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-(=0 Rerr],
Y[err] or -OCH,

-SH, or -SOerr]H (a) pis an integer fromO to

Y[err] is -C(-O)GQ[equ:r/US9l/02476
-N(Rlerr])Rlerr], -S(O[egrr]R29. or -ORlerr]; and Y,gkld cbs
2, 5

(b) R24 is hydrogen; alkyl; alkenyl; heteroalkyl; heteroal kenyl; a
carbocyclic ring; a heterocyclic ring; -Sgerr]H 72 -C(=ORerr]; or
when Rl err] is -CH(N(R[err])Rlerr]) (R erar]) R24 gpy conprise a noiety

bonded to Rlerr] to forma heterocyclic ring; and 10

Re5 is Rerr], NH(Rerr])y, NRerr])(Rgrr]), QRerr]), or

nal
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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 literature describes a myriad of
compounds that are said to be antimicrobial, i.e., capable of
destroying or suppressing the growth or vreproduction 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 Antibacterial Agents for Disease Control
(M. Grayson, editor, 1982), and E. Gale et al., The Molecular
Basis of Antibiotic Action 2d edition (1981), both incorporated
by reference herein.

The mechanism of action of these antibacterials vary.
However, each can be generally classified as functioning in one
or more of four ways: by inhibiting cell wall synthesis or
repair; by altering cell wall permeability; by inhibiting protein
synthesis; or by inhibiting synthesis of nucleic acids. fer
example, beta-lactam antibacterials act through inhibiting the
essential penicillin binding proteins (PBPs) in bacteria, which
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S(R26) ; mhere R[errj s al kyl, alkeny[,
het er ocyﬁjd Gﬂlﬁiﬁg’

0 R17 to forma hetero

noi ety bonde

éwé;?gbcyclic ring, a
or when R25 is N(Rerr])(Rerr]), p2frusm/e47é

Rlerr] is Rerr] or hydrd§

cyclic ring;, and 15 (7)
hee nBeRREY s al kyl; al kenyl; arylal kyl ;
het er oal kyl ; het eroal kenyl ; l yl; a carbocyclic ring; a
or, when err])Rlerr] and Rerr] 1is

het erocyclic ring;

Rlerr], Rerr]

_ : and Rlerr] nmay together com®-ise a heterocyclic ring
including the nitro

(B) HRerr] is hydr

omto which R24 is bonded;

%Sgn?gsmsaaaa, for awaxy«,a’i“ oFYREhEsT § o( ) Nihe othepepdnd.

R27 is hydrogen or ajukgélones act by inhibiting synthesis of bacterial DNA, thus
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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 iq
their pharmacological characteristics, such as their
bioavailability, and biodistribution. Accordingly, selection o
an appropriate antibacterial (or other antimicrobial) in an
given clinical situation can be a complicated analysis of many
factors, including the type of organism involved, the desireq
method of administration, and the location of the infection to bé
treated.

The development of microbial resistance is one factor in thé
selection of an appropriate antimicrobial (particularly anti
bacterials), which is of increasing concern in medical science
This “"resistance" can be defined as existence of organisms)
within a population of a given microbial species, that are les|
susceptible to the action of a given antimicrobial agent. Suc
resistant strains may subvert the mechanism of action of
particular antimicrobial, or chemically degrade the antimicrobia
before it can act. For example, bacterial resistance
beta-lactam antibacterials has arisen through development d
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 particular concern i
environments such as hospitals and nursing homes, which af
characterized by relatively high rates of infection and intent
use of antibacterials. See, e.g., W. Sanders, Jr. et al
"Inductible Beta-lactamases: Clinical and Epidemiolog!



(O 917163371 s a single bond or is nil; and bond 'RCT/US91/8024T6ngl e
bond, a double bond, or is nil; except bond "a" and 25 bond "b"
are not both nil; (D Rl2is -C(Rerr])-, or -CHerr]-Rerr]-; where
Rlerr] is -C(Rerr]), -0-, or -N, and R28 is directly bonded to N' in
Formula (Il1) to forma 5- nenbered ring;, except, if bond "a" is nil, then
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al gigctabtksengi seag@sb@3pcl (1988).  [hdegd,

theOldevelopment of
re£1sQ9nt bacterial strains has led to a concern that pathogenic

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

antibacterially-active leaving group from the 10-position of a
cephem.

However, many such attempts to produce improved.
antimicrobials yield equivocal results. Indeed, few
antimicrobials are produced that are truly clinically-acceptable
in terms of their spectrum of antimicrobial activity, avoidance

of microbial resistance, and pharmacology.

SUMMARY OF THE INVENTION

The present invention provides compounds of the general
structure

0-1-8

wherein Q, L and B are defined as follows:
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(I} Q is a structure according to Formula (I)




35 substituents; or R30 and R31 together
conpr i sWO1{63%} ocyclic ring including the nitrogen atom t(P(WdU(SﬁVﬂFﬁﬁr]

and R31 are bonded; or -7- (2) -CHerr]-Rerr]-; where Rerr] is
-C(R[err])(R[err]), -0, or -NR[err] and R32 is directly bonded to N' in
Formula (I1) to forma 5-nenbered ring; 5 (BE) (1) if bond "b" is
single bond, R13T laced)r -C(ONHS err]-, if bond "a" is nil;
-4-

2

O R6

SR w/\ SAS
\ ,/’L\\ F%:B

10 F% 1
wherein
(A) (1) Al is N or C(R7); where
(i) R7 is hydrogen, hydroxy, alkoxy, nitro, cyano,
halogen, alkyl, or N(R8)(R9), and
15 (ii) R and RY are, independently, RBa where R82 is
hydrogen, alkyl, alkenyl, carbocyclic ring, or
heterocyclic ring; or R® and R9 together comprise
a heterocyclic ring including the nitrogen to
_which they are bonded;
20 (2) A2 is N or C(R2); where R2 is hydrogen or halogen;

(3) A3 is N or C(RS); where RS is hydrogen;

(4) Rl is hydrogen, alkyl, a earbocyclic ring, a
heterocyclic ring, alkoxy, hydroxy, alkenyl,
arylalkyl, or N(R8)(R9);

25 (5) R3 is hydrogen, halogen, alkyl, a carbocyclic ring, or
a heterocyclic ring;

(6) R4 is hydroxy; and

(7) R6 is R15 or RI6X; where RIS is a substituent moiety of
L and is nil, alkyl, heteroalkyl, or alkenyl; R16 is )

30 substituent moiety of L and is alkyl, alkenyl, 2
carbocyclic ring or a heterocyclic ring; and X iJ

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

(B) except that ‘

(1) when Al is C(R7), Rl and R7 may together comprise i

35 heterocyclic ring including N’ and Al; T

(2) when A2 is C(RZ), RZ and R3 may together compris{
-0-(CH2)n-0-, where n is an integer from 1 to 4;




gont g, noi ety; where R33 is hydfogen or , an 1/oiked to
R36 %6?6 n61 3-nmenbered ring; (2) if bond "b" is a doug;i(?/g?%cz R13 is

-\C(Rerr])=; or 10 (3) if bond "b" is nil, R13 S
Hydr ogen, -Sgerr]H -POOR err])OH,
-ICCONHSO err]N(Rerr])(Rerr]), -0sderr]H -CH(R35)COCH, or

OCH(R[ er]) COOH;, where R34 is hydrogen, alky]l, alkenyl, a carbocyclic

riing, or a heterocyclic ring;, and R err] is ydrogen, alkyl, alkenyl, or
-INHR[ err]; 15

IO NSh er vl R err 13 Rg'é?"r]%’”'s caReTY R sk RS, gy obpasther oIS &
|

hiet erocyclic ring includi hgtenssyel icr sges !mxlwidmm @4 canithnRA%oms et dowhdlerd ;

and (F) (1) if bond "a"pérafyoRsl 3" bordedl hnd theNcFbdni stoli br #embia (1)

5 to which said carbon atoms are bonded; and
(4) when A3 is C(R5), Rl and RS may together comprise a
heterocyclic ring including N’ and the adjacent carbon
to which RS is bonded;

10 (I1) B is a structure according to Formula (II), where L is
bonded to R14:

o, R"
0__1 12
. 15 () R R 2 _ 4
is | 13/1rF? -L
or _~+—N'R
. 0~
to wherein
20

(A) R10 is hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a
carbocyclic ring, a heterocyclic ring, R83-0-, RB2CHaN-,
(RB) (RIIN-, R17-C(=CHRZ0)-C(=0)NH-, RI17-C(=NQ-R19)-C(=0)NH-,

yh or RI8-(CH2)p-C(=0)NH-; where
25 (1) m is an integer from 0 to 9;
o (2) RI7 is hydrogen, alkyl, alkenyl, heteroalkyl,
hetercalkenyl, a carbocyclic ring, or a heterocyclic
of ring;
(3) RI8 is RI7, -yl or -CH(YZ)(R17);

s ? 30 . (4) RI9 is R17, arylalkyl, heteroarylalkyl,
,1 -C(R22) (R23)COOH, -C(=0)0-Rl7, or -C(=0)NH-R17, where
11 R22 and R23 are, independently, Rl7 or together

i comprise a carbocyclic ring or a nheterocyclic ring
i including the carbon atom to which R22 and R23 are
€ | 35 bonded;

sl (5) R20 is RI%, halogen, -Y1, or -CH(YZ)(R17);
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S bond
and

W0 8465y

-WC'(Rerr])-Rerr]-

I s a doubl e bond,
-WC(Rerr])(Rerr])-C'"-Rerr]-; or -WC'"'-Rerr]-; where 25
where s is an integer fromO to 2; or C(Rlerr]), wherg
aIkyI or al koxy; (b) R ert" hydrogen; al kyl ;

(a) Wis O $(Os,
i s hydrogen,

Rl err]
al kenyl ;

tofownaSnHmaedcm
al kenyl ,

al kyl ,

y to Rlerr] or Rerr]; 20 (2)

ngle bonds, R4 is -WC" =C(Rerr])- R[efqll?&gl?‘)uﬂ
or (3) if bond "a" is a single bond and bond "b"
R14 i's -C(R8a) (R38)-WC'' -Rerr]-

- COOH;, or,

10

15

20

25

30

35

a carbocycl i®R

(8)

(D)

Byl 1ig FEROBREY Tokuofit R4, 8 s,
?anPd Y2 is Yl or -OH, -SH, or -S03H;

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

(b) R4 is hydrogen; alkyl; alkenyl; heteroalky]
heteroalkenyl; a carbocyclic ring; a heterocyclj
ring; -SO3H; -C(=0)R25; or, when RI8 ;
-CH(N(RZ4)R21)(R17), R24 may comprise a moiet
bonded to R2! to form a heterocyclic ring; and

(c) RZ5 s RI7, NH(RI7y, N(RI7)(R26), O(R26), q
S(R26); where R26 is alkyl, alkenyl, a carbocycli
ring, a heterocyclic ring, or when R25
N(R17)(R26), R26 may be a moiety bonded to R17 ¢
form a heterocyclic ring; and

(7) R21 is R29 or hydrogen; where R29 is alkyl; alkenyi
ar&]a]ky]; heteroalkyl; heteroalkenyl; heteroarylalkyl

a carbocyclic ring; a heterocyciic ring; or, when yl

N(R24)R21 and R2l is R29, R2l and R24 may togeth

comprise a heterocyclic ring including the nitrogd

atom to which R24 is bonded;
Rl is hydrogen, halogen, alkoxy, or R27C(=0)NH- , whel
R27 is hydrogen or alkyl;
bond "a" is a single bond or is nil; and bond "b" is
single bond, a double bond, or is nil; except bond "a" af
bond "b" are not both nil;
R1Z is -C(R83)-, or -CH2-R2B-; where R28 is -C(R8a), -0-,
-N-, and R28 is directly bonded to N in Formula (II)
form a 5-membered ring;
except, if bond "a" is nil, then R12 is
(1) -C(RBa)(xl)-, where

(i) X! is -R2l; -0R30; -S(0)pR30, where r is
integer from 0 to 2; -0(C=0)R30; or N(R30)R31; 4

(i1) R30 and 931 ;re, independently, alkyl, aikeny
carbocyclic ring or heterocyclic r
substituents; or R30 and R31 together comprise
heterocyclic ring including the nitrogen atom
which R30 and R3] are bonded; or

WC
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or wdeiAaessyclic ring; and (d) C'' is directly bonded tpCIRUS91402476 m a 5
or 6-nenbered ring, and 35 (rrr)y Llinks Qto B, and L is L'
-X[err]-Rerr]-L'", or -Xerr]-Rerr]-L', where L' is Q, -x[err]-Q", or
-Xerr]-Q, Xerr]-C(=Y[err])-2Z-Q'; (1) t and u are, independently, 0 or
1; (2) HRerr] is alkyl, alkenyl, heteroal kyl, heteroal kenyl, a

.7-

(2) -CH2-R32-; where R32 is -C(RBa)(R2ly, -g-, or -NRBR,
and R32 is directly bonded to N" in Formula (II) to
form a 5-membered ring;

5 (E) (1) if bond "b" is a single bond, RI3 is -CH(R33)-; or,

R -C(O)NHS02-, if bond "a" is nil; or -C*(R33)- if Rl4
2 contains a R36 moiety; where R33 is hydrogen or COOH,
B and C* is linked to R3® to form a 3-membered ring;
‘el (2) if bond "b" is a double bond, R13 is -C(R33)=; or
J 10 (3) if bond "b" is nil, RI3 is hydrogen, -SO3H,
. : -PO(OR34)0H, -C(O)NHSO2N(R34) (R3S), -0S03H,
w1 -CH(R35)CO0H. or -OCH(R34)COOH; where R34 is hydrogen,
; : alkyl, alkenyl, 2 carbocyclic ring, or a heterocyclic
ring; and R35 is hydrogen, alkyl, alkenyl, or -NHR83;
15 or, if RI3 is -C(O)NHSOoN(R34)(R35), R34 and R35 may
ny| together comprise a heterocyclic ring including the
ty: nitrogen to which R34 and R35 are bonded; and
(F} (1) if bond "a" or bond "b" is nil, then RI4 is nil and L
the is bonded directly to R12 or RI3;
09 20 (2) if bond "a" and "b" are single bonds, R4 s
-W-C""=C(R82)-R37-, or -W-C"'(R36)-R37-; or
et (3) if bond "a" is a single bond ard bond "b" is a double
_ bond, R14 is -C(RBa) (R38)-W-C"’-R37-;
‘SJ -W-C{R8a) (R38)-C"'-R37-; or -W-C"’-R37-; where
: 95 (a) W is 0; S(0)g, where s is an integer from 0 to 2;
] or C{R38), where R38 is hydrogen, alkyl or alkoxy;
X (b) R36 hydrogen; alkyl; alkenyl; -COOH; or, if RI3
) is -C*(R33), R36 may be linked to C* to form a
3-membered carbocyclic ring;
30 (c) R37 is nil, alkyl, alkenyl, a carbocyclic ring,
or a3 heterocyclic ring; and
3 (d) C"' is directly bonded to RI3 to form a 5- or
; 6-membered ring,
.en. and
. ' 35 h This Sheet Has Been Replaced
ise :
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carbocyclic ring,

where w@914d63imteger fromO0 to 2; (4) X3 is nitrogen;
N+(Rlerr])(Rlerr]); or Rerr]-N(Rerr]); 10 and is |inke
to Rlerr] by a single or double bond; or, if R4 is nil, Xerr] is |linked
to B by a single or double bond; where (a) RA0O is R8a; -OR[err]; or

-Q=ORlerr]; (b)

al kenyl ; carbocyclic rings; heterocyclic

Rlerr] X, then R[er(r]l g[

heterocyclic ring a
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or a hetérocyclic ring; (3) Xerr] is oxygen O\
$9H/§233%

Rlerr] and R err] are, |nd%fendently, h¥dgfgeni al kyl ;
ings; or, i err] is

DIRREL 00U NGE 11D TR S, 201
where L is Q', -x2-Q", or -X3-Q", -X%¢-C(=Y3,)-1-Q";
(1) t and u are, independently, 0 or 1;
(2) R39 is alkyl, alkenyl, heteroalkyl, heteroalkenyl, a
carbocyclic ring, or a heterocyclic ring;
(3) X2 is oxygen, or S(0)y, where v is an integer from 0 to
2;
(4) X3 is nitrogen; N(R40); N+(R41)(R42); or R43-N(R41);
and is linked to R4 by a single or double bond; or, if
R14 is nil, X3 is linked to B by a single or double
bond; where
(a) R40 is rR8a; -ORBa; or -C(=0)R8a;
(b) R4l and R4Z are, independentiy, hydrogen; alkyl;
alkenyl; carbocyclic rings; heterocyclic rings;
or, if R6 is RI6X, then R4l and R4Z together with
Q" may comprise a heterocyclic ring as R16;
(c) R43 is N(R4l), oxygen or sulfur;
(5) X% is oxygen, sulfur, NR4O, or R43.NR4I;
(6) Y3 is oxygen, sulfur, NR4C ur N*(R41)(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 R
substituent of Q;
and pharmaceutically-acceptable salts and biohydrolyzable esters
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 known in the art, including (0

example) the spectrum of antimicrobial activity, potency, tﬁ
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(c) viponrie3zs N(Rlerr]), oxygen or sulfur; (5) X4 is oRIRFUSIHNRATG

NR[err], or Rerr]-NR[err]; 20 . (6) Y[err] is oxygen, sulfur,
NR[err] ur Nerr](Rerr])(Rerr]); (7) Y[err] is oxygen or NR[err]; (8) Z
is nil, oxygen, sul fur, ni t rogen, NR[err], or N(Rlerr])-Rerr];
(9) Q is said R err] substituent of @ and 25 (10) Q is Q; or

t ogether with Xerr], Xerr], or Z is sar8l-R err] substituent of Q and
phar maceuti cal | y-acceptabl e salts and bi ohydrol yzabl e esters thereof, and
hydr at es t her eofvoidantems fbermob daindet hettant be redopedingsi Gftyt hing hrﬁb/reﬁbuon

-pnd pharmacology.
DESCRIPTION OF THE INVENTION

5 The present invention encompasses certain novel lactam-
quinolones, methods for their manufacture, dosage forms, and
methods of administering the lactam-quinolones to a human or
other animal subject. Specific compounds and compositions to be
used in the invention must, accordingly, be pharmaceutically

10 acceptable. As used herein, such a "pharmaceutically-acceptable"
component is one that is suitable for use with humans and/or

-0

);
if

e animals without undue adverse side effects (such as toxicity,

irritation, and allergic response) commensurate with a reasonable
benefit/risk ratio.
15 Quinolonyl Lactams
The compounds of this invention, herein referred to as
"quinolonyl lactams", encompass any of a variety of lactam
mojeties linked, by a linking moiety, to a quinolone moiety at
the 5-position of the quinolone. These compounds include those

Si
th

20 having the general formula

Q-L-8
or

wherein Q, L and B are defined as follows:

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

ery S? ' C) F%ES

. | 4 C )
T e BTy
s:uﬁ A3\|\l' Al)\ R3

1
35 R1

i
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30 conposi tions
anti WQ®3H6a27 agents
m cr oor gani sns.
anti m crobi al
the spectrum of anti m crobi al
18 DEC 1996 -9- avoi dance of m crobi al

I mproved
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agent

(8)

containing these
against a broad range of

These conpounds provi de advant ages
s anong those known in the art,

activity, potency,

ver sus

i ncluding (for exanple)
t he REPLACENMENT SH%ET

resi stance, reduced toxicity, anhd
-10-
(i) R? is hydrogen, hydroxy, alkoxy, nitra, cyang

halogen, alkyl, or N(R8)(RY) (preferably hydroge
or halogen), and

(ii) R8 and RY are, independently, RB3, where R82 j

hydrogen, alkyl, alkenyl, carbocyclic ring, o
heterocyclic ring substituents; or R8 and R
together comprise a heterocyclic ring includin

the nitrogen to which they are bonded;

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

(3) A3 is N or (preferably) C(R3); where RS is hydrogen;

(4) Rl is hydrogen., alkyl, a carbocyclic ring,
heterocyclic ring, alkoxy, hydroxy, alkenyl
arylalkyl, or N(R8)(R3) (preferably alkyl or
carbocyclic ring);

(5) R3 is hydrogen, halogen, alkyl, a carbocyclic ring, of
a heterocyclic ring (preferably a heterocyclic ring);

(6) R% is hydroxy; and

(7) R6 is RIS or R16X; where R15 is a substituent moiety o

R16 s

atkenyl,
and X i

heteroalkyl, alkenyl, oxygen, sulfur, or NH;

L and is nil, alkyl, heterocalkyl, or alkenyl;
substituent moiety of L and is alkyl,
carbocyclic ring or a heterocyclic ring;
atkyl,

except that

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

(2) when AZ is C(RZ), RZ and R3 may together compris
-0-(CH2)pn-0-, 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 whif
R4 and RS are bonded and the carbon atom of Formula (]
to which said carbon atoms are bcnded; and

(4) when A3 is C(R5), R! and RS may together comprise

heterocyclic ring including N’ and the adjacent carﬂ
to which RS is bonded;
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phar macol ogy. DESCRI PTI ON OF THE | NVENTI ON 5 The present

WO'9i1e®ry enconpasses certain novel |actam qui neCwrmes91/opg7eods for
t heir manufacture, dosage fornms, and nethods of adm nistering the
and conpositions t

Yheet gt Rgplaet her ani mal subj ect. Specific conpounds
pharmaceutically 1

] . . .
he invention nust, accordingly, be
ug"’abl e. As used herein, such a
"pharnmaceuti cal | y-accept abl e conponent is one that is suitable for use
with hunans and/or ani mals without undudladverse side effects (such as
boner1 1111 sk (LEs ENEALEH! S LBIPRTE) FORITSIRL® e € fgRsonetl e
bonded to R14:

; R"
(11) F?‘O'-—--FR'2
, \RM L
_AL—N'RBA
wherein : () ~
10

(&) R0 is hydrogen, halogen, heteroalkyl, a carbocyclic ring,
a  heterocyclic ring, R823.0-, RBacH=N-, (R8)(RI)IN-,
R17.C(=CHR20)-C(=0)}NH-. or (preferably) alkyl, alkenyl,
RI17.C(=NO-R19)-C(=0)NH-, or RIB-(CHp)pm-C(=0)NH-; where
15 (I) m is an integer from 0 to 9 (preferably from 0 to 3};
(2) R!7 is hydrogen, alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a heterocyclic
ring (preferably alkyl, a carbocyclic ring, or a
. heterocyclic ring);
20 (3) RI8 is RI7, Y1 or -CH(Y2)(R17);

(4) RIS is RI7, arylalkyl, heteroarylalkyl,
-C(R2Z)(R23)COOH, -C(=0)0-RI7, or -C(=0)NH-RI7, where
R22Z and R23 are, independently, RI!7 or together
comprise a carbocyclic ring or a heterocyclic ring
25 including the carbon atom to which R2Z and R23 are
bonded {preferably R17 or -C(R22)(R23)COOH)
(5) R20 is RI9, halogen, -YI, or -CH(Y2)(R17) (preferably
~ R19 or halogen);
(6) Yl is -C{=0)0R2!, -C(=0)R2!, -N(R24)R2I, or -$({0)pR29
30 or -0R29; and Y2 is vl or -OH, -SH, or -SO3H;
(a) p is an integer from 0 to 2 (preferably 0):
(b) R24 is hydrogen; alkyl; alkenyl; heteroalkyl;
heteroalkenyl; a carbocyclic ring; a heterocyctic
ring; -SO3H; -C(=0)RZ5; or, when RI8 s
35 -CH(N(R24)R21)(R17), R2% may comprise a moiety
bonded to R2! to form a heterocyclic ring; and



15 _ Qui nol onyl Lact ans The 56 Of
this wowante3en, herein referred to as "quinolonyl WQM

enconpass any of a Tmammet sBﬁﬁRﬂ1 et am noi eti es I|nked by a |inki ng
moiety, to a quinolone 5-position of the qU|noIone Thy
conpounds i ncl ude t hose g the general formula Q- L - 8
wherein Q L and B are de |ne as foll ows: Qis a structure
according to Formula (1) [err] wherein
() R25 s RI7, NH(R17), N(R17)(R26), O(R26), o
S(R26) (preferably R17, NH(R17) or N(R17)(RZ6))
where R26 is alkyl, alkenyl, a carbocyclic ring,
heterocyclic ring or (preferably) when RS

; N(R17)(R26), R26 may comprise a moiety bonded t
RI7 to form a heterocyclic ring; and
(7) R2l is R29 or hydrogen; where R29 is alkyl: alkenyl
arylalkyl; heteroalkyl; heteroalkenyl; heteroarylalkyl
10 a carbocyclic ring; a heterocyclic ring; or, when Y1 i
N(R24)R2! and R2! is R23, RZl 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) Rl §s hydrogen, halogen,  alkoxy, or R27C(=O)Ni
15 (preferably hydrogen or alkoxy), where RZ7 is hydrogen q
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" an
20 bond "t" are not both nil;

(0) RIZ is -c(RBa)-, or -CHp-R2B- (preferably -C(RB2)-); whet
R28 s -C(R83), -0-, or -N-, and RZ8 is directly bonded
N" in Formula (II) to form a 5-membered ring;
except, if bond "a" is nil, then RI2 is
% (1) (preferably) -C{R83)(Xl)-, where
(i) X1 is -R2}; -0R30; -5(0)pR30, where r is an integ
from 0 to 2 (preferably 0); -0(C=0)R30; or N(R30)R31; and
(ii) R3O0 and R31 are, independently, alkyl, alkeny
. carbocyclic ring or heterocyclic ring substituents; or R
30 and R3! together comprise a heterocyclic ring including ¢
nitrogen atom to which R30 and R31 are bonded; or
(2) -CH2-R32-; where R32 s -Cc(R82)(R2l), -0-, or -NRE
and R32 s directly handed tg N" in Formula (II) to farﬁ
5-membered ring;
35 (E) (1) if bond "b" is a single bond, RI3 is prefera
-CH{R33)-; or, -C(O)NHSO2-, if bond "a" 1is nil;
-c*(R33)-, if R4 contains a R36 moiety; where R33
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J A I.m A Is N ; wh - 10- d ,
WOBBAT Al koxy, nitro,  cybho, hal ogen, a kyf')sﬁmﬁ%mﬁéﬁ?f?
(preferably hydrogen or hal ogen), and 5 (i) Rerr] and

Rlerr] are, independently, R err], where R err] is hydrogen, al kyl ,
al kenyl, carbocyclic ring, or heterocyclic ring substituents; or

Rlerr] and R err] together conprise aaheterocyclic ring including
-13-

hydrogen or COOH (preferably COOH), and C* is linked to R36
, to form a 3-membered ring;
(2) if bond "b" is a double bond, R!3 is -C(R33)=; or
. (3) if bond *“b" is nil, RI3 is hydrogen, -SO3H,
-PO(OR34)0H, -C(O)NHSOZN(R34) (R3S), -0S03H,
-CH(R35)COOH, or -OCH(R34)COOH (preferably -SO3H, or
-C(O)NHSOpN(R34) (R33); where R34 is hydrogen, alkyl,
alkenyl, a carbocyclic ring, or a heterocyclic ring;
10 and R35 is hydrogen, alkyl, alkenyl, or -NHR83; or
(preferably), if RI3 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, tnen RI4 is nil and L
15 is bonded directly to R1Z or RI3;
(2) if bond "a* and "b" are single bonds, R4 s
-W-C"’=C(R83)-R37-, or -Ww-C"’(R36)-R37.; or
(3) (preferably) if bond "a" is a single bond and bond "b"
is a double bond, R4 is -C(RBa)(R38)-w-c*'-R37-; or
20 (preferably) -W-C(R83)(R38).C"/-R37-, or -W-C"'-RS/-;
where

(2) W is 0; S{0)g, where s is an integer from 0 to 2
{preferably 0); or C{R38), where R38 is hydrogen,
alkyl or alkoxy;

25 (b) R3S hydrogen; alkyl; alkenyl; -COOH; or, if RI3
is -C*(R33), R36 may be linked to C* to form a
3-membered carbocyclic ring;

(¢) R37 is nil, alkyl, alkenyl, a carbocyclic ring,
or a heterocyclic ring; and

10 {d) C"’ is directly bonded to R13 to form a 5- or
6-membered ring,

and
(IT1) L Vinks 0 to B; and L is L', -XZ¢-R3%-1°, or -X3¢-R3S-U7,
where L’ is Q', -X2-Q", -X3-Q", or -X44-C(=Y3,)-Z-Q" (preferably

35 -X2-Q", -x3-Q", -X44-C(=¥3y)-2-0");

(1) t and u are, independently, 0 or 1; et Has Been Replaced

T



t he WDt91646327t 0 whi ch 't hey are bonded; 10 (2?@%91]/@471
(preferably C(Rlerr])); where Rerr] is hydrogen or N
(3) A3 is Nor (preferably) C(Rlerr]); where R err] is hydrogen; (4

C(Rlerr])

Rl err] i's hydrogen, al kyl , a carbocyclic ring, a heteroc
ring, al koxy, hydr oxy, al kenyl, 15 aryge
or N(R[err])(R[err]) (preferably alkyi4‘ or a carbocyclic ring
Rlerr] is hydrogen asn, al cyclic rin or a heteroci
ring (preferably a he e(rkoc |dﬁ¥¥ aﬁ? q eteropkirloxhetensal iyl ,

(7) R6 is Rerr] or R &Rr GCMM e"R[gsrrO]r ias Mtsm&ﬂt@eﬁing”t’('p’%yeﬂ%
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alkyl or alkenyl);
(3) X2 is oxygen, or S(0)y, where v is an integer from o
2 (preferably 0);
(4) X3 is nitrogen; N(R40); N+(R41)(R42); or RA3. N(R41
and is Tinked to R14 by a single or double bond: or, I
RI4 45 nil, X3 is linked to B by a single or doui:
bond. (preferably X3  is nitrogen, N(R40)
N+(R41)(R42)); where |
(a) R4C 5 RBa; -0RBa; or -C(=0)R8a; (preferably RBa |
(b) R4! and R4Z are, independently, hydrogen; alky j
alkenyl; carbocyclic rings; heterocyclic ringg
or, if R6 is RI6X, then R4] and R42 together wi
Q", may comprise a heterocyclic ring as R16;
(¢) R43 is N(R41), oxygen or sulfur: ;
(5) X4 is oxygen, sulfur, NR4O, or R43-NR4l (preferal
oxygen, sulfur or NR40); b
(6) Y3 is oxygen, sulfur, NR40 or N+(R41)(R42);
(7) ¥4 is oxygen or NR4! (preferably oxygen);
(8) Z is nil, oxygen, sulfur, nitrogen, NR40, or N(R41)5
(preferably oxygen, sulfur, nitrogen or NR40); f
(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; f,
and pharmaceutically-acceptable salts and biohydrolyzable est i
thereof, and hydrates thereof. :

5
LI

Definitions and Usage of Terms:

The following is a list of definitions for terms used hereing

Sheet Has Been Replaced
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L and is nil, alkyl, heteroal kyl, or alkenyl; R16 is a substituent noiety

W fﬁih(ﬁ?ﬂ is al kyl, al kenyl, a carbocyclic ring or gd¢wEUS90@24%6 C ring, and
I's a heteroalkyl alkenyl oxygen, sulfur, or NH, 25 (8)

except that (1ﬂhlsmﬁ*mfﬁ aicst(R[e r]), Rerr] and R err] nmay together

conprise a heter ncluding N and Alerr]; (2) when Aerr] 1is
C(R[err]) R er | together conprise -O-(CHerr])n-0,

where n is an integer from1l to 4; 30;5. (3) when A3 is C(Rerr]),
Rlerr] and Rlerr] may together conprise a heterocyclic ring including the

carbon atons t OHetierobtdl'erik] a amik rged s |swdfer bondagdgenditblie caohpsn at om of -
For mul a (léontaining one or more heteroatoms may contain different
heteroatoms.

"Alkyl" is an unsubstituted or substituted saturated
hydrocarbon chain radical having from | to 8 carbon atoms,
preferably from 1 to ¢ carbon atoms. Preferred alkyl groups
include (for example: methyl, ethyl, propyl, isopropyl, and
butyl.

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

"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" 1is an unsubstituted or substituted,
saturated, unsaturated or aromatic, hydrocarbon ring radical.
Carbocyclic rings are monocyclic or are fused, bridged or spiro
polycyclic ring systems. Monocyclic rihgs contain from 3 to 9
atoms, preferzbly 3 to 6 atoms. Polycyclic rings contain from 7
to 17 atoms, preferably from 7 to 13 atoms.

"Cycloalkyl" 1is a saturated .carbocyclic ring radical.
Preferred cycloalkyl groups include (for example) cyclaopropyl,
cyclobutyl and cyclohexyi.

“Heterocyclic ring" is an unsubstituted or substituted,
saturated, unsaturated or aromati¢c ring radical comprised of
carbon atoms and one or more heterocatoms in the ring.
Heterocyclic rings are monocyclic or are fused, bridged or spiro
polycyclic ring systems. Manocyclic 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.
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15
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"Aryl" is an aromatic carbocyclic ring-radical. Preferred
aryl groups include (for avample) phenyl, tolyl, xylyl, cumeny!
and naphthyl.

"Heteroaryl" is an aromatic heterocyclic ring radical.

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



t o whigamezar d carbon atons are bonded; and (4) when A e‘i’ﬂlusé‘lmef_ i
Y] and Rerr] nmysgggggpg_ conprise a 35 het er g

Rl er _
ring including N an dL‘Ef'larbon to which Rlerr] is bonded;§
(1) Bis a structur ’ H Fornula (I'l'), where L is bonded tj
Rierr]: [err] wherei B
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-16-
pyrrolyl,  pyridinyl,  pyrazinyl,  thiazolyl, quinoliny]
pyrimidinyl and tetrazolyl.

“Alkoxy" is an oxygen radical having a hydrocarbon cha
substituent, where the hydrocarbon chain is an alkyl or alken
(i.e., -0-alkyl or -O-alkenyl). Preferred alkoxy groups inclull
(for example) methoxy, ethoxy, propoxy and allyloxy.

"Alkylamino" is an amino radical having one or two al
substituents (i.e., -N-alkyl). :

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

"Arylamino" is an amine radical substituted Qith an arg
group {i.e., -NH-aryl). f '

“Aryloxy" is an oxygen radical having a aryl substitd§>
(i.e., -0-aryl). ]

"Acyl" or "carbonyl" is a radical formed by removal of,f:
hydroxy from an carboxylic acid (i.e., R-C{=0)-). Prefeﬁ»
alkylacyl groups include (for example) acetyl, formyl, |
propionyl. :

"Acyloxy" 1is an oxygen radical having an acyl substitUr
(i.e., -0-acyl); for example,-0-C(=0)-alkyl. '

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

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

Also, as referred to herein, a "lower" hydrocarbon moj

(e.g., "lower" alkyl) is a hydrocarbon chain comprised of ft~t
to 6, preferably from 1 to 4, carbon atoms. f
A “pharmaceutically-acceptable salt" is a cationic §
formed at any acidic (e.g., carboxyl) group, Or an anionic;
formed at any basic (e.g., amino) group. Many such salf§
Known in the art, as described in World Patent Pub11§_~-
87/05297, Johnston et al., published September 11,
(incorporated by reference herein). preferred cationic 'f'
include the alkali metal salts (such as sodium and potass,
and alkaline earth metal salts (such as magnesium and C31C ‘
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L (A Rlerr] is hydrogen halogen "heteroal kyl, a ¢ |, i ng, a
| Wﬂéﬂélﬁi@?cl i C JP_Q Rl err] CH=N-, ﬁ@'ﬁé]qﬁéfér r)N-,

Rlerr]- CHR[er!] mmep“ﬁf’ (preferably) alkyl, alkenyl,
.Rlerr]-C(=NO R er or Rerr]-(CHerr])[err]-C(=O NH; where 15
9(prﬂerﬂﬂyfrom0 to 3); (2) Rerr] S

(1) mis an inte

hydr ogen, al kyl , al kenyl , het er oal kyl , heteroal kenyl, a carbocyclic
ring, or a heterocyclic ring (preferat-y al kyl, a carbocyclic ring, or a
het er ocycljic _ring (3) HRerr] is Rerr], -Y[err], or
-CI-l(Y[err]%(eI-fQFE"r )5“‘€E¢)C Répr]inciude jthe hal Resr (puch as %fﬂ;ﬁrafﬂﬁkyl

het er oar yl adiky -C(Rerr])(Rerr])COH, -C(=OO0CRerr], or
-C(:O)NH-R[errl

’“bloﬁyé;o1yzable 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 2
human or lower animal subject to yield an antimicrobially-active
quinolonyl 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 Worid Patent
Publication 87/05297, Johnston et al., published September 11,
1987, (incorporated by reference herein}. Such esters include
lower alkyl esters, lower acyloxy-alkyl esters (such as
acetoxymethyl, acetoxyethyl, aminocarbonyloxymethyl, pivaloylox-
ymethyl and pivaloyloxyethyl esters), lactonyl esters (such as
phthalidyl and thiophthalidyl esters), lower alkoxyacyloxyalkyl
esters (such as methoxycarbonyloxymethyl, ethoxycarbonyloxyethyl
and isopropoxycarbonyloxyethyl esters), alkoxyalkyl esters,
choline 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, nitro, amino,
aminoalkyl ({e.g., aminomethyl, etc.), cyano, halo, carboxy,
alkoxyaceyl (e.g., carboethoxy, etc.), thiol, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl (e.g., piperidinyl, morpholinyl,
pyrrolidinyl, etc.), imino, thioxo, hydroxyalkyl, aryloxy,
arylalkyl, and combinaticns 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
substituent is defined as a potential substituent of R7, but is
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RlerwMo9png3s2 R err] are, independently, Rerr] or together conpr:
carbocyclic ring or a heterocyclic ring 25 PCI‘/UQ‘)‘*MQJﬂgZ
carbon atom to which R22 and R23 are bonded (preferably R err] of"
-C(Rerr])(Rerr])COH) (5 HRerr] is Rerr], halogen, -Y[err], or &
-CH(Y[err])(Rerr]) (preferably R err] or halogen); (6) Y[err] is -
-C(=ORerr], -C=ORerr], -N(RRerr], or -S(Oferr]Rerr] 30 _
or -ORlerr]; and Y[err] is Y[err] or -OH, -§H, or -SOerr]H (a) p I

integer fromO giFZ (preferably 0); (b) 2B s hydrogen; al kyl;

H W0 91/16

an

al kenyl ; het er daFRyinconmtrarteal krayis BOGY G Senapng:, 8 heterocyg
ring; -SO err ki g6, -Q{E@ﬁzerarn]d; L’)eor%’ef,aﬂ’]\%%% of pgf'l,fr"r]substiisuents (Su"i _)
. ) . $ Uused herein, such a
independently selected each time it s yseqd (e.qg RB:ad‘ca] ;|
5 be alkyl in all occurrences in defining a give o ey :
invention). " compound of th
Lactam-containing moiety:
f ?roups RIZ) RI3  ang R4, together with bonds "3 ang "h ;
o ormu f (I), form any of a variety of Iactam-containing moietidd
known in the art top have antimicrobial activity., Such m 'e ? X
wherein either bond "a" or bond "b" are nij} (i.e., do noto‘eF"-
are mono-cyclic: if both bonds exist, the .;tructuresems
- _ a
bi-cyclic. Preferably, bond "a" is a single bond and bond "p" |
a double bond. e |
15 :
Preferred lactam moieties include the cephems oxaceph; | ' |
and carbacephems of the representative formula: |
p
FR11
Q=
20 RLE W, 20
o7 N' AL
COOH
- 25
wherein, refgrring to formula (II), bond "a" is a single bofk
bond "b" is a double bond; RIZ2 s -C(R83)., where quj |
hydrogen; RI3 is .CH(R33), where R33 s COOH; and RI4 whe!
o "-CRBA)(R3B)-C’"-R37, where RB2 and R38 are hydrogen, RIVJE o Done
methylene, and W is S (for cephems), 0 (for oxacephems) or C( RIS
(for carbacephems). R7
. Other preferred lactam moieties inctude the isocephemﬁf carb
1s0-oxacephems of the representative formula: | descr
. | 35 refer
Prope
This Sheet Has Been Rep Chemo
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' - CH(N
@g)r%”@@ a nmoi ety bonded to(R(Zﬁ'?(r)rR)rR[me;r]hZag(ﬁg(r: 1:%’ % é"J‘ﬁfm -12-

(c) Rerr] is Rerr], NHRerr]), MNeHD(We r]), QRerr]), or
. S(R26) (preferably Rerr], NH(Rlerr]) or N(Rlerr])(Rlerr])); where R26 is
- al kyl, aIkenyI a carbocyclic ring, ab het er ocyclic
. ring fSGd‘eabzis ken AR Rlerr] is N(Rlerr])(Rerr]), Rerr] may
| conpri se a m),mm ‘mnm,ﬁ“m R[err] t o-figorm a heterocyclic ring; and
Rﬂ
R
5 0>’_|/\
o// Hu P L
COOH
10
-E wherein, referring to formula I, bond "a" is a single bond: bond
4 "b" is a double bond: RIZ is -C{R82) where R82 js hydrogen: RI3
is -C(R33)=, where R33 is COOH: and RI4 is -C{RBa)(R3B).w-¢"-R37
_ where R83 and R38 are each hydrogen, R37 is methylene, and W is S
§ 15 (for isocephems) or O (for iso-oxacephems).
@ Other preferred lactam-containing moieties include the
5 penems, carbapenems and clavems, of the representative formula:
|
b
t 10
; 20 R
: H” "-; W
l y L
| SN
0 l
;% COOH
E
1.
wherein, referring to formula (Il), bond "a" is a single bond;
bond "b" is a double bond: R12 is -C(RB3), where RB2 is hydrogen;
30 RI3 is -C(R33)=, where R33 is COOH; and RI4 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
3 described 1in the following articles, all incorporated by
: reference herein: R, Wise, "In Vitro and Pharmacokinetic
¢35 Properties of the Carbapenems”, 30 Antimicrobial Agents and

i Chemotherapy 343 (1986); and S. McCombie et al., "Synthesis and

S T’



( is Rlerr] or hydrogen; where R29 is alkyl; pairkgay rf
hﬁ%roaﬁw hetTersQa&eklem be,anaﬂﬁoedioaryl al kyl: 10 /024,

car bocyclic ring c ring; or, when Y[err] is N(Rferr]
.and Rerr] 1is R[ and Rlerr] nay together conprise a
het erocyclic ring |ncIu |ng nitrogen atomto which R24 is bond]

(preferably hydrogen, alkyl, a carbocycidle ring or a heterocyclic |
(B) Rerr] i's hydr ogen, hal ogen, al koxy, or R27C( =0
(preferably HyidVb?QBnAotwaltkm@}he Vieaee Atibiet iegds dydled anngl

S ol e bond, BUGEDLS Bast o s oI L except bond "o and o
g Other preQerreJ'lactam contg%n? g moieties of this 1nvent10f

include the penicillins of the representative formula:

1
10 0

A
COCH

wherein, referring to formuia II, bond “a" is a single bond, boff
“b" is a single bond; R12 is -C{R8a)-, where R83 is hydrogen; R
is -CH(R33)- where R33 is COOH; and R14 is -W-C*‘(R36)-R37- whel}
R36 is methyl, R37 is methylene, and W is S.

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

l
15 :

! r
: €

20 20

25
25

whe
bon
hydr
W-C"
and

30
30 wherein, referring to formula (II), bond "a" is a single bo
bond *b" is nil; R12 is -C(RB3)-, where RBa is hydrogen; Rlﬁ |
nil; and R13 s -S03H (for a monobactam), Dn”“’a““ﬂ {(for

monophospham); -C(O)NHSOpN(R34)(R35) (for a monocarbam), -OSHM
(for a monosulfactam), -CH(R3%)COOH (for nocardlclns).l
-OCH(R34)COOH. Such lactam moieties are described ;

C. Cimarusti et al., “"Monocyclic 8-lactam Antibioti_

pena
35
35
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d "b" t both I D -
&@I—?[lé}ﬁr’l?[ errj- yon (pref 2; :mn; CC)( R glrr] ) ()) V\he(ratrar]Fqgf’HS%(‘gﬁ r}?%err]og
: fo

-0-, or -N-, and R28 is directly bonded to N' in Formula (I1) to
5- nenbered ring; except, if bond "a" is nil, then Rerr] is 25
(1) (mﬂemMy)-qmeHD(ﬂeHD-,Mwm(i) Xerr] is -Rerr];
-ORerr]; -S(Oferr]Rerr], wherer igl.an integer fromO0O to 2 (preferably
0); -OQCORerr]; or N(Rerr])Rerr]; and (ii) Rerr] and Rerr] are

rma

i ndependent4 ﬁgdici&lakykgsearelh KRy bws clar(iodicl iiacerpagatyd Bet péfae¥sdd C ring ’
substltuenyE R30 30 and R31 together conprise a heterocyclic
ring including the nitrogen atomto which Rlerr] and R err] are bonded; or
Other preferred lactam moieties include the monocyclic
beta-lactams of the representative formula:
5
FR"
'
10 "
| —N L
07  \RB/
wherein referring to formula II, bond "a" is nil, bond "b" is a
15 single bond; R12 is -C(R83)(R29)- where both R82 and R29 are
hydrogen; and R14 is nil.
Other preferred lactam moieties include the clavams of the
representative formula:
20
\Q
w g
Al 0
‘ [ a o
o "
25 COOH

wherein, referring to formula (II), bond "a* is a single bond;
bond “b* is a single bond; R1Z is -C(RBa)-, where RB3 s

30 hydrogen; R13 is -CH(R33)-, where R33 is COOH; and Rl% is
W-C"’=C-(R82)-R37, where RB2 is hydrogen and R37 is methylene,
and W is 0,
Other preferred lactam moieties include the 2,3-methyleno-
35 penams and -carbapenams of the representative formula:

This Sheet Has Been Replaced
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(2) ~-CHerr]-
-NR[WO 91716387 R{err] is directly bonded to N' in Forrml ap
5-nenbered ring; 35 () (1) if bond "Db" 9&%?6190{@48ﬁd
Rlerr] is preferably -CH(R33)-; or, -C(O)NHSO[err] if bondiE"a"
is nil; or -C(Rerr])-, if Rerr] contains a R36 rmiety; whelli
R33 is hydrogen or COOH (preferably COOH), and C* is |inkedgo
Rlerr] to forma 3-nmenbered ring; .22-
n
. R
10 =
R i W
TN L 5
5 N“
o7
COOH
0 10
wherein, referring to formula (II), bond "a" is a single bon'
bond "b" is a single bond; RIZ s -C(R83)-, where R82 F
hydrogen; RI3 is -C*(R33), where R33 s COOH; and RI4 R
W-C*’ (R36)-R37, where R37 is nil, R36 is linked to C* to formy
3-membered carbocyclic ring, and W is C(R38) or sulfur. 15
15 Lactam moieties of this invention also include
lactivicin analogs of the representative formula:
" R 20
LI O
R % L
>
COOH
25
25 wt
' w3 bo
wherein, referring to formula (II), bond “a" is nil; bond "D ‘s
a_single bond; R1Z is -CH2-R32, where R32 is 0; RI3 is -CH(R3M -0
where R33 is COOH; and R4 is nil. ’ '
20 Other lactam moieties include the pyrazolidinones of & 30 s
representative formula: ]
pen
This Sheet Has Been R Par
T
35
35 at -

Rlerr]-; where Rerr] is -C(Rlerr])(Rerr]), -0-, o0

J_.,."

WO 91/16;
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i

i
;
3
i
',t‘

Rlerr] isnil and L is b(ﬁl‘ded directly to Rerr] or Rerr];

i

e e—————

(2) if bond "b" is a double bond, Rerr] is -C(Rerr])-; or 5

WQPUIG&? bond "b" is nil, . RL3 is hydrogen,PCT/USS12476,

-PO(OR[ err]) OH, -C(ONHSO err]N(Rlerr])(Rerr]),

-0sderr]H, -CHRerr])COOH, or -OCCH(R[err])COCH (preferably -Sq err]H, or

-C(ONHSO err]N(R[err]) (Rlerr]); where Rerr] is hydrogen, al kyl ,

al kenyl, a carbocyclic ring, or a heterocyclic ring; 10

and Rlerr] is hydrogen, al kyl , alk@ﬁyl or -NHR[err]; or (preferably),
if RI3 is -C(O)Nquerr]N(R[err])(R[err]) Rlerr] and R35 may toget her
conprise a heterocyclic ring including the nitrogen to which R err] and

Rl err] are bonded: and (F) (1) if bond "a" or bond "b" is nil, then

""/\N

5 L
\/N This Sheet Has Been Replaced
coon TR

wherein, referring to formula (I), bond "a" is a single bond;
pond "b" is a double bond; R1Z is -CHp-R28., where R28 is -N-;
RI3 §s -C(R33)-, where R33 is COOH; and R4 is w-C*'-R37-, where
R37 is methylene, and W is C{R38),

10

Other lactam moieties include the gamma-lactams of the

15 representative formula:

20

25 wherein, referring to formula (II), bond "a" is a single bond;

bond "b* is nil; RIZ is -CHp-R2B-, where R28 is -C(RB2) and R82
is hydrogen; RI3 is -S03H, -PO(OR34)OH, -C(O)NHSOpN(R34)(R35),
-0S03H, ~CH(R35)COOH, or -OCH(R34)COOH; and R4 is nil.
Preferred lactam-containing moieties include cephems,
isocephems, iso-oxacephems, oxacephems, carbacephems,

penicillins, penems, carbapenems, and monocyclic beta-lactams.
Particularly preferred are cephems, penems, carbapenéms and
monocyclic beta-lactams.

30

RI10, in formula (I1), is any radical that may be substituted
at the active stereoisomeric position of the carbon adjacent to
the lactam carbonyl of an antimicrobially-active lactam. (As

35



2 o /] "a" and "b" are single bonds, R14 i WO 91/1.
(Vel é"b:’é(@g?r] )-Rlerr]- or -wWcCe' (:Q[grr] )-R err] , ‘L(g?’usé'""&f‘éﬁ oY)
if bond "a" is a SI@ "b" is a double bond Rlerr] is

C(R[err])(R[err]) egﬁmm? (preferably
-WC(Rerr])(Rerr])- l' or -WC”F{HH ; where (a) Wi siO;
&@[mr]\mme3| omO to 2 (preferably 0); or C(R

where R38 is hydrogen, al kyl or alkoxy 2524- (b) R36
hydr ogen; al kyl | kenyl; - or if Rerr] is -C-(Rerr]), R[ rr]
may be |inked téi"'?;{;1 hFSET’br e tI?fﬁ'en%‘ér‘@bFr@éﬂbbby@ttwerﬂarg,am refers to.

lactam-containing compound, without a quinolonyl substitue
moiety, which has antimicrobial activity.) This "activel
position 1is beta (i.e., 7-beta) for cephems, oxacephems arf
carbacephems (for example). The active position is alpha fn»
penems, carbapenems, clavems and clavams.

Appropriate R10 groups will be apparent to one of ordina
skill in the art. Many such R10 groups are known in the art,
described in the following documents (all of which af
incorporated by reference herein): Cephalosporins  aff#
Penicillins: Chemistry and 8iclogy (E. flynn, editor, 1972 ?
Chemistrv and Bioloay of b-factam Antibiotics (R. Morin et al
editors, 1987); “The Cephalosporin Antibioti'?=
Seminar-in-Print"”, 34 Drugs (Supp. 2) 1 {(J. Williams, editd,:
1987); New Beta-Lactam Antibiotics: A Review from Chemistry
Clinical Efficacy of the New Cephalosporins (H. Neu, editof
1982); M. Sassiver et al., in Structure Activity Relationshilf
among the Semi-synthetic Antibiotics (D. Periman, editor, 1977%
W. Durckheimer et al., "Recent Developments in the Field
Beta-Lactam Antibiotics”, 24 Angew. Chem. Int. Ed. Enql.
(1985); G. Rolinson, "Beta-Lactam Antibiotics”, lzif
Antimicrobial Chemotherapy 5 (1986); European Patent Publicagkf
187,456, Jung, published July 16, 1986; and World Pa§: 
Publication 87/05297, Johnston et al., published September;»
1987. :

For penems, carbapenems, clavems and clavams, ° _
preferably lower alkyl, or hydroxy-substituted lower Halk f
Pirticularly  preferred RIO0O  groups  include  hydrogig
hydroxymethyl, ethyl, [1(R)-hydroxyethyl], [1(R)-[(hydroxySs
fonyl)oxyethyl]}, and [1-methyl-1-hydroxyethyl]. :

Except for penems, carbapenems, clavems and
preferred R1U groups are amides, such as: _
preferably  substituted with aryl, heteroaryl, «ﬂaryl
heteroarylthio and lower alkylthio substituents; arylglycyja“
preferably N-substituted with heteroarY‘Cirb°"y1' _
cycloheteroalkylcarbonyl substituents: arylcarbonyla

10
10

15
15

20
20

25
25

30
30

35
35
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15

20

25

30

35

(3& R[err% s nil al kyl, al kenyl, a carbocyclic ring, or a

B3RV e ring; Tﬁ_pg{} (d) C'' PpeT/MUSYew24y6 bonded

to R13 to forma 5- exdkeed nQ, and (rrr)y Llinks Qto B, and L is

L', -Xerr]-Rerr]- nﬁﬁﬁ Wew] L, where L' is Q, -Xerr]-
Xerr]- ,or-ﬂe Z(J(mﬂemMySS -Xerr]-
X[err]-Q, -Xerr]-¢ Y[err]) 5 t and u are, independently, O or

heteroarylcarbonylamino; and Tower alkoxyiminoacetylamino,
preferably substituted with aryl and heteroaryl substituents.
Particularly preferred R10 groups include amides of the general
formula RIB-(CHp)pm-C(=0)NH- and RI8 is RI7. Examples of such
preferred R10 groups include:
[(2-amino-5-halo-4-thiazolyl)acetyl]amino;
[(4-aminopyridin-2-yl)acetyl]amino;
[[(3,5-dichloro-4-oxo0-1(4H)-pyridinyl)acetyl]amino];
[[[2-(aminomethyl)phenyl]acetyl ]amino];
[(IH-tetrazol-1-ylacetyl)amino];
[{cyanoacetyl)amino];
[(2-thienylacetyl)amino];
([(2-amino-4-thiazoyl)acetyl}amino}; and
sydnone, 3-{-2-amino}-2-oxoethyl.
The following are other such preferred RI0 groups.

HCONH-

s Al

NH

NH

NH



(2) YRORT 4 kyl,  alkenyl, heteroalkyl, heteroalkenyl, a carbocy

| Wi
ring, or a heterocyclic ring (preferably alkyl or aI kenyl erpsy:/oxmrr; isogl/“
oxygen, or S(Ov, mhéhleSMeth&saanRaile&er fromO 2
(preferably 0); (4) gen; N(R[err]) |
N[err](R[err])(R[err]) (Rlerr]); and is linked to R14 by
singl e or doubl e bond; or s nil X[err] is linked to B by g
si ngl e or doubl e bond (preferably X[errﬁ ni t rogen, N(R4AOE or
10 Nerr](Rerr])(Rerr])); where (a) Rerr] is Rerr
-OR[err]; or -C(=ORerr]; (preaferably Rerr]); (b)) Rerr] and Rerrj§are,
I ndependent |y, hydrogen;
5
/K 5
NH
10
i ’
15
15
20 //SE
H 20
25 0
25
H,N
A
NH
30
RIO0

0o

35




| MeDdYL/16827 bocyclic rings; heterocyclic rings; or, if er] is Rerr]X
hen R err] and Rlerr] together with 15 PCT/US91402476ay
onprise a heterocyclic ring as Rerr]; (c) Rerr] is N(Rerr]), oxygen or
ul fur; (5) X4 is oxygen, sulfur, NRerr] or Rerr]-NRerr] (preferably
ygen, sulfur or NRerr]); (6) Y[err] is oxygen, sulfur, NR[err] or

err](Rlerr]) ik g{eét]FDasBcRQReplaced ),7.Ylerr] is oxygen or NRlerr]
referably oxy nil, oxygen sul fur, nitrogen, NR40, or

Rlerr])- R[err] xygen sul fur, nitrogen or NRerr]); (9 Q
said R6 substl and (10) Q Is Q; or together with Xerr],

Blerr], Zor Z |s sald FB

s “\ /

NH

Y

10

NH

15 \K

° LN

NH

o}
25 !
wh 10 18.
" . en RV is RIB-(CHp)m-C{C=0)NH-, and RIB is -Yl, preferred
RI® groups include the following: '
[sulfamoylphenylacetyl]amlno.
{{(4-pyridiny1thﬁs}acety}}amino};
[[[(cyanomethyl)thio]acetyl]amino],
35 (S)-[[[(2-amino-2- carboxyethyl)thlo]acetyl]amino],

[[[(tr1fluoromethyl)thlo]acetyl]am1no], and
(EY-([[(2- -aminocarbonyl-2- f]uoroethenyl)th1o]acety1]amfno].



25 WO 91/16327 substituent of Q and pharnmaceutically- able s
and . bi ohydrol yzabl e esters thereof, and hydrates thereof. @gﬁﬁﬁiv(wﬁg6i
Usage of Terns: 30 The following is a list of definitions for terns usé
her ei n. -15- "Heteroatom is a nitrogen, sulfur or oxygen atom G ¢
containing one or nore heteroatons nay-zgpntain di fferent '

WO 91/]
d

The following are other such preferred R10 groups

5 5
o/\“/ N
10 i 10
15 : °/L”/ \ff 15
20 20
N/N\ \/U\HN/g
\,/5
25 0 25
||,N\</N / \ﬁ
30 - : i 30
n p

HN

35 cl N A 35
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Het er oal kyl "
di cal
t er oat ons.

10

15

20

25

30

35

or exanple) nethyl,

substituted saturated 5

etwst/eexey "A kyl" is an unsubstituted or

ydrocarbon <chain radical having from 1 to 8 car bBOT/U891/8247¢

referably from 1 to 4 carbon atons. Preferred al kyl groups include
ethyl, propyl, isopropyl, and butyl.

is an unsubstituted or substituted saturated 10 chain

having from 3 to 8 nmenbers conpriZi-ng carbon atons and one or two

"Al kenyl "
having from2 to 8 carbon atons, preferably from2 to 4 carbon

and having at |east one ol efinic doudte bond.

is an unsubstituted or substituted hydrocarbon chain

'~ !

F

/VS\/[LHNAf
Y\)L A

When RI10 s RIB-(CHp)m-C(=0)NH-, and RI® is -CH(Y2)(R17)
preferred R10 groups include the following: ’
[carboxyphenylacetyl]amino;
[(phenoxycarbonyl)phenylacetyl]amino;
[4-methy1-2,3-dioxo-1-piperazinecarbonyl-D-pheny]g]ycyl]-

amino;
This Sheet Has Been Replaced
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unsubstituted or substitu

: clic ring" is an _ _ 'WO 91/
ool el o ynerbon o 146 i
stem. , tonseel L o onaln loms o O sors, priterly Lo
o ot R GIE 1S5 e o e
e ST S Eyer CheL T s M O P RSt
clbstituted 25 SRiPaYEam nas Setklacet | Janingy omatic  ring radi fl
comprised of carbon atRIrE(@ndopREnyQkcd BN Fatitlo§t 0at ons in J

(R)-[[amino(4-hydroxyphenyl)acety]]amino];

5 (R)-[(amino-l.4-cyc]ohexadien-l-y]acety])amino]; :
[(hydroxyphenylacety])amino];
(R)-[[[[(4-ethy1-2,3-dioxo-1-piperaziny1)carbonyl]amino]-.'
(4-hydroxyphenyl)acety]]amino];
(R)'[[[[(S'CarbDXY-lH'iMidalol'4'¥1)carbony1]amino]phenyl' .

10 acetyl]amino]; i
(R)'[[[[(4-hydroxy-5-m8thyl'3'Pyridiny1)carbonyl]amino](4 |
hydroxypheny])acetyl]amino];

(R)-[(pheny]su]foacety])amino];
(2R,3$)-[[2-[[(4-ethy1-2,3-dioxo-l-piperazinyl)carbonyl]-: .

15 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)acetyl]amino]; |
(R)-[[amino(z-naphthyl)acety]]amino]; -

20 (R)~[[amino(z-amino-4-thiazo]y])acety]]amino]; _ ‘-
[[[[(6,7-dihydroxy-4-oxo-4H-l-benzopyran-3-yl)carbonyl]-
amino](4-hydroxypheny])acetyl]amino];
(R,R)-[[2-[4-[Z-amino-z-carboxyethyloxycarbonyl]aminophe '
y]]-Z-hydroxyacety]]amino]; and j _

25 (S)-[[(5-hydroxy-4~oxo-1(4H)-pyridin-2-y1)carbonylamiHO(:f =
amino-4-thiazo]yl)acetyl]amino]. '

The following are other such preferred R0 groups.
20 CO, H 3C
NH
ST Y
s—“‘/ 0
35 35
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Tt e s eob v mrorp et rvicans v

tWOoRlye6329 rings are nonocyclic or are fused, bridged or spiro polycyclic
I ng systens. Monocyclic ri.ngs contain from3 to 9 atpPgB/uy12eRHgPlY 3 to
b atoms.  Pol ycyclic rings contain from?7 30 to 17 atons, preferably
rom7 to 13 atonms. "Aryl" is an aromatic carbocyclic ring radical.
referred aryl groups include (for exanple) phenyl, tolyl, xylyl, cumenyl
nd naphthyl. "Heteroaryl" is an aromati c3heterocyclic ring radical. 35
referred heteroaryl groups include (for exanple) thienyl, furyl,

PR N
L/ e
{

00
5 " NH__
[ ] I
s 0
NH,
10 HO NH
w 1
15
0O 9]
PDORGAS
20 Ho ’
S
25 o y
b
0 o
10 ' on
HO
8] 4]
: LOBRE
\/“\) 0
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-16 - pyridi nyl,

pyri m‘gl ny‘? g tetrazolyl. "Al
hydr ocar bon chai n substituent,
al kenyl (i.e., -0-alkyl
(for exanple) nethoxy,
am no radi cal
"Arylalkyl" is an al kyl
Preferred aryl al kyl

et hoxy,

r adi cal
gr oups

15

25

30

or -0-al kenyl).

s
29 \/"\) 0
MeSO, — N\)b"i“%m\ff

NH N
/N \ " /\\I(NH\f
35 | 1
N N/ 0

pyrazinyl, t hi azol yl ,

koxy"

Preferred al koxy groups inclu
"Al kylam no" is a
substiXuents (i.e., -Nalkyl).
substituted with an aryl 10

i ncl ude benzyl and phenyl et hyl .

propoxy and allyl oxy.

This Sheet Has Been Replaced

LU

quinolinyﬁ
i s an oxygen radi cal PCRISM #0276 |
where the hydrocarbon chain is an al kyl |

gr oug

WO 91/

10

15

20

25

30
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:(Q jAl

—

10

15

20

25

30

35

jH-aryl ). "Aryl oxy"
.e., -0-aryl).
droxy froman carboxylic acid (i.e., RC(=0-). Preferred al kyl acyl
pups i ncl ude
cyl oxy" is an oxygen radical havi ng an acyl substituent (i.e., -0-acyl);
exanple,-OC(=0 -al kyl. "Acylam no" is an am no radi cal having an acyl

@stituent (i.e

"Acyl "
(for

r yWn9na6327s an amine radical substituted with an aryl pgy 1(/bz 6
IS an oxygen . .-radi cal having a aryl sub rtuent 15

or "carbonyl" is a radical forned by reanaI of the

exanple) acetyl, farnyl, and 20 pr opi onyl .

-N-acyl); for exanple, -NH C(=0 -alkyl.

/“\ (\5&

Hi

s )L ™~
° e




"Halo" Q@} " or "halide" is a chloro, brono, fluoro or 25 i odo

atom ra |ca ChI oro and fluoro are preferred halides. API/USSIMNEg e WO ¢
t o herein, "l ower" hydrocarbon noiety (e.g., "lower"” alkyl) is a _
hydr ocar bon chain conprised of from1 to 6, preferably from1 to 4, carbg
atons. A "pharnmaceutically-acceptable salt™ |s a cationic salt 30
formed at any acidic (e.g., carboxyl) group,3#r an anionic salt formed atg
any basic (e.g., am no) group Many such salts are known in the ar
as described in Wrld Patent Publication 87/05297, Johnst on et
al ., publ i shed Sept enber 11, 1987 (i ncor por at ref erence
herein). Preferred cationic salts include the a nmetal salts (sugh
as sodi um and pot assi um, a
: 0
3 \ /u\ NH
HO H” HN ~ﬂg
o kL
cl oH
10 10

15 r:(“\»mﬁf

20
0 0
)\\ Jk NH
HN N NH r
25 \ /
O
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and al kaline earth netal salts (such as magnesi um and /esyﬂh276 -17-
PVWD @141632%Ani onic salts include_ the halides (such as chlioride sal ts). A

"bi ohydrol yzabl e ester” is an ester of a quinolonyl |actam5 t hat
does not essentially interfere with the antimcrobial activity of the
conmpounds, or that are readily netabolized by a human or |ower aninal

ubject to yield an antimcrobially-acti-¥®- quinol onyI | actam Such esters
ncl ude those that do not inter-

HH

A

Another preferred R10 group is R17-C(=CHRZ0)-C(=0)NH-. Such
groups incluage (for example) the following ctructures.

10

15

H,N
20
25
30 | H,N \K
39 is Sheet Has Been Replaced
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f er e WX91/16827bi ol ogi cal activity of quinolone antim crobP@rAISY1 /76 |
for exanple). Many

beta-lactam antimcrobials (cephens,

are known in the art,
Johnston et al.

publ i shed Septenber 11, 1987,

her ei n). Such esters include | ower

acyl oxy- al kyl

al koxyal kyl
al kyl esters

10

15

20

25

30

35

esters, 20
(such as

esters (such as 15

Qs PRkt Hox @k

al ky}g

2-phenyl-2-hydroxyiminoacetyl;

15

2-thienyl-2-methoxyiminoacetyl; and

2-[4-(gamma-D-glutamyloxy)phenyl]-2-hydroxyiminoacetyl.
(Z)[[(2-amino-4-thiazolyl)(methoxyimino)acetyl]amino];

[[(2-furany](methoxyimino)acetyl}amino];

(Z)-{[(2-amino-4-thiazolyl)[{1-carboxy-1-methyl)ethoxyim-

inojacetyl]amino];

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

inol;

[[{2-amino-4-thiazolyl){(1H-imidazol-4-yImethoxy)iminojacet

yl}amino};

(Z)-{[(2-amino-4-thiazolyl-3-oxide){methoxyimino)acetyl)am-

ino); and

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

yl)methoxyimino]acetyl]aminoj.

Other preferred R10 groups include the following structure}

(where "SS" is HCONH-).

|5N—‘4gh \

Af

NH
cl

ct

is Sheet Has Been Replaced

o

such est
as described in Wrld Patent Publication 87/ 0529]
(i ncorporated by refer
esters,
acetoxynethyl
ani nocar bonyl OnyTEt hyhothePi Uﬁ's@%p&refmehymm@%ﬂiﬂ% &v!
| act onyl esters é h as 3 dyl and th|0$hthalld
alkoxyacyloxyalky %?%r ngu f
et hoxycar bonyl oxyretingé twade ofi é‘.bprﬁmmmuya:.ar bonyl oxyet hyl

chqﬂwng h%shgg)sc(a@)(m al kyl

Examples of this preferred class of RI0 groups include:

| ower
acet oxyet h

POV IREVE b SRY
HﬁmfyxyﬁkﬁyﬁyF and clavams)

esters),
acyl am no

Il

10

15

20

25

30
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etwoiddenesehyl esters). As defined above and as used hePETASII{NIS76 t uent
oups may thensel ves be substitut-ed. Such substitution nmay be with one
-more substituents. Such substituents include (for exanple) those |isted
C. Hansch and A. Leo, Substituent Constants for 25
rel ation Anal ysi s in Chem stry apd  Biol ogy (1979),
orporated by reference herein. Preferred substituents include (for
npl e) al kyl, al kenyl, al koxy, hydroxy, oxo, nitro, am no, am noal kyl
g., amnonethyl, etc.), cyano, hal o, carboxy, al koxyaceyl
g., carboethoxy, etc.), thiol, aryl, cyclo eféTx het er oaryl ,
erocycl oal kyl (e.g., piperidinyl, nDrphoIin , pyPdolidinyl, etc.),
no, thioxo, hydr oxyal kyl , aryl oxy, —

5

10 o \XS

/N
Jam ,___<:;:ZI”
q
' 15
cet
H,N N H—0
am- _ y
)

20 y \YI

S \\” 0
25 H N ’<\
2 N l NH/S(
N\\Oﬂe
30 S \ 5
th"lgn Ng/ﬁ
Nl NHOH
\0
35 |
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- : sed in defining the ; WO 91
A IR A R IR R <L N §
structure of the compounds o b ti}uent in nultiple | ocati ons. Fo
may be defined f%{ usf aﬁb?t??uént is defined as a potential substitueng of
exanpl e, the errl s - inition of other
R[e?P], but is al so |ncorporatedrintoRtgsfﬁﬁghglLI)' s used herein
SUbStituegts fSyCh'ﬁZeﬁiﬁg;LflyFig{ecfed each time it is used (e.g., R dr]
ical is i LA ' conpou
ﬁggg ﬁo{aS be alkyl in all occurrencesAHFdefining a given conp
of this 0ot N
g
| 9 5
1
10 0
CO,H
-0
H,N N y
T~
15 S // NH 15
0 \ﬂ
S o
20 \ 20
"zN \\ /’g
N I NH
N
O-iPr
2
25 >
S 0
N 4
N ' N
N
30 Note 30
0 P
~ ‘ 0
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:nVEW@Pbﬂﬁ3Tlactan}contalnlng nmoi ety: Groups Rerr], E%] and R err],
oget her with bonds "a" and "b" of formula (1), formanf (U§9VQi4my of
.act am containing noieties 10 known in the art to have anti m crobi al

ictivity. Such noieties wherein either bond "a" or bond "b" are nil (i.e.,
0 not exist) are nono-cyclic; if Dboth bonds exist, the structures
re bi-cyclic. Preferably, bond "a" is a-SBngle bond and bond "b" is a
loubl e bond. 15 Preferred |actamnoieties include the cephens,
xacephens and car bacephens of thi—izfﬁfffj;iiiii formul a: Rl11
5
co H

Cl
10 § \ 0
IIN"<}
? N l NH,‘T
N
cl i
15 CO,H
Cl
20

LAy

~0
25
30
S\ o
e
e
’I‘l
\Oll
35

This Sheet Has Been

T



[err] 25 wherein, referring te formula (I1), bond "a" is a single bondf

bond "V¥O 9141632¢0ubl e hond: Rlerr] is -C(Rlerr])-, where RIRGT/USO%/02¢h o

Rlerr] is -CH(Rerr]),k eplaced cooH, and R[err] is
W (Rerr]) (Rlerr])-C i @T lli
s 30 met hyl ene, a

e Rlerr] and R err] are hydrogen,

cephens), O (for oxacephens) or
C(R38) (for carbacephens). O her preferred I@@ganlnnieties I ncl ude the
i socephens and i so- oxacephens of the represental

n?K)9l

tive fornul a:
The following are other preferred RI0 groyps.

5 CONH, S 0
CO,H 3 HN —{(
10 10
N
N
\\\4¢? \\{S
15 15
NH
’/’ I \\“
N’\
20 20
cl NH,
NH
o X -\jr

25 5 25
10 Suitable R1l groups are among those well-known in the :f 30

including those defined in the following documents

incorporated by reference herein). W. Durckheimer et :

"Recent Developments in the Field of Beta-Laciam Antibiotifg

24 Angew. Chem. [nt. Fd, Enql. 180 (1985); G. Rolir
- “Beta-Lactam Antibiotics*, 17 J. Antimicrobial Ch 35

(1986); and European Patent Publication 187,456, Jung, p“b‘g.
July 16, 1986. Preferred Rll groups inciude hydrogen, metly



$ err] 10 wherein, referring to formula 11. bond "a" is | nd; bond
['bW' 81/463,!1)7ublla bond: R[lar?] is -C(Rlerr]) where R[elrr]P%rzbﬁgifsa‘gﬁn; Rl err]
s -C(Rlerr])=, wgi eheRlHag Bden RSILIOH and Rlerr] is

'C(R[err])(R[err])-IEﬂHugt | ere R8a and R38 are each hydrogen, R err]
s net hyl ene and Wiji ﬂllmfor i socephens) or O (for

 SO0- oxacephens). O | act am cont ai ni ng noi eties include the
enens, carbapenens and cl avens of the refpresentative fornula: 20

:err] wher ei n,etrhgiygrriQrgop%gyforgr#iloﬁegul), bhoa%i "a" is a si ngl e bond;

) ) , gen, cyano, ormyl and
formylamino. Particularly preferred RIl1 groups inciude 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 J.
Med Chem. 1586 (1988); T. Rosen et al., 31 J. Med. Chem. 1598
(1988); G. Klopman et al., 31 Antimicrob. Agents Chemother. 1831
(1987); 31:1831-1840; J. P. Sanchez et al., 31 J. Med. Chem. 983
(1988); J. M. Domagala et al., 31 J. Med. Chem. 991 (1988); M. P.
Wentland et al., in 20 Ann. Rep. Med. Chem. 145 (D. M. Baily,
editor, 1986); J. B. Cornett et al., in 21 Ann. Rep. Med. Chem.
139 (D. M. Bailey, editor, 1986); P. B. Fernances et al., in 22
Ann. Rep. Med. Chem. 17 (D. M. Bailey, -editor, 1987);
R. Albrecht, 21 Prog. Drug Research 9 {(1977); and P. B. Fernandes
et al., in 23 Ann. Rep. Med. Chem. (R. C. Allen, editor, 1987).

Preferred quinolone moieties include those where Al s
C(R7), A2 is C(R2), and A3 is C(RS) (i.e., quinolones); Al is
nitrogen, AZ is C(RZ), and A3 is C(RS) (i.e., naphthyridines); Al
is C{R7), AZ is C(RZ), and A3 is nitrogen (i.e., cinnoline acid
derivatives); and where Al is nitrogen, A2 is nitrogen, and A3 is
10 C(RS) (i.e., pyridopyrimidine derivatives). More preferred
quinolone moieties are those where Al is C(R7), A2 is C{R?), and
A3 is C(R5) (i.e., quinolones); and where Al is nitrogen, A2 is
C(R2), and A3 is C{R%) (i.e., naphthyridines). Particuiarty
preferred quinolone moieties are where Al is C(R7), AZ is C(R?),
and A3 is C(R5) (i.e., quinolones).

Rl is preferably alkyl, aryl, cycloalkyl and alkylamino.
More preferably, RL s ethyl, 2-fiuoroethyl, 2-hydroxyethyl,

10

15

20

25

35



bond -"b" is

30 “KR?bﬂﬁ}Tﬁs - R[err])— where Rlerr] is COOH and

-WC''-Rerr], where Rerr] 1is nmethylene, and W is S (for penerg
C( R38) (for carbapenens), or 0 (for clavens). Such lactam noietges
are descri bed in the follow ng articles, al | I ncorporated by
reference herein: R  Wse. "In Vitro apd Pharmacokinetic 35

Properties of

10

15

20

25

30

35

double bond; Rlerr] is -C(Rlerr]), where R[eré% i s hydro

the Carbapenens”, 30 Ant i it €T obi al Agents and |
Chenot herapy 343 (g%%§}1 aqqfﬁﬂnmpnenQ|e Qt %quu RgnﬁSISmggglamnkzo_

fys9Ld 2476 |

cyclopropyl. Cyclopropyl is a particularly preferred Rl gro:p.
Preferred quinolone moieties also include those where Al is C(R7E
and R! and R7 together comprise a 6-membered heterocyclic ri
containing an oxygen or sulfur atom.

RZ is preferably hydrogen or halo. More preferably R2
chlorine or fluorine. Fluorine is a particularly preferred
group.

Preferred R3 groups include nitrogen-containing heterocycli
rings. Particularly preferred are nitrogen-containi:
heterocyclic rings having from 5 to 8 members. The heterocycli
ring may contain additional heteroatoms, such as oxygen, sulfup
or nitrogen, preferably nitrogen. Such heterocyclic groups ag
described in U.S. Patent 4,599,334, Petersen et al., issuf
July 8, 1986; and U.S. Patent 4,670,444, Grohe et al., issuf
June 2, 1987 (both incorporated by reference herein). Preferr
R3 groups include unsubstituted or substituted pyridine, piperg
dine, morpholine, diazabicyclo{3.1.1]heptane, diazabich
clo{2.2.1)heptane, diazabicyclo{3.2.1}octane, diazabicyclo[2.2.§
octane, thiazolidine, imidazolidine, pyrrole and thiamorpholi
as well as the following particularly preferred R3 groups incluf
piperazine, 3-methylpiperazine, 3-aminopyrro]idi:
3—aminomethy1pyrro11dine, N,N-dimethylaminomethylpyrrolidirg
N-methylaminomethylpyrrolidine, N-ethy]aminomethylpyrrolidi:y
pyridine, N-methylpiperazine, and 3,5-dimethylpiperazine.

Linking Moieties:

Group L, together with the RO substituent, form a variety
linking moieties between the lactam-containing structure (8) B
the quinolone structure (Q) of the quinolonyl lactams. Linkg
moieties include the following general classes.

(1) Carbamate linking moieties, wherein L is -X4t-C(-Y2u)'zl5
t is 1 and u is 13 X4 is oxygen; Y2 is oxygen; and Z is nitrod

I
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In Vitro Activity of the Penem Anti biotics", 8 Medicin . Revi ews
39VOBIE327 Ot her preferred | act am cont ai ni ng noi et i esa‘%ﬁ tiﬁl giqiﬁz/&;nt i on

i nclude the penicillins of the representative formula: 5 [err] L wherein,

referring to fornula 11, bond "a" is a single bond, bond "b" is a single
ond; Rerr] is -C(Rerr])-, where R err] is hydrogen; Rerr] is

-CH(R[err])- where Rerr] is COOH, and R err] is -WC'"' (Rerr])-Rerr]-

iMhere R36 is nethyl, Rerr] is nethylene,-4g3nd Wis S. O her preferred

;actan}containigg moi eties include the

: ( Oithiocarbamate  ‘linking moieties, wherein L  is

-X44-C(=¥2y)-2-Q"; ¢ is 1 and u is 1; X4 is sulfur; Y2 is sulfurs
and Z is NR41, where R4l is hydrogen.

{3) Urea linking moieties wherein L is -X4t-C(=Y2y)-Z-Q"; t is 1
and u is 1; X4 is NR40, where R40 is hydrogen; Y2 is oxygen: and
7 is nitrogen.

(4) Thiourea linking moieties wherein L is -X4¢-C(=¥2,)-Z-Q"; t
is 1 and u is 1; X4 is NR40, where R40 is hydrogen; Y2 is sulfur;
and Z is nitrogen.

10

(5) Isouronium linking moieties wherein L is -X4¢-C(=Y2y)-Z-Q";
s t is 1 and u is 1; X% is oxygen; Y2 is N+(R41)(R42), where R4l
and R42 are hydragen; and Z is nitrogen.
(6) Isothiouronium linking moieties wherein L is
X44-C(=Y2y)-7-Q"; t is 1 and u is 1; X4 is sulfur; Y2 is

20 N+(R41) (R42), where R%) and R42 are hydrogen; and I is nitrogen.
(7) Guanidinium linking moieties wherein L is -X4¢-C(=Y2y)-Z-Q";
t is 1 and u is 1; X% is NR40, where R40 is hydrogen; Y2 is
N+(R41)(R42), where R4l and R42 are hydrogen; and Z is nitrogen.
25
(8) Carbonate linking moieties wherein L is -X4¢-C(=Y2y)-Z-Q"; ¢t
is 1 and u is 1; X4 is oxygen; Y2 is oxygen; and Z is oxygen.

(9)-  Trithiocarbonate linking moieties wherein L is
-X44-C(=Y2y)-Z-Q"; t is 1 and u is 1; X4 is sulfur; Y2 is sulfur;
and Z is sulfur.

30

{10) Reversed carpamate linking moieties wherein L is
-X44-C(=Y2y)-Z-Q"; t is 1 and u is 1; X4 is NR40, R40 s

1 hydrogen; Y2 is oxygen; and I is oxygen.
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nonocyclic beta-lactans, of the representative formula: 20 [err] 25 3(

WO 91/1
wher sy@91/1@BErring to formula (11), bond "a" is a singl e MIHUSIIMe4¢' is
nil; Rlerr] is -C(Rerr])-, where Rerr] is hydrogen; Rerr] is nil; nd
Rlerr] is -SOerr]H (for a nonobactam, -POQ(OR[err])OH (for a
nonophosphan); -C(ONHSO err]N(Rerr])(R err]) (for a nonocarbam,

-Csgerr]H (for a nonosul factanm, -CH(R[err])COCH (for nocardicigs),
or 35 -OCH(R err]) COOH. Such | act-a+ noieties are descrg bed
in C. G marusti et al ., "Monocyclic  8-lactam Antibiotics",
{11) Xanthate linking moieties wherein L is 'x4t'C(=Y2u)-Z~Q";"
is 1 and u is 1; X4 is NR40, where R40 j¢ hydrogen;: Y2
N*(R41)(R42), where R42 and R42 are hydrogen: and 7 is oxygen. 5
: (12) Reversed dithiocarbamate linking moieties wherein
-X44-C(=Y2,)-2-0"; t is 1 and u is 1; X% is NR4O, where R4O
hydrogen; Y2 is sulfur; and Z is sulfur.
(I3) Reversed isothiouronium linking moieties wherein L 1 10
10 -X44-C(=Y2,)-2-Q"; t is 1 and u is 1; X4 is NR4O, where R40 {
hydrogen; Y2 s N+(R41)(R4Z), where R4l and R42 are bof
hydrogen; and Z is sulfur. '
(14) Amine linking moieties wherein L is -X3-Q*; and X3 § 15
15 nitrogen.
(15) Imine linking moieties wherein L is -X3-Q"; X3 is nitroge]
and is linked to R4 by a double bond.
20
20 (16) Ammonium linking moieties wherein L is -X3-Q"; and X3
N+(R41) (R42),
(17) Hetercarylium linking moieties wherein L is -X3-Q"; and |
is nitrogen. 25
25
(18) Ether linking moieties wherein L is -X2-Q"; and X2
oxygen.
(19) Thioether, sulfoxide and sulfone linking moieties whereifl 30
30 is -X2-Q*; and X2 is S§(0);, where t=0 (thiocether), 1
{sulfoxide) or t=2 (sulfone).
(20) Ester or thioester linking moiety wherein L
5 -X44-C(=¥2y)-Z-Q"; t is 1 and u is 1; X4 is oxygen (for an esig 35

or sulfur (for a thioester); Y2 is oxygen; and Z is nil.
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2lwolotyRgB2ei nal Research Reviews 1 (1984), incorporat eHCPyUSHI®2436Ce

erein. her preferred lactam: noieties include the nonocyclic

eta-lactans of the representative fornmula: 5 [err] 10

B wherein referring to formula I'l, bond "a" is nil, bond "b" is a 15
ingle bond; Rerr] is -C(Rerr])(Rerr])- where both R8a and R29 are

-45.

(21) Amide or hydrazide linking moiety wherein -X4t-C{=Yy)-Z-Q";
t is 1 and u is 1: X% is N(R40), where R40 is hydrogen (for an
amide), or X2 is R43-NR4! (for a hydrazide), where R4l s

5 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,
10 amide, and heteroarylium containing moieties. Particularly
preferred linking moieties include carbamate, dithiocarbamate,
and amine linking moieties.

The specific physical, chemical, and pharmacological

15 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

sgefd
. may affect the relative susceptibility of the quinolonyl lactam
20 to bacterial vresistance mechanisms (e.g., beta-lactamase
activity).

Preferred quinolonyl Jlactams include (for example) the
following compounds.

25
NOMe "o 7 NA
H
N N s F
Y 20
. 4 NH N
30 i coH 1]/ Q‘\
35
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hydrog ﬁ?ﬂ‘;ﬁ&err] is nil. Oher preferred | actam noieties include the'
cl avans Qf epresent ative fornula: 20 [err] 25 wherein, PCEAUS9 ¢y O

formula (11), bond " is a single bond; bond "b" is a single bond
Rlerr] is -C(R[err]) where Rferr] is 30 hydrogen; Rerr] i
- CH(R33) - wher e R[err] Is COOH, and Rerr] is

WC":C-(i?[err])-R[err], where Rlerr] is hydrogen and Rl err] is nethylen

and Wis 0. O her preferred | actam noi eties i_EIé:J ude the 2, 3-nethyl eno-
NOMe
LY o
co,u
10
15

20 /, l
""" /\/0 NH A .
ALY

CO,H ~
25
HO,C = NA
- NOMe o F
30 HN /NJ/U\,(N\ ] NH'NH N
: —<s ! ° /j"\ Ir F O‘\
o SO4H
35
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rr] 10

10

15

20

25

30

35

ind; bond "b"

namyogwd162ar bapenans of the representative fornmula: 35 "
wherein, referring to formula (11), bondpcy'uﬁlgagpngl e
is a single bond; Rerr] is -CRerr])-, where
:err] i's hydrogen; Rerr] is -C*(R33), where R33 is COOH, and Rerr] i
C'' (Rlerr])-Rerr], where Rerr] isnil, Rerr] is linked to C- to forma
3gmenbered carbocyclic ring, and Wis C(Rlerr]) or sulfur

-47.

HO,C /A
=
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Lact amy, i ﬁg 9? of this I nvention al so i ncl ude the | activici
anal ogs 3 epresentative formula: [err] 25 wherein, reH‘@/Usgg/mQ%

formula (11), bond "a" is nil; bond "b" is a single bond; Rerr] is
-CH err]-Rerr], where Rerr] is 0; Rerr] is -CH(Rerr])-, where R err]
COOH, and Rlerr] is nil. 30 O her lactam nmoieties include t
pyrazolidinones of the representative fornula:
-48-
5

10 N/

e O

15 15

20 /N~ \é,r ™ O

) F N 20
CO.H
25 HO,C 25
J j%l
—N

ff?
30 CO,H 30
35 35
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23- “k%&ﬁ%6i% wherein, referring to formula (1), bond "a" is a single
is a double bond; Rerr] is -CH err]-R er PCT/USSKO24786] er r ]

; -N-, Rlerr] is -C(Rerr])-, where Rerr] is COOH, and Rlerr] is
C'-Rerr]-, where Rerr] is nethylene, and Wis C(Rerr]). Qher |actam
pi eti es include the gamma-| actanms of the 15 representative fornmnula:
err] 20 25 wherein, referring to formula (I11), bond "a" is a single
ond; bond "b" is nil; Rerr] is -CHerr]-RBgerr]-, where Rerr] is

Rlerr]) and Rerr]

5
HO,C /A
N
Je XX
,,,,, 5 NH ™
o R Y
o F k/"\
CO,H
15 CO,H
OH © X
/' ,,,,, ' S NH N
o~
o F F
2 CO.H !
()
I
: 25 F F
oo T
N
jﬂ N
s NH |
N
30 J:N / D—“"’
5 F
CO,H
35
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I's hydrogen; Rerr] is -SOerr]H,

noi eti es
oxacephens,
nonocyclic

i ncl ude cephens, 30
car bacephens, penici
beta-lactans. Particularly

car bapenens and nonocyclic beta-lactans. Rerr],

radi cal that may be substituted 35 at thé&factive stereoisoneric
position of the carbon adjacent to the |actam carbonyl of an
antimcrobtally-active |actam (As
5
OH
..... S S
T
10 0
CO;H
N
|
15
HO,C Z N/A
F
/jH )
.o, 5 0. _NH
l - N
4~ T " O
20 o7 ~
CO,H
25 HQ,C ay A
F
/ju o
,,,,, S o] NH
. "—'r *NH N
NH,
PRV SN O
COH
30
This Sheet Has Beep ced
. DT

-PQ(OR[err]) OH,
O N 1), -0s H, - CH
JOA R TP ar' Rerr] 18 ni 1 Prefbrred  lact am con STVSY 02476

| socephens, | so- oxacephens,
lins, penens, carbapenens, and
preferred are cephens, penens,

in formula (11), is any

hil



in, the term"antimcrobially-active |actanj a
ikttt T hionds s,

.‘tan}con alning conpound, . wthout a quinolonyl subs
. ch has antimcrobial activity.) This "active" position is beta
e., 7-beta) for cephens, oxacephens and 5 car bacephens (for

Anpl e) . The active position is alpha for penens, carbapenens, clavens
angl clavans. Appropriate R err] groups will be apparent to one of ordinary
skgll in the art. Many such Rlerr] groups ar®-known in the art, as
defcri bed in the followi ng docunents (all of which are 10

| ngor por at ed by reference herei n): Cephal ospori ns and

10

20
y <|:o,n
5 N S o]
\__r ~x
25 @/\‘Or )—N / NM N
° v
CO.H
F F
N
, ()
30 |
35
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Penicillins: Chem

Bi ol ogyWer 9163t am Antj. biotics (R I\/brl net al., editors,
"The CEphanspom

(Supp. 2) 1 (J. Wllia

Revi ew from Chem stry o

Neu, editor, 1982);

anong t he Seni - synthetic Antibiotics (0. Perl méd; editor, 1977). W

Dur ckhei ner et al.

Bet a-Lactam Antibiotics", 24 Angew. —H0fs 0f Manutagture ppgl . 180 (198

G Rolinson,

5

10

15

- 20

25

30

35

stry and Biology (E. Flynn, editor, 1972) ch‘l?s”;‘»l;t a

M Sassiver et al., in Structure Activity Rel ationshi

"Recent Devel oprments in the Field of 20

" Bet a-TIhacuamolonﬁhtualaltms g ,th1s ihbedt idMtrali 64 QRisal

Manufacture of quinolonyl lactam generally involves the prepar
tion of a lactam-containing moiety, a quinolone moiety and
procedure or set of procedures for linking the lactam-containig
and quinolone moieties. Procedures for making a broad variety é
lactam-containing moieties and core quinolone moieties are wel
known in the art. For example, procedures for preparing 1acta§i
containing moieties are described in the following reference5
all incorporated by reference herein (including articles cit
within these references): Cephalosporins _and Pnn1c1111n‘
Chemistry and Bioloay (E. H. Flynn, ed, 1972) Chapters 2, 3, f
5, 6, 7, 15 and Appendix I; Recent Advances in the Chemistry §
B-lLactam Antibiotics (A.G. Brown and S. M. Roberts, ed., 198ﬁ
Topics in Antibiotic Chemistry, Vol. 3, (Part B) and Vol. 4, {
Sommes, ed., 1980); Recent Advances in the Chemistry of f-lacti
Antibiotics (J. Elks, ed., 1976); Structure-Activity Relatw&
ships Among the Semisyntheti¢c Antibiotics (D. Periman, ed, 1977
Chapts. 1, 2, 3, 4; Antibiotics, Chemotherapeutics and Antxtg
terial Agents for ODisease 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 Revig
1-24 (1984); 8 Medicinal Research Review 393-440 (1988);
Angew. Chem. Int. Ed. FEngl. 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. 1903-1%09 (1987); 32 J. Med. Chem., 601-604 (1989);
Patent 4,791,106; Japanese Patent Publication 62/158291; 31
Med. Chem. 1987-19¢2 (1988); 30 J. Med. Chem., 514-522 (1987)

Tet. Let. 285-288 (1987); 28 Tet. Let. 289-292 (1987); 52 4.
Chem., 4007-4C12 (1587): 40 J. Antibiotics, 370-384 (1987); 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. Orag. Chem., 4154-4156 (1988); 39 J. Antibiotics, 1351-

@ics Seni nar-i n-Print" , 34 EXUgs
"H !" I ); New Beta-Lactam Antibiotics: A¥§
cacy of the New Ceohal osporins (H.

usig

Chenot her apy 5 (198Q); BHr QPoAiER) eBF RYPIHSE! ehniques known in the ar
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87,:%06%1/1652 g, publ i shed JuI 1986; and WrCTYUSS4102476

‘ ’ubllcatlon 7/ 05297, T a published Sept enber 11, 1987. For
jenens, car bapenens, “ anB Rlerr] is preferably |Iower alkyl,
ar hydroxy- substltuted artlcularly preferred Rl err]

g oups I ncl ude hydr ogen, hydroxynethyl ethyl, [1(R)-hydroxyethyl],
§1(R) - [ (hydroxysul - fonyl)oxyethyl]), and E}-nethyl 1 hydr oxyet hyl ]. Except
ffor penens, carbapenens, clavens and °“Clavans, preferred R err]

dr oups are  aMdges, 59 PUBH a@S appl.acqby! arqga,quprf:{g%r? bl ?(987 syhski tuted
th aryl, hhet oar yl Tl ngg h %roa%ylthlo r=arkyl thi o
dbstituents. a%_;g#a 4 Tetrahedrdd, 3231-3240 (1988); % Tet. Let.)

isid 2883-2886, (1987): 40 J._ Antibiotics, 1563-1571 (1987); 33 _Chem.

| Pharm. Bull., 4382-4394 (1985); 37 J. Antibiotics, 57-62 (1984);
sarg 5 U.S. Patent 4,631,150; 34 Chem. Pharm. Bull., 999-1014 (1986); 52
.nd J. Org. Chem., 4401-4403 (1987); 39 Tetrahedron, 2505-2513
ini'l (1983); 38 J. Antibiotics, 1382-1400 (1985); European Patent
ty § Application 053,815; 40 J. Antibiotics, 1563-1571 (1987); 40 J.

Antibiotics, 1716-1732 (2987); 47 J. Orq. Chem., S5160-5167
: (1981); U.S. Patent 4,777,252; U.S. Patent 4,762,922; European
encet Patent Publication 287,734:; U.S. Patent 4,762,827; European
it} Patent Publication 282.895; European Patent Publication 282,365;
and U.S. Patent 4,777,873.

The methods of this invention preferably use a core
quinolone moiety having a non-hydrogen substituent at the
S-position (at the point of attachment of RE). General
procedures for preparing core quinolone moieties useful in the
methods of this invention are described in the following
references, all 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 J.
Med. Chem., 1313-1318 (1989); 1987 Liebigs Ann. Chem., 871-879
(1987); 14 Drugs Exptl. Clin. Res., 379-383 (1988); 31 J. Med.
Chem., 983-991 (1988); 32 J. Med. Chem., 537-542 (1989); 78 J.
Pharm. Sci., 585-588 (1989); 26 J. Het. Chem., (1989); 24 J. Het,
Chem., 181-185 (1987); U.S. Patent 4,599,334, 35 Chem. Pharm,
Bull., 2281-2285 (1987); 29 J. Med. Chem., 2363-2369 (1986); 31
J. Med. Chem., 991-1001 (1988); 25 J. Het. Chem., 479-485 (1988);
European Patent Publication 266,576: European Patent Publication
251,308, 36 Chem. Pharm. Bull., 1223-1228 (1988); turopean Patent
Pubtication 227,088; European Patent Publication 227,039;
Furcopean Patent Publication 228,66i; 31 J. Med. Chem., 1586-1590
(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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preferably N substituted W th het er oar yl car baonyl and
cycl oh&Y@93A63YT car bonyl . substituents; aryl cartfo{HS24{02476
-25- het eroaryl carbonyl am no; and | ower al koxyi m noacet yl am no.

preferably substituted with aryl and heteroaryl substituents. Particul arl
groups include am des of the general formula

Rerr]-(CHerr])mC(=ONH and Rerr] is Rerr]. Exanpl es of such 5
groups include: [(2-am no-5-% o-4-thiazolyl)acetyl]ani f§o;

preferred Rl err]
preferred Rl err]

10

15

20

25

30

35

appropriate core quinoione moiety, having a 5-fluoro substituent X
with various nucleophiles (for example, amines. thiols, azide
and cyanide} in an inert polar solvent, such as dimethy
formamide (OMF) or dimethyl sulfoxide (DMSO). Furthe
elaboration of the R® group, to produce quinolone moieties useful
in this invention, may be performed by known procedures fog
protecting group removal, functional group modification and/of
(for example) interconversion or homologation.
Preparation of core quinolone moieties having a non-hydrogef
substituent at the S5-position are (for example) described in th3
following documents, all of which are incorporated by referenct
herein: 32 J.  Med. Chem. 1313 (1989); CEuropean Pateni
Publication 342,649 (1988); CEuropean Patent Publication 309,78}
(1988); World Patent Publication 89/06649 (1989); turopean Patenj
Publication 310,917 (1989); turopean Patent Publication 312,0
(1989); European Patent Publication 304,087 (1989); CEuropea}
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§
(1987); European Patent Publication 255,908 (1988); Europeg
Patent Publication 242,789 (1987); European Patent Publicatig
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); Eurape
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 ai
quinolone moieties may vary accoraing to the type of linkik
group desired. For example, the quinolonyl lactams having
carbamate linking moiety may be made by the following ge"e_-

rgaction segquence:

Lact-CHoOH --->  Lact-CH20C(=0)-X + HN-Quin ---3
Lact-CH2-0C{=0)N-Quin
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fﬁg‘ Spﬁﬁ? d| n-2-yl)acetyl ] am no; PCT/US91/02476
or o-4- oxo- 1(4H) - pyri di Mmcacetyl]anlno]

(4

[ ( |
[[2- (anlnonethyl)pheﬁVF e
(1H-tetrazol - 1- ylacet anoacetyl)an1no]

(2- thlenylacetyl)anin 4- thlazoyl)acetyl]an1no] and sydnone,

- (- 2- am no] - 2- oxoet hyl . 15 The follow ng are other such preferred
err] groups. HCONH 20 [err] -55-

' where X is a reactive leaving group (such as alkoxy, halo, or
at N-heteroaryl), "tact" represents an appropriately protected
de lactam-containing structure (such as a penem, carbapenem, cephem,
:Z : monocyclic beta-lactam, oxacephem, or carbacephem) and "Quin"

ot represents an appropriately protected quinolone. The sequence

:Tu ..

) ' can be envisioned as formation of the intermediate lactam
0

ol carbonate derivative, followed by acylation of a quinolone amino

functionality to form a carbamate coupled conjugate of the lactam

% nd quinolone.
geq 10 anc g

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

enc
ten
Quin-CH20H ---» Quin-CH20C{=0)-X + HoN-CH2-Lact --->
15 Lact-CH2-NHC(=0)0-CH2-Quin
pea) 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,
20 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.

- 25
Lactam-Quinolones having a dithiocarbamate linking moiety may be
made by the following general reaction sequence:

< CS2 + HN-Quin ---» M*-SC{=S)N-Quin + Lact-CHp-X ---)»
30 Lact-CH2-SC{=S)N-Quin

where X is a reactive leaving group (such as halo, a sulfonate
ester, acetate, thiobenzoate or other activated hydroxyl
functionality), “lLact" represents an appropriately protected
15 lactam-containing structure (such as a penem, carbapenem, cephem,
monocyclic beta-lactam, oxacephem, or carbacephem), and "Quin"
represents an appropriately protected quinolone. The sequence
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can be envisioned as formation of the intermediate quinolon

dithiocarbamate salt, followed by nucleophilic displacement o5

the lactam X substituent to form a dithiocarbamate couple

conjugate of the lactam and quinolone.

Alternatively, “reversed" dithiocarbamate conjugates can b:
prepared by the following sequence. '

Lact-CH2-NH2 + €S ---» Lact-CH2-NHC(=S)S-M+ + X-CHp-Quin --—)
Lact-CHp-NHC(=S)S-CH2-Quin

where X is a reactive leaving group (such as halo, a sulfonati
ester, or other activated hydroxyl functionality), “Lac%
represents an appropriately protected lactam- containing structuﬂ
(such as a penem, carbapenem, cephem, oxacephem, or carbacephem)
and "Quin" represents an appropriately protected quinolone. T*
sequence can be envisioned as formation of the 1ntermed1a?
lactam  dithiocarbamate  salt, followed by nucleophily
displacement of the suitable quinolone X substituent to form §
“reversed” dithiocarbamate coupled conjugate of the lactam ad
quinolone. H

be made by the following general reaction sequence:

Lact-CH2-X + M*-YCN ---3» HN-Quin + Lact-CH2-N=C=Y ---»
Lact-CH2-NHC(=Y)N-Quin
(thiourea: Y is sulfur; urea: Y is oxygen)

where X is a reactive leaving group (such as halo, a sulfonaj
ester, dichloroacetate, thiobenzoate or other activated hydro
functionality), and Y is either O or S. "Lact" represents
appropriately protected 1ac;am-containing_ 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 =

W(

3



%&Zé@ is Rlerr]-(CHerr])[err]- C(C—O)NH and R erpdr/us91/42476 | .

re 6 R[err]-ﬂﬁqﬂp |Q§I e e follomﬁng [ sul fanpoyl phenyl acetyl
tamno; [[(4-pyridinyl [[[ cyanonet hyl )thio]acetyl

Lam nol; (S)-[[[(2-am H’H I )thi o] acetyl ]am no];
;[[(trifluoronethyl)th and

E)-[[[ (2-am nocar bonyl - 2- fIuoroethenyl)tkﬁggﬁcetyl]anino]. - 28-

followed by reaction with the quinolone amino substituent to form

a thiourea (Y = S) or urea (Y = 0) coupled conjugate of the
Yactam and quinolone.

Alternatively, the thiourea or wurea conjugates can be

5 prepared by the following sequence.
Quin-NH + XC{=Y)X ---» Quin-NC(=Y)X + Lact-CHoNHy ---»
1 Lact-CHoNHC(=Y)N-Quin
10 (thiourea: Y is sulfur; urea: Y is oxygen)
na where X is a reactive leaving group such as halo, N-heteroaryl or
ac activated hydroxyl functionality, and Y is either S or 0. "lLact"
tu represents an appropriately protected lactam-containing structure
en) 15 (such as penem, carbapenem, cephem, monocyclic beta-lactam,
. oxacephem, or carbacephem), and "“Quin" represents.an appropri-
tl? ately protected quinolone. The sequence can be envisioned as
formation of the intermediate quinolone activated thio carbamate
(Y=S) or carbamate (¥=0), followed by reaction with the lactam
20 amino substituent to form a thiourea {(Y=S) or urea (Y=0) coupled
: conjugate of the lactam and guinolone.
/ m‘
g Quinolonyl lactams having an imine, amine or ammonium linking
. moiety may be made by the following general reaction sequence:
Lact-CHO + HN-Quin ---3 Lact-CH=N-Quin (an imine) ---»
Lact-CH2-N-Quin (an amine) ---> Lact-CHp-N*(R)-Quin (an
ammonium)
on 30 .
irok "Lact" represents an appropriately protected lactam-
its containing structure (such as a penem, carbapenem, cephem,
as oxacephem, or carbacephem;, and “"Quin” represents an appro-
am, | priately protected quinolone. The sequence can be envisioned as
tec 35 the condensation of the quinolone amine with the lactam aldehyde

2f to form the imine coupled quinoionyl lactam conjugate. Reduction

of the imine yields the corresponding amine coupled lactam-




The followi ng are other such preferred Rl err] groups. [err] 10 25 N
NH 30 35WO 91/26327 err] PCT/US91/0247¢
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quinolone conjugate. Alkylation yields the correspondin
quaternary ammonium-coupled quinolonyl lactam conjugate.

-58-

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

Lact-CH2-X + (R)N-Quin ---3  Lact-CHp-N*+(R)-Quin

where X is a reactive leaving group (such as halo, a su]fonat?
ester, or other activated hydroxyl functionality, etc.) Thi
secuence can be envisioned as an alkylation of a quinolone aminf
group with the lactam starting material to obtain the amine o}
quaternary ammonium coupled c<onjugate between the jactam a.
quinolone.

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

Lact-CH2-NHp + X-C(=0)-Quin ---» Lact-CH2-NHC(=0)-Quin

where X is a reactive leaving group (such as halo, an HOBt esteﬁ
mixed anhydride or other activated :arboxyl functionality)
“Lact® represents an appropriately protected lactam-containin
structure (such as a penem, carbapenem, cephem, oxacephem,
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. |

Lact-COOH ---» iLactC(=0)-X + HN-Quin ---» Lact-C(=0)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

W(



| S 20 25pgMbenoRR ] s
erlijq?tﬁ%f%zr‘?r])[err] C(=ONH, and Rlerr] is -CH(Y[err]) Rferr]g'ﬂ?%

eferred Rl err] groups include the follow ng: [carboxyphenyl acetyl]ani no;
phenoxycar bonyl ) phenyl acetyl ] am no; 35

M- met hyl - 2, 3- di oxo- 1- pi per azi necar bonyl - D- phenyl gl ycyl ] - am no;

— p—

-89-
structure (such as a penem, carbapenem, cephem, oxacephem oOr
zxn) carbacephem), and "Quin" represents an appropriately protected

quinolone. The reaction can be envisioned as an acylation of the
: HA quinolone amino substituent with the activated lactam carboxyl
5

group to form a "reversed" amide coupled conjungate of the lactam
and quinolone,

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

, 10
Thi
; R'C(=0)N=C=S + HN-Quin ---» HoNC(=S)N-Quin ---)
RSC(=NH2*X-)N-Quin - Lact-CHp-NH? ----)
Lact-CH2-NHC(=NH2"X")N-Quin

15 where “Lact” represents an appropriately protected

lactam-containing 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 sait, followed by
reaction with the lactam amino substituent to form a guanidinium
coupled conjugate of the lactam and quinolone.

20

Quinolonyl lactams having a heteroarylium linking moiety may be

made by the following general reaction sequence:
25

Lact-CH2-X + NHet-Quin ---» Lact-CH2-N*Het-Quin

where X is a reactive leaving group (such as halo, a sulfonate
ester, acetate, thiobenzoate or other activated hydroxyl
functionality), “Lact" represents an appropriately protected
lactam-containing structure (such as a penem, carbapenem, cephem,
monocyclic beta-lactam, oxacephem, or carbacephem) and "Guin”
represents an appropriately protected quinolone that contains a
heteroaromatic nitrogen-containing substituent (for example,
pyridine). The segquence can be envisioned as an alkylation of

30

35
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- 30- 3- (2-furyl net hyl eneam no) - 2- oxo- 1-i m dazol i di nyl ] - rbon

anin ou][ LLWEK(/? &Ql.zt%yl ]am no; (R)- [(am' nophenyl acetyl )anino] ; CTPU§/91’02476
(R) - [ (am no( 4- hydr oxyphemnyshracied 5

(R -[ (ami no-1, 4-cycl ohexdmwrllml)nlammrl )am noj ;

[(hydroxyphenylacetyl)an1

(R-[[[[(4-ethyl-2,3 di oxo- plpera2|nyl)carbanyl]an1 noj -

(4- hydr oxyphenyl ) acetyl ] am no]; I ] I

(T3 hony 4 P S0 SIS substituent &

the lactam to form the pyridinium-type conjugate.
5 Quinolonyl lactams having a xanthate linking moiety may be mad
_ by the following general reaction sequence:
CS2 + HO-Quin ---» M*-SC(=5)0-Quin + Lact-CHp-X ---» %
Lact-CH2-SC(=S)0-Quin p
10 where X is a reactive leaving group (such as halo, a su]fonaé
ester, acetate, thiobenzoate or other activated hydroxy
functionality), "Lact" represents an appropriately protecté
lactam-containing structure (such as a penem, carbapenem, cephen
monocycliic beta-lactam, oxacephem, or carbacephem), and "Quiq
15 represents an appropriately protected quinolone. The sequené
can be envisioned as formation of the intermediate quxnolon
xanthate salt, followed by nucleophilic displacement of th
Tactam X substituent to form a xanthate coupled conjugate of th
lactam and quinoione. %
20 4
Quinolonyl Tlactams having a thioether, suifoxide or su]fo;
linking moiety may be made by the following general reactxg
sequence: i
25 . | . i
Lact-CH2-X + HS-Quin ---» Lact-CHp-S-Quin (a thioether) --->
Lact-CH2-SO-Quin (a sulfoxide) ---»  Lact-CHp-S02-Quin
sulfone)
where X is a reactive leaving group (such as halo, a sulfon
30 ester, acetate, thiobenzoate or other activated hydro
functionality, etc.). “Lact" represents an appropriat
protected lactam-containing struciure (such as a pent
carbapenem, cephem, monocyclic beta-lactam, oxacephenm,
35 carbacephem), and "Quin" represents an appropriately protec

quinolone. The sequence can be envisioned as nucleophi
displacement of the lactam X group with a thio-containg



acetyl ] am no];
ER) WA VAR ar oxy- 6- met hyl - 3- pyri di nyl ) car bonyl ] ani no] ( ST/US91/02476
h

ydr oxyphenyl ) acetyl ] a,rqsrgggeﬁ‘agl&enﬁ[ﬁgc% py! sul f oacetyl ) am no] ;

2R, 3S)-[[2-[[(4-ethyl perazi nyl)carbonyl]- 15
am noj - 3- hydr oxy- 1- oxob

[carboxy(4-hydroxyphen

R)-[[am no[ 3-[ (et hyl sul fonyl )am noj phenyl kacetyl ] am no];

R)-[[am no(benzo[ b] t hi en-3-yl )acetyl]am no];

R) - [ [ am no( 2- naptoiphy abetfprhattiendhjo@her coupled conjugate of the lactam

R 2- |
[%(E%a? S?Eyd?gi‘(@&zzéo&ﬂ ?QAG\’ )gffota¥réllﬁr9 37}3 Ctm%%wﬁr]welds the corres-

ponding sulfoxide conJuaate Further oxidation produces the

5 sulfone quinolonyl lactam conjugate.
i Quinolonyl lactams having a vinyl-thioether linking moiety may be
made bv the following general reaction sequence:
10 N S k.
S
nat )j\%_, HS-Quin ---.. » \/e-—s-omn
)::l
ox* ° co.R °
Ct%: : €o,R
hev‘l
uin 15 where X is a reactive vinylic leaving group (such as halo,
enl' sulfonate ester, phosphate ester or other activated enolic
1oi functionality, etc.) The lactam-containing structure may be a
t‘ penem, as represented above, or more may be another appropriately
th protected lactam-containing structure (such as carbapenem,
? 20 cephem, oxacephem, or carbacephem), and "Quin" represents an
appropriately protected quinoione possessing a thiol substituent.
fof The sequence can be envisioned as the displacement of the vinylic
Zt“' Jactam X substituent to form the corresponding vinyl-thioether
| coupled conjugate of the lactam and gquinolone.
25
Quinolonyl lactams having an isothiouronium linking group may be
made by the following general reaction seduence:
RCf;O)N=C=S + HN-Quin ---%» HPNC(=S)N-Quin + Lact-CHz-X ---»
30 Lact-CHy-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 represents an appropriately protected
35 lactam-containing structure (such as a penem, carbapenem, cephem,

monocyclic beta-lactam, oxacephem, or carbacephem, and "Quin®

represents an appropriately protected quinolone. The sequence



am noj %Fiﬂ[ﬁg aphenyl )acet yl'lam no]; PCT/US91/02476 Wi

(RR)-[[ 2- M no- 26 Pﬁ thyloxycarbonyl]an1nophen-
yl]-2- hydroxyacetyl]am
(S)- [[(5 hydr oxy- 4- oxo- ' 2-y|)carbony|an1no(2-

am no- thlazolyl)acety follomdng are other such preferred
Rl err] groups. [err] 30 35 -62-
can be envisioned as formation of the intermediate quino1on.
thiourea, followed by nucleophilic displacement of the lactam
substituent to form a isothiouronium coupled conjugate of tht
lactam and quinolone.

3 In the reaction sequences described herein, certai’
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 reactiohﬁ
from occurring with X. Suitable protecting groups for carboxé
10 substituents include esters. Protecting groups for hydroxﬂ
substituents ianclude ethers, esters, and carbonates: a?
protecting groups for amino substituents include carbamates, af
amides. If various protecting groups are employed, thg
appropriate deprotecting chemistry, that will not decompose tﬁ
coupled conjugate, may be required to obtain antibacteria]i 1
active products. :

15

.

Compositions
The compositions of this invention comprise:
(a) a safe and effective amount of a gquinoionyl lactam; ar.
20 (b) a pharmaceutically-acceptable carrier. ¥ 20

E)
i

Wil

A "safe and effective amount” of a quinolonyl lactam is an amouf

that is effective, to inhibit microbial growth at the site of
infection to be treated in a human or Jower animal subjec
without undue adverse side effects (such as toxicity, irritatio

or allergic response), commensurate with a reasonag. 25
benefit/risk ratio when used in the manner of this inventi%

The specific "safe and effective amount" will, obviously, vi
.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
quinolonyl lactam therein, and the dosage regimen desired fer

25

30 30

compos%tion.

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

35 35

—4



i 33°wf)e9r1/16327 o [err] pcTAUR1/(2476 |
-63-
on quinolonyl lactam that is suitable for administration to a human
o or lower animal subject, in a single dose, according to good
th medical practice. These compositions preferably contain from
- about 30 mg to about 20,000 mg, more preferably from about 50 mg
:aif 5 (milligrams) to about 7000 mg, more preferanly from about S00 mg
ces to about 3500 mg, of a quinolonyl lactam.
) b. The compositions of this invention may be in any of a
ion variety of forms, suitable (for example) for oral, rectal,
oxy% topical or parenteral administration. QOepending upon the
oxy} 10 particular route of administration desired, a variety of
an pharmaceutically-acceptable carriers well-known in the art may be
aﬂ used. These include solid or liquid fillers., diluents,
the hydrotropes, surface-active agents, and encapsulating substances.
tﬂ Optional pharmaceutically-active materials may be included, which
all 15 do not substantially interfere with the antimicrobial activity of
; the quinolonyl 1lactam. The amount of carrier employed in
T‘ conjunction with the quinolonyl lactam is sufficient to provide a
practical quantity of material for adminisfration per unit dose
: an. of the quinolonyl lactam. Techniques and compositions for making
| 20 dosage forms wuseful in the methods of this invention are
Tou described in the following references, all incorporated by
af reference herein: 7 Modern Pharmaceutics, Chapters 9 and 10
jec (Banker & Rhodes, editors, 1979); Lieberman et al.,
tio Pharmaceutical Dosage Forms: Tablets (1981); and Ansel,
nab! 25 [ntroduction to Pharmaceutical Dosage Forms 2d Edition (1976).
tig In particular, pharmaceutically-acceptable carriers for
; systemic administration include sugars, starches, cellulose and
o its derivatives, malt, gelatin, talc, calcium sulfate, vegetable
., 0oils, synthetic oils, polyols, alginic acid, phosphate buffer
30 solutions, emulsifiers, isotonic saline, and pyrogen-free water.
: Preferred carriers for parenteral administration include
s proovlene glycol, ethyl oleate, pyrrclidonz, ethanol, and sesame
0il. Preferably, the pharmaceutically-acceptable carrier, in
ovi 35 compositions for parenteral administration, comprises at Teast
v

about 90% by weight by the total composition.
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immersion in water. Generally, the carrier is organic in natur

-35- [err]

PCT/US91/02476

-64-

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 leastf
about 5%, and preferably from about 25% to about 50%, of the?
guinolonyl lactam. Tablets can be compressed, tablet triturates,;
=~teric-coated, sugar-coated, film-coated, orj

. - . ¥
multiple-compressed, containing suitable binders, 1lubricants,!

diluents, disintegrating agents, coloring agents, flavor1ngﬂ

agents, flow-inducing agents, and melting agents. Liquid ora]k

dosage forms include aqueous solutions, emulsions, suspensions, -
solutions and/or suspensions reconstituted from non- effervescent
granules. and effervescent preparations reconstituted from*I
effervescent granules, containing suitable solvents,:
preservatives, emulsifying agents, suspending agents, diluents,i
sweeteners, melting agents, coloring agents and flavoring agents‘
Preferred carriers for oral administration include gelat1n%
propyiene glycol, cottonseed o0il and sesame oil. %

The compositions of this invention can also be administere{
topically to a subject, i.e., by the direct laying on or
spreading of the composition on the epidermal or epIthella]
tissue of the subject. Such compositions include, for examplej
lotions, creams, solutions. gels and solids. These topical
compositions preferably comprise a safe and effective amount;
usually at least about 0.1%, and preferably from about 1% t¢
about 5%, of the gquinolonyl 1lactam. Suitable carriers for
topical administration preferably remain in place on the skin ag
a continuous film, and resist being removed by perspiration Q

and capable of having dispersed or dissolved therein th
quinolionyl lactam. The carrier may includ
pharmaceutically-acceptable emolients, emulsifiers, thickeni
agents, and sclvents.
Methods of Administration
This invention also provides methods of treating
preventing an infectious disorder in a human or other animd
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Qg @]ﬁf 'cI ass of preferred Rl O greups (for | act amporyy®on/02g760i et i es
h ? an penens car 0 w&% and cl avans) include those of the

fornula Rl err]- %ﬂgQ NH— 5 Exanpl es of this preferred
class of R err] groups nyI 2- hydr oxyi m noacetyl ;
2-t hi enyl - 2- met hoxyi m

2- [ 4- (gama- 0- glutanyloxy)phenyl] 2- hydr oxygi.m noacetyl .
(2 [[(2-am no- 4- thrazolyl)(nethoxyrnrno)acetyl]anrno] 10
[ [ (

2-furanyl (meubpeati, Mpyo) aeahyidedTh§Ols safe and effective amount of a
quinolonyl lactam to saig subject. As used

—

herein, an
‘infectious disorder" is any disorder characterized by the

presence of a microbial infection. Preferred methods of this
invention are for the treatment of bacterial infections. Such
infectious disorders 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

® o v
e ey

13 10 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).

The 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, sublingual, rectal, and oral administration. The
specific dosage of antimicrobial to be administered, as well as
the duration of treatment, are mutually dependent. The dosage
and treatment regimen will also depend upon such factors as the
specific quinolonyl lactam used, the resistance pattern of the
infecting 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
as weight), compliance with the treatment regimen, 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
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(2) -1[ Wodi/fgx24- t hi azol yl ) [ (1- car boxy- 1-met hyl ) et hoxyi m  PCT/US91/02476
i no] acetyl ] am noj ;
(2)-[[(2-am no- 4- thlazolyl)(l carboxynethoxyln1no)acety|]an} i no]; 15
[[(2-am no-4-thiazolyl)[(1Him dazol - 4-yl met noxy)i m no] acet- yl]am no];
(2)-[[(2-am no-4-thiazol yl - 3-oxi de) (nmet hoxyi m no)acetyl]am ino]; and
(S, 2)-[[(2-am no-4-thiazolyl)[carboxy(3, 4- dihyﬁﬁoxyphen- 20

| ) met hoxyi m no] ac I no Oh referred RLerr] groups include the
%lol)lovm ngystruclurgs%(v\ﬁ]‘glr"e J'h§§ ’go%%ﬁ\\ll—l-"f quino15nyl Tdctam are administered

per day. Treatment regimens preferably extend from about 1 tg

about 56 days, preferably from about 7 to about 28 days, ié
duration. Prophylactic regimens (such as avoidance oé

5 opportunistic infections in immunocompromised patients) mag
. extend & months, or longer, according to good medical practice. g
A preferred method of parenteral administration is througé
intramuscular injection. As is known and practiced in the arté

all formulations for parenteral administration must be sterwle

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, are

acceptable.
A preferred method of systemic administration is ora]?
15 Individual doses of from about 100 mg to about 2500 mg

preferably from about 250 mg to about 1000 mg are preferred. :

Topical administration can be used to deliver the quino]onf

lactam systemically, or to treat a local infection. The amoun?

of quinolonyl lactam to be topically administered depends upo!

20 such factors as skin sensitivity, type and location of the t1ssu
to be treated, the composition and carrier (if any) to b
administered, the particular quinolonyl lactam to ?
administered, as well as the particular disorder to be treate

and the extent to which systemic (as distinguished from locai

25 effects are desired. t

]

The following non-limiting examples illustrate tf

compounds, compositions, processes, and uses of the preser
~ invention. ;

s T

= e ¥ )

30 EXAMPLE ] |
{6R-{6a,78)]-3-[[[[2-[3-Carboxy-1- cyclopropyi -6,8-difluore-1,4-;
dihydro-7-(4-methyl-1-piperazinyl)-4-oxo0-5-quinolinyl]}-1-hydra-
zino]thioxomethyl}thio]methy]]-8-oxo-7-(Z-thienylacetyl)amino-&
thia-1-azabicyclo[4.2.0)oct-2-ene-2-carboxylic acid disodium sa

35 is made according to the following general procedure.
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[err] -37- -38- [epEhrus9i/02476
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F CO.H h IO
n T Y
A 28
/N\/’ | A K\N P N
ST
[
Il
Nas\(S
NH HyN
NH O “NH @
| l
r/“\N N N N
/N\/‘ F A /O F A
v {1
H
T A A
o] N
. CO,Na . \\;7
; F
v /N)
lhnlsllii,et,iias Been Repl

To a mixture of 11.4 am 1-cyclopropyl-5,6,8-trifluoro-1,4-
dihydro-7-(4-methyl-1-piperazinyl)-4-oxo-quinoline-3-carboxylic



-39~ [err] -40- The following are other preferred Rl err] groups. [err]
Sui t abl wg¥©gié3d279r oups are anong: t hose wel | -known in the arPCTAI591/02476
i.ncluding those defined in the following docunents (al
i ncorporated by reference herein). W Durckheinmer et al.

-68-

acid (Compound I, prepared according to D.B. Moran, et al., 32 J.
Med. Chem. 1313-1318 (1989)) and 7.25 gm t-butyl carbazate in 70
ml dimethylsulfoxide at about 35'C with stirring under n1trogeJ
is added 14.]1 ml of triethylamine slowly. The reaction is heated
5 at about 90-95°C for 5 hr and then cooled. Acetonitrile is addmﬁ
and allowed to stir overnight. The resulting precipitate if
collected and dried to give 11.34 gm of Compound II. !

*
Compound II .(10.5 gm) 1is stirred in approximately 50 mf
trifluorcacetic acid for | hr at room temperature. The solvent
is evaporated,, the crude residue dissolved in IN HCI ané
precipitated b: the addition of acetone. The salid is collectei

and air-dried to yield 6.05 gm of Compound III as thé

dihydrochloride salt. 3
15 ;

10

Compound III (4.65 gm) is suspended in approximately 10 mi wateé
and 10 ml of 4N NaOH is added, followed by 1.7 gm carbon disuli
fide. The reaction is stirred at room temperature for 4 hr, theq
the addition of acetone precipitates the product waich is col-'
lected by filtration. Trituration of this material in acetong
then gives 3.1 gm Compound V. E

i
To a solution of 2.6 gm Compound IV in 20 m] water is added a p
8 (adjusted with sodium carbonate) solution of cephalothin sodiq
salt (2.4 gm). The solution is heated at about 45°C for about %
hr, then concentrated in vacuo and the product is isolated b,
preparative reverse phase chromatography (C18

* " acetonitrile/water) to yield 1.49 gm of Compound V. §

20
25

3 EXAMPLE 2

[5R-[5a,6a)]-3-[[[[[2-[[3-Carboxy-1-cyclopropyl-6,8-difluoro-1.
dihydro-7-(4-methyl-1-piperazinyl)-4-axo-5-quinolinyl}thic]-1-

ethyl}amino]carbonylloxylmethyl]-6-[(R)-1-hydroxyethyl}-7-oxo-4
thia-1-azabicyclo(3.2.0]hept-2-ene-2-carboxylic acid disodif

35 salt is made according to the following general procedure.
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Amti biotics",

| omet hyl ,

'Recewo dvedmprents in the Field of Beta-lLactam Anti bi ot pep/jysoiforargew-
Ed. Engl. 180 (1985); G Rolinson, 35 "Bet a- Lact am
17 J. Antimcrobial Chenotherapy 5 (1986); and European
Pat ent Publication 187,456, Jung, published July 16, 1986. Preferred
err] groups include hydrogen, nethoxy, -41- et hoxy, pr opoxy,
hal ogen, cyano, for nyl nd fornmylam no. Particularly

prief erred R[err] groups include hydrogen. nmethoxy, hal ogen, and

ap
odiu
ut 1
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To 23.0 gm of 1l-cyclopropyl-5,6,8-trifluoro-1,4-dihydro-7-
(4-methyl-1-piperazinyl)-4-oxo-quinoline-3-carboxylic acid



|
Qui nol one Mieties: Goups Alerr], Alerr], Aerr], Rerr], errég and
Rlerr] wD9%g16327a | forma noiety (herein, "core quinol one %‘)T’e‘t’ l)(mpﬂéser

in any of a variety of g en Replaged hyri di ne or related heterocyclic !
noi eties known in the a 'u timcrobial activity. Such :
het erocyclic 10 Il known in the art, as described in

the following articles, all i ncorporated by reference herein: J. Wl fso
et al., "The Fluoroquinol ones: Structures, Meech@ni sns of Action and :

Resi st ance, and Speg ra of Activity In Vitro", 28 Antimcrobial Agents an
Chenot herapy 581 ( éfé'@?f’”d dndPnerared exfcard g, to P1LBJ Morn, et alped2Chemed.

1586 (1988); T. Rogem.et1af3-138d J198kd. ikheiPprolfdiBe( 983D A& KhApdmYs
et al., 31 Antim crpl, Agenis g%gggnflgg'g%S%%iony1 chloride dropwise at about
5-10°C. The reaction mixture is then refluxed for 18 hr, cooledf
and concentrated in vacuo. The residue is taken up in ch]oroforé
and extracted with 10% aqueous sodium carbonate. The organié
layer is dried over sodium sulfate and concentrated. The crude
solid is recrystallized from acetonitrile to yield 15.1 gn
Compound II.

5

10

To 11.8 gm of Compound II and 6.83 gm of N-(2-mercaptoethyl):
phthalimide in 400 ml dry 50% THF/DMF is added 1.45 gm NaH (60¢
in mineral oil) portionwise at about 0-5°C with stirring unde!
nitrogen. The reaction is stirred for 2 hr and poured into colt
saturated brine. The aqueous layer is extracted with chloroform
The combined organic layers are dried over sodium sulfate an
concentrated in  vacuo. The residue s trituated i
acetone/hexanes and collected. The solid is then chromatographe
on silica gel (ethyl acetate/methylene chloride) to yield 7.15 ¢
Compound III. ¢

15

20

Compound III (7.1 gm) in a mixture of about 250 ml methanol an
250 m1 6N HC1 is refluxed for 4 hr. The reaction is cooled af
concentrated to dryness. The crude product is dissolved 1
minimal aqueous OMF and is precipitated by neutralization wi@
10% aqueous sodium bicarbonate solution. The solid is co]lecté

and air-dried to yield 4.71 gm of Compound IV. 2

25

To 4.54 gm of Compound IV in 200 m} 50% DMF/absolute ethanol %
added 8 ml of 1IN hydrazine hydrate in absolute ethanol. T
mixture is refluxed for 6 hr and evaporated to dryness. T
residye is treated with 25 ml 2N HC1 at about 50°C for 20 mi
then cooled at room temperature for approximately' 1 hr. T
mixture is filtered and the filtrate is evaporated. The crd
product is trituated in acetonitrile, collected and redissoly
in water. A 10% sodium bicarbonate solution is added

30

35
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1987&, 93%16]!5 1-1840; J. P. Sanchez et al., 31 J. Med. Cheor/uses/a2a988); J.
ngba al., 31 J. Med. Chem 991 (1988); M P. Wntland et al., in
20 Ann. Rep. Med. Chem 145 (D. M Baily, 20 editor, 1986); J. B.
Cornett et al., in 21 Ann. Rep. Med. Chem 139 (D. M Bailey, edi tor,
}986); P. B. Fernandes et al., in 22 Ann. Rep. Med. Chem 117 (D.
Bai | ey, edi tor, 1987); R Al brecht,7121 Prog. Drug Research 9
(n977); and P. B. Fernandes et al . , in 23 Ann. Rep. Med. Chem (R C
len, editor, 198%§irdtecfopradd Yuiwdkbnes fiditeréksandi deieddeietdioge. Ythere
dod) isqmewngmww]|SQRm and Alerr] is C(Rerr]) (i.e.,

—qgpi nolones); Al is nitrogen, Alerr] is C(Rerr]), and Alerr] ié C(Rerr])
ro¢y . e., naphthyridines); Alerr] is C(Rerr]), Alerr] is C(Rerr]), and
bod§ €rr] is nitrogem (ia. esplwdinnol bhe aQ7d gm of 3-hydroxymethyl-6-[1-[(1,1-

led 5 dimethylethyl)dimethylsilyloxy]ethyl])-7-oxo0-4-thia-1-
forg azabicyclo[3.2.0}hept-2-ene-2-carboxylic  acid, allyl ester
ani¢ (prepared according to C. Battistini, et al., US Patent
rud 4,631,150) in 35 ml dry THF at about 0°C is added 1,2,2,2-
gt tetrachloroethyl chloroformate (0.88 ml) followed by the dropwise
- 10

addition of 0.54 ml pyridine over 5 min. The mixture is stirred
at about 0°C for 60 min and poured into a mixture of Compound V
i) (2.19 gm) in 23 ml water containing 2.6 gm sodium bicarbonate.

(607 The resulting mixture is then stirred for 70 min, cooled in an
inde} ice bath and diluted with 200 ml of cold 0.2N HC1. The solution
COT_ 15 is evaporated to dryness and the residue is trituated with ether.
fOﬂﬁ’ The solid is collected and subsequently purified by flash
r an chromatography (silica gel, isopropanol/chloroform/acetic acid)
i to yield 0.60 gm Compound VI.
aphﬁ
15 @ 20 To a solution of 0.51 gm Compound YI in 15 ml THF containing 0.33
; ml glacial acetic acid at room temperature is added 0.55 gm
tetrabutylammonium fluoride trihydrate. The mixture is stirred
1 ar for 24 hr, the solvent is removed in vacuo, and the crude product
d aT is  purified by flash  chromatography (silica  gel,
ad 25 chloroform/methanol/acetic acid) to yield 201 mg Compound VII.
. Wi
lect To 186 mg of compound VII in 20 ml OMF containing 4 mg bis(tri-
' phenylphosphine)palladium(II) <nloride and 25 ml acetic acid is
added 0.15 m) tributyltin hydride at about 0°C. The reaction is
ol § 30 stirred under nitrogen for 30 min and concentrated to 1-2 ml.
T The residue 1is diluted with ether to precipitate the crude
product. The solvent is decanted and the residue is sugpended in
0 m 3 ml acetone at about 0°C. A cold solution of 42 mg sodium
bicarbonate in 1.5 ml water is added. The resultant solution is
c: _ 35 then diluted with acetone and the precipitated product is
;S0
ed
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derivatives);

rl) .
prefer?@hggﬁkﬁglone nnletles are those where Alerr]

is C(Rerr]), Aerr]
C(Rerr]), and Alerr] is C(Rerr]) (i.e., quinolones); and where Alerr] i
nitrogen, Alerr] is C(Rerr]), and Alerr] is C(Rerr]) (i.e.
napht hyri di nes) . Particularly preferred quinolone noieties are where
Alerr] is C(Rerr]), AMH]lSQWeHD 35-72- mdAWw]isQNeH]
(i.e., quinolones). err referably al kyl, aryl, cycloal kyl and
al kyl anino. Mre pPefeEts It;b’ hpeaftnpn isielging 1141 pasofidosreuid VIIT after

2- hydr oxyet hyl .

10

15
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30

35

and where A[err]

1
is nitrogen, and A3 is
derivati vesper/usdfofsre

I's nitrogen, Alerr]

(i.e.,. pyridopyrimdine

air-drying.

EXAMPLE 3
An antimicrobial composition for parenteral administration
according to this invention, is made comprising:

Component Amount

compound of Example 1 100 mg/ml carrier

Carrier:
sodium citrate buffer with (percent é
by weight of carrier): ;
lecithin 0.48% i
carboxymethylcellulose 0.53 §
povidone 0.50 %
methyl paraben 0.11 ;
propyl paraben 0.011 i
é
The above ingredients are mixed, forming a suspension
Approximately 2.0 ml of the suspension s system1ca1]
administered, via intramuscular injection, to a human subJeg
suffering from a lower respiratory tract infection, wit

Streptococcus pneumoniae present.
daily, for approximately 14 days.

This dosage is repeated twig
After 4 days, symptoms of té

disease subside, indicating that the pathogen has be
substantially eradicated. |

!;

EXAMPLE 4 |

An enteric coated antimicrobial composition for on

administration, according to this invention, is made comprisi

the following core tablet:

This Sheet Has Been Replaced
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142 --wdiviesry  4-fluorophenyl, 2,4-difluoropnenyl, neRGHAUSHAMR476Nnd
qycl opropyl. Cyclopropyl is.a particularly preferred R err] group.
Freferred qui nol one noieties also include those where Al is C(R7) and
R err] and Rl err] together conprise a 6-nmenbered heterocyclic ring 5
cpnt ai ning an oxygen or sulfur atom Rferr] is preferably hydrogen or halo.
Mpre preferably Rlerr] is chlorine or fluorih& Fluorine is a
pprticularly preferred R[err! group Preferred R3 groups |nclude
n{trogen-contai ning heter t10 rings. Par
ftaﬁeferred are ni t rogen-cont ai ni ng heterocyclic rings haV|ng from5 to
8jmenvers. The helgraG¥¢!dCexample 2 350.0
starch 30.0
5 magnesium stearate 5.0
ion microcrystalline cellulose 100.0
colloidal silicon dioxide 2.5
povidone 12.5
He 10 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
15 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.
20
ision
icallj
Jbje
wi
twi 2%
of t
bed
30
or
yrisi
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ri ng ‘may &Bgilzi‘g!}zdditional het er oat ons, such as oxygen, sulfur, or

ni trogen, bly nitrogen. -Such heterocycllc gr oups ar@CH@#EHﬂMHM6|n
U'S. Patent 4,599,334, Petersen et al., issued 15 July 8, 1986; and
US. Patent 4,670,444, Gohe et al. I ssued June 2, 1987 (both
I ncorporated by reference herein). Preferﬂed R3 grou
unsubstituted or substituted pyridine, piperi- d| ne, T"llﬂﬁ"l iﬂ”r”ﬂl ” III'
diazabicyclo[3.1c%¥ﬂ%ftane, di azabi cy- clo[2.2.1] he
di azabi cycl o[ 3. 2. Ct'ane, diazabicyclo[2.2.2] 20 octane
t hi azolidine, imdazolidine, pyrrole and thianorpholine, as well as the
fol lowi ng particul arly, prgf@mpeehdidfofiligendrad! fslamubia per azi ne, :
3- et hyl pi per azi ne, 3-am nopyrrolidine, 3-am nonethylpyrrolidine,.
N, N- di met hyl am nonet hyl pyrrol i di ne,

Q-L-8B

wherein Q, L and B are defined as follows:

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

_%,7 0 RS

(0 j/\ \AQ
s

1
wherein F%

(A) (1) Al is N or C(R7); where

(i) R7 is hydrogen, hydroxy, alkoxy, nitro, cyano,

halogen, alkyl, or N(RB)(R9), and
(ii) R® and R9 are, independently, R8Ba where R82 is
" hydrogen, alkyl, alkenyl, carbocyclic ring, or
heterocyclic ring; or R8 and RY together comprise
a heterocyclic ring including the nitrogen to
which they are bonded; ;

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

(3) A3 is N or C(RS); where RS is hydrogen;

(4) Rl is hydrogen, alkyl, a carbocyclic ring, @
heterocyclic ring, alkoxy, hydroxy, alkenyl,
arylalkyl, or N(R8)(R9);

R3 is hydrogen, halogen, alkyl, a carbocyclic ring, or
a heterocyclic ring;
(6) R4 is hydroxy; and

—
()]
~—
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3N ret-hywandrraesarhy| pyrrol i di ne, N-et hyl am nomet hyl pyr petgé919e24%8
pyniidi ne, N-methyl pi perazine, and-3, 5-di met hyl pi per azi ne. Llnklng Nbletles:

Gqup L, together with the R6 substltU£pt forn1a
noileti es between the | actam containing structure ( ilm ﬂlﬁMl
quiinol one structure (Q of the quinolonyl |actans.
I ncll ude the foll ow ng general Iass g (D Carﬁanate i nking nnletles
wherein L is - X err7E(RY[ és R1 Xt Nhﬁ"& R & §”§5t‘>(f‘6'|"i']m°|’§t-\b>9;fgen
Ylerr] is oxygen; and Z|i gq8i{g Qg?,” a]&?], heteroalkyl, or alkenyl; RI® 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), RZ and R3 may together comprise
-0-(CH2)p-0-, where n is an integer from 1 to 4;
(3) when A3 is C(RS), R4 and RS may together comprise a
| heterocyclic ring including the carbon atoms to which
5 R4 and RS are bonded and the carbon atom of Formula (I)

he

1 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;

(IT) B is a structure according to Formula (II), where L is
bonded to R14:

0,
or
0o_J____ R {2
ise R ' ‘\\\\\F}|4 L
to P F313/1r
0~
. wherein
a
wl, (A) R0 is hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a
carbocyclic ring, a heterocyclic ring, R82-0-, RBaCH=N-,
» OF f (R®) (RO)N-, RIV-C{=CHR22}j-C{=O}NH-, RI7-C{-NC-R19}-C{=0)NH-,
_ or R18-(CH2)p-C(=0)NH-; where
# (1) m is an integer from 0 to 9;




-43- Di t hi ocar bamat e l'i nki ng noi eti es. wherein L S
X[err]- i‘,’(o'%’éﬁ?% Z-Q; t is 1l and uis 1; Xerr] is sulfurPCryessi/ o
sulfur: and Z is NR[err] where R err] is hydrogen. 5 (3) Urea |inking
noieties wherein L is Xerr]-C(=Y[err])-Z-Q'; t is 1 and uis 1; X[err i

b e SR 1 o MBI
iourea linking noieties wherein L is -Xerr] 1 an@
uis 1; Xerr] is NRerr], where Rerr] is hydrogen; Yferf] s Ssulfur; and
Z s nitrogen. (2) R is  hydrogen, alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a heterocyclic
ring;
(3) RI8 is R17, -yl or -CH(Y2)(R17);
(4) RIS is R17, arylalkyl, heteroarylalkyl,
-C(R22) (R23)COOH, -C(=0)0-R17, or -C(=0)NH-R17, where
R2Z and R23 are, independently, R17 or together
comprise a carbocyclic ring or a heterocyclic ring
including the carbon atom to which R22 and R23 are
bonded;
(5) R20 js R19, halogen, -Yl, or -CH(Y2)(R17);
(6) Yl is -Cc(=0)0R21, -C(=0)R2l, -N(R24)R2I, -S(0)pR29, or
-0R29; and Y2 is Yl or -OH, -SH, or -SO3H;
(a) p is an integer from 0 to 2;
(b) R24 is hydrogen; alkyl; alkenyl; heteroalkyl;
heteroalkenyl; a carbocyclic ring; a heterocyclic
ring; -SO3H; -C(=0)R25; or, when RIB s
-CH(N(R24)R21)(R17), R24 may comprise a moiety
bonded to R2! to form a heterocyclic ring; and
(c) R25 is RI7, NH(RI7), N(R17)(R26), O(R26), or
S(R26); where R26 is alkyl, alkenyl, a carbocyclic
ring, a heterocyclic ring, or when R2Z5 s
N(R17)(R26), R26 may be a moiety bonded to R17 to
form a heterocyclic ring; and
(7) R2l 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 4s R29, R2l and R24 may together
comprise a heterocyclic ring including the nitrogen '
atom to which R24 is bonded;
(B) RIl is hydrogen, halogen, alkoxy, or RZ7C(=0)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;

\v )
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and

. I SoW@8iA16827 nki ng noi eties wherein L is -Xerr]-C(=Y| e;’@i{gﬁ'}%’u%

ig 1 and uis 1; Xerr] is oxygen; Y[err] is N[err](R[err]
wher
| sot
- X[ ¢
N en
nitn
- X[ ¢
hydr
hydr.
wher
Y[ enl
noi €

e Rlerr] and R42 are hydrogen; and Z is nltrogen
hi our oni um | 'i nki ng noi eties 77wherein !y
su

irr]-C(=Y[err])-2Z2-Q'; t is 1 and uis'1l;, Xerr] IS*

’ 20
rl(Rlerr])(Rerr]), where R err] and R err] are hydr ogen; and Z! °
7 R g t wh .
PET o ot B L2 R g R et oo 1
ogen; Y{err] is-M,ernd( R&rvs diRbertyl bondbereo Rerin] FansliRl q11) 86 e
ogen; and Z is |tro [(8) Carbonate linking noieties
fore 23 Bpnpsies. einoi

einLis -Xerr is 1 and uis 1; Xerr] is oxygen;
r] is oxygen; aﬂcteiit; sifokgrgfia® () nil, thenthliZod¢ar bonat e | i nki ng

ties mhereirl(l) L-C(Rahf(xl)-, where
(i) x1 is -RZl; -0R30; -S(0),R30, where r is an
integer from 0 to 2; -0C=0)R30; or N(R30)R3!; and
(ii) R30 and R3! are, independently, alkyl, alkenyl,
carbocyclic .ring or heterocyclic ring
substituents; or R30 and R3! together comprise a
heterocyclic ring including the nitrogen atom to
which R30 and R31 are bonded; or
(2) -CH2-R32-; where R32 s -C(R83)(R2l), -0-, or -NRSa,
and R3Z2 is directly bonded to N" in Formula (II) to
form a 5-membered ring;

(E) (1) if bond "b" is a single bond, RI3 is -CH(R33)-; or,
-C(O)NHSO2-, if bond "a" is nil; or -C*(R33)- if Rl4
contains a R36 moiety; where R33 is hydrogen or COOH,
and C* is Tinked to R36 to form a 3-membered ring;

(2) if bond "b" is a double bond, RI3 is -C(R33)=; or

(3) if bond "b" s nil, RI3 §s hydrogen, -SO3H,
-PO(OR34)0H, -C(O)NHSOzN(R34) (R35), -0S03H,
-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 RI3 is -C(O)NHSO2N(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 R14 is nil and L
is bonded directly to R1Z or RI3;

(2) if bond "a" and "b" are single bonds, RI4 s
-W-C"’=C(R82)-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(R8Ba) (R38)-W-C"-R37-;
-W-C(RBa) (R38)-C"/-R37-; or -W-C"’'-R37-; where
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eties wherein L is -Xerr]-C(=Y[err])-z-Q; t is 1 and

le salts and bloh

thereof, and hydrates thereof.

rolyzable esters

2. A compound, according to Claim 1, wherein said
lactam-containing moiety is selected from the group consisting of
cephems, oxacephems, carbacephems, isocephems, iso-oxacephems,
penems, carbapenenms, clavems, penicillins, clavams,
2,3-methyleno-penems, 2,3-methyleno-carbapenems, and
pyrazo]idihones; preferably cephems, isocephems, oxacephems,
carbacephems, penicillins, and carbapenems.

3. A compound, according to Claim 2, wherein said
Jactam-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.

§. A compound, according to C]aim-z or Claim 4, wherein
RI1 is hydrogen or alkoxy; and R1Z is -C(R83)-.

6. A compound according to Claim 1, wherein: Al is
nitrogen or C(R7), preferably nitrogen; A2 is C(R2); and A3 is
C(RS).

‘ 7. A compound according to Claim 6, wherein Q is a
6-fluoroquinolone moiety, a 8-halo-6-fluoroquinoione moiety, a
pyridobenzoxazine moiety, a pyridobenthiazine moiety, a
isothiazoloquinolinedione, or isoxazologquinolinedione 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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(12) Reversed dithiocarbanate linking noieties wherein L 1is
-X[err]-WOYA682)-2-Q'; t-is-1land uis 1; X4 is NR4O, wher - Teiva) 9{5/0247
hydrogen; Y[err] is sulfur; and Z is sulfur. (13) REversed |sotﬁ|ouro
linking noieties wherein L is 10 -X[err] err IS 1

and is 1; Xerr] is NRerr], where err s h dro e
N[erlrJ]I(R[err]g(R[Lrlr]) R[\/\herL Rl err] Eﬁd R][elrr] gre g llguwmu”mm "’Z s
sul fur. (14) Am ne Ilnklng noi eties wherein L is -X[err anl Xfert] is :

| k - ]
Xert] is sy dptnel Br Syt daroann’ 52 W idtotphn R e B g,

Annnniun1||nk|nﬁhnmnne4es wherein L is -Xerr]-Q'; and X err] is

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 s
cyclopropyl, RZ is fluorine, and R3 is piperazine.

11. A compound, according to Claim 1, wherein L comprises a
linking 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 X4%-C(=Y3;)-Z-Q", preferably
X4¢-C(=Y3y)-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 R®
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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N+ R er wio 9f Rk 1) . (17) Heteroaryliumlinking noieties ' '
- Xé“err] -Q'; angﬁX[ err] 25 . is nitrogen. (18) Ether Ii \A/E?rrgbﬁ%#gwgs
wherein L is -X[err]-Q'; and X err] is oxygen. (19) Thioether, sulfoxide
and sul fone linking noieties whereigL is -Xerr]-Q

S(®)t, where t=0 (thioether), t=1 (Su|fOXI de) orHIHHT m Immm",m)
Estier or t hi oester | i nki ng noi ety

-X[err] C(=Y[err])-Z-Q; t is 1 and_uy is 1; X err] |s oxygen (for an ester)
or isulfur (for a tHidest @hyrmaqeehqaw wopgtableaperniers nil .

l )

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.

[5) T & 5
T
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f
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-45--(21) Am de or hydrazi de linking noiety wherein

-X[err]-C(=Y[err -Q'; t is-1 and u is 1, XerrélsN ere
Rlerr] is hydrﬂjlégl (for an“QRYRYEYELLEQ ma“mﬁf‘f‘]omi‘ ‘Z”Fi["e”] o/ (for a
hydrazide), where R41 is 5 hydrogen and R err] is NR[err , and

Rl err] iINTERNADONAL APRICATION RBIJERED ARNPER THE rYAFENT’IC@Dé’ERéWQN AREADY (PCT)
i e {shSdebitbf PudipeRaRhdS T TNi 0Gar - T HRIRL ol Ao No WO 91/16327
i sot hiouronium am ne, anmmoni um estegr, am ae,’ and heteroary I um
cont hi niGRID 506/28; 5U£30, 50834 t i cul ar | f’{)r @b)dktéradonkl Flticlign Dand: €1 | &3 Obrokzt 19615(31.10.91)
carb —di-t-hi

(21) International Application Number: PCT/US91/02476 | (81) Designated States: AT (European patent), AU, BE (Euro-
pean patent), CA, CH (European patent), DE (Euro-
(22) International Filing Date: 12 April 1991 (12.04.91) pean patent), DK (European patent), ES (European pa-

tent), FI, FR (European patent), GB (European patent),
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(71) Applicant: NORWICH EATON PHARMACEUTICALS,| Published
INC. [US/US]; 17 Eaton Avenue, Norwich, NY 13815 With international search report.
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(57) Abstract

Antimicrobial quinolonyl lactam compounds comprising a lactam-containing moiety linked to a quinolone moiety, of for-
mula (1), wherein (1) Al, A2, A3, R!, and R4 generally form any of a variety of quinolone, naphthyridine or related cyclic
moieties known in the art to have antimicrobial activity; and (2) R® is part of a linking moiety, linking hte quinolone moiety
to a lactam-containing moiety having formula (11), wherein (3) R10, R!l, RI2, R!3, and R!4, together with bonds “a’’ and
"b”, form any of a variety of lactam-containing moieties known in the art to have antimicrobial activity; and (4) the linking
moiety includes (for example) carbamate, dithiocarbamate, urea, thiourea, isouronium, isothiouronium, guanidine, carbo-
nate, trithiocarbonate, reversed carbamate, xanthate, reversed isouronium, reversed dithiocarbamate, reversed isothiouroni-
um, amine, imine, ammonium, heteroarylium, ether, thioether, ester, thioester, amide, and hydrazide groups.
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and amne linking noieties. The specific physi cal , chem cal , and
phar macol ogi cal 15 properties of the quinolonyl lactans of this

i nvention may depend upon the particular conbination of the integral
| act am cont ai ni ng noi ety, quinolone noiety and |inking noiety conprising
t he conpound. For exanple, selection of particular integral noieties my

affect the relative susceptibility of the quinologyl |actam 20 i to 7
bacteri al resi stance mechani-sns (e.qg., beta- | act anase actmvity). ¥
Preferred quinolonyl |actams include (fgr_ exanple) the follow ng conpounds.
25 : [err]/ # -
/ ™ : : '5’6
' ' whnjst
v ¥ e
ANTIMICROBIAL QUINOLONYL LACTAMS REPLACEMENT SHEET
18 DEC 1996

BACKGROUND OF THE INVENTION

5 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 literature describes a myriad of

10 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 1large variety of naturally-occurring (antibiotic),

synthetic, or semi-synthetic compounds. They may be classified

15 (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

20 and other antimicrobia]S are described in Antibiotics.

Chemotherapeutics, and Antibacterial Agents for Disease Control

(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

synthesis; or by inhibiting synthesis ¢f nucleic acids. For
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 exampie,
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 in
their pharmacological characteristics, such as their
bioavailability, and biodistribution. Accordingly, selection of
an appropriate antibacterial (or other antimicrobial) in any
given clinical situation can be a complicated analysis of many
factors, including the type of organism involved, the desired
method of administration, and the location of the infection to be
treated. _

The development of microbial resistance is one factor in the
selection of an appropriate antimicrobial (particularly anti-
bacterials), which is of increasing concern in medical science.
This “resistance® can be defined as existence of organisms,
within a population of a given microbial species, that are less
susceptible to the action of a given antimicrobial agent. Such
resistant strains may subvert the mechanism of action of a
particular antimicrobial, or chemically degrade the antimicrobial
before it can act. For example, bacterial resistance to
beta-lactam antibacterials has arisen through development of
bacterial strains that produce beta-lactamase enzymes, which
degrade the antibacterial.

In part as a result of the intense use of antibacterials
over extended perfods of time, many highly resistant strains of
bacteria have evolved. This is of particular concern in
environments such as hospitals and nursing homes, which are
characterized by relatively high rates of infection and intense
use of antibacterials. See, e.g., W. Sanders, Jr. et al.,
*Inductible Beta-lactamases: Clinical and Epidemiologic
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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 essentially resistant to even
the newest developed antibacterial agents.

The 1literature describes many attempts to enhance the
efficacy of antimicrobials, and to overcome the development of
microbial resistance. Many such attempts involve the combination
of antimicrobials. For example, Thabaut et al., 16 Presse Med.
2167 (1987) describes combinations of pefloxacin (2 quinolone)
with the beta-lactams cefotaxime and cefsulodin. Lenoc et al.,
36 Path. Biol. 762 (1988), describes combined use of cephems with
aminoglycosides, and with quinolones. Japanese Patent
Publication 60/06,617, published January 14, 1985, also describes
compositions containing beta-lactams and quinolones. 0’Callaghan
et al., 10 Antimicrobial Agents and Chemotherapy 245 (1976),
describes a mercapto pyridine-substituted cephem, which is said
to liberate an active antimicrobial agent when the cephalosporin
is hydrolyzed by beta-lactamase. Mobashery et al., 108 J.
American Chemical Society 1684 (1986), presents a theory of

employing bacterial beta-lactamase jin situ to release an

antibacterially-active leaving group from the 10-position of a

cephem.

However, many such attempts to produce improved
antimicrobials yield  equivocal results. Indeed, few
antimicrobials are produced that are truly clinically-acceptable
in terms of their spectrum of antimicrobial activity, avoidance
of microbial resistance, and pharmacology.

SUMMARY OF THE INVENTION

The present invention provides compounds of the general

structure '

0-1L-8
wherein Q, L and 8 are defined as follows:

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



[err] [err] - 52 - Methods of Manufacture The qui nol onyl | actans of

this invention my be nmade using any of a variety of synthetic techniques
known in the art.

REPLACEMENT SHEET

18 DEC 1996

O o Re

I

¢ _C 2
s ) R \(\ XA

A2 AL 3

_ {
10 ' R 1
wherein
(Ay (1) Al is W or C(R?); where
(i) R? is hydrogen. hydroxy, alkoxy, nitro, cyano,
halogen, alkyl, or N(R8)(R9), and
15 (i1) R® and RY are, independently, R82 where R82 is
hydrogen, alkyl, alkenyl, carbocyclic ring, or
heterocyclic ring; or R8 and R9 together comprise

a heterocyclic ring including the nitrogen to
which they are bonded:

20 (2) A2 is N or C(RZ); where R is hydrogen or halogen;
(3) A3 is N or C(R5); where RS is hydrogen;
(4) Rl s hydrogen, alkyl, a carbocyclic ring, a

heterocyclic ring, alkoxy, hydroxy, alkenyl,
arylalkyl, or N(R8)(R9);
25 () R3 is hydrogen, halogen, alkyl, a carbocyclic ring, or

a heterocyclic ring;
(6) R4 is hydroxy; and
(7) R6 is RIS or RI6X; where RIS {s a substituent moiety of
L and is nil, alkyl, heteroalkyl, or alkenyl; R16 is a
30 substituent moifety of L and {s alkyl, alkenyl, a
carbocyclic ring or a heterocyclic ring; and X fis
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), RZ and R3 may together comprise
-0-(CH2)n-0-, where n is an integer from 1 to 4;:

35



Manuf act ure of qui nol onyl |actam generally involves the prepara- tion of a
| act am cont ai ni ng noi ety, a qui nolone noiety and a procedure or set of
procedures for linking the | actam contai ning and qui nol one noi eti es.
Procedures for making a broad variety of |actam containing noieties and

core quinolone noieties are well 10 known i xanmpl e,
procedures for preparing |actam containing noietile ngﬁt Eglﬁﬁﬁéﬁ n the
followi ng references, all incorporated by referengef{herein (inclufihg
articles cited within these references): Cephdl g DEC9996 ahd
Penicillins: Chemistry and Biology (E. H Flynn, ¢d} 1972) Chaptets}2, 3,

4, 15 5 6, 7, 15 and Appendi x |; Recent_Adyances 1 n the Chenstry of
[err]-Lactam Antibiotics (A G Brown and S. M 3Roerts. ed 1985); -

(3) when A3 is C(RS), R% 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 (1)
5 to which said carbon atoms are bonded: and
(4) when A3 is C(RS), R! and R5 may together comprise a

~ heterocyclic ring ingluding N’ and the adjacent carbon
to which RS {s bonded;

10 (II} B is a structure according to Formula (II), where L is
bonded to RI4:

Rﬂ
10
15 (any "'"“'?12 .
| e i3
C)‘zj; N'R 21

wherein
20

(A) RIO is hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a
carbocyclic ring, a heterocyclic ring, R82.0-, RBCH=N-,
(RB)(R9IN-, R17.C(=CHRZ0)-C(=0)NH-, R17-C(=NO-R19)-C(=0)NH-,
or R1B-(CH2)p-C(=0)NH-; where
25 (1) m is an integer from 0 to 9;
(2) RY  §s  hydrogen, alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a heterocyclic

ring;
(3) RIB is R17, vl  or -CH(Y2)(R17); :
30 (4) R19 is R17, arylalkyl, heteroarylalkyl,

-C(R22)(R23)COOH, -C(=0)0-R17, or -C(=0)NH-R17, where
R22 and R23 are, independently, R17 or together
comprise a carbocyclic ring or a heterocyclic ring
fncluding the carbon atom to which R22 and R23 are
a5 bonded;
(5) R20 §s R19, halogen, -Y1, or -CH(Y2)(RI7);



L : B) and Vol. 4, (P. Sommes,
Topics in Antibiotic Chem stry, Wvol. 3"('Itaartof)[err]-lactamAntiblotlcs
ed., 1980); Recent Advancestln tggtFC?P;SR;Yation- 20 ships Anong t he
J. Elks, ed., 1976); Structure- - 1 4
genisynthetic Anti bi otics (D. Perl”ini_gg&_1323?al R @ggﬁr f '@ease
Antibiotics, Chemotherapeutics and Anti and Bi pl pgy of [err]-Ladtam
Control . (M Grayson, ed, 1982); Chenmistry Gorman| Bd48 DEZS®EE 4 Nedi cinal
i bi oti Vols 1-3 (K. B. Murin and M rmant pds, i ew
Anti biotics, 1984): 8 Medic|nhl Research [Rdvie
Research Revi ews 25 1-24 ( , Ed Enhi TBU=707[TU8S): 40 J.
393-440 (1988); 24 Angew. Chem Int. oubl Leat ion 266, 060, 42 .
At bi ot Cs 993 (1989): 4] 5.1 Pabent 4 743, 085 So-Ghem pharm
C . . . al e , ’ '
Antibiotics 993 (1989); (U Sy B -C(=0)0R21, -C(=0)R21, .N(R24)R21, -5(0)pR29. or
-0R29; and Y2 is yl or -OH, -SH, or -SO3H;
(a) p is an integer from 0 to 2
g (b) R24 is hydrogen; alkyl; alkenyl; heteroalky!l;
heteroalkenyl; a carbocyclic ring; a heterocyclic
ring;  -SO3H;  -C(=0)R25; or, when RI8 is
-CH(N(R24)R21)(R17), R24 may comprise a moiety
bonded to R2l to form a heterocyclic ring; and
10 (c) R2S is RI7, NH(RLT), N(RI7)(R26), O(R26), o
S(R26); where R26 is ajky], alkenyl, a carbocyclic
ring, a heterocyclic ring, or when R25 s
N(R17)(R26), R26 may pe a moiety bonded to R17 to
form a heterocyclic ring; and
15 (7 RZ} is R2% or hydrogen; where R29 is alkyl
arylalkyl; heteroalkyl; heteroalkenyl;

a carbocyclic ring; a heterocyclic ring; or, when Y! ig
N(R24)R21 and R21 s R29, R2l gapq R24 may together

comprise a heterocyclic ring including the nitrogen
20 atom to which R24 {5 bonded;

; alkenyl;
heteroarylalkyl;

(8) R is hydrogen, halogen, alkexy, or R27C(=0)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
25 bond "b* are not both nil; :
(0) R1Z is -C(R83)-, or -CHp-R28-; where R28 {s .C(R8a), .q-, or
-N-, and R28 §s directly bonded to N® in Formula (II) to
form a 5-membered ring;
except, if bond “a" is nil, then RI2 §g
10 (1) -C(R82)(x1)-, where
(1) x! 45 .pal, -0R30; -S(0)rR30, where r is an
integer from 0 to 2; -0(C=0)R30; o N(R30)R31; and
(11) R30 ang 031 4, independently, alkyl, aikenyi,
carbocyclic ring or heterocyclic ring
35 substituents; or R30 and R3! together comprise a

heterocyclic ring including the nitrogen atom to
which R30 and R3! are bonded; or

+ except bond “a" and



Bul | .

1903- 1909 (1987); 32 J. Med. Chem, 601-604 (1989); U.S. 30
Patent 4,791,106; Japanese Patent Publlcatlon 62/158291 31.J d.
Chem 1987-1993 (1988); 30 J. Med. Chem, 514-52 et .
285-288 (1987); 28 Tet. Let. 289-292 (1987), 52 X 07-4013
(1987); 40 J. Antibiotics, 370-384 (1987); 40 J. A tlblotlcs 163641639
(1987); 37 J. Antibiotics, 685-688 (1984); 23 Hek e 0dBcPEE ﬂﬁé2:5_2270;
27 Heterocycles, 49-55; 33 Chem Pharm Bull. 437 | 48 Tet.
Let, 5103-5106 (1987); 53 J. Og. Chem, 4154-415p (1988);

Anti biotics, 1351-1355
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(2) -CHp-R32-; where R32 is .C{RB3)(R21), .Q-, or -NRBA,
and R32 {5 directly bonded to N" in Formula (II) to
form a 5-membered ring;

5 (E) (1) if bond *b" is a single bond, RI3 is -CH(R33)-: or,
-C(O)NHSO2-, if bond "a* is nil; or -C*(R33)- if Rl
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, RI3 is -C{R33)=; or

10 (3) if bond "b* s nil, RI3 §s hydrogen, -SO3H,
-PO(OR34)0H, -C(O)NHSOaN(R34) (R35), -0S03H,
-CH(R3S)COOH, or -OCH(R34)COOH; where R34 is hydrogen,
alkyl, alkenyl, a carbocyclic ring, or a heteracyclic
ring; and R35 is hydrogen, alkyl, alkenyl, or -NHR82;

15 or, if RI3 is -C(O)NHSOzN(R34)(R35), R34 and R3S 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 R14 is nil and L
is bonded directly to R1Z or Ri3;

20 (2) if bond ™a" and "b* are single bonds, RI4 s
-W-C"’=C{RB2)-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{R82) (R38)-w-C*"-R37-;
-W-C{R82) {R3B)-C*'-R37-; or -W-C"'-R37-; where

25 _(a) W is O0; S(0)s, where s is an integer from Q to 2

or C(R38), where R38 {s hydrogen, alkyl or alkoxy;

(b) R3IE hydrogen; alkyl; alkenyl; -COOM; or, if RI3
fs -C*(R33), R36 may be linked to C* to form a
3-membered carbocyclic ring;

10 (¢) R37 is nil, alkyl, alkenyl, a carbocyclic ring,

or a heterocyclic ring; and
(d) C*’ {s directly bonded to RI3 to form a 5- or
6-membered ring,
and

35




-53- (1986);
Chem Comm ;
(1987); 40 J.
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where L' is Q', -x2-Q", or -X3-Q",

59 Pure and Appl Chem, 467-474 (1987); 1987 J.C. S
44 Tetrahedron, 3231-3240 (1988); 28 Tet. Let 2883- 2886,

Antibiotics, 1563-1571 (1987); 33_Chem
4382- 4394 (1985);

4,631, 150; 34 Chem Pharm Bull., 999 1014 (1986)
4401- 4403 (1987);
1382- 1400 (1985);
1563- 1571 (1987);
Chem, 5160-5167 10 (1981); U. S. Patent

4,762,922; European Patent Publication %@7,7“',
4,762,827; European

37 J. Antibiotics, 57-62 (198

39 Tetrahedron, 2505- 2513

40 J. Antibiotics, 1716-1732 O g.

(I11) L Yinks Q to B; and L is L', -X2¢-R38-L", or -X3¢-R3I9-L°,

-X8¢-C(=¥3y)-2-0";

(1) t and u are, independently, 0 or 1;

(2) R39 is alkyl, alkenyl, heteroalkyl, heteroalkenyl, a
carbocyclic ring, or a heterocyclic ring;

(3) X2 is oxygen, or S{(0)y, where v is an integer from 0 to
2;

(4) X3 is nitrogen; N(R40); N*+(R41)(R42); or R43-N(R4I);
and is linked to R14 by a single or double bond; or, if

R14 is nil, X3 is linked to B by a single or double
bond; where

{a) R40 i RBa; -ORBa; or -C(=0)RBa;

(b) R4l and R42 are, independently, hydrogen; alkyl;
alkenyl; carbocyclic rings; heterocyclic rings;
or, if R6 is RI6X, then R4l and R42 together with
Q" may comprise a heterocyclic ring as RI6;

(c) R43 {s N(R4l), oxygen or sulfur;

{5) X4 is oxygen, sulfur, NR4O, or R43-NR4I;

(6) Y3 is oxygen, sulfur, NR4C ur N+(R41)(R42);

(7) Y4 is oxygen or NR41;

(8) Z s nil, oxygen, sulfur, nitrogen, NRY0, or

N(R41)-R43;

(9) Q' is said RO substituent of Q; and
(10} Q" is Q‘; or together with X2, X3, or Z, is said RS
substituent of Q;

and pharmaceutically-acceptable salts and biohydrolyzable esters
thereof, and hydrates thereof.

It has been found that the compounds of this invention, and
compositions containing these compounds, are effective
antimicrobial agents against a broad range of pathogenic

microorganisms. These compounds provide advantages versus
antimicrobial agents among those knowr in the art, including (for

example) the spectrum of antimicrobjal activity, potency, the

(119 ‘ntiblotics
Eur opean Pat ent Appl i cation 0b3} 83? Dﬁg J Antilbi oti cs,

Pat ent



Pat ent Publication 282.895; European Patent Publication 282,365; and U. S.

Patent 4,777,673. The nethods of this inventio a
core 15 qui nol one noiety having a non-hy

the 5-position (at the point of attachnment o : ngr a
procedures for preparing core quinolone noieties u Ul o i ods
this invention are described in the follown ef1e§ 9&&2@6

i ncorporated by reference herein (including 20 articles sted
within these references); 21 Progress in Drug R , 9-104 (19y¢7);
J. Med. Chem, 503-506 (1988); 32 J. Med. Chem, 1987

Li ebi as Ann. Chem,
(1988); 31 J. Med.
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25
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35

871-879 (1987); 14 Drugs Ekptl? din. Res., 37@-383

avoidance 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 lactam-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 a2 reasonable
benefit/risk ratio.

Quinolonyl Lactams

The compounds aof this invention, herein referred to as
“quinolonyl lactams", encompass any of a variety of lactam
mojeties linked, by a linking moiety, to a quinolone moiety at
the S5-position of the quinolone. These compounds include those
having the general formula

Q-L-8
wherein Q, L and B are defined as follows:

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

O o Re

| |
I
4 _C 5
0 R | \TT//N\\\ <A

/\gibd' ‘ ﬁgﬁ’l\\ F§3

I
i
wherein F%
(A) (1) Al is N or C(R7); anere



- o AR

Chem, 983-991 (1988); 32 J. Med. Chem, 537-542 (1989); 78 J. 25
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

Phar m__ Bul |
2281-2285 (1987); 29 J. Med. Chem, 2363-2369 (198 PLEC]EM}ENTMETGT'em ,
991-1001 (1988); 25 J. Het. Chem, 479-485 (1988)j )t

Publ i cati on 266, 576; European Patent Publication é 36 Chem
, 488;

251, 30§,
Pharm Bul |., 1223-1228 (1988): European Patent Pub} i 4% DER 199627
Eur opean Pat ent Publ i cati on 227, 039; Europepn| Pat ent Publ i gat}i on
228,661; 31 J. Med. Chem, 1586-1590 (1988); 31 J} Med. Chem, 1598-1611
(1988); and 23 J. Med. Chem, 1358-1363 (19%8); 3 A-gefer a
procedure for preparing 5-substituted quinol®ones

(i) R?7 is hydrogen, hydroxy, alkoxy, nitro, cyano.

halogen, alkyl, or N(R8)(R9) (preferably hydrogen
or halogen), and

5 (i1) R and R9 are, independently, R83, where RB2 is
hydrogen, alkyl, alkenyl, carbocyclic ring, or
heterocyclic ring substituents; or R and RS
together comprise a heterocyclic ring including
the nitrogen to which they are bonded;

10 "~ (2) A2 "is N or C(R2) (preferably C{R2)); where R2 is

hydrogen or halogen;
(3) A3 is"N or (preferably) C(RS); where R5-is hydrogen;
(4) Rl is hydrogen, alkyl, a carbocyclic ring, a
heterocyclic ring, alkoxy, hydroxy, alkenyl,

15 arylalkyl, or N(RE)(R%) (preferably alkyl or a

carbocyclic ring);

(5) R3 is hydrogen, halogen, alkyl, a carbacyclic ring, or
a heterocyclic ring (preferably a heterocyclic ring);

(6) R%* is hydroxy; and

20 (7) RE is R15 or R16X; where RIS is a substituent moiety of

L and is nil, alkyl, heteroalkyl, or alkenyl; R16 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;

25 (B) except that

(1) when Al is C(R7), Rl and R?7 may together comprise a
heterocyclic ring including N’ and Al;

(2) when AZ is C{RZ), RZ and R3 may together comprise
«0-(CH2)n-0-, where n is an integer from 1 to 4;

30 (3) when A3 is C(R5), R% 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 bended: and
(4) when A3 is C(RS), Rl and RS may together comprise a
38

heterocyclic ring including N’ and the adjacent carbon
to which RS §s bonded;



useful in the nethods of this invention includes treating an -54-
appropriate core quinol one noiety, having a 5-fluoro substituent. wth
vari ous nucl eophiles (for exanple, amnes. thiolfg: de._and cyani de)
in an inert polar solvent, such as dinethyl fornan1démPLQQMWBNT '

di et hyl sul f oxi de ( DVSO) . Further 5 dl gbora
group, to produce qui nolone noieties useful in thig 'nvfgtdg’é‘ ma
performed by known procedures for protecting groupfrénoval

group nodification and/ or

y| b

-11-

(I1) B is a structure according to Formula (II),

where | is
bonded to RI14:

5 H“
(11) RO———
T >R‘4 L
~L—N'RS
wherein () -~
10

(A) RIO is hydrogen, halogen, heteroalkyl, a carbocyclic ring,
a  heterocyclic ring, R82.0-, RB3CH«N-, (RB)(RIIN-,
RI7.C({=CHR20).C(=0)NH-. or (preferably) alkyl, alkenyl,
R17.C(=NO-R19)-C(=0)NH-, or RIB.(CH2)p-C(=0)NH-; where
15 (1) m is an integer from O to 9 (preferably from 0 to 3);
(2) R} is hydrogen, alkyl, alkenyl, heteroalkyl,
heteroalkenyl, a carbocyclic ring, or a- heterocyclic

ring (preferably alkyl, a carbocyclic ring, or a
heterocyclic ring);

20 (3) RIB is RI7, -yl or -CH(Y2)(Rl7);
(4) RIS is RI7, arylalkyl, heteroarylalkyl,
-C(R22)(R23)COOH, -C(=0)0-R17, or -C(=0)NH-R17, where
R22 and R23 are, independently, R17 ‘or together
comprise a carbocyclic ring or a heterocyclic ring

25 fncluding the carbon atom to which R22Z and R23 are
bonded {preferably Rl7 or -C(R22){R23)COOH)
(5) R20 {s R19, halogen, -Yl, or -CH(YZ)(R17) (preferably
R19 or halogen);
(6) Yl s -C(=0)OR21, -C(=0)R2!, -N(R24)RZ], or -S(0)pR2%
30

or -OR29: and Y2 is Yl or -OH, -SH, or -SO3H;

(a) p is an integer from 0 to 2 (preferably 0):

(b) R24 is hydrogen; alkyl; alkenyl; heteroaikyl;
heteroalkenyl; a carbocyclic ring; a heterocyclic
ring; -SO3H;  -C(=0)R25; ar, when RIB s

35 -CH(N(RZ4)R21)(R17), R24 may comprise a moiety

bonded to R2l to form a heterocyclic ring; and



(for exanple) interconversion or honol ogation. Preparation of core
qui nol one noi eti es having a non-hydrogen 10 substituent at the

5-position are (for exanple) described in the foll ow ng_docunent.s,
whi ch are incorporated by reference herein: 32 EquAM_BMENT SEBEM
(1989); Eur opean Pat ent Publication 342,649 (1989

)i H-epearn
Publ i cati on 309, 789 (1988); World Patent Publicatijon 89/ 0664 1989
Eur opean Patent 15 Publ i cati on 310,917 (1989}; EL8 ten

Publ i cation 312,085 (1989); European Patent Puljlijcation 304 087

i
(1989); European Patent Publication 305,744 (1989); European Paten
Publ i cati on 306, 860 (1989); European Patentj;Publ i qaLi

German O fenl egungsschrift 3,711,193 (1983;; Eur opean Pat ent
(c) ReS is RI7T, NH(RV7), N(RI7)(R26), O(R26), or
S(R26) (preferably R17, NH(RI7) or N(R17)(R26));
where R26 is alkyl, alkenyl, a carbocyclic ring, a
5 heterocyclic ring or (preferably) when R25 s
N(R17)(R26), R26 may comprise a moiety bonded to
R17 to form a heterocyclic ring; and
(1) R2l is R29 or hydrogen; where R29 is alkyl; alkenyl;
arylalkyl; heteroalkyl; heteroaikenyl; heteroarylalkyl;

10 a carbocyclic ring; a heterocyclic ring; or, when Y! is

N(R24)R21 and R2! is R29, R2} and R24 may together
comprise a heterocyclic ring in¢luding the nitrogen
atom to which R24 is bonded (preferably hydrogen,
alkyl, a carbocyclic ring or a heterocyclic ring);

s (8) RIl is hydrogen, halogen, . alkoxy, or R27C(=0)NH-
(preferably hydrogen or alkoxy), where R27 is hydrogen or
alkyl (preferably hydrogen);

(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 "t" are not both nil;

20

(D) R1Z is -C(RB3)., or -CHp-R28- (preferably -C(R82)-); where
R28 s -C(R82), -0-, or -N-, and R2B is directly bonded to
N* in Formula (II) to form a 5-membered ring; '

_ except, if bond "a* is nil, then RI2 is

2 (1) (preferably) -C(RBa)(Xl)-, where
(1) x1 is -R2l; -0R30; -S(0)pR30, where r is an integer
from 0 to 2 (preferably 0); -0(C=0)R30; or N(R30)R3!; and
(11) R0 and R31 are, independently, alkyl, alkenyl,
carbocyclic ring or heterocyclic ring substituents; or R30

30 and R3! together comprise a heterocyclic ring including the
nitrogen atom to which R30 and R31 are bonded; or
(2) -CHp-R32-; where R32 s -C(RBa)(R2l), -0-, or -NRB3,
and R3Z {s directly bonded to N" in Formula (II) to form a
5-membered ring;

3 (E)y (1) 4if bond "b" is a single bond, RI3 is preferably
-CH(R33)-; or, -C(O)NHSO2-, if bond "a" is nil; or
-C*(R33)-, if R14 contains a R36 mofety; where R33 is



20 Publ i cati on 265

(1987); European Patent Publication 255,908 (1988);

Publ i cation 242,789 (1987); European Patent Publ i ca
J. Med. Chem 503 (1988);

Eur opean Patent Publi cat

Publication 221,463 (1987); European Patent Pub

Eur opean Patent Publi cat
115, 334 (1984). Procedur
qui nol one noi eties may
desired. For exanpl e,

| i nki ng noi ety may be nm

10

(F)
15
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and
(rim
where

35 -x2-0°,

, 230 (1988); European Patent Publication 247, 464
Eur opean Pat ent

Eur opean Patent Publicati

ACEMENT S888) -
i on 230, 295 25 (1987)

Eur opean P

cat itgn ? apgg (3987);
ion 172,651 (1986); and Eurjopean Parten Bl ifcati on
es for linking the |l actam go
vary according to the tyge of I|nk|ng groyp

the quinolonyl |actags having a cCarbanet
de by the follow ng general
hydrogen or -COOH (preferably COOH), and C*

to form a 3-mempered ring;

(2) if bond “b" is a double bond, R!3 is -C(R33)=; or

(3) if bond “b* is nil, RI3 is hydrogen, -SO3H,
-PO(OR34)0H, -C(Q)NHSO2N(R34) (R35), -0S03H,
-CH(R35)COOH, or -OCH(R34)COOH (preferably -SO3H, or
-C(0)NHSO2N(R34) (R35); where R34 is hydrogen, alkyl,
alkenyl, a carbocyclic ring, or a heterocyclic ring;
and R35 {5 hydrogen, alkyl, alkenyl, or -NHR83; or

(preferably), if RI3 is -C(O)NHSOpN(R34)(R35), R34 and
R35 may together comprise a heterocyclic ring including
the nitrogen to which R34 and R3% are bonded: and

(1) if bond “a* or bond "b" is nil, tnen R14 is nil and L
is bonded directly to R12 or RI3;

(2) if bond "a" and “b" are single bonds, RI4 s
-W-C"'=C(RB2)-R37., or -w-C"’(R36)-R37-; or

(3) (preferably) if bond "a" is a single bond and bond “b"
is a double bond, R1% is -C(R82)(R38).w-C*’-R37-; or
(preferably) -W-C(R83)(R38)-C*'-R37-, or -W-C"'-R3/-;
where

is linked ta R3%

(a) W is 0; S(0)g, where s is an integer from 0 to 2
(preferably 0); or C(R33), where R38 is hydrogen,
alkyl or alkoxy;

(b) R36 hydrogen; alkyl; alkenyl; -COOH; or, if RI3
is -C*(R33), R36 may be linked to C* to form a
3-membered carbocyclic ring;

(¢) R37 is nil, alkyl, alkenyl, a carbocyclic ring,
or a heterocyclic ring; and

(d) C*' is directly bonded to RI3 to form a 5- or
6-membered ring,

L Yinks O to B; and L is L’, -X2¢-R3%-L’, or -X3¢-R33-i7,

L’ is Q, -X2-Q", -X3-Q*, or -X4;¢-C(=¥3,)-2-Q" (preferably
-X3-0", -X4¢-C(=¥3y)-2-Q");

(1) t and u are, independently, O or I;



reaction sequence: Lact-CHerr]OH --->
[err] Lact-CH err]-0OC(=O N-Quin
(such as al koxy, halo, or N-heteroaryl), "Lact

Lact-CH err] OC(=0) - X + HN- Qui n
-55- where X is a reactive | eaving group

appropriately protected |actam containing strLctﬂﬁPg(ZEMEblﬁ SHEER Penem

car bapenem cephem nonocyclic beta-lactam ¢

and "Quin"
sequence

10

15

20

25

30

xXxgce

eny  or r bacephem
represents an appropriately protected1gqb@ehgﬂ§.

The

-14-

(2) R39 is alkyl, alkenyl, hetercalkyl, heteroalkenyl, a
.carbocyclic ring, or a heterocyclic ring (preferably
alkyl or aikenyl);
(3) X2 is oxygen, or S$(0)y, where v is an integer from 0 to
2 (preferably 0);
(8) X3 is nitrogen: N(R40); N+(R41)(R42); or R43.N(R4L);
and is linked to R14 by a single or double bond: or, if
R14 §s nil, X3 is linked to B by a single or double
bond (preferably X3 is nitrogen, N(R40) or
N#(R41)(R42)); where
(a) R40 is RBa; -ORB2; or -C(=0)RB3; (preferably R82);
(b) R41 and R42 are. independently, hydrogen: alkyl;
alkenyl; carbocyclic rings; heterocyclic rings;
or, if RS is RI6X, then R4l and R42 together with
Q*, may comprise a heterocyclic ring as R1S;

(¢) R43 is N(R41), oxygen or sulfur;

(5) X% is oxygen, -sulfur, NR40, or R43-NR4l (preferably

oxygen, sulfur or NR40);

(6) Y3 is oxygen, sulfur, NR4O or Nt(R41)(R42);

(7) Y% is oxygen or NR4l (preferably oxygen);

(8) 1 is mil, oxygen, sulfur, nitrogen, NR40, or N(R41)-R43
(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 R6
substituent of .Q;

and pharmaceutically-acceptable salts and biohydrolyzable esters
thereof, and hydrates thereof.

nginition;lagd Usage of Terms:

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



can be envisioned as formation of the internediate | actam carbonate
derivative, followed by acylation of a quinolone amno functionality to
forma carbanmate coupl ed conjugate of the |lactam 10 and qui nol one.
Alternatively, "reversed" dithiocarbamte conjugate by the
fol l owi ng sequence. Quin-CHerr]OH --- Quin-CHerr L&GEMENT SHEET
Herr]NNCH err]-Lact [err] 15
Lact-CH err]-NHC(=O O CH err]-Quin where Xis are quggtiﬁ%grmp
gpresents an
stref—as—a—peremn

(such as al koxy, halo, or N-heteroaryl), "Lact"
appropriately protected |actam containing structur

oxacephem or catbacephen) and "Quin"
represents an appropri at @hé‘teroatom

car bapenem cephem 20

" is a nitrogen. sulfur or oxygen atom.
containing one or more heteroatoms may
hetercatoms.

Groups
contain different

"Alkyl" is an unsubstituted or substituted saturated
hydrocarbon chain radical having from 1 to 8 carbon atoms.
preferably from 1 to 4 carbon atoms. Preferred alkyl groups
include (for example) methyl, ethyl, propyl, isopropyl, and
butyl.

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

"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.
Carbocyclic rings are monocyclic or are fused, bridged or spiro
polycyclic ring systems. Monocyclic rings contain from 3 to 9
atoms, preferably 3 to 6 atoms. Polycyclic rings contain from 7
to 17 atoms, preferably from 7 to 13 atoms.

"Cycloalkyl"™ is a saturated carbocyclic ring radical.

Preferred cycloalkyl groups include {(for example) cyclopropyl,
cyclobutyl and cyclohexyl.

10

15

20

. "Heterocyclic ring" s an unsubstituted or substituted,
25 saturated, unsaturated or aromatic ring radical comprised of
carbon atoms and one or more hetercatoms in the ring.
Heterocyclic rings are monocyclic or are fused, bridged or spiro
polycyclic ring systems. Monocyclic rings contain from 3 to 9
atoms, preferably 3 to 6 atoms. Polycyclic rings contain from 7
to 17 atoms, preferably from 7 to 13 atoms.

*Aryl™ is an aromatic carbocyclic ring radical. Preferred
aryl groups include (for svample) ohenyl, tolyl, xylyl, cumeny:
and naphthyl.

30

"Heteroaryl" is an aromatic heterocyclic ring radical.
3 Preferred heteroaryl groups include (for example) thienyl, furyl,



protected qui nol one. The sequence can be envisioned as formation of the
I nt ermedi at e qui nol one carbonate derivative, foll owed by acylation of a
| actam am no functionality to forma carbamate coupl ed conjugate of the

| act am and qui nol one. 25 Lactam Qui nol ones having a dithiocarbamate |inking
noi ety may be made by the follow ng general readti

c ferr] +
HN-Quin [err] Merr]-SC(=S)N-Quin + Lact-CH err{] @B*W §HEE§S
Lact-CH err]-SC(=S)N-Quin where X is a reactive IeaV|ng group (gug¢h as

hal o, a sul fonate ester, acet at e, t hi obenzodtd 18rDECOBHEr activated
hydroxyl functionality), "Lact" represents an apprlopriately protegted

-16-
pyrrolyl, pyridinyl, pyrazinyl, thiazolyl,  quinolinyl,
pyrimidinyl and tetrazolyl.

“Alkoxy" is an oxygen radical having a hydrocarbon chain

: substituent, where the hydrocarbon chain is an alkyl or alkeny}
(i.e., -0O-alkyl or -O-alkenyl). Preferred alkoxy groups include
(fqr example) methoxy, ethoxy, propoxy and allyloxy.

"Alkylamino" is an amino radical having one or two alky)
substituents (i.e., -N-alkyl).

"Arylalkyl® is an alkyl radical substituted with an aryl
10
group. Preferred arylalkyl groups

include benzyl and
phenylethyl.

“Arylamino® is an amine radical substituted with an aryl
group (i.e., -NH-aryl).

"Aryloxy" is an oxygen radical having a aryl substituent

15 (i.e., -0-aryl).
"Acyl" or "carbonyl" is a radical formed by removal of the
hydroxy from an carboxylic acid (i.e., R-C{=0)-).

alkylacyl groups include (for example) acetyl,
propionyl.

Preferred
formyl, and
20 . . . .

"Acyloxy" is an oxygen radical having an acyl substituent
(i.e., -0-acyl); for example,-0-C({=0)-alkyl.
"Acylamino” is an amino radical -having an acyl substituent
(i.e., -N-acyl); for example, -NH-C(=0)-alkyl.
"Halo", "halogen*, or "halide" is a chloro, bromo, fluoro or
25 iodo atom radfcal. Chloro and fluoro are preferred halides.
Also, as referred to herein, a "lower" hydrocarbon moiety
(e.g., "lower" alkyl) is a hydrocarbon chain comprised of from 1
to 6, preferably from 1 to 4, carbon atoms.
A “"pharmaceutically-acceptable salt" 1is a cationic salt
30 formed at any acidic (e.g., carboxyl) group, or an anionic salt
formed at any basic (e.g., amino) group. Many such salts are
knuwn in the art, as described in World Patent Publication
87/05297, Johnston et al., published September 11, 1987
(incorporated by reference herein). Preferred cationic salts
include the alkali metal salts (such as sodium and potassium),
and alkalfine earth metal salts (such as magnesium and calcium).

35



35
nonocyclic beta-lactam oxacephem or carbacephen),

| actam contai ning structure (such as a penem carbapenem cephem

and "Quin" represents

an appropriately protected quinolone. The sequence - 56 _-_can_ be
envi sioned as formation of the internedi ate qui nol gnégyedi ACEMENAT DRERTL ¢ sal t,
fol l omed by nucl eophilic displacenent of the lacta +tdenrt—ho{form a

di t hi ocar bamat e coupl ed conjugate of the | actam an ui nal ope.
"reversed" dithiocarbamate conjugat € a %bQEE‘ﬁS6

Al ternatively,

10

185

20

25

30

35
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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
quinolony! 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 al., published September 11},
1987, (incorporated by reference herein). Such esters include
lower alkyl esters, lower acyloxy-alkyl esters (such as
acetoxymethyl, acetoxyethyl, aminocarbonyloxymethyl, pivaloylox-
ymethyl and pivaloyloxyethyl esters), lactonyl esters (such as
phthalidyl and thiophthalidyl esters), lower alkoxyacyloxyalkyl
esters (such as methoxycarbonyloxymethyl, ethoxycarbonyloxyethyl
and isopropoxycarbonyloxyethyl esters), alkoxyalkyl esters,
choline 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 1in C. Hansch and A. Leo, {tue onstants for

Analysi in _ Chemistr and iolo (1979),
incorporated by reference herein. Preferred substituents include
(for example) alkyl, alkenyl, alkoxy, hydroxy, oxo, nitro, amino,
aminoalkyl (e.g., aminomethyl, etc.), c¢yano, halo, carboxy,
alkoxyaceyl (e.g., carboethoxy, etc.), thiol, aryl, cycloalkyl,
heteroaryl, heterocycloalkyl (e.g., piperidinyl, morpholinyl,
pyrrotidinyl, etc.), imino, thioxo, hydroxyalkyl, aryloxy,
arylalkyl, and combinations thereof.

Also, as used in defining the structure of the compounds of
this invention, a particular radical may be defined for use as a
substituent in multiple locations. For example, the RS2
substituent {s defined as a potential substituent of R7, but is



prepared by the followi ng sequence. Lact-CHerr]-NH err] + CS[err] [err]
Lact-CH err]-NHC(=S) S[err]Merr] + X-CH err]-Quin [err]
Lact-CH err]-NHC(=S)S-CH err]-Quin 10 where X is a reactive |eaving group
(such.as halo, a sulfonate ester, or other activated

hydr oxyl
functionality), "Lact" represents an appropri gtetyprotected
| act am cont ai ni ng structure (such as a penem car@gémfmeﬁm
oxacephem or carbacephem, 15 and "Qui n" rlegresents an appropriately

protected quinolone. The sequence can be envisijorjed]g soégnﬁ@gl n{of the
I ntermedi ate actam dithiocarbanmate salt, Jfollomed
0

nucl eophi l i ¢ di spl acenent of the suitable quinol
-18-

to forma

also incorporated into the definition of other substituents {(such

as R6, RIZ, R32 and L’). As used herein, such a radical is

independently selected each time it is used (e.g., R82 need not
5 be alkyl in all occurrences in defining a given compound of this
invention).
Lactam-containing moiety:
Groups R1Z, RI3, and R14, together with bonds "a" and "b" of
formula (I), form any of a variety of lactam-containing moieties
10 known in the art to have antimicrobial activity. Such moieties
wherein either bond “a" or bond "b" are nil {i.e., do not exist)
are mono-cyclic; if both bonds exist, the structures are

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

15 Preferred lactam moieties include the cephems, oxacephems
and carbacephems of the representative formuia:
F‘“

. ims

COOH
25 o
wherein, referring to formula (II), bond "a" 1is a single bond:
bond "b" is a double bond; R12 {s -C(RB2)-, where RB2 is
hydrogen; RI3 s -CH(R33), where R33 {s COOH:; and RI4 s
-H-C(R82) (R38)-C’"-R37, where RBA and R38 are hydrogen, R37 s
30

methylene, and W is S (for cephems), 0 (for oxacephems) or C(R38)
(for carbacephems).

Other preferred lactam moieties include the isocephems 2and
iso-oxacephems of the representative formula:



"reversed" dithiocarbamate coupl ed conjugate of the | actam and 20
qui nol one. Qui nol onyl lactanms having a thiourea or urea |inking noiety may
be made by the follow ng general reaction sequence: 25 Lact-CHerr]-X +
Merr]YCN [err] HNQuin + Lact-CH ERR] - N=C=Y [err]

Lact-CH err]-NHC(=Y)NQuin (thiourea: Y is sulfur; urea: Y is oxygen) where
X is a reactive leaving group (such as halo, a sulfonate 30 ester

di chl oroacetate, thiobenzoate or other activated hydroxyl functionality),
and Y is either O or S. "Lact" represents an appropriately protected

| actam containing structure (such as a

-19- REPLACEMENT SHEET
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10
=

____1,,-~

_Nu = L

)
T,

Q
\

COOH
10

wherein, referring to formula I, bond "a* is a single bond: bond
"b" is a double bond: RIZ is -C(RB3) where RB2 is hydrogen; RI3
is -C(R33)=, where R33 is COOH: and RI4 is -£(RBa)(R3B).y-C"’-R37
where R82 and R38 are each hydrogen., R37 is methylene. and W is S
15 (for isocephems) or O (for iso-oxacephems).
Other preferred Tactam-containing moieties include the
penems, carbapenems and clavems, of the representative formula:

20 B‘o
Rm: W
" L
()47____rq / N4
25 |

COOH

wherein, referring to formula (II), bond "a" is a single bond;
bond "b" is a double bond; RIZ is -C(RB2), where RB2 is hydrogen;
R13 {s -C(R33)=, where R33 is COOH; and R14 is -W-C*’-R37, where
R37 is methylene, and W is S (for penems), C(R38) (for
carbapenems), or O (for clavems). Such lactam moieties are
described in the following articles, all incorporated by
reference herein: R. Wise. "In Vitro and Pharmacokinetic
35 Properties of the Carbapenems”, 30 imicr 1__Agents and

Chemotherapy 343 (1986); and S. McCombie et al., "Synthesis and

30



B i

penem car bapenem cephem nonocyclic beta-lactam oxacephem or
and "Quin" represents an appropriately protected 35

car bacephem,
gui nol one.

i ntermedi ate | actam i sothi ocyanate (Y [err] S) ar =1{0),
-57- followed by reaction with the quinol one amjnd sygstituent ojforma
thiourea (Y =S) or urea (Y = 0) coupled conjuggtg o t PeC119% a tnd

qui nol one. Alternatively, the thiourea or urled_conjugates jcan be

10

15

20

25

30

35

The sequence can be envisioned as flOHFRLACEMENT §

-20-

In Vitro Activity of the Penem Antibiotics", 8 Medicinal Research
Reviews 393 (1988).

Other preferred lactam-containidg moieties of this invention
include the penicillins of the representative formula:

Fi“

COOH

wherein, referring to formula II, bond "a" is a single bond, bond
“b* is a single bond; R1Z is -C(RB3)-, where R82 {s hydrogen; RI3
is -CH(R33)- where R33 is COOH; and RI4 is -W-C*’'(R36)-R37- where
R36 is methyl, R37 is methylene, and W is S.

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

R ]
Ffol.zg
‘-—-Nll
4
0 \ R"

wherein, referring to formula (II), bond "a" is a single bond;
bond *b* s nil; R1Z is -C(RB3)-, where RB2 {s hydrogen; R14 is
nil; and R13 is -SOaH (for a monobactem), -PO(OR34i0H !for 3
monophospham); -C(O)NHSOzN(R34)(R3%) (for a monocarbam), -OSO3H
(for a monosulfactam), -CH(R35)COOH (for nocardicins), or
-OCH(R34)COO0H. Such lactam moieties are described in

C. Cimarusti et al., “Monocyclic 8-lactam Antibiotics*,



prepared by the followi ng sequence. Quin-NH + XC(=Y)X [err]
CU|n NC(=Y)X + Lact-CHerr]NHerr] [err] Lact-CH err] NHC( Y)N-CU|n 10

(thiourea: Y is sulfur; urea: Y is oxygen) where
group such as hal o, N—heteroaryl or activated hydro
Is either S or 0. "Lact" represents an appropri atel
| actam contai ning structure 15 (such as pe
cephem nonocyclic beta-lactam oxacephem or car
represents an appropri- ately protected quinol one.

envisioned as formation of the internediate quinol

 RERCACERERT e ]

and Y
rotected
nefn 18 PHen
bagephem), and "[Qji n"

The sequence—can be

ne_acti vated thi

carbamate (Y=S) or carbamate (Y=0), followed bp-reaction with the Tactam

4 Medicinal Research Reviews 1 (1984),
herein.

Other preferred lactam moieties

incorporated by reference

include the monocyclic

beta-lactams of the representative formula:

R‘L-_l
10 L

()49" ‘\\thB/’

wherein referring to formula II, bond

L

"a" is nil, bond "b" is a

15 single bond; RIZ is -C(R8a)(R29)- where both R83 and R29 are
hydrogen; and R4 is nil.
Other preferred lactam moieties include the clavams of the
representative formula:
20
\0
w s
R = o -
- | l Vavl
oz N
25 COOH
wherein, referring to formula (II), bond "a" is a single bond;
2 bond "b* is a single bond; RIZ §s -C(R82)-, where R83 s

hydrogen; RI3 ts -CH(R33)-, where R33 s COOH; and RI4 s

W-C"’=C-(R82)-R37, where RB2 {s hydrogen and R37 is methylene,

and W 1s 0.

Other preferred lactam moieties include the 2,3-methyleno-

35

penams and -carbapenams of the representative formula:



20 am no substituent to forma thiourea (Y=S) or urea (Y=0) coupled
conjugate of the |actam and qui nol one. Qui nol onyl | actans having an i m ne,
am ne or anmmoni um | inking noiety may be nade by the foll ow ng general

reacti on sequence:

represents an
envi si oned as

25 Lact-CHO + HN-Quin [err] Lact-Ch=NeQuin_(an imne)
[err] Lact-CHerr]-N-Quin (an amne) [err] REPLACEMENT SHEET

Lact-CH2-Nerr] (R -Quin (an ammoni um 30 ' * e
an appropriately

Nt s

prot ect ed | actam containing RS
a penem carbapenem cephem oxacephem or carbag Ui n"
appro- priately protected quinol one. be
-22- J
. Rn
10 =
R.[’ W
L
o7 N
COOH

10

15

20

25

30

wherein, referring to formula (II), bond *a* is a single bond;
bond "b" is a single bond; RIZ is -C(RB3)-, where RB2 is
hydrogen; RI3 is -C*(R33), where R33 is (COOH; and RI4 s
W-C"* (R36)-R37, where R37 is nil, R3® is linked to C* to form a
3-membered carbocyclic ring, and W is C(R33) or sulfur.

Lactam moieties of this invention also include the
lactivicin analogs of the representative formula:

R

R”f@ L
4 \/
O/'

COOH

wherein, referring to formula (II), bond "a" is nil; bond "b" is
a single bond; RI2 is -CH2-R32, where R32 is 0; RI3 is -CH(R33)-,
where R33 {s COOH; and R14 {s nil.

Other lactam moieties include the pyrazolidinones of the
representative formula:



t he condensation of the quinolone amne wth the |actam al dehyde 35
to formthe imne coupled quinolonyl |actamconjugate. Reduction of the

i mne yields the correspondi ng am ne coupl ed | actam -58- qui nol one

conj ugat e. Al kyl ati on yi el ds t he correspondi

anmoni um coupl ed qui nol onyl | act am conj ugate. Al terndt N¢BLACEMENE SfiEETef nary
ammoni um and amne (R is H conjugates can be prepardd]|[by The foftomng
general sequence. Lact-CHerr]-X + (RNQin [err]
Lact-CH err]-N err] (R) - Quin 18 DEC 1996

.23-

R
0 E N
G
5 Y/
V4
0 COOH
10 wherein, referring to formula (I), bond "a" is a single bond;
bond “b* is a double bond; RIZ is -CH2-R28-, where R28 is -N-;
RI3 §s -C(R33)-, where R33 is COOH; and RI4 is w-C"’-R37-, where
R37 is methylene, and W is C{R38),
Other lactam moieties include the gamma-lactams of the
15 representative formula:
20
25 wherein, referring to formula (II), bond "a" is a single bond:
bond "b* is nil; RI12 is -CH»-R28-, where R28 {s -C(R82) and RE2
is hydrogen; RI3 is -SO3H, -PO(OR34)OH, -C(O)KHSOpN(R34)(R3S),
-0S03H, -CH(R35)COOH, or -OCH(R34)COOH; and R14 {5 nil. _
Preferred lactam-containing mojeties include cephens,
30 isocephems, iso-oxacephems, oxacephenms, carbacephems,
penicillins, penems, carbapenems, and monocyclic beta-lactams.
Particularly preferred are cephems, penems, Ccarcapenems ahd
monocyclic beta-lactams.
R10, in formula (I1), is any radfcal that may be substituted
35

at the active stereoisomeric position of the carbon adjacent to
the lactam carbonyl of an antimicrobially-active lactam. (As



where X is a reactive |eaving group (such as halo, a sulfonate 10

ester, or other activated hydroxyl functionality, etc.) Thi s sequence
can be envisioned as an al kyl ation of a quinolone anino group with the
| actam starting material to obtain the am ne or g

ateTTT COUp| ed
conj ugat e between the |actam and qui nol one. CplnoloﬁﬁPL?ﬁﬂﬁgxﬁﬂﬂgxl1g an
am de linking noiety may be nade by the foll ow ng lgdneral reactio

sequence: Lact-CHerr]-NHerr] + X-C(=0-Quin [err] 18 DEC 1996
Lact - CH2- NHC(=O) - Quin 20 where X is a reactive |edvilng group (suc

an HOBt ester, mxed anhydride or other actlvdte
functionality),

%s hal o,

-24-

used herein, the term “antimicrobially-active lactam® refers tg a
lactam-containing compound, without a quinolonyl substituent
moiety, which has antimicrobial activity.) This “"active"
position is beta (i.e., 7-beta) for cephems, oxacephems ana
carbacephems (for example). The active position is alpha for
penenms, carbapenems, clavems and clavams.
Appropriate R10 groups will be apparent to one of ordinary
skill in the art. Many such R10 groups are known in the art, as
described in the following documents (all of which are
10 incorporated by reference herein): Cephalosporins _ and
Penicillins: Chemistry and Bioloay (E. Flynn, editor, 1972);
Chemistrv and Bioloay of b-lLactam Antibiotics (R. Morin et al

editors, 1987); "The Cephalosporin Antibiotics:
15 Seminar-in-Print", 34 Drugs (Supp. 2) 1 (J. Williams, editor,

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

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

1982); M. Sassiver et al., in Structure Activity Relationships
among_the Semi-synthetic Antibiotics (D. Perlman, editor, 1977).

W. Durckheimer et al., "Recent Developments in the Field of
20 Beta-Lactam Antibiotics", 24 Angew. Chem. Int. Ed. Engl. 180

(1985); G. Rolinson, “Beta~Lactam Antibiotics”, 17 4.

Antimicrobial Chemotherapy 5 (1986); European Patent Publication

187,456, Jung, published July. 16, 1986: and World Patent

Publicatfon 87/05297, Johnston et al., published September 11,
25 .

1987.

For penems, carbapenems, clavems and clavams, RI0 s
preferably 1lower alkyl, or hydroxy-substituted lower alkyl.
Particularly  preferred R0  groups  include  hydrogen,
hydroxymethyl, ethyl, [1{R)-hydroxyethyl], [1(R)-[(hydroxysul-

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

Except for penems, carbapenems, clavems and clavams,
preferred Rid groups are amides, such as: acetylamino,
preferably substituted with aryl, heteroaryl, aryloxy,
heteroarylthio and lower alkylthio substituents; arylglycylamino,

35 preferably N-substituted with heteroarylcarbonyl and
cycloheteroalkylcarbonyl substituents; arylcarbonylamino;




"Lact" represents an appropriately protected | actam
(such as a penem carbapenem cephem oxacephem or
and "Quin" represents an appropriately protected qu
can be envisioned as an acylation of the |actam am n
activated qui nol one carboxyl group, to form an am de
t he | actam and qui nol one. 30 Al ternative
conj ungates can be prepared by the foll ow ng sequenc
LactC(=0)-X + HN-Qin Jerr] Lact-C(=ON Quin 35
reactive | eaving group (such as halo, an HOBT ester,

contai ning structure
25 car bacephen),

where X i

m xed anhydride or

anot her activated carboxyl functionality), -25-
heteroarylcarbonylamino; and  lower
preferably substituted with aryl and
Particularly preferred R10 groups incl
formila RI8-(CH2)m-C(=O)NH- and RIB j

5 preferred RI0 groups include:

alkoxyiminoacetylamino.
heteroaryl substituents.
ude amides of the general
s RI7. Examples of such

[(2-amino-5-halo-4-thiazolyl)acetyl]amino;
[(4-aminopyridin-2-yl)acetyl]amino;

{[(3,5-dichloro-4-ox0-1(4H)-pyridi

ayl)acetyl]amino];

(({2-(aminomethyl)phenyl]acetyl]amino];

10 [(1H-tetrazol-1-ylacetyl)amino];
{{cyanoacetyl)amino);
[(2-thienylacetyl)amino];
{{(2-amino-4-thiazoyl)acetyl]amino]; and
sydnone, 3-{-2-amino]-2-oxoethyl.

15 The following are other such preferred R10 groups.

HCONH-
0
20
s A
’ KH
25
0
HH"/{S
30
N‘!

N

RH



"Lact" represents an appropriately protected | actam contai ni ng - 53-
structure (such as a penem carbapenem cephem oxacephem or

car bacephen), and "Quin" represents an appropriately protected qui nol one.
The reaction can be envisioned as an acyl ation of the quinol one am no
substituent with the activated | actam carboxyl 5 group to forma

“reversed” am de coupled conjungate of the lactam and @gppsiepiehT Sqeerolionyl
| actanms havi ng a guani dinium | inking noiety nay be

18 DEC 1996
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made by the follow ng general reaction sequence: 10 R C(=0 N=C=S + HN-QU|n
[err] Herr]NC(=S)N-Quin [err] RSC(=NH err] X[err])N Quin

Lact-CH err]-NH err] Lact-CH err]-NHC(=NH err] X[ err])N Quin 15 mhere
"Lact" represents an appropriately protected | actam cont ai ni ng
structure (such as penem carbapenem cephem oxacephée agepirety)
and "Quin" represents an appropriately protected quingl gEAGM'@eS%C
can be envisioned as formation of the internedi ate quijngl one i sothi oufofi um
salt, followed by 20 reaction with the lactam arfi fo $8bBEEtest |t
form a guani di ni um coupl ed conjugate of the |actam and qui nol one.

.27-
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25
2 When R1O is RIB.(CHp)p-C(C=O)NH-, and RI8 is -yl, preferred
R10 groups include the following:
[sulfamoylphenylacetyl]amino;
[[(4-pyridinylthio)acety}amino];
[[[(cyancmethy])thio]acetyl]amino];
. (S)-[[[(Z-amino-z-carboxyethyl)thio]acetyl]amino];

[[[(trif]uoromethyl)thio]acetyl]amino]; and
(E)-[[[(Z-aminocarbonyl-2-f1uoroethenyl)thio]acetyl]aminol-



Qui nol onyl
foll ow ng genera
Lact-CH err]-N+[err]-Quin where X is a reactive |eavig f~Ertt SHeh—as
acet at e, oREPLAGEMENTASHEETat
functionality),

hal o,

hydr oxyl 30

a sul fonate ester

bet a-| act am

| actans having a heteroaryliumlinking noiety nmay be nmade by the
reacti on sequence: 25 Lact-CH2-X + NHet-Quin [err]

nnnnnn Louch A

ed
represents| [@an —appropriayelly

t hi obenzoat e
"Lact"

protected | actam containing structure (such as a pengm cggbs nﬁgl ¢ephem
and Eﬁi

nonocycl i c
represents an appropriately protected quinol one that |cOrta-RS—a—————]
nitrogen-containing substituent (far
The sequence can be envisioned as an al kyl at-2en of

het eroaromati c

oxaccphem

or carbacephem

exanpl e. pyridine).

The following are other such preferreq 10 groups.
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- 60-
| actamto formthe pyridiniumtype conjugate. Quina
xant hate |inking noiety may be made 5 by the
reacti on sequence: CS[err] + HOQuin [err] Merr] Sd
Lact-CH err]-X [err] Lact-CH err]-SC(=S) O Qi n wher
| eaving group (such as halo, a sulfonate ester, a
or other activated hydroxyl

O\

uwln ¥

Ce[ at 2 aEteﬁg(a)iJZﬁZ

cD/‘\

t he qui nol one heteroaronatic nitrogen containing substituent by the

| onyl.l-aetars—av
f GIEPONBEMENG eDEE]]

ng a

oate

s

) P
1 | "\]/s\/”\“/ff

s

and R18 s -CH{Y2)(Rl7),

20
o
FzCHS\)j\ /SS-
RH
28
o
“c\/O\)\\ /gg
HN
30
When RI0 s RIB-(CHo)p-C{=0)NH-,
preferred R10 groups include the following:
(carboxyphenylacetyl}amino;
5 {(phenoxycarbonyl)phenylacetyl]amino;

(4-methyl-2,3-dioxo-1-piperazinecarbonyl-D-phenylgiycyl]-

amino;



functionality), "Lact" represents an appropriately protected

| act am cont ai ni ng structure (such as a penem carbapenem_cephem 15

nonocycl i c beta-lactam oxacephem or carbacephe
represents an appropriately protected quinol one.

envi sioned as formation of the internedi ate qui nol pn
foll owed by nucl eophilic displacenent of the | actam
xant hat e coupl ed conjugate of the | actam and qui nofo
havi ng a thioether, sulfoxide or sulfone l'i nki ng npi

foll owi ng general reaction sequence: Lact
[err] Lact-CHerr]-S-Qin (a thloether) [erP]

REPLADEMERRISHEET

e e RLLLLQN C.A o

he.

erareTToT

] xanthate sal
K S\ OEG 1896t

Qui nol onyl

{[[3-(2-furyimethyleneamino)-2-oxo-1-imidazolidinyl}]-

carbonyl]amino]phenyllacetyl}amino;
(R)-{(aminophenylacetyl)amino};

(R)-([{amino(4-hydroxyphenyl)acetyl]amino];

5 (R)-[(amino-1,4-cyclohexadien-1-ylacetyl)amino];

( (hydroxyphenylacetyl)amino];

(R)-[{[[(4-ethyl-2,3-dioxo-1-piperazinyl)carbony}]amino}-

(4-hydroxyphenyl)acetyl lamino];

(R)-{{[[(5-carboxy-1H-imidazol-4-y))carbonyl)amino]phenyl-

10 acetyllamino];

(R)-{[[[(4-hydroxy-6-methyl-3-pyridinyl)carbonyl]amino}{4-

hydroxyphenyl)acetyl]amino];
(R)-[(phenylsulfoacetyl)amino};

(2R,3S)-[[2-([(4-ethyl-2,3-diox0o-1-piperazinyl)carbonyl]-

15 amino]-3-hydroxy-1-oxobutyl}amino};

[[carboxy(4-hydroxyphenyl)acetyl]amino]};

(R)-{[amino[3-[(ethylsulfonyl)amino]phenyl]acetyl}amino};

(R)-{[amino{benzo[b]thien-3-y1)acetyl]amino];

(R)-{{amino(2-naphthyl)acetyl]lamino];

20 (R)-[[amino(2-amino-4-thiazolyl)acetyl}amino];

({{{(6,7-dihydroxy-4-oxo-4H-1-benzopyran-3-yl)carbonyl]-

amino} (4-hydroxyphenyl)acetyl]amino];

(R,R)-{[2-{4-(2-amino-2-carboxyethyloxycarbonyl]aminophen-

y1]-2-hydroxyacetyl]amino}; and

25 (S)-{[(5-hydroxy-4-oxo-1(4H)-pyridin-2-yl)carbonylamino(2-
amino-4-thiazolyl)acetyllamino].
The following are other such preferred RI0 groups.
CO,H
30 :

35




Lact-CH err]-SO Quin (a sul foxide) [err] Lact-CH err]-SOerr]-Qin
(a sul fone) 30 where X is a reactive leaving group (such as halo, a

sul fonat e ester, acet at e, t hi obenzoat e or other
appropriately

functionality, etc.). "Lact" represents an

activated hydroxyl

prot ect ed | actam containing structure (such a$ REMACEMERTMSHEET
car bapenem cephem nonocyclic bet a-| act am X

carbacephen), and "Quin" represents an appropriate prote
n c|E§dHﬁ¢ﬁ@bb

gui nol one. The sequence can be envisioned as
di spl acenment of the lactam X group wth_gp thi

o-4{contai ning

B5

5 A ; oy

NH,
10 HO NH
HO (o]
15
0 0
o N
N HN
l
HO
20

5 5:( ° "N

30

- "/”‘m .
s Y‘f/, N



gui nol one to formthe thioether coupled conjugate of

the | actam and t he
pondi ng
t he sul fone

qui nol one. Oxidation of the thioether yields the corres-
sul f oxi de conj ugat e. Further oxidation produces
qgui nol onyl 1 actam conj ugate. Quinolonyl |actans havi

| i nking noi ety may be nmade by the foll ow ng general

[err] 15 where X is a reactive vinylic |esg
hal o, sul fonate ester, phosphate ester or other acti
functionality, etc.) The | actam contai ning strug

represented above, or nore nmay be anot her apgippriat

i o

R AEENL hER ]

vijng group (sdc as
vat eq gepeti1e9s

tuyre may be a pgngm as
el Y

r

A

Y
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©
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protected | actam containing structure (such as carbapenem 20
cephem oxacephem or carbacephen), and "Quin" represents an
appropriately protected qui nol one possessing a thiol substituent. The
sequence can be envisioned as the displacement of the \Vigpp] AGEMENGt QRPF
substituent to formthe correspondi ng vinyl-thioether jcq i e|of
the | actam and qui nol one. 25 Qui nol onyl |actans having gn i sothi ouronifu

| i nki ng group may be made by the foll owi ng general redctii oﬁesﬂﬁﬁéﬂ%:
RC(=O N=C=S + HN-Quin [err] Herr]NC(=S)NQin + Jaqt-CH2-X ferr]
Lact-CH err]-SC(=NH err] X ) N-Quin where X is ay.eactiVe |eaving group ($uch
as halo, a sulfonate ,

\ S

10

NN

NH
\/N\) 0
20
' 0o
0 0 \
25 C
SYeY
N HH \ﬁ
\/N\) 0
30
HH 0
35 )J\ /lL RH
N7 HNTT RN ~(



ester, acet at e, t hi obenzoat e or other activated hydroxyl
functionality). Lact represents an appropriately protected 35
| actam contai ning structure (such as a penem car bapenem cephem
monocyclic beta-Iactam oxacephem or carbacephem an A~—F-epf-esent s
an appropriately protected quinolone. The sequence REPLA @ﬂﬂE—NTcﬁhEHTe
envi sioned as formation of the internedi ate qui nol ong tfhi ourea, fotrtowgd by
nucl eophi li ¢ di spl acenent of the |actam X substi tuenti tlo flgrgte 1996

i sot hi our oni um coupl ed conjugate of the i

-34- ’
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0
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| act am and qui nol one. 5 In the reaction sequences

descri bed her ein, certain functional groups contained in the Lact and
Quin structures. (such as carboxyl, hydroxyl, and amino groups) nmay need to
be bl ocked in order to prevent undeS| red conpeting sﬂﬂ?mMnggEgﬁcm
occurring with X, Suitable protecting groups for arUUAy[ +6
substituents include esters. Protecting group a &é8f0Xé|
substituents i nclude ethers, esters, and arbo & v 9%
protecting groups for am no substituents include carh

If wvarious protecting groups are enployedg. tihen appropriate
deprotecting chem stry, that will not deconpose the-t

conjugate, nay be required to obtain antibacterially

HH,

1 dles.

Ss(
\ \u
5 0

HO HN

HN \jf
o)

HO

10

Another preferred R10 group is R17-C{=CHR20)-C(<0)NH-. Such
groups include (for example) the following structures.

15

Cl

NIIW

20
25

30

35



active products. Conpositions The conpositions of this invention conprise:

(a) a safe and effective anmount of a qui nol onyl

(b) a pharmaceutically-acceptable carrier. A "safe-and-eft

| actam and 20

eff+ects F é; unt "
of a quinolonyl lactamis an amount that is effectlvéiEPtbCEMﬂNTbg € H ¢r obi al
growh at the site of an infection to be treated in uman or r ani mal

subj ect. w thout undue adverse side effects (such ap O?‘\iiﬁbtb 19'95ri tation,

25 ; or allergic response), comensur at e sjonabl e
benefit/risk ratio when used in the manner of this i nwenaten—Fre—spegific
"safe and effective amount” will, obviouslygcvary

Another class of preferred RI0 groups (for lactam-containing

moieties other than penems, carbapenems,

include those of the formula:

clavems and clavams)

R17.C(=NO-R19)-C(=O)NH-.
5 Examples of this preferred class of RI0 groups include:

2-phenyl-2- hydroxy\m1noacetyl

2-th1enyl-Z-methoxylminoacetyl. and
2-[4-(gamma-D-glutamyloxy)phenyl]-2-hydroxyiminoacetyl.
(Z){[(2-amino-4-thiazolyl)(methoxyimino)acetyl]amino];

cl

10 ({(2-furany) {methoxyimino)acetyl]amino};
(Z)-{[(2-amino-4-thiazolyl)[(1-carboxy-1-methyl)ethoxyim-
inojacetyl]amino};
(Z)-[{(2-amino-4-thiazolyl){1l-carboxymethoxyimino)acetyl]am-
ino}l;

15 [[(2-amino-4-thiazolyl)[{1H-imidazol-4-yImetnoxy)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-
20 y1)methoxyiminojacetyl]amino].
Other preferred R10 groups include the following structures
(where "SS" is HCONH-).
25 s o
. A
N l NH
N\\o
30

35

cl



wi th such factors as the particular condition being treated, the physical
condition of the patient, the duration of treatnent, the 30 nat ure of

concurrent therapy (if any), the specific dosage forgg%g&ﬁﬁﬁgﬁeg*ﬁﬁht
carrier enployed, the solubility of the quinol onyl e H? and t he
dosage regi men desired for the conmposition. The co oFitions of thils

invention are preferably provided 35 in unit} dosagepEerfge As jused
herein, a "unit dosage fornl is a conposition of thjs 1invention
containing an anmount of a

-37-
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-63- quinolonyl lactamthat is suitable for adm nistration to a human or
| ower ani mal subject in a single dose. according to good nedical practice.
These conpositions preferably contain fromabout 30 ng to about 20, 000
ng, nore preferably fromabout 50 ng 5 (mlligrams) to about 7000
ng, nore preferably from about 500 ng to about 3500 nu| mpACEMENTCSARYT
y-e&—a—¥a;#e;y-of

| actam The conpositions of this invention may be in ah

forms, suitable (for exanple) for oral, rectal, topica or Earenteral
adni ni strati on. Dependi ng upon the 10 part| cll 48 DESUI86 df
adm nistration desired, a variety of phggmaceuticpl]y-acceptable

carriers well-known in the art nmay be

H —OCHF,

RO

10
co,lt

H,N N

2 = /
15 \\I”.// NH

S o
20
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|

NH
N
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25
cl
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used. These i ncl ude solid or liquid fillers, diluents,
hydr ot r opes, surface-active agents, and encapsul ati ng substances. Opti onal
pharmaceutical ly-active materials may be included, which 15 do not
substantially interfere with the antim crobial activit TTotony
| act am The anount of <carrier enployed in conjupc 'P&AB@”EWSHEET
qui nol onyl lactamis sufficient to provide a practical]qguantity of natlerji al
for administration per unit dose of the quinolonyl |acfam 18Tpggniggyes gnd

conpositions for making 20 dosage forms usefu in the nethods
of this invention are described in the fgllow ng rererences;—allf
i ncorporated by reference herein: 7 Modern Phar eutics, Chapter 9

and 10 (Banker & Rhodes, editors, o 1979);n Li eber man et a

rgn~‘<§ \ ,4T

8 l NH
5 N\o/\"cou
cl
10 -_{s \ 0
1N \h | NJ1T
LN
cl
15 co,H
cl
20 s o
£
N \h l NH,{(
Nao

4

30 S 0
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Phar maceuti cal Dosage For nrs: Tabl et s (1981); and Ansel , 25
I ntroduction to Pharnmaceutical Dosage Fornms 2d Edition (1976). In

parti cul ar, pharmaceutical |l y-acceptable carriers__for systemc

adm ni stration include sugars, starches, cellul ose| aggp WEBMENF iSHBET VieS.
malt, gelatin, talc, calciumsulfate, vegetable oi —s-yn?-Mbe.t_l_c_o.L S

pol yols, alginic acid, phosphate buffer 30 utions, emnul g fji ers,
i sotoni c saline, and pyrogen-free water. Pr eferred cér& DECs1996f a

par ent er al adm ni stration i ncl ude propyl ene gl ycpl, ethyl ol edtd,
pyrrolidona, ethanol, and sesane oil. Preferably t he

pharmaceutical | y-acceptable carrier, in cedgpositi-ons-for_parenteral

adm ni stration, cor‘rprl §eﬁ at |east 35 %)ut 90% by wei ght by the
total conposition. ollowing are other preferred RI0 groups.

; CONH, 0

CO,H § HN —{(

10 | '
O\/’N\S

15
NH
Z | N
N"\
20
ct NH,
HH
cl X ﬂj‘
25
30 Suitable Rll groups are among those well-known in the art,
including those defined 1in the faollowing documents (all
incorporated by reference herein). ¥. Durckheimer et al.,
"Racent Davelopments in the Field of Beta-Lactam Antibiotics”,
24 Angew, Chem. Int. E£d. €nql, 180 (1985); G. Rolinson,
35 "Beta-Lactam Antibiotics”, 17 J. Antimicrobfal Chemotherapy 5

(1986); and European Patent Publication 187,456, Jung, published
July 16, 1986. Preferred RIl groups include hydrogen, methoxy,



-64- Various oral
tabl ets, capsul es,

a safe and effective anount, usually at |east about %%

i Ve o
about 25%to about 50% of the quinolonyl |actam a ﬁﬂ?@%&iq*§QWE?
conpressed, tablet triturates, [err]teric-coated,

fil mcoated,

flavoring

bi nders, lubricants. diluents, disintegrating agenfts

10

15

20

25

30

.35

dosage forns can be used, including such solid forns

as

granul es and bul k powders. These oral forns conprise

sugar - coat pd
or nmultiple-conpressed, containifngl8PEG 4996

b, coloring hgents,

-4]-

ethoxy, propoxy, thiomethyl, halagen, cyano, formyl and
formylamino. Particularly preferred Rl! groups inciude 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 J.
Med Chem. 1586 (1988); T. Rosen et al., 31 J. Med. Chem. 1598
(1988); G. Klopman et al., 31 Antimicrob. Agents Chemother. 1831
(1987); 31:1831-1840; J. P. Sanchez et al., 31 J. Med. Chem. 983
(1988); J. M. Domagala et al., 31 J. Med., Chem. 991 (1988); M. P.
Wentland et al., in 20 Ann. Rep. Med. Chem. 145 (D. M. Baily,
editor, 1986); J. B. Cornett et al., in 21 Ann. Rep. Med. Chem.
139 (D. M. Bailey, editor, 1986); P. B. Fernandes et al., in 22
Ann. Rep. Med. Chem. 117 (D. M. Bailey, editor, 1987);

R. Albrecht, 21 Prog. Drua Research 9 (1977); and P. B. Fernandes
et al., in 23 Ann. Rep. Med. Chem. (R. C. Allen, editor, 1987}.

Preferred quinolone moieties include those where Al is
C(R7), A2 is C(R2), and A3 is C(RS) (i.e., quinolones); Al is
nitrogen, AZ is C{RZ), and A3 is C{(RS) (i.e., naphthyridines); Al
is C(R7), AZ is C(R2), and A3 is nitrogen (i.e., cinnoline acid
derivatives); ard 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(RZ), and
A3 is C(R5) (i.e., quinolones); and where Al is nitrogen, A2 is
C(RZ), and A} is C{RS; ({i.e., naphthyridines). Particuiarly
preferred quinolone moieties are where Al is C(R7), A2 is C(RZ),
and A3 is C(R5) (i.e., quinolones).

Rl §s preferably alkyl, aryl, cycloalkyl and alkylamino.
More preferably, Rl is ethyl, 2-fluoroethyl, 2-hydroxyethyl,



10 agents, flowinducing agents, and nelting agents.

Liquid ora
dosage forns include aqueous sol utions, enul sions, suspensions, solutions
and/ or suspensions reconstituted from non-effervescent granul es, and

ef f ervescent

granul es,

preservatives,
sweet ener s,

preparations reconstituted fro r
cont ai ni ng sui tabl e sol ve tgﬁﬁ%ggﬂ%ﬁ?QﬂEET
emul si fying agents, suspending agemnts, diluents,

melting agents, coloring agents and fllayor18PEQEs. | Pfeferred

carriers for oral admnistration include gelatiin, propyl ene glycol,
cottonseed oil and sesane oil. The conpositions off thiS Tnvention can al so
be adm ni stered 20 topically to a -d&bject, _ji.e.,._ by thel direct

laying on or sprqag{jtpg' ofd_hfagm(bggpngi té"qr_ldﬂqugrk%%neengk'dermgally\gnr‘,nepi t hel i al

o

10
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0 and
Cyclopropyl is a particularly preferred Rl group.

Preferred quinolone moieties also include those where Al g C(R7)

and Rl and R7 together comprise a 6-membered heterocyclic ring
containing an oxygen or sulfur atom.

RZ is preferably hydrogen or hale. More preferably RZ is
chlorine or fluorine. Fluorine is a particularly preferred R2

cyclopropyl.

group.
Preferred R3 groups include nitrogen-containing heterocyclic
rings. Particularly preferred are

nitrogen-containing
heterocyclic rings having from § to 8 members. The heterocyclic
ring may contain additional heteroatoms, such as oxygen, sulfur,
or nitrogen, preferably nitrogen. Such heterocyclic groups are
described in U.S. Patent 4,599,334, Petersen et al., issued
July 8, 1986; and U.S. Patent 4,670,444, Grohe et al., issued
June 2, 1987 (both incorporated by reference herein). Preferred
R3 groups include unsubstituted or substituted pyridine, piperi-
dine, morpholine, diazabicyclo{3.1.1]}heptane, diazabicy-
clo{2.2.1)heptane, diazabicyclo[3.2.1]octane, diazabicyclo[2.2.2]
octane, thiazolidine, imidazolidine, pyrrole and thiamorpholine,
as well as the following particularly preferred R3 groups include
piperazine, 3-methylpiperazine, 3-aminopyrrolidine,
3-aminomethylpyrrolidine, N,N-dimethylaminomethylpyrrolidine,
N-methylaminomethylpyrrolidine, N-ethylaminomethylpyrrolidine,
pyridine, N-methylpiperazine, and 3,5-dimethylpiperazine.

Linking Mojeties:
Group L, together with the R6 substituent, form a variety of
linking moieties between the lactam-containing structure (B) and

the quinolone structure (Q) of the quinolonyl lactams. Linking
moieties include the following general classes.

(1) Carbamate linking moieties, wherein L is -X%¢-C(=Y2y)-Z-Q";
t is 1 and u is 1; X4 is oxygen; Y2 §s oxygen; and Z is nitrogen.



ti ssue of the subject. Such conpositions include, for exanple, |otions,
creans, solutions. gels and solids. These topical conpositions
preferably conprise a safe and effective anount, 25 Y feast
about 0.1% and preferably fromabout 1%to about (%EPU (ﬁmlét'\hes*‘é‘gT
qui nol onyl | actam Suitable carriers for topical m ni stration

preferably remain in place on the skin as a continuou i i@ pRgAPESIi|st
bei ng renoved by perspiration or imrersion in water.

erally, the qarrier
is organic in nature 30 and capable of havin ' ‘
di ssolved therein the quinol onyl | act am The carrigr
: : _ .he .. carrig
may I ncl ude pharnmaceutical |l y-acceptable -&molients, enulsifiers,

t hi ckeni ng agents,. angd, ,sol vgnt s.
9 ag fa) 0 tglocarbamate tinking moieties. wherein L is
~Xg-C(=¥2y)-2-0";

tis 1 and u is 1; X4 is sulfur; Y2 is sulfur:
and Z is NR41, wnere R41 is hydrogen.

5 I , :
(3) Urea linking moieties wherein L is -X4¢-C(=Y2y)-Z-Q"; t is !
and u is 1; X4 is NR4O  where R40 is hydrogen; Y2 is oxygen: and
Z is nitrogen. )

10 (4) Thiourea linking moieties wherein L is -X44-C{=¥2)-Z-Q"; t

is 1 and u is 1; X4 is NR40, where R40 is hydrogen; Y2 is sulfur;
and Z is nitrogen.

(5) Isouronium linking moieties wherein L is -X4t-C(=Y2y)-Z-Q";
s t is 1 and u is 1; X% is oxygen; Y2 is N*(R#1)(R42), where R4}
and R42 are hydrogen; and Z is nitrogen.

(6) Isothiouronium - linking moieties wherein L is
X4p-C(=¥2y)-Z-Q"; t is 1 and u is 1; X4 is sulfur; Y2 s

20 N+(R41)(R42), where R4l and R42 are hydrogen; and Z is nitrogen.

(7) Guanidinium linking moieties wherein L is -X%g-C{=¥2y)-Z-Q";

t is 1 and u is 1; X4 is NR40, where R40 is hydrogen; Y2 is

N+(R41) (R42), where R4l and R42 are hydrogen; and Z is nitrogen.
25

(8) Carbonate linking moieties wherein L is -X4¢-C(=Y2y)-Z-Q"; t

fs 1 and u is 1; X4 is oxygen; Y2 {s oxygen; and Z is oxygen.

(9) Trithiocarbonate 1inking moieties wherein L s
20 -X44-C(=¥2y)-Z-Q"; t is 1| and u is 1; X4 is sulfur; Y2 {s sulfur;
and Z is sulfur.

{10} Reversed carpamate linking moieties wherein L is
-X84-C(=Y2y)-Z-Q"; t is 1 and u is 1; X4 is NR4O, RAD s
3 hydrogen; Y2 is oxygen; and I is oxygen.



Met hods of Adm nistration 35 Thi s
treating

met hods

of

ot her ani mal

a safe
subj ect .
di sor der

and

As

characterized by the presence of a ni&r
Preferred nethods of this
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{11) Xanthate linking moieties wherein L is ~X4e-C(=¥2y)-7-0"; t
is 1 and u is 1: x4 is NR4O, where R40 is hydrogen; Y2 is
N*(R41)(R42), where R42 and R42 are hydrogen; and Z is oxygen.

(12) Reversed dithiocarbamate 1linking moieties wherein L is
X4p-C(=Y2y)-Z-Q"; t is 1 and u is 1; X4 is NR4O, where R0 is
hydrogen: Y2 is sulfur; and Z is sulfur.

(13) Reversed isothiouronium linking moieties wherein L is

X4 -C(=¥2)-2-Q"; t is 1 and u is 1; X% is NR4O, where R40 is
hydrogen; Y2 s N*(R41)(R42), where R4l ang RA2
hydrogen: and Z is sulfur.

are both

(14) Amine linking moieties wherein L is -X3-Q"; and X3 is
nitrogen.

(15) Imine linking moieties wherein L is -X3-Q"; X3 is nitrogen,
and is linked to R4 by a double bond.

(16) Ammonium linking moieties wherein L is -X3-Q"; and X3 is
N+(R41)(R42),

(17) Heteroarylium linking moieties wherein L is -X3-Q%; and X3
is nitrogen.

(18) Ether linking moieties wherein L is -X2-Q"; and X2 is
oxygen.

(18) Thioether, sulfoxide and sulfone linking moieties wherein L

is -%2-Q*; and X2 s S(D)t, where t=0 (thioether), t=l
(sulfoxide) or t=2 (sulfone).

(20) Ester or thioester 1linking moiety wherein L s
-X44-C(=Y2y)-Z-Q"; t is | and u is 1; X% is oxygen (for an ester)
or sulfur (for a thioester); Y¢ is oxygen; and Z is nil.

I nvention also provides
or preventing an infectious disorder in a human or
REPLACEMENT SHEET 18 DEC 1996 subj '

ect -ty el
effective anount of a quinol onyl RERLACEMENT SHEEX
used herein, an "infectious disérderw‘ s any

L erin

g



invention are for the treatnment of bacterial infections. Such i nfectious
di sorders include (for exanple) central nervous systeminfections, external
ear infections, infections of the m ddle ear (such-as—eett-e—etitis di a),

i nfections of the cranial sinuses. 10 eye i r|f BEPLAGEMENT nSHEETi pns of
the oral cavity (such as infections of the teetl, [ guns and nuceésa),

upper respiratory tract infections, |ower respiHatorysté Hqﬂpfec I ons,
genitourinary infections, gastroi ntesti nal | nf'ections,
gynecol ogi cal infections, septicem a, bone and joijnt~nfeet+enrs+—skin and
skin structure i nfections, bacteri al endocarditis,

burns, 15 anti bacteri al prophyl axi s -4so0f sur gery, ard

anti bacterial prophylaxis in inmunosuppressed patients (such as
patients (21) Amide or hydrazide linking moiety wherein X4 -C(=Yy)-2-Q";

t is 1 and u is 1; X4 is N(R40), where R40 is hydrogen (for an
amide), or X2 is R43-NR4l (for & hydrazide), where R4l s

5 hydrogen and R43 is NR4l, and R4l is hydrogen: Y2 is oxygen; and
Z is nil.

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

The specific physical., chemical, and pharmacoiogical
15 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
20 to bacterial resistance mechanisms (e.g., beta-lactamase
activity).
Preferred quinolonyl lactams include (for example) the
following compounds.

25
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recei ving cancer chenotherapy, or organ transplant patients). The
qui nol onyl | actans and conpositions of this invention can be

adm ni st ered topically or system cal ly. Syst i

includes any method of introducing the quinol onyl MEND §HEST

ti ssues of the body, e.g., intrathecal, epidural, infr :

t ransder mal , i ntravenous, intraperitoneal, subgufaneg | i hgpal
rectal, and oral adm nistration. The specific dosage of antimcropipl to

be adm nistered, as well as the duration of treatnen
dependent. The dosage and treatnent reginen will al $0 depend upon suc
factors as the specific quinolonyl |actamuseg. the resistance pattern of
the infecting organismto the quinolonyl |actamused, the ability of

-
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t he quinolonyl lactamto reach m nimuminhibitory concentrations at the
site of the infection, the nature and extent of other infections (if any),
t he personal attributes of the subject (such as weight), conpliance with
the treatnent reginen, and tne presence and severity of any side effects of
the treatnent. Typically, for a human adult (weighing approximtely

70 kilograns), from about 75 ng to about 30, 000 ng, rably from
about 100 ngy to about 20,000 ngy, nore preferably fromalR&BLACEMENGOSHEET

18 DEC 1996
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500 ng to about 3500 ngy, of quinolonyl [|actamare adm nistered per day.
Treatnent regi nens preferably extend from about | to about 56 days,
preferably fromabout 7 to about 28 days, in duration. Prophyl acti c

regi mens (such as avoi dance of 5 opportunistic infections

in imunoconprom sed patients) my extend 6 nonths, or |onger ordi ng
to good nedical practice. A preferred nethod of parernrgﬁ[ﬁda\ﬁ(mm SHEETT 4t | on
is through intranuscular injection. As is known a he art,
all formul ations for parenteral adm nistration nust{ bje steri é

For mammal s, especially humans, (assum ng an o .Bn’aEGWB dy vei ght
of 70 kil ograms) individual doses of from aboy 100 t o _about 7000 {ng,
preferably from about 500 ng to about 3500 ny, are ;
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acceptable. A preferred nmethod of systemc admnistration is oral. 15

I ndi vidual doses of from about 100 ng to about 2500 ny, preferably
from about 250 ng to about 1000 ng are preferred. Topical admnistration
can be used to deliver the quinolonyl |actamsystemcally, or to treat a

| ocal infection. The amounts of quinolonyl lactamto be topically

adm ni st ered depends upon 20 such factors as skip.sensjtivity, type
and |ocation of the tissue to be treated, the conposit| cREPRACEMENT ngm(lf
any) to be adm nistered, t he parti cuI ar qgui nol ony actam._t d
be adm nistered, as well as the particular disorder toj b treated and |t he
extent to which systenic (as distinguished frgg | ocal) 8 DEC 1996
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25 effects are desired. The foll ow ng non-limting exanpl es
illustrate t he conpounds, conpositions, processes, and uses of the
present invention. 30 EXAVPLE 1
[6R-(6a, 7[err]]]-3-[[[[2-(3-Carboxy-1-cycl opropyl -6, 8-di fl uoro-1, 4-
di hydr o- 7- (4- net hyl - 1- pi per azi nyl ) - 4- oxo- 5- qui nol i nyl ] - 1- hydr a-

zi no] t hi oxonet hyl ]t hi o] net hyl ] - 8- oxo-7-(2-thi enyl acetyl)am ng-5

thi a- | -azabi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i ¢ aci 4 AEBMEEMENS BHEEBS
is made according to the foll owi ng general procedune.

18 DEC 1996
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REPLACEVMENT SHEET 18 DEC 1996 -57- [err] 35 To a mxture of 11.4 gm
1-cycl opropyl -5,6,8-trifluoro-1, 4-
di hydr o- 7- (4- et hyl - 1- pi per azi nyl ) - 4- oxo- qui nol i ne- 3-car boxylic - 68-

REPLACEMENT spegr

18 DEC 1996 7
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acid (Conpound |, preparea according to D.B. Mran, et al.

.32 J. Med.

Chem 1313-1318 (1989)) and 7.25 gmt-butyl carbazate

di met hyl sul f oxi de at about 35[err]C with stirring under}n

14.1 m of triethylamne slowy. The reaction is heatégd
90-95[err]C for 5 hr and then cooled. Acetonitrile is ad

to stir overnight. The resulting precipitate is cpl}jected and d(j d
to give 11.34 gm of Conpound Il. Conpound I (10.5 gl 'S stirred qn
approximately 50 m 10 trifluoroacetig acid forcl_ hr.at _room

t enper at ure

The solvent is evaporated, the crude residue dissolved

in 1IN HO and precipitated by theMethdids oérMantifsreetcone. The solid ish
collected and air-driethe g@inoydreh acﬁan%5of9misotnve§€9{momd 1.l as_ the
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be made using
any of a variety of synthetic techniques known in the art.

Manufacture of quinolonyl lactam generally involves the prepara-
tion of a lactam-containing moiety, a quinolone moiety and a
procedure or set of procedures for linking the lactam-containing
and quinolone moieties. Procedures for making a broad variety of
lactam-containing moieties and core quinolone moieties are well
known in the ‘art. For example..procedures for preparing lactam-
containing moieties are described in the following references,
all incorporat®d by reference herein (including articles cited
within these references): Cephalosporins __and  Penicillins:
Chemistry and Bioloay (E. H. Flynn, ed, 1972) Chapters 2, 3, &,

5, 6, 7, 15 and Appendix I; Recent Advances in the Chemistry of

B-tactam Antibiotics (A.G. Brown and S. M. Roberts, ed., 1985);
Topics in Antibiotic Chemistry, Vol. 3, (Part B) and Vol. 4, (P.

Sommes, ed., 1980); Recent Advances in the Chemistry of B8-lactam
Antibiotics (J. Elks, ed., 1976); Structqre-Activitz Relation-
ships Among the Semisynthetic Antibiotics (D. Periman, ed, 1977);

Chapts. 1, 2, 3, 4; Antibiotics, Chemotherapeutics and Antibac-
terial Agents for Disease Control (M. Grayson, ed, 1982);

Chemistry and Biology of ﬁ-L;ctam Antibiotics, Vols 1-3 (K. B.

Morin and M. Gorman, eds, 1982); 4 Medicinal Research Reviews
1-24 (1984); 8 Medicinal Research Review 393-440 (1988); 24
Angew. Chem. [nt. Ed. Engl. 180-202 (1985); 40 J. Antibiotics
182-189 (1987); European Patent Publication 266,060; 42 J.
Antibiotics 993 (1989); U.S. Patent 4,742,053; 35 Chem. Pharm.
Bull. 1903-1909 (1987); 32 J. Med, Chem,, 601-604 (1989); U.S.
Patent 4,791,106; Japanese Patent Publication 62/158291; 31 J.

Med. Chem. 1987-1993 (1988); 30 J. Med, Chem., 514-522 (1987); 28
Tet. Let. 285-288 (1987); 28 Tet. Let. 289-292 (1987); 52 J. Org.

hem., 4007-4C13 {1987); 40 J. Antibiotics, 370-3&4 (1987); 40 J.
Antibiotics, 1636-1639 (1987); 37 J. Antibiotics, 685-688 (1984);
23 _Heterocvcles, 2255-2270; 27 Heterocycles, 49-55; 33 Chem.
Pharm. Bull. 4371-438]1 (1985); 28 Tet. Let, 5103-5106 (1987); 53

J. Org. Chem., 4154-4156 (1988); 39 . Antibiotics, 1351-1355




di hydrochl oride salt. 15 Conpound 111 (4.65 gn) is suspended in
approximately 10 mMl water and 10 ml of 4N NaOH is added, followed by 1.7 gm
carbon disul- fide. The reaction is stirred at roomienperature for.4 hr,
then the addition of acetone precipitates the produ¢tREMIACEMERT GHEET 2

| ected by filtration. Trituration of this material rrr—acetome—tien| gi ves

3.1 gm Conpound 1V. To a solution of 2.6 gm Conpoun V j waf ey is
N d#épéigg}&£+%h‘h

added a pH 8 (adjusted with sodi um carbonate) solutio

n
sodi um 25 salt (2.4 gm). The solution is heafed_at _ahout 45[kry]C
for about 15 hr, then concentrated in vacuo and the:product is isolatkd by

-53- e e

(1986): 59 Pyre and 2ppl. 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); &2
J. Org. 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. Org. 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 useful in the
methods of this invention are described in the following
references, all incorporated by reference herein (including
articles listed within these references); 21 Progress in Drug
Research, 9-104 (1977); 31 J. Med. Chem., 503-506 (1%88); 32 J.
Med. Chem., 1313-1318 (1989); 1987 Liebias Ann. Chem., 871-879
(1987); 14 Drugs Exptl. Clin. Res., 379-383 (1988); 31 J. Med.
Chem., 983-991 (1988); 32 Q*_ﬂgg&_gggm;.'537-542 (1989); 78 2.
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); Eturopean Patent
Publication 227,088; CEuropean Patent Publication 227,039;
European Patent Publication 228,061; 31 J. KHed. Chem., 1586-1530
(1988); 31 J. Med. Chem., 1598-1611 (1988); and 23 J, Med. Chem.,
1358-1363 (1980);

A general procedure for preparing S-substituted quinolones
useful in the methods of this invention includes treating an
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preparative reverse phase chr omat ogr aphy (C1s,
acetonitrile/water) to yield 1.49 gm of Conpound V. 30

EXAMPLE 2 [5R-[5a,6a]]-3-[[[[[2-][ 3-Carboxy-1-cycl - |
di hydr o- 7- (4- net hyl - 1- pi per azi nyl ) - 4- oxo- 5- qui nol i|nREPLAGEMENT- SHEET
et hyl ] am no] car bonyl ] oxy] net hyl ] - 6-[ (R) - 1- hydr oxydt HyTT=7-oxo—%

t hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c agi dy | L um 3
salt is made according to the foll ow ng general pfo edwﬁqu%
[err]

ro-1, 4-

-54-

appropriate core quinoione moiety, having a $-fluoro substituent.
with various nucleophiles (for example, amines. thiols. azide.
and cyanide) in an inert polar solvent, such as dimethyl
formamide (DMF) or dimethyl sulfoxide (DMSO). Further
elaboration of the R6 group, to produce quinolone moieties useful
in this invention, may be performed by known procedures for
protecting group removal, functional group modification and/or
(for example) interconversion or homologation.

Preparation of core quinolone moieties h}ving a non-hydrogen
10 substituent at the S-position are (for example) described in the
following documents, all of which are incorporated by reference
herein: 32 J. Med. Chem. 1313 (1989); European Patent
Publication 342,649 (1989); European Patent Publication 309,789
(1988); World Patent Publication 89/06649 (1989); European Patent
Publication 310,917 (1989); European Patent Publication 312,085
(1989); European Patent Publication 304,087 (1989);: European
Patent Publication 305,744 (1989); European Patent Publication
306,860 (1989); European Patent Publication 287,951 (1988);
German Offenlegungsschrift 3,711,193 (1983); CEuropean Patent
20 Publication 265,230 (1988); European Patent Publication 247,464
(1987); European Patent Pub\icg}ion 255,908 (1988): European
Patent Publication 242,789 (1987); European Patent Publication
230,053 (1987); 31 J. Med. Chem. 503 (1988); CEuropean Patent
Publication 230,946 (1987); European Patent Publication 230,295
25 (1987); CEuropean Patent Publication 221,463 (1987); CEuropean
Patent Publication 226,961 (1987); European Patent Publication

172,651 (1986); and European Patent Publication 115,334 (1984).
Procedures for linking the lactam-containing mofety and
quinolone moieties may vary accoraing to the type of linking
30 group desired. For example, the quinolonyl lactams having a

carbamate linking moiety may be made by the following general
reaction sequence:

15

- Lact-CHa0H --->  Lact-CH20C(=0)-X + HN-Quin --->
Lact-CH2-0C(=0)N-Quin



35 To 23.0 gm  of 1-cycl opropyl -5, 6, 8-trifluoro-1, 4-di hydro-7-
(4- met hyl - 1- pi per azi nyl) - 4- oxo- qui nol i ne- 3- car boxyl i c

-70- (Conpound |, prepared according to D.B. Moran,
Chem 1313-1318 (1989)) in approxinmately 600
I s added 14.5 gmthionyl chloride dropw se at about
reaction mxture is then refluxed for 18 hr, cool ed. {5 and
concentrated in vacuo. The residue is taken up in chl ﬁ]

hlor of OB 1996

‘ e e 4

acid
et al., 32 J. Med.

Pnol

-55-
where X is a reactive leaving group (such as alkoxy, hale, or
N-heteroaryl), “Lact" represents an appropriately protected
lactam-containing structure (such as a penem. carbapenem, cephem.

6 monocyclic beta-lactam. oxacephem, or carbacephem) and “Quin"
represents an appropriately protected quinolone. 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

10 and quinolone,

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

Quin-CH20H ---» Quin-CH20C(=0)-X + HaN-CH2-Lact --->
15 Lact-CHp-NHC(=0)0-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,
20 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.

25
Lactam-Quinolones having a dithiocarbamate linking moiety may be
made by the following general reaction sequence:
CS2 + HN-Quin ---» M*-SC({=S)N-Quin + Lact-CHp-X ---»
10 Lact-CH2-SC(=S)N-Quin

where X is a reactive leaving group (such as halo, a sulfonate
ester, acetate, thiobenzoate or other activated hydroxy}
functionality), "Lact" represents an appropriately protected
35 lactam-containing structure {such as a penem, carbapenem, cephem,
monocyclic beta-lactam, oxacephem, or carbacephem), and “"Quin”

represents an appropriately protected quinolone. The sequence



and extracted with 10% aqueous sodi um carbonate.

The organic |ayer is
dried over sodium sul fate and concentr at ed. e TI e SuiTad- TS
recrystallized fromacetonitrile to yield 15.1 gﬁﬁﬁtg'%EMhsﬁﬁfrl To 11.8
gm of Conpound Il and 6.83 gmof N (2-nercaptpethyl)- phthalijpjde in 400
m dry 50% THF/ DMF is added 1.45 gm NaH (60%i | Meg PECONGop Poriti onwi se at
about O-5[err]C with stirring under nitrogen. Thé reaction is jstfirred for 2
hr and poured into cold 15 saturated bri he™ The—aqueous l{fayer is
extracted with chloroform The conbined organic |ayers are dried over
sodi um sul fate and concentrated in vacuo,. The resi due S
trituated in o0

“dn be envisioned as formation of the intermediate quinolone

dithiocarbamate salt, followed by nucleophilic displacement of
the lactam X substituent to form a dithiocarbamate coupled
conjugate of the lactam and quinclone.

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

Lact-CH2-NH2 + CS7 ---» Lact-CH2-NHC(=5)S-M* + X-CH2-Quin ---)
Lact-CHz-NHC(=S)S-CH2-Quin

10

where X is a reactive leaving group (such as halo, a sulfonate
ester., or other activated hydroxyl functionality), “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
lactam  dithiocarbamate  salt, followed

15

intermediate

by nucleophilic
displacement of the suitable quinolone X substituent to form a

“reversed" dithiocarbamate coupled conjugate of the lactam and

20 quinolone.

Quinolonyl lactams having a thiourea or urea linking moiety may
be made by the following general reaction sequence:
25 Lact-CHz-X + M*-YCN ---3 HN-Quin + Lact-CHp-NsCsY ---»
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 sulfonate
30 ester, dichloroacetate, thiobenzoate or other activated hydroxy!l

functionality), and Y is either 0 or S. "Lact" represents an
appropriately protected lactam-containing structure (such as a
penem, carbapenem, cephem, monocyclic beta-lactam, oxacephem, or
carbacephem), and "Quin" represents an appropriately protected
quinolone. The sequence can be envisioned as formation of the

intermediate lactam isothiocyanate (Y = S) or isocyanate (Y = 0),

35



acet one/ hexanes and col |l ected. The solid is then chromat ographed on silica

gel (ethyl
[11. Conpound 111
6N HCO is refluxed for 4 hr

dryness.

et hanol
et hanol .
The

The

is 30

acetate/ nethylene chloride) to yield 7.15 gm 20

crude product 1is dissolved in 25 m ninal_agueo
DMF and is precipitated by neutralization with 10% a u%o '

bi carbonate solution. The solid is collected and air{dfie ?gﬂai Pd

of Conpound |IV. To 4.54 gm of Conpound IV in 200 M 50% OVF

(7.2 gm in a mxture of about 250
The reaction is cool ed| aRtPLAGEMEMT {SHEET

added 8 m  of IN hydra#7re hydrate in absol ut

e
The nixtHh§m'is refluxed for 6 hr_apd evaporated to drynggg
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ed by reaction with the quino

3 thiourea (Y = S) or urea (Y = 0) coupled conjugate of tne
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-CHaNHp ---»
‘Lact-CHaNHC(=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 S or 0. “Lact'
represents an appropriately protected lactam-containing structure
(such as penem, carbapenem, cephem, monocyc1ic 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 (¥=0), followed by reaction with the lactam

amino substituent to form a thiourea (Y=S) or urea (Y=0) coupled
conjugate of the lactam and quinolone.

Quinolonyl 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-CHp-N*(R)-Quin (an
ammonium)

"Lact* represents an appropriately protected lactam-
containing structure (such as a penem, carbapenem, cephem,
oxacephem, or carbacephem), and "GQuin” 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-

one amino substituent tg form

Conpound

0 nm



residue is treated wwth 25 mM 2N HCO at about 50[err]C
cooled at room

in acetonitrile,
bi carbonate solution is added to

3- hydr oxynmet hyl

T crren
tenperature for approximately 1 hrj. REB%&EW@#%UH
filtered and the filtrate is evaporated. The crude [prjoduct 1Is tr| ated
coll ected and redissolved in water. A1815¢¢0
-71- precipatle Cbnpound ‘h S
filtered and dried yielding 2.52 gm To a solution f 227 —gm- 0
-6-[1-[(1, 1-
-S8-
quinolone conjugate. Alkylation yields the corresponding
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3%

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 ---» Lact-CHz-N*(R)-Quin

where X is a reactive leaving group {such as halo, a sulfonate
ester, or otfier activated hydroxyl functionality, etc.) This
secuence can be envisioned as an alkylation of a quinolone amino
group with the™lactam starting material to obtain the amine or

quaternary ammonium coupled conjugate between the lactam and
quinolone.

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

Lact-CHz-NH2 + X-C{=0)-Quin ---» Lact-CH2-NHC(=0)-Quin

where X is a reactive leaving group (such as halo, an HOBt ester,

mixed anhydride or other activated :arboxyl

functionality),
"Lact"

represents an appropriately protected lactam-containing
structure (such as a penem, carbapenem, cephem,
carbacephem),, and "Quin“

quinolone. -

oxacephem, or
represents an appropriately protected
The reaction can be énvisioned as an acylation of the
lactam amino substituent with the activated quinolone carboxyl

group, to form an amide coupled conjugate of the lactam and
quinolone.

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

Lact-COOH ---» iLactC(=0)-X + HN-Quin ---> Lact-C(=0)N-Quin

where X is a reactive leaving group (such as halo, an HOBT ester,

mixed anhydride or another activated carboxyl

functionality),
"Lact”

represents an appropriately protected lactam-containing



5 di met hyl et hyl ) di met hyl si | yl oxy] et hyl ] - 7- oxo- 4-t hi a- 1-
azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl i c aci d, al |yl ester
(prepared according to C. Battistini, et

., ~1150
in 35 m dry THF at about O[err]C is added 1,2,3, 2.t ?E%{AGEME%!&W_IEE :

chloroformate (0.88 m) followed by the dropw se 10 “Tadditton of pP.54
mM pyridine over 5 mn. The mxture is stirred at about Dfeyad @dzort 6D mn
and poured into a mxture of Conpound V (2.19 gm) in{23 nl water conta

ni ng
2.6 gm sodi um bi carbonate. The resulting mixture is fhépastirred—for!7

D
mn, cooled in an ice bath and diluted withg¢00 m off cold 0.2N HO. The
solution 15 IS evaporated to dryness and the resirdue 1s trituated
with ether. The sditrecture (suohl ect edpenand ca-bixmaguendeplyem.pukidepssh doy
flash carbacephem), ang “Quin® represents an appropriately protected

quinolone. The reaction can be envisioned as an acylation of the

quinolone amino substituent with the activated lactam carboxy!l
5

group to form a "reversed" amide coupled conjungate of the lactam
and quinoione.

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

10
R’C(=0)N=C=S + HN-Quin ---»  HzNC(=S)N-Quin ---)
RSC(=NH2+X-)N-Quin - Lact-CH2-NH2 ---)
Lact-CH2-NHC (=NH2*X~ }N-Quin

15 where “Lact” represents an appropriately protected

lactam-containing 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 intérmediate quinolone isothiouronium sait, followed by
20 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:
25 .

Lact-CHz-X + NHet-Quin ---» Lact-CH2-N*Het-Quin

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

ester, acetate, thiobenzoate or other activated hydroxyl

30 functionality), “Lact" represents an appropriately protected
lactam-containing structure (such as a penem, carbapenem, cephem,
monocyclic beta-lactam, oxacephem, or carbacephem) and "Quin”
represents an appropriately protected quinoione that contains a
- hetercaromatic nitrogen-containing substituent (for example,

pyridine). The sequence can be envisioned as an alkylation of



chromat ography (silica gel, isopropanol/chlorofornfacetic acid) to yield
0. 60 gm Conpound VI. 20 To a solution of 0.51 gm Conpound VI in 15 m

THF containing 0.33 m glacial acetic acid at roomtenperature i s added
0.55 gmtetrabutyl ammoni um fluoride trihydrate.

T, j rred
for 24 hr, the solvent is renoved in vacuo, and tfeﬁgﬂ%&ghg&ﬁ&%@Ffi
purified by flash chr omat ogr aphy (sil cé gel, 25

chl or of or m met hanol / acetic acid) to yield 201 ng Coppduhd =y 1994T 6 ng of
conpound VIl in 20 M DMF containing 4 ng bis(tri- :

phenyl phosphi ne) pal I adi un{11) chloride and 25 nl aceti ¢ acid is added 0. 15
mM tributyltin hydride at about O[err]C. Thef%eaction is 30 stirred

under nitrogen for @R gifhoRgl QE¥E?§£PbEQ{fEdn§{¥o$é@ Jzktaining sub;éi;;;nt ty

the lactam to form the pyridinium-type conjugate.

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

€S2 + HO-Quin ---» M*-SC(=S)0-Quin + Lact-CHp-X ---»
Lact-CH2-SC(=5)0-Quin
10 . . .
where X is a reactive leaving group (such as halo, a sulfonate
ester, acetate, thiobenzoate or other activated hydroxyl
functionality), “tLact" represents an appropriately protected
lactam-containing structure (such as a penem, carbapenem, cephem,
monocyclic beta-lactam. oxdcephem, or carbacephem), and "Quip"
15 represents an appropriately protected quinolone. The sequence
can be .envisioned as formation of the intermediate quinolone
xanthate salt, followed by nucleophilic displacement of the

lactam X substituent to form a xanthate coupled conjugate of the

” lactam and quinoione.

Quinolonyl lactams having a thioether, sulfoxide or sulfone

linking moiety may be made by the following general reaction
sequence:

25
. Lact-CH2-X + HS5-Quin ---» Lact-CH2-S-Quin (a thicether) --->

Lact-CH2-SO-Quin (a sulfoxide) ~---»  Lact-CH2-S02-Quin (a
sulfone)

30 where X is a reactive leaving group (such as hala, a sulfonate
ester, acetate, thiobenzoate or other activated hydroxyl
functionality, etc.). “Lact" represents an appropriately
protected lactam-containing struciure (such as a penem,
carbapenem, cephem, monocyciic beta-lactam, oxacephem, or

35 carbacephem), and "Quin® represents an appropriately protected
quinolone. The sequence can be envisioned as nucleophilic

displacement of the lactam X group with a thio-containing



The residue is diluted with ether to precipitate the crude product. The
solvent is decanted and the residue is suspended in 3 nl -acetone at about

O[err]C. A cold solution of 42 ng sodi um bi car bof TS m—water i s
added. The resultant solution is 35 then di 1@&‘@%'!{ SHE®R dne
and the precipitated product is -72- collected by filtration,

yielding 141 ng of Conpound VIII after air-drying. [EXAMPBEDEC 1996

-81-

Quinolone to form the thioether coupled conjugate of the lactam
and the quinolone. Oxidation of the thioether yields the corres-
ponding sulfoxide conjugate. Further oxidation produces the
5 sulfone quinolonyl lactam conjugate.
Ouinolonyl lactams having a vinyl-thioether linking moiety may be
made bv the following general reaction sequence:

N T
- ¢ N\/?_ . HS-Ouin ----. » “\%f-s-duin

15 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 lactam-containing structure (such as carbapenen,

20 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
lactam X substituent to form thé corresponding vinyl-thioether
coupled conjugate of the lactam and quinolone.

25
Quinolony! lactams having an isothiouronium 1inking group may be
made by the following general reaction seduence:
RC(=0)N=C«S + HN-Quin ---% H2NC(=S)N-Quin + Lact-CH2-X ---»
30 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 hydrdxyl
functionality). Lact represents an appropriately protected
35 lactam-containing structure {such as a penem, carbapenem, cephem,
monocyclic beta-lactam, oxacephem, or carbacephem, and "Quin"
represents an appropriately protected quinolone. The sequence



5 An antim crobial conposition for parenteral adm nistration,
according to this invention, is made conprising: Conponent
Anmount conpound of Exanple 1

X carrier
10 Carrier: sodiumcitrate buffer with (percent b)}3 %gﬂﬁgifgﬂéﬁiier):
| ecithin 0.48% 15
car boxynet hyl cel | ul ose 18 DEB3WPbVijdqne
0. 50 net hyl paraben 0.11
-62-

can be envisioned as formation of the intermediate quinolone

thiourea, followed by nucleophilic displacement of the lactam X
substituent to form a isothiouronium coupled conjugate of the
lactam and quinolone.

In the -reaction sequences described herein, certain
functional groups contained in the Lact and Quin structures,
(such as carboxyl, hydroxyl, and amino groups) may need to be
blocked in order to prevent undesired competing side reactions
from occurring with X. Suitable protecting groups for carboxyl
substituents include esters. Protecting groups for hydroxyl
substituents include ethers, esters, and carbonates; and
protecting groups for amino substituents include carbamates, and
amides. If various protecting groups are -employed, then
appropriate deprotecting chemistry, that will not decompose the

coupled conjugate, may be required to obtain antibacterially
active products.

10

15

Compositions

The compositions of this invention comprise:

(a) a safe and effective amount of a quincionyl lactam; and

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

to be wused, the carrier employed, the solubility of the
quinolonyl lactam therein, and the dosage regimen desired feor the
composition.

20

25

30

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



propyl paraben 0.011.20

The above ingredients are mixed, forming a sphskpEaCEMENTASHEDK|mately
2.0 m of t he suspensi on S system cal | y pdpimt-stered™vija
i ntramuscul ar injection, to a human subject sufferihg} f

r o, ower
respiratory tract infection, wi th Streptococcus pPeJﬁgﬂﬁgg“gPes n
This dosage is repeated tw ce 25 daily, for apptoxi S

After 4 days, synptons of the disease subsi de, ndi cati ng t hat t he

pat hogen has been substantially eradi cated. EXAMPEE—4—36 An

enteric coated anti m crobi al conposi tiongfor oral admnistration,
according to this invention, is nmade conpri sing

Guinolonyl lactaz that s

“3

suitable for administration to a human
or lower animal subjece.

in a single dose. according to good
medical practice.

These compositions preferably contain from
about 30 mg to about 29,000 mg, more preferably from about 50 mg

(milligrams) to about 7000 mg, more preferasly from about 500 mg
to about 3500 mg, of a quinolonyl lactam.

The compositions of this invention may be
variety of forms, suitable (for example) for oral, rectal,
topical or parenteral administration. pepending 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.

in any of a

10

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

practical quantity of material for administration per unit dose

2 of the quinolonyl lactam. Techniques and compositions for making

dosage forms wuseful in the methods of this
described in the following references, all
reference herein: 7 Modern Pharmaceutics, Chapters 9 and 10
{Banker & Rhodes, editors, '1979); Lieberman et al.,
Pharmaceutical Dosage Forms: Tablets (1981); and Ansel,
Introduction to Pharmaceutical Dosage Forms 2d Edition (1976).

In particular, pharmaceutically-acceptable carriers for
systemic administration include sugars, starches, cellulose and
its derivatives, malt, gelatin, talc, calcium sulfate, vegetable

oils, synthetic oils, polyols, alginic acid, phosphate buffer
30 solutions, emulsifiers, isotonic saline, and pyrogen-free water.

Preferred carriers for parenteral administration include

propylene alycol, ethyl oleate, pyrrslidonz, ethanol, and sesame

0il. Preferably, the pharmaceutically-acceptable carrier, in

compositions for parenteral administration, comprises at least
3 about 90% by weight by the total composition.

15

invention are
incorporated by

25




the follow ng core tablet: - 73- Component
Amount (ng) conpound of Exanple 2

350.0
starch
magnesi um st ear ate REPT%&EMENT SHEET
m crocrystalline cellulose 100. 0 col | oi dal
silicon dioxide 2.5 va ddr& DEC 1996
12.5
-84 -

Various oral dosage forms can be used. including such solid
forms as tablets. capsules. granules and bulk powders. These
oral forms comprise a safe and effective amount, usually at least

; about 5%. and preferably from about 25% to about 50%, of the
quinolonyl lactam. Tablets can be compressed, tablet triturates,
=-teric-coated, sugar-coated, film-coated, or

multiple-compressed, containing suitable binders,
diluents, disintegrating agents, coloring agents, flavoring
10 agents, flow-inducing agents, and melting agents. Lliquid oral
dosage forms include aqueous solutions, emulsions, suspensions,
solutions and/or= suspensions reconstituted from non-effervescent
granules, and effervescent preparations reconstituted

lubricants,

from
effervescent granules, containing suitable solvents,
15 preservatives, emulsifying agents, suspending agents, diluents,

sweeteners, melting agents, coloring agents and flavoring agents.
Preferred carriers for oral administration- include gelatin,
propylene glycol, cottonseed oil and sesame oil.

The compositions of this invention can also be administered
20 topically to a subject, i.e., by the direct laying on or

spreading of the composition on the epidermal or epithelial

tissue of the subject. Such compositions include, for example,

lotions, creams, solutions. gels and solids. These topical

compositions preferably comprise a safe and effective amount,

25 usually at least about 0.1%, and preferably from about 1% to-
about 5%, of the quinolonyl lactam. Suitable carriers for
topical administration preferably remain in place on the skin as

a continuous film, and resist being removed by perspiration or

immersion in water. Generally, the carrier is organic in nature

10 and capable of having dispersed or dissolved therein the
quinolonyl lactam. The carrier may include
pharmaceutically-acceptable emolients, emulsifiers, thickening

2gents, and sclvants.

Methods of Administration

15 This invention also provides methods of treating or
preventing an infectious disorder in a human or other animal



10

The conponents are adm xed into a buLk mxture.  Conpressed

tabl ets are forned,
is then coated with a suspensi on of nethacrylic aci

using tabletting methods known ITREPDRC@WENT $h ﬁ bl et
g &

ester pol yner

10
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25
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i n i sopropanol / acet one. A human subj
tract infection wth Escherichia 15 coli pregent
adm nistered two of the tablets,
of the disease

pat hogen. CLAI MS:

every 8 hours, fdar 4 __days. Yy

then subside, indicating substarftial eradication ¢f the

-85

subject, by administering & safe and effective amount of a
quinolonyl lactam to saia subject. As

used herein, an
"infectious disorder" s

any disorder characterized by the
presence of a microbial infection. Preferred methods of this

invention are for the treatment of bacterial infections. Such
infectious disorders include (for example) central nervous system
infections, external ear 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, gqums 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).

The 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, sublingual, rectal, and oral administration. The
specific dosage of antimicrobial to be administered, as well as
the duration of treatment, are mutually dependent. The dosage
and treatment regimen will also depend upon such factors as the
specific quinolonyl lactam used, the resistance pattern of the
infecting organism to the quinolonyl lactam used, the ability of
the quinolony! 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
as weight), compliance with the treatment regimen, 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 preferab]y from about

ecgﬁshaV|n8 a u i nary



1. A compound of the forrmula [err] wherein (A) ( ' Ty ]
where (i) Rl err] is hydrogen, hydroxy, A%¥KQ9ﬁM§Nﬁ§G?EE ano,
-Clerr] alkyl, or N(Rerr])(Rerr])}§ Bnd (ii) R dr rf]
i ndependently, Rlerr] where Rerr] is hlyd odDEC ©98] |-
-Cerr] alkenyl, 3-9 atom nonocyclic or{ 7-17 at om pol; q

A(Rerr]);

hal ogen, ([ err]
Rlerr] are,
al kyl, derr]

car bocycl e,

Rlerr] and Rl err] together form|[conprise]la 3-9 ato

or 3-9 atom nonocyclic or 7-17 atom polycycli ¢ héetérocycl

clic or 7_-,l

at om pol ycyclic heterocycle including the nitrogen to which they are

bonded; wherein said heterocycles have

10

15

20

A

30

35
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500 mg to about 2500 mg, of Quinolonyl lactam are administered
per day. Treatment regimens preferably extend from about 1 to
about 56 days, preferably from about 7 to about 28 days, in
duration. Prophylactic regimens (such as avoidance of
opportunistic infections in immunocompromised patients) may
extend 6 months, or longer, according to good medical practice.

A preferred method of parenteral administration is through
intramuscular injection. As is known and practiced in the art,
all formulations for parenteral administration must be sterile.
For mammals, especially humans, (assuming an approximate body
weight of 70 kilograms) individual doses of from about 100 mg to
about 7000 mg, preferably from about 500 mg to about 3500 mg, are
acceptable.

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

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

The following non-limiting examples illustrate the

compounds, compositions, processes, and uses of the present
invention.

AMP
[6R-[6a,78))-3-[[[[2-([3-Carboxy-1-cyclopropyl-6,8-difluoro-1,4-
dihydro-7-(4-methyl-1-piperazinyl)-4-0xo-5-quinolinyl]-1-hydra-
zino]thioxomethyl]thio]methyl]-8-0x0-7-(2-thienylacetyl)amino-5-
thia-1-azabicyclo[4.2.0)oct-2-ene-2-carboxylic acid disodium salt
is made according to the following general procedure.

and

err]

yC
€,
17

lic
or



one or nore heteroatons selected fromO0, S or N, (2) Alerr] is
C(Rerr]); where R err] is hydrogen or hal ogen; (3) Alerr] is C(Rerr]);
where Rlerr] is hydrogen; (4) Rlerr] is hydrogen, Clerr] -Cerr] alkyl, a
3-9 atom nonocyclic or 7-17 atom pol ycyclic carbocycl 3-9 _atom
monocyclic or 7-17 atom pol ycyclic heterocycle, alko yREH&AﬂEMEWT gﬂ]gmr][
-Cerr] alkenyl, arylalkyl, or N(R[err])(Rerr]); whgre Ycle
has one or nore heteroatons selected fromO0, S, or N, sald
arylalkyl is a CJerr] -C[err] alkyl substituted wthlan ?W%Ecﬁ?ﬁ

Rlerr] is hydrogen, halogen, Cerr] -Clerr] alggyl, a:3-9.atom rmnocycllc or
-17 T3 ; :

m

o
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To a mixture of 11.4 gm l-cyclopropyl-5,6,8-trifluoro-1,4-
dihydro-7-(4-methyl-1-piperazinyl)-4-oxo-quinoline-3-carboxylic



atom pol ycyclic carbocycle, or a 3-9 atom nonocyclic or 7-17 atom
pol ycyclic heterocycle; wherein said heterocycle has one or nore
het eroat ons selected fromO0, S, or N, (6) R e ; d (7)

Rlerr] is Rerr] or Rerr] X, where Rerr] is a mncgmsm'rety of L and
is nil, CJerr]-Cerr] alkyl, a 3-8 atom hetero on

het eroatons selected fromO, S, or Nor (Jerr] er&t Ikﬁ§¥ ﬁ[err] I's a
substituent noiety of L and is Cl1-C8 al kyl, C2- ng ’3-19 :at om
3-9 atom moriocyclic or

nonocyclic or 7-17 atom pol ycyclic carbocycle o
7-17 atom polycyclic heterocycle; wherein sgid heterocycle has orle or nore
het eroatons selected fromO0, S, or N, and X 1s {err}-€er+} atkyl, a 3-8
atom het er oal kyl haaciag(Congoudd It Vreparea according to D.B. Moran, et al.., 12 Jo

Med. Chem. 1313-1318 (1989)) and 7.25 gm t-butyl carbazate in 73
mi dimethylsulfoxide at about 235°C with stirring under nitrogen
is added 14.]1 a1 of triethylamine slowly.
at about 90-95°C fer S 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.

The reaction is heated

Compound Il (10.5 gm) is stirred in approximately SO0 mil
trifluoroacetic acid for 1 hr at room temperature. The solvent
is evaporated, the crude residue dissolved in 1IN HC1 and
precipitated by the addition of acetone. The solid is collected

and air-dried to yield 6.05 gm of Compound IIl as the
dihydrochloride salt.

10

15

Compound III (4.65 gm) is suspended in approximately 10 ml water
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, then
the addition of acetone precipitates the product which is col-
lected by filtration. Trituration of this material
then gives 3.1 gm Compound [V.

20 in acetone

To a solution of 2.6 gm Compound IV in 20 ml water is added a pH
8 (adjusted with sodium carbonate) solution of cephalothin sodium
salt (2.4 gm). The solution is heated at about 45°C for about 15
hr, then concentrated in vacuo and the product is isolated by
preparative reverse phase chromatography (C18,
acetonitrile/water) to yield 1.49 gm of Compound V.

25

30 EXAMPLE 2

[5R-{Sa,.6a]]-3-{[[[[2-([[3-Carboxy-1-cyclopropyl-6,8-difluoro-1.4-
dihydro-7-{4-methyl-1-piperazinyl)-4-ox0-5-quinolinyl]thiol-1-
ethyl]amino]carbonyl]oxy]lmethyl]-6-((R)-1-hydroxyethyl]-7-ox0-4-
thia-1-azabicyclo{3.2.0}hept-2-ene-2-carboxylic acid disodium

35 salt is made according to the following general procedure.



het eroatons selected fromO, S, or NN CJerr] -Clerr] al kenyl, oxygen,

sul fur, or NH (B) except that (1) Rl and R7 may together forma 3-9
at om nonocyclic or 7-17 atom pol ycyclic heterocycle including N and Alerr]
wherein said heterocycle has one or nore heteroatons se S—or
N, (2) R2 and R3 may together form--0O- (C[er])[err]--%bﬁ‘&bwg%@
integer froml to 4; (3) Rlerr] and Rlerr] may togetferf forma 3-9 ato
nonocyclic or 7-17 atom pol ycyclic heterocycl e including théSd}ﬁ(bqw@t
to which R4 and R5 are bonded and the carbon atomto i ¢h_said carbon
atons are bonded; and (4) Rl and RS may toggfgher forina 3-9 atom
nonocyclic or 7-17 atom '

<

:R=H
10 II: R = Me :I\I § = \fe
/ )
H,N
1 \/\s 0
F
15 COH
l
Y
/N\) F A
\%
20
o CO,R?

A s o™, .
: P 0

VI: R'=TBDMS: R* =allyl: R’ = 4
VI R aH: RE=ailyl: R =H
VIR =H: R°=R%« N2

30

35
To 23.0 gm of 1-cyclopropyl-5,6,8-trifluoro-1,4-dihydro-7-

(4-methyl-1-piperazinyl)-4-oxo-quinoline-3-carboxylic acid



pol ycyclic heterocycle including N
bonded wherein said heterocycle has one or nore h

and the adjacent carbon to which R5 is

eLﬁuu;aLﬁun9—5£&+aekqd from
0, S, or N (O Rlerr] is hydrogen, hal ogen, C[erREPLACEM&NY] SHEKly |

-CJerr] alkenyl, a 3-8 atom heteroal kyl having ong
selected fromO0O, S or N, a 3-9 atom nonocyclic of
carbocycle, a 3-9 atom nonocyclic or 7-17 atom poly

, Clerr]
two—heter oat dns

(ot DERCB L e

wherein said heterocycle has one or nore heteroat

<

sel ected—f+em[D, S or

N, Rerr] --O-, Rerr] CHEN-, (R[err])(R[err])N-n
C(=ONH-, Rerr] --C(=NO--Rerr])--C(=0 NHp

R[err]--C(=CHR err])--

oL or “RFerr+i—==(CHerr])[err]

--C(=O N H-; where (1) mis an integer from0O to 9; (2) R17 is

hydrogen, (err]

- dlerpdundl Ik yprepGifedr adcordihe rto] 0 @, k@Ryh, e8 a3- 8 32t DMMed

Qteé er oal kyl having gheg. on3f3esfaet eregsf ONSn SghsickRtlel{yP b ™ Qhnydrod 3-8
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methanol is added 14.5 gm thionyl chloride dropwise at about
§-10°C. The reaction mixture is then refluxed for 18 hr, cooled.
and concentrated in vacuo. The residue is taken up in chloroform
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 gm
Compound II.

To 11.8 gm of «Compound Il and 6.83 gm of N-(Z-mercaptoethyl)-
phthalimide in 400 ml dry 50% THF/OMF is added 1.45 gm NaH (60%
in mineral oil) portionwise at about 0-5°C with stirring under
nitrogen. The reaction is stirred for 2 hr and poured into cold
saturated brine. The aqueous layer is extracted with chioroform.
The combined organic layers are dried over sodium sulfate and
concentrated in  vacuo. The residue is trituated in
acetone/hexanes and collected. The solid is then chromatographed

on silica gel (ethyl acetate/methylene chloride) to yield 7.15 gm
Compound III.

Compound III (7.1 gm) in a mixture of about 250 ml methanol and
250 ml 6N HC1 is refluxed for 4 hr. The reaction is cooled and
concentrated to dryness. The crude product is dissolved in
minimal aqueous DOMF and is precipitated by neutralization with
10% aqueous sodium bicarbonate solution. The solid is collected
and air-dried to yield 4.71 gm of Compound IV.

To 4.54 gm of Compound [V in 200 ml S50% DMF/absolute ethanol is
added 8 ml of 1IN hydrazine hydrate in absolute ethanol. The
mixture {s refluxed for 6 hr and evaporated to dryness. The
residye {s treated with 25 ml 2N HC1 at about 50°C for 20 min,
then cooled at room temperature for approximately 1 hr. The
mixture is filtered and the filtrate is evaporated. The crude
product is trituated in acetonitrile, collected and redissolved
in water. A 10% sodfum bicarbonate solution is added to



het er oal kenyl having one or two heteroatons selectedfrom Q. .S or N-—-—a 3-9

at om nonocyclic or 7-17 atom pol ycyclic carbocycle, JrREnAeBMENDGMEEF
nonocyclic or 7-17 atom pol ycyclic heterocycl e; whergi p—sard—heterocyd e

has one or nore heteroatons selected fromQO S, or NI {3) ﬁ?&f&ﬁ% i|s
Rlerr], --Y[err], or --CH(Y[err])(Rerr]); (4) R[e'r '1?
aryl al kyl, heteroarylal kyl, --C(Rlerr])(R err]) COCH, A=00-Rerr

=T

or
--C(=ONH-R [err], where Rerr] and Rerr] are, ind=pendent|y, R[err] or
together forma 3-9 atom nonocyclic or 7-17 at om pol yeyetie—earboeyete or a
3-9 atom nonocyclic or 7-17 atom polycyclic hejerocycle including the

car bon
precipate Compound V.

which is filtered and dried yielding 2.52
gm.

To a solution of 2.27 gm of 3-hydroxymethyl-6-[1-{(1,1-
dimethylethyl)dimethylsilyloxy]ethyl]-7-oxo-4-thia-1-

azabicyclo(3.2.0]hept-2-ene-2-carboxylic  acid, allyl
(prepared according to C. Battistini, et al., US Patent
4,631,150) in 35 ml dry THF at about 0°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 0°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 70 min, cooled in an
ice bath and diluted with 200 ml of cold 0.2N HCY. 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, isopropanol/chloroform/acetic acid)
to yield 0.60 gm Compound VI.

ester
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20 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

tetrabutylammonium fluoride trihydrate. The mixture is stirred

for 24 hr, the solvent is removed in vacuo, and the crude product

is purified by flash chromatography (silica gel,
25 chloroform/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) znloride and 25 ml acetic acid is
added 0.15 ml tributyltin hydride at about 0°C. The reaction is
stirred under nitrogen for 30 min and concentrated to 1-2 ml.
The residue is diluted with ether to pfecipitate the crude
product. The solvent is decanted and the residue ic sugpended in
3 ml acetone at about 0°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

30
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atomto which R22 and R23 are bonded; wherein said heterocycle has one or

more heteroatons selected fromOQ S, or N, and wherem@pg Ty ylt is a
Clerr] -(err] alkyl substituted with an aryl grou Atwégnéggﬁ
heteroal kyl is a CJerr] -Cferr] al kyl substituted h an arg royp
substituted with a heteroatom selected fromOQO, S, ar 1@5@ 'Wg

Rlerr], halogen, --Y[err], or--CH(Y[err])(R[err]);'(alm_n)lerr s
--C(=OR[err], --C(=ORerr], --N(R[err])Rerr], - (O)[err] R[err] or
-OR[err]; and Y[err] is Y[err] or -CH --SH, or

-—pdis an
integer fromO to 2; (b) R24 is hydrogen"7tierr] C[err] al kyl; C2 -C8

I REML R 35 oA B 50 oS LB ACHE GRRE il aret (o

air- dry1na

EXAMPLE 3
5 An antimicrobial composition for parenteral administration,
according to this invention, is made comprising:
Component Amount
compound of Example 1 100 mg/ml carrier
10
Carrier:
sodium citrate puffer with (percent
by weight of carrier):
lecithin 0.48%
15 carboxymethylcellulose 0.53
povidone 0.50
methyl paraben 0.11
propyl paraben 0.011
20 The above ingredients are mixed, forming a suspension.
Approximately 2.0 ml of the suspension is systemically
administered, via intramuscular injection, to a human subject
suffering from a 1lower respiratory tract infection, with
Streptococcus pneumoniae present. This dosage is repeated twice
25 dafly, for approximately 14 days. After 4 days, symptoms of the
disease subside, indicating that the pathogen has been
substantially eradicated.
EXAMPLE 4
30 An enteric coated antimicrobial composition for oral

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



selected fromQO 'S, or
carbocycle; a 3-9 atom nonocyclic or
--Serr] H --C(=0QR25 ; or, when Rlerr] is -- - REPLACEMENT SHE
CH N(Rerr])Rerr])(Rerr]), Rerr] may conprise a noje

to forma 3-9 atom nonocyclic or 7-17 atom pol ycyclic} hge 3 § cIe a d
wherein said heterocycle has one or nore heteroatons peje S
N, (c) Rlerr] is R[err], NH(Rerr]), N(Rerr])(Re¥ri). CXR[err]),
S(Rlerr]); where Rerr] is (Jerr] (Jerr] alkyl, (err] -Cferr] alkenyl,
3-9 atom nonocyclic or 7-17 atom pol ycyclic ca;?ocycle -a -3~9 atom---.
monocyclic or 7-17 atom pol ycyclic heterocycl é/°or when Rlerr] is

Rlerr] maychgosent0i €ty bonded to R err]agdo@ndd PhdY @ 3-9

N(Rlerr])(Rerr]),

N, a 3-9 atom nonocyclic or 7-17 atom pol ycyclic
7-17 atom pol ycyelic heterocycle;

Q

Q.
=

.o

at om nonocyclic or 7-17 atom

10

15

compound of Example 2

350.0
starch 30.0
magnesium stearate 5.0
microcrystalline cellulose 100.0
colloidal silicon dioxide 2.5
povidone 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 isopropancl/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.

rr



pol ycyclic heterocycle; and wherein said heterocycle has one or nore
het eroatons selected fromQO S, or N (7) Rlerr] is Rerr] or

Q™D

hydrogen; where Rlerr] is C[err] -Cerr] alkyl._Cerr] -Cerr] alkenyl;
aryl al kyl; heteroal kyl; a 3-8 atom het eroal k¢n nor e

het er oat ons sel ect ed fronlo S, or N a 3-8 a oHEHﬁ@EM?@T f yl having one
or nore heteroat ed fromQO'S, or N B- 9 MOnHmnNWqHC or 7-17
at om pol ycycl | c Q@Hiﬁm B‘ yﬁiﬂ at om nonocytl | ¢ & DEC1®98t dmpol ycyclic
het er ocycl e; ]) R er’é] an err] is Rerr]{, RR1 and
R24 may together forma heterocycle I ncl udi ngl t he nitrogen omto which
R24 is CLAIMS:

1. A compound of the general formula
Q-L-8B
wherein Q, L and B are defined as follows:

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

(ﬁORG

(1) ‘\r///ﬁ\\“ A2
AN /'\ R3

| 1
wherein F%
(A) (1) Al is N or C(R7); where
(i) R7 is hydrogen, hydroxy, alkoxy, nitro, cyano,
halogen, alkyl, or N(R8)(R%), and
(i) R® and R9 are, independently, R83 where R82 is
hydrogen, alkyl, alkenyl, carbocyclic ring, or
heterocyclic ring; or R8 and RY together comprise
a heterocyclic ring including the nitrogen to
which they are bonded;

(2) AZ is N or C(RZ); where RZ is hydrogen or halogen;

(3) A3 is N or C(R5); where RS is hydrogen;

(4) Rl is hydrogen, alkyl, a carbocyclic ring, a
heterocyclic ring, alkoxy, hydroxy, alkenyl,
arylalkyl, or N(RB)(R9);

(5} R3 is hydrogen, halogen, alkyl, a carbocyclic ring, or
a heterocyclic ring;

(6) R4 is hydroxy; and
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bonded; wherein said heterocycle has one or mﬁw | ected from
O S, or N and wherein said arylalkyl is a :[%EPr'Qﬁ A 1 substituted
with an aryl group and wherein said heteroarylalkyl is a (efr{|-Clerr]

al kyl substi tut ed w th an aryI group substit gt ed 18 tPER 1998t eF ot om sel ect ed

fromQO S, or \(imlm drogen, hal égen, al koxy, pr
R err] O)NH-- ” ”’I#!JE gen or al kyl—5 s—Ts—an| i nteger from
0to 2; (F) Rlerr] s hi , al kemyl , }a carbocycl e, or
het erocycl e; and (Q R38 i s hydrogen, al kyI, or al koxy. (H) Lis L',
-Xerr], -Rerr] --L", or --Xerr] qerr --L', where L' is @,
--Xerr]--Q, --X[err] {(Q', RQ)Ns R)KPem? 6X ; Gheyd aﬂﬁ]i)s a ZubsYitudnt)moiety afid u
are, independently, 0 or 1’L and is nil, alkyl, heteroalkyl, or alkenyl; RI6 {s a
substituent moiety of L and 1{s 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(RZ), RZ and R3 may together comprise
-0-(CH2)p-0-, where n is an integer from 1 to 4;
(3) when A3 is C(R5), R 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(R5), R! and RS may together comprise a
heterocyclic ring including N’ and the adjacent carbon
to which RS is bonded;

(IT) B is a structure according to Formula (II), where L is
bonded to R14:

(1) R"
HlO S TIQXRM N
o 2 N'R1IE
wherein

(A) R10 {s hydrogen, halogen, alkyl, alkenyl, heteroalkyl, a
carbocyclic ring, a heterocyclic ring, RBa-0-, RBaCH«N-,
{REJ (RIN-, RI7-C(=CHR2D)-C{=O)NH-, RI7-C{.MO.R19}-C(=O)NH-,
or R18-(CHp)m-C(=0)NH-; where
(1) m is an integer from 0 to 9;
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(2) Rlerr] is err]-Cerr] alkyl, C[err cﬁ%;f-A?tM?I “%boa het er oal kyl ,

3-8 atom het eroal kenyl, a 3-9 at om nonocycl i Nht ycyclic
carbocycle, or a 3-9 atom nonocyclic or 7-17 atom polyCycCrIT et erocycl e
wherein said heterocycle has one or nore hefefoaf® s ctﬁ fromQ, S, or

N, (3) X2 is ox err], where s an integer ffromO0 to 2; (4)
X[err] is nitroge mm&m ﬁuﬁ rr](R[err ) )"—GF—-Fl[ rr
--N(Rlerr]); and is l'tnke r] By a single or double bdnd; (a)

Rlerr] is Rerr] ; --OR[err] ; or --C(=O Rerr]; (b)" R[err"] and Rl err]
are, independently, hydrogen; Cferr] -Clerr] al kyI Cerr] -Clerr] al kenyl;
3-9 at om nonocycl i(@)omRl?- 17s at byurp@dm(cycaﬂkﬁ,carabnwaleshewamgyn said

et of ocyel os: or it S °?"f*§9§[ %atﬁqpieﬁ?ﬁ%&f‘% oy phetgode e
(3) R18 1s RI7, -yl or -cu(vz)(nﬂ).
(4) RI9 is R17, arylalkyl, heteroarylalkyl,
-C(R22)(R23)COOH, -C(=0)0-R17, or -C(=0)NH-RL7, where
R22 and R23 are, independently, R!7 or together
comprise a carbocyclic ring or a heterocyclic ring
including. the carbon atom to which R22 and R23 are
bonded;
(5) R20 s R19_ halogen, -YI, or -CH(Y2)(R17);
(6) Yl is -c(=0)0R2l, -c(=0)R21, -N(R24)RZl, -S(0)pR2Y, or
-0R29; and Y2 is Yl or -OH, -SH, or -SO3H;
(a) p is an integer from 0 to 2;
(b) R24 {s hydrogen; alkyl; alkenyl; heteroalkyl;
heteroalkenyl; a carbocyclic ring; a heterocyclic
ring; -SO3H; -C(=0)R25; or, when RIB s
-CH(N(R24)R21)(R17), R24% may comprise a moiety
bonded to R2l to form a heterocyclic ring; and
(c) R25 4s RI7, NH(RL7), N(R17)(R26), O(R26), or
S(R26); where R26 {s alkyl, alkenyl, a carbocyclic
ring, a heterocyclic ring, or when RZ5 (s
N{R17) (R26), R26 may be a moiety bonded to R17 to
form a heterocyclic ring; and
(7) R2l {s RZ% or hydrogen; where R29 is alkyl; alkenyl;
arylalkyl; hetercalkyl; heteroalkenyl; heteroarylalkyl;
a carbocyclic ring; a heterocyclic ring; or, when Y is
N(R24)R2]l and R2l {s R29, RZl and R24 may together
comprise a heterocyclic ring including the nitrogen
atom to which R24 {s bonded;
(B) RIl §s hydrogen, halogen, alkoxy, or RZ7C(=O0)NH- , where
R27 is hydrogen or alkyl;
(C) bond "a" s a single bond or is nil; and bond "b" is a
single bond, a double bond, or {s nil; except bond "a" and
bond "b" are not both nil;

T
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together with Q may forma 3-9 atom nonocyclic or 7-17 at
het erocycle as R err] wherein said heterocycle_has one or

om pol ycyclic
nor e het er oat ons

selected fromQO S, or N, (c) Rlerr] is N REFL]A)JEMPW

(5) X4 is oxygen, sulfur, NR4O, or Rlerr]
er
n8 I[QE[feh‘?P

NR[err]; (8) Z i | fur, nitfoge
N(Rerr])--Rlerr] IR6 sdBsti

and

r{ sul fur;
EPY3is oxygen,
oxlygen or
or

sul fur, NR err] or !;"”yiﬁ&err])(R[err])
(9 u,nt of.

(D) RIZ {s -C(RB2)-, or -CHz-R2B-; where R28 is -C(R82), -0

or

-N-, and R2B is directly bonded to N" in Formula (II) to

form a 5-membered ring;
except, if bond "a" {s nil, then RIZ {s

(E)

(F)

(1)

(2)

(1)

(2)
(3)

(1)

(2)

(3)

-C(RB2)(X1)-, where

(1) x1 is -R2l; -0R30; -S(0)yR30, where r is an
{nteger from 0 to 2; -0C=0)R30; or N(R30)R31; and

(11) R3O0 and R3! are, independently, alkyl, alkenyl,
carbocyclic ring or heterocyclic ring
substituents; or R30 and R3! together comprise a
heterocyclic ring including the nitrogen atom to
which R30 and R3! are bonded; or

-CH2-R32-; where R32 is -C(RBa)(R2l), -0-, or -NRS3,

and R32 is directly bonded to N" in Formula (II) to

form a 5-membered ring;

if bond "b" s a single bond, RI3 is -CH(R33)-; or,

-C(0)NHSO2-, 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:

if bond "b" is a double bond, RI3 is -C(R33)=; or

{f bond "b"™ s nil, RI3 is hydrogen, -SO3H,

-PO(OR34)0H, -C(0)NHSO2N(R34) (R35), -0S03H,

-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 -NHR83;

or, if RI3 is -C(O)NHSOzN(R34)(R35), R34 and R35 may

together comprise a heterocyclic ring including the

ritrogen to which R34 and R35 are bonded; and

{f bond "a" or bond "b" is nil, then R14 is nil and L

is bonded directly to R!12 or RI3;

{f bond "a" and "b" are single bonds,
-W-C"’=C(R82)-R37-, or -W-C"’(R36)-R37-; or
{f bond "a" is a single bond and bond "b" is a double
bond, Rl14 is -C(R82) (R38) -W-C"’-R37-;
-H-C(R82)(R38)-C"-R37-; or -W-C"’-R37-; where

Rl4 s
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(10) Q is Q; or together with X2, X3, Zor Z, is said R6 substituent of
Q and pharnaceutlcally accept abl e salts and blohydrolyzable esters

thereof, and hydrates thereof. 2. Ac to claim1l,
wherein Rlerr] is Rerr] --CHerr])m-C( O)PIEIPLA&EMENT HiEInmpound, accordi ng
to claim?2, wherein Rerr] is Rerr]. 4= coMumtocﬂmm

im?@?rn-ek[‘eﬁmllﬂll lﬂlLlIlﬂﬂJﬂHHIlh err b 64 °“X§c%€$ﬁ%72 Cording 10’ claim

1, wherein Rert] ¢ y--"C ( cmmew]ym =) NH-~- 7.0 ,Acmmmmd
according to cIa|n11 mhereln Rlerr] is Rerr]--C(=NO - qurr])--cx =O) NH- - .
8. A conpound, according to claim1l, wherein Rerr] “i s "hydrogen or

al koxy. 9. A conpounéi@lactdsd?ng(@)s, cwheren 8 1svitedetegerfeon 0 e 2;

--C(Rlerr])--. 10. AcmmmmmmwwwMMNQﬂwmﬁé,MWW%mmﬂﬁH]is
ARerr]), Aerr] is CIRET R0 - ngd1dgdn; Chiky1} Satkenyl; -cooH; or, if RI3
s -C*(R33), R36 may be linked to C* to form a
3-membered carbocyclic ring;
(c) R is nil, alkyl, alkenyl, a carbocyclic ring,
or a heterocyclic ring; and
(d) C"* is directly bonded to RI3 to form a 5- or
6-membered ring;

and

(III) L links Q to B; and L is L', -X2¢-R39-L', or -X3;-R39-r,
where L’ is Q’, -X2-Q“, -X3-Q", or -X4t-C(=Y3y)-Z-Q";
(1) t and u are, independently, O or 1;
(2) R39% is alkyl, alkenyl, heteroalkyl, heteroalkenyl, a
carbocyclic ring, or a heterocyclic ring;
(3) X2 is oxygen, or S(0)y, where v is an integer from 0 to

2;

(4) X3 {s nitrogen; N(R40): N*(R41)(R42); or R43-N(R41);
and is linked to Rl14 by a single or double bond; or, if

R14 s nil, X3 is linked to B by a single or double

bond; where

(a) R0 is R8a; -QRB3; or -C(=0)RBa;

(b) R4l and R42 are, independently, hydrogen; alkyl;
alkenyl; carbocyclic rings; heterocyclic rings;
or, if R6 {s R16X, then R4l and R42 together with
Q" may comprise a heterocyclic ring as R16;

(c) R43 {s N(R4l), oxygen or sulfur;

(5) X4 is oxygen, sulfur, NR40, or R43-NR4I;

(6) Y3 is oxygen, sulfur, NR40 or N+(R41)(R42);

(7) Y4 is oxygen or NR41;

(8) Z s nil, oxygen, sulfur, nitrogen, NR40, or

N(R41)-R43;

(8) Q' is said R6 substituent of Q; and
(10) Q" s Q'; or together with X2, X3, Z or Z’, s said R®
substituent of @;
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C(Rlerr]); or Alerr] is nitrogen, A2 is C(R2), and A3 is C(R5). 11. A
conmpound according to claim1, wherein Alerr] is CCRlerrj34 Alerr] is

C(Rlerr]), and Alerr] is C(Rerr]). 12. A}Epgnmﬁ‘m&ld!iﬂir ing to claim 11,
wherein Qis a 6-fluoroquinolone noiety, @ frat-o=6=f1TUsGroqui nol one

noi ety, a  pyridobenzoxazine noi ety, t i 4zi ne noiety, a

I sot hi azol oqui nol i olﬂﬁgﬁkg‘gsﬁn' Y

zol oqu n Ietly. :
REPLIACE:VENT SHEET ,m Iﬁl[ﬁ"ﬂr”l”mnr ggceor ibhg to claim-1H wherein R err]
S

is alkyl, aryl, cyd oal

=]

L

and pharmaceutically-acceptable salts and biohydrolyzable esters
thereof, and hydrates thereof.

2. A compound, according to Claim 1, wherein said
laétam-containing moiety is selected from the group consisting of
cephems, oxacephems, carbacephems, {isocephems, {so-oxacephems,
penems, . carbapenems, clavems, penicillins, clavams,
2,3-methyleno-penems, ;,3-methy1eno-carbapenems, and
pyrazolidinones; preferably cephems, {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
R11 {s hydrogen or alkoxy; and R1Z {s -C(R82)-.

6. A compound according to Claim 1, wherein: Al is
nitrogen or C(R7), preferably nitrogen; AZ is C(RZ); and A3 is
C(R5).

7. A compound according to Claim 6, wherein Q@ is a
6-fluoroquinolone moiety, a 8-halo-6-fluoroquinolone mofety, a
pyridobenzoxazine moiety, a pyridobenthiazine moiety, a
1§othtazoloquincl1nedione, 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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al kyl am no. 14. A conpound, according to claim 13, wherein Rerr] is
ethyl, 2-fluoroethyl, 2- hydroxyethyl, t-b
2, 4-di fl uorophenyl, nethyl am no or cyclop dﬁykACEEENTSHEEpn ound,

according to claim13, wherein R2is hydroggn trato—416- A conmpound,

according to claim15, wherein Rerr] is c I3r| rii ne. 17. A
conpound, accordl ng to claim 15, wherein 1%90&#49@5 - dont ai ni ng

o por azi ne. 3 MIIIIJHLIITMHEHHELIII""“?“S%”% yrroflzi e, e
3- an1nonethy|pyrrolld|he SN, K- dlnethyla -ot+di ne,

N- net hyl am nonet rrolidin et hyl agi nonet hyl rrolidine, ridine,
N- me%/hyl pi peF‘%‘E‘ﬁ inoopr ey opropyl an% qu is hyd%gggl, chlorine or iad

fluorine.

9. A compound, according to Claim 7 or Claim 8, wherein R3
ts 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-dimethylipiperazine.

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

11. A compound, according to Claim 1, wherein L comprises a
linking 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 heterocarylium groups.

12. A compound, according to Claim 11, wherein L is L', and
L’ 4s  -X2-q", -X3-Q", or X%-C(=Y3y)-Z-Q", preferably
X4g-C(=Y3y)-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 {s 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

This Sheet Has Been Replaced

LT




di et hyl pi perazi ne. 19. A conpound, according to claim18, wherein RL is
cyclopropyl, and Rerr] is fluorine. 20. A conpound, according to claim
19, wherein R3 is piperazine. 21. A conmpdu I ojclaima1,
wherein L conprises a linking noiety sel ectje g%@ﬁﬁ@ﬁg glgg(gtrp consi sting of
carbamat e, dithiocarbamate, urea, thiourea, ijsouroni um i sethiouronium
guani di ne, car bonat e, relerseti8BEDAWE e kant hate,
reversed i souramm mﬂqm |i t hi ocgr bamgt ¢, reversed isepthi ouroni um

am ne, imne, roarylium ethgr, Throetner, ester, thioester,
am de and hydrazi de groups. 22. A conpound, _according to claim 21,

\)/(\{12; fi n é( ':f{[ Iér ' ;ang 52) '3 pharthatbitican P acceptibfd chrrtefd » O

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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REPLACEMENT SHEET 23. A conmpound, according to claim?22, wherein Q' is
said Rlerr] substituent of Q or together with X2, X3, Zor Z, is said R6

substituent of Q 24. A conpound, according to claim 16, wherein L' is
Xerr] --C(=Y[err])--Z--Q". 25. A conpound, 4C ! m 16,
whereint is 1, uis 1, and X4 is oxygen, sulf ﬁgﬁ'—%% gmj]SLHEgg A
conpound, accordlng to claim 22, mherelﬁﬂsum d lJi nking noiety 1 p pel ected

fromthe group consisting of carbamate, dithi §cat®PEL 9996 Ufea,
thi ourea, isothiouronium amine, anmonium andjhgteroarylium gropps. 27.

A compound, according to claim 26, V\A‘})erel n sal MMRTg-ToTety i B a
car bamate or

ANTIMICROBIAL QUINOLONYIL LACTAMS

ﬁ ?‘ R6 (1)
l
i
R! ril (I1)
e
e 13
O// N'R.

Antimicrobial quinolonyl lactam compounds comprising a
lactam-containing moiety linked to a quinolone moiety, of formula
(1), wherein (1) A', A?, A%, R!, and R generally form any of a
variety of quinolone, naphthyridine or related cyclic moieties
known in the art to have antimicrobial activity; and (2) R® is
part of a 1linking moiety, linking' the quinolone moiety to a
lactam-containing moiety'having formula (II), wherein (3) R,
R, R'?, R®, and R, together with bonds "a" and "b", form any
of a variety of lactam-containing moieties known in the art to
have antimicrobial activity; and (4) the linking moiety includes
(for example) carbamate, dithiocarbamate, urea, thiourea,
isouronium, isothiouronium, guanidine, carbonate,
trithiocarbonate, reversed carbamate, xanthate, reversed
isouronium, reversed dithiocarbamate, reversed isothiouronium,
amine, imine, ammonium, heterocarylium, ether, thiocether, ester,
thiocester, amide, and hydrazide groups.
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wherein
(A) (1)  A'is C(R"); where

(2)
(3)

(5)

(i) R’ is hydrogen, hydroxy, alkoxy, nitro, cyano, halogen, C, -Cg
' alkyl, or N(R®)(R®), and

(ii) R® and R® are, independently, R® where R® is hydrogen, C; -Cq
alkyl, C, -Cz alkenyl, 3-9 atom monocyclic or 7-17 atom polycyclic
carbocycle, or 3-9 atom monocyclic or 7-17 atom polycyclic
heterocycle; or R® and R® together form [comprise]a 3-9 atom
monocyclic or 7-17 atom polycyclic heterocycle including the
nitrogen to which they are bonded; wherein said heterocycles have
one or more heteroatoms selected from O, S, or N;

A?is C(R?); where R?is hydrogen or halogen;

A% is C(R%); where R’ is hydrogen;

R' is hydrogen, C, -Cg alkyl, a 3-9 atom monocyclic or 7-17 atom

polycyclic carbocycle, a 3-9 atom monocyclic or 7-17 atom polycyclic

heterocycle, alkoxy, hydroxy, C, -Cg alkenyl, arylalkyl, or N(R®(R®);

wherein said heterocycle has one or more hetercatoms selected from O,

S, or N; and wherein said arylalkyl is a C, -Cy alkyl substituted with an aryl

group;

R? is hydrogen, halogen, C, -Cjg alkyl, a 3-9 atom monocyclic or 7-17

¥



15. The use, for the manuf acture of a nedi ca EM#QV@H#& ng or treating
an i nfectious d| er in a hunan or ot her subJ ect, of a conmpound of
any of d ainms 1 n ”l L 3 JAN zﬁﬂ“J /!

atom polycyclic carbocycle, or a 3-9 atom monocycnc‘t!r 7-17 atom

polycyclic heterocycle; wherein said heterocycle has one or more
heteroatoms selected from O, S, or N;

(6)  R*is hydroxy; and

(7) R®is R"®or R"™ X; where R" is a substituent moiety of L and is nil, C;-Cs
alkyl, a 3-8 atom heteroalkyl having one or two heteroatoms selected from
0, S, or N or C, -Cs alkenyl; R* is a substituent moiety of L and is C;-Cs
alkyl, C,-Cs alkenyl, a 3-9 atom monocyclic or 7-17 atom polycyclic
carbocycle or a 3-9 atom monocyclic or 7-17 atom polycyclic heterocycle;
wherein said heterocycle has one or more heteroatoms selected from O,
S, or N; and X is C4-C; alkyl, a 3-8 atom heteroalkyl having one or two
heteroatoms selected from O, S, or N; C, -C; alkenyl, oxygen, sulfur, or
NH;

(B) except that
)] R' and R’ may together form a 3-9 atom monocyclic or 7-17 atom

polycyclic heterocycle including N' and A’ wherein said heterocycle has
one or more heteroatoms selected from O, S, or N;

(2) R? and R® may together form --O-—(C,),—O--, where n is an integer from 1
to 4;

(3) R* and R® may together form a 3-9 atom monocyclic or 7-17 atom
polycyclic heterocycle including the carbon atoms to which R* and R® are
bonded and the carbon atom to which said carbon atoms are bonded; and

(4) R' and R® may together form a 3-9 atom monocyclic or 7-17 atom
polycyclic heterocycle including N' and the adjacent carbon to which R%is
bonded wherein said heterocycle has one or more heteroatoms selected
from O, S, or N;

(C) R s hydrogen, halogen, C,-Cgalkyl, C, -Cs alkenyl, a 3-8 atom heteroalkyl
having one or two heteroatoms selected from O, S, or N, a 3-9 atom monocyclic
or 7-17 atom polycyclic carbocycle, a 3-9 atom monocyclic or 7-17 atom
polycyclic heterocycle wherein said heterocycle has one or more heteroatoms
selected from O, S, or N, R® —-O--, R® CH=N--, (R®)(R%)N--, R"--C(=CHR®)--
C(=O)NH--, R --C(=NO--R"®)--C(=0)NH--, or R*® --(CH5), --C(=O)NH--; where
(1) m is an integer from 0 to 9;

(2)  R"is hydrogen, C; -Cs alkyl, C, -Cg alkenyl, a 3-8 atom heteroalkyl having
one or two heteroatoms selected from O, S, or N, a 3-8 atom
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heteroalkenyl having one or two hefercatoms serected from O, S, or N, a
3-9 atom monocyclic or 7-17 atom polycyclic carbocycle, or a 3-8 atom

monocyclic or 7-17 atom polycyclic heterocycle; wherein said heterocycle

has one or more heteroatoms selected from O, S, or N;

R%is R", --Y', or --CH(Y*}(R""),

R is R", arylalkyl, heteroarylalkyl, --C(R*)(R*®)COOH, --C(=0)0--R"", or

-C(=0)NH--R", where R* and R? are, independently, R’ or together

form a 3-9 atom monocyclic or 7-17 atom polycyclic carbocycle or a 3-9

atom monocyclic or 7-17 atom polycyclic heterocycle including the carbon

atom to which R# and R? are bonded; wherein said heterocycle has one
or more heteroatoms selected from O, S, or N; and wherein said arylalkyl
is a C; -Cg alkyl substituted with an aryl group and wherein said
heteroalkyl is a C; -Cs alkyl substituted with an aryl group' substituted with

a heteroatom selected from O, S, or N;

R® is R", halogen, --Y', or --CH(Y3)(R");

Y'is --C(=0)OR?, --C(=0)R*, --N(R**)R*, --§(0), R®, or -OR® ;

and Y?is Y' or --OH, --SH, or -SO3 H;

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

(b) R* is hydrogen; C, -Cs alkyl; C, -Cs alkenyl; a 3-8 atom
heteroalkyl having one or two heteroatoms selected from O, S, or
N; a 3-8 atom heteroalkenyl having one or two heteroatoms
selected from O,8, or N; a 3-9 atom monocyclic or 7-17 atom
polycyclic carbocycle; a 3-9 atom monocyclic or 7-17 atom
polycyclic heterocycle; --SO; H; —-C(=O)R® ; or, when R™ is -
CH(N(R*R?*"'}(R""), R* may comprise a moiety bonded to R* to
form a 3-9 atom monocyclic or 7-17 atom polycyclic heterocycle;
and wherein said heterocycle has one or more heteroatoms
selected from O, S, or N;

()  RZisRY, NH(R'), N(R')(R%), O(R®), or S(R®); where R®is C, -
Cs alkyl, C, -Cg alkenyl, a 3-9 atom monocyclic or 7-17 atom
polycyclic carbocycle, a 3-9 atom monocyclic or 7-17 atom
polycyclic heterocycle, or when R? is N(R')(R%*), R® may be a
moiety bonded to R’ to form a 3-9 atom monocyclic or 7-17 atom
polycyclic heterocycle; and wherein said heterocycle has one or
more heteroatoms selected from O, S, or N;
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R?' is R® or hydrogen; where R? is C, -Cs alkyl; C, -Cs alkenyl; aryl alkyl;
heteroalkyl, a 3-8 atom heteroalkenyl having one or more heteroatoms
selected from O, S, or N; a 3-8 atom heteroarylalkyl having one or more
heteroatoms selected from O,S, or N; a 3-9 atom monocyclic or 7-17 atom
polycyclic carbocycle; a 3-9 atom monocyclic or 7-17 atom polycyclic
heterocycle; or, when Y is N(R®)R*' and R* is R®, R?' and R* may
together form a heterocycle including the nitrogen atom to which R* is
bonded; wherein said heterocycle has one or more heteroatoms selected
from O, S, or N; and wherein said arylalkyl is a C4-C4 alkyl substituted with
an aryl group and wherein said heteroarylalkyl is a C4-Cg alkyl substituted
with an aryl group substituted with a heteroatom selected from O, S, or N;

R" is hydrogen, halogen, alkoxy, or R¥C(=0)NH--, where R? is hydrogen or

alkyl;

s is an integer from O to 2;

R¥ is nil, alkyl, alkenyl, a carbocycle, or a heterocycle; and

R® is hydrogen, alkyl, or alkoxy.
Lis L', --X2 ~R¥® L, or -X3, =R*® --L', where L' is Q', --X*-Q", --X3--Q", or —-X*--

C(=Y3,)-Z--Q";

(1) t and u are, independently, 0 or 1;

2) R* is C;-Cs alkyl, C,-C;s alkenyl, a heteroalkyl, 3-8 atom heteroalkenyl, a
3-9 atom monocyclic or 7-17 atom polycyclic carbocycle, or a 3-9 atom
monocyclic or 7-17 atom polycyclic heterocycle wherein said heterocycle
has one or more heteroatoms selected from O, S, or N;

(3) X2 is oxygen, or S(O),, where v is an integer from 0 to 2;

(4)  X3is nitrogen; N(R*®); N*(R*')(R*%); or R*® --N(R*"); and is linked to R by

a single or double bond,

(@ R¥isR®;--OR%®;or--C(=O)R*™;

(b) R* and R* are, independently, hydrogen;, C; -Cs alkyl; C, -Cs
alkenyl; 3-9 atom monocyclic or 7-17 atom polycyclic carbocycles;
wherein said heterocycle has one or more heteroatoms selected
from O, S, or N heterocycles; or, if R® is R'® X, then R* and R*
together with Q" may form a 3-9 atom monocyclic or 7-17 atom
polycyclic heterocycle as R' wherein said heterocycle has one or
more heteroatoms selected from O, S, or N;

() R*®is N(R*"), oxygen or sulfur;



10.

11.

12.

N

78 REPLACEMENT SHEET

(5) X* is oxygen, sulfur, NR*, or R** --NR*"; 25 JAN 7000

(6)  Y®is oxygen, sulfur, NR* or N* (R*")(R*);

(7)  Y'is oxygen or NR*;

(8)  Zis nil, oxygen, sulfur, nitrogen, NR*, or N(R*")--R*® ;

(9)  Q'is said R® substituent of Q; and

(10) Q" is Q'; or together with X2 X3, Z or Z, is said R® substituent of Q; and
pharmaceutically-acceptable salts and biohydrolyzable esters thereof, and
hydrates thereof.

A compound, according to claim 1, wherein R'is R'"® --CHy),--C(=O)NH.

A compound, according to claim 2, wherein R'® is R".

A compound, according to claim 2, wherein R is --Y*,

A compound, according to claim 2, wherein R is--CH(Y?)(R"").

A compound, according to claim 1, wherein R'’is R"--C (=CHR®)--C(=O)NH--
A compound, according to claim 1, wherein R' is R"--C(=NO--R*)--C(=O)NH--.
A compound, according to claim 1, wherein R' is hydrogen or alkoxy.

A compound according to claim 8, wherein R is —~C(R%)--.

A compound according to claim 1, wherein: A' is C(R"), AZ is C(R?), and A® is
C(R®%); or A' is nitrogen, A? is C(R?), and A®is C(R®).

A compound according to claim 1, wherein A' is C(R"), A2 is C(R?), and A’ is
C(R).

A compound according to claim 11, wherein Q is a 6-fluoroquinolone moiety, a
8-halo-6-fluoroquinolone moiety, a pyridobenzoxazine moiety, a
pyridobenthiazine moiety, a isothiazoloquinolinedione, or isoxazoloquinolinedione
moiety.
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A compound, according to claim 11, wherein R' is alkyl, aryl, cycloalkyl or
aikylamino.

A compound, according to claim 13, wherein R' is ethyl, 2-fluoroethyl, 2-
hydroxyethyl, t-butyl, 4-fluorophenyl, 2,4-difluorophenyl, methyl amino or
cyclopropyl.

A compound, according to claim 13, wherein R%is hydrogen or halo.
A compound, according to claim 15, wherein R? is chlorine or fluorine.

A compound, according to claim 15, wherein R® is a nitrogen-containing
heterocycle.

A compound, according to claim 17, wherein R® is piperazine, 3-
methylpiperazine, 3-aminopyrrolidine, 3-aminomethylpyrrolidine, N,N-
dimethylaminomethylpyrrolidine, N-methylaminomethylpyrrolidine, N-
ethylaminomethylpyrrolidine,  pyridine, N-  methylpiperazine, or 3,5-
dimethylpiperazine.

A compound, according to claim 18, wherein R’ is cyclopropyl, and R? is fluorine.
A compound, according to claim 19, wherein R%is piperazine.

A compound, according to claim 1, wherein L comprises a linking 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.

A compound, according to claim 21, wherein L is L', and L' is -X2 Q" --X3 Q"
or X* --C(=Y3,)-Z--Q".



23.

24.

25.

26.

27.

28.

209.

30.

REPLACEMENT SHEET |

I 4 { ] 25 o o

A compound, according to claim 22, wharein Q" | id R® duent of Q, or
together with X2, X3, Z or Z', is said R® substituent of Q.

A compound, according to claim 16, wherein L' is X* --C(=Y?,)--Z--Q".

A compound, according to claim 16, wherein tis 1, uis 1, and X* is oxygen, sulfur
or NR*,

A compound, according to claim 22, wherein said linking moiety is selected from
the group consisting of carbamate, dithiocarbamate, urea, thiourea,

isothiouronium, amine, ammonium, and heteroarylium groups.

A compound, according to claim 26, wherein said linking moiety is a carbamate or
dithiocarbamate group.

A compound according to claim 1, wherein L is other than an ester.

A compound according to claim 28 wherein L is chosen from the group consisting
of carbamate, dithiocarbamate, Urea, thiourea, isouronium, iso thiouronium,
guanidinium, carbonate, trithiocarbonare, reversed carbamate, Xanthate,
Reversed dithiocarbamate, reversed isothiouriom, amine, imine, heteroarylium,
ether, thioether and hydrazide.

A compound according to claim 1 wherein L is an ester.
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Abstract

ANTIMICROBIAL QUINOLONYL LACTAMS
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Antimicrobial gquinolonyl lactam compounds comprising a
lactam-containing moiety linked to a quinolone moiety, of formula
(I), wherein (1) A', A%, A3, Rg, and R* generally form any of a
variety of quinolone, naphthyridine or related cyclic moieties
known in the art to have antimicrobial activity; and (2) R® is
part of a linking moiety, linking the gquinolone moiety to a
lactam-containing moiety having formula (II), wherein (3) R?'?,
R, R', R®, and R, together with bonds "a" and "b", form any
of a variety of lactam-containing moieties known in the art to

have antimicrobial activity; and (4) the linking moiety includes

(for example) carbamate, dithiocarbamate, urea, thiourea,
isouronium, isothiouronium, guanidine, carbonate,
trithiocarbonate, reversed carbamate, xanthate, reversed

isouronium, reversed dithiocarbamate, reversed isothiouronium,
amine, imine; ammonium, hetercarylium, ether, thiocether, ester,
thioester, amide, and hydrazide groups.



