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NOVEL ANTIMICROBIAL QUINOLONYL LACTAM ESTERS

y . Ronald E. White
i o Thomas P. Demuth, Jr.

. BACKGROUND OF THE INVENTION :

This invention relates to novel antimicrobial compounds and
compositions. ~ The compounds of this invention contain a
quinolone moiety and a lactam-containing moiety, in a new

10  chemical entity. g |
' The chemical and medical literature describes a myriad of
compounds that are said to .be antimicrobial, i.e., capable of
destroying or suppressing the growth or rebroduction of
microorganisms, such as bacteria. In particular, antibacterials
15 include a large variety of naturally-occurring (antibiotic),
synthetic, or semi-synthetic compounds. They may be classified
(for example) as | the aminoglycosides, ansamacrolides,
beta-lactams (including penicillins and cephalosporins), lincos-
aminides, macrolides, nitrofurans, nucleosides, oligosaccharides,
20 peptides and polypeptides, phenazines, polyenes, polyethers,
quinolones, tetracyclines, and sulfonamides. Such antibacterials
and other antimicrobials are described in Antibiotics,
Chemotherapeutics, and Antibacterial Agents for Disease Control
(M. Grayson, editor, 1982), and E. Gale et al., The Molecular
25 Basis of Antibiotic Action 2d edition (1981), both incorporated

by reference herein.
The mechanism of action of these antibacterials vary.

However, each can be generally classified as functioning in one
or more of four ways: by inhibiting cell wall synthesis or
30 repair; by altering cell wall permeability; by inhibiting protein
synthesis; or by inhibiting synthesis of nucleic acids. For
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their pharmacological characteristics, such as their
bioavailability, and biodistribution. Accordingly, selection of

15 an appropriate antibacterial (or other antimicrobial) in any
given clinical situation can be a complicated analysis of many
factors, including the type of organiém involved, the desired
method of administration, and the location of the infection to be
treated. _

20 The development of microbial resistance is one factor in the
selection of an appropriate antimicrobial (particularly anti-
bacterials), which is of increasing concern in medical science.
This "resistance" can be defined as existence of organisms,
within a population of a given microbial species, that are less

25 susceptible to the action of a given antimicrobial agent. Such
resistant strains may subvert the mechanism of action of a
particular antimicrobial, or chemically degrade the antimicrobial
before it can- act. For example, bacterial resistance to
beta-lactam antibacterials has arisen through development of

30 - bacterial strains that produce beta-lactamase enzymes, which
degrade the antibacterial.

In part as a result of the intense use of antibacterials
over extended periods of time, many highly resistant strains of
bactaria have avolved. This is of particular concern in

35 environments such as hospitals and nursing homes, which are
characterized by relatively high rates of infection and intense
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may be produced that are essentially resistant to even the newest

~ developed antibacterial agents.

The 1literature .describes many attempts to enhance the
efficacy of antimicrobials, and to overcome the development of
microbial resistance. Many such attempts involve the combination
of antimicrobials. For example, Thabaut et al., 16 Presse Med.

2167 (1987) describes combinations of pefloxacin (a quinolone)

with the beta-lactams cefotaxime and cefsulodin. Lenoc et al.,
36 Path. Biol. 762 (1988), describes combined use of cephems with
aminoglycosides, and with quinolones. Japanese Patent
Publication 60/06,617, published January 14, 1985, also describes
compositions containing beta-lactams and quinolones. 0‘Callaghan
et al., 10 Antimicrobial Agents and Chemotherapy 245 (1976),
describes a mercapto pyridine-substituted cephem, which is said
to liberate an active antimicrobial agent when the cephalosporin
is hydrolyzed by beta-lactamase. Mobashery et al., 108 J.
American Chemical Society 1684 (1986), presents a theory of
employing bacterial beta-lactamase in situ to release an
antibacterially-active leaving group from the 10-position of a

cephem.
However, many such attempts to produce improved
antimicrobials yield equivocal results. Indeed, few

antimicrobials are produced that are truly clinically-acceptable
in terms of their spectrum of antimicrobial activity, avoidance

“of microbial resistance, and pharmacology.

SUMMARY OF THE INVENTION

The present invention provides compounds of the formula:
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(A) R! is hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a
carbocyclic ring, a heterocyclic ring, R102-0-, R1OacH.N-,

(R10) (R11)N-, R12.¢(=CHR1S)-C(=0)NH-,

15 R12-C(=NO-R14)-C(=0)NH-, or R13-(CHy)n-C(=0)NH-; where

(1) m is an integer from 0 to 9;

(2) RI0 and RIl are, independently, R10a where RIOZ s
hydrogen, alkyl, alkenyl, a carbocyclic ring, or a
heterocyclic ring substituent; or R0 and RIl together

20 -comprise a heterocyclic ring including the nitrogen to
which they are bonded;

(3) R12 §s hydrogen, alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a heterocyclic
ring; '

25 (4) RI3 is RI2, -71, or -CH(Z2)(R12);

(5) R14 is R12, arylalkyl, . heteroarylalkyl,
-C(R17) (R18)COOH, -C(=0)0-R12, or -C(=0)NH-R12, where
R17 and RI8 are, independently, RI2 or together
comprise a carbocyclic ring or a heterocyclic ring

30 including the carbon atom to which R17 and RI8 are
bonded; '

(6) RIS is R14, halogen, -Z1, or -CH(Z2)(R12);

(7) 11 is -C(=0)0RI6, .-C(=0)R16, -N(RI9)RIE, -S(0)pR24, or
-OR24; and 72 is 71 or -OH, -SH, or -SO3H;

35 (a) p is an integer from 0 to 2;

his Sheet Has Been Replaced

T




¥envi ronnent s

such as hospitals and nursing homes, which are

M cri zed by relatively high rates of infecti'on and intense

use

bék i ous
stant. 5
eria

#aut et al .,

10

15

20

25

30

35

of

anti bacterials. See, e.g. W Sanders, Jr. et

"I nductibl e Beta-|actamases: Cinical and Epi dem ol ogi c
tions for Use of Newer Cephdlosporins", 10 Reviews of
D sease

evel oprrent of

bact er i af bt ﬁal né198 dr&%ﬂ{'gdﬂfﬂ i nce‘Bge?’ﬁat heteredidy

(8)

(€)

(D)

may be produchetdrioalkeny?; ea;surboeydlycreﬁigstantietheo@tﬂﬂcthe

devel oped antib rial ents ¢f at ure
ri bes many attenpts to enﬁﬁ{r?g Sggﬁ C(é |cacy di )ﬁTI m r obi
to overcome the devel opmenéH ((Z JIRIZ)  awd crZbi 45 r MR IRISe. Rll‘?anwasuch

npts inwol ve the conbinat tgfprise a RMéietY! | Borided@Pi € SR16 FQG exaaP! &
16 Presse Med

heterocyclic ring; and

(c) R0 s RIZ, NH(RIZ), N(RIZ)(R21), oO(R2l), or
S(R21); where R2l is alkyl, alkenyl, a carbocyclic
ring, a heterocyclic ring, or when R20 s
‘N(R12)(R21) R2] may be a moiety bonded to RI2 to
form a heterocyclic ring; and

 (8) RI6 is R24 or hydrogen; where R24 is alkyl; alkenyl;

arylalkyl; heteroalkyl; heteroalkenyl; heteroarylalkyl;
a carbocyclic ring; a heterocyclic ring; or, when 21 is
N(RI9)RI6 and R16 is R24, RI6 and R19 may together
comprise a heterocyclic ring including the nitrogen
. atom to which R19 is bonded;
RZ is hydrogen, halogen, alkoxy, or R22C(=0)NH- , where R22
is hydrogen or alkyl;
bond "a" is a single bond or is n11, and bond "b" is a
single bond, a double bond, or is nil; except bond "a" and
bond "b" are not both nil;
R3 is -C(R10a). or -CHp-R23-; where R23 is -C(Rl03), -0-,
or -N-, and R23 js directly bonded to N’ in Formula (I) to
form a S-membered ring;
except, if bond "a" is nil, then R3 is
(1) -C(R10a)(z3)-, where
(i) Z3 is -R16, -0R2S , -S(0)pR25, where r is an
integer from 0 to 2, -OC(=0)R25, or -N(R25)R26;
(i1) R25 and R26 are, independently, alkyl, alkenyl,
carbocyclic ring or heterocyclic ring
substituents; or R25 and R26 together comprise a
heterocyclic ring including the nitrogen atom to
which RZ5 and RZ6 are bonded; or

e
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' -OCH(R29)COOH; where R29 is hydrogen, alkyl, alkenyl,
a carbocyclic ring, or a heterocyclic ring; and R30 is
hydrogen, alkyl, alkenyl, or -NHR103; or, if R4 is
-C(O)NHSO2N(R29)(R30), R29 and R30 may together
15 comprise a heterocyclic ring including the nitrogen to
which R29 and R30 are bonded; and '
(F) (1) if bond “a" or bond "b" is nil, then RS is Y;
(2) if bond "a* and "b" are single bonds, RS s
-X2-C*/=C(R102)-R31.y-, or -x2-C"’(R32)-R31-Y-; or
20 (3) if bond "a" is a single bond and bond "b" is a double
bond, RS is -C(R10a) (R33)-x2-c"* -R31l.y-;
-Xx1-Cc(R10a)(R33)-c"/-R31-Y-; or -X2-C*’-R31-Y-; where
(a) X1 is 0 or C(R33), where R33 is hydrogen, alkyl or
alkoxy; :
25 (b) X2 is 0; S(0)s, where s is an integer from 0 to 2;
or C(R33);
(¢) R31 is nil, - alkyl, alkenyl, a carbocyclic ring,
or a heterocyclic ring; _
(d) R32 is hydrogen; alkyl; alkenyl; -COOH; or, if R4
30 is -C*(R28), R32 may be linked to C* to form a
o 3-membered carbocyclic ring;
(e) Y is 0 or Z4-R34.0, where
(1) 74 is -0-; -S(0)¢-, where t is an integer of
¢ to 2; or -NRIC2.; and

35
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(2) R3% is alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a
heterocyclic ring; and

' (3) Y is directly bonded to C’
(f) €"' is bonded to R to form a 5- or 6-membered
ring;

(6) (1) Al is N or C(R40); where R40 is hydrogen, hydroxy,

alkoxy, nitro, cyano, halogen, alkyl, or N(R1O)(Rrlly,
and
(2) A2 is N or C(R6); where R6 is hydrogen or halogen;
(3) A3 is N or C(R41); where R4] is hydrogen;
(4) R8 s hydrogen, alkyl, a carbocyclic ring, a
heterocyclic  ring, alkoxy, hydroxy, alkenyl,
“arylalkyl, or N(R10)(Rll);
(5) R7 is hydrogen, halogen, alkyl, a carbocyclic ring, or
a heterocyclic ring; and '
(7) RY is hydrogen, halogen, nitro, or N(RIO)(R1l);
(H) except that
(1) when Al is C(R40), R8 and-R40 may together comprise a
heterocyclic ring including N" and Al;
(2) when A2 is C(R6), R6 and R7 may together comprise
-0-(CH2)n-0-, where n is an integer from 1 to 4; and
(3) when A3 is C(R41), R8 and R4l may together comprise a
heterocyclic ring including N* and the adjacent carbon
to which R4l is bonded;
and pharmaceutically-acceptable salts and biohydrolyzab1é esters
thereof, and hydrates thereof.
It has been found that the compounds of this invention, and

.compositions containing these compounds, are effective
antimicrobial agents against a broad range of pathogenic

microorganisms. These compounds provide advantages versus
antimicrobial agents among those known in the art, including (for
example) the spectrum of antimicrobial activity, potency, the
avoidance of microbial resistance, reduced toxicity, and improved

pharmacology.
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ripg, Rerr]-0-, Rerr]CH=N, (Rlerr])(Rerr])N, :
R grr]-C(=CHR[err])-C(=O NH, 15 Rigrr]-C(=NO-Rerr])-C(=O NH, or
R grr]-(CH2)[err]-C(=O NH; where (1) mis an integer fromO
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E'Si’g’ R[zgr . bd dsed Rifr tHe iinvENtS0R] musts] Qtéﬂrdlﬁgly,CUéZblﬁﬁn]a&e(R[xes‘rﬂy) ;

t.ero. | al "
L Ror 1) (R err j3epkabla A9 wseg derfinpuctha congmariiispladiebtae
RLf and Rlerr] gr@mpbﬁdmoeMmﬁel ythaRl®s osuitabde hfor use with humans and/or
cofpri se a carbog o] hef clid fel 3 ‘s
“ingluding the car ’ﬂ'a?ﬁ omﬂt"@g&mg‘ﬁ‘ﬂuem‘ﬁ %éll?ifg%aregw&s QSuch as toxicity,
10 irritation, and allergic response) commensurate with a reasonable
benefit/risk ratio.

Quinolonyl Lactam Esters

The compounds of this invention, herein referred to as
"quinolonyl 1lactam ester"s", encompass any of a variety of
15 lactam-containing moieties linked, by an ester linkage, to the
3-carboxy group of a quinolone moiety. These compounds include
those of the formula:

20
R2
9
n1___a3 (u) O R
W iy DN
Ao
. wherein i
(A) R! is hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a
30 carbocyclic ring, a heterocyclic ring, R102-0-, R103CH=N-,

(R10)(RI1)N-,  RI2-C(=CHR1S)-C(=O)NH-, or (preferably)
R12.C(=NO-R14)-C(=0)NH-, or R13-(CH2)m-C(=O)NH-; where
(1) m is an integer from 0 to 9 (preferably 0 to 3);
(2) R0 and R!! are, independently, R102 where R102 is
35 hydrogen, alkyl, alkenyl, a carbocyclic ring, or a
heterocyclic ring substituent; or RIO and R1l together
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] (6) Rerr] is Rerr], .halogen, -Z[err], or

af err])(R[err]) (7) Z[err] s -C( O)CR[err]

O)R[err] -N(Rlerr])Rerr], -S(OpRerr], or -OR[err];
Z[err] is Zerr] or -OH -SH, or -SQerr;H; 35 (a) pis
nteger fromO to 2; (b) Rerr] is

ogen; al kyl; al kenyl het e
roal kenyl :  a car bocycCPEPY sﬁgaq}ftﬁ\é?%(‘&cﬂ"@ including the nitrogen to

-Sg err] H; - ( O)\Rtharth]ey areobgndedyhen Rl err] is
I’ZI[ g;r]é( R[nglr;][g/ E;?ﬂdklﬂ'? I's] Rﬁgﬁr‘?%&l(R[eﬁrkL R[eﬁfllenﬂ R[ﬂﬁféroaml 5
rocyclic ring; and - heteroalkenyl, a carbgcyckierying,i or R[ &eterocyclic
err]), s N(Rlerr]) (RE@4nd ) .(pré&¥eraBly ] AlkyBr a carbocyclic ring, or a
heterocyclic ring);
(4) RI3 is RIZ, .71, or -CH(Z2)(R12);
(5) R4  §s  RIZ,  arylalkyl,  heteroarylalkyl,
-C(R17)(R18)COOH, -C(=0)0-R12, or -C{=0)NH-R1Z2, where
10 R17- and RI8 are, independently, RIZ or together
~ comprise a carbocyclic ring or a heterocyclic ring
including the carbon atom to which R17 and RI8 are
bonded (preferably R12 or -C(R17)(R18)COOH;
(6) RI15 is RI4, halogen, -Zl, or -cu(zz)(alz) (preferably
15 o R19 or halogen);
(7) 71 is -C(=0)ORI6, -C(=0)RIS, -N(RI9)RIS, -S(0)pR24, or
-0R24; and 22 is Z1 or -OH, -SH, or -SO3H;
(a) p is an integer from 0 to 2 (preferably 0);
(b) RIS is hydrogen; alkyl; alkenyl; heteroalkyl;
20 S héteroa'lkeny]; a carbocyclic ring; a heterocyclic
ring; -SO3H; -C(=0)R20; or, when RI3 s
-CH(Z2)(R12) and 22 is -N(RI9)R1S, RI9 may
comprise a moiety bonded to RI6 to form a
heterocychc ring; and
25 - (c) R20 4s RIZ, NH(RIZ), N(RIZ)(R2]), 0(R21), or
S(R21) (preferably RI12, NH(RIZ), N(R12Z)(R21));
where R21 s alkyl, alkenyl, a carbocyclic ring, a
heterocyclic ring, or (preferably) when R20 is
N(R12)(R21) R2] may be a moiety bonded to RIZ to
30 : form a het'erocycl'ic ring; and
(8) R16 is R24 or hydrogen; where R24 is alkyl; alkenyl;
arylalkyl; heteroalkyl; heteroalkenﬂ; heteroarylalkyl;
" a carbocyclic ring; a heterocyclic ring; or, when 7! is
N(RI9)R16 and R16 is R24, RIE and R19 may together
35 comprise a heterocyclic ring including the nitrogen

[
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and R err]alkyl Rlecatbocys] &0 ringuos Rhetetoayeyic adegher

alky e | |
C ok ) A AT oretragl "

og.e
ﬁyd&%gmr@vserw Ryl ; alky

ond "a" is nil, then Rerr] is

-ORgerr] , 19(Oferr] Rﬁsr{J,-aﬁﬂlﬂiﬁe fo-,i §r A 23 is directly bonded to
) ¥o. rSfaacd rehb

intgger fromO to 2, NOKr @y

15

20

25

30

35

(€)

& (1) Ao f *dd Fing;

except, if bond "a" is nil, then R3 is

(1)

(2)

(1)

(2)
(3)

(preferably) -C(R103)(Z3)-, where

(i) 23 is -R16, -OR25, -S(0)rR25-, where r is an
“integer from 0 to 2 (preferably 0), -0C(=0)R25, or
-N(R25)R26 ; | I

(ii) R25 and R26 are, independently, alkyl, alkenyl,
carbocyclic ring - or heterocyclic ring
substituents; or R25 and R26 together comprise a
heterocyclic'ring including the nitrogen atom to
which R25 and R26 are bonded; or

-CH2-R27-; where R27 " is -C(R10a)(R24), -0-, or -NRIO,

and R27 is directly bonded to N" in Formula (II) to

form a 5-membered ring;

if bond "b" is a single bond, R4 is (preferably)

-CH(R28)-; or, if bond "a" is nil; -C{O)NHSOz-; or

-C*(R28)-; if RS contains a R~ moiety; where R28 is

hydrogen or (preferably) COOH, and C* is linked to R-

to form a 3-membered ring;

if bond "b" is a double bond, R is -C(RZ28)=; or

if bond "b" is nil, R4 is hydrogen, -SO3H, -PO(OR29)0OH, -

-C(O)NHSO2N(R29) (R30),  -0SO3H,  -CH(R30)COOH, or

-OCH(R29)COOH (preferably -SO3H or

-C(O)NHSO2N(R29) (R30)); whera 829 is hydregen, alkyi,

alkenyl, a carbocyclic ring, or a heterocyclic ring;

and R30 is hydrogen, alkyl, alkenyl, or -NHR1O03; or
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tituents; or

whi

- 6-
-CRlerr])(Rerr]),
di fjectly bonded to N

nbered ring;

Rerr])-; or,
JNHSO err] -

| 1

15

20

25

30

35

. of (ii) R25 and R26 are, independently, alkyl, alkenyl,
ocyclic ring

or het erocyclic ring

R25 and R26 together conprise a

i f

rocyclic ring including the nitrogen atomto
h Rlerr] and R err] are bdonded; or 35 -l1-
(2)

-0-, Gpreferakly)} if R is -C( )NHS%zN(Rzgth?°R[eR4% and

-CHerr]- R[err]- ere

in ﬁzﬂ'ﬁﬂiat ihéﬁ’cﬁ Fise a heterocycluc rxng 1n€1ud1n

“l% n(l ;ogen to wﬂ%]hgzﬂ' %.da;ﬁb narg?el bonde Rherr

(For (IJC*(f{bbnd]7& orlUbndF{bﬂ'ﬁk nil, then RS is Y;

ai ns an R82 noi et
C is Ilnked to

m(G)

nber ed
-x C"'=C(R1 a) -R31.y-, or -x2 C"'(R32) R31.y.; or

(3) (preferably) if bond "a" is a single bond and bond "b"
is a double bond, RS is -C(R103)(R33)-x2-c"’-R31-Y-; or
(preferably) - -X1-c(R10a)(R33)-c*’-R3l-y-; . or
-X2:C"/-R31-Y-, where
(a) X! is 0 or C(R33), where R33 is hydrogen, alkyl or

alkoxy;
(b) X2 is 0; S(0)s, where s is an integer from 0 to 2
(preferably 0); or C(R33); '
(c) R31 js nil, alkyl, alkenyl, a carbocyclic ‘ring,
' or a heterocyclic ring; -

(d) R32 is hydrogen; alkyl; alkenyl; -COOH; or, if R%
' is -C*(R28), R32 may be linked to C* to form a
3-membered carbocyclic ring; -

(e) Y is O or Z4-R34-0, where
(1) z4 is -0-; -S(0)t-, where t is an 1nteger of
0 to 2 (preferably 0); or -NR1O2-; and
(2) R34 §s  alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a
heterocyclic - ring (preferably alkyl or
alkenyl); and
(3) Y is directly bonded to C’
(f) C"’ is bonded to R4 to form a 5- or 6-membered
ring;

(1) Al is N or C(R40); where R4 is hydrogen, hydroxy,
alkoxy, nitro, cyano, halogen, alkyl, or N(R10)(Rll)
(preferably hydrogen or halogen), and .

(2) A2 is N or (preferably) C(R6); where R6 is hydrogen or
halogen; '

(3) A3 is N or (preferably) C(R41); where R41 is hydrogen;

R%/Ze)rr Og@gw Orargoq'ﬁngle bonds, RS s
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2 bond "b" is a double bond, Rerr] is.-C(Rerr])=; or

)& if bond "b" is nil, Rerr] is hydrogen, -S(Jerr]H -PQORerr])CH, 10
Nquerr]N(R[err])(R[err]) -0s0[err] H, -CH(R[ err]) COOH, or
-'_':(R[err])COO—I where R err] is hydrogen, al kyl, alkenyl,

afgdrbocyclic ring, or a heterocycllc rlnglzand R S

hyldr. , | kyl , H
g%ﬁgq er?] N( R[ er@) erﬁ ) h; u % iy ﬂ@’r Rhﬁgpcbct'cfgetméﬂ 153

pri se a heterocyclic Iletmgocyuilmdl nginghe nalkorxgen tydroxy, alkenyl

ch Reerr] and Rerr] g rﬁ]a'i’eﬂdedar NRIO)(RIL)  (Bdferstly Bdrghf! ol 3

d"b" is nil, then R err

are single bonds,carbeeyglic ring);
err]-Cegr]=C(R e(rsr)L)n%R[@r n}drsoge@r hm;@éﬁ] atk h(B{r%E}éhB[ eﬁ@ gr or
: i f

REeZ r] iéeaterocycqlc r'ﬂw (ngperagﬁy a rheter'ucyc?lc rmg)
R[err])(R[err]) X[errén&:[err] Rerr]-y-;

re(rar] C(R[err])(R[(ﬁ)”]ﬁ9?%e|§e{¢ﬂr9§§r?rhlbé’g§n ﬁlr e‘{"rh(ﬁo@,(%i REarGH]Ig

h rogen al kyl (H} except that al koxy; 25 (b)
Xrrl 1;2)) S(O's, (heryhen b ?{'C'(Rm‘%lerksf AN R3Ot Ray’; ‘together comprise a

or C(R[err I S n|I nyl, a
cg bocyclic ring, heterocyc]u(. ')‘“ nelu ing; Nf cand, 6§ycl ic ring;
() Rlerr] is hydrodey; whekylA2 aiskeg(RB), - R0shd ORT hiy RE&jether comprise

-0-(CH2)n-0-, where n is an integer from 1 to 4; and
(3) when A3 is C(R41), R8 and R4l may together comprise a
15 heterocyclic ring including N" and the adjacent carbon
| to which R4l is bonded;
and pharmaceutically-acceptable salts and biohydro'!yzable'esters'
thereof, and hydrates thereof.

20 Definitions and Usage of Terms:

~ The following is a list of definitions for terms used herein.

"Heteroatom" is a nitrogen, suifur or oxygen atom. Groups
25 containing one or more heteroatoms may contain different
heteroatoms. _ _

"Alkyl" 1is an unsubstituted or substituted saturated
hydrocarbon chain radical having from 1 to 8 carbon atoms,
preferably from 1 to 4 carbon atoms. Preferred alkyl groups

30 include (for example) methyl, ethyl, propyl, isopropyl, and
butyl.

"Heteroalkyl" is an unsubstituted or substituted saturated
chain radical having from 3 to 8 members comprising carbon atoms
and one or two heteroatoms.

35 '
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is -C(Rlerr]), Rerr] my be linked to C* to
' 3-menber ed carbocyclic ring;
is 0 or Zerr]-Rerr]-O where : (1) z4 is
S(Ot-, where t is an integer of : 0Oto
= -NR[err]-; and 35 -13- -7-
R err] IS al kyl , al kenyl , het er oal kyl ,
eroal kenyl , a GAthmM:I is anj Mg;ub&trltutsed or substituted hydrocarbon

erocyclic ri ”E’naf'ﬁ” d1c havmg from 2 to 8 caﬂ?ﬂn ai(oniss 9*61%?5!5 pafled to

jj/‘\l\) 1 A—hw

Cg 5 bonded, t - menber ed
rifho; (g to (41}-3”933“ F%“'SN 6‘? é@ﬁ[’@r at ) ea\ﬁlﬁe‘?‘@ °€q#ﬂ|"FT q°§b}PyGPB‘ben,
hygir oxy, "Carbocyclic: ring" is an unsubstituted or substituted,

5 saturated, unsaturated or aromatic, hydrocarbon ring radical.

Carbocyclic rings are monocyclic or are fused, bridged or spiro

~ polycyclic ring systems. Monocyclic rings contain from 3 to 9
atoms, preferably 3 to 6 atoms. Polycyclic rings contain from 7
to 17 atoms, preferably from 7 to 13 atoms.

10 “Cycloalkyl"” is a saturated carbocyclic ring radical.
Preferred cycloalkyl groups include (for example) cyclopropyl,
‘cyclobutyl and cyclohexyl.

"Heterocyclic ring" is an unsubstituted or substituted,
saturated, unsaturated or aromatic ring radical comprised of

15 carbon atoms and one or more heteroatoms in the ring.
Heterocyclic rings are monocyclic or are fused, bridged or spiro
polycyclic ring systems. Monocyclic rings contain from 3 to 9
atoms, preferably 3 to 6 atoms. Polycyclic rings contain from 7
to 17 atoms, preferably from 7 to 13 atoms.

20 ~ "Aryl" is an aromatic carbocyclic ring radical. Preferred
aryl groups include (for example) phenyl, tolyl, xylyl, cumenyl
and naphthyl.

"Heteroaryl" is an aromatic heterocyclic ring radical.

Preferred heteroaryl groups include (for example) thienyl, furyl,

25 pyrrolyl, pyridinyl, pyrazinyl, thiazolyl, pyrimidiny]l,
' quinolonyl, and tetrazolyl. '

"Alkoxy" is an oxygen radical having a hydrocarbon chain

substituent, where the hydrocarbon chain is an. alkyl or alkenyl

_(i.e., -0-alkyl or -0-alkenyl). Preferred alkoxy groups include

30 (for example) methoxy, ethoxy, propoxy and allyloxy.

"Alkylamino" is an amino radical h;ving one or two alkyl
substituents (i.e., -N-alkyl).

“Arylalkyl" is an alkyl radical substituted with an aryl
group. Preferred arylalkyl groups include benzyl and

35 phenylethyl. '
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nitro, cyano, halogen, alkyl, or N(Rlerr])(Rerr]),
3 (2) A2 is Nor C(R6); where R6 is hydrogen or hal ogen;

err] is Nor C(Rerr]); where R err] is hydrogen; (4) R8
dr ogen, al kyl, a carbocyclic ring, a
gocyclic ring, al koxy, hydr oxy4.- al kenyl , .
Iélkyl or N(Rerr])(Rerr]); 15 (5 HRerr] is hydrogen,
,alkyl, a Car"hpgmhh@' rig10an Gdmine radical substitufed&i€hOGNChi{l

=l
.

; k Ls hydr ogen, hal ogen, nitro, or
; err])(R[err]?muP ( tept t hat (1) when Alerr] is
C(gerr]), Rerr] andAFyu@:xyhyn ogret tueygesompdicad haging a aryl substituent

erocyclic rlng { alg? ir\l[err] and Alerr]; (2) when Alerr]
r] ’and

i sgC(R[err]), may together conprise

-0 (CH[err]ﬁ[err] - "Agrier ern” wbany‘i nnégerradﬂs 1farped; byswgmoval of the

ﬁ g er\ggsgl |A§ 'r;Sn hydrdky f?@ma%ﬁ' Béﬂbd@hé Oﬂéid"eh @Orpkté 03-). Preferred
err a car

t ofwhi ch Rlerr]- ggkyﬂéﬁﬂu\e J CJHH c‘lé‘ﬂ eCea‘I | 3¢ é‘EEpt 9FPH st and

‘bi ghydr ol yzabl e pedpdonayl. thereof and hydr at es thereof. I't.

ha

e, found (hat HEGRRTPOHI Yl Begblh SAKEr s 0, g, st vuen

10 (i.e., -0-acyl); for example,-0- C(=0) -alkyl.

. "Acylamino" is an amino radical having an acyl substituent
(i.e., -N-acyl); for example, -NH-C(=0)-alkyl.

"Halo", "halogen", or "halide" is a chloro, bromo, fluoro or
iodo atom radical. Chloro and fluoro are preferred halides.

15 Also, as referred to herein, a "lower" hydrocarbon moiety
(e.g., "lower" alkyl) is a hydrocarbon chain comprised of from 1
to 6, preferably from 1 to 4, carbon atoms.

A "pharmaceutically-acceptable salt" ‘is a cationic salt
formed at any acidic (e.g., carboxyl) group, or an anionic salt

20 formed at any basic (e.g., amino) group. Many such salts are
known in the art, as described in World Patent Publication
87/05297, Johnston et al., published September 11, 1987
(incorporated by reference herein). Preferred cationic salts
include the alkali metal salts (such as sodium and potassium),

25 and alkaline earth metal salts (such as magnesium and calcium).
Preferred anionic salts include the halides (such as chloride
salts).

A "biohydrolyzable ester" is an ester of a quinolonyl lactam
ester that does not essentially interfere with the antimicrobial

30 activity of the compounds, or that are readily metabolized by a
human or lower animal subject to yield an antimicrobially-active
quinolonyl lactam ester. Such esters include those that do not’
interfere with the biological activity of quinolone
antimicrobials or beta-lactam antimicrobials (cephems, for

35 example). Many such esters are known in the art, as described in
World Patent Publication 87/05297, Johnston et al., published
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= antimcrobial agents against a broad, range of pathogenic
"oor gani sis. - These conpounds provide advantages versus
i microbial agents anong those known in the art, including (for
inpl e) the spectrum of antimcrobial activity, potency, the
6i dance of mcrobial resistance, reducedl§oxicity, and inproved 35
ar macol ogy. - 8-
SCRI PTI ON CF SéﬂduiWEI\Illl ON987, (incorporatide byr aeferencavderéim).enSodpasses

rtain novel qy £E# 1ude lfwerlﬁqkiY“é¥¥E?§S1l hod§14:- -af*??'ﬁgters

nuf act ure, dosag adm ni steri
i nol onyl | act éﬁ#“%‘!bt é?s alCBt%?‘Mﬂ'GFrM 5acetox59thg§) her"'“éﬁ?‘??&i""bﬂﬁf‘wthﬂ

ecific CO”DOUF‘iiﬁal%WoWEWﬁI timdnPiv& oyl oxyethybeestard) j nlddtonyNveneion
zth aacg%?Irrggég%hcaﬁpypa}ggggb*%lcﬁhl ¥h1ophthahd§?ceé‘9£&t§|)? I'Aﬁer”jsaelq(og)?-r ein,
acyloxyalkyl esters (such as methoxycarbonyloxymethyl,
 ethoxycarbonyloxyethyl and isopropoxycarbonyloxyethyl esters),
alkoxyalkyl esters, choline esters, and alkyl acylamino alkyl
esters (such as acetamidomethyl esters).
10 As defined above and as used herein, substituent groups may
themselvés be substituted. Such substitution may be with one or
"more substituents. Such substituents include those listed in
C. Hansch and A. Leo, Substituent Constants for Correlation
Analysis in Chemistry and Biology (1979), incorporated by
15 reference herein. Preferred substituents include (for example)
alkyl, alkenyl, alkoxy, hydroxy, oxo, nitro, amino, aminoalkyl
(e.g., aminomethyl, etc.), cyano, halo, carboxy, alkoxyaceyl
(e.g., carboethoxy, etc.), thiol, "aryl, cycloalkyl, heteroaryl,
heterocycloalkyl (e.g., piperidinyl, morpholinyl, pyrrolidinyl,
20 etc.), imino, thioxo, hydroxyalkyl, aryloxy, arylalkyl, and
combinations thereof.
Also, as used in defining the structure of the compounds of
this invention, a particular radical may be defined for use as a
substituent in multiple locations. For example, the R10a
25 substituent is defined as a potential substituent of Rl, but is
also incorporated into the definition of other substituents (such
as R3, R8, and R9). As used herein, such a radical is
independently selected each time it is used (e.g., R102 need not
be alkyl in all occurrences in defining a given compound of this
30 invention).

Lactam-containing moieties:
‘Groups R3, R4, and RS, together with bonds "a" and "b", form

any of a variety of lactam-containing moieties known in the art
to have antimicrobial activity. Such moieties wherein either

35 bond "a" or bond"b" are nil (i.e., do not exist) are monocyclic;
if both bonds exist, the structures are bicyclic.
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it i.s one that is suitable for use.wth humans and/or

FWi t hout undue adverse side effects (such as toxicity, 10

fion, and allergic responsé) comensurate with a reasonabl e

E/risk ratio. Qui nol onyl LactanlEsters
Bpounds of this invention, herein refe“ked to as _ "qui nol onyl
resters” enconﬁgss an '

f a vari et cont ai nin
s | nked, by a B8d || ﬂitaadb P ef‘r‘\ ‘ihclude Skﬁ%rﬂ 3455PIEBRp 36‘8 a
ne noiety. carlihl@é;ﬁnemorufouhda-epmsmdetive formulahose of the formul a:

[err] -
. R?%
5 ' R'»- /
0?7 N+
COOH

wil
>

10

"wherein bond "a" is a single bond; bond "b" is a double bond; R3 )
is -C(R103)-, where R103a js hydrogen; R4 is -CH(R28), where R28
is COOH; and RS is -X1-C(R10a)(R33)-c"’R31-Y-, where R102 and R33

15- are hydrogen, R3l is methylene, and X! is 0 (for oxacephems) or

C(R33) (for carbacephems).
Other preferred lactam moieties include the isocephems and

iso-oxacephems of the representative formula:

20

25

wherein bond "a" is a single bond; bond "b" is a double bond; R3
is -C(R10a ywhere R10a §s hydrogen; R4 is -C(R28), where R28 is
30 COOH; and RS s -C(R103)(R33)-x2-C*’-R31-Y- yhere R10a and R33

are each hydrogen, R3! is methylene, and X2 is S (for isocephems)
or 0 (for iso-oxacephems).
Other preferred lactam-containing moieties include the
penems, carbapenems and clavems, of the representative formula:
35 '
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®in (A) Rerr] is hydrogen, hal.ogen, al kyl, al kenyl,
soal kyl, a 30 carbocyclic ring, a heterocyclic ring,
]-0-, Rlerr]CH=N-, (Rlerr])(Rerr]) N,
B ]-C(-CHRlerr])-C(=ONH, or  (prefeymbly) .
ir]-C(=NO-Rlerr])-C(=ONH, or Rerr]-(CHerr])[err]-C(=0O NH; where
imis an integer fromO to 9 (preferably 0 to 3); (2)
r] and Rlerr] are, independently, R err] where Rerr] is 35
h\dr ogen, al kyl, al kenyl, a carbocyclic ring, or a

&t erocyclic ring substitgént; or Rlerr]-and Rlerr] together
nprise a heterocyclic i
ich they are bondegy
alfkenyl , Sheteroal ky! pms X

Ing i ncluding the nitrepen
) 2 (3) R12 "|s
4

will

10 :
wherein bond "a" is a single bond; bond "b" is a double bond; R3

* is -C(R103), where R10a is hydrogen; R% is -C(R28)=, where R28 is
COOH; and RS is -X2-C"’-R31-Y-, where R3l is methylene, and X2 is
S {(for penems), C(R33) (for carbapenems), or 0 (for clavems).
15 Such lactam moieties are described in the following articles, all
incorporated by reference herein: R. Wise, “In Vitro and
Pharmacokinetic Properties of the Carbapenems", 30 Antimicrobial
Agents and Chemotherapy 343 (1986); and S. McCombie et al.,
”SyntheSis and In Vitro Activity of the Penem Antibiotics“, 8
20 Medicinal Research Reviews 393 (1988);'
Other preferred lactam-containing moieties of this invention
include the penicillins of the representative formula:

0 O O R®
25 R

i
ALY S Y Tw
J_,/\sx—y Ry

|
| A R®
30 . COOH

wherein bond "a® is a single bond, bond "b" is a single bond; R3

is -C(R10a)-, where R102 s hydrogen; R¥ is -CH(R28)- where RZ8

is COOH; and RS is -X2-C"’(R32)-R31-Y- where R32 is methyl, R3!
35 is methylene, and X2 is S.

—
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; J-Ikenyl a carbocyclic ring, or a heterocyclic 5

:'f(preferably al kyl, a carbocyclic ring, or a

cyclic ring); (4) Rerr] is Rerr], -Zerr], or
err])(Rerr]); (5) R ersaB- S Rlerr],

& kyl , het er oaryl al kyl , . C(R[err])(R[err])COOH
@ O Rerr], or -CXO#&;NFLﬁﬂeferted mﬂamtamieonta1n1ng moieties Rinelude dhe

R1@ #are, indepe oggt conpri se a
cargocyclic ring @gﬁgé*etigr ocy CPQ&ME St pﬁé representative formu Tudl gg t he
cargpoh atomto which R17 and R18 are bonded (preferably
qr] or -C(Rerr]) (R err]B) COOH; ' (6) Rerr] is Rerr],

, -Z[err], or -CH(Z2)(R12) (preferably 15 Rlerr] or
halbgen): 5 C(7) zZlerr] is -(=apR @], R&=0Rerr],
- NIR err])R[err] -S(C»[err]R[gﬁz] or “ -OR[err]; and
Z[r] is Zerr] or -CH -SH, Or—- SC{ern% N2 (a) pis
an § nt eger fromOtoZ(preFﬁr b¥y 0); (b) Rerr] is
hyd ogen; alkyl; al kenyl; yl; 20 v 7

het-roalkenyl a carbocycllc ring, a heterocycllcN
; i's

-S H =0 : wh Iy |
Qerr] o )R[er)) -NNI%[err])ngrrB Rl err] may

corprise a noiety bonded tg R16 t[q form a
erocyclic ring; and 25 - (c) Rerr] is Rerr],
NH§R err]), NRerr])(Rerr]), QRerr]), or :

wherein bond "a" is a single bond; bond "b" is nil; R3 is
-C(R10a)., where R102 is hydrogen; RS is Y; and R4 is -SO3H (for
15 a monobactam), -PO(OR34)0H (for a  monophospham);
-C(O)NHSO2N(R34) (R35) (for a monocarbam), -0SO3H (for a
monosul factam), -CH(R35)COOH (for nocardicins), or -OCH(R34)COOH.
Such lactam moijeties are described in C. Cimarusti et al.,
“Monocyclic 8-lactam Antibiotics", 4 Medicinal Research Reviews 1
20 (1984), incorporated by reference herein.
Other preferred lactam moieties include the monocyclic
beta-lactams of the representative formula:

92
2 Ry o 0 R
N’ Y 25‘ 32
o7  NRA7TTVT
. R - A&h‘ ‘ 14L\{q7
30 - |5°

wherein bond "a" is nil, bond "b" is a single bond; R3 is
-C(R10a) (R29)- where both R10a and R29 are hydrogen; and RS is V.

35
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coml ime

(preferably Rlerr], NH(RL2), Mmewn(mewn)

¥1 i s al kyl , al kenyl, a carbocyclic ring, a
p/clic
§)(R(rr]) Rlerr] may be a noiety bond g to R12 to 30
@ cterocyclic ring, and ? )

']nk Y\/nere R24 'SOtfthYbref%WéU\Wactam moieties include théird’ﬂa&hd(sv'o,f the
= W Ky
car fbaclic ring; "&PHRSE BEVEI '
] ) Rlerr]. and Rlerr] is R[err] R[err] and Rlerr] may together 35

ring,. or (preferably) when R20 is
R err]

heteroalken ?ero ryIaI .
or mhen Zlerr] i

Is Rlerr] or

S .

a heterocycllc rihg |nclud|ng the nitrogen

whi
hal

10

15

20

25

30

35

& ch Rerr] "is Fqbnded (preferably h roqu
fia carocyclic rin

Pr=Aa heter ocycl ic ring);
ogen, al ko%i/gr Rl er —O) NH- v)refeg

07 ,
COOH

— N' \

Fig
(8)

Rlerr] is

‘wherein bond "a" is ‘a single bond; bond "b" is a single bond; R3
is -C(R103)-, where R102 is hydrogen; R4 is -CH(R28)-, where RZ8
is COOH; and RS is X2-C"’=C-(R10a)-R31.Y., where R102 is hydrogen

and R3] is methylene, and X2 is O.

Other prefefred lactam moieties include the 2,3-methyleno-
penams and -carbapenams of the representative formula:

fqz ﬁ? - 0 R?
1 "-.__'-,-' 2 ]
R ‘-—-'/X Wl
, N'
o7 A8
COOH

wherein bond "a" is a single bond; bond "b" is a single bond; R3
is -C(R10a)., where R10a js hydrogen; R4 is -C*(R28), where R28

is. COOH; and RS is X2-C*’(R32)-R31.y-, where R31 is nil,

R32 is

" linked to C* to form a 3-membered carbocyclic ring, and X2 is

C(R33) or sulfur.
Lactam moieties of this invention

lactivicin analogs of the representative formula:

also

include
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":'or al koxy), where Rerr] is hydrogen or alkyl 5

1y hydr ogen) ; (G bond "a" is a single bond or is nil;
E'b" is a singl e bond, a double bond, or is nil;
nd 'a" and bond "b" are not both nil;. (D)

-C(Rerr])-, or -CHerr]-Rerr]- (pggferably -G Rerr])-); where
Rl err] |s -C(Rlerr]), -0-, or -N-, and Rerr]-is directly

.ﬁ N in Forrrula(l) toforma5menberedr|ng

ef bond "a" is nil, then Rerr] is (1) (preferably)

)(Z[err])-, wher e (i) Z[ehrd is -Rerr],
-S(O[err]Rerr]-, where r is an Q5 '
fromOtoZ(preJ‘erﬁxQIy_O), -OC(=O) R[Wrr],

222 i'hdependent ly,

1)Rerr] (ii)
1 kengl 1 ocy - or
clic ring R | su Hr7R[err] and

oget her conprise a rocycllc ring
t he ni.trogen atom whi ch R25 and R26

ar e ed; or 2) - UéHR[err] Rv\,here Rlerr] is

- ])(R[err]) -0-, or - R[err] and R27 is
dir bonded to N' in Forrrula(ll) to . forma 3
5- ng ed nong; wherein bond. is nil; bond "b" is a single bond; R° is
7 -CH2-R32, where R32 is 0; R4 is -CH(R28)-, where R28 is COOH; and
RS is Y. |
: Other lactam moieties include the pyrazolidinones pf the
% representative formula:
&
i 15
. R2
£/ N
R pms y
20 /4

h
COOH R 8

wherein bond *a" is a single bond; bond *b" is a double bond; R3
25 is -CH2-R28-, where R28 is -N-; R4 is -C(R28)-, where R28 is
COOH; and RS is X2-c"’-R31-y-, where R3] is methylene, and X2 is
C(R33).
Other lactam moieties include the gamma-lactams of the
representative formula: '
30

35
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F(E) (1) if bond "b" is a single bond, R4 is (preferably)
B)-; or, if bond "a" is nil; -C(ONHSO[err]-; or
ferr])-; if Rlerr] contains a R nmiety; where Rierr] is
ven or (preferably) COOH, and C* is linked to R- ' to
t 3-nmenbered ring; 30 (2) -2r- bond "b" is a double bond,

& is -C(Rlerr])-; or (3) if bond "b" is nil, Rerr] is
jen,. -SCerr]H -PO(OR[err])CH -
. gFBC{err]N(R[err])(R[err]) -0S0[err] H, -CH(R[ err]) COOH, or
S % COCH (preferably CI H or
IﬁQeH]MNeHD(NeHD) Mmml{e al kyl, 35
|, a carbocyclic ring,o@r a hete cycl and
B= hydrogen, alkyl, alReny é&#q
3 R'1 2'-.:
2
0 R
10 wherein bond  "a" is a single bond; bond *b" is nil; R3 is

-CHp-R28-, where R28 is -C(R103) and R102 js hydrogen; R4 is
" -SO3H, -PO(OR34)0H, -C(O)NHSOzN(R34)(R35),- -0SO3H, -CH{R35)COOH,
or -OCH(R34)COOH; and RS is Y.
Preferred lactam-containing moieties include cephems,
15 isocephems, iso-oxacephems, oxacephems, carbacephems,
penicillins, penems, carbapenems, and monocyclic beta-lactams.
Particularly preferred are cephems, penems, carbapenems and
-monocyclic beta-lactams.

Rl is any radical that may be substituted at the active
20 stereoisomeric position of the carbon adjacent to the lactam
carbonyl of an antimicrobially-active lactam. (As used herein,
the term .“antimicfobially-active lactam" refers to a
lactam-containing compound, without a quinolonyl substituent
moiety, which has antimicrobial activity.) This "active”

25. position is beta (i.e., 7-beta) for cephems, oxacephems and-
carbacephems (for example). The active position is alpha for

penems, carbapenems, clavems and clavams.

Appropriate Rl groups will be apparent to one of ordinary
skill in the art. Many such Rl groups are known in the art, as

30 described in the following documents (all of which are
incorporated by reference - herein): Cephalosporins _ and
Penicillins: Chemistry and Bijology (E. Flynn, editor, 1972);

. Chemistry and Biology of b-Lactam Antibjotics (R. Morin et al.,
editors, 1987); "The Cephalosporin Antibiotiqs:

35 Seminar-in-Print", 34 Drugs (Supp. 2) 1 (J. Williams, editor,

1987); New Beta-tactam Antibiotics: A Review from Chemistry of

——
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ferably), if Rlerr] is -C(ONHSO err]N(Rlerr])(Rerr]), Rerr] and
1{] may together conprise a heterocyclic ring including ;
gni trogen to which R29 and R30 are bonded; and (F) (1) if bond
for bond "b" is nil, then Rerr] isY; 5 (2) if bond "a"
. "b" are single bonds, Rerr] is
C[err]—C(R[err]) R[err] y-, or -ﬁ?err] C[err](R[err]) Rlerr]-Y-; or

F', ' i Schififodistibonty. i

or
or

(a)

&{Nﬂtiﬂrdf1cs (BhePériman, editor, 1977)

el ars) W m@«? et

i? ger f8om Opéta-Zactam. Antibiotics", Angew. hem=erkﬂml C(PEBB) 15
ck. R31 is ni lﬂgcaﬁl kyl o gligoyd, @ %I;cgaggég ;nC réng'b‘ﬂt‘(fs

rZa heterocyc ng; n;
| kenyl ; - COOHAntimicirdbimA Chemotherapy S (1986); Europedns Pat;n(tRP@bh]cptxoqq[ err]

ay. be | i nked 187 46l O JuAG™ published July J6,  1986; and- WBPREr @dtent
arbocyel e ri Ql?bh%étlon 87/05297, Johnstoh et 5.0 SJM%LI’%J IseRt el 1, where
10 1987.
For penems, carbapenems, clavems and clavams, Rl s
-preferably lower alkyl, or hydroxy-substituted lower alkyl.
Particularly preferred Rl groups include hydrogen, hydroxymethyl,
ethyl, [1(R)-hydroxyethyl], [1(R)-[(hydroxysulfonyl)oxyethy1}],
15 and [1-methyl-1-hydroxyethyl]. |
Except for penems, carbapenems, clavems and clavams,
preferred Rl groups are amides, such as: acetylamino, preferably
substituted with aryl, heteroaryl, aryloxy, heteroarylthio and
lowe} alkylthio substituents; arylglycylamino, preferably
20 N-substituted with heteroarylcarbony] and
cycloheteroalkylcarbonyl substituents; arylcarbonylamino;
heteroarylcarbonylamino; and lower  alkoxyiminoacetylamino,
preferably substituted with aryl and heteroaryl substituents.
Particularly preferred Rl groups include amides of the general
25 formula RI3-(CH2)m-C(=0)NH- and RI3 is R12. Examples of such
preferred Rl groups include:
_ [(2-amino-5-halo-4-thiazolyl)acetyl]amino;
i ' [(4-aminopyridin-2-y1)acetyl]amino;
. [[(3,5-dich10ro-4-oxo-l(4H)-pyridiny1)acetyl]amino];
30 {{[2-(aminomethy1)phenyl]acetyl]amino];
{(1H-tetrazol-1-ylacetyl)amino];
{ (cyanoacetyl)amino];
[(2-thienylacetyl)amino];
[[(2-amino-4-thiazoyl)acetyl]amino]; and
35 sydnone, 3-[-2-amino}-2-oxoethyl.
The following are other such preferred R! groups.
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g is -0-; -S(Ot-, where t is an integer of _
¢ (preferably 0); or -NR[err]; and (2) R34
i kyl , al kenyl , het er oal kyl ,
JLIkenyI a carbocyclic ring, or % 25
fcyclic ring (preferably al kyl o
H); and : (%@0 J Is directly bonded to C
g{err] is bonded to Rerr] to form BH- or 6- menber ed
p (G (1) A is Nor C(R40); where R40 is hydrogen

al koxy, nitro, cyano, hal ogen, alkyl, or

(Rlerr]) (preferably hydrogen or hal ogen), and

] is Nor (preferably) C(Rlerr]); where Rlerr] is hydrogen or

3% 3) _ADs is Nor (preferably) C(Rlerr]); where
is hydr ogen; o

heet Has Been Rep
1111 111111 1K@ i

NH
10
OMe 0
NH
15
OMe
0
20
NH/S
25 OEt
0
H,N
NH/ K
30
35
—_—
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(4) HRerr] is

hydr ogen, al kyl, a carbocyclic

he

ring including N and

F  a het er ocyclic ring, al koxy, hydr oxy,

By arylalkyl, or N(Rerr])(Rerr]) (preferably

?gen or a . carbocycllc ring); 5 (5) Rerr]

A dr ogen, hal ogen, alkyl, a carbocyclic-?4mg, or a
- ;ocycllc ring (preferably a heterocyclic ring); and
WA err] is hydrogen, halogen, nitro, or NNRO(RI); (H except
10 (1) when Alerr] is C(E%grp r] and R err] may
rocyc

-her conprise a

her conpri se

'1 to 4; and

‘Jtogeth r conprise a 15
< adjacent car bon

10

15

20

25

30

35

(3)

1; - (2) when Alerr] is

errff), Rerr] and Rlerr] may
n-0-, where n is an integer

err])N“R[err] and Rlerr]

cr I ncluding N' and
S H%nded

:::::::::::::ZZZ:::::
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fir maceuti cal | y-acceptabl e salts and bi ohydrol yzabl e esters
?, and hydrates thereof. 20 Definitions and Usage of Terns:
lowing is a list of definitions for terns used herein.
joat ot is a nitrogen, sulfur or oxygen atom: G oups 25
ning one or mor e het eroatons nmags-contain different
fat ons. "Alkyl" is an unsubstituted or substituted
B cd hydrocarbon chain radical having from1 to 8 carbon atons,
by from 1 to 4 carbon atons. Preferread al kyl groups 30
@wec (for exanple) nmethyl, ethyl, | sopropyl, and
: "Het er oal kyl " bstituted
it ed chai n radical rYtledgucorrprising car bon
and one or two heg

10

15

20

N

when Rl is RI3-(CH2)p-C(C=O)NH-, and R13 is -Zl, preferred
‘Rl groups include the following:

25 [sulfamoylphenylacetyl]amino;
[[(4-pyridinylthio)acetyl}amino];
[[([{cyanomethyl)thio]acetyl]amino];
(S)-[[{(2-amino-2-carboxyethyl)thioJacetyl]amino];

) ) [[[(trifluoromethyl)thio]acetyl]amino]; and
30 (E)-[[[(2-aminocarbonyl-2-fluoroethenyl)thio]acetyl]amino].

" The following are other such preferred Rl groups.

35

_

—-——~—__;ﬁ_;___*
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"Al kenyl" is an unsubstituted or substituted hydrocarbon
n radical having from2 to 8 carbon atons, preferably from?2 to
¥ bon atons, and having at | east one ol efinic double bond.

joocyclic ring" is an unsubstituted or substituted, 5

W at ed, unsaturated or aromatic, hydrocarbon ring radical.

ocycllc rings are monocyclic or are f1%8ed, bridged or spiro

cyclic ring systenms. Monocyelic rings contain from3 to 9

5, preferably 3 to 6 atons. Polycyclic rings contain from?7 to
Jtons, preferably from 0 13 atons. 10 "Cycloalkyl" is a !
t#rated carbocyclic » 3di cal . Preferred cycl oal kyl groups ?

diude (for exanple) cyEl cycl obutyl and cycl ohexyl .
eferocyclic ring"” is § unsub-tltuted or substituted, sat ur at ed,
sfituratgd or aromatic' gdical ¢ i seg M 15 carbon atonms and
oges or re heteroatons t Neg-Ti ng. \\ff
o
10 '
HN '
: oY
15 _ 4)
o)
s A
N i
N
Q§La—'s |
0
25 N NH
s o
D30
. | ci . o
i Cl)\/ N uu/j
35
M_\‘N‘\ﬁ\‘\‘\‘“‘
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focyclic rings are nonocyclic or are fused, pridged or spiro
Eyclic ring systens. Mnocyclic rings contain from3 to 9

5, preferably 3 to 6 atons. Polycyclic rings contain from?7 _ to
fons, preferably from7 to 13 atons. 20 "Aryl"™ is an aramatic
bcyclic ring radical. Preferred -27aryl groups include (for
| e) phenyl, tolyl, xylyl, cunenyl and napht hyl .
f@croaryl” is an aromatic heterocyclic ring radical. _ Preferred
i oaryl groups include (for exanple) thieny, furyl, 25 pyrrolyl,
BrEdi nyl , pyrazi nyl , t hi azol yl, pyri mjfi nyl , qui nol onyl, and

t@azol yl . "Al ko
gagn substi tuent,

I s an oxygen}fadi cal having a hydrocarbon
2 chai s an al kyl or
). Pmaferred al koxy groups

5 (i.e., -0-
gude 30 (for exanpli propoxy and al |yl oxy.
%yl am no" is an amnmi no rfadi avi ng one or two al kyl

bgtituents (i.e., -Nalk "Arylalkyl" is an al kyl radica
b#tituted with an aryl group. Preferred arylal kyl groups
ckude benzyl - and 35 phenyl et hyl .

10 . .ggﬁgr\;\./”s . “N//,{(

15 | 7/\/"\% . '

20
_ 0
F,cus\/Lk A
4 NH
25 _ '
o | .
e A A A
ﬁ“\/”’ HN
30 ’
When Rl is R13-(CHp)gp-C(=O)NH-, and RI3 is -CH(Z2)(R1Z),
preferred Rl groups include the following:
[carboxyphenylacetyl]amino;
[ (phenoxycarbonyl)phenylacetyl]amino;
35 [4-methyl-2,3-dioxo-1-piperazinecarbonyl-D-phenylglycyl]-

amino;
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"Arylam no" is an ami ne radical substituted with an aryl

griifi(i.e., -NHaryl). "Aryl oxy" is an oxygen radical having a
ar yggubstituent (i.e., -0O-aryl). 5 "Acyl" or "carbonyl" is
a rgp@cal fornmed by renoval of the hydroxy from an carboxylic acid

§2 RC(=0)-). Preferred alkylaéﬁ groups include (for
oo ) oot ol L E00, furtme BRI -2-ppo-3- il (VR
bl e, - 0- O =0) - al kyl carbonyl]amino]pheAgljaaetyldamim;an ani no radi cal havi ng
or SUELLEN gt huprenEE)anl ] T 1 60 b

atofp radical . Chloro atR) (Il aming {4rhydpperpbenyl) asat yldamino] ; o

‘ 5 (R)-({amino-1,4-cyclohexadien-1-ylacetyl)amino};

[ (hydroxyphenylacetyl)amino]; '

(R)-[[[[(4-ethyl-2,3-dioxo-1-piperazinyl)carbonyl]amino]-

(4-hydroxypheny1l)acetyl]amino]; '

(R)-[[[[(5-carboxy-1H-imidazol-4-yl)carbonyl]amino]pheny!-
10 acetyl]amino];

(R)-[L[[(4-hydroxy-6-methy]-3- pyrldlnyl)carbonyl]am:no](4-

hydroxyphenyl)acetyl]am1no].

(R)-[(phenylsul foacetyl)amino];

(2R,3S)-[[2-[[(4-ethyl-2,3-diox0-1- piperazlnyl)carbonyll

15 amino]-3-hydroxy-1-oxobutyljamino];

' [[carboxy(4-hydroxyphenyl)acetyl]amino};
(R)-[[amino[3-[(ethylsulfonyl)amino]}phenyl]acetyllamino};
(R)-[[amino(benzo[b]thien-3-y1)acetyl]amino]; '
(R)-[[amino(2-naphthyl)acetyl]amino];

20 (R)-[[amino(2-amino-4-thiazolyi)acetyl]amino];
{[{[(6,7-dihydroxy-4-0x0-4H-1-benzopyran-3-yl)carbonyl}-
amino}{4-hydroxyphenyl)acetyl}amino};
(R,R)-{[2-[4-[2-amino-2-carboxyethyloxycarbonyl}aminophen-
y1]-2-hydroxyacetyl]amino); and

25 (S)-{[(5-hydroxy-4-oxo0-1(4H)-pyridin-2-yl)carbonylamino(2-
amino-4-thiazolyl)acetyl]amino].

The following are other such preferred R! groups.

IS an

30

35
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Also, as referred to herein, a "lLower"” hydrocarbon noiety
r "lower" alkyl) is a hydrocarbon chain conprised of from1l to
if erably from1l to 4, carbon atons. A
baceutical |l y-acceptable salt” is a cationic salt formed at any
B (c.g., carboxyl) group, or an anioni-@9salt 20 forned at any ,
3¢ (c.g., amno) group. Mny such salts are known in the art, as
Fbed in World Patent Publication 87/ 05297, Johnston et al.,
Ehed Septenber 11, 1987 (ipgbrpprated by reference herein).
‘red cationic salts i ncl ug ¢f al kali metal salts (such as
m and potassium), 25 - and al kal \QQ &5 th metal salts (such as

A "bi ohydrol yzabl e ester” is an
Qat ~lbes not essentially .
actippty ol{ the conpounds, or that
£ human or gzl ower “ani mal subject to yield
it | m crobially-active s$“ qui nol onyl ?actan1ester Such esters

g#de those that do not interfere with the biologica

Wity of qui nol one antimcrolyals or Dbeta-lactam

i crobj al s (cephens, for Ié). Many such esters are known
he artl0 as described in’ ation 87/05297,

ston et al., published [c

f a qqui nol onyl |acta

15

20

25

30 “ OH

HO
i L
(o] NH
35 ﬁ)k" i |
\/"\/' , °

—_
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Septenber 11, 1987, (incorporated.by reference herein).
esters include |lower alkyl esters, lower acyl oxy-alkyl
: (such as acetoxynet hyl, acetoxyethyl, am nocarbonyl oxynet hyl,
5yl oxynet hyl and pi val oyl oxyet hyl esters), lactonyl esters 5
kas phthalidyl and thiophthalidyl es3ters), |ower alkoxy-

kyal kyl esters (such as nmet hoxycar bonyl oxynet hyl ,

[car bonyl oxyet hyl and i sopropoxycarbonyl oxyet hyl esters),
fal kyl esters, choline esters, and al kyl, gcyl am no al kyl . esters
kas acet am domet hyl esters). 10 H defined above and as used

W 0 D0 (N Ol oeuads

h, substituent groups may t hensel ves\be substituted. Such
ftution may be with one or nor e subst ts. Such
stuents include those listed in
. 5 . N
o o) /
A
N NH \“
10 N .
| \/ \ 0

15

20

25

HeSO, ~ )o‘\u/ﬁ\m‘ HN
2 N\_——/ | I ‘\jr

30

v | OH 0

-é N A NH

"; “ HH \ff
35 ~ P I

.
\

______.__/—___._’_’—-'—
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i n
he

0.0 O LS

€,

Evity.

15

20

H 25

30

35

}nsch and A. Leo,

pet hoxy,

f ocycl oal kyl
i m no,

ations thereof.

conpounds of

d for use'as a

Rlerr] 25 subgt i t uent
tuest of Rlerr], but is al s
t her substituents (such as
. herein,

s used (e:g., Rerr] need not be
&f &ni ng a gi ven -conpound of this 30 in
Hck Fam contai ni ng noi eties: G oups Rerr], Rerr], and Rerr],
(géther with bonds "a" and "b", form any of a variety of
tamcqgtai ning noieties known in the art to have anti m crobi al
Such noi eties wherein either :

o ONJL,,..\ ,,,,
o

Substituent Constants. for Correlation- Anal ysi s
i hem stry and Biology (1979), incorporated by 15 ref erence
§n. Preferred substituents include (for exanple) al kyl ,
gyl , al koxy, hydroxy, oxo, nitro, am no, am noal kyl (e.qg.,
et hyl , cyano, hal o, carboxy, .g Kkoxyaceyl (e.g.

thiol, aryl, cycloal kyl, heteroaryl,

pi peridinyl, i nyl, pyrrolidinyl, 20
hydr oxyal kyl ,f aryNoxy, arylalkyl, and
Al's as u ed in defining the structure

. this inven
subsbi t uent

partlcular radi cal may be

Yn nmultiple |ocations. For

is defined as a potenti al

i ncorporated into the definition

Merr], and Rerr]). As
ependest |y sel ected each tine

kyl in™all occurrences in
ntion).

radial i s "NH

HES 0

J'L HN/IL HN N“\ﬂ'
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fbond "a" or bond "b" are nil (i.e., do nqgt exist) are nonocycli c;
h bonds exist, the structures are bicyclic.

red lactam noieties include the oxacephens and :
bphens of the representative fornula: [err]

- @*{

10

'}f . ‘ N

% }—-S

: !

9 N~

i'::.i_ . - .0

9 - 0 NH

L N HH '1(
18 .

N 0

I HN N NH N

Ol

L SAK

30

CO,H 0o

WS NH Nu\{g

3 | \=

). B
3
‘-,‘:
¥
3
;
‘L
[4
&
¥
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. wherein bond "a" is a single bond; bond "b" is a double bond; R3
ferr])-, where Rlerr] is hydrogen; Rerr] is -CHRerr]), where

1 is COOH, and Rerr] is .
EFC(R[err])(Rerr])-Cerr]Rerr]-y-, where R err] and Rl err] 15
fogen, Rlerr] is nethylene, and X/ err334is 0 (for‘oxacephens) or

) (for carbacephens). O her preferred | actam noi eti es

E the i socephens and | so- oxacephens of the representatlve

. 20 [err] .

NH;
. o~
N\ N o
0
HO ' HM
HN \\5f
0 -
HO
Another preferred R! group is RIZ-C(=CHR13)-C(=0)NH-. Such
groups include (for example) the following structures.

1.
b
-
g
EAR - .
LA
g i
x 3
ﬁ‘ ”
i -
[
> Y

10

15
A4 2

25

£

30

T
e
@t
&
4
L
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-
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Frei n bond "a"
IR err] where R err]

BN, and Rerr] is -C(Rerr])(Rerr])-Xerr]-Cerr]-Re
B R err] are each hydrogen, R err] is methyl ene,
Br i socephens) or 0 (for iso- o§fcephens)
Bferred | actam containing noieties intlude the

b cl avens,

I's a single bond; bond "b"

I s hydrogen;

R err]

.i's a double bond; R3
is -C(Rerr]),

where R28 is 30

rr]-y- where R err]

and Xferr] is S
O her

. peners,

carbapenems,

clavems and clavams)

2

moieties other than penems,

include those of the formula:

R12.C(=NO-R14)-C(=0)NH-.

5

10

15

20

2

(34

30

35

2-phenyl-2-hydroxyiminoacetyl;

2-thienyl-2-methoxyiminoacetyl; and
2-[4-(gamma-D-glutamyloxy)phenyl]-2-hydroxyiminoacetyl.
(2)[[(2-amino-4-thiazolyl)(methoxyimino)acetyl]amino];
[[(2-furanyl(methoxyimino)acetyl]amino};
(Z)-[[(2-amino-4-thiazolyl)[(l~carboxy;l-methyl)ethoxyim-

inoJacetyl]amino];

Exémples of this preferred class of Rl groups include:

(Z)-[[(2-amino-4-thiazolyl) (1-carboxymethoxyimino)acetyl]am-

ino};

[{(2-amino-4- thtazolyl)[(lH lmxdazol -4- ylmethoxy)lmlno]acet-

yl]amino];

(Z)-[[(2-amino-4-thiazolyl-3- oxxde)(methoxywmwno)acety]]am-

ino); and

(S,Z)-[[(2-amino-4-thiazolyl)[carboxy(3,4-dihydroxyphen-

yl)methoxyimino]acetyl]amino].

Other preferred R! groups include the following structures.

u,u——‘<é§ \

NH

Af

Cl

NH
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wherein bond "a" is a single bond; bond "b" is a doubl e bond;

R e 3 Is -C(Rlerr]), where R err] is hydrogen; Rerr] is
- (| E])-, where Rlerr] is COOH, and R[err] is

-X[ ¢ kClerr]-Rlerr]-Y-, where Rlerr] is nethylene, and Xferr] is
S (f

penens), C(Rlerr]) (for carbapenens), ﬁ% O (for clavens). 15
ctam noi eties are described in the foltBwi ng articles, al

B ated by reference -herein: R Wse, "In Vitro and
4i-4oki netic Properties of the Carbapenens 30 Antim crobial

Agen sFand Chenot her apy 343 (1986); NtCDﬁbié et al.
] f 8

@sis and In Vitro Activity o tibiotics", 8 20

b }aI Research Revi ews 393 (¥ er preferred

| act @mecont ai ni ng noi eties of this invéhtion NH i ncl ude the penicillins
of t1 -ﬁrepre§entat|ve f or mul a:

N
% o o, u
i Cl .
10 s (¢
- I N"(\ -
. 2 N ' mg/ﬂ.
N\
cl
15 | Co,H
cl
20 _ '
s ‘ o
H u/(\
2 ;:l\jfju‘mf4r
Nao
25
.30
35
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bnd; R3
F])- where Rerr]
err](Rerr])-Rerr]-y- where R err]

and Xl err]

10

15

20

25

30

35

wherein bond "a"

is S

Is & single bond, bond "b"
I s.
is methyl,

Rlerr] 35
-36- :

/\NH

N

HH
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iIs -C(Rerr])-, where Rlerr] is hydrogen; Rerr] is
is COOH, and R err]

S



| actam contai ning noieties include the

Epreferred
of the representative fornul a:

Elic beta-|actans,

- . wherein bond "a" is a single bond; bond "b" is nil
(i S -C(Rerr])-, where Rerr] is hydrogen; Rerr] is Y; and
, fis -SJerr]H (for 15 a nmonobagyam , -PO(OR[ err])OH
( E. a nonophospham ; -C(ONHSO err]N(Rerr])(R[err]) (for a
. ¥ bam), -OSOerr]H (for a nonosul factam, -CH(R err]) COOH (for

i cins), or

OCH(R[err])CCCH

h | actam noi eti es are:

oed in C Cnmrusti et al. co,
| H,N N H—09
5 5\115; //
, s / NH
AR
10
S 0
H,N ’<\ \ /g
N | NH
N
~
15 O-IPr
Cl
1; s 0
"2"“'4é> \ A
H
20_ ' Nl
. | .
\Oﬂe
1o
Z : o)
v 25
i uu/ﬁ
4 %ﬁ
Ji 30
18 The following are other preferred Rl groups.
2 35
i ' 'sfﬂietﬁiilfﬂff|lﬂeﬁiced



lic 8-1actam Antibiotics”, 4 Medicinal Research Reviews 1 20
I ncorporated by reference herein. ' O her preferred

joi eti es include the nonocyclic beta-lactans of the
rep kit at i ve fornul a: [err] _
wher b bond "a" is nil, bond "b" is a3g8single bond; Rerr] is
-C(a| ) (R err])- where both Rerr] a and R err] are hydrogen; and
Rl ergggs Y. 35
- CONH, g /P
S ——
o S mn—ff

".:. 10
=z N
"X |
20
25
- Suitable RZ groups are among those well-known in the art,
30 including those defined in the following documents (all

-incorporated by reference herein).' W. Ourckheimer et al.,
“Recent Developments in the Field of Beta-Lactam Antibiotics",
24 Angew. Chem. Int. Ed. Engl. 180 (1985); G. Rolinson,
“Beta-Lactam Antibiotics”, 17 J. Antimicrobial Chemotherapy 5
38 (1986); and European Patent Publication 187,456, Jung, published
July 16, 1986. Preferred R2 groups include hydrogen, methoxy,

d F .
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i ;feferred | act am noi eties include the.clavanms of the
Nt ati ve fornul a: : [err] '

-39-

ethoxy, propoxy, thiomethyl, halogen, cyano, formyl and
formylamino. Particularly preferred R2 groups include hydrogen,
methoxy, halogen, and formylamino.
Quinolone Moieties: _

Groups .Al, A2, A3, R8, R7, and R9 form any of a variety of
quinolone, naphthyridine or related heterocyclic moieties known

. in the art to have antimicrobial activity. Such moieties are

well known in the art, as described in the following articles,
all incorporated by reference herein: J. Wolfson et al., "The
Fluoroquinolones: Structures, Mechanisms of Action and

Resistance, and Spectra of Activity In Vitro", 28 Antimicrobial

Agents and Chemotherapy 581 (1985); and T. Rosen et al., 31 J.
Med Chem. 1586 (1988); T. Rosen et al., 31 J. Med. Chem. 1598
(1988); G. Klopman et al., 31 Antimicrob. Agents Chemother. 1831
(1987); 31:1831-1840; J. P. Sanchez et al., 31 J. Med. Chem. 983
(1988); J. M. Domagala et al., 31 J. Med. Chem. 991 (1988); M. P.
Wentland et al., in 20 Ann. Rep. Med. Chem. 145 (D. M. Baily,
editor, 1986); J. B. Cornett et al., in 21 Ann. Rep. Med. Chem.
139 (D. M. Bailey, editor, 1986); P. B. Fernandes et al., in 22
Ann. Rep. Med. Chem. 117 (D. M. Bailey, editor, 1987);
R. Albrecht, 21 Prog. Drug Research 9 (1977); and P. B. Fernandes
et al., in 23 Ann. Rep. Med. Chem. (R. C. Allen, editor, 1987).

Preferred quinolone moieties include those where Al is
C(R40), A2 is C(R6), and A3 is C(R41) (i.e., quinolones); Al is
nitrogen, A2 is C(R6), and A3 is C(R4l) (i.e., naphthyridines);
Al is C(R40), A2 is C(R6), and A3 is nitrogen (i.e., cinnoline
acid derivatives); and where Al is nitrogen, AZ is nitrogen, and
A3. is C(R4l) (i.e., pyridopyrimidine derivatives). More
preferred quinolone moieties are those where Al is C(R40), AZ is
C(R6), and A3 is C(R4l) (i.e., quinolones); and where Al is
nitrogen, A2 is C(R6), and A3 is C(R4l) (i.e., naphthyridines).
Particularly preferred quinolone moieties are where Al is C(R%0),
A2 is C(R6), and A3 is C(R4l) (i.e., quinolones).

R8 s preferably alkyl, aryl, cycloalkyl and alkylamino.

More preferably, R8 is ethyl, 2-fluoroethyl, 2-hydroxyethyl,

t-butyl, &4-fluorophenyl, 2,4~dif1uorophény]. methylamino and

This Sheet Has Been Replaced




pond "a" is a single bond; bond "bY is a single bond;, R err]
rr])-, where Rlerr] is hydrogen; Rerr] is -CH(Rerr])-, where
3 ~is COOH, and Rlerr] is Xerr]-CJerr]=C(Rerr])-Rerr]-
lerr] 1s hydrogen 15 and Rlerr] is nethylene, and Xerr] is O.
jef erred | actam noi eties include the 2,.3-nethyl eno- penans
tbapenanms of the representative formila:’ '

ond, Ry er (YEIORHIY W&w%f#“s'?m$@ AR, Bonss

R err] ), mhRne&eF{eﬂ*rQu1nolone mq;e@n;;q alsed H pdg pgpse where Al “is
] err](IQ[erdgﬁrefqéagrha‘ghd N*“3ES éﬁH@Fr&OMp$1£E|a 6 embéted Retitocyclic
; C to nbered car OC(}'C“ffr 96 and Xferr] is
br sul fur. ring containing an oxygen or suifu
' 5 R6 is preferably hydrogen or halo. More preferably R6 is
chlorine or fluorine. Fluorine is a particularly preferred R6
. group. .
¢ 3 Preferred R7 groups include nitrogen-containing heterocyclic
% 5 rings. Particularly preferred " are nitrogen-containing
‘3 10 heterocyclic rings having from 5 to 8 members. The heterocyclic
_ring may contain additional heteroatoms, such as oxygén, sul fur,
or nifrogen, preferably nitrogen. Such heterocyclic groups are
described in U.S. Patent 4,599,334, Petersen et al., issued
July 8, 1986; and U.S. Patent 4,670,444, Grohe et al., issued
15" June 2, 1987 (both incorporated by reference herein). Preferred
R7 groups include unsubstituted or substituted pyridine, piperi-
" dine, mo}pho1ine, diazabicyclo[3.1.1]heptane, diazabicyclo
[2.2.1]heptane, diazabicyclo[3.2.1]Joctane, diazabicyclo[2.2.2]
octane, thiazolidine, imidazolidine, pyrrole and thiamorpholine,
20 as well as the following particularly'ﬁreferred R7 groups include
piperazine, 3-methylpiperazine, - 3-aminopyrrolidine,
3-aminomethylpyrrolidine, N,N-dimethylaminomethylpyrrolidine,
N-ﬁethylaminomethy]pyrrolidine, N-ethylaminomethylpyrrolidine,
pyridine, N-methylpiperazine, and 3,5-dimethylpiperazine.
25 Preferred quinolonyl lactam esters include those having a
6-fluoroquinolone moiety or an 8-halo-6-fluoroquinolone moiety,
of formula:

30

35
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Lact 3

<jieties of this invention also include the lactivicin
anal d bf the representative fornul a: 35 :
-20- UEe= ' [err]
-4]-
R2
1 O O
R—t—nR3_, 0
5 | TSRO C N XY F
S—NRA l L
o) N/' R’
1
40
R® R

10 - wherein AZ is C(R6) and R6 is F; A3 is C(R41); and Al is C(R40)
_where R40 is hydrogen, fluorine or chlorine. Preferred examp]es
of such quinolone moieties include:

* 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1- plperazlnyl)-
3-quinolinecarboxylic acid;

15 7-(3-aminopyrro]idinyl)-l-cyclopropyl-6-f1uoro-l,4-dihydro-
4-0x0-3-quinolinecarboxylic acid;

7-[(3- am1nomethy1)pyrrolidlnyl] 1-cyclopropyl-6-fluoro-1,4-
dlhydro 4-o0x0-3- qu1nollnecarboxyluc acid;
7-(3-aminopyrrolidinyl)-8-chloro-1-cyclopropyl-6-fluoro-1,4-

20 dihydro-4-0x0-3-quinolinecarboxylic acid;
7-(3-aminopyrrolidinyl)-l-cyclopropyl-6,8-difluoro-l,4-
dihydro-4-oxo-3-quinolinecarboxylic acid;
7-[(3-aminomethyl)pyrrolidinyl]-1-cyclopropyl-6,8-difluoro-
1,4-dihydro-4-oxo-3-quinolinecarboxylic acid;

25 6,8-difluoro-1-(2-fluoroethyl)-1,4-dihydro-7-(4-methyl-1-

_ piperazinyl)-4-oxo-3-quinolinecarboxylic acid; :
1-ethy1-6-fluoro-1,4-dihydro-4-o0x0-7-(1-piperazinyl)-3-
quinolinecarboxylic acid;
1-ethyl-6-fluoro-1,4-dihydro-7-(4-methyl-1-piperazinyl)-4-

30 ox0-3-quinolinecarboxylic acid;
6-fluoro-1,4-dihydro-1-methylamino-7-(4-methyl-1-
piperazinyl)-4-oxo-3-quinolinecarboxylic acid; and
1-cyclopropyl-7-[3-(dimethylaminomethyl)-1-pyrrolidinyl]-
6,8-difluoro- 1,4-dihydro-4-oxo-3-quinolinecarboxylic acid;

35
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] wherein bond "a" is nil; bond "b" is a single bond; R3 is
CHerr]-Rerr], where Rerr] is 0; Rerr] is -CHRerr])-, where RR8 is |
: ; and Rlerr] is Y. O her | actam noieties include thej
byrazol i di nones of the representative fornmula: 15

berr ] wherei n bond "alga2i.s a single bond; bond "b" is a
«ouble bond; R err]

The following are other examples of such preferred quinolone

e tn sovanes oty arn s

moieties .

10 ' F

15 -

20

)
HN N
2 | \_C, F m'a\

30 ' |
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Is -CH2-R28-, where Rerr] is -N; Rerr] is -C(Rerr])-, where
] is COOH, and Rerr] is Xerr]-Cerr]-Rerr]-Y-, where R err]
Bt hyl ene, and Xferr] is C(Rerr]). Q her lactam

WM& es i ncl ude the gamma- | actams of the representative fornula: 30

-43-
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2 10 wherein bond "a" is.a single bond; bond "b" is
Rlerr] 1is -CHerr]-Rerr]-, where Rerr] is -C(Rerr]) and
¥is hydrogen; Rerr] is -Sgerr]H -POOR err])OH,

HS{ err ] N(Rlerr]) (Rlerr]), CSO[err]H -CH(R[ err]) COCH, or

: ferr])CO0H;, and Rlerr] is Y. .44. Preferred
: f cont ai ni ng noi eti es I ncl ude cephens, 15 | socephens,
| SG p.cephens, oxacephens, car bacephens, penicillins,
- carbapenems, and nonocyclic beta-lactans. Particularly

fed are cephens, penens, car bapenens and nonocyclic
act ans. - Rlerr] is any radical that nay be substituted at

10

Reae?

30

) 0
25 .
F
HH \C’" N
’ ci %

35
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5t er eoi soneric position of the carbon adjacent to the |lactam
{ of an antimcrobially-active lactam (As used herein, t he
® antimcrobially-active | act ant refers to a
Bcont ai ni ng conpound, w thout a qui nol onyl substituent
W which has antimncrobial activity.é This ~"active" 25

@1 is beta (i.e., 7-beta) for ceph ﬁt, oxacephens and
Egphens (for exanple). The active position is al pha for

5§ car bapenens, clavens and cl avans. Appropriate R err]
52Wi | | be apparent to one of ordinary skill in the art. Many
gerr] groups are known in the art, as 30 described in the
tng docunents (all of which are i ngjor por at ed by

”ce herei n): Cephal osporins  &RQ 8Qi ¢i | lins: Chemistry
| ogy (% Flynn, editor, 1972); e 'stry,:nd Bi ol ogy of
“nlAnthIOtiCS (R Morin et al., 1987) ; "The
4 Hsporin Anti biotics: 35 NP Mae”, 34 Drugs (Supp.
2) 14§4. Wllians, editor, 37) ; eta-Lactam Antibiotics: A
Revi § ~f rom Cheni stry of /\“" F HN

10

15 -

20

25

30

35
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Clinical Efficacy of the New Gephal.osporins (H. Neu, editor

§ M Sassiver et al., in Structure Activity Rel ationships. anong
pni - synthetic Antibiotics (D. Perlnman, editor, 1977). W

hei mer et al., "Recent Devel opnents in the Fleld of 5

fact am Antlblotlcs" 24 Angew. Che Int. Ed. Engl. 180

. G Rolinson, "Bet a- Lact am A fibiotics", 17 J.

§ crobi al Chenotherapy 5 (1986); European Patent Publication
b6, Jung, published July 16, 1986; and Wrld Patent :
gcation 87/05297, Johnston et al., published Septenber 11, 10 1987.
f;penens, carbapenens,. clavens an clavans, Rerr] is
g ably lower alkyl, o groxy substjjt ut ed | ower al kyl .
W fcul arI% preferred R[err] ydr ogen, hydroxynet hyl,

& [1(R-hydroxyethyl], [ hydr? ysul fonyl ) oxyethyl]], 15

cept for penens,

QWE1- et hyl -1 -hydroxyeth I] N
wh&oenens, clavens #ava preferred Rlerr] groups are
@®s, such as: acetyl Tlizl,preferably

/’"
£ 10
i 0
F )
15 J/
,/\" N :
I
20
'_ 3
E- o
g 25
%
F
: HN N "
V4
- F
30
35
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subSSt ed ‘Wit h aryl, heteroaryl, aryloxy, hetergarylthio and | ower

al kygui o substi tuents; aryl gl ycyl am no, preferably 20

N- sSulHEi t ut ed W th het er oaryl car bonyl and

cycl bt er oal kyl car bonyl substituents; aryl car bonyl am no;

het edgr yl car bonyl am no; and | ower al koxyi m noacet yl am no,

pref @gbly substituted with aryl and heteroar¥l- substituents.

Part ig®l arly preferred Rlerr] groups include am des of the general 25
for o Rlerr]-(CHerr])mC(=0 N+ amimaw]lsﬂ§w] Exanpl es of
such g% preferred R err] groups include:

((2-.:;no 5- hal o-4-t hi azol yl jyacetyl ] am ng; “

((4- #d nopyridin-2-yl)acetyl]am no;

,.;dlchl 0- 4- 0x0- 1( 4H) - pyrldlnyl)acetyk]am
24 an none hyl)phenyl]acetyl]an1
etrazol-l-ylacetyl)an1no] cyanflacet yl ) am no] ;
aenylacetyl)an1no] ( 2 am no- 4- hlazq¥l)acetyl]anino];
sydnone, 3-[-2- am' oxoet hyl . he follow ng are

such preferred Rlerr] groups.

3
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HH, 0

y N N
| S H,N ! |
4 15
'i ; Also preferred are quinolonyl lactam esters having a
f §' 20 1,8-naphthyridine moiety, of formula:
§i R__{ g3
| - By -Cﬁ;[
B P
; 0~ R7
20 " wherein Al is N; A2 is C(R6) and A3 is C(R4l). Preferred
examples of such quinolone moieties include:
7-(3-aminopyrrolidinyl)-1-(2.4-dif1uoropheny1)-6-f]uoro-l.4-
6ihydro-4-oxo-l,B-naphthyridine-3-carboxylic acid; and
l-ethyl-ﬁ-fluoro-l,4-dihydro-4-oxo-7-(l-piperaziny])-l.8-
35 naphthyridine-3-carboxylic acid.
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The following are other examples of such preferred quinolone

- moieties. o

e
N

~ Y
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B, cerr] is Rerr]-(CHerr]) mCCONH,.and Rerr] is -Zerr],
% cd Rl err] groups include the follow ng: 25

knoy| phenyl acet yl ] ami no;

pyri di nyl t hi o) acetyl ] am no];

-54-
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honet hyl )t hi o] acetyl ] ami no] ;

t'2- am no- 2- carboxyethyl)thlo]acetyl]an1no]

i | uoronet hyl )t hio]acetyl]ani no]; and 30

i 2- am nocar bonyl - 2-f | uor oet henyl )t hi o] acetyl ] am no] . : The
g are other such preferred R err] groafs. 35

Also preferred are quinolonyl lactam esters having a
pyridobenzoxazine or pyridobenzthiazine moiety, of formula:

-wherein Al is C(R%0); A2 is C(R6); A3 is C(R4!); and R40 and R8

together comprise a linking moiety between N’ and A to form a
6-membered, oxygen-containing, heterocyclic ring where X (in this
formula) is oxygen or sulfur. Preferred examples of such
quinolone moieties include 9-fluoro-4,7-dihydro-3-methyl-
10- (4-methyl-1-piperazinyl)-7-oxo-2H-pyrido[1,2,3-de}-1,4-
benzoxazine-6-carboxylic acid; and the following structures.
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e and Rerr] is

CHerr])mcC ( O)NH- | o ng:
]n)(R[RE-Jre;]r]I)S ﬁgre]rr(ed [R[err] groups include the fo
henyl acetyl ] am no;

-56-
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-58-

The specific physical, chemical, and pharmacological
properties of the quinolonyl lactam esters of this invention may
depend upon the particular combination of the integral
lactam-containing moiety, quinolone moiety and linking moiety
comprising the compound. For example, selection of particular
imtegral moieties may -affect the relative susceptibility of a
quinolonyl lactam ester to bacterial resistance mechanisms (e.q.,
beta-lactamase activity). '

Preferred quinolonyl lactam esters include compounds having
the following specific combinations of lactam-containing
moieties, quinolone moieties and linking moieties.

1) Ester-linked penem quinolones, such as compounds of the
following classes.

the lactam-containing moiety is a penem, wherein
bond "a" is a single bond; bond "b" is a double
bond; R3 is -CH-; R4 is -C(COpH)-; RS s
-§-C"'-CH2-0-; and

- the quinolone moiety fs a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

a) where

the lactam-containing'moiety is a penem, wherein
bond “"a" is a single bond; bond "b" is a double
bond; Rl is (1-hydroxyethyl); RZ is -H; R3 is
-CH-; R4 §s -C(COoH)-; RS is -S-C"’-CH2-0-; and

- the quinolone moiety is a 6-fluoroquinolone
moiety, wherein Al is -C(R39)-; A2 is -CF-; A3 is
-CH-; and R7 is a heterocyclic ring

b) where

the lactam-containing moiety is a penem, wherein
referring to the formula, wherein bond "a" is a
single bond; bond "b" is a double bond; R3 is
-CH-; R4 is -C(COzH)-; RS is -S-C"/-CHp-0-;

¢) where

This Sheet Has Been Rep Iaced
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2 [[[3-(2-furyl met hyl eneam no) ; 2- oxo- 1-i m dazol i di nyl] -
{| am no] phenyl ] acetyl ] am no;

i nophenyl acetyl ) am no] ;

M no( 4- hydr oxyphenyl ) acet yl ] am no] ; 5

@i no- 1, 4- cycl ohexadi en- 1-yl acet yl ) arb®o] ;

W xyphenyl acetyl ) am no] ;

[ (4- et hyl - 2, 3- di oxo- 1-thepquimilage modetyrigl ;mbhﬂ]}ridinone. wherein

y oxyphenyl ) acetyl]am nodt je¢ -N-: A2 . 7 ;

i [ (5-carboxy-1Hi mdazgll1 153/ (;IarAbonyI]am no)phen f“ Oa"d RT is a

! am noJ ; - heterdcyclic ring

[ [ (4- hydroxy 6- nethyl 3-pyridinyl)carbonyl ] am no] ( 4-

P phe”g' )aCE}y'JhS‘Pl nol; the lactam- contau(a r?g ‘ngpeqen)(l Su'pgr%?nc,e& er)eam nol;

i bond “a" is a single bond; bond "b" is a double
bond; R3 §s -CH-; R4 s -C(COpH)-; RS s
-§-C"'-CH2-0-; and

- the quinolone moiety is a structure, wherein A2

. ST

T Daiiek

S auihd
AT N

-§-C"’-S-CHaCH2-0-; and
i - the quinolone moiety is a structure, wherein A2
30 is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

10 “is -CF-; A3 is -CH-; R9 is -H; Al is -CH-, -CF-,

E | ' ' -CC1-, or -N-; R8 is cyclopropyl, ethyl,
ﬁ 3§" - 2,4-difluorophenyl, 4-f1uorbphenyl, or t-butyl;
E fi and R7 is a 3-amino-1-pyrrolidinylr group, a
}- g 4-methyl-1-piperazinyl group, a
; % 15 3-aminomethyl-1-pyrrolidinyl group, a
1' g. 3-ethylaminomethyl-1-pyrrolidinyl group or a
E 1-piperazinyl group
% % Ester-linked penem quinolones of the classes (b), (c) and (d) are

% 20 preferred; compounds of class (d) are particularly preferred.

j 3) Ester-linked penem quinolones, such as compounds of the

E following classes.

% 25 a) where - the lactam-containing moiety is a penem, wherein

% bond "a" is a single bond; bond "b" is a double

¢ bond; R3 is -CH-; R4 s -C(CO2H)-; RS s

5 .

b) where - the lactam-containing moiety is a penem, wherein
bond "a" is a single bond; bond "b* is a double
bond; R3 1is -CH-; R4 s -C(COgH)-; RS s
35 -§-C"’-S-CH2CH2-0-; and

This Sheet Has Been Replaced
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b) - [[ 2-[[ (4-ethyl -2, 3-di oxo-1- plpera2|nyl)carbonyl] 15

- 3- hydr oxy- 1- oxobutyl am noj ;

boxy (4- hydroxyphenyl)acetyl]an1no]

am no[ 3- [(ethylsulfonyl)an1no]phenyl]acetyl]anlno]

ram no( benzo[ b] t hi en-3-yl)acetyl anlmmﬂ

an1no(2 ﬂaphthyl)acetyl]an1no]

fanmi no( 2- am no- 4- t hi azajhgl )Q@ﬁ{o%ilélmmhty is a 6-fluoroquinolone

, 7-di hydr ox 4 0X0- 4H-| ~bgnzopyr an- 3-yl,) C | ]
{ (4- hyd)r/oxypﬁenyl)acet g FX el “a¥ ‘% 3{&9@}’ AZ is -CF-; A3 is

|
|
B[ [ 2-[ 4-[ 2-ani no- 2-car br(SHyEtdnyl Rk isaa thetgrdcyad hoptieg-

! hydroxyacetyl]anlno]' and 25

\ (5 hydr ox 0X0- 1(4H) - pyri di n- 2-yl ) car bonyl am no( 2-

R4t 19 azol |)~B%'é% yI'] anithe] 1actam-contaimiags me fegy isg aapenem: iwhergirch

; red Rlerr] groups. b8Ad "a" is a single bond; bond "b{ &5k double
! - ‘bond; R3 is -CH-; R4 dis -C(COxH)-; RS s
-§-C"’-S-CH2CH2-0-; and .
- the quinolone moiety is a naphthyridinone, wherein
10 Al is -N-; A2 is -CF-; A3 is -CH-; and R7 is a
~ heterocyclic ring

d) where - the lactam-containing moiety is a penem, wherein -

bond "a" is a single bond; bond "b" is a double

15 bond; Rl is (1-hydroxyethyl); RZ is.-H; R3 is
~ -CH-; R% is _; and

- the quinolone moiety is a structure, wherein A2

is -CF-; A3 is -CH-; RY is -H; Al is -CH-, -CF-,

-CC1-, or -N-; R8 s cyclopropyl, ethyl,

20 2,4-difluorophenyl, 4-fluorophenyl, or t-butyl;
- and R7 s a 3-amino-l-pyrrolidinyl group, a
4-methyl-1-piperazinyl group, a
3-aminomethyl-1-pyrrolidinyl group, a
3-ethylaminomethyl-1-pyrrolidinyl group or a

1-piperazinyl group

Ester-linked penem quinolones of the classes (b), (c) and (d) are
preferred; compounds of class (d) are particularly preferred.

4
prrrereersreT—————UT R GG RO
: ~ :

(2]

4) Ester-linked carbapenem quinolones, such as compounds of the
following classes.

'a) where - the lTactam-containing moiety is a carbapenem,
: wherein bond "a" is a single bond; bond “b" is a
35 double bond; R3 is -CH-; R% is -C(COaH)-; RS is

-CH(R33)-C"’-CH2-0-; and
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the quinolone moiety is a structure, wherein A2 is
-CF-; A3 is -CH-; and R7 is a heterocyclic ring

the lactam-containing moiety is a carbapenem,
wherein bond "a" is a single bond; bond "b" is a
double bond; R3 is -CH-; R4 is -C(COpH)-; RS is
-CH(R33)-C"’-CH9-0-; and

the quinolone moiety is a 6-fluoroquinolone
moiety, wherein Al is -C(R39)-; A2 is -CF-; A3 is

- -CH-; and R7 is a heterocyclic ring

the 1actdm-containing moiety is a carbapenem,
wherein bond “a" is a single bond; bond "b" is a
double bond; R3 is -CH-; RY is -C(CO2H)-; RS is
-CH(R33)-C"’-CH2-0-; and

the quinolone moiety is a naphthyridinone, wherein
Al is -N-; A2 is -CF-; A3 is -CH-; and R7 is a
heterocyclic ring

the lactam-containing mdiety ijs a carbapenem,
wherein bond "a" is a single bond; bond “b" is a
double bond; R! is (1-hydroxyethyl); RZ is -H; R3
is -CH-; R §s  <C(COgH)-; RS s
-CH{R33)-C"’-CH2-0-; R33 is -H or -Me; and

the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; R9 is -H; Al is -CH-, -CF-,
-CC1-, or -N-; R8 is cyclopropyl, ethyl,
2,4-difluorophenyl, 4-fluorophenyl, or t-butyl;

and- R7 is a 3-amino-1-pyrrolidinyl group, a
4-methyl-1-piperazinyl group, a
3-aminomethyl-1-pyrrolidinyl group, a

a

3-ethylaminomethyl-1-pyrrolidinyl group or
1-piperazinyl group

ect Has Been Replaced :
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Ester-linked. carbapenem quinolones of the classes (b), (c) and
(d) are preferred; compounds of class (d) are particularly
‘preferred.

-?? f 5 5) Ester-linked carbapenem quinolones, such as compounds of the
| following classes.

the lactam-containing moiety is a carbapenem,

E wherein bond "a" is a single bond; bond "b" is a
M 10 . double bond; R3 is -CH-; R% is -C(COpH)-; RS is
3 -CH(R33)-C"’-S-CHpCH2-0-; and

- the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

a) -where

the lactam-containing moiety is a carbapenenm,
wherein bond "a" is a single bond; bond "b" is a
double bond; R3 is -CH-; R4 is -C(COgH)-; RS is
-CH(R33)-C"’ -S-CH2CH2-0-; and

15 b) where

R T B e

? - the quinolone moiety is a 6-fluoroquinolione

§ 20 moiety, wherein Al is -C{R39)-; A2 is -CF-; A3 is

: -CH-; and R7 is a heterocyclic ring

g c) where - the lactam-containing moiety is a carbapenem,

; wherein bond "a" is a sing]e bond; bond "b" is a

.25 double bond; R3 is -CH-; R% is -C(COgH)-; RS is

; -CH(R33)-C"’ -S-CHaCH2-0-; and

? - the quinolone moiety is 2 naphthyridinone, wherein

: Al is -N-; A2 is -CF-; A3 is -CH-; and R7 is a

% heterocyclic ring

O

E d) where - - the lactam-containing moiety is a carbapenen,

i wherein bond "a" is a single bond; bond "b" is a

: double bond; Rl is (1-hydroxyethyl); R2 is -H; R3
is  -CH-;  R% is  -C{COgH)-; R3S is

35 © -CH(R33)-C"’-S-CHpCH2-0-; R33 is -H or -Me; and
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the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; R9 is -H; Al is -CH-, -CF-,
-CC1-, or -N-; R8 is cyclopropyl, ethyl,
2,4-difluorophenyl, 4-fluorophenyl, or t-butyl;
and R7 is a 3-amino-1-pyrrolidinyigroup,

a
4-methyl-1-piperazinyl group, a
3-aminomethyl-1-pyrrolidinyl group, a
3-ethylaminomethyl-1-pyrrolidinyl group or a

1-piperazinyl group.

Ester-linked penem quinolones of the classes (b), (c) and (d) are
preferred; compounds of class (d) are particularly preferred.

6) Ester-linked oxacephem quinolones, such as compounds of the

class where

the Tlactam-containing moiety is a oxacephem,
wherein bond "a" is a single bond; bond "b" is a
double bond; R3 is -CH-; R4 is -C{COpH)-; RS is
-0-CHz-C"’-CH2-0-; _

the quinolone moiety is a structure, wherein A2
is -CF-; A3 1is -CH-; and R7 1is ‘a heterocyclic
ring.

7) Ester-linked isocephem quinolones, such as compounds of the

class where

the lactam-containing moiety is a isocephem,
wherein bond "a" is a single bond; bond "b" is a
double bond; R3 is -CH-; R4 is -C(COzH)-; RS is
~CH2-S-C"’ -CH2-0-; and

the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic
ring. '

8) Ester-linked iso-oxacephem quinolones, such as compounds of
the class where

This Sheet Has Been Replaced -
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- the lactam-containing moiety is a iso-oxacephem,
wherein bond "a" is a single bond; bond "b" is a
double bond; R3 is -CH-; -R¥ is -C(CO2H)-; RS is
-CH2-0-C"’-CH2-0-; and

5 - the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic
ring.

9) Ester-linked carbacephem quinolones, such as compounds of the

10 class where

' - the lactam-contéining moiety is a carbacephem,

' wherein bond "a" is a single bond; bond “b“-is a

double bond; R3 is -CH-; R4 is -C(COpH)-; R5 is
-CH2-CH2-C"’ -CH2-0-; and _

15 - the quinolone moiety is a structure, wherein A2 is

-CF-; A3 is -CH-; and R7 is a heterocyclic ring.

10)'Ester-1inked monobactam quinolones, such as compounds of the
following classes.

X R R S ot R S A

20

the lactam-containing moiety is a monobactam,
wherein bond "a" is a single bond; bond "b" is
nil; R3 is -CH- and is bonded directly to X; RS is
nil; X is -CH20-; and

25 - the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

a) where

the lactam-containing moiety is a monobactam,
. wherein bond "a" is a single bond; bond "b" is
30 - nil; R3 is -CH- and is bonded d1rect1y to X; RS is
nil; X is -0-; and
- the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

b) where

35 Quinolonyl lactams esters of this invention include (for
example) the following compounds.
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[6R-(6¢,7ﬁ)]]-7-[[[(Difluoromethyl)thio]acety1]amino]-7-methoxy]-
3-[[[1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)--
3quinolinyl]carbonyloxy]jmethyl]-8-o0xo-S-oxa-1-azabicyclo(4.2.0]-
oct-z-ene-z-cérboxylic acid

CO,H

[6R-(6a,78)]-7-[{[(2-Aminocarbonyl-2-fluoroethenyl)thio]acetyl]
amino]-3-{[{[9-fluoro-3,7-dihydro-3-methyl-10-{4-methyl-1-
piperazinyl)-7-oxo-2H-pyrido(1,2,3-de]-1,4-benzoxazin-6-y1]-
carbonyl]oxy]methyl]-8-oxo0-5-thia-1-azabicyclo[4.2.0]Joct-2-ene-
2-carboxylic acid |
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-66-
(6R-[6a,78]]1-7- [ [Carboxy(4-hydroxyphenyl)acetyl]amino]-3-{[[1-
ethyl-6-f1uoro-l.4-dihydro-7-(4-méthyl-l-piperazinyl)-4-oxo-3-
quinolinyl]carbonyloxy]methyl]-8-oxo-5-thia-l-azabicyclo[4.2.0]
oct-2-ené-2-carboxylic acid

| CO,H ) ﬁ N/
no~—4<:::i:>———4§7——' ’ _g 0 N !:::::J

[S5R-{5a,6a]]-3-[[[7-(3-Aminopyrrolidin-1-y1)-8-chloro-1-cyclo-
propyl-6-fluoro-1,4-dihydro-4-oxo-3-quinolinylJcarbonyloxy]-
methy1]-6-[(R)-1-hydroxyethyl]-7-oxo-4-thia-1-azabicyclo[3.2.0]-
hept-2-ene-2-carboxylic acid

This Sheet Has Been Replaced
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(5R-[5a,6a]]-3-[[[1-Ethyl-1,4-dihydro-6-methyl-4-0x0-1,8-
naphthyridin-3-yl]carbonyloxy]methy1]-6-{(R)-1-hydroxyethy1]-7-
oxo-4-thia-1-azabicyclo[3.2.0)hept-2-ene-2-carboxylic acid

OH ' ' 0

A
'/

Co,H

10 o _——_—//ﬁ
[{5R-[{S5a,6a]}]-3-{[[{1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-
(1-piperazinyl)-3- quinolinyl]carbonyloxy]methyl] -6-[{R)-1-

15 hydroxyethyl]-7-oxo-4-thia-1- azabicyclo[3 2. 0]oct 2-ene-2-
carboxylic acid

- A

25

30

35
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B ass of preferred R err] groups (for |actam containing
ot her than penens, carbapenens, clavens and cl avans)

ghose of the formula: .
=NO-Rerr])-C(=ONH. 5 Exanpl88-of this preferred class of

| ?;pfmf{ Egi&ﬂﬁ* r‘?o&&%‘tcfl‘:lo%ﬁ?ﬂyg GOI}?IWr %P%dky&%- J]x%a { Iplper-
azinyl)-3- quinolinyl]carbonyloxy]-3-[[[[[(R) -4-ethyl-2,3-dioxo-1-
piperazinyl)c;rbonyl]amino](4-hydroxyphenyl)acetyl]amino]-4-oxo-

1-azetidinesulfonic acid sodium salt

S0,Na

(35)-3-[[(2-Amino-4-thiazolyl){methoxyimino)acetylamino}-2-[[1-
15 ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-1,8-naph-

5.
:';- 3

$ thyridin-3-y1]carbonyloxy]-4-oxo-1-azetidinesulfonic acid sodium
_ salt .
P20

H.N * N =0lMe

: "

2 Y/ /

é. s // NH

o :
% 30

35
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8, - D- gl ut anyl oxy) phenyl ] - 2- hydr oxyi m noacetyl .
hm no- 4-t hi azol yl ) (met hoxyi m no) acetyllamno]; 10
anyl (et hoxyi m no) acetyl ] am noJ ;

‘am no- 4-thiazol yl) [(( car boxy- | - met hgl ) et hoxyi m
/1 ] ami noj ; '

, am no- 4- tgg?zzm[ﬂ)t(tjﬁyfag %Oéi‘/h“%t 09 %'xQ“-P?a)S‘ oxo¥oﬂ4ar§}g]7 -quino-
'o 4-thi aZ@hyl])chfﬁ&thylloxyijaz!ebxod-sy[mﬁehom)cebylr)ehamelhzehdinesul-
-_'am no- 4- t acngy? ‘é"’é‘i"‘ (ﬁ”met hoxyi m no) acetyl ] am

( 2- arg no- 4-t _)[car boxy( 3, 4-di hydroxyp n- 20
yl)H Xyi m no] acet f0] . O her ferred Rl err] groups
i ncig it he foll ow ng 4Ct ur es. [err]

’ SO Na '

[6R-[6a,78)]11-3-([[7-(3-Amino-1-pyrrolidinyl})-1-(2,4-difluor-
ophenyl)-6-fluoro-1,4-dihydro-4-oxo-1,8-naphthyridin-3-y1l]carbon-

IS yloxy]methyl]}-7-[[(5-hydroxy-4-oxo-1(4H)-pyridin-2-y1)carbonyl-
amino](2-amino-4-thiazolyl)acetylamino]-8-oxo-1-azabicyclo
[4.2.0]oct-2-ene-2-carboxylic acid

H, u
20
2

H

F \
25 N 2 o .

CO,H 0 )

30 O
35
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-70-
[6R-[6a,78)])]-3-[{[7-(3-Amino-1-pyrrolidinyl)-8-chloro-1-cyclo-’
propyl-6-fluoro-1,4-dihydro-4-0xo0-3-quinolinyl]carbonyloxy]-
methyl]-7-[[{[((R)-4-ethyl1-2,3-dioxo-1-piperazinyl]carbonyl]-
amino}(4-hydroxyphenyl)acetyl]amino]-8-oxo-1-azabicyclo(4.2.0]

oct-2-ene-2-carboxylic acid
‘i7 ¢l
N N
o [
F
o o]

OH
[6R-[6a,78)]]-3-[[[1-Cyclopropyl-6-fluoro-1,4-dihydro-4-0x0-7-
(1-piperazinyl)-3-quinolinylJcarbonyloxylmethyl]-7-[ [phenoxy
acetyl]amino]-8-oxo-l-azébicyc10[4.2.0]oct-2-ene-2-carboxy1ic

acid

T

[
=
=

wr ]
LY
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[5R, (5a,6a)]-3-[[[[7-[3-(Aminomethyl)-1-pyrrolidinyl]-1-
cyclopropyl-6,8-difluoro-1,4-dihydro-4-oxo-3-quinolinyl]carbonyl]
oxy]methy1]-6-[(R)-1-hydroxyethyl]-7-o0xo0-1- azabicyclo[3 2.0]hept-
2-ene-2-carboxylic acid

OH - o}

/_,. /

N
4 "o
[5R, (5a,6a)]-3-[[[6,8-Difluoro-1-(2-fluoroethyl)-1,4-dihydro-4-
oxo-7-(4-methyl-1-piperazinyl)-3-quinolinyl]Jcarboxyl]oxy]methyl]-

6-[(R)-1-hydroxyethyl]-48-methyl-7-oxo-1-azabicyclo [3.2.0]hept-
2-ene-2-carboxylic acid

"

- This Sheet Has Been Rerlaced
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[SR,(Sa,sa)];3-[[[[8-Ethyl-5.8-dihydro-5-oXo-2-(l-piperazinyl)
pyrido[2,3-d]pyrimidiny1]carbonyl]oxy]methyl]-6-((R)-l-hydroxy
ethyl]-7-oxo-1-azabicyclo{3.2.0]hept-2-ene-2-carboxylic acid

. /v Ba
m T
2

[5R,[Sa,6a])]-3-[[[1-Cyclopropyl-6-fluoro-1,4-dihydro-7-(1-pipera-
ziny1)-4-o0xo0-3-3-quinolinyl]carbonyloxy]methyl]-6-{(R)-1-hydroxy
ethyl]-7-oxo-1-azabicyclo[3.2.0[hept-2-ene2-carboxylic acid

15

2 j\ /° i '
I =

[6R-[6a,78]]-7-[[Carboxy(4-hydroxypheny!)acetyl]amino]-3-([[1-
cyclopropyl-6-fluoro-1,4-dihydro-7-{1-piperazinyl)-4-oxo-3-
quinolinyl]carbonyloxy]methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]
oct-2-ene-2-carboxylic acid ' '

m/@/g:/“ el I/YWO"
35 ° °;:\‘)\/WF

AR

30
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Other preferred quinolonyl lactam esters are exemplified by the
following structures.

| T Y m":n]c(

Co,Na

HNJLN J(

RP=e #@(

CO Na

AT %{LQ”‘

CO Na

H-Ctie YN M 'O_ l

CO,Na

Y O

-
TCyNa
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CO,Na
N-OHe
Hz‘l /" Y OTh
0
Ao LI
o F
CO,Na o o
e | Y 1 D
V\s’)/uu e o ¥ " ?
F t] |
o o . ;
0
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Rlerr] groups are anong those well-known in the art, 30
ng those defined in the following docunents (aI
rated by reference herein). W Durckheinmer et al.

@ Devel opnents in the Field of Beta- Lz tam Anti bi otics",

g Chem Int. Ed. Engl. 180 (198 ? G .Rolinson,

Bact am Antibiotics", 17 J. Antimcrobial Chenotherapy 5 35
S and European Patent Publication 187,456, Jung, published
Jul yJaeE 1986. Preferred R2 groups include hydrogen, methoxy,

10 | )
OO
° co, M ) ]
15

Y
);(\';'\A/ ,"- N

25

35

. This Sheet Has Been Replaced
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et hoxy, pr opoxy, t hi onet hyl , .hal ogen, cyano, fornmyl
, fornylamno. Particularly preferred R2 groups include hydrogen,
k hal ogen, and fornyl am no. Qui nol one Moieties: 5
nerr], Alerr], Aerr], Rerr], R[er;;, and Rlerr] formany of a
f Of qui nol one, napht hyri di ne di7-rel ated heterocyclic noieties

inthe art to have antimcrobial activity. Such noi eties
well known in the art, as described in the following articles,
borporated by reference hereln J. Wlfson et al., "The 10
i nol ones: Structures, Mechani sms of Action  and
hce, and Spectra of Act|V|ty In Vitro", 28 Antim crobi al
hnd Chenot herapy 581 (%98%); and T. Rosen al ., 3kJ. Med

1586 §1988); n{e{gg n al ., 31 J. Med em 1998
3 p ,

co,Na o 0
10
N-Cite
H N /"/ - " £ O\
N N .-
s o S ' a
No 2 o]
(o] F
15 . : CO,Na [»] 0
-OMe
H N (M ? .
NH H
\g / 5 S ) N D\Nﬂ.
vk o M
20 o F
Co,Na 0 o
N-Otie
HN N
2 \( / - l:l Y Cl O\
s : s N NH,
25 );!/\;k,o l
Q F

30 " C ?
' \J NH;?/\ 1 ‘" J“\ 'D\m“
. N A0

35
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Kl opman et al., 31 Antimcrob. Agents. Chenother. 1831 15
p1: 1831-1840; J. P. Sanchez et al., 31 J. Med. Chem 983
y..M Domagala et al., 31 J. Med. Chem 991 (1988); M P.
et al., in 20 Ann. Reo. Med. Chem 5 (D. M Baily,

1086); J. B. Cornett et al., in 21 AAR. Rep. Med. Chem 139
i ley, editor, 1986); P. B. Fernandes et al., in 22 20 - Ann.
.- Chem 117 (D. M Bailey, editor, 1987); R

21 Prog. Drug Research 9 (1977); and P. B. Fernandes et

3 Ann. Rep. Med. Chem (R C. Allen, editor 1987).

Sy H qui nol one noi et | cl ude those Wnere A

D %err] is C(R[ APFernyr] is R i fe\, _quinol ones);
s 5" 25 ni trogen, , ahd A3 i N,

N3 ~di nes) ; A[err] IS £ Rlerr]), and

Ay 5 nitrogen (i.e., cinnolirfe aci s); and where

Al 5 nitrogen, Alerr] is nitrogen,“fd © o9Alerr] is C(Rerr])
(i F pyridopyrimdine derivatives). Mor e preferred

qus e noieties are those V\/nereAI I's C(R40 :Mfemi C(Rerr]),

r] is C(Rerr]) (i.e., quinol ones)ﬁand re A[err] S

ni & . Allrr] is C(R[err]) “and Alerr] is

nap i di nes). Particul ar]) . preferreg o one rml eties are where
A

s C(Rerr]), ,err]{ls C(Rerr]y, ferr] is C(Rlerr])
ui nol ones). p]‘F{épgswpref 3 aryl, cycl oal kyl
l am no. 35 More s bl 3 et hyl ,
get hyl,  2-hydroxyet hyl, :

L OSONa

15

N QY™

" “~ Y

| 7 (J
25 N
' N-Otte ¢
Y
PO(W!)ON‘
0 - J
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cycl opropyl. Cycl opropyl
Preferred quinol one

d heterocyclic
ef erabl y hydrogen or hal o.

| uor ophenyl

C(Rerr]) and R err] and

2, 4-di fl uor ophenyl ,

noi eti es

al so

met hyl am no and

is a particularly preferred R err]

i ncl ude those where

‘iQErr] t oget her conprise a

ring containing an oxygen or sul fur atom

More preferably Rlerr] is

| uori ne. orine is a particularly preferred R err]
Pr @ ed R7 groups include ?it rogen-contai ni ng
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Particularly preferred are + nitrogen-containing 10
d/clic rings having from5 to 8 nenbers. The heterocyclic

Antibiotic Chemistry, Vol. 3, (Part B) and Vol. 4, (P. Sommes,

- contain additional heteroatons, such as oxygen, sulfur, or
- , preferably nitrogen. Such heterocyclic groups are
3 ed in U S Patent- 4,599,6334, Pete8&en et al., issued
% f 1986; and U. S. Patent 4,670,444, G ohe et al., issued 15 June 2,
3 jot'h i ncorporated by reference herein). Preferred R7 groups
i 3 I unsubstituted or substltuted pyrldlne piperi- ¢ di ne,
‘ I ne, di azabi cycl o[, 3. 1, 1] Ptane, | .
hept ane,  di azabi cycTf / ﬁaane ' 2]
t hi azol i di ne, i m dazal4 in | e®and s orp ¥ ne, 20 as
t hesfol l ow ng particularly pref red R[err] greups i ncl ude -
gi ne, 3- et hyl pi per azi neg w.h 3- an@ﬁgpyrrolldlne
- et hyl pyrrolidine, N, N-dlnethylan1nonet yl pyrrolidine,
N- 1§ ‘.Ianlnonethylpyrrol|d|ne N- et hyl am nonet hyl pyrrolidine,
p ®e, N-nethyl pi perazine, and 3, 5-di net hyl pi perazi gg;, 25
P ged quinolonyl |actamesters include those havi ng/a
6- f}3R oqui nol one noi ety n 8- hal o-6-fl uoroqui nol ong nnletyf/~‘ﬁ of
for] 10 /\n’ \n/grﬁ
F\/G/ - F
CONa
15
"\/’ o’ (ﬁ g’
0 soua
20 Methods of Manufacture
The quinolonyl lactam esters of this invention may be made
using any of a variety of synthetic techniques known in the art.
Manufacture of quinolonyl lactam esters generally involves the
preparation of a lactam-containing moiety, a quinolone moiety and
25 a procedure or set of procedures for 1linking the
lTactam-containing and quinolone moieties. Procedures for making
a broad variety of 1lactam-containing moieties and quinolone
moieties are well known in the art. For example, procedures for
preparing lactam-containing moieties, and related compounds, are
30 described in the fbl!owfng references, all incorporated by
reference herein (including articles cited within these
references): Cephalosporins and Penicillins: Chemistry and
Binlogqy (€. H. Flvnn, ed, 1972) Chaoters 2, 3, 4, 5, 6, 7. 15 and
Appendix 1I; Recent Advances in the Chemistr -Lactam
35 Antibiotics (A.G. Brown and S. M. Roberts, ed., 1985) Topics in
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ed., 1980); ggggnt Advances in thg;ﬁChgmi;;tz_;gﬁ__ﬂ;lggigm
Antibiotics (J. Elks, ed., 1976); Structure-Activity Relation-
ships Among the Semisynthetic Antibiotics (D. Periman, ed, 1977);
Chapts. 1, 2, 3, 4; Antibiotics, Chemotherapeutics and Antibac-
terial Agents for Disease Control (M. Grayson, ed, 1982);
Chemistry and Biology of A-Lactam Antibiotics, Vols 1-3 (K. 8.
~Morin and M. Gorman, eds, 1982); 4 Medicinal Research Reviews

1-24 (1984); 8 Medicinal Research Review 393-440 (1988); 24
Angew. Chem. Int. Ed. Engl. 180-202 (1985); 40 J. Antibiotics

182-189 (1987); 'European Patent Publication 266,060; 42 J.
Antibiotics 993 (1989); U.S. Patent 4,742,053; 35 Chem. Pharm.
Bull. 1903-1909 (1987); 32 J. Med. Chem., 601-604 (1989); U.S.
Patent 4,791,106; Japanese Patent Publication 62/158291; 31 J.
Med. Chem. 1987-1993 (1988); 30 J. Med. Chem., 514-522 (1987); 28
Jet. Let. 285-288 (1987); 28 Tet. Let. 289-292 (1987); 52 J. Orq.
Chem., 4007-4013 (1987); 40 J. Antibiotics, 370-384 (1987); 40 J.
Antibiotics, 1636-1639 (1987); 37 J. Antibiotics, 685-688 (1984);
23 _Heterocycles, 2255-2270; 27 Heterocycles, 49-55; 33 Chem.
Pharm. Bull. 4371-4381 (1985); 28 JTet. Let, 5103-5106 (1987); 53
J. Org. Chem., 4154-4156 (1988); 39 J, Antibigticﬁ, 1351-1355
(1986); 59 Pure and Appl. Chem., 467-474 (1987); 1987 J.C.S.
Chem, Comm.; 44 Tetrahedron, 3231-3240 (1988); 28 Tet. Let.,
2883-2886, (1987); 40 J. Antibiotics, 1563-1571 (1987); 33 _Chem.
Pharm. Bull., 4382-4394 (1985); 37 J. Antibiotics, 57-62 (1984);
U.S. Patent 4,631,150; 34 Chem. Pharm. Bull., 999-1014 (1986); 52

r hem., 4401-4403 (1987); 39 Tetrahedron, 2505-2513
{1983); 38 J. Antibiotics, 1382-1400 (1985); European Patent
Application 053,815; 40 J. Antibijotics, 1563-1571 (1987); 40 J.
Antibiotics, 1716-1732 (2987); 47 J. Org. Chem., 5160-5167
11981); U.S. Patent 4,777,252; U.S. Patent 4,762,922; European
Patent Publication 287,734; U.S. Patent 4,762,827; European
Patent Publication 282,895; European Patent Publication 282,365;
U.S. Patent 4,777,673.

Aiso, for exampie, proceduras ror preparing quinoiones
useful in the methods of this invention are described in the
following references, all incorporated by reference herein
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erein Alerr] is C(Rerr]) and Rerr] is.F, Alerr] is C(Reir]);
rr] is C(Rerr]) where Rl err] is hydrogen, fluorine or

e. Preferred exanpl es of such qui nol one noi eties include:
6-fl uoro-1, 4-di hydro- 4- oxo- 7- (1 ?lpera2|nyl)

8l i necar boxylic aC|d 15

® nopyrrolid
1- qui nol i necar
dni nomet hy| )mﬂmﬂmmn 19¢104 6E9)y| 36 451 Medr. oChemt, 503-506 (1988);
- 4- 0X0- 3- %?%lﬂﬁ‘é‘@rmw'%ﬂ@ 9318 (1983); 1987 Liebias Ann. Chen.,

i nopyrrolidi oro opr | uor O}T 20
py g !ééi g;pg ip Clin. Res., 379-383 (1988); 31 J.

|- 4- 0x0- S(nﬁ op %é@
i nopyrs ol i cléety| Thém qyesmpylm)a 34 )l uMed)- Ehem., S37-542 (1989); 78
”J ”%sﬂﬁc%’ct?oxyédscséf (1989); 26 J. Het. Chem., (1989); 24 J.

gn%gggdfqg?é%&ﬁr QP stRd’ M‘ltcﬁ ghe@bdwyeqreﬂées), 21 Progress.

. Chem., 181-185 (1987); U.S. Patent 4,599,334, 35 Chem.

Pharm. Bull., 2281-2285 (1987); 29 J. Med. Chem., 2363-2369

(1986); 31 J. Med. Chem., 991-1001 (1988); 25 J. Het. Chem.,
479-485 (1988); European Patent Publication 266,576; European

"Patent Publication 251,308, 36 Chem. Pharm. Bull., 1223-1228
(1988) ; European Patent Publication 227,088; European Patent

Publication 227,039; European Patent Publication 228,661; 31 J.
Med. Chem., 1586-1590 (1988); 31 J. Med. Chem., 1598-1611 (1988);
and 23 J, Med. Chem., 1358-1363 (1980). -

The quinolonyl lactam esters of this invention may be made
by the following general reaction sequence:

Lact-CHa-X + M¥-0C(=0)-Quin ---> Lact-CHz-0C(=0)-Quin

where X is a reactive leaving group (such as halo, a sulfonate
ester or other activated hydroxyl functionality), “Lact"
generically represents an appropriately protected lactam-
containing moiety (such as a penem, carbapenem, oxacephem, or
carbacephem) and "Quin" represents an appropriatsly protected
quinolone moiety. The reaction can be envisioned as a
nucleophilic displacement of the reactive X substituent from the
lactam by the quinolone carboxylic acid or salt, to form an ester
coupled conjugate of the lactam and quinolone. ,

For Lact and Quin, certain functional groups contained in
the structures (such as carboxyl, hydroxyl, and amino) may need
10 be blocked in order to prevent undesired competing side
reactions from occurring with X. For example, suitable
protecting groups for carboxyl substituents include esters;

heet Has Been Replaced
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I nonet hyl ) pyrrolidinyl]-1-cycl opropyl -6, 8 difl uoro-

1, 4- iga/dr 0- 4- oxo- 3- qui nol i necar boxylic acid; 25

6, 8- d4 uor o- 1- (2-fl uor oet hyl ) -1, 4-di hydr o- 7- (4- et hyl -

pi per §& nyl ) - 4- oxo- 3- qui nol i necar boxyl i ¢ aci d;

1-et hyms 6-f | uor o-'1, 4- di hydr o- 4- oxo- 7- ( 1- plperdﬁrnyl) 3-

qui noly ecarboxyllc

| - et hylllk 6-f | uoro-1 Bfogfékﬁﬂpo qr°¥asranﬁthyf'?ﬁMBer%Hgsﬁ?¢92ﬂls Joclude ethers,
ox0- 3-@bi nol i necar testets,c andd; carbonates; and protecting groups for amino
6-f 1 udEb- 1, 4- di hydr, I .
pi per M nyl ) - 4- oxo- ﬂbéﬁﬁgpﬁn%? oxyﬁ(a?‘g ac Qé édndmides If such protecting
1-cycl; ropyl 7 [SSFBV%t?fyq a?ﬁmem-hyweﬂlipymmlhtﬁ ngédrotecting chemistry,
6, 8-di  uor 0-51, 4- dhiy dwpt¥- R000- dectnpsd | IRCAROXY kbép1Ra LonfRate, may be

required to obtain antimicrobially-active products.

If the lactam-containing moiety is a monocyclic beta-tactam,
an- alternative coupling strategy may be employed as outlined by
the following sequence, where X is a heteroatom (0, §, halo,

10 etc.) substituent linked to the lactam.

o D
):(')_. T _.Y% — X
) | “\R R “\'l o;“{\n o "\n

15
This sequehce involves amide formation between the lactam
and the quinolone, rearrangement displacing X and liberation of
: the ester by hydrolysis. The lactam containing structure may
20 initially be mono- or bicyclic. The ester coupled product will
be monocyclic.
Compositions
The compositions of this invention comprise:
. (a) a safe and effective amount of a quinolonyl Tlactam

ester; and

(b) a pharmaceutically-acceptable carrier.
A "safe and effective amount” of a quinolonyl lactam ester is an
amount that is effective, to inhibit microbial growth at the site
_of an infection to be treated in a human or lower animal subject,
30 without undue adverse side effects (such as toxicity, irritation,
or allergic response), commensurate with a reasonable
benefit/risk ratio when used in the manner of this invention.
The specific "safe and effective amount® will, obviously, vary
_ with such factors as the particular condition being treated, the
3 physical condition of the patient, the duration of treatment, the
nature of concurrent therapy (if any), the specific dosage form
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to be used, the carrier employed, the solubility of the
quinolonyl lactam esters therein, and the dosage regimen desired
for the composition.

The compositions of this invention are preferably provided
in unit dosage form. As used herein, a "unit dosage form" is a
composition of this invention containing an amount of a

_ quinolonyl lactam ester that is suitable for administration to a

human or lower animal subject, in a single dose, according to
good medical practice. These compositions preferably contain
from about 30-mg to about 20, 000 mg, more preferably from about
50 mg (milligrams) to about 7000 mg, more preferably from about

500 mg to about 1500 mg, of a quinolonyl lactam ester.

The compositions of this invention may be in any of a
variety of forms, suitable (for example) for oral, rectal,
topical or parenteral administration. Depending upon the
particular route of administration desired, a variety of
pharmaceutically-acceptable carriers well-known in the art may be
used. These include solid or 1liquid fillers, diluents,
hydrotropes, surface-active agents, and encapsulating substances.
Optional pharmaceutically-active materials may be included, which
do not substantially interfere with the antimicrobial activity of
the quinolonyl lactam ester. The amount of carrier employed in
conjunction with the quinolonyl lactam ester is sufficient to
provide a practical quantity of material for administration per
unit dose of the quinolonyl .lactam ester. Techniques and
compositions for making dosage forms useful in the methods of
this invention are described in the follewing references, al!
incorporated by reference herein: 7 Modern Pharmaceutics,
Chapters 9 and 10 {Banker & Rhodes, editors, 1979); Lieberman et
al., Pha utical Dosage rms: Tablets (1981); and Ansel,
Introduction to Pharmaceutical Dosage Forms 2d Edition (1976).

In particular, pharmaceutically-acceptable carriers for
systemic administration include sugars, starches, cellulose and
its derivatives, mait, geiatin, talc, calcium suifate, vegetable
oils, synthetic oils, polyols, alginic acid, phosphate buffer
solutions, emulsifiers, isotonic saline, and pyrogen-free water.
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Preferred. carriers for parenteral administration include
propylene glycol, ethyl oleate, pyrrolidone, ethanol, and sesame
oil. Preferably, the phafmaceutica11y-acceptab1e carrier, in
compositions.for-parenteraT administration, comprises at least
about 90% by weight by the total composition.

Various oral dosage forms can be used, including such solid

_ forms as tablets, capsules, granules and bulk powders. These

oral forms comprise a safe and effective amouﬁt,'usually at least
about 5%, and preferably from about 25% to about 50%, of the
quinolonyl lactam ester. Tablets can be compressed, tablet
triturates, enteric-coated, sugar-coated, film-coated, or

'multipIe-compressed, containing suitable | binders, 1lubricants,

diluents, disintegrating agents, coloring agents, flavoring
agents, flow-inducing agents, and melting agents. Liquid oral
dosage forms include aqueous solutions, emulsions, suspensions,
solutions and/or suspensions reconstituted from non-effervescent
granules, and effervescent preparations reconstituted from
effervescent granules,  containing suitable solvents,
preservatives, emulsifying agents, suspending agents, diluents,
sweeteners, melting agents, coloring agents and flavoring agents.
Preferred carriers for oral administration include gelatin,
propylene glycol, cottonseed oil and sesame oil.

The compositions of this invention can also be administered
topically to a subject, i.e., by the direct laying on or
spreading of the composition on the epidermal or epithelial
tissue of the subject. Such compositions include, for example,
lotions, creams, solutions, gels and solids. These topical
compositions preferably comprise a safe and ‘effective amount,
usually at least about 0.1%, and preferably from about 1% to

“about 5%, of the quinolonyl lactam ester. Suitable carriers for

topical administration preferably remain in place on the skin as
a continuous film, and resist being removed by perspiration or
immersion in water. Generally, the carrier is organic in nature
and capable of having dispersed or dissolved therein “the
quinolony]l lactam ester.  The <carrier may  include
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pharmaceutically-acceptable emolients, emulsifiers, thickening
agents, and solvents.
Methods of Administration
‘This invention also provides methods of treating or
preventing an infectious disorder in a human or other animal
subject, by administering a safe and effective amount of a

. quinolonyl lactam ester to said subject. As used herein, an

“infectious disorder" 1is any disorder characterized by the
presence of a microbial infection. Preferred methods of this
invention are for the treatment of bacterial infections. Such
infectious disorders include (for example) central nervous system

' infections, external ear infecfions, infections of the middle ear

(such as acute otitis media), infections of the cranial sinuses,
eye infections, infections of the oral cavity (such as infections
of the teeth, gums and mucosa), upper respiratory tract
infections, lower respiratory tract infections, genitourinary
infections, gastrointestinal infections, gynecological
infections, septicemia, bone and joint infections, skin and skin
structure infections, bacterial  endocarditis, burns,
antibacterial prophylaxis of surgery, and antibacterial
propﬁylaxis in immunosuppressed patients (such as patients
receiving cancer chemotherapy, or organ transplant patients).

The quinolonyl 1lactam esters and compositions of this
invention can be administered topically or systemically.
Systemic application includes any method of introducing the
quinolonyl lactam ester into the tissues of the body, e.g.,
intrathecal, epidural, intramuscular, transdermal, intravenous,
intraperitoneal, subcutaneous, sublingual, rectal, and oral

administration. The specific dosage of antimicrobial to be

administered, as well as the duration of treatment, are mutually .
dependent. The dosage and treatment regimen will also depend
upon such factors as the specific quinolonyl lactam ester used,
the resistance pattern of the infecting organism to the
quinolonyl lactam ester used, the ability of the quinolonyl
lactam ester to reach minimum inhibitory concentrations at the
site of the infection, the nature and extent of other infections

This Sheet 4

/fum//m/u//i?iffiﬁ“



10

15

20

25

30

35

-87-

(if any), the personal attributes of the subject (such as
weight), compliance with the treatment regimen, and the presence
and severity of any side effects of the treatment.

Typically, for a human adult (weighing approximately 70
kilograms), from about 75 mg to about 30,000 mg, more preferably
from about 100 mg to about 20,000 mg, more preferably from about

500 mg to about 3500 mg,” of quinolonyl lactam ester are

administered per day. Treatment regimens preferably extend from
about 1 to about 56 days, more preferably from about 7 to about
28 days, in duration. Prophylactic regimens (such as avoidance
of opportunistic infections in immunocompromised patients) may‘

‘extend 6 months, or longer, according to good medical pfactice.

A preferred method of parenteral administration is through
intramuscular injection. As is known and practiced in the art,
all formulations for parenteral. administration must be sterile.
For mammals, especially humans, (assuming an approximate body
weight of 70 kilograms) individual doses of from about 100 mg to
about 7000 mg, preferably from about 500 mg to about 1500 mg, are
acceptable. _

A preferred -ethod of systemic administration is oral.
Individual doses of from about 100 mg to about 2500 mg,
preferably from about 250 mg to about 1000 mg are preferred.

Topical administration can be used to deliver the quinolonyl
lactam ester systemically, or to treat a local infection. The
amounts of quinolonyl lactam ester to be topically administered
depends upon such factors as skin sensitivity, type and location
of the tissue to be treated, the composition and carrier (if any)
to be administered, the particular quinolonyl lactam ester to be
administered, as well as the particular disorder to be treated

Ehd the extent to which systemic (as distinguished from local)

effects are desired. :

The following non-limitihg examples illustrate the
compounds, compositions, processes, and uses of the present
invention. '
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EXAMPLE 1
[S5R][5a,6a}]-3-[{7-[(3-amino-1-pyrrolidinyl)-6-fluoro-1-
(2.4-difluorqphenyl)-l,4-dihydro-4-oxo-3-(1.8-naphthyridiny\)]
carbonyloxy]methyl]-6-(1{R)-hydroxyethyl)-7-oxo0-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, according to this
invention is made by the following general reaction sequence.

oTeons

A

/ / \,
~ - i
o% . O‘mco,cn CH-CH,
. (1) R=TBOMS
(N)R=H

(i)
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Approximately 0.28 mmol (0.112 g) of [SR}[5«,6a]]-3-
hydroxymethyl-6-(1({R)-t-butyldimethylsiloxyethyl)-7-oxo-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, allyl ester (made
according to U.S. Patent 4,631,150, Battistini et al., issued
December 23, 1986, incorporated by reference herein) is dissolved
in approximately 10 ml THF (tetrahydrofuran). Under a nitrogen

. blanket, at approximately 22°C (72°F), approximately 0.32 mmol of

diethylazodicarboxylate, 0.32 mmol of 6-fluoro-1-(2,4-difluor-
opheny1)-1,4-dihydro-4-oxo-7-{3-{3-(1-propenyl)oxycarbonyl]amino-
1-pyrrolidinyl]-3-(1,8-naphthyridine):carboxylic acid and 0.32

mmol PPh3 (triphenyl phosphine) are sequentially  added with

stirring. After approximately 15 minutes, 10 ml phosphate buffer
(0.5 M, pH 7.0) is added, the THF is rapidly evaporated, and the
aqueous residue is extracted with dichloromethane. Drying and
removal of the solvent in vacuo yields the crude Product (I)
which is further purified by fiash chromatography.

Approximately 0.15 g of Product (I) (0.18 mmol) is dissolved
in 20 m1 THF. Then 40 microliters of glacial acetic acid and
60 mg of tetrabutyl ammonium fluoride are added and the reaction
is allowed to stand approximately 24 hours at ambient
temperature. The THF is evaporated and the residue is taken up
in dichloromethane.  Extraction with aqueous bicarbonate, and
solvent reduction, yields product (II).

Approximately 60 mg of Product (II) (0.08 mmol) is then
dissolved in 15 ml THF at ambient temperature, and 5 mg PPh3,
44 mg sodium ethylhexanoate and 5 mg Pd{PPh3)4 are added with
stirring. Within several minutes a precipitate forms and is
collected by filtration. The solid final product (III) is
purified to analytical purity by repeated trituration.

Similarly, the following quinolonyl 1lactam esters are
prepared according to the general procedure of this Example, with
substantially similar results.
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OH
D SV st
) / N N NH,
. = o
>/.k/ .
CO,N; [+] 0 .

using the quinolone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-6,8-
difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (prepared
according to J. P. Sanchez, et al., J. Med. Chem., 1988, 31, 983)

.._{’ |
Y N
Ly L]
0 LGP 0 F
0 Q
CO,Na

using the quinolone 6-fluoro-1,4-dihydro-1-methylamino-7-(4-
methyl-1-piperazinyl)-4-oxo-3-quinoline carboxylic acid (prepared
according to M.P. Wentland, et al., J. Med. Chem. 1984, 27, 1103)

OH NH
~ "‘\’,
% N

using the naphthyridinone 7-(2,5-diazabicyclo[2.2.1]heptan-

Z-yl)-l-(l,l-dimethylethyl)-6-f1uoro-l,4-dihydro-4-oxo-l,8-
naphthyridine-3-carboxy]ic acid (prepared according to A. Weber,
et al., Eur. Pat. Appl. EP 266576)

L L L Y
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using the quinolone 6,8-difluoro-1-(2-fluoroethyl)-1,4-dihydro-

4-0x0-7-(4-methyl-1-piperazinyl)-3-quinolinecarboxylic acid
(prepared according to V7. Iridura, Aust. Pat. Specif. AU 537813)

using the quinolone 9-fluoro-4,7-dihydro-3-methyl-10-(4-methyl-
1-piperazinyl)-7-oxo-2H-pyrido[1,2,3-de}-1,4-benzoxazine-6-
carboxylic acid (prepared according to I. Hagakawa et al., Chem.
Pharm Bull. 1984, 32, 4907)

OH
‘*{' ‘?7 i J::)*-um

using the quinolone 7-(3-aminopyrrolidinyl)-8-chloro-1-
cyclopropyl-6-fluoro-1,4-dihydro -4.0x0-3-quinolinecarboxylic
acid (prepared according to J. P. Sanchez, et al., J. Med. Chem.,
1988, 31, 983) and the B-lactam [5R-[4ﬁ,5¢,6a]]-6-[(R)-l-(t-
butyldimethylsi1yloxy)ethyl]-2-(hydroxymethyl)-4-methyl-7-oxo-l-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic  acid alliyl ester
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(prepared according to B.G. Christensen et al., Eur. Pat. Appl.
gp 185315 Al, 1986)

yeing the quinolone 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo0-7-
(1-piperazinyl)-3-quinoliﬁecarboxylic acid (prepared according to
g. Grohe et al., Ger. Offen. DE 3142854 ) and the B-lactam
[5R-[48,5a,6a]]-6-[(R)-1-(t-butyldimethylsilyloxy)ethyl]-2-
(hydroxymethyl)-4-methyl-7-oxo-1-azabicyclo{3.2.0]hept-2-ene-2-
rarboxylic acid allyl ester (prepared according to B8.G.
rhristensen et al., Eur. Pat. Appl. EP 185315 Al, 1986).

EXAMPLE 2
According to the general procedure of Example 1, the.
following - quinolonyl lactam ester is made:

OH
< g
°==d<:\>>-‘s : |
N}Q\/o 3
o, Na o o

ssing the quinolone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-6-
¢1uyoro-1,4-dihydro -4-oxo-3-quinolinecarboxylic acid {prepared
grcording to J. P. Sanchez, et al., J. Med. Chem., 1988, 31,
983).

Similarly, the following quinolonyl lactam ester is prepared
srcarding to the general procedure of this Example, with

sybstantially similar results.
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| AL O
) COzNa [o] )
using - the B-Tlactam {5R-(48,5a,6a]]1-6-[(R)-1-(t-
butyldimethylsilyloxy)ethyl]-2-(hydroxymethyl)-4-methyl-7-oxo-1-
10 azabicyclo[3.2.0]hept-2-ene-2-carboxylic  acid alliyl ester

.(prepared according to B.G. Christensen et al., Eur. Pat.. Appl.
EP 185315 Al, 1986).

EXAMPLE _
According to the general procedure of Example 1, the
15 following quinolonyl lactam ester is made: '

~
o*\s
- 20 "})\/o
| . €O, Na

using the naphthyridinone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-

6-fluoro-1,4-dihydro -4-oxo-1,8-naphthyridine-3-carboxylic acid

25 (prepared according to J. P. Sanchez, et al., J. Med. Chenm.,
1988, 31, 983).

Similarly, the following quinolonyl lactam ester is prepared

according to the general procedure of this Example, with

30 - substantially similar results.

H ui N ’O\""?
e
0 M. 0 . /
) ﬁ/ \H/QI:EI‘
CO,Na o] o]
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[err]

-94-

using . the B-lactam [SR-[48,5a,6a]]-6-[(R)-1-(t-

butyldimethylsilyloxy)ethyl]-2-(hydroxymethyl)-4-methy1-7-oxo-l-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic -acid aliyl ester

(prepared acéording to B.G. Christensen et al., Eur. Pat. Appl.
> EP 185315 Al, 1986)

XAMPLE 4
[5R-[Sa,6e]]-3-[[[1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-
“(1-piperazinyl)-3-quinolinyl]carbonyloxy]lmethyl]-6-[(R)-1-

hydroxyethyl] -7-o0x0-4-thia-1-azabicyclo[3.2.0]hept-
10 2-ene-2-carboxylic Acid

B GO Gl
o T e T

v o cn,-cncu,ojr"\) A
0
S ) 1t
0
_FSie tay " OcHaCH=cH
CH, =CHCH or\/c
| - Y (‘n OCH, CHeCH,
3 ~ P,
3
LT3 '
(o) N P 0 F
o © vi

CH, =CHCH 0

2 2 °
35 ' l
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10 ' [err] ‘ . Al so preferred
I nol onyl | act am esters havi ng a 1, 8- napht hyri di ne noi ety, of
a: 20

-95-

< L0

S

5 . o%\/o .
. © °

—

COOH vt

A mixture of approximately 5.0 g of ciprofloxacin I in 175

10 ml of water at approximately 0°C is adjusted to approximately pH

12 by adding 1N NaOH. To this solution is added approximately 44

ml of acetone followed by the dropwise addition of approximately

2.7 g of allylchloroformate in 33 ml of acetone. The reaction is

stirred approximately one hour in the cold while maintaining the

15 mixture at pH 10-12 by addition of more IN NaOH. Then the

reaction is concentrated to approximately 125 ml and is extracted

twice with ether. The aqueous layer is cooled in an ice bath,

acidified with 10% HC1 and is extracted three times with ethyl

acetate. The extract is washed with water, dried over Na2S04,

20 filtered, and the filtrate is concentrated to dryness to give II.

To a solution of approximately 6 g of II in CH2Cl2 at approxi-

mately 0°C is added dropwise a solution of approximately 0.73 g

of NaOH in 5 ml of methanol. The mixture is stirred for one hour

at ambient temperature, and concentrated to dryness. The residue

25 is triturated in ether and the sodium salt IIl is collected by
filtration.

Separately, to a solution of approximately 5.0 g of [5R-
[Se,68]]-3-hydroxymethyl-6-(1-(R)-t-butyldimethylsiloxyethyl)-
7-oxo0-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2- carboxylic acid

30 allyl ester and 1.7 ml of triethylamine in 30 ml of CHaCl12 at
approximately -40°C is added approximately 1.1 ml of mesyl
chloride. The reaction is stirred for approximately 10 minutes,
then washed with 10% aqueous NaHCO3 and water. The organic phase
is dried over NapSO4, filtered, and the filtrate is concentrated

33 to dryness to give IV. To a solution of approximately 4.3 g of
the mesylate IV in 30 ml of OMF at approximately 0°C is added

This Sheet Has Been Rep

TN




wherein Alerr] is-N .Alerr] is C(Rerr])

gr] is C(Rerr]). Preferred "~ exanpl es of such qui nol one-
et i es i ncl ude:

B- ami nopyrrolidinyl)-1-(2,4-difluorophenyl)-6-fluoro-1, 4-

t hyri di ne-3

10

15

20

25

30

35

/dr 0- 4- oxo- 1, 8- napht hyri di ne- 3- carboxy@é:Eﬂnd and
hyl - 6- quoro 1, 4-di hydr o- 4- oxo- 7- ( 1- pi'perazi nyl ) -1, 8-

bR RfAtel§ £9' § ofSTII and the reaction is stirred cold for
approximately four hours and at ambient temperature for approxi-
mately one hour. The reaction is concentrated to dryness in
vacuo and the residue is dissolved in CH2Cl2 and washed with
water. The organic phase is dried over NapS04, filtered and the
filtrate is concentrated to dryness. The residue is purified by

-~ flash chromatography (silica gel) to give V. To a mixture of

approximately 2.6 g of V and 2 ml of glacial acetic acid in 30 m
of THF at room temperature is added approximately 3.5 g of
tetra-n-butylammonium fluoride trihydrate. The mixture is

.stirred for approximately 30 hours, then concentrated to dryness.

and

and residue is purified by flash chromatography (silica gel) to -

give VI. To a mixture of approximately 1.3 g of VI, 0.19 ml of
water and 0.027 g of bis(triphenylphosphine)palladium chloride in
approximately 36 ml of CH2Clz at approximately 19°C is added
approximately 1.1 ml of tributyltinhydride. . The mixture is
rapidly stirred for approximately 10 minutes and the precipitate
is collected by filtration. The solid is triturated in acetone
and is collected by filtration to afford the title compound VII.
Similarly, the following quinolonyl lactam esters are
prepared according'to the general procedure of this Example, with

substantially similar results.

pe Y 1 O

€O, Na 0 o)

A

using the quinolone 7-(3-aminopyrrolidinyl)-s-chloro-l-
cyclopropyl-6-fluoro-1,4-dihydro * -4-0x0-3-quinolinecarboxylic
acid (prepared according to J. P. Sanchez, et al., J. Med. Chem.,
1988, 31, 983)

//ﬂ/t/mn/m/nlﬁiiT“’



- ]

The fol Jowi ng are ot her exanpl es of such préferhed qui nol one noi eti es.
[err] - 53- '

-97-

~ 3y

v et

CO,Na

using the quinolone 1-ethyl-6-fluoro-1,4- -dihydro-4-oxo-7-(1-
piperazinyl)- 3 -quinoline carboxylic acid (prepared according to
10 H. Koga, et al., J. Med. Chem., 1980, 23, 1358)

15 | \{";" | @ O/'

using the quinolone 6-fluoro-1-(4-fluorophenyl)-1,4-dihydro-7-
20 (4-methyl-1-piperazinyl) 4-0x0-3-quinolinecarboxylic acid
(prepared according to D.T.W. Chu et al., J. Med. Chem. 1985, 28,

1558)

using the quinolone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-6,8-
difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (prepared
according to J. P. Sanchez, et al., J. Med. Chem., 1988, 31, 983)
and the B-lactam [5R-[48,5a,6a}]-6-[(R)-1-(t-butyldimethylsilyl-
35 oxy)ethyl]-2-(hydroxymethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]

25

30
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_extracted with chloroform again and the combined chloroform

-98-
hept-2-ene-2-carboxylic acid allyl ester (prepared according to
B.G. Christensen et al., Eur. Pat. Appl. EP 185315 Al, 1986).
: XAMPLE 5
Product III, according to this invention, is made by the
following general reaction sequence. '

'
| He,SlCHzcﬂzo.]T,N.\’,J | IES

0 t |
t-Bulte, S0 | |
[ p—s=0
Y — o
s
+ /r—N /
| i
o
Me ,SICH,CH,0 i
OH

Ir.

Approximately 1.26 g of ciprofloxacin and 1.59 g NaHCO3 is
suspended 1in approximately 25 ml of water and stirred for
approximately 1 hour. Approximately 0.72 g of 2-(trimethylsilyl)
ethyl chloroformate (made according to 38 Zhur obschei Khim.
1179 (1968)) in approximately 10 ml of tetrahydrofuran is added
dropwfse to the stirring aqueous solution. After approximately 1l

_hour the mixture is poured into 150 ml of chioroform and

acidified with 150 ml of cold 0.1M HCl. The aqueous phase is

This Sheet Has Been Replaced
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preferred are quinolonyl lactam esters having a
obenzoxazi ne or pyridobenzthiazine noiety, of formnula:

_ 10 wherein Alerr] is C(Rlerr]); Alerr] is C(Rerr]);

] is C(Rerr]); and Rlerr] and Rierr] t oget her conprise a

ng noi ety between N and Ato forma 6- menber ed,

n- cont ai ni ng, heterocyclic ring where Xg?ln this formula) is

noor sulfuj,yers™Ghelhsithd %@@4&%1?““‘%”%” 0.1M HCI, water, and
' saturated aqueous sodium chloride. The chloroform solution is
dried over NaS04, filtered, and concentrated. The residue is
triturated with ether to provide product I after filtration. '
5 A mixture of approximately 0.16 g of product I, 0.20 g of
product Il (prepared as above), and 0.040 g of NaHCO3 are
combined in approximately 1 ml of dimethylformamide under an
inert atmosphere. The mixture is heated at approximately 70°C
for 8 hours and then cooled to room temperature. The addition of
10 approximately 0.50 g of tetra-n-butylammonium fluoride trihydrate
- is followed by stirring for approximately 16 hours at room
temperature. The mixture is then eluted through a DowexR S0x4
(Na cycle) column with deionfzed water. The appropriate
fractions are partia]ly concentrated in vacuo, then lyophilized
15 to give the final product 1. ,
Similarly, the following quinolonyl 1lactam esters are
prepared according to the general procedure of this Example, with
substantially similar results.

20
25

using the quinolone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-6,8-

difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (prepared

according to J. P. Sanchez, et al., J. Med. Chem., 1988, 31, 983)
0

\./
a' /*\V/°
35 o,
———
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_' qui nol one noi eti es I ncl ude 9-fl uor o- 4, 7-di hydr o- 3- net hyl -

15

10- (4@ et hyl - 1- pi per azi nyl ) - 7- oxo- 2H-pyri do[ 1, 2, 3-de] - 1, 4-
benzogazi ne- 6- carboxylic acid; and the follomnng struct ures.
[err]

-100-

using the quinolone ' 7-(3-aminopyrrolidinyl)-s-chloro-l-

" cyclopropyl-6-fluoro-1,4-dihydro -4-0x0-3-quinolinecarboxylic
acid (prepared according to J. P. Sanchez, et al., J. Med. Chem.,
1988, 31, 983)

~ Y D
|

10 NN NS

CO,Na 0

using the quinolone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-6-
fluoro-1,4-dihydro -4-oxo-3-quinolinecarboxylic acid (prepared
15 according to J. P. Sanchez, et al., J. Med. Chem., 1988, 31, 983)

Y
20 | ; Y N\' N/}NFL

using the naphthyridinone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-

25 6-fluoro-1,4-dihydro -4-oxo-1,8-naphthyridine-3-carboxylic acid

' (prepared according to J. P. Sanchez, et al., J. Med. Chenm.,
1988, 31, 983).

The following other quinolonyl lactam esters are made by the

general procedures of this Example and Examples 1 - 4, with

30 substantially similar results.

35
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\T"/ MO !:::}"

CO,Na -0 o

N 2 0
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~Oe 9
HIN\(/D/"%:“’"H o) <\ (: "/C/\Nu
4] );(\ )
¢ "\so’,,, b

D
0’/\?7;\(\) mF
o o
CO,Na .
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This Sheet Has

mmn il me -



35 ' |

10

15

20

25

30

35

-103-

This Shee

Hllllﬂ llllll lﬂl !ll fill i



10

15

20

25

30

35

o [err]

-104-

EXAMPLE 6
[3S-(2b,3b)]-2-[[1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo0-7-
(l-piper?;inyﬂ)-3-quinolinyl]carbonyloxy]-3-[(phenoxyacetyl)ami-
no]-4-oxo-1-azetidinesulfonic acid sodium salt, according to this
invention, is made by the following general reaction sequence.

(n) ° 9 T;jiz:i

N, '
L\,/" <?7
(M) R=R=HgOAc 5 }_Q‘ TS0,
(IV) R=Me, R'=H 1 \

‘\i::::] <?7
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specific physical, chem cal , and pharmacol ogi cal

perties of the quinol onyl Iactanresters of this invention may

degend wupon the particular conbination of the integral

Faqt am cont ai ning noi ety, quinolone noiety and |inking noiety 5
prising the conpound. For exanpl e, sebﬁgtion of particular

i nffegral noieties may affect the relative susceptibility of a

quifnol onyl lactam ester to bacterial resistance nmechanisns (e.qg.,

betja- | act amase activity). Preferred gui nol onyl | actam esters
I ndl ude conpourids havi ng 10 t he foIIo a&#*&: conbi nati ons
of | act am cont ai ni ng : noi eti es, qur etres and |inking
noifet i es. : '

5 (VM) R=MH, IsOH

(V1) R = NHCOCH,0Ph

10 (V) R=H g . ° °
(1X) R=S0;NBu,* * l
- IO
; < LK
15 | ¢):If ° o

(x)

An anhydrous solution of approximate]y 20g 1- ethyl 6-
fluoro-1,4- d:hydro 4-oxo0-7-[4-[2- propenyloxy)carbonyl] 1-pipera-
20 zinyl1]-3-quinolinecarboxylic acid sodium salt and 6.4 ml of
triethylamine in 100 ml of dioxane and 20 ml of acetone is cooiled
to 0_C (32_F). To this stirred solution is added 4.4 ml of
ethylchloroformate dropwise keeping the temperature at 2°C
(36°F). This solution is stirred at 0°C (32°F) for 45 minutes.
25 A cooled solution of 7.8 g of 6-aminopenicillanic acid potassium
salt (I), 4.2 ml of triethylamine and 9.6 ml of water is added
all at once to the above mixed anhydride solution and stirred at
room temperature until reaction is complete as per TLC (thin
layer chromatography. The reaction mixture is washed with
30 dichloromethane then the aqueous layer is acidified to pH 2 with
IN HC1. The aqueous layer is extracted with dichloromethane and
the combined organic extracts are washed with water, dried over
sodium sulfate and concentrated in vacuo to yield Product (II).
Approximately 13.0 g of Product (II) is added to a stirred
33 solution of mercury(II) acetate (12.8 g) in acetic acid (200 mi),
at room temperature. Acetone is mixed with the resulting gel and

. This Sheet Has Been Replaced
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ster-linked penem qui nol ones, such as ‘conpoeunds of the fol |l ow ng

ses. 15 a) where - the l'actam containing noiety is a penem
ein bond "a" i-s a single bond; bond "b" is a
«doubl e bond; R3 is -CH; R4 is -C(CJerr]H)-

r] is _ -S-Cerrliggderr]-0-; and 20
the quinolone noiety.-is a structure, wherein A2
CF-; Alerr] tie -inkblubiedmierial fﬂterédatoé'lfoammashed mjth acetone ar)

Coa rs SRR hAR I, R, BT HSHRAE in etrer
Rlerr] is {s-addddokyea istiiyredysaspension- of H.8rgjofi the salt Product

Rlerr] is gﬁ[%ﬁr&in@thy] Fi{mé:hd'es 4§n@[)err:1ft@H[2rﬁdurQ théfixture

t he I nol
iy el TdANTed it dichTonomethaen, £]1{ered (3nd. waghed, with wager.

; and Rl err]Thes orghgiccnagmelisc dried) (sodium sudfatd)emd concentraded to
| acfam cont ai ni g, 1o et'é‘tlu?\ﬁg‘} Pene

refbrring to the pﬁo@'&ﬁwaﬁ' f‘ge geswed Product (IV) isolated
by chromatography This thiol (IV) (4.4 g) and mercury (II)

acetate (1.08 g) in dimethyl sulfoxide (80 ml) are stirred for 18
10 hours. The -mixture is then diluted with dichloromethane,

filtered and washed with water. The organic layer is dried over

"sodium sulfate and evaporated to yield Product (v). ‘

Approximately 2.95 g of Product (V) is dissolved in acetone

(35 m])} and approximately 0.95 g of p-toluene sulfonic acid
15 monohydrate is added. The mixture is stirred for 20 minutes at
18°C (64°F). The solvent is then evaporated to leave Product
(VI), which is triturated. To a solu%ion of 2.3 g of Product
(VI) in dichloromethane (20 ml) is added 0.52 ml of phenoxyacety]
chloride with ice-bath cooling. This mixture is stirred and a
20 solution of 0.55 ml of pyridine in dichloromethane (4 ml) is
added during a period of 30 minutes. After stirring an
additional 30 minutes, the mixture is concentrated, and the
residue dissolved in dichloromethane, washed with dilute HCI,
water, saturated sodium bicafbonate, and brine, and dried over
25 sodium sulfate and evaporated to give Product (VII).

Product (VII) (approximately 0.91 g) is dissolved in 15 ml
of acetone with 0.26 ml of acetic acid and cooled to 0°C (32°F).
Approximately 0.25 g of potassium permanganate, dissolved in
10 m1 of water, is added keeping the temperature at approximately

30 '2°C (36°F). When the addition is complete, the mixture is warmed
to room temperature and allowed to stir for 3 hours. The solid
is then filtered, and washed with dichloromethane. The filtrate
ijs diluted with water and the 1ayefs separated. The organic
layer is washed with saturated sodium bicarbonate solution and

35 water, dried and evaporated to give Product (VIII).

~ This Sheet Has Been Replaced
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- s omem s

si gl e bond; bond "b" is a double bond; Rerr] is 35
- ; Rerr] is -C(CC{err]H)-; Rerr] is -S(err]-CHerr]-0-;

-59- t he qui nol one noi ety is a naphthyridinone,
whgr ei n Al is -N; Aerr] is -CF; Alerr] is
-CH; and Rerr] is a -107- het erocyclic ring

5 d) where - the lactamcontaining noiety is a penem wherein

Bg h a'&_[ .e fr? s: ggl _embq_nﬂy'dmracrisdwb'itiérs_o& e?(?nate_l y 0.46 g Product (VIII)
“sderr]-cHerrif- ¢ %gﬁﬁ ohE " i made, ~and pproLII_cgat’ely Fherth 98 OME-$03i et v

is | structure, cohptéﬁ s 4dded. This is allowed to stir 2 hours or until the
: reaction  is .complete as shown by TLC. The mixture is then
5 diluted with 20 ml of dichloromethane and 20 m1 of 0.5 N
potassium hydrogen phosphate solution with stirring. The pH is
. adjusted to 6 with 1 N NaOH and 0.25 g of tetrabutylammonium
hydrogen sulfate is added. The layers are separated and the
organic layer is washed with water, dried and concentrated to
10 yield Product (IX).

' The product (IX) is taken up in approximately 10 ml of
dichloromethane, 30 ml of water and 5 mg of bis(triphenyiphos-
phine) paltadium chloride. The mixture 1is treated with
‘approximately 150 microliters of tributyl tin hydride while
15 maintaining a temperature of approximately 21°C (70°F). After
rapid stirring for approximately 5 minutes, the deprotected
product is isolated by filtration. This is then taken up in
water and methanol, filtered, and washed with water. The
filtrate is concentrated to yield final Product (X) which is

20 purified by trituration.

. MPLE 7

An antimicrobial composition for parenteral administration,

according to this invention, is made comprising:

25 Component Amount
[5R][5a,6a]-3-[[7-[(3-amino-1-
pyrr01idiny1)-6-f1uoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-3-
(1,8-naphthyridinyl)]carbonyloxy]methyl]-

30 6-(1(R)-hydroxyethyl)-7-oxo-4-thia-
1-azabicyclo{3.2.0]hept-2-ene-
2-carboxylic acidl 100 mg/ml carrier

35
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Is -CF-; Aerr] is~-CH; HRe
- CF-, ' T o-Ccd- or
opropyl et hyl , 2, 4-di
uorophenyl ~or t-butyl;
-am no-I|-pyrrolidinyl group, a -108-
t hyl - 1- pi per azi nyl group, a
hnFnethyI-I-@mﬂjgndlnyl group
y anlnonethy d a
ifper azi nyl groﬁ "“Pésit&g#ﬁ bﬂtf}ed' wenexﬁa{‘ﬁeﬁgl ones
(d) are byoweightpe€fcarrier) :conpounds of cl as
erred. lecithin® 3) Ester-llnked penem qu
ounds of the ol | owi ng cl asses.

| act am Sont alcﬁrh@‘mﬂ:&ve‘l“k’sﬁenem wher ei n
"a" is a sipgveddnend; bond "b" is a double

iefﬁ[eg]cﬂ*['eﬁ'&ef@@ﬁr% ]t cAderrlf-
propyl paraben

rr] is -H Alerr] is
-N-; Rerr] 1is
fl uorophenyl ,
and Rerr] 1is
15
a
of the classes (b), (c)

s (d) are particularly
i nol ongp 48% such as
25 wh
0.53 a) ere
0.50
R[errd 11is

0.011

1: a quinolonyl lactam ester, made according to Example 1

10 The above ingredients are mixed, forming a suspension.
Approximately 2.0 ml of the §u5pension is systemically
administered, via intramuscular injection, to a human subject
suffering from a Tlower respiratory tract infection,- with
Streptococcus gnéumoniag present. This dosage is repeated twice

15 daily, for approximately 14 days. After 4 days, symptoms of the
disease subside, 'indicating that the pathogen has been
substantially eradicated. _

EXAMPLE 8
An enteric coated antimicrobial composition for oral

20 administration, according to this invention, is made comprising
the following core tablet:
| Component Amount (mg)
{5R][5a,6a]-3-[[7-[(3-amino-1-
pyrrolidinyl)-6-fluoro-1-(2,4-

25 difluorophenyl)-1,4-dihydro-4-o0xo0-3-
(1,8-naphthyridinyl)]carbonyloxy]methyli]-
6-(1(R)-hydroxyethyl)-7-oxo-4-thia-
1-azabicyclo[3.2.0]hept-2-ene-

- 2-carboxylic acidl 350.0

30 starch 30.0
magnesium stearate 5.0
microcrystalline cellulose 100.0
colloidal silicon dioxide 2.5
povidone 12.5

35

l1: a quinolonyl lactam ester, made according to Examp'le 1
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the qui nol one nnlety is a structure, wherein A[err] 30

is §CF-; Alerr] is -CH; and Rerr] isa heterocycllc ring b)
whefe - t he Iactan}containing noiety is a penem wherein

bong "a" is a single bond; bond "b" is a-double

bonf; Rlerr] is -CH; R[err] i s -CXCIIerr]HN09'R[err] i s 35
:S' Herr]-S-CHerr] %Sréémpgnen Qre 1ﬂ"‘ﬂ5 tonﬁ mixture. Compressed
60 % |
6- f uoroanlﬂoIonéab]ets are formed, “usi a FQHRF rKoWn W the art.
-C(Rlerr])-; AleTh¢ itabl@s ; ar8 icoated with a suspension of me€hacrydade
Rlefr] is a hete e
A4 DA ng@%h’tﬁaéﬂgﬁ‘&e estér p\ﬁngﬁgrv\@\ §Sopropanol/3€etone. A human bond
"a'lis a sngmﬂ e ggpﬂgctbohﬁying aj grﬁgaunutna;t infection with Escherichia coli
present, is orally administered two of the tablets, every 8
hours, for 14 days. Symptoms of the disease then subside,
“indicating substantial eradication of the pathogen.-
10
15
20
25
30
35
i —— e




bonfl; Rerr] is -CH; HRerr] is -C(CJerr]H-; Rerr] is <X’
-SHlerr]-S-CHerr]CH err]-0-; and ' ’ ——.__the qU|noIone
noi pty i s a naphthyridi none, wherein 10 Alerr]”
“N-} Alerr] is -CF-; Alerr] is -CH; and R7 is a nl ﬂ
het ¢rocyclic ring d) where -~1 The Iacta I! mmm""ﬂ!”muﬂ i s
a pgnem wher ei EAI bond "a" e "bo

"b" }i s a. doubl &AM, . ‘bond; R[err] S
(1-hydroxyethyl); Rerr] is -H Rerr] is

-CH{; Rerr] is _; and the quinolone noiety is a
strrct ure, wherein h2 A compound of the general formplacr-: Alerr] is -CH;
Rlegr] is -H Aerr] is -CH, -CF-, : -Cd -, or
- N Rl err] is cyclopropyl, ethyl, 20
2, 44di f | uor ophenyl, 4-fl uorophen z or t-butyl;

andy Rlerr] is a 3-amno-I-pyr i dinyl group, a
4- mgt hyl - 1- pi per azi nyl 1 L FC)) aQ R9
3- affi nonet hyl - 1= pyrrol i di nyl ] " a
3- efhyl am nonet hyl -1 - pyrrolidinyl arn Np 2
1- pitper azi nyl group (i) Ester-1} l&'d—pthMl nol on of thg\cl asses (b),
(c) jand (d) are N
,-!,s

wherein
(A) Rl is hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a
carbocyclic ring, a heterocyclic ring, R103-0-, R103CH=N-,

(R10) (RI1)N-, R12.¢(=CHR1S5)-C(=0)NH-,
R12.¢(=NO-R14)-C(=0)NH-, or RI3-(CH2)m-C(=0)NH-, preferably
alkyl, alkenyl, R12-C(=NO-R14)-C(=0)NH-, or

R13.(CHp)m-C(=O)NH-; where

(1) m is an integer from 0 to 9, preferably from 0 to 3;

(2) RIO and RIl are, independently, R102 where R102 is
hydrogen, alkyl, alkenyl, a carbocyclic ring, or a
heterocyclic ring substituent; or R1O and Rl together
comprise a heterocyclic ring including the nitrogen to
which they are bonded;

(3) R12 is hydrogen, alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a heterocyclic
ring, preferably alkyl, a carbocyclic ring or a
heterocyclic ring;

(4) RI3 is RI2, -71, or -CH(Z2)(R12);

(5) R4 is Rr12, arylalkyl, heteroarylalkyl,
-C(R17)(R18)COOH,  -C(=0)0-RI2Z, or  -C(=0)NH-R1Z,
preferably R12 or -C(R17)(R18)COOH; where R17 and RI18
are, independently, R1Z or together comprise a
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Est

f ol
«can
bor
S

ferred, conpounds of class (d) are part.cul arly preferred— 30 4)

| ow ng cl asses

er-1inked carbapenem qui nol ones, such as conmpoun
: a) where - t he | actam cont ull

bapenen1
d "b" is a

-Cq(CJerr] H-

Al
het
car

5

R err]

wherein bond "ax ”w)nd
-2-doubl e bond; R[err] is CH- Rl err]
i s

(Rlerr])- C[err] CHz- 0carbegyclic ring or a heterocyclic ring including the
-6

r] is

bapenem

rocyclic ring

(8)

(©)

(D)

(6)

(7)

(8)

carbon af6m xé Qﬁi@ﬂﬂlmrﬂt g18 ara tgndeéi ure, wherein

RIS igR1% gl °ge"'t hz aﬁt'%t(gfri é’rﬁﬁr&b s a

. R14 or halogen;

Z1 is -C(=0)0R1E, -c(=0)R1E, -N(RI9)RIG, -5(0);R24, or
-0R24; and 72 is 71 or -OH, -SH, or -SO3H;
(a) p is an integer from 0 to 2, preferably 0;

(b) RI9 is hydrogen; alkyl; alkenyl; heteroalkyl;

heteroa]keny], a carbocyclic ring; a heterocyclic
.ring; -SO3H; -C(=0)R20; or, when RI3 s
-CH(Z2)(R12) and 72 s -N(RI9)R16, RI9 may
‘comprise a moiety bonded to R1® to form a
heterocyclic ring; and
(c) R20 s R12, NH(RI2Z), N(RIZ)(R21), oO(R2l), or
S(R21), preferably R12, NH(RIZ), or N(R12)(R21);
where R2l is alkyl, alkenyl, a carbocyclic ring, a
heterocyclic ring, or when R20 is N(R1Z)(R2l) R2l
my be a moiety bonded to RIZ to form a
heterocyclic ring; and '
R16 is R24 or hydrogen, preferably hydrogen, alkyl, a
carbocyclic ring or a heterocyclic ring; where R24 s
alkyl; alkenyl; arylalkyl; heteroalkyl; heteroalkenyl;
heteroarylalkyl; a carbocyclic ring; a heterocyclic
ring; or, when Z1 is N(R19)RI6 and R16 is R24, R16 and
R19 may together comprise a heterocyclic ring including
the nitrogen atom to which R19 is bonded;

R2 is hydrogen, halogen, alkoxy, or R22C(=0)NH-, preferably
hydrogen or alkoxy; where R22 is hydrogen or alkyl;

bond "a" is a single bond or is nil; and bond "b" is a
single bond, a double bond, or is nil; except bond "a" and
bond "b" are not both nil;

R3 is -C(R103)-, or -CHp-R23-, preferably -C(R103)-; where
R23 is -C(R10a), -0-, or -N-, and R23 is directly bonded to
N’ in Formula (I) to form a 5-membered ring;

except, if bond "a" is nil, then R3 is

(1)

-C(R102)(Z3)-, where

: This Sheet Has Been Rerlaced




dou
- CH

wherein bond "a" is.a singl (Lhand——Jaond "b" 'S a

le bond; Rlerr] is -CH; Rerr] is “C(CJerr]H-; Rerr] is

Rlerr])-(err]-CHerr]-0-; and \\“\“\M m “‘\Mmﬂl one

ty is a 6- quorqu|noIone , ein

r] is -C(Rlerr])-; Aerr] is -CF<3-Alerr] is 10 *

; and R7 is a heterocycllc I ng where - t he

am contai ning noi ety ild)a rl’b&peﬂéﬁn -OR2 -S(0)rR25, where r wherann
is a single bond; bongg, f -0C(= bl

; R[err] Dl g R[err] § e réqﬁr%ma?l_so 2, R{)refe]rably 05 0C (=0) R&BIbl,¢

Rlerr])-(err]- CH[err] -N{(Rg°) t he qui nol one

ty is a naphthyridi nor(an)wtﬁreuna R26 are, independently, alk30¢r alkdny1; N

-CF-: A ;
;]oclyil icori ng[ °! r2]0 > d) %@P‘é"ﬁm "Hé’gl act¥m c oMETAFYH i ethinfs a
apenem substutudnesgmr IR2Ad ahdh"R46s tagstml eomnﬁel kond
is a ; ¢ :

(] is -H R['err] heteg&w@i?c pﬂ% 15L*.?ucf1]n&_&h£ k%?é?ﬁ(yaet Y. é
) err]H)- - Rlerr] which R2S and R26 are bonded; or
Rlerr])- C[err] CHRQEr];cﬁb.RZRLer&ﬂer@sti4 Gl -efnloayfhn3§ -, or -NRIO,

y is az7struc ure, wherejn
d Re7 is directly bonded o N' in Formu]a (I) to form

_ a 5-membered ring; .
(E) (1) if bond "b" is a single bond, R% is -CH(R28)-; or, if
bond "a" is nil; -C{O)NHSOz-; or -C*(R28)-; if RS
contains a R32 moiety; where RZ8 is hydrogen or COOH,
preferably COOH, and C* is linked to R32 to form a
3-membered ring; '
(2) if bond "b" is a double bond, R4 is -C(RZ8)=; or
(3) if bond "b" is nil, R4 is hydrogen, -SO3H, -PO(OR29)OH,
-C(O)NHSOzN(R29) (R30),  -0SO3H,  -CH(R30)COOH, or
-OCH(R29)CO0H; preferably -S03H, or
-C(O)NHSO2N(R29) (R30); where R29 is hydrogen, alkyl,
alkenyl, a carbocyclic ring, or a heterocyclic ring;
and R30 is hydrogen, alkyl, alkenyl, or -NHR1Oa; or,
if RY is -C(O)NHSO2N(R29)(R30), R29 and R30 may
together comprise a heterocyclic ring including the
nitrogen to which R29 and R30 are bonded; and
(F) (1) if bond "a" or bond "b" is nil, then RS is Y;
(2) if bond "“a" and "b" are single bonds, RS is
-X2-c"’=C(R102)-R31.y., or -X2-C"’(R32)-R31.Y-; or
(3) if bond "a" is a single bond and bond "b" is a double
bond, RS is -C(R10ay(R33)-x2-c"/-R31-y-;
-x1-c(R10a)(R33).c"’-R31.Y-; or -X2-C"’-R31-Y-; where
(a) X! is 0 or C(R33), where R33 is hydrogen, alkyl or
alkoxy; . '
(b) X2 is 0; S(0)s, where s is an mteger from 0 to 2;
or C(R33);

t he qui nol one noi' e
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part

CF-: Alerr] is -CH; Rerr] is -H Aerr] is -CH, -CF-,
or -N-; R8 1is cyclopropyl ethyl
jlfluorophenyl 4-fl uorophenyl, or

| 115 3 am no-1-pyrrol il “g'rd,grow @ 34|II|I1| |||I|| LA A

nonethyl-l-pyrrolidiggl .g ?

1yl ani nonet hyl - 1- pyrr q)di is aibupalkyk, abkenyl, a carbocyclic ring,

per azi nyl group - ?5 o a heterocyclic rln I Y
ster-Jj.n car pbapenem asses

hnd (d) @r)ef ef‘érF °986 |5M s EBYLSSE&?!{ oFe if (RQ

cularly : is ~C (RZB), R32 may be linked to C* to form a

~ 3-membered carbocyclic ring;
(e) Y is 0 or Z4-R34-0, where
(1) 7% is -0-; -S(0)t-, where t is an integer of
0 to 2; or -NR1O3.; and
(2) R3% is alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a
heterocyclic ring; and
(3) Y is directly bonded to C’
(f) C"’ is bonded to R% to form a 5- or 6-membered
ring;

(6) (1) Al is N or C(R40); where R40 is hydrogen, hydroxy,
alkoxy, nitro, cyano, halogen, alkyl, or N(RI1O)(Rll),
preferably hydrogen or halogen;

(2) A2 is N or C(R6), preferably C(RS); where R6 is
hydrogen or halogen;

(3) A3 is N or C(R41), preferably C(R41); where R4l is
hydrogen; ~

(4) R® is hydrogen, alkyl, a carbocyclic ring, a
heterocyclic  ring, alkoxy, hydroxy, alkenyl,
arylalkyl,  or N(R1O)(R1l), preferably alkyl or a
carbocyclic ring;

(5) R7 is hydrogen, halogen, alkyl, a carbocyclic ring, or
a heterocyclic ring, preferably a heterocyclic ring;
and )

(7) RS is hydrogen, halogen, nitro, or N(RIO)(R1I),
preferably hydrogen,

(H) except that _ _

(1) when Al is C(R40), R8 and R40 may together comprise a
heterocyclic ring including N and Al;

(2) when A2 is C(R8), R6 and R7 may together comprise
-0-(CH2)n-0-, where n is an integer from 1 to 4; and

i
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preflerred. 5 5) Ester-Iinked car bapenem—qUTnmﬁﬁes%eh as
corfjounds of the follow ng 'cla

Ses.
iherlern bond ~a+ 15 3 singl s bond: C?BESpeEe”} ca | fllﬂ!] "ll" |||" MIII I |||l
douljl e bond; R[err] is-CH— Rlerr] is -c(cJerr]H-; Rerrl i%

-CH(R[err])-Cerr]- w;ervfhhﬁ"ﬁ&rfd cQa‘ll)an(ﬁB and R41 may together comprise a
t he |qui not one noi ety i's”a structu ere|

is {CF-: A3 is -CH; and F@PtF§°Q¥cﬁ§‘E err‘(’)‘ﬁyUFq é'dF'L‘-hdI and thelngacenB)cwp@pe
- the |actam cont ai ni ngomwhiihy R*E & bendedpenem

wherjei n bond "a" a.single.bond; bond

doull e bond; R[er?'}d p&an&%eut%é‘ﬁwqut%s&}% I—ﬁ"d bighydrplyzable esters
-CH(R[err]) - C er r the3e6F| cand] Eyqrate} - thereafd

the} quinolone noiety is a 6- quorqu|noIone 20
noi gty, wherein Al is -C(Rerr])-; Alerr] is -CF; Alerr] is :
-CH{; and Rlerr] is aZhetér 0®pEPOUNd; | ngccording  to  Cladm Ivhercentainingt he

I acttam cont ai ni ”gli&'aﬁt&/odt%ﬁu@armw eé@]ected from the group consisting of:
wherjein bond "a" Is a sing ob 'S, a

oxacep ems, car acephems, lsocephems, iso-oxacephems, penems,
carbapenems, clavems, penicillins, clavams, 2,3-methyleno-penems,
2,3-methyleno-carbapenenms, and pyrazolidinones; preferably
i socephems, oxacephems, carbacephems, penicillins, and

carbapenems.

3. A compound, according to Claim 2, wherein said
lactam-containing moiety is selected from the group consisting of
penems and carbapenems. ' '

4. A compound, according to_Claim 1, containing a
lactam-containing moiety selected from the group consisting of:
monobactams, monophosphams, monocarbams, monosul factams,
nocardicins, lactivicin analogs, and gamma-lactams; preferably a
monobactam.

S. A compound, according to Claim 2 or 4, wherein R is
hydrogen or alkoxy and R3 is -C(R103)-.

6. A compound according to Claim 1, wherein: Al is
nitrogen or C(R%0), preferably nitrogen; A2 is C(R6); and
A3(R41),

7. A compound according to Claim 6, containing a
6-fluoroquinolone moiety, a 8-halo-6-fluoroquinolene moiety, a
pyridobenzoxazine moiety, a pyridobenthiazine moiety, a
isothiazo]oquinol1nediohe, or isoxézoloquino]in_e_g_i_qng___@oj_gty.
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CPlerr]H-; Rerr] is

Rlerr])-( er

ﬁuinolone no

rocyclic rin
y is-a carb
e bond; bon
] is (1-hyd

doubl e bond; Rierr].is -Cr; Rerr
il

r]-S-CHerr]CHerr]-0-; and
iety is a naphthyridigone, wherein

T

C L u s

] is -N; Aerr] is -Ck; Aerr] is -CH; and R7 is a

g 8.30 4 ound, i in 7, iACt 8y Ani ng
apench compoun accoF’a.m‘ﬁh?EQ:la\m 7 &ﬂ%}égﬁn borllgc’{'lg@'l
d mﬂ}s c¥clpalkyl or alkylamino, preferably ethyledtidugrerthyl,

rD-hydirbyydthy R ertibutgl ; H 4 Hfl@brdphenyl,  2,4-difluorophenyl,

-CH : . . - N R 3
Rerr])-q eﬂf:f@&mf]m%???ga%&ﬁ Ry 8741 RES Y Bfarogen.” epforingor g

uorine.

9. A compound, according to Claim 8, wherein R7 is a
nitrogen-containing heterocyclic ring, preferably piperazine,
3-methylpiperazine, 3-aminopyrrolidine, 3-aminomethylpyrrolidine,
N,N-dimethylaminomethylpyrr01idine,
N-methylaminomethylpyrrolidine, N-ethylaminomethylpyrrolidine,
byridine, N-methylpiperazine, or 3,5-dimethylpiperazine.

10. A compound, according to Claim 9, wherein R8 s
cyclopropyl, RZ is fluorine, and R7 is piperazine.

11. A composition for treating or preventing an infectious
disorder in a human or other animal subject, comprising:
(1) a safe and effective amount of a compound of any of
Claims 1 through 10; and _
(2) a pharmaceutically-acceptable carrier.

12. A composition for treating or preventing an infectious
disorder in a human or other ;nimal subject, according to
Claim 11, wherein said composition is suitable for parenteral
administration.

13. A composition for treating or preventing an infectious
disorder in a human or other animal subject, according to
Claim 11, wherein said composition -is suitable for oral
administration.

14. A method for preventing or treating an infectious
disorder in a human or other animal subject, by administering to
said subject a safe and effective amount of a compound of any of
Claims 1 through 10.
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- 63- - ‘the quinolone.npbiety is a structure, wherein

A2 is -CF-; Alerr] is+wCH; Rerr] is -H Aerr] is
<€H, {CF-, -cd-, or -N-; Rl err] is

. €ycl opopyl, et hyl , 2, 4-di fl uorophenyl ,
4-fl uonophenyl, or t-butyl; 5 - 1= and Rlerr] is a
3-am ng- 1- pyrrolidinyl group,. a
4- et hyl - 1- pi per azi nyl -
3 aninomethyl = pyrrolidinyl  NOVEL Q(tﬁgﬁlocuagpm qumo@uu LACTAM ESTERS
3- ethyhaninonethyl-l-pyrrolidinyI group  or
| - pi petazi nyl group. 10 Ester-1linke kPl ones of the classes
(b), (c) and (d) are preferred; c ﬂgﬁﬁg O?MéPgss (d) are _
particuylarly preferred. 6) Ester °Wﬁkéﬁ Bemuthpnltim qui nol ones, such
as congounds of the 15 cl ass where - t he

lactamcontaining moiety is a oxageohei oc THE DISCLOSUR
ABSTRACT OF THE DISCLOSURE

Antimicrobial quinolonyl Tlactam esters comprising a
lactam-containing moiety linked, by an ester group, to the
3-carboxy group of a quinolone moiety. These compounds are of

“the formula:

wherein

(1) R3, R4, and RS, together with bonds "a" and "b", form
certain lactam-containing moieties similar to those known in
the art to have antimicrobial activity; and

(2) A, RS, R7, and R8 form any of a variety of quinolone or
napthyridine structures similar to those known in the art to
have antimicrobial activity.
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whereingond "a"_is.a single bond; bond "b" is a . 030531 aws
doubke -bbnd; R err] is -CH; Rerr]-is -C(CHerr]H-; Rerr] is
-0-CHerr]-(err]-CHerr]-0; 20 - -

is a structure,. wherein A2 is -CFk-; Aerr] iss -CH;

and Rlerr] is-a-heterocyclic. - ring. . T)
Ester-1linked, i socephem qui nol ones, such as conpounds of the 25 cl ass:
wher e - the lactamcontaining noiety is a

i socephem - . - wherein bond "a" is a single bond; bond
"b" is a doubl ¢ bond; R3 is -CH; R4 is

-c(coferr]H-; Rierr] is : : o
-CHerr]-S-derr]-GH err]-0-; HOYGL FHTIMICROBIAL QUINOLONYL LAC{’WeEH@F%oI one
noiety is a structure, wherein A2 : : is -CF-; Alerr]
is -CH; and Rlerr] is a heterocycl igEPLACEMENT . I ng.

8) Ester-linked iso-oxacephem q imptgggﬁnbﬁdgﬁgﬁgﬁ%(ﬁgggg %101 35 t he
cl ass where | Ef,Clairq(s) : paged 0. to paged i
O Drawing(s) : paged ..... to paged......
T Abstract :paged . to paged ..~

BACKGROUND OF THE INVENTION
This invention relates to novel antimicrobial compounds and

compositions. The compounds of this invention contain a
quinolone moiety and a lactam-containing moiety, in a new
10 chemical entity. _

The chemical and medical literature describes a myriad of
compounds that are said to be antimicrobial, i.e., capabie of
destroying or suppressing the growth or reproduction of
microorganisms, such as bacteria. In particular, antibacterials

15 include a large variety of naturally-occurring (antibiotic),
| synthetic, or semi-synthetic compounds. They may be classified
(for example) as the am%nog]ycosides, ansamacrol ides,
beta-lactams (including penicillins and cephalosporins), lincos-
aminides, macrolides, niirofurans. nucleosides, oligosaccharides,

20 peptides and  polypeptides, phenazines, polyenes, polyethers,
quinolones, tetracyclines, and sulfonamides. Such antibacterials

and other antimicrobials are described in Antibiotics,
Chemotherapeutics, and Antibacterial Agents for Disease Control

(M. Grayson, editor, 1982), and E. Gale et al., The Molecular

25 Basis of Antibiotic Action 2d edition (1981), both incorporated

by reference herein. )
The mechanism of action of these antibacterials vary.

However, each can be genérally classified as functioning in one
or more of four ways: by inhibiting cell wall synthesis or
30 repair:'by altering cell wall permeability; by inhibiting protein
synthesis; or by inhibiting synthesis of nucleic acids. For
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-64-

g - o the |actamcontaining noiety is a

| so-~~oxa ephen1 . . - . : ~wherein bond "a" .is a single
bond; bond "b" is-a T o . doubl e bond; Rerr] is
-CH; Rerr] is -C(CJerr]H-; Rerr] is-. : .
-CH[e.r.r]-04C[err]-'CH[err]--O-'r .and .5 L " thet

quinolone moiety is a structure, mhereln A2 -2-
is.-CF; A3 is -CH; .and R7 i's a heteroecyclic
ring. ‘ yanEéeerbdtuankaé@armaqﬂba@aéﬁhemlquﬁﬁolt@mwn Soktb1aEng the

corrpounds of the essela@m] peﬁic’?ﬁ&n%@ﬁcﬁng proteins (PBPs) in bacterias whmBhe
| act am cont ai ni ng noi e

wherein bond "a" is ar%I%{FﬁlpgnSdBﬂ%C"a%b bwaml Sénthesw On the other hand.
doubl e bond; R[err] iqgino®khes REer b 1@1b@(\¢@[m’cm)u Olfz[é#qt]erlaé ONA, thus

- CH Sr r]- CH[ e: rls- E[ erpH\re%gothe @El@te3=5a from replicating. - t he qui nol one
noi e Is a s A2 |
y ructure, Vwﬁe{ surpr1s1ng]y, the pharmacological characteristics of

antibacterials and other antimicrobials, and their suitability
for any given clinical use, also vary considerably. For example,
the classes of antimicrobials (and members within a class) may.

10 vary in their relative efficacy against different types of
microorganisms, and their 5usceptibi1ity to development of
microbial resistance. These antimicrobials may also differ in
their pharmacological characteristics, such as their
bioavailability, and biodistribution. Accordingly, selection of

15 an appropriate antibacterial (or other antimicrobial). in any
given clinical situation can be a complicated analysis of many
factors, including the type of organism involved, the desired
method of administration, and the location of the infection to be
treated.

20 The development of microbial resistance is one factor in the
selection of an appropriate antimicrobial (particularly ant1-
bacterials), which is of increasing concern in medical science.
This “resistance” can be defined as existence of organisms,
within a population of a given microbial species, that are less

25 susceptible to the action of a given antimicrobial agent. Such
resistant strains may subvert the mechanism of action of a
particular antimicrobial, or chemically degrade the antimicrobial
before it can act. For example, bacterial resistance to
beta-lactam antibacterials has arisen through development of

30 bacterial strains that produce beta-lactamase enzymes, which
degrade the antibacterial.

In part as a result of the intense use of antibacterials
over extended periods of time, many highly resistant strains of
bacteria have evolved. This 1is of particular concern in

35 environments such as hospitals and nursing homes, which are
characterized by relatively high rates of infection and intense
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- CF-; r? CH; and R7 is a heterocyclic ring. ' 10)
Esteh=I| ked mondbact am qui nol ones, such as conpounds of the.
fol I'owi ng cl asses. 20" - T a) where - the -

| actam containi-ng noiety is a nonobactam- ‘

wherein bond "a" is a si ngl e bond; ‘bond " b" i's :

nil; Rlerr] is -CH and is bonded directly to Xa-RS'is_._'

niI; Xis -CHerr]0-; and 25 t he. qU|noIone nD|ety
is a structure, wherei nse Apf . ant1bacterlals : See, e. g » W. SapdersgFJr. Aerpf-is
-CH; and Rlerr] is a hﬂtd‘ﬁE@FbMG'GeQaflla@gamases Clinical ) EW(U'éﬁleo]og\c Imﬁ‘h@a

L\IIE”iIgE 2?:](:82;3' .r.“ .r.]gl rsmiaeg?/%\ bg%wg ..%ephalospormé 10 Reviews of Infectious

nil; RBis -CH and |s_hmmj &Weét%ﬁ t o Mdemferthe i development of resistant

nil; Xis -0-; ang bacter1a1 strains has led to atddAcérH @ﬂiﬁJQQtﬂﬂahﬁﬁdVbhé%ea1a
structure mhereln

and Rlerr] is a hetero@%lbfchrrop‘hcﬁd that asig essentially r@]%%ﬁﬁlevepa@?a’?ﬁ’é‘““
esters of this inventdewlopédnartitectefior agents. exanpl e) the

fol | owi ng conmpounds. The literature describes many attempts to enhance the
efficacy of antimicrobials, and to overcome the development of

10 microbial resistance. Many such attempts involve the combination

of antimicrobials. For exampie, Thabaut et al., 16 Presse Med.

2167 (1987) describes combinations of pefloxacin (a quinolone)

with the beta-lactams cefotaxime and cefsulodin. Lenoc et al.,

36 Path. Biol. 762 (1988), describes combined use of cephems with

15 aminoglycosides, and  with quinolones. Japanese  Patent

- Publication 60/06,617, published January 14, 1985, also describes
compositions containing beta-lactams and quinolones. 0’Callaghan

et al., 10 Antimicrobial Aqents and Chemotherapy 245 (1976),

describes a mercapto pyridine-substituted cephem, which is said

20 to liberate an active antimicrobial agent when the cephalosporin
is hydrolyzed by beta-lactamase. Mobashery et al., 1Q§ J.
American Chemical Society 1684 (1986), presents a theory of
employing bacterial beta-lactamase in situ to release an
antibacterially-active leaving group from the 10-position of a

25 cephem. —

However, many such attempts to produce improved
antimicrbbials yield equivocal results. Indeed, few
antimicrobials are produced that are truly clinically-acceptable
in terms of their spectrum of antimicrobial activity, avoidance

30 of microbial resistance, and pharmacology.

SUMMARY OF THE INVENTION
The present invention provides compounds of the formula:

35
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[6R—§6[e?ﬂ 7[err])]]-7- [[[(D'fluoronethyl)thlo]acetyl]an1no] 7- nethoxy]

3-[1[1- cyclopropyl

6-fl'uoro- 1, 4- di hydr o=4- oxo- 7- ( 1- pi perazitnyt)=---

3qui nol inyl j carbonyl oxy] net hyl ] - 8- oxo- 5- oxa- | --azabi'cycl| o[ 4. 2. 0]

oct - 2- ene- 2- carboxyllc acid 5 ' [err]
: oo o : -4- .
RZ
Rt____-H3
W —NRiA
o~
10
wherein

15

20

25

30

35

(A)

Rl s hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a

carbocyclic ring, a heterocyclic ring, R102.0-, RIOacH-N-,

(R10) (RII)N-, RI1Z.C(=CHRIS)-C(=0)NH-,

R12.C(=NO-R14)-C(=0)NH-, or R13-(CHp)pm-C(=0)NH-; where

(1) m is an integer from 0 to 9;

(2) R10 and Rl are, independently, R102 where RI02 s
hydrogen, alkyl, alkenyl, a carbocyclic ring, or a
heterocyclic ring substituent; or RI0 and R1! together
comprise a heterocyclic ring including the nitrogen to
which they are bonded; _ .

(3) RIZ is hydrogen, alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic_ ring, or a heterocyclic

ring;
(4) RI3 §s RI2, -71, or -CH(Z2)(RI2);
(s) rl4 is R12, arylalkyl, heteroarylalkyl,

-C(R17)(RIB)COOH, -C(=0)0-R12, or -C(=0)NH-RIZ, where
R17 and RIB are, independently, RIZ or together
comprise a carbocyclic ring or a heterocyclic ring
including the carbon atom to which R!7 and RI8 are
bonded;

(6) RIS is R14, halogen, -71, or -CH(Z2)(R12);

(7) 2! is -C{=0)OR16, -C(=0)RLE, -N(RIF)RI6, -5(0)pR24, or
-0R24; and 72 is Il or -OH, -SH, or -SO3H;
(a) p is an integer from 0 to 2;
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[6R—(6[e; ,7[err])]-7-[[[(2-Am nocar bonyl - 2- fIuoroethenyl)thlo]acetyl] 15
am neJ - [[[ [ 9- fT.uor o- 3, 7- di hydr o-3- et hyl -10- (4-met-hyl - 1- . B
pi perazi nyl) - 7- oxo- 2H-pyrido[ 1, 2, 3- de] -1, 4- benzoxazi n- 6- yI] :

car bonyl ] oxy] met.hyl ] - 8- oxo- 5- th|a I-azablcyclo[4 2. 0]oct 2-ene--
2-carboxylic acid 20 .- [err] . . . -

-5_.'
(b) R19 is hydrogen; alkyl; alkenyl: heteroalkyi;
" heteroalkenyl; a carbocyclic ring; .a heterocyclic
ring; -SO3H; -C(=0)R20; or, -~when RI3 5
-CH(Z2)(R12) and 22 is -N(RI9)RI6, RI9 pnay
5 : comprise a moiety bonded to R16 to form a
heterocyclic ring; and
(c) R20 s RIZ, NH(RI1Z), N(RIZ)(R21), O(R2l), or
S(R2l); where RZl is alkyl, alkenyl, a carbocyciic
ring, a heterocyclic ring, ‘or when R20 s
10 N(R12)(R21) RZl may be a moiety bonded to R1Z to
" form a heterocyclic ring; and .
(8) R16 is R24 or hydrogen; where R24 is alkyl; alkenyl:
arylalkyl; heteroalkyl; heterocalkenyl; heteroarylalkyl;
a carbocyclic ring; a heterocyclic ring; or, when 21 is
15 N(RI9)R16 and R16 is R24, RIS and RI9 may together
comprise a heterocyclic ring including the nitrogen
~ atom to which R19 is bonded;
(B) RZ is hydrogen, halogen, .alkoxy, or RZ2C(=0)NH- , where RZZ
is hydrogen or alkyl;

20 *(C) bond "a" is a single bond or is nil; and bond "b" is a
single bond, a double bond, or is n11, except bond "a" and
bond "b" are not both nil;

(D) R3 is -C(R103)., or -CH2-R23-; where R23 is -C(R102), -0-,
or -N-, and R23 is directly bonded to N’ in Formula (I) to

25 form a 5-membered ring;
except, if bond "a" is nil, then R3 is
(1) -c(RIOa)(z3)-, where

(i) 23 is -R16, _OR25 |, -S(0).RZ5, where r is an
integer from 0 to 2, -OC(=0)R25, or -N(RZ5)R26;

30 (ii) R25 and R26 are, independently, alkyl, alkenyl,

carbocyclic ring or heterocyclic ring
substituents; or RZS and R26 together comprise a
heterocyclic ring including the nitrogen atom to
which R25 and RZ6 are bonded; or

35
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(6R-{6[err], 7[err]]]-
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7- [[Carboxy(4 hydroxyphenyl)acetyl]an1no] 3-[[[1-
et-hyl - 6- quoro 1, 4- di hydro- 7- (4- et hyl - 1- pi per azi nyl ) - 4- oxo-3- . ,
qU|noI|nyI]carbononxy]nethyI] 8- oxo- 5- thla 1- azablcyclo[4 2. 0]

oct - 2- ene- 2- car boxylic acid -6-

(F)

(2)

(2)
(3)

(1)
(2)

(3)

-CH2-R27-; where R27 is -C(R10a)(R16), -0-, or -NRlOa.
and R27 is directly bonded to N’ in Formula (I) to form
a 5-membered ring; : .
if bond "b" is a single bond, R4 is -CH(R28)-; or. if
bond "a" is nil; -C(O)NHSO2-; or -C*(R28).; if R>
contains an R32 moiety; where R28 is hydrogen or COOH.
and C* is linked to R32 to form a 3-membered ring;
if bond "b" is a double bond, R4 is -C(R28)=; or
if bond "b" is nil, R4 is hydrogen, -SO3H, -PO(OR29)CH
-C(O)NHSOaN(R29) (R30),  -0SO3H,  -CH(R30)COOH,  or
-OCH(R29)CO0H; where R29 is hydrogen, alkyl, alkenyl,
a carbocyclic ring, or a heterocyclic ring; and R30 js
hydrogen, alkyl, alkenyl, or -NHR103; or, if R4 is
-C(O)NHSO2N(R29)(R30), R29 and R30 may together
comprise a heterocyclic ring including the nitrogen to
which R29 and R30 are bonded; and
if bond "a" or bond "b" is nil, then RS is Y;
if bond "a® and "b" are single bonds, RS s
-X2-C"'aC(R102).R31.y., or -x2-c"’(R32)-R3l.Y-; or
if bond "a" is a single bond and bond "b" is a double
bond, RS is -C(R102)(R33).x2-c"-R31.y-;
-x1.c(R10a)(R33)-c"/-R31.v-; or -X2-C"’-R31l.Y-; where
(a) X! is 0 or C(R33), where R33 is hydrogen, alkyl or

alkoxy;

(b) X2 is 0; S(0)s, where s is an integer from 0 to 2;
or C(R33); _

(c) R3! is nil, alkyl, alkenyl, a carbocyclic ring,
or a heterocyclic rihg; :

(d) R32 is hydrogen; alkyl; alkenyl; -COOH; or, if R4
is -C*(R28), R32 may be linked to C* to form a
3-membered carbocyclic ring;

(e) Y is 0 or 24-R34.0, where
(1) I% is -0-; -S(0)¢-, where t is an integer of

0 to 2; or -NR1Oa.; and
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[err]. - : y S u
[5R-{5[err],6[ef7]]]-3-[[{7-(3-Am nopyrrolidin-1-yl)-8-chloro-1-cyclo- 15°
propyl -6-fl uoro-'1, 4- di hydr 0-4- ox0-"3- qui nol'i nyl ] car bonyl oxy] - o ST
met hyl ] - 6-[ (R) - 1- hydr oxyet hyl | - 7- oxo- 4-t hi a- 1- azabi cycel 0[ 3. 2. 0] - -
hept - 2- ene- 2- carboxylic acid -20 S - [err}.

_ . : e . L

. (2) R¥* is  alkyl, alkenyl.,  heteroalky:.
. heteroalkenyl, a carbocyclic ring,. or a
'heierocyc1ic ring; and
(3) Y is directly bonded to C’
5 " (f) C"' is bonded to R4 to form a 5- or &-membereg
ring; :

(6) (1) Al is N or C(R40); where R40 is hydrogen, hydroxy.
alkoxy, nitro, cyano, halogen, alkyl, or N(RIO)(RIlj,
and -

10 (2) A2 is N or C(R®); where R6 is hydrogen or halogen;

(3) A3 is N or C(R41); where R4L is hydrogen;

(4) R8 is hydrogen, alkyl, a carbocyclic ring, a
heterocyclic ring, alkoxy, hydroxy, alkenyl,
arylalkyl, or N(R10)(Rll);

15 (5) R7 is hydrogen, halogen, alkyl, a carbocyclic ring, or
a heterocyclic ring; and
(7} RY is hydrogen, halogen, nitro, or N(R10)(Rll);
(H) except that
(1) - when Al is C(R40), R8® and R40 may together comprise a
20 heterocyclic ring including N" and Al;

(2) when A2 is C(R6), R6 and R7 may together comprise
-0-(CH2)n-0-, where n is an integer from 1 to 4; and

(3) when A3 is C(R41), R8 and R4l may together comprise a
heterocyclic ring including N" and the adjacent carbon

25 to which R4l is bonded;
and pharmaceutically-acceptable salts and biohydrolyzable esters
thereof, and hydrates thereof.

It has been found that the compounds of this invention, and

compositions containing these  compounds, are effective
30 antimicrobial agents against a broad range of pathogenic

microorganisms. These compounds provide advantages versus

antimicrobial agents among those known in the art, including (for

example) the spectrum of antimicrobial activity, potency, the

avoidance of microbial resistance, reduced toxicity, and improved
35 pharmacology.
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DESCRIPTION OF THE INVENTION
The present invention encomp;sées certain novg] quinolony!l
lactam esters, methods for their manufacture, dosage forms, and

methods of administering the gquinolonyl lactam esters to a human
or other animal subject. Specific compounds and compositions to
be used in ‘the invention must, accordingly, be pharmaceutically
acceptable. As used herein, such a "pharmaceutically-acceptable”
component is one that is suitable for use with humans and/or
animals_ without undue adverse side effects (such as toxicity,
irritation, and allergic response) commensurate with a reasonable
benefit/risk ratio.
Quinolonyl Lactam Esters
The compounds of this invention, herein referred to as

“quinolonyl lactam esters", encompass any of a variety of
lactam-contajning moieties linked, by an ester linkage, to the
3-carboxy group of a quinolone moiety. These compounds include
those of the formula:

;;2
| O O RS9
R——pg3_ .
(1) | “SRE—C X2
S —NR'A v
' i
F"

wherein
(A) Rl is hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a
carbocyclic ring, a heterocyclic ring, RI02-0-, RI03CH=N-,
(R1IO)(RIT)N.,  RI2.C(=CHRIS)-C(=0)NH-, or (preferably)
R1Z.C(=NO-R14)-C(=0)NH-, or RI3-(CHp)pm-C(=0)NH-; where
(1) m is an integer from 0 to 9 (preferably 0 to 3);
(2) RI0O andg "RI! are, independently, R!02 where RI02 s
hydrogen, alkyl, alkenyl, a carbocyclic ring, or a
heterocyclic ring substituent; or RI0 and RIl together
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(5Rﬂ(5[eﬁr] 6[etr]]]-3-[[[1-Ethyl-1,4-dihydro-6- héthyl 4- oxo0- 1 8-.'
naphthyrldln 3-yl ] car bonyl oxy] nethyl]=6-[ (R) -t - hydr oxyet hyl ] - '
oxo- 4-t hi a- 1- azablcyclo[B 2. O]hept 2- ene- 2-carboxylic acid

OH 5

lerr]
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(3)

(4)
(3)

(6)

(7)

(8)

9.,

‘comprise a heterocyclic ring including the nitrogen to
. which they are bonded;

RI12Z = is  hydrogen, alkyl, alkenyl, heteroalkv:.
heteroalkenyl, a carbocyclic ring, or a heterocyclic
ring (preferably alkyl, a carbotyclic ring, or a
heterocyclic ring);

RI3 is RIZ, -21, or -CH(Z2)(R12);

Ri4 is RiZ, arylalkyl, . heteroarylalkyl.

-C{R17)(R18)COOH, -C(=0)0-R12, or -C(=0)NH-R12, where

R17 and RI8B are, independently, R1Z or together
comprise a carbocyclic ring or a heterocyclic ring
including the carbon atom to which R17 and R18 are

“bonded (preferably R1Z or -C(R17)(R18)COOH;

R15 is R14, halogen, -Z1, or -CH(Z2)(R12) (preferably

R19 or halogen);

21 is -C(=0)0R16, -C(=0)R1E, -N(RI%)R1E, -5(0),R24, or

-0R24; and 22 is 7! or -OH, -SH, or -SO3H;

(a). p is an integer from 0 to 2 (preferably 0);

(b) RI9 is hydrogen; alkyl; alkenyl; heteroalkyl;
heteroalkenyl; a carbocyclic ring; a heterocyclic
ring; -SO3H; -C{=0)R20; or, when RI3 s
-CH(Z2)(R12) and 72 is -N(RI9)R1E, RI9 may
comprise a moiety bonded to RI6 to form a
heterocyclic ring; and

(c) R0 45 RIZ, NH(RIZ), N(RIZ)(R2]), O(RZl), or
S(R2l) (preferably RI2, NH(R1Z), N(RIZ)(R2l));
where RZl is alkyl, alkenyl, a carbocyclic ring, a
heterocyclic ring, or (preferably) when RZ0 is
N(R12)(R21) R2] may be a moiety bonded to R1Z to
form a heterocyclic ring; and

R16 §s R24 or hydrogen; where R2% is alkyl; alkenyl;

arylalkyl: heteroalky); heteroalkenyl; heteroarylalkyl;

a carbocyclic ring; a heterocyclic ring; or, when zl s

N(R19)R16 and RIE is R24, RI6 and RI9 may together

comprise a heterocyclic ring including the nitrogen
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(5R—[5[;§rr] 6[ er
)-

(1- plpeTaZ|nyI
hydr.oxyet-hyl ] - 7-

r
3-
0

carboxylic-acid
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]

X

]
a
0-

]-
ui

3-[
nol
4-t h

(8)
(C)

(D)

(E)

[[I-Cycl opropyl -6-fluoro-1,.4-di hydro- 4- oxo- 7-
i nyl ] car bonyl oxy] methyl]-6-[(R)-1- 15 - S
| a- I-azablcyclo[S 2.0] oct - 2- ene- 2-
. OH : [err]
-10-

atom to which RI9 s bonded’ (preferab]y hydrogen

alkyl, a carbocyclic ring or a heterocyclic r1ng)
R2 is hydrogen, halogen, alkoxy, or RZ2C(=0)NH- (preferably
hydrogen or alkoxy), where R22 is hydrogen or  alkyl
(preferably hydrogen);
bond "a" is a single bond or is nil; and bond "b" is a
single bond, a double bond, or is nil; except bond "a" and
bond "b" are not both nil;
R3 is -C(R10a)-, or -CHp-R23- (preferably -C(R103)-); where

R23 js -c(R102), -0-, or -N-, and R23 is directly bonded to
N’ in Formula (I) to form a 5 membered ring;

except, if bond "a" is nil, then R3 is

(1) (preferably) -C(R103)(Z3)-, where
(i) 23 is -RI6, -ORZ5, -S(0)cR25-, where r is an

integer from 0 to 2 (preferably 0), -OC(=0)R25, or
-N(R25)R26 ;

(ii) R25 and R26 are, independently, alkyl, alkenyl,
carbocyclic ring or heterocyclic ring
substituents; or R25 and R26 together comprise a
heterocyclic ring including the nitrogen atom to
which R25 and R26 are bonded; or

(2) -CHp-R27-; where RZ7 is -C(R10a)(R24), -0-, or -NR1O,
and R27 is directly bonded to N" in Formula (II) to
form a S-membered ring;

(1) if bond "b" is a single bond, R% is (preferably)
-CH(R28)-; or, if bond "a" is nil; -C{O)NHSOz-; or
.C*(R28).; if RS contains a R- moiety; where RZ8 is
hydrogen or (preferably) COOH, and C* is linked to R
to form a 3-membered ring;

(2) if bond "b™ is a double bond, R is -C(R2B)=; or

(3) if bond "b" is nil, R% is hydrogen, -SO3H, -PO(OR29)0H,
-C{O)NHSOpN(R29) (R30),  -0SO3H, -CH(R30)COOH,  or
-OCH(R29)COOH (preferably -S03H or
_C{0)NHSOZN(R29) (R30)); where RZ9 is hydrogen, alkyl,
alkenyl, a carbocyclic ring, or a heterocyclic ring;
and R30 is hydrogen, alkyl, alkenyl, or -NHR102; or
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(F)

(G)

6-fl uoro-1, 4 d
qU|noI|nyI]carbononxy] [

(1)
(2)

(3)

(1)

(2)

(3)

- 68-
i hydr o- 4- oxo- 7- ( 1- pi per -
[[1[(R)-4-ethyl-2,3-di oxo: 1-

11

i(preferably); if R4'is' C(O)NHSOZN(R29)(R30) " R29" and
.R30 may together comprise a heterccyclic ring \nc1u01ng

the nitrogen to which R29 and R30 are bonded; and

if bond "a" or bond "b" is nil, then RS is Y;

if bond "a" and "b" are single bonds, RS s

-x2-C"*=C(R108)-R31.y.  or -x2-C"’(R32)-R31-y-; or

(preferably) if bond "a" is a single bond and bond "b”

is a double bond, RS is -C(R10a)(R33)-x2-c"'-R3l.y-; or
(preferably) - - -x1-c(r10ay(R33)-c"’-R31.v-; or
-x2-¢*'-R3l.Y-, where
(a) X! js 0 or C(R33), where R33 is hydrogen, alky) or
alkoxy;
{b) X2 is 0; S(0)s, where s is an integer from 0 to 2
(preferably 0); or C(R33);
(c) R3l is nil, alkyl, alkenyl, a carbocyc11c ring,
or a heterocyclic ring;
(d) R32 is hydrogen; alkyl; alkenyl; -COOH; or, if R%
is -C*(R28), R32 may be linked to C* to form a
3-membered carbocyclic ring;
(e) Y is 0 or 74-R34-0, where
(1) 2% is -0-; -S(0)¢-, where t is an integer of
0 to 2 (preferably 0); or -NR1Oa-; and

(2) R34 is alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a
heterocyclic ring (preferably alkyl or
alkenyl); and

(3) Y is directly bonded to C’

(F) C€C"* is bonded to R4 to form a 5- or 6-membered
ring;

Al is N or C(R40); where R40 is hydrogen, hydroxy,

alkoxy, nwtro. cyano, halogen, alkyl, or N(RIO)(Rll)

(preferably hydrogen or halogen), and

A2 is N or (preferably) C(R6); where R6 is hydrogen or

halogen;

A3 is N or (preferably) C(R41); where R4l is hydrogen;
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.
piperazgpyl]carbonyl]an1no](4 hydroxyphenyl)acetyl]an1no] 4- 0xX0- |
| - azetidinésul fonic acid sadiumsalt- -5 [err]
(3S)-3-[[(2-Am no- 4- thlazolyl)(nethoxyln1no)acety|an1no] 2- [[1 15 -
et hyl - 6-fl uoro-1, 4- di hydr o-4- oxo- 7- (.1- pi_per.azi nyl ) - 1,-8- naph- - o _ _
t hyri di n- 3- yI]carbononxy] 4-oxo0- 1- azetldlnesuh£on|c acid sodi um _ sal t
" (4) “R8 'is hydrogen, alkyl, a;. carbocyclic  'ring;- a-
'heterocyc]i;' ring, alkoxy, hydroxy, — alkenyl,
arylalkyl, ‘or N(RIO){R1l) (preferably hydrogen or a
. carbocyclic r1ng)
5 (5) R7 is hydrogen, halogen, alkyl, a carbocyc11c ring, or
a heterocyclic ring (preferably a heterocyclic ring):
and
(7). RY is hydrogen, halogen, nitro, or N(RIO)(RIly;
(H) except that . : .
10 (1) when Al is C(R40) R8 and R40 may together comprise a
_ heterocyclic ring including N’ and Al;
(2) when A2 is C(R6), R6 and R7 may together comprise
-0-(CH2)n-0-, where n is an integer from 1 to 4; and
(3) when A3 is C(R41), R8 and R4! may together comprise a
15 heterocyélic ring including N" and the adjacent carbon
to which R4l is bonded; i
and pharmaceutically-acceptable salts and biohydrolyzable esters
thereof, and hydrates thereof.

20 Definitions and Usage of Terms:
The following is a list of definitions for terms used herein.”

"Heteroatom™ is a nitrogen, sulfur or oxygen atom. Groups
25 containing one or more heteroatoms may contain different
heteroatoms.

"Alkyl® is an unsubstituted or substituted saturated
hydrocarbon chain radical having from 1 to 8 carbon atoms,
preferably from 1 to 4 carbon atoms. Preferred alkyl groups

30 include (for example) methyl, ethyl, propyl, isopropyl, and
butyl.

"Heteroalkyl" is an unsubstituted or substituted saturated
chain radical having from 3 to 8 members comprising carbon atoms
and one or two heteroatoms.

35
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[err] C.L 380

-13-

"Alkenyl" is an unsubstituted or subsfituted Hydrocaraor
chain radical having from 2 to 8 carbon atoms, preferab1y from ?
to 4 carbon atoms, and having at least one olefinic double bong.

"Carbocyclic ring" is an unsubstituted or substituted.
saturated, unsaturated or aromatic, hydrocarbon ring radical.
Carbocyclic rings are monocyclic or are fused, bridged or spiro
polycyclic ring systems. Monocyclic rings contain from 3 to ¢
atoms, preferably 3 to & atoms. Polycyclic rings contain from 7
to 17 atoms,. preferably from 7 to 13 atoms.

"Cycloalkyl" 1is a saturated carbocyclic ring radical.
Preferred cycloalkyl groups include (for example) cyclopropyl,
cyclobutyl and cyclohexyl.

"Heterocyclic ring" is an unsubstituted or substituted,
saturated, unsaturated or aromatic ring radical comprised of
carbon atoms and one or more heteroatoms in the ring.
Heterocyclic rings are monocyclic or are fused, bridged or spiro
polycyclic ring systems. Monocyclic rings contain from 3 to 9
atoms, preferably 3 to 6 atoms. Polycyclic rings contain from 7
to 17 atoms, preferably from 7 to 13 atoms.

"Aryl"™ is an aromatic carbocyclic ring radical. Preferred
aryl groups include (for example) phenyl, tolyl, xylyl, cumenyl
and naphthyl.

"Heteroaryl" is an aromatic heterocyclic ring radical.
Preferred heteroaryl groups include (for example) thienyl, furyl,
pyrrolyl, pyridinyl, pyrazinyl, thiazolyl, pyrimidinyl,
quinolonyl, and tetrazolyl.

"Alkoxy" 1is an oxygen radical having a hydrocarbon chain
substituent, where the hydrocarbon chain is an alkyl or alkenyl
(i.e., -0-alkyl or -0-alkenyl). Preferred alkoxy groups include
(for example) methoxy, ethoxy, propoxy and allyloxy.

"Alkylamino" is an amino radical having one or two alkyl
substituents (i.e., -N-alkyl).

"Arylalkyl" is an-alkyl radical substituted with an aryl
group. ‘Preferred arylalkyl groups include benzyl and
phenylethyl.
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(39)-2- [(5 "Et hyl - 5, 8- di hydr o- 8- oxo- 1, 3- di oxol o[ 4. 5- g] 7- qui no- . : o
| i nyl-] carbonyl oxy] - 4- oxo- 3- [(phenoxyacetyl)an1no]azetldlnesul o fonic
aci d sodlun1salt [err] . '

l4- -
_ "Arylamino” is an amine radical substituted with aﬁ'aryl'
. group (i.e., -NH-ary]),f , o o
~ "Aryloxy” is an oxygen radical having ‘a aryl substituent
. {i.e., =0-aryl).

5 "Acyl" or "carbonyl"” is a radical formed by removal of the
hydroxy from an carboxylic acid (i.e., R-C(=0}-). Preferred
alkylacyl! groups include (for example) acetyl, formyl, and
propionyl.

"Acyloxy" is an oxygen radical having an acyl substituent

10 (i.e., -0-acyl); for example,-0-C(=0)-alkyl.

"Acylamino" is én amino radical having an acyl substituent
(i.e., -N-acyl); for example, -NH-C(=0)-alkyl. '

"Halo", "halogen", or "halide" is a chloro, bromo, fluoro or
iodo atom radical. Chloro and fluoro are preferred halides.

15 Also, as referred to herein, a "lower" hydrocarbon moiety
(e.g., "lower" alkyl) is a hydrocarbon chain comprised of from !
to 6, preferably from 1 to- 4, carbon atoms.

A "pharmaceutically-acceptable salt" is a cationic salt
formed at any acidic {(e.g., carboxyl) group, or an anionic salt

20 formed at any basic (e.g.. amino) group. Many such salts are
known in the art, as described in World Patent Publication
87/05297, Johnston et al., published September 11, 1987
(incorporated by reference herein). Preferred cationic salts
include the alkali metal salts {such as sodium and potassium),

25 and alkaline earth metal salts (such as magnesium and calcium).
Preferred anionic salts include the halides (such as chloride
salts).

A "bichydrolyzable ester™ is an ester of a quinolonyl lactam

ester that does not essentially interfere with the antimicrobial

30 activity of the compounds, or that are readily metabolized by a
human or lower animal subject to yield an antimicrobially-active
quinolonyl lactam ester. Such esters include those that do not
interfere with the biological activity of quinolone
antimicrobials .of beta-lactam antimicrobials (cephems, for

35 example)}. Many such esters are known in the art, as described in
World Patent Publication 87/05297, Johnston et al., published
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[6R—[6[§;r],7[err])]]-3-[[[7-(3-Anino-I-pyrroIidinyl)-l-(2,4-difluor-
ophenyl )~ 8-fl-uoro-1, 4-di hydr o- 4- oxo-.1, 8- napht hyri di n- 3-yl ] carbon- 15
yl oxy] met-hyl -] - 7-[ [ ( 5- hydr.oxy- 4- oxo- 1(4H) - pyri di-n- 2-yl ) car bonyl -

am no] (2- am no-4-thi azol yl ) acet yl am no] - 8- oxo- 1- azabi cycl o
(4.2.0]oct-2-ene-2-carboxylic acid, - Jerr] '

-15-

Sep;ember'Il. 1987, (incorporated by reference herein). Such
esters include lower alkyl esters, lower acyloxy-alkyl esters
(such as acetoxymethyl, acetoxyethyl, aminocarbonyloxymethyl.
pivaloyloxymethyl and pivaloyloxyethyl esters),. lactonyl esters’
5 (such as phthalidyl and thiophthalidyl esters), lower alkoxy--
acyloxyalkyl esters (such as methoxycarbonyloxymethyl,
ethoxycarbonyloxyethyl and isopropoxycarbonyloxyethyl esters),
alkoxyalkyl esters, choline esters, and alkyl acylamino alkyl -
-esters (such as acetamidomethyl esters).
10 As defined above and as used herein, substituent groups may
‘themselves be substituted. Such substitution may be with one or
‘more substituents. Such substituents include those listed in
C. Hansch and A. Leo, Substituent Constants for Correlation
Analysis in Chemistry and Biology (1979), incorporated by

15 reference herein. Preferred substituents include (for example)
alkyl, alkenyl, alkoxy, hydroxy, oxo, nitro, amino, aminoalkyl
(e.g., aminomethyl, etc.), cyano, halo, carboxy, alkoxyaceyl
(e.g., carboethoxy, etc.), thiol, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl (e.g., piperidinyl, morpholinyl, pyrrolidinyl,

20 etc.), imino, thioxo, hydroxyalkyl, aryloxy, arylalkyl, and
combinations thereof. ,

Also, as used in defihing the structure of the compounds of
this invention, a particular radical may be defined for use as a
substituent in multiple locations. For example, the RI10a

25 substituent is defined as a potential substituent of Rl, but is
also incorporated into the definition of other substituents (such
as R3, R8, and RY). As used herein, such a radical is
independently selected each time it is used (e.g., R10a need not
be alkyl in all occurrences in defining a given compound of this

30 invention).
Lactam-containing moieties:

Groups R3, R4, and RS, together with bonds "a" and "b", form
anj of a variety of lactam-containing moieties known in the art
to have antimicrobial activity. Such moieties wherein either

35 bond "a" or bond"b” are nil (i.e., do not exist) are monocyclic;
if both bonds exist, the structures are bicyclic.
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30 735 - 70-

-16-
Preferred .lactam moieties include .the oxacephems  ang
.carbacephems of the representdtive formula: -

2
R‘ | 2 X1 9
5 : O O R
i i
oxd l A
COOH

10

wherein bond "a" is a single bond; bond "b" is a double bond; R3
is -C(R10a).  where R102 is hydrogen; R4 is -CH(R28), where RZ8
is COOH; and RS is -x1-c(R10a)(R33)-c"’R31.y-, where RI0a and R33
15 are hydrogen, R3! is methylene, and X! is 0 (for oxacephems) or
C(R33) (for carbacephems).
Other preferred .Jactam moieties include the isocephems and
iso-oxacephems of the representative formula:

20 R2

D,
‘lLu
x

»
=0
o
X0
[7.]

25 COOH |
_ F‘B

wherein bond "a" is a single bond; bond "b" is a double bond; R3
is -C(R10a where RI02 is hydrogen; R4 is -C(R28), where RZB is
30 COOH; and RS is -C(RI10a)(R33).x2-c"’-R31.Y- yhere RIOQ and R33

are each hydrogen, R3] {s methylene, and X2 is S (for isocephems)
or 0 (for iso-oxacephems).

Other preferred lactam-containing moieties include the
penems, carbapenems and c]avems, of the representative formula:
35 :
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[6R-[6[err], 7[
propyl - 6-fl ucr
met hyl ] -7-[[.[[
am no] (4- hydro

e
0-
[
X

oct - 2- éne- 2- car boxyl i

15 [6R-[6[err],

]
(1- plpera2|nyl) 3-qui.no

acetyl ] am no] -

rr])11-3-[[[7-(3-Am no-I-pyrrolidinyl)-8-chloro-I-cyclo-
1, 4- di hydr o- 4- oxo0- 3- qui nol i nyl ] car bonyl oxy] -
(R) -4-ethyl -2, 3-di oxo- | - pi perazi nyl ] carbonyl]- ..
yphenyl)acetyl]anlno] 8 _0XO- I-azablcyclo[4 2,0] 5
¢ acid -~ [err]
7[err]) ]-3- [[[1 Cyclopropyl 6-fifuoro- 1, 4- di hydr o- 4- 0Xx0- 7--
i nyl]carbonyloxy]nethyl] 7-[[ phenoxy
- 0x0- 1- azabi cycl o[-4. 2:-0]-oct - 2- ene- 2- car boxyl i ¢
Rl
2 = o ' 0 0O ‘RS9
= 2
: R X !
N’ 3 z
: 8
COOH - R
10
wherein bond "a" is a single bond; bond "b" is a double bond; R3
is -C(R102), where R102 is hydrogen; R4 is -C(R28)=, where RZ8 is
COOH; and RS is -X2-C"’-R31-y-, where R3]l is methylene, and X2 is
S (for penems), C(R33) (for carbapenems), or 0 (for clavems).
15 " Such lactam moieties are described in the following articles, all
incorporated by reference herein: R. Wise, "In Vitro and
Pharmacokinetic Properties of the Carbapenems”, 30 Antimicrobial
Agents and Chemotherapy 343 (1986); and 'S. McCombie et al.,
"Synthesis and In Vitro Activity of the Penem Antibiotics", 8
20 Medicinal Research Reviews 393 (1988).
Other preferred lactam-containing moieties of this invention
include the penicillins of the representative formula:
25 . R?
R‘J_’/S
;-rdﬂ\\\/:>x<:—-
o7
A
30 COOH
wherein-bond "a" is a single bond, bond "b" is a single bond; R3
is -C(R103a). where R102 js hydrogen; R4 is -CH(R28)- where RZ8
is COOH; and RS is -X2-C"'(R32)-R3l-v- where R3Z is methyl, R3!
35 is methylene, and XZ is S.
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Other preferred . lactam-contdining moieties jnclude the
monocyc]it peta-lactams, of the representative formula:

o o m
R L, ”
z Y— =
R' gt ‘
N ) R®
0 R

wherein bond "a" is a single bond; bond "b" is nil; R3 s
-C(R10a)., where R102 is hydrogen; RS is Y; and R4 is -SO3H (for
a monobactam), -PO(OR34)0H. (for a monophospham) ;
-C(O)NHSO2N(R34)(R35) (for a monocarbam), -0SO3H (for a
monosulfactam), -CH(R35)COOH (for nocardicins), or -OCH(R34)COOH.
Such lactam moieties are described in C. Cimarusti et al.,
"Monocyclic 8-lactam Antibiotics*, 4 Medicinal Research Reviews I
(1984), incorporated by reference herein.

Other preferred lactam moieties include the monocyclic
beta-lactams of the representative formula: )

Faz
R Y 9
o O R
’YDN ) .,
o7 ~ N\R{¢/TTT
R /ﬁer‘ ‘ AefJ‘~F%7
|
R8

wherein bond "a" is nil, bond "b™ is a single bond; R3 s
-C(R102) (R29)- where both R103 and R29 are hydrogen; and RS is Y.
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35 2 -71-
[5R(5[erﬂ 6[err])]-3-{[[[7-[3-(Am nomet hyl)-1-pyrrolidinyl]-
cycl epropyl - 6 8-di fl uoro-1,.4-di hydr o- 4- oxo- 3- qU|n0I|nyI]carbonyI]
oxy]nmethyl]-6-[ (R)-1-hydroxyethyl]- 7 0XO0- I-azablcyclo[3 2. O]hept-
2-'ene- 2-carboxylic acid _ . [err]

: -19-

Other-pfeferred Jactam hoigties-inc]ude the clavams of the

representative formula:

R O O R

COOH
ye 10
wherein bond "a" is a single bond; bond “b" is a single bond; R3
is -C(R10ay.; where R103 is hydrogen; R4 is -CH(R28)-, where R28
is COOH; and RS is X2-C"'=C-(R10a)-R31.y-, where Rloa is hydrogen
15 and R3! is methylene, and X2 is 0.
Other preferred lactam moieties include the 2,3-methyleno-
penams and -carbapenams of the representative formula:

R9
2 [
o " !
. - RS
25 COOH

wherein bond “a" is a single bond; bond "b" is a single bond; R3
is -C(R102)., where RI02 s hydrogen; R4 is -C*(R28), where R28
is COOH; and RS is X2-C"'(R32)-R31-y-, where R3! js nil, R3Z is
30 linked to C* to form a 3-membered carbocyclic ring, and X2 s
C(R33) or sulfur.
Lactam moieties of this invention also include the
lactivicin analogs of the representative formula:

35
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[SR (5[err], 6[err])] 3-[[[6,8-Di fluoro-1-(2-fluoroethyl)-1,4-di hydro-4-
0X0-7- (4- nethyl 1- pi perazinyl) - 3- qU|noI|nyl]carboxyl]oxy]nethyl]

6- [(R)-I-hydroxyethyl] 4] err] -met-hyl - 7- oxe- 1- azabi cycl o = [ 3. 2. 0] hept -
2-ene-2-carboxylic acid . , . [err]

-20-

5
10 wherein bond "a" is nil; bond "b" is a single bond; R3 is
-CH2-R32, where R32 is 0; R4 is -CH(R28)-, where R28 is COOH; and
RY is Y.
Other lactam moieties include the .pyrazolidinones of the .
representative formula:
15
-0 O R
I
Y—C' i 52
20 \ . /Q’J\\Fq7
COOH '3
wherein bond "a® is a single bond; bond "b" is a double bond; R3
25 is -CHp-R2B., where R28 is -N-; R4 is -C(R28)-, where RZ8 is
COOH; and RS is X2-C"-R31.v-, where R3! is methylene, and XZ is
C(R33),
Other lactam moieties include the gamma-lactams of the
representative formula:
30
35
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' |
2™ RS

wherein bond "a" is a single bond; bond "b" is nil; R3 is
-CH2-R28-, where R28 s -C(R102) and RIOa is hydrogen; R4 is
-SO3H, -PO(OR34)OH, -C(O)NHSO2N(R34)(R35), -0SO3H, -CH(R35)COOH,
or -OCH(R34)COOH; and RS is Y.

"Preferred lactam-containing moieties include cephems,
isocephems, iso-oxacephems, oxacephems, carbacephems,
penicillins, penems, carbapenems, and monocyclic beta-lactams.
Particularly preferred are cephems, penems, carbapenems and
monocyclic beta-lactams. _

Rl is any radical that may be substituted at the active
stereoisomeric position of thé carbon adjacent to the lactam
carbonyl of an antimicrobially-active lactam. (As used herein,
the term “antimicrobially-active lactam” refers to a
lactam-containing compound, without a quinolonyl substituent
moiety, which has antimicrobial activity.) This “active"
position is beta (i.e., 7-beta) for cephems, oxacephems and
carbacephems (for example). The active position is alpha for
penems, carbapenems, clavems and clavams.

Appropriate Rl groups will be apparent to one of ordinary
skill in the art. Many such Rl groups are known in the art, as
described in the following documents (all of which are
incorporated by reference herein): Cephalosporins _ and

Penicillins; Chemistry and Biology (E. Flynn, editor, 1972);

Chemistry and Biology of b-lLactam Antibiotics (R. Morin et al.,
editors, 1987); “The Cephalosporin Antibiotics:

Seminar-in-Print®, 34 Qrugs (Supp. 2) 1. (J. Williams, editor,
1987); New Beta-Lactam Antibiotics: A Review from Chemistry of
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-72- b

[ 5R,- (5[érr] 6[err])]-3-[[([8-Ethyl-5,8-di hydro-5-o0xo0-2-(1- plpera2|nyl)
pyri-do[ 2, 3- d]pyrlnldlnyl}carbonyl]oxy]nethyl] 6-.[ (R) - | - hydr oxy

et hyl ] - 7-oxo-I| -.azabi cycl o(3. 2. Ohept - 2- ene- 2- car boxylic acid

[err] i o BT A

NH ' '

[5R [5[err], 6[err]]] 3 [[[1 Cyclopropyl 6- quoﬁB 1, 4 dlhydro 7- (1 pi per a-

15 - 1) -4- 3- Ayl 6-( (R~ -hydro
thy|]Z|7n)c/>xZ> 1- g)z(gbl c%] et ok (‘gd} R &hor.

-in Structure Activity Relationships

1982); M. Sassiver et al.,
among the Semi-synthetic Antibiotics (D. Perlman, editor, 1977;:

W. Durckheimer et. al., "Recent Deve]opmenis in the Field :of
5 Beta-Lactam Antibiotics”, 24 Angew. Chem. Int. Ed. Engl: 180
(1985); G. Rolinson, "Beta-Lactam Antibiotics", 17 J.

Antimicrobial Chemotherapy 5 (1986); European Patent Publication

187,456, Jung, published July 16, 1986; and World Patent

Publication 87/05297, Johnston et al., published September 11,
10 1987. -

For penems, carbapenems, clavems and clavams, Rl s
preferably lower alkyl, or hydroxy-substituted Jlower alkyl.
Particularly preferred Rl groups include hydrogen, hydroxymethyl,
ethyl, [1(R)-hydroxyethyl]}, {[1(R)-[{hydroxysulfonyl)oxyethyll],

15 and [1-methyl-1-hydroxyethyl].

Except for penems, carbapenems, clavems and -clavams,
preferred R} groups are amides, such as: acetylamino, preferably
substituted with aryl, heteroaryl, aryloxy, heteroarylthio and
lower alkylthio substituents; - arylglycylamino, preferably

20 N-substituted with heteroarylcarbonyl and
cycloheteroalkylcarbonyl substituents; arylcarbonylamino;
heteroarylcarbonylamino; and lower a1koxyiminoacety]amino,
preferably substituted with aryl and heteroaryl substituents.
Particularly preferred Rl groups include amides of the general

25 formula R13-(CHp)m-C(=0)NH- and RI3 is RIZ. Examples of such
preferred Rl groups include:

[(2-amino-5-halo-4-thiazolyl)acetyl]amino;

[(4-aminopyridin-2-yl)acetyl]amino;

[[(3,5-dichloro-4-ox0-1(4H)-pyridinyl)acetyl]amino];

30 [[[2-(ahinomethy1)pheny\]acety]]amino];

[{1H-tetrazol-l-ylacetyl)amino];

[(cyanoacetyl)amino];

[(2-thienylacetyl)amino];

[[(2-amino-4-thiazoy))acetyl]amino]; and

35 sydnone, 3-[-2-amino]-2-oxoethyl.

The following are other such preferred Rl groups.
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[err] 2 25

[6R—[6[err] 7[err]]]1-7-[[ Carboxy(4- hydroxyphenyl)acetyl]an1no] 3-[[[I-
cycl-opr opyl - 6-f I uor o-1, 4- di-hydr o-7- ( 1- pi perazi nyl ) - 4 oxo- 3-
qU|noI|nyl]carbonyloxy]nethyl 8- oxo- 5 thi.a-|I- azablcyclo[4 2. 0]

oct - 2-ene-2-carboxylic’ aC|d 30 . Lo [err] .
. . . -23-
. HCONH-
Ni
10

| [:: :]: .~Nﬁ//{s
) [::::fiﬁf’/u\\\nﬁllég

30

35
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35 ] -73- O her preferred quinol onyl

| act am. és'tie'rs_ ‘are exenplified by the follow ng structures. =~ [err]
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-25-

5
10
15
NH
" N
0
20
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when Rl is R13-(CH2)m-C(C=O)NH-, and RI3 is -Zl, preferred
Rl groups include the following:
25 [sul famoylphenylacetyl]amino;

" [{(4-pyridinylthio)acetyl]amino];
[[[(cyanomethyl)thio]acetyl]amino};
(S)-[[[(Z-amino-z-carboxyethyl)thio]acety]]amino];
[[[(trifluoromethyl)thio]acety]]amino]; and

30 (E)-[[[(Z-aminocarbonyl-2-f1uoroetheny])thio]acety]]amino].

The following are other such preferred Rl groups.

35
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[err] 7

.27-

N v
1 . "YS\JLHNAI

20
o]
F ,CHS A{
NH
25
0
" 0~\\\///,}X\\\ /”’/{(
N "
30
when R! is RI3-(CHy)m-C(=0)NH-, and RI3 is -CH{Z2)(R1Z),
preferred Rl groups include the following:
{carboxyphenylacetyl]}amino;
{(phenoxycarbonyl}phenylacetyi]amino; _
35 [4-methyl-2,3-dioxo-1-piperazinecarbonyl-D-phenylglycyl]-

amino;
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[[[j-(2-fur}1methy1eneaminn)-2-oxo-l-imidazo]idiny]]-
carbonyl]amino]phenyljacetyl]amino;.
(R)-[(aminophenylacetyl)amino];
(R)-[[amino(4-hydroxyphenyl)acetyl]amino];
(R)-[(amino-l.4-cyclohexadien-l-ylacetyl)amino];

[ (hydroxyphenylacetyl)amino];
(R)-{[[[(4-ethyl-2,3-dioxo-1-piperazinyl)carbonyl]amino}-
(4-hydroxyphenyl)acetyl]amino];

(R}-[[[[(5-carboxy-1H-imidazol-4-yl)carbonyl]amino]phenyl-

acetyllamino];
(R)-[[[[(4-hydroxy-6-hethy1-3-pyridiny1)carbonyl]amino](4-
hydroxyphenyl)acetyl]amino];

(R)-[ (phenylsul foacetyl)amino];
(2R,3S)-[[2-[[(4-ethyl-2,3-dioxo-1-piperazinyl)carbonyl]-
amino]-3-hydroxy-1¥oxobutyl]amino];
[{carboxy(4-hydroxyphenyl)acetyl]amino};
(R)-[[amino[3-[ (ethylsul fonyl)amino)phenyl]acetyl)amino];
(R)-[[amino(benzo[b]}thien-3-yl)acetyl]amino];
(R)-[{amino(2-naphthyl)acetyl]amino];
(R)-{[amino(2-amino-4-thiazolyl)acetyl]amino];
{({[(6,7-dihydroxy-4-ox0-4H-]1-benzopyran-3-y1)carbonyl]-
amino}(4-hydroxyphenyl)acetyl]amino];
(R,R)-[[2-[4-[2-amino-2-carboxyethyloxycarbonyl]}aminophen-
yl]-2-hydroxyacetyl]amino]}; and
(S)-[{(5-hydroxy-4-oxo-1(4H)-pyridin-2-yl)carbonylamino(2-
amino-4-thiazolyl)acetyl]amino].

The following are other such preferred R! groups.
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Another preferred Rl group is R1Z-C{=CHRI3)-C(=0)NH-. Such
groups include (for example) the following structures.
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Another class of preferred Rl groups (for lactam-containing '

" moieties- other than -penems, carbapenems, clavems and clavams)

include those of the formula:

RIZ-C(=NO-R14)-C(=0)NH-.

Examples of this preferred class of Rl groups include:

2-phenyl-2-hydroxyiminoécety1;
2-thienyl-2-methoxyiminoacetyl; and -
2-[4-(gamma-D-glutamyloxy)phenyl}-2-hydroxyiminoacetyl.
(Z){[(2-amino-4-thiazolyl)(methoxyimino)acetyl]jamino];
[[(2-furanyl{methoxyimino)acetyl]amino]};
(Z)-[((2-amino-4-thiazolyl){(1-carboxy-1-methyl)ethoxyim-
ino]Jacetyl]amino];
(Z)-[[(2-amino-4-thiazolyl)(l-carboxymethoxyimino)acetyl]am-
ino);
[[(2-amino-4-thiazoly))[(1H-imidazo]-4-yImethoxy)imino)acet-
yl]amino]; '
(Z)-[[(2-amino-4-thiazolyl-3-oxide)(methoxyimino)acetyl)am-
ino]; and
(S,Z)-[[{(2-amino-4-thiazolyl)[carboxy(3,4-dihydroxyphen-
yl)méthoxyimino]acetyl]amino].

Other preferred Rl groups include thé'following structu;es.

0
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Met hods»of Manufacture The qui nol onyl lactamesters of this

i nventi-on:nay be nmade - ~usi'hgy any of a’'variety-of synthetic techniques
known in the art. . Manuf act ure- of qui nol onyl | actam esters generally
i nvol ves the preparation of a |actamcontaining noiety, a quinolone
nmoiety and 25 ~a procedure or . set. of .. procedures . for - linking _
t he " lactamcontai ni ng and. qui nol one noi-eties. Procedures for nmaking
a broad variety of lactam containing noieties éﬁd qui nol one noi.eti es
are well known in the art. for exanple, procedures for preparing .
| act am cont ai ni ng noi eties, and rel ated conpounds, are 30 described in
the followng references, all "incorpérated hy - '
| H2N’<\
N I mf/“
5 Nl
0 COZH
cl
10 s o
IIN"<} \
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N l Nulff
N\O
cl
15 CO,H
Cl
20
_ S ‘ 0
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30
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referenee herein (including articles cited within these ref erences):

Ceohal oso00rins. and Penicillins: Chenmi'stry and - Biology (E H
Fl'ynn, ed, 1972) Chapters 2, 3; 4, 5, 6, 7, 15 and " Appendi x |; -
Recent Advances in.the Chemstry of [err]-Lactam Anti biotics (A.G .
Brown"and S. M Roberts, .ed., 1985); Topics in - Ant.i biotic Chem stry,
Vol. 3, (Part B) and Vol. 4, (P. Sommes, . o . B SRR
-81- . _ ed., 1980); Recent Advances® in the Chenist ry -of
[err]-lactam - Antibiotics (J. Elks, ed., 1976); '
Structure-Activity Relation- . shi ps Among.t he Sem synthetic
Antibiotics (D. Perl'man, ed, 1977); T h sy 2, 3, 4
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Morin and M Corman, eds, 1982); 4 Medicinal Research Reviews

1-24 (1984); -8 Medicinal Research Review' 393-440 (1988); 24 :
Angew. Chem |Int.” Ed. Engl'. 180-202 (1985); 40 J. Antibiotics - =~ 10
182-189 (1987); . European Patent Publication 266,060; 42 J.

Anti biotics 993 (1989); U S. PRatent 4,742,053; 35 Chem..Pharm.

Bul | . 1903-1909 (1987); 32 J. Med. Chem,, 601-6Q4.(1989); U.S.
Patent. 4, 791; 106; Japanese Patent Publication 62/158291; 31 J. :
Med. Chem 1987-1993 (1988); 30 J. Med. Chem, 514-522 (1987); 28 15
Tet. Let. 285-288 (1987); 28 Tet. Let. 289-292 87); 52 J. Og.

Chem , 4007-4013 (1987); 40 J. Antibiotics, 37 g§£&§§7);'40'J.'

Anti biotics, 1636-1639 (1987); 37 J. Antibiotics,/685-588 (1984);

23 Heterocycles, 2255-2270; 27 Heterocycles, 49-85; 33 Chem

Pharm Bull. 4371-4381 (1985}:"R8 Tew, T03-5106 (1987); 53 20 J.
Org. Chem, 4154-4156 (1988): g@ﬁ?? ics, 1351-1355

(1986); 59 Pure and Appl. Chem, #6

- 1987); 1987 J.C. S
Chem Comm; 44 Tetrahedron, 32 py 28 Tet. Let.,

2883- 2886, (1987); 40 J. Antibiotics, 1563- %671 (4987); 33 Chem
Pharm Bul | ., 4382-4394 (1985); 37 J. Antit’otics, y57-62 (1984); 25
U S. Patent 4,631,150; 34 Chem Pharm Bull., 999-1014 (1986); 52

J. Og., ChenH, 4401- 4403 (1987); 39 Tetrahedron, 2505-2513
(1983); " 38 J. Rntibiotics, 1382-1400 (1985); European Patent

Application 053,815; 40 J. Antibiotics, 1563=H>71 (@987); 40 J.
il \; A
l NH
N
15 _ . \O-IPr

20

25

30
The following are ather preferred Rl groups.
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Antibiottcs, 1716-1732 (2987); 47 J. Og. Chem, 5160-5167 30
(1981); U.S. Patent 4,777,252; U.'S. Patent 4,762,922; European.

Pat ent Publication 287,734; U.S.' Patent 4,762,827, European Patent
Publication 282, 895; European Patent Publlcatlon 282, 365; U S. Patent

4,777,673. . . Al so, for exanple,. procedures for preparing
qui no ones 35 'useful _in . the nmethods of this_invention are described in

t he - . followi ng references, aII inéﬁ?porated by reference
herein ' - -82- ‘(1 ncl udi ng
articles Ilsted wi.thin these references) - 21 Progress in Drug
Research, " 9-104 (1977); 31 J. Med., Chem, 503-506 (1988); . 32 J. Med.
Chem, 1313-1318 (1989); 1987 Liebigs Ann. Chem , 871-879 (1987); 14

Drugs Expt]. din. Res., 379-383 ( %g 31J. § Med. Chem, 983-991
89)'

(1988): 32 J. Med. Chem, 537-542
5

oH S HN —— §§
10
N
N
\\\v¢;9 ‘\\S
15
= | NS
N'\
20
Ci NH,
N NH
cl \ir
v
25
Suitable R2 groups are among those well-known in the art,
30 including those defined in the following documents (all

incorporated by reference  herein). W. Durckheimer et al.;
"Recent Developments in the Field of Beta-lLactam Antibiotics”,
24 Angew. Chem. nt. €d. Engl. 180 (1985); G. Rolinson,
“Beta-Lactam Antibyotics”, 17 J. Antimicrobial Chemotherapy 5
35 (1986); and European Patent Publication 187,456, Jung, published
July 16, 1986. Preferred RZ groups include hydrogen, methoxy,
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J. Pharm_ Sci., 585-588 (1989); 26.J.. Het. Chem, (1989); 24 J. Het .

Chem-, 181:185 " (1987) U S Patent 4, 599 334, 35 Chen1 Phar m BuI
2281- 2285 (1987); 29 J. Med. Chem, 2363-2369° ©(1986); 31 J. Med.

Chem , 991-1001 (1988); 25 J. Het. Chem., .10 479-485 - (1988); . Eur op_ean
Pat ent . Publication 266,576; European . Patent - Publication oo
251,308, 36 Chem - Pharm Bull.; 1223-1228 . (1988) ; European

Pat ent Publication 227, 088; European Patent “3%-  Publication 227, 039;

- Eur opean Pat ent Publ i lon 228, 1286- 590
(1988): 31 J. Med. Ch§%§‘y15§é°%§ Qéé@t“YHB '“'N% 3 255 \arirh enie
1358-1363 (1980). .  formylamino Th&arqumcsrbhwet&acerh enasps G 4d§i gydrogen.
invention may be mademethoxy, hddygémeaddlrbawl agingeneral reaction sequence:

20 - Lact-CH err]s X + M- %) Qin ---> Lact-CH err]-0C(=0 - Quin

where X is a reactiv (such as7halo sul fonat e ester
or other activated hydireuns Al.t ncﬁvoﬁgl iR'y)and RY oform gy of a yemiety oxfl | y

represents an apprq@ihbahel YnapRtit-e€iRdor | @Qb8dB heterocyclic moieties known
' in the art to have antimicrobial activity. Such moieties are
well known in the art, as described in the following artrc]es
all incorporated by reference herein: J. Wolfson et al., "The
10 Fluoroquinolones: Structures, Mechanisms of Action and
Resistance, and Spectra of Activity In Vitro", 28 Antihicrobia]
Agents and Chemotherapy 581 (198§); and T. Rosen et al., 31 J.
Med Chem. 1586 (1988); T. Rosen et al., 31 J. Med. Chem. 1598
(1988); G. Klopman et al., 31 Antimicrob. Agents Chemother. 1831
15 (1987); 31:1831-1840; J. P. Sanchez et al., 31 J. Med. Chem. 983
(1988); J. M. Domagala et al., 31 J. Med. Chem. 991 (1988); M
Wentland et al., in 20 Ann. Rep. Med. Chem. 145 (D. M. Baily.
editor, 1986); J. B. Cornett et al., in 2] Ann. Rep. Med. Chem.
139 (D. M. Bailey, editor, 1986); P. B. Fernandes et al., in 22
20 Ann., Rep. Med. Chem. 117 (D. M. Bailey, -editor, 1987);
R. Albrecht. 21 Prog. Drug Research 9 (1977); and P. B. Fernandes
et al., in 23 Ann, Rep. Med. Chem. (R. C. Allen, editor, 1987).
Preferred quinolone moieties include those where Al s
C(R40), AZ is C(RB), and A3 is C(R4l) (i.e., quinolones); Al is
25 nitrogen, A2 is C(R6), and A3 is C(R41) (i.e., naphthyridines);
Al is C(R80), A2 is C(R6), and A3 is nitrogen (i.e., .cinnoline
acid derivatives): and where Al jis nitrogen, A2 is nitrogen, and

A3 is C{R%l) (i.e.. pyridopyrimidine derivatives). More
preferred quinolone moieties are those where Al is C(R40), AZ is
30 C(R6), and A3 1s C(R4l) (i.e., quinolones); and where Al is
nitrogen, A2 is C(RS), and A3 is C(R4l) (i.e., naphthyridines).
Particularly preferred quinolone moieties are where Al is C(R4°).

AZ is C(RD), and A3 15 C(R4]) (i.e., quinolones).
R8 is preferably alkyl, aryl, cycloalkyl and. alkylamino.
35 More preferably, R8 is ethyl, 2-fluoroethyl, 2-hydroxyethyl,
t-butyl, 4-fluorophenyl, 2,4-difluorophenyl, methylamino and
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contai ni'fng noi ety (such as a penem carbapenem oxacephem or

car bacephém) dnd "Quin" represents an appropriately protected:
gut nol one- noi ety. The reaction can be envisioned as a

nuel eophilic displacement of the reactive X substituent fromthe 30.
I'actam by theé quinol one carboxylic aci-d or salt, to forman ester

coupl ed conjugate.of the |lactam and quinolone. 4q. - For. Lact and
Qui n, certain.functional groups contained in : the structures (such as:
carboxyl, hydroxyl, R [ ”@-}'c]@ﬁﬂq)y] is a pﬁ@hléﬁlMWCKﬁdeH’édORmﬁj’roL@

prevent undesired co etln acti ns rrinn th
X. © For exanple, ngli’l F%{%Fe ifnoane 'P‘b‘teg nﬁ rou‘ﬁ)]c‘)‘g]feo(gﬁoslé eg‘1’ M
substituents include eS8y snd R8 and R4 together comprise a 6- membered heterocy;l|f
- 83- pr ot ectlPg\ggemamneranhmrgexydr SUiTSH Idygnt s | ncl ude et hers,

esters, and Car bonat es; 1s pré)fre tﬁyt Ih grogg rp%al for Mor‘%mpggferab]y RO

<
chlorine or fluorine. Fluorine is a particularly preferred P

group.
Preferred R7 groups include nitrogen-containing heterocyclic
rings. - Particularly preferred - are nitrogen-containing’
10 heterocyclic rings having from 5 to 8 members. - The heterocyclic

ring may contain additional heteroatoms, such as oxygen, sulfur,
or nitrogen, preferably nitrogen. Such heterocyclic groups are
described in U.S. Patent 4,599,334, Petersen et al., issued
July 8, 1986; and U.S. Patent 4,670,444, Grohe et al., issued
® 15 June 2, 1987 (both incorporated by reference herein). Preferred
R7 groups include unsubstituted or substituted pyridine, piperi-
dine, morpholine, diazabjcyc]o{3.l.l]heptane, diazabicyclo
[2.2.1]heptane, diazabicyclo[3.2.1]octane, diazabicyclo[2.2.2]
octane, thiazolidine, imidazolidine, pyrrole and thiamorpholine,
20 as well as the following particularly preferred R7 groups include
piperazine, 3-methylpiperazine, 3-aminopyrro]iqine,
3-aminomethylpyrrolidine, N,N-dimethylaminomethylpyrrolidine,
N-methylaminomethylpyrrolidine, N-ethylaminomethylpyrrolidine,
pyridine, N-methylpiperazine, and 3,5-dimethylpiperazine.
25 Preferred quinolonyl lactam esters include those having a
6-fluoroquinolone moiety or an 8-ha16-6-f1uoroquino1one moiety,
of formula:

30

35

REPLACEMENT SHEET ]
i

I

19 AUG 1996




substltuents include carbanmates and ami des. |f such protecting

groups-‘are enpl'oyed, then appropriate deprotecting chenmistry, 5 " that
will - not deconpose 'the -ester coupled conjugate, may be - - .
required-to obtain antim crobially-active products. I If the
| actam cont ai ning noiety is a monocyclic beta-lactam - an R
alternative coupling strategy may be enpl oyed as outlined by t he
foll owi ng sequence, where X is a heteroatom (0; 4lg halo, 10 etc. )
substituent linked to the l'actam o
[err] , ' Thi s segy@nce invol ves an1de formati on between the
| actam and the quinol one, "fearrangenent displacing X and |iberation
of the ester by hydrolykis Th? | act am cokt ai nhhg structure may 20
initially be nmono- or bicycli —Fme—&3 eL\\?u%Iederoddbt mnll be
monocyclic. . |
5 B
v ,/ 7
O N R
40
R® R
10 wherein A2 is C(RB) and RE is F; A3 is C(R%!); and Al is C(R0)
where R40 is hydrogen, fluorine or chlorine. Preferred examples
of such quinolone moieties include:
1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(l-piperazinyl)-
3-quinolinecarboxylic acid;

15 7-(3-aminopyrro]idinyl)jl-cyclopropyl-6-fluoro-l.4-dihydro-
4-oxo-3-quinolinecarboxylic acid;
7-[(3-aminomethyl)pyrrolidinyl}-1-cyclopropyl-6-fluoro-1,4-
dihydro-4-oxo0-3-quinolinecarboxylic acid;
7-(3-aminopyrrolidinyl)-8-chloro-1-cyclopropyl-6-fluoro-1,4-

20

dihydro-4-oxo-3-quinolinecarboxylic acid;

7-(3-aminopyrrolidinyl)-1-cyclopropyl-6,8-difluoro-1,4- .

dihydro-4-oxo-3-quinolinecarboxylic acid;

7-[(3-aminomethyl)pyrrolidinyl}-1-cyclopropyl-6,8-difluoro-
1,4-dihydro-4-oxo-3-quinolinecarboxylic acid;

23 6.8-difluoro-1-(2-fluoroethyl)-1,4-dihydro-7-(4-methyl-1-
piperazinyl)-4-oxo-3-quinolinecarboxylic acid;
1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-
quinolinecarboxylic acid:
1-ethyl-6-fluoro-1,4-dihydro-7-(4-methyl-1-piperazinyl)- 4-

30 oxo-3-quinolinecarboxylic acid;
6-fluoro-1,4-dihydro-1-methylamino-7-(4-methyl-1-
piperazinyl)-4-oxo-3-quinolinecarboxylic acid; and
1-cyclopropyl-7-(3-(dimethylaminomethyl)-1-pyrrolidinyl]-
é.B-difluoro- 1,4-dihydro-4-oxo-3-quinolinecarboxylic acid;

35
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Conposi tions The conpositions of this invention corrprl se;

(a). *a safe' and effectl ve anmount of a qui nol-onyl | act am 25 . :
ester; and - : (b) a pharmaceutically-acceptabl e carri er: A
"safe and effective anount” of a qui nol onyl lactamester .is an

anount that is effective, to inhibit mcrobial growth at the site . of T

an.infection to be treated in a human or L ower animal subject, 30
wi t hout undue adverse side effects (such as t o%4 city,'irritation .or

allergic response), nsurate W asonabl e

benefit/risk ratio Whes ugﬁg’ 199 & r?’%er{ere%?‘&eﬁl S ﬁv&ntl Rrgherred q“‘“‘”r%“é
specific "safe and efrfogetiege. anount” will,. obviously, vary wi th such .
factors as the particular condition being treated, the physi cal
condition of the patient, the duration of treapnent, t he nat ure of

concurrent therapy (if any) t he speC|f| C dosage f«rm
Q -
I

10
H,N 0
F {
15 : l
. —O N
H,N
A
20
(0]
F {f
HN |
o
F HN
| \
0
30
F \
) |
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- 84- B ) to. be wused, the carrier enployed, the solubility
of ‘the =~ 7 ~qui nol onyl |actamesters therein, and the dosage
regi nen desired " for ‘the composition. = . "~ "The

conpositions of this invention are preferably provided =~ . 5 . in unit .
dosage form - As used herein, a "unit dosage fornl-is a - .
conposition of this invention containing d@n anount of a

qui nol onyl- lactamester that is suitable for admnistration to a

human or | ower aninmal subject, in a single dose, according to

good nedical practice. These conpositions -preferably contain 10
from about 30 ng to about 20,000 ngy, nore- preferably from about

50 ng (miligrams) to about 7000 ng, nore preferably from about

500 ng to about 1500 ny, of a quinolonyl |actgd
conpositions of ghis invention may be inf “ variety of
fornms, suitable §for exanple) for oral, reg 15 .topical or

parenteral adm nistration. Dependi n parti cul ar
route of admnistration desired}wzég\y.

phar maceuti cal | y-acceptabl e carrierst wel l]-kno in the art may be used.
These include solid or liquid HYNJlefs, FdiQESEtS’

hydr ot ropes, surface-active agents, anfl encapsul g substances. 20

Opti onal pharmaggutically-active matertals may be included, which
do not substantially interfere with the antim crobial activity of

The -

F ff
|
15 | .
T
20 o
F ff
m
s T
0
. s i
| |
- //-N{r_~<<i:) ° Z&X
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t he qui hol onyl -l actam ester. . The anount .of carrier. enployed.in

conj uncti on wi'th the qui nolonyl |actamester is sufficient to .
provide a practical quantity of nmaterial for administration per 25
unit dosé of .the quinalonyl [|actam ester. . -Techniques and
conpositions for maki ng dosage forns useful in the nethods  of -

this invention are described in the followng references, al
incorporated by reference herein: 7 Mdern Pharnmaceutics,. L
Chapters 9 and 10 (Banker & Rhodes, editors, 1979); Liebernman et 30
al ., Pharnmaceutical Dosage Fornms: Tablets . (1981); and - Ansel,

I ntroduction to Pharmaceutical Dosage Forms 2d Edition (1976).

In particular, pharnmaceutically-acceptable carriers for

system ¢ adm nistration include sugars, starchesp cellul ose and

its derivativess; malt, gelatin, talc, calciumsulffate, vegetable 35
oils, synthetic oils, polyols, algifm 739 Ny phgsphat e buffer
solutions; enmulsifiers, isotonic saline, ;rog1 -free water.

Thi s Sheet Has Been Repl aced
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- 85- Preferred carriers . for . parenteral- adm'nistration

inclqde;g . propylene glycol, ethyl oleate, pyrrolidone, ethanol, and = .
sésane. . oi.l. - Preferably, the pharnmaceutically-acceptable carrier,
in conpositions for parenteral administration, conprises at |east

5 ‘about 90% by. wei ght by -the -fotal conposition. _ _ Various ora
dosage forms -can be used, including such solij,d. fornms as tablets,
capsul es, granul es and bul k powders. ' These . oral forns conprise a
saf e and effective anmount, usually at ‘least - about 5% and preferably
from about 25%to about 50% of the 10 qui nol onyl | actam ester.’
Tablets. can be conpressed, tablet triturates, enteric-coated,
sugar - coat ed, fil mcoated, or nmukf i pl e-conpressed, contai-ning

suitable binders, lubricants,
coloring agents, flavoring
melting agents.s Liquid oral

di sintegrating "agents,

10

’ YT
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15 dosage forns include aqueous sol utions, .enulsions,. suspensions,
gol.utions and/or suspensi ons reconstituted fronlnon effervescent_ -
granul es, and effervescent preparatrons reconstituted from

ef fervescent. - granul es, cont ai ni ng - suit-able . solvents,::
preservatives, emulsifying agents, suspending agents, diluents; 20
sweet eners, nel-ting agents, coloring agents and flavoring agents.’

Preferred carriers for oral adm nistration include gelatin, - .. -.propylene
gl ycol, cottonseed oil and sesane oil. The conpositiohs of this
invention can also be adm nistered : topically to a subject, i.e., by
the direct laying onor 25  spreading of the conp05|t|on on the ' o
epi dermal or epithelial . tissue of the subject Such conpositions

i ncl ude,- for exanpl e, | ott ons, crea SO|utIInS gels and

sol i ds. These topical conposition @ ~eghpri se a safe and
ef fective anount? ‘usual ly at | east abou preferably from
about 1%to 30 about 5% of the quinglon gter. Suitable
carriers for topi cal adm nis on threfe ably remain in place on
the skin as a continuoug_fjk d resrsthei@é removed by
perspiration or |nner§/§ﬁhln wat General |y, The carrier is
organic in nature and capabl e of having di spersed or dissol ved
therein the 35 gui nol onyl | actam ester. The carrier may

i ncl ude 10 o

15 (\u 'I‘
: \) NH
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A

pharnaceutlcally acceptable enolients, emulsifiers, thickening

- 86- .

ageﬁts ‘and- sofvents o N@thods of Adnlnlstratlon
This: invention al so prOV|des nethods of treating or.- 5 _ preventlng_an
inféctious disorder. in'a human or other animal - = subject, by .
admnistering a safe and effective anDunt of a. - -~ qui nolonyl -lactam
ester to said subject.. As used herein, an - "infectious disorder" is
any di sorder_ characterized by the preseﬁée of a m crobial

infection. . Preferred nmethods of this 10 i nvention are for the
treatnment of bacterial infections. Such - |nﬁect|ous di sorders

fectlons ext er nal

i nclude (for exanple) central nervous system
& acute otitis

ear infections, infections of the m ddl e e&r
medi a) , infections of the cranial sinuses,
5

» ,@ng@

HH 0

2 |

30

35

REPLACEMENT SHEET

19 AUG 1996 !
|




eye infections, infections .of. the aral cavity (such as-infections 15 - of
the- teeth; gunms and. nucosa), upper- respiratory -tract
i nfections, l'ower respiratory tract infections, genitourinary

i nfections, ' gastrointestinal i nfections, - gynecol ogi cal

i nfections, septicem a, bone and joint infections, skin and skin: _
structure- - infections, bacterial - endocarditis, . burns, 20

anti bacterial - prophyl axis of . surgery, . afB- - anti bacteri.al
prophyl axi s in i nmunosuppressed patients (such as patients receiving -
cancer chenot herapy, or organ transplant - patients). : - - The.
qui nol onyl |actamesters and conpositions of this n invention can be’
adm nistered topically or systemcally. 25 Syst ¢m ¢ ﬁpplication
includes any nethod of - introducing the F uj opyW | act am ester
into the tissues_of the body, e.g., intr , i dural,

i ntranuscul ar, ttansdernal, intravenous, ) d eriYoneal,

subcut aneous, sublingual, rectal, and ot N iStration. The
specific dosage of antimcrobial to [be 3 adm nj stered, as well as
the duration of treatnent, are nutuaJLyN depen e dosage and
treatnent reginen will also depend _ upon such gr.s as the

speci fic quinol onyl |actam ester used, the r¢ : pattern of
the infecting ,grganism to the qui nol onyl m ester used, the
ability of the quinolonyl 35 | actam ester to reach Jrinimuminhibitory
concentrations at the F

15
20
NH, 0
' F !
25 '
N N
| //"‘NH F % _
30
NH 0
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site offthe infectiaon, the nature and extent .of .other.-infections

-87- " (If any), the personal "attributes of the subject (such-as-

wei ght), conpliance with the treatment reginen, and the presence and
severity of any si-de effects of the treatnment. . = . - Typi-cally, for a -
human adult (wei ghi'ng-approximately 70 5 - kilograns), "from.about 75 ny.
to about 30,000 ng, nore preferably from,about 100 ngy to about

20,000 ng, -nore preferably from about - 5000my to about 3500 .nm,

of quinolonyl - lactam ester are adm ni stered per day. Treatnent
regi mens preferably extend from - . about 1 to about 56 days, nore .
preferably fromabout 7# to about 10 - 28Mgays® in duration. Prophylactic
regi nens (such as avoi dance of oppgrtunigfic infections in

i mrunoconprom sed patients) may - F
5
[,/”\\N
N F
10
Nile O
15
F
(\N N
20 HN\\V/,J F 4!
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extend & rmonths, or |onger, according to.good nedical practice.
A pieferred nethod of parenteral administration is through

intranuscul ar injection. As is known and practiced in the art, 15 al
formul ations for parenteral adm nistrati.on nust’ be sterile.. . - For
manmal s, especi al ly humans, (assuming an approximate body - . weight of
70 kil ograns) ‘i ndi vi dual . doses. of from about 390 ngy to “about 7000
ng, preferably fromabout 500 ng to about 1500 ngy, are- acceptabl e. .
20 A preferred ethod of systemic admnistration is oral. -

| ndi vidual doses ,of .from about 100.my to about 2500 ny,

preferably from about 250 ng to about 1000 ng are preferred. '

Topi cal administration can be used to deliver ghe QquingQl omyl l act am

ester systemcally, or to treat a |local infecti Thq 25 +  anmounts of

qui nol onyl lactam ester to be topicallwha LA N depends upon

such factors as $kin sensitivity, type and}l ocatidn of the tissue to
o

be treated, the conposition and carrier (if fo be adni ni stered,
the particul ar quinolonyl |actamester to be ni stered, as well

as the particular disorder to be treated 30 and Y& extent to which
system ¢ (as distinguished fromlocal) ~effectsrare desired.
The following non-limting exanpl es illustrate t he

conpounds, conggsitions, processes, and uses of the present

15
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i nventioh. 35 : . e . . - 88-
EXAMPLE 1~~~

[SRI[5[err], 6[err]]] 3- [[7 [(3 ani no- 1- pyrrolldlnyl) 6-f 1 uor o- 1-
(2,4- dlfluorophenyl) 1, 4- di hydr o- 4- oxo- 3- (1, 8- napht hyri di nyl)

car bonyl oxy] net hyl ] - 6- (1( R)- hydr oxyet'hyl ) - 7- oxo- 4-t hi-a- 1-aza- 5 -
bi cycl o[ 3. 2. 0] hept - 2- ene- 2- carboxylic acid, g ording to- this
i nvention is nade. by the follow ng general. reaction sequence.

[err]

HH2 O

. ’ - ) N N
10 HzN F I

15
Also preferred are quinolonyl lactam esters having a
20 1,8-naphthyridine moiety, of formula:
R?
i
R —m

, //\\I\
. 04__“4/{ L /,D:

wherein Al is N; AZ is C(R6) and A3 is C(R4l). Preferred

30 examples of such quinolone moieties include:
7-(3-aminopyrrolidinyl)-1-(2,4-difluorophenyl)-6-fluoro-1,4-
dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid; and
1-ethyl-6-fluoro-1,4-dihydro-4-oxo0-7-(1-piperazinyl)-1,8-

3 naphthyridine-3-carboxylic acid.
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-52- |

g are other examples of such preferred qu1nolone

The followin
moieties.
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ApprOX|nater 0.28 mol (0.112 g) of [5RI[S[err],6[err]]]-3-
hydroxynethyl 6- (1(R) -'t-butyl di met hyl sil oxyet hyl)-7-oxo-thia-1- .. =

azabi cycl of 3. 2. 0] hept - 2- ene- 2-carboxylic acid, allyl ester (nade

according to U S. Patent 4,631,150, Battistini et al., issued 5

Decenber 23, 1986, |ncorporated by reference herein) is dissolved . in
apprOX|nater 10 mM THF (tetrahydrofuran). -Under . a nitrogen R
bl anket, at approximtely 22[err]C (72[err]F)J4apprOX|nater 0. 32 nnDI of
dlethylazodlcarboxylate ‘0. 32 mol of 6- quoro 1-(2, 4-di fl uor- :
ophenyl ) - 1,"4-di hydr o- 4- oxo-7-[ 3-[ 3- (1- propenyl ) oxycar bonyl ] am no- 10
1-pyrro|idinyl];3:(1,8-naphthyridine)-carboxyric acid and 0.32

nmmol PPh3 (triphenyl phosphine) are sequentially addedpith

stirring. - After approximately 15 m nutes, 1p_m phosp bgffer

(0.5 M pH 7.0) is added, the THF is rapidly € r d the

aqueous residue Bs extracted with dichl oronet hgne. g and 15

renoval of the solvent in vacuo yields t v () whi ch

is further purified by flash chr omat:8 phy. N N™ Approximately 0.15

g of Product (1) (0.18 nmmol) is dissolve in 20 Jm THF.  Then 40
mcroliters of glacial acetic acid and 60 ng g~ tegrabutyl ammoni um
fluoride are added and the reaction 20 is -allowe st and :
approximately 24 hours at anbient t enper ary The THF is
evapor ated and tlhe residue is taken up i n di chl §r onet hane.
Extraction wth agueous bicarbonate, and ¢
1]
F \

~
. 991

20
F
[§]
F = “
. g8
ci:j;j:}l N N
A
30 0
F/ |
|-
~

N N N
N
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solventfréduction, yi el ds product (I1). Approxi mately 60 ng of

Product (1) .(0.08 mmol)) i's then 25 ~ _ dissolved in 15 m THF at. anbi ent
tenperature, - and 5 ng PPh3, 44 mg sodi um et hylt hexanoat e -and 5 ngy
Pd(PPh3)4 are added with stirring. - Wthin several mnutes a
precipitate forns and is .collected by filtration.. Thé solid"
final. "product (I'll) -is . purified to anal ytical purity by repeated
trituration. 30 _ Simlarly, the foll-8% ng quinolonyl . lactam
esters " are prepared according to the general procedure of this
Exanpl e, with substlant ipgeferred miarer auEnplpay. lacta® esters having 3
' ' pyridobenzoxazine or pyridobenzthiazine moiety, of formula:
[}2
5 R1"'—"_"R3
—N'R
07
10
wherein Al is C(R40); A2 is C(R6); A3 is C(R4!); and R40 and RS
together comprise a linking moiety between N’ and A to form a
6-membered, oxygen-containing, heterocyclic ring where X (in this
formula) is oxygen or sulfur. Preferred examples of such
1 quinolone  moieties  include 9-fluoro-4,7-dihydro-3-methyl-
10-(4-methyl-1-piperazinyl)-7-oxo-2H-pyrido{l,2,3-de}-1,4-
benzoxazine-6-carboxylic acid; and the following structures.
0
20
F
r”\‘u N
HN\) S\/i\
25
H, N n
F
30 l
[,/"\\N N )
N °~\\//’L\\\
P
35
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- 90- ’ [err] _ using the quinolone
7-(3- ami-nopyr tol i di nyl)-1- cyclopropyl 6, 8-

di f luor o- 1, 4-di hydr o- 4- oxo- qU|noI|necarboxyI|c acid (prepared 10
according to J.. P. Sanchez, et al., J. Med. Chem, 1988, 31, 983)
[err] . _ e - o

-56-

15
20
25
0
F
30 ,
r’K‘n N
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35
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using the qui nol one 6-fl uoro-1, 4-di hydro-1-nmet hyl am no-7-(4- 20

met hyl - 1- pi‘per’azi nyl ) - 4: oxo- 3- qU|noI|ne carboxylic acid (prepared :

according to MP. Wntland, et~ aI J. "Med. Chem 1984, 27, 1103) - 25

[err] N . using the naphthyridinone
7-(2, 5- dlazablcyclo[z 2 1]heptan- ' e - L

5
10
15 £
N
20
0
25 ,
. N \
’!:::J O\N/J\\
30
35

REPLAGEMENT SHELT |

19 AUG 1996




2-yl)-1-(1,1- di met hyl et hyl ) - 6-f | uor o- 1, 4- di hydr o- 4- oxo- 1, 8- o
naphthyrrdrne 3-carboxylic acid (prepared accordrng to A Veber,, et

al.,~ Eur. Pat. Appl.

-91-- _ 5

10

15

20

25

30

35

EP 266576)'
[err]

Q58-

The specific physical, .chemical, and .pharmacological

‘properties of the quinolonyl lactam esters of this invention may

dep%nd upon the particular combination of the _integrar
lactam-containing moiety, quinolone moiety and linking moiety
comprising the compound. For example, selection of particular
imtegral moieties may affect the relative susceptibility of a
quinolonyl. lactam ester to bacterial resistance mechanisms (e.q..
beta-lactamase activity).

Preferred quinolony] lactam esters include compounds having
the following specific combinations of lactam-containing
moieties, quinolone moieties and linking moieties.

1) Ester-linked penem quinolones, such as compounds of the
following classes.

the lactam-containing moiety is a penem, wherein
bond "a" is a single bond; bond "b" is a double
bond; R3 is -CH-; R4 is -C(COpH)-; R s
-§-C"’-CH2-0-; and

- the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

a) where

b) where the lactam-containing moiety is a penem, wherein
bond "a" is a single bond; bond "b" is a double
bond: Rl is (1-hydroxyethyl); RZ is -H; R3 s
-CH-: R4 is -C(CO2H)-; RS is -S-C"'-CHz-0-; and

- the quinclone moiety 1is a 6-fluoroquinolone

moiety, wherein Al is -C(R39)-; A2 is -CF-; A3 is_

-CH-; and R7 is a heteYocyclic ring

c) where the lactam-containing moiety is a penem, wherein
referring to the formula, wherein bond "a" is a
single bond; bond "b" is a double bond; R3 is

-CH-; R4 is -C(COgH)-; RS is -S-C"’-CHz-0-;
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u5|ng t he qui nol one 6, 8-difluoro-I-(2- quoroethyI) 1, 4- d|hydro-

4- oxo- 7- (4-'met hyl - 1- pi perazi'nyl ).- 3- qU|noI|necarboxyI|c - acid 10
(prepared according to T. *ridura, Aust. Pat. Specif: AU- 537813)
[err] . using the .qui nol one .

9-fl uor.o- 4 '7-.di hydr o- 3- net hyl - 10- (4- fret'hyl - 20 S
1- plpera2|nyl) 7-0x0-2H pyrido[ 1, 2, 3-de] - 1, 4- benzoxazi ne- 6-
carboxylic acid (prepared accordlng to 1. Hagakawa et al., Chem
Pharm Bul | . 1984, 32, 4907) - -59- | _
- . the. quinolone moiety. is 2 naphthyridinone, wherein
Al is -N-; AZ is -CF-; A3 is -CH-; and R7 is a
-heterocyclic ring

5 d) where - the lactam-containing moiety is a penem, wherein
bond "a* is a single bond; bond "b" is,a double
bond; R3 is -CH-; R4 s -C(COpH)-; RS s
-S-C"’-CH2-0-; and .

- the quinolone moiety is a structure, wherein A2

10 is -CF-; A3 is -CH-; RY is -H; Al is -CH-, -CF-,
-CC1-, or -N-; R8 is cyclopropyl, ethyl,
2,4-difluorophenyl, 4-fluorophenyl, or t-butyl;
and R7 is a 3-amino-l-pyrrolidinyl group,

a
. 4-methyl-1-piperazinyl group, a

15 3-aminomethyl-1-pyrrolidinyl group, a
3-ethylaminomethyl-1-pyrrolidinyl group or a

1-piperazinyl group

tster-linked penem quinolones of the classes (b), (c) and (d) are
20 preferred; compounds of class (d) are particularly preferred.

3) Ester-linked penem quinolones, such as compounds of the
following classes.

25 a) where - the lactam-containing moiety is a penem, wherein
bond "a" is a single bond; bond "b" is a double
bond; R3 is -CH-; R4% is -C{CO2H)-; RS s
-S-C"’-S-CHaCH2-0-; and
- the quinolone mojety is a structure, wherein A2
30 - is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

b) where - the lactam-containing moiety is a penem, wherein
bond "a" is a single bond; bond "b" is a double
bond; R3 is -CH-; R4 §s -C(COpH)-; RS s
35 -§-C"’-S-CHzCH2-0-; and
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25 ' [err] 30 _ using the qui nol one

7-(3- an1nopyrrolld|nyl) 8-chl or 0- 1- cycl opropyl - 6-fl uoro-1, 4- dlhydro
- 4- 0x0- 3- qui nol i'necar boxyl i c oo aC|d (prepared accordlng toJ. P

Sanhchez, et al., J. Med. Chem, 1988, 31, 983) and the B-lactam
[5R-[4[err],5[err],6[err]]]-6- [(FQ 1-(t- 35 . " .

but yl di met hyl si | yl'oxy) €t hyl.] - 2- (hydr oxynet hyl ) - 4- nethyl 7-0x0<1-

azabi cycl o[ 3. 2. 0] hept - 2- ene- 2-car boxylic acgd ~allyl ester

Co- the quinolone moiety .is a 6- f]uoroquinoloné
moiety, wherein Al is -C(R39)-; A2 is -CF-; A3 s
-CH-; and R7 is a heterocyclic ring

5 c) where the lactam-containing moiety is a penem, wherein
' ~ bond "a" is a single bond; bond "b" is. a double
bond; R3 -is -CH-; R% s -C(COpH)-; RS s
-§-C"’-S-CH2CH2-0-; and ' :
- the quinolone moiety is a naphthyridinone, wherein
10 Al is -N-; A2 is -CF-; A3 is -CH-; and R7 is a
heterocyclic ring

d) where the lactam-containing moiety is a penem, wherein
bond "a" is a single bond; bond "b" is a double
15 bond; Rl is (1-hydroxyethyl); R2 is -H; R3 is
-CH-; R4 is _; and .
- the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; R9 is -H; Al is -CH-, -CF-,
_ -CCYl-, or -N-; R8 is cyclopropyl, ethyl,

20 - 2,4-difluorophenyl, 4-fluorophenyl, or t-butyl;
and R7 is a 3-amino-l-pyrrolidinyl group, a
4-methyl-1-piperazinyl group, a
3-aminomethyl-1-pyrrolidinyl group, a
3-ethylaminomethyl-1-pyrrolidinyl group or a

25 1-piperazinyl group

Ester-linked penem quinolones of the classes {b), (c¢) and (d) are
preferred; compounds of class (d) are particularly preferred.

30 4) Ester-linked carbapenem quinolones, such as compounds of the
following classes.

a) where - the lactam-containing moiety is a carbapenem,
" wherein bond "a" is a single bond; bond "b" is a
35 double bond; R3 is -CH-; R4 is -C{COpH)-; RS is

-CH(R33)-C"’ -CH2-0-; and
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-92- . (prepared according to B.G Christensen et al., Eur. Pat.
Appl . o " EP 185315 Al, 1986) ° - [err]

0 - US|ng t he qU|noIone 1-cycl opropyl - 6- quoro 1 4- dlhydro 4- OX0- 7-
(1- pi perazi nyl)-- 3- qui'nol i necarboxylic acid (prepared according.to

V. .G ohe et al., Ger. Ofen. DE 3142854 ) and the B-lactam

15R—[4[érr],5[err],6[err]]] 6- [(R) 1- (t butyld|nethyIS|IyI0xy)ethyI] 2-
| | -61-

: the quinolone moiety is a structure, wherein Az'is
-CF-; A3 is -CH-; and R7 is a heterocyclic ring

b where - the lactam-containing moiety is a carbapenem,
5 wherein bond "a" is a single bond; bond "b" is a
double bond; R3 is -CH-; R4 is -C(COpH)-; RS is
-CH{R33)-C"’-CH2-0-; and
- the quinolone moiety 1is ~a '6-fluoroquinolone
moiety, wherein Al is -C(R39)-; A2 is -CF-; A3 is
10 -CH-; and R7 is a heterocyclic ring
¢) where - the lactam-containing moiety is a carbapenem,

wherein bond "a" is a single bond; bond “b" is a
double bond; R3 is -CH-; R4 is -C{COzH)-; RS is
15 - -CH(R33)-C"*-CH2-0-; and
- the quinolone moiety is a naphthyridinone, wherein
Al is -N-; A2 is -CF-; A3 is -CH-; and R7 is a
heterocyclic ring

20 d) where the lactam-containing moiety is a carbapenem, .

wherein bond "a" is a single bond; bond "b" is a

double bond; Rl is (1-hydroxyethyl); RZ is -H; R3

is  -CH-; R4 is -C{CO2H)-; RS is

-CH(R33)-C"’-CH2-0-; R33 is -H or -Me; and

25 - the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; R9 is -H; Al is -CH-, -CF-,
-CC1-, or -N:; R8 is cyclopropyl, ethyl,
2,4-difluorophenyl, 4-fluorophenyl, or t-butyl;

and R7 is a 3-amino-l-pyrrolidinyl group, a

30 4-methyl-1-piperazinyl group, a
3-aminomethyl-1-pyrrolidinyl group, a

a

3-ethylaminomethyl-1-pyrrolidinyl group or
1-piperazinyl group '

3%
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15 _(ﬁydroxynethyl)-4-nethy|-7-oxp-1-azabicyclo[3.2.0]hept-2-ene-21
carboxylic "acid allyl ester (prepared ‘according to B.G CL

Christensen et al., Eur. Pat: Appl. EP 185315 A, 1986). - o '
EXAMPLE 2 - According to. the general procedure of Exanple.

1, -the: 20 following . quinolonyl  ~  lactam . ester .. is’
made: [err] o using the

gui nol one. 7-(3-am nopyrrolidinyl)-1-cycl opropyl -6-
fluoro-1, 4-di hydro -4-oxo-3-quinolinecarboxyl i-62- acid (prepared 30 :
according to J. P. Sanchez, et al., J. Med. Chem, 1988, 31, ~983).
Sinmilarly, the foll owifsgetrli meddosyrbapenema gt inod enesi 9f pkgp gl atbes (b). (c) and
according to the geaerake preLRded;e cotboudddi of EAAEP! &) Wel hparticularly

preferred.

5 §) Ester-linked carbapenem quinolones, such as compounds of the
following classes.

a) where the lactam-containing moiety is a carbapenem,

wherein bond "a" is a single bond; bond "b" is a

10 double bond; R3 is -CH-; R4 is -C(COpH)-; RS is
-CH(R33)-C"*-S-CH2CHp-0-; and |

- the quinolone moiety is a structure, wherein A2

is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

15 b) where

the lactam-containing moiety is a carbapenem,
wherein bond "a" is a single bond; bond "b" is a
double bond; R3 is -CH-; R% is -C(COzH)-; RS is
-CH(R33)-C"’-S-CHpCH2-0-; and ,

- the quinolone moiety is a 6-fluoroquinolone
20 moiety, wherein Al is -C(R39)-; AZ is -CF-; A3 is
-CH-; and R7 is a heterocyclic ring

¢) where - the lactam-containing moiety is a carbapenem,
wherein bond "a" is a single bond; bond "b" is a
25 double bond; R3 is -CH-; R4 is -C(COpH)-; RS is

-CH(R33).C"*-S-CHaCH2-0-; and
- -~ the quinolone moiety is a naphthyridinone, wherein
Al is -N-: A2 is -CF-; A3 is -CH-; and R7 is a
heterocyclic ring
30
d) where - the lactam-containing moiety is a carbapenem,
' wherein bond "a" is a single bond; bond "b" is a
double bond: Rl is (1-hydroxyethyl); RZ is -H; R3
is  -CH-; RY  is  -C{COpH)-; RS s
35 -CH(R33)-C"’-S-CHaCH2-0-; R33 is -H or -Me; and
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substantjally simlar results. 35

- 93- .
[err}-lactam

10

15

20

25

30

35

. lerr] : using t he
. (5R-(4[err],5ferr],6[err]]]-6-[(R-1-(t-

-63-

_'the quinolone moiety is a structure, wherein - A2

is -CF-; A3 is -CH-; R9 is -H; Al is -CcH-, -cF-
-CC1-, or -N-; R8 §s cyclopropyl, ethyl,

)

2,4-difluorophenyl, 4-fluorophenyl, or t-butyl;
and R7 is a 3-amino-1-pyrrolidinylgroup, a
4-methyl-1-piperazinyl group, a
3-aminomethyl-1-pyrrolidiny] group, a
3-ethylaminomethyl-1-pyrrolidinyl group or a
1-piperazinyl group.

Ester-linked penem quinolones of the classes (b), (c¢) and (d) are
preferred: compounds of class (d) are particularly preferred.

6) Ester-linked oxacephem quinolones, such as compounds of the

class where

the lactam-containing moiety is a oxacephenm,
wherein bond "a" is a single bond; bond "b" is a
double bond; R3 is -CH-; R4 is -C(COzH)-; RS is
-0-CHz-C"' -CH2-0-;

the quinolone moiety is a- structure, wherein. A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic
ring.

7) Ester-linked isocephem quinolones, such as compounds of the

class where

the lactam-containing - moiety 1is a isocephem,
wherein bond "a" is a single bond; bond "b" is a
double bond: R3 is -CH-; R% is -C(COzH)-; RO is
-CH2-5-C""-CH2-0-; and

the quinolone moiety is a structure, wherein A2

ds -CF-; A3 is -CH-; and R7 is a heterocyclic

ring.

8) ‘Ester-linked iso-oxacephem quinolones, such as compounds of

the class where
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butyIdrnethyIsrIonxy)ethyI] 2- (hydr oxynet hyl ) - 4- nethyl 7-o0xo0-1- 10

azabi cycl o[-3. 2. 0] hept-- 2- ene- 2- car boxyl i c acrd “callyl” -ester S
(prepared according to B. G Chrrstensen et al., .Eur. Pat.. Appl. EP
185315 A, 1986). - ' EXANPLE 3 .
Accordrng .to the general- procedure of Exanple 1, the 15 ~. followng

qui nol onyl .l actam ester is nade: - . [err]

usi ng the naphthyridi nene 7- (3 anrnopyrrol|d|nyl)-l-cyclopropyl
6-fl uoro-1, 4-di hydro -4-oxo-1, 8-napht hyri di ne-63<car boxylic acid 25

(prepared accordrng to J. P: Sanchez et al., J. Med. Chem,, 1988,
31, 983). ' Si nicl arly, thehd aEbam-eentadn @gi motesnyls |-acisanvasemheni s
prepar ed according to tRkeregerRhd@l"a"PiocGEAiRfe Bénd;t Bdnd "FX3QPL €,

wi th double bond; R3 is -CH-; R4 is -C(COH)-5 RS is

-CH2-0-C"’ -CH2-0-; and

5 - the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic
ring.

9) Ester-linked carbacephem quinolones, such as compounds of the
10 class where
- the lactam-containing moiety is a carbacephem,
wherein bond "a" is a single bond; bond "b" is a
double bond; R3 is -CH-; R4 is -C(COzH)-; RS is
-CH2-CH2-C" ' -CH2-0-; and
15 - the quinolone moiety is a structure, wherein A2 is
-CF-; A3 is -CH-; and R7 is a heterocyclic ring.

10) Ester-linked monobactam quinolones, such as compounds of the
following classes.
20

a) where the lactam-containing moiety is a monobactam,

wherein bond "a" is a single bond; bond "b" is
nil; R3 is -CH- and is bonded directly to X; RS is
nil; X is -CH0-; and

25 : the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

b) where

the lactam-containing moiety is a monobactam,
wherein bond "a" is a single bond; bond "b" is
30 nil; R3 is -CH- and is bonded directly to X; RS is
nil; X is -0-; and
- the quinolone moiety is a structure, wherein A2
is -CF-; A3 is -CH-; and R7 is a heterocyclic ring

35 Quinolonyl lactams esters of this invention include {for

example) the following compounds. REPLACEMENT SHEET

19 AUG 196
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substaana]ly simlar results. 30

[err]- : o - . - 94- “using " .
the + - B-lactam - - (5R-[4[err],5[err],6[err]]]-6-[(R-1-(t-

but yl di met hyl si l yl oxy) et hyl ] - 2- (hydr oxynet hyl ) - 4- net hyl - 7- oxo- 1-

azabi cycl o[ 3.-2. 0] hept - 2- ene- 2-carboxylic.- acid  allyl - ester. -

(prepared according to B.G Christensen et al., Eur. Pat. Appl.

_-65-.

[6R¥(6a,7ﬁ)]]-7-{[[(Dif1udrométhyl)thio]acety1]amino]-?-methdxyj-
3-[[[1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo0-7-(1-piperazinyl)--
3quinolinyl]qarbonyloxy]methyl]-8-oxo-5-oxa-l-azabicyc]b[4.é.0]-
oct-2-ene-2-carboxylic acid

5
THF,
\. :( f”"\\nu
y ]
F
o 0

[6R-(6a,78)]-7-[[[(2-Aminocarbonyl-2-fluoroethenyl)thiojacetyl]

15 amino)-3-[[[[9-fluoro-3,7-dihydro-3-methyl-10-(4-methyl-1-
piperazinyl)-7-oxo-2H-pyrido[1,2,3-de}-1,4-benzoxazin-6-yl1]-
carbonyl]oxy]methyl]-8-oko-S-thia-l-azabicyclo[4.2.0]oct-2-ene-
2-carboxylic acid

20
2
qu"ﬂgr——\\ .
a— 0 X /
F s NH H Y\ (\
3 0 N N \)
25 0 ;;[:jr" ) ’
N / (o]
o) F
CO,H 0 0o
30
35
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5 EP 185315 Al

1986) . S EXAVPLE 4

[SR-[5[err]; 6[err]]] 3-[[[1- Cycl opropyl'- 6-fl uoro- 1, 4- dihydfol4-bxb-75
(1- prpera2|nyl) 3-qui nol i nyl-].car bonyl oxy] methyl ] -6-[(R) -1 -
- 0X0- 4- t hi a- 1- azabi cyc] o 3. 2. 0] hept - 2- _ene- 2- car boxylic ACId

hydroxyethyl]
[err] -

10

15

20

25

30

35

pt

-66-

[6R-[6a,78])]-7-[[Carboxy(4-hydroxyphenyl)acetyl}amino]-3-[{(1-
ethy]-6-f1uoro-l.4-dihydrb¥J-(4-methy1-l-piperazinyl)-4-oxo-3-
quinolinyl]carbonyloxy)methyl]-8-oxo-5-thia-1-azabicyclo{4.2.0]
oct-2-ene-2-carboxylic acid

) Oy
THOL O
o’/r- 7 ° F

[SR-[Sa.6a)]-3-[[[7-(3-Aminopyrrolidin-1-y1)-8-chloro-1-cyclo-
propyl-6-fluoro-1,4-dihydro-4-oxo-3-quinolinyl]jcarbonyloxy]-
methyl}-6-[(R)-1-hydroxyethyl}-7-oxo-4-thia-1- azab1cyclo[3 2.0]-
hept-2-ene-2-carboxylic acid

3
/%
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35

10

15

20

25

30

35

T -67-.

(5R- (5,64 ] -3- [[[1-Ethyl-1,4-dihydro-6-methy] -4-0xo-1,8-
naphthyridin-3-yl]carbonyloxy]methyl]-6-[(R)-1-hydroxyethyl]-7-
oxo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

OH _ 5

[5R-[5a.6a]]-3-[[[1-Cyc1opropyl-6-f1uoro-1.4-dihydro-4-oxo-7-
(l-piperaziny])-3-quinolinyl]carbony]oxy]methyl]-6-[(R)-l-
hydroxyethy]]-7-oxo-4-thia-l-azabicyclo[3.2.0]oct-2-ene-2-'
carboxylic acid o

- !
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3

-95-. ' . [err] A m xture of

apprOX|nater ‘5.0 g of C|profloxaC|n ["in 175 10 m of water at ..
approximately Jerr]Cis adj usted to approxi mately pH 12 by -addi ng
IN NaOH~ To-this solution is . added.approximtely 44 ... m of -acetone
fol'l oned by-the dropwnse addltlon of -approximately. - ... 2.7 g of .
al 'yl chl-oroformate in 33 m "of -acetone.-The reaction is stirred
approxi mately one hour in the coId mhlle nalnta|n|ng the :

' : . -68- -

(35)-2-[[14Cyflopropy1-6-f1uoro-l,4~dihydr044-oxo-7-(l-piper-
azinyl)-3-quinolinyl]carbonyloxy}-3-{{{[[(R)-4-ethyl-2,3-dioxo-1-
piperazinyl]carbonyl]jamino]{4-hydroxyphenyl)acetyl}amino}-4-oxo-
1-azetidinesulfonic acid sodium salt

0 "\

(35)-3-[{(2-Amino-4-thiazolyl)(methoxyimino)acetylamino]-2-[[1-
15 ethyl-6-fluoro-1,4-dihydro-4-ox0-7-(1-piperazinyl)-1,8-naph-
thyridin-3-yl]carbonyloxy]-4-oxo-1-azetidinesulfonic acid sodium

salt
20 .
Y
H.N = . N N N\)
Bh
F F
25
)
30
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15 . mxture at pH . 10-12 by .addition..of nmore. 1N NaCH  Then the.
reactl onis concentrat ed to.approximately 125 n. and is extracted

twice with ether. " The agueous | ayer is cooled in an ice bath,

acivdified with 10% HO and is extracted three times Wi th ethyl

acetate. - The extract is washed wi-th water, dried over Na[err]SO[err},.
filtered,- and the filtrate is concentratedto dryness to give II. : -'To
a solution of- approxi mately 6 g of Il in CH[err]CI[err] at approxi -

mately O[err]Cis added dropw se a solution of 9apprOX| mately 0.73 g

of NaOH.in 5 m of ano Xt yr sti| at
anbi ent terrperaturem?gl%dra L[ﬁ SBHY ?a{ng él}' S'Eﬂ'gn‘@(é’s 3Tﬁé°"r°59%[|%dgegr]25°“'"° is .
triturated in ether aheydperbondionn - §a¢)t0 -B1l(phenogpidetyt)auinpfazetidinesul -

filtration. fonicSepiar aéaba,sat® a solution of approximately 5.0 g of
[ 5R-

[S[err],6[err]]]-3-hydro hyl - 6- (1- (R)-t-butyl di net hyl si |l oxyet hyl) -

7- 0x0-4-thia- I-a%abl cycl 0] hept - 2- ene- 2- car boxyl #€ acid 30 al |yl
ester and 1.7 m of trie gmne in 30 M of CH[err]O[err] at
approximately -40[err]C "Ts\ added approximtely Xk o mesyl
chloride. The reaction is sti for approxi matel g t hen
“washed with 10% aqueous NaHCO err] Hwat er . 2 is
dried over Na2S(err], filtered, d t he_fiJATete” 35 to

dryness to gi vebdov To a solutiof of ap

bxi mael y 4
nmesylate IV in m of DWVF at- apprOX| P

y O[err]C .s added
SO,Na

{6R-{6a,78)]]-3-{{{7-(3-Amino-1-pyrrolidinyl)-1-(2,4-difluor-
ophenyl)-6-fluoro-1,4-dihydro-4-oxo-1,8-naphthyridin-3-yl]carbon-

15 yloxy]methyl]-7-[[(5-hydroxy-4-oxo-1(4H)-pyridin-2-yl)carbonyl-
amino}(2-amino-4-thiazolyl)acetylamino]-8-oxo-1-azabicyclo
[4.2.0]oct-2-ene-2-carboxylic acid

H.N
20 )
~
" C—
NH HN
/
25 / o ©
o]
30
35 REPLACEMENT SHEET
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-96-, . - approximately 3.9 g of Ill .and.the reaction is stirred cold

for e apprOX|nater four hours and at anbi ent tenperature for apprOX|

mat el y one hour. ‘The-reaction is concentrated to dryness  in

vacuo and the residue is dissolved in CHerr]Cl[err] and washed with 5
water. The organic phase is dri-ed over Naferr] S err}- filtered and the
filtrate i's concentrated t-o dryness. The residue i's purified by

flash chromatography (silica gel) to give V. To-a mxture of

apprOX| mately 2.6 ¢ of Vand 2 m of glacial d@etlc aC|d |n 30 m -

THF  at roon1tenperature I s added a prOX|nateI g _
tetra- n- but yl anmoni uf$RFadi) bl 3- L7 n(Asfaine -1 P)""'FHé "WM.IF%‘”PSI cyclo-
stirred for approxi npiglyy-631lergr 5,4-8 garc@nRo@n s rqiti edl ingl Jtaytvagtoxy | -

residue is purified Ryyfhashg el pRRh OBhgPIY 3 (ks G2p Bhdz #:91 jcarbony1] -
amino]{4-hydroxyphenyl)acetyl)amino]}-8-oxo-1-azabicyclo[4.2.0]
5 . oct-2-ene-2-carboxylic acid
OH

15 [6R-[6a,78)1]-3-[[[1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-
(1-piperazinyl)-3-quinolinyl]carbonyloxy]methyl]-7-[{phenoxy
acetyl]amino]-8-oxo-1-azabicyclo{4.2.0}oct-2-ene-2-carboxylic

acid
20
NH
]
/>/'m 2 N N
o [
25 N P o .
0

. . CO,H ° 0

30

REPLACEMENT SHEET

38 19 AUG 1996

‘of

and



g|ve VI' To a mixture of approximately 1,3 g of VI, 0.19 m of .

wat er."and 0.027 g. of bls(trlphenylphosphlne)palladlunlchlorlde in 15 - .
apprOX|nater 36 M of CHerr]d{err] at approximately 19[err]C. is added

approximately 1.t. m - of tributyltinhydride. - The mxture -is . . S
rapidly stirred for approxi mately 10 m nutes and t hepreci pi-tate ~I's -

collected by filtration. The solid is triturated in acetone and is
collected by filtration to afford-the title conpound VII. 20 ' -
Simlarly, the following quinolonyl "|actam. esters are " prepared
according to the general procedure of. this Exanple, with _ '
substantially sim’ a[rsrzr(&s%ubd)q 3-[[267-(3- (Aminomethyl)-1-pyrrolidinyl}-1- ~ [err]

h
oo 1 o Ok 8 RRAIA ol LT o o

ui nol i pecar hox
acid (prepared accorﬁthbb‘hﬁ ﬁiR)Slaﬁé‘Hé’iyet@ty?hl Cl‘°Jl af?@g‘cy@:hg%yolhept'
2-ene-2-carboxylic acid
5

OH s}
/(‘ 0
/V‘—N / .
[¢) N
10
4 Mo
[5R,(Sa,Ga)]-3-[[[6,8-Dif1uoro-l-(Z-fluoroethyl)-l,4-dihydro-4-
15 oxo-7-(4-methy1;l-piperazinyl)-3-quino1inyl]carboxyl]oxy]methyl]-
6-[(R)-1-hydroxyethyl]-48-methyl-7-oxo-1-azabicyclo [3.2.0]hept-
2-ene-2-carboxylic acid
OH
20
™~
Vel
)
25
30
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¢
1988, 31, 983) 35 o _ - 97-

. -72- . -
[5R, (5a,6a))-3-[[[[B-Ethy1-5,8-dihydro-5-o0x0-2-{1-piperazinyl)

pyrido[2,3-d]pyrimidinyl]jcarbonyl]oxy]methyl]-6-[(R)-1-hydroxy
ethyl]-7-oxo-1-azabicyclo{3.2.0]hept.-2-ene-2-carboxylic acid

I
..
V
10
[5R,{5a,6a]]-3-[[[1-Cyclopropyl-6-fluoro-1,4-dihydro-7-(1-pipera-
15 zinyl)-4-o0x0-3-3-quinolinyl)carbonyloxy]methyl]-6-[(R})-1-hydroxy

ethyl]}-7-oxo-1-azabicyclo[3.2.0[hept-2-ene2-carboxylic acid

.20 ’;j\\ / I f

25
[6R-[6a,78))-7-[[Carboxy(4-hydroxyphenyl)acetyl]amino]}-3-{[[1-
cyclopropyl-6-fluoro-1,4-dihydro-7-(1-piperazinyl)-4-oxo-3-
quinolinyl]jcarbonyloxy]methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]
oct-2-ene-2-carboxylic acid
30
. co'“
\ bied " o
"° T
o]
P
35 o
. co,n ° o

REPLACEMENT SHii:

19 AUG 1995




usi ng qU|noIone 1- et hyl - 6-fl uoro-1, 4-di hydr o- 4- oxo- 7- ( 1-
plperaklnyl) qU|noIrne'carbOXyIic acid -(prepared according'to-lo H. .
Koga, et al Med.” Chem,

the

using the qU|noione 6- quoro 1 (4-fluorophenyl )-1,4-di hydro-7- 20

(4- met hyl - 1--pi perazi nyl) - 4- 0X0- 3- qU|noI|necarboxyI|c : acid
(prepar ed accordlng to D. T.W Chu et al., J. Nbd Chem 1985 28 '
1558) 25 | | -

10

15

20

25

30

35

73-

' 1980, 23, 1358) - . 15 - = - - lerr]

Other preferred quinolonyl lactam esters are exemplified by the

following structures.

Y )o@ m

CO,Na

m./”\..J{

e m

AT *{LQ’“
uu\<: ' -O""\ﬁ’u/

“ N
(B
T
Hd
[S]

retn— it vars

N ——— s ... . L
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[err] " 30 usi ng the qui nol one

7- (3- ari opyrrol i dinyl)-1- cyclopropyl 6, 8- '

di f|{ uoro-1, 4-di hydr o- 4- oxo- qurnolrnecarboxylrc aci d (prepared .
according to J. P. Sanchez, et aI J. Med. Chenl 1988 31, 983)
and- the B-lactam - -~ - o
[GR-(4[err],5[err],6[err]]]- 6 [(R) 1- (t butyldrnethylsrlyl :
oxy)et hyl|-2- (hydroxynethyl) 4- net hyl - 7- oxo- |- azabi cycl o[ 3. 2. 0] |

el

10 N. e

co,Na o
15
H NCT Y 1 O\Nu
) 74\5 wy Cre o N " !
P ’Y ;{\‘)\/ ‘
o] He 2 0 F :
20 0 Lo ° o
25
30
5 REPLACEMENT SHEET
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hept - 2z ene- 2-carboxylic acid allyl ester (prepared according to
B.G .Chr,istensen et al., Eur. Pat.-Appl:. EP 185315 A, 1986).

"EXAMPLE 5 Product 111, according to this invention, is madé by
t he 5 followi ng general reaction sequence. - -
[err] : : S o

-75-

10

15

20

uu\fi}leﬁ,w . ir {::L~W:
s . ¢
2 [o}

" Y |
cl
H,N h
30 H \f]/l%/uu " . N !3\"“:
0
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Appr oXi mat el y 1.26 g of ciprofloxacin and 1.59 g NaHO[err] is
suspended ‘i'n approximately ‘25 m of water and stirred for 30
approxi matel'y 1 hour. . Approximately 0..72 g of 2-(trinethylsilyl)

ethyl chloroformate (made according to 38 Zhur obschei Khim 1179

(1968)) in approximately 10 nt of tetrahydrofuran-is added dropw se:

to the stirring aqueous solution. After approximtely 1 - hour the

m xture is poured into 150 m of chloroform and ' '
L - - : -76-

e
o 3
CO,Na 0 Y
10 .
¥ .
CO,Na ° )
15
s
P>V o+ o
"\1¢’L\59‘\~/°
0 F
20 CO,Na o o

25 i o :\”A&\ﬂmr\/l

”
30 s ° m\/ N NO\"",

35 REPLACEMENT SHEET

19 AUG 1996




35 . acidified with 150 i of cold 0.1IMHJ . The aqueous phase |s
extracféd ‘with chloroforn1aga|n and the conbi néd chl or.of.or m

-99-. - | ayers ‘are washed successively with cold 0.MHJ, water, and

sat urated aqueous sodi um chl ori de. The chl orof orm solution is . .
dried over Na[err]Sderr], filtered, .and concentrated. The residué is :
triturated with ether to provide product | after filtration. 5 A -
m xture of approximately 0.16 g of .product |, 0.20 g of = product |1
(prepared as -above), and 0.040 g of NaHCCBprr] are - .- - conbined

in apprOX|nater 1 m of dirmethylformam de under "an - inert

at nosphere. ‘The mixture is heated at approxinmately 70[err]C er 8

hours and then cooled to roomtenperature. The addition of 10
approximately 0.50 g of tetra-n-butylamoniumfluoride trihydrate

N 2
o}

10

15 CO Na

3 / S s
N2 0 ,

H.N " s7
\(// .oy cl D\
s s N N NN
25 ° \')\/ ' ?
N 2 0
. o F
CO,N& 0 o
N -Otie . .
30 M ?
L S S NH,
: .o ;‘1/: o l ,/ .
) F
CO,NI 0 o]

35
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IS fqllomed by stirring for approximately 16 hours at room

tenperature '~ The mi'xture is then eluted through a DowexR 50x4- . (Na ..
cycl e) coturm with deionized water. The appropriate fractions
are partially cancentrated in vacuo, then lyophilized 15 to give the '
final product IIL1. ' " Sinpilarty, the follomnng qui nol onyl | actam
esters are prepared accordlng to. the gener al " procedur.e of this

Exanple, with substantlally simlar results. 20

[err] 25 - usi ng -t he qui nol one’

7-(3-am nopyrrolidinyl)-1- cyclopropyl 6, 8- -78-,

di fl uoro-1, 4-di hydr o- 4- oxo- qU|noI|necarboxyI|c acid (prepared.
according to J. P. Sanchez, et al:., J. Med. Chem, 1988, 31, 983) 30

10

15

. ~r

25

; PO(O“Q YONa
3 0 NH
35

SO Na
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[err] ' -100- ~ using
the - " qui'nol one ' 7-(3-am nopyrrolidinyl)-8-chloro-1- ~ '
cycl.opropyl - 6-f | uoro-1, 4- dlhydro -~ -4-o0x0- 3- qU|noI|necarboxyI|c
acid (prepared accordlng toJ. P. Sanchez, et al., J. Med. Chem,
1988 -~ 31, 983) ' PR ' R S

:7_9_

10 | o - N
. ‘AET’;I:I:3><:IO [ P

15 .
5L, Y O
[s) N\Komr
20 _ 0)'_'/%0,::. ° o

= A O
)}\/9 F

CO,N. [+] [v]
H.-OMe ~ < F
. H,N ,.'l ! 1 - .
NH
(o]
N
LN _
Y SO, . Na
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10 . ‘ [err]
qurnolone T 7-(3- anrnopyrrolrdrnyl) 1- cycl opr opyl -

usi ng

Igrl 15

t he

f1uoro-1, 4-di hydro -4-o0xo-3-qui nol i necar boxyl i-c acrd (preru
according to J. ,P. Sanchez, et al., J. Med. Chem, 1988, ElREBEKQEMENT SHEET

[err] .usi ng the naphthyrrdrnone
7-(3- anrnopyrrolrdrnyl) 1- cyclopropyl '

-80-

19 AUG 1996

n.CHe -
H_N “ f
. -

/ " ) \

b}

. O

15 o #/[L /Q" . 0
N
\\*’N\\,,j ™ ™ 0 \
0 ]
1
ke SO,Ma

20 . Methods of Manufacture

The quinolonyl lactam esters of this invention may be made
using any of a variety of synthetic techniques known in the art.
Manufacture of quinolonyl lactam esters generally involves the
preparation of a lactam-containing moiety, a quinolone moiety and

25

a procedure or set of oprocedures for

linking

the

lactam-containing and quinolone moieties. Procedures for making

a broad variety of lactam-containing moieties

and quinolone

moieties are well known in the art. For example, procedures for
preparing lactam-containing moieties, and related compounds, are
incorporated by

30 described 1in the following references, all

reference herein (including articles cited

references): rins and Penicillins:

Biology (E. H. Flynn, ed, 1972) Chapters 2, 3, 4, 5, 6, 7,

within
Chemistr

these
and
15 and

“Appendix 1: Recent Advan in the Chemistry of -Lactam’

1985); Topics in
4, (P. Sommes,

33 Antibiotics (A.G. Brown and S. M. Roberts, ed.,

Antibiotic Chemistry, Vol. 3, (Part B) and Vol.

2l

H



25 6-f1uoro-1, 4-di hydro -4-oxo-1, 8-napht hyri di nf=2= |

( pr epar éd- accordlng to J. P. Sanchez, et al., J. M 'ﬁgﬁﬂ ﬁEN% gﬁEEﬁl 88,

31, 983). The fol | owi ng ot her qU|noIony actam esters hr made .

by the general procedures.of this Exanple and Earrpc)w.j(‘5|199_64i i th

30. substantially simlar results. .. .. 35 _ ' o
.81-

ed., 1980); Recent Advances in the "Chemistry of B-lactam
Antibiotics (J. Elks, ed., 1976); Structure-Activity Relation-
ships Among the Semisynthetic Antibiotics (D. Perliman, ed, 1977):
Chapts. 1, 2, 3, 4; Antibiotics, Chemotherapeutics and Antibac-
5 terial Agents for Disease Control (M. Grayson, ed, 1982):
Chemistry and Biology of B-lLactam Antibiotics, Vols 1-3 (K. B.
Morin and M. Gorman, eds, 1982); 4 Medicinal Research Reviews
1-24 (1984); 8 Medicinal Research Review 393-440 (1988); 24
Angew. Chem. Int. Ed. Engl. 180-202 (1985); 40 J. Antibiotigs
10 182-189 (1987); European Patent Publication 266,060; 42 J.
Antibiotics 993 (1989); U.S. Patent 4,742,053; 35 Chem. Pharm.
Bull. 1903-1909 (1987); 32 J. Med. Chem., 601-604 (1989); U.S.
Patent 4,791,106; Japanese Patent Publication 62/158291; 31 J.
Med. Chem. 1987-1993 (1988); 30 J. Med. Chem., 514-522 (1987); 28
15 Tet. Let. 285-288 (1987); 28 Jet. Let. 289-292 (1987); 52 J. Org.
Chem., 4007-4013 (1987); 40 J. Antibiotics, 370-384 (1987); 40 J.
Antibigtics, 1636-1639 (1987); 37 J. Antibiotics, 685-688 (1984);
23 _Heterocycles, 2255-2270; 27 Heterocycles, 49-55; 33 Chem.
Pharm. Bull. 4371-438] (1985); 28 Tet. Let, 5103-5106 (1987); 53
20 J. Org, Chem., 4154-4156 (1988); 39 J. Antibiotics, 1351-1355
(1986); 59 Pure and Appl. Chem., 467-474 (1987); 1987 J.C.S.
Chem. Comm.; 44 Tetrahedron, 3231-3240 (1988); 28 Tet. let.,
2883-2886, (1987); 40 . Antibiotics, 1563-1571 (1987); 33 _Chem.
Pharm. Byll., 4382-4394 (1985); 37 J. Antibiotics, 57-62 (1984);
25 U.S. Patent 4,631,150; 34 Chem, Pharm. Bull,, 999-1014 (1986); 52
J. Orq. Chem,, 4401-4403 (1987); 39 Tetrahedron, 2505-2513
(1983); 38 J. Antibiotics, 1382-1400 (1985); European Patent
Application 053,815: 40 ). Antibiotics, 1563-1571 (1987); 40 J.
Antibiotics., 1716-1732 (2987); 47 J. Org. Chem., 5160-5167
30 (1981); U.S. Patent 4,777,252; U.S. Patent 4,762,922; European
Patent Publication 287.734; U.S. Patent 4,762,827; European
Patent Publication 282,895: European Patent Publication 282,365;

U.S. Patent 4,777,673.
Also, for example, ' procedures for preparing quinolones
35 useful in the methods of this invention are described in the

following references,: all  incorporated by reference herein
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(including article§']isted'hithin these references); 21 Prodress’
in Drug Research, 9-104 (1977); 31 J. Med. Chem., 503-506 (1988):
32 J. Med. Chem., 1313-1318 (1989); 1987 Liebigs Ann. Chem..
871-879 (1987); 14 Drugs Exptl. Clin. Res., 379-383 (1988); 31 J.
Med. Chem., 983-991 (1988); 32 J. Med. Chem., 537-542 (1989); 78
J. Pharm. Sci., 585-588 (1989); 26 J. Het. Chem., (1989); 24 J.
Het. Chem., 181-185 (1987); U.S. Patent 4,599,334, 35 Chem.
Pharm. Bull., 2281-2285 (1987); 29 J. Med. Chem., 2363-2369
(1986); 31 J. Med. Chem., 991-1001 (1988); 25 J. Het. Cherm.,
479-485 (1988); Eturopean Patent Publication 266,576; European
Patent Publication 251,308, 36 Chem. Pharm. Bull., 1223-1228
(1988); European Patent Publication 227,088; European Patent
Publication 227,039; European Patent Publication 228,661; 31 J.
Med. Chem., 1586-1590 (1988); 31 J. Med. Chem., 1598-1611 (1988);
and 23 J. Med. Chem., 1358-1363 (1980).

The quinolonyl lactam esters of this invention may be made

by the following general reaction sequence:
Lact-CH2-X + M*-0C(=0)-Quin ---> Lact-CH2-0C(=0)-Quin

where X is a reactive leaving group (such as halo, a sulfonate
ester or other activated hydroxyl functionality), "Lact"
generically represents an appropriately protected lactam-
containing moiety (such as a penem, carbapenem, oxacephem, or
carbacephem) and - "Quin® represents an appropriately protected

quinolone moiety. The reaction can be envisioned as a

nucleophilic displacement of the reactive X substituent from the
lactam by the quinolone carboxylic acid or salt, to form an ester
coupled conjugate of the lactam and quinolone.

For Lact and Quin, certain functional groups contained in
the structures (such as carboxyl, hydroxyl, and amino)} may need
to be blocked in order to prevent undesired competing side
reactions from occurring with X. For example, suitable
protecting groups for carboxyl substituents include esters;



-102-

10

15

20

25

30

35

[err]_

REPLACEMENT SHEET

19 AUG 1996 -

-83-

prdtééting groubs for hydroiyl' substituents include ethers,
esters, and carbonates; and protecting groups for amino
substituents include carbamates and amides. If such protecting
groups are employed, then appropriate deprotecting chemistry,
that will not decompose the ester coupled conjugate, may be
required to obtain antimicrobially-active products.

If the lactam-containing moiety is a monocyclic beta-lactam,
an alternative coupling strategy may be employed as outlined by
the following sequence, where X is a heteroatom (0, S, halo,
etc.) substituent linked to the lactam.

Quin
Quin uin
MM : Tnu W7 o H ¥ 0
O H(
N _ 4 N
o e N N N 0 R
. o R

This sequence involves amide formation between the lactam
and the quinolone, rearrangement displacing X and liberation of
the ester by hydrolysis. The lactam containing structure may
initially be mono- or bicyclic. The ester coupled product will
be monocyclic.

Cgmpositions

The compositions of this invention comprise:

(a) a safe and effective amount of a quinolonyl Tlactam

ester; and

(b) a pharmaceutically-acceptable carrier.

A "safe and effective amount” of a quinolonyl lactam ester is an
amount that is effective, to inhibit microbial growth at the site
of an infection to be treated in a human or lower animal subject,
without undue adverse side effects (such as toxicity, irritation,
or allergic response),  commensurate with a reasonable
benefit/risk ratfo when used in the manner of this invention.
The specific "safe and effective amount" will, obviously, vary
with such factors as the particular condition being treated, the
physical condition of the patient, the duration of treatment, the
nature of concurrent therapy (if any), the specific dosage form
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to. be wused, the cafrﬁer employed, . the 'solubility of the
quinolonyl lactam esters therein; and the dosage regimen desired
for the composition. _

The compositions of this invention are preferably provided
in unit dosage form. As used herein, a "unit dosage form" is a
composition of this invention containing an amount of a
quinolonyl lactam ester that is suitable for administration to a

human or lower animal subject, in a single dose, according to

good medical practice. These compositions preferably contain
from about 30 mg to about 20,000 mg, more preferably from about
50 mg (milligrams) to about 7000 mg, more preferably from about
500 mg to about 1500 mg, of a quinolonyl lactam ester.

The compositions of this invention may be in any of a
variety of forms, suitable (for example) for oral, rectal,
topical or parenteral administration. Depending upon the
particular route of administration desired, a variety of
pharmaceutically-acceptable carriers well-known in the art may be
used. These include solid or 1liquid fillers, diluents,
hydrotropes, surface-active agents, and encapsulating substances.
Optional pharmaceutically-active materials may be included, which
do not substantially interfere with the an;imicrobial activity of
the quinolonyl lactam ester. The amount of carrier employed in
conjunction with the quinolonyl lactam ester is sufficient to
provide a practical quantity of material for administration per
unit dose of the quinolonyl lactam ester. Techniques and
compositions for making dosage forms useful in the methods of
this invention are described in the following references, all
incorporated by reference herein: 7 Modern _Pharmaceutics,
Chapters 9 and 10 (Banker & Rhodes, editors, 1979); Lieberman et
al., Pharmaceutical Dosage Forms: Tablets (1981); and Ansel,
Introduction to Pharmaceutical Dosage Forms 2d Edition (1976).

In particular, pharmaceutically-acceptable carriers for
systemic administration include sugars, starches, cellulose and
its derivafives. malt, gelatin, talc, calcium sulfate, vegetable
oils, synthetic oils, polyols, alginic acid, phosphate buffer
solutions, emulsifiers, isotonic saline, and pyrogen-free water.
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éréferred " carriers for parenteré]‘ admfﬁi§tration " include
prdpy]ene glycol, ethyl oleate, pyrrolidone, ethanol, and sesame
0oil. Preferably, the pharmaceutically-acceptable carrier, in
compositions for parenteral administration, comprises at least
about 90% by weight by the total composition. _

Various oral dosage forms can be used, including such solid
forms as tablets, capsules, granules and bulk powders. These
oral forms comprise a safe and effective amount, usually at least
about 5%, and preferably from about 25% to about 50%, of the
quinolonyl lactam ester. Tablets can be compressed, tablet
triturates, enteric-coated, sugar-coated, fiim-coated, or
multiple-compressed, containing suitable binders, lubricants,
diluents, disintegrating agents, coloring agents, flavoring
agents, flow-inducing agents, and melting agents. Liquid oral
dosage forms include aqueous solutions, emulsions, suspensions,
solutions and/or suspensions reconstituted from non-effervescent
granules, and effervescent preparations reconstituted from
effervescent granules, containing suitable solvents,
preservatives, emulsifying agents, suspending agents, diluents,
sweeteners, melting agents, coloring agents and flavoring ageats.
Preferred carriers for oral. administration include gelatin,
propylene glycol, cottonseed oil and sesame oil.

The compositions of this invention can also be administered
topically to a subject, i.e., by the direct laying on or
spreading of the composition on the epidermal or epithelial
tissue of the subject. Such compositions include, for example,
lotions, creams, solutions, gels and solids. These topical
compositions preferably comprise a safe and effective amount,
usually at least about 0.1%, and preferably from about 1% to
about 5%, of the quinolonyl lactam ester. Suitable carriers for
topical administration preferably remain in place on the skin as
a continuous film, and resist being removed by perspiration or
immersion in water. Generally, the carrier is organic in nature
and capable of having dispersed or dissolved therein. the
quinolony]l lactam ester. The carrier may include
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pharmaceutically-acceptable emolients, emulsifiers, thickening
agents, and. solvents.
o Methods of Administration

This invention also provides methods of treating or

preventing an infectious disorder in a human or other animal
subject, by administering a safe and effective amount of a
quinolonyl lactam ester to said subject. As used herein, an
"infectious .disorder“ is any disorder characterized by the
presence of a microbial infection. Preferred methods of this
invention are for the treatment of bacterial infections. Such
infectious disorders ihclude (for example) central nervous system
infections, external ear infections, infections of the middle ear
{such as acute otitis media), infections of the cranial sinuses,
eye infections, infections of the oral cavity (such as infections
of the teeth, gums -and mucosa), upper respiratory tract
infections, 1lower respiratory tract infections, genitourinary
infections,  gastrointestinal infections, gynecological
infections, septicemia, bone and joint infections, skin and skin
structure infections, bacterial  endocarditis, burns,
antibacterial prophylaxis of surgery, and antibacterial
prophylaxis in {immunosuppressed patients (such as patients
receiving cancer chemotherapy, or organ transplant patients).

The quinolonyl lactam. esters and compositions of this
invention can be administered topically or systemically.
Systemic application includes any method of introducing the
quinolonyl lactam ester into the tissues of the body, e.g.,
intrathecal, epidural, intramuscular, transdermal,  intravenous,
intraperitoneal, subcutaneous, sublingual, rectal, and oral
administration. The specific dosage of antimicrobial to be
administered, as well as the duration of treatment, are mutually
dependent. The dosage and treatment regimen will also depend
upon such factors as the specific quinolonyl lactam ester used,
the resistance pattern of the infecting organism to the
quinolonyl lactam ester used, the ability of the quinolonyl
lactam ester to reach minimum inhibitory concentrations at the
site of the infection, the nature and extent of other infections
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(if any), the personal attributes of the subject . (sdch as
weight), compTiance with the treatment regimen, and the presence
and severity of any side effects of the treatment.

Typically, for a human adult (weighing approximately 70
kilograms), from about 75 mg to about 30,000 mg, more preferably
from about 100 mg to about 20,000 mg, more preferably from about
500 mg to about 3500 mg, of quinolonyl lactam ester are

administered per day. Treatment regimens preferably extend from

about 1 to about 56 days, more preferably from about 7 to about
28 days, in duration. Prophylactic regimens (such as avoidance
of opportunistic infections in immunocompromised patients) may
extend 6 months, or longer, according to good medical practice.

A preferred method of parenteral administration is through
intramuscular injection. As is known and practiced in the art,
all formulations for parenteral administration must be sterile.
For mammals, especially humans, (assuming an approximate body
weight of 70 kilograms) individual doses of from about 100 mg to
about 7000 mg, preferably from about 500 mg to about 1500 mg, are

_acceptable.

A preferred ethod of systemic administration is oral.
Individual doses of from about 100 mg to about 2500 mg,
preferably from about 250 mg to about 1000 mg are preferred.

Topical administration can be used to deliver the quinolonyl
lactam ester systemically, or to treat a local infection. The
amounts of duinoIonyl lactam ester to be topically administered
depends upon such factors as skin sensitivity, type and location
of the tissue to be treated, the composition and carrier (if any)
to be administered, the particular gquinolonyl lactam ester to be
administered, as well as the particular disorder to be treated
and the extent to which systemic (as distinguished from local)
effects are desired.

The following non-limiting examples illustrate the
compounds, compositions, processes, and uses of the present
invention. -
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EXAMPLE 1
[S5R])[5a,6a]]-3-{[7-[(3-amino-1-pyrrolidinyl)-6-fluoro-1-
(2.4-dif1uorophenyl)-l,4-dihydro-4-oxo-3-(l,8-nqphtHyridiny1)]
carbonyloxy)methyl]-6-(1(R)-hydroxyethyl)-7-oxo-4-thia-1-aza-
bicyclo[3.2.0]hept-2-ene-2-carboxylic acid, according to this
invention is made by the following general reaction sequence.

CO,CH, CH~CH,

\/

s \
Rl

€O, CH, THeCH,

-

\ O

2
*”»»v%r@(



Thi s Sheet Has Been Re | aced

| 111141112 111111 11 11

10

15

20

25

30

35

REPLACEMENT SHEET

1 119 AUG 1996

. -89-

Approximately 0.28 mmol  (0.112 g) of  (5R)[5¢,6a]]-3-
hydroxymethyl-6-(1(R)-t-butyldimethylsiloxyethyl)-7-oxo-thia-1-
azabicyc]o[3.2.0]hept-Z-én&w2~carboxy1ic acid, a]]yf ester (made
according to U.S.. Patent 4,631,150, Battistini et al., issued
December 23, 1986, incorporated by reference herein) is dissolved
in approximately 10 m1 THF (tetrahydrofuran). Under a nitrogen
blanket, at approximately 22°C (72°F), approximately 0.32 mmol of
diethylazodicarboxylate, 0.32 mmol of 6-fluoro-1-(2,4-difluor-
ophenyl)-1,4-dihydro-4-0xo0-7-[3-[3-(1-propenyl)oxycarbonyl}amino-
1-pyrrolidinyl]}-3-(1,8-naphthyridine)-carboxylic acid and 0.32
mmol PPh3 (triphenyl phosphine) are sequentially added with
stirring. After approximately 15 minutes, 10 ml phosphate buffer
(0.5 M, pH 7.0) is added, the THF is rapidly evaporated, and the
aqueous residue is extracted with dichloromethane. Drying and
removal of the solvent ij vacuo yields the crude Product (I)
which is further purified by flash chromatography.

Approximately 0.15 g of Product (I) (0.18 mmol) is dissolved
in 20 m1 THF. Then 40 microliters of glacial acetic acid and

60 mg of tetrabutyl ammonium fluoride are added and the reaction
is allowed to stand approxihate]y 24 hours at ambient
temperature. The THF is evaporated and the residue is taken up
in dichloromethane. Extraction with aqueous bicarbonate, and
solvent reduction, yields product (II).

Approximately 60 mg of Product (II) (0.08 mmol) is then
dissolved in 15 ml THF at ambient temperature, and 5 mg PPh3,
44 mg sodium ethylhexanoate and 5 mg Pd(PPh3)q are added with
stirring. Within several minutes a precipitate forms and is
collected by filtration. The solid final product (III) is
purified to analytical purity by repeated trituration.

Simi]afly. the following quinolonyl Jlactam esters are
prepared according to the general procedure of this Example, with

- substantially similar results.
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f'f\ Na

using the qu1nolone 7—(3-am1nopyrrol1d1nyl)-l-cyclopropyl-6.8-
difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (prepared
according to J. P. Sanchez, et al., J. Med. Chem., 1988, 31, 983)

CO,Na

using the quinolone 6-fluoro-1,4-dihydro-1-methylamino-7-(4-
methyl-1-piperazinyl)-4-oxo-3-quinoline carboxylic acid (prepared .
according to M.P. Wentland, et al., J. Med. Chem. 1984, 27, 1103)

using the naphthyridinone 7-(2,5-diazabicyclo[2.2.1]}heptan-
2-y1)-1-{1,1- dtmethylethyl) -6-fluoro-1,4-dihydro-4-oxo-1,8-
naphthyridine-3- carboxylic acid (prepared accord1ng to A. Weber,
et al., Eur. Pat. Appl. EP 266576)



An anhydfous sol ution of approxinﬁtely 20 g 1l-ethyl-6-
fluoro-1, 4- di hydr o- 4- oxo- 7-[ 4-[ 2- propenyl oxy) car bonyl ] - |.- pi per a-

zinyk]-3-quinolinecarboxylic acid sodium salt and ﬁEH§A§EWEQ§;SHFEf

triethylamne in 100 m of dioxane and 20 nl of acetope
Oferr]C (32[err]F).- -To this stirred solution is addef 4.4 m of -
et hyl chl orof or mat e dropwi se -keeping the tenperature al P[ 49 AUG 1996 '
(36[err]F). This solution is stirred at O[err]C (32[erf]F) for 45 mijnyt es.

to

25 . ‘A cool ed solution of 7.8 g.of 6-am nopenicillapiC acrd potassrum
salt (I'), 4.2 ml -of triethylamne and 9.6 m of9Waterlis _added |
‘at once to the above-m xed anhydride solution and stirred at . .. room
tenperature until reaction is conplete as per TLC (thin | ayer

chronmat ography. The reaction. mxture is hed wth 30

di chl oronet hane then the aqueousykayer IS a0|qrfned Eﬁ“pkfz wth I N

HCl1. The aqueous |l ayer is extractied with dichkord Sﬂd and t he

conbi ned organic extracts are v hectswi t h ed over
5 N ~ s}

£0,Na o o

using the quinolone 6,8-difluoro-1-(2-fluorocethyl)-1,4-dihydro-
4-0x0-7-(4-methyl-1-piperazinyl)-3-quinolinecarboxylic acid
10 (prepared according to T. Iridura, Aust. Pat. Specif. AU 537813)

K N N
E |
15 . o N
~ 0 F
. €O, Na o o

using the quinolone 9-fluoro-4,7-dihydro-3-methyl-10-(4-methyl-

20 1-piperazinyl)-7-oxo-2H-pyrido[1,2,3-de]}-1,4-benzoxazine-6-
carboxylic acid (prepired according to I. Hagakawa et al., Chem.
Pharm Bull. 1984, 32, 4907) '

25 -

<, Y i

F

CO, Na 0 (o]
30
using the quinolone' 7-(3-aminopyrrolidinyl)-8-chloro-1-
cyclopropyl-6-fluoro-1,4-dihydro -4-0x0-3-quinolinecarboxylic

acid (prepared according to J. P. Sanchez, et al., J. Med. Chem.,

1988, 31, 983) and the B-lactam [5R-{4B,Sa,sa]]-6-[(R)-l-(t-
35 buty]dimethylsilyloxy)ethyl]~2-(hydroxymethyl)-4-methy1-7-oxo-l-

azabicyclo[3.2.0}hept-2-ene-2-carboxylic acid aliyl ester



sodi um sul fate and concentrated in vacuo to yield Product (I1).

Approxirmately 13:0 g of ‘Product (11) is added to a stirred 35  ..Ssolut]

on-

of mercury(ll). acetate (12.8 g) in acetic acid (-200.
tenperature. Acetone is mxed with the resulting gel
-106- ~- - - -the insoluble material filtered off and
and " ether to give Product (II11). An excess of i
is added to a stirred suspension of 11.9 g of the sal
in dinethyl -sulfoxide (45 m). -After 2 hours the m xfure 5
wi th dichl oronmet hane, filtered and washed w t h-gmter .-

“is dilug

| ayer is dried (sodiumsulfate) and concentrated. to ) ‘give a mxture
of products with the des¢pseed Rcoending (YoVB.G.sEheisdeinsen et alpy Eur. Pat. Appl. -

chromat ography. . Thi gpt{gs8is aQ!l Megs(4.4 g) and nmercury (I1)

10

using the quipolone 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo
(1-piperazinyl)-3-quinolinecarboxylic acid (prepared according

-7-

to

K. Grohe et al., Ger. Offen. DE 3142854 ) and the B-lactam

s [5R-[48,5a,6a])]-6-[(R)-1-(t-butyldimethylsilyloxy)ethyl]-2-
carboxylic acid allyl ester (prepared according to B
Christensen et al., Eur. Pat. Appl. EP 185315 Al, 1986).

EXAMPLE 2

According to the general procedure of Example 1,
20

TN o] o

(hydroxymethyl)-4-methyl-7-oxo0-1-azabicyclo[3.2.0]hept-2-ene-2-
.G.

the
following quinolonyl lactam - ester is made:

using the quinolone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-6-
fluoro-1,4-dihydro -4-oxo-3-quinolinecarboxylic acid (prepared

30

983).

according to J. P. Sanchez, et al., J. Med. Chem., 1988, 3I,

Similarly, the following quinolonyl lactam ester fis prepared
according to the general procedure of this Example, with

35 substantially similar results.



acetate (1.08 g) in dinethyl sulfoxide (80 m) are stirred for 18 10
hours.+  The mxture -is then <diluted - wth -dichloronethane,
filtered and washed with water. The organic layer is dried over .
sodi um sul fate and evaporated to yield Product (V).

Appr oxi mat el'y- 2. 95 g of -Product (V) i-s di ssol ved in acetone : (35 nl),
and - apprOXInater 0.95 g of p-toluene sulfonic aC|d 15———rpnohydrate is
added. - The’ mxture is stirred for 20 ninutes at REBLACHMENT SHEET o
(64[err]F). The solvent is -théen evaporated t-o | eave |Prjoduct qVvi) ,
which is triturated. To a solution of .2.3 g @8- Prodyct 19 Aus(gh% n.

di chl oronet hane (20 m) is added 0.52 m of phenoxyacejt Vil orlée.-.
with ice-bath cooling. This mxture is stirred and a ]2 solutiondofl -
0.55.m of pyridine in dichszonethane m) is added durlng -a
period of 30 mnutes. After stlrrln an addtTomar—36

m nutes, the mxture is con ed, N Mesi due di ssolved in

di chl or onet hane, washed wi? Lite H wat er, saturated sodi um

bi carbonate, and® brine, and dri)&d er sodi um sul fat e and evapor at ed
to give Product (VII). o8 Produce (VII) (approximately 0.91 g) is
dissolved in 15 m of acetone wth 0.26 ml of acetic acid and cool ed
to O[err]C (32[err]F). - Approxi mately 0.25 g of potassium

per manganat e, di ssol vesingn the 10 mniB-dictamt er, i[SRIAAAcTH,EeHp6MdRY e (t-

Lemper ature at appr ox} el s il 11y10%) RRRIS-£ 300 akGbReny S th e a6l 4 on
i fb azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid allyl ester

(prepared according to B.G. Christensen et al., Eur. Pat. Appl.
EP 185315 Al, 1986).
EXAMPLE 3
According to the general procedure of Example 1, the

15 _ following quinolonyl lactam ester is made:

\/:‘"
1
1
3

S
& [s] N
20 \7,;J\\~/,0
0, N

using the naphthyridinone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-
6-fluoro-1,4-dihydro -4-oxo-1,8-naphthyridine-3-carboxylic acid
25 (prepared according to J. P. Sanchez, et al., J. Med. Chem.,
1988, 31, 983). - :
Similarly, the following quinolonyl lactam ester is prepared
according to the general procedure of this Example, with
substantially similar results.

30
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. *@W

€T Ne



to roomterrperature and allowed to stir for 3 hours S
then fi'ltered, and washed w th di chl oronet hane.” The FREPLA f@é“ﬁ SHEET ils -
diluted with water and the |ayers separated. The prfanic - ayer. i s
washed with. saturated sodium bi carbonate sol ution ahd 3519 AUGN@% d |ed
and- evaporat ed to give Product (VIII). : - :
-107- o An anhydrous sol ution of appr oxi

_ LIyU4bgPrOdCt
(VIII) |n4rr1 of 'DMF i s nade, and approxmately 0.95 9 of
DVF[err]SO[err] " ~conpl ex s added. Thi s ¢ al I'éned t_o stir 2 hours or
until the reactlon is conplete as shown by TLC. The m xture is
then -5 . diluted- 20 Mipe of dgqtgkpgnprret ha{;ﬁ GAALES 669 18- ((ef1-Q-5
S

e 20250 e s ol e i
azabicyclo[3.2.0]hept-2-ene-2- carboxyl1c acid allyl ester
(prepared according to B.G. Christensen et al., Eur. Pat. Appl.
5 EP 185315 Al, 1986)
EXAMPLE 4
[5R-[5a, 601] -3-[[[1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-
(1- plperaz1ny1) -3- qu1nollny1]carbonyloxy]methy]] -6-[(R)-1-
hydroxyethyl}-7-oxo-4-thia-1-azabicyclo(3.2.0]hept-
10 2-ene-2-carboxylic Acid

:-B-..HQ=SEO

| /Ls_ s ’.)Hs. Fm:x"‘
20 ] I * o 2

o ”~
TH,=CHCH,C - P
S Y '/\,‘J'l\ocn,':n.cnz
i J

25 ) N
S
Y W

CH, =CHOH 27N
\ 1 ¥

cx, ~THCY n

; '.l



hydrogen sulfate is added. The | ayers are separated and the

organi-c | ayer is washed mﬁth wat er; dried. and concentrated to-10 el d- .
Product (I X). - . " The product (LX) is-taken ug met '
m of di chl or omet hane, - 30 n of water and 5 ny o

phi ne) - palladi um .chl ofide.- The nmixture is -tre

approxi mately 150 microliters of tributyl tin hydride
mai ntai ni ng'a tenperature of approxi mately 21[err] C (
rapid stirring for. approximately 5 mi.nutes, the depro
is isolated by filtration. Th|5|sthentaken95up|n-. .
met-hanol, filtered, and washed wth water. The - . filtrate is
concent r at ed toyield final Product: (X) which |s 20 - purified by

trituration,. .
antim crobial conposition for pahen(eral adn1n|s |on (/N\) accordlng to

this invention, is nmade conpri sing:?
Anmount [5F§[5[err],6[err]]-3- s(3-anin
pyrrolidinyl)-6-¥luoro-1-(2,4- o ndLL uor

| hydr o- 4- oxo- 3-

COOH ° 0 VIl

A mixture of approximately 5.0 g of ciprofioxacin I in 175

10 ml of water at approximately 0°C is adjusted to approximately pH

12 by adding IN NaOH. .To this solution is added approximately 44

ml of acetone followed by the dropwise addition of approximately

2.7 g of allylchloroformate in 33 ml of acetone. The reaction is

stirred approximately one hour in the cold while maintaining the

15 mixture at pH 10-12 by addition of more IN NaOH. Then the

reaction is concentrated to approximately 125 ml and is extracted

twice with ether. The aqueous layer is cooled in an ice bath,

acidified with 10% HCl and is extracted three times with ethyl

acetate. The extract is washed with water, dried over Na2504,

20 filtered, and the filtrate is concentrated to dryness to give.ll.

To a solution of approximately 6 g of Il in CH2Cl2 at approxi-

mately 0°C is added dropwise a solution of approximately 0.73 ¢

of NaOH in 5 ml of methanol. The mixture is stirred for one hour

at ambient temperature, and concentrated to dryness. The residue

25 is triturated in ether and the sodium salt IIl is co]ﬁecfed by
filtration.

Separately, to a solution of approximately 5.0 g of [5R-
[5a,68]]-3-hydroxymethyl-6-(1-(R)-t-butyldimethyisiloxyethyl)-
7-0xo-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid

30 allyl ester and 1.7 ml of triethylamine in 30 ml of CH2C12 at
approximately -40°C is added approximately 1.1 ml of mesyl
chloride. The reaction is stirred for approximately 10 minutes,
then washed with 10% aqueous NaHCO3 and water. The organic phase
is dried over NaySO4, filtered, and the filtrate is concentrated

35 to dryness to gfve IV. To a solution of approximately 4.3 g of
the mesylate IV in 30 ml of DMF at approximately 0°C is added
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approx1mate1y 3.94¢ of III and the reaction -is stirred cold for

approximately four hours and at ambient temperature for approxi-
mately one hour. The reaction is concentrated to dryness in
vacuo and the residue is dissolved in CHzCl; and washed with

water. The organic phase is dried over NazSO4, filtered and the

filtrate is concentrated to dryness. The residue is purified by

flash chromatography (silica gel) to give V. To a mixture of

apprdximately 2.6 g of V and 2 m! of glacial acetic acid in 30 ml
of THF at room temperature is added approximately 3.5 g of
tetra-n-butylammonium fluoride trihydrate. The mixture is
stirred for approximately 30 hours, then concentrated to dryness
and residue is purified by flash chrbmatography (silica gel) to
give VI. To a mixture of approximately 1.3 g of VI, 0.19 ml of
water and 0.027 g of bis(triphenylphosphine)palladium chloride in
approximately 36 ml of CHClp at approximately 19°C is added
approximately 1.1 ml of tributyltinhydride. The mixture is
rapidly stirred for approximately 10 minutes and the precipitate
is collected by filtration. The solid is triturated in acetone
and is collected by filtration to afford the title compound VII.

Similarly, the following quinolonyl Jlactam esters “are
prepared according to the general procedure of this Example, with
substantially similar results.

using the quinolone 7-(3-aminopyrrolidinyl)-8-chloro-1-
cyclopropyl-6-fluoro-1,4-dihydro -4-oxg-3jquin01inecarboxy]ic
acid (prepared according to J. P. Sanchez, et al., J. Med. Chem.,
1988, 31, 983)

by -



5 . carboxynethylcellulose -0.53

povi dorie¢ C T - 0.50 et hyl
paraben - - . , L 0.11 1 REFRAZEMENT SHERT
0.011 1 a quinol onyl |actam ester, nadela npl e

110 "The above- |ngred|ents are mxed, fo
Approx1nate|y 2.0 i of © the suspensi on is - ¢
adm ni stered, via intranuscul ar |nject|on .o a human $ulhj ect
suffering - from a lower respiratory -tract infectidn, wth

St rept ococcus pneunoni ae present. This dosage ¥ -repeatiedtwi-ce—t5
daily, for approximately 14 days. - After 4 days, synptons of the:

di sease subsi de, i ndi cating L\gpﬂ the pathogen has - been -
substantially eradi cated. 1 : «+ EXAMPLE 8

An enteric coated antimcrobial/ LY;D '
npri’si ng " the

adm ni stration, according to thjs«

foll owi ng core tqplet ' RO e ]

Amount ( ng) [BR][5[err], 6[err]] [ [ 74 ( 3tlam no- 1-
pyrrolidinyl)-6-fluoro-1-(2,4- 25 Wi fl uofophényl)-1, 4-di hydr o- 4- oxo- 3-
(1, 8-napht hyri di nyl )] carbonyl oxy] net hyl ] -

using the quinﬂlone l-ethjl-6-fldoro-1;4-dihydro;4-oxo-7-(l-
piperazinyl)-3-quinoline carboxylic acid (prepared according to
H. Koga, et al., J. Med. Chem., 1980, 23, 1358)

10

15 | \{°" O/

| CO,Ma 0 0

using the quinolone 6-fluoro-l-(4-fluorophenyl)~l,4-&ihydro-7-
20 (4-methyl-1-piperazinyl) 4-0x0-3-quinolinecarboxylic acid

(prepared according to D.T.W. Chu et al., J. Med. Chem. 1985, 28,

1558) ' '
25

~ Y -
N N NH,
CC,Na . 0 [0}

30

using the quinolone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-6,8-

difluoro—l.4-dihydro-4-oxo-3—quinolinecarboxy]ic acid (prepared

according to J. P. Sanchez, et al., J. Med. Chem., 1988, 31, 983)
35 and the B-lactam [SR-[4B.5a,6&]]-6-[(R)-l-(t-buty]d1methy1si]yl-

oxy}ethyl]-2-(hydroxymethyl)-4<methyl-7-oxo-l-azabicyclo[3.2.0]



6- (1 (.R) - hydroxyethyl) 7- 0X0- 4- thla- 1 azablcyclo[3 2. 0] hept - 2-ene-

- 2-carboxyl'ic acidi- _ . F56-—0-80———starci
30.0- . magnesium stearate . . - L REPLACEMENT SHEET

m crocrystal line cellulose s S 14o0. —TolT9i ¢al
sil'i.can di oxi de’ . o 2:5 S R [o) o, :
12.5 35 ' a qui nol onyl | act am'est'er,. Agde 1? %n‘&%o
Exanple 1 o : - L<109 ' '
The conponents are- adni xed into a bulk m xture, 8}1N¢ressed_ L ta$|ets
are formed, using tabletting nmethods known in the arth The tabl ets

are coated W th a suspgpei0pndb. EWBWF&"&%IIB allyl ester {prepared -according to

10

15

20

25

30

35

B.G. Chriﬁtensen et al., Eur. Pat. Appl. EP 185315 Al, 1986).
' EXAMPLE S
Product III, according to this invention, is made by the
following general reaction sequence.

Noem

MeSl"HCHO\n,\) - A

0 1
t-BuMe,Si0 |
7 P
. !
+ Y . J°
0
° il
Me,SiCH,CH,0

A

L ol

Approximately 1.26 g of ciprofloxacin and 1.59 g NaHCO3 is
suspended in approximately 25 ml of water and stirred for
approximatély | hour. Approximately 0.72 g of 2-(trimethylsilyl)
ethyl chloroformate (made according to 38 Zhur obschei Khim.
1179'(1968)) in approximately 10 ml of tetrahydrofuran is added
dropwise to the stirring aqueous solution. After approximately ]
hour the mixture is poured into 150 ml of chloroform and.
acidified with 150 ml of cold 0.IM HCl. The aqueous phase is
extracted with chloroform again and the combined chloroform




acid/ methacryl ate ester polyner in isopropanol/acetone. A human

subj ect , . ~having a-urinary-tract infection with Escherichia cold

present, is orally adninistered two.of the tablets, elegsplBCEMENT SHERDUY s,
for 14 days. Synptons of the disease then subS|1e “==—TTdi ta |ng

subst anti al eradi 'cat"i-on of the.pathogen. - 10 1 19' AUGZ‘Q% l

fa}érs are washed successively wi;h cold O0.1IM HCI; watér, and

-99-

saturated aqueous sodium chloride. The chloroform solution is
dried over Na3SO4, filtered, and concentrated. The residue is
triturated with ether to provide product I after filtration.
5 A mixture of approximately 0.16 g of product I, 0.20. g of
product Il (prepared as above), and 0.040 g of NaHCO3 are
.combined in approximately 1 ml of dimethylformamide under an
ineft atmosphere. The miiture is heated at.approximatély 70°C
for 8 hours and then cooled to room temperature. The addition of
10 approximately 0.50 g of tetra-n-butylammonium fluoride trihydrate
is followed by stirring for approximately 16 hours at room
température. The mixture is then eluted through a DowexR 50x4
(Na cycle) column with deionized water. The appropriate
fractions are partially concentrated in vacuo, then lyophilized
15 to give the final product III.
Similarly, the following quinolonyl! Tlactam esters are
prepared according to the general procedure of this Example, with
substantially similar results.

20

25
using the quinolone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-6,8-
difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic - acid (prepared
according to J. P. Sanchez, et al., J. Med. Chem., 1988, 31, 983)

30

35 75, M o o]
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30
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| REPLACEMENT SHEET |-
] 19°Au6 W96 | |
-100-
using - the.- quinolone - .7¥(3-§mindpyfrblidiﬁyl)-a-dh[oro-l--
cyclopropyl-6-fluoro-1,4-dihydro -4-0x0-3-quinolinecarboxylic

acid (prepared acéording to J. P. Sanchez, et al., J. Med. Chem.,
1988, 31, 983)

|

e~ 3/\/" F

CO,Na o o

using the quinolone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-6-
fluoro-1,4-dihydro -4-oxo-3-quinolinecarboxylic acid (prepared
according to J. P. Sanchez, et al., J. Med. Chem., 1988, 31, 983)

~H

~ ‘?7 | (::>h_
‘ N ‘ N\ N Ni- 1
L™ . /\/O ~Z r
CO,Na o] [o) .

using the naphthyridinone 7-(3-aminopyrrolidinyl)-1-cyclopropyl-
6-fluoro-1,4-dihydro -4-0x0-1,8-naphthyridine-3-carboxylic acid
(prepared according to J. P. Sanchez, et al., J. Med. Chem.,
1988, 31, 983). . :

The following other quinolonyl lactam esters are made by the
general procedures of this Example and Examples 1 - 4, with
substantially similar results.

s}



CLAI M8 ~©

[erP]. -

1.

10

15

20

- 30

35

25

A conpound of the general fornula

éEPLACEMENT SHEET
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-101-

o F
co,Na o o
s Y (\'IH
W NP,
s}
N om
o 3
Co,Na o o
N -OMe
H M /" Y (\N“
NH H '
X / o . : N _N\/'
N 2 o
X \H\/ E
CO,Na o] 0



is

(A R[err] hydr ogen, hal ogen, al kyl , al kenyl , heteroal kyI a
carbocytlic ring, a heterocycllc rlng R[err] 0, R[err]CH:N~ :
(Rlerr])(Rlerr])N-, Rerr]-C=CHRerr]) - O)NH
Rlerr]-C NOR[err]) C( =0) NH-, or R[err] (CH[err])[err] -C(=0) NH-,
preferably - - al kyl, al kenyl, '
R[err]'-C(‘+'NOR[er r])-C(=0) N+, " or U ,
Rlerr]-(CHerr])[err]-C(=0)NH; vvhere (D) m|£EBhAGﬁM%He$H5ﬁT nO'to
9,.preferably fromO-to 3; . - (2) Rerr] and R rr are, . - :
i ndependently, R err] where Rerr] is rqgeAUG 1996K\! .
al kenyl, a-carbocyclic ring, or a. . - heter lic ring. -
substituent; or Rerr] and R err] toget Her o —eonpriseTa
het erocyclic ring-including the nitrogen to whi ch they arg
bonded; (3) R12 IS hydr ogen, al kyl , al'kenyl, het er oal kyl ,
het er oal kenyl, a carbocyclic ring, or a heterocyclic ring,
preferably al kyl, a carbocycl g or he erq@!c ring;
(4) Rerr] is R®rr], --Z[err]@ru%(‘ (Rlerr N NH,

o}

0

CO,Na o 0
10 y e
H,N ¢]
Ny RPN
s ! s N N\/l
LI~ e} l
o F
co, Na n )
15 ‘
Uy 16N
! : " N
N 2 ) !
0 F
20 CO,NA [} )
N[-’.’ﬁc o] 1 .
N T Y~ % e
Sl = Ol Gt
25 0 N\SO,NU b
\/"‘" Y F
: j N NQNNHJ
30 oﬁs |

35



(5) R[er ] IS

-C(Rerr]) (Rlerr])CO0H-  ~q- . |
preferably R err] or -C(R[err])(R[err])COC]—I V\/nere R[err] and R[err]___'

|ndependently,

are,
TR

hal ogen,

Rerr],

R[-err] or hal ogen;

N(R[err])R[err]

Z[err] or”-CH, -SH

preferably O;
het er oal kyl ;

10

15

20

25

30
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R[err]

Rlerr] or

CC,Na

CC,Na

aryIaIkyI,
OORerr], -or

-t oget her
carbocyclic ring or a heterocyclic rijn
car bon, at'om to which Rlerr] and Rlerr] are bonded;

het eroaryl al kyl ,
-C(=0) NH R[err]

conpr irs

EPLACE

T«Lﬂ

-Z[err], or “CH(Z[err])(Rerr]), prlefler 4 UG 1996 "'
(7) Z[err] is -Q(=0 Rerr]| FC(=0)Rlerr], \
-S(0)[err]Rerr], or -100R[fer'+t—ama Z err]
, or -SBH; (a) pis an {nteger from0.t
- (b) Rerr] is hydrogen; alkyl; alkenyl;
° /\/\"/Lnﬁ:
0%?\" |
'7)\ ~°
o] [o]

e.il'::IET S_!:EET |
(6) R['err] s\‘

.2,



heteroalﬁenyl a carbocyclic rihg, a heterocyclic | ring;

-SJerr™H, . -C(=ORerr]; .or, - wien - Rerr] - is -~ o '
_CH(Z[err])(R[err]) and Z[err] |s-N(R[err])R[err] WP[A . T
conprise a noiety bonded to R16 to form a . g‘@iﬂgﬂﬁlc ]I‘I ng;
and - : (c) R[err] i.s HRerr]; NH(R[err]) N R[err])(R[err])P e
QRerr]), - | S(R[err]) preferably R Errig ANG(®9érr]):. or’
N(R[err])(R[err]) - where RR1 i's al kyl'l Bl kenyl, a

carbocyclic ring, a . .. heterocyclic ring ..JT"va'FT‘R["e'F‘r] is
N(Rlerr])(Rerr]) R[err] may be-HMrmiE\ébondedtg B]e[r] to
forma : : heterocycllc ring; and (8 6 1s R24. or :
hydrogen, preferably hydrogen, alkyl, a ME—G,%r bocyclic ring or a

het erocyclic ring;, where R2%-(i25,3b)]-2-[[1- Ualolpybuﬁaﬂfémyﬂo 1 -yl inldky14;-0xo0-7-

het eroal kyl ; heteroal If‘?riylperazmyl)3 urn@lﬁﬁ}pﬁ%yﬂoﬂy {;’% ﬁ hswée&m)m,ng,
g8t 57

a heterocycllc err
Rerr] is Rerr], Reff]¢ ﬂ’éP 1- azet1d1nesq_—1[%£ﬂc] %S? Fﬂﬁdl %ta this

het erocyclic ri né i nclingéntdon, is made byt the fioltlpwipgngeneom treacthorciseffesce] i s
bonded; (B) R2 is hydrogen, hal ogen, al koxy, or R22C(=O)NH, preferably
hydr ogen or al koxy; where R22 is hydrogen or alkyl; (C bond "a" is a

single bond or is nil; andjjond “b" is a singl,e bond, a double bond,
or is nil; except bond "%1"!" P . ).__,/\><

10 A O\ ° .“co,x , I.

€0, 7H, THCH, {r:
COCN H\.H /
) mv)w \ﬁ

)
. ’
€O, CH,CHCH,

20 | \O

Sy R o= P = HyDA:
Y)Y R=Me R =

T, I, "wlm,

g

.35



bond ."b" are not both niI (D Rerr] is -C(R[err])-, or -CHerr]-Rerr]-,
preferaUIy ~C(Rerr])- mhere - Rerr] - ~C(R[er{]), -0-,--or -N-, and .
R23 i.s directly bonded to. N in Fornula (1) to forr j N ;
except, if bond "a" is nil, then Rerr] is (1) -

wher e ' e (i) Z[err] is -HRerr]; -

-S(C»rR[err] mhere r-is an’ L ' i nt eger fr

preferably 0; -OC(=O Rl err]; or - N( R25)

Rlerr] and R err] i ndependently, alkyl, alkenyl,

car bocyclic ring or het erocyclic ri-mos-

substituents; or R25 and R26 together conprise a

10

15

20

25

30

35

(M) R =N, I5oH
{ Vi) R = NHCOCH,0Ph

(W) R=H
X)) R =50,-N8u,* . l

An anhydrous solution of approximately 20'g 1-ethyl-6-

- fluoro-1,4-dihydro-4-oxo-7-[4-[2-propenyloxy)carbonyl]-1-pipera-

zinyl]-3-quinolinecarboxylic acid sodium salt and 6.4 ml~ of
triethylamine in 100 m1 of dioxane and 20 ml of acetone is cooled
to 0. C (32_F). To this stirred solution is added 4.4 ml of
ethylchloroformate dropwise keeping the temperature at 2°C
(36°F). This solution is stirred at 0°C (32°F) for 45 minutes.
A cooled solution of 7.8 g of 6-aminopenicillanic acid potassium
salt (1), 4.2 ml of triethylamine and 9.6 m! of water is added
all at once to the above mixed anhydride solution and stirred at
room temperature until reaction is complete as per TLC (thin
layer chromatography. The reaction mixture is washed with
dichloromethane then the aqueous layer is acidified to pH 2 with
IN HC1. The aqueous layer is extracted with dichloromethane and
the combined organic extracts are washed with water, dried over
sodium sulfate and concentrated in vacuo to yield Product (II).

. Approximately 13.0 g of Product (1I) is added to a stirred
solution of mercury(ll) acetate (12.8 g) in acetic acid (200 ml),

at room temperature. Acetone is mixed with the resulting gel and



heterocyclic ring including the nitrogen atom to whi ch

Rl err] -and Rferr] are .bonded;~or ~ - (2)- -CHerr]-Rerr]-; where Rerr]
|s-CKNerH)(NerH) -0-, or -NR[err], . - - andF&7|s directly -
bonded to N in Fornula (1) to form - o.a 5-ne_ eﬁﬂﬂj@EMBNTGEEET(l) .
i f ‘bond "b"--is ‘a single bond Rierr]-is -CH(Rlerr})-; ok bond
"a" is nil; -C(ONHSO err]-; or U(R[err]) ;i f R[er | cont aj ns
a R[err] nnlety where R28 is hydr ogen or "COOH, h?éh&ié%%& Ao,
and - C*-is linked to R32 to forma. - - 3-nmenbere i ng; f -
bond "b" is a double bond, R4.is -C(R28)=; or -106- (3} T7f bond "b" is ni

e s oy SPer - Sk elblley SN o ana T T o

-OCH( R err]) COOH, etperettergabhyProduct (ITL)SOHMA, excess of diazomethane in ether
-C(ONHSO err] NCR[ err ] X(H&Er 1d ;2 WhEMRd RE@srpElsﬂoﬁ qu}oﬂ%nofaw‘éylsalt Product

o el @ cerocvel) i 0 apELSIRRIA (s % py gy e S
-C(ONHSO err] N(R err ]I)S(thlgteq Wi tiRdéchToromedhateer F{1terngd and washed withgenteer

conprise a heterocyclthe Jr‘gﬁﬁhc 'Wﬂr“qg gt ied N&odium su]fateﬁ'atnﬁogcﬁ\'aeﬁtQa‘(‘é'H Ct|3
R29 and R30 are bonded an "

Rlerr] is V; (2)9 B&%m%bwﬂﬁpwﬂﬁﬁﬁ&uﬁﬂﬁ' %JMS”%@“

by chromatography This thiol (IV) (4.4 g) and mercury (IlI)
acetate (1.08 g) in dimethyl sulfoxide (80 ml) are stirred for 18

10 hours.” The mixture is then diluted with dichloromethane,
filtered and washed with water. The organic layer is dried over
sodium sulfate and evaporated to yield Product (V).

Approximately 2.95 g of Product (V) is dissolved in acetone

(35 m1), and approximately 0.95 g of p-toluene sulfonic acid
15 monohydrate is added. The mixture is stirred for 20 minutes at
18°C (64°F). The solvent is then evaporated to leave Product
(VI), which is triturated. To a solution of 2.3 g of Product
(VI) in dichloromethane (20 ml) is added 0.52 ml of phenoxyacetyl
chloride with ice-bath cooling. This mixture is stirred and a
20 . solution of 0.55 ml of pyridine in dichloromethane (4 ml)
added during a period of 30 minutes. After stirring an
additional 30 minutes, the mixture is concentrated, and the
residue dissolved in dichloromethane, washed with dilute HCI,
water, saturated sodium bicarbonate, and brine, and dried over
25 sodium sulfate and evaporated to give Product (VII).

Product (VII) (approximately 0.91 g) is dissolved in 15 ml
of acetone with 0.26 m1 of acetic acid and cooled to 0°C (32°F).
Approximately 0.25 g of potassium permanganate, dissolved in
10 ml of water, is added keeping the temperature at approximately

30 2°C (36°F). When the addition is complete, the mixture is warmed
to room temperature and allowed to stir for 3 hours. The solid
is then filtered, and washed with dichloromethane. The filtrate
is diluted with water and the layers separated. The organic
layer is washed with saturated sodium bicarbonate solution and

35 water, dried and evaporated to give Product (VIII).



-Xerr]- EIerr]zC(R[err]) Rlerr]-y- or -Xerr]- C[err](R[err])-R[err];Y-; or
(3) 1f~bond "a" is-a single bond and bond "b" is-a double - - bond, -

Rlerr]. . -Q(Rlerr])(Rlerr])-Xeri]-g _
Xert]-O(Rierr] ) (Rierr])- Glerr]-Rerr] -y ‘or -X aréi}&%iﬁif”ﬂv,
\mme (a) - Xerr] r'qmew]h-’ efel]R err] is hydfogen,
al kyl S = al koxy ' (b) Xefr iW@UGS@ﬂ&[e'r;F, :
mhere s is an |nteger fron10 to 2f or C(Rerr]){ i % B
-107- SR

An anhydrous solution of éppkoxihate1y 0.46 g Product (VIII)
in 4 ml of OMF is made, and approximately 0.95 g of DMF-SO3
complex is added. "This is allowed to stir 2 hours or until the
reaction is complete as shown by TLC. The mixtufe is then

5 diluted with 20 ml1 of dichloromethane and 20 ml1 of 0.5 N
potassium hydrogen phosphate solution with stirring. The pH is
adjusted to 6 with 1 N NaOH and 0.25 g of tetrabuty]ammon1um
hydrogen su]fate is added. The layers are separated and the
organic layer is washed with water, dried and concentrated to

10 yield Product (IX).

The product (IX) is taken up in approximately 10 ml of
dichloromethane, 30 ml of water and 5 mg of bis(triphenyliphos-
phine) palladium chloride. The mixture 1is treated with
approximately 150 microliters of tributyl tin hydride while

15 maintaining a temperature of approximately 21°C (70°F). After
rapid stirring for épproximately S minutes, the deprotected
product is isolated by filtration. This is then taken up in
water and methanol, filtered, and washed with water. The

"filtrate is concentrated to yield final Product (X) which is
20 purified by trituration.
EXAMPLE 7 .

An antimicrobial composition for parenteral administration,

according to this invention, is made comprising:

25 Compopent : Amount

' [SR][5a,6a]-3-[[7-[(3-amino-1-
pyrrolidinyl)-6-fluoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-ox0-3-
(1,8-naphthyridinyl)]jcarbonyloxy]methyl]-

30 6-(1(R)-hydroxyethyl)-7-oxo0-4-thia-
1-azabicyclo[3.2.0]hept-2-ene-
2-carboxylic acidl _ 100 mg/ml carrier

35



(c) ,Rerr] isnil, alkyl, alkenyl, a carbocyclic ring,

or a heterogyclic ring; - .-  °  (d) Rerr] i's hydrogen; alkyl; -alkenyl; -
-COOH, or, if Rerr] . : : i's'-C*(Rerr]), Rerr] may be |linked .
to C- to forma _3-nmenbered carbocyclicjrpem; | -l e)
Yis O or. Z[err]-Rerr]-0, where (1) ZeBmA'CEMENT_-SHE_ET- .
-S(O't-, mhere_t i.s an intéeger of o ' “10]to. 2; or -
-NRlerr]-; and © T (2) Rerr]  is alkyl ] 19 AUGNG
heteroal kyl, - - - R het eroal kenyl, a cr dcvclic ringj {or
a - ' i heterocycllc ring; and -108- ' (3) Yis |
directly bonded to C - . (f)-"derr] 'is bonded
5- or 6-nenbered Carrier: ring; (G (1) Alerr] is N or C(R[err])
where Rl err] is hydrogedium ditdatexpyffer with (perednkoxy, nitro, cyano,

hal ogen, al kyl, or N( pref erably hydrogen or

hal ogen; (2 B&%re@t(ﬁ%eaame%), preferably C(R6); where R6 1is
hydr ogen ‘or hal ogen; 1ec"th(’B) Alerr] is Nor C(Rerr]), pre?é@&bly
C(R[err]); whereSR[ er chrboxgmethylcellulos@ydr ogen; 0.53

povidone 0.50
methyl paraben _ . 0.11
propyl paraben _ 0.011

1. a quinolonyl lactam ester, made according to Example 1

10 The above ingredients are mixed, forming a suspension.

Approximately 2.0 ml of the suspension is systemically
administered, via intramuscular ‘injection, to a human subject
suffering from a lower respiratory tract infection, with
Streptococcus pneumoniae present. This dosage is repeated twice

13 daily, for approximately 14 days. After 4 days, symptoms of the
disease subside, indicating that the pathogen has been
substantially eradicated.

EXAMPLE 8
An enteric coated antimicrobial composition for oral

20 administfation. according to this invention, is made comprising
the following core tablet:

Component Amount (mg)
[{5R][5a,6a}-3-[[7-[(3-amino-1-
pyrrolidinyl)-6-fluoro-1-(2,4-

25 difluorophenyl)-1,4-dihydro-4-ox0-3-
(1,8-naphthyridinyl))carbonyloxy]methyl]-
6-(1(R)-hydroxyethyl)-7-oxo-4-thia-
1-azabicyclo[3.2.0]hept-2-ene-
2-carboxylic acid! : 350.0

30 starch 30.0
magnesium stearate 5.0
microcrystalline cellulose 100.0
colloidal silicon dioxide : 2.5
povidone : 12.5

35

1. a quinolonyl lactam ester, made according to Example 1l



(4) ,RS ‘is hydr ogen, al kyl , a éarbocyclic ring, a

het erocycli¢- - ring,

al koxy, - - hydroxy, = . al kenyl,

arylalkyl, or NRerr])(Rerr]),. preferably alkyl. or a

car bocycl.ic ring;
ri-ng, or o
and. - (7)) RO.

preferabl’y hydrogen; (H) except that - (1) when Al is C(Rerr]), Rerr]

~-(5) R7 is hydrogen, hal ogen, alkyl, a cafbbcyclic-

a heterocyclic ring, -preferably a-heterocyclic ring;

hydr ogen, hal ogen, nitro, or . N(Rerr])(Rerr]),

and Rerr] nmay together -conprise a .. : -hqhgrocycric ring including

N'err] and . Alerr];
t oget her conpri se-
froml to 4; and

10
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(2) when Aferr] is R
The tOmdorBar &te [a@hided OintoviI&iu@k Milkburdn - | (thPERKed

~ tablets are formed, usihg tabletting methods known in the art.

The tablets are coated with a suspension of methacfy]ate
acid/methacrylate ester polymer in isopropanol/acetone. A human
subject, having a urinary tract infection with Escherichia coli
present, is orally administered two of the tablets, every 8
hours, for 14 days. Symptoms of the disease then subside,
indicating substantial eradication of the pathogen.

r]), Rerr] and Rerr] may

REPLACEMENT SHEET
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(3) _mheh Alerr] is C(Rerr]), Rerr] and Rerr] may together conprise a
het erocycli,c ring including Nlerr] and the adjacent carbon to
which R err] is bonded; and pharnaceutically- acceptabLe_saLLs_ﬁuui__m___

bi opydrol yzabl e esters thereof, and hydrg;gs t her eof .

conpound, according to Cla|n11 cont ing a lac ety
sel ected from tgeApMsOup consisting of: oxacephens, ﬂﬂmﬁﬂlammlnﬂlm

i soCephenms, iso-oxacephens, penens, carbapenens, clavens Cpehi M | Bi ng,

cl avans, 2, 3-net hyl eno- penens, 2, 3-net hyl eno- car bapenens, and
pyrazol i di nones; pr¢f ergb&fndogﬁ)@q,q:hgﬁ@ eneraqx‘? gns, car bacephens,
penicillins, and carbapenens § conpound according to

Claim 2, wherein said Iactan}contalnlng nolety is selected fromthe
group consi sting of penens and carbipenens.

H'___Ra (") 0] Rg
| ; T:PRG"C' | p2
(0 oZ MR Ry A
As

wherein _
(A) Rl is hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a
carbocyclic ring, a heterocyclic ring, R10a-0-, R1OacH=N-,

(R10) (R11)N-, R12.¢(=CHR1S)-C(=0)NH-,
R12.C(=NO-R14)-C(=0)NH-, or RI3-(CH2)p-C(=0)NH-, preferably
alkyl, alkenyl, R12-C(=NO-R14)-C(=0)NH-, or

RI3-(CH2)p-C(=0)NH-; where
(1) m is an integer from 0 to 9, preferably from 0 to 3;
(2) R0 and RIl are, independently, R10a where R102 is
hydrogen, alkyl, alkenyl, a carbocyclic ring, or a
heterocyclic ring substituent; or RIO and RIl together
¢ . comprise a heterocyclic riné including the nitrogen to
' which they are bonded;
(3) RI2Z  is hydrogen, alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a heterocyclic
ring, preferably alkyl, a carbocyclic ring or a
heterocyclic ring;
(4) RI13 is R12, -71, or -CH(Z2)(R12);
(5) RIl4 is RiZ, arylalkyl, heteroarylalkyl,
. .C(RIT)(R18)COOH,  -C(=0)0-R12, or  -C(=0)NH-RIZ,
preferably R12 or -C(R17)(R18)COOH; where R17 and RIS
are, independently, RIZ or together comprise a’

REPLACEMENT SHEET
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4. A “conpound, according to Caim1l, containing a |actamrcontai-ni-ag
noi éty sel ected fromthe group consisting of: nonobacta

monophosphans, nonocar bans, nonosul f act ans, nocargﬂ"lms"mwu m
angl ogs, and gama-| actans; preferably a nonobactam *5¢c | el

acéording to Claim2 or 4, wherein Rreddll s hydrogen or al koxy and R[err]
is -C(Rerr])-. 6. carthcyebipaund owce diedenseycl oc Gngi includingvhreei n:

S 5o o CUELEUE bR AR T g KDl 1O and
contai ning a 6-fl uor tui REP orse RIBL, ebalogan 8-+, 008- +CHIGLHERAZN 0! prefenahlon v,
a pyridobenzoxazi ne .npiﬂly“"ihgk,egyridpben;hia;ine noi ety, a

i sot hi azol oqui nol i nedi one_, or |so§§EolgqU|n9I| i one @leg)h

(7) 2! is -C(=0)0R1®, -C(=0)RIE," -N(RI9)RI®,” -5(0),R24, or

-0R24; and 22 is 71 or -OH, -SH, or -SO3H;

(a) p is an integer from 0 to 2, preferably 0;

(b) RI9 is hydrogen; alkyl; alkenyl; heteroalkyl; -
heteroalkenyl; a carbocyclic ring; a heterocyclic

ring; -SO3H; -C(=0)R20; or, when RI3 s
-CH(Z2)(R12) and 72 is -N(RI9)R16, Rl1I may
‘comprise a moiety bonded to RI6 to form a
heterocyclic ring; and

(c) R20 s RI2, NH(RIZ), N(RIZ)(R2l), oO(R2l), or
S(R21), preferably R12, NH(R12), or N(RIZ)(R2l);
where R2l is alkyl, alkenyl, a carbocyclic ring, a
heterocyclic ring, or when R20 is N(R¥2)(R21) R2l
may be a moiety bonded to RIZ to form a
heterocyclic ring; and '

(8) RI16 is R24 or hydrogen, preferably hydrogen, alkyl, a
. ' carbocyclic ring or a heterocyclic ring; where R24 is
alkyl; alkenyl; arylalkyl; heteroalkyl; heteroalkenyl;
heteroarylalkyl; a carbocyclic ring; a heterocyclic
ring; or, when Z! is N(R19)R16 and R16 is R24, R16 and
R19 may together comprise a heterocyclic ring including
the nitrogen atom to which R19 is bonded;
(8) R2 is hydrogen, halogen, alkoxy, or R2ZC(=Q)NH-, preferably
hydrogen or alkoxy; where R2Z is hydrogen or alkyl;

(C) bond "a" is a single bond or is nil; and bond "b" is a
single bond, a double bond, or is nil; except bond "a" and
bond "b" are not both nil; | “

(D) R3 is -C(R10a)-, or -CH2-R23-, preferably -C(R103)-; where
R23 s -C(R10a), -0-, or -N-, and R23 is directly bonded to
N’ in Formuia (I) to form a 5-membered ring;

except, if bond "a" is nil, then R3 is REPMEEM{NT SHEET
(1) -C(R10a)(z3)-, where e e
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- 6- * 8. A conpound, according to Claim?7, wherein: Rerr] is alkyl,

aryl, cycloal kyl or alkylamno, preferably ethyl, .2-f t
2- hydroxyethyl , t-butyl, 4-fl uorophenyl, 2,4-dif I,mﬂm ”umm,,
met hyl am no or cyl copropyl; and R err] is hydrogen, chiordne Ok ne.
9. ¥ A conmpound, according to Claim8; Ww®rein R7 is a

3 et by pi per azi ne. 3. am néSyr a1 1 neR1%” L HREE: L PR Fpre, v ds an
N, N- di et hyl ami nonet hyl pyrrol i dintegerNfren Hy itan? nqrefersdbdyr 0 pl-06{ ¥BR25; or
N-et hyl am nomet hyl pyrrol i di ne, -W(RZWR%Z N- et hyl pi per azi ne, or _
3, 5-di net hyl pi per azi ne. Lo 1 A‘co und, according to Caim9, wherein
Rlerr] is cyclopropyl, Refi}) i?gsf Bagr Ri%, angnd inpenendentlypi ddkeki ridkenyl,
carbocyclic ring or heterocyclic ring
substituents; or R25 and R26 together comprise a
heterocyclic ring including the nitrogen atom to
which R25 and R26 are bonded; or
(2) -CHp-R27:; where R27 s -C(R102)(R16), -0-, or -NRIO,
and R27 is directly bonded to N’ in Formula (I) to form

_ a 5-membered ring; _

(E) (1) if bond "b" is a single bond, R4 is -CH(R28)-; or, if
bond "a" is nil; -C(O)NHSO2-; or -C*(R28)-; if RS
contains a R32 moiety; where R28 is hydrogen or COOH,
preferably COOH, and C* is linked to R32 to form a’
3-membered ring;

(2) if bond "b" is a double bond, R4 is -C(R28)=; or

(3) if bond "b" is nil, R% is hydrogen, -SO3H, -PO(ORZ29)0H,
-C(O)NHSO2N(R29)(R30),  -0SO3H,  -CH(R30)COOH,  or
-OCH(R29)COOH; preferably -SO3H, ~ or
-C(O)NHSO2N(R29) (R30); where R29 is hydrogen, alkyl,
alkenyl, a carbocyclic ring, or a heterocyclic ring;
and R30 is hydrogen, alkyl, alkenyl, or -NHR1Oa; or,
if R4 is -C(O)NHSOpN(R29)(R30), R29 and R3O0 may
together comprise a heterocyclic ring including the
nitrogen to which R29 and R30 are bonded; and

(F} (1) if bond "a” or bond "b" is nil, then RS is V;

(2) if bond "a" and "b" are single bonds, R¥ s
-X2-c"’=C(R10a)-R31-y-, or -X2-C""(R32)-R31.Y-; or

(3) if bond "a" is a single bond and bond "b" is a double
bond, RS s -C(R10a) (R33)-x2-c"-R31-¥-;

- -x1.¢(R10a)(R33)-c"-R31-y-; or -X2-C*’-R31-Y-; where
(a) X! is O or C(R33), where R33 is hydrogen, alkyl or
alkoxy;

(b) X2 is 0; S(O)s, where s is an integer from 0 to 2;

P

or C(R33); |
(R*) REPLACEMENT SHEET _
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11. A cohposition for treating or preventing an infectious disorder in a

i nf
human-.or other ani mal subject, conpri sing: (1) “ m “mj tive
amount of a conmpound of any of Clains 1 tlmnm l‘u ﬂi sm! (2)
a pharmaceutical |l y-acceptable carrier. 12. A conpostti'bn For
trefating or preventing an infectious drsétder in a human or other

ani mal  subj ect, according) tR3IT @& AL, aMRgr el a]ﬁgiyd,cgrmgb@jcqmci,sing’
suitable for parent eral adm ni st ra&}i gn. . 13. A conposition for
treating or preventing an infelfibMELeoS¥Fli& rif% hunan or other animal

subj ect, according to d ai (ﬂ)1_1R32 viise hpdirogen fi &l kyt pngikeny 1 ;0rCO0H;s orsuift abl e
nfecti ous i sorder in a human e BuRe T armat B ot fked) tadhs fEtarng ™o
sai d subject a safe and eff ect Bveembepedicavbocycttpdngd of any of Clains 1
through 10. (e) Y is O or Z4-R34-0, where
(1) 74 is -0-; -S(0)t-, where t is an integer of
0 to 2; or -NRIO2.; and
(2) R34 is alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a
heterocyclic ring; and
(3) Y is directly bonded to C’
(f) C"* is bonded to R% to form a 5- or 6-membered
ring; :

(6) (1) Al is N or C(R40); where R40 is hydrogen, hydroxy,
alkoxy, nitro, cyano, halegen, alkyl, or N(R1O)(Rll),
preferably hydrogen or halogen;

(2) A2 is N or C(R6), preferably C(R6); where RE is
hydrogen or halogen; )

(3) A3 is N or C(R4l), preferably C(R41); where R4! is
hydrogen; :

(4) R8 is hydrogen, alkyl, a carbocyclic ring, a
heterocyclic ring, alkoxy, hydroxy, alkenyl,
arylalkyl, or N(RI0)(R11), preferably alkyl or a
carbocyclic ring; '

(5) R7 is hydrogen, halogen, alkyl, a carbocyclic ring, or
a heterocyclic ring, preferably a heterocyclic ring;
and :

(7) R9 is hydrogen, halogen, nitro, or N(RIO)(Rll),
preferably hydrogen;

(H) except that

(1) when Al is C(R40), R8 and R40 may together comprise a
heterocyclic ring including N* and Al;

(2) when A2 is C(RS), R6 and R7 may together comprise
-0-(CH2)n-0-, where n is an integer from 1 to 4; and

" PPLACEMENT SHEET
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8. . A compound, according to daim7, wherein: Rerr] i | kyl , aryl,
cycl oal kyl r al kyl am no, preferably ethyl, 2-fluoroet #mﬁ "ﬁ,ﬂ"ﬂﬂ”ﬂ"’yl ,
t-butyl, 4-f | uorophenyl 2, 4-di fl uorophenyl, nethyl )
cyl%c)opropyl; and R40 is hydrogen, chloripg or fluorine. g A"

corpound, according to C ai m?,_wherﬁbn errJ‘I 4' S a nitrogen-containing
heterocyclic ring, prdBératiep Af pisr £4ARPY, 8°naach\R Bi@@fa@gﬁ@!e?‘ comprise a

3-ani nopyrrolidine, 3-am npreréHcRYE angdinAuding N* and the adjacent carbon
N,N—dlnethylan1nonethylpyrrolhdrn§4lh+ngt£flgn1nonethylpyrrol|d|ne,

N- et hyl ani nonet hyl pyrrol i din¥nIEy RY i tsebondeda: hy i pi per azi ne, or

3, 5-di met hyl pi per and rngharmaceutically-acceptable salts and biohydrolyzable esters

thereof, and hydrates. thereof.

_ 2. A compound, according to Claiml, containing a
lactam-containing moiety selected from the group consisting of:
oxacephems, carbacephems, isocephems, iso-oxacephems, penems,
carbapenems, clavems, penicillins, clavams, 2,3-methyleno-penems,
2,3-methyleno-carbapenems, and pyrazolidinones; preferably
‘jsocephenms, oxacephems, carbacephems, penicillins, and
carbapenems.

3.. A compound, according to Claim 2, wherein said
lactam-containing moiety is selected from the group consisting of
penems and carbapenems. |

4. A compound, according to Claim 1, containing a
lactam-containing moiety selected from the group consisting of:
monobactams, monophosphams, monocarbams, monosul factanms,
nocardicins, lactivicin analogs, and gamma-lactams; preferably a
monobactam.

5. A compound, according to Claim 2 or 4, wherein R is _
hydrogen or alkoxy and R3 is -C(R10a)-,

6. A compound according to Claim 1, wherein: Al s
nitrogen or C(R40), preferably nitrogen; A2 is C(R6); and
A3(R41).

7. A compound according to Claim 6, containing a
6-fluoroquinolone moiety, a 8-halo-6-fluoroquinolone moiety, a
pyridobenzoxazine moiety, a pyridobenthiazine moiety, a
isothiazbloquino]inediqne, or isoxazoloquinolinedione moiety. ."
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10. A conpound, according to Ofaim9, wherein Rlerr] is Cy&kg%gﬁﬁ%L?—E¥ELLJ
is fluériney mm ]I "azi ne. 11. A conploBilfi olAS BEEN
treating or prg ﬁm “N Illlﬂm i ous disorder in a human jor ot REPLAQGEDMaI

subgect, conprising: -+ " (4) *a safe and ef fecti ve anount of —a Tompotrre—of
any- of Clains 1 through 10; an .
phag maceut j cal | y- accept-abl & QPA‘Pg‘i' . accordmg 15:3 é]%"‘cbn‘wgrﬂ"dn"? ds atedei ng

Orbpre;/enti ng ag iamybptd%msamyiibdenkyﬂ aming, bkmaablqr tet:l@;ﬂhelz famiraaThylf
subj ect, accordi , rein,s itign,isesuitable.for
parent eral adni ni g?%‘im&(xe?hﬁ] ti @/ntey 3&‘9’?&%‘3’? ? ﬁfﬁ rgﬁﬁ) nyt,

preventing an i nf @ethykamiod sor deylcopnopyd ;hiamdn R 48r 1sothblérogean| n’alormabjoect

according to O aig,ddine. whereln said conposition is suitable for
.oral adnlnlstratlon

9. A compound, according to Claim 8, wherein R7 is a
nitrogen-containing heterocyclic ring, preferably piperazine,
3-methylpiperazine, 3-aminopyrrolidine, 3-aminomethylpyrrolidine,
N,N-dimethylaminomethylpyrrolidine,
N-methylaminomethylpyrrolidine, N-ethylaminomethylpyrrolidine,
byridine, N-methylpiperazine, or 3,5-dimethylpiperazine.

10. A compound, according to Claim 9, wherein R8 s
cyclopropyl, R2 is fluorine, and R7 is piperazine.

11. A composition for treating or preventing an infectious
disorder in a human or other animal subject, comprising:
(1) a safe and effective amount of a compound of any of
Claims 1 through 10; and _
(2) a pharmaceutically-acceptable carrier.

12. A composition for treating or preventing an infectious

disorder in a human or other animal subject, according to

’ Claim 11, wherein said composition is suitable for parenteral
' administration. '

13. A composition for treating or breventing an infectious
) disorder in a human or other animal subject, according to
Claim 11, wherein said composition is suitable for oral
administration.

14. A method for preventing or treating an infectious
disorder in a human or other animal subject, by administering to
said subject a safe and effective amount of a compound of any of
Claims 1 through 10.
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~14. -Ause ofi a safe and effective amount of a conpound of any of clains 1
“through-10-for the manufacture of a nedi canent for preventing or treating
an infectious disorder in a human or other animal object..

- 117 -

NOVEL ANTIMICROBIAL QUINOLONYL LACTAM ESTERS

ABSTRACT OF THE DISCLOSURE

Antimicrobial quinolonyl 1lactam esters comprising a
lactam-containing moiety 1linked, by an ester group, to the
3-carboxy group of a quinolone moiety. These compounds are of

“the formula:

wherein

(1) R3, R4, and R5, together with bonds "a" and "b", form
certain lactam-containing moieties similar to those known in
the art to have antimicrobial activity; and

(2) A, RS, R7, and R8 form any of a variety of quinolone or
napthyridine structures similar to those known in the art to
have antimicrobial activity.
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8. A compound, according to Claim 7, wherein: R8 is a]kyl,
aryl, cycloalkyl or alkylamino, preferabiy ethyl, 2-fluoroethyl,
2-hydroxyethyl, t-butyl, 4-fluorophenyl, 2,4-difluorophenyl,
methylamino or cylcopropyl; and R40 is hydrogen, chlorine or
fluorine.

9. A compound, according to Claim 8, wherein R7 is a
nitrogen-containing heterocyclic ring, preferably piperazine,
3-methylpiperazine, 3-aminopyrrolidine, 3-aminomethylpyrroiidine,
N,N-dimethylaminomethylpyrr01idine,
N-methylaminomethylpyrrolidine, N-ethylaminomethylpyrrolidine,
byridine, N-methylpiperazine, or 3,5-dimethylpiperazine.

10. A compound, according to Claim 9, wherein R8 is
cyclopropyl, RZ is fluorine, and R7 is piperazine.

11. A composition for treating or preventing an infectious
disorder in a human or other animal subject, comprising:
(1) a safe and effective amount of a combound of any of
Claims 1 through 10; and _
(2) a pharmaceutically-acceptable carrier.

12. A composition for treating or preventing an infectious
disorder in a human or other animal subject, according to
Claim 11, wherein said composition is suitable for parenteral
administration.

13. A composition for treating or preventing an infectious
disorder in a human or other animal subject, according to
Claim 11, wherein said composition is suitable for oral
administration.

14. Ause of a safe and effective amount of a compound of
any of claims 1 through 10 for the manufacture of a medicament
for preventing or treating an infectious disorder in a human or
other animal object..
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