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Claim

1. Compounds of formula (I):

OH Rl 0O Q

| | N/

CH HCH SA-C-N

/ \ 1/ \ / \

H3C CH-C C R2 (1)

I
en 4

/ \

0 COOR3

in which:

A represents a fully saturated heterocyclic group having
from 4 to 6 ring atoms, of which one is a nitrogen atom
and the remainder are carbon atoms, said nitrogen atom
having on its remaining valence a group or atom R4, in
which:
R4 reprecsents: a hydrogen atom; an alkenyl group
having from 2 to 5 carbon atoms; an alkynyl group
having from 2 to 5 carbon atoms; an alkyl group

having from 1 to 6 carbon atoms; a substituted alkyl
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group which has from 1 to 6 carbon atoms and which
is substituted by at least one of substituents (a),
defined below; or a group of formula —C(=NH)R5, in
which R5 represents a hydrogen atom or an alkyl

group having from 1 to 6 carbon atoms;
R™ represents a hydrogen atom or a methyl group;

R® represents a hydrogen atom or an alkyl group having
from 1 to 6 carbon atoms;

R3 represents a hydrogen atom or a negative ionic
charge;

Q represents:

(i) a group of formula —B—N+R8R9R10, in

which: R8, R9 and R10 are the same or
different and each represents an alkenyl group
having from 2 to 5 carbon atoms, an alkynyl group
having from 2 to 5 carbon atoms, an alkyl group
having from 1 to 6 carbon atoms or a substituted
alkyl group which has from 1 to 6 carbon atoms and
which is substituted by at least one of substituents
(b), defined below; and B represents an alkylene or

aikylidene group having from 1 to 4 carbon atoms;

(ii) a heterocyclic group having from 4 to 10 ring
atoms in a single or bridged ring, one of said ring

atoms being a quaternary nitrogen atom of formula

>N+R11R12, in which:

Rll and R12 are the same or different and

each represents an alkenyl groups having from 2
to 5 carbon atoms, an alkynyl group having from
2 to 5 carbon atoms, an alkyl group having from
1 to 6 carbon atoms or a substituted alkyl
group which has from 1 to 6 carbon atoms and
which is substituted by at least one of

substituents (b), defined below;

.. /3



(11) AU-B-71322/91 -3~
(10) 6486012

and 0, 1 or 2 of said ring atoms being nitrogen
and/or oxygen and/or sulfur hetero-atoms, the
remainder being carbon atoms, said heterocyclic
group being otherwise unsubstituted or being
substituted by at least one of substituents (c),
defined below;

(iii) an alkyl group having from 1 to 6 carbon
atoms and substituted by a heterocyclic group as

defined in (ii) above; or

(iv) an alkyl group having from 1 to 6 carbon atoms

and substituted by an aromatic heterocyclic group
having from 5 to 8 ring atoms, one of said ring
atoms being a quaternary nitrogen atom of formula

\N+_Rl 1

in which Rll is as defined above, and 0, 1 or 2 of

said ring atoms being an additional nitrogen and/or

oxygen and/or sulfur hetero-atom;

oxr

R2 and Q, together with the nitrogen atom to which

they are attached, represent a group of formula (II):

(CH2)m R®
/
-N /N*\' (1I1)
(CHp)p  R7

in which:
m and n are each 1, 2 or 3;

R6 represents an alkyl group having from 1 to 6

w2
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carbon atoms or a substituted alkyl group which has
from 1 to 6 carbon atoms and which is substituted by
at least one of substituents (a), defined below;

R7 represents an alkenyl group having from 2 to 5
carbon atoms, an alkynyl group having from 2 to 5
carbon atoms, an alkyl group having from 1 to 6
carbon atoms or a substituted alkyl group which has
from 1 to 6 carbon atoms and which is substituted by

at least one of substituents (b), defined below;

and the carbon atoms of saiid group of formula (II)

are unsubstituted or they are substituted by at
least one substituent selected from alkyl groups
having from 1 to 6 carbcn atoms and oxygen atoms
(#o fortn an oxo 3muf>

substituents (a):

hydroxy groups, carboxy groups, cyano groups,
sulfamoyl groups, sulfo groups, halogen atoms, and
groups of formula -NRaRb or -CONRaRb, where R?
and Rb are the same or different and each represents a
hydrogen atom or an alkyl group having from 1 to 4
carbon atoms;

substituents (b):

hydroxy groups; carboxy groups; groups of formula
-NRaRb, where R® and Rb are as defined above;

groups of formula -CONRCRd or —OCONRCRd, where

RS and Rd are the same or different and each

represents a hydrogen atom, an alkyl group having from 1
to 4 carbon atoms or a substituted alkyl group which has
from 1 to 4 carbon ztows and which is substituted by at
least one of substituents (d) defined below; cyano

groups; sulfamoyl groups; ureido groups; sulfo groups;
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halogen atoms; alkoxy groups having from 1 to 4 carbon
atoms; alkoxycarbonyl groups having from 2 to 5 carbon
atoms; alkanoyl groups having from 1 to 4 carbon atoms;
alkanoylamino groups having from 1 to 4 carbon atoms;
alkanoyloxy groups having from 1 to 4 carbon atoms;
alkylthio groups having from 1 to 4 carbon atoms;
alkylsulfinyl groups having from 1 to 4 carbon atoms and
alkylsulfonyl groups having from 1 to 4 carbon atoms;

substituents (c):

hydroxy groups, groups of formula -CONRaRb,

where R® and Rb are as defined above, alkyl groups

-

having from 1 to 4 carbon atoms and halogen atoms;

substituents (d):

hydroxy groups, carboxy groups and groups of formula
-coNr?RP or -0CONR®R®, where R? and RP are
as defined above;

and salts thereof and, where R3 represents a hydrogen
atom, esters of said compound, provided that, where R3

represents a hydrogen atom or an ester, the compound
also includes an anion.
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'."._ . Carbapenem derivatives having antibiotic activity, their preparation and their use
The following statement is a full description of this invention, including the best method
of performing it known to me/us:—
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Background to the Invention

The present invention relates to a series of novel
carbapenem derivatives, and provides methods and
compositions using these for the treatment and
prevention of bacterial infections; it also provides
processes for their preparation.

The class of p-lactam antibiotics includes the
well known penicillins and cephalosporins, as well as
the more recently introduced carbapenem compounds, of
which the most successful member to date is imipenem (a
derivative of the well known thienamycin), which is one
of the isomers of 2-{2-[(iminomethyl)aminojethyl-
thio}-6-(1l-hydroxyethyl)-l-carbapen-2-em-3-carboxylic
acid. 1In this specification, as is common in this
field, the carbapenem derivatives, including those of

the present invention, are named as derivatives of the
notional l-carbapen-2-em:

7\

6 &9 °2

Ll

o——N—e3

-

As can be seen from the above formula, the
l-carbapen-2-em system resembles the basic penicillin
nucleus, except that there is a carbon atom (replacing a
sulfur atom) at the l-position. The carbapenem

compounds also normally have substituents at the 2-, 3-

~
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and 6- positions. The substituent at the 6-position is
most commonly, as in imipenem and thienamycin, a

l-hydroxyethyl group. These carbapenem compounds have a

carbon-carbon double bond between the 2- and 3-
positions.

In general, although thienamycin derivatives have
been found to have excellent antibacterial activity, it
has been reported that inactivation occurs in the human
body as a result of decomposition of the compound due to
the action of dehydropeptidase I; this is shown
experimentally by a poor urinary recovery [H. Kropp et
al: Antimicrob. Agents Chemother., 22, 62 (1982); S.R.
Norrby ef. al.: ibid., 23, 300 (1983)}. As a
consequence, the known thienamycin derivatives are cof
limited practical use. Although imipenem has been used
clinically in combination with another compound,
cilastatin, to protect it against this degradation, it
is clearly undesirable to administer two or more drugs
where one would suffice, and the restricted stability of

the thienamycin derivatives has thus severely limited
their use.

In recent years, many carbapenem derivatives have
been disclosed for potential use as antibiotics, these
generally differing in the nature of the substituent at
the 2-position on the carbapenem nucleus. For example,
European Patent Publications No. 126 587 and 333 175,
which are believed to represent the closest prior art to
the present invention of which we are presently aware,
both disclose l-carbapen-2-em-3-carboxylic acid
derivatives having, like some of the compounds of the
present invention, a substituted pyrrolidin-3-ylthio
substituent at the 2-position. The compounds of the
present invention differ from those of the prior art in
possessing a quaternary nitrogen atom, and it appears

that this results in a significant and unexpected
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increase in antimicrobial, especially antibacterial,
activity as well as a much improved stability in the
mammalian body, as demonstrated by improved urinary
recovery. When comparing compounds of the type
generally disclosed in the prior art with precisely
equivalent compounds in which the nitrogen atom has been
quaternised in accordance with the present invention, we
have found a consistent improvement in urinary recovery

in the compounds of the present invention as compared

with the prior compounds. This activity is accompanied

by a low toxicity, enabling the compounds to be used in
therapy.

The compounds of the present invention are therefore
expected to be of considerable value in the treatment

and prophylaxis of microbial infections in mammals,
especially humans.

Brief Summary of Invention

In accordance with the present invention there are
provided novel l-carbapen-2-em-3-carboxylic acid

derivatives, which are those compounds of formula (I):

OH r1 o Q

[ | W/

CH HCH SA-C-N

/[ \ [/ \ / \ 2

H3C CH-C C R (1)

| Il
C—N—2C

/ \

0 Coor3

in which:

A represents a fully saturated heterocyclic group having
from 4 to 6 ring atoms, of which one is a nitrogen atom
and the remainder are carbon atoms, said nitrogen atom
having on itsifemaining valence a group or atom R4,
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wherein:
R" represents: a hydrogen
having from 2 to 5 carbon
having from 2 to 5 carbon
having from 1 to 6 carbon

atom; an alkenyl group
atoms; an alkynyl group
atoms; an alkyl group

atoms; a substituted alkyl
group having from 1 to 6 carbon atoms and having at

least one substituent selected from the group
consisting of substituents (a), defined below; or a
group of formula -C(=NH)R5, wherein R5

represents a hydrogen atom or an alkyl group having
from 1 to 6 carbon atoms;

Rl represents a hydrogen atom or a methyl group;

R” represents a hydrogen atom

or an alkyl group having
from 1 to 6 carbon atoms;

R™ represents a hydrogen atom or a negative ionic
charge;

Q represents:

(i) a group of formula -B-N+R8R9R10,
wherein: R8, R’ and Rlo are independently

selected from the group consisting of alkenyl groups
having from 2 to 5 carbon atoms, alkynyl groups
having from 2 to 5 carbon atoms, alkyl groups having
from 1 to 6 carbon atoms and substituted alkyl
groups which have from 1 to 6 carbon atoms and which
have at least one substituent selected from the
group consisting of substituents (b), defined below;
and B represents an alkylene or alkylidene group

having from 1 to 4 carbon atoms;

(ii) a heterocyclic group having from 4 to 10 ring
atoms in a single or bridged ring, one of said ring

atoms being a quaternary nitrogen atom of formula
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>N+R11R12, wherein:

Rll and R12 are independently selected from

the group consisting of alkenyl groups having
from 2 to 5 carbon atoms, alkynyl groups having
from 2 to 5 carbon atoms, alkyl groups having
from 1 to 6 carbon atoms and substituted alkyl
groups having from 1 to 6 carbon atoms and
having at least one substituent selected from

the group consisting of substituents (b),
defined below:;

and 0, 1 or 2 of said ring atoms being selected from

the group consisting of nitrogen, oxygen and sulfur

hetero-atoms, the remainder being carbon atoms, said
heterocyclic group being otherwise unsubstituted or

having at least one substituent selected from the

group consisting of substituents (c), defined below;

(iii) an alkyl group having from 1 to 6 carbon
atoms and substituted by a heterocyclic group as
defined in (ii) above; or

(iv) an alkyl group having from 1 to 6 carbon atoms
and substituted by an aromatic heterocyclic group
having from 5 to 8 ring atoms, one of said ring
atoms being a quaternary nitrogen atom of formula
\N+-Rll
/
wherein Rll is as defined above, and 0, 1 or 2 of
said ring atoms being an additional hetero-atom

selected from the group consisting of nitrogen,
oxygen and sulfur hetero-atoms;

or

and Q, together with the nitrogen atom to which
they are attached, represent a group of formula (II):
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(CH2)m  R®
/ /
-N Nt (II)

\
(CH2)n R7
wherein:

m and n are each 1, 2 or 3;
R6 represents an alkyl group having from 1 to 6
carbon atoms or a substituted alkyl group which has
from 1 to 6 carbon atoms and which has at least one
substituent selected from the group consisting of
substituents (a), defined below;

R7 represents an alkenyl group having from 2 to 5
carbon atoms, an alkynyl group having from 2 to 5
atoms, an alkyl group having from 1 to 6
carbon atoms or a substituted alkyl group which has
from 1 to 6 carbon atoms and which has at least one
substituent selected from the group consisting of
substituents (b), defined below;

carbon

and the carbon atoms of said group of “vrmula (II)
are unsubstituted or they are substitutved by at
least one substituent selected from the group
consisting of alkyl groups having from 1 to 6 carbon
atoms and oxygen atoms (to form an oxo group);

substituents (a):

hydroxy groups, carboxy groups, cyano groups,
sulfamoyl groups, sulfo groups, halogen atoms, and
groups of formula -NRaRb or -CONRaRb, where R

and R~ are independently selected from the group
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consisting of hydrogen atoms and alkyl groups having
from 1 to 4 carbon atoms;

substituents (b):

hydroxy groups; carboxy groups; groups of formula
-NRaRb, where R? and Rb are as defined above;

groups of formula -CONRCRd or -OCONRcRd, where

R® and Rd are independently selected from the group
consisting of hydrogen atoms, alkyl groups having from 1
to 4 carbon Atoms and substituted alkyl groups which
have from 1l to 4 carbon atoms and which have at least
one substituent selected from the group consisting of
substituents (d) defined below; cyano groups; sulfamoyl
groups; ureido groups; sulfo groups; halogen atoms;
alkenyl groups having from 2 to 5 carbon atoms; alkoxy
groups having from 1 to 4 carbon atoms; alkoxycarbonyl
groups having from 2 to 5 carbon atoms; alkanoyl groups
having from 1 to 4 carbon atoms; alkanoylamino groups
having from 1 to 4 carbon atoms; alkanoyloxy groups
having from 1 to 4 carbon atoms; alkylthio groups having
from 1 to 4 carbon atoms; alkylsulfinyl groups having
from 1 to 4 carbon atoms and alkylsulfonyl groups having
from 1 to 4 carbon atoms;

substituents (c):

hydroxy groups, groups of formula -CONRaRb,
where R? and Rb are as defined above, alkyl groups

having from 1 to 4 carbon atoms and halogen atoms;

substituents (d):

hydroxy groups, carboxy groups and groups of formula
-CONRaRb or —OCONRaRb, where R? and Rb are
as defined above;



and salts thereof and, where R3 represents a hydrogen
atom, esters of said compound, provided that, where

3
where R™ represents a hydrogen atom or an ester, the
compound also includes an anion.

The invention also provides a pharmaceutical
composition for the treatment or prophylaxis of
bacterial infections, which composition comprises an
effective amount of an antibacterial agent in admixture
with a pharmaceutically acceptatle carrier or diluent,
wherein the antibacterial agent is selected from the
group consisting of compounds of formula (I) and

pharmaceutically acceptable salts and esters thereof, as
defined above.

The invention still further provides a method for
the treatment or prophylaxis of bacterial infecticns in
an animal, preferably a mammal, which may be human,
which method comprises administering to said animal an
effective amount of an antibacterial agent in admixture
with a pharmaceutically acceptable carrier or diluent,
wherein the antibacterial agent is selected from the
group consisting of compounds of formula (I) and
pharmaceutically acceptable salts and esters thereof, as
defined above.

The invention also provides processes for the
preparation of tlie compounds of the present invention,
which are described in more detail hereafter.

Detailed Description of Invention

In the compounds of the present invention, A
represents a fully saturated heterocyclic group having
from 4 to 6 ring atoms, of which one is a nitrogen atom
and the remainder are carbon atoms, said nitrogen atom

. . : o . 4
having on its remaining valence a group or atom R .
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This group may be represented by the formula (III):

-CH- (CHp ) p-CH-

(CH2)g-N-(CH2) (I1I)

r4

in which R4 is as defined above and p, g and r are
each zero or an integer such that (p + g + r) = an
integer from 1 to 3, more preferably 1 or 2. Still more
preferably p is 0, 1 or 2, g is 0 or 1 and r is 0,
provided that (p + g + ) = an integer from 1 to 3.

Where R4 represents an alkenyl group having from 2
to 5 carbon atoms, this may be a straight or branched
chain group having from 2 to 5, preferably 3 or 4,
carbon atoms, and examples include the vinyl, allyl,
methallyl, l-propenyl, isopropenyl, l-butenyl,
2-butenyl, 3-butenyl, l-pentenyl, 2-r=ntenyl, 3-pentenyl
and 4-pentenyl groups, of which the vinyl, allyl,
methallyl, l-propenyl, isopropenyl and butenyl groups
are preferred, the allyl and 2-butenyl groups being most
preferred.

Where R4 represents an alkynyl group having from 2
to 5 carbon atoms, this may be a straight or branched
chain group having from 2 to 5, preferably 3 or 4,
carbon atoms, and examples include the ethynyl,
propargyl (2-propynyl), l-propynyl, l-butynyl,
2-butynyl, 3-butynyl, l-pentynyl, 2-pentynyl, 3-pentynyl
and 4-pentynyl groups, of which the propynyl and butynyl
groups are preferred, the propargyl and 2-butynyl groups
being most preferred.

Where R4 represents an alkyl group having from 1
to 6 carbon atoms, this may be a straight or branched
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chain group having from 1 to 6, preferably from 1 to 4,
carbon atoms, and examples include the methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, t-butyl,
pentyl, isopentyl, neopentyl, sec-pentyl, t-pentyl,
hexyl and isohexyl groups. Of these, we prefer those
alkyl groups having from 1 to 4 carbon atoms, preferably
the methyl, ethyl, propyl, isopropyl, butyl and isobutyl
groups, and most preferably the methyl and ethyl groups.

Where R4 represents a substituted alkyl group
having from 1 to 6 carbon atoms, this may be a straight
or branched chain group having from 1 to 6, preferably
from 1 to 4, carbon atoms, and examples include those
unsubstituted groups listed above which are substituted
by one or more of substituents (a). There is, in
principle, no restriction on the number of such
substituents, except such as may be imposed by the
number of substitutable positions or, possibly, by
steric constraints. In general, although not
restrictive, from 1 to 5 substituents are common, from 1
to 3 being more usual, and, in many cases, one being

most common.

Examples of groups and atoms which may be included

in the list of substituents (a) are:

hydroxy groups, carboxy groups, cyano groups,
sulfamoyl groups and sulfo groups;

groups of formula -NRaRb or -CONRaRb, where

R? and Rb are independently selected from the

group consisting of hydrogen atoms and alkyl groups
having from 1 to 4 carbon atoms (examples of which
are included among the alkyl groups which may be
represented by R4), i.e amino and carbamoyl groups
which may be unsubstituted or have one or two alkyl
substituenfs, such as the amino, methylamino,
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ethylamino, propylamino, isopropylamino, dimethyl-
amino, diethylamino, N-butyl-N-methylamino,
N-t-butyl-N-methylamino, N-methyl-N-propylamino,
N-ethyl-N-propylamino, dipropylamino, diisopropyl-
amino, butylamino, isobutylamino, dibutylamino,
diisobutylamino, carbamoyl, methylcarbamoyl,
ethylcarbamoyl, propylcarbamoyl, isopropylcarbamoyl,
dimethylcarbamoyl, diethylcarbamoyl, N-butyl-N-
methylcarbamoyl, N-t-butyl-N-methylcarbamoyl,
N-methyl-N-propylcarbamoyl, N-ethyl-N-propyl-
carbamoyl, dipropylcarbamoyl, diisopropylcarbamoyl,
butylcarbamoyl, isobutylcarbamoyl, dibutylcarbamoyl
and diisobutylcarbamoyl groups; and

halogen atoms, such as the fluorxine, chlorine,

bromine and iodine atoms.

Where R4 represents a group of formula
-C(=NH)R5, R5 represents a hydrogen atom or an alkyl
group having from 1 to 6 carbon atoms. Such alkyl
groups may be as defined and exemplified in relation to
the alkyl groups included in the groups which may be

represented by R4

R1 may represent a hydrogen atom or a methyl
group, but is preferably a methyl group.

Where R2 may represent a hydrogen atom or an alkyl
group, the alkyl groups may be as defined and
exemplified in relation to the alkyl groups included in
the groups which may be represented by R4

Where Q represents a group of formula
-B—N+R8R9Rlo, and any of R8, Rg and R10
represents an alkenyl group having from 2 to 5 carbon
atoms, an alkynyl group having from 2 to 5 carbon atoms

or an alkyl group having from 1 to 6 carbon atoms, all



- 12 -

of these groups are exemplified in relation to the
similar groups which may be represented by R4 and the
examples given there apply mutatis mutandis to R8
R’ and R'?. where r® and/or R’ and/or RO
represents a substituted alkyl group having from 1 to 6
carbon atoms, this may be as defined and exemplified
above in relation to the unsubstituted groups, but is

’

substituted by at least one substituent selected from
the group consisting of substituents (b), for example:

hydroxy groups, carboxy groups, cyano groups,
sulfamoyl groups, ureido groups and sulfo groups;

b b

groups of formula -NRZR , where R? and R
are as defined above, such as the amino, methyl-
amino, ethylamino, propylamino, isopropylamino,
dimethylamino, diethylamino, N-butyl-N-methylamino,
N-t-butyl-N-methylamino, N-methyl-~N-propylamino,
N-ethyl-N-propylamino, dipropylamino, diisoprcpyl-
amino, butylamino, isobutylamino, dibutylamino and
diisobutylamino groups;

groups of formula -CONRCRd or -OCONRCRd,

where R® and Rd are independently selected from

the group consisting of hydrogen atoms, alkyl groups
having from 1 to 4 carbon atoms and substituted
alkyl groups which have from 1 to 4 carbon atoms and
which have at least one substituent selected from
the group consisting of substituents (d) defined
above and exemplified below, such as the carbamoyl,
methylcarbamoyl, ethylcarbamoyl, propylcarbamoyl,
isopropylcarbamoyl, dimethylcarbamoyl, diethyl-
carbamoyl, N-butyl-N-methylcarbamoyl, N-t-butyl-N-
methylcarbamoyl, N-methyl-N-propylcarbamoyl,
N-ethyl-N-propylcarbamoyl, dipropylcarbamoyl,
diisopropylcarbamoyl, butylcarbamoyl, isobutyl-
carbamoyl;;dibutylcarbamoyl and diisobutylcarbamoyl
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groups and such groups having one or more

(preferably one) of substituents (d), defined above
and exemplified below;

halogen atoms, such as the fluorine, chlorine,
bromine and iodine atoms;

alkenyl groups having from 2 to 5, preferably 3 or
4, carbon atoms, such as the vinyl, allyl,
methallyl, l-propenyl, isopropenyl, l-butenyl,
2-butenyl, 3-butenyl, l-pentenyl, 2-pentenyl,
3-pentenyl and 4-pentenyl groups, of which the
vinyl, allyl, methallyl, l-propenyl, isopropenyl and
butenyl groups are preferred, the allyl and
2-butenyl groups being most preferred;

alkoxy groups having from 1 to 4 carbon atoms, such
as the methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, sec-butoxy and t-butoxy groups;

alkoxycarbonyl groups having from 2 to 5 carbon
atoms, such as the methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,
isobutoxycarbonyl, sec-butoxycarbonyl and
t-butoxycarbonyl groups;

alkanoyl groups having from 1 to 4 carbon atoms,
such as the formyl, acetyl, propionyl, butyryl and
isobutyryl groups;

alkanoylamino grcups having from 1 to 4 carbon
atoms, such as the formylamino, acetylamino,
propionylamino, butyrylamino and isobutyrylamino
groups;

alkanoyloxy groups having from 1 to 4 carbon atoms,
such as the formyloxy, acetoxy, propionyloxy,
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butyryloxy and isobutyryloxy groups;

alkylthio groups having from 1 to 4 carron atoms,
such as the methylthio, ethylthio, propylthio,
isopropylthio, butvlthio, isobntvlthio,
sec-butylthio and t-butylthio groups;

alkylsulfinyl groups having from 1 to 4 carbon
atoms, such as the methylsulfinyl, ethylsulfinyl,
propylsulfinyl, isopropylsulfinyl, butylsulfinyl,
isobutylsulfinyl, sec-butylsulfinyl and
t-butylsulfinyl groups; and

alkylsulfonyl groups having from 1 to 4 carbon
atoms, such as the methylsulfonyl, ethylsulfonyl,
propylsulfonyl, isopropylsulfonyl, butylsulfonyl,
isobutylsulfonyl, sec-butylsulfonyl and
t-butylsulfonyl groups.

Examples of the groups which may be included in

substituents (d) are:

hydroxy and carboxy groups; and

b b

and -OCONR®R®,
are as defined above, e.g. the

groups o: formulae -CONR®R
where R? and Rb
carbamoyl, methylcarbamoyl, ethylcarbamoyl, propyl-
carbamoyl, isopropylcarbamoyl, dimethylcarbamoyl,
diethylcarbamoyl, N-butyl-N-methylcarbamoyl,
N-t-butyl-N-methylcarbamoyl, N-methyl-N-propyl-
carbamoyl, N-ethyl-N-propylcarbamoyl, dipropyl-
carbamoyl, diisopropylcarbamoyl, butylcarbamoyl,
isobutylcarbamoyl, dibutylcarbamoyl, diisobutyl-
carbamoyl, carbamoyloxy, methylcarbamoyloxy,
ethylcarbamoyloxy, propylcarbamoyloxy, isopropyl-
carbamoyloxy, dimethylcarbamoyloxy, diethyl-
carbamoyldky, N-butyl-N-methylcarbamoyloxy,
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N-t-butyl-N-methylcarbamoyloxy, N-methyl-N-propyl-
carbamoyloxy, N-ethyl-N-propylcarbamoyloxy,
dipropylcarbamoyloxy, diisopropylcarbamoyloxy,
butylcarbamoyloxy, isobutylcarbamoyloxy,
dibutylcarbamoyloxy and diisobutylcarbamoyloxy
groups.

In the above formula, B represents an alkylene or
alkylidene group having from 1 to 4 carbon atoms. This
can be attached to the group of formula
-N+R8R9R10 and the group of formula -S-A-CO-N-
through the same atom (in which case the group is
correctly called an "alkylidene" group) or through
different atoms (in which case the name "alkylene" group
is appropriate). For the avoidance of doubt, it should
be noted that both types of group are often referred to
collectively as "alkylene" groups. Examples of such
groups include the methylene, ethylene, ethylidene,
trimethylene, tetramethylene, isopropylidene,
propylidene, l-methylethylene, l-ethylethylene,
2-methylethylene, 2-ethylethylene, l-methylpropylene and
2-methylpropylene groups. Of these, the methylene,
ethylene, trimethylene and propylidene groups are
preferred.

Where Q represents a heterocyclic group having from
4 to 10 ring atoms in a single or bridged ring, one of
said ring atoms is a quaternary nitrogen atom of formula
>N+R11R12, wherein R1l and R12 are
independently selected from the group consisting of
alkenyl groups having from 2 to 5 carbon atoms, alkynyl
groups having from 2 to 5 carbon atoms and alkyl groups
having from 1 to 6 carbon atoms; all of these groups are
exemplified in relation to the similar groups which may

4

be represented by R° and the examples given there

11 and Rlz. Where R11

apply mutatis mutandis to R
and/or R12 reﬁfesents a substituted alkyl group having
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from 1 to 6 carbon atoms, this may be as defined and
exemplified above in relation to the unsubstituted
groups, but is substituted by at least one substituent
selected from the group consisting of substituents (b),
for example those substituents (b) exemplified above.

The heterocyclic group represented by Q may be a
fully saturated ring, or it may be partially
unsaturated; it must, however, contain a quaternary
nitrogen atom attached to two groups, Rll and Rlz,
and so that atom, at least, must not take part in any
multiple bonds. In addition, it may optionally contain
orie or two other hetero-atoms, which may be oxygen,
sulfur or nitrogen atoms. Where there are two such
additional hetero-atoms, we prefer that both should be
nitrogen atoms or one should be a nitrogen atom and one
should be an oxygen or sulfur atom, although both can be
sulfur or oxygen atoms or one can be a sulfur atom and
one can be an oxygen atom, if desired. The remaining
atoms are carbcn atoms. Preferably, where the ring
represented by Q is a monocyclic ring, it has from 4 to
7, more preferably 5 or 6, ring atoms, and, where it is
a bicyclic ring system, it has from 6 to 10, more
preferably from 7 to 9, ring atoms. Examples of
heterocyclic rings which may form part of Q include the
pyrrolidine, piperidine, morpholine, thiomorpholine,
azetidine, piperazine, quinuclidine and homopiperazine
rings, and these may be attached to the group of formula
-S-A-CO-N- via any ring atom, provided that at least one
nitrogen atom is free to be guaternised. That is the
groups are optionally substituted azetidinio,
pyrrolidinio, piperidinio, piperazinio, homopiperazinio,
quinuclidinio, morpholinio or thiomorpholinio groups.

Such a heterocyclic group represented by Q is, of
course, substituted on the quaternary nitrogen atom;
other than this, it may be unsubstituted or it may be
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substituted by at least one, and preferably from 0 to 3,
of substituents (c):

hydroxy groups;

b b

groups of formula -CONR?R , where R? and R
are as defined above, e.g. carbamoyl, methyl-
carbamoyl, ethylcarbamoyl, propylcarbamoyl,
isopropylcarbamoyl, dimethylcarbamoyl, diethyl-
carbamoyl, N-butyl-N-methylcarbamoyl, N-t-butyl-N-
methylcarbamoyl, N-methyl-N-propylcarbamoyl,
N-ethyl-N-propylcarbamoyl, dipropylcarbamoyl,
diisopropylcarbamoyl, butylcarbamoyl, isobutyl-
carbamoyl, dibutylcarbamoyl and diisobutylcarbamoyl
groups;

alkyl groups having from 1 to 4 carbon atoms, such
as the methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl and t-butyl groups; and

halogen atoms, such as the fluorine, chlorine,
bromine and iodine atoms.

Where Q represents an alkyl group having from 1 to 6
carbon atoms substituted by a heterocyclic group as
defined above, the alkyl group may be a straight or
branched chain group having from 1 to 6, preferably from
1l to 4, carbon atoms, and examples include the methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
t-butyl, pentyl, isopentyl, neopentyl, sec-pentyl,
t-pentyl, hexyl and isohexyl groups. Of these, we
prefer those alkyl groups having from 1 to 3 carbon
atoms, praferably the methyl, ethyl and propyl groups,
and most preferably the methyl and ethyl groups.

Where Q represents an alkyl group having from 1 to 6
carbon atoms and substituted by an aromatic heterocyclic



® oo
e o
o oo

- 18 -

group having from 5 to 8 ring atoms, one of said ring
atoms being a quaternary nitrogen atom of formula

\N+_Rll
/

(wherein rL

is as defined above), the alkyl group and
11
R

may be as defined and exemplified above, and the
heterocyclic group may have 0, 1 or 2 other nitrogen
and/or oxygen and/or sulfur hetero-atoms. Examples of
such groups include the imidazolio, thiazolio,
thiadiazolio, pyrazolio, oxazolio, isoxazolio,
triazolio, pyridinio, pyrazinic, pyrimidinio and
pyridazinio groups.

Where R2 and Q, together with the nitrogen atom to
which they are attached, represent a group of formula
(I1):

-N N* (IT)

(CHz)n  R7

in which m, n, R6 and R7 are as defined above, we

prefer that m and n should each be 2 or 3, more
preferably m should be 2 and n should be 2 or 3. R
may represent an alkyl group having from 1 to 6 carbon
atoms or a substituted alkyl group which has from 1 to 6
carbon atoms and which is substituted by at least one of

6

substituents (a), whilst R7 may represents an alkenyl
group having from 2 to 5 carbon atoms, an alkynyl group
having from 2 to 5 carbon atoms, an alkyl group having
from 1 to 6 carbon atoms or a substituted alkyl group
which has from 1 to 6 carbon atoms and which is
substituted by at least one of substituents (b); in each

case, these may be as exemplified above in relation to
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R4 or RB, R9 and Rlo, as appropriate.

Where the group of formula (II) is substituted on
one or more of the carbon atoms, the substituents are
selected from the group consisting of alkyl groups and
oxygen atoms. There is no particular restriction on the
number of the substituents, which will only be limited
by the number of substitutable positions and possibly by
steric constraints; however, in the case of alkyl
substituents, from 1 to 4, more preferably from 1 to 3
and most preferably 1 or 2, are preferred; in the case
of oxygen atoms (which, with the carbon atom to which
they are attached, form an oxo group), 1 or 2 are
preferred, 1 being more preferred. 1In general, however,
the unsubstituted groups are preferred. The alkyl
groups hay be straight or branched chain groups having
from 1 to 6, preferably from 1 to 4, carbon atoms, and
examples include the methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, t-butyl, pentyl, isopentyl,
neopentyl, sec-pentyl, t-pentyl, hexyl and isohexyl
groups. Of these, we prefer those alkyl groups having
from 1 to 4 carbon atoms, preferably the methyl, ethyl,
propyl, isopropyl, butyl and isobutyl groups, and most
preferably the methyl group.

Those compounds of the present invention where R3
represents a hydrogen atom are carboxylic acids and can
form esters. There is no limitation upon the nature of
such esters, providad that, where the resulting compound
is to be used for therapeutic purposes, it is
pharmaceutically acceptable, which, as is well known in
the art, means that the compound does not. have reduced
activity (or unacceptably reduced activity) or increased
toxicity (or unacceptably increased toxicity) as
compared with the corresponding compound of formula (I),
i.e. the free acid. Where, however, the compound is to
be used for ndﬁ-therapeutic purposes, e.g. as an
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intermediate in the preparation of other compounds, even
this limitation does not apply, and the nature of the
ester group may be chosen having regard simply to
process criteria. Examples of suitable ester groups

which may replace the hydrogen atom of the carboxy group
include:

C1 - C6 alkyl groups, such as those exemplified
in relation to R4, but most preferably the methyl,
ethyl and t-butyl groups;

aralkyl groups in which the aromatic group is

C6 - Cigr which may be substituted or

unsubstituted, and, if substituted, may have at
least one substituent, for example selected from the
group consisting of substituents (e), defined below;
examples of such aralkyl groups include the benzyl,
phenechyl, l-phenylethyl, 3-phenylpropyl, 2-phenyl-
propyl, l-naphthylmethyl, 2-naphthylmethyl,
2-(1l-naphthyl)ethyl, 2-(2-naphthyl)ethyl, benzhydryl
(i.e. diphenylmethyl), triphenylmethyl, bis(o-nitro-
phenyl)methyl, 9-anthrylmethyl, 2,4,6-trimethyl-
benzyl, 4-bromobenzyl, 2-nitrobenzyl, 4-nitrobenzyl,
4-methoxybenzyl and piperonyl groups;

alkenyl groups, having from 2 to 6 carbon atoms,
which may be substituted or unsubstituted and, if
substituted, have at least one substituent selected
from the group consisting of halogen atoms; examples
of the unsubstituted groups are given above in
relation to R4, and preferred groups include the
allyl, 2-chloroallyl and 2-methylallyl groups;

halogenated Cl - CG’ preferably C1 - C4,
alkyl groups in which the alkyl part is as defined
and exemplified in relation to the alkyl groups

which may'be represented by R4, and the halogen
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atom is chlorine, fluorine, bromine or iodine, such
as the 2,2,2-trichloroethyl, 2-haloethyl (e.g.
2-chloro- ethyl, 2-fluoroethyl, 2-bromoethyl or
2-iodoethyl), 2,2-dibromoethyl and
2,2,2-tribromoethyl group;

substituted silylalkyl groups, in which the alkyl
part is as defined and exemplified in relation to
the alkyl groups which may be represented by R4,
and the silyl group has up to 3 substituents
selected from the group consisting of Cl - C6
alkyl groups and phenyl groups which are
unsubstituted or have at least one substituent
selected from the group consisting of substituents
(e) defined below, for example a

2-trimethylsilylethyl group;

phenacyl groups, which may be unsubstituted or have
at least one substituent selected from the group

. consisting of substituents (e) defined below, for

o« teo example the phenacyl group itself or the p-bromo-

E phenacyl group;

coenet alkoxymethyl groups, in which the alkoxy part is
. C1 - CG’ preferably C1 - C4, and may itself

be substituted by a single unsubstituted alkoxy
group, such as the methoxymethyl, ethoxymethyl,
propoxymethyl, isopropoxymethyl, butoxymethyl and
methoxyethoxymethyl groups;

aliphatic acyloxymethyl groups, in which the acyl

* o group is preferably an alkanoyl group and is more
preferably a C2 - C6 alkanoyl group, such as the
acetoxymethyl, propionyloxymethyl, butyryloxymethyl,

L isobutyryloxymethyl and pivaloyloxymethyl groups;

[
(XX XXX ]
[ ] [ ]

higher aliphatic acyloxyalkyl groups in which the
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acyl group is preferably an alkanoyl group and is
more preferably a C, - C6 alkanoyl group, and

the alkyl part is C, - C6' and preferably

Cy = Cyr such as the l-pivaloyloxyethyl,
l-acetoxyethyl, l-isobutyryloxyethyl, l-pivaloyl-
oxypropyl, 2-methyl-l-pivaloyloxypropyl, 2-pivaloyl-
oxypropyl, l-isobutyryloxyethyl, l-isobutyryloxy-
propyl, l-acetoxypropyl, l-acetoxy-2-methylpropyl,
l-propionyloxyethyl, l-propionyloxypropyl,
2-acetoxypropyl and l-butyryloxyethyl groups;

cycloalkyl-substituted aliphatic acyloxyalkyl
groups, in which the acyl group is preferably an
alkanoyl group and is more preferably a C, - C¢
alkanoyl group, the cycloalkyl substituent is

Cy - Cor and the alkyl part is a C; - G

alkyl group, preferably a Cl - C4 alkyl group,
such as the (cyclohexylacetoxy)methyl, 1-(cyclo-
hexylacetoxy)ethyl, 1-(cyclohexylacetoxy)propyl,
2-methyl-1-(cyclohexylacetoxy)propyl, (cyclopentyl-
acetoxy)methyl, 1l-(cyclopentylacetoxy)ethyl,
l-(cyclopentylacetoxy)propyl and 2-methyl-1-
(cyq}opentylacetoxy)propyl, groups;

alkoxycarbonyloxyalkyl groups, especially
1-(alkoxycarbonyloxy)ethyl groups, in which the
alkoxy part is C; = Cyo¢ preferably C; - Cqr

and more preferably Cy - C4, and the alkyl part

is C1 - C6’ preferably C1 - C4, such as the
l-methoxycarbonyloxyethyl, l-ethoxycarbonyloxyethyl,
l-propoxycarbonyloxyethyl, l-isopropoxycarbonyl-
oxyethyl, l-butoxycarbonyloxyethyl, l-isobutoxy-
carbonyloxyethyl, l-sec-butoxycarbonyloxyethyl,
1-t-butoxycarbonyloxyethyl, 1l-(l-ethylpropoxy-
carbonyloxy)ethyl and 1-(1,l-dipropylbutoxycarbonyl-
oxy)ethyl groups, and other alkoxycarbonylalkyl
groups, in ‘which both the alkoxy and alkyl groups
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are C1 - C6' preferably C1 - C4, such as the
2-methyl-1-(isopropoxycarbonyloxy)propyl,
2-(isopropoxycarbonyloxy)propyl, isopropoxycarbonyl-
oxymethyl, t-butoxycarbonyloxymethyl, methoxy-
carbonyloxymethyl and ethoxycarbonyloxymethyl groups;

cycloalkylcarbonyloxyalkyl and cycloalkyloxy-
carbonyloxyalkyl groups, in which the cycloalkyl
group is C3 - ClO’ preferably C3 - C7, is

mono- or poly- cyclic and is optionally substituted
by at least one (and preferably only one)

C1 - C4 alkyl group (e.g. selected from those

alkyl groups exemplified above) and the alkyl group
is a C1 - CG’ more preferably Cl - Cyr alkyl

group (e.g. selected from those alkyl groups
exehplified above) and is most preferably methyl,
ethyl or propyl, for example the l-methylcyclo-
hexylcarbonyloxymethyl, l-methylcyclohexyloxy-
carbonyloxymethyl, cyclopentylioxycarbonyloxymethyl,
cyclopentylcarbonyloxymethyl, l-cyclohexyloxy-
carbonvloxyethyl, l-cyclohexylcarbonyloxyethyl,
l-cyclopentyloxycarbonyloxyethyl, l-cyclopentyl-
carbonyloxyethyl, l-cycloheptyloxycarbonyloxyethyl,
l-cycloheptylcarbonyloxyethyl, l-methylcyclopentyl-
carbonyloxymethyl, l-methylcyclopentyloxycarbonyl-
oxymethyl, 2-methyl-l-(l-methylcyclohexylcarbonyl-
oxy)propyl, l-(l-methylcyclohexylcarbonyloxy)propyl,
2-(l-methylcyclohexylcarbonyloxy)propyl, l-(cyclo-
hexylcarbonyloxy)propyl, 2-(cyclohexylcarbonyloxy)-
propyl, 2-methyl-1l-(l-methylcyclopentylcarbonyl-
oxy)propyl, 1l-(l-methylcyclopentylcarbonyloxy)-
propyl, 2-(l-methylcyclopentylcarbonyloxy)propyl,
1-(cyclopentylcarbonyloxy)propyl, 2-(cyclopentyl-
carbonyloxy)propyl, 1-(l-methylcyclopentylcarbonyl-
oxy)ethyl, 1-(l-methylcyclopentylcarbonyloxy)propyl,
adamantyloxycarbonyloxymethyl, adamantylcarbonyloxy-
methyl, l-adamantyloxycarbonyloxyethyl and
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l-adamantylcarbonyloxyethyl groups;

cycloalkylalkoxycarbonyloxyalkyl groups in which the
alkoxy group has a single cycloalkyl substituent,
the cycloalkyl substituent being C3 - ClO’
preferably C3 - C7, and mono- or poly- cyclic,

for example the cyclopropylmethoxycarbonyloxymethyl,
cyclobutylmethoxycarbonyloxymethyl, cyclopentyl-
methoxycarbonyloxymethyl, cyclohexylmethoxycarbonyl-
oxymethyl, l-(cyclopropylmethoxycarbonyloxy)ethyl,
1-(cyclobutylmethoxycarbonyloxy)ethyl, 1-(cyclo-
pentylmethoxycarbonyloxy)ethyl and 1-(cyclohexyl-
methoxycarbonyloxy)ethyl groups;

(5-alkyl- or 5-phenyl- 2-oxo-1,3-dioxolen-4-yl)alkyl
grdups in which each alkyl group (which may be the
same or different) is Cl - CG’ preferably

Cl - C4, for example the (5-methyl-2-oxo-1,3-
dioxolen-4-yl)methyl, (5-phenyl-2-oxo-1,3-dioxolen-
4-yl)methyl, (5-isopropyl-2-oxo-1,3-dioxolen-4-yl)-
methyl, (5-t-butyl-2-oxo-1,3-dioxolen-4-yl)methyl
and 1-(5-methyl-2-oxo-1,3-dioxolen-4-yl)ethyl
groups; and

other groups, such as the phthalidyl, indanyl and
2-oxo-4,5,6,7-tetrahydro-1,3-benzodioxolen-4-yl
groups.

Of the above groups, we especially prefer the
benzyl, benzhydryl, 4-nitrobenzyl, 4-methoxybenzyl,
allyl, 2,2,2-trichloroethyl, 2,2,2-tribromoethyl,
2-trimethylsilylethyl, acetoxymethyl, pivaloyloxymethyl
and l-ethoxycarbonyloxyethyl groups.

Examples of groups and atoms which may be included
in substituents (e) include:
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hydroxy groups; carboxy groups; groups of formula
-NRaRb, where R? and Rb are as defined

above; groups of formula -CONRCRd or

-OCONRcRd, where R® and Rd are as defined

above; cyano groups; sulfamoyl groups; ureido
groups; sulfo groups; halogen atoms; i.lkenyl groups
having from 2 to 5 carbon atoms; alkoxy groups
having from 1 to 4 carbon atoms; alkoxycarbonyl
groups having from 2 to 5 carbon atoms; alkanoyl
groups having from 1 to 4 carbon atoms;
alkanoylamino groups having from 1 to 4 carbon
atoms; alkanoyloxy groups having from 1 to 4 carbon
atoms; alkylthio groups having from 1 to 4 carbon
atoms; alkylsulfinyl groups having from 1 to 4
carbon atoms and alkylsulfonyl groups having from 1
to 4 carbon atoms; all of which are as exemplified
in relation to substituents (b), above;

nitro groups;

alkyl groups having from 1 to 6, preferably from 1
to 4 carbon atoms, e.g. as exemplified in relaticn
to R4 above;

halogenated alkyl groups having from 1 to 6,
preferably from 1 to 4 carbon atoms, e.g. as

exemplified in relation to the ester groups above;
and

alkylenedioxy groups having from 1 to 3 carbon
atoms, especially the methylenedioxy, ethylenedioxy
and trimethylenedioxy groups, preferably the
methylenedioxy group.

The compounds of formula (I) include a positively

charged ion on the quaternary ammenium ion in the group
represented by Q. Where R3 represents a negative
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ionic charge, the positive charge of the quaternary

ammonium ion is balanced by R3. In this case, an acid

addition salt may be formed with one or more of the
other nitrogen atoms in the compound of formula (I).
However, where R3 represents a hydrogen atom or is

replaced by an ester group, such as those exemplified
above, the compound requires another anion to balance

that positive charge. This other anion may be provided

by the anionic part of an acid. 1In either case, the
nature of the acid employed is not critical to the
invention, provided that, where the resulting compound
is to be used for therapeutic purposes, it is
pharmaceutically acceptable, i.e. it does not have
reduced activity (or unacceptably reduced activity) or
increased toxicity (or unacceptably increased toxicity)
as compared with the corresponding compound of formula
(I). Where, however, the compound is to be used for
non-therapeutic purposes, e.g. as an intermediate in the
preparation of other compounds, even this limitation

. does not apply, and the nature of the ester group may be
chosen having regard simply to process criteria.

°%e o Examples of suitable acids which may be used to provide
se_ o the balancing anion or which may form acid addition
.:,:. salts include:

mineral acids, especially hydrohalic acids, such as
cee hydrochloric acid, hydrofluoric acid, hydrobromic
acid or hydroiodic acid, or other mineral acids,

such as sulfuric acid, nitric acid, perchloric acid
or phosphoric acid;

oeoe
. e o

e o organic carboxylic acids, such as oxalic acid,
tartaric acid, maleic acid, succinic acid, acetic
o0 ©°© .
acid, benzoic acid, mandelic acid, ascorbic acid,
lactic acid, gluconic acid, malic acid or citric
acid; and
e o0 .
L]
e o0



X KX
o L]
°0 L]

- 27 =

sulfonic acids, e.g. fluorosulfonic acid, or alkane-
sulfonic or haloalkanesulfonic acids, such as
methanesulfonic acid, trifluoromethanesulfonic acid
or ethanesulfonic acid, or arylsulfonic acids, such
as benzenesulfonic acid or p-toluenesulfonic acid.

Where R™ represents a hydrogen atom, the compounds
of the present invention can also form salts with
cations, for example:

metals, especially alkali metals, such as sodium or
potassium, alkaline earth metals, such as calcium or

barium, and other metals, such as magnesium or
aluminum;

the ammonium ion; and

organic bases, includinng trialkylamines, such as
trimethylamine or triethylamine, and other basic

amines, such as procaine, dibenzylamine or
phenethylamine.

The compounds of the present invention necessarily
contain several asymmetric carbon atoms in their

molecules, and can thus form optical isomers. Although

these are all represented herein by a single molecular
formula, the present invention includes both the

individual, isolated isomers and mixtures, including

racemates thereof. Where stereospecific synthesis

techniques are employed, individual isomers may be
prepared directly; on the other hand, if a mixture of
isomers is prepared, the individual isomers may be
obtained by conventional resolution techniques.

Of the various isomers of the compounds of the

present invention, we especially prefer those in which:
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(a) when Rl represents a hydrogen atom, those

having the (5R,6S) configuration and in which the
hydroxy substituent at the «-position of the side

chain at the 6-position is in the R configuration,

which is the same configuration as that of

thienamycin;

(b) when Rl represents a methyl group, those in

which the methyl group at the l-position is in the
configuration, and especially those having the

el

(58,6S) configuration and in which the hydroxy
substituent at the «-position of the side chain at
the 6-position is in the R configuration.

Preferred classes of compound of the present

invention are those compounds of formula (I) and salts
and esters thereof, wherein:

(A) A represents a fully saturated heterocyclic group
having from 4 to 6 ring atoms, of which one is a
nitrogen atom and the remainder are carbon atoms, said
nitrogen atom having on its remaining valence a group or
atom R4, wherein:
R® represents: a hydrogen atom; an alkenyl group
having 3 or 4 carbon atoms; an alkynyl group having
3 or 4 carbon atoms; an alkyl group having from 1 to
4 carbon atoms; a substituted alkyl group which has
from 1 to 4 carbon atoms and which has at least one
substituent selected from the group consisting of
substituents (&i), defined below; or a group of

formula -C(=NH)R5, wherein R5 represents a

hydrogen atom or an alkyl group having from 1 to 4
carbon atoms;

substituents (aéji

hydroky groups, carboxy groups, carbamoyl
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groups, cyano groups, sulfamoyl groups, sulfo
groups, halogen atoms, and groups of formula
—NRa’Rb', where Ra' and Rb' are

independently selected from the group consisting of

hydrogen atoms and alkyl groups having from 1 to 3
carbon atoms.

(B) R2 represents a hydrogen atom or an alkyl group
having from 1 to 4 carbon atoms.

(C) R2 and Q, together with the nitrogen atom to

which they are attached represent a group of formula
(II), as defined above, wherein:

m and n are each 1, 2 or 3;

R6 represents an alkyl group having from 1 to 4

carbon atoms or a substituted alkyl group which has
from 1 to 4 carbon atoms and which has at least one
substituent selected from the group consisting of
substituents (ai), defined in (A) above; and

R’ represents: an alkenyl group having 3 or 4

carbon atoms; an alkynyl group having 3 or 4 carbon
atoms; an alkyl group having from 1 to 4 carbon
atoms; or a substituted alkyl group which has from 1
to 4 carbon atoms and which has at least one
substituent selected from the group consisting of
substituents (bi), defined below;

and the carbcn atoms of said group of formula (II)
are unsubstituted or they are substituted by at
least one substituent selected from the group

consisting of alkyl groups having from 1 to 4 carbon
atoms and oxygen atoms;
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substituents Lb%li

hydroxy groups; carboxy groups; groups of
formula -NRaRb, where R® and Rb are as
defined above; groups of formula -CONRc'Rd' or

—OCONRC'Rd', where Rc’ and Rd are

independently selected from the group consisting of
hydrogen atoms, alkyl groups having from 1 to 3
carbon atoms and substituted alkyl groups which have
from 1 to 3 carbon atoms and which have at least one
substituent selected from the group consisting of
substituents (di) defined below, and R®" and

rRY" are independently selected from the group
consisting of hydrogen atoms and alkyl groups having
from 1 to 3 carbon atoms; cyano groups; sulfamoyl
groups; ureido groups; sulfo groups; halogen atoms;
alkoxy groups having from 1 to 3 carbon atoms;
alkoxycarbonyl groups having from 2 to 4 carbon
atoms; alkanoyl groups having from 1 to 3 carbon
atoms; alkanoylamino groups having from 1 to 3
carbon atoms; alkanoyloxy groups having from 1 to 3
carbon atoms; alkylthio groups having from 1 to 3
carbon atoms; alkylsulfinyl groups having from 1 to
3 carbon atoms and alkylsulfonyl groups having from
1l to 3 carbon atoms; and

substituents (diii

hydroxy groups; carboxy groups; carbamoyl
groups; and carbamoyloxy groups.

(D) Q represents a group of formula -B-N+R8R9Rlo,

wherein: R8, R” and Rlo are independently selected
from the group consisting of alkenyl groups having 3 or
4 carbon atoms, alkynyl groups having 3 or 4 carbon
atoms, alkyl groups having from 1 to 4 carbon atoms and

substituted alkyl groups which have from 1 to 4 carbon
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atoms and which have at least one substituent selected
from the group consisting of substituents (bi),
defined above; and B represents an alkylene or
alkylidene group having from 1 to 4 carbon atoms.

(E) Q represents a non-aromatic heterocyclic group
having from 4 to 10 ring atoms in a single or bridged

ring, one of said ring atoms being a quaternary nitrogen
atom of formula >N+R11R12

Rll and R12 are independently selected from the

group consisting of alkenyl groups having 3 or 4
carbon atoms; alkynyl groups having 3 or 4 carbon
atoms; alkyl groups having from 1 to 4 carbon atoms;
and substituted alkyl groups having from 1 to 4
carbon atoms and having at least one substituent

, wherein:

selected from the group consisting of substituents
(bl), defined above;

and 0, 1 or 2 of said ring atoms being selected from the

group consisting of nitrogen, oxygen and sulfur
hetero-atoms, the remainder being carbon atoms, said
heterocyclic group being otherwise unsubstituted or
having at least one substituent selected from the group
consisting of substituents (ci), defined below;

substituents (c%li

hydroxy groups, carbamoyl groups, alkyl groups
having from 1 to 3 cerbon atoms and halogen atoms.

(F) Q represents an alkyl group having from 1 to 4
carbon atoms and substituted by a non-aromatic
heterocyclic group having from 4 to 10 ring atoms in a
single or bridged ring, one of said ring atoms being a
quaternary nitrogen atom of formula >N+R11R12,
wherein:

R11 12

and R™“ are independently selected from the
group consisting of: alkenyl groups having 3 or 4
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carbon atoms; alkynyl groups having 3 or 4 carbon
atoms; alkyl groups having from 1 to 4 carbon atoms;
and substituted alkyl groups having from 1 to 4
carbon atoms and having at least one substituent
se;ected from the group consisting of substituents
(bl), defined above;

and 0, 1 or 2 of said ring atoms being selected from the
group consisting of nitrogen, oxygen and sulfur
hetero-atoms, the remainder being carbon atoms, said
heterocyclic group being otherwise unsubstitut~=d or
having at least one substituent selected from the group
consisting of substituents (ci), defined above.

(G) Q represents an alkyl group having from 1 to 4
carbon atoms and substituted by an aromatic heterocyclic
group having from 5 to 7 ring atoms, one of said ring

atoms being a quaternary nitrogen atom of formula

N+_Rll

wherein R11 represents: an alkenyl group having 3

or 4 carbon atoms; an alkynyl group having 3 or 4
carbon atoms; an alkyl group having from 1 to 4
carbon atoms; or a substituted alkyl group having
from 1 to 4 carbon atoms and having at least one

substituent selected from the group consisting of

substituents (bl), defined al.ove;

and 0, 1 or 2 of said ring atoms being selected from the

group consisting cf nitrogen, oxygen and sulfux
hetero-atoms, the remainder being carbon atoms, said
heterocyclic group being otherwise unsubstituted or
having at least one substituent selected from the group
consisting of substituents (ci), defined above.

Particularly preferred among these are those

compounds in which A is as defined in (A) above and

either R2 and Q are as defined in (C) above or R2 is

as defined in {B) above and Q is as defined in one of
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(D), (E), (F) or (G) above.

More preferred compounds of the present invention

are those compounds of formula (I) and salts and esters
thereof, wherein:

(H) A represents a fully saturated heterocyclic group
having from 4 to 6 ring atoms, of which one is a
nitrogen atom and the remainder are carbon atoms, said
nitrcgen atom having on its remaining valence a group or
atom R4, wherein:
R"™ represents: a hydrogen atom; an alkyl group
having from 1 to 4 carbon atoms; a substituted alkyl
group which has from 1 to 4 carbon atoms and which
has at least one substituent selected from the group
conéisting of substituents (aii), defined below;
or a group of formula -C(=NH)R5, wherein R5

represents a hydrogen atom or an alkyl group having
from 1 to 4 carbon atoms;

substituents (aiiii

PR hydroxy groups, carbexy groups, carbamoyl
E’f:v groups, cyano groups, halogen atoms, and groups of
00690 formula -NRa'Rb', where Ra’ and Rb’ are

::. ) independently selected from the group consisting of

hydrogen atoms and alkyl groups having from 1 to

3
carbon atoms.

b (I) Rz and Q, together with the nitrogen atom to

which they are attached represent a group of formula
(II), as defined above, wherein:

m and n are each 1, 2 or 3;

RS R6 represents an alkyl group having from 1 to 4

. carbon atnms or a substituted alkyl group which has
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from 1 to 4 carbon atoms and which has at least one
substituent selected from the group consisting of
substituents (alii), defined below; and

R’ represents: an alkyl group having from 1 to 3
carbon atoms; or a substituted alkyl group which has
from 1 to 3 carbon atoms and which has at least one
substituent selected from the group consisting of
substituents (bii), defined below;

and the carbon atoms of said group of formula (II)
are unsubstituted or they are substituted by at
least one substituent selected from the group

consisting of alkyl groups having from 1 to 4 carbon
atoms and oxygen atoms;

substituents (a*iiii

hydroxy groups, carboxy groups, carbamoyl
groups, halogen atoms, and amino groups;

substituents (bi%li

.S hydroxy groups; carboxy groups; groups of

" b " a " "

. formula -NRZ? R ;, where R and Rb are

independently selected from the group consisting of
hydrogen atoms and alkyl groups having from 1 to 3

carbon atoms; groups of formula -CONRa"Rb" or
. —OCONRa"Rb", where Ra" and Rb" are as
.i::: defined above; cyano groups; sulfamoyl groups;
T ureido groups; sulfo groups; halogen atoms; alkoxy
e ve groups having from 1 to 3 carbon atoms; alkoxy-

carbonyl groups having from 2 to 4 carbon atoms;
alkanoyl groups having 2 or 3 carbon atoms;

. oe alkanoylamino groups having 2 or 3 carbon atoms;
'J.;. alkanoyloxy groups having 2 or 3 carbon atoms;
e alkylthio groups having from 1 to 3 carbon atoms;
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alkylsulfinyl groups having from 1 to 3 carbon atoms

and alkylsulfonyl groups having from 1 to 3 carbon
atoms.

(J) R” represents a hydrogen atom; and

Q represents a group of formula -B-N+R8R9R10,

wherein: R7, R9 and Rlo are independently selected

from the group consisting of alkyl groups having from 1
to 3 carbon atoms and substituted alkyl groups which
have from 1 to 3 carbon atoms and which have at least

one substituent selected from the group consisting of

substituents (bll), defined above; and B represents an

alkylene or alkylidene group having from 1 to 3 carbon
atoms.

(K) Q represents a heterocyclic group having from 4 to
10 ring atoms in a single or bridged ring, one of said

ring atoms being a quaternary nitrogen atoum of formula
>N+R11R12, wherein:

rM and R12 are independently selected from the

group consisting of alkyl groups having from 1 to 3
carbon atoms and substituted alkyl groups having
from 1 to 3 carbon atoms and having at least one
substituent selected from the group consisting of
substituents (bii), defined above;
and having no other hetero-atoms or having one other
hetero-atom selected from the group consisting of
nitrogen, oxygen and sulfur hetero-atoms, the remainder
being carbon atoms, said heterocyclic group being
otherwise unsubstituted or having at least one
substituent selected from the group consisting of
substituents (cii), defined below;

substituents (ciéii

hydrdky groups, carbamoyl groups, halogen atoms
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and alkyl groups having from 1 to 3 carbon atoms;

of which we especially prefer those wherein Q represents
an azetidinio, pyrrolidinio, piperidinio, piperazinio,
homopiperazinio, quinuclidinio, morpholinio or
thiomorpholinio group, in which the quaternary nitrogen

atom is said group of formula >N+R11R12

, wherein
R11 and R12

are as defined above, said group being
unsubstituted on its carbon atoms or having at least one
substituent selected from the group consisting of
substituents (cii), defined above.

(L) Q represents an alkyl group having from 1 to 3
carbon atoms and substituted by a heterocyclic group
having from 4 to 10 ring atoms in a single or bridged

ring, one of said ring atoms being a quaternary nitrogen

atom of formula >N+R11R12, wherein:

R1l and R12 are independently selected from the

group consisting of alkyl groups having from 1 to 3
carbon atoms and substituted alkyl groups having
from 1 to 3 carbon atoms and having at least one
substituent selected from the group consisting of
substituents (bii), defined above;

and having no other hetero-atoms or having one other
hetero-atom selected from the group consisting of
nitrogen, oxygen and sulfur hetero-atoms, the remainder
being carbon atoms, said heterocyclic group being
otherwise unsubstituted or having at least one
s.ostituent selected from the group consisting of
substituents (cii), defined above;

of which we especially prefer those wherein Q represeunts
a methyl, ethyl or propyl group substituted by an
azetidinio, pyrrolidinio, piperidinio, piperazinio,
homopiperazinio, quinuclidinio, morpholinio or
thiomorpholinio group, in which the quaternary nitrogen

atom is said group of formula >NTR'RY?, wherein
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Rll and R12 are as defined above, said group being

unsubstituted on its carbon atoms or having at least one
substituent selected from the group consisting of
substituents (cii), defined above.

(M) Q represents an alkyl group having from 1 to 3
carbon atoms and substituted by an aromatic heterocyclic
group having 5 or 6 ring atoms, of which one is a
quaternary nitrogen atom of formula

\N+_Rll
/

represents an alkyl group having from

1 to 3 carbon atoms or a substituted alkyl group
having from 1 to 3 carbon atoms and having at least
one substituent selected from the group consisting
of'substituents (bii), defined above;

wherein Rll

and having no other hetero-atoms or having one or two
other hetero-atoms selected from the group consisting of
nitrogen, oxygen and sulfur hetero-atoms, the remainder
being carbon atoms, said heterocyclic group being
otherwise unsubstituted or having at least one
substituent selected from the group consisting of
substituents (cii), defined above;

of which we especially prefer those wherein Q represents
a methyl, ethyl or propyl group substituted by an
imidazolio, thiazolio, thiadiazolio, pyrazolio,
oxazolio, isoxazolio, triazolio, pyridinio, pyrazinio,
pyrimidinio or pyridazinio group, in which the
quaternary nitrogen atom is said group of formula

\N+_Rll

wherein R11 is as defined above, said group being

unsubstituted on its carbon atoms or having at least
one substituent selected from the group consisting
of methyl, ethyl and propyl substituents.
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Still more preferred compounds of the invention are

those compounds of formula (I) and salts and esters
thereof, wherein:

(N) A represents a fully saturated heterocyclic group
having 5 ring atoms, of which one is a nitrxogen atom and
the remainder are carbon atoms, said nitrogen atom

having on its remaining valence a group or atom R4

14
wherein:

R® represents: a hydrogen atom; a methyl group; an
ethyl group; or a substituted methyl or ethyl group
which has at least one substituent selected from the

group consisting of hydroxy groups, carbamoyl groups
and halogen atoms.

(0) R2 and Q, together with the nitrogen atom to

which they are attached represent a group of formula
(IT), as defined above, wherein:

m and n are each 2 or 3;

R~ represents an alkyl group having from 1 to 4
carbon atoms or a substituted alkyl group which has
from 1 to 4 carbon atoms and which has at least one
substituent selected from the group consisting of
hydrexy groups, carboxy groups, carbamoyl groups,
cyano groups, halogen atoms &and amino groups; and

R’ represents: an alkyl group having from 1 to 3
carbon atoms; or a substituted alkyl group which has
from 1 to 3 carbon atoms and which has at least one
substituent selected from the group consisting of
substituents (biii), defined below;

and the carbon atoms of said group of formula (II)
are unsubstituted or they are substituted by at
least one substituent selected from the group
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consisting of alkyl groups having from 1 to 4 carbon
atoms and oxygen atoms;

substituents (bii%li

hydroxy groups; carboxy groups; groups of
formula -NReRf, where R and Rf are
independently selected from the group consisting of
hydrogen atoms, methyl groups and ethyl groups;
groups of formula -CONRth, where RY and Rh
are independently selected from the group consisting
of hydrogen atoms, alkyl groups having from 1 to 3
carbon atoms and substituted alkyl groups having
from 1 to 3 carbon atoms and having at least one
substituent selected from the group consisting of
hydroxy, carboxy, carbamoyl and carbamoyloxy groups;
groups of formula -OCONRiRj, where Ri and Rj
are independently selected from the group consisting
of hydrogen atoms and alkyl groups having from 1 to
3 carbon atoms; cyano groups; sulfamoyl groups;
ureido groups; sulfo groups; halogen atoms; alkoxy
groups having from 1 to 3 carbon atoms;
alkoxycarbonyl groups having from 2 to 4 carbon
atoms; alkanoyl groups having 2 or 3 carbon atoms;
alkanoylamino groups having 2 or 3 carbon atoms;
alkancyloxy groups having 2 or 3 carbon atoms;
alkylthio groups having from 1 to 3 carbon atoms;
alkylsulfinyl groups having from 1 to 3 carbon atoms
and alkylsulfonyl groups having from 1 to 3 carbon
atoms, still more preferably wherein said
substituents (biii) are selected from the group
consisting of hydroxy groups; carboxy groups; groups
of formula -NReRf, where R® and Rf are
independently selected from the group consisting of
hydrogen atoms, methyl groups and ethyl groups;
groups of formula -CONRth, where RY and Rh
are independently selected from the group consisting
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of hydrogen atoms, alkyl groups having from 1 to 3
carbon atoms and substituted alkyl groups having
from 1 to 3 carbon atoms and having at least one
substituent selected from the group consisting of
hydroxy, carboxy and carbamoyl groups; groups of
formula -OCONRiRj, where Ri and Rj are
independently selected from the grcup consisting of
hydrogen atoms and alkyl groups having from 1 to 3
carbon atoms; cyano groups; sulfamoyl groups; ureido
groups; sulfo groups; halogen atoms; alkoxy groups
having from 1 to 3 carbon atoms; alkoxycarbonyl
groups having from 2 to 4 carbon atoms; alkanoyl
groups having 2 or 3 carbon atoms; alkanoylamino
groups having 2 or 3 carbon atoms; alkanoyloxy
groups having 2 or 3 carbon atoms; alkylthio groups
having from 1 to 3 carbon atoms; alkylsulfinyl
groups having from 1 to 3 carbon atoms and

alkylsulfonyl groups having from 1 to 3 carbon atoms.

The most preferred compounds of the present
invention are those compounds of formula (I) and salts
and esters thereof, wherein A is as defined in (N) above

and R? and Q are as defined in (O) above.

Specific examples of compounds of the present
invention are given by the following formulae (I-1) to
(I-6), in which the meaning of the substituent groups
shown in the formulae are given in the corresponding one
of the following Tables 1 to 6, i.e. Table 1 relates to
formula (I-1), Table 2 relates to formula (I-2) and so
on. In Table 6, the dash "-" means a direct bond in
place of "(A)". 1In the Tables, certain abbreviations
are used, which have the following meanings:

Ac acetyl
All allyl

Azt B azetidinyl l-cation



Bu
Car
Et
Etc
Imid+
Me
Mec
Mor+
Pip+
Pr
Prg
Pym"
Pyr "
Pyrd+
Pyzn+
onu”
Sam
Sfo
Thdz "
Thiz+
Ur
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butyl

carbamoyl

ethyl

ethoxycarbonyl
imidazolyl 3-cation
methyl
methoxycarbonyl
morpholino 4-cation
piperidyl 1l-~-cation
propyl

propargyl (= 2-propynyl)
pyrimidinyl l-cation
pyridyl l-cation
pyrrolidinyl l-cation
pyridazinyl l-cation
quinuclidinyl l-cation
sulfamoyl

sulfo

1,2,4-thiadiazolyl 4-cation

thiazolyl 3-cation
ureido
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Table 1
Cpd.

No. R1 R4 R6 R7 m n
1-1 H H Me Me 2 2
1-2 H H Me Me 2 3
1-3 H H MecCH2 Me 2 2
1-4 H H 2-HOEt Me 2 2
1-5 H H CarCH2 Me 2 2
1-6 H H NCCH2 Me 2 2
1-7 H H HOOCCH2 Me 2 2
1-8 H H 2-NH2Et Me 2 2
1-9 H H 2-CarQEt Me 2 2
1-10 H H 3-HOPr Me 2 2
1-11 H H AcCH2 Me 2 2
1-12 H H 2-MeQEt Me 2 2
1-13 H H 2-SfoEt Me 2 2
1-14 H H MeSCH2 Me 2 2
1-15 H H MeS(O)CH2 Me 2 2
1-16 H H MeS(OZ)CH2 Me 2 2
1-17 H Me Me Me 2 2
1-18 H Et Me Me 2 2
1-19 H CarCH Me Me 2 2
1-20 H 2-HOEt Me Me 2 2
1-21 H 2-FEt Me Me 2 2
1-22 H HOOCCH Me Me 2 2
1-23 H NCCH2 Me Me 2 2
1-24 H H Et Me 2 2
1-25 H H 2-FEt Me 2 2
1-26 H H Et Et 2 2
1-27 H H Me 2-HOEt 2 3
1-26 H H Me CarCH 2 3
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Table 1 (cont)

Cpd.

No. R R4 R6 R7 m n
1-29 H H Me HOOCCH2 2 3
1-30 H H Me 2-FEt 2 3
1-31 H H Me 2-NH2Et 2 3
1-32 H Me Me Me 2 2
1-33 H Et Me Me 2 3
1-34 H 2-HOEt Me Me 2 3
1-35 H 2-FEt Me Me 2 3
1-36 H HOOCCH2 Me k 2 3
1-37 H CarCH2 Me Me 2 3
1-38 H N_CCH2 Me Me 2 3
1-39 H H Me 2-SfoEt 2 3
1-40 H H Me 2-SamEt 2 2
1-41 H H Me 2-CarOEt 2 3
1-42 H H Me 2-SamEt 2 3
1-43 H H Me All 2 2
1-44 H H Me Prg 2 2
1-45 H H Me (MeCar)CH, 2 2
1-45 H CH,C(:NH)- Me Me 2 2
1-47 H NH:CH- Me Me 2 2
1-48 H All Me Me 2 2
1-49 H Prg Me Me 2 2
1-50 H H Me 2-CarEkt 2 2
1-51 H H Me 2-UrEt 2 2
1-52 H H Me 3-HOBu 2 2
1-53 H CH,C(:NH)- Me Me 2 3
1-54 H H Me 2-CarEt 2 3
1-55 H NH:CH- Me Me 2 3
1-56 H H Pr 2-CarOEt 2 3
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Table 1 (cont)

Cpd.

No. R R RS R’ m n
1-57 H H Me All 2 3
1-58 H H Me: 2-(MeCar)Et 2 3
1-59 H H Me EtcCH, 2 2
1-60 H H Me 2-(AcNH)Et 2 2
1-61 H H Me 2-(AcO)Et 2 2
1-62 H H Me (diMeCar)CH2 2 2
1-63 H H Me (2-HOEtCar)CH, 2 2
1-64 H H Me (HOOCCH,Car)CH 2 2
1-65 H H Me (CarCH,Car)CH, 2 2
1-66 H H Me 2-HOOCEt 2 2
1-67 H H Me (2-CarOEt)CarCH 2 2
1-68 H H Me 2-HOPr 2 2
1-69 H H Me 2-(diMeCarO)Et 2 2
1-70 H H Me 2,3-diHOPr 2 2
1-71 H H Me 3-SfoPr 2 2
1-72 H H Me NCCH,, 2 3
1-73 H H Me (MeCar)CH, 2 3
1-74 H H Me (diMeCar)CH, 2 3
1-75 H H Me (2-HOEtCar)CH, 2 3
1-76 H H Me AcCH, 2 3
1-77 H H Me 2-HOPr 2 3
1-78 H H 2-HOEt 2-HOEt 2 3
1-79 H H Me (HOOCCH,Car)CH, 2 3
1-80 H H Me 2-HOOCEt 2 3
1-31 H H Et 2-HOEt 2 2
1-82 H H Et 2~-CarOEt 2 2
1-83 H H Et CarCH, 2 2
1-84 H H Et HOOCCH, 2 2
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Table 1 (cont)

Cpd.

No. R r? R® R m n
1-85 H H Et 2-HOEt 2 3
1-86 H H Et 2-CarQEt 2 3
1-87 H H Et CarCH2 2 3
1-88 H H Et HOOCCH2 2 3
1-89 H H Me 2-FEt 2 3
1-90 H H CarCH2 CarCH2 2 2
1-91 H H 2-HOEt HOOCC’d2 2 2
1-92 H H 2-HOEt CarCH2 2 2
1-93 ' H H 2-CarQEt 2-HOEt 2 2
1-94 H H 2-HOEt 2-HOEt 2 3
1-95 H H 2-CarOEt 2-HOEt 2 3
1-96 H H HOOCCH2 2-HOEt 2 3
1-97 H H 2-HOEt CarCH2 2 3
1-98 H H MecCH2 Me 2 3
1-99 H H Et.cCH2 Me 2 3
1-100 H H Etc_CH2 Me 2 2
1-101 H H 2-MeQEt Me 2 K
1-102 H H 2-AcOEt Me 2 3
1-103 H 3-SfoPr Me Me 2 2
1-104 H SamCH, Me Me 2 2
1-105 H 2-NH2Et Me Me 2 2
1-106 H H 2-HOEt 2-NH2Et 2 2
1-107 H 2-(MeNH)Et Me Me 2 2
1-108 H 2-(diMeN)Et Me Me 2 2
1-109 H H 2-(MeNH)Et Me 2 2
1-110 H H 2-{diMeN)Et Me 2 2
1-111 H H 2-(MeNH)Et Me 2 3
1-112 H H 2-(diMeN)Et #Me 2 3



L]
sec0 e
[ [

9000
e L]
L X J

>
ses0ae
L] L]

- 48 -

Table 1 (cont)

Cpd.

No. R1 R4 R6 R7 m n
1-113 Me H Me Me 2 2
1-114 Me H Me Me 2 3
1-115 Me H MecCH2 Me 2 2
1-116 Me H 2-HOEt Me 2 2
1-117 Me H CarCH2 Me 2 2
1-118 Me H NCCH2 Me 2 2
1-119 Me H HOOCCH2 Me 2 2
1-120 Me H 2-NH2Et Me 2 2
1-121 Me H 2-CarOEt Me 2 2
1-122 Me H 3-HOPr Me 2 2
1-123 Me H AcCH, Me 2 2
1-124 Me H 2-MeOEt Me 2 2
1-125 Me H 2-SfoEt Me 2 2
1-126 Me H MeSCH2 Me 2 2
1-127 Me H MeS(O)CH2 Me 2 2
1-128 Me H MeS(Oz)CH2 Me 2 2
1-129 Me Me Me Me 2 2
1-130 Me Et Me Me 2 2
1-131 Me CarCH2 Me Me 2 2
1-132 Me 2-HOEt Me Me 2 2
1-133 Me 2-FEt Me Me 2 2
1-134 Me HOOCCH2 Me Me 2 2
1-135 Me NCCH2 Me Me 2 2
1-136 Me H Et Me 2 2
1-137 Me H 2-FEt Me 2 2
1-138 Me H Et Et 2 2
1-139 Me H Me 2-HOEt 2 3
1-140 Me H Me CarCH 2 3

2
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Table 1 (cont)

Cpd.

No. RrRY R} r® R’ m n
1-141 Me H Me HOOCCH2 2 3
1-142 Me H Me 2-FEt 2 3
1-143 Me H Me 2-NH2Et 2 3
1-144 Me Me Me Me 2 2
1-145 Me Et Me Me 2 3
1-146 Me 2-HOEt Me Me 2 3
1-147 Me 2-FEt Me Me 2 3
1-148 Me HOOCCH, Me Me 2 3
1-149 Me  CarCH, Me Me 2 3
1-150 Me  NCCH, Me Me 2 3
1-151 Me H Me 2-SfoEt 2 3
1-152 Me H Me 2-SamEt 2 2
1-153 Me H Me 2-CarOEt 2 3
1-154 Me H Me 2-SamEt 2 3
1-155 Me H Me All 2 2
1-156 Me H Me Prg 2 2
1-157 Me H Me (MeCar)CH, 2 2
1-158 Me CH3C(:NH)— Me Me 2 2
1-159 Me NH:CH- Me Me 2 2
1-160 Me All Me Me 2 2
1-161 Me Prg Me Me 2 2
1-162 Me H Me 2-CarEt 2 2
1-163 Me H Me 2-UrEt 2 2
1-164 Me H Me 3-HOBu 2 2
1-165 Me  CHC(:NH)- Me Me 2 3
1-166 Me H Me 2-CarEt 2 3
1-167 Me NH:CH- Me Me 2 3
1-168 Me H Pr 2-CarOEt 2 3
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Table 1 (cont)

Cpd.

No. Rl R R6 R7 m n
1-169 Me H Me All 2 3
1-170 Me H Me 2-(MeCar)Et 2 3
1-171 Me H Me EtcCH2 2 2
1-172 Me H Me 2-(AcCNH)Et 2 2
1-173 Me H Me 2-(AcO)Et 2 2
1-174 Me H Me (diMeCar)CH2 2 2
1-175 Me H Me (2-H0EtCar)CH2 2 2
1-176 Me H Me (HOOCCH2Car)CH2 2 2
1-177 Me H Me (CarCH,Car)CH, 2 2
1-178 Me H Me 2-HOOCEt 2 2
1-179 Me H Me (2-CarOEt)CarCH, 2 2
1-180 Me H Me 2-HOPr 2 2
1-181 Me H Me 2-(diMeCarO)Et 2 2
1-182 Me H Me 2,3-diHOPr 2 2
1-183 Me H Me 3-SfoPr 2 2
1-184 Me H Me NCCH, 2 3
1-185 Me H Me (MeCar)CH, 2 3
1-186 Me H Me (diMeCar)CH, 2 3
1-187 Me H Me (2-HOEtCar)CH, 2 3
1-188 Me H Me AcCH,, 2 3
1-189 Me H Me 2-HOPr 2 3
1-190 Me H 2-HOEt 2-HOEt 2 3
1-191 Me & Me (HOOCCH,Car)CH, 2 3
1-192 Me H Me 2-HOOCEt 2 3
1-193 Me H Et 2-HOEt 2 2
1-194 Me H Et 2-CarOEt 2 2
1-195 Me ‘e Et CarCH2 2 2
1-196 Me H Et HOOCCH,, 2 2
1-197 Me Et 2-HOEt 2 3

o



Table 1 (cont)
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Cpd.

No. Rl R4 R6 R7 m n
1-198 Me H Et 2-CarOEt 2 3
1-199 Me H Et CarCH2 2 3
1-200 Me H Et HOOCCH2 2 3
1-201 Me H Me 2-FEt 2 3
1-202 Me H CarCH2 CarCH2 2 2
1-203 Me H 2-HOEt HOOCCH2 2 2
1-204 Me H 2-HOEt CarCH2 2 2
1-205 Me H 2-CarOEt 2-HOEt 2 2
1-206 Me H 2-HOEt 2-HOEt 2 3
1-207 Me H 2-CarOEt 2-HOEt 2 3
1-208 Me H HOOCCH2 2-HOEt 2 3
1-209 Me H 2-HOEt CarCH2 2 3
1-210 Me H MecCH2 Me 2 3
1-211 Me H EtcCH, Me 2 3
1-212 Me H EtcCH2 Me 2 2
1-213 Me H 2-MeOEt Me 2 3
1-214 Me H 2-AcOEt Me 2 3
1-215 Me 3-SfoPr Me Me 2 2
1-216 Me SamCH2 Me Me 2 2
1-217 Me 2-NH2Et Me Me 2 2
1-218 Me H 2-HOEt 2-NH2Et 2 2
1-219 Me 2-(MeNH)Et Me Me 2 2
1-220 Me 2-(diMeN)Et Me Me 2 2
1-221 Me H 2-(MeNH)Et Me 2 2
1-222 Me H 2~-(diMeN)Et Me 2 2
1-223 mMe H 2-(MeMNH)Et Me 2 3
1-224 Me H 2-(diMeN)Et Me 2 3
1-225 H H Me 3-SfoPr 2 3
1-226 Me H Me 3-SfoPr 2 3
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Table 2
Cpd.
No. R RZ R p z"
2-1 H H H 1 1-Me-4-Pyr'
2-2 H H H 1  1-Me-3-Pyr
2-3 H H H 1 1-Me-2-Pyr'
2-4 H H H 2 1,1-diMe-2-Pyrd"
2-5 H H H 0 1-Me-3-Qnu’
2-6 H H H 0 1,1-diMe-3-Pyrd"
2-7 H H H 0 1,1-diMe-4-Pip'
2-8  H H H 0 1,1-diMe-3-Pip"
2-9 H H H 1 1,1-diMe-2-Pyrd’
2-10 H H H 1  L-Et-1-Me-2-Pyrd"®
2-11 H Me H 0 1,l1-diMe-4-Pip"
2-12 H H H 1 1,1-diMe-3-Azt”
2-13 H H H 1 1,3-diMe-4-Imid"
2-14 H H H 2 3,4-diMe-5-Thiz'
2-15 H H H 1 3-Me-4-Thiz"
2-16 H H H 1  1-Me-3-Pyzn'
2-17 H H H 1 1-Me-4-Pym"
2-18 H H H 2 4-Me-3-Thdz'
2-19 H H H 1 4,4-diMe-2-Mor
2-20 H H H 1  1,1-diMe-4-Pip"
2-21 H H H 2 1,1-diMe-4-Pip’
2-22 H H H 2 1-Me-2-Pyr'
2-23 H H H 1 1,1-diMe-2-Pip"
2-24 H H H 0  1-(2-HOEt)-1-Me-3-Pyrd’
2-25 H H H 0 1-(2-CarEt)-1-Me-3-Pyrd"
2-26 H H H 0 1-(2-FEt)-l-Me-3-Pyrd’
2-27 H H H 0  1-(2-NCEt)-l-Me-3-Pyrd
2-28 H H H 0 1-(2-CarOEt)-1-Me-3-Pyrd"
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Table 2 (cont)

Cpd.

No. R' R R p 2"

2-29 H H H 0 1-(2-SfoEt)-1-Me-3-Pyrd"
2-30 H H H 0 1,1-diMe-4-HO-3-Pyrd'
2-31 H H H 0 1,1-diMe-4-F-3-Pyrd’
2-32 H H H 1 4-E:t-4-Me-2-Mor+

2-33 H H H 0 1,1-diMe-3-Azt’

2-34 H H H 0  1-(2-HOEt)-i-Me-3-Azt
2-35 H H H 0  1-(2-FEt)-l-Me-3-Azt
2-36 H H H 0  1-(CarCH,)-1-Me-3-Azt’
2-37 H H H 0 1-(2-CarEt)- ~1-Me-3-Azt”
2-38 H H H 0 l1-(2-CarOEt)-1-Me- 3-Azt
2-39 H H H 0  1-(HOOCCH,)-1-Me- 3-Azt
2-40 H H H 0 1-All-1-Me-3- Azt

2-41 H H H 0 1-Prg—1-Me-3-Azt

2-42 H H H 0 1-(2-MeOEt)-1-Me- 3-Azt+
2-43 H H H 0 1-(AcCH,)~-1-Me- 3-Azt"
2-44 H H H 0 1-(2-NH,Et)-1-Me-3-Azt’
2-45 H H H 0 1-(2-SfoEt)-1-Me-3-Azt®
2-46 H H H 0 1-(HOOCCH,)-1-Me-3- -Pyrd"
2-47  Me H H 1 1-Me-4- Pyr

2-48 Me H H 1 -Me-3-Pyr

2-49 Me H H 1 1-Me-2-Pyr"'

2-50 Me H H 2 1,1-diMe-2-Pyrd’

2-51 Me H H 0 1-Me-3-Qnu’

2-52 Me H H 0 1,1-diMe-3-Pyrd"

2-53 Me H H 0 1,l-diMe-4-Pip"

2-54 Me H H 0 1,1-diMe-3-Pip"

2-55 Me H H 1  1,1-diMe-2-Pyrd"

2-56 Me H H 1  1-Et-1-Me-2-Pyrd
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Table 2 (cont)

Cpd.

No. RY r* RrRY* p 2t

2-57 Me Me H 0 1,1-diMe-4-Pip"

2-58 Me H H 1 1,1-diMe-3-Azt’

2-59 Me H H 1 1,3-diMe-4-Imid"

2-60 Me H H 2 3,4-diMe-5-Thiz"

2-61 Me H H 1 3-Me-4-Thiz'

2-62 Me H H 1 1-Me-3-Pyzn

2-63 Me H H 1 1-Me-4-Pym~

2-64 Me H H 2 4-Me-3-Thdz"

2-65 Me H H 1 4,4-diMe-2-Mor

2-66 Me H H 1 1,l1-diMe-4-Pip"

2-67 Me H H 2 1,1-diMe-4-Pip’

2-68 Me H H 2 1-Me-2-Pyr'

2-69 Me H H 1 1,1-diMe-2-Pip’
. . 2-70 Me H q 0 1-(2-HOEt)-1-Me-3-Pyrd '
e 2-71 Me H H 0 1-(2-CarEt)-1-Me-3-Pyrd
vl 2-72 Me H H 0 1-(2-FEt)-l-Me-3-Pyrd
et 2-73 Me H H 0  1-(2-NCEt)-1-Me-3-Pyrd"
vovees 2-74 Me H H 0 l—(2-Car0Et)-l—Me—3—Pyrd+
. 2-75 Me H H 0 1-(2-SfoEt)-1-Me-3-Pyrd'
*oct 2-76 Me H H 0 1,l-diMe-4-HO-3-Pyrd’

2-77 Me H H 0 1,l-diMe-4-F-3-Pyrd’

2-78 Me H H 1 4,4-diMe-2-Mor"
ceeest 2-79 Me H H 0 1,1-diMe-3-Azt’
ey 2-80 Me H H 0  1-(2-HOEt)-1-Me-3-Azt’
.t 2-81 Me H H 0 1-(2-FEt)-1-Me-3-Azt
3.t 2-82 Me H H 0 1-(CarCH2)-1-Me-3-Azt++

2-83 Me H H 0 1-(2-CarEt)-1-Me-3-Azt

2-84 Me H H 0 1-(2-CarOEt)-1l-Me-3-Azt"

o 60
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Table 2 (cont)

Cpd.

No. R! R R p z¥

2-85 Me H H 0  1-(HOOCCH.)-1-Me-3-Azt"
2-86 Me H H 0 1-All-1-Me-3-Azt®

2-87 Me H H 0 1-Prg-l-Me-3-Azt

2-88 Me H H 0  1-(2-MeOEt)-l-Me-3-Azt™
2-89 Me H H 0  1-(AcCH,)-1-Me-3-Azt’
2-90 Me H H 0  1-(2-NH,Et)-1-Me-3-Azt®
2-91 Me H H 0 1-(2-SfoEt)-l-Me-3-Azt™
2-92 Me H H 0

1~ (HOOCCH., ) -1-Me~-3-Pyrd"
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Table 3

Cpd.

No. R! R? rY p R* RrRP RS

3-1 H H H 2 Me Me Me

3-2 H H H 2 Me Me 2-HOEt

3-3 H H H 3 Me Me Me

3-4 H H H 2 Me Me HOOCCH2

3-5 H H H 2 Me Me CarCH2

3-6 H H Me 2 Me Me Me

3-7 H H 2-HOEt 2 Me Me Me

3-8 H H HOOCCH2 2 Me Me Me

3-9 H H CaJ:CI-I2 2 Me Me Me

3-10 Me H H 2 Me Me Me

3-11 Me H H 2 Me Me 2-HOEt

3-12 Me H H 3 Me Me Me

3-13 Me H H 2 Me Me HOOCCH2
e 3-14 Me H H 2 Me Me CarCH2
"o tas 3-15 Me H Me 2 Me Me @ Me
':.‘.E 3-16 Me H 2-HOEt 2 Me Me Me
;' .‘:. 3-17 Me H HOOCCH, 2 Me Me Me
vecoas 3-18 Me H CarCH 2 Me Me Me

® o9
o s o N
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Table 4

Cpd.

No. R’ r3 R® rE r®

4-1 H H Me H Me

4-2 H Me H H Me

4-3 H Me H Me Me

4-4 H H Me H 2-HOEt
4-5 H H Me H 2-CarOEt
4-6 H H Me H HOO.CCH2
4-17 H H Me H CarCH2
4-8 H H Me H 2-MeOEt
4-9 Me H Me H Me

4-10 Me Me H H Me

4-11 Me Me H Me Me

4-12 Me H Me H 2-HOEt
4-13 Me H Me H 2-CarOQEt
4-14 Me H Me H HOOCCH2
4-15 Me H Me H CarCH2
4-16 Me H Me H 2-MeOEt
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Table 5
Cpd.
No. R R®
5-1 H Me
5-2 H 2-HOEt
5-3 H CarCH2
5-4 H 2-CarQEt
5-5 H HOOCCH2
5-6 Me Me
5-=7 Me 2-HOEt
5-8 Me CarCH2
5-9 Me 2-CarOEt
5-10 Me HOOCCH2
Table 6
Cpd.

No. R! (B) (B) n
6-1 H - -CHZ-NH- 2
6-2 H —CHZCHz- -CH2—NH- 2
6- H -CH,- -NH- 3
6- H - -CH2-NH- 3
6- Me - -CHZ-NH- 2

- Me -CH2CH2- -CH2-NH- 2

- Me -CH,- -NH- 3

- Me - -CH,-NH- 3
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Of the compounds listed above, the most preferred
ones are Compounds No.:

1-113. 2-[2-(4,4-Dimethyl-l-piperaziniocarbonyl)-
pyrrolidin-4-ylthio]-6~(1l-hydroxyethyl)-1l-methyl-1-
carbapen-2-em-3-carboxylate, especially the (1R,5S,6S)-
2-[(25,45)-2-(4,4-dimethyl-l~-piperaziniocaxbonyl)-
pyrreclidin-4-ylthio]-6~[ (1R)-1-hydroxyethyl]-l-methyl-1-
carbapen-2-em-3-carboxylate isomer, and its fluoro-
sulfonate, hemisulfate and hydrochloride;

1-114. 2-[{2-(4,4~Dimethyl-l-homopiperaziniocarbonyl)-
pyrrolidin-4-ylthioj-6-(1-hydroxyethyl)-1l-methyl-1-
carbapen-2~-em-3-carboxylate, especially the (1R,5S,6S)-
2-0(28,4S)~-2~(4,4-dimethyl-1-homopiperaziniocarbonyl)-
pyrrolidin-4-ylthio]-6-[ (1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>