin-B-ylthio)-3—céphem—4-carboxylic acid
(7R)-7-[ (Cyanocacetyl)amino]-3-(2-phenylpyridin-3-
vlithio)-3-cephem-4-carboxylic acid
(7R)Y~-7-[(2)-2-{(aminothiazol-4-yl)-2-
(cyclopentyloxyimino)acetamido]-3- (2-phenylpyridin-3-
ylthio)-3-cephem-4-carboxylic acid

{7R) -7-1{ (Phenylacetyl)amino] -3~ (1-N-phenylpyrazol-5-
vlthio)-3-cephem-4~carboxylic acid

(7R)~-7-[ (Cyancacetyl)amino]~-3-{1-N-phenylpyrazol-5-
yvlthio)-3-cephem-4-carboxylic acid

{7R)-7-1{2Z)-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~

" £luorocethyloxyimino)acetamido] -3-{(1-N-phenylpyrazol-

S-ylthio)-3-cephem-4-~carboxylic acid

{7R) -7- [ {Phenylacetyl)amino]-3- (1-N-phenyl-1,2,3-
triazol-5-ylthio)-3-cephem-4-carboxylic acid
{7R)-7-[ (Phenylacetyl)amino]-3- (2-amino-4-phenyl-
thiazol-5-ylthio)-3-cephem-4-carboxylic acid
(7R)-7-[ (Phenylacetyl)amino}l-3- (4-phenyl-1,2,3-
thiadiazol-5~ylthioc)-3-cephem-4-carboxylic acid
{7R)}-7- [ (Phenylacetyl)amino]~-3-{l1-N-phenyltetrazol-5-
vlthio}-3-cephem-4-carboxylic acid

{7R)-7-{ (Phenylacetyl)amino]-3-(2-oxazol-5-
viphenylthio)-3-cephem-4-carboxylic acid
(7R)~7-[({2-aminomethylphenyl)acetyl}amino]l-3-(1-N-
phenylpyrazol-5-ylthio)-3-cephem-4-carboxylic acid

" (7R}-7-([((4-isothiouroniummethylphenyl)acetyl)amino]-

3-(2-isothiouroniummethylphenylthio)}-3-cephem-4-

carboxylate, trifluorocacetic acid salt
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(7R)-7-[(Z)-2-(2-amino-5-chlorothiazbl-4-yl);2—(2-
fluoroethyloxylmlno)acetamldo] 3 (1 N-phenylpyrazol-
5-ylthid)-3- cephem-4 carboxyllc acld
(7R)-7-[((4-Hydroxypheny1)acetyl)am1noi¥3-(2-
1sothlouronlummethylphenylthzo) 3-cephem-4-carboxylic
acid, 1nner .salt
(7R)-7- [(phenylacetyl)amino]-s-(2-(2-
1soth10uron1um)ethylphenylthlo) 3- cephem-4—
carboxylate, inner salt '
(7R)-7-[((2-Aminomethylphenyl)acetyl)amino]-3-(2-
isothiouroniummethylphenylthio)-3-cephem-4-
carboxylate, trifluoroacetic acid salt
(7R)¥7—[(Phenylacetyl)amino]-3-(2-cyanopyridin-3-
ylthio)-3-cephem-4-carboxylic acid
(7R)-7—[(Phénylacetyl)aminoj-3-(2-(pyrazol-1-

' yl)pyridin-B-ylthio)-3-Cephem-4-carboxylic acid

104
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(7TR)-7-[(2)-2- (aminothiazol-4-yl)-2- (3~
pentyloxyimino)acetamido]-35(1-N-pheny1pyrazol-5-
ylthio)—3-cephem;4-carboxy1ic acid
(7R)-7-[(Phenylacetyl)amiho]-3-(l-N-(pyfidin-z-
vl)pyrazol-5-ylthio)-3-cephem-4-carboxylic acid
(7R)-7-[ (methylthicacetyl)amino]-3-(1-N-
phenylpyrazol-54y1thio)-3-céphem-4—carboxy1ic acid
(7R)-7-[ (cyclopropylacetyl)amino]~3-(1-N- '
phenylpyrazol-5-ylthio)-3-cephem-4-carboxylic acid
(7R)-7-[(2)-2- (2-aminothiazol-4-yl)-2-
(cyclopropylmethyloxyimino)acetamido]-3-(1-N-
phenylpy:azol-s-ylthio)-3—cephem-4-carboxylic acid
(7R)-7-[(hexanoyl)amino]-3—(1-N-pﬁeny1pyrazol-5-
ylthio)-3-cephem-4-carboxylic acid

(7R)-7-[ (4-pyridylthiocacetyl)amino] -3~ (1-N-
phenylpyrazol-s-ylthio)43-éephem-4-carboxy1ic acid
(7R)-7-[(2-furylacetyl)amino]-3-(1-Nthehy1pyrazol-5-
ylthio) -3-cephem-4-carboxylic acid .
(7R)—7-[(phenyloxyacetyl)amino]-3-(1-prhenylpyrazol-
5-y1thio)-3-¢ephem—4-carbbxy1ic acid -
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(7R)-7-[ (Phenylacetyl)aminol-3-(1-N-(3-
nitrophenyl)pyrazol-s—ylthio)—3-qephem14—barquylic

acid .

(7R)—7-[(Phenylacetyl)amino]-B-(1-NF(4-
methoxyphenyl)pyrazol-5-ylthio)-3~cephem-4-carboxylic
acid ' ‘
{7R)-7-[{(2-dithiolanylcarbonyl)amino]-3-(1-N-

phenylpyrazol-5-ylthio}-3-cephem-4-carboxylic acid
(7R)-7-[(2-thienylacetyl)amino]-3-(1-N-phenylpyrazol-
5-ylthio)-3-cephem-4~carboxylic acid

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

(7R)-7-[(2-methyl-1,3,4~-thiadiazol-5-
ylthio)acetyl)amino]-3-(l-N—phenylpyrazol-S-ylthio)-
3-cephem-4-carboxylic acid

(7R)-7- (phenylthiocacetyl)amino]-3-(1-N-
phenylpyrazol-5-ylthio)-3-cephem-4-carboxylic acid
{7R)-7-[{2-amino-1,3,4~-thiadiazol~-5-
vlthio)acetyl)amino]~3-{1-N-phenylpyrazol-5-ylthio)-
3-cephem~4-carboxylic acid

(7TR)-7-[2-(2-furyl)-2- (hydroxyimino)acetamido] -3-(1~-
N-phenylpyrazol-5-ylthio}-3-cephem-4~carboxylic acid
{7R)-7-[ {cyanomethylthiocacetyl)amino]-3-{(1-N-
phenylpyrazol-5-ylthioc)~3-cephem-4-carboxylic acid
{7R)-7-[{Phenylacetyl)amino]l-3-{1-N-(4-
fluorophenyl)pyrézol-s—ylthio)-3—cephem—4-carboxy1ic
acid '
{7R)-7-{({4-aminomethylphenyl)acetyl)amino]-3-(2-
isothiouroniummethylphenylthio)-3-cephem-4-
carboxyiate, trifluoroacetic acid salt

(7R} -7-{((N,N’-
diisopropylisothiouronium)acetyl)amino]-3-(2-
isothiouroniummethylphenylthio)-3-cephem-4-
carboxylate, trifluorocacetic acid salt

(7R} -7-[ (methylthiocacetyl)anina] -3~ (2~ (N-
amidino)isothiouroniummethylphenylthio)—3-cephem;4-

carboxylate, inner salt
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(7R)-7-I(methyltﬁioacetyl)amino]-3—(2-
isothiouroniummethylphenylthio)-3~cephem-4-

'carboxflate, inner salt

(7R)-7-[ (Phenylacetyl)amino]-3-(2-~
guanidiniummethylphenylthio)-3-cephém-4-carboxylate,
inner sait

(7R)-7-[(2)-2- (Aminothiazol-4-yl)-2-
(hydroxyimino)acetamidoj-3-(2-

'isothiouroniummethylphenylthio)-3-ce§hem-4-

carboxylate, inner salt _ _
(7R)-7-[(2)-2-(Phenyl) -2- (hydroxyimino)acetamido]-3-
(1-N-(phenyl)Pyrazol-S-ylthib)-3-cephém-4?carboxylic
acid -
(7TR)-7-[((Z-2-Chlorovinyl) thicacetyl)amino]-3-(1-N-
phenylpyrazol-5-ylthio)-3~-cephem-4-carboxylic acid
(7R)-7—[(Phenylécetyl)amino]—3-(27(pyrazol-1-
yl)phenylthio)-3-cephem-4-carboxylic acid

(7R) -7-[ (methylthioacetyl)amino]-3- (2- (N-
amino)isothiouroniumméthylphenylthio)-3-cephem-4-
carboxylate, inner salt _
(7R)-7—[(3—iodoprop-l-ylthioacetyi)amino]-3-(2-
isothiouroniummethy}phenylthio)-3-cephem-4-
carboxylate, inner salt _
(7R)-7-[(Methylthioacetyl)amino]-3-(2—
guanidiniummethylphenylthio)-3-cephem-4-carboxylate,
inner salt _
(7R)-7-[(2)-2- (Phenyl)-2- (hydroxyimino) acetamido]-3-
(2-isothiouroniummethylphenylthio)-3-cephem-4-
carboxylate, inner salt

(7R)-7-[ ((2-guanidinoethylthio)acetyl)amino]-3-(2-
isothiouroniumﬁethylphenylthio)-3-cephem-4-

carboxylate, trifluorocacetic acid salt

L ::l E ! l! ! ] J E ] . ! [3

. Compounds with superior activity_in vitro when

compared to reference antibiotics, are further evaluated in a

murine model for lethal bacteremic peritonitis.
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| Groups of 5 female Swiss-Webster mice {Simonsen,

_ Gilroy, CA) each are challenged by the intraperitoneal (IP)

route with tenfold increments of a bacterial inoculum. This
permits calculation of the mean lethal dose (LDgg) and the

LDqqgq- For preliminary evaluation of a new antibiotic, mice
are challenged IP with an LDjgqp titer of bacteria. In two

equal doses administered at the time of bacterial challenge
and 2 hours later, groups of 10 mice each are treated
subcutaneously with two-fold increments of the test drug and
an antibiotic of known efficacy in mice and humans (i.e.,
positive. control). Mice are observed for 72h. Those alive at
72h are considered long term survivors. The total drug dose in
mg/kg that protects 50% of mice in a group from death is
termed the mean protective dose (PDgg). PDggs are similarly
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
in groups of 5 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.

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
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
observed for 72h. The 50% protective dose (PDgg) 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
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from half the mice that survive are cultured on brain-heart
1nfu51on agar. Anlmals that received a protectlve dosage of

" the test drug w111 be alive at 72h although they may appear

moderately ill to very ill during the observatlon period.
Infected, placebo-treated control mice and those receiving
non-effective i.e. lower dosages of the test drug will"
demonstrate a high rate of mortality. Most of these mice will
die within 6 to 48 h. Those alive at 72h will be considered
long term survivors.
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{Compound numbeérs correspond to those in MIC tables; data
" reported for challenge w1th meth1c1llln-suscept1ble S aureus
‘'strain ATCC 13709.) '

{Compound numbers correspond to those in MIC' tables)

Mortality
Compound: ' Vancomvcin [ 1z 81 87
Dose .
16 mg/kg 0/10 0/10 6/10 2/10 0/10
8 mg/kg 0/10 1/10 0/10 5/10 0/10
4 mg/kg 2/10 5/10 5/10 10/10 3/10
2 mg/kg 8/10 8/10 8/10 8/10 4/10
EDsq (mg/kg) 2.81 3.65 3.41 8.46 1.89
Challenge str MIC 1 < 0.5 0.125 0.125 0.06
L{pg/ml)
Mortali;y
Compound: Yancomvcin Cefotaxime s 41 88
Dose '
40 mg/kg 1/10
20 mg/kg 4/10
10 mg/kg 2/10 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
EDsq (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)
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Compound: - 89 87 101 | 103 104
Dose '
- 40 mg/kg
20 mg/kg
10 mg/kg | 8/10 0/10 0/10 9/10
5 mg/kg 8/10 0/.:1.0 -~ 0/10 5/10 8/10 -
2.5 mg/kg 9/10 2/10 0/10 - 7/10 8/10
1.25 mg/kg 9/10 -3/10 2/10 7/10 10/10
0.625 mg/kg 9/10 5/10 —- 5/10 7/10 6/10
0.3125 mg/kg 8/10 '
EDso (mg/kg) >10° 0.74 0.65 ~ 2.67 >10
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 0710
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 |
EDso (mg/kg) 1.75 0.72 3.04 >10 - 3.45
95% conf. interval 1.12- 0.44- ~~ 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




WO 95/26966 PCT/US95/03976
53
Dose
40 mg/kg.
20 mg/kg
10 mg/kg 0/10 2/10 0/10 7/10
5 mg/kg 0/10 4/10 8/10 0/10 4/9
2.5 mg/kg 5/10 8/10 7/10 0/10 7/10
1.25 mg/kg 6/10 6/10 10/10 6/10 10/10
0.625 mg/kg 8/10 8/10 9/10 8/10 9/10
0.3125 mg/kg 10/10
0.1562 mg/kg _
EDsp (mg/kg) 1.58 3.38 >5 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 -
L {pg/ml)
Mortality
Compound: 127 130 131 137
Dose
40 mg/kg
20 mg/kg
10 mg/kg 6/10 0/10
5 mg/kg 1/10 6/10 0/10
2.5 mg/kg 2/10 9/10 4/10
1.25 mg/kg 4/190 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
ED5q (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

LiMg/mi)




10

15

20

25

30

35

WO 95/26966 | . PCT/US95/03976

54

The present invention will be more fully described

"in conjunction with the follow1ng specific examples which are .

not to be construed in any way as llmltlng the scope of the
invention.

EXAMPLE 1
(7R)-7-[(phenyiacetyl)amino]-3-(4-hiphony1thio)-3-
cephem-4~-carboxylate, benzhydryl ester
To a stirred solution of (7R)-7-

[ (phenylacetyl)amino] -3-trifluoromethanesul fonyloxy-3-cephem-
4-carboxylate, benzhydryl ester (760 mg, 1.2 mmol) in dry DMF
(12 mL) at -60° under nitrogen was added a solution of sodium
4-pheny1benzenethiolate in DMF (3 mL), prepared from 4-
phenylbenzenethiol (320 mg, 1.56 mmol) and sodium
hexamethyldisilazide (1.2 mL of a 1M solution in THF, 1.2
mmol) . aAfter 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
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.
1y mR (cDC13) 8 3.17 (4, 1H, J=18), 3.31 (4, 1H, 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) .

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-
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
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‘heéxamethyldisilazide (0.30 mL of a 1M solution in THF, 0.30
mmol) . After 1 h, the reaction was quenched by addition of.
' dqueous 5% ammonium chioride solution (3 mL). Thé resulting -

mixture was extracted with dichloromethane (3 x 25 mL), and
the extracts were washed with water and saturated sodium
chloride solution. The organic phase was dried over sodium
sulfate and filtered, and the solvent was removed with a
rotary evaporator. The crude product was purified by
chromatography on silica gel (chromatotron, 2 mm plate, 0.25%
MeOH/dichloromethane) to afford 85 mg (42%) of the title
compound. 1H MMR (CDCl3) 8 3.10 (4, 1H, J=18), 3.28 (4, 1H,
J=17), 3.63 (4, 1H, J=16), 3.69 (d, 1H, J=16), 5.00 (4, 1H,
J=4), 5.81 (a4, 1H, J=4,9), 6.07 (4, 1H, J=9), 6.98 (s, 1H),
7.2-7.5 {(m, 20H).

Substantially following the methods described in
Examples 1 - 2, the compounds of the invention listed below in
Examples 3 - 14 were obtained.

EXAMPLE 3

(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.

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

EXAMPLE 5
(7R)-7-1 (phenylacetyl)amino]-3-[2~-phenyl-4-
bromophenylthiol-3-cephem-4-carboxylate, benzhydryl
ester
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This was prepared by a procedure similar to that for

. Example 1, but sodium 2fphenyl—4ebromophenylt§iolate was used.

EXAMPLE 6
(7R) -7-[ (phenylacetyl)amino] -3-(3-iodophenylthio) -3~
ceph.m74ecarhoxylate,"bonzhydryl ester
This was prepared by a procedure similar to that for
Example 1, but sodium 3-iodo-phenylthioclate was used.

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
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,
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
(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. |

. EXAMPLE 10 .
(7R) -[ (phenylacetyl)amino] -3~ (dibenzofuranyl-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.

EXAMPLE 11 |
(7R)-=7-[ (phenylacetyl)amino] -3~ (dibenzofuran-1-
ylthio) -3-cephem-4~-carboxylate, benzhydryl ester
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This was prepared by a procedure similar to that for
Example 1, but sodium dibenzofuran-l-thiolate was used.

EXAMPLE 12
(7R)~7-[ (phenylacetyl)amino) -3~ (dibenzofuran-4-
ylthio)~3-cephem-4-carboxylate, Dbenzhydryl ester
This was prepared by a procedure similar to that 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)dibenzofuran-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-
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methane (3 x 50 mL) ‘and 10% EtOAc/hexane (3 x 50 mL). The

organlc extracts were dried over sodlum sulfate and . flltered
' and the solvent was removed with a rotary evaporator The

crude product was purlfled_by chromatography:on silica gel
(chroma-totron, 4 mm plate, 5% EtOAc/hexane, then 0.25%
MeOH/dichloromethane) to afford 450 mg (56%) of the title
compound. o :

Substantially following the methods described in
Example 15, the compounds of the invention listed below in
Examples 16 - 32 were obtained.

. EXAMPLE 16
(78) -7~ [ (phenylacetyl)amino]-3- [2 (4-
cyanophenyl)phenylthio] - -3-cephem-4-carboxylate, 4-
. methoxybenzyl ester
This'was prepared by a procedure similar to that for
Example 15, but sodium 2-(4-cyanophenyl)phenylthiolate was
used.

EXAMPLE 17
(7R) -7-[ (phenylacetyl)amino]-3-[2, 3~
dichlorqphqnylthio]-3-cephon-4-carhoxy1ate, 4-
methoxybenzyl ester
This was prepared by a procedure similar to that for
Example 15, but sodium 2,3-dichlorophenylthiolate was used.

~ EXAMPLE 18
(78)-7 [(phenylacetyl)amino}-3-[2,5-
dichlorophonylthio] 3-cophom-4-carboxy1ato, 4~
methoxybenzyl ester
This was prepared by a procedure similar to that for

Example 15, but sodium 2,5-dichlorophenylthiolate was used.

_ _ EXAMPLE 19
(7R) -7-[ (phenylacetyl)amino] -3~ (2-bromo-5-
fluorophenylthio)~-3-cephem-4-carboxylate, 4-
methoxybenzyl ester '
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This was prepared by a procedure similar to that for

 Example 15, but sodium 2-bromo-5-fluorophenylthiolate was . . .

used.

EXAMPLE 20 . :
(78)-7-[(phenylacotyl)nﬁino]-3-(2-bromopheny1thio)-3-
cephem-4-carboxylate, 4-methoxybenzyl ester '
This was prepared by a procedure similar to that for
Example 15, but sodium 2-bromophenylthiolate was used.

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
Example 15, but sodium 4-chlorophenylthiolate was used.

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

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

EXAMPLE 25
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(7R)-7-[ (phenylacetyl)amino]-3-(2-chlorophenylthio)~-3-

' cephem-4-carboxylate, 4-nothoxybagzy1"oster;,. )
This was. prepared by a procedure similar to that for

Example 15, but sodium 2-chlorophenyl thiolate was used.

EXAMPLE 26
(7R) -7-[ (phenylacetyl)amino] -3-[4-bromo-3-
(trifluoromethoxy) ~-phenylthio] -3-cephem-4-carboxylate,
4-methoxybenzyl ester
This was prepared by a procedure similar to that for
Example 15, but sodium 4-bromo-3-(trifluoromethoxy)phenyl
thiolate was used.

EXAMPLE 27 _
(7R) -7-[(phenylacetyl)amino]-3-[[4-(2-
imidazolyl)methyl]phenyl-thio]-3-cophom-4-carboxy1ate,
4-methoxybenzyl ester
This was prepared by a procedure similaf to that for
Example 15, but potassium 4-[(2—imida201y1)methyl]phenyl
thiolate was used. '

EXAMPLE 28
(7R) -7-[ (phenylacetyl)amino] -3-[[4~(l1-methyl-2-
imidazolyl)methyl] ~-phenylthiol -3-cephem-4~-carboxylate,
4-methoxybenzyl ester
This was prepared by a procedure similar to that for
Example 15, but potassiumi4-[(1-methyl-2-
imidazolyl)methyl]lphenyl thiolate was used.

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
Example 15, but potassium 2-fluoro-4-(phenyl)phenylthiolate
was used. -

EXAMPLE 30
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(73)-7-[(2-Pheny1acety1)amiqo]-3-[3-(2-
thienyl)phenylthio] -3-cephem-4~-carboxylate, 4&-
' - | methoxybenzyl ester o
This was prepared by a procedure similar to that for
Example 15, but sodium 3-(2-thienyl)phenyl thiolate was used.

EXAMPLE 31
(7R)-7-[(2-Phenylacetyl)amino]-3-[3,4~-
dichlorophenylthio] -3-cephem-4-~carboxylate, 4-
methoxybenzyl ester
This was prepared by a procedure similar to that for
Example 15, but sodium 3,4-dichlorophenyl thiolate was used.

EXAMPLE 32
(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~
trifluoromethanesulfonyloxy-3~-cephem-4-carboxylate, 4-
methoxybenzyl ester and sodium 5-bromo-4-(l-methyl-2-
imidazolyl)phenyl thiolate was used.

EXAMPLE 33
{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
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%
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
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chromatography on silica gel (33% to 50% ethyl acetate/hexane)

_to afford 300 mg (45%) of the title compound. .

EXAMPLE 34
(7R) -7-Amino-3-(2-iodophenylthioc)-3-cephem-4-
carboxylatc, 4-methoxybenzyl ester

A mixture of (7R)-7- (phenylacetyl)amino-3-(2-
iodophenylthio) -3-cephem-4-carboxylate, 4-methoxybenzyl ester
(850 mg, 1.21 mmol) and pyridine (195 pL, 2.42 mmol) in
dichloromethane (5 mL) at 0° was treated slowly with a
solution 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%
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.

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
(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.

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
(7R)-7-[(phenylacetyl)amino]-3-[4-(2-imidazoly1)phenylthiol-3
-cephem-4-carboxylate, benzhydryl ester is used. '

EXAMPLE 37



10

. 15

20

25

30

35

WO 9526966 PCT/US95/03976

63

(7R) -7-Amino-3-[3-bromo-4- (phenyl)pbenylthio] -3-
cephem-4-carboxylate, benzhydryl ester .
' The procedure of Example 33 is employed, except |
(7R) -7~ {(phenylacetyl)amino]-3-[3-bromo-4- (phenyl)phenylthio)
-3-cephem-4-carboxylate, benzhydryl ester is used.

EXAMPLE 38
(7R)-7-Amino~-3-[(2-trifluoromethoxy)phenylthio] -3-
cephem-4-carboxylate, benzhydryl ester
The procedure of Example 33 is employed, except
(7R) -7- [ {phenylacetyl)amino]-3-[ (2~
trifluoromethoxy)phenylthio] -3-cephem-4-~carboxylate,
benzhydryl ester is used.

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
em-4-carboxylate, benzhydryl ester is used.

EXAMPLE 40
(7R) -7-Amino-3-[4-(2-thienyl)phenylthio]) -3-cephem-4-
carboxylate, benzhydryl ester
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
(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,
4-methoxybenzyl ester is used in the presence of a second
equivalent of phosphorus pentachloride and pyridine.

EXAMPLE 42
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(7R)-7—Aqiho-3-[(7-tho:qﬁethy1)41bogzofur§ﬁ-3f -

lethio]—3ééephaﬁ£4ichrbdxyiato; 4;nnthoxybiﬁzy1 estéf..'ﬁ'

Procedure similar to Example 33 is employed, except
5 (7R) -7-[ (phenylacetyl)amino] -3~ [7- (hydroxymethyl) dibenzofuran-
3-ylthio] -3-cephem-4~-carboxylate, 4-methoxybenzyl ester is
used in the presence of a second equivalent of phosphorus
pentachloride and pyridine. '

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]-3-(2,5~dichlorophenylthio) -3~
15 cephem-4-carboxylate, 4-meth6xybenzyl ester is used.

EXAMPLE 44
(7R) -7-Anino-3-[4~-(2-oxazolylmethyl)phenylthio]-3-
cephem-4-carboxylate, 4-methoxybenzyl ester
20 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) amino] -3-[4- (1~
30 imidazolylmethyl)phenylthio]-3-cephem-4-carboxylate, 4-
methoxybenzyl ester is used.

EXAMPLE 46
(7R) -7-Amnino-3~-[4-(1l-imidazolylmethyl)phenylthio] -3-
35 ' cephem-4-carboxylate, 4-methoxybenzyl ester
Procedure similar to Example 33 is employed, except
(7R) -7-[ (phenylacetyl)amino] -3-[4-(1-
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imidazolylmethyl)phenylthio] -3 ~cephem-4-carboxylate, 4-
methoxybenzyl ester is used. '

EXAMPLE 47
5 (7R)-7-Amino-3-[2~-bromo~-4- (ethoxycarbonyl )phenylthio] -
3-cephem-4-carboxylate, 4-methoxybenzyl ester
Procedure similar to Example 33 is employed, except
{(7R) -7-{ {phenylacetyl)amino]-3-[2-bromo-4~
(ethoxycarbonyl)phenylthio]-3-cephem—4-carbokylate, 4-
10 methoxybenzyl ester is used.

EXAMPLE 48
(7R)-7-Amino-3-[{4-(2-thiazolyl)phenylthio]-3-cephem-4-
carboxylate, 4-methoxybenzyl ester
15 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
20 (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.
25
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
30 (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-
35 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-
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h&drOxybenzotridzole (27 mg, 0.20 mmol) in DMF (2 mL) was
added d1cyclohexy1carbod11m1de (45 mg, 0 22 mmol) . After .
stlrrlng for 15 min, a solution of (7R) 7-am1no 3-(2~
bromophenylthio) -3-cephem-4-carboxylate, benzyhydryl ester
(110 mg, 0.20 mmol) in DMF (1.5 mL) was added. The mixture was
stirred at room temperature overnight, and was partitioned
between 20% hexane/EtOAc (20 mL) and water (50 mL). The
organic layer was dried over sodium sulfate, and the solvent
was removed with a rotary evaporator. The crude product was
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. '

. EXAMPLE 52
(7R)-7-[[2-(2-Amino-4-thiazolyl)-2- (syn-
methoxyimino)acetyl] ~amino]-3-(biphenylthio)-3-cephem-
4-carboxylate, benzhydryl ester
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.

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
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
(7R)-7-[[2-(2-Anino-4-thiazolyl)-2-(syn-
hydroxyiminc)acetyl] ~amino] -3-(2-iodophenylthio)-3-
cephem-4-carboxylate, 4-methoxybenzyl ester
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The procedure of Example 51 is employed, but the

'reacﬁants'are 2-(2—amino-4-;hiazolyl)-2-($yn-

hydroXyimino)aéetic'acid and (7R)-7-amino-3-(2- .
iodophenylthio}-3-cephem-4-carboxylate, 4-methoxybenzyl ester.

| EXAMPLE 55
(7R)-7-[[2~(2-Amino~4-thiazolyl)-2-(syn-
hydroxyimino)acetyl] ~amino}-~-3-~{4-
(ethoxycarbonyl)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-
hydroxyimino)acetic acid and (7R) -7-amino-3-{4-
(ethoxycarbonyl)phenylthio]-3—cephem—4—carboxylate, 4-
methoxybenzyl ester.

EXAMPLE 56
(7R)-7-[[2~(2~Anino-4-thiazolyl)-2-[[[syn-(tert-
butoxy)carbonyl-methoxyiminolacetyl]l]aminol-3-[4-(2-
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-
{2-thienyl)phenylthio]l -3-cephem-4-carboxylate, 4-methoxyvbenzyl
ester.

EXAMPLE 57
(7R)-7-112-(2-Amino-4-thiazolyl)-2-[[lsyn-(tert-
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-
butoxy)carbonylmethoxyiminojacetic acid and (7R)-7-amino-3-{4-
{2-furyl)phenylthiol -3-cephem-4-carboxylate, 4-methoxybenzyl
ester.
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EXAMPLE 58
(7R)-7-112-(2-Amino-4-thiazolyl)-2-(syn-2-
' fluoroethoxyimino)- 'acétiijﬁiinbiFS-(zl_'
iodophanylthib)—B-cephom-4-carbéxylate, 4-
methoxybenzyl ester
The procedure of Example 51 is employed, but the

reactants are 2v(2-amino-4—thiazolyl)—2-(synf2-
fluoroethoxyimino)acetic acid and (7R)-7-amino-3-(2-
iodophenylthio)-37cephem-4-carboxylate; 4-methoxybenzyl ester.

EXAMPLE 59
(7R)-[(2-Thienylacetyl)amino]l-3-[6-
(chloromethyl)dibenzofuran-3-ylthio] -3-cephem~4-
- carboxylate, benzhydryl ester

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.

EXAMPLE 60 .
(7R)-[(Z-Thienylacotyl)anino]43-[6-(chloromethy1)
dibenzofuran-l-ylthioj-3-cephem-4-carhoxylato,
benzhydryl .Olftf

The procedure of Example 51 is employed, but the

reactants are 2-thienylacetyl chloride-pyridine and (7R)-7-

amino-3-[6-(chloromethyl)dibenzofuran-l-ylthio]-3-cephem-4-
carboxylate, benzhydryl ester.

"EXAMPLE 60
(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-
amino-3-[6- (chloromethyl)dibenzofuran~1l-ylthio]-3-cephem-4-
carboxylate, benzhydryl ester.

EXAMPLE 61
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(7R)-[[(2-Amino-4-thiazolyl)acetyl]amino]-3-(2-
bromophonylthio) -3~ cophem-t-carboxylato, 4-
' ' methoxybenzyl ester

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

EXAMPLE 62
(7R)-[[(2-Amino-4-thiazolyl)acetyl]amino]l-3-(2-
iodophenylthio)~3-cephem-4-carboxylate, 4-
methoxybenzyl ester
The procedure of Example 51 was employed, but the
reactants were (2-amino-4-thiazolyl)acetic acid and (7R)-7-
amino-3- (2-iodophenylthio) -3-cephem-4-carboxylate, 4-
methoxybenzyl ester.

EXAMPLE 63
(7R)~[(2-Furylacetyl)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-
oxazolylmethyl)phenylthio) -3 -cephem-4~-carboxylate, 4-
methoxybenzyl ester.

EXAMPLE 63a
(7R)-[(2-Furylacetyl)amino]~3-{4-(2-imidazolylmethyl)
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.

EXAMPLE 64 _
(7R)-{{(4-Bromophenylacetyl)amino]-3~[dibenzofuran-3-
ylthio] -3-cephem-4-carboxylate, benzyhydryl ester
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The procedure of Example 51 was employed, but the

':eacﬁants were 4-bromophenylacetyl chloride and (7R) -7-amino-

3- [diBenzofuran-3-ylthio] -3-cephem-4-carboxylate, bénzhydryl
ester. ' :

EXAMPLE 65
(7R) - [ (2-Icdophenylacetyl)amino]l-3-[2~ .
bromophenylthio] -3-cephem-4-carboxylate, benzyhydryl
-  ester | |
The procedure of Example 51 was employed, but the
reactants were 2-iodophenylacetyl chloride and (7R)-7-amino-3-
[2-bromophenylthio] -3-cephem-4~-carboxylate, benzhydryl ester.

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

'3-[2-iodophenylthio]-3-cephem-4-carboxylate, 4-methoxybenzyl

ester.

. EXAMPLE 67
(7R)-[[(2-Iodophenylthio)acetyl]amino]-3-
(biphehylthio)-3-cqphon-4-carboxy1ato, 4-methoxybenzyl
ester o .
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
ester.

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

The procedure of Example 51 was employed, but ;he
reactants were (trifluoromethylthio)acetic acid and (7R)-7-
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amino-3-[4- (2-oxazolyl)phenylthio]-3-cephem-4-carboxylate, 4-
methoxybenzyl ester.

EXAMPLE 69
(7R)-[{(Trifluoronethylthio)acetyllanino}-3-tz-bromo-
4- (ethoxycarbonyl)phenylthio]l-3-cephem-4-carboxylate,

4-methoxybenzyl ester
The procedure of Example 51 was employed, but the
reactants were (trifluoromethylthio)acetic acid and (7R)-7-
amino-3-[2-bromo-4- (ethoxycarbonyl)phenylthio] -3-cephem-4-
carboxylate, 4-methoxybenzyl ester.

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
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(7R) -7-amino-3-{4- (1-methyl-2-imidazolyl) -3-cephem-4-
carboxylate, benzhydryl ester. ' |

EXAMPLE 73
(7R)=7-[[2~-(2-Furyl) -2- (methoxyimino)acetyl]amino] -3~
[6-(hydroxy-mothyl)dibenzofuran?3—y1thio]-3-cophem-4-
carboxylate, benzhydryl ester '

The procedure of Example 51 was émployed, but the
reactants were 2-(2-furyl)-2-(syn-methoxyimino)acetic acid and
(7R)-7-amino-3-[6-(hydromeethyl)dibenzofuran-3—ylthio]-3-
cephem-4-carboxylate, benzhydryl ester.

EXAMPLE 74
(7R)-7-[(D-Phenylglycyl)amino] -3-(dibenzofuran-1-
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.

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
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
(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
presence of tetrahydrofuran and agqueous sodium bicarbonate.

EXAMPLE 77
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{7R)=-7-[(D-({2~Formyloxy)phenylacetyl)amino] -3-[4-{2-
furyl) phenyl-thic] 3-cophem-4 carboxylate, 4-
' ‘methoxybenzyl ester =
The procedure of Example 51 was employed, but the
reactants were D-(2-formyloxy)phenylacetic acid and {(7R)-7-
amino-3-[4-(2-furyl)phenylthio)-3-cephem-4-carboxylate, 4-
methoxybenzyl ester.

EXAMPLE 78
(7R)-7-[(Cyancacetyl)amino]-3-{3-(imidazolylmethyl)
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-
(imidazolylmethyl)phenylthio] ~3-cephem-4-carboxylate, 4-
methoxybenzyl ester.

EXAMPLE 79
{(7R)-7-[(Cyancacetyl)aminol]l-3-[3-dibenzothien~1-
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.

EXAMPLE 80
(7R)-7-[{(Cyancacetyl)amino]-3-[4~(trifluoromethyl)
phenylthio]-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-[4-(trifluoromethyl)phenylthio]-3-cephem-4-~
carboxylate, 4-methoxybenzyl ester.

EXAMPLE 81
(7R)-7-[(0-[D-4~-Ethyl-2,3~dioxo~1~
piperazinecarboxamido] ~c-phenylacetyl)amino]l-3-{2-
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iodof4-(eyanamido)phenylthio]-34cephem-4-earboxylaée,
4-methoxybenzy1 ester
This was prepared by the reactlon of o-[D- 4 ethyl—
2,3-dioxo-1-piperazine-carboxamido] -a-phenylacetyl chloride
and (7R)—7—amino-3—[2—iodo-4-(cYanamido)phenylthio]-3-cephem—
4-carboxylate, 4-methoxybenzyl ester in the presence of
tetrahydrofuran and aqueous sodium bicarbonate.

EXAMPLE 82
(7R)~-7-[ (0~ [D-4-Ethyl-2,3-dioxo-1-
piperazinecarboxamido] -o-phenylacetyl)amino]-3-
[dibenzofuran-3-ylthio] -3~-cephem-4~-carboxylate, 4-
methoxybenzyl ester
This was prepared by the reaction of o-[D-4-ethyl~
2, 3-dioxo-1-piperazine-carboxamido] -0-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.

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-
[ (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
83, the items of the following Examples 84 - 88 were 31m11arly
prepared.

EXAMPLE 84
(7R) -7-[ (phenylacetyl)amino] -3-[7~
(chloromethyl)dibenzofuran-3~-ylthiol -3-cephem-4-
ce:boxylnte, 4-methoxybenzyl ester
This was prepared by the reaction of (7R)-7-
[ (phenylacetyl)amino] -3-[7- (hydroxymethyl)dibenzofuran-3-
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ylthio]l-3-cephem-4-carboxylate, 4-methoxybenzyl ester with 1.1
equivalents of thionyl chloride and pyridine in_me:hylene._

‘chloride at 0°C.

EXAMPLE 85
(7R)~-7-[(2~Furylacetyl)amino]~3~{7-(chloromethyl)
dibenzofuran-3-ylthiol -3-cephem-4-carboxylate, 4-

methoxybenzyl ester
This was prepared by the reaction of (7R)-7-[(2-
furylacetyl)amino] -3~ [7- {(hydroxy-methyl)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.

EXAMPLE 86
(7R)-7-[2-(2-Thienylacetyl)-2-(syn~-
methoxyimino)acetyllamino}l-3-{4~[4'-
(chloromethyl)phenyllphenylthiol-3-cephem-4-
carboxylate,4-methoxybenzyl ester
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.

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
egster
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
and pyridine in methylene chloride at 0°C.

LS

EXAMPLE 88
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(7R)-7-[(0~-[D-4~-Ethyl-2,3-dioxo=-1~ -
piperazinecarhoxamido] -d-phenylacetyl)aminol.-3- [4---
(chloromethyl)phenylthio] 3-cephem- -carboxylate, 4-

methoxybenzyl ester
This was prepared by the reaction of 7-[(0-[D-4-
ethyl-2,3-dioxo-1-piperazine-carboxamido] -a-
phenylacetyl)amino]-34[4-(hydroxymethyl)phenylthio]-3-cephem—
4-carboxylate, 4-methoxybenzyl ester with 1.1 equivalents of
thionyl chloride and pyridine in'methylene'chloride at 0°C.

. EXAMPLE 89

(7R) -7- [ (phenylacetyl)amino]-3-[6- (pyridin-1-

iummethyl)dibenzofuran-3-ylthio] -3-cephem-4-

carboxylate, boqzhydryl ester, chloride salt

This was made by the reaction of (7R)-7-

[ (Phenylacetyl)amino]-3-[6- (chloromethyl)dibenzofuran-3-
ylthio]-3-cephem-4-carboxylate, benzhydryl ester with 4.0
equivalents of pyridine in acetonitrile. Desired material was
obtained by precipitation with diethyl ether.

EXAMPLE 90
(7R) -7-[ (phenylacetyl)amino] -3-[6- (N-methylimidazol-1-
iummethyl)~-dibenzofuran-3-ylthio] -ceph-3-em-4-
carboxylate, benzhydryl ester, chloride salt
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 1-methylimidazole in acetonitrile. Desired
material was obtained'by precipitation with diethyl ether.

EXAMPLE 91 | .
(7R) -7-[ (phenylacetyl)aminol-3-[7-(pyridin-1-
iummethyl)-dibenzofuran-3ey1£hiol-ceph-S-em-l-
carboxylate, benzhydryl ester, chloride salt
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
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equivaleﬁts of pyridine in acetonitrile. Desired material was
obtained by precipitation with diethyl ether.

EXAMPLE 92
(7R)-7~1(2-Furylacetyl)amino)} -3-[7~- (N-methylimidazol-
1-iunmothy1)-dibonzofuran-B-ylthio]-ceph-B-om-4-
carboxylate, 4-methoxybenzyl ester, chloride salt
This was made by the reaction of (7R)-7-[(2-
furylacetyl)amino]-3-[7- (chloromethyl)dibenzofuran-3-ylthio] -
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
(7R)-7-[(2~Furylacetyl)aminol-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] -
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
(7R)-7-1{[2-(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-

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.

EXAMPLE 95 _
(7R)-7-[[2-(2-Amino-4-thiazolyl)-2-(syn-2-~
fluo:oothoxyimino)acotyl]-amino]-S-[&-(N-
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methylimidazol-l-iummethyl)phenylthio]-ceph-3-em-4-

- carboxylate, 4-methox&benzyl -ester, chloride salt _

. This. was made by the reaction of (7R)-7-[[2- (2-
amino-4-thiazolyl) -2- (syn-z fluoroethoxylmlqp)acetyl]amlno]-3-
[4- (chloromethyl)phenylthio] -ceph-3-em-4-carboxylate, 4-
methoxybenzyl ester with 4.0 equivalents of l-methylimidazole
in acetonitrile. Desired material was obtained by
precipitation with diethyl ether.

~ EXAMPLE 96 .
(7R)~-7-112- (2-Amino-4 thiazolyl) 2 (syn-(terxrt-
butoxy)carbonyl-methoxyimino)aqotyl]-;nino]-a-[4- (N~
methylimidazol-l-iummethyl)phenylthio] -ceph~3-em-4-~
carboxylate, 4-methoxybenzyl ester, chloride salt
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
in acetonitrile. Desired material was obtained by
precipitation with diethyl ether.

EXAMPLE 97
(7R)-7-[ (0~ [D-4-Ethyl-2,3-dioxo-~1-
piperazinecarboxamido] -0-phenylacetyl)amino]l-3-[4-~
(py:idin-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-z,3—d10xo-1-plpera21ne-carboxam1do]-a-
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.

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
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This was made by the reaction of (7R)-7-[(2,4-
dlbromophenylacetyl)amlno] -3- [4'-(chloromethyl)blphenylthlo]—,

" 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 99
(7R)-7-[[(2,4-Dichlorophenylthio)acetyllamino]~-3-[2-
bromo-4- (N-methylimidazol-l-iummethyl)phenylthio]-
ceph-3-em~4d-carboxylate, 4-methoxybenzyl ester,
chloride salt
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
with 4.0 equivalents of l-methylimidazole in acetonitrile.
Desired material was obtained by precipitation with diethyl
ether.

EXAMPLE 100
(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)
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
(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)
at 0° was treated with trifluorocacetic 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
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232 .mg (69%) of the title compound. 1y R (acetone-dg) & 3.37

(a4, 1H, J=18),.3.63 (d, 1H, J=18), 3.84 (4, 1H, J=16), 3.92
(d, 1H, J=16), 5.25.(d, 1H, J=5), 5.93 (dd, 1H, J=5,9), 7.2-
7.8 (m, 14H), 8.15 (d, 1H, J=9); IR (KBr) 1513, 1619, 1713,
1784, 3377em~l.

EXAMPLE 102
(7R) -7-[ (phenylacetyl)amino] ~3-(4-bromophenylthio)~3-
cephoh-4-carboxylic acid
To a solutlon of (7R) -7-[ (phenylacetyl)amino]-3-(4-
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
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 (4,
1H, J=16), 3.75 (4, 1H, J=16), 3.64 (4, 1H, J=18), 3.67 (d,
1H, J=18), 5.25 (4, 1H, J=5), 5.92 (4, 1H, J=5), 7.2-7.7 (m,
9H); IR (KBr) 1347, 1386, 1606, 1756, 3276 cm~1i.

 EXAMPLE 103
(7R)-7-1[2-(2~-Amino-4-thiazolyl) -2~ (syn-
methoxyimino)acetyl]amino] -3-(4-bromophenylthio)-3-
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 trifluorocacetic acid. After 1

h, the volatiles 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
Examples 101 - 103, the items of the follow1ng Examples 104 -
141 can similarly be obtained.

‘EXAMPLE 104
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(7R)-7-[[(2-Am1no-4-thiazoly1)acetyl]amino]-3-(2-
b:omophenylthio)-3-cophem-4-carbo$ylic acid

EXAMPLE 105 ‘
(7R)=7-[[(2-Amino-4-thiazolyl)acetyl]lamino]l -3~(2-
iodophenylthio)-3-cephem-4-carboxylic acid

EXAMPLE 106
(7R)-7-[[2-(2-Amino-4-thiazolyl)-2-(syn-hydroxyimino)
acetyllamino]-3-[4-(ethoxycarbonyl)phenylthiol-3-
cephem-4-carboxylic acid

EXAMPLE 107
(7R)-7-[[2-(2-Amino-4-thiazolyl)-2-(syn-
methoxyimino)acetyllaminol~3-(2-iodophenylthio)cephen-
4-carboxylic acld

EXAMPLE 108
(7R)-7-[[2~-(2-Amino-4-thiazolyl)-2~-(syn-2~
fluorocethoxyimino)acetyllamino]-3-(2-iodophenylthio) -
3-cephem-4-~carboxylic acid

EXAMPLE 109
(7R)-7-[[2-(2-Amino-4-thiazolyl)-2~(syn-
carboxymethoxyimino)acetyllamino]-3~[4~-

(2thienyl)phenylthic] -3-cephem-4~carboxylic acid

EXAMPLE 110
{(7R)~-7~-[(0-[D~-4~-Ethyl~-2,3-dioxo-1-~
piperazinecarboxamido] -0~ (hydroxy-

phenyl)acetyl)aminol-3-[2-iodo~4-(cyancamido)phenyl-
thio]-3-cephem~4~-carboxylic acid

EXAMPLE 111
(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
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EMPLE 112
(7R) -7~ [(2 Iodophenylthioacatyl)amino] 3=~ (2-
iodophenylthio)-3-cephem-4-carboxylic acid

EXAMPLE 113
(7R) -7-[(2-Iodophenylthioacetyl)amlno] -3~
(biphenylthio)-3-cephom-4-cgrhoxylic_ acid

 EXAMPLE 114
(7R)-7-[(Cyandacctyl)amino]-3-[3-(imidazolylmethyl)
phenylthio]-3-cephom-4-carhoxylic acid

EXAMPLE 115
(7R) -7~ [(cYanoacotyl)alnino] 3- (dibonzothionyl 1-
vlthio)~-3-cephem-4- carboxylic aclid

EXAMPLE 116
(7R) -7~ [(Cyanoacatyl)aminol 3- [4 (trifluoromethyl)
phenylthio)-3- cephon-l-carhoxylic acid

EXAMPLE 117
(7R)-7-[(Z-Thienylacetyl)gnino]73-[6-(chlo:omothy1)
dibenzofuran-3-y1thio]-3-cephom?4-carboxylic acid

EXAMPLE 118
(7R) =7-[(2-Thienylacetyl)amino] -3-[dibenzofuran-3-
ylthio]-3-cephqn-4-ca:boxy11c acid

| EXAMPLE 119
(7R)-7-[(2-Furylacetyl)amino]-3-[4- (2-oxazolylmethyl)
phenylthio] -3-cephem-4-carboxylic acid

EXAMPLE 120

(7R)-7-[(2~ rurylacotyl)amino] 3- [4-(1 1midazolynethy1)
phenylthio] -3-cephem-4 -carhoxylie acia
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EXAMPLE 121

(7R)-7-[((Trifluo:onethyl)thioagetyl)anigo}-3e[4-(27._

oxazolyl)phenylthiol-3-cephem-4-carboxylic acid’

EXAMPLE 122
(7R)-7-[{(Trifluoromethyl)thicacetyl)amino]~3-[2~
hromo-l-(ethoxy-carbonyi)phonylthio]-3-cephem-4;

carboxylic ‘acid

EXAMPLE 123

(7R)-7-[(D~-(2-Formyloxy)phenylacetyl)amino]-3-[4-(2-

furyl)phenylthiol -3-cephem-4-carboxylic acid

EXAMPLE 124
(7R)-7-[(phenylacetyl)amino] -3~ (dibenzofuran-1-~
ylthio)~3-cephem-4~-carboxylic acid

EXAMPLE 125
(7R)-7-1{ (phenylacetyl)amino] -3~ (dibenzofuran-3-
ylthio)-3-cephem-4~-carboxylic acid

EXAMPLE 126
(7R)~7-[ (phenylacetyl)aminol-3-(6-~-
hydroxymethyldibenzofuran-3-ylthio)-~-3-cephem-4-
carboxylic acid

EXAMPLE 127
(7R) -7~ [ (phenylacetyl)aminol]-3-(7-
hydroxymethyldibenzofuran-3~-ylthio)-3-cephem-4-
carboxylic acild

EXAMPLE 128
(7R)-7-[ (D-Phenylglycyl)amino] -3-(dibenzofuran-1-
ylthio)-3-cephem-4-carboxylic acid

EXAMPLE 129
{(7R) ~7- [ (D-Phenylglycyl)amino] ~-3- (dibenzofuran-2-
vlthio)-3-cephem-4-carboxylic acid
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EXAMPLE 130 _
" (7R)-7-{[2- (2-Furyl) -2- (syn- o
methoxyimino)acetyl]lamino}-3-(dibenzofuran-1-ylthio) -
3fcephcm-4-carboxylic acid .

EXAMPLE 131
(7R) -7-{[2~(2-Furyl)-2- (sya-
methoxyimino)acotyl]amino} -3-(dibenzofuran-2 -ylthio)-
3-cephem- -carboxyllc acid

EXAMPLE 132
(7R)=-7-[(2~(2~Amino~4-thiazolyl)-2-(syn~methoxyimino)
acetyl)amino]=-3- (6 hydroxymothyldibenzofu:an-2-
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-
carboxylic acid

EXAMPLE 134

(78)-7-{[2-(z-ruryl)-2-(nethox?lmino)acetyl]amino)-S-

_(7-hydroxymathyl-dibenzofnran-3-y1thio)-3-cephem-4-
carboxylic acid

| EXAMPLE 135
(7R) -7-{[2- (2-Furyl) ~2~- (methoxyimino)acetyl]amino}-3-
(7 hydroxymethyl- dibenzoturan-l-ylthio) 3-cephem-4-
carboxylic acid

EXAMPLE 136
(7R) -7~ [(phenylacetyl)anino] -3- [6-(DY:idin-inmethy1 1)
dibenzofuran~-3-ylthiol-3~-cephem-4-carboxylate, inner
salt

EXAMPLE 137
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(78)-7-[(phonylacotyl)anino]-B-[6-(N-mathylimidazolF1- _
iummethyl)dibenzofuran-3-y1thio]-coph-S-em-dg
carboxylic acld, inner salt ' ' '

EXAMPLE 138
(7R)-7-[(2-Thienylacetyl)amino]-3-[6~-(N-
methylimidazol-l1-iummethyl)dibenzofuran-3-ylthio] -
ceph~3~-em-4-carboxylic acid, inner salt

EXAMPLE 139
(7R)-7-[{(2-Thienylacetyl)amino]-3-[6-
(pyridiniummethyl)dibenzofuran-3-ylthiolceph-3-em-4-
carboxylic acid, inner salt

EXAMPLE 140
(7R)-7-[(2-Thienylacetyl)amino]-3-[6-
{(pyridiniummethyl )dibenzofuran-2-ylthiol-ceph-3-em-4-
carboxylic acid, inner salt

‘EXAMPLE 141
(7R)-7-1(2~(2~-Amino-4-thiazolyl)~2-{(syn-
hydroxyimino)acetyl)amino-3~(2-iodophenylthioc) -3~
cephem-4-carboxylic acid

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-
[ (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-
methylipyrrolidinone (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
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bicarbonate solution (10 mL). The reSuiting solution was
subjected to reverse phase chromatography (Cls adsorbent 30%

acetonitrile/water), affording 9.2 mg (37%) of the tltle

compound. lH NMR (acetone-dg) & 3.35 (d, 1H, J=16), 3.38 (d,

1H, J=16), 3.64 (d, 1H, J=18), 3.67 (4, 1H, J=18), 5.23 (4,
1H, J=5), 5.83 (dd, 1H; J=5,9), 7.2-7.8 (m, 13H), 8.15 (4, 1H,
J=9); IR (KBr) 1387, 1610, 1654, 1762, 3264cm‘1

Substantially following the method described in
detail hereinabove in Example 142, the compounds of this
invention listed below in Examples 143-156 can be prepared.

EXAMPLE 143
(78)-7-[(Thienylacotyl)aminc]-Bf[4-(2-imidazoly1)
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-
carboxylic acid, sodium salt

EXAMPLE 145
(78)-7-[(2,4-Di£1uorophony1thio)aootylanino]-3-[4-
[(1-methyl-imidazol-4-yl)phenylthio]l-3-cephem-4-

carboxylic acid, sodium salt

EXAMPLE 146 _
(7R)-7-[[2-(2-Furyl)-2-(syn-
methoxyimino)acetyl]aminol-3- [4-[(l-methylimidazol-4-
yl)phenylthio]]-3-cephem-4-carboxylic acid, sodium

' salt

EXAMPLE 147
(7R) -7-[a- [D-4-Ethyl-2,3-dioxo-1~
piporazinocarboxamido]phonylacoty;nhino]-3-[4—[(1-
nethylimidazol-d-yl)phonylthio]]-3-cebhem-4-carboxylic
' acid, sodium salt o
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EXAMPLE 148
(7R) -7~ [D-[(2-Formyloxy)phenylacetyl]amino]l-3-[4-[(1-
3 methyl-imidazol-t-yl)bhenylﬁhio]]-s-éephem-4- . '
carboxylic acid, sodium salt

EXAMPLE 149
(7R)-7-[(2-(Z-Amino-i-thiazolyl)-2-(ayn-nothbxyimiho)
acetyllamino-3-[4-[(l1-methylimidazol-4-
-yl)phenylthiol]l-3-cephem~-4-carboxylic acid, sodium
salt

EXAMPLE 150
(7R)-7~[(2-(2-Amino-4-thiazolyl)-2-(syn-
cyclopentoxyimino)acetyllamino-3-[4-[(1-

methylimidazol-4-yl)phenylthiol]]-3-cephem-4-carboxylic
acid, sodium salt

EXAMPLE 151
(7R)-7-[(2-(2-Amino-4~-thiazolyl)-2-(syn-
cyclobutoxyimino)acetyl]lamino-3-([(4~-{(l-methyl-
imidazol-4-yl)phenylthiol]l~-3-cephem-4~carboxylic acid,
sodium salt

EXAMPLE 152
{7R)~7-1{(D-(2~-Formyloxy)phenylacetyl)amino] -3-[4-{(2~
furyl)phenylthiol -3-cephem-4-carboxylic acid, sodium

' salt

EXAMPLE 153
(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-
(trifluoro-methoxy)-2-(phenyl)phenylthio] -3-cephem-4-
carboxylic acid, sodium salt

EXAMPLE 155
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(7R) =7-[(2-Thienylacetyl)amino]-3-[2-(3,4- _
dicyanophenyl)phenylthio] -3-cephem-4-carboxylic acid,
' : : sodium- salt ' T

.EXAMPLE 156
(7R) -7- [ (phenylacetyl)amino] -3-[2-(2-"
furyl)phenylthio] -3-cephem-4-carboxylic acid, sodium
salt

Example 157
(7R)-7-[ (phenylacetyl)amino]-3-(2-
hydroxymethylphenylthio)-3-cephem-4-carboxylate,
'benzhydryl ester

A solution of sodium 2-hydroxymethylbenzenethiolate
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
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
quenched by addition of saturated aqueous 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,
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
(7R) -7~ [ (phenylacetyl)amino] -3-(2-
brcmomethylph.nylthio)-3-ceph¢mél-carboxylate,
benzhydryl esterx '



10

15

20

25

30

35

WO 95/26966 PCT/US95/03976

89

To a stirring solution of triphenylphosphine (90.5
mg, 0.34 mmol) in THF (5 mL} at room tempeiature_unde:_;rgqn.
was added carbon tetrabromide (80 mg, 0.24 mmol). After 20,
min, to this cloudy white mixture was added a solution of
(7R) -7-[ (phenylacetyl)amino] -3 - (2-hydroxymethylphenylthio)-3-
cephem-4-carboxylate, benzhydryl ester (124 mg, 0.20 mmol) in
THF (3 mL). After‘stirring overnight at room temperature, the
mixture was concentrated with a rotary evaporator, and the
residue was subjected to flash chromatography on silica gel (5
g, 2% methanol/dichloromethane), 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).

Example 159
(7R)-7-[(phenylacetyl)amino]-3-(2~
isothiouroniummethylphenylthio)~3-cephem-4-
carboxylate, benzhydryl ester, bromide salt

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
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).

Example 160
(7R)-7-[ (phenylacetyl)amino]-3-(2-
isothiocuroniummethylphenylthio)~3-cephem-4-carboxylic
acid, trifluorocacetate salt
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
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anisole (0.2 mL) in trifluorocacetic acid (0.4 mL). - After 1 h

at 0 'C, the mixture was concentrated with a rotary -

evaporator, and the residue was triturated wiiﬁJéthef,'
filtered and dried to afford 11.8 mg of the ‘title compound.
1§ NMR (CDCl3/CD3OD) & 3.12 (4, 1, J=18), 3.21 (d, 1, J=18),
3.58 (d, 1, J=16), 3.62 (d, 1, J=16), 4.60 (4, 1, J=12), 4.71
(@, 1, J=12), 5.01 (4, 1, J=4), 5.58 (4, 1, J=4), 6.89 (4, 1,
J=10), 7.2-7.5 (m, 7) 7.58 (d, 1, J=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)
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-
[ (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
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
g, 71%) as an off-white solid. !H 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).

Example 162
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(7Ri-7-[(phénylacetyl)amino]-3-(2-
bromomethylphenylthio) -3-cephem-4-carboxylate, 4-
' ' - methoxybenzyl ester | '

This was prepared by a procedure similar to that for
example 158, but (7R)-7-[{(phenylacetyl)amino]-3-(2-
hydroxymethylphenylthio)-3-cephem-4-carboxylate, 4-
methoxybenzyl ester was used.

Example 163
{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
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
‘C, was stirred for 1lh, 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,
affording 504 mg (48%) of the title compound. 1H NMR (CD3OD) &
3.26 (&, 1, J=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).

Example 164
(7R)-7-[(4-bromomethylphenylacetyl)amino]~-3-(2-~
bromomethylphenylthio)-3-cephem~4-carboxylate, 4-
methoxybenzyl ester

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
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phosphorus oxychloride (41.7 pL, 0.449 mmol) followed be

" diisopropylethylamine (0.26 mL, 1.50 mmol). The mixture was .
‘allowed to stir overnight at';107‘c.' Water was added, and the

mixture was extracted with dichloromethane. The organic phase
was washed with saturated aqueous sodium bicarbonate, 1 M
phosphoric acid solution, and brine, dried (sodium sulfate),
filtered, and conceﬁtrated_with a rotary eVaporator. The
crude product was purified by column chromatography on silica
gel (0.5% methanol / dichloromethane), affording 168 mg (61%)
of the title compound. IH NMR (CDCl3) & 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 (d, 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). '

Example 165
(7R)-7-[(4-isothiouroniummethylphenylacetyl)amino]-3-
(2-isothiocuroniummethylphenylthioc)-3-cephem-4-
carboxyiato, 4-methoxybenzyl ester, dibromide salt
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,
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
(a, 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-
(2-isothiocuroniummethylphenylthioc)~-3-cephem-4-
carboxylic acid, trifluoroacetate salt

To a stirring suspension of (7R)-7-[(4-
isothiouroniummethylphenylacetyl)amino]-3-(2-
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isothiouroniummethylphenylthio)-3-cephem-4-carboxylate, 4-
methoxybenzyl ester, dibromide salt (203 mg, 0.229 mmol) and

anisole (0.1 mi) in dichloromethane (1 mL) at 0 'C was added

trifluoroacetic acid (1 mL). A solution formed, the reaction
was stirred for 30 min, and the solvent was removed with a
rotary evaporator. Thé residue was dissolved in water (150
mlL, with sonication), washed with diethyl ether, and filtered.
The filtrate was lyophilized to afford 205 mg of the title
compound. H NMR (D;0) & 3.20 (d, 1, J=18), 3.38 (4, 1, J=18),
3.61 (s, 2), 4.40 (s, 2), 4.61 (4, 1, J=8), 4.64 (4, 1, J=8),
5.15 (4, 1, Jd=4), 5.59 (4, 1, J=4), 7.2-7.6 (m, 8).

Example 167
(7R)-7-[ (phenylacetyl)aminol]l-3~(2-phenylpyrid-3-
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
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
mL of 1N HC1l 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
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
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,
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and the organic phase was concentrated and subjected to flash
chromatography on silica gel, affording 536 mg of 3-N,N-

- dimethylthiocarbamoyl-2-phenylpyridine. " 1H NMR (CDCls) & 3.23

(s, 3), 3.40 (s, 3), 7.3-7.7 (m, 7), 8.60 (& 1, J=6). This
material was heated in a sealed vial at 250-255 °C for 1.5 h.
The product was dissolved in ethanol (10 mL), 10% agqueous
potassium hydroxide was added (4 mL), and the resulting
mixture was heated under nitrogen at 95-100 °‘C for 2h. The
mixture was partitioned between ethyl acetate and agueous
acetic acid, the orgahic phase 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. 1H NMR (CDCl3) & 3.47 (s, 1), 7.11 (m, 1),
7.45 (m, 3), 7.64 (m, 3), 8.47, (4, 1, J=5).

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)-
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
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,
J=18), 3.61 (4, 1, J=16), 3.64 (4, 1, J=16), 4.81 (4, 1, J=4),
5.79 (ad, 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 =
(7R) -7-[ (phenylacetyl)amino] -3-(2-phenylpyrid-3-
ylthio) -3-cephem-4~carboxylic acid, trifluorocacetic
acid salt '
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To a stirring solution of (7R)-7-
[(phenylacetyl)am1no]—3 (2-phenylpyr1d-3-y1thlo)—3—cephem—4-
carboxylate, benzhydryl ester (32 mg) and anisole (0.1 mL) in
dichloromethane (1 mL) at 0 °C was added trifluoroacetic acid
(1 mL).. After 0.5 h at 0 'C, the mixture was concentrated
with a rotary evaporator. The crude product was triturated
with ether, filtered, and dried to afford 20.1 mg of the title
compound as an off-white solid. H NMR (CD3OD) & 3.22 (4, 1,
J=18), 3.49 (4, 1, J=18), 3.55 (d, 1, J=16), 3.60 (4, 1,
J=16), 5.03 (4, 1, J=5), 5.71 (4, 1, J=5), 7.27 (m, 5), 7.55
{m, 3), 7.60 (m, 3), 8.08 (d, 1, J=10), 8.59 (4, 1, J=5).

Example 169
(7R)-7-[ (phenylacetyl)amino]l-3-(2~-cyanopyrid-3-

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
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
chromatography on silica gel, affording 300 mg of 3-chloro-2-
cyanopyridine. 1H NMR (CDClj3) & 7.50 (44, 1, J=4.8, 8.4), 7.89
(ad, 1, J=1.6, 8.4), 8.63 (4d, 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
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
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},
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6.83 (4, 2, Jg=10), 7.22 (4, 2, J=10), 7.34 (44, 1, J=5, 8),
7.66 (d, 1, J-8),.8 50 (4, 1, J=5). To a solutlon of thls _

' compound (245 mg, '0.96 mmol)- and anisole (0.52" mL, 4 8 mmol)

in trifluoroacetic acid (1.5 mL) at 0 °C was ‘added
trifluoromethanesulfonic acid (0.25 mL, 2.8 mmol). The
mixture was allowed to warm to room temperature, and was
stirred for 1 h. . The solvent was removed with a rotary
evaporator, and the residue was'purified by flash
chromatography on silica gel, affording 117 mg (90%) of 2-
cyano-3-mercaptopyridine. 1H NMR (CDCl3) & 4.15 (s, 1), 7.39
(a4, 1, J=5, 8), 7.78 (d, 1, J=8), 8.48 (4, 1, J=5).

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
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
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.
1H NMR (CDCl3) & 3.15 (4, 1, J=18), 3.60 (d, 1, J=18), 3.63 (4,

.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 (4, 1, J=5).

Example 170
(7R) -7-[(phenylacetyl)amino] -3-(2-cyanopyrid-3-
¥lthio)-3-cephem-4-carboxylic acid
To a stirring solution of (7R)-7-

[(phenylacetyl)amino]-3-(2-cyanopyrid-3-y1thio)-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
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was removed with a rotary evaporator, and the residue was

© triturated with ether, flltered and dried, affordlng 104 mg

(83%) of the title compound. - 1H NMR -(CDCl3) & 3.15 (4, 1,
J=18), 3.54 (4, 1, J=18), 3.65 (4, 1, J=16}, 3.69 (4, 1,
J=16), 5.07 (4, 1, J=4), 5.89 (4d, 1, J= 4, 9), 6.18 (&, 1,
J=9), 7.2-7.4 (m, 5), 7.53 (44, 1, J=5, 8), 7.90 (4, 1, J=8),
8.66 (d, 1, J=5).

Example 171
(7R)-7-[(phenylacetyl)amino]l-3-(l-phenylpyrazol-5-
ylthio)-3-cephem-4-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
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
potassium carbonate solution; the agqueous 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 S5-mercapto-l-phenylpyrazole.
1y NMR (CDC1l3) & 3.42 (s, 1), 6.50 (d, 2), 7.4-7.6 (m, 5), 7.67
(a, 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
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
‘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
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isopropanol, affording 856 mg (68%) of the title compound. 1H
NMR (CDC13) & 2.93 (4, 1, J—18), 2.99 (4, 1, J=18), 3 59 (4,

1 J=16), 3.63 (4, 1 J-16), 3 81 (s, 3}, 4.63 (d, 1 J-4),
5.18 (4, 1, J=12), 5.22 (a, 1, J=12), 5.66. (ad, 1, J=4, 9),
5.95 (4, 1, J=9), 6.70 (4, 1, J=2), 6.90 (4, 2, J=10), 7.2-7.5
(m, 12), 7.76 (4, 1, J=2).

Example 172
(78)-7-[(phonylacotyl)aminb]-3-(1-phonylpyrazol-5-
ylthio)-3-cephem~4-carboxylic acid

To a stlrrlng solution of (7R)-7- '
[ (phenylacetyl)amino] -3~ (1-phenylpyrazol-5-ylthio) -3-cephem-4-
carboxylate, 4-meth6xybenzyl ester (80 mg, 0.12 mmol) and
anisole (0.02 mL) in dichloromethane (2 mL) at 0 °'C was added -
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.
H NMR (acetone-dg) & 3.21 (s, 2), 3.60 (d, 1, J=16), 3.65 (d,
1, Jg=16), 4.96 (4, 1, J=4), 5.71 (a4, 1, J= 4, 9), 6.83 (4, 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-

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
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
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. 1H
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NMR (CDCl3/CD3OD) & 2.74 (d, 1, J=18), 3.17 (d, 1, J=18), 4.65
(@, 1, J=4), 4.84 (4, 1, J=4), 6.65 (4, 1, J=2), 6.75 (d. 2, .
J=9}, 7.20 (4, 2, J=9), 7.2-7.4 (m, 5), 7.64 (&, 1, J=2).

Example 174

(7R)-7~-[ (cyancacetyl)amino]-3-(l-phenylpyrazol-5-

ylthio)-3-cephem~-4-carboxylate, 4-methoxybenzyl ester
To a stirring solution of (7R)-7-amino-3-(1-

phenylpyrazol-5-ylthio) -3~-cephem-4-carboxylate, 4-
methoxybenzyl ester, hydrochloride salt (110 mg, 0.222 mmol)
and cyanoacetic acid (36 mg, 0.42 mmol) in dry THF (4 mL) at -
30 °C was added diisopropylethylamine (0.19 mL, 1.11 mmol)
followed by phosphorus oxychloride (39.5 uL, 0.42 mmol).
After 1 h at -20 °C, the mixture was partitioned between water
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
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).

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-

[ {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
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
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47.5 mg (50%) of the title compound. A sample was treated
with HCl and dried for H NMR analysis. !H NMR (acetone-dg) &

'3.24 (4, 1, J=18), 3:30 (4, 1, J=18), 3.79 (s, 2), 5.06 (d, 1, =

J=4), 5.76 (4, 1, J=4), 6.87 (4, 1, J=2), 7.4-7.6 (m, 5), 7.82
(a, 1, J=2).

Example 176
(7R) -7-[(phenylacetyl)amino] -3~ (1~ (pyrid~2-yl)pyrazol-
5-ylthio)-3-cephem-4-carboxylate, 4-methoxybenzyl
_ ester

To a stirring solution of 2-pyridylhydrazine (3.30
g, 30.2 mmol) and malonaldehyde bis(dimethylacetal) (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).
The mixture was heated at reflux for 3h, and was allowed to
cool to room temperature. The mixture was concentrated with a
fotary evaporator, and the residue was triturated with ether
and filtered. The remaining solid was dissolved in water,
basified with saturated aqueous sodium bicarbonate, and
extracted with ethyl acetate. The organic extracts were
washed with water and brine, dried (sodium sulfate), and
concehtrated 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,
10), 8.00 (4, 1, J=10), 8.42 (44, 1, J=2, 8), 8.59 (d, 1,
J=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
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
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
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(€, 1, J=2), 7.22 (44, 1, J=8, 10), 7.63 (4, 1, J=2), 7.87

(at, 1, J=2, 10), 8.01 (d, 1, J=10), 8.44 (4&d, 1, J=2, 8).

To ‘a stirring solution of'5¥méfcabfoéll(pyria—2—
yl)pyrazole (95 mg, 0.540 mmol) in DMF (2 mL)' at 0 °C was
added a solution of sodium bis(trimethylsilylamide) in THF
(0.40 mL, 1 M, 0.40 mmol). This solution was added to a
solution of (7R)-7-[ (phenylacetyl)amino]-3-
(trifluoromethanesulfonyloxy)-3—cepheﬁ-4-carboxylate, 4-
methoxybenzyl ester (235 mg, 0.400 mmol) in DMF (12 mL) at -40
*C. After 20 min at -40 °C, the reaction was quenched by
addition of saturated aqueoﬁs ammonium chloride 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
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,
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

(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
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
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
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‘0il was triturated with hexane to afford the title compound

{60 mg, 75%) as a pale yellow solid. IH NMR (ace;onequ) 8.__
3.55 (& 1, J=18), 3.63 (4, 1, J=16), 3.71 (d, ‘1, J=16), 3.79
(d, 1, J=18), 5.25 (d, 1, J=4), 5.89 (dd, 1, J=4, 9), 6.44 (d,
1, J=2), 7.2-7.4 (m, 6), 7.78 (4, 1, J=2), 7.92 (4, 1, J=10),
8.02 (at, 1, J=2, 10), 8.18 (4, 1, J=9), 8.48 (ad, 1, J=2, 8).

Example 178 _
(73)-7-[(phenylacet&l)amino]-3-(2-(pYrazol-l-y1)pYrid-
3-ylthio)-3-cephem-4-carboxylate, 4-methoxybenzyl

ester .

A mixture of 2-chloro-3-nitropyridine (942 mg, 5.94
mmol), pyrazole (967 mg, 14.2 mmol) and powdered potassium
carbonate (2 g) in DMF (10 mL) was stirred vigorously at room
temperéture for 4 days. The mixture was diluted with water,
causing precipitation of a solid, which was filtered 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,
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
was removed with a rotary evaporator. 10% agqueous 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-1l1-
vl)pyridine as a brown oil. 1H NMR (CDCl;) 8§ 5.62 (br s, 2),
6.46 (m, 1), 7.05 (ad, 1, J=5, 8), 7.24 (ad, 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
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 wa:er/saturated agueous sodium bicarbonate (1:1,



10

15

20

25

30

35

WO 95/26966 PCT/US95/03976

103

22 mL) at 60 °C. The mixture was heated at 60 °"C for 10 min,
and was extracted with ethyl acetate, drled over sodlum

sulfate, and concentrated. Theé crude product was purified by o

silica gel chromatography (hexane/ethyl acetate 4:1),
affording 250 mg of the ethyl xanthate derivative. This
material was dissolved in ethanol (4 mL) and was treated with
30% aqueous sodium hydroxide (2 mL)} After 3 h, the mixture
was neutralized by addition of 0.5 M citric acid solution,
extracted with ethyl acetate, dried over sodium sulfate, and
concentrated. The crude product was purified by silica gel
chromatography, affording 166 mg (40%) of 3-mercapto-2-
(pyrazol-1-yl)pyridine. 1H NMR (CDCl;) & 5.92 (br s, 1), 6.47
(m, 1), 7.08 (44, 1, J=5, 8), 7.72 (44, 1, J=2, 8), 7.78 {m,
1), 8.21 (ad, 1, J=2, 5), 8.42 (4, 1, J=3).

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-
[ (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
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
(¢, 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 (d, 2, J=10), 7.2-7.4 (m, 5), 7.59 (44, 1, J=2, 8),
7.78 (m, 1), 8.28 (44, 1, J=2, 5), 8.40 (m, 1).

Example 179
(7R) -7-[(phenylacetyl)amino]-3~(2-(pyrazol-1-yl)pyrid-
3-ylthio)-3-cephem-4-carboxylic acid, sodium salt
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To a sﬁirring solution of (7R)-7-
[(phenylacetyl)amino]-3-(2-(pyrazol-l—yl)pYridf3-ylthio)-3-

- cephem-4-carboxylate, 4-methoxybenzyl ester (80 mg) and

anisole (0.1 mL) in dichloromethane (1 mL) at 0 'C was added
trifluorcacetic acid (1 mL). After 30 min at 0 'C, the
mixture was concentrated to an oil, and was partitioned
between ether and saturated aqueous sodium bicarbonate. The
aqueous phase was subjected to reverse'phASe chromatography on
C(18), eluting with water followed by acetonitrile/water. The
fractions containing product were lyophilized, affording 43 mg
of the title compound. H NMR (D;0) & 3.10 (4, 1, J=18), 3.50
(4, 1, J=18), 3.64 (d, 1, J=16), 3.69 (4, 1, J=16), 5.10 (4,
1, J=4), 5.62 (d, 1, J=4), 6.61 (m, 1), 7.2-7.4 (m, 5), 7.52
(m, 1), 7.82 {m, 1), 7.93 (br 4, J=8), 8.14 (m, i), 8.37 (mf
n. |
Example 180

(78)-7-[(phenylacotyl)anino]-3-{2-(N;N'-(bis)tertf

butyloxyca:bonylguanidinomothyl)phchylthio]?B-cephem-
4-carboxylate, 4-methoxybenzyl ester

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
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 (CDC1l;) & 2.63
(¢, 2, J=7), 3.18 (t, 2, J=7), 3.68 (s, 3), 4.79 (s, 2), 7.27
(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)
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
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column chiomatography on silica gel, affording 1.62 g (68%) of

~methyl 3- [2-(N, N’-(bls)tert-butyloxycarbonylguanldlno-

methyl)phenylthlo}proplonate *H NMR (CDCl3) §1.25 (s, 9),
1.46 (s, 9}, 2.62 (t, 2, J=7), 3.13 (t, 2, J=7}), 3.69 (s, 3),
5.39 (s, 2), 7.0-7.4 (m, 4), 9.42 (br s, 1), 9.53 (br s, 1).
To a stirring solution of methyl 3-[2-(N,N’-
(bis) tert-butyloxycarbonylguanidino- '
methyl)phenylthiolpropionate (63 mg, 0.13 mmol) in DMF (1 mL)
at room temperature was added potassium tert-butoxide (15 mg,
0.13 mmol). After 4 h, this mixture was transferred by
cannula into a stirring solution of (7R)-7-
[ (phenylacetyl)amino] -3~trifluoromethanesul fonyloxy-3-cephem-
4-carboxylate, 4-methoxybenzyl ester (79 mg, 0.13 mmol) in DMF
(0.5 mL) at -40 °C. The mixture was stirred for 40 min at -40
‘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)
afforded 44 mg (40%) of the title compound. 'H NMR (CDCl;) &
1.28 (s, 9), 1.42 (s, 9), 3.05 (d, 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,
J=12), 7.03 (d, 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-
(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-
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
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vacuo, and the residue was triturated with ether and filtered,
affordlng the title compound (25 mg, 95%) as a llght yellow

‘powder. H NMR: (CD;0D) &3. 10 (@, I, J=17), 3.41 (4, 1, I=1i7), AN

3.54 (4, 1, J=12), 3.58 (4, 1, J=12), 4.48 (s, 2), 5.04 (4, 1,
J=5), 5.59 (4, 1, J=5), 7.2-7.4 (m, 92).

Example 182

(7R) -7- [ (phenylacetyl)amino]l -3~ (2~
chloromethylphenylthio)-3~cephem-4-carboxylate, 4-
methoxybenzyl ester

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-
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
(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) &
3.08 (d, 1, J=18), 3.25 (4, 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).

. 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-
chloromethylphenylthio) -3-cephem-4-carboxylate, 4-
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methoxybenzyl ester (11.6 g, 19.5 mmol) and pyridine (3.20 mL,

°39.6 mmol) in dichloromethane (50 mL) at 0 °C was added slowly.
- a solution of phosphdrus-pentachloride (6.40 g, 30.7 mmol) in
" dichloromethane (75 mL). After 2 h at 0 *'C, isobutanol {1.82

mL, 19.8 mmol) was added. The mixture stirred for 2 h at 0
‘C, dichloromethane was added (500 mL), and the resulting
solution was washed with saturated aqueous sodium bicarbonate
(2 X 400 mL), water (2 X 400 mL}), 1M agueous HCl (2 X 400 mL),
and brine (2 X 400 mL). The organic phase was dried (sodium
sulfate), trifluoroacetic acid (1.6 mL, 20.8 mmol) was added,
and the mixture was concentrated with a rotary evaporator.
The resulding beige solid was triturated with ether and dried,
affording the title compound (6.53 g, 57%) as a pale brown
solid. 1H NMR (CDCl3/CD3OD) & 2.85 (d, 1, J=18), 3.34 (4, 1,
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

(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-
butyloxycarbonyl-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.
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-

butyloxycarbonylguanidino)ethanethiol. 1H NMR (CDCli) & 1.43



10

i5

. 20

25

30

35

WO 95/26966 PCT/US95/03976
108

(¢, 1, J=8), 1.48 (s, 18), 2.73 (dt, 2, J=8, 6), 3.63 (q, 2
J=6), 8.67 (br s, 2).

To a stirring solution of 2-(N,N'fdi¥tért;
butyloxycarbonylgﬁanidino)éthanethiol (1.08 g, 3.37 mmol) and
methyl bromoacetate (516 mg,'3.37 mmol) in THF (10 mL) at 0 °C
was added triethylamine (0.56 mL, 4.04 mmol). The mixture was
allowed to warm to room temperature and was stirred overnight.
The mixture was partitioned between ethyl acetate and water,
and the aqueous layer was extracted with ethyl acetate. The
combined organic phases were washed with water and brine,
dried over sodium sulfate, and concentrated. The residue was
subjected to column chromatography on silica gel (5-10% ethyl
acetate/hexane), affording 1.24 g (95%) of methyl [2~(N,N’-di-
tert-butyloxycarbonylguanidino) ethyl]thicacetate. 1lH NMR
(CDCl3) & 1.48 (s, 18), 2.83 (t, 2, J=8), 3.26 (s, 2), 3.65
(@, 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
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 extracts were washed with
water and brine, dried over sodium sulfate, and concentrated
to afford 1.06 g of [2-(N,N’-di-tert-
butyloxycarbonylguanidino)ethyl]thioacetic acid as a white
solid. 1H NMR (CDC13) & 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-

'butyloxycarbonylguanidino)ethyl]thioacetic 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
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
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saturated aqueoué sodium bicarbonate solution, water, 10%
aqueous HC1l solution, and brine. After drying over sodium

‘sulfate, the mixture was concentrated with a rotary

evaporatory, and the residue was subjected to6 chromatography
on silica gel (0-3%'MEOH/dichloromethane), affording 228 mg
(82%) of the title compound. lH NMR (CDCli) § 1.51 (s, 18),
2.80 (t, 2, J=8), 3.22 (4, 1, J=18), 3.30 (d, 1, J=18), 3.34
(s, 2), 3.62 (m, 2), 3.82 (s, 3), 4.80 (s, 2), 5.01 (4, 1,
J=4), 5.31 (s, 2), 5.75 (4ad, 1, J-4, 9), 6.90 (d, 2, J=10),
7.3-7.6 (m, 7), 8.60 (br s, 2).

Example 185

(7R)-7-[((2-N,N’'~-(bis)-tert-
butyloxycarbonylguanidinoethylthio)acetyl)amino]-3-[2-
(iodomathyl)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-
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
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 (4, 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),
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-
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(isothiouroniummethyl)phenylthio] -3-cephem-4-
carboxylate, 4-methoxybenzyl ester

To a stirrihg'sblution of (7R)-7-[((2-N,ﬁ’—(bis)-
tert-butyloxycarbonylguanidinoethylthio)aéet&l)amino]-3-[2—
(iodomethyl)phenylthio]-3-céphem—4-carbbxylate, 4-
methoxyben2y1 ester (239 mg, 0.258 mmol) at room temperature
in acetonitrile (2 mL) was added thiourea (19 mg, 0.258 mmol).
After 4 h, the solvent was removed with a rotary evaporator,
and the residue was triturated with ether, filtered, and
dried, affording 240 mg (93%) of the title compound. 1H NMR
(CDCl3) & 1.48 (s, 18), 2.81 (m, 2), 3.21 (4, 1, J=18), 3.40
(s, 2), 3.42 (4, 1, J=18), 3.60 (m, 2), 3.80 (s, 3), 4.70 (4,
i, J=11), 4.87 (4, 1, J=11), 5.12 (4, 1, J=4), 5.27 (s, 2),
5.56 (a4, 1, J-4, 9), 6.50 (br s, 1), 6.89 (a, 2, J=10), 7.3-
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-guanidincethylthioc)acetyl)amino]-3~-[2-
(isothiocuroniummethyl)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-
methoxybenzyl ester (240 mg, 0.240 mmol) and anisole (100 uL)
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
lyophilized 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).
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Under substantially the same procedures as in
Examples 184-187, the items of the follow1ng Examples 188 219

" can similarly be obtalned

Example 188

(7R)-7-[((3-guanidinopropylthio)acetyl)amino]-3-[2-
(isothiouroniummethyl)phenylthio] -3~-cephem~-4-
carboxylate, trifluorcacetic acid salt

Example 189

(7R)-7-[((4~guanidinobutylthio)acetyl)amino}-3-[2-
(isothiouroniummethyl)phenylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 190

{(7R)-7-[((2-N,N"~
dimethylguanidinocethylthioc)acetyl)amino]-3-[2-
(isothiocuroniummethyl)phenylthiol]-3~-cephem-4-
‘carboxylate, trifluorocacetic acid salt

Example 191

(7R)-7-[((3-N,N"'~
dimethylguanidinopropylthio)acetyl)amino]-3-~[2-
(isothiouroniummethyl)phenylthio]l-3-cephem-4-
carboxylate, trifluoroacetic acid salt

Example 192

(7R)~-7-[((4-N,N"'~
dimethylguanidinobutylthio)acetyl)amino]-3-[2-
{isothiocuroniummethyl)phenylthio] -3-cephem-4-

carboxylate, trifluorocacetic acid salt

Exanple 193
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(7R)-7=-[( (2-isothiouronium)_éthylthioacetyl Yaminol-3-
[2- (isothiouroniummethyl)phenylthio] -3-cephem-4-~
carboxylate,  trifluorocacetic acid salt

Example 194

(7TR)-7-[((3 -iséi:hiouroniumpropyl_) thicacetyl)amino] -3~
. [2-(isothiouroniummethyl)phenylthiol -3-cephem-4-
carboxylato,' trifluoroacetic acid salt

nxmple 195

(7R)-7-[( (4 -isot'hiouréniumbutyl Jthiocacetyl)amino]~-3-
[2- (isothiouroniummethyl)phenylthio] - 3-cephem-4-
carboxylate, trifluorcacetic acid salt

Example 196

(7R)-7-[((2-N,N"'-
dimethylisothiouronium)ethylthiocacetyl)amino]-3-[2-~
(isothiouroniummethyl)phenylthio)l ~-3-cephem-4-
carboxylate, trifluoroacetic acid salt

nxmp_le 197
(TR)=7-1((3- |
N,N' dimethylisothiouroniunpropy; )thiocacetyl)amino]-3-
[2-(isothiouroniummethyl)phenylthio]l-3-cephem-4-~-
carboxylate, trifluorocacetic acid salt

Example 198

(7R)-7-[((4-N,N'-
dimethylisothiouroniumbutyl) thioa._c_etjrl )amino}l-3-(2~
(isothiouroniummethyl)phenylthio] ~3-cephem-4-
carboxylate, trifluorocacetic acid salt
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Example 199
. (7R} -7-[((2~ _ _ ) _ -
tetramethylisothiouronium)ethylthicacetyl)aminol-3-[2-
(isothiouroniummethyl)phenylthicl -3-cephem-4-
carboxylate, trifluorcacetic acid salt

Example 200

(7R)-7-[((3-
tetramethylisothiouroniumpropyl)thiocacetyl)amino}-3-
[2- (isothiouroniummethyl)phenylthio]l -3~cephem-4-
carboxylate, trifluorocacetic acid salt

Example 201

(7R)-7-[( (4~
tetramethylisothiouroniumbutyl)thiocacetyl)amino]-3-{2-
(isothiouroniummethyl)phenylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Exanple 202

(7R}~7-1{(2-((iminomethyl)amino)ethylthiocacetyl)amino] -
3-[2-(isothiocuroniummethyl)phenylthio]l -3~cephem-4-
carboxylate, trifluorcacetic acid salt

Example 203

(7R)-7~[(2-((N-
methyliminomethyl)amino)ethylthicacetyl)amino}-3-[2-
(isothiouroniummethyl)phenylthio] ~3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 204

(7R)-7-[(3-_
((iminomethyl)anino)propylthioacetyl)amino]-3-[2-'
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(isothiouroniunmethyl)phdnylthio]-3-cephem-4-
carboxylate, trifluoroacetic acid salt

Example 205
(7R)-7-[(3-((N- : '
methyliminomethyl)amino)propylthiocacetyl)amino]-3-[2-

(isothiouroniummethyl)phenylthiol -3-cephem-4-
carboxylate, trifluorcacetic acid salt

Example 206

(7R)-7-[(4;((iminomethyl)anino)butylthioacetyl)amino]-
3~-[2-(isothiocuroniummethyl)phenylthiol -3-cephem-4-
carboxylate, trifluorcacetic acid salt

;xnnple 207

_ (7R)~7-[ (4~ ( (N~
methyliminomethyl)amino)butylthicacetyl)amino]-3-[2-
(isothiouroniummethyl)phenylthio] ~-3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 208

(7R)-7-[((2-amidin1um)ethylthioacctyl)aninoj-s-[2-
(isothiouroniummethyl)phenylthio] -3-cephem-4-
carboxylate, trifluorocacetic acid salt

tianpld 209
(78)-7-{((3-amidiniumpropy1)thioacetyl)amino]-3-[2-

(isothiouroniummethyl)phenylthiol -3~-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 210
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(7R)-7-[((4-amidiniumbutyl)thioacetyl)amino]l-3-[2-
(isothiouroniumnothyl)phonylthio]73-cgphqm-4- )
' carboxylate, trifluorocacetic acid salt '

Example 211

(7R)-7-1[(2-(N,N'~
dimethylamidinium)ethylthicacetyl)amino]-3-[2-
(isothiouroniummethyl)phenylthioc]-3-cephem-4-
carboxylate, trifluoroacetic acid salt

Exanple 212

(TR)-7-[((3-
(N,N'dimethylamidinium)propyl)thicacetyl)amino]-3-[2~
(isothiouroniummethyl)phenylthio]-3-cephem-4-
carboxylate, trifluoroacetic acid salt

Example 213

(7R)-7-[({4-(N,N"'~
dimethylamidinium)butyl)thicacetyl)aminol-3-[2~
{(isothiouroniummethyl)phenylthio]-3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 214

(7TR)-7-[((2-
(tetramethylamidinium)ethyl)thicacetyl)amino]-3-[2-
(isothiouroniummethyl )phenylthiocl -3-cephem-4-
carboxylate, trifluorocacetic acid salt

Example 215

(TR)-7-[((3~
(tetramethylamidinium)propyl)thicacetyl)amino}-3-[2~
(isothiouroniummethyl)phenylthio] ~-3-cephem-4-
carboxylate, trifluorocacetic acid salt
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Examp;e_zls'
(7R)-7~-[((4-
(tetramethylamidinium)butyl)thiqacetyl)anino]-3-[2-

(isothiouroniummethyl)phenylthiol-3-cephem-4-
carboxylate, trifluorcacetic acid salt

Example 217

(7R)=7-[((2-amidinium)methylthiocacetyl)amino]l-3-[2-
(isothiouroniummethyl)phenylthioc] -3-cephem-4-~
carboxylate, trifluorcacetic acid salt

Example 218

(7R)~-7-[((2-N,N"*~-
dimethylamidinium)methylthicacetyl)amino]~3~[2-
(isothiouroniummethyl)phenylthio)-3-cephem-4-
carboxylate, trifluorcacetic acid salt

Examplé 219

(7R)-7-[((2~-
tetramethylamidinium)methylthicacetyl)aminol-3-[2-
(isothiocuroniummethyl)phenylthiol -3-cephem-4-
carboxylate, trifluorcacetic acid salt

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.

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.
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Those references not previously incorporated herein
by reference, including both patent and n§n—patent refe;enqes,
are expressly'incorporated herein by reference for all '
purposes. '

Other embodiments are within the following claims.



10

is

20

25

30

) EN
THIS REPLAGED

PCT/US95/03976

WO 95/26966

118

i s I

1. A (7R)-7-(acylamino)-3- (arylthio)-3-cephem-4-
carboxylic acid cephalosporin antibiotic that has antibiotic
activity against an organism resistant to a beta-lactam -
antibiotic. .

2. The cephalosporin antibiotic of claim 1 that
has a MIC that is less than 50% of the MIC of Cefotaxime for a
beta-lactam resistant Staphylococcal or Enterococcal organism.

3. The cephalosporin antibiotic of claim 2 that
has a MIC that is less than 10% of the MIC of Cefotaxime for a
beta-lactam resistant 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.

A compound comprising the formula:

. 5.
R? S
m g~ (CHanY

CO,R?

and its pharmaceutically acceptable salts and prodrugs,

wherein

Rl is -NHC(0)ZR3 or -NRURS, where z is -CHy(X)-, -
C(NOR®) -, -CH(OR?)-, -C(CHCO,R®)- or -cH(NROR®)-, 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
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 independently from the group consisting
of hydrogen, alkyl, acyl, an% heterocyclecarbonyl;

or Rl is -NHCK»'J\S
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R? is hydrogen, alkyl, alkenyl, aryl, heterocycle,
aralkyl, heteroaralkyl, or trialkylsilyl; '

‘"n is 0 or 1; and

Y is selected from the group consisting of aryl and
heterotricycle; '
provided that when n is 0 and Rl is selected from

the group consisting of phenylacetamido, phenylthicacetamido,
phenyloxyacetamido, D-G-aminophenylacetamido, thienylacetamido
and D-mandeloylamido, Y is not phenyl substitued with Cq-Cy4

alkyl, C;-C4 alkoxyl or halogen, other than 2-bromo or 2-
iodo; and

provided that when n is 1, Y is not phenyl when rR3
is 4-(2-amino)thiazolyl and 2 is -C{NOCH,COzH)-.

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,
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.

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®
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
alkyl, and R3 is aryl or heterocycle.
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12. ' The compound of claim &, wherein RS is selected

" from the group. con51st1ng of 2- fluoroethyl cyclopropylmethyl, .
'aliyl dichloroallyl and cyclopentyl and R3 is selected from

the group consisting of phenyl, 2-thienyl, 2-fury1 and 2-
aminothiazol-4-yl. '

13. The compound of claim 5, wherein Y is selected
from the group consisting of l—dibenzfufanyl, 2-dibenzfurahyl,'
3-dibenzfuranyl, 4-dibenzfuranyl, 1-dibenzthieny1; 2-
dibenzthienyl, 3-dibenzthienyl, 4-dibenzthienyl, 2-biphenyl,
3-biphenyl, and 4-biphenyl.

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,

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
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18.  An antibacterial composition for treating a f3-
lactam antibiotic resistant bacterial. infection, ¢comprising a
'thérapeutically effective amount of a écﬁpound of claim 5 in a
pharmaceutically acceptable carrier.

19. The composition of claim 18, wherein said
bacteria is a R-lactam resistant Staphylococcal or

Enterococcal organism.

20. A compound comprising the formula:

R! s ﬁ)lcuz)pmz
pro B«
CO.R?
and its pharmaceutically acceptable salts and prodrugs,
wherein
Rl is -NHC(0)2R3 or -NR4R®, where 2 is -CH, (X)p-, -
C(NOR®)-, -CH(OR7)-, -C(CHCO,R®)- or -cH(NROR10)-, wherein X

is O or S and m is 0 or 1;
S

or R is 'NHCK»'J\S
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
acyl; '

R8 may be selected from the group of hydrogen,
alkyl and aryl;

R? and R10 are selected independently from the
group consisting of hydrogen, alkyl, acyl, and
heterocyclecarbonyl;

p=1L1lor 2
R11l is H or halogen
+ NR1IR

R12 ig ,f'w NR'R' here w = S, NH, or CHp
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and R13-R16 are H, hydroxy, amino, aminidino, alkyl,
cycloalkyl acyl, or phosphoryl and taken together may form a,
' 5- or 6-membered ring
or R12 is s-R17 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 dialkylaminomethyl;

21. The compound of claim 20, wherein RI is -
S

AL

NHC (0) ZR3 or Rl is -NHC(O)

22. The compound of claim 21, whereln R3 is alkyl,
cyano, aryl or heterocycle.

23. The compound of claim 21, ﬁherein R3 is
selected from the group consisting of methyl, cyano, phenyl,
thienyl, furanyl, and 2-aminothiazolyl.

24. The compound of claim 21 wherein Z is -CHz(X}m-
, Xis 8§, 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
group consisting of guanidino, isothioureido and amidino.

26. The compound'of claim 21, wherein 2z is -
C(NORG)-, R® is selected from the group consisting of hydrogen
and alkyl, and R3 is heterocycle.

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,

2-furyl and 2-aminothiazol-4-yl. _#“’_’__—_,___———~

// : o . This S Been Re; ‘b‘ced

(AN I \!\\_ _ I \\“\\\ L
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28. The compound of claim 20, wherein p is 0, 1 or
+NR1GR14
2, Rl ig H or halogen, R12 is Fw NR¥R' Lnere W = S, NH, or
CH2, and R13-R16 are hydrogen or lower alkyl.

29. The compound of claim 28, wherein p is 1, R11
+ NR‘SR"‘
is hydrogen, R12 is Fw” nm1oRte where W = S or NH, and R13-gr16
are hydrogen.

30. A method of treating a mammal suffering from a
B-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
infected with a B-lactam resistant Staphylococcal or
Enterococcal organism.

32. An antibacterial composition for treating a R-
lactam antibiotic resistant bacterial infection, comprising a
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
Enterococcal organism.

A compound comprlslng one of the formula:

prop-Wb- ok
COR? R CO,R? n
and their pharmaceutically acceptable salts and prodrugs
wherein
Rl is -NHC(0)ZR3 or -NR4R5, where Z 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
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or. Rl is -NHCK»'J\

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

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,
alkyl and aryl;

RI and Rlolare selected independently from the
group consisting of hydrogen, alkyl, acyl, and
heterocyclecarbonyl;

R18 is optionally substituted phenyl or heteroaryl.
or cyano;

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,
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.

35. The compound of claim 34, wherein Rl is -
S

NHC (0)ZR3 or Rl is ‘NHCK”'J\S

36. The compound of claim 35, wherein R3 is alkyl,
cyano, 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. __,——»——'——"—”——”—_'
een Replaced -
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38. ‘'The compound of claim 35 wherein 2 is'-CHz(X)m-'

", X is S, and m is 0 or 1.

39. The compound of claim 38 wherein M is 1 and R3
is alkyl substituted with a substitutent selected from the
group consisting of guanidino, isothioureido and amidino.

40. The compound of claim 35, wherein Z is -
C(NORG)—, R6 is selected from the group consisting of hydrogen
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
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
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
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
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
a pharmaceutically acceptable carrier.

as Been Replaced

"
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46.
6 The comp051tlon of claim 45, wherein said

bacte
ria is a E lacta.m res:.stant Staphylococcal
Enterococcal organ:.sm .
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