
- (4- (2-DIHYDROISOXAZOL-3-YLPYRIDIN-5-YL) PHENYL)
-5-TRIAZOL-I-YLMETHYLOXAZOLIDIN- -ONE DERIVATIVES AS
MAO INHIBITORS FOR THE TREATMENT OF BACTERIAL
INFECTIONS The present invention relates to antibiotic
compounds and in particular to antibiotic compounds
containing substituted oxazolidinone and isoxazoline
rings. This invention 5 further relates to processes
for their preparation, to intermediates useful in
their preparation, to their use as therapeutic agents
and to pharmaceutical compositions containing them.
The international microbiological community continues
to express serious concern that the evolution of
antibiotic resistance could result in strains against
which currently available antibacterial agents will be
ineffective. In general, bacterial pathogens may be 10
classified as either Gram-positive or Gram-negative
pathogens. Antibiotic compounds with effective
activity against both Gram-positive and Gram-negative
pathogens are generally regarded as having a broad
spectrum of activity. The compounds of the present
invention are regarded as effective against both
Gram-positive and certain Gram-negative pathogens.
Gram-positive pathogens, for example Staphylococci,
Enterococci, Streptococci and 15 mycobacteria, are
particularly important because of the development of
resistant strains which are both difficult to treat
and difficult to eradicate from the hospital
environment once established. Examples of such strains
are methicillin resistant staphylococcus (MRSA),
methicillin resistant coagulase negative staphylococci
(MRCNS), penicillin resistant Streptococcus pneumoniae
and multiply resistant Enterococcus faecium. 0 The
major clinically effective antibiotic for treatment of
such resistant Gram-positive pathogens is vancomycin.
Vancomycin is a glycopeptide and is associated with
various toxicities including nephrotoxicity.
Furthermore, and most importantly, antibacterial
resistance to vancomycin and other glycopeptides is
also appearing. This resistance is increasing at a
steady rate rendering these agents less and less
effective in the treatment of 5 Gram-positive
pathogens. There is also now increasing resistance
appearing towards agents such as b-lactams, quinolones
and macrolides used for the treatment of upper
respiratory tract infections, also caused by certain
Gram negative strains including H.influenzae and
M.catarrhalis. Certain antibacterial compounds
containing an oxazolidinone ring have been described 0
in the art (for example, Walter A. Gregory et al in
J.Med.Chem. 1990, 33, 2569-2578 and 1989, 32(8),
1673-81; Chung-Ho Park et al in J.Med.Chem. 1992, 35,
1156-1165). Bacterial resistance to known
antibacterial agents may develop, for example, by (i)
the evolution of active binding sites in the bacteria
rendering a previously active pharmacophore less
effectiveor redundant, and/or (ii) the evolution of
means to chemically deactivate a given pharmacophore,
and/or (iii) the evolution of efflux pathways.
Therefore, there remains an ongoing need to find new
antibacterial agents with a favourable pharmacological
profile, in particular for compounds containing new
pharmacophores. Our application WO 03/022824 describes
a class of bi-aryl antibiotic compounds containing two
substituted oxazolidinone and/or isoxazoline rings
which has useful activity against Gram-positive
pathogens including MRSA and MRCNS and, in particular,
against various strains exhibiting resistance to
vancomycin and/or linezolid and/or against E. faecium
strains resistant to both aminoglycosides and
clinically used b-lactams, but also to fastidious Gram
negative strains such as H.influenzae, M.catarrhalis,
mycoplasma spp. and chlamydial strains. These
compounds thus contain two groups capable of acting as
pharmacophores, which may independently bind at
pharmacophore binding sites, or alternatively one of
the groups may bind at a pharmacophore binding site
whilst the other group fulfills a different role in
the mechanism of action. In that patent application,
the oxazolidinone and isoxazoline rings each bear a
substituent in the 5-position selected from those
substituents generally recognised in the art to be
suitable for such antibacterial agents, for example
methylacetamides (see for example, WO 93/09103),
methylamino-linked heterocycles (see for example WO
00/21960) and heterocyclylmethyl groups (see for
example WO 01/81350). Oxazolidinone containing
compounds which are mono amine oxidase (MAO)
inhibitors are also known (see for example GB
2028306A). Indeed inhibition of MAO is a potential
cause of unwanted side effects in oxazolidinone
antibacterial agents and thus it is generally
desirable that this property is minimised in any
potential antibacterial agent (see for example WO
03/072575). In particular, oxazolidinones with amine
and ether containing substituents in the 5-position of
the oxazolidinone ring have been described as having
potent MAO inhibitory activity (see for example, GB
2028306A; J. Pharm Pharmacol, 1983, 161- 165; J. Am.
Chem. Soc, 111, 8891-8895; and references therein). We
have now unexpectedly discovered that a class of
bi-aryl compounds containing one oxazolidinone and one
isoxazoline ring, bearing ether or substituted ether
sidechains on the isoxazoline and a triazole ring on
the oxazolidinone, possess acceptable levels of MAO
inhibition whilst having useful antibacterial
activity. Accordingly the present invention provides a
compound of the formula (I), or a
pharmaceutically-acceptable salt, or pro-drug
thereof,(I) wherein: R1 is selected from hydrogen,
halogen, cyano, methyl, cyanomethyl, fluoromethyl,
difluoromethyl, trifluoromethyl, methylthio, and
(2-4C)alkynyl; 1 R and R are independently selected
from hydrogen, fluoro, chloro and trifluoromethyl; R4
is selected from cyanomethyl, carboxymethyl,
-CH2C(O)NR5R6 and (2-4C)alkyl [substituted by 1 or 2
substituents independently selected from hydroxy, (1-
4C)alkoxy, (l-4C)alkoxy(l-4C)alkoxy,
hydroxy(2-4C)alkoxy, cyano, -OC(O)R5, carboxy,
-C(O)NR5R6, -S(O)2R5, -S(O)2NR5R6, -NR5R6 ,
-NHC(O)R5and -NHS(O)2R5]; R5 and R6 are independently
selected from hydrogen, methyl, cyclopropyl
(optionally substituted with methyl), carboxymethyl
and (2-4C)alkyl (optionally substituted by 1 or 2
substituents independently selected from amino,
(l-4C)alkylamino, di-(l-4C)alkylamino, carboxy,
(l-4C)alkoxy and hydroxy; wherein a (l-4C)alkylamino
or di-(l-4C)atkylamino group may optionally be
substitued on the (l-4C)alkyl chain with carboxy); or
R5 and R6 together with a nitrogen to which they are
attached form a 4, 5 or 6 membered, saturated
heterocyclyl ring, optionally containing 1 further
heteroatom (in addition to the linking N atom)
independently selected from O,N and S, wherein a -CH2-
group may optionally be replaced by a -C(O)- and
wherein a sulphur atom in the ring may optionally be
oxidised to a S(O) or S(O)2 group; which ring is
optionally substituted on an available carbon or
nitrogen atom (providing the nitrogen to which R5 and
R6 are attached is not thereby quaternised) by 1 or 2
(l-4C)alkyl groups. In another aspect, the invention
relates to compounds of formula (I) as hereinabove
defined or to a pharmaceutically acceptable salt. In
another aspect, the invention relates to compounds of
formula (I) as hereinabove defined or to a pro-drug
thereof. Suitable examples of pro-drugs of compounds
of formula (I) are in-vivo hydrolysable esters of
compounds of formula (I). Therefore in another aspect,
the 



invention relates to compounds of formula (I) as
hereinabove defined or to an in-vivo hydrolysable
ester thereof.In this specification the term 'alkyl'
includes straight chain and branched structures. For
example, (l-4C)alkyl includes propyl and isopropyl.
However, references to individual alkyl groups such as
"propyl" are specific for the straight chain version
only, and references to individual branched chain
alkyl groups such as "isopropyl" are specific for the
branched chain version only. A similar convention
applies to other radicals, for example halo(l-4C)alkyl
includes 1-bromoethyl and 2-bromoethyl. In this
specification, the terms 'alkenyl' and 'cycloalkenyl'
include all positional and geometrical isomers. Where
optional substituents are chosen from "0, 1, 2 or 3"
groups it is to be understood that this definition
includes all substituents being chosen from one of the
specified groups or the substituents being chosen from
two or more of the specified groups. An analogous
convention applies to substituents chose from "0, 1 or
2" groups and " 1 or 2" groups. It will be understood
that a 4, 5 or 6 membered, saturated heterocyclyl ring
containing 1 or 2 heteroatoms independently selected
from O, N and S (whether or not one of those
heteroatoms is a linking N atom), as defined in any
definition herein, does not contain any OO, O-S or S-S
bonds. Within this specification composite terms are
used to describe groups comprising more than one
functionality such as
(l-4C)alkoxy-(l-4C)alkoxy-(l-4C)alkyl. Such terms are
to be interpreted in accordance with the meaning which
is understood by a person skilled in the art for each
component part. For example
(l-4C)alkoxy-(l-4C)alkoxy-(l-4C)alkyl includes
methoxymethoxymethyl, ethoxymethoxypropyl and
propoxyethoxymethyl. It will be understood that where
a group is defined such that is optionally substituted
by more than one substituent, then substitution is
such that chemically stable compounds are formed. For
example, a trifluoromethyl group may be allowed but
not a trihydroxymethyl group. This convention is
applied wherever optional substituents are defined.
There follow particular and suitable values for
certain substituents and groups referred to in this
specification. These values may be used where
appropriate with any of the definitions and
embodiments disclosed hereinbefore, or hereinafter.
For the avoidance of doubt each stated species
represents a particular and independent aspect of this
invention. Examples of (l-4C)alkyl include methyl,
ethyl, propyl, isopropyl and t-butyl; examples of
(2-4C)alkyl include ethyl, propyl, isopropyl and
t-butyl; examples of (1- 6C)alkyl include methyl,
ethyl, propyl, isopropyl, t-butyl, pentyl and hexyl;
examples ofhydroxy(l-4C)alkyl include hydroxymethyl,
1-hydroxyethyl, 2-hydroxyethyl and 3-hydroxypropyl;
examples of hydroxy(2-4C)alkyl include 1-hydroxyethyl,
2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl,
1-hydroxyisopropyl and 2-hydroxyisopropyl; examples of
(l-4C)alkoxycarbonyl include methoxycarbonyl,
ethoxycarbonyl and propoxycarbonyl; examples of
(2-4C)alkenyl include allyl and vinyl; examples of
(2-4C)alkynyl include ethynyl and 2-propynyl; examples
of (l-4C)alkanoyl include formyl, acetyl and
propionyl; examples of (l-4C)alkoxy include methoxy,
ethoxy andpropoxy; examples of (l-6C)alkoxy and
(l-lOC)alkoxy include methoxy, ethoxy, propoxy and
pentoxy; examples of (1- 4C)alkylthio include
methylthio and ethylthio; examples of (l-4C)alkylamino
include methylamino, ethylamino and propylamino;
examples of di-((l-4C)alkyl)amino include
dimethylamino, N-ethyl-N-methylamino, diethylamino,
N-methyl-N-propylamino and dipropylamino; examples of
halo groups include fluoro, chloro and bromo; examples
of (l-4C)alkoxy-(l-4C)alkoxy and
(l-6C)alkoxy-(l-6C)alkoxy include methoxymethoxy,
2-methoxyethoxy, 2-ethoxyethoxy and 3-methoxypropoxy;
examples of (l-4C)alkanoylamino and
(l-6C)alkanoylamino include formamido, acetamido and
propionylamino; examples of (l-4C)alkylS(O)q- wherein
q is 0, 1 or 2 include methylthio, ethylthio,
methylsulfmyl, ethylsulfmyl, methylsulfonyl and
ethylsulfonyl; examples of hydroxy-(2-4C)alkoxy
include 2-hydroxyethoxy and 3-hydroxypropoxy; examples
of (l-6C)alkoxy-(l-6C)alkyl and
(l-4C)alkoxy(l-4C)alkyl include methoxymethyl,
ethoxymethyl and propoxyethyl; examples of
(l-4C)alkylcarbamoyl include methylcarbamoyl and
ethylcarbamoyl; examples of di((l-4C)alkyl)carbamoyl
include di(methyl)carbamoyl and di(ethyl)carbamoyl;
examples of halo groups include fluoro, chloro and
bromo; examples of halo(l-4C)alkyl include,
halomethyl, 1-haloethyl, 2-haloethyl, and
3-halopropyl; examples of dihalo(l-4C)alkyl include
difluoromethyl and dichloromethyl; examples of
trihalo(l-4C)alkyl include trifluoromethyl; examples
of amino(l-4C)alkyl include aminomethyl, 1-aminoethyl,
2-aminoethyl and 3-aminopropyl; examples of
cyano(l-4C)alkyl include cyanomethyl, 1-cyanoethyl,
2-cyanoethyl and 3-cyanopropyl; examples of
(l-4C)alkanoyloxy include acetoxy, propanoyloxy;
examples of (1- 6C)alkanoyloxy include acetoxy,
propanoyloxy and tert-butanoyloxy; examples of
(l-4C)alkylaminocarbonyl include methylaminocarbonyl
and ethylaminocarbonyl; examples of
di((l-4C)alkyl)aminocarbonyl include
dimethylaminocarbonyl and diethylaminocarbonyl.Where
optional substituents are listed such substitution is
preferably not geminal disubstitution unless stated
otherwise. If not stated elsewhere, suitable optional
substituents for a particular group are those as
stated for similar groups herein. Suitable
pharmaceutically-acceptable salts include acid
addition salts such as methanesulfonate, fumarate,
hydrochloride, citrate, maleate, tartrate and (less
preferably) hydrobromide. Also suitable are salts
formed with phosphoric and sulfuric acid. In another
aspect suitable salts are base salts such as an alkali
metal salt for example sodium, an alkaline earth metal
salt for example calcium or magnesium, an organic
amine salt for example triethylamine, morpholine,
N-methylpiperidine, N-ethylpiperidine, procaine,
dibenzylamine, N,N-dibenzylethylamine,
tris-(2-hydroxyethyl)amine, N-methyl d-glucamine and
amino acids such as lysine. There may be more than one
cation or anion depending on the number of charged
functions and the valency of the cations or anions. A
preferred pharmaceuticallyacceptable salt is the
sodium salt. However, to facilitate isolation of the
salt during preparation, salts which are less soluble
in the chosen solvent may be preferred whether
pharmaceutically-acceptable or not. The compounds of
the invention may be administered in the form of a
pro-drug which is broken down in the human or animal
body to give a compound of the invention. A prodrug
may be used to alter or improve the physical and/or
pharmacokinetic profile of the parent compound and can
be formed when the parent compound contains a suitable
group or substituent which can be derivatised to form
a prodrug. Examples of pro-drugs include invivo
hydrolysable esters of a compound of the invention or
a pharmaceutically-acceptable salt thereof. Further
examples of pro-drugs include in-vivo hydrolysable
amides of a compound of the invention or a
pharmaceutically-acceptable salt thereof. Various
forms of prodrugs are known in the art, for examples
see: a) Design of Prodrugs, edited by H. Bundgaard,
(Elsevier, 1985) and Methods in Enzymology, Vol. 42,
p. 309-396, edited by K. Widder, et al. (Academic
Press, 1985); 



b) A Textbook of Drug Design and Development, edited
by Krogsgaard-Larsen and H. Bundgaard, Chapter 5
"Design and Application of Prodrugs", by H. Bundgaard
p. 113-191 (1991); c) H. Bundgaard, Advanced Drug
Delivery Reviews, 8, 1-38 (1992); d) H. Bundgaard, et
al., Journal of Pharmaceutical Sciences, 77, 285
(1988); and e) N. Kakeya, et al, Chem Pharm Bull, 32,
692 (1984).Suitable pro-drugs for pyridine or triazole
derivatives include acyloxymethyl pyridinium or
triazolium salts eg halides; for example a pro-drug
such as: (Ref: T.Yamazaki et Conference on
Antimicrobial Agents and Chemotherapy, San Diego,
2002; Abstract F820). Suitable pro-drugs of hydroxyl
groups are acyl esters of acetal-carbonate esters of
formula RCOOC(R,R')OCO-, where R is (l-4C)alkyl and R'
is (l-4C)alkyl or H. Further suitable prodrugs are
carbonate and carabamate esters RCOO- and RNHCOO-. An
in-vivo hydrolysable ester of a compound of the
invention or a pharmaceuticallyacceptable salt thereof
containing a carboxy or hydroxy group is, for example,
a pharmaceutically-acceptable ester which is
hydrolysed in the human or animal body to produce the
parent alcohol. Suitable pharmaceutically-acceptable
esters for carboxy include (l-6C)alkoxymethyl esters
for example methoxymethyl, (l-6C)alkanoyloxymethyl
esters for example pivaloyloxymethyl, phthalidyl
esters, (3-8C)cycloalkoxycarbonyloxy(l-6C)alkyl esters
for example 1-cyclohexylcarbonyloxyethyl;
l,3-dioxolan-2-onylmethyl esters for example
5-methyl-l,3-dioxolan-2-ylmethyl; and
(l-6C)alkoxycarbonyloxyethyl esters for example
1-methoxycarbonyloxyethyl and may be formed at any
carboxy group in the compounds of this invention. An
in-vivo hydrolysable ester of a compound of the
invention or a pharmaceuticallyacceptable salt thereof
containing a hydroxy group or groups includes
inorganic esters such as phosphate esters (including
phosphoramidic cyclic esters) and a-acyloxyalkyl
ethers and related compounds which as a result of the
in-vivo hydrolysis of the ester breakdown to give the
parent hydroxy group/s. Examples of a-acyloxyalkyl
ethers include acetoxymethoxy and
2,2-dimethylpropionyloxymethoxy. A selection of
in-vivo hydrolysable ester forming groups for hydroxy
include (l-lOC)alkanoyl (for example (l-4C)alkanoyl),
benzoyl, phenylacetyl and substituted benzoyl and
phenylacetyl, (l-lOC)alkoxycarbonyl (to give alkyl
carbonate esters), di-(l-4C)alkylcarbamoyl and
N-(di-(l-4C)alkylaminoethyl)-N-(l-4C)alkylcarbamoyl
(to give carbamates), di-(l-4C)alkylaminoacetyl,
carboxy(2-5C)alkylcarbonyl and carboxyacetyl. Examples
of ring substituents on phenylacetyl and benzoyl
includechloromethyl or aminomethyl,
(l-4C)alkylaminomethyl and
di-((l-4C)alkyl)aminomethyl, and morpholino or
piperazino linked from a ring nitrogen atom via a
methylene linking group to the 3- or 4-position of the
benzoyl ring. Other interesting in-vivo hydrolysable
esters include, for example, RAC(O)O(l-6C)alkyl-CO-
(wherein RL is for example, optionally substituted
benzyloxy-(l-4C)alkyl, or optionally substituted
phenyl; suitable substituents on a phenyl group in
such esters include, for example,
4-(l-4C)piperazino-(l-4C)alkyl, piperazino-
(l-4C)alkyl and morpholino-(l-4C)alkyl. Further
suitable in-vivo hydrolysable esters are those formed
from amino acids. For examples, esters formed by
reaction of a hydroxy group of a compound with the
carboxylic acid of an amino acid. By the term "amino
acid" herein we mean any a- or other amino substituted
acid, naturally occurring or otherwise ie.
non-naturally occurring, and derivatives thereof such
as those formed by substitution (for example by
alkylation on the nitrogen of the amino group). The
use of either a natural or a non-natural amino acid
represent particular and independent aspects of the
invention. Examples of suitable a- amino acids and
derivatives thereof, are valine, leucine, iso-leucine,
N-methyl isoleucine, N-tert-butyl-isoleucine, lysine,
glycine, N-methylglycine, N,N-dimethyl glycine,
alanine, gluamine, asparagine, proline, and
phenylalanine. In one embodiment, preferred amino
acids are naturally occurring a-amino acids and
JV-alkylated derivatives thereof. The use of amino
acids having neutral and/or basic side chains
represent particular and independent aspects of the
invention. Suitable in-vivo hydrolysable esters of a
compound of the formula (I) are described as follows.
For example, a 1,2-diol may be cyclised to form a
cyclic ester of formula (PDl) or a pyrophosphate of
formula (PD2), and a 1,3-diol may be cyclised to form
a cyclic ester of the formula (PD3): (PDl) (PD2) (PD3)
Esters of compounds of formula (I) wherein the HO-
function/s in (PDl), (PD2) and (PD3) are protected by
(l-4C)alkyl, phenyl or benzyl are useful intermediates
for the preparation of such pro-drugs.Further in-vivo
hydrolysable esters include phosphoramidic esters, and
also compounds of invention in which any free hydroxy
group independently forms a phosphoryl (npd is 1) or
phosphiryl (npd is 0) ester of the formula (PD4) : (O)
ppd \ \ HO (PD4) For the avoidance of doubt, phosphono
is -P(O)(OH)2; (l-4C)alkoxy(hydroxy)- phosphoryl is a
mono-(l-4C)alkoxy derivative Of-O-P(O)(OH)2; and
di-(l-4C)alkoxyphosphoryl is a di-(l-4C)alkoxy
derivative of -0-P(O)(OH) 2. Useful intermediates for
the preparation of such esters include compounds
containing a group/s of formula (PD4) in which either
or both of the -OH groups in (PDl) is independently
protected by (l-4C)alkyl (such compounds also being
interesting compounds in their own right), phenyl or
phenyl-(l-4C)alkyl (such phenyl groups being
optionally substituted by 1 or 2 groups independently
selected from (l-4C)alkyl, nitro, halo and
(l-4C)alkoxy). Thus, prodrugs containing groups such
as (PDl), (PD2), (PD3) and (PD4) may be prepared by
reaction of a compound of invention containing
suitable hydroxy group/s with a suitably protected
phosphorylating agent (for example, containing a
chloro or dialkylamino leaving group), followed by
oxidation (if necessary) and deprotection. Other
suitable prodrugs include phosphonooxymethyl ethers
and their salts, for example a prodrug of R-OH such
as: When a compound of invention contains a number of
free hydroxy group, those groups not being converted
into a prodrug functionality may be protected (for
example, using a t-butyl-dimethylsilyl group), and
later deprotected. Also, enzymatic methods may be used
to selectively phosphorylate or dephosphorylate
alcohol functionalities. Examples of pro-drugs for an
amino group include in-vivo hydrolysable amides or a
pharmaceutically-acceptable salt thereof. Suitable
in-vivo hydrolysable groups include N* XU *"
carbomethoxy and N-acetyl. Such amides may formed by
reaction of an amino (or alkylamino) group with an
activated acyl derivative such as an activated ester
or an acid 



chloride, for example, (l-6C)alkanoylchlorides (such
as tBuCOCl or acetyl chloride), or substituted
derivatives thereof. A suitable value for an in-vivo
hydrolysable amide of a compound of the formula (I)
containing a carboxy group is, for example, a
iV-C1-6alkyl or iV,N-di-C 1-6alkyl amide such as
iV-methyl, -ethyl, -propyl, N,iV-dimethyl,
JV-ethyl-iV-methylor L N-diethyl amide. Further
suitable values for in-vivo hydrolysable amides of a
compound of the formula (I) containing an amine or
carboxy group are in-vivo hydrolysable amides formed
by reaction with amino-acids, as defined and described
herein for in-vivo hydrolysable esters. Where
pharmaceutically-acceptable salts of an in-vivo
hydrolysable ester or amide may be formed this is
achieved by conventional techniques. Thus, for
example, compounds containing a group of formula
(PDl), (PD2), (PD3)and/or (PD4) may ionise (partially
or fully) to form salts with an appropriate number of
counter-ions. Thus, by way of example, if an in-vivo
hydrolysable ester prodrug of a compound of invention
contains two (PD4) groups, there are four HO-P-
functionalities present in the overall molecule, each
of which may form an appropriate salt (i.e. the
overall molecule may form, for example, a mono-, di-,
tri- or tetrasodium salt). In one aspect, suitable
pro-drugs of the invention are in-vivo hydrolysable
esters such as (l-4C)alkyl esters; (l-4C)alkyl esters
substituted with (l-4C)alkoxy, (l-4C)alkoxy(l-
4C)alkoxy, carboxy, (l-4C)alkyl esters, amino,
(l-4C)alkylamino, di(l-4C)alkylamino, tri(l-
4C)alkylamino (thereby containing a quaternised
nitrogen atom), aminocarbonyl, carbamates, amides or
heterocyclyl groups (for example, an ester formed by
reaction of a hydroxy group in R4 or R5 with methoxy
acetic acid, methoxypropionic acid, adipic acid
momethylester, 4- dimethylaminobutanoic acid,
2-methylaminobutanoic acid, 5-amino pentanoic acid,
b-alanine, JV, -diethylalanine, valine, leucine,
iso-leucine, -methyl isoleucine,
JV-tert-butyl-isoleucine, lysine, glycine, iV,
~dimethyl glycine, alanine, sarcosine, glutamine,
asparagine, proline, phenylalanine, nicotinic acid,
nicotinic acid -iV-oxide, pyrimidine-carboxylic acid
(for example pyrimidine-5-carboxylic acid),
pyrazine-carboxylic acid (for example pyrazine-2-
carboxylic acid), or piperidine-4-carboxylic acid);
(3-6C)cycloalkyl esters (optionally substituted by a
(l-4C)alkoxycarbonyl, alkoxy or carboxy group);
carbonates (for example (1- 4C)alkylcarbonates and
such carbonates substituted by (l-4C)alkoxy or
di(l-4C)alkyl)amino); sulfates; phosphates and
phosphate esters; and carbamates (see for example
Example 10); andpharmaceutically acceptable salts
thereof. Further suitable pro-drugs are those formed
by reaction of a hydroxy group in R4 or R5 with
carbonates, particularly alkoxysubstituted alkyl
carbonates such as methoxypropylcarbonate. Further
suitable pro-drugs are esters formed by reaction of a
hydroxy group in R4 or R5 with methoxy acetic acid,
methoxypropionic acid, adipic acid momethylester, 4-
dimethylaminobutanoic acid, 2-methylaminobutanoic
acid, 5-amino pentanoic acid, b-alanine,
JV,N-diethylalanine, valine, leucine, iso-leucine,
-methyl isoleucine, iV-tert-butyl-isoleucine, lysine,
glycine, iV-dimethyl glycine, alanine, sarcosine,
glutamine, asparagine, proline, phenylalanine,
nicotinic acid, nicotinic acid -N-oxide,
pyrimidine-5-carboxylic acid, pyrazine-2-carboxylic
acid, or piperidine-4-carboxylic acid,
2-carboxy-cyclohexane-lcarboxylic acid; and
pharmaceutically acceptable salts thereof. Particular
compounds of the invention are in-vivo hydroly sable
esters formed from amino acids, and pharmaceutically
acceptable salts thereof. Further particular compounds
of the invention are in-vivo hydrolysable esters
formed from 4-dimethylaminobutanoic acid,
2-methylaminobutanoic acid, 5-amino pentanoic acid, b-
alanine, JV,iV-diethylalanme,valine, leucine,
iso-leucine, iV-methyl isoleucine,
N-tert-butylisoleucine, lysine, glycine, ,iV-dimethyl
glycine, alanine, sarcosine, glutamine, asparagine,
proline, phenylalanine; and pharmaceutically
acceptable salts thereof. Further particular compounds
of the invention are in-vivo hydrolysable esters
formed from valine, leucine, iso-leucine, iV-methyl
isoleucine, N-tert-butyl-isoleucine, lysine, glycine,
,TV-dimethyl glycine, alanine, sarcosine, glutamine,
asparagine, proline and phenylalanine; and
pharmaceutically acceptable salts thereof. Further
suitable in-vivo hydrolysable esters are compounds of
the formula (I) as hereinbefore described, wherein R4
is -CH 2C(O)OR5 or (2-4C)alkyl substituted with
-C(O)OR 5 for R5 not = H). The compounds of the
present invention have a chiral centre at the C-5
positions of the oxazolidinone and isoxazoline rings.
The pharmaceutically active diastereomer is of the
formula (Ia):(Ia) In one aspect a preferred
diastereomer is of formula (Ib). In another aspect a
preferred diastereomer is of formula (Ic). (Ic) If a
mixture of epimers on the oxazolidinone chiral center
is used, a larger amount (depending upon the ratio of
the diastereoisomers) will be required to achieve the
same effect as the same weight of the pharmaceutically
active enantiomer. Furthermore, some compounds of the
invention may have other chiral centres, for example
on substituent R4. It is to be understood that the
invention encompasses all such optical and
diastereoisomers, and racemic mixtures, that possess
antibacterial activity. It is well known in the art
how to prepare optically-active forms (for example by
resolution of the racemic form by recrystallisation
techniques, by chiral synthesis, by enzymatic
resolution, by biotransformation or by chromatographic
separation) and how to determine antibacterial
activity as described hereinafter. The invention
relates to all tautomeric forms of the compounds of
the invention that possess antibacterial activity. It
is also to be understood that certain compounds of the
invention can exist in solvated as well as unsolvated
forms such as, for example, hydrated forms. It is to
be understood that the invention encompasses all such
solvated forms which possess antibacterial activity.
It is also to be understood that certain compounds of
the invention may exhibit polymorphism, and that the
invention encompasses all such forms which possess
antibacterial activity.As stated before, we have
discovered a range of compounds that have good
activity against a broad range of Gram-positive
pathogens including organisms known to be resistant to
most commonly used antibiotics, together with activity
against fastidious Gram negative pathogens such as
H.influenzae, M.catarrhalis, Mycoplasma and Chlamydia
strains. The following compounds possess preferred
pharmaceutical and/or physical and/or pharmacokinetic
properties, for example solubility and/or
bioavailability. The substituted ethers of the
invention generally have improved pharmaceutical
and/or physical and/or pharmacokinetic properties, for
example solubility and/or bioavailability in
comparison to unsubstituted ethers, such as a simple
methyl ether. It will be appreciated that parameters
such as solubility may be measured by any 



suitable method known in the art. In one embodiment of
the invention are provided compounds of formula (I),
in an alternative embodiment are provided
pharmaceutically-acceptable salts of compounds of
formula (I), in a further alternative embodiment are
provided in-vivo hydrolysable esters of compounds of
formula (I), and in a further alternative embodiment
are provided pharmaceutically-acceptable salts of
in-vivo hydrolysable esters of compounds of formula
(I). In one aspect, R1 is selected from hydrogen,
halogen, cyano, methyl, cyanomethyl, fluoromethyl,
difluoromethyl, trifluoromethyl, ethynyl and propynyl.
In another aspect, R1 is selected from hydrogen,
chloro, bromo, methyl and fluoromethyl. In another
aspect, R1 is hydrogen. In one aspect, R2 and R3 are
independently hydrogen or fluoro. In another aspect R2
and R3 are both hydrogen. In another aspect one R2 and
R3 is hydrogen and the other is fluorine. In one
embodiment R is selected from cyanomethyl,
carboxymethyl, -CH2C(O)NR5R6, and (2-4C)alkyl
[optionally substituted by 1 or 2 substituents
independently selected from hydroxy, (l-4C)alkoxy,
(l-4C)alkoxy(l-4C)alkoxy, hydroxy(2-4C)alkoxy, cyano,
-OC(O)R5, carboxy, -C(O)NR5R6, -S(O)2R5, -S(O)2NR5R6,
-NR5R6 , -NHC(O)R5and -NHS(O)2R5] . In another aspect,
R4 is selected from cyanomethyl, carboxymethyl, and
-CH2C(O)NR5R6. In a further aspect, R4 is selected
from carboxymethyl, and -CH2C(O)NR5R6.In another
aspect, R4 is selected from (2-4C)alkyl [substituted
by 1 or 2 substituents independently selected from
hydroxy, (l-4C)alkoxy, (l-4C)alkoxy(l-4C)alkoxy,
hydroxy(2- 4C)alkoxy, cyano, -OC(O)R5, carboxy,
-C(O)NR5R6, -S(O)2R5, -S(O)2NR5R6, -NR5R6 ,
-NHC(O)R5and -NHS(O)2R5] . In another aspect, R4 is
selected from (2-4C)alkyl [substituted by 1 or 2
substituents independently selected from hydroxy,
(l-4C)alkoxy, (l-4C)alkoxy(l-4C)alkoxy and
hydroxy(2-4C)alkoxy]. In another aspect, R4 is
selected from (2-4C)alkyl [substituted by 1 or 2
substituents independently selected from -OC(O)R5,
carboxy, -C(O)NR5R6, -S(O)2R5, -S(O)2NR5R6, -NR5R6 ,
-NHC(O)R5and -NHS(O)2R5]. In a further aspect, R4 is
selected from carboxymethyl, -CH2C(O)NR5R6 and (2-
4C)alkyl [substituted by 1 or 2 substituents
independently selected from hydroxy, (1- 4C)alkoxy,
-NR5R6, -NHS(O)2R5, -NHC(O)R5 and -OC(O)R5] . In one
aspect R5 and R6 are independently selected from
hydrogen, methyl, cyclopropyl (optionally subsituted
with methyl), carboxymethyl and (2-4C)alkyl
(optionally substituted by 1 or 2 substituents
independently selected from amino, (l-4C)alkylamino,
di- (l-4C)alkylamino, carboxy, (l-4C)alkoxy and
hydroxy; wherein a (l-4C)alkylamino or di-(l-
4C)alkylamino group may optionally be substituted on
the (l-4C)alkyl chain with carboxy). In another
aspect, R5 and R6 are independently selected from
hydrogen, methyl, carboxymethyl and (2-4C)alkyl
(optionally substituted by 1 or 2 substituents
independently selected from amino, (l-4C)alkylamino,
di-(l-4C)alkylamino, carboxy, (l-4C)alkoxy and
hydroxy; wherein a (l-4C)alkylamino or
di-(l-4C)alkylamino group may optionally be
substituted on the (l-4C)alkyl chain with carboxy). In
another aspect, R5 and R6 are independently selected
from hydrogen and (1- 4C)alkyl. In another aspect, R5
and R are independently selected from hydrogen,
carboxymethyl and (2-4C)alkyl (substituted by a
substituent selected from amino, (1- 4C)alkylamino,
di-(l-4C)alkylamino, carboxy, (l-4C)alkoxy and
hydroxy; wherein a (1- 4C)alkylamino or
di-(l-4C)alkylamino group may optionally be
substituted on the (1- 4C)alkyl chain with carboxy).
In another aspect, R5 and R6 are independently
selected from hydrogen, carboxymethyl and (2-4C)alkyl
(substituted by a substituent selected from carboxy,
(l-4C)alkoxy and hydroxy).In a further aspect, R5 and
R6 together with a nitrogen to which they are attached
form a 4, 5 or 6 membered, saturated heterocyclyl
ring, optionally containing 1 further heteroatom (in
addition to the linking N atom) independently selected
from O, N and S, wherein a -CH2- group may optionally
be replaced by a -C(O)- and wherein a sulphur atom in
the ring may optionally be oxidised to a S(O) or S(O)2
group; which ring is optionally substituted on an
available carbon or nitrogen atom (providing the
nitrogen to which R5 and R6 are attached is not
thereby quaternised) by 1 or 2 (l-4C)alkyl groups.
Suitable optional substituents for such a ring
comprising R5 and R6 together with a nitrogen to which
they are attached are 1 or 2 methyl groups. Suitable
values for such a ring comprising R5 and R6 together
with the nitrogen to which they are attached are
azetidine, morpholine, piperazine, N-methylpiperazine,
thiomorpholine (and derivatives thereof wherein the
sulfur is oxidised to an S(O) or S(O) group),
piperidine, and pyrrolidine. Further suitable values
are morpholine, thiomorpholine, piperazine and
N-methyl piperazine. Further suitable values are
morpholine, piperazine and N-methyl piperazine. In
another aspect, R5 and R are independently selected
from hydrogen, methyl, 1and (2-4C)alkyl (optionally
substituted by 1 or 2 substituents independently
selected from amino, (l-4C)alkylamino,
di-(l-4C)alkylamino and hydroxy; wherein a
(l-4C)alkylamino or di-(l- 4C)alkylamino group may
optionally be substituted on the (l-4C)alkyl chain
with carboxy); or R5 and R6 together with a nitrogen
to which they are attached form a morpholine or
piperazine ring, optionally substituted with a methyl
group. In a preferred aspect of the invention, the
compound of formula (I) is a compound of the formula
(Ia). In a further aspect of the invention, there is
provided a compound of the formula (Ia) as
hereinbefore defined, or a pharmaceutically-acceptable
salt or pro-drug thereof, wherein: R1 is selected from
hydrogen, chloro, bromo, methyl and fluoromethyl; R2
and R3 are independently hydrogen or fluoro; R4 is
selected from carboxymethyl, and -CH2C(O)NR5R6; R5 and
R6 are independently selected from hydrogen, methyl,
carboxymethyl and (2- 4C)alkyl (optionally substituted
by 1 or 2 substituents independently selected from
amino, (1- 4C)alkylamino, di-(l-4C)alkylamino,
carboxy, (l-4C)alkoxy and hydroxy; wherein a
(1-4C)alkylamino or di-(l-4C)alkylamino group may
optionally be substituted on the (1- 4C)alkyl chain
with carboxy). In a further aspect of the invention,
there is provided a compound of the formula (Ia) as
hereinbefore defined, or a pharmaceutically-acceptable
salt or pro-drug thereof, wherein: R1 is selected from
hydrogen, chloro, bromo, methyl and fluoromethyl; R2
and R3 are independently hydrogen or fluoro; 



R4 is selected from carboxymethyl, and -CH2C(O)NR5R6;
R5 and R6 together with the nitrogen to which they are
attached form a 4, 5 or 6 membered, saturated
heterocyclyl ring, optionally containing 1 further
heteroatom (in addition to the linkingN atom)
independently selected from O, N and S, wherein a
-CH2- group may optionally be replaced by a -C(O)- and
wherein a sulphur atom in the ring may optionally be
oxidised to a S(O) or S(O)2 group; which ring is
optionally substituted on an available carbon or
nitrogen atom (providing the nitrogen to which R5 and
R6 are attached is not thereby quaternised) by 1 or 2
(l-4C)alkyl groups. In a further aspect of the
invention, there is provided a compound of the formula
(Ia) as hereinbefore defined, or a
pharmaceutically-acceptable salt or pro-drug thereof,
wherein: R1 is selected from hydrogen, chloro, bromo,
methyl and fluoromethyl; R2 and R3 are independently
hydrogen or fluoro; R4 is selected from (2-4C)alkyl
[substituted by 1 or 2 substituents independently
selected from hydroxy, (l-4C)alkoxy,
(l-4C)alkoxy(l-4C)alkoxy and hydroxy(2-4C)alkoxy]. In
a further aspect of the invention, there is provided a
compound of the formula (Ia) as hereinbefore defined,
or a pharmaceutically-acceptable salt or pro-drug
thereof, wherein: R1 is selected from hydrogen,
chloro, bromo, methyl and fluoromethyl; R2 and R3 are
independently hydrogen or fluoro; R4 is selected from
(2-4C)alkyl [substituted by 1 or 2 substituents
independently selected from -OC(O)R5, carboxy,
-C(O)NR5R6, -S(O)2R5, -S(O)2NR5R6, -NR5R6 , -NHC(0)R
5and -NHS(O)2R5]; R5 and R6 are independently selected
from hydrogen, methyl, carboxymethyl and (2- 4C)alkyl
(optionally substituted by 1 or 2 substituents
independently selected from amino, (1- 4C)alkylamino,
di-(l-4C)alkylamino, carboxy, (l-4C)alkoxy and
hydroxy; wherein a (1- 4C)alkylamino or
di-(l-4C)alkylamino group may optionally be
substituted on the (1-4C)alkyl chain with carboxy). In
a further aspect of the invention, there is provided a
compound of the formula (Ia) as hereinbefore defined,
or a pharmaceutically-acceptable salt or pro-drug
thereof, wherein: R1 is selected from hydrogen,
chloro, bromo, methyl and fluoromethyl; R2 and R3 are
independently hydrogen or fluoro; R4 is selected from
(2-4C)alkyl [substituted by 1 or 2 substituents
independently selected from -C(O)NR5R6, -S(O)2NR5R6
and -NR5R6]; R5 and R6 together with a nitrogen to
which they are attached form a 4, 5 or 6 membered,
saturated heterocyclyl ring, optionally containing 1
further heteroatom (in addition to the linking N atom)
independently selected from O,N and S, wherein a -CH2-
group may optionally be replaced by a -C(O)- and
wherein a sulphur atom in the ring may optionally be
oxidised to a S(O) or S(O)2 group; which ring is
optionally substituted on an available carbon or
nitrogen atom (providing the nitrogen to which R5 and
R6 are attached is not thereby quaternised) by 1 or 2
(l-4C)alkyl groups. Particular compounds of the
present invention include each individual compound
described in the Examples, each of which provides a
further independent aspect of the invention. In
another aspect of the invention, is provided any two
or more of the Examples. Process section: In a further
aspect the present invention provides a process for
preparing a compound of invention or a
pharmaceutically-acceptable salt or an in-vivo
hydrolysable ester thereof. It will be appreciated
that during certain of the following processes certain
substituents may require protection to prevent their
undesired reaction. The skilled chemist will
appreciate when such protection is required, and how
such protecting groups may be put in place, and later
removed. For examples of protecting groups see one of
the many general texts on the subject, for example,
'Protective Groups in Organic Synthesis' by Theodora
Green (publisher: John Wiley & Sons). Protecting
groups may be removed by any convenient method as
described in the literature or known to the skilled
chemist as appropriate for the removal of the
protecting group in question, such methods being
chosen so as to effect removal of the protecting group
with minimum disturbance of groups elsewhere in the
molecule.-JLo Thus, if reactants include, for example,
groups such as amino, carboxy or hydroxy it may be
desirable to protect the group in some of the
reactions mentioned herein. A suitable protecting
group for an amino or alkylamino group is, for
example, an acyl group, for example an alkanoyl group
such as acetyl, an alkoxycarbonyl group, for example a
methoxycarbonyl, ethoxycarbonyl or t-butoxycarbonyl
group, an arylmethoxycarbonyl group, for example
benzyloxycarbonyl, or an aroyl group, for example
benzoyl. The deprotection conditions for the above
protecting groups necessarily vary with the choice of
protecting group. Thus, for example, an acyl group
such as an alkanoyl or alkoxycarbonyl group or an
aroyl group may be removed for example, by hydrolysis
with a suitable base such as an alkali metal
hydroxide, for example lithium or sodium hydroxide.
Alternatively an acyl group such as a t-butoxycarbonyl
group may be removed, for example, by treatment with a
suitable acid as hydrochloric, sulfuric or phosphoric
acid or trifluoroacetic acid and an
arylmethoxycarbonyl group such as a benzyloxycarbonyl
group may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon, or by
treatment with a Lewis acid for example boron
tris(trifluoroacetate). A suitable alternative
protecting group for a primary amino group is, for
example, a phthaloyl group which may be removed by
treatment with an alkylamine, for example
dimethylaminopropylamine, or with hydrazine. A
suitable protecting group for a hydroxy group is, for
example, an acyl group, for example an alkanoyl group
such as acetyl, an aroyl group, for example benzoyl,
or an arylmethyl group, for example benzyl. The
deprotection conditions for the above protecting
groups will necessarily vary with the choice of
protecting group. Thus, for example, an acyl group
such as an alkanoyl or an aroyl group may be removed,
for example, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example lithium or
sodium hydroxide. Alternatively an arylmethyl group
such as a benzyl group may be removed, for example, by
hydrogenation over a catalyst such as
palladium-on-carbon. A suitable protecting group for a
carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be
removed, for example, by hydrolysis with a base such
as sodium hydroxide, or for example a t-butyl group
which may be removed, for example, by treatment with
an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group
which may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon. Resins
may also be used as a protecting group. The protecting
groups may be removed at any convenient stage in the
synthesis using conventional techniques well known in
the chemical art.A compound of the invention, or a
pharmaceutically-acceptable salt or an in vivo
hydrolysable ester thereof, may be prepared by any
process known to be applicable to the preparation of
chemically-related compounds. Such processes, when
used to prepare a compound of the invention, or a
pharmaceutically-acceptable salt or an in vivo
hydrolysable 



ester thereof, are provided as a further feature of
the invention and are illustrated by the following
representative examples. Necessary starting materials
may be obtained by standard procedures of organic
chemistry (see, for example, Advanced Organic
Chemistry (Wiley- Interscience), Jerry March or
Houben-Weyl, Methoden der Organischen Chemie). The
preparation of such starting materials is described
within the accompanying non-limiting Examples.
Alternatively, necessary starting materials are
obtainable by analogous procedures to those
illustrated which are within the ordinary skill of an
organic chemist. Information on the preparation of
necessary starting materials or related compounds
(which may be adapted to form necessary starting
materials) may also be found in the certain Patent
Application Publications, the contents of the relevant
process sections of which are hereby incorporated
herein by reference; for example WO 94/13649; WO
98/54161; WO 99/64416; WO 99/64417; WO 00/21960; WO
01/40222; WO 01/94342; WO 03/022824, JP2003335762 and
WO 03/006440. In particular we refer to our PCT patent
applications WO 99/64417 andWO 00/21960 wherein
detailed guidance is given on convenient methods for
preparing oxazolidinone compounds. The skilled organic
chemist will be able to use and adapt the information
contained and referenced within the above references,
and accompanying Examples therein and also the
Examples herein, to obtain necessary starting
materials, and products. Thus, the present invention
also provides that the compounds of the invention and
pharmaceutically-acceptable salts and in vivo
hydrolysable esters thereof, can be prepared by a
process (a) to (1); and thereafter if necessary: i)
removing any protecting groups; ii) forming a pro-drug
(for example an in-vivo hydrolysable ester); and/or
iii) forming a pharmaceutically-acceptable salt;
wherein said processes (a) to (1) are as follows
(wherein the variables are as defined above unless
otherwise stated):- - a) by modifying a substituent
in, or introducing a substituent into another compound
of the invention by using standard chemistry (see for
example, Comprehensive Organic Functional Group
Transformations (Pergamon), Katritzky, Meth-Cohn &
Rees); for example: a hydroxy group may be converted
into an acyloxy group, for instance an acetoxy group;
an acyloxy group may be converted into a hydroxy group
or into the groups that may be obtained from a hydroxy
group (either directly or through the intermediacy of
a hydroxy group); an 1,2,3-triazol-l-yl group may be
converted by introduction of a new ring substituent or
by refunctionalisation of an existing ring
substituent, for instance by modifying the
4-substituent of a 4-substituted 1,2,3-triazol- 1-yl
group, or introducing a 4-substituent into an
unsubstituted 1,2,3-triazol-l-yl group; an alcohol
group may be converted into an ether group by first
converting into a leaving group such as a halide, or
sulfonate ester such as a para toluenesulfonate and
then further conversion to an ether by treatment with
another alcohol under basic conditions; an alcohol may
be converted into an imidate such as a
trifluoroacetimidate for example by treatment with
trifluoroacetonitrile and base; the imidate may then
be treated with another alcohol under acidic
conditions to give an ether; functionalized ether
derivatives may be further modified for example by:
treating a carboxylic acid (or ester), or a ketone, or
a Weinreb amide derivative with an organometallic
derivative such as an alkyl Grignard or alkyl lithium
reagent to give a tertiary alcohol, secondary alcohol
or ketone derivative respectively; by reducing a
carboxylic acid, ester, ketone or aldehyde to give an
alcohol; by hydrolysis of an ester to an acid; by
treatment of an activated carboxylic acid derivative
with an amine to give an amide; by oxidizing an alkene
to an epoxide, for example with a peracid, by treating
an epoxide with a nucleophile such as an amine,
thiolate or alkoxide to give a 2-hydroxy amine,
thioether, or ether; by oxidizing a thioether to a
sulfone or sulfoxide; by oxidizing an alkene to a
1,2-diol for example with osmium tetroxide;by
converting a 1,2-diol to an aldehyde for example with
sodium periodate; alternatively an alkene can be
ozonized (treatment with ozone followed by a reductant
such as dimethylsulfide) to give an aldehyde; by
converting an aldehyde into an amine by reductive
amination; by oxidizing an alcohol to an aldehyde,
ketone or carboxylic acid; by acylation of an alcohol
with an activated carboxylic acid derivative,
isocyanate or chloroformate derivative to give an
ester, carbamate or carbonate respectively; by
converting an alcohol into a leaving group such as a
halide, or sulfonate ester such as a para
toluenesulfonate and then further conversion to an
amine precursor such as an azide or phthallimide,
Mitsunobu-type conditions (for example
triphenylphosphine, diethylazodicarboxylate, and
hydrazoic acid) may alternatively be used for this
type of transformation, the amine precursor may then
be converted into an amine for example by reduction of
the azide (for example with aqueous
triphenylphosphine) or hydrolysis of the phthallimide
(for example with hydrazine); by converting an amino
group into a substituted amino group, for example by
alkylation, reductive alkylation, acylation, or
sulfonylation; an amine may be alkylated with an alkyl
halide, or other activated agent such as a sulfonate
ester; reductive alkylation of an amine may be carried
out by treating with a carbonyl compound such as an
aldehyde and a reducing agent such as sodium
triacetoxy borohydride; an amine may be acylated with
an activated carboxylic acid derivative such as an
acyl chloride or active ester to give an amide, an
isocyanate derivative to give a urea, or a
chloroformate derivative to give a carbamate; an amine
may be converted into an isocyanate for example by
first converting to a formamide derivative, then
treating with a dehydrating agent; the resulting
isocyanate derivative may then be treated with an
amine or alcohol to give a urea or carbamate
derivative respectively; an amine may be treated with
an activated sulfonic acid derivative such as a
sulfonyl chloride to give a sulfonamide; b) by
reaction of one part of a compound of formula (II)
(wherein X is a leaving group useful in palladium
[Ojcoupling, for example chloride, bromide, iodide,
trifluoromethylsulfonyloxy, trimethylstannyl,
trialkoxysilyl, or a boronic acid residue) with one
part of a compound Ha, again with a leaving group X
(wherein Y is an ether orfunctionalised derivative
thereof), such that the pyridyl-phenyl bond replaces
the phenyl-X and pyridyl-X bonds; such methods are now
well known, see for instance S.P. Stanforth, 



Catalytic Cross-Coupling Reactions in Biaryl
Synthesis, Tetrahedron, 54, 1998, 263-303; J.K.
Stille, Angew Chem. Int. Ed. Eng., 1986, 25, 509-524;
N. Miyaura and A Suzuki, Chem. Rev., 5 1995, 95,
2457-2483; D. Baranano, G. Mann, and J.F. Hartwig,
Current Org. Chem., 1997, 1, 287-305; S.P. Stanforth,
Tetrahedron, 54 1998, 263-303; P.R. Parry, C. Wang,
A.S. Batsanov, M.R. Bryce; and B. Tarbit, J. Org.
Chem., 2002, 67, 7541-7543; (H) (Ha) 0 the leaving
group X may be the same or different in the two
molecules (II) and (Ha); for example: c) by reaction
of a pyridyl-phenyl carbamate derivative (III) with an
appropriately 5 substituted oxirane to form an
oxazolidinone ring, as illustrated below (wherein Y is
as hereinbefore defined); variations on this process
in which the carbamate is replaced by an isocyanate or
by an amine 0 or/and in which the oxirane is replaced
by an equivalent reagent X-CH2CH(O-optionally
protected)CH2triazoleR1 where X is a displaceable
group are also well known in the art, for example,OAc
N=N Br N R (d) by reaction of a compound of formula
(IV) : (IV) where X is a replaceable substituent -
such as chloride, bromide, iodide,
trifluoromethylsulfonyloxy, trimethylstannyl,
trialkoxysilyl, or a boronic acid residue with a
compound of the formula (V): (V) wherein X' is a
replaceable substituent (such as chloride, bromide,
iodide, trifluoromethylsulfonyloxy, trimethylstannyl,
trialkoxysilyl, or a boronic acid residue) and wherein
Y is as hereinbefore defined; wherein the substituents
X and X' are chosen to be complementary pairs of
substituents known in the art to be suitable as
complementary substrates for coupling reactions
catalysed by transition metals such as palladium(O);
e) by reaction of a 3-pyridylrhenylbiaryl aldehyde
derivative (VI) to form an isoxazoline ring at the
undeveloped heteroaryl position, as illustrated below
(wherein Y is as hereinbefore defined);(Vl) (VII)
variations on this process in which the reactive
intermediate (a nitrile oxide VIF) is obtained other
than by oxidation of an oxime (VII) are well known in
the art; (VIF) f) by formation of the triazole ring
from a suitably functionalised intermediate in which
the isoxazole-pyridyl-phenyl ring system is already
formed, for example as illustrated by the scheme
(wherein Y is as hereinbefore defined):INJECTION
DEVICE FIELD OF INVENTION The present invention
relates to an injection device of the type that
receives a syringe, extends it, discharges its
contents and then retracts it automatically. Devices
of this general description are shown in WO 95/35126
and EP-A-O 516 473 and tend to employ a drive spring
and some form of release mechanism that releases the
syringe from the influence of the drive spring once
its contents are supposed to have been discharged, to
allow it to be retracted by a return spring. The
initial action of the drive spring is typically
controlled by means of a trigger. Depression of the
trigger causes the drive spring to become operative.
BACKGROUND OF INVENTION It is not uncommon for an
injection device that has been previously used (i.e. a
device which has been triggered and therefore has had
the contents of its syringe discharged) to be mistaken
for a device which has not been used. Although
injection devices of this type may include an
interlock to prevent further triggering of the device,
market research has shown that it is beneficial for an
injection device to provide some form of indication
that the contents of the syringe has been completely
discharged. This way, a user is able to determine
immediately by visual inspection whether an injection
device has been used, hi particular, it has been shown
that users of injection devices prefer a visual
inspection of the actual syringe to see whether its
contents has been discharged. With current injection
devices, the return spring often surrounds the syringe
thereby obstructing the view of the contents of the
syringe. Furthermore, the sight of a return spring
surrounding a syringe can be unappealing to a user of
an injection device. It is therefore an aim of the
present invention to provide an injection device which
gives a clear indication of whether the contents of a
syringe has been discharged without the inner
mechanical elements of the device being seen by a
user. As ever, the simplest and cheapest way of
achieving this is sought.SUMMARY OF THE INVENTION In
view of the foregoing, according to the present
invention, there is provided a housing adapted to
receive a syringe having a discharge nozzle, the
housing having an indicator opening; a forward drive
arranged to act upon the syringe on actuation to
advance the syringe from a retracted position to an
extended position thereby discharging the contents of
the syringe through the discharge nozzle; a return
drive arranged to act upon the syringe after the
contents of the syringe have been discharged to
withdraw the syringe from the extended position to the
retracted position, characterised in that the return
drive is arranged in the housing so that it does not
obscure an inspection of the contents of the syringe
through the indicator opening. Thus, there is a clear
indication through the indicator opening of whether
the contents of the syringe has been discharged, hi
addition, the inner mechanical elements of the device
cannot be seen by a user. Furthermore, the indicator
opening provides a large window which is not obscured
and therefore allows the contents of the syringe to be
checked for turbidity and the presence of particles
indicating whether the contents of the syringe is safe
to be injected. In one embodiment of the present
invention, the injection device comprises a support
member which is in contacting juxtaposition with the
housing and the return drive is supported by the
support member. Preferably, the support member is
transparent and positioned between the indicator
opening and syringe. This way, the internal contents
of the syringe can be viewed. Before actuation, the
liquid contents of the syringe will be viewable
through the indicator opening. Transparent material
that may be used for the support member is any rigid
material which allows light to pass through (e.g.
clear or opaque materials). The support member may
comprise a cylindrical insert dimensioned to contain
the syringe; and a support surface for the return
drive.In one embodiment of the present invention, a
first end of the return drive is in contacting
juxtaposition with the support surface and a second
end of the return drive is in contacting juxtaposition
with the syringe. In a second embodiment of the
present invention, the syringe carrier is dimensioned
to contain the syringe, the cylindrical insert is
dimensioned 5 to contain the syringe carrier and a
first end of the return drive is in contacting 



juxtaposition with the support surface and a second
end of the second drive is in contacting juxtaposition
with the syringe carrier. Advantageously, the
indicator opening is positioned so that a plunger of
the syringe is viewable through the indicator opening
when the contents of the syringe has been discharged.
After discharge of the contents of the syringe, the
plunger, which may be coloured with an easily
identifiable colour, will be viewable through the
indicator opening to indicate that the injection
device has been used. 5 Preferably, the return drive
is a helical spring surrounding at least part of the
syringe. By surrounding the syringe with the helical
spring, a single spring can be employed which is large
enough to have a sufficient spring constant to return
the syringe into itse retracted position. 3
Advantageously, the indicator opening comprises a
transparent insert which allows inspection of the
syringe without the syringe being damaged. BRIEF
DESCRIPTION OF THE DRAWINGS 5 The invention will now
be described by way of example with reference to the
accompanying drawings, in which: Fig. 1 shows in
perspective an injection device of the type to which
the present invention is ) applicable; Fig. 2 shows in
section the injection device of Fig. 1 before
actuation; andFig. 3 shows in section the injection
device of Figs. 1 and 2 after actuation. DETAILED
DESCRIPTION OF THE DRAWINGS Fig. 1 shows an injection
device 110 having a housing 112 with a proximal end
101 and a distal end 102. The housing 112 has a
trigger 1 11 which projects through the housing 112
and which can be actuated by pressing down on its
upper surface Ilia. There is a indicator opening 113
in the housing located adjacent the proximal end 101.
Fig. 2 shows the housing 112 containing a hypodermic
syringe 114 of conventional type, including a syringe
body 116 terminating at one end in a hypodermic needle
118 and at the other in a flange 120. The conventional
plunger and bung that would normally be used to
discharge the contents of the syringe 114 manually
have been removed and replaced with a drive element
134 which includes a bung 134a. This drive element 134
constrains a drug 124 to be administered within the
syringe body 116. Whilst the syringe illustrated is of
hypodermic type, this need not necessarily be so.
Transcutaneous or ballistic dermal and subcutaneous
syringes may also be used with the injection device of
the present invention. As illustrated, the housing
includes a return drive which here takes the form of a
compression return spring 126 that biases the syringe
114 from an extended position in which the needle 118
extends from an aperture 128 in the housing 112 to a
retracted position in which the discharge nozzle 118
is contained within the housing 112. The housing 112
includes a support member which, as shown in Fig. 2,
takes the form of a cylindrical insert 122. The
cylindrical insert 122 has, on its inner surface, a
support surface 122a which connects with one end of
the return spring 126. The other end of the return
spring 126 acts on the syringe 114 via a syringe
carrier 127. The support surface 122a is provided, as
shown in Fig. 2, by a rim on the inner surface of the
cylindrical insert 122. The support surface 122a is
positioned beyond the indicator opening 113 away from
the proximal end 101 of the housing 112. The return
spring 126 connects with the support surface 122a on
its end which is located away from the proximal end
101 of the housing 112 and its other end acts on the
syringe carrier 127 beyond the support surface 122a
from the proximal end 101 of the housing 112. This
way, the return spring 126, whichsurrounds the syringe
114 and syringe carrier 127, cannot be seen through
the indicator opening 113 at any time before, during
or after triggering of the injection device 110. The
cylindrical insert 122 forms a window in the indicator
opening 113 formed from transparent material so that
the contents of the syringe 114 can be viewed through
the indicator opening 113. At the other end of the
housing 112 is a forward drive, which here takes the
form of a compression drive spring 130. Drive from the
drive spring 130 is transmitted via a multicomponent
drive to the syringe 114 to advance it from its
retracted position to its extended position and
discharge its contents through the needle 118. The
drive accomplishes this task by acting directly on the
drug 124 and the syringe 114. Static friction between
the drive element 134 and the syringe body 116
initially ensures that they advance together, until
the return spring 126 bottoms out or the syringe body
116 meets some other obstruction (not shown) that
retards its motion. The multi-component drive between
the drive spring 130 and the syringe 114 consists of
three principal components. A drive sleeve 131 takes
drive from the drive spring 130 and transmits it to a
first drive element 132. This in turn transmits drive
via a damping fluid to a second drive element, the
drive element 134 already mentioned. The first drive
element 132 includes a hollow stem 140, the inner
cavity of which forms a collection chamber 142 in
communication with a vent 144 that extends from the
collection chamber through the end of the stem 140.
The second drive element 134 includes a blind bore 146
that is open at one end to receive the stem 140 and
closed at the other. As can be seen, the bore 146 and
the stem 140 defining a fluid reservoir 148, within
which the damping fluid is contained. The trigger 111,
when operated, serves to decouple the drive sleeve 131
from the housing 112, allowing it to move relative to
the housing 112 under the influence of the drive
spring 130. The operation of the device is then as
follows. Initially, the drive spring 130 moves the
drive sleeve 131, the drive sleeve 131 moves the first
drive element 132 and the first drive element 132
moves the second drive element134. The second drive
element 134 moves and, by virtue of static friction
and hydrostatic forces acting through the drug 124 to
be administered, moves the syringe body 116 against
the action of the return spring 126. The return spring
126 compresses and the hypodermic needle 118 emerges
from the exit aperture 128 (shown in Fig. 3) of the
housing 112. This continues until the return spring
126 bottoms out or the syringe body 116 meets some
other obstruction (not shown) that retards its motion.
Because the static friction between the second drive
element 134 and the syringe body 116 and the
hydrostatic forces acting through the drug 124 to be
administered are not sufficient to resist the full
drive force developed by the drive spring 130, at this
point the second drive element 134 begins to move
within the syringe body 116 and the drug 124 begins to
be discharged. Dynamic friction between the second
drive element 134 and the syringe body 116 and
hydrostatic and hydrodynamic forces now acting through
the drug 124 to be administered are, however,
sufficient to retain the return spring 126 in its
compressed state, so the hypodermic needle 118 remains
extended. Before the second drive element 134 reaches
the end of its travel within the syringe body 116, so
before the contents of the syringe have fully
discharged, protrusions (not shown) on the first drive
element 132 reach a constriction 137 within the
housing 112. The 



constriction 137 moves the protrusions inwards so that
the first drive element 136 is no longer coupled to
the second drive element 134. Once this happens, the
first drive element 136 no longer acts on the second
drive element 134, allowing the first drive element
132 to move relative to the second drive element 134.
Because the damping fluid is contained within a
reservoir 148 defined between the end of the first
drive element 132 and the blind bore 146 in the second
drive element 134, the volume of the reservoir 146
will tend to decrease as the first drive element 132
moves relative to the second drive element 134 when
the former is acted upon by the drive spring 130. As
the reservoir 148 collapses, damping fluid is forced
through the vent 144 into the collection chamber 142.
After release of the drive spring 130, some of the
force exerted by the drive spring 130 does work on the
damping fluid, causing it to flow though the
constriction formed by the vent 144; the remainder
acts hydrostatically through the fluid and through
friction between the first and second drive elements
132, 134, thence via the second drive element 134.
Losses associated with the flow of the damping fluid
do notattenuate the force acting on the body of the
syringe to a great extent. Thus, the return spring 126
remains compressed and the hypodermic needle remains
extended. After a time, the second drive element 134
completes its travel within the syringe body 116 and
can go no further. At this point, the contents of the
syringe 114 are completely discharged and the force
exerted by the drive spring 130 acts to retain the
second drive element 134 in its terminal position and
to continue to cause the damping fluid to flow though
the vent 144, allowing the first drive element 132 to
continue its movement. Before the reservoir 148 of
fluid is exhausted, flexible latch arms 133 linking
the drive sleeve 131 with the first drive element 132
are no longer forced to engage the drive sleeve 131 by
protrusions 133a on the second drive element 134. Once
this happens, the drive sleeve 131 acts no longer on
the first drive element 132, allowing them to move
relative to each other. At this point, of course, the
syringe 114 is released, because the forces developed
by the drive spring 130 are no longer being
transmitted to the syringe 114, and the only force
acting on the syringe will be the return force from
the return spring 126. Thus, the syringe 114 is now
returned to its retracted position and the injection
cycle is complete. AUthis takes place, of course, only
once the cap 115 has been removed from the end of the
housing 112. As can be seen from Fig. 2, the end of
the syringe 114 is sealed with a boot 123. Fig. 3
shows the injection device 110 after actuation of the
injection cycle is complete. The second drive element
134 is located within the syringe body 116 so that it
can be viewed through the indicator opening 113. The
second drive element 134 is held within the syringe
body 116, even though the drive sleeve 131 has been
disengaged from the multi-component drive, by forked
lugs 210 located on the second drive element 134. The
forked lugs 210 have been forced through the
constriction 137 so that they prevent rearward
movement (i.e. movement in a direction from the
proximal end 101 to the distal end 102) of the drive
element 134. Thus, the drive element 134 is held in
place within the syringe 116 so that it can be viewed
through the indicator opening 113. The presence of the
second drive element 134 in the syringe body 116 after
discharge of the drug 124 actsas an indicator to a
user of the device 110 that the device 110 has been
operated. It will of course be understood that the
present invention has been described above purely by
way of example and that modifications of detail can be
made within the scope of the invention.CLAIMS 1. A
injection device, comprising: a housing adapted to
receive a syringe having a discharge nozzle, the
housing having an indicator opening; a forward drive
arranged to act upon the syringe on actuation to
advance the syringe from a retracted position to an
extended position thereby discharging the contents of
the syringe through the discharge nozzle; a return
drive arranged to act upon the syringe after the
contents of the syringe have been discharged to
withdraw the syringe from the extended position to the
retracted position, characterised in that the return
drive is arranged in the housing so that it does not
obscure an inspection of the contents of the syringe
through the indicator opening. 2. An injection device
according to claim 1, further comprising a support
member in contacting juxtaposition with the housing,
wherein the return drive is supported by the support
member. 3. An injection device according to claim 2,
wherein the support member is transparent and
positioned between the indicator opening and syringe.
4. An injection device according to any one of the
preceding claims, wherein the support member
comprises: a cylindrical insert dimensioned to contain
the syringe; and a support surface for the return
drive. 5. An injection device according to claim 4,
wherein a first end of the return drive is in
contacting juxtaposition with the support surface and
a second end of the return drive is in contacting
juxtaposition with the syringe. 6. An injection device
according to claim 4, further comprising a syringe
carrier dimensioned to contain the syringe, wherein
the cylindrical insert is dimensioned to contain the
syringe carrier and wherein a first end of the return
drive is in contactingjuxtaposition with the support
surface and a second end of the second drive is in
contacting juxtaposition with the syringe carrier. 7.
An injection device according to any one of the
preceding claims, wherein the indicator opening is
positioned so that a plunger of the syringe is
viewable through the indicator opening when the
contents of the syringe has been discharged. 8. An
injection device according to any one of the preceding
claims, wherein the return drive is a helical spring
surrounding at least part of the syringe. 9. An
injection device according to any one of the preceding
claims, wherein the indicator opening comprises a
transparent window. 10. An injection device,
substantially as hereinbefore described with reference
to the accompanying drawings. 


