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ANTIMICROBIAL QUINOLONYL LACTAMS 

BACKGROUND OF THE INVENTION 

This invention relates to novel antimicrobial compounds and 

compositions. The compounds of this invention contain, as 

integral substituents, a quinolone moiety and a lactam-containing 

moiety. 

The chemical and medical 1 iterature describes a myriad of 

compounds that are said to be antimicrobial, i.e., capable of 

destroying or suppressing the growth or reproduction of 

microorganisms, such as bacteria. In particular, antibacterials 

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 ana cephalosporins), lincos-

aminides, macrolides, nitrofurans, nucleosides, oligosaccharides, 

peptides and polypeptides, phenazines, polyenes, polyethers, 

quinolones, tetracyclines, and sulfonamides. Such antibacterials 

and other antimicrobials are described in Antibiotics, 

Chemotherapeutics, and Anti bacteria 1 Agents for Oi sease Centro 1 

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

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

by reference herein. 

25 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 

repair; by altering cell wall permeability; by inhibiting protein 

synthesi::.; or i.Jy inh·ibiting synthes·i~ c.f nuc1eic aci.:!:;. Fer 

30 example, beta-lactam antibacterials act through inhibiting the 

essential penicillin binding proteins (PBPs) in bacteria, which 
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are responsible for cell wall synthesis. On the other hand, 

quinolones act by inhibiting synthesis of bacterial ONA, thus 
preventing the bacteria from replicating. 

Not surprisingly, 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 

vary in their relative efficacy against different types of 

microorganisms., and their susceptibility to development of 

microbial resistance. These antimicrobials may also differ i~ 

their phannac~logical characteristics, such as thei~l 

bioavailability, and biodistribution. Accordingly, selection o 

an appropriate antibacterial (or other antimicrobial) in an 

given clinical situation can be a complicated analysis of man~ 
factors, including the type of organism involved, the desire~ 

method of administration, and the location of the infection to b; 

treated. 
I 

The development of microbial resistance is one factor in th~ 

selection of an appropriate antimicrobial (particularly anti; 

bacterials), which is of increasing concern in medical science1 

This "resistance" can be defined as existence of organismsi 

within a population of a given microbial species, that are lest 

susceptible to the action of a given antimicrobial agent. Sue 

resistant strains may subvert the mechanism of action of 

particular antimicrobial, or chemically degrade the antimicrobia 

before it can act. For example, bacterial resistance ti 

beta-lactam antibacterials has arisen through development ol 

bacterial strains that produce beta-lactamase enzymes, whid 

degrade the antibacterial. 

In part as a result of the intense use of antibacterial 

over extended periods of time, many highly resistant strains ~ 

bacteria have evolved. This is of partit"ular r.oTtt:'Prn 

environments such as hospitals and nursing homes, which af 

characterized by relatively high rates of infection and inten~ 

use of antibacterials. See, e.g., W. Sanders, Jr. et al· 

"Inductible Beta-lactamases: Cl;nical and Epidemiologl 
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Implications for Use of Newer Cephalosporins", 10 Reviews of 
Infectious Diseases 830 (1988). Indeed, the development of 
resistant bacterial strains has led to a concern that pathogenic 
bacteria may be produced that are essentia11y resistant to even 
the newest developed antibacterial agents . 

The literature 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. Lenee 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. O'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 ~ 
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, 
antimicrobials 
antimicrobials 

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

are produced that are truly clinically-acceptable 
in terms of their spectrum of antimicrobial activity, avoidance 
of microb;al resistance, and pharmacology. 

SUMMARY OF THE INVENTION 
The present invention provides compounds of the general 

structure 
Q - l - B 

wherein Q, L and 8 are defined as follows: 

(I} Q is a structure according to Formu1a (I) 
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(A} (1) Al is Nor C(Rl); where 
(i) R7 is hydrogen, hydroxy, ?.lkoxy, nitro, cyano, 

halogen, alkyl, or N(RB)(R9), and 
15 (ii_) RB and R9 are, independently, R8a where R8a is 

hydrogen, alkyl, aJkenyl, carbocyclic ring, or 
heterocyclic ring; or RB and R9 together comprise 

a heterocyclic ring including the nitrogen to 

. which they are bonded; 
20 (2) A2 is Nor C(R2); where R2 is hydrogen or halogen; 

(3) A3 is Nor C(R5); where R5 is hydrogen; 
(4) Rl is hydrogen, alkyl, a carbocyclic ring, a 

heterocyc 1 i c ring, a 1 koxy, hydroxy, a 1 kenyl, 
arylalkyl, or N(RB)(R9); 

25 (5) Rl is hydrogen, halogen, alkyl, a carbocyclic ring, or 
a heterocyclic ring; 

(6) R4 is hydroxy; and 
(7) R6 is RlS or Rl6X; where Rl5 is a substituent moiety of 

Land is nil, alkyl, heteroalkyl, or alkenyl; Rl6 is a 
30 substituent moiety of L and is alkyl, alkenyl, a 

carbocyclic ring or a heterocyclic ring; and X ;J 
alkyl, heteroalkyl, alkenyl, oxygen, sulfur, or NH; I 

(SJ except that 
(1) when Al is C{R7}, Rl and R7 may together comprise a

1 

35 heterocyclic ring including N' and Al; 
( 2) when A2 is C ( R2) , R2 and R3 may together compri sJ 

-O-(CH2)n·O-, where n is an integer from 1 to 4; 

WO 
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(3} when A3 is C(RS), R4 and RS may together comprise a 

heterocyclic ring including the carbon atoms to which 

R4 and RS are bonded and the carbon atom of Formula (I) 

to which said carbon atoms are bonded; and 

(4) when A3 is C(RS), Rl and RS may together comprise a 

heterocyclic ring including N' and the adjacent carbon 

to which RS is bonded; 

IO (II) B is a structure according to Formula (II), where L is 

bonded to Rl4: 

15 

20 

25 

30 

35 

A 11 

{II} R'otR12 • 
I ~R14 -L 

~ N•R13~ o/ 
wherein 

(A) RlO is hydrogen, halogen, alkyl, a 1 kenyl , heteroa l kyl, a 

carbocyclic ring, a heterocyclic ring, R8a.o-, RBacH•N-, 

(RB)(R9)N-, Rl7-C{=CHR20)-C(=O)NH-, Rl7.C(•NO-Rl9)-C(•O)NH-, 

or RlB.(CH2)m·C(•O)NH-; where 

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

(2) Rl7 is hydrogen, alkyl, alkenyl, heteroalkyl, 

heteroa l keny l , a ca rbocyc l i c ring, or a heterocyc l i c 

ring; 

(3) RIB is Rl7, .yl, or -CH(Y2)(Rl7); 

(4) Rl9 is Rl7, arylalkyl, 

-C(R22 )(R23 )COCH, -C( •O)O-Rl 7, or 

R22 and R23 are, independently, 

heteroarylalkyl, 

-C(•O)NH-Rl7, where 

Rl7 or together 

comprise a carbocyciic ring or a neterocycl 1c ring 

including the carbon atom to which R22 and R23 are 

bonded; 

(5) R20 is Rl9, halogen, .yl, or -CH(Y2)(Rl7); 
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(6) yl is -C(•O)QR21, -C(=O)R21, -N(R24)R21, -S{O)pR29, 

-OR29; and y2 is yl or -OH, -SH, or -S03H; 
(a) p is an integer from O to 2; 
( b) R24 is hydrogen; alkyl ; al kenyl ; heteroa l ky 

heteroalkenyl; a carbocyclic ring; a heterocycl 
ring; -S03H; -C(•O)R25; or, when RIB 
-CH(N(R24)R2l)(Rl7), R24 may comprise a moie 
bonded to R21 to form a heterocyclic ring; and 

(c) R25 is Rl7, NH(Rl7), N(Rl7)(R26), O(R26), 
S(R26); where R26 is alkyl, alkenyl, a carbocycli 
ring, a heterocyclic ring, or when R25 
N(Rl7)(R26), R26 may be a moiety bonded to Rl7 
form a heterocyclic ring; and 

(7) R21 is R29 or hydrogen; where R29 is alkyl; alkenyi 
arylalkyl; heteroalkyl; heteroalkenyl; heteroarylalky 
a carbocyclic ring; a heterocyclic ring; or, when yl 
N(R24)R21 and R21 is R29, R21 and R24 may togeth 
comprise a heterocyclic ring including the nitrog 
atom to which R24 is bonded; 

(B) Rll is hydrogen, halogen, alkoxy, or R27C(=O)NH- , whe 
R27 is hydrogen or alkyl; 

(C) bond "a 11 is a single bond or is nil; and bond "b" is 
single bond, a double bond, or is nil; except bond "a" a 
bond 11 b11 are not both nil; 

(0) Rl2 is -C(R8i)-, or -CHz-R28-; where R28 is -C(RBa), -0-, 

-N-, and R28 is directly bonded to N" in Formula (II) 
form a 5-membered ring; 
except, if bond "a" is nil, then Rl2 is 
(1) -C(RBi)(Xl)-, where 

(i) Xl is -R21; -QR30; -S(O)rR30, where r is 
integer from o to 2; -O(C=O)R30; or N(R30)R31; 

(ii) R30 and R~l ~ie, independently, alkyl, aiken 
carbocyclic ring or heterocyclic r 
subst i tuents; or R30 and R3 l together compri s 
heterocycl ic ring including the nitrogen atom I 
which R30 and R31 are bonded; or 

WO 
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(2) -CHz-R32-; where R32 is -C(R8a)(R21), -0-, or -NR8a, 
and R32 is directly bonded to N" in Formula (II) to 
form a 5-membered ring; 

(E) (1) if bond "b" is a single bond, Rl3 is -CH(R33)-; or, 
-C{O)NHSOz-, if bond "a" is nil; or -C*(R33)- if Rl4 

contains a R36 moiety; where R33 is hydrogen or COOH, 
and c* is linked to R36 to form a 3-membered ring; 

(2) if bond "b" is a double bond, Rl3 is -C(R33)•; or 
{3) if bond "b" is nil, Rl3 is hydrogen, -S03H, 

-PO(QR34)QH, -C{O)NHSOzN(R34)(R35), -OS03H, 
-CH(R35)COOH. or -OCH(R34)COOH; where R34 is hydrogen, 
alkyl, alkenyl, a carbocyclic ring, or a heterocyclic 
ring; and R35 is hydrogen, alkyl, alkenyl, or -NHR8a; 
or, if Rl3 is -C(O)NHSOzN(R34)(R35), R34 and R35 may 

together comprise a heterocyclic ring including the 
nitrogen to which R34 and R35 are bonded; and 

(F} (1) if bond "a" or bond "b" is nil, then Rl4 is nil and L 
is bonded directly to Rl2 or Rl3; 

and 

{2) if bond "a" and "b" are single bonds, R14 is 
-W-C"'=C(RBa)-R37., or -W-C"'(R36)-R37.; or 

(3) if bond "a" is a single bond ar.d bond "b" is a double 
bond, Rl4 is -C(RBa)(R38)-W-C"'-R37.; 
-W-C(RBa)(R38)-C"'-R37.; or -W-C"'-R37.; where 

(a) W is O; S(0) 5 , where ~ is an integer from 0 to 2; 
or C(R38), where R38 is hydrogen, alkyl or alkoxy; 

(b} R36 hydrogen; alkyl; alkenyl; -COOH; or, if Rl3 
is -C*(R33), R36 may be linked to c* to form a 

3-membered carbocyclic ring; 
(c) R37 is nil, alkyl, alkenyl, a carbocyclic ring, 

or a heterocyclic ring; and 
(d) C"' is directly bonded to Rl3 to form a 5- or 

6-membered ring, 
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{ l I 1) L links Q to B; and L is L', -X2t-R39.l', or -X3t-R39-L'. 
where L' is Q', -x2-Q", or -x3-Q", -X4t-q .. y3u)-Z-Q"; 

(1) t and u are, independently, O or l; 
(2) R39 is alkyl, alkenyl, heteroalkyl, heteroalkenyl, a 

carbocyclic ring, or a heterocyclic ring; 
(3) x2 is oxygen, or S(O)v. where v is an integer from 0 to 

2; 

(4) x3 is nitrogen; N(R40); N+(R4l)(R42); or R43.N(R41); 
and is linked to Rl4 by a single or double bond; or, if 

Rl4 is nil, x3 is linked to 8 by a single or double 

bond; ~here 
(a) R40 is RBa; -oRBa; or -C{=O)R8a; 
(b} R41 and R42 are, independently, hydrogen; alkyl; 

alkenyl; carbocyclic rings; heterocyclic rings; 
or, if R6 is Rl6x, then R41 and R42 together with 

Q" may comprise a heterocyclic ring as Rl6; 
(c) R43 is N(R41), oxygen or sulfur; 

(5) x4 is oxygen, sulfur, NR40, or R43.NR41; 
(6) y3 is oxygen, sulfur, NR40 ur N+(R4l)(R42); 
(7) y4 is oxygen or NR41; 
(8) Z is nil, oxygen, sulfur, nitrogen, NR40, or 

N(R41)-R43; 
(9) Q' is said R6 substituent of Q; and 
(10) Q" is Q'; or together with x2, x3, or Z, is said R6 

substituent of Q; 
and pharmaceutically-acceptable salts and biohydrolyzable ester 
thereof, and hydrates thereof. 

It has been found that the compounds of this invention, an 
compositions containing these compounds, are effectiv 
antimicrobial agents against a broad range of pathogeni 
microorganisms. These compounds provide advantages versu 

antimicrobial agents among those kno~r. ir. the art, inc1~ding {fo 
example} the spectrum of antimicrobial activity, potency, th 

WO 
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avo;dance of microbial resistance, reduced toxicity, and improved 
pharmacology. 

DESCRIPTION OF THE INVENTION 
The present invention encompasses certain novel lactam­

Quinolones, methods for their manufacture, dosage forms, and 
methods of administering the 1 actam-quinolones 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 Lactams 
The compounds of this invention, herein referred to as 

"quinolonyl lactams", encompass any of a variety of lactam 
moieties linked, by a linking moiety, to a quinolone moiety at 
the 5-position of the quinolone. These compounds include those 

20 having the general formula 

Q - L - 8 

wherein Q, L and Bare defined as follows: 

(I} Q is a structure according to Formula (I} 

0 R6 

30 '-'A2 
{1) 

~~R3 
35 

1 1 
R 

wherein 
This Sheet Has Been Replaced 

(A) (1) Al is Nor C(R7); ~nere 

1111111111111111111111111 
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(i) R7 is hydrogen, hydroxy, alkoxy, nitro, cyana 
halogen, alkyl, or N(RB) (R9) (preferably hydroge 

or halogen), and 
(ii) R8 and R9 are, independently, R8a, where R8a 

hydrogen, alkyl, a1kenyl, carbocyclic ring, o 

heterocyclic ring substituents; or RS and R 

together comprise a heterocyc.lic dng includin 
the nitrogen to which they are bonded; 

{2) A2 is N or C(R2) (preferably C(R2)); where R2 
hydrogen or halogen; 

(3} A3 is Nor (preferably) C(RS); where RS is hydrogen; 
(4) Rl is hydrogen. alkyl, a :arbocyclic ring, 

heterocycl ic ring, alkoxy, hydroxy, alkenyl 
arylalkyl, or N(RB)(R9) (preferably alkyl or 
carbocyclic ring}; 

(5) R3 is hydroge·n, halogen, alkyl, a carbocyclic ring, o 
a heterocyclic ring (preferably a heteracyclic ring); 

(6) R4 is hydroxy; and 
{7) R6 is Rl5 or Rl6X; where Rl5 is a substituent moiety o 

Land is nil, alkyl, heteroalkyl, or alkenyl; Rl6 is 
substituent moiety of L and is alkyl, a1kenyl, 
carbocyclic ring or a heterocyclic ring; and X 
alkyl, heteroalkyl, alkenyl, oxygen, sulfur, or NH; 

25 (B) except that 

30 

35 

(1) when Al is C(R7), Rl and R7 may together comprise 
heterocyclic ring including N' and Al; 

( 2) when A2 is C ( R2) , R2 and R3 may together compriS 
-O-(CH2}n-O-, where n is an integer from 1 to 4; 

( 3} when A3 is C( RS), R4 and RS may together comprise 
heterocyclic ring including the carbon atoms to whi 
R4 and RS are bonded and the carbon atom of Formula (' 
to which said carbon atoms are bended; and 

( 4} when A3 is C( RS), Rl and R5 may together comprise 
heterocyclic ring including N' and the adjacent car 
to which RS is bonded; 

W091 

IC 

15 

20 
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30 

35 
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( Il) B is a structure according to Formula {II), where L is 
bonded to Rl4: 

(I I} 

wherein 

(A} RIO is hydrogen, halogen, heteroalkyl, a carbocyclic ring, 
a heterocyclic ring, R8a_o-, R8acH=N-, (R8)(R9)N-, 
Rl7.c(=CHR20)-C(=O)NH-. or (preferably) alkyl, a1keny1, 
Rl7-C(=NO-Rl9)-C(=O}NH-, or Rl8-(CH2}m-C(=O)NH-; where 

15 (1) m is an integer from 0 to 9 (preferab1y from 0 to 3); 

20 

25 

30 

35 

(2) Rl7 is hydrogen, alkyl, alkenyl, heteroalkyl, 
heteroalkenyl, a carbocyclic ring, or a heterocyclic 
ring (preferably alkyl, a carbocyclic ring, or a 
heterocyclic ring); 

(3) R18 is Rl7, -YI, or -CH(Y2)(Rl7); 

(4) Rl9 is Rl7, arylalkyl, heteroarylalkyl, 
-C{=O)NH-Rl7, where 

Rl7 or together 
-C( R22 ){ R23) COOH. -C ( =0 )Q-R17, or 
R22 and R23 are. independently, 
comprise a carbocyclic ring or a heterocyclic ring 
including the carbon atom to which R22 and R23 are 
bonded (preferably Rl7 or -C(R22)(R23)COOH) 

(5) R20 is Rl9, halogen, .yl, or -CH(Y2)(Rl7) {preferably 
Rl9 or halogen); 

< 

(6) yl is -C{=O)OR21, -C(•O)R21, -N(R24)R21, or -S(O)pR29 

or -OR29; and y2 is yl or -OH, -SH, or -S03H; 
(a) pis an integer from Oto 2 (preferably O); 
(b) R24 is hydrogen; alkyl; alkenyl; heteroalkyl; 

heteroalkenyl; a carbocyclic ring; a heterocyclic 
dng; -S03H; ·C(=O)R25; or, when R18 is 
-CH(N(R24)R2l)(Rl7), RZ4 may comprise a moiety 
bonded to R21 to form a heterocyclic ring; and 

~-
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(c) R25 is Rl7, NH(Rl7), N(Rl7)(R26), O(R26), o 

S(R26) (preferably Rl7, NH(Rl7) or N(Rl7)(R26)) 

where R26 is alkyl, alkeny1, a carbocyclic ring, 
heterocyclic ring or (preferably} when R25 

N(Rl7)(R26), R26 may comprise a moiety bonded t 

Rl7 to form a heterocyclic ring; and 
(7) R21 is R29 or hydrogen; where R29 is alkyl; alkenyl 

arylalkyl; heteroalkyl; heteroalkenyl; heteroarylalkyl 
a carbocyclic ring; a heterocyclic ring; or, when yl i 

N(R24)R21 and R21 is R29, R21 and R24 may togethe 

comprise a heterocyclic ring including the nitroge 

atom to which R24 is bonded (preferably hydrogen 

alkyl, a carbocyclic ring or a heterocyclic ring); 

(B) Rll is hydrogen, halogen, alkoxy, or R27q.o)NH 

{preferably hydrogen or alkoxy}, where R27 is hydrogen o 

alkyl {preferably hydrogen); 
(C) bond "a" is a single bond or is nil; and bond "b" is 

single bond, a double bond, or is nil; except bond "a" a 
bond "b" ~re not both nil; 

(0) Rl2 is -C(RBa)-, or -CH2-R28. (preferably -C(RBa)-); whe 

R28 is -C(R8a), -0-, or -N-, and R28 is directly bonded 

N" in Formu1a (II} to form a 5-membered ring; 
except, if bond "a" is nil, then Rl2 is 

{l) (preferably) -C(R8a)(Xl)-, where 
(i) xl is -R21; -oR30; -S(O)rR30, where r is an integ 

from Oto 2 (preferably O); -O(C•O)RlO; or N(RlD)Rll; and 
(ii) R30 and Rll are, independently, alkyl, alkeny 

carbocyclic ring or heterocyc1ic ring substituents; or R 

and R31 together comprise a heterocyclic ring including t 

nitrogen atom to which R30 and R31 are bonded; or 
{2) -CH2-R32.; where R32 ; s -C(R8a) (R21), -0-, or 

and R32 is directly b".!nded to N" in formula {II) to for 

5-membered ring; 

{E) (1) if bond "b" is a single bond, Rl3 is prefera 
-CH(Rll)-; or, -C{O)NHSOz-, if bond "a" is nil; 
-C*(Rll)-, if Rl4 contains a R36 moiety; where R33 

WO 

I 

20 

25 

30 

35 
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hydrogen or COOH (preferably COCH), and C* is linked to R36 
to form a 3-membered ring; 

(2) if bond "b" is a double bond, Rl3 is -C(R33)=; or 

(3) if bond "b" is nil, Rl3 is hydrogen, -S03H, 

-PO(QR34)QH, -C(O)NHSOzN(R34)(R35), -OS03H, 

-CH(R35)COOH, or -OCH(R34)COOH (preferably -S03H, or 

-C(O)NHS02N(R34)(R35); where R34 is hydrogen, alkyl, 

alkenyl, a carbocyclic ring, or a heterocyclic ring; 

and R35 is hydrogen, alkyl, alkenyl, or -NHR8a; or 

(preferably), if Rl3 is -C(O)NHS02N(R34)(R35), R34 and 

R35 may together comprise a heterocyclic ring including 

the nitrogen to which R34 and R35 are bonded; and 

{F) (1) if bond "a" or bond "b" is nil, then Rl4 is nil and L 

is bonded directly to Rl2 or Rl3; 

and 

(2} ;f bond "a 11 and "b" are single bonds, Rl4 is 

-W-C"'=C(R8a)-R37-, or -W-C"'(R36)-R37.; or 

(3) (preferably) if bond "a" is a single bond and bond "b" 

is a double bond, Rl4 is -C(R8a)(R38)-W-C"'-R37-; or 

(preferably) -W-C (RBa) (R3B)-C"' -R37 - , or -W-C"' -Rj/ - ; 
where 

(a) W is O; S{0) 5 , where s is an integer from 0 to 2 
(preferably O); or C(R3B), where R38 is hydrogen, 

alkyl or alkoxy; 

(b) R36 hydrogen; alkyl; alkenyl; -COOH; or, if R13 

is -C'*(R33), R36 may be linked to c'* to form a 

3-membered carbocyclic ring; 

(c) R37 is nil, alkyl, alkenyl, a carbocyclic ring, 

or a heterocyclic ring; and 

(d} C"' is directly bonded to Rll to form a 5- or 

6-membered ring, 

( I I I ' L 1 . l. n t R ..... L . L' v' ,,30 , , .. 3 ~ ""~ . . • ! in1ts ..... o ... ; ana is , -1\·t-" --L. , or -Jt. t-1\ .... -L., 

where L' is Q', -x2-Q", -x3-Q", or -X4t-C{•V3u)-Z-Q" (preferably 

-x2-Q", -x3-Q 11
, -X4t-C{=Y3u)-Z-Q"); 

(1) t and u are, independent1y, 0 or l; 
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(2) R39 is alkyl, alkenyl, heteroalkyl, heteroalk.enyl,­
carbocycl ic ring, or a heterocycl ic ring (preferab 
alkyl or alkenyl); 

(3} x2 is oxygen, or S(O)v, where vis an integer from o' 
2 (preferably O}; 

(4) x3 is nitrogen; N(R40); N+(R4l)(R42); or R43.N(R4l 
and is linked to Rl4 by a single or double bond; or,_ 
Rl4 is nil, x3 is linked to B by a single or dou 
bond. (preferably X3 is nitrogen, N(R40) 
N+(R4l)(R42)); where 
{a) R~O is RBa; -QR8a; or -C(•O)RBa; (preferably RB 
(b) R41 and R42 are, independently, hydrogen; alk 

alkenyl; carbocyclic rings; heterocyclic ring 
or, if R6 is Rl6x, then R41 and R42 together w 
Q", may comprise a heterocyclic ring as Rl6; 

·,:.:. 

(c) R43 is N(R41), oxygen or sulfur; 
(5) x4 is oxygen, sulfur, NR40, or R43-NR41 (prefer~ 
oxygen, sulfur or NR40); 
(6) y3 is oxygen, sulfur, NR40 er N+(R4l)(R42); 
(7) y4 is oxygen or NR41 (preferably oxygen); 
(8) Z is nil, oxygen, sulfur, nitrogen, NR40, or N(R41); 

(preferably oxygen, sulfur, nitrogen or NR40); , 
{9) Q' is said R6 substituent of Q; and 
(10) Q" is Q'; or together with x2, x3, Z or Z', is said 

substituent of Q; 
~~ 

and phannaceutically-acceptable sa1ts and biohydrolyzable e~1 · 
thereof, and hydrates thereof. 

Definitions and Usage of Terms: 

The following is a list of definitions for terms 

Th111~u ~i11r111if 1r 
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"Heteroatom" is a nitrogen. sulfur or oxygen atom. Groups 
containi~g one or more heteroatoms may contain different 
heteroatoms. 

"Alkyl" is an unsubstituted or 
hydrocarbon chain radical having from 
preferably from 1 to 4 carbon atoms. 
include {for example) methyl, ethyl, 
butyl . 

substituted saturated 
1 to 8 carbon atoms. 
Preferred alkyl groups 

propyl, isopropyl, and 

11 Heteroa 1 kyl" is an unsubstituted or substituted saturated 
chain radical having from 3 to 8 members comprising carbon atoms 
and one or two heteroatoms. 

"Alkenyl" is an unsubstituted or substituted hydrocarbon 
chain radical having from 2 to 8 carbon atoms, preferably from 2 
to 4 carbon atoms, and having at least one olefinic double bond. 

"Carbocyclic ring'' is an unsubstituted or substituted, 
saturated, unsaturated or aromatic, hydrocarbon ring radical. 
Carbocyc l i c rings are monocyc 1 i c or are fused, bridged or spi ro 
polycyclic ring systems. Monocyclic rings contain from 3 to 9 
atoms, prefer~b1y 3 to 6 atoms. Polycyclic rings contain from 7 
to 17 atoms, preferably from 7 to 13 atoms. 

"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 
carbon atoms and one or more heteroatoms in the ring. 
Heterocyclic rings are monocyclic or are fused, bridged or spire 
polycycli.c 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 ~Y?:!"!1p1~) phenyl, tolyl, xylyl, cumeny1 

and naphthyl. 
"Heteroaryl" is an aromatic heterocyclic ring radical. 

Preferred heteroaryl groups include (for example) thienyl, furyl, 
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pyrrolyl, pyridinyl, pyraziny1, thiazolyl, quinoliny 
pyrimidiny1 and tetrazolyl. 

"Alkoxy" is an oxygen radical having a hydrocarbon cha 

sub st ituent, where the hydrocarbon chain is an a 1 kyl or a 1 ken 

(i.e., -0-alkyl or -0-alkenyl}. Preferred alkoxy groups inclu: 

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

"Alkylamino" is an amino radical having one or two al 

substituents (i.e., -N-alkyl). 

5 

11 Aryla1 kyl" is an alkyl radical substituted with an a 10 

group. Preferred ary1a1kyl groups include benzyl 

phenyl ethyl. 

"Arylamino" is an amine radical sub~tituted 

group {i.e., -NH-aryl). .f: 

1'Aryloxy" is an oxygen radical having a aryl substitd . 15 

(i.e., -0-aryl). 
11 Acyl 11 or "carbonyl" is a radical formed by removal of . 

hydroxy from an carboxylic acid {i.e., R-C{=O)-). Prefer 
alkylacyl groups include (for example) acetyl, formyl, 

propionyl. 20 
"Acyloxy" is an oxygen radical having an acyl substitu 

{i.e., -0-acyl}; for example,-0-C(=O)-alkyl. 

"Acylamino" is an amino radical having an acyl substit 

(i.e., -N-acyl); for example, -NH-C(=O)-al.kyl. 

"Halo", "halogen", or "halide" is a chloro, bromo. fluor 25 
iodo atom radical. Chloro and fluoro are preferred halides. 

Also, as referred to herein, a "lower 11 hydrocarbon mo 

{e.g., "lower" alkyl) is a hydrocarbon chain comprised of fr. 

to 6, preferably from 1 to 4, carbon atoms. 
A "pharmaceutically-acceptable salt" is a cationic 30 

formed at any acidic (e.g., carboxyl) group, or an anionic' 

formed at any basic (e.g., amino) group. Many such salt. 
km.1"11 ·in the art, as described in World Patent Public, 

87/05297, Johnston et al., published September 11, 
(incorporated by reference herein}. Preferred cationic · 35 

include the alkali metal salts {such as sodium and potas~ 
and alkaline earth metal salts (such as magnesium and cal·. 
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Preferred anionic salts include the halides (such as chloride 
salts). 

A "biohydrolyzable ester" is an ester of a quinolonyl lactam 
that does not essentially interfere with the antimicrobial 
activity of the compounds. or that are readily metabolized by a 

human or lower animal subject to yield an antimicrobially-active 
quino1ony1 lactam. Such esters include those that do not inter­

fere with the biological .activity of quinolone antimicrobials or 
beta-lactam antimicrobials (cephems, for example). Many such 
esters are known in the art, as described in World Patent 

Publication 87/05297, Johnston et a1., published September 11, 
1987, (incorporated by reference herein}. Such esters include 
lower alkyl esters, lower acyloxy-alkyl esters (such as 
acetoxymethyl, acetoxyethyl, aminocarbonyloxymethy1, pivaloylox­
ymethyl and ·pivaloyloxyethyl esters), lactonyl esters (such as 

phthalidyl and tMophthalidyl esters), lower alkoxyacyloxyalkyl 
esters (such as methoxycarbonyloxymethyl, ethoxycarbonyloxyethyl 
and isopropoxycarbonyloxyethyl esters), alkoxyalkyl esters, 

chol;ne esters and alkyl acylamino alkyl esters {such as 

acetamidomethyl esters}. 
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 {for example) those 
listed in C. Hansch and A. Leo, Substituent Constants for 
Correlation Analysis in Chemistry and Biology {1979}, 

incorporated by reference herein. Preferred substituents include 
{for example) alkyl, alkenyl, alkoxy, hydroxy, oxo. nitre, amino, 
am;noalk¥1 (e.g., aminomethyl, etc.}, cyano, halo, carboxy, 

a 1 koxyacey1 {e.g., carboethoxy, etc.), th fol, aryl, eye l oa 1 kyl, 
heteroaryl, heterocycloalkyl (e.g., piperidinyl, morpholinyl, 
pyrrolidinyl, etc.), imino. thioxo, hydroxyalkyl, aryloxy, 
arylalkyl, and combir.aticns 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 R8a 

subst i tuent is defined as a potent i a 1 sub st i tuent of R7, but is 
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also incorporated into the definition of other subst1tuents {su 
as R6, RlZ, R3Z and l'). As used herein, such a radical 
independently selected each time it is used (e.g., R8a need n 

s be alkyl in all occurrences in defining a given compound of th 
invention). 

Lactam-containing moiet~: 

Groups Rl2, Rll, and Rl4, together with bonds "a" and "b" 

formula (I), form any of a variety of lactam-containing moieti. 10 

10 known in the art to have antimicrobial activity. Such moieti 

wherein either bond "a" or bond "b" are nil (i.e., do not exis 
are mono-cyclic; if both bonds exist, the structures a 

15 

20 

25 

30 

35 

bi-cyclic. Preferably, bond "a" is a single bond and bond "b" 
a double bond. 

• Preferred lactam moieties include the cephems, oxacephe 
and carbacephems of the representative formula: 

R11 

R1~ W 

0#~ L 
COOH 

wherein, referring to formula (II}, bond "a" is a single b~ 
bond "b" is a double bond; Rl2 is -C(RBa)-, where R8~. 
hydrogen· Rll is -CH(Rll}, where Rll is COOH; and Rl 4 \ 

. ' 37 
-W-C(R8a)(R3B)-C'"-R37, where RBa and R38 are hydrogen, R 

methylene, and W is S (for cephems), O (for oxacephems) or C( 
(for carbacephems). 

Other oreferred lactam moieties include the 
iso-oxacephems of the representative formula: 

_..;· 

. .. 
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wherein, referring to formula II. bond "a" is a single bond: bond 
"b" is a double bond: Rl2 is -C(R8a) where RBa is hydrogen: Rl3 
is -C(R33)=, where R33 is COCH: and Rl4 is -((R8a)(R3B)-W-C'"·R37 
where R8a and R38 are each hydrogen, R37 is methylene. and W is S 
(for isocephems) or O (for iso-oxacephems). 

Other preferred lactam-containing moieties include the 
penems, carbapenems and clavems, of the representative formula: 

R'° 
R" ~ 

1
w . Lw /\'VL 

o~ ~ 
COOH 

wherein, referring to formula (II), bond "a" is a single bond; 
bond "b". is a double bond; Rl2 is -C(RBa), where R8a is hydrogen; 
Rll is -C(R33)•, where R33 is COOH; and Rl4 is -W-C"'-R37, where 
R37 is methylene, and W is S (for penems), C(R38) (for 
carbapenems), or 0 {for clavems). Such. lactam moieties are 
described in the following articles, all incorporated by 
reference herein: R. Wise. "In Vitro and Pharmacokinetic 
Properties of the Carbapenemsn, 30 Antimicrobial Agents and 
Chemotherapy 343 (1986); and S. Mccombie et al., "Synthesis and 
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[n Vitro Activity of the Penem Antibiotics", 8 Medicinal R searc 
Reviews 393 {1988). 

Other preferred lactam-containing moieties of this inventio. 
include the penicillins of the representative formula: 

R11 

R1 
L 

N" 
o// 

~ 
COOH 

wherein, referring to formula IL bond "a" is a single bond, bo 
"b" is a single bond; Rl2 is -C(R8i)-, where R8a is hydrogen; R 
is -CH(R3l)- where R33 is COOH; and Rl4 is -W-C"'(R36)-R37. whe 
R36 is methyl, Rl7 is methylene, and Wis S. 

Other preferred lactam-containing moieties include t 
monocyclic beta-lactams, of the represantative formula: 

wherein, referring to formula (II), bond •a• is a single bo 
bond "b• ts nil; Rl2 is -C(RBI)-, where R8a is hydrogen; R 1~ 
nil; and R13 is -S03H (for a mont'b-actam}, -PO(OP.l4 }0H {fo 
monophospham); -C(O)NHS02N(R34)(Rl5) (for a monocarbam), -OS 
(for a monosul factam), -CH(R35)COOH (for nocardicins)' 
-0CH(R34)COOH. Such 1actam moieties are descr;bed 
C. Cimarusti et al., "Honocyclic 8-lactam AntiMoti 
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4 Medicinal Research Reviews 1 (1984), incorporated by reference 
herein . 

Other preferred lactam moieties include the monocyclic 
beta-lactams of the representative formula: 

wherein referring to formula II. bond "a" is nil, bond 11 b" is a 
15 single bond; Rl2 is -C(R8a)(R29)- where both R8a and R29 are 

hydrogen; and Rl4 is nil. 

20 

25 

30 

35 

Other preferred lactam moieties include the cl~vams of the 
representative formula: 

wherein,, .. referring to formula (II), bond "a• is a single bond; 
bond 11 b• is a single bond; Rl2 is -C(R8i)-, where RBa is 
hydrogen; R13 is -CH(R33)-, where Rl3 is COOH; and Rl4 is 
W-C"'•C-(R8i)-R37, where R8a is hydrogen and R37 is methylene, 
and W is O. 

Other preferred lactam moieties include the 2,3-methyleno­

penams and -carbapenams of the representative formula: 
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where;n, referring to formula (II), bond "a" is a single bo bond "b" is a s;ngle bond; RlZ is -C(R8i)-, where R8a hydrogen; Rl3 is -C*(R33), where R33 is COOH; and Rl4 w-C"'(R36)-R37, where R37 is nil, R36 is l~nked to C* to fo 3-membered carbocyclic ring, and W is C(R38) or sulfur. Lactam moieties of this invention also include lactivicin analogs of the representative formula: 

5 

10 

15 
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L 

wherein, referring to formula (I), bond "a" is a single bond; 
bond "b" is a double bond; Rl2 is -CHz-R28., where R28 is -N-; 
Rl3 is -C(R33)-, where R33 is COOH; and Rl4 is W-C"'-R37., where 
Rl7 is methylene. and W is C(R38). 

Other lactam moieties include the gamna-lactams of the 
representative formula: 

" 
\ ,3 

R 

wherein, referring to formula (II), bond "a" is a single bond; 
bond "b" is nil; Rl2 is -CH2-R28., where R28 is -C(RBi) and R8a 
is hydrogen; Rl3 is -S03H, -PO(OR34)0H, -C(O)NHSOzN(R34)(R35), 

-OS03H, -CH(R35)COOH, or -OCH(R34)COOH; and Rl4 is nil. 
Preferred lactam-containing moieties include cephems, 

isocephems, iso-oxacephems, oxacephems, carbacephems, 
penicillins, penems, carbapenems, and monocyclic beta-lactams. 
Particularly preferred arc cephem:, pcnems, car~•?2nsrni and 
monocyclic beta-lactams. 

RIO, in formula (11), is any radical that may be substituted 
at the active stereoisomeric position of the carbon adjacent ta 
the lactam carbonyl of an ant imicrobi a 11 y-act ive lactam. (As 
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used herein, the term "antimicrobially-active lactam" refers to 

lactam-containing compound, without a quinolonyl substitue 

moiety, which has antimicrobial activity.) This "activ 

position is beta (i.e., 7-beta) for cephems, oxacephems a 

carbacephems (for example). The active position is alpha f 

penems, carbapenems, clavems and clavams. 

Appropriate RIO groups will be apparent to one of ordina 

skill in the art. Many such RIO groups are known in the art, 

described in the following documents (all of which 

incorporated by reference herein): orins a 

Penicillins: Chemistry and Biology (E. Flynn, editor, 1972 

Chemistrv and Bioloav of b-lactam Antibiotics (R. Morin et al 

editors, 1987); "The Cephalosporin Antibioti 

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

1987); New Beta-Lactam Antibiotics: A Review from Chemistr 

Clinical Efficacy of the New Cephalosporins (H. Neu, edito 

1982); M. Sassiver et al., in Structure Activit Relationshf 

among the Semi-synthetii:: Antibiotics (0. Perlman, editor, 197 

W. Ourckheimer et al., "Recent Developments in the Field 

Beta-Lactam Antibiotics", 24 Angew. Chem. Int. Ed. Engl. 

(1985); G. Rolinson, "Beta-Lactam Antibiotics", 17 

Antimicrobial Chemotherapy S (1986); European Patent Publica\ 

187,456, Jung, published July 16, 1986; and World Pat 

Publication 87/05297, Johnston et al., published September 

1987. 

For penems, carbapenems, clavems and cl av ams, · -RlO 

preferably lower alkyl, or hydroxy-substituted lower ;:al 

Pirticularly preferred RlO groups include hydro 

hydroxymethyl, ethyl, [l(R)-hydroxyethyl], [l(R)-[(hydroxy_ 

fonyl)oxyethyl]J, and [l-methyl-1-hydroxyethyl]. 

Except for penems, carbapenems, clavems and 

preferred RlO groups are amides, such as: acetyl am 
preferably substituted with aryl, heteroaryl, ~-·aryl 
heteroarylthio and lower alkylthio substituents; arylg1ycY1.~ 
preferably N-substituted with heteroarylcarbony1 ~ 
cycl oheteroa l kyl carbonyl subst; tuents; aryl carbonyt 
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heteroarylcarbonylamino; and lower alkoxyiminoacetylam1no. 
preferably substituted with aryl and heteroaryl subst ituents. 
Particularly preferred RIO groups include amides of the general 
formula RlB-(CH2}m·C(=O)NH- and Rl8 is Rl7. Examples of such 
preferred RIO groups include: 

The 

[(2-amino-5-halo-4-thiazolyl)acetyl]amino; 
[(4-aminopyridin-2-yl)acetyl}amino; 
([(3,5-dichloro-4-oxo-I(4H}-pyridinyl)acetyl]amino]; 
[[[2-(aminomethyl)phenyl]acetyl]amino]; 
[(lH-tetrazol-1-ylacetyl)amino]; 
[(cyanoacetyl)amino]; 
[(2-thienylacetyl)amino); 
[[(2-amino-4-thiazoyl}acetyl)amino]; and 
sydnone, 3-f-2-amino)-2-oxoethyl . 

following are other such preferred RIO groups. 

HCONH-

0 

NII 

~ 

'I 
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When RIO is Rl8-(CH2)m-C(C=O)NH-, and Rl8 is -YI, preferred 
RIO groups include the following: 

[sulfamoylphenylacetyl]amino; 
( rt4 P" .. ~~ ... ,.1+1.•-1,--t··',,-1·--,, l \ - J I .... It ..... I u I II\,. t: 1 I J 11111 11 u J • 

([({cyanomethyl)thio]acetyl]amino]; 
(S)-[[[(2-amino-2-carboxyethyl)thio]acetyl]amino]; 
([[(trifluoromethyl)thio]acetyl]amino]; and 
(E)-[[[(2-aminocarbonyl-2-fluoroethenyl)thio]acetyl]amino]. 

I 
I 

I;, I' 



.. _.. .. - ·-~----···'-·'-----~ ............. - .... 

W091/16327 

-------- ---------···-- ---------···-··---------· 

-28-

W09l/I PCT/US9t/OU76 · , 

The following are other such preferred RlO groups. 
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0 

f 'CHS II ,..-1"~ ~NH 

When RIO is RlB-(CHz)m-C{=O)NH-, and Rl8 is -CH(Y2)(Rl7), 
preferred RIO groups include the following: 

[carboxyphenylacetyl]amino; 
[(phenoxycarbonyl)phenylacetyl]amino; 
[4-methyl-2,3-dioxo-l-piperazinecarbonyl-0-phenylglycyl]-
amino; 

Th111m1m111~11~·~r 
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[[[3-{2-furylmethyleneamino)-2-oxa-l-imidazolidinyl]­carbonyl]amino]phenyl]acetyl]amino; 
(R)-[(aminophenylacetyl)amino]; 
(R)-([amino(4-hydroxyphenyl)acetyl]amino]; 
(R)-[(amino-l,4-cyclohexadien-1-ylacetyl)amino); 
[(hydroxyphenylacetyl)amino]i 
(R)-[[[((4-ethyl-2,3-dioxo-l-piperazinyl)carbonyl]amino]­
{4-hydroxyphenyl)acetyl]amino]; 
(R)-[[[((5-carboxy-lH-imidazol-4-yl)carbonyl)amino]phenyl acetyl]amino}; 
(R)-([[({4-hydroxy-6-methyl-3-pyridinyl)carbonyl]amino](4 
hydroxyphenyl)acetyl)amino]; 
(R)-[(phenylsulfoacetyl)amino]; 
(2R,3S)-([2-([(4-ethyl-2.3-dioxo-l-piperazinyl}carbonyl]-
amino]-3-hydroxy-l-oxobutyl)amino]; 
[[carboxy(4-hydroxyphenyl)acetyl]amino]; 
(R}-[[amino[3-[{ethylsulfonyl)amino]phenyl]acetyl]amino]; 
(R)-[[amino(benzo[b]thien-3-yl)acetylJamino); 
{R)-[[amino(2-naphthyl)acetyl]amino]; 
(R}-[[amino(2-amino-4-thiazolyl)acetyl]amino]; 
[[[[{6,7-dihydroxy-4-oxo-4H-l-benzopyran-3-yl)carbonyl]­
amino](4-hydroxyphenyl)acetyl]amino]; 
(R,R)-([2-[4-[2-amino-2-carboxyethyloxycarbonyl]aminophe 
yl]-2-hydroxyacetyl]amino]i and 
(S)-[[{5-hydroxy-4-oxo-1(4H)-pyridin-Z-yl)carbonylamino( 
amino-4-thiazolyl)acetyl]amino]. 

The following are other such preferred RlO groups. 
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HN'1f 
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Another preferred RlO group is Rl7.c{=CHR20)-C{=O}NH-. Such 

groups incluoe (for example) the following :r1·uctures. 
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Another class of preferred RlO groups (for lactam-conta\n;ng 
moieties other than penems, carbapenems, c1 avems and c 1 av ams) 
include those of the formula: 

Rl7-C(=NO-R19)-C(=O)NH-. 
Examples of this preferred class of RlO groups include: 

2-phenyl-2-hydroxyiminoacetyl; 
2-thienyl-2-methoxyiminoacetyl; and 
Z-(4-(ga1M1a-O-g1utamyloxy)phenyl]-2-hydroxyiminoacetyl. 
(Z}[[(Z-amino-4-thiazolyl)(methoxyimino)acetylJamino]; 
[[(2-furanyl(methoxyimino}acetyl)amino]; 
(Z)-[[(2-amino-4-thiazolyl)[(l-carboxy-l-methyl}ethoxyim-
ino]acetyl]amino]; 
(Z)-[[(2-amino-4-thiazolyl)(l-carboxym~thoxyimino)acetyl]am 

ino); 
[[(2-amino-4-thiazolyl}[(lH-;midazol-4-ylmetnoxy}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)methoxyimino]acetyl]amino]. 
Other preferred RlO groups include the following structur 

(where "SS" is HCONH-). 
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The following are other preferred RlO groups. 

H~/'i 

aHH'« 

Cl 

0 

Suitable Rll groups are among those well-known in the -
including those defined ;n the following documents 
incorporated by reference herein). w. Ourckheimer et ; 
"Recent Qeve1:~mcr.t5 in the Field of Bt:tii.-Lfi(;tam Antibioti 
24 Angew. Chem. Int. Ed. Engl. 180 (1985); G. Ro11 
MBeta-Lactam Anttbiottcs•, 17 J. Antimi o ·a1 Ch 
(1986); and European Patent Publication 187,456, Jung, publ 
July 16, 1986. Preferred Rll groups include hydrogen, met 
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ethoxy, propoxy, thiomethyl, halogen, cyano, formyl and 

farmylamino. Particularly preferred Rll groups inc:ude hydrogen. 

methoxy, halogen, and formylamino. 

Quinolone Moieties: 

Groups Al, A2, A3, Rl, R3, and R4 of formula I form a moiety 

{herein, "core quinolone moiety") present in any of a variety of 

quinolone, naphthyridine or related heterocyclic moieties known 

in the art to have antimicrobial activity. Such heterocyclic 

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 ~ 

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. Reo. Med. Chem. 145 (0. M. Baily, 

editor, 1986); J. B. Cornett et al., in 21 Ann. Rep. Med. Chem. 

139 (D. M. Bailey, editor, 1986); P. B. Fernances et al., in 22 

Ann. Rec. ~ed. Chem. 117 (D. M. Bailey, editor, 1987); 

R. Albrecht, 21 Prog. Drug Research 9 {1977); and P. 8. Fernandes 

et al., in 23 Ann. Rep. Med. Chem. (R. C. Allen, editor, 1987). 

Preferred quinolone moieties include those where Al is 

C(R7), A2 is C(R2), and A3 is C(RS) (i.e., quinolones); Al is 

nitrogen, A2 is C(R2), and A3 is C(R5) (i.e., naphthyridines); Al 

is C(R1), A2 is C(R2), and A3 is nitrogen (i.e., cinnoline acid 

deri~atives); and where Al is nitrogen, A2 is nitrogen, and A3 is 

C(RS) (i.e., pyridopyrimidine derivatives). More preferred 

quinolone moieties are those where Al is C(R7), A2 is C(R2), and 

A3 is C(R5) (i.e .• quinolones); and where Al is nitrogen, A2 is 

C(R2), and A3 is C(R~j (i.e •• naphthyridines). Particuhrty 

preferred quinolone moieties are where Al is C(R7), A2 is C(R2), 

and A3 is C(RS) (i.e., quinolones). 

Rl is preferably alkyl, aryl, cycloalkyl and alkylamino. 

More preferably, Rl is ethyl, 2-fluoroethyl, 2-hydroxyethyl, 
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t-butyl. 4-fluorophenyl. 2,4-difluoropnenyl, methy1amino a 
cyclopropy1. Cyclopropyl is a particularly preferred Rl grouP. 
Preferred quino1one moieties also include those where Al is C(R 
and Rl and R7 together comprise a 6-membered heterocycl; c ri 
containing an oxygen or sulfur atom. 

R2 is preferably hydrogen or halo. More preferably R2 

chlorine or fluorine. Fluorine is a particularly preferred 
group. 

Preferred R3 groups include nitrogen-containing heterocycl 
rings. Particularly preferred are nitrogen-containi 
heterocyclic rings having from 5 to 8 members. The heterocycl 
ring may contain additional heteroatoms, such as oxygen, sulfu. 
or nitrogen, preferably nitrogen. Such heterocyclic groups a; 
described in U.S. Patent 4,599,334, Petersen et al., issu 
July 8, 1986; and U.S. Patent 4,670,444, Grahe et al., issu: 
June 2, 1987 {both incorporated by reference herein}. Preferr 
R3 groups include unsubstituted or substituted pyridine, pipe~, 

dine, morpholine, diazabicyclo[3.l.l]heptane, diazabic 
clo[2.Z.l]heptanc, diazabicyclo(3.2.1Joctane, diazabicyclo[Z.2. 
octane, thiazolidine, imidazolidine, pyrrole and thiamorpholi 
as well as the following particularly preferred R3 groups incl 
piperazine, 3-methylpiperazine, 3-aminopyrrolidi 
3·aminomethylpyrrolidine, N,N·dimethylaminomethylpyrrolidi 
N·methylaminomethylpyrrolidine, N-ethylaminomethylpyrrolidi 
pyridine, N-methylpiperazine, and 3,5-dimethylpiperazine. 

linking Moieties: 
Group l, together with the R6 substituent, form a variety 

linking moieties between the lactam-containing structure (B) 
Lin the quinolone structure (Q) of the quinolonyl lactams. 

moieties include the following general classes. 

(1) Carbamate linking moieties, wherein l is 
t is 1 and u ts l~ x4 is oxygen; y2 is oxygen; 
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(2) Oithiocarbamate '.inking moieties. wherein L is 
-X 4t·C(=Y2u)-Z-Q"; t is l and u is l; x4 is sulfur; y2 is sulfur: 
and Z is NR41, where R41 is hydrogen. 

(3) Urea linking moieties wherein L is -X4t-C(=Y2u)·Z-Q"; t is l 

and u is I; x4 is NR40, where R4D is hydrogen; y2 is oxygen; and 
Z is nitrogen. 

{4) Thiourea linking moieties wherein L is -X4t·C(•Y2u)-Z-Q"; t 

is l and u is l; x4 is NR40, where R40 is hydrogen; y2 is sulfur; 
and Z is nitrogen. 

(5) Isouronium linking moieties wherein L is -X4t·C(=Y2u)-Z-Q"; 
t is I and u is l; x4 is oxygen; y2 is N+(R41)(R42), where R41 
and R42 are hydrogen; and Z is nitrogen. 

(6) Isothiouronium linking 
-X4t·C(=Y2u)·Z-Q"; t is l and u 
N+(R41)(R42), where R41 and R42 are 

moieties 
is I; x4 

wherein L is 
is sulfur; y2 is 

hydrogen; and Z is nitrogen. 

(7) Guanidinium linking moieties wherein l is -X4t-C(=Y2u)-Z-Q"; 
tis 1 and u isl; x4 is NR40, where R40 is hydrogen; y2 is 
N+(R4l)(R42), where R41 and R42 are hydrogen; and Z is nitrogen. 

(8) Carbonate linking moieties wherein L is -X4t-C(•Y2u)-Z-Q"; t 

is 1 and u is l; x4 is oxygen; y2 is oxygen; and Z is oxygen. 

{9)· Trithiocarbonate linking moieties wherein L is 
-X4t-C(=Y2u)-Z-Q"; t is 1 and u is l; x4 is sulfur; y2 is sulfur; 
and Z is sulfur. 

(lOj Reversed caroamate 
-X4t-C(=Y2u)-Z-Q"; t is 1 
hydrogen; y2 is oxygen; and 

linking moieties wherein L is 
and u is I; x4 is NR40, R40 is 

Z is oxygen. 
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(11) Xanthate linking moieties wherein Lis -X4t-C(=Y2u)-Z-Q";·· · 
is l and u is l; x4 is NR40, where R40 is hydrogen; y2 • 
N+(R4l)(R42), where R42 and R42 are hydrogen; and z is oxygen. 

(12) Reversed dithiocarbamate linking moieties wherein L 
-X4t·C(=Y2u)-Z-Q"; t is 1 and u is l; x4 is NR40, where R40 
hydrogen; y2 is sulfur; and Z is sulfur. 

(i3) Reversed· isothiouronium linking moieties wherein L 
-X4t-C(=Y2u)-Z-Q"; t is 1 and u is l; X4 is NR40, where R40 
hydrogen; y2 rs N+(R4l)(R42), where R41 and R42 are bo 
hydrogen: and Z is sulfur. 

(14) Amine linking moieties wherein L is -x3-Q"; and x3 

nitrogen. 

{15) Imine linking moieties wherein L is -x3-Q"; x3 is nitroge· 
and is linked to Rl4 by a double bond. 

(16) Ammonium linking moieties wherein L is -x3-Q"; and x3 · 
N+(R41) (R42). 

(17) Heteroarylium linking moieties wherein Lis -x3-Q"; and 
is nitrogen. 

(18) Ether linking moieties wherein L is -x2-Q"; and x2 
oxygen. 

{19) Thioether, sulfoxide and sulfone linking 
is -x2-Q"; and x2 is S(O}t, where t=O 
(sulfoxide} or t=2 (sulfone). 

moieties wherei 
(thioether), ·· · 

{20) Ester or thioester linking moiety wherein L 
-X4t-C(•Y2u)-Z-Q"; t is 1 and u is l; x4 is oxygen (for an es 
or sulfur (for a thioester); y2 is oxygen; and Z is nil· 
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(21) Amide or hydrazide linking moiety wherein .x4t·C(=Yu)·Z-Q": 

tis 1 a·nd u is 1: X4 is N(R40), where R40 is hydrogen (for an 

amide), or x2 is R43.NR41 (for a hydrazide}, where R41 is 

hydrogen and R43 is NR41, and R4l is hydrogen; y2 is oxygen; and 
Z is nil. 

Preferred linking moieties include carbamate, dithiocar­
bamate, urea, thiourea. isothiouronium, amine, ammonium, ester, 
amide. and heteroarylium containing moieties. Particularly 
preferred linking moieties include carbamate, dithiocarbamate, 
and amine linking moieties. 

The speci fie physical. chemical, and pharmacological 
properties of the quinolonyl lactams 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 integral moieties 
may affect the relative susceptibility of the quinolonyl lactam 

to bacterial resistance mechanisms (e.g., beta-lactamase 
activity). 

Preferred quinolonyl lactams include (for example) the 

fol1owing compounds. 
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~ethods of Manufacture 

The quinolonyl iactams of this invention may be made us 1 

any of a variety of synthetic techniques known in the ar 

Manufacture of quinoloryl lactam generally involves the prepar 

tion of a lactam-containing moiety, a quinolone moiety and 

procedure or set of procedures for linking the lactam-containi,. 

and quinolone moieties. Procedures for making a broad variety 

lactam-containing moieties and core quinolone moieties are wel 
. ji 

known 1n the art. For example, procedures for preparing lactaff 

containing moieties are described in the following reference~ 
all incorporated by reference herein (including articles cit~ 
within these references): Cephalosporins and Penicilliritj 

Chemistrv and Bioloav (E. H. Flynn, ed, 1972) Chapters 2, 3, f 
5, 6, 7, 15 and Appendix I; Recent Advances in the Chemistry J 
8-Lactam Antibiotics {A.G. Brown and S. M. Roberts, ed., 198i·· 
Tooics in Antibiotic Chemistry, Vol. 3, (Part 8) and Vol. 4, '. 

Semmes, ed., 1980); Recent Advances in the Chemistry of 8-lact 

Antibiotics (J. Elks, ed., 1976}; Structure-Activity Relati~· 
!I 

ships Among the Semisynthetic Antibiotics (0. Perlman, ed, 197j 

Chapts. l, 2, 3, 4; Antibiotics. Chemotherapeutics and Antibf 
!t 

terial Agents for Disease Control (M. Grayson, ed, 198: 

Chemistry and Biology of .B-Lactam Antibiotics, Vols 1-3 (K. 
Morin and M. Gorman, eds, 1982); 4 Medicinal Research Revi. 

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

182-189 (1987); European Patent Publication 266,060; 42 

Antibiotics 993 {1989); U.S. Patent 4,742,053; 35 Chem. Pha 

Bull. 1903-1909 (1987); 32 J. Med. Chem., 601-604 {1989)i 
Patent 4,791.106; Japanese Patent Publication 62/158291; 31 
Med. Chem. 1987-1993 (1988); 30 J. Med. Chem., 514-522 (1987) 

Tet. Let. 285-288 (1987}; 28 Tet. Let. 289-292 (1987); 52 J. 

Chem., 4007-4013 {19S7); 40 J. Antibiotics, 3i0-384 (l987}i 4 

Antibiotics, 1636-1639 (1987); 37 J. Antibiotics, 685-688 (19 

23 Heterocycles, 2255-2270; 27 Heterocycles, 49-55; 33 

Pharm. Bull. 4371-4381 (1985); 28 Tet. Let, 5103-5106 {1987) 
J. Ora. Chem., 4154-4156 (1988); 39 J. Antibiotics, 1351· 
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{ 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 

J. Orq. Chem., 4401-4403 (1987); 39 Tetrahedron, 2505-2513 

(1983); 38 J. Antibiotics, 1382-1400 (1985); European Patent 

Application 053,815; 40 J. Antibiotics, 1563-1571 (1987); 40 J..:. 
Antibiotics, 1716-1732 (2987); 47 J. Orq. Chem., 5160-5167 

(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; 

and U.S. Patent 4,777,673. 

The methods of this invention preferably use a core 

quinolone moiety having a non-hydrogen substituent at the 

5-position (at the point of attachment of R6). General 

procedures for preparing core quinolone moieties usefu1 in the 

methods of this invention are described in the following 

references. a11 incorporated by reference herein (including 

articles listed within these references}; 21 Progress in Drug 

Research, 9-104 (1977); 31 J. Med. Chem., 503-506 (1988); 32 ~ 

Med. Chem., 1313-1318 (1989); 1987 Liebios 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. 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 Publicaticn 228,661; 31 J. f.ieci. Chem., i58&-1!>90 

(1988); 31 J. Med. Chem., 1598-1611 (1988); and 23 J. Med. Chem., 

1358-1363 {1980); 
A general procedure for preparing 5-substituted quinolones 

useful in the methods of this invention includes treating an 
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appropriate core quinoione moiety. having a 5-fluoro substituent 
with various nucleophiles (for example. amines. thio1s, azide 
and cyanide) in an inert polar solvent. such as dimethy 
formamide (DMF) or dimethyl sulfoxide (DMSO). Furthe 
elaboration of the R6 group, to produce quinolone moieties usefu. 

in this invention, may be performed by known procedures fol• 
protecting group removal. functional group modifi cat; on and/a , 
(for example) interconversion or homologation. 

Preparation of core quinolone moieties having a non-hydroge 
substituent at the 5-position are {for example) described in thl 
following documents, all of which are incorporated by referenc 
herein: 32 J. Med. Chem. 1313 (1989); European Paten· 
Publication 342,649 (1989); European Patent Publication 309,78 
(1988); World Patent Publication 89/06649 (1989); European Paten 
Publication 310,917 (1989); European Patent Publication 312.0 
(1989); European Patent Publication 304,087 (1989); Europea' 
Patent Publication 305,744 {1989); European Patent Publicatio' 
306,860 (1989}; European Patent Publication 287,951 (1988). 
German Offenlegungsschrift 3.711.193 (1983); European Pate 
Publication 265,230 {1988); European Patent Publication 247,4 1 

(1987); European Patent Publication 255,908 (1988); Europe, 
Patent Publication 242,789 (1987); European Patent Publicati 
230,053 (1987); 31 J. Med. Chem. 503 {1988); European Pate 
Publication 230,946 (1987); European Patent Publication 230.2 
(1987); European Patent Publication 221,463 {1987); Europe 
Patent Publication 226.961 (1987); European Patent Publicati 
172,651 (1986); and European Patent Publication 115.334 {1984). 

Procedures for linking the lactam-containing moiety a· 
quinolone moieties may vary acco::-~ing to the type of 1 inki' 
group desired. For example, the quinolonyl 1actams having 
carbamate linking moiety may be made by the following gene 

reaction sequence: 

Lact-CH20H ---> Lact-CH20C(•O)-X + HN-Quin ---~ 

Lact-CH2-0C(=O)N-Quin 

Th' 1111i~'1iH1i1nr 
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where X is a reactive leaving group (such as alkoxy, halo, or 
N-heteroaryl), ··~act'' represents an appropriately protected 
lactam-containing structure (such as a penem. carbapenem, cephem, 
monocycl ic beta-1 actam, oxacephem, or carbacephem) and "Quin" 
represents an appropriately protected qui no 1 one. The sequence 
can be envisioned as formation of the intermediate lactam 
carbonate derivative, followed by acylation of a quinolone amino 
functionality to form a carbamate coupled conjugate of the lactam 
and quinolone. 

Alternatively, "reversed" dithiocarbamate conjugates can be 
prepared by the following sequence. 

Quin-CH20H ---~ Quin-CH20C(=O}-X + H2N-CH2-Lact ---> 
Lact-CH2-NHC(=O}O-CH2-Quin 

where X is a reactive leaving group (such as alkoxy, halo, or 
N-heteroaryl}, "lact" represents an appropriately protected 
lactam-containing structure (such as a penem, carbapenem, cephem, 
oxacephem, or carbacephem) and "Quin" represents an appropriately 
protected quinolone. The sequence can be envisioned as formation 
of the intermediate quinolone carbonate derivative, followed by 
acylation of a lactam amino functionality to form a carbamate 
coupled conjugate of the lactam and quinolone. 

Lactam-Quinolones having a dithiocarbamate linking moiety may be 
made by the following general reaction sequence: 

'tS2 + HN-Quin ---~ M+-SC(=S)N-Quin + Lact-CH2-X ---> 
Lact-CH2-SC(=S}N-Quin 

where X is a reactive leaving group (such as halo, a sulfonate 
ester, acetate, thi obenzoate or other activated hydroxyl 
functionality), "Lact" represents an appropriately protected 
lactam-containing structure (such as a penem, carbapenem, cephem, 
monocyc1 ic beta-1 actam, oxacephem, or carbacephem), and ·"Quin" 
represents ·an appropriately protected qui no lone. The sequence 
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::an be envisioned as formation of the intermediate quino1on 
dithiocarbamate salt, followed by nucleophilic disp1acement 0 
the lactam X substituent to form a dithiocarbamate couple, 
conjugate of the lactam and quinolone. 

Alternatively, "reversed" dithiocarbamate conjugates can 
prepared by the following sequence. 

bJ 

t 
f: Lact-CH2-NH2 + CS2 ---) Lact-CH2-NHC(•S)S-M+ + X-CH2-Quin ---> ; 
" Lact-CH2-NHC(=S)S-CH2-Quin i 
i 

where X is a reactive _leaving group (such as _halo'. a sulfona1 
ester, or other activated hydroxyl funct1onal1ty), "Lact~ 

ii represents an appropriately protected lactam-containing structu1 
(such a~ a penem, carbapenem, cep~em, oxacephem, or ~arbacepheml 
and "Quin" represents an appropr1ately protected qu1nolone. T1 
sequence can be envisioned as formation of the intermedia\ 
1actam dithiocarbamate salt, followed by nucleophil}, 
displacement of the suitable quinolone X substituent to formf;_ 
"reversed" dithiocarbamate coupled conjugate of the lactam aQ. 

~,.: 

quinolone. J 
i Quinolonyl lactams having a thiourea or urea linking moiety m• 

be made by the following general reaction sequence: 

Lact-CHz-X + M+-vcN ---} HN-Quin + Lact-CHz-N·C=Y ---) 
Lact-CHz-NHC(=Y)N-Quin 

(thiourea: Y is sulfur; urea: Y is oxygen) 

where X is a reactive leaving group (such as halo, a sulfon 
ester, dichloroacetate, thiobenzoate or other activated hydro 
functionality), and Y is either O or S. "Lact" represents 
appropriately protected 1 actam-coniaining. structure (such as; 
penem, carbapenem, cephem, monocyclic beta-lactam, oxacephem, 
carbacephem), and "Quin" represents an appropriately protec 
quinolone. The sequence can be envisioned as formation of 
intermediate lactam isothiocyanate (Y • S) or isocyanate (Y • 
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followed by reaction with the quinolone amino substituent to form 
a thiou.rea (Y = S) or urea (Y = O) coupled conjugate of the 
lactam and quinolone. 

Alternatively, the thiourea or urea conjugates can be 

prepared by the following sequence. 

Quin-NH + XC(=Y)X ---> Quin-NC(=Y)X + Lact-CH2NH2 ---) 
Lact-CH2NHC(=Y)N-Quin 

(thiourea: Y is sulfur; urea: Y is oxygen) 

where X is a reactive leaving group such as halo, N-heteroaryl or 
activated hydroxyl functionality, and Y is either Sor 0. "Lact" 
represents an appropriately protected lactam-containing structure 
(such as penem, carbapenem, cephem. monocyclic beta-lactam, 
oxacephem, or carbacephem}, and "Quin" represents. an appropri -
ately protected quinolone. The sequence can be envisioned as 
formation of the intermediate quinolone activated thio carbamate 
{Y•S) or carbamate (Y=u), followed by reaction with the lactam 
amino substituent to form a thiourea (Y=S) or urea (Y=O) coupled 
conjugate of the lactam and quinalone. 

Quino1onyl lactams having an imine, amine or ammonium linking 
moiety may be made by the following general reaction sequence: 

Lact-CHO + HN-Quin ---) Lact-CH•N-Quin (an imine) ---> 
Lact-CH2-N-Quin (an amine) ---> Lact-CH2-N+(R)-Quin (an 
ammonium) 

"Lact" represents an appropriately_ protected lactam­
containing structure (such as a penem, carbapenem, cephem, 
oxacephem, or carb~c~phcm), and "Qui 11" represents an appro­

priately protected quinolone. The sequence can be envisioned as 
the condensation of the quinolone amine with the lactam aldehyde 
to form the imine coupled quinolonyl lactam conjugate. Reduction 
of the imine yields the corresponding amine coupled lactam-
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quinolone conjugate. Alkylation yields the correspondin 
quaternary ammonium-coupled quinolonyl lactam conjugate. 

Alternatively, the quaternary ammonium and amine (R is H 
conjugates can be prepared by the following general sequence. 

Lact-CH2-X + (R)N-Quin ---~ 

where X is a reactive leaving group (such as halo, a sulfonat 
ester, or other activated hydroxyl functionality, etc.) Thi 
se~uence can be envisioned as an alkylation of a quinolone amin 
group with the lactam starting material to obtain the amine a· 

J quaternary ammonium coupled conjugate between the lactam am , 
quinolone. 

Quinolonyl lactams having an amide linking moiety may be made 
the following general reaction sequence: 

lact-CH2-NH2 + X-C(=O)-Quin ---~ Lact-CH2-NHC(=O)-Quin 

bl 

where X is a reactive leaving group (such as halo, an HOBt este~ 
mixed anhydride or other activated .;arboxyl functional ity}i 
"Lact" represents an appropriately protected lactam-conta i ni 1 
structure (such as a penem, carbapenem, cephem, oxacephem. i 
carbacephem),, and "Quin" represents an appropriately protecte 
quinolone. The reaction can be envisioned as an acylation of t 
lactam amino substituent with the activated quinolone carbox 
group, to form an amide coupled conjugate of the lactam a 
quinolone. 

Alternatively, "reversed" amide conjungates can be prepar 
by the following sequence. 

Lad-COOH ---; LactC(=O)-X + HN-Quin ---) Lact-C(=O)N-Qui 

where X is a reactive leaving group (such as halo, an HOBT est 
mixed anhydride or another activated carboxyl functionalit 
"Lact" represents an appropriately protected lactam-contain 
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structure (such as a penem. carbapenem, cephem. oxacephem or 
carbacephem), and "Ou in·· represents an appropriate 1 y protected 
quinolone. The reaction can be envisioned as an acylation of the 
quinolone amino suostituent '"'ith the activated lactam carboxyl 
group to form a "reversed" am1de coupled conjungate of the lactam 
and quinolone. 

Quinolonyl lactams having a guanidinium linking moiety may be 
made by the following general reaction sequence: 

R'C(=O}N=C=S + HN-Quin ---) H2NC(=S)N-Quin ---) 
RSC(=NH2+X-)N-Quin • ----). 

Lact-CH2-NHC(=NH2•X-)N-Quin 

where "Lact" represents an appropriately protected 
1 actam-conta in i ng structure (such as penem, carbapenem, cephem, 
oxacephem, or carbacephem) and "Quin" represents an appropriately 
protected quinolone. The sequence can be envisioned as formation 
of the intermediate quinolone isothiouronium salt, followed by 
reaction with the lactam amino substituent to form a guanidinium 
coupled conjugate of the lactam and quinolone. 

Quinolonyl lactams having a heteroarylium linking moiety may be 
made by the following general reaction sequence: 

Lact-CH2-X + NHet·Ouin ---) Lact-CH2-N+Het·Ouin 

wh.ere X is a reactive leaving group 
ester, acetate, th i obenzoate or 
function1lity}, "lact" represents 

(such as halo, a sulfonate 
other activated hydroxyl 

an appropriately protected 
lactam-containing structure (such as a penem, carbapenem, cephem. 
monocycl ic beta-1 actam, ox:?.ccphem, Ci carba.cepham) and ''Gu iri" 

represents an appropriately protected quino1one that contains a 
heteroaromatic nitrogen-containing substituent (for example, 
pyridine). The sequence can be envisioned as an alkylation of 
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the quinolone heteroarornatic nitrogen containing substituent b 
the lactam to form the pyridinium-type conjugate. 

Quinolonyl lactams having a xanthate linking moiety may be ma 
by the following general reaction sequence: 

CS2 + HO-Quin ---~ M+-SC(=S)O-Quin + Lact-CH2-X ---~ 

Lact-CH2-SC(=S)O-Quin 

{ 

:~ 
i 
~ where X is a reactive leaving group (such as halo, a sulfonal 

ester, acetate. thiobenzoate or other activated hydroxl 
functionality), "Lact" represents an appropriately protecte· 
lactam-containing structure {such as a penem, carbapenem, cephe: 
monocycl ic beta-1 actam. oxacephem, or carbacephem), and "QuiS 
represents an appropriate 1 y protected qui no 1 one. The sequen~ 
can be envisioned as formation of the intermediate quinolo~ 

.,:r: xanthate salt, followed by nucleophilic displacement of th 
~ lactam X substituent to form a xanthate coupled conjugate of th 
f} lactam and quinoione. 

Quinolonyl lactams having a thioether, sulfoxide or 
linking moiety may be made by the following general 
sequence: 

Lact-CH2-X + HS-Quin ---) Lact-CH2-S-Quin (a thioether) ---> 
Lact-CH2-SO-Quin {a sul foxide} ---~ Lact-CH2-S02-Quin 
sulfone) 

where X is a reactive leaving group {such as halo, a sulfon 
ester, acetate. thi obenzoate or other activated hydro 
functionality, etc.}. "Lact" represents an appropriat 
protected lactam-ccfitaining stru~L~re (such as a 
carbapenem, cephem, monocyclic beta-lactam, oxacephem, 
carbacephem), and "Quin 11 represents an appropriate 1 y protec 
quinolone. The sequence can be envisioned as nucleophi 
displacement of the lactam X group with a thio-contain: 
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quinolone to form the thioether coupled conjugate of the 1 actam 
and the quinolone. Oxidation of the thioether yields the corres-
ponding sulfoxide conjugate. Further oxidation produces the 
sulfone quinolonyl lactam conjugate. 

Quinolonyl lactams having a vinyl-thioether linking moiety may be 

made bv the following general reaction sequence: 

HS-Quin --···• 

CO.I! 

where X is a reactive vinylic leaving group (such as halo, 
sulfonate ester, phosphate ester or other activated enolic 
functionality, etc.} The lactam-containing structure may be a 
penem, as represented above. or more may be another appropriately 
protected 1 actam-conta in i ng structure (such as carbapenem, 
cephem, oxacephem, or carbacephem), and "Quin" represents an 

appropriately protected quinolone possessing a thiol substituent. 

The sequence can be envisioned as the displacement of the vinylic 
1 act am X subst ituent to form the corresponding vinyl -thi aether 
coupled conjugate of the lactam and quinolone. 

Quinolonyl lactams having an isothiouronium linking group may be 
made by the following general reaction sequence: 

RC(=O)N=C=S + HN-Quin ---~ H2NC(=S)N-Quin + Lact-CH2-X ---~ 

Lact-CH2-SC(=NH2+x·}N-Quin 

where X is a reactive leaving group (such as halo, a sulfonate 

ester, acetate, thiobenzoate or other activated hydroxyl 

functionality). Lact ~epresents an appropriately protected 
lactam-conta;ning structure (such as a penem, carbapenem, cephem, 
monocycl ic beta- l actam, oxacephem, or carbacephem, and "Qu;n" 
represents an appropriate 1 y protected qui no 1 one. The sequence 
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formation of the intermediate quinolon 
nucleophilic displacement of the lactam 

isothiouronium coupled conjugate of th 

In the reaction sequences described herein, cert a; 

functional groups contained in the Lact and Quin structures: 

(such as carboxyl, hydroxyl, and amino groups} may need to b! 

blocked in order to prevent undesired competing side reaction! 

from occurring_ with X. Suitable protec.ting groups for carboxyJI 
substituents include esters. Protecting groups for hydrox~ 

substituents \.nclude ethers, esters, and carbonates; a1: 
protecting groups for amino substituents include carbamates, a~ 

ir 
amides. If various protecting groups are employed, the 

appropriate deprotect i ng chemistry, that will not decompose t~ 
coupled conjugate, may be required to obtain antibacteriali 

active products. 
~ • [! 

Compositions 1 
The compositions of this invention comprise: i 
(a} a safe and effective amount of a quinoionyl lactam; ar. 

'!" 
{b) a pharmaceutically-acceptable carrier. {! 

A "safe and effective amount" of a quinolonyl lactam is an amou~ 
that is effective, to inhibit microbial growth at the site of 

infection to be treated in a human or lower animal subjec 

without undue adverse side effects (such as toxicity, irritatio 

or a 11 ergi c response), commensurate with a ~eason~~l 

benefit/risk ratio when used in the manner of thi~ invent1\ 
The specific "safe and effective amount" will, obviously, v) 

r with such factors as the particular condition being treated, . 
physical condition of the patient, the duration of treatment, -

nature of concurrent therapy (if any), the specific dosage f 

to be used, the carrier employed, the solubility of 
,'n lo vl lactam thoro1'n ~nrl thD nocagc ~, eni~,,G.,.r. desired fc~ qu o n_ .. ~ .. . -··- _ .. __ .. _ :i .. 

composition. 
The compositions 

in unit dosage form. 

composition of this 

of this invention are preferably provi · 

As used herein, a "unit dosage form" i 

invention containing an amount of 
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quinolonyl lactam 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 SO mg 
(milligrams} to about 7000 mg, more preferaoly from about 500 mg 
to about 3500 mg, of a quinolonyl lactam. 

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 liquid 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. The amount of carrier. employed in 
conjunction with the quinolonyl lactam is sufficient to provide a 
pr act i cal quantity of material for admi ni strati on per unit dose 
of the quinolonyl lactaw. Techniques and compositions for making 
dosage forms useful in the methods of this invention are 
described in the following references, a11 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 
i~s derivatives, malt, gelatin, talc, calcium sulfate, vegetable 
oils, synthetic oils, polyols, alginic acid, phosphate buffer 
solutions, emulsifiers, isotonic saline, and pyrogen-free water. 
Preferred carriers for parenteral administration include 
propylene glycol. ethyl o1eate, pyrrc1idon~, ethanol, and sesame 
oil. Preferably, the pharmaceutically-acceptable carrier, in 
compositions for parenteral administration, comprises at least 
about 90% by weight by the total composition. 
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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_­
quinol onyl lactam. Tablets can be compressed, tablet triturates,.i 
=-teric-coated, sugar-coated, film-coated, ori 
multiple-compressed, containing suitable binders, lubricants.! 
diluents, disintegrating agents, coloring agents, flavoring-~ 

d agents, flow-inducing agents, and melting agents. Liquid oraH 
;I dosage forms include aqueous solutions, emulsions, suspensions,:: 

solutions and/or suspensions reconstituted from non-effervescentt - t 
granules. and effervescent preparat i ans rec on st i tuted from;! 

t effervescent granules, containing suitable solvents.~ 
li preservatives, emulsifying agents, suspending agents, diluents+ 

sweeteners, melting agents. coloring agents and flavoring agents.; 
l Preferred carriers for oral administration- include gelatinJ 
'd propylene glycol, cottonseed oil and sesame oil. ·. 
~1 The compositions of this invention can also be administered 

-topically to a subject, i.e., by the direct laying on a~ 
''f spreading of the composition on the epidermal or epitheliaf 
ri tissue of the subject. Such compositions include, for examplej 

lotions, creams, solutions. gels and solids. These topica\ 
compositions preferably comprise a safe and effective amount{_ 
usually at least about 0.1%, and preferably from about 1% tQ. 

ii about 5%, of the quinolonyl lactam. Suitable carriers fat 
topical administration preferably remain in place on the skin al 
a continuous film, and resist being removed by perspiration o 

• immersion in water. Generally, the carrier is organic in natur 
and capable of having dispersed or dissolved therein th 
quinolonyl lactam. The carrier may includ 
pharmaceutically-acceptable emolients, emulsifiers, thickeni 
a"e"i'S ., .. ~ ,...,i ...... +,. :J' I• "' t \l.t I \oil .I""' I ( \iO. •I "" ... • 

Methods of Administration 
This invention also provides methods of treating 

preventing an infectious disorder in a human or other anim · 
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subject, by administering a safe and effective amount of a 
quinolonyl lactam to saic rnbject. As used herein, an 
"infectious disorder" is any di so rd er characterized by the 
presence of a mi crobi a 1 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 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, 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 
prophylaxis in immunosuppressed patients {such as patients 
receiving cancer chemotherapy, or organ transplant patients). 

T~e quinolonyl lactams and compositions of this invention 
can be administered topically or systemically. Systemic 
application includes any method of introducing the quinolonyl 
lactam into the tissues of the body, e.g., intrathecal, epidural, 
intramuscular, transdermal, intravenous, intraperitoneal, 
subcutaneous, subl ingual, 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 used, the resistance pattern of the 
in~ecting organism to the quinolonyl lactam used, the ability of 
the quinolonyl lactam to reach minimum inhibitory concentrations 
at the site of the infection. the nature and extent of other 
infections (if any), the personal attributes of the subject (such 
~~ weight), complianc2 with the treatment r~gimen, and tne 
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 



WO 91116327 PCT /US91/02476 

-66-

500 mg to about 3500 mg, of quino1onyl lactam are administered 
per day. Treatment regimens preferab1y extend from about l tJ 
about 56 days, preferably from about 7 to about 28 days, ;~ 
duration. Prophylactic regimens {such as avoidance of 

5 opportunistic infections in immunocompromised patients) maj'. 
f; 

extend 6 months, or longer, according to good medical practice. [ ,. 

A preferred method of parentera 1 admi ni strati on is through 
:j 

intramuscular injection. As is known and practiced in the ard 
all formulations for parenteral administration must be sterilet 

" 10 For mammals, especially humans, (assuming an approximate bod}° 
·' 

weight of 70 kilograms} individual doses of from about 100 mg tc ,, 
about 7000 mg, preferably from about 500 mg to about 3500 mg, ar' 

·• 
acceptable. 

A preferred method of systemic administration is oral; 
15 Individual doses of from about 100 mg to about 2500 mg; 

20 

25 

30 

35 

preferably from about 250 mg to about 1000 mg are preferred. ; 
Topical administration can be used to deliver the quinolon~ 

lactam systemically, or to treat a local infection. The amount. ,. 
of quinolonyl lactam tn be topically administered depends upo1 

• 
such factors as skin sensitivity, type and location of the tissu 

c 
to be treated, the composition and carrier {if any) to b 

.• 

administered, the particular quinolonyl lactam to b 
I 

administered, as well as the particular disorder to be treat~. 

and the extent to which systemic (as distinguished from locai' 
~ effects are desired. :, , 

The following non-limiting examples illustrate tt 

' compounds, compositions, processes, and uses of the prese~ 
~ i 

r 
f 

invention. 

EXAMPLE I . I 
[6R-[6a,7B]]-3-[[[[2-[3-Carboxy-l-cyclopropyl-6,8-dif1uoro-l,4-1~ 
dihydro-7-(4-methyl-l-piperazinyl)-4-oxo-5-auinolinyl]-1-hydra-, 
zino]thioxomethyl]thio]methyl]-8-oxo-7-(2-thienylacetyl)amino-~ 

thia-l-azabicyc1o(4.2.0)oct-2-ene-2-carboxylic acid disodium s : 
is made according to the following general procedure. 

W· 

2 

3( 

35 
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Th1i1m1m1~11i·~r 
To a mixture of 11.4 gm l-cyclopropyl-5,6,8-trifluoro-l,4-
dihydro-7~(4-methyl-l-piperazinyl)-4-oxo-quinoline-3-carboxylic 
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acid (Compound I. prepared according to D.S. Moran, et a1., 32 J.f 
Med. Chem. 1313-1318 {1989)) and 7.25 gm t-butyl carbazate in 70,'. 

ml dimethylsulfoxide at about 35"C with stirring under nitrogenl , 
is added 14.l ml of triethylamine slowly. The reaction is heated~ 

5 at about 90-95"C for 5 hr and then cooled. Acetonitrile is added~ ,. 
and allowed to stir overnight. The resulting precipitate is; 

collected and dried to give 11.34 gm of Compound II. 1 
;; 

• _ .. 
!' 

Compound II .{10.5 gm) is stirred in approximately 50 mf 
10 trifluoroacetic acid for 1 hr at room temperature. The solvent' 

15 

20 

25 

30 

35 

• 
is evaporated .• the crude residue dissolved in IN HCl and 
precipitated b:, the addition of acetone. The solid is co11ectedi 

.i-

and air-dried to yield 6.05 gm of Coinpound III as the 

dihydrochloride salt. 

Compound III (4.65 gm) is suspended in approximately 10 ml wate~ 

and 10 ml of 4N NaOH is added, followed by 1.7 gm carbon disul+, 
·:~ 

fide. The reaction is stirred at room temperature for 4 hr, theq 
'{ 

the addition of acetone precipitates the product which is col~;· 
ii 

lected by filtration. Trituration of this material in acetonE 
i 

then gives 3 .1 gm Compound IV. : 

ii 

To a solution of 2.6 gm Compound IV in 20 ml water is added a ~ 
8 (adjusted with sodium carbonate) solution of cephalothin sodiu! 
salt (2.4 gm). The solution is heated at about 45•c for about ~ 
hr. then concentrated in vacuo and the product is isolated bi. 
preparative reverse phase chromatography (Cl8'. 
acetonitrile/water) to yield 1.49 gm of Compound V. t 

EXAMPLE 2 
[SR-[5a,6a)]-3-[[[[[2-[(3-Carboxy-l-cyclopropyl-6,8-dif1uoro-1. 
dihydro-7-(4-methy1-1-pioeraziny1)-4-oxo-S-quin~1iny!]thic]-l­

ethyl)amino]carbonyl]oxy]methyl)-6-[(R)-l-hydroxyethy1)-7-oxo-4 
thia-l-azabicyclo(3.2.0]hept-2-ene-2-carboxylic acid disodi 
salt is made according to the following general procedure. 

'i 

3 
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C02R 

/ 
H2N~ 

s 

v 

0 

C02H 

VI: R 1 = TBDMS: R; = al!yl; R3 = H 
VII: R: = H: R; = a.ilvl: R; = H 
VIII: R' = H: R: = R0. = :-.;~ 
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III· R =\le 
IV· R = H 

To 23.0 gm of l-cyclopropyl-5,6,8-trifluoro-l,4-dihydro-7-
(4-methyl-l-piperazinyl)-4-oxo-Quinoline-3-carboxylic acid 
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(Compound I, prepared according to D.B. Moran. et al., 32 J. Med) 

Chem. 1313-1318 (1989)) in approximately 600 ml anhydrou~ 

methanol is added 14.5 gm thionyl chloride dropwise at about 
s-1o·c. The reaction mixture is then refluxed far 18 hr, cooled! 

' and concentrated in vacuo. The residue is taken up in chloroforn 
and extracted with 10% aqueous sodium carbonate. The organic 
layer is dried over sodium sulfate and concentrated. The crude 
solid is recrystallized from acetonitrile to yield 15.1 gn 

Compound II. 

To 11.8 gm of Compound II and 6.83 gm of N-(2-mercaptoethyl)~· 

phthal imide in 400 ml dry 50% THF/DMF is added 1.45 gm NaH {6m 
in mineral oil} portionwise at about o-s·c with stirring unde) 
nitrogen. The reaction is stirred for 2 hr and poured into coli 
saturated brine. The aqueous layer is extracted with chlorofor~ 
The combined organic 1 ayers are dried over sodium sulfate ani 
concentrated in vacuo. The residue is trituated n 
acetone/hexanes and collected. The solid is then chromatograph~ 
on ~ilica gel (ethyl acetate/methylene chloride} to yield 7.15 g 
Compound III. 

Compound III (7.1 gm) in a mixture of about 250 ml methanol an 
250 ml 6N HCl is refluxed for 4 hr. The reaction is cooled arl 

I 

concentrated to dryness. The crude product is dissolved i 
minimal aqueous DHF and is precipitated by neutralization wi1 

I 

10% aqueous sodium bicarbonate solution. The solid is collect~ 

and air-dried to yield 4.71 gm of Compound IV. t 
;, 
~ 

' To 4.54 gm of Compound IV in 200 ml 50% OMF/absolute ethanol f 
added 8 ml of lN hydrazine hydrate in absolute ethanol. Tj 
mixture is refluxed for 6 hr and evaporated to dryness. T\ 

rPsidue is treated ~ith 25 ml 2N HCl at about so•t for 20 m~ 
then cooled at room temperature for approximately 1 hr. 1l 
mixture is filtered and the filtrate is evaporated. The crJ' 
product is trituated in acetonitrile, collected and redissol 
in water. A 10% sodium bicarbonate solution is added 
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precipate Compound V, which is filtered and dried yielding 2.52 
gm. 

To a solution of 2.27 gm of 3-hydroxymethyl-6-[l-[{l,l-
dimethylethyl)dimethylsilyloxy]ethyl]-7-oxo-4-thia-l­
azabicyclo[3.2.0)hept-2-ene-2-carboxylic acid, allyl ester 
(prepared according to C. Battistini, et al., US Patent 
4,631,150) in 35 ml d~y THF at about o·c is added 1,2,2,2-
tetrachloroethyl chloroformate (0.88 ml) followed by the dropwise 
addition of 0.54 ml pyridine over 5 min. The mixture is stirred 
at about o·c for 60 min and poured into a mixture of Compound V 
(2.19 gm) in 23 ml water containing 2.6 gm sodium bicarbonate. 
The resulting mixture is then stirred for iO min, cooled in an 
ice bath and diluted with 200 ml of cold 0.2N HCl. The solution 
is evaporated to dryness and the residue is trituated with ether. 
The solid is collected and subsequently purified by flash 
chromatography (silica gel, i sopropanol/chloroform/acetic acid) 
to yield 0.60 gm Compound VI. 

To a solution of 0.51 gm Compound VI in 15 ml THF containing 0.33 
ml glacial acetic acid at room temperature is added 0.55 gm 
tetrabutyl anvnoni um fluoride tri hydrate. The mixture is stirred 
for 24 hr, the solvent is removed in vacuo, and the crude product 
is purified by flash chromatography (silica gel, 
chlorofonn/methanol/acetic acid) to yield 201 mg Compound VII. 

To 186 mg of compound VII in 20 ml DMF containing 4 mg bis(tri­
phenylphosphine)palladium(II) :nloride and 25 ml acetic acid is 
added 0.15 ml tributyltin hydride at about o·c. The reaction is 
stirred under nitrogen for 30 min and concentrated to 1-2 ml. 

The residue is diluted with ether to precipitate the crude 
product. The solvent is decanted and the residu~ is suspended ~~ 

3 ml acetone at about o·c. A cold solution of 42 mg sodium 
bicarbonate in 1.5 ml water is added. The resultant solution is 

then diluted with acetone and the precipitated product is 



W091/16327 

5 

10 

15 

20 

25 

PCT/US91/02476 

-72-

collected by filtration. yielding 141 mg of Compound VIII after 
air-drying. 

EXAMPLE 3 

An antimicrobial composition for parenteral 
according to this invention, is made comprising: 

Component 

i 
t 
l 
t 

administrationi 
! 

Amount 

compound of Example l 100 mg/ml carrier 

Carrier: 
sodium citrate buffer with (percent 
by weight of carrier): 
lecithin 
carboxymethylcellulose 
povidone 
methyl paraben 
propyl paraben 

0.48% 

0.53 
a.so 
0.11 

0.011 

The above ingredients are mixed, forming a suspensiof'!. 
~; 

Approximately 2.0 ml of the suspension is systemical\ 
administered, via intramuscular injection, to a human subje~ 

suffering from a lower respiratory tract infection, wi~ 
Streptococcus pneumoniae present. This dosage is repeated twi~ 

dai1yt for approximately 14 days. After 4 days, symptoms of t~ 
ii 

that the pathogen has beJ disease subside, indicating 
substantially eradicated. 

\i 
! 

EXAMPLE 4 
30 An enteric coated antimicrobial composition for or 

35 

administration, according to this invention, is made comprisi 
the following core tablet: 

WC 

2 

3( 

35 
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Component 

compound of Example 2 
starch 
magnesium stearate 
microcrystalline cellulose 
colloidal silicon dioxide 
povidone 
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Amount (mg) 

350.0 

30.0 

5.0 
100.0 

2.5 
12.5 

The components are admixed into a bulk mixture. Compressed 
tablets are formed, using tabletting methods known in the art. 
The tablet is then coated with a suspension of methacrylic 
acid/methacrylic acid 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. 
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1. A compound of the general formula 

Q - l - B 

wherein Qt L and B are defined as follows: 

(I) Q is a structure according to Formula (I) 

(I) 

0 0 
;. 11 

I I 
R4-Cr 

A~N' I 

wherein 
~1 

(A) (1) Al is Nor C(R7); where 
( i ) R 7 is hydrogen, hydroxy, a 1 koxy, nit ro, cyano, 

halogen, alkyl, or N(RB)(R9), and 
(ii) RB and R9 are, independently, RBa where RBa is 

hydrogen, alkyl, alkenyl, carbocyclic ring, or 
heterocyclic ring; or RB and R9 together comprise 
a heterocyclic ring including the nitrogen to 
which they are bonded; 

(2) A2 is Nor C(R2); where R2 is hydrogen or halogen; 
(3) A3 is Nor C(R5); where R5 is hydrogen; 
(4) Rl is hydrogen, alkyl, a carbocyclic ring, a 

heterocyclic ring, alkoxy, hydroxy, al kenyl, 
arylalkyl, or N(RB)(R9); 

(5) R3 is hydrogen, ha1oge11, alkyl, a carbocyc11c nng, or 
a heterocyclic ring; 

(6) R4 is hydroxy; and 

I 
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{7) R6 is Rl5 or Rl6X; where Rl5 is a substituent moiety of 

Land is nil, alkyl, heteroalkyl, or alkenyl; Rl6 is a 

substituent moiety of L and is alkyl, alkenyl, a 
carbocyclic ring or a heterocyclic ring; and X is 

alkyl, heteroalkyl, alkenyl, oxygen, sulfur, or NH; 

(B) except that 
(1) when Al is C(R7), Rl and R7 may together comprise a 

heterocyclic ring including N' and Al; 

(2} when A2 is C(R2), R2 and R3 may together comprise 

-O-(CH2)n-O-, where n is an integer from 1 to 4;· 

(3) when A3 is C(R5), R4 and R5 may together comprise a 

heterocyclic ring including the carbon atoms to which 

R4 and RS are bonded and the carbon atom of Formula (I) 

to which said carbon atoms are bonded; and 

(4) when A3 is C(RS), Rl and RS may together comprise a 

heterocyclic ring including N' and the adjacent carbon 

to which RS is bonded; 

(II) Bis a structure according to Formula (II), where Lis 
bonded to Rl4: 

(I[) 

wherein 

(A) RIO is hydrogen, halogen, alkyl, alkenyl, heteroalkyl 1 a 

carbocycl ic ring, a heterocycl ic ring, RBa-0- 1 RBacH=N- 1 

'Ro'("'o,.. ...17 ,., "HR"n' C' n••n• R,, r1 un R,q, r1 O) .. 'H l ""J 11."'}l't-, 11. .. '-l..l=l. --1- \=u1nn- 1 -·-1..\ .. nv· --1-1..\"' m-, 

or Rl8-(CH2)m-C(=O)NH-; where 
(1) m is an integer from 0 to 9; 
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(2) Rl7 is hydrogen, alkyl, alkenyl, heteroalkyl, 
heteroalkenyl, a carbocyclic ring, or a heterocyclic 
ring; 

(3) 

(4) 

RIB is Rl7, -YI, or -CH(Y2)(Rl7); 
Rl9 is Rl7, arylalkyl, 
-C(R22)(R23)COOH, -C(=O)O-Rl7, or 
R22 and R23 are, independently, 

heteroarylalkyl, 
-C{=O)NH-Rl7, where 

Rl7 or together 
comprise a carbocyclic ring or a heterocyclic ring 
including the carbon atom to which R22 and R23 are 
bonded; 

(5) R20 is Rl9, halogen, -YI, or -CH(Y2)(Rl7); 
(6) yl is -C(=O)OR21, -C(=O)R21, -N(R24)R21, -S{O)pR29, or 

-OR29; and y2 is yl or -OH, -SH, or -S03H; 
{a) p is an integer from 0 to 2; 
(b) R24 is hydrogen; alkyl; alkenyl; heteroalkyl; 

heteroalkenyl; a carbocyclic ring; a heterocyclic 
ring; -S03H; -C(•O)R25; or, when RIB is 
-CH(N(R24)R2l)(Rl7), R24 may comprise a moiety 
bonded to R21 to form a heterocyclic ring; and 

(c) R25 is Rl7, NH(Rl7), N(Rl7)(R26), O(R26), or 
S(R26); where R26 is alkyl, alkenyl, a carbocyclic 
ring, a heterocyc 1 i c ring, or when R25 is 
N(Rl1)(R26), R26 may be a moiety bonded to Rl7 to 
form a heterocyclic ring; and 

(7) R21 is R29 or hydrogen; where R29 is alkyl; alkenyl; 
arylalkyl; heteroalkyl; heteroalkenyl; heteroarylalkyl; 
a carbocyclic ring; a heterocyclic ring; or, when Y is 
N(R24)R21 and R21 is R29, R21 and R24 may together 
comprise a heterocyclic ring including the nitrogen 
atom to which R24 is bonded; 

(B) Rll is hydrogen, halogen, alkoxy, or R27q .. o)NH- , where 
R27 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; 

Th111~1[ 1m1r111~·~r 

v 
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(D) Rl2 is -C(R8a)-, or -CH2-R28-; where R28 is -C(R8a), -0-, or 
-N-, and R28 is directly bonded to N" in Formula (II) to 
form a 5-membered ring; 

(E) 

except, if bond "a" is nil, then Rl2 is 
(I) -C(R8a)(Xl)-, where 

(i) xI is -R21; -oR30; -S(O)rR30, where r ;s an 
integer from 0 to 2; -OC=O)R30; or N(R30)R31; and 

(ii) R30 and R31 are, independently, alkyl, alkenyl, 
carbocyclic ring or heterocyclic ring 
subst ituents; or R30 and R31 together comprise a 
heterocyclic ring including the nitrogen atom to 
which R30 and R31 are bonded; or 

(2} -CH2-R32_; where R32 is -C(R8a )(R21), -0-, or -NR8a, 
and R32 is directly bonded to N" in Formula (II) to 
form a 5-membered ring; 

(1) if bond "b" is a single bond, Rl3 is -CH(R33)-; or, 
-C(O)NHS02-, if bond "a" is nil; or -C*(R33 )- if Rl4 
contains a R36 moiety; where R33 is hydrogen or COOH, 
and c* is linked to R36 to form a 3-membered ring; 

(2} if bond "b" is a double bond, Rl3 is -C(R33)=; or 
(3) if bond "b" is nil, Rl3 is hydrogen, -S03H, 

-PO(OR34)0H, -C(O)NHS02N(R34)(R35), -OS03H, 
-CH(R35)COOH, or -OCH(R34)COOH; where R34 is hydrogen, 
alkyl, alkenyl, a carbocyclic ring, or a heterocyclic 
ring; and R35 is hydrogen, alkyl, alkenyl, or -NHR8a; 
or, if Rl3 is -C(O)NHS02N(R34)(R35), R34 and R35 may 
together comprise a heterocyclic ring including the 
nitrogen to which R34 and R35 are bonded; and 

(F} (1) if bond "a" or bond "b" is nil, then Rl4 is nil and L 

is bonded directly to Rl2 or Rl3; 
(2} if bond "a" and "b" are single bonds, Rl4 is 

-W-C"'=C(R8a)-R37_, or -W-C"'(R36)-R37-; or 
(3) if bond "a" is a single bond and bond "b" is a double 

bond, R14 is -C(R8a)(R38)-W-C"'-R37-; 
-W-C(R8a)(R38)-C"'-R37_; or -W-C"'-R37-; where 
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and pharmaceutically-acceptable salts and biohydrolyzable esters 

thereof, and hydrates thereof. 

2. A compound, according to Claim 1, wherein said 

lactam-containing moiety is selected from the group consisting of 

cephems, oxacephems, carbacephems, 1socephems, iso-oxacephems, 

penems, carbapenems, clavems, penicillins, clavams, 

2,3-methyleno-penems, 2,3-methyleno-carbapenems, and 

pyrazol idi nones; preferably cephems, 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 

cephems, penems, and carbapenems. 

4. A compound, according to Claim 1, wherein. said 

lactam-containing moiety is selected from the group consisting of 

monobactams, monophosphams, monocarbams, monosulfactams, 

nocardicins, lactivicin analogs, and gamma-lactams; preferably a 

monobactam. 

5. A compound, according to Claim 2 or Claim 4, wherein 

Rll is hydrogen or alkoxy; and Rl2 is -C(RBa)-. 

6. A compound according to Claim 1, wherein: Al is 

nitrogen or C(R1), preferably nitrogen; A2 is C(R2); and Al is 

C(RS). 

7. A compound according to Claim 6, wherein Q is a 

6-fluoroquinolone moiety, a 8-halo-6-fluoroquinolone moiety, a 

pyridobenzoxazine moiety, a pyridobenthiazine moiety, a 

isothiazoloQuinolinedione, or isoxazoloquinolinedione moiety. 

8. A compound, according to Claim 7, wherein Rl is alkyl, 

aryl, cycloalkyl or alkylamino, preferably ethyl, 2-fluoroethyl, 

2-hydroxyethyl, t-butyl, 4-fluorophenyl, 2,4-difluorophenyl, 
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methylamino or cyclopropyl; and R2 is hydrogen, chlorine or 
fluorine. 

9. A compound, according to Claim 7 or Claim 8, wherein R3 
is a nitrogen-containing heterocyclic ring, preferably 
piperazine, 3-methylpiperazine, 3-aminopyrrolidine, 
3-aminomethylpyrrolidine, N,N-dimethylaminomethylpyrrolidine, 
N-methylaminomethylpyrrolidine, N-ethylaminomethylpyrrolidine, 
pyridine, N-methylpiperazine, or 3,5-dimethylpiperazine. 

10. A compound~ according to Claim 9, wherein Rl is 
cyclopropyl, R2 is fluorine, and R3 is piperazine. 

11. A compound, according to Claim 1, wherein L comprises a 
1 inking moiety selected from the group consisting of carbamate, 
dithiocarbamate, urea, thiourea, isouronium, isothiouronium, 
guanidine, carbonate, trithiocarbonate, reversed carbamate, 
xanthate, reversed isouronium, reversed dithiocarbamate, reversed 
isothiouronium, amine, imine, ammonium, heteroarylium, ether, 
thioether, ester, thioester, amide and hydrazide groups; 
preferably carbamate, dithiocarbamate, urea, thiourea, 

isothiouronium, amine, ammonium, and heteroarylium groups. 

12. A compound, according to Claim 11, wherein L is L', and 
L' is -x2-Q", -X3-Q", or X4t-C(•Y3u)-Z-Q", preferably 

X4t-C(•Y3u)-Z-Q". 

• 13. A compound, according to Claim 12, wherein Q" is said 
R6 substituent of Q, or together with x2, x3, Z or Z', is said R6 
substituent of Q, and wherein said linking moiety is a carbamate 
or dithiocarbamate group. 

14. 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 13; and 
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(2} a pharmaceutically-acceptable carrier. 

15. The use, for the manufacture of a medicament for 
preventing or treating an infectious disorder in a human or other 
animal subject, of a compound of any of Claims 1 through 13. 
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