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CLAIMS

1. An antibacterial complex comprising a nucleic acid sequence and at least0ne
delivery moiety, wherein the delivery moiety is selected from quaternary g/mine
compounds; bis-aminoalkanes and unsaturated derivatives thereof, whé€rein the
amino component of the aminoalkane is an amino group forming payl of a
heterocyclic ring; and an antibacterial peptide.

2. An antibacterial complex according to Claim 1 wherein thg/delivery moiety is
selected from a quaternary derivative of quinoline or acrigfhe and an antibacterial

peptide.

3. A complex according to Claim 2, wherein the dglivery moiety is a bis-

quinolinium.

4. A complex according to Claim 3, wherefn the delivery moiety is dequalinium or
an analogue thereof.

5. A complex according to Claim #, wherein the alkyl chain of the dequalinium
analogue has between 8 and J4 methyl groups.

6. A complex according tg’Claim 5, wherein the alkyl chain has 10 or 12 methyl
groups.

7. A complex acggrding to Claim 1, wherein the quaternary amine compound is
10,10'-(decang#1,10-diyl) bis (9-amino-1,2,3,4-tetrahydroacridinium) dichloride.

8. A complex according to Claim 1, wherein the quaternary amine compound is
10,10'Adodecane-1,12-diyl) bis (9-amino-1,2,3,4-tetrahydroacridinium) dichloride.
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9. A complex according to Claim 1 wherein the quaternary amine compounds
and bis-aminoalkanes and unsaturated derivatives thereof are selected from
compounds of the formula (1):

Q—(CH,)>-A~(CH,)—R’

()
wherein Q is selected from:

(a) agroup Q' having the formula:

(F|<° )n

1 m+

A
R2

an

(b)  agroup Q% Q*%NH-, Q*O-, or Q%-S- whefein Q? is selected from
monocyclic, bicyclic and tricyclic heteroaromgfic groups of 5 to 14 ring members,
of which 1, 2 or 3 are heteroatom ring merfobers selected from N, O and S
provided that at least one nitrogen ring hember is present, wherein the
heteroaromatic groups are optionallyAubstituted by one or two substituents R*?
and wherein the said one nitrogenfing member may form an N-oxide or may be
substituted with C1.4 alkyl, phenfl-C1.4 alkyl or di-phenyl-C4.4 alkyl to form a
quaternary group, wherein th€ phenyl moieties in each case are optionally
substituted with one or twg/halogen, methyl or methoxy groups;

misOor1;
nisOor1;
p and q are the £ame or different and each is an integer from 1 to 12;

A is a bond ¢f is selected from a naphthalene, biphenyl, terphenyl, phenanthrene,
fluorene, glilbene, a group CsHa(CH2).CsHa4, a group CsHs-C=C-CgH4, a pyridine-
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whennis 1, R%, R" and R? are each selected from C1 alkyl; and when n is 0,
then N, R' and R? together form a monocyclic, bicyclic or tricyclic heteroaromajft

R® is selected from hydrogen, C1 alkyl, halogen, monocyclic carbogfclic groups
of 3 to 7 ring members each optionally substituted by one or two glibstituents R*,
a group Q; a group — NH-Q?, a group —O-Q? and a group —S-Q7 and

R*, R* and R* are the same or different and each is selecjéd from Ci.4 alkyl
optionally substituted with one or more fluorine atoms: C44 alkoxy optionally
substituted with one or more fluorine atoms; nitro; aminO; mono- and di-C+.4
alkylamino; halogen; phenyl-C1.2 alkyl wherein the ppienyl moiety is optionally
substituted with one or two methoxy, methyl or hefogen substituents; ureido and
guanidinyl.

10. A complex according to Claim 9 whergin the compound of formula (1) is
represented by formula (II):

(||?°)n
R=N™ACH,)A~(CH,)~R’
(n

wherein R', R%, m, p, A, ¢and R® are as defined in claim 9.

11. A complex accgrding to Claim 10 wherein R® is Q" and n in each instance is
0, and wherein the compound of formula (ll) is represented by formula (l11):

RLlTlni(CHZ)p—A—(CHZ) m+lTl—R1

2 ) 2
R R ()
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12. A complex according to Claim 9 wherein the compound of formula (1) is
represented by formula (IV):

8

R

wherein:

p and g are the same or different and each is an integer frg
Ais a bond or is selected from naphthalene, biphenyl, tegohenyl, phenanthrene,
fluorene, stilbene, a group CsHa(CH2).CsH4, a group 4-C=C-CgHa4, a pyridine-
-(CHz)s-(CH=CH):-; and a

tod,tisOor1;uis0-4andv

2,6-diyl-bis(benzene-1,4-diyl) group, a group CH=
group C=C-(CH2),-(C=C),-; wherein ris 04, s is
isOor1;

R® R® and R'® are the same or different and are each selected from hydrogen;
C14 alkyl optionally substituted with one gr more fluorine atoms: C14 alkoxy
optionally substituted with one or morg fluorine atoms; nitro; amino; mono- and
di-C1.4 alkylamino; halogen, phenyl/£1-2 alkyl wherein the phenyl moiety is
optionally substituted with one oyftwo methoxy, methyl or halogen substituents;
ureido and guanidinyl; or R® gfd R link together to form an alkylene chain
(CH2). wherein w is 3 to 5;AndR®, R% and R'% are the same or different and
are each selected from hfdrogen; C1.4 alkyl optionally substituted with one or
more fluorine atoms: 1.4 alkoxy optionally substituted with one or more fluorine
atoms; nitro; aming/ mono- and di-C1.4 alkylamino; halogen, phenyl-C;-; alkyl
wherein the phegfyl moiety is optionally substituted with one or two methoxy,
methyl or halg§en substituents; ureido and guanidinyl; or R% and R'® link

together toform an alkylene chain (CH2), wherein w is 3 to 5.

13. ALomplex according to Claim 12 wherein the compound of formula (IV) is
repfesented by formula (V):
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V)
wherein:

ris an integer from 2 to 24,

R®, R and R' are the same or different and are each selected from hydrogen;
C14 alkyl optionally substituted with one or more fluorine atgms: C14 alkoxy
optionally substituted with one or more fluorine atoms; njifo; amino; mono- and
di-C1.4 alkylamino; halogen, phenyl-C1-; alkyl wherein jhe phenyl moiety is
optionally substituted with one or two methoxy, mejyl or halogen substituents;
ureido and guanidinyl; or R® and R link togeth
(CH2). wherein w is 3 to 5; andR®®, R% and

are each selected from hydrogen; C1.4 alkyyOptionally substituted with one or

to form an alkylene chain

@ are the same or different and
more fluorine atoms: C14 alkoxy optionajfy substituted with one or more fluorine
atoms; nitro; amino; mono- and di-C_#/alkylamino; halogen, phenyl-C4_; alkyl
wherein the phenyl moiety is optionélly substituted with one or two methoxy,
methyl or halogen substituents; yfeido and guanidinyl; or R* and R'® link
together to form an alkylene gfiain (CH2), wherein w is 3 to 5;
provided that:

()  whenR"and R
are both hydrogen, th¢h at least one of R® and R is other than hydrogen, amino
d

d R' link together to form an alkylene chain (CH,), wherein w

are both hydrogen or are both methyl, and R® and R*

or dimethylamino;
(i) whenR®
is 4 and R™
4, then at |

d R™ Jink together to form an alkylene chain (CHz), wherein w is
st one of R® and R* is other than amino.

14. AfLomplex according to any one of Claims 1 to 13, wherein the antibacterial
ide is a naturally occurring peptide.
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15. A complex according to any one of Claims 1 to 13, wherein the antibacterial
peptide is a peptidomimetic or synthetic variant of a naturally occurring peptide

selected from the group comprising Gramicidin and Jfolymyxin.
19. A complex according to any one of Claims A to 15, wherein the antibacterial
peptide has an intracellular target.

20. A complex according to Claim 19, yherein the complex further comprises a
linker.

21. A complex according to Cl#m 20, wherein the linker is a carboxyl-group-to-

primary-amine cross-linker.
22. A complex accordigfg to Claim 21 or Claim 22, wherein the linker is EDC.
23. A complex agfording to any one of Claims 19 to 22, wherein the antibacterial

peptide is selegted from the group comprising antibiotics, glycopeptide

antibiotics, gationic, polypeptides such as polylysine and polyarginine

24. A gOmplex according to Claim 23, wherein the antibacterial peptide is Buforin

erivative thereof.
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25. A complex according to any one of Claims 1 to 24, wherein the nucleic acid
sequence comprises the sequence of a native cellular binding site for a
transcription factor.

5 26. A complex according to Claim 25, wherein the native cellular binding site
comprises the sequence of a bacterial Sig binding site.

27. A complex according to Claim 26, wherein the nucleic acidequence has the
sequence set out in SEQ ID NOs:9, 10, 30 and 31, 39, 40 oy/41.

10
28. A complex according to Claim 25, wherein the natiye cellular binding site
comprises the sequence of a bacterial Fur binding spe.

29. A complex according to Claim 28, wherein fie nucleic acid sequence has the
15  sequence set out in SEQ ID NOs:11, 12 or

30. An antibacterial complex comprisi
a) a nucleic acid sequence comprisiig the sequence of a native cellular binding
site for a transcription factor,

20 b) 10,10'<( dodecane-1,12-diyl f bis ( 9-amino-1,2,3,4-tetrahydroacridinium )
dichloride; and optionally
) an antibacterial peptidg.

31. A complex accofling to Claim 30, wherein the nucleic acid sequence has the
25  sequence set ouyin SEQ ID NOs:30 and 31.

32. Use of tfe complex according to any one of Claims 1 to 31 for the treatment
of bacterjél infection.
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33. A pharmaceutical composition or medicament comprising a complex
according to any one of Claims 1 to 32 and a physiologically acceptable carrief/or
excipient.

5 34. A pharmaceutical composition or medicament as claimed in Claim 23, for use

in the treatment of bacterial infection.
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CLAIMS

1. An antibacterial complex comprising a nucleic acid sequence and at least one delivery
moiety, wherein the delivery moiety is selected from quaternary amine compounds; bis-
aminoalkanes and unsaturated derivatives thereof, wherein the amino component of the
aminoalkane is an amino group forming part of a heterocyclic ring; and an antibacterial

peptide.

2. An antibacterial complex according to Claim 1 wherein the delivery moiety is selected

from a quaternary derivative of quinoline or acridine and an antibacterial peptide.
3. A complex according to Claim 2, wherein the delivery moiety is a bis-quinolinium.

4. A complex according to Claim 3, wherein the delivery moiety is dequalinium or an

analogue thereof.

5. A complex according to Claim 4, wherein the alkyl chain of the dequalinium analogue

has between 8 and 14 methyl groups.
6. A complex according to Claim 5, wherein the alkyl chain has 10 or 12 methyl groups.

7. A complex according to Claim 1, wherein the quaternary amine compound is 10,10'-

(decane-1,10-diyl) bis (9-amino-1,2,3,4-tetrahydroacridinium) dichloride.

8. A complex according to Claim 1, wherein the quaternary amine compound is 10,10'-

(dodecane-1,12-diyl) bis (9-amino-1,2,3,4-tetrahydroacridinium) dichloride.

9. A complex according to Claim 1 wherein the quaternary amine compounds and bis-

aminoalkanes and unsaturated derivatives thereof are selected from compounds of the formula

(D):
H A H R3

wherein Q is selected from:

(a) a group Q' having the formula:
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(R°),
R1—lTlm+
R

2

and
(b) a group Q?, Q*-NH-, Q*-0-, or Q*-S- wherein Q” is selected from monocyclic,
bicyclic and tricyclic heteroaromatic groups of 5 to 14 ring members, of which 1, 2 or
3 are heteroatom ring members selected from N, O and S provided that at least one
nitrogen ring member is present, wherein the heteroaromatic groups are optionally
substituted by one or two substituents R** and wherein the said one nitrogen ring
member may form an N-oxide or may be substituted with C,_4 alkyl, phenyl-C,_4 alkyl
or di-phenyl-C, 4 alkyl to form a quaternary group, wherein the phenyl moieties in
each case are optionally substituted with one or two halogen, methyl or methoxy

groups;
misOorI;
nisOorl;
p and q are the same or different and each is an integer from 1 to 12;

A is a bond or is selected from a naphthalene, biphenyl, terphenyl, phenanthrene,
fluorene, stilbene, a group C¢H4(CH;),CsHa, a group C¢Hs-C=C-CcHa4, a pyridine-2,6-
diyl-bis(benzene-1,4-diyl) group, a group CH=CH-(CH;)s-(CH=CH)-; and a group
C=C-(CH;),-(C=C),-; whereinris 0-4,sis0to4,tisOor 1;uis 0-4 and vis 0 or 1;

when n is 1, R®, R! and R? are each selected from C.4 alkyl; and when n is 0, then N,
R' and R? together form a monocyclic, bicyclic or tricyclic heteroaromatic group of 5
to 14 ring members, of which one is the nitrogen atom N and 0, 1 or 2 are further
heteroatom ring members selected from N, O and S, and wherein the heteroaromatic

group is optionally substituted by one or two substituents R*"; and

R’ is selected from hydrogen, C .4 alkyl, halogen, monocyclic carbocyclic groups of 3
to 7 ring members each optionally substituted by one or two substituents R*, a group

Q; a group — NH-Q?, a group —O-Q” and a group —S-Q*; and

R* R*" and R™ are the same or different and each is selected from C,_4 alkyl

optionally substituted with one or more fluorine atoms: C,.4 alkoxy optionally
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substituted with one or more fluorine atoms; nitro; amino; mono- and di-C;_4
alkylamino; halogen; phenyl-C;.; alkyl wherein the phenyl moiety is optionally

substituted with one or two methoxy, methyl or halogen substituents; ureido and

guanidinyl.

10. A complex according to Claim 9 wherein the compound of formula (I) is represented
by formula (II):

0

( R )
1 m+ 3
R™N™(CH,);-A~(CH,); R
2
R n

wherein Rl, Rz, m, p, A, q and R? are as defined in claim 9.
11. A complex according to Claim 10 wherein R* is Q' and n in each instance is 0, and

wherein the compound of formula (II) is represented by formula (I1I):

T \mt —A- m+ 1
R ITI (CH2)p A (CH2)q ITJ R
2 2
R R ()
12. A complex according to Claim 9 wherein the compound of formula (I) is represented

by formula (IV):

8 + +
R\ N=(CH,}7A-(CH,}-N

9 10

R R

(IV)
wherein:
p and q are the same or different and each is an integer from 1 to 12;

A is a bond or is selected from naphthalene, biphenyl, terphenyl, phenanthrene,
fluorene, stilbene, a group C¢H4(CH,),CsHa, a group C¢Hs-C=C-CcHa4, a pyridine-2,6-
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diyl-bis(benzene-1,4-diyl) group, a group CH=CH-(CH;)s-(CH=CH)-; and a group
C=C-(CH;),-(C=C),~; whereinris 0-4,sis0to4,tisOor 1;uis 0-4 and vis 0 or 1;

R®, R’ and R'? are the same or different and are each selected from hydrogen; C_4
alkyl optionally substituted with one or more fluorine atoms: C,.4 alkoxy optionally
substituted with one or more fluorine atoms; nitro; amino; mono- and di-C;_4
alkylamino; halogen, phenyl-C;., alkyl wherein the phenyl moiety is optionally
substituted with one or two methoxy, methyl or halogen substituents; ureido and
guanidinyl; or R’ and R'" link together to form an alkylene chain (CH,),, wherein w is
3 to 5; andR®, R* and R'* are the same or different and are each selected from
hydrogen; C,.4 alkyl optionally substituted with one or more fluorine atoms: C;4
alkoxy optionally substituted with one or more fluorine atoms; nitro; amino; mono-
and di-C,.4 alkylamino; halogen, phenyl-C;.; alkyl wherein the phenyl moiety is
optionally substituted with one or two methoxy, methyl or halogen substituents; ureido
and guanidinyl; or R* and R'* link together to form an alkylene chain (CH,),, wherein

wis 3 to 5.

13. A complex according to Claim 12 wherein the compound of formula (IV) is

represented by formula (V):

wherein:

r is an integer from 2 to 24;

R®, R’ and R'? are the same or different and are each selected from hydrogen; C_4
alkyl optionally substituted with one or more fluorine atoms: C,.4 alkoxy optionally
substituted with one or more fluorine atoms; nitro; amino; mono- and di-C, 4
alkylamino; halogen, phenyl-C; ., alkyl wherein the phenyl moiety is optionally
substituted with one or two methoxy, methyl or halogen substituents; ureido and

guanidinyl; or R’ and R'" link together to form an alkylene chain (CH,),, wherein w is
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3 to 5; andR®, R* and R'* are the same or different and are each selected from
hydrogen; C,.4 alkyl optionally substituted with one or more fluorine atoms: C;4
alkoxy optionally substituted with one or more fluorine atoms; nitro; amino; mono-
and di-C,.4 alkylamino; halogen, phenyl-C;.; alkyl wherein the phenyl moiety is
optionally substituted with one or two methoxy, methyl or halogen substituents; ureido
and guanidinyl; or R* and R'* link together to form an alkylene chain (CH,),, wherein

wis3to5;
provided that:

(1) when R'* and R'* are both hydrogen or are both methyl, and R® and R* are
both hydrogen, then at least one of R® and R* is other than hydrogen, amino or

dimethylamino; and

(11) when R’ and R link together to form an alkylene chain (CH,),, wherein w is 4
and R* and R'™ link together to form an alkylene chain (CH,),, wherein w is 4, then at

least one of R® and R® is other than amino.

14. A complex according to any one of Claims 1 to 13, wherein the antibacterial peptide is

a naturally occurring peptide.

15. A complex according to any one of Claims 1 to 13, wherein the antibacterial peptide is

a peptidomimetic or synthetic variant of a naturally occurring peptide.

16. A complex according to any one of Claims 1 to 15, wherein the antibacterial peptide

permeabilises bacterial cell membrane.

17. A complex according to Claim 15, wherein the antibacterial peptide is selected from
the group comprising defensins, pleuricidins, magainins, dermaseptins, apidaecins, cecropins,

microcins and pediocins.

18. A complex according to Claim 17, wherein the antibacterial peptide is selected from

the group comprising Gramicidin and Polymyxin.

19. A complex according to any one of Claims 1 to 15, wherein the antibacterial peptide

has an intracellular target.

20. A complex according to Claim 19, wherein the complex further comprises a linker.
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21. A complex according to Claim 20, wherein the linker is a carboxyl-group-to-primary-

amine cross-linker.
22. A complex according to Claim 21 or Claim 22, wherein the linker is EDC.

23. A complex according to any one of Claims 19 to 22, wherein the antibacterial peptide
is selected from the group comprising antibiotics, glycopeptide antibiotics, cationic,

polypeptides such as polylysine and polyarginine

24. A complex according to Claim 23, wherein the antibacterial peptide is Buforin or a

derivative thereof.

25. A complex according to any one of Claims 1 to 24, wherein the nucleic acid sequence

comprises the sequence of a native cellular binding site for a transcription factor.

26. A complex according to Claim 25, wherein the native cellular binding site comprises

the sequence of a bacterial Sig binding site.

217. A complex according to Claim 26, wherein the nucleic acid sequence has the sequence

set out in SEQ ID NOs:9, 10, 30 and 31, 39, 40 or 41.

28. A complex according to Claim 25, wherein the native cellular binding site comprises

the sequence of a bacterial Fur binding site.

29. A complex according to Claim 28, wherein the nucleic acid sequence has the sequence

set out in SEQ ID NOs:11, 12 or 13.
30.  An antibacterial complex comprising:

(a) a nucleic acid sequence comprising the sequence of a native cellular binding site

for a transcription factor,

(b) 10,10'-( dodecane-1,12-diyl ) bis ( 9-amino-1,2,3,4-tetrahydroacridinium )
dichloride; and optionally

(c) an antibacterial peptide.

31. A complex according to Claim 30, wherein the nucleic acid sequence has the sequence

set out in SEQ ID NOs:30 and 31.
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32. Use of the complex according to any one of Claims 1 to 31 for the manufacture of a
medicament for the treatment of bacterial infection.

33. A pharmaceutical composition or medicament comprising a complex according to any

one of Claims 1 to 32 and a physiologically acceptable carrier or excipient.

34, A pharmaceutical composition or medicament as claimed in Claim 33, for use in the

manufacture of a medicament for the treatment of bacterial infection.




